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ABSTRACT: Lightning current impulse circuit researches havsed various schematics for diverse
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1. INTRODUCTION

Researching on effects of lightning current
impulses is important to selection of lightningegte-
protective devices and overvoltage calculation on
grid. Lightning current circuit researches haveligop
various schematics for diverse impulses, which reake
several issues for lightning current impulse getoera
fabrication with a reasonable price. Furthermore,
some of proposed lightning current impulse generato
physical models have the front and half-value arror
greater than the standamhes [2]. Therefore, it is
necessary to research and propose a lightningrdurre
impulse generator model generating various wave

shapes with high accuracy and suitable price.

This work presents the approximate method of
quickly calculating basic parameters of lightning
current impulse generator and the error-evaluating
method of correcting the front error and the half-

value error as the standards.

In addition, lightning current impulse math
models for wave shapes 8/20us and 4/10us are

proposed in Matlab environment.

impulses, which makes several problems for liglgtrmiarrent impulse generator fabrication with a siile cost. In
addition, errors of several lightning current imgal math models have not met the standards. Thik pressents
solutions to determination of parameters for a #fedightning current impulse circuit and a lighitrg current

impulse math model which is in Matlab environmeith Wigh accuracy.
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Figure 1. Standard wave shape

2. STANDARD  LIGHTNING
IMPULSE WAVE SHAPES

CURRENT

Typical lightning current impulse wave shapes
have been defined in the standards as Figure bt Fro
error and half-value error are required less thah.1
3].

Table 1 presents several universal lighting current

impulses with front timegt and time to half value.t
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Table 1.Standard lighting current impulses

Wave shape Wave shape
tag(HS) t(us) tas(Hs) t(us)
(Hs) (Ws)
10/700 10£10% 700£10% 1/200 1+10% 200£10%
1.2/50 1.2+10% 50+10% 10/350 10+109 350+10%
2/25 2+10% 25+10% 1/5 1+10% 5+10%
2/50 2+10% 50+10% 4/10 4+10% 10+£10%
0.25/100 0.25£10% 100+£10% 8/20 8+10% 20£10%
uys-L -t
3. LIGHTNING CURRENT CIRCUIT MODEL it) = _(,3 tz — g ri]
RA Q)
3.1. Lightning current circuit schematic
L Where: A= 1—4Q2 ,Q=wy/2a
1 z
\
s o = R2Lwy, =1/+/ LC
=u R
= e
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—_—— 72 _——
Figure 2. Lightning current circuit schematic t2 2L a° LC

Assigning p = #t; and |, = U/RA, equation (1)
can be rewriten as equation (2):

ity=1I,. ef;: (1 - e(p_l}f__:) 2)

To achieve a standard lightning current,

I( tdS ts

[EY
v

Corrected

/ N ) tail wave parameters p and tnust be selected correctly. Then
,l \ '\.\ based on equations (3) and (4), the resistance,
" orrecte '\'\ inductance and capacitance of the circuit can be
! .O.l.Ir.(.),nt estimated.
t L= t3
pC 3
-— Front wave shape - 1
- Tail wave shape = e+1) = @ +_ )
R tz peC (4)

Figure 3. Front and tail wave shapes 3.2 Estimate parameters for lightning current

By solving integral- differential equation and impluse generator
using Laplace transformation, the time dependent 3.2.1. Approximate method
current passing through lightning current circuanc
be obtained as equation (1):
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t
The equation (2) shows that functiofis 2 and

-1
[1— E@Tz}t] generate front and tail wave shapes,
respectively.
When applied with the approximate method, the
wave shapes can be presented in Figure 3.
In the period of tail time, it is assumed that
(-1}t

[1 —e ' I=1Equation (2) can be rewritten as

below:

—t
i(t) = Ime[g)

Therefore, i(t) = 0,54 if t=1t;— 1.

~(e—tal)
So:lme 2 =051,
- ts - td:
Hence: In(2) (5)

Similarly, in the period of front time, it is
t

assumed thate ? =1 = 1, the time dependent

current can be present as below:

~(pD)-
i(t) = |m[1—e ‘2]

Table 2.Parameters R, L and C calculated by the approximatéod

Standard(us) Calculated(us) Error(%)
e N tdtas t p R L Cc e N Front Tail
wave wave
10 700 70 0.000995 274.406) 9.9909 3.61E-p5 0.0001 .38E306 0.00071 6.25 2.11
1.2 50 41.67 7.04E-05 162.137¢ 0.708¢ 3.0€E-07 0.000: 1.13E-06 5.17E-05 6.28 3.44
2 25 12.5 3.32E-05 46.5676 0.338¢ 2.36E-07 0.000! 1.63E-06 2.67E-05 18.75 6.8
2 50 25 6.92E-05 96.0977! 0.699% 4.99E-07 0.000! 1.75E-06 5.22E-05 12.5 4.4
0.2 10C 40C 0.00014- 1582 1.44 1.31E-07 0.000: 2.50E-07 0.0001 0 0.6%
1 20C 20C 0.00028 789.518¢ 2.874¢ 1.04E-06 0.000: 1.00E-06 0.000: 0 0.01
10 35C 35 0.00049: 135.721¢ 4.941% 1.77E-05 0.000! 9.00E-06 0.0003¢ 10 3.4¢
1 5 5 5.77E-06 16.84963 0.0611 1.98E-08 0.0001 EZB0 5.60E-06 25 12
4 10 25 8.66E-06 6.943609 0.09 1.08E-07 0.0001 88EED6 1.06E-05 53.13 6
8 20 2.5 1.73E-05 6.943609 0.1981 4.32E-07 0.0001 .75E306 2.10E-05 53.13 5

The amplitude of current reaches Q.Ht tqo
and 0.9}, at . Therefore:

g )CL0%
1- T _ga
A T
1-¢ 8 — o

Solving the system equations above, the

parameter p can be estimated as equation (6):

_ In(0.9) — In(@.1)

P= g8, )l

(6)

Based on equation 5 and 6, the result of
estimating the parameters is shown in Table 2. The
result shows that front and half-value errors of/eva
shapes having great fractiogts (10/700; 1.2/50;
0.3/100; 1/200; 10/350us) meet the standards. ©n th
other hand, wave shapes having low fractigtyst
(1/5; 4/10; 8/20; 10/350; 2/25; 2/50us) do notsdwti

the requirements.
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3.2.2. Error-evaluating method
To estimate parameters of lightning current

impulses generators with low fractiaftd, the error-
evaluating method is a better solution to reduee th
front error and half-value error. The method isdahs
on error deflection and relative error evaluation f

current wave forms.

It is assigned that,dd, and d are front error

deflection, half-value error deflection and

accumulated error deflection, respectively.
Accumulated error deflection is estimated as

equations below:

d= dy+d,
d; =0 if 0.95<ta<1.1 bs
di= 0.9ty if t.<0.9 t
1= 1.1 if t>1.1t
d, =0 if 0.9t<t,<1.1t
do=t,-1.1¢ if tp>1.1¢
d,=0.9t-t, if t,<0.9 t
Where: t is the estimated front time,

t:=1.25*(logest1009); th is the estimated half value time,
th=t5006 - t1006+0. 1t
It is assigned ¢ & and e are front error, half-
value error and accumulated error,
Then:
e=q+e,.
Where:
&=t/
Parameters p and nust reach the conditions (7)
and (8):

e= |ta'tds|/tds;

1n(0.9) — In(0.1)t; — tg,

1<

0.8t In(2) )
0.8. tgen (0 — 1) 1.1t,— 0.9t
@) S In(2) ®)

Among values (pg} passing conditions (7) and

(8), the values reaching the condition “d=0" melaa t

respectively.

errors pass the standard. If “d=0"- reaching vakres
available, the value with the minimum accumulated
error is the best option. In the case that no véhig
supports condition “d=0", the value having the
minimum accumulated deflection will be chose as the

best option.

Based on the error-evaluating method, round
values R, L and C are presented in Table 3. Through
this result, wave shapes 8/20us and 4/10us are only
two conditions not achieving the requirements, and

the errors are lower than proposed models [2].

4. HEIDLER MATH MODEL

4.1. Heidler equation

Heidler equation is one of equations that used to

express lighting current impulses [4]:

_Im {t-,ﬁ)m g_r

T2

u (t!{rl)in +1 (9)

Where: }, is peak current (kA);T1 is increasing

i(t)

current time coefficient(s); Tz is decreasing current
time coefficient 1s) ; n is peak-current-adjusting
coefficient.

Applied with the approximate method, in the
-t
period of front time, it is assumed that™ =1 |

Therefore, equation (9) can be rewritten:
Im (tl{f'l)
P (eg)" 41

The amplitude of current reaches Q. 4t tq, and

i) =

0.9l at boo. Therefore.

Hence:
i@
B (t*#tz =01
{?:n;.;,&] +1 (10)
(tlaui'{rl)n +1 .
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Solving the systems of equation (10), parameter

T4+ can be estimated base on equation (11):

T, = 0.855: -
m 1w
-5 (11)
Similarly, in the period of tail time, assume that
(E-"‘H] -1
ig
{%1:] +1 , the Heilder equation can be rewritten
as below:
A
)= "¢ 2
u

At t= ttys the current value reaches a half of the

ta—t g,
Hence:e T2 =05
t —
T, = s — Lds
In(2) (12)

Errors of the lightning currents based on equation
(10) and (11) are shows in Table 4. Through this
table, even if errors of wave forms 8-20, 4i¢have
been reduced in comparison with equation (1), they
stil do not pass for the requirements when the

approximate method is applied.

peak value.

Table 3.Parameters R, L and C estimated by the error-etiagumethod
tas(Ms) | t(us) RQ) L (HH) C (uF) e(%) & (%)
10 700 9.8 40 100 6.25 0.54
1.2 50 2.7 1.2 25 6.25 1.16

2 25 1.2 11 25 0 1.2
2 50 2.7 2.2 25 0 1.8
0.25 100 14.3 1.3 10 0 0.075
1 200 11.4 4.1 25 0 0.15
10 350 19 76.8 25 0 0.2
1 5 0.43 0.28 10 0 2
4 10 0.3 0.5 25 375 0.1
8 20 0.6 2.4 25 29.7 6
Table 4.The parameters of Heilder equation

tas ts Ty Tq (%) &(%)

4 10 7.52E-6 8.6562E-6 21.875 11

8 20 1.504E-5 1.7312E5 21.87¢ 10
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4.2. Parameters correction

To obtain a better result, a correction needs

performing to  compensate for  assuming
10
t
T -t
x(t)=—22£—=1 andy(t)=e" The

10
i + 1
Tl

correction of increasing current time coefficiemida

decreasing current time coefficient must be done to
make functions x(t) and y(t) decrease because these
functions are less than one before the approximate

method is performed.

In the case of the functions, x(t) decreases when

10
t . .
(—) decreases, which means tI1Bit increases.
z-1

-t

On the other hand, functiony(t)=e"
decreases ifc2 decreases.

Correcting flowchart is presented in Figure 4, and
Table 5 presents the parameters after correcting
algorithm has been performed. Through this table, a

wave shapes meet the standards.

Table 5.The corrected parameters of Heilder

equation
tds | ts
0, 0,
(us) (us) Ty Tz el( A)) e2( A))
4 10 1.044€E-6 5.885E-6 0 3
8 20 1.9898E-5 1.239E-05 1.5 2.5

Estimate initial
parameter(equation 1112)

'

Estimate errors

:I

L4

Correct, increas® and
decreaséz

'

Estimate errors again

€hew < &id

End

Figure 4. Correction flowchart

5. CONCLUSION

This work has estimated parameters R, L and C
for lighting current generator available to generat
various wave shapes 10/700, 1.2/50, 2/25, 2/50,
0.25/100, 1/200, 10/350, and 1/5us which meet the

standards.

Parameters R, L and C of lighting current
generator 8/20us have reduced errors of the wave
shape in correlation with a proposed model from
39.06% to 29.7 %.

Math models for lighting current generator
8/20us and 4/10us have the errors lower than

proposed researches from 6% to 3%.
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CAC MO HINH MAY PHAT XUNG SET C Al TIEN

Quyén Huy Anh®, Nguyén Manh Hung®, Ta Vin Minh @
(1) PH St Pham K§ Thuit TPHCM
(2) Truong caoding nglt Lilama

TOM TAT: Nhizng nghién ¢u vé may phat xung dong sétstic day st dung cac @u hinh nach riéng bét dé
tg0 ra cac dng xung dong sét khac nhafiéu nay gay khé kin cho vic nghién ¢u ché tao cac may phat xung sét
Vvéi gia thanh yp ly. Bén anh d6, mjt s5 mé hinh toan sic mé plang dong xung sét con eh dat dwoc dé sai 9
theo tiéu chdn. Bai bao nay trinh bay phng an thét ké may phat xung sét cdung ngt ciu hinh nach va md

hinh todn bc may phat xung sét xaymg trong méi tirong Matlab c&és chinh xac cao.
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