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B4: XabunuTtanuoHeH Tpy — HAay4HH MyOnuKanuu (He mo-maiko ot 10) B U31aHus, KOUTO ca
pedepupaHu 1 HHAEKCHPAHU B CBETOBHOM3BECTHH 0a3u JaHHM ¢ Hay4Ha MH(OpMaIus

B4: Habilitation thesis — scientific publications (no fewer than 10) in sources which are
referenced and indexed in world-renowned databases of scientific information

B4.1. T. Cholakova, V. Chitanov, D. Chaliampalias, L. Kolaklieva, R. Kakanakov, Ch.
Bahchedjiev, N. Petkov, Ch. Pashinski, G. Vourlias, N. Vouroutzis, E. Polychroniadis, Y.
Wang, E.l. Meletis, "Study of the Structural and Mechanical Properties of Nanocrystalline
TiAISIN Gradient Coatings"”, Journal of Nano Research, vol. 27, 2014, pp. 15-24, ISSN:
1661-9897, doi:10.4028/www.scientific.net/JNanoR.27.15. (Q3)

Pesiome: IlpencraBeHo € wu3cliejBaHE Ha CTPYKTYpHUTE M MEXaHUYHHUTE CBOWCTBAa Ha
HAaHOKpHUCTAIHU rpagueHTHH MoKpuTHs T1AISIN, oTOXKeHH Ype3 MEeToa Ha KamoOHO-0b2080
nanacsne npu 500 °C u mocnenBamo otrpsatd npu 525 °C. AHanu3bT Ha TOKPUTHSATA,
XUMUYHUSL CbCTaB U MHUKPOCTPYKTypaTa pa3KpH, 4€ MOKPUTHUATA UMAT CTPOEXK, Oa3upaH Ha
nanokpucrtanu (Ti, AI)N cbc cpeaen pasmep 10 nm, o6xBanatu ot amopdna daza SizNjs.
N3cnenBanero Ha MEXaHUYHUTE CBOMCTBA IMOKa3a, Y€ MOCIEABALIOTO OTTPSIBAHE BOAM [0
nmonoOpsiBaHe W yBeJIMYaBaHEe Ha TBBPAOCTTa Ha TMOKpUTHsATA. M3MepeHH ca MakCUMallHa
TBHpaocT oT 48 GPa u monyn Ha emactuynoct ot 560 GPa. Cwmio Taka e HabmogaBaHa
otnuyHa aaxesust kbM WC-Co cyOcTpaTa B MOCIEIBAIO OTTPATUTE MTOKPUTHSL.
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Abstract: A study of the structural and mechanical properties of nanocrystalline TiAISIN
gradient coatings deposited by cathodic arc deposition techniques at 500 °C and post-annealed
at 525 °C is presented. Analysis of the coatings, chemical composition and microstructure
revealed that the coatings have a structure based on (Ti, Al)N nanocrystals with an average
size of 10 nm embedded in an amorphous SizN4 phase. The study of the mechanical properties
showed that post-annealing causes improvement and increase of the coatings hardness. A
maximum hardness of 48 GPa and elastic modulus of 560 GPa were measured. Also,
excellent adhesion to the WC-Co substrate was observed in the post-annealed coatings.

S o

B4.2. S.1. Dishliev, G.A. Mishev, V.S. Rupetsov, L.P. Kolaklieva, Ch.O. Pashinski, R.A.
Minchev, “Study of the properties of multilayered gradient TiAISiN nanocomposite coating
deposited on 1.2343 steel”, Bulgarian Chemical Communications, vol. 48, sp. iss. E, 2016,
pp. 373 — 377, ISSN 0324-1130. (Q4)

Peszome: Ynorpebata Ha TBBPAM IOKPUTHS B MAIIMHOCTPOEHETO CHIIHO HapacTHa B
nocieaHo Bpeme. TIXHOTO pasHoOoOpa3He € TOIsSMO, KaTo BCAKO OT TSX MMa HMPEAMMCTBA U
HexocTarbly. [10CaeHOTO TU MIPaBU MPUTOAHU 3a ONPENECICHN W CPABHUTEIHO OMPAaHMYEHU
nenu. Borpeku, 4e Bce ole He ChIIECTBYBA YHHBEPCAIHO MOKPHUTHE, MPUTOJHO 32 MOYTH
BCHUKHU BUJIOBE 00pabOTKa, B Ta3u paboTa ce pasriexia IOKPUTUE, KOETO ce IPUOIKaBa 10
toBa omnpeneneHue: NC-(AlpxTix)N/a-SizNs. M3cnenBanu ca HEroBUTe NMPAKTUYECKH BaKHU
CBOICTBA U C€ MPABU aHAJIU3 Ha IUPOKOTO MY MPUIIOKEHHUE.

Abstract: The application of hard coatings in the machining industry has rapidly grown
recently. Their variety is huge and each of them has advantages and disadvantages. The latter
makes them suitable for certain and relatively limited purposes. Although one universal
coating which is suitable for almost all kind of machining does not still exist, a coating which
is close to this definition is discussed in this work: nc-(Al;«Tix)N/a-SizN4. Its properties
which are important from a practical point of view are studied and an analysis of its wide
application is performed here.

S Y- S

B4.3. V. Rupetsov, G. Mishev, S. Dishliev, V. Kopanov, V. Chitanov, L. Kolaklieva, Ch.
Pashinski, “Increasing in the wear resistance of injection molds made of 1.2343 steel using
Ti/TIN/TiCN/nc-TiCN:a-C/nc-TiC:a-C/a-C  nanocomposite coating”, 13th International
Conference on Tribology, ROTRIB’16, IOP Publishing, IOP Conf. Series: Materials Science
and Engineering 174 (2017) 012064, doi:10.1088/1757-899X/174/1/012064. (Q4)

Pestome: npundopmute, U3M0I3BaHU B MPOU3BOACTBOTO HA IIACTMACOBH KOMITOHEHTH, Ca
MOJUIOKEHH Ha  CWJIHO  a0pa3sMBHO  M3HOCBaHE.  YBEJIMYAaBAaHETO HA  TIXHATa
M3HOCOYCTOMYMBOCT 3HAYUTEIHO HaMmallsiBa MPOU3BOJICTBEHUTE pa3xoiu. B Hacrosmiata
pabora ca TpENCTaBeHHW pE3yJNTaTH OT U3CJIEIBAHE Ha WM3HOCOYCTOHYMBOCTTA HA
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mmpuidopmu, uzpaborenun ot cromana 1.2343, mokputu ¢ Ti/TiN/TiCN/nc-TiCN:a-C/nc-
TiC:a-C/a-C. U3cneaBaHeTo Ha CTENCHTAa Ha M3HOCBAHE € M3BBPIICHO C MOMOIITa Ha 00EMEH
METOJI ¥ € U3CIICABAHO BIMSHUETO Ha JIBJDKUHATA Ha Clefara (usmunamus nvm). 3ciaensanu
ca CbINO JeOeIrHaTa Ha MOKPUTHETO, HAHOTBBPAOCTTa, MOJY/IHT Ha €JAaCTUYHOCT U
anxesusta. [IOKpUTHETO € HAHECEHO BBbPXY HE3aKaJIeHW NUIM(pOBaHH OOpasly, 3aKaJICHU
nutrdoBaHU 00pa3IM U 3aKaJCHU MOJIMPAaHU 00pasIy.

Abstract: Injection molds used in production of plastic components are subject of heavy
abrasion wear. The increase of their wear resistance significantly reduces the production cost.
In the current work are presented research results of the wear resistance of injection molds
made of steel 1.2343, coated with Ti/TiN/TiCN/nc-TiCN:a-C/nc-TiC:a-C/a-C. The study of
the wear rate was done using the volumetric method and the influence of the trace length was
investigated. The coating thickness, nanohardness, elastic modulus and adhesion were also
tested. The coating was applied on unhardened ground specimens, hardened ground
specimens and hardened polished specimens.

——L AN O ——

B4.4. V. Rupetsov, St. Dishliev, Ch. Pashinski, G. Mishev, M. Angelov, L. Kolaklieva, V.
Chitanov, “Tribomechanical behavior of nanolaminate Ti/TiN/TiCrCN/(CrCN/TiCN)n hard
coating”, Journal of the Balkan Tribological Association, Vol. 25, No 3, 2019, pp. 610-616,
ISSN 1310-4772. (Q4)

Pestome: MHOTO OT dYeCcTO W3MON3BAaHUTE TIOKPUTHS 334 METATOKEPAMHYHU PEKEIIH
WHCTPYMEHTH HE Ca MOJXOJSIIH 3a MpeIr3Ha BUCOKOCKOPOCTHA 00paboTKa Ha aTyMHHHEBU
CIUIaBU TIOPAJH HACIIOsIBAaHE Ha 0OpabOTBaHMS MaTepHall 1O peXeuure phOoBe (TMosiBa Ha
HakJsien). ToBa e mpeanocTaBka 3a BJOLIaBaHE Ha TOYHOCTTA HAa 00pa0OTKa M HamalsiBaHEe Ha
Ka4yecTBOTO Ha 00paboTeHHUTE MOBBbPXHUHU. BBB Bpb3Ka ¢ TO3U MpobiieM Oe Ch3/1aZeHO Ype3
pazbanancupano  MAacHempoOHHO — pAa3npauwieane 6  3ameopeHo  noje  UHOBAaTHBHO
Ha”oiaMuHaTHO T1/TiN/TiCrCN/(CrCN/TiCN)n TBBpIO MOKPUTHE, KOETO € 0OEKT Ha TOBa
nzcnenaBane. To Oe otnoxkeno Bbpxy WC-Co cmaB w uma ngebenmmua 2,150 pm.
CBpbXxpenieTpyHaTa CTPYKTypa Ha MOKPUTHETO ce u3rpaiu npu temneparypa ot 290 °C u
oropHo myscupamo Hanpexernue -90 V. Ts ce cweTom ot 133 nBoiiHU cioeBe (Iepuoj OT
okoio 12,4 nm, crotHomenue 1:1). bsixa noapoOHO M3cneaBaH IIaBHUTE TPUOOMEXaHUYHU
CBOWCTBA Ha MOKPUTHETO: TBBPJIOCT, U3HOCOYCTOMUUBOCT, aXxe3Us, KOeQUIUEHT Ha TPUEHE U
MOJIyJl Ha eNacTUYHOCT. B peaneH Mmpou3BOACTBEH MpoleC, NpU H3IOJ3BaHE Ha (pes3epH,
UMallld MOKPUTHE OT TO3M THII, HE ce HaOJ0/laBa HAclIOsIBaHE BBPXY peXelmTe phOoBe B
CpaBHEHME C HEMOKPHUTH TaKHBa MPU €IWH U ChlI paboTeH pexxuM. B ciencTBue Ha ToBa, ce
nmoo0pruxa TOYHOCTTA HA pa3MEPUTE M Ka4eCTBOTO Ha 00pabOTEHUTE MOBBPXHUHH.

Abstract: A large number of the frequently used coatings for cermet cutting tools are not
appropriate for precise high speed machining of aluminium alloys because of the material
stratification on the cutting edges (build-up edge occurrence). This is a prerequisite for worse
precision in the machining process and surface quality degradation. Concerning this problem,
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an innovative nanolaminate Ti/TiN/TiCrCN/(CrCN/TiCN)n hard coating was developed by
Closed Field Unbalanced Magnetron Sputtering, which is subject of this research. The coating
was deposited on WC-Co alloy and had thickness of 2,150 um. The coating’s superlattice
structure was built at temperature of 290 °C and pulsed bias voltage of -90 V. It consisted of
133 bi-layers (period of ca. 12,4 nm, ratio of 1:1). The main tribomechanical properties of the
coating — hardness, wear resistance, adhesion, coefficient of friction and modulus of elasticity
were examined in details. Mills with the mentioned coating were used in real manufacturing
process and build-up edge was not observed in comparison to the uncoated mills used in the
same working mode. As a result, the accuracy of the dimensions and quality of the surfaces
were improved.

Gk

B4.5. Velko Rupetsov, Lilyana Kolaklieva, Vassiliy Chitanov, Milko Angelov, Raycho
Raychev, Zlatko Zlatanov, Chavdar Pashinski, “Deposition and tribomechanical study of
nanolaminate Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AITiSiN hard coating”, TechSys2019,
IOP Publishing, IOP Conf. Series: Materials Science and Engineering 618 (2019) 012047,
doi:10.1088/1757-899X/618/1/012047. (Q3)

Pe3stome: V3non3BaneTo Ha TBBPIAM MOKPUTHS, HAHECEHU Upe3 UIUUHO NAPHO OmJdeaHe
(PVD), e yrBBpIcHa IPAaKTHKa B ChBpEMEHHATA HHIYCTPHs. [[Be OT OCHOBHHTE HAIIPaBJICHUS,
KOUTO 00eIIaBaT pa3BUTHE B Ta3u 00JIaCT, ca KOMOMHUPAHETO HA TIOBEYEC XUMHUYHU CIIEMEHTH
B €JHO MOKPHUTHE W CH3JaBAHETO HAa HAHOJAMHHATHH CTPYKTypH. THH KaTo ca BBH3MOXKHU
MHOTO KOMOHWHAIIMH TPY KOMITO3UPAHETO Ha IMMOKPHUTHSITA, OT TAX MOXKE Jla C€ OYaKBaT MHOTO
Pa3IMYHU CBOMCTBA, KOUTO € TPY/IHO JIa Ce MPeaBUIAT. B omuT 1a ce paboTn eTHOBPEMEHHO B
JBETE  CIIOMCHATH  HAmNpaBJICHWs, ©O€¢  CH3JaJICHO  HAHOJIAMHUHATHO  TIOKPUTHE
Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AITiSIN u  0sxa wu3ClAeIBaHU MEXaHUYHUTE MY
cBoiicTBa. [lonmydeHuTe pe3ynratu JaBaT OCHOBAaHUE Jla C€ CMATA, Y€ TO OM MOTJIO J1a HaMepH
IIUPOKO MPAKTUYECKO MPHIIOKEHHUE.

Abstract: The application of Physical Vapor Deposition (PVD) hard coatings is one
timetested practice in the modern industry. Two of the main tendencies that promise a
progress in this area are the combination of more chemical elements in one coating and the
creation of nanolaminate structures. Since many combinations are possible in the design of
the coatings, it could be expected they would have many different properties which are
difficult to predict. In an attempt to work simultaneously in both of these directions, one
nanolaminate Ti/TiN/AITiSIN/(AITiSIN/TIAISIN)n/AITiSIN coating was developed and its
mechanical properties were tested. The results obtained give a reason to believe that it could
be widely practically applied.

B Y -

B4.6. V Chitanov, St Kolchev, T Cholakova, L Kolaklieva, R Kakanakov, Ch Pashinski, N
Hristeva, “Low temperature quaternary hard coatings with Cr- to Ti-based transition
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composition”, VEIT-2021, IOP Publishing, Journal of Physics: Conference Series, 2240
(2022) 012014, doi:10.1088/1742-6596/2240/1/012014. (Q4)

Pe3stome: PazpaboTeHo € HOBO YETBOPHO TBHPJIO NOKPUTHE, Oa3UpaHO HA aXE3MOHHU CIOEBE
Cr/CrN u ocnoBen paboren cmoit TiCrAIN, 3a HuCKoTemmepaTypHu npuioxeHus. To e
OTJIOXKEHO B YCTAHOBKA 32 paz0aiaHcupano MazHempoOHHO pA3npauiéane 8 3ameopeHo noJe.
HanoTtBbpaocTTa, agxe3usra u aedeqnHaTa Ha IOKPUTUETO Ca XapaKTEpU3UPaHHU € MIOMOLITA
Ha HAHOMHJCHTOp, CKped-TecTep M KajorecTep Ha Anton Paar. XuUMHYHUAT CbCTaB U
MOpGOJIOrHATa Ha HMOBBPXHOCTTA Ca H3CJIEIBAHU C IOMOIITA Ha CKaHUpAIll EJIEKTPOHEH
mukpockonn Hitachi SU 500, oGopynBan ¢ aHaiu3aTop Ha EHEpPruiiHa JAUCHEpPCHS.
[TokpuTHeTo MOKa3Ba HUCHK KOC(PUIMEHT HAa TPUEHE M J00pa aaxe3uoHHa YCTOWYMBOCT
Mexay ocHoBara M mpexoaHusi cioil Cr/CrN, KakTo M MeXIy MPEeXOJHHUS CIOW M CJos
TiCrAIN. Ilocturnarara HaHOTBBPAOCT € 33 GPa. Pesynrature OoT M3cienBaHETO MOKa3BaT,
ye yeTBopHOTO TBHPAO nmokputhe Cr/CrN/TiCrAlIN, otnoxeno mpu 200 °C, uma MexaHUYHU
CBOWCTBA, CPABHUMHU C IMOKPUTHS C 110100€H ChCTaB, HAHECEHU IIPU CTAHJAPTHU TeMIlepaTypu
Ha OTJIaraHe.

Abstract: A new quaternary hard coating based on Cr/CrN adhesion layers and a TiCrAIN
main coating layer was developed for low-temperature applications. It was deposited in a
closed-field unbalanced magnetron sputtering equipment. The nanohardness, adhesion and
thickness of the coating were characterized by Anton Paar’s nano-indenter tester, scratch
tester and calotester. The chemical composition and surface morphology were investigated by
a Hitachi SU 500 scanning electron microscope equipped with an energy dispersion analyzer.
The coating showed a low coefficient of friction and a good adhesion strength between the
substrate and the Cr/CrN transition layer, as well as between the transition layer and the
TiCrAlIN layer. The nanohardness achieved was 33 GPa. The research results showed that the
quaternary Cr/CrN/TiCrAIN hard coating deposited at 200 °C has mechanical properties
comparable to coatings with a similar composition deposited at standard deposition
temperatures.

B Y -

B4.7. Vassiliy Chitanov, Ekaterina Zlatareva, Lilyana Kolaklieva, Roumen Kakanakov,
Tetiana Cholakova, Stefan Kolchev, Chavdar Pashinski, “Elastic-Plastic Properties of hard
Cr-Based Nitride Coatings Deposited at Temperatures Below 200°C”, Tribology in Industry,
Vol. 45, No. 2, 2023, pp. 340-350, doi:10.24874/1i.1460.03.23.05. (Q2)

Pestome: Tlopenuum ot Cr-6a3upanu TBBPIM TMOKPUTHSA OsXa MOJYYEHH Ype3 PEakTHBHO
paszbanancupano macHemponno pasnpaweare 8 samsopeno noie (CFUBMS). Temneparypara
Ha TOJJIOKKaTa ce mojaabpikaiie B nuanazona oT 150 mo 200 °C mo Bpeme Ha OTJIAraHeTo.
Hanorsbpaocrra (H) u edextuBnusT monyn Ha enactuyHocT (E*) Ha mokputusra Osxa
W3CIIeIBaHM, M3TOI3BAKN METO/ Ha MHJICHTALIUS C PETUCTPUpaHe Ha AbiI00oYMHATa. 3a Ja ce
MPEJCTaBAT MEXaHMYHUTE CBOWCTBA M Ja CE€ MpEICKake TPUOOJIOTMYHOTO TMOBEICHHE Ha
MOJTyYCHUTE TOKPUTHSI, 05Xa M3YUCICHH M aHaIM3UpaHu choTHomeHusTa H/E* (uHnekc Ha
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€TaCTHYHOCT), H3/E*? (ycToM4MBOCT Ha TUIaCTHYHA Jnedopmanus) u 1/(HE*2) (ycTroitumBOCT
Ha oOpa3yBaHe Ha TyKHaTHHH). Pesynrature OT KOMOMHUPAHOTO U3CJIEBAaHE Ha
NpOyYBATEIHUTE CHOTHOIIEHHUS II0OKa3axa, dYe Te Morar Ja ObJaT H3MOI3BaHH 32
Kinacuukanus Ha OYaKBAaHUTE HM3HOCOYCTOMUMBM cBoWcTBa Ha Cr-0asupanu TBBPIH
MIOKPUTHSL, OTIIOKEHU IIpu Temneparypa nox 200 °C.

Abstract: Sets of Cr-based hard coatings were prepared via reactive closed field unbalanced
magnetron sputtering (CFUBMS). Substrate temperature was kept in range of 150 to 200 °C
during deposition. Nanohardness (H) and effective modulus of elasticity (E*) of the coatings
were examined, using depth-sensing indentation method. In order to present the mechanical
properties and predict the tribological behaviour of the prepared coatings ratios H/E*
(elasticity index), H*/E*? (resistance to plastic deformation) and 1/(HE*?) (resistance to crack
formation) were calculated and analysed. The results from the combined examination of the
research ratios showed that they could be used for classification of the expected wear-resistant
properties of Cr-based hard coatings deposited at temperature below 200 °C.

——L AN O ——

B4.8. M. D. Simov, V. S. Rupetsov, Ch. O. Pashinski, “Investigation of the properties of
Ti/TiN/TiCN gradient hard coating deposited on Stavax ESR steel”, Bulgarian Chemical
Communications, Vol. 55, Iss. 2, 2023, pp. 160-165, doi:10.34049/bcc.55.2. AESMT22-55.

(Q4)

Pestome: [punoxenneTo Ha TBBPAUTE H3HOCOYCTOWYHMBH TOKPUTHS B HHIYCTpHUSTA Ce
yBelIM4aBa HEMPEKhCHATO, KaTO TOBa € O0YCJIOBEHO OT HAapacTBAIIWTE W3MCKBAHUATA KBM
KaueCTBOTO Ha WHCTpyMeHTUTEe U wu3nenusta. OOnactra Ha mmpundopMuTre HE €
U3KIIIOYEHHEe, TaM HalpUMep ca BaKHU MpOoOJIEeMHUTE 3a HamalsiBaHE Ha HM3HOCBAHETO Ha
dopmenuTe €NeMEeHTH, KaKTO M TO-JIECHOTO OTHeNsiHe Ha TroToBHs jerain. Tesu
IIPEeIU3BUKATEIICTBA MOTAT J1a CE€ pa3pelaT 4pe3 HaHACsIHE Ha MOAXOMAALIO0 MoKputue. B tazu
pabora, rpaagueHTHO T1i/TiN/TiCN TBBpIO MOKPUTHE € HAHECEHO BbpXY cToMaHa Stavax ESR
ype3 Metoda ¢usuuno napro omnaeane (PVD). W3scnenBanu ca HSIKOM BaXKHH 3a
MPAaKTUYECKOTO My TPHIOXKEHHE CBOWCTBA, Karo c€ akIeHTHpa Ha Heromara
M3HOCOYCTOWYHMBOCT. 32 HEHHOTO OTIpeNIeNsiHe € M3II0JI3BaHa METOIMKA, KOSITO CE OCHOBaBa Ha
tecta monka-niockocm (ball-on-flat), xato 00eMbT Ha H3HOCBAHETO € TCOMETPUUHO
u34yhciIeH Ha 0a3aTa Ha oT4yeTeHaTa IIMpHHAa Ha Opas3gara. IlpencraBeHu ca JaHHM OT
NPOBEJICHUTE M3CIEABAHUS Ha M3HOCOYCTOMUMBOCTTA B 3aBUCHUMOCT OT HOPMAJIHOTO
(mepneHuKyISIPHOTO) HaTOBapBaHe Ha Tpubocuctemara. [IpoBesieH e aHaau3 Ha pe3ynTaTUTe
U Ca HalpaBeHH U3BOJHM OTHOCHO NMPAKTHUECKOTO MPHUIIOKEHHE Ha TOKPUTHUETO.

Abstract: The application of hard wear-resistant coatings in the industry constantly increases
because of the growing requirements for the quality of tools and products. The field of the
injection molds is not an exception, there are important problems, e.g., reducing the wear of
the forming elements, as well as achieving easier ejection of the finished article. These
challenges could be resolved by applying an appropriate coating. In this work, a gradient
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Ti/TIiN/TiCN hard coating was deposited on Stavax ESR steel by physical vapor deposition
(PVD) method. Some important properties for its practical application were studied
emphasizing on its wear resistance. For investigating the latter, a methodology based on the
ball-on-flat test was used, as the wear volume was geometrically calculated on the basis of the
measured track width. Data from the conducted studies of the wear resistance as a function of
the normal load of the tribosystem are presented. Analysis of the results was performed and
conclusions were made with regard to the practical application of the coating.

— ey

B4.9.V Chitanov, E Zlatareva, S Kolchev, T Cholakova, L Kolaklieva, R Kakanakov, C
Pashinski, “Investigation of properties of novel multilayer Cr/CrN/CrTiN/CrTiAIN hard
coating with four bilayers”, 23rd International Summer School on Vacuum, Electron and lon
Technologies 2023, 10P Publishing, Journal of Physics: Conference Series, 2710 (2024)
012024, doi:10.1088/1742-6596/2710/1/012024. (Q3)

Pe3stome: Opurnnanao muorocnoiHo TBepA0 nokputue Cr/CrN/CrTiN/CrTiAIN ¢ uwetmpu
IByCIOs (IBOMHU Ciios) Oerie pa3pabOTeHO Upe3 PEaKTUBHO pa30alaHCUpano MacHempoHHO
pasnpaweane 6 3ameopeno nore (CFUBMS). Temneparypara Ha cyOcrpara Oerire
nogabpkana B juama3oHa ot 170 °C go 200 °C. IloTokbT OT peakTHBEH ra3 Oerie
KOHTPOJMPAH 4Ype3 onmuyeH eMmucuoHen mounumopuwne. Jlebenuna ot 1,8 pum Oeme
ompejeNieHa C MOMOIITa Ha KanoTecTep. Mopdoioruara U XUMUYHHUAT ChCTaB Osxa
u3cneaBaHu 4pe3 enekrpoHHa mukpockonus (SEM u EDS). Hanotewsproct ot 34,1 GPa u
Moayn Ha enactTuaHocT OoT 386 GPa 0Osxa ompeneneHu ¢ MOMOINTa HA TEXHHUKATa Ha
HaHOMHJIeHTHpaHe. TecThT 3a HajpackBaHe ¢ auaMaHTeH MHJeHTOop Rockwell He mokasza
XapaKTePUCTHKH, COYCIIM JIOIA afxe3us. TecThT 3a BB3BPATHO-TIOCTHIIATETHO H3HOCBaHE
pasKpH CUJIHA yCTOMYMBOCT HAa M3HOCBAaHE W Oelle omnpeeseH Koe(UIUMEeHT Ha TpUEHE OT
0,19. Pa3paboTeHOTO MHOTOCIOWHO TBBPJAO MOKPUTHE IOKa3a ONTHUMAIHU MEXaHUYHU
CBOMCTBA 3a NIPOMUIIUICHU MPUIIOKEHUS BBPXY HHCTPYMEHTH OT HHCKOTEMIIEpATypHH
MaTepuaiy.

Abstract: A novel multilayer Cr/CrN/CrTiN/CrTiAIN hard coating with four bilayers was
developed by reactive closed field unbalanced magnetron sputtering (CFUBMS). The
substrate temperature was kept in the range of 170 °C to 200 °C. The reactive gas flow was
controlled by Optical Emission Monitoring. A thickness of 1.8 pm was determined using a
calotester. The morphology and chemical composition were studied by electron microscopy
(SEM and EDS). Nanohardness of 34.1 GPa and a modulus of elasticity of 386 GPa were
determined using the nanoindentation technique. The scratch test against a diamond Rockwell
indenter did not show features indicating poor adhesion. The reciprocating wear test revealed
strong resistance to wear, and a coefficient of friction of 0.19 was determined. The developed
multilayered hard coating showed optimal mechanical properties for industrial applications on
instruments of lowtemperature materials.

— L
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B4.10. Vasiliy Chitanov, Ekaterina Zlatareva, Stefan Kolchev, Lilyana Kolaklieva, Roumen
Kakanakov, Tetiana Cholakova and Chavdar Pashinski, “Investigation of Ti/TiN/AITiCrN
hard coating deposited by Close Field Unbalanced Magnetron Sputtering”, 23rd International
School on Condensed Matter Physics — 2024, 10P Publishing, Journal of Physics: Conference
Series, 2952 (2025) 012006, doi:10.1088/1742-6596/2952/1/012006. (Q3)

Peswome: PazpaboreHo € u  omioxkeHo TBepAo mnokputre Ti/TiN/AITiCrN  upe3
pasbanancupanHo MacHempoHHO pasnpawieane 6 3ameopeno noie. llpoBeneHu ca
TEXHOJIOTUYHU EKCIEPUMEHTH 3a ONTUMHU3HUpaHEe Ha CHOTHOIIEHHUETO MEXKIY ChCTaBHUTE
Metasmt Al, Ti m Cr, KakTo ¥ CHOTHOIIEHHUETO MeTanw/a3or. M3mepBaHuaTa upe3
HaHOMHJICHTUPAHE ca MoKa3anu HaHOTBBPAOCT OT 32 GPa. TecT 3a HagpackBaHe C HOPMAJIHO
(nepnenaukyasipHo) HaToBapBaHe 10 30 N noka3Ba n1o0pa aaxesust KbM ocHoBaTa. [IpoBenen
€ TpUOOJIOTUYEH TECT C POTAIMOHHO 33JIBUXKBAHE (monka-niockocm) ¢ HatoBapBane oT 3 N u
nbbkiHa Ha mbTA S50 m. M3mepenust koedunment Ha TpueHe ¢ 0,34. TpsbOea nma ce
oTOeNexku, 4e JOKJIaJBAaHUTE Pe3yNATaTH ca MoyydeHdu mpu temmeparypu g0 270 °C, xoero
orpezensi MOKPUTUETO KaTo yHUBepcasHo. [lonydyeHurte pe3ynratu ca CbBMECTHMH C TE3H,
JOOUTH OT CHIIOTO MOKPUTHE, OTIOKEHO Ype3 BUCOKOTEMIEPATYPHU U €HEPTUIHHN TEXHUKU
KaTo Kamoono-0v2060 Hanacane u HIPIMS. M3ciaenBaHoTo mokpuTHe € NMpeaHa3HAuYeHO Ja
MoA0OpH TPOU3BOAMTEIIHOCTTAa HAa WHCTPYMEHTH, U3PAOOTEHU OT MaTepuald C pas3indyHa
TepMUYHA CTAOMIIHOCT.

Abstract: A Ti/TiN/AITICrN hard coating was developed and deposited with Close Field
Unbalanced Magnetron Sputtering. Technological experiments were performed to optimize
the ratio between the composed metals Al, Ti, and Cr, and the ratio metals/nitrogen.
Nanoindentation measurements obtained nanohardnes of 32 GPa. A scratch test with a normal
load up to 30 N indicated good adhesion to the substrate. A tribological test with a rotational
drive (ball on plate) was made with a load of 3 N and a path length of 50 m. The measured
coefficient of friction was 0.34. It should be noted that the reported results are obtained at
temperatures as low as 270 °C, which determines the coating as universal. The obtained
results are compatible with ones obtained on the same coating deposited by high-temperature
and power techniques as Cathodic Arc Deposition and HIPIMS. The investigated coating is
aimed to improve the performance of tools made of materials with different thermal stability.

— ey

B4.11. Ekaterina Zlatareva, Vasiliy Chitanov, Lilyana Kolaklieva, Stefan Kolchev, Tetyana
Cholakova, Chavdar Pashinski, Tine Hribar, Miha Cekada, Roumen Kakanakov,
“Development and Research of a Ti/TiN/TiAIN Hard Coating”, 23rd International School on
Condensed Matter Physics — 2024, 10P Publishing, Journal of Physics: Conference Series,
2952 (2025) 012007, doi:10.1088/1742-6596/2952/1/012007. (Q3)

Pestome: HacToamoTo wu3cleiBaHe € 4YacT OT IO-TOISIM HPOEKT 3a pa3paboTBaHe Ha
MHOTOKOMIIOHEHTHH TBBPAH, W3HOCOYCTOWYHMBH TTOKPHUTHUS 33 TIPOMHIIUICHU TPUIIOKEHUs. B
pe3yaTar Ha u30paHusi TeXHoJIOruueH mpoiiec € nmoixydeHo TBbpao Ti/TiN/TiAIN nokputue ¢

8/23



mo100peHn MeXaHUYHHU CBOMCTBA U ajxe3usi. [lokpuTreTo e OTI0KEHO Upe3 pazdanancupano
Ma2HempoHHO pasnpauisane 6 3ameopeHo none. Jledenunata My € omnpezelieHa Ype3 MeToa
Ha Kpamepoobpasyeane ¢ monka (kaiomecm), a TpalaBoCTTa € U3MEpPEHa C IOMOIITa Ha
KOHTaKTeH MPOo(UIOMEThp U KOH(OKAJIEH ONTUYCH MHUKPOCKOI. Upe3 HaHOWHJECHTHpaHE ca
orpeneneHy HaHOTBBpAOCT oT 32,3 GPa u edexrtuBeH moxyn Ha enactuaHocT OoT 422 GPa.
He ca oTkpuTu NykHaTWHU U KPUTHUYHU TOBPEIH 110 BpeMe Ha TecTa 3a HajapackBane 10 30 N.
Cpenty auamMaHTeH MHACHTOP € M3MepeH KoedunueHt Ha TpueHe oT 0,12. MopdosoruaHoTo
uscneaBane ype3 SEM mokasa mrbTHa cTpykTypa 6e3 3HauuTenHu Aedextd. EnemMeHTHHST
ChCTaB Ha OCHOBHHS cjI0H, onpeneneH upe3 SEM/EDS, e: N — 42 at%, Al — 26 at% u Ti — 32
at%.

PasriexnaHoro MOKpUTHE MOXE Ja C€ H3I0J3Ba KaTo OCHOBAa 3a pa3paboTBaHe Ha
MHOTOKOMIIOHEHTHH TOKPUTHUS, BKIIOYUTEIIHO MPUIOKEHUE KATO IMOJCION B MHOTOCIOWMHHU
nokputusa. Karo camocToATeTHO MOKpUTHE, TO € MPHIOKHMO 32 HAHACSHE BBPXY PEXKEIIH
MHCTPYMEHTH 3a cyXa MeTanoobpaboTka.

Abstract: The present study is a part of a larger project of developing multicomponent hard,
wear-resistant coatings for industrial applications. A Ti/TiN/TiAIN hard coating with
improved mechanical properties and adhesion was obtained as a result of the selected
technological process. The coating was deposited via unbalanced magnetron sputtering in
closed magnetic field. Its thickness was determined by the ball-cratering method and
roughness was measured using a contact profilometer, and a confocal optical microscope.
Nanohardness of 32.3 GPa and effective modulus of elasticity of 422 GPa were determined by
nanoindentation. No cracks and critical failures were detected during the scratch test up to 30
N. Scratching coefficient of 0.12 was measured against diamond indenter. The morphological
examination by SEM showed a dense structure without significant defects. The elemental
composition of the main layer determined by SEM/EDS was: N — 42 at. %, Al — 26 at. %, and
Ti— 32 at. %.

The coating considered could be used as a basis for the development of multicomponent
coatings, including an application as a sublayer in multilayer coatings. As a stand-alone
coating, it is applicable for deposition on cutting tools for dry metal processing.

—{E N —

B4.12. Stefan Kolchev, Lilyana Kolaklieva, Daniela Kovacheva, Genoveva Atanasova,
Tetiana Cholakova, Vasiliy Chitanov, Ekaterina Zlatareva, Roumen Kakanakov and Chavdar
Pashinski, “Mechanical and Tribological Behavior of TiAISiN/AISiN Coatings Depending
on the High-Temperature ~ Treatment”, Coatings 2025, 15 (%), 542,
doi:10.3390/coatings15050542. (Q2)

Pesome: Tlokputusita TiAISiN/AISIN ¢ 3 u 30 mepuoma Osxa yCHENIHO OTIOXKEHH 4pe3
TEXHOJIOTUSl 33 KamoOHO0-0b2080 Hanacaune. CbCTaBbT, CTPYKTypaTa, MEXaHUYHUTE W
TpUOOJIOTHYHUTE CBOMCTBA Os1Xa M3cienBaHu mpu TepmMudHa oopadotka ot 700 °C mo 900 °C.
SEM HaOmonennero u EDS anHanu3bT moTBBbpAMXa IUTBTHaTa CTPYKTypa M CTaOMIIHUA
€JIEMEHTEH ChCTaB B IBJI0OOYMHATA HA TOKPUTHUETO MPH NoBuIeHU TemnepaTtypu. [Ipu 800 °C
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Oellle yCTaHOBEHO OIPAaHUYEHO MOBBPXHOCTHO OKHCIIEHHE, KOETO CE€ YBEIMYU YMEPEHO MpH
no-Bucoka Temreparypa ot 900 °C. Ilepuonabt (Ha mooyrayus) Ha TOKPUTHETO TOKa3Ba
HAaHOKOMIIO3UTHa CTpykTypa oT HaHo3bpHa TiAl(Si)N u AIN, Bximrouenu B amopgHa SizNg
MaTtpuna, koero ce ycraHoBu upe3 XRD m XPS ananuszu. Ilokputusta mokasBaT BHCOKa
tBBpAoCT oT 41,1 GPa u 36,4 GPa chorBeTHO 3a 3- u 30-neproguuTe nokputus. [lokputusra
C MO-TOJIEMH MOJIYJAMOHHM MEPUOAN JEMOHCTPHUpAT OTIMYHA TBBPIAOCT MpPU BHUCOKA
TeMIieparypa M YCTOWYMBOCT Ha €JAaCTUYHM M IulacTH4HH jaeopmanuu g0 900 °C.
TBBpIOCTTA HA MOKPUTHUATA C MO-MAIBK NEpUO ] Ha MoayJanus HamaisiBa 10 29,7 GPa npu
ChIATA TEMIIEPATypa, KOETO BOAM 1O HaMalsBaHe Ha chorTHomenmsta H/E u HYE*2
TpuOonOornyHUTE TECTOBE YCTAHOBHMXA, Y€ M3HOCOYCTOMYMBOCTTA IIPU BUCOKU TEMIIEPATypH
3aBUCU CWJIHO OT ChCTaBa M apXUTEKTypaTa Ha MOKPUTHETO. MeXaHU3MBT Ha OKHCIUTEITHO
M3HOCBaHE JOMHHHUpPA MPU TMOKPUTHUATA C TOJSIM TEPHOJ HA MOJyJallus, a CTENeHTa Ha
M3HOCBAaHE HaMalsiBa C I[IOBUIIABaHE Ha Temmeparypata. AOpa3MBHOTO M3HOCBAHE €
npeoOyiagaBaio Npu MOKPUTHITA C MO-HUCHK MEPHOJ Ha MOAYJIalus, KOETO BOIU JO
yBeJIMYaBaHE Ha CTENeHTa Ha u3HocBaHe. CTOMHOCTH Ha CTENEeHTa Ha U3HOCBAaHE OT 7,27.10°
mm®Nm u 8,53.10 ° mm®/Nm ca onpenenenu cien orrpaane npu 900 °C cboTBETHO 3a 3- U
30-nieproTHUTE TOKPUTHSI.

Abstract: TiAISIN/AISIN coatings, with 3 and 30 periods, were successfully deposited by
cathodic-arc evaporation technology. The composition, structure, mechanical, and tribological
properties were studied at thermal treatment from 700 °C to 900 °C. The SEM observation
and EDS analysis verified the dense structure and stable element composition in the coating
depth at increased temperatures. A limited surface oxidation was identified at 800 °C, which
increased moderately at a higher temperature of 900 °C. The coating period displays a
nanocomposite structure of TiAI(Si)N and AIN nanograins incorporated in an amorphous
SizN4 matrix obtained by XRD and XPS analyses. The coatings exhibit high hardness of 41.1
GPa and 36.4 GPa for the 3- and 30-period coatings, respectively. The coatings with higher
modulation periods demonstrate an excellent high temperature hardness and resistance to
elastic and plastic deformations up to 900 °C. The hardness of the coatings with a smaller
modulation period reduces to 29.7 GPa at the same temperature, causing a decrease in the H/E
and H/E*? ratios. The tribological tests found that the hightemperature wear resistance
depends strongly on the coating composition and architecture. An oxidation wear mechanism
dominates the coatings with a large modulation period, and the wear rate decreases with a
temperature increase. Abrasive wear is predominant in coatings with a lower modulation
period, leading to an increasing wear rate. Wear rate values of 7.27 x 10" mm®*N-m and 8.53
x 10" mm*/N-m were determined after annealing at 900 °C for the 3- and 30-period coatings,
respectively.

Gk

I'7: Hayyna nmyGnukanus B U31aHUs, KOUTO ca pedeprupaHu U UH/IEKCUPAHH B
CBETOBHOM3BECTHM 0a3u JaHHU ¢ HaydHa WH(OpManus
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I'7: Scientific publication in sources which are referenced and indexed in world-renowned
databases of scientific information

I'7.1. Vasiliy Chitanov, Lilyana Kolaklieva, Roumen Kakanakov, Tetiana Cholakova,
Chavdar Pashinski, Stefan Kolchev, Ekaterina Zlatareva, Genoveva Atanasova, Alexander
Tsanev, Kurt Hingerl, “Investigation of Optical Propertics of Complex Cr-Based Hard
Coatings Deposited through Unbalanced Magnetron Sputtering Intended for Real Industrial
Applications”, Coatings 2024, 14 (8), 946, doi:10.3390/coatings14080946. (Q2)

Pestome: TlpencraBeHo e MpeIBapUTEIIHO U3CIICIBaHE HA ONTUYHHUTE CBOMCTBA HA ci1oxHU Cr-
0a3upaHd TBBPIU TMOKPUTHUS, KAKTO M TAXHATA BPB3Ka ChC ChCTaBHATA CTPYKTypa Ha Te3U
nokputus. Crpykrypure Ha mnokputusita Cr/CrN, Cr/CrN/CrAIN, Cr/CrN/CrTiAIN u
Cr/CrN/CrAlITiN ca OTIOXKEHU HYpe3 pa30alaHCuUpaHo MASHeMmpOHHO —pa3npauisane.
W3mepenu ca TeXHUTE MEXaHMYHU CBOMCTBA, OCOOEHO HAHOTBBPIOCT, KOE(DUIIMEHT Ha
TpueHe u anxesus. CTpyKTypaTa U CbCTaBbT Ha MOKPUTHUATA ca XapakTepusupanu upe3 SEM,
FIB, XPS u TEM. OntuuHure UM cBoiicTBa ca m3ciensanu upe3 UV-VIS emurncomerpusi.
dazoBara pa3nuka A Ha ONTUYHUTE MMapaMeTpH, aMILTUTYJHOTO choTHOIIeHne ¥, uecToTHO-
3aBucuMara peanHa (€1(w)) U uMaruHepHa (g2(®)) 9YacT Ha AWENEKTpUYHATAa (YHKIUS U
CHOTBETHUTE MHICKCH Ha MIPEUyNBaHe U eKCTUHKIUA n(®) U k(®) ca u3MepeHu u MoieTupaHu
Yype3 perpecuoHeH aHayu3, peanusupan ¢ nomoinra Ha copryepa WVASEO Bepcust 3.686.
[TocturHaTto € 3a/JI0BOJIMTEIHO CHBIAJCHUE MEXKAY H3MEPECHUTE ONTUYHH JaHHU U
CHOTBETHUTE MOJICIH 33 HamacBaHe. OU3MUECKUTE MOJMKPHUCTATHH ONTHYHH KOHCTAaHTH HA
WHYCTpUATHUTE MpoOu Osixa M3BIEUYECHU OT JAHHU 32 MOJEIHpAHE C TPamaBOCT. AHAIU3BT
Ha JaHHWUTE I0Ka3a, Y€ EeIUIICOMETPUYHOTO XapaKTEepU3UpaHEe MOXKE Jla Ce H3IMOoJ3Ba 3a
ompezaensHe Ha Qu3nyHuTe cBolicTBa Ha Cr-0a3upaHu TBBPAM TOKPUTHS CHC CIOXKHA
CTPYKTypa U CbCTaB, KaKTO W 3a KOHTPOJ Ha MOBTOPSEMOCTTa Ha Mpolleca Ha OTJaraHe.
Heob6xomumu ca, obaue, mo-mogpoOHU H3CIEIBAHUS, 332 Ja C€ MPEACKaXe ChCTaBHT BBH3
OCHOBA Ha U3MEPEHUTE ONTUIHHU CBOHCTBA.

Abstract: A preliminary investigation of the optical properties of complex Cr-based hard
coatings and their connection with the compound structure of the coatings is presented.
Cr/CrN, Cr/CrN/CrAIN, Cr/CrN/CrTiAIN, and Cr/CrN/CrAlTiN coating structures were
deposited through unbalanced magnetron sputtering. Their mechanical properties, especially
nanohardness, coefficient of friction, and adhesion, were measured. The structure and
composition of the coatings were characterized through SEM, FIB, XPS, and TEM. Their
optical properties were investigated by UV-VIS ellipsometry. The optical parameters’ phase
difference A, the amplitude ratio V¥, the frequency-dependent real (e;(w)) and imaginary
(e2(w)) part of the dielectric function, and the corresponding refractive and extinction indexes
n(o) and k(w) were measured and modelled via regression analysis implemented using the
WVASE© software version 3.686. Satisfactory coincidence was achieved between the
measured optical data and the corresponding fitting models. The physical polycrystalline
optical constants of the industrial samples were extracted from modelling data with
roughness. The analysis of the data showed that ellipsometric characterisation can be used in
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order to determine the physical properties of Cr-based hard coatings with complex structure
and composition, as well as for repeatability control of the deposition process. However, more
detailed research is needed to predict the composition based on measured optical properties.

Gy

I'7.2. Chavdar Pashinski, "Investigation of the Influence of Deposition Temperature and N,
Flow on the Hardness of TiN Coating", Engineering Proceedings, vol. 100, iss. 1, art. 54,
2025, doi:10.3390/engproc2025100054. (Q3)

Pestome: Makap dye, obacTTa Ha HMHIYCTPUAIHHUTE IOKPUTUS C€ pa3BUBa OYpHO, HSAKOM
KJIACUYECKH PELIeHUs He T'yOAT cBOeTOo 3HaueHue. B Ta3u paboTa ce onmucBaT Ch3AaBaHETO U
u3cienBaHero Ha TiN HOKpUTHE, KaTo ce OTYMTA BIMSHUETO Ha J1BA OT BaKHUTE (aKTOpH Ha
mporeca — TeMreparypara Ha HaHacsHe U qebuta Ha Ny. [lokazanusT metox Moxe na Obae
IIPUJIOXKEH U 3a APYTU NOKPUTHUS, 0OCOOCHO B HAYAIHMSI €Tall Ha TAXHATa pa3padoTKa.

Abstract: Although the field of industrial coatings grows rapidly, some classic solutions do
not lose their relevance. In this work, the creation and study of a TiN coating are described,
taking into account the influence of two important factors in the process—deposition
temperature and N, flow rate. The method shown here could also be applied to other coatings,
especially in the initial stage of their development.

— ey

I'8: Hayuna nmy6aukaius B HepedepupaHy CIMCAHUS C HAYYHO pelieH3UpaHe WM B
pelaKTUpaHu KOJEKTHUBHU TPY10BE

I['8: Scientific publication in non-refereed journals with scientific peer-review or in edited
collective works

I'8.1. G. Mishev, V. Rupetsov, S. Dishliev, Ch. Pashinski, “Research the wear resistance of
multilayer coating Ti/TiN/TIiCN-ml on 1.2343 steel”, Proceedings of the 11th International
Conference “THE-A” Coatings in Manufacturing Engineering, 1-3 October 2014,
Thessaloniki, Greece, pp. 139-147, ISBN 978-960-98780-8-1.

Pesiome: TloBuiaBaHeTo Ha  HM3HOCOYCTOMUMBOCTTa Ha  IINPUIPOPMUTE BOAU IO
moo0psiBaHe Ha KU3HEHUS UM pecypc M HamaliiBaHEe Ha NPOM3BOJICTBEHUTE Pa3sXxoAu. 3a
pou3BoJIcTBOTO Ha mimpundopmu B "Apexkcum Huxenepunr" — Cmonss/bI’ ce uszmnonssa
npeiruMHO cToMmaHa 1.2343. B Hacrosmara craTtusi ca MNPEACTABEHM PpE3YyNTaTtu oOT
U3CJIeIBAaHETO Ha M3HOcoycToiunBocTTa Ha MHOrocnoiHo nokputue Ti/TiN/TiCN-ml Bbpxy
croMaHa 1.2343. W3cinenBaHo € BIMSHHUETO HAa CKOpPOCTTa, ABDKMHATAa Ha ciejara
(usmunamuss nvm) W HATOBAapBAHETO BBPXY MHTEH3MTETa HAa W3HOCBAaHE Ha IMOKPHTHUETO.
ChIIOTO € HaHeCeHO BBPXY He3akaleHu HuIM(oBaHM 0Opa3lM, 3aKaJeHH HUIM(OBAHU
o0pa3iy U 3aKajieHH MOJIMpaHu 00pa3Lu.
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Abstract: Increasing the wear resistance of injection molds leads to improve their living
resources and reduce the production cost. For injection molds production in "Arexim
Engineering” — Smolyan/BG mainly 1.2343 steel is used. In the current paper are presented
results of the wear resistance investigation for Ti/TiN/TiCN-ml multilayer coating on 1.2343
steel. The influence of the velocity, trace length and load on the wear intensity of the coating
is investigated. The coating is applied on unhardened grinded specimens, hardened grinded
specimens and hardened polished specimens.

— ey

I'8.2. Ch. Pashinski, M. Angelov, V. Rupetsov, D. Petrov, P. Shindov, S. Dishliev, “Arc
bond sputtering equipment for deposition of innovative industrial coatings”, Proceedings of
the 1V International Conference Industrial Engineering And Environmental Protection 2014
(11ZS 2014), 15th October 2014, Zrenjanin, Serbia, pp. 356-361, ISBN: 978-86-7672-234-1.

Pesome: HanacsiHeTO Ha MOKPUTHUSI ©UMa OTPOMHO TPUIIOKCHUE B ChBPEMEHHATA MHIYCTpPUSI.
CTpeMexbT KbM BHCOKO Ka4eCTBO M €KOJOTMYHOCT BCE TOBEYEC PA3LIMPSIBA MPHIOKCHHUETO
Ha PVD rtexnonorusita. Tazu cratus pasriexaa KOHCTpyHUpaHO U u3paboTeHo 000OpyaBaHe 3a
Kombunupan 0veoe u pasnpaweaw; npoyec (Arc Bond Sputtering) ma HacsHe, KoeTO €
CIOCOOHO Jia Ch3/laBa TOKPHUTHS C LIEHHH 3a HHIYCTpUsATa cBoicTBa. [lokazaHu ca Haii-
Ba)XHUTE HETOBU BB3JIM M ca OOSICHEHH MPHUHIUIIKNTE, 3JI0KEHH B HEroBaTta KOHCTPYKIHs. B
Kpasi ca OINWCaHW JBE TEPCICKTUBHU IIOKPUTHUS, HAHECEHW C TOBa OOOpY/BaHE:
HAaHOKOMIIO3UTHO Ti/TIN/TiCN/nc-TiCN:a-C/nc-TiC:a-C/a-C " CBPBXPEIIETHUHO
(manonamuuaTao) TI/TIN/CrN-ml. TsxHara eKkCHepHUMEHTATHO OINpEJeScHa CTOWHOCT Ha
CTENCHTa Ha M3HOCBAaHE € CBHIIOCTaBUMA C Hail-MOOpUTE M3BECTHU PE3yJTaTH 3a MOJO0O0HU
TOKPHUTHSI.

Abstract: The deposition of coatings is widely used in the modern industry. The pursuit of a
high quality and an environmental friendliness increasingly extends the application of the
PVD technology. This article describes one designed and manufactured equipment for Arc
Bond Sputtering deposition which is able to create coatings with valuable industrial
properties. Its most important assemblies are shown and the principles in its design are
explained. At the end two promising coatings deposited by this equipment are described: a
nanocomposite Ti/TiN/TiCN/nc-TiCN:a-C/nc-TiC:a-C/a-C and a superlattice Ti/TiN/CrN-ml.
Their experimentally determined value of the wear rate is comparable with the best known
results for similar coatings.

— ey

I'8.3. S. Dishliev, V. Rupetsov, G. Mishev, M. Angelov, Ch. Pashinski, “Research the wear
resistance of multilayer nanocomposite coating TiI/TIN/TICN-ml on 1.2767 steel”,
Proceedings of BALKANTRIB’14 8th International Conference on Tribology, 30th October -
1st November 2014, Sinaia, Romania, pp. 529-536, ISBN 978-973-719-570-8.
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Pezrome: Wnpuiiopmute 3a NMPOU3BOACTBO HA IJIACTMACOBU M3JENIHS Ca TOJUIOKEHH Ha
WHTCH3MBHO W3HOCBaHe. [loBuIaBaHeTo Ha TAXHATa W3HOCOYCTOWYMBOCT BOJAU [0
nonoOpsiBAaHE Ha JKU3HEHHMS IIMKBI W HaMalsBaHe Ha MPOM3BOJCTBEHUTE pPa3Xxoau. 3a
npou3BoAcTBOTO Ha mmpuiopmu B "Apekcum Hmxenepunr" — Cmonsan/BIT ce uzmomnssa
npeauMHO cromanHa 1.2767. B HacTosmara crtaTus ca MPEACTaBEHU pe3yaTaTd OT
U3CIEABAHETO HA HW3HOCOYCTOWYMBOCTTa HAa MHOTOCIOWHO HAHOKOMIIO3UTHO TMOKPUTHE
Ti/TIN/TiCN-ml Bepxy cTomana 1.2767. M3cineaBaHo ¢ BIMSAHHETO Ha CKOPOCTTA, Ab/KAHATA
Ha cleiara (usMuHamusi nvm) W HATOBApBAHETO BBPXY HMHTEH3UTETAa HAa W3HOCBAaHE Ha
nokputuero. [IoKpuTHETO € HaHeceHO BBbPXY He3akaleHW HuIM(oBaHU 00pasld, 3aKalleHU
M oBaHu 00pa3LU U 3aKaJICHH MOJTUPAHU 00pa3Iy.

Abstract: Injection molds for plastic products production are subject of intensive wear.
Increasing their wear resistance leads to improve the living resources and reduce the
production cost. For injection molds production in "Arexim Engineering” — Smolyan/BG
mainly 1.2767 steel is used. In the current paper are presented results of the wear resistance
investigation for Ti/TiN/TiCN-ml multilayer nanocomposite coating on 1.2767 steel. The
influence of the velocity, trace length and load on the wear intensity of the coating is
investigated. The coating is applied on unhardened grinded specimens, hardened grinded
specimens and hardened polished specimens.

Gk

I'8.4. V. Rupetsov, S. Dishliev, G. Mishev, R. Majchrowski, Ch. Pashinski, J. Javorova,
“Research the wear resistance of nanocomposite coating Ti/TiN/TiCN/nc-TiCN:a-C/nc-
TiC:a-C/a-C on 1.2343 steel”, TEHNOMUS - New Technologies and Products in Machine
Manufacturing Technologies, No22, 2015, pp. 352-357, ISSN-1224-029X.

Pestome: TloBuiaBaneTro Ha HM3HOCOYCTOMYMBOCTTAa Ha  IIMPHUIIOPMUTE BOAU [0
nosoOpsiBaHe HA JKU3HEHHs IIUKBJI M HaMalsBaHEe Ha MPOU3BOJICTBEHUTE pa3xoau. EnHa oT
W3MOI3BaHUTE CTOMAaHM 32 TMPOU3BOACTBO Ha KOMIIOHEHTH 3a MIMPHUIIPOPMH € CTOMaHaTa
1.2343. B Hacrosimata CTaTHs ca TMPEICTAaBEHH pe3yiaTaTH OT HU3CJEIBaHE Ha
M3HOCOYCTOMYMBOCTTa Ha OTIIOKEHO HaHOkoMno3uTHO mokputre Ti/TiN/TiCN/nc-TiCN:a-
C/ncTiC:a-C/a-C Bbpxy cromana 1.2343. M3cneaBaHo € BIMSHUETO HAa HATOBAPBAHETO BHPXY
WHTEH3WUTETa HAa W3HOCBAaHE HAa IMOKPUTHETO. [IOKPUTHETO € HAHECEHO BBPXY He3aKaJeHU
nuidoBanu 00pasiy, 3aKaneHu NUM(oBaHU 00pa3IH U 3aKaJIEHU TTOTUPaHU 00pa3Iy.

Abstract: An increasing of the wear resistance of injection molds leads to improvement in the
living resources and reduction of the production cost. One of used steels for producing of
components for injection molds is 1.2343 steel. In the current paper are presented results for
wear resistance investigation of deposited Ti/TiN/TiCN/nc-TiCN:a-C/ncTiC:a-C/a-C
nanocomposite coating on 1.2343 steel. The influence of the load on the wear intensity of the
coating is investigated. The coating is applied on unhardened grinded specimens, hardened
grinded specimens and hardened polished specimens.
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I'8.5. /1. Pycues, P. Paiiues, Y. Ilammucku, ,,Moaeaupane Ha MOHOTPBOEH amMOpTHU3ATOp,
YyBCTBUTEJICH KbM YyCKOpeHHe B cpemata Ha Lab AMESim”, Fundamental Sciences and
Applications, vol. 21, book 2, 2015, pp. 209-212, ISSN 1310-8271.

Peszrome. B HacTosmiata craTtus € MNpeaACTaBCH CUMYJIALIMOHCH MOJACII Ha MOHOTp'b6eH
aMOopTHU3aTop, KOHTO € CHa6[[€H C OOIBJIHUTCIICH MHCPUHWOHCH KJIallaH, YYBCTBUTCIICH KbM
YCKOPCHHUCTO Ha IOABMIKHHUTC 4YaCTH. 3a HaCTPOfIKa Ha MapaMETpUTC Ha CHUMYJIAIIMOHHHA
MOZCI, Ca M3IOJ3BAHM METOJAa 3a COHAWPAHC Ha O0IyCcTuMarta obnact u METOJa Ha
CUMIIJICKCHOTO THPCCHE.

Abstract: This paper presents a simulation model of monotube damper, equipped with
additional inertia valve sensitive to the acceleration of the moving parts. The model is built on
an existing construction. To set the parameters of the simulation model used method for
probing the eligible area and the method of simplex search.

B Y -

I'8.6. U. IMMammuckn, J[. Pycues, P. Paiiues, , KommroTbpHa mporpama 3a yiaecHsSBaHE Ha
yrnoTtpebara Ha yHHBepcayiHa aenutenna riasa’, Fundamental Sciences and Applications, vol.
21, book 2, 2015, pp. 213-218, ISSN 1310-8271.

Pestome: YHUBepcanHaTa JeIUTENHA TIJlaBa € BaXXHO IpHUCTocoOsieHne KbM (¢pe3oBaTa
MmamuHa. [loHskora HEHHOTO wu3MON3BaHE, OCOOEHO MpH JU(EpeHIHATHO JeleHe, €
3aTPyAHUTEIIHO, KaTO € CBbP3aHO ChC 3aryda Ha BpeMe U JAoIycKaHe Ha rpemku. [lopaau Tasu
npuurHa Oe pa3paboTeHa KOMMIOThpHA IpOorpaMa, KOWTO U3BBPIIBA BCHYKU HEOOXOAUMU
W3YMCICHMS 32 HY)KHATa HACTPOIlKa Ha IiaBaTa IpHU JAEJICHE Ha 3ar0TOBKaTa Ha IPOU3BOJICH
Opoit yactu. Tyk ce pa3riiexaar Ta3u IporpaMa 1 U3IM0JI3BaHUs aJlTOPUTHM.

Abstract: An universal dividing head is one important contrivance of the milling machine.
Sometimes its usage (especially when a differential indexing is implemented) is unpleasant as
it is associated with loss of time and errors occurrence. Therefore, one computer program was
developed which performs all necessary calculations for the required adjustment of the head
when one workpiece being divided into various number of divisions. This program and
applied algorithm are shown here.

S~ S

I'8.7. V.S. Rupetsov, L.P. Kolaklieva, V.l. Kopanov, V.A. Chitanov, Ch.O. Pashinski, S.I.
Dishliev, “Determination of tribological parameters of Ti/TiN/CrN-ml coating applied on
1.2343 steel”, Journal of Food and Packaging Science, Technique and Technologies, Ne6,
2015, pp. 91-95, ISSN 1314-7773.
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Pestome: VI3uckBaHUsTa HA HHIYCTPHUATA IO OTHOLICHHE HA TBBHPAUTE IMOKPUTHUS MOCTOSIHHO
HapacCTBar. EI[HO oT Haﬁ'HepCHeKTHBHHTC HarpasJICHUd B MOMCHTAa € CBb3JaBaHCTO Ha
HAHOJAMHHATH: MHOTOCJONHHM IOKPHTHS, B KOMTO OTICIHUTE CIOeBE ca C jaedenuHa OT
Hskosko nm. Tyk ce pasrnexnga nmogo6Ho mokpurtue: Ti/TiN/CrN-ml, xato ce m3ciensat
HETOBUTC TpI/I6OHOFI/I‘IHI/I U MCXaHUYHU CBOﬁCTBa, KOHWTO ca Hal-Ba)XKHU 3a MMpaKTUICCKaTa My
npurogHoct. [lomydeHure pe3ynTaTté MOKa3BaT, Y€ TOBa IOKPUTHE OM MOIJIO HAITBJIHO Ja
YIOBJICTBOPSIBA CbBPEMECHHHUTE HY)XK/IM Ha HHIYCTPUSATA.

Abstract: The requirements of the industry in terms of hard coatings increase constantly.
Nowadays, one of the most promising trends is the creation of nanolaminates: multilayer
coatings in which the single layers have a thickness of several nm. Such a coating is
considered here: Ti/TiN/CrN-ml by examination of its tribological and mechanical properties
which are the most important for its practical suitability. The obtained results indicate that this
coating could fully satisfy the present needs of the industry.

ey

I'8.8. 3. 3naranos, P. PaiiueB, Y. Iammuucku, ,,MaTpudHO H3CIICIBAHE HA CTATHYCCKHU
HeomnpeeniMa paBHUHHA paMKa Ioj JeiicTBUe Ha ctatuueH ToBap”, Seventh International
Scientific Conference "Engineering, Technologies and Systems", 17-19 maii 2018, ITnoBaus,
pp. 11-305 — 11-308, ISSN Online: 2535-0048.

Pestome: B cratusita e pasrienaHa cTaTHU4eCKU HEOIpelelrMa paBHUHHA paMKa, HaTOBapeHa
Ha orpBaHe. M3MoO3BaH € MaTpuYeH 3aluc Ha pelIeHHeTo Mo cuioB meroA. Ilpencrasen e
QITOPUTHM Ha peIlICHUE.

Abstract: A statically undefined planar frame loaded with bending is examined in the paper. A
matrix type of a strong method is used. An algorithm of solution is presented.

—L A

I'8.9. B. Pynenos, Y. Ilammuckw, ,,JJabopatopHa ycTaHOBKa 3a U3ciieiBaHe HA (PUKIIMOHEH
Bapuarop”’, TechCo — Lovech 2019, 10 wmait 2019, Jloseu, Tom I, c. 115-120, ISSN 2535-
079X.

Pestome: be3cTeIeHHOTO peryjrpaHe Ha YecToTaTa Ha BBPTEHE IMO3BOJISIBA J1a CE€ HM3MEHS
CKOpPOCTHHS pexuM 0e3 cripaHe Ha paboTHaTa MalliHa, OI00PsSBa TEXHOJIOTUIHHUS TIPOIIEC,
CBKpalllaBa OIepalinOHHOTO U CIIOMAraTeTHOTO BpeMe, J1aBa Bb3MOXKHOCT 32 aBTOMATHU3HUPAHE
Ha YMPaBJICHUETO Ha MAIIMHUTE.

B Hacrosmms Tpya e pasrienaHa KOHCTPYKLUMSATa Ha MPOEKTHpPaH M M3pabOTeH CTEeH] 3a
1a00paTOpHU HU3CIIEBAHMS, C KOTOTO C€ ONpeAesIT KMHEMaTHMYHHTE XapaKTePHUCTUKU Ha
(pUKLIMOHEH BapuaTop W OCOOCHOCTHTE TpU TMpelaBaHe Ha EHEpPrusi C TaKbB BHJ
3ajBIKBaHe. M3mon3Bana e cxema Ha (DPUKIMOHHA MpeAaBKa C €IHO MPOMEHJIHMBO KOJEJIO.
[IpencraBeHa e METOMKA 32 MMPOBEXKIAHE HA H3CIICABAHETO.
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Abstract: Stepless regulation of the rotational frequency allows changing the speed mode
without stopping the working machine, improves the technological process, reduces operating
and auxiliary time, and enables the automation of machine control.

This paper explores the constuction of a designed and manufactured laboratory test stand
which is used to determine the kinematic characteristics of a friction variator and the
peculiarities of energy transmission with this type of drive. A friction gear scheme with one
variable wheel is used. A methodology for conducting the study is presented.

— ey

I'8.10. Chavdar Pashinski, “Rapid design of carousels for PVD equipment: some
considerations”, Journal of Physics and Technology, Vol. 4, No 1, 2020, pp. 35-40, ISSN
2535-0536.

Pesome: B unpyctpuainute npouecu Ha ¢usuuno napro omaazane (PVD) uecrto nmbtu e
HeoOXxoauMa Obp3a MOJArOTOBKA 32 M3ITBJIHEHHETO Ha JajieHa nmopbuka. Koraro mociennara e
rojsiMa, YeCTO C€ Hajlara KOHCTPYUPAHETO U N3padOTBAHETO Ha CIIELMAJIEH Kapycell, KOUTOo 1a
cpOepe MOoCTaThYHO 00pasly M Jia HalpaBH M3MBIHEHUETO M U3roMHO. TYK Ce JaBaT HIKOH
HACOKH 32 M0JJOOHO KOHCTPYUPAHE, KOUTO ca MPAKTUYECKH 0OOCHOBAHHU.

Abstract: One rapid preparation is often required in industrial Physical Vapor Deposition
(PVD) processes for the execution of an order. When the latter is large, it is often necessary to
design and manufacture a special carousel collecting enough samples and making the order
performance profitable. Some practically justified guidelines for such design are provided
here.

Gk

I'8.11. Velko Rupetsov, Chavdar Pashinski, Kiril Kiranov, ,,YcranoBka 3a u3cjienBaHe Ha
kmHOpembueH BapuaTop”’, TechCo—2021, 2-3 ronmum 2021, Jloseu, c. 30-33, ISSN 2535-079X.

Pe3stome: B nHacTosmus Tpyn € pasriefaHa KOHCTPYKLUSATa Ha YCTaHOBKa 3a JIAOOpPAaTOpHU
u3CcieBaHMs Ha KIIMHOpeMbYEH Bapuarop. Ts ce mpuiara 3a onpesensHe Ha KHHEMaTHYHUTE
XapaKTepUCTUKH U OCOOCHOCTUTE MPH NpeaBaHe Ha €HEeprusl ¢ TAKMBA BHUJIOBE 3aJIBIDKBAHE.
W3non3BaHa e cxema Ha KJIMHOPEMbBUYEH BapHaTop C €Ha pyryJlupyeMa peMbuHa Miaiioa,
KOSITO C€ M3MECTBAa KaKTO B OCOBO, Taka W B MEXAYyoceBO HampaBieHue. lIpencraBena e
METOJIMKA 3a MMPOBEKJaHe Ha U3CIIEIBAHETO.

Abstract: In the present work, one construction of an equipment for laboratory tests of a V-
belt variator is considered. It is applied to determine the kinematic characteristics and the
features of the energy transmission using similar drive types. A V-belt variator scheme with
one adjustable belt pulley is used which moves in both axial and interaxial directions. A
methodology for the research conduction is presented.

— L
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I'8.12. M. D. Simov, V. S. Rupetsov, Ch. O. Pashinski, “Mechanical tests of gradient
Ti/TiN/TiCN hard coating intended for tool production”, Alternative Energy Sources,
Materials & Technologies (AESMT’22), 27-28 June 2022, Veliko Tarnovo, vol. 4, pp. 99-
100, ISSN 2603-364X.

Pestwome: [lonacrosimieM, TBBPAWTE HOKPUTHUS CE M3IOJ3BAT IMPAKTUUYECKH HABCAKBAE B
MAaIIMHOCTPOCHETO, KaTo pazHooOpasuero uM € romsmo. [lpum ekcroaramusra Ha
mrpuiOpMH  CHIIECTBYBAT NPOOJIeMH € OBP30TO HM3HOCBAHE HAa AKTHBHUTE EIIEMEHTH,
M3XBBPISHETO HA TOTOBUS JIETAII U Jp., KOUTO MOTAT Jia C€ PelIaT YCIICIIHO Ype3 HaHACSIHE
Ha MOJXO0IAIIO0 MOoKpUTHe. TyK ce u3ciieIBaT OCHOBHUTE MEXaHHMYHH CBOMCTBA HA TPAIMCHTHO
Ti/TiN/TiCN TBBpAO HOKpUTHE BBPXY cToMaHa Stavax ESR, xoero e cb3mazeHo upes3 Meroaa
@uszuuno naprno omnaeare (PVD). OcobeHo BHUMaHKE € 00bPHATO HA H3HOCOYCTONYHBOCTTA,
KOSTO € wu3clenBaHa upe3 weroga monka-niockocm (ball-on-flat) npu  pazmuunu
HATOBApBaHUS MPWIOKEHH HAa KOHTPATAIO0TO. M3MepeHa e mupuHaTa Ha U3IBbJIOAHUTE CIICAN
U W3M0J3BaiiKM HEWHATa CTOMHOCT, T€OMETPUYHO € ONpeAeieHa CTEeIEeHTa Ha HM3HOCBAaHE.
[Tonydenure pe3ynratu ca aHATM3UpPAHH M Ca JAJCHM IPENOPHKH 32 HPAKTHYECKOTO
U3I0JI3BaHe Ha TIOKPUTHETO.

Abstract: Nowadays, hard coatings are used practically everywhere in machine building and
their variety is huge. During the operation of injection molds there are some problems with
the rapid wear of the active elements, the ejection of the finished article, etc., which could be
successfully solved by applying of a suitable coating. The main mechanical properties of
gradient Ti/TiN/TiCN hard coating on Stavax ESR steel which was created by Physical VVapor
Deposition (PVD) method, are investigated here. A special attention is paid to the wear
resistance which was studied by the ball-on-flat method at different loads applied on the
counter-part. The width of the carved traces was measured and using its value, the wear rate
was geometrically evaluated. The obtained results are analyzed and recommendations for the
practical use of the coating are given.

S Y S

I'8.13. Vassiliy Chitanov, Ekaterina Zlatareva, Lilyana Kolaklieva, Roumen Kakanakov,
Tetiana Cholakova, Stefan Kolchev, Chavdar Pashinski, “Nanohardness and module of
elasticity of Cr-based nitride coatings deposited at temperatures below 200 °C”, Journal of the
Technical University of Gabrovo, Vol. 66, 2023, pp. 43-45, ISSN 1310-6686.

Peztome: Tlopeaunu oT TBHpAU MOKpUTHS Ha 0azara Ha Cr 0sfxa MOJTYYSHH Ype3 PEaKTUBHO
pazbanancupano macHemponro pasnpaweare 6 samsopeno noie (CFUBMS). Temneparypara
Ha MOJJDKKaTa ce mojaabpkame B auanazona ot 150 mo 200 °C mo BpeMe Ha OTJIAaraHeTo.
Hanorsbpaocrra (H) u edexruBuustr monyn Ha enactuuHocT (E*) na moxpurtusara CrN,
CrAIN, CrTiN u CrTiAIN 0Osixa #3cieaBaHd C IOMOINTA HAa METOAAa Ha HHACHTAIUSA C
peructpupane Ha AbJ0ounMHaTa. Pesynrature oOT KOMOWMHUPAHOTO W3CJIENBaHE Ha
MPOYYBATEITHUTE CHOTHOIICHUS ITOKa3axa, 4ye TPOWHHWTE W YECTBOPHHUTE TBBHPIU TOKPUTHS
MMaT MPEeBBH3XOTHA MEXaHUYHHU CBOKCTBA, KOUTO CHITHO 3aBUCAT OT YCIOBUSATA HA OTJIAraHe.
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Abstract: Sets of Cr-based hard coatings were prepared via reactive closed field unbalanced
magnetron sputtering (CFUBMS). Substrate temperature was kept in range of 150 to 200 °C
during deposition. Nanohardness (H) and effective modulus of elasticity (E*) of the CrN,
CrAlIN, CrTiN and CrTiAIN coatings were examined using depth-sensing indentation method.
The results from the combined examination of the research ratios showed that the triple and
quaternary hard coatings have superior mechanical properties and they strongly depend on the
deposition conditions.

— ey

I'8.14. Ekaterina Zlatareva, Vasilliy Chitanov, Stefan Kolchev, Tetiana Cholakova, Lilyana
Kolaklieva, Roumen Kakanakov, Chavdar PashinskKi, ,BausiHue Ha TOoka Ha TUTaHOBUTE
TapreTu BbpXy anxe3usaTa Ha TBepau nmokputus CrTiAIN, momyuenu upe3 pazdamaHCcHpaHO
MarHeTpOHHO pas3lpaliBaHe B 3aTBOpeHO moie”, MexayHapoaHa HaydHa KOH(epeHIHUs
,MexaTpoHuka, eko- W eHeprocrectsBamy cucremMu u TexHonorun (MEECT’23), 14-16
noemBpu 2023, [TnoBaus, c. 129-134, ISSN: 2815-4916.

Pestome: 3a w3cnenBaHe Ha BIMSHUETO HAa TOKOBETE HA MHIICHUTE OT Tl BBPXY aaxe3usta
kbM mojanoxkka or HSS Osxa mpurorBenu 1Bbpau CrTiAIN mokputus. IIpobute Osixa
obpabotenu B UDP 850 (Teer Coatings) upe3 macHemponHo pasnpauiéane 8 3ameopeHo noie
ripu Temneparypu noa 200 °C. TeXHOJOTUYHUTE PEXXUMU CE pa3inyaBaxa Mo CTOMHOCTUTE Ha
TOKOBeTe Ha Ti-MHIIEHHUTE, JOKATO OCTAHAJIUTE TCXHOJIOTWYHHM TapaMeTpu Osxa 3ama3eHu
ChIIUTE. XUMUYIHHST ChCTAB Ha MOKPUTHETO, MTOKA3BAIN0 ONTHMAIIHU CBOMCTBA, e: Cr — 48,4
at%, Ti — 7,8 at%, Al — 6,9 at%, N — 36,9 at%. IIporpecuBeH TecT 3a HajapacKBaHe NpU
HaroBapane ot 0,5 N mo 30 N He paskpuBa OCOOEHOCTH, MpEIIoJiaraiy HIKaKBU
HapylIeHUs B aJXe3usiTa U KOXe3MsTa. 3a TOBa MOKpPUTHE Oelie W3MepeH Hal-HUCKUST
Koe(UIIMEeHT Ha TpuUeHe crhpsMo wuHAeHTopa Ha Pokyen — 0,117. YcranoBeHu Osxa
3HAYUTEIIHU IPETMMCTBA Ha TOBA MIOKPUTHE B CPABHEHHUE C OCTAHAIIUTE OT CepUsATa.

Abstract: Hard CrTiAIN coatings were prepared to research the influence of Ti-targets
currents on the adhesion to HSS substrate. The samples were processed in UDP 850 (Teer
Coatings) by Closed Field Magnetron Sputtering at temperatures below 200 °C. The
technological regimes differed in values of Ti-targets currents while the other technological
parameters were kept the same. The chemical composition of the coating showing optimal
properties is: Cr — 48.4 at. %, Ti — 7.8 at. %, Al — 6.9 at. %, N — 36.9 at. %. A progressive
scratch test at loading from 0.5 N to 30 N does not reveal features implying any failures in the
adhesion and cohesion. The lowest coefficient of friction against the Rockwell indenter —
0.117, was measured for this coating. Significant advantages of this coating compared to the
others in the series were found.

S~ S
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I'8.15. Yanap Ilammucku, “ChBpeMenHu TeHaeHnHu npu PVD moxputusita 3a pexenu
uHCcTpyMeHTH’, Mexanuka Tpancnopt Komynukaruu, Tom 23, 6poit 2, cratust Ne 2653, 2025,
c. XIII-1 - XI11-10, ISSN 2367-6620 (online).

Peszome: TBbpaUTE U CBPBXTBBPAM IOKPUTHUSA CE HAHACAT PYTMHHO BBPXY CBBPEMEHHMHTE
PEXKelr HHCTPYMEHTH, KaTO 3HAYMTEIHO TOBHUINABAT CKCIIOATAHOHHUTE UM CIIOCOOHOCTH.
CahliecTBYBa roJIIMO pa3HOO0pa3ne OT MOKPHUTHS, KaTO BCSIKO OT TAX € YIA4HO 3a OIpeieiicH
paboTeH pexHM, MaTepuall Ha 3aroTOBKaTa, IpamaBocT Ha 00paboOTeHaTa MOBBPXHOCT U JIp.
3aroBa, OCOOCHO MpH Mpe3aToYBaHE C MOCIEABAIIO HAHACSIHE Ha TOKPUTHE, € J00pe
BB3JIOKUTEIAT JIa MMa TIO3HAHMUS B Ta3HW o0NacT, 3a Ja HampaBu no0bp u3bop. [lonexe, He
BHHAru € 1CHO KakKBO € 61/1.]10 OpPUTrMHAJIHOTO IMOKPUTUC, HATO BUHAI'M UMA BB3MOXHOCT TO Aa
Obae moBTOpeHO. TyK Ce pasriiexaaT HSAKOM OT Hai-W3IMOJ3BAHUTE MOKPHUTHUSA 33 PEKEIIN
WHCTPYMEHTH, KaTO ca MOJApeNeHH M Kiacu(uiupaHu, a JaHHUTE 3a TAX ca ChOpaHU OT
KaTaJ031 Ha MPOU3BOANUTEIH, HAYYHH MyOJUKAIIUK M ONTUTA Ha aBTOPA.

Abstract: Hard and superhard coatings are routinely deposited on the modern cutting tools and
thus significantly enhancing their performance capabilities. There is a wide variety of coatings
and each of them is suitable for a specific operating mode, workpiece material, roughness of
the processed surface, etc. Therefore, especially when resharpening with a subsequent
coating, it is reasonable the client to have knowledge in this area in order to make a good
choice. Because it is not always clear what the original coating was, nor it is always possible
to replicate it. Some of the most commonly used coatings for cutting tools are shown here,
sorted and classified, and the data about them were collected from manufacturers' catalogs,
scientific publications and author's experience.

——L AN O ——

I'8.16. Chavdar Pashinski, "Preliminary Static Balancing of Rotating Masses Using MS
Excel Solver”, International Journal of Scientific Engineering and Research (IJSER), vol. 13,
iss. 9, art. SE25902171207, 2025, pp. 1-4, doi:10.70729/SE25902171207.

Pestome: banancupaneTo Ha BBPTAINM CE C€IEMEHTU € BaXHO YCJIOBHE 3a HAMajsBaHE Ha
peKanuuTe BBH3HUKBALIM B OMOPUTE UM, KaTo MO TO3M HAYMH CE€ TrapaHTHUpa cTaOuiaHa U
OBJITOTPAaiHA €KCIUIoaTalus Ha KOHCTpykuusaTa. [Ipy MacMBHM CBCTaBHM BBPTALIM CE
CTPYKTYpH € pa3yMHO NpPEIBApUTEIHO Ja CE MOAPEAST OTAEIHUTE KOMIIOHEHTH Npeau
TSXHATa 3aBapka WJIM MOHTaX C L€ J1a ce MOCTUIHE MAaKCHMMAaJIHO CTaTHYHO OajaHCHpaHe.
ToBa Ou ynecHWJIO TOCJIEIBAIIOTO OKOHYATETHO OamaHcupaHe Ha cTeHn. Llenta Ha ToBa
u3cienBaHe € qa agemoHctpupa kak MS Excel Solver moxke 1a ce u3nomn3Ba 3a MOCTUTaHE Ha
MpeIBAPUTENIHO CTATUUHO OallaHCUpaHe Ha BHPTSIIU C€ MacH, KOHKPETHO 3a MOJpeXIaHe Ha
JONAaTKUTe Ha paboTHO Kojesno Ha TypOuHa @DpaHcuc, Karo ce MHHMMH3Hpa
€KCLUEHTPULIUTETHT.

Abstract: The balancing of rotating elements is an important condition for reducing the
reactions that arose in their supports thus ensuring stable and long-term operation of the
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construction. In the case of massive composite rotating structures, it is prudent to prearrange
the individual components before their welding or assembling in order to achieve maximum
static balancing. This could facilitate the subsequent final bench balancing. The purpose of
this study is to demonstrate how MS Excel Solver can be applied to achieve preliminary static
balancing of rotating masses, specifically for arranging the blades of a Francis turbine runner,
to minimize eccentricity.

——L AN O ——

I'8.17. Chavdar Pashinski, ,Hwuckoremmeparypuo PVD HanacsiHE ©u  MEXaHHYHO
xapakrepusupane Ha Cr-N mokputhHe BbpXy Obp3ope3Ha ctomana P6MS“, MexmyHapoaHa
Hay4yHa KOH(epeHIus ,,MexaTpoHUKa, €KO- U €HEProCHecTsBalld CUCTEMH U TEXHOJIOTHUU™
(MEECT’25), 26 centemBpu 2025, I'abpoBo, c. 106-111, ISSN: 2815-4924.

Pesome: B nHeHO BpeMe, IPAKTUYECKH BCEKH PEKEL] HHCTPYMEHT MMa HAaHECEHO TBBHPAO
(WM CBPBXTBBPO) IMOKPUTHE 3a IOBMILIABAHE HA HETOBUTE MEXaHUYHUTE cBoicTBa. C
TEYEHHE Ha BPEMETO, TE€3U IMOKPUTHS C€ pa3BUXa U JHEC ca pa3pabOTeHH U MPUIIOKEHU
pa3JIMYHU MHOI'OCJIOMHM, HAHOJAMUHATHH, HAHOKOMIIO3UTHU M JIp. CTpyKTypu. Ho, oTnaBHa
U3BECTHUTE €IHOCIONHM (MOHOJMTHM) IOKPUTHS BCE OIIE Ca aKTyaJlHU B ONpeAeTIeHU
cutyauuu. TyK ce ONHCBa TEXHOJIOTMYEH IPOLEC 3a HUCKOTEMIIEPAaTYpHO HAHACSHE Ha
enHocnoiiHo CrN nokputue BbpXy Obp3ope3Ha ctomana POMS u ce pasriexia mocieaBaiio
U3UTBAHE HAa MEXAaHWYHHUTE My CBoiicTBa. I[loimydeHure pe3ynratu IIOKa3BaT BHUCOKA
TBBPAOCT ChUYETAHA C OTIMYHA a/1X€3Us U HUCHK MOCTOSIHEH KOe(UIIMEHT Ha TPUEHE.

Abstract: Nowadays, practically every cutting tool has a hard (or superhard) coating deposited
to enhance its mechanical properties. Over time, these coatings have evolved and today
various multilayer, nanolaminate, nanocomposite, etc. structures were developed and applied.
But, the long-known monolayer (monolithic) coatings are still relevant in certain situations.
Here, one technological process for low-temperature deposition of a monolayer CrN coating
on P6MD5 high-speed steel is described and a subsequent testing of its mechanical properties is
considered. The obtained results show high hardness combined with excellent adhesion and a
low stable coefficient of friction.

S Y- S

I'8.18. Yanap Iammuckn, ,,Mexannunu cBorictBa Ha Cr/CrN/CrAIN mokputre, HaHECEHO
Ype3 HUCKOTEMITIEpaTypHO MarHETPOHHO paslpaliBaHe BpXy Obp3ope3Ha ctomana POMS, X
International Scientific Conference “Industry 4.0 — Winter Session, 10-13 December 2025,
Borovets, vol. 2, pp. 191-194, ISSN (Print) - 2535-0153, ISSN (Online) - 2535-0161.

Peztome: MHOrocnoMHUTE TBBPAM MOKPUTHS 32 PEXKEIIM MHCTPYMEHTH ca IIMPOKO
pasnpocTpaHeHu MoHacrosmeM. Korato Te ce mpuiaraT BBpXY OBp30pe3HH U JIpyru
CTOMaHM, Ha3psiBa HEOOXOAMMOCT MPOLECHT Ha HaHACSHE Jla Ce CIy4yBa NpU IMO-HUCKH
TeMIIepaTypy, 3a Ja ce MNpenoTBpatd (a30BO HM3MEHEHHE B MOJIOKKaTa (PECIEKTUBHO
HaMaysiBaHe Ha HeiHata TBBpAOcT). Ho, Te3u mo-HUCKM TeMmrepaTypu YecTOo MOXe [a
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KOMITIPOMETHUPAT MPHIIOKEHOTO IMOKPUTHUE, TIPEAUMHO HEroBara aaxe3us. B ToBa u3ciensane,
ce pasraexaa Cr/CrN/CrAIN moxkpuTue HaHECEHO Ype3 MarHeTPOHHO pa3MlpallBaHe BBPXY
O0bp3ope3Ha cromana P6MS mpu temmeparypa, mocturama 200 °C. Upes usmon3BaHe Ha
MOJXOASAI] KOMIO3MIIMOHEH TPaJHEeHT B CIIOEBETE MY, C€ MOCTUIa Jao0pa aaxe3usi KbM
MOJITOXKKATA.

Abstract: Multilayer hard coatings for cutting tools are currently widespread. When they are
applied on high-speed and other steels, there is a growing need for the deposition process to
occur at lower temperatures to prevent phase transformations in the substrate (and a decrease
in its hardness respectively). However, these lower temperatures could often compromise the
applied coating, primarily its adhesion. In this study, one Cr/CrN/CrAIN coating deposited by
magnetron sputtering on high-speed steel POMS at a temperature up to 200 °C is considered.
By using an appropriate compositional gradient in its layers, a good adhesion to the substrate
is achieved.
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Pestome: HacToAmoTo H3cienBaHe MPENOCTaBsi €KCIEPUMEHTAIHA OLIEHKA M CTaTUCTHYECKA
ONTUMU3ALMS Ha [apaMeTpuTe Ha psI3aHe N0 BpeME Ha pa3CThpPrBalld OIEpaluy,
M3BbPIIBAHU 4Ype3 aHTUBHOpanuoHeH pascrbprBaml npbT ¢ TMD. IlpoBeaen e mnbieH
(aKkTOpeH eKCIEepUMEHT, B KOMTO CKOpOCTTa Ha psi3aHe M CTENEHTa Ha IoJaBaHE IpHU
o0paboTka 0sixa M3cieIBaHM KaTO OCHOBHM TEXHOJOTMYHM IapaMeTpH, BIMSELIH BbpPXY
MoJlydeHaTa TparaBoOCT Ha MOBBPXHOCTTa NpH oOpaboTka Ha cromaHa DIN 42CrMo4.
[IpunosxkeHn ca pPErpecCMOHHO MOZECIMpPAHE U JUCIIEPCUOHEH aHalIM3, 3a Ja C€ YCTAHOBSAT
Ha/IeX/IHU (PYHKIIMOHAHHU BPB3KU MEX]y MapaMeTpUTe Ha psA3aHe M MOJYy4Y€HOTO KauyecTBO
Ha MOBBPXHOCTTA. POKYCHT € BBPXY HACHTU(DUIIMPAHETO HA (PaKTOPUTE, KOUTO Hal-CHUIIHO
ONpEAEIAT pe3ynrara OT Ipoleca, KaKTO M BbPXY BATUAMPAHETO HA MOJECI C BHCOKA
CIOCOOHOCT 3a ONTUMM3ALM U KOHTPOJ Ha mpoueca. M3cnensanero nogueprasa BaxKHOCTTa
Ha pa30HpaHeTo Ha Te3W 3aBUCUMOCTH MPU Pa3CcThprBaHe ¢ aHTUBUOPAIIMOHHU Pa3CThprBalln
NPBTH U TNPEoCTaBs CTaOMIIHA METOAOJIOIMYHA OCHOBA, KOATO MOJKPEINs MO-HAaTaThIIHOTO
pa3BUTHE, ONITUMU3ALUA U IIPAKTUYECKO BHEPSBAHE.

Abstract: The present study provides an experimental assessment and statistical optimization
of the cutting parameters during boring operations performed with an TMD anti-vibration
boring bar. A full factorial experiment was conducted, in which cutting speed and feed rate of
machining were examined as the primary technological parameters affecting the resulting
surface roughness when machining of DIN 42CrMo4 steel. Regression modelling and
analysis of variance were applied to establish reliable functional relationships between the
cutting parameters and the resulting surface quality. The focus is on identifying the factors
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that most strongly govern the process response, as well as on validating a model with high
capability for process optimization and control. The study highlights the importance of
understanding these dependencies when boring with anti-vibration boring bars and provides a
robust methodological foundation that supports further development, optimization, and
practical implementation.
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3uauenue na naxou cneyupuunu abpesuamypu (meaning of some specific abbreviations):

EDS - eneproaucriepcuonna  penrreHoBa  crektpockomus  (Energy-dispersive  X-ray
spectroscopy)

FIB - dbokycupan ionen b4 (Focused lon Beam)

HIPIMS - BHCOKOMOIIIHOCTHO HMMITYJICHO MarHeTpoHHO pasmpamiBane (High-power Impulse
Magnetron Sputtering)

SEM - ckanupair enekTporeH mukpockor (Scanning Electron Microscope)

TEM - tpancmucuoneH enexktporeH mukpockorn (Transmission Electron Microscope)

TMD - nactpoen macoB aemidep (Tuned Mass Damper)

UV-Vis - yntpaBroseToBa-puanma, ontuuna (Ultraviolet-Visible)

XPS - pentrenoBa oroenekrponna crexkrpockonus (X-ray Photoelectron Spectroscopy)
XRD - pentrenoctpykrypen anainus (X-Ray Diffraction)
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