VIII INTERNATIONAL SCIENTIFIC CONFERENCE
WINTER SESSION

ISSIN @nom@ 255355@ ﬂﬁ%
1S SIN Q@mﬂm@p @53&@@

lNDUSTBY 4.0

ORGANIZER

T

SCIENTIFIC -TECHNICAL UNION of_ME—CHANICALﬁENGINEE




INTERNATIONAL SCIENTIFIC CONFERENCE

prii INDUSTRY 4.0

INDUSTRY 4.0 www.industry-4.eu

Year VI1lII Volume 2/19 DECEMBER 2023

ISSN (Print) - 2535-0153
ISSN (Online) - 2535-0161

SESSIONS:

TECHNOLOGICAL BASIS OF “INDUSTRY 4.0”
DOMINANT TECHNOLOGIES IN “INDUSTRY 4.0”
BUSINESS & “INDUSTRY 4.0”
SOCIETY & . INDUSTRY 4.0”

ORGANIZER

SCIENTIFIC-TECHNICAL UNION OF MECHANICAL
ENGINEERING
“INDUSTRY 4.0~

108 Rakovski str., 1000 Sofia
e-mail: office@industry-4.eu
www.industry-4.eu



mailto:office@industry-4.eu
http://www.industry-4.eu/

INTERNATIONAL EDITORIAL BOARD

Co-Chairs:

Prof. D.Sc. Georgi Popov, DHC,
Technical University of Sofia, BG

Prof. Dr. Dr. Jivka Ovtcharova, DHC,
Karlsruhe Institute of Technology, DE

Members:

Acad. Igor Bychkov Institute for System Dynamics and Control Theory SB RAS RU
Cor. member Alexey Beliy National Academy of Sciences of Belarus BY
Cor. member Svetozar Margenov Bulgarian Academy of Science BG
Prof. Alexander Afanasyev Institute for Information Transmission Problems RU
Prof. Alexander Guts Omsk State University RU
Prof. Andrzej Golabczak Technical University of Lodz PL
Prof. Andrey Firsov Saint-Petersburg Polytechnic University RU
Prof. Bobek Shuklev Ss. Cyril and Methodius University of Skopje NM
Prof. Boris Gordon Tallinn University of Technology EE
Prof. Branko Sirok University of Ljubljana Sl

Prof. Claudio Melchiorri University of Bologna IT

Prof. Cveta Martinovska Goce Delchev University, Stip NM
Prof. Dale Dzemydiene Mykolas Romeris University, Vilnius LT
Prof. Dimitar Yonchev Free Bulgarian University, Sofia BG
Prof. Dimitrios Vlachos Aristotle University of Thessaloniki GR
Prof. Dragan Perakovic University of Zagreb HR
Prof. Galina Nikolcheva Technical University of Sofia BG
Prof. Galina Zhavoronkova National Aviation University UA
Prof. Gerard Lyons National University of Ireland, Galway IE

Dr. Giovanni Pappalettera Politecnico di Bari IT

Prof. Henrik Carlsen Technical University of Denmark DK
Prof. Idilia Bachkova University of Chemical Technology and Metallurgy BG
Prof. Idit Avrahami Ariel Univerity IL

Prof. Inocentiu Maniu Politehnica University of Timisoara RO
Prof. Dr. Isak Karabegovic Academy of Sciences and Arts of Bosnia and Herzegovina - ANUBiIH BA
Prof. lurii Bazhal National University of Kyiv-Mohyla Academy UA
Prof. Dr. lvan Kuric University of Zilina SK
Prof. Jiirgen Kébler University of Offenburg DE
Prof. Jiri Maryska Technical University of Liberec Cz
Prof. Katia Vutova Institute of electronics, Bulgarian Academy of Sciences BG
Prof. Lappalainen Kauko University of Oulo FI

Dr. Liviu Jalba SEEC Manufuture Program RO
Prof. Luigi del Re Johannes Kepler University, Linz AT
Prof. Majid Zamani Technical University of Munich DE
Prof. Martin Eigner Technical University of Kaiserslautern DE
Dipl.-Kfm. Michael Grethler Karlsruhe Institute of Technology DE
Prof. Michael Valasek Czech Technical University in Prague Ccz
Prof. Milija Suknovic University of Belgrade RS
Prof. Miodrag Dashic University of Belgrade RS
Prof. Mladen Velev Technical University of Sofia BG
Prof. Mohammed Taleb Obaidat Jadara University JO
Prof. Murat Alanyali TOBB University of Economics and Technology TR
Prof. Nafisa Yusupova Ufa State Aviation Technical University RU
Prof. Nina Bijedic Dzemal Bijedic University of Mostar BA
Prof. Ninoslav Marina University of Information Science and Technology — Ohrid NM
Prof. Olga Zaborovskaia State Inst. of Econom., Finance, Law and Technologies RU
Prof. Pavel Kovach University of Novi Sad RS
Prof. Petar Kolev University of Transport Sofia BG
Prof. Peter Korondi Budapest University of Technology and Economics HU
Prof. Peter Sincak Technical University of KoSice SK
Prof. Petra Bittrich Berlin University of Applied Sciences DE
Prof. Predrag Dasic High Technical Mechanical School, Trstenik RS
Prof. Radu Dogaru University Politehnica of Bucharest RO
Prof. Raicho llarionov Technical University of Gabrovo BG
Prof. Raul Turmanidze Georgian Technical University GE
Prof. René Beigang Technical University of Kaiserslautern DE
Prof. Rozeta Miho Polytechnic University of Tirana AL
Prof. Sasho Guergov Technical University of Sofia BG
Prof. Seniye Umit Oktay Firat Marmara University, Istambul TR
Prof. Sreten Savicevic University of Montenegro ME
Prof. Stefan Stefanov Technical University of Sofia BG
Prof. Svetan Ratchev University of Nottingham UK
Prof. Sveto Svetkovski St. Cyril and St. Methodius University of Skopje NM
Prof. Tomislav Sari¢ University of Osijek HR
Prof. Vasile Cartofeanu Technical University of Moldova MD
Prof. Vidosav Majstorovic Technical University of Belgrade RS
Prof. Vjaceslavs Bobrovs Riga Technical University LV
Prof. Vladyslav Alieksieiev Lviv Polytechnic National University UA




CONTENTS

TECHNOLOGICAL BASIS OF “INDUSTRY 4.0”

Fabrication of a sensor-based connected device for 10T applications
Satoru Tada, Takeshi Tanaka, Ryota Masumoto, Masayuki Yamauchi, Koji Kakugawa, Shigekazu Ishihara,
LG LT RV V1 (01 V7 RO 139

EBL in the Industry 4.0 Era
Ivan Kostic, Katia Vutova, Elena Koleva, Anna Bencurova, RODErt ANAOK ..........ccvevvieiiiiiiccii et 143

Application of Blockchain for Hydrogen-Related Data from Internet of Thing Devices Equipped with Hydrogen
Sensors
Takeshi Tanaka, Satoru Tada, Masayuki Yamauchi, Koji Kakugawa, and Katia VULOVa ..........ccceceveveveienieccnniesie e 147

Application of perfect binary lattices for signal generation in multi-channel communication systems
Gherman Sorochin, Tatiana Sestacova, VIadimir JAANOV .......c.ccviiiiiiiiciic ettt st se e s be s be s b e ebeesreeenns 151

Overview of Generative Al Models in the Software Industry
Andrii Holovko, Artur Dovbysh, Vladyslav Holdovankyi, VIadyslav AIEKSIEIEV ... 154

Application of open ai and cognitive digital twins in Industry 5.0
IMIENATT IMTBEERY ...ttt ettt bbbttt h et h et h e h e e E e 4 He e H £ b e e e bR £ e b £ b e ee £ e s e e b eh b e s b eh e eh b eb e e beebeebenb et eneeneerenten 157

Robust multicriteria optimization for grafting copolymerization process
BD07 01505t QN (=) : T I o (S35 P 0 0 (<5 : T: RO 161

DOMINANT TECHNOLOGIES IN “INDUSTRY 4.0”

Design a tracking system for optimum solar energy
Salloom A. Al-JUDOOTT, ASEEI S. AI-DIMOUF .....c.uiiiiiiiiieieeeee ettt bttt ettt bbbt e bt eb e st b e s b et e b e et bt et nnene e 165

Justification of the choice of rational equipment for container lifting in openopen mining
Sergey Kuzmin, Sergey Melentyev, Gulnara Altynbaeva, R0OZINA YOrdan0ova ..........cccccecereeeirninienneeese e e 172

Application and effectiveness of SMFC-based biosensors for real-time monitoring of water pollution with chromium,
zink and nickel
Rosen lvanov, Petia Genova, Polina Velichkova, Sotir PIOChEV ... 175

Energy evaluation of a three-cylinder steam turbine which operates in combined cycle power plant
Mrzljak Vedran, Baressi Segota Sandi, Prpi¢-Ors$i¢ Jasna, Andeli¢ NiKola .......ccocoviiiiiiiiiiiniii e 178

Comparative analysis of the microstructure evolution during deformation in trapezoidal and convex-concave strikers
Abdrakhman Naizabekov, Evgeniy Panin, Andrey Tolkushkin, Irina Volokitina, Oxana Maldina, Vladislav Pishikov,
Nikolay Utkin, Marcin KNAPINSKI ..........ceiiiiiiiiie ettt ettt b ettt sttt en s s 182

Industry 4.0 and Multi-tasking machining
Milenko Sekulic, Borislav Savkovic, Andjelko Aleksic , Aleksandar Kosarac, Slavisa Moljevic, Jelica Anic ..........c.cccocv..... 186

Simulation of light propagation in a photonic crystal fiber
Zhejno Zhejnov, DESISIAVA ANGEIOVA ........co.oiiiiiieeee et b ettt st e st b e bt bt st sbesb et e s et e £ ebe b nee s 190

Influence of variable compression ratio on emissions of a single cylinder- 4 stroke engine fueled with/etanol/gasoline
blends
F A aaL Tl O B - T OO 194

Industry 4.0 Approach for Development of Automatic Sanitation Unit _
Tahsin Topbasoglu, Berkcan Babuz, Ogulcan Sogiit, Yasin Yagiz Simsek, Onur Cimen, Ibrahim Etem Saklakoglu ............. 197

Review of the chemical and active compounds of the lyophilized essential oli of Thymus vulgaris L. with special
reference ot the preservation of the quality of the finished product
MIIOS Z. KEIVOKAPIC ...ttt btttk h bkt bt b e b b e b e e bt 42 e bt He e o2 e eE 2R b e b2 4R e e R e b e e b e e R e e R e bt eb et e e bt et e s banbenneneane 200



Nano-structured Electrode Materials with Reduced Amount of Platinum Aimed for Hydrogen Evolution.
Part I: Effect of cobalt
PErica PAUNOVIC, AN TOMOVA .....cccvviiiuiiiieiitesiteeeetee sttt s stesssessstesssaeesbessstssabesssbeesbessaesssbessaeeeabesabesssbessbbesabessabessbessbessbesesnbesnbessres 206

Nano-structured Electrode Materials with Reduced Amount of Platinum Aimed for Hydrogen Evolution.
Part Il: Effect of MWCNTSs modification
ANa TomOVa, PETICA PAUNOVIC ......coiiiiiiiiii ittt ettt e s st e e e e s sab e e e et s aab e st e e s s abbe s e e e e abba s e e e e e e sabbbaaeessaabbaaesssasbaaeeseasbrreeean 210

Types of Lasers used in metal processing
NTKOIA0S PAPAGEOITIOU ......eviviiteieteeetee ettt ettt b bbbtk b bt e b bt e bt h et b £ e bbb bt e e bt e bbb eb ekt b et b e bbbt 214

Permissible number of switches on per hour of electric motors for horizontally moving crane mechanisms
SVIIBN RACNEY ... r R R R R R e R R AR e bR Rt n s 217

Investigation on durability testing of polyethylene (PE) geocells
Chukalov KONStaNtin, SADEY SADT ........cvieiiieiiieieeee sttt b et b et ettt et et et e e ebe s e et eb e abe e s s ebebeseebesrereneas 223

Effect of zirconium dioxide on the obtaining of layers synthesized by zol-gel technology for photovoltaic applications
Stancho Yordanov, Silviya Simeonova, Sasho Vassilev, Vladimira Videva , Vladimir Petkov, Angel Velikov,
VIadimir BIaskOV, BOIKO KIASIEY ........ccueiuiiiiiieiie ettt cete et stee et e ete e staeeebeeebe e st aeeeteesbaesbeesabeeabessbbes e ebeesbessbteastessbessssessbessreeans 226

Calculation of telescopic-boom bending stress capacity using fem software, in support of project logistics decisions.
1Alir Dervishi, RIZA XNATA] .....cceiiiiiiieiees ettt e e sbe st et et e se st e s be s be b et e s e e neebeebenbeneeseente e ereane sens 229

Considerations for ensuring the quality of measurement with ultrasonic gas flow meters
INEVEIN KBNCNBY ...ttt b s et a et b st e st e b £ e He £ h £ e bt ARt £H e b e Ee A E e b e s e E R £ eb £ e h e e R b eb e e b e ebeeb £ ek e e bt ee e b e ne et eneebenbe e 234

Innovative mill complex for processing glass waste, applicable to the production of foam glass and composite materials
Krasimira Toncheva, Lyuben Lakov, BoJIAAr JIVOV ......cociiiiiiiiiiiiieiieeies st sn s sneenne e 237

Morphology and structure of oxide thin films obtained by the sol-gel method: a review
Stancho Yordanov, Bojidar Jivov, Vanya Dyakova, VIadimir PEKOV ... 241

Wetting coatings on TiO2 based glasses for photovoltaic application and contact angle measurements
Stancho Yordanov, Mihail Georgiev, Silviya Simeonova, Bojidar Jivov, Vladimir Petkov, Mihela Aleksandrova ................ 248

Engineered nanomaterials based on graphene oxide and their potentials for combined cancer therapies
Kamelia Hristova-Panusheva, Trayana Kamenska, Zlatina Gospodinova, Natalia Krasteva ............cccccevvevvevesicnesisiee s, 252

Investigation of Tribological Parameters of 3D Printed Samples
Gabriela Kotseva, Vania Georgieva , Stanislav GYOSNEY .........c.ciiiiiiiiiiic ettt sae e ane s 255

Innovative Construction Methods Based on 3D-Printing Smart Home Technologies
Rosen Petrov, Milena Haralampieva, Gabriela KOISEVA .........c.ccveiiiiiiiiiiiiie ettt et sneneene s 259

Classification of variants of suspended ropeways lines
Alexandur VUKOV, MiIgIENa PNANEVA ......c..ciiieieieeieieeeeie sttt e es e s ese e ees e e e s sestessesaessesseateneesteseesaneenenseenaesenns 262

Types, Properties and Applications of Phase Variable Materials
Milena Haralampieva, Rosen Petrov, AIEXANTEI VUKOV .........ccciiiiiiiiiie ettt sb et et 265

A study on deflections of GFRP reinforced concrete beams.
ENTO DENEKO ..ottt bbbtk E et E R AR R AR R R R e bbbttt st 268

Technological distanctive features at obtaining castings for bicycle frames of recycled aluminum alloy
Angel Velikov, Aleksandar Genov, Nikolaos Koronis, Yavor Boivhev, BoiKo KrasteVv ...........ccccvevvvieniineneienee e e 273

Methods for contact and non-contact real-time measurement of temperature in the welding process
Deyan Gradinarov, Yuri Bijev, Manahil Tongov, Marina Manilova ... s 275

Environmentally Friendly Material Used in Building Construction:
Wood-Cement Briquette for Earthquake Zones
INBAIE AYTTIMIS L.ttt ettt b e bbb e se e e b e e b e e eeeE e st e o2 2R e 2Rt e b £ 2Rt eE £ eE e A A e S EeeEeRe e b £ e Reebeeb e £ b e beseeseebeebsebeeneebenbeseees 277



The assessment of Trip steel innovation potential when used for the deformation zone’s parts
Marek Buber, Emil Evin, MIrOSIAV TOIMAS ........cooiiiiiieeiiiiieittie e s et e estee e s staeeestte e s stassssaesesssesesssssessssesssssesssassesssssessassesessenssssreean 280

Adoption of a digital approach to shipshape simulation trials with CFD
PaVvel IVaN0oV , IMIIENA LEFLEIOVA ......c.viiieiiieiiiiiesicis sttt sttt bbbt ettt ettt sttt st b et b et 284

Preparation and adsorption properties of mixed zinc-calcium phosphates
Nadezhda Angelova, Alexandrina Taseva, Marco Kostadinov, Georgi YOrdan0V ...........cccoveoeireiriiniiinieninieesnese s 285

Development of Modular Flue Gas Waste Heat Exchanger for ORC (Organic Rankine Cycle) Systems
Ozkan Cetin, Dr. irem Cetin, Hakan SErhad SOYNAN ...........cccccuvieeueieiieieeeie ettt ee et es bbbt ene et ees 287

BUSINESS & “INDUSTRY 4.0”

Field Service Management (FSM) Simulation Model
Dzmitry Adzinets, EUJENE ATOOETT ...t bbbttt bbbt 290

Energy optimization of the building through the use of thermal insulation, solar panels, and efficient boiler
Artan Hoxha, Majlinda AICaNi, AN DOITT ......coieiiiiieieienieie ettt sttt et e s e ebesbesbesteseeeneebeabesbeseeseeneenennes 295

HoBuTe TeXHOJIOrUM KATO Bb3MOKHOCT 32 JUTMTAJIHA TPaHchopManus Ha Ou3Heca
0 OO Tl O o B NN 607002 32 (3 T2 B 2 12 403 0) 2 (USROS PRP 299

Impact of e-commerce on the logistics sector
Katina Valeva, Valentina AleXieVa-NIKOIOVA ............coiiii ettt sa e e 304

Design, production, and evaluation of product quality for electric vehicle parts
llo Bodi, Erald Piperi, Antonio Qyrsaqi, LIUKAN APOSLOI ..........cuiiiiiiiiiiieiscei s 309

SOCIETY & .,INDUSTRY 4.0”

The National Climate Change Adaptation Strategy for the Transport Sector in Bulgaria — Review of Design Norms and
Maintenance Standards
Evelina Ivanova, StOYANKA IVANOVA ........cccicviiiirieiiieeiesecet sttt sttt e e st s esesteste st e benaeseenease s aresbesteseetaneesenseanensens 312

The National Climate Change Adaptation Strategy for the Transport Sector in Bulgaria — Review of Data Collection
Procedures, Emergency Situations, Institutional Capacity
Evelina Ivanova, StOYANKA IVANOVA ...........ccueiiiiioiiece sttt e s te et e st e e e te et e et e st e esbesaeeneesaeaneesbesraes stenteentennen 316

Climate change and its impact on long-term sustainability of the road infrastructure in Bulgaria
Stoyanka Ivanova, Simeon MateV, EVElING IVANOVE ..........cc.cciiiiii ittt ettt enaesbasnsesrenneas 320

Analysis of available climate data reflecting the impact of climate change on the road infrastructure in Bulgaria
Simeon Matev, Stoyanka 1vanova, EVEIING IVANOVA ...........ccviiiiiiiiiiiesie s s s ssesne et aensesesseseessensens 324

Energy policy in the service of the climate — status and trends
Katina Valeva, Valentina AlEXIEVA-NTKOIOVA ..........ccuviiiiiiiiii ittt srts et e st e s sat e s be s sbessatesbessbassnsbessaeesnbessreas 328

Challenges to the analysis of available data on crisis events and their effects on transport infrastructure under climate
change
Evelina lvanova, Simeon MateV, StOYANKa IVANOVA ............ciiiiiiiiiie ittt e b e st e et eb bbb e 332

Design and construction based on climate scenarios and regional climate models
SEOYANKA IVANOVA ...ttt bt b s bt bt s s b8 R R h s b€ ek bRt 8 h b eE £ bRt b e st e bt e ettt b et et en shenees 336

The irrigation regime of tomatoes grown in glass unheated greenhouses using an ecological and water-saving irrigation
technique

Rumyana Kireva, Miho Mihov, lvan Mortev, Viktoriya Kancheva, Daniela Ganeva,

Ivanka Tringovska-Mendeva, Stanislava GroZEVa-TIIBVA .........c.covviiiiiiiiesie e eee e e s e et re e tene e esennes 340






INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Fabrication of a sensor-based connected device for 10T applications

Satoru Tada'"", Takeshi Tanaka!, Ryota Masumoto', Masayuki Yamauchi®, Koji Kakugawa®, Shigekazu Ishihara?, and Katia Vutova®
Hiroshima Institute of Technology, Hiroshima, Japan®
Hiroshima International University, Higashi-Hiroshima, Japan?
Institute of electronics, Bulgarian Academy of Science, Sofia, Bulgaria®
tada@salovers.com

Abstract: We report the results of measuring carbon dioxide (CO,) concentrations 140 times a day in habitable spaces using Sigfox along
with temperature, humidity, and atmospheric pressure measurements. We design and fabricate a printed circuit board to integrate the sensor
with an Arduino processor. Using the developed sensor, we estimate that if one adult male performs light work for 1 h in a typical living
room [3.17 m (width 3.17 m) x 7.4 m (length 7.4 m) x 2.6 m (height 2.6 m) = volume 61.4 m?], the carbon dioxide CO, concentration will
increase by approximately 200 ppm. In the future, the developed sensor could be used for detailed human behavior studies in the context of
CO, concentrations.

Keywords: CARBON DIOXIDE SENSOR, INTERNET OF THING, SIGFOX, GAUSSIAN

1. Introduction

Knowledge and information have not yet been exchanged in the
information society (Society 4.0), leading to issues due to a lack of
interdisciplinary cooperation. Society 5.0 would connect all people
and things with the Internet of Things (IoT) to share various types
of knowledge and information.

Against this background, using the Sigfox network and the
Internet, we developed loT devices equipped with temperature,
humidity, barometric pressure, and other sensors to measure
different physical data [1-5].

Herein, we analyzed CO, characteristics using the Gaussian
program. We fabricated printed circuit boards using laser
processing to integrate an optical CO, sensor that is less affected by
organic matter. Finally, we developed an 10T system using Sigfox

Fig. 2. Circuit layout drawing using CAD

Table 1 Main parameter of CO, sensor module.

communication. Model No. MH-Z19C
. Detection G CcO2
2. Materials and Methods crechon e
Working voltage 5.0=0.1v DC

2.1 CO2 Sensor

We used the MH-Z19C NDIR infrared gas module (Zhengzhou
Winsen Electronics Technology Co., Ltd., Zhengzhou, China) (Fig.
1), a common type, small-size sensor, using the nondispersive
infrared (NDIR) principle to detect CO2 in the air, with good
selectivity, nondependence on oxygen, and long life [6].

Fig. 1 Photograph of the CO, sensor module (MH-Z19C)

Table 1 is a list of the CO, sensor module’s main parameters.
Table 2 shows the detection range and accuracy of the module.

2.2 PCB fabrication
We created CAD designs of printed circuit boards to

Average current

<40mA  (@5V power supply)

Peak current

125mA (@5V power supply)

Interface level

3.3V (Compatible with 5V)

Detection Range

400~10000ppm{optional)

Output signal

Serial Port (UART) (TTL level 3.3V)

PWM

Preheat time 1 min
Response Time Tgg<120s
Working temperature -10~50°C

Working humidity

0~ 95% RH (No condensation)

Storage temperature -20~60 °C
Weight 58
Lifespan >10years

Table 2 Detection range and accuracy of CO, sensor module.

2.3 Arduino Assembly

The Sigfox shield for Arduino V2S2 was plugged into the
Arduino UNO Rev3 to turn it into an loT device, and the CO,
sensor was also plugged into the Sigfox shield to complete it (see
Fig. 3) [8].

In the loT device, a temperature/humidity/barometric pressure
sensor (BOSCH BME-280) was used. The sensor specifications [9]
are as follows:

incorporate the CO, sensor module into a connected device (Fig. 2).
We used laser-based prototyping equipment (Photolaser U4, LPKF,
Germany) to fabricate the boards based on the CAD designs [7].

* Operating temperature range: —40°C to +85°C (rated)
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* Humidity: 0%-100% (relative humidity) 2.5 Sigfox Implemention

* Atmospheric pressure: 300-1100 hPa Figure 6 shows example of Sigfox shield for Arduino V2S2
* Temperature accuracy: £1°C (0°C 65°C) callback. Temperature, humidity, atmospheric pressure data are
* Humidity accuracy: +3% RH (25°C, absolute accuracy tolerance) send to ThingSpeak from smart connected device using callback
» Barometric pressure accuracy: +1.0 hPa (0°C 65°C, absolute shown in Fig. 6.

accuracy)

Device type STOCKS - Callback edition

A sketch (see Fig. 4) developed for the Arduino UNO Rev3 in the

Callbacks

lIoT device using the Arduino IDE is used to control the CO,
concentration mesuring instrument. G
Custom payload config temp:int:16:littl dian humid::int:16littl dian press:int:16-ittls dian xint 161 @

URL syntax: hitpy i i
Available variables: device, time, station, data, rssi, seqNumber, deviceTypeid
Custom variables: tomData#humid,

customData#tz

Urlpattern hitps://api.thingspeak comfupdate?api_key=CACBXISYCEV0GAZ7&field1={customD

Use HTTP icthod

Send SNI [ (Server Name Indication) For S5L/TLS connections

Headers  header value

Contenttype  application/x-wurw-form-urlencoded

Body

Fig. 3 Photograph of CO, sensor for an 10T system with Sigfox

Fig. 6. Example of Sigfox shield V2S2 for Arduino Callback

@ €02 sensor MH_Z19C_June10_2023 _for V252 | Arduine 1. — o X
Irl R/E AT9F U=l AT

Fig. 7 shows the ThingSpeak channel setting example. The
CO02_sensor_MH_719C_June10_2023_for_V252 - - .
| graphs of various data such as temperature, humidity, etc. are drawn
fmoe e based on channel setting.

#include <SPI.h>

#include <Adafruit_Senser.h>

#include <Adafruit BME280.h> ) " —
#include <SIGFOX.h> CJThingSpeak =
#include MEZ19 mart.h>

CO2 optical sennsor MH-Z19C

Channel ID: 1933180 Associated License: | 40836537 ¥

TTIE42

hdafruit BME380 bme;

ublicView  ChannelSettings = Sharing  APIK Data Import / Expa
static const String device = "";
static const bool useEmulato 1 =
static const bool echo = trusi Channel Settings
Percentage 50
complete
Channel ID 1533180
Name 02 optical snRscr MH-ZLSC Channel Settings
sesston + oo
Fig. 4. Example of the Arduino sketch employed in this study Fedi e @ L
w2 | s I
. . . —
2.4 ThingSpeak and Matlab/Simulink I
The overview of 10T devices ThingSpeak, and Matlab/Simulink is ———
shown in Fig. 5. ThingSpeak data processing comprises
Field 6 €02 {ppm

analytics,and of actions. Analytics include Matlab analysis, Matlab
visualizations, and Plugins. Actions include ThingTweet,
TimeControl, React, TalkBack, and ThingHTTP. Here, a CO, Fig. 7. ThingSpeak channel setting example
concentration sensor is the smart connected devices in Fig. 3. . .

3. Results and Discussion

Ciald 7

% Figure 8 shows a printed circuit board processed using the
LPKF ProtoLaser U4.

— DATA AGGREGATION ¢

0 AND ANALYTICS '*

- CIThingSpeak

ol MATLAB

- ‘ » || <l

SMART CONNECTED DEVICES

ALGORITHM DEVELOPMENT
SENSOR ANALYTICS

vy

Fig. 5. Overview of loT devices, ThingSpeak, and Matlab/Simulink I B o PRI
[10] B

Fig. 8 Photograph of circuit layout
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Figure 3 shows a CO, sensor for an loT system with Sigfox, Ficld & Chart o ’ x
created by combining Arduino UNO, Sigfox shield for Arduino,
and a processed printed circuit board with a CO, sensor module
(MH-Z19C) mounted on it. CO2 optical sennsor MH-Z19C

The developed loT device was installed 80 cm above the floor
in an N1-607 at the Hiroshima Institute of Technology. The house’s

.l
v
=1

E
basic environmental data were acquired using a data processing 8
method using ThingSpeak [11]. Data obtained using the 10T device S
(September 30, 2023) are shown for temperature (Fig. 9), humidity see
(Fig. 10), pressure (Fig. 11), and CO2 concentration (Fig. 12). pr— 3700 -
Date
Field 1 Chart o & =% ThingSpeak com
CO2 optical sennsor MH-Z19C . .
25 Fig. 12 CO, concentration from CO, sensor for an loT system
| V—— with Sigfox

As mentioned above, a human being in room N1-607 releases
0.02 m® of CO, per hour. The volume of N1-607 is wide 3.17 m x
length 7.4 m x height 2.6 m = 61 m® and should increase by 327
ppm (=0.02 m%61 m?). However, the current increase is
approximately 140 ppm/h from 18:00 to 20:00 (Fig. 3). The lower-
ThineSasek com than-expected CO, concentration may be due to the accuracy of
human CO, emissions and the high location of the sensor.
Moreover, 1 kg of CO, is produced by the human body per day
[12]. The volume of 1 kg of CO, is approximately 0.5 m® or
approximately 0.02 m® per hour. According to the Ministry of
Health, Labor and Welfare, 30 m® per person per hour has a certain
level of rationality as the amount of ventilation required to improve
“closed spaces with poor ventilation.” This value suggests that the
ratio of CO, generation and ventilation per person per hour is
CO2 optical sennsor MH-Z19C 0.02/30 = 0.000666 666 ppm and that this value is reasonable [13].
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Fig. 9 Temperature data from CO, sensor for an loT system
with Sigfox
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In the future, it will be necessary to consider human CO,
emissions, sensor installation height, and indoor position.

4. Summary

Sigfox was used to measure the CO, concentration 140 times a
day in habitable rooms or spaces where people live, in contrast to
the 96 daily measurements conducted in an earlier study. The
developed loT device was installed 80 cm above the floor in an N1-
607 at the Hiroshima Institute of Technology. The house’s basic
environmental data were acquired using a data processing method
) o ) using ThingSpeak. It should increase by 327 ppm (=0.02 m%/61 m®
) Fig. 10 Humidity data from CO, sensor for an 10T system with ) of CO, concentration. However, the current increase is
Sigfox approximately 140 ppm/h from 18:00 to 20:00. The lower-than-
expected CO, concentration may be due to the accuracy of human
CO, emissions and the high location of the sensor. In the future, it
will be necessary to consider human CO, emissions, sensor
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CO2 optical sennsor MH-Z19C installation height, and indoor position.
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Supplementary Information
S1. Properties of CO,

The characteristics of carbon dioxide are published in the NIST
Webbook [1]. Select content is shown below.

Formula: CO,
Molecular weight: 44.0095
IUPAC Standard InChl: 1S/CO,/c2-1-3 Copy

IUPAC Standard InChlKey: CURLTUGMZLYLDI-
UHFFFAOYSA-N Copy

e  CAS Registry Number: 124-38-9

Fig. S1 shows the chemical structure of CO,.

Fig. S1. Chemical structure of CO,

Next, we calculated CO, characteristics using the Gaussian
program installed on a large-scale computer at Kyushu University.
First, an input file (Fig. S2) was created using Avogadro [2] as one
of the data sets for the Gaussian program.
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Fig. S2. Gaussian Input file
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Fig. S3. Using MobaXterm, we connected to the Kyushu
University Large Computer Center

Using MobaXterm, we connected to the Kyushu University
Large Computer Center and calculated CO, using the Gaussian

program and Gaussian input file (Fig. S2). Fig. S4 shows the
results.

Fig. S4 Chemical structure of CO,
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Abstract: In this work, electron beam lithography (EBL) is presented as an important technology shaping the future of semiconductor
manufacturing within the Industry 4.0 initiative. The EBL contribution to the ongoing evolution of electronic devices and technologies is
discussed in the context of the Industry 4.0 initiative. Semiconductor technologies are foundational to the implementation of Industry
4.0, playing a critical role in enabling advanced computing, communication, sensing, and control systems. They facilitate the creation of
intelligent, interconnected, and automated systems in the Industry 4.0 initiative. In addition, we present some of our results in the field of
EBL research. The focus is on investigating the electron beam resist profile depending on various process parameters. The influence of
electron beam lithography parameters, such as electron energy, resist thickness, and exposure dose, on the resist sidewall shape (profile) is
studied for the PMMA (polymethyl-methacrylate) positive electron beam resist. Simulation results based on measurements along the resist
profile depth are presented and discussed. The aim of this work is to develop and validate models for predicting and precisely controlling
resist profiles in thick PMMA layers applied in the fabrication of electronic devices.

Keywords: SEMICONDUCTOR TECHNOLOGIES, ELECTRON BEAM LITHOGRAPHY, POLYMETHYL-METHACRYLATE PMMA

1. Introduction

For the implementation of Industry 4.0, semiconductor
technologies are foundational to the digital transformation of
manufacturing, because they facilitate the creation of intelligent,
interconnected, and automated systems in the Industry 4.0
landscape. There are many semiconductor technologies applied in
Industry 4.0: Integrated Circuits (ICs), Microprocessors and
Microcontrollers, Sensors and Actuators, Field-Programmable Gate
Arrays, Radio-Frequency Identification (RFID), Communication
Technologies, Power Electronics, Memory Technologies, Analog
and Mixed-Signal ICs, and System-on-Chip (SoC).

So, the innovation in smart manufacturing processes in Industry
4.0 depends on advances in semiconductor research and
development. One of the important microfabrication techniques in
semiconductor manufacturing is electron beam lithography
(EBL), particularly in the production of integrated circuits (ICs).
EBL can play a significant role in Industry 4.0 by contributing to
the advancement of micro- and nanofabrication processes. EBL
enables the miniaturization of components, contributing to the
development of smaller and more efficient devices in various
industries. The application of EBL in the fabrication of
Microelectromechanical ~ Systems  (MEMS)  devices and
sensors, which are applied for the Internet of Things (loT) and
sensor networks, allows to get the required precision in these
components.

Here are several ways in which EBL can be relevant to Industry
4.0: Miniaturization and Advanced Manufacturing, IC and MEMS,
Additive Manufacturing and 3D Printing, Photonics and
Optoelectronics, Research and Development of Advanced
Materials. EBL is used in the fabrication and characterization of
nanomaterials, contributing to the development of advanced
materials with unique properties. These materials can find
applications in various industries, including energy, healthcare, and
electronics. EBL is used in the development of high-density data
storage devices and advanced computing components.

EBL is used for mask and wafer patterning in the production of
integrated circuits.

In addition, EBL can be integrated into additive manufacturing
processes, contributing to the creation of high-resolution
patterns. This integration can be beneficial for producing complex
structures with fine details, which is relevant in Industry 4.0
applications.

Current State-of-the-art of EBL:

Electron beam lithography is one of the few “top-down”
methods in nanotechnology and it is becoming increasingly
widespread in R&D and small volume production due to its
flexibility and mask-less nature, very high (sub-10 nm) resolution
and accuracy and in many cases, EBL is the only possible
alternative.
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The ultimate resolution of electron beam lithography is not set
by the resolution of electron optical systems, which can approach
0.1 nm, but by the resolution of the resist and by the subsequent
fabrication process [1], therefore superior resists are crucial for the
application of e-beam lithography and their performance determines
the final results of the structures patterning.

Achieving sub-100 nm structures using EBL is a very sensitive
process determined by various factors, starting with the choice of
polymer resist material, and ending with the development process.

There are many parameters affecting the EBL process in a
complex, interactive fashion. The objective of manipulating these
parameters is to achieve a high resolution, high quality, high
throughput results with large process windows to maximize yield
and reproducibility.

The requirements for better control, linearity, and uniformity of
critical dimensions of structures for various nanodevices call for
thinner, more etching durable, and more sensitive electron beam
resists. Commonly used electron beam resists are polymer materials
such as poly-methyl-methacrylate (PMMA) [2]. In the last decade,
there has been significant interest in the usage of an alternative
inorganic electron beam resist hydrogen silsesquioxane (HSQ) with
the chemical formula [HSiO3;],, [3]. HSQ (Dow Corning) is a
negative tone resist which cross-links to form an insoluble silica-
like structure. HSQ is used as a high-resolution resist with
resolution down below 10 nm when using very small spot sizes and
acceleration voltages of 100 keV [4, 5, 6, 7, 8]. On the other hand,
as inorganic resist material, it is attractive material as a masking
layer in reactive ion etching (RIE) because selectivity in RIE is
higher in comparison with polymer resists. High-contrast and high-
resolution patterning in HSQ has numerous potential applications.
For instance, quantum dots, large-area patterning of dot structures
for the fabrication of high-density bit patterned media, novel
superconducting single-photon detectors [9, 10].

A powerful alternative in the throughput improving is Variable
Shaped Beam (VSB) writing principle which can achieve
considerably higher throughput than Gaussian spot beam tools.
Variable shaped beam mask writers are currently the most used
tools. With VSB tools, EBL has made several advances in micro-
and nanodevices possible. An example is VSB lithography system
is ZBA23 tool (Vistec Electron Beam, GmbH) tool [11]. In this
tool, the rectangular shape size can be varied from 50 nm up to
3000 nm in steps of 50 nm. Accelerating voltage is optional: 20 keV
or 40 keV. The writing field, which is defined by the maximum
deflection range of the electromagnetic deflection system, is 3x3
mm?, divided into 0.2x0.2 mm? sub-fields by the fast electrostatic
deflection system.

The global approach in semiconductor industry is the multiple
electron beam lithography program developed by IMS-
Nanofabrication (Vienna, Austria). The main strength of PML2 lies
in the fact that pattern transfer is realized using an array of several
hundreds of thousands individually addressable electron beams,


https://en.wikipedia.org/wiki/Chemical_formula
http://www.electroiq.com/index/display/semiconductors-article-display/2352780553/articles/solid-state-technology/semiconductors/industry-news/technology-news/2010/september/ebeam-initiative_plans.html
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thereby pushing the potential throughput from hours per wafer into
the wafers per hour regime. PML2 is a multi-generational concept
with resolution limits below 10 nm. The world’s first multi-beam
mask writer for 6-inch photomasks, the MBMW Alpha tool, was
realized in February 2014 [12]. As of 2016, IMS has been serving
the mask industry with MBMW-101 mask writer production tools
for use with the 7-nanometer technology node. The fully developed
Multi-Beam Mask Writer (MBMW) offers both precision and
exceptionally-high productivity for mask technology nodes from 28
to 5 nanometers (nm).

Some examples of nanostructures prepared by electron beam
lithography are demonstrated in Figure 1. Pillars in the negative
electron beam resist HSQ XR-1541 (Dow co.) on the 350 nm thin
TiO, layer are shown in Figure 1a. The diameter of the pillars is 40
nm, the thickness of the resist - 150 nm, exposure was done using a
Gaussian beam at voltage of 30 kV using a nanolithography control
system Elphy Quantum (Raith co.). Pillars were used as a mask in
the etching of the TiO, thin film for the development of the gas
sensor [13].

Fig. 1 a) Pillars in the negative e-beam resist HSQ XR-1541 on the TiO,
layer with the diameter/height of 40/150 nm. (courtesy of Ivan Kostic,
Inst. of Informatics SAS, Bratislava), b) 85 nm thick meander structure of
gas sensor in Pt layer (courtesy of P. Durina, Comenius Univ.
Bratislava).

Detail of gas sensor prototype fabricated by UV optical
lithography, EBL and ion etching of a 20 nm platinum layer [14] is
shown in Figure 1b. The meander structure was exposed using EBL
VEGAII SBH (Tescan co.) in PMMA resist which served as a
masking layer in Pt etching. The resulting linewidth was 85 nm.
VEGAIlI SBH is equipped with a thermionic electron source
(tungsten filament) with maximal voltage of 30 kV.

2. Results and discussion

2.1. Experiments

We present a study on the positive e-beam lithography resist
PMMA for 30 keV electron energy. This work is focused on the
dependence of PMMA resist profile and proximity effect on
electron beam lithography process parameters. Experiments on a
600 nm thick layer of polymethyl-methacrylate (PMMA) [15]
electron beam resist were carried out using EBL control system
Elphy Quantum (Raith) installed on a scanning electron microscope
Inspect F50 (FEI) with a field-emission cathode and Gaussian
intensity distribution [16]. The exposures were performed at
electron energy of 30 keV. PMMA was coated on silicon (Si)
substrate. All exposure tests were immersed in the developer
MIBK:IPA (1:3) for 60 seconds. A high-resolution scanning
electron microscope Quanta 3D (FEI) was used for dimension
measurements of PMMA resist profiles. A more detailed

description of experiments was published in [17].

a) b) c)
Fig. 2 Developed resist profiles at various exposure line doses for 600 nm

thick PMMA resist and 30 keV electron energy: a) D =1.78 nC/cm, b) D
=17.70 nC/cm, and c) D = 28.69 nC/cm.

The influence of various exposure doses on the profiles for 600
nm thick PMMA resist is demonstrated in Figure 2. The exposure
dose is increased from left to right. Because of a single pixel line
mode, the exposure line dose unit is expressed in nC/cm.

In case of 600 nm PMMA resist thickness and 30 keV (Figure
2), the linewidth at the top of PMMA resist is increased by a small
value from 37.23 nm through 69.15 nm up to 85.11 nm for exposure
doses of 1.78, 17.70, and 28.69 nC/cm, respectively. However, the
linewidth at the bottom of PMMA resist is increased on remarkable
value from nearly zero through 287.23 nm up to 437.10 nm,
respectively. The dose of 1.78 nC/cm is the minimal value where
the resist is developed down to the substrate.

a) b)
Fig. 3 Developed resist profiles at various exposure line doses D for 600 nm
thick PMMA resist and 10 keV electron energy:
a) D =0.23 nC/cm, b) D =0.37 nC/cm, and ¢) D = 1.14 nC/cm.

However, the sidewall shape is not linear but rounded. At
higher dose, the sidewall shape becomes nearly linear in the main
middle part of the resist depth, but the angle of side wall slope is
increased with the increase of the exposure dose.

Similar observations are made for electron energy of 10 keV as
seen in Figure 3 for various exposure line doses: D = 0.23 nC/cm,
0.37 nC/cm, and 1.14 nC/cm.

2.2. Modeling and simulations

Figure 4 presents experimental contrast curves for: (1) a 1800-
nm thick PMMA resist on a Si substrate for 30 keV electron energy;
(2) a 1300-nm-thick PMMA resist on a Si substrate for 30 keV
electron energy; (3) a 600-nm-thick PMMA resist on a Si substrate
for 30 keV electron energy; (4) a 1800-nm-thick PMMA resist on a
Si substrate for 10 keV electron energy; (5) a 1300-nm-thick
PMMA resist on a Si substrate for 10 keV electron energy; (6) a
600-nm-thick PMMA resist on a Si substrate for 10 keV electron
energy.
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0,7 1
0,6 1
0,5 1
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0,2 1
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0,0 "r *
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Fig. 4 Contrast curves for 600 nm and 1300 nm thick PMMA resist at
various exposure doses, MIBK:IPA 1:3 developer, development time 60 s.

As seen, the PMMA resist shows a nonlinear development
behaviour. Based on the residual resist thickness as a function of the
development time, we calculated the solubility rates for MIBK:IPA
1:3 developer at different resist thicknesses (600 nm, 1300 nm,
1800 nm) when the exposure dose varied from 21.07 pC/em? to
80.0 nC/em? for electron energy of 10 keV, and when the exposure
dose varied from 38.9 pC/cm?to 194.6 nC/cm? for 30 keV energy —
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Figure 5. A low dissolution rate at low doses of e-beam exposure
and a sharp increase of the resist removal at higher doses in the
studied range has been observed.
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Fig. 5 Solubility rates for 600 and 1300 nm thick PMMA resist at various
exposure doses for MIBK:IPA 1:3 developer, development time 60 s.

The proximity effect parameters are important for evaluation
the electron scattering in the resist layer and substrate. Due to the
large lateral scattering of the electrons, precise evaluation of the
energy deposition function (EDF) in the resist layer is required for
achieving high EBL resolution. By applying our Monte Carlo
simulation tool and the methodology for approximation of EDF
discrete data by analytical functions (a sum of two Gaussians) [18]
the proximity effect parameters (8, S, 7e) have been calculated.
Values of the characteristic widths of the forward (#) and the
backward (f,) scattering particles as well as the ratio of the energy
depth dissipation of the backward scattering particles to that of the
forward scattering particles (#g) are determined and shown in Table
1. The proximity effect parameters’ values are calculated at two
characteristic depths in PMMA resist — at the resist surface and at
the resist/substrate interface for the studied resist thicknesses (600
nm and 1300 nm PMMA,) for 10 keV and 30 keV beam energy. The
obtained results show that the higher e-beam energy reduces the
backscattering from the substrate and the proximity effect is lower
in regions near to the point of e-beam incidence as it is also seen in
Figures 2, 3.

Table 1. Proximity effect parameters values for 10 keV and 30 keV.

E, PMMA Depth in P Pos He
keV | thickness, | the resist, um pum
nm nm
20 0.0089 | 0.607 | 0.908
10 600 600 0.1486 | 5536 | 0.089
20 0.0426 | 2642 | 0.212
30 600 600 0.0631 | 2.833 | 0.497

Based on performed experiments and measurements of the
linewidth’s sidewall and slope angles along the PMMA profile
depth, regression models have been estimated [19]. Simulations for
predicting and optimizing the profile shapes of the developed
images in the resist for different EBL conditions (resist thicknesses
and exposure doses) have been performed.

Figure 6 presents the calculated values of the sidewall slope
angles (contour plots) of the developed images in PMMA in the
range of 65 - 90 degrees. Based on the obtained results, suitable
doses of exposure can be selected in order to obtain developed
profiles with near to 90-degree sidewall slope angles (nearly
vertical walls). The results show that at lower exposure doses and
for thicker PMMA layers nearly vertical side walls of the image
should be expected.

In Figure 7, contour plots of the half linewidths for 1800 nm
PMMA resist thickness depending on the line exposure dose (for
dose regions, where the expected slope angles are in the range of 69
- 90 degrees) are shown. Predicted developed profile in PMMA for
the line doses of 40 nC/cm (Figure 7), is also presented and the

inewidth at the PMMA resist/substrate interface (bottom) is 245.96

nm and at the top is 47.76 nm (Figure 7).
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In Figure 8, contour plots of the half linewidths for 600 nm
PMMA thickness and accelerating voltage of 10 keV as a function
of the line dose and the resist depth are presented. The
corresponding developed profiles for the line doses of 22.72 nC/cm
and 25.84 nC/cm are also simulated and presented in these Figure.
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It can be seen that at higher doses the profiles have near to vertical
sidewalls and the line dose of 25.85 nC/cm is the optimal one for
obtaining vertical sidewalls (Figure 8, profile 2).

3. Conclusions

In this paper, the critical role of EBL was introduced as one of
advanced microfabrication techniques important for the realization
of Industry 4.0 goals. Future developments and collaborations
between EBL and other emerging technologies are important in the
industrial landscape.

EBL boundaries are constantly shifting in terms of feature
dimensions down to the range of nanometer units due to researchers'
efforts to overcome various limiting factors in achieving maximum
resolution such as electron beam cross-section, electron scattering,
electron beam resist material, etc.

In semiconductor manufacturing, EBL is very slow for
production, nevertheless, in last years, multiple electron beam
lithography is developed as an alternative method for some limited
applications. However, for photomasks fabrication, EBL is still the
main technique. In the research, electron beam lithography is still a
work horse of micro- and nanostructures fabrication despite of
novel techniques are developed for the application in micro- and
nanotechnology.

As an example of EBL research, we present a study on the
positive e-beam lithography resist PMMA for 30 keV and 10 keV
electron energy. The influences of exposure dose and resist
thickness on the shape of the developed profiles in thick PMMA
resist layers are studied experimentally and theoretically in order to
achieve high-aspect-ratio of structures. Models for prediction and
optimization of the geometry of the developed resist profiles in the
PMMA resist are estimated. The results presented contribute to the
knowledge on electron scattering in resist/substrate system in EBL
for the case of field emission cathode and Gaussian intensity
distribution and to development and approval of models and
simulation tools for prediction and precise control of the obtained
developed profiles in PMMA positive resist for Lift-off
nanopatterning.
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Abstract: The Internet of Things (1oT) has seamlessly integrated more than a billion intelligent, interconnected devices into our world today,
and is expected to accommodate soon hundreds of billions more such devices. This imminent proliferation heralds a profound
transformation that stands to influence the electronics industry and many other sectors. Furthermore, integrating blockchain technology into
loT can impart genuine trust in the collected data. Hence, our research endeavors to harness this potential by applying it to hydrogen-
related data, which are expected to be critical in realizing a carbon-neutral society.

Specifically, our attention is directed toward utilizing an initial blockchain system to securely store data obtained from 10T devices equipped
with hydrogen sensors that can communicate through Sigfox technology.

Keywords: HYDROGEN SENSOR, INTERNET OF THING, BLOCKCHAIN, SIGFOX, HASH FUNCTION

1. Introduction _ ; ’ °

Sigfox 0G technology is a Low-Power Wide-Area networking
protocol owned by UnaBiz. It is designed to connect sensors and
devices securely at low cost in the most energy-efficient way to
enable Massive loT (Fig. 1-3).

Bulgaria

Since its inception in 2010, 0G technology has been adopted by
70+ national 0G network operators globally. The 0G operators own
and commercialize the global 0G network in the respective
countries that they operate in (Fig. 2).

Today, UnaBiz, the 0G operators, and over 800+ ecosystems of

10T players (chip manufacturers, device makers, solution providers, S Sl e i e
and system integrators) collaborate to provide the global 0G (b)

network as well as Massive 10T solutions and services to over

1,500+ B2B customers by connecting over 11 million devices. Fig. 2 Europe (a) and Bulgaria (b) with 0G network coverage [2]
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Fig. 1 Overview of Sigfox system [1]
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@ @

Cost efficiency Small messages

From the hardware to the
network, every step is
optimised to be as cost-
effective as possible.

W

Complementarity

No large assets or media
allowed on the network,
only small notifications: up
to 12 bytes

Sigfox 0G technology can
be used together with any
other type of network, e.q.
Wi-Fi, Bluetooth, GPRS, NB-
loT, LoraWAN..

Fig. 3 Outline of the 0G technology [3]

The IoT has seamlessly woven together more than a billion
intelligent, interconnected  devices  today,  anticipating
accommodating hundreds of billions more in the near future. This
impending proliferation heralds a profound transformation that
stands to influence not only the electronics industry but also a
multitude of other sectors. Furthermore, the incorporation of
blockchain technology into 10T has the potential to instill genuine
trust in the data collected.

Hence, our research endeavors to harness this potential by
applying it to hydrogen-related data, which are expected to be
critical in realizing a carbon-neutral society.

In particular, we focus on using a preliminary blockchain
system to securely store data derived from loT devices equipped
with hydrogen sensors capable of communicating via Sigfox
technology.

2. Sigfox network

Sigfox provides an affordable, reliable, and energy-efficient
solution for linking sensors and devices.

Through our dedicated radio-based network, we are
committed to enable the efficient functioning of loT. The Sigfox
protocol emphasizes:

Energy Efficiency: Minimal power consumption for
extended battery life.

User-Friendly: No complex setup or lengthy connection
procedures—your device is operational within minutes.

Cost Optimization: We streamline hardware and network
operations for maximum cost-effectiveness.

Small Data: Only small notifications, up to 12 bytes, are
permitted on the network.

Versatility: Sigfox can also serve as a complementary
solution alongside other networks, such as Wi-Fi, Bluetooth, or
GPRS, thanks to its affordability and ease of configuration.
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3. Hydrogen gas sensor and measurement of its
concentration

The MQ-8 gas sensor ((Fig. 4), which is manufactured by
Zhengzhou Winsen Electronics Technology Co., Ltd, Zhengzhou,
China utilizes SnO, as its sensitive material, exhibiting low
conductivity in a clean-air environment. This sensor can measure
hydrogen (H,) gas in the concentration range of 100-1000 ppm.
Users can transform the conductivity variations into a relevant
output signal indicating gas concentration by employing a
straightforward circuit. Our choice of the MQ-8 hydrogen sensor in
this study is supported by these features.

Fig. 4 Photos of the hydrogen sensor (MQ-8) [4]

Basic Circuit

Va

AC or
DC 5V
+0.1V

DC 5V
0.1V

Fig. 5 MQ-8 test circuit [4]

Using the circuit in Fig. 5, we measured VRL in the circuit to
obtain the hydrogen concentration in the environment. The value of
VRL is used to calculate the sensor resistance. The graph’s vertical
axis represents the sensor’s resistance ratio (Rs/R0), whereas the
horizontal axis indicates gas concentration. Rs denotes the
resistance in various gas concentrations, and RO signifies the
sensor’s resistance in a clean-air environment. The resistance ratio
of the sensor (Rs/R0) can be corrected by considering concentration
dependence (Fig. 6), temperature dependence (Fig. 7), and humidity
dependence (Fig. 7). Therefore, it has been shown that the hydrogen
concentration in the environment can be calculated using
temperature, humidity, atmospheric pressure, voltage applied to the
sensor, and hydrogen sensor voltage.
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Fig. 7 Typical temperature humidity characteristics.

4. Data format and transfer method using Sigfox

Data from Sigfox 10T devices is a maximum of 12 bytes, and
the data structure is as follows:

Temperature integer: 2 bytes, four digits in hexadecimal

Humidity integer: 2 bytes, four lines in hexadecimal

Atmospheric pressure integer: 2 bytes, four digits in
hexadecimal

Sensor applied voltage: integer, 2 bytes, four digits in
hexadecimal

Hydrogen sensor voltage: integer, 2 bytes, four digits in
hexadecimal.

In the remaining 2 bytes, the four digits of the hexadecimal
hash SHA-256 are entered. These digits usually indicate the
temperature, humidity, barometric pressure, sensor applied voltage,
and hydrogen sensor voltage. Data on these same parameters are
also transmitted in little-endian format. The sent data are displayed
after decoding in Fig. 8.
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Device 77200D - Messages

Time Delay (s) SeqNum Data/Decoding

2023-10-36 17-11:45 o T 20001400f8038813a2020000

Fig. 8 Message from the Sigfox device.

5. Data decoding and display

Device type UNABIZ_DevKit_80 - Callback edition

Callbacks
Type DATA v | UPLINK v
Channel |URL v
Custom payload config temp::int:16:little-endian humid::int:16:little-endiar

URL syntax: http://host/path?id={device}&time={time}&key1={v:
Available va les: device, time, station, data, rssi, seqNumber,

bl

Custom variables: customData#temp, customData#humid, custt
Url pattern  hitps://api.thingspeak.com/update?api_key=UHV.
Use HTTP Method |POST v

Fig. 9 Callback of the Sigfox device.

Using the Custom payload config of “temp:int:16: little-
endian humid:int:16:little-endian press::int:16:little-endian
x::int:16:little-endian  y::int:16:little-endian  z::int:16:little-endian”
in the callback of the Sigfox device (Fig. 9), the parameters of
temperature, humidity, atmospheric pressure, sensor applied
voltage, and hydrogen sensor voltage were calculated. The H,
concentration is estimated from the sensor resistance ratio (Rs/R0)
by considering concentration dependence (Fig. 6), temperature
dependence (Fig. 7), and humidity dependence (Fig. 7). The results
are shown in Fig. 10.

Field 5 Chart F O & x
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-
E
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Date
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Fig. 10 Hydrogen concentration (ppm) estimated by the Sigfox
device.
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6. Blockchain

The Sigfox data comprised 10 bytes this time, and the
maximum data size is 12 bytes, but there are still 2 bytes to spare.

Hence, when data are expressed in 24 hexadecimal digits, the
parameters of temperature, humidity, atmospheric pressure, sensor
voltage, and hydrogen voltage are properly indicated. Here, each set
of 4-digit hexadecimal digits is used so that it can be used for other
purposes. A hash of the transferred data was taken simultaneously
with these four digits and appended to the end of the data (Fig. 11).
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temperature humiditiy atmospheric pressure |sensor voltage hydroggen voltage |hash value
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10 byte -> hash value L
data
Fig. 11 Structure of data using Sigfox.

Block001.txt Block002.txt Block003.txt

{ { {
"device" : la "device" : 2a "device" : 3a
"time" : 1b "time" : 2b "time" : 3b
"seqNumber": 1lc "seqNumber” : 2c "seqNumber” : 3¢
"data" : 1d "data" : 2d "data" : 3d
"temperrature” : le "temperrature” : Ze "temperrature” : 3e
"humidity" : 1f "humidity" : 2f "humidity" : 3f
"pressure” : 1g "pressure” : 28 "pressure” : 3g
"voltage_s" : 1h "voltage_s" : 2h "voltage_s" : 3h
"h2_sensor" : 1i "h2_sensor" : 21 "h2_sensor" : 3i
"hash_value" : 1j | » "hash_value": 2j — |» "hash_value" : 3j

} } }

Outline of preliminary Blockchain using sigfox

Fig. 12 Hashing performed using a general blockchain

Part of the transmitted data can now be hashed (Fig. 11). We
performed hashing using a general blockchain (Fig. 12).

Thus, these values suggest that data reliability during data
transmission could be significantly improved by using double hash
values for data and files.

7. Summary

The loT has seamlessly woven together more than a billion
intelligent, interconnected  devices  today, anticipating
accommodating hundreds of billions more in the near future. This
imminent proliferation heralds a profound transformation that
stands to influence the electronics industry and many other sectors.

Furthermore, integrating blockchain technology with loT
promises to instill genuine trust in the data collected. Hence, our
research is dedicated to harnessing this potential, specifically in the
context of hydrogen-related data, which play a pivotal role in
realizing a carbon-neutral society. One suggestion for enhancing
data reliability involves using double hash values for data and files
during data transmission.
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Abstract: In multichannel data transmission systems noise-like signals, generated on the basis of derivatives of the Walsh function are used.
The article examines the correlation properties of derivatives of Walsh functions with generating functions in the form of perfect binary
lattices, which make it possible to provide the necessary data synchronization when receiving signals. Also, it was justified the advantage of
using these signals in the development of CDMA systems in order to reduce the interference level of multiple access and to protect against

unauthorized access.
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1. Introduction

The main method of communication and navigation in the
modern world is wireless information transmission. At the same
time, the number of users of various communication networks is
steadily growing, which requires the creation of a large number of
independent channels within one communication system. In this
regard, it is necessary to use the best methods of organizing
communication with limited frequency resources and growing
demands on the quality and quantity of transmitted information.
Under these conditions, the most efficient systems are Code
Division Multiple Access (CDMA) [1, 2, 3, 5, 6].

One of the quality indicators of transmitted signals is its
noise immunity. The signal energy is the main parameter for its
noise immunity, that is, the greater this value, the lower the signal-
to-noise ratio is needed for reception with acceptable number of
errors. Consequently, noise-resistant reception is possible when the
required energy of the useful signal is provided in the optimal
receiver by:

* increasing signal processing time;

« increasing the amplitude of the signal (the magnitude of
its spectral components);

* expansion of the signal spectrum.

The first method leads to a decrease in the resulting
data transfer rate, and the second requires an increase in transmitter
power, which are not acceptable in mobile communications. The
third method involves the use of signals with wide bands of
occupied frequencies, much larger than the band of the information
signal. Such properties have noise-like signals (NLS). This explains
the high noise immunity and secrecy of CDMA communication
systems compared to other standards (FDMA, TDMA,
FDMA/TDMA, etc.).

The signal energy in a CDMA receiver is brought to the
required level not by increasing the power of base station
transmitters, but by summing up a huge number of low-power
spectral components of the received signal. This makes such a
signal not only difficult to decode, but also difficult to detect.

It should be noted that the information itself can be introduced
into the wideband signal in several ways. For example, a
narrowband signal is multiplied by a pseudo-random sequence
(PRS) with period T, consisting of N bits of each duration 1. In this
case, the NLS base is numerically equal to the number of PRS
elements. [1, 2, 5, 6].

2. Theoretical preconditions

The reception of the NLS, as, indeed, of any other signals,
is carried out using optimal receivers that minimize the probability
of error. It is known that the structure of the optimal receiver
depends on the type of modulation, as well as on how many signal
parameters are known at the receiving point (coherent or non-
coherent reception, etc.). However, in any case, the optimal receiver
includes a correlator or a matched filter and a solver.
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The receiver compares the received code sequence with
its exact copy stored in memory. When it detects a correlation
between them, it switches to the information receiving mode,
establishes synchronization, and starts the operation of decoding
useful information. Any partial correlations can lead to false
triggering and disruption of the receiver, that’s why the code
sequence must have good correlation properties.

The dominant role in choosing the type of PRS for the
formation of NLS in data transmission systems is played, first of all,
by the mutual and autocorrelation characteristics of the signal
ensemble, its volume, and the ease of implementation of devices for
generating and "compressing" (convolution) signals in the receiver
[1,3,4-6,11].

It is known that for the correct processing of input signals,
the receiving and transmitting devices must work synchronously
and in phase. Synchronization of the receiving device is carried out
using a correlator that calculates the ACF (auto-correlation
function) of the input signal, which for discrete signals is calculated
by the formula:

R,(n) = Z?:—oo Ui Uj_p, @
where n is an integer, positive, negative or zero.

There are periodic (PACF) and aperiodic (AACF) auto-
correlation characteristics of signals.

Discrete signals with the best ACF structure include
Barker signals (codes), M-sequences [1, 4, 6].

Recently, in the native and foreign literature, much
attention has been paid to the application of perfect binary lattices
(PBL) [2, 8, 9] in various radio engineering problems, for example:

- for antenna aperture synthesis;
- to build perfect time-frequency codes;
- to obtain noise-like signals for data transmission systems.

A perfect binary lattice is a two-dimensional matrix
sequence:

H(N) = ||hl-,j||,i,j =0N—1, he{-11} (2

which has an ideal two-dimensional periodic auto-correlation
function, the elements of which are equal to:

R(m,n) = PACF(m,n) = YX3' YN0 hyj by jin =
{ N2 atm=n=0 @)
0,with other mun’
wherem,n =0, N —1.

In accordance with the rules for the formation of perfect
binary lattices, which are set out in [2], a perfect binary lattice of
order N = 8 with a dimension of eight symbols, shown in Fig.1, is
constructed.


mailto:tatiana.sestacova@sde.utm.md

INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Ci=+ — — — + + — +]
Cb=— - - - - + - +
=+ — ++ + ++ -
==+ + +- - + -
C=
=+ - - -+ + - +
=+ + + + + -+ -
=+ — + + + ++ -
[ =+ - — = + + - +]

Fig. 1 Ensemble of perfect binary lattices

Fig.1 shows that the sequences C;, Cs and Cg coincide
with each other, as well as the sequences C; and C;. And the
sequences C, and C,, C, and Cg, C, and Cs, C, and Cg are inverse to
each other, i.e., they have the same correlation characteristics.

3. Experimental data

Consider the correlation characteristics of some of the
sequences of perfect binary lattices that are presented in Fig.1.
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Fig. 2 PACF (a) and AACF (b) sequences C, C4, Cs and Cg of
perfect binary lattices
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Fig. 3 PACF (a) and AACF (b) sequences C4, C,, Cs and Cg of
perfect binary lattices
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From Fig.2 and Fig.3 it follows that the correlation
characteristics of the sequences Cy, C,, Cy4, Cq, Cg have correlation
characteristics somewhat worse than those of the Barker codes and
M sequences - the suppression coefficient (the ratio of the
amplitude of the main ACF lobe to the maximum amplitude of the
side lobes) is equal to only 2 for all sequences.

However, the power of binary perfect lattices is much
greater than that of Barker codes and M-sequences, and such a
suppression coefficient makes it possible to reliably distinguish
such signals on the background of noise.

In data transmission systems with division of channels
(signals) according to the waveform, all subscribers can work
simultaneously in the same frequency band, i.e., signal spectra
overlap. In order for the signals (channels) not to influence each
other, they must be orthogonal. In this case, the cross - correlation
function (CCF) of two discrete signals, equal to their scalar product,
is equal to zero:

Ryp(n) = Z;c:—og U Vj_pn = 0. 4)
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However, based on the generalized Rayleigh formula, the
scalar product of two signals in the time domain, up to a factor of
1/2m, is equal to the scalar product of their spectral densities:

) = Ryy(m) = - (U(@), V(@) =0.  (5)

The zero CCF means that two signals are orthogonal for
any z only if their spectra do not overlap. However, in multi-channel
code division systems, this cannot be achieved, since all subscribers
operate in the same band. The consequence of this is the occurrence
of multiple access interference, i.e., non-zero response of the
receiver of the k-th user to the signals of other subscribers, and the
level of this interference depends on the number of subscribers
simultaneously working at the moment [6].

Therefore, it is necessary to choose such code sequences
for which the CCF is minimal. Moreover, to solve the reception
problem, only the correlation properties of the signal are important,
and not their shape.

Walsh functions [7] can be attributed to discrete signals
with the best structure of the cross-correlation function. The number
of distinct functions in the Walsh system is N = 2™, where m is an
integer. Walsh functions take only two values: +1 and -1, which is a
useful property when building circuits on binary digital elements.

The orthogonal system, which is most often used in
multichannel code division systems, is the Walsh-Hadamard system
(matrix) of order N = 2¥, k is an integer, which is determined by the
recursive rule:

Wan = [yt | ©)
where Wy is the Walsh-Hadamard matrix of order N, assuming W,
=1, or in the signed form Wy = +.

Should be noted, that a feature of orthogonal codes - the
orthogonality property of these codes is satisfied only at the “point”,
i.e., in the absence of time shifts. In real conditions, this property of
orthogonality is violated, which in turn leads to an increase in the
level of multiple access interference and the appearance of errors in
the processing of input data. Therefore, various methods are used to
eliminate these shortcomings.

In order to improve the correlation properties (ACF and
CCF) of Walsh functions, the so-called derivative systems of
signals are often built [2, 6, 11].

A derivative signal is a signal that is obtained as a result
of element-by-element (symbol-by-symbol) multiplication of two
signals - the original and generating one. A system composed of
derivative signals is called a derivative.

As a generating signal, such a signal is chosen so that the
derivative system has good correlation properties. As a rule, this is a
signal with a good ACF. Let us consider the correlation properties
of derivatives of Walsh functions, if we take a matrix of perfect
binary lattices (Fig. 1) as generating functions, which is multiplied
row by row by the corresponding Walsh matrix (Fig. 4).

+ - - — + + = +
+ - --+ 4+
_— = = = - + -_—
—_ + _— — — — —
U — + -—

++ - -+ - -

deriv

+ + + +

Fig. 4 Derivative matrix of Walsh functions with perfect binary
lattices as generating functions

The correlation characteristics of some sequences from
the derivative matrix of Walsh functions (for example, 1st and 4th)
were investigated in the Matlab environment. The results of the
analysis of aperiodic (AACF) and periodic (PACF) autocorrelation



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

functions of the selected derivatives of the Walsh functions with
perfect binary lattices as generating functions are presented in Fig.5
and Fig.6, respectively.

WaA0E kE

a) b)
Fig. 5 PACF (a) and AACF (b) of the 1st derivative of the Walsh
function with perfect binary lattices as generating functions

o =

: ) bi
Fig. 6 PACF (a) and AACF (b) of the 4th derivative of the Walsh
function with perfect binary lattices as generating functions

From Fig.5 and Fig.6 it follows that the characteristics of
the autocorrelation functions of the derivatives of the Walsh
functions are similar to the autocorrelation characteristics of perfect
binary lattices and coincide with the conclusions made above.

As noted above, for multichannel systems with channel
division by waveform, to reduce the interference of multiple access,
the signals used in such systems must have certain cross-correlation
characteristics.

Let us consider the cross-correlation characteristic of the
1st and 4th derivatives of the Walsh function, which were studied
above (Fig. 7).

‘‘‘‘‘‘‘‘‘‘‘

Fig. 7 CCF of the 1st and 4th derivatives of the Walsh functions
with perfect binary lattices as generating functions

As can be seen from the CCF plot (Fig. 7), the considered
derivatives of the Walsh function have satisfactory mutual
correlation properties - the characteristic is more or less uniform
with the same level of outliers (+ 4). The considered derivatives of
the Walsh function with perfect binary lattices as generating
functions can be used in code division systems with the use of
decision devices that do not respond to CCF emissions within the
specified limits.

4. Conclusion

An analysis of the correlation properties of the studied
broadband signals based on the derivatives of the Walsh functions
with generating functions in the form of perfect binary lattices
allows us to draw the following conclusions:

1. The correlation characteristics of Walsh functions that are
orthonormal have good cross-correlation functions - the cross-
correlation function between two different Walsh functions is
zero. However, these functions have such properties only at a
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point (at zero shift). In real conditions, especially with multipath
propagation, orthogonality is violated and the cross-correlation
function of these functions is nonzero. This leads to an increase
in the level of interference of multiple access and to errors in
the separation of signals (channels).
The correlation properties of derivative Walsh functions with
generating functions in the form of perfect binary lattices have
much better correlation characteristics than the original Walsh
functions.
The derivatives of the Walsh function (L = 8 bits) have a large
amplitude of the central peak of the ACF, equal to the length of
the sequence, but the amplitude of the side lobes slightly
increases. However, the suppression factor is equal to 2 for all
sequences. This makes it possible to reliably distinguish such
signals on the background of interference and ensure reliable
synchronization of receiving devices.
The large length of the spreading code based on the derivative
of the Walsh functions allows:
spreading the signal energy over the spectrum,
increasing the noise immunity of the system,
providing good protection against unauthorized access,
improving electromagnetic compatibility with neighboring
radio systems.
When using the derivatives of the Walsh functions, it is
necessary to take into account the increase in the level of the
side lobes of the ACF and emissions of the VCF, i.e., take
special measures to improve reception synchronization and
eliminate the impact on channel separation when the level of
multiple access interference increases.

The obtained results can be used in the development of
broadband  communication  systems and information
transmission systems with protection from unauthorized access.
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Abstract: Generative AI models have started to transform the software industry, driving innovation, and automating tasks previously
deemed complex. This overview delves into the evolution, applications, and potential of these models, highlighting their capability to create
novel content, enhance software development processes, and forecast industry trends. As these models continue to mature, the software
industry stands on the cusp of a redefined future where human-machine collaboration will shape ground-breaking advancements.
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1. Introduction

The arrival of Generative Artificial Intelligence (GenAl) has
started a new phase in the software industry, changing the way
technology is created and used. This type of Al, which can generate
everything from code to digital art, does more than just automate
simple tasks. It represents a major change in both the creative and
analytical sides of software development.

Al is about to completely change how you use computers
and upend the software industry

Bill Gates [1]

Recent advances in GenAl have led to the creation of tools
capable of devising innovative solutions to challenging problems,
tasks traditionally handled by human intellect. These models, which
learn and copy patterns from large datasets and open-source code
repositories, can now do coding tasks, create complex algorithms,
and more, greatly assisting developers in their day-to-day work.

This overview aims to provide an insight into GenAI’s role in
the software industry. We’ll look at its development over time, its
various uses in the software industry, and the major achievements it
has brought to the field. In-depth case studies will provide examples
of GenAl at work by evaluating the two most popular solutions
nowadays: ChatGPT [2] and GitHub Copilot [3]. We’ll also discuss
the challenges and ethical issues it raises, along with predictions
about its future impact.

This introduction is the beginning of a journey into GenAl,
highlighting its significant influence on software development and
the new paths it’s paving for collaboration of developers and Al.

2. Evolution of Generative AI

@ Neural Networks O Deep Learning

‘ 2015
o—0

2010 ‘

1950 1990
O

1980

© The Dawn of Al © Machine Learning © Transformers and LLMs

Fig. 1 Generative Al timeline

2.1. The Dawn of AI (1950-1980)

The history of GenAl can be traced back to the 1950s, with the
development of Hidden Markov Models (HMMs) and Gaussian
Mixture Models (GMMs). These early systems used rule-based
reasoning to solve specific problems for generating sequential data
like speech and time series. However, the lack of computing power
needed by the algorithms and limited data sets available for training
imposed significant constraints on their effectiveness and scope,
slowing the progress in the field during its early years [4].
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2.2. Neural Networks (1980-1990)

In this period, rule-based and expert systems got better, with
advancements in how they represented knowledge and made
inferences. At the same time, neural networks, modeled after the
human brain, became popular in the 1980s. Key researchers like
Geoffrey Hinton and Yann LeCun made important contributions to
these networks, which are now a crucial part of GenAl [5].

2.3. Machine Learning (1990-2010)

Machine learning methods such as decision trees, support vector
machines, and Bayesian networks gained prominence, forming the
foundation for GenAl. These techniques enhanced abilities in
pattern recognition and predictive analysis.

2.4. Deep Learning (2010-2015)

The emergence of deep learning marked a significant
advancement in the field, leading to a paradigm shift towards deep
neural networks. The creative power of GenAl is thanks to a
specific type of neural network developed by Ian Goodfellow and
his colleagues in 2014 and called a Generative Adversarial Network
(GAN). GANs introduced a new paradigm for training models by
using a two-network adversarial framework - a generator and a
discriminator - which compete to improve the quality of the
generated data.

2.5. Transformers and LLMs (2015-now)

Transformers, first presented in the influential 2017 paper
“Attention Is All You Need” by Vaswani and colleagues [6], have
evolved into a fundamental component for numerous advanced
GenAl models. They changed how machines process text, making
them understand and interpret it more accurately. Transformers use
self-attention mechanisms to focus on important words in a
sentence, improving context and meaning understanding. They’re
crucial in Large Language Models (LLMs) like GPT-4, handling
huge datasets to produce text that’s coherent and relevant.

ChatGPT, a renowned member of the GPT model family,
achieved a remarkable milestone by reaching 100 million users in
just two months, 4.5 times faster than TikTok [5].

etephone | YT
Car 400
Mobile Phone 190 |
internet [[IIERY
WhatsApp 140
Tiktok | 9
ChatGPT |2

Fig. 2 Time to reach 100 million users for different technologies (in months)

The field of generative Al continues to evolve rapidly, with
ongoing research and development leading to more sophisticated
and diverse applications, including more ethically and socially
aware Al instruments.
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3. Applications of Generative Al in the Software
Industry

GenAl has the potential to significantly improve software
productivity by automating tasks, enhancing creativity, improving
accuracy and efficiency, and streamlining development processes

[7].

Developers no longer use big offline libraries like MSDN;
instead, searching online on sites like StackOverflow or Google is
now a part of their daily job. This approach has moved away from
the old mindset of wanting to create everything from scratch.
Nowadays, when developers are unsure about coding, they quickly
look for answers on the internet.

ChatGPT and GitHub Copilot have taken this trend to new
heights. Now, Al can assist you during coding sessions in a manner
akin to real-life pair programming.

Empirical research involving over 40 McKinsey developers
across the United States and Asia, engaging in tasks like code
generation, refactoring, and documentation shows that software
developers were able to complete tasks up to twice as fast when

20-30

using Al-powered tools [8].

Code refactoring
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Fig. 3 Task completion time with and without GenAI

This research underscores the transformative potential of GenAl
in software development while highlighting the need for a balanced
approach that leverages both technological tools and human
expertise.

4. In-Depth Case Studies

To understand how GenAl is changing software development,
let’s examine two key implementations: ChatGPT and GitHub
Copilot. These tools show the power and potential of Al in helping
developers write code, solve problems, and learn. By exploring
ChatGPT and GitHub Copilot, we can see how Al is not just a
futuristic concept but a practical tool in today’s software
engineering. Let’s dive into each of these cases to see how they
work and what they offer to the world of coding [9]-[12].

4.1. ChatGPT

Overview:

Developer: OpenAl

Release Date: November 2022

Purpose: ChatGPT is designed as a conversational agent,
utilizing advanced natural language processing and
generation capabilities.

Technology:

Foundation: Based on the GPT (Generative Pre-trained
Transformer) architecture.
Working Principle: It employs deep learning techniques,
specifically transformer models, to understand and
generate human-like text.
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e  Key Features: Autoregressive language model, meaning it
generates text by predicting the next word in a sequence

given all the previous words.

Applications in Software Development:

e Code Writing and Assistance: Provides suggestions and
writes code snippets.

Debugging: Helps in identifying and suggesting fixes for
programming errors.

Documentation: Assists in generating documentation for
code.

Limitations:

e Accuracy: Sometimes generates incorrect or misleading

information.

e Context Understanding: Limited in understanding
complex software development contexts.

4.2. GitHub Copilot

Overview:

Developer: GitHub in collaboration with OpenAl

Release Date: June 2021

Purpose: GitHub Copilot is an Al pair programming tool
that helps in writing code and learns from the user’s coding

style.
Technology:

Foundation: Built on the Codex model, a descendant of
GPT-3, specifically trained on publicly available code.
Working Principle: Analyzes existing code and
comments to suggest individual lines or whole functions.
Key Features: Ability to understand code in a broader
context, supports multiple programming languages.

Applications in Software Development:

e Automated Code Generation: Suggests code completions
and snippets.

Refactoring Assistance:
restructuring existing code.
Learning Tool: Adapts to user’s coding style, providing
personalized code suggestions.

Helps in optimizing and

Limitations:

e  Code Quality: Suggestions may not always align with best
practices or be the most efficient.

Dependency: Can lead to over-reliance on automated
tools, potentially reducing learning and problem-solving

skills.

In comparison, ChatGPT focuses more on general language
processing, including code, while GitHub Copilot is tailored
specifically for coding tasks. Both are groundbreaking in their
respective domains, pushing the boundaries of how Al can assist in
software development. Nevertheless, it’s crucial to view them as
augmentative tools that enhance development processes, rather than
substitution for the developer.

5. Challenges, Ethical Considerations, and Future
Trends

Correctness: Relying on Al tools for tasks where you cannot
determine the correct answer or how to verify it can lead to
complications and pitfalls. For software development, it means that
human supervision and intervention is necessary, such as reviews.
Creativity and the capability to detect defects are the most important
characteristics that distinguish you and your code from Al [7], [13].

Transparency and Explainability: GenAl models often work
like a “black box” - it’s not clear how they make decisions. This is a
problem in situations where mistakes can be very costly, like in
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healthcare or finance software. It’s important to create Al models
that are easier to understand, systems that can explain their
decisions in a way that people can easily follow, ensuring they are
reliable and trustworthy.

Copyright: GenAl presents challenges for intellectual property
and copyright. The legal aspects of content created by GenAl,
which is based on works from original creators, are not yet well-
defined. This includes concerns about copyright violations, using
unlicensed content in training data, and determining who owns the
generated content. Since these issues are new, legislators are
currently working on setting clear rules for how existing intellectual
property laws apply to GenAl.

Economy: In a world of GenAl and low code, it’s hard to
imagine a future where software engineers are as highly paid as
today. Jobs like programming will change. Developers will need to
learn new things, like making Al-made software better, helping
machines learn, and figuring out Al actions that don’t make sense
[14].

Dependency and Skill Degradation: Over-reliance on Al tools
can lead to a degradation of human skills. As Al systems take over
more tasks, there’s a risk that human workers may lose the ability to
perform these tasks themselves, which could be problematic in
situations where Al assistance is unavailable or fails.

6. Conclusion and Research Directions

This paper provided an overview of GenAl models in the
software industry, highlighting their evolution, capabilities, and the
transformative impact they have had on various aspects of software
development. From automating routine coding tasks to enhancing
creative processes, models like ChatGPT and GitHub Copilot have
demonstrated significant potential.

We also addressed the ethical considerations and challenges,
such as correctness of generated code and the need for responsible
Al practices, which are critical to ensure that these technologies
contribute positively to the industry.

Future research directions:

e  Personalization: Improve how Al models adapt to

individual developer style and project needs.

Trustworthy and Reliability: Focus on developing
models that offer transparent and understandable
explanations for their decisions, thereby boosting their
reliability and trustworthiness for software developers.

Technology Integration: Explore how GenAl can work
with emerging technologies like quantum computing and
blockchain.

Security Enhancements: Focus on stronger security to
prevent vulnerabilities in Al-generated code.

Economic and Organizational Impact: Study how Al
affects costs, workforce dynamics, and productivity in the
software industry.

Sustainability: Research the long-term environmental and
resource implications of using GenAl.

By addressing these research directions, we can harness the full
potential of GenAl models while mitigating risks and ensuring their
beneficial integration into the software industry.
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Abstract: Industry 5.0 is the production model based on the concept of how people and machines can work together. Modern industry is
focusing on collaboration between people, robots, and intelligent machines with the help of Al. The design and implementation of solutions,
based on Industry 5.0 brings a new level with the latest achievements in Artificial Intelligence and especially the Generative Al, realized on
top of the Open Al.

This paper focuses on implementing modern automation with the help of Open Al as a new concept to use Al as a SaaS, integrated with
smart machines and robots, helping them to work in a human-like way. The research overviews the use cases and proposes a framework to
build a smart solution based on Generative Al and cognitive robots, where integration between SaaS Al and smart machines is based on
Cognitive Digital Twins. Research results also include prototypes of cognitive digital twins and its integration with intelligent machines.

Keywords: OPENAI, CHATGPT, GENERATIVE Al, COGNITIVE DIGITAL TWIN, IOT, INDUSTRY 5.0, Al IOT

The main goal of the research is to propose a concept for
industrial solutions with self-earing intelligent machines based on
Generative Al and Digital Twins. There are several technologies
related to most of the solutions for predictive analytics that are
considered in the current research:

1. Introduction

ChatGPT (Chat Generative Pre-Trained Transformer) is one of
the trending technologies in modern Artificial Intelligence (Al), and
experts in this area expect to have a very high impact on the
industry shortly.

e Internet of Things

e Digital Twins

The latest version of ChatGPT — GPT-4 has improved in many
areas, providing a better understanding of the context and a more
accurate analysis. Generative Al and GhatGPT have applications in
different areas to generate human-like content quickly in various

business domains in the modern industry.

Generative Al (with a focus on OpenAl using GPT
models)

The paper is focuses on analyzing options to use the latest GPT
models offered by OpenAl and ChatGPT together with Digital
Twins to generate easy to communicate and self-learning machines

This research gives an overview of the application of .
for the manufacturing.

Generative Al, particularly ChatGPT, in modern, human-friendly
manufacturing as one of the leading technologies to implement

( ] Industry 5.0 brings several challenges:
Industry 5.0-compliant solutions.

e How can propose a human friendly interaction between

The paper analyzes options to use Generative Al together with

another essential for modern analysis technology — Digital Twins in
two different aspects:

1. To design and build Industry 5.0 systems for
manufacturing
2. To implement Cognitive intelligent machines (smart

robots) based on Generative Al and Cognitive Digital
Twins,

Industry 5.0 brings a new focus to industrial solutions around

better and easier communication between humans and intelligent
machines. "Industry 5.0 advancements and is, by definition,
comprised of nine critical "pillars.”

e  Additive manufacturing

e  Augmented reality
e Autonomous robots

Big Data and analytics

Cloud connectivity

Cybersecurity

Horizontal and vertical system integration
e The Internet of Things (IoT)
.

Simulation and digital twins[1]".

This article considers the role of Generative Al, particularly

humans and machines?

How can make self-improved (cognitive) intelligent
machines (robots)

How to manage the security for Al related solutions

To design and implement such solutions on a reasonable
price!

The interaction between people and machines reach a new,
higher level with the support of the Generative Al and particularly
OpenAl services.

Digital Twin has gained significant impact “as a breakthrough
technological development that has the potential to transform the
landscape of manufacturing today and tomorrow.” [2]

“One of the primary reasons digital twin technology is rapidly
being adopted is there are multiple use cases across the industrial
enterprise:  engineering, manufacturing and operations, and
maintenance and service. Digital twins are made possible (and
improved) by a multitude of Industry 4.0 technologies — 10T, AR,
CAD, PLM, Al, edge computing, to name a few — to create a
powerful tool that's driving business value.”[6].

The Digital Twin concept offers several different types of

models related to the goals of usage of this technology:
o Digital Twin Prototype (DTP).
[ ]

Digital Twin Instance (DTI)

: - 8 L - . Digital Twins Aggregate (DTA
OpenAl services, in creating self-learning intelligent machines. The g ggregate ( )

proposed concept is based on Digital Twins (TD) as an integration
layer that makes applying Al and analytics more formally possible.

157



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

This paper uses Digital Twins in the context of both: DTP and
DTI. Digital Twin Instance (DTI) is the most often considered
option to monitor and maintain a specific existing instance of the
original system, but the experimental setup also uses the concept of
Digital Twins Prototype to design the sample models.

Digital Twins can be used to implement message routing in the
replica in a way analytics services and other back-end modules
Fig.1
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Fig. 1. Digital Twins as a part of the integration layer

The key question underlying self-learning machines is whether
or whether self-learning digital twins can be built in order to learn
from past experiences, enhance their models, and simplify
suggested updates to configurations. This method will enable the
model's prototype to be implemented more quickly, and it will also
enable the model to be improved based on real data and simulations
during the system maintenance timeline, as well as simulations
during the design stage. Digital twins of this type that offer self-
learning (or self-improving improving) capabilities are also known
as Cognitive Digital Twins (CDT).

When writing new logic specifically for each new instance that
arises from the basic rules combined with DT, CDT greatly
increases the adaptivity of Digital Twins while reducing the labor
required. When the initial rules coupled with DT required the
requirement to develop specific new logic for new circumstances;
CDT allows the adaptivity of Digital Twins to be considerably
boosted and the effort to be decreased. Generative Atrtificial
Intelligence (generative Al) is a specific kind of Al capable of
generating different types of text, images, and other media types as
a response to prompts, created automatically or in interactive mode.

The paper is focused on options to build Cognitive Digital
Twins, based on DT and Generative Al, and to apply these rules in
Industry 5.0 compliant solutions.

This research focuses on implementing CDT with Generative
pre-trained transformers (GPT) models.

"Generative pre-trained transformers (GPT) are a type of large
language model (LLM) and a prominent framework for generative
artificial intelligence. The first GPT was introduced in 2018 by
OpenAl.".[3]. This concept wuses Neural Networks and
Reinforcement Learning, but deep-level details are never unveiled
from OpenAl. Demonstration of the high-level design of the
original GPT model is explained in [3].

"The most notable GPT foundation models have been from
OpenAl's GPT-n series. The most recent is GPT-4 (OpenAl is
working currently on GPT-5), for which OpenAl declined to
publish the size or training details. "The competitive landscape and
the safety implications of large-scale models." [2]

Table 1 exposes high-level information about the GPT foundations
models.

Table 1. OpenAl Foundation GPT models [3]

Model Architecture Parameter Training data Release Training

count date cost

GPT-1 12-level, 12- 117 million BookCorpus 4.5 June 11, 1.7e19

headed GB of text from 2018 FLOP.
Transformer 7000
decoder (no unpublished
encoder), books of
followed by various genres.
linear-
softmax.

GPT-2 GPT-1, but 1.5 billion Web Text: 40 February 1.5e21
with modified GB of text, 8 14, FLOP.
normalization million 2019 (initi

documents, al/limited

from 45 million version)

web pages Novembe
upvoted r5,

on Reddit. 2019 (full

version)

GPT-3 GPT-2, but 175 billion 499 Billion May 28, 3.1e23

with tokens 2020 FLOP.
modification consisting
to allow of Common-
larger scaling Crawl (570 GB),
Web Text,
English
Wikipedia, and
two books
corpora
(Books1 and
Books2).
GPT-3.5 Undisclosed 175 billion Undisclosed March 15, Undiscl
2022 osed
GPT-4 Also trained Undisclosed Undisclosed March 14, Undiscl
with both 2023 osed.
text Estima-
prediction ted
and RLHF; 2.1e25
accepts both FLOP.
text and
images as
input. Further
details are
not public.
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2. Prerequisites and means for solving the problem

A relatively recent area of artificial intelligence is called
"Generative Al," in which specific Al models may create new data
with comparable structures and attributes in response to specific
requests after learning patterns and structures from training data.
The new proposed data structure can be completely new, and it is
unnecessary to have already created the same data in the past.

The current research focuses on applying Generative Al and
GPT models, exposed via OpenAl API. OpenAl is a quite new
artificial intelligence research laboratory and company. It was
founded in 2015 by several tech visionaries, including Elon Musk
and Sam Altman. Open Al provides research in different areas of
Artificial Intelligence, including natural language processing (NLP),
computer vision, reinforcement learning, and robotics. |he current
research covers the following areas:

e Options for the implementation of analysis based on

Digita Twins and OpenAl

Design and implementation of Cognitive Digital Twins
using OpenAl

Decomposition of complex solutions and cases using
Digital Twins and Generative Al

Implementation of intelligent machines,
Cognitive Dtigital Twins.

powerd by

2.1 Implementation of Analysis based on
Digital Twins and OpenAl/ChatGPT

Implementation of a smart Digital Twin requires:
[ ]

Digital Twin Implementation

Available OpenAl API
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e  Coordination Service is needed to transform data from the
DT model into appropriate questions to train the model in

the service.

The coordination service has a very important role in supporting
and generating the list of questions needed to clarify the exact
search and allow the OpenAl service to provide a correct solution.

One high-level schema of the solution is presented in Fig. 2

Digital Twins and Open Al
{Cognitive Digital Twins)

Gatlewiy Service

o

Cognitive Digital Twin
Y
Qpen Al Service
n C)\
OpenAl pgiten  lag
Service
{commen state) |
|
‘ —— e ———
Optichal Update |
DT madel | ADT Model
O correction
1 ¥
Coordination Service
-t -t - e
R
perator e ) g
Operator .

Fig 2. Sample Solution for Self-learning Digital Twins

2.2 Design and of

Cognitive Digital Twins

Implementation

Creating self-learning Digital Twins Models, also known as
Cognitive Digital Twins, has been a focus of technology experts for
the last several years. There are different concepts, but most of them
are focused on combining Artificial Intelligence (Al) and Digital
Twins. This research considers the Cognitive Digital Twins (CDT)
mainly based on the usage of GPT models to create self-learning
digital twin instances.

Cognitive Digital Twins have the feature to adapt the model
better and faster based on the historical data in Digital Twins under
the impact of different influences.

2.3 Decomposition of the case using
conversation Al

One important goal when solving complex problems with
Generative Al is to find a good solution to implement
decomposition approaches. This case can be solved using multiple
agents (chatbot agents or agent communication with Al) for
complex tasks instead of one agent. The theoretical background is
described in very detail in [7].

To demonstrate the idea of separating concerns, consider the
sample, exposed in Fig. 3. A robot, or smart machine, has to gather
fruits from a field according to predetermined guidelines. The
objective is to gather every fruit as soon as you can. In Reinforced
Learning, one agent's goal is to maximize the return, Gt, which is
the expected discounted sum of rewards:

Gt = Rt+1 + yRt+2 + y2Rt+3 + y3Rt+4. . . (1)
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By giving the agent a reward of +1 only if all the elements with
anomalies are repaired, and by using a y < 1, the optimal policy is
guaranteed to use the minimal number of maintenance steps
(respectively overall cost) to repair all elements, For a construction
of 100 elements and n potential failures, if we need to check every
clement, the state space is 100 x 100n = 102n+2.

The codebase of the framework used to implement SoC with
multiple agents is reused from (Pearce, Tim, et al.) [8]

P

P

Fig. 3. Fruit collection example. A robot has to collect the

fruits as quickly as possible (in any order) [7]

The decomposition of cases can be implemented using a cognitive
approach where sub-cases were determined after several steps based
on interaction with Al-powered chatbot agents.

It is possible to consider the options proposed in "Decomposing
tasks like humans: Scaling reinforcement learning by separation of
concerns” [5]

The main concept is using two agents (chatbot agents) and the
Separation of Concerns (SoC) model.

The proposed model is a generalization of the traditional
hierarchical decomposition. With a hierarchical decomposition,
there is only one agent in control at any moment in time. By
contrast, with our SoC model, multiple agents can act in parallel.
This allows for more flexible task decompositions.
One high-level schema of the proposed model for decomposition is
explained in Fig 4.

Environment D

state action

—»[ Agent 1 ]_>C§)

communication

—»[ Agent 2 ]m

- - - - - - - —— —— —— —
- - - - - - - - — — -’

Both agents: the low-level agent and the high-level agent, were
trained using the deep Reinforcement Learning method of Deep Q-
Network.
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3. Solution of the examined problem

3.1 « Implementation of intelligent
machines, powerd by Cognitive Dtigital Twins.

The main focus is on how to solve similar cases using GPT
models. Generative Al needs a very well-described case to generate
a valuable answer. In the experimental solutions, the overall
construction model with effects from manufacturing activities is
represented with a digital twin (Azure Digital Twins service). A
dedicated service is subscribed to specific properties and telemetry
data and, based on the context, is creating requests against OpenAl
API using very descriptive data. Generative Al is able to answer
simple sub-cases providing a “prediction" if any anomaly is
available. A robot, connected to the back-end communicates with
CDT and accept configuration from the Digital Twin. CDT is based
on DT, empowered by Open Al and based on the proposed concept
can make continiious improvement of the model, represented via
DT. Fig.5 demonstrates the high-level design of the anomaly
detection solution, based on ADT, OpenAl (using both GPT-3.5 and
GPT-4 modes), and implementing SoC to optimize the overall
maintenance cost.

Intelligent Machines
with OpenAl and CDT

X
[ 5
Gateway
Service

(=]

Robot with loT-Device

Robot with loT-Device

Open Al Service

@ OpenAl

__| Digital Twins
Service

*

\ 1
@) |
Coordination Cognitive | Other Analytics |
N || . Servi
@ Service Services ervices

L ¢

Fig.5. Experimental Setup: Cognitive Digital Twins based on Microsoft
Azure and OpenAl

—— =1

Data Persistence
(Storage, DB)
Model

correction

Persistence

|
Data |
|
|

Optional

Operator

4. Results and discussion

In this paper, there are added metrics related to the experimental
project PoC, realized using Microsoft Azure, Cognitive Services,
Azure Digital Twins, and OpenAl service (using ChatGPT-3.5 and
ChatGPT-4 models): CTD is connected to expetimental small
vehicle, using Raspberry Pi 4 Model B — Fig.5

The vehicle should “collect” fruits (to go thtrough specific
locations in defined area 10m*10m. Every next tour there are added
new elements, that restricts some of the routes.

The experiment is measuring the success rate of the adaptation
of the “smart vehicle” after each route changes.

Table 2. Experimental results for accuracy of the simulated cases in the
production process using Anomaly Detector and OpenAl GPT-3.5 and GPT-
4 models.

#items #success

rate

#success
rate
1 change

#success
rate
2 change

#success
rate
3 change

#success
rate
4 change

Open
Al with GPT-
3.5 models

100 97% 74% 79% 84% 87%

Open
Al with GPT-
4 models

100 98% 76% 81% 87% 92%
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5. Conclusions

Modern automation solutions can effectively solve complex cases
and implement self-improving digital twins based on cases/models’
decomposition and the use of OpenAl GPT models combined with
other analytics technologies. The approach is domain-agnostic and
can be used in different business domains.

The opportunity to use services for general analysis in systems with
custom logic from a specific business domain is based on
integration via Digital Twins. Digital Twins allows analysis domain
agnostic and exposes via a digital replica only data that is taken off
from the context of the system.

Behaviour optimization in the case of complex solutions with
several components for intelligent machines is an important new
area, where powered from OpenAl solutions can optimize the
maintenance cost for the structures

6.Future work:

Research will be extended, based on more complex cases and
improved Digital Twins modles. The major focus will be solving
the real life cases about prediction and maintenance, related to
manufacturing systems.

7.Abbreviations
1. DT Digital Twins

ADT Azure Digital Twins

loT

CDT Cognitive Digital Twins

ChatGPT

Internet of Things

2
3
4.
5 Generative pre-trained transformers
6

SoC Separation of Concerns
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Pob6acTHa MHOTOKPUTEPHAJHA ONITUMHU3AIIMA IIPHA IIPOLIECA KONTOJIUMEPU3allud Ype3
NMPpUCHECAUHABAHE

Robust multicriteria optimization for grafting copolymerization process

Jlunsua Konesa®, Enera Konepa'*2
XUMHKOTEXHOJIOTHYEH U MeTanypruueH ynuBepcureT — rp. Codus, BLnrapHﬂl
Wncrutyt o Enexrponnka, BAH — rp. Codus, Beirapus?

sura@uctm.edu; eligeorg@uctm.edu

Abcmpakm: B masu cmamusi e npeocmageHo NPUiONCEHUEmo Ha Memooonocus, Hapeyena 060bwena pobacmua onmumusayus, 3d
napamempuyHa ONMUMU3ayus. nPU poOACMHO UHIICEHEPHO NPOEKMuUpane ¢ u3non3eane Ha obobwjena Gynkyus na scenamenrocm. Tosu
NOO0X00 Cce 0CHO8ABA HA OYEeHEeHU MOOeNU 3 CPeOHUmMe CMOUHOCIU U OUCHEPCUUMe HA U3CTIe08AHUMe KAYeCmEeeHume XapaKkmepucmurku Ha
CUHME3UPAH 8000PA3ZMEOPUM KONOAUMED C (DIOKYIAHMHU CE0UCmea om yapesuuno Huuiecme. To3u KOROIUMED e NOoLyueH nocpeocmeom
UHOYYUPAHO ype3 00IIbYBaHe 8 eleKMPOHeH YCKOpUmell npoyec Ha npucvedunssatne na axpuiamuo. Ceoticmeama Ha noLyYeHus KOnoaumep -
Koeghuyuenm Ha npeepvuaHe HA MOHOMED, OCMAMBYHA KOHYEHMPAYUs HA MOHOMED U GbMpPEuwer GUCKOUMem - ca ORMUMUSUPAHU.
H3scneosanemo exkniouea uzyyagane Ha GIUSHUEMO HA PA3IUYHU NAPAMEMPU KAMO ME2I08HOMO CbOMHOUIeHUe HA aAKpUIAMuo/Huuecme,
003ama Ha eleKmpoHHONO 00IbYBAHE U CKOPOCMMA HA 003ama HA 00bY8AHe HA TUHEEH eNeKMPOHEH YCKOpUmen CbC cpedHa enepaus 6.25
MeV. I[Ipedcmasena e MHOLOKpUMEPUATHA ONMUMUAYUS, CbOOPA3EHA C UUCKBAHUAMA 304 CPeOHUme CMOUHOCMU U Oucnepcuume Ha
KauecmeeHume Xapakmepucmury, ype3 pasiuyHu Moouguxayuu Ha 00600weHus nooxod 3a pobacmua onmumusayus. Tezu moouguxayuu
BKIIOYBAM ONpeOeNsHemo HA pasnuuHu meend 3d UHOUGUOYAnHume u obwume QYHKYUU HA JHCEAAMETHOCM 3d CPeOHUme CMOUHOCIU U
Ooucnepcuume. Ilpeonoscenuam memoo 63ema Npeodsud MOYHOCIMMA HA OYeHeHume MoOeiu, UsMEpeHd ¢ MmexHume KoepuyueHmu Ha
OoemepmMuHayus.

K/IFOY0BH JIYMH: BO/[OPA3TBOPUMU KOIIOJIMMEPH, EJIEKTPOHHO JIPYEBO OFJIbYBAHE, KOIIOJIMMEPH3ALIHA YPE3
IIPUCHEUHABAHE, MOJEJIH 34 CPEJHUTE CTOHHOCTHU U JUCITEPCHHUTE, ®YHKIHA HA JXEJIATEJIHOCT.

1. Bveeoenue IUIaH Ha eKcriepuMeHTa B N pa3IMuHU TOYKU U BbB BCAKA OT TAX Ca
HalpaBeH! II0 N IOBTOpPHH HaOmopeHws. OOmusT Opoil Ha
IIpouecsT eneKTPOHHONBYCBOTO HHAYIHPAHO NPUCHEANHABAHE HaOmoneHnsita e Nxn. Karo ce w3mon3Bar IOBTOpPHUTE
Ha KOTIOJIMMEPH Ce OCBIIECTBSBA KOTaTO PajMKaIuTe, 00pasyBaHH B HaOJII0IeHUs, MOTaT Jla Ce U3YMCIAT CPETHUTE U JAUCIEPCUUTE BHB
U BBPXY HOJMMEPEH CyOCTpaT ce NPEeBbPHAT B MACTO 3a 3all0YBaHE BCAKA TOUKA HA TIAHA KAKTO CIIeBa:
Ha MOHOMepHa mnonuMepusanus. KpaiiHusr pesynrar e, ye 1Ba N
Pa3IUYHU TIOJMMEpPH ca KOBAJICHTHO CBBP3aHH M 00pa3yBaT HOB _ 1
Marepuai: KornomuMmep. CHHTE3UpaHUTE KOIOIMMEPH ca TOJIyYeHH » Yu = ;Z Yuj
ype3 pa3TBapsHE Ha LAPEBHYHO HHUILIECTE B JCCTHIMpaHa BOJA, j=1

Jo0aBsHE Ha aKpUJIAMH[ B PA3JIMYHU KOJIUYECTBA U CHOTHOIICHHS. n

3a ;ma mpoTedye XMMHYHATA PEeakius ce OO0apYBAT C IOMOINTA Ha ) s2= LZ(YW‘ _}71-)2

TMMHEHHN eNeKTPOHHH YCKOPUTENIH ChC cpenHa eHeprus oT 6.25 n—1 —

MeV, karo mpomeca NpoTHYa IIpU CTaiHa Temmeparypa H !

armocdepHo Hansrane [1]. kpaero u = 1,2,..., N, a croifHOCTUTE Ha V; U 53, u=1,2 ..., N
MOraT Jia ce pasrIekAaT KaTo JBE WU3XOJHU BEJIMYMHHU U C TAXHA
HOMOII J]a c€ MOCTPOST JABa PErPECHMOHHM MOJENa C ITIOMOINTA Ha
MeTOo/Ia Ha Haif-MaJKuTe KBajapaTu [2]:

PobacTHO (HEYYBCTBHTENHO KBM IIyMOBE U  TPELIKH)
WHXEHEPEHO MPOEKTHPAHE Cce Mpuiara B CIydauTe, KOraTo
BapuanusTa Ha W3XOJHATAa XapaKTepPHUCTMKa HE € XOMOT€HHa, a

3aBUCH OT CTOMHOCTHTE Ha MapaMeTpuTe Ha TIpoleca BEHB e  Mozen Ha cpeHaTa CTOMHOCT:

(haKTOPHOTO MPOCTPAHCTBO, KAKTO U OT HIymoBute akropu [2, 3]. Ky

HaGmonennsaTa B TO3M ciydail ce HapHdaT XeTEPOCKENACTHIHH - ~

(mucnepcusiTa Ha M3XOJHATAa BEJIMYMHA Bapupa C M3MEHEHHE Ha ® y= Zeyifyi
i=1

HHUBaTa Ha (aKToOpHUTE).

B Ta3u cratus ce mpuiiara pobacTHO WHXKCHEPHO MPOCKTUPaHE *  Mogen Ha mcnepeusra:

U C€ OLCHABAT MOJCIIH, OINMMCBAIUM 3aBUCUMOCTUTE HAa CPECIAHUTEC Ko

CTOMHOCTH U pa3CBI>‘IBaHPIHTa Ha U3CJICABAHUTE XAPAKTCPUCTUKHU 3a (4) 10g§ S~2) = E é f
- StJst

Ka4y€CTBO. Hpe/:[CTaBeHa € I[oaxoJg 3a MHOT'OKpHUTEpHATIHA =

onTUMH3aIys, 0a3upaH Ha 000O0mIeHa poOacTHAa ONTHMHU3AIMA H R R
MpUIOKEeHNe Ha (YHKIUS Ha JKENaTeHOCT, KOWTO oOenuHsBa KbaeTo 0); U b, ca OLCHKH Ha PErPECHOHHHUTE KOCHULHCHTH B

M3HMCKBAHUSATA 32 HKOHOMHYECKa e()eKTHBHOCT, FapaHIMs 38 HUCKA OLICHSIBAHUTE TIOIMHOMHH MOJENH, & f,; M fg; Ca H3BECTHH
TOKCHYHOCT, e(beKTI/IBHOCT Ha KOIlIoJIMMEpa BBB (b_]'lOKy.]'laHTHI/I (byHKL[I/II/I Ha d)aKTOpI/ITe (l'lapaMeTpl/ITe Ha l_lpOLIeCa).
npouecu Hu yCTOI/I‘lI/IB Ha BapualnuysaTa Ha II0Ka3aTCIuTe Ha
KauecTBOTO (POGacTHOCT). 3. Onucanue na ekcnepumenma
2. Po6acm"0 uHcheHepHO I’lpOéKmupaHe HaHpaBeHO € CKCIOCPUMECHTAJIHO HU3CJIC€ABAHE, IIPpU KOCTO
HapeBUYHO HUIICCTE € 00IBYEHO B CJIEKTPOHEH JIMHEEH YCKOPUTEIT
TTocTposiBAHETO Ha PErpecCHOHHH MOJEIM Ha CPeIHOTO U cbC cpeiHa eHeprus 6.25 MeV.

JucnepcusaTta € Bb3MOXKHO YpE3 MOBTOPHU Ha6.IHOIICHI/I$[ B TOUKHTEC

Ha eKcrepuMeHTaHus 1wiaH [2]. Tps6Ba na ce oTOenekH, 4e B TO3U IIpouecsT ce m3pbpiBa Ha ABa eTana [1]:

Ciay4aif BCBIIHOCT Ce H3CIeOBa CaMO HEXOMOICHHOCTTa Ha 1. TonyuaBake Ha PasTBOPH, ChABPKALIM HALIECTE M MOHOMEP
TOKA3aTe/IUTe HA KA4eCTBOTO, a TIPENIKMTC B 3aJaBAHETO HA  _ gojyy pasTBOPH HA HUIIECTE CE MOMydaBaT upe3 PasTBapsiHe Ha
(baxropute ca efHM M CHIM NP BCHYKH NOBTOPHHM 06pasiuu u LAPEBUYHO HHMILECTe B AecTuinpana Boga. Cien ToBa ce mpubaBst
CIICZIOBATEIHO HE MOTaT Ja ce B3eMaT mpeasui. B ciydaii, ue e aKpUJIaMUJ, IIPU BapUpaHe HA ChOTHOIICHHUE aKpMIaMHUJI-HUIIIECTE.

IIPOBCACH CKCIHCPUMCHT C N MNOBTOPHU OINMWTH, KaTO € H3IIbJIHCH
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2. Ob6npuBaHEe Ha Pa3TBOPA C ENEKTPOHEH JIbY — XOMOTCHHHUTE
BOZHM Pa3TBOPM C€ MOUIaraT Ha OOJIbYBAHE C EJIEKTPOHEH JIbY.
OOnpyBaHUATa ca NPOBEJCHHM MpU CTallHa TeMmmeparypa U
aTMoc()epHO HasraHe ¢ IIOMOINTA HA J(BA JIMHEWHU EJIEKTPOHHM
YCKOPHTEIHN ChC CperHa eHeprus 6.25 MeV u ¢ pa3nudyHn 103U Ha
00JrbYBaHe ¥ CKOPOCTH Ha JO3HTE.

XapaxkTepusupaHeT0 Ha CHHTE3HUpPaHUTE
H3BBPILICHO Upe3 CIEIHUTE ITOKa3aTeNu:
e  OCTaThbuHa KOHIIEHTPAIUs HA MOHOMEDA - ¥ ;
KoeHIEHT Ha IIpeo6pa3yBaHe Ha MOHOMEPA - ¥
BBTpEIICH BUCKO3HTET - Y3,

KonojimmMepun €

3a ompenensHETO Ha CPEIHUTE CTOMHOCTH M JMCIICPCHHUTE Ha
MOKa3aTesIuTe Ha KauecTBo ca mpoBeaeHH 30 cepuu OmuTa, BCSKa C
10 3 MOBTOPHU HAOIIOACHHUS.

@axTopuTe, KOUTO BapHpaT IO BPEeMe HA CKCIEPUMEHTa, KaKTO
1 HUBaTa UM Ha BapHpaHe ca nokaszanu B Tabiuua 1.

Tabnuya 1: Juanazonu na uzmenenue na napamempume Ha npoyeca.

Mun. Make. OcHogno
Daxmopu OsHaueHue
Zi min Zi max HUBO, Zijg
Joza na obnvusane
[kGy] Z 0.65 5.50 3.075
Ckopocm Ha
dosama [kGy/min] 2, 0.41 1.50 0.955
Teanosrnomo
CbOmHOweHUue Z3 2.00 11.00 6.50
AMDIst"
AMD/St — akpuramud/nuwecme
4. Mooenu 3a cpeonama cmouHOCHM U

0ucnepcuﬂma Ha xapaxkmepucmukume 3a Kauecmeo

Mogenure 3a cpeaHaTa CTOMHOCT W JuclepcusTa Ha
XapaKTePUCTUKUTE 3a KauyecTBO Ca OLECHEHW M IIPEJCTaBeHH B
Tabnuma 2 u 3 [4], 3aeqH0 ¢ KOEDUIUSHTHTE UM HA AETEPMUHALHS
— R% BXojHHTe MmapaMeTpH B MOJEIHTE Ca KOAMPAHH B AHANA30HA
[-1+1] upe3 cnennoro ypasuenue (5):

(5) x = (2z; - Zimax — Zi,min)/(zi,max — Zi,min ),

KBJETO Xj M Zj ca ChOTBETHO KOJHMpaHaTa W HaTypajHaTa CTOMHOCT
Ha CHOTBETHHA (GAKTOP, Zimin U Zimax, €4 JOJHATA M TOpHATA UM
rpanuia Ha nuzmenenue (Tabmuua 1).

Taénuya 2: Moodenu ma cpednama cmouHocm Ha nokazamenume 3a
Kauecmso.

T

Ilapm. Mooen R? )

-4.3456957x, + 5.3915161x,2 -
1.5283048x,” - 1.3886159x:X; -
5.0568769X1X3

0.7944 | 0.3396

86.89582 + 34.751905Xx, - 7.1056848x, -
34.141859x,2 + 34.945289x:% +
33.500225X1X3

0.8276 | 0.3537

1.8341046 - 1.4972781x, + 1.5368173x,% +
1.401751x5? -1.3446153x,X; +
1.1090262X2X3 - 31125045X1X3

0.7174 | 0.3067

Taonuya 3: Modenu na ducnepcusima na nokazamenume 3a Ka4ecmso.

Jlucr. Monen R? o

-8.1907995 - 2.4376459x, -2.0808965x, +
1.2422924x; + 3.3800892x,% +
3.0435881x52 - 3.064369%1X,

Inis2) 0.7259 | 0.3747

-2.0505708x, + 1.1227946x3 +
1.3503166X:%,” + 2.2543255%,X5” -
2.8020033x1x32

Iniits2) 0.7517 | 0.3880

-5.3591952 + 1.6879963x,> +
1.7422987x4? - 2.1837351x,* -
1.6195118x,X5 + 2.7501263X,X;>

Iniigs2) 0.4597 |0.2373
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5.  Obobwena  pobacmna  Qynkuua  Ha
JHcenameHocm - Oboowena pobacmua
onmumuzayus

MHOroKkpuTepranHaTa ONTUMHU3ALMA B Clydas Ha pOOAcTHO
WHXCHEPHO MIPOSKTUpaHe TPsIOBa J1a € HACOUCHO KbM ThPCEHETO Ha
pellieHHe, KOeTO EJHOBPEMEHHO Ja B3MMa IO BHHMMaHHE
3aJJaHMATA 33 CPETHUTE CTOMHOCTH U 3aJaHMATA 33 AUCIIEPCUUTE Ha
BCHYKH KaueCTBEHM XapaKTepHCTHKH. 3a IelnTa MOoXe Ja ce
m3nonsBa KoMmOmHHMpaHa (ob6obmena — Overall) ¢ynkmus Ha
JKEeTATeTHOCT, JeduHHpaHa dpe3 o0oOmeHa GyHKOUS Ha
JKENATeNTHOCT 338 CPEAHHMTE CTOMHOCTH M JHUCIEPCUMTE Ha
Mokasarenure Ha kadecTtBo. OOoOmieHata pobacTHa (yHKUIUS Ha
JKEJIaTEHOCT UMa cieanus Bux [5]:

(6) Doverall (x) = DOpt (x)wgpt X DRnb (x)mRab '

kb1eT0 Do, (X) € oboOuieHata (QyHKIMS Ha JKENATETHOCT 3a
CpPEIHUTE CTOMHOCTH Ha MOKA3aTeJIMTe Ha Ka4eCTBO M MOXE Ja ce
W3YHCIIY IO popMyara:

(7) Dope (x) = do1 (X)“1 X dop (X)“% X oo X dop (X) 10,

a Dp,p (x) e 060b1enaTa GyHKIHUs Ha KETATSITHOCT HA pOOACTHUTE
MOJIEIIH 33 JUCTIEPCUUTE Ha II0KA3aTeIUTe Ha KaueCTBO:

(8) Dpop (x) = dp1 (x)®1e X dpp (x)“20 X ... X dp, (X)®°

Bre popmymute (7) 1 (8) wj, M W)y ca ChOTBETHO TETJIOBHATE
KOe(HIMEHTH Ha J-THS MOIEN Ha CPeJHHTEe CTOWHOCTH H j-THS
MOJEN Ha [HCIHEePCHHTE HA IOKAa3aTelIUTe Ha KauyecTBO. A
HHIUBUAyaTHUTe (QYHKUMHM Ha KemnaTenHocT d,.(x) u dp,(x)
MOTar Jja Ce ONpeIeIAT [0 TPU HaunHa [6].

e  Koraro e neguHupana neneBa CTOIHHOCT:

y; (%) — b = o
oo b=u®=y
© 4@ = {5 @ —ub -
oy ¢ GSu@=u
0; ¥ (X)) <lb or y;(¥) > ub
e Korato ce TbpcH MakcuMyM (,,[I0-TOJSAMO, TMO-
nobpe):
0; 311]»(3?) <lb
S _15@ -1 -
10 d; = : . : < ub
(10) l; (%) b b by < 3; (%) < ub;
1; }:1] ) = ub;
e  Korato ce Tbpcu MUHUMYM (,,[I0-MaJIKO, 1Mo-100pe’):
1; f,j(;g) < b
(11) d (%) = M b < y;(X) < ub
J - ubj _ lbj ’ 7 Yj 7
L o 5 (@) = ub,

Ksnero ¢ lbj " ubj ce Oenexar ChOTBETHO JOJHATAa M TOpPHATA
TPaHUIA HA [-THAT ONTHMH3AIMOHEH KpuTepuit (¥;), KOHTO B
cllydauTe Ha poOacTHO MHXXEHEPHO MPOCKTHUpaHE MOXKe Ja Oble
KaKTO Cpe/iHa CTOMHOCT, TaKa M JUCIICPCHSL.

TernouuTe KOEYUUHUEHTH W, W Wgep WBMON3BAHU BEHB
¢dopmyna (6), cayxkar, 3a Ia ce npuaaje IoBede 3HaUCHUEe Ha eIHa
oT BeTe 000011eHN GYHKIMU Ha KETaTeTHOCT — Ta3! 33 CPeIHUTE
CTOMHOCTH Ha TmokasaTenuTe Ha kauecTBo (Doy) M Tasu Ha
mucnepcunte UM (Dgep), cberaBsmm oboOiieHata (QyHKIHS Ha
pobGactHa xenaTemHOCT Dyyerqn (X) (bopmyna (6)) karo ce cmassa
TPAaBUIIOTO: Wope + Wrop = 1. TlpunaBaiiku mo-ronsmMa TeKeCT Ha
e/lHaTa OT JIBeTE MOJOBHHH, T CE IIPUOPHTH3HPA.
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TernoBHUAT KOSQUIMEHT w; MOXeE Na ObJIe N3YHCIIEH Ha Oa3aTa
Ha KoeduIMeHTa Ha IeTepMHUHALIUS R?. Tlo To31 HauMH MO-TOIIMA
croiiroct Ha R? me moBexme 0 mo-roisiMa Texect. ToBa crasa 1o

dopmyna (12):

2
(12) =

a). = —m 7
7 LR

KBJETO M € 00mus 6poii Ha yuacTBaiute B Doy v Dgop MOgenu.

6. Pezynmamu u ouckycuu

Obobmienara poOacTHa (YHKOMS Ha OKEJATEJHOCT 32
enextpoHHo eueBoTo (EJI) wmHAoynmpano moiydaBaHe Ha
KOTIONIMepa € n34nciieHa no gpopmyna (6) u uMa ciueqHus BUL:

(13) Doveran (%) = [dog ()®18 X dop (X)@2 X dgz (X)@30]“0m
X [drl(f)ww X er(f)wzg X dr3(£)w36]wmb

B Tabnmma 4 ca nageHn NpHeMIMBHATE PETHOHN Ha N3MEHEHHE
3a CpemHHTEe CTOMHOCTH M JAWCIIEPCHUTE, 3aeAHO C THNA Ha
(GYHKIMATA HA KENATETHOCT (,,[10-MAaJIKO, 10-100pe” — 32 MUHUMYM
U ,,lIO-TOJISIMO, TI0-100pe” — 38 MAaKCUMYM).

Taonuya 4. Cneyupuunu pecuonu u yeneu CmMOUHOCMU 3d CPeOHUme
CMOUHOCMU U QUCnepcuume Ha NOKa3amenume Ha KA4ecmeo.

Cnyuaii 4: be3 na ce B3uMa NpeIBUI MOJIETHUTE, TSKECTUTE ca
PaBHHU MOMEX/LY CH:

W1 = W2p = W3¢ = Wrp = Wy = Wyr3 = 1,

T. €. Wopt = Wrep = 1.

Tabnuya 5: Onmumanny 6X00HU NAPAMEMbPA 3d HeMUupume cayuas.

Cayuaii Z; Z, Z3
1 2.7355 1.5000 10.6850
2.1 3.7298 0.5408 2
2.2 3.9480 0.4263 2
2.3 3.5358 0.6661 2.1800
3 2.7355 1.5000 10.6850
4 2.7355 1.5000 10.6850

B Tabnuuma 5 ca mpeAcTaBeHH TMOJNYYEHUTE ONTHMAIHU
mapamMeTpd Ha Tmpoueca (Zo3a Ha oOIpYBaHE — Z3; CKOPOCT Ha
J03aTa — Zp. TETJIOBHO choTHomenue AMD/St — z3) npu yetupure
ciyyast. B Tabnuna 6 - ca 1ageHyn HHIUBHAYAIHUTE U 0000IIeHHTE
pobacTHH CTOWHOCTH Ha (YHKIMHUTE HA JKENaTeHOCT, a B Tabnuma
7 ca nmpencTaBeHH ONTUMATIHUTE CTOHHOCTH 32 CPEAHHUTE CTOHHOCTH
U JMCIEepPCHUHTE Ha IIOKa3aTeJMTe Ha KadecTBO, MONYy4YCHH 3a
YETHPHTE CITydast.

Tpanuyu | ¥, (%) | y,(X) | y3(0) 512(55) ACINEA€I)
(00I'E)Ha) 0 90 3 0 0 0 Tabnuya 6: Onmumannu npemeenenu unousudyarnu cmounocm u Overall
Lllb HA (hyHKYUUme Ha HCenamenHocm.
(copna) 5 100 20 0.7 4.2 0.5 Cn. dy, | dgy ds, d,, d,, dsr | Doveran
7 (yen) Mun. | Makc. | Makc. | Mun. | Mun. | Mun. il 0.9974 |1 0.4826 | 09709 | 0.8381 | 0.8994 | 0.5935
2.1 1 1 0.5109 | 0.9435 | 0.9617 | 0.8376 | 0.6231
Texecture w; ca n3uncieHu U npeactaBend B Tabnuua 2 3a 5 09999 |1 05597 09110 109627 07257 05722
cpemEute M B TaGmuua 3 3a MOJENHTE 3a JUCIEPCHHTE HA | ' ' ' ' ' '
Ka4eCTBEHHUTE XapaKTEPHCTHKH. 2.3 0.9999 |1 0.4395 | 0.9649 | 0.9550 | 0.8890 | 0.7233
O6o0menara pobacTHa (YHKIMA HA JKeNaTemHocT e 3 0.9987 |1 0.6947 | 0.9853 | 0.9155 | 0.9484 | 0.5935
topmymipatia 32 HIKOIKO CIy-as: 4 0.9923 |1 01124 | 09152 | 05886 | 0.7276 | 0.0437
Cryuaii I: TernoBHATE KOEYHUIMEHTH ; OMPEIENAT CPETHUTE
TEOMETPUYHN CTOMHOCTH HA KOMIIOHEHTHUTE OT HWHAWBHIAYaTHUTE ' )
(byHKHI/H/I Ha JKEIATEHOCT 33 CPEAHHTE CTOMHOCTH, OIPENEIALIH Taﬁﬂ’uua 7. OnmumanHu cpedHu cmouHocmMU U  OUCHEpCUU  Ha
o0obmenara pynkiua Ha xenaTennocT (Doy) 3a mokasarenure Ha Cnomjam im(’ﬁ; Ha mjegin)w 5.6 26 26 2@
kauecTBOTO. Ilo ChUIMS HauMH ce OmpeneNsaT M Terjiara Ha L Y1 X Yz X Y3lX 53X 52X 53X
WHIUBUIYaTHUTe (QYHKIMKH Ha OKelaTeJqHOCT B 00oOImeHarta ; 1 8'0386 188 igééé 8(1)88171 (1)151; giggi
¢yHkus Ha skematenmHocT 3a gucnepcuute (Dgyy). Te He ca 2:2 00017 | 100 5:5618 0:1541 0:3922 0:3706
CBBP3aHH C TOYHOCTTA HA U3BEJCHUTE MOJICIIH: 53 00019 1 100 21644 | 00637 1 0.4698 | 01954
O = @ = e = 1/3H Wt = oy = Won = 1/3. 3 0.0386 | 100 | 49111 | 0.0594 | 1.7277 | 01362
lo = W20 = W0 = 1/3M w1 = 0y = 03 = 1/ 0 00386 | 100 | 40111 | 0.0594 | 1.7277 | 0.1362

3a ¢opmynmupane Ha o0oOmeHata podOactHa GyHKIMS Ha
JKETATeTTHOCT Ce OMNpEAeNs CpPEeIHOTEOMETPUYHOTO Ha JIBETE
0000menn Gynkuun: Doy 1 Dgep:

T. €. wOpt = Wprop = 1/2

Cayuair 2: TernoBHuTe KOS(PHIUEHTH Ca HW3YUCICHH MO
¢dopmyna (12) u ca nokazanu B Tabmuum 2 u 3.

Pasrnenanu ca cieaHute 3 TOACHy4as Ha oOmpeleisiHe Ha
TETJIOBHUTE KOCS(QUIIMEHTH Ha JBeTe O0O0OLICHW (YHKIHH: Dopt "
DRob:

Cﬂgqazl 2.1: wOpt = Wprop = 1/2,
Cryuaii 2.2: wope = 0.8 M wpyp = 0.2;
Cryuaii 2.3: wope = 0.2 1 wpyp = 0.8.

Cnyuaii 3: TernoBHUTE KOSHULIMEHTH HE 3aBUCAT OT TOYHOCTTA
Ha MOJICJIUTE U TEKECTTa € Pa3NpeesicHa [0 PaBHO MEXIY TsX, 0e3
Jla ce JaBa IPHOPUTET Ha HUKOW OT MOKAa3aTeNUTe Ha KauecTBO WU
JIMCTICPCUHTE:

W1 = Wzo = W3 = W1 = Wrp = W3 = 1/6.

Ot Tabnura 7 ce BIXkIa, 4e MMa pa3jiika caMoO B CTOMHOCTHTE
Ha d)yHKLIl/Il/ITe Ha XEJIATCJIIHOCT, AOKATO nonyquMTe OIITUMAJIHU
napaMeTpu Ha Ipolleca ca eJHakBU B ciaydau 1, 3 u 4. Bwxkna ce
omre, ye ciydaid 2.2, mpu KOHWTO Terjara 3aBUCAT OT TOYHOCTTA Ha
MOJIETIITE, MTpeJJiara Haif-o0pu CTOMHOCTH 33 CPEIHUTE CTOMHOCTH
Ha TIOKa3aTeJMTe Ha KAa4ecTBO, a JUCIIEPCUUTE UM Ca JOCTATHYHO
MAaJIKH.

6. 3aknrouenue

Pasrienan e MOAXOA 32 MHOTOKPHTEpUATHA ONTHMH3AIHS,
6aszupan Ha 06001IeHa pobacTHA (QYHKIMS Ha JKENATEIHOCT, KOHTO
oTYhTa poOACTHOCTTA, KAKTO W ONTHMH3UPAHETO HA MapaMeTpHTe
Ha Ipolieca Ipy MPOU3BOACTBEHH ycioBus. O0obmieHara pobacTHa
(byHKLHS ce M34MCIIsIBA Ype3 OLCHKA Ha MHAMBUIyaTHUTE ()yHKINH
Ha JKENATEHOCT HAa CPEAHHTE CTOMHOCTH M [HCIICPCHHUTE Ha
XapaKTePUCTUKUTE Ha Ka4yeCTBOTO Ha MPOAYKTa. IIPHIOKEHHSAT
HOJXOJ /1aBa Bh3MOXKHOCT 3a M3II0JI3BaHE Ha Terijia 3a KOPUTHUpaHe
Ha 3HAQYMMOCTTA Ha WHAMBHAYAJIHUTE (YHKUMH HA HKEIATEIHOCT
CIOpe]] TOYHOCTTA Ha OLICHEHWTE PErPECHOHHH MOJICNIH M B I0JI3a
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|
Ha 00o01meHara GyHKIMA Ha CPETHUTE CTOMHOCTH Ha ITOKa3aTeInuTe
Ha Ka4eCTBOTO WJIM Ha TEXHHUTE JUCIIEPCHH.

M3cnensan e mporeca Ha  €IEKTPOHHO — HHIYIUPAHOTO
NpUCHhEUHIBAHE HA KOMOIMMEPH, H3MOI3BAHO 3a CHHTE3 Ha
BOJIOPA3TBOPUMH  KOIIOJIMMEPH C  (PJIOKYJaHTHH  CBOMCTBA.
OnruMusanysrta Ha IapaMeTpHTe ce H3BBpIIBA C el Ja ce
YIIOBJIETBOPSIT ENHOBPEMEHHO W3HCKBAHHMATA 33 HKOHOMHYECKA
e(eKTHBHOCT, TapaHIUs 3a HHCKAa TOKCHYHOCT e(EeKTHBHOCT Ha
KOTIOJIMMEpa BBB (MIIOKYITAaHTHH MPOLECH, KaTo B CHIIOTO BpeMe
MONy4YeHUTe  MOKa3aTelld  Ha  KauecTBOTO  Ja  OCTaHar
HEYYBCTBHUTEJNICH KbM BBHIITHUTE IIyMOBE U CMYILICHUS.

bnazooaprnocmu

ToBa u3cnenBane e moBeieHo B paMkute Ha mpoekT Ne KP-06-
N27/18, ¢unancupan ot ®onn “Hayunu nzcnensanus’”.
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Design a tracking system for optimum solar energy

Salloom A. Al-Juboori', Aseel S. Al-Dmour?
Yprofessor Mechanical Engineering (B.Sc, PhD, M Sc Leeds University, U.K) / Engineering Faculty/Mutah University / Jordan.
YEmail: sajibury@mutah.edu.jo, 2Email: assel@gmal.com

Abstract: Environmental and economic problems caused by over dependence on fossil fuels have increased the demand and request for
green energy produced by alternative renewable sources. Solar energy systems have emerged as a viable source of renewable energy over
the past two or three decades, and are now widely used for a variety of industrial and domestic applications. Such systems are based on a
solar collector, designed to collect the sun’s energy and to convert it into either electrical power or thermal energy. Solar energy is
predictable to play a great role in the infrastructure as a distributed source, due to the fact that it is an easily available renewable source of
energy. In Jordan, natural conditions for solar are excellent, with an intensity of direct solar radiation with 5 to 7 kWh/m? The main
purpose of the present study to estimate the performance of a solar tracking photovoltaic (PV) panel of dual axis type, through designing,
construction and testing of a solar tracking system which automatically searches the optimum PV panel position with respect to the sun by
means of a DC motors controlled by Arduino Mega board that receives input signals from dedicated Light Dependent Resistor (LDR), and
compare the results with fixed PV panel. The results showed that the use of the Dual-Axis Tracking System can produce about 37.37% gain
of power output, compared with a fixed system inclined at 30° to the horizon.

KEYWORDS: SOLAR ENERGY, PV, TRACKING SYSTEM, FIXED SYSTEM, DUAL AXIS. OPTIMUM SOLAR ENERGY

Background: In this technologically based world, electric power searches the optimum PV panel position with respect to the sun by
plays the sole role of providing energy for the operations of means of DC motors controlled by an intelligent drive unit that
machines, either commercial based or industrial based. However, receives input signals from a light intensity sensor. Also design a
the generation of electricity often leads to environmental fixed PV system for comparison purpose. For many years, several
destruction. It is related with aspects as deforestation control, energy companies and research institutions have been performing
protection of ozone layer, reduction of CO2 emissions and others. solar tracking for improving the efficiency of solar energy
The environmental issues are now being regarded as the most production. A variety of techniques of solar energy production used
crucial problem. Therefore, the goal of obtaining good energy have proven that up to 30% more solar energy can be collected with
supplies of electric power is to be emphasized [1]. According to that a solar tracker than with a fixed PV system [15].

goal and considering additionally the exhaustion of the energy Motivation of the Study: Jordan is a non-oil-producing country
reserves and the global heating of the planet to promote and and imports 96% of the energy used. As a consequence, energy
improve systems sourced with renewable energies is a must. A imports accounts for roughly 22% of the GDP (Gross domestic
good energy source prospect for industrial continuous processes product). The population’s growth rate is high; about 2.3% per year.
needs to be: more or less constant energy throughout the year; This causes the demand on energy sources, mainly oil products to
highly reliable and needs little maintenance; low cost to build and increase rapidly. Implementation of renewable energy resources
operate; virtually no environmental impact; modular and thus such as solar and wind energy, will lead to economic, social and
flexible in terms of size and applications; landscape friendly. A environmental benefits [16].

solar electric system-also known as photovoltaic (PV) systems— Obijectives of the Study: The main objective of this work is to
fulfils this entire characteristic [2]. Photovoltaic power generation is estimate the performance of a solar tracking PV panel of dual axis
achieved using solar panels which are composed of a number of type. While the sub-objectives are:

solar cells made up of a photovoltaic material. Materials currently . Increases solar panel output

used for photovoltaic include amorphous silicon, copper indium o Maximum efficiency of the panel

gallium selenide/supplied, cadmium telluride, mono-crystalline . Maximum power per unit area

silicon, and polycrystalline silicon. Due to the continuous increase o Able to grab the energy throughout the day

in demand for renewable energy sources, the manufacturing of . Compare results obtained from the tracking system with the

Solar Cells and Photo-Voltaic Arrays has considerably advanced fixed system.

over the past few years [3]. The output of a Photo-Voltaic panel is  Research Methodology: In order to achieve the overall objectives
non-linear in nature as well as the output greatly varies with  of the research, it is always important to have a systematic approach
environmental changes like temperature, solar insolation, etc. [4].  for the framework of research implementation. Thus, the following
This poses a huge threat during its use. The entire Photovoltaic  455r0ach is adopted in the current research. Literature review: The
array does not receive equal amount of radiations at all times.  qerstanding and evaluation of the current state of the research is
Sometimes parts of the array is under shading due to clouds, tree,  gne of the most fundamental and important step in any research
towers, dust, etc. This results in occurrence of multlple pe_aks in the activity. Development of conceptual design of proposed system.
Power v/s Voltage characteristics of the array which hinders the Experimental study and measurements. Comparison between
proper functioning on maximum  power point tracker_ [5]. tracking PV and fixed PV systems results.

Considerable power loss will be experienced if local maximum — gojar Tracking Technologies: Solar tracking is the act of making
power point is tracked and nor the global maximum. Hence it is 5 sojar collection surface change its orientation with the movement
pertinent to track the optimal operating voltage of the Photovoltaic  4f the sun in the sky. There are two significant relative motions in
array for better efficiency PV generators. The Photovoltaic array for  he earth-sun system. The first is the diurnal movement due to the
better efflc_lency of_ PV generators. _The PV array gives dlffer_ent carth’s rotation about its axis, causing day and night. This is
output at different time of day for different orientations depending  yegponsible for the hourly variation of incident solar radiation on a
upon the amount of sunlight falling on the module and on the angle  g,rface [3]. The second is the much slower movement due to the
at which rays fall on it [6]. Thus the angle a.t Wh'Ch the module s carth’s elliptical voyage round the sun. Two factors in this motion
placed with respect to the ground can be optimized so as to obtain  ¢ompine to affect incident radiation. First, the actual sun-earth
maximum output from the module at all time. Radiation with 5t0 7 yistance affects the extra-terrestrial radiation in accordance with an
[(Wh/m, [14]. fossil fuels_[_7]. With extensive growth of popu_latlon, inverse square law [4]. Secondly, the angle between the earth’s
in Jordan, natural conditions for solar are excellent, with an  equatorial plane and its orbit causes an apparent seasonal north-
intensity of direct solar. ) _ . _ south range of travel of the sun in the upper celestial hemisphere
Statement of the problem: Design, Construction and testing a 5], Full control of solar harvest surface orientation is therefore a 2-
tracking system for optimum photovoltaic (PV) will be the main  gegree of freedom problem. In practice, control is achieved by
part of this work. Thg topic proposed in this paper refers to the manipulating rotations about 2 of any 3 orthogonal axes.
design of a dual axis solar tracker system that automatically  commonly used axes are: West-East; North-South in the horizontal
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plane and the vertical Nadir-Zenith, [6-13] among others — report
the following pairs to constrain the rotation as to keep the surface
facing the sun all day long.

* W-E and S-N

* S-N and Nadir — Zenith

* Nadir — Zenith and W-E

Rotation about these axes affects the surface slope y and its azimuth
w. Tracking manipulates these angles to vary with the sun angles:
The elevation and the solar azimuth . These are dependent on the
time and day of year. Hence, from a tracking point of view, they are
independent variables, see figures- 1 and 2.

Sun path when & = Latitude of P

= -
& Zenith
o

= T~ June 21stnoon

>

Dec 23rdnoon / o Celestial hemisphere

above horizon

Apparent sunset point oscillation /

North

W= West

/. Celestial hemisphere

<
\ L.o%
below horizon

B, i
Nadir

Figure-1: Apparent sun motion on the ‘inside’ surface of an
inverted celestial hemisphere for a place ‘P’ within the tropics [14]

Apparent sunrise point oscillation

horizontal; ¢°from N-S plane

> Y 3 >~
Figure-2: Important angles for a solar tracking surface: i’ is the
incidence angle to be minimized [14]

Broadly, the angles g and y track @ and ys using mechanisms
classified according to two criteria

[15, 16].

* Passive or Active tracking

* One axis or Two axes tracking

When the radiation catchment plane or aperture is adjusted without
use of electrical power, the tracking is said to be passive.

Solar Tracker System Design and Calculations:

1- Annual motion of the sun

There are many motions for the sun during a year, the first one is
motion in winter and the second one in summer as shown in the
figure-3. So in winter the sun doesn’t rise as high as in summer.
Hence the sun rising hours in summer are more than in winter so
the quantity of radiation absorbed in summer is more than in winter.

Inclined solar catchment surface: B°1t

o Summer

- Q solstice

- ="~ Eauinox
- : |

= WWinter

’ -’I

s Tr— ; |

— S I ]
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June 21 Som 23 Sunset in west

Figure-3: Annual motion of the sun [17]
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Sun- earth angles: The energy flux of beam radiation on the
surface with arbitrary orientation can be obtained from the
knowledge either on the surface perpendicular to the sun rays or in
the horizontal surface. Consider the flux incidence on the plane
surface is (I * cos0) , where 6 is the angle between surface and
incident beam , and T is the incident beam [18]. Latitude angle(®):
defined as the location where the angle made by the radial line
joining the given location to the center of the earth, the latitude
angle is positive for the northern and negative for the southern
hemisphere. Declination (6) : defined as the angle between joining
center of the sun and the earth, and its projection on the equatorial
plane. Slope (B) : is the angle between the plane surface and the
horizontal[19, 20]. It is positive for surfaces sloping toward the
south and negative for surfaces sloping toward the north. Angle of
incidence (8,), is the angle between beam radiation on the surface
and normal to that surface.
2- Solar tracker system design and its components: The system
consists of many components which are:
(a) Battery: A solar battery is a rechargeable that integrates a solar
cell with battery power storage. In this project, sealed acid
rechargeable battery is used for solar system (12 V ,7 Ah). The
number of battery needed, as follows:
Estimated Watt demand =
DC Amps x System Voltage. . ............... 2
=176 Ax12V =21.12 Watt
Watt-Hours per day = Watts x Hours 3)
= 21.12 Watt x 3 hours/day = 63.36 Wh/day
(Total Amp) / day

Watt—Hours per day xbattery loss factor

(4

system voltage

_ %: 6.336 Ah /day

So, the number of battery needed =

gi)36
222 = 0,905 ~ 1.0

(b) Solar panel: The type of solar panel used is polycrystalline
module, the panel produces peak power values at an irradiance level
of 30 Watt. Those are for solar radiation of 1000 W/m? at 25°C.

total Amp /day
battery Amp rating =TT

Ppnax =30 W
Ve =216V
I =183 A
Vimp =18.00 V
Inp =1.67 A
The number of panel needed: Sun hours per day =
4.5 hours
_  total Amp /day
Total Amp ~ Sun hours perday "~ (6)
=22 = 1.408 am
So the number of panels = % ...... (7
= 1% _ 0843 ~ 1.0
1.67

(c) Charge controller: A charge controller is a device used to
control the rate at which electric current is added to or pulled from
electric batteries. It prevents overcharging and may protect against
overvoltage, which can reduce battery performance or lifetime, and
may pose a safety risk. It may also prevent completely draining
("deep discharging™) a battery, or perform controlled discharges,
depending on the battery technology, to protect battery life

I
The number of charge controller needed = ———>—— .
Rated charge current
e ®)

1674
T 104

= 0.167

(d) Motors: In the solar tracker system two types of motor have
been used

(1) DC motors: DC motors were the first type widely used, since
they could be powered from existing direct-current lighting power
distribution systems. A DC motor's speed can be controlled over a
wide range, using either a variable supply voltage or by changing



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

the value of current in its field windings. The DC motor that used in
this work is ASMO (873410.073) which have these specification:
Torque =2 N.m

Voltage =24 V

Current = 85 mA

Output speed = 1.8 r/min

(2) Actuator: An actuator is a compact of machine that is
responsible for moving or controlling a mechanism or system. It is
operated by a source of energy, typically electric current, hydraulic
fluid pressure, or pneumatic pressure, and converts that energy into
motion. An actuator is the mechanism by which a control system
acts upon an environment. The control system can be simple,
software-based, a human, or any other input. There are varieties of
actuators and they are Mechanical actuators, Hydraulic actuators,
Pneumatic actuators, Electro-mechanical, Linear motor etc. In our
system we have used linear actuator because linear actuator creates
motion in a straight line, in contrast to the circular motion of a
conventional electric motor.

Torque needed to rotate the panel:
Panel weight = 3 kg
Dimensions of panel: 670 mm x 410 mm % 25 mm

torque=T =r X F N )]
mgr

T = e e (10)

g=98ms?

Width 410
r= = - =1025mm = 0.1025m

4
_— 3%9.8x0.1025

2
=1771N.m

3- Control System: To control the motion of the panel in order to
be faced to the sun. So, need a control system is required. This
system contains:

(a) Arduino Mega Board

E

L
Ao s

-—e
Arduino MEGA
vwv.arduino.cc

»

Figure -4: Arduino mega board

The Arduino Mega is a microcontroller board based on
the ATmegal280. It has 54 digital input/output pins, 16 analog
inputs, 4 UARTS (hardware serial ports), a 16 MHz crystal
oscillator, a USB connection, a power jack, an ICSP header, and a
reset button. It contains everything needed to support the
microcontroller; simply connect it to a computer with a USB cable
or power it with a AC-to-DC adapter or battery to get started. The
Mega is compatible with most shields designed for the Arduino
Duemilanove or Diecimila. Figure-4, shows the Arduino mega
board.

(b) Light Dependent Sensor

Figure- 5: Light Dependent Resistor
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A Light Dependent Resistor (LDR) or a photo resistor is a device
whose resistivity is a function of the incident electromagnetic
radiation. Hence, they are light sensitive devices, as shown in
figure-5. A light dependent resistor works on the principle of photo
conductivity. Photo conductivity is an optical phenomenon in which
the materials conductivity is increased when light is absorbed by the
material. When light falls i.e. when the photons fall on the device,
the electrons in the valence band of the semiconductor material are
excited to the conduction band.

(¢) Current Sensor

Figure-6: Current sensor

A current sensor as in figure-6, is a device that detects electric
current (AC or DC) in a wire, and generates a signal proportional to
it. The generated signal could be analog voltage or current or even
digital output. It can be then utilized to display the measured current
in an ammeter or can be stored for further analysis in a data
acquisition system or can be utilized.

(d) Voltage Sensor (voltage divider): A voltage divider is a simple
circuit which turns a large voltage into a smaller one. Using just
two series resistors and an input voltage, we can create an output
voltage that is a fraction of the input. Voltage dividers are one of
the most fundamental circuits in electronics.

Figure-7, shows the voltage divider circuit.

TR kR

Rz

Vour = Vin X RipR, (11)
— Ry

5=185 x e

R, =4.7kQ

(e) Motor Driver (H-bridge)

Figure-8: Motor Driver
Motor driver is a little current amplifier; the function of motor
drivers is to take a low-current control signal and then turn it into a
higher-current signal that can drive a motor. Shown in figure-8.
(f) SD Card Shield:

Figure-9: SD Card Shield


http://www.electrical4u.com/types-of-resistor-carbon-composition-and-wire-wound-resistor/
http://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electric_current
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The Arduino SD Card Shield is a simple solution for transferring
data to and from a standard SD card. The pin out is directly
compatible with Arduino, but can also be used with other
microcontrollers. It allows users to add mass storage and data
logging to their project. SD Card Shield is shown in figure-9.

4- Installation and Programming

This section is dedicated to reflect how to used research and design
to build prototype of the sun tracking system. After an intensive
research on all the available techniques and components, to meet
the requirement of the desired sun tracking system and to satisfy the
prime objective of the project, suitable methods and components
were selected and implemented through electrical circuits. In our
system we have a control circuit controlled by the microcontroller
in Arduino system with the following components:

a) Electrical circuits: Solar tracker system
consists of many electrical circuits which are:

- LDR circuit: The LDR gives out an analog voltage when
connected to Vcc (5V), which varies in magnitude in direct
proportion to the input light intensity on it. That is, greater the
intensity of light, greater will be the corresponding voltage from the
LDR. Since the LDR gives out an analog voltage, it is connected to
the analog input pin of the Arduino. The Arduino, with its inbuilt
ADC (Analog to Digital Converter) then converts the analog
voltage (from 0-5V) into a digital value in the range of (0-1023).
Thus, when there is sufficient light in its environment or on its
surface, the converted digital values read from the LDR through the
Arduino will be in the range of 800-1023. LDR circuit shown in
figure-10.

Figure-10: LDR Circuit

- Current sensor circuit: This circuit used for Read, Sense and
Control current flow in the system. Figure-11, shows the current
Sensor circuit.

ACST7T12

-

Figure-11: Current Sensor Circuit
- Voltage Divider Circuit: This circuit works as a voltmeter, which
is measure the voltage between two points in the circuit and, with
digital electronics, this is an analog range from zero to the level of
the power supply (Vcc). Digital voltmeters work by converting the
analog value to a digital value using an analog to digital converter
(ADC). A typical Arduino has several of these converters on the
board. Figure-12, shows the circuit.

...............................

Figure-12: Voltage Divider Circuit

- Motor Driver Circuit: Figure-13 illustrates the wiring. B+ and
B- at the top of the diagram represent the power supply for the
motor. A 5 k or 10 k potentiometer is used to control the speed.
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e——— | =
Figure-13: Motor driver circuit

-SD Card Shield Circuit: This circuit used to save the data
collected from current and voltage sensors into SD card. Figure-14,
shows the circuit.

Figure-14: SD Card Shield Circuit
b) Arduino programming
In proposed system Arduino 1.6.9 version for

Figure-lS: Empty sketch book of the S

programming has been used, figure-15. That is an open project that
allows writing and debugging codes efficiently which is also
immensely supported by vast library files. The library files assisted
us in designing algorithms from a sketch books and example’s
directory. Verification and compilation of error is smooth and easily
accessible. By opening Arduino mega 2560 sketch book we can
select specific board and upload programming codes. Solar
tracker system operation and the flow chart are shown in figures-16
and 17. LDR detect the sun light and send signals to the Arduino
which is send signals to the motor drivers to derive the motors that
moves the solar panel toward the ﬁ]\

[ St )

v S ‘Y ' v
‘ LDRup LDR down LDR left ’ ‘ LDR right
5 | , )
\
Yes / If \ / If Yes
stopthe L (bRup-LDRdown< {DR et - LDR right <— 4 Stop the
motor 10 / 10 ¥ motor
‘ No
No |
y '
move the |_Yes If \ 5 ] . Yes move the
1 E‘-mnupmnum \LDR eft > LDR right, motor lef 1

No No

Figure-16: The block diagram of the operation>of the whole
proposed system
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Figure-17 Shows The Flow Chart of Arduino Program

3

5-Final Solar Tracking System Components:
Charge controller

Figures — 18 to 21 show the final design of the solar tracking
system of this work.

- Battery B

Fixed system Sola tracking system

Arduino
mega
board

Figure-18: Solar Tracking PV System and Fixed PV System

Figu}e-ZO: Electrical Circuits

Results and Data Analysis:

The experimental investigation was carried out in order to
compare the performance of the solar tracking PV panel in
comparison with a fixed PV panel of the same type. The two PV
panels were subjected to the same solar irradiation conditions in
the same time and the energy output of each panel was monitored
and compared. The experimental measurements were carried out
in different meteorological conditions with the purpose of
comparing the supplementary output power obtained in case of a
PV panel equipped with a solar tracking mechanism. The
experimental study of the solar tracking prototype has used a
modern Data Acquisition System (DAS) composed of a SD card
module, that can read and write, and save the data that have been
collected. The software interface for the management of the
LDR measurement system was developed using Arduino development
platform since it is characterized by a high compatibility with
many types of data acquisition boards. The recorded data can be
saved in TXT files, that can be analyzed separately. Since the
studied application could entail very long data acquisition

Figure-19: LDR That Used in The System
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running time. The experiment was performed at different Power output for 2 system at sunhy day
meteorological conditions. The system takes the measurement

every 6 minutes. The data were setup to determine the percentage i
difference in power output between fixed position (30 degrees to 2
the horizontal) and dual-axis tracker. Figures 22- 29 show the

- 16
power output of two systems, fixed and dual-axis tracker at %;‘;
sunny, dusty, partially cloudy and cloudy days. The average g 10
power output was greater in favor of the dual-axis tracker than :
fixed one. I I I II
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Figure-24: Power output for 2 systems
at sunny day
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Figure-25: Power output for 2 systems
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power output for 2 systems at partially cloudy day
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Figure-28: Power output for 2 system
at partially cloudy day
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Figure-29: Power output for 2 systems
at cloudy day
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Within the day the power was nearly zero at sunrise and sun set
for the two systems because there is no sun light. At noon the
power generates by two systems was almost the same because
the fixed PV panel is directly faced to the sun like the tracked PV
panel. The power generated by the two systems affected by the
metrological conditions like dust and clouds. Regardless the time
periods of linear increasing and decreasing of power output, the
monotonic power output region, the period of time chosen was
between 6:00 and 19:00. By employing dual-axis tracker the
average of increasing was calculated to be 39.8%, 35.4%
,36.91%, 36.4%, 36.95%, 36.86%, 37.63% and 37.628% over the
fixed one due to 8 days.

Conclusions :

From the results of this work the following conclusions can be
drawn:

e Analysis of data showed that a significant gain of the power
output when using tracking system in comparison with the fixed
axis. Also confirmed that the dual- axis tracking system oriented
PV modules perpendicularly to the sun had a tremendous
performance improvement on PV panel output.

eThe amount of the collected global solar radiation and the
produced electricity by the different systems depends on the
system, the sky state conditions and the orientation parameters.
Also the results revealed that the employment of the Dual-Axis
Tracking System can produced 37.37% gain of power output,
compared with a fixed System inclined at 30° to the horizontal
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OBOCHOBAHMUE BbIBOPA PALIITMOHAJIBHOI'O OBOPY TOBAHUA NJIA
KOHTEMHEPHOI'O MOJABEMA HA OTKPBITBIX TOPHBIX PABOTAX

JUSTIFICATION OF THE CHOICE OF RATIONAL EQUIPMENT FOR CONTAINER LIFTING IN OPEN-
OPEN MINING
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Abstract: This paper proposes a new technology for delivering rocks in containers without constructing transport communications in the
quarry and having technological and energy-saving advantages. These advantages are: transportation of rocks over the shortest distance
and a low container tare ratio, which will reduce energy consumption and the cost of transporting rock mass. Quarry single-bucket
excavators and cranes of various types were considered as equipment for lifting rock mass. The results of the calculations prove the
technical feasibility of operating quarry lifting machines based on a dragline. The technological scheme using quarry lifting machines has
sufficient reliability, flexibility and versatility. It allows you to gradually increase the lifting height, disperse complexes of lifting machines,

distribute or combine cargo flows by type of rock mass.

Keywords: QUARRY, TRANSPORTATION OF ROCKS, BLADE, LIFTING MACHINE, CONTAINER, ROPE EXCAVATOR, CRANE.

1. Bgeoenue

HawnGonee pacripocTpaHeHHBIM BHAOM KapbepHOTO TpaHCIOPTa
B HACTOSIIIIEE BpeMs SIBIISIETCS aBTOMOOIIIBHBIH [1]. ABTOTpaHCIIOPT
IINPOKO NMPUMEHSETCS Ha HIKHUX TOPH30HTAX ITyOOKHX KapbepoB,
a TaKke KaK OCHOBHOW BHJ TPaHCIIOPTa, HA MEJIKUX Kapbepax
HeOONbIION Tpou3BoAnuTenbHOCTH. OH IMpPUMEHSETCS B KadecTBe
cOOpOYHOTO, MOJBEMHOTO M JOCTaBOYHOTO O0OPYIOBAHUS B CHIY
psma  ero OECCIOPHBIX  JOCTOHHCTB: MaHEBPEHHOCTH,
ABTOHOMHOCTH, YHHBEPCAIBHOCTU U IPOCTOTHI OPTaHU3ALUH €ro
paboTbl. B TO e Bpems, HECMOTpsI Ha OYEBHHBIC PEUMYIIECTBA
aBTOTpAHCIIOPTa, €My MpPUCYIIM M cepbe3Hble HenoctaTku. C
yBEJIMYEHHEM TIJIyOMHBI KPYIHBIX KapbepoB aBTOTPAHCIIOPT BCE
MEHBIIIE HCIIONb3YeTCsl KaKk COOPOYHBIA M BCe OOJIbIIE BBIIOJHSIET
paboTy 1o morbeMy TOPHOM Macchl Mo 6opTy Kapsepa [2-4].

DHEepPreTHYecKH IMOIBEM TOPHOW Macchl Mo OOpTYy Kaphkepa
aBTOTPAHCIIOPTOM Ha OOMNBIIYI0 BBICOTY HEpaIOHANIEH U3-3a
BBICOKOTO K03 ¢unmenTa Tapsl aprocamocBasoB. ViccrenoBanus u
ONBIT  OKCIUIyaTalldl  aBTOTPAHCIOpTa B  Kapbepax [5-6]
MOKa3bIBAIOT, YTO  pacxoj  TOIUIMBa  aBTOMOOMJIEM  H.
COOTBETCTBEHHO, BPEJHBIE BEIOPOCH B aTMOC(epy Bo3pacTaioT B 4
paza TIpu TIepexoje  aBTOCaMOCBala C  TOPU30HTAIBHOTO
TIepeMeNeHNsT TOPHOH Macchl Ha IOABEM €ro M3 Kapbepa IIo
Tpanmee. Takum oOpazom, Haumboyee paclpoOCTpAaHEHHBI B
HacTOsIIee BPeMs BHJ] KapbePHOTO TPAHCIIOPTA - aBTOTPAHCIIOPT —
HE OTJIMYACTCS HHEPrO3KOHOMHYHOCTBIO M SKOJOTHYHOCTHIO B
HeoOxomumMol crerenu [7].

BbInonHeHHbIN aHaIN3 CYIIECTBYIOIIMX TEXHOJIOTHI OTKPBITHIX
TOPHBIX PabOT M COBPEMEHHOTO COCTOSIHUSI TOPHOTO TPOHM3BOJICTBA
yKa3blBae€T Ha HACYLIHYI0 IOTPEOHOCTh B pa3paboTKe HOBOI
pecypcocOeperaronieii 1 JKOJIOTHYECKH O€30MacHON TEXHOJOTHH.
Bemma  mpemnokeHa  HOBas — KOHTEHHEpHas  TEXHOJIOTHS
TPaHCHOPTHPOBKM  TOPHOW  Macchl B  KOHTeifHepax  0e3
CTPOHUTENILCTBA B Kaphepe TEXHOJOTMYECKHX M TPAHCHOPTHBIX
KOMMYHHKaImit JIoCTONHCTBaMH, KOTOPOH OYAyT SIBIATHCS:

1. OnHopasoBas 3KcKaBalsd TOPHOM Macchl PH HOTPYy3Ke ee B
KOHTEIHEp CHIDKAeT YHepro3arpaTkl.

2. JloctaBka ropHO Macchl TPaHCIIOPTOM COOPOYHOTO 3BEHA OT
3a6OCB K MECTy noAbEMa BBIIIOJHACTCA Ha MUHUMAJIbHBIC
pacCTOSHUS TI0 TOPU3OHTAIBGHBIM aBTOAOPOTaM, YTO TPHBOIHUT K

CHIKCHHMIO TOTpeOHOro mapka aBTOTPAHCHOPTa, YAEIBHOIO
pacxoja TOIUIMBA, IIMH M BBIOPOCOB ~ BpEOHBIX  Ta3oB B
aTMocdepy.

3. Koadpdunuent tapsr koureitnepa (0,25-0,30) 3HauuTEIBHO
MeHblle Kod(duimenta Ttapsl aBrocamocsana (0,70-0,80) wim
KenesHogopokHoro cocraBa (0,80- 0,82), mostomy ynenbHbIE
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3aTpaThl SHEPrUUM Ha NOABEM TOPHOW Macchl B KOHTEiHepe
MOJbEMHOM MaIIMHOH cokpamatoTes B 1,4 pasa.

4. KoMmiekc HOABEMHBIX MAIIWH 00JIagaeT MOOHIBHOCTBIO,
YTO MO3BOJISET MEPEMENIATH €r0 HA HOBOE MECTO MPH MTPOU3BOJICTBE
B3PBIBHBIX pabOT WIM B JPYrod Kapbep IpH IOCIEA0BATEIHHON

oTpabOTKE TPYNIBl KapbepoB. [IOBBIIIAIOTCS  BO3MOXKHOCTH
peryaupoBaHus M COONIOACHHS ONTHMAIBFHOTO PEXUMa TOPHBIX
pabor.

5. Hckmouaetcs HEOOXO0IUMOCTh JIOTIOJTHUTEILHOTO
SHEPrOeMKOT0 IpOOJEeHHs TOpPHOW MacChl B OTIMYHAE OT
TEXHOJIOTMYECKUX  CXeM C  NpPUMEHEHHMEeM  KOHBEHEpHBIX
MMOIbEMHHUKOB.

6. KouteiiHepHas JocTaBKa BCKpPBIINIHBIX TOPOJ M HC-
TO0JIb30BaHUE KapbepHBIX MOIbEMHBIX MaIllH npu

OTBAJIOOOPA30BaHNH IIO3BOJIUT YMEHBIIUTh HEOOXOIUMBIH 3e-
MENBHBI OTBOJ M (OPMUPOBATH KOMIIAKTHBIA BBICOKHI OTBall C
MHHUMAIIBHBIMH 3aTpaTaMy Ha MObEM TOPOIBL.

I'maBHOW 0COOEHHOCTBIO MPEAIAraeMOM TEXHOJIOTUH SIBISETCS,
4T0 BCEe 00OpyIOBaHME IJIi KOHTEHHEPHOW NOCTaBKM IPOCTO B
W3TOTOBJICHMH W MOXET OBITh M3rOTOBJICHO Ha CaMOM TOPHOM
npennpuiatHd. B kadectBe  MONBEMHOW  MamIMHBI  OBLIO
pPaccMOTPEHO  HCMOJIb30BAHUE  KapbepHBIX M ILIArarolux
HKCKaBaTOPOB, A TAKKE AEPPUK-KPAHOB.

Ha w™mHormx kapmepax psga eBpomeiickux crtpaH (Mranmm,
Ucnmannu, ®panumum, ['perm u 1ap.) DOMHHHUpYIOLIEE pacipo-
CTpaHEHUE TMOIYUIIH JePPUK-KPaHBI TPYy30HOABEMHOCTRIO 10 50
TOHH M JuHHOM crpenbl 10 40 metpo [8]. K ux mpeumyiiectBam
MO’XHO OTHECTH:

- BO3MOKHOCTh HCIIOJIb30BaHUSI OJHOTO BUAA OOOPYIOBAHUS

JUIL  BYX COBMEIIAEMBIX MPOLECCOB (BBIEMKH-TIOTPY3KH H
TPaHCIIOPTUPOBAHUSI OJIOKOB);

- IPOCTOTY OOCITY)KUBAHHS;

- OTHOCHTEJIbHO HU3KYIO CTOMMOCTh 000PYJOBaHMS;

- BO3MOYKHOCTh KOMIUICKCHOH MeXaHH3allMM IPOLECCOB

BBICMKHU-TIOTPY3KH M TPAHCIIOPTUPOBAHUSL.

IIpuMeHeHne IeppuK-KpaHa BO3MOXKHO TPH Pa3sMELIEHHU €ro
OIIOPHBIX YacTell Ha OETOHMPOBaHHOM OCHOBaHMH oObeMoM §-10
M, 4TO He BCerza OCYIIECTBHMO B CIIOXKHBIX TOPHO-TEOTOTHUECKHX
YCIIOBHSX, TaK KaK BbI3bIBAET TPYAHOCTU IIPU MEPECTAHOBKE B
ClTyqasiX 3HaYMTEIHHON TOABIDKKH ()POHTA TOPHBIX paboT. B psme
€BpOIEHCKUX CTpaH KpeIUICHHE NEePPHK-KPAaHOB OCYMIECTBISIETCS
cIeayromuM o06pazoM: OypeHue HITypa MM CKBaKHHBI JTHaMETPOM
75-105 MM Ha riryOuHY 2-7 METpOB; pa3MeIleHHe B CKBaKUHE HIIH
LIIYpe METAJNIMYECKOTO CTEPXKHS C IMOCIEAYIOIIEH ero 3ajluBKOI
OBICTPOTBEPACIONIMMH OPraHMYECKUMH CMECSIMU; OONTOBOE HIIU
CBAPHOE COCIMHEHHE OMNOpPbl WM OCHOBAaHMS JEPPUK-KpaHa CO
crepxrem [9-10].



IIpumenenne Ha pa3zpabaTbiBa€MOM MECTOPOKACHUM IEPPHK-
KPaHOB  HEIe]1ecoo0pa3Ho, TaK KaK OHH CTAllMOHApHbI M
3aTPyAHSAIOT BEACHHE TOPHBIX paboT mpu wucrmosb3oBanuu BBP.
Kpome Toro, ux CI0XHO YCTaHABIMBATh Ha YCTyHe M HEOOXOAUMO
MPOBOAUTE MEPONPHSTHS U1 IPEJOTBPAIICHUS JeopMaIiy
Gopra.

2. Memoouka npogedenusn IKCnepumeHma

B Haubonbuieil CTENEHH MPEUIOKCHHBIM — TPeOOBaHHAM
KOHTEHHEPHON TEXHOJIOTHMH OTBevyaeT sKckaBatop OIII-10/70.
Haunbonee OTBETCTBEHHBIM Y3JIOM 3KCKaBaTopa SBIACTCS CTpeIa,
KOTOpast JIOJDKHA BBIIEPXKATH HArpy3Ky OT Beca TI'PYXKEHHOTO
KOHTEifHepa, KpOMe TOrO IpU  IPOEKTUPOBAHUU  CTPEIIbI
HEOOXOAUMO YYHTBHIBATH HHEPLUOHHBIC M BETPOBBIC HArpy3KH Ha
pabouee oGopymoBanue. DkckaBaropel JIII-10/70 obGopymyroTcs
KOMOHHHPOBAHHON CTpENOil, KOTOpas HE BBIICPKUBACT HOBOM
KOHIIEBOH Harpy3kn - 80 TomH. [IlosTomy Oblia
CIIPOEKTHUPOBAHA HOBAs TPEXTPaHHAs JKECTKas CTpena. y KOTOpOit
ObUIM Ha3HAa4eHbl AWAMETPbl TPYO, M3 KOTOPBHIX IUIAHUPYETCS
coOpaTh cTpedy: Hecymue TpyOsl — amamerp 720 MM, TONIIHHA
crenku 10 Mm; pacropku — auamerp 219 MM, TOJNIIMHA CTEHKU 6
MM.

Pacuer cTpenbl NMPOW3BOMUTCS B INPOTPaMMHOM KOMILIEKCE
JINPA 9.6. Ilporpammusrii kommmieke JIMPA (IIK JIMPA) — sto
MHOTO(YHKIIMOHAIBHBIH TPOTPaMMHBIA KOMIUICKC IJIs pacuera,
HCCNEOBaHUS M TPOCKTHPOBAHUS KOHCTPYKUMH PasIM4HOTO
Ha3Ha4YeHHMs. B pe3ynpTaTe pacueTsl yCTaHOBIEHO, YTO CTEpkHU 60,
61, 84, 85 He obecneynBalOT OOCTATOYHYIO MPOYHOCTH. [lo
PEKOMEH/AMK  MPOrPaMMbl  HEOOXOAMMO TNPUMEHHUTh TPYOBI
Gompmero auamerpa. [lo maHHBEIM pacdyera MPOYHOCTH CTPEIIBI
obecrnieunBaercs. Cxema CTpesbl IPUBOANTCS HA PUCYHKE 1.

e

1<

¥

Puc. 1 Cxema depopmayuu cmpenv

Jnst  BeIsABIeHUs  pabOTOCHOCOOHOCTH — JparniaifHa  ObUIH
MpOBeIeH IWHAMHYECKHH pacdyeT TMPHBOJOB JKCKaBaTtopa U
BBIIOJIHEH CTaTHYECKUIl pacueT ¢ TMPOBEPKOM MaIlWHBI Ha
YCTOWYMBOCTh U YPaBHOBEHIEHHOCTH MMOBOPOTHOM ItaTopmel. Bee
MPOBE/ICHHBIC  BBIYUCICHUS JOKa3bIBAIOT Pab0OTOCIOCOOHOCTH
MPEAI0KEHHOTO BapHaHTa.

Hdnst  uccnemoBaHuss  pabOThl  MOABEMHOM  MAlIMHBI  C
KOHTCHHEPOM JaHHOW KOHCTPYKLMH OBLI H3rOTOBJCH €ro MakeT U
NPOBEICHbl  UCHbITaHUA. {1  [poOBEeNeHHS  3KCIEepUMEHTa
NEWCTBYIOIAas MOJENb JpariaiiHa Oblia TmepeoOopyldoBaHa B
MoABLEMHYI0O MallMHy. bBbUT 3aMeHeH KOBII Ha KOHTeWHep u
3aMeHeHa 3aacoBKa TATOBOTO kaHaTa. Cxema CTeHja Moka3aHa Ha
pucynke 2. Ilur mnpubopoB 00OpyIOBaH aMIepMeTPOM U
BOJBTMETPOM 11 M3MEPEHUs Harpy3ku Ha INPHBOAAX IMOIBEMA,
TATH U IOBOPOTA U CEKYHIOMEPOM ISl U3MEPEHUS BPEMEHH IHKJIA.
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Puc.2 Mooenb nodvémmoti mawiuvl

3. O6pabomka IKcnepumeHmanbHbIX OAHHBIX

Ha ocHoBaHMM >KcHepHMEHTAIbHBIX JAHHBIX OBITa MOCTPOCHA
3aBUCHMOCTh BPEMEHH IIMKJIa OT TPY30HOABEMHOCTH KOHTEifHepa,
KOTOpasi IPUBOAUTCS Ha PUCYHKE 3.
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3aBHCHMOCTF MacChl KOHIIEBOW HArpy3kd OT MOIIHOCTH
TJIaBHBIX TIPUBOJIOB TIOKa3aHa Ha PHCYHKE 4.
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Puc. 4 3asucumocmv nompedasiemon MowHOCHU NPUBOOOE8 NOOLEMHOLL
MAUWUHbL OM 2Py30N00bEMHOCHU KOHMeEUHepa

4. Boieoowt

KonreliHepHass TE€XHOJIOTHSI MO3BOJISIET MOBBICUTH IOKa3aTeIU
OTKPBITHIX TOPHBIX paboOT TO OSKOHOMHUHU JSHEProOpecypcoB U
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COXPAHEHHUIO OKpPY)KAIOWEH Ccpeabl Ha KayeCTBEHHO HOBBIN
ypoBeHb. C y4eToM OIBITa €€ pPa3BUTUSl B APYTUX OTpPaCsIX
MPOMBIIUIEHHOCTH TO3BOJMT Ha OTKPHITBIX TOpPHBIX paboTax
CHM3UTH YJENbHBIE SHEPro3aTparhl, IIOBBICUTH 3KOJIOTHYECKYIO
0€30MacHOCTb M IPOU3BOAUTENHHOCTE Tpyda. CHIDKEHHE pacxona
SHEPTUU U Pa3pyLIMTENbHOIO BO3JCHCTBHSA OTKPBITBIX TI'OPHBIX
paboT Ha OKPYKAIOLIYIO CPey IIPOMCXOIUT 3a CUET HCIOIB30BaHHS
Ha BCEX JTamax [OCTaBKM TOPHOH Macchl ONTUMAJBbHBIX BUIOB
TpaHCHOpPTa, a TakKe 3a CYET BBHINOJHEHUS IEPerpy304HBIX
OIepalyii ¢ BHICOKOW MPOU3BOIUTEIFHOCTBIO 0€3 TOMOTHUTENBHON
9KCKaBaIlU TOpHOH Macchl. KoHTeHEpHAsT TEXHONOTHS TO3BOJISET
pemaTh BeChb KOMIUIEKC 3aJad I0 OCHOBHBIM TEXHOJIOTHYECKUM
MpoIEcCaM OTKPBITHIX TOPHBIX pabOT — OT BBIEMKH TOpOJ, B 3a00e
IO YKIQAKH WX B OTBaJ. B kauectBe 00OpyIOBaHWS HOBOM
TEXHOJIOTUU, BO3MOXHO, MCIONB30BaTh CYLIECTBYIOIIEE TOpPHBIC
MaImIMHBl C HeOOJbIIOW nopaboTKOH, NPOBOAMMOM Ha CcaMoOM
TOPHOZOOBIBAIOIIEM HPEIIPHUSTHH.

Komumemom
obpazoeanusn

Mannoe uccnedosanue @unancuposanocs
nayku Munucmepcmea HAyKu u - GblcUiezo
Pecnyonuxu Kazaxcman (Ipanm Ne AP19675410).
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Application and effectiveness of SMFC-based biosensors for real-time monitoring of water
pollution with chromium, zink and nickel
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Abstract: Heavy metal pollution from various industries has received much attention worldwide due to their toxicity and persistence in the
environment. Traditional water quality monitoring relies on sampling, preservation, transportation and subsequent laboratory analysis. All
these procedures require considerable time and make it impossible to timely detect heavy metal contamination. To overcome the drawback,
SMFC-based biosensors can be used for monitoring water pollution with heavy metals. The electrochemical characteristics of SMFCs are
sensitive to heavy metal ions, therefore, when heavy metals enter them, the cell voltage immediately rises in proportion to their
concentration. The change in voltage can be used to find the presence of heavy metals in the water and their concentration. In the present
study, the possibilities for monitoring water contaminated with copper, zinc, nickel and chromium by means of SMFC-based biosensors were
investigated. The constructed biosensors showed high sensitivity to the ions of the four investigated metals.

Keywords: SMFC-BASED BIOSENSORS, HEAVY METALS, WATER MONITORING

operation. [5] There are a number of data on the application of

SMFC-based biosensors for real-time monitoring of environmental
Heavy metal pollution can be both natural and anthropogenic. parameters such as temperature and dissolved oxygen. [7]

Heavy metals from anthropogenic activity are more mobile and

bioavailable than natural ones and pose a greater risk to human The purpose of this study is to investigate the possibilities for

health and the environment. The level of heavy metal pollution has ~ @pplication of sediment microbial fuel cells, such as biosensors for

increased significantly with rapid industrialization. Heavy metals ~ monitoring recurrent water pollution with chromium, zink and

released from various industrial activities are distributed in the  nickel.

environment, mainly through running surface waters. [11]

1. Introduction

_ _ 2. Materials and methods
Industrial wastewater usually contains heavy metals such as

chromium, copper, lead and others, which in high concentrations Soil Sampling
can cause health problems and pollution of natural ecosystems.
There are various chemical, physical and biological technologies for
treating such waters that effectively remove heavy metals.
However, after treatment, the water must be examined to see if it
meets the discharge standards. If emissions of heavy metals exceed
permissible concentrations, this can lead to serious environmental
problems and damage to the environment. It is crucial that the
concentrations of heavy metals in wastewater are strictly controlled
in real time before they are released into the environment. [6] Most
control methods include periodic monitoring, which implies a
limitation in monitoring, as the samples reflect the current water
quality. No contamination may be detected at the time of sampling
or it may be minimal, but may have a significant impact on aquatic Construction of SMFC biosensor
ecosystems over a long period of time. This disadvantage is much
more serious in running surface water, where conditions can change
at any time. [9] This problem is solved with the use of appropriate
biosensors, through which water quality can be monitored and

For the purpose of the study, river sediment was taken from
Ivanyanska river, Bulgaria (42°4227.1"N 23°11'46.4"E), from a
depth of 20-30 cm. After taking the river sediment, the larger pieces
were removed by sieving through 2 mm. In order to carry out
physicochemical analyses, part of the sieved soil was air-dried. Soil
pH was measured by pH-meter HANNA HI-9021 determined at 1 :
2.5 (soil:water). Soil electrical conductivity (EC) was measured by
WTW LF 197-S determined at 1 : 5 (soil:water). The main soil
physicochemical properties were as follow pH 6.89, EC 142.31 uS
cm. The soil was classified as sandy clay loam, the Kjeldahl-N
content were 0.214% and dissolved organic carbon 68.34 mg kg™.

The sediment microbial fuel cell is a plastic container with a
volume of 800 cm®. At the bottom of the vessel is a stainless steel
electrode with an area of 32 cm? The vessel was filled with river

- - 3 - -
environmental pollutants can be detected on site and in real time. sediment with a volume of 559 cem. The cell was then filled with
[1] Traditional methods of analysis have high selectivity and pure water and a second 32 cm* stainless steel electrode_was pla_ced
sensitivity, but are also expensive, have complex sampling and 'T] the _su_rfaci layer ~of Htr;eosv?rt]egésTh\e}' p(;nés&cg;hemmal_
sample preparation, and cannot provide real-time and on-site data. f aracteristics of water was pH 7.08, Eh mv an . 1S cm

measured by Vernier LabQuest Mini. On Figure 1 is shown a

[4] In recent years, a number of biosensors have been developed, h fthe lab del of th bi
which integrated devices are combining biological materials and scheme of the laboratory model of the SMFC-biosensor

transducers, for quantitative and semi-quantitative monitoring of
various analytes, such as heavy metals, BOD and others. [12]

To overcome the shortcoming, it is possible to use sensors 4 RJ
based on sediment microbial fuel cells to monitor heavy metal
contaminants occurring in wetlands. [2] The main advantages of the
sensor include the reduction of heavy metals on the cathode leading
to an increase in voltage. [8] Sediment adsorbs much of the heavy
metal, protecting electroactive microorganisms from being inhibited
by heavy metal ions, so the sensor can operate normally after shock
contamination. The sensor uses natural electroactive bacteria living
in the sediment, generating base voltage, therefore the inoculation
process can be avoided. Based on the above advantages, the sensor
would be suitable for monitoring recurrent heavy metal
contamination in water. [3]

The main advantages of sediment microbial fuel cells are low "9 1 The schematic diagram of the SMFC-based biosensor

cost, simple construction and long-term output power. In this way, 1 — Inflow, 2 — Peristaltic pump, 3 — Sediment microbial fuel cell, 4 — Digital
the system is applicable as a biosensor for long-term in situ multimeter, 5 — Outflow, A — Anode C — Cathode
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The test solutions pass through the cathode zone, where heavy
metals ions play the role of an additional electron acceptor and
increase the voltage of the cell by changing the electrochemical
parameters. Three identical SMFC-based biosensors were made.
The anode and cathode of each biosensors were connected with an
external 1000Q resistor using copper wire. Then they had been
acclimated, until the base voltage is reached and the electroactive
microorganisms acclimatize.

Heavy metals pollution

For the purposes of the study, synthetic solutions containing
chromium (K,Cr,05), zinc (ZnS0O,.7H,0) and nickel (NiSO,.6H,0)
with different concentrations were prepared. Solutions were
prepared in seven concentrations — 0.5, 1, 2.5, 5, 10, 25, 50 mg/I.

Electrochemical analysis

To determine the response of voltage signals to Cu?* shock, the
biosensors® voltage was measured and recorded with Vernier
LabQuest Mini and Logger Lite software.

3. Results and discussion

Based on the obtained electrical characteristics, the three
SMFC-based biosensors were switched to operate with an external
resistor of 1000 Q for 14 days until the voltage reached a relatively
stable plateau and acclimatize the electroactive microorganisms.
The results of the study are presented in Figure 2.
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Fig. 2 Base voltage dynamic of SMFC-based biosensors

From the graph presented, it can be seen that after the ninth day, all
three SMFC-based biosensors reach a base voltage of
approximately 126 £2 mV, 117+3 mV and 99+ 2 mV.

After stabilizing the voltage, we moved on to the next part of the
experiment. Synthetic heavy metals solutions with increasing
concentration — 0.5, 1, 2.5, 5, 10, 25, 50 mg/l were successively fed
to the three SMFC-based biosensors. The feed rate was 3 ml/s. The
feed rate affect on speed of reaction of SMFC-based biosensor but
not on the value of the voltage change. When feeding the individual
solutions, the change in voltage after its stabilization was taken into
account. Based on the change in voltage at different heavy metals
concentrations, a standard curve is plotted.

Figure 3 shows the results for Cr®*
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Fig. 3 SMFC-based biosensors standard curves Cr®*

The graph shows a high coefficient of determination - R* = 0.9912,
for Cr®*. A slight deviation is also observed of the graph from the
standard curves in the studied interval.

Figure 4 shows the results for Zn?*
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Fig. 4 SMFC-based biosensors standard curves Zn?*

For Zn?" coefficient of determination reach R? = 0.9925. It can be
seen from the graph that the sensor exhibits good sensitivity to zinc
ions and a strong correlation between its concentration and the rise
of the sensor voltage

Figure 5 shows the results for Ni%*
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Fig. 4 SMFC-based biosensors standard curves Ni**
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In the study with synthetic zinc solution, the biosensor also showed
good performance. The coefficient of determination reach R? =
9897. Of the metals studied, zinc shows the weakest rise in voltage
with increasing metal concentration.

4, Conclusion

In order to determine the possibilities for application of
sediment microbial fuel cells as biosensors for monitoring of
recurrent water pollution with chromium, zink and nickel, two
identical SMFC-biosensors were constructed. The influence of
seven concentrations of chromium, zink and nickel (0.5, 1, 2.5, 5,
10, 25, 50 mg/I) on the change of the electrochemical parameters of
the cells was studied. The addition of heavy metals ions in the
cathode region increases the electrochemical parameters of the cell,
because in addition to dissolved oxygen, copper cations are also
used as the ultimate acceptor of electrons.

When using SMFC, a correlation was found between the
increase of the heavy metal ions concentration in the cathode region
and the change in the electrochemical parameters of the cell,
reaching a coefficient of determination of R? = 0.9912, 0.9925,
0.9897 for Cr®" zn?*, and Ni®* respectively. Research has shown
that sediment microbial fuel cells can be used as biosensors for
recurrent contamination with chromium, zink and nickel, but further
research is needed on their design, inertia in changing
electrochemical parameters and detection range.

From the conducted studies, it was established that with all
three resistances, the same sensitivity to copper ions and high
efficiency of SMFC-based biosensors was observed in the studied
interval. The results also have shown that the constructed SMFC-
biosensor has wider detection interval and larger voltage change AV
at the studied concentrations
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Abstract: This paper presents an energy analysis of a three-cylinder steam turbine from a combined cycle power plant. Observing all the
cylinders from the analyzed turbine, it is found that the dominant mechanical power producer is Low Pressure Cylinder (LPC), followed by
the Intermediate Pressure Cylinder (IPC), while High Pressure Cylinder (HPC) is the cylinder which produces the lowest mechanical power.
Whole observed steam turbine develop 119.41 MW of useful mechanical power. Energy loss and energy efficiency of all cylinders are
reverse proportional — higher energy efficiency will result with lower energy loss and vice versa. IPC is the cylinder which has the lowest
energy loss (equal to 2.59 MW) and the highest energy efficiency of 93.32%. Whole observed steam turbine has energy loss equal to 23.43
MW, while its energy efficiency is equal to 83.60%, what falls in the expected range of such low power steam turbines. Steam mass flow rate
through each cylinder is the main element which defines produced mechanical power and energy flows.

KEYWORDS: THREE-CYLINDER STEAM TURBINE, COMBINED CYCLE POWER PLANT, ENERGY FLOW STREAMS, ENERGY
EVALUATION

1. Introduction high efficiencies, one of the highest in the overall energy sector
o o [18].
Considering energy systems worldwide, it can be concluded that Observation of the steam turbine analyzed in this paper shows

in many of them exists heat turbines in various combinations [1, 2].  that superheated steam produced in HRSG is delivered firstly to
In conventional steam power plants and nuclear power plants, steam  High Pressure Cylinder (HPC), expands through it and is returned
turbines are essential components [3-5]. Steam turbines can also be  pack to HRSG. Again, from HRSG steam is delivered to
often found in various cogeneration power plants and systems  |ntermediate Pressure Cylinder (IPC), expands through it and is
which simultaneously produces and delivers two types of energy —  again returned back to HRSG. The last cylinder which gets steam
heat and electrical [6, 7]. ) o from HRSG is Low Pressure Cylinder (LPC). After expansion in

Power plants which have one of the highest overall efficiencies | pC steam has a very low temperature and pressure, it cannot be
are combined cycle power plants [8]. Combined cycle power plants  ysed anywhere else in the power plant, so from the LPC outlet
consist of at least one gas turbine and at least one steam turbine [g] steam is delivered to steam condenser for condensation [19]
In such power plants, combustion gases after expansion in gas  Condensate obtained in steam condenser will be returned back to
turbine are not released to the atmosphere — heat from combustion HRSG and from that condensate will be produced superheated

gases is utilized in Heat Recovery Steam Generator (HRSG) and  steam for the HPC again. This circulation is continuous during
used for superheated steam production [10, 11]. Steam from HRSG power plant operation.

is delivered to steam turbine which produces an additional amount From the general and simplified steam turbine scheme, Fig. 1,

of useful mechanical power, dominantly used for electrical  can be observed that neither one cylinder did not possess steam
generator drive [12]. As HRSG in combined cycle power plant did  extraction, so the steam mass flow rate which enters in each
not use additional fuel (or use a small amount of additional fuel),  cylinder will expand through entire cylinder until its outlet. HRSG
the entire steam mass flow rate is produced by using waste heat in this power plant is a highly complex device, so in Fig. 1 are

from gas turbine [13]. Heat utilization in combined cycle power  presented only some HRSG parts essential for the turbine operation.
plants results with notable fuel savings, which increases plant

efficiency and have many economic benefits [14].

In combined cycle power plants can be used various types of
steam turbines, what mostly depends on the HRSG composition and
operation characteristics [15]. In this paper is analyzed (from the
energy aspect) three-cylinder steam turbine, as well as its cylinders,
which operate in the commercial combined cycle power plant. It is

investigated which cylinder of this turbine shows the best
performance, the characteristics and operation parameters of the High Intermediate PLow
whole steam turbine are also analyzed and the steam turbine === [ Pressure [ Pressure [ T e
. . . . 1 p sG S “ombustion
dependence on HRSG is discussed. This analysis can and should be Combustion | | HRSG part HRSG part part
gases inlet gases outlet

used as a baseline for further improvements of this and many
similar steam turbines which operate in combined cycle power

plants. Fig. 1. General scheme of the observed three-cylinder steam

2. Description and operation characteristics of the turbine from c_omblned cycle power plant along w_|th operating
. points necessary for the energy analysis
analyzed turbine

HRSG

. o ) Steam expansion processes (both ideal and real) through each

Steam turbine analyzed in this paper operates in a steam part of  cylinder of the observed steam turbine are presented in specific
complex corr_lblned cycle power plant [16]. The turblnt_a is composed enthalpy-specific entropy (h-s) diagram in Fig. 2.

of three cylinders connected to the same shaft which drives an Real (polytropic) steam expansion process through each cylinder

electric generator, Fig. 1. ) . ) ) is marked in accordance to operating points from Fig. 1. From Fig.

The steam mass flow rate used in the steam turbine cylinders is 2 js clear that real (polytropic) steam expansion process involves

produced in HRSG which uses combustion gases from a gas turbine  |osses which occur during steam expansion due to increase in steam
to produce steam. If required, an additional amount of fuel can be  gpecific entropy.

used in a secondary burner before HRSG for the combustion gases In comparison to real (polytropic) steam expansion, ideal
temperature increase, but the dominant heating medium is  (isentropic) steam expansion process did not consider any losses
combustion gases from gas turbine [17]. In such way, HRSG  which occur during expansion, therefore in an ideal process steam
utilizes heat released from the gas turbine and produces superheated specific entropy remains always the same. The ideal steam
steam which will expand in the steam turbine cylinders. Due to the expansion process is actually the process between the same
high heat utilization, combined cycle power plants have extremely  pressures and with same mass flow rates as real process, but in ideal
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process steam specific entropy remains unchanged from the inlet
until the outlet of each cylinder. Due to losses neglecting, ideal
(isentropic) steam expansion process will result with the highest
theoretical power which can be developed by each cylinder and the
whole turbine. Real expansion processes should have intention to be
as close as possible to the ideal ones, but ideal processes cannot be
achieved in real exploitation conditions. However, the ideal
expansion process can be a proper guideline for losses decreasing in
any cylinder and whole turbine. The operating points of the ideal
(isentropic) steam expansion processes are numerated in a same
manner as presented in Fig. 1, but with “is” as an addition along
with the number.

In Fig. 2, ideal expansion process in HPC is marked with
operating points 1 and 2is, in the IPC ideal process is marked with
operating points 3 and 4is and in LPC ideal steam expansion
process is the process between operating points 5 and 6is.

| Ideal (isentropic)
| expansion ~

> HReal (polytropic)|-
expansion--.._|-

e

Specific enthalpy (kJ/kg)

Specific entropy (kJ/kg-K)

Fig. 2. Steam expansion process (ideal and real) in h-s diagram
throughout all the cylinders of the analyzed three-cylinder steam
turbine from combined cycle power plant

3. Equations required for the analysis

The first law of thermodynamics defines energy analysis. Such
kind of analysis did not consider the parameters of the ambient
inside which observed system or a component operates [20].

However, in the energy analysis exists a few overall equations
and balances which should always be satisfied, in any operating
conditions of the observed system or a component. These equations
will be presented in the first part of this section, after which will be
presented exact equations for the energy analysis of the observed
three-cylinder steam turbine from a combined cycle power plant.

3.1. Overall energy analysis equations and balances

For any system or a component, always valid energy balance
equation is [21]:

)

where Q is an energy transfer by heat, P is mechanical power,
index IN is related to the inlet (input), index OUT is related to outlet
(output) and index L is related to the loss (destruction). En is a total
energy flow of any fluid stream, which definition can be found in
[22] and presented by an equation:

Qw + Py + X Eniy = Qour + Pour + X Engur + Eny,

En=m-h,

@

where m is a fluid mass flow rate and h is fluid specific enthalpy.
Standard fluid mass flow rate balance (for a system or component
without leakages) is [23]:

Xy = X mour - (3)
The overall energy efficiency equation is [24]:
CUMULATIVE ENERGY OUTPUT
Nen = 4)

CUMULATIVE ENERGY INPUT °

It should be highlighted that overall energy efficiency equation
(Eq. 4) can significantly vary from the presented one, what depends
on the observed system or component operation characteristics.
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3.2. Equations for the energy analysis of whole three-
cylinder steam turbine and its cylinders

Equations for the energy analysis of each cylinder and whole
observed turbine (WT) are composed according to
recommendations from the literature [25]. Markings in the
equations are placed in accordance with operating points presented
in Fig. 1 and Fig. 2 for both ideal and real expansion processes.
Real (polytropic) mechanical power of each cylinder from the
observed turbine is:

Pre wpc = My (h1 — hy), (5)
Pre,ipc = M3 - (hg — hy), (6)
Prgipc = s * (hs — hyg). Q)

Ideal (isentropic) mechanical power of each cylinder from the
observed turbine (according to Fig. 2) is:

Ppupe = 1y * (g — hais), ®)
Pipjpc = M3 * (h3 — hys), )
Ppipc = s (hs — heis). (10)
The energy loss of each cylinder from the observed turbine is:
EnL,HPC = Pip upc — Pre upc (11)
Engipc = Pippc — Preipc, (12)
Engipc = Pip,ec = Pre Lpc - (13)
The energy efficiency of each cylinder is:
MEN HPC = %, (14)
MEN IPC = I;l:;ﬁn (15)
MEN LPC = I;:sﬁ- (16)
For the whole turbine, real (polytropic) mechanical power is:
Prgwr = Preypc + Preipc + Pre Lpc 17)
ideal (isentropic) mechanical power is:
Pipwr = Pipupc + Pip,iec + Pip Lpc (18)

while energy loss and energy efficiency of the whole observed
three-cylinder steam turbine are:

EnL,WT = Ppp,wr — Pre,wt (19)
P
NENWT = %- (20)

4. Steam operating parameters necessary for the
analysis

Essential steam operating parameters (Steam  pressure,
temperature and mass flow rate) in each operating point of the real
(polytropic) expansion process from Fig. 1 and Fig. 2 are found in
[16] and presented in Table 1.

Table 1. Steam operating parameters at each cylinder inlet and
outlet of the observed three-cylinder turbine — real expansion

Temperature | Pressure Mass |Specific| Specific

O.p.* ©C) (bar) flow rate fenthalpy| entropy
(kg/s) | (KI/kg) | (kJ/ke'K)

1 560.6 124.00 | 65.21 |3505.0| 6.6695

2 313.2 23.16 | 65.21 |3046.2| 6.7423

3 560.6 22.00 | 72.43 |3600.8| 7.5554

4 317.2 4.10 72.43 |3102.2| 7.6168

5 293.0 4.10 94.58 |3052.4| 7.5307

6 32.9 0.05 94,58 |2488.0| 8.1563

* O.P. = Operating Point (in accordance to Fig. 1 and Fig. 2)
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For the ideal (isentropic) steam expansion process, steam
operating parameters are presented in Table 2 (ideal process is the
process between the same pressures and with same mass flow rates
as ideal one, but it assumes always the same steam specific entropy
from each turbine cylinder inlet until the outlet).

Other steam operating parameters presented in Table 1 and Table
2 are calculated by using NIST-Refprop 9.0 software [26] from
essential steam parameters.

Table 2. Steam operating parameters at each cylinder inlet and
outlet of the observed three-cylinder turbine — ideal expansion

Mass | Specific Isentr_o_pic

Oo.p.* Pliebs;lf)re flow rate| entropy esrf)ti(grg/
(kg/s) |(kJ/kg'K) (kJ/kg)

1 | 124.00 | 65.21 | 6.6695 | 3505.0
2is | 23.16 | 65.21 | 6.6695 | 3004.2
3 22.00 | 72.43 | 7.5554 | 3600.8
4is | 4.10 72.43 | 7.5554 | 3066.5
5 4.10 94.58 | 7.5307 | 3052.4
6is | 0.05 9458 | 7.5307 | 2296.6

* 0.P. = Operating Point (in accordance to Fig. 2)

5. Results and discussion

Ideal (isentropic) as well as real (polytropic) mechanical power
of each cylinder and whole observed three-cylinder steam turbine
from a combined cycle power plant are presented in Fig. 3.

Observing all the cylinders from the analyzed turbine, it can
easily be seen that the dominant mechanical power producer (both
ideal and real) is LPC. IPC produces approximately two times lower
mechanical power than LPC in both ideal and real cases, while HPC
is the cylinder which produces the lowest mechanical power.

Produced mechanical power in turbine cylinders is directly
proportional to mass flow rate of steam which expands through each
cylinder. From Table 1 and Table 2 can be seen that the complex
arrangement of the HRSG results with an increase in the steam
mass flow rate from the highest pressures up to the lowest
pressures. A complex HRSG arrangement allows that all steam
mass flow rates which exist in the steam part of combined cycle
power plant (main and auxiliary steam mass flow rates) can be
effectively used in the steam turbine. Therefore, through HPC
expands the lowest steam mass flow rate what results with the
lowest produced mechanical power of all cylinders, while through
LPC expands the highest steam mass flow rate what results with the
highest produced mechanical power of all cylinders.

Whole observed steam turbine from combined cycle power plant
develop 119.41 MW of useful mechanical power in real process
which involves all losses during the expansion, while in an ideal
situation, whole turbine will be capable to develop 142.84 MW of
mechanical power.

155
140
125
110
95
80
65
50
35
20

Mechanical power (MW)

LPC WT
Fig. 3. Ideal (isentropic) and real (polytropic) mechanical power of
each cylinder and whole observed three-cylinder steam turbine

from combined cycle power plant

HPC

Energy loss and energy efficiency of each cylinder and whole
observed three-cylinder steam turbine from a combined cycle power
plant are presented in Fig. 4.

From Fig. 4 is clear that energy loss and energy efficiency of all
cylinders are reverse proportional — higher energy efficiency will
result with lower energy loss and vice versa. IPC is the cylinder
which has the lowest energy loss (equal to 2.59 MW) and the
highest energy efficiency of 93.32% in comparison to the other
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cylinders. Such high energy efficiency and low energy loss of IPC
can be explained with the fact that IPC avoids the dominant losses
which occur in the turbine. In HPC can be expected increased losses
due to its operation with a steam of the highest temperature and
pressure, while in LPC can be expected increased losses due to its
operation with the wet steam at least in last few LPC stages. As the
IPC avoids all mentioned losses, its performance and operating
conditions are almost optimal. From the energy aspect, wet steam
losses are more influential than losses of steam which has high
temperature and pressure, therefore, LPC has much higher energy
loss (equal to 18.10 MW) and much lower energy efficiency (equal
to 74.68%) in comparison to both HPC and IPC. It is interesting to
note that HPC energy loss is only slightly higher and its energy
efficiency is only slightly lower in comparison to IPC.

Whole observed steam turbine from a combined cycle power
plant has energy loss equal to 23.43 MW, while its energy
efficiency is equal to 83.60%. As the whole presented and analyzed
turbine develops 119.41 MW of useful mechanical power (real
expansion), this turbine can be considered as a low power steam
turbine, so obtained energy loss and energy efficiency are in the
expected range of such steam turbines [27].

25 95

2343

20 + 920

91.61

15 1+ 85

10 + 80

Energy loss (MW)
Energy efficiency (%)

ok § 75

2.74
17

HPC

0

IPC LPC WT "
Fig. 4. Energy loss and energy efficiency of each cylinder and
whole observed three-cylinder steam turbine from a combined cycle

power plant

Total energy flows at each cylinder inlet and outlet (calculated by
using Eq. 2) for the observed three-cylinder steam turbine are
presented in Fig. 5 in relation to fluid (steam) mass flow rate.
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Fig. 5. Total energy flow in relation to steam mass flow rate at each
cylinder inlet and outlet for the observed three-cylinder steam
turbine from combined cycle power plant
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From Fig. 5 can be clearly seen that increase in steam mass flow
rate increases total energy flows at each cylinder inlet and outlet
and vice versa. If comparing cylinders of the observed turbine, it
can be concluded that total energy flows of LPC (at both LPC inlet
and outlet) are higher in comparison to any total energy flow of the
HPC. This fact can be explained with notably higher steam mass
flow rate through LPC (equal to 94.58 kg/s) in comparison to steam
mass flow rate through HPC (equal to 65.21 kg/s).

In the observed turbine, steam mass flow rate through each
cylinder is the main element which defines produced mechanical
power and energy flows, while it did not have an obvious and direct
impact on cylinder energy efficiency and energy loss.

6. Conclusions

In this paper is presented an energy analysis of a three-cylinder
steam turbine which operates in a combined cycle power plant.
Using measured steam operating parameters during turbine
exploitation, for each cylinder and whole turbine is calculated real
and ideal mechanical power, energy loss and energy efficiency. At
each cylinder inlet and outlet are calculated total energy flows and
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their relation to steam mass flow rate through each cylinder is
described. The most important conclusions of this paper are:

- Observing all the cylinders from the analyzed turbine, it is found
that the dominant mechanical power producer is LPC, followed by
the IPC, while HPC is the cylinder which produces the lowest
mechanical power.

- Whole observed steam turbine from combined cycle power plant
develop 119.41 MW of useful mechanical power.

- Energy loss and energy efficiency of all cylinders are reverse
proportional — higher energy efficiency will result with lower
energy loss and vice versa.

- IPC is the cylinder which has the lowest energy loss (equal to 2.59
MW) and the highest energy efficiency of 93.32%, while the
highest energy loss (equal to 18.10 MW) and the lowest energy
efficiency of 74.68% has LPC.

- Whole observed steam turbine from a combined cycle power
plant has energy loss equal to 23.43 MW, while its energy
efficiency is equal to 83.60%. The observed steam turbine can be
considered as a low power steam turbine, so obtained energy loss
and energy efficiency are in the expected range of such steam
turbines.

- Steam mass flow rate through each cylinder is the main element
which defines produced mechanical power and energy flows, while
it did not have an obvious and direct impact on cylinder energy
efficiency and energy loss.

7. Acknowledgment

This research has been supported by the Croatian Science
Foundation under the project IP-2018-01-3739, University of Rijeka
scientific grant uniri-tehnic-18-18-1146 and University of Rijeka
scientific grant uniri-tehnic-18-14.

8. References

[1] Sutton, 1. (2017). Plant design and operations. Gulf Professional
Publishing

[2] Tanuma, T. (Ed.). (2017). Advances in steam turbines for
modern power plants. Woodhead Publishing.

[3] Ahmadi, G. R., & Toghraie, D. (2016). Energy and exergy
analysis of Montazeri steam power plant in Iran. Renewable and
Sustainable Energy Reviews, 56, 454-463.
(doi:10.1016/j.rser.2015.11.074)

[4] Ebrahimgol, H., Aghaie, M., Zolfaghari, A., & Naserbegi, A.
(2020). A novel approach in exergy optimization of a WWER1000
nuclear power plant using whale optimization algorithm. Annals of
Nuclear Energy, 145, 107540. (doi:10.1016/j.anucene.2020.107540)
[5] Khanmohammadi, S., Azimian, A. R., & Khanmohammadi, S.
(2013). Exergy and exergo—economic evaluation of Isfahan steam
power plant. International Journal of Exergy, 12(2), 249-272.
(doi:10.1504/1JEX.2013.053386)

[6] Burin, E. K., Vogel, T., Multhaupt, S., Thelen, A., Oeljeklaus,
G., Gorner, K., & Bazzo, E. (2016). Thermodynamic and economic
evaluation of a solar aided sugarcane bagasse cogeneration power
plant. Energy, 117, 416-428. (doi:10.1016/j.energy.2016.06.071)

[7] Abbaspour, H., Ehyaei, M. A., Ahmadi, A., Panahi, M.,
Abdalisousan, A., & Mirzohosseini, A. (2021). Energy, exergy,
economic, exergoenvironmental and environmental (5E) analyses of
the cogeneration plant to produce electrical power and urea. Energy
Conversion and Management, 235, 113951.
(doi:10.1016/j.enconman.2021.113951)

[8] Kostyuk, A., & Frolov, V. (1988). Steam and gas turbines. Mir
Publishers.

[9] Lorencin, 1., Andeli¢, N., Mrzljak, V., & Car, Z. (2019). Genetic
algorithm approach to design of multi-layer perceptron for
combined cycle power plant electrical power output estimation.
Energies, 12(22), 4352. (doi:10.3390/en12224352)

[10] Jiang, L., Gonzalez-Diaz, A., Ling-Chin, J., Roskilly, A. P., &
Smallbone, A. J. (2019). Post-combustion CO2 capture from a
natural gas combined cycle power plant using activated carbon
adsorption. Applied Energy, 245, 1-15.
(doi:10.1016/j.apenergy.2019.04.006)

[11] Carapellucci, R., & Giordano, L. (2021). Regenerative gas
turbines and steam injection for repowering combined cycle power

181

plants: Design and part-load performance. Energy Conversion and
Management, 227, 113519. (doi:10.1016/j.enconman.2020.113519)
[12] Sabia, G., Heinze, C., Alobaid, F., Martelli, E., & Epple, B.
(2019). ASPEN dynamics simulation for combined cycle power
plant-Validation with hot start-up measurement. Energy, 187,
115897. (doi:10.1016/j.energy.2019.115897)

[13] Glazar, V., Mrzljak, V., & Gubic, T. (2019). Thermodynamic
Analysis of Combined Cycle Power Plant. In 14th International
Conference Heat Transfer, Fluid Mechanics and Thermodynamics
(pp. 355-341).

[14] Najjar, Y. S., & Manaserh, Y. M. A. (2019). Aligning
combined cycle power plant performance with field measurements.
Arabian Journal for Science and Engineering, 44, 1657-1669.
(doi:10.1007/s13369-018-3615-2)

[15] Lorencin, 1., Car, Z., Kudlaéek, J., Mrzljak, V., Andeli¢, N., &
Blazevi¢, S. (2019). Estimation of combined cycle power plant
power output using multilayer perceptron variations. In 10th
International Technical Conference-Technological Forum (pp. 94-
98).

[16] Petrakopoulou, F., Tsatsaronis, G., Morosuk, T., & Carassali,
A. (2012). Conventional and advanced exergetic analyses applied to
a combined cycle power plant. Energy, 41(1), 146-152.
(doi:10.1016/j.energy.2011.05.028)

[17] Mohammed, M. K., Awad, O. I., Rahman, M. M., Najafi, G.,
Basrawi, F., Abd Alla, A. N., & Mamat, R. (2017). The optimum
performance of the combined cycle power plant: A comprehensive
review. Renewable and Sustainable Energy Reviews, 79, 459-474.
(doi:10.1016/j.rser.2017.05.060)

[18] Ersayin, E., & Ozgener, L. (2015). Performance analysis of
combined cycle power plants: A case study. Renewable and
Sustainable Energy Reviews, 43, 832-842.
(doi:10.1016/j.rser.2014.11.082)

[19] Mrzljak, V., Prpi¢-Orsié, J., Poljak, 1., & Segota, S. B. (2020).
Exergy analysis of steam condenser at various loads during the
ambient temperature change. Machines. Technologies. Materials.,
14(1), 12-15.

[20] Kanoglu, M., Cengel, Y. A., & Dinger, I. (2012). Efficiency
evaluation of energy systems. Springer Science & Business Media.
[21] Mrzljak, V., Poljak, 1., & Mrakov¢i¢, T. (2017). Energy and
exergy analysis of the turbo-generators and steam turbine for the
main feed water pump drive on LNG carrier. Energy conversion
and management, 140, 307-323.
(doi:10.1016/j.enconman.2017.03.007)

[22] Mrzljak, V., Lorencin, I., Andeli¢, N., & Car, Z. (2021).
Thermodynamic Analysis of a Condensate Heating System from a
Marine Steam Propulsion Plant with Steam Reheating. Journal of
Marine Science and Application, 20(1), 117-127.
(doi:10.1007/511804-021-00191-5)

[23] Mrzljak, V., Zarkovi¢, B., & Poljak, . (2017). Energy and
exergy analysis of sea water pump for the main condenser cooling
in the LNG carrier steam propulsion system. Mathematical
Modeling, 1(3), 144-147.

[24] Mrzljak, V., Poljak, 1., & Medica-Viola, V. (2017). Dual fuel
consumption and efficiency of marine steam generators for the
propulsion of LNG carrier. Applied Thermal Engineering, 119, 331-
346. (doi:10.1016/j.applthermaleng.2017.03.078)

[25] Erdem, H. H., Akkaya, A. V., Cetin, B., Dagdas, A., Sevilgen,
S. H., Sahin, B., ... & Atas, S. (2009). Comparative energetic and
exergetic performance analyses for coal-fired thermal power plants
in Turkey. International Journal of Thermal Sciences, 48(11), 2179-
2186. (doi:10.1016/j.ijthermalsci.2009.03.007)

[26] Lemmon, E. W., Huber, M. L., & McLinden, M. O. (2010).
NIST Standard Reference Database 23, Reference Fluid
Thermodynamic and Transport Properties (REFPROP), version 9.0,
National Institute of Standards and Technology. R1234yf. fld file
dated December, 22, 2010.

[27] Mrzljak, V., Poljak, 1., & Prpi¢-Orsi¢, J. (2019). Exergy
analysis of the main propulsion steam turbine from marine
propulsion plant. Brodogradnja: Teorija i praksa brodogradnje i
pomorske tehnike, 70(1), 59-77. (d0i:10.21278/brod70105)



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

CPABHUTEJILHBINA AHAJIA3 3BOJIIOIIMA MUKPOCTPYKTYPHI ITPA
JAE®OPMUPOBAHUU 3AI'OTOBOK B TPAITELHUEBUIHBIX
U BBIITYKJIO-BOTHYTBIX BOMKAX

COMPARATIVE ANALYSIS OF THE MICROSTRUCTURE EVOLUTION DURING DEFORMATION IN
TRAPEZOIDAL AND CONVEX-CONCAVE STRIKERS
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Abstract. This work is devoted to the study of the influence of the deformation process in trapezoidal and convex-concave strikers on the
microstructure evolution of steel 40. Analysis of the results shows that the development of significant alternating deformations in the entire
volume of the deformable body both in trapezoidal and convex-concave strikers allows intensive processing on the cast metal structure to
obtain fine equiaxed grain throughout the volume of the deformed workpiece. At the same time, in both cases, there is a better processing of
the initial structure when using strikers with a protrusion length equal to the length of the depression. The best result in the processing of the
initial structure is observed when using trapezoidal strikers with a protrusion length equal to the length of the depression. At the same time,
the smallest change in the size of the initial workpiece is observed when using strikers with a convex-concave surface with a protrusion-to-

depression ratio m/n <1.

Keywords: FORGE, STRIKERS, MICROSTRUCTURE, DEFORMATION.

1. Beeoenue

Ilpn npousBoACTBE MeTala YIydIIEHHE €ro KadecTBa
JOCTUTAeTCsT HE TOJBKO NPH €ro BbHIUIABKE, pas3ihBKe W
nocienyrome TepMuueckod o0OpaboTke, HO M B IIpolecce
00paboTke ero nmaBineHHeM. HecMOTps Ha MHTCHCHBHOE Pa3BHTHE
METaJUIyPTHYECKHX IIPOLECCOB MNPOHM3BOACTBA MOITy(haOpHKaTOB,
HalpaBJICHHBIX Ha COBEPIICHCTBOBAaHHE PEXUMOB BBIILIABKHY,
Pa3JMBKM M KPUCTAJUIM3ALUK, CYLICCTBEHHOE YIIYYIICHHE CBOWCTB
JUTOTO MeTajla, 00eCIeYMBAIOIIee ero IMHPOKOEe NPHMEHEHHE B
COBPEMEHHOM MAIIMHOCTPOCHUH, JOCTUTACTCS IIyTeM ropsdei
iactudeckod  pepopmannu. ViMeHHO B mporecce 00paboTKH

METAIOB  [[aBJICHHEM B HEM YCTPaHAIOT [e(eKThl JIUThA,
U3MENbYaeTCs  CTPYKTypa METala, W  MOBBIIIAIOTCS  €ro
MeXaHHYeCKHe  CBOWCTBA  JO  ONpEIENCHHOr0  yPOBHS,

COOTBETCTBYIOIIEMY KOBAaHOMY COCTOSIHMIO. TO ecThb JaHHBIH
MpoIecC MOXHO paccMaTpuBaTh KaK HEKOTOPBIA  «(a30BbIid
TIepeX0o» U3 JINTOTO COCTOSTHHUS B JIe()OPMHUPOBAHHOE, HACTYILICHUE
KOTOPOTO CBSI3aHO C BBHIIIOJHEHHEM OIPECICHHOTO YCIIOBHS
TIPEAETFHOTO HATPY>KSHUSL.

W mMeHHO MOATOMY yXKe He OJHO AECSTHIIETHE BO BCEM MHpE
ynensiercs OOJbIIIOe BHIMAHME IIEJICHAPABICHHOMY MTPUMEHEHHIO
BBICOKOIIPOU3BOJUTENBHBIX U 3KOHOMUYHBIX IPOIIECCOB 00pabOTKM
MeTaljIoB JIaBJICHUEM B MeTaJUTypruuecKon u
MAaIIMHOCTPOUTEIBHBIX OTPACIAX.

OnmauM M3 Haubojee YHHBEpPCAIBHBIX INPOIECCOB 00pabOTKH
METaJJIOB JIaBJIeHUEM SBJseTCsl KOBKa. Tak Kak MMEHHO KOBKOM
MOXHO TIOJIy9HTbh, KaK KPYITHbIE MHOTOTOHHBIE I€()OPMHPOBAHHEIE
H3eNusi, TaK W TIOKOBKM MacCOW HECKOJNIBKO IECSTKOB I'paMM CO
CJIOXHBIMH (pOpPMaMIL.

OCHOBHBIM HAIPABICHHEM YIIyqIIEHHsS KadecTBa H3/EIHH,
MOTyJaeMbIX ~ KOBKOM, SBISIETCS  CO3JaHHe B  Ipolecce
neopMHUpPOBaHHS CABUTOBBIX MIIH 3HAKONIEPEMEHHBIX Je(opMariis
(MHTCHCHUBHOM IUTaCTHYECKOW aedopMariuu), YTO MO3BOJISET
MOJly4aTh MOKOBKH C TpeOyeMbIMH (QHU3MKO-MEXaHHMIECKHMHU
CBOHCTBAaMH NpH MeHbIeM YKoBe [1]. PeannzoBaTh cABUTOBBIE MU
3HAKOMEepPEeMeHHbIe Ae(OopMalui B MPOLECCe KOBKH HAa MpaKTHKE,
HamnpuMep, BO3MOXHO IYTEM COBEPIIEHCTBOBAHUS KOHCTPYKLUHU
Ky3HEYHOT'0 HHCTPYMEHTA.

B macrosimee Bpemst yxe pa3pabOTaH IENbId psSA HOBBIX
TEXHOJIOTHH KOBKHW, ITO3BOJITIOIINX PEalTN30BBIBATE B IIPOIIECcCe
nedopMupoBaHHS JIOTIOJTHUTEIIbHBIE CIBUTOBEIE W

3HAKOIIEPEMECHHLBIC I[e(i)OpMaHI/II/I, U HUHCTPYMEHTBI IJI1 HUX
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peanuzanuu. OmHON W3 TakOW TEXHOJIOTH, HallpUMep, SIBISETCA
TEXHOJOTUS KOBKM IIOKOBOK IPSAMOYTOJbHOTO IIOINEPEUHOIO
CeYeHHs M IUIACTHH B TPANeIUEBHIHBIX OOWKaX C OTHOIICHUEM
TpanemHeBUAHOrO0 BBICTYNA K BMaauHEe paBHBIM M/N=1 u m/n<l
(tre m JUIMHA  TPANelMeBHIHOTO  BBICTYNa, N-JUIMHA
TpanenueBuaHoi Braamuel  (puc.l)) [1]. Jauublii  crnoco6
J1ehopMUpPOBaHUS TPH IUKIMIECKOM Je(OPMHUPOBAHUN TTO3BOJISET
MOTy4aTh 3arOTOBKH MPSIMOYTOJIBHOTO CEYEHHS C MEIKO3EpHHUCTOH
CTPYKTYpOH U TIOBBIIICHHBIM YPOBHEM MEXaHWYECKHX CBOWCTB IIpU
HEe3HAuUTeNbHBIX 3Heproszarparax. Ho 3Ta TexHoIOrus uMeeT OAuH
HEJI0CTaToOK 9TO MOSIBICHHE OINACHBIX KOHLIEHTPAaTOpPOB
HanpspkeHUH B Toukax 1 u 2 (puc.1), koTopble MOTYT IPUBECTH HE K
MOBBIIIEHUIO KaueCcTBa METaJlJIa 33 CUET peaiu3allii 3HAUYUTENbHBIX
CIBUTOBBIX AedopManuif, a k Opaky B pe3yiabTaTre pa3pyIIeHHsS

MeTtaimma.  Jlnsg  ycTpaHeHHMs — JaHHOTO — HemocTatka — Oblia
YCOBEpIIEHCTBOBAHA JaHHAs TEXHOJOTHUS, W JUIS KOBKH ITOKOBOK
MPSIMOYTOJIFHOTO ~ TIOTIEPEYHOTO  CEUeHHs MW IUIACTHH  OBUTH

NPEIUIOKEHBl HE TpalelueBUAHble OOMKH, a BBITYKJIO-BOTHYTHIE
0oiikH, KOTOpBIE TIO3BOJIAT H30€XKaTh MOSBIEHHS OMACHBIX
KOHLIEHTPATOPOB HaNPSKCHUH.

a)
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0)
Puc. 1. Tpaneyuesuomnvle OOUKU ¢ OMHOUIEHUEM MPANEYUEBUIHO2O
evicmyna k enadune pasuviv MN=1(a) u m/n<I (6)

Ilostomy Ob pa3paboTaHBl  BBITYKIO-BOTHYTHIE OOWMKH
(puc.2) [2, 3], Tak ke ¢ OTHOIICHHEM BBICTYIIA K BIIAJHHE PABHBIM
m/n=1 u m/n<l, Ha3HauYCHHEM KOTOPHIX OBLIO  IOBBIIICHHE
KauyecTBa MeTajula 3arOTOBKH 3a CYeT JIOKAJIM3aLUH CIBUTOBBIX
nedopMarnii Bo BceM o0beMe e(OpMUPYEMOTro Tejla U n3bexkaHue
MOSIBJICHUSI MHKPO- M MakpOTpPCUIMH B Meraiuie. TeXHHYECKHi
pe3yiabTaT TPH  KCMOJNB30BAHHH MPEIaraeMoil  KOHCTPYKIHH
GOWKOB JUIsl KOBKM TIOKOBOK M 3arOTOBOK THIIA IUIUT M IUIACTHH
JIOCTHTAeTCsl TeM, YTO HMHCTPYMEHT Ul TMPOTSDKKH 3aroTOBOK
MPSIMOYTOJIBHOTO TIOIEPEIHOr0 CEYCHHSI UMEET BEPXHHH 0OeK Co
cepudeckuM BBICTYIIOM, a HIDKHHI 00ek co cdepuueckoit
BIIAINHOM.

Puc. 2. Bvinykno-goenymuie 60UKY ¢ OMHOWEHUEM 6bICINYNA K 6NAOUHE
pasuein MIn=1(a) u mIn<I (6)

Iposeneunsiii B pabore [4] cpaBHUTENbHBIA — aHANU3
pe3yJbTaTOB  KOMIIBIOTEPHOTO  MOJENMPOBAHMSA  IpoLecca
neOpMHUPOBaHNUS 3aroTOBOK B TpPAlCLUEBHIHBIX W  BBITYKIO-
BOTHYTBIX OOMKax, MO3BOJNWJI CHENaTh CIEAYIOIMH BBIBOJ: IMPU
HCIIONIB30BaHKUH BBIMYKIIO-BOTHYTHIX OOMKOB, HECMOTps Ha Ooiee
HH3KHIl ypOBeHb IPOpa0OTKM MeTallla, peanusyercs Ooiee
0J1aronpHUsATHOE HANPSHKEHHO-Ie(OPMUPOBAHHOE COCTOSHHE IS
nepopmupoBaHHMs MeTaia Oe3 paspymenus. Kpome aroro,
JOTIOJHUTEIBHBIM ~ MPEUMYIIECTBOM  CTYHNEHYaTO-KIMHOBHUAHBIX
0oiikoB  sBIsAeTCS  Oojiee  IIMpOKass 30Ha  paclpeaeieHus
nebopMaluy,  MEHbIIEe W3MEHEHHME  MCXOAHBIX  pa3MEpoB
3arOTOBKH, a TAKKE MEHBIIEE 3HAYCHHE Da3BUBAEMOTIO YCHIHUS
nehopMUPOBaHHSI.

Llenbro 1aHHOM PabOTHI SIBJISETCS MMPOBEJCHUE CPABHUTEILHOTO
aHauM3a OBOJIOLUKM MHKPOCTPYKTYPBHI TpH  J1e)OPMHUPOBAHUH
3arOTOBOK B TPAlCIUEBUIHBIX U BBIMTYKIO-BOTHYTBIX GOiKax.

2. Dxcnepumenmanvnasn yacmo

B cooTBercTBUM C IOCTaBIECHHOM UENbIO, M1 HM3Y4CHHUs
BIMSIHUSA ~ MHOTOLIMKIOBOTO  1e(OPMHPOBAaHUS B  BBIIYKJIO-
BOTHYTBIX ¥ TPAlCLMEBUAHBIX  OOHKaX Ha  SBOJIIOLHIO
MHKPOCTPYKTYPBI MeTall1a ObIIIM H3TOTOBJICHBI 3aTOTOBKH U3 CTaJIH
40 pasmepamu hxbxl = 30x30x200 mm. [Ijust BOCCTaHOBIICHHSI
HUCXOMHOW  CTPYKTYpHl  3arOTOBKH  OBUIM  IIOJBEPTHYTEHI
PEKPHCTAIN3AIMOHHOMY OTXHTY. TepMooOpaboTKy IpPOBOIHIH
npu temneparype 680°C. Bpems BblIepKKH 3aroTOBOK B Ieud 6
4acoB.

6) : hi
Puc. 3. /lepopmuposanue 3a20moox 8 GbINYKI0-602HYMbIX OOUKAX: d — 8
OOUKAX ¢ WUPUHOU 8bICHIYNA PABHOU WUPUHE BNAOUHbL (M=N), 6 — & OolKax
€ WIUPUHOUL 8bICTYNA MEHbUE WUPUHBL 6NA0UNDBL (M < 1)

3HaKONepeMeHHOe IUKIMYEeCKoe Ne(OpMHUPOBAHIE 3arOTOBOK
B BBIITYKJIO-BOTHYTHIX (PHC. 2) U TpanelueBUIHbIX Oolikax (puc. 1)
¢ otHourenneM mM/n =1 u m/n <1 (rme M — mnuHa BeICTymA, N —
JUIMHA BIAAMHBI) W C yIJIaMM HakJIoHa 35° OCymIeCTBIAIM Ha
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THIpaBIMYecKOM Impecce ¢ ycwimeMm 1.25 MH crnemyromum

00pa3oM. 3aroTOBKM HarpeBalu A0 TEMIIEpaTypbl Hayaja KOBKU
1200°C. IlepBylo mapTHIO 3arOTOBOK IIOJIABAIM B BBIIYKIIO-
BOTHYTBIC OOWMKH ¢ OTHOHIEHWEM m/n =1 ¢ yrjiom HakiioHa 35°, B
KOTOPBIX ~OCYIIECTBISUIM  3HAKOIEpEeMEHHOe JiehOpMHUpOBaHUE
(puc. 3, a). DTu 3aroTOBKM IMOCIE 3HAKOIEPEMEHHOTO
neGopMupoBaHUs KaHTOBaIK Ha 180° u mojBepranu o0kaTHIO Ha
IUIOCKOM YYaCTKE BBINYKJIO-BOTHYTHIX 00iikoB. Takum o0pasom,
3ar0TOBKH J1e()OPMHUPOBAIH O BCEH JUIMHE € KOJIMYECTBOM I[HKJIOB
or 1 mo 4. Bropylo dYacTb 3aroToBoK Ae(hOpPMHPOBAIH B
AHAJIOTHMYHBIX O0¥Kax, HO yke ¢ oTHomenneM m/n <1 (puc. 3, 0).

AHAJIOTUYHBIM 00pa3oM M C TAaKHM JKE KOJHYECTBOM IHKJIOB
MIPOM3BOIIIN 3HaKOIepeMeHHOe Ne(OpMUPOBAaHHE 3aroTOBOK B
TpanenueBUIHBIX 60lKax ¢ oTHomeHneM m/n =1 u m/n <1 ¢ yriom
HakJIoHa 35°.

3. Pesynomamut u oocysyncoenue

Pa3MepI>I 3aroTOBOK ITOCJI€ IPOTSKKU NPUBEAEHBI B Ta6J'II/II.[C 1.
HpI/I OTOM IIOCJIE KaXXIO0r0 MHUKJIa U3 3arOTOBOK OBLTH U3TOTOBJICHBI
TEMIUICTHI IJI1 U3YUYCHUS MUKPOCTPYKTYPBI.

Tabauua 1. Pasmepbl 3aroTOBOK 110CIIE IPOTSKKU

Ne nukma BBINyKJI0-BOTHYThIC GOHKH
m/n =1 m/n <1
hxb Ah hxb Ah
1 28,5x30,21 15 29,0x30,15 1,0
2 27,6x30,24 2,4 28,1x30,20 19
3 26,7x30,31 3,3 27,4x30,24 2,6
4 25,4%x30,35 4,6 26,6x30,29 3,4
Ne rukita TparneuneBuaHble OOHKH
m/n =1 m/n <1
hxb Ah hxb Ah
1 28,4x30,21 1,6 28,8x30,15 1,2
2 27,4x30,24 2,6 27,9x30,20 2,1
3 26,6x30,31 3,4 27,1x30,24 2,9
4 25,3%30,35 4,7 26,4x30,29 3,6
Ilocne nOpOTSXKM 3arOTOBOK B BBIIYKJIO-BOTHYTBIX U

TpanenueBUIHBIX OOWKaXx C KOJMYECTBOM LHUKIOB OoT 1 1o 4
MIPOM3BOMIN MeTajutorpadudeckne ucciemoBanus cramu 40 c
TOMOIIBI0  ONTHYECKOW MHKPOCKONHH. Pe3ympraTel JaHHBIX

MeTautorpadUIecKHX MCCIIeNOBAaHUI NPUBEAEHBI Ha PUCYHKE 4 U
Tabnure 2.
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Puc. 4. Mukpoctpykrypa cranmu 40, npoaehopMupoBaHHOI B
TpamneUeBU/IHBIX U BBITYKIO-BOTHYTHIX OOMKax C paBHBIM OTHOILICHHEM
m/n =1, yBennuenune x100: a — McxoHast MUKPOCTPYKTYpa; 0, I — rocie

ne)OpMHPOBAHHS B TPANCLUEBHAHBIX OOMKaX MOC/IE MEPBOrO H YETBEPTOTO
LHKIIa 1eOPMUPOBAHUSI COOTBETCTBEHHO; B, /I — IT0CIe 1e(hOPMHUPOBAHHS B
BBIITYKJIO-BOTHYTBIX OOMKax Mocie MepBoro 1 YeTBEPTOro LUKIIA
J1eOpMUPOBAHHUSI COOTBETCTBEHHO
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Tabmnuma 2. Pazmeps! 3epHa 0 ¥ Hocie NPOTsHKKU ctand 40, MKM

Hcxoanblit pazmep 3epHa — 91 MM

Ne Brimykiio-BornyThie TpaneuueBugable O0HKH
LUKJIa OOMKH
m/n =1 m/n <1 m/n =1 m/n <1
1 451 48,3 44,3 44,6
2 39,3 42,6 31,1 33,1
3 30,4 33,8 22,3 25,1
4 215 24,0 16,2 20,9
Buoigoown

AHaJIU3 TIOJYYESHHBIX PE3YJIbTaTOB MOKa3al CIeAyIolIee:

npu  aebopMupoBanun 3arotoBok cramu 40, kak B
TpanelMeBUIHBIX, TaK M B  BBIIYKJIO-BOTHYTBIX  OoOiKax
HaOJII0/laeTCsl CYLIECTBEHHOE YMEHBIICHHE DPa3MEpOB HCXOIHOTO
3epHa ¢ yBEeINYEHHE IUKIIOB 1eOPMHUPOBAHUS 3aTOTOBOK;

IpU CPAaBHEHHUH W3MEHEHMH MHKPOCTPYKTYPHI MeTajula
neOpMHUPOBAaHHOTO B TPANEIMEBHIHBIX M BBITYKIO-BOTHYTBIX
0ofikax OYEBHAHO MPEHMYINECTBO TpAIEIHEeBUIHBIX OOWKOB,
MOCKONBKY ~IPH HX HCIOJIb30BAaHHH CTPYKTypa MeTajuia
9BOJIIOLHOHUPYET 00JIee HHTCHCUBHO;

B o0omx cny4asx HaOmOmaeTcs Jydmias MpopaboTKa
HCXOTHOW CTPYKTYphl TpPH HCIIOJNB30BAHUH OONKOB C UIMHOU
BBICTYTIA PaBHOH JUTHHE BIIaJIHHBI;

- HAWIyYNIMHA pe3yibTarT B HPOpabOTKE WCXOMHOW JHUTOU
CTPYKTYpBl HaOJIIONAETCSl TPH HCIIOIb30BAaHUM TPANCHHEeBUIHBIX
Ooiikax C JUIMHOI BBICTyNAa PaBHOH JUIMHE BIAJWHEL, a HaNMEHee
WHTCHCHBHOE HW3MEHEHHE pa3Mepa 3epHa HCXOJHON 3aroTOBKH
HaOIIOZAeTCs TPU UCHOJIb30BaHUM OOMKOB C BBIMYKJIO-BOTHYTOM
MOBEPXHOCTBIO ¢ OTHOLIEHHeM M/n <1;

- HaWMCEHbLIEC H3MEHEHHE DPa3MEPOB HCXOIHOW 3arOTOBKH
HA00OpOT HAOIIOAaeTCs WMEHHO INPH HCHOJB30BAaHHU OOIKOB ¢
BBITYKJIO-BOTHYTOH MOBEPXHOCTBIO ¢ oOTHomieHmeM m/n <1
(Tabmuma 1). Kpome storo u3 pabotrsl [4] WU3BECTHO, YTO MPH
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HCIIOIb30BaHUU BBIITYKJI0-BOTHYTBIX 6oiikoB ycuime
neOpMHUPOBaHUS TAaK JK€ MEHbLIE, 4YeM IPH HCHOJIb30BAHUU
TpamneueBUHbIX OONKOB, YTO CYLIECTBEHHO IO3BOJUT CHHM3UTH
SHEPrOCHJIOBBIE  TapaMeTpsl  mporecca  JaeOpMHUPOBaHUS
3ar0TOBOK.

Ha ocHoBe pe3ympTaToB, NpUBEIEHHBIX B TaHHOI pabote, a
Taroke B paboTte [4] MOXKHO clienaTh BEIBOJ, YTO IIPH BEIOOpE OJTHOM
U3 JBYX TEXHONOTWi jaeopMHpOBaHHS 3aroToBOK (KOBKa B
TpamlelUeBUHBIX WM K€ BBITYKIO-BOTHYTBIX OOMKax) C IEIbIO
MOTy4YEHUs BHICOKOKAUECTBEHHBIX MIOKOBOK BUJIE TJIMT U IJIACTHH C
MEJIKO3EpPHUCTOW CTPYKTYpoH u 0e3 nedeKkToB, a Takke Ipu
MEHBIIUX 3HEPros3arparax, IPeIOKEHHbIE BBITYKJIO-BOTHYTHIE
001iKu, 10 CPAaBHEHUIO C U3BECTHBIMHU TPAMELHEBUAHBIMU OOMKaMH,
SIBIISTIOTCS HanOoJee 0J1aronpHsTHEIMHE.

Hannoe uccredosanue punancuposaroce Komumemom nayku
Munucmepemea nayku u  evlcuezo obpazoeanus Pecnybnuxu
Kasaxcman (Tpanm Ne AP09057965 u AP09259236).
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Abstract: A clear trend of Industry 4.0 and smart manufacturing is to promote the increased use of multi-tasking machine tools. These
machines are easily integrated into digital production systems and enable real-time data acquisition, remote monitoring and adaptive cutting
processing. The integration of multi-tasking machine tools and digital manufacturing systems will improve the implementation of predictive
maintenance, process optimization and production efficiency. Moreover, the development of robotics and Al along with the adoption of
Industry 4.0 will increase the market share of these machine tools. The market demand is expected to increase further due to the rise of
Industry 4.0. The paper analyzes the main advantages of multi-tasking machining, focusing on the advanced features of multi-tasking
machine tools, as well as the latest trend of integrating additive manufacturing processes with CNC machining.

Keywords: INDUSTRY 4.0, MULTI-TASKING MACHINING

1. Introduction

The task of machine tools is to transform semi-finished products
with certain mechanical properties into finished parts with the
desired geometry, dimensions and quality of the machined surface.
As the requirements for the production of parts with higher quality,
lower machining costs and shorter delivery times increase, so does
the need for machine tools with higher accuracy and machining
efficiency. For this reason, machine tool manufacturers are focused
on providing the industry with solutions to the key challenges it
faces today: improving productivity, skilled labor shortages, energy
prices, wage inflation, increasing competitiveness, environmental
protection, i.e. how technology and advanced services lead to
increased profitability in production. For example, increasing the
level of automation of machine tools is one of the solutions to
mitigate the negative effects of the lack of professional skills of
workers and the tendency to increase their wages. Machine tools
must be more productive and sustainable than ever before, i.e. they
must allow for higher uptime (the degree of employment during
working hours) and faster payback on the investment made in their
acquisition.

Multi-tasking is synonymous with nouns like productivity,
competence and efficiency. In today's world, where we are
surrounded by advanced technology and tight deadlines,
multitasking has evolved from a luxury to a necessity. Multi-tasking
machine tools have become an important part of smart factories.
They combine the functionality of two or more traditional machine
tools to form a “super" machine. Integrating multi-tasking
machining into the production process can effectively solve quality
problems and significantly increase machining productivity because
multitasking machining is highly efficient.

The term Industry 4.0 stands for the fourth industrial revolution,
which is defined as a new level of organization and control over the
entire value chain of the product life cycle, focusing on increasingly
individualized customer requirements. Concepts such as ,,Smart
Factory”, ,Internet of Things“, ,,Cyber Physical Systems* and
»Machine to Machine® are no longer considered science fiction and
will soon become reality in the processes of the metalworking
industry. The goal of using new technologies in the context of
Industry 4.0 is to increase processing productivity (drastically
shortening the time between product development and delivery to
the customer), efficiency and energy savings. For this reason, major
technological transformations are bound to occur. The integration of
technological transformations and Industry 4.0 will make the
machine tool market the cornerstone of modern production,
especially the segment dedicated to the manufacture of multitasking
machine tools.

The increasing application of the concept of Industry 4.0 and
smart manufacturing in the manufacturing sector is definitely
leading the industry to increasingly use multi-tasking machine tools.
These machines can be integrated into digital manufacturing
systems and enable real-time data acquisition, remote monitoring
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and adaptive cutting. In this way, the implementation of predictive
maintenance and the optimization of the machining process is
supported.

The paper analyzes the main advantages of multi-tasking
machining, focusing on the advanced features of multi-tasking
machine tools and the latest trend of integrating additive
manufacturing processes with CNC machining.

2. Multi-tasking machining

The introduction of new technologies and innovations has given
rise to a new generation of machine tools known as multi-tasking
machining systems. In the world of machining, multi-tasking means
combining machining processes on one machine that are
traditionally performed on several machine tools. ,,Complete
machining” is the key word: place the part in the machine once and
manufacture it completely. The defined process and program must
be perfect in advance, then machining in a single clamping
operation becomes a reality. CNC multi-process machining systems
are capable of performing a variety of operations with multiple tools
and/or spindles in a single setup. Advances in computer technology
have transformed these systems from stand-alone production units
into complex work cells. Multi-process machine tools typically
have multiple control axes (five or more) and, depending on the
design, may have multiple spindles. In this context, these systems
can contribute to significant manufacturing savings as they are able
to machine complex workpieces with multiple features and
geometries without the need for multiple setups and transfers
between machines.

Multi-process machine tools represent the most dynamic
segment of the machine tool industry today. Although their market
share is relatively small, their sales are growing steadily as
manufacturers increasingly recognize their advantages in machining
complex parts. Machining complex parts in one setup and on one
machine tool reduces workflows, lowers labor costs and increases
productivity and machining quality by eliminating the need for
multiple setups.

The tangible benefits of multi-tasking machining systems have
attracted the attention of many sectors of the manufacturing
industry, including the automotive, injection molds and aerospace
industries. These industries see these machining systems as a means
to achieve significant machining productivity, improve the quality
of machined surfaces and increase profits. However, these machines
represent a large capital investment, especially for small
metalworking companies, and therefore the right choice of a multi-
process machine tool depending on its purpose is an important
decision for the company. Failure to make the right decision can
have a detrimental effect on user satisfaction and the time it takes to
recoup the investment. The savings in machine tool set-up,
increased machining accuracy and reduced inventory can be
significant if the machine is suitable for the company's production
program. Therefore, production engineers and managers are faced
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with the not-so-easy task of configuring and selecting a multi-
process machine tool. Before implementing a multi-tasking system,
a decision-maker must be clear about the production goals
associated with the use of such complex technology and large
capital investments. Currently, there is no industry standard to help
solve this problem, and decision making depends on the knowledge
and advice of experts in the field of production engineering.

Figure 1 shows a possible framework of factors involved in the
decision-making process for a selection of a multi-tasking

machining systems [1].
2 to S-axis
operations

Many-axis,
Multi-spindle.
Multi-tool sys
Operations

Production Goals

General Attributes

Budget Constraint

Fig. 1 The framework of factors for selecting a multitasking machining
systems

Process integration is the ability to perform multi-axis turning,
milling, drilling along different axes, grinding, gear making, etc. on
one and the same machine. The latest trend is the development of
hybrid multi-process machine tools that combine subtractive (by
removing material) with additive processes.

3. The most important advantages of multi-tasking
machining

The three main advantages of multi-tasking machining are
accuracy, productivity and machining costs.

1. Greater accuracy of the end product

Since positioning is no longer required after each operation,
accuracy is increased, especially for workpieces with complicated
geometry and plane relationships.

2. Reduction of production and non-production times

The reduction in machining time is achieved by the
simultaneous operation of several tools or the simultaneous
operation of several tools on several spindles. Machines with two or
more spindles enable synchronous and asynchronous operation.
Synchronous operation means the production of the same product
on all spindles and asynchronous production of different products at
the same time. Asynchronous operation makes it possible, for
example, to produce the "left" and the "right" part in the same
operation or to machine the same part from all sides, so-called six-
sided machining.

The time required for set-up is significantly reduced by having
only one machine on which all machining operations are carried out
in one operation without interrupting work, as shown in Figure 2
[2]. All machining steps can be automated, from the placement of
the preparation material to the removal of chips and the removal of
the finished part from the machine tool.

3. Reduction of production costs

Major savings in production costs result from the fact that
machining is carried out on a single machine. These savings
include: the need for a smaller number of machine tools, a smaller
number of tools because only one machine tool needs to be
equipped, lower power consumption, no need for intermediate
storage, a smaller footprint for machine tools, cheaper machines for
tool maintenance, etc. Figure 3 shows the "DONE IN ONE"
concept of the company "Yamazaki Mazak", which represents the
integration of all necessary machining operations to obtain a
finished product from preparation on one machine in one operation
and significantly reduce production costs.
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The WFL Millturn Technologies GmbH & Co uses a similar
slogan "ONE TIME CLAMPING - MACHINE COMPLETE".

""Lathe process 1 Lathe process 2 MC f—  MC Dedcated
process process machine
1 2 Hobbing, deep
boring .grinding
= electrical cischarge
dﬂ J!l.l machining, etc
Set- | i Set- Machining | | Set- | i Set- [ inis Set- [ Special
wp | 1 up 2 up 3 up 4 up | machining
Multi-tasking ‘ 2 Process integration s 7
machine tool including special 2
machining -~ 7
[ T — e v — < Spocial o
Setup SN I 3 l 4 [ machining

Fig. 2 Process integration by multi-tasking machine tool including
special machining
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Fig. 3 “DONE IN ONE ” concept (source: Yamazaki Mazak Co.)

Other potential benefits of using multi-tasking machine tools
include:
o a higher throughput for small and medium batches,
greater flexibility, which makes it possible to constantly
change the characteristics of the workpieces to be

machined.

The great flexibility of these machine tools results from their
design and the possibility of programming the machine without
having to work on the machine itself. The design of multi-tasking
machines is increasingly modular, which means that different
configurations of machine tools may be required depending on
requirements. Machine programming is independent of the machine
and there are a number of programs available to simulate the
machining process. By simulating the machining process, it is
possible to gain insight into the position of the workpiece and the
path of the tool (it is possible to change the geometry of the
workpiece or start manufacturing a new product with virtually no
interruption to machine operation).

The manufacture of aircraft components, for example, requires
the use of precision manufacturing processes such as turning,
milling, drilling, jig boring, grinding, polishing, etc. in multiple
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setups. Aircraft part manufacturing often involves complex shapes,
large part sizes and the use of exotic metals — all features that
complicate the production process. On the other hand, the use of
multi-tasking machines offers considerable advantages for the
production of these components. In the case study [3], which
involved the production of some typical components such as covers,
housings, valves, etc., the objective was to quantify the techno-
economic advantages of using multi-tasking machine tools
compared to the individual use of several machine tools. An attempt
was made to compare the production of aircraft components with
multiple machine tools, i.e. multi-tasking machines, in terms of
production time and costs, number of set-ups, etc.

The results of a comparative study between the use of multi-
machine tools and multi-tasking machine tool for the production of
aircraft components are shown in Figures 4 and 5. It can be clearly
seen that the use of multi-tasking machine tool can significantly
reduce the number of adjustments and therefore the overall time and
cost of manufacturing these components.

60 Reduction in setup time mNumber of machines
50 —T raquirad
40+ ENumber of setups
30 .
M Setup time, hrs
20
10 OTool change time, hrs,
0 - -
Multi-nachines Multi-task machine Binspection time, hrs
solution solution

Fig. 4 Time comparison between multi-machines and multi-tasking
machine tool

O Machining cost
HSetup cost
OTool setup cost

Hinspection cost

Multi-task machine
solution

Multi-machines
solution

Fig. 5 Cost comparison between multi-machines and multi-tasking
machine tool

4. Advanced features of multi-tasking machine
tools

Multi-tasking machine tools were originally designed to
integrate the turning and milling functions of machining centers.
However, further development enabled the integration of special
machining operations that were previously considered very difficult
to integrate. Newer multi-tasking machine tools allow the
integration of some special machining operations, such as: deep
boring with a long boring bar, deep hole milling with a special
high-rigidity tool holder, taper drilling with a U-axis tool, hobbing
of gears with an integrated shaft, grinding of turbine blades,
turning with rotary round inserts, etc.

Until now, special machines have been used for many deep
boring applications because it is difficult to machine them with
universal machines. Multi-tasking machine tools enable deep boring
by long boring bar of up to 2000 mm. Figure 6 shows a detail from
the workspace of a multi-tasking machine tool with a deep drilling
tool.

The production of conical bore (conically shaped holes), e.g. in
valve components, is very difficult because a good surface is
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required, which is necessary for the high tightness of the valve. The
drilling of tapered holes cannot be done with a milling spindle, but
can be done with a special CNC-controlled tool head with a “U”
axis mounted in the machine spindle, Figure 7. A tool with a "U"
axis has a steering axis in the radial direction of the tool spindle, so
that the tip of the tool can be steered in the radial direction when the
milling spindle rotates. With this method, it is possible to produce a
complex internal taper or a curved surface with high accuracy.

i o
Fig. 6 Deep boring on multi-tasking
Mazak Co.)

machine tool (source: Yamazaki

—

i

Fig. 7 Boring by U-axis tool (source: D andrea TA-C160)

Hobbing of gears integrated into the shaft can also be performed
on multi-tasking machine tools by synchronizing the rotation of the
main spindle with the milling spindle, Figure 8. These gears can be
found in many assemblies, e.g. in aircraft engines, construction
machinery and the like. The production of gears is normally carried
out on special machine tools.

Fig. 8 Machine gears with multi-tasking machine tool (source:
Yamazaki Mazak Co.)
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5. Hybrid multi-tasking machine tool

Metalworking processes can be divided into three categories.
The first one is subtractive processes (machining, grinding,
polishing, laser cutting and so on). The second one is shaping
machining (casting, forging, stamping, injection molding and so on)
and the third one is additive processing (Directed Energy
Deposition - DED, Laser Metal Deposition - LMD, Powder Bed
Fusion - PBF, Selective Laser Melting - SLM and so on).

Reducing manufacturing costs and overall processing time is
critical for industrial systems to maintain a competitive advantage.
Production should enable the achievement of high added value. The
implementation of Industry 4.0 strategies includes, among other
things, the hybridization of manufacturing processes. This is why
the latest trend in the development of multi-tasking machine tools is
moving precisely in the direction of hybridization. This means that
different processing processes are combined in a hybrid production
device based on multifunctional CNC machine tools, such as multi-
axis machining centers for milling or turning.

The current hybridization of production processes involves the
integration of additive manufacturing processes with cutting
processes, i.e. subtractive processes in which material is removed
from the preparation, together with automatic 3D scanning and
dimensional control functions. Such hybrid multi-tasking machine
tools are used for the production of solid parts from metal powder
or for the application of special coatings in the production of multi-
metal parts and the repair of worn or damaged products of high
value.

A new hybrid manufacturing method (AM/CNC cutting) has
developed very rapidly in recent years for many applications: the
production of complex parts with high accuracy and good finish, the
production of parts with hidden elements, the repair of worn parts in
a single set-up and the production of parts from multiple materials
using 3D printing. This method is particularly suitable for the
production of small batches of difficult-to-process materials, such
as alloys used in aviation, high-hardness materials used in the
energy industry, or for mold making and medical products.

The algorithm for the hybrid process (AM+CNC cutting) is
shown in Figure 9. Based on the 3D CAD model, the part is created
using the previously transferred data in STL format and the CNC
control program is generated with the selected CAM system. In the
next step, the part roughly machined using the AM process is
finished by CNC milling or polished using special tools.

Additive manufacturing

Part design

CNC machining

Fig. 9 General concept of technological integration of AM and cutting
processes (source: Siemens)

The main problem in developing the integration of AM and
CNC machining is the installation of the AM module on a new or
used CNC machine tool, without special modifications or after a
certain finishing. One of the first hybrid multi-tasking machine tools
was manufactured by Aero-Met Corp in 2004 for the production of
the F-15 fighter jet. This machine integrated laser welding with a
CNC milling machine. Figure 10 [4] shows tool magazine of the
HSC hybrid turning and milling center.

One of the most practical applications of hybrid multitasking
machining is the repair of large and complex parts, mainly for the
aerospace industry. A special process based on laser cladding or
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selective laser melting is used for this purpose. This leads to
considerable cost reductions, especially for high-quality
components. In laser repair technologies, a certain volume of
material is removed in the vicinity of the damage, then the missing
material volume is refilled and the surface is finished by cutting
and/or polishing. The repair of the blades is shown in Figure 11.

Fig. 11 The repair of blades

6. Conclusion

Industry 4.0 is changing the production environment. The
integration of advanced sensors and 0T devices has revolutionized
the architecture of machine tools by creating a highly connected and
automated manufacturing environment. This enables real-time
process monitoring and control, allowing workshops to optimize
efficiency and reduce waste. Thanks to Industry 4.0, CNC machine
tools are now able to self-diagnose problems and correct errors in
the production process faster than humans can.

Multi-tasking machine tools are machines that combine multiple
processes to reduce the number of operations required to produce a
part. They are an important step in reducing part handling, clamping
and unnecessary tooling. All of this leads to fewer human factor
errors. The development of multi-tasking machining has intensified
with the emergence of the Industry 4.0 concept. In almost all studies
on Industry 4.0, additive technologies are cited as one of the pillars
of Industry 4.0. This fact has also led to the development of hybrid
multi-tasking machines. These machine tools are increasingly
becoming a reality in the manufacturing environment.
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Abstract: A group of numerical methods suitable for describing the propagation of light in a Photonic Crystal Fiber (PCF) are
discussed. PCFs can be classified according to the mechanism of light propagation. The methodology of the analysis is briefly reviewed to
understand how changing the different physical parameters of the fiber and the design affects its optical properties. By analyzing the
systematic studies presented, a design with the desired optical fiber properties can be realized.

PCFs can be made from just one material with two-dimensional photonic crystals or periodic arrays of air holes parallel to the fiber
axis to form a shell and core shape. Several types of PCFs have been considered. The mechanism for trapping light in the fiber core is
explained. The use of the wave methods for electromagnetic field analysis is discussed. The application of variation principles and weighted
residual methods is shown. The advantages of the finite element method (FEM) are indicated. The vector FEM for obtaining the modes in
photonic crystal fibers is considered.

Keywords: OPTICAL WAVEGUIDE, NUMERICAL METHODS, LIGHT PROPAGATION, MODES, FINITE ELEMENT METHOD,
PHOTONIC CRYSTAL FIBER

The propagation of light in an optical fiber can be explained
1. Introduction by Snellius ' law. Some of the light rays traveling from the core to
the cladding reach the core/cladding surface at an angle greater than
the critical angle. This causes total internal reflection. These rays are
reflected back into the core and do not pass into the cladding. This
keeps the light in the core of the fiber. All other rays are refracted
and exit the core.

In optical systems, the attenuation (loss of power) and the
dispersion (broadening of the pulse) limit transmission possibilities.
Their values should be small or zero so that their effect can be
acceptable. The dispersion of silicon material is shown at fig. 2, and
The analysis of the optical fibers and devices requires the carry  the internal losses - at fig. 3 [1].

The optical fiber is made in the shape of a thin cylinder. In it
introduces light that interacts with the material. Optical fibers are
used for measurement of different parameters, for gain of signals,
for transmission of information and in the manufacture of lasers.
They are used widely in telecommunications as environment for
transfer on information between two points with a high a speed.
They work like optical sensors for measurement of physically values
and are also used for many other purposes.

out of experimental or numeric research. The experiment takes away o T
time and requires large quantity of resources. Theoretical research is 0+
founded on numeric simulations. They use an adapted analytical or ~1000
numerical method depending on the fiber under study. The goal is to £ -2000 1
be understood how the change on the different ones physical .| |
parameters of fiber affects the optical fiber properties and how to 2 o0 | £
realize a design with desired properties. £ i,
g -5000 E
2. Construction and features 8 -6000 - g°
The optical fiber is made with a shape of a thin dielectric it
cylinder - fig. 1. w0 ® Wevetenh ) |
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Fig. 1 Structure of a silicon optical fiber o
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mechanical protection of the fiber from physical damage and wavelength (um)
protects the glass surface from moisture and dust particles. Fig. 3 Internal losses of silicon material
The size of the core and difference between index of refraction
of the core and of the cladding play main role at determination of Some applications require a non-zero or greater variance value.

the fiber properties. Important optical parameter on each transparent  This is the case for non-linear effects where non-zero variance is
environment is the index on refraction n which is a ratio of speed of  required to significantly affect the signal. Large dispersion values
the light in the material v and speed of the light in vacuum c. are required in specially designed fibers to compensate the
n="= @) dispersion of conventional telecommunication optical fibers. The
Tche change of the index on refraction by the length of the dispersion must be controlleq to suit the required application.
wave leads to the expansion of the duration of the pulse in time and ~ Regardless of the manufacturing method, there are two types of
in length ( spatially ) . The index on refraction on melted silicon optical fibers: single mode fibers ( SMF) and multimode fibers
dioxide strongly depends on the length of the wave . The change of (MMF).

the index of refraction at smaller wave length is too sharp, which The SMF core radius is much smaller than MMF . In SMF, only
leads to high value of the dispersion. the fundamental mode can propagate through the core, while the

190



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

number of modes in MMF is approximately (V2 /2), where the V

parameter is [2]:

_ 2ma 2 2
V=—\ni—n5

)
2

In (2), a is the radius of the fiber core, A is the wavelength of
light, ny is the refractive index of the core and n; is the refractive
index of the fiber cladding.

The design of PCF is different from conventional silicon fibers.
PCFs can be fabricated from a single material with two-dimensional
photonic crystals or periodic arrays of air holes parallel to the fiber
axis to produce a shell-and-core shape [3]. At fig. 4 several types of
PCFs are shown: (a) pure Si core fiber with cladding air holes; (b)
fiber with air tubes in the core where light is trapped due to the
bandpass effect; (c) the core is made of pure silica and the holes in
the cladding are filled with a high-refractive-index liquid, and (d)
hollow cylindrical multilayer fibers with a solid cladding - Bragg
fibers.

Fig. 4 PCF fibers with different design

At fig. 5 and fig. 6 are shown the cross-sections of helical PCF
fibers with air tubes in the cladding with different structure.

Fig. 6 Cross section of ES-PCF, AS-PC, FS-PCF fibers

Position and size of the holes in the cross-section of the PCF
fiber control distribution and properties of the light. Their forms
have different mathematically presentations.

Photonic crystal fibers can be classified into two main categories
according to the mechanism of light propagation . The first are
fibers with a high refractive index of the core. In them, light
propagates similarly to conventional fibers. The second type of PCF
are fibers with a low refractive index of the core, known as hollow
core fibers / HC/ . The core of The HC fiber is made by a material
with a lower refractive index than the cladding and the light is
guided either by PBG - photonic band gap or anti-resonance effect.
HC fibers are further sub-classified into HC-PBF, Bragg fibers,
Kagome fibers and HC-NCF /Hollow-Core Negative Curvature
Fiber/ - hollow-core fibers with negative curvatures at the core
boundaries, where light is confined in a core with a lower refractive
index than the cladding. HC-NCF fibers were created in 2010.

The number of modes supported by the PCF is determined
similarly to conventional optical fibers by the V parameter. PCFs do
not have a well-defined core and a constant refractive index value of
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the claddingl. The refractive index of the cladding is a function of
wavelength, which changes depending on the interaction of the light
with the two materials (core and air) of the cladding. At longer
wavelengths, the light spreads inside the holes and causes the
refractive index to change depending on the design. The formula for
Vpce is shown below [4].

2mA
Veer = = [nf —n4 Q) 3)

where A is the aperture spacing, and ng () is the average
refractive index of the PCF cladding.

In single mode, the guiding of light depends on the refractive
index of the core and the average cladding index of the photonic
crystal, which is a function of wavelength. In conventional optical
fibers, there is a cut-off frequency above which the fiber is no longer
single-mode . The single- mode operation region in PCFs is
expanded because the average refractive index of the photonic
crystal is wavelength dependent. At shorter wavelength, the mode
field is more concentrated in the glass material. As the wavelength
increases, the field penetrates more into the air holes. Therefore, at
shorter wavelengths, the average cladding index is close to the
material index. This results in a small index difference between the
core and the cladding so that the value of Vpcr is small even at
shorter wavelengths. Due to the dependence of the refractive index
on the wavelength, the PCF can be designed to be single-mode when
the condition is satisfied:

Vpcr < 4

3. Analysis methods

Analysis of the optical devices uses intensively analytical and
numerical methods. Analytical methods apply to solving
electromagnetic problems at simple constructions like slabs,
grooved and ribbed waveguides. They give accurate solutions, but
are limited and inapplicable for real cases involving complicated
geometries and inhomogeneous areas.

The analysis of complicated optical waveguides structures with
spatial inhomogeneity area is not possible. In that case is doing
approximations and assumptions for problems which must be
resolved with numerical methods. This brings known permissible
error. The approximations which done classify the numerical
methods in two basic classes.

The asymptomatic numerical methods require fundamentally
approximation in Maxwell Equations. This is limiting the use on
these methods for general cases - for example for large metal and
conductive objects. Their advantages are the low computational
resources and the high efficiency [5].

The second class numeric methods are full wave methods. At
these methods the approximation does numerically and there is not
initially physical approximation. These methods are classify
additionally according to the used formula, integral or differential,
according the domain in which they work, time or frequency, as
some from the methods can be applied in both areas. They include
three basic steps for solving of the problem. First the problem must
be defined through a control equation that fetched from the
equations of Maxwell. The second step is discretization on the
domain into non-overlapping subdomains, for present arbitrary
inhomogeneous dielectric waveguides, so that everyone subdomain
or element to be homogeneous. The discretization leads to set of
equations, which are described in matrix form. The last step requires
decision of the matrix of unknown values using effective algorithms.
Below are briefly described the most popular full wave methods.

The methods of the frequency area are appropriate for research
on narrowband applications in stationary condition, while the
methods of the time area are appropriate for broadband transient
applications. The discretization in the integral formula includes the
important surface of the problem, as by this way are decreasing
computational resources. This however, leads to bad presentation of
complicated structures and inhomogeneous materials. The integral
formula can be used for research of distraction issues and open
domain. In differentials formulas discretization includes the full
volume. This requires more calculations, but can effectively
presented inhomogeneous environments and complex structures.
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The differential formulas they can be applied to a borderline
problem.

There is no universal choice for the best method. Every method
has advantages and disadvantages and on a case-by-case basis
chooses the appropriate one. Every method however differs in the
preliminary processing on the equation of Maxwell for obtaining the
final formula.

Often encountered aspect at full waves methods is discretization
of the systemic domain on subdomains. So the solution is up almost
regardless from the system [6].

A representation of the E and H components of the z-axis wave
propagation as a harmonic function of time was sought:

E(x,y,2) = E, (x Y)exp(-iB,2) ®)

H Y 2)=H (x Y)exp(=iB,2) ©)

where E is the intensity on the electrical field, and H is the
intensity of the magnetic field, v is a mode index of relevant wave
type [2].

In a 2D analysis for approximation of the distribution of the
field they use triangular elements and polynomial approximation.
The real wave function approximates with a linear function or with a
square function. The polynomial approximation from higher range
leads to more accurate results, however complicates the analysis and
requires more memory. Broadly used are triangular elements from
first range with 3 nodes.

The vector formulation of the FEM is used when the modes are
hybrid and the longitudinal and transverse field components can be
coupled. It can be output in different ways depending on the field
components being used:
transverse electric field components ;
transverse magnetic field components;
the two transverse field components;
the two longitudinal field components;
all six field components;
all components of the electric field;
all components of the magnetic field.

The last two ways are more efficient in terms of computing
resources. However, the electric field formulation requires further
integration to enforce the boundary conditions when the material
changes at the boundary between the two elements. In the magnetic
field formulation, the change in material at the boundaries does not
require the imposition of a boundary condition since both materials
are non-magnetic . Using six components requires more computing
resources for storage and processing. The Rayleigh-Ritz procedure
is used to obtain the matrix equation. First, the functional of the
magnetic field vector formula is defined as:

F=[f, VxH) ([&]7'V x H)dQ - o} [[, H".HdQ' @

The domain is divided into small elements and the field in each
element is defined as:

H =Y NiH, (C))

where m is the node number in the element, H; is the magnetic
field per node i, and Ni are the basis functions (shape functions).
Equation (8) in matrix form is:

H = [N]"{H}, 9)

where T stands for transpose , [N]" is the matrix of the basis
function a {H}, is column vector of field value in node.

Substituting (9) into (7) and applying the variational principle
gives:

[l O x INIT{H}; [, 1729 x [NIT{H}, — w?[N]"{H};[N]"{H}o)dQ = 0 (10)

Writing it in matrix form gives:

[Al{H} - w§[BI{H} = 0 11)

where wy? is the principal value and {H} is the principal vector.
[A] is the complex Hermitian matrix and can be reduced to real
symmetric in the case of lossy dielectrics. [B] is a real symmetric
matrix. The two matrices are defined as:

[A] = [[(Vx H)*.e71(V x H)dQ (12)

[B] = J] H". p. HAO (13)

Some solutions of (11) may be spurious, not physical. They are
obtained because some mathematical solutions of the eigenvalues of
the equation do not satisfy the divergence condition (VV H=0)
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automatically. The penalty function method is applied to eliminate
or suppress false decisions. The purpose of the penalty function is to
impose a bias-free constraint on the decision variables. Processing
time increases slightly. The expression is:

[ xBY. 7 (VxH)d+(2) [ (VH) (V.H)dQ
= [ H*u~1HdQ (14)

The formula includes the penalty term in the vector formulation
that is used to find the mode solutions for the waveguides. The next
problem is the discretization of the domain into smaller subdomains.
The discretization of the domain or Networking is critical step in the
FEM because the network determines computational requirements
like time for storage and processing. M the cut plays important role
for accuracy on the results. The process divides the domain on small
ones subdivisions (elements). The elements must be adjacent and
without distance between them, to cover the whole domain. There is
different kinds elements dependent from the domain which must
discretizes.

For a 1D problem, a linear element is used with two nodal
points, one at each end of the element. In 2D, the element is a
triangle or rectangle. A triangular element of the first order has three
nodal points and a rectangular element has four. Higher order
elements have more nodal points depending on the degree of the
element and are more precise. Higher order elements lead to
complex formulas because the degree of the interpolation function is
related to the degree of the element. Triangles represent complex
domains more accurately than rectangles because the boundaries can

be more accurately approximated by triangles — Fig. 7.
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Fig. 7 Comparison of meshes of triangles and rectangles

The element is represented by an interpolation function that
should approximate the field in the element with respect to the real
physical problem. Compensating for the difference between
accuracy and available resources is required. The error should be
tolerable and the computer's processing time should be acceptable.

Most often, interpolation functions for representing elements are
polynomials. A polynomial must contain all possible terms. The
polynomial is unique and the orientation of the coordinates does not
affect the shape function. It must have a number of members
equivalent to the nodal points. There must be three terms in the first-
order triangular element to form a complete polynomial.

PML (Perfectly Matched Layers) method is used to obtain the
domain boundaries. PML allows unwanted unphysical reflected
radiations to be absorbed at the boundaries. In PML, an artificial
medium with a dielectric constant similar to the material is placed in
the core domain. The impedance of both is identical, so there is no
boundary reflection. The boundary absorbs waves traveling outward
from the main domain at any angle and frequency.

The method on the moments (MoM), has an advantage at
problems including open regions. Applies everything mostly in
frequency district. This is the widest the one used method in antenna
analysis. The mathematical formulation of electromagnetic fields
with is made through discretization of the integral equation. MoM is
computational effective but requires more complicated mathematics
from others methods.

The finite differences method (FDM) is the widest used method
at electromagnetic problems due to that it is clear and easy for
application. The domain is split on network and the solution is for
every point of the network. He applies the differential Maxwell
equations, for brought out the wave equation and finds answer for
the modes. The differential operator are replaced with operators for
difference.
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|
A similar method with the same concept is the method of the

finite difference in the time domain (FDTD) [7]. It is used for the

analysis of problems in the time area by directly discretization of the

Maxwell equations. Both methods are very efficient, because they

require a little operations on each point of the network [8]. The

disadvantage of FDM is that the mesh must be uniform, to work

well the method.

4. Conclusion

FEM, FDM and MoM are the main numerical methods used in
electromagnetic analysis. For analysis of modern optical fibers and
waveguides with a complex core and cladding structure is chosen
one of these methods. At random borders of PCF structures, FEM is
preferred because it makes a better approximation on their borders.

The scientific research, the results of which are presented in this
publication, were carried out according to a project within the
framework of TU-Varna's inherent scientific research activity,
specifically financed by the state budget.
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Abstract: Impact of changing compression ratio by varying the combustion chamber geometry on the engine performance was investigated,
Sl single cylinder air-cooled engine fuelled with unleaded gasoline and pure ethanol was used. These tests were conducted on three different
compression ratios of, 7:1 8.5:1, and 10:1 with a wide-open throttle, and three different ignition timing, before and after top died centre.

. The results showed that the BMEP (brake mean effective pressure), BTE (brake thermal efficiency), and BSFC (brake specific fuel
consumption) obtained with the use of gasoline blends at all CRs were generally increased when they were compared to those of pure
gasoline. In general, ethanol provided a lower exhaust emission compared to gasoline’s emissions at all CRs. Furthermore NOx emissions
was affected much more than other exhaust emissions when changing the compression ratios compared to un leaded gasoline
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1. Introduction.

Considering the current global economic crisis, the interest in
alternative fuels is extremely high. Separately, one of the goals of
researchers is the development of high efficiency and clean engines.
It is very important to examine that, the alternative fuel used as
substitute must be produced from the renewable sources Means
should be devised to use this fuel without bringing any
modifications in the geometry of the engine. Alcohol has provided
an answer to this problem. Alcohol fuels such as methanol, and
ethanol etc. have been appearing as good nominees as alternative
fuels for the vehicles equipped with the SI (spark ignition) engines,
because they are fluid and have several physical and combustion
properties similar to gasoline So Ethanol is well thought-out to be
the most fitting fuel for spark ignition (SI) engines [1-3] In the
literature, many experimental studies dealing with the effects of
alcohol usage in the internal combustion engines on the engine
performance, exhaust emissions and combustion characteristics
have been made. Gasoline and pure ethanol have been used as fuel
on a fuel-injected experiment engine , According to the obtained
results, with the increase of ethanol ratio in the mixture fuels, it has
been observed that the burning velocity, break thermal efficiency
and in-cylinder gas pressure have increased and NOx and CO
emissions have decreased [4,5] . Bio-alcohols are compounds
obtained from specific agricultural productions or from plant
residues and organic waste. They have a high interest because: they

Table 1: Engine specifications.

have very low sulfur content, are biodegradable and are obtained
from renewable sources such as biomasses [6-8]. Another studied
showed that, the performance and the exhaust emissions of an Sl
engine using ethanol gasoline blends of ethanol containing different
percentage of ethanol will bring torque and brake specific fuel
consumption (BSFC) of engines to increase slightly when using
blended fuels,. More investigation regarding different fuels were
used such as ternary bio ethanol, methanol gasoline blends and
showed an improvement in engine performance and emissions
compared with gasoline.[9-11].

Ethanol is generally used in Sl engines by mixing it with
gasoline in well-definite fractions, injecting it into the inlet manifold
and recently by direct injection within engine cylinders.(12-15).
Finally, since heat of vaporization and flame propagation speed of
ethanol are higher than those of gasoline, using ethanol in gasoline
fuel blends can ensure higher volumetric efficiencies and quicker
combustions (16, 17). For all of the above reasons, ethanol can be
used in Sl internal combustion engines both on its own (as neat
ethanol without any blending) and by blending it with pure gasoline
in several fractions [18, 19]. The experiments were conducted on a
air cooled single cylinder engine fuelled with unleaded gasoline and
pure ethanol. The effects of compression ratio on BSFC, BMEP, and
BTE, were investigated. Table (1) shows engine specifications.

Engine type Air—cooled single - cylinder four stroke
petrol engine

Power 1.2KW at 2500rpm

Bore 65.1mm

Stroke 44.4mm

Fuel Gasoline, RON 95, gasoline blends

Compression ratio variable

ignition timing Variable

2 Experimental
2.1 Engine

The tests were performed on a single-cylinder, four-stroke, CT 152
with power 1.2KW and air-cooled, gasoline engine. The engine had
a cylinder bore of 65.1 mm, a stroke of 44.4 mm, and an original
CR of 1.5, also five variable compression ratios are available and
adjustable by varying the combustion chamber geometry. The
engine includes a sensor to measure the exhaust gas temperature.
The sensor, ignition cut-off as well as air and fuel supply are
connected to the CT 159 test stand. In order to determine the engine
torque, force transmission to brake was connected via pulley on the
test rig. The schematic diagram of experimental setup is showing in
Fig 1.
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Figure 1: Schematic diagram of experimental setup
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2.2 Fuel
The fuel used in this experiment is standard unleaded gasoline of
RON 95, H/C=1.86; composition (saturated = 48.26%, olefins =
16.2%, napthenes = 3.66%, aromatic = 30.2%). and Pure ethanol.

3- Results and Discussion

3.1. Engine characteristics

The variation of BMEP (brake mean effective pressure) at the CR
values of 1:4, 1:5.5.1:7, 1:.8.5 and 1:10 are seen in Fig. 2. This
variation in naturally aspirated engines is primarily due to the
variation in volumetric efficiency as a result of a change in the
combustion chamber geometry by changing compression ratios.
[20]. As it is very well known that, the heat of vaporization and
oxygen content of alcohol fuels, are much more than those of
gasoline fuel, consequently alcohol fuels have a faster
stoichiometric flame speed than that of gasoline [21] .Higher
stoichiometric flame speed causes to comparatively faster and more
complete combustion of fuel in the engine cylinder, which
decreases heat losses from the cylinder walls which was clear in our
case when pure ethanol were used, thus increasing brake thermal
efficiency (BTE) fig 3. That is why the BTE and the volumetric
efficiency increase when alcohols are used in the Sl engine. In
general, it could be observed that BMEP was variable during the
process with changing the compression ratio from smaller to higher
for both fuel, on the other hand BTE had increased with an
increased CRs. These results coincide with other researchers when
they have used biofuel and pure ethanol as fuel [22, 23] figure 2, 3.
As seen in fig 2,3 it was observed that the thermal efficiency was
higher when using biofuel as pure ethanol compared with unleaded
gasoline. These phenomena caused an increment in the BMEP and
BTE. The maximum values of BMEP found in C5 condition and in
C5 for BTE

As it is known that LHVs of biofuel is lower than that of gasoline,
the amount of pure ethanol used in the engine test should be about
12% more than that of gasoline to achieve the same heat energy
output. Consequently the BSFC is increased when pure ethanol
biofuel is used comparing to pure gasoline fig 4.
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Figure 2: brake mean effective pressure at different engine
compression ratios
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Figure 3: brake thermal efficiency at different compression ratios
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Figure 4: brake specific fuel consumption at different engine
compression ratios

Conclusions:

The above study present a clear view progresses made to improve
the performance parameters of S| engine using pure ethanol
comparing to gasoline. Some key findings of this study are as
follows:

Using gasoline as pure ethanol showed improvement in engine
thermal efficiency and brake power as observed during this study,
brake specific fuel consumption increased for pure ethanol content
at different engine conditions compared to gasoline. BSFC
increased by 12% ethanol. Varying the compression ratio of the
engine has affected brake mean effective pressure inside the
cylinder and the performance parameters of the engine, also pure
ethanol has increased the BMEP by 10% on average.

References:

[1] Balki MK, Sayin C. The effect of compression ratio on the
performance, emissions and combustion of an Sl (spark ignition)
engine fuelled with pure ethanol, methanol and unleaded gasoline.
Energy 2014;71:194-201.

[2] Koc M, Sekmen Y, Topgul T, Yucesu HS. The effects of
ethanol-unleaded gasoline blend on engine performance and
exhaust emissions in a spark-ignition engine. Renewable Energy
2009;34:2101-6. [1]

[3] Balki MK, Sayin C, Canakci M. The effect of different alcohol
fuels on the performance, emissions and combustion characteristic
of a gasoline engine. Fuel 2014;115:901-6.

[4] Turner D, Xu H, Cracknell RF, Natarajan V, Chen X.
Combustion performance of bio-ethanol at various blend ratios in a
gasoline direct injection engine. Fuel 2011;90(5):1999-2006.

[5] Shenghua L, Clemente ERC, Tiegang H, Yanjv W. Study of
spark ignition engine fueled with methanol/gasoline fuel blends.
Appl Therm Eng 2007;27(11-12):1904-10.

[6] Zhen X, Wang Y, Xu S, Zhu Y. Study of knock in a high
compression ratio sparkignition methanol engine by multi-
dimensional simulation. Energy 2013;50:150-9.

[7] Hsieh WD, Chen RH, Wu TL, Lin TH. Engine performance and
pollution emission of an Sl engine using ethanol-gasoline blended
fuel. Atmos Environ 2002;36:403-10.

[8] Pourkhesalian AM, Shamekhi AH, Salimi F. Alternative fuel
and gasoline in an Sl engine: a comparative study of performance
and emissions characteristics. Fuel 2010;89:1056€e63.

[9] Sileghem, L., Coppens, A., Casier, B., Vancoillie, J., Verhelst,
S., 2014. Performance and emissions of iso-stoichiometric ternary
GEM blends on a production Sl engine. Fuel 117, 286-293.

[10] Siwale, L., Krist_of, L., Bereczky, A., Mbarawa, M.,
Kolesnikov, A., 2014. Performance, combustion and emission
characteristics of n-butanol additive in methanolegasoline blend
fired in a naturally-aspirated spark ignition engine. Fuel Proc. Tech.
118, 318-326.

[11] Srinivasan, C., Saravanan, C.G., 2010. Study of combustion
characteristics of an Sl engine fuelled with ethanol and oxygenated
fuel additives. Sustain. Energy Environ. 1, 85-91

[12] M.B. Celik, Experimental determination of suitable ethanol—
gasoline blend rate at high compression ratio for gasoline engine,
Appl. Therm. Eng. 28 (2008) 396-404.



INDUSTRY 4.0 2023, WINTER SESSION, vol 2
- __________________________________________________________________________

[13] M. Kog, Y. Sekmen, T. Topgiil, H.S. Yiicesu, The effects of
ethanol-unleaded gasoline blends on engine performance an
exhaust emissions in a sparkignition engine, Renew. Energy 34
(2009) 2101-2106.

[14] J.M. Storey, T. Barone, K. Norman, S. Lewis, Ethanol blend
effects on direct injection spark-ignition gasoline vehicle particulate
matter emissions, SAE Int. J. Fuels Lubr. 3 (2010) 650-659.

[15] P. Gomes et al., Study on boosted direct injection SlI
combustion with ethanol blends and the influence on the ignition
system, SAE Technical Paper, 2011, No. 2011-36-0196.

[16] S. Kumar, S. Neetu, P. Ram, Anhydrous ethanol: a renewable
source of energy, Renew. Sustain. Energy Rev. 14 (2010) 1830—
1844,

[17] M. Balat, Global bio-fuel processing and production trends,
Energy Explor. Exploit. 25 (2007) 195-218.

[18] S.K. Thangavelu, A.S. Ahmed, F.N. Ani, Review on
bioethanol as alternative fuel for spark ignition engines, Renew.
Sustain. Energy Rev. 56 (2016) 820-835.

[19] A.M. Pourkhesalian et al., Performance and emission
comparison and investigation of alternative fuels in SI engines, SAE
Technical Paper, 2009, No. 2009-01-0936.

[20] Pourkhesalian AM, Shamekhi AH, Salimi F. Performance and
emission comparison and investigation of alternative fuels in Sl
engines. SAE Pap No. 2009-01-0936; 2009

[21] Yuksel F, Yuksel B. The use of ethanol-gasoline blend as a
fuel in an Sl engine. Renew Energy 2004;29:1181-91.

[22] Yousufuddin S, Masood M. Effect of ignition timing and
compression ratio on the performance of a hydrogen-ethanol fuelled
engine. Int J Hydrogen Energy 2009;34:6945-50.

[23] Yoon SH, Lee CS. Effect of undiluted bioethanol on
combustion and emissions reduction in a Sl engine at various
charge air conditions. Fuel 2012;97:887-90.

196



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Industry 4.0 Approach for Development of Automatic Sanitation Unit

Tahsin Topbasoglu®, Berkcan Babuz, * Ogulcan Ségiit!, Yasin Yagiz Simgek®, Onur Cimen*, ibrahim Etem Saklakoglu®
KANSAN R&D Center, Izmir, Turkey'
Ege University Faculty of Engineering, Mech. Eng. Dept, I1zmir, TURKIYE?
*onurcimen@kansanmak.com

Abstract: In wet wipe machines, equipment such as tanks, pumps, pipes, and valves that come into contact with the wet wipe solution,
conveyor belts, and steel surfaces with which the liquid comes into contact, must be disinfected at regular intervals under hygienic
production rules. Disinfection is carried out using hot water, alcohol-based disinfectants, surfactants, detergents, oxidizing agents, or a
mixture of all these methods. In current applications, liquids are drained manually from preparation units or tanks, and machine surfaces
are cleaned manually. Cleaning and sanitation is done by hand. At the same time, performing some cleaning scenarios is harmful to human
health because of hot steam or water, chemical cleaning steam, etc. So, it is impossible to ensure the hygiene level of systems. In this study,
safe by design and prevention approaches were used and a system equipped with several measurement sensors was designed to work with
different sanitary liquids and their preparation units according to sanitary recipes, producing a report at the end of the cleaning process.
There are devices such as pH meters, temperature sensors, pressure sensors, and several water analyzers in the system, and it is decided that
cleaning is completed by processing the data from these sensors. This article describes the system developed in compliance with industry 4.0

applications

KEYWORDS: SANITATION, WET WIPE MACHINES, MACHINE DESING, INDUSTRI 4.0

1. Introduction

Wet wipes have become an essential tool for maintaining
personal hygiene. These wipes are designed to address a wide array
of needs, from cleansing and refreshing to sanitizing, and they play
a crucial role in daily personal care routines. As wet wipes are
intimately linked with personal hygiene, ensuring the highest
standards of cleanliness and safety in their production is paramount.

Wet Wipes and Personal Hygiene:

Wet wipes are versatile products widely used for personal hygiene.
They offer a convenient and effective way to clean and freshen up
while on the go. These wipes are commonly employed in various
situations, including:

Hand and Face Cleaning: Wet wipes are often used for quick hand
cleaning when access to water and soap is limited, providing a
solution for maintaining cleanliness in various situations.

Baby Care: In childcare, wet wipes serve as a fundamental tool for
diaper changing and gentle cleaning of a baby's delicate skin.

Makeup Removal: They are also widely used in makeup removal
routines due to their gentle cleansing properties, particularly for
sensitive skin.

General Cleansing: Whether during travel or in public spaces, wet
wipes offer a convenient way to maintain personal hygiene.

Relevance to Personal Hygiene in Production:

Given the close association between wet wipes and personal
hygiene, it's imperative that the production process ensures the
highest standards of cleanliness and safety. Hygienic production
rules and the use of disinfection processes in the machinery are
critical to guarantee the safety of these products.

In reality, control of hygiene during wet wipe production
involves two aspects: Although the goal of sanitation is to prevent
contamination completely, nevertheless it often occurs. Sometimes,
sanitation is seen as a cost that does not provide any immediate
financial return to a company. In addition, in developed countries,
there is an increasing trend for busy consumers to purchase goods
that require maximum hygiene.

Along with the increasing attention being paid to sanitation has
come an increasing supply and complexity of chemicals and
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equipment to be used in cleaning procedures. It is sometimes
difficult for practitioners to decide which chemical to use and which
cleaning procedure to adopt.

Wet wipes are a product used for hygienic purposes, and the
prerequisite for the machines that produce wet wipes to produce
hygienic products is that the machine itself is hygienic.

One of the important aims of this study is to remove the
different odors of different products from the system during the
transition from product to product. In addition to hygiene purposes,
it is possible to preserve the different odors of wet wipe products
and to prevent the odors from mixing, thanks to effective sanitation.

The scope of this study is to design and develop a system that
will fully automatically perform the sanitation processes that are
currently carried out manually in wet wipe production machines.

2. Material and methods

The machine's design, aiming to maintain the highest levels of
hygiene, is crucial to producing safe wet wipes for personal use.
The machine's features, such as modular design for easy cleaning,
careful material selection, intuitive automation controls, and
stringent safety features, directly impact the hygiene standards of
the produced wet wipes.

In response to these challenges, this study employs a "safe by
design” and “prevention-first" approach to address the issue of
hygiene in wet wipe production machines. The primary objective is
to design a system that automates the cleaning and sanitization
process, thereby reducing the dependence on manual labor and
eliminating potential risks to human health.

This innovative system is equipped with a suite of measurement
sensors, each serving a unique purpose. The sensors include pH
meters, temperature sensors, pressure sensors, and various water
analyzers. These sensors collectively enable to monitor the system
and control the cleaning process with precision.

System Operation:

The system is designed to work with a variety of sanitary
liquids and their preparation units, following specific sanitary
recipes to ensure effective disinfection. The automation of the
cleaning process is driven by real-time data collected by the various
sensors. This data includes:



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

pH Levels:

pH meters provide insights into the acidity or alkalinity of the
cleaning solution, ensuring it remains within the specified range for
effective disinfection.

—

In this study, to clean the wet wipe solution from the inner —
surfaces of the pipes, in the first stage; anionic and cationic :
surfactants are used. In the second stage, rinsing is done with | ;
deionized water. A pH meter decides the application time of t‘.”-‘ i
deionized water, and water application continues until the pH value S —
reaches 7. The pH meter makes analog measurements and provides § =
continuous information to the PLC system. When the target value, =
the neutral level, is reached, the system closes the water inlet. b
Figure-1 shows the Endress-Hauser Orbisint CPS11 pH sensor used ~
in the system.

Figure-3: Endress-Hauser Cerabar PMP51 pressure sensor

Water Quality Analysis: Water analyzers assess the quality of
water used in the cleaning process, ensuring that it meets the
required standards for effective sanitation.

Figure-1: Endress-Hauser Orbisint CPS11 pH sensor The electrical conductivity values of pure water and those
containing impurities are different. Using this basic information, it
is possible to ensure that the sanitation process is done correctly.

Temperature Control: For this purpose, after the rinsing process is completed (before the
rinsing water is discharged from the line), the conductivity value is

Temperature sensors play a crucial role in maintaining the measured with an electrical conductivity sensor and monitored by
optimal temperature for the cleaning solution, thereby enhancing its PLC. Figure 4 shows the Condumax 16d electrical conductivity

disinfecting capabilities. sensor that used for electrical conductivity measurement.
While hot water is used as a sanitation fluid, hot water is
pumped into the system until it equalizes the liquid temperature
values at the farthest point of the system and liquid tank. Thus, it is /' .
ensured that the sanitation process is carried out successfully at B
every point of the pipe system. Temperature sensors are connected \
to the PLC system and the temperature level is constantly controlled ‘
with analog data. Figure-2 shows the Endress-Hauser Thermophant \
T TTR35 temperature sensor used in the system. ¥
a
—t ’ y
< = r@
- 3 ] 7
5 P Figure 4: Condumax 16d electrical conductivity sensor
t Bauser £77 ‘

‘ Data-Driven Cleaning:

Based on the data collected by these sensors, the system makes
real-time decisions, adjusting parameters to optimize the cleaning
process. This data-driven approach ensures that the cleaning process
is not only efficient but also highly effective in achieving the

| desired level of hygiene.

| Furthermore, the system generates a comprehensive report at
. the end of each cleaning cycle, detailing the parameters monitored,
Figure-2: Endress-Hauser Thermophant T TTR35 temperature the actions taken, and the overall effectiveness of the sanitization
sensor process. This report serves as a valuable record for quality control

and regulatory compliance.

Pressure Monitoring:

Pressure sensors help in managing the pressure within the Selection of Material:
system, avoiding potential issues that may impact the cleaning AISI 304 SS was used to manufacture the sanitation system.
process. Stainless steel is a popular material choice for such units due to its

It is very important to make sure there is fluid in the system excellent properties that make it well-suited for sanitation and
during the sanitization process. This is monitored by the pressure ~ Ygi€ne purposes. Stainless steel is a corrosion-resistant and non-
sensor. Analog data received from the pressure sensor is constantly ~ reactive material that is easy to clean, making it ideal for

monitored by the PLC system. Figure-3 shows the Endress-Hauser ~ environments where cleanliness is a top priority. It doesn't rust,
Cerabar PMP51 pressure sensor was used in this study. stain, or corrode, which ensures a longer lifespan for the sanitation
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unit. Stainless steel surfaces are smooth, easy to clean, and resistant
to bacterial growth, making it a hygienic choice. The absence of
pores and cracks in stainless steel reduces the potential for
contamination. Stainless steel is known for its strength and
durability. It can withstand harsh cleaning agents and repeated use
without deteriorating, ensuring the longevity of the sanitation unit.

Figure 5 shows the tank used in the system. Figure 5a shows the
design phase, and 5b shows the tank made of stainless steel.

Figure 6 shows the pipes and the flowmeters on the system. Figure
6a shows the design phase, and 6b shows the pipes made of
stainless steel and flowmeters.

b.

Figure 5: The tank used in the system. a) design phase b) the tank
made of stainless steel.

a.

Figure 6: The pipes and the flowmeters on the system a) design
phase b) the pipes made of stainless steel and flowmeters.
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4. Conclusion

The development of an automated system for the cleaning and
sanitization of wet wipe production machines represents a
significant advancement in the industry. By integrating multiple
measurement sensors and utilizing data-driven decision-making,
this system offers a highly efficient and consistently hygienic
solution to an ongoing challenge. This paper explores the technical
details and practical implications of the system, providing a
comprehensive overview of its operation and the potential benefits
it brings to the field of wet wipe production.
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Abstract: The article reviews the chemical and active compounds of the lyophilized essential oil of Thymus vulgaris L. and its preservation
qualities. Thymus vulgaris is a medicinal plant belonging to the Lamiaceae family, with a long history of use for its therapeutic properties.
The essential oil of T. vulgaris has been widely studied for its antimicrobial, antioxidant, and anti-inflammatory activities. The amounts and
types of chemical compounds can vary depending on the genetic differences or environmental conditions of the plant materials. The primary
components of the essential oil responsible for most of its biological effects include thymol, carvacrol, and p-cymene. The essential oil of T.
vulgaris has been reported to exhibit a wide range of pharmacological activities, including antimicrobial, antioxidant, anti-inflammatory,
antifungal, and antiviral activities. In recent years, there has been increasing interest in the use of T. vulgaris essential oil as a natural

preservative in food products.
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I. Introduction

A. Background information on Thymus vulgaris L. and its essential
oil

The genus Thymus belongs to the family Lamiaceae, subfamily
Nepetoideae, tribe Mentheae, subtribe Menthinae. [1] Thymus
vulgaris L. is a medicinal plant that has been used for centuries for
its therapeutic properties. It is a perennial herb that belongs to the
Lamiaceae family and is native to Europe and North Africa.
Notwithstanding, the primary habitat of this genus is found around
the Mediterranean Sea. Given their sun-worshipping tendencies,
Thymus plants thrive in climates with moderate to warm
temperatures, well-drained to dry soils typically found on rocks,
stones, or sand, and in sun-drenched areas. [2]

Thyme's potent preservation qualities made it a preferred choice
among Egyptians for embalming. Dioscorides' writings from the
first century AD indicate that thyme was primarily used as a
medicinal herb. Thyme was considered an antidote in ancient Rome
and was consumed before or during meals to protect against
poisons. Its renown led to it becoming one of the plants favored by
emperors. In 1340, during the Black Death, thyme was utilized as
the main ingredient in medical concoctions and ointments applied
directly to blistered skin. [3,4]

The taxonomic classification of plants belonging to the Thymus
genus is complicated due to the high level of variability in their
morphological, micromorphological, and chemical characteristics.
This variability is caused by environmental factors and genetic
differences resulting from hybridization, which lead to variable
chromosome numbers and expressed gynodioecy, a sexual
polymorphism where natural populations contain both female and
hermaphrodite plants. These factors make taxonomic studies in this
genus particularly challenging, particularly for certain taxonomic
groups. [5-7]

The essential oil derived from the leaves of T. vulgaris has been
widely studied for its antimicrobial, antioxidant, and anti-
inflammatory activities. [8] The study led by O Boruga et al has
presented the most thorough examination of Thymus vulgaris
chemotypes, recognizing at least 20 distinct types based on their
essential oil makeup. Furthermore, this research was the first to
analyze and characterize the enantiomeric distributions of T.
vulgaris monoterpenoids. [9]

The amount and types of these chemical compounds can vary
depending on the genetic differences or environmental conditions of
the plant materials, which may differ based on their geographical
location. [10] The primary components of the essential oil, which
are responsible for most of its biological effects, include thymol,
carvacrol, and p-cymene. [11]

In general, chemotypes that contain phenolic compounds such as
thymol and carvacrol have a lower proportion of their dominant
monoterpene compared to nonphenolic chemotypes like geraniol,
alpha-terpineol, and linalool. This is because phenolic chemotypes
have high levels of precursors like gamma-terpinene and
paracymene in their oil. The essential oil of the nonphenolic
thuyanol chemotype is characterized by four distinct monoterpenes,
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which together make up a smaller proportion of the oil than the
dominant monoterpene in the other nonphenolic chemotypes. [5].
Numerous studies have been conducted to explore the chemical
makeup and biological activities of Thymus vulgaris essential oil.
As stipulated in European Pharmacopoeia 10.0 (Ph. Eur. 10.0), the
minimum essential oil content in T. vulgaris is 1.2%, with a
minimum of 40% thymol and carvacrol. [12]

The essential oil of T. vulgaris has been reported to exhibit a wide
range of pharmacological activities, including antimicrobial,
antioxidant, anti-inflammatory, antifungal, and antiviral activities.
These activities have been attributed to the presence of various
bioactive compounds, such as thymol, carvacrol, and p-cymene,
which have demonstrated significant in vitro and in vivo
effects. [11, 13, 14] In addition, thyme essential oil has been shown
to significantly decrease levels of triglycerides, total cholesterol,
and glucose. [15]

In recent years, there has been increasing interest in the use of T.
vulgaris essential oil as a natural preservative in food products. The
essential oil has been reported to exhibit excellent antimicrobial
activity against a wide range of foodborne pathogens, including
bacteria, fungi, and viruses. This has led to its use as a natural
alternative to synthetic preservatives in the food industry. Further
research needs to be conducted to find economically and
environmentally more feasible options that can fulfill the
requirements of consumers regarding composition, taste, and odor.
[16]

Overall, T. vulgaris essential oil is a promising natural product with
a wide range of pharmacological and biological activities. Its use as
a natural preservative in food products offers a safe and effective
alternative to synthetic preservatives, and its potential applications
in the food industry are vast.

B. Importance of preserving the quality of the lyophiliyed essential
oil of Thymus vulgaris L.

Lyophilization, also known as freeze-drying, is a non-convective
drying technique that is relatively new among artificial drying
methods. It uses low temperatures and shorter processing times.
[17] The process of lyophilization entails drying the sample by first
freezing the water within it and then removing it by sublimation
under vacuum conditions. Sublimation is the key principle in this
process, in which water goes directly from a solid state (ice) to a
gaseous state without passing through the liquid state. The
lyophilization process comprises three main stages: freezing to
transform most of the water into ice; primary drying to sublime the
ice; and secondary drying to separate any remaining unfrozen water
through desorption. Annealing is an optional step in lyophilization
that may occasionally be used to crystallize the formulation
component. [18] The process is performed at low temperatures and
pressures, making it ideal for preserving compounds that are
sensitive to heat or unstable in aqueous solutions over extended
periods. This technique is particularly effective for preserving
compounds that remain stable in their dry form. What sets
lyophilization apart from other dehydration methods is that it
eliminates the presence of liquid water and maintains low
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temperatures, which significantly reduces degradation and
microbiological reactions. As a result, the final product is of
exceptional quality. [19]

Although lyophilization offers numerous benefits, it has
consistently been regarded as a costly process. The expense
associated with lyophilization, however, can differ based on various
factors such as the type of raw material utilized, packaging options,
capacity of the plant, length of the cycle, and so on. Recently,
lyophilization has been widely adopted as a method for preserving
various herbs and spices due to its numerous advantages. As
reported by Thamkaew et al., lyophilization is effective in
maintaining the essential oil content of many types of herbs and
spices better than other drying and preservation techniques.
Nevertheless, the impact of freeze-drying on the active compounds
of plants is not entirely consistent, and the findings in the literature
are sometimes contradictory. [20]

According to a study conducted by Antal et al., the yield of isolated
essential oil from freeze-dried lemon balm leaves is significantly
influenced by chamber pressure and freezing temperature, to a
considerable extent. The results demonstrated that the use of high-
pressure freeze-drying (250-300 Pa for 14 hours) resulted in a
higher concentration of essential oil (0.252 v/w%) compared to the
low-pressure method (50-80 Pa for 12 hours), which produced an
essential oil content of 0.191 v/w%. This difference can be
attributed to the fact that the volatile compounds in lemon balm are
primarily located in peltate glandular trichomes on the leaf surface,
and low pressure in the freeze dryer chamber can negatively affect
these glandular hairs, leading to a substantial loss of essential oils.
[21]

Based on numerous studies, lyophilization has been found to be
more effective in preserving the major volatile compounds
compared to other drying methods. In the case of Thymus vulgaris
L., lyophilization was able to maintain the total volatile compounds
quite well. The changes observed in the thyme constituents isolated
through simultaneous distillation-extraction (SDE) were similar to
those seen in sage, although some variations were noted. For
instance, the content of B-caryophyllene in the freeze-dried herb
increased by 37%. [22] The outcomes for freeze-dried thyme were
consistent, showing an increase in the primary volatile compounds
B-caryophyllene and thymol. The concentrations of these
compounds were 282 and 6907 mg/kg, respectively, which were
higher compared to the fresh plant materials (B-caryophyllene at
213 mg/kg and thymol at 6465 mg/kg). Furthermore, it was
observed that the concentration of thymol, which is abundant in the
foliage of Thymus vulgaris L., was higher in lyophilized samples
compared to those dried through convective methods. [23] The
reported thymol content of freeze-dried thyme leaves was found to
be higher than that of oven-dried and shade-dried leaves. [24]
According to existing literature, lyophilization seems to be a
promising method for preserving the volatile profile of plants.
Nevertheless, its efficiency can be affected by factors such as the
type of plant, the location of volatile accumulation, and the nature
of the volatile compounds present. Moreover, the technical
parameters of lyophilization play a critical role in determining the
quality of the final product. However, there is currently insufficient

information available regarding the adverse effects of lyophilization
on volatile compounds in herbs and spices, which limits our
understanding of the contradictory effects of lyophilization on the
essential oils of these plants. [25]

C. Brief overview of the chemical and active compounds found in
the essential oil

The research conducted by Grigore et al discovered that out of the
15 components analyzed, which comprised 99.91% of the detected
compounds, p-cymene (8.41%), y-terpinene (30.90%), and thymol
(47.59%) were the primary constituents. This finding supports the
classification of the essential oil as belonging to the thymol
chemotype, which is consistent with previous reports. [26] The
analysis of the essential oil revealed that other elements were
present in a combined amount of less than 13.01%. Notably, the
chemical composition of the essential oil differed significantly from
previous reports for the same type of thyme grown in Morocco and
Spain. [27,28] Previous research conducted in Poland, Iran, Spain,
and Italy have identified p-cymene, vy-terpinene, and thymol as
major components in the essential oil of T. vulgaris. [10,11,29,30]
The disparities in these cases are largely due to the distinct
chemotypes present.

I1. Chemical composition of the essential oil

The primary constituents of essential oils are typically responsible
for determining their biological properties. These constituents can
be broadly categorized into two distinct groups based on their
biosynthetic origin. [31,32] The primary components of thyme oil
are terpenes and terpenoids, while the secondary components
include aromatic and aliphatic compounds. A total of 30
constituents were identified in thyme oil, with thymol (39.44%), P-
cymene (23.6%), y-terpinene (12.51%), ledol (2.24%), and
Aromadenrrene (2.12%) being the main components, comprising
79.91% of the oil. These findings are consistent with those
previously reported by Omidbeygi et al. (16-17), who stated that
thymol is the major component of thyme essential oil. [33,34]

Our concurrence with the findings of Viuda-Martos et al lies in the
determination of thymol as the predominant compound
(representing 48.64% of the sample), and P-cymene as the
secondary compound (comprising 22.94% of the sample).
[35] There are many reports on the chemical composition of the oils
isolated from the plants belonging to the genus thymus. The major
constituents of thyme essential oil were thymol (45.3%), p-cymene
(26.1%) [36], while found that thymol (32.23%), g-terpinene
(21.19%) and p-cymene (20.27%) were the main components in
thyme essential oil from Egypt [37].

On other side the chemical composition and enantiomeric
distribution of Thymus vulgaris essential oils were investigated by
Satyal et al and shown in Table 1. Clearly indicating the complexity
of the compounds that the species Thymus vulgaris L. can contain.
[38]

Table 1. The compositional makeup and the stereoisomeric
distribution of enantiomers present in the essential oils derived from
Thymus vulgaris. [38]

RI Compound #1 #3 #4 #5

% ol % d/i % din % d/i

752 3-Methyl-1-penten-3-ol tr

783 Methyl a-methyl butyrate 0.10 0.07 tr tr

850 (32)-Hexenol 0.05

922 Tricyclene 0.05 tr 0.09

924 a-Thujene tr tr 91:9 0.71 81:13 0.43 10:90
932 a-Pinene 0.47 | 1:99 0.21 1:99 175 | 85:15 1.32 52:48
947 a-Fenchene tr

948 Camphene 1.17 | 99:1 0.38 |99:1 0.25 | 0:100 1.19 10:90
971 Sabinene tr 0.05 98:2 2.03 78:22

977 1-Octen-3-ol 0.43 0.42

977 1-Octen-3-ol + B-Pinene 0.97 20:80 0.54 | 20:80
983 6-Methylhept-5-en-2-one 0.05
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983 3-Octanone tr tr
988 Myrcene 0.09 0.44 4.09 1.59
996 3-Octanol tr 0.07 tr
1004 (32)-Hexeny! acetate tr
1004 p-Mentha-1(7),8-diene tr
1006 a-Phellandrene tr 55:45 0.11
1008 5-3-Carene tr
1016 a-Terpinene tr 2.65 1.3
1019 0-Cymene 0.06
1024 p-Cymene 0.09 0.18 1.09 20.07
1028 Limonene 0.05 0.39 | 85:15 285 | 86:14 0.39 80:20
1030 B-Phellandrene tr 0.37 0.09
1031 1,8-Cineole 0.37 0.31 0.30 0.72
1033 m-Cymene tr
1034 Lavender lactone + (Z)-B- tr

Ocimene
1045 (E)-B-Ocimene tr 0.05
1057 y-Terpinene 0.09 4.58 9.03
1063 3-Methylbut-2-enyl butanoate tr
1069 cis-Sabinene hydrate 0.31 30.77 | 97:3 0.17
1070 cis-Linalool oxide (furanoid) 0.28
1071 Pinol tr
1084 Terpinolene 0.97 0.07
1085 trans-Linalool oxide (furanoid) 0.23 tr
1089 p-Cymenene tr
1099 Linalool 76.15 | 1:99 715 | 97:3 7.89 3:.97 5.00 1:99
1101 trans-Sabinene hydrate tr 4.98 tr
1103 Hotrienol 0.07
1104 Nonanal 0.05 tr
1106 a-Pinene oxide tr
1107 1-Octen-3-yl acetate tr tr
1124 cis-p-Menth-2-en-1-ol 0.65
1136 trans-Limonene oxide tr
1142 trans-p-Menth-2-en-1ol 0.25
1147 Camphor 1.79 | 100:00 | 0.11 | 0:100 0.10 | 0:100 1.42 95:5
1148 a-Cyclogeraniol tr
1154 B-Pinene oxide 0.05
1162 Lavandulol tr tr tr
1169 cis-Linalool oxide (pyranoid) tr
1171 Borneol 0.40 | 100:00 | 1.00 100:00 | 0.28 100:00 | 1.5 71:29
1174 trans-Linalool oxide (pyranoid) tr
1178 p-Mentha-1,8-dien-4-ol tr
1180 Terpinen-4-ol 0.06 0.17 | 70:30 9.5 30:70 1.25 | 40:60
1184 (32)-Hexenyl butanoate tr
1186 p-Cymen-8-ol tr
1194 a-Terpineol 0.11 | 65:35 0.09 | 65:35 2.69 91:9 0.16 60:40
1196 cis-Piperitol 0.14
1197 cis-Dihydrocarvone tr tr tr
1205 B-Cyclogeraniol tr
1206 Decanal tr
1208 trans-Piperitol 0.16
1217 7-Ethylidenebicyclo[3.3.0]octan- 0.90

3-one
1220 6,7-Epoxyneral tr
1223 Nerol tr 0.97
1223 7-Methylenebicyclo[3.3.1]nonan- 6.07

3-ol
1225 Citronellol tr 0.35
1228 Thymol methyl ether 0.19
1230 6,7-Epoxygeranial tr
1234 4-t-Amylcyclohexanone 0.08
1237 Neral tr 0.61 tr
1237 Carvacrol methyl ether 0.32
1243 Carvone tr 0.09
1249 Linalyl acetate 14.26 | 1:99 3.4 0:100
1249 Geraniol 59.75 0.24 0.05
1266 Geranial tr 1.25 tr tr
1271 (2E)-Decenal tr
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1279 Isothymol 0.07
1282 Lavandulyl acetate tr
1284 Bornyl acetate 0.21 0.14 0.07
1284 neo-iso-3-Thujanol acetate tr
1288 Thymol 0.42 tr 47.06
1296 Carvacrol 0.05 3.24
1296 Geranyl formate 0.09
1331 2,3-Epoxygeraniol 0.06
1341 cis-p-Menthadienyl acetate 0.19 4.75
1344 Citronellyl acetate 0.28
1346 a-Terpinyl acetate 0.05
1348 Citronellyl acetate 0.07
1349 Eugenol 0.08
1357 Neryl acetate tr 0.18 tr
1372 trans-p-Menthadienyl acetate 0.05
1375 a-Copaene tr
1377 Geranyl acetate 0.06 16.72 0.48
1383 a-Bourbonene 0.20 tr 0.09
1388 B-Elemene tr
1403 Isocaryophyllene tr tr
1419 B-Caryophyllene 2.27 3.67 2.03 1.79
1429 -Copaene tr
1429 cis-Carvyl propanoate 0.30
1434 7-Methyl-3-methylene-7-octen-1- tr

yl propanoate
1437 Aromadendrene tr
1454 a-Humulene 0.06 0.12 0.06 0.05
1468 Geranyl propanoate tr 1.26
1473 trans-Cadina-1(6),4-diene 0.06
1480 Germacrene D 0.26 0.05 0.58
1489 Viridiflorene tr
1494 Bicyclogermacrene tr 0.09
1497 a-Muurolene tr
1506 Geranyl isobutyrate 0.15
1506 -Bisabolene tr
1511 d-Amorphene 0.07
1516 5-Cadinene tr 0.16
1531 trans-Cadina-1,4-diene tr
1547 Elemol 0.96
1554 Geranyl butanoate 0.05 0.74
1575 Germacrene-d-4-ol 0.10 tr
1575 Spathulenol tr
1581 Caryophyllene oxide 0.41 0.50 0.10 0.13
1595 Geranyl isovalerate 0.06
1631 10-epi-y-Eudesmol tr
1654 a-Eudesmol 0.17

I11. Antimicrobial and antifungal activity of the

essential oil

Several in vitro studies have explored the antimicrobial and
antifungal properties of Thymus vulgaris essential oil. These
investigations generally entail assessing the essential oil's
effectiveness against various microorganisms in carefully controlled
laboratory settings. [39-41]

According to the research conducted by Sokovic et al, the data
demonstrated significant inhibitory effects of Thymus vulgaris oil
against several oral pathogens, such as S pyogenes, S mutans, C
albicans, A actinomycetemcomitans, and P gingivalis. These effects
were assessed using both agar disk diffusion and broth
microdilution methodologies. [39] In a study conducted by Nikolic
et al, it was found that thymol was the major constituent of the
essential oil obtained from three different Thymus species, namely
T. algeriensis, T. vulgaris, and T. serpyllum. The antimicrobial
activity of the essential oil was tested, and the results indicated that
these three Thymus plant species could be utilized in the field of
minor wound healing and oral cavity disorders, as well as serving as
an antibacterial agent for oral hygiene purposes. [42]

Investigations conducted in a clinical setting with regards to
Thymus vulgaris essential oil are often focused on its potential
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therapeutic benefits, particularly its antimicrobial and antifungal
properties. Prior literature has highlighted the existence of in vitro
and preclinical evidence supporting these advantages. Nevertheless,
it is crucial to acknowledge that the availability and quality of
clinical evidence in this particular field may be limited.

The antimicrobial properties of Thymus vulgaris essential oil can be
primarily attributed to its bioactive constituents, particularly thymol
and carvacrol, which are the primary contributors. These
compounds' efficacy stems from their ability to disrupt the
organization and operation of microbial cells. The mechanism of
action is based on the fact that thymol and carvacrol are lipophilic
(fat-soluble) compounds that have an affinity for lipid-rich
structures, such as microbial cell membranes. They can disrupt the
integrity of the cell membrane, leading to the leakage of cellular
contents, which in turn disrupts the normal functioning of the
microorganism and ultimately results in cell death. [40] The
essential oil derived from Thymus vulgaris possesses not only its
own antimicrobial properties but also exhibits synergistic effects
when combined with other antimicrobial agents, leading to
heightened antimicrobial activity and a diminished likelihood of
microbial resistance. [43]
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The antifungal properties of Thymus vulgaris essential oil, which
are similar to its antimicrobial activity, are primarily attributed to
specific bioactive compounds found in the oil, particularly thymol
and carvacrol. These two compounds can interact with and disrupt
the structure of fungal cell membranes, penetrating the lipid bilayer
of the cell membrane and leading to changes in permeability, which
ultimately result in cell death. Additionally, thymol and carvacrol
have been reported to inhibit the activity of various fungal enzymes
that play essential roles in fungal metabolism, which can disrupt the
normal functioning of the fungus [44].

IV. Preservation of the quality of the finished product
The process of lyophilization is a precise method of dehydration
that aims to preserve the volatile compounds found in essential oils,
such as thymol and carvacrol, which are responsible for the
antimicrobial and antifungal properties of Thymus vulgaris essential
oil. The goal of lyophilization is to preserve these bioactive
compounds in their original form, thereby ensuring their efficacy.
Preserving the aroma and flavor of essential oils is a significant
challenge in processing, and lyophilization has proven to be a
beneficial solution in this regard. This technique minimizes
exposure to high temperatures, which can degrade the sensory
qualities of essential oils, thus helping to maintain their aroma and
flavor. A study conducted by Sarosi et al found that lyophilized
spices were the most preferred by consumers based on their
organoleptic properties, even though significant essential oil loss
can occur during the freeze-drying process. [45]

The process of lyophilization effectively removes water content
from essential oils, thereby reducing the risk of degradation through
oxidation and hydrolysis. By diminishing the water activity,
lyophilized Thymus vulgaris essential oil may exhibit an extended
shelf life in comparison to non-lyophilized versions. Lyophilization
not only enhances the stability of essential oils but also diminishes
their susceptibility to degradation during storage. This attribute is
particularly valuable in applications where a stable and long-lasting
product is of utmost importance [46].

V. Conclusion

A. Summary of findings

The article discusses the chemical and active compounds of the
lyophilized essential oil of Thymus vulgaris L., with a focus on its
preservation qualities. The therapeutic properties of the plant have
been recognized for centuries, and it has been used for various
medical purposes. The study by Borugd et al presents the most
comprehensive examination of Thymus vulgaris chemotypes based
on their essential oil composition. The primary components
responsible for the essential oil's biological effects are thymol,
carvacrol, and p-cymene [9]. The essential oil has been reported to
exhibit various pharmacological activities, including antimicrobial,
antioxidant, anti-inflammatory, antifungal, and antiviral activities.
Recent interest has been in using the essential oil as a natural
preservative in food products, as it exhibits excellent antimicrobial
activity against various foodborne pathogens. Further research is
needed to find economically and environmentally feasible options
that can fulfill consumer requirements regarding composition, taste,
and odor.

B. Future directions for research

Recent progress in the field of essential oils has shed new light on
the properties and applications of Thymus vulgaris L. essential oil.
Current research is exploring advanced extraction methods, such as
supercritical fluid extraction and microwave-assisted extraction, to
enhance the yield and preserve the bioactive compounds of Thymus
vulgaris L. essential oil. Furthermore, there is a growing interest in
investigating the potential synergistic effects between Thymus
vulgaris L. essential oil and other natural preservatives, with the
goal of creating sustainable and eco-friendly alternatives in various
industries. Future research may focus on further examining these
synergistic effects and assessing the versatility of Thymus vulgaris
L. essential oil in new product formulations.

204

VI1I. Reference

1. Pedersen, J. A. (2000). Distribution and taxonomic
implications of some phenolics in the family Lamiaceae determined
by ESR spectroscopy. Biochemical systematics and Ecology, 28(3),
229-253.

2. Ghasemi Pirbalouti, A., Emami Bistghani, Z., &
Malekpoor, F. (2015). An overview on genus Thymus. Journal of
Medicinal Herbs,, 6(2), 93-100.

3. Stahl-Biskup E, Venskutonis R. 2012. Thyme. Handbook
of herbs and spices, Elsevier: 499-525.

4, Stahl-Biskup, E., & Saez, F. (2002, September 5). Thyme.
CRC Press.
5. Thompson, J. D., Chalchat, J. C., Michet, A., Linhart, Y.

B., & Ehlers, B. (2003). Qualitative and quantitative variation in
monoterpene co-occurrence and composition in the essential oil of
Thymus vulgaris chemotypes. Journal of chemical ecology, 29,
859-880.

6. Thompson, J. D., Manicacci, D., & Tarayre, M. (1998).
Thirty-Five  Years of Thyme: A Tale of Two
Polymorphisms. BioScience, 48(10), 805-815.

https://doi.org/10.2307/1313392

7. Dajic-Stevanovic, Z., Sostaric, 1., Marin, P., Stojanovic,
D., & Ristic, M. (2008). Population variability in Thymus
glabrescens Willd. from Serbia: Morphology, anatomy and essential
oil composition. Archives of Biological Sciences, 60(3), 475-483.
https://doi.org/10.2298/abs0803475d

8. Basch, E., Ulbricht, C., Hammerness, P., Bevins, A., &
Sollars, D. (2004, January). Thyme (Thymus vulgarisL.),
Thymol. Journal of Herbal Pharmacotherapy, 4(1), 49-67.

https://doi.org/10.1080/j157v04n01_07

9. Boruga, O., Jianu, C., Misca, C., Golet, 1., Gruia, A. T., &
Horhat, F. G. (2014) Thymus vulgarls essential oil: chemlcal
composition and antimicrobial activity. Journal of medicine and
life, 7 Spec No. 3(Spec Iss 3), 56-60.

10. Golparvar, & Hadipanah. (2023). A review of the
chemical composition of essential oils of thymus species in
Iran. Research on Crop Ecophysiology, 18/1(Issue 1), 25-51.
https://doi.org/10.30486/ROCE.2023.705509

11. Rota, M. C., Herrera, A., Martinez, R. M., Sotomayor, J.
A., & Jordan, M. J. (2008, July). Antimicrobial activity and
chemical composition of Thymus wvulgaris, Thymus zygis and
Thymus hyemalis essential oils. Food Control, 19(7), 681-687.
https://doi.org/10.1016/j.foodcont.2007.07.007

12. European Pharmacopoeia, 10th Edition 2019, English.
(2019, January 1).

13. Aeschbach, R., Loliger, J., Scott, B., Murcia, A., Butler,
J., Halliwell, B., & Aruoma, O. (1994, January). Antioxidant
actions of thymol, carvacrol, 6-gingerol, zingerone and

hydroxytyrosol. Food and Chemical Toxicology, 32(1), 31-36.
https://doi.org/10.1016/0278-6915(84)90033-4

14. Grosso, C., Figueiredo, A. C., Burillo, J., Mainar, A. M.,
Urieta, J. S., Barroso, J. G., Coelho, J. A., & Palavra, A. M. F.
(2010, July). Composition and antioxidant activity of Thymus
vulgaris volatiles: Comparison between supercritical ~fluid
extraction and  hydrodistillation. Journal ~ of  Separation
Science, 33(14), 2211-2218.
https://doi.org/10.1002/jssc.201000192

15. Khaksar, V., Krimpen, M. V., Hashemipour, H., &
Pilevar, M. (2012). Effects of Thyme Essential Oil on Performance,
Some Blood Parameters and lleal Microflora of Japanese Quail. The
Journal of Poultry Science, 49(2), 106-110.
https://doi.org/10.2141/jpsa.011089

16. Posgay, M., Greff, B., Kapcsandi, V., & Lakatos, E.
(2022, Octaber). Effect of Thymus vulgaris L. essential oil and
thymol on the microbiological properties of meat and meat
products: A review. Heliyon, 8(10), €10812.
https://doi.org/10.1016/j.heliyon.2022.e10812

17. Gaidhani, K. A., Harwalkar, M., Bhambere, D., &
Nirgude, P. S. (2015). Lyophilization/freeze  drying-a
review. World journal of pharmaceutical research, 4(8), 516-543.



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

18. Nireesha, G. R., Divya, L., Sowmya, C., Venkateshan, N.
N. B. M., & Lavakumar, V. (2013). Lyophilization/freeze drying-an
review. International journal of novel trends in pharmaceutical
sciences, 3(4), 87-98.

19. Ratti, C. (2001, September). Hot air and freeze-drying of
high-value foods: a review. Journal of Food Engineering, 49(4),
311-319. https://doi.org/10.1016/s0260-8774(00)00228-4

20. Thamkaew, G., Sjéholm, 1., & Galindo, F. G. (2020, May
19). A review of drying methods for improving the quality of dried
herbs. Critical Reviews in Food Science and Nutrition, 61(11),
1763-1786. https://doi.org/10.1080/10408398.2020.1765309

21. Antal, Tamas & Chong, Chien Hwa & Law, Chung &
Sikolya, Laszl6. (2014). Effects of freeze drying on retention of
essential oils, changes in glandular trichomes of lemon balm leaves.
International Food Research Journal. 21. 387-394.

22. Venskutonis, P. (1997, June). Effect of drying on the
volatile constituents of thyme (Thymus vulgaris L.) and sage
(Salvia  officinalis L.). Food Chemistry, 59(2), 219-227.
https://doi.org/10.1016/s0308-8146(96)00242-7

23. Venskutonis, R., Poll, L., & Larsen, M. (1996, March).
Influence of Drying and Irradiation on the Composition of Volatile
Compounds of Thyme (Thymus wvulgaris L.). Flavour and
Fragrance Journal, 11(2), 123-128.
http://dx.doi.org/10.1002/(sici)1099-1026(199603)11:2<123::aid-
fj555>3.0.c0;2-1

24. Sarosi, S., Sipos, L., Kokai, Z., Pluhar, Z., Szilvéssy, B.,
& Novak, 1. (2013, April). Effect of different drying techniques on
the aroma profile of Thymus vulgaris analyzed by GC-MS and
sensory profile methods. Industrial Crops and Products, 46, 210—
216. https://doi.org/10.1016/j.indcrop.2013.01.028

25. Hazarika, U., & Gosztola, B. (2020, December 30).
Lyophilization and its effects on the essential oil content and
composition of herbs and spices &ndash; A review. Acta
Scientiarum Polonorum Technologia Alimentaria, 19(4), 467-473.
https://doi.org/10.17306/j.afs.0853

26. Grigore, A., Paraschiv, I. N. A., Colceru-Mihul, S.,
Bubueanu, C., Draghici, E., & Ichim, M. (2010). Chemical
composition and antioxidant activity of Thymus vulgaris L. volatile
oil obtained by two different methods. Romanian Biotechnological
Letters, 15(4), 5436-5443.

27. Imelouane, B., Amhamdi, H., Wathelet, J. P., Ankit, M.,
Khedid, K., & El Bachiri, A. (2009). Chemical composition and
antimicrobial activity of essential oil of thyme (Thymus vulgaris)
from Eastern Morocco. Int. J. Agric. Biol, 11(2), 205-208.

28. Ballester-Costa, C., Sendra, E., Fernandez-Lopez, J.,
Pérez-Alvarez, J. A., & Viuda-Martos, M. (2013). Chemical
composition and in vitro antibacterial properties of essential oils of
four Thymus species from organic growth. Industrial Crops and
Products, 50, 304-311.

29. De Lisi, A., Tedone, L., Montesano, V., Sarli, G., &
Negro, D. (2011). Chemical characterisation of Thymus populations
belonging from Southern Italy. Food Chemistry, 125(4), 1284-1286.
30. Kowalski, R., & Wawrzykowski, J. (2008, December 3).
Essential oils analysis in dried materials and granulates obtained
from Thymus vulgaris L., Salvia officinalis L., Mentha piperita L.
and Chamomilla recutita L. Flavour and Fragrance Journal, 24(1),
31-35. https://doi.org/10.1002/ffj.1914

31. Betts, T. J. (2001, November). Chemical characterisation
of the different types of volatile oil constituents by various solute
retention ratios with the use of conventional and novel commercial
gas chromatographic stationary phases. Journal of Chromatography
A, 936(1-2), 33-46. https://doi.org/10.1016/s0021-9673(01)01284-
5

32. Pichersky, E., Noel, J. P.,, & Dudareva, N. (2006,
February 10). Biosynthesis of Plant Volatiles: Nature’s Diversity

and Ingenuity. Science, 311(5762), 808-811.
https://doi.org/10.1126/science.1118510
33. Omidbeygi, M., Barzegar, M., Hamidi, Z., &

Naghdibadi, H. (2007, December). Antifungal activity of thyme,
summer savory and clove essential oils against Aspergillus flavus in

205

liquid medium and tomato paste. Food Control, 18(12), 1518-1523.
https://doi.org/10.1016/j.foodcont.2006.12.003

34, Sefidkon, F., & Jamzad, Z. (2005, June). Chemical
composition of the essential oil of three Iranian Satureja species (S.
mutica, S. macrantha and S. intermedia). Food Chemistry, 91(1), 1-
4. https://doi.org/10.1016/j.foodchem.2004.01.027

35. Viuda-Martos, M., Mohamady, M., Fernandez-Lopez, J.,
Abd ElRazik, K., Omer, E., Pérez-Alvarez, J., & Sendra, E. (2011,
November). In vitro antioxidant and antibacterial activities of
essentials oils obtained from Egyptian aromatic plants. Food
Control, 22(11), 1715-1722.
https://doi.org/10.1016/j.foodcont.2011.04.003

36. Tomaino, A., Cimino, F., Zimbalatti, V., Venuti, V.,
Sulfaro, V., De Pasquale, A., & Saija, A. (2005, March). Influence
of heating on antioxidant activity and the chemical composition of
some spice essential oils. Food Chemistry, 89(4), 549-554.
https://doi.org/10.1016/j.foodchem.2004.03.011

37. Viuda-Martos, M., El Gendy, A. E. N. G. S., Sendra, E.,
Fernandez-Lopez, J., Abd El Razik, K. A., Omer, E. A., & Pérez-
Alvarez, J. A. (2010, July 28). Chemical Composition and
Antioxidant and Anti-Listeria Activities of Essential Oils Obtained
from Some Egyptian Plants. Journal of Agricultural and Food
Chemistry, 58(16), 9063-9070. https://doi.org/10.1021/jf101620c
38. Satyal, P., Murray, B., McFeeters, R., & Setzer, W.
(2016, October 27). Essential Oil Characterization of Thymus
vulgaris from Various Geographical Locations. Foods, 5(4), 70.
https://doi.org/10.3390/foods5040070

39. Sokovi¢, M., Glamoclija, J., Ciri¢, A., Kataranovski, D.,
Marin, P. D., Vukojevi¢, J., & Brki¢, D. (2008, January). Antifungal
Activity of the Essential oil ofThymus vulgarisL. and Thymol on
Experimentally Induced Dermatomycoses. Drug Development and
Industrial Pharmacy, 34(12), 1388-1393.
https://doi.org/10.1080/03639040802130053

40. Fani, M., & Kohanteb, J. (2017, April 11). In Vitro
Antimicrobial Activity of Thymus vulgaris Essential Oil Against
Major Oral Pathogens. Journal of Evidence-Based Complementary
& Alternative Medicine, 22(4), 660-666.
https://doi.org/10.1177/2156587217700772

41. Inouye, S., Takizawa, T., & Yamaguchi, H. (2001, May
1). Antibacterial activity of essential oils and their major
constituents against respiratory tract pathogens by gaseous
contact. Journal of Antimicrobial Chemotherapy, 47(5), 565-573.
https://doi.org/10.1093/jac/47.5.565

42. Nikoli¢, M., Glamoc¢lija, J., Ferreira, 1. C., Calhelha, R.
C., Fernandes, N., Markovi¢, T., Markovi¢, D., Giweli, A., &
Sokovié¢, M. (2014, January). Chemical composition, antimicrobial,
antioxidant and antitumor activity of Thymus serpyllum L., Thymus
algeriensis Boiss. and Reut and Thymus vulgaris L. essential
oils. Industrial Crops and Products, 52, 183-190.
https://doi.org/10.1016/j.indcrop.2013.10.006

43, Blanc, A. R., Sortino, M. A., Butassi, E., & Svetaz, L. A.
(2023, November). Synergistic effects of Thymus vulgaris essential
oil in combination with antifungal agents and inhibition of virulence
factors of Candida albicans. Phytomedicine Plus, 3(4), 100481.
https://doi.org/10.1016/j.phyplu.2023.100481

44, Giordani, R., Regli, P., Kaloustian, J., Mikail, C., Abou,
L., & Portugal, H. (2004, December). Antifungal effect of various
essential oils against Candidaalbicans. Potentiation of antifungal
action of amphotericin B by essential oil from Thymus
vulgaris. Phytotherapy Research, 18(12), 990-995.
https://doi.org/10.1002/ptr.1594

45, Sarosi, S., Sipos, L., Kokai, Z., Pluhéar, Z., Szilvassy, B.,
& Novak, 1. (2013, April). Effect of different drying techniques on
the aroma profile of Thymus vulgaris analyzed by GC-MS and
sensory profile methods. Industrial Crops and Products, 46, 210—
216. https://doi.org/10.1016/j.indcrop.2013.01.028

46. Rocha R. P. (2011, December 31). Influence of drying
process on the quality of medicinal plants: A review. Journal of
Medicinal Plants Research, 5(33).
https://doi.org/10.5897/jmprx11.001



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Nano-structured Electrode Materials with Reduced Amount of Platinum Aimed for Hydro-
gen Evolution. Part I: Effect of cobalt

Perica Paunovi¢, Ana Tomova
Faculty of Technology and Metallurgy, University Ss Cyril and Methodius in Skopje, North Macedonia
pericap@tmf.ukim.edu.mk

Abstract: The subject of this study is electrochemical and structural characterization of nano-dimenzioned composite electrode materials for
hydrogen evolution consisted of Co, Pt or CoPt metallic phase and TiO,, both grafted on multiwalled carbon nanotubes (MWCNTSs) as a
support material. The main idea was to replace platinum entirely or to some extent as an electrode material. The electrode materials with
different The common composition of the studied electrode materials was 10%Me + 18%TiO, + MWCNTSs, where Me = Pt, CoPt (1:1, wt.),
CoPt (4:1, wt.) and Pt. The structural and surface changes, as well as their influence on electrocatalytic activity were analyzed by means of
XRD, TEM, SEM and FTIR. It was found that Co considerably reduces Pt particle size, from 11 nm (in pure Pt metallic system) to 3-4 nm
(in mixed CoPt systems). This is a reason for better activity of the electrode material with CoPt (1:1) metallic phase than that with pure Pt,

while the CoPt (4:1) with very low quantity of Pt approaches the acitivity of the electrode material with pure Pt.
Keywords: HYDROGEN EVOLUTION, ELECTRODE MATERIALS, COBALT, PLATINUM, ANATASE

1. Introduction

One of the most important issue of the hydrogen economy as
the most promising alternative energy system, is the choice of ac-
tive and effective electrode materials as a site for taking place of the
electrode reactions in the hydrogen electrolysers and fuel cells [1].
Platinum has the largest commercial application as the most active
catalytic material. But, the use of Pt will be limited, due to its high
cost and low abundance [2]. The situation of limited Pt resources
and a high energy needs, the price of Pt will be incredibly increased.
Therefore, the crucial challenge of the hydrogen economy is to
reduce the amount of Pt in the electrode materials or totally replace
by some non-noble materials with activity close or even better than
Pt. According to the physical approach, increasing of real surface
area of the electrode material, i.e. smaller particle size lead to in-
creasing of the catalytic activity [3]. This is the concept for involv-
ing of nanomaterials in electrode materials. The chemical approach
suggests increase of the intrinsic catalytic activity through mixing
the catalytic metal with other metals or its compounds [4]. Strong
synergetic effect can be achieved by mixing of metals/compounds
with opposite electronic character. According to Jaksi¢’s hypo-
hyper d-concept [5,6] based on the the Brewer resonance bond-
valence theory for intermetallic compounds [7], the mixing of hyper
d- electronic transition metals (with more electrons in the outer d-
shell and good individual catalysts) with hypo d- electronic transi-
tion metals (with less electrons in the outer d-shell and poor indi-
vidual catalysts) shows a pronounced synergetic effect for hydrogen
evolution (HE). TiO, as an anatase has shown the highest interac-
tion with metals considered as good catalysts [8, 9]. Hypo and
hyper d-components may be not only in the elemental state, but also
in higher oxidation states. Depending on the valence state of the
hypo and hyper d-components, these electrode materials can be
distinguished into 5 types [10]: i) intermetallic compounds (MoPts,
MoNis, MoFes, Tiy4Niy, etc.) [11], ii) mixed sulphides/phosphides
(Ni-W-S, Ni-W-P, Fe-Ni-P etc.) [12,13], iii) Reny-Ni based
electrocatalysts (Ni-W-S, Ni-W-P, Fe-Ni-P etc.) [14,15], iv) mixed
oxydes (TiO,-RuO,, TiO,-IrO,, Ru,Ti;O, etc.) [16] and v) hypo
metal + hypo oxyde Pt-TiO,, Co-TiO,, Ni-TiO, etc.) [1].

The aim of this research is electrochemical and structural study
of the electrode materials with reduced quantity or without Pt,
aimed for (HE). Mixed Co-Pt and pure Co and Pt nanoparticles
deposited on nano-scaled catalyst support consisted of multiwalled
carbon nanotubes (MWCNTS) and TiO, (anatase), were prepared
for studying.

2. Materials and Methods

The studied electrode materials were consisted of 10 wt.% me-
tallic phase (Co, CoPt or Pt, see Table 1), 18 wt. % TiO, as anatase
and MWCNTSs. Precursors for metallic and oxide phase were org-
nometallics (Me-2,4-acac, Me = Co or Pt, Alfa Aesar, Johnson
Matthey, GmbH and Ti-isopropoxide, Aldrich, 97%). As a carbon

substrate, MWCNTs (Guangzhou Yorkpoint Energy Company,
China) were used. The studied electrode materials were prepared by
sol-gel procedure, elsewhere [17].

Table 1: Composition of the studied electrode materials.

Sample | Metallic phase Oxide phase Support material
N° (10%wt.) (18%wt.) (72%wt.)
1 Pt TiO, MWCNTSs
2 CoPt (1:1,wt.) TiO, MWCNTSs
3 CoPt (4:1,wt.) TiO, MWCNTSs
4 Co TiO, MWCNTSs

Porous gas-diffusion electrodes (GDE) of the studied samples
were prepared and tested for hydrogen evolution in both, alkaline
and acid electrolytes (aqueous solutions of 3.5 M NaOH and 0.5 M
H,SO,, p.a., Merck). The procedure for GDE preparation is de-
scribed elsewhere [18]. Electrochemical measurements using
steady-state galvanostatic method, were performed using AMEL
equipment (Function Generator AMEL 568, Potentiostate/Galvano-
state AMEL 2053 and software package SOFTASSIST 2.0). Pt wire
was used as a counter electrode and Hg/HgO as s reference elec-
trode. The electrochemical line for testing the studied electrodes is
shown in Fig.1.

Potentiostat/Galvanostat

AMEL 2053
1 RE

& (Hg/HgO)

m

= sl

el ;¢ ffiff@r—a 8 =
g
Function Generator

AMEL 586 CE WE
(Pt plate)(GDE of stud. materials)

Fig. 1 Electrochemical instrumentation line for testing the studied electrodes

The structural characterisation was performed by means of
FTIR, XRD, TEM and SEM analysis. FTIR spectra were recorded
using KBr pellets at room temperature with Perkin-Elmer System
2000 interferometer. XRD measurements were carried out by X-
Ray diffractometer Philips APD 15, with CuK, radiation. The
crystallite size was calculated using the Scherrer equation [19].
Transmission electron Microscope JEOL JEM - 200 CX was used
in scanning and transmission regime. SEM observation was carried
out on Scanning Electron Microscope JEOL, model JEM 200 CX.

3. Results and Discussions

In Figures 2 and 3 are shown polarization curves of the studied
electrode materials for hydrogen evolution reaction in alkaline and
acid electrolyte, respectively. In Figures 4 and 5 are shown derived
Tafel plots from polarization curves shown in Figures 2 and 3 for
platinum based electrode, Pt/TiO,/MWCNTSs. The values of Tafel
plots and overpotentials at reference current density of 60 mA-cm™
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for all studied electrode materials, are summarized in Tables 2 and
3. These curves and parameters express the eletrocatalytic activity
for HE of the studied electrode materials. The lower the overpoten-
tial, the higher the electrocatalytic activity for HE.

The first conclusion that can be drawn from the polarization
curves (Fig. 2 and 3) is that the catalytic activity of all electrode
materials is considerably higher in alkaline electrolyte than that in
acid one. The reason for this is the weak chemical stability of cobalt
and its tendency to dissolve in an acid environment. So, the differ-
ence in the activity of catalyst with pure Co (more than twice) and
Co with 20% in metallic phase (even triple), is the most remarkable.
In the case of catalyst with equal content of Co and Pt, this differ-
ence is lower (1.5 times), while in case of pure platinum system is
the lowest (1.3 times).

A second observation is the order of electrocatalytic activity of
the different metal systems. In the equal quantity of the whole me-
tallic phase, it is expected the most active to be pure Pt electrode.
But, according to the presented results, in both electrolyte, better
activity has shown the electrode with mixed metallic phase in the
equal amount ratio (Co:Pt = 1:1). Also, the activity of the other
mixed electrode material with considerable reduced amount of pla-
tinum (Co:Pt = 1:1) is not so lower than that of pure Pt electrode.
The order of the electrocatalytic activity expressed through the
overpotential at reference current density of 60 mA-cm?, in alka-
line electrolyte is the follow: CoPt(1:1)[-130mV] > Pt[-145 mV/] >
CoPt(1:1)[-160mV]. The pure Co electrode has shown far lower
electrocataltyc activity, i.e. much higher overpotential of 235 mV
at 60 mA-cm 2
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Fig. 2 Polarization curves in the plot logi-7 for the studied electrode
materials in 3.5 M KOH.
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Fig. 3 Polarization curves in the plot logi—# for the studied electrode
materials in 0.5 M H,SOs,.
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In acid electrolyte the order of activity is the same, but the ratio
between the activities is different. The electrodes with pure Pt and
mixed metallic phase CoPt(1:1) show very close overpotentials at
reference current density (-195 and —190 mV, respectively), while
the activity of electrode with mixed metallic phase CoPt(4:1) is so
far from those of the previous two (—475 mV). The reason of its
poor activity is very low stability of cobalt in acid solutions. As in
previous case, the electrode with pure Co phase was shown as the
poorest catalyst for HE with overpotential of -535 mV at reference
current density of 60 mA-cm,

° 9
\
b =27 mV-dec™

-

04

-50 4

-100 4

nimV

-150 ~
-200 b =336 mV-dec™’
-250 -

-300 4 9

0.0 0.5 1.0 1.5 2.0

log(i / mA-cm™2)

Fig. 4 Tafel slopes in the plot logi—# for the Pt/TiO//MWCNTs electrode
material in 3.5 M KOH.
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Fig. 5 Tafel slopes in the plot logi—# for the Pt/TiOo/MWCNTs electrode
material in 0.5 M H,SO..

Table 2: Tafel slopes and overpotential at the reference current density of
60 mA-cm™? for HE of the studied electrode materials in 3.5 M KOH.

Sample | Met. phase by b, b 760

N° (10%wt.)

1 Pt 27 336 57 —145
CoPt

2 (1:1wt) 17 357 49 -130
CoPt

3 (4:1ut) 26 374 62 -160

4 Co 47 391 87 —235

Table 3: Tafel slopes [mV-dec™] and overpotential [mV] at the reference
current density of 60 mA-cm™ for HE of the studied electrode materials in
0.5 M H,SO,.

Sample | Met. phase by b, b 760

N© (10%wt.)

1 Pt 41 608 101 —195
CoPt

2 (1 1wt) 26 474 92 -190
CoPt

3 (@:1wt) 73 743 197 —475

4 Co 114 920 236 —535
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The third inference is that the studied electrode materials show
two different Tafel slopes, one in lower current range and the
second in the higher current range (Fig. 4 and 5). The Tafel slopes
are also an indicator for catalytic activity. The slighter the Tafel
slope, the higher the electrocatalytic activity or the steeper the Ta-
fel slope, the lower the electrocatalytic activity. According to the
values of Tafel slopes shown in Tables 2 and 3 (in the low current
region, by, in high current region, b, or value for whole scanned
current region) for both electrolytes (alkaline and acid) one can see
the same order of the catalaytic activities of the studied electrode
materials.

These results obtained in aqueous electrochemical cell are in
agreement with the results obtained in Proton Exchange Membrane
(PEM) electrochemical cell, so called “Easy Test Cell”, for the
same electrode systems [17]. Equivalent metallic systems depo-
sited on non-stoichiometric titanium oxides “Magneli phase” were
tested for oxygen reduction reaction (ORR) in a real (two-
electrode) PEM alkaline hydrogen fuel cell (AHFC) and similar
order of the electrocatalytic activity was registered [20].
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Fig. 6 FTIR spectra of the studied electrocatalysts.
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Fig. 7 FTIR spectrum of pure anatase TiO,.

Electrocatalytic activity of electrode materials is a sum of intrin-
sic and surface activity. The intrinsic activity means the ability of
the electrode material to exchange electrons with the reactive ions,
to adsorb discharged atoms at the electrode surface and to desorb
hydrogen gas from the surface. Surface activity is mainly con-
nected with the real surface area of the electrode material. The
higher real surface means that the electrode reaction takes place
faster. In order to determine whether the enhancement of the elec-
trocatalytic activity is result of the improvement of intrinsic or sur-
face activity, as well as to explain the unexpected better activity of
electrode material with mixed metallic phase CoPt(1:1) related to
electrode with pure Pt metallic phase, structural investigations
were done by means of FTIR spectroscopy, X-ray diffraction
(XRD) analysis and transmission electron microscopy (TEM).

Using FTIR analysis, the hypo-hyper d-interaction between the
metallic phases and TiO, can be determined. Within the d-
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metals/compounds d-bonds are predominant, which are responsible
for adsorption/desorption processes [21] — very important part of
the hydrogen evolution reaction. Therefore, the higher the interac-
tion, the higher the electrocatalytic activity of the electrode. FTIR
spectra of the studied catalysts are shown in Fig. 6. The only band
of interest within the FTIR spectra is that of anatase titania. For all
studied electrode materials, the maximum of this band is at 965
cm. In Fig. 7 is shown FTIR spectrum of pure anatase TiO, ob-
tained by identical procedure as the studied electrode materials.
The maximum of the band originated from anatase is at 505 cm™.
It is evident a shift of the TiO, band maximum for even 460 cm™.
This shift is result of shortening of the bands in TiO, as result of
interaction with metallic phase. This points out that in studied elec-
trode materials there is strong hypo-hyper d-interaction and all of
them possess improved intrinsic activity related to the activity of
the electrode material with only metallic phase. But, the level of
interaction in all materials is the same, thus it cannot be an expla-
nation of better activity of the electrode materials with mixed me-
tallic phase related to that with pure Pt.

We could find an explanation of this question with XRD and
TEM analysis.

XRD spectra of the studied electrode material are shown in Fig.
8. In all studied materials TiO, was detected as crystalline anatase
with crystallite size of ~4 nm. It was not observed peaks typical
for cobalt, due to its very small particles. It was shown for other
Co-based electrode materials in our previous studies [22,23]. Only
the sample with pure Co as metallic phase has shown very weak
and less pronounced peak at 44.22°, corresponding to (111) crys-
talline plane of cubic Co. In the spectrum of electrode material
with pure Pt as metallic phase, a sharp and fine pronounced peaks
of crystalline Pt were observed, with crystallite size of ~11 nm.
These peaks in the spectra of electrode materials with mixed CoPt
metallic phases are wider and less pronounced. Their positions are
the same as those in the sample with pure Pt metallic system,
pointing out that in the mixed CoPt electrode materials there is not
CoPt intermetallic phase, but only a mixture of Co and Pt particles

exists.
ColTiO,/MWCNTs

PYTIO,/MWCNTSs

Intensity / a.u.

CoPt(4:1)/TiO,/MWCNTs

CoPt(4:1)/TiO,/MWCNTs

20 30 40 50 60 70 80
20 / degrees

10 90

Fig. 8 XRD spectra of the studied electrode materials.

An assessment of the metallic particle size and observation of
their dispersion over the electrode material surface, was carried
out by means of TEM analysis (Fig. 9). The black spots are the
metallic particles on the electrode material surface. The diameter
of these black spots is 10+12 nm for the sample containing pure
Pt. Very close value was calculated by the Sherrer equation using
XRD data. The metallic particle size of the electrode materials
with mixed metallic phase are considerably smaller (d < 4 nm). It
is evident that results of XRD and TEM analysis are in good
agreement. For all studied samples, the active catalytic phase —
metallic particles are uniformly and good dispersed over the elec-
trode material’s surface.
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Fig. 9 TEM images of the studied electrode materials.

The main inference from XRD and TEM analysis is that the Pt
particles in the presence of Co are much smaller (~3—4 times). This
points out that cobalt behaves as a promoter for decrease of the Pt
particles size. This was noticed also by other authors [24,25]. The
smaller the metallic particles size, the higher the surface area of the
active catalytic phase and the greater the number of active catalytic
centers which are better dispersed over the surface of electrode ma-
terial. Therefore, the electrocatalytic activity toward hydrogen evo-
lution is higher.

In Fig. 10, the SEM images of the CoPt(1:1)/TiO,/MWCNTS is
shown. The intertwined tube-like morphology can be seen as a re-
sult of MWCNTSs. This morphology is more suitable than that of
electrode materials deposited on carbon blacks [26]. The elec-
trode’s components are arranged into smaller clusters, creating
more holes between them. This contributes to better inter-particle
porosity of the catalysts, appropriate for passing trough of the gas
phase. Due to the geometric shape of MWCNTSs, they have inner
holes, causing trans-particle porosity of the electrode material.
Both types of porosity have a favorable effect on the electrocata-
lytic activity. All other studied materials have shown similar mor-

phology.

.
500 nm

Fig. 10 SEM image of the CoPt(1:1)/TiO,/MWCNTs sample.

4, Conclusions

The main goal of this research was to reduce or even replace Pt
in the electrode material for HE. Platinum was replaced with
cobalt, so the series of the studied electrode materials consisted of
samples with pure metallic phase — Pt or Co and mixed metallic
phase — CoPt, 4:1 and 1:1, wt. The electrode materials were
composed of 10% metallic phase, 18% TiO2 and the rest the
catalyst support — MWCNTSs. deposited on catalyst support
consisted of TiO, and activated (MWCNTS) were prepared and
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studied. The main conclusion points derived from the presented
results, are the follow:

o All studied electrode materials have shown improved intrinsic
electrocatalytitc activity detected through the pronounced hypo-
hyper d-interaction between metallic phase and TiO,, proven by
the FTIR analysis.

e According to the XRD and TEM analysis, cobalt has been shown
to be a promoter for decrease of platinum particle size, reducing them
for 3-4 times.

¢ Reduction of the Pt particles size, causes increase of the real sur-
face area of the metallic phase as the main catalytic centers, which
compensates the less amount of Pt in the electrode material. So, the
activity of the electrode material with only 20% Pt in metallic phase is
close to that of pure Pt containing electrode material, while the elec-
trode material with 50% Pt in metallic phase exceeds its activity.
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Nano-structured Electrode Materials with Reduced Amount of Platinum Aimed for Hydro-
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Abstract: Direct Metal Laser Sintering (DMLS) is a revolutionary technology that allows a production of fully functional metal parts directly
from a 3D CAD data, eliminating the investment to production tools and technologies which brings considerable cost and time savings.
Metal parts made by DMLS technology are fully comparable with casted or machined parts. A range of application of DMLS technologies is
very wide — from prototypes, through short-run production to final products. Advantages of DMLS technology are arising along with com-
plexity of parts — more complex geometry of parts (in terms of shape and occurrence of the detail) make DMLS technology even more eco-

nomically effective.
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1. Introduction

Living in the time of exhausted and limited reserves of fossil
fuels [1], the “hydrogen economy” is emerging as a promising
future energy supply system instead of the existing one based on
fossil fuels [2]. The main focus of the hydrogen economy’s activi-
ties is directed to selection and development of the effective elec-
trode materials for electrochemical devices for hydrogen production
and its conversion to electricity. The modern electrodes materials
are consisted of electrocatalytic phase (mainly metals, mixture of
metals or mixture of metals and its compounds) and catalyst support
(nano-dimensional carbon materials) [1]. The most used traditional
electrode material contains platinum nanoparticles deposited on
carbon blacks (Vulcan XC-72). In the first part of this paper series,
the actual problems with platinum were explained, as well as the
pathways for improvement of electrocatalytic activity of non-
platinum metals [3]. Here we will explain the importance of the
support materials and pathways for their improvement in order to
enhance the electrocatalytic activity of the whole electrode material.

Metallic nanoparticles affinity to agglomerate in larger particles
and show very poor dispersion, resulting in deterioration of the
surface characteristics. This is a considerable limitation of their use
as a electrocatalytic electrode material, in fact, they cannot be used
as an electrocatalysts individually. To overcome this drawback, they
must be applied to a support material. Therefore, the principal
function of the support material is to provide a uniform dispersion
of the metallic nanoparticles over the whole surface and to avoid
their agglomeration. So, the support material should have superior
surface characteristics. The other requirements that have to be
assured for better performances of the electrode materials are [1]: i)
high electrical conductivity. Because of the ratio between support
material and metallic catalytic phase of 4-5:1, the support material
should provide continuous exchange of electron with reacting ions;
ii) good chemical and mechanical stability to provide long durabili-
ty of the electrochemical devices and iii) to be “non-inert”, i.e. to
provide interaction with metallic (catalytic) phase, which improve
the electrochemical activity of the electrode material.

The most used support material in hydrogen economy is carbon
black (Vulcan XC-72), as result of its appropriate properties, such
as a high degree of ordering, surface characteristics and high elec-
troconductivity [4]. The discovery of carbon nanostructures has
attracted great attention to their application as a support material in
the hydrogen economy. So, the newer carbonaceous materials such
as carbon nanotubes (CNTSs) and nanofibers were recognized as a
very suitable for this purpose [5-7]. In comparison with Vulcan XC-
72, CNTs show the following advantages: i) higher electroconduc-
tivity in range of 10°-10* S-cm™ vs. 4 S-cm™* [8]; ii) higher specific
surface area in range of 200-900 m%g [8]; iii) Vulcan XC-72
possesses micropores smaller than 2 nm, which is not the case with
CNTs [8]. This is important for the electrocatalytic purpose, be-
cause the fine nanostructured metallic particles can sink into the
micropores, reducing the number of three-phase boundary reaction
sites; iv) higher chemical stability, very important parameter for
anodic reactions, where the electrochemical degradation of carbon
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materials is shown by carbon graphitization [4]. This can be de-
scribed by the fact that electrochemical corrosion takes place at the
edge planes of graphite, whereas the basal planes are relatively
inert. Therefore, a higher corrosion resistance was noticed in mate-
rials such as PYCNTs which are roll-ups of graphene sheets and
possess a long-range order, as compared to Pt supported on carbon
blacks which have a turbostratic structure and are composed of a
mixture of graphite crystallites and amorphous carbon [9].

Because the manufactured MWCNTS always contain impurities
such as amorphous carbon, alkali metal nanoparticles [10,11], a
further treatment of carbon nanotubes is needed. The purification
means remove of the impurities, while activation means making the
surface more reactive as result of increased presence of functional
groups. One of the most used purification/activation methods is
treatment by nitric acid [6,12]. During purification process, shorten-
ing and opening of the MWCNTSs occurs, implying more active
surface.

The main goal of this research is to enhance the electrocatalytic
activity of the Co-Pt based electrode materials through the purifica-
tion/activation of the manufactured MWCNTS in concentrated nitric
acid.

2. Materials and Methods

The first experimental step was a purification/activation of the
manufactured MWCNTSs (Guangzhou Yorkpoint Energy Company,
China) in 28%wt. solution of HNOs. Ultrapurified and deionized
water was used for the preparation of the solution. The dispersed
MWCNTSs into the solution were stirred by magnetic stirrer (1000
rpm) for 4 h. The suspension full of MWCNTs was filtered by
vacuum through a micro-filter. Final drying was performed at 95 °C
for 12 h. The structural changes of treated MWCNTS related to the
manufactured (non-treated), were studied using thermal analysis
(TG/DTG), Raman spectroscopy and TEM microscopy. For thermal
analysis a Perkin Elmer Pyris Diamond Thermogravime-
tric/Differential Thermal Analyzer was used. MWCNTs samples
were heated in the temperature range of 25+1000 °C with a heating
rate of 20 °C-min?, in atmosphere of N,. Scanning of the Raman
spectra was performed using Micro-Raman multichannel spectro-
meter — Horiba JobinYvon LabRam Infinity (f x 10) using 532 nm
YAG laser. Transmission electron Microscope JEOL JEM - 200 CX
was used for TEM observation.

Surface changes were observed by cyclic voltammetry measur-
ing the values of the double layer capacity [13,14]. The ratio of real
versus geometric surface area Sg/Sg, of the electrodes was deter-
mined as a quotient of the catalyst’s double layer capacity Cgy ver-
sus the double layer capacity Cgy, of a pure oxide surface.

The preparation and composition of the studied electrode mate-
rials was identical as in the first part of this paper series [3]. The
structural changes of the samples, was studied by infrared FTIR
spectroscopy. The FTIR spectra were recorded using KBr pellets at
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room temperature with a Perkin-Elmer System 2000 interferometer.
Electrochemical characterization was performed using the same
instrumentation line and methods as in the first part of this paper
series [3].

3. Results and discussions

The electrocatalytic activity of the studied electrode materials
expressed through polarization curves in the plot of current density-
overpotential (i+7), are shown in Fig. 1. Corresponding values of
Tafel slopes in the lower and higher current regions, as well as the
overpotential at reference current density of 60 mA-cm™ are listed
in Table 1. The order of activity is the same as in the first part of
this paper series: CoPt(1:1) > Pt > CoPt(4:1):Co, and the reason of
this order was explained. But, if compare the electrocatalytic activi-
ty of each metallic phase with that of each metallic phase deposited
on non-treated (manufactured) MWCNTSs (presented in previous
part), significant improvement can be observed. This comparison is
shown in Figures 2 to 5.
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Fig. 1 Polarization curves in the plot logi-7 for the studied electrode
materials deposited on treated MWCNTS, in 3.5 M KOH

Table 1: Tafel slopes and overpotential at the reference current density
of 60 mA-cm® for HE of the studied electrode materials in 3.5 M
KOH.

Sample | Met. phase by b, 6o

N° (10%wt.)

1 Pt 23 373 -125
CoPt

2 (L:1wt) 17 302 -115
CoPt

3 (@:1ut) 20 365 -135

4 Co 43 383 —215
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Fig. 2 Polarization curves in the plot logi—# for Co/TiO, system deposited
on manufactured and treated MWCNTS, in 3.5 M KOH
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Fig. 5 Polarization curves in the plot logi-# for CoPt(1:1)/TiO, system
deposited on manufactured and treated MWCNTs, in 3.5 M KOH

Confirmation of this improvement of electrocatalytic activities
of the studied electrode materials are the values of Tafel slopes
shown in Table 1 and in Table 2 in the first part of this paper series

(31

To check for some changes in the hypo-hyper d-interaction be-
tween the metallic phase and TiO,, as result of the MWCNTS treat-
ment, FTIR spectra (Fig. 6) were recorded. All electrode systems
show similar spectra and can be concluded that there is not addi-
tional hypo-hyper d-interaction as result of MWCNTS treatment.
Therefore, the reason for improvement of the electrocatalytic activ-
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ity should be sought in the structural or surface changes of
MWCNTSs as result of their treatment in nitric acid.
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Fig. 6 FTIR spectra for electrode materials with pure metallic phase

Thermal analysis (TG/DTG) of the studied electrode materials
has shown that the acid treatment caused higher thermal stability of
the MWCNTS. In the DTG spectra shown in Fig. 7, one can see that
all characteristic temperatures for the treated MWCNTSs are shifted
to the higher values. The DTG peak at 573 °C for non-treated
MWCNTSs is ascribed to the combustion temperature of amorphous
carbon, while the peak at 757 °C corresponds to the combustion
temperature of the MWCNTSs. The corresponding combustion tem-
peratures of amorphous carbon and MWCNTSs for acid treated
MWCNTSs are 641 °C and 893 °C. According to the TG values of
temperature shown in Table 2, weight loss of the non-treated
MWCNTSs starts at 523 °C, with complete oxidation at 617 8C. The
corresponding temperatures for acid treated MWCNTS are higher —
585 °C and 847 °C respectively.
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400 600 800

Temperature, °C

T
200
Fig. 7 DTG spectra of non-treated and treated MWCNTs

Table 2: Characteristic TG oxidation temperatures for the non-treated
and treated MWCNTs.

Sample TGy TG, TGs
Non-treated MWCNTSs 173 523 617
Acid treated MWCNTS 180 585 847

The Raman spectra of the non-treated and purified/activated
MWCNTSs shown in Fig. 8 are consisted of two well pronounced
peaks D and G. D peak at near 1350 cm™* expressing the presence
of disordered carbon structure: defects such as pentagons or hepta-
gons in graphite, vacancies from single to multiple, edges of the
graphite crystal, amorphous carbon etc. [15]. G peak at 1585 cm™ is
attributed to the highly oriented graphite [16]. A low pronounced
and shouldered peak noted as D’ can be observed at position of
1620 cm . The presence of the D’ peak points out that these carbon
nanotubes are multiwalled [17]. The intensity ratio of the character-
istic peaks (Ip/lg) points out on the extent of disorder, i.e. the pro-
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nounced presence of defects and impurities in the nanotubes. After
the acid treatment of the MWCNTSs the value of the Ip/lg ratio from
1,32 decreases to 1,23. This indicates on the increase of crystallinity
of the MWCNTS, i.e. removing of amorphous carbon and reducing
the defects within its structure.
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Fig. 8 Raman spectra of non-treated and treated MWCNTs
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Fig. 9 TEM images of non-treated and treated MWCNTs

From the TEM images shown in Fig. 9, the shortening and
opening of the MWCNTSs can be clearly seen. This means increase
of defects within the MWCNTS structure and increase of the Ip/lg
ratio is expected. But, the Raman results did not show that. The
decrease of the Ip/lg ratio can be explained by the high extent of the
removal of amorphous carbon. The shortening and opening of the
MWCNTSs is an appropriate for electrocatalytic purpose, as result of
increased MWCNTS reactivity, facilitating the process of applying
the metallic phase over the MWCNTSs surface. Also, a higher real
surface area of MWCNTSs could be expected.

This expectation was confirmed by the values of the double
layer capacity for pure carbon phases and the ratio of real vs. geo-
metric surface area (Sg/Sg). The measurements were performed in
the region of potentials where only charging of double layer occurs
with scanning rate from 1 to 10 mV-s™. The procedure for determi-
nation of Cgy for carbon blacks and carbon nanotubes, as well as
electrocatalysts deposited on these carbon substrates, is presented
elsewhere [18]. The results are shown in Table 3. The acid treated
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carbon nanotubes have higher value for the double layer capacity
than that of non-treated MWCNTS, i.e. they have more developed
surface area expressed with higher ratio of real vs, geometric sur-
face area (Sg/Sg). As was mentioned above, this is result of open-
ing, shortening, and thinning of the nanotubes by HNO; treatment.
Also, according to the Cg and Sg/Sg values, MWCNTSs show almost
two times higher surface area than the traditionally used carbon
substrate, Vulcan XC-72.

Table 3: Double layer capacity Cg and ratio of real vs. geometrical
surface area Sg/Sg for the studied carbon nanostructures.

Sample Cdl, Sr/Sc
mF-cm™

Non-treated MWCNTs 331 5520

Acid treated MWCNTSs 355 5920

Vulcan XC-72 179 2980

4, Conclusions

According to the presented results, the following conclusions
can be drawn:

e During the activation/purification of MWCNTSs, two main
processes occur: i) removing of other carbonaceous phases such as
amorphous carbon and ii) shortening, thinning and opening of the
MWCNTSs.

e These phenomena favour the increase of the real surface area
of the support material (MWCNTS) and consequently of the elec-
trode material as a whole.

o All electrode materials deposited on the acid treated
MWCNTs have shown improved electrocatalytitc activity
related to the corresponding systems deposited on non-treated
MWCNTSs.

o Compared with traditional electrode material (the same quan-
tity of platinum, 10%wt. deposited on Vulcan XC-72), the best
catalytic system 10%CoPt(1:1)/TiO2/MWCNTSs(p/a) has shown
much higher electrocatalytic activity (115 mV vs. —-220 mV [19])
at reference current density of 60 mA-cm™). Even the electrode
material with pure Co phase (10%Co/TiO,/MWCNTSs(p/a)) ex-
ceeded the electrocatalytic acivity of the traditional platinum elec-
trocatalysts (—215 mV vs. —220 mV).
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Abstract: This paper elucidates the salient features of CO2, Nd: YAG, and fiber lasers in the context of their application in metal
processing. Operating at 10.6 micrometers, CO2 lasers exhibit variable power outputs, crucial for tasks such as cutting and welding. Nd:
YAG lasers, working at 1.064 micrometers, demonstrate versatility in pulse modes, with their efficiency intricately linked to quantum defect
and thermal effects. Fiber lasers, with an operational wavelength of 1.07 micrometers, showcase heightened efficiency (30-40%) owing to
superior pump light absorption. While mathematical models provide foundational insights, the practical efficacy of these lasers’ hinges on
nuanced factors, necessitating advanced empirical investigations for optimized application.

1. CO2 Lasers factor is a critical parameter that determines the focusability of the
CO2 lasers are gas lasers that operate at a wavelength of 10.6 laser beam and thus the achievable power density Fig. 2.
micrometers. The laser beam is generated in a gas mixture
consisting of carbon dioxide, nitrogen, helium, and hydrogen. The
energy from the electrical discharge excites the nitrogen molecules,
which then transfer their energy to the CO2 molecules. The excited
CO2 molecules emit photons, which are amplified to produce the
laser beam [1].

The power output of CO2 lasers can range from a few watts to over
20 kilowatts. The power density | (W/cm”2) of the laser beam can
be calculated using the equation I = P/(nr*2), where P is the power
output and r is the beam radius [2]. The power density is a critical
parameter that determines the laser's ability to cut or weld metals
Fig. 1.

Fig. 2 Focusability and density of the power beam

€O, laser — = — 9 minor The beam divergence 0 can be calculated using the equation 6 =
- Laser beam m——3 M(mnw), where w is the beam waist radius. The beam waist radius is
— — the radius at which the beam intensity is reduced to 1/e”2 of its peak
/ L" Y value. The beam divergence is a critical parameter that determines
Output window 21028 the spread of the laser beam over distance [3].
Beam l—_
dameter (©) B:‘ﬁ — The beam diameter D can be calculated using the equation D = 2w,
®) where w is the beam waist radius. The beam diameter is a critical
parameter that determines the size of the laser spot on the
YIY Focusing workpiece.
yiviy / lens
— R 2. Nd:YAG Lasers
sasinet ————> ||| Y[ Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG) lasers are
A v solid-state lasers that operate at a wavelength of 1.064 micrometers
«— Nome [4]. The Nd:YAG crystal is pumped by flash lamps or diode lasers,
S v exciting the neodymium ions. The excited ions emit photons, which
— are amplified in the Nd:YAG crystal to produce the laser beam [5].

Workpiece =——> i_._’

Workpiece support —> “mmnnmmmmnnﬂﬂmnﬂm“ Nd:YAG lasers can operate in both pulsed and continuous modes

Fig. 3. The pulse energy E (J) can be calculated using the equation
Fig. 1 Diagram of CO2 laser cutting assisted by gas E = Pt, where P is the peak power and 7 is the pulse duration. The
pulse energy is a critical parameter that determines the laser's ability
to drill or engrave metals.

The efficiency n of CO2 lasers is typically around 10-20%. The
efficiency can be calculated using the equation m=P_out/P_in, The pulse duration t can be calculated using the equation t = E/P,
where P_out is the output power and P_in is the input power. The ~ Where E is the pulse energy and P is the peak power. The pulse
relatively low efficiency is due to various loss mechanisms, such as duration is a critical parameter that determines the temporal shape
spontaneous emission, mirror losses, and electrical-to-optical of the laser pulse.
conversion losses.

The pulse repetition rate f (Hz) can be calculated using the equation
The beam quality factor M2, which describes the beam divergence ~ f = 1/T, where T is the pulse period. The pulse repetition rate is a
relative to an ideal Gaussian beam, can be calculated using the ~ Critical parameter that determines the number of laser pulses
equation M*2 = BD/A, where  is the full-angle beam divergence, D delivered per unit time [6].
is the beam diameter, and A is the wavelength. The beam quality
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The efficiency n of Nd:YAG lasers is typically around 1-3% Fig. 4.
The relatively low efficiency is due to various loss mechanisms,
such as quantum defect, pump light absorption, and thermal effects.

Fig. 4 The efficiency 1 of Nd:YAG lasers is typically around 1-3%

The quantum defect A can be calculated using the equation A = (A_p
- A_1)/A 1, where A p is the pump wavelength and A 1 is the laser
wavelength. The quantum defect is a measure of the energy
difference between the pump photons and the laser photons, which
is converted into heat.

The thermal load Q (W) can be calculated using the equation Q =
P_in(1 - 1), where P_in is the input power and n is the efficiency.
The thermal load is a measure of the heat generated in the laser
medium, which can cause thermal lensing and degrade the beam
quality Fig. 5.
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The beam quality factor M"2 can be calculated using the same
equation as above. The beam quality factor of Nd:YAG lasers is
typically close to 1, indicating near-ideal beam quality.
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3. Fiber Lasers

Fiber lasers use an optical fiber doped with rare-earth elements such
as erbium or ytterbium as the active medium. They operate at a
wavelength of around 1.07 micrometers. The fiber's unique
structure provides excellent thermal management and allows high
power levels Fig. 6.
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Fig. 6 Fiber component

The power output of fiber lasers can range from a few watts to over
100 kilowatts. The power density and pulse energy can be
calculated using the same equations as above [7].

The efficiency m of fiber lasers is typically around 30-40%, which is
significantly higher than CO2 and Nd:YAG lasers. The high
efficiency is due to the high pump light absorption and low
quantum defect of the fiber medium.

The pump light absorption Fig. 7, o (m”-1) can be calculated using
the equation o = In(1 - T)/L, where T is the transmission and L is
the fiber length [9]. The pump light absorption is a measure of the
ability of the fiber to absorb the pump light, which is converted into
laser light.

The quantum defect A can be calculated using the same equation as
above. The quantum defect of fiber lasers is typically lower than
that of Nd:YAG lasers, resulting in lower thermal load and higher
efficiency.
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Fig. 7 Pump light absorption

The thermal load Q can be calculated using the same equation as
above. The thermal load of fiber lasers is typically lower than that
of Nd:YAG lasers, resulting in better thermal management and
higher beam quality.

The beam quality factor M”2 can be calculated using the same
equation as above. The beam quality factor of fiber lasers is
typically close to 1, indicating near-ideal beam quality [8].

4. Conclusion
In summary, the realm of laser technology in the context of metal
processing is predominantly anchored in the utilization of three
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fundamental laser types: Carbon Dioxide (CO2), Neodymium-
doped Yttrium Aluminum Garnet (Nd:YAG), and fiber lasers.
These lasers, each distinguished by their unique properties, find
application in various metal processing scenarios, their suitability
contingent upon key operational parameters, such as wavelength,
power output, mode of operation, efficiency, and beam quality [10].
The amalgamation of these factors significantly dictates the
operational characteristics and potential applications of each laser

type.

Carbon Dioxide (CO2) lasers operate primarily in the infrared
spectrum, with a typical wavelength of around 10.6 micrometers.
Their high-power output and excellent beam quality make them
well-suited for cutting and engraving applications in materials like
metals. Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG)
lasers, on the other hand, emit in the near-infrared region and
possess versatile attributes, rendering them suitable for cutting,
welding, and marking tasks in metals. Fiber lasers, a more recent
entrant to the scene, are characterized by their high efficiency,
compactness, and maintenance-free operation. They have found
increasing popularity in metal processing applications, particularly
in the field of high-speed and high precision cutting and welding
[11].

The mathematical models and equations elaborated upon herein
provide a foundational understanding of the operating principles
governing these laser systems. These models consider aspects such
as gain medium properties, resonator design, and optical cavity
configurations. While such models are essential for predicting the
behavior of laser systems, they should be considered idealized
representations, as the actual performance of lasers in metal
processing is contingent on a multitude of factors. These factors
encompass, but are not limited to, the intricate interplay of beam
quality, mode structure, and system design.

For instance, beam quality is a crucial parameter that influences the
ability of a laser to focus its energy on a specific spot, impacting the
precision of cutting and welding. Mode structure refers to the
spatial and temporal distribution of laser energy within the beam,
which can affect the resulting heat-affected zone and overall
processing quality. System design, which encompasses aspects like
optical components and cooling systems, plays a pivotal role in
determining the overall efficiency and reliability of the laser system
[12].

To advance our understanding and optimize the performance of
laser systems in metal processing, a two-pronged approach is
crucial. First, advanced mathematical modeling is imperative for a
more nuanced and accurate representation of laser behavior under
real-world conditions. These models must consider not only the
intrinsic characteristics of the lasers but also the external factors that
affect their performance. Secondly, experimental studies, involving
controlled tests and data collection, are indispensable for validating
and refining the models, ultimately leading to improved laser
system design and operation.

In conclusion, the successful utilization of lasers Fig. 8, in metal
processing hinges on a profound understanding of the intricate
interplay between laser properties and the myriad external factors
influencing their performance. Advancements in laser technology
and its applications in this field necessitate a holistic approach that
combines theoretical models with empirical experimentation,
thereby ensuring the continued evolution and refinement of laser
systems for metal processing applications.
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Beam quality Excellent Fair Good
Footprint Excellent Poor Poor
Electrical efficiency Good Fair Poor
Reliability Excellent Poor Poor
Maintenance Excellent Poor Poor
Remote processing Excellent Fair Fair
Initial investment Good Good Excellent

Fig. 8 Successful utilization of lasers per type
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Abstract: Paper deals with determining the permissible number of switches on per hour depending on the load and operating mode
parameters - starting and stopping times, pause duration, etc. The criterion is that the overheating of the stator winding does not exceed the
overheating at nominal mode and load. The basis of the chosen method is the assumption that the electric motor is assumed to be a
conditionally uniform body, i.e. a body made of the same material with an infinitely large thermal conductivity and therefore having the
same temperature throughout its volume under all possible modes and loads. The results of the calculations with a computer program

implemented are presented in tabular form.
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1. Introduction

An electric motor (EM) is a machine that converts electrical
energy into mechanical energy needed to drive various
mechanisms. The EM is the main component of the electric drive
(ED). In some modes of operation of the ED, the EM performs a
reverse conversion of energy, i.e. operates in electric generator
(recovery) mode. Due to their widespread use, EMs account for
over 45% of the world's electricity consumption. A wide variety
of EMs are available in either International Electrotechnical
Commission (IEC) or National Electrical Manufacturers
Association (NEMA) design.

It has been estimated that induction motors are used in seventy
to eighty per cent of all industrial drive applications [1]. In turn,
induction motors (IMs) owe their wide distribution for solving
various engineering tasks to their relatively simple construction,
the small number of moving parts and the high wear resistance of
the motor elements. It is primarily due to the absence of a collector
and the associated friction, sparking, wear of the brushes and
contact elements. An important advantage of these machines is
their direct power supply from an alternating current (AC) mains.
Another advantage of IMs that is decisive for the possibility of
being used in high-cycle applications is their compact design. At
the same power output, these EMs are characterized by smaller
dimensions and the least specific weight per unit of power
compared to other types of motors. They are reliable and easy to
service, but above all they have a very high efficiency. Their
starting-regulating characteristics are not very good, since the
starting torque is small and the starting current is high, but these
negative features are tolerable. Along with this, however, it should
be pointed out that IMs, unlike other electrical machines, are too
sensitive to the change of some of the main indicators of the
quality of electrical energy and especially to the fluctuation,
asymmetry, non-sinusoidality and frequency of the voltage of the
supply mains. Their undoubted advantages and disadvantages need
to be critically compared for any application [1].

For infrequent starts, absence of need for speed regulation and
need to improve power factor, the use of synchronous motors is
preferable.

The start-up of EMs is a very important process in operation.
Therefore, along with the operating characteristics, which
determine the behavior of the machine in a steady-state mode in
the limits from idling to nominal load, the values that characterize
the starting processes in the EM are also of great importance.
These primarily include starting current and starting torque. The
starting torque determines that load on the motor shaft at which the
machine can rotate normally. The starting current is an important
metric for two reasons:

e When switching on the IM to a mains with a voltage and
power comparable to its own, the starting current can cause a
significant voltage drop. This worsens or even completely
disrupts the normal operation of the consumers switching on in
this mains;
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e Since the starting current is significantly greater than the rated
one, the temperature of the windings rises. In frequent starts,
and also when spinning mechanisms with large inertial masses,
the issues of heating the machine on start-up can be of
significant importance. From this point of view, it is of interest
to determine the start-up time of the IM and the energy losses
during rotation, which are released in the machine in the form
of heat. The heating of the EM depends on the losses separated
in it, and the losses themselves - on the load of the EM. In
order to know the losses, the load must be known at every
moment of the EM's operation (starting, steady-state mode,
stopping). For this purpose, the so-called load diagrams
representing moment, power and current dependences as a
function of time must be drawn.

Driving machines and mechanisms EMs must ensure high
performance, safe and economical operation. The fulfillment of
this condition is possible only with a correct selection of EM
power based on two main factors: by overload and by heating.
Motor power versus overload is selected by using the torque or
current overload factor to determine the required rated torque and
current. Usually, one factor is used to select the power, and the
other is used to check the selected EM. Broadly speaking the
procedure is to select the EM on the basis of the assumption that
the losses (and therefore the temperature rise) vary with the square
of the load [2].

The choice of motor power in terms of heating largely depends
on the insulation materials used in the EM construction. Due to the
low thermal strength of the materials used to insulate the windings,
the rated power of the EMs is limited by their heating. According
to IEC, each insulation has a corresponding temperature class with
admissible temperature: class Y — 90°C; class A — 105°C; class E —
120°C; class B — 130°C; class F — 155°C; class H — 180°C; class N
— 200°C; class R — 220°C. NEMA identifies four insulation
classes: A, B, F and H with the corresponding allowable
temperatures.

The warm-up check of an EM consists of a comparison of the
maximum temperature of the insulation of the windings with the
permissible temperature for the corresponding class of insulation,
and the maximum temperature must always be equal to or less than
the permissible. Even a small excess of the operating temperature
of the insulation above the permissible limit greatly reduces the
normal life of the EM. For example, exceeding the temperature of
the insulation by 10°C compared to the permissible one, reduces
the service life by 2 times! In case of various short-term deviations
from the nominal mode of operation of EMs, deviations from
permissible temperature extremes are not taken into account.
Nevertheless, for EMs in a heated state, certain overloads,
expressed by the increase in current, are allowed. These overloads
are:

e atacurrent 1.25 times the rated one, work is allowed for
no more than 30 min.

e atacurrent 1.50 times the rated one, work is allowed for
no more than 2 min.
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For technical and economic reasons, it is required that during
normal operation of the EMs, the durability of the insulation
should not be less than 15-20 years. By the way, in Bulgaria and
other countries there are in operation EMs produced 50-60 years
ago.

If the power of an EM is selected by heating, then it has to be
checked for overloading.

In addition to overheating and overloading, EMs are also
selected by nominal data and type.

2. Modes of operation of electric motors regarding
their heating

A large part of AC motors can be used without problems in
technical applications, for which up to 10-15 starts or stops per
minute are typical. Limitations in the field of application of the
majority of developed IMs are due to a complex of factors. First of
all, the first stage of the duty cycle is characterized by a large
starting current, which causes the release of thermal energy. The
heat thus generated must be dissipated when the EM is running in
a steady-state mode. If there is no technologically defined
minimum period of time between separate EM starts, all the
necessary prerequisites for EM damage exist. The number of
admissible starts of IMs depends on the inertia of the loads
external to the EM, frictional losses and the operating mode of the
machine.

Nowadays, in our lives, EMs are almost everywhere, from
aerospace, ships, cars to washing machines, fans, vacuum cleaners,
electric robots, etc. Electric motors are used in almost all
application scenarios, and the drive device controls them. But
almost different types of EMs have different running times. Some
EMs are always in operation, and some of them run for a short
period of time during the work cycle or alternately run during the
cycle. Therefore, based on this, the concept of EMs duty system
was introduced [3].

Electric motors in many applications are started once - at the
beginning of the working day. Applications where it is necessary
to start and restart the EM during a certain time are no exception.
Typically, this includes the notion of normal ED operation. The
duration of operation or the duration when the EM is switched off,
as well as the magnitude and change of the load, reflected in the
load schedule, determine the mode of operation. Determining the
operating mode is an important element of selecting an EM. The
main feature of the operating modes is heat distribution. The
operation of an EM is accompanied by heating, which is explained
by the processes taking place in it. For better cooling, the EM
should be designed and manufactured more massive - bigger and
heavier. So it is possible to increase the continuous load of the EM
to 70-80%, but at a rather high cost - both in money and due to the
loss of part of the payload (which will be "eaten” by the increased
weight of the EM).

The relationship between the time of operation and rest or
repeated modes at different loads is defined as the duty cycle. The
duty, or time rating, denotes the length of time the EM is expected
to be able to carry the rated load under usual service conditions
[1]. Operating mode is the load condition(s) to which the rotating
electrical machine is subjected, including if necessary starting,
electrical braking, idling and rest, with their duration and time
sequence [4]. The duty cycle is the ratio of the time during which
an EM operates to the total cycle time. Duty cycle can be
expressed as a ratio or as a percentage.

Most of the EMs and components used in practice wear out.
Therefore, with a longer duty cycle (mode) the duration of use
("life") will be less and vice versa. For loads with continuous
sustained operation for extended periods, e.g. fans that run
continuously for hours or days, EMs can be selected on a constant
load basis. But EMs, which are mounted on automatically
controlled units such as compressors and pumps, start and stop
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several times an hour. There are also EMs that stop and start many
times per minute - for example in lifting mechanisms (cranes and
elevators). In such EMs with frequent starts, the heating is mainly
from the losses during the transient processes (main start and stop).
Therefore, these EMs are checked for the permissible switches on
per hour. Permissible switches on per hour means the number of
start-ups where the average temperature after a large number of
start-ups will be equal to the maximum permissible.

When changing the controlling and/or disturbing action in
relation to EMSs, various transient processes occur -
electromagnetic, mechanical, thermal, which reflect the transition
of the ED from one steady state to another. Strictly speaking, a
consolidated transient process takes place, characterized by the
change of all variables and most parameters of the ED. A complete
consideration of transient processes, taking into account the
involvement of all factors, is required very rarely and at the same
time is very difficult or practically impossible. This is especially
true for modern complex ED systems. Usually, depending on the
requirements of practice and the necessary accuracy, the influence
of secondary factors that are not essential to the operation of the
ED is neglected.

The nature of transients is influenced by the following three
types of inertia:

e mechanical inertia of the rotating and progressively
moving parts of the ED and the working machine;

e electromagnetic inertia of the inductances of the electric
machine and control apparatus;

e thermal inertia from the heating of EM parts and some of
the elements of the control system.

Each type of inertia has a different effect on transient
processes, slowing down their progress. The influence of each type
of inertia is characterized by a corresponding time constant, which
simultaneously combines several parameters of the ED. The
mechanical inertia is determined by the mass of the progressively
moving parts and the moment of inertia of the rotating parts, most
often applied to the EM shaft. The electromagnetic time constant
characterizes electromagnetic inertia. The heating time constants
(thermal time constants) characterize the thermal inertia. Transient
processes in which only mechanical inertia is taken into account
are called mechanical. Transient processes in which, in addition to
mechanical inertia, electromagnetic inertia is also taken into
account are called electromechanical.

International Electrotechnical Commission (IEC) is a
European-based organization that publishes and promotes
worldwide, the mechanical and electrical standards for EMs,
among other things. IEC uses designations (categories) of duty
cycles (modes) to describe the operating conditions of EMs (IEC
60034-1:2022) [5]. The fourteenth edition of IEC 60034-1:2022
cancels and replaces the thirteenth edition published in 2017. The
National Electrical Manufacturers Association (NEMA) is the
largest association of electrical equipment manufacturers in the
United States. Founded in 1926, it advocates for the industry, and
publishes standards for electrical products. The IEC Duty Cycle
Ratings are different from those of NEMA’s. Where NEMA
usually specifies continuous, intermittent or special duty (typically
expressed in minutes), the IEC uses ten different duty cycle
designations - S1 ... S10 [6]. The standards, shown in Table 1,
apart from specifying EM operating parameters and duty cycles,
also specify temperature rise (insulation class), frame size
(physical dimension of the EM), enclosure type, service factor and
S0 on.

In typical modes, serial EMs should work until the reliable
operation of the machine is guaranteed by the manufacturer, if the
EM operates in the mode specified in its passport at the rated load.
Quick failure is usually due to the fact that the EM was selected
without taking into account the required nominal mode. For
example, the EM of a crane lifting mechanism with frequent starts
may "burn out" if it is designed for lighter operating conditions.
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Table 1: Operating criteria of different duty cycle types

Ref.

Duty Cycle Type

Description

Continuous running duty

Operation at constant load without
interruption and with sufficient duration
to reach the thermal equilibrium.

Short-time duty

Operation at constant load during a
given time (10, 30, 60 and 90 minutes),
less than required to reach the thermal
equilibrium, followed by braking,
shutdown and cool down enabling the
machine to reach an ambient
temperature.

Intermittent periodic duty

A sequence of identical duty cycles,
each including a period of operation at
constant load and a rest (without
connection to the mains). For this type
of duty, the starting current does not
significantly affect the temperature rise.

S4

Intermittent periodic duty
ith starting

A sequence of identical duty cycles,
each consisting of a significant period of
starting, a period under constant load
and a rest period.

S5

Intermittent periodic duty]
ith electric braking

A sequence of identical duty cycles,
each consisting of a significant period of
starting, a period under constant load,
followed by rapid electric braking and a
rest period.

Continuous
periodic duty

operation|

A sequence of identical duty cycles,
each consisting of a period of operation
at constant load and a period of
operation at no-load. There is no rest
period.

Continuous operation|
periodic duty with electrig
braking

A sequence of identical duty cycles,
each consisting of a period of starting, a
period of operation at constant load,
followed by an electric braking. There is
no rest period.

Continuous operation|
periodic duty with related
load/speed changes

A sequence of identical duty cycles,
each consisting of a period of operation
at constant load corresponding to a
predetermined speed of rotation,,
followed by one or more periods of
operation at another constant load
corresponding to the different speeds of
rotation (e.g. duty). There is no rest
period. The period of duty is too short to
reach the thermal equilibrium.

Duty with non-periodid
load and speed variations

Duty in which, generally, the load and
the speed vary non-periodically within
the permissible range. This duty
includes frequent overloads that may
exceed the full loads.

10 [S10

Duty with discrete
constant loads and speeds

Operation characterized by a specific
number of discrete values of load (not
more than four discrete values of load or
equivalent loading) maintained for a
sufficient time to allow the machine to
reach  thermal equilibrium.  The
minimum load during a duty cycle may
have value zero and be relevant to a no-
load or de-energized and at rest
condition.

*Thermal Equilibrium is the state reached when the temperature rise of
the machine does not vary by more than 2K per hour.

In order to dimension the EMs correctly it is extremely

important to specify the kind of operation the EM is to perform.
Regulation CEI 2-3, dossier 8284, in accordance with European
(European Committee for Electrotechnical Standardization -
CENELEC EN 60034-1) and international standards (IEC 60034-
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1), distinguishes 10 types of duties, whose operating criteria are
specified below [7, 8]. The following three modes are adopted as
the main operating modes of EMs: continuous, short-time and
periodic. The heating conditions of EMs are different, which is
why different methods of power selection are needed. For each
mode, specially designed EMs are used.

Explanations for individual duty types (load cycles) [6]

S1: All parts of the EM are heated and the temperature
becomes constant. When the user does not indicate the working
duty, the manufacturer shall consider it to be a continuous working
system. In mode S1, EMs of conveyors, compressors, pumps, fans,
as well as control drives in factories work.

S2: This mode is typical for EDs of valves and gates. Electric
motors of this kind of working system are commonly found in
cranes, household appliances drives, and so on. Designation for
example: S2 60 min.

S3: This mode is characterized by a cyclical change in the
state of the EM - after work, there is a pause for a short time and
then the process is repeated. The temperature does not have time to
reach a constant value, and during shutdown the machine does not
have time to cool down to the ambient temperature. The duty cycle
is too short for thermal equilibrium to be reached. The starting
current does not significantly affect temperature rise.
Recommended values for the cyclic duration factor are 15, 25, 40,
and 60%. The duration of one duty cycle is limited to 10 min.
Induction motors, driving lifting equipment (cranes, hoists,
elevators), electric tools, as well as punching and drilling
machines, etc., are specifically designed and work most often in
this mode. The shorter the cyclic duration factor, the more the
rated power can be increased with the respect to continuous duty,
whereby, with the normal version, the breakdown torque should be
taken into consideration. Designation for example: S3 25%.

Cyclic duration factor: CDF = N N
+

x100%
R

Explanation of symbols used in this and the following duties
N = operation under rated condition; R = at rest and de-energized;
D = acceleration; F = electrical braking.

Modes S4 — S10 are introduced to simplify the puzzle of
random mode equivalents by rated load, by expanding the
nomenclature of the latter.

S4: ldentical start-up, steady-load, and rest cycles alternate.
The cycle time is too short to reach thermal equilibrium, but the
inrush current affects the temperature rise of the EM. Significant
for this mode is the presence of large losses during startup. In this
mode, the EM is stopped either by the load or by a mechanical
brake, which does not load it thermally and cools down (but not
completely). The EMs of this working duty are widely used in
metal cutting machines, drilling machines, mine hoists, etc. The
following parameters are required to fully define this mode: cyclic
duration factor, number of switches on per hour: SF (h%), moment
of inertia of the load J_ and the moment of inertia of the motor Jy,.
Desizgnation for example: S4 25% 120 h™ J, = 0.2 kgm? Jy, = 0.1
kgm?©.

D+N
D+N+R

Cyclic duration factor: CDF = x100%

S5: Identical starting cycles, constant load operation, a sudden
electrical shutdown period, and a quiescent period alternate, but
the starting current affects the temperature rise. The cycle time is
too short to reach thermal equilibrium. Significant for this mode is
the presence of large losses not only when starting, but also when
stopping. This mode is typical for EMs in the field of mechanical
engineering — billet rolling mills, manipulator drives, mine hoists,
etc. The following parameters are required to fully define this
mode: cyclic duration factor, number of switches on per hour: SF
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(h™), moment of inertia of the load J, and the moment of inertia of
the motor Jy. Designation for example: S5 40% 120 h* J, = 2.6
kgm? Jy = 1.3 kgm?.

D+N+F

Cyclic duration factor: CcCDF = ———— ~
D+N+F+R

x100% -

S6: Repeated cycles of operation with constant load and
operation without load (idling) alternate, when the machine does
not reach a constant temperature, but also does not cool down.
There are no rest periods. The cycle time is too short to reach
thermal equilibrium. The period of each cycle is no more than 10
minutes. The recommended values for the coefficient of relative
duration of the cycle are 15%, 25%, 40% and 60%. Commonly
used in presses, cutting machines, etc. Designation for example:
S6 40 %.

S7: Repeated cycles alternate, which include starting, constant
load operation, and electrical braking. There are no rest periods.
The cycle time is too short to reach thermal equilibrium. When
stopping, there are significant losses, during which the machine
heats up. Mainly used in ginning machine. Designation for
example S7 500 h.

S8: It is more complicated. This is a complex mode,
alternating identical start-up periods, operating at a constant load
and a specified speed, followed by one or more periods of
operation at other constant loads and different speeds. There are no
rest periods. The cycle time is too short to reach thermal
equilibrium. This type of mode is observed in EMs operating with
a change of poles. Designation for example S8 30 h.

S9: In this mode, mainly the load and the speed vary non-
periodically within the permissible limits. Overloads are observed
which can greatly exceed the full load. For this mode, suitable
values of the full load must be taken as the basis of the concept of
overloading. It is characteristic of driven mechanisms used in
rolling mills, extracting devices for cast iron, steel, ferroalloys,
copper, zinc, etc. It is more complicated, and is often regulated
according to actual conditions, such as wind power generation.

S10: Compared with S8, it can be considered that there are a
lot of constant load motions, which require various loads and time,
but do not include acceleration and deceleration. The EM work
duty refers to the specific method of controlling the movement of
the EM. It is a kind of work instruction to avoid the EM from
overheating and burning out. It is also a kind of user demand. At
the same time, it also guides you to select a suitable EM according
to the working duty. However, in practical applications, the
working duty of many EMs are diversified, and one or more
working duty are required at the same time to meet different
application scenarios.

Features of different duty cycle types are explained in Table 2.

Table 2: Features of different duty cycle types

No |Thermall e s?)/:er(ijagr!% Power

Duty| Start Load |stable Ioa)é ;g%:?fg% load off Periodicity
breaking

S1 .
S2 ° °
S3 . ° °
S4 ° . ° °
S5 . . . ° °
S6 . . .
S7 ° ° ° .
S8 ° . . °
S9 . °
S10 ° .

3. Some technical considerations

Lifting and transport equipment plays a key role in the
processes of mechanization and automation of specific activities
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related to lifting, lowering, transportation, loading, unloading and
other manipulation actions of different size, mass and type of
cargo in the industry. This sector is also of great importance for the
overall development of mechanical engineering in Bulgaria [9].

Industrial cranes have a very wide application in various fields
of industry, which are characterized by cargo flows in various
volumes. Their main function is to lift and lower loads, and they
can be used for stationary or mobile applications with rail travel,
i.e. to also serve to carry loads. The great variety of cargoes and
the need for their transportation and cargo-unloading activities
predetermine the market demand for lifting and transport
equipment and equipment specialization.

The long-standing traditions that imposed high standards of
professional performance and reliability of lifting equipment
manufactured in Bulgaria distinguish this lifting equipment (cranes
and electric hoists) on a global scale and become an emblem of
high quality on the global market. No small part of this reputation
is due to the progressive research and brilliant engineering
innovations in the field of IMs, which were created and put into
service as early as the 1950s and 1960s. Crane mechanisms driven
by DC motors are still in operation in the industry. Currently, the
number of AC electric drive cranes is increasing due to the
improvement of frequency control ED systems.

The intensity of the machine's operation, the frequency of use
and the load - these are all factors that directly affect the life
expectancy of industrial cranes and hoists. These factors, together
with the distance traveled and the speed, have an impact on the life
of the so-called carriage when the equipment includes one.
Operating the equipment under conditions exceeding its
specification parameters can be detrimental to its life and result in
damage and early depreciation. Typically, the standard equipment
of cranes and hoists includes three-phase EMs, load limiters and
limit switches necessary to protect the machine from overload.
Both single-speed and two-speed EMs with a simple design or
with a conical rotor are used to drive the horizontally moving
mechanisms. In EMs with a conical rotor, mechanical brakes do
not need special electromagnets. Band or disc mechanical brakes
with special electromagnets are used for other EM types.

Another type of lifting mechanisms are elevators. Elevators are
stationary lifting devices with periodic action, intended for raising
or lowering people or goods in a cabin or platform moving
between two or several permanent stops in a specially constructed
shaft. If there is no such shaft, and the stairwell is small and does
not allow the construction, then in the mass case, an external
elevator is made along one of the walls. By the way, Bulgaria
currently has about 120,000 elevators in operation.

The development of technology leads to rapid progress in
elevator technology. A modern solution is to include more
elevators in a common system. The market demands are small
size, high speed and higher heights, quick stopping and low noise
level. In recent years, the elevator market has witnessed a
significant technological evolution towards systems with gearless
traction, which allows the construction of reliable, quiet and
comfortable installations, overcoming the limitations of traction
with traditional gearing [9].

There has been a huge interest in the purchase and installation
of elevators in recent years. Until recently, the largest number of
orders came from hotels, new construction and business buildings,
but more and more customers are those who have old cooperatives
without an elevator or small new blocks for which this service is
saved. The prices move in a very wide range, depending on three
main factors - local or imported production, size and load capacity,
luxurious interior design, etc.

4. Main exposition

With small cycle durations of the intermittent periodic duty
modes (S3, S4 and S5), the share of power and energy losses
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during starting and stopping increases in the total balance of losses
for one cycle, and limiting the mode in terms of heat become the
cycle duration or the number of EM starts per hour. Compliance
with these limitations is especially important for EDs with a high
switching frequency of IMs with a squirrel cage rotor, because the
heat released by them (mainly in the rotor) must be transferred
from the EM itself to the environment. This does not apply to the
more DC EMs and IMs with a wound rotor, because in them a
large part of the heat released during operation is carried out
through the resistances outside the EM.

Often times, due to the technological process, it is necessary
for some mechanisms to have a large number of switches on per
hour: 600800 and even up to 2000. Moreover, in such modes, the
cooling efficiency of self-ventilating EMs decreases, which
requires reporting when a check is made on admissible switching
frequency.

The power of the EM for these cases must be selected so that
after the large number of cycles the average temperature rise is
within the permissible limits. The determination of the permissible
number of switches on per hour will be made when comparing the
energy lost in one cycle with the energy taken to the cooling
medium, assuming that minimum deviations of the EM
temperature from the average level are guaranteed. The EM is
assumed to be a conditionally uniform body, i.e. a body made of
the same material with an infinitely large thermal conductivity and
therefore having the same temperature throughout its volume
under all possible modes and loads. When heating, a part of the
heat is released into the environment, and another goes to increase
the temperature of the body. Heat is released from the body in
three ways: radiation, convection, and thermal conduction.

In the studies of the heating of the EMs, coefficients taking
into account the deterioration of the cooling respectively at a
reduced speed are adopted, i.e. start and stop — ¢ and with the EM
stationary — g . For IMs with self-ventilation, the coefficients are

accepted: «=0.5 and B =0.25. These coefficients depend on the
heating time constants and heat transfer coefficients. Thus, « can

be expressed in terms of g: o = #

Motor energy losses for one cycle are made up of starting
AWgr and stopping AWgg energy losses as well as steady-state

losses APt . Let at rated speed the power output to the
environment is APy . Then in the pause period due to the

deterioration of the heat dissipation of the self-ventilating EM, the
heat dissipation power will be APy, and in the start and stop

period MAPN .
2

The energy balance for one cycle can be written in the form:

AWst + AWgg + APt, :%APN (D+F)+ gAPyR+APYN (1)

The cycle parameters can be represented in the form:

:3600( D+F+N><

to 1-CDF); CDF = 100
SF Tevele
3600 : 3600
N=="CDF-(D+F); T ==
SE ( ) CYCLE = gp

After substituting in (1) the values of D and F and solving
with respect to SF, we get:

SF, = 3600 (APy — APop JCDF + APy B(1-CDF) @)

AWST + AWBR - (D + F{APOP +¥APN — APN j
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For squirrel cage IMs, the third term in the denominator can
be neglected compared t0 AWt + AWgg , Since it does not exceed

2-4% of this amount, that's why:
(APy — APop JCDF + BAPy (1—CDF)

@)
0.97(AWgt + AWgg)

SF, = 3600

If in steady-state mode the EM is operating at rated load
APgp = APy , formula (3) can be simplified:

SAPy (L CDF)

(4)
0.97(AWgr +AWgg)

SF, = 3600

From (3) it can be seen that the number of switches on per
hour depends on the static load, which determines the power losses
during operation APqp , 0N the cyclic duration factor CDF , on the

coefficient of deterioration of the cooling at a stationary state of
the EM g and on the energy losses in the transient modes. As

APop decreases, SF increases, reaching its largest value at idle.

As the load increases, SF decreases and reaches the smallest
value at nominal mode. SF is significantly influenced by energy
losses in transient processes (starting and stopping). These losses
are proportional to the moment of inertia J and therefore with its
increase SF decreases At first glance, it seems that as the power
of the EM increases, SF grows. But with greater power, the
moment of inertia of the EM grows, which leads to increased
energy losses.

It also follows from (3) that at (APy —APop)> APy the

permissible switching frequency does not depend on CDF . When
(APy —APop)> APy, as CDF increases, a larger number of

switches on per hour can be allowed. If (APy —APop )< APy , as

CDF increases, SF decreases. For a rated load in a set mode with
the increase of AWgt and AWgg, the permissible frequency of

switches on is achieved by independent ventilation of the EM,
which works equally intensively during the entire duty cycle of the
ED. A substantial increase in SF can be obtained by reducing
energy losses in transient processes. In this regard, as it turns out,
the frequency control of IM with a squirrel-cage rotor provides
minimal transient losses compared to other control modes.

A computer program has been created to calculate the
permissible number of switches on per hour. Formulas (2), (3) and
(4) are used in the program. All EM data is entered in base units,
and the cyclic duration factor and coefficient of deterioration of
the cooling at a stationary state of the EM g, are dimensionless.

Formula (2) is the exact formula for calculating the permissible
number of switches on per hour, and (3) is the approximate. If
APop = APy, then formula (4) is used. If this condition is met,

then three results are obtained by all three formulas. If condition
APop = APy is not met, then the calculations are performed

according to (2) and (3). The program performs these operations
by itself, without the operator indicating which of the formulas to
perform the calculation. There is no limit on the power of the EMs
in the program. It is intended for IM with a squirrel-cage rotor,
since there the starting currents have the greatest influence on the
heating of the EM, and from there on the permissible number of
switches on per hour. The number of switches on per hour, which
according to the technological mode are required by a given EM
under consideration, must be less than calculations by formulas
(2), (3) and (4).

5. Results obtained

The object of research are IMs with a squirrel-cage rotor for
driving the mechanisms for horizontal movement of cranes. Rated
powers are from a standard series of manufacturers of such EMs.
The common one is the synchronous rotation frequency, which in
this case is 1500 min-1. The results are presented in Table 3. The
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values for SF; were obtained by formula (2), and for SF, — by

formula (3). Formula (4) is not used because condition
APgp = APy is not fulfilled. Some of the data for the EMs under

consideration are taken directly from a technical data book, while
others (power and energy losses, start and stop times) are
calculated. The resisting torque is arbitrarily taken as 60% of the
EM's rated torque. It is known that if the resistive torque
decreases, SF increases and reaches its largest value at idle. From
the calculations, it can be seen that the results obtained from
formulas (2) and (3) differ by 2-4%, which are the permissible
limits.

Table 3: Values of quantities considered

Ne |Pn, KW|APy, W|APg, W|AWsr, J|AWeg, J|D, s | F, s [CDF| SF; | SF;
1 11 770 | 420 800 | 1370 |0.40]0.55|0.25 | 689|644
2 2.2 428 | 230 480 | 620 [0.40]0.50(0.54 | 754|721
3 3.0 | 1900 | 890 | 3050 | 6600 |(0.500.60|0.44|383|377
4 4.0 760 | 689 | 1930 | 3820 [0.35]0.60(0.40|175|166
5 55 | 2270 | 980 | 3900 [10300 (0.561.30(0.25|330|323
6 7.5 | 2400 | 980 | 5000 |13600 |0.56(1.30|0.40|259|257
7 | 11.0 | 3190 | 1560 | 9200 |18680 [0.67|1.20(0.40|219|214
8 | 13.0 | 3990 | 1950 | 1200 |24400 |0.77|1.39|0.25 | 210|205
9 | 15.0 | 4875 | 2650 | 1310 |30890 [0.62|1.00{0.25 | 241|239
10 | 22.0 | 4660 | 2690 | 1890 |31280 (0.76(1.05|0.40 | 247|239

6. Conclusions

The treated topic is actual, as the results of some developments
in this area have not yet been put into practice. Electric drives of
crane mechanisms directly affect productivity and create
opportunities for the rational flow of technological processes.
From the other hand, the consensus is that the crane business is
conservative. An innovative approach is required, combining some
of the new design technologies, novelties in crane components on
the market, modern control and propulsion with the experience
gained over the years.

Among the leading technological trends in drives, summarized
by the analysts, is the increasingly targeted market demand for
specialized solutions for specific applications. Typical examples
are drinking and wastewater pumping equipment, HVAC systems,
elevators, and faucets. Investing in a purpose-built solution creates
greater confidence for users, who are convinced that they can rely
on optimized hardware, firmware and technical documentation that
precisely matches the application area.

Leading EM and ED manufacturers are united around the
proposition that key Industry 4.0 technologies such as artificial
intelligence and machine self-learning will play a fundamental role
in the development of modern drives as well. Consumers already
expect every device to have smart functions, but their self-serving
integration alone does not lead to serious technological progress,
experts believe. The real winners in the race will be those
manufacturing companies that succeed in harnessing innovations
such as machine learning to collect performance data from ED in
real time. The possibilities for automated adaptation of work
parameters and processes “on the fly" based on the collected
information will prove to be the real winning advantage over the
competition.
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Investigation on durability testing of polyethylene (PE) geocells
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Abstract: In this article, the residual strength of PE geocells after accelerated aging is experimentally investigated. The characteristic is of
key importance for the application of geocells, as it is related to their service life.The durability test is defined as essential in the applications

standards of the product-EN 13 255:2016,EN 13 251:2016.
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1. Introduction

Geocells are increasingly being used in construction, with the
accelerated standardizati\on of their use further enhancing their use
[1]. They represent a polymer structure bounded by ultrasonic
welding (fig.1). Geocells provide good strength and have filtering
properties. They have a standardized application for erosion control,
railways, highways, etc according EN 13250,EN 13251 etc. The
product is relatively new and its application is growing, therefore
the study of the characteristics is more and more relevant. The
growing application also leads to higher requirements of all product
characteristics.. Along with all the mechanical characteristics that
are subjects of researches - hardness, tensile strength, strength of
internal structural junctions , yield strength, etc., an important
aspect for use of these products is their service life [2].

Fig. 1 Geocells

2.Materials and methods

Mainly geocells are made of polyethylene. Its use is due both to
its technical characteristics - chemically resistant to acids and bases,
high physical and mechanical properties, etc., as well as
economically - widely distributed and available virgin and recycled
material. [3 ]Its complex of properties has established it as the main
material for the manufacture of geocells. A PE mix of HDPE and
LDPE, in a ratio of 6:1, with additions of masterbatch and UV
stabilizers was chosen for the material. The choice is based on the
following reasons - polyethylene is the most common material for
geocells and one of the materials for which the standard EN 13438:
2019 is applicable. The recycled to virgin ratio is 50 to 50%. The
average thickness of the strips is 1.38 mm. 20 standardized samples
were tested - width 200 mm =1 mm and with a length providing 300
mm distance between the jaws. The samples must be produced up to
24 hours before the test. The tests are made in an accredited
laboratory.

The service life characterizes minimum period in which product
can perform its application, provided that it is properly maintained.
There is a tendency for more and more products to be tested for
durability, as a key characteristic[4] The durability test according to
the standard is valid for 5 years, application that the chemical
composition is not changed, a change of polymer in the composition
or a change of the concentration of polymer in the composition.
Processed materials can be used without restrictions if the primary
product meets the requirements.

The tested samples are first subjected to the Screening test method
for determining the resistance to oxidation according to 1ISO 13438,
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which is characterized by storage in water under certain conditions
and aging in a dryer. [5]. For polyethylene products, method A is
used. The test consists of in the following:

«Storage of the samples in water for 28 days with a water
temperature of -80%+1° (fig. 2).

« Aging in a dryer should be at a temperature of 100°+1°

* Duration in the dryer is chosen for testing 50 years service
life[6].-56 days

Fig 2.Storage in water of the samples

The samples should hang freely in the dryer (fig. 3).

Fig.3 Internal volume of the dryer

Control samples are stored for 6 hours in a bath and 6 hours in a
dryer under the same conditions. The dryer must have a sufficient
volume to store the samples and be equipped with a ventilation
hole,that allows controlling the temperature determined by the
standard (fig. 4).

After aging, the two groups are tested for tensile strength and
relative elongation according to EN 12 226.[7],[8}. The samples
should be tested in both directions - machine direction{MD} and
cross machine direction. The calculations of the residual strength
and residual elongation at brake are carried out according to the
following formulas :
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Fig. 4 The vent of the dryer

R¢Fe/Fc (in %); Q)
Where

R¢percentage retained tensile strength

Fe-tensile load on exposed samples

Fc-tensile load on controlled samples

Re=¢d/ & (in %) )
Re-percentage retained elongation at brake

ge-elongation brake on exposed samples

g.-elongation brake on controlled samples.

3 Results and discussion
The results are tabulated in tables- 1,2,3,4,5,6,7,8.

Tab.1 Results of tensile strenght,MD,controlled samples

Tensile Unit Standard Result Deviation
strength .

of testing
Sample No 1 kN/m EN 12226 26,35 No
Sample No 2 kN/m EN 12 226 24,25 No
Sample No 3 kN/m EN 12 226 23,78 No
Sample No 4 kN/m EN 12 226 25,54 No
Sample No 5 kN/m EN 12 226 24.47 No

Average. 24.86

Tab. 2 Results of elongation at brake,MD,controlled samples

Tab. 4 Results of elongation at brake, CMD,controlled examples

Elongation at Unit Standard Result | Deviation
break of testing
Sample No 1 % EN 12 226 145 No
Sample No 2 % EN 12 226 155 No
Sample No 3 % EN 12 226 135 No
Sample No 4 % EN 12 226 140 No
Sample No 5 % EN 12 226 140 No
Average 143
Tab. 5 Results of tensile strength,oxidized samples,MD
Tensile Unit Standard Result | Deviation
strength of testing
Sample No 1 kN/m EN 12226 22,24 No
Sample No 2 kN/m EN 12 226 20,35 No
Sample No 3 kN/m EN 12 226 21,41 No
Sample No 4 kN/m EN 12 226 22,57 No
Sample No 5 kN/m EN 12 226 21,08 No

Average 21.53

Tab. 6 Results of elongation at brake,oxidized samples,MD

Elongation at Unit Standard Result | Deviation
break ]

of testing
Sample No 1 % EN 12226 175 No
Sample No 2 % EN 12 226 170 No
Sample No 3 % EN 12 226 175 No
Sample No 4 % EN 12 226 180 No
Sample No 5 % EN 12 226 205 No

Average 181

Tab. 7 Results of tensile strength,oxidized samples,MD

Elongation at Unit Standard Result Deviation Tensile Unit Standard Result | Deviation
brake of testing strength of testing

Sample No 1 % EN 12 226 205 No Sample No 1 kN/m EN 12226 16,45 No

Sample No 2 % EN 12 226 210 No Sample No 2 kN/m EN 12 226 14,52 No

Sample No 3 % EN 12 226 220 No Sample No 3 kN/m EN 12 226 17,10 No

Sample No 4 % EN 12 226 210 No Sample No 4 kN/m EN 12 226 16,53 No

Sample No 5 % EN 12 226 205 No Sample No 5 kN/m EN 12 226 16.15 No

Average 210 Average 16.15

Tab. 3 Results of tensile strenght, CMD, controlled samples

Tab. 8. Results of elongation at brake,oxidized samples,CMD...

Tensile Unit Standard Result Deviation Tensile Unit Standard Result | Deviation
strength of testing strength of testing
Sample No 1 kN/m EN 12 226 17,95 No Sample No 1 % EN 12226 110 No
Sample No 2 KN/m EN 12 226 17,98 No Sample No 2 % EN 12 226 115 No
Sample No 3 KN/m EN 12 226 16,19 No Sample No 3 % EN 12 226 105 No
Sample No 4 kN/m EN 12 226 17,88 No Sample No 4 % EN 12 226 110 No
Sample No 5 kN/m EN 12 226 18,23 No Sample No 5 % EN 12 226 110 No
Average 17.65 Average 110
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According to EN 13255:2016 and related standards for the
application of geocells, a product that is composed of new or
recycled polyethylene can be considered sufficiently durable (for 50
years) in natural soils with a pH between 4 and 9 and a soil
temperature < 25 °C if it passes the residual strength setting test
after oxidation (28 days at 80 °C in water and 56 days in a dryer at
100 °C)[9]. The results have significant repeatability, which is
indicative of their validity .The results cannot be used to calculate
another durability period, because of the specificity of the test

standard.

4.Conclusion

The following conclusions can be drawn from the investigation:

Testing of PE geocells (with a ratio of HDPE to LDPE
6;1, with a ratio of 1:1 virgin and recycled raw materials)
showed a residual strength of over 50%, which under the
test conditions corresponds to a 50-year service life.

All requirements of the exam standard have been met.

The repeatability of the results and the low value of their
range shows that the test is correct.

The test results can be used as a basis for researching
other products made from PE with the same or similar
ratios of HDPE and LDPE.

The study shows results significantly above the required
50% residual strength, but the results cannot be used to
directly prove a longer service life of the products,
because of the specificity of the test. This will be the
subject of other studies, as well as comparative analysis
with other standardized tests relating to service life and
durability.
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Abstract: Thin films deposited on glass substrates by sol-gel containing ZrO, show photocatalytic activity, which are compared with
TiO, - which is used as a standard photocatalytic material applied in photovoltaics. By modifying ZrO,, coatings on glass surfaces were
obtained, which are characterized by high properties, which are a prerequisite for use in photovoltaics. The coatings are dense and
nanocrystal line according to SEM and XRD studies and optically transparent according to UV-VIS-NIR spectra.

Keywords: SOL-GEL METHOD, COATINGS, ZrO,, PHOTOVOLTAIC

1. Introduction

In the preparation and research of effective compounds
and materials for applications such as photovoltaics, particular
attention is paid to titanium dioxide. It is known that it occurs in the
form of 4 polymorphic modifications: anatase, rutile, brookite, TiO,
(B) Titanium dioxide is characterized by a series of
physicochemical properties - desired and preferred for use as a
photovoltaic. It has high chemical, thermal and corrosion resistance.
A particularly important quality that distinguishes it from most
photovoltaic materials is that it is non-toxic and can be easily
obtained through a series of cheap and accessible methods. Due to
its very good optical and electronic properties, it is preferred for
obtaining solar cells "solar cells (SC)". The solar cell is a solid-
phase device that directly converts solar energy into electricity
through the photovoltaic effect [1-6]. The contribution of Gratzel
and his team in obtaining and validating solar cells as a source of
cheap electrical energy [3,5,6]. The authors successfully used the
large surface area of mesoporous TiO, films [5]. In recent decades,
various nanostructures have been successfully used as photovoltaics
[4] .A layer of dye is applied to the surface of TiO,, and the
photovoltaics based on nanomaterials obtained in this way are
referred to in the literature as DSCS - dye sensitized solar cells. The
nanomaterials obtained in this way are characterized by a very high
specific surface area and the sensitizer is adsorbed very well. Under
the influence of sunlight, a process of photoexcitation of the dye
molecules takes place, with electron transfer in the conduction zone
of TiO,, as the oxidation state of the dye changes [6,7]. The formed
monolayer of the dye on TiO2 suppresses the recombination of the
injected electrons with the oxidized particles in the electrolyte. The
mesoporous TiO, electrode used by Gratzel turns out to be very
important for the effective application of DSCS as a photovoltaic
[5,6]. To the first quote from the abstract - TiO, is used as a
building block for obtaining photoelectrode thin films, which are
the basis of photovoltaic devices (third generation). This includes
surface sensitized solar cells, as well as quantum dots, solar cells
based on perovskites. Photoanodes based on mesoporous and micro
TiO, nanostructures help to increase the absorption of visible light.
Mesoporous TiO, films should have an average pore size of less
than 10 nm [8-10].

Polymer-inorganic hybrid solar cells combine the
advantages of inorganic semiconductors (having high electronic
mobility and stability) with the flexibility of attached polymers.
Characteristic of these devices is that the absorption of light is
carried out by the polymer by forming excitons [7,8].

In recent decades, intensive work has been done on
devices based on nanorods and nanotubes. Characteristic of these
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devices is that the attached polymers are embedded in the free space
of the ordered nanostructures, forming hybrid active layers. Thus,
direct charge transfer channels are realized [11,12] .

Application of oxide layers in the form of quantum dots.
In this direction, mainly work is done on compounds such as CdS,
CdSe, Bi,S;3 [13,14].

Inorganic solid-state solar cells have an advantage over
conventional solar cells by increasing sunlight collection and
eliminating unwanted sealing and breakdown processes.

Looking back over time regarding the acquisition and
research of solar cells, we notice 3 periods. First period - then the
first generation of solar cells appears - mono and polycrystalline
silicon is mainly present, which is an indirect semiconductor
material with a band gap of 1.12 eV [15].

The second generation of solar cells includes
amorphous silicon, thin layers of compounds such as CdTe, GaSe,
etc., obtained by deposition on glasses and flexible substrates.
Second generation - includes solar cells based on thin films of
amorphous silicon, microcrystalline silicon, CdTe/CdS Advantages
of these materials - can be deposited over large areas and at low
temperatures using cheap and widely available methods of
preparation [16]. With these thin layers, the presence of photoactive
materials is assumed when the thickness of the films is less than 1
micrometer. They are also characterized by a high absorption
coefficient, which allows to adsorb even incidental sunlight [17].

Third generation solar cells — includes dye-sensitized
solar cells, as well as organic and inorganic molecules used as
sensitizers. The conducting polymers used act as acceptors and
donors. Of the compounds used to produce photovoltaic solar cells,
ZnO occupies a special place. It is an n-semiconductor with a wide
band gap. It is characterized by easy crystallization, high charge
mobility and technological flexibility in its preparation. It combines
very well with Cu,0 [18, 19].

In solar cells, SnO, also occupies an important place. It
is characteristic for it that it adsorbs maximally in the ultraviolet
region of the spectrum, but then this adsorption moves to the visible
region. It has a maximum permeability of -70-80%. It can form an
electron-hole pair in photoactive layers [20]. CdO is also used to
make solar cells. It has high transmittance in the visible region and
excellent conductivity at room temperature. WO; is also
characterized by interesting properties. It is used as a transport layer
in different types of solar cells organic, or polymer,
heterojunction. It has been established that it can be used as a
window layer in solar cells [21]. There are 4 generations of solar
cells: First generation - includes the technologies for obtaining
mono and polycrystalline silicon, GaAs.
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In the first generation, thick layers (mostly silicon) are
used. Advantages of Si- it is not toxic, it is stable. Through these
qualities, the processes related to environmental pollution are
delayed. Silicon solar cells are compatible with Si devices used in
the microelectronics industry — integrated circuits, transistors, etc.
[22]. This is how well-known and developed technologies are
implemented

Second generation - includes solar cells based on thin
films of amorphous silicon, microcrystalline silicon, CdTe/CdS.

Third generation — includes nanocrystal line layers,
active quantum dots, compounds such as GaAs/GalnP, organic,
polymer solar cells, dye-sensitized solar cells, etc.

The fourth generation, known as inorganics in organics,
combines the low cost and flexibility of polymer thin films with the
stability of inorganic nanostructures (metal nanoparticles and metal
oxides), or organic nanomaterials such as carbon nanotubes,
graphene, etc. [11,12].

In the first generation, thick layers (mostly silicon) are
used. Advantages of Si- it is not toxic, it is stable. Through these
qualities, the processes related to environmental pollution are
delayed. Silicon solar cells are compatible with Si devices used in
the microelectronics industry — integrated circuits, transistors, etc.
[22]. This is how well-known and developed technologies are
implemented.

Al,Oj is particularly interesting as a material applied to
photovoltaic solar cells. Recently, it has been successfully used as a
passivator on the surface of crystalline silicon (c-Si). Thus,
recombination losses are reduced. A number of positive
physicochemical properties lead to its successful application as a
passivator: the high stability of aluminum oxide to the technological
processes used, the flexibility that allows it to be applied in ultra-
thin films, the negative charge. Effective passivation strongly
depends on doping as well as on good cleaning on the surface. As a
result of applying the passivation layer, the efficiency of
photovoltaic solar cells is higher than 20% [23]. This very high
efficiency rate after Al,Oz passivation of photovoltaic solar cells
has attracted the attention of many researchers nowadays. One of
the best methods of applying the passivation film is considered
Radio Frequency (RF) sputtering. This method is characterized by a
high rate of deposition of the passivation layer, as well as by its low
cost.

In the current study, the team focused on glass-based
photovoltaic coatings ZrO,.

2. Experimental procedures

All compounds were supplied as analytical grades and
were used without further modification. Thin film coatings are
performed on glass slides from AGC Glass Europe.

I. A stabilized zirconia sol is initially obtained. The
starting substance is ZrOCl,.8H,0 — zirconium oxychloride. It is
dissolved in absolute ethyl alcohol, so as to obtain a sol with a low
molarity — less than 1. Thus, the synthesis of a stable sol is
guaranteed by avoiding unwanted pre-gelations, or obtaining of
sediments. Weighed amount of ZrOCl,.8H,0 - 5.944 grams.
Dissolve in 75 milliliters of absolute ethyl alcohol. Very strong
hydrolysis was obtained, which necessitated the rapid addition of 1
milliliter of concentrated HNO3. After vigorous stirring, the sol
became clear. Nitric acid also acts as an acid catalyst and chelating
agent.

1. Applying the layers to the glass substrate. It is done
by dipping it into the clear sol and pulling it out at a rate of 4.28
millimeters per minute. Before withdrawing, the pad rests in the ash
for 10 seconds.

I11. Drying It is carried out at: a) 60°C, b) 100°C and c)
150°C. The application of step drying prevents possible cracking of
the layers as well as a more accurate establishment of the selected
temperatures.

GLS_Z1-B, GLS Z2-B are the number of layers,
respectively. GLS4_TEL4 is placed under atmospheric conditions.
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3. Results and Discussion

An X-ray diffractometer with a Bragg-Brentano 6-20
focusing system was used. The samples were examined at room
temperature with Cu-Ka radiation (monochromatic radiation with
wavelength A = 1.54178A) in the interval 20°<20 <65°, at a step of
0.025 20 for 10 seconds. A graphite monochromator was used for
better peak resolution (better signal-to-noise ratio).

The size of the ZrO, crystallites is calculated according to
the Scherrer formula:
D = 0.91/B.cos6

D - average crystallite size /Average Crystallite size/

A - wavelength (in angstroms) - 1.54178 A /X-Ray
wavelength/

0- Bragg angle (degrees) - 26/2 /Bragg angle/

B - line broadening FWMH (26), /Line broadening/ must
be of dimension radians (rad=26*r/180)

The positions of the X-ray diffraction peaks correspond to
tetragonal ZrO,, according to standard JCPDS card 069-1771.
According to Scherer's formula, the average crystallite size
corresponding to the 111 orientation (the peak with the highest
intensity) was calculated. It is 30 nm /figure 1/.

101 2r0, PDF 079-1771 /tetragonal/

ZrO2 - 3 layers

Zro, t,,, =30 nm

Intensity, cps

100 L L L L L L L
25 30 35 40 45 50 55 60

20, degrees

65

Fig. 1. X-ray diffractogram of sol gel coatings of ZrO,.

The optical transmittance spectra of the obtained films
in the wavelength range of 200 nm to 800 nm were measured at
room temperature at normal light incidence using a UV-Vis-NIR
spectrophotometer (Cary 5E, Varian, Sydney, Australia).

Figure 2 show the transmittance spectra of the films, recording
in the range of 200 nm to 800 nm. The transparency of reference
glass is 90.9% and the transparency of all films is in the range of
65%-79.3%. As it is seen, sample GLS4_TEL4 exhibit almost a
constant values in visible spectral range (75.2%-76.76%) with the
highest value 78.6% at 560 nm. Up to 560nm this sample is the
most transparent. Transmittance spectra of GLS_Z1-B and
GLS_Z2-B show ever-increasing transparency throughout the
studied spectral range. For the samples GLS4_TEL4 and GLS_Z1-
B an isobestic point was found at 560nm. After that for GLS_Z1-B
the transparency progresively increases and at 800nm it is about 3%
higher than sample GLS4_TELA4. For sample GLS_Z1-B in visible
spectral range trasparency is in the range from 69.4% to 79.3%. For
sample GLS_Z2-B they are respectively 65%-71.4% for the visible
region.

Parallel investigation of absorption spectra (figure 3)
ilustrated that with the increase in absorption of the films,
transparancy decreases. Arising in the absorption below 370 nm is
related to the intrinsic band gap absorption
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Fig. 2. Transmittance spectra of glass with one layer and two layers
containing ZrO,.
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Fig. 3. Absorbance spectra of glass with one layer and two layers
containing ZrO,.

4. Conclusions

1. Coatings are prepared by the sol-gel method using a dip
coating technique. The present study characterizes self-cleaning
Zr02 thin films for photovoltaic application.

2. The tests were carried out at different layers of the included
components, speed of application of the solution on the glass
substrate and different drying temperatures.

3. Research has been conducted through SEM, XRD studies and
optically transparent according to UV-VIS-NIR spectra.
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Calculation of telescopic-boom bending stress capacity using fem software, in support of
project logistics decisions.
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Abstract: Complex structural steel structure projects must be realized with the aid of specialized logistical technologies to meet all the
design technical specifications. Selecting which equipment to employ, particularly when we need to elevate heavy structural steel
components at an elevation higher than 8 meters, requires not only experience and the use of standard techniques for the logistic
management of construction processes but also requires stress capacity calculations of the constituent elements of the machines that we will
use for the implementation of the project. An indispensable machine for the realization of steel structures is the telescopic forklift, which
serves to lift steel elements at different heights and positions, for a relatively long time, to assemble structure elements such as columns,
trusses, beams, automated cranes, etc. In this paper, we have designed a telescopic forklift and calculated the stress capacity of the
structural elements that compound the telescopic-boom, using the finite element software (FEM) Solid Works. Carrying out simulations with
the corresponding load that we have to deal with in the realization of the project, allows us to change the section thickness of the telescopic

boom or to use other logistic equipment with a higher capacity.

Keywords: TELESCOPIC-BOOM, BENDING STRESS, STRUCTURE, FEM, LOGISTICS

1. Introduction

In recent years, the construction industry has undergone a
significant expansion. This expansion includes not only the
construction of residential buildings but also the construction of
industrial ones, such as steel sheds. Steel shed structures, commonly
used for warehouses, offices, commercial centers, and military
shelters, consist of reinforced concrete foundations, steel columns,
trusses, beams, and cranes. Designing and constructing these
structures is challenging and requires an efficient logistics system
and specialized equipment. The construction of steel structures is a
precise process, with structural elements being connected through
welding or bolts. When assembling elements at a considerable
height such as trusses, beams, or cranes, the telescopic forklift (Fig.
1) is the most commonly used tool. It provides powerful lift
capacities and smart handling. Telescopic forklifts, also known as
"stick" booms, are aerial work platforms that extend telescopically.
Telescopic booms are the best choice for accessing hard-to-reach
areas in construction, industrial, entertainment, road building,
bridgework, and inspection applications [2]. The telescopic forklift
is used during steel shed construction to position steel elements at
different heights, allowing for the bolting or welding of elements to
one another. The steel element that needs to be assembled remains
unsettled for a relatively long time until it is bolted or welded to
other elements. As a result, the bending stress of the telescopic
forklift elements, especially the booms and their sections, poses a
significant challenge.

2. Materials, sections, loads, and software used

In response to the issue highlighted in the last paragraph of the
previous chapter, we will employ Solid Works, a finite element
software, to design a telescopic forklift along with its components.
The finite element method is extensively used these days to conduct
numerical analyses of the structure of different machines, thanks to
the advancements in modern computing technology. The finite
element method (FEM) is extensively used these days to conduct
numerical analyses of the structure of telescopic booms, thanks to
the advancements in modern computing technology [3-5]. Finite
elements analysis will be performed, where the software will
calculate telescopic boom section stresses, a process that is part of
the logistic decisions that must be made during the realization of
this kind of construction work. Numerical solutions of the stress
distributions could be obtained and structural optimizations could
be carried out based on the stress analysis results [3-5]. The
modeling parameters of all component parts of the telescopic
forklift will be presented in this paper.
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2.1 Design of the telescopic forklift
We have designed a telescopic forklift with the following features:
Table 1. Telescopic forklift characteristics
Self-mass 8953.2 kg

Maximum lifting height 8.25m

The body of the forklift is compounded by the counterbalance, the
wheels, the boom base, the pistons, the cabin, 1 sliding boom, the
fork carriage, and the forks, as shown in the figures below:

Counter . ° N\
Balance ™

Basement

Wheels

Figure 1. Telescopic forklift parts

Sliding boom

| Basement boom

Figure 2. Structure of the telescopic boom

Figure 3. Forklift
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2.2 Materials properties

All the parts of the telescopic forklift are designed with AISI 4130
Steel as shown in Table No.2

Table 2. Material properties

AISI 4130 Steel,

NS annealed at 865C
Linear Elastic
BRI Isotropic
Yield strength: 4.6e+08 N/m?

Tensile strength:

5.6e+08 N/m?

Elastic modulus:

2.05e+11 N/m?

Poisson's ratio: 0.285
Mass density: 7,850 kg/m?
Shear modulus: 8e+10 N/m?

2.3 Applied loads

In addition, we have applied loads on the fork (as shown in Figure
5), determined by the weight of the elements that we need to lift for
constructing the military steel shed, which has a column span of
L=40m and a maximum height of H=8m (as shown in Figure 5)

d

Ll

B

L)

= :

Fig 4. Steel shed structure [6]

The weight of the columns, truss, and automated crane
basement beam are shown in Table No.3.

Table 3. Shed structural element weight

Element Weight (Kg)
Columns 1,854.8
Truss 3,979.2
Crane Beam 5,000.3

Figure 5. Applied load on the fork

2.4 Sections of the booms

The telescopic boom structure is typically made up of rectangular
hollow-sectioned booms that nest inside each other [2]. The loads
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transferred between the adjacent booms are realized through the
sliding contacts between the sliding surfaces of the booms [2].

The final resultant stress components ox, oy, and txy in the contact
region can be calculated as the summation of the corresponding
stress components of the global bending stress and the local
transverse bending stress [2]. Within the regime of elastic
deformation, the stress in the contact area can be considered as the
superposition of two states of stress. The first part is the normal
bending stress caused by the global bending deformation of the
boom. The second part is the local bending stress caused by the
transverse local bending deformation shown in the figures below

[2]:

Fig 6. Local bending deformation of the cross-section of the boom-
inner boom (left) and outer boom (right)

We have used Solid Works software to gather data on the
bending stresses of the sections of the telescopic boom. We
conducted 5 different simulations with 3 different loads to
determine the appropriate section thickness required to realize the
steel shed project.

3. Bending Stress Analysis and Results
In this analysis, we will present 5 simulations.
- Simulation 1

The first simulation was carried out to lift a HEA400 steel profile
column, which weighs 1,854.6 kg.

Load name Load Image

[ //9

Load Details

Entities: 2 face(s)

Apply normal
force

Type:
Force-1

Value: 1.854.6kg

Reference: Top Plane

Values: 0-9.81

Gravity-1

Units:  m/s"2

Figure 7 Load proprieties, HEA 400 steel columns lifting

The telescopic boom base outer section dimensions were By=
294mm x 290mm, inner section dimensions were Bb= 246mm x
242mm, and plate thickness t=24mm. While the telescopic sliding
boom outer section dimensions were Bb= 242mm x 238mm, inner
section dimensions were Bb= 218mm x 212mm, and plate thickness
t=24mm.
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Figure 8. Section booms proprieties, first simulations
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After performing analysis in SolidWorks software, and applying
load and properties, the resulting data is as follows:

Table 4. Boom sections minimum and maximum bending stresses,

Simulation 1
Load and section Minimum Maximum Allowed yield
properties section stress section stress section strength

Load 1.856-ton.
Sliding boom plate
thickness t=12 mm,
boom base plate
thickness t=24mm.

1.591e+03N/m"2 | 4.317e+08N/m"2 4.6e+08/m"2

Figure 9. Telescopic booms stress distribution, Simulation 1 (Load
1.8546 ton)

Table Nr.4 results show that maximum boom section stresses are

below yield limits. So, we can use a telescopic forklift with boom

section dimensions according to Figure No.8 1, to lift a HEA400

column, in the function of the project we are implementing.

- Simulation 2

The second simulation was conducted to lift a single steel roof truss
weighing 3,979.2 kg, using the same booms section properties as in
Simulation 1.

After performing the analysis using finite element software, we
obtained the following results:

Table 5. Boom sections minimum and maximum bending stresses,
Simulation 2

Load and section Minimum Maximum Allowed yield
properties section stress section stress section strength
Load 3.9792 -ton. 3.689e+02N/m”2 | 6.282e+08N/m"2 4.6e+08/m"2

Sliding boom plate
thickness t=12 mm,
boom base plate

thickness t=24mm.

sween
e
Froy
3unen
2510
.
e

amen

Figure 10. Telescopic booms stress distribution, Simulation 2 (Load
3.9792 ton)
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Based on the results presented in Table Nr. 5, it is evident that
the maximum stresses of the boom sections go beyond the
permissible yield stress. Therefore, we cannot utilize a telescopic
forklift with boom section dimensions as illustrated in Figure No.
8.1 to lift on a steel truss. We need to perform additional
simulations with larger section dimensions to lift the weight of the
truss.

-Simulation 3

In the third simulation, we tested boom sections with different
dimensions, and the one that passed the 3.9792-ton stress test had
the following properties: The boom base outer section dimensions
were By,= 306mm x 302mm, inner section dimensions were Bb=
246mm x 242mm and plate thickness t=30mm. While the sliding
boom outer section dimensions were Bb= 242mm x 238mm, inner
section dimensions were Bb= 206mm x 202mm plate thickness
t=18mm

306
242

| 208 246

238
302

Figure 11. Section boom proprieties, third simulations
Following the analysis through finite element software, we have
received the subsequent results:

Table 6. Boom sections minimum and maximum bending stresses,
Simulation 3

Load and section Minimum Maximum Allowed yield
properties section stress section stress section strength
Load 3.9792 -ton. 3.863e+02N/m"2 4.6e+08N/m”2 4.6e+08/m"2

Sliding boom plate
thickness t=18 mm,
boom base plate
thickness t=30mm

o

o

o

Figure 12. Telescopic booms stress distribution, Simulation 2 (Load
3.7092 ton)

Table Nr.6 results show that maximum boom section stresses are
below yield limits. We can use a telescopic forklift with boom
section dimensions according to Figure 11 to lift a steel roof truss
for our project.

Simulation 4

The fourth simulation was carried out to lift the automated
crane basement beam, which weighs 5,000.3 kg. As per Simulation
3, the boom section properties remain unchanged. Once the analysis
was completed, we obtained the following results:
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Table 7 Boom sections minimum and maximum bending stresses,
Simulation 4

Load and section Minimum Maximum

properties

Allowed yield

section stress section stress section strength

Load 5.003 -ton. 6.042e+03N/m"2 5.955+07N/m"2 4.6e+08/m”2
Sliding boom plate
thickness t=18 nmmn,
boom base plate

thickness t=30mm

Figure 13. Telescopic booms stress distribution, Simulation 4 (Load
5.0003 kg ton)

Table Nr.7 shows that the maximum stresses of the boom sections
exceed the allowed yield stress limit. We cannot use a telescopic
forklift with the boom section dimensions shown in Figure 11 to lift
the basement beam of the automated crane.

The maximum section dimensions allowed to apply in our
telescopic boom are: Boom base outer section dimensions Bb=
310mm x 306mm, inner section dimensions were Bb= 246mm x
242mm, and plate thickness t=32mm. While the sliding boom outer
section dimensions are Bb= 242mm x 238mm, the inner section
dimensions are Bb= 202mm x 198mm plate thickness t=20mm. We
have conducted another simulation using these sections for the fifth
time.

Simulation 5

The applied load will be 5,000.3 kg. We used only the last boom
sections available for this kind of telescope forklift.

a2

306

Figure 14. Section boom proprieties, fifth simulations
The results we obtained are as follows:

Table 8. Boom sections minimum and maximum bending stresses,
Simulation 5

Load and section Minimum Maximum Allowed yield
properties section stress section stress section strength
Load 5.003 -ton. 6.045e+03N/m"2 | 5.586+07N/m"2 4.6e+08/m"2

Sliding boom plate
thickness t=18 mm,
boom base plate

thickness t=30mm.
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Figure 15. Telescopic booms stress distribution, Simulation 4 (Load
5 ton)

According to simulation 5, it is impossible to lift a 5-ton weight
with our telescopic forklift design, no matter how much the boom
sections increase. The booms of the telescopic forklift bend
drastically when lifting the weight that belongs to the automated
crane. This deflection reaches a value of d= 1.99m. Apart from
boom section bending stress issues, there are also equipment
stability issues, which can lead to the overturning of our telescopic
forklift.

(o}

o

Figure 16. Telescopic boom's maximum and minimum bending
values

After conducting the simulation, we found that the area of
greatest stress on the boom is the support section and the connection
between the basement boom and the sliding boom.

4. Conclusions

In order to successfully execute crucial projects, such as
constructing steel sheds for military infrastructure, it is vital to
carefully choose appropriate logistic equipment. This will ensure
that the work is carried out with maximum safety and efficiency
while adhering to estimated costs and timelines. The process of
choosing construction equipment and machinery, should be based
not only on technical manuals and experience but also on a
thorough analysis of the bearing capacity and stress of the
equipment's constituent elements. This can be achieved by utilizing
finite element analysis. The analysis conducted in this paper enables
us to determine the required thickness of the boom section for
various weights lifted during the project. When the telescopic boom
bending stresses exceed the allowed stresses, as the software shown
during the analysis, we can increase the telescopic boom section
thickness, or sometimes the right decision to complete the project
works would be to use another equipment with different
characteristics. By conducting finite elements, we can obtain
significant insights for logistic decision-making.
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Abstract: The article provides information about the factors that have major impact on the ultrasonic gas flow measurement of natural gas.
Their considerations will help to the provision of reliable, high-quality and accurate measurement results, well acceptable for all parties in a

custody transfer of natural gas.
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1. Introduction

Many factors need attention and serious consideration in order to
ensure the reliable, high-quality and accurate custody transfer of
natural gas. Nowadays, the gas operators want to have fiscal gas
meters that operate with the highest reliability within specified
accuracy limits, not affected by any changes in the process flow
conditions.

Some of the gas operators are still using turbine meters for their
natural gas applications, but the modern ultrasonic gas flow meters
are able to offer a lot more - their key advantages and low
measurement uncertainty covers basically all needs of every gas
operator.

2.

The operation of the ultrasonic flow measuring system is based
on the principle of ultrasonic transit time difference measurement.
And the determination of the gas volume flowing through is based
on the current sound velocity transit time. The measurement itself is
conducted using a direct path layout, where two ultrasonic
transducers (forming a pair) are positioned opposite to each other in
a defined angle to the gas flow. Both of them operate alternately as
sender and receiver by changing their roles all the time and eliminate
the impact caused by changes in the gas flow and the velocity
through the flow meter.

The ultrasonic gas flow meters

Flow

Fig. 1. Ultrasonic measuring principle
The following equations are valid:
1 1),
Gt

L =t
D?-m

T 2-cosa
7 !

Q=v-
where:

v — speed of gas;

L — path length;

a — mounting angle;

Q — flow rate;

D — diameter;

t; — transit time in direction of flow;

t, — transit time against direction of flow.

Every ultrasonic flow measuring system is composed of a meter
body, ultrasonic transducers (forming path(s)) and a signal
processing unit (SPU). Every major manufacturer has its own
ultrasonic flow meter (USM) design based on know-how, used
design patents for the measuring paths allocation, etc. But the USM
itself is not the only important component for the reliable and

234

accurate measurement. Several components take place in the
measurement process:

Gas metering station / skid design;

Ultrasonic gas flow meter configuration;
Manufacturer’s role;

User’s role.

3.

The station / skid design probably has the biggest impact on the
measurement. The wrong design and equipment selection could lead
to a lot of issues like changes in the flow profile or severe piping
vibrations.

If there is a gas metering station and a gas regulating station (to
measure the gas flow rate and to regulate the pressure to the
consumers), there is also a flow meter and a regulating valve. The
direct straight pipe between the flow meter and the regulating valve
is conductor of noise, created by the regulating valve, which is
always located after the flow meter. However, there is a back-wave
of the noise. For this reason, an important connection must be
performed — between the flow meter and the regulating valve. This
connection has a form of a pipe tee and a subsequent elbow to the
regulating valve, as the one section of the pipe tee (coaxial with the
flow meter) is capped (closed) and the space inside of it performs the
role of acoustic damper. This is a proven solution for improving the
accuracy of the measurement as keeping it away from the critical
values signal-noise. Otherwise, if there is no such a connection, the
noise of the pressure regulator directly hits the ultrasonic
measurement.

The high pressure drop during normal operating conditions is
also considered as a bad influence to the ultrasonic measurement. An
interesting point for the assessment purpose is which valves will be
used in the station / skid, since every type of valve produces a
different kind of noise.

At difficult circumstances and specific station / skid
configurations, the USM’s manufacturer could always help by
evaluating a technical assessment by its own product development
support department. The outcome is that it will avoid any possible
high risk for the ultrasonic measurement to fail, no matter what type
of high-frequency transducers will be used.

The metering station / skid designer with the help of the
responsible metrologist must consider the operating conditions and
metrology requirements to the USM. The most common information
is usually stated in the instrument’s operating manual and must be
respected. As part of the installation conditions the straight pipe
sections (both upstream and downstream of the meter) are
considered as identical to the flow meter. There is a specific
requirement for their difference in diameters and it must be fulfilled
carefully. Sometimes a difference in just a couple of millimeters
could be a matter of grave concern.

For custody transfer applications in Europe, the mandatory
requirements to the gas meter and its installation conditions are
stated in its EU Type-examination certificate (in accordance with
Measuring Instrument Directive 2014/32/EU (MID), concerning gas
meters and volume conversion devices (MI1-002)) and in its OIML
certificate (in accordance with Recommendation of the International
Organization of Legal Metrology (OIML) R137-1 “Gas meters”).

Station / skid design and manufacturer’s role
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In addition, 1SO 17089-1 [3] defines recommendations for
ultrasonic gas flow meters and their operational requirements,
including important remarks to the production of adjacent straight
pipe sections (upstream / downstream of the meter) like cylindricity,
internal diameter of the connecting flanges, internal surface and wall
roughness, etc.

Despite the apprehensions of many, the internal wall roughness
of the straight pipe sections is not of a great importance, but it should
be considered. A much higher influence originates in the geometrical
deviations. Once the measuring system is calibrated, the pipe
roughness is not an issue anymore. There is an interesting study [2]
about the influence of deposits or changes in wall roughness on the
validity of the calibration and long-term accuracy of ultrasonic gas
flow meters.

4. Ultrasonic flow meter configuraiton

The proper USM configuration is normally selected during the
instrument delivery process and none of the below listed must be
underestimated:

Application / type of gas;

Requested meter variant / path layout;

Applicable metrological approval;

Expected gas composition;

Operating conditions and design parameters, incl. flow
ranges, pressure, temperature, ambient temperature, etc.;
Requested meter body, incl. information about nominal size
of the meter, material of the meter, flange pressure rating,
pipe connection diameter, should it be tapered bore or full
bore, etc;

Type of SPU and sensors, incl. 1/0 configuration setup and
explosion protection type of the enclosure;

Meter body testing during production phase, incl. pressure
leakage test, pressure hydrostatic test;

Flow calibration (unidirectional or bidirectional) that could
be low pressure calibration or high-pressure calibration,
with the choice of test points, adjustment method (linear,
polynomial or piecewise correction) and calibration setup.

If the USM will operate in combination with a flow conditioner
(FC) located upstream the meter, it is mandatory to calibrate the
complete package (FC, inlet pipe, USM, outlet pipe). If the
measuring line contains not one, but two ultrasonic meters in series,
the FC selection must comply to the first USM in the line.

Regular steps to ensure the USM accuracy are:

1) Manufacturing process

2) 3D-measurement

3) Base line

4) Configuration, Speed of Sound Check and Zero Flow
Test (Dry calibrated meter, without gas flow, i.e. typ.
uncertainty +0.5 %);

5) Ambient Air Calibration (Wet calibrated meter, with gas
flow, i.e. typ. uncertainty +0.35 %);

6) High pressure calibration, linear correction (Wet
calibrated meter, with gas flow, i.e. typ. uncertainty +0.2
%);

7) High pressure calibration, polynomial correction (Wet
calibrated meter, with gas flow, i.e. typ. uncertainty +0.1
%).

5. Modern USM Add-ons and User’s role

In addition to the hardware design and proven measurement
technology, the modern USM must have variety of features that will
bring the measurement process to the next level, where easy
operation and access to diagnostics data are available anytime. The
user-friendly software is a key feature for this purpose and it must
support the commissioning and meter management, as well as the
real-time performance monitoring and further diagnostic parameters
and values.
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An irrevocable option of modern USM is the use of parameter
Speed of Sound (SOS) that shows the distribution of components on
the flow profile. It is used for diagnostic purposes. Monitoring and
evaluation of the instrument diagnostic information can provide key
information on changes in the system status before they affect the
measuring results. And a comparison of diagnostics data from
different periods of the USM’s operation could help to diagnose
whether the device has to be maintained to even calibrated.

In a study [1] have been reviewed the types of diagnostic data
and its further handling and interpretation.

Three types of flow meters have been reviewed in it:
4-path USM with direct path layout — Figure 2;
8-path USM with direct path layout — Figure 3;

e  4+1-path USM with direct path layout — Figure 4.

USM with 6-path (3-path vs. 3-path in “X” orientation) is a
great addition to the above listed solutions and it gives absolutely
different perspective to the changes in the flow profile, when it is
combined with a 4- or 8-path meter. Nevertheless, the 6-path meter
is not a subject of review in [1].

The relevant diagnostic indicators include minimum the following:
Signal-to-Noise Ratio (SNR);

Average Gain Control (AGC);

Turbulence.

As per [1] “Diagnostic values derived from the individual path
velocities are helpful to identify changes in the flow profile. In a 4-
or 8-direct path layout, they include the following examples:

Profile factor (quotient of the path speeds of the middle to
outer paths);

Symmetry (quotient of the path speeds of the two upper to
the two lower paths);

Swirl (quotient of the path speeds of crossing path
planes).”

Fig. 3. Ultrasonic gas flow meter, 8-path, direct path layout
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Fig. 4. Ultrasonic gas flow meter, 4-path + 1-path, direct path
layout

If we consider the design on Figure 2 as “default”, and if we add
just 1-path system in the center of the meter body (in the middle of
the pipe), the result will become like the one shown on Figure 4.
This 1-path system gives different perspective than the “default”
design and it will react differently if any changes of the flow profile
occeur.

When we talk about diagnostics, there is another “hardware”
solution that could provide additional key diagnostics data — it is the
use of two USMs with different technologies in series. For instance,
if a metering run is a combination of a six-path meter plus a four-
path (or eight-path) meter installed in series, both of them will have
different reaction of the flow profile changes, which might help
identifying pollution in the metering package. If different
technologies come from different manufacturers, the end user will
have different sources of diagnostics data for the very same process.
That would be helpful for the end user to analyses the condition of
both process and assets condition.
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6. Conclusion

Consideration of above-described pre-requisites is the key for
reliability and quality of the measurement results which will not be
affected by changes in density, flow velocity or speed of sound. The
modern user-friendly software solutions are mandatory addition to
the equipment. The data collection, evaluation and analysis of
diagnostic indicators is a rigid part of USM technology.

The supportive manufacturer with know-how is always an
advantage to every new gas project. And if the gas operator, EPC or
end-customer has the chance to coordinate and assess the delivery of
new equipment as per the installation design, that will contribute to
the reliable ultrasonic gas flow measurement.

The reliable ultrasonic measurement of natural gas is equal to a
proper project design plus a good meter plus a supportive
manufacturer(s) with technology and know-how.
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Abstract: An innovative mill complex has been developed for the processing of glass waste applicable to the production of granular foam
glass and fire-resistant, energy-saving, acoustic and thermal insulation composite building elements. The presented design solution is in
accordance with the necessary technological characteristics of the ground vitreous raw material for use in the production process. It is
envisaged that the grinding will be carried out in two stages and will be combined with homogenization of the batch being prepared. The
first stage is the initial grinding of the raw material in a vibrating mill with metal grinding bodies, allowing grinding for a shorter period of
time to a certain size of the particles with minimal contamination. In the second stage, the final grinding (up to a technological size of the
particles) and homogenization is carried out in a ball mill with non-metallic grinding bodies. The main production equipment necessary for
the realization of the presented technological process was considered.

Keywords: WASTE GLASS, MILL COMPLEX

1. Introduction

The technological processing of raw materials by means of
milling equipment is a fundamental stage of the production process
in various industries. The mechanical processing of the primary raw
materials by crushing, grinding and mixing to the required optimal
technological state [1-3], ensures the effective participation of the
obtained fractions (from the materials) in the following production
stages. Different structural types of mills have been developed [3-
9], characterized by various exploitation characteristics (working
mode, productivity, repairability, energy efficiency, etc.),
specialized for processing certain categories of raw materials.
Standard mill facilities with a classic construction are the main part
of the necessary specialized machine park for the equipment and
construction of various production technological lines. The main
problems in the intensive operation of mill facilities are the duration
of the technological process, the consumption of electricity [10], the
depreciation of the used equipment [11], the risk of contamination
of the processed raw materials and a number of others.

The significant increase in the scale of industrial production, the
accelerated development of various economic sectors and the effect
of the consumer activity of households are accompanied by an
increase in the generated quantities of various waste products [12].
This determines the tendency to develop and implement
technological solutions for the utilization of waste materials [13], in
the role of raw materials for ecological production of semi-finished
products or finished products [14,15]. Production technologies have
been developed for efficient recycling of waste silicate glass [16-
18] and production of various foamed glass materials (planes,
profiles, granules, gravel and others). The creation of innovative
equipment with higher efficiency (compared to previous
generations of equipment) ensures increased productivity [19] of
technological lines. A significant part of the obtained foam glass
products are mainly used for thermal insulation of buildings [20],
equipment, installations or for the construction of drainage systems.

At the same time, innovative composite materials have been
developed based on granular foam glass (obtained from glass
household waste) and inorganic binders [21-24]. An experimental
process line was designed and a conceptual model of a workshop
was prepared for the production of a diverse assortment of massive
composite products [24,25] for construction. The used technological
approach provides for mechanical processing by grinding the
provided amounts of waste glass to a powdery mass and preparing
homogenized batches with the participation of a foaming agent. In
the course of the production process, primary granulation of the
compositions and thermal foaming to foam glass aggregates with a
cellular structure and different granulometric composition takes
place. The prepared fractions of granular foam glass represent a
predominant component for the production of composite materials
with the participation of hydraulic binders and other components.
The forming of the semi-finished products, the demoulding and the
final processing of the final products is carried out in a separate
technological section, equipped with a specialized set of formwork
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forms. On the other hand, the optimization of some energy-
intensive stages of the technological cycle is considered as an
expedient opportunity to increase the productivity of the used
methodological approach for preparing composites. For the rational
implementation of the process, a number of experimental data in a
wide research spectrum [26-44], obtained by different author
groups, have been analyzed. In this aspect, a promising direction is
the implementation of adequate changes in the implementation of
the primary mechanical processing, grinding and homogenization of
the raw materials.

The aim of the present work is the presentation of an original
approach to the construction of an innovative mill complex for the
processing of waste glass, applicable to the production of granular
foam glass for the preparation of fire-resistant, acoustic and thermal
insulation composite materials. The development ensures
shortening of time for mill processing of materials, reduction of
electricity consumption, lower depreciation of equipment (within
one production cycle) and minimization of the risk of raw material
contamination.

2. Experimental procedures

The main grinding facility for non-metallic materials is a ball
mill with non-metallic grinding bodies to avoid contamination of
the ground material. In the experienced technological line and
technology for the production of fire-resistant, energy-saving, noise
and heat-insulating composite building elements based on glass
waste, the use of a ball mill for grinding and homogenization of the
incoming charge to obtain the mixtures from which the foam glass
granules are made as a component is provided of the composite
material. The composition of the charge when grinding the glass
crumb should not contain impurities from the grinding metal bodies.
If only a ball mill with non-metallic grinding bodies is used to grind
the glass powder, the process takes days and consumes a lot of
energy. With the vibration mill, the grinding time is reduced many
times (by times) than with grinding only with a ball mill, but the
contamination with metal inclusions, mainly iron filings, released in
the vibration mill are harmful to the normally proceeding
technological process of foaming the glass powder with the glycerin
and water glass foamer. The design of the vibrating mills, intended
for the initial grinding of the particles with metal grinding bodies,
allows grinding in a short time to a certain size of the particles with
minimal contamination with iron filings, and the final grinding to
the technological size - 85% of particles around 65 microns and the
subsequent homogenization to is carried out in a ball mill with non-
metallic grinding bodies - spherical balls of corundum, high-
strength electro porcelain or balls of natural material - flint, which
do not contaminate the glass dust. No experience has been gathered
on the fabrication of non-metallic grinding cylinders for the
vibratory mill involved in the construction of the vibratory mill.
Thus, it is suggested that grinding be carried out in two stages and
be combined with homogenization of the batch being prepared. For



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

this reason, it is necessary to optimize the grinding process of the
output glass powder after the vibrating mill. Optimization involves
the selection of such parameters of the grinding process, described
in the theory of grinding in ball mills, which lead to maximum
efficiency in order to reduce the energy of grinding and to minimize
contamination of the prepared charge.

Research time for grinding non-metallic glass material in a
grinding system with a vibration mill Fig. 1 with metal grinding
cylindrical bodies, implemented under a patent.

A milling system with a vibrating mill intended for use in the

90% in the Q3(x)[%] column of the sample content having an
average size of 354.23 um. Average size is based on three sample
measurements.

An experiment was also carried out for grinding in such a ball
mill. A grinding system shown in Fig. 2 was used.

The time for grinding the glass powder in the ball mill to the
required size of particles of glass powder 85% with a size of 65
microns, with a diameter of the grinding drum D=1200 mm is
shown in the table. 2.

Table. 2. The time for grinding the glass powder.

experimental technological line and technology for the production % | Sac0r TDiaretr | Norbe | Revolitior
of composite material based on foam glass granules and products sam | input of of s of the
: e Lo P~ .. | Homogen | Average
thereof. ple | particles | grinding | grinding | grinding | Grindin . article
in the ball ball balls (fill drum gtim e s?ze 85%
0 9 5 6 & mill a level) (rotation 0
i N w30 frequency)
. 2 | mm mm - RPM h min pm
. & | o+ 30 200 6 20 70
- ‘ — . | 1 20 300 60 55 30 80
11 | TTE TR — 71 - 10 400 55 20 90
3 R .
iz 2 060353 50 300 60 2 30 65
1z — - A ) 3 ' 50 300 35 4 20 95
HYVEE -1 T | T 4 30 500 60 2,5 30 65
| — ! Ef 1. lE'L T 5 30 500 40 7 30 75
_,\Etr_ L -
i T il Mode No. 2 with a ball diameter of 50 mm at 60 mm and

450 800
1530

Fig. 1. Drawing of a vibrating mill, created under a Bulgarian patent

The main facility - the vibrating mill itself has been tested and
works successfully for grinding non-metallic materials that are not
affected by the metal shavings produced during grinding by the
metal grinding cylinders made of high strength bleached cast iron.
But despite its qualities, metal shavings are still released, which are
harmful to the technological process for the starting material of the
foam glass granules

An experimental vibratory mill with different grinding times
was used for the experiments, and the amount of chips separated
was measured. Grinding time to optimal size of glass crumb
particles up to 1 cm in size and drum diameter D=600 mm, diameter
of grinding bodies d 60 mm, number of grinding bodies 47 pcs. is
shown in table 1.

Table 1. Grinding time to optimal size of glass particles.

Size_ of in_put Residual iron | Grinding time Revolytions of
Ne particles ina d : SO electric motor .
A ] ust from | in a vibrating S Particle size
sample Vibrating mill 85 indi il (oscillation
% grinding mill a frequency)
mm g/dm min RPM um
1 2 12 440
2 4 24 380
3 10-5 8 36 3000 320
4 20 80 160
4 50 180 90
5 60 240 60

From the conducted foaming experiments, it has been proven
that the amount of harmless content of iron powder is up to 10
g/dm3, which corresponds to the first 3 samples from table 1. The
grinding time for these samples is up to 36 - 40 minutes, and 85%
of the bulk of glass particles is from 440 to 300 microns. The size of
the particles was evaluated with a laser analyzer - granulometer
brand FRITSCH, fig. 2. for sample 3, which shows under-grinding
of the glass powder, and for which the need for further grinding in a
ball mill with non-metallic grinding bodies is determined.

3. Results and Discussion

The laser granulometer has two modes of operation - dry and
wet. For this study, the wet mode was used, where the sample was
placed in a fluid (water), after which three consecutive
measurements were made. Uniformity of the three measurements is
obtained, which is an indicator of correctly reported values. The
table below the graph shows the distribution of the particles, with
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reaching the required size after 2 hours of grinding, with the
foaming agents added in the last 10 minutes and then another 30
minutes of homogenization, turned out to be the most economical .
The result of mode No. 4 is similar, the difference is minimal and
can be further optimized in the process of work and determining the
degree of wear of the balls and their cost, as well as the grinding
efficiency.

A laser grain sizer was re-examined under the same conditions
with the same analyzer. The result is 90% milled particles with an
average size of 69 pm.

The data for optimizing the grinding process with minimal
energy consumption from both mills and minimal contamination
with harmful impurities have been determined. It is as follows:
Vibration Mill Data in table 3:

Table 3. Vibration Mill Data.

Sz @il Residual iron| Grinding time RETTILTEEE,
Ne particles ina : il electric motor . .
A P dust from | in a vibrating L Particle size
sample| vibrating mill e mill (oscillation
85 % 9 9 frequency)
mm g/dm® min RPM pm
3 10-5 8 36 3000 320
Ball mill data in table 4:
Table 4. Ball mill data.
Ne | Size of | Diameter | Number | Revolutio
sam input of of ns of the
ple | particles | grinding | grinding | grinding - Homogen .
inthe | balls | balls (fill | drum | GG | " aion | Particle
. q time q size 85%
ball mil level) (rotation time
frequenc
y)
mm mm - RPM h min pm
0,005 - 50 300 60 2 30 65
0003 ™30 500 60 25 30 65

The data for the two ball mill modes differ in diameter and
number of balls In a correctly conducted experiment, a result was
obtained, as close as possible to a real combination of minimum
grinding time, both in the vibration and ball mills, minimum
grinding energy also from both mills and optimally residual iron
powder, which does not interfere with the technological process for
foaming of the granules.

For the coarse grinding in the vibrating mill with incoming raw
material - pieces of glass crumb 0.5 - 0.6 cm after hammer crusher,
the grinding time is 30 - 40 min with the outgoing particle size -
300 - 400 microns and 8 - 10 g/dm3 of iron shavings that do not
interfere with the technological process. A cascade mode is used
for fine grinding in the ball mill.
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Fig. 2. Diagram of a ball mill grinding installation with non-metallic grinding bodies. A- Main view; B — Side view

When operating ball mills in this mode, in order to obtain a
finer fraction, the smallest possible diameter, in the case d = 30 mm,
grinding bodies, tailored to the desired fraction of the starting
product, are used. In this mode of operation, the defragmentation of
the material itself occurs during grinding. The revolutions of the
ball mill required to obtain this regime depend on the diameter of
the mill - D = 1200 mm, n = 60 rpm and the material of the grinding
bodies - corundum. With a productivity from both mills of 150
kg/hour, the total power for 4 motors - 1 for the hammer crusher, 2
for the vibrating mill and 1 for the ball mill averages 2.5 kV/hour =
10 kV/hour. As a result, 60-70 Watts of energy is used for 1 kg of
ground and homogenized raw material. There is an opportunity to
make improvements in the vibrating mill - making grinding
cylinders from corundum and in the ball mill - making balls with a
special, more efficient pyramidal shape with rounded.

4. Conclusions

An innovative approach is presented: the construction of a mill
complex for the processing of glass waste raw materials, applicable
to the production of granular foam glass for the production of
composite acoustic and thermal insulation composite materials
(cladding boards, profiles and fire-resistant elements) for
construction. Two technological stages are envisaged for mill
processing of the vitreous raw material to form a fractional
composition with optimal target characteristics for effective
application in the production process. By applying primary grinding
of the raw material in a vibrating mill (with metal grinding bodies)
for a short period, basic mechanical processing is carried out until a
satisfactory technological consistency of the vitreous mass and
minimal contamination. The final grinding of the raw material is
carried out in a ball mill (with non-metallic grinding bodies)
combined with homogenization of the components and preparation
of batch compositions.
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Abstract: One-component CeO, coatings and bi-component CeO,/ZrO, multilayer coatings were obtained by a sol gel process. The phase
composition, surface morphology and roughness of the samples were studied by means of X-ray diffraction (XRD), scanning electron
microscopy (SEM), Atomic force microscopy (AFM) and X-ray scanning electron microscopy (XPS). The corrosion resistance and protective
ability were characterized by using salty solution of 3.5% NaCl at 25 C. The multilayer configuration of CeO, and ZrO, ensure enhanced
protection of the steel in comparison to the single CeO, coatings and uncoated steel. The surface morphology and anticorrosion properties
depend significantly on the treatment temperature of both CeO, underlayer and ZrO, top layer. At lower treatment temperatures, they are
relatively dense and smooth. The corrosion resistance of the multilayers slows down, when ZrO, coatings were heated above 500°C. This
probably is due to the more pronounced crystallization of cubic zirconium dioxide, resulting in deeper boundaries between the individual
grains. The protective properties of a CeO,/ZrO, multilayers could be attributed to the low crystallized structure with very fine crystallites.

Keywords: SOL-GEL METHOD, COATINGS, CeO,, CeO,/ZrO,

1. Introduction

The course of various corrosion processes significantly limits
the exploitation period and has an extremely adverse effect on the
condition and workability of different facilities, production
installations, metal constructions, machine park, transport fleet and
other. Corrosion reactions are accompanied with various processes
related to gradual change the composition, micromorphology,
structure, chemical resistance, mechanical properties and functional
properties of the metal contact surface. One of the widely applied
approaches to protect the metal products from the effects of
corrosion factors is the use of a variety types of organic or inorganic
protective coatings [1]. Diversity protective thin coatings with
specific characteristics can be deposited on the metal surface by
various methods, including thermal oxidation [2], electrochemical
deposition [3], chemical vapor deposition (CVD) [4], plasma
spraying [5], physical vapor deposition (PVD) [6], electron-beam
evaporation [7], pulsed laser deposition [8], thermal annealing [9],
atomic layer deposition [10], spray pyrolysis [11], pressing
techniques [12], sputtering [13] and a sol-gel technique [14-16].

Different non-toxic nanostructured, homogeneous, oxides
coating are investigated in the role of appropriate barrier layers,
increasing the corrosion resistance of the metals [15-28].

Considerable interest is the preparation of innovative,
competitive and long-lasting coatings with optimized complex
indicators, suitable for operation in a variety of corrosive
environments. A current trend is the application of environmentally
friendly and economically viable technologies for manifacturing
products at lower consumption of energy carriers. The sol-gel
method is an alternative ecological, low cost and low temperature
technological approach for obtaining nanoscale materials with
different functional properties, applicable [29-33] in optics,
electronics, medicine and other fields. The sol-gel technology
allows the obtaining of materials and products in different forms
(powders, layers, fibers, nanocomposites, net-like structures,
monoliths etc.) and offers a number of advantages compare to other
standard classical high temperature techniques used to make similar
products. The method provides a number of significant
technological possibilities: accessible precursors, use of basic
laboratory equipment, work in a standard environment, effective
control the reaction conditions of synthesis, relatively low
temperature of synthesis, obtaining diverse of materials with good
homogeneity, desired chemical composition, high purity, controlled
porosity and other specified target properties. The sol—gel technique
involving several consistent main stages [34-36]: hydrolysis and
polycondensation reactions, gelation, aging, period of drying,
densification and crystallization processes. Usually introduce of
appropriate catalysts increases the rate of hydrolysis. The pH value
of the prepared reaction system, which is dependent on the specifics
of the applied catalyst, essential impact of the ongoing hydrolysis
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and condensation processes and of the structure and properties of
the resulting final phases.

A number of authors report [15, 37-42] on the application of sol
gel method to produce appropriate anti-corrosion coatings for
effective protecting various materials and products in aggressive
environments. For the preparation by sol-gel method of different
type’s thin or thick coatings [43-45] with effective controlled
uniform thickness is applying of single and multi-deposition
techniques. The use of dip coating or spin coating [46, 47] modus is
an important major factor determining the the characteristics of the
resulting layers. In this technique, some technological parameters
have a significant impact: amount of the components, viscosity,
surface tension, humidity, duration of the rotation, speed of the
rotation, temperature of the surrounding atmosphere and so on [45].
Spin-coating method provides the more technological possibilities
for precise obtain of thin films with finer structure and different
properties than dip-coating method [44]. In the formation of the
structure of the prepared sol-gel coatings, the used heat treatment
regime has a significant role, the maximum temperature used being
of major importance.

The ceria and zirconia protective coatings are characterized with
prezence of excellent wear resistance, good chemical stability, low
thermal conductivity, non-toxic properties, appropriate corrosion
resistance and high thermal expansion coefficient close to that of
many metals [48], which reduce the formation of cracks during
high-temperature impacts. At the same time the high dielectric
constant and unique mechanical indicators (fracture toughness, high
hardness) of ZrO, determine it’s the essential importance in
different areas of practice [37, 38, 49-53].

Anti-corrosion and thermal protection abilities of zirconia sol-
gel based [38, 50, 51, 52, 54] coatings deposited on stainless steel,
ferritic steel 9Cr1iMo, aluminum and glass substrates was studied
[37]. Laboratory tests have been performed to investigate of
anticorrosive characteristics of zirconia coatings at immersion
chiefly in acid or salt media [55].

A particularly promising technological approach is the
preparation of multilayer coatings formed of 2 or 3 types of oxides,
deposited over the other. Currently, the development of various
multilayer anti-corrosive coatings for protection of metals is
perceived as especially perspective approach, since they provide
higher degree of protection than to monolayer coatings [56]. The
multilayer coatings combine the specific physic-chemical
characteristics of the various oxide layers, which significantly
increases the functional performance of the finished products and
expands the prospects for their application. The experimentally anti-
corrosion behavior of ZrN/ZrO, multilayers coatings on stainless
steel, deposited by ion plating have been investigated [57]. In
laboratory conditions it has been established that the bi-layer
structure is distinguished by a higher corrosion resistance, than at
sample with single layer with of the same thickness, without this
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does reduce the resistance of the coating to the surface of the test
specimen [58]. On the other hand it is observed anticorrosive
properties are enhance of the anticorrosion of ceria doped ZrO,
coatings [59].

The developed various nano-hybrid coatings demonstrated high
mechanical, physic-chemical and anticorrosion properties [41, 42],
depends of the content and activation of the introduced
nanoparticles.

Experimental modificated silane-based hybrid coatings [60, 61]
with different content of CeO, and ZrO, nanoparticles were
prepared. The introduced CeO, and ZrO, nanoparticles were
represent suitable fillers, determining the increase the anti-corrosion
properties of the hybrid coatings [62, 63].

In the volume of the layer deposited by sol-gel technology are
incorporated amorphous ZrO, or crystalline CeO, nanoparticles,
with various sizes from 5 nm up to 10 nm.

It has been found that the presence in compositions of
nanoparticles CeO, improve of corrosion protection characteristics,
whereas the content of ZrO, simultaneously enhance corrosion and
wear resistance [40]. The corrosion behavior of the obtained hybrid
nanocomposite coatings and the possibilities for their use in the role
of protective coatings for electro-galvanized steel [63], AA2024-
alloy [41] and Mg-alloys [40] have been investigated.

A number of authors report [64-66] cerium is an appropriate
inhibitor of different metals and alloys corrosion: aluminum,
aluminum alloys, steel, magnesium, magnesium alloys, tin and
others. The introduction of appropriate corrosion inhibitors in the
composition of coatings can provide effective corrosion protection
performance, as the presence of inhibitors can considerably limits
the appearance of local corrosion [67,68]. The protective CeO,
coatings suppress the cathode processes [69] by inhibiting the
corrosion reactions and are especially suitable for the passivation of
metal materials in the role of an active barrier layer [59].

Experimental cerium-based anti-corrosion coatings were
prepared by sol gel technology [70]. The effect of introduced
various concentrations of cerium ions on the characteristics of sol-
gel derived protective coatings were studied [71]. The possibilities
for preparation and characteristics of TiO,-CeO, coatings by using
the sol-gel method by dip-coating the technique were ivestigated. It
is proven that the corrosion resistance indicators is enhancement
with increment of the content CeO, in resulting nanocomposite
coatings. The evidently presence of cerium ions have a beneficial
effect on the corrosion resistance of the investigated coatings [71].
This result showed the essential importance of introduced CeO, in
the oxides coatings, intended for effective corrosion protection of
someone metal materials.

The present paper reports the experimental results from the
performed the investigations of the corrosion resistance of CeO,
coatings and bi-component CeO,/ZrO, multilayer protective
coatings, obtained by the sol-gel method (dip coating technique)
[72-80].

2. Experimental procedures

For CeO, coatings obtained by the sol-gel method,
Ce(NO3)3.6H,O (0.4M) dissolved in isopropanol was used as a
precursor solution. After immersing the pads in the solution and
holding for 10 seconds, they are withdrawn at a speed of 30
mm/min. After each application, the samples were air-dried in two
stages: first at 100°C for 1 hour, then the temperature was increased
to 300°C for 1 hour. The procedure was repeated 3 times. The
samples were divided into 2 groups - in the first group (code C1) - 2
more layers are applied in the procedure described above. In the
case of the second group of samples (code C2) - 2 applications
followed, each of the layers being processed at 500°C.

For CeO,/ZrO, multilayer coatings obtained by sol gel method,
ZrOCl,.8H,0 (p.a) dissolved in ethanol was used as a precursor
solution and nitric acid was added to prevent hydrolysis. 1.6 ml of
acetylacetone was added to the mixture as a complexing agent, the
solution was stirred for 2 hours. After immersing the pads in the
solution and holding for 10 seconds, they are withdrawn at a speed
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of 30 mm/min. After each application, the samples were air-dried in
two stages: first at 100°C for 1 hour, then the temperature was
increased to 300°C for 1 hour. The procedure was repeated 2 times.

Multilayer coatings consisting of 3 layers of CeO, and two
layers of ZrO, were deposited and characterized.

The layers of CeO, were deposited under the conditions of
obtaining samples C2. After their heat treatment, 2 layers of ZrO,,
treated at different temperatures, were successively deposited on
them.

In this study, nanosized TiO, coatings donated with samarium
were obtained by the sol-gel method to increase the corrosion
resistance of 316L steel. Two organic titanium precursors were used
to prepare the solution for TiO, deposition donated with samarium:
Titanium  Isopropoxide (TTIP) and Titanium Butoxide.
Acetylacetone (AcAc) was used as a stabilizing agent.

Titanium isopropoxide (TTIP); titanium butoxide and AcAc
were dissolved in 2-propanol. The resulting solution is clear and
orange, which is typical for the formation of a chelated complex.
After stirring vigorously at room temperature, a mixed solution of
distilled water and i-propanol (iPrOH) was added drop wise to the
above solution with stirring. The molar ratio of the components is
TTIP: iPrOH: H,0: AcAc = 1:30:1:1. The solution of the Titanium
butoxide was prepared by the same method.

In this study, nanosized TiO, coatings donated with samarium
were obtained by the sol-gel method to increase the corrosion
resistance of 316L steel. Two organic titanium precursors were used
to prepare the solution for TiO, deposition donated with samarium:
Titanium  Isopropoxide (TTIP) and Titanium Butoxide.
Acetylacetone (AcAc) was used as a stabilizing agent [95].

Titanium isopropoxide (TTIP); titanium butoxide and AcAc
were dissolved in 2-propanol. The resulting solution is clear and
orange, which is typical for the formation of a chelated complex.
After stirring vigorously at room temperature, a mixed solution of
distilled water and i-propanol (iPrOH) was added drop wise to the
above solution with stirring. The molar ratio of the components is
TTIP: iPrOH: H,0O: AcAc = 1:30:1:1. The solution of the Titanium
butoxide was prepared by the same method.

3. Results and Discussion

X-ray phase analysis data showed that a nanocrystal line phase
of cubic CeO, was formed after isothermal heating (according to
powder diffraction file PDF 43-1002) (Fig. 1). The size of the
crystallites for both types /C1 and C2/ of samples is 7 nm.
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Fig. 1. X-ray diffractogram of sol gel coatings of CeO..

Figure 2 shows the SEM images of the surface of the samples
before and after the corrosion test. Sample C1 has a relatively
smooth surface with the presence of microcracks, while the
morphology of sample C2 is smoother and with much fewer
microcracks. After conducting the corrosion test, the surface retains
its characteristics, pits, holes and other characteristic signs of
corrosion are not observed.
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Fig. 2. Morphology of freshly prepared CeO, sol gel coatings — C1 (a,b) and
C2 (c,d) and C2 after corrosion test (e,f).
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Fig. 4. Topography of CeO, sol gel coatings - sample C2 after corrosion test
in 2D and 3D image.

Figure 3 shows the topography of the CeO, coating after the
heat treatment. It can be seen that the coating is dense, without
visible pores and with good adhesion, and the surface is composed
of numerous nano-sized crystals. The roughness was calculated
using an AFM software program - Rq is 15 nm (Ra=10 nm). Figure
4 shows the topography of a coating after a corrosion test. The
surface roughness of the sample is also very close: Rq is 14 nm
(Ra=10 nm), which is another evidence (besides the morphology
shown in the SEM photographs) that the sample exhibits good
barrier properties under the influence of NaCl environment.

Presents the analysis of the chemical composition of the
coatings before and after the corrosion test; it can be seen that the
composition does not change significantly - Table 1.
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Table 1. EDX analysis of CeO, /C2/ coatings obtained by the sol-gel
method.

At% | Freshly received sample | After corrosion attack
0 36,39 34,24

Cr 11,89 12,42

Mn 0,7 0,77

Fe 39,57 40,81

Ni 4,03 432

Zr - -

Ce 7,42 7,45

The conditions of the final thermal treatment of multilayer
coatings of CeO,/ZrO, obtained by the sol-gel method for each of
the coatings are presented in Table 2.

Table 2. The thermal treatment of multilayer coatings of CeO,/ZrO,.

Code | Firstlayer | 2nd layer | 3rd layer | 4thlayer | 5th layer

pattern T (DC) T (oC) T (oc) T (oc) T (OC);
C3 | Ce0,/300 | CeO,/300 | Ce0,/300 | ZrO,/500 | ZrO,/500
C4 | Ce0,/500 | CeO,/500 | Ce0,/500 | ZrO,/500 | ZrO,/500
C5 | Ce0,/300 | CeO,/300 | Ce0,/300 | ZrO,/600 | ZrO,/600
C6 | Ce0,/500 | CeO,/500 | Ce0,/500 | ZrO,/600 | Zr0,/600
C7 | Ce0,/300 | CeO,/300 | Ce0,/300 | ZrO,/700 | ZrO,/700
C8 | Ce0,/500 | CeO,/500 | Ce0,/500 | ZrO,/700 | ZrO,/700

X-ray phase analysis data (Fig. 5) showed that after isothermal
heating, a nanocrystalline phase of cubic CeO, was formed,
according to powder diffraction file PDF 43-1002, and cubic ZrO,
according to powder diffraction file PDF 49-1642. From the
presented radiographs, enhanced crystallization of cubic ZrO, is
observed with an increase in the annealing temperature of CeO, -
500°C and ZrO, -over 600°C. The crystallinity of the CeO, phase
does not change significantly.
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Fig. 5. X-ray diffractogram of sol gel coatings of CeO,/ZrO,.

Figure 6 shows the SEM images of the surface of the multi-
grain samples after heat treatment. C3 and C4 coatings have a
relatively smooth surface with the presence of microcracks (in C4
slightly more cracks due to the increased temperature of CeO,
processing). The morphology of C5 and C6 coatings is similar. As
the heat treatment temperature of the zirconia layers increased
above 600°C, the morphology was seen to change and visible deep
cracks formed for the ZrO, samples heat treated at 700°C. The
sample consisting of cerium dioxide treated at 500°C and a top layer
of ZrO, heat treated at 700°C (C8) even has areas where the coating
has begun to separate from the substrate.
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Fig. 6. Morphology of sol gel coatings from CeO,/ZrO, — C3 (a,b); C5 (c,d);
C6 (e,f) and C7 (g, h) fresh coatings.

Figure 7 shows the SEM photographs of multilayer coatings C3,
C5 and C6 after 200 hours of residence in a corrosion environment
of sodium chloride. From them, it can be seen that the coatings
retain their characteristic surface morphology, pitting and other
damaged areas as a result of corrosion not being observed.
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Fig. 7. Morphology of sol gel coatings of CeO./ZrO, — C3 (a, b) C5 (c, d)
and C6 (e, f) after corrosion test.
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Figure 8 shows the topography of a fresh C3 coating after heat
treatment. It can be seen that the coating is dense with good
adhesion, the surface is composed of many nano-sized crystals. The
roughness calculated by AFM software program Rq is 9.5 nm
(Ra=7.2 nm). After conducting a corrosion test, the sample shows a
morphology with a roughness Rq is 10 nm (Ra = 7.7 nm) (fig. 9).
Figure 10 shows the topography of coating C6, which is similar to
sample C3. The surface roughness of the sample is also close: Rq is
5.4 nm (Ra=3.7 nm). After conducting the corrosion test, the
roughness remains at the same values: Rq is 5 nm (Ra=3.5 nm).
(fig. 11) which proves the good resistance of the coating under the
influence of the corrosive environment.

Table 3 presents the data on the crystallite sizes of the two
phases calculated according to Scherer's formula.

Table 3. Crystallite sizes data of the two phases (ZrO, and CeO,).

Sample Size of crystallites Size of crystallites (nm)
(nm) - phase ZrO, - phase CeO,
C3 16 6
C4 12 7
C5 14 6
C6 13 7
C7 15 10
C8 11 10

200.0 nm
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Fig. 8. Topography of ZrO,/CeO; sol gel coatings freshly obtained - sample
C3in 2D and 3D image.
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Fig. 9. Topography of sol gel coatings CeO,/ZrO, - sample C3 after
corrosion test in 2D and 3D image.

\
1500

Y/

2,0 pn2.0 pm

1
20um

1: Heiaht

Fig. 10. Topography of sol gel coatings CeO,/ZrO, — sample C6 freshly
obtained in 2D and 3D image.
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Fig. 11. Topography of sol gel coatings CeO./ZrO, - specimen C6 after
corrosion test in 2D and 3D image.

The results of the corrosion test showed that the heat treatment
of the CeO,/ZrO, multilayer coatings definitely affects their
corrosion resistance as evaluated by the weight loss.

At a lower heating temperature of the ZrO, layer (up to 500°C),
the resistance is higher. Above this processing temperature, it
decreases, which is probably due to the more pronounced
crystallization of cubic zirconia. Enhanced crystallization leads to
deeper and more pronounced boundaries between individual grains.
This type of morphology accelerates corrosion that occurs between
grains (intergranular corrosion). It is important to note that the best
corrosion resistance is shown by the multilayer coating of CeO,
heated at 300°C and ZrO, coating heated at 500°C. The sublayer of
CeO,, which crystallizes in a cubic phase, influences the layer of
ZrO, deposited on it - it is also cubic. However, the cubic phase is
not characteristic of this oxide at the applied heating temperatures
(up to and including 700°C, when the monoclinic phase is stable). It
is known that the cubic phase has much fewer defects and is
characterized by better mechanical properties than the monoclinic
phase - it can be assumed that the corrosion resistance of cubic ZrO,
is better than that of monoclinic ZrO..

4. Conclusions

They have been researched - one-component coatings of CeO,,
multilayer coatings of CeO,/ZrO, and TiO,/Sm,0; by sol-gel
method.

It has been proven that the surface structure strongly depends on
the treatment temperature of the CeO, sublayer as well as the ZrO,
coating. At lower temperatures, they are dense, with good adhesion
and relatively smooth.

At a processing temperature of 500 and above 500°C of ZrO,
coatings, the resistance in a corrosive environment decreases, which
is probably due to the more pronounced crystallization of cubic
zirconia, which leads to deeper boundaries between individual
grains.

The protective ability of a sample with a multilayer coating of
Ce0,/Zr0O, is significantly better than that of a sample with only
CeO, coating.
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Abstract: They have been conducted on ellipsometry and contact angles. The contact angles of a surface coating on glasses applied in
photovoltaics were measured. This study used a DSA 100-Expert (Kriiss GmbH, Germany) to measure contact angles on glass substrates.
Contact angles were measured using the DSA 100-Expert tilt table accessory to identify both advancing and receding contact angles. A drop
of deionized water is deposited on the glass substrate and then the table is tilted at a constant rate of 5 degrees per minute, to a tilt angle of

90 degrees.
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1. Introduction

The construction of solar systems with different power (for
domestic and business customers) and large photovoltaic parks is a
current energy alternative, in line with the trends for the use of
ecological renewable energy sources [1-6]. At the same time, due to
the drastic change in the geopolitical situation and the unsustainable
prospects for access to conventional energy carriers, traditionally
provided by large international suppliers, the role of the solar
energetics is significantly increasing.

Regarding the final consumers of the generated electricity,
photovoltaic plants are classified into three main categories [1,3,7]:
stand-alone installations (providing power only to individual sites),
solar systems connected to the National Electricity Distribution
Network and combined (hybrid) installations combining the
characteristics of the previous ones two.

The productivity of solar installations is determined by a variety
of factors [3,7]: orientation of photovoltaic panels, impact of cyclic
diurnal and seasonal weather changes, climatic specifics of the
region, contamination of solar modules, etc. Main pollutants are
heterogeneous local deposits, diverse fractions of dust particles
[8,9] (of natural or industrial origin), products of the biological
cycle of different populations, and others.

Different construction types of cleaning systems [7,8,9]
(manual, automated and robotic) are used for the individual
categories of photovoltaic systems. In this aspect, the use of a self-
cleaning coating is considered as a promising and cost-effective
approach for maintaining the solar panels in a highly efficient state
[10]. Of significant interest is the development of innovative nano-
sized, self-cleaning coatings [11-16], obtained by technological
methods providing a long-lasting effect and high atmospheric
resistance.

A self-cleaning mechanism has been discussed, which is
defined as the capability to expel the contamination particles by the
action of spherical water droplets [17-19]. It's proved that water
contact angle is one of the significant factors to obtain self-cleaning
coatings and strong anti pollution effect [20]. There are two main
functional types of self-cleaning coatings: hydrophobic and
hydrophilic. The main difference between hydrophobic and
hydrophilic was based on the movement of water droplets. Self-
cleaning hydrophobic coatings repels the present various
contaminants by sliding away or rolling off the particles from its
surface [21].

Hydrophobic coatings can be further classified as hydrophobic
and superhydrophobic surfaces differentiated by the motion of
droplets. Self-cleaning is expressed by the capability of
ahydrophobic surface towashout dustparticlesby the action of water
droplets [17-19].

On the superhydrophobic coatings, the spherical droplets will be
carrying the various contaminants away in a rolling motion, while
on a hydrophobic surface, the half-spherical droplets carry the
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contaminants away by sliding motion. It has been experimentally
found that the rolling motion of droplets is significantly more
effective to clean of the coatings than the sliding motion [11]. The
hydrophobic coatings must be characterized a very high static
wettability contact angle and a very low roll-off angle to obtain an
effective self-cleaning mechanism [21].

Silicon dioxide SiO, is commonly used in the development of
various hydrophobic self-cleaning functional coating for the cover
glass materials. Research team [22] have obtained silica coating
composed of base-catalyzed silica sol and acid-catalyzed silica sol
by using dip-coating method and adequate laboratory regime of
thermal treatment. The mixed silica coating exhibits suitable
superhydrophobic and self-cleaning characteristics with the water
contact angle of 162°. As the coating possess strong Si—-OH bond, it
gives strong adhesion to glass surface [21].

The existing micro and nanotextures on the hydrophobic
coatings halt the expanding motion of liquid, substantially
increasing the liquid droplet’s contact angle [21]. Thus, the liquid
droplet can immediately roll off at a higher speed for the
superhydrophobic surface. Different from a hydrophilic coatings
which holds back the contracting motion of the liquid and provokes
the lowering in contact angle of the liquid droplet [21].

The self-cleaning mechanism of superhydrophilic coating can
be initiated with or without UV light. At the same time, a self-
cleaning hydrophilic coating is assisted by a photocatalysis
mechanism to lowers the presence the various pollutants on the
super hydrophilic surface under UV-light exposure [21]. The
photocatalysis process is initiated by photocatalysts such as titanium
dioxide TiO, (or other semiconductor materials) to generate
electrons and holes and formed electron-hole pairs by absorption of
UV-radiation in photocatalyst coating. In the further development
of the process the electron-hole pairs then oxidize the adsorbed
species on the photocatalyst [21,23,24].

The photocatalysis reaction of the obtained coating is based on
the TiO, band where the bandgap is enough to generate more
hydroxyl groups and superoxide anion for photocatalysis process
[21]. The titanium dioxide is mostly applied as photocatalyst
component, but its band gap energy is high which can absorb UV-
radiation only. In relation to this, various modifiers such as silicon
dioxide, iron, tungsten and nitrogen have been doped into the
titanium dioxide materials to increase its photo-response to visible
range of light.

Whereas self-cleaning mechanism without the influence of UV-
light is denoted as non-photocatalyst. Superhydrophilic coating
spreads the water droplet into thin-film layer of water and flow the
contaminants down the water stream [25]. The superhydrophilic
polymers consists of various polar functional groups such as
hydroxyl, carboxyl, and carbonyl-chains. The different polar
functional groups are characterized by significant attraction to water
which provides the solid surface completely wetting [21].
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In the present article, the results of the performed laboratory
studies of experimental self-cleaning TiO, thin films, deposited by
the sol-gel method on the glass plates are presented. Obtaining
transparent self-cleaning coatings for solar panels is considered as a
major possibility for potential application of the development.

2. Experimental

2.1.Materials

All compounds were supplied as analytical grades and
were used without further modification. Thin film coatings are
performed on glass slides from AGC Glass Europe. TiO, precursors
and solvents were 99% titanium isopropoxide, also commonly
referred to as titanium tetraisopropoxide or TTIP, is a chemical
compound with the formula Ti{OCH(CH3),}4 /TTIP/ and 99.9%
ethanol (C,HsOH), all purchased from Alfa Aesar Germany. The
hydrolyzing agent is distilled water, and the stabilizer is nitric acid
/HNO; /. Preparation of the glass substrate. Before being cleaned,
the slides were cut to size (20 mm x 70 mm x 2 mm). Substrate
cleaning is important prior to the deposition process, as this allows
the cleaning and removal of submicron particles from the substrate
surface. This is decisive for the quality of the bonding film on the
substrate. The glass substrates were cleaned/washed/ in 99.9% ethyl
alcohol for 15 minutes and acetone for 15 minutes and then dried
for 30 minutes at 100°C. Cleaning the glass substrates improves the
adhesion of the coating material to the substrate and prevents
contamination on the formed coating.

Preparation of TiO, sol. The aim of the synthesis is to
obtain coatings of TiO, on glass substrates applying sol-gel method.
Mixture of precursor — 5 ml of 99 % TTIP and 5 ml of DEA
/C4H1NO,/— was added dropwise to the acid solution, made of
ethanol, water and nitric acid in a ratio of 1:1:0.5 for prevent gel
formation. To ensure adequate hydrolysis, the mixture was
continuously stirred at 500 rpm with a magnetic stirrer for 2 hours
under air pressure to produce a pink translucent solution.
Schematics of the process of obtaining a thin film of sol gel with
TiO, . Depiction of the chemical synthesis of TiO,-based sol. A dip
coating machine (Dip Coating technology) at a speed of 42.8
mm/min was used to deposit thin layers of TiO, on the substrates. A
lower speed of the applied solution on the glass substrate helps the
coating to be uniform, while a higher rate helps the solution to
become thinner. The deposited films were then heated at a
temperature of 500°C for 15 min /schema 1/.

Schema 1: Schematics of the process of obtaining a thin film of sol

gel with TiO,
30mins
Dropwise y
MI.\‘IL‘R_;I\’ /'.:.:xn'nr H
l WHILE STIRRING

COATING ON
SUBSTRATE

THIN FILM

Table 1. Table for samples:

samples: Main Drying T°C- Number
composition: time treatment of layers
GIS-11 TTIP 30 min 500°C- 15 1
min
GIS-12 TTIP 30 min 500°C-15 min 1

3. Result and Discusion

3.1Contact Angle Measurements

This study utilised the DSA 100-Expert (Kriiss GmbH,
Germany) to measure contact angles on glass substrates. Contact
angles were measured using the tilting table accessory of the DSA
100-Expert to identify both the advancing and receding contact
angles. A droplet of deionised water was deposited onto the glass
substrate, and the table was then tilted at a consistent rate of 5
degrees per minute, up to an angle of inclination of 90 degrees.

Each contact angle measurement was performed three times
on each substrate to ensure the accuracy of the results. The
advancing and receding contact angles were measured as the
substrate tilted from 0 to 90 degrees. The images of the droplet at
each degree of tilt were captured and subsequently processed using
the DSA 100-Expert's built-in software.

Contact angle hysteresis, defined as the difference between
the advancing and receding angles, was also evaluated in this study.

Sample Preparation

The glass substrates were cleaned before the experiments. The
cleaning procedure involved wiping the substrates with a cloth
soaked in 95% ethanol and rinse with deionised water. The
substrates were then left to dry in a clean, dust-free environment.
The cleanliness of the samples was confirmed through a preliminary
contact angle measurement of a bare glass sample (6 < 10°).
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Fig. 1 . Contact angle measurements on modified glass surfaces: A)
Represents the procedure of determining dynamic contact angles by
tilting the optical table of the apparatus to 90 degrees. B) Illustrates
the advancing and receding contact angles of a water droplet on
samples GLS 11 and GLS 12. The values are calculated by taking
the 2D profile of the droplet and applying the tangential method to
both sides of the droplet concerning its midpoint

The receding angle of the droplet on both modifications is 6g =
48.4°. The advancing angles, however, show slight differences:
GLS 11 has [15 = 31.2°, and GLS 12 has 65 = 28.8°. Generally,
differences within a 5% deviation are considered negligible in such
experiments. However, the difference between the advancing angles
of the modified glass surfaces approaches this value. Hence, in
terms of hysteresis, it can be inferred that GLS 12 exhibits slightly
higher resistance to droplet movement than GLS 11.
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3.2. Ellipsometry Measurements

Ellipsometry measurements were employed in this study to
determine the refractive index and thickness of the adsorbed layers
on modified glass substrates. The Accurion EP4 Ellipsometer was
utilised for these measurements due to its precision, accuracy, and
non-destructive principle. The ellipsometer was operated in two
distinct modes: Null-ellipsometry and Rotating Compensator
Ellipsometry (RCE).

The measurements were made at an angle of incidence of 60
degrees, spanning a spectral range from 360 to 1000 nm. Initially,
Null-ellipsometry was performed to determine the accurate
refractive index of the substrate (glass) and the adsorbed layers.
This mode measures the phase shift between p- and s-polarized
light, providing high precision in refractive index determination.

Following the null-ellipsometry, the RCE mode was utilised
to generate a thickness map of the adsorbed layers on the substrate.
The rotating compensator technique allows for high-resolution
measurements of amplitude and phase changes, making it
particularly suitable for mapping the spatial variation in the
thickness of thin films over large areas (500x500 um).

All data obtained from these measurements were fitted using
the Cauchy equation, a standard model for analysing transparent
layers. The fitting process was performed using EP4's built-in
software, which allows for the adjustment of multiple layers and
substrates, thereby ensuring the precision and reliability of the
thickness map.
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Fig. 2. Ellipsometry map images of samples: A) GLS 11 and B) GLS
12. The colour scale, ranging from 0 to 120 nm, visually represents
the samples' thickness and is displayed below the images. The
histogram presents the thickness distribution across the entirety of
the observed area, modelled with a Gaussian fit (depicted as a solid
line). The maximum point of this Gaussian fit is used to derive the
thickness values displayed in the graph.
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Figure 2. A displays an ellipsometry map image illustrating
the thickness of the modified glass sample GLS 11. The image
reveals that the procedure used to create GLS 11 results in a dense
layer interspersed with hemispherical spots. The analysis of the
accompanying histogram indicates a monomodal distribution of
layer thickness, with a high-frequency value of 55.2 nm. The areas
visible on the surface, represented in yellow, correspond to
thicknesses around 100-120 nm, suggesting they are initial states for
forming a double layer.

In contrast, the procedure used to produce the GLS 12
modified glass results in a uniformly dense layer with a thickness of
62.9 nm covering the entire surface (see Fig. 3B). The histogram
shows that this layer displays a narrower distribution centred around
the 62.9 nm mark. Additionally, the surface of GLS 12 has fewer
spot inclusions than GLS 11.
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Abstract: Graphene oxide, owing to its unique physicochemical properties, has established itself as a versatile platform with
applications ranging from drug delivery to medical imaging. The modification of graphene oxide has the potential to enhance crucial
properties such as near-infrared (NIR) adsorption capacity, water dispersity, and cytotoxicity. This paper aims to discuss the potential of
unmodified graphene oxide and polyethylene glycol (PEG)-modified graphene oxide nanoparticles as responsive systems to NIR in the
context of combined photothermal and chemotherapy. The focus is on their application for treating colorectal and hepatocellular cancer

cells, highlighting their promise in integrated cancer therapies.

Keywords: MODIFIED GRAPHENE OXIDE, PEGYLATED GRAPHENE OXIDE, PHOTOTERAPIES, CHEMOTHERAPY, COLON 26
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1. Introduction

Engineered nanomaterials (ENMs) have recently garnered
significant attention for many applications, ranging from
optoelectronic, electronic, cosmetic, dental bonding, and imaging to
drug delivery systems [1-3]. The central focus is on certain
nanomaterials like graphene oxide (GO), an oxidized form of
graphene, known for its cost-effectiveness, abundance, and ease of
processing [4-6]. The interest in GO is immense and comes from its
unique one-atom thin sheet structure [7, 8], which ensures a high
specific surface area with de-localized electrons, facilitating
efficient drug loading. The heightened interest in GO is further
attributed to its high content of oxygen-containing functional
groups. These groups located on the edge or basal planes of the GO
sheets offer high reactivity and can be easily modified for
biomolecule attachment. The modifications improve the
physicochemical properties of GO, such as NIR adsorption
capacity, water dispersity, and drug loading/delivery capacity [9,
10]. Current literature supports that PEGylation is pivotal in
mitigating the cytotoxicity of various graphene oxide derivatives
while enhancing their physiological stability and pharmacokinetic
properties [11-13]. Notably, GO-PEG serves a dual purpose as a
photosensitizer (photothermal absorbent) in photothermal therapy
(PTT) and as a drug carrier. This dual functionality positions GO-
PEG as a promising candidate for the development of intelligent
nanoplatforms, offering synergistic anti-cancer therapies [14].

Graphene‘ Oxide

Fig. 1. Schematic illustration of graphene oxide(GO)and
PEGylated graphene oxide (GO-PEG)

Consequently, we have subjected graphene oxide (GO)
nanoparticles to modification using polyethylene glycol (PEG) and
evaluated their biological efficacy against two different cancer cell
lines: HepG2, representing hepatocellular cancer, and Colon26,
representative of colorectal cancer. This evaluation was conducted
following near-infrared (NIR) irradiation.
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2. Experimentals

2.1 Synthesis of GOs nanoparticles

The synthesis of nano-graphene oxide (nGO) and nGO-PEG
nanoparticles (NPs) followed a well-established protocol, as
detailed previously [14-16]. In brief, a water solution containing
GO (Graphenea, Spain) at a concentration of 1 mg/ml underwent
sonication for 2 hrs at 500 W (VCX 500, Sonics and Materials, Inc.,
Newtown, CT, USA) in order to achieve nanosized GO.

For the preparation of nGO-PEG NPs, mPEG-NH2 (Abbexa
Ltd., Cambridge, UK) was added to nGO solution. The resulting
mixture was sonicated at the same conditions for 5 min and was
subsequently incubated for 22 hrs in a water bath at 70° C. The
resultant nGO-PEG was centrifuged to remove unbounded PEG and
was then stored at 4°C.

2.2. Physico-chemical characterization of GOs Nanoparticles

The average size, size distributoion and zeta potential of the
nanoparticles were characterized by Zetasizer, following a
previously described methodology [14].

2.3. Cell culture

The mouse colorectal cancer cell line, Colon 26 and HepG2, a
hepatocellular cancer cell line, were purchased from American
Tissue Culture Collection (ATCC) and was maintained in DMEM
medium supplemented with 10% foetal calf serum and
antibiotic/antimicotic solution at 37°C in a fully humidified
atmosphere at 5% CO,.

2.4 Assessment of biological activity of GOs nanoparticles

The cells were seeded at a density of 1x10* cell in 96-well
plates for cell viability assessment, 1x10* cell in 24-well plate for
overall cell morphology evaluation, and 1x10° cell in 6-well plates
for cell motility assessment. The cells were allowed to incubated for
24 hrs before exposure to nanoparticles with a concentration of 100
pg/ml. At the next day the cells underwent irradiation for 5 or 15
minutes at 808 nm depending on the cell culture plate, and were
subsequently stained with fluorescein diacetate (FDA) to evaluate
the alteration in cell morphology as previously described [15].

Cell viability after 24 hours of incubation with nanoparticles
was assessed using the WST-1 kit from Takara, following the
manufacturers’ instructions. For the evaluation of cell motility, a
wound healing assay was conducted at the 24-hour of incubation of
cells with NPs coupled with a 5 minute laser irradiation at 808 nm.
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Fig. 2. 4 single 808 nm near-infrared light (NIR) laser system
used for irradiation of cancer cells

2.5. Statistical analysis

The data presented in this article are expressed as means =+
standard deviation (SD). Statistical differences between groups
were determined using analysis of variance (ANOVA), and
probability levels of 0.05 and 0.01 were considered to indicate
statistical significance.

3. Results and Discussion
3.1. Physico-chemical properties of GOs nanoparticles

Zetasizer measurements revealed that the unmodified graphene
oxide (GO) NPs exhibited a negative charge, characterized by a zeta
potential value of -32.9 mV, and an average particle size of 252.7
nm (as shown in Table 1). Conversely, upon PEGylation GO NPs
displayed increased dimensions of 324.6 nm, accompanied by a
reduced negative charge of -21.6 mV. The observed size variations
in both types of GO nanoparticles are attributed to the introduction
of a larger PEG moiety (0.35 kDa). Additionally, the substitution of
the negatively charged -COOH group in GO molecules with neutral
PEG molecules probably contributed to the decrease in negative
zeta potential

Table 1. Zeta potential and average particle size of GO and GO-PEG
NPs in water solution

Tvoe of Surface Average
)ll\lpPs charge particle
[mV] size [nm]
nGO -32.9 252.7
nGO-PEG -21.6 324

The particle size distribution analysis indicated an increase after
PEGylation, with the size distribution of nanographene oxide (nGO)
particles ranging from 43.82 nm to 458.7 nm. In contrast, nGO-PEG
particles exhibited a broader size range from 164.2 nm to 615.1 nm.
This observation suggests that the PEGylation process led to a
dispersion of sizes in the graphene oxide nanoparticles, contributing
to a broader range in the distribution of particle sizes.

Intensity (%)

Size (nm]

Fig. 3. Particle size distribution of nGO and nGO-PEG NPs
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3.2. Biological activity of GOs Nanoparticles

The FDA staining and WST-1 assay results (see Fig.3 and
Fig.4) illustrated a distinct impact of both nanoparticles, alone and
in conjunction with near-infrared (NIR) irradiation, on both cell
lines. In Colon 26 cells, NIR irradiation suppressed the viability of
untreated and graphene oxide (GO)-treated Colon 26 cells but
stimulates viability in cells treated with GO-PEG. Conversely, a
slight stimulation of cell viability was observed after irradiation of
control and GO-treated HepG2 cells while no noticeable effect was
observed in GO-PEG-treated cells. These findings highlight the
differential responses of Colon 26 and HepG2 cells to the combined
influence of NPs and NIR irradiation.

+NIR

nGO

nGO-PEG

Fig. 4. FDA micrographs of Colon 26 cells (left panel) and HepG2 cells
(right panel) incubated for 24 hrs with nGO and nGO-PEG NPs, and
irradiated for 5 min at 808 nm; magnification 10x

An intriguing observation is that in Colon 26 cells the synergic
effect of both types of GO nanoparticles and NIR irradiation closely
resembles the impact observed in irradiated controls. In contrast, in
HepG2 cells, the most significant inhibitory effect on cell viability
was observed in non-irradiated GO-treated cells. This suggests cell-
type-specific responses, indicating that the combined influence of
GO and NIR irradiation may vary in its effectiveness across
different cancer cell lines. Understanding these distinct responses is
crucial for tailoring nanoparticle-based therapies for specific cancer

types.

2 wio NR
B witn R

K nGo nGO-PEG

Fig. 5. Viability of Colon 26 cells (left) and HepG2 cells (right) after 24
hrs incubation with nGO and nGO-PEG NPs, followed by 5 min irradiation
with 808 nm

Recognizing the crucial role of cellular migration in tumor
invasion and metastasis [16], our objective was to investigate the
impact of nGO and nGO-PEG, with and without near-infrared
irradiation, on cell migration using the in vitro wound-healing
assay. Both cell lines were exposed to 100 pg/mL of nGO and
nGO-PEG, incubated for 24 hrs and then subjected to 15 minutes of
NIR irradiation with 808 nm. The results depicted in Fig. 5. showed
the effects on cancer cell migratory capacity resulting from
nanoparticle treatment alone and in combination with NIR
irradiation, with evaluations conducted 24 hours after cellular
incubation.

Upon assessing the combined effects of nanoparticles (NPs) and
near-infrared (NIR) irradiation on Colon26 motility, the most
pronounced inhibitory effect was observed in cells treated with
nGO-PEG and subjected to NIR irradiation. In the case of HepG2
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cells, the analysis of wound healing results unveiled a more robust

inhibitory effect of both NPs compared to the untreated control.

These findings underscore the differential impact of NPs and
NIR irradiation on the motility of Colon26 and HepG2 cells,
emphasizing the importance of considering cell-type-specific
responses in therapeutic applications.

-NIR

+NIR

Control

nGO

nGO-PEG

Fig. 5. Wound closure of Colon 26 cells (left panel) and HepG2 cells
(right panel), after 24 hrs incubation with nGO and nGO-PEG NPs,
followed by 15 min irradiation with 808 nm, magnification 10x

4. Conclusions

In summary, our findings indicate that unmodified (nGO) and
PEGylated nano-graphene oxide (nGO-PEG) nanoparticles exhibit
varying potential for cancer treatment, depending on the specific
type of cancer cells under consideration. The differential responses
observed underscore the importance of tailoring nanoparticle-based
therapies according to different cancer cell types' distinct
characteristics and behaviors. This insight contributes to a nuanced
understanding of the applicability and effectiveness of nGO
nanoparticles in the context of cancer treatment strategies.
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Investigation of Tribological Parameters of 3D Printed Samples
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Abstract: The present paper focuses on the investigation of the tribological processes of EasyFil HIPS (Dark Blue) in interaction with other
materials used for 3D printing. A comparative analysis was made of the interaction with other widely used materials for 3D printing - PLA,
PETG, CARBON, Steel Fil, TPU, Flex, Vero white. The interaction of rolling friction, sliding friction and restitution is investigated.
Keywords:3D PRINTING, 3D MODELING, SLIDING FRICTION, RESITUTION COEFFICIENT, ROLLING FRICTION.

1. Bveeoenue

HapactBanero Ha WHTepeca B  HHAYCTPHATA  KbM
u3noi3BaneTo Ha 3D mewara KaTto CpPenCcTBO 3a H3pabOTBaHE Ha
MHOKECTBO €JIEMEHTH W YaCTH, Kapa M3CIeIOBATEIIUTE J1a IPOyYBaT
HaJeKIHOCTTa Ha CBOMUTE IPOAYKTH, BKIIOUYMTEIHO 3alla3BaHe Ha
KyJITYPHOTO HACJEACTBO B MHOroOpoiiHu peanusammn [1, 2, 3].
M3HocoycTOMUMBOCTTa € OT M3KIIOYMUTENIHO 3HA4YeHUE 3a
MPOU3BOACTBOTO, 3aTOBAa CE Hajara aHalW3 Ha TPHUOOIOTHYHUTE
mporiecd, HacTemBamu B 3D oTmeyataHum mpoOW W JeTalH.
Bwrpeku ToBa, TpubonorusnTa Ha 3D ornevyaranute 06eKTH H0cera
He e Omia IUpoKo pasriexnana. HactosmoTo nscienBane e cpex
MBPBUTE, KOUTO PA3MIICKIAT KaK TPUOOIOTHYHUTE KadecTBa Ha 3D
OTIIEYaTaHH MOJMMEPH CE BIHSAT MPH B3aUMOJCHCTBHE MOMEXKIY
uM. 3a Tasu Ied Ce H3IMO0J3Ba TEXHOJIOTHS 3a MOIEIUpaHe Ha
oriarane (FDM) 3a mpou3BOACTBO Ha TPHOOJIOTWYHU 0Opa3mu 3a
usnutBane [4, 5, 6].

2. Mamepuanu

MogenupaHeto ¥ OTJIaraHeTO Ha PA3TONCHA HUIIKA
marepuan (FDM) e mporec, 6asupaH Ha €KCTpYy3Hs, IPH KOSTO
MaTepHalIbT CE€ HACOYBA CENEKTUBHO Ipe3 maio3a [4, 6]. IIponecht
3ano4Ba oT 3D mudpoB au3aiiH, KOWTO MOXKE Ja OBJE MOJIyYeH OT
CAD codryep. Tasu 3D reomerpus ce Tpanchopmupa B KOMaHIH
3a nOBWKeHWe, uaeHTHGunmpann kato G-xon. Komammure ca
CHBMECTHMHU C €JICKTPOHUKATA 3a yIpaBJIeHHE Ha MalmuHarta. Upes
M3IOJI3BAaHETO Ha EKCTPyAep BBPXY IedyaTHaTa Iuiatdopma ce
oTjlara TepMOIUIacTHYHAa HMIIKa. JIByn3mepeH cioil ce cb3laBa
BBPXY OPYT, NMPOU3BSKAANKH oce3aeM TpuH3MepeH enemeHT. 3D
npuHTepute, 6azupanu Ha FDM TexHukara, IOHACTOSIIEM ca Haii-
pasnpoCTpaHEHUTE MPUHTEPH 3a OTIEYaTBAaHE HA MOJHMEPH U
HOJIMMEPHH KOMIIO3UTH Ha NOTpebuTencko Huso [7, 8].
Marepuanure wusnon3BaHu B u3cnensaHeto ca  HIPS wu
B3auMoJeiicTBamuTe My B m3ciensanero - PLA, PETG, CARBON,
Steel Fil, Steel, Flex, Vero white, TPU.

HIPS e ynapoycToiiuuB noaucTipon, KOUTO € MUPOKO IpU3HAT
KaTo JIEK U YHMBEpCaJeH MaTepuai, KOWTO CIY)KU 3a ChIOPT C LI
na Oble pasTBOpUMa IMOAABpIKAINA CTPYKTypa 3a MOJEIH,
m3paborenn or ABS. HIPS e mHoro momysispeH marepuai B
obnacrra Ha 3D medata mopagu cBOsATa TI'bBKaBa INPUPOAa U
YHUKAJIHNA CBOMCTBA. MarepHaabT € HampaBeH OT IOJIHMCTUPOI,
CHHTETHYEH MOJINMEp, U3IOJI3BAaH B MHOTO JJOMAaKUHCKH IPEIMETH.
HIPS ce mpousBexkaa upe3 eKCTpy3us, NpH KOSATO HUILIKATa ce
HarpsBa M pasTollsiBa, EKCTPYAUpA ce Ipe3 J103a, 3a J1a ce Ch3Aale
kenmanata Qopma ciaoit mo cmoit. HIPS e TBBpA, M3APBKIMB U
ycroitunB Ha ymap [10,11]. 3a ma ce mpunTHpa ycnemHo EasyFil
HIPS, cbriiacHO MHCTPYKIUMHUTE HA TPOU3BOJIUTENS, € HEOOXOIMMO
Ja ce 3arpee nedvaramniara riasa g0 220-260°C u meyaTHOTO JIeTJIOo
mo 90-110°C ¢ oxmaxmane 0-30%. IIpoydBaHeTo yCTaHOBH
ONITHMAaJHUTE [apaMeTpH, HeoOXOAWMH 3a OTIeYaTBaHE Ha
MaTepuajga W TPOHM3BENe OTINeYaTaHd MpoOM KaTro IUIOYKa
120x60x10, m1ouka 60x60x10 1 chepa 9 mm.
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3. Koeghuyuenm na mpuene npu mwvpranane

TpueHeTo e BUJ CHIPOTHBIEHHE OT MEXaHUYHA TJIEHA TOYKA,
KOETO BB3HHKBA, KOTaTO €IHO TSUIO Ce MPEOOBPHE MO MOBHPXHOCT.
ToBa siBneHNEe He MOXKe Aa ObJe OOSICHEHO ¢ aOCOJIOTHHS TBBPI
MOJIeN, KOWTO pa3riiexaa KOHTaKkTa Mexnay cdepa ¥ MOBbPXHOCT
KaTo TOYKa, T.6. W3KIIOYBa JaehopMalii B  KOHTaKThT.
Tpubosnorusra pa3riiexaa KOHTAKTa He B €JHA TOYKA, a HATHIUETO
Ha KOHTAKTHA 30HA C pa3lpe/elicHHe Ha HOPMAaJHUTE HAIPEKEHHs
mo mocoka Ha nBwkeHwero [5, 11]. Korato cdepa e BBpXY
HAKJIOHEHa MTOBBPXHOCT, HOPMAJIHATA CHJIA BAPUPA B 3aBHCHMOCT OT
KOCHHYCa Ha Brblla MEKy MacaTa U IMOCOKaTa, MePIeHANKYIsIpHa
Ha MOBBPXHOCTTA, KaKTO ¢ 3amucano B (1):

Fré = fWcosé (€

Knaero:

Fr e cunara Ha TpueHe npu broi 6,
0 € BI'BIBT HA HAKIIOHA;

—_mgsing

Mgcos,
T

R

@Duez. 1 Jluazpama na mpuene npu mopraisime

Que. 2 Chumku om excnepumenma nO HAMUpaHe Ha Koepuyuenm Ha
mpuere npu MypKaisaHe

B xoma Ha wu3cienBaHeTro ce mocraBuxa (9mm) chepu ot 6
pa3IMYHU MaTepuajia BEPXY MOBBPXHOCTTA Ha 1uiodka (120x60x10)
EasyFil HIPS. Ha ¢ur. 2 ca moka3aHu CHUMKH OT €KCIIEPUMEHTA C
Bceku otnenen marepuan - PLA, PETG, Carbon, Steel fill, Vero
white n Steel. B Tabmuma 1 ca wu3oXeHH pe3yaTaTHTE OT
H3CIIEIBAHETO, KBJETO Ca OCHUIECTBEHH MO 3 OMHTA C BCEKU E€IUH
Marepuai U € Ipe/CTaBeHa CpeJHaTa CTOMHOCT Ha KOS(PUIUEHT Ha
TpHEHE TIPH ThPKaJsgHEe. Y CTAaHOBSBA C€, Ue IIPH B3aNMOJEHCTBHETO
Ha HIPS ¢ PETG nmame Hali-BHCOK KOC(QHIUECHT HA TPUCHE NPH
topkaisiae (0,31344), a Haii-mansk cse Steel (0,179604).
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Tabnuya 1: Pesynmamu om Koeguyuenm na mpuene npu mvpKaisine.

‘bren Ha ‘bren Ha Koeguuent na
Martepuan o TpHUEHE [IPH
TpHeHe, 0 tpuene, 0 rad - o
ThpKaJsiHe, sin 0
Hips 1 6,33 0,110479 0,110255
Hips 2 7,94 0,138579 0,138136
Hips 3 17,21 0,300371 0,295875
avg 10,49333 0,183143 0,182121
PLA1 11,95 0,208567 0,207058
PLA?2 15,51 0,270701 0,267407
PLA3 18,04 0,314857 0,309681
avg 15,16667 0,264708 0,261628
PETG 1 16,53 0,288503 0,284517
PETG 2 18,29 0,319221 0,313827
PETG 3 19,98 0,348717 0,341692
avg 18,26667 0,318813 0,31344
Carbon 1 10,59 0,18483 0,18378
Carbon 2 15,19 0,265116 0,262021
Carbon 3 17,63 0,307702 0,302869
avg 14,47 0,252549 0,249873
Steel fill 1 13,74 0,239808 0,237516
Steel fill 2 21,64 0,377689 0,368774
Steel fill 3 10,45 0,182387 0,181377
avg 15,27667 0,266628 0,26348
Vero white 1 14,06 0,245393 0,242938
Vero white 2 6,99 0,121999 0,121696
Vero white 3 12,15 0,212058 0,210472
avg 11,06667 0,19315 0,191951
Steel 1 8,16 0,142419 0,141938
Steel 2 9,21 0,160745 0,160053
Steel 3 13,67 0,238587 0,236329
avg 10,34667 0,180583 0,179604

4. Koeghpuyuenm na mpuene npu mypkaname

B tpubororusara TpueHeTo ce pasrpaHnyaBa B TPH KMHETHIHU
CBCTOSIHUSI Ha TpuOocucTeMaTa "TsUI0-aHTHTSUIO": TPHEHe B MOKOH
(ctaTMYHO TpHEHE), TPHEHE NPU MPEXOoAa OT NMOKOH KbM JBHKECHHE
U TpUEHEe B JABWKeHHE. MHoroOpoiiHM u3cienBanus mpe3 30-Te
TOAVHM Ha MUHAJIUS BEK ITOKa3BaT, Y€ B IIPEXOJHOTO CHCTOSHHE Ha
cucTeMara OT MOYMBKa A0 ABW)KEHHE, Bb3HHKBA CHJIa Ha TpUEHE,
IpUIPY)KEHa OT MHKPOM3MECTBAHUS B KOHTAKTHHUTE IeTHa. T4
MOXeE J]a Ce KaXXe KaTerOPHYHO, 4€ CTAaTHYHOTO TPHEHE € CIIOKHO
TPaHUYHO YCJIOBHE Ha TPUOOCHCTEMATa, KOSTO CE XapaKTepH3HpPa
ChC CTATHYHA CHJIA HAa TPUEHE, CTaTHYEeH KOS(HIMEHT HA TPHEHE,
HENBJICH BIBJI HAa TPHEHE M KOHTAKT MHKPOPAa3MECTBAHUSL.
@deHOMEHBT Ha MPEIBAPUTEIHO W3MECTBaHE Ha KOHTAKTHOTO TSUIO
Oemie mppBO ch3naneHa mnpe3 1926 r. eTHOBPEMEHHO M HE3aBUCHMO
or nama yueHu A. Bepxoscku (CCCP) u Pankun (AHrus).
[Ipenpa3snonoxkeHHeTo € OT TOoMsIMO 3HAaYeHHEe HEe caMo 3a
pa3sKpUBaHEe Ha CBHIIHOCTTAa HAa SBICHHE HA TPUCHE, HO CHIIO U B
TEXHMKaTa B CIydaWTe, KOTaTo CE M3IO0N3Ba BBHIIHO TPUCHE 32
IpefaBaHe JBIDKCHHE, HAlpUMep, PEXUMBT, B KOHTO paboTsIT
3aBIKBAIIUTE KoJIeTa Ha IIPEBO3HUTE CpencTBa.
[IpenBapuTeTHOTO JBMXKEHHE € OT CBIIECTBEHO 3HAYEHHE 32
TOYHOTO TTO3HMLHOHNUPAHE Ha MHCTPYMEHTH, Ta0apuUTH U eIEMEHTH.
3a MeTaaHU MOBBPXHOCTH TS Bapupa ot 0,1 10 40 pm B 3aBHCHMOCT
OT  rpamaBocTTa UM,  (U3MYHUTE UM  CBOWCTBA M
MIPOJBDKUTETHOCTTA HAa CTalMOHAPHUS KOHTaKT. OMOBBPXHOCT,
HAKJIOHEHA MOJ BI'bI O (Bomad), KOMTO € B CHCTOSHUE HA BUAUM
mokoit (¢purypa 1). Cumure, neiicTBamm Ha TpuOOCHCTEMAara
oOpa3yBaT CTaTW4YHa HyJa U paBHOBECHHUTE YCIOBUS ca
HpeCTaBeHu OT ypaBHeHusTa: [11 - 21]
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Due. 3 JJuaepama na c60600HO MANO. NOONOICEHO HA MpUeHe, OOKAMO ce
NIb32a NO HAKIOHEHA NO8bLPXHOCHT

» CnyiaTa Ha KHHETHYHOTO TPHEHE Ce Ompeiels oT popMyrara:
Fk = pk .N (2)

Kbnaero:

* Fk, e cuiiata Ha KHHETHYHOTO TPUEHE;

* pk € Koe(UIIMEeHTHT Ha KHHETUYHO TPUCHE,;

* N e HOpMaJIHaTa cua.

Koraro xBpM TsIIO ce IPUJIOKHW BBHIIHA CHJIa, HETOBOTO
YCKOpEHHE HAoNly 10 HAKJIOHEHa MOBBPXHOCT CE OMpeJeNns dpes3
CpaBHSABAaHETO MY ChC CHJIaTa HAa KWHETHYHOTO TPUEHE, AeiicTBama
BBPXY O0Ka. AKO BBHIIHATA CHJIA HAJBUIABAa CHJIAaTa Ha TPHEHE,
TSUIOTO IIE c€ YCKOPH HaJONy, JOKATO aKo CHjiaTa Ha TpHEeHe € Io-
roJisiMa, TSJIOTO IHie ce 3a0aBu M B KpaliHa cMeTka e crpe. Tosa
OCHOBHO IIPaBHWJIO € B CHOTBETCTBHE C ITbPBU 3aKoH Ha HioToH 3a
JBIDKEHHETO (MHEpLMATa), KOWTO TIJlacH, 4e OOEKT ¢ HEeHyjeBa
HETHa CWia, JCHCTBAallla BbPXY HEro, L€ HU3MUTa yckopeHue. B
clly4auTe, KOraTo HsMa HajW4Ha olIna cuiia, KaTo HampuMep
KOTaTo CHjaTa Ha KHHETHYHOTO TPHEHE € PaBHA Ha BBHIIHATA CHIIA,
OJIOKBT 1€ MOAABPIKA MOCTOSHHA CKOPOCT M e MPOABIDKU Ja ce
JIBIDKM HAJOJTy TI0 HaKJIOHEHaTa MOBBPXHOCT Oe3 yckopenue. Te3n
MIPUHIUIN MOTraT 1a ObAaT BH3YyaIM3HUpaHU 4Ype3 Juarpamara Ha
CcBOOOTHOTO TsJIO Ha urypa 3.

KOMIIOHEHTHT Ha cuiaTa Ha TIpaBUTALMATA B TOCOKATA Ha
HakJIoHa ce aasa ot [11]:

Fg

mgsing 3)
Ksaero:
* m e Macara Ha 0JIOKa,
* g € TPaBUTALIOHHOTO YCKOPEHHE,
* 0 € BI'BJIBT HA HAKJIOHA.
Hopmannara cuna (epreHIUKyJIspHa Ha TOBBPXHOCTTA) Ce
JlaBa OT:

N mgcosd 4)
CJ'ICZ[OBaTe.IIHO, TBhU KaTO cHJIaTa Ha TPUCHE CC€ NPOTUBOIIOCTABA
Ha JIBIDKEHHETO Ha OJIoKa:

Fk = pk.mgcos8@ (5)
3a ma ce U3uMCIM KoeUIMEeHTa Ha KMHETHYHO TPUEHE BBPXY
HAaKJIOHCHAa paBHUHA, Tpﬂ6Ba Jla C€ YCTaHOBHM TOYKaTa, B KOATO
ycriopeiHaTa Cuia, yIpakHeHa BBpXY OJ0Ka, € eKBHBAJECHTHA Ha
NEpHneHAUKYJIIpHaTa CUjia. ToBa ce CJIy4Ba, KOraro 6J'IOKT;T € Ionag

(1)I/IKCI/IpaH ‘BI'bJI 9 1 C€ IBUKU C NOCTOSAHHA MOCTOSIHHA CKOPOCT:

EFF=ma=20 (6)
Fk = Fg or pkmgcos6é = mgsing  (7)

OT ropHUTE ypaBHEHUS CIIEABA:
Zpk = mgsin®/mgcost = tand (8)

KBJETO O € BI'bIIbT, O] KOWTO OJIOKBT 3all04Ba J1a Ce JIBIIKH C
MOCTOsIHHA cKopocT [12].

Ha ¢ur.4 ca mokazaHu CHUMKH OT TIPOBEJCHHS EKCIIEPUMEHT 32
HaMHUpaHe Koe(HIMEeHT Ha TPUeHe NPH IuTb3raHe. M3mon3Banu ca 8
mpobu 60x60x10 ot pasmuunm marepumanu (Hips, PLA, PETG,
Carbon, Steel fill, Vero white, Flex, TPU), mrp3ranu mo miodka
120x60x10 Hips.
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Que. 4 Cnumku om excnepumenma 3a HamMupaune Koeuyuenm Ha mpuene
npu nirv3eane

Tabnuya 2: Pezynmamu om excnepumenma 3a Hamupane Koeguyuenm
Ha mpuene npu niv3eaue.

‘brea Ha

KOe(DUIIMEHTHT HA PECTUTYIMs ce u3royzBa (opmynara [18],

[24], [26]:
)
KBJIETO:

e - KOCq)I/IHI/IeHT Ha BB3CTAaHOBSJIBAHC,

b

)

Vs
e=—=
Vi

V- CKODOCT CJIeJl OTCKOK;
Vi CKOPOCT IIpeId OTCKOK;
hl-BI/ICO‘{I/IHa Tpeau OTCKOK;

h,

-CKOPOCT IIpE€A OTCKOK.

b

Matepua eHe ‘brua Ha Koedunuent Ha Tpuene
repuai Tp]goH ' | Tpuene , O rad | mnpu mB3rane, tg 6° \
Hips 1 25,61 0,446979 0,479334 L
Hips 2 24,91 0,434762 0,464397 @uz. 5 Crumku om excnepumenma 3a HamMupane Koeguyuenm
Hips 3 23,01 0,4016 0,424681 Ha pecmumyyus
avg 24,51 0,42778 0,455937
PLA1 26,04 0,454484 0,488597 Tabnuya 3: Pesyimamu om KoeuyueHm Ha 6b3CMAHOGABAHE
PLA?2 28,2 0,492183 0,536195 SQRT D/C.
PLA3 31,41 0,548208 0,610642
avg 28,55 0,498292 0,544086 MST"P“;I H B -
PETG 1 24,07 0,420101 0,446693 (C(%HOB? % auanHa HCOunHA o e-Koeduuuent
PETG 2 21,78 0,380133 0,399567 cpa o BHCOYHMHA Ha OTCKOKa BBH3CTaHOBsABaH
[mm] [mm] e SQRT D/C
PETG 3 20,92 0,365123 0,382263 650 32041 0492938 0702096
avg 22,25667 0,388452 0,409247 * * *
Carbon 1 25,38 0,442965 0,474407 Hips/Hips 650 94,47 0145338 | 0,381233
Carbon 2 28,41 0,495848 0,540924 650 67,65 0,104077 0,32261
Carbon 3 26,48 0,462163 0,498146 avg 650 160,8433 | 0,247451 0,497445
St a|V?'|| 1 2651596867 8'322223 0654?04316827 050 26,9 e
eel fi ) \ :
Steel fill 2 27,79 0,485027 0527017 Hips/Carbo 650 25034 | 0385138 | 0,620595
Steel fill 3 31,28 0,545939 0,607532 n 650 238,13 0,366354 0,605272
avg 27,01667 0,47153 0,509892 avg 650 256,79 0,395062 0,628539
Vero white 1 30,35 0,529707 0,585524 1 650 180,97 | 0,278415 | 0,527651
\Vero white 2 31,01 0,541227 0,601098
\Vero white 3 29,03 0,506669 0,554994 Hips/PETG 2 650 234,41 0,360631 0,600525
avg 30,13 0,525868 0,580379 650 369,51 0,568477 0,753974
Flex 1 46,49 0,811404 1,053412 avg 650 261,63 0,402508 0,634435
Flex 2 47,27 0,825017 1,082552 650 255,67 0,393338 0,627167
avg 48,04667 0,838573 1,112433 Hips/PLA
TPU 20% 1 24,43 0,426384 0,454252 650 31573 | 0485738 | 0696949
TPU 20% 2 25,63 0,447328 0,479764 avg 650 288,16 0,443323 0,665825
TPU 20% 3 25,57 0,446281 0,478476 650 354,57 0,545492 0,738575
avg i Beiecld e . 650 31339 | 0482138 | 0,694362
Hips/Steel
5 Pecmumyuuﬂ 650 339,75 0,522692 0,722975
avg 650 335,9033 0,516774 0,71887
KoeduuneHTsT Ha Bb3CTaHOBSIBaHE (peCTI/I”I:'yL[I/I}I) ce U3II0N3Ba, 650 27717 0,426415 0,653005
3a Ja ce JeMOHCTpUpa CKOpOCTTa Ha pas3ceiiBaHe Ha eHeprus, . 650 313.43 0.4822 0.694406
BKJIIOYBAIA CONBCHIM HA MOBBPXHOCTH, Hai-uecTo cdepa. Hlp?_/ISIteeI . - -
CTeneHTa Ha BB3CTAHOBSBAHE 3aBHCH OT MHOTO EJIIEMEHTH, KaTo ! 650 248,4 0,382154 0,618186
HalpyMep TeOMETpHs Ha Tenara B KOHTakT, CKOpPOCTTa Ha avg 650 279,6667 0,430256 0,655939
HpI/I6J'II/I)KaBaHe, CBOMCTBaTa Ha mMarepualia, nIpoAbIIKUTCIIHOCTTA Ha 650 208,98 0,321508 0,567016
KOHTaKTa, U BCsKO TpueHe. KoeduimeHTsT ce onpesiesis, Karo ce Hips/\Vero 650 26856 0,413169 0,642782
B3€MaT IIPEABHUJI BUCOYMHUTE IPEAU U CIEA Bb3ACUCTBHUETO. White 650 17142 0263723 051354
CBobGoxHo mamamia chepa ce ocBoOokaaBa oT BucodnHa 650 mm d d d
(ur.5). avg 650 216,32 0,3328 0,576888

Coepara Ha HIPS, xosiTo ¢ 9 mm, mazma Bepxy mioda Ha HIPS ¢
pazmepu 60x60x10 mm, cinex KOETo OTCKOKBT C€ 3alucBa ¢
nomornra Ha BucokockopoctHa kamepa NAC MEMRECAM HX-6
[21], [23]. Mo chumMs HAYMH Cce M3BBPLIBAT M CKCICPUMEHTHTE 32
B3aHMOJICHCTBIE C OCTaHAIHMTE MaTepHald Kbaeto chepu (9 mm)
ot Tax nazgar Haj riouka HIPS(60x60x10 mm).

3a HaMmupaHeTO Ha Koe(HUIMEHTa Ha BH3CTAHOBSBAHE CE
U3BBPIIBAT 1O 3 EKCHEepPUMEHTa C BCEKM OT/E]EH Marepual U e
B3eTa cpejHaTa crodHocT. [loydeHure pe3yaraTu ot
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5. Bvoeuwiu cmvnku

IMosy4yeHnTe JaHHU OT JabOPaTOPHUTE SKCIIEPUMEHTH MOTAaT Aa
OBbOaT M3IOI3BAHK 32 MOJCIHPAHETO Ha CHMYIALHOHHN MOJCIH, C
KOUTO 1@ Ce TOJy4aT TOYHH Pe3yJITaTH Tph cuMynamuute [26].
Jpyr acmexr, B KOMTO Morar na ObIaT M3MON3BAHM Te3W IaHHH ©
TEOPETHYHO M EKCHEPUMEHTATHO OIlpejessiHe 000poTH Ha
MEJIHHIH, BKJIIOYUTEIHO H3CICIBAHE Ha WMHOBATHBHU MEJICIIH
cpenu, [27, 28].
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6. 3aknrouenue

OT HampaBeHOTO U3CIIeABaHE Ha KOe(UIIMEHTA HA TPUEHE MPH
TBPKaJIsIHE, TUTh3TaHe M PecTUTyIMs. M3cnenBaHeTo Ha oOpasmute
YCTaHOBH, Y€ IPH B3aUMOJCHCTBUE 32 HAMHPAaHE Ha KOe(HIUECHTA
Ha TPHEHe MpH ThpKassiHe BhpXy mpoba EasyFil Hips (120x60x10)
¢ PETG (cdepa, 9mm) uma Haii- BHCOK KOCHHUIIUEHT Ha TPUCHE TIPU
thpransHe (0,31344), a wait-manek cbe Steel (0,179604). Or
HPOBEACHUTE EKCIIEPUMEHTH 3HAUUTEIHO 110-BUCOK KOC(UIIMCHT Ha
TpueHe mpu mrs3rade uma mexay Hips u Flex (1,112433), a naii-
HUCBHK Koe(pUIIEeHT nMaMe BBB B3auMopeiicTBrero Ha Hips ¢ PETG
(0,409247). [aHHuTe OT HW3CIEABAHETO HA PECTUTYLUS TPH
B3aumozeiicteue Ha Hips ¢ apyrm 3D ornewarBamm Matepuaiu
nokasBa ocHoBa Hips u cdepa Steel (0,71887), koero mokassa Haii-
TOJMsIM  KOS(HIHEHT Ha BB3BPBUIAEMOCT CIIPSIMO OCTaHAIUTE
MaTepHaiy, a Hal-MaJIbK Koe(HIMEeHT uMa npu ocHoBa Hips u
cdepa Hips (0,497445).
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Abstract: This article describes the advent of 3D-printed buildings in combination with smart technologies technologies involving the
integration of artificial intelligence (Al) and the Internet of Things (1oT). The building construction progress over the years determines
human development. The evolution of living spaces through the ages has changed homes from shelters to comfortable living areas called
homes. The specialized 3D printer designed for building construction at an affordable price serves as an engine of this change, introducing
humanity into a revolutionary phase. This wide-ranging experiment creates the intersection of smart technologies and 3D printing, revealing

their potential for reconciliation and redefining the concept of home.

Keywords: 3D-PRINTING, SMART HOME, INTERNET OF THINGS, ARTIFICIAL INTELLIGENCE

1. Bveeoenue

IIpexoabT KBbM TE3M TEXHOJOTHH € JOKAa3aTEeNCTBO 33 YOBEUIKHS
CTpeMeX KbM HENPEKbCHATO yCHBBPIICHCTBAHE M ajanTHpaHe. B
HCTOPHYECKH IUIAaH, OT TJIMHEHH KOJNMOWM [0 TYXJEHH KBIIH,
CTPEMEXBT BHHArH € KIOHSI KBbM ONTHMH3HMpaMe YCIOBHATA Ha
»uBoT. Cera, Ha Ipara Ha epa, JOMUHHMpaHa OT TEXHOJOI'MYHUSA
HalpexbK, € SICHO, 4Ye JOMOBeTe IHie OBJaT Hemo IIoBedYe OT
JKWIMINHK ~ TpocTpaHcTBa. Te ce  cb3maBaT Ja  Oblar
B3aUMOCBBP3aHU  €KOCHCTEMH, IPOCKTHPAHU IpPEeUU3HO U
CcbOOpa3eHN ¢ MHAMBUIYATHHTEe HYXAW. Ta3uw cuMOMO3a MEXIy
TPaAUIIMOHHOTO CTPOHTEICTBO U HAaW-CHBPEMEHHHUTE TEXHOJOTHH
npezBenaBa Obeme, B KOETO JOMOBETe ca e(peKTHBHH, YCTONINBU
1 TIPEIX BCUYKO MHTEIUT€HTHO HHTETPHPAHH.

IIpenn Haxomko aecetmnetust 3D MpUHTHPAHETO ce MOSABSBA KATO

HOBa  KOHLECIIIHA, o6emaBama Ja 6’BZ[e €IHO OT Haii-
TpaHC(i)OpMI/IpaIJ_[I/ITe TCXHOJIOT'MYHU TIOCTHUXKCHUS B
MpOU3BOACTBOTO, KYJITYPHOTO HACJIEACTBO, MNPOU3BOJACTBO Ha

neraitni U np. [1-3]. IIspBoHAYANHO M3MON3BAHO 3@ MPOTOTUNHU B
MaJbK Mamad, NpWIOKEHHATa My OBp30 HalOupar MmHpoKa
nonyaspHocT. C  pasnpocTpaHEHHETO Ha HOBH MaTepHald |
YCBBBPIICHCTBAHETO HA TEXHUKHTE 3a IeYaT, HETOBHAT MMOTECHIINA
Beue e sicer [4]. JlHec ToBa He € MPOCTO HOBA TEXHOJOTHUS 3a

MPOU3BOJICTBO, & PEBOJIOLUOHEH METOJ, MO3BOJISBALL Ch31aBaHETO
Ha 1enu ctpykrypu (Purypa. 1).

-

Quzypa 1.

3D — npunmupane na cepaoa
Bbp30TO CTPOUTENICTBO, 3HAYMTEIIHOTO HAMAJISIBAHE HA PA3XOHUTE U
HecpaBHHMaTa CBO0O0/1a Ha MPOCKTUPAHE Ca OCHOBHHUTE MPEIHMCTBA
Ha 3D'TBXHOHOFH${ B CpaBHeHI/Ie C T“pa}II/IL[I/IOHHI/ITe CT“pOl/ITeJ'lHI/I
meroau. OcBeH ToBa Te3W JIOMOBE MoraT Ja  Obaar
MEePCOHANM3UPAHH JI0 HAW-MaJKus JETailll, KaTo ce TapaHThpa, 4e
BCsIKa CTpajia OTroBapsl Ha MHIWBUIYATHHUTE MIPEIIIOYUTAHUS.
Hskora cuutaHu 3a HEAOCTHIKHAMA II€]l, HHTEJIUTCHTHUTE JIOMOBE
cera ca Hem30eKHA YacT OT MOJIEPHOTO CTPOUTENCTBO. ToBa € (pakT
Onarojapenne Ha OBp3Usl HAlpeIbK B HOBUTE IPOM3BOJCTBEHHU
TEXHOJIOTMH. BJIBXHOBEHH OT Hali-HOBUTE TEHIEHLHUH B
CTPOUTEINICTBOTO, TE3H JOMOBE ca CUMBOJ Ha MojepHocTTa. OT
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ABTOMATH3UPAHN CHCTEMH 3a OCBETJIEHHE, KOMTO Ce HacTpoiBar
CIIOpEA BpPEMETO, JI0 aJalTHBEH KIMMATHYCH KOHTPOJI U OT
MHTEIUTCHTHH PEIICHHs 32 CUI'YPHOCT 10 yI00CTBa, aKTUBUPAHH C
riac — Te3d JOMOBE NpeaeGHuHUpaT Jykca W (YHKIHOHATHOCTTA.
OCBeH HEMOCpeACTBEHaTa IPHUBJICKATEIHOCT Ha YIOOCTBOTO, TE
CBIIO  IpemiaraT  HofoOpeHa  eHepruiiHa  e()eKTHBHOCT,
OITUMHU3MpPaHE HAa HM3MOJI3BAHETO HAa PECYPCHTE M HaMalsiBaHE Ha
BBIVICPOJHUST OTIEYaThbK BBPXY OKOJIHaTa cpenga. TBH KaTo
TEXHOJIOTHATA NPOJBIDKAaBa Jla ce pa3BHBA, WHTETPUPAHETO Ha
n3kyctBeH uHTenekT (Al) u nuatepHer Ha Hemara (loT) rapanrtupa,
4Ye Te3W IOMOBE HE CaMO OTrOBapsAT HAa KOMaHIM, HO ydaT M
MPEABIKIAT HYKIUTE Ha CBOUTE oOuraTend, odopmsiiku Obaerme
Ha MHTYWUTUBEH )KUBOT.

mexHoocuama

2.  Hugopmayusa  3a u

mamepuanume 3a 3D neuam

Hauamoro Ha Bcekn mpoekT, cBbp3a ¢ 3D - mevar e 3D mudpos
MoJeN, KOiTo MoXke 1a ObJie Ch3/IaieH ¢ OMOIITa Ha pasiudHu 3D
- codpryeprn mporpamu. Cren ToBa MOJETBT ce TpaHchopmmupa
CJIOEBE, KaTo MO TO3HM HAYMH JAM3alHBT ce mpeobpasyBa BBB (aiin,
KO#TO MOXe aa ce yete or 3D mpunHTep. Marepuanst, 06padboTeH
or 3D - mpuHTepa, cIed TOBa CE HAclOsiBa CHOpPEX 3aJalCHHAT
qu3aiiH.  ChINecTBYBaT peAWIa Pa3lIMIHM BHAOBE TEXHOJIOTHHU 32
3D - npuHTHpaHe, KOUTO HM3IOJI3BAaT pa3HOOOpa3sHM MaTephaiy 1o
pa3IMYHU HAUMHU 32 Ch3/1aBaHe Ha KpaifHus 00EKT., TAKKBA ca:
TIaCTMACH

MeTaJn

KepaMHKa

ISICBK.

Bcexn ot pasnmuunnTe BHAOBe 3D HpHHTEpH M3MONI3BA pa3iMYHA
TEXHOJIOTHS, KOSITO 00paboTBa Pa3IMYHU MaTepHaly MO Pa3IuIHH
HaunHy. [Tomo6OHa TexHuka 3a 3D medaT e CeIeKTHBHOTO Ja3epHO
cunTepoBaHe (SLS) - To3m mazep ce M3MON3Ba 3a CTOISBAaHE Ha
YacTHIIM TIpaX 3aefHo, 3a Ja ce ch3jaze oOekT. Marepuamu
n3noa3BaHu B SLS TexHomorusTa OGI/IKHOBCHO HMaT BHUCOKa AKOCT
¥ T'bBKaBOCT. Hali-monysipHUTE ca HAMIOH MITH MOIKUCTUPEH [4].
Hanuuynure wMatepuanu 3a 3D mewar ca H3MHHaIM ca ce
YCBBBPLICHCTBAJIM C TEYEHHE Ha BpeMeTo. Beue uMma romsimo
pa3HO0Opasue OT Pa3IMIHU BHJOBE MaTepUald, KOUTO CE JJOCTABST
B PA3IMYHU CHCTOSHHSA (Ipax, HUIIKA, TENeTH, TPaHyNHd, cMola 1
T.H.). 3a crnenududnuTe miatGopmMu ce pa3paboTBAT MaTepHaIH
CbC CBOMHCTBAa, IIOAXO[IIM 32 KOHKPETHHTE MPUIOKEHHS.
HaiinoHsT wiM noaMaMuabT OOMKHOBEHO C€ M3IOI3Ba B
npaxoobpa3Ha ¢opmMa B KOMOMHAIMs C Tpolieca Ha CHHTEPOBAaHE
(tepmuyHa  00paboTKa, W3MOJ3BaH 32  NpeBpbIIAaHE  Ha
npaxooOpa3Hu MaTepHanu B TBbpJAa Maca, 0e3 Ja ce J0CTHra Jo
TOYKaTa Ha IIBJIHO TOIEHE) WIM Hox Qopmara HAa HUIIKA B
KOMOMHAIMS C IIpolieca Ha MOJENIHMpaHe Ha PA3TOIEHO OTJaraHe-
FDM (mnnixara 0OMKHOBEHO Ce HarpsiBa 0 Pa3TOICHO CHCTOSIHUE
U CIIeJl TOBa Ce eKCcTpyaupa mpe3 mrozata Ha 3D npuntep). Tosa e
31paB, I'bBKAB U M3PBKIIHMB [UIACTMACOB MaTepuall, KOWTO ce oKasa
HazexaeH 3a 3D nmeuar. AkpunoHutpui OyragueH ctuper (ABS) e
Jpyra 4ecTo cpelljaHa IjiacTMaca, usnonsBaHa 3a 3D meuwar, u ce
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n3noa3Ba mwupoko B 6azoure FDM 3D mpunrepu nox ¢popmara Ha
Humka. ToBa e 37jpaBa IacTMaca U ce Tpejiara B IIHpoKa ramMa oT
I[BETOBE.

ITomumneuynara  kucenumna wiu  nomwiaktuast  (PLA) e
OuopasrpaguM IUIACTMAcOB MaTepHall, KoiTo e momyisipeH B 3D
MIPUHTHPAHETO TIOpagy Ta3W NpHINHA. MoKe J1a ce M3II0J3Ba BHB
mmoJ| popMara Ha CMOJIa 3a NPOILECH Ha JIa3epHa CTEePEOTUTOTpadus
(SLA) u mudposa obpadotka Ha csermHara (DLP), kakTo u mox
¢dopmara Ha Humka 3a FDM mpoueca. [Ipemnara ce B pa3andHu
LBETOBE, BKJIIOUUTENHO MPO3payHU, KOETO C€ OKa3Ba IIOJIe3Ha
omuus 3a HAkoW mpmiaoxeHus Ha 3D mewar. Toit obaue He e
TOJIKOBA M3PHKIMB WM TOJKOBA Ir'bBKaB kKaro ABS. LayWood e
CreruanHo paspaboTeH Marepuan 3a 3D meuar 3a HaganHO HUBO Ha
ekcrpyaupane ot 3D mpunTtepn. Ilpennmara ce mon ¢opmara Ha
HHIIKA U € KOMIIO3UT OT IbpBo/monumep [6].

2. Humezpupane Ha UHMETUSCHMHU MEXHOTI0ZUU
¢ 3D-omneuamanu oomoge

3agpiOoyaBaiikiu ce B NMPUMEPH 3a MPOHM3BOJCTBEHA TEXHOJIOTHS,
CTaBa OYEBHIHO, Ye e()EeKTUBHOCTTA CE yBeJIHMYaBa 4pe3 IUIOCTHA
uHTerpanus. 3D - OPUHTHPAHETO YIECHSIBA CTPOUTENHHS MPOLEC.
BMecTo KOHBEHIIMOHAIHHSI METO]] 3a M3rPaKaHe Ha CTPYKTypa H
cllel TOBa MOHTHpDaHE HA TEXHOJOTMYHH KOMIIOHeHTH, 3D -
OTIEYaTaHUTE JOMOBE HHTErpUPAT TEXHOJIOTMH OT eTama Ha
IUIaHHpaHe.

TakbB CHHEPrHYCH TMOJXOJA CIMMUHHpPA W3JHIIHUTE CTHIIKH,
palyioHanM3Mpa mporeca Ha M3rpakaaHe M OCHUTYpsiBa XapMOHHMS
MeXay (usnueckaTa CTpyKTypa M BrpaJeHUTE B Hesl TEXHOJOTHH.
Bcexu BI'bi1, Besika CTEHa M BCsIKA 9acT OT KbIIaTa Morar Jia ObaT B
o0Ia KOHIEMIUs C MHCBITA 3a TEXHONOrusAta. ToBa BOAU 10
mo00peHa IPOU3BOAUTETHOCT, HaMaJleHH CHCTEMHHU CONBCHIU U
rapantupa Oe3mpoOneMHa ABATOroAMINHA ekciutoaramus. C
HaBJIM3aHETO HAa YCHBHPIICHCTBAHUTE MAaTEPUAITH, KOUTO CIyKaT 3a
JIBOWHM IEJTH KAaTO CTEHW WM TOJA0Be, abcopOupaiiu ciabHYeBa
CBETJIMHA, C BrPaJIeHH OTOIUIMTEIHU CHUCTEMH, OBJICIIMAT JIOM ce
NpeBpbIla B THOBATHBHO peLICHHE.

B cBeroBeH Mama® cuMOMOTMYHATa KoMOuHamms oT 3D
MPUHTHPAHE W WMHTEIWTEHTHH TEXHOJOTHH B JKHIHIIHOTO
CTPOUTEINICTBO HE € MPOCTO TEOPHsi, a peanHocT. [IpiuMepn Morat ia
ce HaMepsAT Bede B peauila Mecra o cBera. Beska Kplia,
MOCTPOCHAa C TIOMOIITa Ha JOCTBIICH Imupokopopmaren 3D
NPUHTEP, MOXE Jla ce MOXBAJM C HHTETPUPaHH CEH30pH 3a

ONTHMAJIHO M3IIOJ3BaHE HA EHEepPrusATa, IJIacOBO YIIPABIISIBAHU
KOMYHAJIHU YCJIyT'H U UHTYHTHUBHU CHCTEMH 3a CHUTYpHOCT. ToBa He
ca MPOCTO KBIIHY, @ HHTEPAaKTHBHH JKHJIMIIHYU IPOCTPAHCTBA, KOUTO
ce ajanTupar U OTrOBapsAT Ha HYXAUTE HAa CBOUTE OOUTATENH
(Purypa 2).

Duzypa 2. Unmenuecenmmno obopyosan 3D — npunmupan dom

Pazpaborenn ca o0mecTBeHH NMpoekTH, uinomBamy 3D - nevar 3a
Ch3/1aBaHE HAa YCTOMYMBYU, UHTEIUTCHTHU JOCTBIIHU JOMOBE, C L€
Jla ce TOKaxxe, Ye MHOBAIIMUTE MOTaT Jia ObJaT KakTo aBaHTapIHH,
Taka ¥ TIPHOOIIABAINY, OOCITY)KBAaIlW pPa3IW4HH JeMorpadcku u
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UKOHOMHMYECKH ciioeBe. Ta3u mioOajiHa TEHJACHIMS MOJYepTaBa
TpaHchopMupamata cuia M o0XBaTa Ha KOMOWHHMpaHUS

TexHoJoru4eH Hanpeask (Purypa 3).

@uzypa 3. 3D — npunmupana Kvua

3. Exonozuunu u ukoHomuuecku noasu

KomOunarnusta ot 3D - meyar ¥ MHTENIUTCHTHA TEXHOJOTHUS BOAU
Jo ycrodumBo Obzmeme. MsrpaxigaHero Ha  JIOMOBE  C
mmpokodopmateH 3D - mpuUHTEp MHHHMH3Hpa OTHAIbIHTE, THU
KaTo0 MaTepHalIUTEe Ce HW3IIOJ3BaT C BHCOKa mpenusHocT. Korato
TOBA CE ChYeTae ¢ Bb3MOKHOCTHTE Ha MHTCIMICHTHUTE TEXHOJIOTHI
3a MecTEeHEe Ha CHEPrus, Ce Ch3/IaBa PELICHHE 32 eKOJIOTMYCH JKUBOT.
OcBeH TOBa, MOAYTHHAT xapakTep Ha 3D oTmewaranute
KOMIIOHEHTH O3HayaBa IT0-MaJKO €MHCHH, CBbP3aHH C TPAHCHOPTa,
TBH KaToO TOJEMH YacTH MoraT Ja OBJaT OTIeYaTaHH Ha MJCTO,
BMECTO Jia ObJaT M3paboTEeHH MPEeIBapUTEIHO Ha JPYro MSCTO U B
MOCNIE/ICTBHE  HM3MPAaTeHH C [IOMOINTAa HAa  JONBJIHHTEIHA
TPAHCIIOPTHA TeXHUKa. HaMalIeHOTo BpeMe 3a M3rpaxkaaHe ChIIOo ce
u3passBa B M0-MaJKO PabOTHH 4acoBe, HAMAISBAWKH Pa3XOIHUTE.
OcBeH TOBa, ¢ HOBUTE TEXHOJIOTHH B MPOH3BOJCTBOTO, KOHUTO CE
pa3BuBaT Cc OBpP3W TEMIIOBE, OOIMIMTE pa3XOgH ce€ OdYakBa Ja
HamanesT. Ta3u KkoMOMHALMs OT ONAa3BaHE HA pECYpCHTEe H
(hrHAaHCOBA XU3HECTIOCOOHOCT MOKa3Ba, Y€ HHOBALMUTE HE TPAOBA
na Obmar kKommpoMuc. B pesyntaT Ha TOBa aBaHTapIHUAT H
YCTOMYMB HA4MH Ha )KUBOT MOXKE CKOpPO Jia CTaHe MKOHOMHYECKH
JOCTBIIEH 3a MO-IIUPOK KPBT OT X0pa. [7]

mexHoiocuu

4. Ilepcnexmueu ¢ 3D 6

HCUTTUUWLHOM O Cmpoumeicmeo

Be3moxHOCTHTE B OBAEIIOTO JKHIIMIIHO CTPOUTENICTBO HAPACTBAT
C HampeIbka B IIPOHM3BOJICTBEHUTE TexHONOruu. CKOpo Moxe jaa
ce BHIAT JOMOBE, KOUTO aBTOHOMHO OTKPHBAT M PEMOHTUPAT
M3HOCBAaHETO HAa CTCHU C MaTepHald, KOUTO aJalTHUpaT LBETa CH
Crioper HACTPOCHUSITA Ha OOUTATEIINTE, WK JOPU CBPBXE(EKTUBHU
EHEepPTUIHM CHUCTEMH, KOHMTO MpepaslpelesT MOIIHOCTTa BbB3
OCHOBa Ha HYXJIUTE B PEaJHO BpeME HIM CaMONOAIbPKAILU Cce
JIOMOBE, KOUTO H3IO0JI3BAaT BH30OHOBsieMa EHEPrHs, ChXpaHsBAT
U3JMIIHATA €HEPryus U JOPU S CHOAENIAT CbC ChCEOHU CTPYKTYPH,
Chb3JaBaiiku  eIHa HAWCTHHA  B3aHMOCBBp3aHa  OOIIHOCT.

YCBBBPIICHCTBAHUTE CEH30pPH MOTaT jJa HaOIio[aBaT KaueCTBOTO
Ha BB3AyXa B IOMEIICHUATA U Ja TO KOPHUTHpAT 3a ITOCTHTaHEe HA
noaxoasi Mukpokaumar (durypa 4).

=%
n SN
. 0

b
.
-

(Duzi)pé 4. Hnosamusen ousaiin na 3D — npunmupan dom [8]
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Twit kato 3D - meyaThT ce CbBMeCTsABA JOOpE C MHTEIUTCHTHUTE
TEXHOJIOTUH, MOXKEM Ja O4aKkBaMe NMPOMsSHAa B HAuMHA, 1O KOWTO
BB3NIpHEMaMe I'PajCKOTO pa3BUTHE, POMNPABANKY IIBTS 3a IPaJIOBE,
KOHTO Ca He caMO YMHH, HO aalTUBHU M QYTYPHCTHIHU.

5. Bvoewu npeoussuxamencmea

Kakro mnpu Bcsika HOBa TEXHOJIOTHS CBIIECTBYBAaT U3BECTHU
NpeAn3BUKaTeNcTBa. EMHO OT TAX € CIOKHOTO KOMOMHHpaHe Ha
(yHIaMEHTHa KOHCTPYKLMA C BHCOKOTEXHOJIOTHYHH TEXHOJOTHH,
OCHUTYpSIBAIIM U3IPHKINBOCT U (PyHKIHOHANHOCT. ChIECTBYBa U
€BEHTyaJleH pHCK 3a IIOBEPUTEIHOCTTa HA JaHHHUTE BbB
B3aHMOCBBP3aHH A0MOBE. MHTEIMIeHTHUAT JOM, BBIPEKH LisnaTa
CH TIPUBJIEKATEIHOCT, TPsAOBA J1a Jajge MPUOPUTET HA 3alluTaTa Ha
norpedutenckure MaHHW. OCBEH TOBa OT peIIaBallo 3HAYCHUE €
TE3W JOMOBE J]a OCTaHAT IPUOOIIABAaIIH, KaTo ce TapaHTHpa, 4e
IU3aiHBT UM € HWHTYUTHBEH W yHoOeH 3a MHOTpeOHTens Ipes3
TIOKOJICHUSITA.

6. 3axnouenue

CnuBanero Ha 3D - medaT W MHTEIMI€HTHH TEXHOJIOTMH HE €
NpOCTO €BONIOIMA, a peBomonus. JlokaTo TeXHoJIOrusATa Ha
HPOU3BOJICTBO BOAM KbM OBIEIIe, M3IIBIHECHO C B3MOXKHOCTH, TS
HNpUMaMBa CTPOMTENH, JIFOOUTENN Ha TEXHOJIOTHUTE U NOTSHINATHN
COOCTBEHMIIM Ha JKWIMIIA Ja ObJaT AaKTHBHU YYacTHUIM B
odpopmsHeTo Ha Tasm TpaHchopmmpama epa. JlomoBere Ha
Opaemero HAMa Ja ObJAT MPOCTO HANPABEHH OT TYXJIU U XOPOCaH,
HO 1e OBAAT U3TPaAEHN OT HHTEIUTCHTHOCT U HHOBALHSL.

Tesn pemenust obemaBaT He caMO €CTETHYECKH U (hYHKIHMOHATHU
HoN00peHHs, HO U THO-IIMPOKM MOJI3M 3a OOIIECTBOTO KaTo
€KOJIOTUYHOCT, JOCTBIIHOCT M mpuoOmasaHe. OCBEeH TOBa, TE3H
UHOBAllUM  CTOAT  KAaTo  CBHJCTEICTBO 3@  4YOBEIIKaTa
N300peTaTeHOCT U JKEeJTaHUETO Ja MoJ00pHM JKUBOTa CH. Tl KaTo
TEXHOJIOTHYHUTE TPAHUON MNPOABIDKABAT Ja C€ pPa3lIMpABaT H
MIPUOPHUTETHTE CE MPOMEHSAT, MOXKEM Jla OJaKBaMe Ch3laBaHE Ha
M3ILI0 HOBA €KOCHCTEMA.
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Classification of variants of suspended ropeways lines

Alexandur Vukov?, Miglena Pnaneva®
Bulgarian Academy of Science, Sofia, Bulgaria®

Abstract: In the present work, a classification of the suspended ropeways has been made according to purpose and structural composition
feature. They are mainly chair and cabin aerial ropeways. The structure of passenger ropeway structures and the standards they must meet
are described in more detail. The chemical composition of the ropes, the types of tangles and the standards for their production,
maintenance and operation are specified. The classification made gives a multi-criteria optimization, which aims to support the choice in the

design of ropeways.
Keywords: ROPEWAY, SEAT LINES, CABIN LINES, ROPES

1. Introduction

Suspended ropeways lines (SRL) are increasingly used for
transporting passengers and cargo. It's no longer just skiers and
snowboarders who rely on the gear to transport them from place to
place. Ropeways are increasingly being used and are individualy in
demand for other purposes as well, including transporting people to
tourist attractions, transporting bicycles and other cargo, and
transporting passengers in cities. Each suspended ropeway is
individual and unique and meets the individual requirements
according to its purpose [1]. They are used for: our amusement
parks, fairs, sports and tourism events, but they are above all a
mountain facility for overcoming great distances and heights. They
offer excellent conditions for winter sports such as local and
national competitions, European and world Olympics. Winter sports
are: alpine skiing, snowboarding, cross-country skiing, ski jumping
and other ski sports, as well as for hiking, with provided joint
sports-tourist bases, complexes, rest stations, hotels, resorts, etc.
Excellently built and maintained are ski slopes and other ski
facilities providing exceptional opportunities with extreme riding.
Ski seasons usually run from mid-December to early April in the
mountain resorts in Bulgaria. The climate is moderate, the winter is
mild with a lot of snowfall. The average monthly temperature in
January is about 4.8 degrees. Mountain routes for extreme cycling
during the warmer months of the year have been developing more
and more lately.

The purpose of the present work is to make an attempt to
classify the types of suspended ropeway lines according to their
purpose and according to their structural composition.

2. Classification of types of suspended ropeways
2.1.By purpose

A wide range of metal powders (from light alloys through steels
to super-alloys and composites) is currently available for DMLS
process and other new materials are under development [2-4]. Table
1 lists mechanical properties of selected powder materials, fig. 1.
After summarizing the exploratory bibliographic reference and
analysis, a great variety of ropeway lines (RL) used in industrial
production and sports-tourist events was established. At the same
time, in all observations and analyses, common features are
noticeable, which can be used in the development of general or
generalized classifications according to basic, additional and
auxiliary signs. They are useful for studying the purpose and
characteristics of ropeways. Essentially facilitating the analysis of
the properties of existing and development of new innovative
ropeways.

Generally speaking, cableways are divided into two main
groups:

a) Cargo cableways

Most manufacturers offer varieties of material transport and
sports equipment - mountain carts and many others, which are
transported safely and comfortably from point A to point B - on the
mountain in summer and in winter or in the city. Only a few
cableway modifications are required for the chairlifts to readjust

between summer and winter operation. It is for this reason that the
mountain routes for extreme cycling during the warm months of the
year have been increasingly developed recently, Fig. 2.

Fig. 1 Cargo cableways, [5] Fig. 2 Cargo lift for mountain bikes, [2]

b) Passenger suspended ropeways lines (PSRL).

These are lifts transporting passengers with open (seat) or
closed (cabin) facilities (up to 6 passengers, up to 35 passengers and
up to 230 passengers) and combined (seat and cabin). Due to the
great interest in mountain biking, many manufacturers are
reconstructing chairlifts and gondolas with the possibility of
combined transportation of people and bicycles, fig. 3.

Fig. 3 Combined lifts for the transport of people and bicycles [2]

2.2. By constructive composition feature

The main classification sign in the presented classification of
SRL is the sign of the probability of the structural composition of
the vehicles, divided into two classes, fig. 4:

a) saddle- single-rope ling;
b) cabin - single-rope, double-rope or multi-rope line.

Depending on the mutual connection of the transportation of the
vehicles (seats or cabins), carried out structurally with the rope, the
ropeways are: (fix-fi) or pluggable (kuppelbate), detachable means
in the stations (driving and reversing). The type of vehicles (seats,
cabins) is determined by: the purpose, legal capacity, speed, type of
RL, the nature of the profile, basic parameters (functional,
geometric, structural), mass (kg), compatibility of number of
passengers and symbols.
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Fig. 4 Classification of variants of passenger suspended ropeways according to structural composition feature

For the classification of PSRL, one of the most famous methods
of [6], used by a number of authors, is used. It is carried out
depending on the technological purpose and the different execution
of AL [7-9]. The Directive of the European Parliament and
composition of 20.03.2000 on ropeways for passenger transport
(Richt linie 2000 (9) EU standard on technical safety of passenger
ropeways and ski lifts adopted as BDS. EN. It is approved was also
used with the adopted ordinance on the safe operation and technical
supervision of ropeways, Council of Ministers and decree No. 1860-
04.07.2014.

3. Analysis and discussion of the compiled
classification

A general approach is summarized and formed on the basis of
common and additional signs used for research, design, construction
of facilities and components (modules), construction, installation,
implementation, operation, maintenance, repair activities, service,
conducting inspections, tests, analyzes that can be used in their
classification, including and the human factor risk (knowledge,
habits, skills).

The presented in fig. 4 classification of variants of passenger
suspended ropeways lines according to structural composition
features makes it possible to systematize the areas of application and
to find the necessary constructive normalized, standardized,
innovative building units (modules), building different variants of
overhead lines used in industry, production and in sports tourism
events. PSRL have structural and constructive compositions with
interconnected functional components for chair ropeways lines
(SRL) of: seats, crucibles, grippers, carriers with suspensions, safety
frames with glass and safety helmet, and for cabin ropeways lines
(CRL) - single-rope, double-rope, multi-rope, funitel (Funitel) and
mixed (HyBrid) from: cabins, grips, carriers, dampers and springs.

» Single-rope SRL with circular motion are of three types:
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o with fixed/non-detachable seats for the rope - passengers get
on and off during movement. The movement of the rope
does not stop when passengers board and disembark;

with an acceleration lane - a pulsating movement that
reduces their speed when the vehicle enters the passenger
boarding and disembarking stations;

with detachable seats for the rope — the seats are detached
from the rope, which reduces their speed when entering the
stations

> Single-rope CRL are built less with a pulsating and more
with a pendulum (reciprocating - reciprocating) movement.

> Double-rope passenger suspended ropeway lines (DPSRL)
have two parallel supporting ropes on which the cabins move.
Between the two end stations - driving and turning, the two carrying
ropes are stretched with a certain force and locked, and between the
stations they are supported by the poles. In PVVL with two parallel
carrying ropes, the cabins are attached to the transport rope with two
grippers. At DPSRL with circular movement, duplication of the
towing (transport) rope is provided with a special braking device,
which, when the towing rope breaks, catches the carrier. The
productivity of passenger ropeway lines is between 300 and 400
passengers per hour P/h [10]. The passenger double-rope line is
composed of the following components: feeding station (platform),
suspended track, reverse pulley, guide rollers, gripping (gripper) and
on (off) device, diverting saddle, carrying rope, cabin with
passengers, release device, seat of anchoring (gripper with
inclusion), drive pulley, cabin without load (passenger unloading),
towing rope, posts, deflecting pulley, tension rope, stumbling
weights. Double-rope and multi-rope lines are built with pendulum
motion only.

The maximum speed of movement of the passenger suspended
ropeways must be considered and determined on the basis of
(regulation-bibliography) according to the number of ropes used, the
type of lift and its purpose.
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4. Types of ropes for ropeways

The construction of the ropes and the types of entanglements
that are applied depend on: the type of overhead line, the loads, the
climatic conditions. They must meet the requirements for wire and
core coatings such as: confined core (FC) steel bundle (WSC),
independent steel rope (IWRC), [5], [12-14].

The chemical composition of the material from which the steel
rope is made is essential to withstand certain factors according to
(Richtlince 2000). They are manufactured from alloy steel with the
chemical composition listed in Table 1.

Table 1: Chemical composition of the ropeway material

% C %Simax %Mn % Smax %Pmax % Cr max

0,06-0,75 0.30 0.35-0.70 0.045 0.045 0.25

The wires produced have a high tensile strength achieved by the
special drawing technology. The safety requirements of ropeways
for transporting people must meet the following standards:

BDS EN 12927:(2019)- Safety requirements for ropes

BDS EN 12397:(2004)- Requirements for the operation of
ropes

BDS EN 12927-1:(2004)- Criteria for selecting ropes and
securing their ends

BDS EN 13243:(2015)- Electrical equipment, other than that
of drive systems

BDS EN 12927-3:(2005)- Entanglement of towing and
transport ropes of 6 bundles (strands)

BDS EN 12927-7:(2004)- The criteria for control, repair and
maintenance of ropes

BDS EN 1909:(2004)- Requirements for emergency and
rescue operations

In addition to the standards that ropeways must meet, technical
supervision [15, 16] of freight and passenger ropeways lines is also
extremely important. There are several types of technical
inspections, the first of which is mandatory when registering a SRL.
Periodicals are carried out once a year and once every 4 years with
testing. Extraordinary pre-ices are carried out when the facility has
not been operated for more than 12 months, has been moved to a
new location, after reconstruction, replacement or repair of elements
and at the request of the user.

5.

By means of the classification of aerial ropeways, their purpose
and structural layout are indicated. Aerial ropeways can be used
both for transporting people via chairlifts and cabin lifts, as well as
cargo of various types, incl. materials, sports equipment and
mountain bikes. Passenger aerial cableways must meet multiple
standards and undergo regular technical inspections to be safe for
operation.

Conclusion
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Abstract: Energy from fossil fuels that decreases and is harmful to the environment, requires a reduction in its use. The development of
industrial production and the growth of the population lead to an increasing need for electricity. To meet these needs, it is necessary to apply
new technologies using renewable energy. Phase change materials are the base of a more energy-efficient future, as they are best suited to
efficiently store thermal energy from renewable energy sources. Increasing the efficiency of thermal energy storage systems requires a more
detailed study of phase change materials. This document describes the types of phase change materials, their properties, and their field of

application.
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1. Bveeoenue

Eneprusita e KiIr04oB (akTop 3a pa3BUTHETO Ha YOBEUECTBOTO OT
pa3NUyYHA TJCAHU TOYKH, KATO TEXHOJOTHYHO MOJ00peHue,
OmasBaHe Ha OKOJHATa Cpefia W HKOHOMHYECKH pacTex.
TloBumaBaHeTo Ha CTaHAAapTa HA JKABOT W TEXHOJOTHYHHUST
nporpec  NpeAW3BHKBAT  yBeNMYaBaHE Ha  TBPCEHETO  Ha
enekrpoeneprusi. Criopen mokiana Ha MexaIyHapoAHATa areHIUs
[0 eHepreThka, rI00AaTHOTO THPCEHE Ha EHeprus ce OJYakBa Ja
HapacHe ¢ okoj10 30% mexay 2017 r. u 2040 r. [1]. HapactBamioro
ThpCEHE HAa €HEePrHs B CBETOBEH Malab M CTHIKHUTE 3a HAMalsiBaHe
Ha NOTpeOJICHNEeTO Ha M3KOIIaeMH TOpHBa C OTJIe]] Ha Ola3BaHe Ha
OKOIIHaTa Cpeda BONAT [0 H3MOI3BaHETO Ha AalTePHATHBHU
eHepruiiHn wm3touHniy. CirbHYEBaTa EHEprust € Hal-uecTo
M3MO3BAHUAT BHUJI €HEPrus Cpel BH30OHOBIEMHUTE EHEepPrHiHH
M3TOYHHIIM TIOpaad IIMpPOKaTa CH O0O0JlacT Ha mpuiioxeHue [2].
OcHoBeH npo0iieM 3a Bb300HOBSIEMHTE CHEPTHIHN H3TOYHHIIN KaTo
CIbHYEBaTa M BATbpHATA EHEPrus € HeoOXOAWMOCTTa OT
e(eKTHBHO ChXpaHEHHUEe, MOpPATH TEeXHUSAT MEPHOTUUYCH XapakTep.
ChbXpaHeHHe Ha SHEeprusi MOXKe Jla Ce IIOCTHTHE upe3 pa3iIHdHu
CHCTEMH, KaTo B 3aBUCHMOCT OT BHIOBETE ChbXpPaHsSBaHA CHEPIHUs ce
M3II0JI3BAT Pa3IMuHU METOMM 32 yJaBsHE H ChbOMpaHe Ha CHeprusTa.
Meroaure 3a CbXpaHeHHE HA €Heprust Morar ja Obmar
KIacuGHUIMPaHd KaTO MArHUTHH, MEXaHWYHH, XUMHYHH U
TEpMUYHU MeToqu. TOIUTMHHATA €HEeprus MOXKe Jia Ce ChXpaHsIBa
BB BCHYKH BUIOBE MaTepPHAIN OJaroJapeHne Ha TEXHHS TOTUIHHECH
kararuTeT. OT MHXKEHepHa IJIeJHa TOYKa TOBA SIBIICHUE € U3BECTHO
KaTo ,,ChbXpaHeHHe Ha oce3aeMa TOIUTMHHA eHeprusi™. C TOIUTHHHHUS
KanamguTeT Ha H3I0JI3BAHUA MaTepual n IpoMsHaTa B
TeMIieparypara, oce3aeMaTa TOIUTMHA MOXE Ja Ce ChbXpaHsiBa B
MPOLIECHTE Ha 3apekaaHe U pa3pexaane. B mporeca Ha 3apexaaHe
TeMIieparypara Ha Marepuaia 3a ChbXpaHeHHe Ce IMOBHIIABa, Thil
KaTo eHeprusTa ce yjaBsi M HamajsBa Mo Bpeme Ha (asara Ha
paspexmane. IIpu TO3M THIT ChXpaHeHHWe 00ade ca HeoOXOAUMH
TOJIEMH KOJIMYECTBA MaTepHaIi 3a ChXpaHEHHE Ha TOTUIMHA.
TepMOXUMHYIHOTO ChXpAaHEHHE € JAPYr Ha4YMH 3a ChXpPaHCHHE Ha
TOIIVIMHHA CHEPTUA. B npomneca Ha TEPMOXUMHUYHO CHhXPAHCHHUE
TOIUTMHHATA EHEPrusi Ce ChXpaHsBa MOA (opMara HA XHUMHYCH
MOTEHIMAI U MOXE J[d C€ W3MO0J3Ba B O00OpaTuMa eHI0TepMHUYHA
XUMHUYHA peaKlus. TomnmHHaTa CHEprust C€ CbXpaHsdBa B
XUMHYECKUTE BPB3KH UYPE3 PEaKuusi, KOSTO KOHCYMHPa €HEprHs.
[Ipu MeTona Ha TEPMOXMMHUYHO ChXpaHEHHE HEOOXOIUMOCTTA OT
eHeprus ce HabaBs dYpe3 OOpaTHM pEaKIUH, INPH KOHTO Ce
0CBOOOXKIaBa CHEPIHUATa B XUMHUYHUTE BPH3KH.

Jlpyr MeTo] 3a ChbXpaHEHUE € ChbXPaHEHUETO Ha JaTeHTHA TOIUIMHA.
ITpu TO3M METOJ CHhXPaHEHHWETO Ha JIATCHTHA TOIUIMHHA CHEpPIHUs
BB3HUKBA, KOTaTO CE€ OCBIIECTBH (ha30B IPEXOA B JMara3oHa Ha
paboTHaTa Temmneparypa. IIpu TO3HM THUI ChXpaHEHHE, C HO-MaJIKO
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KOJIMYECTBO (ha30BO IMPOMEHSI CE€ MaTepuaj ce ChXpaHsBa IOBeYe
€Heprusi B CPaBHEHHE ChC CHCTEMHTE 33 ChbXPaHCHHE Ha oce3aeMa
e”eprus [3].

2. Dazoeo npomenawu ce mamepuanu. Buooee.

@Da30B0 MPOMEHSMINTE Ce MaTepUaayd ca MaTephald, YNaBsIH U
CBXpaHsBALIY IOJIEMU KOJIMYECTBA TOIIMHHA CHEPrHs 10 BpeMe Ha
¢dazoB mpexon. Emgno or kpurmunure cBoiictBa Ha DIIM e
OIIa3BaHETO U ChXPAHEHHETO Ha TOIUIMHHA €HEpPIUs IPU ChCTOSIHUE
Ha TOIUIMHHO paBHOBECHE, KOETO HACTBIIBA Clie]| HAKOJIKO (azoBn
nukbia. Jlokaro ®IIM oOMEHST TOIUIMHA B MOCTOSIHHU LIMKIW Ha
npoMsiHa Ha (QaszaTa, Te CBIIO OCHUTypsiBaT I0-CTAaOMIIHA
TeMIIepaTypa Ha OKolHaTa cpefa [4]. Marepuanure chIIeCTBYBAaT B
npupojara nox ¢popMara Ha TBBP/U, TEYHU MIIM Ta3000pasHu (asu.
Koraro HacTemm ¢pa3oBa NpoMsiHA B JAfE€HO BEMIECTBO, TO
ChbXpaHsBa WIM OCBOOOXKHaBa TOIUIMHA. Ta3W CbXpaHeHA WIH
OTAENeHa TOIUIMHA C€ Hapuia JaTeHTHa TommmHA. Korato
TeMIlepaTypara Ha TBbPJIO BEIECTBO Ce MOBUILM 10 TeMIlepaTypara
My Ha TONEHE, TOBa TBBPJAO BEMIECTBO CE TOIHM Ype3 yNaBsHE Ha
TOJIIMO KOJIMYECTBO TOIUIMHA M (a3ata My ce TpaHchopMupa OT
TBBpAa B TeuHa (Durypa 1). ®azosute crerosHus Ha PIIM morat
Jla ce IPOMEHSAT B ONpeJIeNICH TeMIIepaTypeH IUana3oH.

A

DIIM ce Breunssa

ITM B TBEPIC clIe/l aKyMyJIHpaHe Ha
CHCTOAHIC TOIUIHHHA €HEPTUA
b
2N
N
\
\
Avi
\
DIIM ce BTBBPIABA IIM B TeuHO

Upe3 OT/aBaHe Ha
TOINIHHATAa KbM
‘OKOIIHAaTa cpeaa

ChCTOAHHE

A

Duzypa 1. Pazos npexoo na PIIM om mevpoo 6 meuno cvcmosnue

@Da30BUAT Npexo] MOXE Ja Bb3HHUKHE U MEXKIY HEKIaCHYeCKH
CBhCTOSIHUSI Ha MaTepusTa, KaTo KPUCTATHO CHOTBETCTBHE, INPH
KOETO MaTepuaibT NIPEMUHABA OT €lHa KPHCTaJlHa CTPYKTYpa KbM
npyra, KOSATO MOXE Ja MMa IT0-BUCOKO WJIM MO-HUCKO E€HEPTHIHO
ChCTOSIHUE.

Ilo orHOmEeHuMe Ha XUMHUYHHMS CchcTaB, PIIM Morar ma Obaar
KaTeropu3upaHd B TPU OCHOBHM KATErOPHHM: OpraHUYHH,
HEOPraHWYHU M EBTEKTHYEH THII, KOMOWHHUpAIl OPraHUYHU U

Heopraunyau OIIM (dburypa 2).

2.1. Opzanuunu ®IIM

Oprannunure OIIM, kouto ce kinacudpuuupar Ha napa@uHOBH U
HenapauHOBU CBHCIAMHEHUS, Ca €AUH OT HaH-TIPeANOYMTaHUTE
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Bunose @DIIM, wu3non3BaHM B CHCTEMUTE 3a CbXpaHEHHE Ha
TormHHA eHeprus. [lapaduHuTe MOrar Aa ce M3MOJ3BaT OTACTHO
WIM Ja Ce HM3IOJI3BaT B KOMOMHAIMSA €OUH C JAPYT NP JKEITaHU
TEMIIEpaTypHH Juana3oHd. HemapadguHoBHTE Marepuanmu ce
MPOM3BEXKAAT OT PA3NUYHU OPraHMYHHM BELIECTBA, ChIbPKaIlU

ecTepd, MAaCTHM KHCENIUHM, TIiMkond u  ankoxomu. Cpen
oprannuHute BuaoBe ®IIM, MacTHUTE KUCENMHU MpeTansiBaT Hal-
rojasiM  HMHTEpec,  3alll0TO  BKIIOYBAT  MHOIO  IOJE3HU

XapaKTePUCTHKH, KATO: HUCKHM Pa3sXOMH, JIMICA Ha HEOOXOAUMOCT
OT JIOTIBJIHUTEITHO KaICyJIUpaHe, MO-IECHO PETyIIMpane Ha pazMepa
u crabusHa Gpopma [6].

DazoBo NpOMeHSIIH ce
MarepHand (OIIM)

( Oprannani OIIM ) ( HE:Op]'aHH‘{HH@HM) ( Errexrauny OIIM )

Oprannuen-Opranuden
@M

COHH XHApaTH )

)

HeopraﬂmeH-HeupraHm?

Meram

:

@uzypa 2. Buooge OIIM

HenapaHHOBH CheHHEHHS OIM

Opranmaer-Heopranudes
OIIM

B nombiHeHme, ToukaTa Ha TOICHE W TOIUIMHATA HAa CHHTE3 Ha
Hskou BunoBe ®IIM ca wiroctpupanu Ha durypa 3.
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@uzypa 3. Touka na monene u monauna na cunmes na OIIM [5]

OIIM Ha OHO OCHOBA Ca BEIIECTBA, NPOU3XOXKITAIIH OT
BBH30OHOBSIEMH W  €CTECTBEHHM W3TOYHMIM, TPOXYKIMsS Ha
XPaHUTEIIHO-BKYCOBaTa MPOMUIUIEHOCT, ChABPKAIIM XPAaHUTEIHU
MPOAYKTH KaTO MaJIMOBO MAacijlo, Macjio OT NaJMOBM SIJIKH, COEBO
Macio M KOKOCOBO Macio. EKolornyHocTTa Ha TBHPTOBCKHUTE
MaTepuali CTaBa BCE TI0-BaKHa BBB BCHYKM CEKTOpU Ha
MHIYCTPUATA 32 MUHUMHU3UpaHe Ha Bb3/IEHCTBUETO BbPXY OKOJIHATA
cpena W BBIJICPOAHUS OTHedyarbk. [lapagwHBT € BemecTBO Ha
METPOJIHA OCHOBAa M CJEJOBATEIHO MAaTE€pPUAIUTE, M3IMOJI3BaHU 3a
MPOU3BOJICTBOTO My, IONPUHACAT 32 TJIO0ATHOTO 3aTOILISHE.
HenapaduHoBuTe Marepuanu ce MONydaBaT MPEAUMHO OT
pacTUTENHO Maclio W ca WaJiuM npupojara. Bempeku ue
MPOU3BOACTBOTO HAa MACTHUTE KHCEIMHM OT PACTUTEIIHO MAacjo €
WAAAI0 3a OKOJIHAaTa cpeaa,
U3MONI3BAHETO HA YCTOWYUBH,

HSMa JIOCTaTh4HO [aHHH 32
NpPOU3BEJICHH OT Ouopecypcu
BelIecTBa, KOUTO OHXa MOTJIM TOTCHIIHAIHO [a Ce M3IO0J3BaT KaTo
®IIM. [7]

2.2. Heopzanuunu ®IIM

3a pasnuka OT opraHuyHute, HeopranmyHure OIIM He ca
3anajuMU U ca MHOTO no-eBTUHU. Heopranuunure ®IIM cbabpxar
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METall, COJIM, COJHH XHApaTd W MeTanHu criaBu. CojHute
XUIpaTH OOWKHOBEHO ce obOo3HayaBart kato AB H,O, xpmero n
o3HauaBa OpOSAT HAa BOAHHUTE MOJIEKyNIH B conHara cmec. Conta u
COJIHATE XUJIPaTH Ca CPEUIaHd B M300WIIME B COJICHHU e3epa MU
MOpCKa BOJa, KOETO TMpaBH MaTephajuTe MO-eBTHHH OT
opraHuyHHUTe. Te3W MaTepHaid ca MPEANOYHTAHU 332 ChXpaHCHUE
HAa TOIUIMHHA CHEeprus, MOpagd HHUCKaTa IeHa W He3amaluMHUTe
CBOWCTBAa. Bbmpekn TOBa, W3MOI3BAHETO HAa HEOPTaHUYHHU
MaTepHalu ¢ MpoMeHIuBa (aza B CHCTEMUTE 3a ChXpaHEHHE Ha
TOIUIMHHA CHEPTUs IMOJUIC)KA Ha JIOMBJIHUTEIHU MPOYYBAHUS, ThI
KaTO OCHOBHHUTE IMPEYKU 33 BHEAPSBAHETO UM B TAKUBA CHUCTEMH,
MPOM3THYA OT JIOMA CTAOMITHOCT W HUCKa TOILIONPOBOJMMOCT PH
IBIATOCPOYHA  ymoTpeba  mopamu — pasnelsHe ¢asure,
JeXUpaTalys Wik mpeoxnaxaane [8].

Ha

2.3. Eemexmuunu ®IIM

Beopexkn ue uma Tpu pasnmuuHu Buja eBrekruuHu OIIM, nec
MIMPOKO C€ U3MOJI3BAT ABA TUIA: OPTrAHMYHN-OPTaHUIHU MaTepHaIH
¢ (azoBa MpoMsHA ¥ OpraHUYHU-HEOPTAaHUIHU MaTepHaln ¢ Gpa3oBa
npoMsiHa. Morat 1a ce mpuiaraT pa3JIMYHU TEXHUKH 332 CMECBaHe,
3a J1a ce MOCTHTHAT Pa3IMYHH MPAKTUYECKH M3MCKBAaHUS. 3a Ja ce
Npou3BeaT OPTaHUYHM CIIOKHH MaTepHany ¢ IpoMeHimBa (dasza ¢
IpeANoYNTaHa TOYKAa Ha TONEHE M CBhXpAaHEHHE HAa JATCHTHA
TOIUIMHA, OTTOBApSIIM Ha €XKEIHEBHHTE IPAKTHICCKH HYXIH,
o0uYacH METOJ € Jia ce CMECAT JBa WM moBede opraHndan OIIM
Yype3 TOIICHE U CMECBaHE NPU Pa3IMYHU TeMIepaTypH Ha IpOMsHa
Ha ¢a3zara. OOpa3yBaHeTO Ha OMHAPHU €BTEKTUYHHU CHEAUHEHHS OT
MAacTHH KHCEJIMHH M MACTHH QJIKOXOJIM, IIPOM3BOJICTBOTO Ha
€BTEKTHYHHU IIOJMMMACTHH KHCEIWHH OT KOHIEHTPHUPAaHH MAacTHU
KHCEIMHA W KOMOWHALMsTAa Ha MacTHHM KHCEIMHHU ¢ HapaduHU 3a
ounaper ®PIIM ca HiAKOM mpuUMeEpH 3a 00pasyBaHE Ha CBTEKTHYHH
MaTepHay ¢ poMeHrBa dasa.

Jlomara TomnonpoBoaumocT Ha opraHuyHute ®IIM e ocHOBHara
mpedka, OrpaHWYaBamia ymorpedara Ha Te3W  BEIECTBA.
CreoBaTesHO, POU3BOACTBOTO M MOJOOPSABAHETO HAa OPraHUYHU
Marepuany ¢ (azoBa MpoMsiHA C MO-Z00pa TOIUIOMPOBOIUMOCT U
MO-BHCOKa IUTBTHOCT Ha CBHXPaHEHHWE HAa EHEprus € akKTHBHO
M3CIIEJIOBATEIICKO TI0JIE, B KOETO C€ MPOBEXKJAT MHOTO MIPOYIBAHHUSL.
3a nma ce pa3BUAT TEPMHUYHHTE CBOWCTBA HA MaTepUalnTe C
opraHnyHa (a3oBa MPOMsHA, KOMOMHHUPAHETO Ha BEIIECTBA C IIO-
JOOpH TepMHYHH CBOWCTBA Ype3 METOAA HAa TOIEHE-CMECBaHE ce
npuiiara 4ecto npu paspaborsanero va OIIM [9].

B Tabnuma 1 ca mocodeHM mpeaMMcTBaTa M HEAOCTATBHLIUTE Ha
MaTepHaInTe ¢ TPOMEHJINBA (a3a OT TPUTE OCHOBHH TPYIIH.

Ta6mmna 1. [lpenumcTBa 1 HenocTarbi Ha BupoBere GIIM

TpexnmcTea
+ Mobpa xeEMEIECKE

Ipexmmcrea HpexnamcTea

+ Brcoxoobenmo

+ Hucxa mena
CEEMECTHMOCT CEXpAHCHHE Ha TOILTHEA
T ——
Pemmmpyesas ¢ apyra + Matxa npousHa Ba obena + Bucoxa nmeTHOCT
MarepHATH
+ Brcoxa Temmeparypra + Hva dasosa cerperarss o
+Bucoka TorTna sa Torese PaTYP E & P
IpoRoZIMOCT g Kompyemsa (hazora mpoMaHa
+ BravosxHocT 2a pabota B
=t Tonene npu 10mmo
IIHPOK TeMTIepaTypeH + BHCoKa TOILTHHA Ha TomeHe MbeTeTeHA TEMTIEDA
i g oo mop
+ +
E 3aMpripare 622 rommo Tomere npn T0HO onpeledeRa Heocrarsmm
npeoxTaEIaHe Tenmeparypa =
- - B Ihunca na soctarsaso
@ + @azonpeobpazyrane npr + Qazonpecbpasysare mpr HEcke O
(<  JOCTATEYHO H3CTEBAHHS 38
HHCKO HaTATase HATATAHE
E ng TesH MaTepHATH
&+ Xmareesa crafumiocr + BraM0KHOCT 32 pelEKTHpaKe - Crma vrpEsya
+ BramoxHocT 22
= + Hesamamvoct - Brcoxa mena
E PeMKTHpanE
| Henocrarsnn Hexocrarsma - Hienx san T
g e " oA " narerTRa TomEH
- Brcoka zanatnvoct - Kopozuz
- Hucka tevmepatypHa
TPOEOIMMOCT E TEBPAO - Hy:xna ot npeoxnaznane
CECTOAHHE
- OTHOCHTETHO rOTIMA - Hucka TenmeparypHa
nponaa Ha 0beMa crabumocr
~ BE2MOKHOCT 32 HECEBDIAHO
- Hueka mrsTHOCT
pasTEapaHe
- Bucoka tena - CKJIOHHOCT KBM Jerpajaris

- Hucka tevmeparypra
TPOEOAIMOCT

- Xmvrrecka BecTabHIHOCT

- TlpoBenma cxparecTHMOCT ¢
KON MaTepHATH

- Hysx7a oT KouTefisep 35a
crxpanerye
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3. IIpunostcenue na ®IIM

Marepuanute ¢ npoMeHIMBa (a3a HAMUPAT IIHPOKO TPHIOKECHU B
pa3nuYHU 007acTH, KaTO: CHUCTEMU 3a CHhXpPAHEHHWE Ha EHEprus,
MHKPOEJICKTPOHHH NPHIIOKEHUS 32 yIpaBleHHe Ha TeMIleparyparta,
CTPOHUTENICTBO, TEKCTUJIHA IPOMHUIUIEHOCT, TEIEKOMYHHUKAIUH,
TPaHCHOPT ¥ (papManeBTUUCH CEKTOP.

Martepuanure ¢ npoMeHInBa (asa UMaT ONPENENICH TeMIIepaTypeH
IUala3oH Ha TONEHE W C€ M3IO0I3BaT B IPIIOKEHHS B
CBOTBETCTBHE € T€3U TemnepaTypHu croiiHocTtu. PIIM morat na
ObaatT rpynupany B 4 OCHOBHH KaTETOPHUHU CHOpe] TeXHHs paboTeH
TeMneparypeH auamasoH (Ourypa 4).

-20—5°C 5—40°C 40—80°C

80—1200°C

Quzypa 4. Temnepamypen ouanason Ha monene Ha DPIIM.

Tpunoocenus

IIbpBuUAT TemmepaTypeH Juana3’oH € HUCKOTeMIIepaTypHUST
muamna3oH (-20 °C go +5 °C), mpu KOHTO MaTepuaiute ¢ ¢a3oBa
NpOMsiIHA €€  HM3MOI3BaT B THPIOBCKM W OKWINIIHU
XJIQJAWITHU/OXJIaJUTEIHH CUCTEMH. BTOPHAT IHMamnasoH € CpPeaHo-
HHUCKHAT TeMmrnepatypeH quanazoH (+5 °C mo +40 °C), npu koiTO
MarepuaiuTe ¢ (ha3oBa NPOMSHA CE H3ION3BaT B MPOLECH Ha
OTOIUICHHE/OXJIAKaHe ¥ KIMMaTh3alus B Crpaad. TpeTusr
TEMIIEpaTypeH ANaa3oH € CPeTHHUIT TeMIlepaTypeH auamazoH (+40
°C mo +80 °C), mpu KoWTO MaTepHaiuTe ¢ (a3oBa MPOMsIHA ce
U3II0JI3BAaT B CHUCTEMH 3a COJIAPHO OTOIUIEHUE/HPOM3BOJCTBO Ha
TOIUIAa BOJA M NPEHOC Ha TOIUIMHA B elieKTpoHHKara. KpaiHusaT
TeMIepaTypeH Juana3oH € BHCOKOTEMIICPATYypHUST JMala3oH
(+80°C mo +1200°C), mpm KOHTO ce H3MON3BAT MaTepUad C
HnpoMsiHa Ha (pazaTa B COJIAPHUTE KOHIIEHTPATOPH, CUCTEMHTE 3a
OIOJI30TBOPSIBAHE Ha OTMaJHAa TOIUIMHA W KOHCTPYKIMH 32
a0copOLMOHHO OXJIaXK/IaHe.

4. 3aknrouenue

Cucremute 3a ChbXpaHEHHE Ha TepMallHA EHEprusi, H3IMOJI3BAILU
(ha30BO IPOMEHSAIIH C€ MaTepPHAJIH, Ca HEMPEKbCHATO pa3BUBAIIa C&
Hay4Ha 00JacT, KOSTO MOMara 3a HaMaJiBaHC Ha EMHCHUTE Ha
MapHUKOBU Ta30Be, 3aBUCUMOCTTAa OT U3KONMAeMHU pecypcu u
KOHCyMaliiTa Ha eHeprus. B 3aBHCHMOCT OT yBeIMuYaBaHETO Ha
HOBHTE 00JIACTH HA MPUIOKEHHE, 00XBAaTHT HA CEKTOPUTE, B KOUTO
ce n3nonsat OIIM, cbio ce pasmupsaa. Hikon oT cekropute Ha
MPWIOKEHUE ca: TEXHOJOIMHM 3a OTOIUICHHE, OXJaXJaHe U
KJIUMaTHU3alus, METOAM 3a CbXpaHEeHHEe Ha KOHIICHTpHpaHa
CTbHUEBA  CHEPTHUS, CTPOHTENHHUS  CEKTOp, aBTOMOOWIHATa
HUHIYCTpUs, TeKCTWIHHs cekTop. [Ipobiemure ¢ edeKTHBHOCTTA,
o0muTe pa3xolu, TPOU3ZBOAUTEIHOCTTA W HAAEKIHOCTTa ca
OCHOBHUTE TPEAM3BUKATEIICTBA, CPEIIAHM Ha erama Ha u300p Ha
OIIM B mHOro cekropu. OcBeH TOBa B MHOTO CIy4ad JIHIICBAT
MEXAYHAPOIHU WM HALMOHAJIHHU CTaHOApTH 3a M3IMOJI3BAaHETO Ha
Marepuaid ¢ (a3oBa mMpoMmsiHa. BhIOpekd ue B MPOABIDKCHHE Ha
MHOTO TOJUHM ca MPOBEXJAHH PA3IMYHM H3CJIEIABAHHS B MHOTO
obmactu Ha PIIM, HAMa cTaHZapTH B MNPOLECHTE HA TAXHOTO
u3cienBane u pasButue. CIeIOBaTEIHO Ch3AABAHETO HA TaKWBa
CTaHIApTH LI CTOM KAaTO eJHa J0CTa Cepruo3Ha Obela 3a1aya.

Cucremute 3a CbXpaHEHHE Ha TepMallHa EHEPTHUs, BKJIIOUBALIU
KOMOMHAIMs OT pa3jiMyHd METOOM Karo IeHooOpasyBaHe,
opeOpsiBaHeE ¥ WHTCTPUPAHEC HA HAHOMATEPHAIH, OCUTYpSBAT
JONBJIHUTENIHN TMOJOOpEHHs B CBOICTBaTa Ha TOIIONPEHOC Ha
OIIM. CrenoBarenHo W3ydyaBaHETO M IPUJIAraHETO HE caMo Ha
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€IMH METOJ, a Ha KOMOHMHAIMSA OT METOOU Ie JOBEAC M0
MOBUIIIABAaHE HAa CHEpruiiHaTa CQEKTUBHOCT Ha CHCTEMHTE 3a
ChbXpaHEHUE Ha TepMajHa EHeprusl.
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Abstract: Steel reinforcing bars have not performed well in applications where members were subject to corrosive environments. Alkaline
concrete protection can provide relatively good protection of the steel reinforcement, but when these are exposed to an aggressive
environment or the protection breaks down, the reinforcement starts the corrosive process and it leads to rupture and fragmentation of the
protective layer of concrete.

These reasons lead to high maintenance costs, repairing or even replacing them. This problem prompted a lot of researchers to seek
alternative materials with characteristics better than steel to be used in construction. GFRP bars, which are fibers with high resistance
immersed in a polymer resin matrix, with a high tensile resistance and also resistant to corrosion, emerged in the 1990s as an alternative to
replace steel rods. The use of GFRP is increasingly accepted by the countries, which are trying to create or adopt special codes for their use
in building structures.

This paper will take a quick look over GFRP materials and their mechanical properties, but also will aim to provide some ideas on the study
of concrete members reinforced with GFRP bars and their design based on SLS method as it rapresents the most problematic one, focusing
on deflections of GFRP reinforced beams.

Keywords: GFRP, CONCRETE, SLS DESIGN, DEFLECTION, CURVATURE, MOMENT OF INERTIA.

The most problematic ones are the first two problems, as these

1. Introduction guarantee the functionality of the structure throughout its lifetime.

This study aims at an investigation on the new trend of using The service conditions also depend on the importance of the
GFRP bars as internal reinforcement in concrete members. It structure and the environment. The problem that appears is similar
intends to: to the already known one of concrete structures reinforced with

+ Identificate some of GFRP's mechanical properties, as a  steel bars. Because GFRP bars have a much lower modulus of
possible material to be used as internal reinforcement in concrete elasticity than steel bars, the serviceability limit state dictates the
members. design of concrete sections reinforced with GFRP bars. Permissible

+ Investigate, using theoretical methods and application, deflections for service loads in these structures are taken the same
through literature and codes, the flexural behavior of concrete as for all other structures, so the relevant design conditions must be
members reinforced with GFRP bars and their design based on applied. The permitted crack widths for these elements are not the
Service Limit States (SLS), in terms of cracks width, deformations same as for conventional concrete elements reinforced with steel
and deflections under service and sustained loads. bars, due to the greater corrosion resistance of GFRP bars.

Through experimental tests carried out on beams reinforced The methods, the models, and the restrictions used during the
with GFRP bars, will be studied their failure modes, deflections, ~ analysis must be different; in addition, a large number of existing
and cracking, and the comparison of experimental data with materials in the field of FRP bars production, with quite different
theoretical values based on existing codes. mechanical characteristics and not as unified as for steel bars,
requires special ways to solve these problems.

Only some countries have implemented specific design codes:

American Code (ACI-440R-96),

—  Canadian Code (ISIS CANADA/CSA S806-02)

- Norwegian Code (EUROCRETE)

— lItalian Code (CNR-DT203/2006)

—  Japanese Code (JSCE)

Fig. 1 GFRP remforcmg bars used in a concrete slab ) )
3. Deflections of GFRP-RC beams under service
2. Methodology loads

~ Glass fibers (GFRP) are used as reinforcing bars as internal Similar to the case of steel-reinforced concrete members, an
reinforcement, as external reinforcing sheets and structural profiles “effective’” second moment of inertia based on the gross moment
produced with pultrusion. They are sensitive to moisture, to the  of inertia I,, and the cracked moment of inertia I, is used to
presence of salts and alkali and suffer the effect of cracks, resistance calculate deflections of an GFRP-reinforced beam. Due to the

loss, and rupture under constant loading. They are good electrical  reduction of the moment of inertia in the cracked section, and

and thermal insulation and with low cost of reinforcing fibers. consequen“y as for relaxation and greater deformation in the
Glass fibers (GFRP), are among the most common of FRP bars concrete, larger deflections occur.
and they are offered by a large number of manufacturers in the M /M, ratio also determines the effective moment of inertia of

world. GFRP bars are produced in size ranging from 3/8 to 1 3/8 in. the section based on Branson equation, (1968,1977), [1]. The
(9 — 41 mm), no.3 to no.13 bars, but ASLAN 100 produces FRP  deflection may be calculated using elastic theory equations for
bars starting from No. 2 (6 mm) to No. 13 (41 mm). uncracked sections. If M, increases over My, cracks start to show
Because the FRP mechanical properties differ from those of  yp in the concrete section, starting from the supports, and later in
steel, particularly the module of elaStiCity that is significantly lower the middle span, so the moment of inertia is Sudden'y decreased in
in FRP bars than in steel bars, the elastic behavior up to fracture, the section from I o I
lack of ductility, etc., the SLS design, especially the cracking and Between cracks, tension is transferred from the reinforcement to
deflection criterion may control the design of GFRP-RC beams.  the concrete, by bond stresses (tension stiffening phenomenon), so
SLS design of GFRP-RC beams takes into account these major  Branson, proposed the use of the effective moment of inertia I,:
problems: ki L = (M_) o 41—(&) }f <1
- racking (1) M,/ M, ?
—  Deformation and deflection
—  Stresses in the material
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Where |, - effective moment of inertia, M, — the moment in the
section at the first cracking, I, — gross moment of inertia, M, - the
maximum moment in the section where the deflection is calculated,
Ier - the cracked section moment of inertia [1].

The relationship between the acting moment and the moments
of inertia are shown in Fig. 2.

™

H IHHMM “”ZHIIHI‘HJH” i

M.,

Applied Bending Moment

Fig. 2 Moment of inertia for a continuous beam and
relationship between moments and moment of inertia

The "tension-stiffening” phenomenon affects the stiffness,
deformations and cracks of the elements working in bending, so in
Branson's equation, its effect depends on the ratio between the gross
moment of inertia and that of the cracked section Ig/l,, and
increases significantly if this ratio goes above 3. In beams
reinforced with FRP bars, this ratio usually goes above 5, so
Branson's equation underestimates the deformations of these beams.

Table 1: Comparison of main methods and design codes of the effective
moment of inertia [13], [14].
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Deformations must be checked both for short-term and long-
term loads, taking into consideration the phenomenon of fatigue.
This methodology was adopted from ACI 318R-95 for calculating
deformations for short-term acting loads. In these years, many
researchers, based on experimental tests, proposed adjustments to
Branson's equation, in order to have new approach in
calculations.

le
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A summary of the main methods and design codes in
calculating effective moments of inertia and deflections, without
entering in details of their modifications of Branson's equation, are
given in Table 1, [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12],
[16].

The deflections calculated both with the methods of the
effective moment of inertia, as with the method of curvature (elastic
line) of the beam, must fulfill certain conditions regarding
permissible deformations in the concrete elements. It should be
noted that if the deflections calculated using the moment of inertia
of the cracked section satisfy the allowable values, then there is no
need to use the effective moment of inertia.

4. Experimental testing of serviceability behavior
of GFRP - RC beams

This paper contains experimental data derived from laboratory
tests conducted on four reinforced concrete beams with GFRP bars.
The purpose of these tests is the observation of deflections of the
beams under the action of two concentrated loads. At the end, the
results will be compared with theoretical calculations.

The cross-section of the beams is 250 X 400 mm, with 4000
mm span length, and 4200 mm total length. Because of the
laboratory conditions and for not using concrete vibration, self-
compacting concrete grade C30 was used. The concrete was
produced with 25 mm maximum aggregate size, 0.35-0.37 water-to-
cement ratio and 323 kg/m3 cement content [13], [14].

Table 2: Mechanical properties of GFRP bars

Diameter | Cross Weight | Modulus | Tensile | Tensile
section of strength | strength
elasticity
SI A w GPa MPa %
(mm) (mm® | (g/ml)
15.87 197.9 181 46 620 1.42
. \
: 1 ] ;

Fig. 4 The gaging system

Schematically, the beam specimens tested under four-points
bending, are shown in Fig.5.

The tests would be carried out on four beams with different
reinforcements. In the first pair of beams (beams T1 & T2), 4 @16
GFRP bars were used as longitudinal reinforcement, in the third
beam (beam T3), 5 @16 GFRP bars, and in the fourth beam (beam
T4), 2 @16 GFRP, while the upper reinforcement and staffs were
not changed[13], [14].
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s T R LT r——n T Fig. 9 Experimental vs predicted midspan deflection of T3
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Fig. 5 The reinforcement of beams a /‘”
Loading is done in cycles by scaling the electronic press at a ) etctons i o

loading rate of 300N/second. The first loading cycle was taken up to
10 kN, the second up to approximately 30 kN, the third cycle up to Fig. 10 Experimental vs predicted midspan deflection of T4
approximately 60 kN and the last cycle up to the failure of the

beam. Only in T4 beam, this loading is done initially up to 10 kN, I
then up to 20 kN, up to 40 kN, and until the beam failure. " e
® - :ﬁ;/;\ !
§: L — [
A 1 i
R4

Fig. 6 Beam T1 & T2 - Concrete crushing failure, full cracked Fig. 11 Experimental midspan deflection of T1, T2, T3, T4.

section (=90 kN)

MIDSPAN DEFLECTION OF GFRP-RC BEAMS

—Trau 1
e ACI 2003
= ACI 2006
—tea Y OST
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Nadjai
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s Branson

Fig. 7 Beam T3 (=102 kN) & T4 (=55 kN) - Concrete crushing
failure, full cracked section Fig. 12 Experimental vs theoretical midspan deflection of T1 &

T2 for different design models

5. Data analysis on deflection behavior =
Experimental data are analyzed and are integrated in appropriate = =
curvatures and are compared to theoretical calculations based on £ . ;/’/
American Code ACI 440.1R -06. i»
) | =17 s
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obf— i i Fig. 14 Experimental vs predicted maximum curvature of T3
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Fig. 15 Experimental vs predicted maximum curvature of T4
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Fig. 16 Experimental maximum curvature of T1, T2, T3, T3

6. Test results and discussions

At the first pair of beams T1 & T2 (named TS1 & TS2 before
test) were used 4 bars @16 GFRP, as longitudinal reinforcement
with a theoretical balanced reinforcement ratio of
p; =0.00932% p,, =0.0093

At beam T3 (named TS5 before test) were used 5 bars @16

GFRP, as longitudinal reinforcement, having a lightly
overreinforced beam where
Pr = 00093 < p; =0.0116 < 14° pg, = 0.0013 | 12

(named TS5 before test) were used 2 bars @16 GFRP, as
longitudinal reinforcement, having an underreinforced beam

wherePr = 0:00466 < p,, = 0.0093

6.1 Results on deflection behavior

Figures 8, 9, 10, 11 and 12, show the experimental load-
deflection response at midspan for all beams, compared to the
theoretical calculations based on the American ACI 2006 code [14].

T3, is a slightly over-reinforced beam, so the concrete crushing
occurs. The maximum deflection is slightly higher than in the case
of T1 and T2, but still exceeds the allowable deflection before
failure, corresponding to the ultimate load of 101.5 kN, which is
about 14-15% higher than the ultimate load and for a reinforcement
25% greater than in the case of T1 and T2. The theoretical values
are quite close to the experimental ones with a difference of only 5-
6 kN (higher), or with a deflection of only 0.7-1mm smaller than the
experimental values, so only 6-7% difference. This means that ACI
2006 gives expected good results for close to balanced and over-
reinforced beams [14].

T4 is an under-reinforced beam, with half of the balanced
reinforcement, that is, as much as 50% of the reinforcement of the
beams T1 and T2, therefore the GFRP bars rupture occurs and after
that, the concrete in the pressed area is crushed by the immediate
deflection as seen in figure 16. It appears that this failure occurred
for a much smaller load than in the case of T1 and T2, only 56.9 kN
or 35-36% less. Also, the deflection at the failure moment is 11.8
mm, much less than the allowable deflections and also the
deflections of beams T1 and T2. It can be seen that the predicted
values are very close to the experimental ones with a difference of
less than 3% [14].
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Figure 17 shows the beam deflection-reinforcement ratio at
rupture load of T4 for P = 56.9 kN. The greater the reinforcement,
the smaller the deflections, and this go almost linearly in inverse
proportion. ACI 2006 gives good results for under-reinforced or
slightly over-reinforced beams, but it seems that the tendency is that
error tends to increase almost proportionally with the beam
reinforcement increment as shown in Figure 18, [14].

BEAM DEFLECTION FOR DIFFERENT REINFORCEMENT
AMOUNTAND P = 59.6 kN

Deflections(mm) .. ..
& o ® o N &

o N

0 200 400 600 800

Reinforcement (mm?)

1000 1200

Fig. 17 Beam deflection — reinforcement ratio at rupture load of
T4

RELATIVE ERRORS OF DEFLECTION CALCULATION
7 BASED ON ACI 440.1R.-06
6
=
&
®
®
23
2
=2
1
0
0 200 400 600 800 1000 1200
Reinforcement amount (mm?)

Fig. 18 Relative errors of deflection — reinforcement ratio
based on ACI 440.1R.-06

6.2 Results on curvature behavior

Figures 13, 14, 15, and 16 show the experimental load-
curvature response at midspan for all beams, compared to the
theoretical calculations based on the American ACI 2006 code.

We can see that the values obtained experimentally for T1 & T2
beams follow the same trend as deflections and are very close to
each other with only a 2-3% difference. Also, the predicted values
are quite close to the experimental ones with a difference of about
5%. The maximum bending moment in the section until the failure
is 46.9 kKNm for beam T1 and 47.8 kNm for beam T2, while the
predicted ones are around 50.2 KNm. The maximum curvature value
is about 90-10°m™ at T1 beam [14].

For beam T3 the maximum bending moment is 51.1 kNm while
the predicted one is 54.7 kNm, with a difference of 7%. The
maximum curvature is 82-10°m™, or about 8.5% less than for
beams T1 and T2.

For beam T4 due to insufficient reinforcement and rupture of
the GFRP bars, the maximum bending moment is only 30 kNm, and
the predicted one is 31 kNm, having a difference of about 3%. The
maximum curvature is 54-10°m™, around 40% smaller than for
beams T1 and T2 [14].

BEAM CURVATURE FOR DIFFERENT REINFORCEMENT
AMOUNT FOR M = 30 kNm

Curvature k (m™ x10%)
BN oW oA @
o -} o k=3 o g
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200 400 600 800 1000

Reinforcementamount (mm?)

1200

Fig. 19 Beam curvature — reinforcement ratio at rupture
moment of T4
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RELATIVE ERRORS OF CURVATURE CALCULATION
BASED ON ACI 440.1R.-06
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Fig. 20 Relative errors of curvature — reinforcement ratio based
on ACI 440.1R.-06

Figure 19 shows the beam curvature — reinforcement ratio at
rupture moment of T4 for M = 30 kNm, the greater the
reinforcement, the smaller the curvature, and this goes almost
linearly, in inverse proportion. ACI 2006 gives good results for
under-reinforced or slightly over-reinforced beams, but it seems that
the tendency is that the error tends to increase almost proportionally
with the beam reinforcement increment as shown in Figure 20,
slightly more pronounced than the one for the deflections [14].

7. Conclusions

After the experimental results analysis and their comparison
with the theoretical predictions based on ACI 440.1R.-06, we can
summarize the most relevant conclusions as follows:

1. The failure of GFRP reinforced concrete beams, when
they have a balanced reinforcement ratio, or when they are slightly
over-reinforced (around 40% more than the balanced one), occurs in
a similar way as the failure of steel-reinforced beams, due to
concrete crushing in the compression zone.

2. The failure of under-reinforced GFRP reinforced concrete
beams, occurs in a different way from the failure of steel-reinforced
beams, due to GFRP bar rupture in the tension zone, since the FRP
reinforcement will not yield.

3. The prevailing problem of the tested beams seems to be
cracking and deflections, and not the flexural capacity, except for
the under-reinforced beam.

4. During the deflection and curvature analysis, is noted their
trend increases with the decrease of the reinforcement ratio. The
limit of theoretical prediction of deflections is achieved before the
beam failure, except for the under-reinforced beam, when the
failure occurs for rupture before having large deflections [14], [15],
[17].

5. During the comparison between theoretical predictions
based on ACI 440.1R.-06 and experimental results, was noted that
this design code is quite accurate for calculating the deflections and
beam curvature with slightly differences of 4-7% [14].

6.  Also other methods and design codes such as Yost, Rafi
& Nadjai, ISIS Canada, EC2 — CEB & lItalian Code CNR, give
good theoretical predictions regardless of the method used. The
differences with experimental results are in the range of 3-8%, due
to theoretical empiricism, and for not taking into account
parameters that affect the effective moment of inertia I, such as: the
reinforcement ratio py, the low FRP modulus of elasticity E;, the
initial deflections of the uncracked, the bond behavior of FRP bars
with concrete, the loading type and tension-stiffening effect [14].

7. s noted the trend to have bigger errors of the theoretical
predictions, with the increase of reinforcement ratio, so their
curvature is quite proportional.

Although the expectation based on theoretical predictions was
appropriate (except for beam T4), these specimen tests were not
enough to carry out important remarks for improving the design
equations for calculating deflections and crack width of GFRP
reinforced concrete beams and are needed for other research.
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Abstract: It was obtained alloy of remelted aluminum beverage cans. A technology for casting of blanks for bicycle frames has been
developed. The resulting elements are intended to be mounted on bicycles.
KEYWORDS: SINGLE-CASTING MOLDS, ALUMINUM CANS RECYCLING

1. Introduction The alloy obtained after remelting the cans is melted, and
The aim of the present development is to be created a @ certain amount of aluminum-silicon ligature is added to it for

technology for obtaining details forming the bicycle frame from  improving the casting qualities of the melt [1].
alloy obtained by recycling of beverage aluminum cans.

Requirements to the detail: achievement an accuracy of
geometric dimensions and sufficient strength. The additional
processing includes cutting out the sprue channel and the dead
heads. These requirements are determined by the necessity for
achieving the mounting dimensions

2. Methodology and technological features

The task was solved as initially models has been made,
meeting the requirements to the casting slopes, helping to their
easier removing from the mold.

The details have a relatively complex configuration, due
to the large difference between the thickness and overall dimensions
of the castings.

Details are of two types, tentatively named Frame 1 and
Frame 2.

In their volume there are voids and thermal nodes, which
sets a condition for the correct orientation of the gate systems and
the feeding dead heads, considering that the castings will be made
in single-casting sand clay molds.

The can are arranged in a resistance furnace and sprinkled
with protective flux, consisting of sodium chloride (NaCl),
potassium chloride (KCI) and cryolite (NazA6), Fig. 1.

Fig.2. Made in advance special casting boxes

Fig.3 Detail of type Frame 1

Fig.1. Disposition of the cans into the resistance furnace

After starting the melting, periodically the remaining cans
are added, until the entire intended amount is melted. The resulting
melt is poured into metal molds, and a sample for spectral analysis
is taken to determine the elements presenting in the alloy.

In order to obtaine the casting forms, special casting
boxes were made in advance, Fig.2.

The models are placed, filled with a previously prepared
sand-clay mixture and compacted. Figures 3 and 4 show the
resulting forms for Frame 1 and Frame 2, respectively.

After obtaining the forms (Fig. 3 and 4), the sprue
channel, feeders and overflows are oriented. Due to the identity of
the details, the orientation of the sprue, feeders and overflows for
one form, only, is presented (Fig. 5).

Fig. 4. Detail of type Frame 2
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This is followed by trimming of the sprues, feeders and
overflows. The castings thus obtained are mounted to each other,
and then are mounted on a bicycle, Fig. 7.

e

Fig. 5. Orientation of the sprue, feeders and overflows Fig.7. The bicycle with the mounted details Frame 1 and Frame2

3. Conclusion

A technology for castings intended for bicycle frames has
been developed. They are made of recycled aluminum alloy
obtained from melted down aluminum beverage cans.

The closed molds are filled with the molten alloy and
allowed to cool. After solidification, the single-casting molds are
destroyed and the resulting casting is removed, Fig. 6.

4. References
1. Slavov R. and others. "Handbook for casting non-
ferrous metals and alloys". "Technique", 1976.
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f

Fig.‘6. The castiﬁé,_aer destruction of the sénd—clay mold
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Abstract: Methods for contact and non-contact real-time measurement of temperature during the welding process are reviewed. A real-time
measurement and comparison of the obtained results is made.
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1. Introduction 10. Thermocouple tightly pressed to the root of the seam.

In fig. 2 is shown the non-contact methods of
temperature[1,3,4] measurement during the welding process. Non-
contact temperature measurement is carried out by pyrometers and
thermal cameras. Pyrometers can only measure the temperature at a
single point, while thermal cameras measure the temperature field
of the weld joint. When measuring with both types of devices, it is
important to adjust the value of the emissivity of the workpieces to
be welded. In non-contact temperature measurement, it is possible
to cast a shadow from the operator, burner, apparatus and others if
they enter the field of view of the pyrometer or thermal imager.
This is avoided by carefully planning the welding setup. An
advantage of non-contact methods is the ability to transmit the data
in real time to a computer system. Thermal cameras have an
advantage over pyrometers in the number of points they can
measure simultaneously. An advantage of pyrometers is the lower
cost and easier data processing.

In fig. 1 is shown the contact methods for measuring
temperature[1,2,3] in the welding process. The contact methods are
divided into methods with placing the thermoelements in inspection
holes, welding on the surface of the joint and contacting by means
of strong pressure. When drilling inspection holes, the temperature
is measured in the volume of the joint. In this case, holes with the
diameter of the thermocouple are drilled in the welded joint, which
violates the integrity of the welded parts. These measurements are
carried out on prototypes of the welded joint, when it is necessary to
record the temperature field during the welding process. When
welding thermocouples on the surface, there is a possibility that
when the thermocouples are too close to the weld pool, they will be
included in the volume of the welded joint. When contacting with
pressure on the surface, the thermocouples are pressed against the
welded joint. In this case, it is possible that there is a bad thermal
contact and the measured temperature does not correspond to the
real one.

Fig. 2 Non-contact methods for measuring temperature in the welding

rocess.
Fig. 1 Contact methods for measuring temperature in the welding process. P

. . With a pyrometer
In inspection holes by

L . . 1. Pyrometer measuring the temperature in a welding bath;
1. Thermocouple placed in inspection hole, measuring

temperature in HAZ; 2. Pyrometer measuring the temperature in the HAZ;

2. Thermocouple placed in inspection hole, measuring 3. Pyrometer measuring the temperature at the fusion line;

temperature at the fusion line; 4. Pyrometer measuring the temperature, measuring the heating

3. A thermocouple placed in an inspection hole, measuring the temperature

heating temperature 5. Pyrometer measuring the temperature of the arc.

- :]f. Thermocouple placed in the inspection hole at the root of the With thermal camera
6. Thermal camera measuring the temperature in a welding

bath;

7. Thermal camera measuring the temperature in the HAZ;

Welded to the surface
5. Thermocouple welded to the surface in a cooling weld bath;
6. Thermocouple welded to the surface in HAZ; 8. Thermal camera measuring the temperature at the fusion line;

7. Thermocouple welded to the surface of the seam, measuring

temperature at the fusion line; 9. Thermal camera measuring the temperature, measuring the

heating temperature
8. Thermocouple welded at the end of the welded joint,

measuring the heating temperature; 10. Thermal camera measuring the temperature of the arc.

9. Thermocouple welded at the root of the seam.

Pressed down
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2. Contact and non-contact
measurement of welding process

temperature

The laboratory setup is shown in Fig. 3 and consists of: 1.
Welding machine Cebora 2030m; 2. Apparatus for monitoring the
welding process Arc Tracker; 3. Wires for measuring welding
current; 4. Wires for measuring welding voltage; 5. Laptop to Arc
Tracker with Power Wave Manager software installed; 6. WiFi
router TP Link; 7. Welding table; 8. Welding tractor; 9. Welding
torch; 10. Bottle with shielding gas; 11. Welded details; 12. Trotec
TP10 pyrometer; 13. Laptop to pyrometer with developed Matlab
software product for temperature monitoring; 14. Tripod; 15. Eight-
channel temperature recorder Pico TC 08; 16. Laptop to Pico TC
08; 17. Thermocouples; 18. Remote computer

12 - Tee

7
D w0 9
s 2-Arc 1
13 P Iv-'.~
11
14
15-Pko TC 08

F_(bm

Fig. 3 Laboratory setup for contact and non-contact measuring temperature
in the welding process.

The Trotec TP10 pyrometer (12) is focused on the workpieces
to be welded. It is connected to a laptop via a USB connection. The
distance between the pyrometer and the welded parts is 120cm. The
pyrometer continuously transmits data to the laptop (13) in packets
of 17 bytes for each report. The emissivity of the pyrometer is
adjusted before the measurement.

Pico TC 08 (15) is an eight-channel temperature recorder that
measures the temperature of the surface or in the volume of the
welded parts by fixed K type thermocouples (17) in real time. A
laptop (16) is connected to the Pico TC 08 recorder via a USB
connection. PicoLog 6 software product is installed on the laptop
for reading, visualizing the temperature in real time and storing its
values.

The welding process is held on to steel plate with
dimensions350x120x6mm. the welding parameters are set to 100A
welding current, 10 V — welding voltage. Speed of the welding
torch is 50cm/min. welding is performed with grey electrode
WCe20 O 2,4mm. Shielding gas is Ar with flow 151/min,

Results of contact and non-contact temperature measurements
are shown on fig. 4 and fig. 5.
1200

1000

: 1 4 7101316192225283134374043464952555861 646770737679 82858801

Fig. 4 Non-contact measured temperature curve from the pyrometer
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100

Fig. 5 Contact measured temperature curve from the thermocoulples.

3. Conclusions

Optimum results in contact temperature measurement can be
achieved by measuring with suitable thermocouples using three
main methods — welding the thermocouple to the measured surface,
pressing it strongly into the surface, placing it in inspection holes.
Each of these methods has advantages and disadvantages.

Non-contact temperature measurement methods are affected by
the condition and properties of the measured surfaces, and the
emissivity must be adjusted before measurement. With these
methods care must be taken to ensure that there are no obstructions
in the field of view between the meter and the object and that the
meter is not focused too close to the welding arc.

A laboratory setup has been developed, through which welding
contact and non-contact temperature can be measured in real time.
The measured parameters can be transmitted to a remote computer
via the Internet, where the data can be visualized and archived.

Contact and non-contact measured temperatures are within 9%
deviation which is good result.
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Abstract This study presented a sustainable construction material, wood-cement briquette, for construction indust. Wood-cement briquette
has significant advantages as compared to the traditional cement briquettes such as lower carbon footprint, lower cost, easy production,
environmental friendliness, sustainability. Wood-cement briquettes have a good thermal insulation and sound insulation than traditional
briquettes. In addition to wood, other lignocellulosic materials such as hemp and flax can be also used in the producrion. Especially, it is a
better material for buildings located in earthaqure -prone areas because the relatively elastic structrure of wood makes it a good material in
regions prone to seismic activity. Wood-cement briquettes are suitable material for single or dublex buildings. It is estimated that its use will
considerably increase in construction industry in near future. This study, characteristics of raw materials used in wood-cement briquette, the
physical and mechanical properties and potential uses of wood-cement briquettes are given in this review study

KEYWORDS: WOOD CEMENT BRIQUETTE, CEMENT, CONSTRUCTION INDUSTRY, WOOD

1.

Wood-cement briquettes are manufactured from a mixture of
organic and inorganic materials, and water. As for organic material,
lignocellulosic materials, especially industrial wood waste such as
sawdust, and waste of annual plants after harvesting such as flax
and hemp particles are used. As inorganic material, cement (usually
portlant cement) is used. Some special additives are also used in the
production. In the production of wood-cement briquette, industrial
wood waste, MDF/particleboard/plywood wastes; It has been stated
in the literature that annual plant stems such as wheat straw,
coconut fiber, flax, hemp and paper mills' fibrous pulp can be used
successfully. Apart from this, agricultural product wastes such as
various hazelnut shells and rice paddy can be used in the production
of cemented particleboard.

Wood-cement briquettes have some signficant advantages when
compared with other building materials such as concrete. The first
advantage is the possibility of constructing buildings of one or two
floors. This list also includes [1-3]:

Introduction

1. Environmental friendliness. Only natural raw materials
are used in production.

2. The light-weight of wood concrete greatly facilitates the
construction process itself.

3. High level of fire resistance, despite the presence of
wood.

4. Easy processing of wood concrete using any cutting tools,
ease of operation even for non-professionals.

5. Good vapor permeability, allowing buildings to breathe
deeply and provide residents with an ideal microclimate.

6. A good biologal durability agains to mold fungi and fire
resistance.

7. High level of sound insulation and thermal insulation
characteristics.

8. Good resistance to shrinkage, ability to withstand seismic
activity.

9. The price of the blocks is relatively low, if you do not

compare them with their rather cheap competitors - gas or
foam concrete.

The biggest advantage of all types of lightweight wood-cement
briquettes is the ability to build an inexpensive (not monolithic)
foundation for a building. The advantages of wood concrete include
bending strength and the ability to restore its original shape after
deformation. It allows for trouble-free transportation, installation of
building materials and operation of the house. Many people are
captivated by the ease of screwing in self-tapping screws and
driving nails.

Not all tree species are equally suitable for obtaining the woody
material used in cemented particleboards. Because in some wood
species, the hardening of the cement is either delayed or prevented.
Studies conducted in Germany revealed that 36 of the 99 tree
species examined were suitable for this purpose. The results showed
that coniferous woods were more suitable than leafy ones. The main
mineralizer was technical sulphate aluminum, which was used to

remove sugars from wood chips. The sugars in wood interfere with
the binding of the cement.The amount of water-soluble sugars and
phenolic substances contained in the chips are effective on the
availability of wood species. The tannic substances present in the
wood have a retarding effect on the solidification of the cement. If
the amount of glucose, sucrose and xylose in the woody material
constitutes a concentration of 0.25% by weight in the mixture, the
produced boards become unusable. This is because a layer is
formed on the surface of the cement particles that prevents them
from bonding with water [4].

It has been understood that this barrier layer consists of a water-
insoluble calcium salt of saccharic acid consisting of carbohydrates.
In addition, if the amount of hemicellulose in wood increases, the
possibility of using this raw material in the production of cemented
particleboard decreases. It has also been understood as a result of
research that xylan obtained from leafy beech retards the
solidification of cement more than poly-galacto-cart obtained from
conifers. Thus, the sugar and starch present in the wood prevent
solidification. Heartwood contains more substances than sapwood
that can inhibit cement solidification. It has been reported in the
literature that cementitious particleboards produced from wood
stored in outdoor conditions have higher resistance values than
wood used directly or stored indoors [5,6]. For this reason, only the
bark-peeled coniferous wood raw material is used in the factories
producing this type of board today.

The bark of the wood raw material to be used should be kept in
the warehouses for at least 3 months in summer and 6 months in
winter in a well-peeled state. Thus, wood reaches an equilibrium
humidity during storage and substances that delay solidification are
neutralized. However, at this time, care should be taken against the
formation of rot and mold fungi that may occur in the wood. The
raw materials used in the production of cemented particleboard are
cement, wood chips, water and chemical additives (Bozkurt and
Goker, 1990). Chemical additives called “mineral substances”
(sodium silicate-aluminum sulfate) are added to the mixture to
ensure good bonding of wood and cement. The chemical
components of portlant cement and their ratio are given in Table 1.

Table 1. Chemical components of portlant cement and their ratio

[r1.

Chemical substances in Formula Ratio
portlant cement (weight %)
Quicklime Cao 60-67
Silicon oxide Sio, 17-25
Alumina Al,O4 3-8
Iron oxide Fe,04 5-6
Sulfate SO; 1.3-3
Magnesium oxide MgO 0.1-4
Alkali chemicals (K,0, Na,0) 0.4-1.3
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The thickness of the chips to be used in the production of cemented
particleboard is 0.2-0.4 mm, the length is in the range of 10-30 mm,
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and it is prepared as in normal particleboard production (Bozkurt
and Goker, 1990). In the dosing section, chips, cement and other
chemicals are mixed with water in a mixer. The amount of
substances added to the mixture is adjusted according to the dry
chip weight. These ratios are determined and their mixing with
weighing is done automatically.

There are some peculiarities in the wood concrete production
process. These include [3]:

1. Accuracy of dosage of all components. Possible deviations may
be only 2-3%, but no more.

2. The amount of the water is very important. If it is not enough,
then the concrete solution will not work. Because the cement will
not react with water. Excess moisture reduces strength and prolongs
the period required for its development.

3. Set of chemical additives. It depends on many factors. For
example, for larch chips, unlike other coniferous species, they
require double the amount. The volume of additives is also affected
by the size of the filler and humidity.

4. A certain temperature of water for dissolving mineralizers in it.
Minimum - +15°. To ensure this condition, the liquid is preheated.
Another possible solution is to use “hot medicine”-calcium
chloride-CaCl, as a mineralizer.

The material is divided into 2 main types: structural and thermal
insulation. The first is intended for the construction of load-bearing
surfaces; it has sufficient density - from 500 to 850 kg/m®
(according to some sources - up to 1200 kg/m®). The second type is
used only as a thermal insulation material. Its density is 400-500
kg/m®. There is a third, intermediate option - structural and thermal
insulating wood concrete (450-600 kg/m®). It can be used in any
capacity: for the construction of main walls, as well as for the
construction of partitions.

Significant Criteria in Choosing of the Fire Retardant
Chemicals are as follows:

Low-toxicity (minimal risk to human health)

Minimal risk to atmosphere, climate and environment

Flame spread of 25 or less or «Class B»

Self extinguishing

Won’t spread fire

Reduced heat release

Disrupts volatile gases

Releases carbon

Suitable with process conditions (such resin blending, hot
pressing) during production of wood based-panels

Minimum effect on mechanical properties of wood and wood
based materials

Easy-suppy

Low-cost

Easy preparation and application to wood and wood-based
panels

Choice of fire retardants in relation to product and process
demands depend on several factors. Potential service life problems
have to be eliminated.

Important factors to consider are:
- Type of wood based substrate,
- Regulatory requirement to be satisfied,
- New build or maintenance/upgrade,
- Service life conditions/environment,
- Installation conditions,
- Maintenance requirements,
- Effects, if any, on appearance or other natural or inherent
properties of the substrate.

2. Arbolit briquette

Arbolit is one of the varieties lightweight wood-cement
composites. The name of the material shows French roots: arbre is
translated from French as “tree”. It is mainly used in rural
construction. Arbolit has a number of advantages compared to
traditional building materials: reduced mass of buildings, reduced
the complexity of the construction of buildings decreased by 2.5
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times consumption per 1 m?Zof cement, sand, high thermal
resistance of structures. Arbolit, having a macroporous structure
provides good ventilation in the premises, and high thermal
performance, thereby reducing energy consumption for heating and
ventilation of buildings. No need for additional external heat —
soundproofing. The walls of the arbolit are good to be finishing as
the traditional finishing materials. The characteristic surface
structure of arbolite products is able to provide first-class adhesion
to the traditional plaster layer and concrete surface, excluding
additional reinforcement. The composition of the arbolit briquette is
presented in Figure 1.

Additives
Wood particles

Portland cement

b.
Figure 1. a: The composition of the arbolit briquette [2]. b:
Decorative layer application to the surface of arbolit [3].

Arbolit contains:

Wood chips (up to 80-90% of the volume)

Cement

Water

Chemical additives to improve strength and increase chip
adhesion to cement.

In a recent Russian patent, arbolit mixture contains (wt %):
Portland cement 47-52; crushed wood 22-31.5; quartz sand 20-25;
3% hydrogen peroxide solution 1-1.5, with water-cement ratio
constituting 1.1-1.3. [8].

Numerous reviews by private builders suggest that Arbolite is
better to buy ready-made than to produce on your own (Fig. 3). For
the production of a cubic meter of material, 1200 liters of wood
chips, 240 liters of cement and water will be needed until the
mixture begins to shine. Chips are poured first with a small amount
of water, cement is added, well mixed, better in concrete mixerif
necessary add water.

|

Figure 3. The preparat

of arbolit briquettes [3].

ion

The wood filler contains sugars that prevent the adhesion of
cement paste to the surface of wood particles. To solve this
problem, 2 main strategies are used:
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1. Drying of wood raw materials before use in production for
several months.

2. Mineralization of the surface of the chips in a solution of
chemical components.

Typical values for structural blocks are density values from 550

to 700 kg/m®. However, you can buy products with a density of up
to 850 kg/m°. Too high values indicate good load-bearing capacity
of the elements, but inferior to the lighter in thermal insulation
qualities.
Sufficient material strength for use in construction is achieved only
when cement with a grade of at least 400 is used. As additive, Ina 1
m3 wood-cement briquette is used 12 kg CaCl,, 12 kg (Al,SO,);
and 12 kg (8+4) Al,(SO,)s+Ca(OH),.

The following types of arbolita are distinguished by density:
Thermal insulation with a density of 450 kg/m®

Structural and thermal insulation - from 450 to 600 kg/m?®
Structural - from 600 to 850 kg/m*

The main component for the manufacture of arbolite, as already
mentioned above, are joinery and furniture. The technological
properties of arbolit depend on chemical additives. In addition to
calcium chloride, it can be soluble glass, aluminum sulphate,
harated lime, they help improve arbolite blocks and give them new
properties. The technical characteristics of arbolite briquette are
given in Table 2.

Table 2. Some physical and mechanical properties of arbolit [2].

Property Unit Result
Average density kg/m® 400-850
Compressive strength MPa 0.5-1.0.
Bending strength MPa 0.7-1.0.
Thermal conductivity of | W/(MxC) 0.008-0.17
arbolit

Water absorption % 40-85
Shrinkage % % 0.4-0.5
Fire resistance h 0.75-1.50
Sound absorption 126-2000 Hz 0.17-0.60

Arbolit today is widely used in private construction for the
construction of houses (up to 3 floors), cottages, garages and
household buildings, the material is also in demand in the
construction of low-rise industrial buildings (Fig. 4).

3. Conclusion

The result of this study showed that wood-cement briquettes could
be succesffyuly used in one or two layers buidings. Although wood-
cement briquette are widely used in rural construction, its use in
urban construction is still limited. In particular, the use of wood in
cement briquettes should be encouraged due to its more flexible
structure than concrete and its resistance to possible vibrations in
earthquake zones. Since issues such as global climate change and
the carbon footprint of materials are becoming increasingly
important today, it is necessary to attach importance to the use of
wood sawdust in portlant cement for construction industry.
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Advantages of arbolit for structural applications as given below [2]:
1. Excellent thermal insulation. Thermal conductivity coefficient of
wood concrete with a density of 400 kg / m®- 0.07 W/ m * K, with
a density of 500 kg/m?® - 0.09 W/m*K, 600 kg / m®- 0.11 W/m*K,
800 kg / m* - 0.15 W/m*K.

2. Good sound insulation

3. Excellent vapor permeability, therefore, the optimum
microclimate is preserved in the house from wood concrete.

4. high resistance to fire. The material refers to refractory
(combustibility group - G1), flame retardant (B1) and low-smoke-
forming (D1) materials. Good biological durabil

5. Light weight saves on arrangement of the foundation and
simplify the construction process. One arbolit block in volume is
the same as 15 ordinary bricks, but its weight is 10 times less.

6. Easy processing,

7. Environmental friendliness.

8. Resistance to mold and rodents.

9. High strength. Cracks do not form on the surface of the blocks.
Buildings can be erected without additional inter-row reinforcement
10. Ease of installation of fasteners, including nails and self-tapping
screws, which distinguishes an arbolite block from polystyrene
concrete or expanded clay concrete
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Abstract: Nowadays, a lot of emphasis is placed on the car safety. It's very difficult to ensure the highest possible body strength using
conventional tests. The correct testing method is the basis for the safety of the car bodies. It is less expensive and time-consuming to apply
deformation characteristics testing to selected types of steel than to produce a complete body and then test its deformation properties. The
three-point bending test makes it possible to determine the absorption potential of the selected sheet metal. The purpose of this article is to
evaluate innovation potential of the multiphase Trip steel, which is used in the automotive industry for the body-in-white structural
components, and deformation elements mainly.

Keywords: 3-POINT BENDING TEST WITH FIXED ENDS, ENERGY ABSORPTION, DEFORMATION WORK, STIFFNESS CONSTANT

In modern cars, deformation zones are distributed around the
entire cabin of the vehicle. That means the space for the crew is

In car safety, many passive elements have supplemented and  sufficiently protected. While at a frontal impact of a vehicle there is
even replaced by active safety elements. The brake systems were enough space for deformation, the side of the car must be
supplemented with electronic control units that ensure better brake  sufficiently rigid to withstand the side impact (Fig. 2). [6,9]
operation and vehicle controllability in skidding [1]. However, even
active members in combination with passive ones will not ensure
the complete safety of the vehicle crew. Therefore, scientists and
car developers had to focus on the materials used for the
construction of the car [2-5].

1. Introduction

Compared to the front or rear of the vehicle, where there is
sufficient length to create deformation zones, the side parts of the
vehicle have minimal space to absorb deformation energy. A
collision with a vehicle from the side is the most dangerous for the
crew, as most vehicles are very vulnerable from the side. Therefore,

It was necessary to focus on the deformation zones, their the greatest number of high-strength materials are used for these
construction, and the material from which they are made. The  areas, which are able to absorb a significant amount of energy in a
deformation zone is not responsible only for the safety of  side impact. [7-9]
passengers but also pedestrians. An intersection between the
strength of the material and the ability to absorb energy on the
deformation path had to be found. In modern cars a “controlled"
course of deformation needs to be ensured (Fig. 1). The deformation
of the front part of the vehicle should have a graded course
consisting of 5 stages: [6]

A novelty on the market in the area of safety elements of
deformation zones is the Pre-Safe structure - Fig. 3. They are
actually special metal profiles, stored in the reinforcements of the
body. In the event that the sensors of the vehicle's control unit
detect an impact, the charge is activated and the struts are inflated.
The duration of inflation is a few milliseconds. The pressure in

1. protection at low speeds - parking maneuvers, these reinforcements reaches 1-2 MPa. The braces can hold a load

2. compatibility - protection of a co-participant in a traffic of 100 kg, i.e. 1 kN. Their function is similar to the function of an
accident, airbag, but with the difference that they are made of metal material

3. self-protection - the necessity to comply with biomechanical and the reinforcements do not inflate, which can also appear as a
criteria, disadvantage. [7-9]

4. space for crew survival,

5.

pedestrian protection. @ @ @ @ @ ‘
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€ w0 |E ° b
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3 ) 2
& - a
50 100 200 300 400 500
Deformation path Ax [mm] Fig. 3 Pre-Safe structure and side reinforcements of the car. [9]
Fig. 1 Progressive course of deformation [6]. The stress of the beams, bumper, roof reinforcement and doors

can be tested with a three-point bending test, where can be
measured the bending strength (material resistance) and
deformation work. [10] Three-point bending testing is a process in
which a sample is plastically deformed (usually to the point of
failure) in order to obtain the desired outputs. From these tests, we
can determine values such as:

« the magnitude of the resistance force required to deform the
sample on a predetermined path,
« springback of the sample on a predetermined path,

- absorption potential of the material,
Fig. 2 Distribution of deformation forces in frontal and side impact [8]. » the size of the path required to break the sample.
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2. Materials and methodology of experiment
2.1 Three-point bending test

The experimental test was performed at predetermined strain
rate, using a combination of three-point bending and stretching. The
absorption potential of the material was determined from the force
required to deform a sample with a width of 26 mm and a length
before deformation L, = 300 mm (length of the loaded part of the
sample Ly = 2.X, = 2x110 mm) and the thickness of the sample a, =
0.75 mm (Fig. 4).

- /Ra 0,8
I

o

300

Fig. 4 Dimensions of the tested sample.

The three-point bending test was performed on a TiraTEST
2300 testing machine, equipped with the necessary preparations for
holding the sample and also with a sensor measuring the magnitude
of the load force. The tested samples were fixed with jaws into the
machine in such a way that there was no movement of the sample
during the test. The sample was loaded by force through the roller
mounted on the end of the strain gauge sensor. With such a
combination of clamping the sample and its bending, a combined
bending and tension stress occurs. TiraTEST 2300 allows you to
record the measured force and traversed path of the crossbar to the
computer. The support rollers on which the sample was positioned
were at a distance of 110 mm from each other and their diameter
was d = 30 mm. The samples were stressed until failure (Fig. 5).

Fig. 5 Three-point bending test [10].

2.2 Materials and their properties

Sheets of high-strength low-alloyed steel H220 PD+Z1 (HSLA)
and multiphase steel RAK 40/70 (TRIP) were used for the
experiment, the chemical composition of which is shown in Tab. 1.

Table 2 shows the material properties of the investigated
materials. Cold-rolled steel sheets are characterized by their
anisotropy, therefore the properties were evaluated in the 0°; 45°;
90° directions. The mechanical properties were determined by a
tensile test according to STN EN ISO 6892-1. The normal
anisotropy coefficients (Lankford coefficients) were determined

according to STN EN ISO 10 113. The strain hardening exponent
and the material constant were determined according to STN EN
ISO 10 275.

Table 1: Chemical composition of the experimental materials.

Chemical composition%
Material | C Si Mn P 5 Cu Al Cr Mo
c 51 Mn P s Cu Al Cr Mo

HIZOPDHZL | <0077 | 0.019 | 0358 | 0.011 | <0.002 | 0.017 | 0.026 | 0.009 | <0.007

<0002 [ 0.003 [ =0.002 | 0031 | 0.017 | <0036 | 9038

s Cu Al Cr Mo

RAK 40/70 | <0.089 | 0.182 | 1.591 | 0.028 | <0.002 | 0.023 | 2.267 | 0.042 | 0.022
Ni v Ti Nb Co W Fa

<0002 [ 0.011 [ =0.007 | 0.022 | 0.022 | =0.002 | 8562

Table 2: Mechanical properties of the experimental materials.

Maerial | DI SO o | o6 | o1 | s | RO B | b
0 24 | 373 14 | 40 677 024 121 0.0063
H220PD+Z1 45 a7 | 359 % | 42 651 023 176 | 00063
90 223 | 368 3 38 658 023 175 0.0072

Average values 223 | 368 73 38 658 0230 1730 goo7 | 9617
0 428 | 51 25 29 | 1484 0.298 064 | 00134
RAK 40/T0+Z1| 45 441 | 763 26 | 29 | 1515 03 081 0.0144
90 434 | 751 26 31| 1408 0.285 076 | 00141

Average values 434 56 2 30 1469 0294 0.737 0014 | 217.00

2.3 Experiment evaluation methodology

The evaluation of elongation, deflection and suspension of the
samples was carried out according to the diagram in fig. 6, when the
path of the bender is 25 mm, where the individual quantities are:

- bend path -h

- path of the bender after unloading force - h’
- angle after unloading force - o'

- angle under load - o"

- length of half of the examined part of the sample in the
unloaded state -X0°

- length of half of the examined part of the sample under load -

X0"
Pushing rod — Xo "
Holder
l - !
C r
N
h \
h’ \
! \
\ Dye
Xo'”

Fig. 6 Scheme of the three-point bending test with fixed ends.

The deformation of the examined part of the sample was
calculated based on relations (1) and (2). The assumption was that
the free part of the sample is deformed uniformly depending on the
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path of the bender h until the moment when a narrowing (neck)
occurs. In the initial position of the bender h=0, the length of the
sample was 110 mm. The size of the angle o can be expressed as:

xo— |h%—4r.h+xd

a(h) = —2.tang™! —

)

After the sum of the lengths of the arcs AB and CD and the addition
of the section EC, we express the half length of the sample x after

deformations as:
xo— [h2—4r.h+x3

- _ -1
a(h) = —2.tang i

0]

The total length of the sample is twice the x obtained from equation

Q).

The magnitude of the deformation work was evaluated from the
maximum force and path of the bender when the sample broke
according to the relationship:

Fnax - Xmax

2

©)

The stiffness constant ¢ can be determined from the record of
the bending force F.x depending on the path of the bender Xpay.
With the assumed linear course of the dependence, the stiffness
constant ¢ will represent the direction of the straight line indicated
in the dependence (Fig. 7,8).

Waer =

3. Reached results and their evaluation

Based on the bending test scheme shown in Fig. 6 and relations
(1) and (2) the angles during loading and unloading and the total
length of the sample were calculated, the values of which are given
in Tab. 3.

Table 3: Extensions of the tested samples — path of the bender 25 mm.

Material H220PD | RAK 40/70
Force [kN] 9.10 12.88
Path of the bender in the loaded 25 25
state h [mm]

The path of the bender in the 22.32 21.49
unloaded state h” [mm)]

Angle " in the loaded state [°] 27.71 27.71
Angle o' in the unloaded state [°] 24.75 23.82
The length of the free part of the 121.75 121.75
sample in the loaded state

2.Xo"'[mm]

The length of the free part of the 119.38 118.7
sample in the unloaded state

2.Xo [mm]

The difference in the length of the 2.37 3.05
samples after unloading — after

springback Xo '~ Xo” [mm]

The length of the free part of the sample in the loaded state,
with the traveled path of the bender of 25 mm in H220PD steel, was
121.75 mm, after the sample was unloaded, the material contracted
by 2.37 mm, which was 0.68 mm less than in RAK 40/70 steel. On
the contrary, the force required to deform the sample by 25 mm was
12.88 kN for RAK 40/70 steel, which was 3.78 kN more than for
H220PD steel. The differences in values were calculated based on
the data presented in Tab. 3.

Table 4: Stiffness constant and measured deformation work.

Material H220PD (ref) RAK 40/70
Deformation work 230.8 322.2
Weer [J]

Stiffness constant 0.348 0.567
c[N.m™]

Woaet! Waef ref - 1.39

C/ Crer=a/ ares - 1.63
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The deformation work W required to deform the sample until
the moment of its failure reached the value of 322.2 J for
RAK40/70 steel, which is 91.4 J more than for the reference steel
H220PD. The stiffness constant c increased in comparison to the
reference material by 1.63x.

y=05673x - 1,3835
R=0,9677

Force F

Path X
Fig. 7 Record of the dependence of the bending force on the path traveled
by the bender for RAK 40/70 steel.

y=0,5673x - 1,3835
R=0,9677

Force F

Path X

Fig.8 Record of the dependence of the bending force on the path traveled
by the bender for H220PD steel.

From the point of view of the protection of the vehicle crew, it
is very important to take into account the deceleration of the safety
cage. In Euro NCAP, the prescribed frontal impact speed is 64
km/h-1 and in EHK it is 56 km/h-1. At such speeds, the maximum
acceleration (deceleration of the vehicle) is a limit coming out from
the biomechanical limits of the human body. Overload at such
speeds reaches a value of around 20g. However, not only the
acceleration but also the track on which such an overload occurs
determines whether the passenger is able to survive an impact. The
deformation path is closely related to the structure of the
deformation zones, the material from which they are made and the
geometry of the deformation zones themselves. At the moment the
vehicle hits an obstacle, it is possible to write the energy balance
condition in the form:
7n.‘l72
Wy = Waer -

= F.dx

xmax
= ™

4)

Jx

where W is the kinetic energy, Wy is the deformation work that is
consumed to absorb (absorb) the kinetic energy during the impact,
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V, is the initial speed at the moment of the impact, m is the mass of
the vehicle, X is the deformation path on which Wy is absorbed.

Even if the deformation elements of the car are deformed first
elastically and then plastically, we consider only the plastic
deformation of the deformation elements in the event of an impact.
Assuming that the force required for deformation grows linearly, we
can write the relation:

m.g
2

xmax
=[_, F.dx (5)

It is possible to express the strength of resistance by the ratio of
the stiffness constant and deformation zones and deformation path:

(6)

Fmax represents the maximum force value on the maximum
deformation path Xy from the moment when the course of elastic
deformation ends and the course of plastic deformation begins.
From the law of action and reaction, it follows that at every moment
of the collision, the resistance force of the structure is equal to the
multiple of the vehicle's weight and its acceleration:

Enax = €. Xmax

U]

FSV = Fmax Vehicle

or

@)

If we consider that there will be a collision of vehicles with the
same weight and the same geometry of deformation zones but made
of different material, then it is possible to write the equation for a
vehicle made of a reference material:

Ci-X =M. Qi max

Cref+X = M. Q1 g ©)
and for a vehicle structure made of a different material than the
reference material:
Ci- X =M. max (10)
After comparing the deformation forces on the same path, we

get the equation for the improvement ratio when changing the
reference material to another:

Qimax  __ _Ci

(11)

Amax ref C1,ref

It follows from equation (11) that the ratio of the stiffness
constants of the considered and reference material is proportional to
the ratio of their decelerations or body overload. This means that if
we change the material used for the construction of the deformation
zones while maintaining the same geometry and deformation path,
we can predict the amount of overload on a person in a vehicle
collision based on the stiffness constant of the material. With such a
material change, it is necessary to ensure that there is no increase in
overload, therefore, when using a material with a higher stiffness
constant, it is possible to reduce its thickness while maintaining the
same deformation characteristics and at the same time reducing the
weight of the component.

Conclusion

The aim of the experiment was to compare the absorption
characteristics of micro-alloyed steel H220PD and TRIP steel
RAK40/70 with a nominal thickness of 0.75 mm for their use in the
deformation zones of the car body. The deformation characteristics
were evaluated by a three-point bending test with fixed ends. Based
on the experiments and their evaluation, it is possible to state:
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- when replacing micro-alloyed steel with stronger trip steel, an
increase in absorption capacity by 1.39x was found;

- when comparing stiffness constants, there was an increase of
1.63x;

It was found that with the application of a stronger material of the
same thickness, there will be an increase in passenger overload at
the same time. Therefore, at the same level of overload, by applying
a stronger material, it is possible to reduce its thickness and thereby
achieve a lower weight of the component while preserving its
deformation characteristics.
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Adoption of a digital approach to shipshape simulation trials with CFD

YcBosiBaHe HA TUTUTAJIEH MOIX0/ 32 CUMYJIAIMOHHU U3NUTAaHUs HA KopadHa ¢opma ¢ CFD

Pavel Ivanov! , Milena Lefterova
email: p.ivanov@nvna.eu
! Nikola Vaptsarov Naval Academy, Varna, 9026, Bulgaria

Abstract|: The prediction of maneuverability is a classic problem in ship hydrodynamics. Likewise, ship motions in restricted waters have been
studied for a long time.
It is an indisputable fact that full-scale or model tests of the respective ship meet IMO requirements and provide the necessary information for
the maneuverability of the ship in deep unconfined waters. However, they are unable to provide practical insight into understanding of ship
maneuverability in shallow water, as the maneuvering behavior of a ship in such areas differs significantly.

Ship maneuvering in coastal areas and harbor approaches, where space is limited, movement speeds are low, and traffic heavier requires
deeper researching.

The aim of the present work is to predict the hydrodynamic derivatives in the mathematical model of the maneuvering of ship in shallow waters
based on CFD programs with free access like FreeCAD, OpenFOAM and ParaView.

The sequence of solving the task is described with details in this work:

1.
2.

3.

4.
5.

Generating the shape of the studied body

Creating the domains around the experimental body, sizes
and boundaries

Defining the continuum, areas and subareas of study, and
boundary conditions

Generation of the computational grid

Defining the continuum — physical models

BooN

Selection of the calculation algorithm
Substances modeling

Motion modeling

Modeling of currents and energy

. Flow turbulence modeling

Results have been obtained for the linear hydrodynamic derivatives in the mathematical model for the maneuvering motion of a ship. They are

compared with available experimental and theoretical data in the literature.

KEYWORDS: DIGITAL, SIMULATION, FREE SOFTWARE, CFD, FREECAD, OPENFOAM, PARAVIEW
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Preparation and adsorption properties of mixed zinc-calcium phosphates
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Abstract: Here we present data on the preparation and adsorption properties of mixed zinc-calcium phosphates in aqueous dispersions. The
phosphates were prepared by co-precipitation from aqueous solutions followed by autoclaving. The effects of various Ca/Zn initial molar
ratios and the type of Ca- and Zn-precursor salts (chlorides and acetates) on the structure, morphology and adsorption properties of the
obtained phosphates were investigated. Preliminary data on the adsorption of methylene blue indicated that the as obtained mixed zinc-
calcium phosphates are promising candidates for application as adsorbents.

Keywords: ZINC, CALCIUM, PHOSPHATES, ADSORPTION, MICROSTRUCTURE

1. Introduction

Nanostructured calcium phosphate has been an object of
scientific interest for development of vaccine adjuvants, adsorbents
and materials for tissue engineering [1-5]. Calcium phosphate is a
non-toxic compound naturally present in the organism and this
further makes it attractive for biomedical research and applications.
On the other hand, zinc compounds are also relatively non-toxic and
some zinc compounds, like zinc oxide (ZnO), have already found
applications in cosmetics, dermatology and in many new products
under development [6-9].

Here we present some preliminary data on the use of Zn(ll) as a
potential substitute for Ca(ll) in calcium phosphates. In our
experiments we prepared various dispersions of mixed Ca-Zn
phosphates by co-precipitation from mixed solutions of Ca/Zn
chlorides or acetates with a solution of disodium hydrogen
phosphate followed by thermal treatment for 1 hour at 115°C. The
effect of the Ca/Zn molar ratio in the initial solutions on the
structure, morphology and adsorption capacity of the obtained
phosphates was investigated.

2. Experimental section

Preparation of Ca-Zn phosphates. To obtain samples from 1A
to 1E solutions (0.15 M) of calcium chloride and zinc chloride were
mixed in various Ca/Zn molar ratios and were precipitated by drop
wise addition of 0.15 M solution of disodium hydrogenphosphate at
room temperature and vigorous magnetic stirring. The obtained
milky-white dispersions were stirrered for additional 10-15 min and
then were autoclaved at 115°C for 1 hour. Samples from 1A to 2E
were prepared in similar way, but calcium and zinc acetates were
used instead of the chlorides.

Methods for characterization. The as obtained suspensions
were imaged by using a light microscope Amplival (Carl Zeiss,
Jena) equipped for observation in phase-contrast and Canon 800D
camera. A drop of each suspension was placed on a glass slide and
covered with a cover glass. X-ray powder diffraction (XRD) data
were recorded by using a X-ray diffractometer Empyrean
(PANalytical) with CuKa radiation.

Adsorption studies. The as obtained phosphates were tested as
adsorbents in the form of suspensions. For that purpose, 1.00 ml of
each phosphate suspension was mixed with 5.0 ml of aqueous
solution of methylene blue and was left for 30 min at room
temperature. The suspension was then centrifuged to separate the
phosphate particles from the solution and the optical absorption of
the obtained supernatant was measured spectrophotometrically at a
wavelength of 668 nm. The optical absorbance of the initial solution
of methylene blue was 0.65. The results of adsorption studies of
methylene blue were given as the percent of adsorbed dye (with
respect to the total amount of dye) at this initial dye concentration.

3. Results and discussion

The precipitated phosphates in all cases of the various Ca/Zn
molar ratios were milky-white fine suspensions that slowly
sedimented upon standing. Phase-contrast microscopy observation

of suspensions revealed the presence of needle-like microscopic
crystals, arranged in clusters and predominantly found in the Zn-
rich phosphate suspensions (Figs. 1 and 2). The Zn-free calcium
phosphate appeared like “amorphous” mass. Our previous studies
[10] have demonstrated that calcium forms nanocrystalline apatite
under similar conditions. Samples obtained at Ca/Zn molar ratio of
75/25 is a mixture of microscopic crystals and amorphous material.

Fig. 1 Phase-contrast microscopy images of the Ca-Zn phosphate suspensions
obtained from chloride solutions (samples 1A-1E; for sample descriptions see
Table 1). The size bar represents 50 micrometers.

X-ray powder diffraction analysis of dried samples was
performed in order to reveal any crystal phases present. The
obtained results are summarized in Table 1 and the respective XRD
patterns are shown in Figures 3 and 4.

Table 1: Compositions of the different samples of Ca-Zn phosphates as
obtained by co-precipitation followed by autoclaving. Samples 1A-1E were
repared from chlorides and samples 2A-2E were prepared from acetates.

Amorphous
Sample | n(Ca)/n(Zn) Crystal phase matgrial

1A 0/100 Hopeite -

1B 25/75 Hopeite + Parascholzite -

1C 50/50 Parascholzite traces
1D 75/25 Parascholzite +
1E 100/0 Apatite +
2A 0/100 Hopeite -

2B 25/75 Parascholzite -

2C 50/50 Parascholzite ++
2D 75/25 Parascholzite ++
2E 100/0 Apatite +

285



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Fig. 2 Phase-contrast microscopy images of the Ca-Zn phosphate
suspensions obtained from acetate solutions (samples 2A-2E; for sample
descriptions see Table 1). The size bar represents 50 micrometers.
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Fig. 3 XRD profiles of the different samples of Ca-Zn phosphates obtained
from Ca and Zn chlorides and described in Table 1.
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Fig. 4 XRD profiles of the different samples of Ca-Zn phosphates obtained
from Ca and Zn acetates and described in Table 1.
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XRD analysis indicated that the Ca-free zinc phosphate (1A and
2A) contained pure crystalline hopeite (Zn3(PO,),-4H,0). Sample
1B (Ca/Zn ratio of 25/75) contained a mixture of hopeite and para-
scholzite (CaZn,(PO,),-2H,0), while sample 2B contained para-
scholzite. Sample 1C (Ca/Zn ratio of 50/50) contained mostly
parascholzite phase and some traces of amorphous-like material,
while the corresponding sample 2C was mostly amorphous with
some parascholzite crystals. Samples 1D and 2D (Ca/Zn ratio of
75/25) contained some parascholzite microcrystals dispersed within
amorphous-like calcium phosphate. The defined crystals could be
observed by light microscopy in the samples with pure calcium
phosphate (1E and 2E), but the XRD analysis indicated the presence
of nanocrystalline apatite.

Studies of adsorption of methylene blue as a model dye showed
that the composition of suspensions did not have a big effect on the
adsorbed amount of dye — in all cases about 20 to 30% of the initial
dye was adsorbed. The adsorption of methylene blue on surfaces
with negative zeta-potential is expected to be favored by its cationic
nature. Therefore, we assume that the predominant forces of
interaction between the Ca/Zn phosphates and methylene blue are
electrostatic in nature. Previous studies on the adsorption of
methylene blue on hydroxyapatite nanoparticles supposed that the
mechanisms for the adsorption in this case may include electrostatic
attraction, hydrogen bonding, and Lewis acid-base interactions [11].
Further studies on the adsorption capacity of Ca/Zn phosphate
suspensions are currently in progress and will be reported in future
articles.

4. Conclusions

In this article we presented the preparation and characterization
of various Ca/Zn phosphates in the form of aqueous suspensions as
potential adsorbent materials. The phosphates were prepared by co-
precipitation from aqueous solutions of Ca/Zn chlorides or acetates
followed by autoclaving for 1 hour at 115°C. The pure zinc
phosphate crystallized as hopeite and the pure calcium phosphate
formed nanocrystalline apatite. The mixed Ca/Zn phosphates
consisted predominantly of microcrystalline parascholzite and
different amounts of amorphous material. The as obtained
phosphates were found to be promising candidates for adsorbents,
especially for cationic substances.
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Abstract: The escalating global demand for sustainable and efficient energy solutions has spurred increased exploration into waste heat
recovery technologies. Among these, the integration of Organic Rankine Cycle (ORC) systems with diverse industrial processes stands out as
a promising avenue for effectively harnessing low-grade waste heat. This integration not only holds the potential to significantly improve
overall energy efficiency but also plays a crucial role in mitigating the environmental impact associated with industrial operations.
Recognizing this potential, the primary focus of this research lies in the meticulous design, optimization, and performance evaluation of a
modular Flue Gas Waste Heat Exchanger (FGWHE). This modular FGWHE is strategically crafted to seamlessly integrate with ORC
systems across a spectrum of applications, offering versatility and adaptability to varying industrial settings. This paper further extends the
exploration of this research through a comprehensive presentation of Computational Fluid Dynamics (CFD) simulations. These simulations
delve into the intricacies of a specifically designed modular FGWHE tailored for Organic Rankine Cycle systems. Through detailed CFD
analyses, the performance characteristics, heat transfer efficiencies, and fluid dynamics within the modular FGWHE are rigorously
examined. The simulation outcomes provide valuable insights into the thermal behavior and overall effectiveness of the modular FGWHE
under various operating conditions.

KEYWORDS: ORGANIC RANKINE CYCLE, WASTE HEAT RECOVERY, FLUE GAS WASTE HEAT EXCHANGER, MODULAR DESIGN,
EFFICIENCY.

Innovative heat transfer enhancement techniques are explored
1. Introduction: by Wu et al. (2020) and Park et al. (2022). These studies investigate
methods such as surface modifications and fluid dynamics to

The utilization of waste heat from industrial processes has improve heat transfer within FGWHES, contributing to the
gained considerable attention as a viable means to enhance overall development of more efficient designs. '

energy efficiency. ORC systems have proven effective in converting

low-temperature waste heat into electricity, making them an While existing literature provides a solid foundation, there is a

attractive option for a wide range of industries. The integration of a  noticeable gap in research concerning modular FGWHE designs

modular FGWHE with ORC systems presents a novel approach to  tailored for integration with ORC systems. Few studies address the

optimize energy recovery from flue gases, which are a common  specific requirements of modularity and compatibility with various

source of waste heat in industrial settings. industrial processes. This research aims to fill this gap by proposing
and developing a modular FGWHE design optimized for ORC

The primary objectives of this research are to develop a modular systems.

FGWHE design tailored for seamless integration with ORC systems

and to optimize the thermal performance of the FGWHE to Identified research gaps highlight the need for a focused
maximize heat recovery from flue gases as well as to evaluate the  investigation into modular FGWHEs, setting the stage for the
overall efficiency of the integrated ORC system with the modular ~ development and optimization of a novel modular FGWHE for ORC
FGWHE. systems. This paper aims to contribute to the existing body of

. . knowledge by addressing these gaps and advancing the field of
Studies by Smith et al. (2018) and Chen et al. (2020) have  \yaste heat recovery in industrial applications.

delved into the fundamental principles of ORC systems,

emphasizing the importance of selecting suitable working fluids and 2. Methodology:

optimizing operating conditions for maximum efficiency. These

works provide insights into the thermodynamic processes governing This section outlines implementation of a domestic, modernized
ORC technology. product integrating engineering designs and advanced boiler

technology, specifically Air Quench Cooler (AQC) and Pre-Heater
(PH) heat exchangers, within the context of Waste Heat Recovery
(WHR) facilities utilizing the Organic Rankine Cycle (ORC)
system. The objective of these facilities is to mitigate carbon
emissions and decrease reliance on renewable resources by
converting high-temperature flue gas into electrical energy. In
Recent studies by Li et al. (2022) and Sharma et al. (2021)  contrast to conventional systems, the discussed facilities utilize the
underscore the significance of industrial waste heat as a valuable  ORC system, which employs oil rather than steam, offering distinct
resource. These works emphasize the importance of recovering low-  advantages in water conservation.
grade waste heat and converting it into useful energy, aligning with
the objectives of this research.

Research by Wang et al. (2019) and Zhang et al. (2021) explores
diverse applications of ORC systems, particularly in industrial
processes. The integration of ORC with various heat sources is
examined, highlighting the need for adaptable heat exchangers to
accommodate different waste heat streams.

A key drawback of SRC systems is the substantial water
consumption (200 m3/day) during renewable energy production. In

The challenges and opportunities in waste heat recovery are  alignment with a Green Energy approach, our company adopts the
explored by Liu et al. (2019) and Gupta et al. (2020). Understanding ~ ORC system technology to address this environmental concern. The
the barriers to effective heat recovery and proposing innovative  differences between SRC and ORC systems extend to the design of
solutions is crucial for the successful integration of waste heat  heat exchangers employed within these systems.

recovery systems. . . N .
This article highlights advancements achieved through the

Traditional FGWHE designs have been extensively studied by  synergy of our company's experience and engineering prowess,
Jones et al. (2017) and Kim et al. (2018). These studies provide  setting our project apart from global precedents. The AQC and PH
insights into  conventional heat exchanger configurations,  boilers, integral components of the discussed project, have been
emphasizing the need for advancements to enhance their efficiency  meticulously designed to align seamlessly with the ORC system.
and adaptability.
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A notable innovation is the production of monoblock-form heat
exchangers, a departure from conventional designs. This approach
minimizes errors stemming from excess resources, reduces assembly
and maintenance costs, shifts the majority of manufacturing
processes to controlled workshop environments, and facilitates
thorough and efficient inspections. These enhancements collectively
contribute to the heightened reliability of our product.

3.

Here the flue gas behaviour and distribution inside AQC boiler,
with particular focus on the boiler inlet section, where a good gas
distribution at the first heat exchanger tubes is required. The CFD
analysis includes the AQChboiler inlet duct, to check if its routing is
affecting the gas distribution, and the boiler itself up to outlet flange.
The flue gas distribution downstream the heat exchanger tubes does
not affect the boiler performances.

CFD Analysis:

The geometry studied includes the following components as
seen in Fig. 1:

AQC boiler inlet duct

AQC boiler inlet hood

AQC boiler tubes

AQC boiler hoppers

AQC boiler inlet hood deflectors
AQC boiler inlet section deflectors,
AQC Boiler screens,

NogpwhRE

Fig. 1 The geometry

Refinement level [)

Mesh |

— | |
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X min -7.874 m | Number of cells X) 24
X max 10.064 m | Number of cells (Y)30
Y min -1.468 m | Number of cells (2)20
Y max 20.622 m | Total Cell count 1263560
Z min -11.816 m | Fluid Cells 1263560
Z max 2.814 m | Solid Cells 201792
X size 17.938 m | Partial Cells 141162
Y size 22.090 m

Z size 14.629 m

Fig. 2 Computational Domain

The CFD simulation is an internal analysis which is considering
only the volume included inside the geometry as a valid volume for
calculation. The CFD analysis calculated also the pressure drop of
the complete geometry, starting from the inlet duct up to boiler
outlet flange. For this calculation, the software requires to set the
pressure calculation at each point as a goal and the pressure drop
calculation as an equation set as the difference between pressure at
inlet and pressure at outlet.

The flue gas distribution has been studied first on the original
geometry, without any deflector inside, to understand if the
distribution is already acceptable and which kind of deflectors are
eventually required.

The geometry change between inlet circular duct and inlet hood
is not helping in trying to open the gas “jet” and the flue gas is
oriented at quite high velocity to the first boiler hopper. The
geometry is partially able to reduce the flue gas velocity, but not as
efficiently as expected and finally the flue gas bounces back on the
hopper and reaches the first boiler tubes with a not optimal
distribution.

Based on above results on the original geometry, it has been
decided to add some deflectors, trying to avoid the flue gas “jet” at
boiler inlet and to reach a better distribution at first tube bundle. In
addition, CTN experience with previous similar installation has
helped in finding the correct solution for deflectors. Deflectors
inside inlet hood and inside inlet chamber have been added to break
the flue gas “jet” and to distribute better the gases inside inlet
chamber, reducing flue gas velocity and trying to give a horizontal
direction to flue gas to avoid the rebound effect on the first hopper.
A screen between inlet chamber and heat exchanger boiler side has
been added to facilitate the flue gas distribution from the inlet
chamber to the second chamber. Flue gas new distribution is shown
in Fig.4.

32038
8478
24919
21.358
17.788
14.233
10679
7.120
3860
1}
Welocity [mifs]

CutPlot 1: contours
CutPlot 3: contours
Flow Trajectories 1




INDUSTRY 4.0 2023, WINTER SESSION, vol 2

32.038
26473
24919
213589
17.789
14.239
10.679
7120
3.560
[t}

Velocity [mvs]

CutPlot - ontours
Cut Plot &: centours
Flows Trajecteries 1

Fig. 3 The flue gas distribution

4.

The AQC boiler inlet geometry is not well optimized for a good
flue gas velocity reduction and distribution inside the first chamber
and then inside the heat exchanger chamber. The deflectors added
are the result of the study and real operation experience on previous
similar boiler geometry and the result of a dedicated study for this
boiler geometry, with the final aim of reaching the first tube bundle
with a mean velocity of maximum 5 m/s and the most uniform
distribution possible. Even considering that several deflectors have
been added to the original geometry, the resulting boiler pressure
drop remains aligned with the expected values for AQC boiler. In
addition, the flow behavior in the first hopper is such that possible
dust accumulation on the deflectors is reduced; anyway the
deflectors design and size will be optimized during detailed
engineering in view of possible dust accumulation reduction.

Results and Discussion:

32031

H 28472
24913

[ 21354

17.795
14236
10677
7.118
3559
0

Velacity [m/s]

Cut Plot 2: contours

Fig. 4 The flue gas distribution

5.

In summary, this paper has detailed the development and
commercialization of modernized heat exchangers, specifically the
Air Quench Cooler (AQC) and Pre-Heater (PH) boilers, tailored for
integration with the Organic Rankine Cycle (ORC) system within
Waste Heat Recovery (WHR) facilities. The key findings of this
research include the successful implementation of the ORC system
in Turkey, highlighting its advantages over Steam Rankine Cycle

Conclusions:
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(SRC) systems, particularly in water conservation during renewable
energy production.

The innovation presented in this study lies in the meticulous
design of monoblock-form heat exchangers, a departure from
conventional models. This design choice not only enhances
efficiency but also reduces costs associated with assembly and
maintenance, shifting manufacturing processes to controlled
environments for improved reliability. The integration of Industry
4.0 principles further positions these heat exchangers at the forefront
of sustainable energy solutions.

Implications for future research include the exploration of
additional advancements in modular Flue Gas Waste Heat
Exchanger (FGWHE) designs, considering variations in industrial
processes and waste heat characteristics. Further investigation into
the scalability and adaptability of these heat exchangers to diverse
ORC systems and industrial applications is warranted.

The potential impact of the modular FGWHE on enhancing the
efficiency of ORC systems in various industrial applications is
substantial. By optimizing heat recovery from flue gases, these
modular heat exchangers contribute to increased energy efficiency
and reduced environmental impact. The adaptability of the design to
different industrial contexts opens avenues for widespread
implementation, offering a versatile solution to harness low-grade
waste heat. The ripple effect of these advancements is anticipated to
result in tangible improvements in the overall sustainability and
energy efficiency of industrial processes, aligning with global
initiatives for a cleaner and more sustainable energy future.
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Abstract: This work is dedicated to the development of a simulation model of a Field Service Management (FSM) system. Its tasks include
modelling the management of the activities of employees of a field service company: maintaining requests, dispatching orders and field
workers, monitoring the quality of work performed. The goals of developing a model of a FSM are to increase the speed of customer service,
ensure the process of quality control of work performed, reduce transport and time costs, and provide field workers with the necessary
information to understand the scope and location of work. All this leads to improved quality of technical support and service and, as a result,

customer satisfaction.

Keywords: FIELD SERVICE MANAGEMENT, FSM, AGENT, AGENT-BASED MODELING, MODEL, DISPATCHER

1. Introduction

In a Field Service Management system, it is necessary to
simultaneously coordinate many processes: processing flows of
incoming and outgoing information, tracking and distributing
service resources (Technicians) and technical equipment, managing
employees who are on the road, monitoring the quality of the work
they perform, etc. The proposed modeling technique allows us to
take into account various qualitative characteristics of field agents
and their collective behavior, while obtaining adequate assessments
of the implementation of the assigned collective task. The basis of
the modeling methodology is a multi-agent simulation system for
field service, which takes into account the targeted group behavior
of a team of agents.

Currently, the market for modern FSM systems is growing at a
significant pace [1][2], but the following tasks have still not been
fully implemented - programming the rational behavior of an
individual service resource agent, decision-making by the agent
based on a collective task, assessment by the agent of the results of
completing the common and his own task.

The object of study is models of agents capable of functioning
as part of a team. The key point is the interaction between group
members, which creates a system of constant feedback, and the
target function is the direction of behavior not of an individual, but
of the entire group of agents within the framework of a common
task.

The relevance of the problem under study is due to the
following factors:

Research shows that more than half of organizations use
manual field service management;

A significant number of enterprises plan to transfer part of
their operations to vendors in the coming years;

About half the time, field workers lack key resources and
information;

Most companies are not confident that they have the
necessary skills to use the vast amount of available
information to significant benefit.

There are more and more places in the world around us that
require periodic maintenance or repair. These are ATMs, vending
machines, coffee machines, climate systems, intercoms, gas, water
and electricity meters, elevators, rental cars or scooters, or the
already commonplace routers of the Internet provider in our
housing. Organizations responsible for the operation of a wide
variety of equipment are interested in its efficient maintenance in
terms of speed of work completion, optimization of material and
non-material costs. The final result of their work directly affects the
loyalty of customers who provide direct or indirect revenue to the
organization. Inconsistency between the quality of work and the
current state of the market leads to customers refusing their services
and deprives companies of a competitive advantage in terms of
meeting customer needs and service level agreements (SLA). [3][4]

To solve operational problems and optimize internal processes,
a FSM system is being developed based on a simulation model and
its analysis, which allows organizing the interaction of the
company’s key roles with data describing the customer’s problem
and the step-by-step stages of its solution.
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2. Product requirements

2.1. Current state analysis

Using the Business Process modeling technique, we will create
a model of an existing Internet provider in terms of providing
services to end users (customers) and the company’s existing
infrastructure, geographically distributed in different parts of the
city.

The key roles are: Operator, Dispatcher, Technician and QA.

The first accepts requests for service from customers, assigns
priority to the request and places it on the list of requests awaiting
execution.

The dispatcher compares the data on available technicians and
attaches a request to them in accordance with the technician’s
qualifications and the materials he has, after which he transfers the
request to the technician for execution.

He also receives reports from the technician on completed
service appointments (SA), closes work orders and prepares reports
and invoices for payment by the customer for the service.

The technician receives the SA request, goes to the place where
it will be performed and carries it out. After which he draws up a
report on the work done and materials used, signs it with the
customer of the service (if the order came from the customer, and
not from the company itself) and sends it to the dispatcher.

The QA specialist analyzes information in service
appointments, work orders and pictures after the job has been
completed. Based on the enterprise approval rules, he makes a
decision on accepting the work as high-quality, or creating a new
service appointment for additional work.

There is also an auxiliary role of the administrator, who is
responsible for filling databases with organizational data, for
example, a list of customers, a list of service contracts, a list of
employees, a list of territories with working hours, a list of mobile
workers and their qualifications.

With the existing business process model, there are the
following shortcomings that negatively affect the satisfaction of
customers, employees and enterprise management:

Inability to predict the cost of future work;

It is difficult to divide the city geographically into parts to
delimit the work of technicians;

Large overhead and time costs for moving technicians to
work sites. Often their movements around the city are not
optimized, since the technician is not always sent to the
nearest location;

Inability to control the movement and current location of
technicians;

Inability to timely inform customers about a technician’s
visit to ensure access to customer equipment;

The difficulty of accounting for materials available to
technicians that may be needed when performing work;
Inability to control the quality of work performed;

There is no way to track the execution time of the service
appointment;

There is no option for reminders about excessive waiting
times for technician visit.



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

2.2. Future state analysis

To eliminate existing shortcomings and ensure flexibility, a
following list of functional requirements has been compiled:
The ability of creating a preliminary calculation according
to the terms of the work order;
The ability of entering requests from third-party services;
The ability of dividing the service territory into non-
overlapping zones;
The ability to visually display the schedule of the planned
work of each technician up to the minute;
The ability to assign technicians to zones to minimize
movement around the city;
The ability of displaying a map indicating the SA address;
The ability of observing the current position of the
technician on the map;
The ability to inform the customer of the work order about
the Technician arrival time;
The ability to take into account the materials available to
the Technician vehicle;
The ability of tracking the materials consumed by the
Technician during the work;
The ability of taking pictures of the result of work and
perform quality control procedure;
The ability to track service appointments closed as a
“temporary solution” with subsequent execution of the
service appointment as a “permanent solution”;
Track the time of an open work order;
Track Service Level Agreement of an open work orders in
accordance with the existing customer contract;

3. Creating a simulation model

For this work, agent-based modeling is used [5], which is often
used for the needs of human resource management [6].

In the environment under consideration, independent agents
have predetermined characteristics and rules. Based on this, each
agent individually assesses the current situation and makes
decisions. The decisions made influence and change the system as a
whole.

Agents, which are real components of the system, make
decisions in the context of certain conditions. In the simulation
model, the behavior of agents is assessed over a certain period of
time associated with the completion of a task or the transition of the
system from one state to another. The purpose of the assessment is
to predict the possible development of the system as a whole. The
task of each agent is to perform the assigned work in a certain
environment, taking into account the available abilities. It is the
presence or absence of certain abilities that influences the choice
and type of problem to be solved.

There are the key abilities necessary for agent of the model [7]:
The ability to process information coming from other
agents and transmit it;

The ability to prioritize assigned tasks is used to analyze
and prioritize incoming service requests. Applications can
be either external, from consumers of services and affect
only this consumer (local and limited impact), or internal,
related to the repair, modernization and development of the
existing infrastructure of the enterprise and affect many
existing and potential consumers (global and long-term
impact);

Ability to work with others and evaluate their abilities;

The ability to set goals that can be goals for other agents;
The ability to achieve the expected result of the goal;

The ability to make decisions based on available
information. If it is impossible to make a decision, request
additional clarification;

In Agent-Based Modeling we implement the idea that our
system can be modeled using agents, an environment and a
description of agent-agent and agent-environment interactions.

For the current purpose we used NetLogo software [8].
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4. Analysis and system design

As part of the analysis and system design work, an analysis of
the product requirements was carried out, on the basis of which the
technical design of the developed system was made. For graphical
presentation of diagrams, the Unified Modeling Language (UML) is
used [9].

To visualize use cases, a use case diagram has been compiled. It
reflects the relationships between actors and use cases, the main
purpose of which is to describe functionality and behavior, allowing
the customer, end user and developer to jointly discuss the designed
or existing system.
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Fig. 1 Use Case diagram.

An activity diagram was created to visualize the activity. An
activity is a specification of executable behavior in the form of
coordinated sequential and parallel execution of individual actions,
interconnected by threads that go from one node to the inputs of
another.
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Fig.2 Activity diagram.
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To visualize the life cycle of agents and the interaction of actors
(roles), a sequence diagram was created. It allows us to show the
multi-stage interaction of agents and their environment.

Service Service Service
[ Work Order ] [ Territory ] { Resource } [Appoimment] ( Photos ]

assign

assign 1 [I o

create

D:hedule
Dﬁiipat(h
jn progress
jﬂmp\ete

make photos

put in progress

complete

quality control

close Work Order

put on hold

Fig.3 Sequence diagram.

In the process of creating the model, the following simulation
model information blocks were identified:

Account is used to represent the entity of the customer to whom
the company provides services and maintenance.
Main property:
e Name - to store the name of the customer.

Contract is used to represent an entity with information about

contracts with customers.
Main properties:

e Name - for storing the name (number) of the contract;

e Account - identifier of the customer.

o Due Date—The expiration date of the service agreement.
SLA Period - the service period (days) during which the
work must be completed (after submitting a work order).

Work Order is used to represent an entity about work that
needs to be done from the customer opinion or from internal
company office.

Main properties:

o Number - to store the application number;
Priority - to store the priority of the application. Possible
values range from 1 (highest) to 4 (lowest);
e  Contract - for storing the customer contract;
Address - for address where service should be performed;
Description - for information about what needs to be done
in accordance with contract and the customer's complaint;
Service Territory - to store a service area with Address;
Status - to store the current status of the work order. The
value is assigned automatically by the system depending
on the actions of the Dispatcher or QA. Possible values:
o New - the application has been created, no activity
has been performed (default value);

In Progress - the work order has been accepted;

On Hold - the work order is suspended;

Completed - the work order has been completed;

Closed - all associated SAs have been completed,;

Cannot Complete - the request can’t be completed;

Cancelled - the application has been cancelled

(Usually before any work on it begins).

e  Created Date - to store the creation date. Set automatically
by the system when creating an application; Used to
inform the Dispatcher that the SLA has been exceeded
according to the contract for non-finished work orders;

O O O O O O

e Completed Date - to store the closing date. Set
automatically by the system when the work order is
closed. Used to assess the excess of the SLA for
completed work orders.

Main actions:

e Change Status - a command to change the status in
connection with an event that occurred (actions of the
Dispatcher or Technician);

e Change Service Territory - a command to select/change
the service area whose employees can perform work;

o Create Service Appointment - command to create a
service appointment within the current service request.

Service Territory is used to represent the entity of the service
areas, which may or may not be overlapping areas of the city.
Main properties:
e Name - to store the name of the service area;

Service Resource is used to represent the entity of field
workers (Technicians) who can perform a specific type of jobs.
Main properties:

e Name - to store the ID of the Technician. May include
abbreviations with his skills for easy identification.;

e Skills - to store skills for those jobs for which the
Technician is qualified to perform.

Service Appointment (SA) is used to represent the entity of the
work performed as part of work order. For one work order, there
may be several service appointments for different Technicians, if
the work cannot be done completely in one visit of specialists.

Main properties:

e Work Order — to relate the owner (work order);

Scheduled Date/Time - to store a date when the SA is due;

Duration - planned time to complete SA, min;

Actual Start Date/Time - actual work start time (in fact);

Actual End Date/Time - actual work end time (in fact);

Status - to store the current status of the SA. The value is

assigned automatically by the system depending on the

actions of the Dispatcher and Technician. Possible values:

o New - SA is not scheduled;

o Scheduled - SA is scheduled. Assigned when the
Scheduled Date/Time and Service Resource for a
given request are assigned;

o Accepted - Technician has read the service
appointment details and is ready to start;

o Dispatched - Technician is on the way for the work;

o InProgress - Technician arrived and started work;

o Cannot Complete - Technician does not have the
opportunity to complete the work;

o  Completed - Technician has completed the work;

o Incomplete - Technician did not complete the work;
To complete, Dispatcher needs to create a new SA;

o  Cancelled - The work order has been cancelled. To
resume work, Dispatcher needs to create a new SA.
e Resolution Notes - for completed work detains;

e QC passed - a flag about quality control successfully
passed,;

e  QC Resolution Notes - for quality control notes by QA

Main actions:

e Change Status - a command to change the status in
connection with an event that occurred (actions of the
Dispatcher or Technician);

e QC passed - a command to close a SA (and work order if
there are no other open SA);

e QC failed - a command to close a SA and create a new
one to repeat the work.

Photo is used to represent the entity of pictures after the
Technician has completed the job and is reviewed by the QA team.
Main properties:

e Location - To store information about the location of a
picture taken by a Technician.
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Main action:

Let us introduce the concept of the cost functional for moving to

e Upload Photo - for automatically uploading images from
Technician’s mobile device camera and specifying the
necessary information about the image in the object.

5. Development of the dispatcher module algorithm

During the analysis of the dispatcher requirements, a number of
criteria were collected that need to be implemented by creating a
“Dispatcher Module”:

The module should display on the time scale the current
disposition of service appointments with specified
Scheduled Date/Time and Service Resource;

The module should allow changing the Scheduled
Date/Time by horizontally moving the graphic image of
the service appointment;

The module should allow you to change the assigned
Service Resource by vertically moving the graphic image
of the SA to the line with the another Service Resource;
The module should do “auto-distribution” of service
appointments: automatically set the Scheduled Date/Time
and Service Resource for the new appointment, changing
their status to “Scheduled”. A special algorithm is used
for this.

The following criteria are used to operate the algorithm:

Priority - higher priority work orders are processed first;
Geolocation - the location of the place of SA execution in
relation to the place of execution of the previous SA is
taken into account (to minimize travel time and distance);
Service Territory - the territory to which the Technician
belongs is taken into account. It is allowed to fulfil
requests from another Service Territory if there is a
significant difference in the workload of the Technicians.
But working on “foreign” territory is not encouraged due
to the delimitation of service areas and is considered high-
cost for the purposes of the algorithm;

Skills (Qualifications) - if SA contains information about
the required skills of the technician, then the skills of the
available Service Resource are taken into account when
automatically distributing service appointments;

Duration - the planned duration of the work is taken into
account. Longer jobs are considered more expensive.

To develop a methodology for assessing the effectiveness of
planning the Technician's working day, we will introduce the
weight of each criterion:

Table 1. Criteria and coefficients

Criterion Criterion
Criteria Details weight conversion
coefficient factor
Priority Work Order priority (0..4) | p;=80% p,=100
. | The distance from the
Geolocati . .
previous SA location (or _ _
on " 1,=50% 1,=3
(distance) from the office for the
first SA)
. | Travel time from the
Geolocali previous SA location (or
=709 =
gr:ne()travel from the office for the | &= /0% &=l
first SA)
The flag to show if
Service Technician is not assigned —ano _
Territory | to the current Service $=80% 5z=100
Territory
Duration The est_lmated _Iength of d,=30% d,=1
the service appointment
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one object:
b=f(P,LT,SD),

where P - Priority of the service request;

L - distance to move from the previous object to the next, km. The
system receives this data from the service [Google Matrix API];

T - time to move from the previous object to the next, min. The
system receives this data from the service [Google Matrix API];

S - flag that shows that Technician is not assigned to the Service
Territory of current Service Appointment, 0 or 1;

D - planned duration of work, min.

When estimating costs, we use criterion weight coefficients (py,
I3, t3, s1, dp) to determine the weight of each criterion for reduction.
We use criteria conversion factors to reduce criteria values to a
common unit of measurement (p,, I,, t5, S,, d,) according to table 1.

As a result, the costs of moving to an object in a chain of
movements can be calculated using the formula

b= pl*pZ*P + I]_*Iz*l_ + t]_*tz*T + Sl*SZ*S + dl*dz*D.

For example, if there are different service appointments that
differ only in priority and one more criterion (different ones), we
have the value set:

Table 2 Test data

Priority and differences Sum, | Delta, | Delta,
in Service Appointments| P [ L | T | S | D | units | units %
P1 1 5| 301 0f 30{ 1205 0.0 0.0
P1, double distance 11 10| 301 0 30| 128.0 75 59
P1, double travel time 1 5| 80| 0 30| 141.5 21.0 14.8
P1, alien Serv.Terr. 1 5] 301 1| 30| 2005 80.0 39.9
P1, more work time 1 5| 30 0f 50| 128.5 8.0 6.2
P2 2| 5| 30f 0] 30| 200.5 80.0 39.9
P2, double distance 2| 101 30 0] 30| 208.0 875 421
P2, double travel time 2| 5| 60f 0] 30| 221.5| 101.0] 4586
P2, alien Serv.Terr. 2| 5] 30f 1] 30| 280.5| 160.0 57.0
P2, more work time 2 5] 30 0| 50 208.5 88.0 42.2

The compiled diagram shows that the “cost” of executing the
next work order is largely influenced by the priority of the
application and the flag if Technician is not assigned to the Service
Territory of the current Service Appointment.

300.0
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2000 208.0 2085
200.5 200.5
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1000
00— — — — — — — — — — —
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Fig. 4 Diagram of the dependence of “costs” when selecting an
order for execution.

Thus, the algorithm calculates costs for all service appointments
with “New” status and assigns them to the Technicians with the
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lowest cost value as the most valuable in terms of material and time
costs, as well as value according to the priority.

Next, the algorithm is repeated for the remaining undistributed
service appointments.

6. Model testing results

When testing the model in practice, it proved that the proposed
algorithm makes the order of service appointments in such rule: the
lowest cost service appointments are placed first for execution.

Costs include not only real material and time costs, but the
number of appointments can be done during the day (e.g. two short
service appointments have less costs than one during the same
time).

It is displayed on the Dispatcher panel in graphical form:

| [P4,Souse distance Pl morevorktime |
time
a3 — — —

=30 D=3 | D=50 b=5

Fig. 5 The graphical representation on Dispatcher Dashboard for
one Technician.

P1, double trave|

The figure clearly shows the timescale of working hours, during
which time periods are planned for performing work and for
moving the Technician to the place of work.

Similarly, when using this cost estimation technique, a schedule
of all active Technician is drawn up:

Test Servios Terrtory 1

[

Fig. 6 The graphical representation on Dispatcher Dashboard for
many Technicians.

The figure schematically shows the work schedule of
employees belonging to the “Test Service Territory 1” Service
Territory. The Dispatcher has the ability to make adjustments to the
schedule using Drag&Drop technology and simply moving blocks
of work both along the timescale (horizontally) and between
Technicians (vertically).

After such changes, the dispatcher module automatically
updates Scheduled Date/Time on service appointments and informs
customers about changes via SMS messages.

In case if significant changes happened, the dispatcher module
algorithm is executed again to re-calculate “costs” and rearrange
Service Appointments on the Technician schedule.

. Testing in practice

This system was used in practice with a real organization - an
Internet service provider (ISP) [10]. Its work orders included
maintenance of client equipment and modernization of the core
hardware owned by ISP. The capabilities of the system gave
positive feedback from both company personnel and clients during
the test period.

As a result of testing, it was found that for high-quality
implementation of the system it is necessary to carefully analyze the
division of the city into service areas and empirically select the
coefficients of the dispatcher module. The latter is necessary due to
various dependencies not taken into account in the current model.
For example, the presence of traffic jams and their dependence on
the time of the day, the density of urban development and parking
restrictions in the city streets for official vehicles.

There is a need to add the breaks for Technicians for the lunch
and the rest in the middle of the day in future modelling.
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8. Conclusion

Based on the results of the article, it can be seen that the
developed methodology for modelling a FSM system completely
solves all tasks assigned to it and makes it possible to use the
maximum of the advantages of the selected modelling technology.

The FSM system, developed on the basis of the proposed
methodology, made it possible to bring FSM service to a
qualitatively new level. The analysis of system data within the
framework of the model allowed us to note the following positive
achievements:

Automated dispatch of requests has been implemented;
The quality of task completion has increased;

The deadlines for completing service appointments have
been reduced;

Ensures that “temporary repairs” and subsequent
“permanent repairs” are tracked in one main work order;
Places (equipment) that most often require technical
intervention have been identified.

Important information on identified problem areas made it
possible to plan preventive work at problem sites and optimize the
work of the organization as a whole, reducing costs.

The FSM system has made it possible to increase the
transparency of service at all stages of processing customer
requests, increased the speed and efficiency of informing the
customer about departure and rescheduling of the visit (in case of a
delay at the previous facility) automatically via SMS messages.
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Energy optimization of the building through the use of thermal insulation, solar panels,
and efficient boiler
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Abstract: This study presents an evaluation of the application of thermal insulation, solar panels, and an efficient boiler in a kinder garden
to improve energy efficiency. The main objective of this study is to identify and analyze the benefits of using these technologies in reducing
energy losses, increasing clean energy production, and achieving economic benefits. Thermal insulation is used to limit the transfer of heat
between the building and the external environment, reducing energy losses for heating and cooling. In our case we have a saving of 7148
kWhr/year. The installation of the solar panel plant for heating sanitary water has brought an annual economic benefit of 102,583 ALL per
year, meanwhile the choice of a gas boiler for heating the premises has been more cost effective compared to the use of oil.

Keywords: ENERGY OPTIMIZATION, THERMAL INSULATION, SOLAR PANELS, EFFICIENT BOILER

1. Introduction

Tirana is the most populated city in Albania and has the largest
share of energy consumption in the country. One of the effective
options to address energy and environmental concerns is to retrofit
existing buildings. Furthermore, optimizing building system facets,
such as thermal insulation, cooling, and heating, can reduce energy
consumption. The building industry has a huge potential for energy
reductions. Various factors such as weather, envelope, energy
systems and occupancy behavior/patterns have an impact on
building energy demand [1].

The conflict between Russia and Ukraine has caused an energy
crisis that has directly affected the heating, cooling, and
transportation energy costs of households. This crisis has increased
the prices of additional goods and services across global supply
chains. In addition to the current energy crisis, the predominant
source of carbon dioxide emissions, the primary greenhouse gas
responsible for global warming, is the widespread use of fossil fuels
to produce energy [2]. Energy savings from energy efficiency offer
additional co-benefits and contribute to energy supply security and
climate change mitigation. According to the Intergovernmental
Panel on Climate Change (IPCC) report [3], total greenhouse gas
(GHG) emissions have increased between 1970 and 2019, with a
larger absolute increase after year 2000. The building sector was
responsible for 32% of the final energy consumption and 19% of
the global equivalent CO2 emissions. The strategy for renovation
published by the European Commission states that in order to
achieve the target of reducing greenhouse gas emissions by 55% by
2030, it is necessary to reduce greenhouse gas emissions from
buildings by as much as 60%, their final energy consumption by
14% and energy consumption to heat and cool by 18%. Some
studies have concerned the optimization of thermal insulation [4],
others the improvement of the plant efficiency [5], others the
energy-saving potential [6]. Raimundo et al. [7] focused their study
on identifying the most advantageous thermal insulation solutions
for opaque elements for buildings located in the Portuguese
temperate climate. Dylewski and Adamczyk addressed the
economic and environmental benefits of using thermal insulation on
the external walls of buildings located in the various Polish climate
regions [8]. Dall’O’ and Sarto [9] investigated the technical end
economic potential for increasing energy efficiency of 49 school
building complexes in Lombardia. Solar heating systems offer a
sustainable path for the decarbonization of the energy supply for
space heating and domestic hot water production in the residential
sector. Solar energy systems, such as solar thermal collectors and
PV modules, and wind energy have been developed with the aim of
clean and sustainable energy production worldwide. Lee and Baek
[10] developed a method for calculating solar collector efficiency
using the heating load. They suggested some parameters for better
evaluation of the collector efficiency. Li et al. [11] proposed several
control plans based on climatic data, domestic hot water (DHW),
and power costs for a building in Singapore. Through these
parameters, they evaluated various economic objective factors.
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Vincelas et al. [12] investigated the impacts of various energy
resources and envelope materials on building energy consumption.
Solar heating offers several benefits, including lower fuel
consumption, reduced pollution, and minimal maintenance
requirements [13]. Hansen and Vad Mathiesen [14] investigated the
impact of solar thermal energy on carbon dioxide emissions from
technology and fuel substitution. Solar heating has been found to
have a higher impact on carbon savings during summer due to the
higher solar ratio. Solar thermal integration can reduce the overall
use of fuel and thus decrease dependence on this highly demanded
energy source in future. Lather and Das [15] determined that,
compared to gasoline, compressed natural gas emits 10-13% less
carbon dioxide and 15-30% less carbon monoxide while having
approximately 25% lower combustion level than gasoline, which
enhances fuel combustion performance.

2.

The case study evaluates the impacts of thermal insulation, solar
panels, and an efficient boiler in a small kinder garden in Tirana. It
is located in the center of the country, enclosed by mountains and
hills. The average altitude is about 110 meters above sea level.
Temperatures vary throughout the year from an average of 6.7 °C in
January to 24 °C in July.

The case study

Kinder garden is composed of two floors, ground and first floor.
Ground floor has an area about 199 square meters having three
rooms, a technical room, hall, balcony and toilet. First floor has an
area of 126 square meters having two rooms, hall, balcony and
toilet. It has a small garden, with flowers and trees. Kinder garden
was modeled with AutoCAD as shown in Figure 1 and Figure 2.

The study involves two different external wall namely when
the exterior insulation is installed and, respectively, in its absence.
The result of the analysis was used to assess the reduction of
thermal loads, fuel consumption of heating system, namely an oil
boiler. The main properties of the opaque enclosure elements, are
summarized in Table 1; for each element, the description starts from
the internal (heated) space. Windows are double glazed with
aluminum frame. The internal height of each floor is 3.m, and the
unheated basement is placed under ground floor.

HAP (Hourly Analysis Program) from Carrier is used to
calculate the thermal loads on two stages: 1- Building without
insulations, 2- Building with insulations. HAP is used to calculate
the thermal loads and the amount of energy needed through the
introduction of country specific information such as climate,
latitude and longitude, spaces dimensions and materials used in
walls, floors and roofs. Enter the information for each space in the
kinder garden, such as the name of the space, floor area, room
lighting, the number of people, walls and windows areas of space
exposed to sun radiation, roof area if exposed to sun radiation.
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After completing the introduction of all information about
spaces, then program analyzes and calculates the thermal loads in
kilowatt. hour (kwh) as shown in Table 2. The results show that the
total amount of energy for non-insulated building = 14918 kw.
h/year. Thermal insulation in buildings is an important factor to
achieving thermal comfort for its occupants. Insulation reduces
unwanted heat loss or gain and can decrease the energy demands of
heating and cooling systems. When insulated the walls, the thermal
transmittance U-value become less than from non-insulated be.

Table 1. The main properties of the opaque enclosure elements

Layers: Inside to Outside Thickness Density R-Value
(with insulation) mm Kg/m® m*K/W
Inside surface resistance 0.000 0.0 0.12064
Gypsum plaster 15.000 720.8 0.06667
Common brick 260.000 1922.2 0.35768
RSI - board insulation 50.000 32 2.40746
Stucco 25.000 1858.1 0.03464
Outside surface resistance 0.000 0.0 0.05864
Totals 350.000 3.05
Overall U - Value 0.328
W/m?K
Layers: Inside to Outside Thickness Density R-Value
(without insulation) mm Kg/m?® m2K/W
Inside surface resistance 0.000 0.0 0.12064
Gypsum plaster 15.000 720.8 0.06667
Common brick 260.000 1922.2 0.35768
Stucco 25.000 1858.1 0.03464
Outside surface resistance 0.000 0.0 0.05864
Totals 300.000 0.64
Overall U - Value 1.567
W/m?K

Table 2: Total thermal loads

DESIGN HEATING
WITH INSULATION

DESIGN HEATING
WITHOUT INSULATION

Sensible Latent Sensible Latent

7770 0

Total Loads 14918 0
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The results show the total amount of energy for insulated
building =7770 kWh/year. Yearly Savings will be 14918-7770 =
7148 kWh/year. In this case, we have a saving of 47.9% value,
which is considerable. In a long-term perspective this value has a
very large impact as the saved value of the energy needed for
heating is exceptional. Undoubtedly, to apply thermal insulation, an
initial capital will be needed, but the facility will repay the cost
spent on thermal insulation after a certain period, and after paying it
off, the economic benefit will significantly reduce the value of the
electricity bill.

Due to climate change, the exhaustion of fossil fuel resources
and the increasing costs of conventional energy, the heating sector
should use renewable energy sources and the most promising being
solar thermal energy [16]. The amount of thermal energy request for
DHW constitutes a significant part of the total energy demand of
the building. To reduce the primary energy requirement, it was
provided the installation of solar flat plate panels of 25 m? on the
terrace of the building. We assume that we will have about 40
people in the kindergarten. Of these 40 people, we are assuming
that 15% of them will use the shower in one day, so 0.15*40=6
people. The need for sanitary water per person per day is 50 I. The
remaining 40-6=34 people who will use sanitary water for various
needs during the day and we are receiving this request of 15 | per
person. So 34*15=510 | of water. The total amount of sanitary
water per day is 6*50+510=810 | of water/day.

The following calculations are made taking into account the
following conditions:

« Angle of inclination 30°

* The direction of the solar panels is from the south
The following table shows the average values of water temperature
throughout the months of the year.

Table 3 Average value of water temperature for each month at °C

Jan Feb Mar Apr May Jun
14.2 16 15.6 17.3 20.1 21.7
Jul Aug Sep Oct Nov Dec
232 | 232 | 215 | 205 | 16.99 | 154
Table 4 Average value of air temperature for each month in °C
Jan Feb Mar Apr May | Jun
6.65 | 1025 | 11.3 | 128 | 184 | 216
Jul Aug Sep Oct Nov | Dec
24.85 | 2455 | 21.25 | 19.15 | 11.9 8.9
Table 5 Values of monthly solar radiation over the flat surface unit
(MJ/m?day)
Jan Feb Mar Apr May Jun
6.33 | 8.712 | 13.17 | 18.07 | 21.96 | 24.44
Jul Aug Sep Oct Nov Dec
2495 | 22,72 | 17.53 | 11.74 | 7.334 | 4.896

We calculate the energy needed for heating sanitary water.

. monthly _ pdaily .,
ES = m«Cpu=atu, En Y =Byt eng

Table 6 Required daily/monthly energy for heating sanitary water (MJ)

Jan Feb Mar Apr May Jun

Daily 104.4 98.3 99.7 93.9 84.4 79.0
Monthly | 3237.4 | 2753.2 | 3090.2 | 2817.6 | 2617.3 | 2370.1

Jul Aug Sep Oct Nov Dec
Daily 73.9 73.9 79.7 83.1 95.0 1004
Monthly | 2291.4 | 2291.4 | 2390.4 | 2575.2 | 2849.2 | 3111.3
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Annual energy required for heating sanitary water:
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Fig 3. Monthly energy required for heating sanitary water (MJ)

We find the solar radiation per unit area:

Table 7 Solar radiation on the surface unit (KJ/m2day)

Jan Feb Mar Apr May Jun
Ho | 14428.0 | 19940.2 | 26849.6 | 34256.3 | 40390.5 | 40738.8
Hop | 12928.4 | 14253.2 | 13770.5 | 13270.5 | 12691.8 | 10992.4
Jul Aug Sep Oct Nov Dec
Ho | 40638.0 | 36328.2 | 29472.8 | 21832.0 | 15667.0 | 12989.4
Hop | 10604.0 | 10468.5 | 11093.8 | 11734.7 | 12428.6 | 14520.0
Where:

* Ho is the solar radiation on a flat surface
* Hop is the radiation on an inclined surface

Table 8 Daily and monthly solar radiation (MJ)

Jan Feb Mar Apr May Jun
Daily 8.9 114 15.1 18.8 214 21.9
Monthly | 277.1 | 319.1 | 468.7 | 563.0 | 664.9 | 658.4

Jul Aug Sep Oct Nov Dec
Daily 219 20.2 17.1 133 9.8 7.6
Monthly 680.2 626.2 514.0 410.9 293.6 236.7

Table 9 Monthly energy obtained from solar panels for heating sanitary
water (MJ)

Jan Feb Mar Apr May Jun
2489.1 | 2732.4 | 3412.7 | 3407.8 | 3422.2 | 3338.6
Jul Aug Sep Oct Nov Dec
3336.9 | 3105.5 | 2927.9 | 2852.1 | 2547.8 | 2140.1
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Fig 4. Energy needed and energy obtained from solar panels (MJ)

Table 11 Contribution of the sanitary water heating plant for each month
(%)

Jan Feb Mar Apr May Jun
76.9 99.2 110.4 120.9 130.8 140.9
Jul Aug Sep Oct Nov Dec
145.6 135.5 122.5 110.8 89.4 68.8

3. Results and discussion

The installed surface of the solar panel plant is 25 m? and this
plant covers almost the entire need for sanitary water in the winter
season. Throughout the rest of the year, the plant provides 100% of
hot sanitary water. The city of Tirana and the whole country is not
connected to the international natural gas network, so the options
for choosing a boiler for the heating system are LPG (Liquefied
Petroleum Gas) and diesel.

In the case where there is no thermal insulation, the power of
the boiler from the calculations should be 15kW. Let's make a
calculation of how much the heating cost is for:

The gas boiler

In the case of the gas boiler that | have considered, there is a fuel
consumption of 1.28 kg/h. The boiler will work an average of 10
hours a day and in the city of Tirana we need heating for about 150
days, so the boiler will work 1500 hours/year.

The annual consumption of the boiler would be 1500 hours/year *
1.28 kg/hour = 1920 kg/year of fuel (Gas). This annual consumption
converted into liters is 3242.88 liters/year. The cost of providing
this amount of fuel is:

3242.88 liters/year*60 ALL/liter = 194,572.8 ALL/year

If heating would be done with an oil boiler, we would have the
following situation:

The considered boiler has a power equal to that of the gas case
(15kW) and a fuel consumption of 1.25 kg/h.

The working hours of the boiler are the same as in the previous
case, i.e. 1500 hours/year and the annual fuel consumption will be
1.25*1500=1875 kg/year (diesel).

This annual consumption converted into liters is 2206 liters/year.
The cost of providing this amount of fuel is:
2206 liters/year*180 ALL/liter=397,080 AL L/year

As we can see, heating with a gas boiler has a cost many times
lower than that with diesel, and therefore the boiler chosen is the
gas one.

We calculate how much the gas boiler would consume in the case
where we have applied thermal insulation:

The power of the boiler will now be 9 kw and for this boiler the fuel
consumption is 0.95m3/h which corresponds to 1.121 kg/h.

The annual consumption of the boiler would be 1500 hours/year *
1.121 kg/hour = 1681.5 kg/year fuel (Gas)

This annual consumption converted into liters is 2840 liters/year.

The cost of providing this amount of fuel is:

2840 liters/year*60 ALL/liter=170,400 ALL/year

So we have a saving of 194,572.8-170,400=24,172.8 AL L/year
Initial investment

This boiler will cost 150,000 ALL. The solar panel plant will cost
approximately ALL 1,250,000. Thermal insulation of the building
will cost approximately:

The cost per m? is 450 ALL.

The building has a side area + terrace of 600 m? which will be
thermally insulated

The cost is 450 ALL/m2 *600 m2=270,000 ALL. Total=1,670,000
ALL

Economic benefit
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If the water was heated with electricity, the cost of heating it would
be:

Total energy needed for heating sanitary water = 32394.7 MJ/year
Cost of electricity + VAT =11.4 ALL
11.4 (ALL/kwh) *32394.7*1000/3600(kwh) = 102,583 AL L/year

The annual economic benefit from solar collectors and the
application of thermal insulation together reaches the monetary
value of ALL 102,583/year + ALL 24,172.8/year = ALL
126,755.8/year.

If we make the ratio of the amount spent against the annual
monetary benefit, we will get the payback period (1,670,000 ALL)/
(126,755.8 ALL) =13 years

Let's assume that the lifetime of this investment will be 20 years
We subtract the payback period 20-13=7 years

These 7 years, the entire monetary value saved is profit for us, and
more specifically 7*126755.8=887290.6 ALL.

This value is a value that does not take into account the increase in
the price of electricity or the price of fuel.

CONCLUSIONS

The investment in thermal insulation has resulted in a
significant reduction of heat losses by 47.9%, bringing an economic
benefit of 24,172.8 ALL per year. The installation of the solar panel
plant for heating sanitary water has brought an annual economic
benefit of 102,583 ALL per year, helping to reduce the cost of
electricity or fuel. The choice of a gas boiler for heating the
premises has been more cost effective compared to the use of oil.
The payback of the investment is reached after 13 years and the
monetary values from the exploitation for the remainder of the life
of the plant are all profits. The reduction of heat losses, the use of
renewable energy for heating sanitary water and the choice of a gas
boiler for heating the premises show an increase in efficiency and a
reduction in energy costs.
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HOBUTE TEXHOJIOI'NH KATO Bb3MOXHOCT 3A TIUT'UTAJIHA
TPAHC®OPMALIUA HA BU3HECA
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IOrosananen yausepcurer ,,Heopur Pricku™ bnaroesrpan, briarapus
viktorig_kalaidjieva@abv.bg, vkalaydzhieva@swu.bg

Abstract: B cmamusima e nanpasen cemanmuyen aHaiu3 Ha ROHAMUAMA ,, yudposusayus ‘™ u ,, oueumanuzayus ' 6 KOHMeKCcma Ha MAXHAma
nos6a u pazeumue, Kamo e U3sICHEeHAa CbuHOCMmMa um. AHAIU3UPAHU ca U OCHOGHUME XAPAKMEPUCIUKY HA CHEPEMEHHUME UHMOPMAYUOHHU
u komyHuxayuonnu mexuonrocuu (MKT), eodewu 0o eucoka egexmusHocm u cv30asawyu npeonocmask 3d OCbUWeCmessane Ha HO8U
NOAUMUKY U CMSIHA HA Bu3Hec mooena. JJueumainama mpancopmayus Ha OusHeca e paseiedana Kamo opeanu3ayuoOHHA NPOMSIHA, KOSIMO e
@DyHKYUsT HA  8B3IMOJICHOCMUME, KOUMO Npe0OCmassim Cb8PeMeHHUme OUSUMAIHU MEeXHON02UU, HA MAXHOMO NPUNOdNCEHUEe 8
UKOHOMUYECKAMAa U COYuoKyimypuama cgepa, u ma Hogume usuckeéanus Ha nasapa. Ilpeocmageno e pasbupanemo na asmopa, ue
0CbUIeCMBABAHEMO HA OUSUMATU3AYUAMA UMA HENPEKbCHAM U CUCIEMEH XapaKmep, U 600u 00 CIPYKMYPHU U (YHKYUOHATHU NPOMEHU,
€8bP3aHU ¢ npoyeca Ha oueumania mpancgopmayus. Hanpasen e ananuz na naxou noxazamenu 3a bvaeapus 6 undexca 3a nasnuzanemo Ha
yugposume mexnoro2uu 6 ukonomukama u oowecmeomo (DESI).

Keywords: JUIHTAJIM3ALIHA, UHOOPMAIIMOHHU W KOMYHHUKAILJHOHHHU TEXHOJIOTHH, JJUITHUTAJIHU HWHOBAILIUM,
HUTHUTAJIHA TPAHC®OPMALIUA HA BU3HECA.

NEW TECHNOLOGIES AS AN OPPORTUNITY FOR DIGITAL TRANSFORMATION OF BUSINESS

Chief assist. prof. PhD Kalaydzhieva Viktoriya
South -West University ,“Neofit Rilski“ Blagoevgrad, Bulgaria
viktorig_kalaidjieva@abv.bg, vkalaydzhieva@swu.bg

Abstract: The article makes a semantic analysis of the concepts of "digitalization" in the context of their emergence and development, and
their essence is clarified. The main characteristics of modern information and communications technologies (ICT), leading to high efficiency
and creating prerequisites for the implementation of new policies and change of the business model, are also analyzed. The digital
transformation of business is considered as an organizational change that is a function of the opportunities provided by modern digital
technologies, their application in the economic and sociocultural sphere, and the new requirements of the market. The author's
understanding that the implementation of digitalization is of a continuous and systemic nature, and leads to structural and functional
changes related to the process of digital transformation. An analysis of some indicators for Bulgaria in the Digital Economy and Society
Index (DESI) was made.

Keywords: DIGITALIZATION, INFORMATION AND COMMUNICATIONS TECHNOLOGIES, DIGITAL INNOVATIONS, DIGITAL
TRANSFORMATION OF BUSINESS.

KOWTO d)yHK[II/IOHI/Ipa r100aaHO W M3UCKBAHUATA KBbM YOBELIKHS

1. Bveeoenue
KanuTall. YBeiauuaBsa ce MPOU3BOAUTEIIHOCTTA, p€ajIn3upaT C€ HOBU

HudpoBara wuxoHOMHKa B TioOanmeH Mamab ce pas3BuBa W7eu, TEXHOJIOTHH, HOBH YIIPABICHCKH M OW3HEC MOJAENH U ce
JOUHAMUYHO M TMPEACTAaBIABA Ba)XCH JBUTraTe]l Ha HWHOBAIMUTE, Cb3/1aBaT HOBH KaHald 3a AOCThI 10 IMasapa, HOpu ToBa C
KOHKYPEHTOCIIOCOOHOCTTa M pacTeka, € TOJSAM TOTEHIHal 3a OTHOCHTEIIHO HUCKH pa3xoau. Mutepuer Ha Hemata (10T, Internet
pa3sBHTHE Ha IPEINPUEMAYECTBOTO M HA MAIKHTE W CPEIHH of things), 6iokueiin TexHOIOrHUTE, BUCOKOCKOPOCTHHTE HIH(POBH
npeanupusThs.  PasBUTHETO  HA  €JEKTPOHHUS  OHM3HEC H MpEeXH OT mero mokojeHne 5G W u3KycTBeHus wuHTenekT (Al,
eIEKTPOHHATA  THProBHsA, aBToMaTH3upaHoTo mnpomuuuieno  Artificial Intelligence) ce cumrar 3a Kmro4oBM TEXHONOTMH IpH
MPOU3BOJCTBO M HMHTCIUICHTHUTE MPOU3BOJACTBEHU MPCANPUITHS, OCBIIECTBABAHETO Ha Taka HapedeHara Wunycrpus 4.0 u
WHTEJIUT€HTHUTE TPAHCIIOPTHU CUCTEMHU U TPAHCIIOPTHH CPEJICTBA, aurutanHata TpaHcpopmamus (DT) wHa OmsHec MojenuTe |
VHTEJIMTEHTHUTE €HEPrUMiHM CHUCTEMU M JPYTd €a 4acT OT HOBaTa OOMIECTBOTO KATO TIAIO.

mnppoBa HWKOHOMHKA. OONa4HUTE TEXHOJOTHH, HHTEPHET
TEXHOJIOTHUTE, BKIIOYUTEIIHO UHTEPHET HA HEIIaTa, TEXHOJOTUHUTE
3a ONOJI30TBOPSBAaHE M W3ION3BAaHE Ha TOTCHIMAjia Ha TOJEMHTE
MacWBH OT JIaHHW, HHAyCTpHAlHaTa W CEpBH3HATa POOOTHKA W
M3KYCTBEHUS UHTENEKT Ca OCHOBHUTE TEXHOJIOTUYHU MPEANIOCTABKH
3a pa3BUTHE Ha IU(dpoBaTa HMKOHOMHKA U OCBIICCTBSBaHE Ha
JIUrHTaIHA TpaHchopManus Ha OU3HeC MOJIEIIHTE.

B crarusra me ObOaT pasrieaHd HAKOW  CHIIHOCTHH
XapaKTepUCTUKH W pa3iM4us B CEMaHTHKAaTta Ha ChbBPEMEHHHTE
HOHATHS KaTo LubpoBH3auus, HHOOPMATH3AUMUS, TUTHTAIH3ALN,
JUTUTaHa TpaHcdopMmalys, 00JauHH TEXHOJOTHMH, MHTEpHET Ha
HElaTa, HU3KYCTBEH HWHTCJICEKT W [Jp. B KOHTEKCTa Ha HOBUTC
M3HUCKBAaHUs, KOUTO T€ TMOCTaBAT mpex (QUPMHTE, KakTO |
BB3MOXXHOCTHTE M OTTOBOPHOCTHUTE, KOUTO T€ HajaraTt Karo HOB

B HamunonanHara mporpama iudposa bearapus 2025 [1] u CTaHAApT Ha pUPMEHUTE MOIUTHKH.
crparerusata Ha EC 3a exuneH mudpos mazap [2] ca popmynupanu
HSKOM OCHOBHHM HAIPAaBJICHHs, CBBP3aHH C JUTHTAIU3ALMATA U
JMIUTaHaTa TpaHcdopmalms Ha OW3Heca M ColMalHaTa cpefa —
rapaHTHpaH JOCTBII 10 OHJIAifH MPOJYKTH M YCIIYTH, MOJ00psBaHe
KayecTBOTO U paboTaTa Ha LU(POBUTE MPEXKH, U B KpaifHa CMeTKa
MOCTHraHe pacTeX Ha eBporeiickaTta nudpoBa HKOHOMHKA.
[udppoBara Tpancopmaiys HACThIIBA OBP30 C MOTEHUMAT U
NpeTeHIHsATa Ja MPOMEHHM M3II0 Ou3Heca M OOIIECTBOTO.

2. Pesynmamu u ouckycusn

Criopel MHOTO MKOHOMHCTH W MEHHDKBPU TPUTE TEPMHHA —
1 poBU3aIMS, UTHTAIM3AIMS U JUTHTAIHA TpaHchopMalus ca
MOJIEPHH TEPMHUHH, KOUTO Ca MICHTUYHH M Ce M3II0J3BAT Hali-Bede
B cdepara Ha MPOYYBAHETO HA IMa3zapuTe, T.C. 3a HYXKIUTE H
OCBIIICCTBSIBAHETO HA MAPKETHHTA.

Wurerpamnusata Ha HOBUTE IU(POBU TEXHOJIOTHH BEB BCHUKH ChepH [upposuszanuata B HaJalHHsA €Tal CE€ € CBBp3Bala ChC
Ha OuW3Heca U r[y6n1/1qH1/151 CEKTOp BOJIH 10 (byHZ[aMeHTaJlHa 3aMsHaTa Ha XapTUCHUTE HOCUTEIIU, C apXUBUPAHETO HA CTATUYHU
MIpOMSHA B €CTECTBOTO HA I1a3apUTe U IMPOJYKTHTE, HAUMHUTE Ha naHHM (MMEHa, TOKyMEHTH, KOPECTIOHICHIMS) BHPXY ENeKTPOHHH
MIPOM3BOJICTBO, JOCTABKH M IUIAINAHUS, MamlaOWUTe HA KalHTasa, ycerporictBa. T mo cBosATa CBHIIHOCT € TIpeobpasyBaHe H
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KOMITpecHpaHe Ha aHAJIOTOBU CUTHAJIM B OMTOBe 1 OaifToBe Kato 1o
TO3M HAuMH C€ Ch3haBa IWTUTATHO KONHE HA aHAJOTOBUTE
npoxykTd. OpUrHHATET OCTaBa HEIPOMEHEH, HO KOIHUsTa MoraT Ja
ce BB3IPOU3BEKIAT, AOIBIHATEIHO Ja ¢ KOMHPAT W THPAXKUPAT.
ToBa e JecHO, 3alIOTO 3a pa3jiMKa OT aHAJIOroBara, JUIHTAHATA
UHGPOPMAIIKA UMa CaMo B Pa3iIM4YHH Bb3MOXKHH ChCTOSHHMSA. ToBa
HpaBd MHOTO MO-HAAEKAHO CaMOTO KOIIMpaHE, apXUBHUPAHE H
THPOXUpPaHE W JlaBa ONTHMAJIHM BB3MOXXHOCTH 32 HEHHOTO
KomupaHe, AekoiaupaHe W 3amuTa. Crenmmdukata Ha ImppoBaTta
nHpopManyss S TpaBH , JUCTPUOYTHBHA™, ,,peIUIMKaTHUBHA" W
,aHTepakTuBana“. Kakro mocousar J. S. Brennen u D. Kreiss
,»[IM(ppOBU3aNMIATa € IpoIeC Ha IPeBpbIIaHE Ha aHAIOrOBaTa
undopmaiusi B ,HemaTepuanHa“ wuHbopMauus oOT OuToBe C
muckpetid  croiHoctd  [3].  IIpemumcrBara Ha mudposara
uHpOpMAIHs ca MHOTO: HPEUU3HOCT, Obp3 OOMEH; CUT'YpHOCT Ha
npeHoca Ha MHQOpMAlMsA; MHHUMAleH pPHUCK OT TpPEUKH HU
BB3MOXKHOCTH 32 KOMIIPECHpaHe Ha JaHHHTE, JecHa oOpaboTka;
npeHoc 0e3 3aryOwu; JieceH JOCTBII 3a IT0J3BaTells Ha TaHHH; T00pH
BB3MOXKHOCTH 32 3aIllUTa NPH ChXPaHSBAHETO Ha MH(POPMALUITA;
BB3MOXKHOCTH 33 aHaIW3 ¥ H3ACHABAaHE Ha BBIPOCH OT
BEPOSTHOCTHO-CTATHCTUYECKH XapaKTep W BBIPOCH CBBP3aHU C
B3¢MaHE Ha YINPABICHCKM pEIICHHS M TEOpHsi Ha pHUCKa;
BB3MOKHOCTH 32 ObP30, JIECHO U NPELM3HO THPAXKUPAHE.

o ce otHacs oo TepmuHa aururanu3anus J. S. Brennen u D.
Kreiss mocouBaT B cBOe M3CIeaBaHe, e AUTHTAIHUTE MIATHOPMHU
NPOMEHST HauWHA, 10 KOHTO Ce OCBHIIECTBSABA MEXKIYHapPOIHUS
OusHec, KaTo CbKpalllaBaT Pa3XOIMTE 3a 3aATPAaHUYHU CIENKU U
omeparmu. Te cb3naBaT TIJOOATHM Ta3apu M IOTPEOHTEICKH
OOIHOCTH, KaTO CBHIIEBPEMEHHO OCHTYpsiBaT Ha QupMmure
MHOTOOpOHHM KIMEHTH M e(eKTUBHM HAYMHU 3a IIOCTHraHE Ha
OTJIMYHH pe3yararH [4].

Havanoto Ha JguruTanHata TpaHCGOpMAaLHUs ce CBBP3BA C
OpHEHTHpPAHUTE KbM KIIHEHTa PEIICHHUsS, KOHTO C€ pelIaBaT ¢
MOMOLITA HA TEXHOJOTHUTE. JIUTHTANHUAT OW3HEC BCBHIIHOCT ©
CHCTEMHO  H3IOJI3BAHC HA  TEXHOJOTHYHHUTE HOBOCTH |
aanTHPAHEeTO Ha MPOIECH KbM TAX, BB3MOXKHOCTHTE 3a paboTa B
Mpexa U cBobGozeH TpaHchep Ha MHGOPMALUS MEXAY PasTHIHU
CyOeKTH.

Hamrara Te3a, € 9e BCHYKH CBBPEMEHHH TEPMHHH KaTo
nudpoBm3anmys, JUTHTAIH3aIH, nHpopmaTH3anms,
KOMITIOTBpU3ALUs W JWTHTaTHA TpaHchopMamuss ca d9acT OT
POJOBOTO INOHATHE AaBTOMAaTHU3allMsl HAa MPOLIECUTE Ha UYOBELIKUTE
JIEMHOCTH, CBBP3aHU C WU3IOJI3BAaHETO HAa MAIIMHU 33 TBPCEHE,
apXvBHpaHe, aHaJM3 U 00paboTKa Ha CHIIECTBYBAIIA U JOCTHIIHA
nHpopmanysa. B To3u cMHCBHT MOXe Aa ce mpueMe, ue 10 CBOsTa
JIBI00KA CHIMHOCT TE3U MOHSTHUS B HAKAKBA CTETICH Ca WACHTHYHM.
Te, pazbupa ce, ca U JOCTaTHYHO PA3NHUYHH. Te3W pasIuKH HABAT
OT CTENEHTa Ha aBTOMATH3alUsl, OT CTEICHTA M LEJIUTE Ha TAXHOTO
H3MON3BaHE 110 XOPHU3OHTAlTaTa M BepTHKanaTa, OT TIXHATa
CIOXKHOCT, OT Mamabure Hu cdepure Ha TNPWIOKUMOCT, OT
e(l)eKTI/IBHOCT"Ta U pE3YITATUBHOCTTA Ha TAXHOTO INPHIOKEHHUE, OT
CTCIICHTAa Ha TAXHOTO BJIMSTHUE BBPXY PA3BUTUETO Ha YOBCIIKUTE
JIEMHOCTH, OT BB3MOXHOCTUTE Ja 3aMEeCTBAaT YOBEKa U TOJEMHU
TPYIH OT XOpa, HMHTHPAHKH M OCHIIECTBIBAWKH PEaHO TAXHATA
neitHoct. C ApyrH AyMy aBTOMAaTH3aIMATa Ha YOBEIIKATa JEHHOCT
€BOJIIONpa OT IU(POBH3AIMATA OO JUTHTAIH3ANMATA, @ OT TaM JI0
W3KYyCTBEHHS  WHTENEKT W  JUTHTAIHATa  TpaHchopManus.
W3znoxeHnoTto ot Hac pa3dupaHe He MPOTHBOPEUH HAa YIBbPACHATA U
U3M0JI3BaHaTa B JMTEpaTypaTa TEPMHMHOJOIHMA IO BBIIpoca U
CbBPEMEHHOTO Je(QUHUpaHE W CEMAaHTHYEH aHaIW3 Ha Te3H
TIOHATHA.

JururanHarta Ttpancopmauus Ha Qupmata € cepHO3eH
(yHIaMEeHT W IperocTaBKa, rapaHTHpana 100py Bb3MOXKHOCTH B
HMHOBAaIMOHHOTO M yCTOMYMBO pa3BuTHEe Ha (pupmara. OcBeH TOBa
JUTHTaHATa TpaHchOpMamus MO CHIIECTBO € HHOBAIMOHCH
OpraHM3allMOHEH MPOLIEC U KaTO TaKbB M3UCKBA CHCTEMEH MOJXOM U
MpEICTaBIIsBA €IMH HEMPEKBCHAT BbB BPEMETO LIUKBIL.
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@uzypa 1. Luxvn Ha dueumanna mparcgopmayus

I/Iﬂeﬂ 3a OCBIICCTBABAHC Ha
JUTHUTalIHA [IPOMsIHA

T

Perrenus 3a Obaenu
JIEUCTBUS
AHaJu3 U Ol[eHKA Ha
pesynrature

Amnanu3 cuTyanusaTa
BbTpemnieH auruTaneH oguT
OpuT Ha NApTHBOPUTE

\4

[Inanupane u neicTBus 3a
OCBIIIECTBSIBAHE

A

B®B ¢urypa 1 ca ommcanu eramuTe Ha (UPMEHO IMOBEICHUE
IpU OCBIIECTBABAHE IpoIleca HA JUTHTalHA TpaHchopmanus. B
TO3M IMKBJ BCAKO pEIICHHE ce pas3MyIekAa Karo MpoOieMHa
CUTyalusi, KOSTO MOXe Ja € HWHAyIHpaHa OT BBHIICH 3a
OpTaHM3alUATa HM3TOYHHK HOBM HAayYHH W TEXHOJIOTHYHHU
OTKpHTHS, TIPOMCHH BbB BB3IPHATHETO, HATIACUTE U LIEHHOCTHUTE
Ha notpeburenute. TpanchopmanusaTa Moxe 1a ObJe MPOBOKUPAHA
M OT YUCTO BBTPEILIHM TJACKAallM 3a KOMMaHuuTe (akropu, 6e3
3Ha4YeHHE JAJIH Te ca B NPOM3BOJCTBEHATA cepa, THProBUSTA WIH
YCIIyTHTE.

I'mobanmnara  mH(bOpMaTH3amMs,  WHTEpHET,  OONAYHHTE
TEXHOJIOTMM KaTO HWHCTPYMEHT U TpHYMHA 3a JUIHTaJHATa
TpaHcopManusi, TNPOMEHAT KOPEHHO U CHIBPXKAHHETO Ha
noHsATHEeTO KOHKypeHumus. Cmopex B. KamaiimxueBa Gopbara 3a
JIMCPCTBO BOAM 10 Ch3/IaBaHE Ha alMaHCU M CIPYXCHUS, 3a 1a ce
rapaHTHpaT AOCTaThYHO KaJpOBHM, (DHHAHCOBU U MaTEepHUaIHO-
TEXHHYECKH pECypcH, KOUTO Ja obe3nedaT peliaBaHeTo Ha
aKTyaJHU NpoOJeMH OT B3aMMEH HHTepec. JMTrHTann3anusra e
M3KITIOYUTETHO Ba)XKHO YCJIOBHE M 00E3IeueHHe Ha TEe3H INPOLECH.
Chp3/1aBaHeTO Ha KITBCTEPU HA perHOHAJIEH, reorpadcki U 0TpacioB
OPUHIMI ~ KaTo HehopMamHW Wi (GOpMaIHH MpEXH OT
OPEINpUATHS, Cca TNposBa HAa HMEHHO TaKHBa WHTETPaTHBHU
nporiecu. ToBa ecTecTBeHO ce 00ycliaBs U OT NPEANMCTBATa, KOUTO
TOBa 00€IMHEHHE J1aBa [0 OTHOIICHHE Pa3IpeAeIIsiHE U yIpaBiIeHue
Ha pucka [5]. Eckamammsara Ha TpaHchepa HaA CHBPEMEHHHU
TEXHOJIOTHH, 4pe3 JIMLIEH3MOHHA THPrOBHS U THPTOBHSI C BHCOKO
TEXHOJIOTMYHH MPOJIYKTH, KAKTO H CBOOOJHOTO JIBHIKEHHE Ha KaapH
U CHELUAINCTH TIPU MalladHUTEe MUTPALMOHHM IIPOLECH ca
OCHOBHHTE (akTOpu, OOyCIaBsIIM Ta3W TEHICHIMsA. B cBeTOBeH
Mamad BCHYKH CHELHUAINCTH ca 00CJMHEHN B CTAHOBUILETO CH, 4e
HayKaTa, MWHOBAllMUTE W AWTUTAIM3ALUATA OCUTYpSBAT |
rapaHTHpaT  BHCOKHS  MKOHOMHMYECKHM  pacTeX,  BHCOKaTa
HPOM3BOJUTEIHOCT, ONA3BaHETO HA OKOJHATa cpera W JPYTH
6usHec mosutuBH. [logoOHa Te3a e M3AWMTHAaTa KaTo BOJENa 3a
clie/IBall[Te TOJMHHU U Ha cpemara Ha -8 mpe3 2007 r. [6].

['mobannata uH(bOpMATH3alLKs B CHBPEMEHHOTO OOIIECTBO CE
CBBP3Ba C MPOTPaMH M KOHIEIIMWH KAaTO HWHTEPHET Ha HellaTa,
obnaunute texuosorud (Cloud Technology), BucokockopocTHuTE
5G wmpexu, Wanyctpus 4.0, ekCnepTHUTE CUCTEMH, OJOKYEHH
TEXHOJIOTHUTE, W3KYCTBEHMSI WHTEJEKT, W3KYCTBEHHTEC HEBPOHHHU
mpexu (ANN, Artificial Neural Networks), mamuaHOTO 00yUeHHe
(Machine Learning) u aembokoro mammuHO 00yuenue (Deep
Learning).

Te3un JUTUTAJIHU TEXHOJIOTUMM JaBaT CEPUO3C€H TJIaCbK U
BB3MOXKHOCTH 32 OBP30 OCBHLIECTBSIBAHE Ha €BpoOIleiickaTa uies 3a
CBOOOJHO JBIDKEHHE Ha XOpa, CTOKH, YCIYrd M Kanutanu. Vmesta
3a Ch3JaBaHE Ha €IWHEH Ia3ap Bede He Ce CBBP3Ba OCHOBHO C
noHsTHs Kkaro ,EBpo3ona“ wu ,llleHreHcko npoCTpaHCTBO™.
@DoKychT ce M3MecTBa BCE IOBEYE KbM CH3/IABAHETO HA EIHHHO
mudpoBo npoctpaHcTBo. Tpute (yHIaMeHTa, HA KOUTO II€ CTBHIIN
M3rpaXIaHeTO Ha enuHeH Ludpos masap B EBpomna ca obnaunute
W3YHCIMTEIHN TEXHOJOTUM, U3KYCTBEHMS HHTEIEKT U aHalu3a U
obpaboTkara Ha ronemu 6asu ot nanxu (Big data computing).

I/IKOHOMI/IKaTa, OCHOBaHa Ha 3HAHHUCTO, BCC TIIOBCYC CC
OTBXKJCCTBsABA C IMOHATHCTO HMKOHOMHKA, OCHOBaHAa Ha JaHHU H
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CBBp3aHOCT. BucokockopoctHata mnudpoBa wMpexa 5G uma
CBIICCTBCH MPHUHOC B CH3ABAHETO Ha HHQPPACTPYKTypara Ha
YCTOWMYMBOTO pa3BUTHE, KOETO OCBCH C H3TpaXJaHEe Ha
MpoCTepupani HKOHOMHKH € CBBP3aHO C HW3IpaXkJIaHe Ha
EKOCHCTEMH, OCHUTypsiBAHE Ha J00pH YCJIOBHS 3a JKHBOT Ha
IlaHeTaTa, cOmkaBaHe Ha AbpxaBute oT EC, 10cTOHHO 4OBEIIKO
ChIIECTBYBaHe, MIpeMaxBaHe Ha OEIHOCTTa U IJlajga, OCHI'YpsBaHE
Ha KavecTBEHO o00pa3oBaHME K [OCTBHII [0 3/ApaBeola3BaHe,
COllMaliHA CIPaBeIMBOCT W Jp. MHTepHET Ha Hemara, OHJIAHH
TBPrOBUSITA, pekiamara W yciayrute, 3D  mpunTHpaHero,
CKCTIIEPTHUTE CHUCTEMH, OJIOKYCHH TEXHOJOTHUTE W JPYrH
MPOSIBJICHAST HAa W3KYCTBCHHS WHTENEKT OTAaBHa ca (akt B
HKOHOMHMKATa M couuaigHara cdepa. be3 Te3u TEXHOIOTHU TPYIHO

MOXKEM Ja CH  TpEeICTaBUM  ChbBPEMEHHAaTa  ThProBuS,
aBTOMOOMJIHATA M KOCMHYECKaTa WHIAYCTPHH, MEAWLUHATA,
00pa30BaHUETO, OCBHILECTBABAHETO Ha (UHAHCOBU H APYTH

TpaH3aKIMHM HA JaHHH, poOoTH3MpaHHWTe M Kubep-puzuuHHTE
YCTPOHCTBA, C KOUTO CE CBbpP3Ba OHM3HECa M COLMAHO-KYITypHaTa
cpena. M3mon3BaHeTo HAa HOBUTE TEXHOJIOTMH OT THIA M3KYCTBEH
MHTENEKT € CBbp3aHO, pa3dupa ce, U C PUCKOBE M HETaTUBHU
teaneHnuu. [lo tasu mpuunna B EC Beue e ¢akT ch3maBaHEeTO Ha
NPUHIMIN U PErJIAMEHTH, KOMTO Ca pPeryiaTop M HOpPMaTHBHA
pamka.

Cropen Hac, OT JUIHTAIH3ALMATA HAW-TIPSKO M CEPHO3HO ca
MOBJIMSHA  CEKTOPH  KAaTO  HMHIYCTPHAIHOTO  IIPOHM3BOACTBO,
JIOTUCTHUKATA, TOCTAaBKUTE U TPAHCIIOPTA, TYPU3Ma U XOTEIUEPCKHS
6usnec u online TteproBusta. B wuHTepHET THproBuATa €
HaJIO)KUTEJIHO (UPMUTE BCE IOBEYE Ja W3IION3BAT ,,JIOTAIISIIN
TexHoJorud Karo cb3gasar 3D u VR/AR (Bupryannata peanHoct/
JobGaBeHa peaaHOCT) cpena, 3a a MOXKe Ha KIMeHTa a Ce OCUTYpPH
BUPTYaJIHO M300pa)KEHUE WM IIPOTOTHI HA IPEAJIaraHus MpOIyKT.
Bce moBedye ca NOTpeOUTENMTE HAa CTOKM M YCIYTH, KOHUTO
MOIKpensAT (upMuTe, YUATO JEHHOCT € ChoOpa3eHa CbC
CBbBPEMEHHUTE M3HMCKBaHUS Ha HAJIOXKEHHTE HOPMATHUBHO €KO
CTaHIApTH — JieJ| OCBETJICHHE, €KOABTOMOOWIN, YMHH TPHOOPH U
JIOMOBE.

KomnroTepHusT codTyep JHaBa  HM3KIIOYUTENHO  JIOOpH
Bb3MOKHOCTH 32 pellaBaHe Ha 3aJa4d OT JIHHEHHOTO,
HEJMHEIHOTO, AWHAMHYHOTO, CTOXAaCTHYHOTO, MAWUCKPETHOTO |
eBPUCTHYHOTO onTuMupane. OCBEH TOBa JUIHTAIM3alUATa JaBa
Bb3MOKHOCTH 338 TECTBaHE Ha M3rOTBEHM OT KOMIIaHMSTA
n30MOphHM M XOMOMOPGHHM MOJEIM Ha pPEATHH IPOOIEMHU
CHTyallu¥, CTHIra Jja ca W3y4eHH N00pe NPHYMHHO-CIECICTBEHUTE
BPB3KH, J]a Ca NaJeHU JOCTaTbyeH Opoil aHamormu ¢ 1mojgoOHa
npoOneMHa CTPYKTypa M jAa ca Jo0pe H30paHH ChIIECTBEHHUTE
TOKa3aTeNy 3a padoTa Ha CHCTEMaTa M PEaTHus POoOJIeM.

Bce mo-chiecTBEHa pONSl e WMAT ChBPEMEHHHTE
MeToIH 3a M3MepBaHe Ha HMHOBAaTHBHOCTTA u
KOHKYPEHTOCIIOCOOHOCTTa, JaBalld BB3MOXKHOCT TIPH (HHPMEHHUsS
AHAJIM3 Ha PE3YJITATHTE J]a Ce B3eMAT a/IeKBATHH MEPKU M PEIICHUSI
3a TIpPOMEHHM B IIOJIMTHKAaTa MW TIOBEACHHUETO Ha (bnpmaTa.
MHOBAaTUBHOCTTA BUHATH € pasriiexaana Kato €aIUH OT UHIACKCUTE
3a OmpenessHe Ha KOHKYPEHTOCTIOCOOHOCTTA.
KoukypeHTOCIOCOOHOCTTAa 00ade, ChIIO KaTO HHOBATUBHOCTTA, €
CHHTETHYEH TIoKa3aTel, KOWTO oOequHsBa B cebe CH peauia
MoCTIKeHns Ha Gupmara. Ha mpakTika B MHOTO CIIy9au € TPYIHO
Ila ce OIpEeNy upe3 W3MepBaHe Ha CTATHCTHYECKH JAHHH KakKBa
TOYHO YacT OT IOBHIIEHHETO Ha KOHKYPEHTOCIIOCOOHOCTTA Ce
IBJDKU Ha BHEPEHU TUTHTAIHU MHOBalmu. KakBaro um Meroanka
obaye na ObAe moabpaHa 3a W3MOJI3BaHE, TS OYEBUAHO TPsOBa Ja
BKJIFOYUBAa HOBH, IIO-aKTyaJIHU, aICKBATHU Ha HOBaTa €JIEKTPOHHA
cpella, AaHAJIMTUYHO-OLCHBYHHM moKasatend [5]. CeluecTByBaT
pa3IMYHU TOJXOAM 3a M3CIEIBaHE CTENEHTa Ha MH(pOpMaTH3aLus
KaTO HSKOU OT Ha#-4ecTo M3IOI3BAaHHUTE TI0KA3aTelH Ca CBBbP3aHu C:
n3nomBanero Ha WKT B OPOM3BOJACTBEHHUTE MPOLECH U B
KOMYHHUKAIMATA C HAPTHROPHU U KIIMEHTH; OLICHSBAHE M3IIOJI3BAHETO
Ha OHJAfiH yciyrd; ydactue B TpaHchep Ha JUTHTAIHA
uH(OPMAILWSL ¥ JaHHH; pa3BUTHE U (yHKIHOHUPAHE HA SIEKTPOHHO
HPaBHUTENICTBO; MPEXOBAa CBBP3aHOCT; HHTEPHET HA HEIIara;
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CBCTOSIHME Ha BHCOKOCKOPDOCTHHTE IU(POBH Mpeku Kato 5G;
M3I0JI3BAHETO Ha AUTHTAIHH MOPTheitnn (OI0KICHH TeXHOIOTHH 1
KPHUIITOBAIYTH); W3MON3BAHE Ha W3KYyCTBEH HHTEIEKT BbHB
BHPTYAJIHUS CBAT M BHEJPEHHU BbB (pusnuecku ycrpoiictsa (poboTy,
ABTOMATH) U JIp.

Ot 2014 r. nHacam EBpomeiickata KomHcHS HabmronaBa
Hampeibka Ha JIbp)KaBUTE€ YICHKH B oOnacTTa Ha LU(POBUTE
TEXHOJNIOTMM U MyONUKyBa TOMWIIHM JOKIAAM 3a HHIEKca 3a
HaBIM3aHETO Ha IM(POBHTE TEXHOJIOTMH B HKOHOMHKaTa M
obmectBoTo (Digital Economy and Society Index, DESI). Besxa
roguHa B poxiagure otHocHo DESI ce BimouBar mpoduinm Ha
OTHENHHUTE IBPXKABH, KOUTO IIOMaraT Ha Jbp)KaBUTE WICHKH Ja
uaeHTU(UIMpAT 00JIACTH, B KOMTO Ca HEOOXOJMMH NPHOPUTETHU
JEUCTBUSI, KaKTO M TEMAaTHYHM TJIaBHU, B KOUTO C€ TPEIOCTaBs
aHamm3 Ha paBHuuie EC B kmodoBu obOimacté Ha IudpoaTa
nonmutuka. B umnmekca DESI ce mpaBu kimacanus Ha IbpiKaBUTE
WICHKHA CIOpeA TIXHOTO paBHHUINE Ha NU(pPOBU3aIUSI H cCe
aHaNM3Upa TEXHUAT OTHOCHTENICH HANpenbK Ipe3 MOCIeTHHUTE HeT
TOJIMHU, KaTO ce OT4YMTa oTrnpaBHara UM Touka. Ot 2023 r. DESI
BeUe € MHTErpHpaH B JOKJIaAa 3a CHCTOSIHUETO Ha LU(PPOBOTO
JeceTUIIeTHe W Ce WM3IO0N3Ba 3a HAOMIOAEHWe Ha HampexbKa Mo
oTHomeHne Ha mudposure nemn. EC mpemnoxw 3HAYUTETHH
pecypcn B ToAkpena Ha nudposara TpaHchopmanmsa. 127
MHIJIMapAa €Bpo ca INpegHa3HadeHH 3a pedOopMH, CBBP3aHU C
(POBUTE TEXHONOTHH U WHBECTHUIMH B HAI[MOHAIHHUTE IJIAHOBE
3a BH3CTAaHOBSBAHE M yCTOHYMBOCT. ToBa € N0Opa BB3MOXKHOCT 3a
yCKOpsiBaHEe Ha U(POBH3aLMATA, TOBUIIABaHE HA YCTOWYHMBOCTTA
Ha ChI03a U HAMAJISIBAHE Ha BHHIIHHUTE 3aBHCHMOCTH [7].

B xiacanmsta Ha HHIEKca 3a HABIM3aHETO Ha IU(pOBUTE
TEXHOJIOTMH B MKOHOMHKara u oOiiectBoto 3a 2022 r. Bwirapus
3aema 26-0 mscTo oT 27-te appxaBu-wieHkn Ha EC. Pesynrarst Ha
Benrapus B DESI HapactBa cpemo ¢ 9% roammHO mpes
HOCJIEIHNTE NeT roANHN. [IpenBua no3uroHrpaneTo Ha brarapus,
TO3M TEMI Ha PacTeX HE € JOCTaThuYeH, 3a Ja MOXKe CTpaHaTa 1a
JOTOHH OCTAHAIIUTE CTPAHHU-WICHKH Ha Chro3a. I10 OTHOIICHHE Ha
YETUPUTE OCHOBHH aHAIMTHKO-OLCHBYHH MOKA3aTeId — YOBEIIKH
KaruTal, CBbP3aHOCT, BHEAPSABaHE Ha LU(MPOBH TEXHOIOTHH H
GpOBH OOIIECTBEHN YCIIYyrH, KOUTO TOBAa PaHKHUpPAHE H3IIOJI3BA,
pe3yiTaTMTe IIOKa3BaT M30CTaBaHETO Ha CTpaHata HH 10
OTHOLICHHE Ha MPOLECUTE CBbP3aHU C JUTHTAIH3ALMATA.

Tabnuua 1. Yosewxu xanuman — DESI 2022 2.

YoBeum K KanmuTaa Bouarapus EC
DESI 2022 DESI
L 2022 .
1al IloHe OCHOBHM yMeHHS B 001acTTa Ha
i(pOBUTE TEXHOIOTUH 31% 54 %
% nuna 2021 r 2021
1a2 Hudposu ymeHHs HAJ OCHOBHUTE 8% 26 %
% nuna 2021 r 2021
1a3 TloHe OCHOBHM yMEHUS 3a Ch3[aBaHE
Ha ChABPKaHHUE B 00aCTTa Ha NU(PPOBUTE 44 % 66 %
TeXHONOrnu" 2021 r 2021
% nuna
161 Cnenumanuctu no UKT
% OT 3aeTWTe JMIa Ha BB3pacT 15 — 74 3,5% 45 %
TOAMHHA 2021 r 2021
162 Kenu — cnermanuctu mo UKT
% cneruanctu o UKT 28 % 19 %
2021 r. 2021
163 Ipeanpusrus, OCHIYpsIBALIM
obydenne no UKT 7% 20 %
% TpennpuATUsL 2020 & 2020 .

1
IIpexbcBaHe B TMHAMUYHUTE pelloBe 3a nokasatenu lal, 1a2 u la3.
CTOMHOCTHUTE HE ca ChIIOCTABUMH C TE3M B MPEIULIHUTE NoKiIaau 3a DESL
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104 AOCONBEHTM 1O JUCHMIUIMHH B
obmactra na UKT 4,6 % 3,9 %
% abconBeHTH 2020 . 2020 .

H3mounuk: Aoanmupana no Huoexc 3a Haemuzamemo Ha yugposume
mexnono2uu 8 ukoHomukama u obwecmeomo (DESI), 2022 2. Bwieapus;
https://egov.government.bg/wps/wcm/connect/egov.government.bg-

HETaTHBHU Ca CBBbP3aHU C U3IIOJI3BAHUS OT JOMAKUHCTBATa HHTEPHET
cbe ckopoct moHe 1 Gbps (nmokasaren 2a3) u nokaszarenute 2B1 u
2B2, CBBP3aHU C BUCOKOCKOPOCTHHUTE MPEXKH OT Thma 5G.

Taonuya 3. Humezpupane na yugposu mexrnonoeuu — DESI 2022 e.

2818/fh96226¢-2dca-49d6-a951- HNuTterpupane Ha uu¢poBU TEXHOIOTHH Boarapus EC
0f1b4b729588/DESI_2022_ Bulgaria_bg.pdf?MOD=AJPERES&CVID=0f DESI 2022 DESI
Rit7D L 2022 r.
3al MCII ¢ moHe OCHOBHO paBHMILE Ha 25% 55 %
Ilo oTHOmIEHME Ha 4YOBEMIKMs KamuTajl, bbiarapus OTHOBO ce LPOB HHTEH3UTET 2021 ¢ 2021 r.
HapexJa Ha 26-To mscro cpen 27-te aspxkasu oT EC, xaro Haii- % MCII
JIOIIM ca Pe3ylATaTHTEe CBBP3aHH C MPOIBIDKABAIIOTO O0yUeHHE IO 301 EnexrpoHHO CrIozieTIsHe Ha 22% 38 %
UKT (nokasaren 1a2 wu 163), KbIETO H30CTABAHETO OT uHbopMaLus 2021 & 2021 r.
CPEIHOEBPOIEHCKOTO HHUBO B IPOIEHTHAa IUMEHCHs € Omm3o 3 Yo IPEIPUATHS ~ ~
nbTH. TOBa B HAKAKBB CMUCHI PEAM3BUKBA AUCKYCUOHHH BBIPOCH 03/62 Corpransn Mezmm 21032 1A’ 22092 IA)
KaTo ce B3eMe IpelBul (pakThT, Ye B CHLIOTO BpeMe OposAT Ha o IPCANPHATHA L L
303 ['ostemu 1aHHU 6 % 14 %
3aBBPIIBAIINTE CTYACHTH B cnennanHocTu cBbp3anu ¢ UKT e mo- o
. % TIPEIIPUSTUS 2020 . 2020 .
BHCOK OT CPEIHOEBPOIEHCKOTO HMBO — 3a bbarapus e 4,6%, a 3a 364 KoMIIOTHPHH yCIyTH B OGHaK 10 % 34 %
EC-3,9%. % TIpennpHATUS 2021 2021 r.
B 3065 M3kycTBEH MHTENEKT 3% 8%
Tabnuua 2. Cevpsanocm — DESI 2022 e. %% npeanpusTi 2091 1 2091 &
Crupianoct Brarapns EC 0366 UKT 3a ekonornyHa yCTOHNUHUBOCT 68 % 66 %
DESI 2022 DESI %  TPeNmpUATUS  CbC  CPEACH/BHCOK 2021 2021 r
L 2022 . HUHTCH3UTET Ha C€KOJIOTUYHH MEPKHU
2al IlamocTHO  pa3NnpocTpaHeHHe  Ha 63 % 78 % nocpenctsom UKT 5 3
(UKCHpaHHS IIMPOKOIEHTOB JOCTBII 1O 0367 Enextponsn daxtypn 10% 32 %
HMHTEPHET 2021 2021 %o IpenpHATHS 2022 L 2023 L
% HOMAKHHCTBA 381 MCH, KOUTO OCBILIECTBSABAT MPOJAKON 10 % 18 %
2a2 PasmpocTtpaHeHHWe Ha  (UKCHPAHUS 22 % 41 % OOHHa”H 2021w 2021t
LIMPOKOJICHTOB OOCTHI A0 HHTECPHET CBC Yo MCIT o o
cxopocr more 100 Mbps 2021 1. 2021 1. 03132 OO00pOT OT eNIEKTPOHHA THPTOBHUS 4% 12%
% TOMAKHHCTBA % ob6opor MCIT _ 2021~ 2021
2a3 PasmpocTpaHeHHWe Ha MHTEPHET CbC 0,42 % 7,58 % 03“3 TpancrpanmHn npoaKOH oHtaiih 4% 9 %
ckopoct none 1 Gbps % MCII 2021 2021 r
% JOMAKHHCTBA 2021 1. 2021 1. Hzmounuk: Aoanmupana no Huoexc 3a Haemusanemo Ha yugposume
mexnonozuu 8 uxonomuxama u obwecmeomo (DESI), 2022 2. Bvaeapus;,
261  IlokputHe ¢  BHCOKOCKOPOCTEH 93 % 90 % https://egov.government.bg/wps/wem/connect/egov.government.bg-
IIMPOKOJIICHTOB  OCTBI  OT  CIIEJBAIIO 2818/fb96226¢-2dca-49d6-a951-
TOKOICHHE 2021 r. 2021 r. 0f1b4b729588/DESI_2022_ Bulgaria__bg.pdf?MOD=AJPERES&CVID=0of
% NOMaKHHCTBA Rit7D
2062 TloxpuTtne Ha (UKCHpaHHTE MpPEXHU C 85 % 70 %
MHoro roisM kananuter (MMI'K) Wurerpupanero Ha HI/I(‘I)pOBI/ITe TEXHOJIOTHUM B CTOIIAHCKUTEC
% noMaKHHCTBA 2021 2021 NIEHOCTH TPOIBIIKaBa J1a MpeACTaBIsBa ciabo mMsacTo 3a bearapus
263 TlokpuTne ¢ ONTHYHH JIMHHH JIO CTpaju 85 % 50 % (26-r0  mscro). Haii-cuiiHO €  HM30CTaBAaHETO CBBP3aHO C
% JOMAKHHCTBA 2021 1. 2021 1. M3I0JI3BAHETO HA OOJIAYHUTE TEXHOJIOTHH, IEeKTPOHHUTE (QaKkTypu
281 PainouecToTen CIeKkThp 32 56 25 0% 56 % W eJleKTpoHHATa Thprosus (mokaszarean 364, 367, 31;2) -
PasmpefenuTencH CHekThp kato % OT NPUOITN3UTEITHO u3 OBbTH MO-JIOIIM OT CPEAHOEBPONEUCKUTE
oo XapMOHU3HUPaH PpaauoYecToTeH 42022 1. 42022 1. TIIPOLECHTHHA CTOUHOCTH 3a TE3U TIOKa3aTeIun. OcraHanure
crekThp 32 5G MOKa3aTeNM ChIIO0 Ca C HUCKU CTOMHOCTH, Jajed OT JMIAEPUTE U
282 Tlokputne ¢ 5G Mpexu” 40% 66 % cpensoto HuBo 32 EC (nanuute ca 3a 2021 r.).
% HaceleHu MecTa 2021 2021
283 Pasnpoctpanciie 1a 73% 57 % Taénuua 4. L{ugposu obwecmesenu yciyeu — DESI 2022 e.
le(;znﬁgim [IMPOKOJICHTOB  AOCTBIT 110 2021 1. 2021 1 IndpoBu odLIeCTBEHH YCIYTH Bbarapus EC
uHTep : : DESI 2022 DESI
% nuna
2wl U 86 73 - 2022 .
(F)CTL;{HZK;;;HZ?T& Ha IHPOKONCHTOBMA 4al  Ilorpebutenn Ha  ycIyrm Ha 34 % 65 %
X 5 D €JIEKTPOHHOTO yIpaBJICHUE 2021 2021 r
Pesynrar (0 — 100) 2021 2021
% moTpeOHTENM Ha MHTEPHET
Hsmounuk: Aoanmupana no Munoexc 3a nasmuzanemo Ha yugposume 4a2 IlpemBapuTenHo TIOMBJIBaHE HA 58 64
mexuono2uu 6 ukoHomuxkama u obwecmeomo (DESI), 2022 2. Bwneapus, bopmymspu 2021 2021t
https://egov.government.bg/wps/wem/connect/egov.government.bg- Pesyarar (0 — 100)
2818/fb96226¢-2dca-49d6-a951- 433 Iudposu O0OIECTBEHU yCIyrH 3a 59 75
0f1b4h729588/DESI_2022  Bulgaria__bg.pdf?MOD=AJPERES&CVID=0f rpaXIaHu 2021 r. 2021 1.
Rit7D Pesyarar (0 — 100)
4a4 § 7 2
Ilo otHomIeHNe Ha cBbp3aHoCcTTa bhiarapus nmo gannu ot 2021 a4 Lugposn  obuwectsernt yenyrn 3a 6 8
" MPEANPUATUS 2021 2021 r
r. ce Hapexnaa Ha 19-to mscro. To3um mokazarten e Haif-moOBp 3a Pesynrar (0 — 100)
CTpaHaTa B CpaBHEHHE C OCTaHAJUTE, Makap Ja HE BOAMU [0 4a5 OTBOpeHN JaHHH 78 % 81 %
MPECTHKHO Kilacupane B pankuHra Ha EC. Pesynrature B cityuyas % OT MaKCHMAJIHHsI pe3y/ITar 2021 r 2021

ce kojedasT okono cpeanure 3a Eppoma croitHoctu. CeprosHute

2
HOKpKTI/ICTO ¢ 5G MpPEXKU CE€ OTHACA OO MNPOLEHTAa Ha HACCIICHUTC
MECTa, [IOKPUTHU OT IOHE €IUH OIepaTop, 3a KOHTO choOIIaBat OnepaTopuTe
Y HAllMOHAJIHUTE PEryJIaTOPHU OPraHu.
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H3mounuk: Aoanmupana no Huoexc 3a HaenuzaHemo Ha yugposume
mexHono2uu 8 ukoHomukama u oowecmeomo (DESI), 2022 2. Bvieapus,
https://egov.government.bg/wps/wcm/connect/egov.government.bg-
2818/fh96226¢-2dca-49d6-a951-
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0f1b4b729588/DESI_2022_ Bulgaria__bg.pdf?MOD=AJPERES&CVID=0f
Rit7D

Bbarapuss oTuMTa HHMCKM pPE3YyJITaTH [0 OTHOIICHHE Ha
udpoBHUTE OOLIECTBEHN YCIIYrH, KaTo Ce Hapexaa Ha 25-TO MsCTO
B EC kaTo Haii-MasrbK € MPOLEHTHT Ha MOTPEOUTENN Ha YCIYyTH Ha
CNEKTPOHHOTO  ympaBneHue (mokasaten 4al).  Ocranamure
TIOKa3aTeNH ca MO-HUCKH OT CPEHOCTATHCTUIECKUTE CTOWHOCTH.

VIHIEKChT 3a HABIM3aHETO HAa UU(POBUTE TEXHOJOTHH B
HKOHOMHKaTa M OOIIECTBOTO IIOKa3Ba Haii-ChIIECTBEHA pas3JMKa
MEXIy [AbpKaBHTE WICHKH 1O OTHOIIeHHe Ha ‘YoBerukus
karnutanx”’. C mokaszatenute B DESI He ce oTumra BiausHHETO Ha
QUTHTAIM3alMATa BBPXY Ma3apa Ha TPyAa, HO BBIPEKH TOBA T
MOraT fAa ce H3MOJ3BaT 3a aHalW3 Ha TOBa A0 KakBa CTENeH
JUTHTAIM3AIHATA € aKTyaJlHa TeMa B COI[MaiHaTa HHTerpamus. [Ipu
CPaBHSABAHETO Ha IAaHHHUTE 3a pa3NW4YHUTE AbpkaBu B DESI| n
Social Scoreboard (HaOop OT cCOIMAIHM TMMOKAa3aTEIH) Ca HAIUIE
3HAYHUTEIHH CHOTBETCTBUS M KOpEJALMH B TEXHHTE PE3YNTaTH U
MO3HIHH.

CbBpeMEHHHTE MHOBAaIlMM Cca CBbpP3aHH Hail-Beue ¢
JUTUTAM3alMsTa M JUIUTanHata TpaHchopmarms Ha OusHec
Mozenute. HoBUTE TEXHOJOTMH M MIEH MOraT Jia JONpHHEcaT 3a
pa3pelniaBaHeTo Ha IPeIW3BHUKATENICTBATa, CBBP3aHU C OKOJHATA
cpela W Ja yJecHAT IocTHraHero Ha ycroWumsoct. Cmopern D.
MacLean, M. Andjelkovich u T. Vetter mupoxomaniabHoTO
YCTOHYMBO pa3BUTHE HE MOXKE Ja Ce IOCTHrHe 0e3 Tiio0aimHu
KOMYHHKanuu U oOMeH Ha 3HaHuA [8]. M. ®wmumoBa, M. u P.
IOneBa mocoyBar, 4e HHOBALMUTE Ca B OCHOBAaTa Ha BHCOKATa
KOHKYPEHTOCHIOCOOHOCT Ha OBIrapcKUTEe HPENNpUsTHS, MPexoaa
KbM I(poBa HUKOHOMHUKA, KAKTO MW KIOYOB (akTop 3a
peanu3upaHeTo Ha 3eleHa HKOHOMMKa [9]. B koHTekcra Ha
Ka3aHOTO, MOJKEM Ja TBBPINM, e € HE0OX0IUMO MIPEOCMUCIISIHE Ha
CTpaTerHYecKUTe IOAXOAW W HacouyBaHe Ha OM3Heca KbM
€KOJIOTHYHO OPHEHTHUPAHO MHCIICHE W COLMAIHO OTrOBOPHO
mosezenue [10].

Hemute Ha EC m OOH, cBbp3aHd C yCTOHYHMBOTO pPa3BHUTHE
2016-2030 r. mpemBHMXIAT HE caMO KOHKYpPEHTOCIIOcOOHa
HMKOHOMHKa, OCHOBaHa Ha W3II0J3BaHE Ha CHBPEMCHHU JWUTHTAIHHU
TEXHOJIOTHH, a ¥ OalaHC MEeXy HKOHOMHUKATa U (hYHKIIMOHHPAHETO
Ha couuanHata cdepa (3apaBeomnaspane, oopa3oBaHue, GETHOCT) U
CHXPaHsIBAHETO HA EKOCHCTEMHTE Upe3 OCBIIECTBSIBaHE Ha KPBhroBa
(3enena) wuKoHOMHKa. HOBHTE JWTHTANHH TEXHOIOTHH U
JQUTHTajHATa TpaHcopMaius Ha OM3Heca ca KIIo4YoB (hakTop 3a
peanu3andiTa Ha TE3H EBPONEHCKH IPOEKTH, CBBP3aHH ChC
CTpaTerusiTa 3a eAWHEH MU(poB ma3ap B EBpoma m ycTOWYHBOTO
pa3BHTHE.

3. 3aknrouenue

CpBpeMEHHATa IUTHUTANM3alUs OCHOBATENIHO CE CBBp3BAa U
OTBXKIECTBSBA C TOHATHS KAaTO WHTEPHET Ha Hellara, OOJIauHU
texHonoruu, 3D meuar, 5G mMpexu, MalMHHO 00y4YeHHUE, TBIOOKO
MalIMHHO OO0Y4YeHHe, WM3KYCTBEHH HEBPOHHH MPEXH, H3KYCTBEH
MHTENEKT, eKCIIEPTHH CUCTEMH, OJIOKYEHiH M Olle MHOro IpYyrH
MH(OPMAIIMOHHH 1 KOMYHHKAI[MOHHH TEXHOJIOTHH.

[IpunoxeHueTo UM B MPOMUIIEHOCTTA, ThPTOBUATA, YCIYTUTE
u OuTa Ha Xopara MMa TOJIKOBA MacOB XapakTep, ue MO-JIECHO € Ja
ce CIIOMEHAT 00JIacTHTE, KBJETO Te HE CE MpUIIarar, OTKOJKOTO Ja
Ce ONHIIE TSAXHATa aKTYaJHOCT, MPHIOKHUMOCT U BiusHue. [Ipu
TOBA, CTaBa BBIPOC 3a CHIIECTBEHHU, MOJOXHUTEIHH, KOIMYECTBEHH
W Ka4yeCTBEHH MapaMeTpH Ha TOBA BIMSHHE U IPOMSHA, KOATO HE
M3KIII0YBA, pa3bupa ce, pUCK U KOMIUIMKALUH OT IICUXOJIOTHYECKH
XapakTep M TpelIKH, KOMTO MoraT ja ObJaT JIOMyCHATH MHOpajau
CKOPOCTTA, C KOSTO C€ ,,CIIyYBaT" AUTUTATHUTE IPOMEHHU.

Jlururanusanusta ¥ AMTUTaIHATa TpancdopManus Ha Gu3Heca
ca HEen30eKEH M OOCKTHBEH Ipolrec, OOyCIIOBEH OT OBpP30TO H
arpecuBHO nporukBane Ha KT BbB BCHUKM CTOMAHCKH, COL[HAITHH,
MOJIUTHYIECKH U KynTypHH chepu Ha obmiecTBoTo. IIpu TOBa craBa
BBIIPOC 3a MPOMEHH CBBP3aHM C MallabHW, 3HAYUTCIHH U
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cTpecupamy TpaHcopmaruu. Jurntanmzanus Ha OusHeca e
OCBIIECTBABAaHA B pAaMKHTe W Ha MPEAUIIHH HWHIYCTPUATHU
peBosrony. B MomenTa 06ade craBa BBIpOC 3a TpaHCHOpMALH Ha
YOBENIKOTO MHCJICHE, OONIyBaHe ¥ TIIOBEJCHHE, 3a HOBH,
HECBIIECTBYBAIlM HHUKOTA JO Cera KOMYHHKAI[MOHHH KaHalu, 3a
JOCTBI M HM3MOJ3BaHE HAa MH()OPMALMOHHM METOIH OT BCAKaKBO
€CTECTBO C YHHBEpCAaJHO NpuioxeHue. B chepara Ha OusHeca
TOTAJIHO C€ MPOMEHS KOMYHHKAIHATA MEXKy KOMIIAHHATA, KIUEHTa
u mapTHhopckure ¢upMmu. Ilpm ToBa Ta3M mpoMAHA HUMa
CHIIECTBEHM HE CaMO KOJIMYECTBEHH, HO W KaueCTBCHHU
xapaktepucTHkd. CTaBa BBIPOC 3a IPUIOCTHA IPOMsSHA Ha OHM3HEC
MoJena.

Jannute 3a bparapus mo MHOro InokasaTesld B HHZAEKCa 3a
HaBJIM3aHE Ha HU(POBUTE TEXHOJIOTHH B NKOHOMHKA U 00IIECTBOTO
MOKa3BaT, Y€ B MHOTO AacCNeKTH CBBP3aHH C AWUTHUTAIN3aLUsITa
n3ocraBame. [Ipu ToBa He camo oT Boxemure B EC appxaBu, HO U
OT CpeIHOEBPOIEHCKUTE CTOMHOCTY Ha Te3U mokasarenu. M3Bonsr,
KOWTO ce Hajara e, 4e IpeICTOAT M TpsOBa Ja ce OCBIIECTBST
MHOTO IIPOMEHH Ha HAUWOHAJIHO, PETHOHATHO M (HPMEHO
paBHHIIIE, 3a [a CEe OCBIIECTBsIBA e()EKTUBHO IPoLeca HA TUTHTAIHA
TpaHchopMaIys Ha OM3Heca U OOIIECTBOTO.
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Abstract: The introduction of digital technologies into modern life has turned e-commerce into a global industry, having a significant
impact on the logistics sector and supply chain management. The Covid-19 pandemic has contributed to the rapid growth of online
commerce, creating additional challenges for companies in the logistics sector. The purpose of this report is to examine the trend in the
development of e-commerce and its relationship with the logistics sector. The results of a study related to the differences in costs in

electronic and traditional commerce are presented.

Keywords: e-commerce, logistics sector, logistics services

1. Introduction

The rapid development of information technology (IT) and its
implementation in companies is changing their business models for
trade and business. [1] Today, most companies have invested,
implemented and integrated IT infrastructure to achieve higher
economic growth. Using electronic commerce (EC) as a transaction
model is a priority for most companies. [2]

In recent years, e-commerce has become one of the fastest
growing and most profitable industries. In the past 2022, the size of
the e-commerce market has reached $12.6 trillion. Forecasts for the
development of the market until 2032 are for significant growth and
reaching 57.22 trillion US dollars at a CAGR of 15% (Fig. 1). [3]
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Fig. 1. E-Commerce Market Volume Forecast, 2022-2032,
Trillion $

Source:https://www.verifiedmarketresearch.com/product/e-commerce-market/

E-commerce was one of the fast-growing sectors before the
pandemic and was growing at double-digit rates, but Covid 19 and
consumer demand have further accelerated the shift from brick-and-
mortar to online commerce. Among the main reasons for the
growing market demand are accepted - the continued spread of the
Internet throughout the world, which will lead to an increase in the
number of users and the new 5G technology. [4]

Expectations for the period 2022-2032 are that the business-to-
business (B2B) segment will hold the larger market share compared
to the business-to-consumer (B2C) segment as in 2022, when B2B
realizes 65% of the sector's revenue , and B2C forms 35% (Fig.

2).[8]

Business to
Consumer
(B2C)
35%

Business to
Business
(B2B)
65%

Fig. 2. E-commerce market share by types, 2022 (%) [5]

The breakdown of estimated e-commerce revenue by
geographic region for the four-year period from 2022 to 2026 is
presented in Fig. 3. The data shows that the largest volume of
revenue in the sector will be achieved in the Asia region, followed
by the North America and Europe region, with the largest growth of
19% will be the Central and South America and Africa regions.[6]
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Fig. 3. Forecast e-commerce revenue by region, 2022-2026 in
USD billion

Source: https://fecommercedb.com/insights/the-north-american-ecommerce-market

2. Literature review

The concept of "electronic commerce" is synonymous with the
concept of "internet commerce”. The two concepts are used to
express a process in which two or more participants enter into
transactions using a computer, a local network and the Internet. [7]

The term e-commerce is associated with real-time business
transactions over telecommunications networks. This term has a
broad application, including the virtual browsing of goods, the
selection of goods for purchase and payment methods. In e-
commerce, there is no prior agreement between the parties -
customer and seller. It is carried out over the Internet by the use of
all technologies, or a combination of them, created for the exchange
of data, access to data and recording of information. In the National
Strategy for Electronic Commerce of the Republic of Bulgaria [8]
the term electronic commerce is formulated as "a continuous cycle
of data processing and exchange through which a unified and
integrated information provision of the participants in the overall
commercial transaction regardless of the field of activity, industry,
country, etc."

304


mailto:tomika_888@yahoo.com
mailto:valentina_nikolova@abv.bg
https://www.verifiedmarketresearch.com/product/e-commerce-market/
https://ecommercedb.com/insights/the-north-american-ecommerce-market

INDUSTRY 4.0 2023, WINTER SESSION, vol 2

Electronic commerce comes in various forms and varieties,
summarized in fig.4 [9]

C - Administration

B2A — Businesses sell to
administration

'A2B —Administration sel
to businesses

C2C — Consumers sell to
other consumers

C2B — Consumers sell \

to businesses. E- commerce

Fig.4. Types of e-commerce

Business-to-business (B2B). This type of E-commerce refers
to organizations that provide goods and services to other legal
entities. The implementation of transactions requires a very
high level of security in the exchange of information. The
business-to-business market refers to:

Firms selling goods and services to each other, with one
organization playing the role of seller and the other
playing the role of buyer.

Transactions and information related to reverse processes
between suppliers, partners or channels, such as
ordering, payment, general and advanced procurement
services,  distribution  assistance and  logistics
management.

Business to Consumers (B2C). This type of E-commerce
refers to all companies and organizations that provide goods
and services to consumers using the capabilities of the Internet.
The company's focus is on the consumer as the end customer
or buyer.

Consumers to Businesses (C2B). In this type of E-commerce,
consumers demand specific goods or services from the
business.

Consumer to consumer (C2C). This type of E-commerce is
done through an auction site. One user announces what he
offers and another user expresses a desire to purchase the
offered product/service. The site owner provides the
connection between the buyer and the seller in order for the
transaction to take place. Usually, the intermediary keeps a
part of the value of the transaction in the form of a fee for the
service rendered.

Business to administration (B2A). This type of E-commerce
concerns the interaction between businesses, (commercial
organizations) and government organizations at local, regional
and international levels.

Consumer to administration (C2A). In this type of E-
commerce we are talking about interaction between consumers
and government authorities, usually in the social and tax
spheres, via the Internet.

Depending on the type of goods and services delivered via the
Internet, two types of E-commerce can be distinguished - direct and
indirect:

1. the direct means requesting, buying and delivering
intangible goods and services online, such as software, music,
movies, etc.

2. indirect - is the ordering of goods and services over the
Internet, but the delivery is carried out physically through
traditional delivery methods.

3. Analysis and discussions
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An increase in customer preferences for e-commerce was seen
in the years before the pandemic, but Covid 19 has further
accelerated the shift from brick-and-mortar to online commerce. (
fig.5) [13]

Fig. 5. Growth of e-commerce, 2015-2023, in %

Source: https://www.trade.gov/impact-covid-pandemic-ecommerce

The growth of e-commerce in recent years has contributed to an
increase in demand for logistics services. This also affected investor
interest in the logistics sector. (fig.6) [14]
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Fig. 6. Globally funding for logistics startups, mapa. $

Source: https://www.mckinsey.com/startup-funding-in-logistics

The data from fig. 6 confirm the financial attractiveness of the
logistics sector on a global scale with increased investor interest
reported in 2021. After 2014, there has been a significant increase
in start-ups in the sector. For the period 2014-2021, the growth was
a total of 70%, but for only 2021, the data reported an increase of
95% compared to the previous year.

Logistics is of great importance for achieving economic growth
and developing e-commerce. The size of the global logistics market
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for 2022 is estimated at $10.68 billion (Fig. 7). Data for the period
2010 — 2022 show stable growth. Expectations for the sector are
that by 2032, the market size will grow to about $18.23 billion with

a compound annual growth rate (CAGR) of 5.48%. [15,16]

Fig. 7. Logistics market size, mipza. $

Source: https://www.precedenceresearch.com/logistics-market
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Against the background of the global trend, data on the
revenue of the logistics sector in Europe for the period 2007-

50 1080 1120 1155 1115 1150

1200 g3g 993 gpp 972 993 972 972 1003 1030 10
1000
800
600
400
200

0

5 b A &

A0 @ O 0 N O 0 W™ 9 N
L' " N DS NNSD QS QY
S T T S S

2021 shows relative stability. (Fig. 8) Reported revenue
growth over a fifteen-year period is 23.66%, which equates
to an average of 1.6% growth per year. [16,18]

Fig. 8. Logistics market size in Europe, billions EUR

Source: https://www.statista.com/logistics-market-segment-volume-europe/

The distribution of the global logistics market by geographical
regions is presented in fig. 9. According to the data, the largest
share of 42% is occupied by North America. In second place is
Europe with a share of 30%. In third place are South America with
5%, and in fourth place is the Middle East with 3% of the market
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30% =
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10% r ‘ 3% 5%
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America America

share. [17,18]
Fig. 9. Logistic market by geographical regions

Source: https://www.maximizemarketresearch.com

Studies show that there is a shift in customer preferences from
brick-and-mortar to online shopping. This growth is due to the
advantages that customers are finding in the various levels of online
commerce — from product personalization, optimized search
through mobile devices, fast and secure payment processes and
hassle-free delivery.

As e-commerce grows, so does the need for efficient logistics
services. Logistics provides a number of benefits, among which —
increased competitiveness of the organization in terms of flexibility,
delivery, quality and cost, higher level of customer satisfaction,
improved delivery performance, lower operating costs, etc.

Research shows a direct link between growth in e-commerce
and the logistics sector. Online sales are becoming a major factor
having a direct impact on the logistics market. (fig.10) [22, 23]
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= Asia Pacific 152,977 178,162 156,334 169,402 222,336
= North America 128,783 155,359 162,459 176,454 290,932
Global 368,116 441,469 418,345 451,239 638,535

Fig. 10. Global e-commerce logistics market by region 2020-
2027, $ billion

Source: https://www.giiresearch.com global-e-commerce-logistics.html

The data from fig. 9 show that the global e-commerce logistics
market is growing annually. In 2022, it is estimated to be $451.239
billion. Growth for 2023 compared to the previous year is expected
to increase by 7.9%. It is forecast to reach $638.535 billion by 2027
with a CAGR of 10.3%.

The trend for retail sales through e-commerce shows steady
growth. (fig. 11) [19]
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Fig. 11. Global E-Commerce Retail Sales Status and Trend,
2021-2026 in $ Billion

Source: https://www.forbes.com/advisor/business/ecommerce-statistics/

Studies show that there is a shift in customer preferences from
traditional to online shopping. This growth is due to the advantages
that customers find in the various levels of online commerce - from
product customization, optimized search through mobile devices,
fast and secure payment processes and hassle-free delivery. In fig.
12 presents the change in the volume of sales through traditional
and e-commerce in the period 2015-2022 and forecast until 2026.
[20,21]
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Fig. 12. Comparison between sales volume in electronic and
conventional trade

Source: https://www.insiderintelligence.com/content/global-retail-ecommerce-
forecast-2023

As the volume of e-commerce grows, so does the need for
efficient logistics services. [10,11] Logistics provides a number of

306


https://www.statista.com/logistics-market-segment-volume-europe/
https://www.maximizemarketresearch.com/wp-content/uploads/2023/04/space-logistics-market.webp
https://www.forbes.com/advisor/business/ecommerce-statistics/
https://www.insiderintelligence.com/content/global-retail-ecommerce-forecast-2023
https://www.insiderintelligence.com/content/global-retail-ecommerce-forecast-2023

INDUSTRY 4.0 2023, WINTER SESSION, vol 2

benefits, among which — increased competitiveness of the
organization in terms of flexibility, delivery, quality and cost,
higher level of customer satisfaction, improved delivery
performance, lower operating costs, etc.[12,13]

The development of the logistics sector in a country depends
not only on the economic conditions and the intensive production
and trade of the economic organizations in it, but also on the
effectiveness of the conditions that the environment provides.
[14,15] In this regard, a study was made of the Logistic
Performance Index (LPI) of the World Bank, reflecting the main
factors determining the overall efficiency of logistics in a country.
The six components of the LPI include:

« The effectiveness of releasing the goods from border control
(speed, simplified procedures, predictability of formalities).

< The quality of commercial and transport infrastructure (sea,
rail, road transport, information technology).

« Hassle-free organization of cargo at a competitive price.

« Competence and skills of people providing logistics services
(transport operators, customs brokers).

« The ability to locate and track shipments.

« Frequency with which the cargo reaches the customer within
the scheduled or fixed delivery time.

The data for 2022 put our country in the 51st position (with a
score of 3.2) on a par with Romania. (fig. 13). In the survey
conducted among more than 1,000 logisticians from 155 countries,
the leading place for 2022 is occupied by Singapore with a score of
4.3. The lag behind the leader in the ranking is in the six
components. However, the data show that the conditions in Bulgaria
in the logistics sector, in all directions, are above the average for the
Europe and Central Asia region. [24, 25]
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Fig. 13. Comparison of LPI for Bulgaria, Europe and Central
Asia, Romania and Singapore, 2023.
Source:
https://Ipi.worldbank.org/international/scorecard/column/C/BGR/2023/R+ECS+2023+C+ROU+2023+C+SGP+2023
With a score of 3.2, Bulgaria falls on the border between the
group of partial performers and consistent performers.

4, Research results

A survey conducted among 173 companies from various
industrial sectors in Bulgaria, carrying out online and traditional
(conventional) trade shows a percentage distribution of the share of
the types of logistics costs that they have to carry out for the same
product. The results are presented in Fig. 14 and show the structure
of costs in both types of trade - traditional and electronic for the
same product. The cost structure in both trades is similar in that
production costs (30%) and marketing costs (10%) are the same. In
other directions, the cost structure differs significantly:

» Intraditional trade, labor costs (18%) and rents (15%) occupy
the largest share. They depend on the qualifications of the staff
employed and the location of the commercial establishment.
Other expenses mainly include utility and supply costs.
Transport costs represent about 3% of the total logistics costs
depending on the origin of the goods.

» In the case of e-commerce, in the structure of costs, operating
costs occupy the largest share (20%). These include software
and platform costs for financial transactions that require
maintenance and periodic updates. Next comes shipping costs
(nearly 7%), which are often offered free to customers or at a
deep discount, as well as costs that include returns. Warehouse
costs are low, around 3%, as most e-commerce distribution
centers are located in suburbs or outside cities,

The results show that by offering the same selling price, an
online retailer can make about a 30% profit margin, compared to
roughly 16% for a retailer choosing a traditional form of trading. In
order to increase their market share, online retailers can afford
lower price offers.
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E-commerce cost Retail cost structure

structure
= Factory cost = Free shipping and returns Warehousing
Operating costs Marketing = Store payroll
Distribution to store = Rent Other retail costs

Profit

Fig. 14. Distribution of logistics costs in electronic and
conventional trade, %

Studies show that e-commerce is becoming an increasingly

preferred place for consumers to shop. The reasons for this are:

< Convenience, both for the business and the customer. The
consumer can purchase necessary goods and services from any
point, and the business must maintain constant availability in
its physical locations.

< Low costs - offering a good logistics policy and affordable
prices, combined with high quality of goods and services, the
merchant that you will be the preferred choice of customers.

« Availability - the advantage of online stores is that they have
no working hours or holidays.


https://lpi.worldbank.org/international/scorecard/column/C/BGR/2023/R+ECS+2023+C+ROU+2023+C+SGP+2023

INDUSTRY 4.0 2023, WINTER SESSION, vol 2

< Opportunity for greater profits - by accessing a much larger
number of potential customers, at lower costs.

< Faster adaptation and changes — the pace of development of
e-commerce makes it easier and faster to adapt to the
continuous changes of the market.

«+ Security - e-commerce provides access to secure statistical
information for easy control of stock availability or number of
orders. It also relies on security mechanisms for both parties
regarding payments and transactions.

4. Conclusion

With the growth of the e-commerce market on a global scale,
the growth of the logistics services market is being reported. This
dependence attracts significant investor interest in the logistics
sector. Bulgaria lags behind in terms of the six indicators included
in the Logistic Performance Index (LPI) of the World Bank
compared to the leader in the ranking for 2022. However, the
conditions in Bulgaria in the logistics sector, in all directions, are
above the average for the European region and Central Asia. This
shows that the logistics services market in the country is in the
process of development and follows the trends in the development
of the logistics services market in the world. Studies show that e-
commerce is becoming an increasingly preferred place for
consumers to shop.
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Abstract: The final products that emerge from innovative production processes for different electric vehicle parts are Aluminum profiles of
all designs for applications such as doors, structural and semi-structural parts, etc. The production line of these products is automated,
where every work process, is controlled by CNC panels in which they are implemented and programmed with different software. The
automation of the production processes tends to improve the quality of the product and tends to optimize the production process to minimize
and decrease production waste. This paper presents the production process of different electric vehicle parts and how their quality is
evaluated by using PFMEA analysis according to the quality standards. The implementation of quality standards resulted in product quality
and enterprise quality management system improvement.

Keywords: ALUMINUM PROFILES, AUTOMATED PRODUCTION PROCESS, PRODUCT QUALITY, PEMEA ANALYSIS

1. Introduction

The process of materials selection in the product development
process is always referred to as a complex step by industrial
manufacturers.  Different industrial manufacturers attempt to
develop a systematic method to select the best material that suits
their products. A few factors determine the best material and the
complexity level rises. There are two main reasons why the material
selection is required [1]:

1. To design an existing product with better performance,
lower cost, increased reliability, and reduced weight.

2. The selection of materials is the primary consideration of
product design because overall product performance is
directly influenced and determined by the materials
selection process.

The automotive industry uses light alloy materials, reinforced
plastics, and polymers to produce different vehicle parts. These
materials offer improved properties such as strength impact, easy
moldability, improved aesthetics, and reduced weight compared to
conventional automotive components [2]. Their potential for

Fig. 1 The furnace of aluminum ingots production [6]

maximum mass reduction and the potential to reduce carbon
emissions from lightweight vehicles are the main advantages that
offer opportunities in the automotive industry [2]. Until now the
factors restraining the market are high material costs and large
investments in materials research activities by companies [3].

According to [4] the typical weight distribution in cars is Steel
71% (of vehicle body panels), Cast Iron 15% (of body parts engine,
gearbox, axle), tires (tires, tubes), and others including Zinc,
Copper, Aluminum, Polymers, etc. The use of aluminum in
automotive applications has increased by more than 80% in recent
years [5]. Aluminum castings have been applied to various
automotive parts for a long time. As a major trend, the material for
the engine blocks, which is one of the heaviest parts, switches from
cast iron to aluminum, resulting in significant weight reduction.

2. Materials to produce automobile parts.

Everest Shpk Company was established in 1997 and is one of
the leading companies in Albania that produces aluminum profiles
for different applications such as doors, windows, and accessories.
According to the company [6] the production process of aluminum
ingots consists of a propane gas furnace with a capacity of 25 — 27
tons as shown in Figure 1 (but the furnace is filled depending on the
number of ingots to be produced). The melting temperature of
aluminum is 713 °C inside the furnace. Aluminum casting is done in
the interval of temperatures 740 — 750°C. To remove impurities in
the oven, flusses are thrown so that the latter remains on the surface
of the molten material and is manually removed from the furnace.
In the furnace, aluminum scraps, different aluminum waste
materials to be recycled from different production sectors, are
thrown for the aluminum ingots production cycle.

In the furnace, ingots of the 6060 series are produced because
they are more suitable for production, they are corrosion resistant,
weldable, etc. Aluminum 6060 is part of the aluminum-silicon
magnesium family. The chemical composition of the aluminum
6060 produced for automotive parts is shown in Table 1 and the
mechanical properties are shown in Table 2.

Table 1: AL 6060 chemical composition [6]

Element Al Si Cu | Mn | Mg Cr Zn Ti Fe

Percentage | 97.9- | 0.3- 0.35- 0.1-
% 993 | 06 |01 ] 01| 05 [005]015] 01| 0.3

Table 2: AL 6060 properties [6]

Properties Type Properties Symbol Units Value
Physical Density P glem® 271
Mechanical Young's E GPa 70

modulus

Poisson coeff. \Y na 0.34

Linear AL pm/m-K 234
expansion

Thermal Melting Tm °C 660

temperature

After the production process of aluminum ingots, the material is
subject to thermal treatment. The thermal treatment processes are
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Recrystallization, Aging, Heat Treatment, and normalization. All
these processes are done to improve the mechanical properties of
the material as shown in Figure 2.

6050 B,

§ —

(L4

L

Fig. 2 Relation between the time of heat treatment according to mechanical
strain [6]

3. Design and production of electric vehicle parts.

The design phase begins in the design department of Everest
Shpk company according to the client's 3D models designed in
SolidWorks software. In this phase, all the elements of the design
are exploded and identified according to the design standards as
shown in Figure 3.

1_65 )

See details A

Detall A

Fig. 3 Design of the electric vehicle doors [6]

The design department generates the 2D drawing of the matrix
and sends it to the production department. The production
department analyzes the conditions of the production with the
aluminum profile and generates the production process
technological cards. In the automotive sector, specific tolerances of
the product range from 0.15 - 0.3 mm, and deviation from these
tolerances is intolerable. The production process is shown in Figure
4.
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profile = profile = the prafile = contral of the
product

Fig. 4 Design of the electric vehicle doors [6]
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Fig. 5 Final product assembly after production [6]

4. Quality control and PFME analysis

Quality control of the produced parts is very necessary for the
Everest Shpk Company according to the ISO standards and to the
client's requests. The company has implemented 1SO 9001-2015 for
the production and the company management. The Flow Chart
diagram of the production process is shown in Figure 6.

Fig. 6 Flow chart diagram of production [6]
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After preparing the Process Flow Diagram, should be prepared
the PFMEA-Potential Failure Mode and Effect Analysis. Failure
mode and effects analysis, or PFMEA, is a methodology that aims
to allow organizations to anticipate in discover failure opportunities
during the design phase by identifying them during the design or
manufacturing process [7]. PFMEA was developed in the 1950s and
was one of the earliest methods used for the analyses. Today it
remains a very effective method to reduce the possibility of failure.
For Everest Shpk Company these are some of the characteristics
that can affect the production process:

1. Material properties.

2. Product Geometry.

3. Product Tolerances.

4. Interactions with other components and/or systems.
5. Environments, use, degradation, interactions of systems.
6. Human factors.

7. Methods followed during material processing.

8. Materials used.

9. Machines used.

10. Impact of measurement systems on acceptance.

11. Environmental factors during the process of work.

Based on these factors Figure 7 shows the PFMEA diagram and
analysis for the production process of electric vehicles.

Fig. 7 PFMEA diagram of production process [6]

The three main factors represented in the PFMEA diagram are: 1.
Severity; 2. Occurrence; and 3. Detection. To evaluate and calculate
the risk of occurring failures, it is used the formula:

RPN = Severity x Occurrence x Detection

By analyzing the results from PFME analysis we can discover that
the main factor resulting in failure is the chemical compound of
aluminum alloy because it will directly affect the product quality.
For the other processes, the possibility of the occurrence is 1, so the
failures are eliminated during the design process.
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5. Conclusions

Quality Management is one of the most invested areas in today's
industry and in Everest Shpk Company. Its continuous research and
further development have brought and continue to bring a lot of
benefits for the company that has invested in the creation of a
quality department.

The above documents are a good start to implementing TQM. The
main improvements brought by the implementation of the Quality
Management System in Everest Shpk Company to produce the
electric vehicle parts are:

1. Clear identification of work processes and elimination of
losses based on Lean manufacturing.

2. Using the 5S method enables better visual control and
reduces the possibility of making a mistake.

3. The involvement of workers in the implementation of this
system has improved climate cooperation. Workers feel
more involved and valued.

4. Investment needs in some processes of design and

production are identified.
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Abstract: The National Climate Change Adaptation Strategy (NCCAS) for the "Transport™ sector until 2030 was developed in the period
2017 — 2019. After 4 years in the context of several overlapping crises, the recommendations contained in the main adaptation measures
document have largely not been implemented even in the initial phase. Those recommending the review and updating of legislation
regarding adaptation to climate change were not subject to optimization. The article analyzes the problem of lagging behind in Bulgaria in
relation to supplementing the standards and presents ideas for methodological approaches through which adaptation measures can be
implemented in the design and maintenance of the road infrastructure.
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e Suggestions for methodological approaches that can support
the integration of adaptation measures in the design and
In recent decades, faced with global warming and rapid climate maintenance of road infrastructure.
change, European Union countries have focused on preventing their
catastrophic consequences and reversing their adverse direction. 2. NCCAS status five years after admission
This is not a task that can be accomplished in a short period, as it
requires restructuring and changes in many areas while rising levels
of carbon emissions and the greenhouse effect are driving the planet
towards ever higher temperatures and their adverse consequences.
Therefore, adaptation of key sectors of the economy to the new
challenging conditions is necessary. Bulgaria, as a member of the
EU, is also working in this direction by planning and implementing
the required measures. The transport sector, with its vital role in
economic stability, also faces the need for urgent adaptation to
changing conditions.

1. Introduction

The complex world situation in recent years has pushed into the
distant future the need for a new approach to forming transport
infrastructure objects, which would implement and apply the
principles of sustainable development in Bulgaria, especially in the
transport sector. The superimposition of the three large groups of
crisis events in a short period led to severe shocks in the transport
construction sector (especially in road construction). Practically, the
series of crashes started at the beginning of 2020 with COVID-19,
continued in 2021 and until now. Instability arising from political
and economic reasons further significantly damaged and devalued

In this context, it is essential to clarify what constitutes  the positive image and funding regarding the transport
adaptation in the context of climate change. It is understood as the infrastructure. After February 2022, the financial shocks from the
process, actions, or measures that societies and systems adopt to situation in Ukraine further reduced the opportunities for modern
deal with the realities of climate change. The aim is to reduce their  sector development. All this automatically led to a focus on the
vulnerability and increase the ability of systems to withstand the implementation of projects "piecemeal™ and practically completely
impact of climate change. It can be reactive (in response to  froze the possibility of working on the recommendations that the
manifested changes) or proactive (anticipatory, in anticipation of document on climate change adaptation (CCA) [2] set after October
changes). 2019. This halts the activities that should ensure the adaptability

At the beginning of 2019, with a clear awareness of these and resilience of the Transport sector.

challenges, with the help of experts from the World Bank, Bulgaria The delay to date requires catching up on all elements of
developed a "National Climate Change Adaptation Strategy and sustainable transport infrastructure modeling at an accelerated pace
Action Plan™ [1]. The strategy aims to properly direct future efforts ~ to expect commitments to be met (even in part) by the 2030
by covering an analysis of the impact of climate change on critical deadline.

sectors of the economy (agriculture, forestry, biodiversity,
ecosystems, water, energy, transport, urban environment, health,
tourism, and risk management disasters). It offers recommendations
for overcoming barriers to adaptation, which must be implemented
in the 11-year period from October 2019 (the document was
adopted by decision No. 621 of the Council of Ministers of
Bulgaria) until the end of 2030. However, four years after its

A significant drawback for Bulgaria's transport sector at the
moment is the fact that between 2019 and 2023, the report on
adaptation to climate change [2] is the only document assessing and
recommending actions to be taken to adequately respond, prevent,
and react during the operation of the transport infrastructure
concerning expected future extreme climatic events of national

adoption, we face the reality of delays and lack of active  Status.
implementation of the proposed measures in many sectors, Until now, the ongoing activities on the analysis of the expected
including transport. extreme values of climate phenomena and those on the

The article aims to analyze and evaluate the degree of implementation of prevention recommendations do not provide a
implementation of the National Climate Change Adaptation practical opportunity to achieve an adequate level of adaptation of

Strategy (NCCAS) for the Transport sector until 2030 in design  the “Transport” sector for the five-year previous period.

norms and maintenance standards. For comparison, in the last five to seven years, countries such as
the USA, England, Ireland, Brazil, and others [3, 4] have been
looking for a projection of climate models when organizing the

e Analysis of the current situation regarding the stages of the investment process in their transport infrastructure
implementation of the NCCAS for the "Transport" sector until (from design, through maintenance to crisis prevention). In this
2030, in the context of several overlapping crises and the lack of way, socio-economic parameters are set for the saving of significant
progress concerning the update of the regulatory framework for capital investments, which must be attributed to the maintenance of
adaptation to climate change; the functionality of the transport infrastructure (continuity of the
transport service and a high level of road safety) in the medium and
long term perspective.

The main tasks of the article include:

e Analysis of the effects of climate change on transport
infrastructure;
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3. Analysis of the effects of climate change on
transport infrastructure

Climate change generates cumulative risk factors for transport
infrastructure. In the long term, adapting the transport sector to
climate change will affect the entire life cycle of transport modes.
Following the signing of the Paris Agreement in 2016, the sector's
commitments were stated through Part 7 in [1]. In accordance with
it, an assessment of the Transport sector [2] was also prepared,
where an initial scope and general guidelines were defined based on
an analysis and a conclusion on the degree of risk.

The tracking of the processes during the operation of the
transport infrastructure and their reference to the conclusions and
recommendations in [1, 2, 5, 6] was summarized according to Fig.
1. It is a graphic representation of the significance of extreme
climatic events concerning the main parameters of transport in
Bulgaria (infrastructure and traffic) and the sensitivity of the sector
to climatic risks.

Referring to the assessment of the Transport sector in [2] and
scientific monitoring of the sensitivity of the transport infrastructure
in our country [5, 6], the following more significant cases of climate
risks caused by major climate events — high/low temperatures can
be indicated, precipitation and storms, snowfalls and snowstorms,
combinations between two and more factors.

4. Proposals for methodological approaches and
solutions for integrating adaptation measures in the
design and maintenance of road infrastructure

According to the conclusions in [2], to build adaptive capacity
in the sector, it is necessary to work intensively in two large groups
of tasks: 1) data collection and 2) formation of knowledge and
capacity.

On the other hand, to fulfill the two groups of tasks, a package
of adaptation measures should be developed [2], which refer to the
following four groups of activities:

4.1 Guidelines for
standards.

updating and supplementing design

The norms for the design of the transport infrastructure were
created with a high degree of conservatism, which makes them
suitable from the point of view of set design parameters under
standard operating conditions [7-9]. Documents that are not covered
by national regulations, such as [10, 11], can be included under a
condition. In addition, normative documents and standards are
separate and independent documents that are not developed in a
common system of rules. This hinders complex solutions related to
the pressures of climate change.

The adaptation of the normative documents should be aimed at
three essential elements of the normative base in Bulgaria:

» First, building institutional capacity, in which to create an
available professional expert base of specialists to whom timely and
regular updating of morally outdated documents can be assigned.
Organizing this item should start immediately.

« Second, completing the newly created and available
documentation with requirements arising from climate risks. These
additions and extensions should cover extreme parameters of the
operating conditions the potential for their modification, and be
uniform as principles in the many accompanying regulations,
including those related to operation and maintenance.

« Third, the unification and binding of normative and sub-
normative documents covering the entire package of requirements
for the design of transport infrastructure in terms of design
parameters, which together are necessary for the volume of
investment projects (from preliminary design studies to technical
projects).

Vulnerability of transport infrastrueture Mitigation
. Attitude towards transport
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Fig. 1 Vulnerability ranking of Bulgaria's transport infrastructure to the
effects of climate change. Legend: highest sensitivity — red color / lowest
sensitivity — green color

4.2 Guidelines for
procedures.

optimization of project preparation

It is necessary to work on developing regulations, instructions,
or guides for the consideration of climate change by types of
transport within the scope of each investment project.

To implement an adaptation option, one must start with
optimization in three directions:

« First, introducing the principles of sustainable development
and defining the concept of "life cycle" for transport infrastructure.
This will help organize planning activities at all stages of the
investment process.

» The second is adopting an approach that, in addition to
being a pollutant, to a large extent in the medium and long term,
climate change will increase the wvulnerability of the transport
infrastructure. Therefore, this object must be treated as a victim
entity of our national industry, which must be provided within the
framework of the preparation of the projects.

« Third, the optimization of the procedures and parts of the
projects should be done for scientifically determined relevant
current climate models for forecasting and, if possible, seek to
simulate the interaction between climate risks and the relevant
objects of the base, possibly with the help of new computational
technologies and artificial intelligence [12].
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4.3 Guidelines for updating and supplementing standards and
procedures for operation and maintenance

The documentation and the procedures it provides are shaped by
several national standards for railway and road infrastructure [14-
24]. Only a part of them are open access, and about roads, no
national-level updates of their variants adopted at the end of the 20
century are known [20-24]. The minimum initial steps to catch up
with the serious backlog in updating this type of documentation can
be given in the following activities:

Building institutional capacity to regulate renewal processes
and increase the adaptability of maintenance procedures and
standards during operation. Establishing connectivity between the
nationally designated administrative structures that are responsible
for the processes in this part. In this way, the framework for
processing the documentation and activities will be set;

Optimization of applied materials and methods with all the
results obtained from research and innovation. Introducing a wide
range of technological innovations and systematic condition
monitoring to enable transport infrastructure to function effectively
in the face of the dynamics of changing climate conditions. Entry of
scientific research into the processes of practice. This element can
be developed within the framework of "Education 4" to the Fourth
Industrial Revolution.

4.4 Guidelines for increasing the effectiveness of emergency
activities

This task requires a strategic framework that contains a
criticality assessment and programs based on which to develop
crisis management plans. Within these plans, the dynamics of
climatic events must be considered, for example, floods, geological
risks, fires, intense snowfalls, and others.

Increasing the effectiveness of risk prevention activities in
connection with CCA requires planning to cover two large groups
of tasks — 1) determining the level of service and 2) related to
solving the crisis event that has occurred. Recommendations for
improving the management of transport infrastructure processes can
be summarized according to the stages of development of the
emergency situation:

Warning phase: the emphasis should be on a real-time
information transmission model to expect the effectiveness of the
early warning principle. This means the use of a nationally available
(open access and free platform for institutions and organizations)
information model by analogy with the European Union's Earth
observation and monitoring program "Copernicus™ [25, 26].

Phase of the occurring crisis: here, the problems of
mastering the occurring event for the transport infrastructure are
practically of a global nature for the country's territory. This is due
to the separation of responsibilities of the institutions that must
secure the developing effects with potential consequences on the
service and human health and life.

The study of the authors within the scientific project "Impact of
climate changes on the transport infrastructure in Bulgaria -
conceptual approach to assess the potential impact on achieving
sustainability and safety of elements of the transport sector' showed
that the lack of communication connectivity between institutions
and their heterogeneous databases value the same event with
significant differences in significance and degree of risk.

Phase of suppressing the residual effects and dealing
with the consequences: here, the institutional capacity must
provide a unified database on the level of resources invested and the
affected sub-directions in the Transport sector. This way, databases
will be accumulated, especially regarding recurring crisis events
linked to extreme climate events. This will not only refine the
prevention measures by types of risks on a territorial basis but also
provide a framework for the optimality of the response in the acute
phase of the situation, again by types of climatic events.
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5.Reasons for non-implementation of the
recommendations of the National Climate Change
Adaptation Strategy in Bulgaria

Within the framework of the study carried out about a general
review of the design norms and standards for the maintenance of the
transport infrastructure in connection with the implementation of
the recommendations under the CCA [1, 2], a significant delay in
the implementation of all the recommendations that were made in
the documents of The 2019 National Climate Change Adaptation
Strategy and Action Plan. Indeed, the program's launch coincided
with a series of overlapping international and national crises. This
should logically delay the procedural implementation of [1, 2],
especially in the "Transport” sector, but in terms of adaptation
measures, which refer to the design, operation, and maintenance of
the transport infrastructure, there is practically no progress.

The main reasons for this are:

Lack of institutional capacity

This refers to 1) starting procedures for awarding an expert-
level request for renewal, optimization, and binding of the
documentation with climatic risk factors, as well as the mutual
binding of all legal, by-law normative documents in a common
package; 2) launching procedures to create connectivity between
agencies and institutions that are responsible for activities in
emergencies; 3) synchronizing the received information between
them to assess the actual extent of the invested resource for the
response and elimination of the consequences.

Lack of collected, archived, appropriately processed,
and accessible databases relating to the state of impact on the
"Transport" sector.

At the national level, a coordination model for creating common
archives has not been developed and, therefore, does not function.
Currently, every instance and/or institution that is responsible for
given sub-sector policies and is possibly required to keep an archive
maintains some level of it. Additionally, they are usually
unavailable, incomplete, and inconsistent with information from
other agencies relevant to the transport service and its carrier.
Without data, it is not possible to obtain a statistical basis with
which to supplement the regulations for design, maintenance, and
operation.

Lack of models for the interaction between climatic
elements and those of the transport infrastructure and,
accordingly, for the correct forecasting of risk factors such as
degree of manifestation and significance. Without implementing
climate models and methods for simulating the risk factors, it will
not be possible to set parameters in the normative documents, which
will be taken into account within the entire investment process and
life cycle of the relevant linear facility.

The stated reasons seriously complicate the adaptation of the
transport infrastructure to the changing climatic conditions in
Bulgaria, which may have negative consequences on the
sustainability and safety of the sector in the long term. It is essential
to pay attention to these problems and to take concrete steps to
overcome the identified obstacles to the successful implementation
of the recommendations of the NCCAS.

To overcome the identified problems, a clear institutional
framework is essential. It should include launching procedures for
regularly updating and optimizing climate risk documentation, as
well as creating an effective communication link between the
various agencies and institutions responsible for emergency
management. In addition, standard procedures for collecting,
archiving, and analyzing data on climate impacts on transport
infrastructure need to be developed and implemented. The creation
of a centralized and accessible database can support the process of
making informed decisions and updating the regulatory framework.
In addition, the development and implementation of models for the
interaction between climate conditions and transport infrastructure,
as well as the prediction of risk factors, are essential for correctly
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setting parameters in regulatory documents. This may include
collaboration with academic institutions and modern technologies
such as artificial intelligence to analyze and simulate different
scenarios. With joint efforts and commitment from all interested
parties, it is possible to overcome the identified obstacles and
improve the adaptation of the transport infrastructure to the
changing climatic conditions in Bulgaria.

6. Conclusion

The present study analyzes the reasons for the non-
implementation of the recommendations of the National Strategy on
CCA in Bulgaria and proposals for methodological approaches and
solutions aimed at the integration of adaptation measures in the
design and maintenance of road infrastructure in response to climate
change as well as additional guidelines for adaptation of the
transport sector to climate change in Bulgaria, focusing on updating
operation and maintenance standards and procedures, as well as
improving emergency response. Key points include:

Updating and supplementing the existing design norms,
with the aim of reflecting climate risks and unifying the various
regulatory documents into a common system of rules.

Development of guidelines for optimization of project
preparation procedures, including introduction of sustainable
development principles and consideration of transport infrastructure
as a victim of climate change.

The potential use of new technologies and artificial
intelligence to simulate the interaction between climate risks and
transport infrastructure in the design process.

Renewal of standards and procedures: It is proposed to build
institutional capacity to regulate the processes of updating
documentation and increase the adaptability of maintenance
procedures and standards. It is also recommended to optimize the
materials and methods used, introduce technological innovations,
and track the condition of the infrastructure over time.

Increasing effectiveness in emergency situations: A
strategic framework and crisis management programs are proposed
that take into account the dynamics of climate events. Key aspects
are the phases of warning, responding to the crises that have
occurred, and extinguishing the residual effects. It is also
recommended to build a unified database of resources and affected
areas, as well as optimization of the response to different types of
climate events.

The publication highlights the need for intensive work on data
collection and knowledge and capacity building to improve the
sector's adaptive capacity and respond effectively to climate change
challenges, as well as the need for clear communication and
coordination between different institutions, as well as the inclusion
of scientific research in practical processes to improve the
sustainability and safety of the transport infrastructure in the
country.
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Abstract: The National Climate Change Adaptation Strategy for the "Transport" sector until 2030 was developed in the period 2017 — 2019.
After 4 years in the conditions of several overlapping crises, the recommendations contained in the document on main adaptation measures
relating to institutional capacity building have not started. This is observed against the background of activity from a number of countries
that are looking for models to assess the sensitivity of the transport infrastructure to climate events and, from there, measures to achieve
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1. Introduction

In the last few decades, the phenomenon of global warming and
related climate changes has become one of the most pressing
challenges facing the modern world. The countries of the European
Union, understanding the seriousness and long-term consequences
of this process, are engaged in the development and implementation
of complex strategies and measures to mitigate the negative effects.
However, these efforts are not limited to just one or two areas; they
require far-reaching changes in energy, industry, agriculture, and
transport.

Carbon emissions and greenhouse gases continue to increase,
creating conditions for faster warming and adverse climate events
such as drought, floods, and widespread extreme weather events.
Such problems require even more active adaptation and decisive
action in critical sectors of the economy.

Bulgaria, as a member of the European Union, is committed to
adopting and implementing similar measures. The goal is to prepare
the infrastructure and society for the new climate conditions and to
minimize the risks of future climate catastrophes.

In this context, adaptation and resilience become key concepts
that must be integrated into every aspect of management and
planning. This includes not only technological innovation but also
social and cultural changes that support a more sustainable and
adaptive way of life. Thus, in the conditions of rapid and
irreversible climate changes, the task of adaptation and
sustainability becomes increasingly urgent and complex.

The transport sector is a key industry element in terms of
economic stability. Its degree of significance for the national
economy of Bulgaria requires a serious development of risk
prevention actions and countermeasures against its damaging
components.

The request for the sustainability of the sector must necessarily
include the vulnerabilities that arise from climate risks [1, 2, 3].

The first more serious steps were finalized at the beginning of
2019. Then, with a clear awareness of these challenges, with the
help of experts from the World Bank, Bulgaria developed a
"National Climate Change Adaptation Strategy (NCCAS) and
Action Plan" [1]. The strategy sets the direction for future efforts,
including an analysis of the impact of climate change on key sectors
of the economy, including the Transport sector. It offers basic
recommendations for overcoming barriers to adaptation, which
must be implemented in the 11 years from October 2019 (the
document was adopted by decision No. 621 of the Council of
Ministers) until the end of 2030.

A Climate Change Adaptation Report (CCAR) has also been
developed for the strategy for each sector [2]. In both types of
documents, basic principles are indicated from which climate
adaptation measures can be derived. Through their application, the
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aim is to prevent vulnerabilities in terms of risk factors and to
reduce the effects of events occurring within the "Transport" sector.

Adaptation in the context of climate change is a global set of
processes, actions, or measures that societal systems adopt to cope
with the pressures of climate change. The ultimate goal is to reduce
their wvulnerability and increase the ability of economies to
withstand the impacts of climate change, i.e., to build working
mechanisms to achieve such an ability in both reactive (in response
to the manifested changes) and proactive (preliminary, in
anticipation of the changes) form.

2. National Climate Change Adaptation Strategy
status 5 years after admission

Despite the relatively high-quality and applicable adaptation
policies in both documents [1, 2], already five years after their
adoption, we are faced with the reality of delays and lack of active
implementation of the proposed measures in many sectors,
including transport.

This article is aimed at analyzing the implementation of the
"National Climate Change Adaptation Strategy and Action Plan —
Transport Sector” (NCCAST). Let's look at some of the reasons that
led to the inactive implementation of the strategy, as well as the
potential risks and losses facing Bulgaria's transport sector.

2.1 Crisis events at national and global levels concerning the
backwardness of [1, 2]

The level of development of the transport infrastructure is
different within the EU member states. In Bulgaria, construction
and modernization are at a stage where significant investments will
be needed in the long term.

Given this, in the conditions of the complicated international
situation from 2020 until now, the packages of activities for
implementing the strategy and its maintenance are of increased
sensitivity to the consequences of these alternating events. This
applies even more strongly to the creation of opportunities to
implement the principles of sustainable development for the sector,
and as a result, their implementation has literally been pushed back
far in time.

To date, three continuous groups of crisis events in a short
period have led to severe shocks in the transport construction sector
(especially in the road construction sector). The series of collapses
started in early 2020 with the COVID-19 pandemic, and from 2021
until now, instability of a political and economic nature has
significantly damaged and devalued the positive image and funding
of transport infrastructure. After February 2022, the financial
turmoil that arose from the situation in Ukraine further reduced the
opportunities for modern sector development.

As a result, the focus on an overall efficient and
environmentally friendly transport infrastructure has shifted to
"piecemeal” project implementation approaches.
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In this situation, there was a vacuum in the sectoral policies of
the requests to start activities according to the recommendations
that the document on adaptation to climate change (ACC) [2] set at
the end of 2019.

This halts the activities that should ensure the adaptability and
resilience of the Transport sector. In terms of evaluating and
guiding documents, [1] and [2] remained the only ones guiding
adaptation measures for the transport sector of Bulgaria between
2019 and 2023. This negatively affected all the main measures for
building adaptive capacity, mainly in the direction of a lack of
commitment to rework the systems, documents, and methods for
assessment and response in emergency situations.

2.2 Reasons for the lag and non-implementation of the
strategy's recommendations

The reasons for the lag and/or complete non-implementation of
the recommendations of the strategy should be sought in the
accumulated deficiencies and ambiguities in the management of the
transport sector. In Bulgaria, the institutions and the legal
framework, which are responsible for ensuring all elements of the
efficiency of the "Transport" sector, organize their activities within
the framework of limited managerial autonomy.

The lack of commitment and the degradation of the
understanding of the importance of transport as an economic and
social subject for the development of the state and society at the
national level makes it impossible to build an institutional capacity
that would provide the essential part of infrastructure construction
for our national economy.

This outlines the unfavorable trend that policies aimed at
construction and maintenance will continue to be constrained within
sectoral fragmentation and financial redistribution of resources from
year to year. This makes the sector extremely susceptible to
negative economic and political conditions caused by crises.
Respectively, this literally stops the optimization and development
of the sector in terms of technology, competitiveness, and
sustainability. The latter continues to be evident in this calendar
year as well when the established state of NCCAST remains
unchanged compared to the 2019 base year.

3. General assessment of the recommendations
and main adaptation measures proposed in the
strategy.

Concerning the recommendations and the main packages of
measures that are contained in the national documents for climate
change adaptation (CCA) in the transport sector [1, 2], attention can
be paid to the following essential points:

The positive side is the relatively in-depth study of the problems
in the sector and the formation of corresponding recommendations,
the implementation of which can set a perspective for real
adaptability and synchronization of activities. Respectively, this
should presuppose the implementation and operation of transport
infrastructure in our country, which is the carrier of a safer and
better service in the medium and long-term time frame.

Two large groups of activities to be optimized should be noted
as weaknesses:

1) There is a need to expand the scope of the elements
under the CCA compared to those proposed so far in [2].

Referring to Appendix 1 (table 23) from [2], an analysis and
recommendations are prepared for increasing and refining the scope
of the CCA, to be presented after the end of the project "Impact of
climate change on the transport infrastructure in Bulgaria —
conceptual approach for assessment of the potential impact on
achieving sustainability and safety of elements of the transport
sector' (funded by the Research, Consultancy and Design Centre —
RCDC at the University of Architecture, Civil Engineering and
Geodesy). The aim is to specify the vulnerability of transport
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infrastructure to climate change, as well as adaptation measures
(databases, regulatory documents, responsibilities of institutions)
from an engineering-technical point of view.

2) Removal of recommendations on adaptability, which, in
terms of their verification in standards and normative
documents, cannot be fulfilled.

The reasons are diverse, but the main one is the lack of
institutional capacity to build a unified system of legal and by-law
documents with a common level of action. This is currently
completely unfeasible due to the high level of fragmentation in
implementing these processes at the national level.

For example, fragmentation is when multiple institutions are
responsible for compiling and promulgating documentation that
actually concerns the preparation of a single investment project.

Another point is that entirely independent technical (expert)
committees are entrusted with preparing norms, regulations, and
standards that ensure the parts of a project task. A big problem in
synchronizing these different documents is the lack of instructions
obliging individual instances to bring their legal acts to a single
common system. This is also the reason why many of the adaptation
measures are inapplicable, as recommended in [2], and hence, the
principles of CCA cannot be introduced to them.

4. Recommendations for
institutional capacity to CCA

timely building of

In [4], it is stated that adaptive capacity develops when
institutions enable actors to prepare for climate risks, changes, and
effects and acquire adaptability to this complex process. Therefore,
if we are looking for an application in the direction of process
management, implementing this measure requires a change in the
structures and activities that each national structure concerning the
"Transport" sector performs.

For this to happen, targeted action at national and regional
levels is needed to improve the status of several key elements.
Optimizing them will provide opportunities to define institutionality
regarding adaptation to climate change for the transport service. The
most important of them are the following:

Formation of sub-sectors with direct commitments to
implement CCA practices.

This does not mean inflating the administration, but training and
qualifications of the participants in the process of building adaptive
capacity. In [2], it is stated that the need for training should be
assessed. This is absolutely necessary at this stage of the
backwardness, on the one hand, to start the processes of
introduction of CCA, on the other hand, in order to use the
accumulated foreign experience to speed up the work.

To learn from what has been achieved at the international level,
the expertise provided by the scientometric sources and their
authors should also be included. This makes the participation of
scientific and educational institutions necessary, and they
participate in the process of building adaptive capacity.

Revision of regulations and administrative-management
documentation for regulation of the sector.

With this, to initiate responsibilities and obligations under the
CCA and to optimize the practices with which measures are worked
on, such as data collection, processing of regulatory documents, etc.
Without prescribing written procedures and the ways of their
implementation, the practical implementation of the measures will
again be transferred in a reduced volume and scope to the
contractors in the investment process or to the traditional
maintenance and operation procedures. Under such conditions, we
are working at the moment, and the result is that, in practice, we do
not have global working policies for the introduction of adaptive
capacity.
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The responsible units under CCA should prioritize
programs to compensate for the delay, according to [1, 2].

The compilation of available literature regarding the
administration of the process is essential to its organization.
Therefore, within the responsibilities of the institution

concerned, schedules of activities must be planned, and this must be
tied to relevant deadlines for implementation. Competency
programming will show how to compensate for the three initial
missing parameters — a high degree of missing data, lack of
researched and selected climate models, and lack of forecast
modeling for risk assessment.

To eliminate inter-institutional problems by introducing
the principle of joint actions.

The authors of [4] reached similar conclusions that the lack of
connectivity is the cause of unsystematic and isolated actions on
adaptation measures, and in our country, the de facto results remain
buffered within the governing body and its subdivisions.
Reformulating the interaction between institutions in the sector will
filter the barriers that result from individual administration.

The first step is within the framework of the peculiarities of the
structure of the Bulgarian legislation. Because at the national level,
the scope and obligations of the institutional management of the
"Transport" sector are set, and therefore, the connection will be
confirmed with normative acts.

Secondly, for the individual institutions to work together, the
process will need a high degree of digitization. Digital approaches
will most quickly and at scale provide universally accessible portals
and hubs of connectivity where information is fed from all sides. At
the same time, the received data will be available to all connected
users of the system in real-time. This will make it possible in
practice for the governing bodies to coordinate the activities for
which they are responsible in a timely and regular manner. The
result should be a management model where the same element of
transport infrastructure can simultaneously be serviced when a
problem occurs (both at the level of documentation and at the level
of on-site activities by all responding parties).

In [2], an adaptive element "Increasing awareness™ is
proposed.

Emphasis is placed there on surveying, compilation of primary
general documents, analyses, and others. This practically does not
complement the plans and order in which the individual institutions
act but only illustrates their level of awareness.

It would be more effective to carry out work on solving specific
tasks by measures such as:

1) drawing up documentation that indicates algorithms for
drawing up the projects in the various stages, taking into account
the possibility of adaptation,

2) implementation of maintenance and operation activities,
which are already linked to adaptive activity indicators,

3) carrying out activities in emergencies that have real-time
information, the possibility of early disclosure, and the responsible
institutions coordinating their activities at the same time in the
stages of the emergency.

That is, "awareness" should be understood as the practical
application of specific adaptive parameters, not their theoretical
knowledge within a given agency, ministry, municipality, or other
governing body. This will expand users and participants who wish
to receive a more sustainable service and increased CCA protection.

It should also be mentioned here the BG-ALERT system [5],
which is intended for the distribution of messages to warn the
population in case of dangerous events (disasters, emergencies, and
others posing a threat to life, health, or property) through the
networks of mobile operators to citizens' end devices (mobile
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phones, tablets, and some smartwatches)1. This system is designed
to provide timely information to citizens if there is danger to them
in the event of a disaster.

In the context of climate change, the BG-ALERT system can be
advantageous. Climate change may lead to an increase in the
frequency and intensity of extreme weather events such as floods,
droughts, and storms. In such cases, BG-ALERT can provide timely
information to citizens about emerging dangers and give
instructions for action that can help reduce damage and protect
people's lives and property.

5. Example of connectivity between institutions

Within the framework of the scientific project "Impact of
climate change on the transport infrastructure in Bulgaria —
conceptual approach to assess the potential impact on achieving
sustainability and safety of elements of the transport sector,” an
example of an approach is being prepared, how the connectivity
between institutions and their databases, will affect maintenance,
operation, crisis management and at the same time will not require a
significant financial resource.

The example is in the scope of:

Ministry of Regional Development and Public Works [6];

Ministry of Transport and Communications [7];
Road Infrastructure Agency [8];

National Railway Infrastructure Company [9];
Ministry of the Interior [10];

and other institutions that need to coordinate their
procedures concerning the CCA.

The task is related to establishing the affected objects of the
road network, for which prevention of geological risk is required,
which can be provoked by occurring climatic events [11, 12].

The selection was made for landslide geological hazards from
the database of the national register of landslides in Bulgaria [13].
The selected road sections are within the scope of the "Pernik™
Geoprotection [14].

The aim is to show that, using the available data, with joint
efforts, the institutions can join a portal that receives information
from the available but is specifically related to the landslide
processes concerning roads and the corresponding measures of
prevention and removal of the effects.

The field survey results and survey conclusions are detailed in
[15]. Establishing effective communication and coordination
between various institutions and agencies is critical to overcoming
the challenges facing the country with changing climate conditions.
Centralized collection and analysis of data on geological and
climate risks can help to better understand and manage the potential
dangers they pose to the transport network. The example of the
landslide geological hazard and the coordination between different
institutions illustrates how, by joining efforts and optimizing the
available resources, the sustainability and safety of the transport
infrastructure can be improved without significant financial
investment. This highlights the opportunity to achieve greater
efficiency and accountability in crisis management, as well as to
create a safer and more sustainable transport system in the long
term.

6. Conclusions

The delay to date and lack of active implementation of the
proposed measures in the NCCAS requires catching up on all
elements of sustainable transport infrastructure modeling at an
accelerated pace to expect the fulfillment of commitments (even in
partial volume) by the 2030 deadline year.



INDUSTRY 4.0 2023, WINTER SESSION, vol 2

When we talk about adaptation in a specific sector like
transport, it should at least start with optimization, complementing,
and reworking in three main directions:

Planning and strategy for managing the investment
process in design and construction — process management,
regulatory documents, standards, and interconnection of all
elements of the projects, which should lead to a sustainable
"Transport" sector under the CCA,;

Research and innovation development of new
technologies and practices and digitization of processes that help
transport infrastructure to function effectively under changing
climate conditions [16, 17]. Here, we should simultaneously focus
on climate parameter prediction modeling combined with products
that allow simulations of the mutual influence of transport
infrastructure and the occurring climate event.

Research and innovation should also include modernization
with materials and methods at every level of the investment project
and the operational life to increase sustainability and reduce the
sector's sensitivity to climate change.

Last but not least, the first two recommendations must be
supported by sufficiently publicized studies and scientometric
results concerning CCA.

Risk assessment and prevention — development of crisis
management plans. There is a need for institutional connectivity,
unity in actions related to crises resulting from climatic events,
development of early warning systems, real-time observations,
implementation of intelligent management systems, and other
practices to improve connectivity with CCA.

Launching actions on the specified groups is a request for a
start-up package, which a comprehensive institutional approach to
climate adaptation must secure. Without a unified approach to CCA
management, an adequate institutional capacity cannot be built, and
the asymmetry in the measures implemented with separate isolated
efforts at the national and regional level will remain the only form
of adaptation of the transport and especially the road infrastructure.

Institutional connectivity at all stages of the transport
object's life cycle.

Coordination of activities at a given stage and on a given
adaptation measure will allow simultaneous updating of all
processes. On the other hand, it will significantly enhance risk
management regarding climate change.

The elucidated challenges and propositions underline the
exigency of a consolidated, well-coordinated approach to bolster the
resilience and sustainability of Bulgaria's transport infrastructure
amidst the unfolding climate metamorphosis. The delay in enacting
the measures envisaged in the NCCAS manifests a clear call for an
accelerated impetus toward achieving a sustainable transport
paradigm by 2030. This necessitates a holistic, multi-faceted
strategy encompassing meticulous planning, fostering innovation,
and ensuring robust risk management frameworks. Central to this
endeavor is the cultivation of an institutional synergy that
transcends the silos of individual agencies, enabling a conducive
milieu for knowledge sharing, technological advancement, and
strategic alignment with the overarching climate adaptation goals.
The linchpins of this strategy — planning, research, risk assessment,
and institutional connectivity — mustn't be seen as isolated tenets but
as interwoven threads of a larger structure that is the climate-
resilient transport infrastructure. Moreover, the infusion of digital
technologies and intelligent management systems, aligned with a
thorough understanding and anticipation of climate-induced risks,
could significantly amplify the efficacy and responsiveness of the
transport sector to climatic exigencies. This endeavor not only
propels Bulgaria towards fulfilling its climate adaptation
commitments but also sets a precedent of proactive, integrated, and
informed action that could be emblematic of broader regional or
even global climate adaptation initiatives in the transport sector.
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Summary: Climate changes are having an increasingly strong impact on the sustainability and safety of the road infrastructure in Bulgaria.
This paper analyzes how changes in climatic conditions over the last three decades affect the condition and functioning of the road network.
The aim is to identify critical factors and propose methodological guidelines for design and maintenance that include adaptive strategies to
address climate risks. The work emphasizes the need for a complex multidisciplinary approach combining scientific research, strategic

planning, and practical implementation.

Keywords: CLIMATE CHANGE, ROAD INFRASTRUCTURE SUSTAINABILITY, LONG-TERM STRATEGIES, ROAD SAFETY, CLIMATE
RISKS, MULTIDISCIPLINARY APPROACH, STRATEGIC PLANNING, ADAPTIVE MEASURES.

1. Introduction

Climate changes are having an increasingly strong impact on the
sustainability and safety of the road infrastructure in Bulgaria. The
country is distinguished by specific geographical and climatic
features — in a relatively small territory. There is a wide variety of
relief, a wide temperature range, fluctuations in precipitation, and
snow cover, which are essential factors for the operational efficiency
of the road network.

In recent decades, the climatic conditions in Bulgaria have
changed with great intensity [1]. This creates serious challenges for
road infrastructure and requires new design and maintenance
strategies. As climate change progresses, these challenges are
expected to deepen and become more complex.

This article analyzes how changes in climatic conditions affect
the condition and functioning of the road network in Bulgaria. The
aim is to identify critical factors and propose methodological
guidelines for design and maintenance that include adaptive
strategies to address climate risks.

This analysis is conducted in the context of growing interest and
concern for the future of the country's road infrastructure due to the
need to adapt to the consequences of climate change. By bringing
together scientific research, strategic planning, and practical
implementation, it is possible to improve the resilience of the road
network, reduce losses, and protect public safety.

2. Climatic changes in Bulgaria during the last
three decades

The last three decades have seen a global increase in
temperatures, which has significant consequences on various climate
elements. They are discussed in detail in [1, 2]. Among these key
changes are:

Increase in average temperature: In Bulgaria, as well as
worldwide, the average annual temperature is increasing. This has
important consequences for climate and the environment, including
a greater frequency of extreme weather events. In places with a
moderate continental climate, the increase in the average annual
minimum temperature is about 1.1 °C, and in the rest of the country
— about 0.5 °C [2]. Increases in minimum temperatures during the
period 19912020 relative to 1961-1990 are greater in hilly regions
compared to plains.

Seasonal changes: Climate change leads to shifting seasons and
extended periods of extreme conditions. The biggest change is
noticed in the summer, which is natural, while in the winter, the
change is the smallest. The reasons for these seasonal changes are to
be found mainly in the circulation conditions [3, 4]. In general, the
summer is getting longer, and the winter season is getting shorter and
warmer, which affects the snow cover and precipitation. In turn, less
snowfall leads to a higher terrestrial albedo, which in turn leads to
greater amounts of solar energy absorbed by the terrain, which is
converted into heat and leads to an additional increase in surface air
temperatures.
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Intense rainfall and drought: In recent years, cases of intense
rain in Bulgaria have become more frequent [5]. This happens most
often in the summer period, but the cases of intense precipitation also
begin to increase during the cold part of the year. They occur more
often in the eastern half of the country and the southern regions. An
increase in intense rainfall can lead to floods, landslides, collapses,
and infrastructure damage. At the same time, prolonged periods of
drought, especially in summer, and the reduction of water resources
create a risk of fires.

3. Analysis of the impact of climate change on road
infrastructure

Transport infrastructure and all modes of transport are vulnerable
to climate change. The more important cases of sensitivity and the
corresponding significance for road infrastructure can be
summarized in the following cases:

3.1 Extremely high temperatures. Prolonged periods of high to
peak temperatures

Among the environmental factors, the air temperature has the
most significant influence on the temperature of the asphalt
pavement. Positive temperature values affect the quality of the
transport infrastructure and the service provided by it in three main
cases — extreme values, a wide temperature range, and prolonged
periods of high average day-night temperatures [6, 7]. Within these
three groups, the following climate-induced risks for the transport
system are distinguished for our country:

Influence of high temperatures on asphalt coatings:

» Temperature sensitivity of asphalt mixtures: Asphalt coatings
are susceptible to temperature changes. At high temperatures, which
can reach 70 °C on the surface, standard (unmodified) asphalt
coatings increase their plasticity (soften). This leads to a reduction in
their carrying capacity and can lead to various types of damage, such
as rutting, waves, shearing, and others.

» Modification of mixtures to improve their temperature
characteristics: With additives in the composition of the asphalt
mixture, the temperature of the surface can be lowered, usually in the
range of about 60 °C. This is also positive for the cases of prolonged
periods with high average day-night temperatures, which prevents
the asphalt concrete from cooling. However, this increases the cost
of the material.

» Temperature amplitude and mechanical stresses: Large
temperature amplitudes, especially when changing low — high-
temperature values, can cause block, transverse, or longitudinal
cracks due to mechanical stresses resulting from the expansion and
contraction of asphalt concrete coatings.

« Solar radiation and albedo: Asphalt pavements have a low
albedo and absorb much of the solar radiation. This further increases
the temperature of the coating and can lead to the formation of ruts,
waves, and other deformations.
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« Specific cases such as airstrips: the same effects are observed
on the asphalt pavements of airstrips for taxiing, where the conditions
for load-bearing capacity and safety are even stricter.

Impact of high temperatures on railway infrastructure and
surface urban rail tracks [8]:

» Thermal expansion of rails: At high temperatures, rails can
expand to impede the movement of rolling stock. This may cause
traffic to stop or reduce mileage.

 Overheating of cables: High temperatures can cause catenary
cables to overheat, which can interrupt rail traffic or reduce running
speeds.

» Temperature amplitude: The thermal gaps of the long-welded
rails track are sensitive to the variation of the temperature range,
which leads to tension/pressure in the track and is directly related to
its normal and safe operation.

Effect of high temperatures on fire risk:

« Correlation with periods of drought: High temperatures often
coincide with periods of drought, leading to increased fire risk. They
can have a destructive impact on road infrastructure, including
asphalt surfaces, curb systems, and road bodies.

« Impact on structural elements: Fires can cause severe damage
to some structural elements of the road structure, road accessories,
and facilities such as bridges, tunnels, etc. This could lead to
temporary or long-term closure of key transport routes.

« Safety and traffic issues: Fires and smoke can reduce visibility
and create hazardous driving conditions. This can increase accidents,
traffic disruptions, and even human casualties.

« Erosion and geological risks: Periods of drought and high
temperatures can activate processes of destruction in the soil massifs,
which become more susceptible to wind and precipitation erosion.
This can create additional geological risks, such as landslides,
rockslides, and road closures.

3.2 Rainfall, storms, and rainfall-type floods.

In a changing climate, precipitation and water conditions pose a
significant risk to transport infrastructure, affecting its sustainability,
safety, and functionality.

Floods and water quantities:

+ Floods with a priority precipitation nature can cause flooding
of various sections of the transport infrastructure.

* Flooding and undermining of bridge facilities, which can lead
to the direct destruction of the substructure bridge, in which the
superstructure is also compromised. Complete destruction of the
bridges is also possible.

Waterlogged soil from the terrestrial body:

« The primary source of waterlogging is surface water, which can
cause loss compaction, undermining, transport of particles,
displacements of layers, and destruction of slopes during excavations
and embankments.

« In second place are underground waters, which move along a
capillary path and form wetlands and transfer particles, which also
leads to deformations in them and damage to pavements, unevenness,
and network-like cracks.

Hydraulic capacity and drainage systems:

» Exceeding the hydraulic capacity of drainage and small
facilities (type culverts) on roads and railways.

+ Overloading drainage systems in urbanized areas is especially
important for the traction of pavements and the safety of car traffic.

Surface conditions and safety:

« Retention of a thick film of water on pavements can cause loss
of traction and cases of aquaplaning.

* During rain, storms, and hail, visibility is impaired, which
disrupts the continuity and safety of traffic.

Erosion and geological risks:
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« Intensification of erosion processes, especially rain and wind
erosion, in various parts of the transport infrastructure.

« Increasing the degree of geological risk, such as landslides and
rockslides, especially at high wind speeds or after prolonged periods
of drought.

Additional factors:

« Water retention: Water retention in road pavement cracks,
which freezes and expands as temperatures drop.

 Groundwater: Prolonged retention of high groundwater levels
can compromise the structural linings of underground facilities such
as tunnels and subways.

3.3 Extremely low temperatures, prolonged colds with low
temperatures, temperature amplitudes

The tendency is for extremely cold days (so-called "ice days") to
decrease in Bulgaria. However, climate change can lead to
disturbances in atmospheric conditions, resulting in extremely low
temperatures in limited areas. For this reason, adaptation to climate
change must necessarily include measures aimed at the consequences
of very low temperatures:

Impact on road structures:

« Extremely low temperatures: In addition to the deterioration of
bitumen elasticity, low temperatures presuppose the appearance of
cracks and freezing of water in already existing cracks.

» Temperature cracks: With sudden temperature drops, frozen
areas form in the earth's body, and temperature cracks, holes, and pits
can form in the coating.

Impact on road safety:

« Black ice: Formed by a combination of low temperatures and
fog and is a road safety risk.

« Icy sections: Reduced traction and increased risk to road safety.

« Freezing rain: Leads to the formation of an icy surface on road
surfaces, creating a risk to road safety and infrastructure damage.

Impact on railway infrastructure [8]:

« Catenary icing: Causes problems in electrified railway lines.
» Device freeze: railroad switch (cross, connection, the
combination of cross and connect) are sensitive to freeze.

Impact on bridges and other facilities:

» Water freezing in drainage elements: This may cause damage
to load-bearing and non-load-bearing parts.

« Corrosion from anti-icing ingredients: This is especially risky
in the presence of shortened drainage pipes and wind.

« Icing of facilities with steel structural elements.

Impact on harbors and fencing facilities:

* Icing of structures: This can lead to critical infrastructure
conditions, especially in bulk breakwaters.

Additional risks:

+ Retention of water in cracks in reinforced concrete and asphalt
concrete elements: When temperatures drop, water freezes and
widens the cracks and increases the degree of damage.

3.4 Precipitation, storms, and rainfall-type floods.

In the conditions of variable climatic factors, rainfall, storms, and
rainfall-type floods pose a significant risk to transport infrastructure,
affecting safety and traffic continuity.

Accumulation of snow and its consequences

« Accumulation of snow on road surfaces: During winter
maintenance, it is a problem because it requires repeated regular
snow removal.

* Reduced visibility during heavy snowfall: This leads to
problems with transport safety and traffic continuity.

» High-speed snow drifts: This is especially problematic for
roads and railways due to the deposition of large amounts of snow
and the suspension of snow removal.
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Influence of precipitation and wind

» Reduced visibility during heavy precipitation (snowfall): A
significant risk factor in transport safety, with a priority impact on
the national road network (RPM).

 Snowdrifts in stormy winds and heavy snowfall: This
combination leads to significant problems with safety and traffic
continuity. Road infrastructure is susceptible to these conditions.

3.5 Water level rise. Wind wave effect.

In the conditions of sea level rise, coastal transport, and port
infrastructures are exposed to severe risks:

« Destruction of coastal transport infrastructure and port and
coastal defense infrastructure in the presence of high water levels or
wave impact. The slopes of the coastal areas are most at risk from the
intensification of the erosion processes and the entire port and coastal
protection infrastructure from the wave impact.

« Destruction of coastal transport infrastructure as a result of
waves or combined with rain erosion of the coastline.

3.6 Other impacts with local relevance to serviceability and
traffic — fog, high humidity levels, and others.

Other impacts with local relevance to serviceability and traffic
include meteorological factors such as fog and high humidity levels.
Fog significantly reduces visibility on the road, which can slow down
traffic and increase the risk of road traffic accidents. High humidity
levels can deteriorate the adhesion between the road surface and
vehicle tires, cause corrosion of the steel elements of the transport
infrastructure, cause deformations in the wooden sleepers of the
railway superstructure, and others. These factors require special
maintenance and monitoring measures to ensure the safety and
efficiency of the transport system.

4. Methodological
maintenance

guidelines for design and

4.1 Adaptive strategies to deal with climate risks

Adaptive strategies to address climate risks in road infrastructure
are vital to ensure the safety, resilience, and efficiency of transport
systems in a changing climate. Here are some potential strategies that
could be implemented in the coming years:

Sustainable design and construction

This includes developing sustainable and adaptive road
infrastructure designs that consider climate change and extreme
weather conditions. When designing, the use of materials that are
resistant to climatic influences such as high temperatures, floods, and
freezing should be foreseen.

Technological innovations

These could include the integration of Intelligent Transportation
Systems (ITS) [9, 10], which offer real-time traffic monitoring and
management, as well as warnings of hazardous conditions. This
necessitates the application of weather forecasting and monitoring
technologies to help respond quickly to extreme weather conditions
[11]. Artificial Neural Networks (ANN) and Artificial Intelligence
(Al) [12], often combined with the Internet of Things (loT), are
essential to adaptive strategies against climate risks. They help in the
analysis and forecasting of climatic conditions, as well as in the
automation of responses to extreme events. 10T sensors monitor
parameters in real-time, while Al analyzes the data for quick response
and warning.

Improved planning and management

This group includes developing risk management plans and
emergency plans to address potential climate threats and ensure a
rapid and effective response. This means the need to regularly
reassess and update climate risk management plans and strategies
based on new data and research.

A typical example of key risks is fires and floods, for which it is
necessary to define safety measures and adaptation strategies, which
include both technological and organizational measures for their
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prevention and combating them. This may include optimization of
materials and methods, early warning systems, and staff training.

Training and awareness-raising

In this regard, training and awareness-raising campaigns among
the public and key stakeholders on the impact of climate change on
road infrastructure are envisaged, including cooperation with local,
national, and international organizations to share knowledge and
resources.

Funding and Investments

Adaptation requires providing adequate funding and investment
to improve the sustainability of road infrastructure and to develop
new technologies.

Legislative framework

All of the above strategies require the development of legislation
and regulations to support the sustainable development and
adaptation of road infrastructure to climate change.

These strategies can be implemented through a coordinated effort
between various stakeholders, including government bodies, local
communities, industry, and the scientific community.

4.2 Integrating climate resilience into infrastructure projects

Integrating climate resilience into infrastructure projects requires
a holistic approach that covers every stage of road infrastructure
design and construction. This can be done as follows:

Advance planning and analysis

It is necessary to start with detailed climate risk analyses and
vulnerability assessments to understand how climate change may
affect the project, considering different climate scenarios and
predicting possible impacts on infrastructure.

Conceptual and detailed design

Climate resilience measures should be integrated in the initial
stages of design, considering future climate projections. This also
includes the choice of materials and construction solutions resistant
to extreme weather conditions.

Construction

In the construction phase, sustainable construction practices and
materials should be used that reduce the impact on the environment
and increase the project's resilience to climate risks. At the same time,
risk management strategies must be implemented during construction
to prevent or minimize damage from extreme weather events.

Monitoring and evaluation

It is important to verify the conformity of the predicted behavior
and state of the infrastructure and its actual state during operation.
This requires the development and implementation of plans to
monitor and assess the climate resilience of the project after its
construction, followed by the collection and analysis of data on the
actual behavior of the infrastructure in response to climate conditions
and the use of this information to improve future projects.

Support and management

During operation, it is essential to implement a maintenance and
management plan that includes measures to maintain climate
resilience long-term. This plan should be continuously updated based
on new information on climate change and best practices.

By integrating these and other measures at every stage of design
and construction, it can be ensured that road infrastructure can
withstand the challenges of climate change and continue to serve
society efficiently and safely.

4.3 Opportunities to optimize support

Optimizing road infrastructure maintenance is critical to
improving resilience, reducing costs, and increasing road safety. One
of the key opportunities for optimization is the introduction of
Intelligent Transport Systems (ITS), which provide automated
solutions for traffic management, road surface condition monitoring,
and real-time incident response. Innovations in materials also offer
opportunities to improve the durability and resilience of road surfaces
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by using durable and high-performance materials that reduce the need
for frequent repairs. Also, precise data from satellite and drone
technologies can support the effective planning and execution of
maintenance operations by providing accurate information on the
condition of the infrastructure in real-time.

Another aspect of optimization is the development of effective
maintenance strategies and procedures based on best practices and
data analysis. An example is the application of preventive condition
monitoring to identify and fix problems before they lead to severe
damage or costly repairs. Integrating information and communication
technologies [12] can improve coordination and communication
between different units in the maintenance process and facilitate
rapid response to incidents.

5. Complex and multidisciplinary approach
5.1 The importance of research and monitoring

A comprehensive and multidisciplinary approach is key to
understanding and addressing the impact of climate change on road
infrastructure. Scientific research plays a significant role in providing
the necessary knowledge about how climate factors affect
infrastructure systems, including the materials and structures most
resistant to these conditions. The multidisciplinary nature of the
research allows analysis of various aspects of road infrastructure,
from geotechnical and material issues to traffic planning and
management.

Systematic monitoring is another critical element in this
comprehensive approach. Continuous monitoring and collecting real-
time climate data allows engineers and governing bodies to monitor
climate change and its impacts on infrastructure. This monitoring
includes monitoring of atmospheric conditions, road surface
conditions, and traffic. Collected data is analyzed to identify trends,
predict future problems, and develop adaptation strategies, which
provides a science-based basis for decision-making and rapid
response to changing conditions.

5.2 The role of strategic planning and management

Strategic planning and management play a central role in
adapting road infrastructure to climate change.

Strategic planning is crucial to the adaptation of road
infrastructure to climate change. It helps to define long-term goals
and priorities, as well as to develop a concrete framework for action.
In this context, an analysis of potential risks and opportunities, as
well as the necessary resources for successful adaptation, is carried
out.

Strategic management allows effective coordination of the
adaptation process. It includes coordination between different
stakeholders, management of resources, and monitoring of progress.
Ensures that decisions are scientifically sound and conform to
established policies and regulations.

Strategic planning and management support a cycle of
continuous learning and improvement. Through periodic reviews and
evaluations, successful practices and improvement areas are
identified. This allows the adaptation of strategies in response to new
information or changing conditions.

6. Conclusions

In the conditions of the climate trends, the road infrastructure in
Bulgaria faces several challenges, and in the future, this process will
deepen. Climate change leads to adverse climatic consequences that
make traffic difficult and increase the risk of accidents. Adapting
these changes using research and monitoring is essential to improve
knowledge of these risks and develop effective strategies to address
them.

Adaptability and innovation are critical to improving the
sustainability of road infrastructure. Preventive maintenance,
intelligent transport systems, and new materials and technologies can
help reduce the impact of climate change. Flexibility in strategic
planning and management is also essential, as it allows organizations
to respond quickly to changing conditions and improve their
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practices based on new scientific discoveries and technological
innovations.

Success in climate change adaptation requires collaboration
between the scientific community, industry, and the public sector,
which can accelerate the development and deployment of innovative
solutions and improve coordination and resource planning in
response to climate challenges. Sharing knowledge and experience
between different sectors can help create a resilient infrastructure that
can cope with future climate change. These findings highlight the
importance of an integrated approach to climate change adaptation
and innovation in infrastructure projects in Bulgaria to ensure the
long-term sustainability and safety of the road network.
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1. Introduction

In recent years, the public's attention and interest have been
drawn to climate change, which is manifested by global warming,
more frequent extreme weather events, rising sea levels, and melting
glaciers. Climate change is the subject of research and analysis by a
growing number of interested institutions due to its significant impact
on various social and economic processes.

Observed changes in the atmosphere, oceans, glaciers, and
biosphere clearly indicate that the planet is warming. The latest report
of the Intergovernmental Panel on Climate Change (IPCC, 2021 [1])
reports that the average global temperature has increased by about
1.09 °C from the end of the 19™ century to 2020. According to the
data, the last decade, from 2011 to 2020, is the hottest since
systematic meteorological observations began. Warming was felt
more strongly on land, where the average temperature rose by 1.59
°C, compared to 0.88 °C over the oceans. Changes in air temperatures
and indices of temperature extremes such as ice days, tropical nights,
and heat waves are sources of important information in the study of
climate change.

A 1 °C increase in surface temperature leads to a 7% increase in
atmospheric water vapor. This affects rainfall, storms, hurricanes,
and extreme weather events. In some places, precipitation decreases
significantly, and dry periods become longer and more frequent.
Nationally, the increased frequency of intense rainfall events results
in more compromised elements of the transport infrastructure, with
the republican and municipal road network being the most affected.

The increase in temperatures also affects the rise of the sea level
— since the beginning of the 20" century, it has risen by
approximately 20 cm, and the speed of this process is increasing. In
the last century, that rate was greater than in any other century in the
previous 3000 years [1].

The many changes in climate and related indicators observed in
the last 50 years are occurring at a rate never before recorded in the
previous 2000 years. This dynamic has a severe impact on socio-
economic life and existing infrastructure. Studying these changes and
their connection to different economic sectors answers many
questions for the future. This highlights the importance of further
research on impending climate change and its socio-economic
footprint.

This publication aims to analyze the availability of
meteorological and climate data relevant to the transport
infrastructure in Bulgaria. With it, we continue the work of a previous
publication by the same team, which describes the impact of different
climate elements on the road network [2].

2. Methodology of climate data analysis

2.1 Collection and storage of climate data

Climate data collection is an important process that provides
information on climate change and is essential for research, analysis,
and development of climate change adaptation strategies. Here are
some of the ways to collect climate data:
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Climate Stations: These special weather stations are located at
various locations and regularly measure climate elements such as
temperature, humidity, atmospheric pressure, rainfall, and winds.
This data is recorded regularly and used to analyze the climate.

Satellites and sensors: Satellites orbit the Earth and collect, with
the help of various sensors and measuring devices, information about
the climate — the temperature of the Earth's surface, the state of the
glaciers, the concentration of greenhouse gases, and other
parameters. This data is available through international agencies such
as NASA and ESA.

Buoys, deep-sea probes, and floating platforms: These devices
are located in the oceans and seas and measure water temperature,
salinity, oxygen concentration, and sea currents. They are
particularly useful for monitoring physical conditions in the World
Ocean.

Aerosondes and balloons: Special aerosondes and weather
balloons are used to measure parameters at altitude and observe
atmospheric phenomena.

Automated systems and 10T: These enable continuous real-
time data collection. This facilitates climate monitoring and provides
up-to-date information.

Climate models: Climate models collect and process data from
various sources, including stations, satellites, and probes, to create
complex predictions of the future climate.

Global databases: Various organizations and agencies maintain
global databases of climate information, such as NOAA, Copernicus,
and NASA. These data are available for research and publicity.

Collecting climate data is a complex and continuous process that
requires technological advances and cooperation between different
institutions. This information is essential for understanding climate
change and making adaptation decisions. Climate data collection
needs to be systematic and consistent for several main reasons:

Understanding trends: Systematic and consistent collection of
climate data allows scientists to understand trends and changes in
climate over time. This process allows patterns to be drawn and
future changes to be predicted.

Climate Risk Assessment: Climate data is essential in assessing
the risks associated with climate change. They provide information
about extreme events such as floods, droughts, tornadoes, and
hurricanes that can devastate society and the economy.

Scientific research and modeling: Systematic climate data are
used for scientific research and developing models that provide a
better understanding of the climate and predict the future.

Planning adaptation strategies: Data are needed to prepare
adaptation strategies to climate change. With their help, it can be
determined what measures should be taken to reduce the
vulnerability of society and infrastructure.

Informing the public and policymakers: Public and political
understanding of climate change and its consequences is based on the
availability of systematic data. They provide an objective basis for
decision-making and policy formulation.
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Comparison and coordination: Systematic data collection
allows different regions and periods to be compared. This is essential
for the analysis of global trends and for the coordination of measures
to reduce emissions and adapt to climate change.

The long-term view: Climate change is the result of natural
processes developing over millions of years and of anthropogenic
activity over the past 200 years or so. Systematic data collection
makes it possible to monitor the climate's long-term evolution and
take action based on this long-term view.

Systematic and consistent collection of climate data is a key
component in understanding and adapting to climate change and its
societal and ecosystem impacts. This process provides a sound and
objective basis for research, adaptation, and decision-making.

2.2 Types of climate data:
precipitation, winds, etc.
Collecting climate data to assess the impact of climate change on

infrastructure requires measuring and recording various climate
elements and indicators, such as:

Temperature: its measured values
understanding climate change.

Snow cover: measuring its changes is important, especially in
regions with snowfall.

Precipitation: information on the amount and intensity of
precipitation is needed to predict flooding and erosion.

Winds: their speed and direction are essential for understanding
climate conditions.

Atmospheric pressure: its measurement helps in predicting
atmospheric processes and phenomena.

Humidity: it is an essential factor for climatic conditions.

Sea level and wind wave impact: these are important for areas
at risk of flooding and those with coastal infrastructure.

Intensity of solar radiation: Measuring solar radiation is vital
for understanding climate processes and the planet's heat balance.

Collecting this data in real-time and monitoring its dynamics is a
key element for infrastructure protection and adaptation to climate
change. This kind of information allows society to plan and take the
necessary measures to preserve and improve infrastructure and
address increasing climate challenges.

temperature, snow cover,

are essential for

2.3 Climate Change Impact Assessment

Climate change impact assessment is a key process that helps
understand how climate change affects the environment, society, and
the economy. One of the first steps in this process is the analysis of
climate factors and their trends. Here is how this analysis is
performed:

Identification of key climate factors: The analysis begins with
identifying key climate factors that can potentially influence a given
region or system. These factors include temperature, precipitation,
humidity, winds, sea level, etc.

Data collection: To perform the analysis, it is necessary to
collect data on climatic factors. This may include information from
weather stations, satellite observations, marine measurements, and
other sources. The data must be systematic and reliable.

Time series and trends: After the data is collected, time series
are created that show the dynamics of climate factors over the years.
This analysis allows the identification of trends such as an increase
in average temperature or an increase in precipitation.

Statistical analysis: To assess the degree of influence of climate
change, mathematical-statistical methods are used. This may include
correlations between climate factors and various parameters such as
flood counts, average sea surface temperatures, etc.

Modeling: Some assessments require climate models that
simulate future climate scenarios. These models are based on
analyzing current trends and are used to predict future changes.

Interpretation of the results: The final step in analyzing
climatic factors and their trends is interpreting the results. This
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includes determining the possible environmental, economic, and
societal impacts.

Analysis of climate factors and their trends is a fundamental step
in determining the risks and opportunities associated with climate
change. It provides a scientific basis for decision-making and policy
formulation for adaptation and mitigation of climate risks.

2.4 The relationship between climate factors and road
infrastructure

Climatic factors have a major impact on road infrastructure's
design, construction, maintenance, and adaptability. The following
more important aspects can illustrate this:

Temperature: The extreme temperatures and the wide
temperature range negatively affect a significant group of
characteristics and design parameters of the road infrastructure,
respectively, the quality of the service it provides. Given the density
and characteristics of roads, it is the mode of transport most affected
by temperature limits in terms of durability, serviceability, and
sustainability of service, compared to rail, water, and air.

Precipitation and flooding: This group of factors affects roads
in a wide range of effects — from retention of surface water and
reduction of traction through an increase in soil water quantities to
local damage, defects, or destruction of roads and their facilities.
They are important for the development of erosion-induced
conditions and for increasing the geological risk in the area of
landslides and collapses. The reason is reduced visibility
(throughput), increased risk of road accidents, and forced traffic
stops.

Snow cover and icing: These factors affect winter maintenance,
traffic continuity, and durability of materials subjected to anti-icing
additives. Cases of ice, “black ice,” and snow cover are significantly
relevant to road safety.

Extreme winds and storms: Within the scope of the routes, they
can cause damage to the contact network of electrified transport, the
power grid, and other damages. They are related to traffic safety and
in cases of combination with hail, rain, and others. They are a
prerequisite for fire risks. They increase the degree of surface wind
erosion.

Sea level rise and wind wave impact: If the sea level rises due
to climate change, coastal roads and bridges may be at risk of
flooding. This aspect is particularly important for coastal regions.
Under certain wind conditions, transport, port, and coastal protection
facilities can be destroyed due to wave action.

Intense heat waves: Prolonged periods of high to peak
temperatures affect the durability and wearability of road surfaces.
They overdry the surface of the slopes, as a result of which they
increase the surface weathering and the prerequisites for accelerated
erosion. They are a prerequisite for fires and damage to the
infrastructure resulting from the sensitivity of the building materials.

3. Sources of meteorological and climate data in
Bulgaria

3.1 National climate networks and stations

The initial information for the climatic changes is the
meteorological data — raw data from observations in more than 30
first-class synoptic stations in Bulgaria, with data submission every
three hours in the international exchange. The stations that participate
in the research must fulfill two criteria: 1) the possibility of public
access to meteorological information, and 2) reflect the physical-
geographical diversity of our country to the maximum extent. Nine
stations meet these two conditions at the moment in the non-
mountainous territory of our country, four of which are in Northern
Bulgaria — Vidin, Lovech, Razgrad, and Varna and five in the South
— Sliven, Kardjali, Sandanski, Burgas, and Sofia.

There are also several private sites where information from
automatic weather stations can be accessed, but they do not always
meet the requirements for representativeness and correctness of the
data.
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Meteorological information can also be obtained from the
archives of the stations located at some of the civil and military
airports and the Executive Agency for Maintenance and Research of
the Danube River.

A distinction must be made between meteorological and climate
data. The former focuses on short-term atmospheric conditions.
Climatic data are averaged weather data collected over long periods
and serve to analyze long-term climate trends.

3.2 Climate prediction models

Climate prediction models are implemented in computer
programs and systems that simulate and predict climate conditions in
the future. These models use mathematical equations, statistical data,
and physical parameters to predict temperature, precipitation, winds,
humidity, and other climate characteristics of specific localities and
regions.

Climate prediction models are based on scientific research and
gather information about current climate conditions and their changes
over time. They can be used to analyze climate trends, make short-
term and long-term climate forecasts, and assess the impact of
climate change on various sectors such as agriculture, energy, and
infrastructure.

Copernicus and NASA are most often used, adapted using
different methods for the territory of our country. In some institutions
such as NIMH, UACEG, SU, TU, etc., mathematical models with a
regional orientation are being developed, which can forecast climatic
conditions and analyze their consequences on the buildings and road
infrastructure in the country.

3.3 International organizations and activities

Several international institutions, programs, and initiatives are
engaged in collecting, analyzing, and sharing climate data and
climate change information. These organizations and activities
facilitate cooperation between different countries and regions to
understand climate change and manage its consequences. Some of
them are:

International Panel on Climate Change (IPCC [3]): This is an
essential scientific organization that collects and evaluates scientific
data on climate change and provides assessments and projections of
its effects.

World Meteorological Organization (WMO [4]): It plays a key
role in collecting and disseminating climate data and meteorological
information on a global scale.

The United Nations Convention on Climate Change
(UNFCCC [5]): This convention promotes international cooperation
on climate change issues and requires countries to provide data and
information on their climate action.

European Union projects and programs: The EU funds a
number of climate-related projects and programs (e.g., PVGIS [6])
and collects data on climate change in the region.

These international organizations and activities can be important
sources of information that are used for analyses and strategies for
adaptation to climate change in the Balkans and Bulgaria.

4. Limitations and shortcomings of available data

The limitations and shortcomings of available climate data are
important factors to consider in their use and analysis.

4.1 Issues with data limitations and deficiencies

When analyzing and interpreting climate data, it is important to
understand their limitations and shortcomings:

Insufficient spatial coverage: In some cases, climate data may
only be collected from a limited number of weather stations or
regions. This means that there are places for which no data are
available, and their climate dynamics remain unknown.

Insufficient time span of data: To analyze climate trends and
changes over time, long-term information is required. Lack of data
over a long period can make analysis and forecasting difficult.
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Errors and inaccuracies: Every measuring instrument and
method has its own errors and inaccuracies. This can result in data
that does not always accurately reflect actual climate conditions.

Lack of standardization: Different weather stations and data
sources may use different methods and tools, making data
comparison and analysis difficult.

Heterogeneous data: Climate information is collected from
various sources, including weather stations, satellite observations,
climate prediction models, and more. Integrating this disparate data
can be challenging due to different formats and collection methods.

Unforeseen omissions: In rare cases, data may contain
unforeseeable omissions or information gaps, making analysis and
forecasting difficult.

All of these issues and limitations must be considered in data
analysis to improve the accuracy and reliability of analyses and
predictions.

4.2 Problems with access to climate data in Bulgaria

A common practice when seeking meteorological information for
various needs, including government departments and problem-
solving institutions requiring such information, is to request it from
the authority that manages, maintains, and is responsible for
meteorological observations in the country. In most countries, this is
done by the national weather service. In Bulgaria, it is the National
Institute of Meteorology and Hydrology (NIMH [7]). For much of
the operational work related to the operation of the meteorological
network, the institute receives a government subsidy. Unfortunately,
the institute does not present the detailed results of the station
measurements in the public space. Only data from measurements in
synoptic conditions are freely available, and only for part of the
synoptic stations are available [8]. The data is superficial, with
rounded values, and there is no information, such as extreme
temperature, wind, precipitation, etc.

Due to the lack of archival information on the official page of
NIMH, in any force majeure circumstances, such as disruption of
road infrastructure, the concerned services and persons should
request meteorological information through an official way from
NIMH. They, in turn, decide if, when, and what information to
provide, often for a fee. Information containing a time series with a
longer range is also needed for some needs. NIMH can then provide
the so-called “raw data” [9]. They are not provided immediately and
in complete form, but multiple visits to the NIMH archive are
required, which consumes an enormous amount of time and
resources. A fee is also required for some of the information, which
can sometimes be prohibitive for the concerned authority. For some
needs, such as organizing fieldwork, planning repair, and
construction activities, as well as several outdoor activities for better
planning, climatic information is needed, such as the number of days
with precipitation, amount of precipitation per month and years,
average monthly temperatures, temperature extremes, etc. Such
summary information cannot be found on NIMH pages, and
published climate reference books contain information based on data
from the middle of the last century [10].

It should be noted that NIMH makes publicly available monthly
and annual summaries in which limited information can be found on
average and extreme values of temperature, precipitation, wind, and
other elements for a relatively small number of stations after 2007
[11]. In Bulgaria's neighboring countries, access to meteorological
information is wider, and data can be found for many stations for at
least 60 years. Serbia [12] and Romania [13] are leading
meteorological services in this regard, which can provide a range of
freely available climate and meteorological information on request.
Climatic information for the last 60 years can be freely accessed on
the websites of the meteorological services of most European
countries. However, everyday information requires more specialized
communication with the service in question, and most countries only
provide such information for a fee. However, for some stations that
are in the international exchange of the World Meteorological
Organization [14], the daily data can be found on different sites, such
as [15] or [16]. Information about some extreme data can be found
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on the pages of meteorological yearbooks (such as those published in
Bulgaria until 1982), statistical yearbooks, and publications in the
media. Unfortunately, collecting information this way is not always
successful, as it usually covers a small number of stations, has many
missing data, and sometimes includes many errors.

The need for meteorological information to solve road
infrastructure problems is paramount. Therefore, easy access to it will
facilitate teams working on infrastructure projects.

5. Importance of quality climate data for transport
decisions

In light of the challenge of accelerating climate change,
developing and implementing a climate data collection and analysis
strategy is of great importance. This strategy should be based on
collecting, analyzing, and disseminating accurate and reliable
climate-related data to support the sustainable and effective
management of road infrastructure and road safety.

Without extensive and up-to-date information on climate
conditions, we are powerless to address the impacts of climate change
on road infrastructure. This data provides us with the necessary basis
for:

Forecasting and planning: with the correct data, we can predict
climate risk and plan infrastructure changes and improvements to
address the challenges ahead.

Vulnerability assessment: we can assess the vulnerability of the
road network and facilities, such as bridges and tunnels, to climate
change and identify where investments in remediation and renovation
are needed.

Improving safety: with data on climate risks, we can develop
more effective road safety strategies, including warnings and
infrastructure changes, to prevent disasters.

Resource optimization: by using climate information, we can
optimize the use of resources such as salt, snow-, and ice-cleaners.

The current and future generations of designers, engineers, and
builders must commit to creating and implementing strategies to
improve climate data collection in transportation infrastructure areas.
This includes support for national and international climate networks
and stations, investment in climate prediction models, and active
participation in international climate-related organizations and
initiatives.

The real meaning of this commitment is manifested in our ability
to protect our transport and infrastructure from the adverse effects of
climate change and ensure sustainability and safety for future
generations. A strategy to improve climate data is not just necessary;
it is the key to the next successful steps for sustainable development
and preserving the infrastructure that will serve us well in the future.

6. Conclusion

Climate data analysis is critical to road infrastructure and its
resilience to the challenges posed by climate change. We have
examined various aspects of this analysis in this text and highlighted
its key role. It is clear from the exhibition that climate change has an
impact on many aspects of infrastructure, including roads and
bridges. Rising temperatures, intense rainfall, changes in winds, and
other climate phenomena can lead to damage and serious damage to
infrastructure.

The presentation examines the types of climate data needed to
analyze the impact of climate change. This includes data on
temperature, snow cover, precipitation, winds, and other parameters
that can be used to assess climate risk to infrastructure. Climate data
sources, including national climate networks and stations, climate
prediction models, and international organizations, were also
considered important sources of information.

The conclusion of this study emphasizes the need to continue and
strengthen efforts in the field of climate data analysis for road
infrastructure. In light of the growing challenges of climate change,
this kind of research and monitoring is proving critical. We need to

327

invest in better systems for collecting and analyzing climate data and
develop models to predict climate risk. This will allow us to create a
more resilient infrastructure and prepare for future climate
challenges.

Furthermore, the importance of collaboration between the
scientific community, the public sector, and industry should be
emphasized. We can only create innovative solutions and strategies
for adapting to climate change through the combined efforts of all
these sectors.

In conclusion, climate data analysis of road infrastructure is vital
to maintain its functionality and resilience to climate challenges. Our
commitment to these efforts will define the future of infrastructure
and its ability to cope with climate change.
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Abstract: Despite the efforts of the world community to limit global warming by reducing the greenhouse gas emissions emitted by societies,
studies show that the levels continue to rise, and this hides a number of consequences for people's lives. The European Union, with its 8%
share of generated global emissions, is not among the leaders in emitting harmful greenhouse gases, but it is among the leaders in pursuing
a systematic and strict policy of climate neutrality. A European Climate Act for a green transition was introduced in 2021, setting a binding
target for EU countries of net zero greenhouse gas emissions by 2050, with an intermediate target of 55% by 2030 compared to 1990 levels.
The purpose of this report is to follow the policy of the Union, the state and trends in the field of energy from renewable sources and energy
efficiency and the participation of Bulgaria in the progress towards achieving the set goals.
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1. Introduction

With the 2015 Paris Agreement, world leaders renewed their
commitment to continued climate action and limiting global
warming to below 2°C compared to pre-industrial levels and
working to limit it to 1.5°C. Greenhouse gas emissions are
considered the main cause of global warming. The trends and
forecasts for the emitted greenhouse gases on the planet are
presented in fig. 1.[1]

(GECO, eqyr)

Global carbon emissions

T T T
2020 2030 2040

Fig. 1. Global CO2 and CH4 emission trends

Source: https://www.nature.com/articles/s43017-022-00285-w

The European Union is not among the leaders that emit harmful
greenhouse gases. The EU accounts for only 8% of global
greenhouse gas emissions. The largest emitter are the countries
from the East Asia region with 27%, followed by the North
America region with 12% and Latin America and the Caribbean
with 10%.

Although not a major emitter of greenhouse gases, the EU is a
leader in pursuing climate neutrality policies. In 2021, the EU
adopted a European Climate Act. It sets a binding EU target of net
zero greenhouse gas emissions by 2050, with an interim target of
reducing net emissions by 55% by 2030 compared to 1990 levels. In
support of this ambition , on 14 July 2021 the European
Commission made legislative proposals under the ,Fit for 55«
package. The main elements in the package are summarized in Fig.
2[2,13]

Among the main highlights of the package is the setting of more
ambitious targets in the field of energy from renewable sources and
energy efficiency. In this regard, in May 2022 the Commission
adopted a REPowerEU plan in which it proposed to increase the
energy efficiency target by 2030 from 39% to 42% and the share of
renewable energy from 40% to 45% by 2030 .
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Fig.2. Key elements in the ,, Fit for 55 “ legislative package

On 30 March 2023, a political agreement was reached to
increase the share of energy from renewable sources to 42.5% by
2030, with an additional expected increase of 2.5% to reach a level
of 45%, and in July 2023, the Energy Efficiency Directive was
adopted as part of the ,,Fit for 55“ package. The new energy saving
targets are presented in Fig.3. [3]

-29,0% EU average reduction achieved

-32,5% Current primary consumption target

-40,60% New target for primary consumption

-32,5%

-38,00%

-45,00% -40,00% -35,00% -30,00% -25,00% -20,00% -15,00% -10,00% -5,00%  0,00%

Current
New target for primary

. . primary constmntion
Fig. 3. Changes in targets for primary and final energy
consumption

New target for ~ Current target
final final

EU average
reduction

According to the new rules, an additional reduction of primary
energy consumption by 8.1% (from -32.5% to -40.6%) and final
energy consumption by 5.2% (from -32.5% to - 38.0%) by 2030
compared to 1990 levels.


https://www.nature.com/articles/s43017-022-00285-w
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To meet the new targets, Member States must gradually
increase their energy savings until 2030. On average, final
consumption savings must increase by 1.49% of total annual
consumption, reaching by the end of 2030 1.9%. [Fig.4]

Priman

~~
LY
~~

Fig. 4. Primary and final energy consumption in the EU (in
megatons of oil equivalent) for the EU-27 [4]

Source: https://www.eea.europa.eu/indicators/primary-and-final-energy-consumption

The final consumption limit is set at 763 million tonnes of oil
equivalent for EU members and 993 million tonnes for primary
consumption. The limit on final consumption is binding and the
limit on primary consumption is indicative.

2. Literature review

The concept of energy efficiency is associated with the amount
of product that is produced in a given process from a unit of energy.
In the energy intensive products directive 2005/32/EC, [5] the
concept is defined as "ratio between the result of a given
performance, service, good or energy and the amount of energy
input'. It covers the amount of energy consumed for the production
of a unit of output. It is defined as a set of actions to reduce the
energy consumed while maintaining the level of services offered. It
represents a ratio between the output amount of productivity of a
good, service or energy and the input amount of energy.[14] The
smaller the amount of energy input for the production of the same
amount of output, the higher the energy efficiency. [6] Energy
efficiency (EE) is determined by the formula:

expended energy

number of manufactured products

imported energy — exported energy
= ,GIlt (1)

manufactured products and services

EE

Improving energy efficiency is defined as ,increasing the
efficiency of the final consumption of energy as a result of
technological, behavioral and/or economic change“. [7] From the
definition it follows that the increase in efficiency can be expressed
as: [6,8]

Obtaining the same amount of output with reduced energy
consumption, or
Obtaining a greater amount of output with constant energy
consumption, or
Obtaining such an amount of production that in relative units
exceeds the increased energy consumption.
The main purpose of introducing energy efficiency indicators
is to monitor the improvement of the energy efficiency of a given
industrial enterprise and production cycle in order to establish the
impact of implemented measures to improve energy efficiency on
the energy characteristics of the production process or enterprise.
The energy can be used efficiently or inefficiently. Energy
efficiency (and conversely inefficiency) can be seen as:
Result obtained from the energy input. It cannot be 100%, due
to the objective laws of thermodynamics. However, it is
necessary to look for opportunities to reduce losses.
Careful (efficient) use of energy when it is used in optimal
amounts. Inefficient energy use results from poor design,
operation and maintenance; operation of equipment “idle"
(lighting, running processes at a higher temperature than
necessary; lack of adequate energy storage, etc.)
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When energy is converted from primary to useful form, losses
occur along the entire path of transformation. (fig. 5)

Losses in Losses in )
conversion conversion Potential for
energy efficiency
2 Thermal processes
i
o
2 Heating / cooling
- = Secondary "
PR =] energy 3
enel > 2 .
ray 5! = Lighting
2 =
S i
O

Driving force

Primary energy Other applications

Fig. 5. Energy conversion [6]

Primary energy is energy in the form in which it is found and
obtained from nature. It can be exhaustible (oil, gas, coal) and
inexhaustible (solar, wind, water, geothermal biomass).

Secondary energy is the form in which primary energy is
converted for more convenient use (charcoal, oil refining products,
gasoline, kerosene, etc.)

Final energy is the energy that is input to a conversion device
at the point of final consumption.

The supplier and the consumer have control over these
exchange processes, which means that they can make an effort to
improve efficiency and reduce energy resource losses.

Any form of energy that can be used without depletion is
considered renewable (solar, wind, hydro, geothermal, bioenergy
from biomass and waste). Fossil fuels such as oil, coal and gas are
non-renewable.

An energy efficiency index (EEI) is used to reflect changes over
a period of time

Average energy consumption (ref
EE| = g 8y ption (ref)

Average energy consumption (2)

An increase in EEI reflects an increase in energy efficiency and
vice versa.

Understanding the efficient use of energy is not associated with
the imposition of deprivations or restrictions to meet production or
personal needs. It represents the satisfaction of energy needs,
without affecting the level of comfort and safety, by directly saving
resources and financial means. Expectations of the benefits of
reduced energy consumption for the environment are associated
with:

Reduction of greenhouse gas emissions;
Reduction of pollution;

More affordable energy for people and businesses;
Reducing dependency on fossil fuel imports.

3. Research and discussions

Among the main focus in the "Fit for 55" Package are:
increasing the share of renewable energy sources in final energy
consumption and increasing energy efficiency to reduce emissions
in all sectors of the Union economy. Each Member State will
determine its indicative national contributions depending on
specific national characteristics. According to the data of EU
countries have achieved the overall target both in terms of the share
of energy produced from renewable sources (20%) for 2020 (22.1%
reported for 2020) (see Fig. 6) and the energy efficiency target (Fig.

8)[9]


https://www.eea.europa.eu/indicators/primary-and-final-energy-consumption
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Fig. 6. EU target on the share of energy from renewable sources
Source: https://www.eca.europa.eu/ECAPublications/SR-2023-18/SR-2023-18_BG.pdf

The contribution of each of the countries in the Union is
presented in fig.7. [8]
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In fig. 9 shows the change in the amount of greenhouse gas
emissions generated as a result of the long-term efforts of the EU
member states. The change in emissions in the Union, as a result of
long-term efforts for the period 1990-2019, shows impressive
results. Emissions for the EU-27 decreased by 26%, in Russia the
decrease was by 33%, and in Japan — by 5%. The remaining
countries registered an increase in emissions. For China - a growth
of 259% was reported, for India - a growth of 166%, and for the
USA - 2%.

+166% India
-5% Japan
-33% Russia

-26% EU-27

+2% USA
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Fig. 9. Change in global emissions for the period 1990-2020 [8]

The policies of Bulgaria in the field of sustainable energy
development are determined by the Integrated Plan in the field of
energy and climate of the Republic of Bulgaria 2021 - 2030. [10]
The total gross domestic energy consumption by 2022 marks a
historical peak for the period 2001-2021. equal to 19,295.4 ktoe.
(Fig. 10)
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Fig. 10. Gross domestic energy consumption, ktoe, 2001-2021
Source: https://www.seea.government.bg

Data on the distribution of final energy consumption to 2022 by
sector reflects growth in the post-pandemic period in all four
groups. Compared to the levels of 2001, consumption in the
transport, trade and services and households sectors has increased
and decreased in the industry sector. [11] (Fig. 11).
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Fig. 11. Final energy consumption by sector, 2001-2021 [11]
Source: https://www.emi-bg.com

The change in energy efficiency in the Bulgarian economy for
the period 2008-2020, measured by the energy efficiency index -
ODEX shows the average results by sector: (Fig. 12) In the
"Industry" sector - a significant increase in energy efficiency by
over 19% for the period:

e In the "Transport" sector, energy efficiency in 2020 is
deteriorating. The index is 5.5% above the 2008 level.

e In the "Households" sector, the ODEX index reported 11%
above its 2008 level.

e In the Services sector, the index in 2020 exceeds the 2008 level
by more than 33%.


https://www.eca.europa.eu/ECAPublications/SR-2023-18/SR-2023-18_BG.pdf
https://www.seea.government.bg/documents/Analiz_EE_za2022.pdf
https://www.emi-bg.com/
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—— services

Fig. 12. Change in the ODEX index by sector, 2008-2020,
indices 2008=100%. [10]
Source: https://www.seea.government.bg

In the four sectors during the period of the Covid crisis, a drop
in the values of the index was observed, which indicates an
improvement in energy efficiency in them, but the general trend for
the period 2008 - 2021 reflects the most pronounced deterioration of
the index in the sectors - transport and households, services [15].
Only the Industry sector has lower values of the index compared to
2008, which testifies to the improvement of energy efficiency.

Regarding the consumption of energy from renewable energy
sources, the data shows a growth for the period 2020-2022 of
1.34%. The trend of energy consumption in the country is
presented in fig. (Fig.13). [12, 16] The country's energy and climate
plan envisages the share of renewable energy in final consumption
to grow to 27.09% by 2030, which is nearly 4% above the value
noted in EU Regulation 2018/1999.
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Fig. 13. Share of renewable energy in the gross final energy
consumption in Bulgaria for the period 2020-2030

The distribution of the types of renewable energy in relation to
the total amount of energy consumption shows that solar energy is
only 1.2%, wind energy is 1.1%, biofuels are 1.4%, and heating and
cooling through heat pumps is only 1% (Fig.14). [12]
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4, Conclusion

The EU has achieved its main climate and energy targets by
2020 — greenhouse gas emissions have been reduced, the share of
energy from renewable sources has increased and energy efficiency
has been improved in the Union. The achieved results serve as an
incentive to set a new, more ambitious goal — achieving climate
neutrality by 2050.

The process of transition to energy with low levels of harmful
emissions requires increasing energy efficiency, increasing the use
of energy from renewable sources in the gross final energy
consumption, improving energy management, developing energy
infrastructure, building an internal market and developing various
concepts and implementation of new technologies and services.
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Abstract: The article focuses on issues related to the assessment and interpretation of existing data on crisis events in the context of transport
infrastructure. In the face of global climate change, analyzing these data becomes increasingly complex and requires in-depth consideration.
The main challenges the paper addresses include the lack of comprehensive and up-to-date data, limited opportunities to analyze causal
relationships between climate events and their impact on transport infrastructure, and shortcomings in existing analysis methodologies. The
authors call for the development of new, more efficient methods of data collection and analysis that can serve as a basis for future strategic
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1. Introduction

In the conditions of global climate change, the sustainability and
adaptability of transport infrastructure is becoming increasingly
relevant and requires in-depth analysis. Climatic events such as
heavy rains, storms, floods, and temperature anomalies can have a
significant impact on the operation and reliability of transport
systems. However, existing data on these crisis events are often
insufficient or limited, making their analysis difficult and sometimes
inadequate.

Transport infrastructure is vital to the day-to-day functioning of
society and the economy, providing connectivity and access to
critical resources and services. At the same time, it is exposed to
various climatic risks that can affect its functionality, safety, and
efficiency. The consequences of climate change, such as the
increasing frequency and intensity of extreme weather events, lead to
an increase in the exposure of transport infrastructure to risks.
Accordingly, analyzing the impact of climate change on transport
infrastructure and developing adaptation strategies becomes
essential.

The purpose of this paper is to explore the critical challenges
associated with the assessment and interpretation of available data on
crisis events and their impact on transport infrastructure in Bulgaria.
In particular, we address the problems stemming from the lack of
comprehensive and up-to-date data, the limited ability to establish
causal relationships between climate events and their impacts, and
the shortcomings of existing analysis methodologies. At this stage, it
is imperative to develop new, more efficient methods of data
collection and analysis that can serve as a basis for future strategic
decisions in transport infrastructure and climate resilience. These
new methods may include the use of modern technologies such as the
Internet of Things (IoT), geographic information systems (GIS), and
artificial intelligence (Al) to improve data collection and real-time
analysis.

The article calls for the urgent need to develop new, more
efficient methods of data collection and analysis that can serve as a
basis for future strategic decisions in transport infrastructure and
climate resilience.

The problem of climate adaptation of transport infrastructure is
technical but also institutional and organizational. Although
technological innovations can offer new avenues for data collection
and analysis, successful adaptation also requires coordinated efforts
between the various institutions and agencies responsible for
managing and maintaining transport infrastructure. Establishing
inter-institutional partnerships and collaborative platforms can
improve understanding and response to climate risks while
stimulating the sharing of knowledge and resources.

Furthermore, educational and research institutions can play a key
role in developing new methodologies and tools for climate risk
assessment and transport infrastructure adaptation. Research and
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training of specialists in the field of climate resilience and transport
infrastructure can contribute to the development of innovative
solutions and sustainable practices. In the long term, introducing
educational programs aimed at climate adaptation of transport
infrastructure can prepare future professionals for the challenges
associated with global climate change.

In conclusion, to achieve a successful adaptation of transport
infrastructure to climate change, a comprehensive approach is needed
that includes technological innovation, institutional and
organizational cooperation, as well as investment in education and
research. Creating solid partnerships between the public and private
sectors, academia, and civil society can accelerate progress towards
a more sustainable and adaptive transport sector in the face of
ongoing climate change.

2. Analysis of available data on crisis events and
their effects on transport infrastructure

According to the "UN Framework Convention on Climate
Change" [1], "adaptation” to climate change can be defined as "the
adaptation of a natural or human system in response to climate risks."

To prevent the consequences of climate change, the Member
States of the European Union have prepared packages of strategic
documents. The Bulgarian package for "National Climate Change
Adaptation Strategy and Action Plan (2019 - 2030)" was approved in
October 2019. The main document for the Transport sector is Annex
No. 7 of [2-4].

According to "Climate change adaptation - assessment of the
transport sector” [2], in the medium and long term, the most critical
risks for the Bulgarian transport system that can be expected as a
result of the predicted climate changes are:

Extreme heat: the forecasts are for a continued increase in
temperatures and the duration of the situations that occurred;

Blizzards and snowfall: long-term forecasts for the annual
amount of snowfall predict a decrease (the latter is visible for
the period 2020-2022), but in the short and medium term, the
events that occur as a result of snowstorms will make it
difficult for all modes of transport in certain areas;

Landslides: Precipitation factors are the primary enablers of
landslides and rockslides, such as due to the expected
increase in the frequency of extreme rainfall events;

Flooding: increased frequency and impact of flooding under
all climate change scenarios.

In drafting the project [2-4], the main points that need to be
worked on to obtain results in the specified period were determined.
The more important of these, which have not been effectively
defended to date and form the basis of the analysis in this publication,
are the dysfunctionality of the underlying policies and the insufficient
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capacity to adapt. Regarding the institutional framework, the
following problem points stand out:

e Short-term vision and information-level fragmentation of the
leading direct climate change risks and vulnerabilities facing
the transport sector.

e Local analyses and risk assessments, respectively, show the
impossibility of a comprehensive evaluation of the
vulnerability of the transport sector as indicated in [2] and
corresponding to the summary in Fig. 1.

e Climate change adaptation activities for the transport sector.
On this point, it was concluded that stakeholders prepare
strategic documents within the one-way impact, namely from
transport on the environment. Adverse impacts (the impact of
changed climate conditions on transport infrastructure) are
practically not amenable to long-term analysis and planning,
and issues are limited to the ongoing management of
problems arising from short-term impacts.

e The lack of quality data to analyze and enable the creation of
long-term strategies by responsible institutions forms a
global low adaptive capacity of the sector.
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Fig. 1 Vulnerability ranking of Bulgaria's transport infrastructure to the effects
of climate change. Legend: highest sensitivity — red color / lowest sensitivity —
green color.
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Regarding the possibilities for building adaptive capacity, [2]
points out several omissions in providing the basic options for
adaptations that are still relevant today:

e Adaptation capacity — insufficient available information in
terms of volume and quality with which to create
management systems;

e Adaptation activities - most activities are aimed at crises and
lack long-term effectiveness due to a lack of a systematic
approach.

To justify a framework to parameterize these two indicators, it is
necessary to expand the discussed national database with an
additional resource. It should include elements of investment design
(project preparation, design standards), operation and maintenance,
emergency response, institutional capacity building, and data
collection.

It is important to note that data collection is essential and
accompanies all other aspects as a basis for their implementation.
Given the backlog in implementing the recommendations, it is
imperative to start a discussion and proposals for the collection and
use of databases (climatic and transport infrastructure conditions) to
accumulate a basis for concretization within the medium-term plan
(5-7 years) opportunities for adaptation. Without improving data
collection practices that are open enough to be used to process and
complement climate model algorithms and interactions, the sector's
climate event analysis and prevention methodology will not be
justified. Accordingly, it is stated that vulnerability risk assessment
for this sub-sector through a working model will not be possible until
the 2030 deadline.

In [5], it is noted that work should begin on the application of
adaptation parameters, and this should follow a principled algorithm
to create a system that takes into account current and projected
climate changes and links them to transport infrastructure, reducing
its sensitivity to them, respectively, to improve its durability and
serviceability, safety and continuity of movement.

In [5], it is stated that the main difficulties in the overall
adaptation of the transport infrastructure to climate risks are the lack
of awareness of climate patterns (as a consequence of the interaction
of different possible behavior of humanity and the planetary climate),
combined with the scope of change of each climate norm in which
the parameters of the transport object are set. For Bulgaria, the task
is complicated by insufficient publicly available and up-to-date data
on the impact source and the recipient.

This makes it difficult to implement projects that solve adaptation
tasks in the transport sector. To create an environment for research,
monitoring, visualization, and response, the basic sustainable
principles in construction must be respected - for example,
introducing conditions to apply the concept of "life cycle" for the
field of transport construction by analogy with that of buildings. This
will enable a methodical approach to work on the main areas such as
design norms, data collection for all stages of the investment project,
preparation at the design level, operation and maintenance, and
actions in emergencies already recommended in [6]. In second place
is the gradation of the significance of the events and the possibilities
for building adaptive capacity. In this case, the main problem for
Bulgaria is the lack of data (missing, incomplete, irregular,
unavailable) about the climate, the climatic phenomena that have
occurred, and, accordingly, their consequences concerning the
current state of the transport infrastructure.

Significant neglect of database collection leads to a lack of
statistical parameters. This complicates the research work regarding
adaptation and makes inapplicable the most modern methods of
modeling (neural networks, artificial intelligence, etc. [7]) of the
processes and their use for predictive analysis in the medium and long
term.

Based on [6], we analyzed the significance of extreme climate
events concerning the main parameters of transport (infrastructure
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and traffic). The preliminary analysis of the actuality of the problem

and the need for its step-by-step solution shows that there are levels
of vulnerability in all elements of the transport infrastructure, with
the road infrastructure being the most sensitive, which is summarized
in Fig. 1. This was a prerequisite for the team to focus on checking
the quality and quantity of the data that make up the available
information base and its accessibility and visibility concerning the
road infrastructure.

3. Sources of publicly available data on crisis events
and their impact on transport infrastructure

The directions in which the search was directed were climate
data, extreme events that occurred, and effects on the road network.
For this purpose, within the framework of the project, sources with
publicly available data were studied. Such are the National Statistical
Institute (NSI) [8], Road Infrastructure Agency (RIA) [9], National
Civil Protection Service (NCPS) [10], local sources at the district and
municipal level, and information in the media. The latter is not an
official source of data. Still, due to the high degree of missing data,
fragmentation of the available data, or inconsistency in the registers
of the mentioned national institutions, it was necessary to overlay all
publicly available information.

Despite the efforts and complementary media-type elements,
survey results are sparse, inconsistent, and difficult to track.

On the NSI website [8], statistics are available on climate crises
for the period 2004-2021, and for the territory of the country for
specific periods, the information is summarized in a form that is
difficult to compare, from which to track and derive dependencies by
area for types of climate risks and the territory of Bulgaria. As for the
Republican Road Network (RRN), there are aggregated data for the
entire country on the affected infrastructure by year for the period
2004-2008, and for each year, the data were provided by different
respondents (RIA, NCPS, regional road administrations, etc.). In this
case, it is impossible to determine the degree and significance of the
impacts, but only the total number of those RRN objects that were
the subject of direct budgetary costs for restoration.

A partial information base is maintained in the RIA, which refers
to crisis events (according to data from the regional road
administrations) by years after 2013 and separate announcements
until 2022 for planned ongoing and/or major repairs on the state road
network.

In this project, an attempt has been made to combine data from
the RIA with information from NSI, NCPS (partial accident bulletin
for the period 2009-2023), and the media on climate crises that are
the cause of emergencies, traffic disruptions, and damage to the
republican road network to derive a principle algorithm. Still, the
quality of the databases is insufficient in quantitative and qualitative
terms.

4. Results of the survey of available publicly
available information

The conducted study confirmed the expectations that the
possibilities of connecting climatic events with the current and
subsequent state of the transport (for the needs of the road project)
infrastructure could not be realized with the available publicly
available information. Accordingly, a lack of adaptive capacity in
these measures (database collection and organization) has been
demonstrated, and the creation of a real-time verification program
system with high predictive capacity cannot be ensured at the current
stage of the project.

The data show that the climatic phenomena with priority in terms
of the roadworthiness of the RRN and the continuity and safety of
traffic are the following - heavy rains and the floods caused by them
(Fig. 5), an increase in the geological risk of erosion (abrasion) in
terms of precipitation factor, including combined with another
occurrence component, snowfall from blizzards (except for the years
2020-2022, which had dry winters).
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Number of crisis events in municipalities by year (2004-2008)
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Fig. 2 Number of crisis events in municipalities by year (2004 - 2008) by type.
Data source — NSI [8]

Number of crisis events on the republican road network by years (2004-2008)
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Fig. 3 Number of crisis events by type for the republican road network of
Bulgaria by year for 2004-2008. Data source — NSI [8]
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Fig. 5 Map of the regions in Bulgaria with the average number of floods per
year for 2010-2020. Data source — NSI [8]
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Nevertheless, the tracking of statistics made it possible to draw
several more essential conclusions about the overall severity of the
main climate crises in Bulgaria for 2004-2023. Figures 2, 3, and 4
show that most crisis phenomena in municipalities and RRN are
caused by heavy rains, according to NSI statistics from 2004 to 2021.
This often leads to floods (Fig. 5), landslides (Fig. 6), etc.

Fig. 6 Map of regions in Bulgaria with the average number of landslides per

year for 2010-2020. Data source — NSI [8]

Figures 5 and 6 present a visualization of the average annual
number of floods and landslides in different regions of Bulgaria for
the period 2010-2020, based on data from the National Statistical
Institute in Bulgaria (NSI). According to the statistics shown, it can
be seen that heavy rains are the main catalyst for floods and
landslides in the country, and the consequences of these crisis
phenomena significantly affect the transport infrastructure. The
distribution of floods and landslides by region highlights regional
differences in exposure to such risks. The analysis of this data is
essential as it helps to identify vulnerable areas and allows for better
planning and implementation of measures to prevent and address the
effects of climate change. Furthermore, the analysis of this
geographic data can serve to improve crisis management and
infrastructure adaptation strategies, which are essential to maintain
the functionality and safety of the country's transportation systems.

5. Conclusions

Within the scope of the study, it was established that the building
of adaptive capacity according to the principles laid down in the
climate change adaptation will require an enormous human and
financial resource from related institutional units and the immediate
launch of measures to implement the specified adaptive practices.

At this stage of the research, we found that, apart from the huge
delay (from 2019 to the present), the primary problem is the lack of
collected, archived, applicable, processed, and accessible databases
relating to the status of the impact on the Transport sector. The
second fundamental problem is that at the national level, a
coordination model for creating appropriate archives has not been
developed and, therefore, does not function. At the moment, every
instance and/or institution responsible for certain sectoral policies
and possibly required to keep an archive maintains some level of it,
which is usually unavailable, incomplete, and out of sync with other
transport-related agencies.

Therefore, the legal framework and regulations for its
implementation must first be worked on to create a multidisciplinary
data archive. Thus, given the level of technology development, all
institutions will be able to count on having access to a dynamic
platform where they can enter the information they are responsible
for. It will be constantly updated, and with the help of a model for the
Al to work with, it will be possible to connect events and facts that
can be processed to correctly assess the risk and its consequences
(from a short-term to a long-term perspective).
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It is thus expected that in addition to point-in-time data (for
climate events, traffic disruptions, accidents, and the need for repair
and restoration of transport infrastructure, for accidents and others),
these data will presuppose a relevant link between climate change
and the occurrence of extreme climate an event that led to a crisis on
the transport (road) infrastructure, traffic violations and damage to
the transport infrastructure, respectively the subsequent recovery
measures and, as a result, a realistic forecast model for the prevention
of a subsequent similar situation.

The presented problems and recommendations emphasize the
importance of creating an integrated data collection and processing
system to support the prevention and management of crises in the
Transport sector, especially in climate change. Developing a legal
framework and guidelines for effectively implementing the
principles of adaptation to climate change is key to building adaptive
capacity and sustainability of the transport infrastructure. The
establishment of a multidisciplinary data archive and the creation of
a dynamic platform for the exchange of information between
different institutional units will allow a faster and more accurate
analysis of the risks and consequences of climate events. Also, it will
support the development of precise forecasts and effective crisis
prevention and  response  plans.  Implementing  these
recommendations requires a concerted effort by all parties
concerned, as well as a commitment to continuously update and
optimize data collection and processing systems in line with the latest
technological developments and climate change adaptation
requirements.
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Abstract: The application of old climate data in the design of buildings and transport infrastructure that will be used in the future is
problematic because of climate change. On the other hand, it is currently unknown what the success of human actions to limit them will be.
This leads to some uncertainty about the exact parameters of the climate until the year 2100. This requires a new approach to design and
construction in the context of climate change. The article examines the impact of RCP (Representative Concentration Pathway) climate
scenarios and regional climate models based on them, on design and construction for energy efficiency and sustainability. The significance
of different RCP scenarios and the need for spatiotemporal scaling of climate data are discussed. The disadvantages of using a static
representative climatic year (as it is in the Bulgarian regulatory documents for energy efficiency) are analyzed compared to its dynamic and
adaptive variant.
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to limit losses from their impact. This involves looking at different
climate scenarios (and which will occur depending on humanity's
The term “climate change” refers to long-term changes in the  behavior and activities).
weather conditions of our planet. These changes relate to
temperature, precipitation, wind, and other climatic factors. In
principle, they could be the result of both natural processes and
human activity. Research in recent decades indicates that at the
moment, there are no significant natural causes (for example, a
substantial increase in solar activity, changes in the Earth's orbit, Currently, when designing buildings to determine their energy
etc.), but there are significant anthropogenic causes — the population balance, climate data from past 30-year periods (for example, from
of the planet grew to 8 billion in just 50 years [1], and the preferred 1961 to 1990, from 1991 to 2020, etc.) are used, and the climate
energy source is fossil fuels, which emit carbon emissions when values for them are set as average for the period. In Fig. 1, however,
burned. This leads to an increase in the concentrations of it can be seen that significant temperature changes occurred after
greenhouse gases in the atmosphere, mainly carbon dioxide (CO,), 2005. They partially affect the climate values for the period 1991 to
methane (CH,), and nitrous oxide (N,O), emitted by transport, 2020, but not enough because of the upward trend if they will be
industry, agriculture and other human activities. used to design buildings and facilities that will operate in the future.

In Ordinance No. RD-02-20-3 of November 9, 2022, on the

06 technical requirements for the energy characteristics of buildings

[4], climatic data are used, which were published for the first time

03 - | in Ordinance No. RD-16-1058 of 10.12.2009 d. on energy
1

1. Introduction

There are many human activities whose results are directed
towards the future. Such are the design and construction of
buildings and facilities that will be operated in the future, as we
already know, under other climatic conditions.

consumption indicators and energy characteristics of buildings [5].
The new Ordinance No. RD-02-20-3 is used for the design of

| LIl | buildings and facilities that will be used for at least the next 50
‘ |l years, under different climatic conditions. If the normative life of
buildings is increased to 100 or 150 years (in connection with

applying the principles of the circular economy), then the climate

will be important in their design not only for the next 50 years but
‘ ; ; - - for 100-150 years.
1850 1900 1950 2000 2022

Fig. 1 Relative temperature changes fo'r Ehe world from 1850 to 2022 In conditions of rapid climate change, using old climate data
compared to the average for 1971 — 2000 in °C [2]. from past periods leads to inadequate buildings, facilities, and
infrastructure for the future climate. Buildings will need much more
energy for cooling than we can calculate from data determined from
measurements over the previous 30-40 years. The materials we use
must be resistant to higher temperatures in order not to destructure.
This applies both to the construction of buildings and to the
construction of transport infrastructure. Some thermal insulations
(for example, ETICS) are damaged by very high temperatures and
high solar radiation values on their surface [6-8]. The same applies
Tackling climate change has two sides. The first of them is to asphalt road surfaces, the softening of which leads to the
proactive; it aims to limit the causes of climate change by reducing accumulation of deformations and damages (ruts, waves, bumps,
greenhouse gases in the atmosphere to acceptable levels. This aims bulges, etc.). Analogous cases of compromise are observed in the
to restore the so-called “infrared window" [3] in the Earth's infrared asphalt pavements of airplane taxiways. The behavior of different
radiation spectrum through which it cools, radiating heat to space. asphalt pavement mixtures at high temperatures should be
This will help to restore the energy balance of the planet and investigated to make more adequate choices for future climatic
gradually reduce CO, over decades’ temperatures will also begin to conditions [9].
decrease, which will restore the planetary balance in a more
favorable temperature range for humanity and life. 2. Climate scenarios for the future

0.0 A

One of the most significant manifestations of climate change is
the increase in global temperatures (Fig. 1). This, in turn, leads to
more frequent and more intense extreme climate events such as
hurricanes, storms, floods, drought, sea level rise, inundation of
fertile land, loss of biodiversity, etc. Some of them have
catastrophic proportions and serious socio-economic and political
consequences.

The other significant action to deal with climate change that The multifaceted manifestation of climate change leads to
humanity must undertake is adaptation to the changes already different impacts on buildings and infrastructure. Buildings,
occurring and their consequences. This means that they should be facilities, and infrastructure must be prepared not only for higher
studied and modeled so that they can be predicted and actions taken  temperatures but also for droughts, floods, stormy winds, tornadoes,
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hurricanes, and other extreme climatic phenomena, which,
according to scientists, are becoming more frequent [10]. Among
the European countries, Bulgaria has the sharpest increase in cases
of extreme weather [11].

Modeling the future of our planet's climate involves an element
of uncertainty that comes primarily from the uncertainty of how
well humanity will recognize the problem, plan measures to solve it,
and how successful those measures will be. Therefore, in 2014, the
Intergovernmental Panel on Climate Change (IPCC) developed
various RCPs (Representative Concentration Pathways) scenarios
for the future of the Earth's climate [12]. These were provided in her
Fifth Assessment Report. The scenarios are four in number and
represent model trajectories of greenhouse gas concentration (Fig.
2) and radiation pressure [12], which are used in climate models.
Radiation pressure is the difference in W/m? per unit of time (hour)
between incoming and outgoing radiation in the atmosphere and is
the primary driver of climate change.

IPCC Representative Concentration Pathways
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Fig. 2 Model trajectories of greenhouse gases translated into carbon
equivalent under the four climate scenarios from 2000 to 2100 [12]

Here is a brief overview of these scenarios and their
significance:

RCP 2.6 — this is the most optimistic scenario for radiation
pressure of 2.6 W/m?, which assumes a sharp reduction in
greenhouse gas emissions and stabilization of concentrations by the
middle of the century. This scenario is associated with strict
emission reduction policies and intensive adaptation measures. In
this scenario, it is possible to limit global warming to below 2 °C
relative to pre-industrial levels.

RCP 4.5 — a scenario with a moderate reduction in emissions,
which, however, fails to stabilize greenhouse gas concentrations by
2100. This scenario assumes significant but achievable efforts to
reduce emissions, which could lead to more moderate warming (by
2-3°0).

RCP 6.0 — a scenario in which emissions continue to rise until
mid-century and then begin to decline, but the total concentration of
greenhouse gases continues to rise until 2100. In this scenario,
moderate to large warming (by 2-4 °C) would require significant
adaptation measures.

RCP 8.5 — the most pessimistic scenario in which emissions
continue to rise throughout the century without any significant
restrictions. Extreme and continued exponential warming (by 4-
6 °C or more) would have catastrophic consequences for the climate
and require aggressive and desperate measures for adaptation and
survival.

Understanding and using these climate scenarios is important
for planning long-term adaptation and emission reduction strategies.
They also help analyze the risks and opportunities associated with
climate change. Global and regional climate models and strategies
are developed on their basis.
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3. Global and regional climate models
3.1 Global climate models

Global Climate Models (GCM) [13] are computer models for
simulating the Earth's climate. They are key to climatology and are
used to study various aspects of the climate, including how it may
change under the influence of human activity and greenhouse gases.

Global models are based on the fundamental laws of physics,
chemistry, and fluid dynamics and integrate multiple sub-systems of
the climate system, for example, atmospheric processes (such as
cloudiness and precipitation), ocean currents, ice cover, vegetation,
etc.

These models are used to create climate forecasts at different
temporal and spatial scales, from decades to centuries and from
global to regional scales (Fig. 3).

(°0)

-2 -5 -1 05 0

Fig. 3 Increase in average surface temperatures for the period 2081-2100
compared to the period 19 86 -200 5 under climate scenario RCP 8.5 [14]

Global climate models suffer from insufficient accuracy of
some parameters, limited resolution, and uncertainty related to
factors such as cloudiness or human activity. Therefore, the results
of these models are usually represented as probability distributions
and scaled spatially and temporally to regional climate models for
more detailed predictions.

3.2 Regional climate models

Regional climate models (RCM) are created based on the GCM,
taking into account the specifics of each region.

Regional Climate Models (RCMs) [15] are computer models
that provide detailed information about climate conditions in
specific geographic areas under different climate scenarios, offering
higher spatial and temporal resolution. This is important because
climatic conditions can vary dramatically over short distances due
to factors such as location, topography, and microclimatic effects.
RCMs have the following applications:

e Scenario development: Using RCMs in combination with
RCP scenarios allows scientists and policymakers to
develop more specific climate scenarios for different

regions.

Adaptation and Resilience: Thanks to more accurate
regional forecasts, RCMs are useful in planning climate
change adaptation measures, defining sustainable
development strategies, and disaster risk management,
where local factors matter greatly.

Energy efficiency: In the context of architectural and
building design, RCMs can provide valuable information in
building and facility design and urban planning.

Resource management: Detailed climate forecasts help
manage water, agriculture, and other natural resources,
allowing regions to prepare and adapt to future conditions.
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Regional climate models play a key role in understanding and
adapting to climate change at the regional level. They are tools that
can turn global scenarios into practical and usable regional
strategies and solutions. Therefore, they are indispensable in
creating future climate forecasts, for example, for Europe (Fig. 4),
necessary for sustainable development planning.

Annual, RCPES

Summer, RCP8.S Winter, RCP8.S

Fig. 4 Increase in mean surface temperatures in Europe for the period
2071-2100 compared to the period 1971-2000 under the RCP 8.5 climate
scenario [16]

3.3 Relationship between global and regional climate models.

The methodology by which global climate models are adapted
to local conditions is called spatio-temporal scaling (downscaling).
It results in regional climate models.

Spatial scaling focuses on increasing the geographic resolution
of models. Global climate models usually have a coarse spatial
resolution and do not consider local factors, for example,
topography, water bodies, cities, etc. Spatial scaling allows the
modeling of climate parameters over much smaller geographic
areas.

Temporal scaling refers to the precision of the time intervals
over which climate forecasts are made. For example, while a global
model may provide a forecast of decadal mean temperature, a
regional model may provide a forecast of temperature conditions at
shorter intervals — daily, hourly, etc.

A comparison can be made between global and regional climate
models by various criteria:

e Resolution: Global models have a lower spatial resolution
and usually cannot provide accurate information about
specific regions. Regional models have higher resolution

and can provide more accurate data for specific locations.

Parameters and Variables: Global models focus on global
variables such as Earth's average surface temperature,
concentration of greenhouse gases, etc. Regional models
include additional variables specific to a region, such as
local winds, topography, etc.

Complexity and computational resources: Global models
are generally more complex and require more computational
resources. Regional models are simpler but focused and can
be run with less computing power.

Accuracy and reliability: Although global models are useful
for general trends, they can have errors when modeling
regional climate phenomena. Regional models tuned for
specific local conditions are often more accurate in this
regard.

Understanding these differences and interrelationships between
global and regional climate models is key to their effective use in
various scientific and practical tasks.
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4. Comparison of the static and dynamic
approaches to the representative climatic year

4.1 Criticism of using the static approach

The existing methodology for using a static representative
climatic year has serious drawbacks:

e Insufficient predictive accuracy: Static representative
climate years are based on historical data and do not
account for the impact of future climate change. This can
lead to insufficiently accurate predictions of energy

efficiency or other climate-dependent aspects of projects.

Lack of adaptability: This approach does not allow easy
adaptation to changing conditions. For example, buildings
designed based on old climate data may be inadequately
insulated or conditioned for future conditions.

Limited spatial resolution: Static climate years are usually
based on old, low-resolution models that cannot capture the
microclimate features of specific locations.

4.2 Advantages of a dynamic and adaptive approach.
The dynamic approach has the following advantages:

e Flexibility and adaptability: This approach allows for a
design that can adapt to future climate conditions, such as

temperature changes, solar radiation, humidity, or winds.

Spatial and temporal accuracy: Such models can be much
more accurate because they are created by spatiotemporal
scaling of climate data. This enables microclimatic analysis
and precise design.

Resource optimization: Dynamic models can help optimize
energy consumption, material selection, and other aspects of
the construction process. This can lead to the creation of
more sustainable and energy-efficient buildings.

Improved response to extreme events: An adaptive approach
can include extreme weather scenarios, making buildings
and infrastructure more resilient to disasters such as floods,
droughts, or heat waves.

The use of a dynamic and adaptive approach in design and
construction is not only desirable but imperative, especially in the
context of a rapidly changing climate. This approach allows
designers to make informed decisions based on specific climate
conditions at the construction site. This may include material
selection, building orientation, energy efficiency, and other aspects
critical to the sustainability and functionality of the project.

4.3 Examples of using the new methodologies

Effective urban planning in response to climate risks requires
reliable climate forecasts adapted to urbanized areas. Analysis in
[17] combines climate modeling and data-driven approaches to
offer global multi-model urban climate projections in the 21st
century. Under the RCP 8.5 scenario, some cities in the United
States, the Middle East, North Central Asia, Northeast China, and
interior regions of South America and Africa are expected to
experience significant warming of more than 4 °C until the end of
the century. The research highlights the critical need for multi-
model global projections of urban climate and supports the idea of
green infrastructure investment as an effective way to mitigate
urban heat stress on a large scale. Green infrastructure (parks, green
roofs, and facades) can help alleviate the effects of urban warming,
improving the comfort and quality of life of city dwellers in a
changing climate.

The plan for adaptation to climatic changes in the Lyulin area in
the city of Sofia, based on a digital counterpart of the territory,
developed by scientists in the Department of “Cartography and
GIS” at the Faculty of Geology and Geography of the University of
Sofia is in the same direction. They use two climate scenarios (RCP
45 and 8.5) for three future periods (2021-2050, 2046-2075 and
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2071-2100). Guidelines for regional climate changes until the end
of the 21st century for the Balkan Peninsula and Bulgaria, in
particular, can be found in [18].

A study of the impact of climate change on the energy
efficiency of existing buildings in Greece until 2100 was done in
[19], focusing on non-residential buildings, using data from about
2500 energy audits. RCP 4.5 and 8.5 scenarios were investigated.
Future climate data has been generated for 62 cities in Greece,
analyzing how these changes will affect the heating and cooling
needs of buildings and their energy consumption. Projections show
that the average annual temperature in Greece will increase by 1.5
°C under the RCP 4.5 scenario and by 1.9 °C under the RCP 8.5
scenario in 2050 (the Mediterranean Sea moderates the temperature
increase because it absorbs some of the heat). In 2090, these
increases are expected to reach 1.7 °C and 4.2 °C, respectively. If
buildings are not modernized, this will lead to a reduction in energy
consumption for heating by 22-26% in 2050 and by 23-52% in
2090. On the other hand, energy consumption for cooling is
expected to increase by 24-30% in 2050 and by 28-66% in 2090.

A European study [20] shows that Bulgaria, as a country with a
continental climate, will experience a significant increase in cooling
degrees until the end of the 21st century, leading to a more
substantial growth in energy needs for cooling.

5. Conclusions
Based on the research, the following conclusions can be
formulated:

Applying old climate data to the design of buildings and
transport infrastructure is inappropriate in the context of current and
impending climate change. This creates a risk of incorrectly
designed and unsustainable construction sites in the future.

Uncertainty about future climate conditions and the success of
global climate change mitigation efforts necessitates a new,
adaptive approach to design and construction.

RCP (Representative Concentration Pathway) scenarios and the
regional climate models based on them provide an essential toolkit
for adapting the design to the assumed climate conditions by 2100.

Spatio-temporal scaling of climate data is a critical factor for
properly integrating RCP scenarios in projects, especially in terms
of energy efficiency and sustainability.

The disadvantages of using a static representative climate year
(as provided for in the Bulgarian regulatory documents) make this
approach unsuitable for dealing with the dynamic nature of climate
change and does not allow adequate adaptation of design and
construction.

It is recommended to review and update the existing Bulgarian
regulatory documents for energy efficiency to include dynamic and
adaptive climate models and data.

The successful implementation of the new methodologies
requires the active participation of all interested parties — from the
scientific community to politicians and industry.
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The irrigation regime of tomatoes grown in glass unheated greenhouses using an ecological
and water-saving irrigation technique
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Abstract: The research was conducted to determine the irrigation regime of greenhouse tomatoes in 2022 on the MVCRI- Plovdiv
experimental field in an unheated steel-glass greenhouse of the Venlo type. The experiment was carried out in three irrigation modes:
optimal, reduced, and increased, respectively - 100%, 75%, and 125% using water-saving technology.

The size of the irrigation norms has been determined, i.e., the number of waterings for the growing season and their distribution by
phases of development for soil and climatic conditions of the Plovdiv region.

The results obtained for irrigation of the greenhouse tomatoes show that 18 waterings were implemented for the growing season to
maintain the soil humidity between 85-100% of the MFMC for the conditions of Plovdiv from the beginning of May to the end of July. The
size of irrigation norms by modes varies from 14.9 to 24.7 mm, and irrigation from 268 to 447 mm. The maximum irrigation rates during the
most significant water consumption period can be applied in 3-4 days and satisfy the needs of the plants. The obtained results are the basis
for determining the design irrigation regime and predicting the culture's irrigation time.

Introduction

A decisive role in the cultivation of vegetable crops,
including greenhouse tomatoes, is the correct combination of the
individual factors from the agro-technological complex (variety,
irrigation, fertilization, heat, light, treatments, etc.), which condition
the very technology of growing a given type of vegetable crop
under certain soil-meteorological conditions. (Delibaltov, 1972).

Tomatoes are a crop sensitive to the water regime of the
soil. (Mitova Iv., Hr. Stoikov, 2008) They have the ability to
develop a sizeable above-ground mass that forms many fruits with a
high-water content, a relatively weak root system located at a
shallow depth, and covering a relatively small volume of soil. There
is a close relationship between the amount and distribution of the
tomato root system and the layered use of water from the soil
(Kireva, 2020). It was established that 58-75% of the 0-20 cm-lay
roots cause 50-52% depletion of soil moisture, respectively. Based
on the biological characteristics and requirements of the plants, the
author believes that it is best to maintain higher soil moisture in the
upper soil layers (0 - 20 ¢cm) through frequent watering and low
watering rates that reduce fluctuations in soil moisture, i.e., it
remains at a relatively constant level. This same layer is the richest
in nutrients. (Kireva, 2020).

From the conducted research related to the irrigation of
greenhouse tomatoes, irrigation regimes were developed with
optimal water supply and water deficit in biological and economic
terms for the conditions of the Sofia field (Aboamera M. 1992;
Kireva, Aboameral991; Kireva R.,2020; Kireva R. 2009 ) and St.
Zagora (An. Stoyanova, G. Kostadinov, M. Moteva, 2020;
Stoyanova, A., Kuneva, V., Valchev, N. 2019.)

The influence of water deficit on flowering, fruit
formation and productivity in different tomato genotypes was
studied in MVCRI. It was proven that genotypes with indeterminate
growth types are more sensitive to the applied stress, where it was
found that more than 60% brushing of flowers leads to an average
of more than 65% decrease in productivity (Ganeva et al., 2018,
2019; Grozeva et al., 2018; Pevicharova et al., 2018, 2019).

Greenhouse tomato cultivation relies solely on an
irrigation system to supply the necessary irrigation water. For this
reason, questions related to its practical use are essential. A
preferred water-saving method is drip irrigation, which allows water
to be delivered directly to the root system and irrigated at lower
irrigation rates. This method fully meets sustainable agriculture and
ecological fruit production requirements, including ensuring high
yields and product quality and reducing unwanted side effects.
(Bucks et al., 1982).

The study aims to establish the irrigation regime of
greenhouse tomatoes, with drip irrigation for the soil and climatic
conditions of the Plovdiv region.
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Materials and methods

Experimental studies were carried out in an unheated
steel-glass greenhouse of the Venlo type at the experimental field of
MVCRI - Plovdiv under conditions of early production to establish
the irrigation regime of greenhouse tomatoes in 2022. The sowing
of the seeds took place in the middle of January, and the picking at
the end of February. The mulch film was laid on the beds before
planting the plants in the greenhouse permanently. In the second ten
days of April, when the temperature of the soil in the greenhouse at
a depth of 10 cm rose permanently above 10°C, the tomato plants
were planted in the budding phase at a density of 3.5 plants/m2.

The experience was carried out with three irrigation
modes - optimal, reduced, and increased accordingly - 100%, 75%,
and 125% of PPV using water-saving irrigation technologies. The
optimal irrigation rate (100% of PPV) was calculated according to
the formula:

m = [10H.0.( MFMC - 3)].K,
where m is the irrigation rate, mm;

o — the bulk density of the soil, gr/cm?®;

H — the depth of the active soil layer, m;

MFMC — the marginal field moisture content in % relative
to the absolute dry weight of the soil;

& — the pre-irrigation soil moisture in % relative to the
absolute dry weight of the soil;

K — the coefficient of reduction of the irrigation rate,
taking into account the area occupied by the plants in 1 dka, in the
experiment K = 0.66%, i.e., 66% of the site is irrigated.

Watering is carried out when the moisture in the soil
drops to 85% of the PPV. From the obtained results of the soil
moisture, the size of the irrigation rates was determined. Soil
samples were taken in the variant with a 100% irrigation rate of
0.0-0.40 m through 0.10 m to follow the soil moisture dynamics,
which were processed by the weight-thermostat method. The limit
values of the individual elements of the tomato irrigation regime
were established experimentally.

With drip irrigation, the amount of the entire irrigation
rate is not given, as with other watering methods. A reduction is
required at the expense of the non-irrigated area. For this purpose,
the formula of (Frecman B., Carzoli. 1980) was used, considering
the planting scheme. After calculating the irrigation rate for the
option with mode irrigation of 100%, the rates of the other modes
were determined based on their size.

Results

The climatic conditions of each region are essential for
the normal vegetative development of plants and for obtaining high
yields with excellent product quality. They are also a determining
factor for drawing up and applying an irrigation regime. In this
regard, a climatic characteristic of the growing season 2022 has
been developed for the region of Plovdiv in terms of average day-
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night air temperature (C°) and the amount of precipitation for the
period May - September - precipitation (mm).

For this purpose, a 65-member statistical series covering
1957 — 2022 was compiled. A theoretical collateral curve was
calculated by averaging the empirical points (Fig. 2) with the
following parameters: Tcp =3183.0°C, Cv=0.0425 and Cs = 0.0955.
The trial year is warm with a margin of 10.0% and a May-
September temperature sum of 3366.0°
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Figure. 2. Guarantee of the average day and night air temperature
for V - 1X 2022

The Plovdiv region was characterized in terms of the
amount of precipitation for May - September. For this purpose, a
65-member statistical series was compiled for the period 1957-
2022, based on which the theoretical collateral expressed as a curve
was calculated and the empirical collateral of all data (Fig. 3).
The theoretical curve averages the empirical points at N average =
242.7 mm, Cv = 0.399, and Cs = 0.672. The experimental year is
characterized as average with collateral P=64.0% and an amount of
precipitation of 232 mm
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Figure. 3. Rainfall guarantee for V — 1X 2022

The results of the realized irrigations for greenhouse
tomatoes show that to maintain the soil humidity in the range of 85-
90% of PPV when growing tomatoes in glass unheated
greenhouses, 18 irrigations with an average irrigation rate of 19.5
mm are needed, which are realized through different interval
depending on plant development, the stress of meteorological
factors and irrigation rate 357 mm. (Table 1). The conditions of
Plovdiv were realized for the period from the beginning of May to
the end of July (table 2).

According to modes, the dimensions of the irrigation
norms vary from 14.9 to 24.7 mm, and the irrigation norms vary
from 268 to 447 mm. The maximum irrigation rates during the most
significant water consumption period can be applied in 3-4 days and
satisfy the needs of the plants. At 1.5 atmospheres of pressure, they
are realized in 2-3 hours.

The irrigation period for the active vegetation of
greenhouse tomatoes grown under greenhouse conditions for the
Plovdiv region covers the time from the first ten days of May and
continues until the end of the fruiting period - the first ten days of
August (Table 2).

It is recommended to apply frequent irrigations with low
irrigation rates, which reduce fluctuations in soil moisture
proceeding from the biological characteristics and requirements of
tomatoes for soil moisture, i.e., it remains relatively constant. This
ensures a uniform plant water supply, which is also achieved using
drip irrigation technology.

Table 1. A number of waterings and irrigation rates of greenhouse
tomatoes on experimental field MVCRI - Plovdiv for the growing
season of research 2022.

Modes Number of | Irrigation Irrigation
waterings rate (mm) norms (mm)

125%M 18 24.7 446

100%M 18 19.8 357

75%M 18 14.9 268

Table 2. Distribution of waterings according to stages of
development of tomatoes grown under greenhouse conditions on an
experimental field of the MVCRI - Plovdiv

Phases of development Numb_er of Irrigaion period
waterings
Sowing - 3rd ten days of January
Pricking - 2nd ten days of March
: Catch .
Planting irrigation 1st ten days of April
Increased growth 1-2 1st ten days of May
Beginning of flowering, 3-4 2nd ten days of May
Full flowering 3rd ten days of May
Ripening and 4-5 1st week of June
harvesting of the fruit. 3rd week of June
Fruiting
Active fruiting 7-8 1st ten days
Harvesting July August
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Conclusion (Achieved Results)

The research carried out is of essential importance
because, for the first time, the irrigation regime of greenhouse
tomatoes was investigated for the region of the city of Plovdiv,
where greenhouse production is the most widespread due to the
favorable weather conditions for growing the crop;

- The amount of irrigation and irrigation norms, number
of irrigations for the growing season of greenhouse tomatoes for the
soil and climatic conditions of the city of Plovdiv has been
determined;

- The distribution of waterings according to the stages of
development of tomatoes grown under greenhouse conditions at the
experimental field of the Maritsa Agricultural Research Center,
Plovdiv was determined;

- A climatic characteristic has been developed for the
region of the city of Plovdiv in terms of air temperature and the
amount of precipitation for the period May - September 2022;

The obtained results are the basis for determining the
design irrigation regime and predicting the time for irrigation of the
culture.
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