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Abstract: The medium voltage power supply system of nuclear power plant contains various types of cables, with a
number of up to hundreds of pieces. It involves a wide range and complex operating environment as well as high sin-
gle earthing fault probability of the system. The excessive application of a large number of cables will make the capac-
itive current of the system exceed the standard, causing insulation fault or even arc grounding of the plant power sys-
tem. There are hundreds of operating conditions of medium voltage auxiliary power system in nuclear power plant. It
is in fact impossible to perform grounding current test for all operating conditions. According to the wiring diagram of
auxiliary power system in a nuclear power plant in China, a refined grounding current simulation calculation model
for multi-cable outgoing with more than 600 pieces of cables is set up. The maximum error between the simulated and
measured values of capacitance of cable is 5.5%. Based on this model, the grounding current and system overvoltage
under hundreds of operating conditions of medium voltage auxiliary power system are calculated, and the operating
conditions of grounding current exceeding the standard are obtained, which can be used to guide the actual operation
of nuclear power plant. Then, the real test measurement is performed on the operating conditions of the grounding
current exceeding the standard, compared and verified with the simulation results. The maximum error of metal

grounding is not more than 4%, and the maximum error of high resistance grounding is not more than 12%. Finally,
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the suppression measures for the operation conditions of the grounding current exceeding the standard is proposed,

which provides a reference for the maintenance and safe operation of cable of the plant power system in the nuclear

power plant.

Key words: nuclear power plant; plant power system; grounding current; cable insulation failure; real measure-

ment test
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Fig. 1 Schematic diagram of system wiring under plant transformer power supply condition in part
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Fig. 2 Schematic diagram of the overall wiring of
the plant power system
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Fig. 3 Simulation model of single-core cable
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Table 1 Comparison of cable capacitance values

MRS FHME/(F -km™)  PFEAE/@F km™)  BR2E/%
=35 mm 1725 180.1 4.4
=550 mm 191.7 201.5 5.1
=5 120 mm 260.0 265.2 2.0

0550 mm 191.7 202.3 5.5
400 mm 421.3 435.2 33
500 mm 461.3 470.2 1.9
HA 630 mm 509.9 517.6 1.5
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Fig. 5 Simulation modeling diagram of medium voltage plant power system
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Table 3 Test results of grounding current under plant
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plant transformer power supply mode

AN IR Rl TRk e
Co/wF et s s e A
f5%Up.u. 585 /p.u. H/p.u.
3.00 2.77 2.46 1.90
3.55 2.77 2.67 1.96
4.10 2.77 2.71 1.92

B 7 I WAL AL e 4 4 e, B8 IE T 5 L
TR, EEAH LT 458

DAZHT R RS 48 T 28 = ik
600 AR , % LA TAE A0 Ak A, A rh i 2545 LT T
{5 SEIE AOIR 2218 5.5% LA, T AR R e A AR -
HBLLH T L R GRS PR L

QM R B RS EiT TOlm A% A
Fifr, SEBR P A RRE X T A T o0k 74 b L 3 16
MK, BT i 22 B 4t kS 4 Ak 5 UL, X
AT —— 315 A5 B R G0 kA SR 4 T 4 b g e
i, AR E R Dy 2R B A R AR 21T T,
)RR I R Seis T T it

3VZHLT ) I FR e A L
Ja KA RAREE LB, RS A R IO R
i B R, K F] 2,71 poue T HETZELSS) HHE
FRGEIR R s B b Ty 5 (LR 2 R 5 e B
WL B T IR A 2 Ak, L S AT R A N2
Rl iz tth , RGeS )N, LR T M ]
P T RGO R LA R GEi H RARAR S T

Ayht B Z2 0 T AT R AL A 0 H T4, —
HH RIS ST, Hoh & @ e i K
TR 2ZEAN ML 4% , o BH Az b e KR 22 AN 12% , 0F
BT S oG AZ HL 3 T FH L 2R 0 B A A e XL
A3 M BIAT RO, Az sl ) L AR G B FL S e
HE e its% .

Sk

(1] SR, BASC, TR, 45, FRIER L R AR s 5T ).
R E TR, 2021,23(3): 113-119.
PENG Shuming, XIA Jiawen, WANG Yiren, et al. Development
strategy of nuclear safety technology in ChinalJ]. Strategic Study of
CAE,2021,23(3):113-119.

(2] T 4k,m D EANAR SR BRI BRI SR AZRERI]
AT Rk TR, 2022,42(1): 10-17.
XING Ji, GAO Li, HUO Xiaodong, et al. Analysis of nuclear

energy utilization under the background of “Carbon peaking and

=
2L,

Carbon neutrality”[J]. Nuclear Science and Engineering, 2022, 42
(1):10-17.



BF3E 5447

A, BUNE, AU, . 288 ARG AN A R S e LU e A

189

[6]

[10]

[11]

[12]

W, IR, SRAREE S B AR T AR L ) R G
B )R AL R T B LR, 2021,47(9):3036-3046.
HAN Xiaoqing, LI Tingjun, ZHANG Dongxia, et al. New issues
and key technologies of new power system planning under double
Carbon goals[J]. High Voltage Engineering, 2021, 47(9): 3036 -
3046.

JRH, BRf T, ok R AR BRSO AR RN R R R
R AR 1 e AL, o e R , 2021 ,47(7): 2396-2408 .
ZHOU Yuanxiang, CHEN Jianning, ZHANG Ling, et al. Opportuni-
ty for developing ultra high voltage transmission technology under
the emission peak, Carbon neutrality and new infrastructure[J].
High Voltage Engineering,2021,47(7):2396-2408.

SRANSC, AR A HL ) 8 AR e 20 I e i () RELE 5. 22
#%,2023,60(6):35-39.

ZHANG Chaowen, WANG Weidong. Research on abnormal noise
of backup transformer in nuclear power plant[]J]. Transformer,
2023,60(6):35-39.

TR B BRBE A AL AT B AR 53 S 34T X
K] AL JERR 2023, 60(5) : 48-52.

ZHANG Deliang, DUAN Yanpu, NI Shuang. Analysis and
countermeasure of abnormal noise of auxiliary transformer opening
in nuclear power plant[J]. Transformer, 2023 ,60(5):48-52.

/N R ] B R G PT I 4IR M0 X i il v R (0], 728
#%,2012,49(1):28-32.

FENG Xiaohua. Analysis of preventive measures of PT ferromag-
netic resonance in auxiliary power system of nuclear power station
[J]. Transformer,2012,49(1):28-32.

PRI , MRS, JER T I R G BB T 3R] AR A
#,2021,11(5):65-66.

ZHAI Xiaoman, LU Jinjun. Optimization scheme of power system
setup for a nuclear power plant[J]. Low Carbon World, 2021, 11(5):
65-66.

B ipestie, Sk R B2 2P ST LOCA THLRE ) i B0 A 52
[J]. Bk 5 T A, 2016, 36(5): 679-682.

WU Xiaoyan, ZHONG Zhimin. Research on survival of LOCA of
class 1 E cables[]J]. Nuclear Science and Engineering,2016,36(5):
679-682.

T KRR AR AT A, A R il R 2 G A S IR S
BA()]. R R ,2023,49(2) : 449-460.

GAO Yu, LIU Baixin, DU Boxue, et al. Research progress and
prospect of cable insulation in nuclear power plants[J]. High
Voltage Engineering,2023,49(2):449-460.

KURIHARA T, TAKAHASHI T, HOMMA H, et al. Oxidation of
cross-linked polyethylene due to radiation-thermal deterioration[J].
IEEE Transactions on Dielectrics and Electrical Insulation, 2011,
18(3):878-887.

W k2 X0 Jy s ) R T P AU R G
Xof b 2 FEL TR S ). #8000 TR , 2014, 35(6): 135-138.
YANG Sha, LIU Li, HUANG Xiaojing. Research of grounding
capacitive current of neutral non - grounding auxiliary system in

nuclear power plants[J]. Nuclear Power Engineering, 2014, 35(6):

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

135-138.

X fil, TRAEERS, TR/ANR, A T L AVAE A/ N R R G
AT AL BT, H ) RGO 545, 2023,51(6):21-29.
LIU Jian, ZHANG Xuehong, ZHANG Xiaoqing, et al. Treatment of
a single-phase grounding fault in a small current grounding system
to prevent fire in a cable trench[]]. Power System Protection and
Control ,2023,51(6):21-29.

Boowl.ZE 7L MR AR v I H SRR R AR S
IS AFIE ST, HE O R 48 A 3711k, 2019,43(10): 134-141.
YANG Fan, LI Guang, SHEN Yu, et al. Electrical characteristics
of medium - voltage distribution network with single - phase - to -
ground fault after arc extinction|]J]. Automation of Electric Power
Systems,2019,43(10):134-141.

DU i 9 =3 7] I 9 QR A B o N EN E S
8] B2 i SR D . F D 5 43R, 2023, 60(10) : 92-95.

LIU Jian, LIU Hai, YANG Xiaoxi, et al. Single -phase grounding
fault detection based on zero - sequence current transformer with
large resistance[J]|. Electrical Measurement & Instrumentation,
2023,60(10):92-95.

PR bt e A5, JET 2 PR e A X AR R F)
e ) B A R (V7] ) TR AR, 2023,42(2): 130-138.
TAO Weiqing, LI Xueting, HUA Yuting, et al. Fault location of sin-
gle - phase grounding fault based on Manhattan average distance
and cosine similarity in distribution network[J]. Electric Power En-
gineering Technology,2023,42(2):130-138.

WiitL B, v 30, B AR, 2. JE TR U — S R 2 R 228 )
et Do B b BB R 2 iR ). H )R, 2023, 44(4):82-93.
CHEN Chiyao, MIAO Shihong, YIN Haoran, et al. Single - phase
grounding - fault line selection method based on attention
mechanism-convolution neural network for distribution network[J].
Electric Power Construction, 2023 ,44(4):82-93.

B 2R RN, AR 35 KV rb I H T AT B T
WD IEBEFEN]. BN S 0 A iR TR, 2023, 39(1): 58-63.
HUANG Bo, LI Wenliang, XU Xueshuai, et al. A study on the
traveling wave location method of single-phase grounding fault in
35 kV medium voltage distribution network[J]. Power System and
Clean Energy,2023,39(1):58-63.

ZEGEE, X G, TR, S T T L T B R AR I
AT S]], HE R A, 2022(5) : 125-132.

LI Jingli, LIU Peng, ZHAO Zijing, et al. Treatment methods of
single - phase grounding fault arc extinction in medium and low
voltage distribution network[J]. Insulators and Surge Arresters,
2022(5):125-132.

PN A VL, E AR T T e s FR A i
Hb R R ISR 3BT . ) 3R 58 A 11K, 2016,40(22):86-92.
SUN Yueqin, NI Jiang, WANG Bin, et al. Transmission line high-
impedance fault modeling analysis for single-end fault location[J].
Automation of Electric Power Systems,2016,40(22):86-92.
XUBHRIT, BT 2%, AR, TC L PO G HE M R A A 7 5 52
WFFELER[)]. AR, 2021,47(1): 12-22.

LIU Keyan, SHENG Wanxing, DONG Weijie. Overview of



+190- 202546

Eudz

ol ol

modeling simulation and experimental research on arc grounding
fault in distribution network[J]. High Voltage Engineering,2021,47
(1):12-22.

[22] B #E, 4 & W8S NRHSR O G R b
FEEER FRAFIEAMTLT ). B R 5T, 2019,47(16): 115-121.
QIU Jin, CUI Xin, TIAN Ye, et al. Analysis of fault voltage
characteristics of low current grounding distribution lines with high
resistance to arc grounding[J]. Power System Protection and
Control,2019,47(16):115-121.

23] & M,m WL B A )RR e AR S MR DA
BRI S ESEL)]. FHOAR ,2023(1): 132-134.

LEI Cheng, GAO Fan, YANG Lei, et al. Analysis and researchon
monitoring index of aging status of low-voltage cable in the nuclear
power plant[J]. Electric Engineering,2023(1):132-134.

[24] 5k W, AR IETE S SCHR RIS e L s B
PRI, 482048}, 2020,53(7): 1-11.

ZHANG Cheng, LI Hongfei, YANG Yanbin, et al. Research
progress in ageing, evaluation, and rejuvenation of XLPE cable
insulation[J]. Insulating Materials,2020,53(7): 1-11.

[25] 3k A, 8RR, m R, AF RKIBIIRAE XLPE RI 88 4 52 14 %5 ) vl

T S HAPERELT). AR 2022, 48(9):3533-3541.
ZHANG Wei, HU Xiucui, GAO Chao, et al. Space charge and
thermal characteristics of long - service crosslinked polyethylene
cable insulation[J]. High Voltage Engineering, 2022, 48(9): 3533 -
3541.

[26] 2% A, XI—WL, S5EA, 55 R LA A sU B USSR A
T N S T RETR , 2023,39(6):49-57.

LI Yan, LIU Yifan, QI Leijie, et al. An improved calculation meth-
od for high voltage cable corrugated sheath loss coefficient|J]. Pow-
er System and Clean Energy,2023,39(6):49-57.

[27] 3 9L R0 45,25 kAR R i SR IE AT R B e S T
LR M EARDEFE]. f 5455, 2023, 60(5) : 103-108.
ZHANG Kai, YUAN Jun, YAO Wei, et al. Research on tempera-
ture field change and on-line monitoring technology of power cable
operation|J]. Electrical Measurement & Instrumentation, 2023, 60
(5):103-108.

[28] 5k 22, UESHA, A A, AR A A A s TR 4 A N )
P /EPDM & 3 J2 ] S B R R SE AT SELD]. F 54X

#%,2023,60(10):48-54.
ZHANG An,PAN Guixiang, LI Guangjian, et al. Study on the influ-
ence of thermal aging on the discharge characteristics of the com-
posite interlayer interface between the SCT and EPDM of the vehi-
cle high voltage cable terminal[J]. Electrical Measurement & In-
strumentation, 2023, 60(10):48-54.

[29] XUGoR , 75 50, Bl 2k L 5. £320 kV B HL S5 S IR 20—
JCLPIRRIEt ZERr L. WD TR R, 2023, 42(3) : 72-80.
LIU Yongbin, GAO Jinghui, ZHONG Lisheng, et al. Breakdown
property of +320 kV HVDC cable system XLPE/EPDM accessories
[J]. Electric Power Engineering Technology ,2023,42(3):72-80.

[30] ZHERL. /I FiL JE e b 2R 400 BAAH B b Bt 0 B M CHURHAIE 0BT (D).
Jent AL TR, 2015.
LI Yaliang. Simulation and characteristic analysis of single-phase
grounding fault in small current grounding system[D]. Beijing:
North China Electric Power University, 2015.

[31] Bhsdieh, A0, sy R, A5 BT 27 e BH AR K A e B B2 ke
R AR CRABEL ). H TR 2#40, 2024, 39(7): 2046-2059.
ZHONG Yihan, DENG Feng, SHI Hongfei, et al. Accurate
modeling of high impedance fault based on dynamic impedance
series connection[J]. Transactions of China Electrotechnical
Society,2024,39(7):2046-2059.

[32] BRAL. 5T 9k B 1 BR T 3 i v s ARSI, A At
£,2018(7):102-103.
CHEN Yongshun. Discussion on eliminating overvoltage of arc
grounding with arc suppression coil[J]. Electric Age, 2018(7):
102-103.

[33] BEE 415, IO bR i 0 43 F 2 . TEIR AL
[F,2012,31(2):62-64.
YAN Jianguo, PING Shaoxun. Investigation of the analysis meth-
ods for arc grouding over voltage[J]. Jiangsu Electrical Engineer-

ing,2012,31(2): 62-64.

FEAN975—), B AH HE A ZRIAL, T BN FH G
W, AR AR 5 ) #7HE 2T (E-mail : 18902311583@189.cn).,

A H(1993—), %, M d, TA)F, T EAF S EL LEH AR
+ W AAF T AE (3845 VE ) (E-mail : zhihuizheng@whu.edu.cn).





