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Fig.1 Configuration of main protections and current
transformers for Yixing generator/motor
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Fig.2 Distribution and connection of phase-A stator

windings of Yixing generator/motor

SCHR[ 16 ] 4347 T 5 2% & HL H Sl Ll s 8 4 I
Ji) et 6 B 7 A 1) 1 /8 R (LAY 3/8 IR .5/8 1K
) 2/8 (MM 6/8 R 10/8 IRAF)Fil 4 /8 Ik
(B2 12/8 K 20/8 U4 ) 25 RIS I (1) S BRRE
FEE A 4 A FF8E 53 32 51 1 BN H sl 38 ) AN TR)
RBTE T P83 1/8 IR 2/8 IR 3/81K .
5/8 WA (BVBR 4k /8(k=1,2, - ) UGB B LLAM Y ) 43
BV D R AT B4 it R 06 2L IV 1) i 6 B AR AIE A

A3 B I F O TR B % K L FL S AL TR AR 4 A 32
PR /INAE AR AR AN R 36 BT[] AH P 4 o S
i (BB ) B9 - e 5 i HL (BRIe ) HRh o, R
SHBAEA R, FERIA AR (Hean a1l 5
ad) H1,2/8 K 6/ 8 WKAFE /1 BLUIE I L U 1) W s (L
KINAHAE I 7 0] A 2 5 {ELFE W) AH 9 AH B8 53 52 (L AN al
5 a3 30, 1/8 K 3/8 K 5/8 IRAE /BRI Ik
P JC 114) k(L A /0N R 45 17 7 1) A I

il s 25 2L T[] et J A % % P HL sl L T e
R RS FRERAE | AR 0 HE I M AE A HR I
AR (TA, — TAg) T iE A M 5 8] H B s
TA, FY L3 A = A v AH &8 1 43 32 1% FL 9 =2 F ) B
Uoo = Lat Flag Flp1 Fipg Hig) Hiog ==l Hig +ip Hin+io+ig), 2
Wi, MHEA TAG BT 50—l iy — g et — s 73
B0 A AH B A C AHZELL A5 LI LI

T R AHPIAH B 53 S0 2/8 IR .6/ 8 IR F 514k
YOI Z A 0, (Big LY RA 1/8 K 3/8 1K,
5/8 UAE B I L 25 HIRAE TA,

2 ETHMERAFERRANEZEBIIE
i 52 41 [ i 4 R AU PR 7E £k M B A 77 &6

KRB K ALK K H F S AL BT I Y AR &2
R AR B0 1 N T R B A A PR B, AT
JRPRATD B3R i B 4 A T PR O 3 26 1 I R 5 1S )
S R B L R AR R T X A AL T R L L
A0 IR P A ST RO B R O R 2 R A
(Z W 1), 1 HLIE %38 47 K 4 Fh bl i 20 0 4 %
AR (LG P AR R B s ) e el T TR AR PR A%
SCHL AL AR A [A] A ~F- A F U ) BB (R 05 T SE T
R B e e 2 g | RS R I B 3 I (5 AR I K
T S LU PR A H U LR AR Y S AN
- i FRL A R DR 3R E M (B0 DR A IO B )
AR S AR ) I U R 22 R A 2 P s
zj],f/lgj17-18]o

A 1 R 43 A TR Dl W % 2 I [ g
AR (LB BIL AP )5 R AP O T L
HRIE b3 SN P A I P A SR R 3 5 IR
A RO, AR B 2 OO I L IR
PR AL BIHL AR R A = (2K + 1) /8 (k A EERD)
U IR, A BIBFFE R L i P A
B ey, BIL 3y A0 P8 3 e A 2 5 2 ] AR A [ 2 S 18] B AN
SV FRLR S 5 N RIS R B R R T AR O B R S R Y
ANV L R R R BN 3 IR 5 AR R
U, BT LA P AN S A8 1L 3 R 9 0 SO
Jil T %58 21 . 1) L 3% O 0k A 4 I o i 112160 T LA
FH A J 2 0 B 1) 7 2 s I 7 5

AT SC A 53 A 2ok A A 7T 75 1) | Jaly 1% 48 26 I (1)

/



%38

NGO, 25 . K e o 0 Ll 58 26 ) e 2 ) ®

% T B 2 5| R R S 3 K U R DB 1 AN ST g L O, R R
F AR XL 203 S8 THRA 0 e S 4 X b ik
el RERRIE AR BRI S 2
AR B A S s X B 2% & L L sh WL R H A
Z 5 KB & ML Y Dl fi  2H R R AIE 43 A7 AT LA
Wi, 20 2250 52 & AL (LA R & L Bl AIL ) H vk o
[ AN Y- 7 H 38 %) BT A 53 BRI i | T 2 Dl G % 2 T
V) 5 % A0 s %) 200 A A s AR AT (o At B s P oS 2
'Eljf)u) SCHER[12 742t T — ﬁﬁ%Ti%TﬁT¥@T%
Tt AT ML 1 il R 8 L I ) Rt % il o A T v L

15 FH T HA AT e 5 B R AE 1) & AL %[‘éﬁiﬂ
P il 38 A 2 2 158 22 45 I R 5 R W B ML IE W s 17 (DA
Ko AL vt A1 5 B ) s S PR AE A 1) 8 A AS ST Al LA 7
WEI T S rh ik b A — A IRE A, —
W5, T 1 A R 22 R /)N | o 288 00 0k 28 A e
R R FIER BTG T o A AL R A AS - i 3 5 1
EA I SCEk [ 14 8 — 2 BB L BALIE R B
A7 B LA 3 3 B Ay B vk s I8 R 32 B4 [ AN S £ HL 3 A
FEMA) | NS i H 3 AT R TP P S B R D M 3
YR .5 VR S5 2 B I 7T AL B A N | R A Tk
ALHE PR TR N BRI R e, )
—J5 1, iﬁ?ﬁfﬂ?@fﬁm.m%ﬁ&/'@ 35
SRR HE bR E T N R A I B T
AL 1) L B R ?Ei,ﬁﬁfﬁﬁz‘ﬂ%zﬂlﬁl‘ﬂjﬁ%ﬁﬂﬁ*
AN I RASCHER [ 14709 W50 7 2 AR R | iF
AL AT AR Sy — R B Jh i 28 LI [ e G
TEL W 7k Reid TR 280k W (R 3h )L,
2.1 HBE

E PP IE H A% Jil 1 258 2L I ) J6et S ik o A 286 W )

Jridh WE e Tl = (1),

p/fo
@:V@’j pdi- S I (1)
p lo k=135

Hodr £ Ry B A BRI E A LA R TR
B T 5, fo= 50 Hz;i A M SO 7 FL 4, 1Y
WA 1, A s i b ke WO /Bzﬂ’mxﬁz{*a‘ﬂﬁa
EEMERAAR), —BmE, 5 KA EE TR
T /N B (D) E T 3,
22 WEE

AT HE B TE S W | R P N PR IE K T S bR E
HABAT (B ML S B ) B [ A NS A H T B R
W B K T RE(E . T T AR 2% K H L s AL R £
AT UL |

H2% R WL AUE R Uy=15.75 kV, #ilE
BV Iy, =10191 A Iy, =10411 ACF AR g m 5351 %F 1
KHL R EN L TAL, JE ) ), 80 DR AL cos oy, =
0.9 . cos o,,=0.98, Hl & Jil WL LI Ty, = 1816 A iy,=
1655 A, Bl 3 JEF2% N 4 5 & B ShHLIE # 17

16 3 LR T B0 & T A K R A T A K
TR B e SR R B SR, RTLLE
F 35X 3 FhOEH BT T O 1 PR 5 [ AT H i
AR BA#S A 160 ms , Hor & A7 B i 19 20 B i Uk
T (BT EL p=8) 3 Xo) e 2% 7% U A 1 e B i 2
o i, vl R H T A0 5L D RN A% RS D 43 Y
ARAE AR 2 (D) T IR A0 S PR W

p/f
kaﬁﬁ?%ﬂ%10%$J@:~@J 2 dr

p 0

R 510 = VI~ (3+13) HIEH 18 171 B
SEPR WS A, T80 QD 8 & H T 00 (bR F R SR 0 O H
13149 A), T-0L Q) Fah A W AH T 50 (il i H 37 5%
BB A 1051.8 A), T8 @ F5 4K T 0L (g v i
SEUEEHE A 155434 A)  J5 R, EE UL RS & AR
FR) v AL I S RSO R T Ak T R R
E #B 45 H HRAE TA, — IR ME

200
~200 1 L i |
800 880 960 1040 1120

t/ms

(a) R THL (BRI I,=13149 A)

200
~200 L L 1 |
640 720 800 880 960

L/ ms

(b) KA T (JihwE R 1,=1051.8 A)

200
-200 L L 1 |
800 880 960 1040 1120
t/ms
(¢) Hh/AK T (G IR T,=1554.34 A)
B3 EMEEBEINN4SHEI A TRTH
FESE AR EEBERXKE

Fig.3 Recorded waveforms of inherent imbalanced
neutral-point current of Yixing generator/motor
No.4 for three typical operating conditions
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Table 1 Results of harmonic analysis for 1nherent
imbalanced neutral-point current of Yixing generator/
motor No.4 in normal steady-state operating condition
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Table 2 Calculative harmonic components of
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Table 3 Calculative harmonic components of
imbalanced neutral-point current
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Table 4 Measurements of improved online
monitoring scheme for Yixing generator/motor
No.4 in normal operating condition
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Table 5 Calculative results by improved online
monitoring scheme
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Online monitoring of excitation winding inter-turn short circuit
of generator/motor
SUN Yuguang', WANG Binghui',XU Wei?,JJIANG Chengsheng’
(1. State Key Laboratory of Control and Simulation of Power System and Generation Equipments,

Department of Electrical Engineering,Tsinghua University, Beijing 100084, China;

2. East China Yixing Pumped Storage Power Co.,Ltd., Yixing 214205, China)
Abstract: As the general schemes of online excitation winding inter-turn short circuit monitoring take all the
fractional harmonic components of imbalanced stator neutral-point current as the monitoring variables to form
the corresponding alarm threshold,they are not sensitive enough to the short circuit across a few turns due
to the higher alarm threshold. With the generator/motor of Yixing pumped storage power station as an
example,the imbalanced stator neutral-point current caused by the short circuit across a few turns of
excilation winding is calculated,the inherent imbalanced stator neutral-point current in normal operating
condition is measured,and an improved online monitoring scheme is proposed,which only adopts bigger
harmonic components,i.e. three-eighths and five-eighths harmonic components,to form the alarm threshold.
Simulative results show that,with higher sensitivity than the general schemes,the improved scheme issues
alarm for the excitation winding inter-turn short circuit of 3 % turn-ratio and above. The online monitoring
equipment based on the improved scheme for generator/motor No.4 of Yixing pumped storage power station
has been successfully put into operation.
Key words: generator/motor; relay protection; transverse differential protection; excitation winding inter-

turn short circuit; online monitoring; harmonic analysis



