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SUMMARY

I. Title

A study on the development of on-line diagnosis system for

turbine generator

I1. Purpose and Importance of the R&D

An accident rate of stator windings is high because it is very
difficult to predict remaining life of winding insulation which should
provide long term operation. Therefore a preventive diagnosis, which
can be performed during overhaul period or with on-line scheme, is
needed.

There are two insulation diagnosis methods, such as off-line and
on-line, based on an operating condition. An On-Line measurement
diagnosis method has been performed in Canada and Japan by
observing.a trend of insulation condition.

Failure statistics of generators in Korea are surveyed. A
laboratory study has been is performed for the development of the
Continuous On-Line Measurement System that can continuously
monitors partial discharges from stator windings. Henceforth, a
system performance will be upgraded after a field test through the

future study.
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Zo] PDA A 2®E o83t F/AA 2AS FozN Hd FEWA 27]9
3 Fol(trend)E BAHE 4 glov, nAx AMe] HAE3} =& NGT
A €@k AT A% A& & 5 e dHo Ak

o 9
a0

¥ B

5

e
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Max PD Value

PD Pulse Count [No/s-Window]

-
| v
|
I

88
200
Magnitude [mV]
8l 2-3. PDAE 0|88 R29™ 3D o

7] TAFANE A AL JdReA DA FEYA AE9dE oz}7]
(Exciter)oll A1 2] Switching Surge, 3 BusolAl9 Arcing, ¥ g7)olA A=
HEEad AYAF(Power System) S22 RE S A7 ZHQ JRALo] AFs] B
o] %?Jil”i °ol& AAdE 74°] FArgx Fesit. azez 41y g9
23 JFAM(Ring Bus)¥ ¥ AZ9A(IPB TLd)d] 2709 AZHE 2zt Avin}

dxsta, Es FE719 -""8‘% ol &3 ANzHAF AR e g%
Time-of-Flight %) (Directional Type)2.2 2 ZL&L AA3E Ao|t}, oln
F% Alo)E(coaxial cable)®] 2 A4 %4%(02 m/ns)7l Ring Bus (& IPB :
0.3 m/ns)® oF 65 % HE 1A NEEFH AolE9 Aolg I1Y 2-49 %
o] A1, RN BT FFo| 2719 BusZ 747 £ AgHo FAld Z
2 2357 PDA Al2do] =23 EE st Azt
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X
8 c2 %—— —] -> PDA
2 3¢ In_
=) PD
4; 3 bhw
- T e vose
STATOR
WINDING
N

a2l 2-4. Zeiel E£ Fo|Be 32T (HSHH )

N
x

Fee g A52E1E olgsel A7 23 IYL o
peiol, nHA AMIN LA
g3z ¥3 dAxmdd. Clez HAgd
2 A]Zl/“]"d"] Hol A&A7G X}%—a——,7l°ﬂ/‘1 gAHEE 2y 22 ¥

AYH 271 Hof PDA Ala”oA St 19 2-5¢ PDAE o] &3 F

24 Nade 7L 29 2] URe 28 AMR AR d&dA
Permanent Couplerg #44 zZHdvith dxstn, A& 44 FEUAH AL
7 C1 2 C2 AZYE E3 PDAC FAo T3l FHo g Msd=xS @
A% 4 JEE HA 4 m oA BIAAHG. FF AcEL AFAHY HAAHAYSF
{253 @2} (terminal box)o Conduit(Ad )2 AZ 8. nF 3 HA As|AEH
(High Frequency Shield Grounding Capacitor)® §%A ¢ A2l 717t
Azl AARTE olAL AHF FF Aol B ANIZNAHE FAAFIL, GAF
M Nz HEE Foln VIUFHS(S/NME ZAAAG. =8 5 Ao
Bo] Zole AZA FUHE ARALSE AAs] A8 2¥ 2-49 Zo] A
Eig=

-1m i
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o,
It o
M 2 e
>
f
ox
2
>
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o
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*
2
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L
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Phase End 50 OHM Terminal

8 B C Coaxlal Cables Box PDA - I Instrument
Machlﬂe ° ° C0e0dlle 00
Bus ™" o0 | PDA
o 0 o] &
oo Lo ﬁ
ot Phase Clroult
poA | Ring Bus
ouplers “—RS - 232
Parallel 1 Cable
Parallel 2
PDA
~Jumper g;’-‘#{;fgbs Report [0
O] 0]
Printer
Hooo
Neutral End

O3 25 PDAE 0|88 HEYUN X3 Al2gel 7Y

A, AFeY AHASF HEE VI(FF) AoEL a9 2-24] UErd vt}
2o} 680 2, 05 W A&3 90 V 7k M X 327])(Gas Surge Arrester)E ¥
2 QRS dAF AYdAI L, dAFE AsA] $AE 98 AZYe ign
F4o] VYL E B Ao JFAo2 PP agdn HArY $HF
od gz RE FHANEEZ UZAE PDAdAMY RE REwA 24L& 1Y
2-59 o] A& HFEHPC)LY UHH o] 20 &) o]FojA}

4. TGAE o848 23T F¥43 SA37NE

TGA(Turbine Generator Analyzer)T 7t +4%Fd dxs A7 nAA AA
A BAHE FELHE SlotT Wedge Abolo] 4dd SSC(Stator Slot Coupler)
o &t BH7] TAHFA nAFR FHY ol FFE AddtE AR (On-line
Generator Insulation Diagnosis System)e]t}. Canada®] IRIS Power Engineering
Fapel A4 1980t FREE w2 Canada A FALe] B io) Axste] &
3 23 glen, o] TGAE o83 Aludutel &3 2 AGZAo] uldt A3 Ao)
AAH A G A &= e FAotk ¥ 2-62 SSCY HNFEE e
W glen, R2uAd 93] A3} (Electromagnetic Wave)7t LA HE SSCE
gEve 22 &S 3t HATH] W) wE A (Time of Arrival)ol 2
3 LAY TS AEE FBAM FHe] RG-178 Cabled Foteq g2 dd HA
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(Endwinding Discharge)®} €% Y H(Slot Discharge)® +H¥ A& 7159l
e TGA Alzdoz A3at™7  sSSCst Cable 23 71AF %274 A
4 Q)52 NEMA Fire Retardant G10-rated Epoxy Glass Laminate® A}83l%
t},

Signal Conductor

Insulation
Ground

Coaxial Cable 1o Equipment
2 2-6. SSCo| et

SSCE 4 [kvielatel wA7), 247 L di8 AF7)o) A7}t sissn, F4 2
[mm], Aol 52 [ecm]eltt. SSCe At F74(Cut-off Frequency)®l EA42 10
MHzol A 1 GHz7HAI o™, B4 dneaE 50 [Qloldh. A4 22w

2 =739 100 [pClol AZHE SSC 2He ok 10 (mVIZt 8k @AE Slot
7 Wedge Alolo]l SSCE AX|sted], ol& 19 2-7TdlA X+ utel o] Ripple
Spring @} Slot Packing 3¢ 3o, 28l AA Slotd] 24 A4HA Ae =
A4 Packing Strip A%el A&k ey ok go] 4% AM(Top Winding)
golgt SSCE HA Y ASolE SSC/H ANF FEa: LEW A M Slot
el Qe 4% AN AdstE FAMol vk maA IRISHME @ TR
SSCE YAPoz st FEWo] A 3 WMo BF =AY FEL & 5+ UEE
247 AFARE A 5 BA Alolo] AYsm AR P s ML BF Avy
% gle MEE SSCE AT AL Fo) Aok E, A7 2-13 Zo] SSCo A E
A&M HES Stator Cored o] HaA B AN F AZE EEAA
SSC7t ¢ Holx EHEZ s Heo 52 RRo gt Fu 2712 F37 A
omz Mx 4 wHvle 722 HEF F SSCO Hul L EL AAL wrh
wA7|o] B4 6709 SSCE HAstE W 149 2709 SSCE $Ay] £d¥ge 1

%77
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2o 4

AN

Yo
koll
o
o
U

ddHe HAste Aol Ade e & lon, addEM B
A A (Bottom Winding) 2 & o] £d= 2 Slote] AR AA 9
A3t ol sttt olF sl LHI] FAWASE ApAo) HESIY SSC

Slot-S 24 3o g

S Wedge Stator core

£ Depth packing/
\ rippie springs
\

e ox Mz

~-SsC

™~
Stator bars
___——1 or coils

Sid ki
Depth packing taepacking

J% 2-7. SSCE Mx|8t DHA AMO| CiEig

Caré chavertes
is side toward wedpe

AMEl 2-1. SSCo| HEY
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I SSC output cables

/
L CCC LT L CCCCCCCECEg
AL L L el
/ / —SSC
TCLLLLLCLLLLLLLL L under wedge
NN yw{’m ’ e
Y
EEEEHEEEFETEET - Stator
t |
bars/core
ELLLLLLLLLLLLILLL
\Illlll | O T S T I I |
Stator core
P EE PR e
| 1

N\
\_Bar/coil endwindings

2| 2-8. SSCo| A% Jletz

ALZl 2-2. SSCo| Mx|n}A

a9 2-89149} Zo] SSCE M Ao WedgeE AA, AAXeEs By
SSCel dx%F A% Q=49 RG-178 Cableg Stator Core ¥ A7) Frame©)

AEA HAAZ Yt ¥ L A% A2 A7) Fol FAH WS
el AAAY oA 5o EAHSE A AL AW dEs aFdc



SSCel 4 Wy ¥ AAE FEA (18l AMd sl2Hel Yo A 2-2%
SSC7t 24719l Rotor® AAR ¥ 4AHE AAL welF3 Yok 7MY $2F
o HdAld SSCo <A&4 RG-178 Cables %2 AQ£37] 98 SMAZE

A}Zl 2-3. SSC2| xfal4] Adx|et

ALZl 2-4, SSCO| MZS Adx|Higy

- 31 -



Sealing Kit& Al£3lH, A} 2-30]4 B nviel Zo] x7|dl&= RTD &% &
@2t} Q1& & Sealing Padoll 12709 7988 %o 9% 2 A&Fss dAE s
o AT HIZdde BEoh AX7F 2FHEA AR 2-49) 49 o] & FH )
W7l Sealing Padell £ Zdi7] 249 Reducer® £33lx, SSCE HE 2
" 12709 Cable¥ 12719 SMA Unitsol 942% % o|n] SMA Units7} %3
Plate® Bolt ZY3l9 Gasket Sealing 3t=EE %Ho] dtt.  TGA(Turbine
Generatror Analzer)& ARl 2-59F Zo] ¥ & AR AL AdL Y34 7
Zd PDA-HO A%< HYsld 43 & Permanent Couplers & 33$£ SSC
Z2RY AAHE FEUA A3k EHE ¢+ UAEF ¢EA94HYG. TGA-SP 713
2 SSC¢ Differential Permanent Coupleroll A Z+x® A3 E TGA -SB 7]&2
SSC¢ Directional Permanent Coupleroi A ZA® 238 Ztzt 2A4sE= RAojx,
E3 FHAA 9 Computert AP o2 Ao} 7]719) &&o] AT RE
WA Arleh AAEREE 3AYH R FAHT F oy, SSCQI WEgg As7A
5% o]&3lo Slot AW Endwinding ¥4 & FHste 235 ]‘—S‘O] °“4
IRFAS AAL RELAY Pulse Zo 9Jste] TR B AR <)
o] ZAAZHEH SSC7F A€ Slot oA WA R EwbAe Pulse Zo] 8
nano-second ©]&¢l Ao 2 #Ql= ewl 8 nano-second ©|49 Pulse® ¢ 83
gog ﬂa%c}“zvlgﬂ‘”. TP FELA Az A4 TE L 4E 2L A%
o 60 Hze AYE EU471(Potential Transformer)ollAl <Q1&3td TGAO ‘21?:]*]74
ofgt gt

N
rﬂ e mn ¥ o

N

ARl 2-5. TGA ©H
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Azel Jiake]l WA Qo uhet 1993 HE H8d343 33 A7AF 2
: £ 2 7)(Frequency Spectrum Analyzer ; FSA)E o] &3

HAXNGE F£3dPg 5 s ME2F FEYA 24 A 29 g, Agd
A zee wH7ie] AR F(0ff-Lien) 27 ol &4 F(On-Line)?) ZEldAM®
Burx ol 2Ho] 7hesla, FEHA AV, A4 AFE FAHsH & A7)

=]

Ll

B A (Pulse Height Analysis)® €44 #4(Pulse Phase Analysis) 59 ZHdo] 4l
o 2Ad7] nAA A HABZNAM wAs e H“o“* Hx Aszes gzl
REdA EAH71Y Oscilloscoped o) &2 M AzbF oA 2o A 4
< = YA, 29 AFge) 94 1te "4% 52 "”* Z A7) At
3

(=}

Fo4 dige] 300 kHz ©l3te] AFdell sy 7] WFEo F3

il

o] A3 Permanent Coupler(Coupling Capacitor)olA A4 =+ 5 MHz

ool nFu REWAH A3 &HE Erbsst. a3y A Fag FFoA

0 HzZ 3t B2HE 48 Fa5 29EY BAV|(FSA)E $3%2 A

o2 33, FAEE AVIE o ExF o g8 Foe HYZ ARAAIIEA
<

gael me REwA Nse 2v|s A%e) ZHo) st

=
g
S
2 - Partial Discharge — FSA
E / Pulse - " Screen
)
«
2 /
e
S

: ' / Phase Angle (degree)

| ' |

I' I

= i
& I
®
= } Time (sec)
> v
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1.0 | I T ] T T T T

T DR R R

P.D. Magnitude (mV)

-90 0 90 180 270 360 450 540

Phase Angle (degree)
a2l 2-10. FSAS 0|83 SEWH &Mutgel of

k2ol JEPF S Hd9gslr] s 2y 2-99F o] FSAQ 13 Sweep
Timeo] ALY 1571 23, 1708 F 2% ¥ gro] HAsW, Sweep 4
A<tel Zero Phasedl %70 EgAfCH, .'?..E-ugq Hazh 1Y
el detuAl ok ol ST FEWH A5 AL AdeA
g e HAABAE FAN FE RoZ, AA FFdAMs 29 2-10

e

L

o
N R e

3 ol A48 REWA) Pulse Train B2 YA Hol WAl e
$Ega ¥oo $XE 44 $AY £ Uk FSAY ojs ge AgwWe Fi
4 23EY BAL AF QUA $ESGE e Yoz AT % FH:

& BN 2AFeEA NFR YR FRYHY BAE @ME $E2 A5 9
BRI BHo] ABei, 34 FA4E WAAA LRYH N Fhs 54
& 24T $ Atk AA £23Q 217 334 BMIM FSAE ol gM *
BA A5E 4237 A4 2H A2"e a9 2-113% Ro| FAY e

Permanent Coupler (Coupling Capacitor)dllA] zZ+xlgl B Euld A5= T Ao
E(Coaxial Cable)® %3 FSAdA ZFAHHLEE &%t FSAQAY RE FHLE
ol @ Mx7} Z}HASl:L, Data &=/t weE A8 Ao 486F NoteBook
Computerste] <€ # o] 2 (Interface) & FlA AFEZ FYPHEE FozH 3
Data®l 43 ZHAIZHY] @5 9 Fvle U233 E LR3I olm HFEY
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AC2 L HF. SHIELD GROUNDING 1N TO
T ] CAPACITOR n POWER
SYSTEM
T0 T T
GENERATOR\ CC2 ccl
TERMINAL T T >
7
BC2 ,L\ BCI }LD
‘—D—] —
C1,C2 : COUPLING CAPACITOR
(CABLE TYPE COUPLER) gg‘;{MlNAL
¢
F'SA  ke——SYNCHRONIZING
EXT. UNIT

TRIGGER

PC -+ PRINT

J8 2-11. FSAZ 0|88 2EWHN 51 A9 74

FSA¢te] AQH#Hol~E HFEHY HWHEXE(print port)® AZ7|(FSA)S GPIB
PortZ W3AlA 548 71534 8% Brain TechnologyAle] BT-488A & o] &3l
o % SA3E FEEA AZE dAHV|Y MY Faes F)AA E457] ¥
3] 60 Hz A4 A2 Zero Cross A H(58)o]y Peak AlH(3}3)ollA TTL Level
o] ANZE FSAQ 9% Trigger Inputdl &E3t= gAg @2 7|43 A2
£ Azste o] &%t

o rif

2. PDM S 0] $-3 &35 8UA SA3E
BH7) mAA AMoA LA

A& = glols REY
A Azsh BAdeol Y@ BAo] §old Alxgoe] Bash ojspe BAYL
HAsl7] st AEAT LT FFAVNAF A7 FFoz S Ao 4A A
1% 4 93 7FFo] AHE REEuA XA Al(Partial Discharge Meter ; PDM)&
Aesigl. PDME HEwA 59 23 2 24o] g4 7hsd nAA AA
AAAde o A ZA Aladozad 1996 129 =H & #2 wAdr] 2 19979

108 3% 5 #1 LIl 22 A 24T gon, AFZ A¥Y ¥4
472 43 BAs)E 19978 789 AAFR T, 19989 89 Fol £8Y dAHolTh
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PDMe AFHQA FAHL 1Y 2-129 Zo| aF FE ‘?— FHE, FEH, UHE
Hux A2 9 §AR, 283 AARZ Ho Aok, @Ay 2P AAY WY
Z¥dd JdFHez MHX o 3= Permanent Coupler—4 27/le] RS =
zxZnz Qésteg RIS Fy|E T3 Aol ThE NEZ UEo HNE 44
ANA A, ATl 2o ALy HPHSEE A R FEFS Fo. olFA
ZEZQ N3 FAE BEwA AN5F 10 MHz 489 AZFo) 7t A7) dgod +
Hyslg BELA Ns2A s gddsEHE 9 ~ 10 MHz g §33=
2 SEYE AAH Aok 2y e wE 355 gy FELA HuAE
AN s RA71e S s} ff$ o PEE T3 AEF HuARS
A&sted AA7ZIZE A&s] 5 £ JES AT TG FAANA F2) A

H1x A% 2 KA AgS oA

o

1t

Ct —»

>
4o o
4z ofn

o
JH
e ofr
i)

A
By 2
s

c2___,

o

C1 : Permanent Coupler
Output signat 1

C2 : Pemanent Coupler
OQutput signal 2

2

o

w2 R
4T

XA [e—————

0

X2

12l 2-12. PDM(Partial Discharge Meter)2| T |&{Ql 4
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M3E F2 APUE

A1d SdMdn o nGdy

1. = wAMue nFAA AP

7h = 2 Adue A

19974 129 @A U & wWAu] SFL 39200 MWol 2atn o, o)F
A4 GHAYFAY 5, 9 29X Ao §Fo] 33500 MW=
A, 27 3-1o1M st ol HA BUHu 39 853 %E AxXan A, a;am
BHsl Adsh Ty AESE ARl we 9P AT YEE ¥ 5

Orp
g
X

8HM(85.3%)

O8 31 2 LHMHIS HRE

FA AALET J A 9 ABeE Fyol et WEsas) JFsAe
w7

2 F7tste A 29 PAHo FIHAZ, 71€ LAMv e &AL 97
Aehd A7 B s Ao ol23 Utk BE E A-1dAME FHAA
€9 e 45 L™ I Faard AFAL 2FEE, Surge Absorber,
2 A Y4, A7) AE & AARLE AHesd
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U S dAdn e a3PA A%

T - 88 wddue 19974 29 AA S LHAde Y 667 %E F&
2 AN EFRNAM AENEe ALEAFT 45 FFAARYA 48 1P
Hash B3 EAAAE LA A% dAFHo] B, o]& A H
AAu e nZAA dFEHo] 878

1992'd o F 1997'd 2¥7tA] ¥ - 5 S dujdA w4 nPAHA] d
S UEd ® 3-12 BY, F IR AFE 266322 o sted 718 duls)
2187 (82 %), EHJ_HV} 477 (18 %) Ao, 1995 tiH] 19969 o
2AAF7E 4 20 % Haste] 215 LAMY] F7HE mEsd Huled &
3 o] ol FAHUSE ¢ 5 ATk

o r
K

L:le
T

&
3 A

2

o 30

E 31, WHAb|o] ofsy DANX| WA §E

r

N 1992 | 1993 | 1994 | 1995 | 1996 |97.1~2| % A
| F RRAF | 36 46 43 45 38 10 218
71 8 | Azideldse | 12 5 16 14 13 5 65
& (%) | 333 | 109 | 372 | 311 | 342 | 500 | 298
F E33F - - 17 13 15 2 47
B dvidedse ) - - 2 4 7 1 14
H4H& (%) - - 118 | 308 | 467 | 500 | 298
F 945 | 36 46 60 58 53 12 265
A | A7deas | 12 5 18 18 20 6 79
A58 (%) | 333 | 109 | 300 | 31.0 | 377 | 500 | 298

av, AA 2ZAA A5FeA Ar]Aduld o7 Ae] 30 % AEE i1
AR Fzak F7tstn ASE £ + Ad. F3#}, H 3-29 29 3-20 e HZ
3AZH('95E ~'97d 2€) wAduE AR FAF)E HYA, AN} oF 36
% HHJ!%M 23R dure] FAEFZ SAEAN AriAdEY Y-S @+ ATh
53] 19979 = 197 290 $AT nAAA 124F oF 50 %< 670] 714y

°M WAL, ole AFuldy FAF GAHY vF Fol F8 Yok A7
Aule nZAA EFHL diE @t 2R A, AAF B FAZe]
A28 HAY FAHoln AEY AJAFPEUE FHAHA JAFAFA aXE FS
7t ol Atz A 7hsAde] of

d o
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a¥e2 A7jdH B E shustel i@ Aol tg AARH AR A
A Bed a0 EAAAY dle] Huz dyye 2 mAAdE 7] o
HIAIZER] Aol #2128 AAZME &8 Brhst] BARA BAE AT g
o] dag dAolh

32 LTHu|E DYYX LM HE (22 332 ; '95~'97. 2)

F % (ngza Ei*a'l/éﬁl 7140 | Aojdw | #4548 F A
719 24 16 32 21 - 93
= ?il |- 7 12 7 4 30
k0 < I ! 23 44 28 4 123
A |Af&l%l| 195 187 35.8 228 32 100
X|0jAdn| T Adu| HolaAdH|
22.8% 3.2% 19.5%

LR

18.7%

T [Ade|
35.8%

ot @AY ngPA 9 G

SRz £FTA LMY nZAAI vXE FS 98 xR oy
dEZoz thed e 9% & 4 Uv

> FALTO) £8ak 23y g AAN FA L WA AFL
> g WA BARAE £7HY dL4F 2ol 9 ATALH
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A FTEATEE

Dt wAIF ARE] AU Y FHHo| FF3H
Zej gt

D ZtesHe dule AP Astz 1A A&l EokAA =HE Fr) AL
AGTHA 52 17 AAEE #gsA o A dules 54 AR 8o
AN FAn Y B FALE 2 Fct

D nAAA 2o G AAXAS EF Tl g F71
2 ") go] 2agrh

i)

2

]
A AN L &

geez A4 AT 5EHA AwE AY £ AN BARAL
$asx) YES 4 2 Sy, A I, AYHY @A 5o AAF
Qo] B4 o)k,

2. A7jAu|e] nAAY A

19953 o] F 19973 2¥7tA] AT F nFFANASF 12378 FA M7]Adu] e}
FAEM A nZAFR I 447002 AAY 36 %ol 3t Uk AU EuF
WANAEE BFEE E 3-33 29 3-304 BE ulgd o] Ay MulQ A
A1z B R £ "EFRNA 42(9%)3 A7) L AVR 471(9%)o] A4
o, 71g} 71l F ALY/ 2Hu0A 1271(27%), 227l 2 CT/PTANA Z 5
A(11%), AZV/ARAZIF 474(9%), 3H717] 310(1%) €22 HA=H] HFFY7t
AYAx 2 FH2AHAS B 4 3, LAY A, gARR, W77 A S
T o) o3 HFEHRI 4D A7) Wi JAF B o

F 3-3. M7|Av|9| 2tMyjay DENX| SHE
o e ] 3 A4
y g A = 2} 4 2 @ (A 7 il

:rl iy ;\(i ;g. ?:} E} 7] 7] = / x.]_%l ﬂ' Zﬂ

Al x| 2|2 & ]| 7 |2 |AR7 gy
78 [ 3 )3 2| 4|32 ]3|2/|10]3
5 % 1 1 2 1 2 1 0 2 2 12
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A
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a3 3-3. Mojdeld A 5

7b. 1ZREFY 3ZAZA A 4

ZF 3ZARANY 1/3& HdFsn Jde A7jdvle 3L BFEY HPEHE B
3-40] Mg} o] HAAR L JZoA GF/GA, HEEF Fo] 1174(B %), -
/SRR HEEF Fo] 67(14%), AlolE 2L 3 AV7] 538(11%), =HA/FZ9
S&ZAEZE 31(7%), AA7) 33(7T%), 9A7F 38(7%) «2o2 T

Ee WAy, Wgrle AM dAXE L Wy AM LEAS 95, 49
A Aulo drs Sol @ ofAE L w2y &4 3A(7%)0] BT o], o
o2 A% R BHLUCE FAIE TFo] 27t HoZ dgHo] HAste] 9K
o o9 7Y WA MHE GISE ZA EE =9 guny gae Syl
g "ozt I
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U a3ddd 233 A4 4

o] AL e FHEEZE K 3-59 18 3-404 ¢ 2o] @/dAMHe] 8
2(18%), A 82(18%), L¥ & 72(16%), FFEF 51(11%), 2¥3 47(9.1%),
g3} 37(7%) £2o2 WA Qo

E 3-5. DEAMENY A 38t
glg | |la|Q|lele|BlalF|2]|%
= 2 S 3|z |% | z
= 2 2|2 £ N
Alglg|A|z|2|2|g|2|2|a|A
a 5 3 5 8 3 7 4 3 3 1 2 44
q f & 114 68 11141182168 1156991 |68 68| 23| 45| 100

a5Ma JIE

et T 5w e/

e
® M
on

-
-

. FUAMY nZFA Hde 4

AAMEAN BAG F DPEA 473 T4 A9 2R s A
o oarAgoz BAsE Y7l IF A", ¢4 L Gy A5 9
@ “AxAsd @ A" BRY & Atk

SN ngel ¥ FA'E F7AE R =Fsel Be Fudsst & ndwA
A% 142(32%), AL Fo] 9A(21%), ATEF 64(14%), B ¥ 2 AAAY
(@A) 02 Byt on AAsd ol TAAANE TA16%) TAHAT,

E 3-67 2% 35004 nRAAY nARA 24 Y L AHEe A4S o
g gich
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E 36 DRYClY w4

w (AR | (BE | AQ | AQ| QA | ;

T OF leglez|es|an|an|as |t A
71 89 | 4 5 3 10 3 7 - 32
£ & 5 1 - 4 - - 2 12
A % o 6 3 14 3 7 2 4

A : .

A8&| 205 | 136 | 68 | 318 | 68 | 159 | 46 | 100

x4
15.9% " 4.6% Hzteg
' Besm 20.5%

6.8%
NEEE
13.6%
2 (Rhed) o Hu|EY
o 5t 6.8%
31.8%
13 35 nENlE 1RHX RS

zz B717 Agol SaM AQFA/ 24N, AH/S
A% 2 8777 dAAY D, AR7Y A% TAM LA Yol AYHoln
2714 ou WHRuEZ 288 1P Mo ool sAssEz ARSI A
st=le Aulol s ZAF/E ARt HAze LA BS2Hus e TE
ARFEF D AZED g 1FES BE, AR, ANFE, By oM F=2
waAsn glon ol AFAdule mA ¥ M g BASE HA, AF 2
NZAS A% 1302 Az AARY EAB L FHAAY AS /¢ B
27 Yok ‘
AU g o] o4 DAL A7 £4 BEAA, 29AF, LinkFAN 24
H ya

2 AR R AY ERHA #YRER e FEFYeE aFFAE Aa

T EAE R Fuldel AT IdHLFE 1995d ol F HLF=E

A
BT & 1FA5 158F A4 ARAET} 47 %2 7A(5%) R LAY
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17, A 9235A 274, 47 F
QR4 w4
By-Pass ¢4 %
o M AW ALAHst o3 nAgI du] gFE Ao 27

>
=
19
i
[+
1w
Ho
2
dg
1o
st
flo K
o3l
rlo
o
ox
2
2]
dg
o
)
Lo

CE

Qt7] Tap Ao W& JAFAFZA, o] AHH| YA 2Pury

Aol 23t d5Agoz o] LA Aoy, #A|F(F)Y 3

T AZ uAF AY &F, zAHAHESY 32 dg 9 4 69 kV FAE FAA

g (T 9oz TS FAIIF(F) AT AHAF ARE
&)

g, 2Tl $8W 49 ARARE o] @ YFago] Nwa BA
o, S35 $¥A Mule 1Fe BHy] AX W opet FAHHE §

-9~ .
227 4 Jorg 598 For eFH

g Ay FulF 2Z3IA 278 A 4

Agey AulFE n3EH AZE2E E 3-7% 13 3-6914 RE ulg} 2o
Az1dule] dA ngAF 4473F 4~107049 Apolol] 262(60%)°] LAt o] 7]
ZHE wAu g0l o s Eom, 12709 oo} 72(16%), 2~3/M¥ R 11~12/1€
Atolel 2} 521(11%) 248t Yrh.

AGd FrF 4~10714 A7l 2AHE 2605 2 ZMALERE B 3-80A
g Zeol M9 R FzAv], AA7, AR, TA7], ¥Y7] F ANAA AN
ol 2§ st vk Agdw FuGaF Y ojule BARE 631(14%)
ojuf At deon, dYdE EREYE Adds 2 AFLAFd g% A7 50
%2 AYar} Hu] A dudz AHusi4, HY 2 Wy T A dig
A AZFYo] o] FojAok & Aol

-~

E 37, A0 Hul$ LMAY DRYX M HE

=z 1714 2~3 4~6 |- 7~10 | 11~12 | 12744
= 7

3
o | AR | g | Ag | Ag | ax | A

WA AL 1 5 13 13 5 7 44
A & 2.3 114 295 2905 114 15.9 100
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3-8. T7|dd|9|
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13

44
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27.2

9.1
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6.8

114

114

9.1

1

1

1
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1

2

1

170 o] i

2~3 A4
4~6 N4
7~10 7N
11~12 44

12709 o} %

o
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A

2~3 714
1%

178 ol
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12744 of &
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o
=
~
N
-
{
-
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R
=
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7~10 74 &
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0
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3. 98 F712A79 nZFP B4
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T
=
R
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1

v

571
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7. A7) 2BA nFHY A

-3 R 974 FHad F2 AL dE B EFsEH HEH
€ TYA ZF2ERIG/T) 247 2329 F8 2F %3S F 3-99 veEpidch
oz 7EX 8 AL FolA A AXMe] ddgne o nZAHR] Alnes B
TAIbe]l 2~37HY R AA7|7e] AoAA 1, MEpFd A JLE w7 Wi
stFEa#st 7H8 ada & £ Ao

® 3-9. 2tX7| X XIe| nE 23
1 R 1 GA w7 vl 1
. R Sl #3, 78 4B,
BB =F) QA 41, #2
BB gz A4de v+ | 3eE 41, 88 43
HA9
A A 1} 3 A A o] E-A DI QAR 42 #3, #4
. SRAAAH #], 33EH 4], #2
1 E\_T_ ot
AR PA 2xHdE 295 S/T

TR Wzhge $8 A Y 43 #4, A 45

32 A A End Coil® Binding A9 | 9393 #], 34 #2

A2 AA Wedges o) ¢ R WA AT

A9 v 252 #4 (Motoring 2A)

A A (End 299 =44 Yy weloputA A

_ of=3t8 #1, Hel3lg G/T #1~#4,

HA A o)L wA DAY #1, ARG 41, #2,
A ste G/T 3, 497

S92z 2@ Aol YoM §FRAY R4 @ SN JHM Tt 24
st WARHZ VAHI, End Coilel Ml ol8hol &AM QA
o8 st nAA AN AAwAe) o]=A k. LAZ End Coill ol
A Ao o4& 120 Hz A5 o] w7 FAF A5 2HsA I AE=d
Aol LAs AR Aol ek LHA B 7|F, Axo| we A5H
Aol os) tRRe WAV A7} olgHE @4l dehtm, AF 7

- 46 -



A oM o]Fo] 2As:, End Coil Xlxl% BindingOl A Atzzt
LAY @9, 3 dde 2xds 892 ﬂl T BAAAT vEE Aol
Aol i1, #Pzk A AN Teloh Axo] seturge] o &g @
Aol MA FUHYE £EL F2IF AgE WHFo] fFo] FasA Hol A=
3 2EZc Aol doh. B, AR FAE FHdM AFE FIAE 9
AN o Motoring ] B A =W Az FoHE F9Hye An
WA 232 =23 4248 sA4s A @t

Y. dy] A 2 2udue 353 B

HE S712Ad7] A dE Ane A ZE2EE ZAV A Be) 2w
31, E 3-10014 B& uieh Zo] Ha AH HA Atne giRrEg AAA 3
o Bda A A E EA7Y §Fo] AXI, FLIFAHAAWSS) 2 o
Y71 B ADSS)7F W et7] wFoll wAs T, B 2~370ho] 22 FHo 2 &
d& 2. AR Y FF ?7} G3lA HE X=XV 234 44 B
Yol A= WFol T, o] ddel Ho A A4
o 3=t \_’ti°] S3olA = %—E— | Sz, ojd we FAALE AAE
o 2dre £¥o] AoetA HWEsHA HE o] F Shaftet Couplingel AF
Ho24 BEY E2Ar AA "a”%‘ gtek. 7] 3 A2 Retaining Ring®] A2
°] 18Mn-5Crl 4 ¥-ole 2= g FHAM FAHF3te FA(Crack)ol LA
gt Abazh WWE) #AEA =¥, 18Mn-18Cre] A AR} Retaining Ringe 2 i
Alsf ok et |

£ 3-11e& 247 RoAdeo) did F8 13 /S e
A719] Beolle Fa7ta BEZRY B Fosjor 3z,
gGretA = 2dr] JEZ FYste 4ol veEddg. 7]
A &7 B R A g8 2R, Yzhgae] A
o= Air Filter®] £&02 247 yR7l £ Alix o4

22

H
4
b

o=

N

3

L b
N

)

ok
offt
ol
ot
r (o}
o
o

nE
o=
ot
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H 3-10. 2X7| 2Fxie| 1Y 7Y

R #3 Pt | R 2 v 31
SAF G/T #2, QA G/T #1, #4,
A G/T #1, #4, &8 G/T #1, #4
gl dx AAe HA 23 G/T #2, 33} G/T #1, #6,
AM3tA #4 AHEEH #4,
FArshE 41, nedAE #1 #4 F
- . 5 L33 #4, MUA G/T #4
3] o] Z27reher ] )
S247 Coile] S2be dd G/T 4 5
3| A A Coile &4 AMAAE3R 30, 9Y G/T #2
. 1o Ir ]’- ) .
A 32‘}1‘1};‘(](%3?114 %—G—:TL glgoﬂ %ﬁ%x}_a #3' #4
. 9 1 YR #1, TF3A #2
Motoring &4l <& &4 QA #4 24 G/T #2 5
3l [z} Coilel & 24 Helsta #1~#4
2 5 nE] DAY #1, AFASSF 41, 42,
HAgl A% WY &4 e res A
MEY B0 T} B B
A3 e #1~#3, 993y 41,
Wedge®] Crack Bnase 43 M S
Retaining Ring®] Crack o FAxg 4]
F 311 7|Et UA7| KMol DA K'Y
23 3 % @y wAy) ]
A} =] =
w7l oA wge e | FRERTA A
LagbAo S8 3dted e .
T TE AR B2 qan 1, 2w v e
W NI EEY) B uE| T4 G/T #2, 99 G/T #2,
447 Wi 2& Ao dit G/T #1 #4, 3 G/T 5
Farte WBAAY B a9z gAY gRE TR
w7 AFe I ool A
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A23d 5%Y On-Line ¥}d 24 x2d

1. 5983 On-Line ¥¥¥3A 3 N2d9 ja

7] 2HF 9712 S ol &3 PDA, TGA, FSA A28 S @AdA &3
Azl glo] vy &£ L EAMo 7bsstth, v A719] NA"EL odus on|
°lA On-Line ¥4 o] old On-Site ¥4 o2 3~4/19 tBoz BAL FFL
BEst FAsAok 7] WEe] A RS W W= WA o)AAHES

go] WstFo] £

setste Ao] dANAY. Ed LAF Aur|ee] o dAy
A3 e s AN 24 2L BHS 9% Wt Qo A 74X
o fAXstn Ae £ L 5 wAdo] U9 Ax2de Hx 2 £8S 3§
AME sd9 RS0l B3 3F8d A 2 ADe £y8 WaMo) a7
goll gt At g v 8o ZdoM AAHoeg gL Ruo] g3 e AAo|g
ek gd A @ HX7E foldle, @R = wAZH AT F&
o] 7h&dty, AAH oz WA7] AR BMe $AF AAANHE A UA A
R AGE  gle Alado] "ot o9 2L Wad g AFATYH 2
A71A729 F5ATE §8 PDM(Partial Discharge Meter) AlA®& 7jalo],
1A A AAGEHE AT ZA BN 4 A=E Q. g PDM
L) O}ugl ul—/;]oi 7}]&1-5]%17] rq]—‘?-o]] &]zcl. ;_(}obixl__r;a_o] ff—*]i H]OIE‘] %ko
et 712stdort sty GEF AAAuit T 2P o e 1A Suto) 9= w
A Sol et & dT7AME A9 dHES Bosty] 98 Uy wa
Aesti, oA i 2o AYANME HF 2A7)e A AN A
HE A ZANE »lE 24 HEZ 7&S =9 ¢Ad7] 22 FAHY
5¥% On-Line ¥2%d 23 Axdo @3l 3oz Apsid.

32
o

o

2. 3347 3134 AX9) On-Line 2 EWA ER0

A SuelA &AHR e BA7] 2P AL Asphalt, Polyester, 212 31
Epoxye] 3712 AAEo] FF& o|F3 glon, L we} FAMAI} b=
Hol glepzg FE4AC] HAHE Fos dgo] Z wAy|sitt AolstA et
4ot adEz2 4o Fi5 dooy vdehdes REuA 138 55 ZAse
Aol g AT, 71719 J1AGEe BEE dRF Lol 4Y9" slsAo] Bola
o & FFME 2RI ¥E dS6r)s) vaA folstEE Fugd o
E FENA 542 BHEd Y & $HEALS JEE F34 gde AR
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o024 28 2 Arte 2UHY A29E A% rMsaes

Jm

7b. #8wA7]9 On-Line ¥&%3A 54

Az AS 2EwA N353 AMZ Permanent Couplerg F2 AHE
gt oA FAHAAMY Az AREALS FAHs7] At WA Permanent
Coupler® F3 $@EA AdE AdAoA AAsdct. mnx 1 Vel A
Az FH4E | MHzolA 13 MHzZ 73 A 7)8 4 Permanent Coupler®] ©@ 2t
o AY FUst9q 1 28538 Terminal Box2 ©xtoll A Oscilloscope® 5 74 8t
o 29 3-73% 22 A%E Iy 2PN St (response voltage)e| 7]
= gamx] Ageltt. ¥ 3-794 BE uhel zFo] 10 MHzol A A3 $FEEA
4 wten, 1 MHzolA 743 stttk F35 $9542 10 MHz/1 MHz9|
B go] 30AE HUTh T Fai&d BEMo] 7h5d FSAE ol &3t dA 29
42 #49 On-Line #EWd EAAY A3E E 3-120] Jeplide. 2822

WA 719l On-Line 2249 d 239 AL SHF

_m’.

Permanent Couplerg& o] &%
342 10 MHzE M A 3G}

600 T T I I T 1 1 T T
| | | | | ] ] |
O 7 O
500 ———tl——+——1——+——t——+——11—- — —+——=———
450 F____i__F_#egue:‘}_czC"Erac nst¢s of f Bermghent I_b-__ ]
| (1V Sinfewavk Injettion,lusing|Sign4l Gexiera ) | _J
400 p——— qabTQEt -+ttt —r—

350
300
250
200
150
100

50

Response Voltage (mV)

Frequency (MHz)

22l 3-7. Permanent Coupler?] i}

ale
0jo
i
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E 3-12. FSA ZX 4D} (Tet 8 #4)

PalDang H/P #4 Generator Stator Winding
[Permanent Coupler/FSA Test : Max. PD = QM (mV)]

CF 5 MHz 10 MHz 15 MHz
Phase + - + - + -
A% 45 45 67 64 25 24
B % 46 49 78 70 41 37
C % 50 50 66 60 295 29
R 225 205 585 585 43 40

E 3-13. FSA0| 2|3 Slot PDe| =XZn} (M2 312 #4)

SEQUL T/P #4 Generator Stator Winding

(FSA Test : Slot PD)

FSA (Slot PD) | ) - B ©
Max. PD. Al | a2 | BL | B2 | a | c2
=am V] RN T+ =+ =[]+ [-]+]-
G l1002) 10 [235| 20 | 16 {162|54 | 10 |52 |94 [129]162| 68 | 7.1
10 [147|20.1] 6.4 [13.4] 52 | 71 | 9.4 [11.6[235] 29 |156[225
(9%.11.08)] 15 |5.1]55[38[79| 406334 41]19[235[138[198
20 |88]106[42]55] 63 [1095 6.4 | 9.4 |215[325[18.3[249
10 (159219 5 |62] 31| 45 [12.2] 12 [159]20.7] 82 | 96
©@6025)| 15 |46]65]24345/265[375] 42 40]141)186[ 70638
20 |80[126]35]39]| 40|56 |66]86[198[216[82]74
. 10 |17 25556 ]68[93]19.8]108]12.4]123[17.4] 66 | 76
onliney|(960805)] 30 [ 2.7[35095(095| 5.4 [102]1.45]1.85| 9.2 [11.4] 25 | 35
100 |1.251.05] 05 [0.20]1.15] 1.8 ]0.76]0.64]3.35[3.00]1.65]1.95
10 [135215] 12 [14.4] 71 | 74 [13.211.8]195]25.2[23.7]23.4
@7020) 30 |54|72[39]51 4851 4659 17.7189[195(168
100 [1.25] 1.1 {0.48]0.27]12.2]14.6]0.68]056] 80 [ 78 [ 73] 50
10 |16 [225] 8 |7.8] 50 | 54 [154[ 14 [ 12 [17.7] 9 [102
@0625) 30 |26[33[19]21] 2031 [22]22]87]126]42]45
| 100 [1.15[1.150.56]0.31] 56 | 5.8 [0.68[ 07 [ 28|32 ] 1.2] 1.3
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F 3-14. FSA0| 2|3t Endwinding PD2| £XZ 1 (M2 313 #4)
SEOUL T/P #4 Generator Stator Winding (FSA Test : Endwinding PD)

FSA (E/W PD) | (G A B C
Max.PD=QM[m Al A2 Bl B2 C1 c2

| CF :
_ ZV] AN e e R R e R R R
8% L1002 10 |22 [2250112/108|54 |94 |54 |72 {81 11774 |73
off-line) ~

10 |14.7]1204{4816.4 | 34 | 49 |96 |12.2|]17.1|]195] 9 106

4%

(on-line)|(96.04.25)] 15 [4.4|6.3]23]2.95(235|36 |2.6|25|13.5]16.8|6.4 |69

20 84198(31(36[34|50 (66| 8 [189]23.1] 7 |91

Y. 318 wA719] On-Line #¥%3 &

FSA A 2¥& o]&3ta) Mg 38 #4 $d7] A AAAA LA FEdd
NIZE HFE 247 E B3 3-13(Slot PD)9} ¥ 3-14(Endwinding PD)oll ztzt 2 &
th oolo HE¥A ANFTE AEEr] Y8 A FH345(Cut-off Frequency)el 4
o] 10 MHzolA 1 GHz7HAQ SSC7F A& H AT Az 53 FAFHs7E 10
MHzY o #A&sE B229A A5/ b8 3A Yyeldz ok 1996 1129
SSC7t Axg F4t 88 G/T #4 L¢d719 28R AH 459 Fos EHALS 4%
371 918l FSA Al2=goz2 24 Slot PD 2342 # 3-15¢1 Yehiich A
23 FAFIAL7E 10 MHzY o AEHe F89d As7t 72 2A Yeivdn

E 3-15. FSA0]f 2|5t Slot PDe] XA} (T4t &3 G/T #4)
Kunsan G/T #4 Generator Stator Winding (FSA Test : Slot PD)

FSA (Slot PD) | (559 A B ¢
Max. PD Al A2 Bl B2 C1 C2
=QM [mV] S\/PI‘HZ] + — + — + — + — + — + —
10 [21.9]14.4|25223.1{11.8/9.8 | 1.7 35 {10.818.6| 3.3 |2.85
(97.00.26) 30 55|6.1/88(81[33[291092{0.84|1.8[4.0(1.12]1.0
A 60 50146]51146(45[33(08(13]3.7]1351]066]0.6
ik Ay 100 12.25(345{28(25(15(1.1/0.210.18[ 2.1 |2.410.37|0.46
{on-line) 10 12 111.1|18.6]17.1]154 {54 [1.75]2.15/06 |06 | 2 |25
(97.06.24.) 30 3335621 6 |1.111.15/0.58]0.58{7154|=1%4[1.02|1.04
R 60 38139136|28[1.3]1.25/0.44{0.46| - { - [0.7]052
100 {2.05]2.8]1.7|1.8]0.4(0.55/0.19{0.23] - | - 10.34]0.33
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Rk & AFANA FYFA 5HE On-Line FEWA ZHaj2d
@71l EAsn Qe 10 MHzY 4 F34(CF ; Center
Frequency) Ad&ol BZEE ¢ + Ut AA 7153FA 2709 3R] 6
On-Line 5% & A SSCE HAsd, Fo4 BA/E Zaf 233 2EuA
54c] dFE 10 [MHz] digelA 714 ZA Jebdd &<std 2 Apoie
23 Fu4¢ d9S 10 [MHz] 9202 dAsch

3. 5983 On-Line #843d &4 A2 A

2 @FolA e} ZY¥H On-Line FEUA 23 A2" AA FAHL a9
3-8el YERAQITE B AlxEle] AL AA 2749 REog THLN AHAH A
ettt 2 ar AAGA B E FEYA AT E HAE, AR 2 BAE gPste
Remote Unit¥} Z}z}e] Remote UnitZ25-E Ho|E| & F£Aste] dlo]E] wolA& F
oy, FELAY WslFolg BME FE Host Unite g Jrojxch wd7y)
Z2Ho] 3dol2R 17179 Hox 37| o]de ESHAAMI A nHA PMA A
AHe, 2323 2d Afee 671, 3WEIad A%oe 7t AxE}. 2FA
Mol 93 AEH FEUA 435 Remote Unite 2 Ugsted dolg A, A
R AAAF(Host Unit) AF 59 715 < &It Remote Unit BIAEZHQ
dF AdAEE f4A 2Ad7]) 22 A9 HAGEHE AT £ &S A7)

Remote Unit
(GODS)

Generator




Digital
Dispiay

t ]
|

. Micro
ssc -  Filter oroak - Proces &——p RS-485 |
H8/538

Memory

\

" . RS-232 .
LabView “* /1 RS-485 [

a2 39, S2¥ Online REWM 53 AAHC 7|5y PHE

o AR dx=Ho &3d F&A U39 37IE FAISHM, Host Unitdh A3t
A 2 SPHez $4=HE + Utk Host Unit& A7) AL HAH
o] 391459 Remote Unitoll Al $A1€ A A3 E oj&3te Heolg RS
53 dolgMolx 75 9 EA, 2z AENE A nFPA dde HAGH
2N 29 715 Y3t £& Host Unit® Remote UnitAbole]l RS-485 4l

=4

wale A estn glemz 1709 Host Unite2 ol 32719 Remote UnitZ #a
e Aol 7Hested ARHJUG. 28 3-95 £HF On-Line #&8¥A 53 A
289 7|58 FAEEE EA4F3 th

7. 224 A3 9 Band-Pass Filtering™ ™

dA L AFols LA o FAJE EAE] Y AgHE dE B 717

= B
gol slow, o|AS2RE B AAA AxEo] WAHZ Yot olHF UEE
2 BEEA AFd ddte FuHos A 8do AITEHY, FEF FEHA A
32 ZFEd 23 98 7AA Aok FE3A A3E 4 kHz ~ 79
MHz Atelo] WA 2X3tn Jormz YWe ddgde ZAXN BEWA ASE 58
3 BAstE Rol wigAsdn & ¢ ok AT 71€9 On-Line #2%A =
B2 238 23 AVt FEYA AE7t A Jdehde Foge ddo] &
A et7) W&o o] Mo Az WHE AAsE Ao A AL FEHA

Aol W3l Folg EAMste Aol 7Y FeFd Wieln, dAZ S TR
DA BANA R BEYA AFE F 7 ~ 10 MHz digdA 78 Z2A 4
By Jereg o dgws 534 & A& Band-Pass EH Q] 4A7 2 7dTh
a3 3-10& 7 ~ 10 MHz Band-Pass ¥¥ 3 2% HdFo, HE3ze IA
Ay, ZY, 2 FAA 53 2L FELAE o &3 FFHESYL ERA2H
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A o cc
% 0. WS
VA3
i
Q4
aN221 9
INPUT e 2
. aN2218
23 100 mzaqov
5 o ¥, e
92
-—K:ma:no
/anv Ci13 cc
Q1 23V
RIe
Q2% ci1o
LRI\
1A
U S |
19K § R27 %ﬂ
| yRz8 1.2 30
l 2.2n 8.4K
12 Cm vR2
/;;.1/:&1 o8

a2l 3-10. 7 ~ 10 MHz Band-Pass Filter |2

C
Mt
217
2R
‘—‘Wv*
+15V

€ 0_'\;:/\’___0___;' 2 N
5 b V
Rv +
3 /4

i
-15Vv

a2l 3-11. Op-AmpE o|&3l Narrow-Band-Pass Filter 3|=




a2lx OP Amp 5% 22 TF2AE o8¢ $FUHE e F 3on, £ 3
Ex EXdA2HE *}Q“??_ TTEHE AYsHt. skAlwt 44 A2 F On-Line
FEEA S A2 HEF 2 Fae Aol vt ATRRE EASL EA
ATt oldl wet FFole Fug Mol wlnA foldtn FHRo L¥E
2% 3-113% o] OP AmpE AH8-& Narrow-Band-Pass YE|E AA 9 A zts}
o H&ste Aol a7ET. ¥ 3-119A FE YHAFL U F A R 2
o1, feedback A ¥o] 2Rl HE, 448 FaAF(f)AA LEHY Ao o]Fo] 19|
g0 £8 A% R,E 2Esd o5 % dAE vigglo] dite Foez 43
g+ A g9 -3 dBI0O707)E 7IESe2 & dA% Be AY R#A 2749 2
A Cell 98} 2] 3-13} o] AR LA}

— 0.1591 -
B = RC 3-1)

®@ Mg R, 4 3-29 gol AFHUL}

R
207 —1

R, = (3-2)

)3, 4ol M gl & QUSE TG A E

o] Fold& & 4 Utk AAHe2 £ MY Rl s BFHEZ 4 3-30|
o8 Fatei et

o714 quality factor Q =

mi\

_ 0.1125 R )
X
1F—-——————— Bandwidth
f'
W 83
S 0 —— — — —
> o
5 | |
U | |
P
! |
(I
b
0.;."' fl f. f,, 1(;1, > Frequency
a2 3-12. Op-AmpE 0|23t Narrow-Band-Pass Filtere| ol €t E4
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CLOSED-LOOP BANDWIDTH

T T T
SO-8 Bandwidth = 881MHz, Reg = 4020 L
3 : % :.. S '
c I I ‘:'i H -. ! :
o i G=+1 :i l SRR E : o~
S = o P e e A
f 8, j | | o 1 7
e c ] Vo i : .
3 @ UL L
7 03 pitras b b
5§ | | DIP Bandwidth = 949MHz, R =
: R
-6 |-+ 4 B i“ Lol .+.l 1 e
oo A
N t [ RN
-9 S i e R
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9] Peak Detector™ 2

< A5 i 100 ns ~ 150 nse] ®WE AF2A o] AFE A/D
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MAX OUTPUT VOLTAGE vs FREQUENCY

30 ;
o
~ - .. ,_.T.. . _._,__.L_-_r.JA. J—— . - +,
?' = L I \ ‘ 1 T i'L'
o 20 ot \ + : t
a e ) e L it
s N RETH :
> - 1_“ ; \ bt ' M
g b o Tt —t
3 £ Jr Tt r\r il R
3 10 aas \ﬂ‘& ‘ '
< [ 8 -— s v R IR S B
= Pl - e e
P - N S
b . - T
- PR SE RS S R RE T - - RS & '3
0 i 1 <:\V‘4—t-; i
100k ™ oM 100M
Frequency (Hz)

12 3-16. OPAG712| Fij4 SEIEM

el EdMe 2Y T TFEAAC 98 U39 A Aol RSP on,
€ a7 s 28 3-159% Zeol e E949 2719 Op-AmpE FAHE
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2. JRE 79 Fu5 5
AEE 2RE 71719 R 2 R E ARA 3-17 3-29] 24z Jehid W

T8 7% 2L A5 Sol4dE 8 dxE A5AHE BE, old2a AFH
2] EF 1d3 ALFIF RER FEIHAUG. a2z EFHE &L AAstEH)
Aol AL gol7] A8l 7]E9 olgdza oA gxd waeg e A4
dRoen, 3 F2e d4F Y A0 FY F IEE E Fzz HAY
At BERE 71719 @A 4 AB4AH EZANDE FP57]) A8 43
o= A4 2 Fugd & FHEH ANEE A 3-33 o] FYI|Roy, 1
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#1343 On-Line A4 A| 2|

1. On-Line A AJ2€ 9] dlo]g X A6

2 dFdAM9 dHolE 542 5Y®E On-Line £8%A 2379 A& AF
El(On-Line A4 Al 28])Zt9] Local Hiolg EAlE 9u|sln, QoA Veld 19
3-8% o] AFT FHE FAHO Utk =37 ISO(nternational Standards
Organization)o| A 7§#%& OSI(Open System Interconnection) 7413 2d-& A2
A A2"E FASAY. OSI Rde RE AFH TFAS0] old wagd
o' AFEHE & Yo AFHY TS T + UEE AAHo glon, A4
2 AFEE0 A9 FH FEHAE S AsDol stad 42 foha, o
Fol AdZE do AFHE ol &89 & AFH WY ¢£ HolEHE JA~AE
F A #lE Aeltt. ¥ 3-199] OSI(Open System Interconnection) 7 Layer
Model& WElAT. I elA FFo 7ede) Z2EZS 71 ZA2EE 71X
3 3ok dA AY olei%e] Physical Mediume $2E 433He Egzdoz o
AAAFY, twisted pair line W2& sy, 28lm vtz 99 Physical
Layere= FE BEEZ dHolEH P A FF EoA OE & oz A$se HYL
23 ew, RS-485/RS-422 W4 ALt S4FHSE d2e Physical
Layerol A 2 T, E2jF Aol 22 e og|§ ozl ByE& A2
2 3o

End user A End user B
‘Application layer Application layer
Higher Presentation layer End user Presentation layer
level . - functions v -
protocols Session layer _Session layer-
Transport layer Transport layer
Network layer Network layer
Network Network
; Data link layer etwol Data link layer
services Y functions 1 ink Taye
Physical layer Physical layer
Physical medium

23 3-19. OSI(Open System Interconnection) 7 Layer Model
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Azl A2e e 9ol @3l Data Link Layersd o $o x5, ol2is} A%
g9 dolBBZel AW HES A $4 877 YA G2 & Toz HUA
t}.  Link Layer® 152 Network Layer24] HolEl7} ddte HAAZ 24 +
JAEE ARE AFaF: w35 83 SO F Transport Layere Hlo|
G 3ol FE 249 FAAG Ba@ 3ANA BAGA A9E 2E F
at7] f3te] dlojel A4 M E HAete AHA §F &Y T AHEsA A
g 7 AA} BdE Y A @Y, UAE vele®, My, 2AY A
7 AEAY 5)S Agsls Aotk Session Layere $41¢] Full-Duplex %
21917} Half-Duplex %4]Q1719] dlolg] &&2 AAsH, A E AMGAY A=A
F¥AEZ Folztd 23 F8% dEFE @I Presentation Layere A E
o2 AFETL 54E & dels A Fol oldlE F U= FHZE volHE A
Zate AL st A= Application Layeres €& T 2a3o] olyn
shte] §4 T2z g $§ TP AAHQ A3dA A 2 AE
& E9dY A7A 1?:1]““°1H e WEHZY 715S sy, 484
A 7HAR e AFERY 715E FYdte Aotk & AFolA & Physical Layer
24 ¥ 3-20% 2ol RS—485/RS—422 WAE FAst7] fd MAXIMARY
MAX485E7} AH8-5 0k, MAX485E2 *+15 kV ESD(Electro-Static Discharge)
Protection, -7V~+12V Common-Mode Input Voltage Range, Three-State
Outputs, 30ns Propagation Delays, Half-Duplex, 25 Mbps Data Rate, No
Slew-Rate Limited, 300 g A Quiescent Current, 32 Transmitters on Bus, Max
4,000 feet(12 Km) Line Length 59 %2 53¢ 7kxxn ot

12002 1200
0,_@ AL ()() VVV1l s iIj
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BE — n ] ) ) 5 7
fo — R R L R0
it RE

R f
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MAXY485E | [

— OE

a2t 3-20. Half-Duplex RS-485 Network
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% - FAHE diolEHY Fels ¥ 3-217 Zeo] ZHde ez FAHA ¢
onj =AA synchronization field, address field, control field& 3|T|& packet,
Error Check fieldE ¥ltlZ oAl vs + Ao FoFES vdieed yie
IFHoz AEd F U=F 11101@£7P 94 oy, uoiEe 49 ey
A18d W& o error check A2 E F3 Utk 4% linkel F4lo] 7] 5715
o] A e Aejolm 2 F7]A H(synchronization information)?t ¥ 8.3t9, o]
g A& @9st= Aol synchronization field ¥¥o]lx, BlolEl7} JFHoz
Algojzle A4rel FAE JelE Aol address field F2ol9, #zlo W&&
TEE7] Y% AEE @32 U= Aol control field FEojch.

Synchroniza Address Control . . Error check
-tion field field field Packet - information field
feild, from network layer e

a2l 3-21. frame 744

2 74 A48 SPY On-Line $EWH 23 A2del vlolg neu?;
%‘— a3 3-22 (@)% Zol FAsIYE STXE "olg =g del A&e 4
g, 549 F71& 23] Y8 AI&dEdY. ASCI 2= g 0x02°]1:}.
2 Address® F41&9] F4E Jehiu], RS-485 W49 S4d o ASCIH
=z 0x80 <~ 0x9fe] Hu 327M74A] A Aol 71wsith. E3] 0x802 ZTAE
FA42 FAAA gled, A WA FRE(RTUDS 0x81%E 31¥A g RE(RTU31)
Q 0x9fel A2 AFHah & FA| A AlEE Z#H Y9 F/F+= Data Frame,
ACK Frame, NAK Frame9 3% %7} 9lov, o]& Jel= AHo] Control ¥¥o°]
A%

v JlN‘ oftt

(o

4 oo 2 £

o}, Data Frame2 A sl AlgEle ZEdez ASCI ZE g
DAT(0x12)°] 22, ACK Frame F4lZo|A Data FrameS U3 A F4 wte
|, ol& FAF ¢yl Y38 AHedH e Zgdos ASCH Z=#e ACK(0x06)
°|1, NAK Frame& ACK Frame#= W2 454 22 Data Frameo] &
FEe iAlzoﬂ g7l 8 AHeEE Ty Yoz ASCH FEG-E NAK(Ox15)o|
= FENA As5S5He 38 4F FELE 23 Us FEol u= EH?]
FEoly, 1%} 3-22 (b)ek o] Uetdt. 3 WHAR FH77] ZEe $4F

Yehyiz] 93 ARE Yelg o, BAE EAE 0000~99999) &2} F U E ¥
gt A& Eo 3 ¥MA FF7171(RTUDE 00012 Ao 7171489 2=

y (e} rul
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2371719 BAFF TE ol4RFF 59 FEE Yz, g2E B2 00~99
o} £a F Uz B Hq7]A 002 BRES FARAEHN} F5FS Uit
. ggog £3E dolge FF/F, & FEWA AI9 IV, & TF Y3
71 Y& ALgEY, HAE B2 00~99 <A F shviE ZdEEd. PRy
ANzE 0022 AATE. On-Line $AA A1+ 28% factor 29 Iz
@9lel Be Azt @ w9l 2 AR AL & A= pASGT 9
E Ex 0~99 A2 zEY, dE 5o 19983 02¥ 102 134 3BE 21%
199802101335212 #7213t dgo2 Z2FHFE H7IE7] Y3 H2E &1
00000000~999999999] <A2 BH3EE don, FAHoz AY Fu= 53

o

Reoqe D B o

Hd

A

STX Address Control Packet Block Check ETX

(a) Frame Format

=777 2= 217148 3= Hole &5 2= ZAANL A= dole] gk

(b) Packet Format

a2 322 S8 On-line 2EYH &% A|AHo| of|ojs| Zajgln} mj3!

@ddmss + Control(DAT) + Packet + Block Check + E@

(a) Data Frame

< STX + Address + Control(ACK) + ETX 5

(b) ACK Frame

< STX + Address + Control(NAK) + ETX 5

(c) NAK Frame
22! 3-23. SFY Frame2| 74
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ez Zl2ddE [mVI2 Hsdoh A& Bo =3 ALl 1,000imVield
0000100022 #E71€oh. A Mfo] BUW FAZdN FFshA FAURGERS
29 227t vk oS A3 $AZAMe HAA volElE Pt 1 A
Block Check FEolA FA814H, FAZNME A tiolelS FAarslg 4
< Block Check®t ¥lu3gt & ct2d o8& 2+3stn A4S 873 nkx)
o2 FAZd =g & <] Y8 ETXS Al&stg. £ dpdAe
T ZEdS AHRstn glon, a7 3-230 Zde £H5Y FAL Jehy
At A71M ACK/NAKE Azlste whgd weh 34 27ix12 #2829
M2 stop-and-wait protocol Wl o2 FAIZ A UAZ AzZtuic} 3 T AL
TFAEo2 FAF T Hejzl AkE¢ ACK/NAK S€<S 7|dan. Uy o¢
ol iAY NAK "o 29 7|& ZHYd& A$A8tn, ACK ¢Ho 2¥ tg
ZH & $A%H o] WAL half-duplex TAIRAY HE sissig. F oo
4:

::’ 48 nZ g

A2 Go-back-N or continuous BAIMA 02 $A 2o dLx oz Tyl
AR, $AZNNE ACK/NAK $HE d&802 $420 &

AFA gdeo] gAY NAK —o“é‘°] L9, 71F0 &
ZHAdFE A FAS FYIh o] WAL half-duplex &
on, ¥t=A] full-duplex $4'}2lolA gt 7}53ic) il
“do] half-duplex W4]o]| 22 stop-and-wait protocol EA14M2]-& HQO]’S& om, 1

g 3-249] 4 flowE Jeh A},
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e

|
G ””Z@

gl 3-24. SA! flow
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2. On-Line A4 A| 2" o] A

1

2 RE 7]7]2%H dolg F4AE F3 FAILE HoHE o &3t dHolE
ol F& % dolg £4, :h'-ﬂ B RE 7]7] #e] F9 71ee I + U=
£ A& FFES NIAY LabVIEWE AHE-3t] On-Line HAF Al Agl(o]dt &
2E)E 748t HAS5E dolHe E8o] HuA £o|3t=F Windows &%
AANE 7Ivte2 S2E EZ2 0] FAFY, FT2AE T2 WL NIAMIA i
H H8 dHolg #S Tz 7/jE dojed LabVIEWEZ A Uth.  LabVIEW
o] £8 EAory g ez =e|gle Front Panel® Block Diagram #3842}
ol4d, T2 BEE3 9 AT F9 &el4, VISA, GPIB, VXI 181
Serial QIE{Hlo]~ F& FF TId AZ77] Aol Lo, HelH FHE, Ao
agla A 59| £olA, Spreadsheet, Binary, ASCII, Datalog 52 oY <lg 5
o] £~9] £o|A Internet, SQL, TCP/IP, ActiveX, DLL, DDE $3}9] H<& £o]4,
23 Stand-Alone 49 &8 0|4 Fol Ut LabVIEWE o] &35td 7
713t @ %, 3, B¢ T9 &0, tg3 add-on HFNA Y & F9 FHol g
o} B dFo|A LabVIEWE 7§23 $2~E Z 233 Front PanelS 213 3-259]
eyt 32E Z2ad 7|5 F2= 3A SHEA Y& dolgE4l ¥

File_Edit Qperate Project Wincows Help !




2. On—Line A4t A|AFl9] A

YRE 7I7128E dHolH FAE 53 FAILL HolHE o] &3ty HolE H
oj& F& I doly £4 Tz YRE 77l #2 F9 J5E I £ U=
2 AgE HAFE 9 NIALe LabVIEWE AE3l9 On-Line A4t AlxHl(o]3 &
2E)E F43AY. 58 dolge #8o] vwA Lo|st=E Windows &9
AAE 7Iner s2E T2aPe] FAIG, FAE TI WL NIAAA e
2 He doly HE Zzad MY dod LabVIEWEZ A=At LabVIEW
9] g9 EAozE aggoz Hol3dE Front Panel®} Block Diagram A7)
gold, 2o mE3 ¥ AZFst 9 $ol4, VISA, GPIB, VXI 181
Serial YEH A 5& B g AZ77] A9 LolA, Heolg FHE, Ao
a8l B4 59 £0]4, Spreadsheet, Binary, ASCII, Datalog 2 =td <lgl =
o] A~9] &olA Internet, SQL, TCP/IP, ActiveX, DLL, DDE 532 H& 804,
a2} Stand-Alone 219l $8& £o]A4 Fo| 3l LabVIEWE o] &3sta 74
712re) @& 3, B 59| 40|, t}FF add-on I BE 5o FHo| g
t} ¥ AFoA LabVIEWR 73t AE T2 Front Panel® 1@ 3-259
JeERUTh $2E T2 7)%E FZ2E 3A FUEREA FE UoHEA B

#! Serial Comm PC | vi

File Edit Operate Project Wincows Help

(B ) [T Amerston Font <] [¥5 <] i =]

=

Maeasurement Range

min 300
seQ our 3[Qmu
Serial Port
b2 B J

o P
I coMi coMz coms coMs

B ‘ : : =

2l 3-25. LabVIEW=Z JjetEl sAE =232 Front Panel



2 glolgjuo)a T3 %’—v‘i‘:P_s; s & ddh 1¥ 3—2591 SHEA FEANA
+5 AFY vEHREELS YRE 7|2 REH $4E B Ho g

Alst, ofgfdl HAd %kfl 2| A%}, mlE R °}?~HE xFANTF)H y&
(FE%8A 271%)9 A wl&S A9 & YT F H(knob)E Hel on, A
&L 2, B AR SR dEo] shgstm, BEWA A7EL 30 ~ 3,000

[mV] @912 Adgo] 7tssitt. 35 ol FL frES 47 9% Alad =
E(RS-485/422 W4)E Agsle HEoz 4 FE F S A9 & ok
g &7 ARS 547 A4 PE2 ¥ 4 QS Y. A3 BB
< FENAAEY Alzte] wE W FolE Holr] 9 nlHdAM FAlHoR
AR g arlg dEAog JYEWAA, SA6 Sd2 HFsta, dojEy
ol2% FZ3uh 1Y 3-26% o] HolH B4 REL Ui YnEzR

~IEE Fiam
HETTY)

[Seriad Port Wnte

Simple Emor Handle

o B gl

Serial Port Init_[2)
)

Simple: Error Handler

.__,:;E__@ '

B
eror in
] T
%45 %25 %25 %14s %8Sk~
o écan From String
[Output String
[[us2T]

a3 3-27. HolE| HojA P HE
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I 3-16. Spread Sheet & 4|0

FR7171{ 7171880 |dolEER| & |2 [ D | A | 2|2 | =2+
1 | RTUl ¥ PD 1998|103 |01 |09 (00 [ 00| 1100
2 | RTUl A PD 1998103 |01 | 10 (00 { 00| 1500
3 | RTUI ¥z PD 1998{03 {01 |11 {00 | 00| 1200
4 | RTUI P PD 1998(03 |01 |12{00 |00 | 900
5 | RTUI ¥ PD 1998|103 (01 | 13 (00|00 | 1200
6 | RTUI1 %3 PD 1998103101 | 14|00 (00| 1100
7 | RTUL FE PD 1998|103 |01 {15 (00|00 | 1300
8 | RTU1 ¥ PD 1998{03 |01 |16 100 |00 | 1000

A8 dolel & FieA B FAT £ AEE FAAHALH, IHT Azt HF
olt} BlRE Zo2 AT E HuUo] ZRES AHE T F YEE ¥
doleuo]l A F& HEL REZEE HE4we 23 tHolgE Y3 EESD
olE B3 HAGs o] ulE FENA HH-g BEMEr] foldx=E FAHJSW,
23 3-279] ®lolEidlolx FEEES JERHUTE EF Excel oY SQLI &
diolg] TP FoE o] 4T 4 JEE F 3-163 Zo] AZFH=AE Aoz
dolEHlo]~E F&3 At
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A14d LA

EH FHEY AT 24 L ¥ A ABE o]t M)Ay Holg
Hele] @& On-Line 54 Al2=¥e A% &4 479 /L8 SP¥ On-Line
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EXPERIENCE ON ASSESSING THE INSULTAION CONDITION
OF GENERATOR STATOR WINDINGS

J. B. KIM D. H. HWANG J. W. JEON

Y. J. KIM

KOREA ELECTROTECHNOLOGY RESEARCH INSTITUTE

(KOREA)

SUMMARY

Various nondestructive and destructive tests
were performed on the stator bars of a 17 kV,
300MVA and a 11kV, 27IMVA gencrators with
polyester insulation system.The nondestructive
tests included measurements of capacitance,
dissipation factor and partial discharge.
Insulation breakdown under AC stress was
performed as destructive test

The tests were intended to identify the
correlation between nondestructive- diagnostic
measurements and the condition of generator
stator windings. As it was hard to correlate
between the nondestructive tests and the
destructive test, the condition of insulation
could not be estimated by the conventional
method. A new paramcter, PDI (Partial
Discharge Index), shows a relationship
between the partial discharge test and the
destructive test. Thus the condition of
insulation can be diagnosed by PDI.

Keywords: Generator - Insulation - Partial
Discharge - Diagnosis - Destructive Test —
Partial Discharge Index - Resonant Frequency

P.0. Box 20, Changwon, Kyungnam
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1. INTRODUCTION

The asscssment on the condition of generator
stator winding has attracted many disscusions.
Numerous experiments have been reported to
avoid the unscheduled outages of generators
due to insulation failure in North America and
Japan, utilizing the partial discharge
measurement which effectively represents the
local degradation of insulation. Many studies
have attempted to identify new calibration
technique, eliminating external noise [1] and

" predicting remaining life of machine insulation

(2, 3l

Many works have been claiming the vague
relationship between the partial discharge
activitics and the insulation condition. The
absolute magnitude of partial discharge has
been the decision criteria of the insulation
condition in Japan (4, 5]. In North America [6]
, the trending of partial discharge activities
over time with the on/off-line scheme has
been the common practice .

This paper reports the investigation of factors
which can cause differentiates on assessing
the insulation condition. A new patameter, PDI



(Partial Discharge Index), is introduced as the
realistic diagnostic measure for thc assessment
of insulation condition. The ratio between
partial discharge increment and  stepwise
voltage increment from discharge inception
voltage at characteristic or resonant frequency
band showed the correlation
breakdown voltage and PDI.

between

Furthermore, this paper  describes  the
relationship between the various nondestructive
parameters and the breakdown voltage for the
17 kV, 300 MVA and 11 kV, 27 MVA
generator stator bars with polyester insulation.

Finally, it explains PDI which can discriminate
the stator bars having the low insulation
strength from the sound ones, even though
their maximum magnitudes of partial discharge
at the rated phase-to-ground voltage are in
the same level.

2. EXPERIMENTAL METHOD
2.1 Test Bars

Three different types of stator bars were
tested to evaluate the usefulness of conven-
tional diagnostic tests. The characteristics of
the bars are outlined in Table 1. Sample bars
of two generators (Gen A. and Gen. B), which
were in service at the time of removal, were
tested in laboratory. Three phases of Gen. C
were tested on site.

2.2 Diagnostic Test

Prior to the destructive breakdown test, the
sample bars were subjected to a variety of
nondestructive diagnostic tests which have
been used to assess their insulation conditions.
All the diagnostic tests were performed on the
individual bars of Gen. A and Gen. B which
were removed from the generator slot and
installed within the simulated slot,

Table | Generator characteristics

. Insulation | Quantity | Operating
Generator| Rating R
sysiem | of bar time
300 MVA
A 17 kV PPolyester | 20 ca 25 years
Fossil T/G R R S
e T
B kY Polyester | 15 ea 23 years
Hydro
Gen.,
I R I e Rt
C [38 kV [Polyester |3 phasesy 20 years
Gas T/G

For the case of Gen. C each phase was tested
within the stator core, as would be the
situation for diagnostic  tesls on  normal
machines.

Standard test procedures, sucl:l! as the
measurements  of dissipation
factor and partial discharge intensity at
several voltages up to 1.25 times to rated
phase to ground voltage (125 x E /V¥3), were
performed. For the AC testing, the winding
was energized by a 12 kV Tettex 2818
Insulation Test System and a 100 kV, 1 A
Hipotronics AC Dielectric  Test
The capacitance and

capacitance,

System,
dissipation  factor
measurements  were done with a 12 kV

Tettex 2818 Insulation Test System and a

Tettex 2818QA Schering Bridge. Tettex 9124
Partial Discharge Measuring System operating
in the conventional amplifier with 40 kHz to
200kHz frequency band and narrow band amp
lifier with 30 kHz to 2 MHz frequency band
was used to rneasure partial discharge.

2.3 Destructive Test

After completing the diagnostic tlests on
individual bars of Gen. A and Gen. B, the
groundwall insulation of each bar was
subjected to the gradually increasing AC
voltages unti! the insulation failed. The 60 Hz
AC voltage was linearly increased at about 1
kV/sec. 100 kV, 1| A Hipotronics AC Dielectric
test system was used for the destructive test.
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3. RESULTS and DISCUSSIONS

STe s

i i {D A._'fy_l

3.1 Results of Diagnostic and Destructive [
Tests

Atané (%] '
-
®

Prior to the destructive tests, various -] .
diagnostic tests were performed on the bars.
The percentage change in bar capacitance (4
C /Co) and the change in dissipation factor
(4tand) are the quality of the insulation
system. If the system has a large number of 0 . . . :
voids, then dtané and 4C/C, would increase 0 'K‘,’)‘;‘Lref“l""c"hu‘;‘l""é’m ?g%‘?
as the voltage is increased. However, as Atan

8 and 4C/C, measurements represent the Fig. 1 Relationship between Qm and Jtan$
overall condition of insulation, they will not 4C/Co (Gen, A)
identify a coil or bar that has a single large

void. Partial discharge magnitude (Qm), on the B

other hand, will identify this coil or bar as it
is a specific event measurement. Figure 1
shows that there is no correlation between
Qm: (Qme * Qm measured with 40kHz ~ 200
kHz frequency band) and dtané, 4C/C, as
reported in [7, 8].

a4C/Co
o
%
=]
K

a
Oe

.
0O e
o

50000

»

Te® screy 71
[J atang

22
.

2 [[20 £15

AC/Co. Atang (1]

To obtain a correlation between Qm, 4C/C., 3 " T oo )
4dtand and breakdown voltage, destructive 1 o a
tests were performed on the sample bars of 0 v T
Gen. A and Gen. B. Figures 2 and 3 are the 0 20 eakdn VO,{:‘;e (kv
plots of AC breakdown voltage versus some

of these measured or derived diagnostic ~ Fig. 2 Relationship between breakdown
parameters Jdtanéd, A4C/C, and Qme. The voltage and dtand,d4C/Co (Gen. A)
figures clearly show a lack of correlation

between the diagnostic parameters and 30000
breakdown voltage as reported in {7, 8). Even
though it is similar to the results by EPRI
[8, it is contrary to the result by H. Yoshida
[91.

80 100

25000

e
N
P

l‘l

20000

S
l‘l

-

22
15000 ’3

Table O shows Jdtané, Qm: and Vsp of
sample bars of Gen. A. No. 20 bar had
extremely high partial discharge activity (Qme
» 41,000 pC) and high dissipation factor (Jtan 5000 L |
d ; L89 %), and seemed to be in relatively 0 20
poor insulation condition. However, the bar did

not fail until 90 kV was applied and surface Fig. 3 Relationship between breakdown
flashover occurred. ) voltage and Qm. at E/V3 kV(Gen. A)

I;S

Apparent Charge Q {pC]
v

10000

i20
[

40 60 ao 100
Breakdown Voltage [kV]
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Table 1 dtand, Qm: and Va, of sample
bars of Gen, A

No dand | Qme Van No dtanéd | Qme Vap
S s | C) kvl | (%) | Ipc) |ikv
12 2.29 17,000

13 ] 1.28 | 12000

*

Jtan 6 (%] ; Dissipation factor

*

QmelpChMaximum partial discharge magnitude
Vo [kV] ; Breakdown voltage
( ) ; Flashover voltage

*

*

On the contrary, the other sample bars such
as No. 31, which did not havc high partial
discharge activity (Qme : 28,000 pC) with low
dissipation factor (4tanéd ; 0.52 %), failed at
15 kV.

From the rcsult in Table O it can be
concluded that the condition of the insulation
can not be diagnosed by the absolute
parameters, such as the peak partial discharge
magnitude (Qm.) at operating voltage.
Therefore a novel parameter is needed to
estimate the condition for the machine which
is near to its end of life.

3.2 PDI (Partial Discharge Index)

Based on the test results of the sample bars,
it is clear that diagnostic tests alone can not
objectively estimate the absolute condition of
stator windings, especially when the tests are
performed only  once.
diagnostic  parameters, such as partial
discharge magnitude, do indeed give an
indication of relative condition {8]. Thus the
information from such diagnostic test is most
. useful when results are taken over time, so

However, some

that a history of winding can be referenced to
judging the condition of insulation.

As off-line diagnostic tests are performed at
an intcrval of four or five years, it is difficult
to diagnose the condition of insulation of the
machine whether it is near to its end of life.
Thus a novel diagnostic parameter or criterion
is needed to  identify the condition  of
insulation.

The Partial Discharge Index defined by Eq. |
was introduced as a4 novel assessment

criterion to overcome the previously mentioned

- difficultics.

PDI = (Qm - 1,000)/(V, - V) [pC/kV] (Ea. 1)

where V. is the applicd voltage and Vi is the
voltage when the apparent maximum partial
discharge magnitude is 1,000 pC. In addition,
Qm is the apparent maximum partial
discharge magnitude at V.

3.3 Application of PDI

The resonance phenomena are depending on
the coupling impedance between the partial
discharge measurement circuit and the
detector{10]. In that case, the resonant
frequency is associated with complex LC
network of all the measuring sysytems.
Resonant frequency of partial discharge pulse
simplified by Eq. 2 varies according to the
number of connected coils or windings.

- 1
frsonanl = m (Eq 2)

where L and C are the system inductance and
capacitance.

As propagation modes and attenuation rates of
partiai discharge pulse can lead to very
significant  difference in the estimate of
magnitude, choice of detector frequency range
is of importance in partial discharge measure-
ment. It was reported that the detection. of
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series mode pulses leads to the best estimate
for partial discharge measurements [11}.

Figure 4 shows the frequency response of
partial discharge for the sample bars of Gen.
A, Gen. B and Gen. C. The resonant frequen-
cy for each sample of Gen. A and Gen. B is
0.57MHz. In addition, it is lower than 100 kHz
for the windings of Gen. C with 26 windings

per phase.
100000 " E3-- Gen. A af30[kH1]
—~ Gen. & 4[|
n ‘ ~—O-- Gen. B 30{kMa)
R 80000 —@— Gen. B 4kis]
e ) -A- Gen. € 30|kMi}
o X A k=~ GCen. € $[kHe
:-,A 80000 E)
< A ', .
S 40000 7
z 7\
- ;\/ :
a R\
S 20000 > -
& ;
< \ \\ \\//'
|—o
0 i - SN e 1
0.0 0.4 0.8 ° 1.2 8 2.0

1.
Center Frequency [MHz)

Fig. 4 Frequency response of Qm (E/ V3 kV)

Partial discharge was measured with two
different amplifier to identify the influence by
the frequency range of the detector

conventional amplifier (40 kHz to 200 kHz)
and narrow band amplifier (30 kHz to 1 MHz
with several center frequencies and bandwidth
A4f 1 4 kHz and 30 kHz). It was .measured at
05 E/V3 to" E/V3 (E ;
rated voltage). The maximum PD] was used
to diagnose the condition of sample bar. The
voltages which produced the maximum PDI
were 05 E/V3 kV for the bars of Gen.A and

E/V3KkV for the bars of Gen. B.

several voltages :

Figure 5 shows the linear relationship between
PDI and breakdown voltage. It shows a
strong  correlation among them at all
frequency range. Dashed line (2E+1 kV) in the
figure means the endurance voltage. The
breakdown voltages of No. 31 bar of Gen. A
and No. 9 bar of Gen. B are lower than the ‘
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endurance voltage, and their PDIs are higher

than those of any other bars at all frequency
range.

40000 i
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(a) Sample bars of Gen. A(05 E/V3 kV)
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(b) Sample bars of Gen. B(E/V3 kV)
Fig. 5 Correlation between PDI and breakdown
voltage (C.A. : Conventional Amplifier,
N.B.A. : Narrow Band Amplifier)

Table M PDI criteria for deteriorated
insulation for Gen. A and Gen. B

Amplifier Gen. A Gen. B
(Frequency) [pC/kV] (pC/kV]
%T;ggt;: 2 7,500 = 7500

(Sr::lg;zwi'f()ak::z) > 0000 | = 2000
(sb;?)]l:r}o[; 1-.33{1) = 20000 | = 20,000




In the case of the conditions shown in Table
M, PDI indicates that the winding could not
withstand the voltage of 2E+1 kV.

From the results, it can be suggested that the
winding, which all PDIs at each measuring
frequency range are above the criterion value,
is judged not to withstand the endurance
voltage and is deteriorated severely.

4. CONCLUSIONS

Even though only a limited number of sample
bars with specific systems have been under
investigation, it is shown that PDl has a
strong correlation with the breakdown voltage.
The conclusions are summarized below.

(1) AC diagnostic test results Qm,dtané and
4C/C, show a lack of correlation with the
breakdown voltage.

(2) A novel diagnostic parameter PDI is
highly correlated with breakdown voltage.
It can be used as a reliable criterion of
the condition of windings.

(3) Aé resonant frequency of partial discharge
pulse of the generator windings is low,
the low frequency measuring system ‘is
needed to detect the low resonant
frequency partial disbharge pulse.

The authors will continue to perform the
diagnostic and destructive tests on the various
insulation systems to establish PDI as a
criterion for each insulation system and to
improve its credibility.
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A NOVEL PARAMETER FOR THE PREDICTION OF
DETERIORATION IN-GENERATOR STATOR INSULATION

JBKim D.HHwang JW.Jeon Y.J.Kim
Generator Diagnosis Team, K.E.RI.,, KOREA

Various nondestructive and destructive tests were performed
on the stator bars of generators. The tests were intended to
identify the correlation between nondestructive diagnostic
measurements and the condition of generator stator
windings. As it was hard to correlate between the non-
destructive tests and the destructive test, the condition of
insulation could not be estimated by the conventional
method. A novel parameter, PDI, shows a relationship
between the partial discharge test and the destructive test.
Thus the condition of insulation can be diagnosed by PDI

INTRODUCTION

The assessment on the condition of generator stator winding has attracted many
discussions. Many studies have attempted to identify new calibration technique,
eliminating external noise(Kurtz et al (1)) and predicting remaining life of
machine insulation(Yoshida(2), EPRI report (3)). Many works have been claiming
the vague relationship between the partial discharge activities and the insulation
condition. The absolute magnitude of partial discharge has been the decision
criteria of the insulation condition in Japan(Takikawa et al (4), Ikeda and
Fukagawa (5)). In North America(Stone (6)), the trending of partial discharge
activities over time with the on/off-line scheme has been the common practice.

This paper describes the relationship. between the various nondestructive
parameters and the Vep for the sample generator stator bars. Furthermore a
novel parameter, PDI(Partial Discharge Index), is introduced as the realistic
diagnostic measure for the assessment of insulation condition. Finally, it explains
PDI which can discriminate the stator bars having the low insulation strength
from the sound ones, even though their maximum magnitudes of partial discharge
at the rated phase-to-ground voltage are in the same level.

EXPERIMENTAL METHOD
Test Bars

Five different types of stator bars were tested to evaluate the usefulness of
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conventional diagnostic tests. The characteristics of the bars are outlined in Table
1. Sample bars of two generators (Gen A. and Gen. B), which were in service at

the time of removal, were tested in laboratory. Each phases of Gen. C, Gen. D

and Gen. E were tested on site.

TABLE 1 - Generator Characteristics

. Insulation | Quantity | Operating
Generator Rating .
system of bar time
A 300 MVA, 17 kV, Fossil T/G | Polyester | 20 ea 25 years
B 27 MVA, 11 kV, Hydro Gen. | Polyester 15 ea 23 years
C 72 MVA, 138 kV,Gas T/G Polyester | 3 phases | 20 years
336 MVA, 18 kV '
D ’ ’ E 3 ph 10 year
Pumped Storage Gen. poxy phases years
E 500MVA, 22kV, Nuclear Gen. Epoxy 3 phases New

Diagnostic Test

Prior to the destructive breakdown test, the sample bars were subjected to a
variety of nondestructive diagnostic tests which have been used to assess their
insulation conditions. All the diagnostic tests were performed on the individual
bars of Gen. A and Gen. B which were removed from the generator slot and
installed within the simulated slot.

For the case of Gen. C, Gen. D, and Gen. E, each phases were tested
within the stator core, as would be the situation for diagnostic tests on normal
machines. Standard test procedures, such as the measurements of Qm, 4C/C,, 4

tand at several voltages up to 1.25 times to rated phase to ground voltage (1.25
x E /V3), were performed.

Deslructive Test

After completing the diagnostic tests on individual bars of Gen. A and Gen. B,
the groundwall insulation of each bar was subjected to the gradually increasing
AC voltages until the insulation failed. The 60 Hz AC voltage was linearly
increased at about 1 kV/sec.

In the case of Gen. D, the destructive tests were also performed using dc
power supply. The test voltage was derived from IEEE standard 95 (7), and the
test voltage was 2 x E [kV] and maintained at this level for one minute. In
addition, ac breakdown test was also performed to the each phase of Gen. E and
the typical test voltage (15 x E [kV]) was maintained for one minute.
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RESULTS and DISCUSSIONS
Results of Diagnostic and Destructive Tests

Destructive tests were performed on the sample bars of Gen. A and Gen. B. to
obtain a correlation between Qm, 4C/C,, 4dtand and Vsp. Figures 1 and 2 are
the plots of Vap versus some of these measured or derived diagnostic parameters
dtané, 4C/Co and Qmc. The figures clearly show a lack of correlation between
the diagnostic parameters and Vsp as reported in (Gupta et al (8) and reference
(3) ). Even though-it is similar to the results by reference (3), it is contrary to
the result by Yoshida and Inoue (9).

Figure 3 shows Qmc for sample bars of Gen. A at E/V3. According to
Japanese criterion, four sample bars of Gen. A(#17, #18, #20, and #21) which Qm.
was higher than 30,000(pC) seemed to be in relatively poor insulation condition.
However, the bars did not fail until 80 kV and surface flashover occurred. On the
contrary, the other sample bars  such as No. 31, which did not have high
Qmc(28,000 pC). and seemed to be in relatively moderate insulation condition,
failed at 15kV.

Table 2 represent similar information as in Figure 3. After diagnostic tests
were done, a bundle of phases of Gen. D and each phases of Gen. E were
subjected to breakdown test. In spite of high partial discharge activity, neither of
the insulation of Gen. D and Gen. E were punctured except one phase of Gen. E.
In case of punctured phase of Gen. E, the groundwall insulation was not
punctured, but the end winding insulation near the edge of slot was punctured
and it was concluded that it was caused by poor manufacturing process.

From the result in Figure 3 and Table 2 it can be concluded that the
condition of the insulation can not be diagnosed by the absolute parameters, such
as Qmc. Therefore a novel parameter is needed to estimate the condition for the
machine which is near to its end of life.

TABLE 2 - Results of Diagnosistic and Destructive Test for Gen. D and E

28 oV AW
. ) Qm. (pC) 60,000 51,000 61,000
Gen. D "
Result Not Failed
Qm. (pC) 40,000 | 42,000 | 41,000
Gen. E Result |~ 2 Phases : Not failed
- 1 Phase : Failed at the end winding near the edge of slot
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PDI_(Partial Discharge Index)

Based on the test results of Table 2 and 3, it is clear that diagnostic tests alone
can not objectively estimate the absolute condition of stator windings, especially
when the tests are performed only once. However, some diagnostic parameters,
such as Qm, do indeed give an indication of relative condition (3). Thus the
information from such diagnostic test is most useful when results are taken over
time, so that a history of winding can be referenced to judging the condition of
insulation. As off-line diagnostic tests are performed at an interval of four or
five years, it is difficult to diagnose the condition of insulation of the machine
whether it is near to its end of life. Thus a novel diagnostic parameter or
criterion is needed to identify the condition of insulation.

The PDI defined by Eq. (1) was introduced as a novel assessment criterion
to overcome the previously mentioned difficulties. From the Eq. (1), physical
meaning of PDI is the maximum rate of partial discharge increase per applied
voltage starting from partial discharge inception voltage.

PDI = (Qm - 1,000)/(Va = Vi) (BC/KV) ======mmm=mmmmmm o oo oo o

Application_of PDI

The resonance phenomena are depending on the coupling impedance between the
partial discharge measurement circuit and the detector (Kemp et al (10) ). In that
case, the resonant frequency is associated with complex LC network of all the
measuring systems and it is varied according to the number of connected coils or
windings. As propagation modes and attenuation rates of partial discharge pulse
can lead to very significant difference in the estimate of magnitude, choice of
detector frequency range is of importance in partial discharge measurement
(Wilson (11)). The .resonant frequency for each sample of Gen. A and Gen. B is

057MHz. In addition, it is lower than 100 kHz for the windings of Gen. C with
26 windings per phase.

Partial discharge was measured with two different amplifier to identify the
influence by the frequency range of the detector : C.A. (Conventional Amplifier :
40 kHz to 200 kHz) and N.B.A.(Narrow Band Amplifier : 30 kHz to 1 MHz with
several center frequencies and bandwidth 4f : 4 kHz and 30 kHz). It was
measured at several voltages : 05 E/V3 to E/V3 (E ; rated voltage). The
maximum PDI was used to diagnose the condition of sample bar. The voltages
which produced the maximum PDI were 05 E/V3 for the bars of Gen. A and E/
v3kV for the bars of Gen. B.

Figure 4 shows the linear relationship between PDI and breakdown voltage.
It shows a strong correlation among them at all frequency range. Dashed line

- 114 -



INSUCON/ISOTEC 98  The 8th BEAMA International Electrical Insulation Conference

(2E+1 kV) in the figure means the endurance voltage. The Vep of No. 31 bar of
Gen. A and No. 9 bar of Gen. B are' lower than the endurance voltage, and their
PDIs are higher than those of any other bars at all frequency range.

In the case of the conditions shown in Table 3, PDI indicates that the
winding could not withstand the voltage of 2E+1 kV. From the results, it can be
suggested that the winding, which all PDIs.at each measuring frequency range
are above the criterion value, is judged not to w1thstand the endurance voltage
and is deteriorated severely.

j "ABLE 3 - PDI criteria for deteriorated insulation for Gen. A and Gen. B
Amplifier (Frequency) Gen. A (pC/kV) Gen. B (pC/kV)
Conventional (40~200kHz) 2 7500 = 7,500
Narrow. Band (570kHz * 30kHz) = 20,000 ' 2 20,000
Narrow Band (570kHzt4kHz) = 20,000 .2 20,000

CONCLUSIONS

Even though only a limited number of sample bars with specific systems have
‘been under investigation, it is shown that PDI has a strong correlation with the
breakdown voltage. The conclusions are summarized below. '

(1) AC diagnostic test results Qm, dtand and 4C/C, show a lack of correlation
with the Vgp.

(2) A novel diagnostic parameter PDI is highly correlated with Vep. It can be
used as a reliable criterion of the condition of windings.

(3) As resonant frequency of partial discharge pulse of the generator windings is
low, the low frequency measuring system is needed to detect the low
resonant frequency partial discharge pulse.

The authors will continue to perform the diagnostic and destructive tests
on the various insulation systems to establish PDI as a criterion for each
insulation system and to improve its credibility.

B USED
E = rated phase to phase voltage (kV)
4C /C, = percentage change in insulation capacitance (96)

dtand = change in dissipation factor (96

Qm: = max. partial discharge magnitude measured by conventional amplifier(pC)
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Qm = apparent maximum partial discharge magnitude at V. (pc)
Vi = voltage when Qm is 1,000 pC (kV)
Vep = breakdown voltage (kV)

V. = applied voltage (kV)
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Abstract - Continuous On-Line Partial Discharge
Measurement System has been developed. This
system detects partial discharge signals from SSC
(Stator Slot Coupler) installed between wedge and
stator windings. This system communicates  with
outside devices by RS-485 and monitors a insulation
condition of windings. Afterward this system wiil be
applied for on-line measurement of partial discharge
with remote scheme.
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Abstract - On-line partial discharge monitoring
system for generator stator insulation s
developed. This system consists of remote and
host units. The remote unit detects partial
discharge signals from SSC(Stator Slot Coupler)
installed between wedge and stator windings.
The host unit monitors the condition of winding
insulation. This system will be used as a

module of a generator on-line monitoring system -

utilizing global network.
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SUMMARY

Even though, some diagnostic parameters, such as
partial discharge magnitude, give an indication of
relative condition of generator stator insulation, there
have been only vague parameters indicating the
absolute condition of generator stator insulation.
Various diagnostic tests were performed on the
stator bars with polyester or epoxy insulation
system to identify the correlation between
nondestructive  diagnostic measurements and the
condition of generator stator windings. In this paper,
a new parameter for condition assessment of generator
-stator insulation is introduced.

Keywords: Generator - Insulation - Partial
- Discharge — Diagnosis — Destructive Test — Partial
Discharge Index - Resonant Frequency

1. INTRODUCTION

The assessment on the condition of generator stator
winding has attracted many discussions. Numerous
" experiments have been reported to avoid
the unscheduled outages of generators due
to insulation failure in North America and
Japan, utilizing the partial discharge measurement
which cffectively represents the local
degradation of insulation. Many studies have
attempted to identify new calibration technique,
eliminate external noise [1] and predict remaining

P.O. Box 20, Changwon, Kyungnam

(Korea)

life of machine insulation {2, 3}.

Many works have been claiming the vague
relationship between the partial discharge activities
and the insulation condition. The absolute
magnitude of partial discharge has been the
decision criteria of the insulation condition in Japan
[4, 5. In North America [6), the trending of
partial  discharge activitics over time with
the on/off-line scheme has been the common
practice.

This paper reports the investigation -of factors which
can differentiate the insulation condition. A new
parameter, PDI(Partial Discharge Index), is introduced
as the realistic diagnostic measure for the
assessment of insulation condition. The ratio between
partial  discharge increment  and stepwise
voltage increment from discharge inception voltage at
characteristic or resonant frequency band showed the
high correlation between breakdown voltage and PDL

Furthermore, this paper describes the relationship
between the various nondestructive parameters and the
breakdown voltage for 17kV, 300MVA _and 11kV, 27
MVA generator stator bars with polyester insulation.

Finally, it explains PDI which can discriminate the
stator bars having the low insulation strength from the
sound ones, even though their maximum
magnitudes of partial discharge at the rated phase-to-
ground voltage are in the same level.
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2. EXPERIMENTAL METHOD
2.1 Test Bars

Six different types of stator bars or windings were
tested to evaluatc thc uscfulness of conventional
diagnostic tests. The characteristics of thc bars or
windings are outlined in Table 1. The individual bars
removed from three generators (Gen. A, B and C),
which were in service at the time of removal, were
tested in laboratory. The complete stator windings of
Gen. D, E and F were tested on site

2.2 Diagnostic Test

Prior to the destructive breakdown test, the sample
bars were subjected to a variety of nondestructive
diagnostic tests which have been used to assess
their insulation conditions. All the ‘diagnostic tests
were performed on the individual bars of Gen. A,
B and C which were removed from the generator
slot and installed within the simulated slot.

For the case of Gen. D, E and F, each phase was
tested within the stator core, as would be the
normal practice for diagnostic tests on generator.

Standard test procedures, such as the measurements of
dissipation  factor and  partial
discharge intensity at sevcral voltages up to 1.25 times
the rated phase to ground voltage (1.25 X E /\/5 )
were performed.

capacitance, -

Tettex 9124 Partial Discharge Measuring System
with both the conventional amplifier of 40 kHz to
200 kHz frequency band and the narrow band
amplifier of 30 kHz to 2 MHz frequency band
was used to measure partial discharge.

2.3 Destructive Test

After completing the diagnostic tests on individual
bars of Gen. A, B and C the ground-
wall insulation of each bar was subjected to the
gradually increasing AC voltages until the insulation
failed. The 60Hz AC voltage was linearly increased
at about 1 kV/sec. AC dielectric test system (100
kV, 1 A Hipotronics) was used for the destructive
test.

Table 1 Generator characteristics

Insulation | Operating |Quantity of;

Generator Rating syst time bar
cm

300 MVA
A 17 kV
Fossil T/G

27 MVA
B 1 kv
Hydro Gen.

226 MVA
C 6kV
Hydro Gen.
72 MVA
D 13.8 kV
Gas T/G
336 MVA
E P::nl:eld Epoxy 10 years
Storage Gen.
500 MVA
F 22kV Epoxy New
Nuclear Gen.

Polyester | 25 years 20¢ca

Polyester | 23 years 15ea

Polyester | 22 years 16eca

Polyester | 20 years | 3 phases

3 phases

3 phases

In the case of Gen. E, the destructive tests were also
performed using DC power supply. The test voltage (2
X E [kV]) was derived from [EEE standard 95 and
maintained at this level for one minute. For Gen. F, AC
breakdown voltage (1.5 x E’[kV]) was maintained
for one minute.

3. RESULTS AND DISCUSSIONS

3.1 Relationship between the Diagnostic
Parameters and Breakdown Voltage

To obtain a correlation between Qm, JC/C,, Jtan
8 and breakdown voltage, destructivc tests were
performed on the sample bars of Gen. A,Band C.

The data of sample bars punctured only at the slot
region as shown in Figure 1 were selected to compare
the relationship between diagnostic parameters and
breakdown voltage.

Figures 2 and 3 are the plots of AC breakdown voltage
versus some of these measured or derived diagnostic
parameters Jtand, JC/C, and Qm. The figures
clearly show a lack of correlation between the
diagnostic parameters and breakdown voltage as
reported in {7, 8]. The test result is similar to the report
by EPRI [8], while contrary to the result by H. Yoshida

{s1.
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Figurc 4 shows Qm for sample bars of Gen. A at E/ w/3- .
According to Japanese criterion, four sample bars of
Gen. A(#17, #18, #20 and #21) which Qm’'s were
higher than 30,000(pC) should be in relatively
poor insulation condition. However, the bars did not
fail over 80 kV, only resulted in surface flashover. On
the contrary, the other sample bars such as No. 31,
which did not have high Qm (28,000 pC) and should be
judged to be in rclatively moderate insulation condi-
tion, unexpectedly failed at 15 kV

Table 2 represent similar information as in Figure 3.
After diagnostic tests were done, a bundle of phases of
Gen. E and each phases of Gen. F were subjected to
breakdown test. In spite of high partial discharge
activity, neither of the insulation of Gen. E and Gen. F
were punctured except one phase of Gen. F. In case of
punctured phase of Gen. F, the groundwall insulation
was not punctured, but the end winding insulation near
the slot exit was flashed over and it was concluded that’
the flashover was caused by poor surface treatment.

From the result in Figure 4 and Table 2 it can be
concluded that the condition of insulation czn not be
diagnosed by the absolute parameters, such as Qm.
Therefore a novel parameter is needed to estimate the
condition for the machine which is near to its end of
life.

3.2 New Parameter for Condition Assessment

Based on the test results of sample bars, it is clear that
diagnostic tests alone can not objectively estimate the
absolute condition of stator- windings, especially when
the tests are performed only once. However, some
diagnostic parameters, such as partial discharge
magnitude, do indeed give an indication of relative
condition(8). Thus the information from such
diagnostic test is the most useful when results are
taken over time, so that a history of winding can be
referenced to judging the condition of insulation.

As off-line diagnostic tests are performed at
an interval of four or five years, it is difficult to
judge the condition of insulation of the machine
whether it is near to its end of life. Thus a novel
diagnostic parameter or criterion is needed
to identify the condition of insulation.

Fig. 1 Punctured region (#31 sample bar of Gen. A)

4

® AC/C.J
d 4 tan g #p2
. b f1p
—_— [ ]
-
§ %2
<2 430 #35
S L] b #13.
< o 18
(<) [a] H
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1 750 o = T
° a o
a
a
0 T T T T
0 20 40 60 80 100

Breakdown Voltage [kV]

Fig. 2 Relationship between breakdown voltage and
dtand, 4CIC, (Gen. A)
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Table 2 - Results of diagnostic and destructive test
for Gen. D and E

(1)) oV oW

Gen. E| Qm (pC) | 60,000 | 51,000| 61,000
Result Not failed
Gen. F| Qm (pC) | 40,000 | 42,000 | 41,000

Result  |-2 Phases : Not failed
-1 Phase : Failed at the end
winding near slot exit

The Partial Discharge Index defined by Eq. 1
was introduced as a novel assessment criterion
to overcome the previously mentioned difficulties.

Om —1,000
PDf == — 14
i P e

V, is the applied voltage and V; is the voltage when the
apparent maximum partial discharge magnitude is
1,000 pC. In addition, Qm is the apparent maximum
partial discharge magnitude at V,.

3.3 Criteria for Condition Assessment of Stator
Insulation by PDI

The shape of measured partial discharge is
depending on the coupling impedance between the

partial discharge measurement circuit and the
detector. Resonant frequency of partial discharge
pulsc simplified by Eq. 2 is reported to be varied
according to the number of connected coils or
windings [10].

1
2nNLC

where L and C are the coil inductance and
capacitance.

(Eq.2)

fresonant =

As propagation modes and attenuation rates of
partial discharge pulse can lead to very significant
difference in the estimate of magnitude, choice of
detector frequency range is of importance in partial
discharge measurement. It was reported that the
detection of series mode pulses leads to the best
estimate for partial discharge measurements {11].

Figure 5 shows the frequency response of partial
discharge for the sample bars of Gen. A, Gen. B and
Gen. D. The resonant frequency for each sample of
Gen. A and Gen. B is 0.57 MHz. On the other hand, the
resonant frequency is lower than 100 kHz for the each
phase winding of Gen. D which has 26 windings per
phase

Partial discharge was measured with two different
amplifier to identify the influence by the frequency
range of the detector : conventional amplifier (40 kHz
to 200 kHz), and narrow band amplifier (30 kHz to 1
MHz) at resonant frequency (0.57 MHz) with two
bandwidths (Af : 4 kHz and 30 kHz). It was measured
at stepwise voltages up to E/v/3 (E ; rated voltage).

The maximum PDI was used to judge the condition of
sample bar. The voltages which produced the maximum
PDI were 0.5 E/y3KV for the bars of Gen
A and E/+/3 kV for the bars of Gen. B.

Figure 6 shows the linear relationship between PDI and
breakdown voltage. It shows a strong correlation
among them at all frequency range. Dashed line (2E+1
kV) in the figures means the endurance voltage. The
breakdown voltages of No. 31 bar‘of-Gen. A and No."9
bar of Gen. B are lower than the endurance voltage, and
their PDIs are higher than those of any other bars at all

frequency range.

Table 3 shows PDI level which the winding could not
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Fig. 6 Correlation between PDI and breakdown
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