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Effect of air pressure on electrical ageing characteristics of new energy
vehicle main insulation materials under repeated square waves

FAN Ziyuan, WANG Peng, YU Chaofan, ZHANG Yuqi, CHEN Yalong, MO Haixin
(College of Electrical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: To investigate influence of high-altitude environment on the electrical ageing performance of the main insulating
material of new energy vehicle (NEV) drive motor, NHN insulating paper was selected as the main research object.
According to the actual working conditions of NEV, the NHN insulating paper was applied bipolar repeated square waves,
and its partial discharge inception voltage (PDIV) under different air pressures was measured. The PDIV value under
standard atmospheric pressure was used as standard voltage, and 1.5 times of standard voltage was applied to the samples
under different air pressures. The physical and electrical parameters of the samples under the condition of electrical ageing
for 30 minutes and ageing to breakdown were measured, and the ozone content generated during the electrical ageing
process was detected. The results show that the PDIV value of the main insulation sample decreases significantly under low
pressure, and when the applied voltage is greater than the PDIV, the sample surface is corroded more severely compared
with the plain area, leading to the sample break down easier. During the electrical ageing process with the same time and
voltage, the electrical parameters of the samples under low pressure have bigger change, the ozone production rate of partial
discharge is faster, the corrosion of the material is intensified, and the deterioration of insulating properties is more serious.
Based on above studies, the influence of altitude factors on the corona resistance performance of insulating materials should
be fully considered when designing the insulation system of motor for NEV.
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0 3% LRI R L. 655

WV A B R Bke Bk R 0 RPLIAERCAELR B RR 5
SR SR, A RE R e ) PR RO SRR RIS Bie
. Lttt b s g e gy VUL 1 R AR S UL
S S A PR R A S ook oL e R e A D A
AT 2t — 4R RS B i A P AR, o 4R 7 R VB 7 00 7 P R B
BEWMB: B R AAHF AL FTHAA (51977134) Z A RSN R G B BEZR R $R T2 700 V A




@EFRL 2023,56(4)

TR A - B BRSSO HT BE IR A b R E AR R M 7T 61

b TR P R R 5 R G0 K S TR B LR
o 4% R G OO T 208 Re VR VR R 2 A A
RBER 2, I 1 B ML 4 25 R ™ FE 3 5 T8 e
REMR R B, SO RE VIR R A % R G AE T =
R S PR I L R AR Gy I 5 R A,
HRMH PN S 24, #H%%ﬁﬁiﬁm%
GRRIEE R ZBMIBAT R R ZHRE R
JE 2SO B A 2R N ST e, G 2 fm
HER O X AT B0, L4 25 R G0 BT AR SRR 80
NPT, B Sy LI H i IR AR O, FR L
188 FH 73 iy R FEAIR

FE A0 FLASUFR G 48 2R P I S e 7 T, T N
SO ST FT . SCHR[4-510E 98 1 RS 4% R
GAEAC IR EE T I AT e 1t 5 SCHR[6-7] 90T E A8 e 2
FHG RS U T A LEEMRIERMS FERE
by R TR RCH, s SCRR[8-91 U R £ T m AL B /) R
- R TR IV i A TR TR R AL R
DA B - i F AR T e 0 8 T L 2 B T I e Y R 1)
TALEL . HA DL BRI A RIEAEAN RS ET
J53 8 T L AR bR M e . 9 HL, B RTER XS
AR A AT B e U VR 2R 4 S AR Gt R e R RH S BIE O
B 0T BT BE IRV R L R A R
AU R P B T R A

A SCHRFAS [F)SE XS H R IR VR R IR B AL 3=
AR 2 AR YE e . SR AR AR Bk,
H71.0.0.8.0.5 3 3 MFRAE R EFELL, 43 56 B0
1 800~2 000.4 500~4 700 KifF#k . & IHENFES
JE T 3EAT R E O R 4 L (PDIV) MR, B 5 78
1.0 AN A5 #E KA T WK A4 B ) PDIV AE bk A
PDIV, 7E 1.5 {54511 PDIV T A4 AL i e 52 1 A
DA Gy B 2 A Re P BIE T8 AN [R] < 2% A4 56 PDIV (1)
M A DL R r o PR T 0 koA [ B A
[F) ST R 0 0 F s AR B AR O R BE AN [
AR SE MR A o . B TS AT
i BT BB TR TR 4 48 2 R G 10 R VT A 5 5 i
DUAH SR U3 , 38 BE VR IR 4 1 2 s AT 5 XU Tt il
TR TT % .

1 S

L1 BHESESENFE

TG ST 6 N R B S A
I 25 B AR L TR . RN RN R B
M) FH UK v 00 52 Mk e AT £ DA B B R
AN T 260 25 7K 52 1) LN g BL AN R SR 56 . )
Ak e 0 L A K b 2B T £ S H A A 32 4 R B DA

T [ 285 O 4% ) B9 AT 42 2 98 LSRR e N B
D i EL AL RS 5 5 AR i PR L A B L
W AE T A 5 S S . S RERT Y 0.01~1.0 4
PRI R AU, DURRUET BE VI IO AN Rl s A7 i A
S0 SR FH IR A RO T 48 SR R AT B R0, DA
BR AR e s AR AR AR A B LA

P
o

577 E@

HIH %ﬁ /

/4. LRI ETJ

v

1 BHFRESESKRIUFE

Fig.1 Motor environment and signal simulation platform
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Tab.2 Corona resistance life under different air pressures
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Fig.3 Boxplot of corona resistance life

M2 FE 3 T LA H, 7EAH A U 2644 T, ik
T PR 77 i BE S ek /N 1T 2 2 BRI . 0.8 41N 50.5
ANARUE KSR S 1T 355 ay AR e KSR R
7o B FRAK T 24.5% LA 57.1%

23 FRISETHIMESHE

a3 v B R SR A 1.0.0.8,0.5
AN AE A S PR RE B0 H D 1.5 £ B ik PDIV
(5.25 kMO, & B HAM B, —HNAFSET
() L RN R 2 5, —AAERFSE T
HEAT HL 224K 30 min, W5 35 48 b RL R TH i 5
Jog e
2.3.1 30 min ¥ A0 5 XA

TEAS R KA R 6 36 4 2 Gl RE e in AR 1) |
HEAT 30 min HLZ AL S5 4 22 AR I O T 5
RZAHT IO S AT XS L, #9331 6 4 0 RE 7
AESE TR E 4 R . IWE 47T LUE
o, 240 30 min 5, E4 G MR R Z A @A
DL A BRI AL, 2 R H R T2 1 SR I TP i
PR, o IE) 2 R B A AE F R T B 350 S5 W 485
¥ o 7E 30 min HL 3 A0 B TE] Py 6 25 7K 52 F8 s B T) 1
SN, I 2 R T ARG K, JEL RE SN S 2R AE HL AL
VE R 56 4 i 28 I, FE SR T AL I 250 DA K /N
A FTIE N, Hh ) AR T AR R B R, HoF R E
MPTHEFY K, JE RS, &P e R F 5
MEAGMR BT ELGM R R Z K 8]
P75 MR RN I, BT e )G,



BEMEL 2023,56(4)

TR A - B BRSSO HT BE IR A b R E AR R M 7T 63

7 oy el O AL Wi B 2R L AR DR B SR B
HER Rl 2 b PR TR 57 28 5 5 I 0 e T
I s B8 0 PR 248 Gk AR 5 DRI U J R e D 28 4 R
PR B 5 T HL R SC4E . WONHN 28 S AR JR)
R il SR B R 3R )2 A TR A2 55 28 i L o T A 2D
e e PP ) 2 SR L I f I I e R I I e T A
R 2 AL 57 28 [R] I 32 J) F8 T80 H ) R B 28 = = A
Bl s

(©)0.5 MhR#E RS R
B4 HAHAERESETEZMN30 min GRS L
Fig.4 Comparison on morphologies of samples after electric

ageing for 30 min under different air pressures

232 RARAETHEFHR

FE R A RS T S 26 ¢ 25 i RE it in AR ) H I
HERFES S, 767 R TS 5 A
MBS, 45 R 5 iR .

M 5(a) i A H 5 75 At In H e (56 B 44t
Ff AT U8R 21 H R O P, o A 2 4R
JR T, KR4 B 4 W] S0 28 265 R R 328 5 R Hh U2 1)
REEW A R, 765 000 £ 8O T AT WL AR FE 2R 1H A7

FERUD VAL , 7T BE 2 DR & T 2%

M 5(b) AT LLE H L 7F 1.0 MR KA UE Rl RE
{10 7 2 A B I S I R R A R R 38 , 3 1T ) [8) 7 5 28
R B PR T BLFLIRA . 7E 200 65 5 500 £ 0K
RIS B o 5 B AR I R LR, 07
20 58 AV RS T ) 2 PR SR T IV Y 3R A 0 R b
2 ok, H R BRI e b 5 0 o 5 AU A
TAAL S 3 S BT R RN A R AR R AR
PR 1) 5 32 J2 IR TR) AT 55 48 A LA T3 30 50 FR H TR
WA R AR, S ECh ) = 28R, I
JEILS . 1E5 000 £ UK N MERR 2 5 v [E] 2 7 5t
THI A (1 1) 67 557 2664 BE AT W44 R 26 T8 T 5K & AL
HEW)=E50 .

ylRpERgty

15.0kV

(b)1.0 MsHERS

5.00k SE

JE kR



64 TREESE . SR TN SRR BRI R A R A AR PR R B AT

@R 2023,56(4)

SRS

Y -

15.0kV x60 SE

(d)0.5 /b KR R
Es5 ARSETHRHEEFHR

Fig.5 Electrical breakdown morphologies of samples under

different air pressures

MBI 5(c)m] LU H 5 0.8 bRl KSR T i 27k
FE B 10 R TR 3080 7 A LA = 1.0 A b
HERAE MR A TR, HaR kA Mg 3|
HUR WL 2 0y, B AR 2 12 — 2 AR I 20RY 7
X o £ 500 £ JBOK R WL 2340 X () 2R N
AR, SURY R A — 8 B AL, 2R TR R
HAMALAI AT 765 000 fi5 50K T Al W 2ZUIR V) 80
e B, F AR RS , 5 B 5(b)H 15 000 i 750K &
BAHRZEX R T 2RI A, HET A iR AR
AR R8T 1 fL o 27 3 R R 3 40 A R 52 R ik

FEL L DA B Ak 2 S e A R ) 5 BB M B AR
T BURA B

M 5(c)~(d)rT LLA H 0.5 M i KAE T
ZERFE I ZUIR Y 73 A7 X TH AR 0.8 M FRiE KSR T
() o 7 A B K, £E 200 5 500 £5 50K T AT
DA 22 21 ZUR Y 1) 53 A % 5 B A ZUIRY K/
AT, ££5 000 £ K T AL ZURY) 2 JAR HE
B A ZORW R BURE K HA B (1 SORLIR Y
WM BHE AR AR T B8R 0 780 45 R R S B0
AP
24 ESMEENE

X AN [E] SR PR 58 R 22 Ak 30 min (3R FF B X R
TRRE 2% 1 1R 5% 4 b B, 0 A W B0 5 A R
R, 25 B an e 3 firo o DA F e 75 82 30 A R A 52
B 000 R BT 252 16 L OIS SR IR B N 10
kHz, 5 HPLBLALL B 2 15 5 — 57,

*3 TRISETHESSH

Tab.3 Electrical parameters under different air pressures

SE/(x101.3kPa) PO 2 S I 5 FE R
o R ACRE 3.9.852 0.019 831
1.0 4.0 604 0.026 391
0.8 45822 0.031 155
0.5 52353 0.042 378

v FLHR B LA ORI R 1 R A HEL A R
(3 ZES 5, S B JSRAE AL 37 v R AR R AR RE T Y
KN, T RAEM B A P B, RN 5 55 W 4
FEE IR SE . IR 3 AT LA Y, 24K 30 min Ji5 /Y
BURES T LW BURR A R T O, BB IR
I HUH RO M 2 . BF 7R ITINHIN 48 2 48 )
SRt IV f 7 P A S U F S A R R R AR A B
HA R SRR VB SRR 51, T BUR
P I 8 ) A R 5 K, AT i NHIN 48 25 2%
L AR AR A F R RO K

I R R S R FL A 5 P B AL AR P E A5
MR TR B GIERE N EH S . K3
IR LA AR AT R AL TR iR A T IR
ARSI LA 5T A5ORE RO Ry B UE R A Bi l
T S AR AL T e RN T RS B AR R SR
ORI AR BEAT FE 2 A A0 B AR S BBl B 1 5T 451 A R
HLA K% SR R 224 30 min BRRE A A5 RE R E
ALK A A [0 T 1R L2 A R A Jo 453 R 3 T
v, PR AR WD PR.

(D
KO8, HA RS T 2R FE R B AR




BEMEL 2023,56(4)

TR A - B BRSSO HT BE IR A b R E AR R M 7T 65

B0, xt FRBRE I A TR B FE R4 ¢ Oy FLE AT ]
MR (D53 1.0.0.8.0.5 MriEKSE R
MR RN R 4R, NERATTLLE
o, 7EAE A U 260 T, AR I S FE 2 A TR A o 4%
FETH PR, PR L ARG T 1 FL 2 A6 NHIN 4625
YR AP RE S P
F=4 TESETNRIGFERE

Tab.4 Dielectric loss rate at different air pressures

S JE/(x101.3kPa) A TARFEH JE /(< 107%s)
1.0 233
0.8 3.77
0.5 7.52

25 REERGEZEMK

FE R e AR v, A R R R B A

R AR AR RN ) 32 2 S R (2D
0O+0,+M—0,+M 2)
X2#H,M=[0].[0,].[0,]

DPD B4 7 A2 — Bl EE 0 B4 PR A W 1) 45
AN, FAE b R AUS AR N AL, SR ]
PARAE RS & AEAFS T 20 50wl i 47
30 min HLZAL, EAE R K B N AR HEA
DPD SRR E o, O 2 AR G R BT A
EAE N R B SR A SRS AR R R R R A
PR RN . WA RS T RS HR OR RRRAE AR
N 6 s . A 6 /T LLE Y, B & A% %
ik, DPD R AR /R A 5 5 H W AUE S 5 B %

@TOMRERUE (b)0.8 MK

(€)0.5 Mhr#E RS R
6 REKEXTEE

Fig.6 Comparison of ozone concentration

W IR S 3 kSR 2R A0 T S AU s ARG H ) SRR
WIE 354 0.2.04.0.7 mg/L. FEARSE T ES4
PN SRR FE T R, H T R A TR R I 5 R I
AR SR R I A R AR AR R R

3 9

3.1 KEE

AR [ FE DL R 5 WOR A I SRS RS TR IR R
BKPFHIREH RS ERERE, YmaTRE
VI 53 ¥ G5 R4 el 18 BN ) L IR S, AT BLEE AR
25 5y M 5 JR) 80 P AR A A 3 P G AR R AT AR
P05, 05, 0,5 KA AR B, M JE i 48 25 44
BE, T LGRSk, G R T 4 2 R AL
TEAR AU J5 30 780 i A= A R 48 19 4 27 S 823 2
PR, A S A DL R SR SR B A R R R S A, X e
V)5 SR 0 e JE 1) SR B W 40 1 R A A O A2
2 2 5,
3.2 YRR RM
32,1 ZIARATHIRML A

AL R T HIE T 2% )8R 55 A<
ABREE , LR SR 0 A I AR SO CFL S T
MEER . RBRFEZIE IR IIMER AR 75
L T AE KRB E BT, XEHHB TR
Yy B4R FH R hndazg s I T 3R 45 EL R B B RE L X 2
HEH FL £ T3 I R R A I B K R A A E 2~
12 eV 2 8], 1 NHN 48 2 4R 1) 32 [ i 53 5 2 A (A
PR B oF 4, Fo oy 7 R 7 B

hemes

7 EMLRFEERN S FEEER
Fig.7 Structural formula meta-polyanide
) A7 58 05 Ik i vh 2 AL S B B RE G R S
N, H H T REER A A 8 TR
R5 TENFGERERE

Tab.5 Bond energy of major chemical bond
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