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Study on the location method of insulation weak point for
low-voltage random-wound inverter-fed motor
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Abstract : According to the relevant standards of the international electrotechnical commission (IEC), the utilization of pulse and
sinusoidal voltages to determine the partial discharge inception voltage (PDIV) of the inverter motor insulation system is a key method to
evaluate the insulation performance of low-voltage random-wound inverter-fed motors. However, the current IEC standard is difficult to
identify the stator insulation weakness. To solve this problem, combines the PDIV off-line test technology under the repetitive pulse and
the sinusoidal voltage, a three-step method is proposed to locate the weak point of the inverter-fed motor insulation. Firstly, the repeated
pulse voltage is used to measure the PDIV of turn-to-turn insulation in the motor. Secondly, the PDIVs of phase-to-phase insulation and
main wall insulation are measured by the sinusoidal voltage, which are compared with the turn-to-turn insulation PDIV. In this way, the
weak point of the motor insulation can be determined. Finally, through the PDIV test in different grounding modes of the motor, it is
possible to locate whether the weak point of insulation is located at the stator winding head. In addition, by simulation of stator voltage
distribution, weak point identification of three commercial motors and corona life test of motors, the feasibility of the above method is
comprehensively verified. The research can effectively locate the insulation weakness of the inverter-fed motor. And the efficiency of
diagnosing potential risks in the motor insulation is improved.

Keywords : inverter-fed motor; partial discharge inception voltage; insulation weak point; main wall insulation; turn-to-turn insulation;

phase-to-phase insulation
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Fig. 1 PD test platform under repetitive impulse voltage
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Table 1 Nameplate list of three commercial motors

RLAL e M BUEIIR/W O BUEHE/V AGE9

A YS7112 3 370 380 E
B YS6324 3 180 380 B

C Y801-4 3 550 380 B

DAL PDIV B, PR 67 0 2R, 244 B i R 46
HL PR MR B A O B P JBR 2 PR3 P I 322 52 177 2 1 S FL
I A SR o R R B 2 A7 S T gk HL P SR T AL
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MR SRR EC R, R% 8 TR R R R 8, 7T
T kA,
4.1 A BHBLEHERSEN

T2, 3 55 U R L R ML A R A 2R A
PDIV SEXH AN 2 s IES%HE T, Al 452 PDIV ]
IREE RS 3 31 A R A

F2 A BHEHZEA PDIV i
Table 2 PDIV test for each insulation part of motor A

IELHRET 4% E5Z AL A ) Jok e F T I ]
PDIV/kV #4525 PDIV/kV 4% PDIV/kV
U-ih 2.54 U-v. 1.86  1.09 U 3.60
V- 2. 64 V-W o L7400 1.02 v 2.19
W-ib 2.65 W-U .98 1.16 W 3.38

SRJG , [ FE AL v 3 L R 7R 3R 31 PDIV B 4 4 — Be it
6], R4 PD {55 A2 PRPD 3% 8, & 17(a) i W HH
KEz B () PRPD 3% &, & b T TR Ab 0 F R
L3V, HWBFLEIEN 1.6 kV, U, B U %TF
1.206, M348 (3) k25T 1. 708, HLiEE 2 %08 153 A
AL VW A 4 2% i i 55, AL VAR [E] 46 2% PDIV
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(a) W phase suspension (b) W phase to ground
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Fig. 17 PRPD spectrum in two cases of W phase
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4.2 B BHlM%KEHESREM
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RHLEN 2.2 kV,U,, BRI U K 1.218 k5T 1.69,
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Table 3 PDIV test for each insulation part of motor B

IESEHUR T E4a%% TE 5 HL R AR TE] Jik oo e, T I ]

PDIV/kV %3 %% PDIV/kV 41 %% PDIV/kV
U-Hb, 2.38 U-v 1.90 1.12 U 2.99
V- 2.29 V-W 2.06 1.22 A% 3.15
W-Hh, 2.45 W-U 2.12 1.25 W 3.53

P e 3 48, 15 UV MM 42 55, B U AHIE
6] PDIV K TIE5XF UV AHIE 482 PDIV & i — 248
SR BA S E S . B U MG R R, U AH DS —
5 VAR, 8 18(b) S V AHEEHL S PDIV It
Bl 45588 2,31 kV, 5IEZ FIAAHZE 0. 41 kV, B HLHL
UV AH ) 248 25 8 55 s AL T G820 8 v
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1 100 22 1100 22
iz 2 {io %
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% 0 . Oﬁ % 0 Oﬁ
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1 2 3 4 5 1 2 3 4 5
i ) /s i [ /us
(a) VA B (b) VHIE:H
(a) V phase suspension (b) V phase to ground

K18 VARTEAE LT PDIV A
Fig. 18 PDIV test diagram in two cases of V phase
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Table 4 PDIV test for each insulation part of motor C

IESZHE T 4% 1ESZ LR R AHE] Jok e L T I )

PDIV/kV 2% % PDIV/kV #i2% PDIV/kV
U- 2. 64 U-v 4.35 2.51 U 4.81
V- 2.34 V-W 4.26 2.46 A% 5.02
W-ith 2.52 W-U 4.48 2.58 W 5.30

FIRE VAH 48 G i 5 | ELi 2 E— 20 26 2k i 1
TEFME, PR VARG RS S R, VA 55— S P
B, ARG 1 19, C ML HLAE ML 3% 4 T A5 PDIV 2R

2.36 kV, 51E3%F V H 4% PDIV M(H KA MR,
R, JIE B4 255 5 00T V S B
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Fig. 19 PDIV test diagram of chassis grounding

4.4 TiEEFdainik

SRS UE RS P, X 3 5 BRI & 2% 55 A A HR
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Table 5 The current value of three-phase windings under

different frequency values

W%/ Hy I,/mA I,/mA I,/mA
50 139.8 139.8 139.7
500 54.38 54.50 54.48

1 000 29.09 29.39 29.07
2 000 15.09 15.41 14.98

AR 2 kHz B, = A HIME N 15. 16 mA ek
{5 5/ IME A 22 (B RN 2 {A A 43 He AN 20 2. 8%, WEHT &
BN = AH R RATS A I ) e 2 0F R 2

I a3 =253k, Al 7R AR A5 F AT LR 26428 1 7 i A5 R H:
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