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Evaluation on performance of turn-to-turn insulation for
traction motor powered by SiC inverter
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Abstract: The use of silicon carbide (SiC) inverters for power supply can reduce the size, weight, and temperature rise of
traction inverter motors and improve the motor efficiency. However, the high frequency and short rise time of the inverter
output voltage would bring challenges to the insulation of traction inverter motors. The turn-to-turn insulation will be
subjected to higher voltage loads, which will lead to premature insulation failure. In this paper, the voltage waveforms of
turn-to-turn insulation of high-voltage inverter traction motor were firstly simulated when the SiC inverter is at the
maximum switching frequency and the actual cable length. The partial discharge inception voltage (PDIV) test and
endurance life test were conducted on the electromagnetic wire of high-voltage inverter motor under different voltage
parameters (frequency, voltage level, rise time), different temperatures, and different thicknesses of turn-to-turn insulation
(0.23 mm, 0.30 mm). Then according to the actual operating conditions of traction motor and the electrical load failure
mechanism of insulation system, the change mechanism of PDIV, partial discharge characteristics, and life was analyzed.
The PDIV test results show that the change of frequency and rise time has no influence on the PDIV. The PDIV derceases
with the increase of temperature. However, due to the fabrication process, the PDIV increases at some temperatures. The
increase in thickness has a greater increase in PDIV. Under the premise of controllable cost and efficiency, increasing the
thickness can effectively improve the turn-to-turn insulation performance of inverter motors. Endurance test results show
that the changes in temperature and rise time would cause large changes in insulation life. The effect of frequency and
voltage level on insulation life is non-linear, and it can be expressed by the inverse power model. In industrial applications,
the effect of frequency on the insulation life can be directly converted through a proportional relationship.
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Fig.1 Repetitive impulse voltage insulation test platform
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Fig.3 The enamelled rectangular wire sample
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Fig.5 Endurance life test results at different frequencies
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Fig.6 Endurance life model at different frequencies

R 22 5] R ) 2 A R, TR G AE TR &5 SR Btk
I8 2425 HE B A — 8 AR FE PR AT Tl AR ™=
L =1593f"% (4)
FE 52 B B o, SR F 19 R0 26 %) 46 2% 75 i 16 AT
MRS A AR 75 AR =0T i) Ik 45 SRR A 4%
PN it AT I 5 O FRAE Tl R ZR R
A P ATEE, MO AR R a,, S Fm .
L,
1
RS . LRk L E 2 kHz 582 7 I i E T 4
17 s LARNESNE N fF [ 1
FR A AS R AT 2R R (T R 48 2% 55 DR 45 1
44 (AT 1S 3 10 kHz A1 6 kHz B 453 0
T AB NN 916 M12.32, 7 TV — % g
Sl AR 2 B, A4 O A s o AS RIS T 46 4%
# i BEAT WG R LTS, R B AR R IIE IR,
AR SR B S e BB A N 22 . AR
RIS, 10 kHz N 19003 5 5 B 5 00 2 2 LA A
6, 16 B S I 50 5 DR AT R 2 AE 10 KV =40 ey
JE i F 5 A AR, o TR R A A B
FAR B AFAE — 58 il B R 22 5 15 8 AR Tkl 5
PL 2 kHz Jy 3 v I 10 kHz F 1 i B 52 75 iy BN
14.81 min, X M EE b 5056 45 500 b 22 03 I A
K, PR AE b 7 o R A e 2 Ll gk AT 25 i A1 B
WIHATAT .
2,14 FRVRET 6 B4t
Xof ¢ % 73 iy 1) 25 A% WIF 9 32 B A e it ok o
PDIV [ L . 7 SR W0 J= 50 780 HeL A TTT 5 B50RA R P
T B A DR L SK T B 5 A 1) 43 BT RTS8 43 T
HBCRAT R AT . REAAF S EKA T )
IR PR 490 VAR 1 A A e A, oF 30 ) B B LR AE 2
HIARMHEAT T goit, B4 - O K IR 4E e
200 /™ Jr #0750 FE A 0 P I A 00 28] 1 e K g S R FE ik
MRAE s @ F 34 TSR AL, 78 200 A & 17 Pyt ) 21 (1

=a, (5



92 X PEHR S« SIC AR A I R 107 5 R AL I 6] £ 25 % RE D

FIA J5 0 T80 L Ik o L D1~ 2548 5 ) 1 JA B T R O
20, 48 200 A J5) E A B 9T A R P RO A T B
e S B0 FR) 7E 5 (D B 9 T P AL o ST 39 5 R
{65 50 J] 5 T8 R B 3R A5 31 5 () LA I Th] A T
ORESU R S TR L, B R 9 R AR I SR R AT
0 o R e R £ o 4 TR FL B R AT AT 2 [ I
TN R DR A 75— T2 N IR] , R AR AR R 8
v DRA IS 1) V) B — S0 1% 0T R R IR S
el TP R B AE — R RE L B SR A RS I T P9
FEL BB S T L T R

AR A T IR RS B E S K 7
Fizs . B TR UUE Y B AR A TH s, ST 2 T
R A5 A K HBL R L 2 2 B s/ a3 < A I b, B
IR T B PR BB IR BOZ# T . B
TR UGN Z LS R BOa iR R A
R IRIR , 8 T J53 ¥48 TBC B I B804 1 L B o A A2 4L
BB 3, DRI SRe 130 B 14 J 30 i F 0 K 5 g
{E P4l 48 G A2 120 R R T BT T I B 5 R
FEAN GBI o BRAL I TR PR A AT I B R IR
SRR BE RS B, 255 R AR R S R E 1 Y
M, 75 1) AN [P 25 T B i B B AR [A] U T HE FE
WM 8 Fizs . A 8 AT LA Y, fi 5 M0 ) T vy, 2
JAI TR0 e e BT B, (H AL I TR
AE B R B S RN 48 5 R VE AR K

2.1
e AR . 350
1| e SPHh
5 201 “C kbt 1300
2 1250 >
Ei 1.8 g
S 200
it;ﬁ 1.7 I
= 150 2
X 1.61 =
o 100
= 1.5 N
1.4 . I 50
2 6 10
Hi# /kHz

7 TREISRET AR R RIIE{E KR 3
Fig.7 The amplitude and number of partial discharge at the

different frequencies

22 AEHEEEEETHS®RSE®
22.1 R RS T 6 e

F3 1) R e 0 2R — o, LR A 2 kHz, 2
AR R W W 2 AN 62810 kV, AR IR N
180°C , it — 20 MR A [F] H & J7 v HL R 3 T A
I H 2 25 i, 5 SR 9 Fros . W9 T LLE H
B & A1 0 FE P 0 D& AL ) 389 e s AR A 2 5| AL I
[i) £ 2% 10 i PR 2 75 ek /s HL 2 30 BH R 1 A 4 1t

@GRl 2024,57(4)
220 Rz
>
S 2001 E
£ 180- . 102
= 180 z
2 140 8 39
= 120 g
! g B
2100/ . 6 %
= =
w801 / L4 B
60- . &
6 8 10 =

F R I /K V

8 AEEREEIEET R2ERRRMMBENSHEES
Fig.8 Total discharge energy of a single cycle wave and unit

time at different peak-to-peak volage

600 _——
= 5001 /
= 400 1
i
S| L
‘&1 g
E 200 L\\‘\Q\\\\‘
EESSSNSSNY
100
0 : : .
6 8 10
FL WA /k vV

9 AEBEEEETHHESE®
Fig.9 Endurance life under different peak-to-peak voltage
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