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Anomauin. Y cmammi posenaHymo imimayitine MOOeN08aHHSA NPIMO20 NYCKY MA208020
acuHxXpoHno2o enekmpoosucyna (A/) 3 Hecumempicio JHCUBUNLHOI HANpyeUu 6 NpPOSPAMHOMY
xomnaexci  Ansys  Electronics. byro ompumano epagixu  wacmomu  obepmanus —ma
eeKMPOMAHIMHO20 MOMEHMY NpU 66e0eHHi Hecumempii Hanpyau aszu A 6 4 % npu ycmanenomy
pedicumi pobomu ma208020 ACUHXPOHHO20 €l1eKMPOOBULYHA, A MAKOMC NPOBEOeHO NOPIGHAHHSA 3
Xapakxmepucmukamu npyu CUMEMmpUUHOMY HCUBTIEHHI.

Knrouoei cnosa: msacosuii acunxpoHHuil e1eKmpo08UyH, HeCUMEMPUUHULL PENCUM HCUBTIEHHSL,
imimayitina mooenwv, Ansys Electronics.

Abstract. The asymmetry of the supply voltage adversely affects the operation of electric
motors, in particular induction ones. With an uneven load of the phases of the network, the voltage
becomes asymmetric - unequal between the individual phases. Voltage asymmetry leads to the fact
that the currents in the phases of the stator winding of the electric motor differ sharply from one
another. A phase with a high current can overheat above acceptable limits even with a small voltage
unbalance. In addition, the active steel of the motor rotor overheats. Overheating of the motor
winding causes an increase in electrical losses, ripples of the electromagnetic torque also appear,
and other negative consequences. These factors can lead to process failure, accelerated insulation
aging, or even motor failure.

In the event of a mains phase failure, running three-phase motors switch to single-phase mode.
If the motor load before phase failure was no more than 60% of the rated value, then the motor
continues to operate with slightly worse energy performance, the rotor speed decreases slightly, the
winding temperature is within acceptable limits. Under heavy loads, the motor winding overheats
excessively, and in some cases the motor rotor stops and a large current flows through two phases of
the stator winding. After stopping the engine, it cannot be started even at idle, since a pulsating
magnetic field is obtained in the engine with a single-phase current.

To study the effect of supply voltage asymmetry on the operation of an asynchronous electric
motor, simulation modeling was carried out in the ANSYS Electronics software package for direct
start of induction motor with the introduction of a supply voltage asymmetry of one of the phases at
a level of 4% in the steady state operation of the electric motor. The characteristics of the rotation
frequency and electromagnetic torque were obtained with asymmetry of the supply voltage and a
comparison was made with the symmetrical mode of operation of the electric motor. The results of
simulation show a slight change in the frequency of rotation of the rotor of the electric motor,
however, there are significant ripples of the electromagnetic torque.

Key words: traction asynchronous electric motor, asymmetric power supply mode, simulation
model, Ansys Electronics.
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Beryn. AcuHXpOHHUII JBUTYH HaOyB
IIMPOKOIO PO3MOBCIOIKEHHS SIK B IPOCTHX
crCTeMaX HEpEryJbOBAHOIO E€JIEKTPOIPUBOLY,
Tak 1 B HAMCKIAJHINIMX Cy4aCHHX CHCTEMax

PETYIbOBAHOTO  €IEKTPONPHUBOAY  3aBASKU
IPOCTOTI  KOHCTPYKMIi, JOCHTh  HH3BKIA
cobiBaprocTti Ta BUcokomy KKJI.

BaxmuBuM  ¢akropom  ontumanbHOL

ekcrutyatarii AJl € ¥Woro BUKOpPUCTaHHS B
HOMIHAIbHOMY pexumi. OnHaKk B YMOBax
€IIEKTPOpYXOMOro ckjagy mapamerpu A/l
MOXKYTh BIIXWISTHCS, HANPUKIAJ, BHACIIIOK
HeCUMETpiii KUBWIbHOI Hampyru. Hapith
HE3HAYHE BIJIXWJICHHS JKUBUJIBHOI HAIPYTH
MpU3BOAUTH 10 3HauHoro 3HmxkeHHs KKJI[ Ta
Koe(ilieHTa TOTYKHOCTI, IO MPHBOIUTH JIO
3HIDKEHHSI MAaKCHMAaJIbHOI MOTY)KHOCT1 Ha Bally
nsurysa [1].

AHAJI3 oCcTaHHIX [JOCJHIIKEeHb TAa
nyoJikauiii. [Tpu po3po0aeHHi Ta
nociipkeHHi AJl mpiopuTeToM € 3amoOiraHHs
aBapiiHUX pPEXHMIB pPOOOTH 3  METOI0
MI1IBUIIEHHS TEPMiHY cityx0u AJl,
€KOHOMIYHOT'O CIIOKMBAHHS EJIEKTPOEHEpTii,
CKOpPOUYEHHS BUTpAT Ha peMOHT [4]. OCHOBHUM

METOAOM  JOCHipKeHHsT pobotu Al €
MareMaTuyHe MOJEIIIOBaHHS B
CHeIiaTi30BaHOMY TpOoTpaMHOMY  3abe3rme-

4yeHHi, Harpukiag Matlab [3].

CuHte3 maremMaTHUYHUX Mojeneit AJl B
HenoBHO(a3sHOMY  pexkuMi  (00puB  (a3u
cTaropa Ta HECHUMETpisl HANpPYrW >KUBJIECHHS)
posrisHyTo B poborax [5-9], B ymoBax
HEBUCOKOI SIKOCTI €JIEKTPUYHOi eHeprii — B
po6orax [10, 11]. B pobGori [2] po3risHyTO
BIUIMB BIIXWJICHHS HANpyrd XUBHIbHOI
MepeKi Ha pecypc 130l aCHHXPOHHHUX
JIBUTYHIB. PoGora [12] MPHUCBSYCHA
MOJIETIIOBAHHIO HECTIPABHOTO TpU(a3HOTrO
JIBUTYHA 3 BUKOpUCTaHHAM (ibTpa Kanmana.

Bu3HaueHHsI MeTH Ta 3aBIaHHS
AocaiKeHHss. MeTol0  JOCHIUKEHHS €
JOCITIKEHHS BIUTMBY HECUMETPHYHOI HATIPYTH
KUBIJICHHS HA POOOTY TATOBOTO ACUHXPOHHOTO
€JIEKTPOJIBUTYHA Ta OTpUMaHHS

XapakTepucTUK Horo pobotu. [l 1poro
HEOOX1THO 3MOJIeTIoBaTH psAmMuid myck A/l ta

BBECTH HECHUMETpPil0 B OJHY 3 (a3 JpKeperna
KUBJICHHS [IPU YCTAJICHOMY PEXHUMI.

OcHOoBHa  yacTMHAa  JOCJiIKEHHS.
Hecumerpis Hanpyru — HEpiBHICTh (a3HHUX Ta
MDK(a3HUX HAIpPYT B yCIX €JIEMEHTaX TATOBUX
MepeX, 3YMOBJIEHUX HECHUMETPIEI0 CTPYMIB.
IIpu wHecumeTpii Hampyru B aCHHXPOHHHUX
€JIEKTPOJABUTYHAX BHHMKAIOTh MAarHiTHI MOJI,
o 00epTalTbCsl 3 MOABIMHOI CHHXPOHHOIO
IMIBUJKICTIO B  HPOTHJIEKHOMY  HaIPSIMKY
obepranHs poTopa. Y pe3ynbTari IbOro
BUHUKA€  TaJIbMIBHUH  €JIEKTPOMAarHiTHUN
MOMEHT Ta HarpiB JBUTYHA 32 PaXyHOK CTPYMiB
MOJIB1iHOT yacToTH. TepMiH ¢y OU MOBHICTIO
HaBaHTaxeHoro AJl, skuii mnpamroe npu
HecumeTpii Hanpyru 4 % 3MeHIIYeThCs B
2 pasu, mpu HecuMmeTpii 5 % TOTYXHICTH
JBUTYHA 3MeHIIyeThest Ha 5—10 %.

AHani3 BIUIMBY HECHUMETpIl Hampyr Ha
XxapakTepucTuku AJl MoOXHa HPOBOIUTH 3
BUKOPUCTAHHSAM METOIY CUMETPHUYHUX
CKJIaJOBHUX, IO Oa3yeTbcs Ha MPHUHLUIAX
JTiHeapu3amii Ta HaKJIAICHHS CUMETPHYHUX
cKJ1agoBux Hanpyr npsAMoi Unp, 380poTHOT Uogp
Ta Hy1b0BOi Up mOCHiOBHOCTEH. Y BUMaAKax,
KOJIU B CHUCTE€Mi NEPBUHHUX HANpyT MPUCYTHS
HYJIbOBa TOCIIOBHICTh, 10 OOMOTIII CTaTopa
AJl mpoTikatoTb TpU OJHO(DA3HUX CTPYyMHU
HYJIBOBOi TOCIIJIOBHOCTI, fIKI HE CTBOPIOIOTH
00epTOBOr0 MAarHiTHOrO MOJisi U 00EpTOBOrO
MOMeHTY B A/l

Jns dasu A Hampyrd MOCHTIIOBHOCTEH
BHU3HAYAIOTHCH 31 CIIIBBIIHOIIEHD

UAnp I%(U a+talUsg+ aZUc);

y 1 - 2 ° y (1)
UAU@ = E(U at+a Ug+ aUc ),
L.JAOZE(O A+LJ B+L]C ),
3
ne d= e‘jz“’g —  OIWHWUYHUN  BEKTOP,

MHOEHHS Ha SIKUI Ja€e KyToBHM 3¢yB Ha 120°

L] L] L]
Ua, Us, Uc— nanpyru a3 necumerpuunoi
L]

cucremu. Bexropu manpyr Us, 12 Ucyy
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BekropoM Uy, BexTOpH

Hatpyr Usowp Ta Ucos, — BeKTOpoM U o6,

BHU3HA4YaKOTHCA

sekTopu Hanpyr UsoTa U — BekTOpom

LJAO.

Hecumerpis Hanpyr XapaKTepHU3YeThCS
KoedilieHTaMl HeCUMETPiil A7 3BOPOTHOI Ta
HYJIbOBOI ITOCITiIOBHOCTEH

U
= A% 100,

0, %
UAH

UAO
—"'%0 .10,
U, 2)

06p, %

HopmanbeHo JOonmycTHME Ta TPaHUYHO
JOMyCTUME 3HAUYEHHS KoedilieHTa HecCuMeTpiii

STEP2
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JUIL  3BOPOTHOI  TIOCIIZOBHOCTI B  TOYKax
3arajbHOTO TPHEAHAHHS JO EJIEKTPUYHHX
Mepex HopMyeThes 2 Ta 4 % BiImoBiHO.

Onnax, B cucTeMi TSTOBOTO
€JIEKTPOIIOCTaYaHHS 3MiHHOTO CTpyMy
3Ha4YeHHs KoedillieHTa HecuMeTpii Moke

csrat 6-12 %.

Jist iMiTalifHOro MOJICTTIOBAHHS BITUBY
Hecumetpiii Ha AJ] Oymno Bukopucrane
nporpamHe 3a0esneuenns Ansys Simplorer
(puc. 1). ImiTamiiiHa MOJENb CKJIAAA€THCS 3
JpKepena TpuQa3Hoi Hampyrd, aCHHXPOHHOTO
JBUTYHA, OJOKY 3aBJaHHS HecuMeTpii ¢a3Hoi
Harpyru jpkepena skuBieHHs (1) Ta Onoky
3aBlaHHs MOMeEHTy onopy (2). Sk TectoBuii
JIBUTYH OyJI0O BHKOPHCTAHO TATOBHH
aCUHXpOHHUU  enekTpoaBuryn AJ1914
napameTpamu, HaBeJIeCHUMH Ha puc. 2.
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Puc. 1. Imitariitna Mosie1b aCHHXPOHHOT'O IBUT'YHA B HEPYXOMil CCTeMi KOOpIUHAT
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Parameters - IM1 - Induction Machine

Parameters l Output / Display ]

Name ‘IM'I

Parameters

Description

Number of Pole Pairs

Moment of Inertia

Main Inductance

Stator Resistance
Stator Leakage Inductance

Rotor Resistance (related to stator side)

Initial Current Stator Phase a

Initial Current Stator Phase b

Initial Current Stator Phase ¢
Initial Current Rotor Phase a
Initial Current Rotor Phase b
Initial Current Rotor Phase ¢

Initial Rotor Position

Initial Rotor Speed

Rotor Leakage Inductance (related to stator side) LS2  0.0004594

[v Show
‘Name | Value | Units ‘
P 3
J 15 kgm2

LM 0.018 H
R1 0.0226 ohm
LS1  0.0006078 H
R2 0.0181 ohm

A0 0
B0
1nco
12A0
12B0
12C0
PHIO
NO

o oo o o o o

Puc. 2. [Tapametpu TAroBOr0 acHHXpoHHOTO ABUryHa AJ1914

Ji1 MozienoBaHHS HECUMETpii Halpyru
BUKOPUCTOBYETHCS TEPEMUKAY, SKHHA 3MIHIOE
3Ha4eHHs (a3HOi Hampyrd 3 HOMIHAJIBHOIO
(Ux= 1100 B) na 3umxkene (U = 1056 B), mio
BiJIMOBiae HecuMeTpii y 4 % B MOMEHT 4acy
t =1,4 c. PesynbTaTi MOJIE/IIOBaHHS HAaBEIEHO

Ha puc. 3, 4. Ha puc. 3 300paxeHo rpadik
gactotn obOepranHs AJ] mnpm Hecumerpii
Harpyru >kuBieHHs. Ha puc. 4 300paxeHO
NOPIBHSUIBHUN  Tpadik  eneKTpoMarHiTHOro
MOMEHTY npu CUMETPUYHOMY Ta
HECHUMETPUYHOMY PEKHMaX >KUBJICHHS.

Angular spped ANSYS

1250.00

1000.00 7

750.00 7

500.00

Rotor speed [rpm]

250.00 7

0.00 7

=1 _1097.90

Curve Info

— Symmetrical machine

Assymetrical machine

250 +—F————— ————————
0.00 0.20 0.40 0.60 0.80

Time [s]

1.00 120 1.40 1.60 1.80

Puc. 3. I'padik yactotu odbepranus A/l
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- ANSYS
Torque comparison

20.00

Curve Info

15.00 Asymmetrical machine

~  Symmetrical machine

098 i
10.00 T 1048

5.007]

0.007]

-5.00 7

Torque [kNewtonMeter]

-10.00 7]

-15.00 7]

B e e
0.00 0.20 0.40 0.60 0.80 100 120 1.40 1.60 1.80

Time [s]

[154

Puc. 4. XapakTepucTuka eIeKTpOMarHiTHOro MOMEHTY IIPY CUMETPHUYHOMY Ta HECUMETPUIHOMY
PEKUMI JKUBJICHHS

BucnoBku. B pesynbrari imiTarniitHoro yacToTH oOepTaHHS B Mexax 1 00/XB Ta
MOJICTIIOBaHHS B MPOTPAMHOMY CEPEIOBUIII 3HAYHUX  NyJbCaIlii  EIEeKTPOMArHiTHOTO
Simplorer npsimoro mycky A/l mpoaHaitizoBaHO MOMEHTY *5 % BiJl HOMIHAJIBHOTO 3HAYECHHS,
BIUTMB HECUMETPUYHOI HANPYTH JKUBJICHHS Ha o0  TPU3BOAWTH JO  BTpAaT  aKTHUBHOI
fioro poboTy Ta OTpUMaHO rpadiku YacTOTH MOTY)KHOCTI, HEPIBHOMIPHOTO  CIOKHUBaHHS
o0epTaHHA Ta €JIEKTPOMAarHiTHOro MOMEHTY. 3 €JIEKTpOEHEprii Ta CTapiHHA 130JAMi1  3a
rpadikiB BUAHO, L0 BIAXWIEHHS HaNpyru paxyHOK JOAATKOBOIO HarpiBy OOMOTOK
onHiel (a3u Ha 4 % npU3BOAUTH 0 3HMKEHHS JBUTYHA.
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