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Research on preparation and properties of corona-resistant polyimide for
traction motor in rail transit

LIU Jie, WANG Jin, JIANG Qian, HU Feng, ZHONG Min, GAO Jiming, HUANG Anmin, YANG Jun
(Zhuzhou Times New Material Technology Co., Ltd., Zhuzhou 412007, China)

Abstract: The application of conventional polyimide in the insulation structure of rail transit traction motors is prone to
corona breakdown failure, which seriously affects the reliability and safety of the motor's long-term operation. In this paper,
three corona-resistant polyimide materials were prepared by using 4, 4’-diaminodiphenyl ether (ODA) as the diamine,
pyromellitic dianhydride (PMDA) as the dianhydride, and nano-alumina surface treated with different silane coupling agents
as the inorganic filler. The impact of various coupling agents on their surface morphology, mechanical properties, corona-
resistant lifetime, and electrical breakdown performance were investigated. The results show that the surface treatment with
silane coupling agents can improve the dispersibility of alumina in the polyimide matrix, reduce the agglomeration of nano-
alumina, and enhance the corona-resistant properties of the polyimide material, while its excellent mechanical properties are
maintained. Among them, the dispersion stability of nano-alumina surface treated with bis-amino silane coupling agent is the
best, and the prepared corona-resistant polyimide material also has the best surface morphology and comprehensive
performance. The corona-resistant time is 25 min and 120 min, respectively under 3 kV and 2 kV, the tensile strength
reaches 167 MPa, and the elongation at break is 29.5%.
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Fig.1 The volume variation of

different alumina slurries over time
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Fig.2 Surface SEM images of different

corona resistant polyimide

23 NEMEESR

3 AN TR HE 57 5 Ik 30 e A ) 1 0 22 P R
BB 3 A5, fEAH R 00 & T, R U b a8 2
(10 SR T V. e it 03 2 P R R I, Rl B A IR R AL 3 S5
(1 S5 T ) % T T P 2 SR I O Jbe i L ) 2 1k g
FEGF o IX 2 RO TE 2D K 1) DM Ac ¥ 71 H R Jot A8
R 28 7K AR )5 T i) Si—OH 5 AL O, 3% [ /) —OH 4
BEAT o 1 IR FH 21 25 G, ELRE e A BB 50 70 573 — ()
WA AL 2 A o] DA SR 0 e 7 TV Ak 5 5
HAN T S sk b, I T Iz A A
775 AT w5 B AN A4 21590, Horfr, PI-2
(1) 77 25 14 e AR T At 3 P SR Ik 0 ke B s, o Al 5

180 35
160 /\ 30
< 9 J
£ - =
= 140 o/ 5
N NS
e B=
= 120f — ®
e =
? 420
100}
o
1 1 1 1 15
0510 PI-1 PI-2 P13
e

3 T[EIM R 2 BRE I AR R 1 F 1 AE
Fig.3 Mechanical properties of different

corona resistant polyimide



64 A2 R

2024,57(8)

&3k 167 MPa, Wr 2414 %2 05 29.5% , 73 il 5 A B
FAL BB 2% 1 B8 IR TV J¥ PI-0 7 A 58 B (124 MPa) )
1.34 i , Wr K 22 (17.9%) 19 1.65 5
24 THEEERBHFMHEEST

FE 155°C Bk 20 kHz (1) 2 kV F1 3 kV ik
R R T, DR SR T W A R ) i
R mME 4R,

120+

100+

®©
(=
T

w33 kv \\
T2 kV \\

i} FiL % B[] /min
3

B4 EZRE I RRAT = A
Fig.4 Corona resistant performance of different polyimide

4 F R0, AR B A0 8T RS S e
5 A 1 S I 0 Je PRI R P R i 72, 2 R T e vk
F AL B 95 2% T 1) 46 P SR M0 Jie 4 )i+ 2 2
JT 42 T, i e 2 i 1A) ph A 22 R E U D PI-2 L PI-1
PI-3.PI-0. 13 kV T (TR H = i 6] A PI-0 /) 8
min £ 7+ %% PI-2 [¥] 25 min, 2 kV " [ 1 FL 5 6] (3] A
PI-0 %] 30 min $2 7+ %% P1-2 /1) 120 min, iX 3= 222 K
283 R HAB 5 SR R T R T PR R R S
P RIS 3 e 1 5 B A SR AN e O B WL e, B
AN T e A B Y 5T 23 WO A5 G R BE 28 A 40
TR B T A% 32 T TR B3 e R A AR, B T
SRV 25 W R AR T v 2= 5 1

AN RIS PR, 22 BRI 0. e i ek ) o 2 5 B2 4n 181 5
7, HUELS AT U 20 HihE s 4 1) PI-2 (0 il 2 5 52
B AR T 7 I i 22 R A I e e AF BEK 77 F) PI-0 7 %
SR R v X 5 T R PR BE A A NI A S . X AT
REJE 1 T A0 5 SR M0 i R A 2 [R) 5 5 % ) P
% HL LI A M 5T B B, AT S B0 R A S
%o YRR I 2 O T, R R TR HLR &
Py £ 1) 8 BE 5 2 Bk 48 5, I S0l FR 47 1) 5 3 £ P
SR, 75 W o 27 1w B R AR T SR S R
UL B 5 T 73 BT 22 AR TN LRL T 2 B BT e
R ZORL 5, AE A5 0L~ 2 8] f BE B 22 K, S Bl

FHLE BT HGERR AR HUR S 5
IO 22 I L1 22 8] 77 A ™ S AR AT 2R AT T
Jl KB BT 9KRL T 5 9 KR T Z TR]
S48 TR 2 A2 K, AT WA BE 7 By A% BELIBT L AL )
PR DT fat ol 2 P I T s

240+

33

[=3

(=
T

—_

(=)

(=
T

i ZF 50 /(kV/mm)
N

o
S
T

(=]

PI-0 PI-1 PI-2 PI-3
A

El5 AEm e R R IR & R E

Fig.5 Electric strength of different corona resistant polyimide
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