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Analysis of Insulation Aging Mechanism in Generator Stator Windings

HEE

(Hee-Dong Kim)

Abstract

The mica/epoxy composite used in generator(rated 22 kV and 500 MW) stator windings was aged

at 180 T for up to 1000 hours in air and hydrogen. The degradation mechanism was investigated
through the defect of evolution and microstructural analysis by performing SEM(Scanning Electron
Microscope). As the thermal aging time increases, the number of voids per unit volume increases at

the mica/epoxy interface of generator stator windings. The aged specimens in hydrogen showed
retarded generation and growth of voids. Accelerated aging tests were conducted using the combination
of thermal and electrical aging in air and hydrogen. The aging was carried out at a combined stress
such as thermal aging at 110 T, electrical aging at 55 kV/mm and frequencies 420 Hz in air, and
electrical aging at 55 kV/mm and frequencies 420 Hz in hydrogen (pressure 4 kg/cm?). Thermal and

electrical aging generates large voids at the mica/epoxy interface in air. Electrical aging in hydrogen

also generates small voids, delaminations and cracks in mica tapes.
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Fig. 1. Experimental apparatus of generator stator

windings in air.



Fayze $47 Y FE zZa gle ¥
olulet Ut ARG dA Aol B3 A5
E A9 wA g7 diE) HArH HANE 5
sk A kg/em®) A 2R BH
9 AVA 45 ANEYANE 29 28 Zo) AzE
don, nAR @Mel 55 kV/mm, 420 HzE 2l
7va7 @3l 77 kVE Bushing® Chamber 3%
o dAsg

Bt

4,300
#150 Flange

\‘——Go: Bushing
200 S'ch?r Bar

TN NSISIIINA
L2 L7 Ll oLl Ll
s~ Support

L— 350 i) —— §00

3y 2 F2FoAM A7) nAH}A AN AEFA.
Fig. 2. Experimental apparatus of generator stator
windings in hydrogen.

AAAGH AP FaFA nAYR FHY £
P2 oRE 1000007 7HE 2HAIEE 420 Hz2
Eo Ao #HEsol 20000412 oWt HEE
M-G(Motor-Generator) Set(William 1 Horlick
Co., 420 H2)E AzsHen, 50 kV7iA A7
& dE 28 HHFX(AVO Biddle Instrument)
= AgE dstrle AdFAE FHEY M-G
A"l e 3¢ 200 V, 80 A, 60 HzolW, &
gL 1%, 480 V, 420 Hzolo}. A¥E& #et7|& 50
kV, 1 A, 420/60 Hz Z 822 AT & JYES
AAH s1&dsiel A AHRIAT. FAF
7t&d3 AL 4 kg/em®d FHY 4 B A
A AA st F719 F4aFA 1800417 F<t
g3 A7 nAA AXT AA% AMe M FE
o AZF AlH s SEME ¥43AT)

AA FEgdLoAM 263 FU¢ £3HE HIW
A1 EAE 24 kV, 300 MW)E F=2 d714 4
NAY g8 @u 7] i dALE A&
vl dty] gis] AR BH AH FEAA "
3 Ao M E SEME E43

121

A7 AZA 88 8= 54, Vol. 15, No. 2, February 2002.

3. 48 2n A DF

3.1 45 sl 2B OlMTE £

39 32 vholA/AEA R¥ARAN AR
o) 74y AAATHSEM) AHHE vhehigic,
HUREE volzh HolZzA sholst wWHH of
A2 o|Fold gov], HeREL AFAFolx
94 AR FeYf(glass fiber)7t W of
ek 7% @AM Uehd uksh gol mholzh/ef
24 BgARY AANRE vholzh Hlo] Z(tape)
Qe BAW Al w23 FH(small void)el
A BasA g9tk 2y 29 3b)E sholst
Holze wdo]l AN BFOE g RFAF ¥
$o] ARl gom, Fd(cracklel TS 9
e @ 4 A

aY 49 Y 5L FA1G AT
50, 200, 600 ¥ 1000A1 &<t dA3tA|Zl AJH &

() 3% 99

(b) M1ZY 94

Oy 3 AAF wA7] 2R @AM SEM AL
Fig. 3. SEM micrographs of control generator

stator windings.
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Fig. 4. SEM micrographs of aged stator windings

in air.

3 $£5 A&Hod Frpstn ok E=F, 50~100
um A7 FFo] mpolF} H o] Ale]e] FIHA
W, & A ZFA 2 X (epoxy rich) FhoA w5
ATt AAZ ¥ Ab) 20047, I 4(c) 6004
7+ 2 a9 4(d) 100042 Ft A1z AlHel A
A zte] ol F£& FF AV A7
7tete A& & F I

F71RNANA dEgE g FaE97CA
5041zt @37 AlEe a9 S(a)dll M el wp
o} o] S AW AN FFo] AL FAEHA gt
ot 2y 2% 5(b)oll A Kl uhe} Zo] 200A12F
o4 @A AHAME F7|EH 7S kR
g wlo}7t EHlo|=E Alolo] FZHAIWUA FFo] A
AUt 29 5(c)e 600417 o} E3Az A
He| ZAAWHAAN vl&aFFe A7I7F 10~30 B
mZ F7| 8971 W& &7 AR 2xe A
@ol eyt AARez B o FhE7NA
A7l ARAAME F3A el Aol =& F
TAEAM v AT £AE A FAY ¥
9 ollel AVlE 24 FrhEE Aoz BNy
ok gl 2R GAMo] Ak mLAAM A
HE EA EL ZddsHzE AYPH AAA
B HolZ 2t A Rt AT 181 F4
Bo7o A dEAzl AR FF A7 IIE
7ol wld) dAsA FAA vEG AL FaIt
7)o v WZrgel sty WEOE B

¢

ol rir



Aok wetd F71EA7194. 481 Agel ]
8 F2E5719 Avel ¥4 o LAFY "aF
e $AE Aoz Agdrh 44 HNEAs|
NE #7159 Ha 27 A9 Feola A
Adg £ @ 22¢H 2717 3 a4se
Ae oz dgo $HAdE 27 WE
o[ TH7],

(a) 504k

(b) 200A3k

{c) 600A17H

123

L N

A7) A 883 =84, Vol. 15, No. 2, February 2002.

(d) 100071 2F

Oy 5 FAaFA d3d 1A Ade SEM
A3,

Fig. 5. SEM micrographs of aged stator windings
in hydrogen.
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Fig. 6. SEM micrographs of aged stator windings
in air and hydrogen.
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