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l'c:mvc: B crarrrrra ca on caHll fipotlecuTc fia cllHraHe t.I Tl]oltrel{e. Pasme,qaHN oa

ocHoRHrre BrlAoBe r\lerHHtlt.t 3a cvnJIaHe. I4:c,relsaHelo pa3t.lex/xa cpaBHttlc.JleH aHartr3 llil
'teopcl'fi!HoTo vpaRHeHrre :la ol]pe]]ejrrHc cKopocTTa Ha ToIIr(oRa'r'a MeIHIiIlar c rlol\loltIIa Ha

co(rryepa EDEM e cpaBlrel{o cbc clr\r)t,ra(nonHo r\roaent{paHe. Bxo.[uttre napar{erPtl 3a

orMyJraqHr-ra Ha 'I olKouara N4c,lHtr la ca ulellr o'[ excrepttMeura:ruara laSoparopHa rortKoBa

MeJIIIutla. O6cr,;1elru ca pe3)!iralr4Tc or caMyJIauxottIIoro Nror'lcnrtparrc. Oltaclttu ca

ctit\Iy]tal(ttrTe Ha pa3JIII.IIIH pcxuMll Ha pa6rr'] a Hii TonKoBaTa McJrHllLla.

Abstract: Th is papcr desclibes thc ptocesscs o1'gt inding and crushing. 
-fhc main tvpcs of

nrills for gritrding are discussed. The rescarch exatrrirres a cotnparative arralysis of thc

theoretioal ball mill speed etlLtation usitrg F-DI-IM sollrvare conrpatetl to sirrulation nrodeling.
'fhc irrpr.rt paranletels tbr thc sirrrulation of the ball ntill arc taken from the expetintental

labolatory ball rnill. Results llorn the sinlulation modcling are discussed. Sir ulations of
di11'crcnt ball nrill regimcs arc describccl.

Pcrtonrc'ra rrav.rnr.r lr),irruxarttrrr Ilort. it-p H. Clotiveuot I or 47



84 - 2. Paneva M., Panev P., Stoimenov N., Experimental l)etermination of Grinding
Pararneters using a Ball Mill with Innovative Lifters, 2023 International Congress on
'fheoretical and Applied Mechanics, Irluid Mechanics, Heat and Mass Transfer (MECI-{ANICA
2023), Journal: WSIIAS 'fransactions on Applied and Theoretical Mechanics, vol. 18, ISSN:

1991-8747, pp. 172-171.2023 SCOPUS Q4 S.IR 2022: 0.17

EXPERIMENTAL DETT]RMINATION OF (;RINDING PARAMETERS USING A
BALL MILLWITH INNOVATIVE LI F]'IIRS

Pancva M.. Panev P^ Stoirncnov N.

Perurve: B pa:pa6oreram rpy,q ca HarlpaBeHrt eKCI IepI.tNteHTIt c ,'tttiopatopna ronxoaa

MeJIHx!(a c o6rltuosxit c oceM clMerpurHo pa3no,loxerlr r.tttoBarrBHrt :ru(rt'epa c Qoplla na

c(repou,1a:rer lcr pac1r,p. Bt:r ocHosa Ha eKcreprMemr, HaflpaBeHlr B npealttuHo npoyqBatte,

6rxa onpere,leur,l 6porr rra,rnr]rrepurc c rIHoBaruBHH (roplln, rarro Ir rexnHl'e pa3Nteplr.

I4:nol:eauulr alr,rrriBeH N{arepnar rJa cMlrraua cpeaa e Pl,A vare;lual, r. a 3a cMllraqtt rerta

ca r1:lnoJr3Banu PLA. Steell:ill (6a3HllaH Ha PLA) H CarborlF'ilrNr (6a:;upau na PE'fG), xouro

ca orrrerrararru a 3D flpHltrep. ExcneptuerrriLnl rr) e ollpeae,leila xpl.lrfitlllara cKopocr lla
r\{eJrH}tltitta (CS). trur,r Ha o}lerrue (brr,Jn l rta pi'lNto'ro) lt r,r'ulr,r tta na.qaHe B KarapaflEli
pexrlr na pa6ola. filtoReilesu ca excnel)]r\reHTr,r c partlrur{Hl,r r4)orle}rrrl Ha 3atttJl}taHe Ita

Me.rHrlrlil'rzr - 20o/e' y 30Yo. I lpenop'uu u re.n tra ra cKopocr ua pa6ora rla 1]lrtKoBa MerHHua c
r{HoBarrBHl.i ,rrt(l)repH ttpfi KaTapaKTeH per( r\l Ha paoora c N{eireulr TeJla 3a Tp}lTe BtiAa

\rarepuarrl e fioqru e,tll{arBa - cr,c cpeAna croiittoct' 45% or CS. Hai'l-1o6pa elteprriitta
c(tcxrueuocr u ctlcrrutRnoc'r IIa cMrtraHc Ha MaTepllara npn 20Yo 3afl'LiBaHc Ha Merljrluala
ce rrolryqaBa c {lrrranleur SteelFill, a lprr li0% - c rfltlairterrr I'[,A.

Abstlact: In thc developed rvork- experirtents rvere lnade u'ith a labolatoty ball nrill with
a lincr rvith synrmetrical displaced eight inrrovative littels with a spheroidal tetrahedron lype.

Basccl on cxpcriments done in a previotts study, thc nLrurbet ofliltcrs u'ith innovative shapes,

as well as thcil sizes. uele deteruined. l'he additive n'raterial osed lbr glinding rneclia is PLA
nraterial arrd lor grinding bodies PLA. SteelFill (based on PI-A), and CatbonFilrNr (based on

I'ETG) arc used uhich arc printcd olr zi 3D prirltcr.'l'hc mill's clitical spced (CS), thc anglc 01'

separatiou (shoulder anglc), and the toe aflgle in thc cataract ntode ol' opefation wele

clctclnrinetl experirr ental 11,. F.xpctinrents rvere carriecl ou1 with dillerent mill filling
pcrcentages-20oZ and 30%. The required speed of the ball mill rvith glinding nredia with
innovativc lifters at cataract nrode of operation lbt the three types of mate[ials is almost the

sarrc-rvith an avcragc vzrluc of45% of ClS.'l'hc lrcst cncrgl, cflicicncl,and grinding cflicicncv
nratelial at 20olo {'illing ofthc rrill is obtaincd rvith a SteelFill filanlonl, and at 30%-u'ith a Pl-A
fi Ianr en(.
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l)arlcva M.. l'aney 11. Stoimcnov N.

Pesmrrc: B Hacroeulala pa6ola e Hanpaner o6:op u atta.;tltll ua 3D cxittttlpaHe, raxro lt
flplrJroxieHuero My B Hltlycrpurra. Cr,:t.t1aaena e Nlero.tluKa 3a 3D cKaHHpaHe Ha o6ercr c

noNrorrtra r{a npeuocutu 3[) cxcHep l-]inScan HX. 3a o6ert ua cxanupaHe e u:rol:ean;lr(tte1l
c tlpaBobrl,Jl]ii $oplta. [Jo,ttpo6Ho ca rtpercraBeHIt crr5nKl,tre. Kott]o ce I13n]-rtHrBLtl 3a

Brl3J-aJlr3rpaHe ua jD uole,ra sa o6exra. {pe: corltryeprr,rrc nporpaNIH Geomagic Essentials

rr Solid F,dge lla3\,repnre M)' Momr ;la 6r,gar orpe.le,reHl,t tl lpt.t uco6xolrtltocr Kopl4rllpaHll.

Pa:pa6orexulr ltctAen uoxe ra ce ttrroJr3Ba 3a claHAaprHa rexHolrortlg Ha npoH3BoAcrBo IJJIH

qpe3 3 D 'rcxl{o,'rorl.rrr 3a npHrrr{pa e, al{o Il03[]o.rrBa ]I3lloJI:iBatIero tIa ro3t't urlll ltareptIaJl.

Abstract: In thc present uoth arr ovetvierv and analysis ol'3I) scanning, as r'vell as its

application in industty, is nrade. A ntethotlology tbr 3D scannirrg ofan otr-iect using a portable

3l) scanner EinScan llX has been cornpiled. A lifter with a lectangttlar shape is used for a

scanning otrject. The steps that ate pettblnted to visrtalize a 3D rrrodel of the object \\'ill be

presented irr detail. Thlough thc softlvarc prograrlrs Geonragic Essentials and Solid Edge, its

dimerrsions can bc determined and, i{ necessary. adjusted. The developed model can be used

lbr a standald technology 01'production or lry Lrsing 3D prillting technology if it allows the use

o1'this type of material.
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pararneters with a ball rnill with rectangr.rlar lifters Cornparison ofdeternrined theoretically and

experinrentally critical speed of a ball rnill. l2'l' lnternational Conference on Mechanical

Technologies and Structlral Matelials (MTSM 2023), Split, Croatia, September 2l -22, 2023,

Croatian Society for Mechanical Technologies, Croatia, ISSN: 1847-7917, pp.29l-296,
SCOPUS

EXPERIMENTAL D[,TERMINATION OT' GIIINDING I,AIIAMETERS WTf H A
BAI,L MILL WITI'I IIECTANGULAR I,IFTERS COMPAITISON OF DETERMINED

THEORETICAI-IJ AND T]XI'ERIMENTAI,LY CRITICAL SPEED
O!'A tsALL MILL

Stoilncnov N., Paneva lVl., Panev P

Pcrrovc: [43cre.qea ero B Ta3u crarH, li\ra 3a ucl] Ila oflpeAeJr!r exc llep]'lNl eHTar uo

napaMeTprn-e Ira cl\,ll.lJlaHe na la,iolaroPHa TotIKr]nir MejlHllIll c npaBo])l-'LJlHt'l :rtl{rrepl.
Tllnr,1 (topnara, pa3Mepr.ITe n 6poar ua;rr(rreptme 6rxa onperle,rettl s tlpe.r,uruua pa6or-a.

A[3ai{Hr,r'. a rlMeHuo o6,,r rtosra c :tu(t'replt. e pa:pa6oreu c ue;l rlo-,lecHo

npe3apexrtar re/cNrqna. [4s6parta e oftruqooxa c occ]\4 Tpano[oBttgltn lurfrepu. Ko]n'o cil

clrMerpr.llro pa3nonoxcHtr. Kounouegrure ua,ra6oparopna lotrKoBa MgnHHua - 6apa6attr,r

u o6;rurlonrara c rrrrlrreplrrc ca 3D npuHrupaur or ar'lultBelt Ntarellnan I'[,A. Melett(ure
iera. Kor{r1l ca c(rcprr c rrraNrerr,ll 9 mnr. ct ltlo ca fiporJ'rBe,aeur.t or 3D ntarepual. 3a ga ce

aHa.rrrl3npa B:]iluMo.qeiicrBliero ua runa lt(rep c pa3rulltttt BHAoEe Mareprla,rll, NleJleu{rrc

lela ule 6r,aar raflpaBerr{ trr j pa:,rlruuu MarepuaJla - f'I.,A, Catbonl-il-rM rr SteelFill.

Excleplrvcnra,rno ca onpc,rcJrcun KplirHIIHara cxopocr (CS) Ha McrHlluara, brr'Jll,l't{il
or71erflfls (r,rr,lr;r Ha pauoro) tt blr,rbr Ha raAaHe rtl]tr KarapaKTcH ltertcuv ua |a6ora.
Excnepr.nteHtrrc ca ITpoBeIeHu c ABc pa:rJt[tqH]I KoJItr.IecrBa ? 3fltlT:JlBaHC Ha NlerHllqara -

20Vo u 30Y" 3anl'J]BaHe.

Abstract: The invcstigation of this paper ai$rs to defernrine experinrcntallv the glindirlg
parametcts ofa laborator)'ball nrill rvith lectangulat li{tels. The type. sllape^ dinrensions and

numbers o{'litiers uere detefnrined itr previous work. fhe desigtr, namely a liner with lillels,
is dcvclopcd fbr thc purposcs ol casict tcchargc/chatrgc. A linu with cight hapczoidal littcrs.
that are synrmetricalll'displaced is chosen.'fhc parts ofa la[.xrratoryr hall mill - the drunl and

the linels with lifters are 3D printccl liom PLA addilive rratclial. The grinding bodies, which
are sphctcs u'ith 9 rrrnr dianreLcr nre also producecl fionl 3I) utatcrial, Itl older to analvze the

interaction ofthe lifter l,ape wiih diflelenl types olmaterials, the glinding bodies will be made

ol3 ditlocnt rnaterials - PLA. CarbonFil.rra and StcclFill.'I-hc critical spccd (CS) of thc rrrill,

thc allgle ol separation (shoulder angle) and the toc ariglc in cataract mode of operation ate

tleternrirred expelirtrentalll . Experin:en1s arc c;uriccl out with two tlil'I'erent arrrottnts ol rrill
charges - 20% and 30% l'illing.
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Printed Matelials, Proceedings of Seventh International Congress on ltlfbrmation and
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t{[s] lIt]TloN col.lll.r( ll,lN1'l)Il1'Illi\tlNAl'loN ol -tl) PItIN'l l']l) \tA1'llltlAt,s

Stoimcnov, N., Cyoshcv, S.

Pesrolre: B flpe,rrcraBcHara crartll ce o6pt'tt1a euultallLle Ha HeoOxoallNloc-ma or olvllJlaHe

Ha pa3nlqHlt Mareptaarrr. Ka'ro uerol 3a cM ltalte ca pa3tJIeIaHfl TortKoBllrc N{eJrHHqlt.

l,lgclelsauu ca lll]orlecttl'e B TortKoBtre MeJlIlt4ull. O6cr,Nrar ce fipcllllMc'l'Bara Ha

tt:irroJr:tBanct'o ua 3D rprtt.rrttpaHti Ntat'epttarrr 3a tt3cre,4BaHg Ha t,rt,Jla Ha o'rle,lrHe ('brl,ll 01'

paltoro Ha nte:nrltlarir) l{'l,f'},Jla Ha na,qaue (r,rt':t np rlerara Ha Menfiullara). Pa3tnex]la ce

t teo6xoAlrlr oc rra or o pelerrHe na xoet[rttlueura H? Bl,rlCTaHoBrBnfle. Koe(ltlqtlenrr,r' ua

Br,3craHoB,{BaHe Ha 3D orltc.{araHnr! Marep}taJl}I ce e Lla6opartlpug c rol\lourra lia

BracoKocKopocrrra riarrepit. [4:Uor:rar ce 3l) or[le']ararru o$ept], xcluro ce llycKar ntpxl' 3l)
orlrelraraHfl rlno,]lr. CBoiicrBara qa 3D oTlcqarastlre ctfeptl ce nocraRrr ua vaca. O6lcHeua

e excftcl)lrMeHTar rr ral a IIocraHoBKa- I4:uepaa ce roe(trr tlrtetttr, r Ha B'L3craHoRrRaHe, Kall) ce

oflpele,rc Bficoql{Hara Ha rIaAaHe I.I Bl,rcoqtt}{ara Ha orcraqaHc. I4:rorsena c ra6,lu(a, g xogro

ca 3ar}4caHlt.laHHl,I'].e or pa3rttttHltre Marepxar]t.3a ecri'lxl4 AaHHII ca [poBeAeHI4 llo rpH

eKcrrepxMelrra. O6cr,rettu ca ce St getqn crr,nxrr.

Alrstract: Il'r tlre presented paper, attenlion is paid to the need tbr the grinding of diff'erent

nrfllerials. The ball nrills are discussed as a method for grinding. The processes in the ball nrills

arc investigated. 'l'lre atlvantages of using 3D printed rratcrials fol investigation of the

sepatation angle (shouldel augle) and angle of inciderrce (roe angle) are discussed' The need

for ths determinatitxr ofcoeflicieut oftestitution is considelecl. "fhe coelficient ol'restitution of
3D printed materials is determinated in a Iaboraloty by using a high-speed canrera. 3D printed

spheles are used. rvhich are dropped to 3D printed plates. -l'he properties of the 3D plinted

sphcres alc placcd on a tablc. 'l'hc cxpo inrcntal sctup is cxplaincd. Thc coctlic ient of lcstittltion

is measnred by dctenuining the height ofthc drop and the hcigh( ofthe boulce. A table is nrade

r'vhcrc thc data fi orr the dif'lcrent materials are recordccl. For each ilata. three expetinlents \verc

pefforrned. F'utule sleps are discussed.
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84 - 6. Paneva M., Stoimenov N., Panev P.. Comparisoll ol determined theoretically

ancl experinrentally critical speed ofa hall rnill, I l1l' International Conference on Mechanical

Technologies and Structural Matetials (MTSM 2022), Split, Croatia, Septellbet 23-24,2022,
Croatian Society for Mechanical Technologies, Croatia. ISSN: 1847-7917' pp. l3l-135,
SCOPTJS

COMPARISON OF DETERMINED THEOIIETICALLY AND EXPERIMENTALLY
CIIITICAL SPtrTD OF A BALL MILL

Pancva M., Stoimcnov N., l)ancv P,

Pe:ruue: B Hacroflulara paSo'ra e nanpaeeH cpaBHfiTereH aHanl13 lla croiilloctllre Ha

Kptlr rrHara cKopocr. Ir3yrtcreHtl Teope.rt.l.lHo n eKcTIcllllMeHTarHo. l4iollelBallero e

HarrpaBeHo c noMolt(Ta ua ,ra6opatopua rortKoBa Me,lllllua c npo3paqHll Kallautl !,

Blrcoxocxopoc'rHa Kauepa. O6ltrtlonxara a NteltHt,IIlara u McJreIllllre rc:Ia ca lrrpa6o'renu lpe:
3D aAulrBra rexHo:rorrl,r. 06,ruuosrara e t'tspa6oreHa or PLA Marepl4a,'I 6es:tlt(treptt, a :a

Me;Teutarc rera ca r43roJI3BaHr4 rtqkoJrKo Bl'I.{a Marepuar - PLA, Steell,il<e. CarbonFill-M u

SteclFill. I4:rc:legBalrcro e rpoBeJelro nptl 200%:anr,,rratte tta la6oparoptta rolll(oBa MeJ'illtlua

c McJIeI[r rena. 6c:] ro6asett Nlareprar 'la cMI4raHe. Orqerent'rre pe3yJlTarl'I or l cope'rtltl tloro

tr exc el]rl[{eHTaJIIro onpelenrHe tra xltllTlllnure o6oPorl loxa:}Bar- qe nocoqesara 4ropirty:ra

He c nl]}lJlox [ra B npoBeAeH()To eKcflcp]{NleHTa,t ljo IIpo)qBaIle lI KpIITI'ItltIaTa cfiop001.3ilBl'{cI,l

or xapaKTepflcrrjKllle Ha pa3.il1.1LIHIt Btl.IloBc I\laTepSaJIu.

Abstract: lr the present \\olk^ a comparative analysis of the critical speed values

calculated theorelically and experimentalll is made. The tesearch was dotte with the help ofa
laboratory ball nrill with transparent lids and a high-speecl canrera. 'l'hc chanrber ofthe mill attd

the grinding bodies atc made by Ltsing 3D additive leclrnologl.'l'lrc clranrber is made of PLA

nratelial r,vithout liftels and several t1'pes of matetial are ttsed fot the grinding bodies - PL,A.

Steell-ike, CalbonFilr\'1. ancl SteelFill. The studl' rvas perlblnted \\ilh 70ya infill of the

laboratory ball nrill with grinding bodies, r'vithout added nlatetial tbl glinding.'l'he leported

results fronr the theorelical and experimental deternrination ofthe critical speeds shou that tlre

speciticd lbrrrrula is not applicablc in thc establishcd cxpctimcntal rcscarch and thc critical

speed depcnds on the propcrties oldifferent types ofrrlaterials.
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U4 - 7. Stoimenov N.. Gyoshev S., Penchev T., Experimental Study ofthe Volunle of
Voids in a Ball Mill with Diffelent Diameters of Grinding Bodies and Different Filling
Coefficients, 26th lnternational Conference on Circuits, Systetns, Commttnications and

Conrputers (CSCC 2022), Publisher ItsEE-Xp,lalq, pp.332-334 SCOPUS

EXPERI M ENTA L STUDY OF TH E VOLU ME OT' VOIDS IN A I}A LL M I LL WITH
DIFFERENT DIAMETERS OF GRINDING BODINS

AND DIFFERENT FILLING COEFFICIENTS

Stointenov N.. GYoshcv S., Penchev T.

Pc:Hluc: B c'rarnrlra cc pa3mexaa eKcIIepllNleHTaJlcH l\leroll 3a ll3cnelltsaue la oOelta sa

KyxrHItre B TorrlioBa Me.i]HrItla. Jla6oparoputtre eKcIlepllMeIITIl ca fipoReIeHH cl,c 3alIbJIBaHe

Ha lla3nlr.tH flo pa3Nlep lt Ko,'ttttlecrRo Nte,leIIlH Te,Ta. florll'lenlrre l(aHHI4 ca aHaJrll3lipaHr u

ca noryqeHll pe3yJl'laTll tlpll KaKBLI o6entll tta 3aIILJIBaHe Ha l\lerHllllara [pa3HI{Te

npocrpal{crRa ca Ha}"t-]\{aJTKH. l[elra xa'i'oBa I]3cJreIBaHe e ra ce otlpeneJlu orlruMaJlHllrl'

pex Nr ra janblBalrc 14 c Kaffi,B pa3['rep rra N{eJlelllure rera cMllra}lcro ue 6r,re ttaii-

e rlie xlr a lro .

Abstract: The paper discusses an experitrental method for sttrdving the volunre of voids

in a ball mill. The labolatory expet ime ttts wele perlbrtred rvith {illing dillbrent irr size and

c1r:antit1, glinding bodies. The obtained data rrere analyzed and resttlts u'ere obtained at \Yl]at

volur.nes offilling ofthe mill the empty spaces arc thc srnallesl. Tlre pulposc of this study is k)

detenrine the optintal filling reginrc and rvith rvhat size of gfinding bodies. grinding lvill be

most effective

PcauNrcra uay.rr rr,r r r5,(l,lt ttratlrtr | 1or t. .tl-p H. C'rr-ruuetttttr 7 or 4'7



I]4 - 8. Stoimenov N., Paneva M., Gyoshev S., Deterrnination of Ball Mill Separatioll

Angle of Different Materials, 26rd Inlernational Confelence on CircLrits, Systems,

Conrnr unications and Cornputers (CSCC2022), Publisherl!EE Xpllfq, pp.327 -331 SCOPUS

DETERMINATION OF BALL MILL SEPARATION ANGLE
OF DIFFERENT MATERIALS

Stoimenov N., Paneva M.. Gyoslrev S.

l'crroue: percraBeuara c'falm otrucBa pollecllre Ha clllrJIaHe l4:uo,T:eaHa e

eKcreplr\tcHt'aJIHa fiocraHoBKa Ha ttl6oparoptta r orrrioBa MC]'l H ttua c atrpeuteH lltavertp 23 8

rnm. BrcoKocKopoc'lHa tavepa tt t1u(tpon o6tltorollep. [4lro.resartoro o6opyilBaHe HNla 3a I ten

!a rl3cne,t1Ba lroBeIeHI{eTo lia TonKoRaTa Menl{uua 9pe3 rt3llo,t3BaHcTo aa pa:lu'ttlt't 3D

flpr.rHrxpaHrl Marep anfi 3a rlpol43lroAcrBoro na 6apa6aua lI NreJIe l re rela. I lprlarafirtl
lat:I-a3lo,'I3BatrH I e pe)t(HMH IIa cMltJlatte ltptt ront(oBri']e i\leJIIluilrl - 7}o/'t,75Yo ll 80o/o or
Kpl,rrl4quara cKopocr-ua:la6oparopHma ronKoBa MeJrHHlta B:JaBtlcl4trtocr or iD Marepra.illire

6crle ttrnttpr'H 'Lf'1,J]r, I ra 1)'l':lcjl9lle tt e tt16paHa Haii-no l\o.'lqlllala cxopt'cr ra naii-

e(tcrrlrano cr\,lrlraHc. Ivle,rruqara c 3atll,JlHcHa c 20Yo ot oSelta cu. ExcnepuveH'ra:rHo ca

o[pe]re;Ie]{H pexr.r\irrre na pa6ora. odettr,r ua MerHlluara rl flapaMerpl{'re Ha 3D

rrpnlt r pitl{xre r\raTePllaJI}1.

Abstmct: The presented paper dcscribes rhe ntilling plocesses. Atr experin']ental setup

of'a laborator), ball mill ',vith an inner diantetet of238 ntrr. a higlr-speed canreLa' and a digital
tachometer are used. The used equipment ainrs to investigate the behaviol ofthe ball mill b)'

using various 3 D prirlred nlaterials to t)rodttce the drurr and grinding bodies. Applying the most

used modes ol- grinding u'olk in ball mills-70%. '15Yo, and 80% of the critical speed ol the

laboratory ball rnill depending ofthe 3D matelials was measLtred the separation angle and

clrosen the nrosl appropriate speed for the rrost efficient grinding. The nrill is filled with 20%

of its volume. The rvork reginres. the volunte ol the nrill, and paranretels of the 3D printed

materials ale deternr ined experinrentally.
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84 - 9. Kandeva M.. Stoimenov N,, Paneva M.. Abrasive uear of poll meric composite

materials otrtaiued r.vith 3D plint techrrology, Part I Polymetic Materials, Joutnal ol'the Ball<atr

Tribology Assrrciation, Vol. 28. Issue 3. p1t. 362-379.2022. ISSN: l3l0-4772. SCOPUS Q4,
S.lR 2021 : 0.14, IF firr 2015 (S-Year): 0.717 leQllllf

ABRASIVE WI'AR OF POLYMERIC COMPOSITE MATERIALS OBTAINEI)
WITH 3D PRINT TECHNOLOGY. I'ART I POLYMERI(' IIATERIALS

Kandeva M., Stoinrcnov N., Paneva M.

Pe:rclre: B crarlirra ce pa3rulcxrar rapaMerpuTc ua a6paruouoro tl3llocBaHe lt

rd3Hocoycroii.llBoc'ITa Ha rplr BHIa [o,,u]i\tcpHH Marcpttarll or pa3rHqHH Ilpoll3Bo.&llToJlrI -

P[,TC, Pt,A t,t Tough PLA, nor]yeernpe:3D rexno,rorttr. Mar.eprta,rtlte ca recraaHu B

relupr pe)Krrr\ra Ha i'plreHe - 5er u cuc cMa3oqHa rpec f,itol 74 u trprt rBe cKopoc lll Ha

rlltlBfaHe, floll'uenl ca pc3pTarrl Ir 3aBrlcllMocrtt 3a N{acoBoro Ii3HocBaHe. cfiopocrra IIa

It3HocBaHe. r{HTeHsrBltocrra Ha u3HocBaHe x yc roii'tttBocrra Ha [{llHocBaHe Ha BceKll

Marcpuan B qcrapH'tc pc)KxMa Ha rplterc. YctauoecHo c. qc c-lc,qHxrc MalcpHc,lll ca c ltai;i-

.4o6qrr'r rrpolrrou:HocHn cBoiicrRa: rrpr.r cvxo rprteHc - PliTG, nprl cKopocr I]a IlJll,3raHe v:
0.25 nr/s, npr,r cKopocr HA nJ'rrr3fare v - 0,92 nr/s - PI-A; rrptl rpaHl'rqHo cMa3tsaHe c'bc cMa3xa

I-itol 24 - PIiTG npu cKopoc'rl{ rta r,'I'bgtaue v:0,25 m/s u v: 0,92 nt/s.

Abstract: 'l'hc papcl exatniues the parameters ol abrasive rveal ancl rvcar tesistance ol'

three types of polymetic traterials fl'otn difl'erent manufactulers - PETC" PLA and ToLrgh PLA.

obtained by 3D technology. -fhe nraterials rvere tested in four modes offriction - without and

willr lubricant grease l,itol 24 and at two slid,ng speeds. Results and dependences tbt trtass

\\ear. wear late. rvear intensity and wear resistance o1'cach tnaterial in the four fiiction modes

r.vere obtained. The following nlatelials have been lbttnd out to have fhe best anti-wear

properties: at dD, fi iction - I']E"l'G. at sliding speed v - 0.?5 rn/s. at sliding speed v : 0 92 m/s

- Pt,A; at limit lublication with l-itol 24 - PETG grease at sliding speeds v = 0.25 tll/s and v =

0.92 m/s.
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ts4 - 10. I(andcva M.. Stoimcnov N,. Kotscva G.. Abrlsive u,ear of poll,tneric cotnposite
rrratelials obtained wilh -j[) prinl technology, Part II Conrpositc l)olynler Materials. Joutnal of'
thc llallran 'l'r'ibology Association Vol. 2ll, lssue 4" pp. 469-4t10. 1022. ISSN; 13l0-4772.
SCOPUS Q,l, SJR 2021: 0.1,1, lF lor 2015 (S-Ycar): 0.737 SCOPUS

ABRASIVE, WEAR OF POLYMERIC COMPOSITE MATERIALS OBTAINEI)
WITH 3D PRINT TECHNOLOGY, PART II COMPOSITE POLYMER MATERTALS

Kandeva M.. Stoimenov N., l(otscva G.

Pc:mlrc: B c'farfi,{Til cc pa3r;tcx.{ar fiapaMerl]xre ua a6pasttsHoto H3HocBaHe rI

lrs rrocoy c ro ii.t l,leoc'r"r'a Htr aBa Brlla KoN{floi .rl ItojfltMepHr MarepflaJIll oI pa3ruqHtl

rporr:lBoltr.rreJnr - Steelfill r CalbonfillNl. xaro npoSrrre Ha uareplaJlnre ca nonyrleHlr 'Jporl
r:lror3BaHe lra 3D rexnolonrq. Mareprrarrrre ca recrBallr R qc'rrpr{ pe)Kui\ta HarptleHe - 6es

rr c'6c cMa3o!na rllec l,itol 24 vr trpu ABe cxopocrlr Ha [Jrr,3raHe. flo:ryventt ca pe3]'JITar]I [I

3aBI,!CI,TVOCTTI 3a MaCOBOTO r,r3t{OCBaHC, CKOpOCTTa rra 3llOCBalIe, HIITell3}IBIIOCTTa IIa

H3HocRaHe It ycroiiLrI Bocrra r]a ti3HocBaHe Ha BceKrr MarePuan B qcrttpt4Tc pexrMa Ha rpHeHe.

Vcrarroseuo e. qe MareplraJt'lr CarbonfilrNI uva ttali-Jlo6l,lu [porHBoH3HocHll tnoiictna ttptr

cl,/\o rpr,reHc, rpfl oxop0crr.r ua n,rr:laue r,:0.25 nr/s t,r r = 0,92 nt/s: nprr rpannvno 0Nta3BaHe

c rpec l-itol 24 rrpu cxopocru Ha rr;n 3rane v = 0.25 nr/s u v = 0.92 m/s.

Atlstract: The paper examines the patanreters ofabrasive wear attd wear resistance oftwu
tygres ofconrposite poll,mel matelials fionr differettt ntanuthcturers Steelfill and Carbonfil'r'M.
the sarrrples ofthe materials \\ere obtained by using a 3D technology. The nratel ials were tested

in four modes of f icrion - without and rvith lubricant glease Litol 24 and at nvo slidin-e speeds.

Results and dependences tbr nrass wcal rvcar [ate, wear intensitl, 21pd wear t esistance of each

rnaterial in the iour friction nrodes rvere ol.rtained. CarbonfilrNr nratelial \\'as lbund out to have

the lrest anti-wcal plopemies during dry fliction. at sliding speeds v = 0.25 m/s and v:0.92
m/sl at Iimit lubrication rvith l.itol gretrse 24 sliding speeds v:0.25 nr/s and v = 0.92 nr/s.
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84 - 11. Stoimenov N., Gyoshev S., Paneva M. Panev P., Determination of the friction
coeft'icient o1'3D ptinted matelials - Parl I - Rolling fl iction, 1 0rl' International Conference on

Mechanical Technologies and Structural Materials (MTSM 2021), Split, Croatia, September

23-24,2021. Croatian Society lor Mechanical Technologies, Cloatia, ISSN: 1847-7917,pp.
149- I 52, S.IR 2020: 0.1 1 SCOPUS

DETERMINATION OF THE FRICTION COEFFICIENT OF 3D PRINTED
MATTIiIALS - Pzl ll1' I - ItOLl.lN(l FRI('TION

Stoimenov N.. Gvoshev S.. I'ancva M. [)anev l'.

Pe:rto:ue: 3a noBeqero Mal'eptiaJIt,I:a 3D ne'ra1 ocHoBHIITc (luruvutz t't NlexaHxrlHB

napaMerpu xafo lKocT IIa ontll. Mo!y,r Ha e,tacTllllHocT u rcoeQntluelr Hfl y,ll'l,JixeHue cfl

r!3BeclHl u fl3cneaBaHI,l. I{oerDrt tltteurr trc Ha'ipueHe lia lvarcpxaJlttre ea}IH ctlprMo ap)'l }I

Apyrur i\{a-rcpnanll He ca orlltcileJreHII. B ra3ll crartlt ce lla3mei(Ia ollpe.rteJlflHero Hit

xoerfurlrreHra Ha rprel{e nprt fi,pr(aJlflHe ua 3D o,rne'lar-autr c$epll or Pa3JlllllHI'l ivarepl'laJlll

(PLA, PETG. Flcx N ucpr.xgaeina crortaua). l{errra e xoe(irtrtne}rrur ,(a ce olIpeAeJI no-

TorIIro, I(aro B npe;qcragellara paSola ca IIaflpaBeIIu eKCrepuMetITtl c piI3JIHtlIrl'l "rHaMerpfi IIa

cQepara:a BceKu or H:61;ocHltre Marepttarrt. Ilaltpaaetttt ca lr cKcneprlMeHltl c pa3rl'lqHu

lrBoiiKfl Mareprajrrr.

Abstract: Iol rnost JD ptinting ntatetials, thc basic physical and meohanical paramotels

such as tensilc sttength, nrodulus o1'clasticity. and coeflcient ofelongation ale l<nor'vn and

inYestigated. Thc coeflcients of t'liction of the ntatelials relative [o each otlret and othet'

nraterials are llot detcunined. This papeL is considered tlre delernination of the coefllcient ol
tliction i11 rolling 3D ptinted spheres o1'diff'elent materials (PI-n, PETC, Flex. and Stainless

Steel). The aiur is to detolmine the coefficirjnl ntore precisely, thtls in the presented wolk
experinrerrts r.vith diltetent diametets ofthe spherc tbr each ofthc listed matcrials are made.

Expetiments have also been nratle r.vith diffc,t cnt pairs of ntatet ials.
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84- 12. N. Stoinrcnov, J. Ruzic. Analysis of the palticle lnotion during meclranical

alloying using UDF,M sofnvare. lgth IFAC Confbrence on Technology, Culture and

International Stability. 1'!lCIS ?019^ Volunre 52. Issue 25. November 2019. IFACI-

Palrcrsonl-ine, Publishcr: IFAC Sectetariat. ISSN:2405-8963. pp 462-466, SJR 2018: 0-298

SCOPUS

ANALYSIS OFTHE PARTICLE MOTION DURING MECHANICAL ALLOYING
USING EDEM SOFT\4ARE

N. Stoirncnov. J. Ruzic

Pc:mlte: JlerNenucro tr troBeacHncro Ha .tacrt{llllrc no BpoNlc Ha McxaHu{'tllo.ilcr paHc

B arpxropr{o rapo ca I,r3cJT caBaH!r c flontoqra Ha cot|ryepa EDEM!!-Discrete Elerlent Method

Harrpaecu e ollll Aa ec ootif)/pr,r crri\t)rrarrlu tr vit,ltr,x ttltttlttS Ha [lcxaH I'ILl l lol o JlefupaHc B

arpl.tropHa NteJTHI4tn. ABltxeHttero Ha Llacrlllll{'re ll rolrlrre B MeJIHI{uara e MoAeJlllpaHo c

floN{orrtra Ha !\reroAa ua Hertz-Mindlin - 6e:t npltn,rr,:aaHe. Ha6,'Irc.(asaHara o6lact e

pa3,IlcJrcHa lla aeccT vqacTLNa B.t,B BcpTllKanHa nocoKa, or:(bHoTo ,lto BLpxa Ha McJlHr4uaTa. 3a

.4a ce onluc lroBeleqqero Ha qacrullnre. Eeue:a6elg3aHo. qe B rlaqa;loro Ha i\{olleJlllpaHero

Ha MeXaHIILIHOTO nel palle nllaxoRe'Ie 14'IOnKl4Te flPllC'bCTBaT llaBHOI\{eP}to B tlotlTl1 BCI4LIKU

ccKrluo. C vBerl.trraBaHe IIa BpeNlcro 3a crIM)!lat[[irl no-i\la-rxllrc rlaorlluli craBa[ no-aKTIIBHII

B ceKuHHTe, pa3rloloxestr no-6,'ru:o Ao lJT,lloro Ha MeJIIlIluara. rropaAH 3aly6a rta eueprrr' Or
apyfa cl paHa, no-fo-ieMl4Te alacrnull ce /tnuxar Ao 40 0/o or BrcoqllHaTa Ha NlerHuuara, KoeTo

rol(a3Ba flo-H cl(o HuBo IIa eHeprllf B cpaBllerI,le c ToBa B HaqaJloro a c MyJlaull,,ra. Ho tlo-

BlrcoKa eHeprlt, R cpaBl{eflr{e c rtacrnrltlTe c rTo-MAJI'LK paTtHyc. Iiettte ot.6elr:auo. le 6poar

Ha KOHTaKTI4Te MCXA)',tlacTl:ltlll',le [l TonKHTe 3aBlICIl or paallyca Ha Llac'rl]Lll{'re, Kzlro KoJlKoTo

Io-foJlq\l e pa.lll)cl,'1 IlatlluTllllltlc. lo-lt(olJ:l 110- foJ']fl i\{ 61loii xoH'ratrtr vorar na 6r,lar

IIOCTI,ITI IA fII,

Abstract: Motion ancl l)ehar ior ofthe patticles during rrrecharrical alloying in ath itor null

llere studied using EDEMi'-Discrete Elernent Method soltware T he attempt was lnade to

provide a srnall-scale simulation of rnechanical alloying in thc attlitor rlill. 'lhe particles and

balls nrotion inside the millu'ere trodeled ttsing Heltz-M indlin-no slip. The obsert'ed area was

tl ividccl into ten sections in veltical direction, ftotrr the bottort lo tllc toP of the m ill, in ot der ttr

describe behavior ofthc particles. It was noticed that at the begirrnirrg ol sinrulation of'the

rl)echanical alloving porvdels and balls are present in almost all sections evenly. With

increasing thc sirnulation time, srrrallcr particlcs bccornc morc active in 1hc sectiotis closcr to

the bottom ofthe nrill duc 1.) enefgy loss. On the otltet hand. higger particles tnove up to 400/o

ofnl ill hcight indicating Iorver eng.gy lcvel corrparing to one at the beginrring olthe siurulation

but higher energv compared to pafticles rvith a smaller raclius. It was noted that nLllnber oi
contacts hetween palticles and balls depends o| particle radius. while the biggeI particle radius

thc higher nLrrr.rber ofcontacts can bc achicvcd.
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I-p] na rroxa3aleltt Il (Hayrllla o6Jacr 5)

17. I'layvuu ny6,rtrxaqun B l,i3,lalttLI. KoIJlo ca peQeplrpaHll ll llHrexcilpaH[I B

cBeroRHoH3BecrltH 6atlt gaHHt.t c tayraa uu$opuatlua

f7 - 1. D. Karastoyanov. N. Stoimenov, S. Gyoshev, Methods and Means for

Education ofPeople with Visual Lrpairments, lgth IFAC Conference on Technology. CLllture

and International Stability, TECIS 2019. Volume 52, lssue 25, Novetnber 2019, IFAC-
PapersOnline, Publisher: IFAC Secretariat, ISSN:2405-8963, pp 539-542, SJR 2018: 0.298

SCOPUS

METHODS AND MEANS FOR EDUC{I'ION OF PEOPLE WITH VISUAL
IMI'AIRMENTS

Katastoyanov, N. Stoimenov, S. Gyoshev

Pc:toltc: Ctalrtqra pa3tJIe)KAa l4ttoBarrBttlr noAxoAN :la o6yuertne Ha xopa c llaMarello

:peune. Pa:lute,uarrl4 ca ueroAll cpencrBa sa npcAcraBrlle lra rpatfiu'llta uu$opuauul :a,4eua.

yleHutlu u cry.qeuru. I lpegoNenu ca pa3.jttlttHtl otl1oRe rpa$tl'lHu 6pa rtoru eKPaHfl lI

rpa(ruuHr rarru,ruu rIJIor{ttH.

Abstlact: 'l'he papel descrilres innovative approaches fbr educatiott o1'people u'ith
reduced sight. Methods and rneans for plesenting of graphical inlormation tbr children,

scholars and stLldents are discr.lssed. Different t1'pes ofgtaphical Bt'aille screens and graphical

tactile tiles are p|oposed.
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f7 - 2. Ilii S.. Babii I3., B.ielajac A.. Stoimenov N., I(ljajevii L.. Polarac Markovid

M., Matovii R.. Stluctutal and nrotphological characterizalion of iron-doped sol-gel derived

mullite powders. Ceranrics Intemational, Vol. 46, Issue 9, Publisher: Elsevier, 2020,

ISSN:0272-8842, DOI: https://doi.org/ 10.1016/j.ceramint.2020.02.083, 13107-13113. SJR
(Scopus): 0.888, .ICR-IF (Web of Science): 3.45 SCOPUS

STRT-ICTURALAND MORPHOLOGICAL CHARACTERIZATION OF IRON-
DOPED SOL-CEL DERIVED MI]LLITE POWDERS

Ilic S., Babirj 8.. B.jelajac A., Stoimenov N.. I(liajevii t,., PoSarac-Marl<ovii M.' Matovii tl.

Pe:miue: Ilacrolutoro r,r3cireABaHc e nocBereHo Ha crpylflypHt4Te n tttoptfo,roru'iulle
cBoficrBa Ha npaxoBc or MyJIt{T. n(]ftlPzlHli c xeJlrt3o. llpaxoac'rc Na Hcuollt[ltutlparl I4 Jlcrl4paH c

)t(eJrr3o MyJIIIT c'Lc cbcraB or 3-li \,vtyo Fe:Or ca cltnlj:t{pattlr lper ttoll6ltttauH, ol cor-teJl I'1

foprdBeH i\leTojl. B peaxtfitoltttlt,I'e pa3TBopu ca B],BeaeHtl l43Jll,llrlbll]i ol aoga tt xap6auttl, ra 4a ce

3act,tJrr,r xono; t]\tepu3au,rrra Ha a,'Iyt!r],tHIieBl{Te t{ cllllllul{eBI'lrc tllloee. Pe:yltatt'tre or
crpyrlryl)noro xapaKTeplt3trpaHe floKa3axa- qc cti HTe3llpaHrlre MyJItlrHll trpaxoBe ca auop(tntl or
treip,,a", ,,,n. ilrau,i,lrlrnn a roBrrpxHocl tta lterer]tpaHttt i\tyitrroB npax e 262 ml g'l c'

N4aKcnNlar'reH pa,ltrlyc na noprllc (cl,) or 2 nt'n, Koero .o npHLIl'lcJltlBa KbM M e3ol lopecrt'ire

Mareprranri. fdo6aaluero na xcJtr'lo e HaMaJIH.lo cneuttt]lllqnata noB,bpxHocr' aoKalo croiiHocr-rll

Ha pa3Mepa Ha noprre e ocraHaJla cbrrlara. c Ii3KJlro!errile tla o6pa:eLta c 3 rvt9i, FerOr (Srl, r : 278

m1 91; d, 3 nm). Ha,rn.tttclo Ha r(cJlr3o JoBcrc go noHI'lr(aBaHC Ha rcmneparypara a

o6pa:ynarre rra reltta {ta:a. lottaro ttaJltlqt4ero tla Kap6aMI'Lq noBeAe ao noKajlllo rloBI'luaBal,e lla

TeMneparypara. (oero npe,(t,t:]B]Ixa cttHTepoBatle lr o6pa:ynaHe Ha allloMeparll or llo-Marxll
.racruurr. Pely,rrarxre or attaJrtrla Ha pa3Mepa Ha qacrllullTe o6aqe se ca eAHo3Haqllll.

CroiiHocrfire Ha cperHlt, odeueu !ttattenp 1D[3.'11) ttoxaleal LIe pa3N{ep'b'l lla tlacrliurle ce

yeelnvaea ,uo 6 wto,b Fcror ( 1 23,6 fu'r1), cnLr t(oero HaN,a,txna Ia'la npoSara c l 2 wt% F'elor Toil e

patel tra 96.6 1Lnt. [1o tct:tt uaqtts ,tobanenoro xertl3o e ronpllHccJlo 3a [lo-paBHoMepHol o

pa3npc.lereHre Ha pa3Ntepa Ha .lacrtlllllre. SEM aua,ltt:sr floK?3? c'l,t[o"te rpy6ure tlpaxosu
rlacTllltll Ce cl,CTOrT OT IIO-MaJIKIi clTeTI4 qaCTrIUx.

Abstract: The str Ltctural and nr otphological prope{ies ol iron-doped m ullite powders are the

subject of the present studl'. The porvders of undoped and iron-doped mullite in the co,npositiorr

range ol3-15 !vt9,ir FerO3 rvere synlhe'sized by a combinalion ofsol-gel and conlbustiotl ntethods.
'l'he excess ofwater and ufea \^,err: introduced in rcaction solLttior']s to enhance the co1;olyntel ization

of alLuninLrm ancl silicon species. The lesnlts of slructural characterization revealed that the

synthesized rrullitc po',r,dets rvere antorphotts of a hybrid type. 1'hc specific surlace area of the

r.rndoperJ rrrllitc porvdet ,,r'as 262 nr: g-r rvith a nraximrnr porc tadius (dr,) of 2 nrn olassifying it
illto lltesopot.ous nrater.ials. l'he addition of ilon has reduced the specific surfhce alea, while the

pore size valuc renrained the sanrc cxcept fbr thc samplo with 3 wtyo l'eror (SBlr - 2?8 mr g-r; dp -
3 nm). "l'he presence of iton caused lou,ering the terllperatlne of Iiquid phase formation, while
present urea comll sted providing the increase ofthc temperalurc locally that caused the Sinlering

and I olllation Ofagglulerates ofsmaller p;rr.ticles. llou,ever', tlrc results oIthe partiole sizc analysis

are not straightfor\a,ard. 
-fhc values of nrcan volunre diameter (D[3.4]) indicated lhat tlle llarticle

size increased to 6 wt% Fe:Or (123.6 unr), and lhen decreased and fol the sample with l2 wto/o

[erOr, it rvas equal to 96.6 prn. ThLrs. the added iron conttibuted to the nrore unilbttr particle size

dislribution. Thc SEM analysis has nlso sl]own thc coarsc porvdcr pafticlcs consistcd ol thc

coalesced smaller pa|ticles.

Pe:nxrera rray'rutt tt1,(rtuxatltru l11ou. a-p II. Crrtultctton l4 o r' ,{7



f7 - 3. M. Kandeva, N. Stoimenov, B. Popov, Zh. I(alitchin. V. Pozhidaeva, Abrasive

wear resistance of micro- and nano-diamond particles. Jourual of the Balkan 'l'ribology

Association. Book 2, Vol. 26,2020, ISSN: l3l0-4772, pp. 181-193. SCOPUS SJR 2019:

0.211, IF (S-Year): 0.465 SCOPUS

ABRASIVE WIAR RESISTANCf, OF MICRO- AND NANO-DIAMOND PAI{TICLES

M. I(andela, N. Stoimcnov, B. Popor,, Zh. Kalitchin. V Pozhidaeva

Permue: B Haflorlulara c'larrrt e ttanpaRetto c[]aBH]Il'e.rHo l'1:lcile',qBaHc Ha ]lHoRarllBlt]l

allaMaHTerur rroKpiITri, c IrK,rtorreHrr MlrKpo ti Harto pa3Mept{tl tactltlltt llot<pllrrtrra cn

crrflTepoBaHl c BIlcoxoreN{Tlcl)alyplta o6pa6orra ti B}tcoxorexlloJloruqno norpurlte WC-
l2Co. raseceso cr,c cBpbr3BlKoBa crpyiiHa ra3Ma (npoltec HVOF) 3a tl3tlor3BaHe rpu
eKc'IpeMHH ),/cJroBBlt Ha paSora. flo.tly'tenli ca pc3yrraru 3a MacoBolo l'l3HocBare.

trlrrer.r3rrBltocrra Ha lr3uocBalrc l.t yc.tctiilueocr-ra Ha H3lIocBaHe rlpr'I eaHll l'l cblrlu pexuMtl Ha

cyxo rpHeHe BT,p\/ noB'l,pxHocrra Ha rBtl)ilo a6pa:lratlt't qacTlrtla. VcTanoserro e, ve Hal':i-

B coKa tr3Hoco),croit. ,tBocr uMa [roKpITtle c BKJtloLIettlt i\ll'lKpo.quaMaHreHH Llacl l'll.ltl, Korro e

c orioro er'Jl,rH noPfljlr)li llo-Bl4coKa or ti3Hoco)/croiiq usocrra lta lloKpllrl4e c BKJIK)qeHII

HaHo/lrraivar'rreHr ,Jacrt,Iur4. [4:rr0coycroiilueocrra lla rIoKprlTlleTo WC- I 2Co e c 3-4

noprAblia iro-HltcKa or 1t3t toco),c-roi-I,ltl Bocrra Ha jttlaNIaHTeHlrl_c tloKl)I1rl{fl c nKr]oqeHr HaHo

u MfiKpo qacTurllr.

Abstract: In tho prcscnt papcr a cornparativc study ot innovativc dianlorrd coatirrgs with
includcd nricro-and nano-sizcd parliclcs arc invcstigatcd. l'hc coatittgs arc sin-lcrcd with high-

hcat hcatrlrent arrd high-tcch WC-12Co coating, applied with supcrsonic.jet plasnra (HVOI--

proccss) tbr usc undcl cxtrcmc opcrating conditions. -lhc 
t'csr'tlts fbr tnass u'car, thc intcnsity oi

r,vcar and rvear lcsistancc undcl tl]c sanrc dry li'iction nrtldes on thc surfacc of rigidly ablasivc
palticlcs atc obtaincd. It has becn lound out that tlrc highest wcar resistatrcc has a coating witlr
included rrr icr.o-cl ianrond par.ticlcs. tvhich is about ono ordcr (]t nragnitudc highcr tltatr thc rvear

rcsistance ot' a coating rvith included nano-dianrond palticles. The WC- I 2Co wear resistance

coating is 3-4 olders ol tnagnitude lowet than the weat resistance of dianrond coatings with
included nano-and nricro-sized particlcs.

Pe:rulrela Ha-vqHr rl/a).rnKartrrr I gou. l1-p I I. Cr-oltvcHos l5 o r' .17



f7-4. KunevA.. Iachev P., Ilashlieva V. Radeva T., Stoirnenov N., A Studl'oithe
SholrCiLcuit l'hernral Ellect on Aluminttnr and Cooper Ilus-Bars Using a L.aboratory 'l'est

Systenr" 2lst Intcrnational Sl nrposiunr orl Electlical Appalatus & 'l-echnologies (SIELA). 3-6

June 2020 Boutgas, Bulgaria. t\rblisher: ILlllE. Dlectronic ISBN: 978- l-7281-4346-0, Print on

Derrand(PoI)) ISIIN: 978- l-7281 -4347'7 , p1't. l-4. DOI: l0,ll09/SIELA49i18.2020.9167149
SCOPT]S

A STI]DY OFTHE SHORT.CIRCUIT THERMAL EFFECT ON ALUMINUM ANI)
COOPER BI]S.I}ARS t]SING A LABORATORYTEST SYSTEM

Kunev A., 'lachev P.. ll ash lieva V . l{adeva 
.l'.. 

Stoimcnov N.

Pc:rctre: B crartrrra e flpeacraBeHo I,l3crlcABatle Ha 'l'onrllHHoro sl,r/ieiiclstte,
npeAll3BHKaHo OI KI,CO cLellIlHeHIe^ B UlrtHll c npaBobrlilHo HanpeqHO ceqeHUe

Jla6oparoprrirra cucTeMa 3a l,|3IIITBaHes r,r3nOlI3BaHa B Il:]Cne.qBaHCTO. e npC'iIHa3rra.leHa KaKT0

rla aHajll,lrllqHH, TaKa 14 :ta excrepr.IMeHTarIill t'I3c,'lcaBaHur. Ku'aro npe: ullH Te llporHqa roK,

B rlpoBo/,1Hrur,rrc Bb3HriKBar rary6r ua Morr(Hocr lt euePflln. -[e:u :ary6u Ha eHepr fl Boll'T

AOHafprrBaeHaflpoBo.llllIlllreuHapa3rliqHliqacrrBeneKTpl4qecKHTeN{allll'llll4rallaparu
Illto6eu npo6leu lt:tttcrna xapaKTefHo HjttltcncHlle Hl re3ll rary6tr ua eHeprltr u pcxl{i\lllTe

Ha rrpellaBaHe Ha IlarprBaHero. l4:ruepnanero tta 'reMrleparypara ce u:lB'bplllBa c RrpaIeH

cen:op n,ra6oparopHr.r, u(rleJl^ KaKTo Lr c B'l'HIttHa rcpMoBll3HoHHa KaNlepa.

Abstract: l his papcr prcscnts a stLrdy ofthc sholLcircuit induccd thermal actiotl in bLts-

bars with a rcctangular.cross-scctiorl. I'hc laboratory test syslcnl uscd in thc study is dcsigncd

tbr both analytical and cxper.inrcntal str.rdies. whcn a currcnt {'1ows tlrlottgh thc bus-bat s. porvcr

and cncrgl, losscs occur. in tltc conductors. Thcse cncrgy losses causc lrcating ofconductors and

diflcrcnt parts in clcctrioal machines and apparatus. Such problcm requircs a distinctive

calculation of thcsc powcr Iosscs and thc hcating Itansl'cr rcgimes. Thc tclllpcfatuIe

mcasur.entcnt is pcrtbrnrcd with an crnbedded scnsor in thc lab nrodel and also u'ith an cxtelnal

thernral imaging cameta.

Pelrcnrcla rrary.rur,r rr1,(rruxitr1ru Irou. lt-p H. C'rouvctros 16oi-17



I-7 - 5. Ivanchev 1., Stoimenov N., Sol<olov B.. Testing of Concrete b)' Contactless

Non-I)eslructive 'lbmographic Method. I I-,h.H XXX International Scientitic SymposiLtnr

'Melrology and Metrology AssLrrance' 2020 (MMA 1020). 7-l I Septenrber Sozopol, Bulgaria'

2020. tl ISBN:978-1-72ttl-9'719-7 pp. l-6. doi: l0.l 109/M MA498 63.20?0.925425().

SC()PUS

TESTING OF CONCRETE BY CONTACTLESS NON-DESTRUCTIVE
TOMOGRAPHIC METHOD

Ivanchev I.. Stoimcnov N., Sokolov B.

Perrcue: B ril3tt crarrl, ca oflllcaHn eKC [epuMcHTar H llre II3cJIeaBaHtIs, lpoBeAeH[I 3a

oope.lelrrHc Ha clpyKrypala tta 6ctoHl. ouctlKl ll )clletllHo ollpeaenrHe rla

M ec'lolloJlo)Ker ] lrelo na 1e(terrt.t 11 HecbB'bpIrIeHc'I'B? B tloB]pxHocfiz rl BlTpelllHocrra Ha

npo6u c rqru, B:':rcrlr or crottaHo6erotttrtl c. eMellrx Hil B'L3pacl' na 6e'mga 1926 arrlt.

l4grror:naq e 5ctxourarrerr 6e:paspy u ttrc:t eH rontorpa(lcxn Mero.ll I] e ofl caHa

Br,3t\{0)I(HOCTTa 3a IrpllJIAfaHerO My 3a ycnoBHa olleHKa Ha c'LlllecrByBalllt1 clpaaH tl

c]ropt,xielrur. Iloly.tcttu ca r'18)' l] ]'pl.l l'l:lN eptt tt u:o61laNentln. l4rclellnagurra ca HanpaBsHu

[l]r pa3lruquu rlr.n6olrtttlt Ha rlloHrrxBaHe HA rr,qurc. tr4:norl:naH e vperl Nil<on XT H ?25-

C)6paSorxala Ha larJHure e l{3Rbprrretta cr,c co(tryep Volunre Glaphics. MyVCL.

Abstmct: In tlris paper are described the expet'imental studies perfolrred lot determining

thc structurc ol concretc, asscssing arrd succcsstitl idcntilication o1'thc location of tlcfects and

impcrltctions in thc sudhcc arrd insidc L)1'corod specimcns. takcn ll'onr rcintbrccd concretc

elcnt cllts at aga o f concretc I 92(r days. A contactlcss 11oll-dcsh uctivc tolll ogt aph ic ntcthod was

usccl and thc possibility ol'its applicatioll fbr corrditiorral asscssntent ofcxisting buildings and

facilitics is clescribcd. Trvo-and thrcc-dimensiottal intages lvcrc obtaincd. Stttdics havc becn

nradc at ditlcrcnl dcpths of rays pcnettation. I)cvicc Nikotr XT H 225 r'vas ttscd Dala

proccssing,,vas pcrfbrmcd with thc sottrvat'c Volunrc Gtaphios- MyVGL.

Pegrolrcra ntry,rHrr rry6:rrrr<atlttr laou. a-P Fl. Crotntegos l7 rrr {7



f7 - 6. Karastoyanov D., Stoimenov N., Gyoshev S., Petrov R., Haralarnpieva M..

Innovative lndustrial Bodies and Technologies for Energy Efficiency, Better Production and

Quality of Life. lnternational Conference lCAl 2020, IEEE Open Access, 2020, pp. 1-4

SCOPUS

INNOVATIVE INDUSTRIAL BODIES AND TECHNOLOGIES FOR ENERGY
EFFICIENCY, BETTER PRODUCTION AND QUALITY OF LIFE

Kalastoyanov D., Stoimenov N., Gyoshev S.. Perov R.. Haralarnpieva M.

Pe:ron-re: B crarllrra ca on caHI4 pa3rfi.rHH npol\ttltunenl'I 3aroroBra c nHoBarHBHa

(lopna, 6a:upaua Ha rpl4l,rtlrnrixa 14 TerpaeABpa ua Reuleaux, Korro ocxryprBa no-rorfli\ta

KoHTaKTHa noB'bpxHocr c o6pa6oraanttr Marepr4an. flpegcraeeau ca uHoaarurutl (rperonu

TeJra a rroa71firatl . a6pa:uanr rella 14 lIHpoHI,{. O6ct NAal ce llpe11uMcrBara a o6iracl'lrle Ha

rlplrJtoxeHlle Ha pa3l)re7(JlaHnl'e ilgrafirtr. 14Hosafl{slrata $oprla octztyplaa enept'tziina

e{rerluuHoc r a no-ao6po xaqecr so Ha npolyxqulr.a. OIlr4caHt{ ca obulo l axa noanlT Bpaiirroa

eKpaH 3a xopa c yBpeaeHo 3peH|4e H rrpeHapex.llaHelo Ha tlpovltruleuu po6olll.

Abstract: The paper describes different industlial u'orkpieces with innovative shape'

based on tlre triaugle and tetlahedron Reuleaux. i,r'lrich provides a larger contact surface with
the treated matelial. lnnovative milling bodies and liflers. abrasive bodies and nails are

presented. The advantages and fields ofapplication olthe cotrsidered workpieces are discussed.

The innovative shape gives errergy efficiency atrd better quality of the production. Also new

Braille screen for visually inrpaired people and reenigeering ol industrial robots are described.

|-7 - 7. Karastoyanov. D., Chikurtev, D., Gyoshev, S., Chikurteva, A., Stoimenov, N..

Aclvanced ICT lor Access of VisLral Irnpaired People to Computers, Knowledge, Education

and Culture. 18th Intemational Conference on Etnerging elearning Technologies and

Applications, IEEE,2020, pp.290-295, doi: l0.l 109/1CETA51985.2020.93 79198. SCOPUS

ADVANCtrD ICT FOII. ACCESS OF VISUAL IMPAIRED PEOPLE TO
COMPUTERS, KNOWLEDGE, EDUCATION AND CULTURE

I(arastoyanov. D." Chihurtev. t).. Gyoshev. S.. Chikurteva' A., Stoimcnov, N.

Pr:rrouc: /{oxranr,T npe,:tcraBrl N{eroAI,t l,l cpe1crBa 3A TaKTI{JIeH ,[ocr,,n Ha xopa c]c
3pl,tre. H14 yBpenQlaHrlr{ 1o rpa(ruveu KoMIrIoTbpeH umepdeiic' KynrvPHo-l'lcTopxLIecKo

HacJre.{crBo Ir reNrrleparypa tr lorla. Onncarttl ca pa3nuqHIl pa:tlepu na rpa(lulnu 6paii,roatl

eKpaHfi Ha 6a:ara na runciliur.r uter<rpol\lal.HIlrI{14 l\tr'lKpollaaBxxBaH}'Itl- TaKTurlHH rpat}lt'tutl
r urogKr,r l 'r'epMoMcrr,p 3a xolla c yBpcreHo :llleH ue. flpeTlc t'aueull't'e yc tpoiiolsa Aaeal aoc lr,t I

Ha xopa c )-BpellcHo 3peHl,Ie Jo rpa(lttleu KoMlllol-bpeli ln |cp{reiic (Windows), o6ert'a tra

Pc:rrolrera ueD,,rr.ru tt),6:turutlltu Ilou. a-p Ii. C'rouncucttl llJ ot 47



r!'JITypt to-Hcropfi qeckol'o IIacJIcJlcrRo. I(aKTo 14.[anar B'b:]N'foxllocrtl 3J llo-.qo6po oo)rqelllle ll

Bt3tlplteNlaHe Ha 3Har'l!lr.

Abstract: The paper presents nrethods and tools for tactile access of people with visual

impairments to a graphical cornputer inlerface, cultLtral and historical heritage and temperature

in the home. Diflerent size of graphical Braillc screens on the base of lincar electromagnetic

micro drives, tactile graphical tiles and thermotneler lor visual itnpaired are described. The

presented devices give access of visual irnpaired people to graphical compLrter intelface
(Windows), objects of cultural and historical heritage, as well as give possibilities tbr better

edLrcation and perception of knowledge.

17 - 8. Yosi{bva V, Stoirrrenot' N., Haralatrrpier,a M.. On-site rescarch u ith a thetrnal

callrera on industrial heatilrg, International Conf'erence on Technics, Technologies and

Flducation 2020, ICTI'E 2020, IOP Conference Series: Materials Science zrnd Engineelittg,

Volurnel03l.lssuel.llFebruar),202l,lSSN:1757-8981.SJR2019:0.l98SCOI'US

ON-SITE RESEARCH WT|H A THERMAL CAMERA ON TNDUSTRIAL HEA'I'ING

Yositbva V. Stoimcnoy N.. I-laralampieva M.

Permue: [] Hacrorrllara ctarr{, e flpeacl'aBcrro rr:rclTeaBaHc Ha Mrcro. HaIIpaBelIo c

TepMoKaN{epa. 3a trpoyqBalle lla fipaKTuKllTe lta oTonJIHTcJlllxrc'rcxHo,'rofuu B llpoMlllxrTell]l

loNrerrerrlrfl. [:iKcnepx N4e] rru I e ca uaflpaBettu npe3 3xi\rllfilt ce3o1l lla 201912020 t H AaBar

IpeABaplrTerlell npelJIClI []a NreToArlTe 3a oToIIJIelllle. 'nexlI].IrI [ono)l(flTeilell x orpHuaTejlell

e(ier<1 xaxro lr rprlroca ult:a nolpe6let tt,le-ro Ira erreprtts e(terruatlocrra. Ha6ltoAanar ce

MoaeJlH:Ja flparorflilrre tra pa6orttnqure r 3tlrtuparrcro Ira noMell(ellrlrra c ueJI orl rHM 14314 palle

Ha pa3npeleneHuero Ha rorJrtitta [a. Bt,l ocnoga Ha excnepl,tMet trarHara pa6o ta ca uanllaueau

fl onficaHll pe'Ilulla u:JBoiIIl sa 6r,acrl(r nperlopl,Kll [pl'I poe(Tx[]aHeTo Ha oronjlH'leJIHI{

clIcTeMr,r 3a npoM l.llIIJIclTIl cfpa,.lH.

Abstract: This papel submits the on-sigltt tesearch made u'ith a thermal catnera I'or

investigating thc plactices of heating technologies in industtial prenrises. The experiments are

rnade during thc \\,inlel season of 2019/2020 and give a prelirrrirrary overyierv o{'the heating
methods. ihcir positive and negativc cIlect, and their conribu(ion to energy consulllption atrd

ctTiciency. Models for worker's practices and space zoning ate observed to optilnize heat

dish ibution. Based on the expet inrental rvork a scries of findings are made and described tbr
firture recofirmendations in heating systetrs design for industtial buildings.

Pc3lolrera uayr t rr,r r 11,6:rr.rrarqlru I roLl. ]t-p H. Crot{Mcuos I (.) (r -17



f7 - 9. Ruzii J.. Simic M., Stoimenov N., Bo7ii D.. SlaSii J , Innovative processing

routes in rnanufacturing of metal matrix composite matelials, Metallurgical and Materials

Engineering, Association of Metallurgical Engineers of Serbia, Volulne 27, Issue 1 , 2021, pp.

l-13. DOI: 10.305441629.ISSN:2217-8961 SJR 2020: 0.161, Q4 SCOPUS

INNOVATIVE PROCESSING ROT1TES IN MANUFACTURING OF METAL
MATRIX COMPOSITE MATERIALS

Itr.rlii 1., Sinrii M., Stoirnenov N., Bozii D., StaSii J

Pe:nne: Kouno:rJ'rrl'c c MerilrrHa Marptitta (KMM) rprtHall,lexar KbM lpynara Ha

c rrBpeNrett tiure Margpranu CxarorapeHre Ha cBottre orJIIittHH TexHoJIor[rIHl4, lvexaH qHH I4

tftt:llnrHu csoi{crsa. xat'o HanpHMep orLrtt'tHa ycroii'tttnocr Ha tlsltooBaHc r'l Kopo3Hr, BllcoKa

cJrer<rpo r.t Ior,,loflpoBoAr.lMoci, noRtintet]a lKoor l,t'rln,plocr. KpaiillHTe cBol'"lclBa lta KMM ce

R,'lfirrIT cluraKBo o'r' BcllqKx gtarr Ilil tl poli 3Roac fBeIl ll rl npoueo. floxa:atto e, LIe qpe3

r{3noJI3BaItC IIa nOAXOjlrlU rpOUCCIlq rflpaN4el'pH 3a nojlyqaBallc lla H3xoIIl]r NlarepHajlH

(aocrlrrarrlrl cneqn(rrreu pa:rtep. (ropl,ra fi peaxruBllocr) I\lor(e JIa ce nocrl'Irlle Kolrlpor Ha

o6en*tara rfparutta tt pa3 peAcJIeHHero Ha apl\tt'l po BKrlre B i\larptjqara 3a ragu ue:l

MexaH.rHoroJrerrrpaneeorpe.{ereHoxaro1o5tpno:rxorr.KVIMMorarracenpoll3ge)KAalc
IIONIOII(Ta IIa paXOBA i\re'ran),pffir{.leeHe Ha cJII,lT}llll Il Texljt'lKl4 3a aJ]]ITtIBHO npoljllBoIcTBo.

MoxafloxHMl.lgt4rr npotlcc (nocrt'ItHar c aoN{oulfa ua ctrcoxoeHclltttiiHo lurlKoBo cvtt,tune)
c lt3no,l3llaH B Tpu rrpotl3Bo,qcrBcHu npollcirylllt: ropeulo rpccoBaHe. xov6ttHupano ,rccHc t't

la:epno roncHc/ct,tHTcpoBaflc 3a rrojl)rqaBaHc fla floaxo]Irru npax. Tc:n rpolliBoacrlleH
rrrrTr,rula 3a nporr3BoacrBo rra KMM ca rpcrt\tcr FIa rlacrorluara paSora. I{elra na

nl]oeKtapaHcro ua KMM o !a cc ycraHoBl,r otrr'tlNtaJIHa nolt6ltuaulr or rlpou3Bonc lBeHtl

Tcxl*.rKn, o6crrgenr R IrKoHoNrrtrecNtr cqlcKTIrBcH nporl3BollcrBctt MapIUpyr 3a nojlyllaBaHe

na KMM c rtco6xol]ttltur.e ceoiicrsa.

Abstract: Melal n'ratl ix composites (MMCs) belong to a grouP of trodern materials

owin!! to theiI exccllcnt tcchnological. nreclranical. and ph1'sical properties such as excellent
rvear and colrosicltr resistance. lrigh electrical and thelmal conductivity. inrproved strengtlr ancl

hardness. Final properties of MMCs ate affected equally by all stcps of its manufacturing
process. It is shown that by using adequate process ltararletels to obtain stafiing nratet'ials

(r'eaching the specific size. shape. and reactiv,t)) the contl ol ofvolume ftaction and distribuiion
of rein fofcenle nts \\ ithin the rnalIix can be achieved. For this ptupose. nteohanical alloying has

beerr appointed as a good approach. MMCs can bc produced using powder nrctallurgy, ingot
mctallulgy. and additivc ntanuthcturittg techniques. Conrbinirrg high-energy ball nrilling rvith

these techniques enables the design ol an irlnovative ptocessing toutc tbr MMCs
n'ranufacturing. Mechanochenr ica I process (achieved trsing high-energy ball milling) was

employed in thlee nranulacturing procedules: l'tot pressitlg, corrlpocastil]g, and laser

nrclting/sintering fol obtaining of the suitablc po$,der. "l'hese production routes for MMCs
manulhcturing r.vete the sub.jcct o1'this rvorl<. 'l'hc ainr of MMCs design is to establish an

optirnal cornbination ofproduction techniqtlcs merged into thc cost-efleclive thbrication ro e

tbr o[.rtainirrg M MCs with required propetties.

Pcr*onrc'ra rrayruu rry(:rrrrxzultrr,r lgou. a-p I-1. Crcltvcutts 20 or -17



l'7 - 10. Esmelyan. K., Stoimcnov N., Sttrdying the hull< and cotltour ice nucleation of
\vater droplets via qualtz crJ'stal nricrobalances. Jottlnal oI Micronlachines. Volunle 12. Issue

4. April 2021. Atticle nurnber 463, ISSN: 2(l1Z-666X, lF: 2.324 WoS, SJR 2020: 0.575

SC()PUS

STUDYING THE BT]LK AND CONTOUR ICE NUCLEATION OF WATER
DROPLETS VIA QUARTZ CRYSTAL MICROBALANCES

EstnelYan, K.. Stoime nov N.

Pe:rc*re: flopalrt c'roxacrrrlHtrt lr 3aalicltM o1-BpeMero xapah-Tep ua o6plrysaHcro tt

pcc]clia Ha Jlellcllllrc tal)onllull {l c flpouec. r<oiiro ltoxc ,la 6b]lc atta'trrtlpltu
crarncrulecKlt. rto HC i\4o)I{e Aa 6uae npe,ugnaeu rrxHo), xerepofeHHoro 3apa)(AaHe Ha JIe'l

Bl,pX)' aTN{oC()epHn aepo3ojlll l,lJlll N4aKpocxonllltHtt rB}palj noRr'p\Hoct tl Rce oule e 3ao)"'reHo

B \,1r{CTep}{r. xe3aBHc}IMO OT rI3KJIlOq IITC,I HO aKTllB}IHTe r3CneIBaHI'It li eKcrIoHeHIIXlUlHl',l,{

HanperrK B Ta3u HayqHa o5racr. l'lanptlttel], ra,ls :tarearBaner) ce rorBrBa orRt fl HamJTpe

ll,fll'l oTBl'Tpe I{aB}ll c npeJliveT Ha [Il rl.eH3t1BHu cnopoBe. KaTo -roBa e t]pakTtlqecKll Ilpl{JloTl(rlMo

npr4 flllocxrxpaHelo Ha raorBHlr lelo(xr6Hu ttoKpxl'l'L lt,rl tttllo6prnaHero na

e(rexrt.tnnocrra ua rcxr{ollorlrLITe 3a KPI4oKoHcepBal(I'tr. Tyr npe,q,taraue ll3KycHa'texllHKa 3a

NOJ[,rqecTBefl aHaJrH:] Ha pa3JI[]ilHIiTC pe)l(lli\'lll tlil 3a^llll3Bal{e Ha Rorlla'ra, KaTO t1:llloJl:lBai\de

KBaprtoBo KpucrarHlr \l.rKpoRe3lli (QCM) c norplll tle or cBpr,xHefioflfiBaevn carx1ll. 3a ra
ce rrocrr,rrHe 'ra3{ Iter. ua6op or' 5 MI lz QCM ce 3apexairr cAHH tlo ellH c 50 pl xanxa. 'tlle ttr

oScltutl u.rrr.r riotl'lyllHo IllBrrparBaIIc ce ofKllHBa B peaJlHo upelte. llo-tlyvennLe

eKctreprrMeH-[a] rr r,r lle3yJrrarlJ rloxa3Bar'. qe Hau!I'r]r ceH3()pHu yc't'poiicraa pa3ll03tlaBill ,cHo

,4ar Il{ .lr0reH riTe ,.{pa cc o6pa:1'uat rrpeAu N{ Ho Ha f paH tl ua l a I'eq Hoc'l -'l [t bpAo Beulec] tso l,J ll, oe

pa3lpoo'tpaHqBal rro tlrirafa BbHtlrHa oSetrBxa Ha rattxata. Kalo llpellll3l3LKBal'uHlllltsrlAyallllll
ll't 3ll pO}I:JBOAII M ll peaK( 11 Ilo oTHolllctll'lC Ha IlocoKara Ha pa3Bt'lltle Ha cHrHaila BrrB BpevclU'

Hauru're pe:y.rtralu Molar .lil ltocJtv)i(zr[ Ka1'o ocHoBa:a 6r,.{euo BKJItJ!BaHe rra QCM
y,r:rpoiioTua B pit3,TIitrrr iutaJtt4il't 3ii:laMpa39RaHs. npll Kotiro lloJtyqaBaHcro tta lHtfopllauar
3zl cl{Jllre Ha cqer.rleHljc FIa reAa tt ae6c.rttuara Ha reacHtl! croii e 3aa'b,'lxH'IerHo

Abstract: Duo to the stochastic and tirre-dependenI chalactcl of the ice embrl'o

lormation and growth (i.e., a process that can bc analvzed statistically, hut cannot be ptedicted

precisely). thc hcterogelreous ice nucleation on attnospheric aerosols or rnacroscopic solid

surlaces is still shrouded in ntysterl, regardless of the extlenlell' aclive lesealch and

exponerrtial progress u ithin this scientific field. Iror instar']ce, whether the icing appears tiotll
or.rtside-in or iusidc-out is a subject of interrse controversy. rvith ptacticability in designing
passive icephobic coatings or inrprovitrg the ellectiveness ofthe cryopleservation technologies

I lere, rve propose an arlful teclrnique l'or quantitative analysis of thc different tnodes of r'vatsr

fleezirrg using supet-nonrvettablc soot-coated quartz cllstal microbalances (QCMr. 'lb

achieve this goal, a set of 5 MIlz QCMs ate loaded one at a tilne with a 50 pL dloplet. whose

bulli or contour solidilication is detected itt real-titne. 'Ihe obtained exllerinrenlal results show

that our sensor devices lecognize explicitly ifthc ice nuclei ibrttr predominantly at the liquid*
solid int,rrfhce or sptead along lhe dloplct's entite outcr shell by triggering inilividual
leprodrrcible lesponses in tcrnrs ofthe clirection ofsignal evolution in tinre. Our t'esults may

selve as a Ibundation fbr the lutule incorptttation of QCM devices in di{I'elent [ieezing assays.

utere gaining inlotmation ahoul tlre ice adhesion ltrrces and ice layer's thickness is manclatoty.

Pc:.rxrlrc'ra uiry.rrrn tr),fitttxatlnrr Iaou. /l-p H. Crouvetrotr 2l ot 4'7



f7 - 11. Esmeryan K.D., Castano C.8., Gyoshev S.D., Lazarov Y., Stoimenov N.I.'
Mohamrnadi R., On the dynamics of contact line freezing of water droplets on

superhydrophobic carbon soot coatings, Current Applied Physics, Volunre 31, Pages 74 * 86,

ISSN 1567f739. DOI: 10.1016/1.cap.2021.07.015 November 2021' SJR 2020: 0.553

SCOPUS

ON THE DYNAMICS OF CONTACT LINE FREEZING OF WATER DROPLETS ON
SIJPERHYDITOPHOBIC CARBON SOOT COATINGS

Esmeryan K.D.^ Castano C.E.. Gyoshev S.D.. Lazarov Y.. Stoimenov N.I., Moharrrradi R.

Pe:ronre: Br,nperu Br,:rMo)I(tiocrra 3a Mafltlll)'Jll{paHe Ha 3aMpb3BaHero Ha Boaara ripe3

cynepxtt;tpo(lo6rrtl t\{arepra,rx. Tl,ptoBcKarA llAl } r|t)l pe6a 3a flacl IBHa 3aulll] a or 3ajlejt'BaHe

Bce ollte e noA Brrnpoc, T,],ii Karo t<ottt6lnupano.l.o B1,3!er"lcTRHe ua uop(;o,rortll ra ua

noar.fxrocrra. pa3roJlox(e l{ero Ha R],3Jlyultlara Il'L3lnaBH U?, fparlaRocrra, xtlMHqecKH!

c'scrae u,1e6e,'rn[tara Ha (rttrina supxy le;o(to6tltrc cBoiicrBa Ha rarello HeMol(psulo ce

TRt,p,.lo Beu{ecrBo ocraBa Hefr3cneflBitgo. B ra:rl crarll, ce pa:}rle)xlar o}lllecrByBallll"e
IrponycKll B ujcJrc.IlBaHu,ira- Karo ce x3yraBa /luHaMItt(ara ua o5parynaue lla rTe,.t Ha

KoHTaKTr.rara -lr].rHu, ra pajnrrqHr'r cynepxtrnpo(to6Ht't noBr,pxHocr]J lla ocHoBara Ha ca)Krl'l.

IloreHItflarHo It ptIJtoxlIrllI.r tr x;ttto6uo,Torulra lil no11o6llqBaHe Ha ctnlecrByBaollire
TexHoJ)ofl,l14 r3fl Kpr.roc l,xpnH€H He. lZ:c,tclnave BpeMeTo ll reNlflepa'rypara Ha 3aMpb3BaHg Ha

BOAHI KanKIl. yraeHl.I BLpx)' Tpll rlly[rl noKpllTll, or ca](trl4 c pa3-ilrlttH]l iuop(toxtltltltvnrt

xill)axrepfic t'uKtI. Kollr.IlripattH ultc:t lto2llI$ltlupaue na ttpo6t'tre c allKoxoll. {tl tyopoe ut:tepo21

u/urrr cpe6t pen tf:lyoltotc4opo]t. Pe:y.lnaulre lIrI lIoKa3Bar llorBar?l Ha HoB pe)KHl\{ Ha

3aNrpb'lBauc "lo rottt.vp". ttptt rtliito o6gxuxirta Ha KallKala Kpl{orallli:Jtrpa cllHoBpeMeHHo c

xoHl'aK]r.{Ala fpaHrua, IoKalo xl,lMuqeeK 'fe BIl1r3Ktl Ha ca)KAtrfe.3ae'llll0 c HrKol, o'l'

{rrrrule crlt e }r M xapaKrtprict l Kli. y t tpaett r aa r o6parly BaHer o H a J le.l(.

Abstract: Dcspite thc opportunit)' to nlanipttlatc the \\'atcr ticezing via

supelhydlophobic nraterials. thcir comnrercial use fbl passive icing plotection is still
qLrestioned. since the combinetl ettect of surliace nrorplrology' ait' cttshiorr alrangel.nent.

louglrness. chenristly and film thickness orr thc icephobic propefiies o1'a giverr non-weftable

solid rerrrains utrexplored.'fhis articlc addresses the existing research gaps by stutlying the ice

nucleation dynartrics at the contast line of variotts superhydrophobic soot-based surthces.

potentially applicable in cr1'o[riology fot enlrancing thc existing ct1'opt eservation teclrrrologies.

Wc exanrine thc licezing tinre and I'teezing terrrperature of watel droplets settled on thlcc
groups cll'soot coatirrgs witlr divelge,lt rrr orptrochenr ica I features. adjusted by nrodilying the

sarnplcs rvith alcohol, lluorocartron and/ot silvel hydrogen fluoridc. Oul l'esults den]onstrate

the appearance of a ncrv "contour'" fteezing tnode, \^here the droplet shell crystallizes
sinrultaneousll' with the contact interf-ace, whilst the soot's chemical lnnds along rvith sorre of
its physical characteristics govcln the ice forntation.

Perxrrrela r rayrult t t1,(rt utiitt ltrr I aott.,t-p H. C ronveuttu 22 tt 17



l-7 - t2. Chivalov N., Stoev P., Yovkov S.. Stoimenov N.' Chivarov S., Specialized

Cripper'-Dispenser for Dosing Laboratory Mill With Grinding Bodies,2Oth IFAC Conf'erence

on Tcchnology, Culturc arrd Inlernational Stability. TECIS 2021' Volune 52, lssue 25,

September \4-17 2021, IFAC-PapersOnLine, Publisher': IFAC Secretariat, ISSN:2405-8963,

pp. 539-542, SJR 2020: 0.308 SCOPUS

SPECIALIZED GRIPPER.DISPENSER FOI{ DOSING LABORATORY MILL WITH
GRINDING BODIES

Chivarov N.. Stoev P. Yor4<ov S.. Stoimenov N.

Pe:mme: flo:tpaHero B npoueolTc Ha u6orarraaHe e Il3x,'llotlwferHo Baatlo.

Pa:pa6orex c cneurraru3Hpall xBarllatr-Arcnetlc'Lp 3a ro{Ho, IlaaexrHo u 6tp:o ao:upaHc ua

MeJIeuIHTe rejla. Kotiro 3aIIl,JlBirT r\{e;rHnuara. fl1-luxpenexo xr.v ct'l,teHeu po6ot:

rrpoeKTapa ot'o Mexarpolttlo ycrpoiicrBo eruMlJtlqpa B],31\to)l(llocrra 3a lletlpaB]4JIllo

A0:]l{pa e Ita Nrerequle'fera. rpeNIaxBa Bt3l\lox}lara qoBellKa fpeuKa ocHlyprBa IIpaBfl.'lllo

orrtnrane l{a llarr r1re. l-lposelet r ca eKCItepltMe}rrri c rpH l)a3JI}IttII14 I.Io pa3Mep Mereul!l rera.
Pe:ly,rrarrre [oKiI3Bar ]laae)Kllllo I{ paRHJlIlo (tytrruaortllpatre lta ycrpoiicrsoro xoaua'r-

aHcneHoLp,

Abstract: Dosing in enliclrntent processes is exttetrely irlportant. A specialized gripper
dispenser lbl the accurate, reliable and fast dosing ofgtinding bodies filling the nrill has been

dcveloped. Attached to an afticulated robot. the designed nrechatronic device elinrinates the

possibility ot incorrect dosing rvith grinding bodies, elirlinatc the possiblc human etror atrd

ensules the corlect reacling of tlre data. Expelirrrents were perfornted with three difi'erent
grinding bodies sizes. 

-I-he results show reliablc and ptoper perfornrance of the gripper'-

dispenser.

f7 - 13. Cyoshev S., Stoimenov N.' Paneva M.. Detelmination oftlle friction coetficient

of3D printecl rnaterials - Part Il - Sliding friction, 10rl' Inlernational Collference on Mechanical

Technologies and Slructural Materials (MTSM 202l), Split. Croatia. September 23-24, 2021.

Croatian Sociely lor Mechanical Technologies, Croatia, ISSN: 1841-7917. pp. 43-46, SJR

2020:0.ll SCOPUS

DE'I'ERMINATION OFT'HE FRIC'I'ION COEFFICI ENl' OF 3D PRINTED
MAI'ERIALS - P,41?1'II - SLlI)1N(; I,'R1(:7'1)N

Pe:tolre: 3a rloBgqero Ntareplianu :a 3D ncqar ocIloBHHTe (ru:uluu rt MexaltHqHl'l

rapaMcrpfl KaTo ,IKocr Ha ontll. Mo,'ty, Ha eracTHrlHocr H I{oeq)HIttIeHT Ha yAT,,lxeHHe ca

lI3BecrHr.r rr t,t3cre;1lraHl.r. Koe(rltqtlenrtne Ha rptreHc Ha Marep a.rIHTe ernH cllprMo Apyl H

Ipyru r\{arepuarr{ He ca onpelc.nrHtr. B ragl ctarnl ce onpelerrH, xoe(tt'lt{tleHra Her rpHeHe

rpl4 Tr,,rr,3raHe tta.3D orne.talauu ttpoSHlt re,la or pa3rLlLlHl,t Nlal'eplla,TIl (PLA, PETC, Flex).

Ilema e noe$urlrrer ir1,T ra ce ortpeaerll TotIHo- Iropartl Koero B flpe/lcraBettara pa6ora oa

HanpaBeln eKcnepHl\rel{Ttl c pa3,! rlHH Pil3Nlepll Hl npoSttttrc Terla 3a llcoKl'l o'l' llocoqeH}lTe

Mareprraru. HanpaReltu ca c,I,ulo eKCIlep McHTLr c palillltlHllaBoiiKt N'larcp ailll.

Pe:rorrcla r ravquu r r),elt uxiu \tiu I rou./l-p ll. Crrrtrver ton 2-1 or' .17



Abstr':rct: For rnost 3D printing rilatclials. the basic physical and rtechattical parameters

such as tensile strength. modulus of elasticity^ artd coelllcicrrt of'elongation are hnown and

investigated. lhe coel'ficients of fi.iction of the |raterials relalive to each other and other

nraterials are not deter.rnined. 
-l'his 

papeL is considered the deterrnination of the coeficient ol
fliction in sliding 3D printed satnples ofdiffercnt nratelials (PLA. t']li'l'G. F'lex). |'hc airn is to

dctcrminc thc cocll'icicnt nrorc preciscl-T-', thus in thc plcscnted worl< atc matlc cxpcrimcnts lvith
difltrent sanrpl(] sizcs 1br cach 01-tlrc listed tnatclials. Expcrilrcnts lravc also bccn ltadc ritll
dill'crcnt pails of rlatcrials.

I'7 - ! 4. Paneva M., Panev P., Stoim€nov N., Rotrghness of low carbon steel alier cold

rolling of revelsing rnill 700, l0rr' International Conference orr Mechanical Technologies and

Structural Materials (MTSM 2021), Split. Croatia, Septernber 23-24.2021, Croatian Society

fbr Mechanical Technologies, Croatia, ISSN: \847-7917, pp. 125-128. SJR 2020: 0.11

SCOPUS

ROTIGHNESS OF'I,OW CARBON STEEI-AFTITIt COLD ROI,LING O}
IIEVERSIN(; MII,I, 7OO

Paneva M., Panev P, Stoimcuov N.

Permue: Ta:n cralw onlrcBa lrpou3Ro,IlcrBeHtu npo(ec Ha cryaeno aaluytaHe. 3a

t3clreABallero e HaS,rrclaasaH eJIHoKJrerKoB peBepcl,tBeri cran 700, noKa3Bau aollyc'l'HMHTe

oTIUtOHe}rH' Ha BXOAHIITe l,l U:]XO,JIHIITC l)a3MepH Ha P)',JlOHl,lTe. KaKTO 14 pa:lMePHTe Ha

pa6orurne BaroBe u rtxHara fpanaBocr. llocoqesu ca .qoflycrtll\luTe orKJIoHeHflr B

re6c.nruara na sarr(yRaHara JIeH'ra. Auaru:upaHa e rparilBocrra Ha cypoBHHara nPeall ti cre/l
Heiinoro nar[yRane I. craHrapra. Ha xoi,'tro rpr6na ila orroBapr. flauHr'rre ca flpercraReHr B

.ta6.nuqes sa!.

Abstract:'l'his article describes the ploduction plocess ofcold rolling, F'or the study, a

single-cell reversing rnill 700 was obsetved, irrdicating the tolerances ofthe input and outptlt

dinrensions ofthc rolls, as wcil as the dinrensions ofthc wotking rolls and thcir roughness. 'l hc

tolcrances in thc thicl<ncss ofthc rollcd strip arc indicatcd.'fhc roughness ofthe rau rnaterial

bctbrc and atier its rolling and thc standard it nrust n'reet arc analyzcd. Thc data arc shorvn in

tabular f'olm.

Pe:torrcra uay.rurr rr),5:tttxittltlr Iaou. ttp H. Crotrivctrotr 21 ,or 4'7



17 - 15. Blagoeva E., I(arkov B.. Stoimenov N., Review and Analysis ol Robotized

l"eeding Systerrs. lntetnational Conferelce "ALttonratics and lnlblnratics'2021- (lCAt'21).
30.09-02.1O.2O2l , Varna, Bulgaria. IEEE, 2021 , ISBN:978- I -728 I -9308-3; 978- 1-7281-9309-

0 nn 'l4l-l4l- doi: 10. I 109/lCA I5l89l.202 t .9('Ja54s SCOPUS

REVIEW AND ANALYSIS OF ROBOTIZED FEEDING SYSTEMS

Blagoeva Fl.. Karkov B.. Stoilnenov N'

Pe:rcue: llocoqeuarzl crarrl, rtpeaoc'raBr] o6:op u atta,'rn: Ha pa3Jrl{qHlI Bl'IroBe

po6orn:rrpaltt cucreM!, 3a xpaHette. :irror'r3BaHlI 3a IJHTeJlrlrelt,ttto xlaeo'rHogLAcrso. 3a

rvHoro $epuu. crjcler\l{Te 3a aBToMar LIHo xpaHeuc ca Ba)KHa cr-},rKa, uellrll{& fipaBuJlllo H

ItaBpeMeHHo xpaHeHe tIa xnBol'Hl.trc. 3a aa ce ttogtltttlt t<arecrsoto e(lerrlsno a penra6u:ttio,

aBToMarr3atlrl{Ta craBa BaxHa B cbBpcr\IeHHIrre (lepuu. Kanaqltrerar 3a xpaHeHe HrKoJ'IKo

rrTrT{i RCCKu neH oka3Ba go6po e,ruluue sr,pxy xoe(lrttueu'ra Ha KoHBepctlfl Ha i[rypaxa. I Io-

RncoKr,rrr roerfnuuenl Ha KoHBepcul na {ryparxa e ea H or oclloBHuTe (larropl :a
nogo6prnaue sa o6uloto crrcroflHre H 3ApaBe, no-ao6pa fliIo.qoRI4Toc'T ll 3ApaBe Ha

)IflIBOTHHTC.

Abstract: Thc prescntcd papcr pt ovidc an rcvicw and analysis dillblcnt typi:s of brands

ol robotic lccding systcnrs. uscd lor intelligent aniffal huslrandty. For ntatry farms, the

autonratic lteding systerrrs arc a signilicant step, ainritrg proper and ott-tinte 1'eed ofthe aninrals.

In oldel to increase thc cpality. efficiently and profitatrly, autonratiotr is becontittg important in

the n'rodern farurs. Thc capaciS to feed nrultiple tirres each day, has a good impact on the feed

conversion ratio. A higher feed conversion ratio is the one of the nraitt lirctors for improved
overall condition and healLh ol'. better feftility, and animal health.

l-7- 16. Kalastoyanov D., Stoimenov N., Inttovative Approach for Obtaining Metal
Parts with Improved Hardness and Wear Resistance, 2022 8th International Conference on

Control, Decision and Inflortnation Technologies (CoDIT), 2022, pp. lll4-lll7, doi:
l0.l 109/CoDIT55l 5l .2022.9804141. SCOPUS

INNOVATIVE APPROACI{ FOR OBTAINING METAL PARTS WITI{ IMI'ROVED
HARDNESS AND WEAR RESISTANCE

Karastovanov D.^ Stoimenov N.

Pe:roue: claltn'ra olll'lcBa Meroa Ii cl'lcreMa ia ror'lytlaBaHe Ha tlacrll c RHcoKa rB'bpaocr
r.t r.r:Hocoycroii.ruBoc'r trpe3 BucoKocKopocrHa l,lapna 4erlxtptlauur (y tt,l'url r lane) xa
npaxoo6parun r\rarepr.Ia.llfl, 3aI]'LJIBaIIe c noKpttrxe or cHJrruI'IeB xap6lt,f I'l

Br,rcoKoreNlneparypHo cr{HTepoBaHe. Marepflairtrre ce cNlttrar B Totll(oBa MerHuua c

I,rHoBaruBHrl Meiteltl reJT a u ivereut,r cpe)ll. II1,taxoo61ta:uala crl€c lrlo)I(9.1a cb7ttll)Ka \lr!Kpo-
lrh,rrr natoe,teuesrH npelu )'[JrtrHrBaHero. llpaxoo6partttre Marepua.]rti ce ynnltrHrBar c

BrrcoKoqecrorHa yAapHa npeca c Kor.rrponrlpaHa qecrora r Spoii;rrapu. CLtell ttpecuBaHero
.rac'rt,tTe ce cnrlTepoBar B rtaxou c:r1'lau qacrure ce 3arl'Lr'rRar c (ttlu npax or cll:rllllueB
xap6nr. ctrc,tt Kocro ce lpecoBal n t43ttHqa'r'. To:u t toaxolt Ito3BoJtrBa e epfxiiHo ecf etttt'lsno
rrpor,r3ro1ctrlo Ha crrraBrl l4 qac'r'!r c ro-Blrcoxa rBbpaoc'r n n:Hoco1'ctoii'tttuuut:

Pcrnnrcla uay.ruu r11,6rrrixartnr,r |1ou. a-p H. Clouucaog 25 rr '17



Abstract: The papet desctibes a tnethod and system ibr obtaining pans rvith high

hardness and wear tesistancc by high-speed in'rpnct dcfornration (cornpaction) oi'pouder
rraterials, backfilling l,ith silicon-cirrbide coating and high tel'llperattlre sinteling. 'l'he

nralelials are ground in a ball trrill with innovative grindirrg bodies and grinding nredia.'l'he
powcler rnixture ma)'contain ffiolo and/ol nano elelnerlts [.rcl'ole conrpaction. 'l'he porider

matcrials arc compactcd rvith a high-ficqucncy irrpact prcss with controllable licquoncy and

nurnber ofinrpacts. Atier prcssiug, tlre parls arc sintcrcd. In somc cascs" thc palts arc filled with
finc s ilicon-calbiclc porvdcr'. thcn pressccl and sintercd. This approaclr allorvs cncryy clllcicnt
prodr.rction ofallol's and parts rvith highcr lratdncss and ucar rcsistancc

I-7 - 17. Tzvetkova-AI sova M.. 'fotnova M., Kotseva C., Cantoni V., Panev P.,

Stoimenov N., 3D Tactile Tiles Optimization for Blind and VisLrally lrnpaired People, 26rd

International Confetence on Circuits, Systems, Commtlnications and Colnputers (CSCC 2022)'

Publisher IEEE Xplorc, pp.286-289 SCOPUS

3D TACTILE TILES OPTIMIZATION FOR BLIND AND VISUALI,Y IMI'AIRED
PEOPLE

I'zvetkova-Anova M..'fomova M., Kotseva G., Cantoni V. Panev P. Stoimenov N.

Pc:rolre: B ra3 c'larh,I cc pa3l'lexaa 61tai.i,'torrra a:6yra, tteiitloro pa3Bx'I e

Morepult3t4paHe npe3 roAllHlrte. xaxro r ueo6xo.tlltMoclt a o'r u3no,'13BaHero ir. Oottyctr e

ar,pxy 3[) nprlNrupaHero I] rtpIIJIaralero lly :a norpe6Hrenx c Hapyttre]Io 3peHHe HJll'l Han'b,lHo

c.nerlr, Harrpasen c aHiuul3 c llpellBapltt'e,lHo lloAfo'[BeHI4 3D npfiBl'xpaHH o6pa:qn,

rrpcAocraBcHu Hil HC3prulr{ r,t c.na6oalt;rt,qaurrt norpcSttrc-ttt't. l{c:rra tta ttpc'lcraBcHHl'c

o6pasrqu c (lox5rcrpaua Rbpxy raKrurlrara o6parna apt:xa tl Bl,3rtpuaruclo Ha y!acrHuulrrc
I-43c,rcreal, ca $axropu ltaro rpatlaBocT. BI,tcoLIttHa Ha Korlrypa, llIUporIIrHa Ha KollryPa H

BT,snplrcMarrc. Bttco.ntnara Ha Korryprl c ortpcac,Terla ua 0.5 mnt. OT rlpe.lcraBcHrrlc Ha

y\acrHuuHTc pa3lr4vlra urrpr,IHr.I Ha rottq,pa, uaii-noaxoarulllrr pe:y,rrar 6euc I tnm.

Olqcloul ca flpelrlrcrBara rr Hclocrarr,utrrc Ha pauttvttttlc trdparqu.

Abstract: This papel discusses the Braille alphabet. its development and nrodernization

during thc years. arld the need fol its usc.'l'hc focus is otl 3D printing and its ilrlplementation
ftrr users rvittr irnparircd visiotr or cotrrpletelS' blind. An analysis was lnadc rvith pre-preparcd

fD printed samples plovicled to the btind and vistrally intpaited users The airl olthe Presented
samples is fbcused on the tactilc feedback and perceptioll of the Participants Factors such as

louglrness. col'rtouI heiglrt, contour rviclth and perception rvas exantincd. The cotltottr lreight

\\'as sct to 0.5 nrnr. Irlom tlrc presented diffetent contoul \vidths to the pafticipants. the most

appropriate resuh $as I tnm. The advantages and disadvantages of ditlerent samples are

repo11ed.
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l-7 - 18. Paneva M.. Panev P., Stoimenov N., A New Type of Innovative Holder for Test
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May 2021, Publisher AIP Conl'erence Proceedings (e-ISSN: 1551-7616).2449' 060012. (2022)

SJR 2021: 0.19 SCOPUS

A NEW TYPE OF INNOVATIVE HOLDER FOR TEST SPECIMEN

Paneva M.. Panev P. Stoimenov N.

Pe:rcue: Ta':tt cram pa3rrex,qa HoB Tr,rn 14HoBalrlBeH n'bpxaq. I'i3noJl3Ball 3a recrBaHe

Ha nrocKn npcl6uu re,ra c paBo'LrrrnHo Hanpe'IHo ceueuue. ,Ilrpxa'tt,r cc u3noil3Ba llptl
'recrBaHe Ha AeraI::iJlt{ c noMor(Ta Ha 3D tluAycrpualua KoMnlor'tpHa rol{orpa$llr. Pa:ltepure

Ha HoBHq,qtpxarl 3a npo6xt.t o6pa:tltt ca c'LBNtecrHMtI c lt3nor3BaHltq craH1lapl'. no xoitro cl
onpeAeneulr pa3Nrepure. lbii e ltoge,rllparr aa 6t Ae ctsltecluM c lloItlKl4 pa3fiIepu tla llllooKll

npo6rur o6pa:qr c npaaor,rr,;nta $opna. IIpe,lcraaetul ca IleaocrarLul'l'l'e IIa clulec'I By BaIr1H fl

A'Lpxatr o reo6xoAltvocrra or c't 3,t1aRalte Ita lIoB 1 rl . floxa:atttt ca [pcAr'{]!lcl Birra IIa IIoBHf

Abpxaq H nptlIIul{fia \{y Ila il3llor3Balle-

Abstract: This article examilles a new type of ittnovative holder. used for flat test

specirrens wilh a tectangLtlar closs-sectiorl. The holder is used ill testing details by using a 3D

industrial colr')puted tomoglaphy. The dinrensions ol the new holder lor test specimells are

collrpatible ivith the uscd standald by which the dimensions are detcrmined lt is nrodelled to

be compatible witlr all clirnensions o1 f)at test specimens witlr a rectangulal shape The

slrortcomings of tlrc existing holder and the need to cleate a new type are presented. Tlre

advantages of the new holder and its principle of use are shown.

I-7 - 19. Stoimenov N., Stoev P., Chivarov N.. Kotseva G., Path Sirnulation
Methodology lol Robotic Cleaning Systems in Animal Husbandry,2lth IFAC Conference on

Technology, Culture and International Stability, TECIS 2022, Volume 55, Issue 39, October
2022,lF Ac-PapetsOnLine. Publisher: IFAC Secletatiat, ISSN:2405-8963, pp.447-451, Q3'
SJR 2021: 0.32 SCOPUS

PATH STMULATION METHODOTLOAGLYHLOJI,ISJiC) T. CLEANING SYSTEMS IN

Stoimcnov N., Stoev P. Chivarov N.. Kotscva C.

Pcrrouc: llpelcraBeHara crarufl onrcsa ueo6xo.,lltNtocrra or noqtlolBaHe Ha

xr'rBorHoBrrnHHTc n,torrtl. orucartn ca cnctt d;ltxurc lla [poucca. Pa:ntcgaa e fipoucc'bT Ha

ae:Hu{tctrtillr lr npuno}r(cHHcro NIy. Pa:ucaaHo c xparKo olrHcaHllc Ha pa3rlliHrl aBToNIarHLlHl'l

rr po6oru:apaHn cucrcMlt 3a )I{t4t}o'tHoRr.,{crBo. Cr,:,uarcua c Mcro,4o:lorflr 3a c NlyJlIlpaHc Ha

npoucca Ha noqucrBaHc or poSorlt. Ilpclcraecua c rpaeKTopurra 3a cuMyJlljpaljc Ha

aBI4)l(cHl.lcro ua po6ora.
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Abstract: The presented paper describcs tlre need tbt cleaning anirnal husbandry areas.
'l'he specitics ofthe process are described. I'he disinfection process and application are noted

A brief description of clilferent automatic and robotic s)stems fol atlintal husbandty is

exarlined. A rnethodology fot simulating the cleaning process ofrobots is established. 
'l 

he path

for simulating the nrovenrent o1'the robot is presented.

I'7 - 20. Boiadjiev T., Boiadjiev G., Stoimenov N., Delchev K, Kastelov R.

Experimental tempemture evaluation during robotized bone drilling process. Biotechnology &
Biotechnological EqLlipment, 37. I, Taylor & Francis, 2023, ISSN: | 3 I 0-281 8,

DOI:10.1080/ 13102818.2022.2160216, 1t7-125. SJR (Scopus):0.377' JCR-IF (Web of
Science):1.762 $!Q!!!

EXPERTMENTAL TEMPERATURE EVALUATION DURING ROBOTIZED BONE
DRILLING PROCESS

Boiad.jiev T.. Boiadjiev G.. Stointenov N', Delchev K.. Kastelov I{.

Pertomc: Cepuo:elt npo6.leu. cB'bP3aH c oprortelllqHara MaHI{n}JIauH, Hll KocrHo

npo6lreaae e rarxa Hapeqelrara repMuqHa ocreoHexpo3a (TO). To:u npo6leu auHHraa,

:Jalloro Marrt,tllyraulrrra tta npo6ltaaHe feHepripzl rortJltittit. a Kortllqeorsoro rorlJlflHa 3aBI'lcH

or yc,,roBllr-fa Ha npo6naaHe. Ta:lt pa6ola npe,acraB, eKcnepllMcHTar Hal a oueHxa Ha

'reMneparypara rto B[]eMe Ha aBToMarl 13llpaHo npo6ueattc lJl ltoc-alt c rIoMoul'la Ha pbqeH

oproneAuqeH po6or :a npo6uRaae IIa Kocru ODRO. Aocera Hc ca pe,llcraBel{Il Tzlrl'lBa

eKc[epr4NreH'rzl.nHr'r pe3yJrraru, cBr,[]3aHu c olteHKa Ha rcllfieparypara llpll npo6ueaue na xocl
or po6orrr. tlpodHtlrc rera B excnepHN'teu'rrre 6lx:t rpecHr cB Hcxl4 tl rotexlr 6e11peun

xoct.r. Ilosnlragasero Ha reM eparlpara Ha h:ocrra no BpeMc ua npo6ttnaae 6ettle ttttlePetta

c uuQpavcpneua repNro tral,epa. C floNlottlra Ha cnelll4arfi3]lparr codlryep 6sxa :larncann.

o6pa6oteHrr r.r Br43yan n3r,rpilH rr reprtorgra(tcxtt rtocreiloBarenH tl:o6paxeHur. routo
rro3Bo.rrrBar npeull3Ho yJlaBrHe lia MoMeHTa ]ia nlloHllKBalre Ha cBpeanoTo npe3 Koc'ITa H

fi3BaXAaHe'rO M)' [pll Bp'bulalle R Ii3xo]lHo rlo.Jlo)I(eHue- PeTyllt.arrlre noxa3Bar, qe rpt,r AaAeIia

cKopoclHalrollaBttHeuoKopocIHitlrpo6ltgaug.xtltatoce[l3lloJl3BaHoBocBpe]rlo'clorlHoorla
Ha leMrlepal),para uo BpeMc Ha trpo6nuatte Ha ctsllHllKa 6e4peHa-ta Koo'l HaABntrlaBa

Kplitr,tltHtl, rrpar o'r 50 oC :ta trr-neutno o't' 2 s u tte Bb3HliKBa lEpMHqHa oct'colexpo:la l lptl
ll3llojl3BaHe Ha l{3r.!OCqHO ctspeArlo cloEHoc'lla lla 'rei\,|llcpaTypa'l a llo BpeNlc Ha ttpo6uslnc Ha

roeex,qa 6egpeuala ttoc't' 3Haq]trerHo llaABllrltaBa llpaftl or 50 "C eb:Htlxsa repltl{qHa

ocrcoHeKpo3a. 11o ro:lt ua.tlttl, 3a Aa ce rapaltrllpit nptt6naanu sat xoc.l 6cg pl4cK or repM]'ttlHa

ocreoHe(po3a. aBToNIarIt3tIpauoro lpo6ltnaue rpl6ea .ua ce !l3B'I:ptuI'l c eAHoBpei\IeHeH

KoltrpoJr Ha cKopocl'Ta Ha cBpcilJtoro tt cKopocrra Ha floAaBaHe. ToBa e Bb3\loxHo la ce

uocrlrrHe caNlo .tpe: po60rurltpaHo Ll3lll,rHeH e Ha N{al l Hllyraullrll a
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Abstrrct: A setious problem associated with orthopedic bone dlilling nraltipulatiotr is

lhe so-called thermal osteonccrnsis (lO). 'l'his problen occurs because the drilling
nranipulation generates heat, and the ;Ilount of heat depends on the d|illing conditiol]s. 'l'his

\1ork presents thc experirnental evaluatiot'l ofthe tenrperature during autonlated bone drilling
by Lrsing a handheld Orthopedic bone Drilling Robot ODIIO Up to lrow. such experinlental

Icsults rclatctl to tempcralulc cvaluation in bonc drilling bl robots havc no1 bcell presentcd

l'reslr polcinc and bovinc 1'cmur bones wcrc specinrcns in thc cxpcrimerrts Thc incrcasc in

bonc tcrnpcratu[c cluting cltilling was tncasutcd b1' a thcrnral infiarcd cantcra. Thermographic

scquencc ilragcs rvcre tccotded. ptoccssed and visualized using specialized softwarc, \\'hich

allorvs to capt c accuratcly thc nlotncut of drill bit pcnetration thlorrgh thc bonc and its
extraction when going back to initial position. -fhc results shorred that under given ltcd [ate

and drilt speed. when sing a new dr.ill bit. the lernperature value during porcine f'errrtrr drillin-r:

exceecled the critical threshold of 50 "C for less than 2 s. arrtl thermal osteonecrosis does not

ocortr. When using a wotn-ottt drill bit, the temperattrre value dtling lrovine leur ur dlillirrg
signilicantly exceeded thc threshold o1'50 "C, and Lhermal osteoltectosis occuts 'fhus, to
guar.antec bone drilling rvithout the risl< ofrhclnral osteonecrosis. the autonrated drilling should

bc cxecuted with thc sinrultaneotts conttol ofspeed ofdrill bit and {ted latc. This is possible to

be trchieved only by robolic execution ofthc tranipulation.

f7 - 21. Simii \4.. ItLrZic J.. Boiii D.. Sto)'menov N.. Goshcv S.. Karastoyanov D.,

StaSii J., The influence ofbotott addition on propcfties o I coppet -zirconium alloys, Journal of
Science of Sintering, SSN: 1820-7413 (online); 0350-820X (print), pp. l-33, 2023

https://doi.ors/10.2298lSOS220421003S, Q3, SJR 2021: 0'318, SCOPUS

TH!] INFLUENCE OF BORON ADDITION ON PROPERTIES O['COPPER-
ZIRCONIUM ALLOYS

Simi6 M.. RLrZii J.. Boiii D., Stoymenov N., Goshev S.. I(arastoyanov D. StaSii J.

l'eSIoMc: McrI lo-r l[pt(otttteBl,t]'e crrrilBH c BrlcoKa trpoBolttlN4ocr oa rpox3Beaelll'l alpe3

flpaxoBa rlrcra.lt) llfHfl. AByera HHrr nporl3Boac-rBcH npouec. Blu'llo'lBau l\lexaHflLlHo

ncfllpaHe.,lucrctrBallo or l0l)cllLo fll'rccoBaHc.6ctttc npl.tortteu la Iloc'lllfaHe ttil tttt]loopeuu

MexaHfiarHH r,r (l) 3flqHl.r csor:lcrsa Ha Clu-Z[ cfl,'IaBTa. B ra3q crartt, e H:]c,,'IeABaHo Bilrlrlll4elo
Ha 6opa ar,px-v-' cBol-,rcrBara na Cu-Zr cnlansre 3a cncrei\Ifire Cu-lZl (wt.%) rr Cu-l,1Zr-0.3B
(wt.%).34 sa6,ttolaeattc Ha Ilpot\lcHIJTc B M tl Kpocrpy Kry para rlo BpeNlc Ha npol43Boac rBCH I'lTc

CTaIII Ca UjIIOJI3BaHI'l CXaIltlpaIIla CJTCI(TpOtlHil Ml'lKpOCKonIl,, JIa3epeH HaHOpa3npCAC"IHTCJI,

KoMr'rK)'rbplra rouorpa{iur Ir pcflTrcHoBa lrrr]tpaxrptr. I1o-xotlxpcrHo - Ha5,'tttlraeatt}l eu

npoMeltH B pa3Mcpa Ha Cu qacrtrr(urc. c-rllyxrypHlrrc llapaMcrpl'l Ha npaxoBmc cNlccl, H

pa3Br1'lrero ta Ct7.r'd)a'la B IBy KoNt flo HeHTt ta crulaB. CtrZr' $a:a x ZrlSt qacrullrl I
'tpurioMrrouerrHa cn,'ras. oxa:aHr.r e, qe Ilarttrtt-lclo ua 6op yeelu'raaa nJlr,rHocrra Ha

at.lcltoKauHr.rre B -rpIlKoMnoHeHTHara crlraB tlo Bpcl\{e Ha MexaHllqHoTo JIef paHeBcpaBI]eHHe

c lIByKoMfloHeHTgara crtraB. Pe:ynrartlre. flpe.IcTaBenll B ToBa I'I3cJIeIBalIe, floxtBBar rlo-

aucor erltcrl Ha 3aKarrBaHe B cflraBTa Cu-Zt-B n cPatsHeHlle c'bc cnJIaBTa Ctt-Zr, Koero goatt

ao cra6rlrlr,r croi'tHocrll rta rBr,paocrra IIo BpeMe lla repMoM exaHllq nara o6pa6orxa. Ocaen

ToBa Mo)Kc ,{a ce B}IAlt. le Qtttto prrnpr,cHtrttre noAcllrBalutt ZrR2 qac'rllut't B Me.{l{ala

Marpnua Hc o(a:lRar c'buecrBeHo B,'ltlrHltc Bhl)xy HeilHala rllloBoalll\locl Ileuo noBe'Ie. !I

.llBere clclcMlt Ct-Zr u Cu-Zr-B nora:nar no-go6pa e.rleKTpon poBoattl\l oo l' crea
TepMolrexaHrlIHa o6pa6orxa B pc3yrrar Ha per)'ulipaHero Ha urIpKoHI4, B Ttsl,pax, pa3'rBop

loPallli HeroRoro y'fafl BaHe.
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Abstract: Copper-zircon iunr alloys rvith high conductivit)'rvctc ptoduced tlsing powdet'

metallutgy. lwo-steps nranufhcturing process, conlaining mechanical alloying lbllorved by hot
pressing, rvas applied in achieving inrproved nrechanical and physical properties ol Cu-Zr
atloy. ln this paper', the inlluence of lro|on on Ctr-Zr alloys ptoperties was sttidied on Cu-lZr
(\\'t.%) and Cu-l.lZr.0.3B (\\'t.%) systenls. Scanning elechon tniroscopy, lasel natloparticle

sizer conrpLrted lomograph-r- and X-r'ay dilTiaction wcte cmploved tbr obscrvation of changcs

in tlrc nricrostructurc during production stcps. Morc specilically - vatiations in sizc ofthc Cu

particles. powdcr trrixtures'structural para,l1cters, and dcvclopmcnt o1'(luZr phasc in biuary

alloy. CuZr phasc and ZrB: particlcs ill ternar)' allo]' wcfc ol'rscrvcd lt rvas shorl'n that ptcscncc

o1'bo|on inclcases dislocation dctrsity in tcrnar)' alloy ovcr thc nrcchanical alloying timc
comparcd to binary alloy.'l'hc results presented in this study show highet hardening ellect in

Cu-Zr'-B alloy conrpared to C'u-Zr alloy. resulling in stablc hardness values during

thentronrechanioal treatment. [rurthe[. ;t can hc seen that finely dispersed reirrfbloing

ZrB: particles ir copper nratrix does rrot have significant influencc on ils conductivity.

Moreover, both systenls Cu-Zr and Cu-Zr-B exhibit better electtical conductivity after

thernronrechanical treatrrenl as a resttlt of zitconiunt leduction in solid solution due to its
precipitatkrn.

l-7 - 22. Kotseva G., Stoimenov N., Kandeva M.. Tribological processes in the matefial

tbr 3D printing filament HIPS, 121h Intemational Conference on Mechanical Technologies and

StrLrctural Materials (MTSM 2023), Split, Croatia, Septenlber 21-22,2023. Croatian Society

for Mechanical Technologies. Cloatia, ISSN: 1841-7917. pp. 137-144, SCOPUS

TRIBOLOGICAL PROCESSES IN TIIE MATERIAL FOR 3D PRINTING
FII,AMENT HIPS

Kotseva G., Stoimcnov N., Kandeva M.

Pelroue: 'la:lt clarrt, ce (roryo.rpa Bbpxy tr3cneaBaHcro ua rpu6o,toltl'lllllre rpouecrl
ua liasyFilTM HIPS (Dark BIue), uarepuarr. x3tlor3BaH :a 3D lteqar 3a aat ce o-rre'rara
ycrtettlHo rotrt rlru,'ralrcnl o[ope,r I]trcrl]yKqIJl,ITe Ha rtPorl3Bor'll lren r e Heo6xoattuo

eqararrlara nlaBa ,qa ce Harpee ,{o 220-260'C }{ fieqarauoro J]et o aa oe narpee ,uo 90- l I OoC

c oxraxraHe 0-30%. Ilpoy.ruar.rero yciaHoBrBa o[TI.Ir\rzulHure naPaN4crpl], ueo5xolul'tu :a
orneqarBaHe r'ra r\rarepnara Ir flporl3Bexra orneqaraHlt npo6u xaro n,roqxa l20x60xl0 nrnr,

n,ro.{xa 60x60x I 0 rrnr rr cdrepa 9 nrnr. Hanpanen e cpaB}Il,trcJleH aHarH3 flo nocoxa fla Allyrfi
npoBeaeHu ol KoreKTl.iBa eKclleprlMcHTr{ nt 1'txy t|ltr:rauenrtr.

Abstracl: 'lhis alticlc focuses ott investigating the tribological ptocesses of
EasyFiir'\{ HIPS (Dark BIue), a nratelial usecl lor 3D prinling. To print this filament

successlirlly. according to thc nlanutactulef's instructions, it is necessary to lreat the print head

to 220-260'C and lreat tlre printing bcd to 90-t10" C with cooling of 0-30%. The snrdy

eslablishes the optitttal ,lara,retels tecluirecl htr printing lhe ntatetial antl procluce ptinletl

sanrplessuchasal20x60xl0mrrtile.a60x60xl0nrnrtile.anda9mmsphete.Acontparative
aualysis u'as rnade in the direction ol'othef condttcted cxperinrents ol] illalnenls by the

collective.
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1-7 - 23. Stoimenov N., Paneva M., Panev P., F,xperimental Deterlnination of grinding
pararneters with a ball rnill with rectangular lifters Comparison ofdetermined theoretically and

experinentally critical speed of a balt mill, l2'l' lnternational Conference on Mechanical

Technologies and Structural Materials (MTSM 2023), Split, Croalia, September 2l-22' 2023,

Croatian Society lor Mechanical Technologies, Cl|oatia, ISSN: 1847 -7917, pp.291-295'
SCOPUS

EXPEITIMENTAL DETERMINATION oF GRINDIN(; PARAMETERS WITH A
BAI.,t, MII,t, WITH RECTANG(II,AR I,IF'TERS COMPARISON OF DETERMIN EI)

THEORN,TICALI,V AND EXPERIMENTALI.J
CRITICAI, SPEED OF A RAt,I, MII,L

Stoinrcn0\'N.. Pancva M.. Pancv l).

Perroue: l4,lcre;1narleTo B Tajll cTaTIu lfi\la 3a lleil 11a oflpe1enu eKc[epnNleH faJTHO

fial]aMerpuTe Ha c\rrlraHc xa :ra6oparopna rortKoRa rtcllHIIlla c npaRo'br]JlHI'I lurfrepn.
'l-unr,r, 

dloptrara. pa3NtepHTc u 6porr tta llrlreprt ca oflpele,'letlll n npe/ltttttHa PlSorir.
/{rrrai;inr,r, a rNrerr}ro o6-.ntt(osxa c ;uldtleptr. e pa:paSoren c ur-ll llo-Jrecllo

rpe:apexlaHe/cvrua. I4'lSparta e o6,rrtrlilsxa c occNt rpanel(oRl'r1Htl lr(lrcpa, Kotlro sA

crNrerprrqHo fi3r\{ecrerIfl. Llacturc sa la6oparoprta rotlKoBa r'lerlll{l(a, 6apa6anr,'l t't

o6,rur{ogxn're c,,tutlrepn ca 3D or'tre,]araHlr or PLA aor],q H ]l're.[ eH Nlarcpl]an. Melettllre
Ter,ra, Nou'ro ca c(tepu c llfaMc'I"r'll 9 nv, cr,tt{o ca [pot'i3ReleHu o'r 3D ltareptlitt. 3a 4a ce

ilHa:rr:|r4pa n'lartlrt6.llci.icteret o Ira Bt,t/IoBere Ltu(rteplt c pa3ilnL]Hl'l uIlAoBe I\'l arep]lal lli.
r\,rerel(ure 'fera ca HaupaBcHu ot' 3 pa:.rttrvnlt t\{arepuallil - PLA, CalbonFillM I SteelF-ill.

Etcttepr1l!reu [a]rrto cil o pcllc.]teHH Kptt'rttqHara cxopoc't (CS) Ha lvcJlHvui!ra.'bl"b.ll'1,'l Ha

urletnttc (-ut-'u:tr,r'tta pavort) r{ brr,irrr'r'Ha ttalate (r,rut ua lteta) ttpu KalapaK'leH peKui\l lla

pa6o't'a. Excr repnuetrrll'r'c cil rlpoBeAe tt B llnzl par'rlrll9lll.l pcxlll\la Ha 3apexqlalle Ha N{e.llHfiua'[a

- 200/o rr 300/o:arn:tsaHe.

Abstract: The investigation ofthis paper aims to detertnine experimentally the grinding
parametem ofa laboratory ball rrill with rectangular lifters. The type, shape, dimensions and

nLrrnbels of liflers were deternlined in previous work. The design, narnely a liner with liflers.
is cleveloped for the purposes ol easier recharge/change. A Iiner with eight trapezoidal Iillers,
that arc symlretrically displaced is chosen. The parts ola laboratory ball n.rill the drum at.td the

liners with lifters are 3D printed frorn PLA additivc material. The grinding bodies, which are

sptreres with 9 mm diatneter are also produced from 3D material. In order to analyze tl'le

interaction ofthe litier type with difftrent types of materials. the grinding bodies will be made

of3 different rnaterials - PLA, CarbonFilrM and SteelFill. The critical speed (CS) ofthe mill,
the angle of separation (shoulder angle) and the toe angle in cataract tnode of operation are

detenrined expelimentally. Experiments are carried out witll two different amoultts ol nlill
charges - 20% and 30% filling.
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|-7 - 24. Stoimenov N., Arsova M., Tomova M., KotsevaG., Kandeva M., Investigation

of tactile suitability in contact with 3D printed PLA material wirh visually impaired people,

Joulnal of the Balkan Tribology Association Vol. 29, Issue 4, 2023, ISSN: 1310-4772,

SCOPUS Q3, SJR2022:0.21, IF for20l5 (5-Year'): 0.737, pp. 581-590, SCOPUS

INVtrSTIGATION OF TACTILE SUITABILITY IN CONTACT WITH 3D PRINTEI)
PLA MATERIALWITH VISUALLY IMPAIRED PEOPLE

Stoimenov N,, Arsova M.. l'ontova M., Kotseva G., Kandeva M

Pe:lone: f{oxyueHTbr [I3cJ]e.qBa raKT]IJIHara npllroaHocr lta 3D orneqarasll MarepuaJlll

:la xopa c yBpeaello :peHne, 3D re'IarHltre Marcpt'lzlllll ce [pol'r3Bex(qar c ABa pa3rl4l]Hrl

rpr4r{Tepir. pa6oreLutt c I':}'}' n CololJet 'rcxHo,'to rrlt't. h3no,'l3saHrrT Marepnar 3a

rerrororurra FFF e PLA, a :a rexno,roruqra ColorJet e r flcoB Mareprar, Koiiro e o6pa6oreu
c pa3JII,tqHIl crelreHx ua tlnnmlHo rlol<pr.{T e. r{1t* trrno.n:saHe Ha cnol\leHarrrre 3D nelarnll
NlaTepHarli ca oTncllaTarlu pallnlIqHl,I MoaeJIlI l{a x(l'ltsoTHH. erfi[eTcKH c14lllBoJIll. KoJll{,

6par,i::ona a:6;'xa, orBeplK!r llp. 3a /1a ce nocrarHar tlerrrre H 3a;'1a!xre Ha cral1lr'[a. rp) na

ol 5 c,relr,l u 4 jtytttrt c )/Blle.[eHo 3l]eHue ]r3cjrlrBaxa nPeilBal)urenHo oltllcleleur 3[)
orneqA'[aH]r TecToBl,l r\lollejun qpe3 AoKocRaHc.

Abstract: The paper examines the tactile suitability ofSD printed materials with visually
irnpaired people. The 3D printed traterials are produced with two different printers, working
with FFF and Color.let technologies. The used material for the FFF technology is PLA, and for
the ColorJet technology is gypsum rnaterial, which is treated with different stages of finishing
coating. By using the lnentioned lD printed ntaterials. different ntodels of animals, Egyptian

symbols, cars, the Braille alphabet, screwdrivers. etc. ale printed. To achieve the aims and

objectives of the paper, a group of 5 blind,4 visually irnpailed people were examined by

touclring the pre-specified 3D printed test models.
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18. Halvrttt ny6:lrrautltt e ttepe(ieprpatru c[llcaIIH,I c Ilayql]o peuell3llpaHe rJIH B

pcnal(rlpaHll l(oJIeKTu B1.lll roi\loBe

f8-1. Karastoyanov, N. Stoimenov. S. Cyoshev. Innovative Approach for 3D

Presentation of Plane Culturally-Historical Objects by Tactile Plates fbr Disadvantaged Users

(low-sighted or visLrally impaired), 23rd International Conference on Circuits" Systems,

Conrm Lrnications and Computers (CSCC 2019), MATEC Web Cot'tf.292 03004 (2019),

eISSN: 226 l-236X, DOI: 10.105 I /rnateccon l/201929203004

INNOVATIVE APPROACH FOR JD PI{ESENTATION OF PLANE CULTURALLY.
HISTORICAL OB,IT]CTS BY TACTII,E Pt,ATI1S FOR DISADVANTAGEI) IISERS

(LOW.SIGHTED OR VISUALLY I MPAIRED)

Kat'itslol,anov, N. Stoitnenov, S. Gyoshev

Pe:mlre: [IpercraBeHara crart'tn t,tNla 3a lle,! aa c't 3Aa/Ie no-Aoclll]eH HaqHH 3a

lll)uJC',r'a8rHc Ha ti)rll)l)rl(l-xclr)pllLlccKtl ,rlcrttt xatrr KaP'l1llltI. lll(.lLL]Bptt- t,-rti.tetttt.

[peAMel']J. apre(laxru r'r ap.. rI ra rx HaflpaBH flo-lJocrtlIeH 3a xopa c yBpeAeHo 3peH[e xirtr

e3prullr xopa. Crcro, uero lta 3KyclBol'o noKa3aa! qe Re\e u3nor3Bal{uflI'Me'ro.l of exxril
e [o,ryrrfin 4o5prl otstmtt ua llsirorx6ara "Glrrxara npu flaenr ]525" 4 Ilastl,l, Vrarvq. o'r'

lroBcqc or ll 000 1yult. Korro yqac tttitt g tt:t:tortSa u l4r'iulltl. Toua Hac'up'ttl eKulla Aa

[po,{}Jr)r{r Aa paSBHRa rAeqra. Ont{cittt e nonxol ua 6agara Ha 3aflRKa:a 6r,rtrapcxu narettr

,,I'arrrrnrra rpa(rlrvlra nroqxa 3a ropa c yBperello 3petMe". r{pes x:no,r:aatlero Ila HI IoBITI IIBIII'I

ueroru :a 3D .I1lru'taJlu3aulrfl, KzIKIU t{ rtpej 3tlor3Bartero a no-Aocr, ltlu vareptta.:tlt ra 3D

rpuHl- paHe, ti) ] r'tJpuo-uc1-oprittec rlrte o6exrrt not'itt ra 6ui{al IlpcJlc'laBeH14 B )''ll'lJlHua 3a

xopa c yBpeAeHolpcHl,rc Hnr He3prttltl. Llpe: t:nol:lnalero Ha flolxo/lu ce lloKa3Ba KaK Mo)I(e

.qa cc flaNraru BpeMero 3a 3D aHfHTa,'IIi3aL(flr. llpc4craeettcl e 3ali,'1lo'{cH e u 6r'geuo
pa:lBr.rTHe.

Abstract: The presented paper aims Io cleate a more altbrdable way to pt esent culturally-

historical olr.iects like paintings, nrastelpieces, tapestries, objects. artifacts, etc, and ntalie it

more accessible to visuallf inrpaired ot'blind people.'l'he State ofthe Art ol the teanl shows

that the already used method received good feedback al tho exhibition "Batlle of Pavia 1525"

in Pavia. Ital),, liont nrore tlran 1l 000 people. who tal(e paft in exhibition in ltaly. 'l"his

eucouragecl the tearr [o corrlinue developing the idea. Atr apptoach on thc base o['lhe Bulgarian

patent application natrted "'lactile graphical tilc tbt visuall)' inrpailed people" is desc|ibed, By

r.rsiug innovative nrethods for'3D digitalization. also by Lrsing mote accessible and affotdable

nraterials for 3D plinting thc ctllturall)- historical objects can be presented in schools for

visually impailed or'trlind people. By Lrsing approaches a|c shou'n lrorv can be redttcecl the titne

for iD digitalization. Conclusion and futulc developments are ptesented.
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l-8 - 2. N. Stoimenov, B. Popov. V. Yosifova, Controlled High-Ternperature Sintering

of Boron Carbide. 23rd Intelnational Conlerence on Circuits, Systems, Communications and

Computers (CSCC 2019). MATEC Web Conf.292 03005 (2019), eISSN:2261-236X, DOI:

1 0. I 05 1 /matecconf/201 929203005

('oN't't{()t.t. I I) IIt(;It-t l,];vIt'l,ltr.\1'tII{l,l sIN l-EItIN(; OF BOIt()N ('AllltlI)ll

N. Stoirnenor,, B. Popov. V Yosilirva

Pc:rome: Crarrma o6cr,xiaa cnoiiclsa.ra na 6opnttr xap6tta. 14:nonrnaHfi ca,qBa Mcl'o.4a

3a r43c,,re/,IBalre ri Konrpo;I Ha npolleca Ha cflrrrepoBaHe ua vltlipo/uaHo Sopea raP6u4. 3a

nocTltra e l]a cuHTepoBaHe e fi3 oll3BaHa TaN{a}roga neut. fh,peo ce Il3floJI3Ba e,'leKTprlqecKa

ttelrl c repMo aBoiiKa 3a onpeaernrte tla xoe(trtqtlerra lla [peAaBaHe Ha nHtlpalepuen

npo3opeu or ZnSe uarepual. Ha6.fl$rasau c nrrtfpalepeeua repi\lo KaMepa. O6csaesx ca

aHaJru3u Ha-relrtneparyplrre c rr 6e: rtn(rpalelteeHo cllxr'ro. CleI Tarasane Ha xoerlntlneera

lla npcaaBaHe K'br\l KaMepaTa. MarepIIaJIbr ce cllHTepoBa Ao )l(eJIaHI{Te reNtnepaTypll li 3a

KoHTpon Ha'IeMlleparypara ce r3IIoJlzBa nurlpa'repaena xauepa. Pe:ylrarr,T or KoHTpoJIa Ha

Telrneparypala e flocrurHar MarepHar or 6opeu xap6ng. noJI)'qeH B crpfiKl'Ha reMrleparypHa

opc.r.la.

Abstract: 'l'he papel discrsses the boron carbide Properties. Trvo metlrods are used to

exarl ilre and contro l the sinterin g pt ocess of nr ict o/nano boron carbide. Fol ach iev ing s intering

is rLsecl a Tanrnrann furnace. FiISt. it is used an electtic fttrnace *'ith the thermal ooLrple tbl'

detcnrining transmission coctficicrlt of ZnSc inl'r'arcd rvindow, obscrl'cd u'itlr an intiarcd

lhernral carnera. Anallsis of the terr'rpcratures rvith and u,ithot.tt itrfiared glass ate discussed.

Attel setting the transnrission coeflicietrt to thc canrera, the material is sintered to desired

ternperatures and lbr thc telnpelature contlol is used an inftaled catneta. 
-fhe lesult of fte

tcmpclatuc coutlol is achicved boron carbidc matcrial. obtaincd iI strict tcmpcratulc

environnlent.
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l-8 - 3. Panev P.. Stoimenov N.. Paneva M., Analysis and systematization 01'unmanned

airclaft applied in digitalization and conselvation of cLrltural and historical heritage, XXIX
International Scientific and Technical Conference, ADP - 2020..29.06-02.07 2020, Sozopol,

Bulgaria., Publishing hoLtse of TU-Sofia ISSN - 2682-9584, Publisher Deparhnent

"Autonlation of Discrete Production Engineeling" Mechanical lingineering l-'aculty, l echnicarl

University - Sofia. pp.217-220

ANALYSTS AND SYSTEMAT'IZATION OF UNMANNED ATRCRAFT APPLIED IN
DIGITALIZATION AND CONSERVATION OF' CULTURAL AND HISTORTCAL

HERITAGE

Pancv P^ Stoimenov N." Paneva M.

Pc:roue: B Hacrorulara crarILI c pa3rreAall flpottecur Ha $ororpauelpul. HanpaseH e

aHaJr 3 r.r cr{crcruaru3aur,rg ua 6c:nuro'rHu ,crarc.rl{tt itrapartt c ucJI ll3rloJl3BaHcro lrNI 3il

urrrfpoar,r:aqnl sa oSexrlt or l(ynryprro-flcroptirlecxoro HacrercrBo' Pa:r,reAanll ca

cotltweptllt tlpoJlyr<Trr" no:]Bo-rflBaull{ ct lljldBalle rta iD uorenu or cHHMKoB14 II BIlaeo

$aii,rose. Palr,'re,laHll ca flpl4JIo)I(eH!rflra nprl H3flo,r3BaHe.Io rla rpororpaverpul. I-lanpaBeH e

onrtr:a 3D qHrfponu'rartua tta o6ex'r.

Abstract: This afticle examines the process of photogrammetry. An analysis and

systelnatization of unnranned aircraft velricles was made with the ajm of using them for the

digitization olcultural and historical heritage sites. Software products allowing crealion of3D
nrodels lrom photo and video files are reviewed. Applications in the tlse of photogrammetry

are examined. An attempt was made to 3D digitize an obiect.

f8-4. Stoimenov N., Panev P., PanevaM., Karastoyanov D., Increasingthereliability

and productivity ofa tubular furniture packaging opefation. International Scientific Conference

"lndustry 4.0". 09- 12 December 2020, Borovets, Bulgalia, Vol. 2. Scientific Technical Union

of Mechanical Engineering lndustry -4.0, pp. 133-135,2020. ISSN:2535-0153

INCREASINC THE RE,t,I ABILITY AND PRODTICTIVITY OF A TUBtlLAR
FT]RNITI]RE PACKAGING OPERATION

Stoimenov N., Panev P, Paneva M.. Kalastoyanov D.

Pe':rclre: Taglt crarlrfl pa3rrexla nporpaMtr[]a]{ero tt yflpaBneI{nero Ha NI [lol oul]K'rlotsa

MarrflHa 3a 3are[BaHe c Turco. flpencraoeHo c .lacr oT elerrpoo6opl'4aacero, h:6npa ce

nporpaMHHs xoa rra csrtKa "l,adcl diagtatn" n cc onacea BxolIHo-lJllxolrlara gllarpatla. ,.Ladcr
diagranr" e e3!jt 3a nporpa\{rrpaHe, flpejrHa3HirqcH rla ttanoAo6rsa enefl ptttlgcKa BepHra.

flopa,qr{ ro3rJ rfaxr roi'i LjMa ro.ItMo [peA McrBo fipcr.qp]"rtlTe e3aull3a rlporpaMltpalle, ruii
Karo eitexrpliqecKara .JIot'tIKa e JIecHa u npocra 3a npeAcraBrHe. Iloseqeto or rlpofpaNrHTe B

IxcKperHar'al aEroMalu3auur ca ct3Aa,4eHlr ua "Lader f)iaglam" tlopaAll tlpoc'lara pa6ora u

recHara rro/llpbx{ra. flpelcraserttr ca o[LlcaHl{ero I.l IlllKJlllqHocrra Ha BCeKI] r3IrhllHHTereH

opraH u aBroMarnrreH perriM ua pa6ora.
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Abstract: This paper cliscusses tllc Programnring and control of a mLllti-cycle tape

nrachinc. Part of tlre clcctrical eqLlipmsnt is also prcscnted. I'hc ptogranr code in tlre language

"l-ader diagtant" is selectctl ancl lhe input-or(pttl tliagranr is desclibetl. "L.arler tliagtam"is a

progranrming language desigrred to resemblc atl electiical cilcttit. Duc to this thct, it has a gleat

advantage over other programttting languages. becattse electlical logic is easy and sinrple to

present. Most ofthe proglams in discrete autonlation are created on the "Ladel Diagram" due

tu the simple operation ancl easy maintenance. Thc desoription and the cyclical approaoh of
each exectrtive body ancl autonratic lltodc ofopelation arc presented.

I-8-5. Stoimenov N., Panev P., Paneva M., Karastoyanov D., Approaches for 3D

Digitalizatior of Cultutal and I listorical Sites. lnternational Scientific Con{trcnce ''[ndustry

,1.0".09-12 December 2020, Borovets, Btrlgaria, Vol- 2. Scientific Technical Union of
Mechanical Engineering Industry - 4.0, pp. 172-17 5.2020. ISSN:2535-01 53

APPIIOACHES FOR 3D DIGITALIZATION OT CULTURAL
AND HISTORICAL SITES

Stoimcuov N.. Parev P, Pancva M.. Katastol'attov D.

Pe:rome: B rpertcraBelrzlla crarllfl ce pa3mexaa ueo6xoatluocrra or /ltllrrallll3aull,
Ha KylrrvllHo-ltc1'oprlqec(r4 o6exrr. flpelcraoeltu ca IloJlxollll :a 3D ,llt lrra:trr:aulrl c

noMoulra Ha 3D ckeHepu u (lororpauerpu,i. H3Blpueuo e 3D rpt'turupane Ha

AHrHTauIIt3rpanl o6errlt. Oo rorpaMerplrqrr fr Nteron e Pa3fJIeIall H l'I3noJT3Ball Karo

B'b3Moxno lleruellle 3a .{ufurarrl3au g Il c'b3raBar{e Ha 3 D Moaelu. More,'rptr-e Mofar aa co

pa3r;rex21at o'r'xopa c )'BpeAeHo:rpeulte. llavcttttrx o'l Kyt t'typHo-uclopuqecKnr{ o6sxt Ha

6r,.nraplur e 3D 3rrularu:*rpaH H lD fiptlHTrIpaH c rroMoulra Ha rpoH, co(rryep :a

(nlorpaucrpur u 3D nprtttrep.

Abstract: In the presented paper is exatnined the need for digitalization of cultural and

historical sites. Approaches for 3D digitalizatiou by using 3D scannes and photogralnmetry

are presented. A 3D printing of digitalized objects is accomplished. The photogrammetry

nrethod is exarnined and used as a possiblc solution for the digitalizalion and creation of 3D

moclels. The tnodels can be explored by visually irnpaired people. A tnonument fi'otr the

Cultural and Historical site of BuJgaria is 3D digitalized and 3D printed by using a drone,

photogralnmetry soflware, and 3D printer.
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f8 - 6. Paneva M., Parrev P., Stoimenov N., Cornparative analysis of geometrical

characteristics ol a test specinren for testing lhe tensile strengtlr belore and after punch

sharpering. Intcrnalicitral Scientillc Cotrlerence "ln(lustry 4.0", 09-12 Decenrber 2020,

Borovets, Bulgaria, Vol.3, Scienlific Technical Union of Mechanical Engineering Industry -
4.0. pp. 229-232. 2020, ISSN:2535-0I 53

COMPARATIVE ANALYSIS OF GEOMETRICAL CHARACTEI{ISTICS OF A T'EST

SPT]CIMEN FOR TIISTIN(; TI'IE 'III,NSILE S'I'REN(;TH I}I]}'ORE AND AFTEII,
PUNCTI SHARPENING.

l'lrrerir N'I.. l)artcr I'.. Slrlitttcttor N.

Perloue: B Hacroruara crarnfl e HanpaBeH cpaBHHTeJIeH aHallu3 Ha rtlrlpot]HH]ITe

ae6e,qHHlrre ta oSpa:eu 3a u3rtxrBaHe. flox]. Llcr't q[]e3 t{aluoBaHe Ha xnApaBrxq a llpeca

rrpe,1l It cJler'l 3aro!Balte IJa ocrl]nerara lia tunornHara. Pa:r,terlanr ca BH,1orrere

xapaKTeprrcrrlxrl Ha ulaHllara. Cpaanltre,rnttlr aHaJlll3 c lI3BtpIreH no 6elpa:pyu t tr-e.t teu

Mcror c 3D xoltnnn,tr.rua ronorpa(lul.

Abstract: ln the present arlicle, a comparative analysis ofthe widths and thicknesses of
a test specimen prepared by punching a hydraulic press before and after sharpening the

guillotine blades is made. The types of characteristics of the punch are consideled. The

comparative analysis was pelformed by a non-destructive method using a 3D computed

tomography.

l-8 - 7. Paneva M., Panev P., Stoimenov N.. Sttrvey of the Geometric Characteristics

of a'lest Specirnen Belore Punch Slrarpenings. Intcrnalional Scientific Conl'crcnce "lndustly

4.0". 09-12 Decernber 2020, Bolovets, Bulgaria, Vo1.3, Scientific Technical Union of
Meclranical Engineering Industry 4.0. pp. 241 -244, 2020, ISSN:2535-01 53

SURVEY OF THE GEOMETRIC CHARACTERISTICS OF A TEST SPECIMEN
BEFOIiE }'IINCH SHARPENINGS

Pancva M.. Panev P. Stoimenov N.

Pe:rovre: Taul crarul aHanr3rpa t:tuptrHltre ll Ae6c;lltnttre IJa recroBl'1, o6pa:eq c,re.q

pa6ola c t aHuara flpea 3aroqBaHe Ha ocrplterara Ha rll,lorllHara. Pa3l'reIlaH e flpllllurlltl,'l
Ha ;ra6ora Ha 3D KoMnHlrbpett rouorpa(t c rotlrrocr,qo 3gnt. Anaru:tr ttlc ct: H3BbplrlH tlo

J(Ba Haal.rHa: c r0\rorrtfa Ha rv14KpoArcTl,p tt le6e,rovep ri 'rpc:3D xounmtrr'pna rovorpa{lt1n

ra ortpererrHc H{r txrrprHarfl ltLe6c,rtrHnl.

Pc:rclrcta Haylutt tt1,6.lttttatlrru laou. a-P I-i. C-r'onttcutttt -l? or .17



Abstract: This article analyses the widths and thicknesses of the test specimen after

opelating the punch befbre sharpening thc guillotine blades. The principle of operation of a

3D oonrplltcr tonrogpraph rvith an acclllacy of 31trlr is considerccl. The analysis will bc

perfomed in two ways: by using a micronletel and a caliper alld by using a 3D compLrted

ton'lography for determiuing the width and tllickness

f8-8. Lakov L.. Stoimenov N., Aleksandrova M, Investigation of hollow cerarnic

structLrres by contactless computer-toinographic nondestrttctive metlrod, International

Scientitic .lournal "lndustry 4.0", Web ISSN 25i4-997X; Print ISSN 2534-8582, Year VI, Issue

1. p.p. 2l -24 (2021). https://stumeiournals.com/iournals/i41202 I / I /2 i .full pdf

INVT,]STIGATION OF HOLLOW CERAMIC STRUCTURES BY CONTACTLESS

COMPUTE,R.TOMOGRAPHIC NONI)ESTRT]CTIVE MTITHOI)

Lakov 1... Stointcnov N., Alcksandrova M.

Pcrrcmc: 'l'a:rt c'ral'u, cc 3ar{r.INIaBa c tl3creABaHc IIa KyxuHara Ha KepaMUqHI'I

KOHCTpyKTI'IBHrl eJIeNIeHTH:la H:trpaluraHe Ha rl{erHll KouepH }'i Hoctl'rer[l 3a e'leKrphqecKrl

HarpeBare.lrr Ha eultl 3a pa:rlltra o'r rpaAllultoHHara npalirl'Ixa 3a I'l3B'bPlrBaHe Ha

rolrorparficxu r{3clrclrRaHx, 3a olpe,xerqHe Ha crpyKq para fi yBpeaeHnTe 4erfexrn ste

Br,TpcuIHocrra r roBtpxHocrra ua o6pa:qure, B Hacrofllqllrc l4lJcirclBaH ,l e H3rloJl3tsaH

Hepa3pyrxu rerHllm 6esnoxraxleg \{eror 3a oL1eHrca ]ia ocrecrRoro N o6etra Ha ] illHunello

rr3rru,rHeHrt K)'xr.rHli B K€parvuLrHure npo6ttlt re,ra, Polg.ra sa go6pc orfoplteutlre tl

petJJIlIpaHH KyxnuI,I e aa HaI{a;trr Koe()I.IrJt'IeHTa Ha rorlJlolPoBorrlivocr B Korlephre HaBT,Tpe,

a B HOCI{TCJIrrC 3a HalpgBalcll' li},M Bl,HtlIIil.ITC CTCIII4 Ha nCU(Ta. T.C. rOnlluuurc sarl'6t',1.

lll.nSrrre c KyxnHlr ce no,'lyqaBar or BoAHo-Alrcnellct Ia xoJIollAIIa crcteua. 6a:l'tpaua tta

3arrlHTeHa c natellT KBapqoBa crl,KJloliepafttt4[€ rto MeroAa Ha "Ha[HBaHe". l1orl1'uenllre

KoHcTpyKrlrBHr,r Aelaiir ca orHeyttopHx, repuu'lHoycroii'rlstt rr c st'tcoxu {lusllxo-
McxaHHrl. { xapaKTeptrcrrrK}l. Tc ca cbcraseHy or avop(teH Sior. MynxT u rprcl.ooalar
l4:clelcanelo Ha lq'xrHaIa npn l]a3ntltrH14 /l}jt6oqusn tlajn,qa 6eltte ttlatllttreno o llolylolllra

Ha yo'rpoiicrBo NIKON XTH 225 rt o6paSorxara Ila aaIIIIII lra co4)T)/ep Volunle Graphic, My

VGL,

At stract: Tlris article deals with the study of the cavity ol ceramic collstl Llctional

clements lbt the consruction of beehives and carriers lbr electric furnace heaters. tjnlike the

tr.aditional practice ofpclfo lting tor1rog|aphl,studies to dete[ninc the shuctule and halntl'ttl

tlcfLcts ill the interior and sullace ofspecinrens^ in thc presenl studies, the non-des1[uclive l]on-

contact nrethod is used to assess the natrlc ar'rd volume ofdelibelate fulfilled cavities in ceramic

specimens. I'he role of rvell-shaped arrd regulated cavities is to reduce the coellicient oftherrral
conductivitl, in the hives to the inside, and irr tlre carriers [o[ heaters to tlre outer walls of the
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flrnace. i.e. heat loss. The cavity samtrtles ate obtained flotn al'l aqueous dispelsed colloidal

system based on patent-protected qual tz glass-ceranrics bl the "pout ing" rnethod. The obtained

struct ral details ale Ii rep[r-ro f'. thelnratly stable arrd \\'ith high physical antl ntechanical

characleristics. l'hey are contposed ofalnorphotts SiO:. nrullite and cristobalite. The stLtdy of

thc cavity at ditl'erent bearrr depths was perfornled using a NII(ON X'l"ll2?5 device, and the

dala processing Volurne Graphic. N4y VGI-.

18 - 9. Lakov L., Stoimenov N.' Aleksaudrova M., Lepkova 1 , Mutafchieva G.. Study

oftemperature changes in ceramic cavity walls ofbeehives. lnternational scientific conlerence

"lndustry 4.0-.23-26 June 2021, Varna, Bulgaria, Vol.l, Scientific Technical Union ol
Mechanical Engineering Industry - 4.0, Pp. 30-34, 2021 , ISSN:2535-01 53

STUDY OF TEMPERATI-iRE CHANGES IN CF],RAMIC

CAVITY WALI,S OF BEE,HIVES

l,al<ov l-., Stoimenov N., Aleksandrova M.. t-epkova T. Mutafchieva G

Pe:rone: [lpeguer ]{a Hacrortqara crara, e ll3MepBaHero Ha reMneparypH l'l're rpoMeH!l

B c'rcHr.rre rra KepaMllqItHTe k) xtnltlt lta t]qerlll{ Kon]epu Dadant Blatt. C nououlTa tia

ruuQparepRena xavepa Fl-lR P640 u asa pa:llt'tHl.I 1r:ltoilHtlKa Harottltuua 6lxa tto.rtyleHll 80

'l'epMol paulr HA crenr Ha KepaN'rrlLIfla xyxuHa. 14rr{pauepBelll'l lE tl:oSpaNeuul Ha

ir3creaBaHrrre o6errlr ca pa:r1e,reHu Ha llpaBo,r,lr,JrHa totttt. Pe:y;ra'tnre or' n3cre.4BaHero ca

rrpeAcraBelrlr ra6rr.r tto H rpa{ltvno.

Abstract: Subject ofthe present paper is the meastlrement oftelnpelature changes in the

ceramic cavity walls ol Dadant Blatt beehives. Using a FLIR P640 infrared camera and two

different heat sources, 80 thermogramsof ceratric cavity walls were obtained. The infrared

irnages of the snrdied objects are divided into rectangular zones. The results of the study are

presentedtabularly and graphical ly.
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I-8 - 10. Stoev P., Clrivarov N., Stoimenov N., Chivarov S., Design of a specialized

gripper ofa robotic system for accumte dosing ofgl inding bodies, XXX lnternational Scientific

and Technical Conference, ADP - 2021 ., Sozopol, Bulgaria., Publishing house of TU-Sotia
ISSN - 2682-9584, PLrblisheL Deparhltent "Automation of Discrete l)roduction

b)ngineering" Mechanical tingineeting F acu lty, 'l'echn ica I []niversit]'- Sofia,2021, pp. 85-90

DESIGN OF A SPE,CIALIZED GITIPPER OF A ROBOTIC SYSTEM FOR
ACCURATE DOSING OF GRINDING BODIES

Stocv P. Chivarov N.. Stoimenov N.. Chivarov S.

Pc:mue:3a ioIIt{o'Ior HarexrHo u 6r,p:o ;lotttpaHe Ha NIe.reulu TeJIal 3arlbilBaull
,raooparopua NIeJIHfilla, e pa3paSoretto cncllltir l3Hpatlo 1'crpoiic'retl xBaula!-aHc[IeHcrrp.

3axBaHar xtlu aHTporlo\t op{let t pouor. npoetTHpaHltrr xBaualt flpeMaxtsa BL3MoxHocrra or
HeltpaBuJrlro ao3xpalre c Mejletun TeIa H TaKa oTcTpaltrBa R],3Mo)I(llaTa LIoBcIIKa fpe iKa 14

orqlrratreto tIa rpeurlrl pe3yJrrartl rpu rtor)'qaBalle Ila aallllln'e. [lpooeleutl ca

exc epuMerrru c rpu pa3Mepa NIeJreurH Tena. Pc:ylrarltre. noryllclllr or H3cre.[Batlx, ol'
TexrtlrLrecKol'o npe]Jcraarre tta 1u:pa6otcltttr \Bnuaq-{rlcnetICLp rloKa3llar IlarlexrHo I'l

rrpaBurruo tfyHx[ttoHupaue ua yclptli:ic'reolo clprrto uer re^ 3a I(oiiTo e rpoel(rxpilHo.

Abstract: For the accumte, reliable, and fast dosing of grinding bodies filling a

laboratory mill. a specialized gripper-dispenser lras been developed. Attached to an

anthropomorphic robot, the designed grippel elirninates tlre possibility ofincorrect dosing with
grinding bodies and thus elitninates possible huntan errot and ensures the correct reading of
the dala. Experiments were performed with three dilferent grinding bodies sizes. The results

shows a reliable and proper performancc ofthe gripper-dispenser.

l-8- 11. Popov B., Paneva M., Stoimenov N.. Klochkov L., Strrvey and analysis of
matetials fbr 3d printing, XXx Intemational Scientific and Technical Cont'erence, ADP -

2021.. Sozopol, Bulgaria., Publishing house ol TU-Sofia ISSN - 2682-9584, Publisher

Deparhrent "Autonration o{' Disclete Ploduction Engineeling" Mechanical Engineering
Faculty, Teclrnical University - Sofia,2021, pp. 218-221

SURVEY AND ANALYSIS OF MATERIALS FOR 3D PRINTING

Popov I).. Paneva M., Stoimcrrov N.^ Klochkov [-.

Pe:mue: R Hacroru{a-r'a crartt, ca HalrpaBeri}r o5:op n auanrt: Ha BIlroBe MarepllaJlII'

r3noJr:lBaHrr nprr 3D nerar (3D npurrtlpanc). OcHoBIro ca pa3nreaaHl'l NtareptraJlll.

r{3rron3BaHn ttprt 3D npurrreprt c Fused Depositiort Modcling (FDM) rexaoronrr. O6r,pnaro
c BHrrMaHrre Ha KoNIII03IITII MeXI)', CTaHIapTHO lr:lrlor'l3BaHll MaTepllallLI MaTepllajlH c

uafl qrcTo Ha llutrtxrr u qacrr,tur.r B c'tcraBa rrtt. Ha 6ara ua HanpaBeHHrr ana,rur ua ttl6pautt
i\rtrrepnaJllt. Kouro Irlc 6r,llal tt:no,rrnatru 3a tt3crlerBaHc I,l oul't'tNIl4:iallllrt lla
B3aHt\to,'Ieiic'rRrrero i\rex(lly r\rcnellri.eJta li cperu c tttonal.rnna (topua.

Pe:rolre ra r r:r1i.r alr r 11,6:urrarqrlr I Aorr. .il-p H. Cror uelon .ll) or -17



Abstract: This article provides a sLtrvey and analysis of the types of rnaterials used it.l

iD plinting. Materials used in 3D printers with Fused Deposition Modeling (FDM) Iechnology

ale rnainly analyzed. Attention is paid to composites between standard rnaterials and tnaterials

with the plesence of fibers and particles in their cornposition. Based on the analysis, materials

have been selected that will be used to sludy and optimize the interaclioll between grinding

bodies and media with innovative shapes.

I'8 - 12. Ilaueea M.. Ilaree IT., Kapacroruos f{.. Crottiuexon H., Mero,qrxa :a 3D

cxaHr,rpane rr 3D npurrupaue ua apre$axrH or apxeoJlorflqecxl'I pa3KorlKI'I 3a 3ana3BaHc Ha

xyJrrypHo HcropIrqecKo HacJIeircr[lo. Proceedings of Intct'national Colrfcretlce -Robotics,

Autornation and Mechtronics'21 '. t{AM 2l . Plof. Marin Dtinov Acadetnic Publishing House,

2021. ISSN: l3 l4-4634. c rp. J5-37

METOAI'IKA 3A JD CKAHI,IIAHE TT 3D IIPI4HTI,IPAHE HA AI'TEOAKTI{ OT

APXEOJIOTI4LIECKI{ PA3KO[KI,{ 3A 3AN A3BAHE I{A KY,'ITYPHO
I,{CTOPI{AI ECKO HAC,'IEACTBO

IIaflesa M.. I lancs ll., Kapac-ruxHon f [., Crouncnon H.

Pqrrorre: B Hacrorulara crary, ca pa3rreraH npe,4rt\tcrBara rIpH .xHrtlraJll{3al1ll, Ha

o6erru or KyrrypHo-HcrollxttccKo Hailre.4crBo. 06r,pnaro e BHUMaHHe Ha pa3nllqnu

TeXH0JIOTI{H:a 3D CraH[paHe. KO]{TO Ca npIuoxHME 3a cKaHrlpaHe c uer 3arla:tBafleTo Ha

apre(raxllr or apxeoJrorlrqecKn pa:KonKr. flpe.{.norxeHa e iveroAl,IKa sa 3D craunpaHe Ha

apretpaxra H o6ercrfi or KyJlrypHo-l4cropl{qecxo llacllercrgo. Pa3uleaaH!'l ca'rexHoJloru}I 3a

3D npfiHTHpaHc r oco6elocrtnc npH llpoueca Ha npHlITfipaHC. I lpca,loNena c Nlero.{HKa 3a

npumapane apre$axru lr o6exrn or xyflrypHo-HcropHqecKo HacreacrBo.

Abstract: This article exatnines the advantages of digitizing otr.iects of cultutal and

historical heritagc. Attention is paid to various 3D scannirrg technologies that apply to scanning

to preserve aftifacts liom archaeological excavations. A methodology for 3D scannirrg of
artifacts and objects ol cultulal and historical heritage is pt'oposed. 3D printing technologies

and the features ofthe printing process are discussed. A methodology for printing artifacts and

objects of cultural and histotical heritage is proposed.
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f8 - 13. I tarresa M., Ilatres I I., Kapacrorrtol A.. Crouuc[oB H , O6:op. allarn3 I'l

urcrei\rarrl3aulm Ha po6o'rtt:ttrpatrtr crtcreMlr 3a roeHe I{a rl(llBorHll. Proceedings of
Internttional Coulelencc "Robolics, Automation and Mechtronics'21 ', IIAM 21, Prol Marin

Drinov Acadenric Publishing Housc, 2021, ISSN:1314-4634 crp. 78-81

c)63()B AHAJII{3 H CI{CTF],MAI'I,I3AUI4'I HA POEOTI,I3HPAHH CI,IC'I'EMI{ 3A

IIOtrHE HA )KI,IItOTHI,I

I lauega M.^ IlaHes IL. Kapacroruon f{.. Cronuexon H.

Pettome: B Hacrorulara patlora e o[lrcaHa llorpe6nocrra or llo6oru3upaHe Ha floeHe Ha

)tfltBorHrre r4 Hyxrata Nr ol fo:relrr KoltltqecrBa Bolla! Korlro aa 5t1e HenpectaHHo

r3cJIeaBaHa 3a KaqecrBo. flpcgcraeeun ca t{3r.rcKBaHurra 3a ll3tpax/'IaHe ua po6orttrt tpa ttit

c creNta 3a noeue. Ilanpaaeu e o6:op a aHartl3 Ha cilcreMfl 3a aBToMarfiLllll'l ol'l,llKt'l 3a

pa3nfi9r Il.1 BIIJ(OBe XI,rBOTHrr.

Abstract: In the present work, the need for robotic anirnal drinking and their need {br

large quantities of water to be continuously tested for quality is described. The requirernents

for bLrilding a robotic watering system are presented. An overview and analysis of autonratic

drinking systerns for different types of aninrals have been made.

f8- 14. Stoev P., Chivarov N.. Stoimenov N., Productivity of specialized gripper-

dispenser. International Scientific Congress Machines. Technologies, Materials, 09-12 March

2022, Borovets, Butgalia. Vol. 1. Scientific Technical Union of Mechanical Engineering

Industry 4.0, pp. 30-34, 2021, ISSN:2535-0021

I'ttot) t l("1'lVITY o F- sl,li( ll /\ L IZ []l) (; l{l I'l'ti lt-l)l sl) IlNs l'll{

Stocv l).. Chivarov N." Stoimenov N.

Pe:roue: flpoqeclre Ha ci\,tuJIaHe ca ealllr or Haii-fonei\Ir,rre Kolic)/Maropn Ha eHeprllq
'loqso'ro,,roglpauc c r\rcneulr rcra B ,rc.nHrILlqrc :1oIIpHllilc, 3a npaBflJIHoro ri3cilcaBaHc Ha

rrporteca Ha crrr.rJraHe. Cneuna,rurHpaH xBau(atr-llo3arop 3a rojl,lpaHe na ,raSopa:ropHa

Nre;rHnqa c rtpoeKTr,rpar, r\roaenxpaH n 3D npuurnpatl. I4:c:reAeaHlts Ila nporl3BoAlfl'eJIHoc'Tra

cil H3Bl,prlr€HII flpl4 pa3nu\Hu pa3Nlepll tI (topltu ua cNu{JIaHe. flpclcraeeuH ca pe3yrrarhle
oT eKcrrepllMcllTn'tc, KaxTo 11 cpaBIIIrTcJlcH aHiu]ri3 Ila pa3rl{rlH}Illc Mcnculrl l'cJla, I'I3r1o,'l3BaH11

n ,ra6oPar opt tr rot, KoBa \rer'rlrt''trra.
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Abstract: Grinding processes are ol'le of the largest consllmers of energy. Acctlrate

dosing with grinding bodies in the rnills contribLltes to the proper study ofthe grinding process.

Specialized gripper-disperrser fbr closing a laboratory rnill is designed, modeled and 3D printed.

Productivity stUdies have beeu performed on dilfelent sizes and slrapes ofglinding. The Iesults

of the experiments are presented, as well as a comparativc analysis of the ditferent grinding

bodies used in a laboratory ball mill.

f8 - 15. Stoimenov N., Paneva M., Kotseva C., Skolov 8.. SimLtlatiotl Modelling of
Coefficient of Restitution, Inlemational Scientific Congtess Machines, Technologies.

Materials, 09-12 March 2022, Borovets, Bulgaria, Vol. 2, Scienlific Technical Union ol'

Mechanical Engineering lndustry 4.0, pp. 30-34, 2021, ISSN:253 5-0021

sl\ll;1,. 1'l()l\i lvtol)1,:l.l.lN(; OF ('()lil-Fl( lF.N l' ()t llEsl'l'l't rT IO\

Stoimonov N.. Pancva M.. I(otseva G.. SkolLrv B.

Pcrxnre: B ra:u crartt, cc pa3tJICx11ar BHIoBCTc MeJIIIliul{, II3rlon:lBaHH 3a IlaMaJlrtsaHe

Ha pa3Mepa Ha cNlllJtaHure Nrarepranlj. Hanpaeelt e aHalltl3 Ha MeloauTe 3a ofipe/lerrHe ra
xoe(rrquettra ua er.3craHoBrBal{e. eltc,,'l Koero e ttr6patr n,lcro4:a onpele,raHe Ha xoe(luqnen'la

Ha Bt,3craHoBrBalte. Bxognure napai\terppl ca ofiperencHh excrlepHMeHTarHo. Koelo

IO3BO.rrBa flpaB[,lHO MOAC,IhpAHC ll CtiN4ynflllHfl. llpotlccur cc MolIcJ'lxpa 14 oJ]c,{ loBa cc

cnr\{),nr{pa s 3D codlrl'epua cpe4a, pa6or:eua ro Nrer-o1la Ha rucxpelHHTe ercuenlt Karo

BxonHr AaHIIT'r 3a Koerftttqrteura ta ur,3craHoBtBaHe B co(tryepa ca u:nol:eat.ttt 3D orneqatittltt

Mareplranlr. IIonyqeHHTc ,{aHHri ca cpaBlleHt'r c eKcllepllNleHTarHo ycraHoBefllrre,raHHH 3a

Bl.3CTaHOts,l BaHC OT pCallllIlTC CKCIICpHNICIITII.

Abstract: This article discusses types o{'tnills, usecl to reduce the size of grinding

rratelials. An analysis of tnethods for detertnining thc lestitution coefficient was nlade. aftet

that a rnethod lbl determirring thc reslillltion ooclficient rvas chosetl. Input paranleters havc

been experirrentally cleteunined, enabling ptopel nrodeling and sirnulation. 'fhe process is

rnodeled and then sirnulated in a 3D soltrvare envitotttrenl ,,vorking on the oldiscrete elctncnts

rnethod. iD printecl ntaterials wetc used as input data on the lestitution coefficient in the

softu,are. "[he oblained data is cotrrpated r.vith lhc experittrentalll' established restitution data

fiom the real experinrents.
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I-8 - 16. Kotseva G., Stoimenov N.. Klochkov L., Overview and analysis ofInethods for

improving the qlrality of life in itnperminated and low-sighted people, XXXI lnternational

Scientific and Technical Conference. ADP - 2022., Sozopol, Bulgaria., Publishing house of
TU-Sofia ISSN 2682-9584, I'ublishel Depatlrnent "Autonration of Disuete Prodttction

Engineering" Mechanical Engineeling F aculty, Technical University - Sofia,2022, pp. 4-7

OVEII,VIEW ANI) ANALYSIS OF METHODS }'OR IMPROVINC THE QUALITY OF
LIFE IN IMPERMINATED AND LOW.SIGHTED PEOPLE

Kotscva G., Stoimenov N., Klochkov L.

Pe:mue: B Hacrorrulara c mllrra ca pa:trneaaJllt Bl3MoxrlocrllTe 3a cou'!aJlll3aurlr{

Mero]lr.i're xa o6yleHlte 3a :tpt,nerHo 3arp)'.qHeHIi Jtt4ttHocrl,t. I'lanpaaeu e o6:op ua

LICTOpHqeCKOTO pa3BIlTlIe lI TIOBI,I[laBaHe KarlecTBoro Ha x]lBor Ha xopaTa c fiapyueHo

rpeHlrc. 06r,pnaro c Bnri\raHfic Ha EpaiinoBara a:6yna. rcituurr npoH3xor. crall.qaprx B

pa3jIltqHll cTpaHH lt r{3noj13BaHcTo II B pa3rHqlill HaIIpallireHIlr.

Abstract: In the presel'rted paper are considered possibilities for socialization and the

rretlrods of training for the visually impaired people. An overview of the historical

developrnent and improvenrent olthe qr"rality of life olrhe visually impaired is made. Attentiotl

is paid to the Braille alphabet, its origin, standards in difTerent countries and its use in different

directions.

f8 - 17. Kotseva C., Stoimenov N., Klochkov L., Overview and analysis ofdisinlection
in livestock farms. XXXI lnternational Scientific and Technical Confetence, ADP - 2022.,

Sozopol. Bulgaria., Publishing house of T[J-Sofia ISSN - 2682-9584. Publisher Department

"Automation ol Discrctc Ptoduction Errginecring" Mechanioal Engirreeting Factllty,'fcclrnical
University - Sofia,2022, pp. 18-21

OVERVIEW ANI) ANALYSIS OF DISINFN,CTION IN LIVESTOCK FARMS

Kotseva G.. Stoinrenov N.. Klochkov 1,.

Pe:romc: R Hacrorlrllara crarlrqra e HalllaBen o5:o1-l u ana,rnr ga re:rrndrext(lura s

xr.IBorHoBa.iluIJTe (repulr. O6rcxeuo e 3Halleurtero ua ge:tlr(terqrllra. npe,{craBeHll oa

Mero,qure u rpaKTuxl.rre :a Aegun$cruur B xllBo lltoBT,,qrre c rollaHcrBa. Pa3DleAaHH ca

ActnndrerquoHHure clleAcrBa, TcxHure flpcALIMcrBa Ii Henocrarl,llu. AHa,ru:Hpaua c

erferrnaHocTla u oueHKala Ha o6e::apa:rRaHero- crclllla.llHllre I43HcltBalurl K'l]N!

xpase$epl,rnre rr Bcettr.uHeBHllrc ttM rp14xrl.

Pc:,jreNrcla uavqrru r rl,fir rrxnt lur I aotl. ll-p Il. Crrrtrl,tct tos {-l o r "17



Abstract: lr.r the presented paper an overview and analysis of disinfection in livestock

lalms is presented. The impoftance of disinfection is explained, the methods and plactices lbr
disinfection in livestock fanns are presented. Disinl'ectants, effectiveness, pros and cons.

Evaluation of decontamination, special reqllilernents for cow fartns and their daily care are

consideled.

f8 - 18. Kotseva G., Tornova M., Arsova M., Stoimenov N., Overview and Analysis of
Wear Resistance of Braille for the Blind. XXXII International Scientific and Technical

Conference, ADP - 202i., Sozopol, Bulgaria., Publishing hottse ofTU-Sofia ISSN - 2682-

9584. Publisher Deparlnlent ''Autontation ol'Disclete ['r'oduction Errgirreeling" Mechanioal

Engineering Faculty, Technical University - Sofi a. 2023, pp. 1 38- 1 42

OVERVIEW AND ANATYSIS OF WEAR RESISTANCE
OF ITRAILLE TOR THE I]LINI)

Kotscva G.. lbrrova M., Arsova M., Stoimcnov N'

Pesmlrc: B Hacrcrruara c rarll ca pa3rJreaat{H Mcrortl 3a crtAaBaHe Ha Epaiirotso

cr,A'r,p)l(al I e. O6r,puaro e BItHr\tatttte Ita H3creaBarIIu il Nlerorlt 3a raKTrJllI,ITe B'b3llpI4rrHt

Ha pa3rlrlHlr fpynr xopa. Tecloge g HacoKa Ha TaKT JIHo B'b3npurl' e ce !I3B'l,pluBar He caMo

lptt [Ie3pl]urn-e. flo u rrplt llpyn4 Jr]rua, crparatu]t o'l:a6o:trsaultr raro 71lla6el. llapxHHcoH x

ap. AHa,'IU3l,rpaHH ca cltJt . B},3HHKBaqrl [lpt{'IaKTHnHTI B'b3nptlrrH, l4 tlel,eHe Ha Epai:i,roao

cl4Lp)r(anI4e. O6ctAetut ca Sr,Aenln cli'rKlr 3a pa3BI{Tl{e [I noAo6pflBalle

r,l:rHocoy cror'i.tttsocrTa na 6pait:roeo cLABpxaH I,Ie.

Abstract: This article discusses methods for creating Braille content. Attention is paid

to research and methods on the tactile perceptions of different groLrps of people. Tests in the

dilection of tactilc perception are performed not only fol the blind bLrt also fbr a ntlmbel of
otlrer diseases such as diabetes, Parkinson's. etc. Forces arising in tactile perception and reading

of Braille content are analyzed. Future steps lo develop and improve the wear resistance of
Braille content are discLrssed.
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l'll - 19. Kotseva G., Stoimenov N., Klochkov L., Tribological Studies of 3D Printed

Filamenls. An Overview, XXXII International Scientific and lechnical Cont'erence, ADP -

2023., Sozopol. Bulgaria., Publishing house of TU-Sofia ISSN - 2682-9584, Ptrblisher

I)eparlmcnl "Autorration of Discrete Production Engineering" Mechanical Elngineering

Faculty, Technical University Sofia, 2023. pp. 150- 1 54

Tt{IBOL(X; l('AL 51'l l l)l IS Ol.' .]l) l',l{lN'l-lil) lil l. \ \lliN'f s. AN ov ul{vl F.\Y

I(otsevr (1.. Stoimenov N., I(lochliov t..

Permrre: B lracrorrlara crarr{s e pa:]meraua rptr6onontlra Karo Ha)'Ka. O6tpHaro e

BHItNtaHIte ua tplt6o,roru t tto t o tloBe.leHtle [r tloBcleHllero Ha 'IpueHe ua 3l) orle'ralantl
npo6u. HanpaaeH e odlop ll aualu: Ha eKcnepl,rNIe[Ta,T HH AaH]tfl. noJl)'qeH14 qpe3 tl3rlor3Batle

r'ra Hailr-pa3fipocrparre tire Ma'rep]IaJlu :a 3D ne'rar (ABS u PLA repNoflracrH) B 3D

n pr'r HTe p I l.

Abstract: This article discusses tribology science. Attention is paid to the tribological
behavior and fliction behavior of 3D printed samples. Experitnental data obtained using the

most common 3D printing rnaterials (ABS and PLA thermoplastics) in 3D printers are

reviewed and analyzed.

18 - 20. Cantoni V., Fede E.. Lombardi L., Musci M., Setti A., StoimenoY N''
Tandurella D.. 3D SCULPTURES OF THE ARK OF S1'. AUGUSTINE: THE APOSTLES

AND THE ANGET-IC HIERARCIIIES. Electronic Imaging & the Visual Arts, Edizioni

Pol istarnpa. 2021. ISBN:078-88-5s6-2.155-7. 3:-lo

SCIILPTIIRI1S OF THE AllK OF ST. AUGTISTINE: THE APOSTLES AND THE
ANGEI,IC HIERARCHIES

L--antoni V. Fecle Il.. Lolnbardi L., N4usci M.. Setti A., Stoimenov N., TandLtrella D., 3t)

Pe:rorue: Pcr,rttxatllirla Ha IIpoLr3BcacHH, rra ti3KycrRoro 3a nonyqaBaHc Ha 3D

r\,ra repr4aJ,r Hr,r o6errq c flo;Ic:tHa 3a MHoro ueJltt: onajBaHe. pekoHcrpyl{Ilttfl! pa3RJleqeHxe,

creqrrarHlr rtg:ton<51, a,trepHarrBIIa Mero)IoJtorlilt Ira [pe[oAaRaHc I{ pa3rpocrpaHeHlle Ha

xy.r'r'ypa. To:lr roKyMeHT orl,rcBa Ka3yc or 3D r,tole;tupaHc ua Kusota na Cs, Aet'ycruH.

cx),Jrnrypa or l4-ru ecr. pa3roJlo)ftcHa e flasur (I4r'a,r tr I ) r 3D olncqateasero Ha rBarcccr
cl-ar) n or ro3r'r aKTHR. [1pocxm,r'e pa:pa6oren .rpc3 ltptlraraHe t{a [o/t\o]l Ha yqeHc qpe3

Pe:roiucr-a r rary.r arr r t1,6:trtxittlttr l,4oL1. :t-p H. C-'urtr tteuou 'l(r o t 47



nperQtBgBalle B riyllc rja yl{fiRcllcl.lrercKo IlllRo. Ilperlo,4al]alll I(OMTIIOT',I'PIIO fpa(]rll(a qpe3

u (hporlll xyNrarllr]'apH Ha)Kn. C).tepTaHa e Kpal'Ka ucroPu, Ha Ilpcnc'laB,Hllfl l a.

peraKl'rnpaHoro r.r uoorrerrJaula'l'a tl6paSolra'ta 3D uerar'.

Abstract: The replication of allworks to obtain 3D tangible objects is useful fol lnany

purposes: preservation, reconstruction, edutainlnent, speoial exhibitions, alternative teaching

methodology, and disserninalion of culture. This paper describes the case study ol the 3D

modeling of the Ark of St. Augustine, a l4 th-century sctllpture located in Pavia (ltaly), and

the 3D printing of twenty statues of this asset. The project was developed applying an

experiential learning approach in a university-level course. teaching Comptlter Craplrics

through digital lrumanities. A brief history of the reptesentations, editing and post processil]g

for 3D printing are outlined.
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