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Judgement Criterion of Insulation Deterioration in 4.16 kV and 6.6 kV
Motor Stator Windings

78 5
(Hee-Dong Kim)

Abstract - To assess the condition of stator insulation, nondestructive tests were performed on twenty five coil groups
and twenty six motors. The stator windings has nominal ratings of 6.6 kV and are classified into five coil groups ;one

group with healthy insulation and four groups with four different types of artificial defects.

After completing

nondestructive tests, the AC voltage applied to the stator windings was gradually increasing until insulation failure in
order to obtain the breakdown voltage. No. 1, No. 2 and No. 6 of 6.6 kV motors failed near rated voltage of 14 kV, 8.7
kV and 14 kV, respectively. The breakdown voltage of three motors was lower that expected for good quality coils(14.2
kV) in 6.6 kV motors. No. 3 and No. 6 of 4.16 kV motors failed near rated voltage of 56 kV and 4.2 kV, respectively.
Almost all of failures were located in a line—end coil at the exit from the core slot. The breakdown voltages and the
types of defects showed strong relation to the stator insulation tests such as in the case of AC current, dissipation

factor(tan6) and partial discharge magnitude.
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Fig. 1 Model of motor stator coil groups
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Fig. 2 Cross section of motor stator coil groups
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Table 1 Insulation materials of motor stator coil groups

No. 4 a4 = T A

1 Coil Conductor 1.8x6.4mm

2 Mica Tape 0.13xW20x50M
3 Conductive Tape 0.085xW25x30M
4 Glass Tape 0.13xW20x50M
5 Semi~-conductive Tape 0.22xW20x30M
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Table 2 The types of defects in 6.6 kV motor coil groups
aFdEA Agta i AXTH
Group A sxge 107}
Group B ZA A Heol= 1071
Group C FHEAANFE UFA Koz 87H
Group D ZAA HelZrt AAE #AA 1074
Group E ARl #A 1071
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Fig. 3 Five coil groups of a motor with artificial defects
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Fig. 4 The equipments of nondestructive test in 6.6 kV
motor coil groups
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Fig. 5 Test circuit of partial discharge
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Table 3 The test results of winding resistance in motor coil

groups
agAA AFas AN AZRQ]
Group A A e 0.331
Group B EAZHANA Hol= 0.360
Group C FAIAR WFEAA Bol= 0.284
Group D | =44 HelZvt AA" AXA 0.357
Group E B AA 0.357
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Table 4 The results of nondestructive and breakdown tests S0l =84 HelZg AET Ao a¥A ¥ HE
in motor coil groups o =48 ARNEEE 50% zAelvt drk 48 9 =H
EEERE Aans | PD | wwag| 2o B HelEE A8 B R ARAEATE 100 nFelE, 29
sy | 0 oo Lo | o | A X 93& A%l 50 nFo] Btk
[kV]
No.1 | 294 | 206 | 2300 | 260 B 566K/ TDUNEI e HASA
Group|—2- 2 | 630 | 462 | 1900 | 234 Table 5 Insulation characteristics of 6.6 kV motors
A No. 3 6.67 5.00 1,400 24.0 25.26 [P Atand | PDIC] | 45t —‘%i‘j
No.d | 325 | 272 | 550 | 260 No. | AV gl |ac avekv | Aatevl| gy |
No. 5 247 240 600 269 No. 1 2073 | 2581 26,000 14.0 19 | 9
No. 1| 40.17 2183 | 21,000 12.7 No. 2 13.16 | 11.03 35,000 8.70 30 =9
Groupp - 2 | 1201 | 802 | 1300 | 239 No.3 | 967 | 623 | 4500 | 190 | 14 | =9
B No. 3 | 9% | 622 | 5300 | 291 2206 No. 4 | 534 | 342 9,500 237 | 15 | =9
No. 4 | 13.32 8.01 3,400 20.1
o5 | 1ims | om | a0 | i No. 5 | 443 | 463 | 3100 230 | 20 | =9
No. 1 | 3160 1876 | 11500 140 No. 6 1359 | 11.46 11,000 14.0 17 | =W
Grou No. 2 894 597 2,400 %6.1 No. 7 742 6.il5 6,500 17.6 26 el
No. 3 10.02 811 1,200 20.8 21.66 No. 8 2.24 1.51 1,300 21.0 11 Rl
C Nod | 974 | 1245 | 5300 | 274 No.9 | 360 | 229 | 180 | 170 | 11 | =)
No. 5 | 1567 147 8,100 20.0 No. 10 553 3.08 9,200 26.0 19 | =4
No. 1 | 1365 | 11.95 | 4500 24.0 No. 11 | 550 | 4.86 7,500 24.0 19 | =l
No. 2 | 1245 | 974 | 5300 250 No. 12 | 797 | 819 9,300 22.9 24 | =
Group No. 3 | 13.20 9.85 7,600 22.6 24.26 No. 13 3.70 4.01 4,500 24.7 24+ =l
D No. 4 | 10.84 10.96 5,400 215 No. 14 3.52 3.49 5,300 25.7 24 | =4
No. 5 | 17.04 14.07 8,300 22.2 No. 15 3.87 3.80 3,900 25.8 24 | =4
No. 1 6.88 3.65 6,700 31.0 No. 16 8.98 8.05 6,900 20.8 17 | =
Group No.2 | 305 | 207 | 2500 | 311 No. 17 |11.02 | 892 6,700 214 | 11| =9
E No. 3 1.84 1.61 2,200 32.0 30.92 No. 18 4770 454 2,400 2.6 18 | =4
No.4 | 105 | 105 | 1500 | 310 No. 19 | 966 | 794 | 9500 | 225 | 19 | =u
No 5| 193 | LAl | 3300 | 205 No. 20 | 444 | 232 | 6500 | 240 | 11 | =4
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Table 6 Insulation characteristics of 4.16 kV motors

AHET| o HeHSH

| sl | Y0 | IR SR (BT T [
No. 1 1.78 21 2,200 16.0 39 =9
No. 2 1.08 0.92 380 18.0 39 =9
No. 3 9.89 4.63 6,600 56 26 =9
No. 4 261 184 2,700 12.4 26 =9
No. 5 1.67 1.75 2,500 15.0 25 = 9]
No. 6 | 957 7.11 7,000 42 20 =

£ 62 416 kV A&7 62 RFAF, SARH, B2y
A A7 4 Adgy dAd 5 UrE}LH%it‘r. 416 kV AE
7104 7] Bad Hio AIAWH L 2E+1KV, = 9.32
kVelA 18 o] ZArior Abgo] 7bsaitt 28y ngdAE
7] No. 32 Adutsl #te] 56 kVE e Al=
9.89% ©]3 AtanS& 4.63% o9, 3.0 kKVollA HEux =
717k 6600 pCo2 ZA=HAY. 282 2¢AEY] No. 6%
dagy] Aol 42 kVE ¥A EMHAT AlE 957%
ol AtandE 7.11% ol®, 3.0 kVolA REWA =77}
7000 pCez2 EAHU T8y ZYAE7] No. 3, 62
932 kV olstelA HAsmrl dAletg s, Umx 4h=
9.32 kVeoldel A ddu=s} SAsET. A 5% o] 4o
i Atan57]' 4% ] olH, REWAe =77 5000 pC o)
2 A FHE a47E7 A dddy Age 2
19 %. @#hA 66 kV AT waAtxE A8 A5,

s R 2]
(o]
=

i do Mr o
A r>4 i 10

H o
H
e
o,
2o
A
X
A
o
i
rir
o)

~

H o

fu & H
o I°
"R
ol
N
3t
2
ne
o
i}
0x
N

hod
=

5
23 Add AA %%01]"1 IOLE V“ AHE-d
Vel 66 kV 17 454 B A9E 2
& 7H 2ol dAds VS AP "4:LX]
T 416 kVSF 66 kV HE7] mAR AL X

2 DC 5 kVE 7lste] 2A4stg o 1504 oA %kii
BAsAL DG ArhEte ARG NS P V)
o #A7IE W 66 kV HE71Y He AlE 85%0
A 10%, AtanSe 65%°14 85%F F7FAIZ on, BEug
A7 gy 12591 10000 pCoe2 Zaatgrt.
23 416 kV AE7E AIE 40%9M 50%, Atans:
35% A 40%E FIMANALH, BREWA =y)= Ao
1.25H1 94 5000 pCo2 AAgstgrt

l=u
[@)]
é
oL
£d
§:)
Lo
nfi b
o))
o
z
29
i
N
2

HU_,,;).:
o
B o il
Lo

792

LJ 2
=3}
-3
9
v
m
rL
oA,
N
_{
9,
=)
;g
02
2
[
9
R
Ho
)
ofN
o,
Kl

%571 3,500q1 olgel AANY HolEE BAsgen,
AnNE AR ¥ 839 ol nYAE]
dege BANES AN ST,

X 7 DAPSI| DY HMe BHI|=E
Table 7 New criteria for judging the motor stator windings
A A A g 416 kV | 66 kV
AFA 4 DC 5 kV 15 15
AFAF All%] E 5.0 10.0
S AR Atans[%] E 40 85
AgreddpC] | E/V3x125 | 5000 | 10,000
=z 8 IANMSI| nHXA Mol HAMel HoloE

Table 8 Assessment criteria of insulation condition in motor
stator windings
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Fig. 6 Tand-voltage characteristics of motor stator windings
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