|
i

Off-Line ¥ 3} On-Liney}t
AES A7t w8 s 3}

=2
Z

o d3kE #Ase oE A7

o A fol @
&+ 3l

H

o8 T

.M

00

A7) AaAgs) AAE 47 A3

nle] Zoz slEe) ses fe

3

—

C
A

—

X
Z

I

o

d
H

o
QP

EXI|
=]

X
i_;

o

23}
walste] BDV

ol& AAstA +

°
q4e

7]l A

1
(Break Down Voltage)

=]
2

Heow TR 5 Sl

FEREE

Ae st A8

& shusie et Az Rigule A% 2

3l

Z
h*

A4 2 Y7

k=4

ol

7142 ggle] Al a7 Yok

X
F4

)mo

2
a

1% & A=A #83}7] $3te] On-Lined%7|

% il g 277k FUE L

j}

ES ) .
ﬂzéTT

A54 A3

HEE

debA| Al e,

slr

CAYg—tandy &% —tand E4

M FH, Az, &, Voids) A d3Ax

x

H7}HA)

7ol B7b% dprha Rasw gk (1]

L9

T

w2}
3
®

1%0

A

ujy

P2l
=

q 7}

-
U

el

U=

|

EERRREE]

iAol A&

3

[s]

5 A%

nE
™

ol el 7%

HulAd Pulses]

o gasiid ol s ol

=]

.

022 - e 4§

BX 7| statore

2.



Y7 HAXL MAY ArHg

Rl P R RN bl

oOn-Line 3 Agd—Computer’|<2] A Mo 2
s a3} xctef m&sh, wAlFEs) 9 HRE 4
oAzl 52 DAta-based FE3Hc),

o] el Ao} o] ofefzbA] Fehyo] At 9}

AL QellA AFE upeh 3ol oA Ao A
o2 e JEsA Adehks Aol Erbs ] o
Toloh,

2.2 Y U7 HA MY

T4 A7) statore] Hod d3= 2.1 A A
g bS] o8 ez 3ot Hes BB
A AR o] 88 A o] de] o5y 9]

£ 25} 9 BAE o) vla 712 Ed 0]
AEEr} F7ksje] 3717 2ARThB-0). 1% 4
odo] Beg7) AWAA @77t FAA AE(C
D)ste] HEAE dedo] B,

ERAEIE 38% 119 19894 11H

Linm) NG e . Gnall) N
10-15

t2{107% 4000

s{io"V 3000

¢f10718 2000
-19

spot 1000

Uv 2 4 6 8 10 12141618 20_22 24 Time(hours)
A 8 C D

° Length {mm) * Number of discharges 28C (s-1)
“INQ(C%)  ° Qmar(pC)

a1, B gl wE A Hoav)

=
W3} 7]
o
o2
& . {Positive polarity Negative polarity
o £ Lar- 71,30
A i
g g
] ! Ay
e A
60 __ [ . -

w{ Y YA

Voltage applic.time (h)

|
|
(AR
}I
|
gj‘

i b

= = T

b

Phase angle of applied voltage

ad 2. H st AAA wE g A a2
719l Szt FE[4]

EEoh Fd HF Pulsezr|sbe] #AE vehd
7o)},

Askel ZheiAle 27lelle 27]7h & P8 wbdo)
dehte $1d7 ool A, dd dsbh A3
o whet spdte] o FEelA E R wEe)
Vet Al sty el AsH gaide) Hoigt
e} FA 0, 27064 F Frub So] e}
deh & F377h 2 A Ee] Jedd, % a2
17k 2 PRl dehde 447 d57) 3
gl whet Ajksake] o9 el gk ¥

2.2.3 FF WMo Yux|H gy

o On-Line234

A7) Wil sle 2 Al A YRk Al



4 A W Fohd G2 FARAE ol galo
Huuld by 238 A d o o}F A
= 483} el YA A
0 OFF-LineZ&Ad]

A7) 2 A JAA gloiA FE W] A
A A -g off-line 2 233 &=
electromagnetic probe® 3} &gty o] ¢t}
Electromagnetic probe ¥ & half toroid 3 = ¢
magnetic probeZ o] {8l TRz} HWAdo| A A3}
= PEubxe Ex ZulpZ RIVuEZ 2o
2u) wpyde wAAEE 24Y 5 Ak

e WA S e

3t 3 WA D sk S S5 R
WA e WA A FAIY, % SAAE o4
7% Mica-Asphalt 8o = &3k energy7t4]7}
7] J&d AgalA A9 Mica-Synthetic Resin
HAAgo e $3 energyPa]s} ol Hgtslr}

[14),
2.2.4 On-line@TIE Y JRTZ HH
S wlel BAE FE PR 54 olguo]
t
il

X » | <—R

[ "y
\ y' CCT. RING BUS 1t AR

LINE

| NEUT.

T3 £ -

i PDA

a Diflerential Tounler System

...Tj |

SHY/NL65 = RAL/0055 RN

[Ab B
[V

DY Aol HBYA olsls) W74 Fee
Aske Aol Folrrhs F8s olF W74 zg
static excitor pulse, arcing brush gear, c}&
HEubd 9 oradioR}te-So] 9ok
¥ RS Fae gy
D}EZI"J o RELe HEulH PulseEA 7 §Abs}d,
ol e e AANE wHezE WAl
ring bust} isolated phase busEH-F-of loop-cable?
418l Coupling Capacitors ¥-x&}o] differential
amplifiers 5§ 9% 33 AAz= whyel(15]
gew FRud Axe THE gFAe AEe) F
A vlaste] o5 A5 H “"”d—% 77t &
L oupgI6) o SRagel £3E Fyuus
e Hhge] gluh, o] Fo A Couphng capacitor &
o] &3 #AFAA WL og3 o Couplerd
Circuit ring bust} isolated phase busutgte] 283
3 7ol AAgh}, busE uieh o] Fdh Pulse o]%
A)7Fe 0.3m/ns2 Powerd] ol 4] W72 Sof
A& Pulsex bus ztztoz Flsic) ol buse]
Ze)7} 21 CouplerE <373l Coaxial Cabled] %
o7} ey - coaxial cabledthel &= FAlo 2
A 57 vebt differential 3 %718 v A (7} 5
o} 5ol A7,
o37]A Couplere= 22 efo] wet 13 3-a),

-

e o,

ol

-

e r-—y+~o.65x—>1
R ——

~ 1s0 & BuS

BY Directional Coupler System

Coupler

a3 3. Coupler System[17]



UM A MAN AFEY

Jel ek o] 27hA 2 P,
e Differential Coupler

Differential Coupler= ®#7] w3z} @ilo]
Circuit ring buse] 8¢}, F-E 2ol thgr v
%9} o ¥.akex) A= Differential typed.t} $58}2]
vl A8 7133 ¥|Ado] Duble windingel) 9t <23h% 1
Fa 7 Felde AME gl Y WA
o gk A 7hgsict,

® Directional Coupler

Directional Coupler+= A 719} isolated phase
busell Adxgcl, FEubde] digh qigtze} o) F A
LA 7+ Differential type®tt Ho]z|z]ut single
windinge] = A 8-0] 7}%38}3 isolated phase busel
Ao 9.3 gl Fr] Ay B A3

% % 9w,

2.3 33 &Ny mdy

A7) dAlel A ke TRl i)
ol +A Az <y 7] Hdgel sdw <l
kol & A ¥ AE o187 HASME
deiifso] AstatA Ho

ole} 2 HodAy Aste £ w7 AS
b 54 ol gste] AxkE xRt sy wA
719 Aelle B AR AEEHE Fa TRl
23 4 B3 dAew BHde] HddHE A
ghet

2.3.1 Core Monitort

Gavhas] ool W Hamw iz
ghspatao els) 441 Pico A2} A5HE waA|7le,
el 4 s g AP A vl B

EFo] LHo] drhd MAHE RIS P28
A " olsh e UelE olgstol s WA
Bl Adeen dase vid iy @

F3h Favhiel s wAEE ARY WES 51
3l+= #=2]Z Core Monitorzg} g,

gAY ivkidE ARs] oAbt Edse] 9f
AR ollF 53 #E FEEL XgHY] sl ®
¢ 4 7bs d¥E dAed g A4 Core
Monitor7} 253 7] wlio] Core monitor?ho

BRAEE 8% 119 19894 114

GENERATOR
WITH TAGGING COMPOUNDS

VENT ,
%{ PYROLYSAT
CDLL;CYOHE CORE MONITOR

! |
H |
50% ALARM
GAS MONITORING -17©
SYSTEM CONTROL PANEL}E —— 2¢O 75% ALARM
SIGNAL YALIDATION ;E}:—O MACHINE HEATING ALARMILOAD AUNBACK
LO CORE MONITOR MALFUNCTION

a4, ] o Agk A A1)

odl M= st "ol AE T 5 gk
32l Core monitort2] ion chamberZ 7}9
AlA oild-to| AE HEEZ AA ol ezt
8918 7447k, 22y core monitorgtel] 2]
A AdEe] Hd *‘EH Z71e ARZE  glA
ot g FellE dsE WA FHE gl 2
Yash 2o 9 B0) B N Aol Au
o

Core monitorel] 4] A =] o]Ate] dBsf )z}
AASW 22T B s AAs gas
chromatograpySel s sarx A& dlo] Ay
& )

iy

2.3.2 gty EMY

2.3.1004 A3k wis} o] FETE FH A
& 7}AE gas chromatography (G.C), @4
H{AR), weh FAY(TLOYE Aofd + :
Vool osf BAgozsy dis =49 24l
TEE ol
osield £l

F7] HEE AL 2]A
apet A4 7W #A
9 Bz FRE gt o= 4
o] Hle7te Hedgict,

Asphalt Based Vamish= £2& ¥E 40| =
gl frel B4 ol FA) resing wepdo] uehd
o o2 ¥ spectra® FA{3 ¥ 5-(a), (b)
S 49} o] 77k} o] Fpols} ),

e G.CH

G227} 2ae]

A Zo] = Axul7t M)



100

S0 -

Intensity

T v T
400 500 600 700
Wavelength (nanometer}

L u P
< 3

3

2

3ﬂlq
usasb
0| {3,
abuedso

ta’ Asphalt based Varnish

ag 5. Addxze

sl o)9) o) wistd AMu)E G.Col 23 YA

=2
Hoz paslel B4E Y4 4EL 9T 5 A

2

1AL wl Mg Filtero] H-2hA]A 7 Q)
Ao gt ¥& sampleSy HelA Farld o3

spectrum$ M| aho] B4 Yk HREES BA¥

i

[
o
=2

off o v
_l>'
2 =

N

-

o
rE

o - 4

2 it
o
b
o,
=
4r
B

QRO
>
led
fu
2
-4
op
o

nJ
=
48
tilo
el
2 op
=
lo g
o il
g 2
8 o
g 5=
g o &
§“~rﬁ
m’loiﬂ"‘rL
e
L)
S
o
:
2
W o
IS

™
5=

g r © £ o o 40 @ T 7
wu

o
o
L R

o L o
.
mn L

L3
>
O
M R
Hz
=
z°
N
-

o § S
14
o
_%H
Tt
rj;jgmln
o
iim“
bo&
—>~’N
‘EE
e e
s &
To nk
B
pasd

A&k datad x| £
AE A Al o B
lﬁi T e EH7] 240 8

to,
s
_1

mlm

o,,J [O

2.3.3 Yx ©XH

oo

00

T Intensity
o

, .
400 500 600 700
Vavelength {nanometer)

) Fedd 7t ol EA| resin

33} Spectra[19]

1 SOLVENT
PEAK

{‘ 8 N-HEXYL WMIDE

:::::::===____56
P L S

7.04 N-HEPTYLIMIDE
> 8 53 N-OCTYLIMIOE

————————me—— 10.31 CYCLOHEPTYL IMIDE
<

12 .34 CYCLO OCTYL IMIDE
14.35 DODECYL IMIDE

16.61 ADAMANTYL IMIDE
18.34 CYCLCDODECYL IMIDE

STOP

a2l §. Tag compoundSe)| o3l gas
chromatogram|[21]

Compoundel] oh&| 126 48} o] ERAMQ) Peak
e dAe] olE BUE AR E @SAg
et

o) Felj Ao} o] sy Rb7] AL HAdZe] 3
AEgl Sy WEde ¥ A FAHe] A4
a3t Qleh, 2 ol whEEL Y e
Aol ol AnkE Ao dste] 27] AdE FE
73_31 544 EAell 2J3le] A5t 27)d AR = 9

2% + ek B3el 2
wWepd B WA AR B B B4S ol%
& A% el Aol Yol AEsls gt

¥

3. Rotore] Hd zich

W47 Rotors] SA4uE 45 A, ¥
He AFLE L FAARE S5 ol HFE
e}



w9 PUAFE FYRoRM T4 AR} A
Aol FRAel o

o= Fatitefoll 4 RotorFe] g3 Coils
7% RotordAlule] 2AdEe] oehs Asteh:
853 ek
3.1 33 g3 3 53y

Rotorddue] AAlEe] wete® Rotorfdd A
el of R¥xvp BgUds o] rotore BIA A
ol %% st Heh, olsh Z2 dAWe A
A I B s B A P B R S |
St fe)o] €A coil & AJoIsh;]_

Rotor slote} 1ukek w4 fluxg 24 coil2 3
Hshd 18l Ao} 2 Xd%‘ﬂlr“éﬂ Uehdt}, 4
o] wherslnl Aol 49} o] s} peak*7h Fhigh

ch ‘

-

WY

Main Flux

"™~ Scarch Coils
Pole Face —

g7, 33 sk coild == [22]

Search Coit Wavelorm

Al AI

T qu "

a2 8. =3 coildgt =348 [22)

Voltage (V)
o

ERHEEEE 385 115 19894 114

— UMY AT MAY AFEY

ol velh AL roorEWF B col
Aol Aol de W Wl BE Al &
4e dyo Wa7e o) Bas,

obg-a} whehsl A4 S4¢] t}E Rotor coila}

ol8] s} Aol % Ul

g
2

21z AAAL f7 247} 2

tod AlAbg 4 gloh

edduie] sk Hu7l7) Abgel Foigtel o
A A 9l obAH M FFe "y Aol Hx

2
Folgel mel dy Fasdsl A7
0

o] % 98] grolA QA uish o] ofe] whyel

=
O
)
2
o
N

Z 71479 A K9} Computerﬂfq Y E
) Auixe] gkabo] shEdhA =k elEd 7]

4
29 ARE Computers] 23 wAlZw 25 &4

[

19l Aush 29 A8
wol h5akA B Aoleh,

AT NP P

2 a2 O3

peld)

1] Working Group 07 of Study Committee NO.

11(Rotating Machines), “Evaluation of the
Quality of the Insulation of High Voltage Large
ELECTRA
Conference on Large High Voltage Electric
Systems, PP, 51-64, May 1980,

] Simons J.S., “Diagnostic Testing of High Voltage

Rotating Machifles," International

Machine Insulation: A Review of Ten Years'
Experience in the Field,” IEE Proc., vol. 127, Pt. b,
no. 3, PP. 139-154, May 1980

. IEEJ Technical Report, “Insulation Diagnosis Test
Method for Rotating Machines and Power Cables
of 3.3KV and 6.6KV Rating,” The Institute of
Electrical Engineers of Japan, The Investigation
committee of solid Insulation Diagnosis, March

1984.
] Okamoto T. and Tanaka T., “Change of Pulse-
Mean ¢-q Distribution Patterns of Partial

Discharges due to Treeing Propagation,”



(6]

9]

(10]

(13]

10

Electrical Engineering in Japan, vol. 102, no.6, PP.
18-25, 1982.

Kitamura Y. and Hirabayashi S., “Change of
Internal Partial Discharge on Epoxy Resin during
Voltage Endurance Test,” Electrical Engineering
in Japan, vol. 103, no.5, PP. 1-7, 1983.
Dakin T.W. and Studniarz S.A.,
Endurance of Epoxy Resins with Microcavity Type
Defects,” Conference Record of the 1976 IEEE
International Symposium on Electrical Insulation,
PP. 291-295, 1976.

Laurent C., Mayoux C. and Sergent A., “Electrical
Breakdown Due to Discharges in Different Type of

“Voltage

IEEE Transactions on Electrical
no.1. PP. 52-58, February

Insulation,”
Insulation, vol. EI-16,
1981.

Henriksen M. and et al, “A New Method for
Testing Organic Materials’ Resistance to Partial
Discharges,” Conference Record of 1984 IEEE
International Symposium on Electrical Insulation
PP. 323-326, June 1984.

Okamoto T. and Tanaka T., “Partial Discharge
Characteristics in Phase Domain for Various
Cylindrical Voids,” Conference on Electrical
Insulation and Dielectric Phenomena, PP. 498-503,
1985.

Kelen A., Critical Examination of the Dissipation
Factor Tip-Up as a Measure of Partial Discharge
Intensity,” IEEE Transactions
Insulation, vol. EI-13, no.1, PP. 14-24, February
1978.

Kin Y.J.,, “Partial Discharge Spectroscopy for

Electrical

Insulation Diagnosis,” Ph. D Thesis, Rensselaer
Polytechnic Institute, Oct. 1987.

T.W. DaKin, C.N. Works, ].S. Johnson, “An
Electromagnetic probe for Detecting and Locating
Discharges in Large Rotating and Locating
Discharges in Large Rotating Machine stators,”
IEEE Power Apparatus & Systems Volume 88,
1969, no. 8, PP. 251-257.

L.E. Smith, “A Peak Pulse Ammeter-Voltmeter for

Ionization (corona) Measurement in Electrical

(14]

(15]

(16]

(17}

[18

(20,

Equipment,” Minutes of the 1970 Doble
Conference, sec, 3-401.

R.T. Harrold & T.A. Goodwin “The Interpretation
of Corona and Dielectric Measurements on the
Mica-Asphalt Insulation of a 30-Year-old
Waterwheel Generator at Grand Coulee Dan,”
IEEE PAS vol. 92. no. 6 PP. 1935-1944 Nov/
Dec, 1973.

Kurtz M. and Lyler J.F., “Generator Insulation
Diagnostic Testing,” IEEE Transactions on Power
Apparatus and System, vol. PAS-98, no. 5, PP.
1596-1603, Sept/Oct 1979.

Barton S.C. and Carson C.C., “Implementation of
Purolysate Analysis of Materials Employing
Tagging Compounds to locate an Overheated Area
in a Generator,” IEEE PES Summer Meeting,
Portland Oregon, July 26-31, 1981.
W.McDermid, “Installation of Permanent Couplers
in Manitoba Hydro,” CEA/EPRI PDA/RFM User’
s Workshop, 22-24, Sep. 1986.

R.S.Gill “Generator Gas Monitoring System,”
Workshop Proceedings. Generator Monitoring and
Surveillance, EPRI EL-3564-SR, PP.1.1-1.9,
August 1984.

Ryder D.M, Wood J.W. and Gallagher P.L., “The
Detection and Identification of Overheated
Insulation in Turbogenerator,” IEEE Transactions
on Power Apparatus and Systems, vol. PAS-98 | no.
1, PP.333-336, Jan/Feb 1979.

Hogg W.K., Ryder DM. and Wood J.W., “The
Feasibility of Indentifying and Locating Thermal
Remote
Sensing,” IEEE Conference on Electrical Insulation
and Dielectric Phenomena, PP. 228-237, 1981.
Barton S.C. and Carson C.C., “Implementation of

Mechanisms in Large Machines by

Pyrolysate Analysis of Materials Employing
Tagging Compounds to Locate an Overheated
Area in a Generator,” IEEE PES Summer Meeting,
Portland Oregon, July 26-31, 1981.

R.J. Jackson, 1.A. R.berts “Generator Rotor
Monitoring in the United Kingdom,” CIGRE,
Session -27th August -4th September, 11-04.,
1986.



