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Simulation Calculation Study of Ground Dispersion and Thermal Stability for Substation
Grounding Grid
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Abstract: Flexible graphite composite grounding material , as a non-metallic anti-corrosion grounding material , ex-
hibits good performance in ground dispersion and corrosion protection for transmission line towers. However, when
fault current flows into the grund within substation application, it is at risk of fusing. Aiming at the application of
flexible graphite materials in substations, in this paper the Comsol Multiphysics simulation software is used to set
up a simulation model, the scattering characteristics and temperature rise characteristics of flexible graphite ground-
ing grid and traditional metal grounding grid are compared and analyzed , and the influence of ground current ampli-
tude, soil characteristics and ground entry position on the scattering characteristics and thermal stability of the
grounding grid is analyzed. The simulation results show that, in case of lightning strike, the scattering effect of the
flexible graphite grounding grid and traditional metal grounding grid is similar, there is no risk of fusing when the
lightning current enters into the ground, and the surface potential is mainly concentrated near the entry point. In
case of power frequency short-circuit current, the influence of soil parameters on the temperature rise of flexible
graphite grounding grid is not obvious. The closer the entry point is to the edge of the grounding grid , the higher the
temperature rise , and the maximum temperature of the down conductor part of the grounding grid is close to 300 °C,
exceeding the thermal stability threshold of the flexible graphite grounding materials. Terefore it is necessry to im-
prove the down conductor in order to ensure the safe and stable operation of the grounding grid. The research con-

clusion in this paper can provide a theoretical reference for the application of non-metallic flexible graphite compos-
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Fig. 1 Schematic diagram of lightning strike near the

tower intrusion into the substation
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Fig. 2 Waveform characteristics of intrusive

lightning current
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Fig. 3 Schematic diagram of short circuit of

substation busbar
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Table 2 Basic material parameters

%
I
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AHXT A H 8 2 12 1 1
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Fig.4 Schematic diagram of grounding grid

in a substation
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Fig. 5 Distribution of shunt coefficients of

observation lines
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Fig. 6 The maximum temperature variation law of the
grounding grid
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Fig. 10 Temperature change and distribution of

grounding grid
5 HLEE SR TE TR S B A E I, Bt
S 5 | L e R R 293.4 °C, R

THIRFAA ) fi e TS -5 J B P Y e T
P 5 T 2R 5k 22 52 B2, By LA 2 44
TR EPERIER

XFF AT 2251 N AN R IR e TR R 1Y
[RJRE, ] DU X S A A e b ) R e b 5 | 2R A T
MO, SR 4 TR A R i b | R B ZE 1k A 5
POBME B2 AR S . BLAk, Pab o8 v 15 28 M s
HiUBA R} 1% P B 8 2 7 IR R R O A A 1 Y
R AR T BCH Tl v BEL A P v 2 1T 52 e 422 b IR 1)
.

32 TESHHEIE

SR 53 HT SOG4 AR S P R S )

] 52 48 B A HbHL T R /N R 10 KA, AHE 25 A 2 b K



W57

SRS, BRI, LT, 45 A m b R i e P AT B AT <177+

HRE R, AN ] 98 P L 3R )42 ) o o i 2 R TG

SLULE 11,
180
150f e———o— —=
& 1) o R A
W -l —— Ji Ml Hh R
iy
E
= 60f
N
0F o 5
0 500 1000 1500 2000
T IEHIRAQ « m)

E11 AETEREZENESRETLER
Fig. 11 Maximum temperature variation of different
soil resistivity

1 11 )75 FEAR ] LS9 BE AR, St s
22 4 D 14 e vy Yl T2 155 T et 495 e 0 42 1 o, T
& AL B AR T, i 5955 e 0 4 o ) e g
JEREAPR AR | F A 4 b X 1) e v T 2 A
WA o A R P, 20 PR S AT B HL Ut
N, e ot P Uk 2 e ey i AR R R S I Nk |
T Hl L 3t 2800 5 1 2 it JLF AN 1] J] 6]+ 338 v
Ui W00 3 L BE 00 5| T 2 A RO 5 T P LA
H OG5 B M 5 T 4 Y FL I L AN A T 2
FeHh W B e et AR A AN B X
33 HERAMABRIE

TS PR FE, 3l DA A L o, 6 B L I Y A
SRS EAZE 3 DO Hv s A5, SR A 6 6 L DA L
AV 5 Ml ) e v ) O 2R [T 6 A\ FL O
KA 10 kA, - HERFH AR 200 Q- m, S L
S G SRS MIN R 3 A e, G A )4 R e
e il B LR 12

200
ez 5 s
7‘ N i
O 150 e B 0
m
|
2
ﬂﬁﬁ( 100
ES
_'-5:‘1\
50
Fi i i

FEHL I B RE
E12 AEANSHEENESEE
Fig. 12 Maximum temperature of the ground grid at
different entry points
H ] 12 T4, 7 HL I A B S [RS8 424
PO 114 e T R 2 8 T 46 AR A e I, Bt P U A b A

00T 42 i T ) 10 2%, 2 1 A R s IR YL ot = 1
1o i B A 2 e D) P TR B L RS . X T
A1 SR M N, AN A B oS0 2 ) e IR R
181.5 °C, HPts s e R TR A 152.3 °C M A b 5 5
HLO A 22 29.2 °CL TR P S S D S A 2ZE RO,
LR 3.3 °Co AHr IR A, 3222 R R A A5 A A
i F I 4 4 T AR AL A TIOR8 T B
i R R 1 A R SRR XA K 2 TS S e ) L
FERE

i 13f Comsol Multiphysics A5 B3 A o 7 v, i 2
Hi R TE AR B 5 B R A ORI S PR E
PO, ATAS LA R 458

140 mm Z2 A7 3512 1 90 555 UL 1) e 60 s
2 b 0 114 4 IO SR AT, VA A b o 119
iy HLBH 5 4 e b AR 22 1R/ 7RI H S L BH AT
RO R BT

Q)RR 4 Ja H b 0 , S A A H b M b R LA
A P A I B PR A LR 1] Y
SUEZ TR A1 ER AL ST G ) = K VA R E e N
B AHT R I T B R AR G A SN B R A A
P, i L 8

AR TRAE T T L A S R0 e 1 5 |
R A Y SR e TR R T v TR E AR AR
WL, P g AR T TR S | R & R
BHEH S| 2 I B AN SR A S ) AR E
BRI LA S0 e 1 W A 5 1R e i AT ik, sk
MamEH s | P LA BT ML

A) AR 1 P EL 23 X0 Ay A L R 174305 B 5 e A
WA 5 T P L I A b 3 0 P 30 5, e b I
SR IR Bt Ty, DRI A T AR S e I 1
D2 A s IR BV E S

S BT REE SRR DLk M SR R AR
F Sl s o v g 7 PSS

Sk :

(1] FREAE, S5 B, 5 3R, 5 T OO Bk Y Ao s il 4
OIS WRIFSE] ) . F IR S SHOR R, 2025,40(3):275-282.
Xu Liangde, Guo Ting, Lu Xun, et al. Research on corrosion
diagnosis for grounding grid based on improved seagull
optimization algorithm[J]. Journal of Electric Power Science and
Technology,2025,40(3):275-282.

[2] EEAR, PG, FARSE, S5 AR HLuh TSI A R e
Yoz 4t ORI (RS M. FE I TREHR 2026, 45(2): 101-109.
Cao Zhiwei, Jia Wenda, Wang Jihao, et al. The impact of



+178-

202648 A

 § 3.4 -

62 sl

(6]

9]

[10]

[11]

substation secondary equipotential grounding grid connection
methods on grounding grid characteristics[J]. Electric Power
Engineering Technology ,2026,45(2): 101-109.

BT B, AR A S e o e i P BEL AR N
ZEAMENFIE[)]. TR TR, 2025,33(4): 101-104.

Hu Haimin, Zhao Qian, Wang Xuedong, et al.Research on error
compensation for short distance measurement of ground resistance
of grounding network in substation[]]. Electronic Design Engineer-
ing,2025,33(4):101-104.

2R, S L T A R R DRI 0 2 Ak SR [,
LR, 2018, 54(6): 177-183.

Li Qian, Wen Xishan. Voltage grading optimization strategy for
large grounding grid based on security[J]. High Voltage Apparatus,
2018,54(6):177-183.

L OB T, AR, S Al i R T R b I R e
Dz b PR S B 2 ). H I S T A R YE L 2024 ,40(3) 1 1-9.
Ma Chenglian, Yao Xinyue, Wang Letian, et al.Impacts of the pipe
network around the substation and the new grounding system on
the characteristic parameters of the original grounding grid[J].
Power System and Clean Energy,2024,40(3): 1-9.

ESUE N IR e S e S U S RN N
BB I PEAS 5 ()], HLREBERR 5, 2025(6): 69-78.

Wang Lei, Cheng Yang, Jiang Weijian, et al.Large-scale grounding
system corrosion assessment method based on improved alternating
direction multiplier method[J]. Insulators and Surge Arresters,2025
(6):69-78.

ThUHR, KRB, T I, 45, 454 IEEE sid 80-2000 F1 CDEGS K
5 Pl T A e bl AR BT SR (). W R G IR A S
2024,52(24):131-139.

Ma Chenglian, Song Mengqing, Yin Bo, et al. Optimizing the
design of a new substation grounding network by combining IEEE
std 80-2000 and CDEGS|J]. Power System Protection and Control ,
2024,52(24):131-139.

FOPLIKRIRR, E 55 T ZERE T HOR R s
Lt 32 e P b, 7 ) (S ELBIE 0. F 543, 2024, 61
(12):97-103.

Wang Yue, Zhang Weixin, Wang Chong, et al.Study on numerical
simulation of electromagnetic response of intelligent substation
grounding grid based on multi - grid partitioning technology|J].
Electrical Measurement & Instrumentation,2024,61(12):97-103.
TR e, % S Y, e TG DR A 1 et P 2
Jr AR, LR RET i, 2024(5): 100-109.

Li Youcai, Li Xiaolong, Luo Zhouwei, et al.Corrosion diagnosis
method of grounding grid based on improved gray wolf algorithm[J].
Insulators and Surge Arresters,2024(5): 100-109.

WO, TR, RN, S B RGO B ).
FLEE SRR, 2018,38(5): 52-55.

Huang Tao, Ding Zhifeng, Zhu Xiaolong, et al. Corrosion resistance
of grounding materials used in electric system[]]. Electroplating &
Pollution Control,2018,38(5):52-55.

[R RV A o AN N BIEEE ST g S R R e A
R A TR TR, T R ok 5 B 25412, 2023, 43(1): 191-196.

Gao Zhiyue, Jiang Bo, Fan Zhibin, et al. Corrosion behavior of

[12

[13

[14

[15

(16

(17

[18

[19

20

]

=

]

[t}

e}

—

]

—

=

typical grounding materials in artificial alkaline soil solution[J].
Journal of Chinese Society for Corrosion and Protection, 2023, 43
(1):191-196.

X R ARPRAE HE U, AF BRET AR RERRER X SR T
PR JE I B R E R FET]. HRRRE T 2, 2024(3) :48-53.
Liu Rui, Li Qingjun, Xue Feng, et al.Corrosion protection
properties of carbon fiber modified silicates for grounding materials
in chlorine - containing environments|J]. Insulators and Surge
Arresters,2024(3):48-53.

XOJRGE T AR AR AR E R S L
P B ol B A DG PEWFSEL)]. 54 2 H 17,2020, 48(12): 104-108.

Liu Xin, Zhou Yu, Li Zhimei, et al. Research on corrosion and
correlation of grounding materials in simulated solution and metal
specimens buried in underground[J]. Smart Power, 2020, 48(12):
104-108.

IR, A0, 2 d BT AT S A Pl R
WFFE[T]. IR, 2021,44(3): 16-21.

Zhang Guofeng, Li Jingli, Li Meng. Study on contact corrosion
characteristics  of metal down lead and flexible graphite[J].
Electronic Measurement Technology,2021,44(3):16-21.

EWADL B AR ST A SRR AT AR PR AL AR AR
Tl SYEREWFTL]. BB R 4, 2024(4): 98-105.

Wang Xianghan, Fan Mian, He Huiwen, et al. Preparation and
properties of a new graphite carbon fiber flexible composite ground-
ing material[J]. Insulators and Surge Arresters ,2024(4):98-105.
dBEI], ER R, B, 45 ) TR b LRI S SR M e
(). AL TH AR RE, 2016,44(9): 10-12.

Meng Xiaoming, Wang Limin, Chen Simin, et al. Research status
and prospect of grounding material in power engineering[J]. New
Chemical Materials,2016,44(9):10-12.

R, DUV, BRI, S5, SR A7 SR b AT g ol 3 S 7
JHE AR, B RETE A ,2017(4):98-101.

Li Hengzhen, Ruan Jiangjun, Chen Jingzhou, et al. The research on
corrosive resistance and application technology of flexible graphite
composite electrical grounding material[J]. Insulators and Surge
Arresters,2017(4):98-101.

o BLH e AR, AR R R B A X e SR
FRHOATRE -5 (58 504 A B A A R X FE A E 0], PR il 7
#%,2018(1):58-63.

Zhang Chang, Gan Yan, Zou Jianming, et al. Comparative study on
the effective length between flexible graphite composite grounding
material and round steel grounding material in high soil resistivity
[J]. Insulators and Surge Arresters,2018(1):58-63.

Mo WITH, PO, SR SR AR SR A R R
FEPEN]. T HAR 24, 2017,32(2): 85-94.

Xiao Wei, Hu Yuanchao, Ruan Jiangjun, et al. Flexible graphite
composite electrical grounding material and its grounding
application features[J]. Transactions of China Electrotechnical
Society,2017,32(2):85-94.

FETEAR DU, e IV 45 SR AR S 4 R H A
PLARFPRT LR ). H R 2, 2017(3) : 66-70.

Zhan Qinghua, Ruan Jiangjun, Long Mingyang, et al. Comparison

study on current dispersing characteristic of flexible graphite



W5 S

SRS, BRI, LT, 45 A m b R i e P AT B AT

*179-

[21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

grounding material and metal grounding material[J]. Insulators and
Surge Arresters,2017(3):66-70.

SEUKIE, DUV, He S0 b b BT B IR TR PERIT SR ). H e o
#%,2020(6): 52-58.

Wu Yongcong, Ruan Jiangjun. Research on underground short -
circuit temperature rise characteristic of grounding conductor{J].
Insulators and Surge Arresters, 2020(6): 52-58.

WA R, ) RGHMLEOR BUR KRB )]
R ,2015,41(8):2569-2582.

Zhang Bo, He Jinliang, Zeng Rong. State of art and prospect of
grounding technology in power system[J]. High Voltage Engineer-
ing,2015,41(8):2569-2582.

WA 0. He M A 0 [ P AR UE X AR B 43 2B FE L) ). i
JRETE i, 2023(1): 165-171.

Chen Fanjiao. Comparison of domestic and foreign standards for
grounding technology and classification design[J]. Insulators and
Surge Arresters,2023(1): 165-171.

BT R AR, A TR B R 5 B R AR
ARV S M R SR BRI FELD ). AT R AR, 2021, 16(1):
77-82.

Li Yangsen, Zhang Chengwei, Liu Song, et al. Research on the
application of new hot cast copper clad steel composite metal
material in substation grounding system[J]. Journal of Electrical
Engineering, 2021, 16(1):77-82.

R, R AL RGUEHEORM]. JEat B A, 2007.
He Jinliang, Zeng Rong. Grounding technology of power system[M].
Beijing: Science Press,2007.

XG5 5,8 B, AR IR T ) AR RS S
ARG BE L i T3 AT 52 B 52 . 7 ) RGeS OH: A gl b
#2,2023,35(3):86-93.

Liu Xiaohang, Gao Yu, Xue Feng, et al. Study on effects of winding
deformation of power transformer on voltage distribution in
windings under impact of lightning invasion wave[J]. Proceedings
of the CSU-EPSA,2023,35(3):86-93.

AR, SR, S, BT ATP-EMTP () 3228 ey i 77 o i
D5 ERFTEL]. FBM R 2ER (T 2E0R),, 2019,40(2) :6-11.

Li Jingli, Li Chaochao, Feng Peng. Simulation study on lightning
accident of a substation based on ATP - EMTP[J]. Journal of
Zhengzhou University(Engineering Science),2019,40(2):6-11.
M4, X AR , X4 0. GIS TH Rl iy A S A HU TR T4 K
HEIA R AT RTRH R, 2021,57(12):74-82.

Tian Jinhu, Liu Yugen, Zhao Junguang. Calculation and influence
factors analysis of lightning intruding overvoltage in GIS step-up

station[J]. High Voltage Apparatus,2021,57(12):74-82.

[29]

[30]

[31]

[32]

133

[t}

[34]

BEEZEJE BB, S T 16 PR R T FT R 43350
AN W 2 R S, = R LA, 2024 ,60(10): 1-11.

Liao Yuqin, Qu Lu, Yang Yueguang, et al.Research on grounding
characteristics of tower branch epitaxial grounding grid for
environmental protection grounding construction[J]. High Voltage
Apparatus,2024,60(10):1-11.

T TR, FRE. AR M I £ T A A A A A
[J]. L EER R, 2021(3): 119-124.

Zhou Ning, Zhang Shuchun, Wang Xuming. Comprehensive safety
check analysis of substation grounding grid[]]. Insulators and Surge
Arresters,2021(3): 119-124.

BOLHLE WL DK AR R A TR e [ M R b b
FHBCAAFPERTSEL)]. 7K HLRETRRL 2K HL R TR, 2016, 34(9):
178-182.

Huang Shijun, Huang Tao, Zhou Yong, et al. Research of typical
grounding material current release characteristic in transmission
tower grounding grid[J]. Water Resources and Powe, 2016, 34(9):
178-182.

SN EE AR TR T AR A T BT BT 14 A AR S
A b o Rz AR AT, FE R A, 2021(5) : 128-134.
Zhang Guofeng, Yu Feihong, Yin Lijian, et al. Impact grounding
characteristics of flexible graphite grounding body based on finite
element method[J]. Insulators and Surge Arresters, 2021(5):
128-134.

WIOCH, BOTZE, B B A SRV SR AT BT RE S AR O
PERBIAIGISE(]]. =i AR, 2016,42(6) : 1879-1889.

Hu Yuanchao, Ruan Jiangjun, Xiao Wei, et al. Study on flexible
graphite composite material for electrical grounding and its
correlation experimentations[J]. High Voltage Engineering, 2016,
42(6): 1879-1889.

WIOCH S RN A R A SR S B R b R
WEFEL]. L kETR &%, 2020(3): 21-27.

Hu Yuanchao, Zhao Wenlong, An Yunzhu, et al. Research on
grounding characteristics of flexible graphite composite grounding

module[J]. Insulators and Surge Arresters,2020(3):21-27.

RAEH(1998—), B AL R L, ELHMAT @ AE D Rkt

R RSB A b LA AR R HAR A

ZA(1988—), %, M4, 81 3R, ML A §)F, LB H @

AANTRAE WA F G RO R R AR B A AR R (GBS AE ) (E-
mail : anyunzhu2006@163.com).





