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Evaluation on Insulation Performance of Traction Motors
for a Hybrid Vehicle by Partial Discharge Measurement

SfTjes - opRger . R . A4 T ol
Dae-Won Park - Chan-Yong Park - Jae-Sung Choi - Gyung-Suk Kil - Kang-Won Lee

Abstract This paper dealt with the insulation evaluation by a measurement of partial discharge(PD) on traction

motors used in a hybrid vehicle. The PD method has been accepted as an effective and a non-destructive technique

.. to evaluate insulation performance of low-voltage electric and electronic devices. In this paper, the PD measurement

- system which was manufactured with a coupling network, a low noise amplifier, and an associated electronics is
described. The PD measurement system has the frequency bandwidth of | [MHz] ~ 30 [MHz] at -3 [dB] and the stable
sensitivity of 19 [mV/pC] for the traction motor. From the experimental results, discharge inception voltage (DIV) and
apparent charge (q) were 1,100 [Vims] and 105 [pC] for the used motor, and 1,400 [V.s] and 84 [pC] for the new one.
By comparing the DIV and q, we could evaluate the insulation condition for the traction motors.

Keywords : Insulation evaluation, Partial discharge (PD), Traction motor, Hybrid vehicle, Coupling network, Discharge
inception voltage (DIV), Apparent charge (q)

A ¥ wRolE R 9 o Solels Ay ARSIl BEPIA sl sl
Bde a3t MaIAEOR AE A A1) AR A ek, YR S LS
2B, AL ZIHZ L A AZE TR, 2 W) G AT fe] Felgel st
SIch WANBO R ¥ - é—wwu 34§32 1[MHz] ~ 30[MHz] (3[dB]), ZHEE 19[mV/pClE B7}
Solek 7AMg AEVI9 AE AETI0A W% ?;(DIVM Au7) Hsle (@& S B, 714G A5 %
HANHLE 1100 Vims], 227] 5L 105[pC], AZ HF7]NA ] HAAAALE 1400[Vans], 237 H3HE

84 [pCloigiet. A AT Aatge vlugomy AddE7e s B7Hd = sl

O

79 o AQYL REPH, AAWE), StolHelE A AP, PAANAAL, Auy) Hol

1. M E olom, A STt an 258 Uil Qo ol
TEAAR AR E7IE A8, AHE 9 Ao
OS] A of4pql 7] erEt W oy A d gt B W Aol go] 2A FAEY Y 2AxHANN= A
stof A7V met spojHe|= Aol thel wado] AW S YL Qo] ofofl gk 4lEA SHEYT 8 2l
ofef digt A A AlAH R ehislA K=l gl B -t A F 7oA Lk A AAbe] Fate] <
oh. StolEe = Apgre: 5 A ojike] HY S AEShe A [ps]d FaL o= A [V]Q] S=rgo] WAeh &= glom,
SR F2 A, drdA 9 HE57|E 235kl ARgsha A F71e] A BRI HHEREE o)
,,,,, A AATE 2T o ATHI-T] B Al2A] A9
TOMAR Y, HRALUED FINTNIHR W L8, Fey, A 2o A ofs) A sl A
E-mail : kilgs@hhu.ac.kr = 2 olow R Yool oS
TEL : (051)410-4414 FAX : (051)403-1127 g o otz ofd st ek 4ol dasi.
© M ABHYLS D FIIMA TS AU 719 A5 Wrkshs Wols WAYAE,
39, SRS HIWNBEE AADE _ - - .
Y, BIRET)=HE HIO|DYADZAAHGNCH Aol X]/\li‘:]a XéijﬁﬁoLé_Xé/\]%l g‘l %ﬁ%‘@l/\]m %o] ?&)19—

W o @ R Norfo

-

ol



af) - WNE - R - 3N - OB

]
250 DIIMEUR=OF A12A A28 20004

e AL 94| Sner 2d45S
B7FSEL et YARGA R HAEA o H2d g2 A
AS A7IBtER ALY JeAste 2, AAANG
A2 A R 2EE AE7] ofdh wekA AF
S 7he e WA dAste] JAR7|719 Aad5 3
S FA YoM aTA o HIE 2= 9= vido] g
TET S0 £ ERANE Sfol2i= A A
A%7)9) 2 | gldto] REWAH 2N A
& A Xﬂ& } oo, 19 124174 51AzF 3o A&
H 7] W71 AE AE71E eR

OIV)st ZR7] Aot gre S74ste] AAFEE ulw-
245,

1 % M

ogﬂv_-! O PEWAH AEL ASAT] £~ A ns

Yo} nEoh BAGHZ WAS] GEo] o) F A2
HeNE BRI L B2YHRAR PHHE 28
2o] BASHIZI) & =RHL Q7bagel g%

o M2 3| Adsly, REYH AFuhe B

7l 19FIEE EAo A=t :
Fig. 10] 288279 72329} Fu4548 tehy
ek

Cy: InF
Te Amplifier

PD Signal
L:82pH R

O .
C : Coupling Capacitor
R : Detection Impedance
(a) Coupling network
0 Lo !
o ]
< RSHACSB
— &
&
= .100 L
=
£
= e
E A
2 200
- '
270 ol
- fgf“}!v!}ﬂ%
300 : i
10' 10? 16° 16 10° 10° 10 10*

Frequency [Hz]
(b) Frequency response

Fig. 1. Coupling network and its frequency response

A3 2Y2 60[Hz] F&FTh4 AYS 270[dB]= %
X718, 3[dB)7} He AFuss [MHZR S2
A ANTE AET 5 Qs EAS Zrer) REUHASTE
2717} wj§- Ao o o|2of FE W] HfER 9
FAEY] 9 A4 7|8 SHIARE Al
AR stgct. £3F w4 RELALNTE 237 A F
g 4 DC~420[MHz] 3 JJ%% 1€ AM8-3to] Fig.
20} o] 2t SEIRE AT

(b) Photograph

Fig. 2. The Prototype amplifier

FTEHIRY FutpdE AZTYIE ol 83t A
Avh gedtel that 2% HlE2 A F7shg
A7 - A FEIR] o5 40[dB]oH, -3[dB]9
ZFut4 )92 100[kHz] ~30[MHz]Z A3 2o A
e 2 2928 FQlol SHAE 9l 5

T 9;11‘1:‘ =
Kole.

-
o

[,

- \

-3dB\

e
&

&
=

Normalized response [P.U]

=
'S

e
I

10! 10 10° 10* 10° 10 10’ 10°
Frequency [Hz]

=

Fig. 3. Frequency response of the PD amplifier



HI
HI
o
5
At
o2
=
10
ro
a
)
T
n
N
2
U
)
O

3 HOHEIO| TN

2.2 WPAY

2HN2GY BEE HEF] YIsted Hee) 1A
CAL 1A(PD Diagnostix, 1[pC] ~ 100[pC])Z o]&-3te] 1
AP YTk LAPAATE AR Zol, 797
o 47) 917, BF719) F24 B4 et Bae) e
Y 2717 e EE SUT 2 A AU 29y
ouf, A hel A FLABL 319[mV,,l2 ZHHS
o Fig. 40] mAB2o] ofst SHA A% AETRS
vehfglon, £37ES Fig 5 ¥ Table 19} 20

[

[200 mV/div, 500 ns/div]
(2) 10 [pC]

[500 mV/div, 500 ns/div]
(b) 50 [pC]

Fig. 4. Typical waveforms of calibration pulse

2500

2000

15060

Output voltage {mV]
3
S

7
3
<

9 20 40 60 80 100 120
Applied charge {pC}

Fig. 5. Output voltage as a function of applied charge

UFH=YY=2F F122& 28 20098 251

FAAE AT, B ZRAAHE 10[pCIlA 100
[PCI7HA] AR 2HE4L Yehglon, 2475:
°F 19[mV/pC]2 A& 3ict

Table 1. Calibration results

Applied Charge Output voltage Sensitivity
[pC] [mV] [mV/pC]
10 197 19.7
20 386 193
50 938 18.9
100 1,890 18.9
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