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Abstract — During start up and shut down, the generator is rotating at a low speed and copper dusts cause arcing
between the turns in the slot. Shorted tums occurred primarily by the movement of these copper dusts between
individual windings in the generator rotor. Detection of shorted turns was performed in five gas turbine generators in
two combined cycle power plants. Two types of permanent and temporary flux probes were used in this paper. These
flux probes have been used to develop a methodology for detecting shorted turns in an operating generator’s rotor. The
flux probes sense the rotor winding slot leakage flux and produce a voltage proportional to the rate of change of the
flux. This pattern of flux vanation is the signature unique to each rotor winding. An appropriate waveform analysis
technique can identify the pole location, the slot number, and the number of shorted turns within each slot. Shorted
turns in field winding of gas turbine generator(215.7 MVA) were detected to twelve turns on a total 190 turns.

Key Words :

.M B

ZF2EN Ee A”EHE A7) A ade g
2 8 A 127 2 HASAE = uRAAA
9 3 ﬂ)%é}ﬂi, A B 2HY 2AA
T BYE 83 2RE devix @ 9%
a .

4 o M > O
o oy
R o
2 e

Yo, %

=i
4»-
=
o
=
I
o
Y
2
it
[
lo,
Ol)lv
)
ati

ol o
o,

e
-

O

Axo zhzte]l SR o] Ay MABAH
2slel 2ise) R wgR A
g WEY WRE Yotk mWah oz
o w7ke] AMELA vlgo] &
oldel BAA AA
£ FARE Faa7)
A7 wgs AWHL doi2~3). HHA

e
Lorle T g 2 o
Ju -t N
wx ol o oy
) X
A s T
ro
o
2,
lo

23
v
MM o oo o

B SV . )

2
R

4o e oo e o
my ok N e g O

F3 YrAHoZ flux prob

@

TIE @ B BT EHWER AEWRA - I
TIE g R OWE WOWEBR RITHER
TIE & B ®% EHOWRK #REHEA
BEZHTF : 1998%F 84 12H
B#ET 0 19994 18 21H

192

shorted turn, generator, flux probe, rotor winding, pole location

& Fysn Ao2] =9, d7Her 2y 1A
AN & 5o air gap flux probeE M At 3= BA

2R 2 HAE FHF A3 AALE AP

2

27 Ada dde 39 AdvEe 2
(off line) F&7|g# A F(on-line) AP7I1Yez
ot 7”75- 7‘]‘471‘%“’ 2= AdAY, AgAs
FAshed, 2879 &4 ZAJ g4
B2 Aze] Aadrh ojofuta
wHziel FPAA ELde 2
ot EE?’?} Ada A4 FneTe 7 ¢
L3

Q

to T2 oo
ot
‘Jlo

b

2o

o{
\

oeg o2y

S R )
S
o o

N o oo B
tlo
N
3
2N

X,

Toll & dFoz HAFAE
B 2o dF xde] Ag

LAY
£

T e
L

X

5

|

o

o
ﬁ\‘_,

oX,

fe 12
£

x

=

o

r _lo
4

ok,

o

b3

o

i)

E
0%
o@om

st 7t w7 5o
flux probeo] YAE QazAzITel A A(H/W 9
=)

S/W)E ddsty AT FHx AXMY F0dHE e 3
AT YA AHe FhaEe FuEA #A s )

R AM ARE7ER] g Rz dFAEL £33
qav, o }1 Pe ZAAE B4 2 FESG $4F A
2 A e HA RE @35y JAav)He AF
AE st

2. 9 MI SMA HM

D7) AR ZEAY dEHo 7 dRAA £FEL
HEL 224G, 9344 ¥ F&A ] THE A4S A4
A oz Al§ ¥ retaining ringe AMR3dq ¢z 2



& AN a9 12 AR dde 9uEs 72E
yetlen, £ AAE digF 7~18/4 Ax9 FrAR
o]Fold Ut} A9 FTEA Alolt WHIN 9itd F
dse] glz, EEHA s A FAAE FEH U
ot Bdde] AL A/ F A (glass/epoxy) EIAR,
22t 2/E Yol & F(glass/polyester) BF A& 2 nomex %
o7 A T FA(resin)®] FFol 43% A Tojm,
T7lE 03~05[mmle Holx ez Azsta ok @A
7] Az M HANEE 2 948 2 93 PA
& 7tdger FEE A4 Frg JIAEHL S #2
ojo} g} upelr WAy Az AM HAMEE d4H

& ZAA7I7] A8 AUY gk e ARE AMEEH,
AAHoR 2157 [MVA] 2d71dAM 27 AF 1403 [Alsh
AF Mol 500 [V] A= Arigdez AR AdAN &
o WF Al o3 LA BREe) 95 Hye w4
7 et
I
Rotor Ground I—l N Retaining Wedge
I ™ Creepage Block
"> Tumn Insulation
Shorted Tum ! {

™ Siot Insulation

T Copper Winding

g

\

Sub Slot
NP

(@) BTA Ao ctHE

a4t 3788 BEA(BAA-NEA BE)

. z =

ECH

(b) =Mt 6HA

a3 1 A AML et

Fig. 1 The diagram of rotor winding

2.1 ctetutdol o3l E W of A

T Ateld] P&l YF(EE) T vpRE Asy B
BE T8 HAo Tt Fi#HT 4R HA Atz
Sol LR3I FEo LAY i FEHAPEG
g9 H Astuute wAo] oy FaFAM HF

WHY| SHR AMe| SHE HAT YA

Trans. KIEE. Vol. 48C, No. 3, MAR, 1999

g wAE Agoln, Ao A B (uming)All 2
Aste Aoz BRSUCHA BAAY A HY Q5
B oHux B4 $E $4FE FHSE Do) Asam,
£% Y43 $A H9 5EF IR 2FUE WAL
987t 9o ddde FEA Aol HAsn FAA=
AN G HolLr} 9ol YA Z £FN FEAS
¥% Elend) ¥4l DHAND 2o FEAE 240
g% geAstelN uths A5 A 2 GFPES 9
289 AR S4ol 9E WA e HuR @
del Qast Beol MAE T8 AAAH 2Qe HAA
Ashe ASH AHAT )E, AA, oo W we
F7)49 Axel &g Yook old@ WAl W B
ozt AN AAHoZ FAstd F450 FY (um)
9 FEA} AYHA FAYES 4hEA eHYo) Pt
THe e

22 sZiciete WeY

flux probe= Z4zte] AR AMAA PAEE A&
Halo] A4&3le AYE frsly, ol& H¥o =z vepich
AW A4AEE 24 39 leading edge DA 2l& A=
y, FelA HjASLE ALY re AV FAHoR o}
Ak &, Z F9 19 FAel o8 2AHE AgPe 2
717 Yejr] AXMgRY ZA vEebdy o] H#¥e] Ar|E
Az 2 799 FAAE $XE dehin, vete 3
o] EAE %8 HYo A} Fargow Ry RS
3 FztddEte] HAF F59 99 AN HE & ¢
g ok flux probes #H7] AR AAH KA (wedge)dl
dTHen HXHE AHAE A9 A Aol
(casing)& B8 AR A4S WZE(vent hole)& °] &3}
of MeAld gk AAZ M s AEAY N2 EFE +
ek,

flux probeZ HE dHolHE ZA7|d obd & (analog)
EE gxg 4= A5 (digital oscilloscope) A A A
A ¥et2ol= AX(Polaroid picture)d &ol #3e] A=
A9 Aoz RE FAYE T B3 HAIdE
AGAN2AHW L S/W)E o833 e, ol diolg
FRol MLz o]FofX 7] Wi AGARE dF 7}
AA1E B ol @AM AY duRAE sEEA F
Aok mEbdq HidE Age @AEy] HF FRsA
HAE37HA] g REE EAsG A3 HAE FH 2
SAAE AEA BN ol WYew oy ¥
3t A flux probeE #E AYHYL ZAHsA 2z 34 A
ARE g AVIE A5 vEFozM Z3idzto)] WA
& S5 X AMNE 58 FEHezE #Y}Y + 9

3. Ay

2 a7 £F 1123[MVA)L Ag 138kV], A=
PHeFE ZF 8 THeln, 4 AXL 17749 Addxnes
2 )

193



WP HIRCES 48CH 34 1999% 37

Aol 11/0e] JHEAAM, 2~8¥ FHL 12709 AdAMe
2 o] ZEAEY WAV 19E HAsE LHF AR
AAe) g BAGEE JAsts dAANEE FY8
ot 83 1123[MVA] 2A7] 4doie 238 29 o] air
gap flux probe7t WA BHFA AZAle o8 d7Ho
2 dXHey, o flux probediH F71H¢L AHE =A
37) Y8 HEe9 dAg 24223 3F(Digital Oscilloscope,
Yokogawa, DL 1200A)& AH&3l9 A4S 58 ARE
&9, =3, flux probe’t A HA gL R
2157IMVA] A7 1delM e APE Hsf Abdo 2
Aol probe Y& Y& 7HFsT WRey T3S
23 AYAHEE HE3 e flux probeE YAE HA 3}
oy, 2¥ 32 HolH &AL AT A AHUH/W
S/W, GEAH ) /I =g veldlcg. 38, A4dd A o
g AzE BV E 1A A& @ AL5ATo W@}
€ #FFIPey, 134 A3z HAy] LD A
(collector end)?] A7 Fofl d=( 0° )& YEIHES
ALH] o] Z(reflective tape)& €9 WAHE 2& @
(photonic sensor)® {143t} dolelE FAHP I
AR A MAXY flux probed YTZo) 7153
A dxEm, dolHyE 239 &R Agste I,
2 At 2 By AI5E vustd BAgd geld 29 4
£ flux probe® HH ZFAHT H¢HFE Yo, o d
olHE ¥43le F3tdE ARE FASA

>
=

HoNe 3R

ooz xR s

ol o o

Air Gap Flux Probe

3@ 2 air gap flux probe2l F=
Fig. 2 The structure of air gap flux probe

_ ‘ | B
—— | i Signal | A/D ! D

- Conditioner Converter
|

J |
‘

Flux probe Data &= &, &4
a3 3 sXAMEe NEE

Fig. 3 The diagram of field test

STATION: GAS TURBINE #4
LOAD CONDITION F.S.N.L.

Fleld & 180X300
XXXXMN  XXKX WVARS 500  ames

9.00. S ——— 81

B.00L s

.00

-3.00

-6.00 L.

% 4 Flux probe2 HE 42 Mooty

Fig. 4 Voltage waveform obtained from flux probe
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Table 1 The deviation rate of voltage amplitude in
the generator{112.3MVA]

(a) BYCteto] LMSIX| 42 WX I([112.3 MVA]
Test X, YF H<tghe dHA4e (%)
Exciter
Load Winding Number
MW [Mvar| V | A 1 2 3 4 5 6 7
0 0 50 |320| 0 |-260] O (081550 0 {238
10 0 50 1320 0 |-084] © 0 0 0 0
20 0 55 | 340 [1.22| © 0 (210] O 0 [1.06
30 0 60 | 355 {3.42| 0 0 12221 0 |09 |4.27
40 0 68 {390 O 0 | -201099(09 |16 {238
50 0 78 14301 0 |{-248|-1.86|2.58(4.58] 2.3 [2.11
60 0 85 | 470 | 0 [-3.23(-4.35| 0 0 0
70 0 92 15201324 0 0 0 0 [379
80 0 |102|560 |18 O 0 0 371299
80 | +20 | 1151630 | 0 |-065|-130f 0O 0 235
F3dg B8 TumF| 0 0 0 0 0 0 0
¢ F0ve HABEX, Y Mg Harg)
o 1 Turn Short = 1/17 = 588 %
© 2 Turns Short = 11.7% © 10 Turns Short = 58.8%
© 3 Turns Short = 17.6% o 11 Tumns Short = 64.7%
© 4 Turns Short = 23.5% o 12 Tums Short = 70.5%
© 5 Turns Short - 29.4% © 13 Turns Short = 76.4%
© 6 Turns Short = 35.2% o 14 Turns Short = 82.3%
¢ 7 Turns Short = 41.1% © 15 Tums Short = 88.2%
© 8 Turns Short = 47.0% © 16 Tums Short = 94.1%
© 9 Turns Short = 52.9% © 17 Tums Short = 100%
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b) &Ztct2to] ghy sk LM I|[112.3 MVA]

Test _ X Y3 24ate 8ag 1%)
Load Exciter
Winding Number
MW |Mvar| V | A 1 2 3 4 5 6 7
0 0 50 | 320 |4.65| 1.24 | 947 [2.06 [-052)|0.94 |-1.29
1071 0 50 [320 |053|6.44 |10.15] 0 0 0 [-1.8
20 0 55 [340 [281]575 1421 | O 0 [424|-231
30} 0 |60 3551151575 ] 095|090 |-012|1.26(-0.18
40| O | 68 3901212118508 | 0 |-0.78(7.22|-5.63
50 | O | 78 |430 407|322 | 0 |5.02|-077|7.28(-263
60 | 0 | 8 |470 |218| 0.34 | 2.31 |1.87 | 452|375 |-5.10
701 0 |92 |520 (146|251 | O 0 |319]12] 0
80 )} 0 102|560 [252|1.04 | 1.77 {2.81 | 155 {299 |-0.27
80 | +20 (115630 {1.74| 061 | O 0 1093|197} 0
%Z}T‘a\:ié“—%% 0 1 1 [V ) 1 1

£, 8% 2157MVA] 237 1dedyE §Y £39
e gAZe vd XFol EA el 1374A 9 e
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A A3 FRDEo] o FMoA FAH AP
g AdsA 243t 2" TelAe FHsl, 45MW]
5IMW], 107IMW] R 153IMW] 5 57b#] E3he] disiA
2oy, FNd JdA 39 A A 79
Abatd o 7 Sy, A Hde 278 vasd. ¥
st Askar)e WmeA & £ %ol wAslE tad
Aol Yovt REHoT AR FMeA Frwhto] w4y
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23l (08 7BIMW] 23 2 (d)9) 107IMW] Rl A& 5
W AAS ALY ZE AMAA FuE MEHEE R2n
Atk aElx TBMW] R3} ojidelA ERL FREAG
45MW] 23ttt 5~8 W A9 A¢ar|st Frteta
E A% Bolx Ut ()9 153[MW] F3old = 18 5
H FAE A3 AMeN F3aH JtFAHdE R U
153[MW] ®3te] 54L& XFo] dgxor AMYPL e}
W glew, 23 AMel X537 YS AtolellA éi o)l n
ol 9l

1374219 B3ty fHe AYAIE PN oAvEA
A $A7] Az AN FhdFe] FAE A ept
ot weld Ag Z2oaoPo R HYERA A MFAFHY F
reto] 63[%]2 vEIRen, thEe MEALN1~8H A
Ayl A Sk 2L RS E 28 AR A9
A7) sebvel(parameter)t &9 FHEE FA 5
AshA 2y 7oA UERE uvle} o] WA Y s} F RSl A

AR 72 AT T 137129 ohekst Fstel A flux
probeE T A E A MY FFE EAso F3
o2t A 92 9 dg steAds HAEZ JYERAT
19 A4e X, Y9 AAge] Ho 522[%]12 10 AM F
ehA] 9.09(%] BTk A e F7hdEhe] LAshH]

o, 5 AME HAEo] Folnz Feo] YAH
2] gttt HAE Fod mtoly2e XF& EAIEY, XS
A6 BAL 1A, 7TH BAL 2 2d"gez Jeh
o} YEolA 28 fAe 270 39 AMT 44 AMe 74z

170 2 8 AXMe A% Ho 413[%]9) FdEe] Aoyt
=d, ot 127019 turnFel 509 turnoll A FheEte] @
AHNSE 9 F At =3 X, YF9 F 190 turn
Zoll 1270 turnol A =3hd e} wAEo] w7 Az A

Y7 MR AMe 2HE U E©X
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A9 63[%)7F FHEAA FAT LAY Aoz Yt
dutH oz ¥A7] A AN FheH 2P E] A
AHQ) tunF Al 5~10{%]01 2 Y W ARAAFT] &F A,
BEAs % AFF7E To2 d HHSEE HojdoHs)
mebd 2 AR JFEF7EE 8 ARt dastyo
A gu)7| g ¥ A4S 2 f AHE 23
Sl 24Y AN I FEE LY F UNM
o k¥, FEY olFel o HAMZI &4Hol mA s
Hen, M A4S AAHer Eastd HLa FY
HB(tum)e =HME HAY FA02 FAAIE FHS @
g Fo ¥3d7] 1F AR A HHAE I3 4
A [l

H 2 UHEII215.7MVAI0l M Het37|e| HAIE
Table 2 The deviation rate of voltage amplitude
in the generator(215.7MVA]

Test Load Exciter X YT 29U AHE0O
Winding Number
HE MW [MVars| A | V 1 2 3 4 51 6 7 8
- 0 0 500 100[488; 0 (674 O 0]-681]|-899] 41.3
Min| 10 0 5501004321y 0 [752] O 0[-837|-107] 41.2
10% 145 © 3501104 © 0 |676|453] 0]-852(-11.8] 399
20% 0 5500 100( O 0 | 641|533} 0}-687|-14.8] 354
30%| 45 0 5901 110 O 0 |491|592} 0O _—_8_,& -164) 277
40%| 60 0 6001 115 | 4.83]509| 7011830 0}-745]-14.0] 198
50%1 75 0 650 125 (5.22| 7.16| 7021 9.00| 0[-6.46]-979| 11.7
60%] 90 0 70011302951 1167371988 0|-539!-756| 995
70%| 107{ 0 750|140 | 4.16] 143} 8.11{ 10.1| 0|-464(-671| 7.87
80%| 120 © 8051 150 | 3581 158|680 967 0]-2.71(-593| 7.10
0% 1351 0 860| 160 1.18| 178 7.39110.5| 0|-1.99(-491} 538
Max| 153| 0 9401 175 2.041203!676| 98] 0| 0 |-515| 5%
Max| 153} +40 |[1080| 210 | 4.16|153|7.37|103| 0| © 0 0
2049 ¢4 Tumnd 0 2 1 1 0] 1 2 5

& 118 ¥4 (1 Turns)
- 1 Turn Short =

1/11 x 100% = 9.08%
- 2 Turn Short = 18.18%

& 2-8% A4 (12 Tums)

- 1 Turn Short =

1/12 x 100% = 8.33%

- 2 Turn Short = 16.66%
- 3 Turn Short = 27.27% - 3 Turn Short = 25.00%
- 4 Turn Short = 36.36% - 4 Turn Short - 33.33%
5 Turn Short = 45.45% - S = %
6 Turn Short = 54.54% - 6 Turn Short = 50.00%
7 Turn Short = 63.63% - 7 Turn Short = 58.33%
8 Turn Short = 72.72% - 8 Turn Short = 66.66%
9 Turn Short = 81.81% - 8 Turn Short = 75.00%
10 Turn Short = 90.90% - 10 Turn Short = 83.33%
11 Turn Short = 100% = 11 Tumn Short = 91.66%
- 12 Turn Short = 100%

4 Example : 84 ¥4 Data® 3o 41.3% = 5 Tum Short
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2~579) g er & VAE Yz Stk 53, 29
AL & Rty Fhdgo] HASA FeER HH B
oltirt Fart FrkstHAM Feo]l AAEHI glow, W
gl 89 WML W& HaelME X, YF9 #AIL AA

o] TAHASTE Z7)d Q’°‘6}%L‘_ w37k F7hst
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