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PE3IOMETA HA HAYYHHUTE TPYJIOBE HA BBJIT'APCKU U HA AHI'JIMMCKHA E3UK

B4. XaouauranuoHeH Tpya

Ne bubanorpadgcko onucanue Touxku

B4 3aropcku, M. M3cnenBane Ha BB3MOXKHOCTHTE 3a W3MOJ3BaHE Ha TexHojoruu 3a | 161
TpuMepeH nedart u 3D ckaHupaHe B pa3IudHu MHAYCTPHATHH MPUIIOKeHUS, 29 CTp.
N3CJIEIBAHE HA Bb3MOKHOCTHUTE 3A U3II0OJI3BAHE HA
TEXHOJIOI'MHU 3A TPUMEPEH IIEYAT U 3D CKAHUPAHE B
PA3JIMYHU HHAYCTPUAJIHU NTPUJTOKEHU L

XaObunuTaunoHHUAT TPy € Oasupan Ha 10 myOnukanuu, myOJMKYBaHU B WU3JaHHA,
KOUTO ca pedepupaHyu M MHIECKCUPAHU B CBETOBHOM3BECTHH 0a3M JaHHHM C HAy4HA
uHpopmanus. B Hero ca o0eqMHEHN pe3yNTaTH OT U3CIIeABaHUs, (POKYCUPAHU BHPXY
[IOBE/ICHUETO Ha IOJIMMEPHM MaTepuaiy, M3MOJ3BaHM 3a TPUMEPEH IMeyaT 4pes3
TexHosorus ¢ ornarane Ha marepuas (FDM/FFF), nmpu pasnu4au pexxuMu Ha TpHECHE
Y U3HOCBAHE, BKJIFOUNTEIHO €PO3UHHO U3HOCBAHE U I'PAaHUYHO TpUeHEe. AHATM3UPAHO
€ BJIMAHMETO Ha MapaMeTpUTe, MaTepuaia U JONbJIHUTEIHUTE OOpPabOTKH BBPXY
pa3IM4HU TPUOOJOTMYHUM U MEXaHWYHM II0Ka3aTeld, C IeJl pa3lIMpsBaHE Ha
HOPUIOKHUMOCTTA Ha MPOU3BEJCHUTE Ype3 TPUMEPEH IeyaT JeTailsiu 3a pelraBaHeTo
Ha peajiHu UHIYCTPUAJIHU MPOOIEMH.
3Ha4yMTeIHA YacT OT U3CJIEBAHUATA € IOCBETEeHAa Ha TeXHojoruute 3a 3D ckaHupane
U PEBEPCUBHO MHXKEHEPCTBO B MHAYCTpHAIHATA MPAKTUKA — KAKTO 3a MIpech3/JaBaHe
Ha JIeTailllu ChC CJOXKHA TeOMEeTpus, Taka M 3a ONTHMHU3MpPAaHE Ha Ipoleca Mo
o0OpaboTka Ha nerailinu ¢ mammHu ¢ L{IIY u mocturane Ha mo-BUCOKAa TOYHOCT U
YCTOMUMBOCT Ha MPOU3BOACTBEHUTE Ipouecd. Pasriegann ca M HMHOBaTUBHHU
MOJXO0/1M 32 aBToMaTu3anus Ha 3D ckaHupaHeTo upe3 poOOTU3UPaHU CUCTEMH, KAKTO
U MIPUJIOKEHUETO Ha aJAUTUBHUTE TEXHOJOIMU B 00pa30BATEIHU U U3CIIEIOBATENICKU
iatdopMu, CBbp3aHu ¢ KoHIenuuute Ha Muayctpus 4.0 u Uunyctpus 5.0.
OOenuHEHN B ILSJIOCTHA HAyYHO-TIPHJIOKHA pPaMKa, MPEJICTaBEHUTE H3CIIeABAHUS
JneMOHCcTpupaT mnoreHuuana Ha 3D mewata u 3D ckaHMpaHeTo KaTo KJIHOYOBU
TEXHOJOTMM 3a ChbBpEMEHHAaTa HWHAYCTpHUs, JONPUHACAIIM 3a IOBUIIABaHE Ha
e(eKTUBHOCTTA, I'PBKABOCTTA M YCTOWYMBOCTTA HA MH)KEHEPHUTE PEIICHUS B IIUPOK
CHEKTBP OT MPHIIOKECHHUS.
EXPLORING THE POSSIBILITIES OF USING 3D PRINTING AND 3D
SCANNING TECHNOLOGIES IN VARIOUS INDUSTRIAL
APPLICATIONS

The habilitation thesis is based on 10 publications published in journals that are
refereed and indexed in internationally recognized scientific databases. It brings
together results from studies focused on the behavior of polymer materials used for
additive manufacturing by fused deposition modeling (FDM/FFF) under various
friction and wear regimes, including erosive and boundary wear. The influence of
process parameters, material type, and additional post-processing treatments on
various tribological and mechanical properties is analyzed, with the aim of expanding
the applicability of additively manufactured components for solving real industrial
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problems.

A significant part of the research is devoted to the application of 3D scanning and
reverse engineering technologies in industrial practice—both for the reproduction of
components with complex geometry and for the optimization of machining processes
using CNC machines, in order to achieve higher accuracy and improved
sustainability of manufacturing processes. Innovative approaches to the automation
of 3D scanning through robotic systems are also investigated, as well as the
application of additive manufacturing technologies in educational and research
platforms related to the concepts of Industry 4.0 and Industry 5.0.

Integrated into a comprehensive scientific and applied framework, the presented
studies demonstrate the potential of 3D printing and 3D scanning as key technologies
for modern industry, contributing to increased efficiency, flexibility, and
sustainability of engineering solutions across a wide range of applications.

B4. Hayunu ny0iaukauusi B u31aHus, KOUTO ca pedeprpaHd U UHIEKCHUPAHU B CBETOBHOM3BECTHU
0a3u JaHHM ¢ Hay4YHa HH(oOpMAaIuUs

Ne bubuamnorpadgcko onucanue Touku ot
ChbaBTOPCTBO
B4.1 Zagorski, M., Kandeva, M., Gavrilov, T., Todorov, G., Dochev, B., 12

“INVESTIGATION ON EROSIVE WEAR OF
BIODEGRADABLE THERMOPLASTIC POLYMER SAMPLES
PRODUCED BY 3D PRINTING”, Journal of the Balkan
Tribological Association, 2023, 29(3), pp. 343-349.

https://www.scopus.com/pages/publications/85173973950

INVESTIGATION ON EROSIVE WEAR OF
BIODEGRADABLE THERMOPLASTIC POLYMER
SAMPLES PRODUCED BY 3D PRINTING

The present paper represents the results of a study of tribological
characteristics of biodegradable thermoplastic samples produced by
FFF/FDM 3D printing subjected to erosive wear. The samples are
printed at five different nozzle temperatures (190 °C, 200 °C, 210
°C, 220 °C and 230 °C). Results about mass wear, wear intensity,
wear resistance, roughness and microhardness of the different
samples are obtained.

W3CJIEJIBAHE HA EPOSUMMHOTO M3HOCBAHE HA
BUOPA3I'PAIUMU TEPMOIIVIACTUYHHA ITOJIMMEPHHA
OBPA3IU, TIPOU3BEJAEHU YPE3 3D IEYAT

Hacrosimmata cratusi mpeacTaBs pe3ysTaTHUTE OT M3CIEABaHE Ha
TpUOOJIOTHYHHUTE XapaKTepUCTUKH Ha O6uopasrpaIumMu
TepMoIIacTUYHU 00pasi, npousseaenu upe3 FFF/FDM 3D neuat
U TO/UIOKEHHM Ha epOo3MOHHO M3HOCcBaHe. OOpasmute ca
OTII€YaTaHM TMpH MET Pa3Iu4Hu Temreparypu Ha aro3ata (190 °C,
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200 °C, 210 °C, 220 °C u 230 °C). IlomyueHu ca pe3ynraru 3a
MacoBO M3HOCBaHE, UHTEH3UBHOCT Ha M3HOCBAHE,
M3HOCOYCTOWYHMBOCT, IPAlaBOCT ¥ MUKPOTBBPJOCT Ha Pa3IUYHHUTE
o0pa3siu.

B4.2 Todorov, T., Bankov, B., Zagorski, M., Gavrilov, T., Dimitrov, K., 12
“Rapid Prototyping and Measuring Assessment of a Complex
Geometry”, 34th International Scientific Symposium Metrology
and Metrology Assurance 2024 MMA 2024, 2024.

https://www.scopus.com/pages/publications/85216922578

RAPID PROTOTYPING AND MEASURING ASSESSMENT
OF A COMPLEX GEOMETRY

The work presented is an analysis regarding the conformity of
geometric characteristics between an original part and its scanned
copy, which was created using reverse engineering and rapid
prototyping technologies. The analysis reveals that the shape and
dimensions of the two objects highly match. The deviations
observed in the prototype are due to thermal contractions and do
not affect its functionality.

BbP30 ITPOTOTUIIMPAHE U CPABHUTEJIHO
W3MEPBAHE HA JETAIJI ChC CJIOJKHA TEOMETPUSI

IIpencraBenata pabora NpeicTaBiisiBa aHAIM3 HA ChOTBETCTBHETO
HA TEOMETPUYHUTE XapaKTEPUCTUKU MEXKTY OPUTMHAJIEH NETAUI U
UEroBO CKaHUPAHO KOMME, CH3IANEHO Ype3 TEXHOJOTUU 3a
PEBEPCUBHO HMH)KEHEPCTBO U OBP30 HPOTOTHNHpPAHE. AHAIU3BT
nokas3Ba, ye (opmara M pa3MepuTe Ha JBaTa OOeKTa B roisma
cTeneH cbBnanaT. OTKIOHEHHUATA, HA0JI01aBaHU B MPOTOTHUIIA, CE
ObJDKAaT Ha TEPMHYHU CBHMBAHMS W HE BIMSSAT Ha HEromara
(yHKIIMOHATTHOCT.

B4.3 Kotseva, G., Kandeva, M., Stoimenov, N., Zagorski, M., “Wear at 15
Boundary Friction of 3D Printed Polymers and Composites”, 10th
2024 International Conference on Control Decision and
Information Technologies CODIT 2024, 2024, pp. 473-478.

https://www.scopus.com/pages/publications/85208269350

WEAR AT BOUNDARY FRICTION OF 3D PRINTED
POLYMERS AND COMPOSITES

3D printing technology allows obtaining details from various
materials, including composite materials with various applications
in tribology - rolling bearings, bushings for sliding bearings, gears,
guides, and others. The presented work examines the parameters of
wear, wear resistance, and contact temperature of five types of
polymer materials and their composites obtained by 3D printing.
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All materials were tested in boundary friction mode in contact with
a steel rotating roller and lubricated with SAE 15W40 mineral oil.
Results and dependencies of mass wear, wear rate and intensity of
the wear, wear resistance, and friction path contact temperature
were obtained for all tested materials. Summary of wear resistance
and contact temperature charts were constructed for all 3D
polymers and composites.

U3HOCBAHE IIPU TPAHUYHO TPUEHE HA 3D
OTHEYATAHM NOJVMMEPHH U KOMIIO3UTHHU
OBPA3LIU

Texunomoruure 3a 3D meuar mo3BONIABAT H3PAOOTBAHETO Ha
JNETalIM OT pa3IM4HU MaTepUaad, BKJIIOYUTEIHO KOMIIO3UTHH
MaTepuaid ¢ Pa3HOOOpa3HH MPHIIOKEHUS B TpUOOJOTHITA —
THPKAJSIIN JIAaT€pH, BTYJIKH 32 TUIB3TAIIH JIarepu, 3b0HH KOJiena,
HampasisBamu W apyru. IlpeacraBenara paboTa wu3cienBa
[apaMeTpUTe Ha M3HOCBAHE, N3HOCOYCTOMYMBOCTTA U KOHTAKTHATA
TeMIlepaTypa Ha I€T BHUJAA IOJUMEPHH MaTepuald U TEXHU
KOMIIO3UTHU MaTepuand, noiaydeHu upe3 3D mneuar. Bceuuku
Marepuaid ca U3NUTAaHU B PEXKHUM Ha IPAaHUYHO TPUEHE, KaTo 3a
MPOTUBOTSIIO € U3MOJ3BaHa CTOMAHEHa BBPTAIIA C€ pOJIKA, a
CMa3BaHETO € OCUTypeHO OT MuHepanHo wmacio SAE 15WA40.
[lonyuenu ca pe3yiaTaTd UM 3aBUCUMOCTH 332 MAacoOBO HM3HOCBAaHE,
CKOPOCT M MHTEH3MBHOCT HAa M3HOCBAHE, M3HOCOYCTOMYMBOCT U
KOHTaKTHa TeMIlepaTypa B 30HAaTa HAa TPUEHE 332 BCUUKHU W3MUTBAHU
Matepuanu. M3rorBeHn ca  o0oOmaBamy — Auarpamu  3a
M3HOCOYCTOMUYMBOCTTA M KOHTAKTHATa TeMIeparypa Ha BcUuuku 3D
OTIEYaTaH! MOJIUMEPH U KOMIIO3UTH.

B4.4 Zagorski, M., Miltchev, R., Slavchev, N., “Development of a 20
Conveyor Belt with a Computer Vision Module for Educational

Purposes”, 8th International Symposium on Innovative Approaches
in Smart Technologies ISAS 2024 Proceedings, 2024.

https://www.scopus.com/pages/publications/85218070954

DEVELOPMENT OF A CONVEYOR BELT WITH A
COMPUTER VISION MODULE FOR EDUCATIONAL
PURPOSES

The present paper aims to follow the development of a belt
conveyor equipped with a computer vision module. The process of
constructing the system with the help of CAD software, as well as
its subsequent physical manufacturing are considered. An
exemplary application of the computer vision module for detecting
defective parts is demonstrated.
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PA3PABOTBAHE HA JIEHTOB KOHBEHEP C MOJY.JI 3A
KOMIIIOTBHPHO 3PEHUE 3A OBPA3OBATEJIHU LNEJIN

Hacrosimara cratus uma 3a 1e Ja npocieaun pa3paboTBaHETO Ha
JICHTOB KOHBeiiep, 000py/ABaH ¢ MOIYJ 32 KOMIIOTHPHO 3pEHHE.
Pasrnenan e nmponechT Ha NPOEKTUPAHE HA CUCTEMATa C MOMOINTa
Ha CAD codtyep, KakTo M HEHHOTO MOCHeABalIO (UZNIECKO
nu3paborBane. JIeMOHCTpUpPAHO € MPUMEPHO MPUIIOKEHHE Ha
MOJyJla 3a KOMIIIOTBPHO 3pEHHME 3a OTKpHUBaHE Ha Je(QEeKTHH
JETANIIH.

B4.5 Zagorski, M., Miltchev, R., “Facilitation of the 3D Scanning 30
Process of Industrial Sites using a Self-Moving Autonomous
Robotic System”, Vide Tehnologija Resursi Environment
Technology Resources, 2024, 3, pp. 348-351.

https://www.scopus.com/pages/publications/85200266648

FACILITATION OF THE 3D SCANNING PROCESS OF
INDUSTRIAL SITES USING A SELF-MOVING
AUTONOMOUS ROBOTIC SYSTEM

The present paper aims to examine how industrial sites can be more
easily 3D scanned by integrating a self-moving autonomous robotic
system and a large scale scanning technique. A case study is
developed where an Unitree Go 1 Edu quadruped robot and a
Trimble X7 3D laser scanning system are combined to illustrate the
successful integration. For the full integration of the 3D scanner
and the robot, several components are designed, using CAD
software, and produced via Rapid Prototyping technologies. In the
case study, different 3D scanning regimes are also tested. The case
study showcases how the industrial 3D scanning process can be
aided and potential ideas for the integration of 3D scanning
technologies with quadruped robots are further discussed in the

paper.

YJIECHSBAHE HA ITPOIIECA HA 3D CKAHUPAHE HA
NHAYCTPUAJIHU OBEKTHU YPE3
CAMOITIPUABUKXBAIIIA CE ABTOHOMHA
POBOTU3UPAHA CUCTEMA

Hacrosimata cratus uMa 3a 1ein ga uscieasa kak 3D ckaHupaHeTo
Ha WHIYCTpHATHH OOEKTH MOXe J1a ObJe YIECHEHO upe3
MHTETpUpaHe Ha CaMOIIPHUIBMKBAILlA CE€ aBTOHOMHA POOOTH3UpaHa
cucTeMa M TeXHHKa 3a CKaHMpaHe Ha rojemMu ooektu. Pazpaboreno
€ Ka3yCHO M3cie/IBaHe, MPH KOeTO YeTUpUHOTUAT podoT Unitree Go
1 Edu u cucremara 3a 3D nazepHo ckanupane Trimble X7 ca
KOMOMHUpaHH, 32 Ja Cc€ WIICTPHpa yCIeIIHaTa MHTerpanus. 3a
nbJIHaTa uHTerpauus Ha 3D ckeHepa um poboTa ca MPOEKTHpPaHU
HSKOJIKO KoMmMmoHeHTa c¢ mnomomTa Ha CAD codtyep w
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MPOU3BEJCHN 4Ype3 TEXHOJIOTMH 3a Obp30 MNpoToTUnupaHe. B
paMKHUTE Ha U3CJIEBAHETO Ca TECTBAHU U PA3NIUYHU pexkuMu Ha 3D
ckanupane. [IpuMepbT Moka3Ba Kak MPOLECHT HA MHIYCTPUAIHO
3D ckanupane Moxe Ja ObJie TOAMOMOTrHAT, KaTo B IMyOIMKauaTa
JOM'BIHUTEITHO c€ 00CHKAAT MOTSHIIMAHYU HJIeH 32 HHTEeTrpalus Ha
TexHoyoruu 3a 3D ckaHupaHe ¢ YeTUPUHOTH POOOTH.

B4.6 Stoimenov, N., Kandeva, M., Zagorski, M., Panev, P., “Static and 15
Kinetic Friction of 3D Printed Polymers and Composites”,
Tribology in Industry, 2024, 46(1), pp. 97-106.

https://www.scopus.com/pages/publications/85187193231

STATIC AND KINETIC FRICTION OF 3D PRINTED
POLYMERS AND COMPOSITES

The work examines the characteristics of the static and kinetic
friction of five types of polymer materials and composites obtained
by 3D printing, which are united into 2 groups: group A: PLA,
Tough PLA (Technical Polylactic acid), and SteelFill (PLA with
stainless steel powder approx. w80%15) and group B: PETG
(Polyethylene terephthalate): PETG and CarbonFilTM (PETG with
carbon fibers). Results were obtained and analyzed for the variation
of the static and kinetic friction force, the static and kinetic
coefficient of friction (COF), and the difference between the static
and kinetic COF (a jump in COF, known as Stick-slip) from the
magnitude of the normal load in two cases of contact with a steel
counter-body - without lubricant and with SAE15W40 oil.

CTATUYHO U KWHETUYHO TPUEHE HA 3D
OTHEYATAHM NOJIMMEPHH 1 KOMIIO3UTHHA
OBPA3LIU

HacrosmaTa pabota n3cneaBa XapakTepUCTUKUTE HA CTATUYHOTO U
KHHETHYHOTO TpUEHE Ha TeT BUAA IOJIMMEPHH MaTepuand |
KOMITIO3UTH, Nosy4eHu 4pe3 3D meuaT, oOeiMHEHU B JABE TPyIU:
rpyna A — PLA, Tough PLA (TexHuuecka nmojaumiiedHa KUCEINHA)
u SteelFill (PLA ¢ npax oT HeppkaaeMa cToMaHa, NpUOIU3UTEITHO
15 tern.%); u rpyna B — PETG (nonuerunentepedranar-riukon):
PETG u CarbonFil™ (PETG c Bbraepoanu Binaksa). [loixydyenure
pe3ysTaTd ca aHAIM3UpPAaHU 10 OTHOUIEHHE Ha M3MEHEHHEeTO Ha
cuiaTa Ha CTaTHYHO W KHHETUYHO TPHUCHE, CTATUYHHS U
KUHETHYHUS KOe(UIIMEHT Ha TPUEHEe, KaKTO M pas3liuKara MeXIy
CTaTUYHHUS M KUHETHYHUS koeduimeHT Ha TpueHe (ckok B COF,
U3BECTeH KaTo ,stick-slip®) B 3aBHCHMMOCT OT TroJieMHHAaTa Ha
HOPMAJTHOTO HaTOBapBaHE IPU JBa Cily4as Ha KOHTAaKT ChC

CTOMaHEHO NPOTUBOTAIO — 03 CMa3Ka M ChC CMa3BaHE C Maclo
SAE 15W40.

B4.7 Zagorski, M., Sofronov, Y., Kandeva, M., Dochev, B., Stoimenov, 12
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N., “Investigation of the Possibilities of Deposition of Ceramic
Coatings on 3D Printed Polymer Samples”, AIP Conference
Proceedings, 2025, 3274(1), 070011.

https://www.scopus.com/pages/publications/105000352577

INVESTIGATION OF THE POSSIBILITIES OF
DEPOSITION OF CERAMIC COATINGS ON 3D PRINTED
POLYMER SAMPLES

The presented article aims to investigate the possibilities of
applying a ceramic coating of silicon dioxide, also known as silica,
on 3D printed samples made of polylactic acid, by means of
heating in a furnace to a certain temperature. Silicon dioxide has a
high hardness and a low cost, which determines its use for
obtaining a ceramic coating on polymer samples. Silica flour with a
grain diameter of 53 pm is used for the present experiments.

N3CJEJABAHE HA Bb3MOXHOCTUTE 3A HAHACSHE
HA KEPAMUYHMU IOKPUTUSA BHPXY 3D
OTHHEYATAHU ITIOJIMUMEPHU OBPA3LIN

[IpencraBenaTa craTust ©Ma 3a IEJ J]a U3CIIEIBa BE3MOKHOCTUTE 32
HaHACSHE Ha KEPAaMHUYHO MOKPUTHE OT CHIIMIIMEB JUOKCHI BBPXY
3D ornewaranu oOpa3uu ot moiaumiieyHa kuceiauHa (PLA) upes
HarpsiBaHe B TN IO OmpejaeieHa Ttemmeparypa. CHIMIHEBUSAT
IMOKCU C€ XapaKTepU3upa C BUCOKAa TBBPAOCT M HHUCKA IICHA,
KOETO OMpe/essi MPUIOKEHHETO My 3a IMOJlydyaBaHe Ha KEPaMUIHO
MOKPUTHE BBPXY MOJMMEPHU 00pa3uu. 3a LEeJUTe Ha HACTOSIINUTE
eKCIIEpUMEHTH € U3I0JI3BaHO CHIIMIIUEB Mpax ¢ pa3Mep Ha 3bpHaTa
53 pm.

B4.8 Zagorski, M., Miltchev, R., Nikolov, N., Ivanov, T., “Reverse 15
Engineering and Optimization of Small-scale Objects for
Humanoid Robotic Systems”, AIP Conference Proceedings, 2025,
3274(1), 050013.

https://www.scopus.com/pages/publications/105000295683

REVERSE ENGINEERING AND OPTIMIZATION OF
SMALL-SCALE OBJECTS FOR HUMANOID ROBOTIC
SYSTEMS

The presented article aims to follow a methodology of the process
of reverse engineering, optimization and production of small-scale
objects — elements from humanoid robot, from the original parts
through 3D scanning and future scan-to-CAD process, optimization
of the form for manufacturing using additive technologies and
finally the result — assembled 3D printed elements to the robot. For
these purposes various modern technologies are used: 3D laser
scanning, scan-to-CAD 3D modeling software and an industrial
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grade FDM 3D printer.

PEBEPCUBHO UH’)KEHEPCTBO H OIITUMHU3ALIHS HA
MAJIOTABAPUTHU JETAUJIN 3A XYMAHOUJIHH
POBOTHH CUCTEMU

[IpencraBenaTa cratus uMa 3a Iel Ja MPOCiIer METOI0IOTHsTa Ha
mpoleca Ha PEBEPCMBHO  HMHXKEHEPCTBO, ONTHUMH3ALUS U
MIPOU3BOJICTBO HA MajorabapuTHU OOEKTH — €JEeMEHTH OT
XYMaHOHJIEH poOOT, 3aMo4YBailku OT OpUTHHATHUTE YacTu upe3 3D
ckanupane u mnocieasany Scan-to-CAD mporec, onTumuzamnus Ha
¢dbopMara 3a MPOU3BOJICTBO Ype3 aAUTUBHU TEXHOJIIOTUU M KpalHUs
pesynrat — criobenu 3D oTmeuaTaHu eneMEHTH KbM poOoTa. 3a
TE3H LENH Ca U3MOJI3BaHU PA3IMYHU ChbBPEMEHHH TexHosoruu: 3D
na3zepHo ckaHupane, copryep 3a 3D monenupane tun scan-to-CAD
u uapycrpuanes FDM 3D npunrep.

B4.9 Gavrilov, T., Todorov, G., Ivanov, I., Zagorski, M., “Reverse 15
Engineering for Determining Residual Workpiece Geometry in
Milling Process”, AIP Conference Proceedings, 2025, 3274(1),
050004.

https://www.scopus.com/pages/publications/105000362333

REVERSE ENGINEERING FOR DETERMINING
RESIDUAL WORKPIECE GEOMETRY IN MILLING
PROCESS

Tool breakage during of milling a part with complex geometry
could be very unpleasant, because it can lead to a significant delay
in the planned processing time which in turn delays the execution
of subsequent tasks in the machine queue. Even if the integrity of
the part is not affected by the unforeseen events during the milling
process, situations can be created that are challenging to solve so
that the work process can be resumed at the required pace.
Nowadays, the CNC machines allows the machine working without
human presence for a long period of time. Loading a set of
programs and night operation of the machine is a common practice.
This, in turn, can lead to the encountering of specific problems. An
example for such problem is a cutting tool breakage during rest
milling operations which leads to unidentified residual stock. In
this operations tools with smaller diameter are normally in use,
which however, should take a relatively large amount of material
and this could easily lead to a break. These operations are more
often related with great amount of machining time and the
complete repetition of the program is not preferred. The complex
shape does not allow the measurement of residual material in a
conventional way and alternative methods are required in order to
create new tool path that could guarantee collision free operation
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on the on hand and optimization of the machining time on the other
hand.

PEBEPCUBHO UH’)KEHEPCTBO 3A OIIPEJIEJISASHE HA
OCTATBYHATA INTPUBABKA HA 3AI'OTOBKATA IIPU
®PE3OBAHE

CuynBaHeTO Ha MHCTPYMEHT IO BpeMe Ha (hpe3oBaHe Ha JeTaill
CbC CIIO)KHA TIeoMeTpus Moxe Ja ObAe HU3KIHYUTEIHO
HeOJaronpusaTHO, Th KaTO BOAU O 3HAYUTENIHO 3a0aBsiHE Ha
IUTAHUPAHOTO BpeMe 3a 00paboTKa, KOETO OT CBOSI CTpaHa oTjiara
U3IIBJIHEHUETO Ha TIOCHIE[BAIIMTEe 3a/Jaud B Olallkata Ha
MamuHaTta. Jlopu KoraTo IesocTTa Ha JeTaiyia He € HapylieHa OT
HEeNpeABUJICHN CBHOUTHS MO Bpeme Ha Iporeca Ha (pe3oBane,
MOraT /1a Bb3HUKHAT CUTYaIlH, KOUTO ca TPYIHH 32 pa3peliaBaHe,
Taka 4e paOOTHHAT Tporec Aa ObJie Bb30OHOBEH ¢ HEOOXOMUMHUS
temrl. B Hamm au mammauTe ¢ L{ITY mo3BonsBat pabora 3a IbJIbr
Iepuoj; OT BpeMe 0e3 YOBELIKO MNPUCHCTBUE. 3apeXkJAAHETO Ha
Habop OT mporpaMu M HOIIHATA EKCIUIoATalMs Ha MalldHaTa €
oOn4aiiHa MpaKTHKa, KOETO OT CBOS CTpaHa MOXE Ja JOBEIE 10
Bb3HUKBaHE Ha creuuduuau mnpobiemu. Ilpumep 3a TakbB
npobjeM € CUyNBaHETO Ha peXel] MHCTPYMEHT IO BpeMe Ha
olepaluy MO AOBBPLIMTENH (UHU OOpabOTKH, KOETO BOAU [0
HeuleHTUGULIUpaH o0eM ocTaThUeH MaTepual Ha 3aroToBKara.
ITpu Te3u onepanuu 0OOGMKHOBEHO c€ U3MOJI3BAaT MHCTPYMEHTH C IO-
MaJIbK JAMaMEThp, KOUTO oOade TpsOBa Ja OTHEMAT CPaBHUTEIHO
TOJISIMO KOJIMYECTBO MaTepuall, KOETO JIECHO MOXeE Ja JIOBeJe 10
cuynBaHe. Te3u omepalnuy 4ecTo ca CBBbP3aHU C JIBJITO MALIMHHO
BpeME€ M DBJIHOTO TIOBTOPEHME Ha mporpaMara He € 3a
npennouyutaHe. CrnoxHata ¢opma He TO3BOJISIBA M3MEpBaHE Ha
OCTaThYHMS MaTepuall 10 KOHBEHLMOHAIEH HAauMH, IOpaJu KOETO
ca HEOOXOIMMH aJITepPHATUBHU METOIM 3a Ch3JlaBaHE Ha HOBH
TPaeKTOpUM HA WHCTPYMEHTa, KOWTO OT €IHa CTpaHa Ja
rapaHTupar paborta 0e3 KOJIM3UHU, a OT Jpyra — Ja ONTUMH3UpPAT
BpeMeTo 3a 00paboTKa.

B4.10 | Todorov, T., Gavrilov, T., Semkov, M., Zagorski, M., 15
“Environmentally Sustainable Machining of Complex Parts Using
3D Scanning and Virtual Models”, Iop Conference Series Earth and
Environmental Science, 2025, 1532(1), 012035.

https://www.scopus.com/pages/publications/105014432069

ENVIRONMENTALLY SUSTAINABLE MACHINING OF
COMPLEX PARTS USING 3D SCANNING AND VIRTUAL
MODELS

In multi-process manufacturing, ensuring part accuracy and
meeting production requirements depends heavily on correct
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repositioning, basing, and assessment of the geometry state from
prior operations. The risk of error during these steps is particularly
high in single-unit production, where rework is costly and time-
consuming. Complex-shaped parts pose an additional challenge, as
the process planning time often exceeds actual machine time. To
address these issues sustainably, 3D scanning and reverse
engineering are increasingly applied—not only as tools for in-
process geometry control but also for creating virtual models that
integrate directly into computer-aided manufacturing workflows.
Their use reduces material waste, prevents unnecessary machining,
and supports energy-efficient operations. In this article, the
machining of a custom aluminum alloy casting is presented, where
the initial 3D model was inaccurate. To meet tight precision
requirements and minimize environmental impact, reverse
engineering was employed to define the exact position of target
geometries within the provided casting, thus enabling accurate and
resource-conscious subtractive machining.

EKOJIOTUYHO YCTOMYUBA OGPABOTKA HA
CJIOKHM JIETAWJIMN YPE3 U3IIOJI3BAHE HA 3D
CKAHUMPAHE U BUPTYAJIHU MOJEJIN

IIpu mpou3BOACTBOTO C MHOXECTBO OINEPALUU OCUTYpSIBAaHETO Ha
TOYHOCTTa Ha JieTailla M CHa3BaHETO Ha IPOM3BOJICTBEHUTE
U3MCKBAaHUS B TrojsiMa CTENEH 3aBUCAT OT IPaBUJIHOTO
HacTpoliBaHe, 0a3upaHe M OLEHKAa HAa F€OMETPHUYHOTO CHCTOSHUE
clle]] IPEeIXOAHUTE ONepaluu. PUCKBT OT Ipeliky pu Te3HU €Taru €
0COOCHO BUCOK TpU E€AMHUYHOTO MPOU3BOJCTBO, KBbIETO
MOBTOpHaTa 00pabOTKa € CKblla M OTHEMa 3HAYMTEIIHO BpEME.
Jleraiinute cbC cioxHA (opma MHpencTaBiIsIBAT JOMBIHUTEIHO
MpPEeN3BUKATEIICTBO, TbH Karo BPEMETO 3a TEXHOJIOIMYHA
MOJrOTOBKA YECTO HAJBMINABA PEAJHOTO MAIIMHHO Bpeme. 3a
yCTOMUYMBO pelllaBaHe Ha Te3W NpoOJeMH BCe MO-IIMPOKO Ce
npuiarat 3D ckaHMpaHe U PEBEPCUBHO MH)KEHEPCTBO — HE Camo
KaTo MHCTPYMEHTH 3a KOHTPOJI Ha TE€OMETpHsTa MO0 BpeMe Ha
mporeca, HO M 3a Ch3JaBaHE HAa BUPTYaJHU MOJEIH, KOUTO ce
unTerpupar aupektHo B CAD/CAM mnpou3BoACTBEHUTE PaOOTHU
norony. TSAXHOTO M3MOJI3BaHE HamalsiBa pas3xoja Ha MaTepual,
NpeJoTBpaTsBa  HEHY)XXHO  JIOMBJIHUTENIHO  00paboTBaHe U
MOJIIOMara €HepruifHo e()eKTUBHU MPOM3BOJCTBEHU omepaiuu. B
HacTosIIlaTa CTaTHs € MpecTaBeHa 00padoTkaTa Ha MHIMBUAyallHA
OTJIMBKAa OT alyMUHHUEBa CIUIaB, MPU KOSATO M'bPBOHAYATHUAT 3D
Mojen € Owin HeTodyeH. 3a Ja ObJaT U3MBJIHEHH CTPOTUTE
M3HCKBAHUS 3a MPELU3HOCT U J1a C€ MMUHHUMHU3UPA Bb3ACHCTBHETO
BBPXY OKOJIHaTa CPeAa, € MPUIIOKEHO PEBEPCUBHO MHKEHEPCTBO 3a
OIIpeNIeJIIHE Ha TOYHOTO IIOJIO)KEHUE Ha LIEJIEBUTE I€OMETPUU B
IIPEeJOCTaBeHaTa OTJIMBKA, KOETO M03BOJISIBA MPELHU3HA U PECYPCHO
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edexTrBHA 00pabOTKa C OTHEMaHe Ha MaTepHall.

I'7. Hayuynun nmy0jauMKanuyu B M3J1aHHUA, KOUTO ca pedeprupaHH U HHIEKCHPAHH B CBeTOBHOM3BECTHHU
0a3u JaHHU ¢ HAY4YHA HHpoOpPMaLus

Ne bubauorpadcko onucanue Toukm oT
CbaBTOPCTBO
I'7.1 | Milanova, G., Petrov, K., Zagorski, M., Rangelov, R., 8

Kandeva, M., “EFFECT OF GRAPHITE
MICROPARTICLE SIZE ON THE GAS
PERMEABILITY AND FRIBILITY OF REFRACTORY
FOUNDRY COATINGS”, Journal of the Balkan
Tribological Association, 2022, 28(5), pp. 677-686.

https://www.scopus.com/pages/publications/85151118872

EFFECT OF GRAPHITE MICROPARTICLE SIZE
ON THE GAS PERMEABILITY AND FRIBILITY OF
REFRACTORY FOUNDRY COATINGS

The present paper concerns casting properties (gas
permeability and friability) of samples applied with
refractory coatings with dimensions of the refractory filler —
60 um, 80 pwm, 100 pm and 120 um respectively. The
investigated coatings are designed to prevent the formation
of sintering effect during the production of iron alloy
castings (steel and cast iron). The base, on which those
paints are applied represents standard test samples for
determining the casting properties of moulding and core
mixtures made of corning sand. The obtained results show
that the increase of the size of the graphite particles leads to
an increase in gas permeability and it almost does not affect
friability.

BJIMAHUE HA PASMEPA HA TPA®OUTHUTE
MHUKPOYACTHUILHN BBPXY
I'A30ITPOITYCKJIMBOCTTA U POHJIUMBOCTTA
HA OTHEYIIOPHU JIEAPCKHU IIOKPUTUA

Hacrosimata cratus pasrinexnaa JISIpCKUTE CBOMCTBA
(ra30mpoHUIIaEMOCT U POHJIMBOCT) Ha 00pasly, MOKPUTH C
OTHEYTIOPHU MOKPUTHS, ChAbPKAIIN TBIHUTEN C Pa3IMuHU
pa3Mepu Ha yacTunure — cboTBETHO 60 pm, 80 pm, 100 um
u 120 ym. M3cneaBanute NOKPUTHS ca MPEIHA3HAYEHH /1A
MPEeOTBPATAT 00pa3yBaHETO HA 3bPHUCT €(EeKT M0 BpeMe
Ha TIPOM3BOACTBOTO HAa OTJIMBKH OT XKEJIE3HH CIUIABH
(cromana u uyryH). OcHoBarTa, BbpXY KOSTO Ca HAaHECEHU
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TE3W MOKPUTHS, NPEACTaBIsABa CTAHAAPTHU OOpazLu 3a
ONpeleisiHE Ha JICIPCKUTE CBOWCTBA Ha  IISICBYHU
¢dopmoBbuHM cMecH. [lomyueHuTe pe3yiaTaTu MOKa3Bar, 4e
YBEIMYAaBAHETO Ha pa3Mepa Ha TpadUTHUTE YACTHUIM BOJH
J0 TOBUIIABAaHE Ha Ta3ONpOIYCKIMBOCTTA W IOYTH HE
OKa3Ba BJIIMSHUE BbPXY POHJIUBOCTTA.

7.2 Kandeva, M., Zagorski, M., Nikoli¢, R., Stojanovi¢, B., 5
But, A.

Botko, F., Pitel, J., Vencl, A., “Friction Properties of the
Heat-Treated Electroless Ni Coatings Embedded with c-BN
Nanoparticles”, Coatings, 2022, 12(7), 1008.

https://www.scopus.com/pages/publications/85137294726

FRICTION PROPERTIES OF THE HEAT-TREATED
ELECTROLESS NI COATINGS EMBEDDED WITH
C-BN NANOPARTICLES

The nickel (Ni) coatings without and with embedded (5-7
vol. %) cubic boron nitride (c-BN) nanoparticles (10 nm in
diameter) were deposited on carbon steel substrate by an
electroless plating process. Coatings were tested in as-
deposited and heat-treated (heating at 300 °C for 6 h)
conditions.  Coating  structure characterisation was
performed, as well as hardness and roughness
measurements. Friction properties were tested in dry and in
water (seawater) lubricated contact conditions, with bronze
as a counter-body material. Both static and Kinetic
coefficients of friction were measured for two different
surface texture preparations (initial and working). The first
surface texture simulated the running-in condition, and the
second surface texture represented the steady-state
conditions. The enhancement of the abrasive and erosive
wear resistance of heat-treated electroless Ni coatings with
embedded c-BN nanoparticles was already proved in our
previous studies. This study aims to investigate those
influences on friction properties of electroless Ni coatings
in different sliding conditions. The results show that the
coefficients of friction did not differ too much between the
coatings and that the surface roughness and presence of
seawater had a much stronger influence.

®PUKIIUOHHU CBOMCTBA HA TEPMUYHO
OBPABOTEHU XUMHNYHO OTJIOKEHHU
HUKEJIOBU NIOKPUTUSA C BT PAAEHU C-BN
HAHOYACTHIIA
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HuxkenoBu (Ni) mokputust 6e3 u ¢ Brpagenu (5-7 w%)
HAaHOYACTHIIM OT KyOmueH OopeH Hutpua (c-BN) ¢
quaMersp 10 nm ca HaHeCceHM BBPXY MOMIOXKKA OT
BBIJIEPOJIHA CTOMAHA 4Ype3 MPOLEeC Ha XMMHUYHO OTJIaraHe
0e3 enextpuyeckn Tok (electroless plating). I[lokpuTusira ca
U3IIUTBaHU KaKTO B ChCTOSIHUE CJIE]] HAHACSHE, TaKa U Clie]l
tepmuyHa oOpabotka (HarpsBane mnpu 300 °C B
npoabKeHUe Ha 6 yaca). M3pbplieHa e XapakTepUCTHKa
Ha CTPYKTypaTa Ha MOKPUTHATA, KAaKTO W MU3MEPBaHUS Ha
TBBPJOCTTa U TpamnaBocTra. OPUKIMOHHUTE CBOICTBA ca
U3CJEBAaHH MIPU YCJIOBUS HAa CyXO TPUEHE M MPH CMa3BaHe
c Boja (cojeHa BOJa), KaTo HPOTHBOTSUIO € H3IOJI3BAaH
Opons. M3mepeHn ca KakTO CTaTUYHUAT, Taka W
KUHETHYHUAT KOe(UIMEHT Ha TpUEHE NpH JBE Pa3InyHU
MOJTOTOBKM Ha IOBBPXHOCTHATa TEKCTypa (Ha4yaiHa W
paGotHa). IIppBara HOBBPXHOCTHA TEKCTypa CHUMYJHpa
ycrnoBusTa Ha npupaboTBaHe, a BTOpaTa IPEICTaBs
yCTaHOBEHUs pexuM Ha pabora. I[loBumaBanero Ha
YCTOWYMBOCTTa Ha aOpa3MBHO U €pPO3UIHO M3HOCBAHE HA
TEPMUYHO OOpPabOTEeHH XMMHUYHO OTJIOXKEHH HUKEIOBU
IIOKpUTHUA C BrpajgeHu c-BN HaHo4acTHIM € JOKa3aHO B
Hallld MpeAuUIHKd u3cieaBanus. Hactosdmoro usciensaHe
uMa 3a LeN Ja aHalu3upa BIMSHHUETO Ha Te3u (aKTOpH
BbPXY (PUKLIMOHHUTE CBOMCTBA Ha XUMHYHO OTJIOKEHUTE
HUKEJIOBU TIOKPUTHS NPH PA3IMYHHU YCJIOBHUS Ha ITH3TaHE.
[Tomyuyenure pe3yaTaTtu IMOKa3BaT, 4ye KOE(PUIMEHTUTE Ha
TPHEHE HE CE Pa3InyaBaT CHIIECTBEHO MEXKIy OTIEIHUTE
MOKPUTHS, KaTo TpamaBoCTTa Ha IOBBPXHOCTTa H
HAJIMYMETO HA COJIEHA BOJA OKA3BaT 3HAYMTEIHO MO-CHITHO
BIIMSIHUE.

7.3 Dochev, B., Kasabov, P., Dimova, D., Kamburova, G., 8
Zagorski, M., “Investigation of the Structure of
AIlSi25Cu4Cr and AlISi25Cu5Cr Alloys”, Vide Tehnologija
Resursi, Environment Technology Resources, 2023, 3, pp.
83-89.

https://www.scopus.com/pages/publications/85170637504

INVESTIGATION OF THE STRUCTURE OF
ALSI25CU4CR AND ALSI25CUSCR ALLOYS

The hypereutectic aluminium-silicon alloys AISi25Cu4Cr
and AISi25Cu5Cr are heat treated T5, T6 and T7. The
guenching of the alloys was carried out under the same
conditions. Artificial aging at T5 was carried out at a
temperature of 180 °C for 2, 4 and 6 h, and at T6 at 180 °C
for 8, 10, 12 and 14h. The artificial aging of the studied
compositions at T7 was carried out at a temperature of 370
°C for 20, 40 and 60 min. The influence of heat treatment
on the size, shape and distribution of primary and eutectic
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silicon crystals in the alloy structure was investigated. It
was established that the proposed heat treatment regimes do
not lead to a significant change in the shape and size of the
primary silicon crystals, but contribute to their uniform
distribution in the structure of the studied alloys. Rounding
of the silicon crystals in the composition of the eutectic of
the investigated alloys was observed.

MN3CJIEABAHE HA CTPYKTYPATA HA
CINTABUTE ALSI25CU4CR " ALSI25CUSCR

HaneBrexTuunure AITyMUHHUEBO-CUIULIMEBU CIUIaBU
AlSi25Cu4Cr u AlSi25Cu5Cr ca no/uI0’)keH! Ha TePMHYHA
obpaboTtka mo pexumu TS5, T6 u T7. 3akanaBaHero Ha
CIUIaBUTE € M3BBPLIEHO IPU €JHU U ChIIU YCJIOBUS.
N3kycTBEHOTO cTapeeHe Ipu pexum TS5 e mpoBeAeHO Hpu
temneparypa 180 °C 3a 2, 4 u 6 yaca, a npu pexum T6 —
npu 180 °C 3a 8, 10, 12 u 14 yaca. UI3KyCTBEHOTO cTapeeHe
Ha U3CJIEIBAHUTE ChCTABU NpHU pexuM 17 € U3BbpLICHO NpU
temneparypa 370 °C 3a 20, 40 u 60 munytu. M3cinensano e
BIUSHUETO Ha TepMHYHATa 00paboTKa BBPXY pasMmepa,
dopMaTta U  pa3mpenesieHHeT0O Ha MOBPBUYHHUTE U
€BTEKTUYHHUTE CUJIMLUEBH KPUCTAIM B CTPYKTypara Ha
CIUTaBUTE. YCTAHOBEHO €, Y€ NPEIJIOKEHUTE PEXKUMHU Ha
TepMUYHa 00paboTKa HEe BOIAT JO CHIIECTBEHA MPOMSIHA
BbB (opMara M pa3Mepa Ha IIbPBUYHUTE CHIIMIIMEBU
KpUCTQJIM, HO JONPHUHACAT 3a TAXHOTO MO-PaBHOMEPHO
pasmpeneneHre B CTPYKTypaTa Ha M3CIIEBAHUTE CIUIABH.
HabmtonaBa ce u 3akpbIiisiBaHE Ha CHIIMIIMEBUTE KPUCTAIIN
B ChCTaBa Ha €BTEKTHUKATa HA U3CJIEIBAHUTE CIUIABH.

I'7.4 | Milanova, G., Zagorski, M., Petrov, K., Kandeva, M., 8
Rangelov, R., “INFLUENCE OF GRAPHITE PARTICLE
SIZE ON MICROHARDNESS AND ROUGHNESS OF
REFRACTORY COATINGS”, Journal of the Balkan
Tribological Association, 2023, 29(1), pp. 87-96.

https://www.scopus.com/pages/publications/85162145563

INFLUENCE OF GRAPHITE PARTICLE SIZE ON
MICROHARDNESS AND ROUGHNESS OF
REFRACTORY COATINGS

The present paper concerns the examination of four types of
alcohol-based refractory coatings with one and the same
viscosity with graphite particle sizes of 60 pm, 80 pum, 100
um and 120 pm and with the same viscosity. Different
particle sizes are obtained by grinding and the coating is
applied by immersion in the suspension of sand matrix
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samples. Results about microhardness and roughness of the
coatings are obtained. They show that as the size of the
graphite particles decreases, the microhardness increases
and the roughness decreases. The dependency of the
microhardness on the particle size has an almost linear
character, and the roughness is an increasing exponential
function.

BJIMAHUE HA PASMEPA HA TPA®UTHUTE
YACTUIIA BbPXY MUKPOTBBPAOCTTA "
I'PAITABOCTTA HA OTHEYIIOPHU ITIOKPUTUA

Hacrosmara cratus € HocBeTeéHa HAa M3CIEABAHETO HA
YEeTUPU BUJA OTHEYNOPHHM HMOKPUTHS HA aJIKOXOJHA OCHOBA
C €IHAaKbB BHCKO3UTET M C pa3Mepu Ha rpaduTHUTE
gactuy 60 pm, 80 um, 100 pm u 120 pm. Pa3nuunure
pasMepu Ha YacTULUTE ca IMOJIy4eHH 4Ype3 CMUJIaHe, a
MOKPUTHETO € HAHECEHO Ype3 MOTAIsIHE B CYCIIEH3Us BbPXY
o0pa3uu cbe niackuHa Matpua. [lomyuenu ca pesynraru 3a
MHUKPOTBBPJOCTTa U TParaBOCTTa HAa HNOKPUTHSTA, KOUTO
[OKa3BaT, Y€ C HaMaJlsBaHE Ha pa3Mepa Ha rpadurHuTe
YaCTUIM MHUKPOTBBPIOCTTa HapacTBa, a IpamnaBoOCTTa
HaMaJisiBa. 3aBUCUMOCTTa Ha MUKPOTBBPIOCTTA OT pa3Mepa
Ha YacTULUTE MMa IOYTH JIMHEEH XapakTep, JOKaTo
rpanaBoCTTa IPEACTaBIsBa HAapacTBalllda €KCIOHEHIMAIHA
byHKIHS.

I'7.5 | Kandeva, M., Dochev, B., Dimova, D., Zagorski, M., 8
Kasabov, P., “INVESTIGATION OF THE WEAR
RESISTANCE OF TRIBOLOGICAL SYSTEMS
COMPOSED OF ALUMINIUM-SILICON ALLOYS:
PART 17, Journal of the Balkan Tribological Association,
2024, 30(1), pp. 59-66.

https://www.scopus.com/pages/publications/85192197539

INVESTIGATION OF THE WEAR RESISTANCE OF
TRIBOLOGICAL SYSTEMS COMPOSED OF
ALUMINIUM-SILICON ALLOYS: PART 1

The present work represents the wear of contact systems
(tribosystems) composed of non-standardized aluminium-
silicon alloys in the boundary lubrication mode during
reversible reciprocating motion. The studied samples are
made of alloys with hypereutectic composition
(AISi21Cu3CrMn, AISi25Cu4Cr, AlSi25Cu5Cr), and the
counterbodies are complex alloyed eutectic alloys
(AISi12Cu5MgCr, Al- Sil2Cu5Mn). The hypereutectic
alloys are modified by P, the AISi12Cu5SMgCr alloy is
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complex modified by Be, Ti, B and P, and the
AIlSi12Cu5Mn alloy with Ti, B and Sr. The alloys were
subjected to T6 heat treatment at different time-temperature
regimes of artificial aging. Results were obtained for mass
wear, wear rate and wear resistance of each specimen,
counterbody and overall for the tribosystem.

TPUBOJIOI'MYHU CUCTEMHU, CbCTABEHU OT
AJTYMUHHUEBO-CHJIMIIUEBU CIIJIABU: YACT 1

Hacrosimata  paGota  mpenactaBs — W3CIeABaHE  Ha
W3HOCBAHETO Ha KOHTAKTHU CHCTEMHU (TpUOOCUCTEMH),
ChCTaBEHU OT HECTaHAAPTU3UPAHU ATyMHHHUEBO-CHIIAIIAEBU
CIUIaBH, TIPU PEKUM Ha IPaHUYHO CMa3BaHE MO BpeMe Ha
BB3BPATHO-TIOCTHIIATETHO  JBWKCHHE.  M3cienBaHuTe
o0Opa3iu ca u3pabOTEHH OT CIUIABH C HaJEBTEKTHYEH
cberaB (AlSi21Cu3CrMn, AlSi25Cu4Cr, AlSi25Cu5Cr), a
MPOTUBOTENIaTA Ca OT KOMIUIEKCHO JIETUPaHU E€BTEKTUYHH
CIUIaBU (AISi12Cu5MgCr u AlSi12Cu5Mn).
HapgeBtexkTtnunure cmnaBu ca Moauduuupanu ¢ docdop
(P), curata  AlSil2Cu5MgCr € KOMIUIEKCHO
moaudunupana ¢ Be, Ti, B u P, a cutaBra AlSi12CuSMn —
¢ Ti, B u Sr. CrutaBure ca TOMJIOKEHHM HA TEPMHYHA
oOpaboTka 1o pexuM T6 Tpu pasITuYHH BPEMEBO-
TEMIICPATYpPHH PEKUMH Ha  HM3KYCTBCHO  CTapecHeE.
[Tonmyyenn ca pe3ynraTd 3a MacoBOTO HM3HOCBAHE,
CKOpPOCTTa Ha M3HOCBAHE W M3HOCOYCTOMYMNBOCTTA Ha BCEKHU
oOpaser, Ha MPOTUBOTSUIIOTO W Ha TpuOOCHUCTEMaTa KaTo
115110.

I'7.6 | Kandeva, M., Dochev, B., Dimova, D., Zagorski, M., 8
Kasabov, P., “INVESTIGATION OF THE WEAR
RESISTANCE OF TRIBOLOGICAL SYSTEMS
COMPOSED OF ALUMINIUM-SILICON ALLOYS:
PART 2”, Journal of the Balkan Tribological Association,
2024, 30(2), pp. 208-217.

https://www.scopus.com/pages/publications/85196751467

INVESTIGATION OF THE WEAR RESISTANCE OF
TRIBOLOGICAL SYSTEMS COMPOSED OF
ALUMINIUM-SILICON ALLOYS: PART 2

The present work represents the wear of contact systems
(tribosystems) in boundary lubrication mode during
reversible reciprocating motion. The investigated
tribosystems are composed of non-standardized
hypereutectic aluminium-silicon alloys. The samples,
involved in the friction pairs, are from the alloys
AIlSi21Cu3CrMn, AlSi25Cu4Cr and AlSi25Cu5Cr, and the
compositions  AlSi12Cu5MgCr and AISi21C5Cr  The
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investigated alloys were modified with P and subjected to
T6 heat treatment. Artificial aging was carried out under
different parameters (temperature and holding time).
Results were obtained for mass wear, wear rate and wear
resistance of each sample, counterbody and overall for the
tribosystem.

W3CJEJIBAHE HA H3BHOCOYCTOMYHUBOCTTA
HA TPUBOJIOI'MYHHU CUCTEMU, CbCTABEHH
OT AMIYMUHHMEBO-CHJIMIMEBHU CIIVIABH:
YACT 2

Hacrosimmata  pabora  mpeacraBs — U3CleJBaHe  Ha
M3HOCBAHETO HA KOHTAKTHU CHCTEMHU (TpHOOCHCTEMH) IPU
PEeKUM Ha TPaHUYHO CMa3BaHe IO BpPEME Ha BbB3BPATHO-
MOCTBIIATENHO ABMKeHHE. M3cnenBanuTe TpubocucreMu ca
CbCTaBEHM OT  HECTaHJapTU3UpPaHU  HAJEBTEKTUYHU
QITyMUHUEBO-CUINIMEBH cIutaBu. OOpa3uuTe, yyacTBaIll B
TpUELIUTEe JABOMKM, ca M3padOTEeHHM OT  CIUIaBUTE
AlSi21Cu3CrMn, AlSi25Cu4Cr u  AlSi25Cu5Cr, a
npotuBotesniata — 0T cmiaaBure  AlSil2CuSMgCr u
AIlSi21Cu5Cr. U3cnensanute CruiaBu ca MOAUMDUIIUPAHU C
dochop (P) m mommokeHM Ha TepMHYHA OOpabOTKa IO
pexum T6. W3KycTBEHOTO cTapeeHe € IpOBENEHO IIpH

pasnuyHu IapamMeTpu — TeMIeparypa U BpeME Ha
3agbpkane. [lomydyennm ca pe3yiaratd 3a MacoBOTO
HU3HOCBAHC, CKOpOCTTa Ha H3HOCBAHC n
U3HOCOYCTOMYMBOCTTA Ha BCEKHU oOpaser, Ha
IMPOTUBOTAJIOTO U HA TpI/I6OCI/ICTeMaTa KaTo IAJ10.

I'7.7 | Dochev, B., Dimova, D., Zagorski, M., Kasabov, P., 8

Chuchulska, B., “Investigation of the influence of artificial
aging parameters on the micro and macro hardness of
AlSi112Cu5MgCr and AlISi12Cu5Mn alloys”, Vide
Tehnologija Resursi Environment Technology Resources,
2024, 3, pp. 48-52.

https://www.scopus.com/pages/publications/85200217314

Investigation of the influence of artificial aging
parameters on the micro and macro hardness of
AlSi12Cu5MgCr and AlSi12Cu5Mn alloys

Non-standard aluminium-silicon alloys of the eutectic type
are complexly modified. The alloys were subjected to T6
heat treatment at different artificial aging parameters. The
influence of the working parameters of the dispersion
hardening process on the microhardness of the a-solid
solution and the macrohardness of the alloys was
investigated. The influence of alloying elements on the
phase composition of the alloys is discussed.
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N3CJEJIBAHE HA BJIMSAHUETO HA
ITAPAMETPUTE HA UBKYCTBEHOTO CTAPEEHE
BBHPXY MUKPO- U MAKPOTBBPIOCTTA HA
CIUTABUTE ALSI12CUSMGCR " ALSI12CUSMN

HecrangapTusupanu amyMHUHUEBO-CHIIMLUEBH CIUIABH OT
eBTEKTHMYEH THII Ca KOMIUIEKCHO  MOJIU(HUIMPAHH.
CrutaBuTe ca MOAJIOKEHM Ha TepMHYHa o0OpaboTka IO
pexxum T6 mnpu pa3iauuHuM MapaMeTpu Ha H3KYCTBEHO
crapeeHe. I3cienBaHo € BIMAHHMETO Ha pabOTHHUTE
IapaMeTpH Ha Ipolieca Ha JUCIEPCUOHHO ysIKYaBaHE BbpPXY
MHUKPOTBBPAOCTTA Ha O-TBBPIUS pa3TBOp u
MakKkpOTBbpAOCTTa Ha ciuiaBuTe. OOCHAEHO € BIMSHUETO Ha
JeTUpaluTe eJIeMEHTH BbpXY (a3oBus CbcTaB Ha
CILIaBUTE.

I'7.8 | Dochev, B., Dimova, D., Zagorski, M., Kasabov, P., 8
Chuchulska, B., “Investigation of the influence of the
manufacturing process on the structure of hypereutectic
aluminium-silicon alloys”, Vide Tehnologija Resursi
Environment Technology Resources, 2024, 3, pp. 53-57.

https://www.scopus.com/pages/publications/85200239803

INVESTIGATION OF THE INFLUENCE OF THE
MANUFACTURING PROCESS ON THE
STRUCTURE OF HYPEREUTECTIC ALUMINIUM-
SILICON ALLOYS

Two technological approaches were used to produce the
hypereutectic aluminium-silicon alloys AlSi21Cu5MgCr,
AlSi21Cu5Cr, AlSi25Cu4Cr and AlSi25Cu5Cr. In one
case, alloys were melted from pure metals, metallurgical
processing of the melts was carried out, and experimental
castings were cast. In the other case, remelting of
previously prepared alloys was carried out for casting test
castings from the studied alloys, and the metallurgical
processing of the melts was carried out at a lower
temperature. The influence of the method of obtaining the
alloys on their structure has been established.

MN3CJEJABAHE HA BJIMSAHUETO HA
MMPOU3BOJACTBEHUS ITPOLEC BbPXY
CTPYKTYPATA HA HAJEBTEKTUYHUA
AJYMUHHUEBO-CHJIMIIUEBU CIIVTABA

3a nmoJsryyaBaHETO HA HAJIEBTCKTHYHUTE ATyMHUHUEBO-
cunuieBn crutaBu AlSi21Cu5SMgCr, AlSi21Cu5Cr,
AlSi25Cu4Cr u AlSi25Cu5Cr ca u3noa3BaHu ABa
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TEXHOJIOTMYHHU IToAXoza. B mbpBus Cilydail CIUIaBUTE ca
Pa3TOIIEHH OT YACTH METAJIU, U3BbPIICHA € METAlyprUYHa
00paboTKa Ha CTOMMJIKUTE U Ca OTJISITH EKCIICPUMEHTATHH
OTJIUBKU. BBB BTOpUS Cilydail € U3BBPILIEHO IPETOISABAHE
Ha [IPEIBAPUTEIIHO IOATOTBEHU CILIABHU C L€ U3pa0d0TBaHe
Ha U3MUTBATEIHU OTIUBKU OT U3CJICIBAHUTE CILIABH, KaTO
MeTallypruyHara oopaboTKa Ha CTONMIIKUTE € OChIIECTBEHA
IIpY [1O-HKUCKA TEMIIEpaTypa. ¥ CTaHOBEHO € BIUSHUETO Ha
METO/Ia Ha I10JTy4aBaHe Ha CIUIABUTE BbPXY TSXHATa

CTPYKTYpa.

7.9 Zagorski, M., Miltchev, R., Semkov, M., “Computer 13.3
Modeling and Simulation of Mechanisms using Free and
Open-source Software”, Vide Tehnologija Resursi
Environment Technology Resources, 2024, 3, pp. 352—356.

https://www.scopus.com/pages/publications/85200236550

COMPUTER MODELING AND SIMULATION OF
MECHANISMS USING FREE AND OPEN-SOURCE
SOFTWARE

The present paper aims to examine how free and open-
source software (FOSS) can be applied in the processes of
computer modeling and simulations of mechanisms.
Successful examples of the application of free software for
CAD (computer-aided design) and simulation of
mechanisms are presented and discussed. A case study is
used to exemplify how engineering tasks, related to position
function determination, first transfer function and output
link’s velocity of a four-bar linkage, can be resolved with
the help of an open-source scientific programming language
— GNU Octave. Recommendations about the applicability
of free open-source software in mechanism analysis are
provided.

KOMITIIOTBPHO MOJAEJIMPAHE U CUMYJIALIUA
HA MEXAHU3MU C IOMOIITA HA BE3IIJIATEH
CODPTYEP C OTBOPEH KOJ|

Hacrosimara cratmss wma 3a [en Ja HW3cienBa Kak
oesmaten codryep ¢ orBopeH kox (FOSS) moxe ma ce
nmpujara B TPOIECHTE Ha KOMIIOTBPHO MOJICNIMPAaHe W
cuMmynanusi Ha mMexanm3mu. [IpencraBeHun m oOChIeHH ca
YCHEIIHN MPUMEPH 3a U3MO0JI3BaHe Ha CBOOOAEH codTyep 3a
CAD (KOMOIOTBPHO TMOANIOMAaraHo MPOCKTHUPAHE) U
CUMyJIallisi Ha MEXaHWm3MH. B pamkuTe Ha Kazyc e
MOKa3aHO Kak WHXKEHepHW  3a/Ja4yd, CBBpP3aHU C
OTIpeNIeNITHETO Ha (YHKIHSTAa HA TMOJOXKEHHETO, IThpBaTa
npeaBaTe’aHa (pyHKIUS U CKOPOCTTa HAa M3XOAHOTO 3BEHO
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Ha UIApHUPEH YETHPHU3BEHEH MEXaHH3bM, MOrar Ja ObIaT
pelIeHn ¢ MOoMoIITa Ha CBOOOJEH HAaydeH €3MK 3a
nporpamupaie  — GNU Octave. IlpenocraBeHu ca
MPEMOPBKM  OTHOCHO TMPWJIOKUMOCTTAa Ha Oe3IIaTHUS
codTyep c OTBOPEH KOJ IIPU aHAIN3a HA MEXaHU3MH.

I'7.10 | Zagorski, M., Ivanov, 1., Zlatev, B., “3D Scanning for 13.3
Assessment of Large-Scale Industrial Infrastructure”, 2024
59th International Scientific Conference on Information
Communication and Energy Systems and Technologies
ICEST 2024 Proceedings, 2024.

https://www.scopus.com/pages/publications/85203693713

3D SCANNING FOR ASSESSMENT OF LARGE-
SCALE INDUSTRIAL INFRASTRUCTURE

The present paper aims to examine how a 3D scanning
system can be used for assessment of the interior of a large-
scale industrial tank. A case study is developed where a
Trimble X7 3D scanning system is used for the scanning of
the infrastructure and a further comparison with the
nominal dimensions of the object is made. Different
scanning regimes are also tested. The case study showcases
how the industrial 3D scanning process can be used for
assessment and analysis of existing structures.

3D CKAHUPAHE 3A OHEHKA HA I'OJIEMHA
MNPOMUIIVIEHA UHOPACTPYKTYPHHU OBEKTHU

HacrosimaTa cratus uma 3a 1ef 1a u3cjeBa U3MoJI3BaHeTo
Ha 3D ckaHupamia cucrema 3a OlleHKa Ha BBTPEIIHOCTTA Ha
TOJISIM MHAyCTpHalieH pe3epBoap. PaspaboTeH e kazyc, mpu
KoiTO ce m3noi3Ba 3D ckanmpama cuctema Trimble X7 3a
CKaHWpaHe Ha WHQPPACTPYKTypara, MOCIEIBaHO OT
CpaBHCHHE C HOMUHAJIHHWTE pa3Mepu Ha oOeKTa.
W3npoOBanu ca ¥ pa3ivyHUd pPEXUMH Ha CKaHUpaHe.
KazycwT nemoHcTpHpa Kak mpouechT Ha HHAycTpuaaHo 3D
CKaHUpaHEe MOKE Ja C€ M3MOJ3Ba 3a OLIEHKA W aHaJlu3 Ha
CBHILIECTBYBAIIIM KOHCTPYKIIUH.

I'7.11 | Kandeva, M., Dochev, B., Zagorski, M., Dimova D., 6.6
Kasabov, P., Tsonev, V., STATIC FRICTION IN
TRIBOSYSTEMS COMPOSED OF ALUMINIUM-
SILICON ALLOYS, Journal of the Balkan Tribological
Association, 2025, 31(2), pp. 149-159.

https://www.scopus.com/pages/publications/105006616423

STATIC FRICTION IN TRIBOSYSTEMS
COMPOSED OF ALUMINIUM-SILICON ALLOYS
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This work presents the characteristics of static friction in
tribosystems composed of aluminium-silicon alloys under
varying normal loads, in the presence of a lubricant.
Specifically, static and Kinetic friction forces, static and
kinetic coefficients of friction (COF), and the difference
between static and kinetic COF (Stick-slip) are investigated.
The studied bodies are from alloys with hypereutectic
compositions  (AISi21Cu3CrMn,  AlSi25Cu4Cr, and
AlSi25Cu5Cr), and the counter bodies are from complex
alloyed  eutectic  alloys  (AlISi1l2Cu5MgCr  and
AlSi12Cu5Mn) and hypereutectic alloys (AlSi21Cu5MgCr
and AISi21Cu5Cr). The hypereutectic alloys are modified
with phosphorus. The AISi12Cu5MgCr alloy is a complex
modification with beryllium, titanium, boron, and
phosphorus, and the AlSi12Cu5Mn alloy is modified with
titanium, boron, and strontium. The alloys were subjected to
T6 heat treatment at different time-temperature regimes of
artificial aging. The obtained results of the research of the
presented tribosystems show that the static and Kkinetic
friction forces, the static and kinetic coefficients of friction
(COF) and the difference between the static and kinetic
COF (Stick-slip) directly depend on the roughness of the
surfaces after mechanical processing, from the structure of
the alloys and their mechanical properties (macro and
microhardness). When using the normal load (P) with small
values, the factor that has a more significant influence on
the studied parameters is the roughness of the surfaces, and
with larger values of P, the structure, the microhardness of
the alloys and the microhardness of the a-solid solution in
the structure of the material. The creation of tribological
pairs of hypereutectic aluminium-silicon alloys is
appropriate because the obtained values of static and kinetic
coefficients of friction (COF) and the difference between
static and kinetic COF (Stick-slip) are comparable to those
of systems composed of eutectic and hypereutectic
compositions.

CTATUYHO TPUEHE B TPUBOJOI'MYHU
CUCTEMMU, CbCTABEHH OT AIYMHWHHUEBO-
CUWJINLIMEBMU CIIVIABH

Hacrosimara pabora mpeicTaBs XapaKTepUCTUKUTE Ha
CTaTUYHOTO TpHEHE B TPUOOCHCTEMH, CBHCTABEHH OT
QITyMUHHUEBO-CUJIMIIMEBU CIUIABH, IPU PA3IMUHU HOPMAJIHU
HATOBAapBaHUs U B MPHUCHCTBUETO Ha cMmaszka. M3cnensanu
ca CTaTUYHUTE W KHUHETUYHUTE CUJIM Ha TpPHUEHE,
CTaTUYHUTE M KUHETUYHUTE KOe(ULMEHTH Ha TpUEHE
(COF) u paznukara Mexny ctatuyaus u kunetnunust COF
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(epext Stick-slip). Uscnensanute Tena ca OT CIUIaBU C
HaseBTeKTHYHH cbcTaBH (AlSi21Cu3CrMn, AlSi25Cu4Cr u

AlSi25Cu5Cr), a mpoTHBOTENaTa — OT KOMIUIEKCHO
nerupann  eBTeKTHYHH crutaBu  (AISi12CuSMgCr  u
AlSi12Cu5Mn) u HAJIeBTEKTUYHU CIUIaBU

(AISi21Cu5MgCr u  AlSi21Cu5Cr). HaneBTekTUuHUTE
caBd  ca  moaupuuumpann ¢ ¢ochop. Cmasra
AlSi12Cu5MgCr e komruiekcHO MoauduIMpana ¢ Oepwuil,
TUTaHu#, 0op u Gocdop, a AlSi12CuSMn — ¢ Tutanwmii, 60p
u crpoHnmid. CrulaBuTe ca TMOJUIOKEHW Ha TepMHYHA
obpabotka 1o pexuM T6 TmpH pa3IMyHUA BPEMEBO-
TEMIEpaTypHH PEKUMH Ha  HM3KYCTBEHO  CTapeecHe.
[lonmyyenure pe3ydTaTH TIOKa3BaT, Y€ CTATHUYHUTE U
KHUHETHYHUTE CHJIM HA TPUEHE, CTATUYHUTE U KUHETUYHUTE
KOC(UIIMEHTH HA TPUEHE U Pa3IMKaTa MEXIY CTATUYHUS U
kunetnynuss COF  (Stick-Slip) 3aBucar mnpsko oT
rpamaBoCTTa Ha  IOBBPXHOCTHUTE  CIEA  MEXaHHYHA
00paboTKa, OT CTpPYKTypaTa Ha CIUIABUTE U TEXHUTE
MEXaHUYHU CBOMCTBa (Makpo- M MHKpOTBBprocT). Ilpu
MaJIKH CTOMHOCTH Ha HOPMaJIHOTO HaTtoBapBane (P) mo-
3HAYMMO BIIMSTHUE OKa3Ba IparaBoOCTTa Ha MOBBPXHOCTHUTE,
a TpU TO-TOJIEMU CTOWHOCTH Ha P — crpykrypara Ha
MaTepuaia,  MHKPOTBBPJOCTTa  HA  CIUIABUTE W
MUKPOTBBPJOCTTA Ha O-TBBpAUS pa3TBop. Ch3gaBaHETO HA
TpUOOJIOTHYHU JIBOMKH OT HAJEBTEKTHYHU aTyMHUHHEBO-
CWJIMIMECBH CIUIABH € TOJIXOMASIIO, Thil KaTO IMOJyYECHHUTE
CTOHHOCTH Ha CTaTUYHUTE M KHUHETHYHHUTE KOCHUIIMEHTH
Ha TPUEHE U pa3jMKaTa MEXAYy CTaTHUHUS U KUHETUYHUS
COF ca cpaBHUMHM C TE€3M Ha CHUCTEMHU, CHCTaBEHU OT
€BTEKTHYHH U HaJIEBTEKTHYHU CHCTABH.

I'7.12 | Zagorski, M., Dimitrov, K., Kamburov, V., Nikolov, A., 6.6
Stoichkov, K., Stoyanova, Y., “An Innovative Approach for
Delamination of Solar Panels Using a Heated Metal Wire”,
Recycling, 2025, 10(3), 104.

https://www.scopus.com/pages/publications/105009305238

AN INNOVATIVE APPROACH FOR
DELAMINATION OF SOLAR PANELS USING A
HEATED METALWIRE

Over the last two decades, the use of photovoltaic panels for
the production of electricity has increased significantly,
which leads to the need to solve the problems concerning
the decommissioning and disposal of the panels and the
development of appropriate technologies for their recycling.
One of the key steps in this process is the separation of the
tempered glass layer. Various technologies and devices are
known for separating the glass of the solar panel by cutting
it with a knife, as well as other instruments, with the
different methods being based on mechanical, chemical,
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and thermal processes and accordingly having their own
advantages and disadvantages. This article proposes an
innovative approach for the mechanical delamination of
solar panels using a metal wire heated by Joule heating,
with the potential to become an energy-efficient,
economical, and environmentally friendly method. This
publication presents results from experiments using this
type of tool to separate the layers of solar panels. Photos
from a thermal camera are presented, showing the heat
distribution in the panel and the reached operating
temperature of the heated metal wire, necessary to soften
the EVA bonding layer.

NHOBATHUBEH METO/l 3A MEXAHUYHO
PA3SJEJIAHE HA CJIOEBE HA COJIAPHU
ITAHEJIN YPE3 HAI'PSABAHE HA METAJIHA
HUIIIKA

[Ipe3 mocnemHWTe IBE JECETHUJICTHS W3MOJI3BAHETO Ha
(hoTOBONTANIHH MaHeIu 3a MIPOU3BOCTBO Ha
€JIEKTPOCHEPI'vsl 3HAYUTEIIHO C€ YBEJIMYM, KOETO Hajara
peraBaHeTo Ha MPOOJIEMHUTE, CBbP3aHU C U3BEKIAHETO UM
OT eKCIUloaTalis W JICTIOHHPAHETO WM, KakTo |
pa3paboTBAaHETO HA TMOIXOJSIIM TEXHOJOTHHU 3a TAXHOTO
penukiMpane. ENWH OT KIIFOYOBHUTE €Tany B TO3H MPOIIEC €
OTICIIHSTO Ha CJIod 3aKaJieHO CTHKIO. M3BectHu ca
pa3IMYHA TEXHOJOTMM M YCTPOMCTBAa 3a OTIENsIHE Ha
CTBHKJIOTO Ha COJIApPHMSI TIaHEN Ype3 ps3aHe C HOX WU
JIpyrd HMHCTPYMEHTH, KaTo METOAuTe ce Oa3upar Ha
MEXaHWYHU, XUMUYHH WA TEPMUYHU TMPOIECH, BCEKH OT
KOUTO HMa CBOM TMpeAuMCTBa U HexocTaThiu. B
MyOJIMKaIusATa Cce Tpenjara HWHOBATHBEH TIOJIXOI 34
MEXaHWYHO JENAMUHUPAHE Ha COJApHU [aHEIu upe3
MeTajHa HUIIKa, HarpATra 4pe3 eJIeKTPOCHIPOTHUBUTEITHO
HarpsiBaHe, ¢ MOTEHIMal Ja CE€ NPEBbPHE B EHEPTHIHO
e(heKTUBEH, HMKOHOMHYEH M €KOJOTUYHO YHUCT METO/I.
[TyOnukanusara npeacTaBs pe3yiaTaTH OT €KCIIEPUMEHTH C
TO3M THUIl HUHCTPYMEHT 32 OTAENSHE Ha CJIOEBETe Ha
coslapHu manenu. [IpencraBeHn ca U CHUMKH OT TepMajHa
Kamepa, MOKa3Balll pa3Npe/le]IeHUeTO Ha TOIUIMHATa B
MaHela W JIOCTUTHaTaTa paboTHa Temmeparypa Ha
HarpsiTaTa MeTallHa HUIIKA, HEOOXOAMMa 32 OMEKOTSBaHE
Ha cBBp3Bamms cioit EVA.

I'7.13 | Dochev, B., Ublekov, F., Dimova, D., Zagorski, M., 8
Tomanov, N., “Development of Composites Based on
Thermosetting Polymers (Epoxy, Polyester and Vinylester
Resins) with Cenosphere Fillers in Different Concentrations
- 5 wt.%, 10 wt.% and 15 wt.%”, Environment Technology
Resources Proceedings of the 16th International Scientific
and Practical Conference, 2025, 4, pp. 81-84.
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https://www.scopus.com/pages/publications/105011937522

Development of Composites Based on Thermosetting
Polymers (Epoxy, Polyester and Vinylester Resins) with
Cenosphere Fillers in Different Concentrations — 5
wt.%, 10 wt.% and 15 wt.%

Experiments were conducted to develop lightweight
composites based on thermosetting polymers with
cenosphere fillers. Cenospheres are rich in Al and Si
particles and are known as low-density aluminosilicate CFA
microspheres. The production of a polymer-based structural
material (composite) with reduced weight and good
mechanical properties, in which a waste product polluting
the environment is used as a filler, is a current engineering
task. Epoxy, polyester and vinylester resins were used, as
well as different filler concentrations (cenospheres — 5
wt.%, 10 wt.% and 15 wt.%). The mechanical properties of
the developed composites were studied. It was found that
the use of cenospheres positively affects the mechanical
properties of the vinylester resin, while in the case of other
thermosetting plastics an increase in some of the
mechanical characteristics was registered.

PABPABOTKA HA KOMIIO3UTH, BASUPAHU HA
TEPMOPEAKTHUBHU ITOJIUMEPH (EIIOKCHUIHA,
INOJIMECTEPHA U BUHUJIECTEPHA) C
HEHOC®EPHU ITbJIHUTEJINA B PA3JIMYHU
KOHHEHTPALMUMU -5 wt.%, 10 wt.% H 15 wt.%

[IpoBenenn ca ekcrepUMEHTH 3a pa3pabdOTBaHE Ha JICKH
KOMITO3UTHU MaTepuany, Oa3upaHM Ha TEPMOPEAKTUBHU
nouMepu ¢ IieHochepHu meiaHUTENU. lleHocdepure ca
ooraru Ha qacTuimn aJ'IYMI/IHI/II\/JI n CI/IJ'IPIHI/IfI 1 Ca U3BECTHU
Karo HUCKOIUTBTHH AITYMHUHHOCHIMKATHH MHKpPOChEpH.
[Ipon3BOACTBOTO HA CTPYKTYpEH MaTepuasl Ha IOJIMMEpPHA
OCHOBa (KOMIIO3HT) C HAMAJICHO TETJIO U JOOPU MEXaHUIHU
CBOWCTBa, MPU KOETO CE H3IO0J3Ba OTMAAbUYCH IMPOIYKT,
3aMbpCsBaIll  OKOJHATa  Cpela,  KaTo  ITBJIHUTE,
npejCTaBisABa aKTyallHa WH)KCHEepHa 3agada. M3mons3BaHu
ca CMOKCU/IHHU, TOJHECTEPHU W BHHUICCTEPHU CMOJIH,
KaKTO n pasiindHu KOHLCHTpPAIun Ha IIBJIHUTECIIA
(mecocdepu — 5 wt.%, 10 wt.% u 15 wt.%). U3cnensanu ca
MEXaHUYHUTE CBOIICTBa Ha pa3pabOTEeHUTE KOMIIO3UTHH
MaTepHalii. Y CTAHOBEHO €, Y€ U3I0JI3BaHETO Ha 1eHochepu
IMOJIOKUTCIIHO BJIUAC BBPXY MCXAHUYHUTC CBOICTBa Ha
BUHWJIECTEpHATa  CMOJa,  JIOKATO  TOpU  JIPYTHTE
TEPMOPEAKTUBHH TIACTMACH € HaOJI01aBa HapacTBaHE Ha
HSIKOM OT MEXaHUYHUTE XapaKTEPUCTHKH.

I'7.14 | Kandeva M., Dochev B., Zagorski M., Dimova D., Kasabov 6.6
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P., Tsonev, V., “INVESTIGATION OF THE INFLUENCE
OF THE STRUCTURE ON THE ROUGHNESS CLASS,
MICROHARDNESS, MACROHARDNESS, AND WEAR
RESISTANCE OF ALUMINIUM-SILICON ALLOYS”,
Journal of the Balkan Tribological Association, 2025,
31(3), pp. 439-445.

https://www.scopus.com/pages/publications/105012551142

INVESTIGATION OF THE INFLUENCE OF THE
STRUCTURE ON THE ROUGHNESS CLASS,
MICROHARDNESS, MACROHARDNESS, AND
WEAR RESISTANCE OF ALUMINIUM-SILICON
ALLOYS

The object of the present study is non-standardized
hypereutectic aluminium-silicon alloys (AlSi25Cu4Cr,
AlSi25Cu5Cr, AlSi21Cu5MgCr, AlISi21Cu5Cr). The alloys
are obtained by using different melting technologies. The
alloys are modified using phosphorus. The alloys were
subjected to T6 heat treatment at different time-temperature
regimes of artificial aging. The specimens were machined
using various metal cutting tools. A microstructural analysis
was carried out, and the roughness class of the surfaces
after mechanical processing, the alloys’ microhardness, and
the alloys’ microhardness of the a-solid solution in the
structure of the compositions were measured. The wear of
contact systems (tribosystems) composed of the studied
alloys in the boundary lubrication mode during reversible
reciprocating movement was investigated. The studied
samples are from the alloys AISi25Cu4Cr and
AISi25Cu5Cr, and the antibodies are from the compositions
AlSi21Cu5MgCr and AISi21Cu5Cr. Results were obtained
for each specimen’s mass wear, wear intensity, wear
resistance, counter body, and overall for the tribosystems. It
was established that the technological process for the
production of the alloys directly affects the structures of the
compositions, the surface roughness after mechanical
processing, and the micro- and microhardness of the alloys.
The results of the tribological studies show that the wear
characteristics depend on the structures of the alloys.

N3CJEJABAHE HA CTPYKTYPATA U
MN3HOCOYCTOMYNUBOCTTA HA
HECTAHJAPTU3UPAHU HAJJEBTEKTUUHHA
AJTYMUHHUEBO-CWINIINEBHU CILJIABA

OOekT Ha HACTOAIIOTO U3CJICABAHC Ca HCCTAHAAPTHU3UPAHU
HaACBTCKTUYHU ATYMHUHHUCBO-CUJIMIIUCBU CIIJIaBH
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(AISi25Cu4Cr, AlSi25Cu5Cr, AlSi21Cu5MgCr,
AlSi21Cu5Cr). CraBuTe ca Moy4eHu Ype3 M3I0JI3BaHe Ha
pa3NUYHU TEXHOJIOTUM Ha TOINEHE W ca MOAM(ULIUpaHU C
dbochop. Te ca momnokeHH Ha TepMUYHA 0OpabOTKa IO
pexxkum T6 TIpu pa3nuyHU BPEMEBO-TEMIIEPATYPHU PEKUMHU
Ha H3KyCTBEeHO crapeeHe. OOpasmure ca oOpabOTeHH C
pa3NuyYHM MeTaJopexemu HHCTpyMeHTu. [IpoBexen e
MUKpPOCTPYKTYpPEH aHallu3, U3MepeHa € TIparaBoCcTTa Ha
MOBBPXHOCTUTE cren MEXaHUYHA o0paboTka,
MHUKPOTBBPOCTTA HAa CIUIABUTE U MUKPOTBHPAOCTTA Ha O-
TBBPAUS Pa3TBOP B CTIPyKTypaTa Ha  CHCTAaBHTE.
W3cnenBaHo € M3HOCBAaHETO Ha KOHTAKTHH CHCTEMU
(TpubocucTeMH), CbCTABEHH OT H3y4YaBaHWUTE CIUIaBH, B
peKUM Ha TPaHUYHO CMa3BaHE MO BpPeME Ha BB3BPATHO-
MOCTBIIATEIHO JBIKEeHME. V3crmeaBanute oOpasum ca OT
crutaBute AlSi25Cu4Cr u AlSi25Cu5Cr, a mpoTtuBoTenara
e or cwcraBure AlSi21Cu5SMgCr u  AlSi21Cu5Cr.
[lonmydyenn ca pe3ynraTd 3a MacoBOTO HM3HOCBAHE,
WHTCH3MBHOCTTAa Ha M3HOCBAaHE, M3HOCOYCTOMYMBOCTTA HA
BCEKH O0pasel, MPOTUBOTSIOTO M TPUOOCHUCTEMATa KaTo
IUT0. YCTAHOBEHO €, Y€ TEXHOJOTMYHHAT TIpoLec Ha
MPOU3BOJICTBO HA  CIUIABUTE BJMSE TMPSKO  BBPXY
CTpYKTypara, TpamaBoCTTa Ha MOBBPXHOCTHTE CJeI
MexaHuyHa 00paboTka, KakTO M BBPXY MHUKPO- H
MakpoOTBBPAOCTTa Ha  CIUIaBHTe.  Pe3ynaratute  OT
TPUOOTOTHUHUTE U3CIIeIBaHUS MOKa3Bar, qe
XapaKTepUCTHKUTE HAa M3HOCBAHE 3aBUCAT OT CTPYKTypaTa
Ha CIJIAaBUTE.

I'7.15 | Buchkova, G., Petrov, K., Zagorski, M., Kandeva, M., 8
Mihaylov, A., “GEOMETRICAL AND PHYSICO-
MECHANICAL PARAMETERS OF REFRACTORY
GRAPHITE COATINGS, USED IN FOUNDRY SAND
MOULD AND CORES”, Journal of the Balkan
Tribological Association, 2025, 31(3), pp. 504-513.

https://www.scopus.com/pages/publications/105012546381

GEOMETRICAL AND PHYSICO-MECHANICAL
PARAMETERS OF REFRACTORY GRAPHITE
COATINGS, USED IN FOUNDRY SAND MOULD
AND CORES

The main purpose of this publication is to present the
difference between the penetration of the graphite refractory
coating in the sand mould/core considering the different
grain size of the graphite particles — 60, 80, 100 and 120
microns, used for the production of graphite refractory
coating. The second focus is compare the penetration with
the microhardness, roughness, friability and gas
permeability of a sand core, coated with graphite coating
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consisting different grain size of graphite. Special attention
is paid to refractory coatings, and in particular those with
graphite filler. Refractory coating applied on sand mould
and core is responsible for the surface of the final casting.
Sintering defect appears when metal penetrates in the sand
mould/core. This defect can be avoided by using the right
refractory coating. But our research is showing that not only
the chemical parameters are important but also geometrical
and physical once. The connection between the dimensions
of the graphite particles and the penetration of the coating is
found. The penetration of the coating is important
parameter of the refractory features of the coating and the
sand core and mould.

IFEOMETPUYHU U PU3UKO-MEXAHUYHU
ITAPAMETPH HA T'PAOUTHU OI'HEYIIOPHHU
INOKPUTUA, N3ITOJI3BAHU B IACBYHU ®OPMU
N JIEAPCKHU CBbPLHA

OcHoBHaTa 1€ Ha HacToOsIIaTa IyOJaMKauus € Ja
NpeJCTaBU BIUSHUETO Ha pa3Mepa Ha TpapUTEHUTE
gactuuu — 60, 80, 100 u 120 MukpomeTpa — BBPXY
MPOHUKBAHETO Ha TPAPHUTHOTO OTHEYIIOPHO TOKPHUTHE B
msicbuHata Qopmaliespckoro cbpue. ToBa NPOHHKBAaHE €
BXHO 3a NPOM3BOJICTBOTO Ha TpadUTHH OTHEYNOPHU
NOKpHUTUS. BTOpHAT aKkmeHT Ha  H3CICIBAaHETO ¢
CpPaBHEHHETO Ha TPOHUKBAHETO C MHKPOTBBHPIOCTTA,
rpanaBoCTTa, KPEXKOCTTa M Ta3oNpoIyCKINBOCTTA Ha
MSICBYHOTO CBPIE, TOKPUT C TPaQUTHO TIOKPUTHE C
pasnuyeH pa3Mmep Ha uacTuuuTe rpaput. BHumanue ce
oOpbIlIa Ha OTHEYNOPHHUTE MOKPHUTHS, U TO-CIICIUATHO Ha
Te3n ¢ rpadureH mbiaHUTEN. OTHEYNOPHOTO TOKPHUTHE,
HAHACSHO BBPXY IAChUHATa (JOpMa M CHPIETO, OMPEEIs
Ka4yecTBOTO Ha MOBBPXHOCTTA HA KPaHOTO JeeHe. 3bPHUCT
neexkr ce TposBsABA, KOTaTo METaTbT NPOHHKHE B
nmscbyHata (opma/cepre. To3m npedekr Moxe na Obae
n30erHaT Ype3 HW3IMOJI3BaHE Ha IMOAXOSIIO0 OTHEYIOPHO
nokputHe. Pe3ynrature oT M3CieABAaHETO MOKA3BaT, 4e He
caMO XHMMHYECKMTE TapaMeTpu ca BaXHH, HO U
TE€OMETPUYHUTE M (PU3UYHUTE CBOICTBA HAa TMOKPUTHETO.
VYcraHoBeHa € Bpb3Ka MEXIy pa3Mepa Ha 4YacTUIUTE
rpadUT W TPOHMKBAHETO Ha MoOKpuTHeTo. CTenmeHTa Ha
NPOHUKBAHE Ha IOKPUTHETO € KIIOYOB MapaMeTsp 3a
OTHEYNIOPHHUTE XapaKTePHCTUKH, KAKTO W 3a IISICHYHUS
cepAeYHHK U (opMma.

I'7.16 | Dochev, B., Dimova, D., Zagorski, M., Ublekov,F., 6.6
Tomanov, N., Valeva, D., “Investigation of the Mechanical
Properties of Thermosetting Polymers Reinforced with
Carbon Particles”, Eng. Proc. 2025, 100(1), 21;
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https://www.scopus.com/pages/publications/105017811385.

INVESTIGATION OF THE MECHANICAL
PROPERTIES OF THERMOSETTING POLYMERS
REINFORCED WITH CARBON PARTICLES

In this work, the mechanical properties of composites with
a polymer matrix and reinforced with carbon particles have
been studied. It has been established that the obtained
engineering materials have increased elastic and plastic
characteristics. The thermosetting polymers used are epoxy,
polyester, and vinylester resins. The carbon particles are
carbon nanotubes and waste carbon from the plasma
decomposition of methane in the production of green
hydrogen. The carbon particles used are in an amount of 1
wt% and 2 wt% of the weight of the composite, and they
are not subjected to pre-treatment (modification). The
studied composites are used in shipping, automotive, and
aviation technology, and the presence of carbon particles in
them is a prerequisite for improving their anti-radar
properties.

W3CJEJIBAHE HA MEXAHUYHUTE CBOWMCTBA
HA TEPMOPEAKTUBHU IHOJIMMEPH,
HOACUJIEHU C BBI'VIEPOJHU YACTUIIA

B macrosimara pabGoTta ca u3CIEIBaHU MEXaHUYHUTE
CBOMCTBAa Ha KOMIIO3UTHM MaTepuaid ¢ TOJUMEpPHA
MaTpulla, MOJCUICHU C BBITICPOAHU YACTUIIM. Y CTAHOBEHO
€, 4e TMONlyYeHUTE HHXEHEPHH MaTepuaid MpHUTEKaBaT
MOBUIIIEHW €TaCTHYHU W TUIACTUYHH XapaKTEPUCTUKH.
W3non3BanuTe TEPMOPEAKTHUBHU MOTUMEPU Ca CTIOKCUIHH,
MOJIMECTEPHU W BUHHUJIECTEPHH CMOJHU. Bbriepomnure
YaCTUIIM BKJIIOYBAT BBIVIEPOJHU HAHOTPHOM M OTMAIBbUEH
BBIVIEPOJ] OT pa3jaraHeTo Ha METaH MpPU MPOU3BOICTBOTO
Ha 3eJIeH BOJAOpoA. YacTHIMTE BBIIIEPO] ca JT00aBeHH B
koianuectBO 1 wt% u 2 wt% OT TeryiioTo Ha KOMIIO3UTHHUS
MaTepual M He ca MOoJjIaraHu Ha MpeaBapuTenHa oopaboTka
(monudukanus). M3cneaBanute KOMMO3WTHU MaTepUald
HaMupar MIPUIIOKEHUE B KopabocTpoeHe,
aBTOMOOWJIOCTPOEHE ¥  aBHAIlMOHHA TEXHWKA, KaTo
MPUCHCTBUETO HA BBITIEPOAHH YACTUIIM € MPEATNOCTaBKa 3a
moAoOpsiBaHe Ha aHTU-PAJTAPHUTE UM CBOWCTBA.

I'7.17 | Zagorski, M., Miltchev, R., Dochev, B., Stoimenov, N., 10
“Approaches to Creating Colorful 3D-Printed Parts and
Reliefs”, Eng. Proc. 2025, 100(1), 9;
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https://www.scopus.com/pages/publications/105017851768.

APPROACHES TO CREATING COLORFUL 3D-
PRINTED PARTS AND RELIEFS

The present article aims to examine different approaches
and technologies for producing multi-color 3D printed parts
and reliefs using FDM/FFF printing technology. Several
examples of parts used in the fields of technology,
architecture, marketing and art are presented. The
innovative HueForge software version 0.8.1 is used to
create a multi-color relief. The process of establishing the
Transmission Distance parameter of a given filament,
which is key to creating colored reliefs with HueForge, is
also examined.

HOAXOJH 3A Cb3JABAHE HA IIBETHH 3D
INPUHTUPAHU JETAUJIN U PEJIE®@HU
CTPYKTYPHU

Hacrosmara cratus mMa 3a 1en Ja u3cjienBa pa3iIudHU
MO/IXOJIM M TEXHOJIOTMH 3a MPOU3BOJICTBO HA MHOTOLIBETHU
3D ornevaraHu JaeTaiinu U penedHU CTPYKTypH upe3
FDM/FFF Texnonorus Ha niedar. [IpeacraBeHn ca HIKOJIKO
mpuMepa Ha JeTalid, W3MOJ3BaHM B 0OJIacTUTE Ha
TEXHUKAaTa, apXUTEKTypaTa, MapKeTUHTa W M3KYyCTBOTO. 3a
Ch3JaBaHETO Ha MHOTOIBETEH pened € HU3MOoI3BaH
nHoBaTUBHUAT codptyep HueForge, Bepcus 0.8.1. B
CTaTusiTa € pasliieflaH U MPOLEChT Ha OINpeNesHe Ha
nmapameTbpa Transmission Distance 3a gajxeHa HHIIKa,
KONTO € KIIIOYOB 3a Cbh3/1aBaHETO Ha LBETHH penedu c
HueForge.

I'7.18 | Dimova, D., Dochev, B., Trojan, K., Kamarska, K., 5
Sofronov, Y., Zagorski, M., Tsonev, V., Nikolov, A.,
“Investigation of the Structural, Mechanical and
Operational Properties of an Alloy AISi18Cu3CrMn”,
Materials, 18 (23), 5434;

https://www.scopus.com/pages/publications/105024565576.

INVESTIGATION OF THE STRUCTURAL,
MECHANICAL AND OPERATIONAL PROPERTIES
OF AN ALLOY AISi18Cu3CrMn

A non-standardized hypereutectic aluminum-silicon alloy,
AIlSi18Cu3CrMn, was developed. To refine the structure of
the studied composition, a phosphorus modifier was used in
an amount of 0.04 wt %, and a complex modifying
treatment was applied by combining the chemical elements
of phosphorus, titanium, boron and beryllium (P, 0.04 wt
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%; Ti, 0.2 wt %; B, 0.04 wt %; Be, 0.007 wt %). To
improve the mechanical and operational properties of the
alloy, it was heat-treated (T6) at a temperature of 510-515
°C before quenching, with artificial aging applied at a
temperature of 210 °C for 16 h. Phosphorus-modified alloy
AIlSi18Cu3CrMn was quenched in water at 20 °C, and the
combined modified alloy was quenched in water at
temperatures of 20 °C and 50 °C. By conducting a
microstructural analysis, the free Si crystals and silicon
crystals in the composition of the eutectic in the alloy
structure were characterized, and by conducting XRD, the
presence and type of secondary phases were established.
The hardness of the alloy was measured, as well as the
microhardness of the a-solid solution. Static uniaxial tensile
testing was carried out at normal and elevated temperatures
(working temperatures of 200 °C, 250 °C and 300 °C). By
using a gravimetric method, the corrosion rate of the alloy
in 1 M NaCl and 1 M H2SO4 was calculated. The mass
wear, wear intensity and wear resistance of the studied
AIlSi18Cu3CrMn alloy were determined during reversible
reciprocating motion in the boundary-layer lubrication
regime.

H3CJIEJIBAHE HA CTPYKTYPHUTE,
MEXAHUYHHUTE U EKCIINIOATAIIMOHHUTE
CBOWMCTBA HA CILJTAB AlSi18Cu3CrMn

PazpaGoren e  HecTaHJapTU3UpaHa  HAJEBTEKTUYHA
anymuHueBo—cwinnueBa cmiaB  AlSil8Cu3CrMn. 3a
YCBBBPUICHCTBAHE Ha CTPYKTypaTa Ha U3CIE/IBaHUS ChCTaB
e u3noi3BaH gochopen moaudpukarop B xkonudectso 0,04
wt %, KakTO ¥ KOMIUIEKCHa MOJU(UKAIMSI upe3
KOMOMHMpaHe Ha XMMHUYECKHUTE eneMeHTH (ocdop, TUTaH,
6op u 6epunmii (P — 0,04 wt %; Ti — 0,2 wt %; B — 0,04 wt
%; Be — 0,007 wt %). 3a momoOpsiBaHe HAa MEXaHUYHUTE U
eKCIUIOATAllMOHHUTE CBOMCTBAa Ha CIUIaBTa € MPHJIOXKEHA
tepmMuyHa oOpabotka T6 mpu Temmeparypa 510-515 °C
Ipeay 3aKalsiBaHe, MOCIeBaHa OT M3KYCTBEHO CTapeeHe
mpu 210 °C 3a 16 gaca. ®ochop-moauduimpanaTa CIjiaB
AlSi18Cu3CrMn e 3akaneHa BwB Boaa npu 20 °C, a
KOMIUIEKCHO MOJM(HIIMpaHaTa CIUIaB € 3aKajieHa BbB BOJA
mpu 20 °C u 50 °C. Upe3 MUKpPOCTPYKTYpPEH aHaIMU3 ca
XapaKTepU3UpaHu CBOOOTHUTE CHITUIIMEBH KPUCTAIH, KaKTO
U Te3M B CbhCTaBa Ha EBTEKTHKAaTa B CTPyKTypaTa Ha
criaBTa, a ype3 XRD e ycTaHOBEHO HATMYMETO U TUIIBT HA
BTOpuuHUTE (hazu. M3mepeHu ca TBbPAOCTTA HA CIUIABTA U
MUKPOTBBPIOCTTa Ha O-TBBPAUS pa3TBOp. lIpoBemeHo e
U3MUTBAaHE HAa ONBH IMPU HOPMAJIHK U  IOBHILIEHH
temneparypu (padorau temmneparypu 200 °C, 250 °C u 300
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°C). C momorra Ha rpaBUMETPUYEH METOJ| € U3YHCIICHA
ckopocTTa Ha Kopo3us Ha cmaBta B 1 M NaCl u 1 M
H2S0O4. Onmnpenenenn ca  MacoBOTO  HM3HOCBAaHE,
MHTEH3UBHOCTTA Ha U3HOCBaHE M M3HOCOYCTOWYMBOCTTA Ha
nzcnensanara cmiaB AlSil8Cu3CrMn mpu Bb3BpaTHO-
NOCTBIATEIHO JIBUKECHUE B PSKUM HA I'PAaHUYHO CMa3BaHe.

I'S8. Hayynu ny6uaukanuu B HepedepupaHu CNIMCAHHUS ¢ HAYYHO pelleH3HpPaHe WIH B peJaKTHPaHU
KOJIEKTUBHU TPY/AOBe

Ne bubuanorpadgcko onucanue Touku ot
CbaBTOPCTBO
I'8.1 | Sofronov, Y., Zagorski, M., Todorov, G. , Gavrilov, T., “Approach 5

for reverse engineering of complex geometry components”,
BulTrans-2019, pp. 69-75, 2019.

http://bultrans.org/files/proceedings/bultrans-2019.pdf

APPROACH FOR REVERSE ENGINEERING OF COMPLEX
GEOMETRY COMPONENTS

This paper study present an approach for part recognition, process
known as “Reverse engineering” using turbine blade component as
an example. It has a complex geometrical shape and it’s produced
from specific material, who should work under high
thermodynamical stress. To fulfil the task different 3D scanning
technologies were evaluated and as a result the laser triangulation
was used for geometry acquisition. Geometry creation in mesh to
CAD software was explained step by step. Elemental analysis with
Energy-dispersive  X-ray spectroscopy (EDX) for material
characterization was used. The result from presented approach for
reverse engineering is a solid CAD model with defined material,
capable for production.

HoAXO0/1 3A PEBEPCUBHO UH’)KEHEPCTBO HA
KOMIIOHEHTHU CBHC CJIO)KHA 'EOMETPUSA

B HacrosmoTo n3cneaBaHe € npeAcTaBeH METOI0JIOTHMYEH OIX0/T 32
I/II[GHTI/I(l)I/IKaIII/IH MU BB3INPOU3BCIKIAHC HAa MAIIMHHU I[eTaﬁJ'[H upe3
mpolieca, U3BECTEH KaTo peBEPCHUBHO MH)KEHEPCTBO, KaTO 3a MPUMEpP
€ W3IO0JI3BaHa TypOMHHA JionaTka. KOMIOHEHTHT ce XapaKTepu3upa
ChC CJIOXKHA TMPOCTPAHCTBEHA TE€OMETpUS U € U3padoTeH OT
CHeNMaIM3upaH MaTepuai, IMpeIHa3HA4YeH 3a eKCIUIoATalus IpH
BUCOKM TEPMOJAMHAMUYHHM HATOBapBaHHs. 3a TE€OMETPUYHOTO
3aCHEMaHe Ca aHAIM3HPAHW W CPAaBHEHW PA3IMYHH TEXHOJOTHH 3a
TPUU3MEPHO CKaHHUpaHe, KaTo B pe3ydATar € u30paH METOabT Ha
Ja3epHaTa TPHAHTYJANUSA. PEKOHCTPYKIMATA Ha TEOMETpHUATa OT
nonuroHanen moxaen (mesh) xpm mapamerpuyen CAD wmomen e
M3BBPIICHA MOETAITHO C M3IOJI3BaHE Ha CIIeNHaATu3upad copryep. 3a
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XapakTepU3UpaHe Ha MaTepuala € MPUIOKEH EJIEMEHTEH aHaJu3
4ype3 eHePruiHO-ANCIIEpCUOHHA peHTreHoBa cnekrpockonus (EDX).
B pesynTtar Ha npuiaraHeTo Ha IPEICTaBEHMS MOAXOJ 3a 00paTHO
WHKEHEepCTBO € noiyueH TBbpaoTesnieH CAD monen ¢ aepuHupanu
MaTepUaIHU  XapaKTePUCTUKH, TMOJAXOJAL] 32  IOCJIE/IBAIlO
IIPOU3BOJICTBEHO MPHJIOKEHHUE.

I'8.2 | Tonues, H., nuesa, I'., Maues, B., 3aropcku, M., ,,Meroauka 3a 5
IIPOEKTHPaHE NMapaMETPUTE Ha TEXHOJIOIMYEH PEKUM Ha a30TUPaHE
10 OTHOILIEHHE Ha OTHOCUTENIHATa U3HOCOYCTOMYNBOCT Ha

TOILIOYCTOMUNBY cToMaHu", Mexanuka Tpancnopt KomyHnukanuu,
toMm 20, 6poii 3, ctp. ctp. XII1-8-XI11-13, bearapus, Codus, 2022.

https://mtc-aj.com/library/2305.pdf

METHODOLOGY FOR DESIGNING THE PARAMETERS
OF TECHNOLOGICAL NITRIDING REGIME WITH
RESPECT TO THE RELATIVE WEAR RESISTANCE OF
TOOL STEELS FOR HOT WORKING

The present study aims to create a methodology for decision making
in the process of designing the regime of the technological process of
ion nitriding. The methodology is applied about the relative degree
of wear Kv for grade tool steels for hot working BH10, BH11 and
BH21 and thus the stages of its application are demonstrated. Main
procedures such as Design of Experiment, single and multi-criteria
optimization are used. With the help of the numerical methodology
the tendency in the change is determined for establishing
technological regimes and modeling properties of wear, which are
finally clarified by nitride zone forming the layer. Since similar
steels are analyzed in the study, the general treatment regime is
established, which leads to the desired relative wear resistance. The
result of the study is obtaining accurate values for the relative degree
of wear Kv and their corresponding regimes for the three tested
steels. A general range is determined for the whole grade, through
the stages of the applied methodology, in which the steels have high
wear resistance.

METOIUKA 3A TIPOEKTUPAHE TAPAMETPUTE HA
TEXHOJIOI'NMYEH PEXKUM HA A3OTUPAHE 110
OTHOIUEHUE HA OTHOCHUTEJIHATA
N3HOCOYCTOHUYHUBOCT HA TOILIOYCTOMYNBHU
CTOMAHUA

B wuscnexasaHeTro € pasrienaHa METOAUKA 3a OINPEACIISIHETO Ha
TEXHOJIOTUYHUTE  PEXUMH  4Ype3  WOHHO  a30TUpaHe  Ha
TOIUIOYCTOMYMBY CTOMAHHU. LleseBuAT napaMeTbp Ha U3CIIEABAHETO €
OTHOCHUTEJIHATA N3HOCOYCTOWYUBOCT. Upes MaTeMaTHYHO
dopmanuzupane 3a pa3IUYHUTE CTOMAHHM ca  ONpEAETeHU
MUHHMQJIHATE W MAaKCUMaJHU CTOMHOCTH Ha OTHOCHTEIIHATa
U3HOCOYCTOMYMUBOCT M  CBOTBETCTBALIUTE WM  TEXHOJOTHYHU
pexumu. M3BeneHn ca Moaenu CBBP3BAILM BUAA HA XHMHKO-
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TEPMHYHO BB3JACHUCTBHE C H3HOCOYCTOMYMBOCTTA Ha BCSKA OT
cromaHute. M3BeneH € o0l peXuM BallMIeH 3a MLETUAT Kiiac
TOIUIOYyCTOMYMBMA  CTOMAaHW, CBOTBETCTBAIl HAa  MaKCUMAaJIHA
HM3HOCOYCTOMYUBOCT.

I'8.3 | Kandeva, M., Dochev B., Dimova, D., Zagorski, M., Kasabov, P., 3.3
Panov, 1., “Investigation of the wear of aluminium-silicon alloys
tribosystems under reversible friction with lubrication”,
SERBIATRIB ’23, Proceedings of thel8th International Conference
on Tribology 17 — 19 May 2023, Kragujevac, Serbia, pp. 54-57,
2023.

http://www.serbiatrib.fink.rs/proceedings/proceedings-
serbiatrib.23.pdf

INVESTIGATION OF THE WEAR OF ALUMINIUM-
SILICON ALLOYS TRIBOSYSTEMS UNDER REVERSIBLE
FRICTION WITH LUBRICATION

Non-standard alloyed piston aluminium-silicon alloys of eutectic and
hypereutectic type are subjected to heat treatment T6. The wear of
the contact system (tribosystem) in boundary friction mode with
lubrication during reciprocating motion was investigated. The mass
wear of the elements of the tribosystem was measured - sample and
counterbody after a certain path/time of friction under set constant
conditions - load, sliding speed, path/time of friction, type of oil. The
wear characteristics of the elements involved in the tribosystem were
calculated - mass wear, wear intensity and wear resistance. The
influence of the structure on the wear resistance of the investigated
aluminium-silicon alloys is discussed.

N3CJIEABAHE HA U3BHOCBAHETO HA TPUBOCUCTEMU
OT AIYMUHHUEBO-CUWJIMIIMEBHU CIIVIABHU ITPU
PEBEPCUBHO TPUEHE CbC CMA3BAHE

Hecrannaptusupanu mnerupanu OyTadHH alyMHHHEBO-CHIIUIIMEBU
CIJIaBU OT E€BTEKTHYCH M HAJEBTEKTHYECH THUI ca MOJIOKEHH Ha
tepmuuHa oOpabotka T6. MW3crmeaBaHo e WM3HOCBaHETO Ha
KOHTaKTHaTa cucrema (TpubOocucrtemMa) B pPEXKUM Ha TPAHUYHO
TPUEHE ChC CMa3BaHE IPU BB3BPATHO-NMOCTHIATEIHO JBUKECHHE.
MacoBoTo U3HOCBaHE Ha €JIEMEHTUTE Ha TpubocucTemara — oOpaszen
U TIPOTUBOTSIIO — € U3MEPEHO CJIe/l ONPE/IENICH MbT/BpeMe Ha TPUEHE
Npy 3aJaJICHH TIOCTOSSHHU YCJIOBHSI: HAaTOBapBaHE, CKOPOCT Ha
IUTb3TaHe, MHT/BpEMe Ha TPHUEHE W BHJ Ha CMa304yHOTO macio. Ha
0a3a MOJy4eHHUTE pPE3YyJTaTH ca M3YMCICHU XapaKTePUCTHUKUTE Ha
M3HOCBAaHETO HAa EJIEMEHTUTE, ydYacTBalld B TpuOocucreMara —
MacoBO  WM3HOCBaHe,  WHTEH3UBHOCT  HAa  HM3HOCBaHE U
U3HOCOYyCTOWYMBOCT. OOCHICHO € BIUSHUETO HA CTPYKTypaTa BbPXY
M3HOCOYCTOMYMBOCTTA HA W3CJEIBAHUTE ATyMHUHHUEBO-CUIUIIUEBU
CILJIaBH.
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I'8.4 | Kasabov, P., Dochev, B., Dimova, D., Zagorski, M., Kamburova, G., 4
“Investigation of the microgeometry of the surfaces of AISi25Cu4Cr
and AISi25Cu5Cr alloys after turning”, Proceedings of thel8th
International Conference on Tribology 17 — 19 May 2023,
Kragujevac, Serbia, pp. 743-746, 2023.

http://www.serbiatrib.fink.rs/proceedings/proceedings-
serbiatrib.23.pdf

INVESTIGATION OF THE MICROGEOMETRY OF THE
SURFACES OF ALSI25CU4CR AND ALSI25CU5CR ALLOYS
AFTER TURNING

The aluminium-silicon alloys AISi25Cu4Cr and AlSi25Cu5Cr are
subjected to different types of heat treatment (T5, T6 and T7). The
micro- and macro-hardnesses of the compositions were measured,
and a quantitative phase analysis was carried out. After mechanical
processing (turning), the roughness class of the treated surfaces of
the studied alloys was measured. The influence of the type of tool
and the distribution of strengthening phases on the microgeometry of
the turned surfaces is discussed.

HN3CJIEIBAHE HA MUKPOT'EOMETPUSATA HA

INOBBPXHOCTUTE HA CIIJIABM AlISi25Cu4Cr A

AlSi25Cu5Cr CJIEAL CTPYT'OBAHE

AnymunueBo-cunuuueBute cruaBu AlSi25Cu4Cr u AlSi25Cu5Cr ca
MOJJIOKEHU Ha pa3jMyHU BUJOBE TepMuuHa obOpadotka (TS5, T6 u
T7). 3mepenu ca MUKPO- U MAaKPOTBBPAOCTTA HA CIJIABUTE, KAKTO U
e TpoBeAeH KonudecTBeH (a3oB ananmu3. Crien MexaHM4YHA
o0paboTka (CTpyroBaHe) € H3MepeH KJIachT Ha TIpamnaBoCT Ha
00paboTeHUTE MOBBPXHOCTH Ha M3cienBaHnuTe cruiaBu. OOCHICHO ¢
BIUSHUETO Ha BHUJA HA PEXKEIUs MHCTPYMEHT U pasNpeAesieHUETO
Ha ysSK4yaBammrTe (Ga3ud BbPXYy MUKPOTEOMETPHUATA HA CTPYTOBAHHTE
MOBBPXHOCTH.

I'8.5 | 3aropcku, M., Muues, P., Unues, M., ,,M3non3eane Ha CAD 6.6
CHCTEMH M Ha TeXHOJIOTuH 3a 3D meyar 3a pa3uupsiBaHe Ha
BB3MOXHOCTUTEC HA CAMOXOJIHU aBTOHOMHU p06OTI/I3I/IpaHI/I

cuctemMu’, cnucanue ,,MamuHocTpoeHe 1 EnextporexHuka“, Opoit
5-6, ctp. 31-34, 2023.

https://www.mbe-bg.com/images/docs/magazines/by year/broi 05-
06_2023.pdf

APPLICATION OF CAD SYSTEMS AND 3D PRINTING
TECHNOLOGIES TO ENHANCE THE CAPABILITIES OF
SELF-MOVING AUTONOMOUS ROBOTIC SYSTEMS

This publication examines the possibilities of using CAD software to
design customized parts for upgrading of the functionalities of a self-
moving autonomous robotic platform — quadruped robot, as well as
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the subsequent production of the designed parts using FFF/FDM 3D
printing.

MN3ITOJI3BBAHE HA CAD CUCTEMMU U HA TEXHOJIOI'MH
3A 3D IIEYAT 3A PABHIUPABAHE HA
Bb3MOXHOCTUTE HA CAMOXOJHU ABTOHOMHMH
POBOTU3UPAHU CUCTEMHU

B Hacrosmara myOnukamms ca pasrielaHd BB3MOXKHOCTUTE 3a
U3I0NI3BaHe Ha copTyep 3a KOMIIOTBPHO MOJAETHpaHEe 3a
NPOCKTHpPAHE Ha TEPCOHAIM3HPAHH €JIEMEHTH, KOUTO IO3BOJISIBAT
HAATPKIAHETO HAa (PYHKIIMOHATHOCTUTE Ha CaMOXOJIHA aBTOHOMHA
poboTusupana miatdpopma OT THIA poOO-Kyde, KaKTO U TOCIIe/BaIla
n3paboTKa Ha NPOEKTHUpAHUTE JAeTailiin ¢ mnomomra Ha 3D
MIPUHTHUPaHE ¢ oTiarane Ha pa3zroneH matepuan (FFF/FDM).

I'8.6 | 3aropcku, M., Muues, P., [IBetkos, C., ,,YripaBieHue Ha 6.6
pOOOTH3UPAH MAHUITYJIATOP YPE3 MOJIYJI 32 KOMITIOTHEPHO 3PEHHE C
M3KYCTBEH MHTEJIEKT , CIUCAaHuE ,,MalllMHOCTPOEHE U
Enextportexnuka“, opoii 7-8, ctp. 28-32, 2023.

https://www.mbe-
bg.com/images/docs/magazines/by year/2023/broi 07 08 2023-

18082023.pdf
CONTROL OF ROBOT MANIPULATOR USING A

COMPUTER VISION ARTIFICIAL INTELLIGENCE
MODULE

This publication examines a case study of training and integrating an
open-source artificial intelligence computer vision module used to
control a robotic manipulator for autonomous sorting of parts.
YIIPABJIEHUE HA POBOTU3UPAH MAHUITYJIATOP
YPE3 MOAYJ 3A KOMITIOTBPHO 3PEHHUME C
MN3KYCTBEH UHTEJIEKT

B mnacrosmara myOnukarusi € pasriieflaH IpuMep 3a oO0ydeHue u
WHTETPUPAHE Ha MOAYJN 3a KOMIIIOTBPHO 3pEHUE C U3KYCTBEH
UHTEJICKT C OTBOPEH KOJ, W3IOJ3BaH 3a YNPaBIEHHETO Ha
poOOTH3UPAH MaHUTTYJIATOP 32 aBTOHOMHO COPTHUPAHE Ha JICTANIIH.

I'8.7 | 3aropcku, M., Munues, P., I'aBpunos, T., Aranues, 1., ,,PeBepcuBen 5
WHXEHEPUHT Ha MPO3PAYHU U3JENHS ChC CI0KHHU MOBbPXHUHU,
Munanexxku dpopym ,,HAVKA, TEXHOJIOI'U, UTHOBALIUN,

BU3HEC* 2023 — eceH, 29-30 noemBpu 2023 roauna, [1noBaus.

https://hst.bg/SBORNIK Miladejki%?20forum,%202023%?20-
%20esen.pdf

REVERSE ENGINEERING OF TRANSPARENT

PRODUCTS WITH COMPLEX SURFACES

The paper aims to examine several techniques for improving the
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results of 3D laser scanning of transparent products with complex
surfaces and the subsequent process of reverse engineering —
processing and creating a solid body model in CAD environment
from the 3D scanned image.
PEBEPCUBEH UH) KXEHEPUHI" HA IIPO3PAYHU
N3AEJIUSA CbHC CJIOXKHU NIOBbPXHUHUAU

B Hacrosmiata myOnukanus ca M3CJIEABaHM HSAKOJIKO IIOXBaTa 3a
nofoOpsiBaHEHa Pe3yJITaTUTe IPU TPHMEPHO JIa3ePHO CKAaHMPaHE Ha
Mpo3pavyHu n3aciaus CbC CJIOKHHU INOBBbPXHHWHHU, KaKTO n
HOCJIC/IBAIIMAT TPOIEC O PEBEPCHBEH MHKEHEPUHT — 00paboTKa H
usrpaxxaaHe Ha TBbpaoTeseH moaen B CAD cpena oT mosydeHOTO
TPUMEPHO CKaHUPAHO M300paKeHHE.

I'8.8 | 3aropcku, M., ,,Cucrema 3a OTKprBaHe Ha Ae(DEKTHH JEeTailyin upe3 20
KOMIIOTBPHO 3peHue’, Muanexku gpopym ,,HAYKA,
TEXHOJIOI'MU, THOBALIMU, BU3ZHEC* 2023 — ecen, 29-30
HoemBpu 2023 roauna, [InoBaus.

https://hst.bg/SBORNIK Mladejki%20forum,%202023%?20-
%20esen.pdf

SYSTEM FOR IDENTIFYING DEFECTIVE PARTS
THROUGH COMPUTER VISION

The paper aims to examine the development of a system for
identifying defective parts — eco-friendly wooden stirrers, on a
conveyer using computer vision. With the aid of open-source
solutions, an application was created and successfully implemented
in an embedded system.
CUCTEMA 3A OTKPUBAHE HA JIEGEKTHHU JETAWJIN
YPE3 KOMITIOTBPHO 3PEHUME

B nacrosimata my6nukamus e pasriiefaHa pazpa0oTkara Ha cucTeMa
3a OTKpHUBaHE Ha JAe(PEKTHU JEeTalu — EKOJOTMYHU JIbPBEHU
OBbPKaJIKH, BbPXY JIEHTOB TPAHCHOPTHOP Ype3 KOMIIOTHPHO 3pEHUE.
C nomoltira Ha pemnieHus ¢ OTBOPEH KOJ € Ch3/a/JIeHO MPUIIOKEHHE,
KOETO YCIIEIIHO € UMIUIEMEHTHPAHO BbB BIpaJicHa CUCTEMA.

I'8.9 | Zagorski, M., Miltchev, R., Gavrilov, T., Nikolov, N., Sofronov, Y., 4
“Reverse Engineering of a Part using 2D Images”, 33rd International
Scientific Symposium Metrology and Metrology Assurance, pp. 30-
33, 2023, Bulgaria, ISSN 2603-3194.

https://metroloqgy-bg.ora/fulltextpapers/Proceedings MMQO 2023.pdf

I'8.10 | 3aropcku, M., ,,PeBepcuBeH HHXEHEPUHT Ha MAJIOTA0APUTHA 20
IUIaCTMACOBH JieTainun‘, Mnanexku ¢popym ,,HAYKA,
TEXHOJIOI'MU, THOBAILINU, BUZHEC* 2024 — ecen, 21-22
HoeMBpu 2024 roauna, I1nosaus.

https://hst.bg/SBORNIK Mladejki%20forum,2024%20-
%20esen.pdf
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REVERSE ENGINEERING OF A PART USING 2D IMAGES

The paper aims to investigate the process of reverse engineering of a
part using 2D images. In this example, the geometry of a partially
damaged functional part from a shift lever assembly is reconstructed
and the element is reproduced using CAD software. Finally, the
reconstructed part is 3D printed with a suitable polymer material.

PEBEPCUBHO UWHXKEHEPCTBO HA JTETAWJI YPE3 2D
HN30BPAKEHUA

Cratusta MMa 3a L€l Ja M3CIeJBa Ipoleca Ha PEBEPCUBHO
WH)KEHEPCTBO Ha JIeTalJl ¢ u3nojia3BaHe Ha 2D uzoOpaxkenus. B To3u
IpUMeEp FeOMETPUAITA HAa YACTUYHO NMOBpe/ieH (PYHKIMOHAJICH JeTal
OT MEXaHHU3bM Ha CKOPOCTEH JIOCT € Bb3CTAHOBEHA, KaTO €JIEMEHTHT
e mpech3gameH ¢ mnomomra ©Ha CAD  codryep. Hakpas
PEKOHCTPYHUPAHUSAT AeTaiin e 3D oTneyaTan ¢ MoaAXoIA1] HOJTUMEPEH
MaTepual.

I'8.11 | 3aropcku, M., Banos, K. ,,PazpaboTBane Ha cucTema 3a KOHTPOJ Ha 10

JIOCTBIIA JI0 COPTHU CHOPBKEHUS UPE3 JIMIICBO pa3lo3HaBaHe ,
Munanexku dopym ,,HAYKA, TEXHOJIOT'UH, MTHOBALINU,
BU3HEC* 2024 — eceHn, 21-22 noemBpu 2024 roauna, [1noBaus.

https://hst.bg/SBORNIK Mladejki%?20forum,2024%?20-
%20esen.pdf

DEVELOPMENT OF AN ACCESS CONTROL SYSTEM FOR
SPORTS FACILITIES THROUGH FACE RECOGNITION

The present paper aims to follow the development of a system for
access control to sports facilities by means of facial recognition. Free
and open-source software solutions were used for the purposes of the
development.
PASPABOTBAHE HA CUCTEMA 3A KOHTPOJI HA
JOCTBIA JO CITIOPTHHU CBOPBKEHUSA YPE3 JIMIIEBO
PA3ITIO3HABAHE

B mHacrosmiata myOnukanus € pasriielaHo pa3padOTBaHETO Ha
CHUCTeMa 3a KOHTPOJI Ha JOCThIA J0 CHOPTHU CHOPBKEHUS 4Ype3
JUICBO pa3lo3HBaBaHe. 3a IEJINTe Ha pa3paboTKara ca M3IMOJI3BaHH
Oe3miaTHy OMOIMOTEKH C OTBOPEH KOJI.

I'8.12 | 3aropcku, M., I'aBpuios, T., [loues, b., ,,Bb3CTAHOBSBAHE HA 6.6
JAE®EKTUPAJIN 11O BPEME HA TIEYAT 3D ITPUHTUPAHU
JETAMJINS, Muagesxku dopym ,,HAVKA, TEXHOJIOT' MU,
NHOBAILINUW, BU3HEC* 2025 — npouert, 23-25 anpun 2025
roavHa, IlmoBaus.

https://hst.bg/SBORNIK MIladejki%20forum%202025%20prolet.pdf
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REPAIR OF FAILED DURING PRINTING 3D PRINTED
PARTS

This publication examines the repair of a defective part as a result of
a power outage to an FDM/FFP 3D printer at a known layer height at
which the printer shutdown occurred.
BBb3CTAHOBSBAHE HA JE®EKTUPAJIU 110 BPEME HA
MEYAT 3D IPUHTUPAHU JIETAWUJIN

B nacTosimara myOnukamus € pasrieaH OAX0[ 3a Bb3CTaHOBSBAHE
Ha JedeKkTupan JeTaill B CIEICTBUE Ha IpPeKbCBaHE Ha
3axpanBaHero Ha FDM/FFF 3D mnpunrtep. B mnokasanus mpumep
BUCOYMHATA HA CJIOS, NIPM KOATO MAalllMHATa € chpsuia pabora, e
U3BECTHA.

[ara: CbcTaBuiI:
13.01.2026 r. /rn. ac. n-p umx. Muxawnn 3aropcku/



