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Condition Diagnosis by the Complex Accelerating Degradation for Fault Prediction &
Estimation of Reliability on the Traction Motor
- Dielectric loss and PD Properties according to High Voltage

Jong-Bae Wang”™. Jong-Hyen Baek, Yoon-Sub Byun. Hyun-Jun Park
Korea Railroad Research Institute

Abstract - In this paper. the complex
accelerating degradation of traction motor driven
with VVVF controlled inverter were performed on the
form coil samples with the 200 Class insulation
system. in order to evaluate the reliability and the
long-term life. After aging, the dielectric and PD
properties were investigated on the 10 cycles aging
sample in the range of 20~160({C) and AC 250~
2250(V} to diagnosis the condition of end-life and
find the dominative factors of degradation.

1.4 B

HZ IGBTS Ze didgd nd 2936 oJa Av
He] AdsA4dm VVVF Aole g f=d%7]9 &
€37l &Hol FgdEA HEM, IU EAFET)
AL E AQAEY 9A VVVF Ao PWM ¢ivlelz
TEHE 200kWE 33 ¥8 FERFINE BRAGL
2 MAsted dotdt FAVHF(XE, 1, WA, BB
718 53 A4a3e A 2082 gHste= ¢
A 9% RASGEE AL AT

ooz AErle HAd FHEESE d9 ¥y 7
g 28 AGHA Aol S=A] HAlE oo}l iy,
ol & Y& A7 nFA FE YEE Qe ¥ A%
%3”7@ 2 g IlAge] AlFE A, gysolop

HAAE L dnir oz FARZYNe A o
B3P =2afdd wel £YsE, 53] dEAs 29
Ag7e B71Age mE AL, =& HeHE T
€ #ysyl A FLAD v HE AREMe
Tl FAHe] =23 od dFd AP A, HE 2
A} BEsE AHES AAGoay 8 F A
AE7] E@Abme] AW Jd s Fro 7ol
azbste], me Z4E JIGARE FF 257 olH e

o] 71FA8 24 gestaAl g}

2.1 7543 o HARC MY

HE T4 A9 ddrHa 2o Zdol
U= (Kapton) % Aa& & F42 & 200 Class
AATde] A4 HALLE 2% ¥¥3 1z 3y
AL Azt 19 Aoz 13 17 e AR
9] 7H&EFANEE 1037 B¢ Agsigct.

107719 7144988 25 vl 3 4g292 93
230C-175¢., 250T-50Y, 270C-15% sl Zq
HE HAAG S 8l RASAHY o2 ¢ Hge 24

HEESA ARG 2 AEALES mA}eET. A
dAgde 2xEe 20T ~160Te o] 271747 20T

qnk

g2 ojz AHEL B FHAD 60Hz 250V~
2250V71A] 250V @92 ALE A5stHM TettexAl
Capacitance & dielectric loss &3 %33 (Type
2809)8 143l EZFstgon, RAEAR HFHo|%
RobinsonAt PD detector(Model 803.1) 2 24 4]
28 (CDA-3) & Algsld Fi9d 548 &350,

E 1. 200 Class 2 ™AL 7}

e
ne
_@
I
Y

270C 1.59 15¢

250T 59 504

230°C 17.59 1759
ASEY A SH,E SN

SOAN, DHL AIE, £ DA
£38 25T 28
Y WE Y
A ERD SRE TEG0H, 152 1)
S TSAIY
HUHE s, FEYH &
&/8S NY

+ SRE 0B A

X

HES AEO2 IINCX e 3
I ST FI A M

10

z . 250T-50Y E§7kE
dotd A i HAELTH FAEH] LxoEy
£ vEbd Zojth,

a2y 204 <& TEiEd we FHed
T FHEde] dste 40T 23 4938 e
2 glen o] 100C WA EAS g da
Stt7k 110T F29) oAl &4 s3s} okstA vepd
F 160TC ol FREHE A &4do) Foldte A%UE
& 5 ot F 20C~160Te £x¥sAdM 40T,
110T 3% 200Col & vVehde 3719 &dgarn &

Adn AeE ¢ + ok

¥
¥
it
2

-1371-



o250 —m—500 750 - 1000 —¥— 1250.

1—0—1500 —— 1750 ~—e—2000 —=—2250

Capciatance[pF]

a2 2, 20C-175Y SUIISFeHY MBol ohg
¥HBYN RULMe 2EEY

0250 —m—500 750 - 1000 —%— 1250
| —8— 1500 ——1750 —w— 2000 —— 2250

450 g

Capacitance {pF)

2z (]l

@ 3, 250C-508 SEisHstE M Hol| of 8t

HEB2 RUEHMS 2222y

¥ 4% 230T-175, 250C-504 4 270C-154
o] Bdn&5gsE A8 dig 20CoA 53 A
£33 Fasde) AgeEHE Yeb Aotk

a8 4904 ¢ F %ol 20TAMe A}eEd 0
€ AAE¥H fdLde] syl A gle ¥ &
44 veriz ok 250C-759 |s4E9 A5t
AAHe2 G AEA HF 4% & &dE UEdx
den, 230C-1759 A& &) 714 Ho &
s EsE Aoz oA FAH YEE ¢ F U
o

—|—C_S12 22 —8—-C_503.22 —e—(C_S520_22:

Capacitance[pF’

o 500 1000 1500 2000 2500

5 500 1000 1500 2000 2500
Voltage[V]

a8 4. 230175, 250T-50 X 270°C-15¥
EEoiads WEe UAEHR0CEEH)

(2) AEAY 549 22924

a9 59 6& 230T-1759 E¥ri4dstd A5
W JFA e AAAY 182 2 108A] 2EE
4& vERd Folg,

dtder 184 AdAYe ¥se AAEY A
AR dEe] Astn glerz fA5AHe] P& W
3 g FAHE ATl YEvm &S a¥ 5494A
¥ F deH, a9 69 A3A5E dde fisde
Lxdgst A dAse H4E BoARa gk

T e iEAwENE | s 0EA @uAE |

10000
€
L
&
= 1000
o
]
3
B
100 MU b
0O 20 40 60 80 100 120
£HEE [ C]

38 5 230TC-175% «€adEe HoaNg 219

i
x

-1372-



(3) ¥-24A 54 24

o8 72 230C-1759 93 gEe REWA A
I 2y "aes veEld Ao, 1y 8& 230T
-175, 250T-50 % 270T-15¥9 E3ri&dsg
AZo) dish 20CoAM S 2 SAFT A4
AY FAE Mz Roltk. 2 8olAH & F UKo
Getzxay FE9A AAAYE 270C- 152 : 2.20
(kV], 250C- 509 : 1.94(kV], 230 T-175¢ :
2.56(kVIZA 250C-50¢ Egx=7ddAM 717 Azhg
g3t AP=ASES ¢ F Uk

w3 Ho WAAsg vaoME vlsiAZ 250T
-50d gatzdeo) HodAF 1200(pClol cl2& 7}
F A4T 43E T%eE ¢ F Ao

1008
800
2
g 4003 $
200 W A'Aﬁ[
oL Tiuhit
0 B0 20 36

ﬁ 0 H“;:lﬂ. 21 Y
2% 7, 230C-175¢ sl Ee PD ety Qmaxzt
B2

QfpC]

Q_max(2.58kV)
Q_ave(2.58kv)
Q_max(PDiV)

230 Q_ave(PDIV)

ga25([C]

O 8 ¥atexo weE FRYHMSY s|n

3.2 B

E =FdME VVVF dWEE FEIHE= HASY
200kWH AEAE 2AdB509 ngdE 2 &4 A
& Hrlslaal CE(200class) AAFAL Agl&
g7 g AAATI nFA AL A4 Yz
I B3 A AFdden, nd AvE AgAd @z
FEAEAA AG2EY A, 1718 2 Yz o&
A3 2E#f2, 714 J8d7 £ ALY 52 =
g3t Fr1HQ B4 9E S Agsldn. aln B
7hEdsle] ME AJAEFY] Yzde Audagos

2 AAAY E47te] dBAL L FASHY AWERE A
FAE AAREVY RS 2 AP E ol
nA g},

#H3z8

(1} (1) Austine H. Bonnett,”Analysis of the Impact of
PWM Inverter Voltage Waveforms on AC Induction
Motors”. IEEE Trans.,on Ind.Appl.,Vol.32,
No.2,pp.386-392,1996

(2] A. Jouanne. etc, “Filtering Techniques to Minimize
the Effect of long Motors Leads on PWM Inverter-Fed AC
Motor Drive System’, IEEE Trans.Ind.Appl., Vol.32.
No.4,pp.919-925,1996

(4] Satoshi Ogasawara, “7HH4r AC drives] F4AF. HAAH
ot FA<ta o o', B4 HEERD, 1184¥ 9%, pp.975-980.
34 104

{(5}Paul T. Finlatson. "Output Filters for PWM Drives with
Induction Motors”, IEEE Ind.App.Mag.,Jan./Feb. 1998.

{(6) Austien H. Bonnett,”Available Insulation Systems for
PWM Inverter-Fed Motors”, IEEE Ind.App.Mag. Jan./Feb.
1998.

(7] Les Manz,"Motor Insulation System Quality for IGBT
drives”, IEEE Ind.App.Mag..Jan./Feb. 1997.

(8) dE7EYs, "Ar1HA £Ee) 92T, 1991

(9] Gregory C. Stone & L.Edward Braswell, “Motor
Insulation System’, Motors Handbook, pp.427-456, Marcel
Dekker, Inc., 1995

(10) F=A|2d74,'99 EANAEANF BF3 F4rstd 7
F2AA ZAFTF AL (AER} ACAUAAEY BEAA)

-1373-



