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Abstract: The influence of lighting-induced over-voltage is not negligible in low-voltage systems. This paper
includes a full analysis of the waveform, peak value and rate of increase of induced voltage, and evaluates its
destructive features. The difficulty in calculating the fault rate caused by induced lightning voltage is to find
an effective width equivalent to the width of direct strikes, in which a flashover can be triggered. Using the
methods of striking distance theory, first, the effective width of each lightning current can be found. Then,
with the lightning current probability density function, the dropout rate caused by induced voltages can be

obtained by integrating over all lightning currents.
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1 The Formation of Lightning Induced

Over-\oltage

In the initial stage of lightning discharge, the lightning
stroke begins with the streaming of the cloud areas and
then transitions to step leader. When the step leader de-
creases, the negative charge is left on the way. As the
head of leader is closer to the earth, and the surface in-
duced charges increase, until the leader reaches a deter-
mined "striking distance", the hit point by lightning is
still uncertain.

When the downward leader and the up streamer de-
velop to a certain degree, during which there will be a
strong discharge, the positive charge above will neutral-
ize the negative charge below. Because neutralization is a
bottom-up development, the direction of which is oppo-
site to that of leader’s initial stage of development, it is
known as return stroke.

2 The Analysis and Calculation of Lightning
Induced Over-Voltage

Induced over-voltage mainly gives rise to the flashover
of contaminated insulators on lines. The tolerance of
induced over-voltage of power lines is mainly reflected
in the withstand voltage properties of insulators of the
power line.
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Two half waves will develop to the opposite directions
after the formation of induced over-voltage, which means
the further away from the centre point of lightning the
insulator is, the smaller the peak value of induced
over-voltage is.

If suppose S is the horizontal distance between the
wire and lightning leader, hyis the height of the wire,
and H is the height of the thundercloud, the vertical
component of a point A between the wire and the ground.
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p, - The charge linear density of lightning leader. In view
of there are H >>sandH >> hy, the equation above can
be simplified as follows.
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Then the induced over-voltage on the power line is given
as below.
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Suppose the main discharge speed of lightning isV ; then

lightning current I is | = pv .Therefore, the equation

above can given as follows.
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When S2 >> h3, and 1 _60, the equation above
zEN
can be simplified as below.
Ihy

The calculating method of the over-voltage at the point,
the distance from which to the centre point is x, is the
same to the centre point. S is only needed to be changed

byv/s? + x2 .
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Figure 1. Waveform graph of the induced over-voltage on trans-
mission line

Figure 2. Schematic diagram of over-voltage transmission

Its waveform is shown in Fig.1.The induced
over-voltage reduces to 28% the maximum on the point

24/3S away from the central point, so the induced
over-voltage can be considered as symmetrical waveform

the width of which is 44/3S .When analysis is made, the
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voltage wave showed in Figure 1 can be decomposed
into two half waves which moves to the opposite direc-
tion. And its voltage value isu (x)/2 .As to the transmis-

sion line shown in Figure 2, the voltage value at a certain
time t can be expressed as followed.

ug (x,t)= %Ug(x —Vvt)+ %U o (x+vt)

=301h, ! + ! )
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If the wave impedance of the wire is supposed to
be Z =377Q2, induced lightning current is
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The corresponding current steepness is

0.08 Ihdv{[s

X + vt

[82 Jr(XJrvt)z:F/2

diy _
ot

X — vt

2 +(x—vt)2]”2

©)

Then current supreme steepness can be calculated as

follows.
Oiy 4 |
— =—-0.081h,v x =— —
ot ) 34/352 2.6
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Als =-0.08 xh—"le— KA/ pA
S° 2.6
It will be seen from the above that induced lightning
steepness is far less than the corresponding lightning
steepness.
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3 The Calculation of the Tripping Due to
Induced Lightning

As Figure 3 shows, the peak value of the induced over-
voltage developed at the point, the distance from which
tothe poleis X is:
Ihy
s
If the lightning current is supposed to be 100kA, and
the height of the pole 10m, the corresponding induced
over-voltage can be calculated. The calculating result is

Ugo = 60 (11)
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shown in Figure 4.
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Figure 3. Case diagram of induced over-voltage calculation
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Figure 4. Distribution curve along the line of induced over-voltage

The calculating result demonstrates that induced
over-voltage can reach up to 200~400kV, which is high
enough to make low-voltage lines and communication
lines generate the flashover.

The equation of the voltage instantaneous value of the
pole insulator is:

1 . 1
\/82 +(x—vt)? \/82 +(x+vt)
(12)

The occurring time of the voltage peak value of the
point which is X away from the centre of the induced
lightning is almost identical to the arriving time of the
peak value of the half wave which moves forward to this
point. So there is t=x/v .So the peak value of the
over-voltage formed on the insulator is:

ug (x,t) = 30Ihy
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WhereU, = 60%, it is the peak value of the centre of
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the induced lightning. It is not difficult to see that when
the distance to x is long enough, there isUgo(x)zéuo.
This is the situation when the inverse kinematics two half
waves separate entirely.

The withstand voltage level Ugy, can be used to
analyze and calculate the trip rate of transmission line

due to induced lightning.
The condition of causing flashover at different points
of lines is

1 S
Ugo(x):§U0[1+

VS2% +4x2

So the condition of flashover due to induced over-
voltage at arbitrary point x is

] 2Usgy, (14)
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Obviously, it is necessary to find out the maximum

and minimum distance S, , Smin » respectively, which

can generate induced voltage corresponding to a light-

ning. After that, the scope of flashover can be deter-
mined.

Smax should be determined by UO(X)Imin , SO
Smax €an be expressed as below.
S 60— (16)
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As t0 S, , it should be the maximum distance that
lightning strikes lines. According to strike distance the-
ory, the following equation can be got.

Smin:{\/r82 _(rs _hd)z :\/142](1 I 0'75_h§ s Z:E @an
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If there iS S, > Spin » flashover will be generated in
the width of S, — Spin - When the lightning current is
on the small side, there will be S, < Spin,» Which dem-
onstrates such a small lightning current can not give rise
to flashover due to induced lightning voltage.

In the area with the width of dx, the lightning current
can give rise to trip between S, andS,,, . Therefore,
in case of lightning current | , effective area (both sides
of the wire are contained) of flashover at the point of X
iS 2(Spax — Smin JAX . The number of times of trip-out
generated by this current on the scope of the effective
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area above-mentioned is expressed as followed.

Siax — Smin X
dn=yTAx (1 )dl x2—max__—min 18
e(1 X2 =X o0 (19)
Where y is the lightning strike density,

and y =0.015/km’lightningday ; T is the average an-
nual lightning day, and T =40; A,(1)is the probability
of lightning current, and 1, (1) = 0.0213 x10~' /1% .

In this case, there is:

dn =2556%108%107"1%8(s__ —S . Jdldx  (19)

The number of times of trip-out which is generated by
all the lightning current bigger than 1, 0n the scope of
width of dx is:

An = jﬁn = 2,556 x108 x
Iy

77|: wlo_l 18 (S max ~ S min )dl :|dX

lo

(20)

In half a span, the number of times of tripping per
year caused by induced lightning should be
%SI
Nos = | dn
0.51 o

0.51 o0
=], 2.556x10_877U| 10"’108(Smax—8min)dl}dx
0

0.51 poo
= 2256)(10_877"; 10_”108(Smax - Smin)dldx

lo

(21)
The number of times of tripping per 100 kilometers is
0 100x1000X 0
g =~ sl =
0.5 22)

5.112x10° Iﬁ J'OO'S' '[Iw(smax —Spyin) 107" 1%dIdx
0

According to the equation above, the induced light-
ning trip rate of the transmission line can be calculated.
The calculating results demonstrate that the induced
lightning over-voltage can not be ignored for the com-
munication line and the low voltage line whose voltage is
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equal to or below 35kv, but the probability of trip gener-
ated by induced lightning is slight.

4 Conclusions

Because induced lightning forms approximate equivalent
over-oltage in three-phase circuit, it is impossible to in-
duce inter-phase flashover. Induced over-oltage mainly
causes single-phase flashover, and the same induced
lightning current develops different induced over-voltage
due to different distance to power lines, which is differ-
ent from direct lightning stroke. The over-voltage due to
the induced lightning is related to not only the distance
between the lightning stroke point and the line, but also
the one between the lightning stroke points to the pole
along the line. According to the method proposed in this
paper, the quantitative analysis and evaluation of the
impact of induced over-voltage on the transmission line
can be made. Induced lightning trip rate is related to the
lightning withstand level, the pole spacing and the length
of lightning shield line.
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