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AncepTaunoHHNAT Tpya € o6CbaeH N HAacoYeH 3a 3awmTa oT KateapeHus CbBeT Ha
kaTtegpa ,ABTOMaTM3auus Ha AMCKPETHOTO NPOU3BOACTBO KbM ,MaluMHOCTpoUTENEH
dakynteT” Ha TY-Codmsa Ha peoBHO 3acefaHne, npoeeaeHo Ha 16.02.2026 r.

My6nuyHaTta 3awmuTa Ha AUcCepTaLMOHHUA TPy We ce cbeTtom Ha 17.04.2026 r. oT
13:00 yaca B KoHgepeHTHaTa 3ana Ha bUL] Ha TexHun4yeckn yHnsepcuteT — Codus Ha
OTKPUTO 3acefaHue Ha Hay4yHOTO Xypu, onpegeneHo cbe 3anoseq Ne OX-5.1-22 /
19.02.2026 r. Ha Pektopa Ha TY-Codusa B cbCTaB:

. npod. A-p uHx. PeHeta dnmntpoBa — npefcenarten
. Npo. aH uHx. B0 ManakoB — Hay4YeH cekpeTap

. npod. AH uHX. Qumutbp Onyes

. Apo. a-p unx. Unna XXenesapos

. gou. o-p viHx. LlaHko Kapamxos

abhownNn -

PeueH3eHTU:
1. npodp. A-p nux. PeHeta Jumntposa
2. npod. AH uHX. Qumutbp Onyes

MaTeleanMTe no 3awputata Ca Ha palnofioxkeHne Ha WUHTepecyBallnuTe Cce B

KaHuenapusata Ha ,MawunHocTtpouteneH dakyntet” Ha TY-Codwms, 6nok Ned, kabuHeT
Ne 3242.

[uncepTaHTbT e 3a404eH JOKTOPaHT KbM KaTeapa ,ABToMaTnsauus Ha QUCKPETHOTO
npousBoacTBo® Ha  ,MawwuHocTpouTeneH  cpakyntet’.  WM3cnegBaHmata  no
AncepTaunoHHaTta paspaboTka ca HanpaBeHM OT aBTopa, KaTo HAKOM OT TAX ca
NoAKpeneHn oT Hay4YHoM3CcneaoBaTeNCKN NPOEKTU.

ABTOp: Mar. nHx. Bbnko 3anpsHoB Mutes

3arnasue: Noaxon 3a NpoeKTMpaHe Ha MOHTaXXHN aBTOMaTU3MPAHN KOMIMIIEKCH
Tupax: 30 6pos

OtneyvataHo B UMK Ha TexHun4veckn yHnBepcuteT — Codms



|. OBLLLA XAPAKTEPUCTUKA HA OUCEPTALUMOHHUA TPYA

AKTyanHocT Ha npob6nema

B npaktMkata no npoekTMpaHe Ha MOHTaXHUM aBTOMaTU3NPaHM KOMMIIEKCH
HayanHWAT eTan Ha pa3paboTkaTa 4YecTo ce XapakTepusmpa C HEMbITHM JAaHHWN, HESICHO
dopmMynmpaHn N3MCKBaHMSA U BUCOKA CTEMNEH Ha HeoMnpeaeneHocT. YecTo TeXHNYECKOTO
3afaHue He e hopManm3npaHo B MUCMEH BUA, NUMNCBAT YEpPTEXN C HAHECEHW AOMYCKU
M OTKMNOHEHUA OT dopma, a MnpegoCTaBeHUTE MOCTPUM He MpencTaBAT pearnHoTo
NPOM3BOACTBEHO Ka4yecCTBO, 3alLOTO Ca CeNnekTupaHu crneuuanHu, KaTo HekadecTBEHU
obpasumn (bpak) ca npemaxHaTM OT MOCTpeHaTa u3Bagka, KOATO ce npenocTtaBsa Ha
N3NbAHUTENS Ha NPOEKTA.

HanbnHO norpewHo e cxBallaHeTo, Ye 3a Luenute Ha aBToMaTtm3aumsTa crnejsa ga
ce NpefocTaBAT camo ,rogHn“ getawnu, 6e3 ga ce oTuMTaT peanHuTe OTKNOHEHUS B
KayecTBOTO CMpsMO uYepTexuTe. ToBa BOAM OO0 MNOAUEHsIBAHE HA BIUAHMETO Ha
gonyckute, dopmMaTta M OTKNOHEHUSTAa Ha MOBBLPXHUMHUTE BbPXY HaAeXAHoCTTa Ha
aBTOMAaTM3NPaHMA MOHTaX. B pesynTaT Bb3HWMKBAT AOMBIHUTENHU NPOEKTHU PUCKOBE,
HeobX04MMOCT OT KOHCTPYKTUBHU JOPabOoTKM 1 yBENMYaBaHe Ha pasxoguTe B NO-KbCeH
eTan. 1o Bpeme Ha KOHCTpyupaHe Ha eAvH MOHTaXeH aBTOMAaTMYEH KOMMIIEKC HMKOra
He moraTt ga ce npeasuaaT BCUYKM PUCKOBE M BUHArK nma etan Ha oMHa HacTponka u
,OKMBSABAHE" Ha CbOPBXKEHNETO. AKO KbM TOBaA Ce MPUOABAT U NPUKPUTK OT KIMEHTA
AedekTn B Ka4yecTBOTO, MNM cneundukn 3a aetannute, Bb3MOXHUTE TPYAHOCTU Ha
eTan peanusaumsi CbC CUIYpHOCT LLie Ce yBenu4ar.

MocoyeHuTe obcToATencrea obycnaBAaT HeobxoguMMocTTa OT cucTemaTuavpaH
noaxod, nNpW KOWTO aHanmu3bT Ha peariHoTO KavyecTBO Ha AeTannure U
dopManmM3npaHeTo Ha TEXHWYECKOTO 3ajaHue ce pasrnexgaTr KaTo 3aabihkuTenHa
npeanocTaBka 3a €PEKTUBHO NPOEKTUPAHE HA MOHTaXXHN aBTOMATU3MPaHN KOMIIIEKCH.

LUen Ha aAnceptaulMoHHuUA TpyA, OCHOBHM 3agayiv U MetToaM 3a

n3crniegBaHe
Llenta Ha aucepTaumMoHHMA Tpya € ga ce paspaboTu cucTeMEH noaxon 3a
NpoeKTUpaHe Ha MOHTaXHW aBToOMaTU3UPaHN KOMMNIEKCH

3a nocturaHe Ha NocTaBeHaTa Len criegsa fga ce pewaT cnegHuTe 3agauu:

1. [la ce aHanuampaT xapakTepuUCTUKM Ha CrrobsiBaHMTE AeTannu, KOMTO OKasBaTt
BNUSIHNE BbPXYy M3bopa Ha TEXHUYECKM CPEACTBA 3a aBTOMATU3MPaH MOHTaxX.

2. [la ce pa3paboTn meToauka 3a nogrnomaraHe n3bopa Ha TEXHUYECKN CpeacTBa 3a
narpaxxgaHe Ha MAK c oTunTaHe Ha XxapakTepUCTMKUTE Ha crrnobsiBaHMTe geTannu.

3. [da ce onpegensat OCHOBHUTE eTanu M 3ajadnm Ha CcUCTEeMEH noaxon 3a
npoektnpaHe Ha MAK.

4. [l1a ce anpobupa paspaboTeHUAT MHCTPYMEHTaApPUYM NpuU peLlaBaHe Ha 3agadun ot
NHAaycTpUusaTa.

HayyHa HoBOCT

PaspaboTteHa e meToamka 3a nognomaraHe m3bopa Ha TeXHUYEeCcKu cpenctsa 3a
OCbLLECTBABAHE HA MaHUMyNauMoOHHUTE (PYHKUUKM NpyY aBTOMaTU3auus Ha MOHTaxa C
OTUYMTaHE XapaKTEPUCTMKNTE Ha CrrnobsaBaHnTe geTannm n nsgenus.

PaspaboTeHa e knacudukaumsa Ha XxapakTepucTUkUTe Ha crinobsiBaHMTe getannm u
n3genus, KOMTo okaseaT BNMSHUE Bbpxy n3bopa Ha METOAM N TEXHUYECKN CpeaCcTBa 3a
aBTOMaTU3NPaH MOHTaX.

PaspaboteH e nogxog 3a npoektupaHe Ha MAK, konmto BkniouBa 28 etana u
npeacraBnsaBa opraHMsnpaHa CbBKYNMHOCT OT METOAMKK, Knacudukaumm u npenopbKu
KbM KOHCTpYKTOpUTE.



MpakTuyecka NpuUNoOXnMmMocT

dopmynupaHuTe NpenopbkuM KbM KOHCTpyKTOpUTEe Ha MAK aeduHupaT egHa pamka,
KOSITO MOXe [a ce M3Mnon3Ba B MHOro LUMPOK AnanasoH OT NPOEKTU, HE3aBMCUMO B KOS
obrnacT Ha NpoMMILLNIEHOCTTA.

PaspaboTteHa e HeobxogumaTta OOKYMEHTauusi Mo BpemMe Ha NPOEeKTUpaHeTo Ha
MAK — TexHwdyecko 3agaHue, odpeprta, OOroBOp, YepTeXxum C HaHeCeHW AOMyCKn u
OTKNOHEHNA OT (hopMa, rpaduk Ha npoekTa, uuknorpama. Bcnukm Te3m JOKYMEHTU ca
HOCUTENN Ha YacTuua OT ycrnexa Ha npoektute. Hakom oT Tax moraTt Aa ce nponycHar,
HO TOBa BOAM [0 peauvua 3aTpygHEHUs U Hepa3bupaTernicTBo C KNUeHTa.

OnpepeneHn ca @yHKUUUTE, OTFOBOPHOCTUTE M B3aMMOOTHOLUEHUATaA MeXay
OCHOBHUTE yYacCTHMLUM B Npoueca Ha paspaboTBaHe Ha MAK.

Pa3paboTeHnaT MHCTpyMeHTapuyM e anpobupaH 3a pellaBaHe Ha WHOYCTpuanHu
3agaun.

Anpobauus

Bcyukun pesyntaTtv oT AMcepTauMoHHUS TpyA — NOAXOA, METOAWKA U KOHCTPYKLMKM Ha
MAK, kakto u Ha gpyrm cuctemu, ca BHegpeHu B npoektn Ha KMC WHXEHEPWHI
OO/ v ycnewHo paboTaTt B pasfiMyHN MHAYCTPUAnNHM NpoM3BOACTBa.

My6nukauunn

OCHOBHM NOCTMXXEHUSI U pe3ynTaTh OT AUcepTauMoHHMA TpyA ca nybnukyBaHu B 4
Hay4YHW CTaTuK, OT KOUTO ABE Ca CaMOCTOSATENHM U OBE B CbaBTOPCTBO, €4Ha OT KOUTO
€ B MHOeKcupaHo nsganue. NMybnukauuuTe ca 4OKNaaBaHU Ha:
MexagyHapoaHa Hay4YHo-TexHuYecka koHdepeHuma ,ALIMN-2018”, 2018, Co3onon
MexagyHapoaHa Hay4YHo-TexHuYecka koHdepeHuna ,AlMN-2020”, 2020, Cosonorn.
MexayHapoaHa Hay4YHo-TexHMYecka koHdepeHuma ,ALlMN-2022”, 2022, Co3onorn.
International Conference on Engineering Physics, Electronics and Earth Science
(EEPES 2023), 2023, Kavala.
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CTpykTypa u 06em Ha AucepTauMOHHUA TPYA,

[OunceptaunoHHuaT Tpya € B 06em ot 163 cTpaHuum, KaTo BKOYBa yBO4, 4 rnasu 3a
pewaBaHe Ha (POpPMyNMpaHUTE OCHOBHU 3afayu, CMUCHK Ha Hay4YHO-NPUNOXHUTE U
NPUNOXHUTE MNPUHOCK, CNMCBK Ha NybnukauumuTe nNo aucepraumsita M M3nonsBaHa
nutepatypa. UutmnpaHu ca obuwo 91 nutepatypHu n3tovHuka, kato 31 ca Ha natuvHuua,
36 Ha kupunuua, a octaHanute 24 ca MHTEPHET n3ToyHMun. PaboTtaTta BknoyBa o6Lwo
98 durypmn n 4 Tabnuun. HomepauuaTta Ha curypute n tTabnuunte B aBTOopedepata
CbOTBETCTBA Ha Tasn B AUCEPTALMOHHUSA TPy,



Il. CbKPATEHO CbAbPXAHUE HA AUCEPTALMOHHUA TPY[

NMABA 1. OB30P U AHAIIN3 HA MNPOBJIEMA. LEN U 3AOAYN HA
ANCEPTALMNOHHATA PABOTA

B Tasn rmaBa e HanpaBeH nperneg M aHanvM3 Ha CbCTOSIHUETO Ha npobrnema,
06eKT Ha pasrnexaaHe B AMcepTaLnMoHHUS TpyAa.

1.5 O0630p M aHanNU3 Ha TeXHUYECKU cpeacTBa 3a usrpaxpgaHe Ha MAK —
Knacudukaymm, o6nactum Ha NPUNOXMMOCT, aHanu3 Ha nasapa.

o TeopeTMqHa paMkKa Ha aBTOMaTU3INPaHNA MOHTaX

MoHTaxxHuTe aBToMaTuaupanHm komnnekcu (MAK) B nutepatypaTa ce pasrnexgart
KaTo OUCKPETHW NPOW3BOACTBEHUM CUCTEMWU, C BUCOKA CTEMEH Ha UHTEerpauus, B KOUTO
ce peanuaupa CbBKYMNHOCT OT onepaunn — TEXHONTOMMYHU, MOHTaXHW, TPAHCNOPTHM.

e 3axpaHBalWu U OPUEHTUpALLU YCTPOMUCTBA

3axpaHBaHETO Ha AeTannu e eguH OT Han-kpuTuYHUTE npouecu B MAK, 3aL0To KbM
Hero nma npegsBeHn NoBULLEHN U3NCKBAHUS 3a NPOU3BOAUTENHOCT N HAOEXOHOCT.

MokasaHaTta Ha dur. 1.6 knacudukauua npeacraBa BUOPOOYHKEPUTE MO HAKOSKO
npusHaka. Cnopes HayuMHa Ha 3agBMXKBaHe Te Ca €enekTpoMarHUTHU (Han-
pasnpoOCTPEHUAT BUA), MEXaHUYHW C EeKCUEHTPUK (3a peanuaupaHe Ha ronemu
aMmnnuTygm), NMesoenekTpudeckn (3a MUHMATIOPHU OeTannuv) unu nHeBmaTudHu (nNpu
arpecvBHn cpegun). Cnopep ¢opmata Ha UYMHMATA — UUIMHOAPWUYHWU, KOHYCHW,
CTbNaNoOBWAHN, KAKTO U C BbHLLHA MOBbPXHUHA 3a OpUeHTUpaHe, KoeTo 0BUKHOBEHO ce
Gasupa Ha HAKOM OT NPeaxo4HUTE TUMNOBE, C peanu3auus Ha BbHLWHA nepudepus, no
KOSTO Ce wu3BbpwBa opueHTupaHeTo. Cnopen 6posi NMbTeKM YMHUMMTE OuBar
eHOCNMpanH 1 MHOrOCNMParnHu.
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®ur. 1.6 Knacudgukaums Ha BubpobyHkepu
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e CeH30pHU CUCTEMU U KOHTPON Ha Ka4eCTBOTO

KOHTpOJTbT B MAK Bkno4Ba NO3MLUMOHHN OaTynLM, namMmepsaHe Ha cuiia U1 MOMEHT,
KOHTPOJ1 Ha HanAraHe n Bakyym, Kakto 1 CucCtemum 3a MallMHHO 3peHNE.

e YnpaBnsABaliu CUCTEMU U KOMYHUKaLMOHHM nnaTcopmum

PLC koHTponepute v uHAOYCTpUarHUTE KOMYHMKaLMOHHU MpeXu npeacrasnasar
OCHoBaTa Ha ynpasneHuneTo Ha MAK.

° I'IasapHM TeHAeHUun B obnacTra Ha aBTOMaTU3nNpaHNTe MOHTaXXHU CUCTEeMU

moGanHnte TeHAeHUuM nokaseat yCTOVIHMB pactex Ha WHBeCcTuunMnTE B
aBTOMaTnU3npaHn MOHTaXXHWU CUCTEMU, CTUMYITMPaH OT HEeOJOCTUr Ha pa60THa cuna,
NMOBULLIEHN N3NCKBAHWUSA 3a KA4ECTBO U HEOOXOOMMOCT OT npocneanmMmocTt.

PesynTtatuTte OoT Tasu rnaea morat ga ce o606wWAT B cnegHUTe U3BOAN:

1. CobBpemeHHMTe MAK KaTo 06eKT 3a NpoeKkTUpaHe NpeacTaBnsBaT CNOXHU
TEXHUYECKM CUCTEMW, XapakTepusmpalinm ce ¢ MHoroobpasme Ha Uu3NbIIHSABaHUTE
YHKUUKN, Ha BMAOOBETE NOLACUCTEMM U OTHOLLEHUS (BPBH3KM) Mexay TsX, ronsam 6pon Ha
Bb3MOXHUTE CTPYKTYPHU BapuaHTW, Ha U3UCKBaHUATA 3a NPOEKTUpaHe N 3HayuTeneH
6pon napameTpu, BbpXy KOUTO OKasBaT BNUAHME peauua ¢akTopu, 4acT OT KOUTO ca
HeonpegeneHu.

2. Ha nasapa He ce npegnarat rotoBu MAK — Te ce npoektmpaT kaTo
YHUKaNHW peLlleHuns, KoeTo 3aTpyaHsiBa TAXHOTO pa3paboTBaHe.
3. AHanunanpaHuTe MeTogmu 3a npoekTupaHe Ha TexHudeckn nsgenna n MAK

ce OCHOBaBaT Ha CUCTEMHUSA NOAXOA U NpeAacTaBnsBaT UTepaTtMBeH TBOPYECKN Npouec,
BbB BCEKM OCHOBEH €Tan Ha KOWTO Ce pellaBaT 3ajayuTe 3a CUMHTEe3, aHanus u n3bop
Ha onTUManeH BapuvaHT OT MHOXECTBOTO Ha [OMYyCTUMW MPOEKTHU pPEeLUeHUsi, KOUTO
yOOBETBOPSBAT HANOXEHUTE M3UCKBAHUSA N OFPaAHUYEHNS.

4, M3BecTHUTE MeToaMKKn 3a npoektupaHe Ha MAK nmat peguua HepelleHun
npobnemn n e HeobGXxoOMMO Te Aa Ce YCbBbPLUEHCTBAT, C uUen nogobpsiBaHe Ha
TAXHaTa ePEeKTUBHOCT.

1.7 Uen v 3apgaym Ha gucepTaumMoHHaTa paborTa.
Bb3 ocHOBa Ha HanpaBeHOTO MNPOYy4YBaHE W aHanM3 Ha MOCTUXKEHMsTa B
pasrnexgaHaTta obnact e bopmynupaHa wenTta Ha guceptauuoHHata paboTa:

Oa ce pa3pa6om CuUCctemMeH noaxon 3a npoeKTupaHe HaA MOHTAXHU
aBTOMaTU3NpPaHU KOMMNJIeKCH.

3a nocturaHe Ha nocTaBeHaTa Len crnefBa fa ce pelwaT crneaHuTe 3agayum:

1. [la ce aHanuanpart xapaKkTepuCTMKM Ha crinobsiBaHnTe geTannum, KOMTo okassar
BNUsiHME BbpXy M3bopa Ha TEXHMYECKN CpeaCcTBa 3a aBTOMATU3NPAH MOHTaX.

2. [da ce paspabotm meToguka 3a nognomaraHe wu3bopa Ha TEXHUYECKU
cpeacTBa 3a usrpaxgaHe Ha MAK ¢ oTuMTaHe Ha xapakTepucTUKuTe Ha crnobsiBaHuTe
aetannu.

3. [da ce onpegensitT OCHOBHWTE eTann M 3ajadn Ha CUCTEMEH noaxon 3a
npoektnpaHe Ha MAK.

4. [la ce anpobupa paspaboTeHUAaT MHCTPYMEHTapUYM NMpuU pellaBaHe Ha 3agadun
OT UHAyCTpUATAa.



NMABA 2. PASBPABOTBAHE HA METOOUKA 3A MNOAMNOMAIAHE
U3BOPA HA TEXHUYECKU CPEAOCTBA 3A OCBLIECTBABAHE HA
CBbBKYIMNHOCTTA oT ®YHKUUUN HA MOHTAXHMU
ABTOMATU3UPAHU KOMIJIEKCU

B Ttasu rmaea e HanpaBeHa knacudukaumsa Ha xapakTepucTukuTe Ha crnobsasaHuTe
Aetannu n n3genus, KOMTo okaseaT BNUAHME BbPXY M3bopa Ha MeToan U TeXHUYECKU
cpefcTBa 3a aBToMaTu3npaH MOHTaX. ToBa ca maTtepwuar, opma, pasmepu, B3aMMHO
NoMnoXeHne Ha geTannuTe, HAYUH HA MOHTaX, XXerflaHa NPOM3BOAUTESTHOCT, KpUTEpUM
3a KayecTBO 1 Ap.

HanpaseH e aHanu3 Ha OTKIOHeHUusTa OT pa3Mmepu, hopma N PU3MYeCcKn CBOMNCTBaA
Ha JeTannuTe B 3aBUCMMOCT OT MeTOoAMUTE Ha NPOn3BOACTBO.

2.2 AHanu3 Ha OTKNOHEeHusiTa OT pa3mepu, hopma M pU3N4YEeCKM CBOMCTBA Ha
AeTannuTte B 3aBUCUMOCT OT MeTOAUTE Ha NPOU3BOACTBO.

OCHOBHO BHUMaHWe e o00bpHaTO BbLPXY aHanmMsa Ha [eTannute, KoOUTO ca
n3paboteHn OT nonumepHn matepuann. lNpu TaX ca Hanuue peguua HegocTaTbuw,
NPUYNHEHN OT MPOU3BOACTBEHUS MPOLEC, KOUTO Ce OTpassiBaT Ha MNO-KbCeH eTan B
cuctemmTe 3a aBTOMaTUYHO 3axpaHBaHe M OPUEHTUPAHE Ha AeTaunn, Kakto 1 Npu onuT
3a XBalllaHe Ha OeTannnTe B MOHTaXHUTE 3agauun.

®ur. 2.4 Wnpuudgopma

1 - uaxebprauu; 2 - nesik; 3 - genuTenHa paBHMHa

LnpuudopmaTta e nokasaHa Ha dur. 2.4. ToBa e BUCOKOMPELU3EH UHCTPYMEHT,
KOMTO C TEeYEeHMe Ha BPEMETO M MWUMMOHM LMKIM Ha wWwnpuua ce M3HocBa. 3aefHo C
M3HOCBaHe 3ano4yBaTt ga ce HabnwaaeaT peauua AedekTn, KoMTo ce oTpassiBaT Ha
Ka4yecTBOTO.

OnucaHuTe B AucepTauusita OeseT Buaa OedeKTU U OTKIIOHEHUS ca 4ecTo
CpeLlaHn, HO He M34epnBaT BCUYKM Bb3MOXHOCTW, 3aTOBa MpW aHanusa Ha getannute
cnegBa ga ce MO3HaBa KOHCTPYKUMATa Ha wnpuudopmata U TexHonorusita Ha
NpoOu3BOACTBO, 3a Aa MmoraT ga ce npeasuaat. OcBeH ToBa rofsiMa 4acTt OT TsX ca
CBbp3aHM C HacTporBaHeTO Ha obopyaBaHeTO 3a LiNpuuBaHe OT onepatopute W
HeobxoaMmaTta TeXHOMorMYyHa gucumnnuHa. Te morat ga ce nosiBaBaT NepuoauyHoO U
CTOXacTU4YHO M TpsbBa ga ce vMaT NpeaBua KaTo Bb3MOXHOCT. KaTto npaBuno Tesu
eBeHTyanHu aedektn He ce oTbens3BaT Ha 4YepTexuTe Ha AeTaunuTe, OCBEH akKo



NPOM3BOAMTENAT Ha MOHTaXHa TExXHUKa Wu3puyHO He 1M agobaBu M cbrnacyea
npegBapuTenHo.
dur. 2.5, dur. 2.6, dur. 2.7 n dur. 2.8 BU3yanmanpar HAKOU OT Te3n AedekTu.

®ur. 2.6 OTKIOHEHNEe OT paBHUHHOCT 5 ®ur. 2.7 TeopeTNU4HO OTKINOHEHNE OT

MM Npu 3agageHo no vYeptex 0,4 mm. dopma

e LN

dur. 2.8 XapakTepHu ,KocMn”, nonyyasallm ce npu wnpuusaHe Ha matepuan POM.

O6ukHOBEHO onucaHuTe AedeKkTn Ha geTannuTte 3a aBTOMaTU4YHO CrnobsiBaHe ce
nosiBsABaT Crej BHeapsiBaHE Ha aBTOMATM3MPAHUTE MOHTAaXXHM KOMMMEKCUM N He moraT
[a ce YCTaHOBAT, HUTO MO MOCTPEHU OpPOMKW, HUTO MO YEepTEXUTe, KOUTO Ce
npenocTaBAT OT MHBECTUTOpUTE. Te3n npobnemn ¢ Ka4yecTBOTO Ha AeTannurte Tpsabsa
[a ce npegswxgar M ovakBaT M npu m3bopa Ha CbOTBETHUTE MOBBLPXHUHWU 3a
JyHKUMOHANHO B3auMOJeucTBMe C aBToMaTuaupalwmTte ycTpouctBa. Bbagencreueto
Ha Teaun gedekTn ce oTKpUBa UM Npyu TECTOBETE MO NpeAaBaHe Ha aBToMaTtMaMpallara
TEXHUKA, UNU Cce NposABsBaT Creg Bpeme Npu ekcnnoaTtauusta 4pe3 npecton u
HamansBaHe Ha NPOU3BOAUTENHOCTTA.

ABTOMaTM3MpaHata MOHTaXxHa MaluHa € wu3paboTteHa wn TecTBaHa npu
N3NBbNHUTENS, a NPU JOCTaBKa Ha KNMEeHTa ce oKasBa, Ye YacT oT konenaTta (Pur. 2.13)



He mMoraT ga ce ABMXaT HOpMasiHO B NpeABUAEHMUS 3a TAX CaMOTeYeH ynen (NokasaH B
3erleHO Ha MoJerna Ha MawunHaTa Ha dur. 2.12) 1 3aknuHBar.

dur. 2.12 MAK 3a crnobssaHe Ha our. 2.13 Koneno ¢ newosnaHa BbHLUHA
Brak4yeTa reomeTpus.

Mpn petannu, npousBedeHN 4Ype3 CTPYKKOOTHEeMaHe, HOMMHanHaTta reoMeTpus
0OMKHOBEHO Ce NMoCTUra C BMCOKa TOYHOCT, HO BBMPEKN TOBa Ca Hanuue XapakTepHU
OTKINOHEHUSA, KOUTO credBa ga O6baaT OTYETEHM MNPU MNPOEKTUpPaHe Ha MOHTaXKHU
npouecwu.

INleTute petannn ce xapaktepusmpaT C NO-rofieMn OTKIOHEHUSI OT HOMUHanHaTa
reoMeTpus B CpaBHEHME C OHE3W, KOUTO ca MNpPOU3BEOEHM MO TEXHOMormaTa Ha
CTPY>KKOOTHEMAHeE.

Mpy wamMmnoBaHWUTe LOETAWNN XapakTepPHM Ca OTKITIOHEHMS, CBbP3aHU C eNacTU4HO
BpblUaHe Ha maTepuana cneg gegopmaums.

KoBaHuTe getannn obukHoBeHO Mmat gobpa MexaHn4Ha sIKOCT, HO ce oTnn4vaBaT C
OTHOCUTENHO rpyba NOBBbPXHOCT U OTKIOHEHUSA BbB hopmaTta, o0ycrnoBeHu OT npoueca
Ha nnacTtuyHa gecopmaumsi.

HeTtannnte, npousBedeHn 4pe3 aauTMBHUM TexHonormm (3D nevaTt), ce
Xapaktepuampar CbC CneumuyHn OTKIIOHEHUS OT HOMWHaNHaTa reoMeTpus,
0obycnoBeHn OT OCHOBHWUSA XapakTep Ha npoueca — pabota cnon no cnoun. [detannu,
npou3BeaeHN Ypes TakmBa TEXHOSOMMN ca nokasaHu Ha dur. 2.19.

('

®ur. 2.19 MonumepHn getannu, nponsseneHu ypes 3D nevat

2.4. Metoguka 3a OLEHKa Ha MOHTaXXONpuUrogHocTTa Ha AeTawnum M M3bop Ha
TeXHU4YEeCKM cpeacTBa NpM aBTOMaTM3auUmMa Ha MOHTaxa.

Bb3 ocHOBa Ha M3BbLPLUEHUA aHanNn3 Ha XapaKTepUCTUKUTE Ha crrnobsaBaHuTe
AeTannu, OTKNOHEHMATa OT pa3Mepu n bopma, KakTo U M3NCKBaHUATa KbM 06ekTuTe 3a
aBTOMaTU4HO crrobsaBaHe, B HacTosillaTa ToYKa ce npeanara Metoguka 3a oueHKa Ha
NpuUrogHoOCTTa Ha AeTannuTe 3a aBTOMaTM4YEeH MOHTaX M nognomaraHe m3bopa Ha
TEXHNYECKM CpeacTBa MNpuv aBTOMaTM3auusi Ha MOHTaXa, HapuyaHa no-HaTaTbk
Metoguka MINM.
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B npaktukata Ha npoekTupaHe Ha MOHTaXXHM aBTOMATU3MPaHU KOMMEKCU n3bopsT
Ha TEeXHWYecKM CpefcTBa YeCTO Ce M3BbpLUBa Ha BasaTa Ha MHXEeHepHa WHTYuuus u
npeaxogeH onut, 6e3 cdopmanuanpaHa npoueaypa, oTynTawia B OCTaTbyHA CTENeH
XapaKTePUCTUKUTE, TEOPETUYHOTO (Y4epTexmn C OOMNYCKM U OTKIOHEeHUs OT dopma) u
peanHoTo KayecTBO Ha crrnobsisaHuTe pfetamnu. ToBa BOAW OO MNOBULLEH PUCK,
HeobXxo4MMOCT OT nocnefBally KOpeKUMW U HamaneHa HadeXOHOCT Ha cuctemuTte,
KOUTO ce npoeKkTupaT u BrnocneacTesne npoussexagart. PelleHusita, KOMTO ce B3MMaT B
HayanoTO Ha BCEKU MPOEKT ca CbobpaseHn CbC cneuudukata Ha MPOEKTUPaHOTO
nsgenve.

C uen npeogonsiBaHe Ha NOCOYEHUTE orpaHuyveHus ce npeanara Metoguka MMM
(MeToguka 3a OueHKa Ha MOHTaXKOMPUrogHOCTTa Ha AeTannum u nognomaraHe msbopa
Ha TEXHUYECKM cpeacTBa Npy aBToMaTm3aums Ha MOHTaxa).

MeTogukaTa nma 3a uesl Aa ocurypu CTpykTypupaHa v nostopsiema npoueaypa 3a
OLEeHKa Ha geTannuTte u aprymMeHTMpaH u3bop Ha cpeAacTBa 3a aBToMaTtu3auums olle B
paHHUTe eTanu Ha npoekTupaHe Ha MAK. ®okycupaHa e BbpXy u3rpaxgaHeto Ha
HecTaHgapTHM MAK, kKonTo ce npoekTupaTt 3a KOHKPEeTHW, cneuupuyHn 3a ganeHo
NpOn3BOACTBO LEeSN.

N3B60opbT Ha TexHUYecKkn cpeacTea 3a aBTomaTusauna ce onpegens ot yHKumuTe,
kouto TpsbBa pfa ObaaT U3NbBAHEHUM, a He OT HanMyHOTO obopyaBaHe wnn
npeanoyYnTaHnsa KbM KOHKPETHW TeXHUYECKU pelleHus. Bbnpeku 4e mexaTpoHHUTE
NpUHUMNKM ca obLn, BCska KOHKpeTHa 3ajaya M3MCKBa BHUMaHWe KbM cneundudHute
aetavnu. Bcekn nNpovsBoACTBEH Mpouec, a B YaCTHOCT BCEKM MOHTaXeH rnpoLec, ce
obycnaBs oT siCHO geduHUpaH Habop oT yHKUMK (3axpaHBaHe, OpUeHTUpaHe, 3axear,
NO3MLUMOHMPAHE, MOHTaX, KOHTPOM 1 Ap.), KOUTO cnefsa Aa 6vaat naeHTudnunpann um
aHanuaupaHu npean n3bopa Ha KOHKPETHM CpeaCcTBa 3a aBToOMaTM3aunS.

MpaBunHoTOo onpefensHe Ha dQyHKUMMTE € HeobxoguMmo ycnosue 3a no-
HaTaTbLWHNAT yCcnex Ha npoekta. BxogHuTe nsmnckBaHna obMKHOBEHO ce aeduHupaT oT
KnueHta (Bb3noxuTensl)), HO B peauua criydam He ca TEeXHWYEeCKU MU3ObpXaHu U
onucaHueTo (ako cbllecTByBa) € B pasroBopHa dopma. OTroBopHOCT Ha
MaLUMHOCTPOUTENSA € [a NOMOrHe 3a AonbifiBaHe U oboraTsiBaHe Ha TEXHUYECKOTO
3agaHue. EOMH OT HaW-BaXXHUTE KOMMOHEHTW Ha BCEKM NpOM3BOACTBEH Mpouec,
pecnekTuBHO pa3paboTkata Ha MAK e TbpceHaTa Npon3BOAUTENHOCT.

MpomnsBoguTenHoOCTTa € CblWEeCcTBEHa, 3aloTo € KONMM4ecTBeHa  Mspka.
N3nckBaHnATa 3a KayecTBO ca €Tan, KOMTO He TpsibBa Aa ce nponycka HUTO Mo
OTHOLLUEHME Ha BXOAHUTE KOMMOHEHTU (€AWHWYHW OeTannn), HATO NO OTHOLIEeHME Ha
crnobeHnTe eanHun. [lepmHMpaHeTo Ha TOYHM M3NCKBAHNA € HeoBX0aUMO YCroBus 3a
NO-HaTaTbLUHOTO M3NbJSIHEHME Ha nopbyvykaTta M OOroBopa KaTo uAno. Bbnpeku 4e
[OroBopbT € 00ekT Ha npaBoTo M paboTa Ha PUCTUTE, BCUYKM CbMbTCTBALUM
AOKYMEHTWN KaTO TEXHUYECKO 3aJaHue, YepTexn 1 Opyrn BaXKHM YacTu ca HepasgesiHa
YyacT OT Hero. [JombrnHUTESTHO, BaXXHO € CbLUMTe Aa ca NoAnucaHu OT Bb3NoXuTens Ha
nopbykata (B obwma cnydan MAK, HO He orpaHumyeHo camo A0 TsX), 3a ga ce
rapaHTupa, 4e TOW npuemMa ToBa KadecTBOo odmumanHo. Bemuku 6boewm pedektn,
KOUTO Ca NPUYUHEHM OT HEOTroBapsLWM Ha Ka4eCTBOTO AEeTalNn He ce cumTaT HUTO 3a
Opak, HUTO 3a npobnem Ha paspaboTeHaTta mMexaTpoHHa cuctema. OrpaHuyeHusTa
0BMKHOBEHO Ca CBbp3aHU C NPOCTPAHCTBOTO 3a UHCTanauusi, Kakto nNpu U3nbiHUTENS,
Taka u npu KpanHusa knueHTt. Ha dur. 2.23 e nokasaHa rpaduyHO nocregoBaTenHocTTa
npy onpegensHe Ha QyHKUMUTE Ha [afeH Mpouec, KakTo M TEeXHUTE OCHOBHU
napamMeTpu.

AcHo pedvHMpaHuTe napamMeTpuM Ha MPOCTPAHCTBEHUTE UM OpraHM3aLMOHHUTE
OrpaHUYeHnsi rapaHTMpaT, Ye CbOpbXEeHMEeTO Moxe aa 6bae crnobeHo, TecTBaHo, Aa
My Ce M3BbpLUM KBanudukauma npu U3NbAHUTENS, crnef KoeTo, ycrnewHo Aa 6bae
pas3rnobeHo, TpaHCNOPTMPaHO U NOBTOPHO MOHTMPAHO NPWU Bb3NOXUTENS.
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BXOOHW N3UCKBAHUNA

«  TexHwm4ecko 3agaHue

+  [lpoussogutenHoct

*  M3uckBaHWSA 3a KA4eCcTBO

*  OrpaHu4yeHnsi (MKOHOMWUYECKMU,
NPOCTPaHCTBEHW, OPraHn3aLoHHN)

v

OETAWUNKU U CTNMOBAEMU EOUHULIN

«  [eomeTpusn

«  [onyckn
MoBbpxHOCT

*  PeanHo ka4ecTBO

v

AHANN3 HA MOHTAXXHWA NPOLIEC

*  ®yHKUMOHaneH aHanua
» [locnegosaTtenHocT 1 B3aMMOBPb3KM

Peayntatu:
*  HcHo gedmHMpaHy yHKLMK
*  KputnyHu onepaumm

v v
OYHKUMOHATNHA KPUTUYHU ONEPALMK
U3NCKBAHUA
*  [lpy BUCOKKM ycunus
+  TouHocT *  YyBCTBMTENHW NOBBLPXHWUHK
*  MoHTaxHK ycunmsa «  [pekaneHo WKWPOKA O0MYCKM,
CkopocTtu HEeno3BonsaBaLLn
*  [JonycTuMK OTKINOHEHWs aBTOMaTUYEH MOHTaX

v

NAPAMETPUPAHE HA ®YHKUUUTE

+  KonuuyecTeeHu napameTpu
+  [onycTUMK rpaHuum
«  HapexpHocTt

v

U3BOP HA TEXHUYECKW CPEACTBA 3A
OBE3MNEYABAHE HA ®YHKLUWUWUTE

«  CraHpapTHWM Mogdynu
*  HectaHgapTHM MexaHu3Mu
«  KomBuHupaHu pelueHus

v

KOHCTPYUPAHE HA MAK

®ur. 2.23 OCHOBHM KOMMNOHEHTU Ha (PYHKLUMOHanHaTa onpeaeneHocT
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TEXHONONrMsA HA NPOM3BOACTBO

CTpyXKkoOoTHEMaHe
LnpuusaHe
JleeHe
LlamnoBaHe
KoBaHe

3D nevar

v

XAPAKTEPHU OE®EKTHA

HecbBbplueHcTBa BB hopmarta
MOBBPXHOCTHW HECHBBLPLLEHCTBA
HepoHanbneaHe (Npuv WwWnpuusaHe)
Hanunune Ha oceHbUM

v

PEANHO KAYECTBO

OTKNOHEHWA OT HOMWUHaNHUTE
npeanucaHusa

CnyyaeH xapaktep Ha gedekTute
Pasnuku mexay naptugute

PaannyHn npon3soguMTenn Ha getannure

v

BIIMSAHUE BBPXY MOHTAXA
Mpobnemun Npu opneHTUpaHe n

3axpaHBaHe
Mpobnemu Npu MoOHTax

v

nocneguun

Cnupanus Ha MAK
HeobxogumocT oT onepaTopcka Hameca
HamaneHa npoussoguTenHocT

dur. 2.24 AHanu3 Ha peanHoTo
KayecTBO

dur. 2.24 rnokasea rpadpuyHo
nocrnegoBaTeniHocTTa OT CTbMKW, Npe3 KOoUTO
TpsabBa Oa NpeMuHe aHanu3bT Ha peariHoTO
KayecTBO, KaKTO M npocnegssa TeXHOMNOrmsTa Ha
NPOM3BOACTBO KaToO MbpBa M rMNaBHa MPUYMHA,
KosiTo TpsibBa Aa ce aHanuaupa. lNpu getamnu,
npounsBeieHn 4pe3 CTPYXKOOTHEMaHe, OCHOBEH
npobnem  npeacrtaBnsiBa  HanMuMeTo  Ha
3ayceHbuu (aHrn. burrs) no pvboBeTe U
oTBOpuUTE, O0COBEHO nNpu onepauumn  KaTo
npobueaHe, opesoBaHe n pascTbpreaHe. OcBeH
ToOBa MoraT faa ce HabnwogaBaT JoKanHu
NOBBPXHOCTHN HECHBBLPLUEHCTBA, CBbP3aHU C
NM3HOCBAHE HA WHCTPYMEHTaA WUNN HecTabunHOCT
Ha npoueca. Te3an pedekTn okassaT BRUAHWE
BbpXy npouecute Ha  3axpaHBaHe n
OpUeHTUpaHe, KaTo yBenuvyaBaT BepPOATHOCTTA
OT 3aKNUHBAHE MMM HEKOPEKTHO MO3ULMOHUPaHe
Ha JeTannuTe Npy aBToMaTUyeH MOHTaxX.

[etannute, npon3BeaeHn No TEXHONOMNSA Ha
wnpuuBaHe, ca O0COBeHO YyBCTBUTEMHU KbM
OTKIIOHEHNSA B NapaMeTpuTe Ha npoleca, KoeTo
BOOW OO0  XapakTepHu  gedektu KaTo
HefJoHanbfBaHe Ha dopmarta, (OPMOBBYHN
3ayceHbum (Ha aurn: flash), gedopmaumm wu
CTbpyalwm aptedaktm N0  fMHMATA  Ha
pasgensHe Ha dopmarta.  [onbrnHUTEnHo
BNUSAHME OKa3BaT CBMBAHETO Ha MaTtepuana u
TemnepaTtypHuTe rpagueHTn, KOUTO BOZAT A0
Bapvaumm B TreoMeTpusitTa Mexay OTAenHuTe
napTuaw.

Mpn netnte getannm 4vecto ce Habnwgasa
He3aJOBO/MMMTENHO  MOBBLPXHOCTHO  KayecTBo,
HanuuMe Ha WynnuM, HepaBHOMEPHOCTN U
reoOMeTpu4HM  OTKITOHEHUd, 0OycrnoBeHn oT
npouecuTe Ha 3anbfiBaHe W oxnaxaaHe Ha
dopmara.

Mpn wamnoBaHuUTE/WAHUOBAHUTE AOeTannm
OCHOBHUTE  npobnemm ca  CBbp3aHM C
aecdopmauun, HepaBHomepHa aebenvHa U
3ayCeHbLM no pbboBeTe, Bb3HUKBALLM
BCNeACTBME Ha nnactuyHata pgedopmaums u
N3HOCBAHETO Ha MHCTPYMEHTA.

KoBaHuTe petannn ce Xxapakrepusmpar cC
BMCOKA MexXaHW4yHa SIKOCT, HO YecTo mmat rpyba
NMOBBLPXHOCT, EOMETPUYHN  OTKIOHEHUS U
ocTaTbuu OT 3aroToBkata WM (POPMOBBYHMU
3ayceHbun. [OMbIIHUTENHO, OTKNOHEHUATa B
pasmepuTe Mexay oTAenHuTe geTtannu ca no-
3HauMTENHN B CpaBHeHMe C obpaboTeHuTe no
TEXHOMNOINSA 4Ype3 CTPYKKOOTHEMAHe, KOeTo
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HAYANHO CbCTOAHUE

HenbnHu aaxHn
HesAcHW nanckeaHus
Bucoka HeonpeaeneHoct

v

ETA 1: AHANU3 HA DETAWNUTE

TeopeTnyHa reoMeTpus
TeopeTu4Hn JonycKu

PeanHo ka4ecTBO — reomMeTpusi U
LONYCKK

Puck ot gpyrn (HeBuaumn) gedektu
Bapuauus Ha Ka4ecTBOTO Npu
pasnuyHuTE NapTuaou

v

ETAN 2: ®YHKUUOHANEH AHANX3

Heobxoammu chyHKLK

Kputu4xu onepaumu

Puck oT n3bop Ha HenoaxoaaLLm
peLueHus: 3apagn CKpUTH OTKITOHEHUS
BbE hopMa 1 OoNyCKu

Puck oT HenpaeuneH n3bop Ha pelueHns
3apagu Opyrv CKpUTK AedekTu

ETAN 3: U3B0OP HA TEXHUYECKH
CPEOCTBA

OueHKa Ha YCTONYMBOCT Ha peLleHneTo
AnTepHaTUBHN peELLEHUA
Hsikonko BapuaHTa

v

ETAMN 4: KOHCTPYKTUBHO PELUEHUE

KoMneHcupaliy MexaHusmu
KoHTponHu yHKumMm
PezepBu

KPAMHO CbCTOAHUE

MuHUMKU3MpaH pUck

YCTONYMB MOHTaXK, OTroBapsiLy Ha
n3nucKkBaHuaTa B T3

Mpegeuauma patota Ha MAK

@ur. 2.25 MNoeTanHa pegykums Ha

pucka npu npoektupaHe Ha MAK

N3NCKBa No-roniemMu SOrycku 1nm KomneHcupaiim
MEeXaHU3MM NpyY aBTOMaTUYEH MOHTaX.
[MpakTuyecknaT acnekt Ha npuHumMna 3a
noeTanHa peaykumsa Ha pucka e rnokasaH Ha owr.
2.25. Ton pasrnexga npoueca OT rnegHa To4ka
Ha cTpemexa [a ce Hamanu obWMAT puUcK npwu
npoektnpaHe Ha MAK, «kato ce oT4yeTar
OCHOBHUTE BNUSiELN Ha pucKa akTopu.
Ha4anHoTo CbCTOsIHME Cce XapakTepusumpa C
HEeNbSIHW [aHHWU, HESICHU WN3UCKBAHUS U BUCOKA
HeonpegeneHocT. YecTto 3agaHMETO Ha KIMEHTa
He e B NMMCMEH BUA, HE ca NPUrOTBEHN YEPTEXMN,
He ca NoAroTBEHM MOCTPU OT peariHoO Ka4yecTBo.
MHOro 4ecTo, KNMeHTUTE cuuTat, ye Tpsibea aa
cenektnpaTt n unTpupaT peanHoTo KavecTBo,
KaTo npenocTaBAT caMoO rogHu getaumnu. Tosa
CXBallaHe Mo CBOsiTa CbLHOCT € KOHuenTyarnHo
NOrpeLlHo, 3aLloTo Mo TO3M HayMH He MoraTt da
Ce YCTaHOBAT peanHuTe CTOMHOCTU Ha LOMyCKu,
OTKMNOHEHMA OT dopmMa W OpYyrM  BaXHU
XapakTEPUCTUKN Ha eguHUYHUTE OeTannnm U Ha
crnobeHnTte  eguMHMUM, KOMTO y4vacTBaT B
npoueca. B kpas Ha TOo3M eTan TpsibBa Oa ca
Hanvue NbpBOHAYarHO TEXHMYECKO 3ajaHue, B
poctaTtbyeH o00eMm, HanuMcaHo B TEXHUYECKU
n3gbpKaH CTUI N YEPTEXN, C HAHECEHU OOMNYCKN
N OTKNOHEeHWs OT opma, cbobpaseHn u ¢
N3MepBaHMATa Ha pearniHOTO KayecTBo.
AHanM3bT Ha geTannuTe ctapTupa Cc aHanus
Ha 4YepTexuTe, pasmepuTe, TEXHUTE LOMYCKU U
OTKMNOHeHMATa OT dopma. AKO YepTexum He
CbLLEeCTBYBaT, 3aQbJ/IKUTENHO TpsbBa aa 6baaT
n3rotBeHn. bes sACHO AeduHUpaHM 4YepTexu
HAMa $ACHO AedUHMPaHW W3UCKBAHMUS KbM
aeTtannute, KOeTo e npeanocTaBka 3a npodnemum
Ha no-kbCceH eTan. Peguua npoxoxagalm
MaLLMHOCTPOUTENN Ce [OOBepsiBaT Ha KIMEHTa,
npornyckat eTtana C 4epTexute w 3anarar
N3KMIOYNTENHO U CaMO Ha peanHoTO Ka4yecTBo.
ToBa e norpelwwHo n Moxe ga goseae crieq cebe
CW 0O HeHagexXOHOCT Ha KoHcTpyupaHute MAK.
lMpocnegaBaHeTOo Ha KadyecTBOTO € Tema, Ha
KOSITO AbMrocpoYyHO TpsibBa ga ce o0b6bpHe
BHMMaHue. B npakTukaTa nma cnydam, npu KOMTo
Bb3noxutenu Ha MAK npeTteHgupaT, 4e ca
n3npaTunm ronsiMo KOSMYecTBO MOCTPU, cpen
KOUTO € wuMano peanHa wu3Bagka, KoATo
npeactaBa peanHoTo kadectBo. C ToBa Te
cuMTaT CBOSI aHraXXMMEHT KbM KayecTBOTO 3a
N3NbJIHEH, 3aWO0TO MalIMHOCTpPOUTENAT ,TpsibBa
na m e npernegan’. lNpernexgaHeTo ce npasu
Ha 6as3a M3BadKW, a He Ha UAnoTO KONUYeCTBO,
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agetamn no getamn. ToYyHO NoO TasuM nNpuyMHa
CbLUEeCTByBaT 4epTexuTe, KOUTO AeduHupaTt
TEOPETUYHO, a crief ToBa peariHOTO Ka4yecTBO ce
OCHOBaBa Ha TSX.

2.5 U3Bogu kbM MNaBa 2

1. XapakTepuCTUKUTE Ha AeTannute BRUSAT NPsSKO Bbpxy u3dbopa Ha
KOHCTPYKTUBHU MPUHUUNN U TEXHUYECKU pELLUEHUa Npu nNpoekTupaHe Ha
MAK.

2. Bcaka TexHonorMss Ha nMpPOU3BOACTBO € HOCUTEN Ha onpeaeneHu
0COBEHOCTN Ha pearnHoTo Ka4ecTBO, KOMTO TpsibBa Aa ce B3emaT npeasuj
npw npoektnpaHe Ha MAK.

3. lNpeonoxeHa e wmMmeToAMKa 3a OUEHKA Ha MOHTaXONPUrogHocTTa Ha
AeTannu n n3bop Ha TEXHUYECKN CpeacTBa, KaTo ca pasriiegaHn OCHOBHU
n ponbnHuTenHn dpyHkumm Ha MAK, konto ca gecuHunpanu B 6a3oB 1 B
nogpobeH BapmnaHT. MeToamkata MoXe Aa ce paswupsiBa U agantupa 3a
Apyrn obnactn Ha NPUoXeHue.

NMABA 3. PA3PABOTBAHE HA CUCTEMEH nMnoaxon 3A
NMPOEKTUPAHE HA MOHTAXHU ABTOMATU3UPAHU KOMIMJIEKCW.

3.1 OCHOBHM y4acTHULM B npoueca Ha npoektupaHe Ha MAK
e  MaluMHHM NHXeHepU

o EnektpouHxeHepn

e UHxeHepu no asTomatmsaums (PLC/poboTurka/ynpaBneHue)
e CodTyepHU UHXeHepn

e CneumanucTtu no NHeEBMaTuKa U XMapasnuvka

e UrxeHepu no kavecTso (QA)

e TexHonoau / NpouecHN nHxXeHepwn

o [1poeKkTHM MeHNOXbpU

e Cneumanuctn no npomnssoacteo (CNC onepatopwu, 3aBapunum, MOHTaXKHULIN)
e CneunanucTtu no cHabassaHe (NorucTuka)

e EkcnepTn no 6€30nacHOCT 1 EproHOMMS

e Cneumanucti no JOKyMeHTauus

3.2 OCHOBHM eTanu

Ha ®ur. 3.1 ca nokaszaHn OCHOBHUTE acrnekTu Ha npoLeca Ha Cb3gaBaHe Ha HOBO
AO. Hay4yHO-TeXHUYECKM — CBbP3aHW C MHXEHEepHUTe npeavsBuKaTesnicTBa, KOUTO
npeacTaBnsBa gageHarta paspaboTka.

MKOHOMMYECKU — NpaBUIHOTO onpeaensHe Ha cebeCcTOMHOCT U LieHa 3a KINneHTa.

OpraHu3auymMoHHM — NpaBuriHaTa opraHmM3aumsa € OT MbPBOCTEMNEHHO 3HA4YeHWe 3a
ycnex Ha npoekra.

IOpuanyeckn — B3aMMHOU3IOAHUAT OOrOBOP € BaxeH (PyHOAMEHT 3a yCneluHuTe
OTHOLLEHMS.

HopmaTuBHM — cnas3BaHETO Ha BCUYKM MPUMOKUMWU €BPOMENCKM M HaALMOHAIHU
AVNPEKTUBN U CTaHAAPTU € 3a4bIMKUTENHO.
lMcuxonormyeckn — KOMyHMKauusTa C KNMEHTa uMa XapakKTepHU OCODEHOCTM U Tesn
npouecu Tpabea ga ce ynpaBngaear.
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Hay4HOTEXHUYECKM J

MKOHOMMYECKM ]

OpraH13aLyoHHN ]

AcCneKTU Ha npoljeca Ha CbafaBaHe
Ha HOBO aBTOMaTH3NpalLo 06opyABaHe

opUAN4ECcKI j

HOPMaTMBHM J

MCUXOMOruYecku ]

dur. 3.1 AcnekTn Ha npoueca Ha cb3gaBaHe Ha HoBo AO

Ha ®ur. 3.2 ca nokasaHuM OCHOBHUTE (PYyHKLMMK, KOUTO MoraT fa ce OTKPOSAT B npoueca
Ha cb3gaBaHe Ha AO. Moxe fa ce TBbpau ybeomtenHo, 4Ye To3m NpoLec 3ano4vsa CbC
cpewarta C KIMEHT M B LWMPOK CMUCBN MpoabikaBa OO Kpas Ha XMBOTa Ha
obopyaBaHeTo, koeTo 0bukHoBeHO € 10 — 15 roanHN OT KOHCTPYyUpaHeTo. ToBa e BaXHO
yTOYHEHWe, 3all0TO OT e[Ha CTpaHa, OCHOBHUTE 3aJauyu MpuKn4YBaT C NpegaBaHeTo
Ha KNWeHTa M rapaHuMoHHOTO obcnyxBaHe, HO OT Agpyra, TpsibBa ga ce mucnn 3a
N3BbHrapaHUNoOHHa NogAapbXKKa, PEMOHTU, KaKTO U 3a peuuKnnpaHe N yTunmsmpaHe Ha
AO.

[Npouec Ha ce3nasaHe Ha AQ
NPH HaNWYne Ha TeXH. 3ajaHue

' N
B IR AT =ML ) G SRS CnpegensHe Ha NPUYNHHO-CNEACTBEHK
AHanu3 Ha AeTainuTe 3a MOHTax, rnasHa-YacTu4HU-eneMeHTapHu BPB3KN
13bop Ha yHKYMOHAMHW MOBbPXHUHW ! \_ Yy,
(T N
2. MapameTpH Ha dyHKLMUTE Mpu n3bopa ce NnpemaxsaT NPeaBapuTenHo
1 BapUaHTW Ha CpeacTBa, KOMTO
Kputepun 3a usdop \He M3NLIHABAT HaMbIIHO BaXHWUTE cpyHKu,ww)
3. CpeacTea 3a aeToMarmaauma
roTOBW UMW KOHCTPYUPaAHK
W3Bop Ha cTpykTypa Ha AQ Kak ce uanbnHABaT @yHKLMMTE?
warpaxaaHe Ha Koruenymn 4. CTpykTypa Ha ofopyABaKeTo MokpueaT Nu ce napameTpuTe
n360op Ha KoHuenums BpemMe 3a AOoCTaBKa/roTOBHOCT
! — LeHa HagexaHocT?
" v
5. KoHCTpyupaHe v AoKyMeHTVpaHe e ~
1 PeMOHTONPUIOAHOCTAOCTLM
ofcnyxsaHe — AoCThN,
6. ONTUMK3NTaHe Ha YMKnorpamara Ha choBpa3sBaHe ¢
ARl MPHMUMHHO-CMNEACTBEHN BPb3KH

"

)

7. KoHTpon v ynpaeneHune

i

8. N3paboTka getannu, J

AOCTaeKa Ha cTaHOapTHKW U3genua

Y

9. MoHTaX< Ha BbL3MNW W YaCTMYHW TECTOBE
MOHTaX Ha W3QenueTo

i

10. TecToBe - BepUUKaLyna

o = (o o e ]

@ur. 3.2 OcHOBHM eTann Ha npoueca Ha cb3gaBaHe Ha AO
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e ETAI 1 - Cpewa c KNueHTt

Cpelwata Cc KNMEHT e MNPOAMKTYBaHa OT >XenaHve 3a 3akynyBaHe Ha AT, kato
CbLLIECTBYBAT pasfMyHM BUOOBE KIMEHTCKA MOTMUBaLUS, NokasaHn Ha dur. 3.3.

WkoHoMuyecKkoHaHCoBK }

MosuwasaHe Ha pa3xoauTe 3a paboTHa prka J

OnacHOCT OT HacTbNBaLa MHgnauus

Y

MoTWBM Ha KMHEHT 3a 3akynyBaHe Ha
asToMaTuUaupaLLo oBopyAsaHe

L Hesasucumoct ot HEeCUrypH/ A0CTaBYMLUM U ABNTU BEPUMY Ha AocTaska

Mopobpssane n CYaGMnmupaHe Ha Ka4yeCTBOTO Ha NpousBexxgaxuTe ugenusa

CpasrfBaHe ¢ Bb3MOXHOCTUTE Ha KOHKYPEHTHO NpPoM3BOACTBO

Paamupﬂsaue Ha NPOM3BOACTBOTO Ha q:upmava J

4l

ToBonnUTCTBO OT TUN: KaKBO GK MMCTPYBANO aKo... J

®ur. 3.3 OCHOBHM TUNOBE MOTMBALMS Ha KNNEHTa 3a 3akynyBaHe Ha AT

e ETAMN 2 - ledpuHupaHe Ha HeobxoanmMuTe PyHKLUN

HedunHuumsata Ha Heobxognmute YHKUMM € OCHOBEH eTan, 3awoToO BCEKM
aBTOMaTU3NpaH NpoLec NpemMuHaBa npes3 Han-mMasnko TPU UK YeTUpKu TakmBa (PyHKLMMK,
a rnpu No-CriokHa TeXHOomnornus — npe3 MHoXectBo pyHkumn. Ha dur.3.4 ca nokasaHu
Han-OCHOBHMUTE.

[MmaBHW QyHKLUK

aBTOMaTU4YEeH KOHTPOMN Ha BCeKW eTan

r’ N N
1. CbxpaHsaBaHe Ha geTannu
(3a aBTOHOMHa paBora) 10. AonbAHUTENHK G YHKL WK
- * /o T
' N 7
9. OTOoensAHe Ha HerogHu
2. OpueHTUpaHe neraitnu (NOK)
- ‘ /o T
4 N 7
3. TpaHcnopT B NOTOK 8. TpaHcnopT — oTBEX daHe
(cbC 3anasBaHe Ha opueHTauusTa) OT MOHT&XeH yyacTbK
- & /O T
4 ) N 7
4 OTenyane 7. MoHTax cbe unn 6es
' TeXHOMOrMYHU hyHKL MK
I » -
N
5. BasnpaHe + PuKcupaHe > 6. TpaHcnopT eAUHUYEH
- /O J

®ur. 3.4 MaBHU YHKUMM NPY aBTOMATUYEH MOHTaX
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e ETAI 3 - TbpceHe Ha TeXHUYECKM CpeacTBa 3a BcAKa PyHKUMUA

e ETAMN 4 - 3amecTtBaHe Ha (pyHKUMUTE C TEeXHUTE NapameTpuM C roToBMU
cpencTBa 3a aBToMaTusauums

e ETAIN 5 — CuHTe3npaHe Ha BapuMaHTU 3a (pyHKUMUTE, KOUTO HAMAT roTOBO
peweHue

e ETAI 6 — OueHka n n36op Ha BapuaHT

e ETAI 7 — U3roTBAAHe Ha npeaBapuTenHa odepTa

e ETAI 8 — NpuemaHe Ha ochepTaTa

e ETAI 9 - NoaroTtoBka cnen npuemMaHe Ha ocepTaTta

e ETAI 10 — Nony4yaBaHe Ha MOCTPU U peariHu geTannm
e ETAI 11 — AHanu3 Ha peanHOTO Ka4ecTBO

e ETAI 12 — dopmanusnpaHe Ha TeXHUYECKOTO 3afaHue
e ETAI 13 — UsroTBAiHe Ha rpadomK Ha npoeKTa

e ETAI 14 — lNpoekTnpaHe Ha KoHUenuua

e ETAI 15 - Cb3pnaBaHe Ha 3D mopen

e ETAI 16 — lNpuemaHe Ha 3D moaen oT KNUeHTa

e ETAI 17 — U3roTBAAHE Ha KOHCTPYKTOPCKAa AOKYMEeHTauusa
e ETAI 18 — locTaBKM 1 NPOU3BOACTBO Ha AeTanunum

e ETAI 19 — MoHTaX Ha mawuHaTa

e ETAI 20 - lNporpamupaHe u HTErpaums

e ETAI 21 - lNpoBexaaHe Ha TecToBe

e ETAI 22 — BbTpewHo npuemMaHe

e ETAI 23 — [leMOHTaX 1 TpaHcNopT

e ETAMN 24 - UspaboTBaHe Ha KNUEHTCKa AOKyMeHTauums. MHCTpykuua 3a
eKkcnsioaTauusa n noaapbXKKa

e ETAI 25 — MoHTax npu knueHTa. lcuxonornyecku acnekTun
e ETAI 26 — HacTporKku u nocTturaHe Ha napameTpuTe

e ETAN 27 - MNpuemo-npenaBaHe. NoanuceaHe Ha npuemo-npenaBaTesiHU
NpPOTOKONU

e ETAI 28 — O6y4yeHne Ha nepcoHana u npeagaBaHe Ha AOKYMeHTauusi

3.4 Npenopbkn KbM KOHCTpyKTOpUTe Ha MAK 3a echekTuBHa paboTa

OCHOBHUTE NPENoOPbKM Ca HACOYEHN KbM UHBECTULNA B NOAXOASAL, Xapayep, KOUTo
Aa MOXe Oa ce chnpaBsi CbC CrOXHM KOHCTPyKuuKM, ocobeHo TakmBa ¢ Hag 1000
Aetanna. [JonbnHUTENHO noreseH Xxapayep € cheywanusvpaHa Mulika 3a
npoekTupaHe, nokasaHa Ha dwur. 3.7.

KoHcTpykTOpCckaTa pabota B obnactta Ha MalMHOCTPOEHETO HE € MNpoCTo
TEXHUYECKa AUCUMMNINHA, a MWCTUHCKO W3KYCTBO, KOETO CbyeTaBa KpeaTUBHOCT,
ecTeTvka U MHXeHepHa MUCH. Bbnpekn ye KOHCTPYKTOPBT paboTn ¢ PU3NYHN 3aKOHW,
cTaHOapTu, OrpaHUYeHns U U3NCKBAHUATA, HEroBaTa posisi YeCcTO U3NCKBA MHOBATUBEH
noaxopn, BbobpaxeHune n yceT KbM popmaTta, (PyHKUMSATA U HAYUHBT Ha U3MbIHEHME.
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Mogo6bHO Ha XyOOXHMK, KOUTO pUCyBa KapTUHA, UHXEHEeP-KOHCTPYKTOPBLT TpsabBa Aa
cbyeTae enieraHTHOCT C (PYHKUMOHANHOCT. Bcekn mexaHudeH aeTawnn, He3aBUCUMO
Aann € 4acT OT CNOXEeH MexaHU3bM UM Kopryc Ha MalwuHa, Tpsabea ga 6bae He camo
edeKTMBEH, HO M ecTeTudeckn uagbpxaH. PopmuTe, nponopummtTe M mMatepuanuTe
UrpasT ponga He camMo 3a 34paBuHaTa U ePeKTUBHOCTTA Ha NPoayKTa, HO 1 3a HerosaTta
BM3yarnHa npuBrneKkaTenHocT.

OcCHOBHMTE MpenopbkM ca KOHCTPYKTOPBT Aa chna3Ba pexuM Ha 6GanaHc no
OTHOWEeHMe Ha pabortata. To3nm TUN AENHOCT HEe MOXe [a Ce HopMupa U He e
,MEXaHn4yHa", T.e. He MOXe YOBEK Aa CU Kaxe ,M3MUCIN TO3n MexaHuM3bMm 3a 1 yac’.
Heobxoanma e npeaBaputerniHa HacTponka, 4oOpo CbCTOsIHME Ha AyXa U Cb3HaHMETO,
a OOWKHOBEHO W OOCTaAaTbYHO KONMMYecTBO CbH. Mo cBosiTa cblHOCT pabotaTta e
KpeaTMBHa W TOBa M3WCKBA MNPaBUITHO (PYHKUMOHMPAHE Ha MoO3byHaTa [OEnHOCT.
Heobxoanmo e ga ce ocurypsBaTt 3agbJ/DKUTENHU Pasxodku U3BBLH MOMELLEHUETO, B
KoeTo paboTu, unm NoHe 4O NPOU3BOACTBOTO. TOBA € BaXXHO 3a pa3ceriBaHe U B3eMaHe
Ha KpaTka noymBka. BaXkHO 3a KOHCTPYKTOpUTE € Aa ce 3aHMMaBaT C pasnuyHu xobura,
KOUTO Aa MM nomaraT ga pasToBapBaT CBOETO Cb3HaHMe. Hskou npumepu 3a Takmea
AEVHOCTM ca noadpbXKka Ha rpaguHa, CerckocTonaHcka AEWHOCT, 3aHUMaHue C
donknop (TaHuu, neeHe n ap.).

e Pas3bupaHe Ha U3NCKBaHMATA

BuHaru Tpﬂ6Ba Aa ce 3ano4yBa C ACHU CI'IeLI,VIqL)I/IKaLI,VIVI N N3NCKBAHUA OT KIMMEeHTa Unnm
npon3BoOACTBEHUA €KUI.

e W3nonsBaHe Ha cbBpeMeHHU COPTYEPHU MHCTPYMEHTH

Cnepga ga ce pabotn ¢ CAD cuctemun kato SolidWorks, Inventor, CATIA, Siemens
NX unu B kpaeH cniydan AutoCAD c uen 6bp30 1 TOYHO MogenupaHe.

e OnTMMMU3MpPaAHE Ha KOHCTPYKLUUTE

CnepBa pa ce noctura GanaHc Mmexay 3OpaBuHA, Terno U npousBoACTBEHU
pasxoan. TpsbBa Oa ce MUHMMU3WPA W3MNON3BAHETO Ha M3MULLHKM MaTepuanu 4dpes
npunaraHe Ha NPUHUMNUTE Ha ONTUMU3aLMS.

e CibobpassiBaHe C NPOU3BOACTBEHUTE TEXHOJNIOrUN

KoHcTpykumaTa cnegea ga Obae cbobpaszeHa C Bb3MOXHOCTUTE Ha HanM4yHOTO
obopyasaHe — obpaboTka ¢ uudposo nporpamHo ynpasrieHne (CNC), TpumsamepeH
neyar, nNeeHe u apyru TEXHONOIN.

e W3nonsBaHe Ha CTaHOAPTU3MPAHU KOMMOHEHTHU

CnepaBa ga ce n3bsirea HEHY)XHO pa3paboTBaHe Ha HOBW AeTannu npu Hanudme Ha
cTaHOapTu3MpaHu pelueHnda. ToBa BOAM A0 HaMansiBAaHe Ha pa3xoOouTe U BPEMETO 3a
NPOM3BOACTBO, KaKTO M A0 yNecHsiBaHe Ha NoaApbXKKaTa.

L] D,OKYMeHTaLlMil n KOHTpON

CnepgBa pa ce Boam nogpobHa TexHMYecka OOKyMeHTauus, BKMo4Balla BCUYKM
cneumdukauumn, YepTexm W AaHHM OT cumynaumui. TpsabBa pa ce wusBbpuat
AbNroTpanHu nanutaHusa Ha AO, KaTo ce U3non3BaT BCUYKU BUAOBE AeTaunun, KOMTO ca
npeasuaeHn aa pabotat Ha Hero. JluTepaTypaTta geduHupa 72-4acosu npobu, KouTo,
KakTo 6elle cnomeHaTo MO-rope ca WKOHOMUYECKN HeedEKTMBHW B yCroBusTa Ha
MoAepHaTa Npon3BOACTBEHA MKOHOMMKA.
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e CobTpyaHMYECTBO C ApYyru oTAenu

CnegBa pfa ce oOCblecTBABA TACHO CbTPYOHMYECTBO C  MPOU3BOACTBEHMUS,
CEPBU3HUSA N MaPKETMHIOBUSA OTAEN C Len ocurypsieaHe Ha OyHKUMOHANeH 1 nasapHo
OpUEHTUPaH NPOAYKT.

O6paTHaTa Bpb3Ka OT KpanHUTe NoTpebuTtenu cneasa ga ce manonsea 3a 6baewm
nogodpeHus.

e be3onacHocT un eproHoMusi

lMpoekTnpaHeTo cneaBa Aa ce M3BbpLUBA C NpUoOpUTET KbM 6Ge3onacHocTTa Ha
onepaTopuTe.

e WHoBauuu n KpeaTUBHOCT

AKTyanHuTe TEXHONOrMn B WMHAYCTPUSiTa U MHGOpMauusiTa 3a HOBW MaTepuanu
TpsibBa ga ce cneasit ¢ Len MHTerpyupaHe Ha MHOBATUBHU peLLeHNst NP KOHCTpyupaHe
Ha MAK.

e HenpekbcHaToO yCbBbpLUEHCTBaHe

Pas3ButneTo Ha NMYHUTE yMeHUs Ype3 obyyeHunst, KOHpepeHUUn n 06MEH Ha 3HaHUs
C ApYyr1 cneunanncTu € oT MbPBOCTENEHHO 3HaYeHue 3a NoAabpXKaHe Ha BUCOKO HUBO.
AHanM3bLT Ha NPeaxo4HWN MPOEKTU U TbPCEHETO Ha Bb3MOXHOCTW 3a NoBuULIABaHE Ha
edeKkTMBHOCTTa TpsibBa Aga ca OOekT Ha MOCTOSHHO Yycunve OT CTpaHa Ha
KOHCTPYKTOpUTE.

3.5 N3Boan

1. B HacTodwarta rnaesa ca NpeacTaBeHM OCHOBHUTE yyacTHUMUM B npoueca Ha
npoektnpaHe Ha MAK

2. [OeduHupaH e cuctemeH nogxog (CI1) 3a npoektnpaHe Ha MAK, ¢ TMnnyHuTe 3a
Hero ocHoBHM eTanu. CTpykTypaTa My NO3BOMSABa Aa ce paswupsiBa, agantupa,
[a ce ckanupa, cnopen KOHKPETHU HYXau.

3. HedwuHupaHm ca npenopbkmM KbM KOHCTpyKTOpUTEe Ha MAK.

NMABA 4. PA3PABOTBAHE HA HOBWU KOHCTPYKUUU HA
TEXHUYECKU CPEOCTBA 3A 3AXPAHBAHE U OPUEHTUPAHE HA
OETAUNU

4.1.1 JlnHua 3a MOHTaX Ha AeTanunu OT aBTOMaTU4Y€eH NpeKbCcBaY
PasnnyHuTe pasHOBMOHOCTU ca nokasaHu Ha dwur. 4.1.

dur. 4.1 etannu ot pasnnyHn Moaeny aBToMaTUYHN NPeKbCBaYn

e ®dyHKLMOHANeH CUHTE3 N U36op Ha TEXHMYECKU cpeacTBa

Heobxoanmute yHkumm ca:
e OpueHtupaHe Ha pgetannu ,Kanak® mn ,OcHoBa“, ,®nanen”, ,lLUung“ w

» 1 EPMNYEH BUHT"
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MaHunynauusa Ha BCUYKW geTannu ot Tuna ,Baemun-nocrasu® (aHrn. Pick-

and-place)
MpeBkntoYBaHe Ha NOTOKa MexXAy rogHU U HErogHW AeTannu

KoHTpon Ha Ka4ecTBOTO crnef noctaBsaHe Ha dnaHey,
KoHTpon Ha ka4ecTBOTO cnef noctaBaHe Ha LWnnga

YntpasBykoBa 3aBapka Ha ,PnaHey
TpaHcnopT Mexay oTAeNnHUTEe No3numm

NogaBaHe Ha BCUYKN geTannm

MpoekTupaHe Ha KOHUenuusa (rpyd naeeH NPoekKT)

dyHKUMOHaNHaTa kapta e nogpobHo passuTa Ha dur. 4.2 n dur. 4.3 n nopagu

ronemua obem e pa3geneHa Ha gBe 4acTtn, KOUTO Ca B3aMMHO CBbpP3aHU.

EHOE BHABLHOW 1HHE HBhHNGSL UNBLEY BH XELHON 1
LHHE HBhindaL ,'Lat eHeHedMLKBMdO o AHME HehkndaL , 1l eH Ldousked) eHeLmHonheol W eHegeLd0u Brhneou ed 2
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®ur. 4.2 dyHKkumMoHanHa kapta — yacrt 1
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®ur. 4.3 OdyHKUMOHANHA KapTa - YacT 2
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Ha our. 4.4 e nokaszaHo nsobpaxeHune ot 3D Mogena Ha MOHTa)XHaTa NUHKA, a Ha
dur. 4.5 e nokasaH rpadMKbT Ha NPoeKTa.

——
/4

dur. 4.4 JlnHna 3a MOHTaX Ha geTanunmn oT aBTOMaTUYEH NpekbcBad

MnaH rpaduk no npoekT

MpoasT
Knuent
[ata Ha cTADTHPaHE Ha NPORITA | Uenesa nata Ha npikniousane KW45

[lata Ha NbPBO ANALAKE NO NPORKT |

KaneHOapHW ceaMuuUmM
PR EP EEP R H B EF (R EEEEEE]S

Cprasuauys no npoera

Rowcrpywpane u 30 wam%m
3 3d BaTWan B Ha

Toparuyi 0 Kot pymauTa 30

BTy AMIAR
0 wogen L]

Ioar
Tncraar: ATl - -
(50 npoicacacac
I'IEeu:me Ha nnowagkara ka KMG

'a8ra 1o’ T3 Ha KNHEXTE
Ilpucuasie 8 Dazara wa KiesTa ||
Jafexencra:
3a JpcTaEsata Ha KoMIORENTH - I C2 BeodxoTOM cyyaapma ~ 2 (00 Spos, kato pasapeseaemue - 20 000 Gp opes KW29, 2 octamamare - npes
EW30. Hemsnoamanoms KomrEcTso [me of BIpIE B Kpax HA NPOSKTA

®ur. 4.5 Npaduk Ha npoekTa

|_ \_=I== ] .Il.lb.hlr\s-n
=

4.1.2 Cuctema 3a MOHTaX Ha O-NMPbCTEH BbB BTYJKa
3apavata e ga ce MoHtupat getaun ,Brynka® (dur. 4.13) n getann ,O-npbCTeH"

(Our. 4.14).

®ur. 4.13 Brynka ®ur. 4.14 O-npbCcTEH

° q)yHKLIVIOHa.ﬂeH CUHTEe3 U M360p Ha TeXHNn4eCKu cpeancrtBa

Ha ®ur. 4.15 e nokasaHa byHKUMOHANHaTa KapTa Ha YCTPONCTBOTO.
KoHcTpyKkuuaTa Ha MawunHaTa creq usnbiiHeHve Ha 3D mogena e nokasaHa Ha dwur.

4.16, a MOHTaXHOTO npucrnocobneHne B N0-6nNn3bk nnaH — Ha dur. 4.17.
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dur. 4.16 Cuctema 3a MoHTax Ha O-NpbCTEH dur. 4.17 MoHTaxHO npucnocobneHne -

BbB BTYJ1Ka Onn3bk Nnax

e [poekTupaHe Ha cuctema 3a ynpasneHue

T3 peduHMpa M3UCKBaAHE KOHTPONEpPbLT M AucnneaT ga O6baoat npousBeaeHu OoT
SIEMENS AG, lepmaHus, 6e3 ga onpegens koHKpeTeH mopgen. EnektpuyeckoTto
3axpaHBaHe Tpsbea ga 6bae 1 x 230 VAC.

4.1.3 Cuctema 3a MOHTaX Ha crnob6eHa eguHULA OT YNITbTHEHME, rarKa U LUNUKa

e OnucaHue Ha npoueca:

MoHTupaHe Ha crnobeHa eguHuLa OT YyNITbTHEHME, ranka u LWNuska
BupooBe getannu — nokasaHu Ha dur. 4.18, dur. 4.19 n dur. 4.20:

%

our. 4.18 detann "Wnunnka" odur. 4.19 etann "lanka"

our. 4.20 Oetann

"YnnbTHEHUE"

° ¢yHKL|MOHaﬂeH CUHTE3 U M360p Ha TeXHNn4YeCkKu cpeacrtBea

OyHKUMMTE ca MOHTaX Ha petannute Jamka“ m ,YNnbTHeHMe® KbM petann
Lnunka“. NMoaxogswa komnaHoBka 61 bvuna BbpTALLA Maca C ABE NO3NLNN.

e KoHcTpyupaHe n npousBoACTBO
PeanuanpaHaTta KOHCTPYKUMS € noka3aHa Ha dur. 4.21 n dur. 4.22.

®ur. 4.21 CuctemMa 3a MOHTaX Ha crno6eHa ®ur. 4.22 Cuctema 3a MOHTax Ha crrobeHa
eOVHWLA OT YMITbTHEHME, raiika 1 Winnka —  SAVHWLA OT YNITbTHEHNe, raika v Lununka —
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4.1.4 JlnHua 3a o6paboTka U onakoBKa Ha MMau

e OnucaHue Ha npoueca:

O6paboTka 1 onakoBKa Ha XMBU MUOU
BaxxHn ocobeHocTu: dukcmpaHeTo Ha rayaTta TpsbBa ga € MakcMmarnHO CTerHaro,
3a Ja MoXe NpoAyKTbT (KMBM MUAW) Oa HE CU U3NycHe BogaTa U a 3aruHe.

e BwupoBe getannu
MokasaHn ca Ha ®ur.4.23 B roToB, ONakoBaH BapuaHT:

LA
"

dur.4.23 )KMBM 6en Muau

e [locnepoBaTtenHocT:

MpouechbT 3anoyBa C pbyHa MHCNEKLMS HAa MUAOUTE OT onepaTopu, KOUTO NpemMaxsat
nedekTHn ,aetannun’. B nocneacrene ce n3BbpLUBa NpeunsHo TerneHe B gosa — 0,25/
0,5/ 1 kg. loTOoBUTE O0O3M Ce onakoBaT B Mpexu (raua).

e KoHcTpyKuus
M3rnep ot koHCTpykumsTa Ha To3n MAK B 3D e nokasaHa Ha dur.4.24.

®ur.4.24 NluHua 3a obpaboTka 1 onakoBka Ha MUAM

OT codTyepHa rnegHa Touka HaW-NpeausBUKaTenHo € [fJa ce  NOCTUrHe
Heobxogumara ToYHocT. ToBa e Taka, 3alWoTo MUAMTE ca NPOAYKT, B KOWTO MMa ronsiMo
CbAbpXaHue Ha Boda. [lokaTo ce TernaAT uMaT Taka HapeyeHUaT yaap, KOMTo MoXe Aa
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npegusBuka ynpaBneHWeTo Ha Ternewata cuctema paa oTdeTe, 4e Terrnoto e
NOCTUrHATO, HO TOBa Ja He e Taka. B camoTo ynpaBneHve uma Bb3MOXHOCT 3a
dunTpupaHe Ha Te3n ygapu n HamansBaHe Ha TexHuTe edpekTn. Bbnpekun ToBa, BogaTta
MbpBOHAYanHoO ce npeTerns, a crnej ToBa M3TMYa YacT OT Hes MO4 CbOPBbXEHUETO.
ToBa € MHOro HeNpUsITEH edOeKT, KOUTO NpaBu TErMEHETO TPYAHO, a copTyepbT TpsbBa
Ja uv3nonssa cneunanusavpaHyn MaTeMaTUyYHW anropuTMK, 3a [da npeackaxe Kora
peanHo e Hanuue To4Ha o3a.

4.1.5 Cuctema 3a onakoBKa Ha ceMeHa

e OnucaHue Ha npoueca
OnakoBka Ha BCSIKakB/ BUOOBE CEMEHA B NaKETW.

e BupoBe getannu
MokaszaHn ca Ha dur. 4.25 B roToB, ONakoBaH BapunaHT.

odur. 4.25 CemeHa 3a nocesu

e KoOHcTpyupaHe 1 NponsBoACTBO

KoHcTpykumaTa Ha To3n MAK e nokasaHa Ha dur.4.26 n dur.4.27 Lianata mawwnHa e
n3rpageHa oT KOHCTPYKUMSA OT anymMuHueBmn npodunu. PaboTHata 30Ha e peanusnpaHa
C BpaTta 3a 6Ge3onacHoCT, KOATO e cHabaeHa C aBTOMaTU4Ha Krouvarka, KOSTO He
nossonseBa oTBapsHe No BpeMe Ha paborta. Bcuykm paboTHM opraHM ca B ToBa
3aTBOPEHO NPOCTPAHCTBO.

dur.4.26 Cuctema 3a onakoBaHe Ha cemMeHa dur.4.27 Cuctema 3a onakoBaHe Ha cemMeHa

3a nocesu 3a nocesun
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4.2[1pyrv aBToMaTu3mpaHu cuctemMmu

4.2.1 Cuctema 3a MapKupaHe Ha MeTanHu BTYJIKU

e OnucaHue Ha npoueca.

MapKMpaHe Ha MeTallHu BTYJIK/ 4Ype3 Na3ep.

[Ba Buaa BTYJIKA, KOUTO Ce TpaHCnopTupart Ha pas3fimdHn Bnagose CnbTHULIK, HA KOUTO

AonHaTa YacTt e ngeHtndHa (dwur. 4.28).

@ur. 4.28 MeTanHu BTYIIKN,

MpounsBogutenHoct: 1000 6p. / v

BaxHun ocobeHocTu: paboTHaTa 30Ha TpsbBa ga Obae 3awmTeHa, He ce gonycka

OonacHO J1a3epHO JTb4yeHne

° q)yHKLIVIOHaﬂeH CUHTE3 U M360p Ha TeXHNn4YeCkKu cpeacrtBea

MocTaBsAHe Ha 4 Opos AeTaWnu B CMbTHUK, KOETO Ce M3BbPLUBA OT Orneparop.
[eTainute nonagaTt B 30Hata 3a MapkupaHe, KbAeTO MMa pasmnornoXeH oTcekaTen.
Camo eguH CMbTHMK ce Mpornycka B 3oHaTa Ha nasepa B eOVH U CblUX BpeMeBu

MOMEHT.

dyHKUMOHanHaTa kapTa e npegcraBseHa Ha dur. 4.29.

CucTema 3a Bu3yanusupase u
en. Tabno 3a ynpaen cuctema

)

CNbTHUK CboBpaseH no AbxuHa
ChbC CKaHMpyeMa WupHHa Ha nasepa

Hﬂeram Brynka - BuZ0Be NO3MLHOHUPaHe

[ XOPH3OHTANHO 3aTBOPEHa TPAaHCNOPTHA

cucTeMa ¢ Bepura, 060coBEHH CeKTopH [LleTaiin Brynka - TpaKcnopt
38 PBYHO NOCTABAHE Ha CLTHULM W OTBEXAaHEe

2.Cnupake Ha eguHWYeH CNBTHUK Npea nasep

1.Cnupake Ha NOTOK CILTHUYM Orcekaren NHEBMaTUYEH C NOBAUraHe
Hap TpaHcnopTeopa no Z v 6asa no X 1

|

2.Mpo3opey 3a Habniogexue
3.BLIMOXHOCT 32 (pUHHA HACTPONKa Ha POKYCHO PascToRHWe
4 otBexgaHe Ha rasoseTe

1.0curyprsane Ha paguaumokka saumra KyTUR NONMMEpHa C MACTO 38 NHEBMATHYHM
2 i oTceKaTeny U PUKCaTopu U CTeHEH MOHTaX MoauyuoHupare Ha nasepHa cuctema
Ha nasepHa rnaga. Kanaxa ce OTEaps Ha naxTH

1.Cnupane Ha NOTOK CABTHULN

YH CNbTHUK OTCHYaHe B Heobxoa. No3nyMK }
Ortcexarten nHeBMaTUYeH 3a cnupaHe
Ha NOTOK u3xoanaw

OcBoboKzaaBaHe Ha CLTHUK U TPaHCNopT
KM CeKTOp oTBEeXAaHe

dur. 4.29 dyHKUMOHaANHa KapTa Ha cuctema 3a MapkMpaHe Ha MeTanHu BTYIKU

KOHCprKLI,I/IFITa Ha CcuctemMa 3a MapKupaHe Ha MeTallHU BTYIKKM € npeacrtaBeHa Ha

odur. 4.30 u dur. 4.31.
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®ur. 4.30 Cncrema 3a MmapkupaHe Ha | dur. 49.31 Cuctema 3a MapKkupaHe Ha

MeTarnHum BTYJ1KAU MeTalriH1 BTYJIKU

422 Cuctema 3a 3apexpgaHe Ha [AeTanniM KbM aBTOMaTU4Ha JNWHUA 3a
NpPou3BOACTBO Ha CEH30pPM 3a aBTOMOOMUINHaTa MHayCcTpusA
e OnucaHue Ha npoueca:

3apexgaHe Ha [gBa Tunopasmepa AeTannM KbM  aBTOMaTU4Ha JUHUSA  3a
NpOn3BOACTBO Ha CEH30pU 3a aBTOMOOMMNHATa MHAycTpus. [letannuTte ca nokasaHu Ha
dur.4.32.

e BupoBe getannu:

®ur.4.32 Yactn oT Npon3BOACTBOTO Ha CEH30p 3a aBTOMOBUMAHATa NHOYCTPUS

MawwuHaTa TpsibBa fa MOXe Aa ce OTTerns U ga ce Bb3CTaHOBSIBA PbYHUS npouec
Ha 3apexaaHe. N36opbT Ha TEXHUYECKM CPeACcTBa 3a aBToMaTm3aums ce onpegens ot
dyHKUMNTE, KONTO TpsbBa Aa ObAaT M3MbAHEHU, a HE OT HaNUYHOTO obopyaBaHe UK
npeanoyYnTaHnUs KbM KOHKPETHU TEeXHUYECKU pelueHud. Bbrpeku 4e mexaTpoHHUTe
NpUHUMNKM ca obLn, BCsika KOHKpPEeTHa 3ajada M3MCKBa BHUMaHuWe KbM cneundudHmuTe
Aetannu. Bcekn npovsBoACTBEH NpoLec, a B YaCTHOCT BCEKM MOHTaXeH npoLuec, ce
obycnaBs oT siCHO gedmHMpaH Habop oT yHKUMK (3axpaHBaHe, OpUEeHTUpaHe, 3axear,
NO3MLUMOHMPAHE, MOHTaX, KOHTPOM 1 Ap.), KOUTO cnefsa Aa 6bvaatT naeHTudnLunpann um
aHanuaupaHu npegn wun3bopa Ha KOHKPETHM cpeacTBa 3a aBToMaTusauus. Toa
no3BonsiBa CUCTEMEH N 0B6eKTUBEeH noaxod npu npoektupaHeto Ha MAK n Hamansea
puUcka oT HenpaBUNHU UnNu Npubbp3aHn pewennsa. OT nonsa e, ako MMa CbLLeCTByBaLL
pbYyeH NPOU3BOACTBEH MPOLEC, OT KOUTO MoraT [da ce B3aumcTBaT PyHKUMUTE, Aa ce
aHanuaupa TaxHata nocrnegoBaTesiHoCT, obua umMknorpaMma Ha pb4YHUs MPOLEC, KAKTO U
Apyrv napameTpu.

lMpaBunHoTOo oOnpefensHe Ha dQyHKUMMTE e HeobxoauMmo ycnosue 3a no-
HaTaTbLWHUAT ycrnex Ha npoekTa. BxogHuTte namcksaHua oGMKHOBEHO ce aeduHumpart oT
KnneHta (Bb3noxuTens), HO B peauua criydam He ca TEeXHWYeCKU U3ObpXaHu U
onucaHueTo (ako CblLUecTByBa) € B pa3roBopHa dopmMa. ToBa ce AbJKM Ha (pakTa, ye
NOBEYETO KIIMEHTU He ca C MHXeHepHO obpasoBaHWe, BLMPEKU Ye He nunceaT U
TakmBa. OTroBOPHOCT Ha MalMHOCTPOUTENA € [da [MOMOrHe 3a [JonbfBaHe U
oboraTaiBaHe Ha TEXHUYECKOTO 3adaHune. EQUH OT Han-BaXXHUTE KOMMOHEHTU Ha BCEKM
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NPOM3BOACTBEH MNpPOUEC, pecnekTuBHO paspabotkata Ha MAK e TbpceHaTta
NPOV3BOAUTENHOCT.

lMponsBogMTenHoCcTTa € CblecTBeHa, 3alloTO €  KONMYEeCTBEHa  MsipKa.
M3uckBaHuATa 3a KayecTBO ca eTan, KOWTO He TpsibBa ga ce nponycka HUTO Mo
OTHOLUEHME Ha BXOAHWUTE KOMMOHEHTU (EANHWYHM AEeTannn), HUTO NO OTHOLLUEHMEe Ha
crnobennte eamHuun. [leduHMpaHeTo Ha TOYHM U3UCKBAHUS € HeobxoauMo ycrioBue
3a NO-HaTaTbLIHOTO U3MbSIHEHME HA MopbyKaTa M AOroBopa Kato Lano. Bbnpekn ye
OOoroBopbT € O06eKkT Ha npaBoToO M paboTa Ha HPUCTUTE, BCUYKM CbNbTCTBALLM
OOKYMEHTUN KaTO TEXHWYECKO 3afaHue, YepTexun 1 Opyru BaKHW 4acTu ca HepasgesnHa
4yacT oT Hero. [JONbNHUTENHO, BaXXHO € CbLUMTE [a ca NognucaHu OT Bb3NOXUTENS Ha
nopbykata (B obwwus cnyvyan MAK, HO He orpaHudeHO camo [0 TaX), 3a ga ce
rapaHTupa, 4e TOW MNpuemMa ToBa KadecTBO oduumanHo. Bemuku 6baewwm gedektn,
KOMUTO ca NPUYNHEHW OT HEOTrOBapPSLUM Ha KA4eCTBOTO AETaWnM He Cce cymTaT HUTO 3a
O6pak, HUTO 3a npobnem Ha paspaboTeHaTa mMexaTpoHHa cuctema. OrpaHuyeHusTa
0OMKHOBEHO Ca CBbp3aHN C MPOCTPAHCTBOTO 3a MHCTanauus, Kakto npyu U3NbAHUTENS,
Taka u npu KpamHna knneHT. Ha ®dur. 2.23 e nokasaHa rpauyHo nocnegoBateniHoOCTTa
npyu onpegensHe Ha QyHKUMUTE Ha [afeH Mpouec, KakTo M TEeXHUTE OCHOBHU
napameTpu.

N3obpaxeHne ot 3D moaena e nokasaHo Ha dur. 4.33.

®ur.4.33 Cuctema 3a 3apexgaHe Ha AeTalnnn KbM aBTOMaTU4Ha NIMHUSA 3a

npon3BoacTBO Ha CEH30PU 3a aBToMobunHarta MHOYCTpUA

4.2.3 Cuctema 3a MapKupaHe Ha PbKOXBATKMN 3a aBTOMaTU4YHUN NpeKbCBa4iun

e OnucaHue Ha npoueca:

MapkupaHe Ha [Ba BuOa PbKOXBATKM 3a aBTOMATUYHW MPEKbCBa4dW, KaTto Ha
®dur.4.34 e nokasaH eaMHUAT TN, 3ae4HO CbC CbOTBETHUA CMbTHUK. CMbTHULMTE 3a
Apyrvs BMA ce pasnuyaBaT B ropHata 4yacTt. [onHata 4act e obwa 3a BCUYKU
CMbTHULMN.
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dur.4.34 Hocau 3a eavH Bua getannu

° d)yHKLWIOHaHEH CUHTE3 U M360p Ha TeXHNn4YeCkKku cpeacrtBa

OcCHOBHUTE DYHKUMM HA MalLMHaTa ca:
e OpueHTupaHe Ha [fBa Buaa pPbKOXBATKM, KOUTO Ca pasfvyHM no
reomeTpus
3apexgaHe Ha pbKoXBaTKUTE B CNbTHULM
CrtaHumusa 3a MapkupaHe oT npeaHa cTpaHa
CTtaHuus 3a MapkupaHe oT 3aJHa cTpaHa
CTaHuusa 3a KOHTPOM C MAaLUMHHO 3peHne OT nNpeaHa cTpaHa
CTaHumMs 3a KOHTPOS C MallWMHHO 3peHue OT 3aJHa cTpaHa
CtaHumMs 3a paspexgaHe Ha pbKOXBaTKM KbM rogHuW / HerogHu
cbAabpXxaTenu
e Cuctema 3a ynpaBneHue Ha KawoHun ¢ Bydep oT 3 KalloHa — Hanuyune Ha
CeKLMS 3a NpasHu, CEeKLUMS 3a aKTUBEH KalLOH M CEKLMS 3a MbIHW KaLlOHW

e KoHcTpyupaHe n nponsBoacTBoO
KoHCTpyKuMsiTa Ha cuctemarta e nokasaHa Ha dur.4.35.

®ur. 4.35 Cuctema 3a MapkupaHe Ha pbKOXBaTKM 3a aBTOMATUYHM NPeKbCBayn

4.3 N3Boau

1. B HacTosiwaTa rnaea Gsixa npeacrtaBeHn 5 6p. OpUrnMHaNIHM KOHCTPYKUMM Ha
MAK, kaTto 3a Hdakom OT TaAX Oewe npocnegeH nogpobHo npoueca OT
NnpoekTupaHe OO0 BHedpsiBaHE MpPWU KAWEHTa, C MNPUMOXEHWe Ha CUCTEMHUSA
nogxon ot [(naea 3.

2. CucteMHUAT noaxon He e rapaHums 3a 6esnpobnemHa paboTta No gageH NPOeKT,
HO e nnatdgopma, Ha KOATO MOXe fa ce ,CTbnn“ Mo eguH cTaHgapTuaupaH
Ha4YMH 1 C NeKoTa Aa ce npocrneasiBaT pasfiMyHMTE eTanu oT NPoeKTa.

3. MNMoaoxoabT no3BonsiBa agantvpaHe, ckanvpaHe (He 3aBWCKM OT rofieMmHaTa Ha
NPOeKTUTEe) W MNPOMEHN Cnopea KOHKPETHUTE  HYXOW WM NIMYHUTE
npeanoymMTaHnsa Ha KOHCTPYKTOpPUTE, KOUTO paboTAaT C Hero.

HAYYHO-NMPUITOXHU NMPUHOCHU
1. PaspaboteH € cuctemMeH noaxod 3a MpoekTMpaHe Ha  MOHTaXHU
aBTOMaTU3NPaHN KOMMMEKCWU, MNpeacTaBnsABall, OpraHu3vpaHa CbBKYMHOCT OT
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MEeTOAMKN, Knacudukaumm, npoueaypu n npenopbkn, CbCToAl, ce oT 28 eTana,
KaTo 3a BCEKM eOuH OT TAX Ca MU3SACHEHUM OCHOBHUTE 3aayn U e NpensioxeH
WHCTPYMEHTapUyM 3a TAXHOTO pellaBaHe.

2. Ha ocHoBaTta Ha pJeuHupaHu npuHUMNM e paspaboTeHa MeToguka 3a
nognomaraHe wusbopa Ha TeXHUWYECKM CpeAacTBa 3a OCbluecTBsiBaHe Ha
CbBKYMHOCTTA OT (PYHKLMM HA MOHTaXXHUTE aBTOMATU3NPAHN KOMIIEKCH.

3. CucrtemartmsmpaHu ca OCHOBHW BUOOBE TEXHUYECKM CPeACcTBa 3a u3rpaxgaHe Ha
MOHTa)XXHW aBTOMAaTU3NPaHU KOMIMITEKCMH.

NPUNOXXHU NPUHOCHU

1. Pa3paboTeHUSsT MHCTPYMEHTapuMyM € anpobupaH 3a pellaBaHe Ha WHAYCTpUarnHu
3ajaun, BHeapPeHW B NMPOM3BOACTBOTO, KaTo ca pa3paboTeHn OpUrMHanHN KOHCTPYKLMM
Ha:

a) aBTOMaTU3MpPaHM KOMMJIEKCH 3a:

- MOHTaX Ha aBTOMaTUYHU NPEKbCBAYN;

- MOHTaX Ha Bb3er, BkntoyBaw, O-NnpbCTeH U BTYIIKA;

- MOHTaX Ha Bb3er, BKINOYBALL, KPENEXEH eNeMeHT TUM ,LINunka“, ranka u yninbTHEHWE;
- onakoBaHe Ha Muau

- OMakoBaHe Ha ceMeHa

6) aBTOMaTU3NPAHN MEXATPOHHN CUCTEMM 3a:

- MapkMpaHe Ha MeTasnHu BTYSIKM

- 3apexdaHe Ha AeTannv KbM aBTOMaTU4HA MallvHa 3a NPOWM3BOACTBO HA CEH30pM 3a
aBTOMOGWIHA NPOMULLINIEHOCT

- MapKkMpaHe Ha pbKOXBaTKW 3@ aBTOMAaTUYHU NpeKbcBayn

2. AHanusupaHu ca XapakTepuCTUKM Ha crnobsisaHuTe peTtamnu, obycrnoBeHu OT
TEXHOMNOrMATa Ha TAXHOTO MPOM3BOACTBO, OKa3BallM HeratMBHO BRUSIHUE BBbPXY
NPON3BOAUTENHOCTTA U HAAEXAHOCTTA HA MOHTaXXHUTE aBTOMaTU3NPaHMU KOMMEKCMH.

3. dopmynupaHn ca NpPenopbkM KbM KOHCTPYKTOPUTE Ha MOHTaXHW aBTOMaTU3UPaHU
KOMMnekcu 3a epektuBHa paboTta 1 3a paspaboTBaHe Ha TEXHUYECKO 3aJaHue.

4. OnpepeneHn ca QYHKUUUTE, OTFOBOPHOCTUTE W B3aUMOOTHOLUEHUSITA MeXay
OCHOBHWUTE y4acTHMUM B npoueca Ha pas3paboTBaHe Ha MOHTaXHW aBTOMaTU3MpPaHU
KOMMeKcu.
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SUMMARY

SYSTEMATIC APPROACH FOR DESIGN OF ASSEMBLY AUTOMATED
COMPLEXES

Valko Mitev

The present dissertation is devoted to the development of a systematic approach
for the design of assembly automated complexes (AAC), which represents a significant
engineering challenge in contemporary industrial production. The increasing demand for
productivity, quality, flexibility and traceability requires structured methodologies that
support designers in making technically and economically justified decisions throughout
the entire project lifecycle.

In Chapter 1 a comprehensive review and analysis of the problem is presented.
The specific features of assembly automated complexes as engineering objects are
examined, including their interdisciplinary nature, limited serial production, and strong
dependence on the characteristics of the assembled parts. Existing design
methodologies, including general-purpose engineering design approaches and
assembly-oriented methods, are analysed. Special attention is dedicated to the
limitations of currently known methodologies regarding the selection of technical means
in relation to part characteristics. Based on the conducted analysis, the aim and the
research tasks of the dissertation are formulated.

Chapter 2 presents a developed methodology for supporting the selection of
technical means for implementation of manipulation functions in automated assembly.
The influence of part characteristics such as geometry, dimensions, material, surface
properties and tolerances is systematized. Criteria for evaluating the suitability of parts
for automatic assembly are defined. The proposed methodology assists designers in
identifying appropriate technical solutions by considering both functional requirements
and technological constraints, while reducing risk at early design stages.

In Chapter 3 a systematic approach for the design of assembly automated
complexes is developed. The approach is structured into sequential stages, beginning
with the meeting with the customer and analysis of the technical specification, followed
by functional decomposition, selection of technical means, substitution with available
automation components, and synthesis of original solutions when standard components
are insufficient. Each stage includes decision points and recommendations for
designers. Emphasis is placed on risk reduction, documentation, interdisciplinary
collaboration, economic justification and compliance with safety and regulatory
requirements. The approach is scalable and adaptable to projects of different
complexity and size.

Chapter 4 demonstrates the application of the developed methods, which have
been tested. Original constructions of automated systems and subsystems are
presented, including systems for feeding, orienting, assembling and quality control of
parts. The systematic approach is applied in real industrial conditions, validating its
practicality and effectiveness. The results confirm that structured stage-based design
improves traceability, decision transparency and overall project reliability.

The dissertation concludes with a summary of the achieved scientific and applied
contributions. The proposed approach provides a structured platform for engineering
practice, supports informed decision-making, and contributes to increasing the
efficiency and sustainability of assembly automated complexes.
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the problem

In the practice of designing assembly automated complexes, the initial stage of
development is often characterized by incomplete data, unclearly formulated
requirements, and a high degree of uncertainty. The technical specification is often not
formalized in written form, drawings with specified tolerances and form deviations are
lacking, and the provided samples do not represent the actual production quality, as
specially selected ones are used, with defective samples (scrap) removed from the
sample set that is provided to the project contractor.

It is completely incorrect to assume that, for the purposes of automation, only
“acceptable” parts should be provided, without taking into account the real deviations in
quality relative to the drawings. This leads to an underestimation of the influence of
tolerances, shape, and surface deviations on the reliability of the automated assembly.
As a result, additional design risks arise, the need for design modifications increases, and
costs increase at a later stage. During the design of an assembly automated complex, it
is never possible to foresee all risks, and there is always a stage of fine adjustment and
“‘commissioning” of the equipment. If hidden defects in quality or specific characteristics
of the parts, concealed by the client, are added to this, the possible difficulties at the
implementation stage will certainly increase.

The stated circumstances determine the need for a systematic approach, in which the
analysis of the actual quality of the parts and the formalization of the technical
specification are considered as a mandatory prerequisite for the effective design of
assembly automated complexes.

Purpose of the Dissertation, Main Tasks and Research Methods

The purpose of the dissertation is to develop a systematic approach for the design of
assembly automated complexes.
To achieve the stated objective, the following tasks must be solved:

1. To analyze the characteristics of the assembled parts that influence the selection
of technical means for automated assembly.

2. To develop a methodology to support the selection of technical means for the
construction of assembly automated complexes, taking into account the characteristics
of the assembled parts.

3. To determine the main stages and tasks of a systematic approach for the design
of assembly automated complexes.

4. To validate the developed toolkit in solving industrial tasks.

Scientific novelty

A methodology has been developed to support the selection of technical means for
the implementation of manipulation functions in the automation of assembly, taking into
account the characteristics of the assembled parts and products.

A classification of the characteristics of the assembled parts and products that
influence the selection of methods and technical means for automated assembly has
been developed.

An approach for the design of assembly automated complexes has been developed,
which includes 28 stages and represents an organized set of methodologies,
classifications, and recommendations for designers.

Practical applicability



The formulated recommendations to the designers of assembly automated complexes
define a framework that can be used in a very wide range of projects, regardless of the
field of industry.

The necessary documentation during the design of assembly automated complexes
has been developed — technical specification, offer, contract, drawings with specified
tolerances and form deviations, project schedule, cyclogram. All these documents carry
a part of the success of the projects. Some of them may be omitted, but this leads to a
number of difficulties and misunderstandings with the client.

The functions, responsibilities, and relationships between the main participants in the
process of development of assembly automated complexes have been defined.

The developed toolkit has been validated in solving industrial tasks.

Approval

All results of the dissertation — the approach, methodologies, and designs of assembly
automated complexes, as well as other systems — have been implemented in projects of
KMS Engineering Ltd. and are successfully operating in various industrial productions.

Publications

The main achievements and results of the dissertation have been published in 4
scientific papers, two of which are independent and two co-authored, one of which is in
an indexed publication. The publications have been presented at:
International Scientific and Technical Conference “ADP-2018", 2018, Sozopol
International Scientific and Technical Conference “ADP-2020", 2020, Sozopol
International Scientific and Technical Conference “ADP-2022", 2022, Sozopol
International Conference on Engineering Physics, Electronics and Earth Science
(EEPES 2023), 2023, Kavala.

N =

Structure and scope of the dissertation

The dissertation is 163 pages long and includes an introduction, 4 chapters
addressing the formulated main tasks, a list of scientific-applied and applied contributions,
a list of publications related to the dissertation, and a bibliography. A total of 91 literature
sources are cited, 31 of which are in Latin, 36 in Cyrillic, and the remaining 24 are Internet
sources. The work includes a total of 98 figures and 4 tables. The numbering of the figures
and tables in the abstract corresponds to that in the dissertation.



Il. ABRIDGED CONTENT OF THE DISSERTATION

CHAPTER 1. OVERVIEW AND ANALYSIS OF THE PROBLEM.
PURPOSE AND TASKS OF THE DISSERTATION

In this chapter, a review and analysis of the state of the problem, which is the
subject of the dissertation, is presented.

1.5 Review and analysis of technical means for the construction of
assembly automated complexes — classifications, fields of application, market
analysis.

Theoretical framework of automated assembly

Assembly automated complexes (AAC) are considered in the literature as discrete
manufacturing systems with a high degree of integration, in which a set of operations is
carried out — technological, assembly, and transport.

Feeding and orienting devices

The feeding of parts is one of the most critical processes in assembly automated
complexes, as increased requirements are imposed on it in terms of productivity and
reliability.

The classification shown in Fig. 1.6 presents vibratory bowl feeders according to
several criteria. According to the method of actuation, they are electromagnetic (the
most widely used type), mechanical with an eccentric drive (for achieving large
amplitudes), piezoelectric (for miniature parts), or pneumatic (for aggressive
environments). According to the shape of the bowl — cylindrical, conical, stepped, as
well as with an external surface for orientation, which is usually based on one of the
previous types, with the implementation of an external periphery along which the
orientation is carried out. According to the number of tracks, the bowls are single-spiral
and multi-spiral.

C N s N s N
electromagnetic piezzoelectrical mechanical with eccentric
e N e N s 0

according to the
actuator type

conical pneumatic vibrators

- 1 J 8 T Y - Y
e ™ ‘ - - N s ™

with external surface QIaSSIﬂcatlon_of according to the

. . vibratory feeding
for orientation o number of pathways
L \ evices ) L )
e N e N Is N
platform pathway according to the with a single pathway and with

bowl geometry multiple pathways
\ / \ /
e ™ e N s N

stepped cylindrical conical

N J N J \ J

Fig. 1.6 Classification of vibratory bowl feeders
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Sensor systems and quality control

Control in assembly automated complexes includes position sensors, measurement
of force and torque, control of pressure and vacuum, as well as machine vision systems.

Control systems and communication platforms

PLC controllers and industrial communication networks represent the basis of the
control of assembly automated complexes.

Market trends in the field of automated assembly systems

Global trends show a steady growth in investments in automated assembly systems,
driven by labor shortages, increased quality requirements, and the need for traceability.

The results of this chapter can be summarized in the following conclusions:

1. Modern assembly automated complexes, as a design object, represent
complex technical systems characterized by a variety of performed functions, types of
subsystems and relationships (connections) between them, a large number of possible
structural variants, design requirements, and a significant number of parameters
influenced by a number of factors, some of which are uncertain.

2. Ready-made assembly automated complexes are not available on the
market — they are designed as unique solutions, which makes their development more
difficult.

3. The analyzed methods for the design of technical products and assembly
automated complexes are based on the systems approach and represent an iterative
creative process, in each main stage of which the tasks of synthesis, analysis, and
selection of an optimal variant from the set of admissible design solutions that satisfy the
imposed requirements and constraints are solved.

4. The existing methodologies for the design of assembly automated
complexes have a number of unresolved problems and need to be improved in order to
enhance their efficiency.

1.7 Purpose and tasks of the dissertation.
Based on the conducted study and analysis of the achievements in the considered
field, the purpose of the dissertation has been formulated:

To develop a systematic approach for the design of assembly automated
complexes.

To achieve the stated objective, the following tasks must be solved:

1. To analyze the characteristics of the assembled parts that influence the
selection of technical means for automated assembly.

2. To develop a methodology to support the selection of technical means for the
construction of assembly automated complexes, taking into account the characteristics
of the assembled parts.

3. To determine the main stages and tasks of a systematic approach for the design
of assembly automated complexes.

4. To validate the developed toolkit in solving industrial tasks.



CHAPTER 2. DEVELOPMENT OF A METHODOLOGY FOR
SUPPORTING THE SELECTION OF TECHNICAL MEANS FOR THE
IMPLEMENTATION OF THE SET OF FUNCTIONS OF ASSEMBLY
AUTOMATED COMPLEXES

In this chapter, a classification of the characteristics of the assembled parts and
products that influence the selection of methods and technical means for automated
assembly is presented. These include material, shape, dimensions, relative position of
the parts, method of assembly, required productivity, quality criteria, etc.

An analysis of deviations in dimensions, shape, and physical properties of the parts
depending on the manufacturing methods is presented.

2.2 Analysis of deviations in dimensions, shape, and physical properties of the
parts depending on the manufacturing methods.

Main attention is focused on the analysis of parts made of polymer materials. In these
parts, a number of disadvantages are present, caused by the manufacturing process,
which affect at a later stage the systems for automatic feeding and orientation of parts,
as well as during attempts to grasp the parts in assembly tasks.

Fig. 2.4 Injection mold

1 — ejectors; 2 — sprue; 3 — parting line

The injection mold is shown in Fig. 2.4. It is a high-precision tool which, over time and
after millions of injection cycles, undergoes wear. Along with the wear, a number of
defects begin to appear, which affect the quality.

The nine types of defects and deviations described in the dissertation are commonly
encountered but do not exhaust all possibilities; therefore, in the analysis of the parts, it
is necessary to be familiar with the design of the injection mold and the manufacturing
technology in order to be able to anticipate them. In addition, a large part of them are
related to the adjustment of the injection equipment by the operators and the required
technological discipline. They may occur periodically and stochastically and should be
considered as a possibility. As a rule, these potential defects are not indicated in the
drawings of the parts, unless the manufacturer of the assembly equipment explicitly
includes them and agrees on them in advance.

Figures 2.5, 2.6, 2.7, and 2.8 illustrate some of these defects.



Fig. 2.6 Deviation from flatness of 5 mm Fig. 2.7 Theoretical form deviation
compared to 0.4 mm specified in the

drawing.

Fig. 2.8 Characteristic “stringing” occurring during the rﬁolding of POM material.

Usually, the described defects of parts for automated assembly appear after the
implementation of the assembly automated complexes and cannot be detected either
from sample parts or from the drawings provided by the investors. These problems related
to the quality of the parts must be anticipated and expected when selecting the
corresponding surfaces for functional interaction with the automation devices. The impact
of these defects is revealed either during the acceptance tests of the automation
equipment or manifests over time during operation through downtime and reduced
productivity.

The automated assembly machine is manufactured and tested at the contractor, but
upon delivery to the client it turns out that some of the wheels (Fig. 2.13) cannot move
normally in the designated gravity chute (shown in green in the machine model in Fig.
2.12) and become jammed.



Fig. 2.13 Wheel with a lenticular outer

for assembling toy trains geometry.

In parts produced by machining, the nominal geometry is usually achieved with high
accuracy; however, characteristic deviations are still present, which must be taken into
account when designing assembly processes.

Cast parts are characterized by larger deviations from the nominal geometry
compared to those produced by machining.

In stamped parts, characteristic deviations are associated with the elastic springback
of the material after deformation.

Forged parts usually have good mechanical strength, but are characterized by a
relatively rough surface and deviations in shape, caused by the plastic deformation
process.

Parts produced by additive technologies (3D printing) are characterized by specific
deviations from the nominal geometry, determined by the fundamental nature of the
process — layer-by-layer operation. Parts produced by such technologies are shown in
Fig. 2.19.

('

Fig. 2.19 Polymer parts produced by 3D printing

2.4. Methodology for assessing the assemblability of parts and selecting technical
means in the automation of assembly.

Based on the conducted analysis of the characteristics of the assembled parts, the
deviations in dimensions and shape, as well as the requirements for the objects for
automated assembly, in this section a methodology is proposed for assessing the
suitability of the parts for automated assembly and supporting the selection of technical
means in the automation of assembly, hereinafter referred to as the MPM Methodology.

In the practice of designing assembly automated complexes, the selection of technical
means is often carried out based on engineering intuition and previous experience,
without a formalized procedure that sufficiently takes into account the characteristics, the
theoretical (drawings with tolerances and form deviations), and the actual quality of the
assembled parts. This leads to increased risk, the need for subsequent corrections, and
reduced reliability of the systems that are designed and subsequently manufactured. The

9



decisions made at the beginning of each project are tailored to the specifics of the
designed product.

In order to overcome the identified limitations, the MPM Methodology (Methodology
for assessing the assemblability of parts and supporting the selection of technical means
in the automation of assembly) is proposed.

The methodology aims to provide a structured and repeatable procedure for
evaluating parts and making a reasoned selection of automation means at the early
stages of designing assembly automated complexes. It is focused on the development of
non-standard assembly automated complexes, designed for specific objectives
characteristic of a given production.

The selection of technical means for automation is determined by the functions that
must be performed, rather than by the available equipment or preferences for specific
technical solutions. Although mechatronic principles are common, each specific task
requires attention to its particular details. Every production process, and in particular
every assembly process, is determined by a clearly defined set of functions (feeding,
orienting, gripping, positioning, assembly, control, etc.), which must be identified and
analyzed before selecting specific automation means.

The correct determination of functions is a necessary condition for the subsequent
success of the project. Input requirements are usually defined by the client (the
Contracting Authority), but in many cases they are not technically well-founded, and the
description (if available) is in conversational form. It is the responsibility of the mechanical
engineer to assist in completing and refining the technical specification. One of the most
important components of any production process, and respectively the development of
assembly automated complexes, is the required productivity.

Productivity is essential because it is a quantitative measure. Quality requirements
are a stage that must not be omitted, neither with regard to the input components
(individual parts) nor with regard to the assembled units. Defining precise requirements
is a necessary condition for the further execution of the order and the contract as a whole.
Although the contract is a legal subject and the responsibility of legal professionals, all
accompanying documents such as the technical specification, drawings, and other
essential parts are an integral part of it. Additionally, it is important that these documents
are signed by the contracting authority (in general for assembly automated complexes,
but not limited to them), in order to ensure that the required quality is officially accepted.
Any future defects caused by parts that do not meet the required quality are not
considered defects nor a problem of the developed mechatronic system.

The constraints are usually related to the installation space, both at the contractor and
at the end client. Fig. 2.23 graphically shows the sequence for determining the functions
of a given process, as well as their main parameters.

Clearly defined parameters of the spatial and organizational constraints ensure that
the equipment can be assembled, tested, and qualified at the contractor, and
subsequently successfully disassembled, transported, and reassembled at the client.

10



INPUT REQUIREMENTS

Technical specification
Productivity

Quality requirements
Constraints (economic,
spatial, organizational)

v

PARTS AND ASSEMBLED UNITS

Geometry
Tolerances
Surfaces
Actual quality

v

ANALYSIS OF THE ASSEMBLY PROCESS
e Functional analysis
e Sequence and interrelations

Results:
e Clearly defined functions
e Critical operations

l

v v
FUNCTIONAL REQUIREMENTS CRITICAL OPERATIONS
Accuracy e High forces
Assembly forces e Sensitive connections
Speeds o Wide tolerance range
Permissible deviations e Require precise assembly

—

-

v

PARAMETERIZATION OF FUNCTIONS

e Quantitative parameters
e Limit values
e Reliability

v

SELECTION OF TECHNICAL MEANS FOR
IMPLEMENTATION OF FUNCTIONS

e Standard modules
¢ Non-standard mechanisms
e Combined solutions

v

DESIGN OF ASSEMBLY AUTOMATED COMPLEXES

Fig. 2.23 Main components of functional definition
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MANUFACTURING TECHNOLOGY

Machining
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Casting
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Forging

3D printing

v

CHARACTERISTC DEFECTS

Shape imperfections
Surface imperfections
Underruns (with sprraying)

Presence of flashes

ACTUAL QUALITY

Deviation from nominal specifications
Random nature of defects
Differences among batches

Different producers of parts

v

IMPACT ON ASSEMBLY

Problems during orientation and feeding
Problems during assembly

v

IMPACT ON ASSEMBLY

Problems during orientation and feeding
Problems during assembly

v

CONSEQUENCES

Downtime of AAC
Need for operator intevention
Reduced productivity

Fig. 2.24 Analysis of the actual
quality

Fig. 2.24 graphically shows the sequence of
steps through which the analysis of the actual
quality must pass and also traces the
manufacturing technology as the first and main
cause that must be analyzed. In parts produced
by machining, the main problem is the presence
of burrs along edges and holes, especially in
operations such as drilling, milling, and boring.
In addition, local surface imperfections may be
observed, related to tool wear or process
instability. These defects affect the processes of
feeding and orienting, increasing the probability
of jamming or incorrect positioning of the parts
during automated assembly.

Parts produced by injection molding are
particularly sensitive to deviations in process
parameters, which leads to characteristic
defects such as incomplete filling of the mold,
molding burrs (flash), deformations, and
protruding artifacts along the parting line.
Additional influence is exerted by material
shrinkage and temperature gradients, which
lead to variations in geometry between different
batches.

In cast parts, unsatisfactory surface quality,
the presence of pores, irregularities, and
geometric deviations are often observed,
caused by the processes of mold filling and
cooling.

In  stamped/punched parts, the main
problems are related to deformations, non-
uniform thickness, and burrs along the edges,
resulting from plastic deformation and tool wear.

Forged parts are characterized by high
mechanical strength, but often have a rough
surface, geometric deviations, and remnants of
the preform or molding burrs. Additionally,
dimensional deviations between individual parts
are more significant compared to those
produced by machining, which requires larger
tolerances or compensating mechanisms in
automated assembly.
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INITITIAL CONDITION

Unclear data
Unclear requirements
High uncertainty

v

STAGE 1: PARTS ANALYSIS

Theoretical geometry

Theoretical tolerances

Real quality — Geometry and tolerances
Risk from (hidden) deffects

Lot-based part quality variation

v

STAGE 2: FUNTIONAL ANALYSIS

Required functions

Critical operations

Risk from selection of improper solutions
due to wrong analysis of dimensions and
tolerances

Risk from selection of improper solutions
based on other hidden deffects

STAGE 3: SELECTION OF TECHNICAL
MEANS

Reliability assessment
Alternative solutions
Several variants

v

STAGE 4: DESIGN SOLUTION

Compensing mechanisms
Control functions
Reserves

FINAL STATE

Minimized risk

Reliable assembling process,
Conforming to TS

Predictable operation of the complexes

Fig. 2.25 Stage-based risk reduction

when designing automation assembly

complexes

The practical aspect of the principle of step-
by-step risk reduction is shown in Fig. 2.25. It
considers the process from the perspective of
striving to reduce the overall risk in the design of
assembly automated complexes by taking into
account the main factors influencing the risk.

The initial state is characterized by
incomplete data, unclear requirements, and
high uncertainty. Often, the client’s assignment
is not in written form, drawings are not prepared,
and samples of actual quality are not provided.
Very often, clients consider that they should
select and filter the actual quality by providing
only acceptable parts. This concept is
fundamentally incorrect, because in this way the
real values of tolerances, form deviations, and
other important characteristics of individual
parts and assembled units involved in the
process cannot be determined. At the end of this
stage, an initial technical specification must be
available, of sufficient scope, written in a
technically sound style, along with drawings with
specified tolerances and form deviations,
consistent with the measurements of the actual
quality.

The analysis of the parts begins with an
analysis of the drawings, dimensions, their
tolerances, and form deviations. If drawings do
not exist, they must be prepared. Without clearly
defined drawings, there are no clearly defined
requirements for the parts, which is a
prerequisite for problems at a later stage. Many
novice mechanical engineers rely on the client,
skip the drawing stage, and rely exclusively on
the actual quality. This is incorrect and may lead
to unreliability of the designed assembly
automated complexes. Quality tracking is a
topic that must be addressed in the long term.
In practice, there are cases where clients of
assembly automated complexes claim that they
have sent a large number of samples, among
which there was a representative set reflecting
the actual quality. In this way, they consider their
obligation regarding quality to be fulfilled,
because the mechanical engineer “should have
inspected them.” The inspection is performed on
the basis of samples, not on the entire quantity,
part by part. This is precisely why drawings exist
— they define the theoretical quality, and
subsequently the actual quality is based on
them.
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2.5 Conclusions to Chapter 2

1. The characteristics of the parts directly influence the selection of design
principles and technical solutions in the design of assembly automated
complexes.

2. Each manufacturing technology carries specific features of the actual
quality, which must be taken into account in the design of assembly
automated complexes.

3. A methodology for assessing the assemblability of parts and selecting
technical means has been proposed, considering the main and additional
functions of assembly automated complexes, defined in a basic and in a
detailed version. The methodology can be extended and adapted for other
fields of application.

CHAPTER 3. DEVELOPMENT OF A SYSTEMATIC APPROACH FOR THE
DESIGN OF ASSEMBLY AUTOMATED COMPLEXES

3.1 Main participants in the process of designing assembly automated complexes
e Mechanical engineers

e Electrical engineers

¢ Automation engineers (PLC/robotics/control)
e Software engineers

¢ Pneumatics and hydraulics specialists

e Quality engineers (QA)

e Technologists / Process engineers

e Project managers

e Manufacturing specialists (CNC operators, welders, assembly technicians)
e Procurement specialists (logistics)

e Safety and ergonomics experts

e Documentation specialists

3.2 Main stages

In Fig. 3.1, the main aspects of the process of creating new automation equipment are
presented.

Scientific and technical — related to the engineering challenges represented by the
given development.

Economic — correct determination of cost and price for the client.

Organizational — proper organization is of primary importance for the success of the
project.

Legal — a mutually beneficial contract is an important foundation for successful
relationships.

Regulatory — compliance with all applicable European and national directives and
standards is mandatory.

Psychological — communication with the client has specific characteristics, and these
processes must be managed.

14



scientific-technical

economical
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Aspects of the process of creation

of new automated equipment
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psychological ]

Fig. 3.1 Aspects of the process of creating new automation equipment

In Fig. 3.2, the main functions that can be distinguished in the process of creating
automation equipment are presented. It can be convincingly stated that this process
begins with the meeting with the client and, in a broad sense, continues until the end of
the life cycle of the equipment, which is usually 10-15 years from its design. This is an
important clarification, because on the one hand, the main tasks are completed with the
delivery to the client and the warranty service, but on the other hand, consideration must
be given to post-warranty maintenance, repairs, as well as recycling and disposal of the

automation equipment.

Process of development of AE
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Fig. 3.2 Main stages of the process of creating automation equipment
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STAGE 1 — Meeting with a customer

The meeting with the client is driven by the intention to purchase automation
equipment, and there are different types of client motivation, shown in Fig. 3.3.

Economic and financial

Increase in labor costs

Risk of rising inflation

Client motivations for purchasing supply chains
automation equipment

{ Independence from unreliable suppliers and long

Expansion of the company's production

\_J;/\_/k_/;/

Improvement and stabilization of the quality
of manufactured products

SHE B S

Keeping up with the capabilities of competing production

Curiosity of the type: what would it be like if... ]

Fig. 3.3 Main types of customer motivation for purchasing automation equipment

STAGE 2 — Definition of the required functions

The definition of the required functions is a main stage, because every automated
process passes through at least three or four such functions, and in more complex
technology — through multiple functions. The most basic ones are shown in Fig. 3.4.

Main functions

automatic control on every step

: N )

1. Storage of bulk parts 10. Additional functions

(for autonomous work)
. T J 5 J
(" N )

. 9. Separation of
2. Feeding non-conforming (NOK) parts
‘ /A f J
': N (7 ™
3. Transportation 8. Transportation — escapement

(with kept orientation) from assembly area
(& T J 5 J
4 ' N ™

7. Assembly with/without
4. Escapement - -
technological functions
¢ /A f vy
4 N ™
5. Basing + fixture Ba 6. Single transportation

& o J

Fig. 3.4 Main functions in automated assembly
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STAGE 3 - Search for technical means for each function

STAGE 4 - Replacement of functions with their parameters with ready-made
automation means

STAGE 5 - Synthesis of variants for the functions that do not have a ready
solution

STAGE 6 — Evaluation and selection of a variant
STAGE 7 - Preparation of a preliminary offer

STAGE 8 — Acceptance of the offer

STAGE 9 — Preparation after acceptance of the offer
STAGE 10 — Receipt of samples and real parts
STAGE 11 — Analysis of the actual quality

STAGE 12 - Formalization of the technical specification
STAGE 13 - Preparation of a project schedule

STAGE 14 - Design of the concept

STAGE 15 - Creation of a 3D model

STAGE 16 — Acceptance of the 3D model by the client
STAGE 17 - Preparation of design documentation
STAGE 18 - Supply and production of parts

STAGE 19 — Assembly of the machine

STAGE 20 - Programming and integration

STAGE 21 - Conducting tests

STAGE 22 - Internal acceptance

STAGE 23 - Disassembly and transport

STAGE 24 - Preparation of client documentation. Operation and maintenance
manual

STAGE 25 - Installation at the client. Psychological aspects

STAGE 26 — Adjustments and achievement of parameters

STAGE 27 — Acceptance and handover. Signing of acceptance protocols
STAGE 28 - Training of personnel and handover of documentation

3.4 Recommendations to designers of assembly automated complexes for
effective work

The main recommendations are aimed at investing in appropriate hardware capable
of handling complex designs, especially those with more than 1000 parts. Additional
useful hardware is a specialized design mouse, shown in Fig. 3.7.

Design work in the field of mechanical engineering is not merely a technical discipline,
but a true art that combines creativity, aesthetics, and engineering thinking. Although the
designer works with physical laws, standards, constraints, and requirements, their role
often requires an innovative approach, imagination, and a sense of form, function, and
method of implementation.
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Similar to an artist painting a picture, the mechanical designer must combine elegance
with functionality. Every mechanical part, whether part of a complex mechanism or a
machine housing, must be not only efficient but also aesthetically well-designed. Shapes,
proportions, and materials play a role not only in the strength and efficiency of the product
but also in its visual appeal.

The main recommendations are that the designer should maintain a balanced working
regime. This type of activity cannot be standardized and is not “mechanical’, i.e., one
cannot simply say “design this mechanism in 1 hour”. Proper mental preparation, a good
state of mind and consciousness, and usually a sufficient amount of sleep are required.
By its nature, the work is creative, and this requires proper functioning of cognitive
processes. It is necessary to ensure regular walks outside the workspace, or at least visits
to the production area. This is important for distraction and taking short breaks. It is also
important for designers to engage in various hobbies that help relieve mental load.
Examples of such activities include maintaining a garden, agricultural work, and engaging
in folklore activities (dancing, singing, etc.).

Understanding of requirements

Work must always begin with clear specifications and requirements from the client or
the production team.

Use of modern software tools

Work should be carried out using CAD systems such as SolidWorks, Inventor, CATIA,
Siemens NX, or, as a last resort, AutoCAD, in order to achieve fast and accurate
modeling.

Optimization of designs

A balance must be achieved between strength, weight, and production costs. The use
of unnecessary materials should be minimized by applying optimization principles.

Compliance with manufacturing technologies

The design must be aligned with the capabilities of the available equipment — CNC
machining, 3D printing, casting, and other technologies.

Use of standardized components

Unnecessary development of new parts should be avoided when standardized
solutions are available. This leads to reduced costs and production time, as well as easier
maintenance.

Documentation and control

Detailed technical documentation must be maintained, including all specifications,
drawings, and simulation data. Long-term testing of the automation equipment must be
carried out using all types of parts intended to operate on it. The literature defines 72-
hour tests, which, as mentioned above, are economically inefficient under the conditions
of modern manufacturing economy.

Collaboration with other departments

Close cooperation should be maintained with the production, service, and marketing
departments in order to ensure a functional and market-oriented product.

Feedback from end users should be used for future improvements.
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Safety and ergonomics
Design must be carried out with priority given to the safety of operators.

Innovation and creativity

Current technologies in the industry and information about new materials must be
monitored in order to integrate innovative solutions in the design of assembly automated
complexes.

Continuous improvement

The development of personal skills through training, conferences, and exchange of
knowledge with other specialists is of primary importance for maintaining a high level.
The analysis of previous projects and the search for opportunities to increase efficiency
must be a constant effort on the part of the designers.

3.5 Conclusions

1. In this chapter, the main participants in the process of designing assembly
automated complexes are presented.

2. A systematic approach for the design of assembly automated complexes has been
defined, with its typical main stages. Its structure allows it to be expanded,
adapted, and scaled according to specific needs.

3. Recommendations to the designers of assembly automated complexes have been
defined.

CHAPTER 4. DEVELOPMENT OF NEW DESIGNS OF TECHNICAL
MEANS FOR FEEDING AND ORIENTING PARTS

4.1.1 Assembly line for parts of an automatic circuit breaker
The different variants are shown in Fig. 4.1.

Functional synthesis and selection of technical means
The required functions are:

e Orientation of parts “Cover” and “Case”, “Flange”, “Shield”, and “Thermal
screw”

e Feeding of all parts

e Manipulation of all parts of the “Pick-and-place” type

e Ultrasonic welding of the “Flange”

e Transport between individual stations

e Quality control after placement of the Flange
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Quality control after placement of the Shield

Switching of the flow between acceptable and defective parts

)

A functional card is fully developed in Fig. 4.2 and Fig. 4.3. Due to the big dimension,
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In Fig. 4.4, an image from the 3D model of the assembly line is presented, and in Fig.

Fig. 4.4 Assembly line for parts of an automatic circuit breaker

Project Schedule Plan

Start Date for the Project: ] Target C lion Date: KW45
First Payment Date on Project:

Calendar Weeks
Task 24 |25 [26 |27 |28 [29 [30 [31 [32 [33 [ 34 [35 [36 [37 | 38 |38 |39 [40 [41 |42 [45 [44 [45

1 | Organization of the project

2 |C and 3D

3 | Approval of 3D validation

4 | Adjustments to the construction

Component delivery .

of 3D model on client site - -

5
6
7 | Site preparation at client site
8
9

Delivery of foundation to the client

Equipment installation
10 | Testing and handover to the client | 1

Note:
For component delivery, a total of ~72,000 units are needed, distributed as 20,000 pcs through KW29, with the remaining quantity
by KW39. Any remaining quantity will be delivered at the end of the project.

Fig. 4.5 Project schedule

4.1.2 System for assembly of an O-ring into a bushing
The task is to assemble the part “Bushing” (Fig. 4.13) and the part “O-ring” (Fig. 4.14).

Fig. 4.13 Bushing Fig. 4.14 O-ring

Functional synthesis and selection of technical means

In Fig. 4.15, the functional map of the device is shown.
The design of the machine after completion of the 3D model is shown in Fig. 4.16, and
the assembly fixture in a closer view — in Fig. 4.17.
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Fig. 4.16 System for assembly of Bushing
_ ®ur. 4.17 Assembly mechanism — closer view
and O-ring

Control system design

The technical specification defines the requirement that the controller and the display
be manufactured by Siemens AG, without specifying a particular model. The electrical
power supply must be 1 x 230 VAC.

4.1.3 System for assembly of a unit consisting of a seal, nut, and stud

Process description:

Assembling of parts “Stud”, “Nut” and “Sealing” into a joint sub-assembly.
Types of parts — shown in Figures 4.18, 4.19 and 4.20:

a

"

% —
¥ N
Fig. 4.18 Part "Stud" Fig. 4.19 Part "Nut" Fig. 4.20 Part "Sealing"

Functional synthesis and selection of technical means

The functions are related to the assembly of the parts ,Nut® and ,Sealing“ to part
~otud”. A suitable configuration would be a rotary table with two positions.

Design and production
The implemented design is shown in Fig. 4.21 and Fig. 4.22.

o consisting of a seal, nut, and stud — back view
consisting of a seal, nut, and stud — front

view
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4.1.4 Line for processing and packaging of clams
Process description:

Processing and packaging of live mussels

Important features: the fastening of the net bag must be as tight as possible, so that
the product (live mussels) does not lose its water and die.

Parts
Shown in Fig. 4.23 in packaged state:

Fig.4.23 Clams (alive)
Sequence:

The process begins with a manual inspection of the mussels by operators, who
remove defective “parts.” Subsequently, precise weighing is performed into doses of 0.25
/ 0.5/ 1 kg. The prepared doses are packaged in net bags.

Design

A view of the design of this assembly automated complex in 3D is shown in Fig. 4.24.

Fig. 4.24 Line for processing and packaging of clams

From a software perspective, the most challenging aspect is achieving the required
accuracy. This is because mussels are a product with a high water content. During
weighing, they exhibit a so-called impact effect, which may cause the control system of
the weighing unit to register that the target weight has been reached, while this is not
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actually the case. The control system provides the possibility to filter these impacts and
reduce their effects.

However, the water is initially weighed, after which part of it drains under the
equipment. This is a very unfavorable effect that makes weighing difficult, and the
software must use specialized mathematical algorithms to predict when the exact dose
has actually been achieved.

4.1.5 System for packaging of seeds

Process description
Packaging of various types of seeds.

Parts
Shown in Fig. 4.25 in ready, packaged state.

Flg«425 Seeds for sowing

Design and production

The design of this assembly automated complex is shown in Fig. 4.26 and Fig. 4.27.
The entire machine is built from a structure of aluminum profiles. The working area is
implemented with a safety door equipped with an automatic lock, which prevents opening
during operation. All working units are located within this enclosed space.

Fig. 4.26 System for packaging of seeds for  Fig. 4.27 System for packaging of seeds for

sowing sowing
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4.2 Other automated systems

4.2.1 Marking system for metal sleeves

Process description

Laser marking of metal sleeves.
Two types of sleeves are transported on different types of carriers, whose lower part
is identical (Fig. 4.28).

Fig. 4.28 Metal sleeves

Productivity: 1000 pcs / h
Important features: the working area must be protected; hazardous laser radiation must
not be allowed.

Functional synthesis and selection of technical means

Placement of 4 parts into a carrier, which is performed by an operator. The parts enter
the marking zone, where a stopper is installed. Only one carrier is allowed to enter the
laser zone at a given moment.

The functional map is presented in Fig. 4.29.

functional map and execution devices electrical panel for system control

Sensor shaped according to length e e -
[ ‘Wit scanned laser width Bushing Detail - view positioning

[ System for marking metal bushings - System for visualization and ]

Horizontally enclosed transport system
with scales, dedicated sectors Bushing Detail - transport
for manual placement of the bushngs and approval

1. Merging of bushing flows
2. Merging of a single bushing before the laser Pneumatic stopper with movement 5 h
above the transporter on Z and base on X and Y Bushing detected in required positions

l

1. Radiation protection Polymer box with space for pneumatic
_ 2. Observation window stoppers and fasteners and side assembly Positioning of the laser system
3. Ability to fine-tune the focal distance of the laser head. The cover is opened on hinges

4. Approval of the gases
Pneumatic stopper for releasing Releasing the bushing and transport
1. Merging of bushing flows the outgoing bushing flow to the approval sector

Fig. 4.29 Functional map for a machine for marking of metal sleeves

The design of the system for marking metal sleeves is presented in Fig. 4.30 and Fig.
4.31.
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‘ Fig. 4.30 System for marking of metal V Fig. 4.31 Syse‘m for marking of metal

sleeves sleeves

4.2.2 System for feeding parts to an automated line for the production of sensors
for the automotive industry

Process description:

Feeding of two sizes of parts to an automated line for the production of sensors for
the automotive industry. The parts are shown in Fig. 4.32.

Parts:

Fig.4.32 Parts from the production of a sensor for the automotive industry

The machine must be able to be withdrawn, allowing the manual feeding process to
be restored. The selection of technical means for automation is determined by the
functions that must be performed, rather than by the available equipment or preferences
for specific technical solutions. Although mechatronic principles are common, each
specific task requires attention to its particular details. Every production process, and in
particular every assembly process, is determined by a clearly defined set of functions
(feeding, orienting, gripping, positioning, assembly, control, etc.), which must be identified
and analyzed before selecting specific technical means for automation. This enables a
systematic and objective approach in the design of assembly automated complexes and
reduces the risk of incorrect or premature decisions. It is beneficial if there is an existing
manual production process from which functions can be derived, including analysis of
their sequence, the overall cycle chart of the manual process, as well as other
parameters.

The correct determination of functions is a necessary condition for the subsequent
success of the project. Input requirements are usually defined by the client (the
Contracting Authority), but in many cases they are not technically well-founded, and the
description (if available) is in conversational form. This is due to the fact that most clients
do not have an engineering background, although such cases do exist. It is the
responsibility of the mechanical engineer to assist in completing and refining the technical
specification. One of the most important components of any production process, and
respectively the development of assembly automated complexes, is the required
productivity.
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Productivity is essential because it is a quantitative measure. Quality requirements
are a stage that must not be omitted, neither with regard to the input components
(individual parts) nor with regard to the assembled units. Defining precise requirements
is a necessary condition for the further execution of the order and the contract as a whole.
Although the contract is a legal subject and the responsibility of legal professionals, all
accompanying documents such as the technical specification, drawings, and other
essential parts are an integral part of it. Additionally, it is important that these documents
are signed by the contracting authority (in general for assembly automated complexes,
but not limited to them), in order to ensure that the required quality is officially accepted.
Any future defects caused by parts that do not meet the required quality are not
considered defects nor a problem of the developed mechatronic system.

The constraints are usually related to the installation space, both at the contractor and
at the end client. Fig. 2.23 graphically shows the sequence for determining the functions
of a given process, as well as their main parameters.

An image from the 3D model is shown in Fig. 4.33.

Fig. 4.33 System for feeding parts to an automated line for the production of sensors for

the automotive industry

4.2.3 System for marking handles for automatic circuit breakers

Process description:

Marking of two types of handles for automatic circuit breakers, where one type is
shown in Fig. 4.34 together with the corresponding carrier. The carriers for the other type
differ in the upper part. The lower part is common for all carriers.

Fig.4.34 Carrier for one type of parts
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Functional synthesis and selection of technical means

The main functions of the machine are:

Orientation of two types of handles with different geometry

Loading of the handles into carriers

Front-side marking station

Rear-side marking station

Front-side machine vision inspection station

Rear-side machine vision inspection station

Station for unloading handles to acceptable / defective containers

System for handling boxes with a buffer of 3 boxes — section for empty
boxes, section for active box, and section for full boxes

Design and production

The machine design is shown in Fig.4.35.

Fig. 4.35 System for marking handles for autométic circuit breakers

4.3 Conclusions

1.

2.

3.

In this chapter, 5 original designs of assembly automated complexes were
presented, for some of which the process from design to implementation at the
client was traced in detail, applying the systematic approach from Chapter 3.
The systematic approach is not a guarantee for trouble-free execution of a given
project, but it is a platform on which one can rely in a standardized manner and
easily track the different stages of the project.

The approach allows adaptation, scaling (it does not depend on the size of the
projects), and modifications according to specific needs or the personal
preferences of the designers working with it.

SCIENTIFIC-APPLIED CONTRIBUTIONS

1.

A systematic approach for the design of assembly automated complexes has been
developed, representing an organized set of methodologies, classifications,
procedures, and recommendations, consisting of 28 stages, for each of which the
main tasks are clarified and a toolkit for their solution is proposed.

Based on defined principles, a methodology has been developed to support the
selection of technical means for the implementation of the set of functions of
assembly automated complexes.

The main types of technical means for the construction of assembly automated
complexes have been systematized.
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APPLIED CONTRIBUTIONS

1. The developed toolkit has been validated for solving industrial tasks implemented in
production, with original designs developed for:

a) automated complexes for:

- assembly of automatic circuit breakers;

- assembly of a unit including an O-ring and a bushing;

- assembly of a unit including a fastening element of the “stud” type, a nut, and a seal;

- packaging of mussels;

- packaging of seeds;

b) automated mechatronic systems for:

- marking of metal sleeves;

- feeding of parts to an automated machine for the production of sensors for the
automotive industry;

- marking of handles for automatic circuit breakers;

2. The characteristics of the assembled parts, determined by their manufacturing
technology, which negatively affect the productivity and reliability of assembly automated
complexes, have been analyzed.

3. Recommendations to designers of assembly automated complexes for effective work
and for the development of a technical specification have been formulated.

4. The functions, responsibilities, and relationships between the main participants in the
process of development of assembly automated complexes have been defined.
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SUMMARY

SYSTEMATIC APPROACH FOR DESIGN OF ASSEMBLY AUTOMATED
COMPLEXES

Valko Mitev

The present dissertation is devoted to the development of a systematic approach
for the design of assembly automated complexes (AAC), which represents a significant
engineering challenge in contemporary industrial production. The increasing demand for
productivity, quality, flexibility and traceability requires structured methodologies that
support designers in making technically and economically justified decisions throughout
the entire project lifecycle.

In Chapter 1 a comprehensive review and analysis of the problem is presented.
The specific features of assembly automated complexes as engineering objects are
examined, including their interdisciplinary nature, limited serial production, and strong
dependence on the characteristics of the assembled parts. Existing design
methodologies, including general-purpose engineering design approaches and
assembly-oriented methods, are analysed. Special attention is dedicated to the limitations
of currently known methodologies regarding the selection of technical means in relation
to part characteristics. Based on the conducted analysis, the aim and the research tasks
of the dissertation are formulated.

Chapter 2 presents a developed methodology for supporting the selection of
technical means for implementation of manipulation functions in automated assembly.
The influence of part characteristics such as geometry, dimensions, material, surface
properties and tolerances is systematized. Criteria for evaluating the suitability of parts
for automatic assembly are defined. The proposed methodology assists designers in
identifying appropriate technical solutions by considering both functional requirements
and technological constraints, while reducing risk at early design stages.

In Chapter 3 a systematic approach for the design of assembly automated
complexes is developed. The approach is structured into sequential stages, beginning
with the meeting with the customer and analysis of the technical specification, followed
by functional decomposition, selection of technical means, substitution with available
automation components, and synthesis of original solutions when standard components
are insufficient. Each stage includes decision points and recommendations for designers.
Emphasis is placed on risk reduction, documentation, interdisciplinary collaboration,
economic justification and compliance with safety and regulatory requirements. The
approach is scalable and adaptable to projects of different complexity and size.

Chapter 4 demonstrates the application of the developed methods, which have
been tested. Original constructions of automated systems and subsystems are
presented, including systems for feeding, orienting, assembling and quality control of
parts. The systematic approach is applied in real industrial conditions, validating its
practicality and effectiveness. The results confirm that structured stage-based design
improves traceability, decision transparency and overall project reliability.

The dissertation concludes with a summary of the achieved scientific and applied
contributions. The proposed approach provides a structured platform for engineering
practice, supports informed decision-making, and contributes to increasing the efficiency
and sustainability of assembly automated complexes.
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