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M3uckBane 10 myOGnumkamuu, OT KOUTO 3 CaMOCTOSITEITHH
[IpeacraBenu 10 myOnukammu, OT KOUTO 4 CAMOCTOSTETHH

Tema: ’» Texnonoeus 3a zanoseane Ha 0OEeMHU U CLOHCHU KOMNOHEHMU 6
NOBBPXHOCMHUA MOHMAJNIC 3d nNOBUUIABAHE HA Hecoeama eqbeKmueﬂocm ”

¢ nepuoo na uscreosanus u nyoruxayuu om 2014 2. 0o 2019z. (10 unoexcupanu 6
Ckonyc).

3a0. ABTOPCKHTE IMyOJHUKAIMH Ca IMTHPAHH B TEKCTA (CIIUCHKBT € MPHUIOKEH OTICIHO B JINUHATA
nanka Ha KaHJu1aTa), BRHITHUTE UTUPAHUS ca B JINTEpATypHATa CIpaBKa Clie/ TeKCTa.

EnexTpOHHHUST MOHTaX € BCE MO-CHJIHO KOHKYPEHTEH M ChC 3acHiiBallla ce
TEHJEHUMs 3a [IOBUIIABaHE I[UIBTHOCTTa HAa MOHTaXa, I[OHW)KaBaHE Ha
KOHCYMallisTa, HaMaJsiBaHEe Ha TETrJIOTO, yBelnyaBaHe HAa (DYHKUMOHAIHOCTHUTE,
yBeJIMYaBaHe Ha ObP30/eHCTBUETO, padoTa BbB BCE MO-CJIOKHU BHHILIHU yCIIOBUS
C OrpoOMHa HaAeXAHOCT. Pe3ynrar oOT TOPHOTO €  IOBCEMECTHOTO
pa3npocTpaHeHne Ha MOOWJIHU Telle(pOHH, MUHUATIOPHU MPEHOCUMH KOMITFOTPH,
IJIOCKU TEJIEBU30pHU, MUKPO KaMepu, MEAUIMHCKA EJIEKTPOHHMKA, aBTOMOOMIIHA
€JICKTPOHMKA W CEH30pHM YycTpoiicTBa. ToBa € pe3yiaraT OT pa3BUTHE Ha
TEXHOJIOTUUTE 3a MOHTaX M ONTHUMHU3HMpaHe Ha pasxomgute. [loctura ce upes
U3IM0JI3BaHE HA HOBU MaTE€pUal, HOBM KOHCTPYKIMU HA U3BOJUTE U KOHTAKTHHUTE
IUTONIAJIKK, CMSHA HA TEXHOJIOTMYHHU TOCIEAOBATEIHOCTH WM OOeTUHSIBaHE Ha
TE€XHOJIOTUYHU CTBIIKH.
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Cvcmosinue no npobnema u HepeuleHu 3a0adu.

TexHoyoruaTa Ha NOBBPXHOCTHHS MoOHTax [1, 2, 3] ¢ xomIuiekcHa
TEXHOJIOTHSI, BKIIOYBAIIA BBIIPOCH OT pa3paboTKa Ha KOHCTPYKTUBHH PEIICHUS 3a
MOHTHPAHHUTE CJIEMEHTH U TEXHHUTE M3BOJIM, MaTEPHATUTE, U3IOJI3BAaHH B ITpoIieca
Ha MOHTaX, 00OpYJBAaHETO M TEXHOJOTHYHHUTE PEKUMH. MICTOpUYICCKH TBPBUTE
CTBIIKM B Ta3W HAcOKa ca HampaBeHH Ipe3 60-Te TOJWHU Ha MUHAIHMS BEK B
crenraiHaTa eaekTponuka [4, 5] ¢ paspaboTkara Ha €JIEMEHTH C TUIOCKHA WU3BOIH
3a MOHTHpaHE KbM IOBBPXHOCTTa M C(HEPUUHHM H3BOIAM IMOA uuia. MacoBOTO
WHIYCTPHAIHO M3IOJI3BaHE Ha Ta3M TexHojorus 3amousa mpe3 1980 r. IBM ¢ or
II'BPBHTE ITOJI3BATEIINA 32 MAaCOBO IIPOU3BOCTBO Ha KOMITIOTPH. OCHOBHHTE CTHIIKH
B TCXHOJIOTMATAa Ha MOBLPXHOCTHHS MOHTaX ca mpeictaBeHn B [6]. Emun or
KJIIOYOBUTE MOMEHTH B TEXHOJOTHATA € JOCTaBSHE HA JO3MPAHO TOYHO U
IOBTOPUMO KOJHYECTBO IIPHUIION B MAaJKH KOJMYSCTBA BBPXY KOHTAKTHUTE
wioniaaku. ChIIECTBYBAT JBa OCHOBHU METO/Ia 3a HAaHACSHE Ha CIIOMBAIla acTa —
TOYKOBU 103U [/] m mewyatHu texHomormu [8, 9]. OT rmemHa Touka Ha
IIPOU3BOIUTEIIHOCT OT OCOOCHO 3HAYCHHE ca pa3paboTKaTa Ha BUCOKOCKOPOCTHH
TOYHH poOoth 3a pasmonarade [10, 11] wm anropuTtMu 3a paslo3HaBaHE,
KOMIICHCAIIMK W MO3UIHMOHMpaHe. OUHATHUAT €Tall Ha TEXHOJIOTHYHHUS IMPOIEC €
CIIOSIBAHETO HA €JICMCHTHTE KbM IleuaTHaTa ruiatka [12, 13, 14, 15]. B kpas Ha XX
BEK TEXHOJIOTHATA 3a IOBBPXHOCTEH MOHTaX BeYe € JIOMUHHUpalma B
CJICKTPOHHOTO TIPOM3BOJCTBO. MHOIOCTpAaHHOCTTAa MW KOMIUIGKCHOCTTa Ha
POOJIEMUTE ACCETHIICTHS CJIEC] MPOMUIIICHOTO HABJIM3aHE HA TEXHOJOTHATA U
IIOCTAaBCHUTE IIPU YCBOSIBAHETO M 3aJIa4d BCE IOBEUEC CE yBelW4aBaT. BbIpeku
Beue 40 TOAMIIHOTO CHINECTBYBAaHE HA TEXHOJIOTHATA, B ChIaTa C€ IOSBSIBAT
HOBH PEIICHHS WA Ce MOJIepHU3UpaT ctapu [16, 17].

IIpe3 nenus nepuoj Ha MpuiIaraHe Ha NOBBPXHOCTHHMS MOHTa)K HErOBUTE
€JIEMEHTH NpOABJDKAaBaT Ja ce€ pa3BuBaT. Hacoka B pa3BUTHETO Ha
HNOBBPXHOCTHHUSI MOHTaXX € TEXHOJIOTUATA Ha CHOSBAaHE U ChI'bTCTBAILUTE €PEKTU
IIPU 3arpsiBaHE M CTOIISIBAHE HA MPUIIOSA B 3aBUCUMOCT OT METOJIa Ha 3arpsiBaHe,
NOBBPXHOCT, 00eM u apyru [18, 19]. TakuBa HOBM MOMEHTH Ca U3IOJ3BAHETO Ha
0€30JI0BHUTE TPUTION U I'bBKaBUTE NOUIOKKH [20], HOBUTE €IEMEHTH ¢ KOPITyC
CbU3MEpPUM C pa3Mepa Ha KpucTana, Oe3U3BOJHUTE MATPUYHU KOPITYCH,
yBEJIMYAaBaHETO Ha Opos M3BOAM M HamalsiBaHE Ha pa3mepa uUM. Bce moBeue
yBeJIMYaBallaTa ce IUTbTHOCT HAa MOHTaXa M HATUCKA Ha IMas3apa 3a IOBeYe
(YyHKLIHMOHATHOCTH TMpPU BUCOKA HAAEKAHOCT W HHUCKA LI€Ha BOJAT [0
HEOOXOJMMOCT 3a ChbBMECTSIBaHE M OO€IMHSBAHE Ha Olepaluu MpU MOHTaXka,
KOETO C€ OCBIIECTBABA 4Ype3 HENPEKbCHATO MOJOOpEHHE Ha MaTepuaiuTe M
Ch3/laBaHE HAa HOBM TaKWBa, KAaKTO M MpPWJIAraHe Ha HOBU TEXHOJOTUHM WU
Moaupuurpane Ha crapute. YecTo U3MOM3BaH METO/ 3a ONTUMAJIEH peAu3aiiH Ha
nporiecu ¢ DOE (Design of experiments).
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HpI/I Pa3sBUTHULCTO Ha TCXHOJIOIUsATa 3a IMOBBbPXHOCTCH MOHTAaX
HCIIPCKBCHATO CC TIIOABABAT HOBMW CIICMCHTHU, HOBHU MaATCpuaii MU HOBH
KOHCTPYKTHBHU PCHICHHA, KOUTO H3UCKBAT TCXHOJOIMYHH PCIICHUSA, KAKTO 3a
OTACIIHUTC IIPOLHCCH HAa MOHTAKA, TdKad 1 34 [AJIaTa TCXHOJIOT'UA.

Llen u 3a0auu na uszcreosanusma.

['mo6amHOTO TPOM3BOACTBO C HABIM3aHE Ha EJICKTPOHHKATA BBHB BCHUYKH
00J1aCTH Ha )KMBOTA U3MCKBA BCE MO-TOJIEMUA 00€MHU MPOIYKITUS TIPH TTO-HUCKU
neHd. ToBa MOXe Jla ce TIOCTHTHE Ype3 ONTHMH3UpaHE B MOCOKA HaMaJsBaHE
Ha W3MoJBBaHUTEe Marepuanu [21, 22, 23] u oOequHEHHE HA TEXHOJOTHIHH
omeparuu [24, 25]. 3a Ta3u 1en ce M3MOA3BAT M METOAM 3a PEAU3AMH C
MUHUMAaJHU pecypcu, kakbTo € DOE.

Ilen Ha HACTOSIIUTE W3CICJABAHUSA € WHTErpUpaIlara TEXHOJOTHS 3a
¢IHOBPEMEHHO CITOSIBAHE HA EJIEMEHTH B IPOXO/HU OTBOPH M 32 MOBBPXHOCTEH
moHTax (PIP - Pin in Paste), BKJIFOYHTEIHO ¢ M3MOJI3BAHETO HA YYBCTBUTEIIHU
CIIEMEHTH, KAaKTO M MOJ00psBaHEe Ha HANEKJHOCTTA Ype3 HaMmalsiBaHE Ha
kyxunute (Voids) B cioiikute [26, 27, 28, 29].

OcHOBHaTa 3a/laya € ONTHMU3MpaHe Ha TeXHoJorusATa PIP 1Mo oTHOIICHHE Ha
M3IOJI3BAHUTE TOMOJIOTMA HAa OTHEYATHLUHUTE B 3aBUCUMOCT OT KOHKpPETHATa
IJlaTka W €JeMEeHTUW. HaBiau3aHeTo Ha HOBM €JIEMEHTH, CBBpP3aHU C
ONTOEJIEKTPOHHMKA, CBPbX BHCOKH YECTOTH 3a KOMYHHUKAIlUs, HaMaJsiBaHE Ha
3aXpaHBAIIMTE HANPEXKEHHS HA EJIEMEHTUTE TOCTaBs 3ajayara 3a
ONTUMHU3UPAHE TEMIEPATypHUTE PEXKUMU 3a MOHTax. HamansBaHneto Ha
pa3sMeputre M CHOTBETHHUTE CIIOWKM M3UCKBa OCOOCHO BHHMaHHE KbM
HaJIMYUETO HA KYXUHU B TSIX, KOETO € U TpeTaTa 3ajavya Ha U3CIIeIBAHUSATA.

Teopemuuna obocHogka.

Y CBBBPIICHCTBAHETO HA MOBBPXHOCTHUSI MOHTAXK MOXKE Jla C€ peau3upa
ype3 Mojo0psiBaHe Ha OTACIHU HeroBH enemeHTH [8, 9, 18, 19, 29]. To3u moaxon
€ MPWIOKEH M B HacTosumTe padboTu. CHIIMHCKOTO MOJ0O0pEeHHE BKIIIOYBA
MpOMsiHA B KOHCTPYKIUATA HA €JIEMEHTHUTE (KOPIYyCH, W3BOJIM, TMEYaTHA IIJIaTKa,
B3aMMHO pa3MOJIOKEHUE) C I MUHUMH3MpAHE Ha 3aeMaHa IUIONy/o0eM u
MaTepuagHu pa3xoiu. ['OpHOTO € CBBpP3aHO ¢ MOJOOpsSBaHE Ha MPOLECUTE IO
MOHTa)X Ha CJICMCHTHTE B YacTTa HaHACSHE Ha MPUIIONW C IMO-BHCOKA TOYHOCT Ha
no3uionupane [8, 9], mo-Bucoka TOYHOCT Ha Jo3upaHe [7/] , MO-HUCBK
OTHOCHUTEJICH pa3Xxo]] Ha BpeMe. AHAJOTMYHO KBbM Mpolleca Ha pasmojiaraHe Ha
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€JIEMEHTUTE M3UCKBAaHUATA 3a MOJOOpPEHHE BKJIIOUBAT TOYHOCT Ha pasloJjarae,
Obp3oaeicTBre, padoTa ¢ MUHUMAJIHM U MaKCUMaJIHU Pa3MEpH, MO-KOMIIAKTHO
pasmoinarade. [Ipu crosiBaHETO, OCBEH KaueCTBEHOTO OMOKpsHe [22, 23, 29],
TpsiOBa Jla ce ONTUMU3UPAT MPOIECUTE HA TOILUTMHHO HATOBapBaHE HA €JIEMEHTUTE,
nosiBaTa Ha JeeKTH B CIIOWKUTE, MEXaHWYHATa yCTOWYHBOCT [14].

B Hacoka Ha HOBM KOHCTPYKTMBHU pCIICHUS C TIOBHINEHA CTEIEH Ha
WHTETpaIUsl Ce MOSBUXa METOJMTE 3a 3amosiBaHe Ha BCHYKH eleMeHTH(SMD u
00CMHHM) 4Ype3 TEXHOJIOTHATA 3a TMOBBPXHOCTEH MoHTax [16, 17, 24, 25]. 3a
pElIeHre Ce W3MOJI3Ba €AHOBPEMEHHO 3arosBaHE Ha TOBBPXHOCTHH W OOEMHU
KOMITOHEHTH C Pa3JIMYHUA TeMIEpaTypHu Macu U orpaHndeHus. ClemoBaTesHo €
BB3MOKHO THPCEHE Ha TaKWBa PEIICHUS NPH CIEKTPOHHUTE YCTPOUCTBA, KOWTO
MO3BOJISIBAT Ja ca C €IHOTUITHU Kopiycu. TpsOBa ga Obae perieH BBIPOCHT 3a
ChEIMHIBAHETO HA KOHTAKTUTE, KOETO MIPU MOBBPXHOCTHHS MOHTAX C€ U3BBHPIIBA
ype3 crosiBaHe (TeyHa ¢asza). [Ipu cBbp3BaHe Ha KOHCTPYKIMATA C T'bBKAaBU
IJIATKY C€ TIPEBPBINA B TPUMEPHA, HO C MPUJIaraHe Ha MMOBLPXHOCTEH MOHTAXK.

[Ipu cTangapTHO HaHACSHE HA CIOMBAIIIA MACTa OTHEYATHKBT € MO-MaTbK OT
MSACTOTO 3a crosiBaHe. [Ipy HEBB3MOXKHOCT 3a HaHACAHE Ha HEOOXOAMMOTO
KOJIMYECTBO CHOMBaIIa MacTa, NOpaal HATUYUETO HA MHOTO MAaJKM KOMIIOHEHTHU
WIM 3albJIBAHE HA OTBOPU CE€ Hajlara Ja C€ M3IMO0J3Ba OTHEYATHK C MO-TOJISIM
pa3Mep OT MSCTOTO 3a CIOSIBAHE M B TO3M CIy4ail MpU MOCIEIBALIOTO
pa3ToMsBaHE CE€ THPCAT PEIICHUs 3a ChOMpaHe Ha IeMs CIOsBAIl MaTepual B
MSICTOTO 3a 3aIl0sIBaHE , @ HE pa3CceiiBaHETO MY IO MJIaTKaTa.

[Topagy MOCTOSIHHOTO HaMmalssBaHE Ha pa3MEpPUTE M IIOBHINABAaHE Ha
CTEICHTA HAa MHTETPAIlUs, & ChIIIEBPEMEHHO HATIOKUTEITHOTO ~ M3MOJI3BaHE  Ha
00CMHH KOHEKTOPH, CHJIOBH KOMITOHCHTH M CEH30PH C€ Hajlara Te Jia Ce 3arosBar
CBIIO Ype3 TEXHOJOrMATAa 3a TIOBBPXHOCTEH MOHTaX. Taka ce TMOsSBU
texnosorusita Pin in Paste (PiP), kosro moctosinHo ce pa3suBa [18, 19, 29]. Tx
reHeprpa HOBU HJEH, KOHCTPYKIMM M MaTepHald 3a HaHacsAHE Ha CIOHBaIla
macTa ¥ 3a yChbBBPIIICHCTBAHE Ha criosiBaHeTo upe3 mpoiiec reflow.

M3uckBaHusATa KbM CTOISBAHETO U CHOMPAHETO HA CTOICHUS IPUIIOH MpH
3aM0sBaHEe CTaHaXa MHOTOOOXBATHU M C MHOTO OTPAaHMYCHHUS, KOCTO TOBEIC IO
M0sBa HA MHOTO HOBH BHCOKOTEXHOJIOTMYHHU PEHICHUS ¥ WHOBATHBHU MaTepHAIH
— Jet printing [7], cnosiBaHe ¢ U3MoJI3BaHe HA TEMIIEPATYPHHU CKPAHU, BAKYYMHO U
B napHa da3za reflow[13, 19], auckoremnepaTypHu U HEEBTEKTUYHHU Tipution[22].
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C pa3BUTHETO Ha CICIMAIHATA CJICKTPOHUKA (aBTOMOOWIIHA, MEIUITUHCKA,
KOCMHUYECKa, BOCHHA) BCE IIOBEYC W3UCKBAHMATA ca 3a Hyjla JACPEKTH IPHU
IIPOM3BOJICTBOTO, KOETO W3MCKBAa CHJIHO Pa3BUTHE HAa TEXHOJOTHH, MaTCPHUAIH,
CJICMEHTH, aBTOMATH3aIlMsl W YIpPaBJIICHHE Ha KA4eCTBOTO. 3a Jla C€ Moiydar
peasiHo HyJia JeeKTH TPSOBa Ja ce M3y4yaBaT U YCTOHYHMBO CITUMUHHPAT BCUYKH
nedexrtu [30, 31], kakTo u Bce MO-ONTHMAITHO JIa C& HaCTpOMBaT nporecute [32].

Pe3yﬂmamu oM U3Cne08aHemo u nojy4erHu Hay4Hu, HAY4YHO-NPUIOINCHU U
NPUTIOIHCHU NPUHOCU.

B nepuona 2014 — 2019 r. Ha aBTOPBT c€ HAJIOXKHU Ja BHEJAPSBA U pa3BUBa
HOBHM TEXHOJIOTHYHU PEIICHHs B MPOMUILICHU ycioBus. OOEKT 0sxa CTOTHIN
W3JIEeTUs, BKIIFOUBAIIA KAaKTO OOEMHH €JIEMEHTH, Taka U 32 TIOBBPXHOCTCH MOHTAX.
[Ipn orpannyeHuss Ha TEXHOJOTWYEH, MaTEpHAJICH PECypC W IPOU3BOJICTBEHA
TJION PEIICHHE TPSOBa /1a C€ THPCH B MPHIIATaHETO HA HOBU TEXHOJIOTHH, KAKBATO
e PiP.

B [Valentin Tsenev, Valentin Videkov, Aleksey Stratev, Mladen Mitov,
Anna Bankova, Vasil Atanasov, “Influence of geometry on the applied solder
paste in technology Pin in Paste(PiP)”, ISSE 2016, May 2016, Pilzen, Czech
Republic, p. 160-162. DOI: 10.1109/ISSE.2016.7563180] e wu3ciueaBaHo
BIIMAHHUCTO HaA PA3JIMYHH aAIlICPTYypU HaA H1a0JIOHUTE YW TAXHATA OpUCHTAIUA 3a
(1)OpMI/IpaHCTO Ha oTredyarblu OT cnoﬁBama ImaCta C OIIPCACIICH ooeMm. ToBa e
HAJOXUTCIIHO IIOpaau (baKTa, Yyc B €JHA II€4aTHaA IIJIaTKa MOXKXE Ja HuMaMeE
PA3JIMUCH JUAIlIa30H Ha KOHTAKTHH IJIOIMAAKH U OTBOPH. CJ'ICI[ AdHaJIN3 HAa TUIITMYHO
H3IIOJI3BBAHUTC aIllCPTypHU U MMaJOBC HA IICHATHU IIJIATKH € pa3pa60TeHa METOAUKA
3a TecTBaHe, BKJIOYBAIlla KOHCTpyHpaHe Ha IMIabJioH, IMeYaTHa IUlaTKa |
TCXHOJOTHMYCH PCA.

B PE3YITAT Ha U3CIACABAHCTO € M3ACHCHO BJIMAHHUCTO Ha PA3IIOJOKCHHCTO
Ha alICpTypara CIIpsAMO OTBOpPA M IMOCOKATAa HAa ABHIKCHHUC Ha pPaKCiId, KOCTO HC €
nokazaHo B juTeparypara. [losiBata Ha cBOOOJHAa MOBBPXHOCT Ha IabjioHa B
30HATa Ha OTBOpPA BOJAH 0 IMOBHUIICHA KOHIOCHTPALIHUA HAa OCTATBIHU OT IIaCTa BbPXY
CTEHUTE Ha anepTypute. ToBa BOAU JO HEOOXOAUMOCT OT MO-YECTO MOYHUCTBAHE
Ha 1mabJioHa.

N3cneasanusTa ca nposeneau B ,, YHUIIOC OO/, ITneen, TY — Codus u
c noakpenara Ha ,, UIBACTEX* OO/l, Codwus.

EI[I/IH OT KpUTHYHHUTC MOMCHTH B CBLBPCMCHHHA CICKTPOHCH MOHTAX €
CbBMCCTHOTO H3IIOJI3BAHC HA CIICMCHTH C MadJIKa W I'0JiIMa TCPMHUYHA MacCa, KaKTO
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M C M3MO0J3BAHETO HAa pPa3IMYHU METOJIU 3a CHOSIBAHE, M3UCKBAIA OTICITHU
TEXHOJOTWYHU UUKiIH. OmnpeneneH MHTEepeC NpeAcTaBisiBa Bb3MOMXKHOCTTA 3a
oOeuHsIBaHE HA TOPHUTE MPOOJEMU B €IWHEH TEXHOJOTMYEH IHUKBI, KOETO €
nanpaseno B [Valentin Tsenev, Valentin Videkov, Aleksei Stratev, Nikolai
Georgiev, ,,Improved Soldering of Components with Different Thermal
Masses by Hybrid Printing of Solder Pastes®, ISSE 2017, May 2017, Sofia,
Bulgaria, p. 98-100 ; DOI: 10.1109/ISSE.2017.8000910]. B pa6orara e pa3riiefan
€IUH YeCTO CpellaH ciydyaid Ha €JHOBPEMEHHO H3IMOJ3BaHE Ha KOHEKTOPH,
MOHTHPAHU B TPOXOJHU OTBOPU U KIACHUYECKH €JIEMEHTHU 3a IMOBBPXHOCTEH
MOHTaXX. ToBa chueTaHUE € XapaKTEPHO 3a ToJsiMa pasiiiKa B TOTUIMHHUTE Macu U
OTpaHUYeH JOCTHII Ha TOTUIMHA BbB BCUYKHM TOYKH HA 3amosiBaHe. AHaIu3bT Ha
TeMIlepaTypHUs TMpouil Ha 3arpsiBaHe Ipelpasnosiara U3MO0JI3BaHETO Ha
pa3MyHU CIIOMBalM TMacTh. B wW3cienBaHeTo € TNpoBEepeHa XHUIIoTe3a 3a
€HOBPEMEHHO U3MOJI3BAHE Ha JIBE€ CIIOWMBAIIM MACTU C pa3jIM4yHa KOMOWHAIIUS Ha
€JIEMEHTH U MECTONOJIOKeHHE. BBB Bpb3Ka ¢ TOBa € pa3zpaboTeHa crenuaiHa
TECTOBa IIaTKa M 1I1a0JI0H 3a peain3upaHe Ha ropHata KomOuHaiusa. ChllleCcTBEH
CJIEMEHT B W3CIEABAHETO € pa3padoTKaTa Ha TEXHOJOTWYEH TIpolec 3a
€THOBPEMEHHO HaHACSHE Ha JBE Pa3JIMYHU CIIONBAIIY TTACTH.

Pesynratute OT ekcrnepuMmeHTandHaTa paboTa MOKa3BaTr, Y€ METOa 3a
€/ITHOBPEMEHHO HAaHACsHE Ype3 MeYar Ha JIB€ U MOBeuYe CIOMBAIIM MACTH MOXKE Ja
OCUTYPH €HOBPEMEHHO CIIOSBaHE HA Pa3MYHU MO TUI HA U3BOJUTE U METOJ Ha
MOHTHpPAHE €JIEMEHTHU. 3a JI0Ka3BaHE Ha pe3yJTaTa ca M3IOJI3BaHU OO0 MPUETH
METO/IM 3a pa3pylIaBal] U Hepa3pyliaBai] KOHTPOI.

N3cneasanusta ca nposenenu B ,, YHUIIOC* OO/, I1nesen, TY — Codus u
c mnonkpemara Ha ,,MBACTEX® OO, Codus wu ,Unrterperitun Mukpo-
Enextrponukc bearapus® EOO/l, boresrpa.

B paseneoanume no-cope nybauxkayuu ca npeocmageHu pe3yimamu om
uzcnedsanemo Ha PIP mexunonoeusma ¢ yen enedpsisane 6 peannu npomuuiieHu
yenogus. Paspabomenu ca 06a cneyuanusupanu memooa 3a mecmeane Hd
MONoN02UYU 34 anepmypu U eOHO8PEMEHHO HAHACSIHE 8 eOUH Npoyec Ha 08e Ulu
noseue cnotisawu nacmu. llonyuenu ca pesyimamu 3a GIUAHUEMO HA
PA3NON0JACEHUEMO HA anepmypama Hao0 MOHMAMICHUSL OMEOp U NOCOKAma Ha
08udiCeHUe Ha paKeid, KOUmo He ca U38eCcmHu om Jumepamypamad, Kakmo u 4pe3
HO8a MEXHON02Usl 34 €OHOBPEMEHHO HAHACAHE HA PA3IUYHU CROUBAWU NACMU.

M3BecTHO € BIUSHUETO Ha TOILIMHHATA Maca BBPXY CKOPOCTTA Ha 3arpsiBaHC
N JOCTUTI'aHC Ha MaKCHUMaJIHATa TCMIICpATypa 3a OIPCACIICHA IMPOABILDKUTCIHOCT
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Ha CIIOsdBaHC. C’bH_IeBpeMeHHO peannga CICMCHTH HMAT OI'PAHUYCHHUC B
MAaKCHMAJIHATA TEMIIEpATypa Ha 3arpsBaHe W NPOIBIKUTEIHOCT HA Bb3JACHCTBUE
Ha chiiara. B [Valentin Videkov, Valentin Tsenev. “Soldering of sensitive
components by screen method and surface mounting”, ISSE 2019, May 2019,
Wroclaw, Poland, Published in: 2019 42nd International Spring Seminar on
Electronics Technology (ISSE), DOI: 10.1109/1SSE.2019.8810281] Te3u edexTu
ca KOM6I/IHI/IpaHI/I B HOB MCTOJ 3a CIIOABAHC Ha BHCOKOYYBCTBUTCIIHHM KbM
TOIINIMHHO BBBHCP'ICTBHG eleMeHTH. Pa3Butuero Ha pO6OTI/IT€ 34 pasnojiaraHc Ha
CJICMCHTH IIO3BOJIsIBA 1a 6’I>I[aT pasnojiaraiu ¢ BUCOKa TOYHOCT M C HHUCKaA ILICHA
Pa3liIndHu TaKHWBa, KOCTO JdaBd Bb3MOXHOCT 3d AOIIBJIHUTCIHO MHOI'OCTAIIHO
pasnojlaraHe Ha CJICMCHTH. Pa3rne)1aHa € XHUIIOTE3a 3a BB3MOXHOCTTA CJIE[]
CTaHAAapTHUA IIPOLCC Ha pasiojaraHce Ha CJICMCHTH 14 6’[>I[aT JOIIBJIHUTCIIHO
PpAa3IoJIOBCHU C BHUCOKaA IPCHHU3HOCT AOIMBJIHUTCIHHU TOINIMHHU MAaCH BBPXY BCHC
Pas3IoJIOBEHU €JIEMEHTH (HE CIIOCHH).

B pe3yjarar Ha HU3CJIICABaHMATA € II0KasaHo, Y€ JOII'bJIHUTCIHO
Pa3MOJIOKEHUTE TOIUIMHHU Mach (TOIUIMHHU €KpaHHW), OPOPMEHU KaTO €JICMEHTH
3da IMOBBPXHOCTCH MOHTAX HC pPa3MCCTBAT IIOKPHUTHUTC CIICMCHTH B IIPOHICCA Ha
CIIOsIBaHC. C’bHIGBpGMCHHO TOINIMHHUTC CKpaHH IIO3BOJISIBAT KAKTO HAMAJIXIBAHC Ha
MaKCHMaJIHATa TCMIICPpATypa Ha 3arpsABaHC, TdKa CbIIO U IIPOMAHA HA BPCMCBHUA
npodui (3a0aBsiHe Ha 3arpsiBaHeTo). lIpencraBeHa € BB3MOMXKHOCT 3a IMPEIU3HO
HaCTpoﬁBaHe Ha TOINIMHHATa Maca Ha CKPAHHUTC YPC3 IIO6aB$IH€ Ha JOM'BJIHHUTEIIHO
BCIICCTBO B CKpaHa.

N3cneasanusTa ca nmposeaeHu B ,,YHUIIOC* OO/, [Tneen u TY — Codus.

Pazpabomenusm noe memoo 3a cnosieane ¢ MonIUHHU eKPAHU NO360JI56d 6
e0uH npouzeo0Cmeen YUKvl 0d O0bO0am CHOEeHU pPA3IUYHU N0 MePMUYHA
yyecmeumennocm eiemenmu. Toniunnume expanu mozam 0a 6voam ¢ pasiuyHa
Gdopma u moniuHHa maca u NO360JA6AM ABMOMAMUIUPAHO PA3NOJACAHE CbC
CMAHOAPMHU MAWUHU.

[Ipwnaranero Ha cnenu@UUHA TEXHOJOTHYHU TMPOIECH, CBBP3aHU ChC
CIIOJIBAHC Ha pPas3iIMdHUu CJICMCHTH W H3II0JA3BAaHC Ha pPa3jIMdHU I1aCTH,
BKIIFOYHUTCIIHO BBB BaAPHAHTHUTC, IIOCOYCHH IIO-TOPC, HU3HUCKBA MHOI'O I[O6p0
IMO3HAaBaHC IIpomeca Ha pPa3ToIlldIBaHC Ha I1actaTa M BPCMCEBHUA XaApPAKTCP Ha
nporieca. B [V. Tsenev, V. Videkov. “Experimental Study of the Melting of a
Solder Paste”. IEEE XXVI International Scientific Conference “ELECTRONICS
ET 20177, IEEE Conference Record #41615, September 2017, Cozopol, Bulgaria,
DOI: 10.1109/ET.2017.8124397] ca pasriegaHd TeMIIEPaTypHO-BPEMEBHTE
npouin Ha pa3MYHU KOHKPETHHM croWBamid mnactu. I[lpum crosiBaHeto Ha
CJIICMCHTUTC 3a IMMOBBPXHOCTCH MOHTAXK 3a n304rBaHe Ha HEXKEJIAHU C(l)eKTI/I, KaTto
Hanpumep edekTa Ha ,,HaArpooHus kaMmbK™ (tombstone), ce nznckBa MHOTO 100pO
CHUHXPOHM3HUPAHC HAa HAaYaJIHMA CTall Ha CTOIIIBAHC M BTBLPAABAHC HA IIacTarta. B
Ta3W Bpb3Ka Ca W TPOBEACHUTE HW3CICABAHUS B pa3riexkaaHaTa ITyOJIHKaIUs.
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[IpencraBenn ca XapakTEpUCTUKUTE MPH PA3TOMNSBAaHE HAa OJOBHU U OE30JI0BHU
NAacTH, HUCKOTEMIEPAaTypHU U BUCOKOTEMIIEPATYPHU TaKUBA.
NzcnenBanusta ca nposeaeHu B TY — Codus.

B CJIy4auTC Ha CIHOBPCMCHHO M3II0JI3BAHC HA PA3JIMIHU CHOfIB&HII/I nacTtu B
pPaMKHUTE Ha €IHO U3JACIIMUC, KATO HAIIPUMCEP pPa3riiCAaHuTe IMOo-ropc HOBU MCTO/H,
OTHOBO BB3HHMKBA BBIIPOCHT 34 MOMCHTA Ha pPa3TOIIABAHC W BTBBPASABAHC Ha
IIPpHUIIOA. ToBa IMPHIIOKCHUC TUIIMYHO € CBbP3aHO C IIPUJIAraHCToO Ha CINH BPCMCBU
temneparyper npodun 3a asere mactu. B [Valentin Videkov, Valentin Tsenev,
Aleksei Stratev, “Examining the Times for Melting of Different Solder Pastes
at the Same Temperature Profile”, ISSE 2018, May 2018, Zlatibor, Serbia,
DOI: 10.1109/ISSE.2018.8443662] ca mampaBeHH HM3CICABAHHUS 3a BpeMeHaTa 3a
CTOIIIBAHC Ha pas3indHAu ILBOﬁKPI ImaCTu IIpHu BBSﬂGﬁCTBHeTO Ha C€IUH
TemneparypeH mnpodui. ExcneprMeHTHTEe ca W3BBLPIIBAHM Ype3 HaHACsSHE Ha
[HacTu 1o METoJJa Ha XI/I6pI/II[HI/IH neyar. I/IBCJIG,Z[BaHI/I Ca BUCOKOTCMIICPpATYpPHHU U
HUCKOTCMIICPATYpHH IMACTHU IIPKU M3IIOJ3BAHC Ha PA3JIMYHKW BHAOBC IMOAJIOKKU U
pas3IindH METOAMW Ha 3arpsaBaHC. J_'[a):[eH ¢ W pE3yliTaT 3a BJIMAHHUCTO Ha obeMa
nacrta, 1euHupaHu 4pe3 pa3auyHu TOMOJIOTUU HA OTIEYaThKa.

N3cnenpanusta ca nposenenu B TY — Codusi, ¢ MaTepraiHaTta noaIpbBKa
Ha ,,YHUIIOC* OO/, [Tnesen u ,,UBACTEX*“ OO/, Codus.

[Ipu pa3paboTkaTa Ha HOBU TEXHOJOTUYHU MPOIIECH CHIIIECTBEH MOMEHT €
TAXHATA OIIEHKA 33 PeAIM3yeMOCT U NPHIIOKUMOCT. KpuTepuit 3a NpuioXxuMocT €
Ka4eCTBOTO HA pe3yJiTara OT IMPOLECca, B ClIydasl Ha CIIOSIBAHE TOBA € KA4E€CTBO Ha
conoiikata. B [Valentin Tsenev. “Methodology for analysis of defects in
electronic assembly using Xray“,IEEE XXVII International Scientific
Conference “ELECTRONICS ET 2018, September 2018, Cozopol, Bulgaria,
DOI: 10.1109/ET.2018.854963] e mpemioxkeHa U peaqu3upaHa METOIOJIOTHS 3a
OLICHKA Ha CIIOWKU. B KOHKpETHHS Cilydyaid TOBAa € U3BBPIIECHO 3a HOBO H3ZEIUE,
peanu3upaHO 4Ype3 HW3MO0JI3BAHE Ha pa3IM4YHU  CHOOMBaIlM nactu. Ypes
npemyiokeHata METOJAMKAa € HampaBeH OnTuMajieH u300p Ha  TacTa,
yAOBIIETBOPSIBaIlla U3UCKBAHETO 32 MaKCHMaJlHA 3/[paBMHA Ha CIIOMKaTra Ha 0asza
MUHUMU3UPAHE HA KYXUHUTE B CIIOMKATA.

llo3nasanemo na npoyeca Ha pa3monsaeaHe HA cHoueawjume nACmu,
0Cc0beHO Hauanomo u Kpas npu U3noJi36aHemo Ha eOUHeH memnepamyper npogu,
N0360J1516a peanu3upane Ha KOMHJIEKCHO CHOsA6aHe HA eleMeHmu C pasiuyHa
MepMo 4y8CmeumeHoOCm U MONIUHHA MACA, Ype3 npuiazane Ha XubpuoeH nevyam
u expanuo cnosgane. QyeHKama 3a NPULONCUMOCIIING HA KOHKPEMHOMO peuleHue
ce U3BbPULBA Ype3 NoOX00AUA Memoo0102Usl NpU U3OPaH Kpumepuii.

Ilocturanero Ha MHMHMMAaJIHA OEHa 3a IIPpOM3BOACTBOTO Ha H3ACIHUC C
CBBpP3aHO C OIITUMAJIHOTO CI)YHKI_[I/IOHI/IpaHe Ha Isj1aTa M3I10JI3BaHa TCXHOJIOTHA B
C¢IHa MHAYCTpUAJIHA CIAWHUIIA. Tosa mnpearogara MHOTrOCTpaHHO M3IIOJI3BAHC HaA
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€HU U CBHIU MAaTePUAIH B PA3TMYHUTE MPUIIOKEHUSI, 00JIEKUaBaIo JOTUCTAKATA
UM, a CBIO TaKka BH3MOKHOCTTA 32 BHCOKOIPOW3BOJIUTEICH PEMOHT, KOTAaTO €
nomycTuMo. B myxa Ha rope M3I0KEHOTO WHTEPEC MPEACTaBIsABa M3IMOI3BAHETO
Ha €JIMH THUII MPUION B pa3nuunu npoiieck. B [Valentin Tsenev. “Exploration of
the Possibilities of Low Temperature Soldering Alloy LMPA at Selective
Wave Soldering (SWS)“, ISSE 2018, May 2018, Zlatibor, Serbia, DOI:
10.1109/1SSE.2018.8443650], upe3 npuaoKeHHEe HA HUCKOTEMIICPATypEH MPUIION
BHPXY KOHKPETHU KJIMEHTCKHA TPOAYKTH, Ca M3CJICIBAHU MPEANMCTBATa MY IPHU
U3II0JI3BAHETO 32 CEJICKTUBHO BBJIIHOBO 3alOSIBAaHE B CPaBHEHHE CHC CTAHIAPTHO
U3IOJI3BAaHUTE TakuBa. M3Moi3BaHM ca CIIOKHU KOHCTPYKTUBHU PEIICHUS, YUETO
MIPOU3BOJICTBO C OMHMCAHUAT METOJI Ha 3all0sSBAaHE € HEBH3MOXKCH ChC CTAaHIAPTHO
U3MOI3BaHUTe Tpunon. CHIUAT TPUIIOH CHC CHOTBETHUTE CH TEMIEpaTypHHU
napaMeTpyu € OCHOBa W 3a CIOWBAIllM TMAacTH, W3MOJ3BaHU B pa3riicJaHUTE B
HAYaJI0TO HOBU METO/IU 32 CIOSIBAHE.

TexXHOTOTUYHUTE U3CIEABAHUA ca POBeIeHU B ,,Y HUIIOC* OO/, I1neseHn,
BbB BPbB3Ka C Ipou3BoAcTBO Ha uzaenus 3a pupmute YHuUIIOC OO/ (Ilnesen),
ATIIC Mantodexuspunr OO/] (boresrpan), Unnycrpuanen copryep Al (Codus),
ATM Enektponukc OOJ] (Codus) u UMIIEPEKC EOOJI (CAIL]), DELTA
IMPACT (Anrus).

B mnpaktukara ce cimydBa B XoJa Ha H3pabOTKa Ha TOJEMH CEPUU C
MPOBIKATENICH TMPOU3BOACTBEH LHKBJI J1a ObJe H3BBPIICHA KOHCTPYKTHBHA
IIPOMsIHA WJIM J]a C€ MPOMEHST MOPhUKUTE Ha KIIMeHTa. B TakbB ciyuail ce Hayara
noAMsiHa Wik J00aBsiHE Ha €JIEMEHTH KbM HE3aBBPIIECHO MPOU3BOJICTBO C BEYe
MOHTHpPAHHM €JEMEHTH Ype3 CHhOTBETEH IIpollec Ha crosBaHe. [IpomsHara B
U3JIeuATa € HeoOXoauMo a Obje U3BBpIICHA eBTHHO M curypHo. B [Valentin
Tsenev, “Post reflow repair technology with automatic SMD assembly for big
volume of products “, X National Conference with International Participation
"Electronica 2019", May 16 - 17, 2019, Sofia, Bulgaria, Published in: 2019 X
National Conference with International Participation (ELECTRONICA), DOI:
10.1109/ELECTRONICA.2019.8825624] ¢ peanu3upaHa HOBa TEXHOJIOTHS 3a
aBTOMATHYCH PEMOHT 4Ype3 JOMBIHUTEIIHO 3alosBaHE HAa HOBH CJIECMEHTH.
ChIIIeCTBEHOTO B HESl € aBTOMATHYHOTO HaHACSHE Ha TOAXOISIII (PITFOC, 3abprKal]
MOHTHPAHHUTE Ha CJICABAII €Tall KOMIIOHCHTH W CH3aJACHUS 3a IeTa ONTUMAJICH
TeMIiepaTypeH mpodus 3a 3amosiBaHeTO WM. AHaJIU3MpaHa € pa3jukarta B
e(eKTUBHOCTTA MPU PHUYEH U ABTOMATHYECH PEMOHT.

TexHOJOTMYHUTE U3CIEeABAaHUS ca MpoBeaeHH B ,,YHUIIOC OO/, I1nesen,
BBB Bpb3Ka ¢ mpon3BocTBO Ha uzaenus 3a YHulIOC OO/ (I1nesen).

[Ipu CBHBpeMEHHHMTE H3AEIHs, OCOOEHO MNPH HAJWMYUEe Ha IOJBHKHU
CIIEMEHTH HWJIM HEOOXOAMMOCT OT TPUMEPEH MOHTa)XX C€ H3IMOJI3BAT TBBHP/IO-
rbBkaBu 1uiatkn (Star Flex PCB). CrhenuduueH MOMEHT MoOXe da Obie
U3I0JI3BAHETO HA PA3IMYHUA TEPMO UYBCTBUTEIHH €JIEMEHTH B Pa3UYHUTE YaCTH
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Ha IUIaTKaTa, KOUTO U3UCKBAT MHOTO J00pa MexaHn4Ha ycroiunBoct. B [Valentin
Tsenev, “Sustainable and secure soldering of complex components with
package BGA, LGA, Flip Chip, FI WLCSP, FO WLCSP to Star Flex PCB
using hybrid printing”, ISSE 2019, May 2019, Wroclaw, Poland, Published in:
2019 42nd International Spring Seminar on Electronics Technology (ISSE), DOI:
10.1109/1SSE.2019.8810279] e  peamusupan  XuOpuaeH  Ie4yaT  Ha
HHUCKOTCMIICpATypHa cnoﬁBama ImaCTa 3a 3al104BaHC Ha TCPMO UYBCTBUTCIIHUTC H
CJIOKHHU CJICMCHTHU U BUCOKOTCMIICpATypHaA — 3a CTAHAAPTHUTC TAKHUBA. HGJITa € 1a
CC IIOCTUTHC 3aII0ABAHC HA CIIOKHHUTC CIICMCHTH C HUCKO HUBO Ha KYXHWHHU IIPU KbC
BBB BPEMCTO TCMIICPATYPCH IIPOLCC. AHaJ'II/ISI/IpaHI/I Ca pC3yJITAaTUTC OT CIIOSABAHC
Ha TC3U U3ACIINA ITPHU U3II0JI3BAHC HA XI/I6pI/IILCH rneyaTr 1 CTaHJapTCH TAKbB.

N3cnenasanusita ca nposeaeHu B ,,YHUlIIOC* OO/, [1neBeH, BbB Bpb3Ka C
POM3BOACTBO Ha u3aenus 3a pupma UMITEPEKC OO/1 (CAILL).

[Ipy  nOpoW3BOACTBOTO  HA  EJICKTPOHHU  HBJCHHSA,  BKJIIOYBAIIM
BUCOKOYYBCTBUTEIHU CEH30pU, OCOOEHO ¢ OHMOJOTMYHO MPHIIOKEHHUE, €
HEOOXOJMMO Jla C€ OT4YeTe YCTOWYMBOCTTAa Ha W3IOJI3BAHUTEC MaTCpUAIH B
mpolieca Ha CIOsIBaHe, KaKTO W BIUSHWE Ha W3IMOJI3BAHUTE MPHUIION B MpoIeca Ha
ekcruioatanusa. ExawH TakbsB ciydair ¢ magaen B [Yuriy Tsenkov, V. Tsenev,
,,continuous Analysis of Free-roaming Animals Behavior with Ear-tag
Device“, ISSE 2017, May 2017, Sofia, Bulgaria, p. 280-282 ; DOI:
10.1109/ISSE.2017.8000993]. Upe3 wu3moi3BaHe Ha  TEXHOJIOTHATA 34
MOBBPXHOCTEH MOHTa)X M pa3rjIeaHUTE JO TYK HOBH TEXHOJIOTHH U METOIH €
peaM3upaHo YCIICIIHO WHOBATHBHO CJICKTPOHHO H3JIeNHe, KOETO Ce MOHTHpa B
yXOTO Ha CBOOOJHO OTIJICKJAHM KpaBH M IIpelaBa B pPEaHO BpeMEe TEXHU
OMoMeTpUYHM JaHHU. ToBa W3JAENHe € HeoOXOJMMO jJa paboTH HAICKIHO IPH
pa3IMYHM BB3JCHCTBHS Ha BBTPEIIHATA U BBHIITHA CPeJia, KaTO TOBA CE MOCTHUTA C
HaJIeXKICH MOHTaX.

Peanuzanusita € ochbiiectBeHa BbB (upma , Enextponunsect OO/]
(Codpus).

H3zcneosanu ca paAsiudHu npunou u CVlOl:iGdlMU nacmu sa npujlacanemo
Um 4pes celeKkmueHa Cnouka 6vjiHa U KOHBEKUUOHHO cnoAieaHe, Kouno cvd4emaru
c mMemooa 3a xu6pudeH nevam noseoJjileam peaiusupane HAaA CHO0HCHU uzoenus u
BUCOKO egbekmueeH Memoo 3a PEMOHM.

INPUHOCH:

B 1npencraBeHuTe TpynoBE ca IOKa3aHW H3CICABAHMUS CBBP3aHU C
KOHCTPYKTUBHHA M TEXHOJOTHYHH PELICHUS B TEXHOJOTHATAa HAa TMOBBPXHOCTHHS
MOHTaXX, OOXBalall¥ Pa3jM4yHU €Tamud OT HErOBOTO Pa3BUTHE, B MEPHUOJ OT D
roJuHu oT paborara Ha aBTopa B “Konex mo eHeprervka M €JIEKTPOHHKA™ U B
CbTPYAHUYECTBO C KaTeapa ,MUKpOENeKTpOHUKA“ u paznuyHu Qupmu. B
TPYAOBETE Ca U3BBPUIEHUM W3CIEABAHMSA TOTBBPKIABAIIM ChIIECTBYBAILIU
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TEXHOJIOTUYHU PELICHUS M EKCIEPUMEHTAJIHO JOKAa3BalllM HOBU XUIIOTE3U H
pemenus. [IpuHocuTe MoxkeM 1a 0000MMM KaTO HAyYHH, HAYYHO-TIPUIIOKHU U
MIPUJIOKHH:

Hayunu

W3cnenBane u pa3pab0TKa Ha HOBA TEXHOJIOTMYHA CXEMa 3a XHOpHUICH
Ie4yar, Mo3BOJIIBAIl 0€30JI0BHO 3amosiBaHe Ha ciokHH SMD u obemumn
KOMITOHEHTH B €JIMH TEXHOJOTHYEH IPOIEeC — MOBBPXHOCTECH MOHTAX.
Pa3paboTkara e pe3ynrar Ha TBOPYECKO ONTHMH3HPAHO IpHIIaraHe Ha
pEIICHUST OT MOHTa)X B MPOXOJHU OTBOPM M MOHTaX Ha €JICMCHTH 3a
MOBBPXHOCTCH MOHTAX;

N3cnenBane m pa3paboTka Ha HOBA TEXHOJOTHYHA CXEMa 32 MOHTaX C
W3MOJI3BaHEe Ha €KpaHW, TMO3BOJIABAINM 3alosiBaHE Ha KOMIIOHEHTH C
pasnuYHa TeMIepaTypHa Maca B €IMH MPOIIEC 3a TOBBPXHOCTEH MOHTAX.
JIombITHUTETHO € pa3paboTeHa M M3CIIEeIBaHA BB3MOXKHOCT 3a MPOMSHA
Ha TeMIIepaTypHaTa Maca Ha €KpaHH C €THaKBa TCOMETPHSI.

Hayuno-npunoscnu

W3cnenBana e onruMaiHa TeOMETpHs Ha OVer printing Ha croiiBaiia
rnacta Ipy pazIM4HU CIy4ad Ha MOpWIaraHeTto M ¢ I[ed ONTUMaJeH
JIA3aliH Ha anepTypy Ha CTEHCUIIH,

N3cnenBanu ca BpemMeHara 3a CTOISIBAHE Ha MACTHU 3a CIOMBaHE C IIeJ
ONTUMHU3HPaAHE Ha TemueparypHu npoduin 3a reflow crossane;
N3cnenpanu ca MIPUJIOKHU XapaKTEPUCTUKU Ha HOBH
HUCKOTEMIIEPATyYPHU HEEBTEKTUYHM TPUIOU C 1€ ONTUMAIHOTO WM
M3M0JI3BaHE B MIPOIIECH 32 MOBBPXHOCTHO U BBIIHOBO 3aI0SBAHE;
N3cnenaBan u BanuaupaH € aBTOMAaTUUYEH MPOIEC 32 PEMOHT Ha U3JIEIIUs
ChC 3aIIOCHU KOMITOHEHTH 3a TOJIeMU 00eMHU;

N3cnenaBaH U NpejiokeH € METO/ 3a KOHTPOJ Ha MOHTUPAHU U3JICIIUS C
M3IoI3BaHe Ha Xray.

Ipunoscnu:

N3s1cHEHO € BIMSHUETO HA Pa3MoJI0KEHUETO Ha alepTypara Ha CTEHCHIIA
COpPSIMO OTBOpa Ha IJIaTKaTa M MOCOKAaTa Ha JABWIKEHUE HA pakena Mpu
IPUHTUPAHE Ha CIIOMBallaTa Mnacra, C KOETO € ONTUMHU3UPAHO
KOJINYECTBOTO HaHeceHa macta mpu PiP 3a crnosBane Ha 00eMHH
KOMITOHEHTH C TEXHOJIOTUATA 32 TIOBBPXHOCTEH MOHTAKX;

Pa3paborenu u BHEApEHU ca TEXHOJIOTUH UM paOOTHHU LIEHTPOBE 34!

* aBTOMaTHYEH MOHTaX Ha MHOro cioxkuu Star Flex PCB ¢ mukpo
pa3Mepu Ha H3BOAUTE Ha KOMIIOHEHTH (157 MHUKpOHA) U MHKpPO
pascrosiHre Mexay usBoaute (350 MUKpoOHA);

* 3amosBaHE HA CBPBbX BUCOKOYECTOTHH AHTEHU ChC CPEOBPHO KpPaWHO
MOKPUTHE, MUKPO pa3Mepu Ha croiikara (300 MukpoHa) U roJisiMa Moy
(I mX0,5m);
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* OBP30 CENIEKTUBHO BBJIIHOBO 3aIOSIBAHE C M3HECECH IICHTHhD Ha BBJIHATA
CHpsSIMO M3BOJIa Ha KOMITOHEHTa 3a MHOTO MaJIkk pa3MepH Ha mana (0,6
mm).

PGSYJITaTI/ITe OT H3CJICABaHUATA U pa3pa6OTKI/ITe ca HM3I0JI3BAHU B

JIeHHOCTTa Ha peauna OBITapcKu U MEXKIYHApOIHU (GupMU KaTo (GUPMHTE
YuullOC OO[] (ITneen), OKTO 7 OO/l (boresrpan), AK Ilmactponuk AJl
(Bemuko TwpuoBo), AIIC Manrwodexkuspuar OOJ] (boreBrpan), Unayctpuanexn
copryep ALl (Codus), ATM Enexrponuxc OO/ (Codus), UMIIEPEKC EOO/]
(CAILL), ELINCHROM Ltd (LlBetitapus), DELTA IMPACT (Aurnus) u GILAT

(U3paen).
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RESUME related to B4.

""Habilitation work — scientific publications (not less than 10) in issues that
are referenced and indexed in world scientific data bases"'

of Valentin Tsenev

participation in a competition for an academic position Associate Professor at the
Technical University of Sofia announced in the State newspaper no. 93 of 26-11-
2019

Consolidating topic and summary of content according to the guidelines for
meeting the minimum requirements approved on 13.06.2019.

Requires 10 publications, 3 of which are separate
10 publications were submitted, 4 of which were separate

Topic: "Technology for soldering of bulk and complex components by surface
mounting to increase its efficiency"

with a period of research and publications from 2014 to 2019. (10 indexed in
Scopus).

Electronic mounting is increasingly competitive and with an increasing
tendency to increase mounting density, reduce consumption, reduce weight,
increase functionality, increase speed, operate in increasingly complex outdoor
environments with tremendous reliability. The result is the ubiquity of mobile
phones, miniature laptops, flat-screen TVs, micro cameras, medical electronics,
automotive electronics and sensor devices. This is the result of the development of
technology for installation and cost optimization. This is achieved through the use
of new materials, new terminals and pads, replacement of technological sequences
or merging of technological steps.

Problem status and unsolved tasks.

Surface mounting technology [1, 2, 3] is a complex technology involving issues
from the development of structural solutions for the assembled elements and their
terminals, materials used in the assembly process, equipment and technological
modes. Historically, the first steps in this direction were made in the
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1960s in specialty electronics [4, 5] with the development of elements with
flat pins for surface mounting and spherical pins under the chip. Massive industrial
use of this technology began in 1980. IBM was the first user in the mass production
of computers. The main steps in surface mounting technology are presented in [6].
One of the key points in technology is the delivery of a metered, accurate and
repeatable amount of solder in small quantities to the pads. There are two main
methods for applying soldering paste - spot doses [7] and printing technologies [8,
9]. In terms of performance, the development of high-speed precision deployment
robots [10, 11] and recognition, compensation and positioning algorithms are of
particular importance. The final stage of the technological process is the soldering
of the elements to the printed circuit board [12, 13, 14, 15]. At the end of the
twentieth century, surface mount technology was already dominant in electronic
manufacturing. The versatility and complexity of the problem decades after the
industrial entry of technology and assignment tasks are increasing. Despite the
technology's 40-year existence, new solutions are emerging or old ones are being
updated [16, 17].

Throughout the period of surface mounting, its components continue to
evolve. A direction in the development of surface mounting is the technology of
soldering and the accompanying effects of heating and melting the solder depending
on the method of heating, surface, volume and others [18, 19]. Such new
developments are the use of lead-free solders and flexible PCBs [20], new housing
elements commensurate with the size of the crystal, anhydrous matrix housings,
increasing the number of pins and reducing their size. The increasing installation
density and the pressure on the market for more functionality at high reliability and
low cost make it necessary to combine and integrate assembly operations, which is
accomplished by continually improving materials and creating new ones, and
implementing new technologies or modification of old ones. A commonly used
method for optimal process redesign is DOE (Design of experiments).

With the development of surface-mounted technology, new elements, new
materials and new structural solutions are constantly emerging that require
technological solutions, both for individual assembly processes and for the whole
technology.

Goal and tasks of the research.

Global production with the advent of electronics in all walks of life requires
increasing volumes of production at lower prices. This can be achieved by
optimizing the reduction of materials used [21, 22, 23] and combining
technological operations [24, 25]. To this end, redesign methods with minimal
resources such as DOE are also used.
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The goal of the present research is to integrate the technology for simultaneous
soldering of elements in holes and for surface mounting (PiP - Pin in Paste),
including the use of sensitive elements, as well as improving the reliability by
reducing voids in solders [26 , 27, 28, 29].

The main task is to optimize PiP technology with regard to the print topologies
used, depending on the particular board and elements. The introduction of new
elements related to optoelectronics, ultra high communication frequencies,
reducing the supply voltages of the elements sets the task of optimizing the
mounting modes. Reducing the size and corresponding joints requires special
attention to the presence of voids in them, which is the third task of the research.

Theoretical justification.

Improvement of surface mounting can be achieved by improving individual
components [8, 9, 18, 19, 29]. This approach is also applied in the present work.
The real improvement involves a change in the design of the elements (enclosures,
terminals, circuit board, mutual arrangement) in order to minimize occupied space
/ volume and material costs. The above is related to the improvement of the
assembly processes of the elements in the part of soldering with higher positioning
accuracy [8, 9], higher dosing accuracy [7], lower relative time consumption.
Similarly to the process of element placement, the requirements for improvement
include precision placement, speed, minimum and maximum dimensions, more
compact placement. In addition to high-quality wetting [22, 23, 29], the soldering
processes of the elements, the occurrence of defects in the joints, the mechanical
resistance must be optimized [14].

Soldering methods for all elements (SMD and bulk) using surface mount
technology [16, 17, 24, 25] have emerged in the direction of new structural
solutions with increased integration. As a solution, both surface and volume
components with different temperature masses and constraints are used at the
same time. It is therefore possible to look for such solutions in electronic devices
that allow them to be of the same type. The connection of the contacts, which in
the surface mounting is done by soldering (liquid phase), has to be solved. When
connecting the structure to flexible boards, it becomes three-dimensional, but with
the application of surface mounting.
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With standard soldering paste, the print is smaller than the soldering spot. If it is
impossible to apply the required amount of soldering paste due to the presence of
very small components or filling the holes, it is necessary to use a print larger than
the soldering spot, in which case subsequent melting will seek solutions for
collecting the entire soldering paste. material in the soldering place, not its scattering
on the board.

Due to the constant reduction in size and the increase in the degree of
integration, while the imperative use of volume connectors, power components and
sensors, they have to be soldered also by surface mounting technology. This is how
the Pin in Paste (PiP) technology has evolved [18, 19, 29]. It generates new ideas,
designs and soldering materials and perfecting the soldering process by reflow.

The requirements for the melting and the collection of molten solder during
soldering have become multi-faceted and with many restrictions, leading to the
emergence of many new high-tech solutions and innovative materials - Jet printing
[7], soldering using temperature screens, vacuum and steam reflow [ 13, 19], low
temperature and non-eutectic solders [22].

With the development of specialty electronics (automotive, medical,
aerospace, military), more and more zero defects in production are required, which
requires a strong development of technology, materials, elements, automation and
quality management. In order to obtain zero defects, all defects must be studied and
permanently eliminated [30, 31], and the processes should be optimally tuned [32].

Research results and scientific, applied and applied contributions received.

In the period 2014 - 2019, the author had to implement and develop new
technological solutions in industrial conditions. Hundreds of products were
included, including both bulk elements and surface mounting. Given the limitations
of technological, material resources and production space, a solution must be sought
in the implementation of new technologies such as PiP.

In [Valentin Tsenev, Valentin Videkov, Aleksey Stratev, Mladen Mitov,
Anna Bankova, Vasil Atanasov, “Influence of geometry on applied solder paste
in technology Pin in Paste (PiP)”, ISSE 2016, May 2016, Pilzen, Czech
Republic, p. 160-162. DOI: 10.1109 / ISSE.2016.7563180] studied the influence
of different apertures of the patterns and their orientation on the formation of
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prints of soldering paste with a certain volume. This is imperative due to the fact
that we may have a different range of pads and holes in one PCB. After analyzing
the typically used apertures and PCB, a testing methodology was developed that
included designing a stencil, PCB, and process chart.

As a result of the study, the influence of the aperture location relative to the
aperture and the direction of movement of the squeegee, which has not been shown
in the literature, was clarified. The appearance of a free surface of the template in
the opening zone leads to an increased concentration of paste residues on the walls
of the apertures. This results in more frequent cleaning of the stencil.

The studies were conducted at UniPOS Ltd., Pleven, TU - Sofia, and with the
support of "IVESTECH" Ltd., Sofia.

One of the critical points in modern electronic assembly is the sharing of
small and large thermal mass elements, as well as the use of different soldering
methods requiring separate technological cycles. Of particular interest is the ability
to integrate the above problems into a single technological cycle, which was done
in [Valentin Tsenev, Valentin Videkov, Aleksei Stratev, Nikolai Georgiev,
“Improved Soldering of Components with Different Thermal Masses by
Hybrid Printing of Solder Pastes”, ISSE 2017 , May 2017, Sofia, Bulgaria, p. 98-
100; DOI: 10.1109 / ISSE.2017.8000910]. The paper deals with a common case of
simultaneous use of connectors mounted in apertures and classic surface mounting
elements. This combination is characterized by a large difference in heat masses and
limited heat access at all soldering points. The analysis of the temperature profile of
heating predisposes the use of different soldering pastes. The study tested the
hypothesis for the simultaneous use of two soldering pastes with different
combinations of elements and location. In connection with this, a special test board
and a template have been developed to realize the above combination. An essential
element in the study is the development of a technological process for the
simultaneous application of two different soldering pastes.

The results of the experimental work show that a method for simultaneously
applying two or more soldering pastes by printing can provide simultaneous
soldering of different types of terminals and a method of mounting elements.
Common methods of destructive and non-destructive testing have been used to
prove the result.
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The investigations were conducted at UniPOS Ltd., Pleven, TU - Sofia and with the
support of "lvastech" Ltd., Sofia and "Integreitid Micro-Electronics Bulgaria™ Ltd.,
Botevgrad.

The publications discussed above present the results of a study of PiP
technology for real-world deployment. Two specialized methods have been
developed for testing topologies for apertures and simultaneously applying two or
more soldering pastes in one process. Results have been obtained for the influence
of the aperture position over the mounting aperture and the direction of movement
of the squeegee, which are not known in the literature, as well as by new technology
for the simultaneous application of different soldering pastes.

The effect of heat mass on the rate of heating and the maximum temperature
for a certain duration of soldering is known. At the same time, a number of elements
have a limit on the maximum heating temperature and the duration of exposure. In
[Valentin Videkov, Valentin Tsenev. “Soldering of Sensitive Components by
Screen Method and Surface Mounting”, ISSE 2019, May 2019, Wroclaw,
Poland, Published in: 2019 42nd International Spring Seminar on Electronics
Technology (ISSE), DOI: 10.1109 / ISSE.2019.8810281] these effects are
combined in a new method of soldering highly heat-sensitive elements. The
development of element placement robots allows for high precision and low cost
different positioning robots, which allows for additional multi-stage element
placement. The hypothesis of the possibility, after the standard element placement
process, of further refinement of additional heat masses on already disposed
elements (not soldered) is further studied with high precision.

As a result of the studies it has been shown that the additionally located heat
masses (heat shields) formed as surface mounting elements do not displace the
covered elements in the soldering process. At the same time, the heat screens allow
both a reduction in the maximum heating temperature and a change in the time
profile (delay in heating). There is an opportunity to fine-tune the thermal mass of
the screens by adding extra substance to the screen.

The research was conducted at UniPOS Ltd., Pleven and TU - Sofia.

The new method of soldering with heat shields allows different elements of
thermal sensitivity to be soldered in one production cycle. The heat shields can be
of different shapes and thermal masses and allow the automatic placement of
standard machines.

The application of specific technological processes related to the soldering of
different elements and the use of different pastes, including the variants mentioned
above, requires a very good knowledge of the process of melting the paste and the
temporal nature of the process. In [V. Tsenev, V. Videkov. "Experimental Study
of the Melting of a Solder Paste” The IEEE XXVI
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International Scientific Conference “ELECTRONICS ET 20177, IEEE
Conference Record # 41615, September 2017, Cozopol, Bulgaria, DOI: 10.1109 /
ET.2017.8124397] examined the temperature-time profiles of various specific
soldering pastes. Soldering the surface mounting elements to avoid side effects,
such as the tombstone effect, requires a very good synchronization of the initial
melting and curing phase of the paste. In this connection, the studies carried out in
this publication are also carried out. The characteristics of melting of lead and
unleaded pastes, low temperature and high temperature, are presented.

The studies were conducted at the Technical University - Sofia.

In the case of the simultaneous use of different soldering pastes within a
single product, such as the new methods discussed above, the question arises again
of the moment of melting and hardening of the solder. This application is typically
associated with the application of a single temperature profile for both pastes. In
[Valentin Videkov, Valentin Tsenev, Aleksei Stratev, “Examining the Times for
Melting of Different Solder Pastes at the Same Temperature Profile”, ISSE
2018, May 2018, Zlatibor, Serbia, DOI: 10.1109 / ISSE.2018.8443662] time studies
have been done for different pairs of pastes to melt when exposed to one temperature
profile. The experiments were performed by applying a paste using the hybrid
printing method. High-temperature and low-temperature pastes have been
investigated using different types of pads and different heating methods. The effect
of the volume of paste, defined by different footprint topologies, is also given.

The investigations were conducted at the Technical University - Sofia, with
the material support of UniPOS Ltd., Pleven and Ivastech Ltd., Sofia.

In developing new technological processes, their assessment of feasibility is
essential. The criterion of applicability is the quality of the result of the process, in
the case of soldering it is the quality of the solder. In [Valentin Tsenev.
“Methodology for the Analysis of Defects in Electronic Assembly Using Xray”,
IEEE XXVII International Scientific Conference “ELECTRONICS ET 2018,
September 2018, Cozopol, Bulgaria, DOI: 10.1109 / ET.2018.854963] has been
proposed and implemented a methodology for the evaluation of solders. In this case,
this was done for a new product made using different soldering pastes. The proposed
method makes an optimal choice of paste satisfying the requirement for maximum
solder strength based on minimizing the voids in the solder.

The research was conducted at UniPOS Ltd., Pleven.

Knowledge of the process of melting of soldering pastes, especially the beginning
and end of the use of a single temperature profile, allows the realization of
complex soldering of elements with different thermal sensitivity and thermal mass,
through the application of hybrid printing and screen soldering. The
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assessment of the feasibility of a particular decision shall be made using an
appropriate methodology, using a selected criterion.

Achieving a minimum cost for manufacturing a product is related to the
optimal functioning of all the technology used in one industrial unit. This involves
the multifaceted use of the same materials in different applications, facilitating their
logistics, as well as the possibility of high-performance repairs where feasible. In
the spirit of the foregoing, it is of interest to use one type of solder in different
processes. In [Valentin Tsenev. “Exploration of the Possibilities of Low
Temperature Soldering Alloy LMPA at Selective Wave Soldering (SWS)”,
ISSE 2018, May 2018, Zlatibor, Serbia, DOI: 10.1109 / ISSE.2018.8443650] by
examining the benefits of low temperature solder on specific client products when
used for selective wave soldering compared to standard ones. Complex design
solutions are used, the production of which with the described soldering method is
impossible with standard solders. The same solder with its corresponding
temperature parameters is the basis for soldering pastes used in the new soldering
methods discussed at the beginning.

The technological researches were carried out at UniPOS Ltd., Pleven, in
connection with the production of products for the companies UniPOS Ltd.
(Pleven), APS Manufacturing Ltd. (Botevgrad), Industrial Software AD (Sofia),
ATM Electronics Ltd. (Sofia), IMPEREX Ltd. (USA), DELTA IMPACT (Great
Britain).

In practice, in the course of manufacturing large series with a long production
cycle, a structural change is made or customer orders are altered. In this case, it is
necessary to replace or add elements to the work in progress with already installed
elements through an appropriate soldering process. Changes to products need to be
made cheaply and safely. In [Valentin Tsenev, “Post reflow repair technology
with automatic SMD assembly for large volume of products”, X National
Conference with International Participation "Electronica 2019", May 16 - 17, 2019,
Sofia, Bulgaria, Published in: 2019 X National Conference with International
Participation (ELECTRONICA), DOI: 10.1109 / ELECTRONICA.2019.8825624]
a new technology is applyed for automatic repair by the additional soldering of new
elements. The essential part here is the automatic application of a suitable flux,
which retains the components that are installed in the next stage and the optimal
temperature profile for the soldering. The difference in the efficiency of manual and
automatic repair is analyzed.

The technological researches were carried out at UniPOS Ltd., Pleven, in
connection with the production of products for UniPOS Ltd. (Pleven).

In modern products, especially in the presence of movable elements or the
need for three-dimensional installation, rigid-flexible boards (Star Flex PCB) are
used. A specific point may be the use of different thermosensitive elements in
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different parts of the circuit board, which require very good mechanical resistance.
In [Valentin Tsenev, “Sustainable and secure soldering of complex components
with package BGA, LGA, Flip Chip, FI WLCSP, FO WLCSP to Star Flex PCB
using hybrid printing”, ISSE 2019, May 2019, Wroclaw, Poland, Published in:
2019 42nd International Spring Seminar on Electronics Technology (ISSE), DOI:
10.1109/ISSE.2019.8810279] a hybrid printing of low-temperature soldering paste
is applied for soldering of heat-sensitive and complex elements and high-
temperature for standard ones. The aim is to achieve the soldering of complex
elements with a low level of voids in a short time temperature process. The results
of soldering these products using hybrid printing and standard printing are analyzed.

The studies were conducted at UniPOS Ltd., Pleven, in connection with the
manufacture of products for the company IMPEREX Ltd. (USA).

In the manufacture of electronic products incorporating highly sensitive
sensors, especially for biological applications, it is necessary to take into account
the stability of the materials used in the soldering process, as well as the influence
of the solders used during the operation. One such case is given in [Yuriy Tsenkov,
V. Tsenev, “Continuous Analysis of Free-Roaming Animals Behavior with Ear-
tag Device', ISSE 2017, May 2017, Sofia, Bulgaria, p. 280-282; DOI: 10.1109 /
ISSE.2017.8000993]. Through the use of surface mount technology and the new
technologies and methods discussed so far, a successful innovative electronic
product has been implemented that is mounted in the ear of free-range cows and
transmits their biometric data in real time. This product is required to work reliably
under various environmental and external influences, with reliable installation.

The realization was carried out at the company "Electroninvest" Ltd.
(Sofia).

Various solders and soldering pastes have been investigated for their
application by selective wave soldering and convection solderzing, which combined
with the hybrid printing method allow for complex products and a highly efficient
repair method.

CONTRIBUTIONS:
The presented works show studies related to structural and technological

solutions in surface mounting technology, covering different stages of its
development, over a period of 5 years from the author's work at the College of
Energy and Electronics and in cooperation with the Department of
Microelectronics. and various companies. The works carried out studies
confirming existing technological solutions and experimentally proving new
hypotheses and solutions. We can summarize the contributions as scientific,
applied and applied:
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Scientific:

Research and development of a new technological scheme for hybrid
printing, allowing lead-free soldering of complex SMDs and bulk
components in one technological process - surface mounting. The
development is the result of creatively optimized application of solutions
from mounting in holes and surface mounting elements;

Research and development of a new technological scheme for assembly
using screens that allow the soldering of components with different
temperature mass in one surface assembly process. The possibility of
changing the temperature mass of screens with the same geometry was
further developed and investigated.

Scientific and applied:

Optimal geometry of over printing of solder paste in different application
cases and for optimal design of apertures of stencils has been investigated;
Melting times for soldering pastes were investigated to optimize
temperature profiles for reflow soldering;

Applied characteristics of new low-temperature non-eutectic solders are
investigated for optimal use in surface and wave soldering processes;

An automatic process for repairing high-volume soldered components is
investigated and validated;

A method for controlling mounted products using Xray has been
researched and proposed.

Applied:

The influence of the arrangement of the aperture of the stensil relative to
the hole of the board and the direction of movement of the squeegee when
printing the soldering paste is clarified, which optimizes the amount of the
applied paste in PiP for soldering bulk components with surface mount
technology;

Technology or work centers have been developed and implemented for:
* automatic assembly of very sophisticated Star Flex PCBs with micro
size of component terminals (157 microns) and micro spacing between
terminals (350 microns);

* soldering of ultra high frequency antennas with silver finite coating,
micro solder sizes (300 microns) and large area (1 m X 0.5 m);

* rapid selective wave soldering with an offset center of the wave relative
to the component lead for very small pads (0.6 mm).

The research and development results have been used in the activities of a number
of Bulgarian and international companies such as the companies UniPOS Ltd.
(Pleven), OKTO 7 Ltd. (Botevgrad), AQ Plastronic (Veliko Turnovo), APS
Manufacturing Ltd. (Botevgrad), Industrial Software (Sofia), ATM Electronics

I'n.ac. a-p unxk. Banentus Iletpos Llenes Page 24 of 36




Ltd. (Sofia), IMPEREX Ltd. (USA), ELINCHROM Ltd (Switzerland),
DELTA IMPACT (Great Britain) and GILAT Ltd(lIsrael).
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PE3IOME

Ha npeAcTaBeHUTe NybAnMKauum 3a He pedepupaHn usaaHua ¢ Hay4yHo
peueH3upaHe (I'8)

1. BaneHTuH UeHes, ,MpunaraHe Ha meTtoaa , MoapepeHo nponsBoacTBo”
(Lean Manufacturing) 3a nosuwasaHe epeKTUBHOCTTA HA AUCKPETHO
€/1eKTPOHHO NPOU3BOACTBO B YCOBUATA HA TOTAZIHO ynpaBaeHUe Ha
KauectBoTO (TYK)“, XXV HHCMY ,,MeTponorus n MeTponormyHo
OcurypasaHe 2015, Co3onon, bbarapusa, centemspu 2015, centemspu
2015, loknaam oT 25 HauMOHaNeH Hay4YyeH CMMMO3UYM C MeXAYyHapoaHO
yyactme, ctp. 567-570 . ISSN 1313-9126

PasrnenaH e cbBpeMeHeH HauuH 3a nogpeneHo NpousBoacTBo Lean
Manufacturing. B peanHo npon3BoACTBO € U3BBbPLUEHO Pa3BMUTUE Ha
MOHTaXKHa IMHMA Ype3 u3nonssaHe Ha Lean Manufacturing. CpaBHeHMU ca
pe3ynTaTuTe oT NPeMMHaBaHe KbM KOHBEMEepHO NPOU3BOACTBO U KbM
KOHBeMepHO NPON3BOACTBO C TAaKTyBaHe.

2. BanentuH LeHes, ,MoapeaeHo npoussoactso” (Lean manufacturing) 3a
nosuwaBaHe ePeKTUBHOCTTA Ha KOHBEMEPHO MALUMHHO €/1IeKTPOHHO
NPOU3BOACTBO B YC/I0BMA Ha TOTaNHO ynpas/ieHue Ha KauectBoTo(TYK)”,
SCIENTIFIC-TECHNICAL CONFERENCE INNOVATIONS IN ENGINEERING,
Varna, Bulgaria, September 2015, p. 67-70, ISSN 1310-3946

B cTaTnsTa € onMcaHo pa3BMTME Ha KOHBEWEPHO NPOM3BOACTBO B
ONTUMM3NPAHO TaKOBa C M3M0/13BaHe Ha MalLUMHKN. CpaBHEHMU ca
pe3ynTaTUTe OT HAKOJIKO eTana Ha BbBeXAaHe Ha MallMHU U ONTUMMU3aLMA
c n3nonsBaHe Ha Lean Manufacturing B ycnosusaTta Ha ToTanHO ynpaBneHue
Ha Ka4yecTBOTO.

3. BanentuH LenHes, ,MOAPEQEHO NPOU3BOACTBO 3A NOBULLABAHE
E®PEKTUBHOCTTA HA POBOTU3UPAHO ENEKTPOHHO NPOMU3BOACTBO B
YCNoBUA HA TOTAJZTHO YNPABNEHUE HA KAYECTBOTO (TYK)“,
International Conference AUTOMATICS AND INFORMATICS’15, October
2015, Sofia, Bulgaria, p. 147-149 . ISSN 1313-1850
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Pa3srnegaHo 1 n3cneaBaHo e npeobpasyBaHeTo Ype3 Lean Manufacturing
Ha KOHBeMepeH HauYMH Ha MeXaHUYEeH MOHTAX B pODBOTEH KOMMNEKC 33
MoOHTaX. CpaBHEHM ca pe3ynTaTuTe 3a NPOU3BOACBO Ha e4HAKBU NPOAYKTH
Yypes peasHOTO M3MO0A3BAHE HAa PbYEH MOHTAX, KOHBEMEPEH MOHTAX,
KOHBEMEPEH MOHTA) C TaKTyBaHe, MaLUMHEH KOHBEMEPEH MOHTaX U
poboTeH KoMmnnekc.

4. BaneHTtuH UeHes, ,00BABAHE HA ®YHKUUOHANTHOCTU B UHTETPUPAH
POBOTEH KOMNNEKC 3A ACEMBJ/IUPAHE HA ENNEKTPOHHU U3OENUA”,
[ INTERNATIONAL SCIENTIFIC CONGRESS INNOVATIONS IN ENGINEERING,
JUNE 2016, VARNA, BULGARIA, p. 103-104. ISSN 2535-0285

N3cnepBaHa e epeKTUBHOCTTA Ha paboTa Ha pobOTEH KOMMEKC Ypes
peannsnpaHa NPoOMaHa Ha NOAABaHETO Ha e/1IeMEHTUN OT TaBa KbM
nogasaHe OT KoHBeMep. MpunoXKeHa e naenaTa 3a NnapanesnHo U3Nb/HEHME
Ha onepaunn. CpaBHEHW Ca peanHUTe pe3ynTaTu OT ABaTa TUNa Ha
NnoAaBaHe Ha eNIeMEHTH.

5. BaneHTtuH LieHes, ,ABTOMATU3SUPAHO NOAABAHE HA CNELUNATHU
KOHTAKTHU ENEMEHTU 3A ENEKTPOHEH MOHTAX®, Il INTERNATIONAL
SCIENTIFIC CONGRESS INNOVATIONS IN ENGINEERING, JUNE 2016, VARNA,
BULGARIA, p. 105-107. ISSN 2535-0285

PeanunsunpaHa n nscnenBaHa e naes 3a aBTOMaTUYHO NogaBaHe Ha
CNeunasHN KOHTAKTHU e1eMEHTU C OPUEHTUPAHE MO U3HECEH LLEHTBP Ha
TeXKecT. M3nbAHeHOo e BUHPALMOHHO KPbroBO U IMHEHO NoJaBaHe Ha
KOMMOHEHTM CbC CbOTBETHO YECTOTHO U Ppa30Bo ynpasieHme. HanpaBeHu
Ca U3BOAM OTHOCHO ePEeKTUBHOCTTA HA NPUJIOKEHMETO YPE3 KOHKPETHO
M3MEpeHUn pesynTaTu.

6. BaneHnTtuH LleHes, ,ABTOMATUSUPAHO HAPA3BAHE HA PE3BA HA
CNEUMNANEH ENEKTPUYECKU KOHTAKT 3A OUMHU OETEKTOPU“, XXV
MHTK ,A0M-2016", OHK 2016, Co3onon, bbarapus, ctp.141-144 . ISSN -
1310-3946

B ctatnAta e pa3rnegaHo Cb34aBaHETO HAa aBTOMATUYHA MalllMHA 34
HapA3BaHe Ha pe36a Ha eNIEKTPUYECKN KOHTAKTEH eNNeEMEHT U € n3cneaBaHa
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epeKTMBHOCTTa U. ONMCcaHM ca U3NON3BAHN NPUHLUMNHM peLleHns 3a
OpUeHTUpaHe, cenapupaHe U NpuaBUKBaHe Ha 06pPaboTBAHUTE €/IEMEHTH,
KaKTO M Ha 6bpP30 1 yCcTOMUYMBO HapA3BaHe Ha pe3ba. M3mepeHu ca
pe3ynTaTUTe U ca CPAaBHEHMU C PbYHOTO M3NbBJIHEHME.

7. BaneHtunH UeHes, ,ABTOMATUYHO MOHTUPAHE HA CNELULUAJTHU
ENEKTPUYMECKU KOHTAKTU YPE3 SMD TEXHON0I1A 3A NOA0GPABAHE
HA KAYECTBOTO MW HAAEXAHOCTTA HA AUMHU AETEKTOPU“, XXVI
HaunoHaneH Hay4yeH CMMNO3UYM C MeXAyHapoAHO yyacTme ,MeTposiorus
n MetponormnuHo OcurypasaHe 2016, Centemspu 2016, Co3onon,
bbnrapua, ctp.422 - 426. ISSN 1313-9126
[lopa3BuTta e upes peasiHo NPUNOKEHME 3a 3aMN0sBaHE Ha CneunanHu
€/1EKTPUYECKN KOHTAKTU C TEXHOI0TUSA 33 NOBBPXHOCTEH MOHTA) Ha
Cb3AageHaTa KOHCTPYKLMA 33 NogaBaHe Ha Te3n enemeHTu. HanpaseHa e
afanTauma Ha NOAaBaLLOTO YCTPOMCTBO KbM 6bp3a HaMb/IHO aBTOMaTUYHA
JIMHWUA 332 MOHTA) M 3anosABaHe. MI3mepeHn ca pesynTaTute U e HanpaBeHo
CpaBHEeHMe 3a OLEHKa Ha ePpeKTUBHOCTTA.

8. BaneHtuH Uenes, ,ONTUMUSUPAHE HA ACEMBJ/IUPAHETO HA KAMEPA
3A AUMMEH AETEKTOP C UEN CTABUTU3UPAHE HA NAPAMETPUTE U*,
XXVI HaumMoHaneH HayyeH CMMNo3uym C MeXXAYHapo4HO ydacTme
,MeTtponorua n MetponornyHo OcurypasaHe 2016, Centemspu 2016,
Cosonon, bvarapua, ctp.427 - 430. ISSN 1313-9126

HanpaBeHo e pa3rnexaaHe Ha Cb3AaBaHe Ha MallMHa 3a 6bpP30 U MHOIO
TOYHO acembanpaHe Ha Kamepa 3a AMMEH AEeTeKTop, N03BONABALLA
cTabunusmpaHe Ha napameTpuTe U. M3mepeHu ca napameTpuTe U 3a
oLUeHKa Ha edpeKTMBHOCTTa. HanpaBeHu ca u3Boau 3a 6bAELL0TO pa3BUTUE
Ha UANOCTHUA aBTOMATMYEH NPOLLEC 32 MOArOTOBKA Ha Kamepa 3a AMMEH
[ETEKTOP Npu ronemm obemmn Ha NPoOU3BOACTBO.

9. B. UeHes, ,ABTOMATUYHO MAPKHUPAHE HA U3AE/NNA B POBOTEH
KOMMNNEKC 3A ACEMB/IUPAHE HA AATYULN, XXVIII mexxgyHapogHa
Hay4YHO-TeXHMYecKa KoHpepeHumna ABTOMATU3AUMA HA ONCKPETHOTO
NMPON3BOACTBO “AAMN -2019”“, OHK-KOAN.2019, Co3onon, bvarapusa, ISSN
-1310-3946
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OnuncaHo 1 UscnenBaHo e Cb34aBaHeTO Ha aBTOMATUYEH MApPKMUpaLL, Moayn
M aganTUpaHeTo My B POHOTEH KOMMNIEKC 332 MeXaHWYHO CrnobsBaHe Ha
nspenvs. NpeacraBeHn ca CXEMU, OKa3BaLLM MHTEPUPAHETO My BbB Beye
N3rpageHns Komnaekc. MmepeHu u oueHeHU ca epeKTUBHOCTTA M NoJI3UTE
OT UHTETPUPAHETO MY.

10. B. UeHes, ,ABTOMATUYHA MALUUHA 3A bbP30 ACEMB/IUPAHE HA
OCHOBMU 3A OATYULUNY, XXVIII mexxayHapogHa Hay4YHO-TEXHUYECKA
KoHdepeHuma ABTOMATU3ALMA HA AUCKPETHOTO NPON3BOACTBO
“AON -2019”“, OHN-KONAK.2019, Co3onon, bbarapusa, ISSN - 1310 -3946

B cTaTnsTa € onMcaHo cb3aaBaHeTo M U3CeABaHETO Ha MalLMHa 3a
aBTOMATMYHO crnobaBaHe Ha KOHTaKTHU OCHOBM 3a AaTynuM Ha 6a3aTa Ha
BeYe Cb34aZAEHN U U3TECTBAHW B PeasiHO NPOM3BOACTBO YCTPOMCTBA 3a
noAaBaHe Ha eNleMeHTU. MI3MepeHU 1 CPpaBHEHW Ca Pe3yNTaTUTE OT PbUYHO
crnobaBaHe Ha OCHOBW, KOHBEMEPHO NPOU3BOACTBO, TAKTYBaHO
KOHBelepHO NPON3BOACTBO M MaLUMHHO TakoBa. HanpaBeHu ca n3Bogm 3a
Nnos3uTe OT U3MO0/I3BAHETO Ha cneyyannsnpaHa mallimHa.

OCHOBHUW NPUHOCH:

* MpepcTaBeH e NPUIOXKEH NOAX0A 32 ONTMMA/IHO Cb3AaBaHe U HACTPOMKaA Ha
KOHBeliepu 3a Npon3BOACTBO C M3non3saHe Ha Lean Manufacturing

* TpeacTaBeH e NPUIOXKEeH MeToA 3a aBTOMaTUYHO NPOU3BOACTBO Ha
e/leMeHTU 3a U3genua Uam TAXHa aBTomaTuyHa o6paboTka n usmepsaHe Ha
ePeKTUBHOCTTA UM

* TlpeAcTaBeH e NPUNOXKEH MeToA 3a aBTOMATUUYHO NoAaBaHe Ha
HeCTaHAAPTHU KOMNOHEHTU 32 MOHTaX KbM 6bp3u HANBH/IHO aBTOMAaTUUYHMU
paboTHM Komnaekcu

* TlpeAcTaBeH e NPUIOXKEeH MeToA, 3a aBTOMATUUHO CrnobaBaHe Ha MeXXAUHHU
M KpaHU U3aenua n cpaBHeHUe Ha ePeKTUBHOCTTa UM

* TpepacTaBeH e NPUAOXKEH MeTo 33 aBTOMATUUHO po60THO crnobasaHe,
pPa3sBUTUETO MY M aHANU3 Ha ePEeKTUBHOCTTa MYy
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Copwua, 16.01.2020 .
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RESUME related to 8.

non-referenced issues with scientific reviewing or in edited coauthor works

1. Valentin Tsenev, "Implementation of the Lean Manufacturing Method for
Improving the Efficiency of Discrete Electronic Manufacturing under the
Conditions of Total Quality Management (TQM)", XVV NNSMU
"Metrology and Metrological Insurance 2015", Sozopol, Bulgaria,
September 2015, Papers from the 25th National Science Symposium with
International Participation, pp. 567-570. ISSN 1313-9126

A modern way of ordering Lean Manufacturing is considered. In actual
production, an assembly line was developed using Lean Manufacturing.
The results of the transition to conveyor production and to conveyor
production with timing are compared.

2. Valentin Tsenev, “Lean Manufacturing for Increasing the Efficiency of
Conveyor Machine Electronic Production in the Conditions of Total
Quality Management (TQM)”, SCIENTIFIC-TECHNICAL CONFERENCE
INNOVATIONS IN ENGINEERING, Varna, Bulgaria, September 2015, p. 67-
70, ISSN 1310-3946

The paper describes the development of conveyor production in an
optimized one using machines. The results of several stages of machine
introduction and optimization were compared using Lean Manufacturing
under Total Quality Management.

3. Valentin Tsenev, "WEEL ARRENGED PRODUCTION TO INCREASE THE
EFFICIENCY OF ROBOTIC ELECTRONIC PRODUCTION UNDER TOTAL
QUALITY MANAGEMENT (TQM)," International Conference AUTOMATICS
AND INFORMATICS’15, October 2015, Sofia, Bulgaria, p. 147-149. ISSN
1313-1850

Conversion of mechanical assembly into a robotic assembly complex is

examined and investigated by Lean Manufacturing. The results for the
production of identical products by the actual use of manual assembly,
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conveyor assembly, conveyor assembly with timing, machine conveyor
assembly and robot complex were compared.

4. Valentin Tsenev, "ADDING FUNCTIONALITY IN AN INTEGRATED ROBOTIC
COMPLEX FOR ASSEMBLING OF ELECTRONIC PRODUCTS", II
INTERNATIONAL SCIENTIFIC CONGRESS INNOVATIONS IN ENGINEERING,
JUNE, 2016, JUNE. 103-104. ISSN 2535-0285

The work efficiency of a robotic complex was investigated by realizing the
change of feed of elements from the tray to the feed from a conveyor. The
idea of parallel execution of operations is attached. The actual results of
the two types of filing are compared.

5. Valentin Tsenev, "AUTOMATIC SUBMISSION OF SPECIAL CONTACT
ELEMENTS FOR ELECTRONIC ASSEMBLY", Il INTERNATIONAL SCIENTIFIC
CONGRESS INNOVATIONS IN ENGINEERING, JUNE 2016, VARNA,
BULGARIA, p. 105-107. ISSN 2535-0285

The idea for the automatic submission of special contact elements with
orientation along the external center of gravity has been realized and
researched. Vibrational circular and linear feed of components with
corresponding frequency and phase control is performed. Conclusions
have been made about the effectiveness of the application through
specifically measured results.

6. Valentin Tsenev, “AUTOMATIC THREAD OF SPECIAL ELECTRICAL CONTACT
FOR SMOKE DETECTORS”, XVV MSTC “ADP-2016", June 2016, Sozopol,
Bulgaria, pp.141-144. ISSN - 1310 -3946

The paper deals with the creation of an automatic thread cutting machine
for an electrical contact element and examines its effectiveness. It
describes the basic solutions used for orienting, separating and moving the
machined elements, as well as for fast and stable thread cutting. Results
were measured and compared with manual execution.

7. Valentin Tsenev, "AUTOMATIC INSTALLATION OF SPECIAL ELECTRICAL
CONTACTS THROUGH SMD TECHNOLOGY TO IMPROVE THE QUALITY AND
RELIABILITY OF SMOKE DETECTORS", XXVI National Scientific Symposium

I'n.ac. a-p unxk. Banentus Iletpos Llenes Page 34 of 36




with International Participation "Metrology and Metrological Insurance
2016", September 2016, Sozopol, Bulgaria, pp.422 - 426. ISSN 1313-9126
It is further developed through a real application for soldering special
electrical contacts with surface mounting technology of the created
structure for feeding these elements. The feeder has been adapted to a
fast fully automatic assembly and soldering line. The results were
measured and a comparison was made to evaluate performance.

8. Valentin Tsenev, “OPTIMIZING THE ASSEMBLY OF THE SMOKE DETECTOR
CAMERA WITH THE PURPOSE OF STABILIZING THE PARAMETERS”, XXVI
National Scientific Symposium with International Participation “Metrology
and Metrology 2016, September 4, 2014. ISSN 1313-9126

Consideration is given to creating a machine for fast and very accurate
assembly of a smoke detector camera, which allows stabilization of its
parameters. Parameters are also measured for performance evaluation.
Conclusions are made about the future development of the overall
automatic process for preparing a smoke detector camera at high volumes
of production.

9. V. Tsenev, “AUTOMATIC MARKING OF PRODUCTS IN A ROBOTIC
COMPLEX FOR ASSEMBLY OF DETECTOES”, XXVIII International Scientific
and Technical Conference AUTOMATION OF THE DISCRETE PRODUCTION,
“ADP-2019”, June-July 2019, Sozopol, Bulgaria, ISSN - 1310 -3946

OnuncaHo 1 nscnenBaHo e Cb3[4aBaHETO Ha aBTOMATUYEH MApKMpaLL, Moay A
M afanTupaHeTo My B poboTeH KOMNIEKC 32 MEXAHMYHO CrnobaBaHe Ha
nsgenusa. NpeacraBeHW ca CxeMu, OKa3BaLLLM MHTErpUPaHEeToO My BbB Beye
n3rpageHuma Komnnekc. MmepeHu 1 oueHeHn ca epeKTUBHOCTTA U NON3UTE
OT uHTEerpupaHeTo my. It is described and investigated the creation of an
automatic marking module and its adaptation in a robotic complex for
mechanical assembly of products. Circuit charts are presented for its
integration into the complex already built. The effectiveness and benefits
of integrating it are measured and evaluated.
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10. V. Tsenev, “AUTOMATIC MACHINE FOR QUICK ASSEMBLING OF BASICS
FOR DETECTORS” XXVIII International Scientific and Technical Conference
AUTOMATION OF DISCRETE MANUFACTURING “ADP-2019”, June-July
2019, Sozopol, Bulgaria, ISSN - 1310 -3946

The paper describes the creation and testing of a machine for the
automatic assembly of contact bases for detectors based on devices
already created and tested in real production. The results of manual
assembly of the bases, conveyor production, timed conveyor production
and machine ones were measured and compared. Conclusions are made
about the benefits of using a specialized machine.

MAJOR CONTRIBUTIONS FROM PUBLICATIONS:

* An applied approach for optimally creating and adjusting production
conveyors using Lean Manufacturing is presented

* An applied method is provided for the automatic production of elements for
products or their automatic processing and measurement of their effectiveness

* An applied method for the automatic submission of non-standard
components for assembly to fast fully automatic work complexes is presented

* An applied method for automatic assembly of intermediate and finished
products and comparison of their efficiency is presented

* An applied method for automatic robotic assembly, its development and
analysis of its effectiveness is presented

Signature......cccceeeueeennns

/chief asst. prof. PhD eng. V.
Tsenev/

Sofia, 16.01.2020
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