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Fig.1 Third-order harmonic equivalent circuit of

generator stator windings
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Fig.2 Simplified third-order harmonic equivalent

N

circuit of normally operating generator
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Fig.3 Simulative results of fault current of

generator stator winding grounding fault
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Fig.4 Fundamental zero-sequence equivalent circuit
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Fig.5 Simplified third-order harmonic equivalent
circuit under single-phase grounding fault of

generator stator winding
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Fig.6 Third-order harmonic equivalent circuit of

fault component
GIAT TR, 3 U B H b A R VA
1
I, :—[j?m)(3C‘.+3Cw)+R:'AUfg3 (4)
N

A (4) ) AU, Tok B A5 3], (HAR G SC
HRL 13 7P A8 s A AU S B0 K 4 SR TR -

AUfg3 =AU,,=AU, (5)
PRI (4) T 2 S R
If3={j3w(3cf+3cm)+Rl}AUW (6)

Ly MR 5 3 U I
L TSR A IR 0 2 A 2 L 1
A A (7)

10.5 KV % HUHLE: s e FL 0 AP 3 AT
S S M P T T A A VML, R TR
ot ey BV L AR 2 Pl LA 132 4 5 5
U 0 /1T 5 A AV L 3 T A
AT A B A SRR R R %
b LI 132 4 MR PR HE— i A b
3 BETSHAEABESHNE FHRALHEER
B P& 7E L

WY 3 J1 - ML LR TS AR P
VIBRIR WA R IR, M i R S IE 35 17,
R T R L 3 BV B 45 2
SRS Y T L

WG 9 R L R R L S T
DALY B B A T H 60° M T 2k, 2 T4



54 8

L, 5 R B 1 6 S EUAILE T SR ST kR XU 2 BT 5 S 2 i ®

A PR 2 b ST il B A 8 2EL TR HEL B0 A I L
pf s A B A2 s . T TR K BEL2 5
S HL MG SE A AR TR] 7 AU P A2 I 7R 43 S
BEATOMT o LA ARHE T84 T 05 f & Ak B4 il
Bk 451

FE T G2 A o A R R A2 A SRR R
8 AH A5 FLI A5 F A f $Ais A, R L I v n e 44
RCAENE = I8 o R LA G R AT, il B 43 B8 4 %
o AR HE AR 5 3% 60° AHAT A E A R o
il B 28 2 SN F A S R LA SE RN

E,, :25in(Tr6a)‘EA‘ (8)

eA:% (1-a) (9)

PO USRS E | SR E | IR o

1575 SRS B AR A (I BT, R B HLE
R A AR b I IR ) R R AR A P T TR
B g MBS O M ZHLE TH 5 H
T 24 56 Xk P, 75 22 A, e 3 R OGS b F 2 T
K Q)L HEARE U, MU, U, U 5500 K H L
HPE R = AR ML S Xof b R, T Ao P R R 1
P AR 2] AR 3 E, BOANRE BRI 575 3], fH AT
P AL 3 % b Fl, S R P a5 s AV 2545 38 5 AR A 4 L
WA, FTRE E, 5 U Z IR 228, 45645
SRR E B ARD C R, TS

|E 5| UG JO+R IR +(wCR) (10)
oCsR

an (6-0,)= : 11

tan ( \) I+ RIR, (11)

B7 ZEREHEBSHNETFSEA
BREMEERERER
Fig.7 Voltage phasor diagram under single-phase

grounding fault of generator stator winding

considering winding electric potential distribution
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Fig.8 Real-time calculation results of grounding

capacitance of generator directly connected lines
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Fig.9 Simulative results of grounding fault current
AR SCT5 1 R e i v A o A R A S B e
AL, TETE R B 231 3 UCHA B 73 e Al o U il
O3 , BT LM AS B AR o Sh B o A
P 5 S R 0 i, O Tl B e Ty R A 3
R SE AL AR IR 10 PR o B T AR SCRT 2 ) i A
THRE A 7 A5 8] =0.503, 1R 224 0.6 % . HoAth i
Bt DL RO LA R DL S BR B, 7 FLAS SR,
AR SCHR H e B Dy B R 5
WRZEVIE 1 % LI, BA B R TR o BT Rl
I XU 53 A 08 53, e 2ok e 5 b Wl e v, 3 AR 2 L AL

REAS AR AZ 192 4 VL U I (L, 0 5B KURSE A v I 47
SFEDIAL, PRI ML IS A T4 4 5 TR XS A1
I, PRAP A T MR L v 1o R sl P ) 2K
B E DIHLTT 20, RIE RGP RR B T o BT e ik
B R 37 (1 ELAE SR AT A, AR SOk T R BEAT JLARI 56
ZAT R HE, e J0 T TEA SR P B A 1 264 T ATSE.
A e 1 SO B2 W A% Bl 3P B A R AR

0.503

0.2 04 0.6 0.8 1.0
t/s

10 AXFHEHBEEMLER

Fig.10 Fault location results of proposed method
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Risk analysis and real-time locating of single-phase grounding fault of
generator stator winding for offshore nuclear power plant
WANG Yikai, YIN Xianggen,QIAO Jian,TAN Liming,XU Wen

(State Key Laboratory of Advanced Electromagnetic Engineering and Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: The grounding fault current is affected by the change of grounding capacitance of the directly
connected lines under different generator operating conditions of the offshore nuclear power plant. Based
on the characteristics of the third-order harmonic voltage of the generator,a real-time calculating method of
grounding capacitance without external equipment is proposed. The grounding fault current is solved consi-
dering the fundamental and third-order harmonic waves through the principle of fault component. Thus the
protection outlet mode is adaptively determined according to the real-time fault risk. To shorten the mainte-
nance time,the geometric relationship satisfied by the fault windings’ electromotive force and the fault phase
electromotive force, and the amplitude-phase equations satisfied by the fault windings’ electromotive force
and the zero-sequence voltage are constructed. The turns ratio of the coil between the fault point and the
neutral point in the whole branch can be accurately determined by analytical calculation,and the fault loca-
ting is realized. Simulation analysis of PSCAD / EMTDC shows that the proposed method has high accuracy.
Key words:offshore nuclear power plant;generator stator winding single-phase grounding fault;fault risk ana-

lysis; grounding fault location
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Fig.Al Third-order harmonic voltage waveform of generator under normal operating condition
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Fig.A2 Electric potential distribution diagram of fault-phase winding
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Fig.A3 Third-order harmonic voltage phase value of generator under normal operating condition
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Table B1 Results of fault risk analysis and real-time locating under single-phase grounding fault of generator stator winding

b 5 e Hh s LS 43 e S v 4 R
T =R R R
WAL E  RyQ In/A /A e SRAE/A eSERE/A (°) a R
iEEAY =AY T

10 -570.1-j546.6  -392.3-j707.5  0.6895 1.8607 1.9843 1.9934 ek 37.07 01252 0.16%

0.125 200  -582.2-j427.9  -531.1-j439.5  0.6307 1.5857 1.7065 1.7142 o 2958 01260 0.80%
500  -553.9-j282.2  -460.2-j161.2  0.5427 1.1215 1.2459 1.2512 ko 2027 01238 -0.96%

10 -1064.1-1163.0  -182.0-743.3  1.3761 1.7601 2.2343 2.2414 o 4081 0.2504  0.16%

0.25 200  -1103.7-j928.0  -375.4-j533.1  1.2588  1.4996 1.9579 1.9639 e 3332 02519 0.76%
500  -1066.3-j634.3  -379.7-j261.4  1.0831  1.0603 1.5157 1.5197 ek 2401 02523 0.92%

10  -14735-j1838.6  26.2-j695.7  2.0570 1.6013 2.6068 2.6120 ek 4456 03755  0.13%

0.375 200 -1555.5-j1492.0  -1955-j559.9  1.8816  1.3640 2.3240 2.3283 ki 37.07 03725 -0.67%
500 -1582.5-j1050.3  -266.9-j323.2  1.6190  0.9642 1.8843 1.8871 ek 2776 0.3783  0.88%

10 -1791.4-j2561.9  200.4-j571.8  2.7291  1.3936 3.0643 3.0680 Ikl 4830 05005 0.10%

0.5 200 -1929.9-2110.1  -18.9-j515.7  2.4964 1.1869 2.7642 2.7673 ek 40.82 05030  0.60%
500 -1932.5-j1522.8  -139.0-j337.2  2.1479  0.8388 2.3059 2.3079 i 31.50 0.5042  0.84%

10  -2012.1-j3320.4  313.9-j390.4  3.3894 1.1524 3.5800 3.5827 Ikl 52.05 0.6254  0.06%

0.625 200 -22205-j2771.7  127.5-j407.1  3.1004  3.2520 3.2520 3.2543 IpL 4456 06286  0.58%
500 -2271.3-j20440  -153-j301.1  2.6676 0.6934 2.7562 2.7578 ki 3525  0.6299  0.78%

10 -2131.9-4101.3  349.4-j179.2  4.0352 0.9031 4.1351 4.1373 IpL 55.80  0.7497 -0.04%

0.75 200 -2442.2-j3465.6  221.2-j250.7  3.6911  0.7692 3.7704 3.7723 Ikl 4831 07461 -0.52%
500 -2539.1-j2605.1  85.2j220.4  3.1758 0.5434 3.2220 3.2234 YIpL 39.00 0.7553 0.71%

10 -2148.7-j4891.0  301.3+j29.6  4.6637 0.6961 4.7154 4.7174 YIpL 59.55 0.8753  0.03%

0.875 200 -25315-j4179.8  2480-702  4.2660 0.5928 430 4.30 ZLi 52.06 0.8789  0.45%
500 -2731.4-j3196.2  147.1j107.3  3.6704 0.4191 3.6942 3.6957 YIpL 4275 0.8807  0.65%




