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« A step wave of amplitude u is applied to the open line illustrated

in the figure. Study voltage as a function of time at points A, B
and C.

A 7,=400Q E Z, =400 %
|, =450m |, =300m
_ 6
v, =300-10°m/s v, =150-10"m/s

(D

A’ , Aalto-yliopisto



Transmission 27, (= p+1) Reflection Z,-7,
fent: ‘-5 5 = ent: P35 5
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Ground Bare Conductor Cable Open End
Z=0 : Z =400 (2 : Z =401 : Z =
I ' '
2,1 Z, | T T, wwh | do T T, |
ad | | ’ |
Lol p. DIC 1, p, D

I
>
ox
O--

(T:.0,):Z, = 4000, Z, =40 Q

LI1LQI):Z1:4OOQ9 Z,=0 . = 222 — 2(40) — 80 -0.18 LI4LQ4_LZ1=4009 Z,=
>y 2(0) ° Z,+Z, 400+40 440
lez +ZZ :400+0=O —22_21—40_400—_360__082 7, = 27, _ 2(00) 220022
LT P2 =z vz, 400440 440 Zi+Z; A0+ oo
L, =Z=Z,_0-400_ Lo o 2,27, _0-40 _»_,
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. I
Propagation of waveform: tg = .o 1.5us t,e =—<=2.0ps

J Vi
A < 450m B < 300 m e Ty (,012'3/042'22 + P3P4T2P1P2 U
h - h - =2(-0.06+0.12)u =0.12u
10 7,701 pou =0.24u
9
8 7,050,7,u = 0.30U
7 7,7,0,0,u =0.30u
6
t
[us] O
4 2'42'2U = 036U
also
5 because
r=p+1
1
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Voltage
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| 0.33 (4.50)
0.2 ,
0.18 (1.5us)
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« A current transformer is linked to a 20-kV bare conductor line.
The primary coil inductance is 100 uH. Wave impedance of the
line is 500 Q. A step wave of amplitude 110 kV arrives at the
current transformer. Show, using equations and approximate
drawings, both of the transformer’s 20-kV terminals against
ground and also the voltage between the terminals.
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Uy (t)=120(1+e 0% kv

Z
Z,+Z
Easy Z —t/0.1ps
: -t

u,,(t)=220e 0" kv
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Derive the equations using Laplace
transformation:

VA sL+Z
@: a oStz 20
s 1 sL+2Z s
v
L2z
J _(SL+ZZ ]20 ( Z ]20_20_ 20Z 26}:_0' L
" sL+2Z sL+2Z) s sL + 27 s 'S :( 2zj:
S+— Lot S| S+— |1
Laplace Laplace N I___ _:
1 a at
g:>us(t) s(s+a):>1_e {T: L =L}
Z,+2, 2Z

ZZ ZZ

t
) L'=20-d@-e b )=0(2-1+e b )=0(+e “F2110(+e 0¥y kv
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Derive the equations using Laplace

transformation:
sL +7 YA
. ) A
S sL+2Z s
A\
i- _ _2_Z_ N —: Laplace
207 207 L A g
2 = = e : | & —1—
s(sL+22) SL(S ZZJ :S(S N ZZJ i s(s+a)
I I

_2Z, _t
mm) L'=d(-e b )=0(l-e 7)=110(1-e"**) kV
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Derive the equations using Laplace

transformation:
YA sL YA
\_j
® . 1
. ot u,, _sL 2
— 12 =
S sL+2Z s
' 1
20L 20L T Liplaee
12 = = =20 : 1
sL+2z | ( 2Z 22 | ==
S T : L s+a
1
1

t
) =206 b =20e * 5220 0% kv
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250

z, A
200 -
< 150 -
< Uy (t)=110{1+€ 0% )kv
S u,, (t)= 2206104 KV
S 100
U, (t)=110{1—e % )kv
50 -
0 T I I I T -\ ]
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

Time [us]
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« An overhead line receives a square impulse of amplitude 100 kV
and length 2 km at point A. Point A is connected to a spark gap
parallel with a 0.01 uF capacitor. The inception voltage of the
gap is 50 kV. Draw the reflecting waveform at point A and
define the waveform parameters.

2 km
< >
100 kV
—>
Z =500Q Z =500Q
— 0,01uF

“h
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S$=2000m

{i = 100 kV H

4
\

*—o

Z, =500 Z, =500 ()
—_— C=o0.01pF
Z, A Z, .
B u, =——2-20(1-¢"")
Z +Z,
Equ.wal.ent oh u, | == - L7
Circutt Z,+7,
AP u, =100(1—e"'")kV
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u, =100(1—e™"'")kV

Inception voltage of spark gap = 50 kV:

50 =100(1— ¢ " )= 0.5=1—e " = 05=e " = 05=—"
r
T= 412, C
L +Z,
ion ti 500 -500
e e t=-rIn05=- 0.01-10°)in 0.5=1.73 s
(moment of ignition) 500 _|_500 ( ) H

: S
Dl.lratlon of T=—=06.67 LS (v = speed of light c)
impulse V
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A!

Voltage [kV]

120

T=6.67us

100

P

_ -
-

_--"U,=100(1 — e ¥r)

>t [us]
10

U=U,-U,
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Reflected wave:




Derive the equations using Laplace

transformation:
Z A Z | Z
! 1
) , | ~_ 7. = .
2u : — 1 | » u, u, SE _
S ' ZCs+1
! sC | ! Z+C
4§ : S
: |
b e - - - -
Z o 2
L__2Csyl 20z 20 1 2 1 2_ 2 _ 20 .. 7C
‘ Z s Z(ZCs+1)+Z s (ZCs+l)+l s ZCs+2 s S(ZCs+2) oo, 2 )1 [en 2 )
ZCs+1 zC) | zC )

_____________

- LU= 0(1— e‘zct] —100(1—e V" )kV
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