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JucepTtaniioHHUS TPy € 00CHJIEH U HACPOUEH 3a 3alllUTa OT KaTeJpPEH ChBET Ha
Kareapa ,,YIpaBiieHHe Ha pecypcu U TexHonorun” oT HBY | ,Bacui JleBckn” rp. Bennko

TwpHOBO, MpoBeaeH Ha 21.03.2024 r.

Homepata Ha rmaBuTe, TOYKHTE M TOATOYKUTE, HOMEpaTra Ha (QUIypHUTE,
TabnuuuTe U GopMmynuTe B aBTopedepaTa CbOTBETCTBAT HA TE€3U OT OCHOBHHUS TEKCT Ha

JTUcepTanusTa.

JoxropantsT pabotu BbB HBY ,Bacun JleBcku u e 3auucieH B KaTenapa
,» Y TIPABJICHHUE HA PECYPCH U TeXHOJIOrUU * ipu Pakynrer ,,JIoOrucTrka u TEXHOJIOTUU * Ha

HBY ,,Bacun JIeBcku* Ha camocTosATeIHa NOATOTOBKA. M3ciienBaHusATa ca U3BBPILICHU B

HBY ,,Bacun JleBcku®.

3ammTaTa Ha AUCEPTALMOHHUA TPy e ce cbecTou Ha 29.05.2024 r. ot 11:00 u.

B 3ana 2220 na HBY ,.Bacui JIeBcku®.

Marepuanure no 3amurara ca Ha pa3noJIoKeHUE Ha nHTepecyBaure ce B HBY

,Bacuin JleBcku” rp. Benuko TbpHOBO.

Asmop: maiiop nnx. Hukonait [{lankos MBanoB

3acnasue: ,,I/I3CJ1€IIBaHe Ha Bb3MOKHOCTUTE 34 YCBBLPIICHCTBAHE HA IIOJABHKHUTE

PEMOHTHH CpeAcTBa BbB Bhopb:kenurte cuiiu Ha PenyOiimka busarapus”.

Tupaoic:5 6p.

Ilevamna 6aza na HBY ,, Bacun Jlescku”



OBIIIA XAPAKTEPUCTUKA HA TUCEPTALHUOHHUA TPY

bbp30TO ¥ AMHAMUYHO Pa3BUTHE HA MAIIMHOCTPOUTETHATA MPOMUIIUICHOCT Ha
0a3a pa3BUTHUETO HA TEXHOJOTUUTE U BHEAPSIBAHETO UM BbB BHOPHKEHHUETO U OoifHaTa
TEXHUKa Ch3/laBa YCJOBHUS 3a MOBHINIAaBaHe Ha OolHaTta UM edekTUBHOCT. B chlioTO
BpeME TOBa JMHAMUYHO PAa3BUTHE BOJU [0 BHb3HUKBAHETO Ha peauiia MpoOieMH OT
WKOHOMHWYECKH, TEXHUYECKH, MPOU3BOJICTBEHO-TEXHOJOTUYHH W YHCTO BOCHEH
XapaKkTep.

Pemennero Ha mo-rojsiMa 9acT OT NpoOeMHUTe € YHU(DUIIMPAHETO Ha BH3JIH,
arperaTu, amaparypu u cuctemu. llenu Ha yHudukanusra ca:

- OCHUT'ypsiBaHE Ha ONTUMAajHA TEXHUYECKA, TEXHOJIOTUYHA U EKCILI0aTallMOHHA
ChBMECTUMOCT;

- B3aUMO3aMEHSIEMOCT Ha BBOPHKEHHE U TEXHHKA C EJHOTHIIHA TaKaBa,
u3Mnoia3BaHa ot Bhopbxkenute cuiu (BC) na Peny6nuka boirapus (PB) a cbiio Taka u B
pamkuTe Ha OpraHu3anuara Ha ceBepHoaTiianTuueckus norosop (HATO);

- MoAOOpsiIBaHE YCIOBUATA 3a €KCIUIOATalus, CbXpaHEHUE, OOCIYy>KBaHE U
PEMOHT;

- Ch3llaBaHE Ha YCJIOBHMS 3a TIOJ3BaHE Ha TEXHUKA C TPaKIAHCKO
npenHa3HavYeHue 3a HykauTe Ha bbearapckara apmus (BA);

- Ch3/laBaHE Ha YCIOBUS 3a BHEJPSIBAaHE Ha aBTOMATU3UPAHH CHUCTEMHU 32
yIpaBJICHHE.

3HAYEHUETO Ha PEMOHTA U W3MOJI3BAHETO Ha MOJBUKHU PEMOHTHHU CPEJICTBA 3a
peniaBaHeTo Ha T€3U NPOOJIEMH:

3a Ta3u 1Eea € HEeoOXOAMMO Ja C€ M3BBPIIM 33aJbJI00YCHO aHAIU3UpPAHE U
U3CIIe/IBaHEe HAa CHhCTOSHUETO HAa CHINECTBYBAaIaTa CUCTEMa OT IMOJBUKHU PEMOHTHH
cpeactBa (ITPC) u Ha mnpakTHyeckata UM CHBMECTUMOCT MpPH MPOBEKIAHE Ha
MHOTOHAIIMOHAIHY YUYEHUS Ha TepuTopusaTa Ha PemmyOnuka briarapust v u3BbH Hesl, KAKTO
U TMPU y4yacTHE HAa KOHTHHIECHTHU OT BbOPBHKEHHUTE cuin Ha PemyOnmka bwarapus B
MHOT'OHAITMOHAIHU OTEpalliy Ha U U3BBH TEPUTOPUSITA CTpaHAaTa.

AKTYaJIHOCTTA Ha W3CJeABaHeTO ce oO0yciaaBs OT MNOoTpeOHOCTTa Ha
dbopmupoBaHus ot brarapckara apMus 3a IpuaoOUBaHe U MOJIBPKAHE HA ONPECICHU
ciocooHoct  BMeHeHHM ~ oT  Konctutymusara Ha  PenyOmmka — bowiarapus.
[IpecTpyKkTypupaHeTO Ha BBOPBHKEHUTE CUJIA U MOJECPHU3ALMUATA HA BHOPBKEHUETO U
TEXHUKAaTa, B KOHTEKCTa Ha YWiICHCTBOTO Ha Penmybnuka bearapus 8 HATO, nanara HoBu
M3UCKBAaHMS KM CIIOCOOHOCTUTE HA CUCTEMATA 3a MOAPHKKA U PEMOHT, B YACTHOCT Ha
noacucremara ot [IPC. Yuactuero Ha KOHTUHTEHTH OT bbirapckara apmusi CbBMECTHO
C KOUIMIIMOHHH MapTHHOPHU U ChIO3HUIIM, B CbBMECTHH YUCHHUS U OTIEpallM IO/ €ThaaTa



Ha HATO, EBpomnetickus cbpto3 1 OOH, chIo Hanara npuao0uBaHETO U MOJIbPKAHETO
Ha HOBH CIIOCOOHOCTH.

["open3nokeHOTO MoKa3Ba HEOOXOIUMOCTTa OT aHATU3UpaHe e(HEKTUBHOCTTA U
KaueCTBOTO Ha 00pa3lUTe TEXHUKA, HA BhOPBKEHHE B BA, W3rpaxkaaiy cucremara ot
ITPC, kakTo 1 onpeiesisiHE Ha Bb3MOXKHOCTH 3a YChBBPIIICHCTBAHETO HA Ta3U CUCTEMA.

Ha Ta3u 0a3a ca OIIPCACIICHU:

O0OexT Ha M3caeaBanero: CoiectByBamara cuctemara ot [1PC

IIpeamer: PeMonTHHTE Bb3MOKHOCTH HA [TPC Ha BhOpbKeHUE B BA.

Ilea: Ha 6a3a ananmza Ha Bb3MOxHOCTUTE Ha [IPC Ha BhOpbkeHue B BA u
TEXHUTE MUCUU U 3aJ1a4¥, OTYUTANKH CHIIO TaKa OPraHU3aIUATa HA TIOJIEBUTE PEMOHTH
B cTpanu uieHku Ha HATO, na ce u3cimenBat Bb3MOKHOCTUTE 3a YChbBBPIICHCTBAHE HA
cucremara ot [IPC Ha BbopbkeHHe B bA, upe3 npuiiarane HAa ”HOBaTUBHU TEXHOJIOTHH.

3a mocTUraHe Ha Ta3u S Cca MOCTAaBCHU 34 p€IIaBaHC CICIHUTC 3adaYM:

1. AHanu3 Ha CHCTEMHUTE 3a TEXHUYECKO OOCIy>)XKBaHE W PEMOHT Ha
OpoHeTaHKOBaTa W aBTOMOOWJIHaTa TexHuka. W3ciaeaBane Ha Bugosere [IPC,
CHEeUaIN3UPaHOTO UM 000pyABaHE, Bb3MOKHOCTUTE UM 32 U3BBPIIBAHE HA TEXHUYECKU
00CITy’BaHUS U TEKYLIH PEMOHTH;

2. WM3cnenBaHe W aHAIM3MpPAHE HA BB3MOKHOCTUTE 3a ABTOMATH3alMS HaA
UHXEeHEepHOTO npoekTupane cbe chBpemeHHu CAD/CAM/CAE cuctemu u u3nona3BaHe
Ha TEXHOJIOTUH 3a aIMTUBHO MPOU3BOJICTBO MPU NOAAPHKKa U peMOHT Ha BuT B BA.

3. CpaBHHUTEIICH aHAJIN3 HA PA3JIMYHUATE TEXHOJIOTMH 3a 3D npuHTHpaHE;

4. W3cineaBaHe W aHalIM3 Ha BB3MOXKHOCTHTE 3a IMOJAMSHA Ha JeTaliu,
MIPOU3BEACHU Upe3 KIACUUECKU TEXHOJOTUM C JIETAMIU, MPOU3BEICHU Ype3 TEXHOIOTHUS
3a aJIMTUBHO TTPOU3BO/ICTBO.

OrpannyeHud:

1. wu3cnenBaHe opraHu3alMsITa Ha PEMOHTHO-BB3CTAHOBUTENIHATA JCHHOCT,
peMoHTHHTE opranu u cucremara ot [IPC ot cberaBa Ha CyxombTHU BOMCKH OT BA.

Mertoau:
1. JeckpuntuBHO H3cneaBane Ha cuctemara ot [1PC.
2. AHKETHO MpPOYyYBaHe.

3. ExcnepuMeHTaIHHM POY4YBaHUA.



L. HAYYHO-ITPUJIOKHHU IPUHOCH

1. 3BbpiieH € aHaimM3 Ha TEKYLIOTO CbCTOsAHME Ha cuctemara ot [IPC Ha
BBOpPBKEHUE B bparapckara apmusi.

2. V3BbpuieH € aHanu3 Ha BB3MOXHOCTUTE 3a H3MOJI3BaHE HA TEXHOJOTMHUTE 32
aJIUTHBHO MPOU3BOJCTBO B BA.

II. MNPUIOXHHU IPUHOCH

1. VU3BbpuIEHO € eKCHEPTHO MPOYYBAHE OTHOCHO YCTAHOBSIBAaHE €(PEKTUBHOCTTA Ha
uznonssane Ha [IPC.

2. OnpeneneHn ca MEXaHWYHM XapaKTEPUCTHKMA HA Pa3IM4HU  MATEPHAIH
W3MNO0J3BaHU 32 QJWTHBHO MPOMU3BOJACTBO, IOCPEACTBOM EKCIEPUMEHTAIHO
M3CJIEABAHE.

3. U3cnenBana € Bb3MOXHOCTTA 32 MPOU3BOACTBO Ha ()YHKIIMOHATHO ChbBMECTUMU
JeTaliM, HEoOXOAMMM 32 BB3CTAHOBSABAHE MU PEMOHT Ha OOilHa TEXHUKA,
IOCPEJCTBOM aJIUTUBHU TEXHOJIOTUH, YPE3 EKCIIEPUMEHTAIHO U3CIIEABAHE.

4. U3pabotreno u otneyataHo Ha 3D mnpuHTEep, 3bOHO KOJENO OT MPUBOJAA 32
HacOYBaHE Ha BHOPBHKEHUETO Ha OolHa MamnHa Ha niexotara bBMII-1.

Huceptanmionnus Tpya cbabpka 130 crpanuiy (0CHOBHHAT TekeT oOxBama 105
CTpaHULIM, M3MOJ3BAaHE JMUTEpaTypa S5 CTpaHULUM W TpuioxkeHus 20 CTpaHUIM),
BKJIFOUUTENTHO 25 Ta0nuiu (ocHOBHUS TekcT 1 B mpuioxenus 24) u 40 durypu
(B ocHOBHUS TeKCT 38 B npuioxeHus 2). [{lutupanu ca 69 aureparypHu 1 HOpMaTUBHU
n3ToyHuka. [lo nucepranusita ca U3rorBeHu 2 Op. MyOJIMKaIIH.



CbABPXXKAHUE HA IMCEPTAIIMOHHUA TPY ]I

ITbPBA I'VIABA
CucreMHu 3a TeXHHYECKO 00CJIyKBAHE U PEMOHT.

1.1.0pranusupane Ha PeMOHTHO-Bb3CTAHOBUTE/JIHATA JIEiHOCT B ObJrapckara
apMusi.

1.2.AHanu3 Ha CHCTeMUTE 32 TEeXHHYeCKO O00CIyKBaHe U PEMOHT Ha
OpOHETAaHKOBATA M ABTOMOOMJIHATA TEXHUKA, u3cjaeaBane Ha BuaoBete IIPC,
CIEeHMAJTU3MPAHOTO UM 000pyIBaHe, Bb3MOKHOCTUTE UM 32 H3BbPLIBAHE HA
TEeXHUYECKH 00CIYKBAHUA U TEKYIIH PEMOHTH.

1.3.00ma xapaktepucTuka U kjacupukamusi Ha aedexture. TexHosornu Ha
BbH3CTAHOBSIBaHE Ha JeTailjnTe. MeToau HA BH3CTAHOBSIBAHE.

1.4.CbBpeMeHHN KOMNIOTHPHO MNOANOMATaHM TEXHOJIOTUM 3a [AU3aiiH U
U3padoTKa HA MAIIIUHHY eJIEMEHTH.

1.5.3B0au KbM 'bPBA IJIABA.

1.5.1. CLHIGCTBYB&HI&T& CHCTCMaA 3a 06CHY)KB3H€ U PCMOHT Ha BBOPBIKCHHUC U
TCXHHKA YaCTHUYHO OTTOBAPA HA HYXKIUTC HA apMUsTa, Thi KaTo BA ¢ B Imponec
Ha IIPCBBOPBHIKABAHC.

HoBute 06pa3u1/1 BbOPBXKCHUEC W TCXHUKA H3HMCKBAT Pa3jnydCH, OT
ChIOCCTBYBAIIWA, IIOAXO0A 3a MMOAAPBIKKA U PCMOHT.

1.5.2. Knacuueckute METOAM U TEXHOJIOTHMH, W3MOJ3BaHU 32 PEMOHT W
BB3CTAHOBSIBAHE U3IIPABHOCTTA HA BHOPBHKEHUETO U TEXHUKATA Ca BPEMEEMKH,
TPYJAOEMKH M EHEPrOEMKH, W H3WUCKBAT M3MOJI3BAHETO Ha CIEIUaTU3UpPaHU
ypead W HMHCTPYMEHT, KOHUTO OT CBOS CTpaHa WM3HUCKBAT TOJIsIM Opoi
BUCOKOKBAIM(HUITUPAH TTEPCOHAI.

1.5.3. NHOBaTMBHM TEXHOJOTWUH, KAaTO aJUTUBHOTO MPOU3BOJACTBO, INpeajarar
penieHus 3a Obp30 MPOU3BOJCTBO HA CTAaHAAPTHU U HECTAHJIAPTHU JIETANIIH C
OTHOCHUTEITHO MAJIKU KalUTaJIOBIOKEHHUS.



BTOPA I'JIABA

EdexTuBnoct Ha usnouassaune Ha I1PC.
2.1.IlpoyuBane epexkTuBHOCTTA Ha M3n0a3BaHe Ha [IPC Ha BbopbikeHUE BbB

BropbikenuTe CHIIN.

3a HyXIUT€ Ha JUCEPTAMOHHUS TPy U 3a pElIaBaHETO Ha MbpBa 3ajaya Oe
U3BBPIICHO EKCIEPTHO MPOYUYBAHE OTHOCHO €(PEKTUBHOCTTA M YECTOTATa HA U3MOJI3BaHE
Ha [IPC B moneBr M CTalMOHApHU YCJIOBHS. 3a Ta3W LEJ CE M3rOTBM AHKETHA KapTa
[Tpunoxxenune Ne 2.1. U3cnenBanu 0s1xa cnenupuuHuTe JEMHOCTH, KOUTO MOTrar 1a Obpaat
MU3BBPIIBAHU C Ha-pasnpocTpaneHute BunoBe [IPC, kakTo M crenuain3upaHoTo
obopyaBane B TiX. B npoyuBaneto 0sxa BkitodeHu cienuure [IPC: MTO-AT, MTO-BT,
MPC-AT, MPC-BT, MTO-80, MPC-80 u MPM. Orienkara € oOpazyBaHa 1o netodoajiHa
CHCTEMA 3a YECTOTA Ha U3BBPIIBAHUTE ONIEPALIMN U U3ITOJI3BAHETO HA CIIEIUAITM3UPAHOTO
o0opy/iBaHe, KaKTO CJIE/Ba:

HHUKOra

psanko: 1 1o 4 mpTH B roguHaTa

1

2

3. uyecro:1 10 4 mpTH B Mecena

4. wmHOro 4yecto: 1 10 4 IbTH B ceIMUIIATA
5

€KETHEBHO

[IpoyuBanero 0O¢ U3BBPIIEHO B HIKOIKO (HOPMUPOBAHMS OT ChCTaBa Ha
CyxoImbTHU BOWCKH, KaTo 3a 1eyta 0sxa n30paHu peMOHTHH (OPMHUPOBAHUS HA HUBO
B3BOJ, poTa W OaTtamboH. XopaTa, MONBJIHWIN aHKETHaTa KapTa ca Ha3HAYCHU Ha
JUTB>KHOCTH KaTO CMELMAIMCTU 1O peMOHT. OO0 6poii Ha nombJiHeHUTE aHKeTH € 80.

[TomyyenuTe pe3ystaTtu ca NpeaCcTaBeHH B IpauueH BUJ Ha JIBa MojJpasena 3a
Bcako oT wm3cnenBanute [IPC. Bceska rpaduka oTpaszsiBa AajJieHUTE OTTOBOPH 3a
CTAIlMOHAPHU U TIOJICBH YCIIOBUSI.



2.1.3. MPC-AT
2.1.3.1.0nepauun u3pbpiBanu ¢ MPC-AT

N r1051€BU
B cranmoHapHHU

2,50
2,00
1,50
1,00
0,50
0,00

®@ur. 2.5. Onepanuu u3BbpiiBanu ¢ MPC-AT B noJieBU U CTallMOHAPHU YCIOBUS

Ha ¢urypa 2.5. ca mokazanu pe3yJaTaTUTe OT YeCTOTaTa Ha U3BBLPIIBAHUTE C
MPC-AT cnenuduyHu onepanuu:

1.1. [demoHTaxXHO-MOHTaXHU padotu; 1.2. 3aBappuHu pabdoTw;
1.3. KoutpomHo-perymupoBbunn; 1.4. JlmarHoCcTUYHM padboOTH;
1.5. Tomaponomemuu padotu; 1.6. IIbnHO pa3BpbUIaHE Ha
pabotunHumara; 1.7. YacTM4HO pa3BpbhIlaHe HA PaOOTHUIHHUIIATA,
1.8. JIpeOHu crienmanau (OOSHKUNCKH, TaMIICPCKU, IbPBOJCICKH,
TEHEKEIKUNCKH, 3apexIaII0-CMA30YHH, EJICKTPOTEXHUYECKH).

Pesynrarure ca monxydern Ha 6a3a OTTOBOPHUTE Ha 43 BOCHHOCTYXKEIIX 3aeMallu
CJIEIHUTE JUTb>KHOCTH:
- 3KB Ha B3BOJ 3a peMOHT Ha ATT;
- MEXaHUK-pPEeryJUpOBYHK;
- KO na otnenenu 3a pemont Ha ATT;
- KO na ornenenu 3a pemont Ha BTT;
- MJAJIIM TeXHUK N0 peMOHT Ha ATT;
- TeXHHUK 1o peMoHT Ha ATT;
Ot neitHOCTHTE, KOUTO MoraT na ObaaT u3BbpiiBanu ¢ MPC-AT, nHaili-uecto
M3BBPIIBAHUTE B MOJEBH YCIOBHS, BBIIPEKU MOCOYEHATa 4yecToTa — OT | 10 4 mbTH B
roJINHarTa, ca:



- JleMOHTa)XHO-MOHTaXHH padboTH;
- KOHTpOJIHO-peryImpoBbYHHY;

- JlmarHocTU4yHU paboTH;

- ToBaponogemuu paboTu;

- JlpeOHu crieruaiHu.

2.1.3.2./3nomn3BaHl  UHCTPYMEHTH, TMPUHAAJICKHOCTH U  00OpyABaHe
Ha MPC-AT

H r10;1€BU
B cranmoHapHU

2.1 22 2.3 24 2.5 2.6 2.7 2.8 2.9 2.10

®ur. 2.6. Yecrorara Ha U3MOA3BAHUTE UHCTPYMEHTH, ITPUHAIIEKHOCTH U
obopynsane Ha MPC-AT

Ha durypa 2.6. ca mokazaHu pe3yiaTaTHUTe OT YecToTaTra Ha HW3MOJ3BaHUTE
WHCTPYMEHTH, IPUHAJICKHOCTH U 00opyaBaHe Ha MPC-AT:
2.1. OGopynBane mnonemHo; 2.2. KaGemna wmpexa; 2.3. Ilpeca
xuapasinuHa; 2.4. Ilpubop 3a mpoBepka Ha el1. 00OpyABaHETO HA
aBromoOmia; 2.5. beH3uHoB enekrpoarperar; 2.6. Ei. raiikoBepr;
2.7. En. O6opmammua pwuHa; 2.8. En. mmupren; 2.9. Kpuk
xuapasiandeH; 2.10. AueTuiieHoB reseparop.

OT u3NOJ3BAaHUTE B TIOJIEBU YCIOBUSI WHCTPYMEHTH, MPUHAJICHKHOCTH H
obopynsane Ha MPC-AT, Haif-uecTo U3MOI3BaHH, BHIIPEKH MTOCOYEHATA YECTOTa — OT 1
70 4 IbTH B TOJAWHATA, Ca:

- Kpuk xunpasnnyeH;



- KabGenna mpexa;
- En. 6opmamuna ppuHa.

2.2.00001m1eHHEe HA JaHHHUTE OT aHKeTaTa.

N3non3Ban e metoabT Ha [lubpchbH (IMHEHHA Kopenalus) 3a OIpenesisHe Ha

KOPCIIAIIMOHHUAT KOG(i)I/IHI/IGHT r. cDOpM}’J’IaTa 3a U3YHUCIIABAHC HA 1" €:

r = Yizq (i=%).vi=¥) 2.1)
(TR T, 05
KbJIETO:
e n e OposAT Ha HAOJIIOJCHUATA B TAHHUTE,
e X;UY; Ca CbOTBETHO [-TUTE CTOMHOCTH HA TPOMEHIUBUTE X U Y,
e Xuy ca CpeIHUTE CTOMHOCTU HAa X U Y ChOTBETHO.

Crnen oOpaboTkaTra Ha JAHHUTE OT AaHKETUTE c€ 00001IMXa CIAETHUTE PE3YATaTH:

- bpoit ankeru no Bua Ha [IPC

Bup ITPC op.
MTO-AT 8
MTO-BT 6
MPC-AT 43
MPC-BT 32
MTO-80 3
MPC-80 2
MPM 1

Ot nmonmyueHust pe3yaTar e BuaHo, ue 3a padborunaunure MPC-AT u MPC-BT ca

Ja7ieHu Hail-MHOTO OTroBopu. CreoBaTeIHO0 0OEKTUBHOCTTA Ha TIOMYYEHUTE PE3yJITaTH

3a T€3U JIB€ paOOTHIIHUIIM 1IIe € Hal-rojsMa.
- bpoli ankeTupaHu 1o JIbKHOCT
JLTb)KHOCT op.
3aMECTHUK-KOMaHJMP HA B3BOJ 32 peMOHT Ha bTT
MEXAHUK-PETYIUPOBUHK
KOMaHJIMp Ha otxaeseHue 3a peMoHT Ha bTT
TE€XHHK 110 peMOHT Ha bTT
MJIAJIIIN TEXHUK 110 peMOHT Ha bTT 1
3aMECTHUK-KOMaHIup Ha B3BOJ 32 peMOHT Ha ATT
KOMaHIUp Ha OTnesieHue 3a peMoHT Ha ATT

o A~ O O K~
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TEXHUK N0 peMOHT Ha AT 19
MJIQJIIIHA TEXHUK IO peMOHT Ha AT 15
Upes u3BbpIlIBaHE HA KOPEJIAIIMOHEH aHau3 1€ ObJe U3CIIeIBAHO HAIMYUETO Ha
3aBUCHUMOCT MEXIY MIBAKHOCTTA U JIaJICHUTE OTTOBOPH.
- Bwun Ha BoCKOBaTa €IMHUIIA, B KOATO CIy’KaT aHKETUPAHUTE

Bun na BolickoBaTa eIMHHAIA op.
MexaHnu3upaHn 6aTajabL0H 17
TankoB 6aTaaboH 10
baTtanboH 3a TOrMCTUYHO OCUTYPSIBAHE 19
PemonTeH OaTanboH 34

Ypes Bua Ha BOWCKOBATa €IMHUIIA CE€ XapaKTepU3Upa BUIA HA EKCIJI0OATHpaHaTa
U peMOHTHpaHa TeXHHKA. J[aniu e TeXKO WM JIKO OpOHUpaHa, Jajdu € BEpIKHA WU
KOJIECHA.
- HuBo Ha BolickoBaTa €IMHUILIA, B KOSITO CITYXaT aHKETUPAHUTE

HwuBo Ha BoiickoBaTa enuHuIA op.
PeMoHTHa poTa/peMOHTEH B3BOJ 53
JloructuyHa poTa/peMOHTEH B3BOJ 27

Upe3 HUBOTO Ha BOMCKOBaTa €MHUIIA CE€ pa3rpaHUYaBaT PEMOHTHUTE OPTaHU IO
TOBa KaKBM PEMOHTH MOTaT Ja U3BbPIIBAT, TAXHATA CIOXKHOCT U MPOIBIKUTEITHOCT.

Otunraiiku (¢akra, ye npe3 mnocienuure 20 romuHu OpoOST HA YYEHHSTA U
MIOJIEBUTE 3aHSTHS U3BbH ITyHKTOBETE 3a MMOCTOSIHHA AUCJIOKAINS Ha (OpMUpOBaHUTA O
3HAYUTEITHO HaMaJIeH, KAKTO M CTaXbT HA TOMBIHUJINTE aHKETHATa OJlaHKa, MOXe Ja Ce
HaIlpaBH U3BOJIA, Y€ MOJYUYCHUTE Pe3yITaTH ca 00EKTUBHU. AKO ObJie yBeIUYEeH OposT Ha
MOJICBUTE YYEHUS M 3aHATUSA, 1€ CE€ YBEJIUYM NPOMOPIMOHATHO W 4YecToTara Ha
n3noisBane Ha [1IPC.

To3u W3BOJ, € HA OCHOBAa W3BBLPIICH KOpPEJAMOHEH aHaJIu3 Ha MOCOYEHUTE
OTTOBOPH CHPSIMO CTaX M JIIIBAKHOCT Ha aHKeTUpaHuTe. OT MOIyYEHUTE PE3YNITATU €
BUJIHO, Y€ HsAMA 3aBUCHUMOCT MEXIYy YECTOTaTa Ha W3BbPUIBAHHUTE OIEpaluu,
M3MOJI3BAHUTE WHCTPYMEHTH M TMPUHAIJIEKHOCTA OT CTaka M JJIBKHOCTTA Ha
AHKETUPAHUTE.

2.3.13B0AM KbM BTOPA IJIaBa
2.3.1. JlanHuTE OT U3BBPIICHOTO MNPOYYBAHE IIOKA3BAT, Y€ HE CE€ M3IMOJ3Ba
Makcumanaus kanaruteT Ha [TPC. Psiako ce n3nons3Bat 000pyABaHUTE B TAX
WHCTPYMEHTH U MPUHAIJICKHOCTH.
2.3.2. KopenanmoHHUs aHalu3 MOKa3Ba JIMIICAaTa Ha 3aBUCUMOCT MEXKIY CTaxa U
JUTHXKHOCTTa Ha aHKETUPAHUTE U MOCOUYECHHUTE OT TAX oTrroBopu. C apyru
JTyMU PSIZIKOTO U3BBPIIBAHE HA OTEpaIluy WM U3I0JI3BaHE Ha 000pyaBaHe
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HE ce AbJDKU Ha JurcaTa Ha onuT. [I[puynHa 3a ToBa Morar ja 0b/1at OT eHa
CTpaHa JUIICaTa Ha PE3EpPBHU YACTH, a OT JApyra Majkusi Opod MOJeBU
3aHSTHUSA, C YIaCTUETO HA TEXHUKA U JINYEH ChCTaB.

2.3.3. OcHOBHA TpUYMHA 3a HEMBIHOIEHHOTO wu3non3BaHe Ha [IPC e cumHO
orpaHu4eHusi Opoil Ha MOJIeBU 3aHATUS U yUeHHs B BA.

TPETA I'VIABA

Bb3mo:knocTu 3a moaepausupaune Ha I1PC.
3.1.TexHoyiorum 3a aAUTHBHO MPOU3BOICTBO.

3D meyar WM HAapuU4yaHO OUIE aJAWTUBHOTO NPOU3BOACTBO - Additive
manufacturing (AM) e koHcTpyHupaHeTro Ha TpuuaMmepeH obexkT or CAD moxen umu
muppoB 3D moxpen. Moxke na ce W3BBPIIM Ype3 Pa3IMYHU MPOIECH, MPU KOUTO
MaTepHaTbT CE OTJIara, CBbp3Ba WM BTBHP/ISIBA [10]] KOMITIOTHPEH KOHTPOJI. MaTeprairsT
(kaTo mIacTMacH, TEYHOCTH WJIM TPaxooOpa3HHU 3bpHA, KOUTO CE CIMBAT) ce J00aBs
OOHMKHOBEHO CJIOM IO CIOH.

XapakTepHo 3a Bcuuku 3D mpuHTEpH €, uye u3rpakaatr oOeKTU ¢ JA00aBsiHE Ha
MaTrepuai, KOeTo € IMMPOTHBOIIOJIOKEH IPOIleCc Ha MPHUHIIMIA Ha paboTa Ha MAIIUHUTE C
ugpoBo-nporpamuo ynpasienne (CNC), kbaeTo OOEKTHTE Cce€ TMOoJdy4yaBar Clief
OTHEMaHe Ha MaTepual.

KbM Hacrosiiiusi MOMEHT Hail-pa3nmpoCTpaHEHUTE TEXHOJIOTHU 3a aJUTHUBHO
npousBocTBO ca Crepeonutorpadus - Stereolithography (SLA), CenexkTuBHO J1a3epHO
cuHtepoBane - Selective laser sintering (SLS) u Moaenupane upe3 pa3TorneHo oTjiaraHe
- Fused deposition modelling (FDM).

3.1.1. Crepeonutorpadus (SLA)

Crepeonurorpadusta (SLA unu SL), durypa 3.1., uzBectHa omie karo ¢oro-
nmoJiMMepu3alis BbB BaHaTa € (opma Ha TexHosorus 3a 3D meuart. M3non3Bana ce 3a
Ch3JIlaBaHEC HA MOJICNIM, MPOTOTHUIH, KOMHS W MPOU3BOACTBEHU YacCTH CJOW TIO CIIOH.
TexHoMOTHATA M3T0J13BA (DOTOXMMHUYHH MPOIECH, Upe3 KOUTO CBETIMHATA Kapa XUMUYHHU
MOHOMEPH 1 OJINTOMEPH Ja C€ CBHP3BaT 3ae/IHO, 3a 1a 00pazyBar nojaumepu. Crieq KoeTo
TE3H MOJIMMEPHU U3TPAKIAT TPUUZMEPHO TBBPIO Ts10. CTepeonuTorpadusita MoxKe 1a ce
M3TOJ3Ba 3a Ch3/IaBaHE HA MPOTOTHUITH 32 MPOAYKTH B pa3paboTKa, METUIIMHCKU MOJICTTH
¥ KOMITIOTBPEH Xapyep, KaKTO ¥ B MHOTO JIPYTH TIPHIIOKECHUSI.
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®@ur. 3.1. 3D Mogaenupane upe3 crepeoauTorpadusi.

3.1.2. CenexkTuBHO Ja3epHO cuHTepoBaHe (SLS)

CenexkTuBHOTO JlazepHo cuHTepoBane (SLS), purypa 3.2., e TexHUKa 32 aIUTUBHO
npou3BoACcTBO (AM). TexHosorusTa M3M0J3Ba JIa3ep KaTO WM3TOYHUK Ha EHEPrus u
TOIJIMHA 3a CHHTEPOBAaHE Ha IMpaxooOpazeH Mmartepuay (OOMKHOBEHO HAWJIOHU WU
nonamuan). HacouBaiiku Jlazepa aBTOMAaTUYHO KbM TOYKH B TMPOCTPAHCTBOTO,
onpeneneHu ot 3D Mmojena, eHepruara pas3ramns MOBbPXHOCTHHUS CJIOW Ha Marepuala,
KaTo To OOBBp3Ba 3a€lHO, 3a Ja Cb3AajieTe coiujaHa cTpykrypa. [lomobHo e Ha
CeJIEKTHUBHOTO JlazepHo ToneHe (Selective laser melting — SLM). JIBeTe ca MHCTaHIIMKM HA
€Ha M ChIlla KOHIIEMIMs, HO CE€ pa3jiMyaBaT MO TeXHUYECKH aetaitnu. SLS (kakto u
Ipyrute cioMeHaTd AM TEXHUKH) € CPaBHUTEJIHO HOBA TEXHOJIOTHS, KOSTO JOCEra ce
M3M0J13Ba TJIABHO 32 ObP30 Ch37aBaHE HA MMPOTOTUIIH U 32 MPOU3BOJCTBO HA KOMIIOHEHTH
B MaTbk 00eM. [Ipon3BoiIcTBEHUTE BH3MOKHOCTH CE€ Pa3lIUpsBaT C MOJ0OPSBAHETO HA

KoMepcuan3anusaTa Ha AM TexHoJIorusTa.
SCANNER

@ur. 3.2. 3D MogenupaHe upe3 JJa3epHO CUHTEPOBAaHE
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3.1.3. Mopenupane uype3  pa3roneHo otrnarane (FDM),  nHapuudano
ome Tpou3BoACTBO upe3 pasramssHe Ha HUmKH (Fused Filament
Fabrication — FFF).

Mopenupane uype3 pas3TONEeHO oTjiaraHe (CbhC 3amazeHusi akpoHum FDM),
IPOU3BOJICTBOTO upe3 pazramnsne Ha HUulIKkU (FFF) n3BecTHO oliie kaTo mpou3BoOICTBO Ha
HUIIKK ChC cBOOOAHA opma, € mponec Ha 3D meuart, KOWTO M3MOI3Ba HEMpeKbCcHATa
HUIIKA OT TEPMOIUIACTUYEH MaTepuan HapeueH ¢uiaameHT. OunaMeHThT ce mojiaBa OT
rojisiMa Makapa fnpe3 JIBHKeIla ce, Harpsira eKCTpyJIepHa IJIaBa Ha IPUHTEPA U CE OTIara
cioi no cioi. OOMKHOBEHO rjaBara ce ABMKHU B JBE U3MEPEHUS, 3a Ja OTJIOKHU B €AHA
XOpHU30HTAIHA PAaBHUHA, UJIU €JIMH CJIOW, CJIEJT KOETO MOJENa UM IeJaTaliara riaBa ce
IIPEMECTBA BEPTUKAIHO, 3a J1a 3alI0YHE HOB CJIo. CKOpPOCTTa Ha IJ1aBaTa Ha EKCTpyAepa
ce KOHTpOJIMpa, Kora Ja CIpe W Jia 3all0YHE OTJaraHero, 3a Ja oOpa3yBa MpeKbCcHaTa
paBHUHA 0€3 MoyyaBaHe Ha U3TETJISTHUS HA HUIIKY (stringing) unu kaneHe (dribbling).
TepmunsT ,,IIpon3BOACTBO Upe3 pa3TansiHe HAa HUIIKU € MU3MHUCIEH OT WICHOBETE Ha
npoekta RepRap, 3a na nage akponum (FFF), koiTO € mpaBHO HEOTrpaHWYEH MpHU
M3I0JI3BAHETO MY.

EkcTpyaepute 3a npuHTEpH, U3MOI3BAIIN Ta3U TEXHOJIOTHS, UMAT CTYAEH Kpail 1
ropent kpal. CTyJ€HUAT Kpal U3IbpIIBAa MaTepralIa OT Makapa, KaTo M3MOJI3Ba BHPTAIIL
MOMEHT Ha 3bOHO KOJIEIO WM POJKa, U KOHTPOJUpA CKOPOCTTa HAa IOJIaBaHe Ha
¢duameHTa ¢ mToMoIITa Ha CTHIKOB BUTaren. CTyIeHUAT Kpait n30yTBa (hujiaMeHTa KbM
ropemusi kpau. [opemmsar kpaid ce CbCTOM OT HArpeBaTellHa Kamepa W Jro3a. B
HarpeBaTeliHaTa KaMepa ce pa3TorsiBa (puiamMeHTa, 3a Ja ce MpeBbpHE B TEUHOCT. ToBa
MO3BOJISIBA HAa PA3TONEHUs MaTepual Ja U3je3€ Mpe3 Majkara Jto3a 3a oOpa3yBaHe Ha
TBHHKA, JIETIKaBa BTEYHECHA HUIIKA OT MJIaCTMAaca, KOATO J1a CE€ MPUXBAHE KbM JIETJIOTO WIIH
Marepualia, KOMTo Beue € oTioeH. J[ro3aTa oOuKHOBEHO € ¢ quaMmetrbp Mexay 0,3 u 1,0
mm. M3noa3Bar ce pa3inyHu BUAOBE 03U U METOAW HA HArpsIBAHE B 3aBUCHUMOCT OT
MaTepuala, ¢ Koo 1me ce nedara. Ha ¢urypa 3.3. e npencraBena uzoopasureinHa cxema
Ha MaIlrHa paboTela Mo TEXHOJIOT U TA.
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®dwur. 3.3. FDM/FFF Texnonorus

1. Humka gunament, mogaBaHa KbM €KCTpyAepa.

2. 350HM KoJIeTa, KOHTPOJMPAITU MOJJABAHETO U U3IBPIIBAHETO HA (DUITaMEHTA.
3. HarpeBaten, koiTo pa3tans ¢puiamMeHTa.

4. Tro3a HaHacs11a MaTepual.

5. Hacnoen matepuai.

6. [TedatHo nerno.

7. Posika ¢ ¢punaMeHT.

3.2.A3rorBsiHe Ha AeTAaMJ Ype3 cUCTeMa 32 AIMTHBHO MPOU3BOACTBO.

3.2.1. H3cnensane Ha MmaTepuaiu u3noi3Band B FDM TexHonorusta 3a aiAMTUBHO
IPOU3BOJICTBO M M300p HAa MaTepual 3a n3paboTKa Ha JeTaiI.

3a HyXIMTE Ha TUCEPTAIMOHHOTO MPOYyYBAHE U 32 U3ITBIHEHUE HA TPeTa 3a/1a4a,
3a u3cienBane 0e n30paH MOEN Ha €BOJIBEHTHO 3b0HO KOJIENIO C BHHIITHU MIPABU 3H0H.

3a HyXIMTe Ha poy4uBaHeTo Osxa n3dpanu punamentute ABS (akpusoHUTpHII-
oyranuen-ctupon), PETG (nomuerunen tepedranar mmkon) u PA CF (mommamun c
BBIVIEPOJIHU BJIAKHA).

Ot u3bpanuTe Marepuanu ce u3padoTrxa MPOOHH Tejla C MPAaBOBI'BIHO CEUCHUE
Ha paborHaTa yacT. OT BCEKM MaTepHall ce oTredyaraxa o JBe ¢ mIbTHOCT oT 50% u oT
100% na 3ambiaBane. ChiuTe 0sxa MOAJIOKEHN HA U3MUTBAHE HA OM'BH.
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@®ur. 3.9. ['paduuen usrieq Ha pe3yaTaTUTE OT UMHUTBAHE HA OIBbH HA POOH OT
ABS u PETG

Ot nonydeHure pesyntatu € BuaHo, ue ¢unameHTbT PETG uma nmo moOpwu
SAKOCTHH XapakTepucTUKu oT uiuameHTsT ABS. [Ipyro BumHo oT rpaduxara e, ye
YCWJIMETO B TpaHullata Ha nposiauBane npu gmiameHTsT PETG e Manko mo-HUCKO OT
YCWIMETO B rpaHulaTa Ha paspymiaBane npu ¢unameHTsT ABS. OT ToBa MOxke ca ce
3aKiI0ud, ye npH ¢punameHThT ABS enacTuuHOoCTTa € MHOTO Majika, a mpu (priIaMeHThT
PETG me HacThnsaT HeoOpaTUMU W3MEHEHHUs B reOMETpHUsATa Ha JieTaiia 0e3 aa ce

paspyiy Ipu IpUOIU3UTEITHO €THAKBU YCUITHS.

C ornen Ha TOBa, Y€ MIPOU3BOAUTENS € U30pa 3aIBIXKBAHOTO 350HO KOJIEJIO, OT
MexaHuW3Ma 3a 3aBbpTaHe Ha Kynonara Ha BMII-1, na wu3nbiaHsABa U pois Ha
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,»TIpeAnazuTen’, 3a Marepual, OT KOWTo Ja Obae u3paboreH neraitna, Oe u30paH
¢unamentsT ABS.

3.2.2. Wnentudukamus Ha TCOMETPUUYHHUTE TapaMeTPH U Ch3/laBaHe Ha MOJICI B
cpenara Ha CAD monyn ,,SolidWorks™.

3.2.2.1. nenTudukanuss OCHOBHUTE T€OMETPUYHU pa3Mepu Ha 3b0HO KOJIEIIO
OT IIPMBO/Ia 32 HACOYBAHE HA BbOpBHKeHUETO Ha BMII-1.

W3non3Banu 0s1xa pe3epBHA 3H0HH KOJIENa, B3ETH OT (POPMUPOBAHHUE OT ChCTaBa
Ha CyXOmbTHH Bolcku. Ha d¢urypa 3.4. ca moka3aHW MOJCIIUTE, H3MOJI3BAHH 32

I/II[CHTH(I)I/IKaHI/ISI Ha TCOMCTPUYIHUTC PA3MCPH.
o Yl >

®@ur. 3.10. 3aaBmxBaHO 3H0HO KOJIEIO OT MEXaHU3Ma
3a 3aBbpTaHe Ha Kynosiata Ha BMII-111

B meTonukara 3a uaeHTUUKanus pa3MepuTe Ha 3b0HOTO KOJIENIO Ca U3IOJI3BaHU
CJIETHUTE OCHOBHU T€OMETPUYHUTE 3aBUCUMOCTH:
—  MOIyN — m,
— JIEJIUTEJIHA OKPBKHOCT — d;
— 'brua Ha npoduna Ha U3XOAHUSA KOHTYp — a = 20°
— PascrostHMETO MEXKAY AHOMMEHHH MPO(GUIN Ha IBa ChCETHU 3504,
M3MEPEHO M0 JIbra Ha JICJINTEIHATA OKPBKHOCT, C€ Hapuya “‘CThIKa’ Ha
3bOHOTO KOJIENO — p;
— Crbnka Ha 3allelBaHe — Pp;
— Opoii Ha 3p0UTE — Z;
— o0ma Hopmana — Wi (kbaero k € Opost Ha 0OXBaHATUTE 3H0H);
— Koe(uIMeHT Ha BUCOYMHHA MoauduKaIms Ha nmpoduiia Ha 360a — X;
3a uneHTUUKAMS Ha pa3MEpHUTe OsIX H3IMOI3BAHU CIECIHUTE TCOMETPUYHU
3aBUCHUMOCTHU:
O CThIIKaTa Ha 3allelBaHE Pp:
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» 4pe3 U3I0JI3BaHe Ha MOJYJa Ha 350HOTO KoJeso m 1o (opMynara:

=mTmcosa 3.1.)
Pp (

B ToBa ypaBHeHuUE cThIKAaTa U MOJIYIBT HE Ca U3BECTHU. TO3H METO
e ObJIe U3IMOJI3BaH 3a MocjeaBala mposepka!

» OrmpenensiHe Ha CTHIIKaTa Ha 3alenBaHe oT o0ma HopMana W o
dbopmymnara:

pp = Wi — Wiy (3.2.)

kbjieTo Wi e pascTossHueTo Mexay kK Ha Opoi 3p0M, U3MEPEHO IO
JenuTenHaTa OKpbKHOCT, Wi.; € pa3cTosiHueTo Mexay k-1 Ha Opoil

3H0U.
. m3mepeHo - Wy = 24,461 mm
. n3MepeHo - Wi.; = 14,944 mm

Or KbACTO I10JIy4aBaMC 3a CThIIKATA Ha 3allCIIBAHC!

pp = Wy — W,_1 = 24,461 — 14,944 = 9,517 mm

o Cren onpezensHe Ha CThIIKATa C€ OMPEEsl MOy Ha 3bOHOTO KOJIENO 10
dbopmynara:

m = pb/n cos a (3.3.)

Ot dopmyna 3.3. nmoxyyaBame:

_DPp _ 9,571
m ="/ cosq = /3,14 cos 20° = 3,24

Cnen mpoBepka B CTaHAApTUTE 32 MOAYJU Ha 3bOHM KoOJjena, Hai-

Oomm3kusT € 3,25 mm. [Ipuema ce, ye MOy TBT Ha 3LOHOTO KOJIEJO €
m = 3,25
o OrmpenensHe Ha JeNUTEHATA OKPHKHOCT d 4ype3 MoayJsia Ha 3b0HOTO

KOJIeso 1o opMyiara:

d=zm 3.4)

18



IIbnHara mociaenoBaTeIHOCT B H3YMCICHMATA HAa OCHOBHHTE reOMETpHUYIHN
pasMepu HE € OCHOBHA ICJII HA H3CJICABAHCTO. 3aroBa HE € HeO6XOI[I/IMO OAJI0CTHOTO
HU3IMHNCBAHE.

3.2.2.2.Cw3naBane Ha mojel B cpenata Ha CAD monyna ,,SolidWorks™.

Mertoaukara, o KosTo ce u3paboTuxa 3b0HUTE KoJieja Oe ciie/IHaTa:

— Cn3nasa ce HOB SolidWorks nokymeHT ot Buna ,, Part S ;

— W3non3Ba ce monyna ,, Equation *“ 3a BbBEK1aHE HA OCHOBHUTE 3aBUCUMOCTHU
MOJyJ1, Opoii 3601, BI'bJI Ha TPO(dUIIA HA U3XOAHUS KOHTYP U KOC(UIIUEHT Ha
KOpEeKIIUs Ha nmpoduiia Ha 35604,

e
— B cpenara 3a pabora ,,Sketch™ =" ce n3bupa paBHHHA, B KOSITO CE€ CKHUITHPA
OCHOBHHUSAT KOHTYP M CE€ Opa3MepsiBa — BbPXOBaTa OKPBKHOCT (fip diameter)
Ha 350HOTO Koneno ¢urypa 3.11., onpenenena mo gopmyrnara:

d,=[z+2(x+1)]m (3.5.)

- B cpenara 3a pabora Futures upes

Extruded

OytoHa Extrude #=: ce W3TETNSA CKHUIATa JI0
JKeJaHaTa MpoYrHAaTa JeTaina;

— OTtHOBO B cpenarta 3a pabora ,,Sketch*
ce u30bupa paBHHMHA, B KOATO, C IIOMOIITAa HA
WHCTPYMEHTUTE 32 CKHUIIMPAHE, C€ CKUIUpAT
OCTAHAJIUTE OCHOBHU T'€OMETPHUH Ha 3bOHOTO

KOJIeJI0O W KOHTypa Ha 3BOHHS NpOQuUI

tip diameter

Z{ze2(19)'m durypa 3.12

@ur. 3.11. BbpxoBa OKpbKHOCT

19



3a OIIPCACIIAHCTO Ha OCHOBHHTC I'COMCTPHH Ha HpO(i)I/IJ'Ia Ha 360a ca

u3noa3Banu Gopmynure 3.6., 3.7. u 3.8., KaKTO CleaBa:
d=mz (3.6.)

" JIeJINTEITHA OKPBKHOCT — d
reference diameter

" OCHOBHA OKPBXHOCT — d
pitch diameter

" [IETOBA OKPBXKHOCT — df
root diameter

®ur. 3.12. OdopmsiHe MexKTY3BONETO
Ha JIBa ChCEIHU 3b0a

dy =@M/, (3.7)
de =[z—2(1,25—x)]m (3.8.)

— B cpenmara 3a pabora Futures, upe3 OyTOHa % St ce pa3MHOKaBa
U3pA3BAHETO HA 3bOHMS PO 10 nojyyaBaHeTo Ha 23 360a — ¢wur. 3.13.;

Crnen n3paboTBaHETO HA 3LOHOTO KOJIEJ0 ce 0hopMuxa ABE 3bOHM KOJIesa, KOUTO
ca ¢ pa3IMyHU crocoOu Ha 3akpenBaHe. UepTekn Ha 3p0HUTE KoJiena ca MOKa3aHU B
[Tpunoxenue 3.1. u [Ipunoxenue 3.2.

Crnen okoH4YaTemHOTO OGOpPMSHE HA MOJeNa CHIIUAT CE 3alMucBa KaTo Qaiin ¢
pasmmmpenue Ha ¢aiina *.PRT; *.SLDPRT 3a na moxe na 0b1aT NpaBeHU KOPEKIINH, aKO
e HeoOxoanmo. CrenBa BTOpH 3amuc Ha ¢aiina, KaTo pa3lIupeHUeTo B KOETO CE 3amrcBa
e *.STL. ToBa e HE0OX0UMO 3a MOJTIyJ1a, C KOUTO MojieNa 1ie ObJe MOJArOTBEH 3a neyvar.
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[ Right Plane
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¥ éﬂ Boss-Extrudel
[ Sketch3
o Cut-Extrudel
[£] () Sketch4

Hl&idl CirPattern1

®@ur. 3.13. Pa3zmHokaBaHe U3psA3BaAHETO HA 3bOHUS PO

['enepupanu 6s1xa (aitnosere:
— EgD 1** SG m3.25 723 ¢ pa3mmpenus *.SLDPRT u *.STL;
— EqD 2™ SG m3.25 723 ¢ pasmmpenns * SLDPRT u *.STL.
C ToBa nportieca 1o ch3aaBane Ha 3D Mojen 6e 3aBbpIIICH.

3.2.3. W3paboTBane Ha MoJieN, Ch3aaeH B cpenara Ha CAD monyn
olidWorks™.

Bcekun npousBoauTen Ha 3D mnpuHTEpHM U3M0JI3BA KOHKPETEH MOAYJ, 34
noaroroska Ha 3D Mozenu, 3a neuat. [Ipumepu 3a TakbB copTyep ca:
— Cura, ot npousBoautens Ha 3D npuntepu UltiMaker;
— Simplify3D — cnemuanusupan codTyep 3a IJIOCTHHS TIPOIEC OT
M3TpaXKJaHe /10 ONTIeYaTBAHE,
— PrusaSlicer, ot mpousBoautens Ha 3D npuntepu Prusa3D;
— CrealitySlicer, ot mpousoautesns Ha 3D npuntepu Creality;
— CreatWare, ot npousBoaurens Ha 3D npunrtepu CreatBot.

[IpuHTEpHT, M3MOJI3BAH 3a OTIEYATBAHE HA M3TOTBEHUTE MOJEIM Ha 3BOHO
koseno € CreatBot DX plus, npousBenen ot CreatBot. M3nonsanusar codryep 3a
MOATrOTOBKA Ha Mojiena 3a nevat € CreatWare V6.2.1.

[TogroroBkara ce U3BBHPIIM B CIEAHATA MOCIEI0BATEITHOCT:

— Craptupa ce cohtyepbT u ce uzdbupa daiina/daitopere, KouTo aa ObaAAT
MOATOTBEHU 3a neyar gurypa 3.14.;
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®ur. 3.14. Iloxroroska Ha 3D mMozena 3a reyar

— CodtyepbT pasmojara ¢ Majaimy OPO30OPLHH C MEHIOTAa, OT KOUTO CE€
ONPENEIIST Pa3IMYHN HACTPOUKHU HA Meyar:

o MW300p Ha KayecTBO Ha TeYar;

o M306op Ha MaTepuan, OT KOMTO 1€ ce OTIeYaTBa JeTaina;

o Codryepbr mpemsara BB3MOXKHOCT 32 MpPOMSHA Ha HACTPOUKHUTE, B
3aBUCUMOCT OT JKeJIaHUeTO Ha nmoTpedburens. TakuBa ca: BUCOYMHA HA CIIOS;
CKOpOCT Ha reuart; Ae0enuHa Ha CTeHaTa Ha JieTaiia (Opoi omucBaHUs Ha
BBHIITHUTE KOHTYpHM Ha JI€Taiijia); 3ambJiBaHE HA JIE€Tailjla B TMPOICHTH;
dopmMa Ha BBTpEIIHATa CTPYKTypa; WU3rpaxkiaaHe Ha MOJIbpKalila
CTPYKTypa, HeiHaTa (opMa W IUTBTHOCT; U3TpaxiaHE Ha MOJIONKKa 3a
CBBP3BaHE ¢ JIETJIOTO 32 feyar, popMa U MIbTHOCT Ha MOJI0KKATa; U JAp.

— Crnen u3bopa Ha KayecTBO, BUJA Ha (pUIaMEHTA M 3a/laBaHE Ha >KEJIaHU
JIOITBJTHUTETHN HACTPOWKH, C€ HaThcka OyToHa ,.slice”. C Ta3m KOMaHa, mporpamara
Hapsi3Ba JeTaliia Ha CJIOEBE, B 3aBUCUMOCT OT U30paHaTa My BUCOUMHA, OTTPEACIIS ,,TbTS
Ha JIBMKEHHWE Ha EKCTPY3WOHHATa TJlaBa, MOMEHTHUTE B KOWTO I 3allo4yBa M CIHpa
ekcTpy3usita Ha ¢unament. T.e. mporpamarta ch3/aBa BCUYKH KOMAaHIU, KOUTO IIE
yIpaBisiBaT NpPUHTEpPa 3a ISUIOCTHHS NPOLIEC Ha OTnedarBaHe Ha Jeraina. Cbe
3aBBPIIBAHETO HA TpOIleca Ha TOJrOTOBKA Ha JieTaiijia 3a mevaT ce reHepupa ¢aii c
pasmupenue *GCODE ¢wurypa 3.15.

Crnen u3BBpIIBaHE HA TIOJTOTOBKATa HA MOJEIa 3a mevaT, copTyephT mpeara
BHU3yaJIM3allMsl Ha LSUIOCTHUS MpoLiec Ha nevaT. Busyanu3zanusita no3BoJisiBa Mperiie]] Ha
BCEKHM €IUH CJIOM, KaKTO M ,, BT 10 KOHTO IIe ObJe OTIIOKEH. Ta3u BB3MOXKHOCT €
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3HAYUTEJIEH ILII0C, 3all0TO MOrar ja ObAaT BUAECHU HEJOCTAThIM B MOATrOTOBKAaTa Ha
Mojieia ¥ TAXHOTO OTCTpPaHsBaHE.

Benuwx renepupan (haiabt He MOXke Aa Obae u3MeHsH. [Ipu HeoOXoauMocT OT
MpOMsIHA Ha HACTPOMKHWTE 3a MeyaT ce MOBTaps IMpoleca Mo MOAroTOBKa Ha MoOJena C
1300p Ha JKeJTaHUTE HACTPOUKH.
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®ur. 3.15. Ilpernen Ha mporeca Ha TIeYaT U EKCIOPT Ha (aitia ¢ KOMaHIU

3.2.5. EkcnepuMmeHTanHO U3cieBaHe PyHKIMOHAHATAa ChbBMECTUMOCT Ha
JETai1, u3pabOTEeH Ype3 CUcTeMa 3a aIUTUBHO IPOU3BOJCTBO.

3a 1menauTe Ha IUCEPTAIMOHHMS TPYJ CE MU3BBPIIN MPOBEpPKa (PYHKIIMOHAITHATA
CHBMECTHMOCT Ha JeTailnia, u3paboTeH B CHCTEMa 3a aJWTHBHO IPOU3BOJICTBO.
Cdopmupana 6e paboTHa KOMHUCHS C II€JT YCTAHOBSBAHE Jalld M3PA0OTEHUS JETAMI €
CHBMECTHM.

3a u3BbpILIECHATA OT KOMUCHSATA pabOTa ce ChCTaBU MPOTOKOII MpuitoxkeHue Ne 3.3.
KbM JUCEPTAIIIOHHUS TPY.

JIeHOCTH U3BBPILIECHU OT KOMHUCHUATA!

— JIEMOHTHpaHe Ha 3b0HOTO KOJIEJIO OT MPHUBO/IA 32 XOPU3OHTAIHO HACOUBaHE

Ha BhOpBKeHHeTo Ha BMII-1. [IeMoHTHpaHOTO 3HOHO KOJENO € HU3padOTEHO OT
TekcTosuT ¢urypa 3.16.;
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®@ur. 3.16. Busyainen orien Ha 350HUTE KOJIea

— BHU3YAJICH OIJIcA MW CpaBHsJABAHC Ha ACMOHTHPAHOTO 3b0HO KOJIETIO CBC

3p0HOTO KOJIENI0, U3paboTeHO Ype3 oTneyaTBane Ha 3D mpunTep durypa 3.17.;
i . G W

®@ur. 3.17. Busyanen oriies Ha 3b0HUTE KOJIeIa
— W3BBPIIU CE MOHTaX Ha U3pabOTEHOTO, Upe3 oTreuaTrBaHe Ha 3D mpunHTep,

3b0HO KOJIEJIO KbM MPHBOJIA 32 HacouBaHe ¢urypa 3.18.;
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®ur. 3.18. MoHTHUpaHE HA U3PAOOTEHO
ot ABS 3b0H0 K0JIETO

— TMpoBepka (PYHKIIMOHUPAHETO HA MOHTHUPAHOTO 3BOHO KOJIETIO dYpe3
3aBbpPTAHE Ha KyIOJIaTa C U3MOI3BaHe Ha PHYHUS MPUBO/I 32 HACOUBAHE;

— JIEMOHTaX U MOCIEABAI MOHTaXK HA OPUTHHAITHOTO 350HO KOJIENO.

[Topagu opraHM3aliOHHU 3aTPyJHEHUS HE CE€ U3BBPIIM TpOBEpKa Ha
(GYHKIIMOHUpPAHETO 4Ype3 eJNEeKTponpuBOAa 3a HacouBaHe. lIpemocraBeHara 3a
eKCIIepUMEHTa MallliHa He 6e 00opy/IBaHa C aKyMyJaTOpPHU OaTepuH.

B pesynTaT Ha u3BBpIIIEHATA TPOBEPKA O51Xa KOHCTATUPAHU CJIETHUTE (DAKTH:

— TIpU U3BBHPIIBAHE HA BU3YaJHHsI OTJIE]l CE€ YCTAHOBU pasiiMKa B pa3Mepa Ha
yenaTta Ha 360UTe, Ha 3bOHOTO KOJIEJIO CBAJICHO OT MAaIlIMHATA, U T€3W Ha OTIEYaTaHOTO
Ha 3D npuHTEp. 3aKIIOYEHHUETO €, Y€ pa3IuKaTa ce AbJKA HAa U3THHSIBAHE B Yellara Ha
3p0UTE BCIEACTBHE HAa HM3HOCBaHE OT pabora. Pasznuka B Apyrute pasmepu He Oe
YCTaHOBEHA;

— WU3BBpIIEH 0€ MOHTaXX Ha OTIEYaTaHOTO 3HOHO KOJEJIO W IPOBEpKa
(GYHKIIMOHUPAHETO MYy Ype3 M3MOJ3BaHe Ha PhYHMS MPHUBOJI 32 HACOUBAHE U 3aBbPTAaHE
Ha KynoziaTta Ha 90° o XOpHU30HTAIA;
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3.3.Bb3Mo0kHOCTH 32 YChbBbpLIeHCTBaHe U MofepHu3upane Ha [IPC upe3
BHE/JPSIBAaHE HA CHCTEeMA 32 aAUTHUBHO NPOU3BOJACTBO.

3HauYeHUETO Ha ayMara »MOJIePHU3AUA* e: HOBOBBBEJICHHE,
yCBBBPIIEHCTBAHE, MOI00PSIBAaHE 3a J]a OTTOBAPs Ha ChbBPEMEHHU U3MCKBAaHMS U HOpMH!

Bb3moxxHocTute 3a MoaepHu3anus Ha eano [1PC, cnopen 3HaueHreTo Ha iymara,
ca MHOro. AKo pasriefaMe Mo IIMPOK KPbI' OT acHeKTH, B KOMTO MOXe Jaa Obje
HanpaBeHa MOAEPHU3ALIMS, TO T€3U Bb3MOKHOCTH Ca MHOTO. AKO IO/ MOJICpHU3AIIUSA CE
uMa TIpeaBuj ,,lI000psBaHe TO TOBa MOXKE Ja 3HAYM MOJICpHU3HNpaHe Ha (yproHa, B
KOMTO ca MOMECTeHU 000pYyABaHE U MPUHAICKHOCTH, YpE3 MOAMSIHA C MMPOU3BEIEH 10
ChBPEMEHHH TEXHOJIOTHH, T.€. TOJ00psBaHe YCIIOBHATA 3a paboTa Ha eKuIaxka. Moxe na
ce MOAMEHAT CICIUAIN3UPAHOTO 0OOpy/IBaHE W arapaTd ChC ChbBPEMEHHHM TaKWBa, U
MHOTO JAPYTH.

Pazriexnaiiku 3Ha4€HUETO ,,HOBOBBBEJCHUE  TO TOBA O3HA4YaBa BHEAPSIBAHE Ha
Helo HoBo. HoBo, kaTo o0opyaBaHe, MM HOBO, KATO TEXHOJIOTHS.

Bb3MOXHO 11 € BHEApsiBaHE Ha cucTeMa 3a AM B MoJIBH>KHA paOOTUITHULIA?

OTroBOpbT Ha TO3U BBIPOC C€ KpUE B OCOOCHOCTUTE KAKTO HAa CHCTEMaTa, Taka u
Ha koHKkpeTHOTO [TPC. T.e. HeoOxoaUMO € Aa ce mpepasrieaaT KakTo pa3sHOBUIHOCTUTE
Ha TeXHOJIOTHHUTE 3a AM U crieruUIHUTE M3UCKBAHUS Ha BCSIKA €JHA OT TAX, TaKa ChIIO
U crienn(pUKUTE U TIpeHa3HAYCHUETO Ha pa3nuaHuTe Bujgose [1PC.

Pa3zmonoxxenneTo Ha oOOpyIBaHETO W B JABETEC PaOOTHIIHMIM IMOKa3Ba, 4ye MMa
HE00XOAMMOTO MPOCTPAHCTBO 3a BHEApsiBaHE Ha cuctema 3a AM. I[lpu HeoOXxoauMocT
MoraT Jia ObJaT HalmpaBEHU pa3MECTBAaHUA B 0OOPYJIBAaHETO 3a Ja CE€ OCUTYPH IOBEUe
MIPOCTPAHCTBO aKO BHEJAPSIBAHATA CUCTEMA € C MO-TOJIEMU radapuTH.

Bcuuku paboTWIHMIM pa3mnoJiarat ¢ 10 TpU U3TOUYHHMKA Ha €JIEKTPO3axpaHBaHE,
€IUH COOCTBEH — OCH3MHOB €JIEKTpoarperaT M JiBa BBHINHHM — JU3€JIOB arperar u
BB3MOKHOCT 32 MPUBBHP3BAHE KbM €JICKTPOIIPEHOCHA MPEKa.

Pasrinenanata MHOBAaTHUBHA TEXHOJOTHS 3a aJUTHBHO IMPOU3BOJICTBO, HEHMHUTE
BB3MOKHOCTH M HEMHOTO MPUJIOKEHUE TToKa3Bar, ue B eqHo [IPC e Bb3MOXKHO J1a ObJie
MHTETpUpaHa TaKkaBa CUCTEMA.

3.4.3B0M KbM TpPeTA IJIaBa

3.4.1. be3cniopeH (akT e, 4ye TEXHOJOTUUTE 32 AIUTUBHO MPOU3BOJICTBO HAMUPAT
BCE [0 IIMPOKO TNPWIOKEHHE B MAIIMHOCTPOCHETO, MEAUIMHATA,
CTPOUTEJICTBOTO, BOEHHATa NMPOMUIUIEHOCT U JIp. OT onuTa Ha 4yKIHUTE
apMHM € BHUJHO, Y€ OCHOBHMTE HAIlpaBJ€HUS 3a Mpuiarane Ha AM
TEXHOJIOTUUTE BbB BOEHHATa cdepa ca MPOU3BOJACTBOTO HAa PE3EPBHU YACTH
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3a PEMOHT HAa BbOPBHKEHUE U TEXHUKATA, U HU3TPAKIAHETO HA Crpaju B
IIOJIEBU YCJIOBUSL.

3.4.2. I3BbpIIBAHETO HA PEMOHTH, KAKTO B OOWHHU yCIIOBHS TaKa U B MUPHO BpEME
W3HCKBA CBOEBPEMEHHO CHaOIsBaHE C pe3epBHU yacTu. M3mos3BaHETO Ha
3D npunHTepH 3a U3paboTKa Ha TaKWBa YacTH B Cydyall Ha CIIEUIHA HYXJa,
1Ie CIEeCTU IEHHO BpeMe, 3aryO0eHo 10 JOTUCTUYHATa Bepura 3a cHab1siBaHe
U TIPOBEXKJaHEe Ha oOlIeCTBeHU Mopbuku. Crenudukara B KOHCTPYKIHSITA
Ha BOGHHATa TEXHUKa HE MO3BOJISIBA HA0ABSHETO HA PE3EPBHU YACTU OT
CBOOOJHUS Na3zap, a ce0ECTOMHOCTTA HAa €IMHUYHO MTPOU3BEICHU TaKMBA B
3aBOJICKM YCJIOBHS € IO-BHCOKA OT Ta3u Ha oTnedaranure ¢ 3D mpuHTep.
ToBa Ou 110BeNO A0 yBelMYaBaHE Ha €(PEKTUBHOCTTA U €(UKACHOCTTA Ha
M3BBPIIBAHUTE PEMOHTH W HAaMalsBaHE Ha pa3XOJUTE 3a JOCTaBKa M
CbXPaHCHUE B CKJIA/L.

3.4.3. ChuiecTByBa IIMPOKA ramMa OT MAaTepHAIA, KOUTO MOTaT J1a C€ U3I0JI3BaT B
AM texHosoruute. 3a FDM npunTepute, 4pe3 NOAXOIAIIN U3CICABAHUS
MoraT nAa ObJaT mnoa0paHW MaTepUaid C MOAXOMSIIM MEXaHUYHU
XapaKTEPUCTHUKU 32 U3pab0TBAaHE HA PA3IMYHU €JIEMEHTH U JIETalIu.

3.4.4. N3non3anero Ha 3D mpuHTepU BHB BOCHHATa O0JACT MO3BOJSBA Ja Ce
0oOXBaHE LEIMUS CHEKThP OT OMNEpalMd Ha BbOPBKEHUTE CUJIM, OT OOWHa
cpela M0 XyMaHWTapHa MOMOIN M OKa3BaHE Ha MOMOI Mpu OEJCTBUS U
aBapuu. C ToBa Morar ja ObJaT MOHMIKEHW Ha Pa3XOJHUTE MOAAPHKKA U
PEMOHT Ha TEXHHUKaTa OT €JHa CTpaHa, a OT JApyra /10 NOBHUIIABAHE Ha
cnocobHocTuTe Ha bbarapckara apmus.

ObIIIA U3BOAUN

1. EdekruBHoctra Ha wusnoia3BaHe Ha [IPC e 3HauuTenHO HamaseHa.
dakTopuTe, OKa3BalllM BIMSHUE BHPXY Hed ca MHOro. Hai-romsamo BiMsHUE OKa3Bat
JUIcaTa Ha PEe3epBHU YaCTH, MajKusi Opod MOJEBH 3aHATHUSA U YUEHUS, U OCTapsuIoTO
o0opy/iBaHe B TAX.

Cucremara 3a 00CITy>)kBaHE M PEMOHT Ha BbOPBKEHHETO U TEXHUKATa YACTUYHO
OTroBapsl Ha HYXAUTEe Ha apMmusita. BbBexkaaHeTo Ha HOBH OOpa3ld BbOPBHKEHUE U
TE€XHUKa Hajara HoBu u3nckBanus keM [1PC.

2. PeMoHTMTE B TOJIEBU YCJOBUS HajlaraT M3UCKBaHE 3a MOJIAbpP)KAHE Ha
3HAYUTEJIHU KOJIMYECTBA 3amacu OT PE3EpPBHM 4acT. JIMmcara Ha TakMBa MHOIO 4Y€CTO
HaJIara TbPCEHETO Ha Bb3MOXKHOCTH 32 TIXHOTO Bb3CTAHOBSIBAHE, @ B MHOTO OT CITyYauTe
TOBa € BPEMEHHO PEIICHHUE.
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Knacnueckure MEeTOM M TEXHOJOTHUHU 3a BH3CTAHOBSIBAHE M IPOU3BOICTBO HA
JeTaIM M3WCKBAT 3HAYMTENIEH OpOil BUCOKOKBaTU(UIIMPAH TEPCOHAT, MHOTO BpEME,
TPYIOEMKH U €HEPTOEMKH ca.

MHOBaTHBHHUTE KOMITIOTHPHO TOJIIOMAaraHy TEXHOJOTHH TPEJIaraT PErieHus 3a
OBp30 MPOU3BOJCTBO HA CTAaHAAPTHH M HECTAHMAPTHU JETAHIN C OTHOCHUTCIIHO MAaJIKO
KanuTajgoBjIoKeHre. Mznon3paneTo Ha 3D mpuHTEpH 3a M3pabOTKa Ha TaKMBA YacTH B
ClTy4ail Ha CIICIIHA HYX/1a, [IIe CIISCTH IICHHO BpPEMe, 3aryOCHO I10 JIOTUCTUYHATA BEpHUTa
3a cHaOIsIBaHe.

3. Ilpennaratr ce clieMHUTE BH3MOXKHOCTU 3a BHEJPSBAHE HA KOMITIOTHPHO
MOJIMIOMaraHy CUCTEMH 3a Mpou3BocTBO B [TPC:
- Ha PEMOHTHHUTE OPTraHU OT TAKTUYECKUTE HHUBA (PEMOHTEH B3BOJ) B
I[IPC 3a pemontr Ha AT w/mmu BT no aBe cuctemu 3a aAUTUBHO MPOU3BOJCTBO,
u3noi3Bamy TtexHosnorusita FDM. ToBa ce IbIKM Ha M3HCKBAHUATA OTHOCHO MAajbK
o0eM Ha PEeMOHTHUTE PAOOTH M KpaTKa MPOABIDKUTETHOCT HAa M3BBPIIBAHUTE OT TAX
PEMOHTH, HO Morart Jia ObJaT NOJMEHSIHH OTACIIHU JETANIH.
- Ha PEMOHTHUTE OpraHd OT OIEePATUBHO-TAKTUUYECKUTE HUBA
(pemonTtHa pota) B [IPC 3a pemont Ha AT, BT u AB 1o mect cuctemu 3a aJuTUBHO
MPOM3BOJICTBO, N3noJ3Bamy Texnonorusita FDM, SLA u SLS.
- HA PEMOHTHUTE OPTaHu OT ONEPATUBHO HUBO (PEMOHTEH OaTaJIbOH) B
ITPC 3a pemont Ha AT, BT, UT u AB u IIPC, o60opynBaHO 10 I€BET CUCTEMH 3a TUTUBHO
MPOU3BOACTBO M3mnon3Baiy Texnonorusta FDM, SLA u SLS, u 1o tpu cucremu CNC.
O6eMa ¥ TPOIBIKUTEITHOCTTA HAa U3BBPIIBAHUTE PEMOHTHHUTE Pa0OTH Ca IMO-TOJIEMHU.
Morat na ce U3BBPIIBAT OCHOBHU PEMOHTH Ha BB3JIM U arperar, 1 Bb3CTaHOBSIBAHE Ha
JETanIN.
bpos Ha cuctemute 3a All, Ha oTAEIHNUTE HUBA, CJIE/IBA 1A CE€ ONPEAEIH CIIe] TO-
3a1JI00YEHO MPOYYBAHE HA U3ITBIHSABAHUTE OT TSAX 3a/a4U.

I[TYBJIMKALINU 110 JUCEPTALIMOHHUA TPY ]

1. IBanoB HII, ,,AHanu3 edeKTUBHOCTTAa Ha MOJBHXHUTE PEMOHTHHU CPEJICTBA
n3noa3BaHu B bbirapckara apmus®, 'oauiiiHaTa yHUBEPCUTETCKA HayYHa KOH(DEPEHITUS
Ha HBY "B. Jlescku", UK HBY - B. JleBcku, 2019 roguna Benuko TspHOBO.

2. UBanoB HII, CrnupaonoB CA, T'mropoB I'b, ,,AHaiin3 Ha BB3MOXXHOCTHUTE 3a
u3non3Bane Ha 3D nmpuHTEpM BBHB BOCHHATA 00MacT, Hay4YHa KOH(EPEHITUS
,Jloructukara u obmectsenure cucreMu’ pespyapu 2021 roguna Benuko TbhpHOBO.

ABTOpedepaThT He ChabpKa Kiacuduiupana uHbopmarms.
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GENERAL CHARACTERISTICS OF THE DISSERTATION

The rapid and dynamic development of the mechanical engineering industry
based on the development of technologies and their implementation in armaments and
combat equipment creates conditions for increasing their combat effectiveness. At the
same time, this dynamic development leads to the emergence of a number of problems of
economic, technical, production-technological, and purely military nature.

The solution to most of the problems is the unification of units, aggregates,
apparatus, and systems. The objectives of unification are:

- ensuring optimum technical, technological, and operational compatibility.

- interchangeability of armaments and equipment with those of the same type
used by the armed forces of the Republic of Bulgaria (RB) and also within the North
Atlantic Treaty Organization (NATO);

- improving conditions for operation, storage, maintenance and repair;

- creating conditions for the use of civilian equipment for the needs of the
Bulgarian Army (BA);

- creating conditions for the introduction of automated management systems.

The importance of repair and the use of mobile repair tools to solve these
problems:

To this end, it is necessary to carry out a thorough analysis and study of the state
of the existing system of mobile workshops (MWs) and their practical compatibility in
the conduct of multinational exercises on the territory of the Republic of Bulgaria and
beyond, as well as in the participation of contingents of the Armed Forces of the Republic
of Bulgaria in multinational operations on and beyond the territory of the country.

The topicality of the research is conditioned by the need of the Bulgarian Army
formations to acquire and maintain certain capabilities ascribed by the Constitution of the
Republic of Bulgaria. The restructuring of the Armed Forces and the modernization of
the weapons and equipment, in the context of the membership of the Republic of Bulgaria
in NATO, imposes new requirements on the capabilities of the maintenance and repair
system, in particular, of the subsystem of the MWs. The participation of contingents of
the Bulgarian Army, together with coalition partners and allies, in joint exercises and
operations under the auspices of NATO, the European Union, and the United Nations,
also requires the acquisition and maintenance of new capabilities.

The foregoing demonstrates the need to analyze the effectiveness and quality of
the equipment models in service with the AF, which make up the MWs system, and to
identify opportunities for improving this system.



On this basis are defined:

Object of the study: the existing system of MWs

Subject: The repair capability of the MWs in service with the AF.

Purpose: Based on the analysis of the capabilities of the MWs in the AF and their
missions and tasks, also taking into account the organization of field repairs in NATO
member countries, to study the possibilities for improving the system of MWs in the AF
through the application of innovative technologies.

To achieve this goal, the following tasks have been set:

1. Analysis of maintenance and repair systems for armored and automotive
vehicles. Study of the types of MWs, their specialized equipment, and their capabilities
to perform maintenance and routine repairs;

2. Research and analysis of the possibilities for automation of engineering design
with modern CAD/CAM/CAE systems and use of additive manufacturing technologies
for maintenance and repair of armament and equipment in the Bulgarian Armed Forces.

3. Comparative analysis of different 3D printing technologies;

4. Research and analysis of the possibilities of replacing parts produced by
classical technologies with parts produced by additive manufacturing technology.

Limitations:

1. 1. Study of the organization of repair and restoration activities, repair workers,
and the MW system of the Army.

Methods:
1. Descriptive study of the MW system.
2. Questionnaire survey.

3. Experimental studies.
L. SCIENTIFIC AND APPLIED CONTRIBUTIONS

1. An analysis of the current status of the MW system in service in the Bulgarian
Army was carried out.

2. An analysis of the possibilities of using additive manufacturing technologies in BA
was carried out.



II. APPLIED CONTRIBUTIONS

1. An expert study was conducted to establish the effectiveness of the use of MWs.

2. Mechanical characteristics of various materials used for additive manufacturing
were determined by employing experimental research.

3. The possibility of producing functionally compatible details, necessary for the
restoration and repair of combat equipment, employing additive technologies, was
investigated through experimental research.

4. Made and 3D printed gear from the weapon guidance drive of a BMP-1 infantry
fighting vehicle.

The dissertation contains 130 pages (the main text covers 105 pages, reference
literature 5 pages, and appendices 20 pages), including 25 tables (the main text 1 in the
appendices 24) and 40 figures (in the main text 38 in the appendices 2). 69 literary and
normative sources are cited. According to the dissertation, 2 copies were prepared.
publications.



CONTENTS OF THE DISSERTATION

CHAPTER ONE
Maintenance and repair systems.

1.1.0rganization of repair and restoration activities in the Bulgarian army.

1.2.Analysis of systems for maintenance and repair of armored and automotive
equipment, the study of the types of MWs, their specialized equipment, their
possibilities for performing technical services, and current repairs.

1.3.General characteristics and classification of defects. Detail recovery
technologies. Recovery methods.

1.4.Modern computer-aided technologies for the design and manufacture of
machine elements.

1.5.Conclusions to the first chapter.

1.5.1. The existing system for service and repair of weapons and equipment partially
meets the needs of the army, as the BA is in the process of rearming.

New models of weapons and equipment require a different, than the existing,
approach to maintenance and repair.

1.5.2. The classic methods and technologies used to repair and restore the
serviceability of armaments and equipment are time-consuming, labor-
intensive, and energy-intensive, and require the use of specialized devices and
tools, which in turn require a large number of highly qualified personnel.

1.5.3. Innovative technologies, such as additive manufacturing, offer solutions for
rapid production of standard and non-standard parts with relatively small capital
investments.



SECOND CHAPTER
Efficiency of use of MWs.

2.1.Study of the effectiveness of the use of MWs in armaments in the Armed

Forces.

For the needs of the dissertation work and the solution of the first task, an expert
study was carried out regarding the effectiveness and frequency of use of PRS in field
and stationary conditions. For this purpose, a questionnaire was prepared, Appendix No.
2.1. The specific activities that can be performed with the most common types of MWs,
as well as the specialized equipment in them, were investigated. The following MWs were
included in the study: MTO-AT, MTO-BT, MRS-AT, MRS-BT, MTO-80, MRS-80 and
MRM. The assessment is based on a five-point system for the frequency of operations
performed and the use of specialized equipment, as follows:

never
rarely: 1 to 4 times a year
often: 1 to 4 times a month

very often: 1 to 4 times a week

A

daily

The study was carried out in several formations of the Ground Forces, and repair
formations at the platoon, company, and battalion level were selected for this purpose.
The people who filled out the questionnaire were appointed to positions as repair
specialists. The total number of completed surveys is 80.

The obtained results are presented graphically in two sub-sections for each of the
investigated MWs. Each graph reflects the responses given for stationary and field
conditions.



2.1.3. MRS-AT
2.1.3.1.Operations performed with MRS-AT
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Fig. 2.5. Operations performed with MRS-AT in field and stationary conditions

In figure 2.5. the results of the frequency of specific operations performed with

MRS-AT are shown:

1.1. Dismantling and assembly works; 1.2. Welding works;
1.3. Control and regulation; 1.4. Diagnostic works; 1.5. Lifting
works; 1.6. Full deployment of the workshop; 1.7. Partial
deployment of the workshop; 1.8. Small special (painting,
upholstery, carpentry, tinsmithing, charging-lubricating,
electrotechnical).

The results were obtained based on the answers of 43 military personnel holding

the following positions:

deputy platoon commander of the ATT repair platoon;
mechanic;
ATT repair squad commander;
BTT repair squad commander;
Junior ATT repair technician;
ATT repair technician;
Of the activities that can be performed with MRS-AT, the most frequently

performed in field conditions, despite the indicated frequency — from 1 to 4 times a year,

are:



- Dismantling and assembly works;
- Control and regulation;

- Diagnostic works;

- Lifting works;

- Small specials.

2.1.3.2.Used tools, accessories and equipment of MRS-AT
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®@ur. 2.6. Frequency of MRS-AT tools, accessories and equipment used

In figure 2.6. the results of the frequency of used tools, accessories and equipment
of MRS-AT are shown:
2.1. Lifting equipment; 2.2. Cable network; 2.3. Hydraulic press;
2.4. Device for checking the electrical equipment of the car;
2.5. Gasoline power unit; 2.6. El. wrench; 2.7. El. manual drill;
2.8. El. emery board; 2.9. Jack Hydraulic; 2.10. Acetylene generator.

Of the tools, accessories, and equipment of MRS-AT used in field conditions, the
most frequently used, despite the indicated frequency — from 1 to 4 times a year, are:
- Jack hydraulic;
- Cable network;
- Electric hand drill.



2.2.Summary of survey data.

The Pearson method (linear correlation) was used to determine the correlation
coefficient ». The formula for calculating r is:

r = Zi=1(xi_f)-(yi_37) (2.1.)
(TR, 05
where:
o n 1s the number of observations in the data,

e x;andy; are the i-th values of the variables X and Y,
e Xuy are average values of X and Y respectively.

After processing the survey data, the following results were summarized:
- Number of surveys by type of MWs

Type of MWs no.
MTO-AT 8
MTO-BT 6
MRS-AT 43
MRS-BT 32
MTO-80 3
MRS-80 2
MRM 1

From the obtained result, it is clear that the MRS-AT and MRS-BT workshops
received the most answers. Therefore, the objectivity of the results obtained for these two
workshops will be the greatest.

- Number of respondents by position
Position no.
deputy commander of a BTT repair platoon
Mechanic
squad leader of the BTT repair squad
BTT repair technician
junior BTT repair technician 1
deputy commander of the ATT repair platoon
squad leader of the ATT repair squad
AT repair technician 19

© A~ O O K~

Junior auto repair technician 15
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By performing a correlation analysis, the existence of a relationship between the
position and the given answers will be investigated.
- Type of the military unit in which the respondents serve

Type of military unit no.
Mechanized Battalion 17
Tank battalion 10
Logistics Support Battalion 19
Repair Battalion 34

The type of the operated and repaired equipment is characterized by the type of
the military unit. If it is heavily or lightly armored, is it tracked or wheeled.
- Level of the military unit in which the respondents serve

Troop level no.
Repair company/repair platoon 53
Logistics Company/Repair Platoon 27

By the level of the military unit, the repair bodies are distinguished by what repairs
they can perform, their complexity, and their duration.

Taking into account the fact that over the last 20 years, the number of exercises
and field exercises outside the permanent deployment points of the formations was
significantly reduced, as well as the seniority of those who filled out the questionnaire, it
can be concluded that the obtained results are objective. If the number of field exercises
and classes is increased, the frequency of use of PSC will increase proportionally.

This conclusion is based on a correlation analysis of the given answers in relation
to the seniority and position of the respondents. From the obtained results, it is clear that
there is no dependence between the frequency of the performed operations, the tools and
accessories used, from the experience, and the position of the respondents.

2.3.Conclusions to Chapter Two

2.3.1. The data from the conducted study show that the maximum capacity of the
PSC is not being used. The tools and accessories equipped with them are
rarely used.

2.3.2. The correlation analysis shows the lack of dependence between the
experience and position of the respondents and the answers given by them.
In other words, rarely performing operations or using equipment is not due
to lack of experience. The reason for this can be, on the one hand, the lack
of spare parts, and on the other hand, the small number of field exercises,
with the participation of equipment and personnel.

2.3.3. The main reason for the insufficient use of the PRS is the very limited
number of field classes and exercises in BA.

11



CHAPTER THREE

Possibilities for the modernization of the MWs.
3.1.Technologies for additive manufacturing.

3D printing or additive manufacturing (AM) is the construction of a three-
dimensional object from a CAD model or digital 3D model. It can be done by various
processes where the material is deposited, bonded, or solidified under computer control.
The material (such as plastics, liquids, or powdery grains that fuse) is usually added layer
by layer.

A characteristic of all 3D printers is that they build objects by adding material,
which is the opposite process of how CNC machines work, where objects are obtained by
subtracting material.

Currently, the most common technologies for additive manufacturing are
Stereolithography (SLA), Selective laser sintering (SLS), and Fused deposition modeling
(FDM).

3.1.1. Stereolithography (SLA)

Stereolithography (SLA or SL), Figure 3.1., also known as bath photo-
polymerization is a form of 3D printing technology. Used to create models, prototypes,
replicas, and production parts layer by layer. The technology uses photochemical
processes by which light causes chemical monomers and oligomers to bond together to
form polymers. These polymers then form a three-dimensional solid. Stereolithography
can be used to create prototypes for products in development, medical models, and
computer hardware, as well as in many other applications.

Computer
=== control |---
system

Laser

scanner
N

N

U P -

Liquid
material

Z stage

3D object

—

Fig. 3.1. 3D Modeling by Stereolithography.
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3.1.2. Selective Laser Sintering (SLS)

Selective laser sintering (SLS), Figure 3.2., is an additive manufacturing (AM)
technique. The technology uses a laser as a source of energy and heat to sinter a powdered
material (typically nylons or polyamides). Directing the laser automatically to points in
space determined by the 3D model, the energy melts the surface layer of the material,
binding it together to create a solid structure. It is similar to selective laser melting
(Selective laser melting - SLM). The two are instances of the same concept but differ in
technical details. SLS (like the other AM techniques mentioned) is a relatively new
technology that has so far been mainly used for rapid prototyping and low-volume
component production. Manufacturing capabilities are expanding as the

commercialization of AM technology improves.
SCANNER

Fig. 3.2. 3D Modeling by laser sintering

3.1.3. Fused Deposition Modeling (FDM), also called Fused Filament Fabrication
(FFF).

Fused Deposition Modeling (with the reserved acronym FDM), fused filament
manufacturing (FFF) also known as freeform filament manufacturing, is a 3D printing
process that uses a continuous strand of a thermoplastic material called a filament. The
filament is fed from a large spool through the printer's moving, heated extruder head and
deposited layer by layer. Typically, the head moves in two dimensions to deposit in one
horizontal plane or one layer, and then the model or print head moves vertically to start a
new layer. The speed of the extruder head is controlled when to stop and start deposition
to form a discontinuous plane without getting stringing or dribbling. The term
"Manufacture by melting filaments" was coined by members of the RepRap project to
give an acronym (FFF) that is legally unrestricted in its use.

13



Extruders for printers using this technology have a cold end and a hot end. The
cold end pulls the material from a spool using gear or roller torque and controls the
filament feed rate using a stepper motor. The cold end pushes the filament toward the hot
end. The hot end consists of a heating chamber and a nozzle. In the heating chamber, the
filament is melted to become a liquid. This allows the molten material to exit through the
small nozzle to form a thin, sticky liquefied strand of plastic that adheres to the bed or
material already deposited. The nozzle is usually between 0.3 and 1.0 mm in diameter.
Different types of nozzles and heating methods are used depending on the material to be
printed with. In Figure 3.3. a pictorial scheme of a machine working on the technology is
presented.

3

3. e >‘. *
M

4. @ > @

91

5. @& 4

5 . . —

Fig. 3.3. FDM/FFF technology
1. A strand of filament fed to the extruder.
2. Gears controlling filament feed and pull.
3. A heater that melts the filament.
4. Nozzle applying material.
5. Layered material.
6. Printed bed.
7. Filament roll.
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3.2.Making a part using an additive manufacturing system.

3.2.1. Research of materials used in FDM technology for additive manufacturing
and selection of material for manufacturing a part.

For the needs of the dissertation study and to fulfill the third task, a model of an
involute gear wheel with external straight teeth was selected for research.

ABS (acrylonitrile-butadiene-styrene), PETG (polyethylene terephthalate glycol),
and PA CF (carbon fiber polyamide) filaments were selected for the study.

Test bodies with a rectangular section of the working part were made from the
selected materials. Two of each material were printed at 50% and 100% fill density. They

were subjected to a tensile test.
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Fig. 3.9. Graphical view of tensile test results of ABS and PETG samples
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From the obtained results it is evident that the PETG filament has better strength
characteristics than the ABS filament. Also apparent from the graph is that the yield
strength of the PETG filament is slightly lower than the breaking strength of the ABS
filament. From this, it can be concluded that with the ABS filament, the elasticity is very
small, and with the PETG filament, irreversible changes will occur in the geometry of the
part without breaking at approximately the same effort.

Because of the fact that the manufacturer chose the driven gear, from the turret
rotation mechanism of the BMP-1, to also perform the role of a "protector", ABS filament
was chosen as the material from which to make the part.

3.2.2. Identification of geometric parameters and creation of a model in the
environment of CAD module ,,SolidWorks”.

3.2.2.1.Identification of the main geometric dimensions of a gear wheel from
the BMP-1 weapon guidance drive.

Spare gears taken from a ground troop formation were used. In Figure 3.4. the

models used to identify the geometric dimensions are

shown.
j . ¥ -

1

Fig. 3.10. Driven gear from the turret rotation
mechanism of the BMP-1P

In the methodology for identifying the dimensions of the gear wheel, the
following basic geometric dependencies are used:
— module — m;
— reference circle — d;
— Profile angle of the output contour — a = 20°
— The distance between profiles of the same name on two adjacent teeth,
measured along the arc of the reference circle, is called the "pitch" of the

gear — p;
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Engagement step — ps;

number of teeth — z;

general normal — W (where k e is the number of covered teeth);
height modification factor of the tooth profile — x;

The following geometric relationships were used to identify the dimensions:
o the engagement step ps:

» by using the gear module m by the formula:

Pp =T MCosa (3.1)

In this equation, the pitch and modulus are unknown. This method will
be used for subsequent verification!

» Determining the pitch of engagement from the general normal W by the
formula:

pr = Wi — Wiy (3.2.)

where Wy is the distance between k number of teeth measured on the
pitch circle, Wi.; is the distance between k-1 number of teeth.

. measured - W, = 24,461 mm

. measured - W.; = 14,944 mm

From where we get for the pitch step:

pp = Wy —Wy_1 = 24,461 — 14,944 = 9,517 mm

o After determining the step, the module of the gear wheel is determined by

the formula:

m = pb/n cos a (3.3.)

From formula 3.3. we get:

_DPp _ 9,571
m ="/ cosq = /3,14 cos 20° = 3,24

After checking in gear module standards, the closest is 3.25mm. The
gear assembly is assumed to be m = 3,25

17



o Determination of the pitch circle d by the module of the gear wheel by the
formula:

d=zm 3.4)

Complete consistency in the calculations of the basic geometric dimensions is not
the main goal of the study. Therefore, the complete write-up is not necessary.

3.2.2.2.Creating a model in the CAD module environment ,,SolidWorks”.

The method by which the gears were made was as follows:

— A new SolidWorks document of type ,, Part“ is created;

— The "Equation" module is used to enter the main dependencies module,
number of teeth, angle of the profile of the output contour, and correction
factor of the profile of the tooth;

==
— In the ,,Sketch™ =" working environment, a plane is selected in which the
main contour is sketched and dimensioned —tip diameter of the gear wheel
Figure 3.11., determined by the formula:

d,=[z+2(x+1)]m (3.5)

— In the Futures work environment, the

sketch is drawn to the desired part width using

@]
the Extrude == button,;

- Again in the ,Sketch® working
environment, a plane is selected in which,
using the sketching tools, the rest of the basic
gear geometries and the contour of the tooth

profile are sketched Figure 3.12.

tip diameter
Z(z+2(14+x))*m

Fig. 3.11. tip diameter
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To determine the basic geometries of the tooth profile, the following
formulas 3.6., 3.7. and 3.8. were used:
d=mz

» reference diameter — d

= pitch diameter — d,,

* root diameter — dy

Fig. 3.12. Interdental formation of two
adjacent teeth

d, = (d n)/m

de =[z—2(1,25—-x)]m

(3.6.)

(3.7))

(3.8.)

— Inthe Futures work environment, the button ' *# ==t~ multiplies the cutting

of the tooth profile until 23 teeth are obtained - fig. 3.13;
After the production of the gear wheel, two gear wheels were formed, which have
different fastening methods. Gear drawings are shown in Appendix 3.1. and Appendix

3.2.

After the final shaping of the model, it is saved as a file with the file extension
* PRT; *.SLDPRT so that corrections can be made if necessary. A second recording of
the file follows, and the extension in which it is recorded is *.STL. This is necessary for

the module with which the model will be prepared for printing.
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Fig. 3.13. Reproduction of the cut of the tooth profile

The files were generated:
— EgD 1** SG m3.25 723 with extensions *.SLDPRT u *.STL;
— EgD 2" SG m3.25 723 with extensions *.SLDPRT u *.STL.
With this, the process of creating a 3D model was completed.

3.2.3. Making a model created in the CAD module environment ,,SolidWorks.

Each 3D printer manufacturer uses a specific module to prepare 3D models for
printing. Examples of such software are: Examples of such software are:
— Cura, from 3D printer maker UltiMaker;
— Simplify3D — specialized software for the entire process from construction
to optical printing;
— PrusaSlicer, from 3D printer maker Prusa3D;
— CrealitySlicer, from 3D printer maker Creality;
— CreatWare, from 3D printer maker CreatBot.

The printer used to print the prepared gear models is CreatBot DX plus
manufactured by CreatBot. The software used to prepare the model for printing is
CreatWare V6.2.1.

The preparation was carried out in the following sequence:

— The software is launched and the file/files to be prepared for printing are
selected Figure 3.14.;
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Fig. 3.14. Preparing the 3D model for printing

— The software has drop-down menus from which various print settings can be
specified:

o Choice of print quality;

o Selection of material from which the part will be printed;

o The software offers the possibility to change the settings, depending on the
user's desire. These are layer height; printing speed; wall thickness of the
workpiece (number of descriptions of the external contours of the
workpiece); filling the detail in percentages; the shape of the internal
structure; construction of a supporting structure, its shape and density;
construction of a pad to connect to the print bed, shape and density of the
pad; and others.

— After choosing the quality, the type of filament, and setting the desired
additional settings, press the "slice" button. With this command, the program cuts the part
into layers, depending on its selected height, determines the "path" of movement of the
extrusion head, and the moments when it will start and stop the extrusion of the filament.
L.e. the program creates all the commands that will control the printer for the entire
process of printing the part. With the completion of the process of preparing the part for
printing, a file with the extension *GCODE is generated in Figure 3.15.

After preparing the model for printing, the software offers a visualization of the
entire printing process. The preview allows an overview of each layer, as well as the
"path" along which it will be deposited. This possibility is a significant plus because flaws
in the preparation of the model can be seen and eliminated.
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Once generated, the file cannot be modified. If it is necessary to change the print
settings, the model preparation process is repeated with the selection of the desired
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Fig. 3.15. Review the print process and export the command file

3.2.5. Experimental study of the functional compatibility of a part made using an
additive manufacturing system.

For the purposes of the dissertation work, the functional compatibility of the part
manufactured in an additive manufacturing system was checked. A working committee
was formed to establish whether the manufactured detail was compatible.

For the work carried out by the commission, a protocol was drawn up, appendix
No. 3.3. to the dissertation work.

Activities carried out by the committee:

— disassembly of the gear wheel from the drive for horizontal guidance of the
BMP-1 armament. The dismantled gear wheel is made of textolite Figure 3.16.;
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Fig. 3.16. Visual inspection of gears

— visual inspection and comparison of the dismantled gear with the gear made
by printing on a 3D printer figure 3.17.;

Fig. 3.17. Visual inspection of gears

— assembly of the manufactured, by printing a 3D printer, gear wheel to the

guidance drive figure 3.18.;
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@ur. 3.18. mounting a gear made of
ABS

— checking the operation of the mounted gear by rotating the turret using the
hand drive to guide;

— disassembly and subsequent assembly of the original gear.

Due to organizational difficulties, no function check was carried out via the
electric guidance drive. The machine provided for the experiment was not equipped with
rechargeable batteries.

As a result of the inspection, the following facts were established:

— when performing the visual inspection, a difference was found in the size of
the faces of the teeth, of the gear wheel removed from the machine, and those of the one
printed on a 3D printer. It is concluded that the difference is due to thinning of the tooth
faces due to work wear. No difference in other dimensions was found;

— assembly of the printed gear was performed and its operation was verified
by using the hand drive to point and rotate the turret 90° by horizontally;

3.3.Possibilities to improve and modernize the MWs by implementing an
additive manufacturing system.

The meaning of the word ''modernization' is innovation, improvement,
improvement to meet modern requirements and norms!
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The possibilities for modernization of a MWs, according to the meaning of the
word, are many. If we look at a wide range of aspects in which modernization can be
done, then these possibilities are many. If "improvement" is meant by modernization, then
this can mean modernization of the van, in which equipment and accessories are placed,
by replacing it with one manufactured according to modern technologies, i.e. improving
the working conditions of the crew. Specialized equipment and apparatus can be replaced
with modern ones and much more.

Looking at the meaning of 'innovation' it means the introduction of something
new. New, like equipment, or new, like technology.

Is it possible to implement an AM system in a mobile workshop?

The answer to this question lies in the peculiarities of both the system and the
specific MWs. Le. it is necessary to review both the varieties of AM technologies and the
specific requirements of each of them, as well as the specifics and purpose of different
types of MWs.

The layout of the equipment in both workshops shows that there is the necessary
space to implement an AM system. If necessary, relocations can be made in the equipment
to provide more space if the implemented system has larger dimensions.

All workshops have up to three sources of power supply, one own - gasoline
power unit and two external - diesel power units, and the possibility of connecting to a
power transmission network.

The reviewed innovative technology for additive manufacturing, its possibilities,
and its application show that it is possible to integrate such a system in MWs.

3.4.Conclusions to Chapter Three

3.4.1. It is an indisputable fact that additive manufacturing technologies are
increasingly being used in engineering, medicine, construction, the military
industry, etc. From the experience of foreign armies, it is clear that the main
directions for the application of AM technologies in the military sphere are
the production of spare parts for the repair of armaments and equipment, and
the construction of buildings in field conditions.

3.4.2. Carrying out repairs, both in combat conditions and in peacetime, requires a
timely supply of spare parts. Using 3D printers to make such parts in case of
urgent need will save valuable time lost along the supply chain and
procurement. The specifics in the construction of military equipment do not
allow the procurement of spare parts from the free market, and the cost price
of individually produced ones in factory conditions is higher than that of
those printed with a 3D printer. This would lead to an increase in the
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efficiency and effectiveness of the repairs carried out and a reduction in the
cost of delivery and storage in a warehouse.

3.4.3. There is a wide range of materials that can be used in AM technologies. For
FDM printers, through appropriate research, materials with suitable
mechanical properties can be selected to fabricate various elements and
details.

3.4.4. The use of 3D printers in the military field allows the entire spectrum of
operations of the armed forces to be covered, from the combat environment
to humanitarian aid and disaster and accident relief. With this, the costs of
maintenance and repair of equipment can be reduced on the one hand, and
the capabilities of the Bulgarian Army can be increased on the other.

GENERAL CONCLUSIONS

1. 1. The efficiency of the use of MWs is significantly reduced. There are many
factors influencing it. The biggest impact is the lack of spare parts, the small number of
field exercises and exercises, and the outdated equipment in them.

The system for service and repair of armaments and equipment partially meets the
needs of the army. The introduction of new types of weapons and equipment imposes new
requirements on the MWs.

2. 2. Repairs in the field require the maintenance of a significant stock of spare
parts. The lack of such often necessitates the search for opportunities for their restoration,
and in many cases, this is a temporary solution.

Classical methods and technologies for the restoration and production of details
require a significant number of highly qualified personnel and are time-consuming, labor-
intensive, and energy-intensive.

Innovative computer-aided technologies offer solutions for rapid production of
standard and non-standard parts with relatively little capital investment. Using 3D printers
to make such parts in case of urgent need will save valuable time lost along the logistics
supply chain.

3. 3. The following options are offered for the implementation of computer-
aided production systems in the MWs:
- of the repair bodies from the tactical levels (repair platoon) in the
MWs for the repair of AT and/or BT up to two additive manufacturing systems using
FDM technology. This is due to the requirements regarding a small volume of repair work
and the short duration of the repairs carried out by them, but individual details can be
replaced.
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- - of the repair bodies from the operational-tactical levels (repair
company) in the MWs for the repair of AT, BT, and AV up to six additive manufacturing
systems using FDM, SLA, and SLS technology.

- of the repair bodies of the operational level (repair battalion) in the
PRS for the repair of AT, BT, IT, and AV and the MWs, equipped with up to nine systems
for additive manufacturing using FDM, SLA, and SLS technology, and up to three CNC
systems. The volume and duration of the repair works are greater. Basic repairs of
assemblies and aggregates and restoration of details can be carried out.

The number of AM systems, at the individual levels, should be determined after
a more in-depth study of the tasks they perform.
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