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ABSTRACT: Current injecting a grounding system of high voltage substation decides
the amplitude and the voltage distribution along the grounding grid [1]-[2]. Therefore, the
determination of short circuit current at substation is always cared by the designers. This
paper presents a method to fast calculate the current passing through grounding system of
high voltage substation when lightning strikes at the grounding wire of transmission line.

1. INTRODUCTION

To calculate the current of lightning exactly, we must not only apply numerical analysis
but also use computer. This problem requires that users need to have professional knowledge
and the ability of programming or using specialized software that are very expensive.

Thus, this paper presents some new formulas to calculate the current passing through
grounding system of high voltage substation when lightning strikes at the grounding wire of
transmission line.
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Fig 1. Equivalent circuit of grounding wire line

Based on transmission line models [3]-[5], the grounding wire system can be modeled as
equivalent circuit (Fig.1). Where, # is the number of span, each span is represented by a pi-
circuit. The shunt impedance Zp is the grounding impedance of pole and the series impedance
Zs is the impedance of grounding wire (if the transmission line has two grounding wires then

this series impedance will be Z, /2). Z1 is the impedance of grounding system of the first

substation and Z2 is the impedance of grounding system of the second substation. In case of
open-ended grounding wire line, Z2= . The system of grounding wire and impedance of pole
can be modeled as a series of connected n pi-elements equivalent circuit with lumped Zs-Zp.
So, the calculation of lightning current will be a process to solve this » pi-elements equivalent
circuit.
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2. CALCULATING THEORY
2.1 Impedance

From [6]-[7], in case of open-ended grounding wire line, we get the Thevenin impedance

(seeing from the position that lightning strikes to the end of the grounding wire line) as
follows:

a;(b— 42!5,ZP+Zf)n—%(b+J4ZsZP+Zf)
rhO= n n
(b+ 122,472 —-(b—J4ZsZP+Zf)
where:
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In case of the end of the grounding wire line connecting with the grounding system
impedance (Z1), we get the Thevenin impedance as follows (see Appendix):
7 = ;ZJTD
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where:

n ~zn 2
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2.2 Calculation of current
We consider two cases (Fig. 1):

Case one: When lightning strikes at the gate pole of the first substation, we have the
following equivalent circuit:
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Fig 2. Equivalent circuit
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Current passing through grounding system of substation 1 (Fig. 2) is calculated as follows:
Z
[ =—2m @)
ZI + Zth
where Z,, is the Thevenin impedance of the grounding wire of transmission line (seeing from
the position that lightning strikes to the second substation) (). Z, is the grounding system

impedance of first substation (Q). / is the lightning current value (kA).
Case two: When lightning strikes at the & pole on the grounding wire of transmission
line.
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Fig 3. Equivalent circuit model

We alter the circuit in (Fig.3) for (Fig.4).
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Fig 4. Equivalent Thevenin circuit

Then, current passing through grounding system of substation (Fig.4) is calculated as
follows:

Z!hZZp

I = i (5)
ZpZ.rhl + fozlzp 3 ZH:IZHI?.
& il
b 12 = thl P ] (6)
2,2y +ZpZ,+2,2,,
13 = Z!hlzlhl i (7)
| 2,2y +2,Z,+2Z,,Z,,
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where Z,, is the Thevenin impedance of the grounding wire of transmission line (seeing from
the position that lightning strikes to the first substation) (€2). Z, is the shunt impedance at

pole that lightning stroke (£2).
We consider 7 -circuit equivalent impedance (seeing from the position that lightning
strikes to the second substation) (Fig .3).
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Fig 5. Equivalent circuit model to the left of the position that lightning strikes

Current passes through grounding system of first substation as follows:

ZpTDI

Lo ®)
Z] +Zﬂ;m ;

Z1

where Z ,, is the elementary impedance of 7'- equivalent circuit to the left of the

position that lightning strikes (Q) (Fig . 5). Z,,, is the Thevenin impedance of the grounding
wire of transmission line (seeing from the position that lightning strikes to the first substation)
in case of open-ended grounding wire line at this substation (£2).

Similar calculation:
Z o2

=—] 9
Zz"'Zmoz i =

122

where Z ., is the elementary impedance of T -circuit equivalent to the right of the

position that lightning strikes (). Z,,, is the Thevenin impedance of the grounding wire of
transmission line (seeing from the position that lightning strikes to the first substation) in case
of open-ended grounding wire line at this substation (€2). Z, is the grounding system
impedance of second substation (£2).

Substituting the above formulas (8), (9) into equations (5), (6) we obtain:

7 Z ,rp1Z n2 ><. zZ, J
Zl+ ZﬂrOI ZpZJhZ+ ZrhlZp+ er1lZ!h2
< B il z (10)
I b pTD?2 thl P
o M * 1
L Zl + ZrhGZ ZpZHx‘Z + ZH:EZP + ZIkIZ!h2
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2.3 Summary

From the above analysis, we have a method to calculate the current value passing through
the grounding system impedance of substation when lightning strikes at any point on the
grounding wire of transmission line as follows:

(1). We determine the Thevenin impedance (seeing from the position that lightning strikes
to the substations) in case of open-ended grounding wire line at the substations, with the
number of nodal point is (k—1) and (n— k) as follows:

-1 =
rz ma,(b—\/4ZsZp+ny —az(b+\/4ZsZp+Z_fT
mor — -1 k=1
(b+\/4zszp+z§} ~(b—\/4ZSZP+Zf)
) > )ﬂ—k ( 2 )n-k (11)
, _a,(b—\/4Zij+Zs ~a,lb+f42,2,+ Z!
h02 n—k 1—k
(b+,/Z:ZP +zf) —(b—.\/4ZSZp +zf)

where &, &, and b was considered in formula (1).

(11). Determine the Thevenin impedance (seeing from the position that lightning strikes to
the substations) in case of grounding wire line connecting with grounding system of these
substations, with the number of nodal point is (k—1) and (n—k) as follows:

Z 2
_ pTD1
Z.-m = Zrhm - 7 7
J tho1 + 1 (12)
ZZ
Z Z pTD-’
th2 tho2 Z Z
tho2 + 1

where Z ., Z 5, have form as formula (3)

(iii). The current which passes through the grounding system impedance of substations
when lightning strikes at any point on the grounding wire of transmission line is calculated as
follows:

1, (k) o S - = X Z ol
2'l +Zrh01 sz;hz +ZrhlZp +ZthIZrI|2 (13)
& i Z
1, (k)=—""2x 2 R 2ol
) Z2 * Zrh02 Zerh‘_’ ¥ Zlhlzp i ZrhlZﬂrZ

where Z,,01,Z 025 Zi> Znas Z pprs 2 pp2 Was considered in above formulas.

3. CONCLUSIONS

This paper presents a method to calculate current passing through grounding system of
high voltage substation when lightning strikes at any point on the grounding wire of
transmission line.
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CONG THU'C TINH TOAN NHANH DONG DIEN DI QUA NOI AT CUA
TRAM BIEN AP CAO THE KHI CO SET PANH TREN DUONG DAY

CHONG SET

Hb Vin Nhat Chuong
Trudong Pai hoc Bach khoa, PHQG-HCM

TOM TAT: Dong dién chay qua hé théng néi ddt ctia tram bién ap cao thé quyét dinh
do 16m va phén bé dién dp trén ludi néi dat nay [1]-[2]. Chinh vi thé viéc xdc dinh diegc dong
dién ngcff-z mach tai tram luén la moi quan tdm cila cdac nha thiét ké. Bai bdo dé xudt mot
phuong phdp tinh nhanh dong dién di qua néi ddt ciia tram bién dp cao thé khi c6 sét danh
trén ddy chong sét cua dwong ddy tai dién.

[1].
[2].
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APPENDIX

To determine the equivalent impedance in case of the end of the grounding wire line
connecting with a grounding system impedance (Z1), we turn 7 pi-elements equivalent circuit
into the n T -elements equivalent circuit and use characteristic matrix method.

If we consider elementary parameters of each span to be equal, then each 7 -circuit will be
considered as a two-terminals network having the same characteristic matrix, as follows:

2Z ,+Z, 42,Z,+Z

2z, 4Z,
A]:A2: . — AHZA:'
1 RE , #.Z
Z, 22

If we transform » series two-terminals networks into one then this equivalent two-
terminals network will have the characteristic matrix as follows:

A=A xAyx..x A4, =A" (A. 1)
Appling the Caylay-Hamilton theorem to solve (A .1), we have:

_|B+BAQ1)  4(12)
:Am—{ A(2) ﬁwﬂA(zz)J (A.2)

where
g _AH A
) b=
Y =ll “’12
A4
and
(/L _22,+Z,+[42,2,+7
iz,
:?.ZP+ZS—,/4232’,4-232
\ k ZZP

The two-terminals network with the characteristic matrix determined at (A.2) is
transformed inversely into 7" -elements equivalent circuit as in Fig .A.1

P ——

| Zaor2  Zawm2]l Z2

| = e . — — — I

Z2 | Zaoi2  Zaoil2l Z2 Z2

Z

Fig Al. Equivalent Thevenin circuit
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where parameters of T -elements equivalent circuit as follows:

VA
Lanf2=Z, +%+ZP%—‘—§’-’—
1 1
Z
ey

Thus, the Thevenin impedance “seeing” from the position that lightning strikes to the end
of the grounding wire line in case of open-ended grounding wire or the end of the grounding
wire connecting with the grounding system impedance of substation (Z1):

Z.s=Z, +Zp [1+&J
A (A.3)
ZZ
Zyy =Zyg “Zﬂz—
L thQ * 1
where:

R 2z [4z,Z +7°
pTD n "
(b+ 422, +22) (b~ 422,42

and b=2Z,+Z,
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