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Tpumecer u BrOpara MeEXKIYHApPOJHA HAyYHO-TEXHHYECKa KOH(pEpeHUus ,,ABTOMATH3AlUs HA JAUCKPETHOTO
mpoussoacTBo” (AJIIT 2023) ce mposexnaa ot 29 touu 10 02 ronu 2023 rox. B YCOB na TY-Codusi, Co30m071 B paMKHUTE Ha
Jlnute Ha HaykaTta Ha TY-Codus.

3a koH(]epeHnuATa ca JeTMO3NPaHH U MPUETH OT MIPOTpaMHUsSI KOMUTET 33 MoKIIaaa oT 57 aBTopa, padoTemu B odIacTra
Ha aBTOMAaTHU3alMATa Ha JUCKPETHUTE MPOU3BOJICTBEHH MPOLIECH.
[IpencraBenuTe 1OKIaIH ca B A€BET HAYYHH HAIpPABICHUS KaKTO CIIE/IBa!
. Teopernunu npoGiieMu Ha aBTOMATH3aLMATa HAa TUCKPETHOTO MPOU3BOJICTBO — 3 Op.
. TexHONOrMM ¥ MalIMHK 332 aBTOMATU3UPAHOTO JTUCKPETHO MPOU3BOJICTBO — 2 Op.
. ABTOMaTH3HMpaHe MOTOKa Ha aeTainute — 1 Op.
. [IpomunuteHn poOOTH U POOOTH3MPAHH KOMILICKCH — 6 Op.
. ABTomaTH3amus Ha MoHTaxka — 1 Op.
. Mexarponuka — 10 6p.
. Cucremu 3a ynpaBiieHHE B AUCKPETHOTO ITPOU3BOICTBO — 5 Op.
. lHOBanmy 1 MH)XEHEPHUHT Ha aBTOMATH3MPAHOTO AUCKPETHO MPOM3BOACTBO — 3 Op.
. CAD/CAM/CAE cucremu ¥ BUPTYaJIHO HHXEHEPCTBO — 2 Op.

O 0 31N L A W~

OpFaHI/ISaHI/IOHHI/IHT KOMUTET 6J1ar0)1ap1/1 Ha BCUYKHU YyYaCTHUIIH B KOH(I)CpGHHHSITa 34 CBOCBPEMCHHOTO ACTIO3MPAHC HaA
HAYYHHUTEC OOKJIAAW U CIIa3BAHCTO HA M3UCKBAHHUATA 3a TAXHOTO O(I)OpMSIHe.

OpranmzanuoHausT komuter onaronapu Ha HUC npu TY-Codust u Ha pupmure ,,BAHUKO” OO/ — bnaroesrparn,
“KMC Hnxenepunr” OO/l — ITnmosaus, “@ECTO” EOO]] - Codus u “JloruCodpr” EOOA- Codus 3a ¢uHAHCOBOTO
IoIIOMaraHe MpPOBEXIaHETO Ha KOH(EPEHIUATA.

[Mpeaneuarnara moxroroska Ha goknagure oT XXX MHTK “ABTromarusanus Ha AUCKPETHOTO Ipon3BoacTBO” (AJIIT
2023) e u3BbpILICHA OT AOIL. A-p UHX. Penera Jlumurposa.

3a KOHTaKTH:
karenpa AT aa M® npu TY — Codwus, Oyir. “Ki. Oxpunckn” Ne§
tein.: (02) 965-27-55, 0895 590 330, e-mail: adp-konf@tu-sofia.bg
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BJAUAHMUE ITOJIO’KEHUETO HA 3EMATA IIPU BLbPTEHETO U
CHHPAMO CJBHUETO U ITPOMAHATA HA CIBHYEBATA
CBETJ/IMHATA BbPXY YPEJIAUTE 3A UBSMEPBAHE HA BPEME.
YACOBHHUIIM 1 YACOBHHUKOBHA KYJIM B IO’KHOTO
HOJYKDBJBO

Credan KppryHoB I'enanu IlBeranos Ilersp Paues
TY-T'abpoBo TY-T'abpoBo TVY-T'abporo
Karenpa ,,Mammunoctpoene u Karenpa ,,Mamunoctpoene u Karenpa ,,Mamunoctpoene u
ypenoctpoene” ypenoctpoene” ypenocrpoeHe”

I'abposo, brirapus
e-mail: skartunov@abv.bg

Pesrome: B fokiaga ce pasriexaa BIMSHHETO Ha
M0JIOJKeHHeTOo Ha 3eMsATa W MPOMSHATA HA CBeTJIMHATA BBPXY
ypeauTe 3a u3MepBaHe Ha Bpeme, HO B FOkHOTO moayKBJIGO,
3aI0TO MACOBO BB3NPHEMAHETO Yy XOpaTa e OT IJleJHa TOYKa
Ha CeBepHOTO NOJIyKBJI60. [IpeacraBenn ca paKkTopHTe, KOMTO
BJMSSIT BBPXY ypeaute 3a BpeMme. IlocoyeHu ca mpuMepu B
NOTBbPJKIeHHE HA HANPAaBeHUTE 3aK/I0ueHus. Pasrienanu ca
CIbHYEBH M MeXaHHYHHU YaCOBHMIIH.

Kntouoeu oymu: nonoxcenue na 3emama cnpamo Cnvnuyemo,
yacosnuyu 6 F0xcuomo nonykvioo

|. BBBEAEHNE

CIIbHIIECTOCHETO, B CBHBPEMEHEH CMHCBHJ IOJI0KEHHE
cnpsimo  CibHIIETO, €  ACTPOHOMHYECKO  MOHSTHE,
O3HAYaBall0 OIpeAeNeHo TmonokeHue Ha CibpHLIETO IO
HETOBUsI BHAWMM IIBT BBbpXy HeOecHara cgepa. Haii-uecto
MOHATHUETO Ce OTHACSA CaMO 3a JIBe OT IMOJOXKEHHUSITa Ha
CrpHIETO - T.Hap. 3UMHO CIBHIECTOCHE W  JISITHO
CI'BHIIECTOCHE. 3MUMHOTO CIIBHIIECTOCHE Ce Ipa3HyBa Mpe3
Ipmata  4oBemka — ucropus B CeBepHOTO — TOITY-
Kb00. PuMmissaute  ca  mpasHyBamm  CarypHanuwmre,
TepMaHCKUTEe M CKaHJWHaBCKUTe Hapoau - Om, crnaBstHuTE
yectBar Konena, Obirapute - UrnaxaeH. 3a ga mpuBIeKaT
e3UYHHINTE KBbM TAXHATA BSIpA, XPUCTUSIHUTE IIpU
KOJIOHM3MPAHETO NOOABST PEIIMIMO3HO 3HAUCHHE KBbM TPaIH-
[IMOHHUTE TIPa3HUIM. MHOTO KoJleIHi 00MYan KaTo KoJeaHa
elixa, ca MPSKO CBBP3aHH M IPEHECEHH C YECTBAHETO Ha
cirpHIIECTOeHeTO. B FOkHOTO monykbin60 cnenuanHo Ha 21-
22 IOHU JIEHAT € Hal-KbC, HOINTA € Haf-Ibiara U € HaJIHIE
Hal-KpaTko cibHIecToeHe. CTBPHIIETO € HaJ| TpomnuKa Ha
Kozupora, B ceBepHOTO MOMYKBIOO ce HaOMogaBa 3UMHO
CIIBHIIECTOCHE, a B IOKHOTO - JjatHo. Ilo Bpeme Ha
CI'BHIIECTOCHETO TpE3 JEKEMBPH CIIBHUEBUTE JIBUM HAJaT B
Hali-lo)kHAaTa CH TOYKa - Ha InupuHa 23.44° Ha 1o,
reorpadcka mmpuHa Ha Tpormka Ha Kosmpora. HakmoHbT
Ha ocra Ha 3eMsITa BIIMsIe Ha TOBA KOJIKO CIIbHYEBA CBETJIMHA
MoTaia BBPXY BCSAKO €MHO OT IMONyKbjibOata i. be3 meireH
KOMEHTap Ha BCHYKHM HM3BECTHH (PaKTOPH KaTo HAJAMOpPCKa
BHCOYMHA M a3MMYT, CaMo € Kaka, 4e 3a €JHO M CBHIIO
OIIPEAENIEHO MECTOMOJIOKEHHE Ha 3eMsTa MpoMsHaTa Ha
CIIbHYEBaTa CBETJIMHATA HE € IOCTOSHHA M Npe3 ToJuHaTa
KOJIMYECTBOTO CIBbHYEBA CBETJIHMHA, IIONAJAII0 BBPXY

T"abpoBo, beirapus
e-mail: gencvet@tugab.bg

I'abpoBo, brirapust
e-mail: radev_petar@abv.bg

CeBeproto u IOxHOTO MONMYKBIOO, CE TPOMEHS U TpsKaTa
CBETIMHA TIOMAaJa IO TpaB BIBI B 30Hata B HOKHOTO
MONYKBI00 10 okoio 23,50 HOxHa mmpuHa wWin rpaj
Aconcuon, [aparsaii (¢ur. 1, 2). 3aToBa ce maBa npumep ¢
TO3M Tpaj, KOWTO Hai-OCHOBaTeNHO OM MMaj IpaBo Jaa
IpeTeHaAupa 3a CMsJHA [I0COKaTa Ha BBPTEHE, HO
YaCOBHHUIIUTE WM TOHE (pacaJHNTE TaKMBa B CTpaHaTa ca
nscHa mocoka. pyrusar rpax e Masmu, CAILL, koiito me
MOTIA/THE BBB ,,(pokyca“ crpsiMo CITBHIIETO KOTAaTO CE CMEHSAT
JlsaroTo u 3umara, Ho Toii e Ha Cesep oT ExBaTopa.

Kazanoto mo-rope otumtar EKBaTOpHANIHUTE CIBHYCBU
JacoBHHMIM. Te ca YacOBHWIM C TOJSIPEH THOMOH TIOJ
dbopmara Ha oc, pasmojiokeHa Ha nudepodIaTa, YUITO
paBHWHA ¢ YyCIOpeOHa Ha paBHWHATa Ha €KBaToOpa.
Hudepbnarst e pasnenen Ha 24 paBHu yactH. CsHKara ot
THOMOHA C€ JBW)KMA TI0 paBHWHATA C IOCTOSIHHA CKOPOCT,
paBHa Ha 15 rpagyca B uwac. C mpaBWiIHaTa WHCTaJAIMS
(BPIBABT Ha HAKJIOHA HAa THOMOHA TpsiOBa Ja ObJe paBeH Ha
reorpagckara IMPUHA HA TEPEHa), TO3H CI'bHYEB YACOBHUK €
yHuBepcaneH. Tpid kato CabHLETO ce HaMmupa MOJ
eKBaTopHaNHaTa paBHMHA Npe3 3uUMara, BpeMeTo TpsOBa Ja
Ce OTYMTA OT 3aJHaTa CTpaHa Ha ImdepOIaTa mpe3 3uMara.
Mapxkepute 3a yac Ha rbpOa Ha 1UdepOIaTa cCa HOMEPUPAHH
0o0paTHO Ha YaCOBHHKOBaTa CTpeNka. YacOBHHUIMTE THUI
ApmunapHa cdepa, MOAXOJANIM 32 Ta3d 4YacT, IOKa3Bar
BPEMETO Ha €IH ¥ ChIU nudepomnar.

EARTH'S SEASONS

Qur. 1. Cxema Ha TOJIOKEHHE Ha 3eMATa M NPOMSHATa Ha CIbHYEBATa
cBernuHata B HOskHOTO mommyks00 3a FOxxna AMepuka mpe3 3umata
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Sun rays

@ur. 2. Cxema Ha I0JIOKEHHE Ha 3eMATa M IPOMsHATa Ha ClbHYEBaTa
ceemnHara B FOkHOTO moiykbi0o 3a ABctpanus, [lanmya-HoBa ['Bunes u
Hoga 3enanaus npes JIstoro

@ur. 3. ExBaTopHaiHM CII'bHUEBU YaCOBHHUIIN

1. U3JIOXKEHUE

ITocokara Ha YacOBHHMKOBATa CTpEJKa HA MEXaHHYHUTE
YaCOBHHUIIM HE € NPOCTO CHBMAJICHWE WM INPHYMHUIA, a
HAJIOXKEHa 3aKOHOMEPHOCT OT CBBP3aHH IOMEXIY CH
¢axropu. Te3u Qakropn Moxe Ja ce pa3fensiT Ha JBe:
0o0eKTHBHH ® CyOeKTUBHH. KbM OOCKTHBHUTE WU
JaJICHOCTHTE CMajaT IOJOKEHHeTO Ha 3eMmsra Ipu
BBpTeHETO ¥ cnpsmo CipHIeTo, OXHOTO MOMyKBI00 MMa
MHOTO MO-MaJIKO 3€MsI U MHOTO I1oBede Boja oT CeBepHOTO
MONYKBIOO M  CIEACTBUSTA OT BCHYKO TOBa. KoM
CyGCKTI/IBHI/ITe CC YHUCIAT: OTKpUTHATA Ca OT CEBECPHAIU,
n300phT Ha BHJA YACOBHUK W IPEAHA3HAYECHHETO MY,
(upMeHH cTparermi Ha POM3BOJIUTEIIUTE, BBHBEICHUTE
HOPMH U CTaHAAPTH KaTO YacOBH MOSCH, 30HHM, NPE/ICTaBaTa
3a CI'BHIIECTOCHE M YPEIMTE 3a BpeMe MPEJUMHO OT IJieHa
Touka Ha CeBepHOTO MONYKBIOO W T.H. YacoBHHIHMTE M
YaCOBHMKOBUTE Kyau B IOxHOTO TONyKBIOO Ce
XapaKTepu3upar  OIpeAeIsio ¢ reorpad)ckoTo  cu
nojoxenue copsmo  CapHiiero. OCHOBeH Oener  mpu
MEXaHHYHHUTE YaCOBHMIM € ITOCOKaTa Ha JBW)KEHHE, KOATO
IO aHaJIOTud Ha JBMKCHHUETO Ha CAHKaTa MpU CIBbHYCBUTC
YaCOBHHIM B Ta3M 4YacT Ha 3emsra TpsOBa Ja € Ha JIIBO WX
oOparHo Ha Ta3u B CeBepHOTO MONYKBI00 (CeBepo-U3TOK,
IOro-3amnan), HO Ts € Ha JIICHO WM KaKTO € TPAJAMIIOHHO 32
ocTaHamust cBAT. ToBa € Taka, 3aIlOTO CHBPEMCHHHTE
yacoBHUIM B HOXHOTO mOJYKBIOO Npend BCHUYKO ca
U3MHUCJICHH, JIOHECCHH, MOHTHPaHH M HAJIOXEHH OT
KOJIOHU3aTOPpHU, MUCUOHCPHU, NPECCITHUIN U MPCAITpUeMadu -
CeBEpHALM MHOIO TMpend Ja ce TOSBAT MOJCPHHTE
CJICKTPOHHH, HHTCIIUICHTHU U KOM6I/IHI/IpaHI/I YaCOBHHUIIH,
IpH KOUTO TO3M MPOOJIeM MMa ci1a00 MJIM HUKAKBO BIIHSHHE.

[IppBUTE KOHCTPYKTOpPHM Ha MEXaHMYHH YaCOBHHIM ca
*kuBenn B CeBepHOTO MONTyKbiI00, namu B Smonus, Kutaif,
I'epmanus, lBelinapus, AHIINS UIM ApYyraje, BCE CEBEPHO
ot Tpomnuka Ha Paka. Hemara qonupar cbio 10 oTpa3sBaHe
Ha (asure Ha JlyHaTa, 3aTHMHEHUTA, OPHEHTUPAHETO U Hali-
B€YEe /10 MapPKETHHIOBA CTPATErusl Ha TOJIEMUTE IPYNHUPOBKU
0T (UpMH, TPOU3BOANTEIKH Ha YACOBHHUIIM, IPE00IIagaBaio
Hamupamu ce B CeBepHOTO MOMyKbI00. lomeHcka mapka,
Hecny4aiiHo emwucus Bw3mymHa moma (dur. 4), 3a
OpHEHTHpaHEe M0 YacoBHUKA B HO)KHOTO MOMYKBIO0 BBBEXKIA
penyOmuka ['abon ome mpe3 1967 r. Tsa rpanmum ¢
eKBaTOpHaNHa [BWHEs, HO KakTO W OT JpyTuTe
ExBaropuaiHu CTpaHM He ca W3BECTHH MapKh 3a
OpHEHTHpAaHEe N0 YacOBHHWIM. BBB Bpb3ka C Temara €
HEoOXOIUMO J1a ce 3Hae, Y€ MPU OPUEHTUPAHETO C YACOBHUK
ce OTYMTa KyJaMuHauusaTa Ha CiabpHLETO, KosATO € B 13 4. + 15
MHUHYTH TIpe3 IITOTO M B 12 4. mpe3 3uMaTa M TO COYHU
nocokata FOr. [Ipe3 ocranammure wyacose or aeHs HOr moxe
Jla ce HaMepH, KaTo ce Haco4M Mai-KaTa (JacoBaTa) CTpeska
Ha TOYEH YaCOBHHK c mudepomar KBM
CrpHueto. briononossina-Ta MeX1y OpPHEHTHUpaHaTa KbM
CorpHIETO Manka CTpeNika W MHCIICHATa JIMHMS, IIpeKapaHa
npe3 1 uaca coun Ha lOr. Ha lOxHoTO mnonykbi00 Taka
TocTpoeHaTa ‘bpriromnoiossmnia coun Ha Cesep. 1o ce otHacs
JIO OPUEHTHPAHETO, NPH HAINYHOCTTA HA ChBPEMEHHUTE
GPS-cuctemu To He O6m TpsAOBaNoO Ja € 4acT OT mpoOdiema.
3aroBa mbk kocmoHaBTUTe OoT CCCP um CAIl] Osixa B
Kocmoca ¢ uacoBunim Ha ¢upmure Pocun u Owmera, a
nokoputesatT Ha Esepect E. Xunapu - ¢ Ponekc, npu kouro
CTPEJIKUTE Ce BBPTAT Ha/sICHO. Hsikon gupmu mpousBexaar
CJIOXXHU TypOUIOHN ChC CKENETH3NpaHa MEXaHNIHA CHCTEMa
U KyNoJiooOpa3HH MOJIYJIM WM CKaJld BBPXY OCHOBaTa Ha
MeXaHn3Ma 3a OTOsTrBaHE Ha IpobjeMa C IOcoKaTa Ha
BbpTeHe (H-p Bovet Récital 26 Brainstorm) u uyacoBHUIH,
MOKa3BaIll €AHO-BPEMEHHO HSIKOJIKO WJIM BCHYKH BPEMEBU
MOSACHU Ha CBETA Ha Pa3IMYHU MECTA, 3all[0TO HAJIU CE CelllaTe
KakBO OOBPKBAaHE € CTAHE MPU MIJIOTH, MOJBOAHUYAPH,
BOJONIa3M W JpyrH crenuduyHn mpodecun. Bwrnpekn
BCHYKO, UMa CTPaHH, OOIIMHM M XOpa, KOWUTO BIDKIAT B
npoOiieMa HapyllaBaHe Ha TiIXHaTa HE3aBUCUMOCT U
HalWMOHAJHA UJICH-TUYHOCT, JOPH CBETOBHUS eI M IbprKaTr
MOCOKaTa Jla ChOTBETCTBA Ha ,,IPaBHJIHATA’ CHOpEN TAX 3a
perMoHa W MECTOHaxoXJeHue. SIppK TIpHMep B TOBa
oTHolIeHue ¢ BonmBus, KbIETO YaCOBHUKBT Ha KOHrpeca ce
IBIKHM 00paTHO WM HaimsaBo. YacoBere BBpXY OpOH30BHS
YaCOBHHUK CBIO Ca W3MHCAaHU B OOpaTHa MOCOKa, Taka 4e
CTPENIKUTE IMOKa3BaT TOYHO TEKyIIOTO Bpeme (¢ur.5). B
IOxHoTO MONYyKB160, HA FOT 0T Tponuka Ha Ko3upora, npes
nenst CirbHIIETO ce IBWXHM 1o Hebeto B "oOparHa" mocoka-
3aman, Cesep, U3tok. Ako B bomuBus cTe C nuile KbM
CrpHmero mo  oben, me cre  oObpHAaTH  Ha
Cesep. bonuuiickurte yrnpaBHHIIU, CTIOPE KOUTO € JOTHYHO
B KO’kHOTO MOTyKBI00 YaCOBHUKBT Jla € 00paTeH Ha TO3H B
CeBepHOTO M TO-CKOPO Ja IMOKaXkaT, 4e He XKeasT Ja ce
cboOpazsBar c TIOPSIIKUTE Ha 3amaHus
CBAT/KOJIOHM3ATOPUTE/, @ Ja OTCTOSIBAT CBOUTE COOCTBCHH
nHTepecy. Ta3u npereHnus obaye He € HaBCSKbAE, JOPH J1a €
ecTpaBaraHTHa, OIJIeJJaJlHa W HEJIOI'WYHa, KOEeTO € HeJTa Ja
ce pokaxe. B npyrute nepkaBu ot IOxkHa Awmepuxa
TIOJIOKEHNETO € CIEJHOTO: DBB3MOMHHATENHA TMOIIEHCKA
mapka oT 2011r. moka3Ba crpagara, COOCTBEHOCT Ha
nmemapramenta Norte de Santander, kbpmeTo paboTu
Kynrypuust nom Eduardo Cote Lemus B Komymo6us1.


https://bg.wikipedia.org/wiki/%D0%9A%D1%83%D0%BB%D0%BC%D0%B8%D0%BD%D0%B0%D1%86%D0%B8%D1%8F_(%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D1%8F)
https://bg.wikipedia.org/wiki/%D0%A1%D0%BB%D1%8A%D0%BD%D1%86%D0%B5
https://bg.wikipedia.org/wiki/%D0%9B%D1%8F%D1%82%D0%BD%D0%BE_%D1%87%D0%B0%D1%81%D0%BE%D0%B2%D0%BE_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5
https://bg.wikipedia.org/wiki/%D0%AE%D0%B3
https://bg.wikipedia.org/wiki/%D0%AE%D0%B3
https://bg.wikipedia.org/wiki/%D0%AE%D0%B3
https://bg.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D0%BE_%D0%BF%D0%BE%D0%BB%D1%83%D0%BA%D1%8A%D0%BB%D0%B1%D0%BE
https://bg.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80
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YacoBHUKBT € BHOC OT I'eHya, UTanust u ecTecTBeHO ce
IBIDKK HaIscHO. B cepmsra ,,7 uyneca Ha ['yaskBmin®, Haii-
HaceneHusT rpaj B ExBanop, chllo Bb3MOMUHATEIHA MapKa
MI0Ka3Ba YaCOBHUKOBATa KyJa — HOILECH HU3IJVIEA CIIECLHAIHO
Ha ¢bmyopecuuparia XapTusi. YacoBHHKOBaTa
MHOroyHkuuoHaiHa Kyna Guayaquil ce Hamupa Ha
mBecTHUs Tpax Malecon 2000, xoiiTo ce mpocTHpa IO
mpoTekeHne Ha peka [yaita Ha 1,5 Muim-Hal#-rOISIMOTO
npuctanuiie Ha ExBanop u M3XxomHa TOYKa KbM OCTPOBHUTE
Tanamaroc (¢ur. 4).

[To-manku cTpaHy U B HEAJIEYHOTO MUHAJIO KOJIOHHATHU
IBbpKaBU M OCTPOBH OT FOXKHOTO MONYKBIOO CHIIO MMAT
MHTEPECHH MPEACTaBUTEIN Ha KOpaOHH YaCOBHHIM, KyJIH U
T.H., HO BCHYKH T€ ca C TPAJAWIMOHEH HAa4WH Ha palorta.
UacoBHu-koBata Kyna B crosiuiata Buxrtopuss na Ceid-
[IEJICKUTE OCTPOBH, IOKa3aHa Ha OKOHYATENHa MapKa OT
1962 r. ¢ kpamumna Enmzaber II mo ciyuaii HeiHOTO
KOpOHSICBaHe, MoKa3Ba ToBa. [loctpoena e mpe3 1903 r. kato
komnue Ha Kyia ot Jlonmon. Ilpe3 1984 r. momara Ha OCTPOB
Cs. Enena Bammmupa BB3moMuHaTenHa Mapka 3a 100 rog.
ApMus Ha CIIaceHMETO C YacOBHHMKOBAaTa Kyjla B
JxeiimcrayH. Bbopekn, ue He € OT pasMIeXIaHOTO
MOJYKBJI00, B TO3U CTHII € U OKOHYATEe/IHATa Mapka oT 1983
r. or octpoB OnmbpHH, YacT OT Tpymara Hopmanmucku
ocTpoBH, pasmojoxkeHn B Jla Manma, cbc crapaTa
JacOBHHUKOBA Kyna B rpax Cs. Ana (¢ur. 6).
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@ur. 4. Mapka ot ['aboH, OpHEeHTHpaHe 110 YaCOBHUK, Kynute B Komym6us
u Exsanop [1]
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@ur. 5. YacoBuukbT Ha miowman Mypuiio B Jla Ilac (boxuust)[2]

Z:‘i(‘lhl!:

@ur. 6. Yac. xynu Ha Ceitmrenure, C. Enena n Ongbpau[1]

ConomoHoBHTE OCTPOBH €a OCTPOBHA  JIbp’kKa-Ba B
1okHUs Tuxus okeaH, paslojokeHa Ha M3TOK oT [lamya-
Hosa I'Bunes. Ts e vact ot bputanckara obmmoct. [Ipe3s
1973 r. u3maBat BB3MOMUHATEIHA MapKa OT CepHs 3a Kopadbu
W HaBUTATOPH C ISICHYEH YaCOBHHUK 3a Kopabu oT 17 Bek u
xpoHOMETBp 0T 1761 r. Bpb3kara ¢ KopaOHHS YaCOBHUK Ha
Joxon XapuceH e oueBuaHa. 3a 200 roguHU OT MU3BECTHHS
OyHT Ha Kopaba bayHTH, ch31aT €1HO HOBO HaceJIeHHUE, Ipe3
1989 r. TuxookeaHckaTa JAbpkaBa ToHra wu3gaBa
BB3MOMHHATENIHA MapKa C XpPOHOMETbpa Ha Kopaba, Haii-
BeposiTHO paspaborka ot T. bpHmoy. XpoHOMETHPBT OT
BaynTtu e croxer u Ha BB3MOMHHaTeNHA Mapka 3a 1990 1. u
50 rom. OT WBpPBUTE  Mapku  OT  OCTPOBHTE
IIutkepH. Pa3nonoxeHn ca B LEHTbpa Ha IOXKHATa 4acT
Ha Tuxus okeaH, HaceJeHH ca ciabo ¥ MPSIKO ca CBbP3aHH C
oynra. Ilo cmygait 500 rom. oT oTKpuBaHETO Ha AMepHKa
npe3 1992 r. B Yranza e u3naseHa Bh3NOMUHATENIHA MapKa,
[OKa3Balla [SIChYeH YaCOBHUK Ha Kopal (dur. 7).

@ur. 7. Yacosuuim ot Conomonosute 1 Toura ocrposu. Yranzaa [1]


https://bg.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D1%80%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B4%D1%8A%D1%80%D0%B6%D0%B0%D0%B2%D0%B0
https://bg.wikipedia.org/wiki/%D0%A2%D0%B8%D1%85%D0%B8_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
https://bg.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BF%D1%83%D0%B0-%D0%9D%D0%BE%D0%B2%D0%B0_%D0%93%D0%B2%D0%B8%D0%BD%D0%B5%D1%8F
https://bg.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BF%D1%83%D0%B0-%D0%9D%D0%BE%D0%B2%D0%B0_%D0%93%D0%B2%D0%B8%D0%BD%D0%B5%D1%8F
https://bg.wikipedia.org/wiki/%D0%91%D1%80%D0%B8%D1%82%D0%B0%D0%BD%D1%81%D0%BA%D0%B0_%D0%BE%D0%B1%D1%89%D0%BD%D0%BE%D1%81%D1%82
https://bg.wikipedia.org/wiki/%D0%A2%D0%B8%D1%85%D0%B8%D1%8F_%D0%BE%D0%BA%D0%B5%D0%B0%D0%BD
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@ur. 8. YacoBHMIM C [SCHa MOCOKa Ha jBwkedue B CuHramyp u
Maparackap [2]

@ur. 10. LIeren yacoBHuk ot Ynu [2]

Ha ¢ur. 8. e mokazaH YacoBHMK OT HaIMOHAJIHATa
rpaauHa Ha CuHramyp, Tpaa-IbpKaBa KOSTO Ce HaMupa
mouyt Ha FExBaropa ¥ YacOBHHKBT OT Tapara B
AHTaHaHapuBo, Magarackap. ['apoBUTE 4YacCOBHHIIM OT
ABcTpanus ¢ IeBU3bT ,,Bpemero mobdexaaBa BCHUYKO™ CHIIO
MOTBBPXKIABAT Te3aTa OT IS CIUH KOHTHHEHT (¢wur. 9).
Jopu 1BEeTHUAT yacOBHUK BbB BuHs nen Map, Uunu ce
BbpTH  TpamuuuoHHo  (¢wur.10).  M3cnenomarenckara
6aza ,,CBetn Knmment Oxpuickue OBIArapcko Hay4HO
CHOPBKEHHEHA OCTPOB JINBUHICTHH,YaCTOT AaHTAPKTUIECKHUS
apxunenar IOxun Hletnanacku octpo-Bu. Ts, Kakto u
Japyrute 0a3d TOYHO Ha AHTapKTuaa, ca o0OpylIBaHU C
YACOBHHIIM, KOUTO UMAT TPAUIMOHEH HAYMH HA JBIDKCHHE.
Curyauusta Ou Ouna oOparHa, ako 4YacOBHHUIMTE ca
npousne3 n oT HOKHOTO MONMYKBIOO, 3aIIOTO CIBHYCBHTE
YACOBHMILM IIOKa3BaT TaM CEHKH, JBIDKEIIH C€ B
MIPOTHBOIIOIOKHA ITOCOKA.

3a mNOTBBpPXKIEHHE Ha Te3aTa Cce MPeACTaBAT |
JokazaTencTBa oT CeBepHOTO MONYKBIOO, KbAETO BCHYKUTE
YAaCOBHHULM ca TpanuuuoHHH (¢ur. 11). OxoHuaTenHa Mapka
or 2011 r. 3a | romMHa HE3aBHCUMOCT MPEACTaBs
4acOBHUKHT BBbB DumuncOypr Ha octpoB CeHt MaptuH,
Kapubure (e cmywaiiHo oT 30Hata Ha Masmu). Mwma
XapakTepeH neuaT A3, He € yka3aH HOMHUHAIIBT, HO Toi e 115
C, 3aIl0TO OCTPOBBT € pasgeneH oT Hupepmanaus u
Opannus. Jlo Hes € YaCOBHUKBT OT LEHTpanHa rapa banr
Cye B Taitmann, w3mamena mHa 23.12.2021 mo ciydait
oTKpuBaHeTo i B Ttupax 125000 Op. Cwbutnero e
0TOENA3aHo U ¢ BB3IOMHUHATENEH JUCT B 10 MBTH MO-MaIbK
tupax. Hail-ronsiMara 4acoBHHKOBa KyJa BbB OUINIKHUTE,
npoektrpana or AHToHno Toneno, e otkputa mpe3 1930
rof. Ha MHUHanusg Bek. PaspymieHa e mo Bpeme Ha BToparta
CBETOBHAa BOWHa ¥ BB3CTaHOBeHa mpe3 1946 T.
Bp3nomuHatenna Mapka mo ciay4yait 450 romuHHM Tpajg
Manuna ot 2021 r. Hamomus 3a ToBa. Hakpast Anturya n
bap6Oyna, yacoBHUK Ha rapata boiToH, 4acT OT MHUHHM JUCT
2004r.

CopluecTBYBaT ¥ YaCOBHULM B Pa3IMYHU KOMOMHAIINH, HA
KouTo nndepOnaTeT € 00bpHAT U 12-IT Yac ce HaMupa Haii-
OTZOTy, OOpaTHO BBPTAIIM C€ OINICHATHU YaCOBHHUIIM,
oOpaTeH aHTHYEeH 4YacOBHMK (WMmuTamms) c¢ mudpw,
pasmonoxeHu B oOpaTeH ped U T.H. Mnedra e xarto mpu
CI'IbHYEBHUTE YacoBHUIM B FOkHOTO monmykba00 CeBepsT na
ce HamHpa OTIONy, I0-ZOOBp KOHTpacT Ipe3 HOITa |
BCSIKaKBH OpWUTHMHANHU TpuKoBe. [Ipm mnpoBexnane Ha
NICHXWUYHU TECTOBE U IO JINYHO MHEHHE 00ade ce MoydyaBa
obbpkBane (¢ur. 12). A HM3KIIOUEHHETO 32 MOTBBPIK/IaBaHE
NPaBWIOTO 3a [JBIDKGHHE Ha JUICHO ca CyBCHHPHHUTE
yacoBHUIIM OT ['abpoBo, CBBp3aHM C XymMopa M carHpara,
KOHTO ce JIBIXKaT Ha oOpaTHO. Morar J1a ce QUTHPAT ¥ APYTH
»OTJICJaIHN  YacOBHHUIM, YHHMKaIHH WIA  PEKIaMHU
YaCOBHHUIIM, HO T€ Taka WJIM MHa4Ye He ca OQHLHaNI-HU H 32
obuiecTBeHO nomn3BaHe. Taka, ue KOHTO He € ChbITIAceH Ja CH
Kyl 9aCOBHHK, KOWTO paboTu Ha obpatHO. Ho Bpemero Ha
00paTHO HAMa J1a BEpHE!

PILIPINAS
Manila

o

@ur. 11. Yacosuurm ot CeBepHOTO MONYKH100 [1]

BARBUDA


https://bg.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D1%80%D0%BE%D0%B2
https://bg.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B2%D0%B8%D0%BD%D0%B3%D1%81%D1%82%D1%8A%D0%BD_(%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B2)
https://bg.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D0%BA%D0%B0
https://bg.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D0%B8_%D0%A8%D0%B5%D1%82%D0%BB%D0%B0%D0%BD%D0%B4%D1%81%D0%BA%D0%B8_%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B2%D0%B8
https://naedin.click/geographical-facts/
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@ur. 12.YacoBHHIM C IIOCOKA Ha ABIKEHHE Ha 0OPaTHO

I, 3AKJIFOYEHUE

[TocokaTa Ha 9acOBHHMKOBATa CTpENKa HAa MEXaHWYHHUTE
YaCOBHHUIIM HE € TPOCTO CHBIAJICHWE WIM INPHYMHIA, a
HaJlOXKEHa 3aKOHOMEPHOCT OT CBBP3aHM TIOMEXIY CH
OOEKTUBHU U CyOeKTHBHH (akTopu. 3a MOTBBPXKICHUE Ha
Te3ara ca npeacraBeHu npumepu oT CesepHoto M HOxkHO
nonykbi6a Ha 3emsra. ChliecTBYBaT M 4YaCOBHHUIHM B
pa3HIHA KOMOMHAITNH, Ha KOUTO NH(epOnaTsT € 00bpHAT U
12-aT7 yac ce HaMupa HaH-OTIONY, OOpaTHO BBPTSIIIU CE
OTJICNATHM YAaCOBHMIM, OOpaTHM 4YacOBHUIM C IudpH,
pasnosnoxkeHu B oOpateH pea u apyru. OCHOBHUST Oener —
II0COKaTa Ha JBIKEHHE Ha AACHO CH OCTaBa TPaJUIMOHHA U
ocHoBHa 3a CBerta. [Ipu eNeKTpOH-HHUTE, WHTEIUTECHTHH WU
KOMOMHHMpaHW YacOBHUIM TO3M MpoOJIeM HMMa cinabo Win
HHUKAKBO BIIMSHHE.

N3I0I3BAHA JIMTEPATYPA

[1] colnect.com/bg/stamps/clocks
[2] https://magelanci.com/forums/topic/9097-clocks araund the world/

EFFECT OF THE POSITION OF THE EARTH IN ITS ROTATION
WITH RESPECT TO THE SUN AND THE CHANGE OF SUNLIGHT ON
INSTRUMENTS FOR MEASURING TIME. CLOCKS AND CLOCK
TOWERS IN THE SOUTHERN HEMISPHERE
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Abstract: The paper examines the influence of the position of the Earth and the change of light on timekeeping instruments, but
in the Southern Hemisphere, because the mass perception in humans is from the perspective of the Northern Hemisphere. The
factors that affect timing devices are presented. Examples are given in confirmation of the conclusions made.
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MOIAEJIUPAHE YPE3 I'PA® HA HAAEXKXKIHOCTHOTO
INOBEJIEHUE HA CUCTEMATA 3A ABTOMATHYHA CMSHA HA
NHCTPYMEHTA HA HA CJIOKEH TEXHUYECKHU OBEKT

Bnagumup bosmxues
BTYVY ,,Tonop Ka6nemikos”
Codwust, bparapus
e-mail: vboyadjiev@vtu.bg

Pe3iome: Haae:kIHOCTHOTO MOJIeTUPAHETO € ChIIECTBEH
MOMEHT OT Hpoueca Ha M3cjeJBaHe HA eKCIVIOATAIMOHHATA
HaJeXKAHOCT U padoTHaTa e(eKTHUBHOCT HAa CJIOKHHUTE
TeXHHYeckn cucreMu. HacTosiuAT JOKJIAJ € IMOCBeTeH HAa
H3CJIeIBAHETO HA Bb3MO:KHOCTHTE HA Teopusita HA rpadure B
npoueca Ha HaAe:KIHOCTHO Moaeaupane. [lo-cnennaaHo od6exT
HAa H3CJeABAHETO € CHCTeMATa 3a aBTOMATH4YHA CMsIHA Ha
HHCTpyMeHTa. MojejqupaHneTo e 0bJle MU3BbPILIEHO C OrJiel
CHHTE3MPAHUAT MOJeJ [a Moxe Aa ObjJe BrpajaeH B 00uIusi
HaJIeKAHOCTEH MOJIe]I HA LeJHs CJI0KEeH TeEXHHYECKH 00€KT.

Knrouoeu oymu: eKCHn10amauuoHHa
Modenupane, cl103cen mMexHu4ecKu
AGMOMAMUYHA CMAHA HA UHCMPYMEHMA

Haoex)conocm,
obexkm, zpagh,

|. BBBEJEHUE

Enmun  BceoOXBaTeH Mopen Ha eKCIUIOATal[MOHHATa
HAJISKTHOCT W paboTHaTta e(eKTHBHOCT € HoOpe MO3HAT
npoOJyieM, KOHTO OCBEH C OOEKTHMBHaTa CH TPYIHOCT Ha
Cb3ZlaBaHE CE€ XapaKTepusupa M ChC 3HAYMTENHATA CH
TMOJIE3HOCT TPH M3CJIEABAHETO HA HAJISKJAHOCTHUTE MPOLIECH
B CIIO)KHHTE TEXHHMYECKH OOCKTH. 3HAYUTENIHATa TPYIHOCT
Opu  TOBA  MOJEIMpaHE MPOU3THYAa OT  TOJSIMOTO
pazHOOOpa3ue Ha MEXaHU3MUTE Ha Bh3HUKBAHE HA OKTAa3UTE
B 3aBHCUMOCT OT TAXHaTa ¢u3uka. OCHOBHaTa mMoi3a OT
TaKoBa MOZCIUPAHE Cle/iBa OT 00XBaTa Ha BCHYKU OTKAa3H B
ISUIOTO UM pa3HooOpas3ue B €MH MOJIEN, TIPH KOETO Ce J1aBa
BB3MOXKHOCT 32 yCTaHOBSBAHE Ha B3aMMOBPB3KHTE MEXKIY
TE3U OTKa3U.

opamun ropecroMeHarara TPYIAHOCT pu
HAJICKTHOCTHOTO MOJIC/IMpaHe OOMKHOBEHO C€ IMOAXOXKIa
TUONYHO [0 WHXKCHEPHO My — TMPaBH C€ KOMIIPOMUC
(xommpomucu). Kommpomucure wmorar na OwpmaT  or
pasnmmaHO ectecTBO. Yecto ce mpuOsirBa 110 (opMaiHO
MaTeMaTHYeCKO MOoJe/upane 0e3 aa ce oTuuTa (husnukara Ha
oTkasute [5]. Moxe aa ce u3cnenBa camo 000CoOeHa 4acT
OT CJIOXKHHUS TEXHUYEKH 00eKT. Moke 1a ce MOzearpa caMmo
ompenerieH Ha0op OT HAACKTHOCTHH mporecu. OOeKkT Ha
M3CIie/IBaHe MOXKe Jia ObJie OrpaHu4yeH Opol HaJeKJHOCTHH
MOKa3aTeNy, HampuMep Koe(HUIIMEHTa Ha TEXHUYECKa
rotoBHOCT[2]. Wmm camo maneH Opod HaIe)KAHOCTHH
XapaKTePUCTUKH. B Ipyru ciiyyan ce Mojenrpa KOHKPETEH
CIIOXKEH TEXHUYECKU 00eKT, HaTpuMep
eJIieKTpopasnpeaenureina mMpexa [3, 4] wim codryep [1].
CpIIo Taka OT Te3W Pa3HOPOJHH KOMIIPOMHCH MOXKE [1a
OBIAT CH3IAICHU PA3TMYHI KOMOUHAITUH.

Pa3bupa ce, MpsIKO CIIEACTBUE OT AOIyCKAaHETO HA TAKHUBA
KOMITPOMHUCH € OTPaHUYEHOCTTa Ha POPMHUPaHHS MOJEL.

B HacTosus [OKIax ce M3cienBaT BB3MOXHOCTUTE 3a
CHHTE3MpaHe Ha IUIOCTEH MOJIeNl Ha EKCIUIOATal[OHHATa
HaJIKTHOCT U paboTHaTa e(heKTHBHOCT HA THITUYEH CIIOKEH
TEXHHMYECKH OOEKT, a WMEHHO CTPYroBa MeTalopesKella
MallliHa ¢ MU(PPOBO-TIPOTPAMHO yTIpaBIIeHHE. 3a IeiTa IIe
M3M0JI3BaMe Bb3MOKHOCTUTE Ha TEOpUsTa Ha rpadure.

Il. METOAUYHU OCOBEHOCTHU

Wsrpaxkmanero Ha 0000IIEH HaASKIHOCTEH MOAET Ha
CJIO’KEH TEXHUYECKU OOCKT € 3aj1a4a, YAETO PEIICHUE U3JIH3a
Janed W3BbH MpesenuTe Ha equH jaoknan. [lopaau ToBa B
mpoIieca Ha M3TpaXKIaHe Ha TO3M MOJIEN Iie ObJic HalpaBeH
BpemeHneH kommpomuc. llle ObJe cuHTe3upaH Mojen Ha
000co0OeHa JacT OT 00eKTa — elHa HEroBa KOMILICKTYBAIa
cucrema. To3m wactmueH Monen me Obae (parMeHT OT
0000mieans moxen. Cren CbCTaBIHETO HA YACTUYHH
HAJISKTHOCTHU MOJIENM M HAa OCTAHAIUTE KOMILICKTYBAIIN
ciucteMr Ha o0ekra, Te 1e ObJar oOeAMHEHH B
OKOHYATEITHUS ISUTOCTEH HaIEXKTHOCTEH MOJIEIL.

KaTo TunnyeH npeacraBUTeM Ha CIOXKHUTE TEXHHYECKU
00EKTH € M3Cle/[BaHa CTPYroBa METATOPEKEIa MallhHa C
urQpoBo-TIporpaMHo yrnpasieHue. [10-KOHKpeTHO 00eKT Ha
HACTOSIIETO M3CJIEIABAHE € KOMIUIEKTyBaIlaTa CHCTeMa
,,ABTOMaTH4Ha CMsIHa Ha MHCTpyMeHTa”. OOXBaHAaTH ca TpU
MallMHUd MalbK  THIOpa3Mep, pPOJHO  IPOHM3BOJCTBO.
[epronbT Ha HaONOaBaHA EKCILIOATAIMS, 110 BpeMe Ha
KOWMTO ca OTYMTAHU JTAaHHUTE 32 CKCIUIOATAMOHHUTE OTKa3H,
obxgara 1300 — 1400 gaca paboTHO Bpeme.

3a a IpUCTHIIIM KBM MOJCIHPAHETO, e AehuHUpaMe
rpad Ype3 HEroBUTE BBPXOBE M pedpa. 3a BBPXOBE IIC
OTpeneiiM  KOMIUICKTYBAIIUTE CHCTEMH HAa  CIIOXKHUS
Texunyeckn o0ekT. Tosa me Obae MHOXecTBOTO VACH.
HUnpexcsr ACH nokassa, 4e TOBa MHOXKECTBO C€ OTHACS IO
KOMIUICKTyBalllaTa CUCTeMa ,,ABTOMaTHYHAa CMsSHAa Ha
nHcTpyMeHTa”. 3a peOpa Ha rpada me B3eMeM (akropuTe 1
MIPOLIECUTE, BIUSEIIA Ha HAIEKTHOCTHOTO TOBEJIEHHE Ha
n3cieasanns o0ekT. Tosa mie Obae MHOkectBoTo EACH.
Taka medunupame rpapa GACU(VACH, EACH), koiito
TEIbpBa I¢ KOHKpeTm3upame. IIpeau na NMpPUCTBIMM KbM
HETIOCPE/ICTBEHATa KOHKpeTH3aIWs, Hema cernapupame
crioMeHaTuTe (haKTOPH U MPOIIECH HA TPH IPYIIH:

® KOWTO ca 0OYyCIIOBEHH OT BBHHIIHM 3a LIENUS CIO0XEH
TEXHUYECKH OOKT (T.e. OBJDKAIM Ce Ha OKOJIHATA
cperna, BKIIOYATETHO YOBEKA);
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e KOUTO ca OOYyCJIOBEHH OT B3aWMHOTO BIMSIHHAE C
OCTaHAIIMTE KOMIUIEKTyBalu cuctemu. Te3u dakropu
U TIpoliec 00pa3yBar JBe MOAMHOKECTBA!

- IBDKAll¥M C€ Ha BIMSHHETO Ha OCTaHAINTE
KOMIUIEKTYBAI[ CHCTEMH BBPXY pasriiexaaHara
TaKaBa,

- JAbJDKallu C€ Ha BJIUAHUCTO Ha pasrjexjaHara
KOMIUICKTYBaAIlla CUCTEMA BbPXY APYTUTC TaKUBA,

e KOMTO ca OOYyCJIOBEHM OT  BBTPEIIHH 32
pasrieKIaHaTa KOMIUIEKTYBAlla CucTeMa (pakTopu u
HPOLIECH.

KonkperusanusaTta Ha MHOkecTBOTO VACH n3pbspuiBame
HETIOCPEACTBEHO — HE € HeoOXoIuMa JOIbIHUTEIHA
00paboTka.

3a xoHKpeTH3auusaTa Ha MHOkecTBoTo EACH ce Hamara
Jla HallpaBUM JOIBJIHHUTEIHA OAroTOBKa. TS ce m3passiBa B
OTHACSHETO Ha BCEKU PEruCTPUpPaH OTKa3 KbM HSIKOH OT
€JIEMEHTHTE Ha TOoBa MHO)kecTBO. Cera Bede cMe TOTOBH /12
NPUCTBIIUM KbM MoOcTposiBaHe Ha rpada GACHU(VACH,
EACH).

CoxpaHsBaiiTe TekcToBata H rpaduyHaTa 4dYacT B
otaenHu (aiinose, mpenu na opMaTHpaTe TEKCTa CIIOpen
mabmona. He HoMepupaliTe, cTpaHuITe Ha JOKJIana, HUE
11 TO HaIpaBy BMECTO Bac.

I1l. IIbPBOHAYAJIHA KOHKPETHU3ALIMSI HA TPADA
Gacu(Vacu, Eacu)

Ha 6a3arta Ha HaTpynaHata craTuCTHYecKa HHGpOpMAIUsI
32 BB3HMKHAJINTE EKCIUIOATALIOHHM OTKAa3M H3BBPIIBAME
KOHKpeTH3aluusaTa Ha aBeTe MHOXecTBa - VACHU u EACH.
Pesynrarer e mokazan Ha ¢urypa 1, kato npuemame
CJIEIHUTE O3HAYEHMS:

Ma ¥V.ILE

@ur. 1. Hauanen sua Ha rpada Gacn(Vacn, Eacn)

ACH — aBTOMaTH4HA CMsIHA HA HHCTPYMEHTA;
HITY — uudpoBo nporpaMHO yIpaBIICHHE;
ITY — npunacsaiia 4acr;

I'Tl — rnaBen npeBof;

[ITX — monaBaTesieH NpeBo Mo oc X;

[ITIZ — nonaBaresneH npeBo/ Mo oc z;

3]1 — 3araraHe Ha Jierainia;

U- BimsiHIE Ha TapaMETPUTE Ha €TEKTPHYECKIS TOK;

Ma — BIUsIHHE Ha YOBEIIKUS (pakTop;

Ma WD, 5

@ur. 2. Bropa urepanuonsa konkpermsauusi Ha rpapa GACHU(VACH,
EACH) ¢ rernoBHUTE KOSPUIMEHTH HA BCEKU (DaKTOp M Mpolec, OTHACSIIN
ce JIo KOMILIEKTyBallaTa CucTeMa ,,ABTOMaTHYHa CMsHA Ha HHCTpyMeHTa”

V — BiHsHUE HA BUOpAIMUTE;
D — BnustHME Ha Mpax;
S — BIMsIHME HAa MEXaHWYHU HATOBAPBAHMUS;

P — BIMSHME HA MApaMETPUTE HA XHAPOITHEBMATHYHOTO
HaJIATaHe,;

BE — Bansinne Ha HUICKOKaYeCTBEHA eJleMeHTHA 0a3a;

W — BiMsiHHE Ha U3HOCBAHETO.

IV. BTOPA UTEPALIMOHHA KOHKPETU3ALINS HA TPADA
Gacu(Vacu, Eacu)

IMokazauust Ha purypa 1 rpap GACHU(VACH, EACH) e
NpEeICTaBeH BHB BB3MOXKHO Hai-oOmus cd  BHO. B
3aBUCHUMOCT OT TIOCTaBEHHTE IENK rpadbT MOXe aa Obje
KOHKPETH3HMPaH. 3a WIIOCTPAIMs Ha Te3U Bb3MOXKHOCTH HEKa
OTIpeNeNIiM TETJIOBHUTE KOS(HUIIMEHTH Ha BCSIKO pedpo Ha
rpada, T.c. 3a Bceku ¢akTop u mporec. Tyk chboo uma
pa3MMYHA BB3MOXKHOCTH B 3aBHCHMOCT OT IOCTABEHUTE
LeNH, NPOM3THYAllM OT pa3iMyHaTa JUMEHCUs Ha Te3U
KoeHIMEeHTH. 3a MeNUTe Ha HACTOSIIETO H3CIICIBAHE ¢
n30paHa JTMMEHCHSTA ,,[IPOLEHT” — TOBa € OTHOCHUTEIHUST
msan (B TPOLEHTH) Ha Opos OTKa3W, OOyCIOBEHH OT
KOHKpETHHs (DaKTOp M IpoLeC CrpsiMo o0 Opoit oTKa3H.

Taka KOHKPETH3UPAaHHTE TETJIOBHH KoeuIMeHTH ca
oTpaseHH Ha Qurypa 2.
V. W3BOIU
e CuHTE3WpaH € MOJEI Ha CKCIUIoATallMOHHATA
HAJGKIHOCT ©  paboTHata e(eKTHBHOCT Ha

KOMIUICKTYBalaTa CucTeMa ,,ABTOMaTl/I’-IHa CMsHa Ha
I/IHCprMeHTa” Ha TUIIMYCH CJIOKCH TCXHHYCCKHU
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00EKT — CTpyroBa MeTaJOpeXKella MalldHa ¢ [4] Saida Karmich, ElI Mostafa Ziani, Jamal Bouchnaif; Evaluating

national electric grid reliability by 2030 using the Barabasi-Albert
network model; Materials Today: Proceedings; Volume 72, Part 7,
2023, Pages 3238-3243; ISSN: 2214-7853, Copyright © 2023

uU(ppPOBO-IIPOrpaMHoO yrpaBjeHHE.

o Tosmu HAJACKAHOCTECH MOJACI € peajln3upaH Ha

Elsevier Ltd.;
OCHOBaTa Ha TeopusITa Ha rpadure. ) — . —
[5] Senthil Kumar; Chapter 1 - Reliability modeling; Reliability and
° I/I3Fpa[[eHI/IHT MOJIEN naBa BB3MOXKXHOCT 3a Probabilistic Safety Assessment in Multi-Unit Nuclear Power Plants,
BIP@K/IAHETO My B IISUIOCTHHS HAIEXKIHOCTEH MOJE E?Sze:’:/’i;?ﬁﬁs 1-36; ISBN 978-0-12-819392-1; Copyright © 2023

Ha CJIOKHHUS TEXHUYECKU 00EKT.

o PeamM3upaHusAT MOIed  JaBa  BB3MOXHOCT 32
U3CJIeIBAHE Ha B3aUMOBPB3KHTE MEXIY (DaKTOpUTE U
MPOIECUTE,  JHMHUTHPAIIM  HAJSKIHOCTTA  Ha
U3CJIEIBAHUTE OOEKTH.

e [lpemnoxxeHusT TMOAXOA 3a MOJCNHpaHE JaBa
BB3MOXHOCT 3a Malla0upaHe KaKTO IO OTHOIICHHE
Ha HepapXuyHaTa CTPyKTypa Ha OOEKTHTE, Taka U 10
OTHOILICHUE XapaKTePUCTUKUTE Ha Te3u (akTopu U
TIPOLIECH.

WBIIOI3BAHA JIMTEPATYPA

[1] Chun Yong Chong, Sai Peck Lee; Analyzing maintainability and
reliability of object-oriented software using weighted complex
network; Journal of Systems and Software; Volume 110, December
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[2] Joanna Szkutnik-Rogoz, Jerzy Matachowski, Jarostaw Ziotkowski;
An innovative computational algorithm for modelling technical
readiness coefficient: A case study in automotive industry; Computers
& Industrial Engineering; Volume 176, February 2023, 108942;
ISSN: 0360-8352; Copyright © 2023 Elsevier Ltd.;

[3] R. Sireesha, C. Srinivasa Rao, M. Vijay Kumar; Graph theory based
transformation of existing Distribution network into clusters of
multiple micro-grids for reliability enhancement; Materials Today:
Proceedings; Volume 76, Part 3, 2023, Online ISSN: 2214-7853,
Copyright © 2023 Elsevier Ltd.;

GRAPH MODELING OF THE RELIABILITY BEHAVIOR OF THE
AUTOMATIC TOOL CHANGE SYSTEM OF A COMPLEX TECHNICAL
OBJECT

Vladimir Boyadzhiev
"Todor Kableshkov" Higher School of
Transport
Sifia, Bulgaria
e-mail: vboyadjiev@vtu.bg

Abstract: Reliability modeling is an essential moment of the process of researching operational reliability and operational
efficiency of complex technical systems. This paper is dedicated to exploring the possibilities of graph theory in the reliability
modeling process. In particular, the object of the research is the automatic tool change system. The modeling will be done with the
view that the synthesized model can be embedded in the general reliability model of the entire complex technical object.
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CPABHUTEJIEH HAJEKJHOCTEH AHAJIN3 HA PE3YJITATUTE
OT MOAEPHU3ALIUATA HA EJIEKTPOHHA U MEXAHUYHA
YACTHU HA CJIOXEH TEXHUYECKHU OBEKT

Bnagumup bosmxues
BTYVY ,,Tonop Ka6nemikos”
Codwust, bearapus

e-mail: v.boyadjiev@abv.bg

Pe3rome: B 1okiaja e pasriegana MOJepHH3ANUATA HA IBe
000c00eHH YaCTH OT CJIOKeH TeXHHYECKH 00eKT M e HanpaBeH
CpaBHHTeJIeH aHAJIU3 Ha Ha/leXKTHOCTHUTe MM noka3sarenu. Io-
KOHKPEeTHO 00eKTH Ha H3CJIEIBAHETO Ca eJeKTPOHHATAa U
MEXaHMYHATA YaCTH HA CTPYroBa MeTajopeskellla MAIIMHA C
¢ poBo-NporpamMHo ynpasijenue. B pesyarar ca ¢popmupanun
HM3BOJH OTHOCHO pAa3riieJaHUTe BAPDHMAHTH 3a MOJCPHHU3ALMSA
CbC CbOTBETHHUTE NPENOPbKU.

Knwuoeu oymu. nadexconocm, mooepHusayus, CRoHCeH
mexHuuecKu 00eKm, eneKmpOHHA Hacm, MeXAHUYHA uacm,
CpasHUmenen aHaus3.

|. BBBEJEHUE

MopepHu3anusita € CBIIECTBEH  CIocod  3a
OCBBpPEMEHSBaHE Ha IPOU3BOJACTBEHOTO oOopyaBaHe. B
CBHBPEMECHHHUTE HU YCIIOBHUS y Hac eIHa He MajKa 4acT OT
ToBa 00OOpyJIBaHEe € B 3HAYUTENHA CTENEH MOPAIHO U
(U3UYECKH aMOPTH3UPAHO U HE € B CHCTOSHUE J1a OTTOBOPHU
Ha W3HMCKBAaHUATa IO OTHOIIEHHWE Ha KayecTBOTO Ha
NIPOM3BEXIaHaTa NPOJAYKIMSA. A 3aKyIlyBaHETO Ha HOBO
o0opy/sBaHe HEe BHHArk € MPEHOPBUUTEIHO MOPAIH
HEOOXOJMMOCTTa OT 3HAuuTeNHH WHBecTuimu. Ilpen
MOJICpHU3aNMsITa MOTaT Aa ObJaT IIOCTaBsIHU Pa3INIHA IEIH
3a MOCTHUTaHe, HalpuMep NnoaoOpsBaHe Ha eproHomusrta [1].
Yecto ce wu3cieaBa MOJCpHM3aNMsTa HAa KOHKPETHA
TEeXHUYECKa CHcTeMa, 0e3 Ja ce CpaBHsSIBa C alTEPHATUBHU
BapuaHTH [3, 4, 5]. 3HauWTeNHA YACT OT ITOKA3aTEIHTE 3a

KayeCTBOTO HAa Ta3W MPOAYKIMS C€ OTHACAT JIO
eKCIUIOATalMOHHATa ¥ HAJeXIHOCT W paboTHaTta W
epektuBHOCT. Haif-ompocTeHo ¢  wW3cieqBaHeTo  Ha

BIMSHUETO HAa €AWH HAACKIHOCTEH (DaKTOp, B Ciydas —
yoBemkua  [2].MopepHuzanuaTra Ha  €AMH  CIIOXEH
TEXHUYECKH OOEKT MOXKe Na OBb/Ie M3BBPIICHA B pa3iIdicH
00XBaT 1O OTHOILICHWE HAa XOPH30HTAJIHATA M BEPTHKAIHA
CTpyKTypa Ha obekta. Ilopany ToBa € Ba)XHO Ja MMaMe Ha
pa3noJyioKEHHE pa3IMuHM BapHaHTH Ha MOJIEPHH3ALMS Ha
enMH O00eKT, KOMTO Ja cpaBHsBaMe. l3BoauTe, KOWTO
ciefBaT OT TaKOBa CPABHEHHE Ca OCHOBAa 3a B3€MaHE Ha
PalMOHAIHYU YIPABICHCKH PEUISHHs NPH U300pa Ha BapHaHT
3a MOJICpHH3AIIHS.

B pamkuTe Ha HACTOSIIETO U3CIIEABAHE OCHOBEH UHTEPEC
MIPEICTaBIABAT Ha/Ie)KTHOCTHUTE MoKa3aTenu Ha
U3CNIeBAHUTE OOCKTH, a OT TaM — W IIOKa3aTeluTe 3a
paborHata uM edexTuBHOCT. [10-KOHKpETHO ca pa3rieaaHu
[OKA3aTeJIMTE 3a  EKCIUIOATAallMOHHA HAAESKIAHOCT Ha
€JIEKTPOHHATa W MEXaHMYHATa YacTH Ha THUIIMYCH CIIOXKCH
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TEXHHYECKH OOCKT — CTPYroBa MeTalopeKella MallnHa C
M (pPOBO MPOrpaMHoO yIpaBJICHHE.

Llenra Ha TOBa M3cienBaHe MOXkeM Jaa (opmynupame
Taka: BB3 OCHOBA Ha CpaBHUTEJIEH aHAJIU3 Ha
€KCIUTOATAIIHOHHATA HAJAEKIHOCT ¥ paboTHATa e(hpeKTUBHOCT
npe [Ba BapHaHTa Ha MOJIEPHM3AIMS Ha EJIEeKTPOHHATa,
PECIIEKTHBHO MEXaHMYHATA YacTH Ha KOHKPETEH CIIOXKEH
TEXHUYECKH O0EKT aa ObJIaT M3BEIEHH NPENOPHKH OTHOCHO
NpeauMCTBaTa ¥ HEJOCTaThIUTe Ha Te3H JABa BapuaHTa. [lo
BB3MOXKHOCT Jla ObJe MpenopbuaH €IuH OT TSIX Karo IIo-
e(eKTHBEH OT JAPYTHsA C Orjie[] W3BBPIIBAHE Ha OBICHIH
MOJICpHU3ALINH.

KonkpereH 00EKT Ha HACTOSIIETO HW3CIIEABAaHE ca JIBE
CTPYTrOBH METAJIOPEKEIM MAIIMHU C IUPPOBO-IPOrPAMHO
ynpasieHre. ToBa ca THIIMYHU CIIOKHH TEXHUYECKH 0OEKTH
c €JIEKTPOHHA, eJIEKTPUYIECKa, MeXaHUYHA u
XUIPOITHEBMATHYHA dYacTH. U 1Bere MammHH POJHO
MIPOM3BOJICTBO, MAIBK TUIIOpAa3Mep W Ca OT €IMH U CBIIU
Mozen. Heka ycnmoBHO Hapedem emHaTa MammuHaA ,,A”, a
npyrata mammHa ,b”. Ilpm mammbHa A e u3BBpIIEHA
MOJICpHU3aIMs Ha ENeKTPOHHATa dYacT, a TpH Jpyrara
mamiiHa b — monepHuzanus Ha MexaHudHata dact. [lpu
BCAKAa OT JABETE MAIIMHA ¢ M3CISABAaHO HHUBOTO Ha
eKCIUIoaTalliOHHATa  HANEXKAHOCT Tpead W clef
MonepHu3anmaTa. llenra e ma Obae  permcTpupaHa
npomsiHara (eekThT) OT MoJepHH3aluATa. [IppBOHAUATTHO €
yTOYHEH Ha0Op OT TOKa3eTenW 3a EKCIUIOATAIlMOHHA
HAACKIHOCT ©  paboTHa  e(EeKTHBHOCT, KOWTO IO
BB3MOXKHOCT HAM-TIBITHO Ja Xapaktepusupa oOekrure. [la
0TOENeKUM, Y€ TIPU BCEKH CIIOXKEH TEXHUUYECKU OOEKT TO3H
HaOOp B 00mIMs citydaii € pa3nuieH. B ycnoBusTa Ha peamHa
ekcrioatanusi Ha aBere MammHd A u b e cnbOpana
cratucTriyecka wH(GOpPMANUsA 3a BB3HUKBAIIUTE OTKAa3M
Mpend W cled ChOTBETHATA MOJEpPHHU3AIMs. 3a BCSIKa OT
JIBET€ MAIUMHU BCEKU OT MEPUOJUTE Npead U Cle]
MoiepHU3anuaTa ooxsamia okoio 1200 — 1500 gaca paboTHO
BpeMe.

METOIMYHU OCOBEHOCTH

3a W3cieBAaHUTE CTPYTOBH METATOPEKEIM MAIIHHU €
n30paH CICIHUAT HA0OP OT MOKA3ATEIIH:

e cpejHa 0TpabOTKAa MEXKAY OTKa3uTe - T, yaca;
® CpeIHO BpeMe 3a Bh3CTAHOBSIBAHE HA
paboTocniocoOHOCTTa -Ty, daca;
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® CpeIHO BpeMe 3a IPECTOM HOPaIy OTKA3M - 1 7p.0,
yaca;
e KOe(UIMEHT Ha M3IOJI3BAHE 110 IpEIHA3HAYEHHE
Ku.ne = CBPADPB

KBIETO:
CBP e cymapHOTO BpeMe 3a paboTa, Jaca;
OPB — mnanoBuAT GoHA pabOTHO BpeMe, Jaca;

e KOC(UIMCHT Ha OPTaHU3AIMOHHO-TEXHIYCCKA
TOTOBHOCT
Korr= TAT+ Typo)
KBAETO.

Tpip.o» Yaca - CpeHo BpeMe 3a IPECTOH MOPaad OTKa3H.

JIUpEeKTHOTO CpaBHsABaHE Ha CTOMHOCTHTE Ha TE3U
[OKa3aTeNnu 3a JBETe MAIIMHU HEe € IOAXOISINO IOpajau
Pa3IMYHOTO MBPBOHAYATHO CHCTOSHHE HA BCSAKA OT JIBETE
MamurHy MamrHy. [lopaan Ta3u npuyuuHa € 1enecbo0pazHo
Jla u3clenBaMe OTHOCHTENHMS /sl Ha  IpOMSHAaTa
(eBeHTyaITHO — IMOTOOPEHIETO) Ha BCEKH OT TE3H ITOKA3aTEIH
3a BcsAKka MamuHAa. ToBa OTHOCHTENHO IMOJ00peHHe
M3YHCIsIBaMe 110 popMyraTa:

| X e — Xenex|

.100%
XnpEan
KBJETO:
XIIPEJIM — croiiHOCTTa Ha CBOTBETHUS IOKa3aTell
TIpeau MOJIEPHU3ALMATA,
XCJIE]I — croifHOCTTa Ha CBINUA TIOKa3aTeNl Clex

MOACpHHU3alATA.

MoaybT Ha YUCIHUTENS € HeoOX0auM nopaau (daxra, ue
IpU  HAKOM TMOKa3aTelu ca Mo-J00pH  IO-TOJIEMHUTE
CTOMHOCTH, a TpH JpPYyrd TO-JOOpH ca TO-MaJIKUTe
croifHoctn. T.e. ropHara Qopmyna oOxBamia W Te3n JABa
ciaydas. A ako IpU HSAKOHW OT TOKa3aTelIHuTe Ce PErucTpHpa
BIIOIIaBaHE HA CTOMHOCTTA, TOraBa MPECMETHATATa CTOMHOCT
o TopHaTa (opMyJia ce B3eMa ChC 3HAK ,,-,.

I1l. PE3YJITATU U TEXHUAT AHAJIU3

Bcekn 0TkKa3 e perucTpupaH B IIPEABAPUTEITHO
MoAroTBeHa (hopma, ChIbPIKallla HErOBUTE MapaMeTpu. Bb3
OCHOBa Ha TAX Ca ONPEACICHU YHUCICHUTE CTOWHOCTH Ha
OMHCAHUS TMO-TOpe HAOOpP OT HAMCKIHOCTHU IMOKA3ATEIIH
TIpey U CJIe] MOJICPHHU3ANNATA 32 BCIKA OT JBETC MAIIMHU.
Tes3u cTOMHOCTH 3a MalllMHa A ca OCOYEHH B Tadumna 1.

3a MammHa b perucrpupaHuTe 4HCIEHH CTOMHOCTH Ha
Habopa HaJeKTHOCTHH ITOKA3aTeNN ca IMOKa3aH!W B TaOIMIa
2.

Ilpu Bcsika OT JABETE PA3rIeKIAHW MOJACPHH3ALUH Ca
BJIOXEHH pa3IMYHU CcpeicTBa. ToBa O3HAuaBa, 4Ye
pe3yJsiTature, MOCOYCHU B JIBETE TAOIMIM, Ca MOJYyYeHH Ha
pasnuyHa 1eHa. T.e. TUPEKTHOTO CpaBHCHUE HA PE3yJITaTHTE
OT JIBeTe TabiHIH He e menechodpa3no. Heodxommumo e Te3n
pe3yatatd ga ObgarT MamjabupaHd KbM €OHa M ChIla
CTOMHOCT Ha HHBECTHIMHUTE. 3a LEATa IIe H3I0I3BaMe
NPeBOIeH KoeUIIMEeHT.
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TABJIUIA 1. TIOJIYUEHUA YUCJIEHA CTOMHOCTU HA U3CJIEJIBAHUTE
TIOKA3ATEJIN 3A MALLIMHA A TIPEJIA 1 CJIEJI MOJEPHU3ALIMSITA HA

EJIEKTPOHHATA YACT
T, | Tg | Tupo.
yaca | yaca | 4aca Kune | Korr
Hpenu 36,1 | 22 6,8 0,92 | 0,84
MO/IEpHU3ANMSITA
Caen 934 | 1,7 49 0,95 | 0,90
MO/IEpHU3ANMSITA
ITonoopenne, % 159 23 28 3 7

TABJIUUA 2. [IOJIYUEHUA YUCJIEHA CTOMHOCTU HA U3CJIEJIBAHUTE
TIOKA3ATEJIM 3A MALLIMHA b TIPEIW Y CJIEJ MOJIEPHU3ALIMATA HA

MEXAHWYHATA YACT
T, Ts, | Tnpo.
yaca | yaca | yaca Kune | Korr
Ipenu 66,4 | 61 | 11,3 | 0,82 | 0,85
MOJIepHU3AIMSTA
Cnen 96,6 | 4,7 8,9 0,84 | 0,92
MOAECPHHU3AUATA
I[onoopenue, % 45 23 21 2 8

To3u mpeBomeH KoehuIMEHT e AeUHHUpPaME KaTo
OTHOIIIEHUETO Ha BJIOXEHHUTE CPEJICTBA 32 MOJIEPHMU3AINS Ha
MamrHa A kbM Te3u Ha MaumnHa b. Tlpu koHKpeTHUTE /BE
MOJICPHU3AIIMK CTOMHOCTTAa Ha To3u KoeduiueHt ¢ 1,33. 3a
Jla ce MOoJIyyaT CPaBHUMHM pE3yJTaTH, cleABa Ja YMHOXKUM
CTOMHOCTHTE Ha TMOAOOPEHHETO Ha BCEKH IoKa3aTell 3a
MammHa b ot Tabmuma 2. Taka momydeHWTE KOPUTHPAHU
cToifHOCTH 3a MammMHa b Morar na ObIaT cpaBHSBaHU ChC
CTOMHOCTHTE Ha OJJOOPEHHUETO Ha ChOTBETHUS TTOKA3aTeN 3a
MammHa A or Tabmuma 1. IMomrexxammre Ha cpaBHEHHE
CTOMHOCTH Ha pasriieKJIaHUTE TMOKa3aTesld ca OTPa3eHH B
Tabmumna 3.

[Tpu cpaBHEHMETO HA IBPBHS M TPETHS pejl OT Tabiuma 3
Morar fa ObaT OTYETEHH CICTHUTE PE3yNTaTH:

1) Ilpu cpaBHEHMETO Ha CTOMHOCTUTE Ha IOKa3aTess
»CpemHa OTpaboTKa MEXAy OTKa3uTe” ce BIKIA, Ue
NoJ0OpEHNETO MPY MallliHa A € 3HAYUTENIHO MO-TOJSIMO OT
momoOpenrero mpu MammHa b. Tasm He Manmka pasimuka
MOXe Jia ce OOSICHM C To-uecTHTe (HO TO-KpaTKOTpailHM)
OTKa3H Ha EIEeKTPOHHATA YacT NPH aMOPTH3UpaHaTa MaIllMHA
A. Cnen MonepHU3aLUsATa CTOMHOCTUTE HAa TO3M MOKa3aTelnl
Opu  MammHa A 3aKOHOMEPHO HMaT  3HAYUTENHO
nogobpenwue. JlokaTo mpu MamuHa b moo6peHueTo chio e
3HAYUTEIIHO, HO HE € OT CTENEHTa Ha IOJIOOPEHHETO IpU
mammHa A. Taka ye Bb3 OCHOBa Ha IIOKa3aTels ,,CpelHa
0oTpaboTKa MEXIy  OTKasuTe”  MOJEpHM3amusATa Ha
€JIEKTPOHHATa 4acT € 3a IPENopbYBAHE  CIPAMO
MOJIEpHU3ALMTA HA MEXaHNYHATA YacT.

2) ITo oTHOLIEHHE HA CpAaBHEHHUETO HA JIBaTa MOKa3aTels,
XapakTepU3HWpally TMPOIECHUTE HAa BB3CTAHOBSBAHE Ha
paboTocrmocoOHOCTTa — ,,CPENHO BpEeME 3a BH3CTAHOBSBaHE
1 ,,CPEIHO BpEMe Ha IPECTOM MOpaJu OTKA3u HE Ce OTYUTAT
NPUHLUITHA Pa3jiMK{d B CTOWHOCTUTE 3a JIBETe MalllHU. Bce
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IIaK CHBCEM JIOTHYHO CPEIHOTO BpEME 3a BH3CTAHOBSIBAHE HA
MamuHa b e mo-romsmo ot ToBa Ha MmammHa A. ToBa ce
IBIDKA Ha 3HAYUTEIHOTO MOJOOpEHHE Ha TO3M IOKa3aTel
Py MaliMHa A BBIOPEKH PETUCTPUPAHOTO TOJAOOpEHUE H
npu MammuHa b. MoxkeM J1a oT4eTeM KpaiHUAT pe3yiaTaT Mmpu
Te3W JIBa IOKa3aTels, 4e HAMa ChHIIECTBEHA pasjHnKa IpH
JIBET€ MAIMHM, KaTO BCE MaK PE3yNTaThT IpU MamIuHa A
¥Ma TIPEJUMCTBO TIpe1 TO3HU 3a MarmHa b.

TABJIMLA 3. TTOJUIEXAILLA HA CPABHEHUE YWCJIEHA CTOMHOCTH HA
TOJOBPEHUETO HA HAJTEXXTHOCTHHUTE IIOKA3ATEJIM 3A JIBETE MALLIMHU
CJIEJT KOPEKIIMSITA HA CTOMHOCTUTE HA MAIUWHA b

T, Ts, Thp.o,

yaca | vaca yaca Kune | Korr
Tonobpertne | 159 | 53 | g 3 7
Ha MallliHA A,
%
Togobpertne | 45| 53 | 9q 2 8
Ha mamuHa b,
%
Kopurupano
nogodpenne 60 31 28 2,7 11
Ha mamuHa b,
%

3) Uucnenure CTOHHOCTH Ha MOAOOpEHHMETO Ha JBaTa
KOMIUIEKCHU TIOKa3aTeis ,,KOe(UIMEeHT Ha H3IOJ3BaHE II0
mpeJHa3HaueHne” U ,,KOCUIIMEHT Ha OpraHU3alMOHHO-
TEXHHYECKa TOTOBHOCT  TIOKAa3BaT OTHOCHUTENIEH MapUTET
mpu  JaBeTe  MamuHM. llo-rojsiMara  CTOWHOCT  Ha
moo0peHreTo mpu MammHa b Moxe mga Obae obscHeHa c
HAMaJISIBAHETO Ha OOIIOTO BPEME 3a MPECTOU MOPAIH OTKa3H
B MEXaHWYHATa YacT, KOETO € MO-TOJIIMO OT OOIIOTO BpeMe
3a TMPECTOM TMOpaad OTKa3W Ha CJICKTPOHHATA 4YacT.
OTuMTaHETO HA CTOMHOCTHTE Ha TE3M JBa KOMILIEKCHU
IoKa3arelis He JJaBa OCHOBAHME 3a MPENOPhYBAHE HA CAMHUS
OT JBaTa BapHaHTa 32 MOACPHU3AIHS.

4) Karo cymapeH pe3yaral OT CpPaBHEHHETO Ha
moZ0OpeHnATa Ha YHCICHUTE CTOHHOCTH Ha pasrilefaHus
Ha0Op OT TOKa3aTeNaH 3a €KCIUIOATAlMOHHA HAAEXKIHOCT U
paboTHa  e(eKTHBHOCT MOXKEM Ja  OT4eTeM, de
MOJIEpHU3aIMATa HA eJIeKTPOHHATa 4acT (MammHa A) nma
JEK TpeBeC HajJ BapHaHTa HAa MOJCpHM3alUs Ha

MexaHWYHata 4actT (MamwmHa b). Ho To3m mpeBec ¢ B He
roJsiMa KOJIMYeCTBEHA CTETICH, a He B KAUeCTBEHA TaKaBa.

V. U3BOIU

e dopmupaH € HabOp OT HAAEKIHOCTHH TOKA3aTEeH,
HEOOXOJMMHU 33 CPAaBHEHHETO Ha PE3YJITaTUTE OT
MOJICpHH3AIMATAa Ha €JIeKTPOHHATA U MEXaHHYHATa
YaCTH HA PA3TIICKIAHUTE OOCKTH.

e OrmpeneneHn ca YHCIEHUTE CTOMHOCTH Ha TE3U
MOKa3aTelil 3a BCJAKA OT JBETE€ MAIIMHU MPead U
Clie/T MOJIEPHU3AIIUATA.

e HampaBeH e CpaBHHUTENICH aHAIN3 HA PE3YJITATUTE 3a
BCSIKa OT JBETE MALIUHHU.

e Upes mpeBojieH KOe(DUIMEHT € OTYETEHA pa3iikKara
BbB BJIOXKEHHTE CpEICTBA 3a BCIKA OT JBETE
MO/JICPHHU3AI[HH.

o [lpuioxkeHaTa METOAMKA € MPUIOKUMA U TIPH IPYTH
AHAJIOTMYHN M3CIEABAHUA HAa CJIOXHH TEXHUYECKH
00€eKTH.
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COMPARATIVE RELIABILITY ANALYSIS OF THE RESULTS OF THE
MODERNIZATION OF ELECTRONIC AND MECHANICAL PARTS OF A
COMPLEX TECHNICAL OBJECT

Vladimir Boyadzhiev
"Todor Kableshkov" Higher School of Transport
Sifia, Bulgaria
e-mail: vboyadjiev@vtu.bg

Abstract: The report examines the modernization of two separate parts of a complex technical object and makes a comparative
analysis of their reliability indicators. More specifically, the objects of the research are the electronic and mechanical parts of a
lathe metal-cutting machine with digital-program control. As a result, conclusions were formed regarding the considered options

for modernization with the corresponding recommendations.
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OCHOBHU KOHCTPYKTUBHMU PEHIEHUS HA
MAJIKOMOAYJHU 3bbHU KOJIEJIA 3A YPEJOCTOPEHETO

I'enanu IlBeranos Credan KppryHOB Bbopucnas ['eoprues
TY-T'a6poso TY-T'abpoBo TY-T'abpoBo
Karenpa ,,MamuHocTpoeHne u Karenpa ,,Mamunoctpoene u Karenpa ,,MamuHocTpoeHe u
ypenocTpoeHe” ypenoctpoeHe” ypenocTpoeHe”

T'abposo, bearapus
e-mail: gencvet@tugab.bg

Pesome: B nokinaga ca npeacraBeHd pasiiM4yHU
KOHCTPYKTHBHHU pellleHHsI HA MAJIKOMOAYJIHHM 3bOHU
KoJIeJIa ¢ Pa3jIMYHM cnenu(pUYHN M3HCKBAHUS KBM
3alleNBaHET0 MM M HAJIWYHA TEXHOJIOTHs 3a
Npou3BOACTBO. Ype3 KOHCTpyHpPaHe HAa CbCTABHO
3b0HO KOJIEJIO M HAJIMYHe HA eJACTHYEH eJIeMeHT e
Bb3MOKHA KOMIEHCALUHUSTA HA IPEUIKATa OT MbPTHB
XO0] B NpeJaBKaTa.

Knrouoeu oymu: mankomooynnu 3v0HU Konena,
KoHcmpyKyuu.

l. YBOJX

3bp0HUTE MPENABKH B YPEIOCTPOCHETO ca 0COOEH
KJIac TPEJaBKH, KOWUTO C€ XapaKTepu3upaTr C
MUHUMAJIHU PpasMeEpu, CHeI_II/I(i)I/I‘IHI/I yCi10oBUA Ha
paboTa 1 eKcruToaTanys.

OCHOBHHTE KpHUTEpUH NPH KOHCTPyHpaHE Ha
enHa 3p0Ha IpejaBKa B ypenocTpoeneTo ca [1]:

® MUHHUMAaJIHU pa3Mepy;
e MAaKCHUMAaJIHa TOBAPOHOCUMOCT;

® peamm3anvsd Ha TPOU3BOJHHM 3aKOHH Ha
3a1CIIBaHCTO,

e  0e3IIyMHOCT;
® TOYHO MO3UIIMOHUPAHE;

¢ JIOBHIIaBaHC HAa KHHEMaTHW4YHATa TOYHOCT H
HaMaJIIBaHC Ha MBbPTBUA XOI B 3alICTIBAHCTO.

[locnemaure TpWM KpuUTEepus ca CBBP3aHU
HETOCPE/ICTBCHO C TOYHOCTTA Ha 3b0HATA MpeaBKa
M HEHHUTE €JIICMCHTH.

MonynmbeT Ha 3bOHaTa HpelnaBKa € Mapamerhbp,
KOHTO ce ompenens upe3 HIKOM OT KPUTCPUHTE 3a
SIKOCT. MUHHTIOApH3aIMATa Ha 3bOHUTE NIPEIaBKH €
JIoBena a0 000COOSBaHETO Ha OTACTHA TpyHa —
HapeyeHH MaikomoaynHu. Te ca eguH oOT
OCHOBHUTE Bb31IM B ypeaure. [Ipu Tax croilHOCTTa
Ha MOJyJla € OTpaHHYeHa OT HEpaBEeHCTBOTO m<1
mm ¥ ca HEOPWIOKHMH TEOPETHYHHUTE W
CKCIICPUMCHTAJIHU JTaHHH, IIOJYYCHHU 3a 3’b6HI/l
KoJiena ¢ eabp u cpeneH moayin [1,2]:

® eIUH OT Hall — ymoTpeOsIBaHUTE MOIYIH €
m=0,3 mm. Moxynsr m=0,2 mm cb3gaBa

I'abpoBo, brirapus
e-mail: skartunov@abv.bg

I'abpoBo, brirapus
e-mail: gborislav@gbg.bg

HSIKOM TEXHOJIOTHYHHM 3aTpyaHeHusd, a m=0,4
mm ce Uu3NOoI3Ba B 10 — HAaTOBAPEHH
npenasku. [llupuHaTta Ha Konenara € Hail —
gecto b=(4..6).m, a KOHCTPYKUHATA UM —
THI “T1aiioa’.

e 3B0HHWTE KOjJena OT penyKTopuTe Ha
€JIEKTPOMEXAaHUYHUTE yCTpoiicTBa ca
OOMKHOBEHO 7-8 creleH Ha TOYHOCT.
CrpyxaBaHeTO UM HE 3aBUCH OT CTEMEHTa
Ha TOYHOCT.

® Mana3oHBT Ha MPEIaBaTEIHOTO OTHOILICHHE
€ LIMPOK, HO 33 eHA CTENCH He MpEBUINaBa
6. Munnmanust Opoii 3601 e 12..15;

® [IbpBUTC CTCIICHU Ha PCAYKTOPUTEC Ca c1abo

HATOBapeHH, 3al[0TO C€ 3aABIDKBAT OT
MaJIOMOLIHH SNEKTPOBUTATEIH u
HAMPEKCHHUATA B 360UTE Ca 3HAYUTEIHO O]
JOITy CTUMHUTE;

e MakcumanHata nepudepHa CKOpOCT B

MaJIoradapuTHUTE PEYKTOPU HE MPEBHUINABA
1,5 m/s, mopamu MajkuTe pa3MepH Ha
KOJIernara,

® [I0-4Y€CTO B PCAYKTOPUTE CC MaXKaT JIar¢puTe,
a 30HUTE KoJIeaa pa6OTHT B YCJIOBUATA HA
OIrpaHUYC€HO CMa3BaHE,

e TMpeo0OsanaBaioTo OOJIIUHCTBO PEIyKTOPU
paboTAT B HOPMAJHU KIIMMATHYHH YCIOBHS.

1. U3J10)KEHUE

Ilo KOHCTPYKTUBCH IPHU3HAK MAJIKOMOAYJHHTC

ITHHIPAYHN 360HM KOJIeNla ce JENAT Ha CIEIHUTE
TpYIIH:

e TMHBOHU (KoJena ¢ Opoit Ha 3s0uTe oz 20);
® IIWJIMHPUYHU 3b0HU KoJiesia O¢3 IIIaBuHA;
® [WIMHAPHYHU 3b0HU KOJIEIa C TJIaBHHa,

e KoMOMHHMpaHu 3bOHHM Kojiena (OJ0K 3bOHM
KOJIena).

Bunosere muHbOHM ca TIOKa3aHu Ha ¢ur. 1 a) 10
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Ha ¢ur. 1 a) u 0) ca moka3aHu MUHBOHH, KOUTO
ce 3aKpemBaT KbM Bajla C IIOMOINTa HA LIUQPT
KoHcTpykiin Ha TNMHBOHM 0Oe3 TJlaBuHa ca
nokazanu Ha ¢ur. 1 B) ur). Ha ¢ur.1 1), e) u x) ca
MTOKa3aHU BaJl 3b0HU KOJIEIa.

Konctpyknusra Ha 360HH KoJjlena ¢ JHaMEThp
10 40mm ¥ mupuHa Ha 3B0HUS BEHEI] 10 3mm ca
nokazanu Ha ¢ur.2, a)-r). MoHTHpaHeTo Ha 3BOHU
konena or ¢ur.2 a) m O0) ce W3BBpIIBA UpeE3
BanoBane. Komenmata oT ¢ur.2 B) W I) OCBeH
BaJIIIOBAHE MMAT M JOIBJIHATEITHA IIUTULIA.
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Our. 2. KorcTpykiun Ha 360HU KoOJeNa B YPEIOCTPOCHETO THII
JIHCK

3p0HK Konena ¢ auameTsp Han 40mm  ca
nokaszanu Ha ¢wur.2 n)-x). Komenara ot ¢ur.2, n) n
€) ce MOHTHpAT Ha Baja 4pe3 IpecoBa criodka U
JOIBJIHUTENHO BayoBane. Konenata ot ¢ur.2 x),
3) U M) Ce MOHTHpAT C BHHTOBEe WIM HHMTOBe. Ha
¢wur.2 x) e nokazaHo 30HO KOJIENO C IUTUIIN, KOETO
JOIBJIHUTEITHO CE BAIIOBA.

B manoraGaputHHTE ~ PEIYKTOPH  TOJSIMO
NPUIOKEHUE HAMUPAT LIMHIPHYHE 350HH KoJiela
¢ rimaBuHa. TakuBa KoJieda ca rokasaHu Ha ¢ur. 3

a)-3).

IIIupoko NpUIOKEHUE HAMUPAT U CHhCTABHUTE
3p0HHM KoJena (3p0eH 010k). KoHcTpykumsara Ha
TaKUBa KOJIENa ¢ [ToKa3aHa Ha Gur. 4 a)-1).
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Ha ¢ur. 4 a), 6) u B) ca moka3anum 3bOHU
OMoKOBe  CrUIOOSBaHM  4Ype3  IMPECOBaHE |
nmocienBamo BamoBaHe. Crio0sBaHe C HUIMNN H
MOCTICIBAIO BAJIOBaHE € IMMOKa3aHO Ha ¢ur.4 T).
Haps3BaneTo Ha 350HUTE KOJIENA B TE3M CIy4au ce
IIpaBM Clie]l criao0sBaHe Ha 3OHUS OJIOK 3a Ja ce
OCHUTypH T0-BUCOKa TOYHOCT. L1nuiumTe Ha MHHLOHA
U TONSIMOTO 3BOHO KOJEJIO C€ TpaBAT cieq
Haps3BaHe Ha 360uTe upe3 nporerisiue. LlnuosoTo
CbCAMHCHUE TapaHTUpa IpEAaBaHEC Ha I10-TOJIAM
BBPTSII] MOMEHT U BUCOKA TOYHOCT Ha Crio00sBaHe.

®ur. 4. CbcTaBHU 360HHU KOJIENIA B YPEIOCTPOCHETO

Ha ¢ur.4 n) e nageHa KOHCTPYKIUS HAa ChCTABHO
KOJIEJIO CIII00EHO ¢ BUHTOBE.

3a nocTuraHe Ha IuIaBHa U Oe3nrymMHa padoTa Ha
3BpOHUTE TPEIaBKH € HeoOXOoAnMO XJIaOWHHTE TIpH
3alieriBaHe Ja ce HamajsaT 10 MHHHUMYyM. ToBa ce
MOCTHTA YPE3 pEryilupaHe Ha MEKTYyHEHTPOBOTO
pascTrosHHE C TIOMOINTa Ha KOPHIMpaHEe Ha
TpeaBKaTa, MHANBHYATHO TTOAOHpaHe HA 3HOHUTE
JIBOMKH MJIM KOHCTPYKTHUBHO O(OpMsIHE Ha 350HOTO
koneno. Ha ¢ur. 5 e mokasaHa KOHCTPYKIHS Ha
3p0HO KOJIEIO C aBTOMAaTHM4YHa MpPOMsSHAa Ha
CTpaHMYHaTa XJIaOMHA M TIpeMaxBaHE Ha MBPTBUS
XOZI.

Konenoro ce cecTom ot aBe yactu 2 U 3, KOUTO
HMart IpOope3H 3a 3aKpenBaHe Ha Npykuau 1. B gact
2 ca HampaBeHW OBa Pe30OBH OTBOpA, a B 4acT 3
€JIMIICOBUIHN OTBOPH, B KOWTO BIIN3aT BUHTOBE 4.
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IIpy>xuHuTe ca 3aKperneHu B OTBOPUTE Ha JIBETE W3IO0J3BAHA JIMTEPATYPA
KOJIeJIa, KaTo 0 TO3U HAYUH 3aBbPTAT OTIACIHUTE [1] Simeonov S. et al, Plastic gears in precision
YJaCTH Ha KOJICJOTO B IIPOTUBOIIOJIOKHH IIOCOKH instrumentation engineering, Minsk, “Nauka i tehnika”,
OKOJIO o0miata OC W IpeMaxBar XJjaOWHara B 1993.
3allereHaTa 350HaTa JBOMKA. [2] Simeonov S. K., Study of the workability of small-module

metal-plastic gears according to the deadlock criterion,
Dissertation for the degree of candidate technical sciences,
Gabrovo, 1983.

[3] Iliev Il., Basics of designing devices, Gabrovo, 1987.

Our. 5. besxnabHHa KOHCTPYKUIMS Ha 3BOHO KOJeno 3a
YPEIOCTPOEHETO

I1. 3AKJIIOYEHUE

IIpemtosxkenn ca pasnWYHU  KOHCTPYKTHBHU
pemieHuss 3a  MaJKOMOJYJHHM 3BOHM  KoJjena
CBBMECTHO  CBbC  3aKpENBAHETO MM  KBM
3a7BIKBaIIUs Bal. M300pbT Ha THUMA KOHCTPYKIUS
MaJKOMOJYJHO 3BOHO  KOJENO  3aBUCH  OT
crielu(UUHUTE M3UCKBAHUATA KbM 3alClIBAHETO M
HaJIMYHATE TEXHOJIOTUIHI METOIM 3a N3paboTKa.

IIpencraBeHr ca KOHCTPYKTHMBHH PEIICHHS 32
0e3xJTa0MHHO 3aIlerBaHe Ha MAaJKOMOJYJIHH 3bOHH
NpPEAaBKH C JONBJIHHUTEICH CJIACTUYCH EJIEMEHT
MMO3BOJISIBAIIIM  CIMMUHHPAHE Ha Tpelikata oT
MBPTHB XOJ1 B 3b0HOTO 3allerBaHe.

BASIC CONSTRUCTION SOLUTIONS OF SMALL MODULAR GEAR
WHEELS FOR PRECISION ENGINEERING

Genadi Cvetanov Stefan Kartunov Borislav Georgiev
Technical University of Gabrovo Technical University of Gabrovo Technical University of Gabrovo
Department of Mechanical and Department of Mechanical and Department of Mechanical and
Precision Engineering Precision Engineering Precision Engineering
Gabrovo City,Bulgaria Gabrovo City,Bulgaria Gabrovo City,Bulgaria
gencvet@tugab.bg skartunov@abv.bg gborislav@gbg.bg

Abstract: The report presents different design solutions of small modular gears with different specific meshing requirements
and available manufacturing technology. By constructing a composite gear wheel and having an elastic element, it is possible to
compensate the error from the backlash in the gear.
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KOMIUVIEKCHHU U ITOEJIEMEHTHHA IIOKA3ATEJIN 3A OLHEHKA
TOYHOCTTA HA MAJIKOMOAYJIHAU 3bBHU KOJIEJIA

I'enanu IlBeranos Credan KppryHOB Bbopucnas ['eoprues
TY-T'a6poso TY-T'abpoBo TY-T'abpoBo
Karenpa ,,MamuHocTpoeHne u Karenpa ,,Mamunoctpoene u Karenpa ,,Mamunoctpoene u
ypenocTpoeHe” ypenoctpoeHe” ypenocTpoeHe”

T'abposo, bearapus
e-mail: gencvet@tugab.bg

Pesome: B nokiaga e u3pbpmieHa Kiaacupukanus Ha
noejeMeHTHHTe M KOMIUIEKCHH I0Ka3aTeJlM 32 OIEHKA
TOYHOCTTA HA MAJIKOMOAY/IHH 3bOHHU KoJeJia ChbC CHMeTpHYeH
u acuMerpuyeH mnpodun Ha 3n6ure. IIpencraBenn ca
3aBHCHMOCTHTE 32 OIpe/elisiHe HA MOeJIeMEeHTH NMOKAa3aTeIn Ha
TOYHOCTTA NMPH H3MO/I3BaHe HA TAHTE€HIMAJTHO U3MECTBaHe Ha
HHCTPYMeHTa. J[ajeHn ca HACOKH NpPH OLIEHKA CTEeNeHTa Ha
TOYHOCT HA KOJIeJIaTa OT MpeJaBKATa ¢ aCHMeTPU4eH mpoduJ
NpHU OTYNTAHE T€OMETPUSATA HA HHCTPYMEHTA.

Knrouosu oymu: €60/16eHMHU  3BOHU
acumempuuen npogun, KOHMpPo.

npeoasxu,

|. BBBEJEHUE

IIpu mpoekTupane Ha 30Ha MIpeAaBKa B yPEIOCTPOCHETO
NpelaBaTeTHOTO OTHOLIEHHE ce M30Kpa B Anana3zoHa oT 1 1o
10. IIpu mpengaBaHe Ha MHOTO MaJIKM MOMEHTH TO MOXE Ja
ce yeenmuu a0 15. B cunoBuTe mpemaBku 3a MO-IUIaBHA
paboTa ce TpemoppUYBAT  CIEAHUTE  IPENaBaTEIHU
otHoweHus ot 1 1o 5 . [Ipu Te3n npenaBaTeTHU OTHOIICHUS
no-0bp30 ce cpaboTBaT 30HKUTE NBOIKH [1,2].

3a cwioBM TpenaBkH, paboTen NpH MPOMEHIHBO
HaTOBapBaHe TpAOBa Ja ce W3dWpar mpenaBaTeIHH
OTHOIIICHUS BBB BHJ Ha Apobu, Harpumep 35/27, 43/31 [3].
u T.H. Taka ce HaMalsIBa U3HOCBAHETO, ThI KaTO IPH BCEKH
ciiesiBai 000poT 360 OT €IHOTO KOJIEJIO KOHTAKTYBa C HOB
360 OT IPYTOTO KOJIEIO.

Ilen Ha HaCTOAMIMAT JOKNA] € KiacuUKaius Ha
MOKA3aTeINTe 3a OICHKA TOYHOCTTA HA MAJKOMOYJTHH
CBOJIBCHTHH INIIMHIPWYHN 3BOHW KOJela W IPEIaBKH,
KOHUTO Ca peaM3UpaHU C U3XOJCH KOHTYp C HEpaBHOMEpHA
CTBIIKA.

11. U3JIO)KEHUE

[MonacToseM, CBETOBHHUTE CTaHIAPTH, BKIIOYBAT JIBE
TPYIH MOKAa3aTeNN 3a OLEHKA TOYHOCTTAa Ha MaJKOMOJIYITHI
3B0HH KOJIeTIa U TIPETaBKH:

o OyHKIMOHATHA WM KOMIUICKCHH: KHHEMaTHYHa

TOYHOCT, TUIABHOCT MPH paboTa, KOHTAKT Ha 3bOHTE U
CIpyXaBaHe Ha 3OHHUTE KOJIeTa.

o TexHomornyHau MM IMOCJIICMCHTHH, KOMTO BKJIIOYBAT
TOYHOCTTA Ha OTACIHUTEC I'COMCTPHUYHU pasMCpU Ha
KOJICJIOTO U ITpE€aaBKara.

Ha ¢ur. 1 e
KOMIUIEKCHUTE |

npeaAcCTaBCHa
IMOCJIICMCHTHHA

KIacupuKaIms
[TOKa3aTeNN

Ha
3a

I'abpoBo, brirapus
e-mail: skartunov@abv.bg
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I'abpoBo, brirapus
e-mail: gborislav@gbg.bg

MAJIKOMOJYJIHU 3BOHM KOJIeNa W TPENaBKH, ChIIIacHO [3].
OzHaueHusATa Ha PHUTypara, ca KakTo CJeBa:

F’io - JOITYCK Ha KUHEMAaTUYHaTa I'pClliKa Ha MMpEIaBKaTa,

F’l - momyck Ha KMHEMaTHYHAaTa TpelIka Ha 360HOTO
KOJIENO;

F’ik - nomyck Ha KmHeMaTW4YHaTa Tpemrka Ha 3bO0HOTO
KOJIeJI0 HO K CTBIIKH;

Fp - momyckHa HarpyraHata Tpelllka Ha CTHIKAaTa Ha
350HOTO KOJIETIO;

Fpk - nomyck Ha HaTpynaHaTa rpelka Ha K CTBIKH;
Fr - momyck Ha panuaiHOTO OMeHe Ha 3bOHUST BEHEIl;

Fvw - nomyck Ha konebaHMeTo Ha JBJDKAHATA Ha 00IIaTa
HOpMaJa;

F”i - nmomyck Ha koneGaHMETO Ha HM3MEPUTEIHO-TO
MEXK/IyOCOBO pa3CTOSIHUE 3a €IUH O00O0pOT Ha 3BOHOTO
KOJIEJNO;

f’io - momyck Ha MeCTHaTa KHHEMAaTWYHA IpEIlKka Ha
TpeaBKara;

f’i - Jgomyck Ha MeCTHaTa KHHEMAaTHYHA TIpEIlKka Ha
360HOTO KOJIEJNO;

fvpt - momyck Ha pa3IUKHUTE B CTHIKUTE;

fpb -

3alCNIBaHCTO,

IpaHUMYHU  OTKJIIOHCHHWA B  CThHIIKATa Ha

ff - momyck Ha rpemikara B npoduia Ha 360a;

1 1 - gomyck Ha KoJe0aHHWETO Ha W3MEPHTEITHO-TO
MEXyOCOBO Pa3CTOSHUE 3a €AUH 3b0;

FB i - momyck Ha HampaBIeHUETO Ha 3604;
fX i - momyck Ha HeyCcHOpeTHOCTTa Ha OCUTE;

fy - momyck Ha KPBCTOCBAaHETO HA OCHTE;

fa - TpaHUYHO OTKJIOHCHHE Ha MEKIYOCOBOTO
pascrosiHue;
EHS - Hali-MankoTo [ONBIHWATENIHO HW3MECTBAHE Ha

W3XOIHUS KOHTYP 32 350HU KOJIeNa C BRHIITHH 350M;

TH - nomyck Ha [JONBJIHWTEIIHO W3MECTBaHE Ha
M3XOJTHHS KOHTYD;


mailto:gencvet@tugab.bg
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Ewms - Hali-MaIKOTO OTKJIOHCHUE HA CPETHATA JBDKHHA
Ha o0IaTta HopMaia 3a 3b0HO KOJIETIO C BHHIITHU 360U,

Twm - pmomyck Ha cpeiHaTa IBDKMHA Ha oOmara
HOpMaa;

Ea”s - rpaHM4YHO OTKJIOHEHHWE HAa H3MEPUTEITHO-TO
MEXIYOCOBO Pa3CTOSIHHE 3a 350HU KoJIeNia ¢ BHHIITHH 350 -
TOPHO;

Ea”i - rpaHWYHO OTKIIOHEHWE HA W3MEPUTECIHOTO
MEXyOCOBO pa3CTOsIHUE 3a 3b0HU KoJlella ¢ BBHIIHY 360U -
JIOJTHO;

EMS - Haii-MakOTO OTKIOHEHHE Ha pa3Mepa IO POJIKH
3a 360HHM KOJIeNIa ¢ BHHIIHHU 3501,

TM - nomyck Ha pa3mepa 10 POJIKH;

jnmin - rapanTupaHa cTpaHUYHA XJIa0MHA.

‘ CTENEH HA TOYHOCT ‘

‘ KOMIOJEKCHHU HNOKA3ATEJHU ‘

l
| l l

KunemaTuuna Ilnasnoct npu KonTakT mesay
To4yHocT, AF padora, Af 3n0uTe, Fp

Crpannyna
xaabuna, 4j

Bujiose cipy:kaBanusi npu
m<1(2)

Fio fio Fs fa
Fi fi fy Ens
F'i fupt f, Tw
Fp fon Eums
Fok fr Tum
Fr fi Eas
Fow Eai
Fi Ews
Tm
Jnmin

@ur. 1. Knacudukanus Ha KOMIUIEKCHHTE M MOCIEMEHTHH MOKa3aTelu 3a
MAaJIKOMOJIYJIHH 3b0HH KoJeia u npenasku cbriaacHobJ[C 10762-79

IIpu wmamkoMomymHWTE 3BOHHM KOJelda CTaHAapTa
MpeABMX/Ia MHMHHMMaJlHA CTOMHOCT Ha TapaHTUpaHara
CTpaHWYHA XJaOMHA, KOSATO OCHTypsBa IMpeAaBKaTa MPOTHB
3aKJMHBaHE. MakcuMaliHaTa CTOWHOCT Ha TapaHTHpaHara
CTpaHHYHA XJabuHa ce onpenens oT [3]:

jnmax:2tga(far+Eh1+Eh2+O,5Fn'O,5Frz), (l)
KbJICTO:
0. € BI'bJIBT HA 3alICTIBAHEC,
6p0$IT 360M Ha KOJIellaTa OT npeaaBKara;

far-OTKIIOHEHHE B MEIKTyOCOBOTO PA3CTOSHHUE;
En1-M3MecTBaHETO Ha U3XO/HUSI KOHTYD;
Fri-pamuamHoTo OueHe Ha 350HUS BEHEII.

[lpy wu3mON3BaHE HA MAIKOMOAYJIHH CBOJIBEHTHH
[WIMHAPUYHN 3bOHH TIPEJaBKH C€ HU3MON3BAT W APYTH
MeToqu 3a u3paboTBaHETO HA KoJjenara OT MHpeAaBKaTa,
Hamp. epo3us. [Ipu Te3n MeTOAM aHANOTHATA C TAPAMETPHTE
Ha W3XOIHHMS KOHTYp 3a MONy4aBaHe Ha mOpoduiaa mma
HAMIBJIHO YCJIOBEH xapakrtep. Ilpum TakeB METOA Ha
OPOM3BOJACTBO MOXE [a C€ TBBPIW, Y€ C€ H3BHPIIBA
cBOOO/IeH cHMHTe3 Ha 3bOHO 3alenBaHe. ToBa mpenmosara
IOPYTH 3aBHCHMOCTH 32 ONpEAe/sIHG HA OCHOBHHTE
TEXHOJIOTMYHH pa3MepH Ha Kojienara OT Tpe/iaBKara.

IIpo¢pmrer Ha 3B0a ce oOpa3yBa, Kato pe3yiaTaT oOT
MOCTaBEHUTE CHE(DUYHN M3UCKBAHUS KbM 3allelIBAHETO U
MOXe Ja Oble: ©BOJBEHTCH, aCUMETPHYCH CBOJIBEHTCH,
IUKJION/ICH, XUOpHIeH mpodu [4].

Ilpu TakbpB HOBOOOpasyBaH NPOGHI ca HEBATUIHU
W3BECTHUTE 3aBUCUMOCTH W CTaHAApTH 3a KOHTPOJI Ha
TOYHOCTTA HAa €BOJIBEHTHH IWIMHIPUYHH 3b0HU TPEIABKH U
konema. B Hacrosimatra  paboTa  ca  NPENCTaBeHU
3aBHCHMOCTH 3a OIpeJIeIITHEe Ha 00IaTa HopMaia u pa3mepa
MO POJIKM HA €BOJIBEHTHH IMJIMHAPUYIHU 3bOHU KOJea ChC
cuMeTpudeH npodmi Ha 3bOUTE, TMONYUYCHH C H3XOJCH
KOHTYp C HEpaBHOMEpHA CThIKAa. 3a IbPBH MBT TAKbB
M3XOJCH KOHTYp C HCpaBHOMEpPHA CTBIIKA  MEXKIY
pasHomMmeHHHUTEe Tpodmwmm e mnpemiokedH oT [5]. Taka
MOJMYYCHUSAT CHMETPUYCH Tpoduia ce pa3imyaBa Io
nebenrHaTta Ha 3bp0a Ha TMPOHM3BOIHO MACTO OT HEroBara
BHCOYHMHA:

. 77.(m+m1)i 2.x. tga +
S¥, =d,| 4m.z Z, @
| Tinve, Finve

] 77.(m+m2)i 2.X, 19 +
S ti, = dl . 4.m.22 22 (3)
| Tinve, Finve,

IpH Cla3BaHe Ha CJIEAHOTO YCJIOBUE 32 HEPaBHOMEPHO
pa3zersiHe Ha poduIa:

m, +m,
———==2 (4)
m

KBJIETO z1 u z2 ca
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X1 U X2 — KOG(I)I/IHI/IGHTI/ITC Ha MHM3MCCTBAHC Ha
HHCTPYMEHTa 3a JABETE KOJICJIa, KaTo 3a KOJIEJIOTO C

BBHIIIHA 3501,

o ¥ o — IpO(UIHATE BIIH HA HHCTPYMEHTA, C KOUTO
ce MPOM3BEKIAT KoJenaTa 1Mo MEeToda Ha IECHTPOHIHOTO
0OBHBaHe;

Otz 1 (ltil* — BIJIMTC HAa €BOJIBCHTUTEC, Ha KOJICIIO 1, B
YCIIHOTO CCUCHUC,

Oi2 1 (Xiz* — BrJIMTE Ha €BOJIBCHTHUTC, HA KOJICIIO 2, B
YCIIHOTO CCUCHUC,

dinz — nOuamerpuTe Ha NWIMHIPUTE B YEITHOTO
CedeHHe, MPHU KOUTO Ce ompenaess neOenrnHara Ha 3b0HuTe
Ha konena 1 u 2;

m*s u m*; HENPONOPLUOHAIHY CTOMHOCTH Ha
pa3zfensIHeTo Ha N3XOAHUS KOHTYD.

B 3aBucumoctu (1,2 u 3) 3HaKwT ,,+’ ce OTHacs 3a
CBOJIBCHTHH LWIMHAPHYHU 3BOHH TPEIaBKU C BHHIIHO
3aIlelIBaHe, a 3HAKBT ,,-,, 38 BBTPEIIHO 3alleNBaHe.

OnpenensHeT0 Ha TEXHOJOTHYHUTE pa3MepU Ha
CBOJIBCHTHH  IIWJIMHAPUYHH 3BOHM TPEJaBKH  ChC

rojleMMHaTa Ha  acUMeTpUYHAaTa HoOpMaia  IpH
€BOJIBCHTHH LWIMHAPUYHA 3H0HU TIPEJAaBKH, B YEITHO H
HOPMAJIHO CeYeHHE, KaTO Bpb3KaTa MEXay TiX € [6,7]:

W' =W.".cos B (6)

® 3aBHCHMOCTTA 33 ONpE/EISIHE Ha BI'bJla HA KOHTAKT C
poJKaTa Ipu CUMETpHYeH Npo¢ui, ¢ HepaBHOMEpHA
CTBIIKA, C HAKJIOHEHU 350U, 32 BHHIIHO M BHTPELIHO
3allelBaHe ¥ ce II0JydaBa OT CyMHpaHEeTO Ha
nzpazure (¢pur.2):

. . 2% ,t9x
invar, | =inve, s E L LY
| a2 7)
D V4
dy,.cosg 2z,
. . 2.% , 10
inva,, | =inve, st Y
| e ©®)
D T.m,

d, ,.cosp 2mz,

KBJACTO!:

IpU €BOJIBEHTHU HUWJINHAPWUYIHA 3b0HH TIpEOaBKA CbhC
CUMCTPHUYCH HpO(bHH 1 HCpaBHOMEpPHA CTHIIKA:
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BBTPCIIHU 360H ce mnpuemMa KOC(I)I/IHI/IGHT'BT Ha U3MCCTBAHC
Ha CKBHUBAJICHTHOTO KOJICIIO C

CHUMETpHYeH MpoQUI M HU3XOIEH KOHTYp, KOWTO € C

HepaBHOMEpHA CTHIIKA, MOXKE J1a C€ M3BBPLIM Bb3 OCHOBA
Ha pa3MepuTe Ipu acCUMeTpHUIeH 360eH mpodu [6,7]:

® o0mara HOpMaja TPH E€BOJIBEHTHU LWIIUHIPUYHH
3b0HU TPENaBKU CbC CHMETPHYEH TNPOGMI, C
HaKJIOH Ha 360UTE M HEpaBHOMEpHA CTBIIKA MEXIY
Pa3HOMMEHHUTE €BOJBEHTHH CE€ OIpENENsi, B
YEJIHOTO CEYEHUE, OT:

m,,
s m.cosa; ﬂ.[anyz - 0,75+4r'n]+ (5)
27 2.cosp | )
+2.X, 100 +2,,inve,
KBJETO Zn € OPOSAT Ha OOXBAHATUTE MEXKTY3HOUS;
 — Brenm Ha HakKIOH Ha 3B0HWTE IO JETUTEITHUS
IITHHIBP HA KOJIEIOTO.

Ilo TO3U HAYUH ce KOHTPOJIHpa

Olp12 Ca BIIIMTE HA KOHTAKT C U3MepBaTeNIHATa POJIKA, 32
kojena | u 2 oT mpegaBKara;

dp12 — JOuMaMeTpUTE HAa OCHOBHHUTE OKPBKHOCTH Ha
Konena 1 u 2;

De JANaMETBPBHT HAa U3MEPBATCIIHATA POJIKA,

B - BI'BIBT HAa HAKIJIOHA HA 3HOUTE.

@ur. 2. M34ncnureniHa cxema 3a ONpeesssHe Ha JMaMeThpa Ha LIHHABpPA
dD, KbM KOWTO NPHUHAUICKU LIEHThPA Ha pOJIKaTa

Crnen cymmpane u npepaboTBaHe Ha m3pasu (6 u 7) ce
TNOJTy4aBa CJICAHHMAT OKOHYATeJIeH M3pa3 3a ONpeieNsiHe Ha

BIIINTC Ha KOHTAKT
. . 2X,,0a
invay, | =inve, +—2——%
1,2
X 9)
D T m1’2
dy,.cosp 4.z, m.z
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TBHPCEHUST pa3Mep MO POJKH ChOTBETHO €: IpeanokeHn ca 3aBUCHMOCTH 3a OMNpeJessHe Ha

obliara HopMaja W pasMepa IO POJKH 33 €BOJIBEHTHH

MWIHHAPUYHU 360HH KOJieNa, ¢ 1 0e3 HAKJIOH Ha 3b0uTe, C

BBHIIHO W BBTPEIIHO 3allellBaHE, KOUTO [O3BOJISIBAT

M=d,+D (10) KOHTPOJI HA CTpaHMYHATa XJaOWHa W KHHEMaTH4HaTa
TOYHOCT.

® 33 yeTeH Opoit 3p0u:

UBIIOI3BAHA JIMTEPATYPA

[1] Simeonov S. et al., Plastic gears in precision instrumentation
engineering, Minsk, “Nauka i Tekhnika”, 1993.

® 33 HeueTeH Opoit 360u:

P [2] Simeonov S.K., Study of the performance of small-module metal-
M = dD,cos —|+D, (11) plastic gears according to the deadlock criterion, Dissertation for
2.7 the degree of candidate technical sciences, Gabrovo, 1983.

[3] BDS 10762:1979 Basic standards for interchangeability.
Cylindrical low-modular gears. Tolerances.
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[5] Simeonov S., G. Tsvetanov. Determinationof output contour
parameters for asymmetric gear profiles. "Mechanics of machines"”,

Ne43, Sliven 30.06.2002.
Mz cosa, : o
d D= I — (]_2) [6] Simeonov S., G. Tsvetanov. Determination of parameters necessary
COS,B cosap for control of gears with asymmetric profile, "Mechanics of

Machines", Ne46, Varna 12-14.09.2002.
[7] Tsvetanov G. Research of small-module gears with asymmetric

Cren U3Mo3BaHe MOCEIOBATEIHO HA 3aBUCUMOCTH (2 profile, Dissertation for obtaining an educational and scientific
10 12) ce Tomy4aBaT BCHYKM HEOOXOIUMH TEXHOJOTHYHU degree: Doctor, Gabrovo 2004.
pasMepu 3a KOHTPOJN Ha CTpaHWYHaTa XiaOuHa |
KHHEMAaTUYHAaTa TOYHOCT IIPH €BOJIBEHTHU LWIMHAPUYHU
3B0HHU MPEJaBKHU C ACUMETPHICH MPOQIT U HEpaBHOMEPHA
CTBIIKA.

. 3AKJIIOYEHME

[Ipennoxena e kiacupuKanys Ha KOMIUIEKCHH |
MOENIEMEHTH M0Ka3aTeNn 32 MaJKOMOJIYJIHH E€BOJBEHTHH
IWIMHAPUYHU 3bOHM TIPEAaBKH, CBbC CHMETPUYEH WU
acHMETpUYeH MPOQWII, MOIYIEeHH Ype3 U3XOJCH KOHTYD C
HepaBHOMEpHA CTHIIKA.

COMPLEX AND BY ELEMENT INDICATORS FOR ASSESSING THE
ACCURACY OF SMALL MODULAR GEARS

Genadi Cvetanov Stefan Kartunov Borislav Georgiev
Technical University of Gabrovo Technical University of Gabrovo Technical University of Gabrovo
Department of Mechanical and Department of Mechanical and Department of Mechanical and
Precision Engineering Precision Engineering Precision Engineering
Gabrovo City,Bulgaria Gabrovo City,Bulgaria Gabrovo City,Bulgaria
e-mail: gencvet@tugab.bhg e-mail: skartunov@abv.bg e-mail: ghorislav@gbg.bg

Abstract: This work presents a classification of complex and by element indicators for evaluating the accuracy of small module
gears with symmetrical and asymmetrical tooth profile. The dependences for determining by element accuracy indicators using
tangential displacement of the tool are presented. Guidance is given in evaluating the degree of accuracy of gear wheels with an
asymmetric profile when considering tool geometry.
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MPOEKTHPA CIENHAIN3NPAHA ABTOMATH3MPAHA MeXaTPOHHA croitnoct (ur. 5) [5].

cucrema (CAMC) 3a u3ciaenBaHe Ha ,kpuBata Ha Iayc® ¢
IJIOCKA NWIMHAPHYHM JeTaiiin. IIpoexkTHpanero me ce

YCTPOIiCTBAa M CHCTEMH.

Knrouosu oymu: npoexmupane, agmomamu3sayus,
Mmexamponuna cucmema, ,Kpuea Ha Tayc“, wuscnedsane,
UUIUHOpUYEH Oemail/l

l. VBOJ

T3]

“Kpusara Ha ben (nanmeHOBaHa Ha
CeBepHOAMEPHKAHCKHs yueH Auekcanmsp Ipesm  ben),
HapuyaHa ome ,KpuBara nHa [ayc (HamMeHoBaHa Ha
repMaHckuss Matematuk Kapn ®puapux Tayc, xoiito
M3BEeX/a HeitHata (opma) WITH Ollle KpUBa Ha ,,HOPMATHOTO
pasnpeeneHue’ € eHa OT Hali-M3BECTHUTE U BaKHU TpauKn
B MaTeMaTHKaTa U HayKaTa. Ts moka3Ba pa3NpOCTPaHEHUETO "Bell Curve"
Ha CTOMHOCTHTE Ha BCAKO HEIIO, TOBIUSIHO OT e(eKTUTE HA Standard Normal
cIy4aiiHOCTTa. MpHoro SIBIICHUS cieaBar MOHE Distribution
NPUOIM3UTENHO Ta3W KPHBA, KAaTO HAK-4ecTo CpelaHara
CTOHHOCT € B IIEHTHPa, a MO-PEIKUTE U eKCTPEMHH CTOMHOCTH
ca OT ZBeTe cTpanH [6].

@wr. 1. ,,Galton Board*“ [9]

,Galton Board“ e ycTpoiicTBO, KOETO €€ CBCTOH OT — ‘
Z-Score -4 -35 -3 -25 -2 -15 -1 -05 0 05 1 15 2 25
BEPTHKAIIHA IbCKA C PEJOBE OT KOMUIETa, KOETO CE OMMTBA Ja S
o eviation
CUMYJIHpA CITy4aiiHOTO pasmpeseNieHne Ha IaaKku chepuuHu
neraitmn. [leTaiute ce IMyckaT OTrope u OTcKadar Hanspo — Pur- 2. “Kpusara na ber” HApITIAN: ome ~Kpusara na Tayc™ wim kpuBata
YUTH HaJICHO, KOTATO Ce Y/apsT B Komuerara. Te ce chbupar M2 »HOPMAHOTO pasnpeniencine™ [8]
B KOHTeHHEpH Ha JbHOTO, KbIETO BUCOUMHATA HA KOJIOHUT s
OHTCHHCPH Ha ILHOTO, KBCTO BHICO OIIOHHTE € 68% of Values are within 1 STD
HaATpYIIaHH ACTaln ce mo0nmxkaBa 10 popma Ha ,,KpHBaTa Ha a0 ]

layc™ (¢ur.l) [9]. ToBa e emMHCTBEHOTO M3BECTHO Ha - /
aBTOpUTE Ha Hacrosiiarta pa30aboTka yCTpOWCTBO, 3a z | y

u3CcleqBaHe Ha ,,kpuBaTa Ha ['ayc*. o 4

»KpuBata Ha ['ayc” e cuMmeTpuyHa KpuBa C LEHTHD,
cpeiHaTa CTOMHOCT Ha BCHYKM WM3MEPBaHU TOYKH C JAaHHU
(pur. 2). Ilupumata Ha KpuUBaTa ce OMIpeHens OT
CTaHAApPTHOTO OTKIIOHEeHUE — 68% OT TOUKHUTE C JJaHHU ca B siosl
paMKuTe Ha €IHO CTAaHJapTHO OTKIOHeHHe (¢wur. 3), 95% ot

TOYKHUTC C JaHHKM Ca B paMKUTEC Ha [JBC CTaHAapTHU
OTKIIOHCHHA ((1)1/[1“. 4), a 99,7% OT TOYKHUTC C OJaHHH Ca B @ur. 3. JlaHHH [ONIAIAIIM B PAMKUTE Ha IIBPBO CTAHAPTHO OTKJIOHEHHE [7]

-
35 4

3
-40 -30 =20 -10 0 +1o +20 +30 +40
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95% of Values are within 2 STD

oy
h ™ 4

Probability Density
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°
8
>

000
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@ur. 4. JlaHHHK NONAJaIM B PAMKATE Ha [BE CTAHIaPTHH OTKIOHEHHS [7]

99.7% of Values are within 3 STD

e o o
g ¥ &

°
~
-

°
-

Probability Density

8

000
-3 2 -1 o ) 2 3

@ur. 5. JlaHHH NOnaJaIy B pAMKATE Ha TP CTaHAAPTHU OTKIOHEeHHS [7]

YacT 0T aBTOpHUTE Ha HACTOAIIATA pa3padoTKa UMAaT 100Bp
OIUT TP TIPOEKTHpaHe, IporpaMupaHe u u3paboTBaHE HA
CIeLMaM3UpaHy MEXaTPOHHU YCTPOHCTBA U CHUCTEMH B
pamkute Ha ocnexanute 10 rogunu [1, 3]. Benuku 3amauun u
neiiHoct mo mpoektupane Ha CAMC 3a um3cnenBaHe Ha
,.KpHBara Ha ['ayc® ¢ MIOCKM LUIMHAPUYHM AETAIM LI ce
u3BBpIIAT uype3 m3BecteH meton [2]. HoBompoektupanara
CAMC mie n3cnesiBa opmara Ha pasrpezieieHie U BUa Ha
KpHBaTa, KOSTO IE CE MOTyYH.

Il. IPOEKTUPAHE HA CIIELIMAJIM3UPAHA
MEXATPOHHA CUCTEMA 3A U3CJIEJBAHE HA
L KPUBATA HATAYC*

A. 3D mooenupane Ha obexma na uzciedsane

IpoeKkTHpaHu ca TUTOCKHM IMIMHIAPWIHN JECTalin WA
myJioBe ¢ tuametbp B35 [mm], nebenuna 5,5 [mm] u terno 4
[gr], mokazanu Ha wur.6.

@ur. 6. 3D Mozen Ha 00eKTa HA U3CIIEIBAHE

TexHOMOrHYHMS Mpolec, HeOOXOMUM 3a HM3CIeBaHEe Ha
,.kpuBara Ha ["ayc* Ha nmpoektupanata CAMC e cremHus:

e IyjoBeTe ce 3axpaHBaT B OyHkep c¢ obem 20-30
JeTana;

e crHenuaIM3uUpaH ~ OTceKkarel TIM  Iycka B
IPOCTPAHCTBOTO 3a H3CIEIBaHE, CHCTOAIIO CE OT
TIpE/IeH M 3aJIeH Karnak, 7 Opos yiest u 21 6posi nMHOBE;

22

e cClel paslpeneieHHET0O Ha  BCHYKH  IYJIOBE,
NONaJHAIA B IIPOCTPAHCTBOTO 3a H3CIEIBaHE Ce
3ajmefictBa  BTOPH  CHELMAIM3UPAaH  OTCEKaTedw,
IIOCTaBEH B Kpas Ha yJIeuTe, KOWTO M OTCHYA pel 110
pea;

® OTCCUYCHHUTC ITyJIOBE, TIOCPEACTBOM CaMOTCUYCH
Mara3suH CBGHpaTeJ'I CC TpaHCIOPTUPpAT A0 30HATA 3a
ABTOMAaTHYHO BPBIIAHE B 3aXpaHBaIIUAg 6YHKep,

® (CJI€d KOETO Impomeca C€ IMOoBTapd 3a CJCABaIlo
H3CJICABaHE.

B. 3axpansaw 6ynxep u npocmpancmeo 3a uzciedsane

3axpanBamus OyHKEp ce CBCTOM OT NIpeAeH U 3aJeH
Kamak, MeXIy KOMTO ¥Ma CTPaHWYHHM IUIaCTHHH,
OCHUTYpsIBaIld HEOOXOAWMOTO pPA3CTOSHHE 32 HOPMAITHO
JBIDKCHHE Ha n3cieBaHuTe aeTaitnu (dur.7).

[TpocTpaHCTBOTO 3a M3CIEABAHE CE ChCTOM OT MPEIeH U
3ajieH Kalak, CTpaHWYHU IUIACTUHH, 7 Opost ynes u 21 Opost
NUHOBE. B mpeanuss W 3ajHUsl Kamak ca HalpaBeHH
CHEMaHu OTBOPH M KaHAIM C pa3MEpHUTe Ha IHMHOBETE U
CTPAHUYHHTE IIACTHHH, KOUTO MO3BOJISIBAT CIIIO0SBAHETO UM

(¢pur.8).

IIuHOBETE M CTpaHUYHUTE IUTACTHHUTE Ca MPUCHEIUHEHN
HNEPHEHAUKYIAPHO KbM NPEIHUS U 3aJHUs Kamak, KaTo Io
TO3W HauMH CTPAaHWYHHUTE CTEHH Ha IUIACTHHHUTE 0Opa3yBat
yJlen 3a pasmnpelensHe Ha mynosere. Ilo To3u HaumH ce
pasnpenenar AeTalInTe U ce U3CNIeaBa ,,kpuBaTta Ha ['ayc* 3a
IUIOCKU IWIMHIAPWUYHK JeTaiimu. IIuHOBeTe mo3BossiBaT Ha
ITyJIOBETE Ja CE Pa3NpenesT B OTACIHUTE YIIEH.

PasnonokeHnero Ha MUHOBETE € MHPAMHUJATHO
MPOEKTUPAHO C 1€l OCUTypsiBAHE Ha BEpPOATHOCTTA,
JIETAalUTe CiIel ynap /Aa 3aeMar JiABa WM JACHA MOCOKa,
KOETO € aHAJIOTMYHO 32 BCUYKHU IIMHOBE U MO TO3U HAuuH Ce
neduHMpa TpaeKkTOpUATa HA [BIKCHHE, KOATO 33 BCHUKH
IyJIOBE € CllyJaifHa.

®ur. 7. 3D mMozen Ha OyHKer 3a 3aXxpaHBaHe



f
p\

(

ABTOMATU3AIMA HA JTUCKPETHOTO ITPOU3BOJACTBO

ISSN 2682-9584

@ur. 8. 3D Mojiest Ha MPOCTPAHCTBO 3a M3CIIE/IBaHE

C. Cneuuamwupaﬁu omcekamenu

Crienan3upaHusi OTCEKaTell ce MPEMECTBa U ITyJIOBETE
Homagar B MPOCTPAHCTBOTO 33 M3CICIBAaHE HA “KpHBara Ha
Tayc” (¢wur. 9).

Crient pasnpeesieHHeTo Ha BCHUKH MyJIOBE, TIOMATHAIHI B
HPOCTPAHCTBOTO 33 H3CJACABaHE CE 3a[CiCTBAa BTOPH
CIenHaIN3NUpaH OTCEeKareld, IOCTAaBeH B Kpas Ha YJICHTe,
KOUTO Tvt oTcuua pex no pex (dur.10 u pur.11).

®@ur. 9. 3D MOJIC]T Ha CIICHUaTIU3UPpaH OTCEKATEII 32 IyCKaHE Ha ITyJIOBETE

23

@ur. 10.
pen

3D mojen Ha CreNHaIU3NPaH OTCEKATell 3a pasjelsiHe Pel Mo

@ur. 11. 3D Mopen Ha crienaIM3upaH OTCEKaTelN 3a pa3JeisiHe ¢ JeTailm

I[pyr cricouajin3upadH OTCEKaTesl C€ IMpPEeMECTBa U
OTJIENICHHS Pel] PEeMUHABa B CAMOTEUEH Mara3uH ChOuparesn
(MC) 3a npemecTBaHe 710 30HaTa 3a Bpbiuane (¢ur.12).

Dur. 12.

3D mozen Ha CrIeHHaTU3UPaH OTCEKATEN 3a MyCKaHe Ha pel
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®ur. 16. 3D monen Ha camoreuen MC

Bpbluaneto Ha myJoOBeTe B 3axpaHBamusi OyHKep ce
OCBILECTBSIBA, YPE3 CTPYs HACOUCH BB3/YX, KAKTO € IOKa3aHO
Ha ¢ur.16. [TynoBere BiIu3aT B yjiei, CBbp3Ball] 3aXpaHBaIIHs
OyHKep M 30HaTa 3a BPBIIAaHE ¥ IOCPEACTBOM CI'bCTEH BB3IYX
Ce BPBIIAT B M3XO/HO MOJIOKCHHE 3 TIOBTOPHO H3CJIC/ABAHE

@ur. 13. 3D mopen Ha CIENHATN3UPAH OTCEKATEN 3a 3aTBapsIHE HA 30HATA Ha ,,kpuBara Ha ['ayc*.
3a BpbILaHEe

®ur. 14. 3D mopzen Ha crienMaTM3UpaH OTCEKaTel 3a 3aTBapsHe Ha 30HaTa
3a BpBIIAHEe C JeTain

D. Camomeuen MC u 30na 3a aemomamuuno 8pviyane

OtceueHnTe IyJIOBE, MOCPEACTBOM CAMOTEUEH Mara3uH
coOuparen (¢ur. 15) ce TpaHcmopTHpar 10 30HaTa 3a
aBTOMAaTHYHO BpbBIIaHE B 3aXpaHBallus OyHKep, Karto

CHeMaIN3UpaH OTceKaTes 3arBaps Tasu 30Ha (¢ur. 13 n
(1)1/11“.14). ®ur. 17. 3D Mozen Ha 30Ha U yJIei 3a BpbIIAHE Ha ICTalIUTE

[[amara CAMC e 3akpereHa 3a TpbOHO-3aBapbyHA
KOHCTPYKITHSI, KOSITO 51 CTAOMIN3Mpa M IbPKH B H3MPABCHO
MIOJIOYKEHUE (pur.17). 0061 3D MOZEI Ha
HoBomnpoektupanata CAMC 3a wu3scnensaHe ,,kpuBara Ha
Iayc* e mokasau Ha ¢ur.18 u ¢ur. 19.

[MpenBumenn ca ceH30pu 33 IPOCTPAHCTBOTO 3a
M3CIIe/[BaHE, & UMEHHO CeH30p | 3a Hajaudue Ha JeTaiind B
3axpaHBaiys OyHKep; CEH30p 2 CIEII, Jaid UMa IyJIOBe
WM HSKOU OT yJIGUTE OCTaBA MpPa3eH.

®ur. 15. 3D mozen va camoreden MC
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Our. 18.

®ur. 19.

3D moziel Ha 30Ha U yJjiel 3a BpblaHe Ha JieTaiinnTe

O6m1 3D moxen na CAMC

25

11l. MATEMATUYECKU U3UYNCJIEHUS

A. Bpeme 3a nadane na nyiogeme

B oOmms ciaywait Ha Teopus, BpeMETO 3a MajaHe Ha
cBoOOmHO Tsi0 ce ompenmens mo Qopmyma (1). Tk
CBIIECTBYBAT (DAKTOpH, KOWUTO BIHUSST Ha TOBA BpeMe B
pasriieiaXaaHus OT aBTOpUTE Cilydyaid, TO HAMa Kak TO Jia ce
ompezenu TeopetnuHo. M3uncnenoro no ¢popmysa (1) Bpeme
€ OpHeHTHpPOBBYHO, 3a Ja ce Jo0ue mpencraBa 3a
MHUHHUMAJHOTO TaKOBa.

t= \/%zo,sﬂ [s] (1)
KBJETO:

d e Bucounna Ha magane, d = 0,485 [m],

g — 3eMHO YCKOpEHHE.

BpemeTto 3a majiaHe U pecIIEKTUBHO 3a paslpelielieHHe Ha
JIeTaliyInTe € HEOX0AMMO, 3a J]a c€ IporpaMupa U ynpasiisiBa
Hoonpoektupanata CAMC, TpK kaTo oOOekTa Ha
HacTosara pa3paboTka € CHcTeMa ¢ aBTOMaTHYeH IIUKBJI Ha
pabota, a He ppUHO 3axpaHBaHe (I[yCKaHE Ha NETAlInTe) U
PBUYHOTO MM BpBIIAHE.

PeanHOTO Bpeme 3a pasmpeznelieHHe Ha IyJIOBETe ILe ce
OIIpeJIeNH OIIUTHO, Clle] U3pab0TBaHEe HAa HOBOIIPOEKTUPAHATa
CAMC. ToBa e u menTra Ha HacTosmaTa pa3paboTka, a
HMEHHO: U3cJeABaHe Ha BPEMETO 3a IaJjaHe; U3CleBaHe Ha
BpEMETO 3a paslpeleeHne; H3CIeABaHE Ha BPEMETO 3a
OT/IeIIsIHE; M3CIIe/IBAHE HAa BPEMETO 3a BPbLIAHe U U3C/Ie/IBaHe
Ha (popMaTa Ha KPHBATa, KOSTO CE MOTyYaBa.

B. Haxnon na camomeunus MC

Cwara, HeoOXoaMMa 3a TPEOONIIBaHE HA CTATHYHOTO
TPHUEHE Ce M3YUCIABA C OpMyJIaTa:

F1 = us.N (2)

KBJIETO:

Us € KOe(UIMEHT Ha CTaTHYHO TPUEHE, KOWTO Bapupa
mexay 0,2-0,6 3a ABS u mnekcurnac. B ciyyas e uzbpana
croiinocr 0,4.

N — HopmanHaTa cuia, KosITo ieiicTBa Ha Iya.

N =m.g [N] (3)

@ur. 20.  H3mepaHe Macata Ha M3pabOTEHHTE JIETAMIIN 3a M3CIIeABaHE

IMpoektupanara maca Ha emuH mya e 4.33 [gr].
Wzmepenara maca Ha m3pabotenure aeraitnu (¢ur. 20), upes3
texuonorus 3D mpunrtupane [4] e 3.9 [gr] wim 0.0039 [Kg].
Or koero cirenga, e N = 0.03826 [N] u ciiex 3amMecTBaHe BbB
dopmyna (1), ce momyuasa 3a F; = 0.0153 [N].
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3a ;ma ce mpeojonee Ta3| CUIla, € HEOOXOIMMO TS Ja ce

HAJIBUIIIH, 32 JIa 3a[I04YHE []a CE ThPKAaJIS IyJIbT.
F, =m.a [N] 4)

KBJIETO:

F e cumna,

m — maca,

a— YCKOpeHHe.

YckopeHneTo, Moxe a ObJe M3YMCICHO IO CliemHaTa
¢dopmyna:

a = g.sin6=0,51 [m/s?] 5)

0 e mbpanmaT prea O = 3°. CnegoBarenno a = (0,51342
[m/s?], a 3a F» = 0,00202 [N].

F1 e criata Hy»XHa Ha My’na Aa 3alovHe J1a ce ThPKas, a
F, e cunara, kosTo TpsiOBa 1a ObJIe MPEOI0IIAHA, 3a a TPBrHE
IMyJia Jja ce ThpKays 1o camoreunuss MC.

Fi1 >> F, crnemoBarenHo wu30paHMAT BI'BI OT 3° €
nocTaThueH 3a camoteunus MC.

1V. U3BOIM:

B pe3ysrar Ha MPOEKTUPAHETO ca MOCTUTHATH CIICAHUTE
pesyaratu:

e Pazpabotenu ca 3D moeny Ha IUIOCKY IUTHHIPAIHA
JIeTaliIu — IMyJIOBe.

e OOekTHTE 3a H3CIEABAHE ca W3Pa0OTEHH,
texHosorus 3D npuHTHpaHe.

4pe3

e Paszpaboren e 3D monen na CAMC 3a u3cnenBaHe Ha
,.KpuBara Ha ['ayc* ¢ MIOCKH LMIMHAPHYHY ACTaHIH
C BCUYKU HEOOXOANMH EJIEMEHTH.

e HampaBenn ca OpPHEHTHPOBBYHH MaTeMaTHYECKH
W3YHCIICHHUS, KOUTO Ie MOCIy’KaT 3a H3paboTBaHe Ha
npototun Ha CAMC.

BJIATOJIAPHOCTU

PesynTaTuTe B HACTOSIIOTO M3CIEABAHE Ca TIOIYYCHH T10
npoekt 2311TP0001-06/2023 r., duHancupan ot cyocuausiTa
3a HAyYHHM H3CIeNBaHUA B TEXHHYECKH YHHUBEPCHTET —
Coomus.
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Abstract: The aim of the current development is to design a specialized automated mechatronic system (CAMS) for studying the
"Gaussian curve' with flat cylindrical details. The design will be carried out in a digital environment using existing methodology for

the design of specialized mechatronic devices and systems.
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PASPABOTBAHE HA OPUEHTHUPAILLl MOAYJI 3A ITAPAJIEJIEH
AEJITA POBOT

Cranucnas L{onoB
Texunueckn YHuepcurer - Codus
Mo, AT
Codwust, Bparapus
e-mail: stanislav.tsolov90@gmail.com

Pe3lome: B  Hacrosimata cratusi e  NpelIOiKeHA
KOHCTPYKIHSI HA OpHeHTHpaml Moyt ¢ 3 porammonnu DOF
NpeAHa3HAYeH 32 MHTerpUpaHe B IapajielieH Aejra podor ¢ 3
Tpancianuonan DOF. HanpaBeH e aHaJu3 Ha MpeAMMCTBATa,
OT M3M0JI3BAaHETO HA TAKBB MOAY.JI, CHPSIMO MapaJjejieH podoT ¢
6 DOF, u3noasBaH 3a u3nmbjiHeHne Ha “Pick and Place”
onepanuu.

Kniouosu oymu: npoexmupane, KOHCMPYKYus, opueHmupauy
MOOyN, pobom, napanenna KUHEMAMUKQa, GpXumexmypa.

l. VBOJ

WHrepeckT kbM poOOTHTE C IMapajesHa KHHEMAaTHKa,
MOPOJICH OT IIPEAMMCTBATA UM CIIPSIMO POOOTUTE ChC CepHitHA
KMHEMaTnKa, KaTo MOBHIIEHa TOBAPOHOCHMOCT, CKOPOCT U
TOYHOCT, € MNPUYMHATA 32 HAJIMYHETO Ha H3KIIOYUTEIHO
rosiM Opoit pa3paboTku matwpamu oT 607 roguHM Ha
MHUHAIUSI BEK [0 THEIIHU JHU. BhOpeku ToBa elHa Maika
YacT OT pa3pabOTEeHUTE KOHCTPYKILUH Ca C€ HAJIOKMIN KaTo
MPOAYKT HM3MOJ3BAH 332 KOMEPCHAIHH WJIM HHAYCTPUAITHA
uenu. [lpuumHa 3a TOBa ca TpOOJEMHUTE CBBP3aHU C
KOHCTPYMPAHETO M YIPABICHHETO Ha MapajieHUTe PoOOTH,
KakTO M C OrpPaHMYCHOTO pPabOTHOTO IPOCTPAHCTBO H
OTpaHUYCHHATA B BINIMTC HAa OPHEHTANUS HA KpAHOTO
m3meaauTenHO 3BeHo (KU3  end-effector), kosto e ot
M3KITIOYXTENTHA BAKHOCT 32 poboTH m3mbiHsaBamy “Pick and
Place” omeparmu. AkO ce pasriaegar CeIdH OT Haid-
pasnpoCTpaHEHUTE M M3CIEIBAHU MapaJieIHl poOOTH —
miarpopma ua ['od (¢pur.1), ce Bk aa, Ue ChC CBOSITA BUCOKA
TOBapPOHOCHUMOCT M KOPAaBHHA T€ HAMHUPAT MOYHU HE3aMEHHMO
MPUJIOKEHHE KAaTO MPELH3HU MO3UIMOHUPAIH TLIaTPOPMH,
OMII0 TO B TE)KKATa MAITMHOCTPOUTEIIHA HH LY CTPHSI MK (DHHA
eJIEKTPOHHA TpoMHUILIeHOCT. ToBa e Taka GnarofapeHue Ha
CBOSITA KOHCTPYKIMs Cbhc 6 cremenu Ha cBoboma (DOF
Degrees Of Freedom) cecraBena ot 6 Bepuru tunt PPTC, npu
KOSITO € HeBBb3MOXKHO TI0sIBaTa Ha IIAPA3UTHU JIBIKCHUSL.

" U Py
o

— Platform

__ - Extensible
Leg

@ur. 1 Cxema Ha mwiarpopma Ha Lo [1]

Penera JlumurpoBa
Texunuecku YHuepcuret - Codust
M®, AT
Codus, bparapus
e-mail: rkd@tu-sofia.bg

27

CrunusH Hukosnos
Texunueckn YHusepcuret - Codust
M®, AJIIT
Codust, bearapus
e-mail: st_nikolov2@tu-sofia.bg

OcHoBeH HemocTaThk mpu Iwatdopmara Ha [od,
XapaKTepHa 3a TI0BEYETO NapajelHu poOOTH, € OTPaHNYEHOTO
paboTHO MPOCTPAHCTBO W OrpaHMYEHAaTa BB3MOXKHOCT 32
opuenrarms Ha K13 HamansBamia 1pacTHIHO B iepudepusara
Ha pabOTHOTO IpocTpaHCTBO. [IpuunHuTE 3a TOBA Hal-ueCcTO
ca ClefHWTE: IOpaad HaIMYHeTo Ha ToJisiM  Opoit
KMHEMAaTUYHH BEPUTH € BB3MOXKHO B KpailHUTE TOYKH Ha
pabOTHOTO MPOCTPAHCTBO JOa C€ IMOSABAT  KOJM3UH, B
nepudepusita Ha paboTHaTa 30Ha W B KpallHWUTE BITM Ha
BB3MOXKHa opueHTanusi Ha K3 poOoThT € momaTiuB KbM
u3najgaHe B CHHTYJSIpHOCT (TIOJIOXKEHHE B KOETO TIyou
CTaOMITHOCT); CEPUYHUTE CHEAUHEHUS B KHHEMATHIHUTE
BEPUTH ca C OrpaHn4eH xoA. ENHO peleHye npencTaBeHo ot
Pa3IMYHM aBTOPH, Ca KOHCTPYKLMH IIPH KOUTO HOJIOKEHUETO
Ha KMHEMaTHYHUTE BEPUTH MOXE Jla ce TPOMEHS C Lel
ONTHMH3UpAaHE HAa TEeOMETpUATa OT IJIeAHa TOYKa Ha
pabOTHOTO NPOCTPAHCTBO CHPSMO IIOCTaBEHATa 3ajauva.
Penienne, koeto He ce € HAJIOXKWIO B NPAaKTHKarTa, MMOPaad
JIPaCTUYHOTO YCJIOXHSIBaHE Ha KOHCTpyKUMsATa. MIHTEpecHO
Tpe/IoKeHne 3a mapaieneH podot ¢ 6 DOF npencrasnssar
TPUKpaKuTe poOoTH (ur.2.

@ur. 2 Tpukpak podor [2]

IMpu Tax HamaneHuss OpoOMl KUHEMATHYHH BEPUTH
HamaasBa pPHUCKA OT KONHM3MM M CHOTBETHO IOBHIIABA
paboTHOTO POCTpPaHCTBO. M3mon3BaneTo Ha 3 KHHEMATUYHH
BEpUTH Hajlara W3MOJI3BAHETO Ha 2 aKTyaTopa BBB BCSKa
BepHra, KOET0 € KOHCTPYKTHBHO HENPakTUYHO, HamalsiBa
KOpaBMHAaTa M TOYHOCTTAa Ha MO3WIMOHHpaHe Ha poloTa.
HemocraTpimn, KOUTO 0OpWYAT HM3MOJI3BAHETO HA POOOTH C
TakaBa KOHCTPYKIMS B IpakTukara. J[lpyr wmeron 3a
MOBUIIABAaHE Ha pPaOOTHOTO TPOCTPAHCTBO, ITOBHIIABAHE
opueHTupaiure Bp3MokHOCcTH Ha KU3 u u30srBaHe Ha
CHHTYJSIPHH TIO3M € 4pe3 Jo0aBiHE Ha JONBIHUTECIHU
aKTyaTOPH U KMHEMaTH4YHU BEpUTH.
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JBa TakuBa poboTa ca pa3pabOTEHH OT MHCTHTYTA IO
poGotuka B JIaBan [3, 4] (pur.3). U neara pobora ca ¢ 6 DOF
n 9 aktyaropa.

[IepBus € ¢ 3 KHHEMATHYHU BEPUTH, KaTO BCSIKA UMa 110 3
aKTyaTopa, BTOPHsI € ¢ 6 KHHEMAaTHYHU BEPUTH KaTo 3 OT TSIX
ca c 1o 2 akyaropa a ocrananure ¢ o 1. 1 nara pobora umar
M3KITFOYNTEIHHA BB3MOXKHOCTH OT TJIeAHA TOYKa Ha pabOTHO
MPOCTPAaHCTBO U OPHEHTHpAIH Bb3MOkHOCTH Ha K 3.

Large Rotational Workspace

A

@ur.3 B nsaBo Tpukpak poOoT ¢ 9 akryaropa, B IACHO poboT ¢ 6
KUHEMAaTHYHU Bepuru u 9 akryaropa [3, 4]

EnuHCTBEHUTE  HENOCTAThIM, KOUTO Mpedyar Ha
HABJIM3aHETO HA Te3U pOOOTH B MPAKTHKATA € HKOHOMUYCCKH
HEM3rOIHO HAaJWYWe Ha TI0BeYEe AaKTyaTOpu, KakTo u
CBIIPOBOJICHOTO YCIIOXKHSBaHE Ha KOHTpOJia Ha poboTa. B
MpaKTHKaTa YeCTO Ce Hajlara M3MOJI3BaHeTO Ha POOOTH C 110-
Manko ot 6 DOF, kato Hanpumep 3a MeTamooOpadoTBamu
Marrau ca Heooxoaumu 5 DOF. TpoGiiem cBbp3aH ¢ ToBa €,
4e mapajieIHuTe poOoTH ¢ mo-maiiko ot 6 DOF ca mopatiueu
KbM Tapa3uTHU JBIDKCHUsI KOETO HAjlara M3MOJI3BaHETO Ha
YCIOKHCHU KMHEMATUYHU BEpUTU HU  MCXaHU3MH 34
HEYTPaIM3UPAHETO WM, OCBEH TOBa aKO pasriieaame
ypaBuenueTo (1) u3BemeHo oT ypaBHeHHeTO Ha ['pyOiep 3a
CTETeHTa Ha MOOIITHOCT , KOSTO HSIMa peIIeHHe 32 POOOTH C
pob6otu ¢ 4 u 5 DOF, craBa sicHo, 4e Ch3aBaHETO HAa POOOTH
C €/IHAKBM KUHEMATUYHH BEPHUTH, OT TO3M TUI € (PU3UUECKU
HEBB3MOKHO (HUT.4, KOETO € KOHCTPYKTHBHO 3aTPyAHCHHE.

m=6+6mn, —5mn,

()

Ksnero m ca DOF, N1 e OposiT 3BeHa BB BCsika BepHra N2
e Oposr Ha 6 DOF Ha naBouuuTe BHB BCSIKA BEpHUTa.

®ur.4 Cxema Ha po6ot 4 DOF ¢ macuBeH orpannvaBarl Mexanu3sMm [1]

WHTrepecHa peaim3anus Ha MapalelicH MEXaHW3bM 3a
MeTanoo0paboTka € mnpemaoxena ot Metrom  ¢wur.S.
XapakTepHo 3a Hesl €, ue 3 OT KHHEMaTHYHHUTE BEPUTH Ca
CBBP3aHU B IIWIMHIPUYHY CheAMHEHH ¢ 00I1a oc.
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WHurepecen nu3aiiH, KOWTO HE c€ € HaJOXKWI Mpen
KOHBCHIIHOHAIHUTE  00pabOTBAamM  MAIIMHH  OPagd
CJIO)KHOCTTA Ha TOJBIDKHATA IDIaTOpMara ChC IIMTUHIEIA,
KaKTO ¥ CJIOKHOTO KHHEMaTHYHO YIpaBJIEHHE, XapaKTEPHO 3a
MOYTH BCUYKU TapalieIHd pOoOOTH C MOBHIIICHA CTETNICH Ha
MOOHMITHOCT, KOETO € TIpeanocTaBKa Tpelmkd B
MTO3UITMIOHUPAHETO.

3a

@ur. 5 Metrom P800 o6paborsara maruuHa [1]

Bcudku Te3u po0ieMu CBBP3aHH ¢ MapalelHuTe poOoTH
C IOBHIICHAa CTeMeH Ha MOOWIHOCT, Ipeapasoiarar
KOHCTpYKIMATa Ha nenta poootrsT ¢ 3 DOF ¢ur. 6 na obae
OpEANoYrTaHa B IPAKTHKATa 0COOCHO 3a m3mbiHsBaniy “Pick
and Place” omepartum.

DELTA 4

@ur.6. Cxema Ha jienta pobOTHT M HHIyCcTpraiHa Bepcust Ha ABB [1]

Cbc cBosiTa TNpocTa KOHCTPYKIMSI ChCTaBeHa OT 3
UJICHTHYHH KHHEMaTHYHH BEPUTH Ha KOUTO €IHO OT 3BeHaTa
€ peaM3MpaHo Karo YETUPU3BEHEH Iapajenorpam,
OmaromapeHne Ha KOWTO [BeTe€ IUIATGOPMH Cca BUHATH
YCIIOpEHU €]JHa Ha JIpyra W IO TO3W HAa4yWH Ce HaMaisBaT
napasuTHHUTE ABIDKeHHs . OCBEH TOBA, NPEBH ONIPOCTEHATA
KMHEMaThKa, YIpaBJICHUETO Ha TO3U POOOT € CPaBHUTEIHO
JIECHO CIIPSIMO OCTaHAJIMTE MapajenHu podoTH. B npakrukaTa
YeCcTo ce Haylara u3rnosn3BaneTo Ha pobotu ¢ 6 DOF, 3aroBa 3a
Jia ce BB3IOJ3Ba OT MPEIMMCTBATA Ha eNTa POOOTHT, YECTO
CpeIIaHo peleHue € J00aBsiHETO Ha OPUEHTHPALLL MOLYJT KbM
Hero ¢ur.7. IMeHHO 3a TOBa KOHCTPYKIUS Ha TaKbB MOIYJ
11e ObJie NpeUIoKeHa B Ta3! CTaTHsl.

4. OpueHTHMpam MOAyI
N~

-+

®ur . 7 FANUC M-3iA/6A Delta Robot [7]
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Il. PASPABOTBAHE HA OPEAHTHUPALIl MOAVYJI3A
ITAPAJIEJIEH JEJITA POBOT

A. Bxoouu napamempu

OpueHTHPAIUAT MOAYJI TIPEICTABIIIBA MAHUITYJIATOP ChC
3 porammonnn DOF, cayxemu 3a ocurypsiBane Ha
OpHCHTAIIMATA Ha M3[eiue NMpH u3mbiaHeHue Ha “Pick and
Place” omepamum ot mapaneneH agenra po6or. Camust
MaHHITyJIaTOp € MOHTUPAH BbPXY IIOJBIKHATA IIAaT(GopMa Ha
poGoTa W Thif Karo ce HOCH OT HEro € KENATelnHO
MaHHITyJaTopa 1a ObJe MaKCHMAIHO JieK. [IpoeKTHpaHusT
Moxmyn me Obme 3a genta poOOT ¢ MaKCHMalTHU
TpaHCIaMOHHY yekoperus ot 20 [M/s?], mpu kouTo MOAYIBT
Tpsi0Ba 1a rapaHTHPa BpeMe 32 OPUCHTALHS, Ha KOSITO H Jia €
oT Tpure ocH, OT mopsabka Ha 1z [rad] 3a 0,5 [S].
MakcumanHara ToBapoHocuMocT Ha Moayina ie e 0,5 [Kg],
KOSITO aKo ce pasriesa GpopmMynara 3a nu300p Ha CTaHIAPTEH
XBaIay (2) ¥ ce B3eMe IpeBH]] YCKOPEHUsITa Ha poboTa, e
HABJIHO JOCTAThYHA 32 CTAHAAPTECH MHEBMATHUYCH XBalllay
pasmep 16 u monesna toBaponocumoct ot 0,2 [kg].

mg

F = T a 2)
Ksaero F e HeoOxoamuMara 3axBaiana cuia, M e Macara
Ha TOBapa, | € KoeHUIMEHTa Ha TPUCHE MEXKIY YCITIOCTUTE U
U3JCIHETO, & € KOe(HUIIMEHT Ha CUTYPHOCT (Hai-4ecTo ce
M3M0J13Ba MeXIy 2 U 4), & § € 3eMHOTO YCKOPEHHE, Karto B
citydasi KbM HEro ce JTI00aBsAT MaKCHMATHUTE TPAHCIAIIMOHHU
YCKOpEHUs Ha po00Ta, 3a Jla Ce TapaHTHPa, Ye MPU YCKOPCHUE

Ha po0OTa XBallama HiMa Jia U3MyCHE U3JICITUETO.

B. ITvpsonauannu uzuucnenus

[TbpBOHAYATHUTE U3YKMCIECHUS CIY’XKaT 3a HAMHUpaHe Ha
OPHMEHTHPOBBUHH CTOMHOCTH Ha HEOOXOAMMHUTE CUITH 32
3a/IBYDKBaHE, TApAHTHPAIIY 3a/1aICHUTE BXOHH TTapaMETPH 1
KaKTO M Ha KAKBO HATOBAapBaHe Ca MMOJI0XKEHH 3BeHata [5, 6].
3a menTa e ChcTaBeHa KHHEMaTHIHa CXeMa Ha Mo.yJia (ur.8,
KaTo 3a pasMep Ha 3BEHATa Ce TMpHEeMar IThbPBOHAYAIHU
3aBUIIIEHA CTOMHOCTH.

L1=120mm

1l
OclN

[=—| 7 7
— "N 1

} L2 =100mm
oc2 mo -
v
oc 3 ms3

TOBap Ms

N—

®ur. 8 KunematnuHa cxema

3a 1a ce HaMepsAT HeOOXOJMMHUTE YCKOPEHNUS Ha 3BEHATa,
3a TOCTHTaHE Ha 3aJaJlcHOTO BpeMe 3a MO3HWIHOHHpPAHE,
MOJKe J]a ce HarpaBy Tpadrka Ha I3MEHEHHUETO Ha CKOPOCTTa
CIIPSMO BPEMETO 3a Mmo3unuonupane ¢ur. 9. YckopeHneTo u
CIIUPAHETO € JKeJTAaTeTHO Ja 0b/Ie MaKCHMAITHO IUIABHO, 3a Ja
ce HaMaJll HaTOBapBaHETO Ha 3BeHaTa W aBuratenute. Karo
ce B3eMe MpeIBHI, dYe IUIoMmTa mox Tpadukara e
(U3MYECKOTO OTMECTBAHE MPH MO3UIMOHUPAHE HA 3BEHATA,
u T e lm copsaMo 3aJaHHeTO, MOXE Ja Ce Hu3Be/e
MaKCHMaJTHaTa bIiaoBa ckopocT (3).

losuunoHnpaHe

w, [rad/s]

W max .

0 01 0,2 0,3 0,4

=)

st , [5] 0

@ur.9 M3MeHeHre Ha CKOPOCTTA CIPSIMO BPEMETO 32 MO3ULMOHUPAHE

rad

SWmay = 11 [T] 3)
OT KbACTO YCKOPCHHUCTO € :
. 21 rad
w=—=8r[5]=2 C))

BBpTAIINsS MOMEHT 3a BCSAKO €IHO OT 3BeHaTa MOXKe Jia ce
usseje ot (5).

T=d.1+ Ty )

Kenero: T e HeoOxomumus BBPTSI] MOMEHT, | e
WHEPIUOHHUS MOMEHT, Ten € CBIPOTHBHUTEIHUS MOMEHT
MOPOJICH OT CHUJIUTE HA TEXKECT W CHIIUTE MOPOICHU OT
TPaHCIAIMOHHOTO YCKOpeHHE Ha poboTa. Taka 3a oc 1 Moxxe
Jla ce HaIMIIIE:

I =w.h +Tem (6)
L
Temp = Mp. T + (M3 +my). 7. Ly (7

Ksaero: |1 € WHEPUUOHHHMS MOMEHT Ha LENUS MOMIYI
OKOJI0 0C 1, M2 € TErIoTO Ha 3B€HO 2, M3 € TErJI0TO Ha 3BEHO
3, M4 e Ternoro Ha TOBapa, a T € TPAHCIANMOHHOTO
YCKOpEeHHE Ha poOoTa.

3a oc 2 MOXe [1a CE HaluIle:

T, = Wy Iy + Tepp (®
Tz =M. T+ ). Z+myT+ )L, (9)

Kbaero: |2 € MHEPUMOHHHS MOMCHT Ha 3BeHa 2, 3 W
TOBapa OKOJIO OC 2, M3 € TErJI0TO Ha 3BE€HO 3, M4 ¢ TErJIOTO
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Ha TOBapa, T € TPAHCIIAIMOHHOTO YCKOpEeHHe Ha poOoTa, a g
€ 36MHOTO YCKOpEHHE.
3a oc 3 MOXKe /14 CE HAIMILIE:
T3 = (l)‘3 . I 3 ( 1 0)
Ksaeto |2 € uHEpLUHOHHKS MOMEHT Ha 3BE€HO 3 M TOBapa
0KOJI0 OoC 3.
AKoO ce B3eMaT OpUEHTUPOBBYHHUTE CTOHHOCTH 3a TeriiaTa

¥ MHEPIIMOHHUTE MOMEHTH, HAMEPEHHU Ype3 Ch3IaBaHETO Ha
onpocted monen B CAD cuctema, a UMEHHO:

I = 0.06[*2], m, = 0.5 [kg]
I = 0.04[*2], m, = 0.3 [kg]

I = 0.01 [%] m, = 0.2 [kg]

m, = 0.5 [kg]
Ce noinyuana:

T, =3.5[N/m]

T, =28 [N/m]

T; =03 [N/m]

3a HeobxoaumaTa npeaaBaHa MOIMHOCT Ha 3BCHATa CC
nojiy4daBa:
Py

Ti. Wimax = 22w

P, Ty. Womax = 18w

P3 = T3.0J3max = 2w

Crnen cp3naBaHe Ha pealHa KOHCTPYKIMS Ha MOJyJa,
W3YHCIICHUATA CE MPABAT OTHOBO C PEATHUTE MapaMeTpH Ha
CHCTEMaTa, 3a Jla CE MPOBEPST AOIyCTUMHTE HATOBAPBAHUSL.

C. HU360p na cxema Ha 3a08udiceamne u npeoasameniu
MexaHusmu

3a ma ce m30erHAT HENOCTATHIUTE HA IapajicHUTE
poOOTH OTHOCHO OpPHUCHTHUPANINTE WM BB3MOXKHOCTH, 32
MaHHUITYJIaTOPa € M3MOJ3BaHa TOCIeI0BATeIHA KHHEMATHKa
¢wur. 8. Ilpu Hes BCAKO €HO 3BEHO C€ HOCH OT MPEIXOTHOTO
3a CMETKAa Ha TOBa, 3a Ja CE€ HaMajd TErJIOTO Ha 3BEHATa,
JIBUTATEJIMTE Ca M3HECEHH Ha CTallMOHapHara rardpopma Ha
poboTa, KaTo 3aJBIKBAHETO CE MpeAaBa Ipe3 3BeHATa Ha
MaHHMIYJIaATOpa TIOCPEJICTBOM MpEAaBaTEeIHU MEXaHH3MHU
YHETO MpeaBaHe ¢ bIIIOBO0. B uHIycTpHanHaTa poboTHKarta
Hal-4ecTo ce M3MOJI3BAT MPEIM3HU XUIOUIHU TPEAaBKH C
MaJITbK MBPTHB XOJI HJIM PEMBbYHH IpenaBku ¢ur. 10 xouto ca
IO MIPOCTH KATO M3ITBIHEHUE HAMAT MBPTHB XOJI, HO HajlaraT
W3IOJI3BAHETO HA JOMBIHHUTEICH PEIyKTOp, HaH-4ecTo
BBJIHOB 3apajiy JIMIICaTa Ha MBPTHB XOJI, Thil KaTO HE MOTat
Jla peaBaT BUCOK BBPTSII MOMEHT.

30

[penBung MankuTe BBHPTAIIM MOMEHTH 3a MOIyNa ca
W3IIONI3BaHU PEMBYHU TpenaBku ¢ur.ll. 6e3 mombiHAUTENCH
PEIOYKTOp, KOETO € ONTUMAIIHOTO PELICHHE OT IJIeJHa TOYKa
Ha TerJIo.

PembuunTe ce M30MpaT OT KaTajlor CHOPSIMO MOIIHOCTTA
KOATO e TpexaBatr. IIpeaBuA W3YMCIEHUTE MOIIHOCTH €
n36pan pemsk GT3 ¢ mupuna 6 [mMm]. Cepust GT pembin
Ce M3MOJI3BAT 3a MPELM3HU LenH. JJuaMeTspbT Ha POJIKHUTE
CBIIO € M30paH CIpsAMO IIpefaBaHaTa MOIIHOCT, ThH KaTo OT
HETO0 3aBUCHU KOJIKO Opos 360U ca 3allelleHH MeXIy peMbKa U
ponkata. [To-MamKuTe PONKH 3allelBaT MO-MAJIKO 3b0H Ha
pEeMBKa U ChOTBETHO BE3MO)KHATA MPEAaBaHa MOIIHOCT € I10-
Masika. 3a 1" u 2'P* oc ca u30panu poiku ¢ 48 360a, a 3a 3™

c‘36._
(2

®ur. 11 3D mMoaen Ha peMBYHUTE TIPESIABKH

D. Uzuucnenue na Hamoeapeanemo 6ve6 6ajioeeme,
onmezaiyume u u360p Ha 1aeepu

HaroBapBaHeTo Ha BaJOBETE Ha POJKHUTE CE M3YHCIISIBA
o cieanara Gopmysa:

M,

Fp = (4+6)2—l§ (11

Ksnero: Fr e cunara HatoBapBaria Bana, Mt mpeaBaHus
BBpPTAN] MOMEHT, D e edekTuBHUS muameTsp Ha poKara.
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Taka 3a oc 1 ce momyuaBa cuima 700 [N], 3a oc 2
peaktuBHa crita 560 [N] u 3a oc 3 peaktuBHa cuima 80 [N].

IpemBua  MamKWTe  HATOBApBaHWS ca  U30paHd
MOJIMMEPHH TUTB3TAIM JIaTePU 3a BaJOBETE Ha POJIKHTE.
IMonumepHHUTE JIarepH ca JeKW W HM3IbPXKaT Ha BHCOKH
HaroBapBanust B cimydas IGUS cepus J mo 35 [Mpa].
IMonuMepHHUTE TUTB3TANM JIATEPH C€ HM30MPaT MO TEXHHUS
mokasaten pv [MPam/s], kato ycioBueTo e :

pPWry, < pv (12)

Kbaero: p € HaToBapBaHETO BBPXY ILUIONITA HA Jiarepa,
w7 € IpuBeeHara nepudepHa ckopoct. Jlarepute cepust J
ca ¢ pv mokazaten 0,34 [MPam/s] u npensuz pasmepure um
ca 3HAYMTEITHO TPEOPa3MEPEHH.

OOTsramara cuia 3a u3dpaHus peMbk ¢ Mexay 5 u 10
[N]. 3a obreraun ca u3bpaHu JIarepHH MOJUMEPHH DPOJIKU
KOWTO [1a JTarepyBat AUPEKTHO BPXY CTOMAHEHH OCH.

Twil KaTO PH TUTB3ralIUTe JIATePH € Bb3MOXKHA MOsBA Ha
XJTa0MHH, KOUTO HE Ca OT rOJIsIMO 3HAYCHHUE 33 PONIKUTE, HO
HE € MPEIOPBUYHTEIHO a ObIaT U3ION3BAHH 32 JIarepyBaHe
Ha 3BeHAaTa, Thil KaTO TOBA LIE BIUsE MPSKO BPXY TOYHOCTTA
Ha poOoTa. 3a Te3W IenH, IPU BHUCOKM HATOBAapBaHHS HA
3BEHAaTa, € yJadHO M3IOJI3BAHETO Ha THPKAJSIIN JIarepH C
bra0B KoHTakT cepust 7000 mnm narepu ¢ 4ETHPUTOYKOB
KOHTakT. Ilpm cmabu  HATOBapBaHUs €  BB3MOYKHO
M3TI0JI3BAHETO HA CIHOPEAOBU DPAJHAIHU CAuMEHH Jarepu
cepus 6000, karo mpu TAX JOMYCTUMOTO aKCHAIHO
HaToBappane ¢ Mexxay 10 u 30 mporeHTa 0T MaKCUMAITHO UM
JIOMYCTUMOTO PaJHalHO HATOBapBaHe.

[pensun cnabuTe HATOBapBaHMWs, 3a JarepyBaHe Ha
3BeHaTa ca W30paHM HMMEHHO TaKWBa Jarepd, Kato ca
npeopasMepeHn MHOTOKPATHO.

E. Cvcmassane na koncmpykyus na opueHmupaugus Mooy

KoHCTpyKuusiTa Ha OpPHEHTHPAIIUAT Moayn ¢ur.12 e
CbCTaBeHAa OT HEMOJBWXHA TruiarhopMa W TPHU 3BCHA
OTrOBapsllld 3a pealu3upaHe Ha TpPUTE OCH. BBpXy
wiarpopMara ca pasMoONOKEHH BXOISAIIMTE POIKH U
obteraun. Te 3aJBIKBAT OCHTE Ha MAaHUIYJaToOpa, KaTo
npenaBaT BbPTALI MOMEHT MOCPEICTBOM CHCTEMA OT BaJIOBE
u posiku. KoMIoHeHTHTe Ha MaHUITyJIaTopa ca W3paboTeH!
OT AIyMHHUH C Ien pexyuupaHe Ha Teryioto. Cxema Ha
nperaBaHe Ha 3aJBIDKBAIIM MOMEHT € MpeJICTaBeHa Ha
¢wur.13.

1) Konempyxyusa na nenoosuscna nnameopma

Henonsmxhnara mnardopma ¢ur.14 e cbcraBeHa ot jiBe
QTyMHHHEBU IUIOYM B KOHTO ca HM3pa0OTEeHM Jeriara 3a
narepute Ha posikuTe U oc 1. BepXy Hes ca pa3moioxeHu 3
KOMIUTCKTa 3aJBHKBAI W 3aJBWKBAHU BXOMSIIN POJIKH
OTrOBapSILIH 32 33JIBHKBAHETO HA TPUTE OCH.

3a BCEKH OT TPUTE KOMIUIEKTa HMa PerylupyeM o0Terad
peanu3upaH OT MOJMMEPHA POJIKa JUPEKTHO JarepyBaHa
BBPXY CTOMaHEH BaJl. PoskuTe 1 OCHOBHTE Ha oOTeraunTe ca
TYMHHHUEBH C LIeJ peIyLHpaHe Ha TerJIoTo.

3aBMKBAIIUTE BAJIOBE Ca CTOMAaHCHH 3a pasjndKka OT
3aIBI)KBAaHUTE KOMTO Ca C HO-TOJISIM JMaMEThp M LEHTPalIeH
MPOXOJICH OTBOp ciykem 3a okabensiBane Ha KU3. mpu
HEOOXOIUMOCT.

31

2) Koncmpyxyus na oc 1

Koncrpykumsita Ha oc 1 ¢wur.l5 e cbcraBeHa or
3aJIBIDKBAI] BajJ JlarepyBaH MOCPEICTBOM CauMEH Jiarep
6810ZZ xbM HenoaBmxKHATA MIATHOPMA U U3XOASMI (IiaHel
B KOKMTO € pa3ojoiKeH JIarephbT 3a 3aBHKBAIIINS BaI HA OC
2. Bpb3kara Mexay BalbT M (praHena ce OCHIIECTBSBA
MOCPEACTBOM 2 CTPaHHYHH IJI0YH, KbM KOUTO Ca MOHTUPaHU
oOTsramyre MOJNUMEpHH pOJKH. Bxopsiiurte BaloBe 3a
3aJIBIKBaHE Ha 0C 2 U 3, KaKTO M U3XOJISIIMUS BaJ 3a oc 3 ca
JlarepyBaHH Ype3 MOJIMMEPHH TUTh3TalllH Jlarepu. M3xoasmms
BaJ 3a OC 2 € jarepyBaH oT caumMe Jjiarep 6807ZZ Toii kato
TO Ce sIBSIBA 3a/[BMXKBAIIUS Bl HA OC 2 ¥ HE TPAOBa Ja uMa
HAJIMYKE Ha XJIAOWHU.

@ur. 12 OpueHTHpAI] MOYI - 00 H3TIIeR

®ur.13 Cxema Ha npeaBaHe Ha 3aIBHKBALIUS MOMEHT
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Narepocl

®@ur. 15 3D mozen Ha oc 1

Haxonaw dnavew

Narep Oc3,

®ur.16 3D mozaen Ha oc 2

3) Koncmpyxyust oc 2
Koncrpykuusta Ha oc 2 ¢ur.16 e ananoruuna Ha oc 1,
ChCTaBeHa OT 3a[BIDKBALl Bal, U3XOmAm| (ruaHen u
CTpaHMYHU IUIOYM. Ha CTpaHWYHHTE IUIOYH € MOHTHpaHa
peryiupyemara o0TsAramaTa pojka 3a peMbKa Ha I0CIeIHaTa
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oc. Ha m3xomsmms ¢uaHery € MOHTHUpaH cauMeH Jiarep
6805ZZ 3a oc 3. Bxomsuwmst Ban 3a oc 1 e sarepyBaH
MIOCPEJCTBOM TOJIMMEPHH JIarep, a Ha M3XOISLIMS 4pe3
cayMeHus 3a oc 3.
4) Koucmpyrkyus na oc 3

Koncrpykuusta Ha oc 3 ¢ur. 17 npencrasisBa npocTo
BaJl JIarepyBaH B U3XoAAmus (iaHen Ha oc 2. Bpxy miodara
Ha Bana ce MonTHpa K13 Ha pobora.

F. IIposepxa na namosapsanemo na ocume

Ciex KOHCTpYMpaHETO Ha 3BEHATa, BeYe MOXeE Ja ce
NPOBEPH HATOBApBAHETO HAa OCHTE C PEATHHTE MacH M
WUHEPLHOHHH MOMEHTH:

L =0.06[:5], m; = 0.4 [kg], L, = 118
I = 0.035 %], m, = 0.3 [kg], L, = 110
ms = 0.1 [kg]

m, = 0.5 [kg]

Ot xpaero upes (6), (7), (8), (9) u (10) crensa:

T, = 3.3 [N/m]
T, = 2.8 [N/m]
Ty = 0.3 [N/m]

PesynTarure ca paBHU HITH 110 HUCKH OT OPUEHTHPOBBYHO
W3YHCIICHUTE, CIIEIOBATENIHO PEMBYHUTE TIPEIaBKH U
YCHJIMATA B JIATEPUTE Ca MPABHIHO U30paHH ¥ N3UHCIICHH.

®ur.17 3D mozen Ha oc 3
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1. 3AKJIIOYEHUE TexHojoruun)“, ¢uHaHcupaHn oT OnepatuBHa Nporpama
,Hayka u oOpa3zoBaHme 3a MHTENIUTeHTeH pacTex” (2014 -
2020 r.) u cpuHaHCHpaHu OT EBpomelckusi CbI03 Upe3
€BPONECHUCKHUTE CTPYKTYPHU U MHBECTULIMOHHU (POHIOBE.

AHanu3upaHu ca OCHOBHUTE TPOOJIEMHU CBBP3aHH C
M3MOJI3BAHETO Ha pOOOTH C MapalieliHa KHHEeMaTHKa.

Bb3 ocHOBa Ha HampaBeHHs aHalu3 € paspaboreHa
KOHCTPYKIIMSI HAa OPUEHTHpAI] MOJYJ 3a NapayeieH JenTa
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DEVELOPMENT OF ORIENTATION MODULE FOR PARALLEL
DELTA ROBOT

Stanislav Tcolov Reneta Dimitrova Stiliyan Nikolov
Technical University of Sofia Technical University of Sofia Technical University of Sofia
MF, ADP MF, ADP MF, ADP
Sofia, Bulgaria Sofia, Bulgaria Sofia, Bulgaria
e-mail: stanislav.tsolov90@gmail.com e-mail: rkd@tu-sofia.bg e-mail: st_nikolov2@tu-sofia.bg

Abstract: In this paper, a design of a 3 DOF-rotational orienting module intended for integration into a 3 DOF-translational
parallel delta robot is proposed. An analysis of the advantages of using such a module compared to a parallel robot with 6 DOF used
to perform ""Pick and Place" operations was made.
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KINEMATIC ANALYSIS AND MODELING OF MOVEMENTS OF
HEALTHCARE ASSISTANT ROBOTS

Roman Zahariev
Institute of Robotics,
Bulgarian Academy of Sciences
Sofia, Bulgaria
e-mail: roman.zahariev@abv.bg

Abstract: The paper proposes a systematization of
approaches for direct and numerical determination of the
positions of the units of a random closed mechanism for a robot
manipulator designed for healthcare implementation. The goal
is to facilitate the logical connection of the individual modules
in a specificmechanism, as well as to determine the
characteristics of specific points of the units of the kinematic
structure of the robot, which have an implicitly solvable
positional task in the kinematic analysis. Such are robots with a
closed complex structure designed to serve patients in
healthcare. The described algorithms are also applicable both
when solving the straight problem and when solving the inverse
problem of kinematics when the target function of the
executive unit is set. With such kinematic structures of the
healthcare assistance robot, the high positioning accuracy of
the executive unit is required in the realization of the target.

Keywords: Manipulator Motion Modeling, Closed Structure
Mechanisms and Robots.

I. INTRODUCTION

The world is faced with a new challenge, namely the
pandemic Coronavirus COVID-19 and the scientific potential
has been actively involved in finding methods and means to
limit the infection and overcome it. One of the main tasks is
to create conditions in which people on the front line in the
fight against the virus (doctors, nurses, paramedics, etc.) be
replaced by robots in some routine activities, which will
reduce the risk of infection. The development of service
robotics allows us to look for a solution for a robot assistant
in healthcare, but the activities in this area are many and
varied, and the universal service robot is still underdeveloped
(too expensive), therefore we propose to develop a
Methodology for determining the functional parameters of
mobile service robot assistant in health care, on the basis of
which solutions for specialized robots will be sought,
depending on the needs for the robotization of a specific
process. For this task, we will use the accumulated
knowledge in the field of robotics and especially in service
robots that help disadvantaged people. They aim to support
this group of people and ensure their independent life by
replacing human companions. Like medical needs, the
problems of disadvantaged people are specific, and dividing
them by criteria cannot capture the needs of every one of
them. Therefore, the design of a robotic healthcare assistant
is a specific task and must be refined according to the
individual needs of each disabled or handicapped person
[9,10,11]. This solution will be expensive and finding
universality is in the process of increasing the manipulability,
mobility and adaptability of service robots.

Nina Valchkova
Institute of Robotics,
Bulgarian Academy of Sciences
Sofia, Bulgaria
e-mail: nvalchkova@abv.bg
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e-mail: plamen.raykov@abv.bg

Analytical methods for calculating the coordinates of
characteristic points of kinematic pairs connecting the units
of mechanisms with a closed structure (vector, matrix, screw,
coordinate, etc.) are the only ones that allow the creation of
fast and sufficiently accurate computer programs for
modeling the movements of the mechanisms.

Unfortunately, however, the direct transfer of vector and
matrix [2, 7, 8] methods, the most widespread in the study of
open kinematic chains, is impossible, since they are based on
the use of inverse trigonometric functions, which leads to
ambiguity of the mathematical model. Methods based on the
division of the closed mechanism into several open groups by
"preaking” one or more kinematic pairs have similar
disadvantages [1,4].

The most promising analytical method for studying
mechanisms containing closed structures is the coordinate
method. It is based on geometric dependencies between the
Cartesian coordinates (xi,yi) and (xj,yj) of the centers of the
kinematic pairs Ai and Aj, written most often in the form:

(xi-xj)2 + (yi-yj)2 =L ij2

where:

Lij is the length of the segment joining the two centers.
The unknown coordinates are expressed in terms of known
lengths and unknown angles, and from the solution of the
resulting system the unknown angles are determined. That is,
instead of solving the system directly with respect to the
unknown  coordinates, trigonometric  functions are
additionally inserted into it, which brings it closer to the
systems of equations obtained when applying vector
methods.

The studies described in [3] are the closest to the
proposed approach. Due to the fact that the kinematic
structure is not reduced by logical removal of leading links,
the complexity of the resulting analytical system requires the
authors to use an approximate method for determining the
unknown coordinates even in cases where the use of an exact
solution is possible. The existing automated methods for
describing the movements of mechanism units based on the
automatic generation of the equations of motion have the
same drawback. They reflect the trend in mechanism
research, which is based on the use of specialized software
packages running on powerful workstations, with universal
application in the study and design of mechanisms.
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Unfortunately, however, such software products have a
high price and are unsuitable for equipping workplaces in
small and medium-sized construction teams.

For this purpose, the main types of statically determinable
structural modules were studied, according to the
classification introduced by Asur and referred to below as
Asur groups of the corresponding class. By introducing one
or more drive units to these modules, it is possible to obtain
the entire variety of known lever mechanisms with lower
kinematic pairs.

Il. MATHEMATICAL DESCRIPTION OF THE PROBLEM

The necessary basic modules for compiling such a
package can be divided into two main types: calculation
methods for determining the coordinates of characteristic
points of the Asur’s groups and auxiliary modules for
determining the actual possible solutions fulfilling the
conditions of the specific construction (joint constraints,
intersection of units and such).

A. Calculation of the coordinates of characteristic points of

Asur’s groups of 11 Class.

1.) Class 1l Aasur’s group with rotary pairs. With known
coordinates of points A(xA, YA), B(xB, yB) and arm
lengths AP =11, BP =12, it is possible to analytically find the
coordinates of point P (Fig. 1).

To minimize computational operations, a local right-hand
coordinate system A&n with a center at point A and an
abscissa axis passing through point B is introduced. If we
denote the coordinates of point B in the local coordinate
system by £B and 1B, then:

&B :\/(XB _XA)2+(yB _yA)2

HBZO

yA

Xy

O

Fig. 1. Class Il Aasur’s group with rotary pairs.

Let the coordinates of the point P in the system A&n be
EP and nP. The projection equations on the local coordinate
axes are:

17 =& +n2
13 =(& —&)*+np,

from which can be determined:

2 2 2
I1 _|2+§B

&P = 25'\3
M = i\/lf -& .

Using the formulas for changing the coordinate system,
the xP and yP coordinates of the point P in the Oxy
coordinate system are found:

Xg—Xa Ye—Ya
m
& L

Yeg—Y Xg—X
Ye=Ya +& Bas A Ine BE)B A

Xp=Xp +&

2.) Class Il Asur,s group with external translation pair.
Given the coordinates of the point M(xA, yA), the length of
the unit MN = b, and the equation of the line p:

Ax + By + C=0

The unit MN is connected to line p by a sliding pair
(Fig.2).

If the coordinates of the point N are denoted by xN and
yN, then from the system of equations:

Ax, +By,+C=0
(XN _XM)2+(yN _yM)2:b2

yl\ P

XV

O

Fig. 2. Class Il Asur’s group with external translation pair.

solutions are obtained
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., -GG’ 4FH

X = oF
Ax:?+C

yie=- B,

where:

F=A2+B?

G =2(ABy, - B2x,, + AC)

H =B?(x} +y3-b*+2BCy, +C>.

When the line p is parallel to the axis Oy (B = 0), the
solution takes the form:

C
Xy Z—K
- -G'+./G"%?— 4F'H’
YN = 2F’ !
where:
Fr=A?
G'=-2A%,

H'=A?(x} +vy? — b*) + 2ACX,, + C?.

3.) Class Il asura group with internal translation pair. For
an Asura’s group of class Il with an internal translation pair,
it is considered that the coordinates of the points M(xM ,yM),
N(xN ,yN) are given, with a line p passing through the point
N passing through the point Q (xQ , yQ) and forming a
constant angle o with the unit MQ (MQ = b), (Fig. 3.). The
coordinates of point Q must be determined.

yl\

@)

Fig. 3. Asura’s group of class Il with internal translation pair.

b\ 4

The distances are found:

MN :\/(XM _XN)2 +(yM _yN)2
NQ = YIS
Snoa

where:
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1= ZNMQ=180-(w+F), = ZMNQ = arcan 21"

To find the coordinates of the point Q, the same method
is applied that is used for the Asura group of the second class
with rotation modules.

B. Calculation of the coordinates of characteristic points of
Asur’s groups of |11 Class.

For the Asura’s group of the third class, it can be
considered that the lengths of the units li (i=1, 2, ... , 6) and
the coordinates of the hinge centers A(XA , yA), B(xB , yB)
are set and C(xC , yC) (Fig. 4). The goal that is set is to
determine the coordinates of points E, F, and D.

Projecting the two vector equations

AD +DE=AB +BE
AD +DF =AC +CF

on the Ox and Oy axes and marking the angles that the
four units of the group make with the Ox axis with y1 , y2 ,
v3, v4 four scalar equations of the form are obtained:

I,cosy, + l,cosy, =X, — X, +1,cosy,
l,siny, + l,siny, =y, -y, + l,dny,
I,cosy, +1,co8(y,+ 0)=x. — X, + |l,cosy,

llsinY1 + lesm(Y4+ e)=yc —Ya t |3SinY3

relative to the unknowns y1 ,y2 , y3, y4, where 6 is found
by the formula:

|2 2 — |2
0 = arccos—2 2 2
21,1,

yl\

@)
Fig. 4. Asura group of Ill class.

It follows from equations (1) that:

_ljcosy, + u, _lysny, + u,
2 |2 ’

_ljsny, + u,

cosy, , dny @

1,

[, cosy, + u,
CoSy, =—""——, 3

B B
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where:

u, =l,cosy, - d,, u,=Il,sny, — d,
u,=l,cos(y,+ 0) - d,, u=lsn(y,+60 -d,; (3)
d1:XB - X d2:YB =Y d3:XC - X dAZYC =Y
Based on the identity from system (2),
sin’y, +cos’y, =1(i = 2,3)
the system is obtained:
21,(u, cosy, +u,siny,) +u, =0, @)
21, (u,cosy, +u,siny,)+u, =0,
where:
Ug=ui+us+d,, u,=ui+ui+d,; (5)
d,=1-12, d,=1?-1%. (6)
From the system (4) are found
A . A
COSyl=X1, snylzf, @)
where:
A=2l,(uu, —u,u,), @®)
A, =U,u;—U,U;, A,=UU;—UU,.

As a result of these transformations and after applying the
identity, an equation with one unknown y4 is obtained:

©)

Based on equalities (8), the function F(y4) can be written
as follows:

Fiy) =N+ - A =0.

F(v,) =u,(u, +de)2 + Uy (U, "'ds)2 - 4'%(“7“8 - ug) - (10
_Zue(u7+d5)(us+ds)v
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where:

U, =U; +U;=-2l,(d, cosy, +d,sny,) + 15 + d + >,
U= U2+ U5 =-21,[d,co8(y, + ) +d,sin(y, + O)] + I + o +
Uy = U,u, + u,u, =1,(l,-d,)cosy, -1,d,sny, -

-1, [d,cos(y,+ 0) + d,sn(y, + 0)] + d,d, + d,d, .

Since u7, u8, and u9 depend linearly on siny4, cosy4.

It follows from (10) that the function F(y4) is a
trigonometric polynomial of the form:

F=AZ+A, v+ A+ A, v+ A2+ A VHA,, (11)

where Z=SINY,, V=C0SY, and AL, A2, ..., A7 are
coefficients depending only on the 12 set parameters of the
group.

The following method [4] is used to find the coefficients
of the polynomial (11):

1. The argument y4 is assigned seven arbitrary values and
the corresponding seven values of the function F(y4)
are calculated using the algorithm described above.

2. Substituting these seven values of the angle y4 and the
found values of the function F in equation (11), the
resulting system of seven linear equations regarding
the unknowns A1, A2, ..., A7 is solved.

In order to simplify the calculations, such values of the
angle y4 are taken that their sines and cosines have relatively
simple values, for example: 0 and 1; 0 and -1; 1 and 0; -1 and
0; 0.6 and 0.8; 0.6 and -0.8; -0.6 and 0.8. In this case, the
resulting system of linear equations is easily solved regarding
the unknowns. For the values of the angle y4 thus set, the
system is obtained

1 1
(F1+Fz) ) Ae :E(F1_F2) ) As :E(Fa+ FA_FFFz)w

N =

A,

&l

A, [16(F+F,) + 24F, - 6F, - 25(F+F,)],

(12)

=
1l

-A

—
-
w
|
-
~
-

1

N -

b
1

[9(F,+F,) - 25(F,+F,) + 32A,],

A, ==-[-36F, +4F, - 9(F,+F,) + 25(F,+F,)],

72

where Fk = F(y4k) is the kth calculated value of the
function F(y4) (k=1, 2, ..., 7).

2 2
Based on (11) and the identity 2 * V° =1 the
trigonometric equation (9) can be written in the form of the
following algebraic (with respect to the unknown z) equality:
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R2=(1-2*)R2, (13)
where:
R=AZ+AZ +AzZ+A R=AZ+AzZ+A,. (14

It can be seen from (13) that every real root of the
equation (if we exclude from consideration the special case

when R:(2) =R.(2) =0y gatisfies the condition:
-1<z<1.

Equation (13) can be transformed into the form
®(z)=B,2* + B2 + B,Z' + B, + B,ZZ + B,z + B,=0,(15)

where:

B,=A2 + A2, B,=2(A,A,+A,A,),
B,=A2 + A2 — A2 + 2A A, + 2A,A, ,
B,=2(A A, +A,A +AA,—A,A,),
B
B

L=AZ £ A2 - A% + 2ALA, — 2ALA,,
5 2(A5A7_A4A6)’ Be:Ag - Ag-

Thus, the task is reduced to solving the algebraic equation
(14), which is of the 6th degree, that is, to finding the roots of
the polynomial ®(z). As shown above, they always lie in the
interval

[-1, 1]. The values of the function @ (z) at the endpoints
of this interval satisfy the inequalities

®(-1) >0, ®(1) =0,

ASp(+l)=(A, + A, + A, + A,).

5

The number K of real roots of the equation of the 6th
degree (14) is not greater than 6. Usually K takes values 0, 2,
4 or 6, since the number of complex roots is even, and all real
roots if exist, they are usually different. In the special cases
when the roots are multiples, the number K can take other
values, but such cases are unlikely and can only occur in
special situations of the external hinges of the group.

The number of actually existing variants of the Asura’s
group of class Ill (hereinafter referred to as assembly
variants) coincides with the number K of the solutions of the
source system of equations (1), that is, with the number of
solutions of the system (9), and in the case of reduction to
one final equation with the number of real roots of the
polynomial (14).
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The case K = 0 means that for the given parameter values
the group does not exist. The case K >0 means that the group
has K number of assembly variants, that is, the members of
the group can occupy K number of non-coinciding positions
on the plane with fixed positions of the external hinges.

The number K of assembly variants of a four-membered
group can be found in another way, in which it is not
necessary to find the roots of the equation (14), but it is only
necessary to know the values of the coefficients B0, B1, ...,
B6 of the polynomial @ (z). This method is based on Sturm's
method for determining the number of real roots of a
polynomial on the given interval and is described below.

As was shown, all real roots of the polynomial ®(z) lie in
the interval [-1, 1]. According to Sturm's method, the number
K of real roots of a polynomial of the sixth degree that lie in
the interval [-1, 1] is determined by the formula

K =N(-1) - N(1),

where: N(x) is the number of sign changes in the
sequence fO(x), f1(x), ..., f6(x);

df

fo(X) =0(x), i (x)= dTE :

fk(x) - the remainder of the division of

fk—2(x) 2(x) by fk — 1(x), taken with the opposite sign (k
=2,3,..,6).

The roots of the polynomial ® (z) are found by the
method of secants. After the roots

zi(i=1,2,..,K)of the polynomial ® (z) have been
found, the calculations are performed separately for each of
the K assembly variants. Thus, for the i-th assembly option,
we find:

siny, =z;,
cosy, =-R,/R,,

where R1 and R2 are found by formulas (14) at z = zi.
Then ul, u2, ..., u6, A, A1, A2 are found by formulas (3), (5)
and (8) and cosyl, sinyl, cosy2, siny2, cosy3, siny3 are
calculated according to formulas (2) and (7) [5, 6].

In the algorithm discussed above, the cases where A=0
and R1 = R2 = 0 are not included because they are trivial.

I1l. CONCLUSION

The purpose of creating a service robot is to cover a wide
range of activities to perform various tasks in the service of
people in the medical facility, to perform auxiliary functions,
as well as to help people with disabilities. Of course, this is a
difficult and very responsible task, which implies the
realization of special functional characteristics of the service
robot.
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It is supposed to work in close proximity with the people
of the medical staff as well as with the patients served. First,
a service robot was created to help the disabled. Due to the
matching of the set tasks, the ensured high positioning
accuracy of the robot's manipulator and the possibility to
work safely in close proximity to people based on the rich
sensory information received from the environment, it is
proposed to use this cognitive robot for the purpose of
providing assistance in medicine. Through logical connection
tailored to the specific structure of the investigated robot
mechanism, new knowledge can be obtained about the
kinematics, reconfiguration possibilities, functionality and
metric influence of the mechanism units, which knowledge
will contribute to the construction of new, more efficient
constructions of manipulation mechanisms and creation of a
more realistic model by which the robot will be managed to
assist healthcare. Algorithms for determining the force loads
of the individual units of the studied mechanism can be easily
created on their basis, in a manner similar to that described
by V. Kagan and A. Andreev [2]. The obtained results of the
research can find application in the field of construction of
mechanisms in  mechanical engineering, equipment
construction, production of manipulators and robots,
construction of mechatronic products, training of students in
higher education institutions, etc.
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A SERVICE ROBOT MODULE BASED ON 8-BIT
MICROCONTROLLERS DESIGNED TO MEASURE A PATIENT'S
TEMPERATURE

Vasil Tsvetkov
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Sofia Bulgaria
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Abstract: This article examines the application of
Microchip's 8-bit PIC microcontrollers for the purpose of
building the sensor system of a service robot used in healthcare.
A microprocessor system based on a PIC16F628A and a
temperature sensor DS18B20 from the company MAXIM
semiconductor was considered and their unctional possibilities
were analyzed. A structural diagram of the algorithm for
extracting data from the communication interface of the sensor
is provided, and an electrical schematic diagram is provided.

Keywords: service robot, digital temperature sensor, PIC
microcontroller, patient care, body temperature, mobile platform,
Omni wheels.

I. INTRODUCTION

The use of thermographic systems is crucial for the initial
assessment of temperature for medical purposes, in cases such
as:

e |Initial screening of human temperature during triage
during emergency situations in health facilities to
determine the level of fever and elevated temperature.

e Temperature evaluation in high occupancy areas such
as public and business buildings, airports, and more.

Normal body temperature changes during different parts of
the day according to the circadian rhythm Regulation occurs
in the frontal part of the human brain called the hypothalamus
[5]-

The surface temperature of human skin is different from
the internal body temperature and varies for different body
parts. Facial skin temperature is usually between 32°C
(cheeks) and 34°C (forehead) and is lower than normal body
temperature (36.5°C-37.5°C) due to heat exchange between
the human body and environment (body heat loss). In order to
determine the internal temperature of the body, by means of
the skin temperature, the arterial heat balance method can be
applied:

T.=K*(Ts + T,) + Ts, 1)

where:
Tc- core body temperature
Ts- temperature on the surface of the skin;
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Sofia Bulgaria
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Roman Zahariev
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Ta- environmental temperature;
k- the thermal coefficient for the skin surface area.

The arterial balance method mainly depends on the degree
of blood perfusion in the local tissue [4]. Studies have shown
the insufficient accuracy of this method, but it is applicable
when there are no requirements for high accuracy of the
measured temperature - for example, initial triage or
momentary assessment of the patient's state of health. The aim
of this study is to synthesize a sensor microprocessor system
to be implemented in the structure of a service robot, with an
application in health care for measuring the body temperature
of patients. The author's focus is to offer an economically
viable system built with affordable materials and a modern
element base. Achieving the goal set in this article is tied to
the fulfillment of the following tasks:

e Synthesis and simulation of schematic circuit in a
software environment;

e Development of PCB of the sensor module;

o Evaluation of the possibility of application of sensor-
information systems built with 8-bit microcontrollers
and intelligent temperature sensors for the purposes of
service robotics.

Il. SYSTEM DESIGN

A. Schematic diagram of a two-zone temperature sensor
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Fig. 1. Schematic diagram of a two-zone temperature sensor module for the
purpose of a service robot in healthcare.
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The schematic diagram (fig.1) clarifies the method by
which the module receives temperature information. The
sensor part is based on two specialized DS18b20 intelligent
sensors, manufactured by DALLAS SEMICONDUCTOR DS
18b 20 is an improved intelligent temperature sensor, the
successor of the DS1820. In contrast to the thermistor-based
sensors, the advantages of the used component are
indisputable. It is capable of direct conversion of the measured
temperature and programming and encoding it into a 9 or 12-
bit binary value. The conversion itself takes 750 ms. The
communication interface with the PIC microcontroller is
single-wired, and the DS18b20 is powered on the same data
line. This eliminates the need to use a large number of 1/O
ports of the microcontroller. The proposed circuit solution was
developed as a modular device (Fig. 2). A computer
simulation of the circuit diagram was performed in PROTEUS
and the printed circuit board was created in EasyEda.
Compactness considerations have been followed in the design
in order to easily mount on various mobile robotic platforms.
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Fig. 2. 3D model of the designed 2-zone sensor module.
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Fig. 3. PCB component side.

B. Main characteristics of the DS18b20 sensor

e Reduced component count in system design;

e Temperature range from -55°C to +125°C (-67°F to
+257°F);

e +0.5°C accuracy in range from -10°C to +85°C;
e Programmable conversion resolution from 9 +12 bits;

e Implementation of the DS18b20 in the design
eliminates the need of other external components;

e Unique individual 64-bit ID address, saved in the
sensor's ROM ;
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¢ Auvailable in 8-Pin SO (150 mils), 8-Pin uSOP, u 3-Pin
TO-92 packages.

I1l. SENSOR MODULE PROGRAM ALGORITHM

The main program code for the PIC microcontroller was
written in Assembly programming language and the algorithm
is shown (Fig 4).

Start

l

Define constants and
variables

/O ports, timer modules,
display interface initialization

v

TMR?2 configuration

A4

Read sensor data

—

v

——— Display measured valie

Fig. 4. Program algorithm

Initialization is a standard procedure for the PIC MCU.
The following code fragment is presented as an example. The
term initialization refers to the definition of the states of the
I/0 ports of the MCU. This procedure requires the
manipulation of the TRIS registers. Prior to manipulating the
bits of any of these registers the corresponding memory bank
should be selected - bank 0 or bank 1. PIC16f628A has two 8-
bit TRIS registers - TRISA and TRISB. Setting any of these
bits in 1 state defines the pin as an input and vice versa- setting
it in O defines the corresponding pin as output;

PORTA and PORTB init subroutine;

INITMOVLW H'07"; Turn Comparators off and enable
pins for 1/O functions

MOVWF CMCON,;
BSF STATUS, RPO;

CMO0, CM1, CM2 off
Bank 1
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MOVLW B'00010000' ; RA<7:5><3:0> Output, RA<4>
Input

MOVWF TRISA

CLRF TRISB; RB<7:0> Qutputs
BCF STATUS, RPOQ; Bank 0
CLRF PORTA; clear random stored data
CLRF PORTB,; clear random stored data

The communication between the smart temperature sensor
and the used PIC microcontroller is established over a single-
wire data line. For this purpose, it is necessary to provide a
startup algorithm in the program code

CALL DQ_LL; Force the DQ Line to Logic Low

MOVLW (D'480'-5)/5 ; Reset pulse held minimum of
480uS

CALL DELAY;

CALL DQ_HIZ; Release DQ Line

MOVLW (D'60'-5)/5; Wait for recovery

CALL DELAY;

BTFSC PORTA, 4; Test for 'Presence Pulse'
GOTO DS18B20_RESET; If not present, Reset

MOVLW  (D'420'-5)/5; Must wait for a minimum of
480uS from when the DQ line is released before moving on

CALL DELAY ;

IVV. MOBILE ROBOTIC PLATFORM

In this section, a four-Mecanum-wheeled robot with a
symmetrical structure is taken as the research object. A
number of scientific sources describe them as characterized by
higher mobility in comparison to conventional wheeled
platforms. They find application when performing tasks in an
environment with the presence of a large number of static and
dynamic objects that present obstacles for the mobile robot.
Such characteristic of the working environment is found in
facilities and production premises, warehouses, hospitals, and
care centers for the elderly. Conventional wheels are
mechanically simple and have a high load capacity and a high
tolerance to the unevenness of the working surface. However,
due to their nonholonomic nature, they are not truly
omnidirectional. There are proposals to design a platform that
uses conventional wheels and achieves performance close to
that of platforms with omnidirectional wheels (OWMP) [1].
The cited mobile platforms have at least two active wheels,
each of which has a drive mechanism and a steering
mechanism. Although this type of platform can move in all
directions, a major drawback is that in case of movement along
non-continuous curvatures, it is necessary to stop and reorient
its wheels [3].

The slippage between the wheels and the ground is a
disadvantage of Mecanum-wheeled robots, causing them to
lose velocity and affecting their positioning accuracy. There
are currently some studies on reducing the impact of slippage
on the accuracy of robot motion. Chu [2] proposed a method
to eliminate position and orientation errors; in this method,
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multiple ultrasonic distance sensors were used to measure the
position and orientation of the mobile robot, and a position
compensation algorithm was developed to minimize the
position error between the current position and the desired
position.

A. Geometric characteristics of the robot

According to the geometric characteristics of the robot, for
any Mecanum wheel 0,; , a;+ ;=0 , the following
formula can be derived:

-1

Twsiny;

Isin(B; +y)I¢ =

siny;
x
0

Equation (2) provides information on the platform
kinematic model and how a robot would perform in the
working area.
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Fig. 5. Geometric characteristics of the robot.

The designed service robot sensor module is mounted on a
mobile platform with a hardware configuration shown in
(Fig.5). Main characteristic of the platform is the
implementation of omnidirectional wheels (mecanum
wheels), with a diameter of 2100; 450, through which it
achieves the necessary kinematic parameters for a service
robot [6]. As a particularly important feature, the ability to
perform translational plane movements without a turning
radius can be pointed out (Fig.6).

During the construction of the mobile robot,
considerations regarding technical clarity and traceability of
the individual levels of the architecture, sufficient computing
capacity of the controller (necessary for command
communication, processing of information coming from the
sensor-information system, as well as for the implementation
of a control function) were observed of the electric drive,
possibility to configure and upgrade on a modular principle as
well. Last but not least — the economic profitability of the
product (Fig.7).



AUTOMATION OF DISCRETE PRODUCTION

ISSN 2682-9584

5 £)
45°N5 0
T W,/ |
a0, A
)
Q<
-’XV
VEHICLE
REFERENCE
POINT
t.’ <
&
SA\TY K J G
Fig. 6. OWMP layout.
— Power
e w— Signal
5V PSU Layer 4
Raspberry pi 4 +' SVESU
Stabilising weights (optional) Layer3
DC motor drivers + 12V Li-Ton battery]  Laver2
DC motors La_\'er 1

Fig. 7. Generalized diagram of the robotic platform topology.

CONCLUSION

In this paper an approach for making an improved two-
zone temperature sensor module for application in the field of
service robotics is proposed. The sensor has been successfully
implemented on a mobile platform with omni-wheels. A
mobile Android application was developed in order to control
the entire setup through space, thus demonstrating the
possibility of the application in a wheeled service robot of the
8-bit microcontrollers from the PIC family.
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Abstract: The article examines an innovative solution related
to ECG (DECG) monitoring of patients during minimally
invasive surgery. The device is part of a developed robotic
modular laparoscopic instrument (RMLI). The ultimate goal is
to create a new type of laparoscopy tool to improve healthcare
and patient care. In the working mode of (RMLI), ECG analysis
and patient monitoring and other diagnostic and therapeutic
activities are performed comprehensively. The device detects
and warns of abnormal heart rate during surgery. An innovative
concept based on the uMAC wireless network stack is used for
communication between the module and the control unit in local
and remote (from a distance) mode of operation by means of the
control computer program (Local Operator Station) and/or
directly from the instrument display directly connected to the
patient. Unlike other similar devices, innovative solutions
related to the construction and connection of the ECG with the
used RMLI robotic module are presented here. A future goal is
the diagnostic tool to work as an autonomous device as well. The
current development is a continuation of the team's work in
minimally invasive surgical area.

Keywords: Robotics, Mechatronics, DECG, Minimally
Invasive Surgery, Wireless Network Stack uMAC.

I. INTRODUCTION

Developments in information and communication
technologies (ICT) are increasingly entering our daily lives.
ICT improvements ensure a smart lifestyle with more options
and free time. These improvements are most strongly reflected
in the fields of healthcare [1, 2, 3], automation of household
appliances, and smart services. Technologies are present in the
treatment of the patient, in the operating rooms such as robots
for operations [4, 5]. New protocols [6, 7] and modelling
systems tools and sensor networks, as well as systems for
collecting information and its subsequent processing in the
fields of medicine and surgery, are increasingly being used.
Some of them have applied unified modelling languages -
UML [8, 9]. New wireless sensor networks with applications
in medicine [10, 11] and bloodless surgery [12] have been
developed and continue to be developed using state-of-the-art
elements and devices in electronic and information technology
[12].
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ECG monitoring is mandatory during the operation. The
electrocardiograph (ECG) is a commonly used physiological
signal to monitor the electrical activity of the heart over time
in a patient. The results of the electrocardiogram (ECG) are
indicative of the condition of the human heart. Automatic
analysis of these recordings can be performed using various
computational methods from the fields of signal processing
and machine learning. Various types of ECG monitoring
devices have been developed for the needs of medicine [13].
Their advantage is related to the compactness and portability
of the developed wireless heart rate monitoring devices [12,
14, 15, 16, 25].

The development of new devices in this field also pose
new challenges related to their hardware and software
implementation, communication and other aspects such as
wireless transmission of information from the device to the
control operator station on a computer or smart phone, signal
processing and analysis. Necessary is that these devices
provide precision, convenience and low cost [17, 19]. In recent
years, systems with wireless transmission of ECG signals to a
computer have been imposed as in [16, 18, 19].

New devices for ECG, heart rate, oxygen level and their
application pose new challenges in the processing and analysis
of measurement results and increase the need for automatic,
cheap, real-time and effective monitoring of these parameters,
with application in home and/or in outpatient settings.

One of the trends in medical technology is the
development of robots, tools and accessories for them, which
solve a number of problems such as scaling movements,
eliminating tremors, precisely following a set trajectory,
reducing errors and fatigue in the surgical hand, and all this is
beneficial to both patients and physicians. The developed
robotic systems are built on a modular basis to include
additional diagnostic modules for monitoring vital functions
of the patient and the accompanying equipment during the
operation. The topicality of the topic stems from the above.

A robotic modular laparoscopic instrument was developed
and manufactured, discussed in detail in previous studies [5].
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External specialized autonomous instruments for monitoring
the patient's current condition have also been designed for the
needs of RMLI. The platform includes an operator's intelligent
panel, a specialized management controller and various
sensors to monitor various vital signs of the patient during the
operation. These devices and the dedicated controller form a
wireless network to exchange information in real time. An
example of such instruments are: the ECG meters connected
to the body of the operated person. Within the framework of
the present study, a wireless diagnostic ECG device was
designed as an additional module to the developed RMLI,
designed to monitor the patient's current condition. The paper
examines the designs of RMLI's dedicated controller and its
capabilities for working with the designed diagnostic wireless
ECG device (DECG), detailing the design of the DECG and
its connection to the Dedicated Controller. The designed
instrument is an important component for monitoring the
patient's current condition during laparoscopic surgery. The
possibilities for designing other modules to the robotic system
are also presented. In conclusion, the prospects for refitting the
RMLI and the possibilities for other DECG applications are
indicated.

Several sections are included in the article: Introduction,
point 1: A specialized controller to control RMLI and DECG,;
point 2: Device and mode of operation of a wireless diagnostic
instrument (DECG) and Conclusion includes future directions
for thematic work.

Il. SPECIALIZED CONTROLLER FOR MANAGEMENT OF RMLI
AND DECG

When performing laparoscopic operations, devices are
also used to monitor various vital signs of the patient (ECG,
blood pressure, level of CO2 level in the patient's abdominal
cavity, etc.). The developed robotic modular laparoscopic
instrument - RMLI, is designed to perform diagnostic and
therapeutic procedures in laparoscopic surgery described in
detail in [5, 20].

The platform integrates an operator's intelligent panel, a
specialized control controller, electromechanical linear drives
and tactile sensors for measuring longitudinal forces of the
reaction of the manipulated object, as well as the additionally
included modules for monitoring ECG, pulse, etc. [21]. This
article will detail the operation of the Dedicated Controller and
its connection to the Wireless ECG Monitoring Module.

The specialized Controller [5] is designed for:

e management and control of mechanical movements
realized in RMLI;

e providing the operator with a convenient graphical
interface (GUI), through which he can set commands
to the RMLI, monitor their execution, receive a visual
operation of the patient's condition, connect via
wireless Internet to a remote server or client, in order
to receive additional auxiliary information formed in
energy-independent memory about the actions
performed with RMLI and the indicators of the
operated chronologically during the operation process
[22];

e ensuring a wireless connection with smart devices
(ECG mobile devices, wireless sensors, etc.);
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e generation of text and sound messages upon detection
of deviations in the operation of the RMLI (or the
module installed to it), deviations in the parameters of
the operator or incorrect commands given by the
operator.

The controller includes two functional blocks A and B.
Block A consists of two relatively independent sub-blocks (Al
and A2) that control and implement various RMLI functions.
Al and A2 communicate with each other via an SPI wire
interface. Figure 1 shows a block diagram of block A.
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Fig. 1. Blok diagram of block A

A. Blok A -structure and functions (Figure 1).
Blok A acts as a master unit and is responsible for:

o the implementation and control of various mechanical
movements;

e the processing of information from its encoder and
built-in tactile sensors;

o working with the module installed in RMLI;
e communication with wireless external smart devices;
e the communication with and management of block B.

The block is designed as a two-processor device based on
specialized wireless microcontrollers IN5168-001-MQO0 of the
company NXP [23] and industrial microcontroller
ATxMega32A4 of ATMEL [24].

BlockAz2 includes an ATxMega32A4 microcontroller [24]
designed to process the signals from the encoders to the
stepper motors using built-in QDEC automata. It uses the
built-in independent SPIs (12Cc together with SPId) to
communicate with the JN5168-001-m00 (Block Al) and
control a dedicated driver forming a programmable frequency
signal designed for radiotherapy. The latter, after
amplification, through a waveguide to an emitter installed at
its end and implements irradiation of the given object in
accordance with a program-determined frequency and
intensity set by a time recipe.
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A2 has a built-in unit for generating all the voltages
necessary for the operation of the devices included in the
composition of the RMLI, using as an energy source an
external power supply providing it with 12VDC.

Block A1l is controlled by its embedded JN5168-001-000
[20]. It uses its built-in SPI to form pulses generating stepper
motors, receives and processes signals from tactile sensors
measuring applied forces using its analog inputs ADCO,
ADC1 and ADC4, and being a network device and having a
built-in radio antenna, generates and supports working with a
wireless network, including external network devices. Al
supports the connection of Block A to Block B using a serial
RS232 C interface. The interface includes a built-in own USB
as a service interface or for loading into its flash memory the
dedicated control program

JN5168-001-M00 (A1) has two serial ports (UART), one
of which (UARTO) is used to service and load the program
into CPU flash, and the other (UART1) to communicate with
block B. The microcontroller functions as the main device in
block A. JN5168-001-M00 is a network wireless device and
under the control of the specialized stack UMAC [31]
functions as a Gateway of a wireless network including
intelligent devices participating and ensuring the successful
progress of the laparoscopic operation (ECG mobile devices,
wireless sensors and etc.). The specialized controller is shown
in Figure 2.

Fig. 2. A specialized controller.

B. Blok B -structure and functions:

Block B implements the RMLI operator interface. It is
designed on the basis of gend-loD-28T (2.8" TFT LCD
module with Resistive Touch) of the company 4DSYSTEMS.
Detailed information can be found in [27]. The device
provides the operator with a full-fledged 2.8" intelligent LCD-
TFT display controlled by an ESP8266 GPU [26].

The device is convenient for integration and use with other
devices. It has a 2.8" colorful TFT LCD display with a resistive
touch screen. Supports Wi-Fi set of functions for the user. The
Gen4-10D-28T can be easily programmed with the 4D
Systems Workshop4 package [28]. The gend-loD range can
be easily programmed using 4D Systems Workshop4 installed
for ESP8266 core. 4D Systems GFX4d allows design to use
primitive graphics functions, advanced graphics (via
Workshop4), SD functions, touch control functions, all
integrated into one library.
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Fig. 3. A device gen4-1oD-28T [27]

SD A special 10-pin ZIF connector is included, designed
for connection to another controller performing supervisory
functions, as well as for additional accessories. The design of
the user screen is done OFF LINE, by creating a project in the
WORKSHOP4 program package provided by the company
4DSystems. The package runs under Windows and includes
Designer, Editor and Compiler. A specialized C-like language
was developed to design the various applications. It allows
both the design of the graphical user interface and the
association of actions related to the created touch buttons.
After generating user executable code for an application, the
latter is loaded via USB to the processor's FLASH or to an
application library on the SD card. Only one application can
be launched at any time, but during its execution, it can load
another one from the SD library and activate it. The SD card
can also be used to form a log of operator data and actions.

Blok B communicates with Blok A over a serial interface
connecting its ZIF socket built-in user UART to Unit A's
JN5168-001-M00 UARTO using a dedicated communication
protocol.

A Recon Jet™ Pro AR Specialized Display [29] with
virtual reality elements can be added to Block B. It is designed
as smart glasses in which an auxiliary display is mounted,
occupying 7% of the visual space, on which important data
about the patient's condition is projected. The remaining space
is used for normal monitoring. The data for the auxiliary
display is sent via Wi-Fi from block B. In this way, the surgeon
has the opportunity to operate without necessarily monitoring
the touch screen of block B. The specialized display is
autonomously powered. It can be turned on or off by the
surgeon as desired.

111. DEviCE AND MoDE OF OPERATION OF A WIRELESS
DIAGNoOsTIC DEVICE (DECG)

The sensor module is fundamental in the structure of the
RMLI, it comprises of a communication wireless
microcontroller (which automatically makes it a network
device) and built-in sensors for measuring quantities related to
the operation process of the laparoscopic instruments -
pressure, the level of CO2 in the abdominal cavity of the
patient, temperature, humidity, ECG and other indicators and
parameters. Thus, the information (obtained from these
sensors) can be made available to the laparoscopic instruments
of a given group and/or the Operator Station using the built
wireless network of the group.
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Basic element of the diagnostic instrument (DECG),
designed to control important vital parameters during the
operation, implemented as a wireless network device,
designed to control the state of the operated patient in real
time. This is done by cyclically generating an ECG, presented
in digital form and sent wirelessly to the Controller unit A of
the laparoscopic instrument. In this block, an analysis of the
received digital information is carried out, specifying such
parameters as pulse, heart activity, blood pressure, body
temperature, etc., are measured in an area where the probe of
the device is fixed.

It is possible to install several such devices with different
placement of the probes, which are connected to the patient's
body, thus making it possible for the laparoscopic instrument
to obtain a complex picture of his condition.

The measured and specified data serve as feedback in the
programs controlling the instrument, and can also initiate an
audible alarm message in the presence of dangerous
deviations, to be reproduced by the Controller. These data are
continuously present (in graphic and digital form) on the touch
screen of the Controller block B and allow the surgeon to be
informed at any moment about the current state of the patient.

In the current project, this module is implemented as a
mobile ECG. It measures the electrical potential between two

ECG

points on the human body, forms an ECG-gram and sends it
on request over the wireless network to the JN5168-001-MQO.

The device consists of two modules:

Controller developed on the basis of IN5168-001-M00
[23];

Measurement developed based on MAX30003 [30].

Schematic diagram of the measuring module shown in
figure 4.

The power supply of the instrument is provided by the
control module based on 5VDC received via USB cable from
USB interface or from 220V AC to USB converter.

The control module controls the operation of the meter and
ensures the communication of the instrument via a wireless
interface - UMAC [31] or wired - USB. The measurement
module generates the patient's ECG via two serviceable
electrodes and sends the information via an internal SPI
interface to the controller.

A standard ECG uses electrodes connected to important
points on the patient's body: 1. Right arm, RA; 2. Left arm,
LA; 3. Left leg, LL; 4. Right Leg, RL; 5. Chest, C.
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Fig. 4. Schematic diagram of the measuring module
Depending on the connection of the electrodes to the ECG
sensor, different forms of the signals and their amplitudes can
be observed. Each pair of electrodes provides unique
information about the heart's activity.
Electrodes can be connected bipolar, unipolar and unipolar
to the chest. Bipolar connected, depending on the choice of
contact points, are of 3 types: Lead I, Lead Il or Lead IlI,
(figures 5 and 6).
More information about the electrodes used in ECG Fig. 5. Standard limb led positions, bipolar. Einthoven. Einthoven triangle
machines can be found in [16, 17, 34]. (32]
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Fig. 6. Signals acquired from standard ECG limb leads I, I1, 11 [33]

For the implementation of the diagnostic ECG device, a
specialized MAX30003 integrated circuit [30] was used,
performing all analogue processing of the signals from the
electrodes and supporting an SPI interface with a JN5168-
001-MO00 wireless microcontroller.

The device (DECG) includes: two ECG electrodes,
integrated circuit MAX30003 (implementing Ultra-Low-
Power, Single-Channel Integrated Biopotential (ECG, R-to-R,
and Pace Detection) and Bioimpedance (BioZ) AFE) two-
electrode device SPI connected to JN5168-001-M00. The
latter functions as a wireless network device, buffering the
received digital information, and sending it over the wireless
network to Unit A (JN5168-001-M00 of this RMLI unit),
when requested by the latter. The uUMAC wireless network
stack used to communicate with the dedicated controller is
described in detail in [31].

We use 4 robotic instruments working together. Each of
them contains in its memory an IEEE 802.15.4 stack, a uMac
stack and a user program corresponding to the type of
instrument it controls. The Network Coordinator is connected
via a wired USB channel to a Personal Computer in which the
Local Operator Station resides. The coordinator creates the
network, maintains communication with the routers, and
provides relaying of entries between routers and a local
management program. The IEEE 802.15.4 stack, the uMac
stack and a user program responsible for maintaining a
communication protocol with the Local Control Program are
loaded and running in its memory.

The uMac stack is designed to work with means of
controlling mechatronic objects, designed on the basis of
wireless microcontrollers JIN5168 of the NXP company [23,
31]. The control system is implemented as a wireless network,
including two types of communication devices - "Gateway"
and "Controller”. These devices function as coordinators of
wireless networks (IEEE 802.15.4) that do not include other
nodes (empty LAN). The “Gateway” is designed based on the
JN5168-001-M00, functioning as a communicator and
adapter, converting a serial channel (3.3V) to USB, bi-
directionally. "Controller" is designed based on JN5168 -001-
MOO and a peripheral module connected to it, controlling the
sensors and actuators connected to the managed object. An
Operator Station has been developed to work under Windows
(for a personal computer, laptop or tablet), with possibilities
for programming the tasks and monitoring the states of the
managed objects. Two logical channels are used to work with
the Gateway - through the graphical interface of the Operator
Station or directly, via USB in InLine mode, through a special
command language [31]. The general scheme of the
diagnostic portable instrument includes two ECG electrodes,
a MAX30003 integrated circuit (implementing Ultra-Low-
Power, Single-Channel Integrated Biopotential (ECG, R-to-R,
and Pace Detection) and Bioimpedance (BioZ) AFE) two-
electrode device connected via SPI with JIN5168-001-M00.
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The block diagram of the Diagnostic Tool (DECG) is
shown in Figure 7, and more detailed information about the
connection of the tool to the RLMI is shown in Figure 8.

|

UMAC 2.44 GHz

i

[ DECG

[

ECG

electrode 1|

1;'.4r,-nsuw‘q | spy Control
] OO RMLI

}INS 16820 100 |

module

Fig. 7. Block diagram of the Diagnostic Tool

The diagnostic tool (DECG) supplies the measured
information according to the pMAC protocol to Block A of
the Specialized Controller, which, according to the RS 232 C
protocol (Figure 8), supplies the gen4-loD-28T information
(Block B of the specialized RMLI controller). More detailed
information on the operation of the gen4-1oD-28T is given in
the description of Block B.

The measured information is accumulated in a local
database on a SD card. It is submitted to the RMLI Operator's
Station upon request.

Fig. 8. Connection between the DECG and the dedicated controller

The Tcl/Tk scripting language for Windows is used to
operate the station. A shared reality upgrade has also been
developed for Android. Described in detail in [8, 20]. The
operating station is intended for a personal computer, tablet or
laptop and performs the function of a Wireless Local Area
Network (WLAN) coordinator with a Graphical Programming
Interface for the Surgeon-Operator. Its purpose is to configure
the work of RMLI, to program, visualize the work of their end-
effectors, to function as an advisor to the Operator.
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For this purpose, a database is used, included in a library
of macros for the generation of different types of movements
carried out by the various tools; a program mechanism for
recording all the actions of the tools with the possibility of
reversing each of them; An information system about the
patient's condition, including the history of his illness, the
current values of his vital parameters (ECG, pulse, etc.),
official information about his medical record, as well as
information about the patient's heart activity during the
operation.

The operator station is connected to the Internet and, if
necessary, can provide authorized online access to external
information sources and specialized databases. In the future, it
is also planned to implement the possibility to save the
complete information about the patient's condition on a
personal smart card, which can be used if necessary by the
personal physician or other doctors monitoring the patient.

CONCLUSION

The article examines an innovative solution related to
ECG (DECG) monitoring of patients during minimally
invasive surgery. The device is part of a developed robotic
modular laparoscopic instrument (RMLI) as create a new type
of tool to improve healthcare and patient care. The device
detects and warns of abnormal heart rate during surgery. The
Wireless ECG Monitoring Module.is connected to Dedicated
Controller that control and implement various its functions.
UMAC wireless network stack is used for communication
between the module and the control unit in local and remote
(from a distance) mode of operation by means of the control
computer program (Local Operator Station) and/or directly
from the instrument display directly connected to the patient.
For the convenience of the operator's work with the device, an
intelligent operator panel has been developed, based on the
use of a graphic touch screen, which is used both for
management and for information visualization during the
operating process. An additional possibility of receiving and
visualizing important messages in specialized glasses, using
the method of virtual reality, has been implemented, which the
operator can use during his work. Specialized software has
been developed, allowing the management of the various
devices included in the RMLI, as well as the realization of
diagnostic and test procedures in real time of their functioning
described in [5, 22]. It is also planned to develop more
autonomous devices for diagnostics and other vital indicators
such as pulse, blood pressure, etc. to work together with the
developed RMLI system.

The possibility of the developed autonomous wireless
diagnostic device as a means of identification or access control
is also being investigated.

One of the goals for future work is to develop a device
(included in the RMLI) to monitor and adjust the level of CO2
in the patient's abdominal cavity during surgery.
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Pesome: PoOoTH3paHHuTe TEXHOJIOTHYHHA MOY/IH UMAT Bce
NMO-TOJISIMO  MHAYCTPHAJIHO  NPHJIOKEHHe B  Pa3IndHH
NMPOU3BOACTBA CBhC CcepHEH XapakTep. 3a ompeseisHe Ha
e()eKTMBHOTO UM H3M0JI3BaHe B PeaJIHU YCJIOBUS ce H3MO0/I3BAT
NpeBAPUTETHO ONpe/ieJieHH W 3aJ0KeHH KPUTEPUH, KaTo
NMPOU3BOANTETHOCT, HATOBApBaHe HAa 000pyaABaHeTo U ap. Upe3
AHAJUTHYHO MOJeJUpaHe padoTaTa HAa aBTOMATH3HPAHO
o0opynBaHe, MOKe /1a ce MOJY4YaT NMPOTHO3HH CTOHHOCTH Ha
TakuBa mnapaMerpu. B cTarusita e HampaBeH aHaIU3 Ha
BBb3MOKHOCTHTE 32 e()eKTHBHO M3I0JI3BaHe HA CTPYKTYpPHpPaH
podoTu3upan MoOayJ 3a MeXaHH4YHO oOpadoTBaHe Ha 0a3a
TeXHUYECKUTE XaPAKTEePUCTUKH HA 32J105KeHOTO 000py/ABaHe.

Knrouoeu oymu: pobomusupan mexnonozuuen mooya, pooom,
npouseooumennocm, epexmuenocm, Hamoesapeane,
UHMEH3UHOC HA 3aA6KUMe.

I. POBOTU3MPAHU TEXHOJIOTMYHU MOJIYJIM B CEPUMTHOTO
MMPOMN3BOACTBO

Ocobenoct  Ha  CBbBpeMEHHaTa  HMHIYCTpHS €
YBEJIMYABAIIUAT CE AsT Ha CEPUMHOTO MPOU3BOJICTBO, KOETO
ce ompenens OT 3acWieHaTa KOHKYpPEeHIMsS Ha Tas3apa,
HAMaJISBAIIMAT J)KU3HEH IMKBI Ha TIPOU3BEKAAHUTE U3CITHS
W HapacTBallUTE M3HMCKBaHMS Ha moTpeOuTenure. Tosa
Hajlara W3MOJ3BaHE Ha  TI'bBKaBO  aBTOMAaTH3HPAHO
o0opyzABaHe, UMAI0 Bb3MOXKHOCT 32 OBbP30 MpeHacTpoiBaHe
B paMKHTE Ha TEXHHYECKUTE CH BB3MOXKHOCTH, 3a
NPOU3BOJCTBO HAa HOBM WIM MOAMGUIMPAHUA H3IEIHS,
CHOTBETCTBAIM Ha YECTO M3MEHSLIM ce Ia3apHH YCIIOBHS.
CBbBpPEMEHHOTO  aBTOMAaTU3MPaHO OOOpYABaHE U3HCKBA
3HAYMTETHHU KAIIUTAIHH BIOXKEHHUS, KOUTO Ca HKOHOMUYECKH
1e1ech00pa3Hy MIPU HO-IbJIBI HEPUOJ Ha eKCILUIOATalus, 3a
KOMTO B CEpUITHWTE MPOM3BOJACTBA CE€ W3UCKBA OBP30
IpeHacTpoiiBaHe 3a omnpeseneHa HOMEHKJIaTypa
NPOM3BOKAAHW uW3menus. Te3n 0OCTOSATENCTBA TNPAaBAT
pobGotusupanute TexHoiornuHu Mmoxaynu (PTM) Bce mo-
M3MIOJI3BaHM B IIPaKTHKaTra, KaKTO  CaMOCTOSTEIHH
MPOU3BOJICTBEHN E€JMHUIIM, TaKa U KaTo 4acT OT MO-TOJIEMU
WHYCTPHATHH CHCTEMH.

B mammmnocTpoenero PTM 3a mexannuHo oOpaboTBaHe
ce KOMITOHOBAaT Ha 0a3a efHa WM HIKOJIKO METAJIOpPEXEIIn
mammban ¢ LMY, emun o6cayxsam pobor (IIP) u
HeoOxomumu mepudepHn ycrpoiictBa. Hammumero Ha
nporpaMupyemMo 00Opy/IBaHE OCUTYpsiBA BB3MOXHOCT 3a
OBp30 TmpeHacTpoiiBaHE IWMKBIA Ha 00pabdoTBaHe 3a
pa3IMYHUTE JIETANIN U peXuMH Ha paboTa. bposit u Buga Ha
BKJIIOYCHUTE B MOJIyja oOpaboOTBallM MAalIMHU 3aBHCH OT
MHOXKECTBO ~ HM3HMCKBaHMS,  KaTo  OCOOEHOCTH  Ha
TEXHOJIOTHYHUS MIPOLIEC, BU OTIEPALMH, XapPAKTCPUCTHKH Ha
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pabOTHUTE 30HH, BB3MOXKHOCT 32  aBTOMATH3HPAaHO
obciry>xBaHe, rabapuTHH pa3MepH U 1Ip. B mamuHOCTpOEHeTO
Hail-ronsaMo mnpunoxeHue Hamupar PTM ¢ enna no tpu
MallIlMHY, KaTO CBINECTBYBAaT MOJYJIW C IIOBEYE MAIIWHH,
obcmysxeanu ot eaut [1P [1]. U360pbT Ha IPOMHUIILIEH POGOT
ce OCHOBaBa Ha aHalM3, OMNPENEILSN] MOAXOMAIINTE MY
TEeXHHYECKH MapamMeTpHu (3a oOCiy>kBaHE Ha IPEABHUICHO
o0opynBaHe, IeTaiisl, N3NCKBAHUS 3a NMPOU3BOANUTEIHOCT) U
JMarna3oHa Ha TEXHUTE BB3MOXXKHM WM3MEHEHMS, C OIJe]
pasmmpsiBaHE Ha HETOBOTO NPWIOXKEHWE IIPH Pa3iIMIHA
MPOU3BOJICTBEHH 3a/aui. BaxkHO 3HaveHHe 3a edeKTHBHATA
paboTa Ha pPOOOTH3MpaHHWS MOIYJN HMaT BKIIOYCHHTE B
ChCTaBa 3aXpaHBall0-pa3ToBapBally U OyhepHH ycTpoiicTBa,
OpraHu3anyATa Ha paboTa (mapajenHa WK IIOcIe0BaTeIHa)
U ClLeHapHs Ha o0cIy)KBaHE IpHU ITOBEYe OT JBE MAIIMHU.
OmnpenensHeTo Ha MOAXOAAIINM TEXHWYECKH IapaMeTpH Ha
BKJIFOYEHHUTE B chcTaBa Ha PTM mpou3BOACTBEHU €AMHUIIM €
B OCHOBaTa Ha €(EeKTHMBHOTO H3MOJN3BaHE HA TO3W THII
WHTyCTPHUAIHU CUCTEMH.

Il. AHAJIMTUYHO MOJIEJTMPAHE PABOTATA HA PTM

3a ompenernsiHe Ha TPOTHO3HH CTOWHOCTH Ha OCHOBHH
TeXHUUYECKH XapakTepuctuku Ha PTM, kouro na ce
W3I0JI3BAT MPH aHAJIN3 Ha YCIIOBUATA 3a epekThBHA paboTa Ha
TO3M BHUJ IIPOU3BOACTBEHA CHCTEMa, € MOAXOIAIIO0
AQHAINTHYHO MOJICJIMpaHEe Ha OcCHOBara Ha Teopus Ha
macoBoto obciyxksane (TMO) [2]. CeiiectByBar pasnudHu
AHAIMTHYHM MOJENH, Karo paboTarta IO H3YHCISBaHE
BEPOATHOCTUTE HA CBCTOSHMATA W CBBP3aHHTE C TSIX
XapaKTepUCTUKH ce 00JeKyaBa, ako CUCTeMaTa Ce ChCTOU OT
M Ha Opo¥ MaIIMHU ChC CXOIHU TEXHUYECKH BB3MOXKHOCTH,
BOJICIIM JI0 HMHTEH3UBHOCTH Ha IIOJIaBaHUTE 3asBKU 32
oOciry>xBaHe OJNI3KH JI0 cperHa CTOHHOCT A=Acp W Onm3Ka
WHTEH3MBHOCT  Ha  oOciyxBaHe  (cropex — MpHeTH
KOMITOHOBBYHH M TEXHHYECKH MAapaMeTpH Ha CHCTeMara). 3a
omucaHue paboTaTa Ha cuUcTeMara € MOAXOAAII0 Ja ce

M3M013Ba Tpad) Ha ChCTOAHMATA, TOKa3aH Ha ¢ur. 1 [3] (A =
1

ACP=_t v = HUep =
0BPcp

; M — 6poii mamau B PTM).
toBCicp

mA (m-1)A (m-2)A
@ ' @ - 82 '.
«— — —
H H H

@ur. 1. JIluneeH rpad Ha CbCTOSIHUSATA

Br3moxxHUTE cheTOSHUA Ha cucTeMara ca: SO — BcHuku
MmamuHu padotst, 1P waka 3asBku; S1 — eqHa mammHa ce
o0ciry’kBa, OCTaHAIHTE PabOTAT, S2 — emHa MamldHa Ce
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06CJ'Iy>KBa, €JJHa 4YakKa 06CJ'Iy)KBaH€, OCTaHaJINTC pa6OT$IT u
T.H.

B ycrnoBusita Ha MapKOBCKM XapakTep Ha 3asBKUTE U
mporieca Ha 0OCIyKBaHE B CHCTEMa C KpaeH Opoil BE3MOKHH
CBHCTOSIHUSI TPAaHWYHHUTE BEPOSTHOCTH C€ ONPEACIAT upe3
ciemHaTa 3aBUCUMOCT [4]:

k
p = )
K m! A k
m.
P oneoia)

(M

kbaeto K = 0 M e HoMepa Ha ChCTOSHUETO; M — Gpoit
MamuHan Ha [IC; A — HWHTEH3WBHOCT Ha 3asBKHTE; L —
MHTEH3UBHOCT Ha 00CITyKBAHETO.

AKO cucTeMmara e ¢ napajieiiHa CTpykTypa, To:

Hpry = mAHy

2

kbero HM e cpesHOTO HaTOBapBaHe Ha €1HA MalluHa, M
e OposIT MaIIHH.

Bpoar m Ha BKJIIOYEHUTE B MPOU3BOACTBEHATa CUCTEMA
TEXHOJIOTHYHN MAIIMHH OKa3Ba CHIIECTBEHO BIMSHUC BHPXY
Opost Ha BE3MOXKHHUTE CHCTOSHUS Ha CHCTeMaTa, KOUTO UMar
OTHOIIEHWE KbM  ONUCAHUETO HA  BEPOSTHOCTHHSA
MaTreMaTH4YeH MOJIEN M HEroBOTO MpeJCTaBsHe upe3 rpad Ha
cbCToAHUATA. UecTo Npy aHaIu3a Ha U3MEHEHNE Ha HSIKOU OT
XapaKTePUCTUKUTE Ha CHCTEMaTa Ce M3IM0JI3Ba OTHOIIEHUETO
p = A/ p, maBamo BH3MOXKHOCT 3a SAHOBPEMCHHO OTYHTAHE
BIUSHUETO Ha BpeMeHara 3a o0paboTBaHe W OOCTY)KBaHE.
Wznom3Baiikn 3aBucuMoctTa (1) MOXKe aa ce OompenessT
cpennuTe HaroBapBanus Ha mMammuauTe (HM) 1 po6ota (HP)
3a 1aZicHa CUCTEMa!

_1lym

Hy k=o(m — k) Py 3)

Hp=1-Py )

OcBeH M3UCKBaHMATA 3a TOBAPOHOCHUMOCT, TOYHOCT Ha
MO3WIIMOHUpaHe, pabOTHa 30HA, BWJ Ha perHOHAIHATA
CTPYKTypa W Ap., MPaBWIHUAT u300p Ha IIP 3aBucu u ot
OCUTYpsIBAHETO Ha HEOOXOIMMOTO CBHOTHOIICHHE Ha
BpeMeHata 3a pabora m oOCITyXBaHe, KOETO € B IIpsKa
3aBUCHMOCT OT Opost Ha 00ciy»kBaHuTe MamHy. [Ipuemaiiku
ycrmoBreto HM > HP | nmpeceunara Touka Ha TpadukuTe 3a
HM wu HP npu omnpeseneHo M 3axaBa  MaKCUMAaJIHO
JOMyCTUMa CTOMHOCT Ha OTHOWICHHWETO [p], 3a KOeTo
CHOTBETHATa CUCTEMa MMa CMHUCHII Jia ObJie CTPYKTYpUpaHa.
C yBennuyaBaHe Ha Opos Ha MaIIMHUTE M IOMyCTHMaTa
rpaHW4Ha CTOWHOCT Ha [p] HaMaJIsiBa, KOETO IpaBy n30opa Ha
poboT cokHa 3a1a4a 3a AaACHU IPOU3BOJCTBEHH YCIOBHSL.
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YcnoBusita 3a epEeKTHBHO H3II0JI3BaHe HAa 000PYIBAHETO B
poGoTu3NpaHus MOyJI HaJIaraT M3UCKBAaHMUS 3a IOCTUTaHE Ha
HAaTOBapBaHMA, MO-TOJEMU OT MUHHMMAJIHO JOIMYCTHMUTE
HaToBapBaHus Ha mMamuauTe [HM] 1 po6ota [HP]. B TMO
ca  W3BECTHH  3aBHCHMOCTHTE  MeXay Opos  Ha
TEXHOJIOTHYHUTE MAIINHH, OTHOCUTEIHATa WHTCH3UBHOCT U
HaTOBapBaHMATA Ha OTACTHUTE €AUHHUIIM, KOETO € MOKa3aHo
rpapuaro Ha ¢ur. 2 [5]. JIomyCcTHMOTO MHHHUMAIHO
HaTOBapBaHe 3a MallMHA MOXeE Ja ObAe IMOJY4YeHO IpU
M3BECTHH 00EM Ha ITPOM3BOJICTBO M CPOKOBE 32 M3ITBIHEHHE
Ha TIPOU3BOJCTBEHAaTa IIporpama. 3a OIpelensHe Ha
JIOIyCTUMOTO MUHAMAJIHO HaTtoBapBaHe Ha [P ce m3monssar
uKoHoMHu4ecku Kpurepuu. Ilpu 3amageH Opoil MamuHH B
MOJyJia ¥ JOIyCTHMO MHHHMMaiHO HaroBapBane [HM] Ha
e/llHa MallliHa MOXe Ja ObJe HaMmepeHa aHAMTUYHO WU
rpaguyHO CTOWHOCTTA [p]Max, mpeacTaBisBaia TOpHA
rpaHMIla Ha AMama3oHa 3a u3MeHeHue Ha p. [Ipu 3amageHo
MHHUMAIHO JonycTumo HatoBapBane [HP] wa TIIP
AQHAIMTHYHO WX TpaduiHO MOXKeE Ja Ce MOJy4H CTOHHOCTTa
[p]min, mpexcraBnsBaia goHA TpaHWIA HAa JUAala30HAa Ha
n3MeHenue Ha p. Komkoro 6post Ha mammanTe B PTM e mo-
TOJIsIM, TOJKOBA C€ CTECHABa OOJIaCTTa Ha BB3MOXHUTE
pelIeHNs 3a OTHOCUTETHATA MHTEH3UBHOCT p.

Bb3 ocHOBa Ha MOyYeHW NaHHU 32 HATOBAapBAaHMATA Ha
000OpyABaHETO MOXE Ja C€ ONpeieNd IMOAXOMAIIUAT
JIanas3oH 3a u3sMeHeHue Ha p npu PTM ¢ m mammmHu, koeto e
MoKa3aHo rpaduygHo Ha ¢wur. 2 [5].

Hll

[H2d

[ a

[HF]

v
[P ] max

»

P

[ﬂ]mm 2 1/m

Dur. 2. Onpenen;me Ha Jyara3oHa 3a H3MCHCHHUEC Ha OTHOCHTCIIHATa
HUHTCH3UBHOCT p

Bpemero 3a obcmyxsane tOBCJI TpsioBa ma Opae B
TpaHUIINTE, 33JaJ€HH Ype3 MHUHHUMAJHO JOIyCTHMHUTE
HaroBapBaHus Ha MamuauTe [HM] 11 pobota [HP].

min  _ _ tosp™+topp™?
toscn = toselPlmin, tosp =———— (%)
t(r)rl%%)}(l = tOBP [p]max (6)
toscn < toscn < tORCH (7

WzmeHeHneTO Ha yenoBHe (7) OCHTYpsiBa ONTUMAITHOCT B
paboTtaTta Ha 00CITy>KBaIll POOOT IO 33AaJICHUTE KPUTEPUH 3a
e(QeKTHBHOCT. AKO B pEalHH NPOM3BOICTBEHH YCIIOBHS 32
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nmaneH PTM u 1ukbn Ha 0OCITy>)KBaHE TOBa YCIOBHE HE €
CIa3eHo, cieaBa Aa ObIAT HAIPaBEHH HPEHOPBKHA OTHOCHO
BB3MOXKHU KOPEKLIMU Ha CKOPOCTUTE Ha JBMxkeHue Ha 1P no
OTJETTHUTE CTENCHNM Ha MOJABIKHOCT, KOUTO TIPH 3aga/eHa
TpaeKkTopHsl Ha OOCITy)KBaHE OWxa IOBEIHM O MPOMSIHA Ha
BpeMeTo 3a obciysxBaHe. [lookuTeneH pe3ynraTr Moxe Jia ce
[IOCTUTHE U 4pe3 ONTHMM3MpaHe nuxiorpamara Ha IIP no
ITHTS Ha BE3MOXKHO CHBMECTSIBAHE Ha IBIDKEHIS. [IpH BUCOKH
W3UCKBaHMS KbM HATOBAaPBAHETO HA MAIIUHUTE U HA POOOTa €
BB3MOXKHO 3ajadara fga Hiama pemieHue [6]. [lomydgeHoTto
ycnoBue (7) MOXKe J1a ce M3IM0JI3Ba KaTo KPUTEpHi 3a U300p
Ha CTPYKTYPHO-KOMIIOHOBBhYHA cxema Ha PTM, 3a u300p Ha
00CITy>KBaIll pOOOT MPU MPUETO KOMIOHOBBYHO PEIICHHUE HITH
3a ompeneNsiHe Ha ONTHMAJICH IMKBI Ha OOCTYKBaHE TPH
eKcruloaTanys Ha ceuiectsyBaiy PTM.

[lomyuyennTe TpaHWIM HAa p TO3BOJABAT OMpEACISHE
JMana3oHa Ha BpEeMeHaTa 3a 00pabOTBaHe HA JeTailiu, 3a
YUETO MPOU3BOACTBO c€ u3moi3Ba HaimuueH PTM mnpu
OTIpeIeNICHO BpeMe 3a 00CITyKBaHe:

tosca

tOEPmin - [plmax (8)
__ tosca
tOBPmax - [Plmin (9)

Upes TIX MOXKE Ja ce OIPEAINIAT ITOAXOIAIINTE AeTalIN
(m3menus) U pexxuMH Ha 0O6paboTBaHe, MPH KOUTO BpeMeHa
tosp (TP CHOTBETEH TEXHOJIOTHYEH MPOILEC) ca B JHAIa30HA
[tosp]min [tosp]max, ompeaeneHn cropen NPHETUTE
KpHUTEpHHU 3a eEKTUBHO M3ITOJI3BaHE HA CTPYKTypupan PTM.

I1l. AHAJIN3 HA BB3MOXHOCTUTE 3A EOEKTUBHO
U3IMOJI3BAHE HA MOJIYJI 3A MEXAHUYHO OBPABOTBAHE

O6exkT Ha pasrnexaane ¢ PTM cbctaBeH ot 2 MammHy, 1
MPOMHUIIIICH poOOT M TPAHCIIOPTHO YCTPOMCTBO 32 00paboTKa
Ha POTAMOHHU AeTaitiu (dur. 3) mo 3ama1eH TEXHOJIOTHYCH
nporiec [7].

@
v
VAR
i , A
§ Bloaly oL ¥ i)
@ // /i W8 W07
N, A , Glowss]
N0 B

@ur. 3. O6paboTBaHUSIT JETANIT

ITocouenusr peraiin e ot cromana (41CrMo4), karo
Macata Ha 3arotoBkata e 0,95 xr. Cnopen mnpuerara
TEXHOJIOTHA, 00pabOTBaHETO € YCIOBHO pa3lelieHO Ha JBE
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YacTH, IOpajyl HEOOXOAMMOCT OT IpeycTaHoBsiBaHe. [Ipu
pa3paboTeH TEXHOJOTMYEH IMpouec M M30paHd PeXuMH Ha
paboTa 3a OTHEIHWTE OlEpaluH ca MOIYyYeHH CHOTBETHH
MAallMHHA BpPEMEHa 3a JBETE€ YacTH Ha TEXHOJIOTUYHMS
npouec — 3,2 mMuH u 4,7 mMun. Ha ¢wur. 4 e mokasan
KOMITOHOBaH MOJYJI, ChCTOSIII C€ OT ABE CTPYTOBU MAIIMHU C
HITY — T200-PAUC (Paiic OOJ] — rp. Ilazapmxuk),
npovunuieH podbor KR 16 R1610-2 (KUKA AG) m
nepudepHO YCTPOHCTBO — KOJIMYKOB MarasuH Versamove
(Technology Group). U3nomsBannte crpyrose ¢ LIITY umar
BB3MOXKHOCT 32 M3IIBJIHEHHE Ha IIUPOK JMAIa3oH CTPYrOBU
00paboTKH BBPXY NETAMIH ChC CPETHN pa3Mept B CEpUHHOTO
NpPOU3BOJICTBO. MalinHara MpuTe)kaBa WHCTPYMEHTAICH
MarasuH 3a 8 nHcTpyMeHTa (12 nHCTpyMeHTa), KaTo MOXKe /1a
ce 00paboTBar 3aroToBKHU ¢ 1uaMeThbp 110 $200 MM.

3a memure Ha poOOOTH3WpaHMA MOAYd € u30paH
npomuiieH podot momen KR 16 R1610-2 ot cepusra KR
CYBEKTECH (Robotig — Canada), ¢ ToBaporOCHMOCT 16 KT,
MO3BOJIABAI MaHUITYJIUpaHE Ha JETailii ¢ Maca B HIMPOK
JIana3oH, KOETO OTroBapsi Ha ycCJOBHATA Ha paboTa B
cepuitHoTO TIpom3BoacTBO. Mammuute T200 — PAVIC moxe
Ja UW3NBJIHSABAaT BCHYKM ONEpaldk  OT  33/1aJeHHs
TexHosoru4eH nportec. IIpu paboTtara mo cTpyKTypHpaHe Ha
PTM w™oxe pa ce pasrinema 0a3oB BapHaHT C  €aHA
MeTajgo00paboTBalla MalliHa, €IUH MPOMHIUIEH po0OoT H
€IMH KOJWYKOB MaraswH, OOeAuHsBall BXOAHATa U
W3XOJHATa MO3UIIMH, HO MOpagyl MaJKOTO HAaTOBapBaHE Ha
1P, m3mon3BaHeTo Ha TakbB MOIYN He € edektuBHO. [Ipn
PTM c nBe meranoobpaboTBany MalyHN ca BE3MOXKHH [[Ba
pa3IMYHU BapuaHTa Ha OpraHu3anys Ha pabora, onpeessiu
HaJIMYMETO Ha CHCTEMa C IIOCIEIOBAaTEHO JCHCTBHE WIN
cucTeMa ¢ mHapajienHo AedcTBHe. B mbpBus ciywail u npu
OTIPEACIICHUTE MAllMHHA BPEMEHAa € IIOJydeH Iepuoj Ha
pabOTHHUS UKBI 5,3 MUHYTH.

A KX&:%: -

-

Y,
/4

@ur. 4. PTM 3a MexaHnuHO 00paboTBaHe

IIpu pasranexgaHata KOMIIOHOBKA 3a

BpeMeHaTa
obcmyxBaHe topcwi = 0,6 MHH ca eTHAKBH U 32 IBETE MAITUHU.
ToBa ce ABDKH Ha CHMETPHYHOTO PA3MOJIOKCHHE Ha
MaIllMHUTE, BXOJHATA M M3XOJHATA IMO3UIUU C MAaJKU
pa3iMK¥ B Pa3CTOSIHHUATA W TOBA, 4Ye¢ ABETE MAIIWHHU ca

WICHTUYHH. VI3BBPIIEHO € aHAIMTHYHO MOJEIHpaHe
paboTaTa Ha CHCTeMa, ChCTABEHA OT JIBE MAIIHHH C Pa3IMIHA
MalliHHA BpeMeHa (TIpH ONKCBaHE Ha CHCTOSHUATA C
paskiioned rpad [2]), npu MHTEH3MBHOCTH Ha IOJABAHUTE
3afBKM 32 OOCITy)XKBaHe Ha MAIIMHUTE, CHOTBETHO: Ay, =



ABTOMATU3AIMA HA JTUCKPETHOTO ITPOU3BOJACTBO

= FYy 4
v ISSN 2682-9584
- 0,31 mun, A, = 11— 0.21 mun™. HaroBapeasms Ha MamurATe 1 podora npm p£10%
togpM; 3.2 ’ 2 toppM, 47

Karo pesyarar npu PTM c mocnenoBarenHo neiictBue ca
MOJTyYeHH TIPOTHO3HM CTOHHOCTM 3a HATOBapBaHETO HA
pobora e 27 %, HaroBapBaHeTo Ha Mj e 82 %, a Ha My e 87
%. O4axBaHaTa IPOM3BOJUTEIHOCT Ha MammHuTe €: Iy, =
Am, Hym, = 0,31.0,82 = 0,25 Op./Mun = 15 0p./uac, Iy, =
Am, Hum, = 0,21.0,87 = 0,18 6p./Mun = 11 6p./4ac.

[IpousBomuTenHOCTTA Ha MOIYJA TPH ITOCIECTOBATEIHO
00paboTBaHe e TMMHUTUPAHA OT I0-MaJIKO TPOM3BOINTEIHATA
mammHa: [1 = min{IIM1,IIM2} = min{15,11} = 11 6p./gac.
JonbenHutenHuTe 3aryon OT M34akBaHe 3a OOCIIy)KBaHE ca
paBHu 3a aBere MammH: [[3M1 = [I3M2 = 0,02 =2 %.

Ilomyyenute  cTOMHOCTM  3a  HATOBapBaHUS U
JOIBIHUTENHN 3aryOn ca B JIOIYCTHMHTE TPaHMIH, HO
HEIOCTaThK Ha pa3IiIeXJaHHWs BapuUaHT € HEPaBHOMEPHOTO
HaToOBapBaHe Ha JBeTe MamuHH. IIpu chimaTa KOMIIOHOBKA
(pur. 3) e Bb3MoxkeH BapuantT Ha PTM c mnapanemHo
obpaboTBane. biaromapenne Ha yHHBEpCcaaIHOCTTA Ha CTpyTa
¢ LITY T200-PANC u Hanu4HUS HHCTPYMEHTAJIeH MarasuH,
BB3MOXKHO € IiutaTa oOpaboTKa Jja ce M3BBPINM Ha €IHA U
ChIIIa MalllMHA, TP MEXKIUHHO 00CITyKBaHe U 3aBbpPTaHe Ha
zarotoBkata Ha 180°. ITepuoabT Ha pabOTHMS IMKBI 3a

00paboTBaHe Ha IETAJI Ha BCAKA OT MAIlIMHUTE € 8,8 MUHYTH.
1

=A=—=

tosp
0,1  muml Crmopen  mpemBHieHa  LUKIOIpama,
HEChbBMECTEHHUTE BpeMeHa Ha 00CITy)KBaHE 3a JIBETE MAIIUHU
ca toscwt = tosewe = 1,1 muH. [IpenBun paBHUTE CTOHHOCTH 3a
VHTEH3HMBHOCTUTE Ha MOCTBIIBAHE Ha 3aBKATE Ay, = Ay,
A ¥ MHTEH3MBHOCTHTE Ha OOCITYXBaHE HA 3aSBKHTE My,
Hm, = M, MOJLyJTBT € Pa3riIe/laH KaTo CUCTEMA OT JIBE MALIMHU
C €IIHAKBHM TEXHOJIOTMYHU BB3MOXXHOCTH. CIie]] perraBaHeTo
Ha TaKbB aHAIMTUYEH MOJEIN, ONucaH ¢ juHeeH rpad (dwur.
1) ca monmy4enu: HaroBapsaHe Ha 1P 25 %, HatoBapBaHe Ha
MammHauTe 86 %, OdakBaHa CpelHa MPOU3BOAMTEITHOCT Ha
enHa MammHa 6,7 Op/4ac, a oOmara MpPOM3BOAUTEIHOCT HA
PTM c napanento aeiictBue e 13,4 6p/uac. lanenust PTM
MMa [0-TOoJIsIMa OYaKBaHa IPOU3BOAUTEIHOCT NPH NapajeinHa
opraHuzanys Ha paboTa.

MnrensuBHOCTTa Ha 3asBKATE €. Ay, = Ay,

C uen u3cneqBaHe Ha JOMBIHUTEIHUTE Bb3MOXKHOCTH 32
e(peKTUBHO H3MOJ3BAHE HA KOMIIOHOBAHMS MOJIYNI 3a
YCIAOBHATA HAa CEPUMHO MPOM3BOJACTBO, B  peEaHU
MPOU3BOJICTBEHN YCIIOBUSI € TOAXOJINO H3MOJ3BaHe Ha
MOJIeN, ChOTBETCTBAII Ha ¢ur. 1.

3a pasrnexganus PTM, mpu mpomsiHa Ha BpeMeTo 3a
obcmyxBane ¢ = 10% ce mosyyaBar ciaeIHUTE pe3yJITaTy:

tOBP iy = 2575 MUH
tOBPmax =11 mun
npu togcn = 1,1 Mun

I'paduuno Te ca mpencraBenu Ha ¢ur. 5. Ha ¢ur. 6 e
NpeJCTaBeHa  MPOM3BOAMTEIIHOCTTa HA  Pa3TJICIKIAHHS
poOOTH3UpaH TEXHOJNOTMYCH MOIYJ TpPH pPa3UdHU p=
0,1+0,25, kato BpeMeHaTa Ha MAIIMHUTE ca HETIPOMEHEHH, a
ce TMPOMCHAT BpPEMEHATa 3a TPAHCIOPTHO 3aXpaHBAIIH
OIIePaIInH, U3BIHIBAHH OT POOOTA.
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@ur. 5. Haroapsanus Ha MammHuTE M poboTa npu = 10% ot p
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®ur. 6. I[IpoussogurenHoct Ha PTM 2m1p

[MTonyueHnTe XapakTEpPUCTUKH Ha pasriefdaHus MOy
TI03BOJISIBAT 32 OIPeJIe]IeHH YCIIOBUS Ha paboTa Ha cucTeMara
(u3uCcKBaHA NPOU3BOIUTEIIHOCT) Ja C€ OIPEAENIAT BpEMEHa 3a
o0paboTBaHe, KOWTO TIPH CHOTBETHATa OTHOCHUTEIHA
WHTEH3MBHOCT p OMXa OCUTYPHJIM ONTHMATHA HATOBAapBaHMS
Ha OCHOBHOTO U CIIOMararteiHo 000pyIBaHe.

U3Boau

3agaBaHe rpaHUIMTE HA OTHOCUTEIHATa UHTEH3UBHOCT P
Ha TIOCTBITBAaHE M OOCIY)KBaHE Ha 3asBKH B MPOHM3BOICTBEHA
crcTeMa, I03BOJISIBA OTpEe/IeIITHE Iana3oHa Ha BpeMeHara 3a
00paboTBaHe Ha AETAMITHN, KOWTO OM OCHTYPIIT €PEeKTHBHOTO
M3I0JI3BaHe Ha IPOM3BOJACTBEHATa cucTeMa. B mpakTukarta,
mpyu 3amafeHn o0eM W CpPOKOBE 3a IIPOW3BOJICTBO Ha
olpezieieHa HOMEHKJIaTypa W3/ENusl, Ype3 IpeBapUTEeIHO
pa3paboTeHN aHAJIWTUYHU MOIETH Ha JCUCTBAIlM B
KOHKPETHH  IPOW3BOJCTBEHH  YCIOBUS  pOOOTHU3MpAHU
MOJyJIM, MOXE Jia Ce ONpeNeNy TIpyna IPOU3BEKIAHU
JIeTailii, YWMHTO TEXHOJOIMYEH MpOLEC MOXE Ja ce
peanu3upa B CHOTBETCTBHE ChC 3aJIOXKEHUTE KPUTEPHU 32
e(heKTHBHOCT.
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ABOUT THE POSSIBILITIES OF EFFECTIVE USE OF ROBOTIC
TECHNOLOGY MODULES

Ivanka Peeva Chavdar Kostadinov
University of Ruse “Angel Kanchev” G.S.Rakovski National Defence Colegge
Department MEMTC Department CIS
Ruse, Bulgaria Sofia, Bulgaria
e-mail: ipeeva@.uni-ruse.bg e-mail: ch.kostadinov@rndc.bg

Abstract: Robotic technology modules have an increasing industrial application in various productions of a serial nature. To
determine their effective use in real conditions, pre-defined and established criteria are used, such as performance, equipment load,
etc. By analytically modeling the operation of automated equipment, it is possible to obtain estimated values of such parameters. The
article analyzes the possibilities for the effective use of a structured robotic module for mechanical processing based on the technical
characteristics of the deployed equipment.
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HPUJIAT'AHE HA TEXHOJIOI'MUTE HA YETBBPTATA
NHAYCTPUAJIHA PEBOJIIOLIUA B TPETATA ABTOMOBHUJIHA
PEBOJIIOIUSA

JlaBun ABumait
Aspuen, akaJIeMI9YeH HHKCHEPCH
konex B Mepycamum,
katenpa MHaycTpraacH MCHUIKMBHT
1 MHXECHEPCTBO
Wepycamum, U3spaen
e-mail: davishay@jce.ac.il

Pe3lome: Bb3HMKBaHeTO HAyCJI0BUSI 32 OCBHLICTBABAHE HA
TpeTa aBTOMOOHMJIHA PEBOJIONHUSI, BKJIIYBAIIA KOHCPYKTHBHHI
NMPOMEHW Ha MOAeJnTe, WHOBATHBHA OpraHu3amus Ha
3aBO/INTE M HOBA MPOM3BOJACTBEHATA IEHA, € MPSKO CBHP3aHo ¢
texnosioruute Ha Industry 4.0. Kak asere peBojouuu ce
oTpa3siBaT eIHa B [Jpyra M Kble ca TOYKUTE Ha
ChTPYIHMYECTBO € TeMaTa Ha Hacrosiiata padora.
ChTpyIHHYECTBOTO HA [BeTe PEBOJIOLNUH Ce€ OTpa3siBa Ha
OMTHETO HA YOBEUYECTBOTO OT €KOJIOrMYHA, TEXHOJOrHYHA H
conMaJHA TJeIHH TOYKH, KoeTo ¢opmMupa WU3BOAU U
onpe/eeHn perieHus.

Knrouosu oymu: aemomoounu, aemomoouno
npou3eo00cmeo,  eneKmpomoodounu, pooomuxa,  U3IKyCHEeH
UHMmeNleKm, UHmMepHem HA Hewyma, mpema aA6MOMOOUIHA
pesonioyusn, undycmpuaina pegontoyus 4.0.

l. YBOX

JlunamMpkata Ha pa3BUTHE Ha OOINECTBOTO, IIpe3
MOCJIEIHUTE TOJIMHHW, HAIBJIHO Cce WIeHTH(UIMpa CbC
CKOPOCTTa, C KOSTO TO YINpPaBIABAaT TEXHOJIOTMUTE BBHB
BCHYKH OOIICCTBEHH H JIMYHH oOmacTH. HM3KyCTBEHOTO
3aappKaHe M 3a0aBsHe, NMPUYMHEHO OT MaHAEMHATa Ha
KoBunl9, n30yxHa B MOCHEACTBHE B TEXHOJOTMYEH CKOK
U CTUMYJIMpa CBETOBHATa HayKa, HKOHOMHKA, 00pa3oBaHue,
TPaHCIIOPT, M  Ledus OOIIECTBEH IKMBOT. Buaumo
JIOKa3aTeJICTBO 32 Ta3W JUHAMUKa € WHTEH3HUTETa, C KOMTO
HaBJIM3AT €JIEKTPOMOOHIINTE U CTPYKTYPUTE, CBBP3aHU C THX.
IToBcemecTHO BiIsI30Xa B yHoTpeba HOBHTE IMPOIYKTH Ha
nskycrBenuss uHrenekr (M), kato Chat GPT(Generative
Pretrained Transformer) u cieasamure ro KOHKYPEHTH KaTo
BARD na Google u xuraiickust ERNIE Bot, ormamnaxa
OmpeZielieHH  CIy)OM W  areHuMM 3a CMeTKa Ha
CaMOCTOSITETTHOTO OpPTaHM3HMpaHE Ha JKEAHHWATA C ITOMOIITA
Ha JIMYEH KOMIIIOTHp, Tabnmer wim TenedoH. bBotose,
YOpaBIsIBaHM OT MOIXOISAIINA MPOTPaMU M TPUIIOKEHHS,
ChICUCTBAT 32 OBP30 3aIUIalllaHe C MOMOIITAa Ha COJAPHUTE
YCTpOWCTBA, HajaraT KpPWUOTO-BAJYTHTE W MHOTO IpyTH
HOBOBBBEJICHUSL.

B 1031 acmekT e pe30HHO MPOM3BOJACTBOTO HA CTOKH U
YCIIyTH Jla ce NMpeopHeHTupa u npeodpasysa. TouHO B TO3M
MOMEHT C€ M3BBPIIBA OpraHM3alusTa U ce oopMs Tperara
aBTOMOOWJIHA peBoJifoluMsl. Ts HaBiu3a B YCIOBUsTA Ha
JIEWCTBHE HAa TEXHOJIOTHMHTE HA YETBbPTaTa HMHIYCTpHAIIHA
peBOIONHMSA, KOUTO J0CTa TpalfHO ce HacTaHMXa HEe caMo B
ChBpPEMEHHATa MHIyCTPHs, a BbOOILE B €KEeTHEBUETO.

56

T'ana IlaBnoBa
Texnnueckn yauBepcuteT — Codus,
®daxynrer KoMmoTbpHU CHCTEMU 1

TEXHOJIOTUU
Codwust, Benrapus
e-mail: racheva@tu-sofia.bg

3azlaana Ha Ta3uW CTaTHA € Ja IIOKAXC KbJAC JIBCTC
TEXHOJIOTUYHU  PEBOJIOIIMM  CbBIIAJaT W  moAnomMarar
CbBMCCTHOTO H C(bCKTI/IBHO pa3BUTHUC.

1. ABTOMOBUJIHM PEBOJIIOLIUA

,Iperara aBTOMOOWIIHA PEBOJIIONMS € TEPMHH, KOWTO
MOHSKOTa C€ W3MON3Ba 33 OMNKMCBaHE HAa HACTOSIM U
ImpoAb/DKaBallll TCHACHIIMU W pasBUTUA B aBTOMOOMIIHATA
HUHIYCTpPHS, KaTo KOMITIOTBPU3UPAHETO,
eNeKTpU(UIIMPAHETO M  BBBEXKIAHETO HAa aBTOHOMHO
yIpaBJeHHE. »lIbpBaTa aBTOMOOMIIHA
peBoIONKA ‘OOMKHOBEHO C€ CBBp3Ba C Iepuoja Ha
HaBJIM3aHETO Ha aBTOMOOMIIA B Kpast Ha 19-TH 1 HavauoTo Ha
20-tu Bek, Jokaro ,,Bropara aBTOMOOMIHA PEBONOIHS
YeCTO Ce pasriiek/a KaTo BBBEKAAHETO Ha MAacoBOTO MY
MIPOM3BOJCTBO U IIOTOYHATA JIWHUS B cpeaTa Ha 20-TH Bek.

Axo ;[eTaI‘/'mmnpaMe NOHATHATA B C€BOJIIOOHATA Ha
aBTOMOOMIIHATA HUHOYCTPUA, pasriI€gaHo TEXHOJIOTUYHO H
OpraHnM3alMoOHHO, TPUTE MCPUOJa Ha pa3BUTUEC MOrar Ja ce
TNIPEACTABAT 110 CJICAHUSA HAUYNH!

A. ITvpsa agmomobuna pesonoyust.

3amoyBa ¢ BHBEX/IAaHETO Ha MIOTOYHATA JIMHUS Ha XEHPH
®dop, Ha koATO ce npousBexkna aBromoomna FORD Model
T. Koit e Xenpu @opn? Toli € aMeprKaHCKH HHXEHEp U
npeAnpueMad M € €AWH OT Hal-BIABbXHOBSBALIUTE B
aBTOMOOWITHATA PEBOIIIONNS, KOATO CE € CIyYHyIa B HAYAJIOTO
Ha MHMHaJMs BeK. biarogapeHne Ha HETOBOTO BU3HOHEPCTBO
32 HMKOHOMHYECKH TMOAEM, pPaOOTHHUIMTE 3amouyBaT Jaa
MoJyyaBaT [OCTOMHM 3aljiaTd 3a Tpyna CH, a CBeTa ce
cpoOpa3siBa ¢ BBBEACHaTa OT HEro S-THEBHA paboTHa
ceamuia npu 8 ydaca Tpya. Ha 1 oxtomBpu 1908 romuna
®opn mycka Ha mazapa cBos Model T. Toif craBa Haii-
MacoBO MPOW3BEKAAHMUS aBTOMOOWI 3a CBOeTo Bpeme. Ha
01.12.1913 Xenpu ®opna MHCTanMpa mbpBaTa ABMXKEHIA CE
MOTOYHA JHHUS (KOHBeiep), 3a MacoBO MPOM3BOACTBO Ha
aBTOMOOWIHN B cBeTa. ToBa HOBOBBBEJICHNE TTO3BOJISIBA /1A CE
HaMaJId BPEMETO 3a MPOW3BOJCTBO HA €IWH aBTOMOOHJ OT
Haj 12 yaca 10 camo JBa yaca v nmoJjioBuHa [1].

3a mga ce MpUIIOXKAT HOBHUTE, TEXHOJIOTUYHO MHXKCHEPHU
MIOCTIDKEHHMS, B Tpor3BoacTBOTO Ha Model T, ca HanoxeHH
KOHCTPYKTHUBHM IIPOMEHHM Ha KpaiHOTO wusnenue. Tesu
M3MEHUS, MO3BOJISIBAT KOHBEHBPHOTO MYy IPOU3BOCATBO, U
chueTaBaT yJECHEHHWsS 3a BoJadya My II0 BpeMe Ha
YIpaBICHUE.


mailto:racheva@tu-sofia.bg
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Taka Model T craBa 3a0eNeXHUTENHO TEXHUYECKO
B

MOCTHKEHHE, 33  BPEMETO  CH,
WHJIyCTpHAIHATA U COLIMAIIHA 00JIaCTH.

o BV s

WHKCHEPHATA,

®ur. 1. Konseiiepa na ®@opx 3a MoHTaxx Ha aBTomoomna FORD Model T

b. Bmopa aemomodunua pesontoyus.

HJust in time” (JIT) — ,,;ouHO HaBpeme™ ¢ HMETO Ha
BTOpaTa aBTOMOOMIIHA PEBOJIIOINS, N300pETEeHA U IIPOBEICHA
ot ¢upmara Toyota. Ts moctura cBosi amoreii mpe3 70-te
TOAMHM Ha MuHanmus BeK. Cren BTOpaTa CBETOBHAa BOWHA
Kunmupo Toitoma, cb3matenar Ha KoHIlepHa Toyota
OCBh3HABA, Y€ EIUHCTBEHO pA3BUTHETO Ha Pa3BOWHO-
BHEJ[PUTENICKATa ACHHOCT MOJXKE J1a 3aMa3i KOMIaHUATA My B
KOHKypeHIusaTa cbe cseroBHuTe cuini, GMC u Ford. To#
MeuTae Jla Ch3/aJle CUCTEMA, B KOATO HUTO €IMH €JIEMEHT J1a
HE ce Ch3/1aBa MpeaH Aa Bb3HMKHE HEOOXOIMMOCT OT HEro.
Taka, ocHoBeH no3yHr B Toyota crama “TouHo HaBpeme”
(Just in time). B mbaHa cremen Bb3MOKHOCTHTE Ha “Just in
time” ce pa3BuBar W usnon3sar ciex 50-te roauHu Ha XX
BeK, Ipu ymnpasieHueTo Ha Elmxu Toitoga. Ilpez 1950 r.
SITMIOHCKUTE WHKEHEPH MOTydYaBaT B3MOXKHOCT Ja CTaKyBaT
B amepukaHckure 3aBoam Ha Ford. IIpoyusaiiku
MIpOM3BOJCTBEHaTa UM cucrema, Eimku Toloma u apyru
cnenuaiuctd Ha Toyota, ycraHOBsIBAaT, 4e OT €[HA CTpaHa,
MacoBOTO NPOW3BOACTBO W CTaHmapTH3ammsaTa BBB Ford
Ch3/1aBaT ONAaroNpHUsTHH YCIOBUS 32 TOCBTHHSBaHE Ha
aBTOMOOWJINTE W T03BOJISIBAT BHEIPABAHE HA TEXHUUCCKUSA
Nporpec, HO OT Jipyra MMa CEPUO3HH HEJOCTaThIH, KaTo
Harpumep:

e CBpBXIPOM3BOACTBO B  OTHNCIHH CCKTOPH  Ha
MPOM3BOJICTBEHATA CHUCTEMA, CIIEJICTBUE OT IieJTa Ja
CC TPOM3BEKAAT OTPOMHH KOJHYESCTBA MPOIYKIUSI
(moxcurypsiBaHe)

e CxiagupaHe Ha ToJIeMH CTOKOBH 3allaCd B HSAKOU
CEKTOPM M TPAaHCIOPTHPAHETO MM KbM JPYyTH
CEKTOpPH, KBIETO TsXHaTa oOpaboTka TpsiOBa na
TIPOJIBIKH (CKBIIO TUIATEH TPAHCIIOPT)

e HepaBHomepeH [POHM3BOACTBEH HOTOK, c
NPEKbCBAaHUSI MEXIY OTACIHUTE MYy €TalM, KOEeTO
nopax/a (UHAHCOBH 3aryou

e HeBB3MOXKHOCT J1a C€ OTKPHUBAT JCPEKTU B TOJICMUTE
MapTHIN TPOAYKIIMS, KOETO ChILO BOAX JI0 3aryOH.
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Ha rtasu 6Ga3za B Toyota, ce BBBEXHAT MHOXECTBO
TEXHOJIOTHYHA TIPOMEHH, KOHTO ca JOKYMEHTHPaHH B
HappyHuIUTE “OO0ImO mnpoduiIakTHYHO O0OCITyKBaHe Ha
obopynBanero”, “ToTajgHO ymnpaBlieHHE Ha KauecTBOTO”,
“HenpexbcHaToO YCHBBPLICHCTBaHE”, ‘“ABTOMaTH3aLus’ U
“JlocTaBKM TOYHO HaBpeMe Ha KOMIUICKTYBAIHX eTalmm .

Unente wa Eimxu Toiloga ca mNOpoabpKeHH OT
3amecTHrKa My Comunpo Toitona. Toit BHUMaTeHO N3y4yaBa
uznenute Ha YuiaM JleMuHr (ekcmepT 1o  yIpaBlIeHHUE,
Ch3laTeNl Ha KOHLENIUATAa 3a “TOTAHO YINpaBICHHE Ha
KauecTBOTO”’) 3a yIpaBJeHHEe Ha KayeCTBOTO M Ha Ta3u 0aza
NIPOM3BOJICTBEHATa cucTeMa B Toyota e momoOpeHa, Karo
MIPOMEHSAT J[Ba aCIIeKTa!

e [lpomecsr Ha ympaBieHHE Ha KadyeCTBOTO ce
cHCTeMaTH3Upa Ha Oa3zara Ha BUCOKH
CTaHOAPTH3UPAHU KPUTESPUH

o Hpouecm Ha YyHOpaBJICHUE Ha Ka4Y€CTBOTO C€
BHEIPSABA BbB BCAKO IIOAPA3ACIICHUE HA KOMITAHUATA

Taka mox ynpasnenueto Ha Conunpo Toitoaa, Toyota ce
OpeBphllla B MPOYyTa MEXKIYHAPOJHA  KOPIIOpALHS,
npwiaraiiku cuctemata TPS (Toyota Production System),
Oasmpama ce Ha JBa MpHHIMNA - KoHIeHmus ““TodHo
maspeme” (Just in time - JIT) u konmermms “Jlxumoxa”
(Jidoka e >xkaproH NpoOM3XOXKIAIl OT SIMOHCKH, KOETO ce
mpeBexaa KaTo ,,aBTOHOMHS, KOMOWHAIWs OT JIyMHTE
ABTOHOMEH U aBTOMATH3aIlHsl).

TOYOTA
PRODUCTION SYSTEM

HIGHEST QUALITY | LOWEST COST | SHORTEST LEAD TIMES
IN TIME JIDOKA

+ BUILT-IN QUALITY
+ CONTINUOUS < Qi
FLOW + ERROR PROOFING

+ SEPARATE HUMAN
AND MACHINE
WORK

STANDARDIZED WORK

= TAKT TIME
+ PULL SYSTEM

STABILITY

Our. 2. /IpaTa cTh16a Ha NMpou3BOACTBeHaTa cucrtema Ha Toitora — JIT u
JIDOKA

o Kommermms “Touno waspeme” (Just in time) -
MPOU3BEKIA CE CaMO TOBa, KOETO € HE00XOAMUMO,
caMO KOraTto € HeoOXOIMMO B caMO B HEOOXOIMUMOTO
KOJIMYECTBO

o Konmermus “/[xumoka” (Jidoka) — aBTOHOMU3AIHS,
T.e. BHACSIHE HA YOBEIIKM WHTEIEKT B MAIIUHUTE,
CHOCOOHM CaMOCTOSITENIHO Jia OTKPHBAaT MbPBUS
nedekT, BeHara Ja CrupaT U Ja CUTHAJIM3UPAT, 4e €
BB3HUKHAJ MTPOOIeM


https://www.novavizia.com/tochno-navreme-just-in-time/
https://www.novavizia.com/tochno-navreme-just-in-time/
https://www.novavizia.com/uilyam-deming/
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Opranu3upaiiki ce Bb3 OCHOBa Ha TE3W KOHIENINHU
Toyota mocTura Ir'eBKaBOCT B IIPOM3BOJCTBO Ha aBTOMOOMIN
C BHCOKO KaueCTBO, ITPH HUCKH IPOU3BOACTBEHH Pa3Xoau U
KpaTK# CPOKOBE 3a M3ITBJIHEHHE [2].

B. Tpema aemomobunna pesonioyus.

ITo Bpeme Ha TexHM4eckaTa KoH(pepeHms Ha Goldman
Sachs (egHa OT Hal-rOJEMUTE WHBECTUIIMOHHU OAaHKH B
cBeta), Maptua Buena, ppKkoBOAWTEN Ha BPB3KHTE C
uHBecTHTOpUTE Ha QupMmara Tesla, e HampaBuI H3Ka3BaHe, B
KoeTo ce (okycupa BBpXy IBe roaemu TemMu. Criopex Hero
Te ca OT pemaramio 3HadeHue 3a ¢upmara u EV (Electric
Vehicle) uamycrpusita 3a cienBamuTe 5 roIAHM.

® J0CTaBKa Ha 6aTepm/I 1 TCXHOJIOTMH

° HCO6XOZ[I/IMI/IT€ pasxoagu 3a MpoOU3BOACTBO Ha CaMHUTE
PEBO3HU CPECTBA.

Toii ce e u3zpasmi Taka: ,,Pazxoaure 3a NpoOU3BOACTBO Ha
MIPEBO3HO  CPEJICTBO Ca HAW-BAXHUAT TIOKazaTenl 3a
HaOJIO/IEHNE TIpe3 CIEABANINTE TOIAWHU, TOBA € KpalHUAT
ompenesny (akTop, 3a TOBa KOJKO KOJU KOMIIAHHHTE ca
CHOCOOHM Ja TpPOW3BEeNaT W JO KOJKO aBTOMOOWIIHUTE
KOMITaHUM MOTAT Jla IOpacHarT | Jla ce 3aMOTHaT.

IIpe3 2017 r. pasxomute Ha Tesla 3a mMpom3BOICTBO Ha
enuH aBTomMoOmn ca Ounmu 84000 $. Ilpes Tperorto
TpuMmeceune Ha 2022 roauHa TE3W Pa3XOAW ca CBAIEHH IO
36000 $ Ha apTromoOui. Tesla e mocTUrHaIa TOBA C TIOMOIIITA
Ha IO0-TOOpHUsl W ONPOCTEH aBTOMOOWIIEH IH3aiiH, KakTo W
HOBUST BH/JI HA 3aBOJIUTE U HOBAaTa yMHA OPraHU3aLus B TAX.

4432 -» YA3TTAE

HOITIUODAS 3AUTUA

Yl8M322A JAA3HID
-

R [ - L

t
THIAG TIHU 3VIAD

dHIT2A] - yaoe <~ JHI9MATE

®@ur. 3. KoHmemnus Ha MOHTaXHHS 3aBoJT Ha Tecia

Apxutextypata Ha EV Mozenure e MHOTO mo-pazinnyHa
OT Ta3W Ha KOJHTE C ABUTaTell C BHTPEIIHO TOpeHe, KOeTOo
M03BOJISIBA PEBOJIIONMS B aBTOMOOMIHOTO ITPOM3BOJCTBO. B
IOITbIIHEHWE TpsiOBa nMa ce oObpHE BHUMAaHWE W Ha
pa3paboTkuTe Ha codryep 3a Te3d aBTOMOOWIM, KOWTO ce
passuBa ¢ 1en gocrurade Ha mozen FSD (Full Self-Driving)
WIM  TBJHA  aBTOHOMHMSA TpU  yIOpaBieHuero. B
pa3paboTBaHeTO Ha codTyepa ce H3ION3BAT EIEMEHTH Ha
n3kyctBeH wuHTenekT (Al), koiito ce camooOywaBa oOT
JaHHUTE 32 HHIUJICHTH C aBTOMOOMIIA, KOUTO HEIPEKbCHATO
BJIM3aT B riodaiHara 0as3a ¢ qaHHu Ha Tesla.

B Tesla ce opueHTHpaT CBINO 3a HaMajsgBaHE Ha
M3M0JI3BaHUTE MHKporpouecopun yumnose ot 80 Ha 20 6e3
Jla MPOMEHSAT BH3MOXXHOCTHTE UM U Jia TH OCKbIsBaT. ToBa
cTaBa 4pe3 NoJoOpsBaHe H  aKTyalu3upaHe  Ha
MEXKIyTPOIlecOpHAaTa Mpeka ¢ momoriia Ha copryepa. Taka
HEOOXOAUMUTE 3a €IMH aBTOMOOWJI YMIIOBE L€ CE Bjarar B
yerupu. Tesla npaBu cOOCTBEH IH3aiiH HA YHUIIOBE 3a CBOSITA
cHcTeMa 3a CaMOCTOSITENHO yripaBienue. Hsima TouHu naHHu
KOJIKO 4YWIIOBE C€ M3MO0J3BaT B JPYIHTE ChBPEMEHHU
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apTomoOmmu. [IpexmonoxkeHnsTa ca, 4¢ B 3aBUCHMOCT OT
moaenute B Tax ce Baarar ot 1000 o 3000 gunma.

Jloka3aTelcTBO 3a HA4YaJloTO HAa HOBAa aBTOMOOHIIHA
PEBOJIIOIMS € U3KA3BAHETO Ha HOBUSI MeHUIKBP Ha Toyota,
Komxu CaTo mpej mpeAcTaBUTEeNN Ha ,,Automotivenews™ 3a
Tesla Model Y. ,,Makap Model Y na um3riaexna BU3yaiHO
uaeHTuyeH (¢ mpyrute monmenu Ha Tesla), Toit e HambiIHO
MpOMEHEH TOoJ  JiamMapuHWTe.  Pa3rio0sBaHeTo  Ha
€JIeKTPOMOOMIa TI0Ka3Ba, Y€ MPOU3BOACTBCHUAT MPOIEC Ha
Toyota e MopamHOo octapsul. IlpemaxBaiiku ,koxara® Ha
Model Y mna Tesla, ce Bmkma, 4ye TOM € HMCTHHCKO
TIpomM3BeIeHIe Ha M3KycTBOTO. HeepositHO e!“ [3].

Ot o0scHeHHUsATA o-rop€ € O4YEBUAHO Y€ IOCJICOHHUTEC
HOBOCTH, BBBCICHH B aBTOMOOMITHATA HHOYCTpUA ca
3aBUCUMU OT HAIPCIAHAIUTE TEXHOJOIMYHU OTKPUTUA U
TIOCTHKEHHUA, OT KOETO MOXKE Ia CE HallpaBU HM3BOJA, Y€ TYK
Ha 1romMol1p c€ ABsABa Y€TBbpTaTa UHAYCTpHUaIHa PCBOJIIOIIA.

1lI. TEXHOJIOI'MU OT INDUSTRY 4.0 IPUJIOXKUMU B

TPETATA ABTOMOBUJIHA PEBOJIIOLISA

Industry 4.0 npencraBnsiBa HOBa epa Ha MPONU3BOJCTBOTO,
KOATO C€ XapaKTepU3HUpa ¢ aBTOMATH3alus, IU(ppOBU3aIH,
narepHer Ha Hemiata (IoT), m3kycrBen umnTenekr (Al) m
MHOTO JApyrd HampeiHu TexHoioruu. Industry 4.0 e
KOHLIETIIIMATA 32 MPOMHIUICHATa PEBOJIIOINSA, KOATO
BBBEXX/1a HOBU TEXHOJIOTUH U B IIPOM3BOICTBEHHUTE IPOLIECH.
Te3n TexHONOTMM ca HamWIe B IpUIaTa MHAYCTpUS M ce
mpuiaraT ¥ B IPOM3BOACTBOTO Ha aBTOMOOMITH [4].

Industry 4.0 ¢ xOMIUIEKC OT TEXHOJOTMHM W 3aTOBa €
LeNnecho0pa3Ho Ja ce pasriekAaT IMOOTAEIHO KaTo ce
MOCOYBAa TOYHOTO NPHIOKEHHE B KOHCTPYMPAHETO U
MPOU3BOJICTBOTO HAa ABTOMOOMJIM W B 4YacTHOCT Ha EV
aBToMoOwmTe. Jla pasrinenaMe Hali-4ecTO MPUWIOKUMHUTE OT
TAX:

A. Usnonzseane na Uumepuem na newama (IoT).

lIoT Ttex”osoruuTe Morar na ObIaT W3MOJA3BaHU 34
CBBbp3BaHE Ha ABTOMOOWIHMTE C JPYrH YCTpOICTBa, Karo
HanpuMep cMapTHOHH, TOMALIHK ypeau u ap. Tosa Moxe 1a
TI03BOJIM Ha TIOTPEOUTENHNTE J]a KOHTPOINPAT U MOHUTOPHpPAT
CBOMTE aBTOMOOMJM OT pa3CTOSHHE, Ja II0dydaBaT
nHdopmalst 3a CbCTOSHMETO Ha Oarepusita Ha EV
aBTOMOOMIIUTE, TeMIlepaTypara Ha MOTOpa, HpoOieMu c
BCHYKH YCTpOIicTBa Ha aBTOMOOWIIa M Jp. ToBa MO3BOJIsIBa
Ha MPOU3BOIUTENNTE 1a CIECIIT 0-ePEKTUBHO CHCTOSIHHETO
Ha aBTOMOOWJIMTE M Jia TpeiaraT Mo-J00pH rapaHiyy 1
CEpBU3HO O0CITy>KBaHE.

Our. 4. [oT KOMyHHUKaLUsT MEXJy YYAaCTHULMUTE B YJIMYHUS TPAHCIOPT B
rpana
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b. Usnonzeane na Al

Al TtexHomormuTe Morar Aa OBJAaT W3MOJN3BAaHH 3a
ONTHMHU3MpaHe Ha e()EeKTHBHOCTTA Ha aBTOMOOWIMTE, KaTo
HalpuMep 1a ce HaMald pa3sxola Ha CHeprus W Ja ce
VABIDKM JKMBOTa Ha YCTpoicTBara W Oarepunte Ha EV
Mozenute. Al MOke 1a ce M3II0JI3Ba U 32 aBTOMAaTH3alus Ha
MIPOM3BOJICTBEHHUS! TIPOIIEC, KaTO HallpuMep 3a KOHTPOJ Ha
KauecTBOTO Ha KOMIIOHEHTHTE, 3a AHAIN3 Ha JaHHHTE,
ChOpaHU OT aBTOMOOMIINTE U 3a MPEABMKIaHEe Ha MPOOJIeMU
B aBToMOOmINTe. ToBa MOXKE [1a TOMOTHE 32 HaMaJIsiBaHEe Ha
BpPEMETO 332 PEMOHT Ha aBTOMOOWINTE U 33 IPEIOTBPATABaHE
HA TT0-TOJIEMH ITPOOITIEMH.

B. Uznonzeanemo na 3D npunmupane.

3D mpuHTHpaHETO € MPWIOKUMO MPU IMPOU3BOACTBO HA
€IeMEHTH OT  KOHCTPYKIMSITa Ha  aBTOMOOWIIHTE,
KOMIUIEKTOBAaHH B HEpasrioOseMu OJIOKOBE C JBIDKEIIH Ce
YacTH, KaKTO M HA YacTH Ha EJCKTPHUYCCKUTE MOTOPU 3a
OKOMIUIEKTOBaHETO WM. 1oBa MOXe Ha  YCKOpH
MPOU3BOJACTBEHMs TMPOIEC, Ja HaMadkd pa3XOoguTe 3a
MPOM3BOJACTBO M Ja TO3BOJNIM TO-TOJSIMAa THBKABOCT B
IU3aiHa Ha KOMIIOHEHTHUTE.

I'. H3nonzeane Ha a8MOHOMHU CUCTEMU 3A YRPAGIEHUEe HA
asmomoounu.

ABTOHOMHUTE CUCTEMH CE Ipujarat B IB€ HaIIpaBJICHUA:

® CHUCTEMH 3a IIPOU3BOACTBO Ha aBTOMO6I/IHI/I, KaTto
HampuMep 3a MOHTaX Ha KOMIIOHCHTUTC WK 3a
Ka4€CTBEH KOHTPOJI

® CUCTECMU 3a YIIPaBJICHHUC Ha aBTOMO6I/IJ'II/ITC, KOC€TO
MOXEC Oa IIOMOrH€ 3a HaMallIBaHC Ha 6pO}I Ha
UHIUJACHTUTC HA ITBTA.

ABTOHOMHHTE CHCTEMH MOTaT Jia ObJaT M3II0JI3BAHM U 3a
JIOCTaBKa Ha aBTOMOOMIINTE 0 KIMEHTHUTE.

. H3znonzseane na 61oKueiin mexuoiocuu.

Brokyeiin TexHoJIOruUTE MOraT Ja ObIaT U3I0JI3BaHH 3a
ChXpaHCHWE Ha JaHHW 3a TPOW3BOJICTBEHHUS TIPOLEC H
IOCTAaBYHIIATE HAa KOMITOHEHTH. ToBa MOXe Ja IOMOTHE 3a
MO-JIECHO CJIeJIcHe Ha TMPOM3XoJa Ha KOMIIOHEHTHTE,
yOpaBleHHE Ha WHBEHTapa M TNO0-OBp30 OTKpHUBaHE Ha
€BCHTYAJTHH IPOOJIEMH B TIPOM3BOICTBEHHUS MPOIIEC.

E. Usnonszseane na eupmyanna peannocm (VR) u donvinena
peanrocm (AR).

VR 1 AR TexHONOrMMTE MOTaT a OBIaT W3IOJI3BaHU 3a
00yueHHE Ha PaOOTHHITUTE OT MPOU3BOJACTBCHUTE JIMHUU 32
MOHTa)X W TIpOBEpKa Ha aBTOMOOWiHMTE. ToBa MOXe Ia
MMOMOTHE 3a MO-¢()eKTHBHO OOYYCHHE HA HOBU CIYXKHTECIIH,
HaMasiBAaHE Ha BpeMeTo 3a oOyueHme U TO-OBp30
BHEJPSIBAHE HA HOBU MPOIIECH.

K. Hznonzeane na macusu om doannu (Big Data).

O6cnyxBaneTo Ha Big Data mie ce u3mos3Ba 3a aHau3
Ha JaHHWTE, CHOpPaHU OT CEH30pUTe B aBTOMOOMIUTE. TOBa
MOXE Jia IIOMOTHE 3a IpEIBIDKIAHE Ha HYXAUTE Ha
KJIMEHTUTE, ONTHMHU3MPAHE HA CEPBH3HOTO OOCITY)KBaHE U
noZoOpsiBaHe Ha KOHCTPYKTHBHUTE W IPOM3BOJICTBEHH
HEOOXOIUMOCTH.

59

i.,‘

®ur. 5. U3nonseane Ha VR u AR TexHONOrHs 3a 00y4eHHe U KOHTPOJI

3. Usnonzeane na konabopamuenu pooomu (Cobots).

KomaGopatuBaute  poOOTH ca  NPWIOKAMH B
aBTOMATH3MPAHOTO  MPOM3BOJICTBO HAa  ABTOMOOMJIMTE.
[Moamomar yBennuaBaHeTo €()EKTHBHOCTTA Ha IPOILIECHTE,
KaTo TmpeMaxBaT CyOeKTHBHATa TIpelika u I[oJo0psBar
kauecTBOTO. Te mpezapasmnonarar 3a pa3BUTHE HA MAIIMHHOTO
o0ydyeHre ¢ TMpWIaraHeTto Ha  TEXHOJIOTHATa 32
camooOyuenue Ha MamuauTe (Machine to Machine — M to
M).

®ur. 6. KonobopatueHa camooOyyaBaiia ce poOOTHKA

HU. H3nonzeane na obraunume ycuyeu.

OOnayHuTe ycIyrd Morar Jga ObJaT H3IOJI3BaHH 3a
yIpaBjeHHe Ha JAaHHUTE 32 aBTOMOOMJIMTE M 3a CBBbpP3BaHE
Ha aBromoOmmmte ¢ apyru IoT ycrpoiictBa. ToBa Moxe n1a
ITOMOTHE 3a MO0-I00p0 yIpaBJICHHE Ha aBTOMOOWIIUTE U 3a
TIpe/IoCcTaBsHE Ha HOBH yCITyTH Ha KIIMCHTHTE.

HU. Usnonzeane na yupposu nusnayu (Digital Twins).

Cpb3aBaHe Ha TOYEH JWUTHUTAJIEH MOJIEN Ha ONpeAeseHH
ycrpoiictBa (poOOTH, MMOMITH, €JIEKTPOMOTOPH, MAIUHH,
WHCTPYMEHTH W Jp.), C BB3MOXHOCT Ja HU3NBIHABAT B
CHUMYJIaTHBEH PEXHM JKEITaHUTE PEATHHU ONepaIiy, Taka ge C
TAXHA TOMOI Ja C€ IMPOBEpsBaT MporecuTe, Oe3 ma ce
HapymaBa MPOW3BOJACTBOTO M J1a C€ CH3IaBaT YCIOBHA 3a
HE)KEJTaHU WHIHICHTH.
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Our. 7. Cr3naBaHe Ha CUMYJIATHBEH LU(POB OIM3HAK

K. Hznonzeane na cenzopu.

CCHSOpI/ITC ca B OCHOBATa Ha JOUTrHTaIH3alUATA H
YHOPaBJICHUETO Ha CbBPEMCHHATA HWHAYCTPUS. I[aHHI/ITe,
TIOJIYUYEHH OT TAX, Ca IPHIOKUMH 3a MOHHUTOPHHI' Ha
CBhCTOSAHHUECTO Ha aBTOMO6I/IJ'II/ITe, 3a CJICICHC Ha N3HOCBAHETO
Ha KOMIIOHCHTUTC U 3a NPEABMIKAAHE HA HYKAUTC 3a pPEMOHT
U NOAJAPDBIKKaA Ha aBTOMOOMITUTE.

JI. Texnonozuume 3a KubepcueypHocm.

3aabKUTENIHA TEXHOJIOTHS 32 KOHTPOJ M 0€30MacHOCT.
Kato BCHYKO CB37afE€HO OT 4YOBEKBT, TEXHOJOTHMHTE Ha
Wnnyctpusa 4.0 He ca JUIIEHH OT TPEUIKH M ONACHOCTH 3a
YOBEYECTBOTO. BBB BCEKM €AWH MOMEHT ydacTBaT
yIOpaBisSBaIlld IporpaMHU NPOAYKTH. B mocienHo Bpeme ce
npwiarat u Al codTyepHnm TpPOAYKTH, KOHTO ce
camooOyuaBaT M B3eMaT CaMOCTOSTENHH  peIICHHS.
Kubepcuryproctra Tpsi0Ba 1a HabII0qaBa, CAaHKIMOHMPA U
npe/na3Ba OT €BEHTyalHH WHIUAEHTH, ChoOpa3siBaliku ce ¢
MEKTyHAPOTHATE IOPUINIECKH 3aKOHH.

Te3u ca HAKOM OT HAM-U3MNOI3BAHUTE TEXHOJOTMH Ha
industry 4.0, xoWTO ce mpwWIaraT B W3TPaXIAHETO Ha
aBToMOOWIMTE W B 4acTHOcT Ha EV aBromoOwiure. B
OBIeIme ChC CHTYPHOCT IMe ce pa3paboTAT HOBH TIO-
MHOBATHBHU, MO-T'bBKABU U TIO-YMHH TEXHOJIOTHH, KOUTO IIIe

HaMCpPAT IHPOKO IPUIIOKCHUC B TO3HU KIJIOH Ha
I/IHJIyCTpI/IS{Ta, U3II0JI3BAHCTO nu no;mmeKaTa Ha
aBTOMOOHIIHTE.

IV.  CBBMECTHO PA3BUTHUE HA JIBETE PEBOJIIOLINN

(INDUSTRY 4.0 AND THIRD AUTOMOTIVE REVOLUTION)

CpBpeMEHHUTE aBTOMOOHITN u B YaCTHOCT
CJICKTPHUYECKUTE aBTOMOOWJIM ca HAaIbJIHO pPAa3IW4HH OT
TeXHHUTE chOpaTst U Mojenu oT MuHanus XX Bek. Paznukara
€ B TEXHUTE KOHCTPYKIHH, KOMIOHEHTH U MPOU3BOJACTBEHH
Metoau. Mmenno tyk Mumyctpus 4.0 mompunacs 3a mo-
e(peKTUBHO M Ka4ECTBEHO IPOU3BOJICTBO.

B kpaitna cmetka Manycrpus 4.0 Moxe 1a gonpuHece 3a
3HAUUTEIIHO MO-€()EKTUBHO M Ka4eCTBEHO NPOHM3BOACTBO HA
aBTOMOOWJIUTE 4Ype3 W3IOJI3BaHE HA HOBH TEXHOJOTHH H
METOJIN B TIPOU3BOACTBOTO.

Hanpumep, Industry 4.0 moxke nma ObIe M3MON3BaHA 3a
U3rpakaaHe Ha IU(GPOBH MOJICTH HAa MPOU3BOJCTBEHUS
mporiec Ha EV aBTOMOOMINTE, KOWTO J1a CE€ W3ION3BAT 3a
ONTUMH3AIMS HAa MpOIleca M HaMalsBaHE HA BPEMETO M
pazxoauTte 3a npou3BoAcTBO. TexHonoruure karo loT morat
JIa OBJaT W3IOJ3BaHM 3a MOHHTOPDUHT Ha paborara Ha
MAaIlIFHATE, 33 J1a C€ OTKPHUAT IpOOIeMH MO-pPaHo | 3a Jla ce
MPEIOTBPATAT INPEKHbCBAHHUS B IPOU3BOACTBEHHS IPOIEC.
Cpmio Taka, W3KYCTBEHHAT HHTENEKT W MAIIMHHOTO
00yueHHe Morar Jia ObJIaT U3MOJI3BaHH 32 aHAJIN3 HA TOJIEMH
o0eMH JTaHHH, 32 J1a Ce M3BJICKAT ITOJIe3HH WH(POPMALIUH OT
TSX, 33 Jla Ce MOA00pH KavyeCTBOTO M e(EKTHBHOCTTA Ha
pou3BOACTBOTO. B nompinHenue, 3D mpuHTEpHTE MOTaT nMa
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OBJaT W3MOJ3BAaHM 32 MPOW3BOJCTBO HAa KOMIIOHCHTUTE Ha
EV aBTOMOOWIHMTE, KOETO MOXKE Ja HaMald BPEMETO 3a
MIPOM3BOJICTBO U J1a YBEJIMYU CTOWHOCTTA HA MPOU3BEICHUTE
KOMIIOHEHTH. DBJIOKYEWH TEXHOJOrMsTa MOXeE Ja Obae
M3I0JI3BaHAa 3a MOJ00psIBaHE Ha BEpHUrara Ha JOCTABKUTE W
3a OCHTypsiBaHE Ha I0-700pa MpO3PavHOCT HA JAHHUTE B
npousBojcTBoto Ha EV aBromoOwmm. ToBa moxe na
IIOMOTHE J]a Ce TapaHTHUpPa, Y¢ KOMIIOHEHTUTE, M3IOJI3BAHH 32
mpousBoAcTBO Ha EV aBroMoOmiuTe, ca MpOHU3BENCHH B
CHOTBETCTBHE C OIPENCICHN CTAHIAPTH M KPUTCPUH 3a
Ka4yecTBO.
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@ur. 8. dur.8 ChbBMECTSIBaHE TEXHOJOTHUUTE
ABTOMOOWIHOTO ITPOU3BOJCTBO

Ha Industry 4.0 B

B kpaiina cmertka, Industry 4.0 Moxxe na momorse na ce
MOCTUTHE TMO-()EKTUBHO M Ka4eCTBEHO IIPOM3BOJCTBO Ha
aBTomoOwute u EV aBromoounure.

V.3AKJIIOYEHUE

B Obmeme cweBMectsBaneto Ha Industry 4.0 wu
aBTOMOOMIIHOTO TIPOM3BOJICTBO III€ MPOIBIDKH JIa CE pa3BHBA
U J1a ce ycbBbpuieHcTBAa. O4akBa ce a BUJUM BCE MOBEYE
aBTOMATH3allMsl M pOOOTH3AIMSA Ha IMPOU3BOJACTBCHUTE
MpOLECH, KAaKTO UM BCE TMO-rojisiMa MHTErpauusi Ha
texHosorun kato loT, M3KyCTBEH HWHTEIEKT M MAaIIMHHO
00ydYeHHe B CaMUTE aBTOMOOIIIH.

ToBa mie JoBeae 10 3HAYUTENHO IIOBHINCHHE Ha
e(peKTUBHOCTTa M Ka4eCTBOTO Ha IPOM3BOJCTBOTO Ha
aBTOMO6I/UII/I, KaKTO M 10 HaMaJsIBAaHC Ha BpPEMETO U
pasxoaMTe 3a Mpou3BoAcTBO. CHIIO Taka, aBTOMATHU3AIMATA
Ha IPOU3BOACTBEHUTE IIPOLECH 1€ JONpUHECE 3a
HaMaJIsiBaHE Ha PHCKA OT YOBEIIKM TPEUIKH U IIe momo0pu
Oe3omacHOCTTa Ha paOOTHUIKTE B IPOM3BOICTBEHATA CpEa.

B kpaifna cmetka, chBMecTsiBaneTo Ha Industry 4.0 u
ABTOMOOWJIHOTO ~ NPOW3BOJACTBO Ie JOBeAe MO0 IIO-
e(peKTUBHO, KaueCTBEHO M WHOBATUBHO IPOHM3BOJICTBO Ha
AaBTOMOOWJIM, KOETO I[Ie¢ OTroBapsi Ha HapacTBAILWTeE
W3UCKBaHMA Ha Ma3apa u norpedurenure. KoHcTpykiuunTe n
CHCTEMHTE B aBTOMOOMJIMTE IIEC CTaBaT IO-CUTYPHH U
W3APBXKIMBU. YIPaBICHUETO 1€ € MOAIOMOTHATO OT
TEeXHUYECKH CpEICTBa W YCTPOWCTBA, Mpenrna3Balid oOT
rpely Ha MeXaHuKara, eJleKTpoHuKara u copryepa. Llenra e
emaHa, Mo-1o0po W CHTYpHO MPOHM3BOACTBO, IO-IOOpH U
HaJIeKTHH MOJIEIIH, MO-TPaMOTHO yIpaBJieHHe,
Oe3MHIMICHTHO BTYBaHe, NpeMaxBaHETO Ha
iHppOHTAIMKUTE MEX/TY BOJAYUTE Ha MIPEBO3HUTE CPEACTBA U
nooOpsiBaHe Ha TPAHCIIOPTHHUS KIIMMaT Ha YOBEYECTBOTO.
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APPLYING THE TECHNOLOGIES OF THE FOURTH INDUSTRIAL
REVOLUTION TO THE THIRD AUTOMOBILE REVOLUTION

David Abishai Galya Pavlova
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Engineering, Faculty of Computer Systems and
Department of Industrial Management Technologies
and Engineering Sofia, Bulgaria
Jerusalem, Israel e-mail: racheva@tu-sofia.bg
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Abstract: The emergence of conditions for the implementation of the third automotive revolution, including constructive
changes of models, innovative organization of plants and new production cost, is directly related to the technologies of Industry 4.0.
How the two revolutions are reflected in each other and where the points of cooperation are is the subject of the present work. The
cooperation of the two revolutions affects the existence of mankind from ecological, technological, and social points of view, which
forms conclusions and certain decisions.
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Pe3iome: B crarusita ce mpaBM HCTOpHYECKH 0030p B
Pa3BUTHETO HAa YaCOBHHUKApPCKaTa NpoMuiLieHocT. JaBa ce
Hpopmauuss 3a (GUPMH-TIPOU3BOAMTE]KH Ha Yypeaum 3a
u3MepBaHe Ha BpeMe. Pasriienanu ca o6opyaBaHe U po6oTu B
ABTOMATH3ALMATA, ABTOMATH3HPAHO KOHCTpYyHpaHe,
TeXHOJIOTMYHH ONEepallMd B MPOU3BOACTBOTO, TeCTBaHe,
M3MUTAHUS U KOHTPOJI B YaCOBHUKAPCKATA MPOMHUIILIEHOCT.

Kntouoeu oOymu: aemomamusayus Ha NPOU3800CHIBOMO,
YACOBHUKAPCKA NPOMUULIECHOCH

|. BBBEJEHUE

A. Hcmopuuecku 00630p 6 pasgumuemo Ha
Y4ACOGHUKAPCKAMA NPOMUULIEHOCT

WzoOpersBaHeTo HAa MEXaHWYHHMS YacCOBHHMK  CBC
CHUTYPHOCT € €[HO OT Hal-TOJNEMHTE OTKPUTHS Ha
YoreuecTBoTO, Ipu ToBa B CeBepHOTO monykbibo. Cren
Pedopmanmsata na Maptua Jltorep B ['epmanns 1 KOHKPETHO
Ha Kansus B llIBeiinapus ce Hanarat HOBH ujeu npe3 16 Bek
B MOpAJlHO OTHOIIEHWE 3a OrpaHM4yaBaHe Ha Owxyrara u
CKBIIOIICHHOCTUTE  KaTO  aKcecoapd MpeIuMHO  Ha
apUCTOKpalysiTa U 3aMOXKHAaTa 9acT OT HaceleHueTo. Toma
BOJIU /10 HOBOBBBEIEHHMS HE CaMO IO CIpajad, 3aMblH U
KaTeIpair, HO M B OOJNIEKIOTO M OMTa Ha XOpaTa MPEeIiMHO
KaTo JUKOOHM YacCOBHUIIM OTHOBO 3a Kpajie, 3HaTHU U
3aMOXKHH TEpcoHU, a KbM 1525-1540 r.— cboTBETHO A0
HACTOJIHM M CTEHHHM YaCOBHHIM 32 T0-OOMKHOBEHHTE XOpa.
B I'epmanus omie or kpast Ha 14-Tu Bek Hal-WM3BECTHHTE
atenuera ca B HiopuOepr, Ayrcoypr, CaxcoHms, a
vacosHuKapy kato . Beiirenpox (Iepmanus), XK. ne Io u
A. BubOpere (®panuus) cb3maBaT NPOTOTUIM — Ha
cbBpeMeHHUTe MexaHusmu. Iletep XenmaiiH mpe3 1542r.
u3pabotea B HriopHOepr mBpPBUTE MPEHOCH-MHU JHKOOHH
YaCOBHHUIM KaTO 3aMeHs OapadaHBT C MpYXXMHA, KOUTO Ce
cMATaT O(UIMATHO 32 MBPBUTE MEXaHHMYHH YACOBHHUIIH.
Cnenmanso B AyrcOypr okosno 1560 r. Beue ce mpon3BexaaT
MEXaHWYHH YacOBHMIM C Tay3u. ['paabT ce pa3BHBa Karo
HEHTHP Ha YaCOBHHKApCKaTa 3aHAATYMICKA KaMepa W KbM
1580r. 3a nmpbBB MBT ce MPOM3BEKIAT YACOBHUIIM ¢ (popmara
Ha YMHUS ChC 3a/BWKBaH nudepOnar. He cimydvaiino u BbB
BpB3Ka C Ka3aHOTo mo-rope okomo 1600 r. Ilom Owm
KOHCTpYHpa YacOBHHUIIM ChC CpeObpHA KyTHs BbB (opmara
Ha MBPTBEIIKK TJaBH 33 CBEIICHUIM-CIY)XXUTEIN HA
IyXOoBHU opleHu, a Xenpu Ecrep m3paborBa B AyrcOypr
JDKOOHM YacOBHUIIM C MeEXaHH3BM 3a OTOposiBaHE Ha
gacopere ¢ ymap. CienBar aBTOMa-THYHHM YAaCOBHHIM Ha
ITayn Wycrep u Xanc Ilnorxaiim oTHOBO B ['epmanusi.

T"'abpogo, bearapus
e-mail: radev_petar@abv.bg
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Bbe ®pannyni, [Tapmwk kM 1544 1. ce ch3naBa ecHad Ha
YaCOBHHU-KapuTe, PHKOBOJECH OT M30paHM 4YacOBHHKapH. B
WUranus, Munano - b. beprona wuma uacoBHHKapcka
pabotmmauma. Pa3bupa ce mpe3 1555r. B IIBeimapus,
JKenesa 3amouBar aa ce MpOM3BEKIAT JPKOOHN YaCOBHHUIIH C
noABWXHU ¢urypkn. Ch3ma-IeHUTE TaM areinuera OT
OmwxyTepu ce MpekBaIU-GUIMpPaT W MPEMECTBAT B CaMOTO
Hayayo Ha 17-Tu Bek auckpeTHo B utaHuHaTa IOpa u rpan
Hoen-0ypr (IlIBefitapus). 3aHasTYUN U OTACIHU (haMU-TTHH
kato Harmpumep Jlanwen Pumap xoHctpynpaTr BB Ppanmi-
Konre, a ocobeno B Mope3 u Mopbuep mpapsaT IHKOOHH
YJacOBHUIM. B mociencTBue oT Ta3w MpoMsHA ce pa3BHBA
mBeHapcKkara  YacOBHHM-Kapcka  HMHIYCTPHSA, KaTo
MOCTENIEHHO C€ pa3paboTBaT pa3IMYHU KOHCTPYKIUH U
MPUCIIOCOOIEHUS 3a MPOU3BOJICTBOTO Ha
JIeTaiiIn/MeXaHU3MH | CIJIOOS-BAaHETO HAa YaCOBHHIIH.
[BefimapensT ['proe n30-OpeTsiBa Bepurara KaTo €JIEMEHT,
NpeHacs] JBIXE-HUETO MEXIy NpYXKHWHHaTa KyTHS,
4yepBska W 3BOHUS MEXaHW3bM Ha JHKOOHHWS JacoBHHK. (3a
ToBa ce mocousa 1590 r.) 1665 r. T. Miomx KoHCTpyHpa
aHKEpHA CHCTEMa 3a JPKOOHU YaCOBHHIIH.

DDR

Our. 1. [omencka Mapka, u3gajgeHa B 4ecT Ha Maptun Jlyrep u mo
ciyyaid 400 r. OT M300peTsSBaHETO Ha YacCOBHMK ¢ Oamanc B ['epmaHusl.
Yacopuum ot okoso 1400, 1560, 1681, 1584-5 u 1600r. [Ixob0en
4yacoBHHUK, Jlare - [1IBeitnapus 18-tu Bek (11.a.)

CnopsT 3a NOBPBEHCTBOTO MeXAy [epmaHus u
[IBeiinapust obaue MpoAbIKaBa U 10 THEC. B TO3W KpaThbk
UCTOPUYECKH 0030p TpsiOBa Ja ce CIOMCHE W aHTIIMYaHUHBT
Poobpr ®aba, xokro mpe3 1618 1. omnmcBa pKoOEH
YacOBHUK. MHOro mno-kbCHO, okojo 1860 r. macoBoTo
WHIyCTPHAIIHO TIPOM3BOJICTBO HA YACOBHUIM 3a OWTa B
T'epmanns, Arrmust u CALLl ¢ mabnoHHE YacOBHHITU CTaBa
NMpUYAHA 332 W3MECTBAHETO HAa PBYHOTO IPOU3BOJACTBO H
3aHAATYMUTE C€ CIOeUalM3upar B  TONpaBKaTa Ha
yacoBHHIM, a Tipe3 1881 1. e oTkpuTa mhpBaTa (habprka Ha
Seiko B SInonwust.


mailto:ra4ev_petar@abv.bg
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B 1895 r. roOuneHHAT YacoBHMK Ha [uasxiore e
M3JIOKEH 3a MeTAeceTara TOJWIIHMHA Ha YaCOBHUKAapCKara
uHIycTpus B I'Ma3xioTe Karo MalCTOPCKO MOCTIKEHHE Ha
MHIYCTPHAIHOTO  TOYHO  ype#oCTpoeHe.  MacoBOTO
MPOMU3BOJICTBO HA PBUHH YacOBHMLM 3anousa B 1930 r., crien
KaTo orie oT okoio 1790 r. ca 6mnm m3paboTBaHU TPUBHHU C
YaCOBHHIM-OMKyTa KaTo eIMHUYHH Opoliku. B Boirapus,
Codus e oTkpuTa yacoB-HUKapcka ¢padpuka ,,[ HOMOH™ B Ha
1.IX.1934 r. or I'. XamkunukonoB. Cien 9-tu centeMBpH
1944 . B bparapus ca mpou3BeKIaHN 3 MapKu OYIVITHHIIH,
[0 CBIIECTBO CBHBETCKU pemuku. [Ipe3 60-te roaunHu B
pasNMYHA  BAapHAHTH ca W3pabOTBaHM  YACOBHUIIUTE
»»PaTMOCHHXPOH". Bpsx Ha YaCOBHHU-KapcKaTa
npomunuteHoct e 3YII , . Mmmync* I'abpoBo, mpon3Beskaan
mpe3 70-te u 80-te romuHu Ha 20-TH BEK YAaCOBHUKOBU
penera, OposuM ¥ APYTH, KaKTO M €IEKTPOHHHUTE YaCOBHUIIN
ot IlpaBeu. IIpom3BoACTBOTO Ha MEXaHWYHM YaCOB-HUIIU
ciierr BCB obaue Tps0Ba 1a ce mpeHacTpou Haif-Beye Mopaan
n300peTsABaHETO Ha eJIeKTPOHHMS JyacoBHUK. [Ipe3 1952 r. B
CAIll ce npowsBexnaT HOBbPBUTE NPOTOTUIN HA PBYHU
YACOBHHUIM CBHC 3a/BIKBAHU OT EJIEKTPUYECTBO TPETSIIN
cucteMd Ha OajaHca, a 7 TOOWHH MO-KbCHO (upmara
XaMUNITHH ITyCcKa MAacOBO €JIEKTPUYECKH YACOBHHUK.

3a okoso 10-15 roguau no 1969 r. damupar Ham 1000
¢upMH Ha MeXaHWYHH YacOBHHUIM, ocTaBaT okoio 600
¢upmu  (ocHoBHO  Ceiiko), BHeEIpWINM  KBapLOBUTE
YACOBHHIM, KOETO BOJAM IO KpH3a B IPOU3BOICTBOTO HA
MexaHUYHHUTe TakuBa. Ensa cimen 1983 r. aBTOMaTtuuHuTe
YaCOBHMIM C€ 3aBphINAT Ha mmasapa. Taka keM 1984 r.
BOJICLIIUTE bPXKABU, MPOU3BOJUTENIM Ha aBTOMATHYHU
YaCOBHMKOBH MeXaHM3MHU-Kanmuopw, ca Kutait, Snonus u
[eiinapus. Kutait - 25% ca B Tan XXun Cursn u FIYTA,
Oasmpann Ha MmIBeHHmapcku maTeHTH. SAnoHms—Mmiiora 3a
MexaHu3MH, cobctBeHoct Ha Curmsen, Casio ¢ okono 30
neinepan kKommanuu, Opuent u Celiko ( pasiMdHN YacT OT
MPOM3BOJCTBOTO Ha yacoBHHUIUTE Seiko ce mpassar B Kuraii,
Manaiizust, Snonmst m Cunranyp); IlBefimapus, Eta 3a
JICTAIIM ¥ MeXa-HU3MHU - Ha Hal-TOJIEMHST POU3BOJMUTEN B
Cesera SWATCH (~25% ot mnazapa) u Cemnta. Kpusara
Hajiara 0OeIMHIBaHETO HA MAJKUTE (PUPMHU B TOJEMH TPYNH
JIpYXECTBa, KOHLEPHH M XOJAWHTH, KakTO W HOBH
KOHCTPYKTHBHH pelieHus. MHOTo oT ¢paOpuKuTe ca 3aKpUTH
3a mocerurend, Qupmure He MyONMKyBaT [aHHW, a
TEXHOJIOTHHTE Ca CeKPETHH.

B [lseiinapus anrnmuganuasT xopx Januenc pabotu B
MPOIBJKEHUE Ha 25 TOAWHY U BbBEXa BbB ¢upMa ,,Omera’
KOaKCHaJIeH XOJOB, CIYCKOB MEXaHU3bM, KOHUTO ¢€
KOMOMHAIIMSI OT JIOCTOBHAT U CTONOPHHUAT H  TOBa
TEXHUYECKO PELIEHNE NMpeno-Npeaesl pa3BUTHETO Ha LisiaTta
YaCOBHHMKAPCKa MPOMHUILICHOCT B Obzemie karo ot 2001 r.
3arouBa MacoBO MPOU3BOJCTBO HA MEXaHUYHH YAaCOBHUIIU C
TakbB MexaHu3bM. [Ipe3 21-u Bek ciemBa MPOM3BOICTBO Ha
CJIOKHU TypOWIOHM, pPPYHM M MHOTO(YHKIIMOHAIHH Smart-
YaCOBHHIIH.

5. @Qupmu-npouzsooumenku na ypeou 3a usmepsane na
speme

[NoHacrosiiemM HHIYCTPHUSTA 32 YACOBHUIIM € II100aHa U
MOBEUETO CBETOBHM MapKH Ca YacT OT TOJIEMH KOHIEPHU
MPOU3BOJIUTENH, COOCTBEHOCT WM HMMAILM IIpaBaTa BBPXY
umero u mpomsBoacteoro um. SWATCH GROUP 1983
(buen/n, Switzerland, ¢ur. 10) npurexaBa MapKuTe:
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Breguet, Blancpain, Glashiitte Original, Harry Winston,
Jaquet Droz, Omega, Léon Hatot, Longines, Rado, Union
Glashiitte, Tissot, Calvin Klein, Balmain, Certina, Mido,
Hamilton, Swatch, Flik Flak. bnaromapenne Ha
cobcTBeHOCTTa  BBpXy Mexanmsmu ETA e  ocurypena
MOTpeOHOCTTAa OT JAETalilM M MEXaHW3MH 3a COOCTBEHH
HYXXIH, KaTo OCBEH TOBa € W Hal-ToJsIM CHaOauTeNn Ha
MEXaHM3MH 32 YaCOBHHIM B HIBeillapckaTa WHAYCTPHS, B
Anrmus Ha Bremont um ap. RICHEMONT GROUP
(Switzerland) npuresxaBa mapkute: Vacheron Constantin, A.
Lange & Sohne, Jaeger-LeCoultre, Roger Dubuis, Piaget,
IWC Schaffhausen, Officine Panerai, Ralph Lauren**,
Baume & Mercier, Cartier, Van Cleef & Arpels, Montblanc,
Dunhill. ITo npogax0u goMuHHpa qefla Ha HHCTPYMEHTHTE
3a Bpeme u Omkyrepcku Mapkun. LVMH GROUP (France)
npurexaBa Mapkute: TAG Heuer, Bulgari (ot 2012), Hublot
(Mapka Ha MmocjeIHUTe 3 CBETOBHU IIBPBEHCTRA 10 (yTOO0IT),
Zenith, Dior, Fred, Chaumet, Louis Vuitton. LVMH Moét
Hennessy Louis Vuitton SA e Haii-roneMusiT KOHLIEpH 3a
JYKCO3HH CTOKH B CBETA.

Crnenpamata KERING GROUP (France) - Ulysse
Nardin, Girard-Perregaux, Jean Richard, Gucci, Boucheron,
Qeelin, Bottega Veneta. KERING e romsiMa KOMIIaHHS,
Oazupana B [lapmxk ¢ akueHT BbpXy monara. [Ipe3 2012 r.
3akymyBaT Sowind Group, cbcrosma ce ot Mapkute Girard-
Perregaux u Jean - Richard. Sowind mpaBu mBelnapcku
MEXaHWYHH MEXaHW3MH, KOMTO C€ TIOSIBIBaT M B
yacoBHunure Gucci 3a mppeu BT 1pe3 2013 1. U pazdupa
ce SEIKO GROUP (Japan) mputexaBa wmapkute: Seiko,
Grand Seiko, Credor, Pulsar, Lorus, Alba, Orient karo
Ceiiko mpom3BekJa BCHYKHM KOMIIOHEHTH, W3MOJI3BaHH B
JIBETC OCHOBHHM HAmNpaBJICHHs - MEXaHWYHH W KBapLOBU
gacoBHunr. FOSSIL GROUP (Puuspacer, Texcac USA) —
nputexxaBa Mapkute Fossil, Relic, Michele, Zodiac, Skagen
(ot 2012), Adidas*, Burberry*, Diesel*, DKNY*, Michael
Kors*, Tory Burch*, Marc Jacobs*, Emporio Armani*,
Emporio Armani Swiss Made*, Armani Exchange*, Karl
Lagerfeld* u cumara i ca MomHWTE MapK¥ YacCOBHHIH.
MOVADO GROUP (ITapamyc, USA), nuaep B cermeHTa
JYKCO3HH W (pelIbH 4acOBHHMIM, NpHUTekaBa Mapkure: Ebel,
Concord, Movado, ESQ by Movado, Coach*, Hugo Boss*,
Juicy Couture*, Tommy Hilfiger*, Lacoste*, Scuderia
Ferrari*. CITIZEN GROUP (Japan) — npurtexaBa MapKuTe:
Citizen, Campanola, Q&Q, Arnold & Son, Bulova (ot 2008),
Bulova Accutron 1l, Bulova AccuSwiss, Wittnauer,
Caravelle New York, Bulova Clocks, Frank Lloyd Wright*,
Harley-Davidson*, Frederique Constant, Alpina, Ateliers de
Monaco U e u3BecTHa ¢ AEHHOCTTa CU TJaBHO B HalpaBaTa
Ha YacOBHHMIM, METAJOPEKEIIN MAallWHH, KOMIIOHEHTH W
enexkrpornka. TIMEX GROUP (USA) npurexaBa MapKuTe:
Timex, Nautica*, Opex*, GC*, Guess*, Salvatore Ferragamo
Timepieces*, Versace*, Versus*.

I'pynara e Haii-noOpe Mo3HaTa ChC CBOSATA €IHOMMEHHA
macoBa wmapka Timex. FRANCK MULLER GROUP
(Tenton, Switzerland) mputexaBa mapkure Franck Muller
(mMa coOcTBeHa €THOMMEHHa JIyKco3Ha Mapka Franck
Muller), Pierre Kunz, European Company Watch, Rodolphe,
Martin Braun, Barthelay, Backes& Strauss**, Pierre Michael
Golay, Smalto Timepieces*, Roberto Cavalli*. FESTINA
GROUP (bapuenona, Spain) mpurexxaBa Mapkute Perrelet,
L.Leroy, Candino, Festina, Lotus, Jaguar*, Calypso*.


https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-174-Tissot.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-167-Certina.html
https://www.chasovnici-bg.com/fact-132-%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%B7%D0%BC%D0%B8%D1%82%D0%B5_%D0%BD%D0%B0_ETA_%D0%B8_%D0%BD%D0%BE%D0%B2%D0%BE%D1%82%D0%BE_%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B5.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-211-Seiko_5.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-171-Fossil.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-231-Michael_Kors.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-231-Michael_Kors.html
https://www.chasovnici-bg.com/%D0%BE%D1%80%D0%B8%D0%B3%D0%B8%D0%BD%D0%B0%D0%BB%D0%BD%D0%B8-%D0%BC%D0%B0%D1%80%D0%BA%D0%BE%D0%B2%D0%B8-1-158-Festina.html
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I'pymata mnpurexxaBa wu  Soprod, KOWUTO MPAaBAT
MIBEHIIAPCKH MEXaHW3MH 32 HSKOW YaCOBHHUKAPCKH MAapKH,
CBINO TSAXHA COOCTBEHOCT € W MPOHM3BOAMTEISAT HAa BHUCOKO
yacoBHUKapcku Typouonu MHV. Acrotec (®panuusi)-18
¢upmu. Pycku v B KOMOMHAIMSI C APYTH CTPAHU YaCOBHU-
mu-Bomvaxke (Volmax), M3touna Eepoma (Bocrox-EBpoma),
Cnaga, Pakera, 3tok, Pomanos, Yaiikun. [Ipenu 1991 1., e
MMaJl0 M OIHa 4YacoBHUKapcka npomuinieHocT B CCCP,
HaOposBalla OKOJIO Iy3uHa (aObpHKM M CTOTHIM MAapKH.
PyckuTe KOMIAHWH 32 YACOBHUIIM MPABST HSIKOU HAUCTHHA
CTPAaXOTHH W VHHUKAJIHA H3ICIUS B IOCTChBETCKaTa
ernoxa, HO CHTyalmsaTa ce o0bpHa OT rojsMmara
koukypeniws [10, 13]. B Benapyc MUHCKHAT 4acTeH 3aBOj
3a 9acoBHHUIWM Tpezara moxenute Jlyd, Favorit m Sekonda.
B Kuraii 53% 0T u4acoBHMUIIUTE c€ TMPOU3BEKAAT B
IbHmxeH. OT rIeHa TOYKA HA ABTOMATHU3AIUATA BCUYKU
Te3d TPYIHPOBKH pa3pabOTBaT TPYHOBH TEXHOJIOTHYHU
MPOLIECH 32 JIETANIIU M THIIOBU TAKWBA 33 KOHKPET-HU MapKU
Y MoJieNH YacoBHUIM. 3abenexka: OTOeNs13aHITE ChC 3BE3/1a
MapKH ce MPpOM3BEX AT 1o juien3 [11].

1. U3JIOXKEHHUE

A. Obopyosane 6 asmomamuzayuama Ha
YACOBHUKAPCKAMA NPOMULUTEHOCI

B cpBpeMeHHOCTTA ce MOsIBUXa NPELU3HH MAallMHH U
oOpaboTBamyi LEHTPH, KOWTO MJaBaT BB3MOXXHOCT 3a
n3paboTBAaHETO Ha TPENM3HH 4YacTH 3a YacOBHUIM Ha
(upmuTE 1A MPOU3BEXAAT PA3TUYHHI ACTANIN U U3AEIUS OT
¢unata mexanuka. Ome mpe3 1922 r. Hemckata (abpuka
Hermle, ocnoBana ot ®@pann Xepmie 3a Mpom3-BOACTBO Ha
yacoBHMIM B ['ocxaiiM € MecTeH KJIOH Ha U3BECTHATa Mapka
"Kienzl Kloks" u e W3KIIOYNTENHO aHTAXHpaHa B
NPOU3BOJCTBOTO HAa JETaliM W OTHENHM 4YacTh 3a
YaCOBHHIM, KOETO pa3BuBa (pUpMara M IPOMHILICHOCTTA
KaTo 1510. MHOTO TO-KBCHO, C NMPOHM3BOJICTBOTO U BHEAPSI-
BAaHETO Ha MHOTOOINCPAMOHHM MAIIMHU THIT 00paboTBall
HEHTHp XepmJlie 3aTBbpIK/IaBa Ta3u CTPATETHsl.

Crnen nosisata Ha mammauTe ¢ L{ITY B Hauanoro Ha 60-Te
roguan  Ha 20-TM  Bek, cneiBa pa3paboOTBaHETO U
BHE/IPSIBAHETO HA MAIIMHHUTE THII 00paboTBam IEHTHD B
YacOBHMKApCKaTa MpOMMIUICHOCT. 3a [epmanus ca
xapaktepan neHtpute [Jexen, Ilaitnen, Tpymnd n
UTHPAaHUTE XepMmile, BBB BOCHHOTO MPOM3BOICTBO
Maysep wu Maxo, cnenuanusupanure XayHu$biowm,
Xoberep, Xaac. 3a llIseliniapus ToBa ca Acuepa u Taypyc;
3a Snonust — Xwutauu, Murcyn Celiku, Amana, Packum,
danyk, 3a ABCTpasus - 00paboTBaIIH IICHTPHU 3a (ppe3oBaHe
¢ ynpasienue mo 5-ocu ot Kern Microtechnik, Willemin
(Tepmanmus), 3a Kuraii-Rapid Done u ap.HUudopmarms 3a
TO3U TUII MAIIMHK U TEXHUTE BH3MOKHOCTH € JasieHa B [1].

B Teuenne Ha nocnenunte 20-25 roOMHN MAIIMHUTE THID
00paboTRaIy ICHThP 332 YaCOBHU-KApPCKaTa MPOMHIILUICHOCT
ce crhenuanu3upaxa [Mopajd ecTecTBOTO Ha paboTa.
IIpoekTaHTH, MPOU3BOIUTEIN HA HHCTPYMCHTH U TOAU3ITHII-
HUTEIIM WCKAaT M BEYe HMAT MPOU3BOACTBEHH PECYpCH,
cbBMecTMMU ¢ KoHuemuusata Industry 4.0, kouto
CHOTBETCTBAT Ha III00AHUTE UM aMOHUIIAH.

Harmpumep 00paboTBaIIUsIT LIEHTHP 32 MPOM3BOA-CTBO HA
yacoBHuun Fanuc Atome BHacsi HOBa JM-HAMHKa B
HmIBeiapcKaTa YaCOBHUKAPCKa MPOMHII-JICHOCT.
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basupana B
MPOU3BOIUTENKA

JIbo Jloxkne (Hpomaren), dQupmara
Ha CHEHWATM3UPaHH W  CTAaHJAPTHU
MallMHA 33  aBTOMOOWJIHATa ¥  YacOB-HUKapcKaTa
npoMunuieHoct Emissa  u3BbpmBa  cama  90% ot
n3pabOTKaTa HAa CBOUTE KOMIIOHCHTH. 3a JOIBIHHUTEIHO
yBeJIMYaBaHe Ha T'bBKAaBOCTTA M  aBTOHOMHATA Ha
obpaboTBamys IMEHTHP 32 MPOU3BOJCTBO Ha YACOBHUIIU
Atome Moxe Jga ce MOHTHpa pOOOT Ha Ta3d MHOTO
KOMITaKTHA MaliuHa. M 3a TOBa MPOU3BOIUTENAT H30Mpa
podor FANUC wmomen LR Mate 200iD/4S, ¢ nBe

ynpaBisiBaHd ocd ¥ 40N TOBapOHOCHMOCT Ha XBallaua,
TOYHOCTTa My Ha MOBTOPSEMOCT TPH NO3HIOHUpPAHE € +/-
0,02 mm (ur. 2).

@ur. 2. Pobor FANUC LR Mate 200iD ¥ HanmbiHO NepCOHATM3UPAH
nHTep(elic YoBeK-MaIlnHa 00CIykKBa IeHTbpa ATome [3]

OCHOBHa pOJIsl B ABTOMATU3AIHs HA [IPOM3BOI-CTBOTO HA
4acOBHHIM UMar poGoTure. Ppe3oBaHe-TO HA KOPIyCH HA
YaCOBHHIIM W JIPYTW JeTailin ¢ o0paboTBamuTe HEHTPOBE
Robodrill ¢ TIITY 31i-Model A5 mo 5 ocu TpsiGBa na e
IeNecho0pasHo JOpPU 33 MalKd IPOM3BOACTBCHH CEpHH,
Omarojape-HHE Ha  OPHIMHAJIHATA  KOHICMIMS  Ha
WHCTPYMEH-TH, o0Cy»KBaHETO ¢
poboT(¢ur.3).

3aKpCNIBaHETO n

Our. 3. FANUC ROBODRILL, po6or

O6cyxBarg
06paboTeHnTe AeTailiii. Y CTpoHCTBO 3a Obp3a CMsSHA HA HHCTPYMEHTHUTE C
21 HHCTpYMEHTAITHU MO3ULHUH [4]

TIOCTaBsA

5. Aeémomamusupano koncmpyupaue 6 HacogHuKapckama
NPOMUUAEHOCT

[Ipn aBTOMaTH3MPAaHOTO KOHCTPYHpaHE OT HAesTa 10
ckunute, cien ToBa 2D w 3D gmzaiiH w  Hakpas
TEXHUYECKUTE YEPTEKH U IPOU3BOACTBO CE OCHIIECTBSIBA OT
CAD-CAM-cucremn. Hanpumep mpou3BOJACTBOTO  Ha
Bulgari Haute Horlogerie SA B Jla Illo np0 ®on, Hromraren,
noiy4yaBa choT-BeTHHTE depTexu U 3D-CAD pannu. Bb3
OCHOBa Ha Te3M JaHHM C€ Cb3JlaBa EKUIMPOBKaTa 3a
3aKperBaHe n TIPUCTIOCOOICHUSITA- IbPKadN 3a
obpabotBanuTte neraiin. Ciex Toa upe3 CAM ce mmanupa
MPON3BOJICTBOTO CTHITKA IO CTHIIKA.

B. Texnonozuunu onepayuu 6 npouzgoocmeomo Ha
4aco8HUYU

B ennH MexaHWuYeH YacCOBHUK MMa CpPeAHO OKoyio 135
neraiinu, 450 B xponorpad, no nax 700 B TypOuiioHMTE.
MHOro 0T TEXHOJIOTHUTE 3a TSX Ca CEKPETHU U 3aIUTEHH, a
nHpopMaIusaTa — MHOTO OCKb/IHA.
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Tyk ce maBat camo Hskoum mpuMmepu. [{udepOmature B
Bulgari Harpumep ce KoHDUTypH-paT Ha HIKOJIKO CJIOS U ca
TOJIKOBA CJIOKHH, Y€ UMa JIOPH He3aBUCHMa MIPOHU3BOJICTBEHA
olepamnys 3a TAX B JOIBJIHEHHE KbM Ta3H 3a BEP)KKUTE Ha
yacopHunure. Kopmycst, nudepOnarsT n 33 HOTO Karade
Ha xopityca ce npoussexaart B Jla Illo npo ®oH.

& — XL

271717

@ur. 4. STP mm "Swiss Technology Production" (IIpomykuus mo
IIIBeiinapcka TexHONOrUs), € TaitHOTO Oopkxkue Ha Fossil 3a crieyenBaneTo
Ha ra3apa Ha MeXaHW4HU YacoBHULH [9]

B 3aBHCHMOCT OT THIIa Ha KOpITyca TOH ce CTPyroBa WIH
(pe3oBa, KaTo Hal-Hampen ce W3MOoJ3BAaT 0a30BH pa3Mepu
KaTo pedepeHTHH pasmepu miu pedepentHa oodmact. Cren
mpoueca Ha CTpyroaHe, (pe3oBaHe U IpoOUBaHe,
00paboTBaHMAT HeTaitn (Kopiyc, IUioYa, MOCT, IUIaCTHHA
win O6apkera) ce momupa (¢wur. 5).

Lpll *4
w3yl

@ur. 5. Kopmycu cnex obpaborka Ha uenrpu Kern Micro-technik, Rapid
Done [5,6]

[IlaHIOBaHETO € NPOM3BOJCTBEHA OIEpalyus Ha TOYHH
KOMITOHEHTH C TIOBTOPSIEMOCT U BHCOKA ITPOU3BOUTEITHOCT.
[IpousBoxcTBeHnTe ToiepaHcu ca +/- 2 pm. Pemenuero 3a
NPOU3BOJICTBO Ha JIETAill 4pe3 IIAHIOBaHE 3aBHCH OT
pa3Mepa Ha JIeTaiyiuTe, CIOXKHOCTTa M OT NapTHAaTa Ha
MPOMU3BOACTBO ((ur. 6).

i
i
L |
i

Our. 6. [anny Ha Essa u MamumaHM neHTpH Primacon 3a mpou3BOJCTBO
Ha MoHoxpowM, ¢pupma Vaucher Manufacture Fleurier [7]

I[IpunaraneTo Ha eHEPTUHHU METOIM J1a3epHa 00paboTKa,
MapKHUpOBKA M TpaBUpaHe € obnvaitno. Hanpumep ¢pupmara
VMF u3non3Ba HUIIKOBA €po3us Hali-Beue 3a IPOM3BOJCTBO
Ha MaTpHIM 3a IMAHIIOBaHE M aXypHM dacTH. JlasepHaTa
00paboT-Ka MO3BOJABAa MPOHM3BOJICTBOTO Ha JETalld C
BHCOKa TOYHOCT, OAXO/AIIA € 32 MallMHHAa 00paboTKa Ha
ThbHKM KommoHeHTH (10 0,8 mm npu VMF), ocobeno 3a
JpeOHOCEpHItHO TTPOM3BOJICTBO, 32 KOETO MPOW3BOJCTBOTO
Ha MHCTPYMEHTH 3a IIaHIIOBAaHE € TBBPIC IBIT0 U CKBIIO.
Manky mapTHIM OT CTPENKH WIM MapKepH 3a 4acoBE CBILO
ce obpabotsar c nasep (¢ur. 7).

— —
l—a g

M
I

@ur. 7. MammH 3a epo3upaHe U JlazepHo oOpaborBaHe Ha ¢upma VMF
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ABTOMAaTH 3a IUIOCKO CIMPAJIHM MOMEHTHH NPYXXHHH.
[lpumep 3a pasmMuHKM BUAOBE NPYKUHH, HABHTH HA
aBromaru Bihler, e mpencrasen Ha ¢urypa 8 [2]. [Ipumepu
32 XapaKTepHM TEXHOJIOIMHM 3a JeTaimm oT OpaHma ca
nocoyenu B [12].
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Our. 8. [Tocko ciupasHt MOMEHTHU IIPY>KHHU U aBTOMaT buiep

Crio0siBaHeTO HAa MEXaHW3MH W TIPOW3BOJI-CTBOTO Ha

JacTh 3a 4YaCOBHHMIOM Ca [OBE a0COJIIOTHO OTACIIHHA
HaIpaBJICHUA B aBToMaTu3anuAa-Ta. B'BHpCKI/I
aBTOMaTu3anusiaTa, CJIUTHUTEC YaCOBHU-IM CE€ CBBP3BAT

HEOTMEHHO C pbYHa MalicTopcka u3pabOTKa M TEeCcTBaHe,
KOeTo ompenenst IieHata, HO (QHUPMHUTE, KOUTO 5
MIPaKTHKYBAaT, OCTaBaT BCE MO-MAJKO, Harpumep (abpukara
Ha Audemars Piguet u npyru (¢ur. 9).

@ur. 9. PbuHO NPOM3BOACTBO M TECTBAaHE Ha 4YacOoBHMUIM B Kwurail u
IIseiitnapus (Ponexc) [8,9]

[Tpon3BOACTBOTO HA YAaCOBHHUIM B CBETOBEH Maiiad v B
gactHOCT B [lIBetiiapus npe3 nociexgaute 20-30 roguan Bce
MMOBEYC MPEMHUHABA Ha POOOTH3HMpaHa OCHOBA. J[oMHHUpAT
CHBPEMEHHH MPON3BOJICTBEHN KOMITJIEKCH U TOBA T'O JIOKa3Ba
Harpumep camara pupma Rolex B buen, kanton bepn). Tosa
€ HE caMO BCIEICTBHE Ha 3aBHIICHOTO THPCEHE HA T.H.
MOJIETIH ,,JIOCTBIIEH Pa3KoII“, a HEOOXOAMMOCT OT TOJIEMU
CEpHHM Ha TPOU3BOACTBO, BHEAPSIBAHETO HA HOBU MaTepHaIN
KaTo CWIMIMH, TpHCHOCOOsSBaHE KbM  aBaHTapIHU
TEXHOJIOTHH, KOOIIEPUPAHO MPOW3BOJACTBO M  MOJEPHU
W3IeMsl C HOBM (PYHKIMH KaTto ,nmopTdeitn” 3a kpunro-
BalyTa M WHBECTHLUH 33 OJUTapcH. SIMOHCKUTE MEXaHU3-
MU C€ TPOM3BEXAAT MpPEAUMHO Ha aBTOMAaTH3UPAHU
poOOTH3MpaHM  TOTOYHHM  JIMHWUHM, KOETO  II03BOJISIBA
JOIYCKaHETO Ha OTKJIOHEHHs Jla Ce CBeAe 10 MHUHUMYyM. B
JUHAMUYHA W KOHKYpEHTHa cpeja, JOpH U  cliel
HaxJyBaHETO Ha TMa3zapa Ha cMmapT dvacoBHunure CasioG-
Shock mpoaemkaBa 1a € HEZOCTIKUM, 3aLIOTO MHOTO XOpa
OLIEHABAT (pyTYPUCTUYHOTO MHCIICHE HA SIIOHCKAaTa KOMIIa-
nus Casio.
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Haii-nponaBanust yacoBHuk B cBeta € G-Shock na Casio
3a 2022 rox. 3a cmpaBKa, CBETOBHOM3BECTHATA KOMITAHUS
Rolex mponaBa okomo 800 000 yacoBHHWKAa TOAWIIHO, HO
nponax-6ute Ha G-Shock ca Tpu meTH ToBeue. Taka WITH
nHaue B Kurail ce npaBsaT okoso 85% OT uacOBHHLUTE IO
cBeta, a 90% OT wacTWTe 32 YACOBHHIHU CE IPABAT H3BHH
lBefinapusa. [lanHute 3a oOeMa Ha IIPOU3BOACTBO H
CBBp3aHarta ¢ Hero aproMaru3anus B Hax 700 yactHr pupMu
1o pa30dMpaeMy HPUYMHM Ca OCKBAHM M 4ecTo (HpMeHa
TaiHa.

®ur. 10. Ponekc, Era,

Swatch  Group,
Buen/u,CH.XpoHnomerpr Ha Omera oT exHOMMeHHHMS My3eii [14]

Pano KoHueHTpupaHu B

CBeTHT Ha YAaCOBHHUIIATE € HeoOxBaTeH. Te ca CHMBOJI HA
Pa3BUTHETO HA YOBCIIKATA I[MBHJIM3ANMSA M CTHJIA HA XHUBOT
mpe3 BeKoBeTe. Pa3BUTHETO Ha aBTOMATH3aIMATa B
YaCOBHHMKAP-CKaTa MPOMHUIIUICHOCT MIPEMHUHABA TIPE3 3aHAasT-
yniictBoTo 16-17 Bek, koHBelpuTe B kpast Ha 19-Tn Bex 10
TOJIEMHTE  WHIYCTPHAIHU  TPYIUPOBKM B  OpaHiia
noHacrosimeM. JIHec o0aye YaCOBHHUIIUTE HE ca TOBA, KOETO
Osixa mpeau. ABTOMATH3alsTa Ce TIPOMEHS OT BHIA MM U C
mosiBaTa Ha CHBPEMCHHUTE WHTCIWICHTHU ¥ XUOPHUIHH
BUAOBE W MOJENH, CTaBa TI'bBKaBa, ,,MapKETHHIOBa™ C
WHTErpaIys MEXy OpraHU3aIlliOHHUTE, IPOU3BOI-CTBEHH U
6usnec omeparuu. CTeneHTa Ha aBTOMATH3ALUATA MPSIKO
3aBHCH OT CHICHU(UIHUTE OIIEPAIIH U IIPOIIECH B OpaHIIa.
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Abstract: The article provides a historical overview of the development of the watchmaking industry. Information is given
about manufacturers of time measuring devices. Equipment and robots in automation, automated construction, technological
operations in production in the watchmaking industry are considered.
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HOB ITPOEKT HA AKTUBHA JIAKBTHA OPTE3A

Emun Iletpos
HuctutyT mo Po6ornka — BAH
Codus, bprrapus
e-mail: epetroff@abv.bg

Pe3iome: HacrosimmaTa padora pasriexaa mogo0peHusi Ha
MeXaHMKAaTa W YNpaBJIEHHETO HA AKTHBHA JIAKbTHA oOpTe3a.
B3eru ca nojg BHHMaHHe M €2 OTCTPAHEHH HSIKOH HEIOCTATHIHU
HAa CBHINECTBYBAIl MNpoTOTUN. MexaHHMKATA € 0JIEKOTEHa,
H3MOJI3BAH € AaKTyaTOp ¢ MO-TOJSIM BBPTSLl MOMEHT.
IpusioikeHo e AMPEKTHO 3aJABHIKBAHE HA OCTA HA OpTe3aTa,
KOETO BOJIH JI0 MO-TO0JISIMAa TOYHOCT HA TMO3HIIMOHHPAHE H 10
BB3MOKHOCT 32 TNOCTHTaHe HA MO—BHCOKAa CKOPOCT Ha
¢aexcusi/excrensusi.  Ilpy  peanHH  eKcHmepuMMeHTH ¢
J0OPOBOJIIM €A IOCTUTHATH MHOTO IO0pH pe3yJITaTH.

Kniouoeu Oymu. akmuena nakvmua opmesa, axKmyamop,
Konmporep.

l. YBOJ

JlakpTHaTa craBa € OT peIIaBalio 3HA4YCHHE B
©KeITHEeBHUTE JEHHOCTM Ha 4YOBEKa, KaTo 4pe3 Hes ¢
BB3MOXKHO Ja C€ AOCTUTHE OOEKT B MPOCTPAHCTBOTO, Jla CE
AbpPKAT UHCTPYMCHTU U Jla C€ MOCTHUI'a TOYHOCT, KaKTO B
3aTBOpPEHA, Taka W B OTBOpPEHa Bepura Ha cuiute. [lpm
YBpE/ieHa JIaKbTHA CTaBa 3a MpaBHIHATa QYHKIMS Ha JTaKbTs
¢ HeoOXoaWMa TpHUTEKaBalla JIOCTAThYHA 3IpaBUHA H
00XBaT Ha JBIKCHHE CTa0WIHA U yI00HA OpTE3a, KOATO 1a
MoJIoMara JBWKEHMSITA Ha pbkara. WHCynTsT wWin
HapaHJABaHWS Ha JIAKBTA ca Hal-dyecTara NpHYMHA 34
pa3BHTHE Ha CKOBaHOCT, KOETO BOaM J0 3aryba Ha
(¢yHKIMOHAIEH 00XBaT Ha IBIDKEHHE. [IpOmBIKHTENHOTO
o0e3/BI)KBaHE Ha JIaKbTHAaTa CTaBa, CJeJ WHCYIT WIH
HapaHJIBaHUS HA JIAKBTS, BOAM O CKOBAHOCT M MOXE Ia
NPUYMHN 3HAYUTEIHO YBpEXIaHe Ha (QyHKIHATa Ha TOPHHS
KpaifHuK. 3arybaTa Ha eKCTEH3U - (IIEKCHS FITH TIPOHAHS -
CYIIMHAIIMS € CEPHO3HO OrpaHUYEHHEe, KOETO IMPaBH XMBOTA
Ha WHAWBHUAA TpyAeH. TWIMYHAaTa TaKbTHA CTaBa IO3BOJISBA
excren3ust ot 0° u ¢excus ot okoino 145°. IlpoyuBanusita
Ha Childress ot 1985r. [1] ommcBar HeoOXxoauMaTa
(YHKIIMOHATHOCT 3a uW3BbpIIBaHe Ha moHe 90% or
PYTHHHHTE €XeTHEBHH AeiHocTH. Diexcusara - pasrbBaHE
Ha JIaKbTs TpsAOBa Aa ObAe Haii-manko 100°, Bapupamm ot
30° po 130°, ¢ mpoHauus - CynMHALMs HA NpPEeAMUIIHUIATA
ot 100°, Bapupamu ot 50°nmponanus no S0°cynuHaius, HO
TOBa HE C€ OTHAciI 3a CHOPT M pabdOTeH /auana3oH Ha
nBwkeHue. [Ipo0ieMu Bb3HUKBAT CJIE]] XOCITUTAIM3ALHUS 110
MOBOJ TIPEKapaH WHCYAT WM TPaBMH Ha JIAKBTS, KOHTO
M3UCKBAaT MHHUMAJEH 3alllMTeH MEepHOJ], B KOWTO cTaBara
TpsiOBa nma Obae obe3nBmxkeHa B rumc [2]. Cien ToBa OT
pemaBamo 3Ha4eHHe € J1a c€ MPOIBIDKU C PeXaOMIUTAINs Ha
cTaBaTa, 3a Ja ce H30erHe pa3BUTHETO Ha CKOBAaHOCT B
nakbTsa. Thi KaTo ToBa OTHEMa MHOTO BpeMme - OT 6 1o 12
Mecella, 3a J1a ce 1MoJJ00pH, MalueHTHT TPsOBa J1a MPOABILKA
C YIpaXHEHHs CJIeJ] U3MMCBaHe OT OONHMIATA, M Ja CIIeIBa
pexabWwiIMTallMOHHA TporpamMa 10 BpeMe Ha JIOMAITHOTO
BB3CTAHOBSIBAHE.
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HuctutyT mo poboruka - BAH
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CrenoBarenHo  pa3pabOTBaHETO Ha  HMHTEIMICHTHA
JAKBPTHA OpTE3a, KAaTO JOMAIIHO IIOMOIIHO CPEICTBO 3a
TPEHUPOBKA Ha JIAKHTHATA CTaBa 3a MAIIMEHTH CbC CKOBAHOCT
Ha JIaKbTs, OM MOJOOPHITO TIXHOTO BB3CTaHOBsBaHe. llenrta
Ha BCHYKH N300peTaTeNny B Ta3u 00JIacT € Ch3/[aBaHe Ha JIEKO
U KOMIIAaKTHO JOMAIIHO pPEXaOWINTAIMOHHO YCTPOWCTBO,
KOETO Ja Ce H3I03Ba AaBTOHOMHO OT TMallMeHTa HU3BBH
KJIIMHUYHATA cpejia.

Il. CBIIECTBYBAIIL ITPOTOTUIT

MexanukaTta Ha ChIIECTBYBALIUA IIPOTOTHUIT Ha
JaKkbTHaTa opTe3a [3,4] ce ChCTOM OT JIBE paMeHa, KOUTO ce
3aKpenBaT KbM MUIIHUALIATA U MPCAMUIINTHALATA Ha MMallUCHTa
Yype3 MOJXOMAIIM PEMBYHH eleMeHTH. J[BeTe pameHa ca
CBBP3aHM B 00JNIACTTa Ha JIAKBTHATA CTaBa 4pe3 LIAPHHD C
e/lHa POTALIOHHA CTEeNeH Ha CBO0OOIa, OCUTypsBall (IIeKCHsI
U eKCTeH3Ms. [IBUTaTeNsaT € 3aKkpeneH 3a HEeNoIBHKHOTO
pamo (MUIIHHIIA) Ha opTe3ara. 3a Jla Ce MOBHIIM OOIIUSL
BBPTAIl MOMEHT € pJo0aBeHa peMbyHa IIpeaBKa,
MOHMXaBala oOOpOTUTE Ha JBWraTens. PasmepsT Ha
KEJIaHUTE BIJIM Ha JABMKCHHE M 0e30MacHOCTTa TI0 BpeMe Ha
paboTa ce OCHUrypsBAT 4Ype3 MEXaHHYHH OrpPaHUYUTEITH.
CAD monensT Ha TaKbTHATa OpTE3a € MpeACTaBeH Ha ¢ur. 1.
I'opHOTO pamo Ha yCTPOMCTBOTO Ce M3I0JI3Ba M KaTO KOPITYC
3a enekTpoHHn Moxyiu. [4]. Ha ¢wur.2. e mokasana cHUMKa
Ha TPOTOTHNA HA OpTE3aTa C MOHTHPAaHH aKTyartop |

PEIayKTOD.
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@ur. 1. CAD mozmen Ha akTHBHA JIaKbTHA OpTE3a C PEAYKTOP 3BOHO-
pemMBbUHa TIpeJaBKa
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®ur. 2. TIporoTumn Ha opTe3ara ¢ MOHTHPAHU aKTyaTop U PeIyKTOp

3a 3ajBWKBaHE HA Opre3aTa € U30paH EeNeKTPUYECKU
aktyatop Dynamixel XH430-W350-T [5] karo omrumarieH
CIPSAMO HM3WCKBaHMATa KbM opre3ara. OCHOBHHTE My
TEXHUYECKU XAPAKTEPUCTUKH Ca:

o 3axpansario Hanpexenue [V] - 10.0-14.8;
e Makcumaen BepTsi MomeHT [N-m] - 3.40 (12V);
e Makcumanen Tok [A] — 1.36;

e JlaTuuk 3a mo3uius — Oe3KoHTaKTeH, abcomoren (12

[bit], 360 [deg]);
e Pasmepu (WxHxD) [mm] - 28.5 x 46.5 x 34.0 ;
e Teruo [g] - 82.00.

YnpaBineHHETO Ha aKTyaTopa Ce OCBIIECTBSABA [0 CEpHEH
kaHai oT koutposnep OpenCM9.04 [6].
1. TIODOBPEHUS HA CBIIECTBYBAILUSI [IPOTOTHUIT

Crnen eKCHepMMEHTH ¢ JOOpOBONIIM ¥ OIICHKa Ha
paboTaTa Ha rOpPEONUCAHUS IPOTOTHII, O€ PELICHO TO¥ J1a ce
YCHBBPIICHCTBA B CIICHUTE HAMTPABICHHUS:

e Jla ce HamMaiH 00IIaTa TEKECT Ha OPTE3aTa;
e Jla ce m30erHe peMbUHATA IIPEIABKA;
e Jla ce yBenIn4H CKOPOCTTA Ha ABIKCHUE HA OPTE3ara;

° I[a C€ HaMaJll HETOYHOCTTAa Ha IMO3UIUOHUPAHE
BCHCHCTBHGXH&6HHH]BKOHCprKHHﬂT&

OcHOBHHTE JeHHOCTH  Osixa

HaIpaBJICHMSI:

MPOBENEHH B  [IBE
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A. Mexanuuen ousaiin

ChllecTBYBAIMAT POTOTHIT O¢ U3paboTeH, CriiobeH U
W3MUTaH B PEANHH YCIOBHS M B 3aKJIIOYCHHE 338 HErO0 MOXKE
Ja Oble OTYETeHO, 4e ce mpelara KaTo OTHOCHTENHO
NpoCTa W HAJEKIHA MEXaHHYHA KOHCTPYKUHMsS Ha Obieia
opTe3a, KOETO OCHTYpsiBa eJHA CTEIIeH Ha IOJIBIDKHOCT B
carMTajgHaTa paBHHHA 3a JlaKbTHaTa craBa. Ha Herosa 6a3a,
cliel  TPOBEIGHM  W3NMTaHMA,  Oemle  W3BBPIICHO
ONTHMHU3UpPAHE HA MEXaHWYHATA KOHCTPYKUHMS, C LeT
JOIBJIHUTEIHO OJIEKOTSIBaHE Ha 3BEHATa W JONBIHUTEIIHU
chOOpakeHHs1 OTHOCHO pa3Mepa (ABJDKMHATA Ha 3BEHATa) U
OesomacHocTTa 1Mo BpeMe Ha ymoTpeOa. Taka ch3nmageHara
opTe3a € IPUToJiHa 33 CEPUITHO MPOU3BOJCTBO U U3IOI3BAHE
B 00JIacTTa Ha pexaOWIHTaIUATa

Ha 6a3a ropeornmcanata KOHCTPYKIMS Oelre MpHIOKeHa
HOBA KOHIICTII[MSI: BMECTO KOHBEHI[HOHAIHO H3IMOJI3BAHUTE
mpeJaBKu 1a ce npuderHe kpM “Direct drive” 3amBukBaHe.

ToBa  oOesmewaBa  Oe3xnaOMHHO  TperaBaHe  HA
POTAIlMOHHUTE JBIDKCHHUATA OT IBUTATeNsl B IOAXOMAILIO
paspaboTeHaTa pOTAlIOHHA CTaBa B paMKATe Ha

3aJI0)KCHUTE B KOHCTPYKIMATA MpeAna3sHdu YIOpHU, Karo
OCBEH TOBa OCBOOOXKIAaBAa paMEHHaTa CTaBa OT H3JIUIIHA
Jeraimy. bsaxa onexoTeHu 3BeHaTa Ha 0a3a Ha CHJIOB aHAIU3
[0 METo/Ja Ha KpalHuTe enemMeHTH bemie ocurypeHo mo-
J0o0po 3akpenBaHe Ha KOJIAaHUTE KbM oOpTe3aTa. bere
ce3maneH HoB CAD mopnen, kxoito Oemre neraiimmpaH u
n3paboTeH B ocHOBHATa cu yacT Ha 3D npunTep.

3agemkeam a1

Crabnmsnpanm BTYIKH

Henozemiso pamo

®ur. 3. YacTuueH pa3pes3 Ha 3aBIKBAIIATA YaCT.

MexanuuHusaT Moayn (¢ur. 3.) ce CbCTOM OT JBHIaTes
¢UKCcHpaH BBPXY HEMOJBIXKHOTO TSUIO  TOCPEICTBOM
HOAXOIII0 M3paboTeH Abpkad. KbM Baja Ha JBUTATelNs €
3aKpereH 3aJBIDKBAll oOpTe3ara Bal, BBbPXY KOWTO €
W3rPajeH JarepeH Bb3eNI MOCPEICTBOM CTaOMIM3HUPAIIN
BTYJIKH, 4aCT OT KOMTO ca (PMKCUPaHH KbM HENOABMKHOTO
pamo. Yact oT Bama e u3pabOTeH KaTo pe300BH JeTaiin,
BBPXY KOHTO € BJIO)KEHA raiika ¢ KOHTpHpail elemMeHT. Upes
Ta3y Traiika ¢ Bb3MOXKHO 0OMpaHe Ha XJlabWHaTa Ha JIarepuTe
B JIarepHHs Bb3€J, KaTO OCHOBHA YacCT, KOSATO OW ch3jaya
xJIaOMHHU B IBMXEHHETO HA paMeHaTa Ha opTe3ara.
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JlarepHusT BB3en ¢ (QUKCHpaH KbM IMOJBHYKHOTO PaMo
MOCPE/ICTBOM ~ LUIMLIOBO CBHEJMHEHHE, MOJKPENEeHO OT
moxomso u3paboreHu (ukcaropu. Bepxy HMOABIKHOTO H
HEMOJBIDKHOTO PaMO Ca BrpajieHH TBBPAO 3aKPEleHH WU
TTOJTBMKHU (DPUKCATOPH, OTIPENESIISAIIN BI'bJIa HA 3aBbPTAHE HA
MOJIBIKHOTO paMO Ha OpTe3aTa, C IieJl Ipeana3BaHe pbhKara
or TpaBmupane. Ha ¢ur. 4. ca mnpeacraBeHu
ACKOHOMETPUYHH MPOCSKIIMU HAa HOBOCH3/Ia/IeHATa OpTe3a.

®ur. 4. ACKOHOMETPUYEH IOTJIE/l Ha HOBOCh3/aieHaTa opTe3a

b. Axmyamop u ynpaénenue

Kakto u B ChIIeCTBYBAIHsl BapHaHT, TaKa U B HOBHS
IPOTOTHII 32 33/BIKBaHE Ha opTe3ara O¢ n30paH akTyaTop
Ha ¢upmara Dynamixel, B cinyuas XM540-W270-T [7].
OCHOBHHUTE My TEXHUYECKU XaPaKTEPUCTHKH Ca:

¢ 3axpansamio Hanpexenne [V] - 10.0-14.8;
e Makcumaner BppTsii MoMeHT [N-m] — 10.6 (12V);
e MaxkcumaireH Tok [A] — 4.4,

e Jlatuuk 3a mo3uius — Ge3koHTaKTeH, abcomoren (12

[bit], 360 [deg]);
e Pasmepu (WxHxD) [mm] - 27 x 58.5 x 51.9 ;
e Teruo [g] — 165.

Ha ¢wur.5. e mpencraBeHa rpaguyHO 3aBHCHMOCTTA
MEXIy BBPTAIl MOMEHT, 000pOTH M e(pEeKTHBHOCT Ha
XM540-W270-T.

35- 100- -7.00

32-  90- -6.30

28-  80- -5.60

25-  70- -4.90

21-  60- -420
S 3 =
2 18- £ 50- -350 &
o > 1~
1 § g
§14-g40- -280 3
(2] w

1-  30- -210

7-  20- -1.40

4 10 -0.70

0- o -0.00

' 1 1 ' 1 | ' 1 | 1 1
000 100 200 300 400 500 600 700 800 9.00 10.00

Torque(N-m)

®dur. 5. 3aBUCUMOCT MEKIy OCHOBHHUTE IapameTpu Ha aktyatop XM540-
W270-T
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[OpenCM3,04 A-Typel [OpenCM3,04 B-Typel [OpenCMY,04 C-Type]

®ur. 6. ['naBen kouTpoaep OpenCM9.04

Kakto ¥ B ChIIECTBYBAIIUS IPOTOTHUII, TAKA U TYK KaTo
TJIaBeH KOHTpOIep 3a akTyaropa Dynamixel XM540-W270-
T ce usnomsea kouTpoaepsT OpenCM9.04B [6] (Dwur. 6.).
CHCTEMHOTO MPOrpaMHO OCHTYpsIBAaHE Ce 3aMa3Ba ChIIOTO C
HSIKOM JICKH PA3NUKU B MAPAMETPU3UPAHETO HA aKTyaTopa.

IV. 3AKJIFOYEHUE

OnucaHusIT MO-TOPe HOB MPOTOTHIT HA AKTUBHA JIAKHTHA
opTe3a € ¢ mo—J00pH XapaKkTePUCTUKU OT ChIECTBYBAILHS.
CpaBHEHHEC Ha OCHOBHUTE MM ITOKA3aTeId € TOKa3aHO B
Tabmuma 1.

Taka u3paboTeHaTa OpTe3a B MOMEHTA C€ TECTBA B CIHH
ot uacturytuTe HAa BAH ¢ men ga 6pae oOy4yeHna Ha 6azata
Ha EJICKTPOMHOTPAa()CKU CUTHAIM Ja CJleJBa W IOJImoMara
IBIDKCHUATA HAa  JIeKyBaHata pbka. [lpm  pearHn
eKCrepuMeHTH ¢ JooOpoBomy (Pur. 7.) 0ixa MOCTHrHATH
MHOTO TOOpH pe3ynTaTy.

TABJIMLIA 1 CPABHUTEJIHA TABJIULIA
MNOKA3ATEJIN MNPOTOTHUIIN

CBHINECTBYBAIIL HOB
TerJo [g] 1250 670
Bobprsm MOMEHT 7.5 (¢ penykrop) 10.6
[N.m]
Cxopoct [rpm] 13 40
Tounocr [°] <2 <0.1

BJIATOTAPHOCTH

ABTopuTe O1aroapsT 3a OKa3aHarta MMOJKpPerna 10 MPOeKT
No BGO5M20P001-1.002-0011 ,,srpaxkaaHe u pa3BUTHC Ha
IleHThp 32 KOMIETEHTHOCT MO MEXaTPOHWKAa W YHCTH
texnosorun MIRACIe (mechatronics, innovation, robotics,
automation, cleantechnologies)”, (uHaHCHpaH oT
OneparnBHa Tmporpama ,Hayka u oOpa3oBanme 3a
WHTEJIUTEHTeH pacTex™ W chuHaHCcUpaH oT EBponeickus
¢oun 3a permonanHo passurue (EDPP) m crpunancupana
oT HayuHouscnenoBarencku npoekt KII-06-M47/6 ¢ tema
»» [ €OPETHYHO n3cieaBaHe u eKCIIepHMEHTAIIHA
Bepu(HKalMs HAa AaKTUBHOCTTa HAa MYCKYJHTE Ha TOPHHS
YOBEIIKH KpailHUK 0e3 M ¢ M3II0JI3BaHe Ha aKTHBHA JIAKBTHA
muo-opreza“ - @GHU “Konkypc 3a ¢unHaHcupane Ha
GyHOAMEHTAIHH W3CIEIBaHMS Ha MJIAIM YYCHH W
noctaokTopanT — 2020 r.”
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ACTIVE ELBOW ORTHOSIS - NEW DESIGN

Emil Petrov Plamen Raykov
Institute of Robotics - BAS Institute of Robotics - BAS
Sofia, Bulgaria Sofia, Bulgaria
e-mail: epetroff@abv.bg e-mail: plamen.raykov@abv.bg

Abstract: The present work examines improvements to the mechanics and control of an active elbow orthosis. Some
shortcomings of an existing prototype have been taken into account and fixed. The mechanics are lightened, an actuator with a
greater torque is used. A direct drive is applied to the orthosis axis, resulting in greater positioning accuracy and the ability to
achieve higher flexion/extension speeds. In real experiments with volunteers, very good results have been achieved.
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Abstract: For the autonomous operation of an Unmanned nosteE
system, it is necessary to develop a mathematical model of the
atmospheric environment and relief over which the flight will be i

carried out. The presented material shows the principles for
synthesizing such an environment. Atmospheric turbulence is

included in the simulations, and terrain topography is set by a l

digital map in the mission control computer's memory. The
flight of the aircraft over terrain is ensured at the height and

flight profile set in the engineering navigation plan. The FRESSIRE i
MATLAB environment and blocks from the Simulink tool were z g
used to build a suitable environment. i /
7 M F'Yplar N

Keywords: mathematical modeling, relief, atmosphere, flight ‘

environment, flight, UAV. JS—
INTRODUCTION TO THE PROBLEM e D
i \\_;4_/‘_/ . A —

The development of modern technologies has led to the T e
emergence of ‘smart’” machines, possessing the intelligence to
perform independent tasks and fully complete the intended @ ,

mission. Unmanned aerial vehicles (UAVSs) are included in the @
class of these autonomous machines, as they are designed to

operate in environments that are dangerous to humans or
where direct intervention by an operator would not lead to an
increase in the effectiveness of the performance of tasks. The values of all factors are taken into account in the

It is important for the flight of an UAV to take into account ~ AUAV flight model and are fed as input signals to the
the external disturbing influences of the environment. Such ~ Synthesized automatic control system. In this way, an
disturbances are turbulence in the atmosphere, wind speed, ~ €nvironment for operating in the management of AUAV is
disturbances in the gravitational and magnetic fields, etc. In ~ formed.
addition, the measurements of the sensors on board the UAV
are carried out with additional noise caused by various factors. GENERATION OF RELIEF INFORMATION

In order to obtain information about the relief of the area

SYNTHESIZE EXTERNAL ENVIRONMENT FOR during the flight’s time, it is necessary:
FLIGHT OF AUTONOMOUS UAV

The description of the external environment using the
UML language for AUAV is shown in Figure 1. The algorithm
for developing an environment in which to implement the
flight plan of the AUAV flight is structured and presented
through UML Use Case Diagrams [16]. The diagram in Fig. 1
is intended to define and describe the necessary characteristics
of the environment for the operation of the AUAV. The
connections and dependencies between the elements involved
in its construction are presented.

Fig. 1. UML Use Case Diagrams

Extraxt SRTM file from USGS:

Data from the scientific agency United States Geological
Survey (USGS), which deals with fundamental research, is
used to build a real 3D relief model [1]. This includes Global
Digital Terrain Elevation Data (DTED) from the Shuttle
Topography Radar Topography Mission (SRTM), Canadian
Elevation Data and Ice, Cloud and Land Elevation Satellite
(ICESat) data. Global raster data is provided in ESRI ArcGrid
format. All stacked raster data are provided in GeoTIFF image
format. The spatially referenced metadata is provided in ESRI

From Figure 1, it can be seen that the input in the Shapefile format. To extract the digital relief of the area, the
environment is based on the sea level, flight altitude (h), USGS provides various products, which are presented in
geographic coordinates and relief. Through the value of the  different formats. In the presented material, the SRMT file
height h, the atmospheric conditions are calculated and after ~ format is used to extract the relief of the AUAYV flight site, and
that determined: the gravity; the magnetic field and terrain in a grid cell in the region of the Republic of Bulgaria was
which the flight experiment will take place. selected. It is shown on Figure 2.
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Fig. 2. STRM file from USGS

Processing of the relief information from SRTM in MATLAB

The next stage in the construction of the mathematical
model of the environment is the generation of the relief with
MATLAB. For this purpose, a program code of the MATLAB
script language is developed, including functions and
parameters through which it is operated. The terrain is
rendered appropriately for the particular raster quadrant.
Functions used for this are readgeoraster, usamap, geoshow,
demcmap, view, axis, plot3.

As described in the MATLAB library:

o the function readgeoraster [11] creates an array by
reading geographic or projected raster data from a file,
reads an SRTM file;

o the usemap function [12] creates an empty map based
on the axes (formerly called map axes) (Figure 3);

o the function geoshow [8] projects and displays the
latitude and longitude vectors using the projection
stored in the current axis-based map (Figure 3);

o the function demcmap [6] sets the boundaries of the
color map and the color axis based on the limits of the
altitude data obtained from the input argument Z
(Figure 3);

435 N

430 N
240 E

Fig. 3. GEOSHOW and DEMCMAP FUNCTIONS

o the view function [13] sets the line of sight according
to the form, which is an array of two or three elements
(Figure 4);

o the function axis [5] uses a predefined style to set the
constraints and scaling (Figure 4)

e the function plot3 [10] draws coordinates in the 3D
space (Figure 4).

Fig. 4. VIEW, AXIS and PLOT3 FUNCTION

In order to display a real 3D graphic of the planned flight
over the area, the Geoglobe function was used, which creates
a geographic globe in a specified figure [7] (Figure 5).

errain source: SRTM 1 arc-second resolution. Data available from the U.S. Geological Survey. - Source: Esti, Maxar,
arthstar Geographics, and the GIS User Community

Fig. 5. 3D Geoglobe function

The satellite 3D view of the selected flight quadrant is
shown in Figure 6, where a UAV ground control station has
been added, tracking the UAV route along the set flight
coordinates.

EARTH'S ATMOSPHERE IN SIMULINK

Simulink provides an opportunity to use Aerospace Blocks
in building an atmospheric environment for the needs of the
UAV flight. These blocks are divided into separate
subsections. For the purpose of the given task, blocks from the
subsection Environment have been selected, through which it
is possible to add Atmosphere, Gravity and Wind.
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errain source: SRTM 1 arc-second resolution. Data available from the U.S. Geological Survey. - Source: Esii, Maxar,
arthstar Geographics, and the GIS User Community

Fig. 6. UAV ground station position

For the atmosphere environment is chosen ISA
Atmosphere model that is the international standard [14, 15]
and the block representing it in MATLAB. It is a static model
and shows how the pressure, temperature, density and
viscosity of the Earth's atmosphere change over a wide range
of altitudes or elevation. It consists of tables with values of
various quantities.

Three blocks were used to determine the value of gravity
as a function of altitude, the magnetic field with its horizontal
intensity, inclination, declination, total intensity and the height
above the geoid:

e World Magnetic Model;
e Geoid Height;
e WGSB84 Gravity Model.

The World Magnetic Model is a joint product of the
USNational Geospatial Intelligence Agency and the
UKDefence Geographic Centre, which is a standard model for
navigation, orientation, guidance and direction systems using
the geomagnetic field. The World Magnetic Model Block
calculates the Earth's magnetic field vector with its horizontal
intensity, declination, inclination and total intensity at a given
location and time [19, 20].

In the World Geodetic System (WGS84) the WGS84
Gravity Model block implements the mathematical
representation of the geocentric equipotential ellipsoid of the
World Geodetic System [17].

The Geoid Height block calculates the geoid height using
the Geopotential model parameter. The block interpolates the
geoid heightsf rom a grid of point values in the tide-free
system. It uses the specified geopotential model to degree and
order of the model. The geoid undulations are relative to the
WGS84 ellipsoid. The interpolations cheme wraps over the
poles to allow for geoid height calculations at and near these
locations.

Three blocks are used to determine and report wind speed
and force:

e Discrete Wind Gust Model;
e Wind Shear Model;
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e Dryden Wind Turbulence Model; (Continuous (+q +r))

The Discrete Wind Gust Model [3] applies a gust with a
standard ‘1-cosine’ form. The impulse is applied to each of the
coordinate axes separately or all at once. The gust amplitude
(increase in wind speed), gust length (m/s) and gust onset time
were determined.

The Wind Shear Model [18] adds wind shear to aerospace
and is designed to provide flight characteristics that ensure
mission efficiency and flight safety.

Dryden Wind Turbulence Model (Continuous (+q +r)) [4]
adds turbulence to the aerospace model by passing band-
limited white noise through suitable shaping filters.

AUAYV FLIGHT PROGRAMMING

In flight preparation, it is necessary to develop an
engineering navigation plan (ENP) that describes in detail the
plan of work of the AUAV from the beginning of the mission
and entry into the route, until the moment of completion and
exit at the end point of the route. It is prepared in an arbitrary
form (for example, Table 1), and its content is determined by
the nature of the task, the equipment of the UAV, the situation
along the route and in the area of the reference points of the
route, and also by their possible changes. For the purposes of
the study, a flight plan was developed, for which the flight
altitude is determined by the set raster relief [2].

TABLE 1 SAMPLE VIEW OF AN FLIGHT PLAN FOR AUAV

Flight Plan 27.02.2023 r.

SRP IRP-1 | IRP -2 -- ERP

H (m) From From From _ From
Map Map Map Map

S(m) 352 412 408 -- 427

W (m.s) 7 7 7 -- 7

t(s) 181 212 210 -- 220
Coordinates SRP 1 2 -- ERP
B (" ) 42,60 42,62 42,65 -- 42,60

L (" ) 24,57 24,39 24,60 -- 24,57

The stage of the task execution starts from the starting
point of the route (SRP) and passes through various
intermediate points of the route (IRP), which are set in a
geodetic coordinate system. The route ends at the end point
(ERP), from where the landing stage begins. In the study of
the trajectory movement, an example route and flight profile
performed by an UAV, developed on an aviation map (Figure
7) in a geodetic coordinate system, was selected, which sets:

o the geodetic coordinates (B, L) of the main points of
the route, together with the geodetic coordinates of the
SRP and ERP;

o the heading angles for each of the stages of the route
flight;

o the absolute altitude for the intermediate stages of the
route flight;

o the route traveled by the UAV for the intermediate
stages of the route flight;
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o the speed according to Earth for the intermediate stages
of the route flight;

the time for the intermediate stages of the route flight;

the geodetic coordinates (B, L) of the ERP, as well as
the absolute altitude at which the aircraft should be at

this point;
e the time of arrival at ERP and the distance traveled to
reach IRP.
SIMULATION OF THE ROUTE ON THE AVIATION

MAP

Using the Geoglobe function, Figure 7 shows a satellite
map of the area over which the ENP flight will take place. A
graphical representation of the flight plan is drawn, and a
ground station for controlling the UAV is showed.

The altitude of the flight is determined from the digital map
containing the ENP. Figure 8 shows a flight starting from SRP,
passing through the set IRPs and ending the planned mission
at the ERP, according to the assigned altitude.

en;_ain source: SRTM 1 arc-second resolution. Data available from the U.S. Geological Survey. - Source: Esri, Maxar,
Farthstar Geographics, and the GIS User Community

Fig. 7. 3D view of the route from ENP — Geoglobe

435" N

43.0° N
24.0° E

Fig. 8. ENP on the aviation map
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Function mapprofile [9] is used to display the UAV flight
according to ENP. This function plots a profile of values
between reference points on a displayed regular data grid
(Figure 9).

Fig. 9. The relief on the map using function mapprofile

RESULTS OF THE OPERATION OF THE MODELS
SIMULATING THE EXTERNAL ENVIRONMENT OF
THE UAV FLIGHT

Figure 10 shows the altitude, latitude and longitude input
signals.

Fig. 10. Inputs by altitude, latitude, longitude

Figure 11 shows the ISA standard atmosphere model[15].
Z— i

P=y

o)
- :: O
1SA o gy’

)

Fig. 11. Standard atmosphere model - ISA

Figure 12 shows the operation of the standard atmosphere
model by processing the altitude input. The output signals
show how the temperature, pressure, density and viscosity of
the Earth's atmosphere change with altitude.
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Fig. 12. Operation of the standard atmosphere model
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Figure 13 shows the Gravity Model WGS84[17].

4l

Wossd

| |’ O
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r—‘ (Taylor Sevias)

Fig. 13. Model of Gravity

Figure 14 shows the operation of Gravity Model WGS84
by processing the altitude, latitude and longitude input signals.
The output signal is gravity.

Fig. 14. Gravity model operation

Figure 15 shows the Geoid Height model EMG96[14].
~
LA ! 1

Fig. 15. Geoid model EGM96

Figure 16 shows the performance of the Geoid Height
model EMG96.

5F T T ]

0 1 2 3 4 5 6 7 8 9 10

ig. 16. Working of the geoid model EGM96

I

Figure 17 shows the Word Magnetic Model (WMM).

e T 03—

}
:
.

Fig. 17. Model of Earth's magnetic field (WMM2020)

Figure 18 shows the operation of WMM.
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Fig. 18. Working of the magnetic model of the Earth

Figure 19 shows the input signals of the wind disturbance
model.

Fig. 19. Wind disturbance model inputs

Figure 20 shows the Wind Block Model.

Fig. 20. Wind disturbance model

Figure 21 shows the performance of the wind disturbance
model.
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0 7 [ "

Fig. 21. Operation of the wind disturbance model

Figure 22 shows a general model of the atmosphere in
which the autonomous flight of the UAV will take place.
=

|_,_";

-~ ]
v l ‘ Q) Py E—
| o Ak

L ‘ = q

D LT

Fig. 22. Generic model of the UAV flight environment

INFERENCES AND CONCLUSIONS

A UAV flight environment has been synthesized
according to UML description;

e An engineering navigation plan (ENP) for UAVs has
been developed;

e Based on Conclusion 2, the situation and topography
of the flight area is visualized;

e The flight environment was studied based on
standardized test signals.
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Abstract: Developing the mission of unmanned aerial
vehicles (UAVS) is a key point in their use. A particular mission
includes the take-off stages, flights to the fixed waypoints and
operation in an urbanized environment. The presented study
concerns the issues of the input informational assurance of the
UAV flight mission.

Keywords: Unmanned aerial vehicle (UAV), flight mission,
informational assurance.

I. INTRODUCTION TO THE PROBLEM

The need for a clear idea of the tasks that each UAV will
perform is a prerequisite for the correct and accurate execution
of its mission. The recognition and assessment of the flight
environment in which the UAV mission is performed is based
on the operational capabilities of machine learning in
connection with the possibilities of analyzing a large amount
of data and learning from it.

Machine learning, although used in wide fields, has its
limitation, but it is useful in recognizing patterns in large data
sets and developing predictions. The use of machine learning
is beneficially where complex problems need to be solved and
high adaptability is required.

The path that the development of the UAV control
technologies has taken is artificial intelligence. The near future
is for expert systems to develop the UAV flight mission with
the specific goals and objectives based on the set input
parameters and a required desired end state achieved in
mission execution.

The introduction of intelligent robots and systems in the
execution of both military and civilian tasks leads to increased
flexibility in the development of complete solutions and
integration of the total manufacturing from the stage of
development to the fabrication of the final product. A study on
the application of intelligent robots in manufacturing
automation is shown in [3].

The algorithms of the machine learning is depend on
intelligent of the robots and UAVs. The need for computer
design of UAV operation leads to the integration of all systems
into a single mechatronic complex. One such approach is
described in [2].

The purpose of the development is to provide the necessary
input data for a specific mission — flight over terrain and work
in an urbanized area of the UAV. With the mission thus set, it
is necessary to determine the line of the road at the time of
flight, the relief above the area that is located on the line of the
road, the profile of the flight, as well as the location of
buildings in the urbanized area.
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All of this leads to the creation of a specific mission. This
carried out after appropriate planning, and its change at the
stage of the implementation of the set tasks is not excluded.

Il. UNMANNED AIRCRAFT MISSION DEVELOPMENT

In order to study the flight of an unmanned aerial vehicle,
it is necessary to create a suitable environment in which to
conduct the study along a predetermined route. Important in
determining the environment is the execution of the mission
related to depicting the route of the flight and determining on
a map the waypoint points of the route where specific tasks
will be performed. One such road line on a map in a
geographic information system is shown in Fig.1.

Fig. 1. Theroad line and ground control station in a geographic information
system

The USGS provides raster images from satellite pictures
of the Earth in a variety of formats [1]. The MATLAB
programming environment and the functions provided within
it allow the extraction of terrain information over a given
section using a DTED file. For the implementation of the task,
a starting point of the route (start waypoint of the route) and
an end point (end waypoint of the route) are selected, between
which the flight will take place. They are selected so that it is
possible to perform all the tasks of the specific mission.

The waypoints have real geographical coordinates and
through the GEOGLOBE function of the MATLAB program
environment (Fig.1) [5] it is possible to visualize exactly
where the flight will be carried out over the globe, to outline
the type of the road line that will be obtained after
development and mission specific planning.
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A ground station for flight control and real-time data
collection is also added to Fig.1.

Using the built-in functions of MATLAB, an area for the
operation of the UAV is selected, the start and end waypoints
of the route are set. In the case here, the flight is chosen
between two populated areas in order to enable the planning
of mission tasks related to work in an urbanized area.

Using the graphing functions, the relief above the selected
quadrant is shown (Fig. 2) [4] [6] [8], and by connecting the
start and end waypoints of the route, the UAV's flight path is
plotted.

Fig. 2. Digital view of the flight terrain with the road line in the set quadrant

The map of Fig. 2 clearly shows the relief above the place
of the planned flight and it is possible to estimate in advance
the complexity of the control algorithms for autonomous
flight, using the data obtained from the reading of the raster
images with the pictures of the area of the flight (Fig. 1 and
Fig.2). Thus, using an expert system to plan the flight based
on initiating data, and the machine learning algorithms to
adjust the operation of the system for the specific task.

1. ENGINEERING AND NAVIGATOR FLIGHT PLAN

OF AN UNMANNED AIRCRAFT

An important part of the necessary data for flight planning
is the topography above the flight location. Compliance with
safety measures and flight above the relief with sufficient
advance in altitude is a prerequisite for the correct execution
of the tasks and successful completion of the mission. The
extraction of the relief along the road line is carried out by
processing a raster image and obtaining the numerical value
above a certain point of the area with a specified error.

During the research of the flight along the topography of
the route, the altitude of each of the points through which the
aircraft will pass during the implementation of the mission, as
well as the geological features of the area itself, are taken into
account. From the obtained data, it is possible to achieve the
autonomy of the UAV, by embedding information about the
relief in the digital map using for control, with which the flight
is carried out according to the set of coordinates forming the
road line.
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The flight profile [7] is shown in Fig. 3, it is determined by
the flight plan and is related to the road line. Information about
the flight profile is decisive in the development of the
engineering flight plan and is related to the effectiveness of the
performance of the assigned tasks, as well as to the
achievement of the desired efficiency of the mission.

Fig. 3. UAV flight profile

The flight profile thus determined needs to be evaluated
with quantitative characteristics and find its place in the
planning and programming of the UAV automatic control
system. Such quantitative characteristics of the flight profile
are shown in Fig.4.

In Fig. 4, for each point of the route, which is described
with geographical coordinates, the vertical projection of the
earth's surface along the route of the flight is drawn. Passing
along the road line, the information about the extracted terrain
is entered into the UAV automatic control system, and its
spatial position is estimated based on the measurement
information complex on the board of the UAV.

The right side of the graph from Fig. 4 is defined as the
starting waypoint along the flight route, and the leftmost point
is the end waypoint of the route, from where the main work on
the tasks for the UAV mission begins. After the end waypoint
of the route, it enters in the urbanized area to carry out the
planned mission.
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Fig. 4. Quantitative characteristics of the flight profile
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The input of the terrain relief data digital map along the
distance of the road line into the memory of UAV automatic
control system is the basis of the application of the previously
developed flight engineer-navigation plan of the UAV fly. In
Fig. 5, there is shown the change in the altitude according to
the relief within the selected route and a distance of 4 km
between its starting and ending waypoints, before entering of
the UAYV in the city environment of the urbanized area.

Fig. 5 gives a visual idea of the required distance of the
flight path from the earth's surface in the normal Earth
coordinate system. The distance from each change in relief is
measured in meters and serves as the basis for the automatic
control system to adjust road speeds according to the change
in the operational environment, the change in atmospheric
conditions and the need to reach the set goals.
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Fig. 5. Data to be entered into the UAV automatic control system according
to the flight engineer-navigation plan

By the thus obtained data from Fig. 5, safe control of the
UAV is carried out along the set flight route until entering the
urban environment, where the actual management of the
assigned mission tasks will unfold until the desired final state
is reached.

IV. CREATING AN URBAN ENVIRONMENT FOR
UNMANNED AIRCRAFT OPERATION

Today's intelligent autonomous robots have the ability to
adapt the performance of the assigned mission according to the
operating environment. One of the main reasons for UAVs
along with sensors and controls to behave autonomously is
proper mission planning.

Autonomous systems examine the environment in which
they operate based on scanning and compare it with the plans
set in their memory. The differences between the map scanned
in the field and the one stored in the memory are worked out
as control signals from the UAV's automatic flight control
system. It is important to note that when planning a UAV flight
in an urbanized area, it is necessary for the processing
algorithms to do their job by avoiding obstacles in the path of
the UAV. Each time an obstacle appears, it is necessary to
synthesize control actions so that they are avoided and the
mission can be continued by completing the assigned tasks.
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UAV movement planning needs to be done from the
starting waypoint of the route, through all intermediate
waypoints, the final waypoint of the route and entering the
urban environment. In the development of the material,
methods of path planning are used, which generates the set
path line for execution. The movement of the UAV in space
may change depending on the operational situation. This, in
turn, changes the path of the UAV movement. Therefore,
during mission planning, it is necessary to explore all possible
scenarios that would be possible when operating an
autonomous UAV.

The most important functional part of UAV mission
planning is to have a 3D digital map of the environment. On
the basis of this map, scenarios are built that define the desired
road line on the map itself. The safe flight height is then
determined by deriving the height above the terrain and
incorporating it into the flight engineer flight plan.

Ensuring certain fulfil and completeness of the flight route
is related to the mission planning algorithm. The criteria used
to determine the best performance of mission tasks depend on
the mission itself. These criteria must be set in the mission
planning expert system to determine the best path line and the
most effective flight engineer-navigation plan.

When entering populated areas, it is necessary to define a
region of interest, because working between buildings is a big
challenge for the UAV automatic control system. In Fig. 6 it
is shown the extraction of cadastral location of buildings in a
certain settlement from a digital map.

To obtain a real urban environment, the capabilities of
OpenStreetMap are used, which provides an opportunity to
display the location and overall dimensions of buildings and
obstacles in the path of the flight of the UAV during the
performance of the tasks of the assigned mission. Thus, the
opportunity to apply free software techniques in the
development of the UAV mission is used.

Fig. 6. Digital model of built-up areas in a selected settlement

Once the mission on the route is developed and the
locations of the buildings along the UAV path are obtained, it
is necessary to move on to the development and exploration of
various scenarios that will lead to the completion of the
mission and the achievement of a desired end state. Therefore,
UAYV coverage of a certain area or area of interest is planned.
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To begin coverage planning in the mission, first it have to
be defined the area of interest, such as a polygon or set of
polygons. The limits of latitude and longitude are set by
finding the center of the considered geographic area, which
center is the center of the normal Earth coordinate system. Fig.
7 shows a selected geographic area in a normal Earth
coordinate system with 3D obstacles described in it.

Fig. 7. Model of buildings in the area of interest when performing the UAV
mission

The design of the UAV operation scenario needs to be
tailored to the obstacles along the way in order to reach the
desired end state of the UAV mission. Therefore, it is
necessary that the design of the scenarios has the possibility of
rapid customization. After the execution of the machine
learning algorithms, the most suitable scenario according to
the certain criteria is entered into the memory of the UAV
automatic control system.

In the most suitable scenario, residential buildings,
administrative buildings and other obstacles are modeled, on
the basis of which the intelligent algorithms for avoiding UAV
obstacles and performing all tasks related to the developed
mission will be built.

And finally it is necessary to simulate the different
scenarios to validate the execution of the mission itself. This
mission is possible in a denser urban environment with closely
spaced buildings, which makes setting up the mission itself
quite difficult. After validating the obstacle avoidance
algorithm, the entire developed mission is imported into the
UAV's memory.

The execution of the mission has started.
INFERENCES AND CONCLUSIONS
e The UAYV flight mission is developed and visualized;

e The line of the road between the supporting
waypointsof the rout is determined;

e The topography of the area along the route of the flight
is shown;

e The urban environment for the execution of the mission
is defined.
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A SYSTEM FOR QUICK-CHANGE TOOL MOUNTING

Georgi Karlovski
Technical University of Gabrovo
Gabrovo, Bulgaria
e-mail: g_karlovski@abv.bg

Abstract: CNC automatic lathes are widely used in machine
building due to their high performance. The availability of a
number of steered axles and their complex kinematics require
considerable auxiliary setup and readjustment time, which in
turn calls for development of quick-change tool holders. The
paper views an innovative system for quick-change mounting of
tools with an epitrochoidal profile of the contact surface of the
holder and modular head, which can be used for mounting tools
with rotational and prismatic connectors. It differs substantially
from common systems with a polygonal profile in the way the
modular head is attached to the holder. The key advantages of
the new system are related to: less torque load; lack of convex
connecting cones, which provides greater freedom in the
accuracy of performance and a possibility to ensure better
contact area even in assemblies with clearing; refinement of the
mutual arrangement of the conical surfaces only among three
axisymmetric cones rather than six as in the case of polygonal
profiles. The proposed system for quick-change tool mounting is
characterized by a robust construction thus allowing quick
readjustment of CNC lathes when manufacturing small batches
of pieces. The use of the new system will result in reducing the
cost of manufactured products and increasing the
competitiveness of companies.

Key words: CNC automatic lathes, quick-change tool holders,
quick readjustment of CNC lathes, modular head is attached to the
holder.

I. INTRODUCTION.

CNC automatic lathes are widely used in machine building
due to their high performance. The availability of a number of
steered axles and their complex Kkinematics require
considerable auxiliary setup and readjustment time [1].

The need to reduce auxiliary time leads to the development
of quick-change tool holders. A lot of companies produce that
type of holders - SANDVIK, WALTER, ISCAR,
KENNAMETAL, Hertel, etc. [1]. They are distinguished for
their sophisticated design, complicated manufacturing and
hence high price. A system for quick-change tool mounting,
which is a typical representative of the well-known polygonal
profile systems, is presented in EP0294348 [1]. It consists of
a holder, in whose base face a step-like opening with a
cylindrical and profile section is formed, and a modular head,
in whose base face a step-like attachment with a cylindrical
and profile section is formed (fig. 1 a and fig. 1b).

The modular head is attached to the holder as the step-like
attachment of the modular head is fixed with a clearance in the
step-like opening of the holder in such a way that the
cylindrical section of the step-like attachment is located in the
cylindrical section of the step-like opening and the profile
section of the step-like attachment is located in the profile
section of the step-like opening.
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Fig. 1. Step-like attachment with a cylindrical —a, and profile section - b

The shape of the profile section of the holder corresponds
to the shape of the profile section of the modular head as the
profile section of the holder has the shape of a concave
polygonal cone whereas the profile section of the modular
head has the shape of a convex polygonal cone. Each profile
section has conical surfaces with three external radii Ra and
three internal radii Ri. The cross section of each profile
section, respectively that of the holder and the modular head,
has a polygonal profile of Capto type according to 1SO
26623:2014 and the design basis of the polygonal profile is
adopted from DIN 32711. The contact surface which
withstands the torque load ensures crush resistance but the arm
where the torque resultant force is applied is shorter, which
leads to higher torsional stress.
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The present paper considers the results from developing a
quick-change holder and a system for quick-change tool
mounting. When there is higher load capacity and torque
impact as a result of cutting forces upon machining done on a1 42
metal cutting machines, they are used to reduce setup and :
readjustment time of CNC automatic lathes. \ . \ /

{

I1. AN INNOVATIVE SYSTEM FOR QUICK-CHANGE —

TOOL MOUNTING - s - |
The innovative system been developed is presented in fig. / / /L/

2, 3a, 3b, 4a and 4b. It consists of a holder 1 and a modular
head 3. 21 22 3

T
k-

4

Fig. 2. Schematic of the innovative quick-change fastening system

b.
Fig. 4. Holder with prismatic modular head

\ Along the lateral surface 3.1 of the modular head 3, from
\ the effective surface area 3.2, a cylindrical metric thread,
which provides an opportunity for nut tightening 7, is formed.

¢ Inthe second solution (fig. 4a and 4b), the holder 1 and
the modular head 3 have a prismatic shape. The
effective surface area 3.2 of the modular head 3 is
formed in such a way that there is a possibility to mount
aturning tool. The holder 1 has a lateral surface 1.1 and
a base face 1.2. Within the base face a step-like
opening 2 with a cylindrical section 2.1 and a profile
section 2.2 is formed.

e The modular head 3 has a lateral surface 3.1, an
effective surface area 3.2 and a base face 3.3. On the
base face a step-like attachment 4 with a cylindrical
section 4.1 and a profile section 4.2. is formed

The modular head is attached to the holder 1 as the step-
like attachment 4 of the modular head 3 is fixed with a
clearance in the step-like opening 2 of the holder 1. In
particular, the cylindrical section 4.1 of the step-like
attachment 4 is located in the cylindrical section 2.1 of the
step-like opening 2 and the profile section 4.2 of the step-like

b. attachment 4 is located in the profile section 2.2 of the step-
Fig. 3. Holder with cylindrical modular head like opening 2.

The profile section 2.2 of the holder 1 has the shape of a
concave epitrochoidal cone whereas the profile section 4.2 of
the modular head 3 has the shape of a convex epitrochoidal
cone. The shape of the profile section 2.2 of the holder 1
In the first solution (fig. 3a and 3b) the holder 1 and corresponds to the shape of the profile section 4.2 of the

Two solutions of the systems for quick-change tool
fmounting have been developed. They differ in the shape of
the holder and the modular head.

the modular head 3 are cylindrical. In the effective surface modular head 3. The shape of the cross section of each profile
area 3.2 of the modular head 3 a conical hole, which is able section 2.2, 4.2, respectively that of the holder 1 and the
to attach a collet 6, is formed. modular head 3, is of a cloverleaf type (fig. 1b).
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The profile sections 2.2, 4.2, in turn, have conical surfaces
(three concave and three convex ones) with three external radii
Ra and three internal radii Ri, . The external radii Ra are
greater than the internal radii as the internal radii Ri have a
smaller central angle @i in comparison to the central angle ga
of the external radii Ra.

On the lateral surface 1.1 of the holder 1 a through threaded
hole 5.1. is formed so as to place a taper set screw 5 which has
the possibility of tightening in an additional conical hole 5.2.
formed in the cylindrical section 4.1 of the step-like
attachment 4.

The analysis and comparison of the presented innovative
solution of a system for quick-change tool mounting and the
common systems with a polygonal profile, such as the one
given in EP0294348 [1], show that they are made of metal
having the same strength properties and hardness after heat
treatment; possess commensurate overall dimensions, which
determines the equality of the metal ceramic inserts secured
by them, and as a result the same geometry of tool cutting parts
and the same values of feeding and cutting depth upon
machining. The resistance against the impact of the torque is
borne by three radii of the profile as the generant along these
radii has the same slope, which makes the conical surfaces of
the two mounting systems similar.

However, the innovative system been developed
considerably differs from standard systems with a polygonal
profile in the way in which the modular head is attached to the
holder (fig. 2, 3 and 4), namely:

e With polygonal profiles the contact surface which
withstands the torque load ensures crush resistance but
the arm where the torque resultant force is applied is
shorter, which leads to higher torsional stresses. With
epitrochoidal profiles the contact surface is smaller,
which leads to less crush resistance, but the torque load
is smaller since the arm where the torque resultant
force is applied is longer.

e The size of the contact area between the tool module
and the holder 1 depends to a great extent on the
clearance between the conical surfaces of the modular
head 3 and the conical surfaces of the holder 1. This
clearance is a must so that the coupling can be quick-
change when self-centering is provided. To be precise,
the assembly of the polygonal profile requires higher
accuracy of implementation (g6/H6), which, in turn,
leads to higher requirements towards the mutual
arrangement of the conical surfaces of each element of
the fixing system.

e The concave conical surfaces do not require a precise
contact between the modular head 3 and the holder 1,
i.e. this provides greater flexibility in accuracy at
implementation level, as well as a possibility to ensure
a better contact area even in assemblies with clearance
(g6/H7).

e The greatest technological advantage of the
epitrochoidal profile is that the mutual arrangement of
the conical surfaces is specified only among three
axisymmetric cones rather than six as in the case of
polygonal profiles.
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The proposed system for quick-change tool mounting can
be used to mount tools with both rotational and prismatic
connectors. (fig. 3 and 4).

When mounting tools with a cylindrical shank (fig. 3), the
cylindrical section 4.1 of the modular head enters the
cylindrical section 2.1 with a corresponding diameter in the
holder 1. This has the effect of compatibility of the principal
axes of the modular head 3 and the holder 1. The convex
epitrochoidal cone of the modular head 3 gets oriented in the
concave epitrochoidal cone of the holder 1 so that the through
threaded hole 5.1 is coaxial to the additional conical hole 5.2,
which makes possible tightening with a taper set screw 5. The
tightening of the taper set screw 5 results in pressing the base
face 3.3 of the modular head 3 to the base face 1.2 of the holder
1, which ensures the front basing of the modular head 3 to the
holder 1. A cutting tool with a shank is fixed in the modular
head 3 by means of a collet 6 and a nut 7. This is achieved by
inserting the inner teeth of the nut 7 in the outer channel of the
collet 6 by means of the spring properties of the collet 6. This
can be done outside of the working area of the machine. The
collet 6 along with the nut 7 are inserted in the conical hole of
the effective surface area 3.2 of the modular head 3. The
modular head 3 has external cylindrical metric thread upon
which the nut 7 is screwed. When a drill bit, a counterbore, a
milling cutter or another tool with a shank having a diameter
corresponding to the collet 6 is inserted in the collet hole, it is
firmly fixed to the modular head 3 by tightening the nut 7. The
respective collet 6 is selected according to the diameter of the
tool cylindrical shank. The conical dimensions of the collet 6
are identical for one dimension-type of the modular head 3.

The modular head 3, the collet 6, the nut 7 and the
machining tool form the so called tool module, which is fixed
in the machine’s working area by quick-change fastening to
the holder 1. The holder 1 is firmly fastened to a type holder
for the given machine. The tool module goes with the step-like
attachment 4 into the step-like opening 2 of the holder 1 so that
the epitrochoidal conical profile section 4.2. of the modular
head is based in the epitrochoidal conical profile section of the
holder 1. Thus the load torque is borne by the external radii Ra
of the epitrochoidal profile. When entering the additional
conical hole 5.2 of the modular head 3, the taper of the
setscrew makes possible the pressing of the base face 3.3 of
the modular head 3 to the base face 1. This means that the
assembly of the two conical epitrochoidal profiles has a
clearing, which excludes wedging.

In the other solution (fig. 4), mounting of turning tools with
replaceable metal ceramic inserts of different shape is
presented. The lathe knife is fixed in a standard way by means
of a bed to the effective surface area 3.2 of the modular head
3. To achieve correct orientation of the modular head 3
towards the holder 1, it is necessary for the cylindrical section
4.1 of the modular head 3 to go into the cylindrical section 2.1

To achieve correct orientation of the modular head 3
towards the holder 1, the cylindrical section 4.1 of the modular
head 3 should go into the cylindrical section 2.1. with a
corresponding diameter in the holder 1. The compatibility of
the cylindrical section 4.1. of the modular head 3 and the
cylindrical section 2.1. with the respective diameter in the
holder 1 ensures coincidence of principal axes at assembly.
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The epitrochoidal convex cone of the profile section 4.2 of
the step-like attachment 4 of the modular head 3 gets oriented
in the epitrochoidal concave cone of the profile section 2.2 of
the step-like opening 2 of the holder 1 so that tightening can
be done by means of a setscrew 5, which in turn results in
pulling the base face 3.3 of the modular head 3 to the base face
1.2 of the holder 1. This ensures frontal basing of the modular
head 3 to the holder 1.

Ill.  CONCLUSION

An innovative system for quick-change mounting of tools
with an epitrochoidal profile of the contact surface of the
holder and modular head has been developed. It can be used
for mounting tools with a rotational and prismatic connector.
The system is characterized by a robust construction thus
allowing quick readjustment of CNC lathes when
manufacturing small batches of pieces, which is very time-
consuming when using standard holders. The use of the new
system will result in reducing the cost of manufactured
products and increasing the competitiveness of companies.
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HPUJIOXKEHUE 3A BbP3OCMEHHU IbPXKAUYU, KATO HAYUH
3A IOBUINABAHE HA EOEKTUBHOCTTA IIPU
IMPOU3BOACTBOTO HA 3AI'OTOBKH C CNC MALIINHA
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TexHuueckn yHuBepcuTeT - ['abpoBo
T'abposo, brirapus
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Pe3rome: npuioskeHue Ha Obp3ocMeHsieMH JbpXKaud B
NPOU3BOACTBOTO Ha AeTaiijiu, c CNC mamunu. [lpoussoanresn,
BH/I0BE, THIOBH KOHCTPYKIMH M TEeXHHUTE XAPAKTePHCTHKH.
IIpu ThpceHe HA HHCTPYMEHTAJIHHU pelIeHHs] € Heo0X0auMo Ja
ce BbPBH MO NbTS HA MHHMMH3HPaHe HA TEXHOJIOTHYHHTE
Npexoau 3a cMeTka Ha o0opyaBaHero. B Hsikom ciaydyau npu
NPaBHJIHA NOJArOTOBKA HA MHCTPYMEHTAa € BB3MOKHO Ja ce
HaMaJIM HYJIeBAaTa TOYKA Ha Aeraiina. Heo6xonqumo e Haxe:xaHO
W 31paBO 3aKpenBaHe, 3a Ja ce OCHIYpH Heo0X0AMMOTO
KauyecTBO Ha moBbpxHocTTa. IlpM M30opa Ha crnomaraTesieH
HHCTPYMEHT TPsA0Ba Ja ce ThbPCH HAMAa/siBaHe Ha BpPeMeTO 3a
npecroii Ha MamuHaTa. bbp3ocMeHsiemMuTe Ibp:KauM 3a
HHCTPYMEHTH HAMAJISIBAT BpPeMeTO 3a HACTPOiika M CMsIHA Ha
HHCTPYMEHTA, KOETO BOAU A0 3HAYHTEJIHO YBeJIMYaBaHe HA
H3M0J3BAHETO HA MAIIMHATA.

Kntouoeu oymu: o6wp3ocmensemu 0wvpicauu, npoussooument,
61006¢, MUNOGU KOHCIPYKWUU U MEXHUME XAPAKMEPUCMUKU.

|. BBBEJEHUE

IIpn TbpceHETO Ha WHCTPYMCHTAJIHM pEIICHUS €
HE0OXOIUMO J1a CE BHPBU MO IBTS Ha MUHAMH3MpPaHE Ha
TEXHOJIOTHYHUTE MPEXOJH 3a CMETKa Ha obopyaBaHeTo. B
HSKOM CITy4au, C TOAXO/sIIa WHCTPYMEHTAJHa MOJr0TOBKA
BB3MOXKHO € Jja C€ HaMmalud HYJIMpaHETO Ha JeTaina.
Heobxoanmo e HajexIHO M TBHPJO 3aKpenBaHe, 3a Aa ce
OCHT'ypH HEOOXOIMMOTO Kad4eCTBO Ha MOBbpXHOCTTA. Korato
ce M30Mpa cromararelieH HHCTPYMEHT, TpsiOBa Jla ce Thpch
HaMaJIiBaHE Ha BPEMETO 3a TMPECTOs Ha MallfHATA.
Idbpxadunte 3a Obp30 CMEHSEMH WHCTPYMEHTH HaMaJlsiBaT
BpPEMETO 3a HACTPOHKa M CMsIHA Ha MHCTPYMEHTHTE, KOETO
BOJIM JI0 3HAYUTEIHO YBEIMYaBaHE HA H3IMOJ3BAHETO Ha
MalfHara.

Koraro ce roBopu 3a mpou3BOJUTEIHOCT, TE€ YECTO UMaT
npenBu epeKTHBHOCTTA Ha psA3aHe Ha MeTall. Benpeku Tosa
CTEIIEHTAa Ha M3I0J3BaHE HA MalllMHaTa WIM YacTTa OT
BPEMETO, U3Pa3X0BaHO 3a PA3aHE Ha METaJl, € ChIIO TOIKOBA
BaXHO, aKo He W moseue. Cbe cucreMa 3a Obp3a CMsHA Ha
MHCTPYMEHTH  MOJXKETE  3HAUUTEIHO Ja  yBEJIUYUTE
M3MIOJI3BAHETO HAa MalIMHATa, KAaro HaMajuTe BPEMETO,
U3pa3X0[BaHO 3a U3MEpBaHE, HACTPOMKAa M CMsSHA Ha
UHCTPYMEHTH.

Il. ®DAKTOPH, BIMSELLINU BEPXY ITPOM3BOAUTEIHOCTTA

HpOI/IBBOZlI/ITCJ'IHOCTTa € 6p0$IT Ha MPOU3BCACHUTEC YaCTH
3a OIIPEACIICH NIEPUOT OT BpEME: CMsAHA, CEAMHUIA U T.H.
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[Tpu n360pa Ha MHCTPYMEHTATHH CUCTEMH € HEOOX0IMMO
Jla ce 0OMHCIIN KaK Te MOTaT Ja I0{00pSAT Te3H IOKa3aTel .
TpsabBa na ce nmat npeABHI [Ba BaXXKHU (PaKTopa:

o EdeKTHBHOCT Ha psi3aHE HA METAJ: MOKE J1a CE H3MEpH
Ype3 CKOPOCTTa Ha OTCTpaHsBaHe Ha Metan (Cm3/min)
3a BCSIKa OIeparys

e Crenen Ha M3I0JI3BaHE Ha MalliHaTa:
CHOTHOIIICHHETO Ha BPEMETO, Mpe3 KOETO MalliHATa
pexe  meranm  (CIOCOOHOCT Ja  IPOM3BEXKAA

HEMNPEKBCHATO 3a ABJITO BpeMe)

W3nom3BaHero Ha MamMHATa € TSICHO CBBP3aHO C
KoH(urypauusta 1 obopyaBaHeTo Ha MamuHata. Koraro
MHBECTHpATE B HOBA MAIIMHA, TPsIOBa Jla CTE€ CUT'YPHH, Y€ TS
M3M0JI13Ba Hail-100paTa TEXHOJIOTUsL.

Tunryan npryaWHU 32 3ary0a Ha BpeMe BBB (alOpukw,
KOHMTO HaMaJIsIBaT N3MOJI3BaHETO HAa MAIINHH:

e Hactpoiika Ha MammHaTa 3a 00paboTka Ha HOBa
napTujia

e ll3mMepBaHe Ha JeTaiin Ha MalIMHA
e Hacrpoiika Ha MHCTpYMEHTA Ha MallluHaTa

e Perynupane Ha TpBOW/MapKydn 3a TOAaBaHE Ha
OXJIaXK/1aIlla TEYHOCT

° HOZ{MHHa Ha U3HOCCHU MHCTPYMCHTHU

e VIHCTpyMeHTH 3a HOYHCTBAHE OT HABUTH CTPYKKHU WIIN
KOHBEWEPH OT MOAPEACHU CTPYKKH

e (CMsHa HA YaCTH

brokoBuTe HMHCTPYMEHTH Ca CBCTaBEHH OT OTHEIHHU
eleMeHTH (MOMIYJIH): BBh3eJI BPB3KH HA MOIYJIHHUS OJOK KbM
MarasyHa Ha MalllMHaTa, MEXIWHEH BbB3ET, AbpXkad 3a
HHCTPYMEHT (ABpXKauyd 3a HHCTPYMEHTH), OT KOHUTO, IIO
yKa3aHHEe Ha  TEXHOIOra, M3I  KOHCTPYKTHUBHHUTE
XapaKkTepUCTHKA  HAa  HAJUYHUTE  MOAYIH  ChCTaBST
HeoOXouMus OJIOK.

Ha npaxTuka Bb3MOXHO € pa3iIMyeH Bb3el Ja CC U3M0J3Ba
3a ChHIIMS MHCTPYMEHT BPb3Ka, YHUTO pa3MepH 3a 00padoTka
e CHhOTBETCTBAT HA APYr MOJEN Ha MammuHata. B Hsikon
Clydyad pa3IWYHU HMHCTPYMEHTH MoraT Ja  ObJar
WHCTAJIMPAHH B CHIIECTBYBAIN MOIYJIH.
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MeTtanooOpaboTBanyi KOMIIAHHH, KOWUTO  H3IIOJI3BAT
MOJYJTHA CHCTEMH OT MHOTO TOAWHH MOIYJIHHUTE MOJyJIH
MMAaT CBOW COOCTBCHH OMOMOTEKH C OIIIHH 32 ,,MOyJIH .

1l. BOJEIN ®VIPMH B JOCTABKA U ITPOEKTUPAHE HA

MOJYJIHU UHCTPYMEHTU

Bogeumw ¢upmu B 10CTaBKa U IPOSKTUPAHE HA MOJYIIHI
unctpymenta: Kennemetal, Widia krupp, Sandvik Kopomanr,
Banrep, Xaitau Kaiizep.

A. Coromant Capto

Coromant Capto [1.6.7] e wMmomymHO pelieHHe 3a
HUHCTPYMEHTH 32 Obp3a CMsIHa, KOSTO OCHTyPsIBa TPH CHCTEMH
B eano: Cwemunutensat Coromant Capto, nupextHO
UHTETPUpaH B IINHHICTA, YBEIWYaBa CTAOMIHOCTTA |
BBKABOCTTa, HANPUMEP TIPH MHOTO33Ja4yHi  MAllWHH,
00paboTBaI TEHTPU C BB3MOXKHOCT 3a IPOOMBaHE U
BepTUKanHu crpyroe. Coromant Capto e moaysHa cuctema
3a 00paboTBaIlM LIEHTPH U Mpeyiara TosiMo pasHoobpasue
OT YABIDKUTEIHM W ajalTepy 3a HaMalsiBaHe Ha pa3Mepa Ha
BPB3KATa, MO3BOJISIBAHKH HHCTAIMPAHETO Ha WHCTPYMEHTH C
pasinYHa IBh/DKMHA M JW3aiiH, HE3aBUCHMO OT M3ITOJI3BAHHSI
mammneH uHTepdeiic (SK, HSK, Big Plus ). MoaysHara
CHCTEMa HaMalsiBa HYXIaTa OT CKBIIM CICHHATHH
HUHCTPYMEHTH C JIBJTH CPOKOBE 32 U3IIbIHCHHUE.

[o TO3M HAYMH €IHH U CHIIM MHCTPYMEHTH MOTaT Ja ce
W3MO0I3BaT BBB BCHYKM PAOOTWIHHUIM, OCUTYpSABaKu
YHUKAlTHA T'hBKABOCT, ONTHUMAIHA TBHPJOCT M MHHUMAJCH
Opoii HeoOXoaUMMHU HHCTPYMeHTH. OOJIaCT Ha MIPUIIOKEHHE:

Coromant Capto mosxe J1a ce N3M0I3Ba Ha BCHYKH BHIOBE
MAaIluHH:

e CrIpyroB UeHTBp - OBp3a CMsHA W IOJaBaHE Ha
OXJIQXK/1AIla TEYHOCT I10J1 BUCOKO HAJISITaHe;

e MHOr033JlayH{ MaIllMHM W oOpaboTBamM LEHTPU -
aJanTepy 3a BBPTALIM CE HHCTPYMEHTH, MOMIYJIHH
WHCTPYMEHTH ¥ HHCTPYMEHTH 3a Obp3a CMsHa.

e Coromant Capto ce mpemnara B 1ecT pa3mepa, 3a 1a
orroBapsaT Ha Besko mpwioxkenue: C3-C10, ¢
nuaMeTpu Ha (haanera ot 32, 40, 50, 63, 80 u 100 mm.

Our. 1.

BreTpennara oxakala TEIHOCT FapaHTHPA, Y€ ITBJIHUAT
MOTEHIMaJ Ha MaIllMHATA C€ M3MO0J3Ba C ONTHUMU3UPAHU
MHCTPYMEHTH U MAaKCHMaJICH KOHTPOJI Ha CTPY>KKHUTE.
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VBenudyeHuAT Opoil MNO3MIMM Ha HMHCTPYMEHTa C
JBYIO3HUIMOHHN WHCTPYMEHTAJIHH OJOKOBE II03BOJISIBA
OJIOKBT Ja Cce U3IT0JI3Ba KAKTO 32 BETPEIIHH, TAKa ¥ 38 BEHITHA
oTeparuu.

Dur. 2.

CTpyroBu LEHTPOBE CHC 33JABH)KBAHH HHCTPYMCHTAJHH
0JI0KOBE YEeCTO MMaT MaIbK Opoil MO3MIMH 32 33/Abp)KaHe Ha
HUHCTpyMeHTH. MHCTpyMeHTanHuTe GJIOKOBE C JIBE CTaHIUH
MO3BOJISIBAT M3IOJI3BAHETO HA ANTEPHATHBHH HHCTPYMEHTH
WK paslidpeHa raMa OT HWHCTPYMCHTH, HaMalsiBalKH
HEOOXOIMMOCTTa OT CMsHA Ha MHCTPYMEHTH IIPH 00paboTKa
Ha IIMpOKa rama oT 4acTu. MHCTpyMeHTanHu OJ10KOBe C aBe
MO3UIMK MOTaT JIa e M3IONI3BaT, KOraTo MalldHaTa uMma Y-
0C, PEBOJIBEpHA TJ1aBa C MOJIOBHH MO3ULHUS HJIH MO IIIMHHACI.

b. Bwp3ocmenen ovpoicau — [lamenm na ISCAR WO
2013/018087 A3

MopnynHa 9acT Ha AbpXKava Ha peken] MHCTpyMeHT (16
umn 18) 3a MertamooOpaboTBalia MalldHa BKJIIOYBA ITBPBA
3axBalam@a IOBBPXHOCT, KOH(QUIYpUpaHa 3a 3aTsramio
3alleTBaHe ChC CHOTBETHATA BTOPA 3alleNBaIla IIOBBPXHOCT Ha
JIONBJIHUTENHA MOJyJHAa 4YacT Ha JAbpKad Ha pPEeXell
WHCTpyMeHT. [IppBara 3axBamiamia MOBBPXHOCT BKIIFOYBA
OCHOBHa MOBBPXHOCT ¥ OJIOKHMpAIIX eIeMEHTH oJ| opmara
Ha TOYHO YETHPH HW3MAJCHHA W3JATHHH UM TOYHO YETHPHU
BUTbOHATHHU. Bceku  ONMOKHpam] eIEeMEHT  BKIIIOYBA
OE3KOHTAKTHA TIOBBPXHOCT, PA3IIOJIOKEHA HAa PA3CTOSIHUE OT
OCHOBHaTa IIOBBPXHOCT. be3KOHTakTHaTa MOBBPXHOCT
BKITIOYBA [[BA TPOTHUBOIIOJIIONKHHU pPHOa, MEXKITy KOUTO Ce
MPOCTHPA, U JIBE ONOPHHU TOBBPXHOCTH, BCSKA OT KOUTO Ce
MPOCTHpPA OT CHOTBETHHUS €AWH OT ABATa MPOTHBOIOIOKHU
pbba KbM OCHOBHATa MOBBPXHOCT M € KOH(HUIypupaHa 3a
3aTATaIlo 3axBallaHe.

®ur. 3.
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[peamerst Ha [6, 7]HacTOsIIIETO N300pETEHNE CE€ OTHACS
JO MOJAYJTHH JbpKaud 3a peXKEUM HWHCTPYMEHTH 32
METATIOPEKEIH MAIIMHK, UMAIIU YaCTH Ha TJ1aBaTa U TSUIOTO
U 3aTArallyd MeXaHU3MH 3a 3aKpelBaHe Ha YacTTa Ha riaBara
KbM 4YacTTa Ha TSIOTO. 3aTSAralldTe MEXaHW3MH MOTaT [a
ObaT JOBEJICHU JI0 3aTETHATO MOJIOKEHHUE, TIPH KOETO YacTTa
Ha I71aBara e 3aKpereHa KbM 4acTTa Ha TSJI0TO, M He3aXBaHaTO
MOJIOKEHUE, MPU KOETO YacTTa Ha rilaBata MOXe Ja Obie
OTCTpaHeHa OT 4YacTTa Ha TAI0TO. [JaBHaTa 4dact e
KkoH(uUrypupaHa c moHe efuH pexer eneMent. Korato Haii-
MaJIKO €IMHUAT peXel] eJIeMEeHT TpsOBa na ObJe CMEHEH,
riiaBara Moxe ja ObJie OTIeeHa OT TSUIOTO U KbM Hesl MOXe
na ObJie 3aKperieHa HOBa TJ1aBa C PA3IMUYeH PEKel eIeMeHT
win enemenTn. US 5.873.682 paskpuBa MoyieH Ibpkad 3a
PeXKEN] THCTPYMCHT, UMalll 3aTArall MEXaHU3bM.

[lenTa Ha HACTOAIIOTO U300PETEHNE € Ja MIPEJOCTABH HOB
U TOA0OpEeH MOAYJIEH peXell] MHCTPYMEHT IbpiKad W/Win
YacTH OT HETO /WM 3aTsrall MeXaHn3bM 3a HETO.

N3Box: Cucremara e CloKHa U OT MHOTO KoMIoHeHTH. C
TEUeHWE Ha BPEMETO NpPY)KHWHATa T'yOHW CBOHMTE KadecTBa U
HapymaBa paOOTHUTE CBOHCTBa Ha Ibpkada. Cucremara
paboTH camo 3a Iporec CTPYroBaHe.

B. SCHNEIDER

Our. 4.

Ha 4

¢wur.

[236,7] e
Pa3NpoOCTPaHEHOTO 3aTATAHE YPE3 CTOMOPEH BHHT IOJ BI'BJI
CIpsIMO TJIaBHATa OC HA MHCTPYMEHTA U AbprKaua, Mpu Hail-
MAJIKUS TUIIOpa3Mep Ha AbpiKada, Ipu BUHT MS, Ipy MOMEHT
Ha 3arsiraHe 3 Nm ocurypsiBa ycToiiunBa paboTa Ha peskenius

IIOKa3aHO IOHUPOKO

pp6. ToBa 3arsrane wma JABa HemocTarbka. IIBpBO,
3aTAralnioTo yCUiINe He € CUMETPUYHO CIIPSIMO TJlaBHAaTa oc,
mopaad KOeTO BHHTBT C€ pas3loiara BBpPXy Haii-
OnmarompusTHaTa cTpaHa. Bropo, mpu HEOOXOAUMOTO YCHITUE
Ha 3aTsAraHe, BUHTHT M5 € HaroBapeH 3HA4YMUTENHO. ToBa
M3HCKBA M3TOJI3BaHE HA BUCOKOSKOCTHH MaTepHAIIH.

B To3m BapmaHT Ha OBP30CMEHEH IBpXKad € caMo 3a
,OMaIaTH MHCTYMEHTH WIM 3a T[polec NpoOHBaHE,
3eHKepoBaHe U (pe3oBane. KOHCTpUKIMATA € MHOTO CIIOXKHA
U CKbI1a 32 IIPOU3BOJICTBO.

[[Tupoko pa3mpoCTpaHEHOTO 3aTAraHe 4Ype3 CTONOPEH
BUHT TOJ BI'BJI CHOPAMO TJIaBHATa OC HAa WHCTPyMEHTa M
J'bpKaya, MpU Hall-MaJKusl TUIIOpa3Mep Ha IbpiKada, MpU
BUHT M5, mpum MomeHT Ha 3arsrane 3 Nm ocurypssa
ycroitunBa paborta Ha pexenus pr0. ToBa 3aTsrane uMa aBa
HenocraTbka. [IppBo, 3aTATamoTo ycunmie He € CHMETPUYHO
CIpSIMO TJIaBHATa OC, MOpPay KOETO BHUHTHT C€ pasloJiara
BbpXY Hali-OyiaronpusiTHaTa CTpaHa.

88

Bropo, npu HEOOXOIUMMOTO yCHIIME Ha 3aTATaHe, BUHTHT
M35 e HaroBapeH 3HauuTENHO. TOBa M3UCKBA U3MOJI3BAHE HA
BHUCOKOSIKOCTHU MaTe€pHalIu.

Henmocratbk Ha TO3W THN 3arsiraHe € HECUMETPUYHOTO
(eAHOCTPAHHO) MIPUJIATaHe Ha 3aTAraioTo YCUIHE.

/ |

g

N

oW

@Eﬁ

®@ur. 5.

UssectHa e kacera [2,3,6,7] ¢ 4-To4KOBO 3aTsraHe Ha
OBbP30CMEHSIEMH HHCTPYMEHTH, B KOSATO YCHJIMETO Ha
3aTsraHe ce NpeaBa B NEePICHIUKYIIIPHO HAMIPABICHUE upe3
KOHYCHA ITOBBPXHOCT. Y CHJIMETO Ha 3aTSATaHe CE OCUTYPsIBa OT
JIBE 4YeIIoCTH € (acku OT KbM KOHTAKTHaTa CTpaHa.
YenrocTuTe ce mpeMecTBaT paJHalIHO Ha KaceTaTa OT SIpo, Ha
KOETO OT e/IHaTa CTpaHa uMa JisiBa pe30a, a OT ipyrara - JsICHa.
IIpu oTBHMBaHE ¥ 3aBHBAHE Ha SOPOTO HYCIIOCTHTE CE
paznaneyaBar (3arsarane) " ce MpHUOTIKaBAT
(ocBoOoxmaBane). ToBa 3aTsraHe € CHUMETPUYHO CHPSIMO
raBHaTa oc. HeoOXoauMUAT MOMEHT HA 3aTAraHE 3a BUHT
M5, 3a Hali-mankus TUmopasmep Ha oOpaloTBaius
WHCTPYMEHT € JiBa ITbTH MO-Mabk — 1,5 Nm.

Henmocratpk Ha 4-TOYKOBOTO 3aTAraHe €, 4e 3a Ja ce
OCUTYpU PAaBHOMEPHO YCWJIHE B 4-T€ TOUKH, € HAJIOKUTEITHO
MEXy HAMpaBJsABAIUTe U YETIOCTUTE Ja MMaT HM3BECTHA
xnabrHa, KaKTO U MEXIy pe30UTe Ha SIPOTO M YEIIOCTHTE.
AKO KOHCTPYKIMATAa HE TMPEOBIKIAA XJIaOHHH, TO €
HE00XO0TMMa BICOKA TOYHOCT Ha U3pabOTBAaHE HA ETICMCHTHTE
Ha crijoOeHaTa elMHHMIA, 32 Ja CE OCHUTYPHU CPABHUTEIIHO
PaBHOMEPHO pa3NpeAeIeHUe Ha YCUIIETO Ha 3aTsAraHe.

I NEXXQUICK

@ur. 6.
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[pu 3akpenBaHe Ha WHCTpyMeHTH [5,7] ¢ HUIMHAPUYIHA
omnaika (¢ur. 5) UUTHHAPUYHUAT Y4acTbK 4.1 Ha MOyHATa
raBa 3 BIHM3a B IIJIMHAPUYHUS yYacThK 2.1 ChC CHOTBETECH
nuaMeThp B abpkada 1. C ToBa ce mocTura ChBMeCTsSIBaHE Ha
TJIABHUTE OCH HA MOJIyJTHATA IJIaBa 3 | AbpiKaya 1.

V3bKHAUAT ENUTPOXOUJANICH KOHYC Ha MOJyJHATa
rlaBa 3 ce OPUECHTHpPA BBHB BITHOHATHS CHHUTPOXOHIATICH
KOHYC Ha Jibpikaua 1, Taka ue mpoXOoAHUAT pe300Bu oTBOp 5.1
Jla € ChOCEH Ha JIOMBJIHUTEIHHUS KOHYCEH OTBOP 5.2, KOCTO
JlaBa BB3MOXKHOCT 3a 3aTsAraHe ChC CTONOPEH BUHT 5 ¢
KOHYCEH BPBX. 3aTAraHETO HAa KOHYCHHS CTOIOPSH BHHT 5
BOJHU /0 NPUTHUCKaHEe Ha 6a30BOTO 4eno 3.3 Ha Momy/HaTa
raBa 3 kbM 0a3oBoro 4eno 1.2 Ha abpkada 1. C ToBa ce
OCUTYpsiBa YeIHOTO Oa3upaHe Ha MOJyJiHATA IJaBa 3 KbM
Ibpxkada 1.

B MomymHaTta ritaBa 3 mpeaBapHUTEITHO € 3aKPEIeH PEkKeT]
WHCTPYMEHT C NWIMHIPUYHA OTallKa, 3aXBaHAT KbM Hes
MOCPEACTBOM I1aHrara 6 u raiikara 7. ToBa ce ocblIecTBSIBa
KaTo BBTpEIIHHM 3h0YeTa Ha raiikata 7 ,4pe3 NPYKUHHUTE
CBOWCTBa Ha IIaHTaTa 6 ,ce BKapBaT BHB BHHIICH KaHAT Ha
raarara 6. ToBa MOXe Ja ce M3BBPIIH U3BBH pabOTHATA 30HA
Ha MmamuHaTa. [{anrara 6 3aenHo c raiikara 7 ce BMecTBa B
KOHYCHHS OTBOp Ha pabOoTHata MOBBpXHMHAa 3.2 Ha
MoaynHata ryaBa 3. MonynHata riaBa 3 uMMa BBHIIHA
MUIHHIPAYHA METpH4YHa pe3ba, BBPXY KOSATO Ce HaBHBA
raiikara 7. Koraro B oTBopa Ha IjaHrara 6 ce IOCTaBH
CBpemio, 3€HKep, ¢pe3a WM Jpyr HWHCTPYMEHT C
UWIMHIPUYHA OMNAlIKa ChC CHOTBETCTBAIl] HAa L@Hrara 6
IUaMeTbp, Ype3 3aTsaraHe Ha Traiikata 7 ce (¢uKcupa
yCTOMUYMBO KbM MOJyJHaTa riasa 3. Criopen auaMeTbpa Ha
MUTHHIPAIHATE OMAIIKA HAa WHCTPYMEHTHTE ce Moaoupa
choTBeTHarTa 1anra 6. Konycuute pasmepu Ha 1anrara 6 ca
€IHAKBH 32 €IHMH THIIOpa3Mep MOIyITHA TiaBa 3.

S

21
®ur. 7.

B npyrus npumepes [5] Bapuant (dur. 6) e nmpeacraBeHo
3aKpelnBaHe Ha WHCTPYMEHTH 3a CTPYroBaHE ChC CMEHSEMH
METaJIOKepaMUYHM  [UIACTUHM ¢ pasnuyHa  Qopma.
CrpyrapckusiT HOX € 3aKpereH M0 CTaHAApTeH HAauuH 4pe3
JIETJI0 KbM pabOTHATa MOBbPXHUHA 3.2 Ha MOJyJIHATa IJiaBa
3. 3a ;ma ce OCBIIECTBM MPABMIHOTO OpPWEHTHpaHE Ha
MOIyJHaTa TIJlaBa 3 KbM Jbpkada 1, € HEOOXOIuMO
HWTHHIPUYIHUAT y4acThK 4.1 Ha MoysTHATa riiaBa 3 f1a Bie3e
B IWIMHAPHYHUS y4acTbK 2.1 CbC CHOTBETEH IUAMETHD B
nbpkada 1. CbBMECTABAaHETO Ha IMITMHIPUYIHNSA Y4acTbK 4.1,
Ha MOJyJHaTa IJlaBa 3 W IWIMHIPWYHHUA ydacTbK 2.1 cbe
CHOTBETHUS IMaMEThP B IbpxKaya 1, ocUrypsiBa ChbBIajiaHe Ha
TJIaBHUTE OCH TIPH CIIIO0KATa.
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EnurpoxonnamHuAT W3MBKHAT KOHYC HA NPOQHIHUS
y4acTbK 4.2 OT CThIIAIOBUIAHNS IPUCHETUHUTEIICH EIIEMEHT 4
Ha MOJYyJIHATA TJiaBa 3 Cc€ OPHEHTHPA B CMUTPOXOUIATHUS
BIUIBOHAT KOHYC Ha NpodHiIHMS y4dacTbk 2.2 OT
CTHIIAIIOBHIHHS OTBOp 2 Ha Jbpkava |, Taka 4e Ja ¢
BBH3MOXKHO 3aTSITaHE ChC CTOMIOPEH BHHT 5.

3aT$[FaHeTO Ype3 CTOIMOPHUA BUHT 5 BOJM 10 NPUTETIIAHC
Ha 06a30BOTO 4eno 3.3 Ha MojysHATa riiaBa 3 KbM 0a30BOTO
yeno 1.2 Ha mppkaua 1. C ToBa ce ocurypsiBa YEITHOTO
0asupaHe Ha MOJIyJIHATA TJ1aBa 3 KbM Abpxkaua 1.

V.

IIpenuMcTBa Ha cHUCTEMHUTE
WHCTPYMEHTH.

3AKJIIOYEHUE

3a OBp3a CMsHa Ha

Crpyrosere ¢ [IIIY u cTpyroBere OT MIBEHIIAPCKU THII
numar Obp3a CMsIHA HA HHCTPYMEHTA, HO OOMKHOBEHO UMAT I10-
HUCKM HHMBAa Ha H3MOJI3BaHE OT 0O0paloTBalIuTe LEHTPU
MOpazy BPEMETO 3a HACTPOWKa Ha MHCTpyMeHTa. PrpuHara
Obp3a CMsTHAa Ha MHCTPYMEHTA Ce M3II0JI3Ba TaM, KbJIETO HiIMa
aBTOMaTH4YHa CMsHa Ha wuHCTpymMeHTa (ACH), 3a ma ce
YBEIMYM YacTTa OT e(QEeKTUBHOTO BpEMe 3a ps3aHe Ha
MammHara. [lomsuTe OT M3M0I3BaHEeTO HA CHCTEMH 3a Obp3a
CMSHa Ha MHCTPYMEHTA ca MHOTO.

e HamemeHno BpeMe 3@ CMsJAHa Ha KOMIIJICKTHU

UHCTPYMEHTHU

e 3HAYNTEIIHO HaMaJsIBaHE Ha BPEMCTO, IPCKApaHo 3a
NpeMHUHaBaHE OT €IUH TUII UHCTPYMCHT KbM APYT.

e JlppKaun 3a WHCTPYMEHTH 3a cTpyrosaHe - 5-10
MUHYTH 710 30 ceKyHIu

e [IpoOuBHHTE IPBTH OTHEMAT MaJIKO ITIOBEYE BpEME OT
WHCTPYMEHTHTE C OMNallKa Mopagd KOPeKIHATa Ha
LIEHTpaJIHaTa BUCOYHMHA U NOAAaBAaHETO Ha OXJIAKAaIla
TEYHOCT

e [lpenmumcrBaTa Ha CHUCTEMUTE 3a HMHCTPYMEHTH 3a
Obp3a CMsHAa ca OIle MO-WU35BEHH, KOrato ce
KOMOMHUpar ¢ Abiru Oopmamuay. [IpoOuBHU NpBHTH
mo 10 x D morar ma ObpmaT mMpoOMeHEHH A0 2 pm
TOYHOCT 32 I0-MaJIKO OT | MUHyTa

e 3anBWXBaHU MHCTPYMEHTH - 0T 5-20 munyTH 10 30
CEKYH/IH. OOUKHOBEHO 3a7IBKBAaHHUTE
WHCTpYMeHTaNHU OnokoBe ca ER wmmm mpprkaum 3a
yenHo (pe3oBane. ER ca orpannuenu 1o yenHu Gppesu
C MakCHMaJIeH JUaMEThp OT 25 mm, KOETO O3HadaBa
JIBa OTJEJNHHM 3a/BWKBaHM Jbpkada. Coromant
Capto® mokprBa BCUYKH NPUIOKEHHS C SIUH H CHITH
HWHCTPYMEHTAJIeH OJIOK

Ot ropenz0OpoeHnTe OBP30CMEHHH ABPKAUYN MOXKE /1a ce
orbenexu, 4e mnpomssemenure or Sandvik Capto* ca
HAMEPIIM HAl-TOJISAMONPUIOKEHHE B MAIIMHOCTPOCHETO
MOPaJIH CBOSITA KOHCTPHKIIHSL.

[Ipenumcraa:
e ['BBKABOCT Ype3 MIMPOKA MOIYITHOCT
e Brcoka cTaOMITHOCT U MPEIU3HOCT

o  MunumaiiHa HOMCHKJIaTypa Ha THCTPYMECHTa
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Hamaneno Bpeme 3a HacTpolika

OcobeHoctH:

TpaHcMucus ¢ BUCOK BbPTSIL MOMEHT
Bucoxka sskocT Ha orrBaHe
bbp3a u aBTomMaTH3upaHa cMsiHa HA UHCTPYMEHTHU

Hoga oxmaxxmama TeXHOIOTHs upe3 GUKCHpaHH JFO3U
3a HaJICXKJHOCT Ha Mpolieca IOpHY MPU HUCKO HaJsITaHe
Ha oxJa)kaamiara TEYHOCT

BBTpﬂHHa oxJlaXKaam@a  TCYHOCT o
HaJIArale, OT MallluHaTa 40 peKCIInA p’B6

BHCOKO

bananc u nonpaBHsiBaHe

[1]
[2]
[3]
[4]
[5]

[6]
[7]

CamoueHnTtpupane
W3I0I3BAHA JIUTEPATYPA
Catalog SANDVIK, METAL CUTTING TOOL

https://www.sandvik.coromant.com/en-us
Catalog KENNAMETAL, 2013. Metal cutting tool. — URL:
http://mip.zavodvtuz.ru/kennametal

Widia crupp tool catalog. - URL:
http://stankopromimport.com.ua/wpcontent
Hertel Tool Catalog. - URL:

http://www.kennametal.com/en/home.html
http://euroexport-bg.com/
https://worldwide
https://worldwide.espacenet.com/

AN APPLICATION FOR QUICK-CHANGE HOLDERS, AS AWAY TO
INCREASE EFFICIENCY IN THE PRODUCTION OF WORKPIECES WITH A
CNC MACHINE

Georgi Karlovski

Technical University of Gabrovo

Gabrovo, Bulgaria

e-mail: g_karlovski@abv.bg

Abstract: application of quick-change holders in the production of details, with CNC machines. Manufacturers, types, type
structures and their features. When looking for instrumental solutions, it is necessary to follow the path of minimizing technological
transitions at the expense of equipment. In some cases, with proper tool preparation it is possible to reduce zero point of the part. A
reliable and firm attachment is necessary to ensure the required surface quality. When selecting an auxiliary tool, a reduction in
machine downtime should be sought. Quick-change tool holders reduce setup and tool change time, resulting in a significant increase
in machine utilization.
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MOJEJ HA ATMOC®EPATA B YPBAHU3UPAH PANOH

Jecucnasa Unmnesa
BBBY ,,I'eopru benkoscku*
rp. Honna Murpononus, bearapus
e-mail: Dilieva@af-acad.bg

Pe3iome: Onucanue Ha atMocdepaTa U NPUYMHUTE 32 MOSIBA
Ha TypOy/JeHTHOCT B ypOaHu3upaHnu paiionu. Pasriexnane Ha
MaTeMaTHYecKH MoJesl Ha arMocdepHa TYpOYJEHTHOCT H
NPWIOKMMOCTTA UM IIPU MOJe/THPaHe Ha NoJIeT B TypOy/J1eHTHA
cpena.

Knrwuoeu oymu: 6e3nunomen nemamenen annapam, mooe,
ammocgepa, mypoyaynmuocm

l. YBOI

[ToBmmaBaneTo Ha BB3MOXKHOCTHTE Ha besmmmoTHUTE
Jlerarenaun Amnapatu (BJIA) noBenme n0 yBenuuaBaHe Ha
3aJaunTe U3ITBIHABAHU OT TsX. He Manka gact oT Te3u 3aqaqu
Ce M3IIBJIHABAT B ypOAHU3UPAHU TEPUTOPUH. [IBIDKCHHETO Ha
BB3AYIIHUTE Macd B HACEICHUTE TCPUTOPHH Ce pasiImdyaBa
CBINECTBCHO OT ABMIKCHHETO Ha Bb3JyXa M3BHH HACCIICHUTE
mecta. [IpudmHa 3a TOBa € pa3HOPOIHUS TEpEeH B cellaTa U
rpajzioBeTe, ABJDKAI CE€ HA CIPajd C pa3iIudHa BHCOUYMHA U
IOMmMHK ¢ pasnugHo mokputhe. C 1en TOoBWIIaBaHE Ha
6e3omacHocTTa Ha Tonetute Ha BJIA B rpaacku ycioBus e
HEoOXO0IMMO J1a Ce U3CIIeBa IBM)KCHUETO Ha Bh3/yXa B M HaJl
ypOaHM3MpaHa TEPUTOPHUS ©  BIHSAHHETO My BBPXY
napaMmeTrpure Ha nosieta Ha bJIA.

1. YJIECHEHUS IIPU ODOPMJIEHUETO

A. Cwvcmas na ammocghepama

Cyxusi aTMocepeH BB3IyX € rasoBa cMec ¢ oOeMeH
cberaB okoito 78% azot, 21% kucnopon, 0,9% aproH u MaIKu
KOJIMYECTBA BBIVICPOJCH JBYOKHUC, BOJAOPOJ, HCOH, XCIUH U
JPYTH Ta30Be. B IpHU3EeMHUTE IIaCTOBE CE CHIBPKAT OCBEH
TOBa IIPOMEHIMBO KOJIMYECTBO BOJHH IIapH, Ipax U APYru
mpUMECH. 3a Ta3W HENpeKbhCHATa cpela ce IOCTYIUpaT
HSIKOJIKO OCHOBHH 3aKOHa, Ha OCHOBATa Ha KOUTO YPE3 CTPOTH
JOTHYHH TIOCTPOCHUS C€ YCTAaHOBSBAT KOJHMYECTBEHHU
OTHOILICHUS 3a jara C'I)BKyl'IHOCT TepMO}II/IHaMI/I'-IHI/I
sprneans. [lo-mocTemHa (QU3WYHA WHTEpHpeTanus Ha
3aKOHHTE, Ha KOHTO Ce IMOAYHHIBAT ra30BETE, MOXKE [1a Ce
MOJYYH TIPH TpWIAraHe Ha T. Hap. CTATHCTHYCCKH TOIXO],
OCHOBaH Ha MOJICKYJIHO — KHHCTUYHATA TCOPHUSI.

l"a3oBeTe ca MHOTO 1MO-JIECHO CBUBAEMH OT TEYHOCTHUTE —
NPy HOPMAJHO HAaJsraHe TAXHATa CBHBAacMOCT € JIBaJIeCeT
XWJISIIM ITBTH TTO-TOJISIMA OT CBUBAaEMOCTTA Ha Bojara. [Ipu He
TOJIEMH CKOpOCTH obade — 3a BB3ayxa 10 S0m.s™(-1),
HaJISITAHeTO B Pa3IMYHU TOYKH HA TIOTOKA CE OTIINYABAT €JTHO
OT JIpyTo € o-MaJko oT 1%. IIpu TaknBa CKOPOCTH 3aKOHUTE
3a JBHXKCHHUCTO HAa TCYHOCTHUTC U ra3oBCTC Ca €IHAKBU U €
1e7Iech00pa3Ho /1a ce pasmIexaaT cbBMecTHO. [lopagn Tazm
CIHAKBOCT Ha MHOI'o OT CBOMCTBAaTa MM TEUHOCTUTE U
ra3oBeTe ce Hapuyar ¢ 00moto ume Guyuam [1].

Kupun Kambymes
BBBY ,,I'eopru benkoBcku*
rp. Honna Murpononusi, bearapus
e-mail: k_kambushev@mail.bg
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Touna mpexncraBa 3a paslpeleNeHHETO Ha CKOPOCTHTE
JaBaT TOKOBUTC JIMHHH. Tosa ca JIMHWH, BbB BCAKA TOYKA Ha
KOWTO  HampaBJIEeHHETO Ha  CKOpOCTTa ChBINAja C
JonuparenHaTa. AKO CKOPOCTTa B KOS JIa € TOYKa OT II0TOKa
HE ce MEHM C TeYeHHE Ha BPEMETO, JABW)KEHHETO Ce Hapuya
CTAllHOHAPHO WM YCTaHOBEHO, a aKo Ce MEHH
HecranuoHapHo. [Ipu cTanMoHapHOTO ABM)XEHHE TOKOBUTE
JMHHUU Ca HEMOIBIKHH M CBBIAJAT C TPACKTOPUHTE HA
yacTuiute Ha (urynaa. Yact oT moToKa, 3arpajeH OT TOKOBU
JMHHY, C€ HapH4a TOKOBA HHMINIKA, a IIOBbPXHHUHATA, KOATO
orpaxkaa HHIIKaTa — TOKOBa TpbOa [2]. 3a crammoHapHO
TE4YeHHE Ha HECBUBaeM (PIyHa CKOPOCTTA Ce U3MEHS 00paTHO
MPOTIOPIIMOHATIHO Ha CEYeHHWEeTOo Ha TokoBaTa TpwbOa. Tam,
KBJIETO TOKOBUTE JIMHUU C€ CT'BCTABAT (MalKO CEUYCHHE),
CKOpOCTTa € TroisiMa, a TaM KBJETO Ce OTJajedaBaT —
CKOpOCTTa HamansiBa. KapThHaTa Ha TOKOBHTE JIMHHU IaBa
KaKTO HAaNpaBJICHUETO, TaKa U CKopocTTa [2].

B. Ammocgepa 6 ypoanusupan pation

B rpaacku ycnoBus mpoMeHHTE B MUKpPOKJIMMAaTa MOraT
Ta ObIaT roJeMH B PE3yiTaT Ha MOBUIICHU TEMIIEPaTypH,
KOHUTO Ch3/1aBaT CUJIHA NPOMSAHA HA BATHPA OKOJIO CTPAIUTE.
Bucokwre crpagy HapyIaBaT B3Iy IIHHS TOTOK. Te morar ga
OTKJIOHSBAT WM 3a0aBsIT CHIIHWUTE BETPOBE, MOPAIH KOETO
TPaJICKUTE paHOHHM ca T0-Ciabo BETPOBUTH OT CEJICKUTE
paiionu. I'pagckusaT cunyerT cb3gaBa pamnaBoOCT Ha
MIOBBPXHOCTTA, KOETO BOJIU [0 I10sBATa HA CUJIHH Bb3AYLIHU
IIOTOLM IBUXKEILUTE CE MEXY CIPaJUTe.

Berposere ce aBmxar 6aBHO BBPXY BUCOKH CTPaad U OT
CBOSI CTpaHa Ch3/1aBaT TypOYJICHTHOCT, KOSTO IIPOMEHS KaKTO
CKOpOCTTa, Taka W Tocokara Ha BaTbpa (Pwur.l).
HecrabunHoTo HamsiraHe ce cbh3gaBa MEXKIy CTpaHaTa Ha
crpajara, KosiTo € M3IpaBeHa Mpest MpeoliaiaBaliys BIThp U
CTpaHaTa, KOSTO € 3aIllUTeHa OT BATHpa. Pe3ynTarsT € CHitHI
BB3/IyIIHN BUXPH.

Koraro crpaaure ca pa3nosioxxeHn 6130 €aHa 10 ApYTa,
BETPOBETE CE MPEMHMHABAT HaJ| TSAX, HO KOTaTo Crpajgure ca
pa3MoJIoKEHH Ha IO-TOJIEMHU PA3CTOSIHUS, MOXE CE TOJIy4H
BHE3alleH M C BHCOKM CKOPOCT TPAJACKUS  BATHD.
MHUKpOKIUMATHT Ha BATHPA OKOJIO CIPAJHUTE € PEe3yJTaT OT
pa3Mepa ¥ pasIoJoKeHneTo Ha crpanure. CHIIHE BETpOBE ce
o0pa3yBaT, KOraTo CrpajiuTe ca H3rPaJicHd BbpPXY Mpexka,
KOSITO Ch371aBa BATHPHH TYHENH, KBJETO BATHPHT MOXKE /1A
Habepe CKOpOCT.

[MotokbT OT aTMochepeH BB3AYX HaJ NPEISITCTBHE,
MOHSIKOra MOpaKAa BBPTAIIUTE ce notoud Ha Kapmawn.
Koraro wma oOjadeH ciaoW Ha TMOAXOIAINA BHCOYHHA,
MOTOLIMTE CTABAT BUIUMU.
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Buxposust noTok Moxe na pocturae nosede ot 400km or
MPETATCTBUETO, a AMAMETHPHT Ha BUXPUTE OOMKHOBEHO € 20-
40 km. B rpaackure paiioHM, KbIETO HAOJIM30 MMa MHOTO
BUCOKM  Ccrpagy, TypOyneHuusTa, KOSTO  Cb37aBar,
npenoTBpaTsiBa 00pa3yBaHETO HA KOXEPEHTHH BHUXPH.
[leproanyHuTE CUIN Ha CTPAHUYHMSA BSITHP, TEHEPHPAHU OT
BUXpU II0 CTEHUTE Ha AafieH 00eKT, Morar Aa ObJar ChIIo
KpaI/IHO Hexenarensu [7].

@ur. 1. O6Tryane Ha BUCOKa crpaja [7].

C. Ammocgepna mypbyrenmnocm

TypOysieHTHOTO  IBIKEHHUE BB3IYIIHUTE MacH
XapaKTepU3Mpallo ce ¢ MPOMsHA Ha CKOPOCTHOTO TOJIE BHB
BPEMETO W MPOCTPAHCTBOTO, HATMYMETO Ha HEECTHOPOIHOCTH
U TypOyJIEeHTHH BUXpHU, Cb3aBa CIEKTBP OT BUXPU C
pasnuuHM pa3Mepu (Mamadu), a peunpoYHaTa CTOHHOCT Ha
cKasara ce Hapy4ya  TOPOCTPAHCTBEHA  4YECTOTa.
Pasnpenenennero Ha TypOyJIeHTHAaTa €HEPrHs BBPXY
MPOCTPAHCTBEHHUTE YECTOTH € CIIEKTHPBT Ha TypOYJICHTHOCTH.
. [Ipuponara Ha TypOyJI€HTHOTO JBMXEHHE B aTMoc(epara e
Takapa, 4ye eHeprusita Ha eJ[poMaIaOHN BUXPH CE MPEXBBbPIIS
KbM TIO-MaJKH BHXPH M IPOJIBIDKaBa, JOKATO TE CTaHAT
TOJIKOBA MAaJIK¥, Y€ TSXHaTa KHHETHYHA CHEPrHs OTHBA
M3ISJI0 32 MPEOOJIIBAaHE Ha BHCKO3UTETa Ha BB3/yXa M ce
IpeBpblla B TomIMHA. To3u npoliec ce Hapyuya pa3ceiiBaHe Ha
KUHEeTHYHaTa eHeprusi Ha TypOynentHoctra — DKET.
HoctbeT 10 eHeprusta B TypOyJEHTHHTE IIOTOLM HMa
TEHJCHIIHS Ja yCKOpsiBa XOMOT'€HU3UPAHETO.
XapakTepucTUKaTa, KOATO € OTTOBOPHA 3a MOAOOPEHOTO
CMECBaHE W YBEJIMYEHHTE CKOPOCTH Ha TpaHcdep Ha maca,
UMITyJIC U €HEeprusi B MOTOKa ce Hapw4a ,  uy3us”, u ce
omucBa ¢ Koe(UIMEeHT Ha TypOyneHTHa audysus. To3u
KOC(HIMEHT € OCHOBEH MOAXO0J 32 KOJIMYECTBEHO OIpeIeTIsTHE
Ha TypOyJIeHTHUTE MOTONHU[4].

Ha

CKOpOCTTa Ha JBMIKEHHUE Ha Bb3/1yXa U CYCIIEHAUPAHUTE B
HEro YacTHIM CE€ MPOMEHS B IPOCTPAHCTBOTO M BPEMETO.
TMoapenenure u TypOYJIEHTHH ABMXKEHWS Ha BB3ILYIIHUTE
MacH ce pasnyaBaT MPEIUMHO 1Mo Mamab. JBHXKEHHETO B
TOJIIM Maiab ce CYnTa 3a MoApeaeHo (JJaMHHAPHO), JOKATO
JBIDKEHHETO B MaJIKU MaIadu 3a TypOynentao[8]. He moxe
Jla Cce HanpaBW sSCHA TPaHMIA MEXIY TIX: TS € YCJIOBHA U
3aBHCH OT 33/1a4aTa U METOMTE HA M3MEPBAHE.

Moxe na ce 0000mm, 4e TypOyJICHTHOCTTa € BHXPOBO
IBWKEHHE Ha (QIYHIW, YHUTO TEPMO-XHAPOTMHAMHUIHA
XapaKTEPUCTUKH (CKOPOCT, TEMIeparypa, HalsiraHe W Jp.)
M3MATBAT XAOTHUYHM (CIyJaifHu) (QIyKTyaluu ¢ BPEMETO B
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JlajieHa TOYKa, a MOPajyd HATMYMETO B TAX HA BUXPU C
pa3nu4HU pasMepu (Mamabn), CIrydaifHi ca N3MEHEHUATa UM
U B TIPOCTPAaHCTBOTO. Pomsra Ha 3aBUXPEHOCTTA Ha
¢Guynnnute TedeHus e roiasiMa. Ch3aBaliku Bh3MOXKHOCT 32
KacKaJICH TPOILIEC Ha TOpaXkIaHe Ha IMO-MAJIKH BUXPH MTOpaIu
XHAPOJAMHAMUYHATA HEYCTOWYHUBOCT HA TOJNEMHUTE, KaTO MPU
TOBa TC UM npeaaBar KHHETHU4YHATa CH CHEPTIUA.
CrenoBaTesiHO B €IMH Pa3BUT TypOYyJIEHTEH MOTOK TPsOBa j1a
MMa BHXPHU C BHCOKU BB3MOXHHU Mamabu B MHTepBaia 1y <
Ao <A< Ly, xpaero Lo ce ompenmens OT reoMeTpusTa Ha
MOTOKAa KaTo Isui0. TypOyJIeHTHOCTTa B peallHi BHCKO3HU
Gburynau e ¥ AUCUIIATUBHO SIBJICHHE.

IIponieckT Ha eHepruiiHa ,,kackaaa““ cb3faBa CTPYKTypU
KOUTO Ca JOCTaThYHO MAJKH, Y€ MOJIEKyJspHaTa Iudy3ust
CTaBa Ba)KHA M HAaKpas ce MoJydaBa BUCKO3HO pa3ceiBaHe Ha
eHeprusTa. Ckajara, 0 KOSITO TOBa Ce CIy4Ba, € cKajaTa Ha
Kommoropos. KoiMoropos moctyimpa ChIIECTBYBAaHETO Ha
HHTEpBaJ OT Mamabu Ha BuUXpHTe Ay K A K Lo, HapedeH
WHEPIMOHEH, B KOWTO KAaCKaIHUAT MPEHOC HA CHEPTUs ce
OCBIIECTBSIBA MpaKTHIECKH Oe3 3aryba, a AWCHIIAIMATA Ce
OCBINIECTBsIBA B Mamabm A S Ay CbC CpemHa CKOPOCT &,
€IHaKBa 3a IpIaTa 00JIacT OT (PU3UIECKOTO MPOCTPAHCTBO,
3a€TO OT MMOTOKa. B TO3M MHTEpBa)I MpOMsIHATa HA CKOPOCTTa
Ha TTIOTOKA Ha Pa3CTOSIHUE OT MOPAIbKa Ha A MOXKE Ja 3aBUCH
CaMo OT € ¥ A ¥ Ta3u 3aBHCUMOCT € CTEIICHHA (CKCIITHHT):

V32 o (eN)?/3

1)

HU3BECTHO Karo ,,3akoH 3a 2/3“ ma Kommoropor. Tosu
3aKOH CE U3MO0I3BA 32 CTPYKTYpHATA QYHKIHS Ha CKOPOCTTA —
CpPeIHUAT KBaJpaT Ha pasivKaTa B ,,HAITBKHUTE CKOPOCTH
Ha TIOTOKa B J1Be TOYkH M1 m M> Ha pa3cTOsIHHE I' €Ha OT

Apyra.

Dy (r) = ([u,(M,) — C.2*r2/3) ) & r < Ly,
2

KBIETO U € TIPOEKIMs Ha BEKTOpPa Ha CKOPOCTTAa BBPXY
npaBata M1 My, a C e ynuBepcanna koncranra[3].

u,(M)1?)

11l. MATEMATHYECKO OIITMCAHUE HA ATMOC®EPHA

TYPBYJIEHTHOCT

B acpoarHaMHUKaTa ABWKXCHHUETO € OTHOCHUTCIIHO W 3a
y}IO6CTBO HC3aBUCUMO OT pcajiHaTa CUTyallusl BUHAru ce
pasriaexaa ABWKCHHUECTO Ha BB3AYIIHUAT IIOTOK, 06TI/I‘-IaH.I
HCIIOABHXKHO TSJIO. 3aToBa B aBuanyATa cC cpeuiar TCPMHUHU
KaTto ,,Bb3AYylIHA CKOpOCT“, BBIIPCKU Y€ BCHITHOCT Bb3AYXbT
€ HCTIOJIBMXKEH, @ B HEI'0 CC€ IBMIXKU JICTAaTCIIHUAT ariapar.

JBrxKemusaT ce BB3AYLIEH TOTOK € CIOXEH 3a
MaTeMaTuyecka WHTEpHIpeTanus. JedopmarrionHoTo
JIBIJKCHHE Ha 4YaCTUIIMTE HAa pEalHHs ra3 € CBbpP3aHO C
JIeiCTBME Ha cUiM Ha TpueHe. HampexeHusita or TpueHe
Y4acTBaT B YPaBHEHHMSITA 3a IBM)KEHHETO Ha ra3a v CUJIUTE OT
HaJISITAaHETO TPSOBa J]a Ce OMPENesIsAT ChBMECTHO ChC CHUIIUTE
Ha TpueHe. J[BIDKEHMETO ce OMUCBa OT CHCTEMa YacTHU
nudepeHnnanHy ypaBHeHHs, U3BECTHH KaTO YpaBHEHHs Ha
HaBue-CTokc, KOUTO OTYMTAT HOPMAIHUTE HAIPEKEHUS B
[I0TOKa OT HAJAraHETO Ha Bb3AyXa U TaHICHIHUAIHUTE
HaIlpeXEeHU OT BUCKO3HOTO TPHUEHE.
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Peannara CUTyaluus obaue e JA0CTa NO-KOMIUIMIIUPAHa,
TbM KaTO BHCKO3UTETBT OT CBOS CTpaHa 3aBHCHU OT

TeMIIeparypara, a Ipyd OTYATAHC Ha CBHUBACMOCTTAa €
HCO6XO,I[I/IMO Ja C€ 3Ha€ U KaK C€ U3MCHA IINTbTHOCTTA.
HereK’LCHaTOCT
dp | d(pw) , d(pv) , d(pw)
— =0 3
dat dx + dy + dz ()
JBrkeHue mo x
d(pu d(pu? d(puv d(puw dp 1 [dr drt
(p)+(p)+(p)+(p )_ _dr _[xx+ Xy 4
dt dx dy dz dx Re; L dx dy
dar.
dz
JBrxenue no y
d(pv) ., d(puv) , dpv?®  d(pvw d 1 [dt dr
(p)+ (p )_|_ P +M:__p+_[ﬂ -4
dt dx dy dz dy Re; L dx dy
dt
Loz (5)
dz
JIBmxeHue 1o z
d(pw d(puw dpvw = d(pw? d 1 [dr dz
(pw) | dpuw) , dpvw , d(p )=__p+_[xz .,
dt dx dy dz dz Rez L dx dy
drt
ZZ] (6)
dz
Eneprus
ﬁ + d(uEy) + d(vE7) + d(WEy) - _ d(up) _ d(vp) _ d(wp) _
dt dx dy dz dx dy dz
1 dqy , dqy dqz] 1 [d
—_— Tt — —|—\ut T wT
Re-,_—PrT[dx dy dz +ReT dx( wx T YTy + xz) +
i(u‘r + vty + Wt )+i(u‘r +vty,, +wt )
dy xy yy yz dz xz yz 2z
()
KBICTO.

e Koopaunaru - X, Y, z

e CKOpOCTHH KOMIIOHEHTH - U, V, W
e Bpeme-t

e JLreTHOCT - p

e FEHeprus -e;

e Handrane - p

e Bucko3Ho TpueHe -1

e ToImmHeH NOTOK - q
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e Yycio na Peiinoiznc - R
e  Yucno nva [Ipangsen - Pr

Anamuza Ha ypaBHeHusTa Ha Hasue-Crtokc Ilpannbn
YCTaHOBsSIBA, Y€ CWJIMTE HA TpPUEHE IIE€ CEe MpOsABSABAT
CBIIECTBEHO B THHBK CJIOW ONM30 10 MOBBPXHOCTTA HA
00TrganoTo Tsm0. TO3M THHBK CIIOW, B KOHTO ce MpOsIBSIBA
BHCKO3MUTETA Ha ra3a, ce Hapuyia rpaHudeH cioil. Benencreue
TPUCHETO YaCTUIMTE Ha Tra3a KaTo dYe JM 3ajJemBaT 3a
o0THYaHaTa MOBBPXHOCT M HAa camara MOBbPXHOCT CKOPOCTTa
UM HaMmaJsiBa 10 HyJa. B TscHa obmacT ot moToka 6m30 10
TAJOTO, 110 HAlpaBJ€HHE Ha HOpMaiara OT MOBBPXHOCTTA,
CKOpocTTa OBp30 HapacTBa M Ha pa3CTOSIHHE, HapedeHO
Jne0enuHa Ha TPAaHUYHMS CIIOH, cTaBa NPHOIM3UTENIHO PaBHA
Ha CKOpOCTTa Ha IIOTOKa TaKaBa, KakBaTo OW Omia ako He
CBILIECTBYBaAllle BBTpPEUIHO TpueHe. Ilpu mo-HaTaTHIIHO
oTAa]e4aBaHe OT TSUIOTO 10 HAIlPaBJICHWE HAa HOPMaJlaTa KbM
MTOBBPXHOCTTA NMPAKTUIECKH HE CE U3MEHS.

JleOennHara Ha TpaHUYHUS CIOH MOXKe Ia ObIe OIlCHEHa,
KaTo ce B3eMe NPEIBU/I, Y€ B HETO WHEPIIMOHHUTE CHIIH, T.€.
CHIINTE OT HaJsATraHe W CWINTE Ha BHTPEIIHO TPHEHE, ca OT
€IIMH U ChIIl opsabK. Hansranero Ha rasa € mocTOsSHHO IO
neOenvHata Ha TpaHuyHus ciaod. CuiuTe Ha TpHEHE
MIPEBPBIIAT KHHETHYHATA EHEPIHs Ha IMOTOKAa B TOIUTMHA H C
MpUOTMKaBaHE KBM IMOBBPXHOCTTA HAa OOTHYAHOTO TSIIO
TeMmmeparypara B TpaHIIHUSA CJIOM HapacTBa.
PasmpenencHueTro Ha IDIBTHOCTTA IO JAeOENMHATa Ha
TpaHWYHHS CJOH Ce Ompenens OT YpaBHEHHETO 3a
CBCTOSTHUETO Ha Ta3a:

®)

[TrpTHOCTTA € TpPHOIIKaBaHe KbM TBBpP/aTa HOBBPXHOCT
HaMmalsiBa. BBTpemHoTo TpHueHe HaMansgBa CKOPOCTTa Ha
CcTpy#kuTe B rpaHuuHus cioil. CBIIacHO ypaBHEHHMETO 3a
HETIPEKbCHATOCTTA IUIOIITA Ha HANPEYHOTO CEYCHHUE TPsiOBa
Jla HapacTBa U Thi KaTo OTA0JTy CTPYHKUTE ca OTpaHUUEHH OT
TBBpJaTa MOBBPXHOCT, HAPAaCTBAHETO CTaBa HAaBBH. ToBa
BOOAUW OO0 M3KPUBABAHC HaA TOKOBHUTC JIMHUU Harope.
I'paHnYHUST CIION U3MECTBA YACcT OT CBOOOIHMS MOTOK TaKa,
KaTo Y€ JIU TSUI0TO, 00THYAHO OT BUCKO3€H I'a3, € YBSIHMYHIO
HalpeyHHsI CH pa3Mep CIPSIMO CHIIOTO TSUIO, OOTHYAHO OT
raz 0e3 BBTPELIHO TpueHe. ToBa YCIOBHO H3MEHEHHE Ha
HalpeyHHsl pa3Mep ce Hapuya JecOeiHa Ha M3MECTBaHEe Ha
rpaHnuHus cioi. IIpu obTudaHe OT MOTOK HEBHCKO3EH ra3
TSUIOTO, YBEJIMUEHO C jAebennHaTta OT HM3MECTBAHETO, e
Cbh3/1aBa CBILOTO M10JIE HA CKOPOCTHUTE U KAPTHHA HA TOKOBUTE
JIMHHUHY, KAaKTO U U3XOJHOTO TAJO BBB BHUCKO3EH MOTOK ChC
CBhILATA CKOPOCT.

TpueHeTo B TpaHUYHUS CJIOU € CIIECTBUE OT IPEeHOca Ha
KOJIMYECTBO JIBMKEHHE MEXITY CIOEBETE Ta3, ABMKEIHU CE C
paznuuHa ckopocT. IIpeHoChT Ha HMITyJIC MOXE Ja cTaBa
opajyd TOIUIMHHOTO JBIDKCHHWE Ha MOJEKYJIHTe, T.e. Ha
MUKPOPABHHUIIE, U TOTaBa JIBM)KEHUETO B TPAHUUHUS CJIOH Ce
HapW4a CJIOECTO WM JIaMHHapHO. [Ipu TaMHHApHO TeYeHHE
HsMa IPEXO0J Ha F0JIEMH Ia30BU YACTUIIM OT CJIOU B CIIOH.

[Mopanm ecrecTBeHaTa TypOyJIEHTHOCT Ha aTMOc(epaTa U
rparnaBoCTTa Ha O6TI/I‘-I8.HI/ITG MOBBPXHOCTU B TI'PAHUYHHUSA
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CIOIl BUHAru CBILECTBYBAT BUXPH, KOUTO IOTEHLUAIHO
BOJAT [0 OOMEH Ha TOJIEMHM YacTHUIM MEXIY CJIOEBETE C
paszauyHa CKOpOCT. AKO CHIMTE HAa TPUEHE ca IOJEMU B
CpPaBHEHHE C WHEPIMOHHUTE CUIM, BUXPHUTE 3aTHUXBAaT B
paMKuTe Ha CJOA YacTHLM, KOUTO ce JABMXAaT C
NpUOIM3UTETHO €IHAKBA CKOPOCT, M TEUEHHETO OCTaBa
JaMHHapHO. AKO oOaue HHEPLHOHHUTE CHIIM Ca JOCTaThbUHO
TOJIEMH, 3aII04YBa MPEHOC Ha MAKPOYACTHIIN MEXKILY CIIOEBETE,
JBIDKEIIM CE€ C pas3lduHa CKopocT. TpaekTopuure Ha
ra30BUTE YaCTHUIIM 3aII0YBaT Ja CEe IMpEecHIaT U ce oOpa3yBa
TypOyJIEHTHO TeUeHNE.

Ou3nyHO OOSCHEHWE Ha MEXaHM3Ma Ha TPeXol OT
JIAMUHAPHO KbM TypOYJICHTHO TE€UYEHHE MOXKE J1a Ce MOCTPOU
C M3MOJI3BaHe Ha moaxoxa Ha [Ipanabi , KaTo ce BbBeIe BT
Ha cmecBane[1]. ITog mbT Ha cMecBaHe ce pa30upa cpeaHara
IBJI00YMHA HA TPOHMKBAHE HA TOJEMH YacTHIM OT CJIOH C
e/lHa TaHreHIMalHA CKOPOCT B CJIOW C Jpyra CKOpOCT.
[Nonanaiiky B cJI0M C MO-TONsAMa CKOPOCT YaCTHIUTE 3a0aBsT
no-0bp3us CIIOH. CwbriacHo YpaBHEHHETO 3a
HEMPEKBCHATOCTTA, CTPYHKUTE OT TO3H CIIOU Ce PasIInpsBaT
U THIA KaTO OTIOJTy Ca OTPaHMYEHH OT TBBP/Ia CTEHA, TOKOBHTE
JIMHMM Ce WM3KpHBABAT Harope. HawanmHoto cmymenue v,
BCIICJICTBHE JICHCTBUETO HAa CUIINTE Ha TPUEHE 3aTHXBa, HO
N3KPUBABAHECTO HAa TOKOBUTEC JIMHHUU HArope € €KBUBAJICHTHO
Ha MHTyLIPAHE Ha BTOPUYHO CMYIIEHHE Vy,. AKO BTOPHYHOTO
CMyIIEHHE V,, € MO-MAIKO OT HAYaIHOTO Uy, CMYIIEHHETO
e 3aTHMXHE M TEYEHHWETO Ie OCTaHe JIAMHHAPHO. AKO
MHTCH3MBHOCTTa Ha CMYIICHHETO HApacTBa, TEUEHHETO ce
Typbymmsupa. Criopexn [IpaHmbii, BTOpHIHOTO CMYyIIIEHHE Ha
HOpMaJlHaTa ChCTaBHA Ha CKOPOCTTA € IPOMNOPIHOHAIHA Ha
rpaJlieHTa Ha TAHTCHIMATHATa CKOPOCT U Ha JBIDKHHATA Ha

. dav
II'bTA Ha CMCCBAHC ‘Uy = d_; l. YBeanuaBaHETO Ha YHUCIIOTO

Ha PeliHonmc mpu yBeiaW4YaBaHE CKOPOCTTa HAa TEYCHHETO
HaMmaJsiBa JeOeIMHATa Ha TPAHWYHUS CJIOHM, KOETO BOAM 10
TypOyIM3upaHe Ha TCUCHHETO B HEro. B HemocpenacTBeHa
6sn30CcT 0 0OTHYaHATa MOBBPXHOCT MBTAT HA CMECBaHE €
TOJTKOBA MAJIBK, Y€ CE 3ala3Ba JIAMHHAPHUAT XapakTep Ha
TEUEHHWETO, T.€. TMOJ TyYpOYJCHTHHs TpaHUYEH CIION
CBIICCTBYBA JJAMUHAPCH MOICIION.

IV. MOJEIN HA ATMOC®EPHA TYPBYJIEHTHOCT

Mogenbr Spalart-Allmaras (Crnanapt-Anmapac S—A)e
MOZIETT C €AHO YpaBHEHHE, KOMTO pellaBa CHMYJIHPaHO
TPaHCIIOPTHO  ypaBHEHHE 32 KHHEMAaTHYeH  BHXPOB
TypOyneHteH BuckoszutreT. Mopenst Spalart-Allmaras e
pa3paboTeH CHeNUalHO 338 ACPOKOCMHYECKH IPHIOKEHHS,
BKJIIOYBAIIN MOTOIM, OTPAHHYEHU OT CTEHUTE, U € J0Ka3aHo,
4e 1aBa JOOPH pe3yNTaTd 3a TPAaHUYHU CIIOCBE, MOJI0KEHU
Ha HeOJIaroNpUsTHY I'PaJJMEHTH Ha HAJISITAHETO.

Mopensr K-epsilon (k-¢) Ha TypOyJNeHTHOCT € Haii-
Pa3NpoCTpaHEHUAT MOAEN, W3MOJI3BaH B HM3YHCIMTEIHATa
muHamMuka Ha ¢uyngure (CFD) 3a Momemupane Ha
XapaKTEepUCTUKUTE Ha CpelHHs TIOTOK 3a YCJIOBHS Ha
TypOyIiieHTeH MOoTOK. ToBa € Mozel ¢ IBe ypaBHEHHsI, KOHUTO
JlaBa 00III0 OTKCaHKE HA TyPOYJIEHTHOCTTA [0 OTHOIICHUE HA
mBe TtpancnoptHu ypaBHeHus (PDE). IIspBonauamHO
mozensT K-epsilon e ch3aaneH ¢ uen aa ce nojoopu MOJIeIbT
Ha JBJDKMHATa HAa CMECBaHe, KaKTO M Ja Ce HaMepH
ITepHATHBA Ha ajIreOpUYHOTO NpeanucaHue Ha Maiadure
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Ha Typ6yneHTHa ABbJKUHA B IMOTOLM CBC CpE€aHa U BHUCOKaA
CJIOKHOCT.

B m3uncnuTenHara qUHAMHKA Ha (IIyHIUTE MOACITBT HA
TypOysentTHocT k — omera (k — ©) € KOHBEHIIMOHAJIEH MOJIEl
Ha TypOYJICHTHOCT C IB€ YPaBHEHHsI, KOWTO Ce M3I0I3Ba KaTo
3aTBapsIHE HAa OCpeAHEHUTE MO PelHonnc ypaBHEHUs Ha
Hasue—Crokc (ypaBHenust RANS). MoaensT ce onuTtBa 1a
OpeaBHAN  TYpOYJICHTHOCT, W3ION3BAaliKK [BE YacTHU
nudepeHnInanTHu ypaBHEHUsl 3a 1B IPOMEHIMBH, K U o,
KBIETO MbpBaTa NMPOMCHINBA ¢ KHMHETHYHATAa CHEPrus Ha
TypOynentHoctTa (K), a Bropara (o) e cnenupudHaTa CKOpOCT
Ha pa3ceiiBaHe (KHHETHYHATa SHEpTUs Ha TypOyJeHTHOCTTa k
BBB BHTPCIIIHA TOIJIMHHA CHEPIUsl.

Mopgenst Ha TypOynentHoct SST (mpeHoc Ha
HaIpeXeHHEeTO Ha cpsi3BaHe Ha MeHTep) € MIMPOKO M3IO0JI3BaH
U cTabmiIeH MOJeN Ha TYpOYJICHTHOCT C JIB€ YPaBHEHHUS Ha
BUXPOBHUA BHUCKO3UTET, U3IOJ3BAHU B H3YHCIWUTEIHATA
IUHaMHKa Ha (uyuaute. MonensT chyeTaBa Mojela Ha
TypOyseHTHOCT k-omega u Mojena Ha TypOysieHTHOCT K-
epsilon, Taka de k-omega ce M3M0J13Ba BbB BHTPEIIHOCTTA Ha
TpaHWYHHS CIIOW M MpeBKITouYBa Ha k-epsilon mpu cBobomeH
MOTOK Ha cpsi3Bane[5].

MopgensT Ha YpaBHEHHETO Ha HANpPEKCHUETO Ha
Peitnonnc (RSM), Hapuyan omie Mozen Ha 3aTBapsiHE Ha
BTOPHSI MOMEHT, € Hal-BCEOOXBATHHUAT KIACHYECKU TOAXO.
KbM MoJeNIMpaHeTo Ha TypOyieHTHocTTa. [lomynspaure
Mozenu, 6a3upaHu Ha BUXpoBu Bucko3ureTw (k — o u k —¢),
UMAaT 3HAYUTENHH HEJOCTAaThIHM B CIOKHHUTE WHXEHEPHU
notory. ToBa ce IBIDKH Ha M3IOI3BAHETO HA XHUIIOTE3aTa 3a
BUXPOBHS BUCKO3MTET B TsIXHaTa (hopMynrpoBka. Hanpumep,
IIPY TIOTOLIM C BHCOKA CTENEH HA aHW30TPOMHSA, 3HAYNTETHA
KpUBMHA Ha IIOTOKa, pa3feisHe Ha I0TOKa, B 30HH Ha
pELUpKyJIalys WIN B MOTOIM, 3aCETHATH OT POTalMOHHU
edexty, paboTaTta Ha TaKMBa MOJENIU € HE3a/J0BOJIMTEIHA.
IIpy TakmBa mMOTOM MOJEIUTE HA YPAaBHEHHETO HA
HampeXeHneTo Ha PeiHoNaC ocurypsBaT MHOTO MO-1o0pa
TOYHOCT.

Haii-ynoOHu 3a wu3mon3BaHe TMpH  MOJETUpaHE Ha
nemwkenne Ha BJIA[10] ca monenute Ha TypOyJEeHTHOCT Ha
Kapman[9] (Von Karman Wind Turbulence Model ) u Xro
Jlatrumep [paiineH (Dryden Wind Turbulence Model).
Monenute Ha Kapman u J[lpaiinpa m3mon3BaT Boennata
cnenudukarms MIL-F-8785C u Boennust mappunnk MIL-
HDBK-1797, u npencrasisBar Osul IIyM HpPOIMYyCHAT IIpe3
dopmupamy  GuaTep[6]. Mogmenupasero Ha Tonera ¢
M3M0JI3BaHe Ha MOJieNl Ha TypOyneHTHocT Ha Kapman wnm
JpaiinpH, mnpencraBs arMocdepara Karo  3aMpB3HAIO
TypOyJIEHTHO TI0JIE C MPOCTpaHCTBEHA YecToTa Q (rad/m).

BJIIATOJIAPHOCTH

,» VI3cIeIBaHeTO B HACTOSIIATA CTATHS € OCBIECTBEHO B
n3mbIHeHne Ha 3amada 3.1.9. , M3rpaxkaane Ha Mpexa OT
ABTOHOMHH MaJIOMOIITHU JIeTaTeIHA yCTpOHCTBa
(xBazmpakonTepn) 3a KOHTPOJN Ha ypOaHHM3MpaH paioH OT
Hanmonannara nay4na nporpama ,,CUrypHoct u orOpana“,
mpuera ¢ PMC Ne 731 or 21.10.2021 r. . U chIiIacHo
Cropasymenue Ne J101-74/19.05.2022 r.*
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MODEL OF THE ATMOSPHERE IN AN URBANIZED AREA
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Abstract: Description of the atmosphere and the causes of turbulence in urbanized areas. An examination of mathematical models
of atmospheric turbulence and their applicability in modeling flight in turbulent environments.
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MOIEJIUPAHE HA TYPBYJIEHTHOCT IIPHU MOJIET HA
BE3IINJIOTEH JIETATEJIEH AITAPAT

Kupun Kam0ymies
BBBY ,,I'eopru benkoBcku*
rp. Honna Murpononus, bearapus
e-mail: k_kambushev@mail.bg

Pe3iome: B nokiana ce pasriexaar TypOyJeHTHUTE MOIeIH
Ha Kapman u JIpaiiabH, KaKTO M MeTO/ 32 CUMYJIALMSA HA MOJIeT
B TypOy/JIeHTHA cpeaa.

Kntouoeu oymu: mypoynenmuocm, d6e3nuiomen nemamenen
anapam(bJIA), /lpaiovn, Kapman.

l. YBOI

Pa3BuTHETO HA TEXHOJIIOTHUTE YBEIMYH BE3MOXXHOCTHTE U
MIPWIOKEHUATa Ha OE3MUIOTHUTE JIeTAaTeHH amapatu. B
3aBHCHUMOCT OT 3aJaduTe, KOWTO TpsOBa 1a HW3IIBIHSIBAT,
TEXHHUTE pa3MepH U TEIJI0 BapHpar OT HAKOJIKO IECETKH rpama
JI0 HAKOJKO TOHa M CHOTBETHO OT HSKOJKO CAaHTUMETpa 0
Metpu. ToBa romsiMo pasnoodpasue ot BJIA u Bce To-CHIHO
TIPOSIBSIBAIIIMTE CE TIPOMEHH B KJIMMaTa HaJlaraT MOBUIIIaBaHE
Ha M3MCKBAHUSITA KbM aITOPUTMHTE 32 YIIPABJICHUE U TAXHATa
YCTOMYMBOCT TIPH Pe3KH MpOMeHH B aTMocdepara [1].

B Hacrosmmara cratusi me ce pasriiera ChbBMECTHATa
pabota Ha Mozen Ha aTMoc(epHa TypOyIEHTHOCT B MOZIET Ha
BJIA tun KBagpoxornrep.

Il. MATEMATHUYEH MOJIEJI HA JIBWKEHUE HA BJIA

YernpukonTepa € CHMETPUYEH JIETATCNICH —arapart.
INopgemuara cunma ce cb3daBa OT JABE JBOHKM JBUraTeny,
BBPTAIIM CE€ B  TIPOTHBOIOJOXKHH  TOCOKH. [lpm
YEeTHUPHUKONTEpa HE ChIIeCTBa MpolieMa C peaKTUBHHS
MOMEHT Ch3/1aBaH OT BBPTAIINTE CE BUTJIA.

Our. 1. PasmpeneneHue Ha BBHIIHUTE CHJIM M MOMEHTH JIeHCTBalM Ha
YeTHPHUKOITepa

JHecucnara Mnuera
BBBY ,,I'eopru benkoBcku*
rp. Honna Murpononus, bearapus
e-mail: Dilieva@af-acad.bg

YeTHUpHUKOIITEPa CE TIPHEMa 32 aOCOTIOTHO TBBPIO TAIIO C
IIeCT CTENeHM Ha cBoOoma. 3a pa3paboTBaHETO Ha
MaTeMaTHYHUS. MOJEN Ha UYETHPHKONTEPa CE€ H3IOI3BaT
nmudepennuanauTe ypaBHenus Ha Oiiiep 3a M3MeHEHHE Ha
KOJIMYECTBOTO Ha JBMKEHHE W M3MEHEHHE Ha KHHETHUHHS
MOMCECHT. IIpe3 TAX CC OIMMCBA MOCTBIIATEIIHOTO U BBPTEIMBO
IBIKEHWE Ha dYeTHpukonrepa. Ha ®wr.l ca mokazanu
PasnpeacaICcHueTo Ha BB HIITHUTE CUJIM U MOMCHTHU }IeﬁCTBaH.[PI
Ha YETHPHKOIITEPA.

Haganorto Ha cBbp3aHa KOOpIMHATHA CHCTEMa Ce HaMHpa
B IICHTHpa Ha Maca Ha yetupukonrepa (1. O).

IlocTpnaTenHOTO ABMIKEHHE HA YETUPUKOIITEPA CE OITUCBA
CbhC CJICAHUTE U3pa3u:

V; —G.sin(9)
Bl = |t fo+ fat f = G.cos(reos@®)| -
v, G.sin(y)cos(9)
0 -w, w, V.
W, 0 —w|x|%] (1)
—Wy, Wy 0 v,

B’I)pTeHeTO OKOJIO OCHUTE Ha CBbp3aHaTra KOOpJAWHATHA
CHUCTEMaA CC OIIMCBa ChC:

. - 0]
o | h(fs — £)
(Uy = 0 E O TMl - TMZ + TM3 - TM4 —_
Wy 0 0 ,i h(fi — f3)
0 Wy Wy Lix =Ly —Lg] o,
—| Wz 0 —wy||=hx Ly Tl (‘)yl ,(2)
—Wy Wy 0 =1, —Iyz I, |LW;
KbACTO

® fi,f2 f3, fa — MOgeMHH cuin, Ch3aBaHU OT YETUPUTE
JIBUTATEIS,

®  Tum,, Tumy Try Tm, — PEAKTUBHH MOMEHTH HA YETHPUTE
JIBUTaTes;

e m —Maca;



4 .
anr
A 4

ABTOMATU3AIMA HA JTUCKPETHOTO ITPOU3BOJACTBO

ISSN 2682-9584

h - pa3crosiHue ot ueHThpa Ha Maca (O) 10 BCEKH OT
JBHTATEIUTE;

G— cujla Ha TEKECTTa,

Ve Vi, Vs CKOPOCTM II0 OCHUT€ Ha CBbp3aHaTa

KOOpArHaTHA CUCTEMA,

Wy, Wy, W BIJIOBU CKOPOCTH OKOJIO OCHTE Ha
CBBp3aHaTa KOOPIMHATHA CHCTEMA,;

® Iy 1Ly, I;; — IaBHYU HHEPLIMOHHUA MOMEHTH;
° Ixy, Iyz, ) —  KPBCTOCAaHH  WHEPLUOHHU
MOMEHTH;

I1l. TOBABSIHE HA ATMOC®EPHUTE CMYILEHUS KbM MOJIEJIA
HA JIBUXEHUE HA BJIA

BnusHEETO Ha aTMOC(epHUTE CMYIIEHHSI BBPXY MOJENna
Ha nosieta Ha KBagpoxomnrep ce npencrass, upe3 1o0aBsHe Ha
CBCTaBSIIUTE HA CKOPOCTTA HA BATHPa KbM KOMITOHEHTHTE Ha
IIBTHATa CKOPOCT B U3PA3UTE 33 CHINTE K MOMEHTHTE.

AKO BEKTOPBT Ha CKOPOCTTA B CBBbP3aHATa KOOPIHHATHA
CHCTEMa Ce TpEACTaBHM KaTo CymMa OT BEeKTOpa Ha
aTMoc(epHHUTE CMYIICHUsT W BEKTOpa Ha CKOpPOCTTa B
HecMyTeHa aTMocdepa ce ToJTyuaBa:

VXCB = Vxl + Vax
VyCB = Vyl + Vay
VZCB = Vzl + Vaz

U
=

U
!

©)

-
KbIeTO: V; - BEKTOp Ha CKOPOCTTa IpU HECMyTeHA
atMocdepa B CBbp3aHaTa KOOPIHHATHA CUCTEMA,;

Vo = Vier. + Vir. - BEKTOp Ha aTMOC(EPHATE CMYIICHHUS;

o

Vier. - N€TepMUHMpaHA ChCTaBsAlla HAa aTMocdepHUTE
CMYIIICHUS.

7% CTOXAaCTHYHA ChCTaBsIlla HAa aTMOC(EepHHUTE
CMYIIICHUS.

W3non3Baiiku  mpeAcTaBSHETO Ha  CKOPOCTUTE B

CBBp3aHaTa KOOpAMHATHA cucTeMa (3), morydaBaMe e HUs
BUJ Ha JU(EPEHIMATIHUTE YpaBHEHHs 3a IOCTBIIATEIIHOTO
JIBIDKEHHE!

dVXCB
( dt + wazcs - szycs) = E
AVycy
( dyt + wzv;(ca - (‘OX‘/ZCB) = ZP;r (4)
AVzcp _
m( dt + wayCB - waxcs) - ZFZ

Hudepenimanan ypaBHeHus (4) ce mpeoOpa3yBaT BBB
BUJIA:
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. Fy .

Vxl = m + ny/ZCB - szyCB - an

. F, .

Vyl = ;y + wZVXCB - wXVZCB - Vya (5)
. F, .

Vzl = ;Z + wayCB - a)yV)'(CB - Vza

Ot (5) nonarame Ve , Ve

cToiHOCTH OT (3) U Cce TMoTyJyaBa:

, Vs C TEXHHTE paBHU

. Fy .
Vi = (24 0yVi — 0,V ) + (@0 Vi Vea)
. F. .
Vyl = (;y + szxl - wazl) + (waza_szxa—V;/a) (6)
. F, .
Vzl = (ZZ + wayl - waxl) + (wyv)'(a_wxvya—vza)
AtmochepHuTe  BB3ACHCTBHA ~ Morar JAa  Obpaar
mpeacTaBeHn karo cwii. B (6) yckoperwmsra V, , Voa s Vza c€

B3eMar KaTo HOPMUpPaHH 110 Macara Ha oOekTa ciii. Bropute
chOHMpaeMH B JisicHaTa cTpaHa Ha (6) Morar Jia ce 3aMeHsIT C:

Ea= m(wzvya waZa—an)
Fa = m(wxvza wZan—Vya) (7
Fa = m(waxa wxv}'ra—Vza)

CrenoBarenHo, ciet monarane Ha (7) B (6) ce momyyasa:

. 1

Vi = m (B +E,) — wazl + szyl

. 1

Vyl = m (F;7 + F;la) - szxl + wXVZI! (8)
. 1

Vzl = m (Fz+an) - wayl + waxl

KbIETO F,, K, U Fy, ca cuiure ¢ KOUTO atMocdepHata
TypOyIeHTHOCT Bimsie Ha monera Ha BJTA[2].

IV. MOJEJIMPAHE HA ATMOC®EPHUTE CMVYILEHUS IT0 OCUTE

HA BJIA
Mogenupanero Ha arMmocepHaTa TypOYJIEHTHOCT TIO
ocutre Ha bBJIA e ymoOHO Jnma ce W3BBpUIM B

MATLAB/SIMULINK. 3a uenra kM HETMHEHHNS MOJEI HA
KBaJPOKONITEp ce J00aBs TypOYJICHTCH MOJET, YUHTO
napaMeTpy Ce HACTPOWBAT B 3aBHCHMOCT OT KOHKpETHATa
cumynanusi[3, 4] ¢ur.2 .
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@ur. 2. HennHeeH Mozien Ha KBaJAPOKONTEP

4
B
<

Ha ¢durypa 3 e noka3zan 6s0ka TypOyJIeHIHs OT Gurypa 2.
ATMochepHUTE CMyIIeHHs ce M00aBsAT KbM MOJeNia Ha
MoJIETa, KaTo C€ OPUEHTUPAT IO OCUTE Ha cBbp3aHaTa ¢ BJIA
KOOpJIMHATHA CHCTEMa. 3a IeNTa Ce U3M0JI3Ba MaTpHUIlaTa Ha
HanpaBisBaIy KocuHycu Ha OinepoBuTe BTN — Kype, KpeH
Y TaHTaX.
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®ur. 3. TlocucreMa 3a cuMysupaHe Ha TypOyJICHTHOCT

CmylenusTa ce resepupar ot 6moka ,,Wind Turbulence
Model“. Cpemara SIMULINK naBa BB3MOKHOCT ma ce
n3bupa Mexay anmropurmute Ha Dryden m Von Karman sza
cUMyJIMpaHe Ha atMoc(epHH cmyleHus. Te ce moiydasar,
9pe3 MpoItycKaHe Ha Osi1 myM mpe3 popmupart Guitsp [5, 6].
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IIpu pabota ¢ Te3n anropuTMH TPsSOBa Ja Ce B3eMaT B Pesynrara oT BB3ACHCTBHETO HA CMYIICHHATA BBPXY
MIPeBUJ CTIEAHNATE OTrPaHUYCHUS: nosieta Ha BJIA ce Bwkaa Ha Pur.6, Our.7 u dur.8. Ha

IIOCOYCHUTEC q)HprI/I CbC CHUH LBSAT € IIOKa3aHa TPACKTOpUsATa

°
Hpennonomeﬂnem 3a 3aMpb3Halo Typ6y.l'I€HTHO tione Ha HECMYTEHOTO, a C Y€PBEHO HAa CMYTECHOTO ABUXXCHHUEC.

€ BaJIU/IHO TIPH CPe/iHa CKOPOCT Ha BATHPA.

e CpenHOKBagpaTHMYHATa CKOPOCT MM HMHTEH3UTET Ha
TypOyJIEHTHOCTTA € MajKa CHPSIMO ITbTHaTa CKOPOCT
Ha ToJeTa.

e MogenrsT Ha TypOyJEHTHOCTTa ONKCBA CpexHa ]
CTOMHOCT OT BCHYKH YCJIOBHS 3a TypOYyJIEHTHOCT Ha
YHCT BB3AYX. <

Anroputmute npu mozenure Ha Kapman u paiinbx
m3nom3Bar Boennata cnemmbukamms MIL-F-8785C u
Boennuss nappunuk MIL-HDBK-1797[7]. Cropen Tsx,
TypOYyJIEHTHOCTTAa € CTOXaCTHYECH MpOILEC, OMNPENENICH OT
CIEKTPHUTE Ha CKOpPOCTTA. 3a JIeTaTesieH arapar, JETAIl ChC
ckopocT V 1Tpe3 3aMpB3HANO TYpOYJIEHTHO TIojie C 2l
IpOCTpaHCTBeHa yecTota Q rad/m, kpbpropara 4ectoTa ® ce e —
M3YMCIIIBA Upe3 YMHOKaBaHe Ha V 110 Q. g Ui

V. PE3VITATH
@ur. 6. TpaekTopHs Ha HOJIET HA KBAPOKONTEP

Ha ®ur.4 u ®ur.5 ca nmoka3zaHu CbOTBETHO CKOPOCTHTE
Vs, Vi, V,[M/s] 1o ocute Ha cBbp3aHaTa KOOPJMHATHA CHCTEMA

U TCHEPUPAHUTE, I10 CHIIUTE OCHU, CMYIIICHUS.

B T

Heoures raver

Ll

o o l X

@ur. 4. Cxkopoctu[m/s] mo ocute Ha cBBp3aHATa KOOPAMHETHA CHCTEMa Ha ®ur. 7. TpaekTOpHs Ha TOJIET HA KBAIPOKOITED
KBaJPOKOIITEP

Hecuran st

Cuyen Norer

T | [

] 2 @ 1 [ 100 ) ]
X z

®ur. 5. Cmynrenua[m/s] mo ocuTe Ha CBbp3aHAaTa KOOPIMHETHA CHCTEMa Ha ®ur. 8. TpaekTopus Ha MOJET HA KBAIPOKONTEDP BHB BEPTUKATHATA PABHUHA
KBaJIPOKOIITEP
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[MomydennTe pe3yaraTu MoKa3Bar, 4e M30paHusl HAUNH Ha
cumynaist Ha noner Ha BJIA B TypOymeHtHa cpema e
noaxoxsm. ToBa Ie TMO3BOJNM W3MOJ3BAHETO My IIpU
OINITUMHU3MPAHE Ha aJITOPUTMHTE 32 TPACKTOPHO YIPABJICHHUE B
pEasHU yCIOBHS.
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MODELING OF TURBULENCE DURING UNMANNED AIRCRAFT FLIGHT
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Dolna Mitropolia, Bulgaria Dolna Mitropolia, Bulgaria
e-mail: k_kambushev@mail.bg e-mail: Dilieva@af-acad.bg

Abstract: The paper examines the Carman and Dryden turbulence models as well as a method for simulating flight in a turbulent
environment.
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OCHOBHMU ITPUHUUIIA ITPU KOHCTPYUPAHE HA
MEXATPOHHN MOJAYJIU U CUCTEMHA

I'enagu LBeTanoB
TVY-T'abposo
T'abposo, bearapus
e-mail: gencvet@tugab.bg

Pesome: B 1okinana ca npeacTaBeHd OCHOBHUTE IPHHIMIIN
NP NPOEKTHPaHe H KOHCTPYHPaHe HA MeXaTPOHHH MOXYJIH H
CHCTEMHM TO3BOJISIBAIM  peaju3alMsiTa Ha TaKuBa
roIsiMaHajie;kAHOCT M paforocnocodHocT. Pasrieganm ca
KOHKPETHH HpHMepH 3a o0eiMHSIBaHe W pa3JeisiHe Ha
(yHKIHH, KOETO HAMAJIABA OPOsI eJleMEHTH B KOHCTPYKIMSATA,
HO TOCTaBSl JONBJIHUTEJIHH H3MCKBAHMS 3a MaTepual M
TEXHOJOTMYHOCT HA IPOM3BOACTBOTO M.

Knrouoeu Ooymu:. kKoncmpyupane nHa mexamponHu Mooynu,
OCHOGHU NPUHYURU.

|. BBBEJIEHUE

B MexarpoHHHTE CcHCTEMH MOrar jaa ObIar pasrieJaHu
TPH OCHOBHM IMOAXOJAa Ha IIpoleca Ha IPOCKTHPaHE:
CTPYKTYPHO, OJIOK-ilepapXUIHU U 0OEKTHO-OPHEHTUPAHH.

[lpr CTPYKTYypHHAT MOIXOM, TPSIOBa a Ce CHHTE3UpAT
BApMAHTH HA KOMIIOHCHTUTE Ha cHcTemara (OJIOKOBe,
MOJIyJIM), KaKTO M Ja Ce OLCHAT Te3W BapuaHTu. Toil ce
OCHOBaBa Ha WAEsTA 3a AITOPHTBM 3a pasjaraHe, KbACTO
BCCKM MOJYJ OT CHCTeMara H3MBJIHSIBA CAWH eTam OT
suTocTHuUs tiporiec [1].

Brnok-fiepapXW4HAT MOAXOA B MPOEKTHPAHETO H3IIONI3BA
UIedTa 3a pasjlaraHe Ha OIIMCAHWTE CJIOXKHH OOCKTH B
HepapXWuHH HHMBA, BBBEXK/AA IIOHATHETO 3a CTHJI Ha
MPOEKTUPAaHETO  (BB3XOMAII, HU3XOJIII), YCTaHOBSIBA
Bpb3KaTa MEXIy MapamMeTpuTe Ha ChCEIHHUTE HepapXu4HU
HuBa [2]. B ypemocTpoeHeTo TO3W MPHHIMI ce M30upa 3a
HaMaJlsiBaHe Ha rabapuTUTE Ha KOHCTPYKIMATA U 32 HEHHOTO
OIIPOCTSIBAHE.

B paznuunuTe npunokeHHs, pasNpeneieHUTe HUBA U
TAXHOTO HAaWMEHOBAaHWE MOTaT Aa ObJaT pa3nudHu. B
MAalIMHOCTPOCHETO MMa HHUBA Ha JIETAIN, BbH3JIM, MAIIMHU U
CHCTEMH.

OOEKTHO-OPHEHTHPAHUAT TOJXO]] PA3rJIekKaa CIOXKHATA
CHCTeMa KaTo CHBKYITHOCT OT B3aUMOJICHCTBAIIN CH 00OEKTH,
BCEKU OT KOHUTO CC sIBsBA KOMHKE Ha OmMperecH kiac. To3u
MOJXOl € Hai-00eMIaBalysAT B MPOSKTUPAHETO Ha CIIOKHH
MEXaTPOHHHU CUCTECMH.

Bceku enuH OT TpHUTE MOAXOAA 32 MPOSKTUPAHE HA CAMUS
HpoLEC € Pa3ieeH Ha OTACIHU CTaJUU Ha IPOEKTHPAHE.

1. U3JIOXKEHUE

[lpyn aHamM3a M CHHTE3a HAa MEXaTPOHHH MOIYJH M
cucTeMu TpsiOBa Jia ce otunTa (haKra, ue MPH ONPOCTSIBAHE
Ha (YHKIUHU CTPYKTYPH BOIM JIO PA3IMYHU PE3yNTaTH B
npolieca Ha KOHCTpyHUpaHe.
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Huxkonaii [Terpos
TY-T'abpoBo
I'abposo, brarapus
e-mail: n.petrov@hamberger.de

B mnoBeueto caywam ce mpuiara MeTroja Ha
MHTETPUPAHETO Ha (YHKLIUH, KOTaTO €JWH KOHCTPYKTHUBEH
€JIEMEHT MMa IT0BeYe OT eiHa (QYHKIHSI.

i

i

L TETTTImM
]
(LT

Our. 2. [Ipumep 3a paznensHe Ha GyHKIUH

[IpaBunHOTO pa3mensHe W BB3MOXKHOTO OOeIMHIBaHE HA
(GyHKIMU 3a JaJeH eJIeMEHT € OT TOoJsIMO 3HAYCHHC 3a
MOCTHTaHE HAa ONTHMAallHa CTPYKTypa W € E€OWH OT
MPUHLIMIIUTE IPU KOHCTPYHUPAHE.

Ha ¢wur. 1 e mpencraBeH mpumep 3a oOemWHEHHE Ha
(hyHKIMH 3a eacTHYeH Jiarep, KOHTO ypaBHOBECSBA BHPTSIIL
MOMEHT ¥ TOKOIPOBEXJa, KaTro MOJBIDKHA HAMOTKa Ha
€JIEKTPOU3MEPBATENIEH ype/l.

Ha ¢wur. 2 e mpeacraBeH mpuMmep 3a paslensHe Ha
(yHKMHU 3a OJ0K 3b0HM KoJiella ¢ OTJIe/ Ha To-JecHaTa My
TEXHOJIOTHYHA U3PabOTKa.

le/IHLIl/IH 3a OITHMAJICH CHJIOB IIOTOK (OHTI/IMaﬂHO
HaTtoBapBaHe). Toli ce pearm3upa upe3 CICTHNUTE PaBIIIa;
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MpaBWIO HAa 3aTBOpPCHATA KUHEMATUYHA BepuUra - 1npu
r€OMETPUYHHUA CHHTE3 Ha JIOCTOBU MCXaHU3MH
CTPEMECIKBT ’I‘pﬂﬁBa Jla € KbM CHUHTE3a Ha 3aTBOPCHU
501051 XI/I6pI/I,Z[HI/I KHHEMAaTUYHU BEPUTHU, YPE3 KOUTO CC
pcaim3upar 1mo-mMajiko 3ary614 B CHUJIOBHS ITIOTOK;

IPaBUJIO 32 eHAKBATA IKOCT - KOHCTPYKTOpA BHHATH
TpsOBa 1a ce pBHKOBOAM OT XHUIOTE3UTE B
ChIOpoTHBIEHHE Ha MaTEepHAINTE, CIOpEn KOHUTO
ChIIECTBYBAT JABa BUIa HEJIMHEHHOCTH
reoOMeTpUYHa U MarepHaiHa. M300pbT Ha pa3iH4HH
MarepuaJd B €AMH  €JIeMEeHT  Hpemosara
HEJIMHEHHOCT, KOSTO YAOBJIETBOPSIBA MPEIBAPHTEITHO
3ajJjajeHa cwia -  TepMOOUMETaJH. ITpu
reOMeTpUYHaTa HEIMHEHHOCT ce Mpenmoiara, due
elleMeHTa HsAMa TMpaBWIHA yCToiuMBa Qopma U €
BB3MOXKHO pEATN3UPaHeTO Ha paBHa JedopMaius
Opu  TIpOMsiIHA ~ HAa ~ MECTOIOJIOKEHHETO  Ha
HAaTOBapBaHETO — HAeajHaTta (opma Ha 3ambHATA
rpena, ¢ enHakBa JjedopManus TPH MPOMsSHA Ha
MSICTOTO Ha HATOBapBaHE - KBaJpaTHa rnapadoa;

MpaBUIO 32  MakCUMaJHO  yCTOWYHMBOCT
YCTOWYMBOCTTa € IOHATHE, KOETO Ce pas3liiekaa B
TEOpuUsTa Ha eTACTUIHOCTTA U TIPHETO J1a CE N3I0N3Ba
3a KOHCTPYKIMH OT eneMeHTH. C oryies n30srBaHe Ha
3arybaTa Ha YCTOMYMBOCT IIPH CHJIOBO HATOBapeHH
KOHCTPYKIUH ce U3M0J3Ba MeToza Ha
MPEBapUTEIHOTO T'€OMETPHYHO HATOBapBaHE
M3ITBKHAJIH TIOCKH MEMOpaHHu;

MPaBWIIO 3a AMPEKTHATa W KbcaTa CHJIOBA JTMHHS —
Taka TpsOBa Ja ce moadupa KOHCTPYKIUSTa Ha
€JIEMEHTa, Ye CUIIOBATa JIMHIA J]a ChBIaa ¢ HeroBara
0C Ha CHUMETpHSI, T.€ JIa Ce M30srBaT TaHTCHIIMATHHUTE
HaTpPEKEHIS,

IPaBUIIO 3a €JHAKBA KOPaBUHA — IIPU CIIIOOABAHETO
Ha CJIEMEHTH OT PAa3jIMyeH MaTepual 4pe3 BiaraHe
WIM IIPECOBO ChEAMHEHUE ce IIpenopbuBa jaa ce
n30mpar  Marepuanm, KOMTO  WMar  OJHM3KH
JedbopManuy IOJA BIMAHME Ha OKOJHATAa cpefa —
BJIaraHETO Ha METaJ B CTHKIIO;

IpPaBWIO 32 YpaBHOBECABAaHE HA CHIUTE B
KOHCTPYKIMATA — TaKka TpsOBa /1a ce Ch3/laBa HOBaTa
KOHCTPYKIHS, Y€ Jla ce HM305rear HeypaBHOBECCHU
CHJIM M MOMEHTH, KOUTO Cb3JaBaT JIOIbIHUTEIIHO
paaManiHO M aKCHalHO HAaTOBapBaHE — EBOJIBEHTHU
IWJIMHAPUYHN 3BOHM KoOJIeJa C HAaKJIOHEHH 3BbOM M
IIEBPOHHH 350HU KOJIENa;

MpaBWIO 3a W30sATBaHE HAa KIMHOBHA e(ekT —
KJIHHOBHAT €(PEeKT Ce MOsABsABA, KOTATO MPHUBEIACHUAT
BI'bJI HA TPUEHE € MO-TOJISIM OT HAKJIIOHA Ha €JIEMEHTA.
Korato B TakuBa €JEMEHTH  TEOPETUUHUAT
MeXaHI4YeH KOe(UIMEeHT Ha TIOJIC3HO JCHCTBHE CTaBa
OTpHUIIATENICH CE MOsBsBA e(heKT HA caMo3aIbpiKaHe U
JIBUTAaTETHUTE CUJIM HE MOTAT Ja MPEOJIOJIEAT CUIIUTE
WIM MOMEHTHTE OT TpHUEHE CcaMO03aIbprKaIln
MIPOCTPAHCTBEHHU 3B0HU MpeaaBKH. TakuBa
MEXaHMU3MM 3a0bJDKUTEIHO C€ Opa3MepsBaT Ha
3arpsiBaHe B MSICTOTO HAa KOHTAKT.
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o [IpuHIMI HA MOCIAEIOBATEIHOCT U UTEPAMOHHOCT —
u3passiBa ce B CTPOrOTO M3IIbJIHEHHE HAa €TaluTe Ha
MPOEKTHPaHe Ha MEXATPOHHU MOIYJIH M CHUCTEMH, a
UTEPALMOHHOCTTA — B KOPErHpaHe Ha IPOEKTHOTO
pellieHre, MOJyYeHO Ha MNPEAWIIHH €Talmk B

HPOEKTUPAHETO.

Monynen npunmuin. Cbcrom ce B MaKCHMAaIHO
Bb3MOXKHO H3IOJI3BAHE HA E€IHOTUIIHUA BB3IU HIU
€IeMEHTH NpPH POOOTHU3UPAHU MOIYIH C PA3IUIHO
LeJIeBO MpeaHa3HaueHne. To3u NpUHIUI ce OCHOBaBa
Ha AaKTUBHOTO M3IOJ3BaHE HAa KOMIIIOTHPHUTE
TEXHOJIOTHH B TpOLEca Ha JU3aiH U MPOEKTHpaHe Ha
Pa3IM4YHU MOJYJIM:

- TPOW3BOJCTBEHH MOMAYJIH — W3ION3BAaT ce 0e3
W3MEHEHHE B Ipolleca Ha IpoekTupane. Beska
CAD-cucrema mputexaBaOHOIHOTEKa OT TOTOBU
MOJIyJH B Pa3IH4YHU MOAOTPACIIN B
,,MaIIMHOCTPOEHETO”, KOeTO0 HaBa U ¢
pa3UIUPEHUTE TUHAMUYIHN ONOTHOTEKH.

- TEXHOJIOTHYHH MOIYJIH H3MONI3BAT Ce 3a
TEXHOJIOTHYHA TOATOTOBKA Ha IMPOM3BOICTBEHHS
NpoleC W HE3HAYMTETHO  KOHCTPYKTOPCKO
BIIMSIHUE Haii-Bede KbM MecTara 3a 3aKperBaHe Ha
BB3NTUTE U eneMenture [3].

CoBpemennnte CAD-cucteMn Mo3BOJISIBAT JIECHO Ja Ce
MOJTyYaBaT OTJICTATHN N30paKEHUsI HA BB3JIM U CIIEMECHTH B

MexaTpoHHWKaTa  0e3  3aryba Ha  Bpeme. [lpm
KOHCTPYKI[IOHHUTE MOJIENI € HeOXOIMMO Ja Ce HM3I0JI3Ba
ACOLMATHBHO  Opa3MepsBaHe, KAaTO € 3aIBbJDKUTEITHO

KOMIIEHCHPAIIOTO 3BEHO [a € ChC CBOOOJHA NOBBPXHUHA,
Taka Y€ Ja C€ MONyYd MaKCHMalHa YyHUUKAWUA U
BB3MOXKHOCT 32 MallfabupaHe B pabOTHOTO IPOCTPAHCTBO.

e [lpmrmun Ha yHHUKamuara. CBep3aH € ¢
W3MOJI3BAHETO HA CTAHAAPTHU EJIEMEHTH, BB3IU U
SIMHULM NIPU NPOCKTHPaHe Ha MEXaTPOHHH MOMIYJIH

" CUCTCMU.

Coepemennnte CAD/CAM-crcTemMu 32 aBTOMATH3UPAHO
HPOCKTHPAHE W MPOU3BOJCTBO IMO3BOISIBAT Pa3spabOTBAaHETO
Ha cOOCTBEHM MOAYJIM W 0a3a NaHHW OT IOBTapsma ce
rpadpmuna  wHpopMmanms [4]. Haii-mankara rpadudna
eNUHULA INIpU TIX € ,,0J0KOBa” CTPYKTypa, KOSTO ce
3amaMeTsBa Kkato (¢aiil M Mo3BoNIsiBA MariabupaHe u
MHOT'OKPAaTHO M3MOJI3BaHE B €/IMH TN HSAKOJIKO MOJIEIA.

e [lpuHiun Ha cHOTBETCTBUETO. M3passBa ce B U300p
Ha CTaHAApTHH (HOMEHKJIATYpHHM) MOKAa3aTeld C
IeJIeBO HA3HAUCHHUE 32 TOJIsIMA 9acT OT MEXaTPOHHHTE
MoAaynmu W cucremu. ChIecTByBa CHOTBETCTBHE
MEXIy BeposTHOCTTa 3a 0e3oTka3Ha pabota u

MPUIIOKCHUETO HAa MEXATPOHHOTO U3JCIIHNC.

IIpynuun  Ha  kommpomucure. IIponecsT Ha
IIPOEKTUpPAHE €  HENpEeKbCHaTa  Bepura  OT
KOMIIPOMUCH, KOSITO CE ITPHEMa Ha BCUYKH CTaJUuH OT
CB3/1aBaHETO HA MEXATPOHHOTO MU3JEIHUE.

VYBennuaBaHeTO Ha NPOW3BOJIHA XapaKTEPHCTHKA Ha
MEXaTPOHHOTO M3ZeNNe HEeU30eKHO BOIU /IO YBEIMYABAHE
Ha ce0eCTOMHOCTTA My, BPEMETO 3a MPOU3BOJICTBO U YECTO
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TpS[6Ba JAa CcC mpeaABUAU ApPYro paBHULIC HA MOAAPDBIKKA U
CKCIII0aTamus.

Tennenuunre B CBHBPEMEHHOTO MEXaTPOHHO
MIPOM3BOJCTBO € KbM KOHIIEHTpalWATa Ha KOHCTPYKTOpa 3a
palMOHATIHO ChYETaBAHE HA TEXHOJIOTMYHUTE BB3MOXKHOCTU
C YCIOXHSBAaHETO Ha KOHCTpyKmmAra. Ilpm  ToBa
YCIIOKHSBAaHETO HE BUHArM € HKOHOMUYECKH OIPaBJIaHO,
3amoTo e(peKTUTE BhpXY IIEHOBATa My CTOHHOCT ca MaJIKH.

YBenuuyaBaHe HaAEKIHOCTTA Ha MalllMHATa BHHArd C
yCIoXKHeHue u nyOnupane Ha HAKOHM (yHkumu. M300psT Ha
ONOpPH W HANpaBJsIBalllM, OCUTYpSIBA MAJIKO HW3HOCBaHE,
M3I0JI3BAHETO HAa HOBHM MaTepUalIH, CICIHATHHU ITOKPHTHS,
cMa3BaHe, TepMo0oOpaboTka. KoMpoMuChT B TO3H cityuaid e
B OCHUTypsIBAHE Ha HAAEXKIHOCT Ha HalW-OTTOBOPHHUTE
JIETAIU U BB3IIY.

L4 HpI/IH]_[I/IH Ha NPpUCMCTBCHOCTTA. HpaKTH‘IeCKI/I BCCKH
MEXaHW3bM W/WIM MallMHAa Cc€ SBSIBaT o Ha
CBOJIIOIMATA U B TAX BUHAru nMa €JICMCHTH, Z[CTaﬁJ'IPI

Y BB3JIM, Pa3pabOTEeHH B TPEAXOIHH ETaIH.

- CBINHOCT Ha NPOCKTHPAHETO — OCHUTypSBaHE Ha
HEOOXOJMMHUTE XapaKTEePUCTHKU Ha W3/ENUETO, a
HE Ha HeroBaTa OpUIMHAIHOCT. MoepHU3anusTa,

CHCTEMaTHIECKOTO YCBBBPIICHCTBaHE
MO3BOJISIBAT Ja C€ MOAABPXKAT IOCTOSHHO
HapacTBalld  [IOKa3aTelW, B TEYEHHE Ha
ompenelneHo Bpeme, 0e3 pJa ce IpPOMeHs
KOHCTPYKIIUATA;

- paIMOHAIHO ChYETaBaHE Ha CTapara KOHIIEIIIHS C
HOBU €JIEMEHTH — 3aBUCH OT H3paboTKara Ha
MPOEKTHOTO pEIIEHHEe, Taka W OT HHUBOTO Ha
TEXHOJIOTHYHA TIOATOTOBKA HA IPOM3BOJCTBOTO.
Ha To3u KpBCTOBT HMa JIBE pEHICHUS
KOHCEpBATU3bM, KOWTO Bomu ciien cede cu
JIOOPOBOJIEH OTKA3 OT TBOPYECKOTO ThPCEHE HA
HOBU HMJICU M MCHXOJIOTHYECKasi MHEPIIUs, KOTaTo
KOHCTPYKTOpA € 3alICHEH OT CBOSATA UJIES U HE Ce
OTKa3Ba OT Hes.

IIpuemcTBEeHOCTTa NPH NPOSKTUPAHETO HMa HIKOJIKO
acIeKTa:

e 1npuBbp3BaHe Ha (QUPMHTE KbM  ONpENENICHO
0TpaboTeHOo pelIeHne (KOMITaHOBKA, KOHCTPYKIHS Ha
BB3NIUTE, AW3aiiH W J1p). ToBa ompenens TEXHUAT
MOYEPK U TE TPYJHO CE€ OTKA3BaT OT HETO U MOHSIKOra
,HOy-XayTo” MM € NpUYMHA 3a HAWUMEHOBAHHUETO,

KOCTO nMar,

MHAMBUyalu3alusATa Ha KOHCTPYKLUsATAa HE BUHAru
Ce pa3lpOCTPaHsABa BbPXY BCUYKU €JIEMEHTHU U BbB3IIY,
a caMO BbpPXY BBHILHUAT IU3aliH;

KOHCTPYKTHBHATa MPUEMCTBEHOCT JaBa Bb3MOXKHOCT
3a yBenuyaBaHe e()eKTHBHHUTE pa3pabOTKU 3a CMETKa
M3IOJI3BAHETO HAa YHU(HULINPAHA MOJYJIN U BB3JIH;

CTENeHTa Ha B3aMMCTBaHE onpenens
KOHIENTYaJIHOTO HMBO M  3aBUCHU  OT  OT
BB3MOXKHOCTUTE Ha TNPUETUTE CBOM W UYXKIU
pellicHUsT Ha ONpeAeieH TEXHUYECKH mpodieM B
HEM3MEHEH WIH MOAU(UIIIPAH BUI.

103

Jlpyru IpUHIMITN B KOHCTPYUPAHETO ca:

® TIPUHIMUIT HA CAMOCBXPAHCHUECTO — KaK U3ACIIHUCTO IIE
3arasBa CBOsTa pa6OTOCHOCO6HOCT B 3aBUCHUMOCT OT

(axropa Bpeme — crapeeHe;

MIPUHLIMII HA CaMOOXpaHa — MOCTaBsiHE Ha Mpeara3Hu
CHEIMHEHUS, OJIOKUPOBKH;

NPUHIUIT HA CAMOHarakJaHe — MPH JarepyBaHe Ha
BAJIOBETE B PEAYyKTOPUTE OT €IHATa CTpaHa ce
mocTaBs  paauajieH Jjarep, a OT  Jpyrara
CaMOHATX/IAII CE;

MPUHIWII Ha BBTPCIIHATA JUArHOCTHUKA — HU3ACJIUATA
Ja HUMaT BB3MOXHOCT CaMHM Ja €€ IPOBEpABAT U
CBCHTYAJIHO Oa C'I)O6HlaBaT 3a Np€ABUIUMU OTKa3u B
CJICACTBUC HAa U3HOCBAHC WIH APYT'UA ,I[C(I)CKTI/I;

OITUMaJiIHa TOYHOCT — OCHOBCH IIPUHIUII B YPECAUTE
34 U3BMEPBAHC HA I'PCHIKU;

NPUHIUI Ha MUHUMAJTHUTE Pa3XxoIy — C MUHUMAIHU
pasxolM a ce pealn3upa MakCHMalleH e(ekT oT
JlafieHaTa KOHCTPYKIIUS;

TIPUHIUIT Ha ONTUMAJHUS MaTepHal — Jia ce u3dupa
MaTepuai, KOHTO uMa J00pa XOMOI€HHOCT U €
HEYYBCTBUTEJIEH KBbM IIapaMeTpUTe Ha OKOJHATa
cpena.

Pa3HooOpasHuTe paboTH B mpoleca Ha KOHCTPpYyHpPaHE
M3HUCKBAT aBTOMATH3aLUATa Ha U3UHCIUTEIIHATE IPOLIENYPH,
KOETO MOXeE J]a C€ OCBILIECTBH upe3 JIpyrd Hporpamu. 3a
UHTETPHpaHe Ha IOTOKa OT JAHHH OT M3YUCIHTENTHaTa
nporpama kbM CAD-cuctemara o3HayaBa Te naa Obaar

unterpupann. ToBa TmoO3BONSIBA Ja C€  U3BHPIIBAT
KOHTPOJTHH, MapaMeTPHUYCCKH U OIITUMU3ALIMOHHHI
M3YUCICHUS, KOWUTO 1a paborsar ceBMectHo ¢ CAD-
CcHCTEMATa.

WuTterpupaneTro Ha JaHHUTE MOXE Ja CE M3BBPIIN Ha
HSIKOJIKO HUBA:

e lHrerpupaHe 4Ype3 JAWHAMHUYHO CBBP3BAIlM  Ce
OMOMMOTEKM — TOBa CTaBa Ype3 HW3MOJI3BAHETO Ha
o0mm OMOMHOTEKN € IPYTH TMPOTPaMHH TPOIYKTH,
KOMTO paboTsAT TOJA OIpejiesieHa OIepaldoHHa
cucrema. [lo TakpB HauMH MOXKE Ja CE H3IOJ3BA
cnerpanusupann  nmakerd  MathCAD, Excel 3a
peann3upaHe Ha 4YHCIOBa 0a3a JaHHM, KOATO B
MOCJIE/ICTBUE Jia O'bJie BU3yaln3UpaHa;

Wuterpupane upe3 3apexIaHe Ha JOIBIHHTEITHU
rpadbHYHE JaHHU — MO3BOJISIBA MTPEABAPUTEIIHO Ja Ce
pa3paboTiAT KOMaHAWM W TIPUMHTUBH, KOHTO C€
mony4yaBar B CAD-cuctemute upe3 pasiuueH Opoi
CIIEMEHTapHU Ollepallid, HO HE ca ONpeIeIeHI
MPE/IBAPUTENHO C 11 MO-O0BbP30TO MPOEKTHpaHe Ha
JTAJICHOTO U3JICIIHE;

Wuterpupane upe3 uH3MOA3BaHe Ha (ailaoBe ¢
OTIPEZIEIEHO  pa3IIMpEeHue MO3BOJISIBA Jla  Ce
reHeprpaT MHOT'OKPAaTHO MOBTAPSIIM Ce KOMaHIH U
Ja ce wu300pasum JajeHoTo wM3nenue. ToBa ce
u3BbpIIBa Ype3 daiinose, peanmsupanu B ASCII ko
¢ nmomorra Ha nporpamata NotePAD wiu WordPAD.
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. 3AKJIIOYEHUE

IIpencraBenn  ca  OCHOBHMTE  NPUHLIUIM  IIpU
KOHCTPYUpaHE HAa CbBPEMEHHU MOJAYJIHM U CUCTEMM, KOUTO
TpsAOBa J1a ce Ccra3BaT MpH M3I0JI3BaHE HAa KOHBEHIMOHATHU
1 aBTOMAaTU3UPAHU METOAM 33 U3YMCIIABAHE U ONTHUMHU3ALIUS.

JaneHn ca OCHOBHHTE IOIXOIM IPH aBTOMATH3aIUATA
Ha n3uuciurennure npoueaypu B CAD-cucremure ¢ u 6e3
MOMOIITAa HA  JONBJIHHTCIHH HWHTCTPUPAHH  IAaKeTH
MPUJIOKHU IIPOTPaMH.
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BASIC PRINCIPLES IN CONSTRUCTING MECHATRONIC MODULES AND

SYSTEMS
Genadi Cvetanov Nikolai Petrov
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Precision Engineering Precision Engineering
Gabrovo City,Bulgaria Gabrovo City,Bulgaria
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Abstract: The report presents the basic principles for designing and constructing mechatronic modules and systems enabling
the realization of those with high reliability and operability. Specific examples of unification and separation of functions have been
considered, which reduces the number of elements in the structure, but places additional requirements for material and technology
of their production.
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3AIBUKBAHE HA MEXATPOHHU MOIYJIX C HPOMEHJ/IUBA
CKOPOCT HA BXOAAIIUAT BAJI

Huxkomnaii [lerpos
TVY-T'abposo
T'abposo, bearapus
e-mail: n.petrov@hamberger.de

Pesrome: B jgoknaga ca  mpeacTaBeHH  OCHOBHMTE
KHHEMATHYHH  3aBHCHMOCTH NPH  NpPOeKTHpaHe  Ha
MeXaTPOHHO 3aJBHKBaHe C TIIPOMEHJIMBA CKOPOCT Ha

3aJBHOKBalllUdA  BaJl. I[az[elm Ca KOHKPETHHM pelieHust 3a
peaqm3anua Ha MeEXaHU3MH C INIPOMEHJIMBO IpeaaBaTe/IHO
OTHOIUECHHE U BUCIIH KHHEMATUYHHU 1BOMIIH.

Kniouoeu oymu:. 3aoeusnceane, npomeniugo npeoasamenmno
omHowenue.

|. BBBEJIEHUE

Konnenmusra 3a MexaHU3MUTE C MPOMEHINBA CKOPOCT
Ha 33/IBI)KBaHE € MHOBAILMA B 00JacTTa Ha TEOpHUsTa Ha
MexaHusmuTe W MammHuTe [1,2]. T wuma orpomex
MOTEHIMAJ 3a TEOPETHYHM H3CIEABAHMA U TPAKTHUECKU
TPUIT0XKEHHS.

B reoMeTpuUyYHMs CHHTE3 HA MEXAHU3MH C IIPOMEHIIHMBO
[pe/IaBaTelIHO OTHOIICHHE CHUIECTBYBAT JiBA MOJAXOJA 3a
aHaJIM3 OCHOBAHH Ha 3aKOHa 3a JBkeHue [3].

HeJ'ITa Ha HacCTodmusa JOKJIaa € Ja MpeaACTaBu
omnpenci€Ha TEOPETUYHA KOHOCHINA 3a KHHEMATUYCH
aHajiu3 Ha TaKWBa MEXaHU3MU U JaJl€ KOHKPETHHU

KOHCTPYKTHBHH PEIICHHSI.

I1. U3JIOXKEHHUE

I'maBHara QyHKIMS Ha MexaHWU3Ma C MPOMEHJIMBA € Jia
TpaHcGopMHUpa IPEeMeCTBaHE U CHJIa B ONIPEACIICHU I'PaHHIIH.
B TpamuuMoHHWTE MEXaHM3MH, 3a/IBIKBAIOTO 3BEHO
npennoiara paboTa ¢ IIOCTOSIHHAa CKOPOCT W JIMIICA Ha
BIJIOBO yCKOpeHHe. UecTo KOHCTPYKIMATA Ha KIIACHYECKHUTE
MEXaHM3MH ¢ 0e3 eJacTUYHO 3BEHO NpPH U3XO0Aa, KOETO ¢
TEXeH HEJOCTaThK U Hpearoyara Bhb3HUKBAHETO Ha IIyM H
BUOpaIyy.

C orJIcq IPCOaO0JIABAHC HEOOCTAThIIUTC
06HIOHpI/IeTI/IT€ METOAOJIOrMHM 3a KMHEMAaTHU4YCH aHaIu3,
MEXaHU3bM C TIPOMCHJIMBA CKOPOCT Ha 3aJIBUXKBAHC,
npeajara KOHOCIIMATA 34 ,HI/I(l)CpGHIII/IaJ'ICH IoaxoQ
CHHTE3 OCHOBaH Ha TMPCABAPUTCIHO 3aJaJicH 3aKOH
JBHXKCHHUC.

Ha
Ha
ce
Ha
3a

[Ipu pasriexxaane Ha caMOCTOSITENICH MEXaHU3bM, TpU
KoiTo ¢ X ce ompernens He3aBUCUMUS BI'bJ Ha 3aBbPTaHE Ha
3aIBIKBAIIIOTO 3BEHO, a C Y 3aBUCHMHUS BI'BJ HA 3aBBPTAHE,
npefaBaTelHaTa My  (QYHKIHMS € HENpeKbCHAaTa W
MepUOIIIHA:

Y =Y(X) O

105

T'enamu LieTanoB
TY-T'abpoBo
I'abposo, brarapus
e-mail: gencvet@tugab.bg

MOMEHTHOTO IOJOXKEHHE Ha 3aIBI)KBAHOTO 3BEHO C€
OTIpeIes OT:

Y (0 =Y (X(®)

. ‘ 2
Y =Y'(X)X )
Y =Y"(X)X2+Y'(X)X @

— V3 2 2
KBJIETO: X(1),X =dX /dt u X=d°X/dt" ey orpetHo ca
BIBIBT HAa 3aBbPTaHE, BIJIOBA CKOPOCT M YCKOpPEHUE Ha

- ;o )
33JIBUKBAIIIOTO  3BEHO,; Y ()Y =dY/dt Y =d7 /dt
CBOTBETHO Ca BIBJIBT Ha 3aBbpPTaHE, BIIOBA CKOPOCT U
YCKOpPEHHE Ha 3aIBUKBAHOTO 3BEHO.

B mnoseuero cmywall, KMHEMaTW4YHUTE W JAWHAMUYHU
CBCTOSIHMSI Ha MEXaHH3Ma ce H3pa3sBaT OT (YHKIMS Ha
JIBIDKCHHETO Ha BXOJJHOTO 3BEHO (V):

w(t)=¥(X, X, X) 5)

Xsconst’a X =0

Ot yacTHHA ciydait , CIenBa:

w(t) =¥ (X) ©)

Mexanuzsm ¢ MMPpOMCHJIMBA CKOPOCT HAa BXOJAHOTO 3BCHO
CC onpeacis OT:

X = f(t) @,

a HErOBUTE KMHEMATUYHU M JUHAMUYHU CBCTOSHHA ca
OTIHCaHHU B 3aBHCUMOCT (5).

Criopen BHa Ha eJIeMeHTa ¢ TMPOMEHIMBA CKOPOCT Ha
3aIBUKBAHC ME€XaHU3MUTEC MOraT aa 6'};}13.T KJ'IaCI/I(bI/II_H/IpaHI/I
B J(Ba BHMJA cUCTEMU. [IBPBUSAT BHJI MPEACTABISABA HAGOP OT
MEXAHU3MHM C IIPOMEHJIMBO IPENABATEHO OTHOIIEHHE,
KOWTO Ca W3MOJ3BAaHM Ja TPEJaBaT JBHKEHHETO OT
3a/BIKBALIMS BaJl JI0 jKejjaHaTa (yHKLIHOHAIHA CKOPOCT M
Ja TpHBEIaT B JBWKEHHE 3aIBHKBALIOTO 3BEHO HA
Mmexanusma (dur.1).
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Bropusar BHD e »CHCTEMa CEPBOMEXaHU3BM C
MPOMEHJIMBAa CKOPOCT Ha 3aABIXKBALMS Bal™, KbIETO
CEpBOABUTATENA € M3IOJI3BAaH 32 M3BEXKAAHE HA JKelaHarTa
(yHKIMOHAJIHA CKOPOCT AUPEKTHO 10 3aJ[BHIKBALIIOTO 3BEHO,

(dur. 2).

Bxojiama ckopoct
g Bxomsma ckopoct

——

o
Bpeme

B —_
Bpewme

Mexannzsm TIPOMEHALLL
OTHOLICHHETO HA CKOPOCTTA

MoutHocT Ha
BAIA

Mexanusbm

@ur. 1. MexannuHa cuUCTeMa MEXaHH3MH C IPOMEHJIHMBAa CKOPOCT Ha
3aBHKBALINS BaJl

A Bxonsma cxopoct A Bxonsma ckopoct
———— B E—
Bpeme Bpeme
CepBo Boau »{ CepBo MoTOp »| MexaHuzsm
Qur. 2. Cucrema CepBOMEXaHM3MH C IPOMEHJIMBAa CKOPOCT Ha

3aIBHXXBAIUA Bajl

KvHemarnuHust aHaiM3 Ha MEXaHM3MH C TIPOMEHJIHMBA
CKOPOCT Ha 3aJBI)KBAallMSA B MMa 3a Iel Ja IOIy4YH
I'BBKABOCT TP M3XO0/a M JIa TI0100pH XapaKTePUCTUKUTE Ha
IBIDKEHHE (CKOpOCT, YCKOpPEHHE MW [p.) dYpe3 aKTHBHA
IpOMsIHA Ha CKOPOCTTA Ha 3aJBHXKBAIIIOTO 3BCHO.

3a OTACIICH MCXaHHW3bM C €JHa CTCIICH Ha CBO6OZ[3,
nmapamMeTpuTe Ha ABWKCHHC Ha 3aJBHMXBAHOTO 3BCHO Ca
(I)yHKHI/II/I OT TE€3HM HA 3aJIBHKBAIIOTO:

s=s(t) = F(6(V)

. ©)
v =v(t)=ds/dt = f'(6)6 )
a=a(t)=d?s/dt? = "(0)0% + f'(0)6 (10)

xpaero: 00 6=do/dt , d=d0/dt?
CKOpOCT

Ca BI'bJIBT Ha

3aBBbpPTaHE, ‘bIjIOBaTa u YCKOpEHHUE Ha

3aABHKBAIIOTO 3BCHO.

Kputepunte 3a cbcTaBsHe Ha UENEBU (PYHKIMH OpU
BXOJ1a ca:

e Kputepwii 3a npoextupane 1:

W3nckBanusara 3a JABWIKCHHUC TIpU HU3XOAHOTO 3BCHO
CbBMCCTHO C BBBCJACHHUTC OIpaHHYCHUA Ha CKOPOCTTa Ja
CUMYJIMpAT CEPBOMCXAHU3BM.

o Kpurepuii 3a npoektupane 2:

@OyHKnMsITa Ha ABWKEHHE IIPU BXOAHOTO 3BEHO TPsiOBa
Jla OCUTYpsiBa BIJIOBH YCKOPEHHS B OIpEJIENeH JUaIa3oH, 3a
Ja ce Mpeamasd eleMeHTa C IPOMEHJIHMBA CKOPOCT OT
MPETOBapBaHE.
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e Kpurepuii 3a npoekrupane 3:

CpenHaTta CKOpOCT IIpH BXOJHOTO 3BEHO oOcTaBa 0e3
MPOMSIHA.

Jlomycka ce, 4e jkelaHaTa TPAeKTOPHS Ha CKOPOCTTa Ha
3a[BIDKBAHOTO 3BEHO € JaieHa U MPeACTaBeHa KaTo
(yHKIMS Ha BIJIOBOTO 3aBBPTAHE HA 3aJBMKBAILOTO 3BEHO,

v=v'(6),6¢<[6,,0
Taka ue ©) [% f].

W3znon3eaiiku 3aBucuMoct (9) mpuemame:

ng(e):‘/*(g)/f’(e)' QE[QO'Hf] (10)
HeoOxomuMoTO  yCIOBHE, 3a Ja Ce€  H30erHar
£/(6) =0

CHUHTYJIAPHUTEC MOJIOKCHUA Ha MCXaHU3Ma €

WuaTerpupanero Ha 3aBucuMoct (10) maBa BrioBara
CKOPOCT BbB (DYHKIIUS HA BPEMETO:

I
t=%+jugwwe 1)
20

A.  1lo0x00 3a onmumanen KOHMpPOT

o IleneBu pyHKIIUM U OTPAHUICHUS

3a ma momoOpAT XapaKTEPUCTUKUTE HA IBIDKEHHETO TPH
M3XOJTHOTO 3BEHO Ce ITpHeMa CieHaTa 1eneBa QyHKIYS:

P = [ 0 ordt w

a=f%mn—amwn (12)

KBIACTO V(t) u a(t) ca croMararCJIHu (byHKHI/II/I, KOHUTO
OIMMCBAT JKCJIAHUTE XapaKTCPHUCTUKW Ha JABMXXCHUETO IIPpU
HU3XOJHOTO 3BCHO.

B cemoTo Bpeme, kato ce mma mpensua Kpurepwmit 1,
cilefpamara leneBa (YHKIUS ce M3MOJI3BA 3a [a BbBEIE
OTpaHWYEHHE BB BHOPOCKOPOCTTA TP BXOJHOTO 3BEHO:

tr . ..
P, :J.f[e—a_)]zdt i P, :I ddt  (13)
to to

CrnenoBatelHo, ¢GbyHKIIUS  ce

nerHIpaHa KaTo:

KpaifHaTa  LieneBa

P=wP +w,P, (14)
Wl WZ

KBAETO ' M ¢ ca TErJOBHHUTE (paKTOPH.

[ ]

I'pannunu ycnosus

Crnenpaitkun Kpurepuit 3a mpoexktupane 3, rpaHUYHHUTE
CTOMHOCTH Ha BXOJHOTO BIJIOBO 3aBbPTaHE, Ca:
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e(to) = 90 ) H(tf )= 0, (15)

e Mogen ¢ onTuManeH KOHTPOJI Ha CKOPOCTTA.

IeneBata ¢hyHkuus ce neduHUpa, KaTo:

P—w, j O - OF dt + w, j “[o-ardt (16)

[Ipu nurica Ha M3NCKBaHUSI KbM CKOPOCTTA Ha BXOJIHOTO
3BEeHO ce m3non3Ba Kpurepwnii 2 3a mpoekTupaHe:

['paHnuHM yciioBHs 3a 3aBbpPTAHE Ha MEXaHM3Ma Ha 1T
obopor, ca:

0,(0)=0,, 0,(t,) =27 +6, 17)
6,(0)=6(t,) , 6,(t,) =06(0) (18)
6,(0)=6t,), 6,(t,) =6(0) (19)
0,(00=01(t,), 6,(t,)=6(0) (20)

IIpn numca Ha W3UCKBaHE 3a XapaKTe-PUCTUKUTE Ha
JBIDKCHHE IIPU M3XOJHOTO 3BEHO B pabOTHUS IEPHUOZ,
clieBa J]a Ce OTPAaHMYM caMO BHOPOCKOPOCTTa Ha HM3XOa.
W3znon3Baiiky MONMHOMEH Mojen, GYHKIMATA Ha 3aBbpTaHe
C IOCTaTh4HA 3a MPAKTUKATa TOYHOCT CE ONpPEENs OT:

O,(t)=c, +ct+c,t’ +ct’ +ctt (1)

KBAETO KOC(HIMCHTUTE Ca ONMpPEICICHH OT IPAHUYHUTE
ycnosus B (17, 18 19 u 20).

Bp3 ocHOBa Ha Ta3d  KOHIICIIMA Karezpa
»MalllMHOCTpOEHE U YPENOCTPOEHE™ ca  Ch3AaJeHH
YCTPOMCTBA C TNPOMEHIMBA CKOPOCT Ha BXOIHOTO |
M3XOMHOTO 3BEHO Ype3 BHMCIIM KMHEMATUYHHU ABOMIM ((ur.
3,4,u5).

HepaBHOMEpHOTO  @peAaBaTeIHO  OTHOIICHHWE  HA
BUCIINTE KHHEMaTUYHU JBOULM MOXe 1a ObJe 3a CMeTKa Ha
JIOITBJIHUTENICH MOMEHT OT TPHEHE, KOWTO ce MojydaBa Mpu
OTKJIOHEHHE Ha HATOBapBaHETO IIO JIMHHUATA HA 3allelBaHE.
[Ipy mpenaBku ¢ BBHHIIHO 3allelBaHE € MOCTHIHAT TaKbB
edekT Ha caMOCIMpaHe MU bI'bJ Ha 3arenBane oa*w=48,230
(dur.5 u 6), KOHTO HE MOKE Ja Ce IIOCTUTHE ChC CUMETPHYEH
npodu.

B

ToBa orpanndeHue 3a MbPBY BT € YCTAHOBEHO OT MPOQd.
B. A. I'aBpuiieHKO, KOWTO TpenopbuBa MPOGIIHUTE BIIIM Ha
U3XOAHUTE CHUMETPUYHM KOHTYpU Jda C€ ONpeAensIT OT
ycmoBreto 0<350 [4].
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®ur. 3. MexaHu3bM ¢ HEpaBHOMEpPHA CTBIIKA U TpaHCIaLWsA Ha U3XOAHOTO
3BCHO

@ur. 4. ExcueHTprKoBa 360Ha IpefaBKa, MO3BOILBAIIA OMy4YaBaHETO HA
CHHOCYH/IAJIEH 3aKOH 32 JIBI)KEHHE HA H3XOJTHOTO 3BEHO

@ur. 5. EnuntudHu 360HU KoJiena ¢ aCMMETpUYeH NpoduIl Ha 3p0uTe

&= 1,05

X2

25X

Sm=03m Ba= 3
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=14 6= [oe
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@ur. 6. brokupair koHTYp Ha 350Ha nIpesiaBKa ¢ e(heKT Ha CaMOCTIpaHe
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® OTKJIOHCHHE Ha HATOBAPBAHETO OT TCOPETUIHATA
JIMHUA Ha 3al€TIBAHC U IMOJIyYaBaHC HAa JOIBJIHHUTCIICH
MOMEHT OT TPUCHE

M3MO0JI3BAHA JINTEPATYPA
[1] Dizioglu B, Getriebelehe Band 3. Dynamik. Vieweg & Sohn,
Braunschweig, 1966.

[2] Genova P I. Synthesis of spring equivalent to flywheel for minimal
coefficient of fluctuation, ASME paper No. 68 Mech65,1968.

[3] Litvin F L. Non-circular gears, Moscow: MASHGIZ, 1956.

[4] Gavrilenko V., Fundamentals of the theory of involute gearing,
Moscow, Mashinostroenie, 1969, 430 pp.

@ur. 7. Maker Ha camocnupamia 3bOHa IpeJaBKa, IPOU3BEIEHA IO
MeTOZa Ha HUIIKOBATA ePO3HS

11 3AKJIFOYEHHUE

[IpencTaBenn 3a OCHOBHUTE KHHEMAaTUYHH 3aBHCUMOCTH
OpY TPOEKTUPAaHE HA MEXaHW3bM C  IPOMEHIIHBO
3a7BWKBaHE Ha BXomasamus Bal. Jlepurupanu ca Tpu
KpHUTEpHUsl IIPU ONTHMATHOTO NMPOEKTHPaHe, KaTo ca JaJeHU
KOHKPETHH aHAJIWTHYHM pPEUICHUs TPH ONpelensHe Ha
KMHEMaTHYHUTE MapaMeTpu — CKOPOCT U YCKOPEHUE.

IIpencTaBeHn ca KOHKPETHH KOHCTPYKTHBHH PEIICHHS 3a
MOJy4YaBaHE Ha MEXaHM3bM C IIPOMEHJMBA CTBIIKA Ha
M3XOIHOTO 3BEHO M BUCIIM KHHEMATHIHHU BOUIIN, YPE3:

e TpOMSHA Ha CTHIIKaTa Ha 3allelBaHe IPH HAKJIOHEHU
360 ® TpaHchoOpMamWs Ha  POTAIIOHHO B
TPaHCJIAIOHHO JBMKEHHUE,

® pcaj3alys Ha CHHYCOB 3dKOH Ha JABWXXCHUC YpPC3
CKCLHCHTPUYHO 3aKpCrBaHEC Ha 3bOHHUTE KOJIeNIa OT
npcaaBKara,

¢ CIMITUYHU HavYaJIHU KpUBHU ocurypsBamiu
MPOMCHJIMBO NPEAaBATCIIHO OTHOILICHHEC,

DRIVE OF MECHATRONIC MODULES WITH VARIABLE SPEED OF
THE INPUT SHAFT

Nikolai Petrov Genadi Cvetanov
Technical University of Gabrovo Technical University of Gabrovo
Gabrovo City,Bulgaria Gabrovo City,Bulgaria

e-mail: n.petrov@hamberger.de e-mail: gencvet@tugab.bg

Abstract: The report presents the main kinematic dependencies in the design of a mechatronic drive with variable drive shaft
speed. Specific solutions are given for the implementation of mechanisms with a variable transmission ratio and higher kinematic
pairs.
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MN3PABOTBAHE HA JIABOPATOPHA MEXATPOHHA
YCTAHOBKA 3A ITOSUIIUOHUPAHE IIPU ITPOXOHHN
OIIEPAIIMA HA AbPBOOBPABOTBAIIIM MAIIINHHA

Tatssna AHnoHoBa-Bakapencka
TKC npu TV - Codus
Codwust, bparapus
e-mail: vakarelska@tu-sofia.bg

Pe3iome: Lenra Ha Hacrosimata pa3padoTka e jJga ce
NpoeKTHpa U H3padoTu J1adopaTapHa MeXaTPOHHA YCTAHOBKA
cnoMarama NO3MIHOHMpPaHe M (HKCHPaHe HAa [bpPBeCHH
MaTepuaJd NpH TMNPOXOJHH oONepaluHd mNpu Ppadora Ha
IBPB00OPAdOTBAIIN MAIIMHH. 32 MPAKTHYECKOTO H3NMbJIHEHHE
Ha jJabopaTopHaTa yCTAaHOBKA ¢ Heo0XoauMo paspadoTBaHe H
H300p HAa KOMIOHOBBLYHO pellieHHe, MOAOOP HA CTAHIAPTHH
JeTaiijii W KOMIIOHEHTH, pa3pafoTBaHe Ha cXeMH 3a
3a/BU:KBaHe H yIpaBJIeHHe.

Knrwuoeu oymu:. Oemaiinu om Owvpeecuna, nadopamopna
MeXampoHHA YCMAHOBKA, RHEEMAMUYHA CKOOA, KOMNOHEHMmU,
ynpaenenue.

|. BBBEJEHHUE

B ycrmoBuAta HS ma3apHa WKOHOMHKA BBIPOCHT 32
KauecTBOTO Ha IIPOM3BSXKNAHUTE HM3ICIUS M HUCKaTa UM
ce0eCTOMHOCT ~NpHIOOMBAT BaKHO 3HAYEHHE NOPaaAd
HapacTBallaTa KOHKYPEHLHS MEXKITY ¢bupmure.
IbepBooOpaboTBamara W MeOenHaTa MPOMHUILIEHOCT €
OTpachi ¢ TroJsIMO 3Ha4YeHHE 3a OBIrapckara HKOHOMHKa. B
OpPOM3BOJICTBCHATA ~ MPAKTHKA  CBIIECTBYBA  TOJISIMO
pazHOOOpa3ue Ha TEXHOJIOTHYHH ITPOLIECH U ONIepaLiy, KaKTO
U Ha pelieHHs 3a TAXHOTO aBTOMAaTH3WpaHe. BaxkeH as B
MPOMHIIICHOCTTA 3aeMa AbPBO0OPaOOTBAHETO W B YACTHOCT
MeOEITHOTO TPOU3BOJCTBO. XaPaKTEPHO 32 HErO € roJISIMOTO
pazHOOOpa3he OT HW3MON3BAHH MaTepHall M TEXHOJOTHH,
MO3BOJIABAIM HW3pAa0OTBAHETO Ha pPAa3IMYHM IO BHA H
(YHKIMOHAIHO — TpeIHa3HAYeHWEe  TOTOBH  W3JIEIHS.
IbpBeciHaTa W JBPBECHHTE MaTepHaId ca OCHOBHATa
CypOBHHA B TOBa IPOM3BOJCTBO. B cpaBHeHHE ¢ MeTanuTe,
JIbPBECHHATA II03BAISIBA BHCOKM CKOPOCTH Ha psi3aHe H
HEroJisiMa TOYHOCT Ha oOpaboTka.[1, 9, 10]

B Hacrosmumre ycnoBuss Ha  €BpOIEHCKHS — mazap
ObirapcKUTe TPOM3BOIWTENIN Ha JBPBCHH MebOenn ce
COBCKBAT C MHOTO TPYAHOCTH, KaTO: BUCOKAa KOHKYPCHITUS
MO0 OTHOIICHHWE Ha Ka4eCTBO U CEOECTOHHOCT, BHCOKH
W3UCKBaHMS 3a 0OC30MACHOCT KbM BIIOKCHUTE CYPOBHHH H
MaTepHaIH, CPABHUTEITHO MAJIKU MAPTUAN U CEPUH TIPOIYKTH
¥ TOTOBH U3EJIHs, TOJISIM Opoi 1 MHOT00Opasue Ha (opMHTE
Ha CHCTAaBHHTE WM 4YacTH, NpeoONafaBalid JIeTalid C
pa3IMYHM pa3MepH, BHCOKHM HM3HMCKBAHUS 32 TOYHOCT U
rpanaBoCT Ha MMOBLPXHUHUTE U JIP.

IlepcniexkTvBHTE 32 YCHEIIHO pa3sBUTHE HA Te3U
MPOU3BOJUTENN € T€ JAa ObJaT MHOTO MO-WHOBaTUBHHU W
T'bBKABH, J1a MOraT J1a eIMMUHUPAT M3II0JI3BAHETO HA PBYEH
TPYyIl, Aa MOBHUILAT IPOU3BOAUTEIHOCTTA, €(EKTUBHOCTTA U
Ka4eCTBOTO Ha FOTOBUTE U3LEIHS.
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ToBa MoOXke 1a ce IMOCTHIHE 4Ype3 OCBHIIECTBSBAHE Ha
BHCOKa CTCNCH Ha aBTOMATH3allMs HA MPOHM3BOJCTBOTO Ha
IIBPBEHH HM3IENHs, B 9acTHOCT meOemn. OOpaboTBaHETO UM
(3akperBane, KaHTHUpaHe, NpoOHUBaHe, NIH(OBaHE U T.H.) ce
W3BBpIBA C arperaTHu MeOenau Mamueu.[2] B manmkure
MeOeNHH TPEANpUsITHS Te PaboTAT KaTO CaMOCTOSITEIHH
NPOU3BOJCTBEHH CHOPHKECHHS, A B TOJIEMHTE — KaTO YacTH OT
aBTOMATH3MpPaHa JIMHHUS, OKOMIUICKTOBAaHA IOMBIHUTEIIHO C
Pa3IMYHK N0 (QYHKIIMOHATHO NpeJHA3HAYCHHE CIIOMAaraTelIH
YCTpOIiCTBA.

1. W3JI0XXEHUE

A. Cneyuguxa u npunosicerue

OCHOBHHTE M CIOMAraTelIHd TEXHOJOTHYHH ornepanun
npu oOpaboTKaTa HAa MAaCHBHA IBbPBECHHa M IUIOYECTH
JleTaiim B 1bpBO0OpaboTBaliaTa 1 MeOesTHa MPOMHUIIIEHOCT
UMaT mpeobiiagaBamo IUCKPETEH XapakTep, Hopagd KOETo
MO-TPYJHO Cc€ aBToMartu3upar. PabOTHHAT LWKBI Ha
OCHOBHHUTE JBPBOPSKCIIM MAIIMHA TPH IITbPBHYHATA
MeXaHHYHa 00pabOTKa Ha CYpPOBHHHTEC M 3arOTOBKHTE €
CBCTaBEH IVIABHO OT JIBE ABWKCHHS: Ha PEKCIHS HHCTPYMEHT
u Ha oOpaborBanus Mmarepuai.[4, 6] Hait-uecto pexentust
OpraH W3BBPIIBA POTALMOHHO IBIKCHHE, a 3arOTOBKATa Ce
JIBHYKH XOPH30HTAITHO TOCThIATETHO. CHHXPOHH3UPAHETO Ha
Te3W JIBE OCHOBHH JBIDKCHHsS € OCOOCHO BaXHO 3a Ja
rapaHTHpa ONTHMAJHHUTE IapaMeTpH Ha pA3AHETO, KaTo
TEXHOJOTHYCH pPEXHUM 3a TMOJNydaBaHe HAa KayeCTBEHa
o0bpaboTka.

ITpn ocHoBHUTE Ga3odopMHUpaIIy MaIIMHU B MaJKHTE
NPEIIPUATHS Ta3H CHHXPOHU3AIMS TPYAHO CE aBTOMATU3HPA,
3aII0TO JIBWKEHHWETO Ha JIeTaijla ce OCBUIECTBSIBA PBHYHO,
KaTo € HeoOXOIMMO Jla ce NMpPUIbpXKa M B JBara Kpasd, T.e.
HEoOX0/MMO € Jla ce OCHrypsAT JIBama omeparopu. Koraro
o0CITy)KBaHeTO Ha MalllMHATA CE W3BBpIIBA CaMO OT €AWH
oreparop TOM TpsiOBa Ja NPUABMKBA JETAHIUTE KaTo
obpaboTeHaTa CTpaHa OCTaBa CBOOOAHA, KOETO MOXE Ia
JIOBe/ie 70 W3MECTBaHE M HapyllaBaHe Ha TOYHOCTTa Ha
obpaborkata. [Ipu mpoxomHu omeparyu, KaTo: pa3KposiBaHe
C OUpKYJsip, oopMsHE Ha YEeTHH NMPOGHIM M KaHTOBE C
¢pe3a, n3paboTBaHe Ha THE3/a M OTBOPU 32 MOHTHpAHE Ha

00KOB, ce peanm3upa Oa3upaHe Ha 3aroTOBKAaTa BBPXY
MOJBMXKHA paboTHA Maca, 4Ype3 KOSATO ONepaTropbT
OCBIIECTBSIBA  XOPHM30HTAIHOTO  JBIKenue. [5, 12]

CLHIGCTByBaT HpI/ICHOCO6J'I€HI/I$I, KOUTO MOrar a OCUrypsiar
3aKpE€NIBAHETO U 6a31/1paHeTo Ha 3aroroBkKara, KaTo
rapanTupar AOCTATbYHO HAACKIHO HNPUTHCKAHC B CAUHUA
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Kpaii, HO T€ W3HMCKBAT JOMBJIHUTEIHO BPEME U YCHJIHSA OT
oreparopa

b. Peanusupane na nabopamopna mexamponua yCmanHosKka

Bceku etam oT 1ppB0O0OPAOOTBAHETO € CHIIPPOBOAEH OT
paborara Ha onpezeseH BU JbpBo0OpadboTBaIy Mauay. B
peauIa ciry4au 3a 3aJbpkane, GUKCHpaHe ¥ NO3ULIHOHUPaHe
Ha 00paOOHBaHUTE JETAMIN € HEOOXOJUMO H3II0JI3BAHETO HA
MIOAXOIAIIH NPUCIIOCOOIICHHS HIIH CHCTEMH 3a 3atTsrane. Tosa
€ B CHJIa U [IPH Mpoliecute Ha ps3sne.[8] 3a mankuTe u cpeanu
¢upMu B obyacTTa Ha IBHPBOOOPAOOTBAHETO € OT TOJISIMO
3HAQUEHHE MPWIAraHeTo Ha e(eKTUBHM peleHus 3a
aBTOMaTH3WpaHe Ha MOAIPHKKATa 110 BpeMe Ha 0OpaboTBaHe
Ha JICTAWIM BBPXY MAIIMHU, KOUTO ca OOOpYABaHU C
IUTB3raIliy ce Macu. [IpoBefeHo e MpoyvBaHe Ha pa3iIM4BU
BHUJIOBE 3aTsATaIllX YCTPOHCTBa (mpuMep — ¢ur.1) 3a pexxenu

MaIlIrHH.

‘
\ ,

@ur. 1. 3aTaramy cucTeMu

[IpemmoskeHo € ePEeKTUBHO pEIICHIE 32 AaBTOMATH3HPaHE
Ha TIOJUIpHKKaTa pu 006paboTkaTa Ha JAeTalid OT MAacHUBHA
JIbpBecrHa U oy oT MZI®D 3a pa3nuuHu BUJOBE HUPKYISAPU
U IIMUHASTHA (PE30BH MAIIMHU Ype3 MTHEBMATHUYCH TbPiKad

(cxoba).

JombaHuTeHATa CKOOA TPEACTaBIsIBA CICKTPOITHEBMA-
THYHA MEXAaTPOHHA CHUCTEMa C OE3KHYHO UCTAHIIMOHHO
yrpasinenue.[8] Ts ce MOHTHpa HEMOABMKHO BBPXY pabOTHA
IUTh3raia ce mMaca Ha JbpBooOpaboTBamiara mammHa. [Ipu
IIOCTaBSHE Ha JIeTailjla BbpXy Macara oneparopa 3ajeiicTsa
MHEeBMaTuyHata ckoba u TS (uKcHpa W 3aabpika Jeraiina,
ype3 HATHUCK, IOKATO C€ OCBIIECTBABA OOpadoTKara OT
pexenss opran. Cien TOBa ONMEpaTopbT OTHOBO 4pe3

110

JIICTAHIIMOHEH CUTHA BpbIAa MHEBMATUYHATA CKOOa B
M3XOHO MMOJIOXKEHHUE U IeTaiiaa ce ocBoOokaaBa ((ur.2).
= g

—

-

]

Our. 2. JlonbIHUTEIHA THEBMaTHYHA CKOOa Ha JlabopaTopHaTa yCTaHOBKa

I11. JIABOPATOPHA MEXATPOHHA YCTAHOBKA

Pa3paborenaTa nmabopaTopHa yCTaHOBKAa € €(EKTUBHO
YCTPONCTBO OCHTYpsBamo 0e30macHOCT Ipu paboTa, mMa
BUCOKa TOYHOCT TPH IO3UIHOHHPAaHE M YCTaHOBSBAHE IPH
psA3siHE Ha JAeTaluld ¢ pa3iM4yHU pasmepu. Moxe na ce
MOHTHpA Ha pa3IMMHH MallWHH C IUTh3ralla ce Maca.

A. Komnownenmu u oeiicmesue

Peanusupanata 1abopaTopHa OINUTHA YCTaHOBKA €
W3rpajieHa OT CIIeTHUTE KOMITOHEHTH (ur.3):

1

@ur. 3. JlabopaTopHa MEXaTpOHHA YCTaHOKA

MCTAJICH MAaHCJI 3a XOPHU30HTAJIHA OCHOBA, aHAJIOI' HA
IIOJABMIKHATa pa60THa Maca B pCaJIHUTC MallluHU,;

MCTaJIHA KOH30JIHA KOHCTPYKIUA, BBPXY KOATO CC
MOHTHPA MHEBMAaTUYHUSA CUJIOB TUJIMHIABP,

JIBYTTO3UIIMOHEH
pasmpenenanTen;

NCTI'BTCH IMHCBMAaTUYCH

MaHOMETHD;
Mpe/INa3eH Kiiarax;
JPOCEJIH;
TPBOOTIPOBOAM;
TPBOHU ChEAUHCHUS;

0€3KUYHO AUCTAHIIMOHHO YIIPaBICHHUE.
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3a M3TOYHUK HA CI'BCTEHUS BB3yX C€ M3IMO0J3BA HAINYHA
B JlaboparopusiTa JIOKaJHA ITHEBMaTHYHA CHCTEMA, KOSTO
MpeNncTapisBa:  JABUratel, KOMIPECOp,  aKyMyJarop,
OuKCTBAll (QHITHP, BIATOOTACIUTEN U OMACIUTEN, KOUTO HE
ca MIOKa3aHU Ha CXEMHTE.

[eiicTBreTo Ha cucTeMara € CIeIHOTO: IIPU 3a/1eHCTBaHE
Ha paboTaTa Ha JABUTATeNs Ha KOMIIpecopa KbM aKyMyJaTopa
ce TomaBa CIrbCTEH BB3AYX, OT TaM C€ OTBEXJa KBbM
MHEBMAaTHYHUTE €JIEMEHTH 4Ype3 TPHOHU CHEIUHCHUS U
TpBrOOTpoBOK. Ilpn mocTaBsHE Ha IETalN BEPXY pabOTHHSA
IUIOT TOJ CKoOaTa, OmeparopbT aKTHBHpA TUCTAHIIMOHHO
JIBYTIO3UIIMOHHUS TIETITFTCH THEBMATHUYCH PA3IIPEISIUTEN OT
no3unus | B mo3unus 2, mpe3 Hero ce 1Mo/iaBa Cr'bCTEH BB3IYX
OT cTpaHaTa Ha OyTaloTO Ha CHJIOBHS IWJIMHABD, 3al0YBa
JBIDKEHHE HAJONly U C€ OCBIIECTBSIBA INPHUTUCKAHETO Ha
JeTaiina, TpPH 3aBBPIIBaHE Ha pa0OTHATa Omeparws,

OIIepaTOPbT JUCTAHIMOHHO aKTUBHUPA Pa3NpeleNuTeNs U TOH
ce BpBIIA B MO3MLMS 1, 3armoyBa mojaBaHe HAa CI'bCTCHUS
BB3JyX KbM LIIMHIIBPA OT CTpaHaTa Ha OyTaIHUA IPBT U TOH
OCBIIECTBSIBA 00pAaTEH X0 Harope, 0CBOOOXKIaBa ce JeTailia

(pur.4)[12].

®ur. 4. PaboTHH TIO3UITHH

Cucremara 3a yrnpapjeHHE Ha ITHEBMaTHYHATA CKoba ce
CHCTOM OT J[BE YaCTH: THEBMATHYHA 1 eJeKTpryecka.[7]

@ur. 5. Enexrpuyecka cxema

EnektpuyHaTa 4acT e oka3aHa Ha eNeKTpUYHATa CXeMa U
ce CbCTOHU OT: 3aXpaHBaHE, IPOBOIHHIM U €JIEKTPOHEH OJIOK.

(¢wur.5)

IIneBMaTHIHATA 9aCT C€ CHCTOM OT: CHIIOB OUIMHABD,

JpOCerH, MaHOMETBD, JIBYTIO3UIIHOHEH METIBTEH
MHEBMATHYCH  pA3MpENeNUTeN,  NpEINa3eH  KIamaH,
TpBOOIpPOBOIH (HT.O6).

®ur. 6. [TneBMaTnyHa cxema

PaspaboTeHaTa yCTaHOBKA pealli3upa JIECHO 3aTsraHe Ha
JICTAlII C MaKCHMAJlHa I'bBKABOCT, MOXKeE J[a Ce M3IMOJ3Ba 3a
BCHYK{ TPHOHH 3a TAHENH W IITHHACTHA (HPE30BH MAIWHH,
obopyaBanu ¢ mrbsramia ce Maca.[7, 15] Bw3moxHo e
peryiupaHe IbIDKAHATA HAa XOJa M CHJIaTa Ha TPHTHCKAHE.
Bucounnara Ha 3atsrane e 95 [mm]. Cunara Ha 3aTsirane e

120 [kg].

Peanusupanara nabopartopHa yCTaHOBKA e
TpeIHA3HAUCHA 32 OHATJICIBAHE HA aBTOMATH3MPAHETO Ha
OCHOBHHM U CIIOMAaratelIHM TMpoIlecd Npu 00paboTka Ha
IbPBECHHA ¥ IBPBECHH MaTephald, 3a 3all03HaBaHEe C
eJIEKTPOITHEBMATHYHHU CPEJICTBA Ha aBTOMAaTHKara. B mporieca
Ha u3paboTKa Ha JJabopaTOpHATA YCTAHOBKA Ca MPHIIOKEHU
MPaKTHYECKH  MPUIOOWUTHTE TEOPETHYHH 3HAHUS 110
M3rPAXKIAHETO HA MEXATPOHHU CHCTEMH U € PEalU3MPaHO
TAXHOTO 33/IBIDKBaHe. [IpW M3MOJI3BaHETO HA YCTAaHOBKATA B
nporeca Ha oOOydeHHe 3a J1aDOpaTOpHHU YIPaKHEHHS
CTYJCHTUTE MOTAT Ja MPOMEHSIT HSIKOH OT XapaKTCPHCTUKHUTE
HA OT/ICIHUTE KOMIIOHEHTH Ha CUCTEMATa U Jia HabJIr01aBaT U
M3MepBAaT MOJTYyYCHUTE KaTO Pe3yTaT KOHKPETHH MapaMeTpH.

1V. 3AKIIIOYEHUE

B 3aximoueHre MOXe J1a ce MpUeMe OIMCaHaTa MO-rope
nabopaTopHa MeXaTpOHHAa YCTaHOBKa € paspaboTeHa u
anpobupana. Ts yjecHsAiBa y4YeOHUAT TIpOLEC M JaBa
BB3MOXKHOCT 33 J1abopaTopHU CKCIIePHUMCHTAIHH
W3CJICABAHUS 32 ONpPEACIITHE TO3UIMOHMPAHETO U CUJIaTa C
KOSITO MOTaT [a ce NPUTUCKAT DPAasIMYHH 10 CTPYKTypa
IOepBecHN IUIocKocTH. Ilo Meroga Ha Ge3pa3MepHHUTE
KOC(HUIMEHTH ¢ M3BBPIICH aHAIN3 U OLICHKA Ha Pa3paboTeHH
BapHaHTH 332 KOMIIOHOBaHE Ha J1abopaTopHa YCTaHOBKA 3a
HO3HLMOHUPAHE MPU IIPOXOJHH OIEPALMH M € PeATH3UPaH
ONTUMANHHAT OT TAX. Pa3paboTeHO €  aBTOMATHU3HMPAHO
JMCTALMOHHO YIIpaBJeHUe Ha paboTaTra Ha yCTaHOBKATA.
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DEVELOPMENT OF A LABORATORY MECHATRONIC DEVICE FOR
POSITIONING DURING PASSIVE OPERATIONS OF WOODWORKING
MACHINES

Tatyana Vakarelska
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e-mail: vakarelska@tu-sifia.bg

Izabela Radkova
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Abstract: The aim of the current development is to design and manufacture a laboratory mechatronic installation that helps
position and fix wood materials during pass-through operations when working on woodworking machines. The practical
implementation of the laboratory installation requires the development and selection of an assembly solution, the selection of standard
details and components, the development of drive and control schemes.
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ITPOEKTUPAHE HA EJIEKTPUYECKO YIIPABJIEHME,
IHHEBMATHYHA CUCTEMA U ITIPOI'PAMEH KO/l HA
CHELHUAJIN3UPAHA MEXATPOHHA CUCTEMA 3A
MN3CJIEABAHE HA , KPUBATA HAT'AYC*
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Pesrome: Ileara Ha Hacrosimata pa3pa0oTka e Ja ce e Crenuanu3upaH OTCeKaTeNl 3a 3aTBapsiHe Ha 30HATa
NMPOEKTHPA  eJeKTPUYECKO  yNpaBJjieHHe, IMHEBMATHYHA 3a BpBIIAHE.
CHCTeMa M Ja ce pa3padoTH MporpamMeH Koj 3a u3cjelABaHe HA
HKkpuBata Ha Tayc* ¢ IUIOCKH UWIMHAPUYHM JI€TaiiJIn. 3a peanusupaHe LenTa Ha HAcTosllaTa CTAaTHs ©
HpoeKTnpaHeTo M [pPOrpaMHpaHeTO 1Ie ce M3BbpPIIM B HCO6XO,Z[I/IMO Ja ce HpOGKTI/Ipa eJ'ICKTpI/IqCCKO praBJ'ICHI/Ie,
crenuaTH3UPaHU NPOrPAMHH CpeIu. IIHEBMATUYHA CUCTEMA U IPOrPaAMEH KOII.

Knrouoeu oymu: ,kpuea na I'ayc“, mexampouna cucmema,
npozpamupyemu  J102U4eCKU — KOHMPONEpU,  Ynpagienue,
npozpamupane, npozpamen Koo, HHEGMAMUYHU eleMeHmU,
UUAUHOPU, CEH30pU.

l. YBOn

Ilpy mnpoekTHpaHe Ha CICLMATM3UPAHH MEXaTPOHHU
YCTPOWCTBA M CHCTEMHM € Heo0oIuMO Ja ce cleaBa
olperieNieHa TOCIEIOBATEITHOCT, 3a Ja € rapaHTHpa TAXHATa
paborocriocobnocT u HagexkaHoct [1, 2]. Ot raemna Touka
Ha aBTOMAaTHYHOTO YMOpaBjeHHE € HeoOXoauMmoma ce
OIPEACTIAT BCHUYKH CJICKTPOHHU KOMIIOHCHTHU, KOHUTO IIEC
ObIaT HeOOXOJMMH 3a U3ITbJIHCHUE Ha MOCTaBeHaTa Lel [5,

6.

[Mpoektnpana e crHenUaIM3MpaHa aBTOMAaTH3HMpaHa
MexatponHa cuctema (CAMC) 3a m3cnenBane ,,KprBaTa Ha
layc®, mokazana Ha ¢ur.l u ¢ur.2. Ts BKIOYBA CIICTHUTE
BJIGMCHTH:

e 3axpanBail OyHKep.
e [IpocTpaHCTBO 3a M3CIIEIBAHE.
¢ CrenuanusupaH OTCeKaTeN 3a IyCKaHe Ha IIyJIOBE.

e Crienmanu3upaH OTCEKaTell 3a pa3eNisiHe Ha ITyJIOBe
pe o pe.

e Crienmanu3upaH OTceKareJl 3a IIyCKaHe Ha pex
IyJIOBE.

e Camoteuen MC.

e Cucrtema 3a BpblLIaHE Ha IyJIOBETE€ B 3aXpaHBaIlUs
6yHKep. ®ur. 1. O6m 3D monen na CAMC 3a uscnesBane ,,kpupara Ha ['ayc*
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@ur. 2. 3D Mojen Ha IPOCTPAHCTBO 3a M3CJIEABAHE C ITyJIOBE

Il. TIPOEKTUPAHE HA EJIEKTPUYECKO VIIPABJIEHUE U
ITHEBMATUYHA CUCTEMA

A. Ilpunyun na paboma

PaGorata Ha CAMC e mociaegoBareilHa U 3a
pea3upaHeTo U € M3TPaJCH HECTaHAAPTEH JIOTUICCKU KO,
CBBP3aH B CTHIIKOB PSKUM Ha YIIPaBIICHHE:

e [IbpBa crhnka — [lnockure HWIMHAPUYHHU AETalIH
(mymoBe) 3a M3cieaBaHE ce IOCTaBST B 3aXpaHBAI]
OyHKEp W WU3YaKkBaT CHTHAT OT KOHTpojepa 3a

CTapTHpaHEC Ha aBTOMAaTU4Y€H LIUKBJI.

Bropa crenka — Crenuanusupanusi OTceKarenl ce
IpeMecTBa ¥ MyJIOBETE MIONAAaT B IPOCTPAHCTBOTO 32
u3cienBane Ha “kpusata Ha ['ayc” (¢ur. 2).

Tpera crenka — Crenmaiau3upaHus OTCeKaTen 3a
IMyCKaHe Ha IyJIOBETE B 30HATA 3a M3CJIEABAHE CE
BpPBIA B U3XOIHO MOJOKEHHE.

Yerebpra — Cnen pasnpeneieHue Ha JeTaluTe u
HAl[paBeHa  CKCIIEpPTHA  OIEHKAa HA  TAXHOTO
Pa3mnoJIoKEeHUEe, CHCIUATU3UPaH OTCEKATEeN pa3/ies
JETAlIUTE pell 1o pel.

ITeta crpnka — Jlpyr cnenuanu3upaH CTCeKaTesl ce
MIPEMECTBA U OTICIICHHS PEA IPEMHUHABA B CAMOTEUCH
MmarasuH ceouparen (MC) 3a npeMecTBaHe 70 30HaTa
3a BBIIAHE.

Illecta crpnka — Chenuanu3upaHus OTCEKaTeNn 3a
paszensHe Ha JAETAliMTe pel MO pex ce BphIla B
H3XOJHO TOJIOKEHHUE.

Cenma crprika — Bropus cnenmanm3upaH oTceKaTeml
3a MpeMecTBaHe Ha jerainure A0 camoreunus MC ce
BPBIIA B U3XOTHO TIOJIOKEHHE

OcmMma crerka — [IpemMecTeHnTe NeTaiiin B 30HATa 3a
BpbIllaHe, 3acTaBar mpe] APYr CheHUaTH3upaH
OTCeKaTeJ M YHHMBEPCAJICH CEH30p 3a Hal4yhe Ha
JIeTAliIM  TOJaBa CUTHAT KbM IMPOrPaMHUPYEMHUS
JIOTHYECKH KOHTPOJIep, Y€ 30Hara 3a BpbBLIAHE €
IIbJIHA.
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Hesera crhrka — Crienuain3upan OTCeKaTes 3aTBapst
30HaTa 3a BpBIIAHE W T[OJaBa CHTHAIT KBbM
KOHTpOJiepa 3a 3aJeiiCTBaHe HA CHCHUATU3UPAHHS
OTCeKarell 3a BPbIAHEe Ha JCTailIuTe B 3aXpaHBaIIHs
OyHKep.

Hecera crenka — Crenuainn3upal OTceKaTeN BpbIla
JeTaliuTe B 3aXpaHBaIllUs OyHKep IIpe3 yned B
30HaTa 3a BPbIIAHE.

Enunanecera cThnka — Cneuuanmupam/m OTCCKaTCII
3a 3aTBapsgHE Ha 30HATa 3a BPBIIAHE CC BpbBIIAa B
HU3XOJHO ITOJIOKCHHE.

JlBaHazeceTa cThlKka — 30HaTa 3a BpPBIIAHE OCTaBa
Ipa3Ha W TPOrPaMHUPYEMHUsl JOTHUECKH KOHTPOJIEP
U3Mpalla CUTHAJ OTHOBO B 4YETBBPTA CTHIKA 3a
pasensHe Ha CIeBaIlns pes] OT ACTaMIIH.

Cren w3uepriBaHe Ha JeTaijMTe OT MPOCTPAHCTBOTO 3a
M3CIIe/IBAaHE, YHUBEPCAICH CEH30p IMOJaBa CHTHAI KbM
KOHTpOJiepa M H3IMpailia mporpamara B IbpBa CTHIIKA 3a
CTapTUpaHE Ha CJIE/BAIIO U3CIICIBAHE.

B. Illpoexmupane na enexmpuuecko ynpaenenue

3a mocrMrame W = peanM3upaHe HAa ~ OCHOBHHTE
CNICKTPUYECCKH [IBIDKCHUS Ca W3MOJ3BaHU ENCKTPUUYECKH
00OMHK 3a THEBMATHYHW pasmpexenureny (¢ur. 3).

Enexrpuueckute GOOWMHH ca TpeABHICHH Ia paboTAT Ha
3axpanBane 24 [V/DC] Ge3omacHO 3a YOBEHIKOTO 3/paBe
Hanpexxenue. Ciiefl MOJaBaHe Ha OMNEPATHBEH CHIHAN OT
cpaboTBar

1 TIHCBMAaTHYHHA

$

KOHTpoOJepa, OoOuHHTE
pasmpenenuTe ce OTBapsL.

@ur. 3. Eenkrprdecku 600MHH 32 MHEBMATHYHH pasnpenenurenu [8]

3a ynpaBiieHHE Ha EJNEKTPUYECKUTE €JIEMEHTH U 3a
npountaHe Ha oOpatHa Bpb3ka or CAMC e mu3nonsBax
OpOrpaMUpyeM JIOrudecku KoHtpoiep “M2217 (dur. 4).
PLC nma BE3MOXHOCT J1a yIIpaBiIsiBa BCUYKU EJIEKTPUUCCKH
enemenTt B CAMC m na mpodere CreMUaTU3APaHUTE
censopu [3, 4].

@ur. 4. TIporpomupyem sorugecks KoHTpoiep “M2217 [10]

Xapakrepuctukure Ha u3bpanusi PLC ca moka3anu B
Tabm. 1.
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Tabnuma 1
Modicon M221

24VDC

l'ama Ha IIpoAyKTa

[Us] HoMuHanHO 3aXpaHBaIlo
HaIpEeKCHHE
JluckpeTeH HoMep Ha BXOJ 14 JIuckpeTeH BXo B

crorBercTBHE ¢ IEC 61131-2

Bun nuckperen uzxon Tpansucrop
JluckpeTeH HoMep Ha U3X0J 10 Tpanzuctop
JIMCKpETHO HANpEKCHUE Ha 24V DC
U3X0[

JIcKpeTeH H3XO0JCH TOK 05A

BB Bpb3Ka cbe cienuduunoro 3axpanBaHe Ha CAMC e
u30paHO HMITYJICHO 3axpaHBaHe - IpeoOpasyBaTen cC
usxo sl Tok ot 5[A] (dur.5).

@ur. 5. UmnycHo 3axpanBase ¢ usxos Tok S[A] [7].

XapakTepUCTUKUTE Ha HU30paHOTO HMITYJICHO

3axpaHBaHE ca MMOKa3aHu B Ta0i. 2.
Tabmuma 2
BxonHo HamnpexeHue: Mownodaszno, 100 mo 240 VAC,
50/60 Hz

W3xomHO HampexeHwue: 24VDC
Hsxonen Tok: 25A
M3xomaHa MOIITHOCT: 60 W
[MpomsHa HA H3XOTHOTO Ot -10 mo +15

HanpexeHune, %

EdexruBHoct mpu 230 VAC 88
Bxo1, %:

Pasmepu I x /T x B, mm : 32x110x90

3a CAMC e cBb3mageHa eneKTpUuecka CXema Ha
cBbp3BaHe Ha  KommoHeHtuTre  (ur.6).  Bewuknm
€JIEKTPUYECKH KOMIIOHEHTH 3aeMaT OIpEACIeHH MecTa B
eJIEKTpUYECKaTa CXeMa, 3a Ja C€ IIOCTHTHE HOPMAJTHO
paboremno 1 (PyHKIIMOHATHO PELICHHUE.

C. Hpoekmupane HA nHeemamu4Ha cucmema

3a Cb3J1aBaHC Ha  IIHCBMAaTHdHaTta CHUCTCMaA ca
W3MI0JI3BaHN YHUBEPCAIIHU ITHEBMATUYHU PA3NPEACIIATEIIN U
MMHEBMATUYHU HUJIUHAPU:

o JlueBmarmued mwimHasp ¢ maraut DN 10-10-S

(ur. 7)
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3615

®ur. 7. TTuesmarnuen mumuHasp ¢ maraut DN 10-10-S [9]

e [IneBmaTnueHn pasmpenenuren Pasnpenemuren 5/2,
1/8, 1 ¢ 606una 24 [VDC] (¢wur. 8)

Our. 8. ITueBmarnuen pasnpenenaren 5/2 1/8,1 [9].
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3a CAMC e ch3ganeHa TNHEBMaTHM4YHa CXeMa 3a
cBbp3BaHe  Ha  kommoHeHture  (pur.9).  Bewuknm
ITHEBMAaTHYHA KOMIIOHEHTH 3aeMaT OIIpeJelieHn MecTa B
[HEBMAaTHYHATA CXeMa, 3a Ja Ce IOCTUTHE HOPMAIHO
paboremo 1 (PyHKIIMOHATHO PELICHHUE.

= =
e
7

L

4

LW

5

W]

®ur. 9. Yact ot nHeBMaTnuHaTa cxema Ha CAMC

I1l. Cb3JABAHE HA IIPOT'PAMEH KO/l HA CAMC 3A
W3CJIEJIBAHE “KPUMBATA HA I'AYC “

Ch3aanieH e crenuanu3upan nporpamer kox (¢ur.10) 3a
VIOpaBIeHAE Ha BCHYKH W3IIBIHHATEIHH YCTPOMCTBA U
KOMYHHKaIis cbc ceHszopure. Crenm¢uunara pabora Ha
KOIa, Ce H3pa3siBa B M3MBJIHCHHETO HAa CTBIKUTE OT
ONHUCAaHUs TO-TOpe MpHHIMI Ha pabora. Toll H3MCKBa
NOBTapsHE Ha CTBIKM M [JEHCTBHsS, KOETO Hajara
CHHXPOHHU3UpaHe Ha JABWKCHUS U KPHBH.
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®@ur. 10.

Yacr ot nporpamen kog Ha CAMC

V. M3Bou:

B pe3ynrar Ha MPOEKTUPAHETO ca MOCTUTHATH CIICAHHUTE
pesynraru:

e TIpoektupana e enexrpudecka cucrema Ha CAMC 3a

n3cienBaHe ,,kpuBaTa Ha [ayc*.

IIpoextupana e mHeBmMartu4Ha cuctema Ha CAMC 3a
n3cienBaHe ,,kpuBaTa Ha [ayc*.

Ce3aafeH e crnenuaiu3upaH IporpameH Koj 3a
aBTOMaTuueH pexuMm Ha pabora Ha CAMC 3a
u3Clie/IBaHe ,,kpuBara Ha ['ayc*.
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3a HAy4HHM H3CIeNBaHHs B TEXHHYECKH YHHBEPCHTET —
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DESIGN OF ELECTRICAL CONTROL, PNEUMATIC SYSTEM AND
PROGRAM CODE OF A SPECIALIZED MECHATRONIC
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Abstract: The aim of the current development is to design an electrical control, a pneumatic system and to develop a program
code to study the ""Gauss curve'" of flat cylindrical parts. Design and programming will be done in specialized programming
environments.

117


https://www.festo.com/

c{ A% ABTOMATHU3AIIUA HA TUCKPETHOTO ITPOU3BOACTBO
h W 4 ISSN 2682-9584

MPOTPAMUPAHE HA ,,PICK-AND-PLACE“ YCTOWMCTBO 3A
OTBEXXJIAHE HA CTJIOBEHU EJUHULIM OT ABTOMATUYHA
JIUHUSA
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Pe3rome: Ilesara Ha HacTosimaTa pa3padoTka e Ja ce W30paHute eneMeHTH, I0Ka3aHu Ha ¢ur. 2 ca:
nporpamMmupa Pick-and-place* cTpoiicTBO  3a
porpamup ” b yerp e Omnopna cuctema mogena SLH.
OTBe:KIaHe HA CIJI00eHM eJUHMIH OT ABTOMATHYHA
aunus. IlporpamMmupaneTo e ce U3BbPIIM B JUTHTAJHA e Jlureen momyn o oc X mozxen LM 25 — H025.
cpena.

o Jluneen momyin o oc Y moxen CLM 25 — HO25.

Kniwouoseu oOymu. npoexkmupane, npozpamupaue, e Xgamay moxenr EGP 25 NNB.
aemMoMamu3ayus, MeEXampoHHa CUCHeEMA.
e Uunykrusuu cenzopu IN 40-S-M12 PNP.

l. VBO,
A Il. TIPOTPAMUPAHE HA ,PICK-AND-PLACE*
I[HGC BCC MOBCYC MNPCANPUATHA UHBCCTUPAT B MOACPHU yCTOﬁCTBO 3A OTBE)KI[AHE HA CI'JIOBEHU
CpeacTBa 3a aBTOMaTu3alus, 3a aa IMOBHUIIaT C(peKTI/IBHOCTTa EI[I/IHI/H_H/I

U mpousBoauTenHocTta cu. Taka poborute 3a “pick-and-
place” mpunoskeHust ce MPEBPHINAT B MOMYJIPHO PEIICHUE B
pemuia chBpeMeHHu mpomsBoactBa [3, 4]. Te ca
OPOCKTHPAHH 32 W3IIBJIHCHHETO Ha IPOCTH U MOBTOPSEMH
3a/@4u, a TOBa Ce OKa3Ba NpuiokHara cdepa, B KOSTO
HHAYCTPUATHATE POOOTH HOCST HAi-MHOTO TIOJ3H HA
npousBomurenure.  “Pick-and-place”  cucremure  ca
TpeIHa3HavYeHN 32 (PUKCHpaH MOHTaXX Ha CTaOMITHA CTOHKA H
Ce TO3UIMOHUPAT TaKa, Ye MAHWITyJaTOphT Ha poboTa Ja
JOCTUTa BCHUYKM 4acTW Ha paboTHarta 30Ha [8]. OcHoBHaTa
UM (QYHKIMS € J1a HOBAUrar 00EKTH OT MOTOYHA JIMHUS KU
Karo 4acT OT Iporpama 3a poOOTH3MpaHO OOCIy:KBaHE Ha
pa3IMdYH MalluHU W J1a TU NPEMECTBAT Ha APYyro MACTO,
Karo 3a MaKCHMAaJHa MPEIU3HOCT H3ION3BAT CHCTCMH 3a
MalmHHO 3penwue [2, 9].

OO0eKT Ha HacTosIIaTa pa3paboTKa € MPOSKTUPAHO ,,PiCK-
and-place” ycTpoiicTBO ¢ TIHEBMATHYHO 3ajBHKBaHE, 32
OTBEXKJAHE HA CrIIOOCHHM €AMHUIM OT aBTOMATHYHA JIMHHS,
nokazaHo Ha (¢wur.l, upe3 cleaBaHe Ha OMpeelieHa
nocnenoBatenHoct [1].  YcrpoiictBoTo € ¢ mpocrta
(YHKIIMOHAITHOCT U C€ ChCTOM OT OIIOpHA CHCTeMa, JiBa
JUHENHN MOJyJa 3a IPEeMECTBaHE ¢ MakcuManeH xonx 250
[mm], wemrocTen xBarmay u YeTHPH WHAYKTUBHH CEH30pA.
Taka npoektupanoto ,pick-and-place® ycrpoiictBo, Moxe
na obcmyxBa padotHa 30Ha Mo ocu X, Y u Z 1o 150 x 150 x
100 [mm] 1 nma BE3MOXKHOCT 32 MaHHITYJIHpaHE Ha AeTailnu
U CrII00CHN eqUHUIM ¢ TaboputHHU pasmepu a0 100 x 100 x
80 [mm].

OCHOBHHTE €JIEMEHTH Ha Taka IPOEKTHPAHOTO ,,pick-
and-place* yctpoiicTBo ca u3bpaHu OT Karajora Ha (upma
Ha ,,SCHUNK“ [11]. C u36opa Ha cTaHmapTHH EIEMEHTH, CE
HaMassIBa BPEMETO 3a PEMOHT M TOIPHKKA. 110 TO3H HAYMH
ce TMOBWINAaBa PabOTOCIIOCOOHOCTTA M TPOU3BOIUTEITHOCTTA ®@ur. 1. ,Pick-and-place ycTpoiicTBO 3a OTBeKHaHe Ha CrIOGEHH
Ha ycTpoicTBoTo [6, 7]. eMHULH
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@ur. 2. OCHOBHH eneMeHTH, n30pauu ot Karaiora Ha ,,SCHUNK“ [10]

A. Ipunyun na paboma na ,,pick-and-place *

YCMPOUCmMeomo.
e l3BbpiiBa ce mpoBepka Hanu paboTHATa 30HATA €

npasHa;

»Pick-and-place” ycTpoiicTBOTO ce NpPUABIXKBA B
HayaJHa MO3ULKs Ha pabOTHATA 30HA.

WM3uyakBa ce Haanuume Ha [AeTalijl B 30HATa 3a
otBexkmane ot AJl

IIpyu Hanmuume Ha [erTailsl, yCTPOMCTBOTO
TIPU/IBMOKBA 10 pabOTHATa 30HA 32 XBalllaHE.

ce

Jetaiina ce xBamia OT XBalllauya U c€ BAUra Harope, 3a
a ce 0cBOOOAM 30HATA 3a OTBEXKJAaHE Ha CriI00eHHU
equanAny Ha AJL.

Crno0OeHata enuHHMIA Ce IIpeMecTBa JO MarasuH
cwbuparen u ,,pick-and-place* ycTpoicTBOTO OTHOBO
3aeMa HayaJlHa IIO3MIMA Ha pabOTHATa 30Ha.

B. Enexmpuusecxu cxemu

W3nom3BaHu ca KOHTpOJNEpP, KOMIAKTEH JIOTMYECKU
moayn ,,Zelio Logic™ 26 BX/U3X, 24 VDC, ,,SR3B261BD*
W WHAYKTUBHU pAatyund. KoHTponepa e HHTErpupaH B
XBalllaya, a JJOTHYECKUAT MOJYJI € CBhP3aH C JBaTa JIMHCHHU
Moxyna. JIornaeckusaT MoayJ MoAaBa CHTHAI 3a JBHIKCHHE
Hampea W Hazad. 3a HEro ce M3IOoN3Ba copTyep, KOUTO €
pa3paboTeH cmenuWasHO OT KOMIaHusATa Ha ,,Schneider
electric“. Ha ¢wur.3 no ¢ur. 7 ca mokasum cxemure 3a
CBBp3BaHEC HA PA3MYHHUTE EJIEMEHTH OT ,,pick-and-place®
ycrpoiictsorto [1, 5].

E

®ur. 3. Cxema Ha CBbP3BaHE Ha UMITYJICHO 3aXpaHBaHE
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Ha ¢wur.3 e mpencraBeHa cxemMa Ha CBBpP3BaHE Ha
HUMITYJICHO 3axpaHBaHe. To mpoMmeHs HampexeHueTo oT 220
[V] Ha 24 [V], Tbil KaTO BCHYKH €JIEMEHTH B CHCTEMAaTa To
M3HCKBAT.

-4y

-0

@ur. 4. CxeMa Ha CBbP3BaHE HA JIOTUYECKH MOJYJI KbM 3aXpaHBaHE

KbM JIOTHUECKHAT MOJIYJ Ca CBBbP3aHU [BaTa JIMHEHHU
MOJIyJIa, YETHPU CEH30pa M XBala4ya. Te paboTsT ChrIIacCHO
JIOTHUKATa, 3aM1icaHa B JIOTHYECKHS MOy [IHeBMAaTHYHUTE
pasmpeneuTeNu 3aIeHCTBAT YSIFOCTHTE Ha XBalllava.

L

®ur. 5. Cxema Ha CBbP3BaHE HA THEBMATUYHU Pa3lpeeIuTeNH

Ha ¢wur.6 e mokasan HauWHa Ha CBBP3BaHE HA JIMHCHHUTE
MOAYJIM KbM 3axpaHBaHeTo. CbILIO Taka, KbM TIX Ce€
CBBp3BaT ¥ HHAYKTUBHHTE CEH30pH, KOWUTO JaBaT
HHPOPMAITHUS 32 TIOT0KESHHETO UM.
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®ur. 6. Cxema Ha CBbP3BaHE HA JIMHEWHHU MOYIIH

®ur. 7. Cxema Ha CBbp3BaHE Ha XBalllay

XBamaga ¢ CBBpP3aH KBbM 3aXpaHBAHETO W KBM HErO

NOTBIHATEIHO ~ CEe  CBBP3BAT  [Ba  IHCBMATHYHU
pasmnpeneiuTeNns, eOUHUAT € 3a OTBapsHe, a IPYruaT 3a
3arBapsHe. Te ce KOHTPOJNIMPAT OT MPEABAPHUTEIHO

3a/la/icHaTa JIOruKa B JIOTHICCKHUAT MOAYJI.

C. Ilpoepamupane

IMporpamata 3a jABWKeHHEe Ha ,,pick-and-place®
YCTPOMCTBOTO € HampaBeHa che codryepa ,, Zelio soft 2 na
~ochneider electric. Toii mo3BomsiBa mporpamupane ¢
MOMOIIITA Ha JIOTHYECKH CHMBOITH, Ype3 KOHUTO Jla CC Ch3/IaIe
MOCTIEZIOBATENHOCT, KOsTO ,,pick-and-place ycrpoiicTBOTO
na pasdupa u ciensa. Cb3mazeHara JIOTHKA € ChoOpa3eHa ¢
napamMeTpuTe, YCJOBHATa M 3aJaydTe, KOHUTO WIe ce
n3mbaHsABaT. OCHOBHATA [1EJT HA Ta3H JIOTHKA € JIa Ce Ch3/Ia/1e
MOCIIE0BATENHOCT, KOsTO ,,pick-and-place ycrpoiicTBOTO
[l W3OBIHABA. 3a 1a C€ Ch34aAe IIOCICIOBATEIHOCT,
YCTPOMCTBOTO C€ HYXAAe OT CHUTHAIM, KOUTO Jda IO
OPHUEHTHPAT B IPOCTPAHCTBOTO.

HporpaMaTa CC CbCTOU OT JIOTMYECCKU OIICpaTopH,
BXOIHH U U3XOJHHU CUTHAJIH.

120

Jlornueckure eneMeHTH H3MBJIHSIBAT OCHOBHATa L€ B
nporpamata. Criopex TsSxXHaTa MPOIYCKIMBOCT Ha CUTHAIH,
ce W3rpaxJa Taka HAPCYCHUAT ,,00I0 €3HMK‘ MEKIy

KOHTpoJtepa u ,,pick-and-place ycrpoiictBoTo.

@ur. 8. IIporpama Ha ,,pick-and-place ycrpoiicrBoro

H3non3eanu ca 3 BHJA JIOTUYECKU CIIEMCHTH.

e _AND” eneMeHTHT, € Hali-W3IION3BaH B Iporpamara
(xomronkIwst). To3m omeparop ce HyXJae caMo OT
MOJIOKUTCIIHM CHUTHAJId Ha BXOJa, T.€. BCHYKH
CUTHAIIK Ja ca 1, 3a J1a ce MOJyYH Ha M3X0J]a OTHOBO
1. B mporuBeH ciydaii Ha BXOZa BUHATH IIE CE

noiy4asa 0.

IMpu ,,OR* (OuM3OHKIMS) OMEpaTopbT HAa BXOJA,
HE3aBUCHMO OT OpOSIT Ha CHTHaIWTE, TPsAOBa IMOHE
emMH Ja e 1, ToraBa Ha M3XOJa BHHATM IIE ce
noxtyyasa BsipHO (1).

»NAND” omepaTopbT M3IBIHSIBA NPOTHBOIOIOXKHA
pons Ha ,,AND*“. Toii ce Hapuya ore OTpUIlaHHE HA
KOHIOHKIMA. TyK ako BCHYKM CHTHIM Ha BXOJa ca
nonoxwutensu (1), Ha mu3xoma ce momyd4asa (0) wumu
HEBSIPHO.

Ha ¢ur.9 ca npeacraBeHn BXOIHHUTE CHTHAIH, OT KOUTO
3aBUCH KpailHMsg pe3yaTar Ha mporpamarta. Ha Bxomosete
L3 m ,J4“ ca mocTaBeHM WHIYKTHBHHTE CEH30pU 3a
cJe/leHe Ha KpailHO TOPHO WM KPaiHO JIOJIHO MOJIOKEHUE Ha
MOJIyJIa 3a JIMHEHHO nBvxenue. Ha mo3unus ,,[6“ ce Hamupa
OyTOH 3a cTapTHpaHe Ha IuIaTa cucrema. KeM nosummn ,, 18
u ,,19% ca cBbp3aHK OTHOBO MHIYKTHBHH CEH30pH 32 CJICIICHE
Ha KpailHO JISIBO U KPAiHO JSICHO MOJIOKEHUE.

OcHoBHata (yHKIMs, B TporpaMara ce M3IbJIHABA OT
JIOTUYECKUTE onepaTopu. Te ca SApOoTo Ha cUCTeMAaTa, KOSITO
Hamoa00sBa ko, CaMaTa JIOTHKa € W3rpajcHa OT Pa3IHdHU
KOMOWHAIIMU MEXIy JIOTHYECKUTEe ormeparopu. EmHa oT
KOMOWHANIMUTE, KOUTO C€ M3MON3BaT € Mexay ,,NAND“ 1
LAND®. Ta3u xoMOMHAIMsI Ce€ M3MOJ3Ba KaTo 3aiiura. Ts
Mpelra3Ba JIOTHKaTa OT OTKa3 W MpH 3aleiicTBaHeTO Ha
BCUYKM BXOJHM CUTHAJIM, HAa u3xoja BuHark me uma (0)
HEBSIPHO.
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®ur. 9. BxogHu cHUrHanM Ha IporpaMara

Ha ¢wur.10 ca npencraBeHN M3XOIHUTE CUTHAIH, KOUTO
ce IoJy4aBaT CIpsAMO Jiorukara. KbM mbpBuTE 1Ba M3X0Aa
ca CBBbP3aHH JJBa KOHTAKTOPA, KOUTO III¢ CMEHST MTOCOKaTa Ha
JBIDKEHUE Ha JimHeeH monayn ,,CLM“. B cnenpamure 2
n3X0Jla ca CBbP3aHHM IMHEBMATHYHU Pa3MpeNeSUTeNH, KOUTO
IIpY [IOJTy4aBaHe CUTHAJI, 1€ ITyCKaT Bb3AYyX M0J] HaIAraHe u
Oyraymata Ha IWUIMHIBpPA Ha JHHECH Monynd ,,LM® me ce
sazetictBar. [To To3u HauwH ,,pick-and-place” ycrpoiicTBoTO
1Ie ce ABWXKH JI0 clienBamiara no3uiusa. Kem mocnennure 2
U3X0Za OTHOBO Ca CBBP3aHU ITHEBMaTHUYHU Pa3NpeieIUTENH,
3a 3aeliCTBaHEe Ha YENIIOCTUTE Ha XBamiadya. Muesara Tyk e
YeJIIOCTUTE J]a Ca TIOCTOSIHHO 3aTBOPEHH U IIPH IOJTy4YaBaHE
Ha CUTHAN J]a ce OTBApPAT, JOKATO CHUTHAIBT NpeKbcHe. Taka
clle[] KaTo CUTHAJBT CIpe, XBalllada IIe U3BBPIIN ONeparus
XBalllaHe, JOKaTo OTHOBO HE IIOJIyYH CHTHAJ 3a 3afeliCTBaHe
[HEBMATHYHHTE pasnpenenutend. Crien  KaTo  HONMYYd
OTHOBO CHTHAJIM3MpaHe U JIMHEWHHTE MOAYIH ca ce
3a/IBIDKIJI CIIPSMO JIOTHKATa, TOW e M3BBPIIN ONeparus
0cBOOOXKJaBaHEe W JETAHIBT IIe ObJie NMPEMECTEH OT eIHa
TO3ULHA B JpyTa.

Cuien kato uMa OyTOH 3a CTapTUpPaHe, TOBA 03HAYABA, Y€
OT HEro WiBa IJaBHUs curHail. IIpu crapTupaHe ce mojydyaBa
u 3ajeiicTBane Ha ,,pick-and-place ycrpoiictBoTo.

121

Our. 10. V3xomHu cUTHaNIM Ha IpOrpamara

»Pick-and-place* ycTpoiicTBOTO BHHAard ce Hammpa B
KpaliHa TO3MUMS W COWH OT CEH30pUTE BHHATH IIE
CHTHANM3Wpa Tpd CTapT. ToBa oO3HauaBa, Y€ ako ¢
3ajeficTBaHa MporpamaTa, eAMH OT CEH30PHUTE 3a JISIBO HIIH
ISICHO, TOPHO WJIM JIOJIHO IOJIOXKEHHE ¢ CHUTHAIHM3UPa U
CBOTBETHHSI JIMHECH MOJYJI 3a [IBIKBAHE IIE CE IPEMECTH.
Ilpu 3ajeiicTBaHe HAa CEH30PHUTE, CIPAMO JIOTHKAaTa B
nporpamara, Ha U3Xo/a ce 3aieiicTBa CHrHAJ 32 JBH)KCHHE B
MPOTHBOIIOJIOKEH HA TO3M, OTTOBAPSIL HA TIOJOKEHUETO HA
cenzopute. Taka, cieq KaTo € MOJyYeH CHUTHAJ, Ye MOIyna
ce Hamupa B KpailHO [OJHO MOJNIOXKEHHe, TOW Iie Obme
IPEMECTeH KbM IOJNIOKSHHE, KOSTO Ja 3aIeHCTBA CeH30p 3a
KpaifHO FOPHO MOJIOKEHUE.

AKO MHAYKIMOHHHS CEH30p, NPH JInHeeH moayJ ,,CLM*
HOAaJie CHUTHAJ, 4e MOJIYNBT € JOCTUTHAl KpalHO IOJHO
MOJIOXKEHHE, IIe ce 3ajeiicTBa eOuH OT KOHTaKTOPHTE,
CIIPAMO IIOCOKaTa, B KOSTO TpsAOBa Ja ce mpemecTd. B To3u
ciydait MonyeT, TpsiOBa ma Obae mpemecteH Harope. IIpm
JIOCTUT'aHE Ha KpalHO TOpHO IOJIOKEHHE, HHAYKTUBEH
CEH30p OTHOBO LIIe NOJaJe CUIHAN K KOHTAKTOp HOMep 2 Iie
0o0BpHE IOCOKaTa Ha JABWKEHHE. ToraBa MOIYJNBT LIe ce
NPEMECTH B TIOCOKA HAJIOJTy CIIPSAMO JaTdHKa.



ABTOMATHU3AIIUA HA TUCKPETHOTO ITPOU3BOACTBO

ISSN 2682-9584

BN
—

|

L

@ur. 11.  MHAYKTUBEH CEH30p M0/1aBa CUTHAI KbM KOHTAKTOD

CplraTa onepanus Lie ce IOIyYd U MpU JMHEEH MOTYI
,»LM®. AKO MHIYKTHBEH CE€H30p 3a KpaifHO JISIBO IOJIOKEHHE
NOflaJle CHMTHAJ, NMHEBMAaTHYEH paslpeneNuTe] e IIyCHE
HaJsiraHe W OyTalmHUS WWIMHIBD IIe TPHIABIXH MOy
HaJICHO CIIPAMO CEH30pa 3a KpaifHa JifBa Touka. Taka cieq
OTIpeZielIeH MOMEHT CEH30pa 32 KpaiHO ISCHO TIOJIOXKEHHE
me Oblle aKTHBUPAH U IIE ce IOMyYH SKeIaHUAT LUKBI Ha
pabora.

) -

Our. 12.  3azeiicTBaHe Ha UJIMHABD 32 NPEMECTBAHE HAISABO

KoraTto BxozoBeTe MmojaBaT CUTHANIHM, Y€ JTHHECH MOJIYII
,CLM* ce Hamupa B KpallHO TOPHO MOJIOKEHHE W JINHEEH
moxyn ,, LM ce Hammpa B KpaifHa JsiBa TOYKa, TOTaBa I Ce
3ajelicTBaT MHEBMAaTHUYHUTE PAa3MpeAeiuTeNd B XBallada U
TOW 1€ W3BBPIIBH OIEPaIlisi OCBOOOXKIaaHE 3a MHOTO
KpareK nepuoj. Celmre ASHCTBUSA IIe ce MOoIydaT, KOorato
KOMOWHATHBHO C€ 3a/efiCTBAaT CEH30pa 3a KpalHO IOJHO
MOJIOXKEHUE Ha JMHeeH moayn ,,CLM* u ceH3opa 3a kpaitHo
JIICHO TOJIO’KEHUE Ha JINHEEH MOy ,,LM*.

Ilpu  Texuuueckn mpobaem B ,pick-and-place”
YCTPOHCTBOTO HITH aKO HIKOH OT CEH30pHUTE CIpe J1a paboTH,
JIOTHKATa e M3KII0YM BCUYKH M3X0au. ToBa O3HadaBa, ue
CUTHAJ JI0 KpaifHWTE M3IIBJIHUTEIIHY 3BE€HA HSIMA Ja JOCTHra.
W3nomn3BanuTe 3amMTH, WU3rPajiecHd OT KOMOWHALMHMTE Ha
JIOTHYECKUTE OIEpaTopH, IIO3BOJISABA 1@ C€ M3KII0YBAT
BCHYKH M3XOAHH CUTHAJIM, P 3aJICHCTBAHETO HA IOBEYE OT
1 ceH30p B OTAECTHUTE MOIYIIH.

simuLaTion mode [ HE
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AKO TpU JIMHEEH MOIYJ C€ AaKTHBHpPA HHIYKTHBCH
CEH30p 3a IOCTUT'aHE Ha KpailHa JIsiBa TOUKa U CJI€] TOBA TOM
HE ce JICaKTHBHpA, NpPU AaKTHBHPAHETO HAa WHIYKTUBEH
CEH30p 3a IOCTUraHe Ha KpaliHa JsCHa TOYKa, CHCTeMaTa IIe
cope nma pabdoru. ToBa mmie ce Cay4Yd W NPU JTHHECH MO
LM%, ako ce akTHBHpAaT U JBaTa CEH30pa 3a IOCTUTaHE Ha
JIBETE KPaHU TIOJI0KESHHUS.

®ur. 13.  M3pbpluBaHe Ha Npolieca XBalllaHe
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Our. 14.  Pexxum 3amuTa IpH aKTUBHPAHE HA BCHIKU CECH30PU

1. 13BOaM:

B pesynrar Ha TOpOrpamMHpaHETO ca HOCTHIHATH

CJICOAHUTE pE3yJITaTu:

e Pa3paboTeHH ca  ENEKTPUYECKHTE CXEMH Ha
CBBP3BAHE Ha OTIEJHUTE €JIEMEHTH Ha ,,pick-and-

place* ycTpoicTBOTO.

PaspaGoTeHa e JIOrHycKa mporpama 3a yrnpaBjieHHeHa
Ha ,,pick-and-place ycrpoiicTBOTO.
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o JlehuHUpaHN ca BXOIHUTE U W3XOIHHTE CHIHAIM B
cucTeMaTa 3a ympaBieHne Ha ,pick-and-place®

YCTPOKICTBOTO.
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Abstract: The objective of the present development is to program a "Pick-and-place' device for removing
assembled units from an automatic line. Programming will take place in a digital environment.
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OCHOBHU BUJIOBE KOMYHHUKAITMN 1 KOMYHUKAIIMOHHUT
MPOTOKOJIN, U3MOJI3BAHU TP MHTETPAIIMS HA
CBIIECTBYBAIIIU CUCTEMM 3A ABTOMATU3ALIUS U
YIIPABJIEHUE HA WHJYCTPUAJHHU U ITPOU3BOJACTBEHH
MPOIECU KbM U3NCKBAHUATA HA KOHIIEIIIAS
LAHJTYCTPHSA 4.0¢

Humutsp Tores
TexHnYecKn YHHBEPCHUTET
Codwust, bearapus
e-mail: dkt@tu-sofia.bg

Pe3stome: B cratusaTta ce pa3sriexaarT OCHOBHUTE
KOMYHMKAUUN M KOMYHHKAIIHOHM TIPOTOKOJH, KAKTO M
TEXHHTE XAPAKTEPUCTHKH W cHeHuUYHU 0COOEHOCTH,

M3MO0/I3BAHN MPH MHTErpalys Ha ChIIECTBYBALIH CHCTEMH 3a
ynpaBjieHHe HA MHAYCTPHAJIHM M TNPOU3BOACTBEHH MNpOIecH
KbM H3UCKBAHUSITA HA KOHUenuusaTa ,,Muaycrpus 4.0%.

Kniouoeu oymu. KOoMyHuKayuu, KOMYHUKAUUOHHU
npOMOKONU, UHOYCMPUATIHU KOMYHUKAUUU, UHOYCIMPUATHU
KOMYHUKAUUOHHU RPOMOKONU, CUCeMU 34 Ynpaenexue,
agmomamusayua, ynpaeieHue, UHMeZPayus, UHOYCHMPUATHU
npouecu, npouszgoocmeenu npouecu, Huoycmpusn 4.0, ymno
npou3eoocmeo, Kubep-guzuunu cucmemu.

l. VBOJ

B Hamm JHM BCeKM €AMH TIPOM3BOACTBEH WIIH
WHIYCTpHaJeH Ipolec Ou O HeMHUCIUM 0Oe3 CHCTeMH 3a
aBTOMaTH3alMsg W ympasieHue. VIMEHHO Te rapaHTHpar
BHCOKaTa e()eKTUBHOCT M KAYeCTBO Ha IIPOLIECHTE.

HenpekbcHATO MOBMINABAIINTE CE€ M3UCKBAHUS, KAKTO U
OypHOTO PaBUTHE HA TEXHOJIOTHUTE B TIOCIEAHUTE TOAUHH, a
CBIIO TaKa MPOMSHATA B COLHATHO-MKOHOMHYECKUTE MOJIENN
Hajarar ThPCEHE Ha HOBM KOHLENIMM 32 Pa3BUTHE Ha
NPOW3BOJACTBOTO M HWHAyCTpHATa. MIMEHHO TakaBa € H
KoHtermusra ,, Auaycrpus 4.0 [2, 8, 9].

Ionsaruero ,Uunycrpus 4.0 3a mbpBU IBT € CIIOMEHATO
OT TepPMaHCKOTO TpaBuTencTBO npe3 2011 rogunaa u ommcea
paMKa OT MEpKH, NpPUOPUTETH ¥ W3HCKBAaHMS 32
TEXHOJIOTHYHA  TPOMEHHM,  KOWTO  Ja  TOH0O0psT
KOHKYPEHTHOCTTa Ha T'€pMaHCKaTa WHIYCTPHS B CBETOBEH
Mamab. Ts e mpencraBeHa KaTo CTpaTerws 3a ISUIOCTHA
TpaHcopmalys upe3 JUIHTAIM3alisg U aBTOMaTh3anus Ha
BCSIKA €7HA YacT OT IPOM3BOJICTBEHHTE W HMHAYCTPUAITHH
npouecH, KOATO TpsOBa JoBede 1O PEBOJIIONUS B
MIPOM3BOJICTBOTO U J1a TOCTaBU HAYaJIOTO HA €HA HOBA €pa, B
KOSITO XOpaTa U MalIMHUTE KOMYHHKUPAT U PabOTAT 3aeHO,
3a Jla Mo00pAT eEeKTHBHOCTTA U Ja Ch3AaAaT yCTOHYMBU
BEpUTH Ha 100aBeHa CTOWHOCT BbB BCEKH €IUH ACHEKT Ha
npou3BoacTBOTO [1, 5].

Enna oT OCHOBHHUTE HeH Ha KOHICTIHUATA € Chb3JaBAHCTO
Ha Taka HAp€YCHOTO YMHO IPOU3BOACTBO.
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To e Oasupano Ha KuOEpP(PU3UYHHM CHCTEMH, KOUTO
YIPaBIISIBAT MPOU3BOICTBEHHUTE MIPOLIECH, KOMYHHUKUPAT U CE
CHHXPOHH3HPAT MOMEXK/IY CH B PEATHO BpEMe U ¢a CIIOCOOHU
Jla B3UMAaT aBTOHOMHHM JICICHTPAIM3UPAHU pelleHus 0e3
HEOOXOAMMOCT OT YOBellIKa Hameca [4, 6].
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ﬁ v 4

INTEGRATION
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SIMULATION
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MANUFACTURING

Our. 1. [pumep 3a xkubephuznuna cucrema [10]

TBif KaTO KOMyHUKAIUSITA ¥ 0OMsSHATA Ha MHQOPMAIHS €
kmo4oBa 3a ,,Muayctpus 4.0, OCHOBEH CTaBa W BBIIPOCHT 3a
HauYMHA, TIO0 KOWTO CHIICCTBYBAIIUTE CHUCTEMH  3a
aBTOMATH3AIIUs U YIPABJIEHHE MOTaT a ObaT HHTETPUPAHH,
TaKa 4e Jia OTrOBapsT Ha M3UCKBAHUSITA HA KOHIenusTa [3].

B macTosmara craTus ca pasricaani OCHOBHUTEC BUIOBE
KOMYHUKAIM U KOMYHHUKAIIMOHHU MPOTOKOJIM, YpPE3 KOUTO
HOI[06GH THUIT UHTETrpanys € Bb3MOXXKHaA.
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I1. OCHOBHU BUIOBE KOMYHUKALIMU U
KOMYHUKALIMOHHH [TPOTOKOJIN, U3ITOJI3BAHA
TP MHTET'PALIMS HA CBIIECTBYBAIIU
CHUCTEMMU 3A ABTOMATU3ALINA U YIIPABJIEHUE
KBbM N3NCKBAHUATA HA KOHLEIIWA
LAHAYCTPUA 4.0¢

A. OPC UA (Open Platform Communications Unified
Architecture)

OPC UA e koMyHHKalMOHEH MTPOTOKOII, KOMTO € ITHUPOKO
pa3npocTpaHeH B HMHAYCTpUAJHATa aBTOMATH3aLMUsS H
co(Tyepa 3a HHIYCTpUATHO NpuioxeHne. OCHOBHN HETOBU
XapaKTePUCTHKH Ca:

e  3ammTeHocT MPOTOKOJ'BT OCHTYpsiBA BHCOKa
CTEIeH Ha 3allUTa IOCPEICTBOM KOAMpaHe Ha
nHpopMamusiTa W pasIMYHM  MEXaHW3MH 32
Bepudukammss. ToBa ocurypsiBa HaJie)KHa oOMsHA Ha

nH]opMaIys pe3 MHTEPHET U JPYTH BUIOBE MPEXKU.

[TnardopmeHa HE3ABUCUMOCT — MOJKE J1a C€ U3II0JI3Ba
NP BCSIKAKBU BHUJIOBE OIEPAIIMOHHHM CUCTEMU U
XapAyepHH IIATPOPMH.

BB3MOXKHOCT 3a HaAgrpakiaHe — MOXke Ja paboTu ¢
roxsiM OpoW YCTpOWCTBA W CHCTEMH, KakTO U
Pa3NUYHU TUIIOBE JaHHM.

I'eBKaBOCT — TIoAabpKa pa3jInNIHA KOMYHUKAIIMOHHA
MOJEIH  KaTo point-to-point,  multicast,
publish/subscribe.

CTyKTypupaHu JaHHM — MOXE Ja ce M3IO0J3Ba 3a
NpeflaBaHe Ha Ppas3MdHA BHAOBE CTPYKTypHPaHU
JIaHHH.

CBBMECTUMOCT OCUTYpsiBa JIECHA HMHTErparus
MEKIy Ppa3jIMuH¥ BHIOBE CHUCTEMH W YCTPOHCTBA
KaTO TOAAbPKA HAl-Pa3IMYHU BUIOBE TPAHCIIOPTHU
nporokosik kato TCP/IP, HTTP, HTTPS.

Vendor Specific Extensions

Companion Information Models
(a.g. Robots, CNC Machines, Wind Power, P&ID exchange)

Core Information Models
(e.g. Analog Data, Alarms, State Machines, File Transfer)

Information Model B
(Meta Model)

Information Model Access

Browse and Access Data and Semantics Data and Event
Execute Methods, Configure Notifications

Client-Server

Pub-Sub

Use Case specific Protocol Mappings

®ur.2. Apxutekrypen mozen va OPC UA [11, 12]

B. PROFINET (Process Field Net)

PROFINET e kxoMyHHKalMOHEH MPOTOKOJ, KOWTO € ce
W3I0NI3BA OCHOBHO B wuHAycTpusata. (OCHOBHH HETOBH
XapaKTePUCTHKH Ca:

° KOMyHI/IKaIII/IH B pCaJlHO BpEMC TOBa JaBa

BB3MOXHOCT IIPOTOKOJBT Ja 61),[{6 H3II0JI3BaH B
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MIPWIOKEHUsI, KBIECTO CE W3UCKBA OBp3a M TOYHA
KOMYHHUKAIIUS KaTo Harpumep MpoLecHa
aBTOMAaTH3allUs, YIPaBICHHE HA 3aJBIXKBAHUAA U
poboTH U T.H.

Ethernet komyHHKanust — IPOTOKONBT € Oa3upaH Ha
Ethernet, «kosto e Haif-pasmpocTpaHeHaTa |
M3M0JI3BaHa KOMYHUKAIMOHHA TEXHOJIOTHS B HAIU
nau. ToBa 1mo3BolsiBa Obp3a U JIECHA MHTETPALys B
CBIIECTBYBAIIN MPEXH M CHCTEMH.

EdextuBHOCcT — PROFINET e BHCOKOC(]EKTHBHA
HIMPOKOJIEHTOBa KOMYHUKALIUSI C HUCHK KOE(PUIICHT
Ha 3a0aBsiHe, KOCTO s MPABH JKEJIaHA KOMYHHUKAIIHSA
NPU CHCTEMH U TPUIOKEHHS C HEOOXOJUMOCT OT
OBp3 W rapaHTUpaH OOMEH Ha TOJIEMH KOJIUYEeCTBa
JAaHHU ¥ HHPOPMAITHSL.

HanesxaHocT — IpOTOKOIBT € MPOEKTHPaH Ja padboTu
B TEXKU UHAYCTPUAIHU ycioBus. Toil moaabpxa
pe3epBUpaHEe U YCTONYMBOCT HA TPEHIKH, KOETO IO
IIPaBU U3KJIFOUUTEIIHO HAZCHKICH.

Application Layer
ProfiNet Services

Presentation Layer
(IO, Alarms, Records, etc.)

Session Layer

| UDP | | TCP |

e

Transport Layer

Network Layer

Data LInk Layer

| Physical Layer

@ur.3. Apxurekryper mozaen Ha PROFINET [13, 14]

C. MQTT (Message Queuing Telemetry Transport)

MQTT ¢ KOMyHHKAI[MOHEH IPOTOKOJ, KOWTO ce
n3non3ea Haii-uecto B Internet of Things (IoT) npunoxenns
u cuctemu. OCHOBHH HETOBU XapaKTePUCTHKH Ca:

Publish/Subscribe mozen Ha KOMyHHKaIHs
U3II0JI3BAaHETO HA  TO3M  KOMYHHKAalHOHEH
MEXaHU3bM, KBJIETO JaJIeHO YCTPOICTBO IMyOJIMKyBa
nHpOpMAaI B OpOKEpHA CHCTEMa, KbM KOSITO JPyTH
YCTpOMCTBa MOTaT Jia ce aDOHMPAT 3a MOJy4aBaHETO
U € M3KITIOYHTENHO eekTuBeH npu 10T cucremwre,
KBICTO Ca HEOOXOAUMH TPOCTH U c()EKTUBHU
pelieHus 3a OOMsIHA Ha JaHHH MEXIY Pa3IndHHTE
YCTPOMCTBA U CUCTEMH.

EdexTnBHA TONEMUHA 32 OOMEH Ha WHPOPMAIUSL —
ToBa JgaBa BB3MOKHOCT MQTT ma Obae u3moa3BaH
IPH MPEXH ¢ MaJIka KOMYHHKalMOHHA JICHTa, KOETO

r0  MpaBH  M3KIIOYUTENHO  HPUWIOKHM 32
KOMYHUKalusi C OTAAJENECYeHH YCTPOWCTBA U
CHCTEMU.
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e  HagexmHoct — [purexkaBa HAKOJIKO PasjIMuHA HABA
ma QoS (Quality of Service), xoero rapantupa
CUI'YpHO TIpeJaBaHe Ha JaHHU MEXIY yCTpoicTBaTa
JOPH ¥ [IPY HEHAIEKIHH MPEKOBH yCIIOBHS.

o CI/IprHOCT — HPOTOKOJBT IMPUTCIKABA PA3JIUIHU
MEeXaHU3MH 3a KPHUIITHpaHE W BEpUPHUKALUSI TIPH
KOMYHUKAIUA MCEKAY Ppas3IndHUTE yc’I‘pOﬁCTBa u
OpokepHaTa cucTeMa.

APP"?"”" MQTT
(:fn‘ s:::'; Broker

I

MQTT = ~l .

Sees Al Subg:'e'nttions
(Publisher, b
Subscriber)

JCP/IP Connection,
TCP/IP TCPAP

(xES.p ]

@ur.4. Apxurekryped mozen Ha MQTT [15, 16]

D. CoAP (Constrained Application Protocol)

COAP ¢ KOMYHUKAIIMOHEH MPOTOKOJ, MpeTHAa3HAYCH 3a
oOMeH Ha WH(OpMAlUs B OPraHUYEHH MPEXKU KaTO Te3n
nsnonsanu B Internet of Things (1oT) u Industrial Internet of
Things (110T) cucremure. OCHOBHH HETOBH XapaKTEPUCTHKH
ca:

e IIpocrora — COAP e mpoektupan ja Obae U Jiek
KOMYHUKAIIMOHEH TMPOTOKOJN, KOWTO  W3MO0JI3Ba
KOMIaKTeH (opMaT Ha pa3MEHSIHUTE CHOOIICHHUS, C
KOETO Ce MMHMMH3Mpa HATOBapBAaHETO HA MpeXara 1
KOHCYMAalUsTa Ha €Heprys MU IIPEHOC Ha JaHHH.

e CkamupyeMOCT  —  TPOTOKOJBT TOJTbpIKa
€IHOBPEMEHHO KAaKTO €IHO3APECHO, Taka W
MYJITHAJPECHO  CHOOIIEHHE, KOETO II03BOJISABA
M3MOJI3BAHETO My KaKTO B MAJIKH, Taka U B TOJIEMH
KOMYHUKAIIMOHHH MPEKH.

e REST apxurektrypa — Oasupan Ha REST
TEXHOJIOTUATA, IPOTOKOIBT € JICCEH 32 HHTErPaLys B
CBIIECTBYBAIIN YeO YCIYTH U IPHIIOKEHHUS.

e [lnardopmeHa He3aBUCHMOCT — MOJJIPHXKKaTa Ha
MHOKECTBO KOMYHHKAITMOHHY cTaHaapTu kato UDP,
SMS u IEEE 802.154 (Zigbee) mnpenocras
BB3MOXKHOCT 32 paboTa ¢ ToIsiMo pazHooOpasme oT
MPEXH U YCTPOICTBA.

e 3ammreHoct — COAP moxbpxka HabOp OT 3aIIUTHU
Mexann3mu kato Datagram Transport Layer Security
(DTLS) u OSCORE (Object Security for Constrained
RESTful Environments)

e ACHHXPOHHOCT — IIPOTOKONBT MOIbpKa KaKTo
MOTBBPKAAEMH, TaKa u HETIOTBBPKIAEMH
CHOOIIEHNS, KOETO ITO3BOJISIBA ACHHXPOHEH 0OMEH Ha
nH(pOpMAaL MEeXIY YCTPOHUCTBATa.
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Constrained Application Protocol (CoAP)

The Internet Constrained Environments

@ur.5. Apxurekryped mozaen Ha COAP [7, 17]

E. DDS (Data Distribution Service)

DDS e kOMyHHKAIMOHEH MPOTOKOJ, KOWTO Ce M3I0JI3Ba
MPEIVMMHO TPH PA3NPEACICHA CHCTEMH, KOUTO OOMEHST
undopmaiss B peanHo Bpeme. (OCHOBHM  HETrOBU
XapaKTePUCTHUKH Ca:

e Publish/Subscribe Momen wa xoMmyHuKaiis — TOBa
MO3BOJISIBA  ACMHXPOHHA  KOMMHHUKAIUA — MEXIY
pasmpenenenute ycrpoiictBa. Ilpm To3m Mopen
JIaJIEH0 YCTPOWUCTBO MyOJIMKyBa MH(pOPMAIUS, KOSITO
ce TONy4YaBa TpPH TIOMCKBaHE OT YCTpoiicTBaTa
a0OHMpaHU 3a Hesl.

e HazmexxHOCT — TIPOTOKONBT MOIIBPXKA HIKOJIKO
pasnnunn HEBa Ha QOS (Quality of Service), xouto
MO3BOJISIBAT PA3JIMYHN HACTPOMKH Ha HAJEKHOCTTA,
HAIMYHOCTTA U HABPEMEHHOCTTA Ha OOMEH Ha JaHHH
u uapopMmanys. Besika eHa OT Te3U HACTPOMKU MOXKe
na Obne koH(GUrypHupaHa 3a BCSKa €HA TeMa WU
aboHAT, KOSTO MO3BOJISBA MPELM3UPAHE HA HAYMHA Ha
3alInTa pu OOMEH Ha pa3nuyeH THIT HHpOpMaIIusl.

e JlunamuaHo oTkpuBaHe — DDS momnspixa nTuHAMAYEH
MEXaHM3bM Ha OTKpUBaHE, KOETO I03BOJISIBA
YCTpOMCTBAaTa Ja CE€ OTKPUBAT EIHO JPYyro mpu
HEeoOXoaMMOcCT 3a 00MsiHa Ha nHpopmartws [18]. Tosa
MO3BOJISIBA PA3TMYHUTE KOMIIOHCHTH HA CHCTEMaTa Ja
ce TPHCHhEAMHSIBAT W HAMyCKar CUCTEeMaTa B
3aBACHMOCT OT HYXJaTa 3a KOMyHHKaius, 0e3 Ja
HeoOXomMMa phYHa KOH(UTYpAITst Ha BCEKH €IH OT
TSX.

e Data-centric Momen Ha KOMYHHKAITHS — TO3H MOJIEH €
(doKycHpaH BBPXY IaHHUTE, KOWTO CE pPa3MCHST
MEXIy yCTPOIHCTBaTa, BMECTO BBPXY IMPHIOKCHUATA H
UHTEP(EUCUTE, KOCTO T0 TMPaBU H3KIIIOYUTEITHO
MOJIXOMAII TIPH CIIOKHH CHUCTEMH, KOUTO OOMEHST
MHTEH3UBHO TOJISIM M pa3iinyeH 00eM oT nHpopMaIus.

e CKanupyeMoCT — MPOTOKOIBT € MPOEKTUPAH TaKa, ue
Jia ObJ1e eTHAKBO e(DEKTUBEH ITPU MaJIKH U [P TOJIEMHU
CHUCTEMHM OT YCTPOMCTBA.

L4 HpOI/BBO)II/ITeJ'IHOCT — 3a HJa C¢€ MUHUMU3HPA
MPEIKOBOTO HATOBApBAHEC M 3a Ja CC MAKCUMU3HUPpaA
TIPOU3BOAUTEIIHOCTTA, TIPOTOKOJIBT H3I10JI3Ba

pa3siMYHM  MEXaHW3MHU 33  CepuUalu3anys Ha
NpeJaBaHeTo Ha JaHHU M HH(pOpMALHU.

e 3ammreHoct — DDS momappika HSIKOJIKO pa3indHU
METO/a 33 KpUIITUPaHe U BepH(UKALHS.
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@ur.6. Apxurexryper Mojen Ha DDS [18]

I1l. 3AKJIFOYEHHUE

BB3MoOXXHOCTTa 32 pa3HONOCOYEH OOMEH Ha JAaHHH M
uHdopMalss C pas3iuueH HWHTEH3UTET W 00eM MeXIy
Pa3IMYHATE YCTPOICTBA € OT KIIOYOBO 3HAUCHHE 32 MOJIETa
Ha KuOeU3MUHHTE CHUCTEMH, KOMTO ca B OCHOBara Ha
koHuenuusara ,Wuayctpus 4.0 u wugesta 3a yYMHO
MPOM3BOACTBO. B cBeroBen Mmamnab Ham 70% OT BCHYKH
WHIYCTPHAIHKM ¥ TIPOM3BOCTBEHM  IIpOIECH  ca
aBTOMAaTU3HUpPaHU CHC CUCTEMU 3a YIIPABJICHUE, ITPUTEKaBaAIIU
KJIaCMYEeCKH MOJIET Ha OpraHu3alys, IPY KOMTO IpeaaBaHeTo
Ha JaHHH W HMHQpOpMAlUs Ce OCHIIECTBSIBA JBYINOCOYHO
MEXIy Ppa3IMuHUTE HUBa, Oe3 BB3MOXKHOCT 32 AWPEKTHA
KOMYHUKaIUs MEXIY Pa3IMYHUTE YCTPOICTBA 1 €IEMEHTH Ha
cucreMara. 3a Jja ce HHTErpHUpaT ChIIECTBYBAIINTE CUCTEMU
KbM HH3UCKBaHMATA Ha KoHUemnmwusaTa ,JuHayctpus 4.0 e
HeoOxomuMmo oOMeHa Ha uH(pOpMalMs B Tax Ja Obae
peopraHu3upaH MO HAYMH, KOMTO TapaHTHpa HE3aBHUCHMA
KOMYHHUKAIIUS MEXIY BCEKH €IUH €JIEMEHT OT CHCTeMara.

Pa3nopoaHOoCTTa Ha pa3NUYHUTE YCTPOUCTBA U EIIEMEHTH
Ha CUCTEMHUTE, KaKTO M PAa3IMYHUTE HY)KAU 32 HAYUH U 00eM
Ha TpenaBaHara HH(QopMaIys, 00yCIaBAT M3MOI3BAHETO Ha
pa3NMYHM METOAM 32 KOMYHHKAalMs ¥ KOMYHHUKAIlMOHHH
TEXHUKHA M MPOTOKONH. M300pbT HA BCEKH €AMH OT TIX €
CTpOro crneuu(uueH CcIpsMO KOHKPETHHTE HYXIH H
TIPUIIOKEHHE.

BJIATOJIAPHOCTH

Pesynrature B HACTOSIIOTO U3CIEABAHE Ca MOIYyYEHH 10
npoekt 23 1T1/10002-06/2023 r., puHancupan oT cyocuausra
32 HayYyHM H3cielBaHUS B TEXHUYECKH YHHUBEPCHUTET —
Coous.
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Abstract: This article reviews the main communications and communication protocols, as well as their characteristics and specific
features, used in the integration of existing industrial and production process management systems to the requirements of "'Industry

4.0" concept.

127



4 N
anr
A 4

ABTOMATU3AIMA HA JUCKPETHOTO ITPOU3BOJACTBO

ISSN 2682-9584

THERMAL AND ELECTRICAL MODES OF OPERATION OF AN
INDUSTRIAL ELECTRIC CONVECTOR HEATER WITH A CARBON
FILAMENT RESISTIVE ELEMENT

Katsiaryna Chernyakova
State Research Institute Center for
Physical Sciences and Technology

Vilnius, Lithuania
ORCID: 0000-0002-6616-4353

Nikita Lushpa
Belarussian State University of
Informatics and Radioelectronics
Minsk, Belarus
ORCID: 0000-0002-8224-1697

Abstract: In this paper we investigated the thermal and
electrical modes of operation of an industrial type electric
convector heater with a heating element in the form of a
carbon fiber filament. The results obtained using the pattern of
temperature distribution indicated a good thermal contact
between the heating element and the inner surface of the
electric convector heater, which provided an effective removal
of the generated heat and the optimal temperature modes of
the heating element.

Keywords: electric convector heater, thermal mode,

temperature distribution, resistive element, carbon fiber.

l. INTRODUCTION

Saving of electric energy in the systems of industrial
heating and electric heating is one of the priority tasks to
ensure energy saving. The main element of any heating
device is a heater [1]. Therefore, increase of efficiency of
such systems can be achieved by development and
introduction of new energy saving electric heating elements
meeting the strictest ecological and fire requirements [2, 3].
At the same time they should provide high reliability in
operation, economical efficiency and stability of electro-
physical parameters. A wide range of applications in heating
devices have found flat resistive heaters [4, 5]. They are used
to create the required microclimate in the premises, to
maintain temperature parameters in various technological
processes, in agriculture and in various industrial devices.
Flat electric heaters can be made of any geometric shape.
Such resistive heating elements have advantages due to high
efficiency, the small thickness of the heater, high fire
resistance and electrical safety, long operating life and high
specific power.

Currently, one of the promising directions for flat electric
heaters is the use of carbon fiber filament as a resistive
element [6, 7]. Such properties as mechanical, electrical and
thermophysical are usually described in the literature for
carbon fiber [8]. At the same time, the behavior of electrical
characteristics of carbon fiber under the action of high
current loads and temperatures is poorly studied.

The aim of the work was to study the electrical
characteristics and thermal modes of operation of electric
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convectors heater with the developed flat heating element
made of carbon fiber.

Il. MATHERIALS AND METHODS

The developed flat carbon fiber-based heating element
with a nominal electrical resistance of 50.63 Ohm had
dimensions of 560x460 mm. As a resistive element, carbon
filament of URAL H-205/22 brand with specific electrical
resistance of 267 Ohm m-1 was used. This type of carbon
thread was produced by special technology on the basis of
viscose technical thread and was characterized by the
following parameters: carbon content — 99,9%, nominal
linear density — 205 tex, number of filaments — 6000, number
of twists — 80-100 cr/m.

The design of the flat heating element contained a
separate section of the resistive element representing two
spatially separated copper bars, between which the required
number of pieces of carbon filament was placed. They were
connected to the copper bars by soldering on the sections
with copper metallized ends of the carbon filament. Wire
leads were also connected to the copper busbars. To make
dielectric insulation, the entire structure was filled on both
sides with heat-resistant silicone. After the silicone mass
polymerization, a flat heating element with two wire current
leads for the supply of electrical power of given geometric
dimensions was obtained. The flat heating element was
placed in the middle of the standard aluminum housing of the
electric convector heater.

The industrial electric convector heater MISOT-E
EVUT-1,0/220-203 was chosen for the object of the
research. It is characterized by the following main
parameters: nominal voltage 220-230 V, current mode — AC,
50 Hz, electrical safety class I, degree of protection of the
shell 1P30, maximum surface temperature — 85 °C, the
nominal power consumption (model 003) — 1.0 kw,
dimensions 110x615x250 mm, weight — 6.5 kg. This type of
electric convector is designed for heating residential and
industrial premises.

Seek Thermal Shot (KIT FB01019) was used in the
experiments for non-contact temperature measurement and
obtaining thermograms.
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The size of the thermal sensor — 206x156 pixels, matrix
resolution — 640x480 pixels, temperature sensitivity <70 mK,
wavelength — 7.2-13.0 microns, temperature measurement
range -40 — +330 °C. Temperature control and measurement
was additionally carried out with a TXA thermocouple,
which was placed on the body of the electric convector
heater. Timer, ammeter and voltmeter were also used for
measurements.

I1l. RESULTS AND DISCUSSION

In this work we studied the dynamics of resistive heating
of industrial type «MISOT-E» electric convector heater
using a carbon fiber heating element (Fig. 1).

Heating of the convector's working surface resulted in
continuous air circulation. Cold air coming in due to natural
convention, on contact with the surface of the convector
channels was heated and went up the channel. In turn, its
place was taken by the next portion of cold air. In this
sequence, the heating cycle in the convector heater was
repeated all the time, causing heating of the air in the room.
Fig. 2 shows the results of measurements of temperature
parameters of the electric convector heater, starting from the
moment of its switching on. Fig. 3 shows the change in
power of a carbon fiber resistive heating element as a
function of heating time.

The obtained time curve of the heating temperature of the
electric convector heater with the power consumption of 947
W shows that the time of reaching the steady state operation
is about 10 minutes (temperature of about 55 °C), and the
maximum surface temperature of the electric convector
heater during 30 minutes of heating reached 68 °C.

At the initial moment of switching on, the power
consumption of electric convector heater was 910 W (voltage
230 V). However, due to the change of resistance of the
carbon fiber as a result of heating, the electrical power of the
electric convector heater increased to the value of 939 W.
This increase did not exceed 4% of the initial value of
electric power.

The temperature operation of the built-in electric heating
element in steady-state modes is important for evaluating the
efficiency of the electric convector heater. Therefore, in this
work, thermograms in the area of the heating element were
taken with the help of thermal imaging camera.

Fig. 1. Exterior view of the "MISOT-E" electric convector heater
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Fig. 2. Heating dynamics of an industrial electric convector heater with a
carbon fiber resistive element: a — dynamics of electric convector heating
with an electric capacity of 947.0 kW, voltage 230 V; b — thermogram of
the electric convector surface for steady state operation (30 min)
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Fig. 3. Variation of power consumption of an electric convector heater

with a carbon fiber resistive element as a function of heating time
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Fig. 4 shows thermograms of the heater element area for
different power inputs.
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Fig. 4. Thermograms of the electric convector heater in heating element
area: a— heater power - 587 W, heater temperature ~ 200°C; b — heater
power - 393 W, heater temperature ~ 151°C

As can be seen from the thermograms, the temperature
distribution along the location of the heating element is
characterized by high uniformity. At the same time for the
direction across the location of the heating element it is
possible to see the borders of sharp temperature drops,
caused by the presence of different thermal resistance for
individual elements of the electric convector heater structure.
For the set heater power of 587 W, the temperature
difference between the outer surface of the electric convector
heater and the heating element does not exceed 47 °C. For
the set power of 393 W, the temperature difference was not
more than 33 °C. The temperature of the heater element
inside the electric convector heater was measured with a
thermocouple.

The measurement data showed that increasing the heater
power by 194 W (from 393 W to 587 W) resulted in an
increase in temperature of only 50 °C (from 151 to 200 °C).
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IVV. CONCLUSIONS

The results showed that for an electric convector heater
with a power consumption of 947 W, the time to reach
steady-state operation was about 10 minutes (temperature ~
55 °C), and the maximum surface temperature of the electric
convector heater for 30 minutes of heating reached 68 °C.

From these thermograms we can conclude about the high
uniformity of temperature distribution along the location of
the heating element. For the set heater power of 587 W, the
temperature difference between the outer surface of the
electric convector and the heating element did not exceed
47 °C. For the set power of 393 W, the temperature
difference was not more than 33 °C.

The results obtained by the nature of temperature
distribution indicated a good thermal contact between the
heating element and the inner surface of the electric
convector heater, which provided an effective removal of the
generated heat and optimal temperature conditions of the
heating element.
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Abstract: The article discusses the relationship between difficulties can affect a student's ability to learn and retain
emotional and mental health and academic performance in information, leading to poor academic performance.
higher education. Emotional and mental health problems can . X i
negatively impact a student's academic performance, leading to In addition, students with emotional and mental health
difficulties with concentration, memory, and problem-solving ~ Problems are more likely to miss classes and assignments,
skills, resulting in poor academic performance. The article which can result in lower grades and reduced academic
identifies common issues such as high levels of stress, social ~ success [2][23], as seen in Fig. 1. Anxiety, depression, and
anxiety, perfectionism, adjusting to college life, and lack of sleep ~ other emotional and mental health issues can also interfere
or poor-quality sleep that can impact academic performance. with a student's motivation and ability to complete academic
The article also suggests solutions that institutions of higher tasks, leading to feelings of hopelessness and failure.
education can implement to improve emotional and mental
health among students. These solutions include providing 100
mental health services, promoting self-care, creating a
supportive environment, and educating students about 90
emotional and mental health. The article concludes that poor

emotional and mental health can have a significant impact on 80

academic performance and suggests seeking professional help 70
and support from peers and faculty that can be crucial for

managing these issues and improving academic achievement. 60

Key words: education, mental health, emotional well-being. 50

40

I. INTRODUCTION

The primary goal of educational institutions has always 30
been to achieve academic excellence. Nowadays, however,

the topic of the emotional and mental state of people in the 20
stage of their education is increasingly considered. This is 10
because emotional and mental health are essential aspects of
the overall well-being of students in higher education. This is 0
due to the fact that they directly contribute to their progress, See the value Feel engaged Feel excited Feel confident
ability to learn (especially to absorb a significant amount of of higher in coursework by the in
new information), and that they serve as conditions for the education inside & instructors  participating
overall attitude towards their further development in life. investment  outsideof = aboutthe  inclassin-
Research has shown that students who experience emotional class learning person
and mental health problems are more likely to struggle material
academically. The present study examines th_e most important Students whose mental health challenges affected
factors and arguments for a direct relationship between their studies
emotional and mental health and academic performance in Students who have experienced no mental health
higher education. It also examines potential solutions to challenges
improve emotional and mental health among students.

Il. PROBLEM STATEMENT Fig. 1. Comparison between students with & without mental

i . i health challenges related to academic performance (%) [23]
A. Emotional and Mental Health in Academic Performance

Emotional and mental health problems can have a  B. Common Issues
significant impact on a student's academic performance. o High levels of stress can negatively impact academic

ﬁtuﬂiﬁs. have shown tha':_sktulde?ts with .emOtigf‘;! ar:s men_t;ar: performance by causing symptoms such as difficulty
ealth issues are more likely to experience difficulties wi concentrating, memory problems, and fatigue. In

concentration, memory, and problem-solving skills [1]. These addition, stress can lead to avoidance behaviors, such
as procrastination, that can lead to poor time
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management and missed deadlines. Research has
shown that chronic stress is associated with lower
grades and decreased academic achievement [3].
Social anxiety can affect academic performance by
causing excessive fear and self-consciousness in
social situations [4]. This can make it difficult to
participate in class discussions, form relationships
with peers, and engage in other academic activities.
Students with social anxiety may also experience a
fear of negative evaluation, which can lead to
avoidance behaviors, such as not attending class or not
turning in assignments.

While striving for excellence can be positive,
perfectionism can lead to excessive self-criticism,
procrastination, and anxiety that can interfere with
academic  performance [5]. Students  with
perfectionism may spend excessive time on
assignments or be reluctant to seek help, which can
lead to missed deadlines and decreased academic
achievement.

Adjusting to college life can be challenging, and
students who struggle with this adjustment may
experience emotional and behavioral symptoms that
can interfere with academic performance [6]. These
symptoms can include anxiety, depression,
homesickness, and difficulty concentrating. Research
has shown that students who experience adjustment
difficulties are at higher risk for academic failure and
dropout.

Lack of sleep or poor-quality sleep can affect memory,
attention, and concentration, which are critical for
academic success [7]. Students who experience sleep
difficulties may struggle to stay awake during
lectures, have difficulty retaining information, and
find it challenging to complete assignments and study
for exams. Research has shown that sleep deprivation
can also lead to decreased cognitive function,
including impaired decision-making, problem-
solving, and creativity. This can further affect
academic performance by hindering a student's ability
to think critically and engage with course material.

A study conducted in the UK [8] shows that the prevalence
of anxiety among students ranged from 8.4% to 51.3%, as well
as that 43% of students with a mental health condition
reported that their academic performance had been affected.
Another study in the US clearly illustrates some of the above-
mentioned factors disrupting academic performance (Fig. 2)

9.

I1l. SUGGESTED SOLUTIONS

There are several solutions that institutions of higher
education can implement to improve emotional and mental
health among students.

A. General Solutions

Providing mental health services such as counseling,
therapy, and support groups [10] can help students
address emotional and mental health issues and
provide them with the tools to cope with stress and
anxiety (Fig. 3) [11].
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Institutions can promote self-care practices such as
exercise, healthy eating, and sleep hygiene [12].
Encouraging students to engage in self-care activities
can help them manage stress and maintain emotional
and mental health.

Institutions can offer mindfulness-based programs,
such as meditation, yoga, and breathing exercises, to
help students reduce stress and increase well-being
[13].

Providing workshops on time management and study
skills can help students develop effective study habits
and reduce stress related to academic workload [14].
Institutions can create a supportive environment for
students by promoting inclusivity, diversity, and
acceptance [15]. This can help students feel more
comfortable seeking help and support from their peers
and faculty, as well as reduce stress and anxiety [16].
Instructors should be approachable and supportive,
and encourage students to ask questions and seek help
when needed. They can also create opportunities for
students to connect with each other, such as through
group projects or class discussions.
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e Conducting mental health screenings to identify
students who may be at risk of developing mental
health issues and provide early intervention and
support is suggested as one of many solutions. [17]
Institutions can educate students about emotional and
mental health and the importance of seeking help
when needed. This can help reduce stigma and
increase awareness about the availability of mental
health services.
Providing opportunities for students to reflect on their
learning and personal growth can help increase self-
awareness and promote resilience. Instructors can
incorporate reflection activities or journaling into the
course material [18].

According to a student survey [23], providing mental
health services would be most beneficial (Fig. 4.).

100

B Providing mental health services

B Promoting self-care practices

B Offering mindfulness-based programs
Creating a supportive environment

Educating students about emotional & mental
health

Fig. 4. Prioritizing different general solutions concerning mental health
issues according to students (%)

B. Course material and presentation

o Employing different teaching methods can help cater
to the diverse learning styles and preferences of
students [19]. For example, incorporating videos,
hands-on activities, group projects, and interactive
lectures can make the course more engaging and
interesting for students, reducing boredom and
increasing motivation.

Providing clear instructions and expectations for
assignments, exams, and projects can help reduce
confusion and anxiety among students [20].
Instructors should provide detailed guidelines and
rubrics to help students understand what is expected
of them and how they will be evaluated.

Providing positive feedback and constructive criticism
can help boost students' self-esteem and confidence.
Instructors should acknowledge students' efforts and
progress and provide feedback that is specific, helpful,
and encouraging [21] (Fig. 5).
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B Students without timely & helpful feedback
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Fig. 5. Comparison between students with & without timely & helpful
feedback from their instructors (%) [23]

e Accommodating students' individual needs and
circumstances can help reduce stress and promote
mental health [22]. For example, instructors can
provide flexibility in due dates or exam formats for
students who experience anxiety or have other mental
health concerns. Instructors should also be aware of
and accommodate students with disabilities.
Providing clear instructions and expectations related to the
course material would be most beneficial [23] (Fig. 6).

100

50

B Providing clear instructions & expectations
Providing positive feedback
Employing different teaching methods

Fig. 6. Prioritizing different solutions related to the course material
concerning mental health issues according to students (%)

IV. CONCLUSIONS

Emotional and mental health are crucial aspects of the
overall well-being of students in higher education. Poor
emotional and mental health can have a significant impact on
academic performance. Institutions of higher education can
implement solutions such as providing mental health services,
promoting self-care, creating a supportive environment, and
educating students to improve emotional and mental health
among students. These solutions can help students succeed
academically and lead fulfilling lives beyond their academic
careers.
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In summary, stress, social anxiety, perfectionism, and
adjustment difficulties can all have a negative impact on
academic performance in higher education. Seeking
professional help and support from peers and faculty can be
crucial for managing these issues and improving academic
achievement. Additionally, practicing self-care, such as
getting enough sleep, eating a balanced diet, and engaging in
stress-reducing activities, can also help improve academic
performance.

Similar studies will be conducted in the future with the
help of the students at the Technical University of Sofia.
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Abstract: The article discusses the benefits and appliance of
tailored testing in the education system to test academic
performance on an individual level. Adaptive tests can play a
paramount role in a student's academic career and professional
development, helping with identifying issues that might stay
hidden for the general approach used in most schools and
universities all over the world. The article identifies the
structures behind that model and some innovative usages of its
benefits. This study also suggests ways to prevent students from
cheating and relying on their skills and individual solutions to a
wide range of challenges, resulting in a significant improvement
not only in the education analysis results but also in expanding
the labor market around the globe. These practices include
more than the application by the general public; implementing
tailored testing into a student’s development and not their
assessment only. The article concludes that if used to its fullest
potential, tailored testing might turn into one of the world’s best
approaches to an individual’s development. Moreover, the
tailored model can be used outside the assessment initial plan
but can also be implemented into some economic structures such
as communication and medicine.

Keywords: education, examination, testing, tailored testing,
adaptive tests.

I. INTRODUCTION

Nowadays, when building new education systems and
ones for testing students’ skills and knowledge, a great time is
spent on implementing E-learning in all its formats. Testing
has evolved into something far greater than just questions and
answers, turning into a major factor in each student’s future
career.

The main purpose of tests is to serve as a tool for objective
assessment of students’ knowledge. Implementing the test
control of students’ knowledge by means of computer
technologies provides a possibility for collecting plenty of
statistical data, which will allow to resolve another task -
analyzing if this tool is good enough [1].

The traditional methods for testing have been proven
useful, but after the change in the testing standards throughout
the pandemic, the majority have been abandoned and
replaced. Moreover, the focus on testing has shifted to the
examination of the students stepping from school into
university, in other words, to those applying to their next level
of education, be it a bachelor’s or master’s degree, even if only
for basic testing of their skills. The technology for testing
which a major part of the universities around the world chose
to take up, was “tailored testing”, which even got embedded
in the SAT digital format that international students outside
the USA sat for the first time in March 2023.
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Il. CHARACTERISTIC FEATURES OF ADAPTIVE TESTING

Adaptive testing or so-called “tailored testing” is meant to
escape cheating among students, motivating them to rely on
their individual skills.

It is more engaging for the testers as it matches a student’s
achievement levels without increasing the test length while
measuring a person’s score more precisely, especially when it
comes to students with higher performance and ones that are
experiencing difficulties identifying issues and specific needs.

Tailored testing allows all students to demonstrate their
knowledge and encourages them to stay focused until the very
last question. The adaptive model provides teachers and
schools with access to more targeted and detailed information
on the entire process, from starting the test to completing it
and sending it out.

The candidates are presented with sets of questions based
on their performance during the examination process. Many
of these questions are of mid-range complexity for each year
level, but some are of higher or lower complexity. All students
at each year level start with questions that test the same range
of complexity. The computer system scores their answers
automatically, and then, each individual progresses to a
second test. The next module includes a set of questions that
might be easier or more challenging, depending on the
student’s performance in the first part.

High complaxity

A

estlet A

\J

STAGE 1 STAGE 2 Low complexity

STAGE 3

Fig. 1. Model of a tailored test [2]
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Questions varying between low, medium to high difficulty
lead everyone to better demonstrate the range of their literacy
and numeracy skills. Not only does this method provide a
more precise assessment of each one’s abilities, but it also
helps to find where major problems in performance occur
(Fig. 1).

There are three such styles: output-based, state-based, and
communication-based testing. Among the three, the output-
based style produces tests of the highest quality, state-based
testing is the second-best choice, and communication-based
testing should be used only occasionally. [3]

A. Output-Based

Also known as black-box testing, this approach mainly
focuses on the output generated in response to specific input.
Its main goal is verifying that the output meets certain
requirements.

B. State-Based

This method focuses on the behavior based on the current
state. The tester defines a set of initial states and actions that
can be performed on those states. Then the behavior and
transitions between these states in response to the actions are
observed.

C. Communication-Based

In this approach, also known as message-based testing, the
tester verifies that exchanged messages are correct and
conform to definite requirements.

I1l. APPLIANCE OF TAILORED TESTING IN EDUCATION

In March 2023, the first SAT in digital format was held for
international students outside the USA. The format used
approximately the same material as the paper formal but with
a different structure, the tailored testing format.

Split into two parts, one for the math section and one for
the language skills assessment, the exam used adaptive testing
in its inner modules, two for each of the two main parts. After
completing the first module in the math section, the latter one
is entirely unique for each person sitting the exam, formed by
the skills proven in the previous questions. The same goes for
the language skills assessment, where students had another
two modules; the first one was the same for all candidates, and
the second one - tailored individually for each one.

All applicants received a short form for the experience of
the new format, allowing analysts to follow the events in real
time. The results were better than expected; many of the
students felt satisfied and got to show their true knowledge in
the fields examined.

A. Benefits of Tailored Testing

What makes the tailored method so outstanding is the
deeper understanding of the process itself, as data has been
collected for centuries, focusing mainly on the output. The
same practices will never work on the masses as there are no
two individuals carrying the same strengths and flaws.

Cheating is also decreasing when it comes to adaptive
tests. Moreover, students get the appreciation of their unique
traits that can never be shaped into the boundaries of identical
testing for everybody.
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This aspect of the tailored model can also play a role in
reducing the participants’ anxiety when answering the
questionnaires [4].

Not only would it be easier to monitor a wider range of
performance elements, but it would also help identify areas of
improvement and provide feedback on progress.

B. Weaknesses of Tailored Testing

No test is perfect, and adaptive testing is no exception.
There are risks being considered, such as issues with the parts
that are being modified dependently on collected data,
excessively high complexity of the questions in an attempt of
collecting too much information at once, misunderstandings
by the algorithm assessing the output, etc.

The more random a test is, the higher the security is going
to be. While that is great to keep in mind, the efficiency would
be too low to have any advantage of the changeability of the
questions. The strategy is to find the balance point where there
will be enough security and benefit while being able to apply
the freedom tailored testing gives [5].

As more work goes into the design and structure behind
the tailored testing model, such chances will decrease. Most
importantly, that format should be used for the proper
purposes and should not be taken as the only testing method,
because sometimes, less data is better, especially when the
general aspect of a study is taken at a point.

C. Tailored Testing Outside of The Education System

Education is not the only field in need of this method. All
social services have considered the usage of adaptive tests
beneficial, more precisely, one-to-one businesses such as
medicine, coaching, psychology, etc.

Communication between people has shifted to another
level after paying attention to how the individuality of an
answer can impact the result of a test. Corresponding to its
initial purpose, the process of collecting information has also
changed, followed by the change in the type of data assessed.

While some people need the freedom to express
themselves in a more atypical way, others need guidance and
a straightforward outline of what is required of them. That can
be used at schools when trying to analyze what needs review
and practice but can also be adapted to monitoring a patient’s
progress, a long-distance partner’s needs and even the public’s
opinion on a given matter.

Many don’t realize that the tailored approach has always
been part of society’s everyday life, and if given the chance, it
can be a daily practice on a deeper and more precise level.

IV. NOTABLE EXAMPLE

According to research concerning the trade-offs of tailored
testing [6], such as maximized measurement precision,
opportunities for accumulating greater accuracy and
requirements for more sophisticated methodologies, this
approach brings benefits in terms of time and efficiency and
targets the average ability of test takers. As shown in Fig. 2,
tailored testing design proves to be 15 to 47 % more efficient,
compared to regular testing.
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200 s Efficiency

1.75
150

125 ?\/-
1.00
0.75
0.50

0.25
0.00

78 128 179 29 219 329 379

Fig. 2. Efficiency of the adaptive assessment over the averaged (expected)
test information of the non-adaptive assessment [6]

The graph above compares the efficiency of two tests - the
so-called PIAAC (Programme for the International
Assessment of Adult Competencies) adaptive test and a
traditional linear test using the same literacy item set defined
as the ratio of the two test information curves, shown on the
vertical axis, while the horizontal axis shows the literacy scale.

In conclusion, the chart indicates that the adaptive test is
15 to 47% more efficient, meaning that the same amount of
test information can be obtained from a regular test that is 15
to 47% longer.

V. CONCLUSIONS

It is safe to take the next step in using the adaptive testing
model, featuring diverse tools for monitoring the examination
process in more depth, including the individual’s statistics
related to basic skills and issues, and moving to the flaws in
the education system. The innovations behind that project may
also be used in other fields after being developed in the future.
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Pesome: B HacTosilaTa craTusi ca pasrielaHu MeToIH 3a
cbh3aaBaHe Ha BpaiijioBo cbabp:kanue. O0bpHATO € BHUMaHHUe
HA M3CJeIBAHUS M METOAM 32 TAKTWIHMTE BB3NPHATHS HA
pa3iu4yHM rpynu xopa. TecroBe B HacoKa Ha TAKTUJIHO
Bb3NPUSITHE ce U3BBPLIBAT HE CaMO NPH He3PSILIUTE, HO U NPH
APYrd JIMUA,CTPAJALM  OT 3a00/siBaHMsl KaTo jauader,
NMAPKHHCOH W ApP. AHAIM3HPAHU ca CHJIM, Bb3HHKBAIIM MPH
TAKTIJIHN BB3NPHUATHS W 4YeTeHe Ha BpaiiioBo chabpxkanme.
OO0cbaeHu ca ObAelmM CTHIKH 32 pa3BUTHEe M NOJO0psiBaHe
H3HOCOycTOiiunBOCTTAa Ha BpaiijioBo chbabp:kaHue.

Kniouoeu oymu: bpaitn, mpuene, npwvcmu, maxmuaino
6v3npusmuUe, CKOPOCH HA NAb32aHe, KOHMAKMNA 30Hd.

|. BBBEJEHUE

ITo nanam Ha CetoBHata 3apaBHa Opranmsanus (C30)
OKOJI0 284 MMIIMOHA AYIIM MO CBETa CTPAAaT OT 3PUTEIHH
3aTPYAHEHHMS B pa3lIMuHa CTETICH — IThJIHA CIIENOTa MM CI1a00
3peHne. 3a cpaBHeHue, npe3 1994 1. OposAT Ha 3PHUTEIHO
3aTpyaHEHNTE € OMi1 38 MUIMOHA cieny (HAITBJIHO HE3PSIIH)
1 110 MuTHOHa JrIa ¢he ¢1abo 3peHue. CTaTHCTUKUTE coYaT
3HAYMTEIIHO TIOBHUIICHUE B TOAWHNUTE HA JINIATa C HAPYIICHO
3peHue B cBeToBeH Mamiad [1]. 3putenHo 3aTpyAHEHUTE Xopa
W3IUTAT TPYAHOCTH B MHOTO U Pa3IMYHU YKUTCHCKU CHEepH U
JIEMHOCTH, CpeJl KOUTO B:

® OpHCHTHUPAHETO U MOOWIIHOCTTA CH [2],

® IBIBIHEHHETO Ha peaulla BCEKUTHEBHH W OHTOBU
3aJ1auH,

® MHOECTBO y4eOHM AEHHOCTH, CPEX KOUTO: YETCHE U
MHCaHe,

e (opmMupaHe Ha IPEACTABU U TIOHATHS,
® colMaiHa ajanranus,
e (opaBeHE C BU3yallHU MaTepUad U MH. JIp.

3a BCUYKH TE3U 3aTPyAHEHUS ChIIECTBYBAT MOIXOISIIN U
JocThIHU peweHus. I1o oTHoIeHe Ha YeTEHETO U TUCAHETO
mpe3 1825 r. e cb3mageHo bpalaoBOTO mMHCMO 3a HATBIHO
CIIENUTE W JIUIaTa ChC CHJIHO HamaineHo 3peHue (ot Jlym
Bpaiin BpB ®panius), KOETO MPEACTaBs IMIOCKONEUATHUTE
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OyKBH upe3 KOMOMHAIMU OT M3IIBKHAIH, pele()HH TOYKH C
IeJl TAaKTHJIHOTO UM BB3NPHEMAaHe, KaKTO M YTOJIEMEHHST
mpudT 3a JIUNA ¢ OCTaThYHO 3peHHe. 3a BKIIOYBAHETO Ha
HarJIelHW MaTepHald B y4eOHHS NPOLEC W BBB BCSKAKBU
JIpyTH JAEHHOCTH, BU3yaJIHHUTE MaTepHalll ca 3aMEHEHU C
penedHI H300paKeHHs, KapTH, CXEMH, TPadHKH U TIp., KOUTO
ca JIOCTBITHU 32 TAaKTUJIHO u3cieaBaHe [3].

B bbarapus B nocnegHnTe TOJUHM NPUCHCTBHETO HA
BpaiioBoro nucmMo u  bBpaisioBoTo  eTMKUpaHE Ha
obmecTBeHn MecTa ce 3acwid. bpaiinmoBm Hammucu ce
MOCTaBAT 3aJBJDKUTEIIHO BBPXY JIEKAPCTBEHH IIPOIYKTH
CBIVIACHO M3HCKBAHUATA HAa EBponelckus Cblo3 32 JOCTBIIHU
M pa3dMpaeMH ETHKETH 3a JIMIAa C HapyIIeHO 3pCHHE B
CTpaHMTE-WIEHKH, KaTo Tpe3 IOCIeIHUTEe TOAUHU Ce
HaOxroaBa 3acriieHO bpaiiioBo eTHKeTHpaHe Ha pasziIHdHH
00IIECTBEHN MecTa — B aCaHChOPH, TYPUCTHUECKU OOEKTH,
mocTaBsiHe Ha bpaiiioBu onmcaTeTHy TaOeH U IPYTH.

CBOTBETHO C€ YCWJIM U TOCTaBSHETO Ha penedHU WIN
TaKTHJIHU U300paXeHUS B Pa3iIMYHH OOIISCTBEHH CIpaau 3a
HYXJUTE Ha IOCETUTEIN C HApYyLIIEHO 3pEHHE, KaTo HallpHMep
B MHOXKECTBO T'JICpPHU U My3€H B CTpaHaTa (TYK IIe II0COYUM
caMo HsKoW TakuBa 0OekTH, cpex kouto Hamumonanna
ranepus u kBagpaTt 500, HannoHameH MCTOpUYecKH My3eH,
Coduiicka rpajcka XyIOXKECTBEHA Tallepus, PETHOHAJICH
ucropuaecku Mmysen-Ilnosaus u Codus, ranepus Pakypcu B
Codust u MH. 11p.).

CepIecTByBaT pa3sHOOOpa3HM METOAM M CpEACTBa 3a
cbCcTaBsiHE Ha bpaiinosu Hagnucu. Hsakou Meronu u3nosssar
pasNMYHU MaTepuald, BbPXY KOMTO ce€ mocrTaBsi bpaitnos
HAJMHUC, KaTO Hal-4ecTO TO3U MaTepual e: bpaiinosa xapTusl,
Mmera, actMaca (¢ur. 1) [4, 5]. Tlo obmectBenn crpaam n
3a0€JIeKUTEITHOCTH Hail-pa3npoCcTpaHeHn ca METAJHUTE U
IIACTMAcOBU bpaiiioBH HAAIUCH, KaTO IbPBUTE Ca CKBITH 3a
MPOM3BOJCTBO, 4 BTOPUTE Ca HETPAiHM BCIEACTBHE Ha
arpecMBHaTa  BBHINHA  CcpeJa M BIMSHUETO  Ha
METEOPOJIOTHYHHTE U KIMMaTH4HH (akropu. B Tasn Hacoka
Ce WU3BBPIIBAT WU3CIEABAHUS, LEMSIU Ja C€ OTKPUAT
ONTUMAJIHUTE BApUAaHTH, CIIOMarald W  YyJECHABALIH
BpaitiioBoTo eTnkupaHe, HacOYeHO KbM HOTpeOHTENN C
HapyILIEHO 3pEHHUE.
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lEpaﬁnosa XapTua

l Mnactmaca

@ur. 1. OCHOBHU MaTepuaiy, U3M0JI3BaHy pu bpaiinos Haanuc.

Enua ot ocHoBHuTEe (aKkTOpH, BIMSCIIN BBPXY
U3JPBHKIMBOCTTA HA TO3U TUI HAMNUCH, MOCTABEHU BBPXY
pazIMIHU MOBBPXHOCTU u MaTepuaim, e
U3HOCOyCTOW4YMBOCTTa. ToBa OT CBOSA CTIpaHa Hajara
3aIl03HABAHE C W3MOJI3BAHETO HAa TAKTHIHUTE BB3NPHATHA. B
pasriaefaHuTe H3CIEABaHMSA, OCHOBHMAT MEXAaHU3BM 3a
TaKTUJIHO BB3IPHUSTHE € UPE3 OTNUIBAHE C PBIIC WIN IUIB3TaHEe
Ha TPBCT BBPXY MOBBPXHOCT C ONpEAEeNeHa TIpamnaBoCT.

TakTUIHOTO  BB3MPHUATHE MPEACTABIsIBA  IMPOIEC  HA
ompenensHe Ha (PU3NYECKU CBOIMCTBA, KATO CE OCHINECTBSIBA
KOHTAaKT ¢ OOEKTHTe 32 TAaKTWIHO  pa3iMvaBaHe,

pa3no3HaBaHe, U3CIlie/IBaHe, HaMUpaHe. B ciieficTBre HA TO3U
KOHTAKT Ce MOJy4aBar JaHHU 3a 00EKTa, KaTo TEKCTypa Ha
MOBBPXHOCTTA, TPamaBOCT, MEKOTAa, TOIUIMHA W JPYTH.
CkopocTTa Ha IUTB3TaHE BIHUSIC BBPXY TaKTHIIHOTO
BB3NPUATHE. 3a Ta3d I B HACTOSIIATA MMyOIMKAIUS €
W3BBPIICHO TIPOYYBAHE HA PA3IHYHU CHIICCTBYBAIIKM U
OMHCAHM BEYE B JIMTEpaTypara METOAW 3a H3CJCIBaHE Ha
TaKTITHUTE BB3NPUATHS U HA (JaKTOPUTE, OKA3BAIIIN BIMSHUC
BBPXY TAX, KaTO CHJIaTa Ha HATHCK IPH XOpa OT pa3jindyHa
BB3PACT, IO (MBXKe, )KeHH) | T.H. [6, 7, 8, 9, 10].

Il. METOOU 3A CB3JIABAHE HA BPAIJIOBO CBhIBPXKAHUE

OCHOBHUSAT 1 Hail-ToIy IsipeH HauuH 3a bpaitnoso nucane
¢ 4pe3 M3MOJI3BaHe Ha Kilacuueckute bpaiiinoBu momarana —
Bpaitnosa mouda u mwio, kakrto U bpaiinosa mamuna. Te ce
MPUIAraT B YYWIHIIHA YCIOBHUS C LIeN OrPaMOTSBaHe, KaKTo
U 3a 3aIiCBaHe Ha BCsKakBa MHQOpMaLUs 32 MHIUBUAYATHA
Hy)kad. To3d MeToJ € MOIXOAAIl HPEIUMHO 3a JIMYHA
yrnorpeda U He € 0coOeHO TpaeH, ThH karo bpaitnmoBoro
ChABbpXKaHUE ce 3amicBa BepXy xaptus (bpaitnosa xapTus ¢
o-roJisiMa feOeTnHa OT OOMKHOBCHATA).

Jpyr meron 3a ch3faBaHe Ha bpailioBO ChAbpIKaHHE 3a
HE3PAIIN € CUTOIIeYaTHATa TEXHHUKA, KaTO N300pakeHHETO Ha
BpaiinoBute TeKcTOBE MK pereHUTE THarpaMu ce n3iara Ha
MaTpumara 3a curomedar. Ilpw To3M TN TeXHHWKa ce
Ha0JIro/1aBa M3HOCBaHe Ha MatepHraia ¢ Bpemero [11].

MukpokancyinHaTa XapTusi € JApyro IOAXOIAI0 |
MOMYJISIPHO pelIeHue, MOo3BONABaIIO TedaT Ha bpaiinos
Haamuic u Ha penedHn purypu. To3u MeTox e papaboTeH OT
WBon Epukcon ot IlIBenckara Oubinoreka Ha ropopsiiara
kaura mpe3 1993 1. Usmom3Ba ce cmemmanHa XapTus,
ChbPIKaIla MUKPOKAIICYJIM, BIPaJcHU Ha IOBBPXHOCTTA H.
XapTusita ce CbCTOU OT ABa ciosl. [IbpBUAT € HOCEIUSAT CIOH,
JOKaTO BTOPUAT cJI0ii € mamMIoBaH OT MUKPOKaIICYJIH.
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Mukpokancynure mpaBst pened, KOraTto XapTHira ce
IIOCTaBu B CIICIMaJIHA MalllMHa U CC€ M3JI0OXKH Ha TOIIJIMHA OT
okoyo 125 [°C] u Ha BB3ICHCTBHETO HAa MH(pauYepBEHH JIBYH,
OnarozapeHue Ha KOETO ce IoJlydaBa HM3MbKHaIO/peredHo
n300paxeHue.

Jlpyr MOCTBIIEH M W3BECTEH METO]] € TO3U Ha TePMUYHA
obOpabotka wmm Tepmodopmupane. To ce u3BBpIIBa C
MOMOIIITa Ha IUIACTMACOBH JIMCTH M Ha TepMO(OpPMOBBYHA
MaIlliHa, YecTO MBTH ¢ Mapka Ha American Thermoform
Company (ATC), Ho 1 Ha npyru ¢pupmu npousBoautenu 11,
12]. Meroabt Ha TepModOpMUpaHE BKIIOYBA JBE CTHIIKH.
[TepBata cThIIKa HM3WCKBAa IIOJrOTOBKA HAa MaTpula WU
OCHOBa (Hali-uecTo 4pe3 aIIMKUpaHe Ha  Pa3iIMYHA
Marepuai, KOUTO ca JIOCTATHYHO TEPMOYCTOHYHBH, BBPXY
JIMCT XapTHs — IbPBO, yCTOHYMBA [IacTMAca, IUIaT, Pa3InIHA
BUAOBE XapTuA  1p.). Cireq ToBa Ta3:u MaTpHUIla Ce ITOCTaBs B
TepMO(OpPMOBBUHATA MAIlIMHA W CE MOKPHBA C IUIACTMACOB
JIHCT, KOHTO mipu Temriepatypa ot okoio 300 [°C] ce cromsBa
BBPXY OCHOBaTa W 3acMa HeiHaTa (opma u pemed [11, 13,
14].

I11. METOJM U CPEJICTBA 3A U3CJIEJIBAHE HA TAKTWJIHI
BB3IPUATUSA

A. Memoou von Frey

KnuauuHNTE CHCTOSHNMS, KOUTO BKJIIOYBAT yBPEXKIaHE HA
HEPBHUTE CTPYKTYpPH, MOTar Ja TpPOMEHST TaKTHIHOTO
yCellaHe Ha MalEeHTUTE U JJa UMaT CepUO3eH €EKT BBPXY
TsIXHaTa KauecTBeHa nHpopmManus. OneHkara Ha HEBPAITHOTO
YBpEKAaHE € BaXKHA M MOXE Ja CE M3BBPILIBA UPE3 Pa3IUIHU
TEXHHKH, BKJIFOYUTEITHO KOJIMYECTBEHO CEH30PHO U3CIIE/IBAaHE
(QST), motopHO NpeAN3BUKaH  NoTeHmman  /
comaroceH3opHo - npenusBukaH norteHiman (MEP/ SSEP),
JIBYTOYKOB JMCKPUMHHAIMOHEH TECT WJIM TecT Ha von Frey
filament (VF). Metonst von Frey ce u3mon3sa 3a JBa Buzia
TECTOBE Ha TAaKTWJIHOTO Bh3NpHeMaHe (akTuBeH von Frey tect
(AVF) u Ttect ¢ mumka Ha von Frey (vF)), cBbp3anu ¢
HEBPAJIHOTO CHCTOSIHUE HA XOpara.

Tt kato QST u MEP/SSEP ca CloXKHH M H3HUCKBAT
CKBITH yCTPOWCTBA, TE HE CE M3IMOI3BAT PyTHHHO B KIMHUYHA
ycioBHs. 3aToBa JBYTOYKOBHAT AUCKPUMHHAIIMOHEH TECT U
TecThbT ¢ Humka Ha von Frey (vF) ca Hai-mmpoxo
M3IIOJI3BAaHUTE TEXHUKU. BbIpeku ToBa, TouHOcTTa Ha VF
TecTa 3aBHCH OT MHOXECTBO (D)aKTOpPH M BKIIIOYBA IPA3HUHA
MEXIy ChCeTHH HUBA, KOETO MPEAOTBPATsIBa OTKPUBAHETO HA
JIEKH TPOMEHH. 3a Jla yeJHAaKBH CKOpPOCTTa M cwiiaTa Ha
TECTBaHE, € pa3paboTeH MOITyaBTOMATU3NPaH HHCTPYMEHT 32
OIlGHKAa Ha MEXaHHMYHaTa YyBCTBUTEIHOCT — aKkTHBEH VF
(AvF). MetoasT ce 11030BaBa Ha TUTBTHOCTTA HAa TAKTUIHHUTE
peuenrtopu. TouHocTTa My 3aBucH OT crienuduunu pakropu
KaTO CKOPOCT Ha IOKOCBAaHE U CHJIa Ha JOKOCBAHE.

ITpu ocbliecTBSIBaHETO Ha TO3M THUI TECT C€ Hajara
MOBTOPSIEMOCT Ha M3CIEABAHUTE MPBCTH (IO 5 MHTH Ha
NpBCT). ABTOPHTE, OCBILIECTBHIIM TECTOBE B [6] OKNaABaT, 4e
Cpex W3cieBaHaTa OT TAX IPyNa, JOMHHUPAIIUTE NPBCTH
MOKa3BaT MO-BUCOKM cToiHOCTH Ha AVF. Ilokasamenst u
HETUAT TPBCT HE C€ pa3inyaBaT 3HAYMTEIHO. 3HAYMTEIHU
pa3MHUHaBaHMSI Ha CTOWHOCTUTE C€ HaOJIoaBaT MEXIy
JKEHUTE W MBXETE, KOETO € JOKa3aTeJICTBO 3a PAa3INIHU HIBA
Ha HATUCK TIpu xopata [6].
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B. Takxmuano ycewane 3a Hamuck npu pewiemxa ¢ 0vieu
671aKHA

Pasnpenenenara TakTHiIHAa CEH30pHA cHUCTeMa, Oa3upaHa
Ha pelleTKa ¢ ABITH BIaKHa, € MHOTO II0JIe3HO M300peTeHue
B obyactTa Ha poOorukara. Ta3u cucrema Moxe aa Obje
NPWIOKEHA 32 IPELU3HO M3MEpBaHe U MO3HULIHOHUpAHEe Ha
CEeH30p 3a JIOKOCBaHe Ha MaHuIynarop. Cucremara Moxe J1a
U3MepBa KaKTO TOYKOBH, Taka U HOBBPXHOCTHH KOHTaKTHH
crn. C U3MOJI3BAaHETO HA TO3U TUII CHCTEMa, MOTarT J1a Obaat
or4yeTeHH (HaKTOPH KaTO TPUU3MEpHa cuia (B ONpenesieHH
JIMana3oHn), BpeMe 3a peakuus, aedopmanus u npyru. [Ipu
TO3W THI W3CIEABAaHUS € HeoOXoauMmo na ObIaT OTYETCHH
MO3WIMS HA JIONMMpPHA TOYKa, ABIDKAHA M pa3Mep Ha
MIPUIIOKEHA CUITa BBPXY ceH3opa. To3u MeTo nMa CIeAHHUTE
MNpeaAnuMCTBa: BUCOKAa TOYHOCT, BUCOKa I'bBKABOCT U TOJIAM
00XBaT Ha HM3MepBaHe. Moxke &a Cleld B PEajHO BpeMe
nosunusaTa, CUjiata M1 30HaTa Ha I[eﬁCTBHe IIpu XBalllaHEC Ha
obexkrt [9].

TakTUIHOTO BB3MPUSATHE € MpOLEC Ha ONpelesssHE Ha
¢usnyeckn  cBOWCTBa  Ype3  KOHTakT C  OOEKTH.
WudopmaioHHOTO ~ B3auMojieiicTBHE €  OCHOBHAara
XapaKTepUCTHKA Ha TAKTHIHNATE CEH30pH. TSACHOTO ycelaHe
3a JOIUP ce OTHACA JI0 YCEIAHEeTO Ha KOXKaTa, IPHINHEHO OT
BBHIIIEH HATHUCK, CHCTBAII BPXY TAKTHIIHHTE perienTopu. B
TO3H IPOIIeC € He0OXOMMO J1a c€ Bh3IpUEeMaT NO3UIIKATA Ha
JONMpHATa TOYKA, IBIDKMHATA W pasMepa Ha CHiaTa.
JIuHEeMHOCTTa ¥ 4yBCTBUTEIHOCTTA Ca BAYKHU IIOKA3aTeNu 3a
OLICHKA Ha paboTaTa Ha TAaKTWJIHUTE CEH30pH 3a HaTHcK. [Ipe3
MOCJICTHUTE TOAUHN TaKTHIHUSAT CEH30p C ONTHYHH BIIAKHA €
HIMPOKO M3CJEABaH IOpagd IpPEeANMCTBaTa CH Ha aHTH-
CJICKTPOMArHUTHU CMYIIEHHS, aJallTHBHOCT KbM OKOJIHATa
cpena, aHTU-CIEKTPOMAarHUTHH CMYIIEHUS M BHCOKA
yyBcTBUTENHOCT [9]. TakTmimHHWTe Yycemanums ca exuH
(heHOMEH B 1O3HABATEIIHOTO Pa3BUTHE HA YOBEKa, 3a pPa3jnKa
OT BCHYKH IPYTH BB3NPHUSTHS, T€ EAWHCTBCHH CH3JaBaT
YyBCTBO 3a pEAHOCT. TaKkTHJIHOCTTa HE € JHMCTaHTEH
aHAIN3aToOp M KOKaTa € MPSK MOCPEIHUK MEXIy OpraHu3Ma
U oxonmHata cpepa. DopmMHpaHETO Ha  TaKTHUIHO-
JBUTATCITHATE YMEHUSI M HABUIM MOJKE /1a CE M3BBPIIM Ha
0azaTa Ha MHOTOCTpPaHHa TaKTUJIHA ITOJIrOTOBKA, HEO0X0IMMa
B mporeca Ha bpaifnoBoro dwerene [15]. PasButmero Ha
(hmHATa MOTOPHKA, OBJIA/IIBAHE HA TAKTHIIHOTO pa3llo3HaBaHe
W pa3liMyaBaHe ca 3aJI0KEHH B MpEAydHIIMIIHATA TIporpaMa
Ha 3pUTENHO 3aTPyJHEHUTE Jielia, KOUTO IIe Ce OrpaMoTsBaT
Ha bpaiin [15, 16].

C. Tpubonozuuen mecm ,, npvcm-wKypra

OnuTHaTa yCTAaHOBKA Ha TO3H THUI TECT CE€ CHCTOM OT
3a[BIDKBAIllaTa 4acT, KOHTpOJMpalla IUIb3TaHETO Ha
npoOHTe,  3apeXTaloTO  YCTPOWCTBO,  OCHIYPSBAIIO
HOPMAJTHOTO CHJIa BBPXY HPBCTHTE, ONOpaTa 3a NPBCTH U
cucreMara 3a ceoupane Ha ganau [ 10]. [Tpu To3un Tum Tect ce
3a[aBar napamMeTpH, OJIU3KU 0 TPUOOJIOTHYHUTE TECTOBE OT
THIIA TaJIe-TICK, 8 UMEHHO CKOPOCT Ha IUTh3TaHe, IParnaBocT
Ha INIKypKa, TNpOMsiHa Ha KOHTakTHa miom. [lpu ToBa
M3CJie/IBaHe, HAa TECTBAHMS OOEKT (KOXKa Ha MPBCT) BIUSAT
CIIM Ha HaTHCK M gaedopmarms Ha ombH. IlomywaBa ce
CTUMyNalMsi Ha MEXaHOPELENTOpPH, KOWUTO IpPOMU3BEXIAT
SJICKTPUYECKH CUTHAIM KbM MO3bUHATA KOpa OT HEBPOHU.
CrenctBue Ha Te3d CTHMYJAlMM, YOBEK BB3IpHEMaA
rpamnaBoCT, TEKCTypa, TOIUIMHA, BIAXHOCT M JApyra BayKHa
uHbOpMaLKs 38 TAKTUIIHUTE BB3IpHATUs Ha oOekTuTe [10].
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Meronukata B [10] ommcBa, 4Ye BCHYKHM y4YacCTHHIN
MOYHMCTBAT MpPBCTa CH C aAIKOXOJ IIpeAd BCEKH TeCT.
[TpoBeneHuTe TECTOBE ca B KOHTPOJHMpaHA OKOJHA Cpena C
temneparypa okono 25 [°C] u oTHOcuTenHa BiaxxHOCT 60—
70%. Ilpn w3MmepBaHETO Ha TPUEHETO, B JCHCTBUTEITHHS
KOHTaKT€H BIbJI MEKAYy NpbcTa W IMIKYpKa, aBTOpUTE
JIOKJIaZBaT N3MEPEHH CTOMHOCTH 3a KOHTaKT MEXIy IMPbhCTa
oT 15 £ 1° u 50 + 1°. OT4eTeHOTO HOPMAIHO HATOBApBAHE €
1,5 £ 0,1 [N], xoeTo mpencraBisiBa yMEPEHO IOKOCBAHE.
CkopocTTa Ha IUTh3raHe Ha Macara 3a Ipoou € 3a/1a/ieHa Ha 5
[mm/s] u 50 [mm/s] [10].

IV. CPABHUTEJIEH AHAJIM3 HA CUJIU, BH3HUKBAILM ITPU
TAKTWIHU BB3IPUATUSI

Cpen TpuOOJOTMYHHTE NapaMeTpU Ha KOHTAKTUTE C
TPBCTH, CKOPOCTTA Ha ILTB3TaHe Ce CUHTA 32 KIIFOYOB (hakTop
3a TOBJMSIBAHE HA TAaKTHJIHOTO Bh3mpusrve. [lo Bpeme Ha
BB3IPUEMAHETO Ha TaKTHIHA HHpOpMAIUs Ype3 JOKOCBaHe,
ce OCBUIECTBSBA TPUECHE MEXIy MaTepHana u npbcture. B
npoleca Ha TPHEHE ce IIOJydaBaT Pa3IMdHH CKOPOCTH Ha
TUIb3TaHe Ha MPbBCTa, KOMTO Ce IMOJydYaBaT B CJEICTBHE Ha
pa3nmu4HN TOBBpPXHOCTH [17]. AHanm3upaHu ca cuia Ha
HATHUCK TIPH Pa3INuHK TPy X0pa, KAKTO U U3MOJI3BAHH CHIIN
B TPHOOJIOTWYHM W3CJICABAaHUS HA BHIOBE MaTepHald 3a
BpaiinoBo chabpxkanue. M3cneaBaHus 3a ONTUMAaleH THUI
XapTHs, TOKa3Bar, 4e Hall-mpeamounTanaTa xaptus ¢ 160-170
[a/m2]. Tlo-TeakuTe XapTuu (90-120 g/m2) ce usHOCBaT M
U3TBHPKBAT OBP30, a IPU U3MOI3BAHETO HA TO-IeOCIN XapTUH
(180-300 [g/m2]) ce HabromaBa HEOCTaThYHA BHCOYHMHA HA
peneda. M3cneaBaHero € oChIIECTBEHO Cpen 7 BHIA XapTusl,
BKITIOUXTENTHO ¢ Tokputwre [11].

IIpu m3cnenBaHus 3a cuia Ha HAaTHCK NPH JOKOCBaHE,
OCBEH CHJIaTa HAa HATHCK, ca pas3MNIelaHd M Pa3IndHd
BapUMaHTH Ha 3aKkpbriieHne Ha ToukuTe (mbnkute). OT
AQHAIM3UPAHOTO M3CIEIBAHE, KOETO € OCBIIECTBCHO B
paznyHu Bb3pacToBH rpymnu (10-36 ronunn) crasa sicHO, 4e
cwiaTa Ha HaTWcK Bapupa B muamaszona 0,05-0,39 [N],
HE3aBHCUMO OT IO U Bb3pacT. M3cneaBaHusTa ca mpoBeieHH
B Tailmann cpen xopa, derdamu bpaiin BbpxXy mHe30-
enexkTpu4yHu bpaitnosu knetku [18].

Pasrnenano e m3cnenBaHe 3a pa3MdHO M3HOCBAHE Ha
MaTepuaid 3a bpaiinoBo BB3MpUATHE, BKIOYBALIO 8
Matepruana (4 XapTus, 2 TEKCTWI, MOJUMEP U aTyMHHHUEBO
(hostno). ABTOpUTE Ha U3CIICABAHETO Ca U3IOJI3BAIN TOBAP OT
196 [N] wu ommmeitHa cxopoct ot 0,47 [m/s] ¢
MPOJBDKUTENTHOCT Ha u3MepBaneTo — 60 [min]. Januure ot
TECTOBETE COYAT 3a HAaH-TONAMO € W3HOCBAHETO IIpH
XapTusaTa, ¢ 45% HamMansBaHe Ha BUCOYMHATa Ha bpaiinoBarta
mbernka [19]. PasrnenaHo e u3cienBaHe 3a M3HOCBAHE Ha
MaTepuaiu 3a bpaiiinoBo ceappkaHue. ABTOpUTE Ha
W3CIIE/IBAHETO Ca M3IIOJI3BAJIM TIOJMMEPHH Marepuaid. 3a
BXOJHHU JaHHM Ha M3HOCBAHETO € 3adaneHa cuia ot 1,96 N u
nuHelHa ckopoct ot 0,47 [m/s], kaTo aBTOpUTE CIIOMEHaBaT,
4e cuiiata e u30paHa Ha 6a3a HaTHCK OT He3PsILH B POLeC Ha
yerene [20].

B npyro npoBeneHo u3cnensaHe npu yeTeHe Ha bpaiin e
n3MepeHa cuia Ha Hatuck ot 0,5 mo 2,5 [N]. ABropute Ha
M3CIIEIBAHETO M30SrBaT criia Ha Hatuck Hax 2,5 [N], mopaau
BB3MOXKHOCT 3a NOBpesa Ha xaprtusra. Pazgensr cunara Ha
HATHCK Ha 3 CTaaWs - IPEH, 10 BpeMe U MEXITy CUMBOJIIH 32
ueTeHe Ha bpaitn. M3mepeH e u koeduiment Ha Tpuere [21].



A4 N
anr
h W 4

ABTOMATU3AIMA HA JTUCKPETHOTO ITPOU3BOJACTBO

ISSN 2682-9584

V. BBJELM U3CIEABAHUS

Ille ObmaT mpoBeneHH M3CieABaHUA B oOjactta Ha 3D
MPUHTHPAHU MaTePUAIH U TIXHOTO MPUIOKEHHE 32 HE3PAIIH
oT TpubosiornyHa TieqHa Touka. IIpeacrom pa Obaar
HATIpAaBCHW TPHOOJOTHYHH aHAIM3H 32 W3HOCOYCTOHYHUBOCT
Ha 3D nmpuHTUpanu bpaitnoBu Haamucu. 3a BXOJHHU JaHHU
TIPY U3CIICABAHUATA T OBIAT M3IIOJI3BaHN aHATN3UPAHUTE 1
OIMMCAaHU TYK ITPOYUBAHUS Y U3IIOJI3BAHUTE NapaMETPU OT TAX.

VI.

OT HampaBeHUTE aHAJIU3W HAa U3CJIEIBAHUS 332 TAKTUJIHU
BB3NPUATHS, W3MOJI3BAaHU 3a Bb3NpueMaHe Ha bpaiinoBo
ChIbp)KaHHe, CTaBa sICHO, Y€ CHJIaTa, KOATO YIPaKHSIBAT
HE3PSIINTE, € B 3aBUCUMOCT OT KpUTepuH Kato (dur. 2):

3AKJIIOYEHUE

® BbB3pacT,

® 110,

® DEruoH,

® BuCOYMHA Ha bpaiinoBu eeMeHTH,

® MarepHuai U JpYTH.

W3cnenpanusra 3a ynpaKHABaH HATHCK NPU YeTEHE Ha
Bpaiin, Haii-uecto ca B tuamazona 0,5 — 2,5 [N]. M3creapanus
32 M3HOCBaHE Ha DPA3IMYHHA MaTepUaId 3a Ch3JaBaHe Ha
BpaiinoBo ceabspxkanue ca ¢ Toap ot 2 [N].

OT HampaBEeHUTE aHAIM3H CTaBa SICHO, Y€ HAMAJSIBAHETO
Ha BHCOYMHATa Ha bpaiinoBure Haamucu BOAM [0
3aTpyIHEHMS TP YCBOSIBAHETO Ha BpaillioBOTO ChABpIKaHUE.
Ilopaau Ta3u mpuuuHa, ako ce MpEeABMXKIA M3IMOI3BAaHE Ha
BpaitnoBo  chpappkaHMe Ha  OOMIECTBEHW  MecTa, €
HEOOXOMUMO H3IOJI3BAHUTE MaTepuaiyd 1a Obaar c jodpa
M3HOCOYCTOMYUBOCT.

Matepuan
BbHLWHa BucouunHa
cpeaa Ha Bpaiin
Kputepuu 3a
onpeaensHe
peast Cuna Ha
PervioH M3HOCOYCTOMYMBOCT
s HaTUCK
Ha bpannoso
CbAbprKaHue
Ckopoct
Bb3pact P
Ha yeTeHe
Mon

@ur. 2. Kputepun 3a ompeznensHe Ha W3HOCOYCTOHYMBOCT Ha bpaiinoBo
Ch/IbPKAHHE.
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Abstract: This article discusses methods for creating Braille content. Attention is paid to research and methods on the tactile
perceptions of different groups of people. Tests in the direction of tactile perception are performed not only for the blind but also for
a number of other diseases such as diabetes, Parkinson's, etc. Forces arising in tactile perception and reading of Braille content are
analyzed. Future steps to develop and improve the wear resistance of Braille content are discussed.
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Jumuo /Tumos
Texunueckn yausepcuret -Codust
Codust brarapust
e-mail: ddimov@tu-sofia.bg

Pe3rome: Ileara Ha paGoraTta e Ja ce pa3riiesa noapodHO
neiinocrrta Ha npoext UHHO EUt+, na 6paatT npeacraBeHu
NApTHLOPHTE MO MNPOEKTA M HOBUAT AJMAHC, KOITO e
copmupan  or 8 eBpomelickMm  yHHBepPCUTETH  IOJ
HaHMeHOBaHHe-TO ,,EBponelicky TeXHOJI0TMYeH YHUBEPCUTET.
IIpeacraBeHu ca NoJIy4eHUTE Pe3yJITATH Npe3 IbPBATA IOJUHA
OT [ABYIrOAMIIHUAT Hepuox Ha mnpoekta. I[loapoGHo ca
pa3rielaHy U3BbPLICHUTE JeHHOCTH 0 NPoeKTa U ObaemuTe
WHULIMATHBH H JeiiHocTH. Pasrieganu ca peiiHocTHTE IO
YKpenBaHe Ha NAPTHLOPCTBATA MeXK/1y Pa3IMYHUTE NAPTHLOPHU
MO0 MPOeKTA..

Knrwouosu oymu: uHoGaUUU,
CMYOEHMCKU UHUWUAMUGU, eKO CUCIEMA.

npeonpuemauecmeo,

|. BBBEJEHUE

Texunueckn YHusepcurer — Codus e maptHpop B INNO-
EUt+, koifTo e BakeH NPOEKT Ha HOBHAT EBpomencku
YHUBEPCUTETCKM  allMaHC  o3arjaBeH  ,EBpomeiicku
texHonormuen  yHmBepcuter”  (EUtt).  Ilomydenure
YCIICIIHUTE PE3YJITATH Ce MPEJCTaBIT B HacTosmara pabora,
KaKTO ¥ TIOCTUTHATH YCIIEXH IIpe3 Iepro/ia Ha U3IThIHEHUE Ha
mbpBara ¢asza Ha MPOCKTA.

OcnoBHarta 1en Ha npoekrta Inno-Eut+ e nosuinaBane Ha
KaraiureTa 3a WHOBAIMM M TPEINpHEeMadyecTBO Ha
ydYacTBallUTe BHCIIM YYeOHHM 3aBE/ICHMS, YCIICIIHO Ce
yBedau4yaBa Opos Ha aMOMIMO3HHTE MpeANpUEMaud U
iaTopMH 3a peaM3upane Ha OM3HeEC uJeH, 6iarogapeHne
Ha TpUJIaraHuTe CbBMECTHH NPEIpHUEeMauecKu MpOoy4BaHHs
¥ MEXaHU3MH 3a TOJIKpena. YHUBEPCUTETUTE € ONUTBAT /1a
NoAOOPAT  KJIACHYECKOTO  TEXHHUYECKO  00pa3oBaHMe,
MOJTy4aBaHO B YHUBEPCUTETa, KAaTO OTKPHAT CTYAEHTH C
MHOBATOPCKO MHCJICHE M OTBOPEHHM KbM HOBH HJEU 3a
Ola3BaHe Ha OKOJIHAaTa Cpesa ¢ MMIUIEMEHTHpaHe Ha HOBU
TEXHOJIOTHH ¥ METOJIY 3a TOJ00psBaHe Ha 0OIIECTBOTO C 1€
OTIa3BaHe 1 MPEBEHIMS 32 HAMAJSIBAHE HA BPEIHUTE EMHCHH.

CroifHocTTa Ha TIpoeKTa ¢ €1.2 MUIFoHa eBpo, C TIOMOIIITa
Ha ToBa (hMHAHCUpAHE MPOEKTa MMa 3a Leld Ja OCHIYpH
(hopmamH 1 HehopMaTHH 0OpPA30BATETHH IPOTPAMH, KOUTO
€ NO3BOJIAT Ha aKaICMUYHHUA U HCAKAaACMUYHUA TICPCOHAIT
Ja BIBXHOBSBA, HACTaBIIsiBA M IIOJKpENs aMOHMIIMO3HU
NpeanpueMadyd Ccpel  IIHUpoKara TIpyna CTYIEHTH |
M3CIICI0BATEIIH.
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EBponetickus mHCTHTYT 3a nHOBaIuu u TexHonoru (EIT)
MMa 3a Lell Ja 3aCHIM MPeAlpUeMayecKis U HHOBALMOHEH
KamanuTeT Ha BucmuTe yueOnu 3aBenenus (HEID).

HWunnumatusara 3a HEI na EIT e ximrouosa nien 3a EIT xato
4acT OT HOBaTa My crparerus, CTpaTerndeckara mporpama 3a
nHoBaruu Ha EIT 2021-2027 . UaunpaTrBaTa MMa 3a Lel 1a
MOJ-KpEeNnH BHUCIINTE YICOHH 3aBEICHHUS C eKCIIEPTEH OIUT U
o0OydeHue, TOCTBIT 0 HHOBaIMOHHATa ekocucteMa Ha EIT u
(hmHAHCHpaHEe, KOETO MM IIO3BOJISIBA J1a pa3paboTBaT IJIAHOBE
3a JeiicTBUe 3a WHOBAllMU, JOIMBJBAILM HYXIUTE Ha
OTJeNHUTE BHUCIIH y4ueOHH 3aBeneHus. Kato gacT ot cBosTta
nuitoTHa (Dasa, MHUIMATHBATA OCUTYpH (DHHAHCHpaHEe Ha 23
MpPOEKTa, KaTo cjelABallaTa IOKaHAa 3a MpPEIJIoKEHUs ce
O4akBa KbM Kpast Ha 2022 r.

3aeMHO C HamMTe TAPTHHOPH MW3BBH  BHCIIETO
obpazoBanue - Water Alliance (Hunepnannus) u Chrysalis
LEAP (Kumrbp), ce ch3aBat nepcrieKTHBY 3a H3pacTBa KakTo
Ha aJMUHHCTPATUBHUS MEPCOHAN, TaKka M Ha CTYACHTUTE U
JIOKTOpPaHTHUTE.

Cenemte naptabopu B EUt+ ca:
e Kumbpcku TexHonorndeH yausepceuteT (Kumsp)
o Texuuuecku yHusepcuret — Codus (bwnrapus)
TexnonornueH yausepcutet Tpoa (Ppanius)
Texumuecku yauBepcureT [Ip0mun, (Mpnanans)
Texunueckn ynusepcuret Pura (Jlatus)
Texumuecku yauBepcureT Kiryxx-Hamoxa (PymbHus)

INomurexHnuecku
(Mcnanus).

YHHUBEPCHUTET Kapraxena

Texumueckuar yHuBepcuTeT - Cous oTroBaps 3a makeT
HOMEp 7, KOMTO € 3a pa3npoCTpaHEHUE Ha PE3yITaTUTE U
Ch37laBaHe HAa KOMYHHUKAIIMOHHA MpeXa MEXKTy apTHhOPUTE,
morioMaraiy padoraTa MEXIy OTACTHATE TTaKEeTH.

[IppBaTa cTHITKA 32 MOCTUTAHE HA HAIIKUTE [IENH, Oellre 1a
o0y4MM HAIIMAT CbCTaB, Karo MpernojaBaTesi Mo
KIIMMAaTHYHO MPEANPHEMAadecTBO, C KOETO CE 3aexa OT
Chrysalis LEAP, cnen koeTo a mpeocTaBUM Ha CTyICHTUTE

PA3BUTHE HA ITPOEKTA IIPE3 ITbPBATA ®A3A



4 .
anr
A 4

ABTOMATU3AIMA HA JTUCKPETHOTO ITPOU3BOJACTBO

ISSN 2682-9584

no0pe CTPYKTypupaHa TporpamMa 3a pa3BUTHE Ha WICH.
OO6yuenn Osixa 100 "oBeka akameMH4YeH M HEaKaJeMHUYCH
MepcoHal, KOETO JoBese A0 oOydeHuero Ha 571 cryneHra,
KaKTO M Cbh3JaBaHETO Ha Iosede oT 150 OusHec KOHLEHNLUU
06mo B Inno-EUt+ Alliance.

OO0y4eHneTo U HaCTaBHIYECTBOTO B AnmaHca Oerrre ¢ Hait
TOJISIM TIPUOPUTET, KOETO MMAIIIe 10 BpeMe Ha IpoekTa Inno-
EUt+. 3a ga momoOpuM JOIIBITHHUTEIIHO IIOJIOKUTEITHOTO
BB3CUCTBHE HA HAIIETO O0yYeHHE, BHEAPUXME ITporpaMaTa
Inno-EUt+ Student DemoDays.

Henpenckasyemara ycnoxkaena COVID-19 obGcranoBka
HAJIOKHU TPOBEKIAHETO Ha OHJIAH 0OydeHue B mepuojaa 15-
26.11.2021 r. Ha 15 HoemBpu € OpraHuzupa”
Wndopmanmonen neH. Beudky 3anHTEpecOBaHN CTYACHTH OT
TOBa ChOMTHE MMaxa IpeBapUTeIHa Bb3MOXKHOCT Jia ce 3a-

NO3HAAT C YCIOBHATA W H3UCKBAHUATA HaA MPCACTOSAMINA
TpeHI/IPOB’b'-IHO-CT)CTe3aTeJ'[eH JICH 110 MPpEAITPUEMa4€CTBO.

@ur. 1. CHEMKA OT 00YUYHTEIHHUST IIPOLIEC.

B NndopmanmonHus el ce Brounxa 63 cryaentu. Ha
22 HOoeMBpHU B JieHs Ha oOydeHue-To Osixa chopmupanu 14
otbopa OT 1o 4Ma CTyAEHTH Wiu o001 64 CTyAEHTH, KOUTO
B3exa yvactue. [Ipe3 cenmuuara mexay TpeHUpOBBUHHS U
Cocresarenuuss  JieH  0sxa  TPOBEJCHH  MHOXECTBO
KOHCYJITAllUK C 11eN NoA00psiBaHe Ha MPEJIoKEeHaTa OT TAX
Ou3Hec uaes ¢ MOYTH BCHYKH YYacTHUIM, U3IOJI3BAlKK yeO
riaropmara Discord.

ChecTe3aTenHUsIT JIeH ce MpoBede Ha 26 HOEMBpH,
PBKOBOJICH ¥ KOHTPOJHPAH OT )KypH OT YeTHpHUMA AYIId —
JnmoB, MwuroBa, MuneHoB u jou. bamun bamuHoB —
npodecuonanied  ekcrnepr 1o EKO-MEHHIKMBHT |
KJIMMAaTHYHY IPOMEHH. B chcTe3aHMEeTOo B3eXa y4acTHe 0010
11 ot6opa. Beexn oTOOp ce mpeacTaBy criope H3NCKBAHUATA
Ha CHCTE3aHUCTO U TPEABAPUTEIIHO YTBBPICH PEriaMEHT U
MIPEeIBApUTETHO oOmpeaeneH Trpaduk. Bewuku ywacTHHIN
MOJyYHXa CEPTU(PHUKATH 3a yd4acTHUE, KATO IbPBUTEC TPH
oTOOpa TONMy4YH CcepTH(UKATH 3a CHOTBETHUTE NPHU3OBH
MecTa.

Hawanoro ma Inno-EUt+ ,Student Demo Day* Oemre
nposezneH B Vcnanus, (Kapraxena) B Hauanoro Ha 2022 r.,
KaTO Hal-IoOPHAT €KUII OT CTYACHTH OT BCEKH YHHUBEPCHUTET,
NPEJICTaBH CBOSITA HJEs, Ch3/IaJIeHa 110 BpeMe Ha Iporpamara
3a oOydeHwne 1o MPEeAIpPUEMadecTBO B 00IacTTa Ha KJIMMATA.
Bropoto csoutne Inno-EUt+ Student DemoDay, BkitouBario
CTYZICHTH OT HAPTHHOPCKUTE YHHBEPCHTETH, CE€ IPOBEAE B
Pura B nipe3 roim 2022,
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B Pura cryaeHTHTe HMaxa yIOBOJCTBHETO []a y4acTBaT B
cecusita ,,Dirty Prototyping® 3a ma moraTr BuU3yalHO Ja cu

MPCACTABAT CBOSATA UACH.

@ur. 2. Crymentckure otbopu B ,,Student

(Kapraxena).

Demo Day” MWcnanus,

IIpe3 mecerr OKTOMBpU CTyIEHTUTE OT MAapTHHOPCKHTE
YHHUBEpCHTETH (OpMHpaxa CMECEHH WHTEPHAINOHAIHA
0TOOpH C 11eJ1 pa3BUTHE HAa Bb3MOXKHOCTUTE 33 EKUITHA paboTa
TI0 3a/1aJICHN OT OPTraHU3aTOPHUTE OA30BH TEMH.

L

@ur. 3. Cryzentckure otbopu B ,,Student Demo Day” Kumep, (Jlumacou).

I1l. HACBPYABAHE HA AHTAXXUPAHOCTTA U
UHCTUTYLIUOHAJIHATA IIPOMSHA

B nomsnHenue, npes mppBara ronuHa Ha Inno-EUt, 62ma
MIPEToIaBaTeNi U CITY>KUTENHN OsXa 00y4eHH OT KOJIETHTE OT
yHuBepcutera B Pura, upe3 oOyumrennusi moxyn ,,Change
Agents* 3a na Morar Ja npefajar MOJNyYEHHUTE 3HAHHS B
o0acTTa Ha MHOBAIIMUTE U IIPEAIIPUEMAadeCTBOTO, KaKTO U Ja
HaMepAT HHOBAaTMBHM pELICHUSA 34 ChILIECTBYBALIUTE
npoOJieMU B TEXHUTE OPraHU3aLUH.

Jpyr BaxeH pe3ydaTaT € HAIHCBAaHETO Ha YYEOHOTO
momarajo ,,Educator 3a kypcoBe mo mpeanpHeMadyecTBO BbB
BUCIIETO 00pa3oBaHKE, KOETO Oelle NMpeBeleHO Ha CeleM
esuka: bovarapcku, Anrmwmiickn, HVcnancku, ®PpeHckw,
I'pbuxwy, Jlaruiicku u PymbHcku. To3u HapbUHUK MOXE 1a
ce W3MOJ3Ba KaTO PHKOBOJICTBO MOXE Ja C€ M3IION3Ba 3a
o0y4eHre yHUBEPCUTETCKH IPENOAaBaTeNv 3a Ch3/[aBaHe Ha
KypCOB€ IO MPEATPIEMAdecTBO Ha CIIeU(UIHU TPYIIH X0pa
(xkeHu, MIIaAM XOpa, BB3PACTHH XOpa, 0e3paboTHH,
UMHUTPaHTH ¥ XOopa ¢ YyBpexaaHus). HappuHUKBT ce
(hokycupa BbpXy J1Ba OCHOBHH I10/1X0/1a: Y HUBEPCAJIEH METO]
3a yueHe U HHCTPYKTOPH KOUTO HAITBTCTBAT M UMAT JKeJTaHHe
Jla ydacTBaT B pAa3IUYHU BHJOBE MpPEANPUEMAuECcKH
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WHHUIMATABY, KAKTO ¥ IIOJANOMAaraHe Ha CreupuIHH
KaTerOpHH OT cJ1a00 MPEACTaBeHU TPYIIH.

3a Ja NOAKpENMM HAIIUTe MECTHH WHOBALMOHHU
eKocucTeMy, Oellle Ch3/aZeHa NepCOHAIN3NPaHa MEHTOPCKa
nmporpaMa, KosiTo Oelle MperocTaBeHa Ha  HSIKOJIKO
TPEABAPUTENHO U30paHH cTapTHpaIIy GUPMH IO cCXeMaTa 3a
nojkpena Ha craprtupamy komnaHuu Inno-Eut+. Tasu
IporpamMa TOAKPENH JIeCeT BEYe PETUCTPUPAHU 3EJICHH
TCXHOJIOTUYHU KOMIIaHUH, TMPCIJIOKCHUATA 6)IX8. MHOT'O
pa3NMYHA OT pEUIeHWs 3a MpPEYHCTBaHE HA BOJATa [0
pa3jindyH THUIIUATHUBU 3a nouo6p$[BaHe Ha U3II0JI3BAHCTO Ha
BB30OHOBSIEMa EHEPTHSL.

W3M0JI3BAHA JIMTEPATYPA
[1] https://www.univ-tech.eu/the-inno-eut-toolbox-is-now-available
[2] https://innoeut.utcluj.ro/2022/10/14/eut-limassol-week/.
[3] https://www.univ-tech.eu/technical-university-of-sofia-1.
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Abstract: The purpose of the work is to examine in detail the activities of the INNO EUt+ project, to present the project partners
and the new alliance, which was formed by 8 European universities under the name "European University of Technology''. The
results obtained during the first year of the two-year period of the project are presented. The completed project activities and future
initiatives and activities are examined in detail. Activities to strengthen partnerships between the various project partners were

discussed.
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MOIEJIUPAHE HA CTPYKTYPATA HA MHOI'OOINIEPAITMOHHH
TEXHOJIOI'MYHU MAIIUHU, U3T'PAKTIAHU HA MOAYJIEH
ITPUHIIAIIL

Muxaena Tonanosa
Texunueckn yansepcuter — Codust
HmxenepHonenarornyecky ¢axynrer — CiuBeH
CnuseH, benrapus
email: m_topalova@tusofia.bg

Pe3rome: B cratusita e npeacTaBeH Moaxo/ 3a MoJe/IMpaHe
HAa MHOTOONEPAIHOHHU TEXHOJIOTMYHH MAIIMHH, U3TPAKIAHH
HA MOJAYJIeH NPUHIHMIN, HAa eTanma HAa BapHAHTHOTO MM
CTPYKTYpHO mnpoexTHpaHe. Ilpennoxenn ca mnpusHanu 3a
THIU3HPAaHE, MOJYyJIHA  CHCTeMa M  KOHILENTYaJHH
KOHCTPYKTHBHH pelieHHsl Ha 0230BH MOJYJIH 32 CTPYKTYPHOTO
uM npoextupane B CAD cpena. Pa3put e rpadoB MaTemaTH4eH
MoOJe]l 32 CHHTe3HpaHe Ha CTPYKTYPHHM  BapHaHTH,
YAOB/IeTBOPSIBAIM KOHKPETHH TEeXHOJIOTMYHH HW3HCKBAHHA.
IIpuiioskeHneTo Ha MOAX0Ja 3a MojeJUpaHe € WJIKCTPHPAHO
ype3 TreHepHpaHe HAa  CTPYKTYPHH  BapHaHTH  Ha
MHOT00NepalMOHHI TeXHOJIOTHYHH MAIIHHHU 3a
YAOBJIETBOPSIBAHE HA KOHKPETHH NOTPe0UTEJCKU H3HCKBAHNS.

Kntouoeu Oymu:. mooynen npunyun, MHO200nEPAYUOHHU
MEeXHONOUYHU MAWUHU, O00padomeawyu yenmpu, 2pagos
Mamemamuyen Mooe.

l. YBOI

B CHBpEeMEHHOTO MAalIMHOCTPOCHE €IHAa OT BOJCIIUTE
TEHJICHIIMY € U3TrPaKIaHEeTO Ha TEXHOJOTMYHUTE MAIIMHU Ha
MoxydeH  npuHOMN. — To3w  moaXox  cmocoOCTBa
NPOU3BOJUTENNTE IO-IECHO Ja Ce aJalTHpaT KbM
W3WCKBaHMATA Ha MMOTPEOUTENNTE U ITO-OBP30 /1a pearupar Ha
[a3apHOTO ThPCEHE.

[punaraHeTo Ha MOy THHUSI TIPUHITAIT TIPH U3TPaXKIaHe Ha
TEXHOJIOTMYHNA MAIUHA € OOBBP3aHO ChC Ch3JaBaHe Ha
MOTyJTHH cucTeMHd. ChCTaBSIIUTE TH MOIYJIH OONKHOBEHO CE
pa3paboTBaT B OOOCHOBaHM B TEXHUKO-UKOHOMHYECKO
OTHOIIIEHHE TMApPAMETPUYHH PEIOBE, YAOBICTBOPSIBAIIN
HN3UCKBaHUATA Ha PpasjIdnyHUu IO NOPEAHA3HAYCHHUE THUIIOBU
MaIll1HU 1 00paboTku. MOylTiTE ce pa3BUBAT U B pa3MepHU
penoBe, OOBBP3aHM C JBIDKAHATA Ha PabOTHHTE XOIOBE,
PECIIEKTUBHO C pa3MepUTe Ha MNPUCHEIUHUTEIHUTE UM
CIICMCHTH.

IIpoBeneno mnpoyyBaHe NOKa3Ba, Y€ BCHUYKH BOJACUIU
(bupMu mpuaaraT MOIYJIHHS MPHHIUI TPU MPOCKTHPAHE H
W3rpakJaHe Ha MHOTOOICPAIIMOHHN MAIIMHU C Pa3UdHO
TEXHOJIOTMYHO TpenHa3HaueHue. [Ipumepu 3a ToBa ca
MoJyJHaTa cucTeMa 3a oopadotBamu rieaTpu CORCOM [1]
Ha TaiBaHckus koHriomepar Fair Friend Group (FFQG),
npuioxeHa B SPECHT cepusita nHa ¢dupma MAG [2] u B
VDM cepusita Ha pupma HESSAPP [3], monysHata cucrema

VDF Cx na BOEHRINGER [4] 3a cTpyroBu u
CTPYroBo(pe30BH MaIIMHU, KAaKTO W JPYTH MOIYJHH
CHCTEMH.
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Mapust XamxueBa
Texuanueckn yausepcuteTr — Codust
WmxkenepHonenarormyecku axynrer — CiruBeH
CnuseH, beirapus
email: maria.hadjieva@hotmail.com

Baxno 3HAYEHUE 3a MIPOEKTHPaHE Ha
MHOTOOTICPAITMOHHATE TeXHOJormyHn mammuau (MTM) Ha
MOJyJICH IPUHIIUT UMaT BB3MOKHOCTUTE Ha CHBPEMEHHUTE
CAD cucremu.

boratusaT UM HHCTpYMEHTapUyM 3a IIpUJIaraHe Ha TOTOBH,
KakToO M 3a reHepupaHe Ha HOBU 3D WH)KeHEpHH pelIeHwUs,
yCcKOpsiBa Tpolleca Ha IPOEKTHPaHe M IPOU3BOACTBO HA
TEXHOJIOTHYHA MAIMHY, YAOBIETBOPSIBAIIM KOHKPETHU
MOTPEOUTENICKA TTIOTPEOHOCTH.

KnrouoB MoOMEHT B mpolleca Ha TPOEKTHUpaHe Ha
TEXHOJIOTMYHAUTE MAIIMHU € CTPYKTYPHOTO UM H3TPaXKIaHe.
OOekT Ha HacTosINaTa MyONUKAIMsS ca BB3MOXKHOCTH 3a
BapHaHTHO CTPYKTYpHO mpoektupane Ha MTM Ha MomyineH
npunun B CAD cpena.

Il. TUTIOBU CTPYKTYPU HA
MHOT' OOITEPAIITMOHHU TEXHOJIOT MYHU
MAIINHHA

3a panuoHaNM3WpaHE Ha TMpoleca Ha CTPYKTypHO
npoekTupaHe ce Bb3npue MTM na ce Tummsupar mno
NpU3HAIIUTE OpPHEHTAalWs Ha OCTa HAa  BPETEHOTO,
pa3noNoKeHHe Ha POTALMOHHUTE OCH B KHHEMaTH4YHAaTa
CTPYKTYpa 1 pa3Mep Ha paboTHATa MOBbPXHMHA HA MacaTa Ha
MaIlllpHarTa.

A. Opueﬂmauuﬂ Ha ocma Ha epemenomo

MTM ce usrpaxaar, KakTo C XOPHU30HTalHA, Taka U C
BEPTHKAIHA OPHEHTAIHS Ha OCTa Ha BPETEHOTO.

[Ipn xopuzontranuure MTM Hali-pazmpocTpaHeHa €
TobOpa3nara xommnoHoBka [5, 6, 7, 8, 9, 10]. IIpmnara ce
MPEMMHO TPH MAIIMHUTE OT CPEICH TUMO-pa3Mep, KaTo B
OTJENTHU CIy4aW C€ W3II0JI3Ba M IPU JOJHHS CEerMEHT Ha
TOJIEMHUSI TUTIO-Pa3Mep.

Hpeﬂnoqma C€ OT IJIEgHa TOYKa Ha YCJIOBHATA, KOUTO
npeajgara 3a OCbUICCTBABAHC Ha aBTOMATHUYHATA CMsSIHA Ha
HMHCTPYMCHTA U HA 3aroTOBKaTa.

IIpu Bepruxkanuure MTM Hail-uecTo H3MON3BaHU Ca
€JHOKOJIOHHUTE KOMIIOHOBKH C IIOJBUXKHA WJIM HEIIOJBUXKHA
KOJIOHA.

Uzmon3satr ce 3a 00paboTBaHE HA 3arOTOBKH B MHOTO
IIMPOK  THIO-pa3MEpeH  JMWama3oH, 3aeMaT  Majka
MPOM3BOJCTBEHA IUIONI W WMAT CPABHHUTEIHO BHCOKH
JIIMHAMHAYHU [IOKA3aTENH.
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XapakrepHo 3a BeprukanHure MTM ¢ HemoxaBmXKHA
konmona [11, 12] e, d4e paGoTHHTE Oprand, HOCEIIH
3aroTOBKAaTa, M3IBJIHABAT 110/IaBATEIIHUTE U YCTAaHOBBYHUTE
JBWKeHUs 1o ocute X U Y B XOpU3OHTAJHATa paBHMHA, a
BEPTUKAIHOTO [BIDKEHME IO OC Z c€ U3NbIHABA OT
BpeTeHHaTa Kytus. Ilpu Beprukamaure MTM ¢ noasuxHa
KOJIOHA TPUTC TPAaHCIAIIMOHHU JABMKCHHA CE€ M3IBJIHABAT OT
KojioHarta [13, 14, 15].

b. Pasnonooicenue na pomayuonnume ocu 8
KUHeMamuyHama cmpyKkmypa

MTM ce wu3rpaxmar ¢ [JO TME€T €IHOBPEMEHHO
yIpaBisiBaHU (TPH TPAHCIALMOHHU U JIBE POTALIMOHHH) OCH.
[Ipunarar ce ciegHWTE BapHAHTH Ha pa3loyaraHe Ha
POTAIIOHHUTE OCH B KUHEMAaTUYHATa CTPYKTypa MaIIUHUTE:

e Jlo emHO POTANMOHHO ABWXCHHE B KMHEMATHIHUTE
BEpUTH Ha MHCTPYMEHTA U Ha 3arOTOBKATa, KOWUTO CE
peamm3upar 0OMKHOBEHO Ype3 BHPTSAIIA Ce BPETEHHA

TJlaBa U BbpTAIla C€ Maca.

Tasn KOMIIOHOBKAa ce cpellla Haji-4ecTo mpu
BepTukanuure MTM, npenHasHaueHn 3a oOpaOoTBaHe Ha
3arOTOBKM C MO-ToysiMa Maca. TBH KaTo 4YeTupu OT
IoJaBaTCIIHUTC JBHXXCHUA Cce OCBIICCTBABAT HaJq
3ar0TOBKATA, PEKENIUAT WHCTPYMEHT MOKe Aa Oble ¢ Imo-
MaJIKa ABbJKHWHA. HO-}I’I)J'[I‘I/I PEXKECIIU MHHCTPYMCHTU C€
M3I0JI3BaT CaMo, KOraTo BBPTAIIATAa ce€ Maca TpsAOBa 1a ce
HaKJIaHsA Ha IO-T'OJISIM BI'bJI.

L4 I[Be POTATMOHHU ABUIKCHUA B KWHEMATUYHATA BEpUra
Ha MHCTPYMCHTA, KOHUTO C€ OCBIIECTBABAT OT

BpPCTCHHATA I'JlaBa.

MTM ¢ TakaBa KOMIIOHOBKA CE IpUJIarar 3a 00paboTBaHe
Ha JIeTalin ¢ rojieMu TabapuTHU pa3Mepu U CoXkHa (Gopma.
IIpy TIX B KOHCTPYKTMBHO OTHOILUEHHME CE€ YCIIOKHSBA
3a/IBWKBAHETO HA BPETEHHATA IJIaBa.

o JIBC POTATMOHHU ABUXXCHUA B KWHEMATUYHATa BEpuUra
Ha 3aroToBKaTa, U3MNBJIHABAHU OT BBPTAIIA CC U

HaKJ1aHsA1a c€ MacCu.

IIpu TakbB THI CTPYKTYpa pa3MephT HA 3arOTOBKATa Ce
orpaHrd4aBa OT pa3MepuTe Ha paboTHAaTa MOBbPXHHHA HA
Macata. 3aroBa Te3u MTM ce u3moi3Bar MpeIuMHO 3a
00paboTBaHe Ha 3aTOTOBKH C MIO-MaJIKa Maca.

Tbil KaTo BIVIMTE HAa 3aBBbPTAHE HA JBETE MAacH ca Io-
TOJIEMH, OTKOJIKOTO Ha BBPTSIIA C€ BPETCHHA IJIaBa, TaKaBa
KOMIIOHOBKA OCHTYpsiBa MO-I00BD JOCTBII HAa PEXKEIIHS
WHCTPYMEHT JI0 IO UIeXKAITHTE Ha 00pabOTBaHE MOBBPXHUHU.

B. Pasmep na pabomuama nogvpxuuna na macama

PaboTHara TOBBpXHMHA Ha MacaTa Ha MalIdHHTE €
00BBp3aHA C pa3MepuTe W Macata Ha O0OpabOTBaHUTE
3aroTOBKH. 3a 3arOTOBKH C MAJIKU TA0apUTHHU Pa3MEpH B Maca
O0paboTBaHETO Ha 3arOTOBKH OT CPEJCH TUIIO-pa3Mep Haii-
ca MpeIOYNTaH! KOMIIOHOBKHTE C BBPTSILA CE M HAKJIaHAIIA
Ce MacH, KaTo I0-4€CTO U3II0JI3BAHU ca BepTukanHute MTM.
Yecro ce ocbluecTBsiBa Ha Xopu3oHTaIHH MTM c BbpTAILA
BpPETCHHA IJlaBa M BBpTAIA ce Maca. Jlokaro 3a rojsiMo-
ra0apuTHH 3aroTOBKM C€ H3IOJI3BAaT MOPTaJeH THI
KOMIIOHOBKH C HETIOJIBI)KHA Maca.
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I11. MOJAYJIHA CUCTEMA 3A U3TPAXXIAHE HA
MHOI'OOITEPAIITMOHHM TEXHOJIOTMTYHN
MANIMHHA

3a cTpykrypHOTO m3rpaxnane Ha MTM e mpemioxkeHa
MOJIyJTHa CHUCTeMa C ¥HepapxuuHa cTpykrypa (Pur. 1),
BKJIIOYBAIlA YETUPU HepapXxUyHU HuBa. Monynute oOT mo-
HUCKMTE HHBAa Ca 4YacT OT MO-BUCOKUTE WM Y4acTBaT
HETIOCPEICTBEHO B CTPYKTypaTa Ha  Hal-BHCOKOTO
HepapXMYHO HHMBO — MHOTOOIEpAaIliOHHATa TEXHOJOTHMYHA
MamuHa. MomynmHaTa cUcTeMa € C OTBOpEHa CTPYKTYypa,
M03BOJISIBAIA HEHHOTO pa3lIMpsBaHE M pa3BHTHE 110 Opo n
ChIbpIKaHUE HA HepapXUIHUTE HHUBA.

|Z| [ MHOTOONEPALIAOHHA TEXHOJIOTMYHA MAIIMHA |
:
. E | YCTABOBSHE MOTYTH | | CHJIOBE MOTYIH | |cuomm.:mnmqmm|
: 4
"
<
:
|Z| | BA30BH MOJY/IH
Qur. 1. CrpykTypa Ha MOIyJHa CHCTEMa 3a M3rpakJaHe Ha

MHOTrOONE€palMOHHUA TEXHOJIOIMYHNA MAallIMHA

BazoBure ™momynm ot 1Bo ifepapxu4HO HHBO ca
orpezerneHy 1o (GyHKIMOHaNEeH npu3Hak [16, 17, 18, 19]. Te
MOrar JIa ce Ch4eTaBaT B JIBOMKH MOJYJIH 3a W3IbIHEHUE HA
TPaHCIAIMOHHU  WJIM  pPOTallMOHHM  JBIKEHUS  (2po
HepapXMyHO HMBO) FUIH Ja y4acTBAT HETIOCPEICTBEHO B 3TO
HepapXxUyHO HHMBO. B TOBa HUBO MOJyIMTE ce MPUUUCISABAT
KbM CHJIOBaTa WM YCTAHOBBYHATA MOJCHCTEMA, CIIOPEX
MACTOTO MM B KUHEMAaTW4HaTa CTIpyKTypa Ha MTM.
CunoBara noAcucTEMa € CBbp3aHa C PEKEIUs] HUHCTPYMEHT,
a yCTaHOBBYHATa chc 3aroroBkara. CromaraTeTHHUTE
MOJIyJIM ca CBBP3BaIll MOJIYJIH, HEOOXOANMH 32 IISTIOCTHOTO
W3rpaKAaHe Ha KoMIoHOBKaTa Ha eaHa MTM. Upes
HOJAXOMAIIO ChUETABAHE HA MOAYJM OT TPUTE HEpapXU4YHH
HHUBa € BB3MOXKHO Jna ce wmirpaxaar MTM c paznuuna
CTpYKTYypa (4TO fiepapXW4IHO HUBO).

Ha ®wr. 2 na npencraBeHn uacT OT pa3paboTeHH
KOHIIETITYaJTHH KOHCTPYKTHBHHM PEIICHHUS Ha 0a30BH MOJIYJIH.

IV. TPA®OB MOJIEJI 3A CUHTE3PAHE HA
CTPYKTYPU HA MHOI'OOITEPAITMOHHN
TEXHOJIOI MYHN MAIIIVHN

3a  ¢QopManu3upaHO ONHMCaHHE Ha MHOXECTBOTO
CTpYKTypHU Bapuantu Ha MTM, koutro Morar Jna ce
CHHTE3MPaT OT HPEUIOKEHUTE I0-rope 0a30BU MOJYIH, €
mocTpoeH rpadoB MaTematideH moaen (Pwr. 3).

Bnb3mure B rpa(ba CbOTBETCTBAT HA OTACIHUTC MOYJIN OT
MoAdyJjiHaTa CHUCTEMa, a HAbIUTC MU3pa3saBaT BB3MOKHUTE
BPB3KU MEXKIY TAX.

Hannuuero Ha moBedue oT ABE BPB3KU MCEKAY YacCT OT
MOZAYJIATE C€ ABJDKW Ha Bb3MOXKHOCTTA HAKOU MOIYJIHM Ja C€
H3II0JI3BAT MOBCYC ITbTHU B €JHA KOMIIOHOBKA.
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TloxencTeMa YCTAHOBBLYHA
HanmcHoBaHne Tena Jlomea Macw CIOMAATEIHW MOAY . 1W
Ko 2001 | 2002 20 20_. 2101 | 2002 | 2103 21 .. 22 01 | 22,02 22 . 22.. Kon 3001 | 3002 | 3101 | 3102
OGoznagenne S Oto3nagenne .
L ~ ‘ . & | @ LN 7 “ <Z>
HA MOJYJIA ’ : HA MO/LYJa

®ur. 2. 3D mozaenu Ha 6a30BU MOJYJIU 33 U3rPAXKIAHE HA MHOTOONIEPALIMOHHN TEXHOJIOTUYHH MAIIUHU

Our. 3. Bepuken mynturpad Ha BE3MOKHUTE BPB3KH MKy 0a30BUTE MOTYIIH

I'padhoBusiT  Momen  m3pazsBa  BB3MOXKHOCTTa  3a
ChuUeTaBaHE Ha OTAEIHUTE MOIYIH HOMEKIY WM, KaTro ce
OTYHTAT CTPYKTYPHUTE W (DYHKIIMOHAITHUTE OTPAaHUYCHMS
IIpU CBBP3BaHETO MM. ToBa CHocOOCTBa 3a OTXBBPIITHE Ha

HEy/laYHH W TEXHUYECKH OE3CMHCICHH CTPYKTypHH
BapHaHTH.
3a reHepupaHe OT BEpPWXHHUS  MynTturpad Ha

MHO>XECTBOTO OT BB3MOXKHM KOMIIOHOBKM Ha MTM e
HE0OX0IMMO J1a ce TIPOCIIeIIT BCHYKH OPHEHTHPAHH ITHTHUINA,
BOJICIIN OT KopeHa ,,PU* (pexeni HHCTPYMEHT) 0 JICTOTO
,»3AT™ (3aroroBka). 11300pbT Ha Hail-yjauyHa KOMIOHOBKA 32
pemiaBaHe Ha KOHKPETHAa TEXHOJOTHMYHAa 3ajada ce
OCBIIECTBSIBA KaTO MOJyYEHOTO MHOXKECTBO CE€ IOJUIOXKH Ha
MHOTOKPHUTEPHAIICH aHAJIH3.

V. TEHEPUPAHE HA KOMIIOHOBKHM HA
MHOI'OOITEPAITMOHHU TEXHOJIOTYHUA

MAIIINHUN B CAD CPEJJA
Mopaynauat npunHnun u  npepngaranuar ot CAD
CHCTEMUTE  0OOraT  INPOEKTAHTCKH  HWHCTPYMEHTapuyM,

CHOCOOCTBAaT 3a palMOHAIM3MPaHE Ha IPOLEAYpPHUTE IpU
TeHEpHpaHe Ha HOBH M MOIU(DUIMPaHM KOMIIOHOBKH Ha
MTM.

B To3m acriext ca pa3padorenu konuentyaiaau 3D moxenu
Ha OasoBure ™oxymu (Pur. 2), kKato e MNpUIOKEeHa
KOHCTPYKTHBHA IapaMeTpU3aLsl.

I'enepupaneTo Ha KOHKpETHH KOMMNOHOBKM Ha MTM B
CAD cpena e WIIOCTpUPAaHO KaTO ca MOJI3BaHH JaHHU OT
¢bupmenu katanosu [20, 21, 22]. Ha ®wur. 4 e npeacraBeHa
KOMIIOHOBKAa C BEpTUKaJHA OpHEHTallUsd Ha OcTa Ha
BpPETEHOTO W HETOJBH)XHA KOJIOHA, KaTO JIBETE POTAIIMOHHH
JBYDKEHHUS C€ M3ITBIHABAT OT 3ar0TOBKAaTa. 3a aHAJIOT Ha Ta3Hh

KOMIIOHOBKA € H3I0JI3BaH 00paboTBall IICHThP Ha (HupMa
DOOSAN — DNM200/5AX.

IloxazaHnata Ha ®ur. 5 KOMIIOHOBKAa € aHaJIOI Ha
xopuzoHTanHNs oOpadorBam nentsp HU100TS na dupma
MITSUI SEIKI. Tasu MTM e ¢ mnoaBmXHa KOJOHA, a
POTallMOHHUTE  JBIKEHHS  ca  paslpenelieHd B
KHHEMaTHYHHUTE BEPUTU Ha 3arOTOBKATAa M HHCTPYMEHTA.
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®ur. 4. SocHa BEpPTHUKaJIHA MHOI'OOIIEpAllMOHHA TEXHOJIOIMYHA MallliHa

VI. 3AKJIFOYEHUE

IIpennoxxeH e  moAxod  3a  MoJeNMpaHe  Ha
MHOTOOTIEPAIIIOHHH TEXHOJIOTHYHH MAIIMHH, U3TPaKIaHN Ha
MOJIyJIEH MPUHIIMII, KOHTO c€ OCHOBaBa Ha CTPYKTypHATa UM
TUOM3alMs 10  KAHEMaTHYHH W KOHCTPYKTHBHO-
TeXHOJOrMuHU npu3Hauu. Cb3IaZieHH ca CTPYKTypa Ha
MOIyJTHa CHCTEeMa W KOHIENTyadHH Oa30BH MOIYJIH 3a
CHUHTE3UpaHe Ha alNTepHaTUBHU BapranTd Ha MTM. PazBur e
WHCTPYMEHTapuyM 3a (opMamm3upaHO ONHCaHWE Ha
BB3MOXKHOCTTA 33 ChYCTaBaHC Ha 0a30BUTE MOJYJH, KOHTO
MO3BOJISIBA TUTUTAJIM3ANMS Ha TIpolleca Ha TEHEepHpaHe Ha
CTPYKTYpHU BapHaHTH, YJOBIETBOpSBAIM KOHKPETHH
MOTPEONTENCKN M3UCKBAHUS, U OTPE/ICIITHE HA ONTHMAITHUS
OT TAX. 3a palMOHAIM3UPaHe Ha MPOEKTHUTE MPOIEIypH B
CAD cpena ca pazpabdorern mapamerpuyan 3D momenn Ha
KOHIICNITYJTHUTE 0a30BH MOTYJIH
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STRUCTURED MODELING OF MULTIOPERATION TECHNOLOGICAL
MACHINES BUILT ON THE MODULAR APPROACH
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Abstract: This paper presents an approach to modeling multioperation machine tools structured on a modular principle at the
stage of their variant design. Signs for typification, a modular system and conceptual solutions of base modules for their design with
CAD systems are proposed. Furthermore, a graph mathematical model is developed to generate structural variants that fulfill specific
technological requirements. To demonstrate the application of this modeling approach, a structural variants of a multioperation
machine tools is generated to satisfy specific user requirements.
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TPUBOJIOI'MYHU U3CJIEJIBAHUA HA PUJITAMEHTH
OTHHEYATAHU YPE3 3D ITEYAT AHAJIAN3

I'abpuena Konera
WuHcrutyT o nHGOPMAMOHHHU U
KOMYHHUKALHOHHU TEXHOJIOTUU KbM
Brarapcka Axagemus Ha Haykute
Codust, bparapus
e-mail: gabriela.kotseva@iict.bas.bg

Pesiome: B  Hacrosimiata cratus e pa3rieaaHa
TpudosoruAaTa karo Hayka. OObpHaTO € BHHMaHHE HA
TPHOOJIOrMYHOTO MOBeAeHHE U NOBeIEHNETO HA TpHeHe Ha 3D
orneyataHu npoou. HanpaBen e 0030p u aHajau3 Ha
eKCIepUMEeHTAJTHHU JaHHH, 0Jy4YeHH Ype3 U3M0JI3BaHe Ha Hali-
pasnpocTpaHeHute Matepuaju 3a 3D meyar (ABS m PLA
Tepmomniactu) B 3D npunTepn

Kntouoeu oymu: ananusz, mpuébonozusn, 3D ¢punamenmu, 3D
npunmupane.

l. YBOJ

WmxeHepHUTe TUIaCTMACH MPUAOOMBAT BCE MO-TOJISAMO
3HAUEHHWE 3a PAa3IMYHU [PWIOKEHUs, Oa3upaHd Ha
CBBPEMCHHHUTE HYyXauTe. HaBnm3zaHero W pa3BUTHETO Ha
TEXHHUKUTE 33 aJUTUBHO MPOU3BOJICTBO, IPOU3BOJCTBOTO HA
IUTACTMACOBU YacTH 4pe3 3D meyar mocTeneHHO CTaBaTr BCE
mo-TonyJsipHA. VI3HOCOYCTOHYMBOCTTA € OT M3KITIOYHTEITHO
3HAYCHHUE 3a MPOM3BOICTBOTO, 3aTOBA CE HAJara aHajlu3 Ha
TpUOOJOTUIHUTE TpollecH HacThmBamu B 3D ormeuarann
poOH | JACTaMIH.

MexaHHYHHTE CBOWCTBA HA MAaTepHAUTE KaTo SKOCT,
IUTACTHYHOCT, AehopMUpaHe U Jp. U3pa3siBar CIOCOOHOCTTA
Ha MaTepHalliTe J1a ce ChIIPOTHBIABAT cpenly aedopMupane
U paspylIaBaHe B Ipolieca Ha eKCIUIOATAIMS Ha M3ICIHSTA,
u3pabOTeHH OT TAX, WIM B Ja0OpaTOpHH YCIOBHA. B
7a00paTopHH  YCIOBHSL Ce IOJNy4aBa KOMIUIGKC OT
NOKa3aTeNy, XapaKkTepU3Hpall MEXaHWYHHTE CBOMCTBa Ha
najeH marepuan [1].

Il. TPUBOJIOTHSATA KATO HAYKA Y MICTOPUYECKO PA3BUTHE

Tpubosorusita € W3y4aBaHETO Ha  HayKara
HWHXXCHEPCTBOTO Ha B3aHMO}1€ﬁCTBaH_IHTe TMMOBBPXHOCTH
OTHOCHTENIHO [BIDKCHHE W BKJIIOYBA M3YyYaBaHETO U
npujiaraHeéTo Ha MOPUHOUIIUTEC Ha TPUCHE, CMAas3BaHC U
u3HocBaHe. Jlymara mpousinsa OT TpbIKUsS TepMuH tribos,
03HaYyaBaIl] TPUCHE, Taka ue OyKBaJHOTO 3HAYCHHE OH OHIIO
"HaykaTa 3a TpueHeTo".

n
B

IIepBuAT, KOWTO 3asBABa /ABAaTa 3aKOHA Ha TPHUEHETO,
peryupaliy IBMKSHUETO Ha IPAaBOBIbJIEH OJIOK, TUTh3rall ce
T0 TUIOCKA MTOBBPXHOCT, € JIeoHapao na Bunum, HO paborara
My oOcCTaBa Heny6nyn<yBaHa N HAYYHHUTC HU3CJICABAHUA Ha
W3HOCBAHETO ce pa3BUBAT MHOro Mamko 10 XX Bek. Ot
HauaytoTo Ha XX Bek obaue 3HAHHUATA BhB BCHUKU 00J1aCTH Ha
TpuOOJIOTHATA C€ pa3lupsABaT 3HAYWTENIHO, MOpaan
OTPOMHHMS HMHIYCTPHUAJIEH pacTexX, KOEeTo JOBelIe [0
ThpceHeTo Ha n3pabotku ot 3D mevar [2].

Huxonaii CTouMeHOB
HHCTUTYT M0 HHPOPMAIIMOHHHU U
KOMYHHMKALMOHHH TEXHOJIOTHH KbM
Boarapcka Axkagemus Ha Haykure
Codust, Bparapus
e-mail: nikistoimenow@gmail.com
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Tpubosorusita € CPaBHUTEJIHO HOBAa JUCIHIUIAHA
(ueitHoTo mpu3HaBaHe 3amouBa mpe3 1966 r. [3]), kosTO
chyeTaBa aHallM3a Ha TPUEHETO, N3HOCBAHETO M CMAa3BaHETO
Ha B3aMMOJCICTBAINM MOBBPXHOCTH B  OTHOCHTEIHO
JIBIDKEHUE B onpe/esena cpena [4, 5, 6, 7, 8].

W3HOCBaHETO MOXeE 1a ce ONpelIeNnd Karo IpoLec, IpH
KOWTO B3aMMOAEHCTBHETO MEXIY JIBE MOBBPXHOCTH WIH
IpaHIYHU TIOBBPXHOCTH HA TBBPAM BelIeCTBa B paboTHaTa
cpezia B J10 3ary0a Ha pa3MepH Ha €THO TBBPJIO BEIIECTBO,
ChC WU Oe3 IeHICTBUTETTHO OTIEIsHE U 3ary0a Ha MaTepuai.

Tpubomarepuaao3HaHHETO € OCHOBHO HalpaBJieHHE B
ChbBpPEMEHHAaTa TPHOOJIOTHS, KOETO ce (OKycHupa BBPXY
U3CNEABAHETO U pa3paboTBaHETO HA MaTEepPHAIH U MOKPUTHS
C MOBUIIICHA aHTU(PPUKIMOHHN U IPOTUBOM3HOCHH CBOMCTBA.
MHoro6poiHuTe YCHus Ha u3cieoBaresuTe ca poKycHpaH
BbpPXy KOMIIO3UTHU MATe€pUald M IIOKPUTHSA C METalaHa
Marpuia, MoaudUIMpaHa C pa3IMuHd [0  E€CTECTBO
KEpaMHYHH MHUKpPO- W/WIM HAHOPa3MEpPHHM 4YacTHLU U
HAHECCHH C Pa3IMYHU TexHOJIOTHH. [9].

I1l. TPUBOJIOIUSITA IIPU MATEPUAJIN 3A 3D TIEUAT

W3nom3Bane na 3D mnpuHTHpaHe 3a €AMHUYHHU YacCTH,
MPOTOTUITUPAHE, WU3IIOJI3BAHE 32 OTJIMBKH U JPYTU BOIU JO
HaMaJlIBaHE Ha MPOU3BOJCTBEHUTE Pa3xoAu. AIWTUBHATA
TEXHOJIOTHSI MMa HSKOJKO TPEJMMCTBA TIO0 OTHOIIEHHWE Ha
CTpOUTENHUTE NeTaiinu. Hsma omnepanuu, KOMTO OTHEMAar
BpEMeE KaTo CTpyroeane, pe3oBaHe, JICCHE U Ip.

JleGenmnara Ha cJosl 3a OTJIaraHe Ha MaTepuaia, brbiIbT
Ha 3aIlbJIBaHe, I1a0JOHBT 3a 3allbJIBAHE U OpPUEHTALUSTA Ha
OTJIaraHeTo ca OCHOBHU MapameTpH 3a nevart [10].

3D neuarsT, U3BecTeH Chio kato FDM mporec, ¢ eauH
OT JIOMUHHPAIIUTE AIWTUBHHU IIPOU3BOJCTBCHH IPOIICCH,
Kouto wu3noi3Bar 3D Momen, 0asupaH Ha KOMITFOTBPHO
npoektupane (CAD), 3a 1a u3paboTIT BCEKU CI0KEH KOHTYD,
BKJTIFOYMTETHO MHOTO THHKH CEKIMH. 3a pasluKa OT
KOHBCHI[MOHAJTHATA MEXaHUYHA 00pabOTKa, TO3M MPOIIEC CE
OCHOBaBa Ha OTJIATaHEe Ha MaTepHai cioi ciex cioit. Ot 90-
TC¢ TONUHM Ha MUHAIMs BeK 3D mpUHTHHTA Cce W3MOoJ3Ba
MPOTPECUBHO KaTO MHCTPYMEHT 32 00YUCHHE U 32 TeHEpUPaHe
Ha (YHKIIMOHAJTHH YaCTH, KOCTO Ch3/1aBa HEOOXOAUMOCTTA OT
mo-700po pazOmpaHe Ha MEXaHMYHOTO ToBeaeHHe Ha 3D
OTIIeyaTaHuTe 4Yactu H pa3pa60TBaHeT0 Ha AaHaJIMTUYHHU
MOJICJIH M TIAPAMETPHU Ha [(13aiiHa 32 HHIKCHEPUTE.

OTtnarasero cjoif MO CJIOW Ha HarpsAT TEPMOILUIAcT € B
OCHOBaTa Ha To3u Tiportec [11,12, 13].
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A. Mamepuanu 3a 3D nevam

HNma JBa OCHOBHU BHJA IUIACTMACH, U3IOJI3BAHU ITPU 3D
neJar.

e Marepuanure 3a 3D mevaT (TepMoOIIIaCTMAacHTE) ca
HaW-4eCcTO M3IOA3BAaHUAT BHI IulacTMaca [14].
OcHOBHaTa XapaKTePUCTHKa, KOATO TW OTJIMYaBa OT
TEePMOPEaKTUBHUTE, € CHOCOOHOCTTa UM  Ja
NpEeMHUHABAT TPE3 MHOXECTBO LHUKIM HA TOMEHE U
BTBBpAsBaHE. TepMoIUlacTMacHUTe MoOrar na ce
HarpsiBat U oQopMsIT B jkenanaTa ¢popma. [Ipouecst e
oOpaThM, TBH KaTo HE C€ H3BBPIIBA XMMHYECKO
CBBpP3BaHE, KOETO MPaBH BB3MOXKHO PELUKIHPAHETO
WK TONCHETO ¥ TOBTOPHOTO W3ION3BaHE Ha
TepMoruiacTH. Yecto  cpellaHa  aHaNOTHA 32
TEPMOIUIACTHIITE € MAacJoTO, KOETO MOXe Ja ce
pa3ronmr, ga €€ BTBbBPAU OTHOBO U Ja CE€ Pa3TOIU
otHOBO. Cilel BCEKM LMKBJI Ha TONEHE CBOMCTBaTa
JIEKO C€ MPOMEHSIT.

TepMopeakTHBHUTE IUIacTMacH (Hapu4aHH — OIIE
TEPMOPEAKTUBHU) OCTaBaT B IOCTOSHHO TBBPIO
CBbCTOSIHUE CleA BTBbpAsBaHe. [lonmmmepure B
TEPMOpPEAKTHBHUTE MaTepHaId Ce€ OMPEKBaT IO
BpeMe Ha IPOLEC Ha BTBBPISIBAHE, KOWTO € MHIYLUpa
OT TOIUIMHA, CBETIMHA WM TOIXOAALIO JIbUCHHUE.
TepMOpeakTUBHHUTE IIACTMACH C€ pasjnarar Ipu
HarpsiBaHe, a He TIpH TONEHe, M HiAMa Jda ce
nedopmupar mpH oxJaxnaHe. Perwkmmpanero Ha
TEPMOpPEAKTHBHU MaTepHaId WIM BPBLIAHETO Ha
Marepuaia 00paTHO B HETOBUTE OCHOBHHU ChCTaBKU HE
€ BBb3MOXKHO.

b. ITnacmmacosu npoyecu 3a 3D neuam

Tpute Hali-yTBBPAEHU IIpolieca Ha muactMacoB 3D nevar
JTHEC Cca CJIeIHUTE:

e 3D npuHTepuTe 3a MOJEIUPAHE HA OTJIAraHe, HiH Ol
no3naru karo Fused Deposition Modelling (FDM) ce
TOIAT U €KCTPYAUPAT TEPMOIIACTUUHH HUIIIKU, KOUTO
JII03aTa Ha MPUHTEpa OTiIara CIIOH 1o ciioi B o0acTTa

Ha U3rpaxxaaHe.

Crepeommrorpagpusita  (SLA) 3D mpunTepure
W3I0JI3BAT JIa3ep 3a BTBBP/ISIBAHE HA TEPMOPEAKTHBHU
TEYHM CMOJIM B BTBBpPACHA IUIACTMaca B MPOIEC,
HapedeH (OTONONUMEpU3ALIHS.

CenexktuBHOTO JnaszepHo cuHTepoBane (SLS) 3D
IPUHTEPUTE U3MO0JI3BAT MOIIEH Ja3ep 3a ClIUBaHe Ha
MaJIK{ YaCTUIIM TePMOIUIACTHYCH Tpax.

V. BUJIOBE ®UJIAMEHTH 3A 3D MEYAT

3D neuarsT 1aBa BE3MOXKHOCT /1a C€ Ch3aaT NPOTOTHITN
M Ja Cce TMpOM3BEeXIAT YacTH 3a MIMPOK CIIEKTBP OT
npwiIoXKeHus Obp30 M peHTadmiHo. M300pbT Ha mpaBHiIeH
nporec Ha 3D medaT e camo enHaTa cTpaHa Ha MoHeTara. J{o
rojsiMa CTEMeH TO3M IIPOLEC 3aBUCH OT BJIOXKECHHUTE
MaTepHaH, KOUTO MO3BOJIT Ch3/IaBAHETO HA MOJIEIH U YaCTH
C  OKeJJlaHM  MEXaHWYHH  CBOWCTBA,  (PYHKLMOHAJIHU
XapaKTEePUCTHKHA WK BbHIIEH BUT [15].
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A. PLA

PLA[(C3H402)n] e ecen 3a meyaT u ce cpela B cepara
Ha mortpedutenckust 3D medar mojMMIleYHaTa KHCEIMHA
(PLA) e naii- pasmpocTtpaneHusT Buj pumament. Mma mo-
HHCKa TeMmIeparypa Ha neuyatr ot ABS u He ce medopmupa
TOJIKOBA JIECHO, KOETO O3HA4YaBa, 4e HE € 3aIbDKUTEITHO
HarpeBaTeITHo JIETJIO, BBIIPEKH Ue OTIpEeeIeHO ImoMara.

IIpenqumcTBOo Ha wum3nomsBaneto Ha PLA e, 4e HsaMma
HENpUsITHA MUPHU3Ma 0 BpeMe Ha Tedar (3a pasiiika OT
ABS). Cunra ce 3a HuIIKa 6€3 MUPHC, HO B HIKOH CITyJan Ma
ClIalbK MHPHUC, B 3aBUCUMOCT OT Buga Ha PLA.
[TpuBnekareneH aciekT e, 9e ce MpejIara B rojsiMo H300MITHE
OT LBeTOBe M cTmioBe. PLA 10 u3BecTHa CTEIEH € IIo-
€KOJIOTHYHO YUCT (IIIAMEHT OT MHOTO NPYTy HUIIKA 3a 3D
neyar. buopasrpanuM € npu  ONpPENENeHM TbPIOBCKU
TIOCTIDKUMH yCIIOBHSL.

B cpaBHenue ¢ npyru BumoBe Humku 3a 3D mpunTepH,
PLA e kpex®K, 3aTOoBa ce W30sArBa INpH CH3JaBaHE Ha
NpeaMEeTH, KOUTO MOrar Ja ObJaT OrbHATH, YCyKaHH WA
MHOTOKpPAaTHO M3IyCKaHHW, Karo Kaub(hu 3a TesnedoHH,
UTpaydKy, KOUTO CE€ M3HOCBAT, WJIH JAPBKKHU 32 HHCTPYMEHTH.
W36sirBa ce u mpu MoJenHMpaHe Ha MPEAMETH, KOUTO TpsOBa
Jla U3ABpKaT Ha I0-BUCOKH TeMIeparypu, Thit kato PLA nma
TEHICHIMS 2 ce AehopMupa MpH TEMIEPATYpu OT 0KoiIo 60
rpajayca Wik MO-BUCOKH. 32 BCUUKH APYTH npunokeHus PLA
npaBy JOOBp LUIOCTEH N300p Ha HUIIKY 3a 3D mpuHTep.

5. ABS

AKPUITOHUTPUIT OyTaaneH CTHpEH (ABS
[(C8H8.C4H6.C3H3N)N]) e mo-mainko momyisipen ot PLA 3a
exenneBed 3D medar. Ilo oTHomeHMe Ha cBoicTBaTa Ha
Matepuana obade, ABS BCBIIHOCT € yMEpPEeHO MO-T00Bp OT
PLA, BbHOpekn 4e € Manko MO-TPyAEH 3a Iedar — TOH €
CKJIOHEH KBbM W3KpHBsBaHE 0e3 ropemia rnedyaTHa OCHOBA H
JITIMJIO 3 JIeTJIO.

UYecTo wm3mon3BaH NpH JieeHe mmoj HaimsraHe, ABS ce
HaMUpa B MHOIO TIPOM3BEJICHW CTOKM 3a Outa H
notpedurencku cTokd, BKimountenHo LEGO tyxmm u xacku
3a Benocurenu. [Ipoaykrute, m3paborenu ot ABS, umar
BHCOKAa M3IPHKINBOCT M KAIaIUTEeT J1a M3IbPXKAT Ha BUCOKH
TeMIieparypH, Ho Jrobourenure Ha 3D mpuHTepu TpsOBa aa
WMarT IpeIBAI] BUCOKATa TeMIIepaTypa Ha IeJaT Ha HHIIKATA,
CKJIOHHOCTTa J1a ce JieopMHpaT 1o BpeMe Ha OXJIaXIaHe U
WHTCH3WBHUTE, TOTEHIIMAIHO OTIACHH M3TApCHUS.

[leyaTu ce ¢ OTOIUIIEMO JIETJIO M B J00pe IPOBETPUBO
npoctpancTBO. ABS e 3apaB - u3gbpka Ha BHUCOK CTpEC H
Temneparypa. OCBeH TOBa € yMEPEHO I'bBKaB, BBIIPEKHU Y€ ChC
CHTYPHOCT MMa TO-A00pH OMIUH 3a TOBA MO-HAZOJy B TO3U
CITUCBHK.

3aenHO Te3u cBoiicTBa mpaBsaT ABS nobpa Humika 3a 3D
MpUHTEP € OOIIO0 MpeJHa3HAuYeHHe, HO TOBa, KBAETO TA
HanCTHHA OJIECTH, € C IPEeIMETH, KOUTO YeCTO ce OOpaBsT,
M3IyCKaT Wid HarpsBar (Kaab(pu 3a TeneOHH, WIPAdKH,
KOHMTO C€ U3HOCBAT, IPBKKH 32 MHCTPYMEHTH, KOMIIOHEHTH 3a
AaBTOMOOWJIHM TaIMLEPUH W EJIEKTPUYECKH KyTHH U [p.).
CpoiictBata Ha ABS u PLA mommmepu ca gajneHu B Ta0muia
1
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TABJIMLIA 1 CBOICTBA HA ABS 11 PLA ITOJIUMEP

CBoiicTBa ABS PLA
SAxoct 27 MPa 37 MPa
Vawmxenue 3.5-50% 6%
I'eBkaB Mogyn 2.1-7.6 GPa 4 GPa
IL1bTHOCT 1.0-14g/em® | 1.3 g/cm®
Tomnene Amopden 173 °C
Bbuopasrpagumu He Ha
Temmnepatypa Ha | 105°C 60 °C
BCTBKJISIBaHE

B. PETG

[Monuerunen tepedranarst (PET) e enna ot Haii-uecto
M3II0I3BaHUTE INIACTMAacH B cBeTa. Hali-W3BecTeH Karo
MOJIMMEP, M3II0JI3BaH B OYTHJIKH C BOJA, TOW C€ HAMHUPA U BHB
BJIaKHA Ha IPEXU U KOHTEHHepH 3a XpaHa. JJokaTo "cypoBusar"
PET psnko ce n3non3sa B 3D neuar, HeroBusT BapuanT PETG
€ Bce no-nomyisipHa Humka 3a 3D mpuntep. ,,G“ B PETG
o3HaudaBa ,,rmukon’. Karo marepuwan 3a 3D meuat, Toil e
€CTEeCTBEHO MO-YHCT, TI0-MAaIKO KPEeXbK M Hai-BaXKHOTO, T10-
JieceH 3a MmedaT OT OcHoBHaTa My (opma. [lopamu Tasu
nprurHa PETG decto ce cmsaTa 3a g00pa cpemHa TO3HITHS
Mexny ABS um PLA, nBa npyrm 4ecTo H3MON3BaHU THUIIA
HUMIKK 32 3D npuUHTEpU — TOU € MO-T'bBKAB U U3APHKIUB OT
PLA u no-necen 3a meuat ot ABS.

[onmuernnen korpumermien tepedranar (PETT) e npyr
Bapuant Ha PET. Manko no-t8spaa ot PETG, Ta3n nHumka 3a
3D npuHTep € NOMyNsIpHa ChC CBOSITAa IPO3PAUHOCT.

Tpu Hemra, kouto eHTycuacTute Ha 3D nmpunTEepH TpsiOBa
Jla UMat npeasu, koraro uznomssar PETG:

e PETG e xurpockomwdeH, KOETO O3HadaBa, dUe
abcopOupa Bnarata oOT Bb3AyXa. ToBa uMa
oTpuiateieH e(eKT BBpPXYy IeYaTaeMoCTTa Ha

Marepuala, Taka 4e He 3a0paBsiiTe Jla ChXpaHsBaTe
Humkara Ha 3D npuHTepa Ha XJ1aHO U CYXO0 MSCTO H,
aKo e HeoOXOIMMO, /1a S U3CYILIHTE NP yIoTpeoda.

PETG e nenkaB npu OoTIie9aTBaHe, KOSTO MPaBH Ta3H
Hunika 3a 3D npuHTEp Jiom M300p 3a MOJUIbpIKAIIN
CTPYKTYpH, HO TOOBD 32 aaxe3ns Ha CIIOsL.

Brnpeku ue e e xpexpk, PETG ce Haapacksa mo-
necHo ot ABS.

PETG e no6wp yHHBEpcajeH IpOIYyKT, HO C€ OTIINYaBa OT
MHOT'O JpYyTH BUIOBE HUIIKK 3a 3D mpuHTep mopagu cBOSTA
I'bBKABOCT, 3[JpaBUHA M YCTOHUMBOCT Ha BUCOKA TEMIIEpaTypa
u ynap. ToBa ro npaBu ujeanHa Huika 3a 3D mpuHTep 3a
U3MoJI3BaHe 32 (YHKIMOHATHM OOEKTH, KOMTO MOraT Ja
U3MUTAT NPOABIDKATETHO WIN BHE3AIHO HAIMPEXKEHUE, KAaTo
MEXaHWYHM YacTH, 4YacTH 3a TPUHTEP U 3alIUTHH
KOMITOHEHTH.

I TPE, TPU, TPC

Kakro nozckaspa IMeTO, TEPMOILIACTUYHUTE €1aCTOMEPU
(TPE) no chimecTBO ca IiacTMacH ¢ KadecTBa, MOJ00HN Ha
KaydyK, KOCTO TH TPaBU W3KIIOYUTEIHO T'BBKAaBH H
m3apeximBy. Karo takeB, TPE 0OMKHOBEHO ce M3MO3Ba 3a
MPOM3BOJICTBO HA ABTOMOOMITHH YaCTH, TOMAKUHCKH YPEIU U
MEIUIHUHCKH KOHCYMAaTHBH.
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B neiictBurennoct TPE e mmpox kinac cenonumepu (1
MOJIMMEPHA CMECH), HO BBIPEKH TOBa CE€ H3IION3BA 3a
STHKECTUpaHe Ha MHOTO HaJMYHH B TBHPrOBCKaTa Mpexa
BUA0Be HUIIKK 32 3D mpuHTep. MEKH M pa3TeriuBH, Te3U
HUIIKA MOTaT Ja HM3IbpKaT Ha (PU3MUYCCKOTO HAKa3aHWE,
koero HUTO ABS, HMTO PLA Morar na monacst. OT apyra
CTpaHa, IeyaTaHeTo He BUHATH € JiecHO, Thi kato TPE moxe
Ia ObJIe TPY/ACH 3a EKCTPYIUpaHe.

Tepmorumactuyauar nonuyperadn (TPU) e ocobena
pasnoBuaHoct Ha TPE u e nonymsipHa Humika 3a 3D npunTep.
B cpaBuenue ¢ oouknosenus TPE, TPU e manko mo-TBbpa —
KOETO ro MpaBH MO-JIeCeH 3a medaT. OCBeH ToBa € MaJIKO MO0~
M3APHKIMB U MOXE MO-I00pe 1a 3ama3u eJIacTHYHOCTTa CU
Ha CTY/.

Tepmorutactuunust  konoiuecrep (TPC) e npyra
pazHoBuaHocT Ha TPE, Makap 1 He TOJIKOBa 4ECTO M3MOI3BaH
karo TPU. IlomoOno B moBeuyero oTHOIneHus Ha TPE,
ocHOBHOTO mpeaumcTtBo Ha TPC e HeroBaTa mHo-BHCOKA
ycToiyuBOoCT Ha xumuuecko u UV u3nara”e, KakTo M Ha
torumHa (1o 150 rpanyca). Msnonssaiite TPE wmm TPU,
KOraTo Cbh3JjaBaTe OOEKTH, KOUTO TpsiOBa Ja MOHECAT MHOTO
n3HocBaHe. Ako Bamata 3D oTmeuaTaHa 4acT ce OIbBa,
pa3Tsra WM KOMIIpeCcHpa, Te3u HUIIKHY 3a 3D npurTep TpsiOBa
Jla ca TOTOBH 3a 33j1a4aTa. [[pumMepHuTe pasneyaTku Morar Ja
BKITIOYBAT UIPAvKH, Karb(pu 3a TeneoHn Wi ycTpoiicTBa 3a
HoceHe (karo jeHTH 3a kutku). TPC moxe 1a ce u3noissa 3a
MOJOOHM TIPHIIOXKEHHSI, HO C€ CIIpaBsi 0COOeHO n00pe B TO-
CYpOBU Cpeliu, KaTo Ha OTKPUTO.

Jl. Haiinon

Haiinonbr, momynsipHo  CeMEHCTBO  CHUHTETUYHU
TIOJIIMEPH, M3IIOJI3BaHN B MHOT'O TIPOMUIIIJICHH TIPHIIOKEHUS,
€ MPEeINOYUTaH METOJl 3a MpaxoBo ciuBaHe Ha 3D meuart.
Karo mmmka 3a 3D meuar, TOH ce OTIM4yaBa TaM, KBIETO
3/lpaBUHATa, I'BBKABOCTTA U M3APHKIMBOCTTA Ca KIIIOUOBH
W3NCKBaHMA. Jlpyra yHHWKagHa XapaKTEpUCTHKAa Ha Ta3H
Humika 3a 3D npuHTep e, 4e Mokere Ja st Gosucare npean
WK cIiel Tporieca Ha nedar. OTpuIlaTenHaTa cTpaHa Ha TOBa
¢, 4 HalIOHET, Moj00H0 Ha PETG, e xurpockomnuyeH, KOeTo
o3HayaBa, gye abcopOupa BrIaraTa, Taka 4e He 3a0paBsiiTe ga
ro ChbXpaHsiBaTe Ha XJIAJHO U CyXO MSICTO, 3a Jia MOAbpKATE
HUIIKAaTa B OTIMYHO CBCTOSIHHUE, OCHUTYPSBAalKH IO-70OpO
Ka4eCTBO Ha OTIeuYaThluTe. Bb3momsBakku ce  OT
3[paBUHATA, THBKABOCTTa W W3IPHKIMBOCTTA HA HAIIIOHA,
TO3W TUM HUIIKK 32 3D mpuHTEp MOXe Jla ce M3MOJ3Ba 3a
Ch3/IaBaHE Ha MHCTPYMCHTH, ()yHKIIMOHATHHU TIPOTOTHITH FUTH
MEXaHWYHH dYacTu (Karo TaHTH, KaTapamMd WIH 350HU
KOJIena).

E. PC (IIOJINKAPFOHAT)

[Mommkap6onatsT (PC), OCBEH Ye ¢ enH OT Hal-31paBUTE
HUIIKKA 3a 3D mpuHTEp € H3KIIOYUTEIHO H3APHKIUB H
YCTOWYMB KakTO Ha (DU3MYECKO BB3ICHCTBHE, Taka W Ha
TOTUIMHA, CHOCcOOEH Jla M3mbpka Ha Temmeparypu no 110
rpagyca. OCBEH TOBa € €CTECTBEHO IIPO3PAUYCH, KOCTO
OO0SICHSIBA HM3MOJI3BAHETO MY B TBPIOBCKHM apTHUKYJIH KAaTO
OpOHEYCTOWYHBO CTHKJIO, BOJOJIA3HM MACKH U €JICKTPOHHH
JCIUied. 3a pa3jiika OT aKkpwi W IUICKCUIVIaC MaTepuala,
KOMITIFOTBPBT € yMEPEHO I'bBKaB (Makap M HE TOJKOBA,
KOJIKOTO HaMJIOHa, HAampUMep), KOETO My IO03BOJIsiBA Ja ce
Or'bBa, JIOKATO B KpaifHa CMETKa ce JeopMupa.
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Haxexaemata wumka 3a PC 3D npuntep e
XUTPOCKOMIYHA, abcopOrpa Boia OT BB3/yXa, Taka 4e TpsioBa
Jla ce ChXpaHsIBa Ha XJIQJHO M CyXO0 MSCTO, 3a JIa CE OCHTYPH
0-100pO KauecTBO Ha pa3NeyaTKuTe.

[opaau cBouTe (hpU3MYECKH CBOWCTBA, NOIMKApOOHATHT €
upeanHa HUMmKa 3a 3D mpuHTEp 3a 9acTH, KOWTO TpsAOBa aa
3ama3qT CBOATA 3/paBHHA, 3[paBUHA U (hopMa B cpera C
BHCOKA TEMITepaTypa, KaTo eJIeKTPHICCKH, MEXaHUYHU WIIH
aBTOMO6I/IHHI/I KOMIIOHCHTH.

V. EK30THUYHU BUJIOBE HUIIIKU 3A 3D IIPUHTEP

Te3n HUMIKH ca 0COOCHO MOMYJISIPHY NP U3IOI3BaHE Ha
3D npuHTepH 3a pa3BieueHue. B Ta3u kareropus nomajar:
IIennenn ¢ abpBo, IIbaHeHM ¢ Metan, buopasrpanum,
[MpoBomumu , Marnuthu , ['nuHa/kepamuka, Bwrieponun
BiaKkHa, CTHKJICHU BIIaKHA.

VI. BBJEILLO PABBUTHE

Hanocneapk ~ TexHONOTHSATa  Ce  yCHBBPIICHCTBA
CpaBHUTEIHO OBp30 TMOpajgu TOsBaTa Ha Pa3IHMYHA
NMOJOOpEHHsT ¥ CIMBaHMSA Ha pa3IMUyHH  O0JNacTH Ha
WH)KEHEPCTBOTO, KaKTO U pa3pabOTBAHETO HA MAaTEpUAIIH.
W3numHo € ma  ce  CIoMeHaBa, 4Ye BpeMETO Ha
MPOM3BOJCTBEHUSI IMKBI U BKIIOYECHHUTE KAITUTAIOBU
pa3xoau ca CPABHUTEIHO MMO-MAJIKO MPH KOHBEHIIMOHAIHUTE
MIPOM3BOJICTBEHHU ITPOLIECH KATO JIEEHE M0]] HAJIsAraHe, JICCHE,
MaIlliHHa 00pab0TKa ¢ MUHUMAIHO T€HEpUPAHe Ha CKpaIl u
Jpyrd TMOJO0OHH, HO AaJUTUBHOTO TMPOU3BOACTBO HMAa
I'bBKABOCTTA IPHU MpOeKTHpaHeTo. CIOXKHU TeOMETPHH Ha
YacTH CHINO Morar jaa OBJaT MPOW3BEICHH C HaMaJCHO
000pyIBaHE ¥ MHOT'O MO-T'OJISIMA TOYHOCT

3/1 TpUHTHpAIINTE TEXHOJIOTMH TENbpBa MIE THPIT
pa3BUTHE KaKTO W Biarauure GUIaMeHTUTe —MaTepUaInTe B
Cbh3J[aBaHe Ha HOBH M MPUHIUITHO HOBH IPOIYKTH.

Bce omie numncsar TpubOIOruuHM U3cieaBanus npu 3D
marepuanure. JIpyr ¢axkrop 3a TpuOOIOrHIHUTE CBOWCTBA €
3ajajeHute mapamerpu npu 3D meuar, KOUTO Morar ja
Bapupar. Ilpencrom ma ce wu3cieaBar TPUOOIOTHYHHTE
cBoiictBa Ha 3D NPUHTHUpAHW MaTepUaId MPH Pa3THYHU
pexumu Ha 3D medat, KakTo ¥ OT Pa3HYHU POM3BOTHTEIH.

3AKJIIOYEHUE

[TracTHYHMAT TOTOK B KOHTAKTHATA 30HA HA MHCTPYMEHTA
— paboTHa 30Ha YyBelM4aBa KOe(QHUIMEHTa Ha TpPHUCHE.
Temneparypata B 30HaTa Ha KOHTAaKT MOXE CBIIO Ja
HaJIBUILIABA TOYKaTa Ha TOIeHe Ha MaTepuaia. [loppo3HocTTa
Ha OTIIEYaTaHWTE YaCTH CBHIIO WIrpae BaKHA POJIST BBPXY
TPUOONOTHYHHUTE TPOLIECH KAaTO TPHEHE W W3HOCBaHe. [Ipm
n3bopa Ha Mmarepuai 3a 3D medaT e BakHO TOW na Obuae
cb00pa3eH ¢ )KeNaHus U3X0JIeH MPOIYKT (1eTaiin). Haii-decto
Bimsienure (akTopu npu u3dopa Ha Marepuan 3a 3D mewar
ca: CHIa, TBBKaBOCT, W3IPHKIMBOCT, H3KPUBSBAHE,
TeMiepaTypa Ha Iedar, Oe3omacHocT. IloTpeburencku
napaMeTpH KaTo I'bBKaBOCT, H3IPHKINBOCT, TEMIIEpaTypa Ha
revar | Ipyry ca rokasaHu B Tabnuua 2.

BJIATOJIAPHOCTH

W3cnemBaneTo B HACTOSIATA CTATHS € OCBHIIECTBEHO C
nojakpenara Ha Hammonanuata nporpama Ha MOH ,,Mnaau

YU9€HH W TOCT-IOKTOopaHTH 2“ omobpena ¢ PMC
206/07.04.2022 r. m or mnpoekr mno Doung Haydynu
WzcnenBanus, ,KOHKYpC 3a ¢uHAHCHpaHe Ha

(¢ynnamenTanHu HayyHu u3cnensanus — 2020, Tema
,./I3ClieIBaHe N ONTHMU3ALNS HAa B3aUMOACHCTBUETO MEXKIY
MeJIelH Teja ¥ Cpe/iu ¢ MHoBaTHBHA (hopma‘, norosop PHU
Ne KI1-06-H47/5%.

TABJIULIA 2 TIOTPEBUTEJICKHA TAPAMETPU HA TIOJIMMEPHU 3A 3D MEYAT
Tpynnoct TemnepaTtyp Bezonachoc
I'bBkaBoc | M3apbiKJIHBO npu Temnepatyp aHa HN3kpussiBa PazrBopumo
Bug Cunia T3a
T cT W3M0JI3BAaH | a HA medat JIETJIOTO 32 He cT
XpaHuTe
e neyat
Yka3zanus
PLA Bucox Hucka Cpenna Hucka 180°-230° 20°-60° MuHHEMaTHO He Ha
a norpeduten
s
Bricok B ecrepn,
ABS a Cpenna Bucoxka Cpenna 210°-250° 80°-110° 3HaYUTEITHO KETOHU U He
aIleTOH
YkazaHus
PETG Bucox Cpenna Bucoka Hucka 220°-250° 50°-75° MUHUMAITHO He Ha
a norpeduTen
s
Cpenen
TPE, Coen Mior (TPE,
TPU, pex oro MHOro BHCOKO TPC); 210°-230° 30° - 60° Munnmanso He He
0 BHCOKA
TPC Hucko
(TPU)
. VYkazaHus
HAMJIO | Bucox Bucoxka Bucoxka Cpenna 240°-260° 70°-100° 3HaYNUTETHO He Ha
H a norpeduTen
;1
PC ngg cpesiHa MHoro BHuCOKa Cpenna 270 °-310° 90°-110° 3HAYUTEIHO He He
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Abstract: This article discusses tribology science. Attention is paid to the tribological behavior and friction behavior of 3D printed

samples. Experimental data obtained using the most common 3D printing materials (ABS and PLA thermoplastics) in 3D printers
are reviewed and analyzed.
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