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Fig.1 Schematic diagram of grounding fault in

power grid of marine nuclear platform
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Fig.2 Phase-frequency characteristics of impedance
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energy method

B _ W/d 12
2% 1 &% 2 2P 3 ik 4 R

HM -1278959 321975 321975 402170 41

L HRg  -49927 7643 7643 9547 iK1
1 TM -1680963 429325 429325 536328 41
TRg -49911 7639 7639 9542 £k 1

HM 342832 -1673047 457998 572161 42

“k% HRg 5724 -47988 7635 9537  £ki2
2 TM 229615 -1142286 306316 382638 4kf%2
TRg 5715 -47951 7624 9524 LRk 2

HM 342841 458000 -1673053 572163 £k 3

Zpk HRg 5724 7635 -47988 9537 kB3
3 TM 229615 306316 —1142287 382639 4kp%3
TRg 5715 7624 -47951 9524 %3

HM 321435 429209 429209 -1465767 £ 4

Zp HRg 5725 7636 7636 -46090 £k 4
4 TM 303233 405015 405015 -1386178 ki 4
TRg 5718 7627 7627 -46061 £k 4

S

. Mo 176498 234312 234312 292609 e
i Rg 5733 7648 7648 9554 Séf;

SIHT 1 AT, £ 4 e 1 AR I 5 B 4 b
BEfE LT , 2 LR SFB 2 17 RE H 44 1 T B (EL, O 5
DI Ve s et 07 500 AN AT Mg 3 37 " R e o i
PERBHAS UL T, B B2 e 1) SFB 2 Jy Bt 2 oK HL
D5 1] S A LR BR AR I, DA 1 SFB 22 7 fE it 125 RE A% 1
B R B R B 7 T P R i A e i e e



150 L/ AR {7 G-

Fa02k

KL 1Y) SFB & JF e 1 7 [0 ¥4 2 1E, AT R 0 Kk
ARSI & AL TSR
TRIAH 32 52 S %o i P 255 R A e i S P 2 T Pk
it , PRI (7 L2 B v il B 4 B 1 SFB 2K T R i A
1 T8l 2R 1Y SFB &y RE I {22 Fl
42 FEFHEMEFEHERIE

JE T it & 57 % MATLAB / Simulink 1757 L858 |
T 2 % 3 R v & A= ey aak VE HL B (R,=2 000 Q) 422 1l
AR, AR IS 2 0h 0.095 s BURREE 174 JEI U N 4% 4k 2
i#% 1% SFB & ¥ fig 5t 43 %1 68,90, -536 113 J, Hrf
Z SR 4R Y SFB K7 e & I T B, Ui kAR s
T PR BH 32 i e . A SR TRE R, SR H U LR AR
) 2t 55 S A7 AE BRI AR BE I 1R 22 |, To ikl F SFB
Y RE VL S T B A TR MR X Eb B vk A T R
2. 7E0.2 s W2, R bk S U4 2 /N U BH 2
= WA <Y B U o A S = R R = R # A ] o
S A K A4 TR . (FESSRERM, bk S & 2R
P il U0 48 22/ e BH B S R B R Y L T
WEELIE T, it 4 28 % 55 I B Ut T (/) , 7T 0 £ e
3 Rl L

LTI G 1A T8 1 P 45 2 8% 1 i 2 T H
i, VA ST 1A TR BN R R 7’ 15 3
BRI T P AL 22, AnBE st A B AS TR .
D, (k=1,2,3,4) R EOE PO i E
ZERATH, K 3 R AN 250 98.47 4t 1.2 .4
1 % A A 25 43 ) -169.1° . -171.8° . -171.0° , {{
TP PR 2 % 3 1A 2R e AR A 20 2 =X (7) P 1 )
P, T et 3 Ml Bk o

Ry B UE 2R Ty A AV 22 T TR AE AN [R) SR R 2
A8, FE L3R BB R o ) T 4% 2 K 0 10 %
Ab R 3 3 C HL AR I s i i L BE (R,=2.000 Q)
FEHb A, V)38 5 A5 4 T U T FEL U S VI T
FP R 2 BES R R 2 PR . B 3k
B, AN TR e s BB OO0 T e o 2 8% 1 25 e AL
2E1 2 2 (7) s 114 | e 08 AT 55 4 Hh i pe 4 2

R2 EFAMEFENHEER
Table 2 Simulative results of zero-sequence

phase difference method

. EFEHA2 / (°) WLk
UTT R &1, L LA R e
Lkl LREKD LREK3 kK4 aig
H 3 -169.8 -173.0 -171. 2Rl 1
s 1 98.3 69.8 73.0 71.6 4 fik
T 98.3 -170.7 -171.3 -170.1  4R¥k1
. H -1703 984 -1703 -1712  Zfk2
T -171.5 984 -169.8 -168.8  Zkj%2
X H -1694 -169.8 98.4 -170.2  Zi#%3
Yo 3 A
T -169.1 -171.8 98.4 -171.0  4R}K3
. H -1721 -169.9 -169.2 8.5  Lik4
Yo a 9.9 9 9 &E%
T -170.6 -171.8 -169.9 98.5 k4
EXMENT -171.5 -170.5 -1705 -1712  FEEHKR

T 7 T AR 0 2 A 2 SRR BT A 4R I Y R e AR
I 22 ¥ AN 2 5K (7) FEoR 9 030 R 25|k ik 2R
WA
5 zhiRIRIGIEIE

MR T G AEE 1T 2 iR o i<k
B TE N SR Bl A R BT K A ) o 42 b
A U= A . HErHE T 705 B it
5 KU 41 $f Cassie . Mayr, Schwarz , 5 il i H 5L 7
S N F R R A R R AR,
R I AE— E W RIBRYE . i, 45 A 4B R
P AR od SR N C R R R ot /B Y B N
IR IR B0 - & 7 HEA T B B B ' 2% M g e 114 3
RIS AT , 156 & Wik s A B A6 TR . %R 5
TR 10 kV BLURSEGL A5 3 4542k i 3 A48
2SR PRI | SR - TR O R s v M AT SR T R 3
M T RZE P8 2 A L2 1 25 0 55 R R AR AL
FE 2, T AR ALLAS ] 268 0 im0 70 AN [1) 2% 1t 1t 30 e BHL
BELAEL T B4 T B IR R b e 8, 9 LA 10 kHz A8 SR FE
W3R A B ST

VEH 3 2% HL AR LR B A TR S0 T . AR
¥ 8l 15 5 Fi X 22 A4 b s o O X A1 e 9 b HL 42
Mk A T R G P A b v o U R B b
WA T U4 2 2 PR 3. FELR I 1 1 o
AR o 8 PR RHL (R =120 Q)42 i s, 4% 4548 1 14
S L SR T A P 3 R, SFB 2R 3 2 RN
BRFSE A TR AT BT . FIEL AT AT, SOk % 1 AR
L, YA W (L e A L 1) 45 fl A R AR S . R RO )5
A 1/4 A Y SFB 27 U R B R P e i, 15 53 4
2R B RE R0 00 -357.53.77.01.207.75 ).
TR 1 R o s A R A P 5 At 2 AR
J, A 2R 1 R SR e 2R 2 SR IE A

100

o LMM/J\MW
N 0
= -100

100
<
X 0 WWWWLY-&P
T -100

100
N W\AY-W-VW
N 0
- ~100 L L L |

0 0.05 0.10 0.15 0.20
t/s

B3 R e PR B BRI e et B e T R i
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arc grounding fault with low transition resistance
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Grounding fault line selection method coordinated with multi-mode grounding
control for power grid of marine nuclear power platform
WANG Yikai"?, YIN Xianggen'?,QIAO Jian"*,TAN Liming"*,LU Qinghui'?*, WU Dali’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology , Huazhong University of Science and
Technology , Wuhan 430074, China;2. Hubei Electric Power Security and High Efficiency Key Laboratory,
Huazhong University of Science and Technology, Wuhan 430074, China;
3. Wuhan Second Ship Design and Research Institute, Wuhan 430064, China)

Abstract: Power system of marine nuclear power platform contains sensitive loads of nuclear reactor, fast
and accurate fault line selection and cutting methods are required under different grounding fault condi-
tions. To avoid misjudgment of fault lines due to the insignificant difference of the zero-sequence current
distribution between different lines under certain high-frequency bands,a line selection method based on zero-
sequence energy of SFB(Selected Frequency Band) is proposed. The zero-sequence energy threshold is used
to identify grounding fault with high transition resistance. For grounding faults with high transition resistance,
in order to avoid line selection misjudgment caused by current transformer polarity measurement errors, the
neutral point is switched to low-resistance grounding mode coordinated with multi-mode grounding control.
Then, the zero-sequence voltage of the system and the zero-sequence current of the healthy line decrease,
while the zero-sequence current of the fault line increases,so the fault line can be predicted. To avoid the
measurement error caused by the small amount of electricity in the primary side of transformers,the phase
difference between the system’s zero-sequence voltage before switching and the predicted fault line’s zero-
sequence current after switching is used to construct the local line selection criterion. Results of simulation
and dynamic model test show that the proposed method can correctly select the fault line in different fault
conditions and meet the practical requirements of the field.

Key words: marine nuclear power platform; multi-mode grounding control; SFB; zero-sequence energy; phase

difference
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Fig.A4 Zero-sequence current at each line before and after the multi-mode grounding control
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Fig.A5 Zero-sequence phase difference for each line before and after multi-mode grounding control
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Fig.A6 Physical model of flexible network distribution system and arc light grounding test platform



% ) & % iR B

SFBZ T I MV - A

0.2

0.1

-0.1

-0.2

\ 150 0.002 0. OO] 0.006

li

I

Lk )ﬂ “

WI“‘

& “ﬂw

\'l . I.l " L'ﬂ l" | | ,“, }||A» ‘ ‘
u H Iu W . i W vh ” I
RGURE
é}Lb“ﬁfﬁﬂﬁrﬁﬂzBﬁ ‘ ‘ ‘ )

0 0.04 008 0.2 0.16 0.20

22141, 2152, 2543

A7 IR 1 Bin &L & B MR ERER & L& SFB EFIhE

Fig.A7 Zero-sequence power in SFB of each line when terminal of Line 1 is under metal ground fault



	202211023
	附录

