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BCTVYII

OOGMOTKM €  HaWBaXJIUBIIIUMH  (PYHKIIOHAIBHUMH  €JIEMEHTaMHu
CJIEKTPUYHHUX MPUCTPOIB, OJOKIB KUBJICHHSA MPHJIAJOBOIO YCTaTKyBaHHs. Bix
SKOCTI OOMOTOK 3HAYHOIO MIpPOIO 3aJ€XKUTh SAKICTH BUPOOIB, B SKMX OOMOTKH
BUKOPHUCTOBYIOTHCH.

Hamotka pa3om 13 CympoOBODKYIOUMMH ii OIepamisiMd € OJHI€I0 3
TPYJOMICTKMX YacCTHH TEXHOJIOTIYHOTO MpOIleCy BUTOTOBIEHHs cTaTopiB. Ilepen
HAMOTKOIO 130JIIOIOTh Ma3u 1 TOPIEBI MIOMIMHUA TaKeTy, MO SIKOMY BiJOYyBa€ThCs
KOHTAKT 13 IPOTOM, [0 HAMOTY€ETbCA. Y CTaTOPHUX OOMOTKaX YaCTHMHU KaTyIIOK,
[0 JieXaTh B CYCITHIX Ma3ax, 3'€HYIOTh MIX c000r0 mociigoBHo. Lli kaTymiku
YTBOPIOIOTH KATyIIKOBY Tpymy. llpy HamMoTHi KaTymIOK 3a3BUYail KaTYIIKOBY
Ipyly HaMaTyioTh, HE OOPUBAIOYM JPIT. 3aBASKU LIbOMY MICHS YKJIAJKU B Ma3U HE
NOTpiOHO 3'€THYBAaTH KATYIIKA OJHIET KAaTYIIKOBOI TIpymd MiX €000, 10
COPOLIAE MOHTaXX CXEMH OOMOTKHM 1 mependadyae MOXKIMBICTh MEPECTABIICHHS
BUBIJIHUX KIHLIB KaTymokK. /[Jis HaMOTyBaHHS KaTyIIKOBOI TPy HAMOTYBaJIbHUI
111a0JIOH NOBUHEH MaTH KIJIbKA KOJI001B, B AKUX PO3MIILYIOTHCA BUTKU KaTYIIKA. Y
MalIMHAX MaJol MOTY)KHOCTI MparHyTh MOJAJIBIIOTO YTBOPEHHS CIIOJNYK Ha
CTaTopl, BKJIIOYAIOYM BCIO a3y, IO CKIAJAETHCA 3 KUIBKOX KaTYIIKOBUX TPYTI,
OJIHUM HenepepuBHUM JpoToM. OTke, 1€ NOBHICTIO BIANALA€ 3'€IHAHHIO
KaTymKoOBUX Tpyn. KOHCTpyKIlisi KOPIMYCHOI 130751111 3aJIeKUTh Bl (opMu masa 1
Hanpyru oOMOTKHU. JIJisi BCUMMHUX OOMOTOK (KOpITyCHA 130JISII[i CKJIAJAEThCA 3
KUIBKOX IIApIB 130JISIIMHUX MAaTepialliB, 110 YTBOPIOIOTh Ma30BY TUIb3y
(kopoOouky). VY craropHUX OOMOTKax Il YTBOPEHHS KOPIYCHOT 130JISMil
3aKpHUBAIOTh KATYIIKA MO BCIM JOBXHHI KUIbKOMA IIapaMU 130JIALIIHOI CTPIYKH.
Takas 1307111151 Ha3UBA€ETHCS O€3MEPEPBHOIO.

JIJist 3aXUCTy KOPIMYCHOI 130JIA1111 B TIa3U BKJIAJAIOTh TUIB3U 3 OJHOTO APy
€JIEKTPOKAPTOHA Y BUIJIAAI KOPOOOUKH, BEpXHINM KIHELb AKOi MICIs YKJIaJaHHS
OOMOTKHM 3arMHaIOTh BcepeauHy ma3y. KpiM BHUTKOBOi 1 KOPIYCHOI 1301111
KaTyIlIOK, B OOMOTKax 3acTOCOBYIOTh IIIJIUH PsJ JOJATKOBUX 130JIAIIIMHUX

NPOKJIaA0K. JIo HUX BIAHOCATHCS MPOKJIAIKA HA JHO Ta3a, MiX IapaMu 0OMOTOK,
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13071AITi i OaHmaxi, 130JIIis MDK IIapaMd JIOOOBHX YaCTHH, 130JIAIIIS

oOMoTkozaepkareneid. [li mpokimanku s MamuH 3 130J11€10 BUKOHYIOThH 3
eJIEKTPOKAPTOHY, JIJAKOTKAHU Ta 130JIALIHHUX TLJT1BOK.

JlepexT 0OMOTOK BIAHOCSTBHCS A0 KaTreropii MpUXOBaHUX, a HACIIIKU iX
MPOSIBY MOKYTh MPUBECTH JIO PANTOBUX KAaTACTPO(PIUHMUX BiAMOB, TOMY Mpobiiema
MBUIIEHHS SKOCTI OOMOTOK Ma€ MEepIIOpsAHE 3HAYCHHSI, 110 BU3HAYAE 3PEIITOI0
HaJIHHICTh, (YHKI[IOHYBAHHS BHUPOOY, a TaKOXX MPOIYKTHUBHICTH 1 COOIBapTICTh
HOr0 BUTOTOBJICHHS.

Hanpsimkn  3a6e3nedenHs 0e31eeKTHOCTI, MiJBUIICHHS e()eKTUBHOCTI
MpOLIeCY BHUTOTOBJICHHS BHUPOOIB BIJIOMI: PETEIbHUN BIAPOOITOK TEXHOJIOTII;
JeTalbHE JOCHIJKEHHS NPUYMH 1 YMOB BUHUKHEHHS Je(EKTIB 3 METOI iX
3amo0iraHHsi;  aBTOMAaTHU30BaHE  BUKOHAHHS  BCIX  CKJIQJOBHX  MPOIECY
"KOHCTPYIOBaHHS - BUPOOHUIITBO" BUPOOIB, IO MICTIATh OOMOTKH; BJOCKOHAJICHHS
KOHTPOJIbHO-BUITPOOHUX OIepanii 1 iX OCHaIIECHHS.

Bepcrar namorounuii HBC 23A, npu ocHamieHHI Pi3HUMH OCHACTKaMH,
MPU3HAYCHUN 11 HAMOTKA MOTOBHJIOM KOTYIIKOBHX TPyl OOMOTKH CTaTOpIB
€JIEKTPOJBUTYHIB Ha CKJaJalibHI IIa0JOHHU. B 3B 3Ky 3 pO3BUTKOM aBTOMATHKH,
CICKTPOHIKM Ta OOYHMCIIOBANIBHOI TEXHIKM BHHHUKAE MOXKJIUBICTH MOJACPHI3aIii
oOJ1aTHAHHS.

[lepcrieKTUBHUM TPEACTABISETHCS HACTYIMHUN HANpPSIMOK MOJEpHI3allii:
nepexiJi Biji eJIEKTPONPUBO/IIB Ha 0a3i IBUTYHIB MOCTIMHOTO CTPYMY Ha YaCTOTHUMI
CJIEKTPOTIPUBO/I;, 3aCTOCYBAaHHS CyYaCHHUX CHCTEM KEpyBaHHS JBUTYHOM Ta
aBTOMATHU30BaHUX CUCTEM HATATY APOTY.

[leit koMIIeKC 3axOJliB JO3BOJISIE€ MIJABUIIMTA pIBEHb 3a0e3MedyeHHs
TEXHIYHUX BHMOT JI0 TIPOIECY HAMOTYBaHHS, PO3IIUPUTH TEXHOJIOTIUHI
MOJKJIMBOCTI 0a30BOT0O yCTAaTKyBaHHS, 3MEHIIUTH KUIBKICTb Opaky, a OTXe 1

3MEHILIUTH COOIBAPTICTH KIHLIEBOI MPOIYKIIIi.



1. TEOPETUYHA YACTHUHA

1.1 3aranpHuii aHaIi3 TEXHOJIOT Ta 00 HAHHS 10 HAMOTII

OOGMOTKM €  HaWBaXJIUBIIIUMH  (PYHKIIOHAIBHUMH  €JIEMEHTaMHU
CJIEKTPUYHHUX TPHUCTPOIB, OJOKIB KHUBJICHHS TMPUIAJOBOTO YCTaTKyBaHHs. Bix
SKOCTI OOMOTOK 3HAYHOIO MIPOIO 3aJICKHUTh SKICTh BUPOOiIB, B SKHX OOMOTKHU
BUKOPHUCTOBYIOThCS. JlepekTr 0OMOTOK BITHOCSTBCS O KaTeropii MpUXOBaHUX, a
HACMIJKA iX TMPOSBY MOXYTh MPHUBECTH IO PANTOBUX KaTacTpO(IYHUX BiJIMOB,
TOMY MpoOjema MIJBULICHHS SKOCTI OOMOTOK Ma€ MEepUIOPSAHE 3HAYEHHS, 10
BU3HAYa€  3pEIITO0  HAAIMHICTh  (PYHKIIOHYBaHHS  BUpPOOy, a  TakoX
MPOJTYKTUBHICTH 1 COO1BAPTICTh HOTO BUTOTOBJICHHS.

Hanpssmu  3a0e3neuendss  Oe3nepeKTHOCTI, TMIABHINCHHS €(QEKTHBHOCTI
MPOIIECY BUTOTOBJIEHHS BHUPOOIB BIJIOMI: PETEIBHUN BIIPOOITOK TEXHOJOTI,
JeTalbHE JOCHIIKEHHS MPUYUH 1 yMOB BHHHUKHEHHS J€PEKTIB 3 METOI0 iX
3ano0iraHHs;  aBTOMATHU30BaHE  BUKOHAHHS  BCIX  CKJIQJOBUX  MPOLECY
"KOHCTPYIOBaHHsI - BUPOOHULTBO" BUPOOIB, 110 MICTATh OOMOTKH; BAOCKOHAJIEHHS
KOHTPOJILHO-BUIIPOOHUX OIepalii 1 iX OCHaIEHHS.

3aeHO BIJ TPU3HAYEHHS HAMOTYBAJIbHUX BHUPOOIB 3aCTOCOBYIOTHCS
0oOMOTYBaJIbHI JPOTH 3 YHCTOI MiJi, alfOMIHIIO, CIUIaBIB 3 BHCOKHM OIIOPOM 1
IHIIMX MartepiaiiB. [30is1iss 0OMOTYBaIbHMX MPOBOJIB MOXKE OyTH €MajeBOIo,
BOJIOKHUCTOIO 1 KOMOIHOBaHOIO. BOJOKHHUCTOIO 130JISIIIEI0 CIYX UTh OaBOBHSHA
npsikKa, IIOBKOBI 1 CUHTETUYHI BOJIOKHA. [30II411is1 TPOBO/IIB TOBUHHA MaTH Maly
TOBUIMHY, BHUCOKY €JEKTPUYHY MILHICTh, TEMMEPATYPOCTIUKICTh, XIMIUHY
CTIMKICTB 10 MPOCOYYBAJBLHUX MaTepialliB, MEXaHIUYHY MILHICTb 1 €IaCTUYHICTb.

JIist KOTYIIOK 1HIYKTUBHOCTI 3aCTOCOBYIOTH JIPOTH 3 YHCTOI Mill B
OCHOBHOMY 3 eMaJjieBOIo 13oJisiieto. MinHi aApotu Mapku [TEJI mokpuri i3o05si1i€ro
Ha OCHOBI MOJIMEPU30BAHOTO TYHTOBOTO a00 JBHSHOTO Maciha. JIpoTu Mapku
[IEB-1 1 I[TEB-2 MarTh 130JIS11110 Ha OCHOBI CIElialbHUX JakiB (BiHI(IIEKC), sKi

n00pe 3YIMIIOITHCSA 3 METAJIOM 1 OUTBII TEIMJIOCTINKI, HIXK MONEPEeAH1, TOMY IPOTH
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IUX MapOK MOXYTb IpaloBatu npu temmneparypi 125 °C 0au3bko ABOX TOAMH 0e3

3MiHU BiacTuBOCTeH. JlpiT 3 omHomapoBoro 13oisiiero [IEB-1 moxe mpairoBatu
npu Harpy3si 1o 500 B, [IEB-2 mae toBumny i30msmii Ha 0,01-0,03 MM Oinbie i
3aCTOCOBY€EThCS Tpu BuIiil Hampysi. [dpotu mapku ITEJIP-1 1 IIEJIP-2 maroTh
MoJTiaMiJIpe30JIbHYI0 130111110 (TBepAy 1 O0eHszocTiiky). Jporu mapku ITEBTJI-1 1
[IEBTJI-2 wMmaioTh TMONIypeTaHOBY 130JIALII0, SIKA BOJIOAIE  ITiIBUILEHOIO
TEIUIOCTIMKICTIO 1 JIOMyCKa€e MasHHS 0e3 3a4uCTKH MPOBOJIB 1 0€3 3acTOCyBaHHS
¢urociB. Emanesa 13051111 3aiiMae Maio Miciis, TOMy OOMOTKHU KOTYIIOK BUXOJSATh
KoMITakTHUMU. CKIISTHA 13071111 APOTY (3 iaMeTpoM 8 Kuiw 10 1 MM) TOmycKae
HarpiB 110 450 °C. KoM0GiHOBaHa 130141115 3aiiMae O1able MicIyl, aje 3abesnedye
BeNUKY HaaiiHicTh B poboti. [pit IIEJIBO - 3 emaneBoro 130JsLI€0 1
onHomapoBUM OaBoBHAHHM oOmiereHHsM, [IEJIIIIO - Ttakuii ke, TUIbKH 3
IIOBKOBUM OOTIIIETEHHSM.

3Ha4YHO pIiJae 3aCTOCOBYIOTHCS aJIOMIHIEBI OOMOTYBaJIbHI JpOTH, B
OCHOBHOMY 3Ba)Kal0UM Ha Majly MEXaHIYHy MIIHICTh aJIOMIHIIO. AJIOMIHIEBI
oOMoTyBaJIbH1 ApoTu MaroTh giamerp Bia 0,05 no 2,44 mM. [ BUTOTOBIEHHS
JIPOTSIHUX OMOPIB BUKOPUCTOBYIOTh €MaJIbOBAHUM JPIT 3 BUCOKOOMHUX CIUIaBIB -
MaHTaHIHy, KOHCTaHTaHa, HIXpOMY. MaHTaHIH - CIJIaB MiJi, MAPTaHITIO 1 HIKEJO.
KoHcTaHTaH - HalOIbII MOMIMPEHUN CILJIaB OMOPY - CKIIAIAETHCS 3 M1, HIKEIIO,
K0OanbTy 1 Maprasifro. CIutaBu IiJl 3arajibHOI0 HA3BOKO "HIXPOMHU' CKIIaIalOThCS 3
HIKEII0, XpoMmy 1 3aii3a. s oOMOTyBaJIbHUX MPOBO/IIB BUKOPUCTOBYETHCS TUIBKU
NMOABIMHUI CIUIaB HIKeIo 1 xpomy, 1o Mae iHgekc "E". Jng 13omamii
O0OMOTYBaJIbBHUX TPOBOIB HArpiBocTikKicTiO Ounbie 250 °C BUKOPUCTOBYIOTHCS
KepaMiuHl 200 OKHCHI MOKPUTT.

st po6oTtu mipu Temmepatypax 10 600 °C 3acTOCOBYIOTHCS APOTH MapKH
[TEXDB 3 xumoro 3 MITHOTO APOTY, JIAKOBAHOIO (MOKpUTOIO) HikeneM. Ll apotu
BUTOTOBJISIIOTHCA JAiameTpoM Big 0,20 1o 0,80 MM 3 TOHKOIIIAPOBOIO CKIOEMAJIEBOIO
130JISI111€10, TIOBEPXHS SIKO1 JIAKYEThCS OpraHoCWJiKaTHUM JakoM. [li apotu
MpU3HAYeH] IS TPUBAJIOi eKcIutyartarii mpu temmepatypi no 400°C abo s

po6otu npu Temmneparypi g0 500 °C npotsirom 2000 rox abo mpu TemmepaTypi
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600°C mnpotsrom 500 rox. IlogBoeHa TOBIIMHA CTEKIO3MAJIEBOIO MOKPUTTS

ckaamae 0,006 - 0,012 mm, a 3arampHa TtoBmimHa 13omamii - 0,03-0,07 mwm.
[IpoOuBHA Hampyra Majo 3aJICKUTH BiJ TeMIEpaTypH 1 ckiagae mpubau3Ho 250-
550 C. IBomsauia mposoaiB mapku [IEXB mae menmry mexaHiyHy MILHICTD B
MOPIBHSHHI 3 eMajieBoro. J{Jis MiABUINEHHS MEXaHIYHO1 MIIIHOCTI BOHH JIOJIaTKOBO
MOKPUBAIOThCS IapoM mosiaMmigHoro jgaky (mapka I[IECB). Ilpore B 1mpomy
BUIAJIKY iX TEMIEPATYPOCTIMKICTh 3HIKYEThCS 10 350 °C.

Hpotu mapku [TEXXB-700 maroTs uity 3 cpiOHOTO APOTY, TAKOBaHI HIKEJIEM
1 IpU3HAYEHI 7S TpuBaiol ekciutyarauii mpu temmeparypi 500 °C. BoHu MOXyTb
TaKoXX BUKOpUCTOBYBaTHCs mpu Temmepatypi 600 °C mpotsrom 2000 4 1 mpu
temrepatypi 700 °C npotsarom 500 ro.

JUiss  BUCOKOYACTOTHMX  KOTYIIOK  IHAYKTHBHOCTI  3aCTOCOBYIOTh
0araTo>XHJIbHUM MPOB1J (JITHEHIPAT), B SIKOMY MICTITHCS Bl 7 710 28 130JIbOBaHUX
MDK cO0O0I0 XWJI B 3araabHOMy IoBkoBomy oOruiereHHi (JIEILIO) ab6o 3 nBoma
mapamu moBkoBoro ooOmereHHs (JIEII/). Taka KOHCTpPyKIlis APOTY BOJOJIE
MaJMMHU BTpaTaMH Ha MIOBEPXHEBUH €(DEKT.

[Ipyu HamMoOTyBaHHI OOMOTOK TOHKHM JIPOTOM, BHUBOAHM iX BHUKOHYIOTH
MPUMAIOBAHHAM 0araToXHJILHOTO THYYKOTO MPOBOY, Hampukiana, mapku MI'TIIB
(THY4kH#l JpiT 3 IMIOBKOBOK OOMOTKOIO 1 BIiHUIITOBOK 130Jsiieto) 1 [IMBIT
(THYYKHUH IpIT 3 BIHUTITOBOIO 130JIA111€10) 1 TOMY TIoA10HE. PoOuTHCS Takuii BUBIL 3
METOIO ITIABUIIEHHS MEXaHIYHOI MIITHOCTI.

Bumn HamMOTyBalbHMX BHUPOOIB, IO BXXKHBAIOTBCS B  IPHIIATIOBOMY
yCTaTKyBaHHI. Y MpUiIago0yayBaHHI BUTOTOBISIOTHCS JECATKH PIZHUX THITIB
OOMOTOK, IO BIAPI3HAIOTECA (HOPMOIO, pPO3MIpAMHU, BKMBAHHMH IPOBOJAMH,
BUJIAMU 130J11111, TEXHIYHUMHA BUMOTAMH JO0 KOHCTPYKIli 1 1HIIMMH O3HAaKaMHU.
[TpucTpoi mpuiaamoBOro ycTaTKyBaHHsI, IO MICTSITh OOMOTKH, BUKOHYIOTH Pi3HI
GbyHKLIT, K1 1 BU3HAYAIOTh BUMOTH JI0 BUPOOY 1 KOHCTPYKTHMBHI 0COOIMBOCTI. Sk
OpUKIaAn  OOMOTOK, IO BXOASITh JIO CKJIaAy HaMOTYBAJIbHHUX BUPOOIB
NPUIAIOBOTO YCTaTKyBaHHS, MOKHAa Ha3BaTH TpaHCPOPMATOPH, JPOCEdl,

1HAYKTUBHOCTI, peJie, JPOTSAHI PEe3UCTOPH, CEIbCUHU, 00epTOBI TpaHCHOPMATOPH,
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CJICKTPOJBUTYHH 1 IHINI E€JIEKTPOMEXaHiuHI mpuiaan. Bci mi  pi3HOBUAH

HAMOTYBAJIbHUX BHUPOOIB MalOTh CBOi aHAJIOTM B MIHIATIOPHOTO BHUKOHAHHS.
MiHiaTIOpHI KOHCTPYKIIii HAMOTYBaJIbHUX BUPOOIB, CTBOPEHI 3 METOIO 3MEHILICHHS
MacH 1 rabapuTiB MPUIIAIOBOTO YCTAaTKYBAaHHS, 3 TMO3HIIIT TEXHOJIOTIYHOI peaizarlii
CTaBJIATh TpoOJieMH JOCSITHEHHS  HEOOXIJHOI SIKOCTI 1  aBTOMaTH3amii
HAMOTYBaJIbHUX orepaliiii. CaMor0 TpyIOMICTKOIO 1 HAaHOUIBII BiAMOBIIaIbHOIO 110
3a0€3IeUeHHIO SIKOCTI € omepallisi HaMOTyBaHHs ApoTy. Bcei momymieni aedextu
CTAalOTh MPUXOBAHUMU (MO IX BUABICHHIO) MICINsA 3aBepiueHHs i€l omeparii. Ha
MPOIIeC HAMOTYBaHHS POOJIATH BIUIMB Oarato YMHHHKIB.

Bumu oOMoTOK, BXXHMBaHUX B mnpuianoOyayBaHHi. HamoryBanapHi BupoOH,
B)KMBaHI B MPUJIAJIOBOMY YCTaTKyBaHHI, Hal4acTillle CKJIaJaloThCs 3 Kapkaca i
oomotku [1]. Kapkac € mizicTaBor0 HaMOTYBaJIbHOTO BHPOOY 1 BUTOTOBJISETHCS 3
nienekTpukiB. OOMOTKa - 11eé KOHCTPYKTHBHA YaCTMHA HAMOTYBAJIbHOTO BUPOOY, a
HAMOTyBaHHS a00 YyKJaJaHHS BHU3HAYae cnocid QopMyBaHHS BHTKIB. Y
KOHCTPYKLIi OOMOTKM € BH3HAuajlbHI €JIEMEHTU: BUTOK, KpPOK 1 psa. Butkom
Ha3UBAIOTh JIPIT, YKJIAJACHUN IO MEPUMETPY Kapkaca 3a OJUH OOOpOT 1 10 Mae
3CYB KIHIIS APOTY 00 Horo moyaTky. Kpokom Ha3uBaeTbCsl BIJICTaHb MIXK
[EHTpaMH TPOBOJMIB CyCiAHIX BUTKIB. [lopsin Ha3uBarOTh BHUTKH, YKIAJEHI IO
mpuHi 00MoTKU. Ha puc. 1.1 a 300pakeH0 HaMOTYBaHHS BUTOK J0 BUTKA, Ha PUC.
1.2, 6 - HaMOTyBaHHA 3 KpOKOM. Bci 0OMOTKHM AUIATHCS HA JIBI OCHOBHI TPYIIH:
OJIHOIIapoBI 1 Gararomaposi. Jlo KOXKHOI Ipynu BXOASTh Pi3HI BUAM OOMOTOK, a
BU3HAYHUKOM BUTIIALY € iX KOHCTPYKTHUBHI 03Haku. OqHOIIapoBa psioBa 0OMOTKa
YKJIaJIa€ThCSl BUTOK JI0 BUTKAa a00 HEMNOBHUM Ha IUIOCKOMY, LMJIIHAPOBOMY,
00'eMHOMY MNPSIMOKYTHOMY Kapkacax. Taka oOOMOTKa BIJIPI3HSETbCS MAaJO0
BJIACHOIO €MKICTIO, TPOCTOTOIO0 BUTOTOBJICHHSI, BEJTMKOIO TOOPOTHICTIO.

bipinspra oOMOTKa HaMOTYEThCS JBOMa 130JIbOBAaHUMHU IPOBOJIAMH,
CJICKTPUYHO CHOJYYEHUMH 3 OJHOro KiHis. Ilg oOMoTka BipI3HAETHCS

0€31HIYKIIHHICTIO 1 3aCTOCOBYETHCS JUISl IPOTSHUX OC31HAYKIITHUX PE3UCTOPIB.
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Pucynok 1.1 Kpok oOMOTKH

TopoinanbHa 00MOTKa YKJIQJa€ThCs Ha KUIbIEBUI KapKac 1 3aCTOCOBYETHCS
JUIsL APOTSHUX 3MIHHUX pe3uctopiB. IIpocta psgoBa OararomapoBa 0OOMOTKa
CKIIAJAEThCS 13 3aJaHOl KUIBKOCTI PSIIB YKIAJAEHUX BHUTKIB 1 BIJIPIZHIETHCS
BEJIMKOI BEJIMYMHOIO 1HIYKTUBHOCTI MPU MajuX radapurax, BEIUKOIO BIIACHOIO
€MKICTIO, IMIJIBUILIEHOI PI3HULECIO MOTEHIIANIB MK BUTKaMU B CYCIJIHIX pslax 1
CKJIQ/IHICTIO BUTOTOBJIECHHS. [|J1s BUKIIFOUEHHS 3arafjaHHs BUTKIB 3 BEPXHBOIO Py
B HIDKHUN HEOOXIJTHO 3aCTOCOBYBATH MPOKJIAAKA MDK psaamMu. SIK MNpOKIagKd
3aCTOCOBYIOTh KaOeNbHUI, KOHJEHCAaTOpHUW abo TtenedonHuid mamip. Psamosa
OararomrapoBa OOMOTKa 3aCTOCOBYETHCSI MPU BUTOTOBJIEHHI TpaHCHOPMATOPIB,
JIPOCEITiB, KOTYIIOK 1HIYKTUBHOCTI 1 1H. OOMOTKa B HaBaJIOBaHHS BiJIPI3HAETHCA
BiJl PSIIOBUIA THUM, IO PAAA HE JOTPUMYIOTHCS 1 MDKPSAIHI TPOKIAIKH HE
3aCTOCOBYIOTHCSA. 3aCTOCOBYIOTH 1i IPH HEBEJHKINA poOOUiil Harpy3l 1 Hallyacriie
JUISL  BUTOTOBJIEHHS  KOTYIIOK  €JIeKTpoMar”HiTHUX  pene.  CeklioHOBaHI
OararonrapoBi 0OMOTKHM 3aCTOCOBYIOTh JJISI 3MEHIIIEHHS PI3HMIN MOTEHIIAIIB Mk
psaamMu 1 CyCIIHIMU BUTKaMH, KpiM TOro, B TaKUX OOMOTKax 3HAYHO 3MEHILEHA
BJIACHA €MKICTh, OCKIJBKHM BJIaCHA €MKICTh, III0 BHHHMKA€ B KOXHIN CEKIIIi,
3'€THY€THCS TOCHTIIOBHO. YKJIaJaloTh TaKy OOMOTKY Ha CEKIIOHOBaH1 KapKacH.
JInsi KOTYIIOK WHAYKTHUBHOCTEM JIpIT Yy BCIX CEKLISX YKIAAAETbCS B OJHOMY
HampsaMmi. [ apoTsHux OE3IHAYKIIIWHUX PE3UCTOPIB KapKachu 3aCTOCOBYIOTH 3
MapHUM  YHMCJIIOM CEKIld, YKMCJIO BUTKIB B KOXHIM CeKlii MOBUHHE OyTH

OJIHAKOBHM, a HampsiM OOMOTKM NPOTHJICKHUM. [Ipum mpoXo/keHHl CTpyMmMy IO
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Takiii OOMOTIII MarHiTHI TOJsI, IO BUHUKAIOTh B CYCIIHIX CEKISX, B3aEMHO

3HUIIYIOThCA. ['aeTHi 0OMOTKH Oe3kapKacHi OaratomapoBi, BAKOPUCTOBYIOThCS Yy
pa3i moTpedu OTpUMaHHS CKJIAIHOI 10 KOHPIrypaiii 0OMOTKH.

Jnsg  ykjmagaHHsS ~— TakuX  OOMOTOK — 3aCTOCOBYIOTBCA — CIIELIaibHI
MPUCTOCYBAaHHS, OCHOBHUMH €JIEMEHTaMU SIKMX CIy»KaThb MipHa (pacOHHa BTYJIKa
(mo 3abe3mneuye po3mipu 1 GopMy BHYTPIITHEOTO OTBOPY OOMOTKH) 1 JIB1 IIOKH,
[0 0OMEXYIOTh IMIUPUHY OOMOTKH (KIJIBKICTh BUTKIB B psay). s 3akpimieHHs
BUKOHAaHOT OOMOTKH, 3aCTOCOBYIOTh OOB'A3yBaHHS KOTYIIKHM HHUTKaMH a0o
IPOCOYEHHSI BHUTKIB JAPOTY KJI€EM ab0 JaKOM 3 MOAAIBIIOI MOJIMEpi3ali€lo.
CoipanpHa 0OMOTKa Ma€ 1O OJHOMY BHUTKY B DSy 1 BUKOPUCTOBYETHCS IS
OTPUMaHHS TJIOCKUX KOTYIIIOK 1HIYKTUBHOCTEH, 110 HAKJICIOIOTHCSI HA APYKAPCHKi
wiatu. [lipamiganbHa 0OMOTKAa 3aCTOCOBYETHCS, KOJIM HEOOXITHA KOTYIIKA 3
BEJIMKOIO BEJIMYUHOIO 1HAYKTUBHOCTI B JIAHITIOTaX 3 BUCOKOIO pOOOUYOIO HAMPYTOIO.
[I{o6 3MeHIUTH PI3HUITIO MOTEHIIIaTIB MK BUTKaMU, OOMOTKY YKJIaJatOTh TaK, 1110
NEPIINIA 1 IPYTUH BUTKH JISITAIOTh B TIEPIIOMY PSJY, a TPETI MI>)K HUMH B IPYyTOMY
psany. YHiBepcaidbHl OOMOTKH BIJIPI3HSIOTHCS MaJOK BJIACHOK €MKICTIO TMpH
BEJIMKUX BEIMYMHAX I1HAYKTUBHOCTI. OCOOJIMBICTIO TaKOi OOMOTKHU € HasiBHICTb
MEPETUHIB B KOKHOMY BHUTKY, YKJIaJaHHS IPOTY IMiJl KyTOM JIO TOPIIB KOTYIIKH,
BEJIMKA pajiajibHa TOBUIMHA MPU Majidl IIMPUHI KOTYIIKH 1 HASBHICTH KyTOBOIO
Kpoky. [lepexpecHa 0OMOTKa € Pi3HOBHJIOM YHIBEPCAJIBHOIO 1 3aCTOCOBYETHCS IS
HAaMOTYBaHHSI KOTYIIOK 3 BEJIUKOI BEJIUYMHOKO IHIYKTUBHOCTI. Biapi3HseTbcs
BOHA BIJ YHIBEpCAJIbHOI HASABHICTIO TIUIbKKM JIBOX IMeperuHiB. TopoinanbHa
OararomrapoBa OOMOTKa BHUKOHYETHCS TOJOBHHUM YHWHOM JUISi BUTOTOBJIEHHS
TpaHchOopMaTopiB 1 ApoceiiB Ha (PEPUTOBUX KIIBIISIX.

TexHosoriuHi Mmpolecu HaMOTyBaHHS KOTymoK. HamoTyBaHHIO OyIb-sKO1
KOTYIIIKU TIEPEYIOTh MiITOTOBYl POOOTH, B SIKI BXOJHTH IMIATOTOBKA MaTepiamiB 1
BepcTara. Martepianu, HEOOXiH1 Syl HAMOTYBaHHsI, MiAOUPAIOTh BIAMOBIIHO 10
TEXHOJIOTIYHOT KapTH HAa HaMOTyBaHHs. HaifyacTime B KOMIUIGKTAIIO IS
KOTYIIIKH, 110 BUTOTOBJISETHCS, BXOIUTH: APIT, MO MiUIsIrac HaMOTyBaHHIO (200

JeKUIbKa pI3HUX TPOBOJIB MO JlaMeTpy, Mapil); marepian (kaOeJbHUM,
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Tene@OHHUN Tamip, TOHKUN EJEKTPOKApTOH, JAKOTKAaHWHA, CKJIOTKAaHWHA)

MPOKJIAIKU 1 130JA1iiiHOTO, HUTKKM (TiaBuieHii mirHocti Ne 10, 0, 00), apit pis
BUBOJIIB, KJICH, JIAK JUIS 3aKPAIICHHs MICIhb TasHHS, alleTOH JIJI1 IPOMUBKHU MICITh
nasHHSA, Opumiid 1 ¢aroc uis masHHS. Y TATOTOBKY BepcTaTa BXOJIUTH HOTO
HajajKa, YCTAHOBKA KyJaukKiB, YMOPiB, BOIS, KOTYIIOK HaMOTYBAaHOIO JpOTY,
30ipka HITETpaKTa, PEryJlOBaHHS HATIATY 1 Tak jJami. Y 3aroToBYi ormepartii
BXOJUTh. Hapi3ka 1 MPOCIYEHHS MPOKIAIO0K, Hapi3Ka BEPXHBOI 130JIAIIli, Hapi3Ka
JIpOTy BHUBOJIB, 3a4MCTKa KIHIIB Hapi3aHUX TMPOBOIIB BiA 130JALil, JyIIHHA
BUBO/IIB, Hapi3Ka IMIMATOYKIB JTAKOTKAHWHH (CKJIOTKAHWHA) IS 130JIAI1 TIJISTHOK
nasHuX 3'€IHaHb BUBOJIB. MaTepianu MPOKJIAI0K 1 130JALIMHUX Hapi3ylOTh Ha
cmyru. Marepianu TpOKJIaJI0K Hapi3alTh Ha 6-8 MM muplle, HDK MIAPUHA
KOTYIIKH 1 JIsl KPA[oro yKJIaJaHHs MK PsiIaMH TI0 KpasiX CMYT pOOJISITh HAPI3H.
Kinmi oOMOTyBajgbHUX NPOBOJIB TAaKOX HEOOXIAHO 3a4MINATA 1 3aly>KyBaTu.
3aunctky oOmoTyBanbHUX npoBoiB Tumy [IEJI, IIET, IIEM 1 iHmux 3 eManeBoro
130J151111€10 1laMeTpoM He MeHIe 0,25 MM MpOBOSTH MOHTAKHUM HOXEM, a IPOTH
MEHIIUX J[1aMETPIB 3aUUILIAIOTh HAKIAYHUM MarnepoM. [30J1it0 3 MPOBOIIB THITY
I[IEB nmiametpom Bix 0,03 mo 0,1 MM 3HIMawOTh, OIyCKAarO4YM iX B MYpAILIUHY
KHUCIIOTY Ha JCKIIbKAa CEKYHJ 3 MOJAJBIIUM NPOTUPAHHSM OS3€BOI0 TaHUYIPKOIO

JIJIS1 BUJTAJICHHS] PO3YMHEHOT €MaJli 1 KUCIOTH.

1.2 Anasi3 TeXHIYHUX MOKIUBOCTEH cuctemu HamoTyBaHHS HBC 23-A

Bepcrar namorounuii HBC 23A, npu ocHamieHHI PI3HUMH OCHACTKaMH,

NPU3HAYEHUN [JI1 HAaMOTKM MOTOBHJIOM KOTYIIKOBHUX TIpylnl OOMOTKHM CTaToOpiB

€JICKTPOJIBUTYHIB Ha CKJIafasibHI 11a0J0HU. OCHOBHI KOTYIIKOBHX TPYII:

1. BHYTpIITHIN J1aMETP OCEPIS CTATOPA,MM. ... 'ueeeneennrarinnenneeanenens 45-165

2.JIOBXKHHA CEPACUHMKA CTATOPA,MM. ... uuereennreeenneeeennneenreneenneeeannness 30-180
3.diaMeTp 0OOMOTOYHOTO TTPOBOTY TTO MITTL,MM. .. .uenreennreennnarineennneennenns 0,1-14
4. MakcuMallbHEe YHCII0 MapaeIbHUX MPOBOMIB B KOTYIIII,IIT. .. ..vvsnseeeenns.. 3

5.KibKICTh KaTYMIOK B KOHIIEHTPUYHIN KOTYIIKOBIM TPYMi...eouvvreeeieeennnnnn.. 1-6
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6.KinpKicTh KOTYIIKOBUX TPYIII,HAMOTYEMHX 0€3 po3puBy-2,3,4,6

7.MakcumaabHe YUCIIO BUTKIB B OJHIM KOTYIIIT . .t uessseeseeennnneeannieannnenns 999
8. KibKicTh KOTYIIIOK B OCTIAOBHO HAMOTYEMHUX KOTYIIKOBUX TPyHax,IiT...
(5-4-5-4),( 3-2-3-2), (4-3-4-3), (2-1-2-1).
Knimatnune Bukonanus Y XJI, kareropis po3mimieHns-4, [OCT 15150-69, Ane
U1t poboTtu Tipu Temmeparypax Bix 289 no 308K (Bix+16 mo +35°).

Omneparop Bpy4YHY 3HIMae 3 IIa0JIOHA KOMIUIEKT KOTYIIKOBHX TPYIII, i

nepenae iX Ha BepcTaT A BTATYBAHHSA KOTYIIOK. Bcei omeparii kpiM 3HIMaHHS 1

/

MEPEHOCY KOTYIIKOBUX TPYIIT, BUKOHYIOTbCA 0€3 yJacTi orepaTopa.

e

i

70

Pucynoxk 1.2 3aranbHuii BUTJIsT HAMOTYBAJIbHOTO BEpCcTaTa

Bepcrar ckommonoBanuii Ha cranuHi 10, OUIs BepcTaTa BCTAHOBIIOETHCS
TiIpOCTaHIliss 7, eNeKTpomkapu 3 eIeKTPOyCTaTKyBaHHAM 9, 1 3MOTOYHO-
HATSHKHUW TIPUCTPIH 6.

Ha Bepcrati MOHTY€eThCS HAMOTOYHA ToJIOBKA 1 1 MOBOpoTHA royioBka 2. Bci
MEXaHI3MHU BepcTaTta MPaIloTh BIJ TIAPONPUBOAA, SKUW CKIAJAEThCA 3
rigpoctaniii 7 Tuny 12AI 48-2211, rinponaneneii 3, i cucteM TpyodomnpoBoaiB. Ha
KOpIYyCl MOBOPOTHOI TOJOBKU KPIMUTHCS MEXaHI3M 3aKUMY 1 BiApI3aHHS IPOBOJA
4, 1 MexaHi3M CTBOPEHHS MET1 5.

JIJist orOpOXKEHHS 30HM HAMOTKH, CIY>KHTh MEXaHI3M 3aKpUTTS KOXyXa.
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3MOTOYHO HATSHKHUM NPUCTPIM 6 TNpU3HAYEHUM [UIsI YCTAaHOBKM €MHOCTI 13

3MOTYEMUM  TPOBOJOM,I  JJIi  HATSDKKM ~ MPOBOAY  MPU  HAMOTIIL.
EnexktpoycraTkyBaHHs 9 mpu3HAyeHO MAJisi yHOpaBliHHSA POOOTOI0  Bepcrara 1

YCTAaHOBIIOETHCS B OKPEMOMY €JEKTpOIKa(doBi, a JaTYMKM Ha MeXaHI3Max

BCpCTarTa.
now 14 flofopoma zoofa
— — —
Havomea zomsfio Mexarian oo npaboct
2 - .% Mewaan BEmax ram
‘ BN J=
s =
l. \ 2 ||| =t [
|
t\.
& | =
| |2 B4
4 [
‘ XTI FONUBGHT KOXGXD

Pucynok 1.3 KinematuuHa cxemMa HaMOTYBaJIbHOTO BepcTaTa

[IpuBoag mMUHAEAS HAMOTOYHOI TOJIOBKM BHWKOHYETHCS BiJ JBUTYHA
MOCTIHOTO cTpyMy 1, sIKUi TO3BOJISIE PETYJIIOBATH YMCIO OOEPTIB IIMUHIETS B
MakcuManbHuX 200-2200 006/XB, A0 BHMaraeMux [Jisi HOPMAJIBHOTO JIJIs
3a0€3MeueHHs] CTa0lILHOIO TMEPEKUJIaHHs, 1 HaaIHOI OCTAHOBKH IIMHUHJEIIS.
OOepranHs 4epe3 MacoBy 3yOuaTy mepeaady MepeqacThcs Ha MINMUHACHb 2, Ha
SAKOMY 3aKpIIJIEHO MOTOBHWJIO 3, sKE€ 3[1MCHIOE HAMOTKY MPOBOJA Ha IIa0JIOH.
dikcyeTbCsi MOTOBMIIO (pikcaTopoM 4, SIKHM yNpaBisSe€TbCA Bif 3[BOEHOTO TiAPO
mutiHApa 5. Ha nBox ymopax yctaHoBjeHa TpaBepca 6, B sSIKy BMOHTOBAaHa JIpyra
ormopa mmuHAensd. Po3kimamaHHs OpOTy 3IiHCHIOETHCS 332 JTOMOMOTOI0 XOJ0BOTO
TBUHTA 7, SIKH OOEPTAETHCS BIJ €JICKTPOJBHUTYHA MOCTIMHOTO CTpymMy 8, depe3
3ybuacty mepemady. [loBepraHHs MOTOBMJA B TOYATKOBE TOJIOXKEHHS

3MIIACHIOETHCS] PEBEPCYBAHHSIM JIBUTYHA 8.
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Bin ngBuryma 9 yepe3 muaHeTapHUM ~pPEOYKTOp 3 MEpEeIaTOYHUM

BiHOIIEHHsIM 91,2, 1 KJIMHOMACOBY Tiepenady INepeaaeTrbcs oOepTaHHS Ha
MMOBOPOTHY TOJIOBKY. Ha BiCi TOBOPOTHOI TOJIOBKHM 3HAXOAWTHCS IUCK 3 Ma3aMH,
KUl 3a0e3meuye ¢ikcallito ToJ0BKH Tpu moBopoTax Ha 60,90,120,180°. dikcarris
3abe3rneuyeThes pikcaTopoM 10, sxuii yrpaBiseTbes Tiapouuiiaapom 11.

3BefIcHHS 1 PO3BEICHHS IMA0JIOHIB 3IMCHIOETHCSA TiApOImIiHApoM 12, 3a
JIOTIOMOTOI0 TATH 1 pudariB. [Ipu po3BeneHHI 1mabloHIB MITOK T1iApo IuIiHapa 12
NEepEeMIIye TATY 3 pUYaraMmi, siKki MOBEPTAIOTh KOPIYC 3 3aKpIINICHUMH Ha HHUX
1rabJoHaMy HaBKOJIO HEpyxoMoi Bici 13.

MexaHi3M BiJipi3aHHs 31HCHIOE BIAPI3aHHS 1 3KUM KIHIISI TTPOBOJAA, KU
3amumuBea. Pyxomuit HiK 14 cBOIM pyXOMHM KIHIIEM, 3aXBadye HPOBOI Y
MOTOBWJIO 1 MIABOJUTH MOTO IO HEPYXOMOTO HOKa, A€ BiAOYBa€ThCs BIApI3aHHS 1

34aKHMM IIpOBOJA.

1.3 JlocumiiykeHH MPoIiecy HATSKKH JIPOTY B MPOIIECT HAMOTYBaHHS

®opMOYTBOPEHHSI OOMOTKH, TOYHICTh 1i TE€OMETPUYHUX 1 (HI3UYHUX
napameTpiB, MIBUAKICHI PEKMMH HAMOTYBAaHHS B 3HA4yHIA MIpl 3ajexaTh BIJ
(akTUYHOTO 3HAUEHHS HATATHEHHA JpOoTy. HaTATHEHHS HOpOTy € OCHOBHHM
TEXHOJIOTIYHUM UYWHHHUKOM, III0 BHU3HAYA€ MPOAYKTHBHICTH MPOIECY, SKICTH 1
napaMeTpyu HaMOTYBaJIbHUX BUPOOIB (KOE(ILIEHT 3alIOBHEHHSI 0OMOTKHU, radapuTu
KOTYILIKH 1 1H.). HaTArHeHHs1 poTy 3a0e3neuyeTbesi CrelialbHUMH TPUCTPOSIMU,
10 BCTAHOBJIOIOTHCS HA BepcTaTi. 3yCWIUIA HATATHEHHS JPOTY 3aJIEKUTh BiJ
NepeTUHy JpOTy 1 BIO TEpTs B pPyxomiil uactuHi Bepcrara. [lpu 3aiiBomy
HATSATHEHH1 Bi0OyBaeThCs OOpHB a00 BUTATYBaHHS IPOTY, IIO BEAE O 3MIiHU
OMIYHOTO OMOPY 1 MOIMIKOJKEHHS 130JI41111, YHACIIJOK YOT0 MOXKYTb OyTH yTBOPEHI1
KOPOTKO3aMKHYTi BUTKH B KOTYyHIIi. Majie HaTATHEHHS IPOTY NPUBOAWTH JO
30UTBIIIEHHST PO3MIPIB KOTYIIKH, TOOTO JI0 3MEHITICHHS KOe(DiIli€HTa 3aTI0OBHEHHH.

OnTuManbHe 3HAYEHHS HATATHEHHS BUOMPAIOTH OJMM3BKUM 10 MEXl HOro

MPOTNOPIINHOTO TMOJIOBXKEHHS, JIOMYyCKAlOYW TPH IOMY JEsKi perjiaMeHTOBaH1
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wiacTuyHi nedopmanii Marepially IpOTH, IO BHUHHUKAIOTH BiJ MOMEHTIB, IO

BUTUHAIOTh, NpH (HOPMOYTBOpeHHI 0O0MOTKH. I[Ipum 1bOMy BHOIp 3HAYCHHS
ONITUMAJIBHOTO HATSITHECHHS 3aJICKUTh BiJ 0araTb0X YWHHHKIB, 30KpeMa BiJ
XapaKTePUCTHK BKUBAHUX OOMOTYBAJbHUX MPOBOJIB, KOHCTPYKIli OOMOTKH 1 ii
NPU3HAYEHHS, TEXHIYHUX YMOB Ha HEi, BUJY HAaMOTYBaJIbHOT'O YCTAaTKyBaHHS 1
OCHAIIICHHS, KIHEMAaTHYHOI CXEeMHU HaMoTyBaHHS 1 1H. HeoOxigHO TaKoX
BpaxOBYBAaTH 3arajibHy pe3yJbTylouy Hampyry B Matepiajii JpoTy, 3MiHa
CJIIEKTPOOTIOPY, CJIIEKTPUYHOI MIIHOCTI 1 EJIEeKTPUYHOTO OTOpYy  130JIIil,
TeMIepaTypHi Aedopmaliii ApoTy 1 130J1li HA MOJANBIINX ONEpallifix, a TAaKOX
yMOBHU eKkcrutyatamii BupoOy. Ilpu 3aranpbHOMY O0OJIKY BCIX YWHHHUKIB, MIO
BILUIMBAIOTH HA pOOOTY, pe3yJbTyI04ya Hampyra B Marepiail IpoTy 1 B HOro 130Jsuli
HE MMOBUHHO TEPEBUIILYBATH MEXKI MIITHOCTI 3 IeIKUM KoedilieHToM 3amacy [2]
GB=KI(GP.O'",O'K,O'C),
HarsaraenHs apoTy MoOKHAa BHW3HAYUTH TIO0 EMITIpUYHUX (GopMynax B

3QJIKHOCTI Bij MartepiamiB: mis Migmoro apory F, =85.10°-d? (v TUIS
p pory Fj,

KOHCTaHTaHa i Manraniny F, =19 -10%-d?(r), ne d,MM JiamMeTp IpoOBOLY.

JlommycTiMe HaATATHEHHS, BU3HAYYyBaHE MO MHX (opmynax s MigHOTO
naporty aiamerpom 0,03 MM, - 7,6 T; mis apoty aiamerpoMm 0,25 mm - 531 1; s
apoty 1 mm - 8500 r. HeoOximHO BpaxoByBaTH, IO OKPIM [Iii CHCTEMATUYHUX
YUHHUKIB, HA APIT MOXYTh POOUTH BIUIMB 1 YMHHUKH BUIAIKOBOIO XapakTepy.
ToMmy KOHTpPOJIb HATATHEHHS B MIPOIIECI HAMOTYBAHHS € HEOOX1THUM, OCKUIBKU BIH
3a0e3mnedye OTpPUMaHHS JaHWUX 1 MO CTOXAaCTHYHHUX XapaKTEPUCTHUKAX THUITOBUX
HaMOTYBaJIbHUX MPOBOIB. 3Ba)Kal0uy Ha BIAXWICHHSA (PAKTUYHOTO 3HauYeHHS Fy
HATSATHEHHS IPOTY BiJ HOTO CepeHhOTO 3HAYCHHS F¢, HACTPONKY HAMOTYBAJIbHUX
BEpPCTATIB CIiJ NPOBOJUTU HA HATSITHEHHsS F, , BHU3HAuyBaHe 3 pPIBHOCTI:

R, =F, =F,—[oF|

OueBugHo, 1O s (GOPMOYTBOPEHHS OOMOTKH HEOOXigHe, 1100

Py —IAFI=F
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[Ipu 3HaxXOmKEeHHI 3HaueHHs Fo MOIITFHO BC1 YMHHHKH, MO BIUIMBAIOTH HA

HBOTO, [0 CBOEMY XapaKTepPy PO3AUIUTUA HA YOTUPH T'PYIHU: BU3ZHAUYBAHI MapKoOIO 1
JiaMEeTpoOM JpOTYy; 3aJekHi BiJ KOHCTpyKLii oOMoTku 1 TY Ha Hei; BU3HayyBaHi
KIHEMAaTUYHOIO CXEMOIO0 HAaMOTYBaHHS, OCOOJMBOCTSIMU BXXMBAHOTO YCTaTKYBaHHS
1 OCHAILIEHHS, IBUJKICHUMHU PEKUMaMH; BU3HAUYyBaHI CKJIAJIOM 1 OCOOJIMBOCTSIMU
MOJAJIBIITUX OTEeparliii BUTOTOBJICHHS 0OMOTKH, a TAKOXX YMOBAaMH i1 €KCILTyaTarlii.
3BiICH 3HAUYEHHSI ONTUMAIBHOTO HATATHEHHS IOBUHHE BU3HAYATHUCS B TaKii

MOCIT1JOBHOCTI:

1.BuGupaerscst 3HaueHHs F, MO XapakTepuCTUKax OOMOTYBaJIbHHUX MPOBOJIIB -
MapKu, JlaMeTpy, 130JIs1i1, TOMyCTUMOTrO MOJOBXKEHHS 1 JOIMYCTUMOI HaIlpyrud B
MaTepianai MeTary 1 130JIsLi1.

2.KopektyeTbcs HaOyToro 3HaueHHs F,; 3 ypaxyBaHHSM ¢GoOpMH 1 PO3MIPIB
Kapkaca, pajiyciB BHUTMHY JpOTY, BHJY 130JsIli, JOIIYCTUMOI 3MIHHU
€JIEKTPOOTIOPY, 1HIIUX €JIEKTPUUYHUX XAPAKTEPUCTHUK 1 IHIIUX MOJIOHUX YNHHUKIB.

3.YTouHto€ThCS 3HA4YeHHS P BUXOAAYM 3 UYMHHHKIB TPETbOi TPYyNU —
KIHEMAaTUYHOI CXEMHU HAaMOTYBaHHS, BUy BXKHBAHOTO YCTAaTKyBaHHS 1 OCHAIIICHHS,
peXUMIB poOOTH HAMOTYBaJIbHOrO Bepctara. I[lpu 1mpomy po3paxyHKOBUN a0o
eKCIIEpUMEHTAIbHO BU3HAYAIOTh 3HAUeHHA F¢1 AF .

4. YTOUHIO€THCS 3HAYCHHsI F; BUXOASYM 3 YUHHHUKIB YETBEPTOI TPYIIH.

5. IlpoBomuTbcs mpoOHe HamOTyBaHHsA 3 HarsarHeHHsM F,=(F))... 3

BUMIpIOBaHHSAM 3HaueHb F, 1 AF. OcTaTouyHO YTOYHIOETBhCS 3HadYeHHA Fo.
JlomycTriMe HAaTATHEHHsI IPOTY, BUXOJSYM 3 UYWHHHUKIB TEPIIOi TPYMH, MOXE
BU3HAYATHCS TPhOMA METOJAMHU - OpIEHTYBaHHSAM (MO TaOJIULSAX), YTOYHEHUM
(po3paxyHKOBHI1) 1 EKCTIEPUMEHTAIBHUM (TOYHHM).

Haiimupiie 3acTOCOBYIOThCSI MEXAHIUHI, ONTUYHI 1 €JIEKTPUYHI IPUIIAIN IS
KOHTPOJIIO HATSATHEHHS APOTy. MeXaHIuHl mpWIaayd MpocTi B MPUCTPOI, JACHICBI 1
3py4Hi B €KCIUTyaTallii, BIAPI3HAIOTHCS PI3HOMAHITHICTIO B)KUBAHUX KOHCTPYKITIH.

[Ipukman cxemMu MeEXaHIYHOTO Tpuiaay NpuBeneHui Ha puc. 1.5a. Sk
NEPETBOPIOBAY BUKOPHUCTAHUN MEXaHI3M Baxelssd, L0 MPEACTaBIs€ MIAPHIPHO

3aKpiIUIEHY BKa3iBHY CTPUIKY 6, sika 3HAXOJUThCA Mij i€t npyxuHu 5. [Ipu 3MiHI
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HATSATHEHHS JpiT | 3ampaBisieThCs Yepe3 HANPaBISAIOYN 1 MpUIMaounil pOJITUKU 2

1 3 BignoBigHO. [IpuiiMarounii poiuK po3TalllOBaHUM Ha CTPUIII, sIKA 3a MIKaIow 4
MOKa3y€e CEpeIHIO0 BEIMYMHY HATSATHEHHA. MexaHiuHl NMPUIagu 3aCTOCOBYIOTHCS
JUTSI BAMIPIOBaHHS CEPEIHBOI BEIMYMHU HATATHEHHS MpH KommBaHHAX a0 20 - 30
['11, 10 BIAMOBIAa€ HAMOTYBAHHIO JIPOTY Ha KBaJApaTHUM Kapkac 13 mBuakicTo 300
- 450 BUT/XB.

Henonik npwimaniB - BelMKa 1HEPIIHHICTh PYXOMHUX YacCTHH, HEJIOCTATHHO
BHCOKA TOYHICTh BUMIPIOBaHHS.

Y onTHko-MeXaHIYHOMY Tpuiajai, NpuBeAeHOMY Ha puc. 1.56, K
MEePETBOPIOBAY  BUKOPUCTOBYETHCS KOHCOJbHA Oanmouka 4 13 3aKpilIeHUM
n3epkaioM 5 1 mpuiiMarounM posukom 3. [Ipu Oyap-skiii 3MiHI HATATHEHHS IPOTY,
3aKPITUIEHOTO Yepe3 PoJIMKH 2 1 3, 6anoyka MpOTUHAETHCS, OJJHOUYACHO 3MIHIOETHCS
KyT TIOBOpPOTY J3€pKajia, Ha sIKe uepe3 00'eKTUB 8 majae MpoMiHb CBITJIA Bij
mxepena 9. Jlepopmariis Oanoykd NPUBOAMTH A0 3CYBY BIAOUTOTO MPOMEHS
MPOTOPIIIAHO BeIUMYUHI HATATHEHHS. ONTUKO-MEXaHUYECKUE MPUIIATU BOJIOAIIOTh
MaJiol0 YYyTJIMBICTIO, 1HEPIIIIHI, TPOMI3/IKi, HE 3a0€3MeUyI0OTh OJHOYACHUM 3aIuc
JEKUIBKOX MPOLIECIB, ajJie Y HUX BUCOKA AKICTh POOOTH.

Ha puc. 1.4B mpeacraBieHHil €IEKTPOTEH30METpUYHUN mpuian. TyT sk
NEPETBOPIOIOYUI MPUCTPId BUKOPUCTOBYIOTHCS TEH30JaTYMKHA OMIYHOTO OMOpPY O,
HaKJICEHI HA CIIPUMMAIOUni eJeMeHT 4, BUKOHAHUHN y BUTJIAJ MPYKHOI 0alouKH,
Ha SIKId 3aKpIIUIEHUA poJMK 3, OXOIUItoBaHWM apotoMm 1. s BuUMIpIOBaHHS
HATSTHEHHS BHUKOPUCTOBYETHCS MOCTOBAa CXemMa 3 JBOMa abo doTHpMa
TeH3ojaTynkamu . [lepeBaru - mpocToTra KOHCTpPyKIii, Mam radaputu. Hemomik -
MaJjia BeTUYMHA BUX1THOTO CUTHAITY.

OxpiM TiepepaxoBaHUX TMPWIAMIB HIUPOKO 3aCTOCOBYIOTHCS 1HAYKTHBHI
MpWIAaM, TPUHIUI POOOTH SIKMX 3aCHOBAHHMM HaA 3MIHI PEAKTUBHOTO OIOPY
KOTYIIKK 3 CEpACYHMKOM MpHU 3MIHI ii IHAYKTHUBHOCTI. Taki mpuiaau OyBarOTh

JIBOX THITIB: 3 PYXOMHUM CEPJICYHUKOM 1 13 3MIHHUM 3a30pOM B MAIIIMHHIA CUCTEMI.
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Pucynox 1.4 Tlpuctpoi asis HaTSXKKH IPOTY

Ha puc. 1.4 r nokazanuii iHAYKTUBHUN TIPUIIAJT 3 PyXOMUM CEPACUYHUKOM 5,
MJBIIEHUM 3 JIBOX CTOPIH Ha MpYXHUX MemOpaHax 4. CepAeuHHUK 3HAXOIUTHCS
ycepeauHl KOTYIIKM 3 TpboMa oOMOTKamMu. OOMOTKa 6 >KUBHUTHCS 3MIHHUM
CTPYMOM BHCOKOi 4yacTOTU. CBITUEHHS 3HIMAIOTHCS 3 OOMOTOK 7 1 8, CHIOJTy4YEHHUX
MOCJIJIOBHO, BKJIIOUEHHX 3YCTPIYHO 1 pPO3TAIIOBAHUX CHUMETPUYHO IOJO
CepJIeYHUKA 3a BIJICYTHOCTI HATATHEHHS JPOTY 1, 3aIpaBI€HOrO MPU BUMIPIOBaHHI

yepe3 ponuku 2 1 3. [lin BIUIMBOM CHIIM HATSTHEHHSI CEPJICYHUK 3MIILYETHCS 3
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HEUTPaJIbHOTO MOJOXKEHHS 1 B 00MOTKax 7 1 8 3'ABIA€THCS CUTHAJI, IPOTIOPLIIMHUIA

BEJIMUMHI HaTsATHEHHs. llepeBarn BHCOKa 4YyTJIMBICTh, Majla CXWJIBHICTH ii
MIEPEIIKOI, CTIMKICTh JI0 Jii HAaBKOJUIITHROTO cepefoBuina. Hemgomik - mana cmyra
MPOIMyCKaHHS YacToT.

[IpuHnunoBa cxema €MKICHOTO MpuiaAy npejactaBieHa Ha puc. 1.4 a. [lin
J€I0 CHIIM HATATHEHHS NpIiT 1 BIUIMBae Ha POJMK 3, 3aKPIIUICHUNA HA PyXOMOMY
CTPW)XKHI - OOKJaJaHHI S, PO3TAIlllOBAaHOMY MIDK pPYXOMHMH OOKIagKamMu 6
KOHJICHCATOpa. 3aCTOCYBaHHS €MKICHUX MPWIAIiB J03BOJSE BHKOPHUCTOBYBATH
MOCTOBI CXeMU BHUMIpIOBaHHS. [imHiCTP - BuUCOKa 4YyTiHMBICTh. Hemomiku:
MaJIOCTIMK1, 3HAYHO CXMJIBHI JI0 1T IEPEIIKOI 1 30BHIIIHBOTO CEPEIOBUIIIA.

Jlns  BUMIPIOBaHHA HATSATHEHHS JApPOTY  3aCTOCOBYIOTHCS  MPHIIAIU
MEXaHOTPOHU - E€JEKTPOHHI JaTYMKKA MEXaHIYHUX BenuuuH (puc. 1.4 e).
Haiitmupiiie  BUKOPUCTOBYIOTBCS ~ MEXAHOTPOHBI  MOJIOBXKHBOTO  YIPaBIiHHA,
BUKOHAHI y BUIJISIII 3JIBOEHOTO JIBOXAHOJHOIO J10/a 3 PYXOMHM CTPHIKHEM O,
3aKpiruieHMM Ha MeMOpani 4. Ha cTpuKH1 BCTAHOBIIOETHCS CIIPUNMAIOUUN POITHK
3, OXOIUTIOBaHM JpOTOM. JIOCTOTHCTBA - BUCOKA UYTIUBICTh, CTIMKICTH pOOOTH.

Cucremu crabumizamii HaTsDKKK . CTaluai3youl MPUCTPOi 3aCTOCOBYIOTHCS
JUISL  paJllalbHOTO 3MOTYBaHHS JPOTY 3 METOI0 BHPIBHIOBAHHS OKPEMHX
BUITAJIKOBUX PHUBKIB HATATHEHHS, MJIsI KOMIICHCAIlli BUTpaTH APOTY Y MOMEHT
MyCKy HaMOTYBaJbHOTO BepcTara. B OCHOBHOMY cTabuli3aTopu KOMIIEHCYIOTh
PUBKM HATATHCHHS BUTpPA4YaHHAM JAeMI(YI0Uoi TeTIl APOTYy, TOBXKHHA SKOi
BiJTHOBJTIOETHCS TTPU TIOBEPHEHHI 3HAYCHHS HATSATHEHHS 10 TIEPBUHHOTO.

[IIupoko 3aCTOCOBYIOTHCSA CTAOUII3aTOPH, CTBOPIOIOYU TMETII0 JAPOTH 3a
JIOTIOMOTO10 MJIOCKOT MPY>KUHU ab0 MiANpy>XKHOro Baxkens (puc. 1.5, mozumii 1 1 2)
Ix Hemomikamu € MOPIBHSHO HEBEJMKA JIOBXKMHA KOMIICHCAIIIHOT TeTl APOTy, a
JUTsl cTab1113aTOpiB BaKeNiB - iHepIiiHicTh. Ha puc. 1.5 (mo3uris 3) moka3zaHuii
NPYKUHHUN cTa0UI13aTop, K HalOUIbI edekTuBHUN. Ha puc. 1.5 npencraBnenuit

cTabumi3aTop, SIKAW PETYII0E€ HATSITHEHHS 3a JIOMOMOTOI0 €JIEKTPOMArHiTHOT

My(pTH.
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Pucynok 1.5 CtaGimizatopu HATSDKKU APOTY

OO6eprannst 6001HU BiJIOYBAETHCS CUHXPOHHO 3 00EpTaHHSM HAMOTYBAaHOTO
Kapkaca. [IpucTpiii 103BOJIsi€E KOMIIEHCYBAaTH 301IbIIEHHS HATSATHEHHS Y MOMEHT
MyCKy BepcTaTra, aje He KOMIICHCYE OKpeMi pPHUBKM HATSITHEHHS B TIpOIECi
HaMOTYBaHHS.

Po3pi3HsAI0Th ABa pexxuMu poOOTH CTaO1II3aTOPIB: PEXUM IYCKY BepcTaTta 1
CTAIMA PEXUM HAMOTYBaHHS. Y PEXHUMI IyCKYy BepcTaTa cTaOLIi3aTOp MOBHUHEH
MaTH 3HAYHMM 3amac JOBXHMHMU JeMI(yrodoi MeTi JJis KOMIEHcalli BEeJIMKHX
KyTOBUX IPHUCKOPEHb 000IHU. Y cTajoMy pexumi MOTpiOHA Mayia 1HEPUIHMHICTh
ctaliai3aTopa Juisi KOMIIEHCallli BACOKOYaCTOTHUX MPUCKOPEHb, 1110 BIIMBAIOTh HA
IpiT mpu HEe Kpyrmi ¢(opmi Kapkaca, a TaKOX BiJ BHIIQJKOBUX YHWHHHUKIB.
3BaXkalouu Ha IHEpUIWHICTh 000iHA MPAKTUYHO HE pearye Ha BHCOKOYACTOTHI
KOJIUBaHHS 1 00epTaeThcsl 3 CEPEeIHBOIO IBUIKICTIO, BIATOBITHOIO CepeaHIN
BUTpATI IPOTY HAa YTBOPEHHSI OOMOTKH. [IpuCKOpEeHHs, 1110 BUHUKAIOTH MPH I[LOMY,
MOXYTh BUKIMKATH 3HAYHI 3MIHM HATATHEHHS JpOTYy. Y CTaJIOMy pPEXHUMI
HAMOTYBaHHSI CTa01I13aTOp MpAIfO€ HA KOMIICHCAII0 HEPIBHOMIPHOCTI BUTpPATH
JIPOTy B MEXax KOXXHOTO 000pOTy KapKaca MpHu Kapkacax He Kpyrioi ¢opmu, a
TaKO0’X Ha KOMITCHCAII}0 BUTIAIKOBUX O0YpPCHbD.

ABTOMAaTHUYHI PETYISATOPU HATATHEHHS JAUISATHCSA HA ABI TPYyNU: MEXaHIYHI -
psIMOT J1ii 1 eIEKTPOHHI - HEMPSAMOi Aii.

HaiiGinpime 3acTtocyBaHHS MarOTh MEXaHIUHI PETYJISTOPU, y 3B'SA3KY 3
MPOCTOTOK0 KOHCTPYKINT 1 eKCIuTyaTalli. ¥ peryiasTopiB OpsMoi nii 4yTIMBUN
eJIEeMEHT Oe3MocepelHbO BIUIMBAE HA PETYJIIOIOUMN OpraH 4Yepe3 MEXaHIUHy

nepenady. Y peryyisaTopiB TpsAMOi i i HATSOKKM HAa YyTJIMBUM €JIEMEHT
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NEPEeXOUTh B CIEKTPUYHHA CUTHAJ YNPaBIiHHS BUKOHABYUM OpPraHOM

perymsitopa.

Pucynok 1.6 ABTromMaTnuHi peryasiTOpu HATSKKH IPOTY

HaiinommpeHimmii B MPOMHUCIOBOCTI PETYNIATOP 13 CTPIYKOBUM TalbMOM.
[Ipote y psni BUmMaAKiB HOro 3acTOCYyBaHHS HE MOKHA BBaKaTH 3a JOIIJIBHE,
OCOOJIMBO TP BUCOKUX IIBUJKOCTSX HAMOTYBAaHHS, 3Ba)Kal0UM Ha BEIUKY
IHEpIIIHHICTD  AeMIYIOYOro BaKels 1 pelIeiHOro pexuMy TalbMIBHOTO
PUCTPOIO.

ABTOMAaTUYHUN PETYJSITOP MPSIMOI Jii, III0 CTBOPIOE HATSITHEHHS IPOTY TEPTAM
Horo Mix aBoMma (puUKUIHHMMH macTUHaMu. Ocl JBOX KpaiHIX POJIMKIB
3aKpIMJIEHI HEPYXOMO Ha Kapkaci, cepeiHid pPOJUK BCTAHOBIIOETHCS Ha KIHII
MIIIPYKUHEHOTO BAXKETIS, SKUH € YyTIMBUM €JIEMEHTOM 1 BAKOHABCHKUM OPTaHOM
perynsropa. Ilo xapaktepy J1i aBTOMaTW4HI pPEryJaTOpd HEOpsAMOi il
M1IPO3AUIAIOTECS HA YOTUPH MIATPYIIN: 110 BIUTMBAIOTH HA BIAAI0Yy KOTYIIKY; 11O
BIUIMBAIOTh HAa MPHBIJA HAMOTYBAaHOTO KapkKaca;, IO BIUIMBAIOTh Ha TIOBiJEIlb,

dbnanep ab0 MNPOMDKHHMM POJIMK; aBTOMATH4YHI PETrYyJIsSTOPH 3 OJHOYACHOIO
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KOMOIHOBAHOIO €10 Ha BiJJal0uy KOTYIIKY 1 Ha MPHBIJA HAMOTYBaHOTO KapKaca.

Ha puc. 1.7B nokazanuii KOMOIHOBAHUM PETYJISATOP, 110 MA€ May MOCTIHHY 4acy.
BiH ckitamaeTses 3 IBOX PETyJSTOPIB, OAMH 3 IKUX 3a0e3Medye CTBOPEHHS NEBHO1
JTOBKUHU JeMII(pyrodoi MeTdi ApOTy NUIIXOM MPUMYCOBOTO 3MOTYBAaHHS HMOTO
BIJIJTAIOYOI0 KOTYILIKOIO, IHIIWNA - MPOBOAUTH PETYJIIOBAHHS HATSITHEHHS JII€I0 HA

MaJIOIHEPIIMHNAN POJIHK, 110 OXOIUTIOETHCS OJJHUM-/IBOMA BUTKAMH JIPOTY.

1.4 TloctaHoBKa 3aBfaHb KBamidikariitHoi poooTn

[TpoananizyBaBIIM TEXHOJIOTIIO HATATY Ta MPUHUUI poOOTH HAMOTOYHOIO
Bepctata HBC — 23 A, npuxo Mo 10 HaCTYyITHUX BUCHOBKIB!
1. Buainsemo psii HelomiKiB 0230BOr0 YCTaTKYBaHHS .
1.1. BiacyTHICTB perynsaropa HaTsTy.
1.1.1. 3amKeHa sKICTh NPOAYKIIII.
1.1.2. HeoOxigHa JtofMHa — OMNEpaTop, L0 KEPYKOUHCh CBOIM JOCBIIOM
nia0Mpae HATAT 3a JOMOMOT0I0 MEXaHIYHOTO MPHUCTPOIO.
1.2. 3actocyBanusa IIC — mo MawTh 3HMXEHY HAAIMHICTh Ta MiJABUIICHI
BTpaTH Ha peMOHT HixK A/l.
JJist BUpIILIEHHS HEJIOIIKIB CTAaBUMO HACTYIIHI 3a/1a4l HAa MPOEKTYBAHHS:
1. AIIC cucreMu HaMOTyBaHHS Ta CHUCTEMHU MEPEMIIIEHHS MOTOBMJIA
3aminutd Ha AJl. 2. CunresyBatu cucremy kepyBaHHs AJl, po3paxyBatu
napametrpu peryiaropa. 3. Po3poOutu cuctemy Hatsary. CuUHTE3yBaTU Ta

po3paxyBaTy KOHTYp HatAary. 4. O0patu JaTYUKH.
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2. POSPAXYHKOBA YACTHUHA

[IpoananizyBaBimm OynOoBYy Ta MPHUHIMI [1i HaMOTYBaJbHOTO BepcTaTa
HBC — 23 A, BUpIIIWIM CUHTE3YBaTH CUCTEMY HATATY JPOTy. B sIKOCTI MexaHi3My
HaTATy oOpamu MeToj HaTsirHeHHs apory konu [IIC mpaimtoe B rambMiBHOMY
pexxumi. ToOTO KOTymIKa 3 ApoToM po3TamoBaHa Ha BanoBi JIIC, a koo sikops
HIYHTYETbCs pe3ucTopoM. KyT BiakpuBaHHS pesuctopa Oyne peryioBaTucs 3a

AO0IMOMOTI'OI0 CJIICKTPOHHOI'O KJIKOYa.
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Pucynok 2.1 KoHTyp peryntoBaHHs HAaTATY

2.1 Po3paxyHOK Ta BUOIp IBUT'YHA HATATYBAHHS APOTY

Jist BuOOpy MABUTYHAa HEOOXITHO pPO3paxyBaTH HOMIHAIBHY YacTOTY
oOepTaHHS 1 HOTYXHICTh ABUTYHA.

[Ipu poboTi BepcTaTa MPHBIA HAMOTKH 32 OJAWH 00epT 3MOTye 3 000IHU
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IPOBIJ, TOBXHHA SKOTO PiBHA EPUMETPY I1a0JI0HA, HA KU BIH HAMOTY€EThCSI.

P.=(a+b)?, (2.1)
7€ a,b BIAMOBITHO CTOPOHHM MIA0JIOHA.
Pu=(15+15)2=60 (cm).

OTtxe 3a oquH 00epT 3motyeTbes 0,6 M apoTty. [lo 3aBnaHHIO Y HAaC ABUTYH
obeptaeThcs MakcumyM 2200 06/xB. BpaxoByrouu, o mepeaaTouHe YHCIO Bif
JIBUTYHA HAa MOTOBHJIO CKJIAJa€ 2, po3paxyeMo MIBUIKICTh 00€pTaHHS MOTOBHJIA!

Nm=N/1 (06/XB), (2.2)
1ie Ny- 9acToTa 00epTaHHS MOTOBHIIA;
Nys- 9acTOTa 00EpTaHHS ABUTYHA;
1- MepeAaToOvYHEe YHCIO PEAYKTOPA.
Nm=2200/2=1100 (06/xB).
OT1xe MoToBUIIO 00epTaeThes 31 mBUAKICTIO 1100 06/xB. Po3paxyeMo, CKITbKH

METpIB JIPOTY 3MOTa€e BepcTar 3a | xBuiuHy 1o ¢popmyii (2.3):
L=Pu M (), (2.3)
ne Py~ moBkMHA APOTY, SiIKa 3MOTYETHCA 32 1 00€pT MOTOBHIIA;
Nm- YacTOTa OOEPTaHHS MOTOBUJIA.
L =0.6-1100 =660 ().
Omxe 3a 1 xBUnuHY 3MOTYyeThCs 660 M IpoBOJIa. Po3paxyemMo CKITbKUA METPiB

POBOJY 3MOTY€ThCs 3 0001HU 3a 1 06epT MoToBMIIA O popmyii (2.4):

L. =27-r
ob (M), (2.4)

ne r- paaiyc 000iHU.

L, =2-3.14-0.15=0.942
ob (Mm).

OTxe 3a 1 00epT MmoToBMIIa 3 0001HM 3MOTYy€eThes 0,942 meTpu ApoTy. Po3paxyemo

gacToTy obepTaHHs 6001HU 110 hopmyi (2.5):

n =—-
b |

ne L-noBxuHa ApOTy, Ky 3MOTa€ BepCTaT 3a | XBUIIMHY;
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Lon - JIOBXKHHA MPOBOJY, AKUM 3MOTA€EThCS 3 0001HM 32 1 00epT MOTOBMIIA.

660 _ 700

"~ 0.942 (06/xB).
Omxe gactoTa obepranas 600iHu ckiagae 700 06/xB, a 11e 1 € HOMiHAJIbHA YaCTOTa
oOepTtaHHs ABUTYHA. [I0TY>XHICTH IBUTYHA MOYKHA PO3paxyBaTH 3a (opmysoro 2.6:
P=M-o (Bn), (2.6)
ne M- ctatuaHuii MOMEHT, H*Mm;
@ - poOoYa MBUIKICTH ABUTYHA, PaJi/C.
[ToniepeTHBO PO3PAXYEMO CHITY JUISl HATSHKKH ITPOBOTY:

_ 3 2
m_. =85-10"-d ,
ne 0- MakcUMaJIbHUH JliaMeTp APOTY, AKUH MOXKE HAMOTYBaTH BEpPCTaT;

m__ =85.10°.1.0 = 8500() = 8,5(x2).
max

Po3paxyeMo cuity, siky TOBUHEH PO3BUBATU JBUTYH JIJISl HATSATYBAHHS MPOBOY:
F=mg, (2.7)
F =8.5-9.8=83.357
Po3paxyemMo MOMEHT 3a HacTyIHO0 (hopmyJior (2.8):
M=F-r (2.8)
ne F- cuna HaMoTKu;

r- paaiyc 6001HH.
M =83.357-0.15 :12.503, (H m).

Heo06xigHo po3paxyBatu 3a dhopmyiioro (2.9):

N
0=——
30 (2.9)
JIe N- yacToTa ooepTaHHsi 0001HHU.
0=21470_ 7333

,(pazn/c).
Po3paxyeMo HEOOXiHY MOTY>KHICTh IBUTYHA!
P =12.503-73.33=916.9(Bm) = 0,916(xBm)

OCKUJIbKY IBUTYH TIPAIIO€ B TOBTOPHO-KOPOTKOYACHOMY PEXHMI, TO HEOOX1THO
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pO3paxyBaTy €KBIBAJICHTHUN MOMEHT.

Po3paxyHOK €KBIBaJICHTHOIO MOMEHTY JIBUTYHA HATATY ApoTy. Po3paxyemo mpu

YMOBI, 1110 yac mycky piBHu#t 0. Pozpaxyemo makcuManabHHM yac poOOTH IBUTYHA!

k-t
to = (©, (2.9)
max n

ne k=999 — MmakcuMaibHa KiJIbKICTh BUTKIB KOTYIIIKM B KOTYIIKOBIH TPYIIi;

N —4actoTa 0OepTaHHs ABUT'YHA IPUBOIY HAMOTKHU.

_999:60 .
max 2200 _

Po3paxyHoK €KBiBaJ€HTHOI'O MOMEHTY 3TiaHO 3 hopmyiioro (2.10):

6M2.t  +6M?2 -t
M _ maX maxX

€Ke6 . . .
12tmax ﬁ1+12tprost ﬁ2+tpov ﬂ2+t

mim P2 . (2.10)
ne M- MOMEHT JIBUTYHA;

tmax- MaKCUMaJIbHUM Yac poOOTH JIBUTYHA;

torost=5 (C) "ac mMpocToro mpu NepeKuaHHi MPOBOAY B KOTYIIKOBIH IpyIri;

thov=10 (C) wac moBopoTy maboHa 1Jisi HAMOTKU;

tznim=15 (c) 4yac 3HIMaHHS TPOBOAY 3 MIA0JOHIB 1 BTATYBAHHS B CTATOD;

B1=1 xoedimieHT 0XOJIOMKEHHS TBUTYHA MPU 00EPTaHHI;

B2=0,4 xoediIleHT 0XOJOKEHHS ABUTYHA MTPHU MPOCTOA.

" _\/ 6-12.503-27 +6-12503-27 .. ¢
exs  \12:27-1+12:5-04+10-04+15-04 " ([ ).

TOM1

P =M . @ =11.9-73.33=872.67(Bm) =0,9(xBm)

€Ke6 €K

3a 3HANICHOIO TIOTYKHICTIO, 1 9aCTOTOI0 00epTaHHS BUOMPAEMO JBUTYH 3 TAKUMH

napameTpami [3]:
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P I’;{+I’;m, cI),M]36 j,KF In, Iparlobm nn,06/XB K'iCTB Unom, Cx
" |Om M2 A nap B
kBT .
TIOJTIIOCIB
1,0 3,17 |43 0.029 | 5.7 [0.49 | 1000 2p=4 220 0,4
Po3paxyHOk mapameTpiB JBUTYHA HATSKKH JIPOTY:
HowminanpHa KyTOBa MIBUAKICT ABUTYHA 110 opmydi (2.11):
TN 3.14-1000
O = on — =104.72 ,(pan/c). 2.11
20 20 (pan/c) (2.11)
Cymapnuii omnip kona sikopst no popmydi (2.12):
Rmum =Ra+ de = 317(0]1/!) . (212)
[IBUAKICTE 171€aTLHOTO X0JIOCTOr0 X0ay 1o hopmyni (2.13)
U
Wy = O o =114.09pan/c, 2.13
’ (Unom - In ) ;zsum) p ( )
ne Unom — Hallpyra >KUBJICHHS IBUTYHA;
In — cTpyM sIKOpsl ABUTYHA;
Rysum — CyMapHHUii omip KoJia SKops.
KonctpykTuBHuii koedirieHt o Gopmyii (2.14)
C= ch:U”ﬂzl.QZSB pan/c (2.14)
g
[HAYKTUBHICTB AKIPpHOI 0OMOTKH 110 Popmyii (2.15):
_ U, CXx _ 220-0.4 _0.074(I'n)
(prow, 1) (2-104.72-0.49) (2.15)

ne Cx — KOHCTPYKTUBHHIA KOE(PILIEHT;
P — KIIBKICTh Map MOJIIOCIB;

®nom — HOMIHAJIbHA KyTOBA MIBUAKICTh ABUTYHA.
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2.2 Po3paxyHOK JI0AaTKOBOTO OTMOPY ABUTYHA HATSXKKH JIPOTY

3anunieMo BUpa3 MEXaHIYHOT XapaKTEPUCTHKY JUTsl TBUTYHA HATSDKKH JPOTY Y
rajpMiBHOMY pexkuMi 1o hopmyii (2.16), [3]:

2

:m’ (H m) (2.16)

(R2+Ro)
e M — MOMEHT JIBUTYHA HATSKKH JAPOTY;

C? — KOHCTPYKTHBHHI KOE(DIlli€HT;

Whom — KyTOBa MIBUJIKICTh JBUTYHA;

Rst — cymapHuit omip KoJia SIKOpsi ABUTYHA;

R — monmaTkoBuii omip KoJia SIKOpsI, Ul PETYIIOBaHHS TajJbMIBHUM MOMEHTOM.
3 i€l popmyinu (2.17) HeoOXiJHO BUPA3HMTH 1 3HAWTH JTOJAATKOBHUH OMIp:

2
— C a)nom —Rg
M . (2.17)

Ro

HeoOxigHo po3paxysatu R nmpu M=Mmax, M=Mmin, ne

Mmax=12,503 - makcuManbHMII MOMEHT JIBUTYHA MPHU HATSKII MPOBOIY
MaKCHUMaJbHOIO JiaMeTpy;

Mmin=0.125 — ™iHIMadbHUH MOMEHT JBHWIYHA Ipa HATSDKI TMPOBOAY
MIHIMaJIBHOTO AiameTpy. Maemo npu M=Mmax - Rn=43,3 (Om); npy M=Mmin -
Rn=3110,9 (Om). Takox anga moOya0BU TajdbMiBHOI XapaKTEPUCTUKH HEOOXITHO
po3paxyBaTu o npu Ra=0:

. M max: (Rs + Ro)
C2

[To po3paxyHkam NpHUBEACHUM BUIIE OyAyEMO TajibMIBHY XapaKTEPUCTUKY

= 20.55paz/c.

JABUT'YHA HATSAKKH JPOTY.
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Pucynok 2.2 MexaHiuH1 XapaKTepUCTUKH JBUTYHA HATSDKKHU IPOTY

Po3paxyHOK 10mycTUMOro MPUCKOPEHHS Bajly JBUTYHA MOCTIMHOTO CTPYMY 1 Bay

ACHMHXPOHHOI'O IBUI'YHA

JlomycTrMe NPUCKOPEHHS — 1€ 3HAYEHHSI, IK€ CTBOPIOE HATAT 0€3 TOMOMOTH
KOHTYpY peryiitoBaHHs. Buiie Hboro koHTyp OyJe Hempaue3JaTHH.
1. JlomycTrMe NpUCKOPEHHS JIJIs1 MAKCUMAJIbHOIO MOMEHTY (110 BiANOBiIA€

MaKCUMaJIbHOMY HATATY) BU3HA4aeMo 1o ¢opmyi (2.18).

e= Mj’ (pan/c?) (2.18)

Jie € — KyTOBE MIPUCKOPEHHS,
J — MomenT iHepmii AI1C 3 MoMeHTOM 1HEpIIii 0001HM,
M — MakcUMaJIbHUM MOMEHT JBUT'YHA.

o 12503
0.029+0.038

2. JlomycTuMe MPHUCKOPEHHS MJis MIHIMAaJbHOTO MOMEHTY (110 BIJANOBIAA€

=186.6,(pan/c?)

MIHIMAJLHOMY HATATY).
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0.125

6= _1.86 (pan/c?
0.029+0.038 (pan/c’)

L{i Mexi TepeMHOXKYEMO Ha MepeaTOUYHEe YHCIIO PEIYKTOPa 1 OTPUMYEMO

MEX1 IOMyCTUMUX MTPUCKOPEHb ACHHXPOHHOTO JIBUT'YHA 10 popmyi (2.19):
e, =i-e, (pan/c? (2.19)
7€ 1 — mepeaToYHe YUCIIO PEeayKTOopa.
1. 1151 MakCUMalbHOTO HATSATY:
e=2-186.6 =373.2, (paxn/c?)
2. Jlnsg MiHIMaJTbHOTO HATATY:
e=2-1.86=3.73, (pan/c?)

B pesynbTaTi nmaHoOro po3paxyHKy MU OTPUMAIA MEXI JOMYyCTUMHUX

npuckoperb Baimy JIIC 1 Bamy acMHXpOHHOro ABUTYHa ( JBUTYHAa HaMOTKH

IIPOBOY).
2.3 Po3paxyHOK MOMEHTIB 1HEpIlli MEXaH13MiB HAMOTKH 1 IEPEeMIIIECHHS
1. JInst MexaHi3My HAMOTKH:

(jdps + jbabina) N (j2koleso + jval + jmotov)
iy i;

jsum = (jdv+ jmyfta+ jlkoleso) +

JIe jsum — CyMapHUN MOMEHT 1HEpIIil MeXaH13My HaMOTKH;
Jdv=0,035 — MoMeHT iHepIIii ABUTYHA HAMOTKH;
jmyfta — MmomeHT iHepIii My TH;
J1koleso — moMeHT iHepIIii Beaydoro KoJjeca,
jdps=0,029 — momeHT iHepIii ABUTYHA HATSHKKU TPOBOTY;
i%] — BiJIHOIIEHHS Mi IBUAKOCTAMM JBUI'YHA HAMOTKH 1 IBUTYHA HATSKKU
IPOBOJY;
j2koleso — moMeHT iHepIIii BeACHOr0 Kojeca;

jval — MmomeHT iHepIii Baiy;
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Jmotov - MOMeHT iHepIIii MOTOBWIIA;

i%) — mepeaTouHe YMCIO PELYKTOPA.
JInsg BU3HAUEHHS MOMEHTY iHepuii My(pTH NpeAcTaBUMO ii y BHIJISII
mutiapa pagiycom r=0.03 (M), 1 Bucororo H=0,005 (m); Takok MU 3HAEMO TYCTUHY

craii, 3 AKkoi BurotosneHa Mydpra p=7800 (kr*m?). 3Haxoaumo 06’eM My(hTH 3a

dopmysoro (2.20):
V=2-7-r-h: (2.20)
V =942-10" )z
3Hatoum 00’eM My(PTH 3HaX0IMMO ii Macy o popmyii (2.21):
m=p-V =7.348(ke) (2.21)
Po3paxoByeMo momeHT iHepiii Mmydtu no dhopmyi (2.22):
2
j=" T —3306-10° (2.22)
KT M? '

JUis 3HaXOIKEHHS MOMEHTY 1Hepuli BeIydyoro Kojieca penyKTopa,
MPEAICTaBUMO KOJIECO Y BUTJISAI nuiinapa paaiycom 1=0.04 (m), 1 Bucotoro h=0.02
(M); TakoX y IIbOMY HUJIIHIPI € OTBip, mia Bai pagiycom r,=0.005 (M), i BUCOTOIO
takok h=0.02 (m). 3HaxoarmMo 06’€M Be1ydoro KoJeca:

V=2-7-(r-r),-h=2-3.14-(0.04 - 0.005) =1.539-10°* M
3Haroum 00’ €M KoJsieca 3HaX0uMo Macy 1o ¢opmyi (2.23):
m=p-V =1.2(xe) (2.23)
Po3paxoByeMo MOMEHT 1HEpIIii BEAy4Oro Kojieca peaykropa mo gopmyi (2.24):

_ 2
j= m-(r-n)” _ 7.351.107* kr M2 (2.24)

AHaNOTIYHO 3HAXO0IMMO MOMEHTH 1HEPIIii BEACHOTO KoJieca PeayKTopa, Baja,
MOTOBMIIA, 0ab1HM 3 TPOBOIOM. PO3paxoByeEMO cymMapHHII MOMEHT 1HEpITii
CHUCTEMHU HaMOTYBAaHHS TIPOBO/IY:

4y, (0029+0038)

jsum = (0.035+3.306-10° + 7.351-10 157

(2.508-10° +2.449-10"* +9.797-10°)

=0.083, k2 - m°
2
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2. lna MexaHi3My MepeMilleHHs pPo3paxoByeMo 1o Gopmydi (2.25):

(j2koleso + jval)

2

i : (2.25)

jsum = (jdv + jmyfta+ jlkoleso) +

ne jdv=0.013 — MoMeHT iHepIlii TBUT'YyHA MEXaH13MYy MepeMIIICHHS;

jmyfta — MmomeHT iHepii My TH;

J1koleso — moMeHT iHepIIii Beaydoro Kojeca peayKkropa;

j2koleso — MoMeHT iHepIIii BeACHOro Kojieca peayKTopa;

jval — moMmeHT iHepIIii Baja;

I=2 — mepeaTouHe YUCIIO PEAYKTOPA.
MowmenTH 1Hepiii MyQTH, BeIy4oro, BEI€HOIO KOJieca,Bajia 3HaX0IMMO
aHAJIOTTYHO SIK 1 B IONEPETHROMY pO3paxyHKoBi. OTke CyMapHHil MOMEHT 1HEpIli
MeXaH13My MepEMIIIEHHS! CTAHOBUTUME:

4 (6.123-10° +2.449-10"
2

jsum = (0.013+0.013+3.062-10" = 0.031kr m?

2.4 CuHTE3 CUCTEMH PETYJIHOBAHOTO E€JIEKTPOIIPUBOIY HAMOTKH IPOTY Ta

nepeMiiieHHs MoToBuia Ha 6a3i A/l 3 K3 potopom

Cucremu 4actoTHOro kepyBaHHs. CHCTEMM €JIEKTPONPHUBOAA 3MIHHOTO
CTPyMy 3HA4HO PI3HOMAHITHIIIMN, HDK CHUCTEMH TOCTiiHOro crpymy. Lle
MOSICHIOETBCS CKJIQJHICTIO 1 HENIHIMHICTIO 00'€KTa KepyBaHHS, HEOOXIIHICTIO
OJIHOYACHO PETYIIOBATH JEKJIbKa MapaMeTpiB, BEKTOPHUM XapaKTE€pPOM JIAHLIIOT1B
3MIHHOTO CTpyMy. I3 BelHMKOro umcia cucreM 4actoTHoro kepyBaHHs AJl 3 K3
pPOTOPOM HAOYJU MIUPOKE 3aCTOCYBAHHS:

1) cuctemu peryitoBaHHs 4acToTH 3a gornomoroto AIH, siki OyaemMo Ha3uBaTu CUc-
TEMaMH YaCTOTHOI'O KEPYBaHHS;

2) cucTeMH YaCTOTHO-CTPYMOBOI'O KepyBaHHs Ha 0a3i AIC;

3) cucTeMu BEKTOPHOTO KEpyBaHHS;
[Ipy yacToTHOMY KepyBaHHI OJHOYACHO 13 3MIHOIO YaCTOTH HEOOX1JHO TaKOX

3MIHIOBaTH Hampyry, sfKa MiJBeJeHa 10 cTaropa. SIKIIO 3HEXTYyBaTH CIaJoM
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HAIpyTH B JAHI[IO31 CTaTOpa, TO MOXKHA BBaXKaTH, 1110 Harmpyra Ha oOMOTIII cTaTopa

nopiBHioe EPC dopmyna (2.26):

U=E =4.44N, Ni @ T = const @ T, (2.26)
ne Ni - grciio BUTKIB B 0OMOTIII cTaTopa.

Jomyctumo, mo U = CONst, Toai npu 3MeHIIeHH] YacTOTH f; MarHiTHHN HOTIK
Oyze 3pocTaTH, 10 MPUBEAC A0 HACHUYEHHS MArHITHOI CUCTEMH, 30UTBIIICHHIO BTPAT
Ha Tictepe3nc 1 BUXpoBi cTpymu, 3HWkeHHs KKJI. 30iabIIeHHS 4acTOTH BU3BE
3MEHILEHHS] Mar"iTHOro Nmotoky. [Ipu npoMy 3MeHIyeTbcsi MOMEHT A/l, 1m0 Takox
IPUBOJIUTH 10 HEOAKAHUX HACIIJIKIB.

IcHye nexisnibka MPUHIMITB OJHOYACHOTO PETYIIOBAHHS YAaCTOTH 1 HANPYTH.
Yacrime BchOro OaxkaroTh 30€pertd MNOCTIMHOIO TEPEBAHTAXKYBAJIbHY 3JATHICTb
JIBUTYHA, TOOTO 3pOOHUTH TaK, 1100 MPU BCIX peXUMaX BIAHOUIEHHS MaKCUMAaJIbHOTO
MOMEHTY /10 MOMEHTY CHJI OIIOPY 3aJIUIIAIOCh OCTIMHUM, dhpmyna (2.27):

M

K

A= M. =const. (2.27)

TakuM 4MHOM, MU IPUXOAUMO JI0 BUCHOBKY, 1110 HAPYTy HEOOXITHO PETYIIOBATH HE
auiie, y pyHKIIi YaCTOTH, aje 1 B PyHKIIi HABAaHTAKEHHS.

Kputnunuii MOMEHT TpU(a3HOT0 aCHHXPOHHOTO JBUTYHA [4]:

u,’ 2nf
M, = L , e ®o =221 (2.28)
205[R, + R+ X, 7 Z,
Sk1110 3HEXTYBAaTH aKTUBHUM OIOPOM CTaTOpa, TO:
2
M« = 3U—1 (2.29)
20,X

[HIyKTUBHUN omip mpomnopiiiHuK dwactoTi, ToOTO Xr= f1 | 3HAUMTH

KPUTUYHUN MOMEHT TIPSAMO TMPOMOPIIAHUNA KBaapaTy Hampyru 1 OOepHEHO

MPOTIOPIIHUYN KBaAPaTy 4aCTOTH, TOMY:
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2

=M. —const Y, . 2.30
m (—)flec (2.30)

[TopiBHIOIOUM Mk COOO0I0 JIBa peKUMHU PoOOTH AJl, OMH 13 AKX IPUITMEMO 3a

HOMIHAJIbHUH, Ha OCHOBI (2.4):

U, — f, M
U f M

(2.31)

1nom 1nom C.nom

f7 ' 12

(KB KA/
Uk

Pucynok 2.3 brnok-cxema I1Y 3 1aHKOIO MOCTIHHOTO CTPyMy

[Ipy 3HWKEHHI YacTOTH IHAYKTUBHI OMNOpU CcTaropa Ta poTopa
3MEHIIYIOThCS Tporopiiiiao f , ToMy cTpym Oyne 30inbInyBaTucs i MamiMHa —
neperpiBatucs. TakuM 4MHOM, HEOOX1AHO 31 3MEHIIICHHSAM YacCTOTH 3MCHIIYBATH 1
HANpyry, TOOTO CIIiAyBaTH MPOIOPIiHOMY 3akoHy perytoBanus (U/f = const ).

ITY 3 JITIC matoTh 3MOTy perysaroBaTH BUXIJIHY YacTOTY B IIMPOKHUX MeEXax
(sIK BBEpX, TaK 1 BHU3 BiJl YACTOTH MEPEXK1 KUBJICHHS ), @ TAKOX 3HAYCHHS BUX1THOT
HANPYTH BiJ HYJS 10 MAaKCUMYyMY.

Henomnixom ITY 3 JITIC € nmoaBiitHe nepeTBOPEHHS €NEKTPUIHOI €HEepTii, 110

3amkye KKJ[ neperBoproBaua Ta 3011bliye iioro MaiorabapuTHi MOKa3HUKH.
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Bubip nepeTBoproBaya yactoTu

Bubupaemo wyactoTHO-perynboBaHuil enekrponpuBox  "EPATOH-MA4".
YacrotHo-perynroBani enekrponpuBoau "EPATOH-M4" nmpusnaueHi 1y1st ri1aBHOT
3MIHM 4YacTOTU OOEpTaHHs €JIEKTPOJBUTYHIB 3MIHHOTO CTPyMYy, LIO BXOASTH JI0
CKJIa/ly 3arajJbIIPOMHUCIIOBHX 1 CTIELIaJbHUX MAIIMH 1 MEXaHI13MIB.

JI1st MexaHi3My HAMOTKH BUOMPAEMO JBUTYH 3 HACTYITHUMHU [apaMeTpaMu:

Pu,xBT | Np,00/xB | Np,00/xB | Un,B | juB cosy | M R! XL RY X!

1

3,0 3000 2874 380 |0,0035|0.88 |[0.84|0.072|0.057|0.047|0.1

JInst MexaHi3My MepeMIllIeHHS BUOMPAEMO JIBUTYH 3 HACTYITHUMU IapaMETPAMM:

Pu,xBT | Np,00/xB | Np,00/xB | Un,B |jaB | cosy | N Ri [ X' | RY | XS

1

1,5 750 700 380 |0,013|0.65 |0.74|0.11 | 0.16 | 0.093 | 0.32

Po3paxyHok nmapameTpiB cTpykTypHOi cxemu A/Jl.
YacToTHO-pEryIb0BaH1 €IEKTPONIPUBO/IU 3 €IEKTPOMArHITHUM T'aJIbMyBaHHSIM 1

PO3CIIOBaHHSIM €HEPrii Ha pe3UCTOpi /i MEXaH13My HaMOTKHU:

955-P ' 955.3000

M =M = =9.98H - m
c H n 3000
H
Jlnst MexaHi3My MepeMIlLeHHS:
9,55-P )
M =M = n_ 995150056 4617
¢ H n, 700

MakcumanbHUI MOMEHT JBUTYHA JIJISl MEXaH13My HAMOTKHU:

M =A-M =19-9.55=18.145H - mu
Kp H

Jlia MexaH13My NepeMileHHS:

M =A-M =19-20.46=38.87H - u
Kp H

r=19 _ KpPaTHICTh KPUTUYHOTO MOMEHTY.
HominanpHe KOB3aHHS IS

MeXxaHi3My HaMOTkH opmyna (2.32):
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) n.—n _
o _0 n__ 0 H:750 700:0,067
750

0 0 _ (2.32)

Kputnune koB3anus mo popmymi (2.33):

5, =S, (4, +/22 —1)=0,067- (19 ++/19* 1) =0,236 (2.39

ne A, =19 - kpaTHICTP MAKCUMAaJIBHOTO MOMEHTY

— -)
27 P

— Dy

(-)

Pucynok 2.4 Jlineapu3oBaHa CTPYKTypHa CX€Ma aCHHXPOHHOTO ABUTYHA

[lepeBenemo onopu 13 BIAHOCHUX OJMHUIL Y a0COJIIOTHI, JJIsl LIbOTO 3HANHAEMO
KoeQILleHT npuBeaeHHs onopiB Ky, 118 MexaH13My HaMOTKH 110 ¢popmyii (2.34):

Kp _Ye. K, _ 220 359 (2.34)
| 6.15

H

Jlnst mexanizmy nepemitmieHnas gopmyina (2.35):

Ky = 220 _y651.
4,73
= 2 . (2.35)
U, -cosp-n
MexaHi3Mm niepemitieHss: |, = 1500 =473 A
3-220-0,65-0,74
MexaHi3M HaMOTKH : |, = 3000 =6.15 A

3-220-0,88-0,84
ne |, — HoOMIHaNBHHI CTpyM cTaTopa.

3HaiinemMo abCoJIIOTHI 3HAaYEHHS onopiB, hopmyna (2.36):



39
Ri=R/-K : (2.36)
1 np

MexaHi3M TepeMilIeHHs: R= 0,11-46,51=512 Om
MexaH13M HAMOTKH: R,= 0,072-35.77 =2.57 Owm,

ne R - axTuHumii onip (pasu cratopa;
R, - NpuBeieHuii akTUBHUI orip dasu cTaTopa.

R’Z:R’Z’-Knp_

MexaHi3M nepeMinieHH: Ré =0,093-46,51=4,33 Om
MexaHi3M HAMOTKH: Ré =0.047-35.77 =1.68 Owm,

I
Jie ' 2 - aKTUBHHUM onip (a3u poTopa;

/
Ra. MPUBEIACHUMN aKTUBHUI orip a3 poTopa.

X, =X 1’ . Knp;
Mexani3m nepemimenns: X, =0,16-46,51=7,44 Om

MexaHi3M HAMOTKHU: X1 =0,057-35.77 =2.03 Om

/
ne Xi- peakTuBHUI omip ¢da3u cTaropa;

Xi. MPUBEJCHUIN pEaKTUBHUI omip (a3u craTopa

X, =X K, .

MexaHi3M TMepeMilIeHHS: Xé =0,32-46,51=14,88 Om

Mexanism HamoTki: X é ~0.1-35.77 =357 Owm,

I
ne Xa. peakTuBHUI orip da3u poTopa;

/
Xa. MIPUBEJICHUN PEAKTUBHUM OTip a3y poTopa.

EnextpomarnitHa nocriitHa yacy Te:




Mexani3m nepemiieHHs: T, = ﬂ =0,0656cC.
78,54-4 33
MexaH13M HAMOTKH, 1 = m =0.0096¢c.
€ 314-1.68

3HaiiIeMo peaKTUBHUH OIip KOPOTKOTO 3IMKHEHHS:
Xe=X1+ X;;
Mexanism nepeminieHs: X, = 7,44 +14,88 = 22,32 Om

Mexanizm HamoTku: Xy =2.03+3.57 =5.0607 Owm,
X

ne 7' x- peakTUBHUI OMip KOPOTKOTO 3aMUKAHHS.

3Hal1eMO KyTOBI1 MIBUIKOCTI:

TN,
0, =
30 -
TN,
®, =
30 -
MexaHi3M nepeMillleHHs: ®, = M = 78,54 pan/c;
. 3,14-700 _733
pan/c;
MexaHi3M HAMOTKH: M, = 314-3000 =314 pan/c;
0 30
Y= 314-2871 =300.478 pan/c;
ne ®0- cHHXpOHHA KyTOBa IBHAKICTh 0GEPTAHHS MO CTATOPA;
®

" - HOMIHaJIbHA KyTOBA IMIBUAKICTh 00€PTaHHS Bally JIBUTYHA;

Mo CUHXPOHHA YacToTa 00epTaHHs MOJIS CTaTopa;

N. - HominabHa yacToTa oOepTaHHS Bally JBUTYHA.

YcepenHeHe 3HAYCHHS  MOJYJSA  CTaTHYHOI  JKOPCTKOCTI
XapaKTEPUCTUKNA TIPU HABAHTAKEHHSX, IO HE MepeOiIbIIyIOTh

3Ha4YCHHA.

40

MEXaHIYHOI

HOMIHAJIbHE



41

M 9.55
~ L = =30.74; 2.37
P W, — O, P 314 -300.478 (2:37)
M, = i M, = 1509 _ 5046 Hom, (2.38)

® 73,3

ne M, -HOMIHaJIbHUN MOMEHT JBUTYHA.

Jlai mpoBOAMMO PO3paxyHOK CTPYKTYPHOI CXEMHU €JIEKTPONPUBOIa HAMOTKH APOTY.

EnexrpomexaHiyHa nocTiiiHa 4acy enexTponpusoa o dpopmyari (2.39) [4]:

X
ko1 = 26807 0096, (2.39)
0, -RZ e 314-1.68

€

3araJlbHUH MOMEHT 1HEpIii MeXaHIYHOI CHUCTeMH  OepeMo 3 IONepeIHbOTO

PO3paxyHKYy:

Jsar =0,083 K2 Mz.

EnexTpomMexaHiyHa OCTIHHA Yacy eJeKTponprBoaa 3riaHo[5]:

1 s _ 0083
M ‘B 0.74

-0.112c. (2.40)

Oe‘

bynyeMo cTpyKTypHY CXeMy €JIeKTPOIPUBOIA.
Busenemo ocnoBHi niepenarouni ¢yHkiii cucremu. [lepegatouna dpyHkiis
MepeTBOPIOBaYa YaCTOTH:

K

ny

:1+rp_

nu

ne T- mocTiiiHa yacy mepeTBOproBavya 4acTOTH.
ITepenarouyna yHKIIIS 32 KEPYIOUOIO JII€r0 (HA BXO/1 HANIPYTa, 110 MOJA€ThCS
Ha SIKIPHE KOJIO, Ha BUXO/I1 — KYyTOBa MIBUKICTD):
= Ka
YT T pt+T p+l’

ne T,, T, - eleKTpoMarHiTHa Ta eJeKTPOMEXaHIuHa OCTINHI Yacy BIAMOBIIHO.
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3anuniemo nepeaaTodHy (QyHKIIio 3a 30yprodoi mi€ro:

KO (1+ Tep)

W, = :
I'T,p"+T p+1

2

[lepenaTouna QpyHKIIis TAXOreHepaTopa:
WW = K33 = KmZ .
[lepenaTrouyna GyHKIIiS peryasaropa:
W _=K

per per
3aranbHU BUTIIS TEPEAATOYHOT QYHKIIT
o(p) = W,U, (p) —W, M. (p) .
o(p) =W, -W,, -W, - (U,(p) - U,,(p) - W, -M.(p)) ;
U, (p) =W, o(p)

OTpumaemo 3araabHU BUpa3 MepeaaToyHol PyHKITII:

w_ W W
o(p) = e T Ty oy W, M. (p)
Z|.+Wper-Wm-W1-WTr Z|.+Wper-Wm-W1'WTr

JI1st cuHTE3y peryasiTopy 3HEXTYEMO 30ypEeHHSIM.

Toni oTpuMaeMo CiIyI0uy CTPYKTYPHY CXEMY 3 BiJI’€MHUM 3BOPOTHIM 3B’SI3KOM TIO

IIBUIKOCTI.
Usw K
— W —> nu —> — >
pez 1 + zp T.W T€ p + T,’li p + l
+

+

K

33

Po3paxyeMo mapameTpu CTPYKTYPHOI CXEMHU.
KoedimienT miacunenHs nepeTBoproBaya 4acToTH:

an:i:5_oz5’
Uu 10
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ne f — gacTora Hanpyru Mepexi;

U — cursai kepyBaHHS ITepETBOPIOBAaYa YaCTOTH.
KoedimienT miacuneHHs qBUryHa:

K, =2-3_go8
f 50

AC ®, - CHHXpOHHA KyTOBa HIBI/IIIKiCTI) O6epTaHHH IIOJIiA cTaTopa.

Jlami MokHa TepedTH [0 PpIIIeHHS BIJIHOCHO METOAY PO3pPaXyHKY
perynsaropy. [lpuiiMaeMo pilieHHsI ONTUMI3yBaTH KOHTYP HAa TEXHIYHHUIA ONTUMYM.
[Tpu oMy OyIeMO KOMIIEHCYBATH JIB1 IOCTIAOBHI JaHKH 31 cTanuMu dacy Te ta
Tm. B Takomy perynarop OyJae MaTtu IHTETpalbHY CKJIaJOBY 1 cucTema Oyne
aCTaTUYHOIO.

Po3paxyHOk kaHally 3BOPOTHOIO 3B’S3KY.

Taxoreneparop Oyaemo BBaxkaTtu Oe3iHepiiiiHow Jankow. [lopsg 3
TaxOr€HEepaTOpOM MOKJIUBO Oye HEOOX1JHO BUKOPUCTOBYBATH JIJIbHUK HAMPYTH.
Kputepiii pimieHHs Npo 3acCTOCYBAaHHS JIUIbHUKA CIIIYIOYUN: B CTAaTUYHOMY
peXKHMMI Hampyra Ha BHUXOJlI 3BOPOTHOTO 3B’SI3Ky HE IMOBHMHHA IEPEBHUIIYBATH
BEJIMUMHY CHUTHANIY KepyBaHHsA. ToOTO ayis oOpaHOro HaMHU TEpeTBOpPIOBaYa s
HOMIHAJIBHOI IIBUJIKOCTI IBUTYHA HAMPYyTa HE MOBUHHA OyTH O1bII01I0 5 B.

Bubupaemo TaxoreHepatop 3 HACTYITHUMH JTaHUMHU:

MakcuMasibHa poboya mBuakicts — 3000 06/xB (157,1 1/c);

suxigua EPC — 230 B.

K

Toni koedilleHT mepeaadl TaxoreHeparopa ‘7 3HAWAEMO SIK BITHOILIECHHS

BHXiZHOTO CHTHAIY [0 BXiZHOTO B CTATHYHOMY peskumi poGorn. K= 230/ 157,1
=1,464.

Jlam HeoOXiJHO 3HAWTH BEIWMYMHY [ITbHUKA HANpPYTH, TaK SK YacTOTI
oOepTaHHs taxoreHepatopa B 2200 00/xB Oyne Bignosimatu EPC
(2200/3000)*230B= 168,67 B. Taky BenuuMHy HEIONYCTHMO IIOJaBaTH Ha
perynarop. BenuunHy AUIbHMKAa MOXHa 3HAMTH BUXOJSMYM 3 BHUpa3y 3arajibHOi

nepeaaToYHol byHKLii ONTUMI30BaHOTO KOHTYpY IIBU IKOCTI.



44

Y _ a)()g(p) _ 1/K33m
(TO)npsm
Uu.(p 27,.p- (T, . p+hH+1

[TpupiBHIOEMO p=0 (7151 CTATUYHOTO PEKUMY).

_ wde _ 1
Onm U K KSS’W
. Uu. 5
Tom K33Lu - KTF 'KaiﬂbHuKa - a - ﬂ =0.0159
6
K
3pincn K .. _ sow 0019 0105 1
oinbhuka K 1,464 92.59

T

ToOto HeoOxiaHO B 92,59 pa3iB 3MEHIIIUTH HAMIPYTY 3 BUXOYy TaXOreHepaTopa.

Cunres [ I-perynsropa.
HactpoiMo KOHTYp peryitoBaHHs MIBUAKOCTI HA TEXHIYHUNA ONITUMYM.

K() 'an 'Kme 1

pee’ . 2 Tor p-(T p+1)
(1+Tmlp) (TeTMp +TMp+l) m m

Hpuitmemo 7, =T, Toxi

_ (+T,p)(T.T,p°+T,p+1)
" 2Tnltp(Tnltp+l) .K() ‘KW 'K33m

3pobumo 3aminy:

Tl = 2Tnl¢ ) Kd ) Knlt ) szm

_T,T,p*+T,p+1 T.T, » T, 1

oy =
T,p T, T, T.p

Tom W

pee

[TincTaBuMoO 3HaueHHs 1 oTpuMaeMo ckianosi [1IJ[-perynstopa:

T7,=2-01-6.28-10-0.0159=0.02

0,0656-0,021 p+ 0,021 + 1 _ 0,0069 +0.105 +
0,199 0199 0199p 0.199p

W, .(TO) =
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MosxkHa mobauyuTH, 10 B 3aJa4l MA€EMO HE KJIACHYHHUM BUNAAOK. Tomy, 110
Majia cTaja 4acy € MO BEeJWYHHI camMo0 Belnkor. OOrpyHTYBaHHSIM PIIIEHHS MPO
NPUMHATTS HEKOMIIEHCOBAHOI CTaj0i 4yacy CaMOIO BEJIMKOIO 10 BEJIHYHHI € Te, II0
YaCTOTHUUA NPHUBOJ 31 CKaJSIpHUM KEPYBaHHIM MOTpeOye s Mpane3laTHOCTI
peryisTopa 3acTOCYBaHHS 3aJaTYMKiB 1HTEHCUBHOCTI. B Hamomy BHITanKy
3alaTYUKOM € (QUIBTp TepeTBoproBavya eHeprii. Jlius 3aBeplIeHHS CHUHTE3Y
PEKOMEHIYEThCS TIEPEBIPATH JBUTYH Ha JOMYCTUMICTh BEIWYMH CTPYMIB B
NEPEeXiAHUX MpoIecax 3 JOMOMOTO0 KOMIT FOTEPHOTO MO/ICIIIOBAHHS.

OunkyBaHa TpUBAIICTh NepexiaHoro npouecy tnmn =4,1Toy = 0,41 c.

IlepeperymoBanns ¢ = 4,3 %

2.5 BuOip natuvka HaTsITy

[To naHuM po3paxyHKIB 1 3 KOHCTPYKTOPCHKUX HOTJISI/IIB BUOMPAEMO TATUUK
HaTary tumy "JJAH-Y-10".

Hatunk Hatary "JJAH-Y-10" npusnadueHuid ajii BUMIPIOBaHHS BEITUYMHU
HATSATHEHHS JPOTY, NEPETBOPEHHS PEECTPOBAHOIO BHXIJHOIO CHTHAlIy B
€JIEKTPUYHUNA CHUTHAJ MOCTIMHOrO CTpyMy a00 MOCTIMHOI HAMPYTH 1 MOAANbLIOL
nepeaayl Juisi peecTpariii Ha KapoTaKHY CTAHIIIIO.

JlommyckaeTbesi MO CIEiaIbHOMY 3aMOBJIEHHIO CIIOYKMBaya BHUTOTOBJICHHS
JTaTYMKA HATSTHEHHS TSl BUMiproBaHHs HaTsarHeHHS apoty Bix 0 mo 100 xH i Bix
0 mo 50 xH 3 piBHem Buxignoro curtany Big 0 mo 10 MA; Big 4 mo 20 MA; Big 0 1o
5 MA 1 Big 0 1o 10 Cr.TexHiuH1 mapaMeTpu JaHOTO AaT4MKa MPUBEIEHI Y TaOIUIll

2.1.



Pucynok 2.5 JlaTuuk HaTAITy

TexHi4HI MapaMeTpy 1aTYuKa HATATY JIPOTY. Tabmuusg 2.1

HalimenyBaHHs mapameTpis i . .
HowminanbH1 3HaueHHS

XapaKTEPUCTHK
Jliana3oH BUMIPIOBAHHS HATATY JIPOTY Bi1 0 1o 100 kH
PiBeHb BUX1THOTO CUTHATY Bix 0 1o 10 MA
Hominansauii koediieHT
0,1 mA/xH
MePETBOPCHHS
XapakTepUCTUKH MOTPIIIHOCTI
OcHOBHA NOTPIIHICTH BUMIPIOBAHHS +0,5 %
JlonaTkoBa NOTrpilIHICTh BUMIPIOBAHHS 0,25 %
Heminiixicts +0,25 %
INicTepesuc +0,25 %

Po6ounii niana3zoH Temneparypu
50 o mmoc 50°C

BUMIPIOBaHHS
Hanpyra »uBjeHHs IOCTIIHOTO CTpyMy +12VY e+ (+15B/-0,5B)
. CTpyM CNOKMBaHHS He Oumein - 40 MA

["aGapuTHi po3MipH aTYUKA:

["aGapuTHi po3mipu naTunka 6e3 By3ia

95x65x180 Mmm
BCTPOUKH

2 ["'abapuTHI pO3MipH JIaTUMKa 3 BY3JIOM 100x180x330 mm
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["aGaputHi po3mipu AaTYUKa 3 BY3JIOM

100x180x460 MM
BCTPOMKHU JJIsI HIDKHBOTO OJI0K-OaaHca
Maca natuuka:
Maca natuuka 6e3 By3Jia BCTPOMKHU He Outbmr 1,8 kT

2 Maca natuuka 3 By3JI0M BCTPOMKH JIJIst .
He Olnpm 8,5 Kr
BEPXHBOT'0 OJIOK OanaHCy

Maca natunka 3 By3J10M BCTPOMKH JUIS _
He Outbr 12,5 kr
HIDKHBOTO OJIOK OajaHcy

Yac BCTaHOBIIEHHS POOOUYOr0 PEXKUMY ' _
. He Oulbll 5 MiH
JAaT4YMKa IICIsS BKJIIOYEHHS

UYac 6e3nepepBHOi pOOOTH TaTuynKa He obmexeno

[Toxa3HuKH HATIHHOCTI:

BiporianicTs 0€3BIIMOBHOI pOOOTH
) He meHie 0,96
naturka 3a 50 roguH 0e3nepepBHOi

pobotu

Cepenniii TepMiH CITy>KOU JaTYMKa 10 .
HE MEHIIE 5 POKIB
CIIMCAHHS

Po6oui ymoBH ekcriyaraiii:

[HTEpBaN TeMIiepaTyp HaBKOJUITHEOTO o
B11 MiHyc 50 go miroc 50 °C
cepeoBHILA

BignocHa Bosoricts noBiTps npu 35 °C He Outbir 95 %

HapaMeTpH AaHOI'0 AaTYMWKa HATATY APOTY ITOBHICTIO 3aJ0BOJIBHAIOTH BUMOI'1

HAIIOI CUCTEMHU PETYJIFOBAHHS.

2.6 Cunres Il — perynaropa KOHTYpY peryJatOBaHHS

[Tinbupaetrses 11 - cknamoBa. | - ckilagoBa Ha LOMY €Tari HE BUKOPUCTOBYETHCS
B3araji. B Kkawami 3aBIaHHS TOJAEThCS CTYMHYACTHA CHUTHAJI Ha camii
MaKCUMaJbHO MOXJIHBINA BennuuHi, HandacTime 10 — 12 B (omHa i3 KOpCTKHUX

ymoB). Benuuuna II - ckimagoBoi migoupaeThes (a00 migpaxoBYeThCs) Tak, 1100
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MOYaTKOBUM CHTHAJ B KOHTYpax HC IICPCBUIIYBAB MAKCHUMAJIBbHO JOIIYCTHUMOI'O

sHaueHHs. (ITpumitka: aHani3 BeeTbes o rpadikax nepexiHuX Mporecis.)

[u]

Abs

-1
+
- o g ¥ !l
R Sooped
+
1
_.-D
Saturationz 0075+
g 7
F Y zvorot zvazokl Fope
w g
i 110 |:|
A
*b' L1 dirdt1 moment
1
iz KF2 KF1 i —] durat .,l:l
KFA1 14 radius zusillja
—FD
Scoped
du/dt o
difdt3 jsum 1 radius

[ ]

sugnalragylatora

|

zignal zadania zusilla3

3
zvorot zvazok

1002327

0.0+

Pucynok 2.6 Cxema ninsa cunresy Il — perynsitopa

He nepeBunryBas came:

a) Ha BHUXOJl pEryjsTOpa Hampyra He NOBHMHHA IEPEBUILYBATH MaKCUMAIBHO
MO>KJIMBOI 3 TEXHIYHOI TOYKH 30py BeJIWYMHU (B HamoMy Bumajaky 10B). AGo x
BEJIMYMHU MAaKCHUMAaJbHO JONYCTHUMOI M1 cucTeMHu. Skmo nepesuitye, to II-

CKJIaJIOBY HEOOX1/THO 3MEHIITYBaTH;
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Puc 2.7 [lepexigamii mporiec 3 BUXOY perysiTopa

3 rpadika OauyMMO MIO CHUTHAJl Ha BUXOJl PEryjsiToOpa HE MEPEBHUIILYE
MaKCUMAJIBHO JonycTuMe 3HaueHHs — 10B.

0) SIKILIO KEPYETHCS ABUTYH, TO aHAII3YEThCS 1I€ 1 cTpyM skops. Ha mouaTtky
MpoIlecy BiH HE TOBWHEH TEpPeBHUINYyBaTH BenuuuHu (2-2,5) Big 1 mHom. Ilpm
nepeBuieHi x I1—

CKJIa/IOBYy HEOOX1JHO 3MEHIIyBaTH;

B) 1HO/1 HEOOXIJIHO aHali3yBaTH 1 MOMEHT Ha Baily. HanMipHa BenuuuHa
KOTPOTO MOYE MPUBECTH 0 (HI3UYHOI pyHHAIllT €JIEeMEHTIB MEXaHIYHO1 YACTHUHHU.

2. Ilicns Bubopy Il ckitamoBoi gomaeThest 10 perynsaTopy (mapajieibHo) Ta
nonepenHbo Mmiaoupaerbess I — cknagoBa peryndaropa. B 3arajibHOMYy BHIAJIKY
BEIIMYMHY CTaJIOi Yacy 1HTErpaTopa MOKHA CIOYATKy NMPHUUHATH Ha PiBHI CTAJIOl
yacy 00’ekTa kepyBaHHs. Hampukian, sikimo 06’ekT — oOMOTKa, To cTajia 4acy I -
CKJIaJIOBOI MOke OyTw BHOpaHa Ha PIiBHI €JIEKTPOMArHiTHOI CTajoi dYacy Iiel
0OMOTKH. SIKIIO cTanMx /B1, TO MOXHA B3ATH CyMY iX BEJTUYHH.

T=T 47 :%m,m:o,ozs

i E damy
! C

3. Pobutbcs Oinpm tounimmi mialip I — ckmagoBoi. [lpu mpomy Ko

30UIbIIYBaTH cTalny 4yacy I — ckmanoBoi perynsitopa (KoedillieHT B 3HAMEHHUKY
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oits omeparopy Jlammaca), To mporiec B KOHTYypax YMOBUIBHIOIOTHCA. SIKIO &

3MEHIIyBaTH cTaixy 4dacy | — ckiamoBoi perysstTopa, TO Hpollecd B KOHTYpax
IPUCKOPIOIOTHCA. AJIE TYT MOXKE 3’SIBUTHCS MEPEpEryIoBaHHS Ha IMEpPeXiTHOMY
Ipoleci K BUXITHOI KOOPAWHATH TaK 1 KOOpAWHAT IHIIKWX, a BOHO MOXe OyTH
HeJonmycTUMe. Loro BeIMUYMHY HEOOXimHO NepeBipUTH. 3MEHIIYBAHHS CTajoi
1HTErpaTopa MOXKHa MPOBOJIUTH JI0 THX Iip, IOKA CUCTEMA HE OTpUMAa€e HEOOX1THOT
IIBUJIKOJIII, a00 K SKach 13 KOOPJUHAT HE TIOYHE BHUXOJUTH 3a JONMYCTHUME
3nauyeHHs. [lepeBipka BigOyBaeThcs 3a mpunuunamu la, 16, 18. 3 rpadikis III1

Bu3Hauaemo yac [II1, kpurepiit: 0.95-F BiH ckiagae 0,1 c. Ockiibku yac

3yc.ycm?
nepexiHoro mporecy ckmamae 0,1c , To cucTeMa Mae XOpOIIy MIBHAKOJIO, IO

3aJ0BOJIBHAE TEXHOJIOTTYHUM BHMOTaM.

Puc. 2.8 Tlepexignuii mpoiiec B peryasTopi

4. Ilicns octatouHoro BuOopy I - cki1aioBoOi cucTeMy HEOOXITHO MEPEBIPUTH HA

3amac o CTiMKocTi. SIKIIO BiH 3aMaliuii, TO He0OX1AHO a00 3MEHIIYBATH BETUUUHY




[T - ckmamoBoi, abo *x 30ibITyBaTH cTamy yacy | ckimamgoBoi. st mporo:

a) OyJyeMO €KBIBaJICHTHY JIIHEapHU30BaHy MOJICIIb;

[ ]

Regylator
1 2
=
[ ] g
0.0196s+1
signal zadania zusillad hoef deltE/deltF g
Gaini -
3 3 1
] 0/83 .27
| poes
Zvorzvazok
Pucynok 2.9 ExBiBajieHTHa JliHEapU30BaHa MOJIEIIb
0)3a/1a€eM0 TTapamMeTpu MOJIENI;

From: Input F

o
=
@
=
=
=
=
=
=
H System:’ perevirkanaz’apas’stiikc;ﬂi7‘1
. Phase kargin (deg): 50.5
 Delay bardin (=ec): 0.0355
: : : at frequency (radisec) 396
L s e S : Closed Loop Stable? ves
=
b
=
@
b
o
=
o
= e e N
~180 R R R R R R R R RN
1a’ 10°

Frecun

Pucynok 2.10 JlocnimkeHHs 3amaciB CTINKOCTI KOHTYPY PEryJIIOBaHHS 3YCHIIIS

HaTATY

51
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3 rpadikiB 6aunMo 110 3anac no ¢asi JoctaTHil 1 cknagae 80,5°.

6. OkpeMO pO3MISIIAEThCS BHUMAAOK HeMiHIMHOI cuctemu. Haitnmpocrima
nepeBipKa TyT MOJSATae€ B 3HAXOKEHHI Tiel poO0YOi MIISHKHM, Ha SIKIHA 3amacu 1o
CTIMKOCTI Ta 3a0e3MeueHHs] TEXHOJIOTIYHUX BUMOT I110/10 peryitoBanHs (la, 16, 1B)
— moripimyrThea. TyT HeoOXigHO mepeBipuTH uu Oyje 3abesredeHa moTpiOHA
AKICTh HA I HAWTIpmid OuisHIl. SIKMo Tak, TO PETYISITOP BBaKAETHCS
CHUHTE30BaHUM. SIKIIIO SKICTh HE3aJ0BUIbHA (MM 3arac 1Mo CTIMKOCTI, a0 X He
BUKOHYIOThCSI BUMoru la, 16, 1B) To mapamerpu Il kpamie migibpatu Bxke came
s wiel ninsHkd.  [Ipu 1boMy MOXYTh MOTIPIIyBaTHCS SIKICTh KepyBaHHS IS
IHIIUX JIJISTHOK, HAMPHUKJIaJ] BTPAdaeThbCAd MIBUIKOMIS (ane 30UIBIIYETHCS 3arac).
SIKo Take MOTipIIeHHS AOMYCTUME, TO 3ajada CUHTE3Y PETyJsTOpy pO3B’s3aHa.
SKUI0 TOrIpIIEHHS HEIOMyCTUME, TO HEOOXI1JHO CHUHTE3yBaTH CUCTEMY 3
ajanTailiero napamerpis peryistopa. Komu 6 cucrema kepyBaHHs cama Mijgoupana
HalKpalll BEJIMYMHU B 3aJEKHOCTI BlJ PIBHA BHUXIIHOI ab0 MIPOMIKHOI
KOOpAWHATH (IIBUIKOCTI, CTPYMY).

B3arani meTon nocnipkeHHs AUISTHOK €(peKTUBHMI, KOJIU B IPSIMOMY KaHaJl
ICHy€ came eJeMEeHT HacuueHHs. ToOTO HeoOXITHO NEPEBIPUTH SIK pearye cucremMa

IIp1 MCHIIIUX CUTHAJIAX 3aBAaHHA (MGHI_HI/IX CUJIaX HATATY ,Z[pOTY).
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Pucynok 2.11 IlepexinHi Ipoecu B CUCTEM1 KEpyBaHHS

3 rpadika Mu O0auyuMoO LIO0 cHUCTEMaA J00pe pearye 1 Mpu MalMx CUTHajgax

3aBJaHHA (MaJjll CHJIM HATATY JpOTy), 3amac MO CTIMKOCTI  3pocTae, aje dac
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NEPEX1AHOTO MPOLECy TaKOXK 30UIbLIyeThCs. [ mpukiagy nmpu MakCUMalbHOMY

CUTHAJIOBl 3aBJaHHsA 4Yac IepexigHoro mponecy ckmagaB t,, =01 c, a mpu
MIHIMaJIbHOMY CHUT'HaJIoBi 3aBiaHHA t,, =0,2 c.

(Kputepiii:0.95-F ). [aHi napameTpu 3aJ0BOJIHSIOTH TEXHOJOTIIO.

Jis 3017bIIeHHST MIBUAKOMAII peryinsTopa HEOOXigHo MI00 perymarop OyB 3i
3MIHHUMHU TapameTpaMu. ToOTO Mpu MafiHHI CUTHAIY 3aBJIaHHS PETYISATOpP caMm
NOBUHEH 301IbIIyBaTH  KOEQIII€EHT TMepeAadl TOJOBHOTO KaHaimy. Mu
PEKOMEHJIyEMO Ha OCHOBI BHMBYEHHS BIPTyaJbHOI MOJENl BHKOPHUCTOBYBATU
peryJiiTop Ha OCHOBI MIKPOKOHTpoOJiepa, KMl OM caM IiJICTPOIOBaB KOEMIIIEHT
nepeadi ToJI0BHOTO KaHaJy B 3aJIEXKHOCTI BiJl CUTHATY 3aBJaHHS.

BucHoBok: B pe3ynbTaTi pO3paxyHKy Ta CHHTE3Y 3a JOIOMOTrOIO
BIpTyaJbHOI MOJIEJl Ha KOMIT'IOT€pl, MU CHHTE3YBAJIM PETYyJIATOp JBHUTyHA
HaTSDKKH  JpoTy. Bci mapamerpu perynsitopa TOBHICTIO — 3aJOBOJBHSIOTH
TEXHOJIOTI0. B pe3ynpTaTi mepeBipku MIBUAKOIIT peryisTopa MpU PI3HUX
CUTHaJaX 3aBJaHHSA, MU MOOAYMIM IO IIBHIKOIIS CHCTEMH JOCTaTHHO BHCOKA.

OT1xe OyaemMo BBaXaTH 1110 PETYJIATOP BUOPAHO BIPHO.

2.7 JlocmimpkeHHs peakiiii cucteMu Ha mpuckoperss Bairy [I1C

Jlist nocmixkeHHs peakiii cucteMu Ha npuckopenns Bainy JAIIC HeoOxinHO B
MOJIeJIb BBECTH 3aJIaTYMK IHTEHCUBHOCTI po3rony Bany [IIC, ne mu-6 3amaBanu
o0epTH JBUTYHA 1 Yac 3a sIKUM IBUTYH IMOBUHEH PO3IrHaTUCA 10 1ux 00epTiB. Lleit

3B's130K 300pakeHo Ha puc 2.12.
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Pucynok 2.12 3agaTumk iHTEeHCUBHOCTI po3rony Baity JAIIC

BBoaumo maui:

Repeating Sequence 2 — BBOJMMO Yac pO3roHy i 00epTH JI0 SKHUX MOTPIOHO

pO3ITHATHCS;

Jsumz — CyMapHU MOMEHT 1HEpIlli CUCTEMU;

1/radiys4 — paniyc 600iHH 3 IPOTOM.

Hocmin 1: po3rin Bamy 10 o6eptis 2200 3a 10 c.
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Pucynok 2.13 IlepexinHuii mpouec ABUTyHA HATSKKU APOTY

Hocmin 2: po3rin Baiy 10 ooeptiB 2200 3a 5 c.




Pucynox 2.14 Tlepexiguuii mpoliec JBUTYHA HATSHKKU APOTY

Hocmin 3: po3rin Bamy 10 o6eptiB 2200 3a 2.5¢ .

Pucynox 2.15 Ilepexigauii mpoliec IBUTYHA HATSHKKU IPOTY

Sk BumHO 3 TpadikiB mpu 3MeHIIeHHI yacy po3rony Bainy JIIC wyac

pEryJoBaHHs 3MEHILY€EThCS, IEPEPETYIIOBAHHS CUCTEMH 3POCTa€, TOOTO cUCTEMA
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npsiMye 10 HecTabuIbHOCTI. ToMy OKpeMuM JOCHiAOM MOKHA MO3HAYUTH CHHTE3

KOPUTYIOUOT'O 3B’SI3KY.

2.8 JlocipKeHHS SKOCT1 MEPEX1THUX 1 YACTOTHUX XapaKTEPHUCTUK IIPUBOA

HaMOTKH APOTY

Bunu nepeximnoro mporecy (puc.2.15).
b A ﬁT T=const 4
1
’ |

t |
[ [ i >

MoHnoTOHHUI KonnBansuuii AnepioauuHui

Pucynox 2.16 Buau nepexigHux mporecis

MoHOTOHHUI — 1€ TepexXiIHUNA Tpolec, KOJIM KEepoBaHAa BeJIMYMHA
3MIHIOETHCSA TIJIaBHO 0€3 3MiHM 3HAKy MOX1HOT B 4yaci (0e3 nmepeperynroBaHHs).

KonuBanpHuii — 1€ mnepexiiHUi TpoLec, KOJIM KepoBaHAa BeJIMYMHA
3MIHIOETBCA 3 TMOCTIHHUM mepiogom T = const mig JiHIHHOI CUCTEMU
apromaTu4yHoro kepyBanus (CAK).

ATiepioIMUHUN TPOIIEC XapaKTEPU3YETHCS TIEPEPETryTIOBaHHAM, TOOTO Max
BIAXMJICHHSAM BIJ MOYAaTKOBOI BEJIHMYMHU O€3 KOJMBaHL a00 3 KOJMBAHHSIMH, IO
MaroTh He nocTiiaui nepiox T # const.

XapaKkTepUCTUKH TiepexiaHoro mporecy (puc.2.17).
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Pucynok 2.17 XapakTepUCTHKHU MEPEXiTHUX MPOIIECIB

1. Yac perymoBaHHs (WIBUAKOAIS) t, — yac 13 MOMEHTY 3MIHM 30BHILIHBOI il
(30ypenHst a00 3aBJaHHS) JO MOMEHTY JOCSTHEHHS KEPOBAHOK BEIUYUMHOIO Opon

(monmyctumoi moxu6ku). Bona piHa 0,05 Byoy, SKIIO CHELIATBHO HE 3ajaHA.

§ = Bmax _Buom .
BHO.M

3. KonuBanbpHICTh MEPEXITHOTO MPOLIECY:

2. IlepeperyntoBaHHs

— yucio KoiauBaHb NT (n — KUTBKICTH MEP10/1iB KOJTUBAHb);

Bl_BZ

- CTYyHiHb 3aTyXaHHS -———= — BIJHOCHA PI3HMUI CYCIIHIX aMIUTITY/]
1

KOJIMBAJILHOTO MPOLIECY;

— CTYIIIHb KOJIMBAJIBHOCTI IIEPEXIAHOTO MpOoIecy W =2,

S = a * j® — KOpiHb XapaKTEPUCTHUHOTO PIBHIHHS;

- BJAaCHA 4acToTa KoimBaHb 0y = 21/T = 2nfy — Bu3HauaeThCs (izMUHUMU
napaMeTpamu CUCTEMHU.

4. lllupuHa cMyrw MPOIYCKaHHS YacTOT PO3IMKHEHOI CHCTeMH — II€ 1HTEepBal
4acTOT, MPU SKUX aMIUTITYJa BUXIJTHOTO CUTHAITY 3MEHINYEThCS HE OUIBII SK Ha
70% BIZHOCHO BX1IHOTO.

JIyisi BU3HAYECHHS IUX TapaMeTpiB SIKOCTI MEPEXiHOTO MpOoIecy MOTpiOHI
BIJIOMOCTI IIpo nepexianuii npouec P(t), Horo kpupa. s cnpoleHHs BU3HaYEHHS
SAKOCTI KOPHCTYIOTHCS KPUTEPISIMU, IO XapaKTepu3ylOTh SKICTh. BoHU He
noTpeOyoTh PO3B’A3KY IU(PEpEeHUIMHUX pIBHSAHb, HEOOXITHUX JUIsl MOOYIOBHU

MepexiIHOTO mporecy. HalgacTime BUKOPUCTOBYIOTH 1HTErpajbHI, KOPEHEBl Ta
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YacTOTHI KpUTEPil

w, panm/c

Pucynoxk 2.18 IlapameTpu nepexiIHOTO MPOIIECY B EIEKTPONPUBOI HAMOTKU

napoty (I I-perymnstop)

OuikyBaHa TpuBaiicTh nepexigHoro npouecy Tprimg = 0,09 c,
nepeperymroBaHHs
811‘[1}1 = 4,25 % (pI/I0218)

Jlana cuctemMa 3 HHU3BKOI IIBUJIKOJIE€I0, TOMY HEMa HEOOXI1THOCTI
3actocyBaHHA /I CKIIaloBOT B pEryisiTopi, 0 BUKOPUCTOBYIOTH B CIIJIKYHOUHMX
CHUCTEMax 3 BHCOKOK MIBUIKOJII€I0, TakoX [l CKiagoBa CTBOpIOE TPOOIEMy
3aBajiozaxuieHocti. Tomy meperimemo Bin IIIJ[ mo Ill-perynaropa i1 meTomamu
Teopli aBTOMAaTUYHOTO KepyBaHHs OOIPYHTYIO ii HEAOLIIbHICTb.

OuikyBaHa TpuBalicTh nepexigHoro mnpouecy Tpum = 0,09 c,
nepeperyiroBaHHs o1 = 4,25 % (puc.2.21).

3rigHo 3 (puc.2.22) ouiKkyBaHa TPUBAIICTh MEPEXITHOTO TPOLUECY [ promr =
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0,09 ¢, mepeperymoBanHus Oz = 4,25%.

Ak BUIHO 13 BHUIIEHABEACHUX IapaMETPIB TMEpeXigHUX TPOIIECiB B
eJIEKTPOTIPUBO/II HAMOTKH JAPOTY Micis 3Miau peryistopa 13 [1IJ] wa I1I nepexiani

MPOLIECH MaiiKe HE 3MIHUIIHCA.

Pucynok 2.19 ITapameTpu nepexigHOro MpoIecy B eJIEKTPOIPUBO/II HAMOTKH

npoty (Il-perymnsitop)

Tomy Ha maHoMmy erami JOCTIKEHb MOXHa 3 BIEBHEHICTIO CYJIUTH MPO
JOIUTBHICTH 3MIHM peryisiTopa. J{ocmiKeHHs YaCTOTHUX XapaKTEPUCTHK CHUCTEM
JUISl KOSKHOTO JIBUTYHA, @ TAaKOX JIJIsl KOXKHOTO MMi1I0paHoro peryisTopa J0TIOMOXKE
BUPIIINTY TOCTaBJCHY 3aJauy 13 BU3HAUCHHsA KpuTepiiB cTidikocti. Lle kputepii,
K1 JIO3BOJSAIOTH BH3HAYUTH CTIMKICTh, a4 TaKOX 3amac CTIHKOCTI CHUCTEMU
aBTOMATHUYHOTO KepyBaHHs 0€3 pO3B’s3aHHS AUQPEPEHIIHHOTO PIBHSIHHS, IO
OTIMCY€ CUCTEMY.

Anrebpaiuni kputepii — me kpurtepii Payca Tta ['ypsina, uvactotHi —

MuxaiinoBa Tta HaiikBicta. Kputepii Payca, I'ypBina ta MuxaiinoBa MoxxHa
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BUKOPHCTOBYBATH SIK JJISl PO3IMKHEHHUX TaK 1 JJI1 3aMKHEHHUX CHCTEM.

HeoOxigHicTh 3a0€3MmeueHHs 3anacy CTiiKoCTi .

1. Ilpu cknamaHHi pIBHAHb JIAHOK CHUCTeMH, (I3UYHI TPOLECH CHUCTEMHU
171eaTi3yI0ThCA, BIIKUAAETHCS Maca APYTrOpsTHUX (DaKTOPIB.

2. TloxuOkwu niHeapu3arii.

3. Ilapametrpu cuctemu, IO BXOAATH Yy KOe(IilieHTH pIBHAHb (Maca, MOMEHT
iHepIlili, €MHOCTI, OIIOPH, IHAYKTUBHOCTI, KOE(IIIEHTH TiJCUIICHHS)
pPO3PaxoOBYIOThCS 3 TOXHOKOI, sika gocsrae 10% 1 3aleXuTh BiJl METOIIB
BHUMIPIOBaHHS 1 TOYHOCTI IPUIIAIIB.

4. TloxuOKU eKCIIEpUMEHTY Ta 00pPOOKH PE3ybTaTiB.

5. Po3citoBaHHsI mapameTpiB €JIEMEHTIB CHUCTEMH BHACIIOK TEXHOJIOTIYHUX
JIOTTYCKIB TIPH X BUPOOHUIITBI.

6. CrapiHHS €JIEMEHTIB Y MPOIIeC] eKCILTyaTallii.

7. HecrabinbHicTh mapamerpis moBkims (t°,P).

8. HoctaTtHiMu 3amacaMu CTIHKOCTI BBaXKarOThcsl 3HaueHHs AL(w) > 6 — 12 ab,
Ay(w) >30° ].

Tomy BBOASTH 3amacH CTIMKOCTI, SIKi Mepe10ayatoTh MOKJIIMBI BIAXHICHHS

PO3pPaxyHKOBHX IapaMETPIB CUCTEMH BiJ| JIHMCHUX.

3a mobynoBanumu JIAUX 1 JIOUX poszimkaennx CAK BuzHauy napamerpu

CTIUKOCTI.
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From: Input Point To: Output Point
R ! I ! [
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E System: Perexidnapi_1 : : : v
___________ 1 Fain Margin (dBX 14.7 L S SR I S S
At frequency (radfsec) 69.5 H H H H
Closed Loop Stable? Yes
fing
h=A
o
=
=2
E
=
[
=
Systermn: Perexidnapi_1
Phase Margin (deg): 52.4
Delay Margin (sec): 0.0355
At frequency (radfsec) 23.7 0 |
Closed Loop Stable? Yes
__________________________ H
=
o
= H
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)
i
=
o
____________________________________________
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1 Eln 1 EI‘ 1 EI2

Frequency (radfsec)

Pucynox 2.20 JTAUX i JI®UX B CAK namotku apoty (I11[I-perymnsarop)

Ax Bumao 13 puc.2.20 B CAK i3 BcranoBiaeHum [IIJ[-perymstopom
3a0€3MevyI0ThCsl HACTYIIHI MapaMeTpH 3araciB CTIHKOCTI:
- 3amac 3a ¢azoro Ay(w); = 52.,4°;
- 3amnac 3a amrtitygoro AL(w): = 14,7 nb.
3a panumu mnpuBeneHumu puc.2.21 B CAK i3 Bcranoiaenum IlI-
PeryasTopoM 3a0e3MeuyroThCsl HACTYITHI MTapaMeTpH 3araciB CTIMKOCTI:
— 3amac 3a ¢azor Ay(m); =52,4°;
— 3amac 3a ammniTyaoo AlL(w)1 = 14,71b
Hageneni Bume JIAUX 1 JIOUX mist CAK 13 pizHUME peryasiTopaMu Maiike

IICHTUYHI OJHA OJHI! 1 TPH 3MIHI PETYISATOpa MalKe HE 3MIHIOIOTHCS.
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Bode Diagram
From: Input Poirt To: Qutput Pairt
& T T T T T T T T T T T 1] T T T T T 17T

| System: Perexidnapi 2

¢ Gain Margin (dB): 14.7
At frequency (radfzec) 9.8
Closed Loop Stable? Yes

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Magnitude (dB)

------------------------------------------

System: Perexidnapi_2

Phasze Margin (deg): 52.4
Delay Margin (sec): 0.0385
At frequency (radfsec) 23.7 |
Closed Loop Stakle? Yes H

Phase (deq)

1) R fooooeoae P TR R P PN I [ oo A Y O A 1 IO b S A S
10° 10' 10° 10°

Freguency (radisec)

Pucynox 2.21 JIAUX i JI®UYX B CAK nHamoTtku apoty (I1I-perymnsrop)

3anacu CTIAKOCTI MOBHICTIO 3a70BOJIbHAIOTH JaHi CAK. Cnuparounch Ha
JlaHl OTpUMaHI1 Il 4ac MPOBEJCHOI0 aHai3y MEPEXiIHUX MPOIIECIB 1 YACTOTHHUX
XapaKTEPUCTHK € BUUSPITHUMHU ISl CTBEPJHKEHHS, 10 3aMiHa peryisitopa, [11]] Ha
[I-perynsitop, ansa nanoi CAK € oOrpyHTOBaHUM 1 JOIIIBHUM. J[OIUIBHICTD JTaHO1
3aMIHU TMOSICHIOIO HEBE- JMKOIO J[ CKIa0BOO pErynsTopa, o I ABUTYHA, SIKUN
IPHU3BOAMB B PyX MEXaHi3M HAMOTKH IpoTy, ckinana 4,019x10%p i mns gpyroro
JBUTYHA, SIKUWA MPU3BOJMB B PYX BEHTHJIATOP Mojayli arMOoc(epHOro MoBITPsS B
30HY OXOJIOMKEHHS CMpOBHHH, cknana 4,298x10°p. Came e Benuka [l ckinamnosa
pPO3paxOBaHOIO pETyJsiTOpa Maibhke He 3MiIHWJIA 30BHINIHIA BHUJ TEpPEXiTHUX
MPOIECIB 1 YAaCTOTHHX XapaKTepHCTHK, a caMe TOJOBHE 3amacHu CTIMKOCTI

3aMIIWINCS Y HEOOX1HUX Jiana3oHax. B cBoro depry 1e aae 3MOry BiIMOBUTHCH
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npu pospaxyHkax nomionux CAK Big 3aragpHO METOJMYHHUX AQITOPUTMIB TIO

po3paxynkam CAK takoro tury.

2.9 Pozpaxynok CIOK i e1eKTpOHHOTO KJTroua

Jlis perymioBaHHS BUXIJHOI Hampyrd BUOpAMISAYa 3acTocyeMo (ha3o-
iMmysnbcHul Metod. IIpu npboMy 10 CKIaay NEpeTBOPIOIOYOrO MPUCTPOST HE
BBOJSTh JOJATKOBUX CHUJIOBHX BY3JiB, a JIMIIE Yy SKOCTI BEHTENIB BUIPSIMHOI
CXE€MHU BUKOPHUCTOBYIOTh KEpOBaHI KJIIOUI — SIK MpaBmiIo, Tupuctopu. [IpuHiun aii
peryisaropa mnoJyiira€e y Tomy, IO 3a JONOMOI'OIO CHEI[laIbHOT CXEMHU KEpyBaHHS
3a0e3MevYy€eThCsl PeryjbOBaHAa 3aTpUMKa HAa BMHUKAHHS TPAH3UCTOPIB BiIHOCHO
Hepexoly 4Yepe3 Hylb 3MIHHOI CHHycoigaJbHOI Hampyru. ToOto asza
MOCJIIIOBHOCTI IMITYJIbCIB KEPYBaHHSI 3MIHIOETHCA 100 (a3u CHHYCOIAHOI
HaIPYTH.

[lepeBaroro iMIyJnbCHMX METO/IB KEpyBaHHS € Te, IO, MEpIl 3a BCE,
HAJIJTUIIOK €HEprii TYT MPOCTO HE OEPEThCs BiJ JXKEpelia )KUBJICHHS (2 HE TaCUThCS
Ha OaJIaCTHOMY €JIEMEHTI, SIK, HAIIPUKJIaJl, Y KOMIIeHcalliiHoMy ctabimizaropi). Lle
B 171€ai (SIKIIIO BBAXKATH €JIEMEHTH PETYJISTOpa TAKHUMHU, 1110 HE MAtOTh, HAITPUKJIIA],
OTOpY) 3a MPUHIUIIOM MOOYA0BHU peryisitopa ooymonitoe BennunHy KKJI y 100
BIJICOTKaX.

3aBaanasaMm CI®K e renepanis iMImybCiB KEpyBaHHS HEOOX1AHOI aMIUTITY/IH,
TpUBajoCTI 1 (GopMu, pO3MOAUT iX MO BIANOBIAHUX BEHTWJISAX 1 BU3HAYEHHS
MOMEHTY IOJ[a4i X IMITYJIbCIB BITHOCHO MEPEX0/ Ty 3MIHHOT HANIPYTH Yepe3 HYJb.

CI®K noBuHHA BIJIMOBIIATH HACTYITHUM BUMOTaM:

1) 3a0e3meuyBaTd JOCTATHIO ISl BMHKAaHHS TPAH3UCTOPIB aMILTITYIy
HaIpyru 1 cTpyMy iMnyibciB kepyBadHs — (10...20) B, (20...2000) MA;

2) 3a0e31neuyBaTi BUCOKY KPYTH3HY (DPOHTIB iMITYJIECIB — (150...200)
B/en. rpanyc;
3) 3a0e3neuyBaTy PEryJIFOBaHHs BEJIMUUHK KyTa 0 Y 3arajJbHOMY Jiarma3oHi 3

HEOOXI1JTHOIO TOYHICTIO;
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4) 3abe3nedyBaTH CUMETPIIO IMITYJIbCIB KEPYBaHHS O (hazax BHIIPSIMIIYA,

5)3abe3meuyBaTi JOCTaTHIO Il HAJIMHOIO BMHKAHHS TPaH3UCTOPIB
TPHUBAIICTh IMITYJIbCIB KEPYBaHHS — B3araji iX TPUBAIICTh MOXe CKJianatu (m-o),
ajie 1€ HE EKOHOMIYHO-JIO0CTaTHbO, 100 BOHA Oyla Takolo, KOJIH CTPyM uepes3
TUPHUCTOP 3a Yac JIii IMITyJIbCY MEPEBUIIYE BEIUUUHY CTPYMY YTPUMAaHHS,

6) MaTH BUCOKY 3aBaJIOCTIHKICTb.

> > > > >
HyJsb TJI3H KomMmmo- Ond. OB Higcu-
oprau paTop JIaHK JIoBay
a

1

Uq v

1 o

TPaH3UCTOP

Pucynok 2.22. CtpykrypHa cxema CIOK

Jlist 3a0e3redyeHHs 3aXMCTy TPaH3UCTOpa BiJ 3BOPOTHOI HANpYyrd Ha
KEPYIOUOMYy €JEeKTPOJi, MapaliebHO KEPYIOUOMY €JEeKTPOAY CTaBUMO [i0J
2]1204B, mo 3a0e3neyye MPOXOKEHHS CTPYMy HE MEHIIOTO, HIK CTPyM
kepytouoro enekrpoay 0,15 A. lIBuakoxis Takoro aioaa 3adesneuye crpym a0 0,6
A 3 pponTom imnynbcy 0,01 mxc 1 yactotoro A0 5 kl'1.

OcCkUIbKM Hampyra Kepyruoro eJIeKTpoAy TpaH3WCTopa 1 Hampyra
3axucHoro pioga VD3 pi3Hi, BBEAEMO B CXEMy OOMEXYIOUHMI pe3nCTOp
MOCIOBHO 3 BTOPUHHOIO OOMOTKOKO TpaHC(hopMaropa BHUXIJHOTO KacKaiy, IO
JI03BOJIUTH BUPIBHATH HAMPYTY HA BUXOJ1 TpaHcopmaTopa. 3anamo, o0 majiHHs
HAIpyTu Ha OOMEXYI0YOMY PE3UCTOpPi CTAHOBWIJIO TOJIOBUHY HAIMPYTH KEPyBaHHS
Ha tupucropi, ae Uy = 3 B mpu ctpymi kepytodoro enekrpoay I, = 0,15 A. Toxai
BUXI1JTHA HampyTa TpaHc(hopmaTopa CTAHOBUTUME

Un=Ump1,5=3-1.5=4,5B.

Omnip 0OMeXyH40ro pe3ucTopa

Roow = (Us - Unp) /lm = (4,5 - 3)/0,15 = 10 Om.
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[3 HOMiHanbHOTO psimy omopiB BuOupaemo 10 Owm. [lns 3a0e3meueHHs

(opMyBaHHSI KOPOTKOTO IMIYJIbCYy BUOEPEMO TPAH3UCTOPHHUI HACHYEHUM KIIIOY 3
TpaHCPOPMATOPHUM BHXOIOM.

3aaeMOCh HAMPyTroo KUBJIEHHS Kackany E, = -25B.

Jlns  3abe3meueHHs  SKOMOra, Ouibmioro  koedillieHTa  MiJICHUJICHHS,
YaCTOTHOTO Jlana3oHy uid (OpMyBaHHS MEPEAHBOTO (POHTY IMITYJIbCY, & TAKOXK
JOMYCTUMHMX HaIllpyrd Ta CTPyMy Ha HaBaHTAKEHHI IONEpPEAHbO BHOEpPEMO
tpansucrop KT825I" 3 mapamerpamu:

UKe om. = 2 EK

Lion. = 60 A; Ugenon =90 B; Lizx=0,5A; f,=100 MI'm; # = 750.

2 UbBux

Pucynok 2.23 TpaH3ucTOpHUI HACUYECHHI KITFOY 3 TPaHCPOPMATOPHUM

BUXOJIOM

3BiacH KOeIIEHT MiACUICHHS:

a=PB|(#+1)=750/(750 + 1) = 0,9987.

n = Un/Ex = 5,25/25 =0,21.

KostekTopHnit CTpyM HaCU4YEHHS

Ik ac. = Im- N = 0,15 - 0,18 = 0,027 A.

MakcumanbHi CTpyMU Ta HAaIPYT'y B CXeM1 BUOEPEMO 3 KOe(ilIEHTOM 3aracy

Kzi = KZI/I = 0,8
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3BiI[CI/I Ik Tax — Kzi' Ik 1om .— 0,8 - 60 =48 A.

Onip  HaBaHTaXEHHS, T[EpepaxOBaHMM O  MEPBUHHOI  OOMOTKH
TpaHcopmaTopa mnpH Jii Hampyryu J01aTHHOI MOJISPHOCTI

Ry = U/l n?=4,5/(0,15- 0,18%) = 926 Om.

[HAYKTUBHICT, HaMarHiuyBaHHs TpaHcopmaTtopa BHOMpPAaEMO Takoro, 1100
MaKCUMaJbHUM KOJNEKTOPHUH CTPyM Ik max B IMIyJIbCl HE TEPEBUILYBaB

AOIIYCTHUMOI'O 3HAYCHHS:

Limex=25/(60-25/926) - 0,2-10°=3,1-107 I'n.

JUIs KOHCTPYKTUBHOIO PO3pPaXyHKYy BHUOMPAEMO 3HAYEHHS I1HAYKTUBHOCTI

0,33 Mk['H. 3HaX0UMO MaKCUMAaJIbHUNA CTPYM HaMarHigyyBaHHS
jmax=Ex/L- t = 25/0,33-10°-0,2-10° = 15,15 A.

3BIACM MaKCUMaJIbHUU CTPYM Imy 3 ypaxyBaHHSAM KOJIEKTOPHOTO CTPyMY

HAaCUYEHHS
It = Jmax + Ik mac. = 15,15 + 0,027 = 15,177 A.

CrpyM 6a3u HacHueHHs L yae, = Ime /A = 15,177/750 = 0,02 A.

Bignosigna nanpyra HacuueHHs Uge ; cTanoBUTH 0,9 B.

BenuunHy m0omycTHMOTO BUKHIY HAampyrd 3HAXOJUMO 3 YypaxXyBaHHSIM
koe(ilieHTa 3aBaHTaXXeHHs 3a Hanpyrorw K.

Umd = Uke max— Ex= Kzu* Uke zon = 0,8 - 90 - 25 =47 B.

3Hax0IMMO €KBiBaJICHTHE 3HAYEHHS IIYHTYIOUOTO PE3UCTOpa

Rues = Um /0,74 jmax =47/ 0,74-15,15 = 962 Om.

BpaxoByroun, mo mpu 3aKpuBaHHI TPaH3UCTOpA, HAMpPyra HA BTOPUHHIN
oOMmoTIi TpaHchopMaTopa Ma€ 3BOPOTHIO MOJISIPHICTb, TO HABAHTAXKECHHS B IeH
MOMEHT IIYHTYEThCS A10/I0M. 3a/1al09KCh HAMPYTOI0 Ha Biakputomy miomi Ug= 1,4
B, 3Haxogmmo mpu I[bOMY CTPYM BTOPHUHHOI OOMOTKH TpaHcpopmaropa, SKUH

PIBHSIETHCSI TAKOXK CTPYMY JA10/1a:

Im = (Un - Ug)/R = (4,5 — 1,4)/10 = 0,31 A.
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[lepeBipsieM0O yMOBY HemepeBEpIICHHS 3HAHACHOTO CTPYMY MAaKCHUMajIbHOTO

CTpyMYy Z1i071a. YMOBa BUKOHYETHCS.

3HaX0AMMO TIepepaxoBaHU OMIp /10 IEPBUHHOI 0OMOTKH TpaHc(opmaTopa:

Rin = Un/lm° n? = 4,5/(0,31 - 0,18%) = 448 Om.

PeanbHe 3HaYeHHS IIyHTa, IO MIAKJIIOYAETHCS J0 TMEPBUHHOI OOMOTKHU
TpaHcpopmMaTopa CTaHOBUTD:

Ru = Run Rure/( Run — Rues ) = 448-962/(448-962) = 838,5 Om .

Bubupaemo 3nauenns onopy 910 Owm.

Hion, mo 3a0e3rnedye CTPYM jmax, 3BOPOTHIO HampyTy Ey , mpu BKkazaHiit
BUIIIC MBUAKOAIT, BuOUpaemo KJ[2995T".

3HaX0IUMO TPUBATICTh BUKUTY to=3"L/Ryew=29,7-10c.

3HaiiieHe 3HaYeHHs TPUBAJIOCTI to MEHIIE TPHUBAJIOCTI MOJOBUHU Iepioja
yacToTu Mepexi skusienss 0,01 c.

Bubuparoun koe(ilieHT HacW4yeHHs TpaH3ucTopa ¢ = 1,5, 3HaAXoguMmo
HeoOX1THUN cTpyM 0asu Is 1 3HaueHHs oOMexXyr4oro pesucropa Rqsy B 1mbOMY
JaHI031, 33Jal0YMCh 3HAYEHHSIM BXI1JIHOT HApyTru kepyBaHHs kitoueM Uy = 10 B.

Is=c" Ignac = 1,5:0,02 = 0,03 MA.

R oom = (Uex — Use ) /16 = (10 — 0,9) /0,00003 = 303,3 Om.

BubupaeMo ctanaapTHe 3HA4E€HHS 3 HOMIHAJIBHOTO psAny Roew = 330 Om.
[Tapa3uTHa €MHICTh Ta IHAYKTUBHICTh JJISI BKa3aHUX 3HAYCHb 1HJIYKTHBHOCTI
CTaHOBUTH

Co=0,03-10°®, L, =0,01- L =3-10° I'n.

Jliist oOuucnenHs: GPoHTY IMIYJIBCY 3HANWIEMO BUXITHUN OMIp TpaH3UCTOpa 1
MOCTIIHY Yacy JaHOT CXEMH :

a-r.—r,

Rexs=rk (1-%)+re-(1+
r+r,+R

);

0OM

Res = 730000 - (1 —0,9987) + 0,08 - (1 + (0,9987 - 730000 — 0,08)/(0,08 + 3
+42200)) = 998,6 Om.

L
= L +Cy R, +—=
2-7-f,

6UX.eK8 *
)

T
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6
L 40,03:10° 39683+ 0=

= —2,287-10%¢
2.7-20-10 998,6

3BijicH TPUBAIICTH (PPOHTY IMITYJIbCY

1

)=189-10"°¢
15-1

-+ B)In(+—1)  2,287-10°°(1+750)In(1+
t‘b = S-1 =
€KBIBaJICHTHA MOTY>KHICTh Ha TPAH3UCTOP1 CTAHOBUTH:!

Pews = Uke n(man/2 + L nac.)/2 = 1,5(2,083/2 + 0,063)/2 = 0,83 Br.

Oo6unciieHa MOTYXHICTh HE IEPEBUILYE MAKCUMAIBHY Py rax = 8 BT.
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BHUCHOBKHA

VY naniii kBamdikaiiHii po6oTi Oyna mpoBeaeHa MOEPHI3aIlis TPUCTPOIO
JUIS HAMOTKM CTaTopiB JBHUTyHIB Ha 0a31i Bepcrata HBC 23 — A. 3a ocHoBy
CICKTpONpPUBOAa HamoTyBaua Oyna mpuiiHsata cuctema [IY-AJl. Ilepruit
eJIEKTPOTIPUBO/I — TMPHUBOJA HAMOTKH, OPYTHd TPUBOJA — MPUBOJ HEPEMIIICHHS
MOTOBHWJIa, TakoXX Oyia po3pobieHa cucrema HaTspkku npory — [IIC vy
raJIbMiBHOMY PEXHMI.

byno mokazano, mo cucrema IIY-AJ[ 3a TexHIKO-€KOHOMIYHUMH
MOKa3HUKaMHU BUTIJHIINIE CHUCTEMH 0a30BOTO MPHUBOAY TI€T K MOTY>KHOCTI,
PO3pOOIEHHS CUCTEMH HATATY CKOPOTHJIO KIJIBKICTh OpaKy.

B poGoti Oyno BuOpaHo Ta OOIPYHTOBAHO TEPETBOPIOBAY YACTOTH.
[TpoananizoBaHi MOJIMBI CHCTEMH 4YacTOTHOro KepyBaHHS. Po3po0Gnena
¢dyHKITIOHaTBFHA CXEMa eJIEKTPOTPUBO/Ia HAMOTKH Ta HATSKKHU APOTY.

[loOynoBana MmaTemMaTuyHa MOJENIb YAaCTOTHOIO  EJIEKTPONPUBOAA,
CTPYKTYpHA cXema Ta 3HaiiieHi ii mapameTpu. CUHTE30BaHO PETYISATOP.

Metonamu Teopli aBTOMaTHYHOTO KepyBaHHs oOrpyHTOoBaHo [1I-perymnstop
Ta JOCIIHKEH1 Pi3H1 PEKUMH POOOTH EIEKTPOIPUBO/IA.

Po3pobnena cucremMa aBTOMAaTHYHOTO KEPYBAaHHS HAMOTKHA Ta HATKKU
JIpOTy sKa, SK TIOKa3aHO aHalli30M JHUHAMIKA CHUCTeMH, (GopMye HEOOXIiTHI

nepexiJiHi MpolecH i 3ade3Medye 3a/1aHi MapaMeTpu peryTtoBaHHS.
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PED®EPAT
KkBasi(ikaiiitHo1 po6oTH O6aKanaBpa «Y JOCKOHAJICHHS €JICKTPONPHUBOA BEpCTaTy

M0 HAMOTYBaHHIO CTAaTOPHUX OOMOTOK aCHHXPOHHUX JBUTYHIB cepii AIP»

PoGota mictuthk 73 cropinku, 31 umocTpariito, 4 Tabauil, 11 BUKOpuCTaHUX
JUKEIeN, TOAaTKU.

KirouoBi  cimoBa: HaMOTYBaJIbHMM — BepcTaT; AaCMHXPOHHUM  JBUTYH;
HaBaHTa)XyBaJbHa JllarpaMa; MaTeMaTHYHa MOJIEJb; KOHTYP PETyTIOBaHHS.

B mpouieci BukoHanHs kBamigikaiiifHoi po6oTu OyB MPOBENCHUN JeTaTbHUN
aHaJ3 TEXHOJIOTIHM Ta 00JalHAHHS IO HAMOTIIl CTaTOPHUX OOMOTOK. B pesynbrari
aHaii3y BHM3HA4Y€Hl Takl HEJIOJNIKM 0a30BOro YCTaTKyBAaHHS: BIJACYTHICTb
peryisaTopa HaTATY MPU3BOJUTH O 3HWKEHHS SKOCTI MPOAYKIII OCKIJIBKU MPOILIEC
HAaMOTYBaHHS 3JIIMCHIOETHCS M1 HAIJISIOM JIIOJAUHU-OMEpaTopa, SKUNH KepyeTbes
BJIACHUM JIOCBIZIOM Ta MiJ0Mpae HATAT HaAMOTYBaJIbHOTO JPOTY 3a JIOMOMOTOIO
MEXaHIYHOTO MPUCTPOIO.

byno mpuiiHsATO pilIeHHS CHHTE3YBaTH CHCTEMY HATATY JPOTY, IMPHUHIIUII
poOOTH CHUCTEMHU TNOB'I3aHUI Ha SBUII, KOJM NPUBIAHUA JIBUTYH NpAaLIO€ B
rajJbMIBHOMY PEXHUMi, @ KOJIO SIKOpsSl 3 pO3TAllOBaHOI Ha HbOMY KOTYULIKOIO 3
JIPOTOM IIYHTYETHCS PE3UCTOPOM, CTPYyM IIYHTYBaHHS PETYITIOEThCS 3a
JIOTIOMOTOI0 €JIEKTPOHHOTO KJI0Ya.

Jlis HaMOTKH CTaTOPHUX OOMOTOK HAMOTYBAJBLHOTO BEpCTaTy, 3aMiHEHO
JIBUTYH TIOCTIHHOTO CTPyMY Ha aCHHXPOHHUUN ABUTYH, TIOMIEPEIHBO MPOPAXyBaBIIN
Ta BUOPABIIM HOTO 3 KAaTaJorYy.

B mpomeci gocmipkeHHs XapaKTepUCTHK NPUBOAA, JOCHIKCHUHN 3arac
CTIMKOCT1 KOHTYpY PETYyJIOBaHHS 3yCHJUIS HATATY. 3 rpadikiB BUAHO, 1110 3arac 1o
da3i nocraTHil 1 cknagae 80 rpamycis.

B pe3ynbrari po3paxyHKiB Ta CHUHTE3Yy 3a JIOMOMOTrOI0 BIPTYajabHOI MOJENI
CHUHTE3YBaB KOHTYp PEryjlOBaHHS HATSXKKU JAPOTY, BCl MapaMeTpu IIBUIKOMIIT
perynstopa TpU Pi3HUX CHUCTeMaX, 3aBlIaHHS TOKa3all JOCTaTHbO-BUCOKI

apaMeTpu CUCTEMHU.



ABSTRACT
bachelor's qualification thesis "Improvement of the electric drive of the machine

for winding stator windings of asynchronous motors of the AIR series"

The work contains 73 pages, 31 illustrations, 4 tables, 11 used gels,
appendices.

Keywords: winding machine; asynchronous motor; loading diagram;
mathematical model; control circuit.

In the course of the qualification work, a detailed analysis of the
technologies and equipment for winding the stator windings was carried out. As a
result of the analysis, the following shortcomings of the basic equipment were
determined: the absence of a tension regulator leads to a decrease in product
quality, since the winding process is carried out under the supervision of a human
operator, who is guided by his own experience and selects the tension of the
winding wire using a mechanical device.

It was decided to synthesize a wire tension system, the principle of
operation of the system is based on the phenomenon when the drive motor works
in braking mode, and the armature circle with a coil of wire located on it is shunted
by a resistor, the shunt current is regulated using an electronic key.

For winding the stator windings of the winding machine, the DC motor
was replaced with an asynchronous motor, having previously calculated and
selected it from the catalog.

In the process of researching the characteristics of the drive, the margin of
stability of the tension force adjustment circuit was investigated. It can be seen
from the graphs that the phase margin is sufficient and is 80 degrees.

As a result of calculations and synthesis with the help of a virtual model,
he synthesized the circuit of the wire tension adjustment, all parameters of the
speed of the regulator in different systems, the task showed sufficiently high

parameters of the system.
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1. THEORETICAL PART

1.1 General analysis of winding technology and equipment

Windings are the most important functional elements of electrical devices,
power supply units of instrument equipment. The quality of the products in which
the windings are used largely depends on the quality of the windings. Winding
defects belong to the category of hidden, and the consequences of their
manifestation can lead to sudden catastrophic failures, so the problem of improving
the quality of windings is of primary importance, which ultimately determines the
reliability of the product's operation, as well as the productivity and cost of its
manufacture.

The areas of ensuring defect-freeness, increasing the efficiency of the
product manufacturing process are well-known: thorough development of
technology; a detailed study of the causes and conditions of the occurrence of
defects in order to prevent them; automated execution of all components of the
"design - production™ process of products containing windings; improvement of
control and testing operations and their equipment.

Depending on the purpose of winding products, winding wires made of pure
copper, aluminum, alloys with high resistance and other materials are used.
Insulation of winding wires can be enamel, fibrous and combined. Cotton yarn, silk
and synthetic fibers serve as fibrous insulation. Wire insulation should have a small
thickness, high electrical strength, temperature resistance, chemical resistance to
impregnating materials, mechanical strength and elasticity.

For inductors, pure copper wires are used, mainly with enamel insulation.
Copper wires of the PEL brand are covered with insulation based on polymerized
tung oil or linseed oil. Wires of the PEV-1 and PEV-2 brands have insulation based
on special varnishes (viniflex), which adhere well to metal and are more heat-
resistant than the previous ones, so the wires these brands can work at a

temperature of 125 °C for about two hours without changing their properties. Wire
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with single-layer insulation PEV-1 can work at a voltage of up to 500 V, PEV-2
has an insulation thickness of 0.01-0.03 mm more and is used at a higher voltage.
PELR-1 and PELR-2 brand wires have polyamidresol insulation (hard and
gasoline-resistant). Wires of the PEVTL-1 and PEVTL-2 brands have polyurethane
insulation, which has increased heat resistance and allows soldering without
stripping the wires and without using fluxes. Enamel insulation takes up little
space, so coil windings are compact. Glass insulation of the wire (with a diameter
of 8 cores up to 1 mm) allows heating up to 450 °C. Combined insulation takes up
more space, but provides great reliability in operation. PELBO wire - with enamel
insulation and single-layer cotton braiding, PELSHO - the same, only with silk
braiding.

Aluminum winding wires are used much less often, mainly due to the low
mechanical strength of aluminum. Aluminum winding wires have a diameter from
0.05 to 2.44 mm. For the manufacture of wire resistances, enameled wire from
high-resistance alloys - manganin, constantan, nichrome is used. Manganin is an
alloy of copper, manganese and nickel. Constantan - the most common resistance
alloy - consists of copper, nickel, cobalt and manganese. Alloys under the general
name "nichrome™ consist of nickel, chromium and iron. For winding wires, only a
double alloy of nickel and chromium, which has the index "E", is used. Ceramic or
oxide coatings are used to insulate winding wires with a heat resistance of more
than 250 °C.

For operation at temperatures up to 600 °C, wires of the PEZHB brand with
a core of copper wire, varnished (covered) with nickel, are used. These wires are
made with a diameter from 0.20 to 0.80 mm with thin-layer glass-enamel
insulation, the surface of which is varnished with organosilicate varnish. These
wires are designed for long-term operation at temperatures up to 400°C or for
operation at temperatures up to 500°C for 2000 hours or at temperatures of 600°C
for 500 hours. The double thickness of the glass-enamel coating is 0.006-0.012
mm, and the total thickness of the insulation is 0.03-0.07 mm. The breakdown

voltage depends little on the temperature and is approximately 250-550 C. The
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insulation of PEZHB wires has lower mechanical strength compared to enamel. To
increase mechanical strength, they are additionally covered with a layer of
polyamide varnish (PESB brand). However, in this case, their temperature
resistance decreases to 350 °C.

Wires of the PEZHB-700 brand have a core of silver wire, lacquered with
nickel and are intended for long-term operation at a temperature of 500 °C. They
can also be used at a temperature of 600 °C for 2000 h and at a temperature of 700
°C for 500 h.

For high-frequency inductors, a multi-core wire (litsendrat) is used, which
contains from 7 to 28 mutually insulated cores in a common silk braid (LESHO) or
with two layers of silk braid (LESHD). Such a wire design has small losses due to
the surface effect.

When winding the windings with a thin wire, their terminations are
performed by soldering multi-core flexible wire, for example, brands MGSHV
(flexible wire with silk winding and vinylite insulation) and PMVG (flexible wire
with vinylite insulation) and the like. Such a conclusion is made in order to
increase mechanical strength.

Types of winding products used in instrumentation. Dozens of different
types of windings are manufactured in the instrument industry, which differ in
shape, size, used wires, types of insulation, technical requirements for construction
and other features. Instrument equipment devices containing windings perform
various functions, which determine the requirements for the product and design
features. Transformers, chokes, inductors, relays, wire resistors, selsins, rotary
transformers, electric motors and other electromechanical devices can be named as
examples of windings included in the winding products of instrument equipment.
All these types of winding products have their analogs in miniature execution.

Miniature designs of winding products, created with the aim of reducing the
mass and dimensions of the instrument equipment, from the point of view of
technological implementation pose problems of achieving the required quality and

automation of winding operations. The most time-consuming and the most
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responsible for quality assurance is the operation of winding the wire. All admitted
defects become hidden (upon their detection) after the completion of this
operation. Many factors influence the winding process.

Types of windings used in instrument construction. Winding products used
in instrumentation most often consist of a frame and a winding [1]. The frame is
the basis of the winding product and is made of dielectrics. The winding is a
structural part of the winding product, and the winding or stacking determines the
method of forming the turns. There are defining elements in the winding design:
turn, step and row. A wire wrapped around the perimeter of the frame in one turn
and having a shift of the end of the wire relative to its beginning is called a coil.
The step is the distance between the centers of the wires of adjacent turns. A row is
called the turns laid across the width of the winding. In fig. 1.1 a shows winding
turn to turn, in fig. 1.2, b - winding with a step. All windings are divided into two
main groups: single-layer and multilayer. Each group includes different types of
windings, and their design features determine the appearance. A single-layer serial
winding is laid turn-to-turn or incomplete on a flat, cylindrical, three-dimensional
rectangular frame. Such a winding is characterized by a small self-capacitance,
ease of manufacture, and a high quality factor.

The bifilar winding is wound with two insulated wires electrically connected

at one end. This winding is non-inductive and is used for wire non-inductive

cxﬁ \ )Cﬁ
Enr e R

D - wire diameter, P - winding pitch

resistors.

N

S

Figure 1.1 Winding step
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The toroidal winding is placed on a ring frame and is used for wire variable
resistors. A simple serial multilayer winding consists of a given number of rows of
stacked turns and is characterized by a large inductance value with small
dimensions, a large self-capacitance, an increased potential difference between the
turns in adjacent rows, and the complexity of manufacturing. In order to exclude
the collapse of the turns from the upper row to the lower one, it is necessary to use
spacers between the rows. Cable, capacitor or telephone paper are used as spacers.
The ordinary multilayer winding is used in the manufacture of transformers,
chokes, inductors, etc. Piling winding differs from ordinary winding in that the
rows are not observed and inter-row spacers are not used. It is used at low
operating voltage and most often for the manufacture of coils of electromagnetic
relays. Sectional multilayer windings are used to reduce the potential difference
between rows and adjacent turns, in addition, in such windings the self-capacitance
is significantly reduced, since the self-capacitance arising in each section is
connected in series. Such a winding is laid on sectioned frames. For inductance
coils, the wire in all sections is laid in the same direction. For wire non-inductive
resistors, the frames are used with an even number of sections, the number of turns
in each section should be the same, and the winding direction should be opposite.
When a current passes through such a winding, the magnetic fields arising in
adjacent sections cancel each other out. Galette windings are multi-layer frameless,
they are used in case of need to obtain a winding with a complicated configuration.

For laying such windings, special devices are used, the main elements of
which are a dimensional sleeve (which ensures the dimensions and shape of the
inner opening of the winding) and two cheeks that limit the width of the winding
(the number of turns in a row). To fasten the completed winding, use tying of the
coil with threads or impregnation of the turns of the wire with glue or varnish with
subsequent polymerization. The spiral winding has one turn in a row and is used to
obtain flat coils of inductors that are pasted on printed circuit boards. A pyramidal
winding is used when a coil with a large inductance value is required in circuits

with a high operating voltage. To reduce the potential difference between the turns,
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the winding is arranged so that the first and second turns lie in the first row, and
the third between them in the second row. Universal windings are characterized by
a small self-capacitance at large inductance values. The peculiarity of such a
winding is the presence of bends in each turn, the laying of the wire at an angle to
the ends of the coil, a large radial thickness with a small width of the coil, and the
presence of an angular step. Cross winding is a kind of universal and is used for
winding coils with a large value of inductance. It differs from the universal one by
the presence of only two inflections. Toroidal multilayer winding is performed
mainly for the manufacture of transformers and chokes on ferrite rings.
Technological processes of coil winding. The winding of any coil is
preceded by preparatory work, which includes the preparation of materials and the
machine. The materials needed for winding are selected according to the
technological map for winding. Most often, the package for the manufactured coil
includes: wire to be wound (or several wires of different diameter, brand); material
(cable, telephone paper, thin electrical cardboard, varnished fabric, glass fabric)
gasket and insulation, thread (high strength No. 10, 0, 00), wire for terminals, glue,
varnish for painting soldering places, acetone for washing soldering places, solder
and flux for soldering. The preparation of the machine includes its adjustment,
installation of cams, stops, driver, coils of wound wire, assembly of the thread,
tension adjustment, and so on. Preparatory operations include: cutting and cutting
of spacers, cutting of the upper insulation, cutting of the terminal wire, stripping
the ends of the cut wires from insulation, tinning of the terminals, cutting of pieces
of varnished fabric (glass fabric) for insulating the areas of the soldered
connections of the terminals. Materials of spacers and insulation are cut into strips.
The materials of the spacers are cut 6-8 mm wider than the width of the coil, and
for better stacking between the rows, cuts are made along the edges of the strips.
The ends of the winding wires must also be cleaned and tinned. Stripping of
winding wires such as PEL, PET, PEM and others with enamel insulation with a
diameter of at least 0.25 mm is carried out with an assembly knife, and wires of

smaller diameters are cleaned with sandpaper. Insulation from PEV-type wires
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with a diameter of 0.03 to 0.1 mm is removed by immersing them in formic acid
for a few seconds, followed by wiping with a calico cloth to remove dissolved

enamel and acid.
1.2 Analysis of the technical capabilities of the NVS 23-A winding system
The NVS 23A winding machine, when equipped with various accessories,

is intended for winding coil groups of stator windings of electric motors onto

assembly templates with a reel. The main coil groups:

1. The inner diameter of the stator core, mm.....................ooeee..o. 45-165
2. The length of the stator core, mm....................cooiiiiiinn., 30-180
3. Diameter of the copper winding wire, mm............................ 0.1-14
4. The maximum number of parallel wires in the coil, pcs..................... 3
5. The number of coils in a concentric coil group........................... 1-6
6. The number of coil groups that can be wound without breaking is 2, 3,

4,6
7. The maximum number of turns in one coil....................ooeeveen.. 999
8. The number of coils in sequentially winding coil groups, pcs...
(5-4-5-4), (3-2-3-2), (4-3-4-3), (2-1-2-1).
Climatic execution of UHL, accommodation category-4, GOST 15150-69,
but for operation at temperatures from 289 to 308K (from +16 to +35°).
The operator manually removes a set of coil groups from the template, and
transfers them to the machine for retracting the coils. All operations, except for
removal and transfer of coil groups, are performed without the participation of the

operator.
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Figure 1.2 General view of the winding machine

The machine is arranged on a bed 10, a hydraulic station 7, electrical
cabinets with electrical equipment 9, and a winding and tensioning device 6 are
installed near the machine.

Winding head 1 and rotary head 2 are mounted on the machine. All
mechanisms of the machine work from the hydraulic drive, which consists of
hydraulic station 7 type 12AG 48-2211, hydropanels 3, and pipeline systems. The
mechanism for clamping and cutting the wire 4 and the mechanism for creating a
loop 5 are attached to the body of the rotary head.

The casing closing mechanism is used to protect the winding area. The coil
tensioning device 6 is intended for installation of a container with a winding wire,
and for tensioning the wire during winding. Electrical equipment 9 is designed to
control the operation of the machine and is installed in a separate electrical cabinet,

and the sensors are on the mechanisms of the machine.
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Figure 1.3 Kinematic scheme of the winding machine

The spindle of the winding head is driven by a DC motor 1, which allows
you to adjust the number of revolutions of the spindle from a maximum of 200-
2200 rpm, to those required for normal to ensure stable overturning, and a reliable
stop of the spindle. The rotation through the belt gear is transmitted to the spindle
2, on which the reel 3 is fixed, which winds the wire on the template. The reel is
fixed by the locking device 4, which is controlled by the double hydraulic cylinder
5. The traverse 6 is installed on two stops, into which the second spindle support is
mounted. The unfolding of the wire is carried out with the help of a lead screw 7,
which rotates from a direct current electric motor 8, through a gear. The reel is
returned to its initial position by reversing the engine 8.

From engine 9, rotation is transmitted to the rotary head through a planetary
gearbox with a gear ratio of 91.2 and a V-belt transmission. On the axis of the
rotary head there is a disk with grooves, which ensures fixation of the head during
turns of 60, 90, 120, 180°. Fixation is provided by the lock 10, which is controlled
by the hydraulic cylinder 11.

The erection and separation of the templates is carried out by a hydraulic
cylinder 12, with the help of traction and levers. When diluting the templates, the
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rod of the hydro cylinder 12 moves the thrust with the levers, which turn the body
with the templates attached to them around the fixed axis 13.

The cutting mechanism cuts and clamps the end of the remaining wire. The
movable knife 14 with its movable end captures the wire in the reel and brings it to

the stationary knife, where the wire is cut and clamped.

1.3 Study of the wire tensioning process in the winding process

The shaping of the winding, the accuracy of its geometric and physical
parameters, the speed modes of winding largely depend on the actual value of the
wire tension. Wire tension is the main technological factor that determines the
productivity of the process, the quality and parameters of winding products
(coefficient of filling of the winding, dimensions of the coil, etc.). Wire tension is
provided by special devices installed on the machine. The tension of the wire
depends on the cross-section of the wire and on the friction in the moving part of
the machine. With excessive tension, the wire breaks or pulls out, which leads to a
change in ohmic resistance and damage to the insulation, as a result of which short-
circuited turns can be formed in the coil. A small tension of the wire leads to an
increase in the size of the coil, that is, to a decrease in the filling factor.

The optimal tension value is chosen close to the limit of its proportional
elongation, while allowing for some regulated ones plastic deformations of the
wire material arising from bending moments during the forming of the winding. At
the same time, the choice of the value of the optimal tension depends on many
factors, in particular, on the characteristics of the used winding wires, the design of
the winding and its purpose, technical conditions for it, the type of winding
equipment and equipment, the kinematic winding scheme, etc. It is also necessary
to take into account the total resulting stress in the wire material, the change in
electrical resistance, electrical strength and electrical resistance of the insulation,
temperature deformations of the wire and insulation during subsequent operations,

as well as the operating conditions of the product. Taking into account all the
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factors affecting the operation, the resulting voltage in the wire material and in its
insulation should not exceed the strength limits with a certain safety factor [2]

Wire tension can be determined by empirical formulas depending on the
materials: for copper wire (g) for constantan and manganin (g), where d, mm is the
diameter of the wire.

The permissible tension determined by these formulas for a copper wire with
a diameter of 0.03 mm is 7.6 g; for a wire with a diameter of 0.25 mm - 531 g; for
a wire of 1. mm - 8500 g. It is necessary to take into account that, in addition to the
effect of systematic factors, the wire can also be affected by factors of a random
nature. Therefore, tension control in the winding process is necessary, as it
provides data acquisition and stochastic characteristics of typical winding wires.
Taking into account the deviation of the actual value F¢ of wire tension from its
average value Fc, winding machines should be adjusted to the tension Fu
determined from the equation: .

It is obvious that for forming the winding it is necessary that .

When finding the value of FO, it is advisable to divide all the factors
affecting it into four groups according to their nature: determined by the brand and
diameter of the wire; depending on the design of the winding and technical
specifications for it; determined by the winding kinematic scheme, features of the
used equipment and equipment, speed modes; determined by the composition and
features of subsequent winding manufacturing operations, as well as its operating
conditions.

Hence, the value of the optimal tension should be determined in the
following sequence:

1. The value of Fd is selected according to the characteristics of the
winding wires - brand, diameter, insulation, permissible elongation and permissible
stress in the metal material and insulation.

2. The acquired value of Fd is corrected taking into account the shape and
dimensions of the frame, wire bending radii, type of insulation, permissible change

in electrical resistance, other electrical characteristics and other similar factors.
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3. The value of P is specified based on the factors of the third group - the
Kinematic winding scheme, the type of used equipment and equipment, the modes
of operation of the winding machine. At the same time, the calculated or
experimentally determined values of F¢ and .

4. The value of Fx is specified based on the factors of the fourth group.

5. Test winding with tension is carried out with measurement of the values
of Fd and . The value of FO is finally specified. Permissible wire tension, based on
the factors of the first group, can be determined by three methods - orientation
(according to tables), refined (calculated) and experimental (exact).

The most widely used are mechanical, optical and electrical devices for
controlling wire tension. Mechanical devices are simple to set up, cheap and
convenient to operate, and differ in the variety of used structures.

An example of a scheme of a mechanical device is shown in Fig. 1.5a. As a
converter, a lever mechanism is used, representing a hinged pointing arrow 6,
which is under the action of a spring 5. When the tension changes, the wire 1 is fed
through the guide and receiving rollers 2 and 3, respectively. The receiving roller is
located on the arrow, which on a scale of 4 shows the average amount of tension.
Mechanical devices are used to measure the average amount of tension during
oscillations up to 20 - 30 Hz, which corresponds to winding the wire on a square
frame at a speed of 300 - 450 rev/min.

The disadvantage of the devices is the large inertia of the moving parts, the
measurement accuracy is not high enough.

In the optical-mechanical device shown in fig. 1.5b, a cantilever beam 4 with
a fixed mirror 5 and a receiving roller 3 is used as a converter. With any change in
the tension of the wire fixed through rollers 2 and 3, the beam bends, and at the
same time the angle of rotation of the mirror, which falls through the lens 8,
changes a beam of light from a source 9. Deformation of the beam leads to a shift
of the reflected beam in proportion to the amount of tension. Optical-mechanical
devices have low sensitivity, are inertial, bulky, do not provide simultaneous

recording of several processes, but they have a high quality of work.
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In fig. 1.4c presents an electrotensimetric device. Here, ohmic resistance
strain gauges 5 are used as a converting device, glued to the receiving element 4,
which is made in the form of an elastic beam, on which a roller 3 is fixed, covered
by a wire 1. A bridge circuit with two or four strain gauges is used to measure
tension. Advantages - simplicity of design, small dimensions. The disadvantage is
the small value of the output signal.

In addition to the listed devices, inductive devices are widely used, the
principle of operation of which is based on a change in the reactive resistance of a
coil with a core when its inductance changes. Such devices are of two types: with a

moving core and with a variable gap in the machine system.
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Figure 1.4 Wire tensioning devices
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In fig. 1.4 g shows an inductive device with a moving core 5 suspended
from two sides on elastic membranes 4. The core is inside a coil with three
windings. Winding 6 is powered by high-frequency alternating current. Tests are
taken from the windings 7 and 8, connected in series, turned on oppositely and
located symmetrically with respect to the core in the absence of tension on the wire
1, which was threaded during measurement through the rollers 2 and 3. Under the
influence of the tension force, the core is displaced from the neutral position and in
the windings 7 and 8 from a signal proportional to the amount of tension appears.
The advantages are high sensitivity, low susceptibility to interference, resistance to
the environment. The disadvantage is a small frequency bandwidth.

The schematic diagram of the capacitive device is shown in fig. 1.4 d.
Under the action of tension, the wire 1 acts on the roller 3, fixed on the moving rod
- lining 5, located between the moving linings 6 of the capacitor. The use of
capacitive devices allows the use of bridge measurement schemes. Dignity - high
sensitivity. Disadvantages: low stability, significantly susceptible to the effects of
obstacles and the external environment.

To measure wire tension, mechanotron devices are used - electronic
sensors of mechanical quantities (Fig. 1.4 e). Longitudinal control mechanotrons
are the most widely used, made in the form of a double two-anode diode with a
movable rod 5 fixed on a membrane 4. A receiving roller 3 covered by a wire is
installed on the rod. Advantages - high sensitivity, stability of work.

Tension stabilization systems. Stabilizing devices are used for radial
winding of the wire in order to equalize individual random tension jerks, to
compensate for the wire consumption at the time of starting the winding machine.
Basically, stabilizers compensate for tension jerks by consuming a damping loop
of wire, the length of which is restored when the tension value is returned to the
original value.

Stabilizers are widely used, creating a wire loop with the help of a flat
spring or spring-loaded lever (Fig. 1.5, positions 1 and 2). Their disadvantages are

the relatively short length of the compensating wire loop, and for lever stabilizers -
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inertia. In fig. 1.5 (position 3) shows the spring stabilizer as the most effective. In

fig. 1.5 presents a stabilizer that regulates tension using an electromagnetic clutch.
|
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Figure 1.5 Wire tension stabilizers

The rotation of the bobbin occurs synchronously with the rotation of the
wound frame. The device allows you to compensate for the increase in tension at
the time of starting the machine, but does not compensate for individual jerks of
tension during the winding process.

There are two modes of operation of the stabilizers: the machine start-up
mode and the constant winding mode. In the start-up mode of the machine, the
stabilizer must have a significant length margin of the damping loop to compensate
for large angular accelerations of the bobbin. In the stable mode, a small inertia of
the stabilizer is required to compensate for high-frequency accelerations affecting
the wire when the frame is not round, as well as from random factors. Due to the
inertia of the bobbin, it practically does not react to high-frequency oscillations and
rotates at an average speed corresponding to the average consumption of wire for
the formation of the winding. The resulting accelerations can cause significant
changes in wire tension. In the stable winding mode, the stabilizer works to
compensate for the unevenness of the wire consumption within each revolution of
the frame for non-round frames, as well as to compensate for random disturbances.

Automatic tension regulators are divided into two groups: mechanical -
direct action and electronic - indirect action.

Mechanical regulators are most widely used due to the simplicity of
construction and operation. In direct action regulators, the sensitive element
directly affects the regulating body through a mechanical transmission. In direct-

action regulators, the action of tension on the sensitive element is converted into an
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electrical control signal of the executive body of the regulator.

Figure 1.6 Automatic wire tension regulators

The most common regulator with a band brake in the industry. However, in
a number of cases, its use cannot be considered expedient, especially at high
winding speeds, given the large inertia of the damping lever and the relay mode of
the braking device.

Automatic regulator of direct action, which creates wire tension by rubbing
it between two friction plates. The axes of the two extreme rollers are fixed fixedly
on the frame, the middle roller is installed on the end of the spring-loaded lever,
which is a sensitive element and executive body of the regulator. According to the
nature of the action, automatic regulators of indirect action are divided into four
subgroups: those affecting the emitting coil; that affect the drive of the wound
frame; affecting the leash, flannel or intermediate roller; automatic regulators with
simultaneous combined action on the output coil and on the drive of the wound
frame. In fig. 1.7c shows a combined regulator with a small time constant. It

consists of two regulators, one of which ensures the creation of a certain length of
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the damping loop of the wire by forcing it to be wound by the output coil, the other
regulates the tension by acting on a low-inertia roller covered by one or two turns

of the wire.

1.4 Setting the tasks of the qualification work

Having analyzed the tensioning technology and the principle of operation of
the NVS-23A winding machine, we come to the following conclusions:

1. We highlight a number of shortcomings of the basic equipment.

1.1. Lack of tension regulator.

1.1.1. Reduced product quality.

1.1.2. The necessary person is an operator who, guided by his experience,
selects the tension with the help of a mechanical device.

1.2. The use of DPS - which have reduced reliability and increased repair
losses than AD.

To solve the shortcomings, we set the following design tasks:

1. Replace the DPS of the winding system and the reel moving system with
AD. 2. Synthesize the AD control system, calculate the regulator parameters. 3.
Develop a tension system. Synthesize and calculate the tension contour. 4. Select

Sensors.
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