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Introduction:
» Transient phenomena is aperiodic function of time, which does not last
longer.

» The duration of transient is very less, but it is important because
depending upon severity of these transient. The system may result into
black out.

» Transient may occur due to change in circuit condition. (e.g. opening &
closing of switch, fault, lightning discharge etc.). Which may result into
change in voltage & current magnitude. Some time these voltage &
current may be higher than those in steady state condition.



7D
During transient, there are two component of voltage k& e \_&, @

(i) fundamental frequency Voltage
(ii) Natural frequency voltage. It is usually short duration, which are

superimposed on power frequency Component —
Cause of Transient WL L ﬁ’(
/ \ oA
Internal Cause External Cause
(i) Switching surge . (i) Lighting Strike v/
(i1) Insulator failure

(1ii] Arching ground

(iv] Resonance



» Power line support the travelling wave of voltage & current. In such
circuit, the change in voltage & current due to switching & lightning do
not occur simultaneously in all part of circuit but spread out in form of

travelling wave & surges.

» Atjunction and termination surges undergo reflection & refraction.




Specification of Travelling wave of Surge:

___Crest

Front

Magnitude — 50% of crest

Time

Front

Tail



» Crest is the maximum amplitude in kV and KA.

@

» Front is a portion before crest. Generally front and tail are measure in

time.
l
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» Travelling wave can be represented by number of ways but mostly,

VAR

we take it as a step wave for Infinite time.
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o = 2nf

» The closing of switch is similar to opening of a valve of a channel
When switch is closed L, = open circuit
C, = short circuit
Now C, start charging through L,



» When C, is charged, then only C, may be charge through L,

» So we may say that current & voltage is gradually travelling from
sending end to receiving end.

» As we already discussed in long line that at any point voltage & current
have two wave

7D N
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(i) Forward moving wave (Incident wave)
(ii) Backward moving wave (Reflected wave)
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Incident voltage wave
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Incident current wave C

Reflected voltage wave
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reflected current wave




» When surge is travelling. The frequency is very high so
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» So surge impedance is the impedance offered by TL to surge wave.



II Method:

\— T L dx
A N
—1 |
X R S

» Suppose at distance X from source. We took dx differential element.
» Since, it is a lossless line so V and [ will be same.
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The electrostatic flux (charge) up to x distance @

q:K:(CI)V C = ‘Pu chath Coch,'{qn(¢
_A4 _ oo _

So current | = e -y vy —(D

d

d_): = = velocity

The electromagnetic flux, ¥ = (Lx) T L= Pu chgt'\ laeluctgne

AdY _ LIdx_ Ty
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Divide equation (1) by equation (2)
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Multiplying (1) and (2)
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» Here, we assume loss-less line, so In real T.L. the speed is less than
speed of light (2.5 x 108)
» In cable@exist, so velocity of wave travel in cable will be less.
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The reflection and refraction coefficient of a line terminated b@

Impedance:
(V’ I) (VH, IN)

Incident wave Refracted wave
(transmitted wave)

V', 1) >
Reflected wave

S

As per boundary condition, incident wave + reflected wave = Refracted wave
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Voltage reflection coefficient:
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Voltage refraction(transmission) coefficient:

V+Vv'=V
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Current reflection coefficient:
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Current refraction(transmission) coefficient:

N4 Z,+Z, Zy
T2, 2%
Tz, Zt By
T 9z




> Ifline is terminated by a pedance equal to surge Impedance @
Z°2: Z_i
Vi=0 ['=0
» So no reflection will occur, such line is said to be infinite line and load
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corresponding to this is called surge Impedance loading.



Surge travel to denser medium: |— —

2"272'1 Cable OH
(Uo) (MoR)
\/H: Q?ZJ
Vo ZatZ,
"
V . Z,t 4 -1




» So, when surge travel to denser medium then transmits{ wave > Incident

@

wave R

— Z.=4000
T.L

T.F Z:=5000

» So in transformer transmitted voltage will be higher than incident
wave, so it is not allowed to enter at transformer, otherwise

—
L
C

transformer insulation will be damage. Z; =Zq =

\



Surge travel to lighter medium:

oH Cqle
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Line connected with cable :
» Impedance of overhead line&400 €2, impedance of cable = 40Q2

@

V_"_ __ e

Vo Z,+7, 1

V_: 2x40 0.9 E
V' 400+40 |

Y__": O'Z.[_/ £

» In addition to reduction of magnitude, the steepness of voltage is also reduces
N—rr— T ——
(Due to capacitance of cable)
» So station equipment should be connected by overhead line by a short

underground cable.
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A surge of 15 kV magnitude travel along a cable toward into junction
with an OH line. The inductance & capacitance of cable is 0.3 mH, 0.4 A
uF and for OH line is 15 wH & 0.012 pF. Find voltage rise at junction

due to surge. IS¥v
——

22.2 KV |
5 =2
27.87 kV Calle o
32.13 kV r
2
_ | L ‘ >
3583 kv 24 e Impedane o cable= | = =) 03K = 73%
¥ ; -6
(Q) None OX b
Z_1§\\XJQ \mPco\qr\@ ra o¥ line= | I5KI8 > _ 3.53.55

0012 (5 ¢
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A surge of 15 kV magnitude travel along a cable toward into junction
with an OH line. The inductance & capacitance of cable is 0.2 mH, 0.4
uF and for OH line is 12 mH & 0.012 uF. Find reflected voltage in the

@
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A surge of 15 kV magnitude travel along a cable toward into junction
with an OH line. The inductance & capacitance of cable is 0.2 uH, 0.4
uF and for OH lineis 12 uH & 0.012 uF. Find current in OH line.

" . 2 K>y T
e N - 2804 XI\p L. WEa

1

@

. =
<, 20622 1L a
—_ 7 _ \SEw
i == = -




A surge of 15 kV magnitude travel along a cable toward into junction
with an OH line. The inductance & capacitance of cable is 0.2 uH, 0.4

uF and for OH line is 12 uH & 0.012 pF. Find reflected current in the
cable.
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A D.C. Source of 120 V with negligible resistance is connected
through switch to a lossless line having Zs =30 ohm. The line is
terminated with resistance of 60 ohm . If switch is close at t=0 . Plot
Vr with time until t=5T, where T is the time taken by wave to travel
one length of line. Draw Bewley lattice diagram too?

/< Zs= 30 B .

Y
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(> 20|y VY ZL.—; Con-
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A D.C. Source of 90 V with negligible resistance is connected through
switch to a lossless line having Zs =30 ohm. The line is terminated

with resistance of 60 ohm . Find the voltage at the receiving end just

before the t=5T, where T is the time taken by wave to travel one
——

length of line. Draw Bewley lattice diagram too?
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A D.C. Source of 120 V with negligible resistance is connected
through switch to a lossless line having Zs =30 ohm. The line is open
circuited. If switch is close at t=0 . PlotIs with time until t=5T, where
T is the time taken by wave to travel one length of line. Draw Bewley
lattice diagram too?

T Z_=2D (;[_( RCCOM’Ia Cﬂcl)
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A D.C. Source of 120 V with negligible resistance is connected
through switch to a lossless line having Zs =30 ohm. The line is short
circuited. If switch is close at t=0. Plo@with time until t=5T, where
T is the time taken by wave to travel one length of line. Draw Bewley

lattice diagram too? kY 5-20
- Zgw P(Seacling) = -( o+39
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A D.C. Source of 120 V with internal impedance of 54 ohm is connected
through switch to a lossless line having Zs =30 ohm. The line is
terminated with resistance of 60 ohm . If switch is close at t=0. Plot Vr
with time until t=5T, where T is the time taken by wave to travel one
length of line. Draw Bewley lattice diagram too?

N\ N\ o)
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1. Bifurcated line

2. Thevenin equivalent model

3. Line terminated by capacitor

4. Line terminated by inductor
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Thevenin equivalent circuit for travelling wave: @
47

| . o 3
710»#“2_72((&;6)6 n ofc 7,z 00
<2 A2 V o )
‘ 4 vV _ 2z,
- JJ—% Vo Zz 3z
)
== ) V' s
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= open circuit voltage = 2V
=7

A
Ztn



X Thevrin cqN clk
W (rev) \yltage davis|
A AVisian Rule

"W Z
V=_"= PAY

Z 17
T,










Reflection and Refraction at T junction
(Bifurcated line /Parallel line)

—
X 7T,
s Z,
V, 1
Zl
s
Vs I

Zs

The Z, and Z3 are in parallel, so their voltage will be same
V2" — V3N — V—"
V,) — 12,, ZZ — 13,, 23




Incident wave + Reflected wave = Refracted wave.

V+vi= v = =V

| 1 noood ;
T+T=1,+1, Tar¥

\/H vl'
v o4V
Z&

<3

\/'
2, &4

e <\ ) I \/a..\, \
e



Voltage Reflection coefficient —\'\/';l‘

Put £he vedus ¢ V"' from " @) o <qn (2

= (Vv (—'t ——->

VAR
=g = B _ @y

_:l:.)(.—‘-'k"""‘

zZ % £3
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Current Reflection coefficient T'Z=7

F\d‘ the Vodus Ef\/ and V! in C‘fn <g_)

L7a 4 .4, 4
— = =
Z_Q_ Z%z 23

—

1 (L _ 1
o
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current transmission coefficient _—‘E:_-rz’_l 0 I__La_
Put the vedwe 4 V" aad \/ in €q" (W)
T2, i 2| Zy. T,'z, 212,
T#4 et TA ipaaziag,
'__E'_' ) 2z, E 2z,
I Hz,x2|z,1 1|2, T Lzgrafz.s 4z,




Q A surge of 20 kV magnitude travels along a lossless cable towards its

7D N
4

junction with two identical lossless over head transmission line. The
inductance and the capacitance of the cable are 0.4 mH and 0.5 pF km.
The inductance and capacitance of the overhead lines are 1.5 mH and

0.015 pF per km. The magnitude of the voltage at the junction due to
surge 1s

O 3672kv 20K .
\:_ ot

¢ 1836kv 2,

O co7kv Cable z,

© 33931V H



=, (Cable) = f 3
q = | == ‘ >
4. 1 c OTAXIS : = 2828

Zz=2,(oH)= | L. lrsx\sz
3

3 =
. 5 O\SX | ¢ Sk
\I
—\%/— _ °?,2.j_ - Q,ZA_ 2
) N , = = 2%2% o i
%28 1§22

1
V= Zb(\'6365) = 3293
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Z,
T'= 3392%x4%°
21622
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Q A surge of 20 kV magnitude travels along a lossless cable towards its

7D N
4

junction with two identical lossless over head transmission line. The
inductance and the capacitance of the cable are 0.4 mH and 0.5 pF km.
The inductance and capacitance of the overhead lines are 1.5 mH and
0.015 pF per km. The magnitude of the reflected voltage




\/+ V= v
Do+ V' =
= 3393

V=
= 3393-20

V=43
2RI3 kv



A surge of 20 kV magnitude travels along a lossless cable towards its /P )
junction with two identical lossless over head transmission line. The A
inductance and the capacitance of the cable are 0.4 mH and 0.5 pF km.

The inductance and capacitance of the overhead lines are 1.5 mH and
0.015 pF per km. The magnitude of the reflected cuvyenk:

) ALl Ll U sl o

)
AY
<1 V'
2
— \Z'SSX\B \) VI,
2%2%X

~ Y32.%7
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Points to Remember

Incident wave + Reflected wave = refracted wave
V+V =V"

v’ ;
1+7—V/V

1+ Reflection coefficient = Refraction coefficient

I+ 0 =0




Line Terminating through capacitor

So capacitance reduce steepness of voltage



Vio oz, 2.4 2
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V=V-—V
| N +
\/-:QVL:L—QHZ—"]—V
| X
V= V-3ve °°
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Q A 400 Kv , 2 microsec rectangular surge on a line having a surgem

impedance of 350ohm approach at a station at which an earth A
capacitance of 300 pF is connected. Determine the maximum value of
transmitted wave?




\V'= Qv
L_/L- e,-_z-(—TC ]
— 2XI%

V=
< X 5L L_’L
Q 3Sox 26V |§‘2

—

6 —

|
v'= 139 99



Line Terminating by Inductor

- %T










The Inductor and capacitor are dual to each other.

So capacitor in parallel will give same effect as inductor in series.
Parallel capacitor / Series inductor.

— To reduce steepness.
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#Q. A rectangular voltage wave is impressed on a loss-free overhead line, with thc&@
far end of the line being short-circuited. On reaching the end of this line N

> o [ESE-2003]
-

J

m e current wave is reflected back with positive sign, but the voltage wave with
negative sign.

E The current wave is reflected back with negative sign, but the voltage wave with
positive sign.

E Both the current and the voltage waves are reflected with positive sign.

E Both the current and the voltage waves are reflected with negative sign.

l st
Vo(Z2). on T (%2 oy
\Y; Z ()+z':6 I {.3«2,) i




#Q. A travelling wave 400/1/50 means crest value of [ESE—ZOOl]&\/

E 400 V with rise time of 1/50 s
E /1450 kV with rise time 1 s and fall time 50 s
E 400 kV with rise time 1 ps with fall time 50 ps

E 400 MV with rise time 1 ps and fall time 50 ps
1 NGO
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#Q. If a travelling-wave travelling along a loss-free overhead line does not result 11&@

any reflection after it has reached the far end, then the far end of the line is -
|[ESE-2001]

Open circuited

Short circuited

Termin\zyd/into a resistance equal to surge impedance of the line

Terminated into a capacitor
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