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Abstract

There is a problem of high grounding resistance in the grounding engineering under the harsh
geological environment, which is easy to lead to high ground potential in the case of fault, endan-
gering the safe operation of the system and personal safety. At present, the calculation of fault
current distribution and shunt coefficient is usually limited to the simple case of single circuit
overhead line or underground cable, and the coupling effect of non fault phase is not considered in
most cases, and the influence of transformer is not considered in the model. To solve this problem,
the theoretical model of short-circuit current to ground is deduced theoretically, and different
situations are distinguished according to different fault locations. Secondly, based on EMTP elec-
tromagnetic transient program, a simplified calculation scheme of ground current is proposed,
and the method is applied to a hydropower station with adverse geological environment. The re-
sults show that the grounding short-circuit current refers to the part of the short-circuit current
which constitutes the grounding grid earth circuit and then causes the grounding grid ground po-
tential to rise. The calculation needs to consider the maximum grounding short-circuit fault cur-
rent that may occur in four cases, namely, the short-circuit inside the station, the short-circuit
outside the station, the single-phase grounding short-circuit fault and the two-phase grounding
short-circuit fault. This method is helpful to calculate the short-circuit current quickly and accu-
rately, and provides an effective reference for accurate calculation of grounding parameters.
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Figure 1. The equivalent network diagram of the shunting of the “lightning wire-tower” grounding system
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Figure 2. The situation where a short circuit occurs in the grounding grid
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Figure 3. The situation where a short circuit occurs outside the grounding grid

3. FEER R A IR SN 1R

3. EMTP-ATP i+ 8 53&

i EWLEH, BEFEAAHEINERR TIRZ R, RFELBRNEASH T FHEAS, ek
SEAEVF AR B, YONATIERORSEE . B rBBEERAR S, ASRE VT AL st B b B PU r TR R X
LR AR AT T A, HOTEEAE R BR Y, DT R A S LR, N S RS,
P R 4 BT T IR 51 [24] [25] [26]

EMTP MRS HETBEATHHESAREMITIRE, BirEs ey, s, FIH EMTP 727 0] Lo
Gk 22 (B BE T 3 RRIKI TR 22 o AR 32 1 S B I 2 RN 2R B 45 440 . 240, v R EMTP 25 43 Gl et 3l 74

=

DOI: 10.12677/jee.2021.91006 48 ZER I


https://doi.org/10.12677/jee.2021.91006

R, 3l

AR A SR P R R I PSS DL B TR B EAT TH AR, WF TR AU At AR B A e vt e b X 4
HorEPH . AP R RE . BETR AT . S AN A AL E A AR, BT AR SO 4R ] ATP-EMTP %)
R A\ MR B R EAT TH AR 5 5

3.1. EMTP-ATP EAE %

EMTP (Electromagnetic Transients Program) 238 /K - [ H BT 20 40 50 SRR 3E E BPA T
H TAER S| FIFEF, ATP (Alternative Transient Program) & Windows iR A<, & EMTP R4k 4EM1K &,
‘EORAF T EMTP 4B 06, Wi 7 —Ssohae, KM 7T S5HP M ABLAE, H ATP RS
BRI R FRA TS 75 B S P L AR A MRS, IF BRSSO S — SRR BRI o, TR AE .
BEARF N WRAE O A FRRE, ST A ARBOTIE, W T B ARG TR, RIRBRTE A S0
VR, A, BIESEEP SO B YE S, 0T AR5 28 55 o3 A 1 S B0 L B 0 i A
IR TS, Gad— @ 4, 00 SHN A B 5 80 FREME I 26, 0 AR B2 77 F8 A8 A AREOT #42,
BE— B TR RO ANERE . SRS R AGES R 5 BORFIRR B AE R S, DA sl R &, IR
e =00 SRR, 5 SRAS &SRO, AP A R DI, AE&. ERASTHE RS AEL T
PRENEAL, BLFERF A R AREAT IR U 5. RS TR ARG R T DU > B Aok A 3,
WA AT IEACR AR (R AMEETE, AR A 2 M I 25 30 40 AR 2 M I 288 58 40 43 TR AL B, A SR A 2 1k F B 1) ik
AATH BRI LE /N 53 WY 25 ) o

ATPDraw HAiZRFERZ 70 AMRAELLIER 28 A TACS X% ATPDraw F2/5 A ML E &, H
JUR DM Rt £ C 22 58 SUUF AR R R (B ) SR py i 75 EE R L g, P DL E 8 A FIBIA R SR )5 H
AbER 2% E B A O B IERA K] ATP SN SCHF . OB s & v LR P45 8, rl DL E . Bk, %
T EIEAL SL1H (Y] ATPDRAW FEAL Y o2 A 3 75 0 R Af 1

ATP 27 H1 ATPDraw &7 HISEEIEH, 1G5 ro i B AN D0 5 77 1 1) 1e) @ 50 In 7 (38 . vHEfs . LA
JCPENIE FH 5, SR E D K REREWE 2 LA THAE 2K, Windows AN E A, THEEAY ETRAL
BN, BRAEJTAE, THESE RS BN SRR .

3.2. EMTP-ATP j+E#E8ET

FERIRGM G, WH A S ER SO A S HoTlE, XEToiE AT DU ER),
POARE . b SHOTH U R, BN R AT RS EUT R AR, B
LRSS, R RG T ABARIEA 22 AL, SLRZAMFEREMSG. EESTEY, &
S BRSSP A X LA F TR R TR . TSRS FEAGR T R RS & AN BT R R . o
SEON M R i FL I 75 2 1 09 T T AR R O

1) H R YRR

RS R IEER ] =SS S IR EA, JF R B R G H R .

FERBAETI RGN, FP RN R EEZRTorE, 1R A R R A SRR 1 S R
SE T Fe T SRRl L RE B ARSI A A I R AR S S R k. AEBLAL ATP i b, 25 FE Bz i 1 i
R BRI AN K, BRI AL I F e AR A AR /N, R B P U ) R 80 20 e AN, R A L R IR DR R
P = MRS i e AL, G5 & SEBRIE AT /R B, ORI R0 5 ML A o b s A e P L B P 7 2 P 42
b, TS e R R P R T 22 K FE B M

2) AR LA

ATP A8 TR AT SO B AR B AR AR R ST | UM S AR VRIS R ST L =R O 2 X R
PBEHT AN AL IR 28 B Al BCTRAN ST REFF o IRIESLPRss 2 S5 8 S B oL, SR A

DOI: 10.12677/jee.2021.91006 49 ZER I


https://doi.org/10.12677/jee.2021.91006

HEFE, S

BCTRAN CHEFRRY, A DAL & Fhoes i35 07 MR R 38 .

BCTRAN SZHETF2/7 AT AR A8 e 253 76 2008 A% 1 2 R A B 00 1O B0 , 79 3 SR AH B = A, X84
SR G AR BRIILNE L R B R, oL HERIEN, RRTIER IR ZIKSHZ A .
R PR BELRE R A AR, G R TG 3R 0 TR 5 SR AL I F B R, B 5 Ak e L AN 5 2R B T I o AT TR
L R R B B AR i N S HL

EAHER I — 2, BRI A GeeA M s H e il 1, R 7 A Sed s s5 ¥ R IF s, #% b
X e o A B € SORAE R R — ok, L= AR R AR IR M 5 2% B A SR 58 =502 R
Bl B A BRI = A 5 Y8 = AN R R A B o DR Dy T R S B R S T A P R AR A S B
TXFE T LLERTE A SRAL N (1 P9 358~ 4887 1) A o

3) LR AR Y

i L 2 % AR R A T S A8 (Clarke) FIAN 47 28 % (K CLee) 528 . Bergeron (U1757%). PI. RLPI %Y.
RL #48  RL PR B 4545 1) S5 AR L BR AR, 0 N 7= 2B (R AT 3R R PR 2R B S 04T TMIarti (557) Semlyen
(ZEMRFR)FI Noda 5555,  NZARYE THR0RSE BE 1) 75 BE 0 REAS [F) i L 4 s A 2

XoF Sl A1 FRLZR B AR SCH SR B IMarti AR RR R 28 25 2R, X BRI AE SC I 2R B AR W R T
R A R AR A R B PR Y, A rh ) — gl A e i e

4) AR A

DUAT B % FIR T B R AN RE e i i IR B2, B B R 15 mQ A AR SR AT o
B, XS R A A A B B A & R M A B AT TR B R ) RGP B A B — A R &R
PERY, FEAETERLRE R AR VR P, R 4R A IR AT S 2RI N Kt B il A B, A IR
HRIYD R LR . A 2R S b R] . PR AR Ak ) R PSS, TR A i i A LB R AR . FER
AR RIRIE, AR, KR, HIRE RN, LN UANRRE . BE 3 0 R AR R (1 2E K
FERIR 2SR LN 2B R B IGE TG, ORI K. 1948 4, R 7R B H S} 2 A 7 Bt oL T
WEFLHTNT 35 kV AT 110 kV PZEIEAT — R AL, J5 5 LI 200~1800 A, HLH_EHAIERE N 1500 V/m.
24 e I BEL A LA R 250~300 A BRF, 5 5% B 18] ) FE IR BT ALLA -

R, =1050(1,/1,)(Q) (20)
WA, LN, $47 m; 4, NIRRT RS IR, A Ao HBAHAE RS, o SRR

PR, L SRR R O AT AR AR DL A E
1B H AT RO B R 1 D0 T R A B A ShAS PR M A2t — 2B W 7L, RS, JE B R AR i gl

BN R A LB 2 Q.
S TALER X — AR, R ATP s A AT B, BB A2 MG, DR

1 o

4. HERH

N DL KRR Sk PR 4 S s B N b H TR T S O, o e R I N b IR T S T VR I AT VR
K FH I B ad A 0 e 3k ) B AL RO FE G B AT HAR . ATP-EMTP #EAT U 0T .
4.1. HEEH

Hof 3l Y R BRI O, K L AR R F IR SRR R B LI 4 s, o dl S 550 V R BEZR R
B, T1~T4 NEAEZE, G1~G4 N/KE K HAHL.

DOI: 10.12677/jee.2021.91006 50 ZER I


https://doi.org/10.12677/jee.2021.91006

R, 3l

[~ 20V
N4

[~ 20kV
_ NS
64

G1
Figure 4. Schematic diagram of the location of voltage and current lines
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Figure 5. Schematic diagram of hydropower station system wiring
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1) i A %

FL St 4 R A S 4R NI AT B 3l P R T PR FEL T S SR R, RS NS A U, M
R LR FE TN 0.548 Q, AFIEHEHIBAPTHL 10 Q, F BRAEFEH R B AN AHFE R 2 PR P f 2 2 . o 1
NHEER AL SRS IR, LON IR R R, [N ARSI IR, T N “HBZR - MRS Bt

RENEMI, 1 WA, K, =20 =L SR R

N B1 + D

1% 1 PR B S, 3l P SR R I P N AT B PR LG 0 A R B N /) o 22 r bl B BEL BT 0,548
QAT HTEL 10 Q I, 7K FRLk i A= 3 PR 1R A 22 R B B T e DR N R 667 266 FLUAE S AKUEA 9.392 KA
Table 1. Calculation results of short-circuit current when short-circuit in the station (kA) (power station grounding imped-

ance 0.548 Q)
= 1. AR RS ERIT E A R (kA) (FRUATEMPET 0.548 Q)

el Tmax I Is Is Ip Ky
FRURE b % 26.54 7.624 19.11 11.20 8.139 0.579
T FH 2 b 0 % 30.12 8.504 21.99 13.44 9.392 0.589

2) uihhE %
Ul AN A R R AEAE LR B EAT A — Ak, B AN ANEE 15 FERTFES AL, 435 SR B M S B A
AR T B P P b e 2 A, SRR AR 20 b [, N ES SAC I S B R, 1 O FRLE R AR A S FRLR

I M RGBS S Ty B — FEIE B RS R R AL Iy W NSRRI, K, =08 = Tos

I, I+
NI AEL

z BS D

Table 2. Calculation results of short-circuit current when short-circuit outside the station (kA) (station grounding impedance
0.548 Q)
2. HSMERRATIER BRI R R(KA) (B ubHEMET 0.548 Q)

?ﬂzlﬁ%%ﬂ Imax IZ IS IBS [D K,}
AR e e 25.97 5.118 19.83 2.660 3.101 0.462
T FH 2 b 0 % 29.20 5.953 23.25 3.138 3.569 0.468

22 2 R R, ol 4D R R B R ) N M R % EEL AT L B R 2 e R I K
ARV AN I S AL B, WS N HU R B H AN Ui R B R, SRR 3 F. FER R
IR TN 0.548 Q, FFEEHEHUBHITN 10 Q, FES ST S 199 A0 $2 Hh J 1%
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Table 3. The relationship between the ground short-circuit current and the position of the short-circuit point (two-phase
short-circuit)

= 3. NMIRRRE IR S5 R AL E A X R (IR EY)

[ A= Inax Iz Is Ips Ip Ky
N10 27.14 6.236 20.91 4.685 3.207 0.594
NI11 27.45 6.191 21.27 4.279 3.347 0.561
NI12 27.81 6.140 21.67 3.927 3.450 0.532
NI13 28.21 6.083 22.13 3.622 3.518 0.507
N14 28.67 6.019 22.65 3.360 3.556 0.486
NI15 29.20 5.953 23.25 3.138 3.569 0.468
N16 29.82 5.888 23.94 2.951 3.562 0.453
N17 30.56 5.832 24.73 2.800 3.546 0.441
NI18 31.48 5.798 25.68 2.686 3.531 0.432
NI19 32.45 5.772 26.68 2.612 3.520 0.426
N20 33.70 5.757 27.95 2.589 3.511 0.424

M 3 ATLLA H, BEAE RS R r i PR AR, ol A SR AL RO R R BB DN, (H R SR B
LB LRSI O, N B L U 2 BT KR N I S . B AR R ARG AR 15 SEATEE I A AE
B LIRS BB R, f RN RS LR AR A R N 3.569 KA.

3) RN

HRT SRR, KRSt N FELYR 9 T AR GE FBE, P Lok PARE B I N LR P AR, Ll P AL e
IS AR N SR B P U0 B PR P R B P I R PR 2 R R, 2 e R BT 0.548 Q. FHIEFE BT
010 Q B, 7K S e KON M % HL IR 2B N 9.392 kA, HUELIAL 7 B IR EUN 1.08, I R E A
IS Ji N\ HHE B FELIAL 10.14 KA

BEAl, X Bt B ST 1.849 Q IIL T, 3k P A ARG B A AR R B P RBEAT TH R, S5 5R LR 4.
Table 4. Calculation results of short-circuit current when two-phase short-circuit in the station (kA) (power station groun-

ding impedance 1.849 Q)
= 4. VHAFRAERE BRI AE B BRI A R (KA) (BB UbHEMBPE T 1.849 Q)

A Y Tinax I Is Ips Ip Ky

T FH 2 b 0 % 30.08 8.502 22.04 15.95 6.223 0.589

He 4 rBdERD, B BE BTN 1.849 Q B, /K H Sk & AR Sl p 7 AH B b S B AR I, B R N
L% FLLAE SUE N 6.223 kKA. HUE L IR TN 1.08, FI1FH R ANHLET B N 6.721 kA, SR XT
NF) GPR A 12.43 kV.

A LB 2R FH EMTP-ATP #4000 R BT 45 R 5 e g ik i S 3B

5. &t

WSO T 3545 M TR R el (R M R By i, TR T .

1) 825 Hb R RS EhL S 1 43 R P 76 T R b ) AR R A R B RS 0 T S S AT
0 140 B e e A (R A P P o Bl TS A% Ll 3 e B L P 25 4 DA %5 4% 25 8 22 TR SR AR 5
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