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1. OBIIA XAPAKTEPUCTUKA HA TUCEPTALHUOHHUAT TPY]

1.1. Akmyannocm na memama

[loBHmIaBaHETO Ha KamaluTeTa 3a W3BBPIIBAHE HA W3BBHIUIAHOBU PEMOHTHU €
KJIFOYOBO YCJIOBHME 3a M3I'BJIHEHHE HAa CHIOZHHUUECKUTE 3aJbJKeHHs Ha PemyOnuka
bearapus B pamkute Ha HATO wm 3a wusrpaxiaHeTo Ha €IMHHA CHCTEMA 3a
JOTHUCTHUYHA MNOAAPBKKA. YCHBBPUIEHCTBAHETO HA CBHUIECTBYBallaTa pPEMOHTHA
cuctema TpsOBa J1a Ch3/a/le HOBU B3aUMOJEHCTBUS B 00JIacTTa Ha CUTYPHOCTTA U JAa
YKpEenu OlepaTUBHUTE CIOCOOHOCTU Ha BbOPBIKEHUTE CUIIH.

Henocrarpunara omnepaTMBHa CHbBMECTHMOCT Ha CHCTEMAara 3a TEXHUYECKO
oOcnykBaHe M peMOHT B bbarapckara apMus mocTaBs Ha JIHEBEH pel
HEO0OXOMMOCTTa OT aJaNTUPAHETO M KbM ChBPEMEHHUTE YCIOBUS M CTaHIApTH.
Crneun@uuHuTe PEMOHTHM JI€HHOCTHM 3aBHUCAT MPAKO OT HUBOTO HA HAay4HO-
TEXHUYECKO PA3BUTHE, BHEJPSBAHETO HA MHOBALIMOHHU TEXHOJIOTMU U HAJIMYMETO Ha
NOJTOTBEH MEPCOHAIL.

HenocturbT Ha CHEUIMAIMCTH MO PEMOHT Ha BBOPBHKEHUETO M TEXHUKATA
HamaJjsiBa CIOCOOHOCTUTE 3a MOJAPHAKKA W BOIU JO HEBB3MOXKHOCT 3a €(EKTUBHO
peliaBaHe Ha BB3HMKBAIIUTE TNpoOiieMu. Bucokara cTeneH Ha WHOBAIMOHHO
pa3BUTHE € HeMuciauma 0e3 KBalu(UIMpaH JUYEeH ChCTaB. 3aHWKEHOTO HHUBO Ha
MOJTrOTOBKA C€ KM Ha oTciabeHara cucrema 3a npodecuoHaIHO oOpa3oBaHUE U
Ha JIMIICaTa Ha YCTOWYMBO B3aMMOACHCTBUE MEXKIAY 00pa30oBaTeIHUTE UHCTUTYIIUU U
PEMOHTHUTE CTPYKTYPH.

AKTyaJIHOCTTa Ha TeMara € MPSIKO CBbp3aHa ¢ HEOOXOAMMOCTTA OT MOAAbPIKaHE
Ha 00ecrnocOoOHOCTTa W ONepaTMBHATA TOTOBHOCT Ha TexHukara. ChBpeMEHHU
TtexHojgoruu karo 3D mpuntupane u I{IIY oOpabGorka mnpenocTaBsIT HOBH
BB3MOXKHOCTH 32 Obp30 U €(PEKTUBHO BH3CTAHOBABAHE HA KPUTUYHU KOMIIOHEHTH,
KOETO ChKpalllaBa BPEMETO 3a PEMOHT U HaMallsiBa pa3xonurte. BHeapsBaHEeTO HA Te3H
TEXHOJIOTUM B PEeMOHTHUTE 0a3u Ha bbarapckara apMus 1€ TOBHUIIHA HAEKTHOCTTA
U JIBITOTPAHOCTTa HAa TEXHUKATA, KaTO €JHOBPEMEHHO C TOBa M€ HaMalld
3aBUCHMOCTTA OT BBHIIHHU JTOCTABYMIIM U CPOKOBETE 3a JOCTABKA HA PE3€PBHU YaCTH.

OO0exT Ha n3caensanero: Cucremara 3a BOWCKOBH PEMOHT BbB BbOPBKECHHUTE
CHUJIH.

IIpeamer Ha u3cjeaBaHeTo: BHEIpsABAaHETO HAa CHBPEMEHHHM TEXHOJOTMHU 3a
PEMOHT M Bb3CTAaHOBSIBAHE HA JIETalIM 4pe3 m3noisBane Ha 3D npuntupane u LY
o0paboTKa.

Len na u3cienBaHeTo: pa3paboTu edEeKTHBHA METOJAWKA 3a MHTETPUpPAHE HA
ChBPEMEHHH TEXHOJIOTMU B U3BBHILJIAHOBUTE peMOHTH Ha B u T.



OcHOBHHM 32124H:

l.AHanu3 Ha CBIIECTBYBAIIUTE METOAM U TMPOUEAYPU 3a U3BLHIIAHOBU
PEMOHTH.

2. N3cnenBane Ha BB3MOKHOCTUTE M mpeaumcTBaTa Ha 3D mpuHTHpaHETO U
ITY oGpaboTkara 3a pEMOHT ¥ Bh3CTaHOBSIBAHE HA KPUTUYHU JICTANIIH.

3. Cp3paBane Ha CAD mozenu u mpoBEXAaHE HA CUMYJIALMU 3a ONTUMU3ALUSA
Ha KOMIIOHEHTHUTE.

4. TlpoBexaaHe Ha MPAKTUUYECKU EKCIIEPUMEHTH C U3PAOOTEHUTE MPOTOTUIHU U
aHaJM3 Ha PEe3yNTaTUTE.

5. Omenka Ha UWKOHOMHYECKaTa €(QEKTUBHOCT W MNPUIOXKHUMOCT Ha
PEIJIOKEHUTE METO/IM B peaJiHaTa peMOHTHA IEMHOCT Ha bbrarapckara apmusi.

Orpanuuenus:

@DoKyChT € BbPXY BOWCKOBHS PEMOHT Ha BEpPMIKHA TEXHHUKA OT ChCTaBa Ha
CyXxonmbTHUTE BOWCKH.

Metonu:

1. leckpunTUBEH aHAIN3 HA PEMOHTHUTE ()OPMHUPOBAHMUSI.

2. ExcriepuMeHTaTHU U3CIeIBAHNUS.

3. Cw3naBane u Banuaupane Ha CAD/CAM u puszndecku MOACIH.

O6em Ha qUcepTanuATA:

JlucepTallMOHHUAT TPYA ChAbpKa 156 CcTpaHULM, OT KOUTO OCHOBHHST TEKCT
oOxBama 140 cTpanuiy, U3noj3BaHaTa JuTeparypa — 5 CTpaHUlIY, a TPUIIOKEHUITA —
11 cTpanunu. B tekcta ca BxiroueHu 6 tadiauim u 30 ¢urypu. M3non3panu ca ob1io
86 nurepaTypHM W HOpMaTMBHU u3TouHWKa. [lo Temara Ha mucepramusTa ca
nyONMMKYBaHU 2 HAYYHHU CTATHU.



2. CbJABP)KAHUE HA TUCEPTALIMOHHMS TPYI;

I'/TABA ITbPBA
AHAJIN3 HA CBIIECTBYBALIIMTE CUCTEMHU B BA U HATO

1.1. Cucmemama 3a pemMoHm HA 6bOPBLIHCEHUEMO U MeEXHUKAMA &
bvncapckama apmusa u apmuume na HATO.

1.2. Humecpauyua na cveépemeHHU MEXHOI02UU 6 CHMPAHUME YIeHKU Ha
HATO

B pesyntar Ha U3BBpIICHUS JTUTEpaTypeH 0030p ca (GopMmynupaHU CIETHUTE
M3BOJIN:

1. B pemonTHuTe 06a3u Ha bbiarapckara apmusi JIMIICBAT CTaHAAPTH3UPAHU
IpoIelypd 3a BHEAPSBAHE Ha CHBPEMEHHH MPOM3BOJACTBEHH TexHoioruu (3D
npuntupane u LITY o6paborka). Heobxomumo e pa3zpaboTBaHe M BbBEXKJaHE Ha
yHU(DHUIMPaHHU CTAaHJAPTH U PEIIAMEHTH 3a TIXHOTO TpUjIaraHe.

2. VYcraHoBeH € Je@UIMT Ha M3CIAEABAHUS OTHOCHO IBJITOTPAHHOCTTA U
HagexaHoctra Ha 3D mpuntupanute u LIIY oOpaboTeHM KOMIOHEHTH B peajiHU
€KCIUI0ATAIMOHHU YCIIOBUSI.

3. Hanume e HemocTarb4HO KOJIMYECTBO JAaHHUM 32 HMKOHOMHYECKAara
€(EeKTUBHOCT ¥ BB3BPBINAEMOCTTa HAa WHBECTULIUUTE TMIPU BHEJpPSIBAHE Ha
WHOBATHBHH TEXHOJOTUH B PEMOHTHATA JIEUHOCT.

4. JluncBaT MpakTUYECKH HACOKH 3a OOydeHHe U KBaJU(UKaIUs Ha TepcoHaa,
paborenr ¢ Texrosnoruu 3a 3D npunTupane u L{ITY obpabotka.

5. llenenacoueHoTo OOy4YeHHE M TOATOTOBKAa Ha CIELUAIUCTH, CHOOPA3EHO C
HOBHUTE TEXHOJOTMYHMU M3UCKBAHHUSA, € KIIOUYOB (PAKTOp 3a YCIEUIHO BHEIpSBaHE Ha
CbBPEMEHHHU TPOU3BOJCTBEHH METOAM B PEMOHTHHUTE CHUCTEMH Ha BBOPBHKEHUTE
CHJIN.



IJTABA BTOPA
CbCTOSAHHUE U AHAJIN3 HA TEKYIHIUSA KAITAIIUTET HA
PEMOHTHUTE ®OPMUPOBAHUS OT CYXOIIbTHUTE BOUCKH HA
BBJITAPCKATA APMUA

2.1. Ananuz Hna cucmemama 3a cHabOAGaHe C Ppe3ePEHU YACMU HA
6bOPBICEHUEMO U MEXHUKama

CHabOnsiBaHETO C pE3EpPBHU YACTH € KIIOYOB €JIEMEHT 3a OCHUTYpsiBAHE Ha
PEMOHTHO-BB3CTAHOBUTEIHATA  JIGMHOCT  BBB ~ BOCHHUTE  (hOPMHPOBAHMS.
Marepuannute pecypcu 3a bearapckara apMusi ce mpuemar U ChbXpaHsBaT B 0azuTe
Ha KomaHaBaHETO 3a JIOTUCTUYHA TOJIPHKKA, OTKBACTO CE€ pa3NpeneisT KbM
dbopMHUpoBaHUATA HAa BUJIOBETC BBHOPBKEHU CWIH. J[EHHOCTUTE MO MOJydaBaHe,
OTYMTaHe W OpakyBaHe Ha aBTOOPOHETAHKOBOTO MMYIIIECTBO C€ PEIVIAMEHTHPAT ChC
CrielUaJIn3UPaHud HOPMATUBHU JJOKYMEHTH.

CHabnsBaHETO C€ WM3BBPIINBA IO JIBA OCHOBHM HAauyMHA — OT CKJIQJIOBETE Ha
MuHHCTEpCTBOTO HAa OTOpaHaTa U OT ThProBCKaTa MpexKa.

AHanmu3bT Ha ChHINECTBYBAIllaTa JIOTUCTMYHA CHCTEMa II0Ka3Ba peauiia
po0JieMH, OKa3Ballll MPSKO BIUSHUE BbPXY MOAJIPHKKATa HA TEXHUKATA!

— Ocrapsa MHPpPACTPYKTypa — TOJiIMa 4YacT OT CKJIAJOBET€ M PEMOHTHHUTE
ChOPBKEHUS Ca MPOEKTUPAHU 3a TEeXHUKA OT epara Ha CryneHara BoiiHaA U HE
OTrOBapsIT HA CbBPEMEHHUTE CTAHIAPTH.

— Henoctur Ha pe3epBHU 4acTH — MPEKPATEHUTE TOCTABKHU 32 ChBETCKA TEXHUKA
Y JIUIICATa Ha JULEH3UPAHU IPOU3BOAUTENH BOIAT 10 CEPUO3HH 3aTPYIHECHHUS . —

HeedextnBHO ympaBieHne Ha 3amacuTe — OTCHCTBUETO Ha HWHTETPUPAHU
MH(GOPMAIIMOHHU CUCTEMU 3aTPY/IHABA INIAHUPAHETO U Obp3aTa peaxiusl.

— 3aBUCUMOCT OT BBHIIHHM JOCTABYUIM — YacT OT HEOOXOAUMHUTE YacTH Ce
BHACAT OT Uy)KOMHA, KOETO YIbKaBa CPOKOBETE, HaMaliiBa OOErOTOBHOCTTA U KpHUE
PHUCKOBE, CBbP3aHH C MOJIUTUYECKAaTa 0OCTAaHOBKA.

C oren Ha yCKOPEHOTO pa3BUTHE HAa BUCOKOTOUHHUTE OPBXKEHMHU CUCTEMU U
HOBUTE ONEPATUBHO-TIPOLICYPHN W3UCKBAHUS, JOTUCTUYHATA CHCTeMa TpsOBa na
ObJie amanTUpaHa Taka, Y€ Jla OCUTypsiBa HaBpeMEHHA W e()EeKTHBHA MOAIPHKKA Ha
dbopMupoBaHHUATA B pa3IWYHU YCJIOBHsS Ha OoitHa oOctanoBka. ToBa BOAM [0
HEOOXOIMMOCT OT TEXHOJIOTHYHH CPE/ICTBA 3a TMapalielHa MOAAPHKKAa Ha BHEAPECHUTE
CTaHJapTH.
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Duz.2.1. Ancopummvm 3a 08UIHCECHUEHO HA MAMEPUATIHU CPEOCMEa.

2.2. O6wa xapakmepucmuka Ha pEMOHNHO-6b3CMAHOBUMETHUME 0CUHOCIU

PeMOHTHO-BB3CTAaHOBUTENIHATA  JEWHOCT  MPEACTaBIsiBa  CBHBKYIIHOCT  OT
MEpONPUATHS, HACOYEHH KBbM BB3CTAHOBSIBAHE Ha TEXHUYECKara TOAHOCT Ha
BHOPBKEHHUETO W TEXHUKATa C Ie] TNOJAbpKaHe Ha HeoOXoguMmara oIepaTHBHA
TOTOBHOCT Ha ¢opMHupoBaHHUATAa. B CcbBpeMEHHUTE YCIOBUS Ha JUHAMHYHA
omepaThBHA cpefa PEMOHTHO-TIPOU3BOACTBEHHUTE IPOIECH MPUIOOMBAT KPUTUIHO
3HAYEHHE 32 OCUTYpsIBAaHE HA HEMPEKbCHATa (PYHKIIMOHATHOCT HAa OOWHUTE CUCTEMHU.

2.3. Ananu3z Ha KpumuuHu Oemauau u MexXaHusMu — OnpeodeniHe Ha
KOMHROHeHmume ¢ UCOKa 4ecmoma Ha nogpeou

Boennara TexHuka Ha BhOpBKEHHE B bbirapckara apMusi ce XapakTepusupa C
BHCOKAa M3JIPHKIMBOCT U ONMPOCTEHA KOHCTPYKIMS. Bbripeku ToBa, peauiia dakropu
BONAT 70 YECTH TMOBPEAW W HEW3IPABHOCTH, Haaranlyd HW3BBHHIUIAHOBA PEMOHTHU
JNEUHOCTH.

B pamkuTe Ha HACTOSAIIOTO M3CJIEBAHE € M3BBPIICH aHAIW3 U 000OIIEHUE Ha
JAaHHU 32 TEKYIIUTE PEMOHTU OT ITbpPBa M BTOPA CTEIICH 3a MEPUOJ OT JAECET TOINUHU
(2013-2023r.). Pesynrarute ca npeacraBeHu Ha Tabiuia 2.1.



Tabnuya 2.1. Cnpaeka omnocHo pemonmna oeiinocm npes nepuood 2013-2023 2.

No Boenno Pemont | PemonT | PemoHT 3alenexka
no ¢popmupoBanme, nbpBa | BTOpA HA
pea | M3BHPLIMIO PEMOHTA CTeNeH | CTeleH | arperaTtu
(Opoii) | (Opoit) (Opoii)
1. KCB — ®OPMUPOBAHUSA
2013 107 2 1 BpE)HeTpchnopTLopH,
Bolinu MammHu Ha nexorara
2014 Tanxkose - T - 72
bponerpancnoprsopy,
BoliHn MamuvHU Ha IIexoTara,
CamoxonHu opbaus u
rayouim, CamoxonHu
MUHOXBBprauku, CamMOXoqHH
118 12 1 peaKTI/IBHI:/I CUCTEMH,
KomanmHo-1mabHn Mammam 3a
ynpasnerue (KILIM), Hpyru
CaMOXOJHU OpoHUpaHU
cyxonbtHH [IIIC cHabnenn c
OPBKECWHHU YCTAHOBKHU
2015 202 11 - BepuxHu Biekaun
2016 198 9 - WH)xeHepH! MaIlIiHU
2017 240 4 -
2018 221 2 3
2019 118 4 2
2020 107 3 1
2021 112 16 -
2022 320 20 3
2023 315 26 6
2 PEM. ®OPMUPOBAHMUS HA CB. JIII, PEBT
2013 98 8
2014 103 9
2015 123 13
2016 120 18
2017 12
2018 16
2019 14
2020 20
2021 23
2022 150 31
2023 162 26
Ne Boenno ¢opmupoBanue, | Pemont | Pemont | PemoHnT 3alenexka:
o H3BBPIIMIIO PEMOHTA I'bpBa BTOpa Ha 3A AJTATA
pen crened | crened | arperatu | PEMOHTHUPAHA
(6poit) | (Gpoit) (6poi) TEXHUKA
1. IToJxk 3a JIOT. OCHTL. 300 512 3a mepuon oT 1 roguHa
2. Pem. 6aza3zaBu T 260 540 3a mepuon oT 1 ronuHa




CrnpaBkara e u3rorseHa Ha ocHoBanue 3anosen OX—1029/15.10.2021 r., pa3nen
I, uwn. 69, an. 1 u am. 2, CBbpP3aHM C OTYUTAHETO HA HEU3NPABHOCTUTE B
€JIEKTPOHHOTO M3JaHue Ha ,,KHura 3a oruer Ha HeusnpasHute [IIIC* u nomanenara
nH(opmanus Ha mectMecedHa 0aza or KomanaBaneto Ha CyXombTHUTE BOMCKH KbM
nupeknus ,,Jloructuka®“ Ha MUHHUCTEpCTBOTO Ha OTOpaHaTa.

2.3.1. Knacugpukayusa na pemonmuume oeiHocmu

IIpn aHanu3a Ha peMOHTHUTE AelHOcTH B nepuoma oT 2013 . mo 2023 1. ce
YCTaHOBSIBAT HIKOJKO OCHOBHU KPUTEPUHU:

— Opoli Ha 1IeJIUTE B PEMOHTHATA ICMHOCT U KPUTEPUHU 32 ONTUMAJTHOCT;

— B3aMMOBpPB3Ka MEXKIY ONTUMAIHOCTTA U OTPAHUYUTEITHUTE YCIOBUS,
CBBP3aHM C BPEMETO 3a OTCTPAHsIBaHE HA aBapUITHUTE PEMOHTH;

— HemnpenBujieHH (AaKTOpPH, OKa3Ballld BIUSHUE BBPXY €(PEKTUBHOCTTAa Ha
PEMOHTHUTE JICUHOCTH.

2.3.2 Bv3moorcnocm 3a coKpauwjagane Ha pememo u pazxooume 3a pemonm

AHanM3bT Ha PEMOHTHO-Bb3CTAHOBHUTEIHATA JEWHOCT TMOKA3Ba, Y€ METOAUTE W
CIOCOOUTE 3a M3BBPIIBAHE Ha PEMOHTH C€ Pa3BUBAT JUHAMUYHO B 3aBUCHUMOCT OT
MOCThITBAII[aTa HOBA TEXHHWKA M YCHBBPIICHCTBAHETO HAa TEXHUYECKUTE CPEJICTBA,
U3IMOJI3BaHU TP PEMOHTHUTE MPOIIECH.

OtuutaneTo Ha Te3W (PakTopH, 3a€JHO C HEOOXOAMMOCTTA OT MOBHIIABAHE Ha
KBaJIM(UKAIUATA HA PEMOHTHUS MIEPCOHAII, I Jajie Bb3MOXKHOCT 32 YBEJIUYaBaHE Ha
KalraluTeTa 3a U3BbPIIBAHE U OBJAJsBaHE HA MU3BBHIJIAHOBATA PEMOHTHA JEHWHOCT B
Opaere.

2.4. Kanayumem Ha pemoHmHume  (OpMuposaHus U  HATUYHA
UH(ppacmpykmypa — OUEeHKaA Ha Ccbujecmeyeaujume ycioeus 3a eHeOpAeaHe HA
HO8U mexHo02UU

PemonTHute dhopmupoBanusi ot cheraBa Ha CyxonmbrHHTE Bovicku (CB) Ha BA
UTrpasiT KIOYOBA POJiA B MOAABPKAHETO U Bb3CTAHOBABAHETO HA BHOPHKEHHETO U
TEXHUKATa, BBIPEKU OTPAHUUYECHUSTA B TEXHUYECKUTE CPEJICTBA W HEAOCTUIa Ha
pE3EpPBHU YaCTH.

[TonabpxaHeTo HAa HAJIUYHOTO BHOPBHKEHUE U TEXHUKA B PAOOTHO CHCTOSIHUE
IIpU TE€3U YCJIOBUS € PE3yATaT OT BHUCOKOOPTaHW3WPAHU YCUIIUA U aJalTUBHOCT HA
PEMOHTHUTE CTPYKTYPH.

2.4.1. Ilonk 3a nocucmuuHno ocuzypsagamne

Ot 1 ronum 2008 r. IToNKBT 3a JOTUCTUYHO OCUTYpSABAHE € PEOPraHU3UPAH U CE
SBsIBA TIPABOTIPUEMHHK Ha ch3faneHara Ha 1 oktomBpu 2000 . Ha durypa 2.2 e
MpeACTaBeHa opraHu3aloHHara cxema Ha [loyika 3a JOrUCTUYHO OCUTYpSIBAHE.
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QDue. 2.2. IIpumepna cmpykmypna cxema na Ilonk 3a nocucmuuno ocuzypaeane.

[TonkbT 3a JOTHUCTUYHO OCHUTypsIBAHE € TMpEeJAHA3HAuYeH Jla OCBIIECTBSABA
IJIOCTHOTO JIOTUCTUYHO OCHUTYpsABaHE Ha TMOApa3lelieHusTa OT CbhbCTaBa Ha
CyXOIbTHUTE BOMCKH.

PeMoHTHUTE B3BOJIOBE Ha MOJKAa M3BBPIIBAT PEMOHTH OT BTOpa CTEMNEH, KaTo
paboTAT ¢ TOTOBH arperaru. 3a MoaIbp KaHeTO Ha HEOOXONMMHUTE 3amacu OT arperaru
(GYHKIIMOHMpA CTIEMAIM3UpaH B3BOJ] 332 PEMOHT U Bb3CTAHOBSIBAHE Ha arperaru.

2.4.2. baza 3a pemonm Ha 6bOPBIHCEHUE U MEXHUKA — 3A0a4U U CIMPYKMYpa

Ot 2006 r. BOeHHOTO (hOPMHUpPOBAHUE MPEMHHABA HA TPSKO MOAYMHEHO KbM
Komanngane Ha cyxonbTHH Boiicku (KCB) Ha BA. bazara B MUpHO Bpeme MpuTexkaBa
OpraHW3allMOHEH CTAaTyT Ha OaTajdbOH, a BHB BOCHHO BpPEME C€ pa3BpbIla IO
BOCHHOBPEMEHHU LIATOBE KATO IOJIK 32 PEMOHT Ha BbOPBKEHUE U TEXHUKA.

Opranuzanusta B MUPHO BpeME € U3rpajZieHa Ha pOTHA OCHOBA, KaTo BCAKa poTa
(GYHKIIMOHWpAa B CTAalliOHApHU ycloBusA, odopmeHa karo 1eX. (OCHOBHUTE
CTPYKTYpHH €JIEMEHTH ca MoKa3aHu Ha urypa 2.3.

TexHOTOTMYHUTE BH3MOXKHOCTH II€Xa 32 PEMOHT OPOHETAHKOBAa TEXHWKA MOTaT
na Obaar KiacupuIMpaHy 1Mo CJICIHUS HAUHH:

— tekyuy peMoHT I u III cTrenen Ha TaHKOBe (KanmauuTeT: 1—2 TaHKa MECEYHO);
— texyi pemoHT II u III crenien Ha TP, bBPAIM u MTJIb;
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— TEKylll PEMOHT Ha arperard Ha TaHKOBE (CKOPOCTHA KyTHs, PEIYKTOD,
CTpaHUYHO TpeAaBaHe); — Tekyll peMoHT Ha arperatu Ha MTJIb u BTP (rmaBuu
npeaBaHus, peAyKTOpH, pa3laTbuHi KyTHH).

KOMAHNBAHE

,J;, P . 1 \ ( !
_‘m PEMOHTHW OBCNYXBALLWA ,_[ LAB glﬂf,ﬂ(f:r" :a
©OPMWPOBAHWS ©OPMWPOBAHKWA J \___undopmaumsara”
LEX 3A PEMOHT
ABTOTPAKTOPHA o EHNE
TEXHUKA 'AAIMWHWUCTPATUBHO

UEX 3A PEMOHT
BPOHETAHKOBA
TEXHHUKA

OTAENEHWVE
“NIMYEH ChCTAB"

OTAENEHWE
“"NOrMCTUKA™

LIEX 3A CMELMANHIA
PABOTH

I3BEHO 3A ®MHAHCOB
W MATEPUANEH
OTYET

LEX 3A XMMHWYECKA
TEXHHKA, KOMYHMH-
KALUHMOHHA
CHUCTEMHM,
CPELCTEA 3A AQPEHO
XUMWYECKA U
EUOJIOTMHECKA 3ALLIWTA

OTAENEHVE
"®UHAHCH"

HAYANHHUK KOHTPONHO
TEXHWYECKW NYHKT

LIEX PEMOHT
3A UHXEHEPHA
W THNOBA TEXHHUKA

UEX 3A PEMOHT
PAKETHO-
APTUNEPUACKO
BbOPbHXEHWE U

@Due.2.3. Illpumepna cmpykmypa na 60eHHomo hopmuposanue.

2.4.3. Obopyosane u mexHuuecku 6v3MOMNCHOCMU: AHANU3 HA HaATUYHaAMA
anapamypa 3a OUAZHOCMUKA W PEMOHM, GKIIYUMETHO 6b3IMONCHOCIMMA 34
paooma c L{I1Y mawmunu u 3D npunmepu

[IpernenbT Ha Bb3MOKHOCTUTE 3a BHEAPSIBAHE HA CbBPEMEHHU ITPOU3BOICTBEHU
texHonoruu, kato L{I1Y mammuu u 3D npuHTepu, nMoka3pa, 4e MOJAEPHU3AIMUATA HA
peMOHTHaTa MHGPACTPYKTypa € IJIAaBHO YCJIOBHME 3a TOBHIIIABAHE HA KamaluTeTa 3a
M3BbPIIBAHE HA U3BbHIUIAHOBU PEMOHTH.

Hannunara amapatypa B peMOHTHHUTE (DOPMHPOBAHUS KbM MOMEHTA € HaCOYCHa
OCHOBHO KbM OCHUTYpSIBAHE HA TEKYILU U CPEIHU PEMOHTH Ha HaJMyHATa TEXHUKAa,
KaTo CBIIECTBYBa MOTPEOHOCT OT JOMBIHUTEIHO OOOpyABaHE 3a aBTOMaTH3WpaHa
00paboTka 1 ObP30 MPOTOTUIIMPAHE HA PE3EPBHU YACTH.

N3non3BaHeTo Ha T€3W TEXHOJOTHM 1€ MO3BOJM HaMajsiBAHE HA BPEMETO 3a
PEMOHT, ONTHMH3AIUS HA PECYpCHTe U TOBUIIaBaHE HA €(QEKTUBHOCTTA Ha
PEMOHTHO-Bb3CTAHOBUTEIHUTE JEUHOCTH.

2.4.4. Ouenaeane npuzoOHocmma KoM a6mMoMamu3ayus Ha RPOU3800CMeEOmMo

2.5.Cpasnumenen ananuz na mexyuwu memoou u nomenuyuaiuu CAD u CAM
peuienus
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a) O0paTHO MH:KEHEPCTBO

OOpaTHOTO MHXEHEPCTBO TNPEJCTABIsABA MPOIEC Ha Bb3CTAHOBSIBAaHE Ha
MIPOEKTHATAa JOKYMEHTALMS WA TPUU3MEPHUS MOJIEN Ha ChLIECTBYBAILl JETANI upe3
HEroBOTO ()U3MYECKO H3MEpBaHE M aHaiu3. To3M cHoco0 NpenocTaBs pEIICHHE
CBbpP3aHU C PU3NYECKUIT MOJIEN, KOWTO Ha Oa3a U3MEPBAHMS € OCHOBEH M3TOYHHUK HA
nndopmanus 3a CAD wmognena. ToBa chio ce Hapuua (GU3MYECKH KbM LU(PPOB
npoiiec, u3o0paseH Ha ¢urypa 2.4.

Due. 2.4. Om puzuuecku oemaiin kom yugpoes 3D odexm.

0) OcHoBHu ¢a3u Ha 00paTHOTO MH:KeHEPCTBO (PE)

[TporiechT Ha 00paTHO MHXKEHEPCTBO BKJIIOYBA TPU OCHOBHU (pazH, 4pe3 KOUTO
Ce OCBIINECTBsIBAa Mpexoj OT Gu3nuecku aeTaiia kbMm 1udpoB 3D mozen, ToToB 3a
aHaan3, MOaU(UKAIINS WIH B3MPOU3BEKIAHE.

Te3u OCHOBHU CTBIIKM Ca NPEACTABEHM CXeMaruyHo Ha Qurypa 2.5, KOsTO
WIIOCTpUpAa TPUTE KIIOYOBU e€Tama Ha OOpaTHOTO HWHXKEHEPCTBO W TIXHATa
B3aMMOBpB3Ka 32 TMOCTUTAaHE HAa BHCOKA TOYHOCT M (PYHKIMOHAIHOCT Ha
Bb3CTAHOBEHUTE KOMIIOHEHTH.

' R
®asza | - CkaHupaHe

N3enuuaHe Ha
reomeTpuyHara uHbopmauma
Ha obekTa

!
( ®azall- O6paboTtka
Ha TOYKOBM AaHHU

PunTpupaHe Ha
CKaHMpaHWTe OaHHW

!

®daza lll - Cr3paBaHe
Ha CAD moaen

Marpa:«,uaHe Ha npunokeH
reomeTpuyHeH mogen

L

J
Due. 2.5. Cxema na mpume 0CHO8HU (hazu HA 0OPAMHOMO UHIICEHEPCHEO.

NupycTpuamHuTe TEXHOJOTHMH Ca CBBpP3aHH C IU(POBO TMPEACTABIHE Ha
CTPYKTypaTa Ha TEXHUYECKH OOCKTH C IIeJ aHalii3, KOHTPOJI Ha KayeCTBOTO WU
o0paTHO UHXKEHEPCTBO. Te BKIIOUBAT:
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— MHAYCTpHAJHA KOMIIOTHPHA TOMOTrpadusi — HM3MO0J3BaHa 3a MHCHEKLHS Ha
BBTPEILHU Je()EKTH B METATHU U KOMIIO3UTHHU YACTH.

— ONTHYHA MHKpPOTOMOrpadusi — TpPWIOKHMA TpPH M3CIEIBAHE Ha
MHKPOCTPYKTYPH B MaT€pUAIN.

— uHayctpuanHu SMP cucremu — H3NOM3BaHU TMO-PAAKO, HApUMEp 3a
M3CJIE/IBAHE HA KOMIIO3UTHU CTPYKTYPH C BUCOKO ChIIbPKaHUE HA Bilara.

OCHOBHHUTE XapaKTEPUCTUKHU Ca MOKa3aHU B Ta0numa 2.2.

Tabnuya 2.2. Xapakmepucmuka Ha UHOYCMPUATHU USMEPBAMETHU MEXHOI0ZUU.

XapakTepucTHKa HMupycTpuaaHu TEXHOJIOTHH
OO0paTHO MH)XEHEPCTBO, aHAJIN3, KOHTPOJI Ha
OcHoBHa nen
Ka4yeCTBOTO
HNunycrpuanen CT, ontuyna Mukporomorpadus
[Ipumepu 3a metoau AYeTp ’ p pagus,
unaycrpuanet SIMP
Tumn Ha obexTHTE Texanueckn 00eKTH (AeTainu, MaTepraai U cOOpKN)
W3non3Banu marepuanu Mertanu, KOMIO3UTH, MIJIACTMACH, KepaMHKa
®dopMmaT Ha U3XOJHUTE JaHHU O6mnak ot Touku, CAD dopmatu (STL, STEP)
Bw3moxknocT 3a nnterpanus ¢ CAD/CAM IIennHa
To4YHOCT HAa N3MEPBAHETO, CBOTBETCTBUE CHC
IIpnopurer
CTaHJAPTHUTE

2.5.1. Ananu3 na epexkmusnocmma Ha MpAOUYUOHHU U CLEPEMEHHU MEMOOU

OCHOBHUST aKIIEHT € MOCTaBeH BbpPXY €()EKTUBHOCTTA, TOYHOCTTA, PECypCHATa
ONTUMM3AIMUS U TPUIOKUMOCTTA B MOJIEBU YCIOBUSI.

LITY (CNC - Computer Numerical Control) wmammHATE H3MONI3BAT
npeaBapuTenHo 3ananeH (G-KoJ 3a OTCTpaHsBaHE Ha Marepuaj OT 3aroToBKa U
nocTUrane Ha sxkenaHara ¢opma. To3um MeTox € HMIMPOKO HM3IOJI3BaH B apMENHCKOTO
PEMOHTHO TTPOU3BOJICTBO TTOPATIH:

— BHCOKa TOYHOCT;— aBTOMATHU3aIUsl Ha MPOIIECUTE; — Bb3MOXKHOCT 3a 00padoTKa
Ha pa3IMYHU MaTepualu.

Heoocmamvyu: — TeHepupaHe Ha OTHaabK To7 Qopmara Ha CTPYXKKH,
OTpaHUYCHHUS TIPHU Ch3/laBaHE HA CIOKHU BBHTPEIIHU T€OMETPUU; — U3UCKBA BpEMeE 32
n3paboTKa Ha MPUCTIOCOOJICHUS U TIPOrpaMUpaHe.

[Ipy anmUTUBHHUTE TEXHOJOTUU € XapaKTEPHO M3TPAKIAHETO HAa OOCKTH C
no0aBsHEe Ha MaTepuall, KOETO € MPOTHUBOIOJIOXKEH MPOIEC HA MPUHIUIA HA padora
Ha MamuHUTE ¢ g poBo-niporpamuo ymnpasienue (LITY).

Ilpeoumcmeama exnrousam: — CIOCOOHOCT 3a TPOM3BOACTBO HA CIIOKHH U
OpraHWYHU TEOMETPUM; — HAMaJIeH pa3xol Ha marepuan; — Obp3a u3paboTka Ha
MPOTOTUIA W PE3EPBHH YACTH; — BB3MOXKHOCT 3a paboTa B MOOWIIHHM YCIIOBHUS

(manpumep nonesu 3D naGoparopun).
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Heoocmamvyu: — orpaHnyeHa sIKOCT Ha HAKOM MAaTepUajii; — OTPaHUYCHHS TI0
OTHOIIIEHUE Ha pa3Mep W JIETAHIHOCT B 3aBUCHUMOCT OT NMPUHTEPA; — HEOOXOAUMOCT
OT nocJeaBaia o0padoTKa U U3NMHYAHE TPU HAKOU TEXHOJIOTHUH.

HpI/IJIO)KGHI/IGTO Ha TC3U TCXHOJIOTHHU, B KOM6I/IHaI_[I/I$I C METOOUTC Ha O6paTHOTO
HHXXCHCPCTBO, MNPCACTABIsIBA CTPATCTHYCCKO IMIPCAMMCTBO B IOAAPBXKATA Ha
BBOPBIKCHUCTO U TCXHUKATA.

2.5.2. /luaznocmuuen cogpmyep 3a pemoHmuu 0eitHocmu

C HampeZBaHETO HAa TEXHOJOTHHUTE TUATHOCTHYHUTE CHUCTEMH IMPEMHHABAT OT
MEXaHWYHA M aHaJOTOBH METOAM KbM KOMIIOTHPHO Oa3WpaHH pEIICHUs, KOUTO
3HAYUTETHO T[IOBWIIABAT TOYHOCTTa © €(EKTUBHOCTTAa Ha OTKpWMBaHE Ha
HEW3MPaBHOCTH.

CnenBamara tabnuua 2.4 npeactaBs NpUMEPH 3a JUATHOCTUYHU UHCTPYMEHTHU
M CHCTEMH, U3MOJI3BAHM B pPEMOHTHATa TMPAaKTHKa, BKIIOYUTEIHO TIXHOTO
npuiiokeHue, o0XBaT U MHTEpQEic 3a CBbP3BaHE.

Taonuya 2.4. Illpumepu 3a ouazcnocmuyunu cpeocmea u 001acmu Ha RPUI0HCeHUE

HaumenoBaHue Ha HNurepdeiic /
Ne O6xBaT Ha MPUJIOKEHHE IpumepHa TeXHUKA
cucremara/copryepa IIpoTokoJ
Heurarenn, ECU, ABS, CAN Kammnonu, n1exu OBD-II, K-
1 Bosch KTS CHCTEMH TPAHCIOPTHU MAaIIMHU line, CAN
TEXA NAVIGATOR JlmarHocTrka Ha eJIeKTPOHUKA MHororienesu CAN,
2 T U CHCTEMH Ha MPEBO3HU OpOHETPAHCIIOPTHLOPH, Bluetooth,
CpencTBa KOJICCHU MAIlliHU USB
3 Jaltest Military (by | HMHTerpupana MyJlITHCHCTEMHA Kamuonu, BTP-u, MIL-STD,
Cojali) JIMarHOCTHKA apTUJICPUICKA TEXHUKA CAN J1939

[THeBMO-XUIpaBIMYHHA ¥ |  AHAJIOTrOB /
MoHHTOpPUHT Ha BHOpaIuy,

4 | PDM Analysis Tools CJIEKTPOMEXaHUYHH UG poB
eNIeKTPO 3aXpaHBaHe, HAISTAHEe

CHCTEMH CEH30peH
Cw0OupaHe u aHaIHM3 HA Creunanu3upano A
USB, Wi-Fi,
5 Insyte Data Logger rapamMeTpH OT CEH30pH B o0opy/aBaHe, JABUTATEIN Ethernet
peasHo Bpeme U arperatu

2.5.3. 3D npunmupane u a0umMueHU MEXHOI0ZUU 8 PEMOHMHAMA 0eUHOCH

OcHoBHuTe BHaoBe 3D mnpuHTEpH, H3IMOI3BAHHM B PEMOHTHAaTa IMPaKTHKA,
BKJIFOYBAT:

— FDM mnpuntepu (Fused Deposition Modeling) — u3non3Bar ce 3a Obp30
MPOTOTUIIMPAHE U MPOU3BOJCTBO HA KOPITYCHU AETANIIM OT IJlacTMaca.

— SLA/DLP mnpuntepu (Stereolithography/Digital Light Processing) -—
MOAXOASIIM 32 Ch3JaBaHE HA BUCOKO MPEIU3HU KOMIIOHEHTH C MAaJKd pa3Mepu U
BHCOKa JICTAUIHOCT.
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Meranau 3D npunrepu (SLM/DMLS — Selective Laser Melting/Direct Metal
Laser Sintering) — u3noi3BaHu 3a MPOU3BOACTBO Ha YCTOMYMBU METAJHU YaCTH KaTo
3b0HU KOJIeNa, BTYJAKH, KOPIYCH U APYTH KPUTUYHU €IIEMEHTH.

Nuterpupanero Ha aAUTUBHU TEXHOJIIOTMHM B PEMOHTHHUTE (DOPMUpPOBAHUS €
CTpareruyecka CThIIKa 32 OCUTYypsIBAaHE Ha OllepaTUBHA aBTOHOMHOCT, IOBHIIIABAaHE Ha
KalamuTeTa 3a BbH3CTAHOBSIBAHE HA TEXHWKATa M ONTHUMU3AIMS HA JIOTUCTUYHUTE
BEpUTH.

2.6. Hosewku pecypc: Ouyenka Ha HATUYHUME CREYUATUCIU U HYMHCOUme Om
O0ONBJIHUMENHO 00yueHue

OcHoBHHTE NIPOOJIEMU Ca CBbP3aHHU C:

— HeJoCTarbuHa KBadu(UKaIMA B 00JIaCTTa HA ChbBPEMEHHUTE MTPOU3BOICTBEHU
TEXHOJIOTHH;

— JIWTICA Ha CUCTEMAaTUYHO OOydYeHHE I0 mporpamupane u ympasienue Ha [{ITY
MalIuHU;

— orpaHuyeHu no3Hanus 3a usnoiazBaHeTo Ha CAD/CAM cuctemu u aJuTUBHU
TEXHOJIOTHH;

— cnaba TOATOTOBKAa B 00JIacTTa Ha JWTUTAIHATA JMATHOCTHKA HAa MOJCPHH
OOWHU CHCTEMHU.

Hacrosimara oueHka nokasBa, 4€ M3MOJI3BAHETO HA TPAJULIMOHHUTE MOAXOAH 32
NOJAPHXKKA W PEMOHT € HEpalMOHAJIHO IIPpU YCIOBHUSATA Ha ChBPEMEHHUTE
TEXHOJIOTUYHH TPEAN3BUKATEICTBA. 3aTOBa € HEOOXOAMMO Ja C€ MpUeMar MEpKH,
OTHOCHO TIOCTETNIEHHO BHEIpPSBaHE HA CHBPEMEHHU TEXHOJOTMU M OOy4YeHUEe Ha
CHEIUATUCTH 32 TIXHOTO €(DEKTUBHO M3IMOJI3BAHE.

2.7. Ocpanuuenus u npeouzguxamencmea npu MoOePHU3AUUAMA HA
pemonmuama 0einocm

— bBromkeTHu orpaHMueHUs TPOU3THYAT OT JOTOBOpeHus 2% oOT OpyTHUS
BBTPEIICH MPONYKT 3a OTOpaHa B mbpkaBuTe-wieHku Ha HATO, karo or makpo-
MKOHOMMYECKA IIeJHA TOYKA CE pa3anvyaBaT 3HAYUTEITHO.

— CJHOXHOCT Ha €JIEeMEHTHUTE TMOAJekKalMd Ha PEMOHT — HapacTBAaIOTO
M3M0J3BaHE HA KOMIIO3UTHU Marepuajd B HOBHTE OOpa3l TEXHUKA, BIPaJICHU
CEH30pU U KOHCTPYKTUBHHU U3MEHEHUS 3aTPyIHABA PEMOHTHOTO ITPOU3BOACTBOTO.

— VS3BUMOCT Ha Bepurara 3a JOCTaBKH — ONTUMHU3AIUATA Ha Bb3MOXXHOCTHUTE 3a
cHa0/sBaHE JOBEAE JO MUHUMAJIHU CPOKOBE 32 U3MBJIHEHHE U Bb3MOKHO HAl-HUCKU
neHd. B pe3ynTar Ha TEONMONUTUYECKH TPOMEHHU, TpsiOBa Ja ce ThPCU TMOBEYE
I'bBKAaBOCT, OCBEH B CHAOJMTEIIHATA BEPHUra, HO WHBECTHIINH B TEXHHUYECKU CPEJCTBA
32 PEMOHT.
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OTuMTaHETO HA TOpEe MOCOYEHUTE (PAKTOPU U TE3U CBbpP3aHHU C MOBHILIABAHE HA
KBaM(UKAIMATA HA CICIHAIMCTUTE MOXE B OBbJEIIe JJa OCUTYPU Bb3MOXKHOCTTA 32
MOBUIIIABAaHE Ha KalalMuTeTa 3a W3BbpPLIBAHE M OBJAJAsBaHE HAa M3BBbHIUIAHOBATa
PEMOHTHA JEUHOCT.

HN3Boau KbM BTOpA IV1aBa:

1. CHabnsBaHeTO ¢ pe3epBHU YaCTU M PEMOHTHT B BA ca 3arpyaHeHu oT 0aBHU
MPOLIEYPH, BOJIEUIH 10 MPECTON HA BhOPBHKEHUETO U HamajieHa 00HHA TOTOBHOCT.

2. AHanu3bT MOKa3Ba OCTapsja TEXHUKA, HEJOCTUI Ha PE3epBHU YacTH H
HEJOCTaThYHA KBAJIU(UKALUS HA MepcoHajla, HO M MOTEHIMAN 3a MOA00peHHe upes
unterpupane Ha CAD/CAM Ttexnonoruu, LITY mammuau u 3D npunTtHpane.

3. MoaepHu3anusTa Ha MpOIECUTe, chueTaHa ¢ OOyuyeHHE Ha CIELHAIUCTUTE,
e MOBUIIM €()EKTUBHOCTTAa HA PEMOHTHAaTa JEWHOCT M IIE YIBIKU pecypca Ha
HaJIMYHATa TEXHHKA.

4. BHenpsiBaHETO Ha WHOBAIMU CjelBa Jla ObJ€ IMOETarHO, ChOOpPa3eHO C
uHpacTpyKTypaTa U He0OOXOJUMOCTTA OT MOBUIIIaBaHE HA OOWHATa TOTOBHOCT.

ITABA TPETA
N3CJIEJABAHUA U AHAJIM3U HA EJIEMEHT OT BbOPBKEHUETO U
TEXHHUKATA ITIOCPEACTBOM MHOBATUBHUTE TEXHOJIOI' U

3.1. H360p u xapakmepucmuka HA e/1eMeHn Om 6bOPBHCEHUEmO U
mexHuKama 3a aHaau3 u pemMoHm

[Ipu u3BBpIICHUTE MPOYYBAHUS 32 BH3HUKBAIIUTE XapaKTEPHU HEM3NPABHOCTU
B OpOoHETaHKOBaTa TEXHWKA Ca OMPEACIICHW arperarure, 4acTUTE M MEXaHH3MUTE,
KOMUTO ca ¢ TmpoOieMHO cHaOasBaHe. ArperarbT ¢ Hal-4eCTO CpEIIaHH
HEU3IPaBHOCTH € TopuBO-ToAKauBaiiara nomna PHM—1k noka3an Ha ¢urypa 3.1.

@Due. 3.1. I'opuso-nookausawya nomna PHM- I k.

3.1.1. Onucanue na 2opugo-nookausauia nomna PHM-Ik u nezosama
¢ynkyun 6 cucmemama
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Camara ropuBO-TIOJIKauBallla MoMIMa € Hu3paboTeHa OT pa3IUuyHU MaTepUaliu,
KOMTO  OCHUTypsiBaT ONTUMajiHA MEXaHWYHAa SKOCT U  YCTOMYMBOCT Ha
eKCIUTIOaTallMOHHN HaTOBapBaHUS.

Cneundukara npu uzpaborkara Ha naeraitniure Ha PHM-1k e cBbp3ana c
nmondopa Ha Marepuaad, KOUTO Jla OTrOBapsAT Ha EKCIUIOATAllMOHHUTE YCIOBUS,
(GYHKIIMOHAIHUTE W3UCKBAaHMS W MEXaHMYHATa W3APHKIMBOCT B pPaMKHUTE Ha
TrOpUBHATA CUCTEMA.

3.1.2. Ilpuuunu 3a nospedu npu azpecam PMH-1x

[Ipu ekcrutoaranusiTa Ha TEXHHMKaTa ca WACHTU(UIIMPAHU HIKOIKO OCHOBHU
dakropa, KOUTO BOMST 10 YECTUTE MOBpeaU Ha neraitiia PHM—1xk:

- Mexanuunu namoeapsanusi,

- Koncmpyxkmuenu crabocmu,

- Mamepuannu ocpanuuenus.

3.1.3. Xapaxkmepucmuxa Ha KOHCMPYKUYUAMA U MAMEPUATHUME USUCKBAHUA
3a PHM-1k

lopuBo-TionKauBaimiara MmoMma € TPOEKTHpPaHAa CbC CIOXKHH TE€OMETPUYHU
XapaKTEPUCTUKH, KOMUTO BKJIIOYBAT OTBOPHU, KaHaIM U pebpa 3a ycwiBaHe. Te3um
CTPYKTYpPHH €JIEMEHTH Cca OT ChIIECTBEHO 3HAaueHHE 32 (PYHKIMOHAJTHOCTTa Ha
JeTaina, ThH KaTO OCUTYpsABAT MPEIU3HO MOHTHpPaHE, CTaOWIIHO 3aKperBaHe U
ONTUMAJIHO PA3MpPEACICHUE HA MEXaHUYHUTE HAaTOBAPBAHUSI.

3.1.4. Bv3mosrcnocmu 3a 63cmanosagane upe3 Hoeu mexHoaocuu

Ha ©0azara Ha Wu3BBpIICHUTE aHAJIU3M Ca OLEHEHH BB3MOXKHOCTUTE 32
Bb3CTaHOBsiBaHE Ha Jeraitn PHM-1k upe3 wu3MonI3BaHETO Ha CHhBPEMEHHU
TexHojoruu kato 3D npuntupane u LITY obpabdoTka.

3D  npuumupane: Tazu TEXHONOTHWSA € PEBOJNIOLNMOHEH MOAXOA B
IIPOM3BOACTBOTO, KOMTO OCUTYpsiBA H3KJIIOUMTEIHA T'BBKABOCT M OBp3UHA TIpU
Ch37aBaHETO Ha MPOTOTHUIM M M3pabOTKaTa HAa MaJKU CEpUU OT KOMIIOHEHTH KaTo
PHM-1k.

Enno or ocHoBHHMTE npenuMcTBa Ha 3D NPUHTUPAHETO € Bb3MOXKHOCTTA 3a
n3paboTKa HA JIETalau C KOMIUIEKCHU BBTPEIIHM U BHHIITHU T€OMETPHH, KOUTO Ca
TPYIHU WM HEBB3MOXKHU 3a T[IOCTHUTAaHE 4Ype3 TPAAUIMOHHUTE METOAM Ha
MIPOU3BOACTBO.

Obpabomxa ¢ LIV mawunu: O6padorkara ¢ LIIY mamuHu e mpeamodntaH
METO]l B CbBPEMEHHOTO MAIIMHOCTPOEHE 32 (PMHAIHO MTPOU3BOICTBO HA JAETAUIUTE OT
PHM-1k, 0coGeHO KoraTto ce M3MCKBaT M3KJIFOYUTETHA TOYHOCT M BUCOKA MEXaHUYHA
3npaBuHa. B cpaBHenue c¢ 3D mnpuntupanero, IIIY o0pabGoTkarta wu3mon3Ba
TPAaIULIMOHHA WHXXEHEPHU MaTepualid KaTo 3akajeHa CTOMaHa M allyMUHUEBU
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CIUIaBH, KOWTO OCHTYpSIBAaT OTIMYHA yCTOMYMBOCT HAa MEXaHWYHH HATOBapBaHUS,
BUOpaIu 1 adpa3uBHO U3HOCBAHE.

3.2. CAD mooenupane u cumynupane Ha Oemaiun 6 PHM-Ix 3a
6b3CMAH06A6AHE UPE3 HOGU MEXHO0ZUU

HeoOxonumoctra oT cb3gaBane Ha 3D monen Ha PHM—I1k Bb3HHMKBa mopaau
HEIOCTHITHOCTTA HAa TEXHUYECKaTa IOKYMEHTalus, ChAbp)Kama WHpopMmaims 3a
OCHOBHHTE NapaMmeTpu Ha arperara. 3a LenTa Oelle M3MoJi3BaH peajieH o0pasel OT
BOCHHO (popMHUpoOBaHUe, 4yacT OT cbeTaBa Ha CyxonbTHUTE BoMicku (CB).

B nacrosiimoro uscnenBane MoaenbT € 6asupan Ha daiin STL dopmart, cw3nanex
¢ momoira Ha codryepa Visi 15.0, crmenq xKoeTo AOMBIHUTENTHO MOIUPUIMPAH U
obpadoten B SolidWorks (¢ur. 3.3 u dur 3.4).

a) Kopnyc 0) Pvkoxeamka 6) Kanak

2) Auaghpazma
Due. 3.4. 3D mooenu na komnonenmu na PHM-Ik.

3.2.2. Acemonupane na komnonenmume 6 “SolidWorks”

Crnen MomenupaHETO Ha BCEKH OTNETICH KOMITOHEHT, ce oOemuHsBaT B oO0ImIa
KOHCTPYKIIMSA, Karo Osixa 3aJaJieHd BPB3KM W 3aBUCUMOCTH, KOHTO OTpa3siBar
peaiHuTe MOHTaXXHU ycloBUs. CIIIOOCHUSAT MOJIEN € peJcTaBeH Ha ¢urypa 3.5.
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Koncrpyknmara na PHM-1k ce cbcTOM OT 4eTMpH OCHOBHM KOMIIOHEHTA:
KOpITyC, pBbKOXBaTKa, Kamak M auadparma. KputhueH acnekr B cIIOOSBaHETO Ha
PHM-1k e ocurypsiBaHeTO Ha HAJEXKJICH KOHTAKT MEXIy nuadparmara, kamaka u
kopnyca. ToBa ce moctura 4ype3 Npenu3HO peryjJrpaHe Ha CUJIaTa Ha 3aTAra’e, KOeTo
MpeloTBpaTsBa JIOKAJIHATA KOHLEHTpalMs Ha HanmpexkeHus U aedopMmanuu B
nuadparmara. Crino0eHUaT MOIeN € MpeacTaBeH Ha durypa 3.5.

Due. 3.5. Cenooena eounuya — azpezam PHM-Ik.

B 3axmouenue, koncTpykuusata Ha PHM—1k npencrasnsiBa 1o6pe ooMucieHa u
(YHKIIMOHAJIHO ONTHUMHU3UpPaHa CIIOO0KAa, B KOSITO BCEKM KOMIIOHEHT W3ITBJIHIBA
KJIIOYOBa POJIs 32 IJIOCTHATA €(EKTUBHOCT M EKCIUIOATallMOHHA HAJEXIHOCT Ha
cuctemara. Pa3OupaHeTo Ha B3aMMOBPB3KHUTE MEXIY OTIEITHUTE EJIEMEHTH € OT
CBIIECTBEHO 3HAUYECHHE 3a MMPABWJIHOTO MPUIIOKEHUE U MOAJIPHAKKA HA arperara.

3.3. Cb3naBane Ha 00ekT mocpeacTsoM 3D texnosoruu (FDM)

3a u3paboTBaHETO HA OCHOBHUTE KOMIIOHEHTH Ha jaeTaiina PHM-I1k — kopmyc,
pBKOXBaTKa, Kanak u auadparma — ¢ usnonssan CAD monen, cb3naaeH B cpeaa Visi
15.0. Monemute ca oOpaborenn B codryep Bambu Studio, xwmero ca
KOH(QUTYpUpPaHH MapaMETPUTE 3a MeyaT U € U3BbPIICHA MOATOTOBKA 3a MPOU3BOJICTBO
ype3 FDM texnomnorus (Pur. 3.6).

Due. 3.6. Iloozomoexa u euzyanuzayus na mooenume 3a 3D neuam 6
Bambu Studio
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FDM TexHonorusita TMO3BOJIIBA Obp30 U3pabOTBAaHE Ha IUIACTMACOBU
KOMIIOHEHTU C J100pa reoMeTpuyHa TOYHOCT M € MOAXOASIIA 32 HUCKO- U CPEAHO
HAaTOBAapEHU €JEMEHTU. 3a HaCTOSUIOTO M3CJEIBaHE ca M3IMOJN3BaHU (DUIAMEHTH
PETG 3a xopnycuu yactu 1 TPU 70 3a reBkaBaTa auadparma.

3.4. Cv30asane na oemaiiiu nocpeocmeom I[I1Y uenmop

3a MexaHn4yHa 00paboTKa Ha METaJTHUTE KOMIIOHEHTH € u3noisBaH L{ITY uenTsp
Mazak Smooth Technology (®wur. 3.8). MamuHara pasmnojiara ¢ aBTOMAaTH3WPAHU
(GYHKIIMU 3a TeHEpHUpaHe Ha TMapaMeTpPH W aKTHBEH KOHTPOJ Ha WHCTPYMEHTHTE,
KOETO MOBHUIIIaBa TOYHOCTTA U HAMaJIsiBa BpeMETO 3a 00paboTKa.

-\

J =

®uz. 3.8. IIITY — wenmup MAZAK (Smooth technology).

C nomomra Ha LITY Texnonmorusita ca u3paboTeHU KOPITYC, PHKOXBATKA U Karak
ot anymunuena cmiaB Alloy 4010 (AlSi7Mg). Upe3 3D npunTHpaHe ca Cbhb3IaJleHU
coiute netaiu B PETG, kakto u quadparma ot TPU 70 (Pwur. 3.9).

Due. 3.9. HHI1Y — yenmvp MAZAK(Smooth technology) — 3a0aeane na napamempu
npozpamamop.
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OyHKIUATA 3a aKTUBEH KOHTPOJI Ha PEXKEMUs HWHCTPYMEHT TMOao0psiBa
TOYHOCTTAa W TIO3WIMOHUPAHETO 10 BCHYKH OCH, KaTo HaMalsgBa BpPEMETO 3a
00paboTKa U MPeI0TBpaTIBa MPEKOMEPHOTO U3HOCBAHE HA PEKEIIUS PHO.

MN3padorenu neraiiu upe3 LHITY u 3D npunTHpaHe:

a) Kopnyc 0) Pvkoxeamka 6) Kanak
Due. 3.11. H3pabomenu enemenmu om PHM-1 — I[I1Y mexunonozus.
CBbBMECTHOTO M3MOJI3BAHE Ha ABaTa MCTOJa OCUT'ypsBa OasaHc MCIKIOY
e(i)eKTI/IBHOCT, TOYHOCT W HMKOHOMHYHOCT, KATO OITHUMU3HUPA KAKTO BPCMCTO 3a
IPOU3BOJICTBO, Taka M MEXaHWYHHTE XapakTtepu. CremgoBarenHo, H300pHT Ha
TEXHOJIOI'us Tp$I6Ba da CC HallpaBU Bb3 OCHOBA Ha HGO6X0)II/IMOTO IMPUIIOKCHUC,
rabapuT Ha 00OpYyIBAaHETO U BpeMe 3a M3paboTKa Ha JAeTalIuTe.

a) Kopnyc 0) Pvkoxeamka 6) Kanaxk

2) Memopana
(luagppazma)

Que. 3.12. U3pabomenu enemenmu om PHM-1 — adumuena mexuonozus.

3.6. Pezynmamu om cmamuynua ananus Ha oemaitia na PHM-1k
3.6.1. Pezynmamu om cmamuunus anaiu3 Ha Kopnyca
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Pe3ynratute OT craTMuHMs aHaiW3 Ha kopmyca, u3padboreH ot PETG, npu
IIPUWIOXKEH pasnpenesneH ToBap oTr 3 MPa, noxkassar pasnpeneneHuero Ha
HanpekeHusATa no Kkpurepus Ha von Mises (pur. 3.13). MakcuMaiHOTO HaNpeKEeHUE,
OTYETEeHO B Mojena, € 9,265 MPa, kato To ce Ha0I0AaBa B Hall-HATOBAPECHUTE 30HU,
OCHOBHO OKOJIO MECTAaTa 3a 3aKpelBaHe.

von Mises (N/menA2 (MPa))
9265
l 8339
sz
. 6486
L 5,559
' 463
L 3706
L 2,780

1,653

0927

407004

@Due. 3.13. Paznpeoenenue na nanpexcenuama no von Mises 3a Kopnyca npu Hamoeapsane
om 3 MPa — mamepuan PETG.

AHanu3bT Ha pe3ynrarurte 3a aedopManuute Ha kopiyca, uspadborer ot PETG,
nokasaH Ha ¢urypa 3.14, mokaspa pasnpeeIeHHeT0 Ha MaKCUMaJTHUTE U3MECTBAHUS
IpU MPUIIOKEHOTO HaToBapBaHe oT 3 MPa. MakcumaiHOTO OTYETEHO M3MECTBAHE €
0,085 mm, kato Ta3u CTOMHOCT ce HaOJI0/1aBa B 30HUTE, KOUTO Ca HAal-OTJaJICYeHU OT
TOYKUTE Ha 3aKpernBaHe, KbJAETO KOPIMYChT HE MOJIy4aBa AUPEKTHA MOJKpEIIa.

URES (mm}
0,085
0,076
. 0068
_ 0,059
. 0,051
| 0,042
0,024
_ 0025
007
0,008

1,000e-30

Due. 3.14. Makcumannu uzmecmeanus Ha Kkopnyca npu namoeapeane om 3 MPa —
mamepuan PETG.

Pesynratute oT aHanmm3za Ha Kopmyca, u3paboreH ot cmiaB Alloy 4010
(AISi7Mg), moka3Bar paslpeleiICHHEeTO Ha HaNpeKCHHSATa MO0 KPUTEpUsS Ha von
Mises npu HatoBapBaHe oT 3 MPa. Ha ¢wurypa 3.15 makcumanHOTO HampekeHue,
OTUETEHO B aHalm3a, JOCTUra CTOMHOCT OoT 9,266 MPa, karo Ta3u CTOMHOCT €
JOKAJIM3UPAaHa OKOJIO KPUTUYHHUTE TOYKU HA 3aKPEINBAHE U 30HUTE, KbJIETO KOPIYCHT
€ MO/JIOKEH HA HAW-TOJIEMU MEXaHUYHHU HATOBAapPBaHUSL.
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won Mises (Nfmm™2 (MPa))

9,266

‘ 8339

_ 143
| | 2,780

1,853
0927
4.183e-04

6486
5,560

4,633

3,707

@Due. 3.15. Paznpedenenue na nanpexcenusama no von Mises 3a
Kopnyca npu namoeapeane om 3 MPa — mamepuan Alloy 4010.

Ha ¢urypa 3.16 ce Buxaa, ye MaKCUMaJTHOTO HAMPEXKEHUE TOCTUTA CTOUHOCT OT

9,266 MPa, k0eTO € KOHIEHTPUPAHO B 30HUTE OKOJIO TOUKUTE HA 3aKpenBaHe. ToBa ca

MECTaTa, KbACTO MATCPHUAIIBT ITIOCMaA HaW-TOJIEMUTE CUJIM U KbACTO HATOBAPBAHCTO €

HaU-TOJISIMO.

URES {mm)

0,003

0,003
_ 0,00
_ 0,002
_ 0,002

0,002

_ o001

1,000e-30

_ o001

Que. 3.16. Makcumannu uzmecmeanus Ha Kopnyca npu
namoesapeane om 3 MPa — mamepuan Alloy 4010.

£,928e-04
3,464e-04

1,000e-30

TBi1 KaTO MaKCUMaAJIHOTO HAITPCKCHUC € 3HAYUTCIIHO ITIO-HHUCKO OT I'PaHHIlATa Ha

akocT Ha cmiasra (okono 300 MPa), Moxem Aa 3akiroduMM, Y€ KOpPHYChT HsMa Ja

MPETHPIU CTPYKTYPHH MOBPEAN WIH TpalHU JedopMaliiy mpy TOBa HaTOBapBaHE.

3.6.2. Pezyimamu om cmamu4yHus GHAAU3 HA PbKOXE6AMKA

Ha ¢urypa 3.17 e Bu3yanusupaHO pas3lpeaesieHHeTO Ha HAMpexXeHUsiTa Io

kputepust Ha von Mises. [lo To3u kputepuii ce orynta 00MOTO HANIPEIKEHUE, KATO Ce

KOM6I/IHI/IpaT PA3IMYHUTSC KOMIIOHCHTH Ha HATOBAPBAHCTO.
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won Mises (Nfmm™2 (MPa))
16,088

‘ 14,479

_ 12,870

Max:| 16,088 ©

11,262

. D53
[l a0
6436

_ g
3,218

1,610

0,00

@Due. 3.17. Paznpedenenue na nanpexcenuama no von Mises 3a

PpvKoxeamkama npu namoeapeane om 2,5 MPa — mamepuan
PETG.

Pesynratute ot ananusa 3a gedopmanusata Ha pbkoxBarkara or PETG nmokassar
MakcumaiHo uzMecTtBaHe oT 0,883 mm, kakTo € nmpeacraBeHo Ha ¢urypa 3.18.

URES {mm)
0,383

. 0,754

. 0706

1,000e-30

_ o6la

_ 0530
[ 0,441
| 0353

. 0,265
0177

0,088

1,000e-30

QDue. 3.18. Makcumannu uzmecmeanus Ha PbKOXeamKama npu
namoesapeane om 2,5 MPa — mamepuan PETG.

Qurypa 3.19 wimocTpupa pas3npeleeHHeTO0 Ha HW3MECTBaHUATA M0 Isijiara
PBKOXBATKa, KBACTO I[BETOBA CKaja OT YEPBEHO KbM CHHBO 00O3HAYaBa PA3IUYHHUTE
HUBa Ha naedopmarus. AHanan3a Mmoka3Ba MakcMMaiHO HampexeHue oT 15.313 MPa,
ChCPEOTOUYCHO B 30HaTa Ha 3aKpemBaHe, KbJIETO pPHhKOXBaTKara € (UKCHpaHa H
M3MUTBA Ha-rOJIEMH HATOBApPBAHMSI.
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von Mises (MArmm ™2 (MPa))

15,313

13,782

Max:

_ 12,251
_ 10720
BEAE:
] 7,657
6126
_ 4595

3,064

1,533

0,002

@Due. 3.19. Paznpeoenenue na nanpexcenusama no von Mises 3a ppkoxeamkama npu
namosapeane om 2,5 MPa — mamepuan Alloy 4010 (AlSi7TMQ).

Ha ¢urypa 3.20 e npeacTaBeHO MAaKCUMAJHOTO U3MECTBaHE Ha PHKOXBATKara OT
Alloy 4010 (AISi7Mg), koeto e 0,032 mm, u3MepeHO B CBOOOAHHS Kpall Ha
pbKoxBaTkara. Ta3u CTOMHOCT € MUHMMAJIHA U MTOKa3Ba, Y€ MaTepualbT IEMOHCTPUPA
BUCOKa YCTOMYMBOCT Ha Jie(popMaIiusi.

CpaBHUTETHUST aHAU3 TOKa3Ba, Y€ pbKoxBarkara, upadorera ot Alloy 4010
(AISi7Mg), mposiBsiBa 3HAYMTEIHO IO-MajKo H3MecTBaHe B cpaBHeHue ¢ PETG
(0,032 mm cnpsimo 0,883 mm), KOETO ce€ IABJIKKU Ha BUCOKAaTa SIKOCT U TBBPIOCT Ha
aJTyMHHHEBATA CILIAB.

3.6.3. Pezyimamu om cmamuyHus aHA1u3 Ha KanaK

CrarnuHuAaT aHanu3 Ha Karaka, u3paboren ot PETG, nokaszan Ha ¢urypa 3.21,
MOKa3Ba pa3NpelelICHUET0 Ha HaNpeXKEeHUsATa TMpU MPUIIOKEHO MEXaHUYHO
HaTtoBapBaHe. MakCUMaIHOTO HaMpeXeHUE, OTYETEHO B aHaIn3a, € 9,487 MPa.

( Man:| 9,487 won Mises (Nfmm*2 (MPa),

5,487

! 8538

. 7.589

. 6,601

L 5,692
m 474
”._ 3,795
A

| 1,897
“ 0,349
in:| 0,000e+00 0,000¢+00

QDue. 3.21. Paznpeodenenue na nanpexcenuama no von Mises 3a kanaka npu namosapeane
om 3 MPa — mamepuan PETG.

Pesynratute OT cTarTMyHUS aHalW3 HAa Kamaka TOKa3aHW Ha ¢urypa 3.22,
m3padboren or PETG, moka3Bar makcumanHo u3mectBane oT 0,178 mm, kakto €
WIIIOCTPUPAHO Ha ¢urypara.
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URES (mrn)

0,178

1 ' & Min:| 1,000e-30

Due. 3.22. Makcumannu usmecmeanus Ha kanaka npu namoeapeane om 3 MPa —
mamepuan PETG.

CroitHocTTa Ha MakCMMaJIHOTO u3MecTBaHe oT 0,178 mm e B pamkure Ha
nomyctumute rpanuiy 3a PETG, koeTo noTBbpxaaBa, 4e KarnakbT HAMA /1 MPEThPIIU
TpaiiHu nedopmaium uin CTpYKTYpHO pa3pylIeHHe Mo TEKYIIOTO HaTOBapBaHE OT 3
MPa.

Pesyararure or anamm3a Ha Kamaka, u3padoren ot Alloy 4010 (AlISi7Mg),
nokazaHu Ha durypa 3.23, pa3kpuBaT pa3NpelesICHHETO Ha HaIPEXKCHUsATa MpU
OPWJIOXKEHO MEXaHW4HO HaToBapBaHe oT 3 MPa. MakcuMalHOTO OT4YETEHO
HanpeXeHue B To3u mozaen noctura 9,606 MPa, cbcpenoToueHo B 30HMTE Ha Haii-
rOJIsIMO HAaTOBapBaHE, BU3yaJIU3UPaHU C YEPBEHU U OPAHIKEBU LIBETOBE.

von Mises (N/mm*2 (MPa))
9,606

! 8645

A

_ 674

| 5763

4,803

| R

_ .88

1,921

0,961

0,000 +00

QDue. 3.23. Paznpedenenue na nanpexcenuama no von Mises 3a kanaka npu namosapeane om 3
MPa — mamepuan Alloy 4010 (AISi7TMg).

Pesynrarure or amamm3a Ha kamaka, u3paboren ot Alloy 4010 (AlSi7Mg),
nmokazanu Ha ¢urypa 3.24, mpeacTaBsIT pasNpeieTieHHEeT0 Ha aedopmanuuTe mnpu
MPWIOKEHO HatoBapBane oT 3 MPa. Makcumannara nedopmarnus, OoT4eTeHa B
Mmozena, € 0,178 mm u ce HaOmroaBa B TOpHATA YaCT HA KyMOJHATA CTPYKTYPa, KOSITO
€ Hal-OTAaJIeYeHa OT TOYKUTE Ha 3aKpEIBaHE.
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URES (mm)

0,007
! 0,007
_ 0008

- 0,005

. 0,004
0,004
i 0,003
_ 0,002

0,001

7.377e-04

1,000e-30

1,000e-30

Due. 3.24. Makcumannu uzmecmeanus Ha Kanaka npu Hamosapeane om 3 MPa —
mamepuan Alloy 4010 (AISi7Mg).

CpasusiBaiiku ¢ PETG, makcumanuoro Hanpexenue npu Alloy 4010 (AlSi7TMgQ)
e 9,606 MPa u cblIO € ChCPENOTOYEHO B KPUTUYHUTE 30HHU OKOJIO TOUYKWUTE Ha
3akpenBaHe. Jlokaro HampeXeHUETO € 3HAYUTEeNHO Mo-Hucko oT toBa npu PETG,
Alloy 4010 (AISi7Mg) uma MHOTO IO-BHCOKa TpaHMIA Ha SKOCT (MPHOIU3UTETHO
300 MPa), koeTo ro nmpaBu MHOTO MO-YCTOWYUB HA HATOBAapBaHE.

3.6.4. Pezyimamu om cmamu4yHus aHaiu3 Ha ouagppazma

Pesynratute ot ananuza, mnpencrtaBenn Ha Purypa 3.25, mokas3Bar, 4e
MaKCHUMAaJIHOTO Hampekenue B nuadparmara pgocrura 7,48 MPa, kato TtoBa
HalPEeKEHUE € BU3YAIM3UPAHO B YEPBEHU 30HU OKOJO OOJACTUTE C HaW-ToIsIMa
KOHIICHTpAIUsI HA HATOBAPBAHMUS.

von Mizes (N/mm ™2 (MPa))
TAT?
,‘%Mm: 0,000 + 00 . 6725
. 5om
. 5,20
| 443
' 276
B 299
L 24
1454
m on7
Q.0000 400

—p Yield strength: 10,000

Que. 3.25. Paznpedenenue na nanpesxcenuama no von Mises na ouagpazmama npu
Hamosapeane om 3 MPa — mamepuan TPU 70.

Ha ®urypa 3.26 e mnoka3aHO pa3npeAcieHUeTO Ha U3MECTBaHMSTA IO
MOBBPXHOCTTA Ha amadparmMara. MakCUMaaHOTO W3MECTBaHE Ha amadparmara e
0,169 mm, perucTpupaHo B Te3u OOJIACTH TOPAJM JIMICaTa Ha HEMOCPEACTBEHA
omopa.
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URES {rmrm)
0162

l 0,152

. 0135

& Min:| 1,000e-30

. ons
_ 0101
| 0,084
| 0,067

L 0,051

0,034
0,017
1,0006-30

Due. 3.26. Makcumannu usmecmeanus Ha ouagpazmama npu
namosapeane om 3 MPa — mamepuan TPUT70.

AHamu3bpT TMOKa3Ba, dYe auadparmMara YCHCIIHO M3IbPXKAa IMPUIOKEHOTO
HATOBapBaHEe M OCTaBa B PaMKHUTE Ha 0E30MACHOCTTA, KATO 3ala3Ba KAaKTO CBOSTA
(bYHKIIMOHATHOCT, TaKa W MEXaHHYHATa CH IPUIOCT. ToBa sI MpaBU HaIeKIHA 3a
yrorpeba mpu 3a1aJeHUTe EKCIIOATAIHOHHH YCIIOBHSL.

OO000IIeHATE pe3ylITaTH OT CTaTdYHHAS aHaJiM3 Ha KOMIIOHEHTHUTE Ha
KOHCTPYKIIMSATA — KOPIIyca, PbKOXBaTKara, Kamaka W guadparmara — JIeMOHCTPHpAT
TEXHUTE MEXAaHUYHH  XapaKTEPUCTUKA W  IOBEICHHE MPH  [PHIOKEHUTE
HaToBapBaHWsA. Bcekw OT jaerailiure e w3pabOTEH OT MOAXOMAII Marepuall, Karo
PETG, Alloy 4010 (AlSi7Mg), TPU 70 e noaxozmsii 3a quadparmara.

3.7.1. Cpaenenue na mamepuanrume PETG u Alloy 4010 (AISi7Mg) 3a
komnonenmume na PHM-1x
IIpu ananu3a Ha ocHOBHUTE KoMNOHEHTH Ha PHM—1k — pbKoxBaTka, KOpnyc u

Karak — Oerre TpoBeJeHO cpaBHeHHe Mexay aBa marepuana: PETG u Alloy 4010
(AlISi17Mg). B Ta6mumna 3.1 ca moka3aHu OCHOBHUTE CBOWCTBA Ha JiBaTa MaTepuaa,
KOWTO MMAaT KJIFOYOBO 3HAYCHUE TIPY aHAIM3a HA MEXaHUIHHUTE UM XapaKTCPUCTUKU:

Taonuuya 3.1. Mexanuunu ceolicmea Ha U3NOA3BAHUME MAMEPUATIU.

Cesoiicmeo PETG Alloy4010 (AISi7Mg)
SAxoct Ha onbH (MPa) 50-60 ~300
Enactuuen momyn (GPa) 2-2,5 100-120
[TrpTHOCT (g/cm?) 1.27 7,85

VY apmxenue npu ckbeBane (%) 6-10 ~12
YcroitunBocT Ha yaap (J/m?) Bucoka Cpenna

B 3aBucMMOCT OT €KCIUIOATaIlMOHHHUTE YCJIOBHS, W300phT Ha Marepuan 3a
kommoHeHTuTe Ha PHM-1x TpsiOBa ma Obae HampaBeH ¢ oOrjien Ha KOHKPETHHTE
MEXaHWYHU U3WCKBAaHUS U paboTHATA cpefa.
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HN3Boau KbM Tpera riiaBa

1. Ypes merona Ha kpaiinute enementu (FEA) B SolidWorks ca ananusupanu
KOPITYChT, PbKOXBaTKaTa, KanakbsT U auadparmara Ha aeraitn PHM—1k. Cratuuaust
aHaJIM3 MOKa3a KOHIIEHTPALMsI Ha HAMIPEKEHHS B 30HU C MAKCUMAJIHO HaTOBApBaHE.

2. N300pbT Ha Mmatepuan e onpenensuny 3a HaaexaHocrra: PETG e monxozsig
npu no-uucku HaroBapBanus; Alloy 4010 (AlS17Mg) ocurypsiBa BUCOKa CTaOMIIHOCT
u munuMannau aedopmanuu; TPU 70 e ontumanen 3a nquadparmara, GiaromapeHue
Ha SIKOCTTa U YCTOWYMBOCTTA CU.

3. AHanu3bT ouepTa KPUTHUYHUTE 30HM M MOTEHIMAJTHUTE CIabocTh Ha
KOHCTPYKLHMATA. 3a rapaHTUpPaHE Ha JBIATOTPAMHOCT ce MpernopbyuBa HAOMIOACHUE Ha
30HUTE C BUCOKU HANPEKECHUS U BHEJIPSIBAHE Ha KOHCTPYKTUBHHU MOT0OPEHHUS.

I'TABA YETBBPTA
BB3MOXKXHOCTHU 3A IIOBUIHTABAHE HA KAITAIIUTETA 3A
MN3BBHIIVIAHOBU PEMOHTHA

4.1. EkcnepuMeHTAJIHO U3cJie/IBaHe HA (PYHKIMOHAIHATA ChBMECTUMOCT HA
AeTaiiy, u3padoTeH Ype3 MHOBATHUBHU TEXHOJOTHHU

NzcneaBaneTo € (GoOKycupaHO BHPXy BaJIUIHUpAHE HA T€OMETpUYHATA TOYHOCT,
CTPYKTypHaTa IUIOCT #  (YHKIMOHATHOTO TIOBEICHHE Ha IPOU3BEICHUTE
KOMITIOHEHTH, CpaBHSBaKH TM C OpUTHHAIHUSA arperar. ToBa BKJIIOYBA KaKTO
CTEH/JIOBM U3NUTAHMs, Taka W peallHa MHTErpalys B TOpPUBHaTa CHCTEMa Ha
crienimanusupana texuuka — MA3-537T.

W3nuranusita 0sixa CTPYKTYpPHpPAaHM B CIEOHUS PEA: — BHU3yaJieH oOIied Ha
eKcIIepuMeHTaIHuTe 00pa3iu Ha nomnara PHM—1k u cpaBHeHHE ChC CHINECTBYBAII
OpUTHHAJICH JI€TailJl, C IIeJI yCTAaHOBSIBAHE Ha CHOTBETCTBUS M OTKJIOHEHHS B
reOMeTpUsITa, KOHCTPYKTHBHUTE €JIECMEHTH M TOBbPXHOCTHATa o0padoTka (dur. 4.1).

@ue. 4.1. Buzyanen ozneo u cpasnenue Ha 6b3cMano8enu 00pa3yu ¢ OpUUHAIHUA KOMHOHEHM
PHM-IK.
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— MOHT@X Ha JBara BH3CTAaHOBEHM OOpa3elna, CH3MaJCHU UYpe3 WHOBATUBHU
texHonoruu (3D mpuntupane u IIIY mamumuHa o0paboTka), BbpPXY CTEHIOBO
o0opynBaHe 3a MpeBAPUTETHO TECTBaHE B KOHTpoaupaHa cpeaa (dur. 4.2).

Due. 4.2. Monmasic na ev3cmanogenume 00pazyu, cb30a0eHu upe3
3D npunmupane u CNC obpadomka, 6bpxy cmenooeo odopyosane
3a uznumeane.

— OICHKAa Ha Ch3JaJACHOTO HAJISMTAaHC OT BB3CTaAHOBCHUTC 06pa3111/1, CPaBHCHO C

€TaJIOHHUTE CTOMHOCTH, OTYETCHU IMPU OPUTHHATHUS KOMIOHEHT (dur. 4.3 u dur.
4.4);

Quz.4.3. H3numeane na 2opuena nomna, cvioadena upes 3D npunmupane, c omyumane
Ha Cb30A0eHOmO HAAZAHE.

Duz.4.4. H3numeane na 2opuena nomna, cv3oadena upes I[I11Y oopabomka u 3D
npunmupane, ¢ U3YAIU3AUUA HA CH30AOCHOMO HAIAZAHE.
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— JEMOHTaX Ha OpPWUIMHAJIHATA TOpPUBO-ITIONKAuYBAIllA IIOMIIA OT TOpPHBHATA
cucrema Ha MA3-537I, 3a na ce ocUrypu BB3MOKHOCT 3a pe€ajHO TECTBAHE Ha
cp3nanennre moaenu PHM-1K, mocpencTBoM MHOBATMBHU TEXHOJOTHHM B T'OPUBHA
cUCTeMa Ha BoeHHa TexHHKa (¢pur.4.5);

W

Due. 4.5. H;cﬁme}me Ha éb3cmanoseenume oopazuyu PHM- 1k %plxy 2opugnama
cucmema na MA3-537I.

— (YHKIIMOHAIIHO M3MUTBAHE HA Ch3/IQJICHUTE 00pa3lld B TOPUBHATA CUCTEMA Ha
MA3-537T, ¢ akueHT BbpXy IJJaBHOCTTa Ha paboTa, CUHXPOH HAa KOMIIOHEHTHUTE U
YCTOHYMBOCT Ha HATOBapBaHE;

— o0OpareH AEMOHTaXX Ha €KCIIEPUMEHTAIHUTE MOMIIM U TOCIEBAIl MOHTaX Ha
opurnHanHara PHM-1k, ¢ 1men cpaBHMTENEH aHaJIM3 HAa TMOBEACHHETO MpU
aHAJOTUYHH YCIIOBHUS;

— TmpoBepka Ha (YHKIIMOHAIHOCTTA 4Ype3 pPBUYEH MPHUBOM, KOETO IO3BOJIH
HAOJIIOZICHUE Ha MEXaHWYHaTa pEeakius TMpU CTapTHpaHe, BB3MOKHOCTUTE 3a
Ch37aBaHE Ha HAJSITAaHE U TUIaBHATa padoTa Ha arperara.

4.2. Bw3moscnocmu 3a nosuuwiaeane Ha Kanauyume 3a U3BbPUIBAHE HA
U36BHNJIAHOGU PEMOHM UPe3 6HEOPABAHE UHOGAMUBHUME MEXHOI02UU

ExcnepuMenTanuute uzciaeaBaHus ¢ uznonspane Ha 3D npuntupane (FDM) u
LITY o0paboTka moka3BaT peajiHa BB3MOXKHOCT 3a M3pabOTKa Ha KOMIIOHEHTH OT
arperara PHM-1K, ¢yHKIIMOHAIHO CHIIOCTAaBUMHU C OpPUTMHAIHUTE AeTaitnu. Toa
mpenjara ajTepHATHMBEH TOAXOI 3a TEXHUYECKO OCUTYpSiBaHE Ha BOWCKOBU
(dbopMHUpOBaHUS B YCIIOBUS HA OTPAaHUYEHO WM 3aTpynHEHO cHabnsBane. Ha ¢ur. 4.6
€ TMpeAcTaBeHA MOAYJIHA CXeMa Ha XUOPUIHUS TPOU3BOACTBEH MPOIIEC,
WIIOCTPUpAIA TOCIEAOBATEIHOCTTa OT JUTHUTANHM3AIMsA € TPOTOTHUIIHPAHE 10
00paboTKa, MOHTAX W U3IUTAHUS.

4.2.1. Cpasnumenen ananuz na 3D npunmupane u I[I1Y oopabomka

Ha ¢urypa 4.7 e mpencraBeHa Bu3yanm3alds Ha OCHOBHATAa TEXHOJIOTHYHA

MOCJICIOBATETHOCT TIPH JBETE TEXHOJIOTMH, KAaTO SICHO CE€ OTKPOSIBAT PAa3IUKHUTE
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MEXy aIUTUBHUS U CYyOCTPAKTHBHHUS MPOU3BOACTBEH MPOLIEC, MPOU3XOXKAAIIN OT
enquue”H CAD moze.

Mammuna c ITITY T'otoE metaiin

ENE

T OPHTEN A A TP MATTHY .
Due. 4.7. Buzyanuzayus Ha mexnonocuuHus aﬂzopumwn npu 3D neuam u I[I1Y o6pabomka.

3a mocTUraHe Ha Mo-100pa OOEKTUBHOCT B oOlleHKara, B Tabnuma 4.1 ca
CHIIOCTABEHU OCHOBHM TEXHHYECKM WM HMKOHOMHUYECKM TIIOKA3aTeNH, TONYYCHH B
pe3ylTaT Ha peajHd EKCIEPUMEHTAJTHH W3MUTAaHUS C BH3CTAHOBCHH KOMIIOHCHTH,
MPOU3BEJICHN Ype3 J[BaTa TEXHOJOTMYHU METoJa — aJUTHUBHO Mpou3BoACTBO (3D
MpUHTHpaHe) U cyoTpakTuBHA 00padoTka (LIITY mamuun).

Tabnuua 4.1. Cpasnumenen ananu3z Ha MexXHUYECKU U UKOHOMUYECKU noKa3zamenu npu 3D
npunmupane u I[I1Y oopadomka na komnonenmu PHM-IK.

N | ITapamemvp 3D neuam (FDM) LIIY obpabomka
1 | Texnomorus AnuTHBHA CyOTpakTuBHa
2 | Marepuan PETG ¢wmmament AJyMUHUEBA CIUIaB
3 | Maca na Bxomaus marepuan (kg) 0.277 1.01
4 | Maca na otmanbk (kg) 0.0375 0.521
5 | Bpewme 3a u3pabotka (min) 819 4035
6 | Enepruiina xoncymanmst (kWh) 1.4 5.1
7 BB3MoxkHOCT 32 MOBTOpHA Bucoka (nmpeusnonzaem | Hucka (cTpyxka, TpyaHa
yrnorpeba (uaMeHT) 3a PEIHUKINPAHE)

W3Bonute OT CpaBHUTEIHUS aHAIW3 MNOTBbp)KIAaBar, ye 3D mnpuHTHpaHETO €
MPEANOYUTAHO PEUICHUE MPH MPOTOTHUIMpPAHE, HUCKH MEXaHWYHH HATOBapBaHUA U
CUTyaIluH, U3UCKBaIM Obp3a peakmusa. Ot cBos ctpaHa, LIIIY obpaborkara octaBa
BOJICIIA TPU M3pabOTKa Ha JETaliu, MPH KOUTO C€ ThPCH BHUCOKA MPEIM3HOCT U
CTPYKTYpHA SIKOCT.

4.2.2. Ouenka na epememo 3a nPOU3800CME0

3a OlleHKa Ha MPOU3BOACTBEHOTO BpEME € MPWJIOKEH METOJ Ha OCpEIHSIBaHE,
OTYHUTAIl PA3JIUYHU KOMOMHALIMM OT MPUHTEPU, MaTEpHalld U TEXHOJIOTHYHA CPena.
AHanu3bT Mokasa, 4e pproxBarkata Ha PHM—1K ce m3paboTBa 3a Haii-kpaTko Bpeme
kakto npu FDM npuntupane — cpenno 70 munytu (®dur. 4.8), taka u npu HITY
o0OpaboTtka — cpenHo 76 munytu (Pur. 4.9 u 4.10).
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Due. 4.8. Bpeme 3a 3D neuam na omoennume komnonenmu om PHM-I1k, uzpabomenu upe3
FDM mexnonozus.
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Due. 4.9. Bpeme 3a I[T1Y oopabomka na omoennume komnonenmu om PHM- 1k, uspabomenu
nocpeocmeom Mazak SmoothTech — om 3azomoeka.
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QDue. 4.10. Bpeme 3a I[I1Y oopadomka na omoenrnume komnonenmu om PHM- Ik,
uspabomenu nocpedocmeom Mazak SmoothTech — om omauexu.

Te3u pesynararu mMOTBBpPKIaBaT, Y€ M300pPHT HAa TEXHOJOTHS M THUI 3aroTOBKa
OKa3BaT CHIIECTBEHO BIMUSHUE BBPXY BPEMETO 3a IMPOU3BOJICTBO, KaTO aJUTHUBHUST
METOJ] € MO-Obp3 MPU MAJKU W CIONKHU T€OMETPUU, & CYOTPAKTHUBHUSAT — MPH TIO-
rOJIEMU CEPUH U METAJIHU EJIEMEHTH.

4.3. Anzopumwovm 3a uz360p Ha UHOGAMUBHA MEXHOIO2UA NPU U3PAOOMEAHE HA
demaiiiu
AnroputmbT TipenctaBeH Ha ¢ur. 4.11, coyku Kato OCHOBa 3a B3€MaHE Ha

pelieHre OTHOCHO m30opa Mexmy mo0aBbuHm TexHonoruu (3D mpuHTHpaHe) u
MexaHndHa oOpaborka ¢ LIITY mamuHu, B 3aBUCHMOCT OT TeOMETPHUATa, (PYHKIIUUTE
Y KPUTUYHHUTE 30HU HA ChOTBETHUS €JIEMEHT.
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W3bop Ha codryep
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] HE
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napameTpu napameTpu
KOHTpOnNHM CTeHnosm KoHTponsu creHgoem
MINUTAHUA W3NUTAHUA
HE KOoHTpOn Ha KauecTeoTo KOoHTpOn Ha Ka4ecTeoTo HE
DA > aA

Wapabortex gerainn

QDue. 4.11. Anzopumvm 3a uzd0p UPadOMKa HA Oemaiiu NOCPeOCmeoM UHOBAMUBHUME
mexnonozuu 3D(FDM) u I[I1Y mawunu.

4.4. IIpunoscenue 6 cneyupuunu pemoHmuu cumyayuu

N3Boau KbM 4eTBBHPTA INIABA

1. NnoBatuBHuTe TexHomoruu — 3D medar (FDM) u mexanmyna oOpaboTka ¢
HITY — ce yrBbpxkmaBaT Kato e(EKTHBHA alTEpPHATHBA Ha TPAAUIIMOHHUTE
JIOTUCTUYHU MPEXHU 32 PE3EPBHU YaCTH.

2. B ycinoBus Ha oOrpaHuyY€H JOCThI WM BHUCOKAa CEOECTOMHOCT Ha
OpUTHHATHUTE KOMIIOHEHTH, npuiaraneto Ha 3D mpunTtupane u L{ITY o6paboTka BHB
BOMCKOBHM YCJIOBUSI OCUTYpsSIBA HMKOHOMHYECKM M3rFOJHO M OIEPAaTUBHO TI'bBKABO
pelLIeHHe.

3. IIITY o6paboTkaTa mo3BOJISIBA U3MOI3BAHE HA PA3IMYHU METAJU U MTOJIMMEPH,
JIOKaTo TpPH QJAWUTHUBHOTO TPOU3BOJACTBO HM300PHT HA MOAXOMSANIN (UIAMEHTH W
KOMITO3WTH TOBUIIaBa €(EKTHBHOCTTAa M HaMalsgBa PAa3XOAUTE TO JIOTUCTUYHATA
BEpUra.
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4. AnroputMbT 3a HM300p W u3paboTKa HaA JETAalWIM Ype3 HHOBATUBHU
TEXHOJIOTHM TIpe/Jiara CTPYKTYpPUPAHO M HAJEKIHO YIPABICHHE HA PEMOHTHUS
npoLec.

3akiil0ueHre KbM YeTBbPTA [J1aBa:

Komb6unupanoto usnonszsane Ha 3D mevar u LITY o6paborka Tpanchopmupa
TPaJUIIMOHHUTE PEMOHTHO-Bb3CTAHOBHUTEIIHU JECHHOCTH B YCJIOBHSTA Ha BOCHHA U
KpU3UCHA JIOTUCTHKA. EKCIIEpUMEHTHTE W aHaJU3UTE JI0Ka3BaT ChKpalllaBaHE Ha
MPOU3BOACTBEHOTO BpeME, HaMajsiBaHe Ha pa3XoJuTe U T[OBUIABAaHE Ha
ABTOHOMHOCTTa Ha peMOHTHUTE hopMupoBaHus. MHTerpanusaTa Ha Te3U TEXHOJIOTUU
OCUTYpsIBA KPUTHYHU TMPEIUMCTBA MPU HU3BBHIUIAHOBM PEMOHTH M OuepTaBa
NepPCHeKTUBU 3a OBACIIOTO WM BHEApPSIBAHE KaTo 4YacT OT CTpaTernyeckara
KOHIICTIIIUS 32 OJIPHKKA U YCTOMUUBOCT HA BhOPBIKEHUTE CHUIIU.

O61m u3BoaM:

1. B nucepraimoHHust TpyJ € U3BBPIIEH 3abJI00UCH aHAJIM3 HA CUCTEMUTE 3a
TEXHUYECKA MOAJPHKKA U PEMOHT BbB BOPBHKEHUTE CUJIM Ha bbiarapus u crpaHure
yiedku Ha HATO, karo ca uaeHTH(GUUIHMpPAHHM OCHOBHHUTE MPEIU3BUKATEIICTBA H
OTpaHUYECHUSI.

2. OOocHoBaHa € HEOOXOAUMOCTTa OT MHTErpalus Ha CbBPEMEHHH
npousBoAcTBeHU TexHonmorun — 3D mewar u LIITY oOpaboTka — 3a moBuIIaBaHE Ha
KanmanmuTeTa 3a W3BBHIUIAHOBU PEMOHTH M ChKpalllaBaHE Ha BpeMeTO 3a
BB3CTAHOBSIBAHE HAa TEXHHUKATA.

3. Pa3paboreH € ISJIOCTEH TEXHOJOTMYEeH TMpOIeC 3a BH3CTAHOBABAHE HA
KOMITOHEHTH OT TopuBHHU cuctemu upe3 CAD monenupane, cumynainuu, 3D neyar u
LITY obpabotka.

4. EKCIepuUMEHTAJIHO € JI0Ka3aHo, ue 3D npuntupanu neraitiu ot PETG u LITY
oOpaborenu enementu ot cruiaB Alloy 4010 (AISi7Mg) morar ycnemHo /ia 3aMecTsT
OpPUTHHAIHH YaCTH TIPH OMPEIEIICHN YCIOBUS Ha €KCILIOATaIIHS.

5. IlpenyioxxeHn ca KOHKPETHU Bb3MOKHOCTH 3a BHEJPSIBAHE HA MHOBATUBHUTE
TEXHOJIOTUM B PEMOHTHUTE (OPMUPOBAHUS HA TAKTUYECKO M OMNEPATUBHO HHBO,
BKIIOUHMTENTHO ch3aBane Ha CAD/CAM 6a3a nanHu, usnoia3pade Ha FDM npunaTepH
B mojeBu ycious u BHenapsBane Ha CNC mentpoBe m SLA/SLS cucremu B
crarmoHapHu cTpykrypu. KomOunanusara ot 3D nedar u L{ITY o6paboTka, chueTana
¢ KBaJM(pUKalKs HAa epcoHaIa U aBTOMAaTh3alusi, BOAU 10 3HAUUTEIIHO MTOBUIIIABAHE
Ha PEMOHTHHUSA KanaluTeT U YCTOMYMBOCTTA HA BbOPBKEHUTE CUJIH.

3. HAYUHO-ITPUJIOKHU U ITPUJIOKHU ITPUHOCHU

3.1. Hay4YHO-IPpUJI0KHU IPUHOCH

1. Pa3paboTeHa € TEXHOJIOTUYHA MOCIE0BATETHOCT 3a aBApUUHU PEMOHTH Upe3
JIOKaJIHO TIPOU3BOICTBO, MPUIIOXKKMA BbB (popMUpoBaHUsATa Ha bbarapckara apmusi.
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2. EKCIIEpUMEHTAJIHO € JI0Ka3aHa MPUJI0KUMOCTTA Ha BUCOKOSKOCTHH MOJIUMEPH
Y METAJIHU CIUIABU 3a PE3EPBHU YACTH, MOAJIOKEHN HA HATOBAPBAHUs, XapaKTEPHHU 32
OpoHEeTaHKOBaTa TEXHUKA.

3. Cp3mageHa e MeTOAMKA 3a HHTErpalMs Ha aJUTUBHO M CYyOTpPaKTUBHO
MIPOU3BOJCTBO B CHUCTEMHUTE 3a PEMOHT W MOAAPBKKA, OazupaHa Ha OILIEHKa Ha
pPECYPCUTE U ONIEPATUBHUTE U3UCKBAHUA.

4. ®opmynupaHu ca KpUTEPHUH 32 OLIEHKA HA UKOHOMUYecKaTa €(DeKTUBHOCT MpHU
BHEJIPSIBAHE HA CbBPEMEHHU IIPOU3BOJACTBEHH TEXHOJIIOTUU BbB BOUCKOBUTE PEMOHTH.

3.2. IlpnJiokHU NPUHOCH

1. Onpenenenu ca IKOCTHUTE XapaKTEPUCTUKHU HA U3PAOOTEHUTE €IEeMEHTH Upe3
CAD/CAM codtyep, choOpa3eHH ¢ KOHCTPYKTHMBHUTE M EKCILUIOATAIlMOHHUTE
M3UCKBaHMUSI.

2. Cw3nanen e BupTyaneH 3D monen Ha ropuBo-mnojkauBamia nommna PHM-1K,
BaJMAUpPaH MOCPEICTBOM SIKOCTHU CHUMYJIAIIMM U MPUJIOKEH IMPU €KCIEPUMEHTAIHO
Bb3CTAHOBSIBAHE HA MOBPEJECHN KOMIIOHEHTH.

3. Peanu3upan € LSUI0CTEH MPAKTUYECKU MPOLIEC 32 TPOU3BOACTBO M aHAJIM3 Ha
koMroHeHTH 4pe3 FDM npuntupane u LITY o6paboTtka, moka3Bail TeXHOJIOTUYHATA
IPWIOKUMOCT Ha METOJIUTE B MOJIEBU YCIOBUS.

4. ®opMmynupaHu ca YCIOBUS M MapaMeTpH, HpPU KOUTO CbBPEMEHHUTE
TEXHOJIOTMM MOTaT HAaJEXIHO Ja 3aMECTIT TPaJUIMOHHUTE METOAU 3a PEMOHT Ha
BBOPBHKECHUE U TEXHUKA.

4. HAYYHH IYBJIMKAIIUUA 11O JTUCEPTAIMOHHUSA TPY/]

1. YmmkoB B.I. ,,MonepHusamus U yChbBBPIICHCTBAHE Ha CIIOCOOHOCTUTE Ha
peMoHTHUTE (GopMuUpoBaHUs OT chcTaBa Ha CyxXombTHU BOMCKH’ MexayHapoaHa
Hay4yHa kKoH(epeHus ,,XEMYC-22 — orOpaHa, aHTUTEpOPU3bM M CUTYPHOCT TP.
[TnoBauB — c6opuuk qoknaau 2022 : rp. Codus: ISBN:1312-2916.

2. UnnmukoB B.I. ,,Opranuzanusi Ha peMOHTHO-BB3CTAHOBHUTEIIHATA JEHHOCT B
CTpaHHUTE WICHKH OT AnuaHca” MexayHapoaHa HayuyHa kKoH(pepenuus ,, XEMYC-22

— oTOpaHa, aHTUTEPOPU3BM U curypHocT’ Tp. [InoBaus — cOopuuk gokmanu 2022: Tp.
Codus: ISBN:1312-2916.

baarogapuocru:

ABTOPBT HM3Ka3Ba ABJIOOKOTO CH YBaKCHHE M OJIarOJapHOCT KbM CBOS HaydCH
PBKOBOIMUTEN NOLEHT A-p nHX. MiBan HukonaeB Munescku. binarogapst Ha kosierure,
KOWTO TTIoMaraxa M moJIKpensixa padorara Mu 10 HEHHUS Kpail Upe3 ChBETH.

ABTOpedeparbT He ChAbpKa KiIacupuipaHa nHpopMarus.
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ABSTRACT

The dissertation explores the potential for enhancing the capacity of
unscheduled field repairs through the integration of modern manufacturing
technologies. The focus is placed on the application of 3D printing and CNC
machining for the production and restoration of critical military equipment
components. A comprehensive technological process has been developed — from
CAD modeling and simulations, through prototyping and mechanical machining, to
the experimental validation of the manufactured parts. The experimental results
demonstrate that 3D-printed components made of PETG and CNC-machined
elements from aluminum alloy can successfully replace original parts under specific
operational conditions.

Practical guidelines are proposed for implementing these technologies at both
tactical and operational levels, including the creation of a CAD/CAM database, the
use of FDM printers in field conditions, and the integration of CNC centers and
SLA/SLS systems in stationary facilities. The combination of 3D printing and CNC
machining, supported by personnel training and automation, has been proven to
increase the efficiency of repair activities and the resilience of the armed forces.

JlucepTallMOHHUAT TPy pasliiekJa Bb3MOXKHOCTHTE 3a TIOBUIIABAaHE Ha
KalraluTeTa 32 U3BbHIJIAHOBU PEMOHTH BbB BOWCKOBH YCJIOBUS YpE€3 BHEAPSIBAHE HA
ChBPEMEHHHM TIPOU3BOACTBEHU TEXHOJOTMU. OCHOBEH AaKIEHT € MOCTaBEH BBPXY
npwioxkenuero Ha 3D mnpuntupane u LIIY o6paGorka 3a wu3paboTka
BBH3CTAHOBSIBAHE HAa KPUTHUYHM KOMIIOHEHTH OT BOEHHATa TeXHHKa. Pa3zpaboreH e
ISJIOCTEH TexHojoruueH mnporec — or CAD Mopenupane u cuMynaluH, Mpe3
NPOTOTUIIMpaHE M MEXaHWYHa 00paboTKa, O EKCIIEPUMEHTAJHO BalUAUpaHE Ha
u3paboTeHuTe Jnerai. ExcriepuMeHTanmHUTE pe3ynTrard TokasBar, ue 3D
npuHTupanu nerainu or PETG u LITY o6paboTeHn eneMeHTr OT aTyMHUHHEBA CIIAB
MoOrar YCHEIIHO [Jia 3aMECTIT OpPUIrMHAJIHUTE KOMIIOHEHTH IMIpU OIpPENeIICHU
€KCIUTIOaTallMOHHU YCJIOBHSI.

[IpensioxkeHn ca KOHKPETHM HACOKHM 3a BHEApPSBAHE HAa TE3U TEXHOJOTMU B
PEMOHTHUTE (POPMUPOBAHUS HA TAKTHUYECKO MU OINEPATUBHO HHUBO, BKIIOUUTEIHO
ce3gaBaHe Ha CAD/CAM 6a3a pannu, usnomsBane Ha FDM mnpuHTepHn B MONEBU
ycnoust 1 mHTerpupane Ha CNC mentpoBe m SLA/SLS cuctemu B CTallMOHApHH
ctpyktypu. KomOunanusta or 3D mpuntupane u IIIY o6pabGoTka, chueraHa c
KB (PUKAIMS HA TIEPCOHANIA U ABTOMATU3AIHs, TOKa3aHO MOBUIIaBa €(DEeKTUBHOCTTA
Ha PEMOHTHUTE JEUHOCTH U YCTOMYMBOCTTA HA BbOPBKEHUTE CUJIIH.
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1. CHARACTERISTICS OF THE DISSERTATION

1.1. Relevance of the topic

Increasing the capacity for carrying out unplanned repairs is a key condition for
fulfilling the allied obligations of the Republic of Bulgaria within NATO and for
building a unified logistics support system. Improving the existing repair system
should create new synergies in the field of security and strengthen the operational
capabilities of the armed forces.

The insufficient interoperability of the technical maintenance and repair system
in the Bulgarian Army puts on the agenda the need to adapt it to modern conditions
and standards. Specific repair activities directly depend on the level of scientific and
technical development, the implementation of innovative technologies and the
availability of trained personnel.

The shortage of specialists in the repair of weapons and equipment reduces
maintenance capabilities and leads to the inability to effectively solve emerging
problems. The high level of innovative development is unthinkable without qualified
personnel. The low level of training is due to the weakened system of vocational
education and the lack of sustainable interaction between educational institutions and
repair structures.

The relevance of the topic is directly related to the need to maintain the combat
capability and operational readiness of the equipment. Modern technologies such as
3D printing and CNC machining provide new opportunities for fast and effective
restoration of critical components, which shortens repair time and reduces costs. The
implementation of these technologies in the repair bases of the Bulgarian Army will
increase the reliability and durability of the equipment, while at the same time
reducing dependence on external suppliers and the delivery times for spare parts.

Object: The military repair system in the armed forces.

Subject of the research: The implementation of modern technologies for repair
and restoration of parts using 3D printing and CNC machining.

Purpose of the research: develop an effective methodology for integrating
modern technologies into unscheduled repairs of M&T.

Main tasks:

1. Analysis of existing methods and procedures for unscheduled repairs.

2. Research the possibilities and advantages of 3D printing and CNC machining
for repair and restoration of critical parts.

3. Creation of CAD models and conducting simulations for optimization of
components.



4. Conducting practical experiments with the manufactured prototypes and
analysis of the results.

5. Assessment of the economic efficiency and applicability of the proposed
methods in the real repair activities of the Bulgarian Army.

Limitations: The focus is on the military repair of armored vehicles from
Bulgarian Land Forces.

Methods:

1. Descriptive analysis of repair formations.

2. Experimental studies.

3. Creation and validation of CAD/CAM and physical models.

Thesis volume: The dissertation work contains 158 pages, of which the main
text covers 142 pages, the literature used — 5 pages, and the appendices — 11 pages.
The text includes 6 tables and 30 figures. A total of 86 literary and normative sources
were used. Two scientific articles have been published on the topic of the dissertation.



2. CONTENT OF THE DISSERTATION:

CHAPTER ONE
ANALYSIS OF THE EXISTING REPAIR SYSTEMS IN THE BAF AND
NATO

1.1. The system for repairing weapons and equipment in the Bulgarian
Army and NATO armies.

1.2. Integration of modern technologies in NATO member states

As a result of the literature review, the following conclusions were
formulated:

1. The repair bases of the Bulgarian Army lack standardized procedures for the
implementation of modern production technologies (3D printing and CNC
machining). It is necessary to develop and introduce unified standards and regulations
for their implementation.

2. A deficit of research has been established on the durability and reliability of
3D printed and CNC machined components in real operating conditions.

3. There is insufficient data on economic efficiency and return on investment in
implementing innovative technologies in repair activities.

4. There is a lack of practical guidelines for training and qualification of
personnel working with 3D printing and CNC machining technologies.

5. Targeted training and preparation of specialists, in line with new technological
requirements, is the main factor for the successful implementation of modern
production methods in the repair systems of the armed forces.



CHAPTER TWO
STATE AND ANALYSIS OF THE CURRENT CAPACITY OF THE REPAIR
FORMATIONS OF THE LAND FORCE OF THE BULGARIAN ARMY

2.1. Analysis of the system for supplying spare parts for weapons and
equipment

The supply of spare parts is a key element for ensuring repair and restoration
activities in military formations. The material resources for the Bulgarian Army are
received and stored in the bases of the Logistic Support Command, from where they
are distributed to the formations of the types of armed forces. The activities of
receiving, reporting and scrapping the armored vehicle and tank assets are regulated
by specialized regulatory documents. The supply is carried out in two main ways -
from the warehouses of the Ministry of Defense and from the commercial network.
The analysis of the existing logistics system shows number of problems that directly
affect the maintenance of equipment:

— Outdated infrastructure — a large part of the warehouses and repair facilities
are designed for equipment from the Cold War era and do not meet modern standards.

— Shortage of spare parts — discontinued supplies of Soviet equipment and the
lack of licensed manufacturers lead to serious difficulties.

— Ineffective inventory management — the absence of integrated information
systems makes planning and rapid response difficult.

— Dependence on external suppliers — some of the necessary parts are imported
from abroad, which extends the deadlines, reduces combat readiness and hides risks
related to the political situation.

In view of the accelerated development of high-precision weapon systems and
new operational and procedural requirements, the logistics system must be adapted to
ensure timely and effective support of formations in various combat conditions. This
leads to the need for technological means for parallel support of the implemented
standards.
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Fig. 2.1. Algorithm for the movement of material resources.

2.2. General characteristics of repair and restoration activities

Repair and restoration activities are a set of activities aimed at restoring the
technical suitability of weapons and equipment in order to maintain the necessary
operational readiness of the formations. In the modern conditions of a dynamic
operational environment, repair and production processes acquire critical importance
for ensuring the continuous functionality of combat systems

2.3. Analysis of critical parts and mechanisms — identification of components
with a high failure rate

The military equipment of the Bulgarian Army is characterized by high
durability and simple design. However, number of factors lead to frequent
breakdowns and malfunctions, requiring unscheduled repair activities. Within the
framework of this study, an analysis and summary of data on current repairs of the
first and second degree for a period of ten years (2013-2023) was carried out. The
results are presented in Table 2.1.



Table 2.1. Information on repair activities during the period 2013-2023.

Ne Military structure 1t 2nd Repair of | Notes
degree | degree | aggregates
repair | reapair
1. Units number for repair
2013 107 2 1 Armored personnel carriers,
Infantry fighting vehicles
2014 118 12 1 Tanks - T — 72 , Armored
personnel carriers, Infantry
fighting vehicles, Other self-
propelled armoured land
vehicles  equipped  with
weapon installations
2015 202 11 - Crawler tractors
2016 198 9 - Engineering machines
2017 240 4 -
2018 221 2 3
2019 118 4 2
2020 107 3 1
2021 112 16 -
2022 320 20 3
2023 315 26 6
2 Land force unit
2013 98 8
2014 103 9
2015 123 13
2016 120 18
2017 12
2018 16
2019 14
2020 20
2021 23
2022 150 31
2023 162 26
Ne Base units of reapirment | 1% 2nd Repair of | Notes: Hole repair technics
degree | degree | aggregates
repair | repair
1. Logistics Support | 300 512 Period of 1 year
Regiment
2. Weapons and | 260 540 Period of 1 year
Equipment Repair
Base

The report was prepared on the basis of Order OX-1029/15.10.2021, Section I,
Art. 69, para. 1 and para. 2, related to the reporting of malfunctions in the electronic
edition of the "Book for Reporting of Malfunctioning Vehicles" and the information



submitted on a six-monthly basis by the Land Forces Command to the Logistics
Directorate of the Ministry of Defense.

2.3.1.Classification of repair activities

n the analysis of repair activities in the period from 2013 to 2023, several main
criteria are established: — number of goals in the repair activity and optimality
criteria; — relationship between optimality and restrictive conditions related to the
time for eliminating emergency repairs; — unforeseen factors affecting the
effectiveness of repair activities.

2.3.2. Possibility of reducing repair time and costs

The analysis of repair and restoration activities shows that the methods and
means of carrying out repairs are developing dynamically depending on the incoming
new equipment and the improvement of the technical means used in the repair
processes. Taking into these factors, together with the need to improve the
qualifications of repair personnel, will allow for increasing the capacity to carry out
and master unscheduled repair activities in the future.

2.4. Capacity of repair formations and available infrastructure — assessment of
existing conditions for the implementation of new technologies

The repair units of the Land Forces (LF) of the Bulgarian Armed Forces play a
key role in the maintenance and restoration of weapons and equipment, despite the
limitations in technical means and the shortage of spare parts. Maintaining the
available weapons and equipment in working condition under these conditions is the
result of highly organized efforts and adaptability of the repair structures.

2.4.1. Logistics Support Regiment

As of June 1, 2008, the Logistics Support Regiment has been reorganized and is
the legal successor to the one established on October 1, 2000. Figure 2.2 presents the
organizational chart of the Logistics Support Regiment.
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Fig. 2.2. Exemplary structure of the Logistics Support Regiment.

The Logistics Support Regiment is designed to provide comprehensive logistics
support to the units of the Land Forces. The regiment's repair platoons perform
second-level repairs, working with ready-made units. A specialized unit repair and
restoration platoon operates to maintain the necessary stock of units.

2.4.2. Military unit 46700 Weapons and Equipment Repair Base — tasks and
structure

Since 2006, military formation 46700 - the city of Sliven has been directly
subordinated to the Land Forces Command (LFC) of the Bulgarian Armed Forces. In
peacetime, the base has the organizational status of a battalion, and in wartime it is
deployed on wartime staff as a regiment for the repair of weapons and equipment.

The organization in peacetime is built on a company basis, with each company
operating in stationary conditions, designed as a workshop.

The main structural elements are shown in Figure 2.3. The technological
capabilities of the workshop for the repair of armored vehicles can be classified as
follows: — current repair of 1l and Il levels of tanks (capacity: 1-2 tanks per month);
— current repair of Il and Il levels of BTR, BRDM and MTLB; — current repair of
tank units (gearbox, reducer, side transmission); — ongoing repair of MTLB and BTR
units (main transmissions, reducers, transfer cases).

10



KOMAHOBAHE

1 OTOAENEHWE 1
LWAB “CurypHocT Ha
/ \___undopmauuara”

_Ln PEMOHTHW OBCITYKBALUMW
OPMHPOBAHUS OPMWPOBAHMA

1

LLEX 3A PEMOHT
ABTOTPAKTOPHA OTAENEHWE
TEXHWUKA "AAMWHUCTPATMBHO'

LEX 3A PEMOHT
BPOHETAHKOBA
TEXHHUKA

OTAENEHWVE
—

LIEX 3A XUMUMECKA 3BEHO 3A OMHAHCOB|
TEXHWKA, KOMYHU- I W MATEPMAJIEH
KALLMOHHW OTUET
CHUCTEMM,
GPELICTBA 3A AAPEHO
XHMHYECKA W
EWOIOT MYECKA SALLIMTA L—b HAYANMHWUK KOHTPOJIHO
TEXHHYECKW NYHKT

OTAENEHWE
“NMWYEH ChCTAB™

UEX PEMOHT
3A MHXEHEPHA
W TUNOBA TEXHHMKA

LIEX 3A PEMOHT
PAKETHO-
APTHIIEPMIACKD
BLOPBMEHME M

Fig. 2.3. Exemplary structuring scheme of military unit.

2.4.3. Equipment and technical capabilities: Analysis of available diagnostic
and repair equipment, including the ability to work with CNC machines and 3D
printers

The review of the possibilities for implementing modern production
technologies, such as CNC machines and 3D printers, shows that the modernization
of the repair infrastructure is a main condition for increasing the capacity for carrying
out unscheduled repairs. The available equipment in the repair units is currently
aimed mainly at providing current and medium-sized repairs of the available
equipment, and there is a need for additional equipment for automated processing and
rapid prototyping of spare parts. The use of these technologies will allow for reducing
repair time, optimizing resources and increasing the efficiency of repair and
restoration activities.

2.4.4. Assessing the suitability of production automation

2.5. Comparative analysis of current methods and potential CAD and CAM
solutions

a) Reverse engineering

Reverse engineering is the process of reconstructing the design documentation
or 3D model of an existing part by physically measuring and analyzing it. This
method provides a solution related to the physical model, which is the main source of
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information for the CAD model based on measurements. This is also called the
physical-to-digital process, depicted in Figure 2.4.

Fig. 2.4. From physical detail to digital 3D object.

b) Basic phases of reverse engineering (RE)

The reverse engineering process involves three main phases that take a physical
part to a digital 3D model ready for analysis, modification, or reproduction. These
main steps are schematically presented in Figure 2.5, which illustrates the three key
stages of reverse engineering and their interrelationship to achieve high accuracy and
functionality of the reconstructed components.
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Fig. 2.5. Schematic of the three main phases of reverse engineering.

Industrial technologies are related to the digital representation of the structure
of technical objects for the purpose of analysis, quality control or reverse
engineering. They include:

— industrial computed tomography;

— used for inspection of internal defects in metal and composite parts;

— optical microtomography;

—applicable in the study of microstructures in materials;

— industrial MRI systems — used less frequently, for example for the study of
composite structures with a high moisture content. The main characteristics are
shown in Table 2.2.
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Table 2.2. Characteristics of industrial measurement technologies.

XapakTepucTuKa NHaycTpuaaHu TEXHOJIOTHH
OO0paTHO UHXEHEPCTBO, aHATIN3, KOHTPOJ Ha
OcHoBHa 1en
KaueCTBOTO
WNnnycrpuanen CT, onTtuyHa MUKpOTOMOTpadust
[Ipumepu 3a Mmeroau AYCETP ’ p pagus,
naaycrtpuaineH AMP
Tun Ha oGekTuTe TexHudyecku 00EKTH (IeTaiian, MaTepraiu U COOPKH)
W3non3BaHu Matepuanu Mertanu, KOMIIO3UTH, IIJIACTMACH, KEPAMUKA
@opMar Ha U3XOJHUTE JAaHHU O6unak ot Touku, CAD dopmaru (STL, STEP)
Bo3moxknoct 3a narerpamus ¢ CAD/CAM [TbnHa
TouyHOCT Ha U3MEPBAHETO, CHOTBETCTBUE CHC
[Ipuopurer
CTaH/IapPTHUTE

2.5.1. Analysis of the effectiveness of traditional and modern methods

The main emphasis is on efficiency, accuracy, resource optimization and
applicability in field conditions. CNC (Computer Numerical Control) machines use
G-code to remove material from a workpiece and achieve the desired shape.

This method is widely used in military repair production due to:

— high accuracy;

— process automation;

— ability to process different materials.

Disadvantages: — generation of waste in the form of chips; — limitations in
creating complex internal geometries; — requires time for making fixtures and
programming.

Additive technologies are characterized by the construction of objects by adding
material, which is the opposite process to the principle of operation of numerically
controlled (CNC) machines.

Advantages include: — ability to produce complex and organic geometries; —
reduced material consumption; — rapid production of prototypes and spare parts; —
ability to work in mobile conditions (e.g. field 3D laboratories).

Disadvantages: — limited strength of some materials; — limitations in terms of
size and detail depending on the printer; — need for subsequent processing and baking
in some technologies.

The application of these technologies, in combination with reverse engineering
methods, represents a strategic advantage in the maintenance of weapons and
equipment.

2.5.2. Diagnostic Software for Repair Activities

As technology advances, diagnostic systems are moving from mechanical and
analog methods to computer-based solutions that significantly increase the accuracy
and efficiency of fault detection.
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The following table 2.4 presents examples of diagnostic tools and systems used
In repair practice, including their application, scope and connection interface.

Table 2.4. Examples of diagnostic tools and areas of application

HanmeHoBaHue Ha Hurepdeiic /
Ne O0xBaT Ha NPUJIOKEHUE IIpumepHa TexHUKA
cucremMara/copryepa IIpoToxkoJ
1 Bosch KTS Heuratenu, ECU, ABS, CAN Kamuonu, nexu OBD-I1, K-
CUCTEMHU TPAHCIOPTHU MAITHHA line, CAN
TEXA NAVIGATOR JlnarHocTrka Ha eeKTPOHUKA MHorouenesu CAN,
2 TIXT U CUCTEMH Ha IPEBO3HU OpOHETPaHCTIOPTHOPH, Bluetooth,
CpelCcTBa KOJICCHU MaIlIMHU USB
3 Jaltest Military (by | Wuterpupana myntiucucTeMHa Kamuonu, BTP-n, MIL-STD,
Cojali) JIMAarHOCTHKA apTUIICpUICKA TEXHUKA CAN J1939

ITHEeBMO-XUApaBINYHY U Amnaoros /
MOHUTOPHHT Ha BUOpaIHH,

4 | PDM Analysis Tools CIIEKTPOMEXaHUYHH gpos
eIIEKTPO 3aXpaHBaHe, HAISITAHE

CHUCTEMH CEH30PEH
CoOupane u aHanus Ha CrienmanusupaHo A
USB, Wi-Fi,
5 Insyte Data Logger napamMeTpH OT CEH30PH B o0opyBaHe, JBHTaTEIIN Ethernet
peasHO BpeMe U arperatu

2.5.3. 3D printing and additive technologies in repair activities

The main types of 3D printers used in repair practice include:

— FDM printers (Fused Deposition Modeling) — used for rapid prototyping and
production of plastic body parts.

— SLA/DLP printers (Stereolithography/Digital Light Processing) — suitable for
creating high-precision components with small dimensions and high detail.

— Metal 3D printers (SLM/DMLS — Selective Laser Melting/Direct Metal Laser
Sintering) — used for durable metal parts such as gears, bushings, housings and other
critical elements. The integration of additive technologies in repair formations is a
strategic step to ensure operational autonomy, increase the capacity for equipment
restoration and optimize logistics chains.

2.6. Human resources: Assessment of available specialists and additional
training needs

The main problems are related to: — insufficient qualification in the field of
modern production technologies; — lack of systematic training in programming and
control of CNC machines; — limited knowledge of the use of CAD/CAM systems and
additive technologies; — poor training in the field of digital diagnostics of modern
combat systems. The present assessment shows that the use of traditional approaches
to maintenance and repair is irrational in the conditions of modern technological
challenges. Therefore, it is necessary to adopt measures regarding the gradual
introduction of modern technologies and training of specialists for their effective use.
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2.7. Limitations and challenges in the modernization of repair activities

— Budgetary constraints arise from the agreed 2% of the gross domestic product
for defense in NATO member states, and from a macroeconomic perspective they
differ significantly.

— Complexity of the elements subject to repair — the increasing use of composite
materials in new equipment models, embedded sensors and structural changes
complicate repair production.

— Vulnerability of the supply chain — optimization of supply opportunities has
led to minimal lead times and the lowest possible prices. As a result of geopolitical
changes, more flexibility must be sought, not only in the supply chain, but also
investments in technical means for repair. Taking into account the above factors and
those related to improving the qualifications of specialist may in the future provide
the opportunity to increase the capacity to perform and master unscheduled repair
activities.

Conclusions to the second chapter:

1. The supply of spare parts and repairs in the BAF are hampered by slow
procedures, leading to downtime of the armament and reduced combat readiness.

2. The analysis shows outdated equipment, a shortage of spare parts and
insufficient qualification of the personnel, but also potential for improvement through
the integration of CAD/CAM technologies, CNC machines and 3D printing.

3. The modernization of processes, combined with training of specialists, will
increase the efficiency of repair activities and extend the resource of the available
equipment.

4. The implementation of innovations should be phased, taking into account the
infrastructure and the need to increase combat readiness.

CHAPTER THREE
RESEARCH AND ANALYSIS OF WEAPONS AND TECHNOLOGY ELEMENTS
THROUGH INNOVATIVE TECHNOLOGIES

3.1. Selection and characterization of an element of armament and equipment
for analysis and repair

In the studies carried out on the typical malfunctions occurring in armored
vehicles, the units, parts and mechanisms that have problematic supply have been
identified. The unit with the most common malfunctions is the manual fuel pump
PHM-1k shown in Figure 3.1.

15



Fig. 3.1. Manual fuel pump PHM-1k.

3.1.1. Description of the fuel injection pump PHM-1x and its function in the
system

The manual fuel pump itself is made of various materials that provide optimal
mechanical strength and resistance to operational loads. The specificity of the
manufacture of the details of the PNM-1Kk is related to the selection of materials that
meet the operating conditions, functional requirements and mechanical durability
within the fuel system.

3.1.2. Causes of failures in the PMN-1k unit

During the operation of the equipment, several main factors have been identified
that lead to frequent failures of the PHM-1x part.

- Mechanical loads;

- Structural weaknesses;

- Material limitations.

3.1.3. Design characteristics and material requirements for PHM-1x

The manual fuel pump is designed with complex geometric features that include
holes, channels and reinforcement ribs. These structural elements are essential to the
functionality of the part, as they ensure precise mounting, stable attachment and
optimal distribution of mechanical loads.

3.1.4. Opportunities for recovery through new technologies

Based on the performed analyses, the possibilities for restoring the PHM-1x part
through using of modern technologies such as 3D printing and CNC machining have
been assessed.

3D printing: This technology is a revolutionary approach in manufacturing that
provides exceptional flexibility and speed in the creation of prototypes and the
production of small series of components such as PHM-1k.

One of the main advantages of 3D printing is the ability to manufacture parts
with complex internal and external geometries that are difficult or impossible to
achieve using traditional manufacturing methods.
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CNC Machining: CNC machining is a preferred method in modern mechanical
engineering for the final production of PNM-1k parts, especially when extreme
accuracy and high mechanical strength are required. Compared to 3D printing, CNC
machining uses traditional engineering materials such as hardened steel and
aluminum alloys, which provide excellent resistance to mechanical loads, vibrations,
and abrasive wear.

3.2. CAD modeling and simulation of a detail in the PNM-1k for restoration
using new technologies

The need to create a 3D model of the PNM—1k arose due to the unavailability of
technical documentation containing information about the main parameters of the
unit. For this purpose, a real sample from a military formation, part of the Land
Forces (LF), was used. In this study, the model is based on an STL format file created
using the Visi 15.0 software, then further modified and processed in SolidWorks (Fig.
3.3 and Fig. 3.4).

d) Membrane/ diaphragm
Fig. 3.4. 3D models of components of PHM- k.
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3.2.2. Assembling components in “SolidWorks”

After modeling each individual component, they are combined into a common
structure, with connections and dependencies that reflect the real assembly
conditions. The assembled model is presented in Figure 3.5.

The design of the PNM-1k consists of four main components: housing, handle,
cover and diaphragm. A critical aspect in the assembly of the PNM-1k is ensuring
reliable contact between the diaphragm, cover and housing. This is achieved by
precisely adjusting the clamping force, which prevents local concentration of stresses
and deformations in the diaphragm. The assembled model is presented in Figure 3.5.

Fig. 3.5. Assembled unit — aggregate PHM-Ik.

In conclusion, the design of the PNM-1k represents a well-thought-out and
functionally optimized assembly, in which each component plays a key role in the
overall efficiency and operational reliability of the system. Understanding the
interrelationships between the individual elements is essential for the proper
application and maintenance of the unit.

3.3. Creating an object using 3D technologies (FDM)

A CAD model created in Visi 15.0 was used to create the main components of
the PNM-1k part — housing, handle, cover and diaphragm. The models were
processed in Bambu Studio software, where the printing parameters were configured
and preparation for production using FDM technology was carried out (Fig. 3.6).

Fig. 3.6. Preparation and visualization 6f models for 3D printing in Bambu
Studio.
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FDM technology allows rapid fabrication of plastic components with good
geometric accuracy and is suitable for low- and medium-load elements. For this
study, PETG filaments were used for body parts and TPU 70 for the flexible
Membrane/diaphragm.

3.4. Creating parts using a CNC center

Mazak Smooth Technology CNC center was used for machining the metal
components (Fig. 3.8). The machine has automated functions for parameter
generation and active tool control, which increases accuracy and reduces machining
time.

Fig. 3.8. CNC-centﬂr'é MAZAK (Smooth‘ t'ec-hh‘ology).

The housing, handle and cover were made of Alloy 4010 (AlSi7Mg) aluminum
alloy using CNC technology. The same parts were created in PETG using 3D
printing, as well as a diaphrgmmade o TPU 70 (Fig. 3.9).

y
4

Fig. 3.9. CNC-centre MAZAK(Smooth technology) — setting parameters programmer.

The active cutting tool control feature improves accuracy and positioning in all
axes, reducing machining time and preventing excessive cutting-edge wear.
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Details made using CNC and 3D printing:

a) Housing b) Handle ‘ c) Lid
Fig. 3.11. Manufactured elements from PHM-1x — CNC technology.

The combined use of both methods provides a balance between efficiency,
accuracy and economy, optimizing both production time and mechanical
characteristics. Therefore, the choice of technology should be made based on the
required application, equipment dimensions and time to manufacture the parts.

a) Housing 0) Handi.e

2) Membrane/diaphragm

Fig. 3.12. Elements made from PHM-1k — additive technology.

3.6. Results of the static analysis of the detail of the PHM-1k

3.6.1. Results of the static analysis of the body

The results of the static analysis of the body made of PETG, with an applied
distributed load of 3 MPa, show the distribution of stresses according to the von
Mises criteria (Fig. 3.13). The maximum stress reported in the model is 9.265 MPa,
and it is observed in the most loaded areas, mainly around the attachment points.
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Fig. 3.13. Von Mises stress distribution for the housing at a load of 3 MPa — PETG
material.

The analysis of the deformation results of the PETG shell, shown in Figure 3.14,
shows the distribution of maximum displacements under an applied load of 3 MPa.
The maximum displacement recorded is 0.085 mm, this value being observed in the
areas furthest from the attachment points, where the shell does not receive direct
support.
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Fig. 3.14. Maximum displacements of the housing at a load of 3 MPa — PETG material.

The results of the analysis of the housing made of Alloy 4010 (AlSi7Mg) show
the distribution of stresses according to the von Mises criterion at a load of 3 MPa. In
Figure 3.15, the maximum stress reported in the analysis reaches a value of 9.266
MPa, this value being localized around the critical attachment points and the areas
where the housing is subjected to the highest mechanical loads.
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Fig. 3.15. Von Mises stress distribution for the shell at a load of
3 MPa - Alloy 4010 material.
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Figure 3.16 shows that the maximum stress reaches a value of 9.266 MPa, which
Is concentrated in the areas around the attachment points. These are the places where
the material absorbs the greatest forces and where the load is greatest.
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Fig. 3.16. Maximum displacements of the housing at a load of 3
MPa — material Alloy 4010.

Since the maximum stress is significantly lower than the yield strength of the
alloy (about 300 MPa), we can conclude that the housing will not suffer structural
damage or permanent deformation under this load.

3.6.2. Results of the static analysis of the handle

Figure 3.17 visualizes stress distribution according to the von Mises criterion.
This criterion considers the total stress by combining the different load components.
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Fig. 3.17. Von Mises stress distribution for the handle at a load of
2.5 MPa - PETG material.

The results of the PETG handle deformation analysis show a maximum
displacement of 0.883 mm, as presented in Figure 3.18.
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Fig. 3.18. Maximum displacements of the handle at a load of 2.5
MPa — PETG material.

Figure 3.19 illustrates the distribution of displacements across the entire handle,
where a color scale from red to blue indicates the different levels of deformation. The
analysis shows a maximum stress of 15.313 MPa, concentrated in the attachment
area, where the handle is fixed and experiences the highest loads.
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Fig. 3.19. Von Mises stress distribution for the handle at a load of 2.5 MPa — material Alloy
4010 (AISi7Mg).

Figure 3.20 shows the maximum displacement of the handle made of Alloy 4010
(AISi7Mg), which is 0.032 mm, measured at the free end of the handle. This value is
minimal and indicates that the material demonstrates high resistance to deformation.

The comparative analysis shows that the handle made of Alloy 4010
(AISi7TMg) exhibits significantly less displacement compared to PETG (0.032 mm
versus 0.883 mm), which is due to the high strength and hardness of the aluminum
alloy.

3.6.3. Results of the static analysis of the lid

The static analysis of the lid made of PETG, shown in Figure 3.21, shows the
stress distribution under applied mechanical load. The maximum stress reported in
the analysis is 9.487 MPa.
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Fig. 3.21. Von Mises stress distribution for the lid at a load of 3 MPa — PETG material.

The results of the static analysis of the lid shown in Figure 3.22, made of PETG,
show a maximum displacement of 0.178 mm, as illustrated in the figure.
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Fig. 3.22. Maximum displacements of the lid at a load of 3 MPa — PETG material.

The maximum displacement value of 0.178 mm is within the allowable limits
for PETG, confirming that the lid will not suffer permanent deformation or structural

failure under the current load of 3 MPa.

The analysis results of the lid made of Alloy 4010 (AlSi7Mg), shown in Figure
3.23, reveal the stress distribution under an applied mechanical load of 3 MPa. The
maximum stress recorded in this model reaches 9.606 MPa, concentrated in the areas

of highest load, visualized in red and orange colors.

9,606
' 8645
. 7,604
_ 674
_ 5763
H, 4,803
N :on

L 2,882

1,921
0,91
0,000 +00

m 0,000e+00

Fig. 3.23. von Mises stress distribution for the cover at a load of 3 MPa — material Alloy

4010 (AISi7Mg).

von Mises (N/fmmA2 (MPa))

The analysis results for the lid made of Alloy 4010 (AlSi7Mg), shown in Figure
3.24, present the strain distribution under an applied load of 3 MPa. The maximum
strain reported in the model is 0.178 mm and is observed at the top of the dome

structure, which is furthest from the attachment points.
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Fig. 3.24. Maximum displacements of the cover at a load of 3 MPa — material Alloy 4010
(AISI7TMg).
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Compared to PETG, the maximum stress in Alloy 4010 (AISi7Mg) is 9,606 MPa
and is also concentrated in critical areas around the attachment points. While the
stress is significantly lower than that of PETG, Alloy 4010 (AISi7Mg) has a much
higher yield strength (approximately 300 MPa), making it much more resistant to
stress.

3.6.4. Results of the static analysis of the Membrane/diaphragm

The results of the analysis, presented in Figure 3.25, show that the maximum
stress in the diaphragm reaches 7.48 MPa, with this stress visualized in red areas
around the areas with the highest concentration load.
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Fig. 3.25. Distribution of von Mises stresses on the diaphragm at a load of 3 MPa —
material TPU 70.

Figure 3.26 shows the distribution of displacements over the diaphragm surface.
The maximum diaphragm displacement is 0.169 mm, recorded in these areas due to
the lack of immediate support.
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Fig. 3.26. Maximum diaphragm displacements at a load of 3
MPa — material TPU70.

The analysis shows that the diaphragm withstands the applied load and remains
within safety limits, maintaining both its functionality and mechanical integrity. This
makes it reliable for use under the specified operating conditions.

The summarized results of the static analysis of the structural components — the
housing, the handle, the cover and the diaphragm — demonstrate their mechanical
characteristics and behavior under the applied loads. Each of the parts is made of a
suitable material, such as PETG, Alloy 4010 (AlSi17Mg), TPY 70 is suitable for the
diaphragm.

3.7.1. Comparison of PETG and Alloy 4010 (AISi7Mg) materials for the
components of PHM-1k

In the analysis of the main components of the PNM-1k — handle, body and cover

— a comparison was made between two materials: PETG and Alloy 4010 (AlSi7Mg).
Table 3.1 shows the main properties of the two materials, which are of key
importance in the analysis of their mechanical characteristics:

Table 3.1. Mechanical properties of the materials used.

Cesoiicmeo PETG Alloy4010 (AISi7TMg)
Sxoct Ha omrbH (MPa) 50-60 ~300
Enactuuen monyn (GPa) 2-2,5 100-120
[TrpTHOCT (g/cm?) 1.27 7,85

VY apmxenue npu ckbeBane (%) 6-10 ~12
YcroituuBoct Ha ynap (J/m?) Bucoka Cpenna

Depending on the operating conditions, the choice of material for the
components of the PNM-1k should be made considering the specific mechanical
requirements and the working environment.

Conclusions to the third chapter

1. The body, handle, cover and diaphragm of the PNM-1k part were analyzed
using the finite element method (FEA) in SolidWorks. The static analysis showed
stress concentration in areas with maximum load.

27




2. The choice of material is decisive for reliability: PETG is suitable for lower
loads; Alloy 4010 (AISi7Mg) provides high stability and minimal deformations; TPU
70 is optimal for the diaphragm, thanks to its strength and durability.

3. The analysis outlined the critical areas and potential weaknesses of the
structure. To ensure durability, it is recommended to monitor the areas with high
stresses and implement structural improvements.

CHAPTER FOUR
OPPORTUNITIES FOR INCREASING CAPACITY FOR UNSCHEDULED
REPAIRS

4.1. Experimental study of the functional compatibility of a part manufactured
using innovative technologies

The study is focused on validating the geometric accuracy, structural integrity
and functional behavior of the manufactured components, comparing them with the
original unit. This includes both bench tests and real integration into the fuel system
of specialized equipment - MAZ-537G.

The tests were structured in the following order:

— visual inspection of the experimental samples of the pump PHM-I1x and
comparison with an existing original part, to establish correspondences and
deviations in the geometry, structural elements and surface treatment (Fig. 4.1).

Fig. 4.1. Visual inspection and comparison of restored samples with the original component
PHM-Ik.

— installation of the two restored specimens, created using innovative
technologies (3D printing and CNC machining), on bench equipment for preliminary
testing in a controlled environment (Fig. 4.2).
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Fig. 4.2. Mounting of the reconstructed specimens, created by 3D
printing and CNC machining, on benchtop test equipment.

— assessment of the pressure created by the restored samples, compared with the
reference values recorded for the original component (Fig. 4.3 and Fig. 4.4);

Fig.4.3. Testing a fuel pump created through 3D printing, with measurement of the
pressure created.

visualization of the pressure created.

— dismantling of the original fuel-priming pump from the MAZ-537G fuel
system in order to provide an opportunity for real testing of the created PNM-1K
models, using innovative technologies in the fuel system of military equipment (Fig.
4.5);
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Fig. 4.5. Plac‘i.hg“the restored PNM-1k samples on the fuel system of the MAZ-537G.

— functional testing of the created samples in the fuel system of the MAZ-537G,
with an emphasis on smooth operation, synchronization of components and load
resistance; — reverse disassembly of the experimental pumps and subsequent
assembly of the original PNM-1k, for the purpose of comparative analysis of
behavior under similar conditions; — functionality verification using a manual drive,
which allowed monitoring of the mechanical reaction at startup, the ability to create
pressure and the smooth operation of the unit.

4.2. Opportunities for increasing the capacity for performing unscheduled

repairs by implementing innovative technologies
Experimental studies using 3D printing (FDM) and CNC machining show a
real possibility for manufacturing components of the PHM-1k unit, functionally
comparable to the original parts. This offers an alternative approach to technical
support for military units in conditions of limited or difficult supply. Fig. 4.6
presents a modular scheme of the hybrid production process, illustrating the
sequence from digitalization and prototyping to processing, assembly and testing.
4.2.1. Comparative analysis of 3D printing and CNC machining
Figure 4.7 presents a visualization of the basic technological sequence for both
technologies, clearly highlighting the differences between the additive and subtractive
manufacturing processes, originating from a single CAD model.

Totoe netatin

Fig. 4.7. Visualization of the technologlcal algorlthm for 3D prlntlng and CNC machining.
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To achieve better objectivity in the assessment, Table 4.1 compares the main
technical and economic indicators obtained as a result of real experimental tests with
restored components produced using the two technological methods - additive
manufacturing (3D printing) and subtractive machining (CNC machines).

Table 4.1. Comparative analysis of technical and economic indicators in 3D printing and CNC
machining of PHM-1x components.

Ne Hapamemuvp 3D neuam (FDM) HIIY obpabomka

1 TexHomnorus AJZIMTUBHA Cy0T1pakTuBHa

2 Martepuain PETG ¢unament AJyMHHHEBA CIUIaB

3 Maca na Bxoguus marepuan (kg) 0.277 1.01

4 Maca Ha otnaabk (kg) 0.0375 0.521

5 Bpewme 3a uzpabotka (min) 819 4035

6 Enepruitna koncymanus (kWh) 1.9 5.1

7 BB3MOKHOCT 3a MOBTOpHA Bucoka (npeusnonsBaem Hucka (cTpy»kKka, TpyaHa 3a
ynorpeba ¢dunameHr) pELUKIINpaHe)

The findings of the comparative analysis confirm that 3D printing is the
preferred solution for prototyping, low mechanical loads and situations requiring fast
response. In turn, CNC machining remains the leader in the manufacture of parts that
require high precision and structural strength.

4.2.2. Estimation of production time

To estimate the production time, an averaging method was applied, considering
different combinations of printers, materials and technological environment. The
analysis showed that the handle of the PNM-1K is manufactured in the shortest time
both with FDM printing — an average of 70 minutes (Fig. 4.8) and with CNC
machining — an average of 76 minutes (Fig. 4.9 and 4.10).

Bpeme 3a neyat (M1H)
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=
-
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N Kanax Kopnyc PrroxBaTha Dradparma

Fig. 4.8. Time for 3D printing of individual components of the PHM-1x, manufactured using
FDM technology.
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Fig. 4.9. CNC machining time of individual components of PNM-1k, manufactured using Mazak
SmoothTech — from a blank.
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Fig. 4.10. CNC machining time of individual components of PNM-1k, manufactured using
Mazak SmoothTech — from castings.

These results confirm that the choice of technology and type of workpiece have
a significant impact on production time, with the additive method being faster for
small and complex geometries, and the subtractive method being faster for larger
series and metal elements.
4.3. Algorithm for selecting innovative technology in the manufacture of parts
Algorithm presented in Fig. 4.11 serves as a basis for deciding on the choice
between additive technologies (3D printing) and machining with CNC machines,
depending on the geometry, functions and critical areas of the respective element.
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Fig. 4.11. Algorithm for selecting parts for manufacturing using innovative 3D (FDM) and
CNC machines.

4.4. Application in specific repair situations Conclusions to chapter four

1. Innovative technologies — 3D printing (FDM) and CNC machining — are
establishing themselves as an effective alternative to traditional logistics networks for
spare parts.

2. In conditions of limited access or high cost of original components, the
application of 3D printing and CNC machining in military conditions provides an
economically advantageous and operationally flexible solution.

3. CNC machining allows the use of various metals and polymers, while in
additive manufacturing the selection of appropriate filaments and composites
increases efficiency and reduces costs along the logistics chain.

4. The algorithm for selecting and manufacturing parts using innovative
technologies offers structured and reliable management of the repair process.
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Conclusion to Chapter Four:

The combined use of 3D printing and CNC machining transforms traditional
repair and restoration activities in the conditions of military and crisis logistics.
Experiments and analyses prove a reduction in production time, a reduction in costs
and an increase in the autonomy of repair formations. The integration of these
technologies provides critical advantages in unscheduled repairs and outlines
prospects for their future implementation as part of the strategic concept for
maintenance and sustainability of the armed forces.

General conclusions:

1. The dissertation work has carried out an in-depth analysis of the technical
maintenance and repair systems in the armed forces of Bulgaria and NATO member
states, identifying the main challenges and limitations.

2. The need for integration of modern manufacturing technologies — 3D printing
and CNC machining — to increase the capacity for unscheduled repairs and reduce the
time for restoring equipment is substantiated.

3. A comprehensive technological process has been developed for the restoration
of fuel system components through CAD modeling, simulations, 3D printing and
CNC machining.

4. 1t has been experimentally proven that 3D printed parts from PETG and CNC
machined elements from Alloy 4010 (AlSi7Mg) can successfully replace original
parts under certain operating conditions.

5. Specific opportunities for implementing innovative technologies in repair
formations at tactical and operational levels are proposed, including the creation of a
CAD/CAM database, the use of FDM printers in field conditions, and the
implementation of CNC centers and SLA/SLS systems in stationary structures. The
combination of 3D printing and CNC processing, combined with personnel
qualification and automation, leads to a significant increase in the repair capacity and
resilience of the armed forces.

3. SCIENTIFIC-APPLIED AND APPLIED CONTRIBUTIONS

3.1. Scientific-applied contributions

1. A technological sequence for emergency repairs through local production
has been developed, applicable in the formations of the Bulgarian Army.

2. The applicability of high-strength polymers and metal alloys for spare parts
subjected to loads typical of armored vehicles has been experimentally proven.

3. A methodology for integrating additive and subtractive manufacturing in
repair and maintenance systems has been created, based on an assessment of
resources and operational requirements.
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4. Criteria for assessing the economic efficiency of implementing modern
production technologies in military repairs have been formulated.

3.2. Applied contributions

1. The strength characteristics of the manufactured elements have been
determined using CAD/CAM software, in accordance with the design and operational
requirements.

2. A virtual 3D model of the fuel injection pump PHM-1K has been created,
validated through strength simulations and applied in experimental restoration of
damaged components.

3. A comprehensive practical process for the production and analysis of
components using FDM printing and CNC machining has been implemented, proving
the technological applicability of the methods in field conditions.

4. Conditions and parameters have been formulated under which modern
technologies can reliably replace traditional methods for repairing weapons and
equipment.
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ABSTRACT

The dissertation explores the potential for enhancing the capacity of
unscheduled field repairs through the integration of modern manufacturing
technologies. The focus is placed on the application of 3D printing and CNC
machining for the production and restoration of critical military equipment
components. A comprehensive technological process has been developed — from
CAD modeling and simulations, through prototyping and mechanical machining, to
the experimental validation of the manufactured parts. The experimental results
demonstrate that 3D-printed components made of PETG and CNC-machined
elements from aluminum alloy can successfully replace original parts under specific
operational conditions.

Practical guidelines are proposed for implementing these technologies at both
tactical and operational levels, including the creation of a CAD/CAM database, the
use of FDM printers in field conditions, and the integration of CNC centers and
SLA/SLS systems in stationary facilities. The combination of 3D printing and CNC
machining, supported by personnel training and automation, has been proven to
increase the efficiency of repair activities and the resilience of the armed forces.
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