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A review of insulation system testing technologies for
new energy vehicle drive motor
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(1. College of Electrical Engineering, Sichuan University, Chengdu 610065, China;
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Abstract: The motor is the key drive component of new energy vehicles, and the insulation system is an important guarantee
for motor reliability. Once the motor insulation fails, it will pose a threat to the safe operation of the vehicle. The severe
electric heating stress is the main factor causing insulation failure, so it is of great significance to test the motor insulation
level under complex pulse parameters and environmental conditions. This paper had reviewed the latest research results at
home and abroad from several aspects of performance evaluation methods and influencing factors, voltage distribution
calculation, and weak spot location of new energy vehicle drive motor insulation system. Combined with the development
trend of voltage level improvement, power density improvement, breaking frequency improvement, and switching speed

increase, the problems and challenges faced by insulation evaluation of variable frequency motor were pointed out, which
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provided reference for the future research in this field.
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Fig.2 Working principle of PWM pulse power supply
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Fig.3 Physical structure of high frequency and high voltage

pulse power supply
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Fig.4 The diagram of ultra-high frequency detection method

shielding discharge interference
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Fig.5 Diagram of antenna structure and

antenna simulation model
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Fig.7 Flexible antenna with variable radius of curvatures
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Fig.12 Surface temperature of samples at different voltage
frequencies when the environmental temperature is 30°C

322 LTI TE A

TE us I EFHIF TR R, 2 4200 R J=) 0 i e e
{ELIE A b B T PR 93 /0 T 186 K AL B A A 3 e A
IR T Ik ADC B AT R B, AR B IR 20~
1 000 ns J6 [l 4, b THIS [A]ER T, PDIV BOK, 4 & 13
Frow s [RI b b i e e, oo el e oK . 1 2 R Mk
b T 1) A 3t e S PDITV R 45 S K i) =
B PR A 22 Jo v A R ) IR)  , E AR L
B T SLPR I PDIV, BT 8 0K BT i 4]
T, A AR R R R i R 5
i PDEVE™, 4 fik ph v e 38 % w47 76 3 L R B
PDIV I PDEV #H Z2 5/ s 24 Jik i B R I T Fh AN A(E

5400 24007

2100 I%] 2100

1800 2 1800

21500 - —— A-1500 = = =
1200

12005523060 1000 30 40 60 1000

T/ B A /s
(a) IEMPE PDIV
5 o N\ HRER

22100 21800 \\ A
21800 = \\\'\'
> [==] 21500

== ‘:;: A \k::
1500
200 40 60 1000 1200 —5——25—¢5 1000
b TF/ B TR /s b TF/ T B TE]) /s

(c) MM PDIV (d) 7% PDIV
13 B EIEIEETER PDIV
Fig.13 PDIV evaluated by voltage peak-to-peak value

ETH R B E])/ns
(b) Futk: PDIV

>




8 A2 R

2024,57(11)

i H B, PDIV A PDEV A Z 8k . 0 14 Bk,
MEA GRS BRI RN, b TF i A (50 ns
~16 us) , L B AL LR i} HL 7 77 Ak R, X2 T LE
BE/IN R B T TE) T R R 5 PR R e i R TR B 3R
fIEDBE R,

400

o SKkHZ AU 14
- o 3kHzXXi§‘ﬁ l
£ o IKHzXUB Pk
£ 300 _o szt it e
jﬁf —+— 3KHz L P
B 200l —«— IkHz b M i//
g P
§§1oo- L } ) e !
&%’4’4 . )
0 56ns 260ns 1 plts 1 éus EIB'Z
Jok e e b ]/ T 5% H

E 14 FHWBEESSHOPEELARBRXE
Fig.14 Relationship between average endurance and

impulse voltage rise time

K15 feas 1 8 4LRE il #E B AT A [R]_ETH IS 1] (20
ns)  AN[F] R B 1] (20 ns 571 ps) FHAS 7] 457 54 1)
JE T i R A AR A . A 15 T BUE HY S JEXTAR
ALK BT AE 2 25 00 3K b SRR 55 i Bl 28
X R E K e T Y PR, X — Bl R T
TV B AN IO P 0 4 25 0 i 5 R A IR 2 R
DRI 5 Dy i O 000 01 4 B 1 R RT S A L 2R AT A8 2 N
BRI, Jik i HL R (1 BT 5 T BRI ) S fR 45 AR
[, LA Bk B3 T8 AN X Bk 2 X 45 2R A R (1 7 A
2.

104

=
= T

A1:20ns~20ns/10kHz
r A2:20ns~ 1pus/10kHz
peui) B1:20ns~20ns/5kHz
B == B2:20ns~ 1ps/5kHz
C1:20ns~20ns/1kHz
C2:20ns~ 1ps/1kHz
D1:20ns~20ns/500kHz
D2:20ns~ 1us/500kHz

Al A2 Bl B2 CI_C2 DI D2
B 15 ANEEE RS T FEEE BT B 25 6Nt
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Fig.16 Endurance distribution at different dead time
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Fig.25 The motor connection diagram used to test PDIV and further locate the weak points of stator insulation
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