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YK 629.735

MOJAEJb ACUHXPOHHOI'O IBUT'ATEJIA
B COCTABE KAHAJIA BOPTOBOM CUCTEMBbI
IJIEKTPOCHABXEHUA IEPEMEHHOI'O TOKA

10.11. APTEMEHKO?, A.I'. IEMYEHKO!
"Mockoeckuii 20CY0apCcmeenHblll MeXHUYeCKUll YHugepcumem paxicOancKol asuayui,
2. Mockea, Poccus

B Hacrosiiee BpeMst HaOJIrO1a€TCS MTOBBIIICHUE YPOBHS JIEKTPU(PHULIUPOBAHHOCTH BO3AYIIHBIX cynoB (BC). Otu
paboThl BeayTcs B paMKax KOHIIENIMM CO3JaHusl MOJHOCTBIO 3jekTpudunupoBanHoro camoinera (I19C), Ha koTopom
(YHKIMH OTIENbHBIX CAMOJIETHBIX CHUCTEM (ITHEBMAaTHYECKOH M I'MIPABIMUECKON) OYZET BBINOIHATH 3JEKTPUYECKasl CH-
crema. Mtorom aHHbIX paboT OyZeT CyIIeCTBEHHOE YBEINUEHHE JI0IH AJISKTPOIBUIaTeNIbHBIX Harpy3ok Ha 6opty BC. Kax
CJICICTBHE MPOM30MIET yBEIMICHHE MOIIHOCTH MCTOYHHUKOB 3JIEKTPOIHEPTUH CHCTEMBI ieKTpocHaOxeHus BC. lanHas
paboTa MOCBsIIIEHA MaTEMAaTHIECKOMY MOJECIMPOBAaHHUIO aCHHXPOHHOTO ABHrartens. PaccMaTpuBaeTcs aCHHXPOHHBIN JIBH-
raTelib ¢ KOPOTKO3aMKHYTBIM POTOpOM. [IpH moiydeHHn MaTeMaTHYeCKOH MOJEIN aCHHXPOHHOTO JIBUraTeis ObUIM pac-
CMOTPEHBI MOJENHN IEKTPUUCCKON M MEXaHNIECKON JacTeH, ITO MO3BOIISIET YUUTHIBATh B3aUMOCBSI3b 3JICKTPOMATrHUTHBIX
M 3JIEKTPOMEXAHUUECKHX TPOIECCOB, TPONUCXOIINX B IEPEXOAHBIX M YCTAHOBUBIIHMXCS PEKUMaX padOTHI NIEKTPOIABHTA-
Tena. MoJiens JIeKTpUYecKoi YacTH peann30BaHa Ha ypaBHEHUSIX I HaNpsKeHUH 0OMOTOK M MOTOKOCIENICHHUH KOHTY-
POB aCHHXPOHHOTO JIBUraTelsl, 3alCAaHHBIX B cucTteMe (a3HbIX koopauHaT «ABCy». Ilpu paccMoTpeHnn MaTeMaTH4ecKOn
MO/JIEJIN MEXaHWYECKON 4YacTH HCIMOJIb30BAJIOCh YPaBHEHHE MOMEHTOB, ACHCTBYIOUIMX HA BaJl ACHHXPOHHOIO JBHUIaTeNs
IIpY BpallaTeIbHOM JIBHKEHUH. bblna mojydeHa cucreMa MaTpUYHBIX YPaBHEHUH — MaTeMaTu4ecKas MOJIeNIb aCHHXPOHHO-
ro aBurarens. B pesynbTare penieHus CHCTEMbl MATPUUHBIX YPaBHEHHIH ObUIM MOJY4EHBI BBIPOKEHHUS JUIsl TOKOB (a3 00-
MOTKH CTaTOpa M KOPOTKO3aMKHYTBIX KOHTYPOB pOTOpa aCHHXPOHHOTO ABHraTens. IlodydeHHas MaTeMaTHuecKasi MOJENb
OIIMCHIBAET JIEKTPOMArHUTHBIE W SJIEKTPOMEXaHHIECKHE IPOLECCH aCHHXPOHHOTO ABUTATEIsI B HETOJBIDKHOM CHCTEMeE
¢as3ubix koopauHat «ABC». JlaHHas Mozens B OTJIMYME OT MOJEIHM BO BPAINAFOLIMXCS KOOpAWHATaX «d(» OMUCHIBAeT
MPOLIECCH KaK B CAMMETPHYHBIX, TAaK U B HECUMMETPHYHBIX PEXKNMaXx, TAaKMX Kak 0OpbIBHI (ha3 (HemosHO(ha3HbIe PEKIMBI)
Y KOPOTKHE 3aMbIKaHHA (a3 aCHHXPOHHOTO JIBUT'ATeJIs, B TO BPEMsI KaK MaTeMaTH4YeCKasi MOJIENb, PEeali30BaHHAs B CHCTE-
Me BpalaloIUXCcs KOOPIUHAT «dg», BEpHA TONBKO JJII CHMMETPHYHBIX PEKHMMOB PabOThI JJICKTPOIBUIATEII.

KiroueBble cjioBa: MaTeMaTHYEeCKOC MOJCIMPOBAHUE, CHCTEMa JJIEKTPOCHAOXKCHHUS, aCHHXPOHHBIN JIBUTATEINb,
TpexdaszHas Harpy3Ka, NepPEeMEHHBIH TOK.

BBEJIEHUE

Panee B paborax [1-5] Obu1i MONyYeHBI MaTEMAaTUYECKHE MOJICIIN arperaroB OOPTOBOI cUCTe-
MbI AekTpocHadxenus (COC) mepeMeHHOro TOKa: aBUAIIMOHHOTO CHHXPOHHOTO TeHEpaTopa, peryJis-
TOpa HaNPsDKEHUs, OJIOKA 3alTUTHI U YIIPABICHUS KaHAJIOM I'€HEPUPOBAHUS, aKTUBHOTO CHHXPOHH3A-
TOpa, MPUBOJA TMOCTOSIHHOW YacTOTHI BpaIleHUs, Tpex(a3HOW CTaTUYECKONW aKTHBHO-WHIYKTUBHOU
Harpy3ku. B nanHoil paboTe paccMaTpuBaeTcs MareMaTudeckas MOJEIb aCHHXPOHHOTO JIBUTATEINS C
KOPOTKO3aMKHYTBIM POTOPOM B cocTaBe kaHana 6optoBoii COC nmepeMeHHOTro TOKa.

CTPYKTYPA KAHAJIA BOPTOBOM C3C MEPEMEHHOTI'O TOKA

[Ipu paccmoTrpenuu snemMeHToB KaHaia O0optoBoil COC mepeMeHHOro TOKa 3a OCHOBY Oblia
B3s5Ta TUIIOBAsl CTPYKTYpHAasi cxeMa kaHana 6oproBoiit COC mepeMeHHOTo TOKa CpeTHEMarucTpaibHOTO
camouteta (puc. 1).

Ha cxeme xanana 6oproBoit COC (puc. 1) 0003HAYECHBI CIIEAYIONINE YIEMEHTHI:

Ra» Rg., Re. — akTuBHBIE COMPOTHUBIEHHS COCIUMHUTENbHBIX MpoBoaoB da3z A, B, C; L, ,

Lg . Lo — MHOYKTMBHOCTM COeOMHUTENbHBIX MpoBonoB ¢a3 A, B, C; R, L, — axtusHoe compo-
TUBJICHUE ¥ HHAYKTUBHOCTh HEHTPAJIBHOTO MPOBO/IA TeHEPATOpa.
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Puc. 1. CtpykrypHas cxema kaHana 6optoBoit COC nepeMeHHOro TOKa
Fig. 1. Channel block diagram of the onboard power supply system of AC

IL]IH MOJIYYCHHA MaTeMaTHIECKOU MOACIIN ACUHXPOHHOI'0 ABUTATCIIA HGOGXO,Z[I/IMO paccMoT-
peTh MaTEMATHYECKUE MOJICIIH SJIEKTPUUECKON U MEXaHUYECKOM YacTeil.

MATEMATHYECKAS MOJIEJIb QJIEKTPUYECKOM YACTH
ACHHXPOHHOI'O ABUT'ATEJIA C KOPOTKO3AMKHYTbBIM POTOPOM

PaccMoTpuM ypaBHEHUS JJIs HANpPsDKEHUM M MOTOKOCHEIUIEHHH OOMOTOK cTaTropa M poTopa
ACHHXPOHHOT'O JIBUTATEIsl, 3aMcaHHble B (pa3HOil crucTteMe koopauHar [6].
Cucrtema ypaBHEHUH HanpspKEHU OOMOTKH CTaTOpa aCHHXPOHHOTO IBUTATENsl UMEET BUJT

Uga (1) = —d\'};‘}[(t) +Iiga (1)
e (1) =dw‘:'j—i(t)+rsi53 (1); )
Ugc (t) dwzct(t)ﬂsisc(t),

e Ugs (1), Ugg(t), Uge(t) — MrHOBeHHBIC 3HAUCHNS (DA3HBIX HANPKCHHUIT ACHHXPOHHOTO JIBUraTe-
TS, Wea (t) ‘Ifss(t)' Wee (t) — MTHOBEHHBIE 3HAYEHHs MMOTOKOCIEIJIEHHH KOHTYPOB CTATOpa acHH-
XPOHHOTO JIBHTATeNs; ig (1), i (t), isc(t) — MrHOBEHHbIE 3HAUEHHs (Ja3HBIX TOKOB ACHHXPOHHOIO

JABUTAaTCIIA, rS — AKTUBHOC COIIPOTUBJICHUC (1)213]:1 ACUHXPOHHOI'O ABUTaTCIIA.

[Tpumenss k cucreme ypaBHeHwuii (1) npeobpazoBanue Jlamnaca, noirydaem

P¥sa (P)+Tslsa (P):
PP (P)+Tlss (P): @)
P¥sc (p)+ Kl (P).
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B matpuunoii popme cucrema ypaBHeHHi (2) 3anMIIeTCs B CIEAYIOIIEM BUE:

USA(p) \PSA(p) r, 00 ISA(p)
SB(p) =p LPSB(p) +(0 I 0l ISB(p) . (3)
SC(p) ‘Psc(p) 0.0 % Isc(p)

Cucrema ypaBHEHUI HANPSKEHUI KOHTYpOB poTOpa

CcC C

dy (t) .
0= %+ Feiga (1);
dy g (T .
Oz—Z‘i( )+rR|RB(t); 4)
dyec(t) .
0 2%4- I‘RIRC (t),
e Wea(t), Wga(t), Wgee(t) — MrHOBeHHBIC 3HAYCHHS MOTOKOCHCILUICHHHA KOHTYPOB
poOTOpa ACHHXPOHHOTO JBHIraTellsl; g, (t), igg(t), izc(t) — MrHOBeHHBIC 3HAuCHHS TOKOB
ueneil potopa ACHHXPOHHOTO [BHIaTeis; [, — aKTHBHOE CONpPOTHBICHHE (a3 pPOTOPHOM

OOMOTKH.
[Tpumenss k cucteme ypaBHeHHi (4) mpeobpazoBanue Jlamnaca, noirydaem

0= p\I]RA(p)+rRIRA(p);
Ozp‘PRB(p)-i_rRIRB(p); ®)
0= p\PRC(p)+rRIRC(p)'

B marpuunoii popme cuctema ypaBHEHUH (5) 3aIUIIETCS B CICTYIONEM BHIE:

0 lPRA(D) r, 00 IRA(p)
0|=p \PRB(p) +|0 ' 0| IRB(p) . (6)
0 \PRC(p) 00 R IRC(p)

Cucrema ypaBHEHHMI MOTOKOCLEIJIEHUI KOHTYPOB CTaTOpa UMEET BHU]L

Ysa (t) = LSiSA (t)+ MSiSB (t)+ Msisc (t)+ MAARiRA (t)+ MABRiRB (t)+ MACRiRC (t);
VYsp (t) = MSiSA (t)"' LSiSB (t)"' Msisc (t)"' MBARiRA (t)"' MBBRiRB (t)"' MBCRiRC (t); (7)
Vs ( ) = MSiSA (t)+ MSiSB (t)+ Lsisc (t)+ MCARiRA (t)+ MCBRiRB (t)+ MCCRiRC (t),

—+

rae Lg — MHAYKTUBHOCTH (ha3bl OOMOTKU cTaTopa acMHXPOHHOrO ABUTaTensd; M, g, Mpgr: Mack
Meagr: Mgers Mccrs Mgars Megrs Meag — B3aHMHBIE HHIYKTUBHOCTU OOMOTOK CTaTOpa M poTOpa

aCHHXPOHHOTro aBuratenst; Mg — B3auMHble HHIYKTUBHOCTH (a3 OOMOTKH CTaTOpA.
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[Tpumenss k cucrteme ypaBHeHwui (7) mpeobpazoBanue Jlamaca, noirydaem

Fsa (p) = Lslsa (p)"' Mslgg (p)+ Mslse (p)+ Manr lra (p)+ M xgr I re (p)"' Macrlre (p);
¥s (p) A(p)+LSISB(p)+MSISC(p)+MBARIRA(p)+MBBRIRB(p)+MBCRIRC(p); (8)
¥ (p) MSISA(p)+MSISB( )+LSISC(p)+MCARIRA(p)+MCBRIRB(p)+MCCRIRC(p)'

B matpuunoii popme cucrema ypaBHeHHi (8) 3anuIeTcs B CIEAYIOIIEM BUE:

Yo (P)| [Ls My MJ] s (P)| [Mupe Mpge Mo ]| Toa(P)
‘Psa(p =|Mg Ls My ISB(p) +|Mgar Mgz Mg | IRB(p) . 9)
Y. (p Ms Mg L |3C(p) Mear Mg Meer lec (P

CucreMa ypaBHEHU MOTOKOCIHEIJICHU KOHTYPOB pOTOpa UMEET BUJL

WRA (t) MAAR SA (t)+ MBARiSB (t)+ MCARiSC (t)+ LRiRA (t)+ MRiRB (t)+ MRiRC (t)’
\VRB (t) MABR SA (t)+MBBRiSB (t)+MCBRiSC (t)+MRiRA (t)+LRiRB(t)+MRiRC (t)’ (10)
\VRC (t) MACR SA (t)+ MBCRiSB (t)+ MCCRiSC (t)+ MRiRA (t)+ MRiRB (t)+ LRiRC (t)’

rne L, — muaykTuBHOCTH (pa3bl 0OMOTKH poTopa; My — B3auMHBIE MHIYKTUBHOCTHU (a3 oOMOT-

KU POTODA.
[Tpumensist k cucteme ypaBHeHui (10) mpeoOpazoanue Jlamnaca, momydaem

\PRA (p) MAARISA (p)+ IVIBARISB (p)+ I\/ICARISC (p)+ LRIRA (p)+ MRIRB (p)+ MRIRC (p)
¥ ee (P) = Mugrlsa (P)+Mggrlss (P) + Megelse (P) + Mglea (P) + Lales (P) + Mglec () (12)
\PRC (p) MACRISA (p)+ MBCRISB(p)+ MCCRISC(p)+ MRIRA (p)+ MRIRB(p)+ LRIRC (p)

B matpuunoii popme cucrema ypaBuenwuii (11) 3anuriercs B cieyromeM BUIE:

\PRA(p) Mar Mg Mesr ISA(p) L, Mg Mg IRA(p)
Yoo (P)|=[Mugn Mage Mege [ 1sa(P) [+ Me Le Mg |- 1g(P) |. (12)
lPRc(p) MACR MBCR MCCR Isc(p) MR MR LR |RC p

Takum 06pa30M, MAaTCMaTUYICCKYIO MOJACIIb ACUHXPOHHOI'O ABUTATCIIA MOXHO ONMCATh CJICAY-
IOIIEH CUCTEMOUM MaTPUYHBIX YPaBHCHUN:

[USM] [‘VSM] [SM][SM];
Ozp[\VRM] [RM]'['RM]'
[\I’SM]:[LSSM]'[iSM]"'[LSRM]'[iRM];

[\VRM] :[LRSM]'[iSM]+[LRRM]'[iRM]’

(13)

rIe
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Usa (P)
[USM]: USB(p) — BEKTOp-cTosOel (ha3HbIX HANpPSHKEHUH OOMOTKM CTaTOpa aCMHXPOHHOTO
Usc (P)
JIBUTATEIs, BRIPQXKEHHBIX B MpeoOpa3oBanny Jlamaca,
Uga (P)
[URM]: URB(p) — BeKTOp-cTos0e1] (pa3HBIX HaNpsDKEHUH OOMOTKHM POTOpa aCMHXPOHHOTO
| Ure(P) |
JIBUTATEIIS, BRIpQKEHHBIX B MpeoOpa3oBanuy Jlamaca,
Wen (P)
[Wsw]=|¥ss (P) | — BexTOp-cTONGEN MOTOKOCHETLICHMH (a3 OGMOTKH CTaTOpa aCHHXPOHHOTO
| Wee(P) ]
JIBUTATEINs, BRIPQXKEHHBIX B MpeoOpa3oBanny Jlamnaca;
Wea (P)
[WRM ] =| Wgs(P) | — BexTOp-cTONGEL MOTOKOCHEILICHNH (a3 POTOPA ACHHXPOHHOTO JIBUraTe-
Wee (P)

7151, BRIpQXKEHHBIX B IpeoOpa3oBanuu Jlamnaca;

154 (P)

[isw]=|1ss(P) | — BexTOp-cTONGEL TOKOB (ha3 OOMOTKM CTATOPa ACHHXPOHHOTO JBHIATEINS,

lsc(P)

BBIpaKEHHBIX B ITpeoOpa3oBanuu Jlamiaca;

e (P)

[izw]=]|1rs (P) | — BexTop-cTONGEL TOKOB a3 OGMOTKHM POTOPa ACHHXPOHHOTO IBUIATEIs,

e (P)

BbIpaXXEHHBIX B MpeoOpa3zoBanuu Jlamnaca;

, 00
[tsw]=10 s 0| - marpuiia akTHBHEIX CONPOTHBICHNUIT (a3 OGMOTKH CTATOPa;
10 0 r
r. 00
[l]=]|0 1, 0| — MarpuIia aKTHBHBIX COPOTHBICHHIT 0OMOTKH POTOPA;
0 0 r
LS MS MS
[Lew]=| Mg Ly M, | — MaTpuua uHIyKTUBHOCTE OGMOTKH CTAaTOPA;
_MS MS LS
MAAR MABR MACR
[Lew]=| Mgse Mgee My | — MaTpuia B3auMHBIX MHIYKTUBHOCTEH OOMOTKH CTaTtopa ¢
L CAR MCBR MCCR

00MOTKOM poTOpAa;
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M AAR M BAR M CAR

[LRSM ] = [LSRM ]T =|Mpr Mgk Megr | — Marpuma B3auMHBIX HHIYKTHBHOCTEH OOMOTKH
M ACR M BCR M CCR
poTopa 1 0OMOTKH CTaTopa;
LR M R M R
[LRRM] =My Lz Mg | —marpuna uHIyKTUBHOCTENH OOMOTKH POTOpA.
M R M R LR

CXEMBbI 3BAMEHIEHUSA OBMOTOK CTATOPA
N POTOPA ACMHXPOHHOTI'O IBUI'ATEJIA

CormocTaBiM YpaBHEHHSM OOMOTOK CTaropa M KOHTYPOB POTOpa ACHHXPOHHOTO JBHTATElNs
(1), (2) nexTprueckue cxembl 3amenieHus (puc. 2).

Us. (p)

| P

’ ISA (p) —p¥s. (p)

L
— | e MO

¢ () -p¥,, (p)

U%C
O [ e -

" ISC (p) *plpsc (p)

Puc. 2. Cxema 3aMCIICHUA 00MOTOK cTaTopa U poTopa aCUHXpPOHHOI'O ABUTATCJIA B onepaTopHOi/i qupMe
Fig. 2. Equivalent circuit the stator windings and rotor of the induction motor in the operator form

OIIPEJAEJIEHUE TOKOB OBMOTKH CTATOPA
N KOHTYPOB POTOPA ACUHXPOHHOI'O IBUT'ATEJIA

OmnpenenyiM BeTMYUHBI TOKOB OOMOTOK CTaTOpa M pOTOpa aCHHXPOHHOTrO JBurarend. Mmeem
CUCTEMY MaTPUYHBIX YPABHEHHUI ACHHXPOHHOTO JBUTATEJIS:

[USM] p[‘l’sm] [SM] [ISM];

0= p[WRM] [RM]'[RM];

[\VSM] [ SSM][ M]"‘[LSRM]'[iRM];
[

\VRM] [ RSM] [|SM]+[LRRM]'[iRM]'

(14)
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Pemas cucremy ypaBHenwii (14), HOJTydnuM 3HAYEHUS TOKOB [i M ] : [iRM ]

[iSM]Z[J]_l'[USM]' (15)
[iRM] - _[G]il '[LRSM]'[iSM ] = _[G]il '[LRSM ]'[J]il'[usm] ' (16)

rae [G]Z[LRRM]JF%'[rRM]' [H]:[LSSM]_[LSRM]'[G]_l'[LRSM]' [J]:p[H]"'[rSM]'

MATEMATHYECKAA MOJEJIb
MEXAHHYECKOH YACTH ACUHXPOHHOI'O ABUI'ATEJIA
C KOPOTKO3AMKHYTBIM POTOPOM

MareMaruueckass MOJEIb MEXAHMYECKOW YacTH OINMCHIBAECTCS YPaBHEHUEM, YUUTHIBAIOIIUM
JIMHAMHKY BpaIaTeIbHOTO ABMKCHHUS pOTOpPA ACHHXPOHHOTO nBuratess [7, 8]:

:MEL(t)_ML(t)’ (17)

rae J — MOMEHT MHEPIHMH POTOpa aCHHXPOHHOTO JBuratens; C(t) — CKOpOCTh BpAIIEHHs POTOpa;

Mg, (t) — DIIEKTPOMArHUTHBIH MoMeHT; M (t) — MOMEHT COINPOTHUBIICHUSI HA Bajy aCMHXPOHHOTO

JABUTaTCIIA.
BJ'ICKTpOMaFHI/ITHHﬁ MOMCHT aCHHXPOHHOI'O ABUT'aTCIIA OIIPCACIIACTCA KaK

_aw,, (1)

MEL(t)—M’ (18)

rre W, (t) — SHEPrHsi MArHUTHOTO TOJIs1 0OOMOTOK M KOHTYPOB aCHHXPOHHOT'O JIBUTaTelIs;

Og (t) — YroJj IOBOpOTa poTOpa aCHHXPOHHOTO JBUTATEIS.

DOHeprus MarHUTHOTO II0JiI OOMOTOK M KOHTYPOB AaCHHXPOHHOTO JIBUTAaTelNs Ompene-
JSETCSI KaK

W, (t):ii L2 (1)+ 23 3 L, (1)i. (1), (19)

n
k=1 k=1 s=1,
s#k

rore L, - wuHayktuBHOCTH K-TO 0OMOTKM (KOHTYpa) AaCHHXPOHHOTO jaBuratens; L,
B3aMMHas HWHAYKTHBHOCTH MEXKAY K-TOii W S-TOH OOMOTKaMHM aCHHXPOHHOTO JIBUTATEIIS;

I, — Tok K-Toii OOMOTKM acCHHXPOHHOTO IBUTATeNs; |, — TOK S-TOH OOMOTKM aCHHXPOHHOTO

S
JIBUTATEIIS.
[TpeoOpa3yem Boipakenue (19):

n n n 12 =2 -2 )
W, () :%; L,i2 (t)%;zl L (1) (1) = lesg (1), Lsuszg (v, Lsusg v, LR|R2A(t) )

s#k

147



Hayunblii Becthuk MI'TY T'A Tom 20, Ne 01, 2017

Civil Aviation High TECHNOLOGIES Vol. 20, No. 01, 2017
o Lalre (t) | Lake () | Msia (t)ise (1) |, Msisg (t)isc (1) Msisa (t)ise (1) , Mssa (Viss (1)
2 2 2 2 2 2
+MSiSB (t)ISC (t)+ lv'SiSA (t)ISC (t)+ lVIRiRA (t)IRB (t)+ MRIRB (t) RC(t)+ MRIRA(t) RC (t)+
2 2 2 2
+MRiRA (t)IRB(t) MRIRB (t) RC (t)+MRiRA (t)IRC (t)+MAARiSA (t)iRA(t)+MAARiSA(t)iRA (t)+
2 2 2
SA(t) o (1) , Macgisa (t)irc (1) | Magrina ()isa () , Macrira ()isc (t)
2 2 2 2
BAR RA (t) ( ) BAR SA(t) ( ) BBR SB (t) ( )+ I\/IBBRiSB t)iRB (t) +
2 2 2
CAR RA(t) ( ) BCR SB t) ( ) BCR RB t) ( ) MCARiSC t)IRA(t)

+ -

t)ige (1)

)

N = N = N[ —

+

e (
2
Iso
2

Iso (

2 2
Meerlse (t) ( ) cerlsc (t) ( ) cerlse t) ( ) Mecrise

2 2

rae i, (1), igs(t), isc(t) — MrHOBeHHBIC 3HAUEHMS (Ja3HBIX TOKOB OOMOTKH CTAaTOPa aCHHXPOHHOIO
mBuratens; g, (t), igg(t), iz (t) — MrHOBeHHBIC 3HAUCHHS TOKOB OOMOTKH POTOPA ACHHXPOHHOIO
nsurarens; Lo — nHAykTHBHOCTH (pa3 OOMOTKHM cTaTopa aCHHXPOHHOro asurareins; Mg — B3auMHbIe
MHIYKTUBHOCTU (pa3 0OMOTKH cTaTtopa acMHXpOHHOro ABUrarelis; Mg, Magr, Mk Mgar s Mggr,
Mgzcr s Mcars Megrs Mg — B3auMHBIE HHAYKTUBHOCTH OOMOTKH CTaTOpa ¥ OOMOTKM pOTOpa acHH-

XpOHHOrO jBuratens; L, — MHIYKTUBHOCTH OOMOTKM pOTOpa aCUHXpPOHHOro asurarens; M, — B3a-

UMHBIEC UHIYKTUBHOCTHU (pa3 OOMOTKH pOTOPa aCHHXPOHHOTO JIBUTATEIIS.
MOMEHT COnpOTUBJICHHS Ha Baly POTOpa aCHHXPOHHOTO JBHUTraTelis B OOIIEM Cllydae MOXKET
OBITH MPEJICTABIICH B BUJIE CYMMBI TPEX COCTABIISIONIHX:

M_(t) =M, (1)+ M, (t)+ M (1) =M, + K, -Q(t)+K,,, -Q*(t), (20)

rae M, (t) =M, — MomeHT cyxoro Tpenns, M, — mocrosHHas cocrapmsomas; M, (t) =K, -Q(t) -
MOMEHT BSI3KOI'O TpPEHHs, NMPONOPIHMOHAIBHBIA CKOPOCTH BpaimeHus poropa, K,,, — xo3pdunuenr
nmponopuroHansHoCTH; M, (t) =K, Q?(t) — «BEHTHIATOPHBI» MOMEHT, MPONOPLHOHATBHBIH
KBaJIpaTy CKOPOCTH BpamieHus poropa, K,,, — ko3 dHuIuenT nponopunoHaibHOCTH.

[MToxcrasnss 3nayenne M (t) u3 Beipaxxkenus (20) B ypaBuenue (17), nomydaem

JdQ(t)
dt

=Mg (t)-M; —K,,, - Q(t)-K,, - Q*(t). (21)

3AKVIIOYEHUE

B xone npoBeaeHHON pabOThl MOXKHO CAENATh CIEAYIONINE BBIBOIBI.

1. B pabote paccMOTpeHO AalbHEHIIee COBEPIICHCTBOBAHNE MaTEMaTHUYECKONH MOJIeNI KaHalla
reHepupoBanusi 6oproBoit COC mepemeHHoro Toka. MMeromiascss MareMarndeckass MOJCIb KaHalla
reHepupoBanus OoproBoii COC MEepeMEeHHOTro TOKa MOTOJHEHa MaTeMaTHYeCKOW MOJENBbI0 acCHH-
XPOHHOTO JIBUTATEIIS.
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2. Ilpu moslyueHUH MATeMaTUYECKOW MOJETH aCHUHXPOHHOTO JBUTATENsl ObUIM PacCMOTPEHBI
MOJIETH DJIEKTPUUYECKOW U MEXaHWYECKOW 4YacTeil, UTO MO3BOJIET YUUTHIBATh B3aMMOCBS3b AJIEKTPO-
MAarHUTHBIX M AJIEKTPOMEXaHUYECKUX MPOIECCOB, MPOUCXOAANINX NpU padoTe B PEKUME ITyCKa U B
YCTaHOBUBIIEMCS pekuMe paboThl aBurarens. Mojenb 3JMeKTpUYecKold YacTh aCHHXPOHHOTO JIBUTa-
TEJIsl ONMCHIBACT ACHHXPOHHBIN JABUTaTENb B (Pa3HbIX KoopauHatax «ABCy, nanHast MOAenb B OTJINYHE
oT MoJieNi B KoopauHartax «dg» [8, 9, 10] mo3BosisieT onmuchIBaTh MPOLECCH KaK B CHMMETPHUYHBIX, TaK
U B HECHUMMETPUYHBIX PEKUMAX.

3. [lomydenne momHO# MaTeMaTndeckoi Moaenu kanama COC u G0pTOBBIX OTPEOUTENEH T103-
BOJIUT TOJIYYUTH IOJIHOE MPEICTABICHUE O MPOLECccax, MPOUcXoaaumx B peanbHeix COC, Oonee ae-
TanbHO U3Y4uTh paboTy COC mpH pazNuUHbIX PEKHUMax: KaKk HOPMAJIbHBIX, TAK U HEHOPMAJIbHBIX, 1
aBapuiHbIX. B cBA3M ¢ 3TuUM, umes MatemaTudeckyro mozeinb COC, onuchIBaOIIYIO0 MOBEJIEHUE pe-
anpHOM COC, MOsABISETCSI BO3MOXHOCTh KOHTpOJIMpoBaTh noBeaeHne COC mpu 1r000M HEHOPMaITb-
HOM pPEXHME, TEM CaMbIM 3HAYUTEIILHO CHIKAsi BEPOSITHOCTh BOSHUKHOBEHUSI aBAPUIHBIX CUTYaIUi B
nosiere. Kak ciencTue, 3To NPUBOIUT K 3HAYUTEIHHOMY MOBBIIIEHUIO YPOBHS 0€30MaCHOCTH TOJIETOB.
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MODEL OF INDUCTION MOTOR AS A PART
OF THE CHANNEL OF ALTERNATE CURRENT
OF AIRCRAFT ELECTRICAL POWER-SUPPLY SYSTEM

Artemenko Yu.P.!, Demchenko A.G.!
Moscow State Technical University of Civil Aviation, Moscow, Russia

ABSTRACT

Currently, there is an increasing level of electrified equipment of aircraft. This work is performed under the con-
cept of creating a Fully Electric Aircraft (FEA), where the functions of the individual aircraft systems (pneumatic and hy-
draulic) will be performed by an electrical power system. The result of these procedures will be a significant increase of the
electric motor load on board the aircraft. Consequently, it will increase the energy sources power of the power supply sys-
tem (PSS) of the aircraft. This work is devoted to mathematical modeling of the induction motor. The induction motor with
the squirrel-cage rotor is considered. The models of electrical and mechanical parts were considered while obtaining the
induction motor mathematical model. It allows considering the relationship of electromagnetic and electromechanical pro-
cesses in transient and steady-state modes of motor operation. The electrical part model is implemented in the equations for
the voltages of windings and flux linkages circuits of the induction motor, which are written in the system of phase coordi-
nates "ABC". When considering the mathematical model of the mechanical part the equation of torques, influencing the
induction motor shaft during rotating action was used. The matrix equations system is the mathematical model of the induc-
tion motor. As a result of solving those equations the authors have got the formulae for stator winding current phases and
squirrel-cage rotor circuits of the induction motor. The obtained mathematical model describes the electromagnetic and
electromechanical processes in the induction motor, in a stationary system of phase coordinates "ABC". This model, unlike
models in rotating coordinates "dq", describes the processes in symmetric and asymmetric modes, such as phase failures
(open-phase modes) and short-circuit phases of the induction motor, while the mathematical model implemented in the
system of rotating coordinates "dq", is true only for symmetrical modes of motor operation.

Key words: math modeling, electrical power-supply system, induction motor, three-phase load, alternative current.
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