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Anomauis. I[Iposedeno 00CniodiceH s eeKmpOMACHIMHUX NPoYyecis, wo 8i00y8arvmMvcs npu
ABapilHUX pexscumax pobomu msa208020 ACUHXPOHHO20 eflekmponpusooa. Haseoeno pesynomamu
iMiMmayitino2o MOOeNt08aHHA KOPOMKO20 3AMUKAHHS OOHO20 3 CUNOBUX KIIIOYI8 A8MOHOMHO20
iHeéepmopa Hanpyeu, 3HUKHeHHs Hanpyau dcusienHs. [lpu imimayitinomy mMooento8anHi 6CmManHos81eHo,
WO NPOAHANI308AHI PEHCUMU CRPUYUHAIOMb 3HAYHI CIPYMOGI Nepe8aHmadicerHs, KOJIUBAHHS.
MOMEHMY [ MOIICYMb NPU3BECU 00 8UXOOY 3 1AQY eNeKMPONPUBOIA.

Knrwouoei cnosa: mseosutli acuHXpoHHUL e1eKmponpusoo, AGMOHOMHUL TH8EpMOp Hanpyeu,
iMimayitine MOOeno8anHs, KOpomKe 3aMUKAHHS CUTLOB020 KII0Yd, NPOBANU HANPY2U.

Abstract. The operation process of the traction asynchronous electric drive of the rolling stock
may be accompanied by the occurrence of emergency modes, which are characterized by current
overloads and may lead to damaging power electric circuits or mechanical part of the electric drive.
Therefore, studying electromagnetic processes that occur in emergency modes of operation is
relevant, in particular, for developing systems aimed at diagnosing and protecting traction
equipment. Ukrainian and foreign studies of emergency modes in an asynchronous electric drive
were analyzed. The most frequent causes of emergency modes are failures in static converters,
therefore it is advisable to conduct an analysis of electromagnetic processes specifically in
autonomous inverters. Using Matlab/Simulink software environment a simulation model of the vector
control system of the traction asynchronous electric drive with spatial vector pulse width modulation
was developed, and the short-circuit modes of the power switch of the autonomous voltage inverter
and the disappearance of the supply voltage were simulated. The oscillograms of electromagnetic
processes in these modes were shown and compared with the nominal mode of operation. The
simulation results show that the analyzed emergency modes, even with a short duration of less than
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0.5s, can lead to significant damage to the electric drive. Both cases lead to significant current
overloads: in the case of a short circuit of the power switch, a three-fold excess of the phase current
is observed, during recovery after a supply voltage failure, the phase currents increase to the starting
level, as well as an almost instantaneous increase in the supply voltage on the input filter capacitor
occurs. The Fourier analysis of the phase A current in the above emergency modes shows an increase
in the coefficient of nonlinear distortions by 65 %, a decrease in the amplitude of the main harmonic
to 60 %, and the appearance of a significant number of subharmonics. In the case of a short circuit,
the amplitudes of the subharmonics even exceed the fundamental harmonic. In addition, the process
of returning from the emergency mode to normal at the first moment of time was characterized by a
reduced moment of resistance (20 % of the nominal), and then by an exit to the nominal parameters.
Keywords: traction asynchronous electric drive, autonomous voltage inverter, simulation
modeling, short circuit of the power switch, voltage dips.

Beryn. Ilponec ekcrutyaranii TSToBOTrO
acuHxpoHHoro  enekrtponpuBoga  (TAEII)
PYXOMOTO CKJaly MOXE CYINPOBOKYBATHUCS
BUHUKHEHHSM  aBapiiHUX  peXUMIB, IO
XapaKTePU3YIOThCS CTPYMOBUMH
MIEPEBAHTAKECHHSAMH Ta MOXYTh IPU3BECTH JIO
TTOIIIKOJKEHb Y CHJIOBHX €JICKTPHYHHUX KOJIaX i
MEXaHIYHI YacTHHI eNeKTpOINpuBoaa. Tomy
JOCTIDKEHHST TPOIECiB, 110 BUHUKAIOTH IPHU
aBapifHUX peXHMax, € aKTyaJlbHUM, 30KpeMa
JUIS CTBOPEHHSI CHUCTEM J1arHOCTYBaHHS Ta
3aXHUCTY TATOBOTO oOnagHaHHSA. MareMaTuyHe
(imiTariiHe) MOJIECIIOBAaHHS € ONTUMAJIbHUM
METOJIOM JIOCTDKEHHS aBapiiHUX pEXUMIB,
OCKUTbKM TPOBEACHHA HATypHUX EKCIEepHU-
MeHTiB Ha peanbHux TAEII yckmannene.

AHaJgi3 ocTaHHIX [JOCTIIKEeHL Ta
nyOaikamiii. JlocniDKeHHIO TIPOIECiB, IO
B1IOYBAIOTHCS TPHU HECTAIlIOHAPHUX PEKUMaX
po6oTu (aBapiiiHMX, HEMOBHO(MA3HUX TOIIIO)
ACHHXPOHHOTO €JIEKTPOIIPUBO/IA, MPUCBIYCHO
BEJIMKY KUIbKICTh BiTumsHsHux [1, 2, 5] i
3apyoikHuX pobir [8, 9]. AHamiz icCHyrOUHX
JNOCT/DKEHb TIOKa3zye, 110 HalYacTIUMHU
MpUIMHAMUA aBapiitHUX PEKUMIB B
ACHHXPOHHOMY €JIEKTPOIPUBO/II € BIIMOBHU B
TATOBOMY CTaTHYHOMY TIepeTBOpIOBavi. Y
po6oTi [3] Oyam CcTpyKTypoBaHi HaWOLIBII
iIMOBIpHI Ta HeOe3meuHi BigMoBU. Jlo HuUX
HaJIe)KaTh 30BHIIIHI Ta BHYTPIIIHI KOPOTKI
3amukaHHs B AIH, mpoBamu Ta BiTHOBJIEHHS
HaMpyry KUBJICHHS Ta HETTOBHO(A3HI PEKUMHU
pobotu AIH. locnimkenns [6, 7] npucBsyeHi
BUSBJICHHIO HecnpaBHocTeli B AIH 3a
JOTIOMOTOI0 ITYYHUX HEHPOHHUX Mepex. Y

pobdorax [4, 10, 11] gocmimKyrOThCs
HenoBHO(Da3H1 pexxumu podotu AIH.

BusHaueHHs1 MeTH Ta 3aBJaHHA
pocaiizkeHHs.  JlocnipkeHHS  eleKTpomar-
HITHUX TPOIIECIB MPU aBapiiHUX pexuMax y
TAEII 3 BEeKTOpHOIO CHUCTEMOIO KEpPYBaHHS, a
camMe KOPOTKOMY 3aMMKaHH1 CHJIOBOTO KIIIOYa
ABTOHOMHOTO  IHBEpTOpa  HAmNpyru  Ta
3HUKHEHHI HalpyTrH )KUBJICHHS.

OcHoBHa yacTHHA J0CTiKeHHs. [list
JTOCIIDKEHHS OOpaHWX aBapiiHUX PEXKUMIB
Oy10  po3poOieHo  IMiTaliiiHy  MOJEINb
BEKTOPHOTO  KEpyBaHHi 3  IPOCTOPOBO
BeKkTOpHOIO [IIIM TAroBUM aCHHXPOHHUM

€JIeKTPOIPUBOJIOM, CHJIOBA 4YacTHHA SIKOI
CKJIQIa€ThCS 3  TATOBOTO  ACHHXPOHHOTO
€JICKTPOJIBUT'YHA AJl914, JIBOPIBHEBOTO
iHBepTOpa,  BXigHOrO  inmbTpa,  OJ0Ka

pEryJroBaHHs HANpyrd JIAHKH TOCTIHHOTO
ctpymy (puc. 1).

Jns aHamizy 3MiH  €JIEKTPOMAarHiTHHUX
MPOIIECIB, IO MPOTIKAIOTH MiJ Yac aBapiiHUX
PEKUMIB, HacamImepel HEOOXiIHO MPOBECTH
imiTariiine moxemtoBanHsa cucremu TAEIT y
HOPMaJIbHOMY pexKuMI poboTHu. Sk
MOPIBHIOBaH1 MapameTpu 0yno 0OpaHO YacToOTy
obepTanHs, ¢a3Hi CTPYMHU, €NEKTPOMATHITHHIMA
MOMEHT 1 Hampyry JIAHKU MOCTIHHOTO CTPyMY
(puc. 2) i mpoBeaeno dyp’e-aHaniz CTpymy
dazu A lsa (puc. 3).

[Tpouec  iMiTamifHOTO  MOJEIIOBAHHS
BiZIOyBaBCs 3a TAKUM AJITOPHUTMOM:

1. BapskanHs KOHAEHCATOpa BXITHOTO
¢ineTpa 10 Hanpyru 3000 B 1 miaTpumMka ioro
3HAUEHHS TaJIbMIBHUM YOIIEPOM.
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2. Ilyck 3 momentom omnopy 0,5My, a Y pesyapTari aHamizy  KOEQIIi€HT
MiCNsi  BUXOJMYy Ha HOMIHQJIBHY YacTOTY CHOTBOpEeHHS (pasHoro cTpyMmy ckiaB 26 %.
oOepTaHHs — 30UTBIICHHS A0 HOMIHAJIBHOTO
3HAYCHHSI.

(&)

Puc. 1. Cunosa uactrua cuctemu TAEIT
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Puc. 2. Pe3ynbraTtu MoJent0BaHHs HopMasibHOTO pesxkxuMy podotu TAEIT
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Puc. 3. dyp’e-anani3 ctpymy lsa HopmanbHoro pexumy podotu TAEII
BayTpimmHi Ta  30BHINIHI  KOPOTKI BHyTpillHE KOpPOTKE 3aMUKaHHSI B
3aMHKaHHS B AIH € OJTHUMHA 3 Mozem Oyino peaizoBaHO IUIAXOM Mojadi
HaliHEOE3MEeUHIUX  aBapliHUX  PEKUMIB XHOHOTO CHTHaJly KEpyBaHHS Ha 3aKpUTTS
poOOTH  aCHMHXPOHHOTO  €JEKTPOIPHUBO/JIA, CWJIOBOTO TpaH3ucropa mnpotsrom 0,2 c.

OCKUTBKM MOXYTh BHKJIMKAaTH HE TUIbBKH
MOIIKODKCHHS B CJICKTPUYHUX KoJiaX, ajie H
MEXaHIuyHe pYHHYBaHHS JIBUT'YHA, PEAYKTOpa
Ta BUKOHABYOro oprany. [lix BHyTpilrHiM
KOPOTKUM 3aMHKAHHSM PO3YMIIOTh BUXI] 3
Jaay ogHoro 3 cuioBux KitouiB AIH, abo
BHACJIIZIOK HAJXO/DKCHHSI XUOHOTO CUTHAITY
KepyBaHHS Ha CWJIOBMI KITtoY. [1iq 30BHIIHIM
KOPOTKUM 3aMHUKaHHSIM PO3YyMIiIOTh ABO(da3He
a00 TpudaszHe 3aMHKaHHI MDK COO0OO
BuxigHux Qa3 AIH.

PesynbTat MOJENMIOBaHHS €IEKTPOMATHITHIX
npoIeciB Uil I[bOTO BHUIAJIKY IIOKa3aHi Ha
puc. 4 ta 5.

HageneHi ocrimiorpamMmu moka3yorhb, 110
PEKUM KOPOTKOTO 3aMHUKAHHSI CHJIOBOTO KJTFOYa
XapaKTePU3YETHCS MAJTUM YaCOM MPOTIKAHHSI
€JICKTPOMArHITHUX MPOLECIB 1 MPU3BOIUTD JIO
HIBUJIKOTO  MAIIHHS 4YacTOTH OOCpTaHHS,
3HAYHMX TMYJIbCallii MOMEHTY, IIKOBOTO
TPUKPATHOTO CTPYMOBOT'O TIEPEBAHTAXKCHHS Ta
HOSIBU CyOTapMOHIK, aMILTITYIU JIeIKUX HaBITh
MEPEBUILYIOTH OCHOBHY.
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Puc. 4. Pezynprat MmogemoBanHs TAEII npu kopoTkoMy 3aMHUKaHH1
cuioBoro Tpanzucropa AIH
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[lin npoBamamMu Hampyru po3yMilOTh
KOPOTKOYACHE YaCTKOBE 3HIDKEHHS, a00 TIOBHY

CTpUOKOIOIIOHE TAaiHHA HANpyrd A0 HYIA,
110 TPAIUIIETHCA MIPH BIIPUBI CTpyMONprUiiMada

BTpaTy HOro nito4oro 3HavyeHHs. llpu maminHi Bil KOHTakTHOI Mepexi. Ilpu  mpomy
Hanpyru B ACUHXPOHHOMY JIBUTYH1 BiZIOyBa€eThCS pO3psi KOHAeHcaropa (uIbTpa
BiOyBa€eThCs 3HMKEHHS fioro Yyepe3 CHIIOBI Kito4i Ha IBUTYH [ 1]. Pe3ynpraTtu

SJIEKTPOMATrHITHOTO MOMEHTY 3aJIe)KHO BIiJI
TPUBAJIOCTI TaAiHHSA Hampyru. Hairipmum
BHITAJIKOM TIPOBAJy HANPYTU €

Speed

MOJICJTIOBAHHS €JIEKTPOMArHiTHUX IPOLECIB Yy
TAEIl npu 3HUKHEHHI HANpyru >KUBICHHS
noKa3aHi Ha puc. 6 ta 7.
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SIK BUIHO 3 pe3ynbTaTiB, PH 3HUKHEHH1
HAmnpyrd  JKUBJICHHS BigOyBaeTbcs — pi3ke
3HIKEHHS €JIEKTPOMArHITHOTO MOMEHTY, 110
MPU3BOIUTH JI0 «IIEPEKUJAHHS JBUTYHAY, a
IpU  BITHOBIIEHHI HAmpyrd SKUBICHHS —
NiABUINEHHS (a3HUX CTPyMIB 110 pIiBHSA
MyCKOBUX, IIBUJKE MiJBUIICHHS HAIPYTd Ha
KoHJIeHcaTopi pitbTpa. Dyp’e-aHami3 Ga3zHOTO
CTpyMy 3 MOMEHTY 3HHUKHEHHS Hampyra
KUBJICHHS 1 10 TOBEPHEHHS JI0 HOMIHAIBHOTO
PeKMMY TIOKa3ye 3MEHIICHHS AaMIUTITyId
OCHOBHOT rapMoHIku Ha 60 %, NosIBY 3Ha4HOL
KUIBKOCTI CyOrapMOHIK 3 aMIUTITy/1aMu, 1110 He
MEPEBUIIYIOTh AMILTITYTy OCHOBHOI.

BuchoBkn. VY poOoTi AOCHIIKEHO
aBapiiiHl pe)KUMHU, K1 MOXYTh BUHUKATH B
TAEII 3 tsiroBum enextpoasurysom AJ1914, i
BUKOHAHO TIOPIBHSHHA 3  HOMIHaJbHUM
pexxuMoM pobotu. Pe3ynbratu iMiTaliiHOTO
MOJIENIIOBAHHS MOKA3YI0Th, 1110 MPOAHAJI30BaH1
aBapiiiHi peXXMMHU HaBiTh MPU KOPOTKOYACHII

tpuBanocti (0,2 ¢ Ipu KOPOTKOMY 3aMHKaHHI
ta 0,4 ¢ mpU 3HUKHEHHI HANPYTU KUBJICHHS)
3aTHI TMPU3BECTU O 3HAYHUX TOMIKOPKEHb i

COPUYMHUTH  3YINUHKY  €JIEKTPOJBUIYHA.
OO6uznBa BHUMNAIKU MPU3BOAATH [0 KpaTHUX
CTPYMOBHX  TEpeBaHTaXEHb,  30UIbIICHHS

CIOTBOpEHb (hazHOTO CcTpyMy A0 65 %, nosBu
CyOrapMoHIK 3 BHCOKHMH amIutnitygamu (y
BUMA/IKy KOPOTKOTO 3aMUKaHHS HaBiTh BUILE
OCHOBHOI TapMOHIKM) 1 3HAYHHX MyJbCalil
eJIeKTpoMarHirHoro Momenry. Kpim Toro,
NOBEPHEHHS 3  aBapiiHOrO pEeXHUMYy JI0
HOPMaJIbHOTO Ha HOMIHAJbHI XapaKTEPUCTUKU
BII0OYBaJIOCH TIPU MOMEHTI, AKu# ckiianas 20 %
HOMIHAJIbHOTO. Pe3ynbTaTv MiATBEPAXKYIOTHCS
oCIIJIOTpaMaMH  €J1eKTPOMAarHiTHUX IPOLECIB
B aBapiHUX peKMMax poOOTH 1 B MOJAIBIIOMY
MOXXYTh OyTH BUKOpHCTaHI NpPHU PO3pOOJIEHHI
€JIEMEHTIB 3aXUCTY TaKo1 CHUCTEMH
€JIEKTPOTPUBO/IA.
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