5514 }“#‘éﬂ% No.1

2026 4F 1 J] Electric Drive for Locomotives Jan. 2026

DOI: 10.13890/j.issn.1000-128X.2026.01.004

ST ER A 2 25 R TE B PEXT B [ &
A A D

MEF?, AV, RALY, 2 OFY, #iEsY
(1P EARFRAAIRAG, LT KiF 044502;
2HESGE R BALL B A EEERE, LB K 044502 )

i E: ARR TR EAABRLEXEGTN Tk, XTARE-FEREZRF G E5| WA R L, RA
W ASMERIEAE ST %, RAR T AR LSS AL e R R M AL F Al B 5 dr b & 3 i b, R
AL, SRER . AT R T A IE R b (AR T oAt A TMBME,; 4
G S T LB h R B A, ¥E S e ER T E L AWM TG GRGHRELZFRATHE, it Pir s
St HE A W, BB R AR 5 29 60%; MERIE @ PIREFT GB35, ZAtd REBRALT—%, Pk
L, TR W T AR A BRI SR A, R, B R LR VT A R AL R 6 s R AR AR AR IS A TR 4R AL 2T 3

R

KR TIREAL; BLHTE; PRESHE E; AR EE

hESES. U264.1; TM34

]l

0 35l

Wl A 7 P ) B AR B e R, Tk SE A R B R
(PWM) TEX IR . FTREIAS . 4251 PS5
HENZ R . PWM AR EA ) du/de SR RAFT R
FErE, (EZR4URZ R M m IR obidy, T4 2 R 5t
HAL, BRI RENE . SRA LS A L R pL
RS IR 2 —, R R Ik 2540%, —H
RA LG, KB AUEHL H RS PR, T
HORATR . I, JF R Sl & A i M TE L 2
W RIS BUE LS, X TR MLIs AT AR | R
B AR, A 2R o 2R, WP AL SR TR
XFGEALAFPER S LR, O TR LR 15 i 52
DU OB FREN R Z—, Al AU BLAE S e 4R s D 3
BB LR,

e L R, GO B HEAL, A
BRI, AR TR, R BT

HEWE: BEE AL X A (2023YFB3507503)

YHERFRERS: A

XE4S: 1000-128X(2026)01-0029-07

MR SRR (IS ) i, U Ry
K, ZEor TR WIE ,  [R)As by B TR R it 2 i
s ) VD95 G N 2 B e SR O 4 DL e S A
BORORAE T MRHMES A2l E A BISE R L
BT T AR5 1 T . ENJTTH, R
BB AE L M I = 2 T J s L, o A ke o X e
RS A2 RS2 PD RSO, FFAIAISCRFm L. BP
M2 P2 S5 T B R E S BN G, 0P 4 2% 1 1
L RO AR A TR XTI AL, g
GRS HOT N i AR 4 G e BELAEL, I ) e
B E 0 RS R T SE S BB B S 5
W, ] A BIE S SR FH e AL A 5 A TR i
A,

SCHR[8-91HR 4 B 2 BB A ) B SRR AL LA 5 1 32
Wi, 3 T A AR R AE AR T 1 R A 5 2 R AR
AR . IS, A DT =AU
WL PR/ U S 22 40 v U T R 246 2 IR AS R AE S 88000 1)
SCHRLTTVA S AR 5 IR0 A s AT O L TR S IR 1

BIEEE: & 7, X, Aid, HALRIF, TZAFUNLEG AR AF @H; E-mail: 76696582@qq.com
SIARER: 2 E3, B, ZAL, F. TIN WAL LE B E T R TG 69 %A Rt 2 [J]. AL w453, 2026(1): 29-35.DOI:10.13890/j.issn.1000-

128X.2026.01.004.

Citation: LIU Guanfang, LI Dan, WU Youlong, et al. Research on impact of potential insulation faults in variable frequency motors on voltage wave-
forms[J]. Electric drive for locomotives,2026(1): 29-35.DOI:10.13890/j.issn.1000-128X.2026.01.004.



30 it et

2026 41 H

X HiL L T AR IR AR A, AT 6 S IR A 5 T ) L
{H, WGP R AW 2R . SCRRI12)5H0
He st R G XU AL, e T O S A
Fef E ML SR R SEAEH BT, SRR SRS EZR I
el SMIIF 5 22 T s FL R 2 A5 Fi 7 S B ATL 2 SR 7S
AOFEL I (EAR TR AR, SR T LA Sk BH R
ABXT Fi IS S T 2, R k= R SR A
ARSCR S — MBIk, %07 1% AT B S o
Gt AL S B I TR A, R4 ik e
RSB B L, AR R AT 4R it —Fp
BRI O . S R REIOR  BTER R
W AR B, 3205 1k o R R R 23 B A
BN ZR, T e AR 40 i s 3 78 Al IR ) 4 2
R

ASCLA R LGS AL AL SO BE ST X 5, Tl e
A 5 v, BEL AR Al R 7 X ARG M R TR S, O
S S RN TR AT, R0 TR
RS M R OO L TR A AR AR, S R L
TEL My ARSI S H AR S

1 FRARBMET

1.1 FETERGFYEEREE

AT PR = DA IGBT AR E I b2 7=
BORAE S, RN b R S5 IR . R AL
Y E RN, AR T OCHAIE o LA 22 =L T
2%, AT BT X b AP Tl H A R T 44 2 v B T
L, PRI - B HASE T s s, 7 P /2 6 4 25 P, BELAEL 19
SO Y G BRI, PR R R O, ot
T 25748 AR H, T 20 A o Ay A 93 A 728 AT Bk 9 9 1
(PWM) 51l (14 J7 e Jk v K i A0 148 B T i AL S8 4 H, e
R FENI ZIKjCUWEEﬂZWﬂfﬁ%%?@E?jLXT% KH 124
Wiy, PR ERELEE Y, 1 kV. W8 5L
ﬁﬁ3mkm%%ﬁ%,%mﬁﬁﬁiﬁﬁﬁo%m&
AR RGN A 1R

e i S e i

BT HALLEAE RGN IR

Fig. 1 Schematic diagram of motor and inverter system model

1.2 EEHSAFHER
PIFEFIAS SR AL A ], R ESHCN . B TR

360 kW, FiEHE2kV, BROKE 130 mm, B
36 SCERIEL, TRAH 12 SCERIE L DL SR B D S A
AT, HARROH BARRL AN 2 TR . AR Bl S PR 2k
Jr CER R G MR AR R T M, e r B A
A

s
] Re Lﬂ 1
e Yy

B2 B R R S A H Y
Fig. 2 Equivalent circuit diagram of a single coil
K2, ROVHIHLGEA BRI 2, L,
NI, CONSFAILEE, C N,

R W4 HaFH
TE 2% TR AR IR AON SR RN IS LT, G2 43U
e LN G ICI BT UR N 2 /N g =
21,
RCu: —1/2 1
ol p.of ) M
Krpe N FERKE; o W PIERBREEK; o HHIYH

Sy . BN B R TRM SAM R R, H
B4 50 4nx10"H/m A1 1 H/m; fR8ise, BUE 1 MHz.
A R B AT B 202) AR
3U,2 P,
P, 312
Kb PN EARE; 1 Al 20R .

AR 20 (1) A X (2) AT A5 H ML SR 2 %) 5 450045 A ] 45
ZHR,, WE)XFR,

R.=Re,+ Ry, (3)

T A58 O 2 - 0 T i AT R A A B e/
DR AR AT v 432 Pl 22 1] R 5 T 22 000 o st i 28
M I [ 21T = (4) 1oL

&S

RFe:

()

= 4nkd @)
. e MRAEIA L H G S ARBUEXT EAL; kohE
BT d R A
2R F8 ] f R ] 2 (5) &L
L:ﬁﬁﬁﬁ )
Ay wETR c AKRKRE NRASRLmE; SH
LR JEI R AR LR B K .

HL S L S IR IO T 18 B/ S 280, Pl
A BRICEXS $ S HE G M E S - T ot A%, 454G
ﬁ%ﬁwT*ﬁ%ﬁﬁ@h,%%%ﬂﬁﬁf%%¢
WU UG Z R

TR RZ AN L RE MBS : R=
18.56 Q, L=33.5 yH, C=288.72 pF, C,=333.53 pF,



551

Xds, 4 Fh, Rk, £ O, BEO:

AR ML AR LB R RN B 31

R=10° Q. A EAHAIET FIRS BT LS B4
HEATRAEL,  FFAEB R A5 AL TR IR — /)N L B LR DL 446 2%
H BRI RS

2 el PR N R R AR

FL ML 8 21 246 % Hi BEL A0 1 i o 1 50T 3 — 2k
Y s . LRI X A 2 B RO OC R, K
IR G BHIE 2 T . BT A RS PR, AT
AU MG 2 4 2 i BHIE AR D 491, 2o Hoxh e AL SE 41 A
XML | AP KT T PR R

2.1 XfHhER E S0 A

F AL SR 2H ) LA 5 R Al 1o Se 2 4 2k 5 b 22 ]
()25 A 25 B 4 2 v BELPT R G W R LIRS 55,
K3 R, B3, U AR Esmf i, U, L
X ML, 1O SRR . €L R, 43I R AR A g
HLAS R BE, €, R, 73 A M HILSE 20 4 25 Xof 1 55
LGRS CE 3iEN G

AR
B el

Il
U | c &//\\q R, | U,

B3 e i i s A
Fig. 3 Schematic diagram of common mode voltage and current

MR FEARES, RGEXTHIBHSTN, EC. C,NE
TR A G OL T, GRLE ) b AR L K
T2 C P R R A R AR A e, iR
LR T BRI R IR [RIE, R, AR H 2
s B HLBE L0 b L R RS R T R

MR, EWRET, FEMIRHEE A ERER, B
RELPE UG HEL 90 PT 20 AN T o 24 4 2% e L (AR IR 22 430
fRF AU, 1A T v U 28 8 2 28 Shy bt BEL 1 s
Wito XA HEHLZE C, 2920 30 nF, ARS8y
450 Hz, FHILAITSHEPLEEAIXT A BT R

1 1
Re= 06 = 2afc =10615KQ (6)

2 B LSS ZH 4 % L B 22300 10 KQERF, Ze2H A
HL PR T i 1 B0 S A Ak o IR 25 S BT A SR e 4
Wify . 42 R R 10 kQE, LA AL R K A AR
PRSI TR, AR A AT AR F R Y R AR I S
ST SE 2 0T b o 28 RS AT 2RI S AR, A 24
25 i BHLAEL R AR 22 20 sl IR TR A PR, LR R i
A 2= HE AR

2.2 HEXHEENE

wE UM 2 IR (h MQFER KQ ) ,
PIERHIXS PR AR A R o DAy itk — DR i S Y
KA B A, T AR R AR 2 0.2 s B
I MQAM5IREZE 10 kQ, 1 KQ Y UARXBHLE, R4
FoR A, AR 4, s PR,

1 000F

500

g o
=

=500

~1000k—_ - - - - - -
0 0.05 0.10 0.15 0.20 025 030 035 040
B E)/s

K4 UM R BT (10 kQ)
Fig. 4 U-phase-to-ground voltage waveform (10 kQ)

1 000F

500
3 o
£

=500

—1 000t . ; . . : - ;
0 0.05 0.10 0.15 0.20 025 030 035 0.40
i ii)/s
K5 UMXHERIE (1kQ)

Fig. 5 U-phase-to-ground voltage waveform (1 kQ)
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Fig. 8 Three-phase-to-ground voltage waveform (fault point 1)
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Research on impact of potential insulation faults in variable frequency motors

on voltage waveforms

LIU Guanfang'?, LI Dan"?, WU Youlong"?, WANG Qing'?, FAN Jiexin"”

(1. CRRC Yongji Electric Co., Ltd., Yongji, Shanxi 044502, China;
2. Shanxi Key Laboratory of Traction Motor for Rail Transit, Yongji, Shanxi 044502, China)

Abstract: To investigate potential fault prediction methods for variable frequency motors, this paper takes a traction motor driven

by a two-level frequency converter as the research object, and studies the influence rule of different insulation resistance values and fault

locations on the phase-to-ground voltage and neutral-point-to-ground voltage through a combination of simulation analysis and test. The

results are as follows: the critical insulation resistance value at which the phase-to-ground voltage starts to distort depends on the ground

capacitance and converter frequency of the motor windings; when the fault point is located at the starting coil, the difference in oscilla-

tion characteristics between the phase-to-ground voltage waveform of the faulty phase and that of the other two phases is the most pro-

nounced, at which the neutral-point-to-ground peak voltage increases by about 60% compared to the normal value. As the fault point ap-

proaches the neutral point, the three-phase-to-ground voltage waveforms become more similar, and the distorted peak value of the neu-

tral-point voltage gradually approaches the normal peak voltage. The above rule provides a theoretical basis for voltage feature extraction

and early prediction of insulation faults in variable frequency motors.

Keywords: variable frequency motor; insulation fault; neutral-point-to-ground voltage; phase-to-ground voltage

KA BB 2025-09-10; 45 = B #1: 2025-12-16



