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Power Systems

Modelling of Transmission Line

MODELLING oF TRANSMISSION LINE

1.1 PARAMETERS PERFORMANCE

A particular conductor of cross-sectional area ‘A’ and length ‘/” having resistance R.
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.
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p — Resistivity

o — Conductivity

Whenever a current is passed through a conductor it produces a flux “¢’.

Where, ¢ ol
= ¢ =LI
So there exists an inductance also
_ %
L= T L — Inductance
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There is some capacitance exists between two conductors where air behaves as insulator (dielectric). Practically
ideal dielectric can’t exist in nature, so there must be diclectric loss and losses are represented by resistance or

conductance

G — Shunt conductance/leakage

So there are four parameters R, L, C, G in power line. In power line transmitted power is represented in
“MW?” and dielectric loss will be in “Watt”. So as compared to power transferred dielectric loss is negligible i.c.

leakage is neglected.

All the transmission line contains resistance and inductance and in between the conductors there is capacitance
and leakage present through out the transmission line. So that R, L, C, G are called as “distributed parameters™.
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The capacitances in 3¢ line

L

C

Cabs Cior Coa = Capacitance between two lines.

Cpo» C, = Capacitance between line and ground

ao?

Here capacitance between lines are in delta form and they can be represented as

A-Y conversion:

o/\ CbN Ccll\x;

b c
C,n = Capacitance between phase ‘a’ and Neutral.
C,n = Capacitance between phase ‘b’ and Neutral.

C.n = Capacitance between phase ‘c’ and Neutral.

Total capacitance between phase ‘a’ and ground
C= Cu+C,,
Co= Cpy + Gy,
C.= Cy+C,
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L = Length of the line

Per unit length parameters:
Resistance =R
Inductance = L

Capacitance = C

Total series impedance: Z= (R+joL)x/

. i S
Total shunt impedance: Zy = joCl_ j(2nf)Cl j(2rC)fl
Total shunt admittance: Y = j(2rnC)fl

If “f” (f x ) is very small say f/ <4000 Hz km
= Shunt impedance Z,, — very large
= Shunt admittance Y — very small

1.e. effect of shunt capacitance neglected and total series impedance can be represented as concentrated
hence the simplified circuit will be

o AN I o) o ’e)
R=R/ L=Lx/ 7

(e, O O O

Where 7 is the total series impedance

It 1s said to be short line model
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Short line model:

(f x [) <4000 Hz km O—— - MWM—IIN————0
. + R L +
f — Frequency of line ! i
, \B \&
! — Length of line
For power line © 0

f=50Hz
fx/ < 4000 Hz km

4000
]< ——km
50

/< 80 km
Z4, — Neglected
1.2.1 Medium Line Model
If (f x /) is not small say
4000 < £ x /< 12000 Hz km

1
Za= j(2rC)(f)
f x [ — Increases

Z4, — Decreases

Z4 1s small but it will not be neglected.
Series impedance Z= (R+j2n(fL))x/

1.e. series impedance will increases.

Shunt admittance is not very large so leakage current can’t be neglected but it can be assumed to be concentrated
either at the centre of line (i.e. T-model) or equally at the corners of the line (i.c. m-model).

1.2.2 Nominal T-Model

Z; Zy
2 2
o o
L L
Y,
o o)
Nominal n-Model:
Z,
o o)
Zy Zy
2 2
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These two are the medium line models.
For power line frequency f=50Hz
80 km < /<240 km
1.2.3 Long Line Model
(Exact distributed if {7 is large i.¢. parameter model)
(f x /) > 12000 Hz km

For power line frequency

f=50Hz
[> 240 km
. 1
If (f x ])is large Zy = m

Z 4, — Decreases
Series impedance Z= (R+joL)x!

Note:

1. Series impedance O—AMN—’MMIAAN—WI—————IAAN—’W\—Q
: > . g > )

z (Long line) z (Medium line) z (Short line)

2. Shunt impedance
O _____

Zsh(Long line) > Zsh(Medium line) > Zsh(Sh01rt line)
Exact distributed parameter model i.e. long line

For communication line if f =5 MHz (In general communication line is used at high frequencies)

Let fxI; = 4000 Hz km
- _ 4000 4

b o5x10°

/; =80 cm
Similarly fxI, = 12000 Hz km
= l,= &ngm

5x10

I, =240 cm
If f=5MHz
For short line model /< 80 cm
For medium line model 80 cm < [ <240 cm
For long line model 1> 240 cm

So for communication line always long line model is used practically
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1.2.4 Short Line

I L
v s
| 3-¢ Line |
. + 7 +
| Is IR | = Vs VR
Sending Receiving
End End 5 °
Total series impedance
7Z = R+jX; =R+ joL
Vg — Sending end voltage
Vi — Receiving end voltage
Iy — Sending end current
Iz = Receiving end current
According to the diagram
Vg= Vi +ZI; (1)
and I =1 ..(11)
Transmission Parameter Vg = AV, +BI; ..(111)
Iy = CV; + DI ..(1v)
Equation (1) and (i1) also written as
Vo= 1.Vo, +Z-1;
Ig= 0-V; +1-1;
When compare with equation (iii) and (iv)
A=D=1
B=7
C=0
Vs 1 Z|| Vg
I |~ o 1|1,
In case of no load
k=20
Vg = Vg
Le. VR(no load): VS
Vigw) ~V V-V,
(n7) R(f7)
Voltage regulation VR = — o x100 = ———%x100
R(f]) R
We know that Vi = Vg +Z 1
Vi = Vp + L xR+jI, xX (A
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When load 1s connected

A Vi
Load
pf. cosd
® (i1)
At lagging power factor cosd, receiving end current I lags Vi by angle ¢.
Phasor diagram Vo = Vg + RR+jLX
Step-(i) : Draw Vy along X-axis i.e. reference phase
o > V.
Step-(ii) : I lags Vi by angle.
Ve
¢
I,
Step (iii) : Add T, R with V,
Vi
¢
I LR

Step (iv) : Add jT, X, with TR

LX
+90°

IX

As per diagram ‘\_/S‘COSS = ‘\_]R‘-i“TR‘RCOS(I)-F‘TR’XSin(I)
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Due to transient stability criterion the value of ‘4’ is small, so that ¢cosé ~ 1

‘\_/S‘ = ‘\_/R‘Jr‘TR’(Rcoscl)JrXsin(I))

= V|~ Vie| = [I|(Reos¢+Xsin¢)
V|-V, I,
= ‘ S“\_[R" R‘ - "\_[I;"(RCOS(I)-FXSin(I))

1.c. at lagging p.f. cos ¢

T .
Voltage regulation = W (Rcos¢ + Xsin ¢)
R
At leading power factor cos ¢, i.e. I leads the voltage Vy, by an angle ¢.
Phasor Diagram:

Step (i) : Draw V}; along X-axis

. v,
Step (ii) : I leads Vi by an angle ¢.
I,
o v
Step (iii) : Add RI; with V
I, LR
¢
Vi
Step (iv) : Add j [z X with Rl
JLX
/I
/
90°\{ Ry,
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Step (v) : Final phasor diagram

=
)

As per diagram ‘\_/S‘COSS = ‘\_]R‘-i- ‘TR‘RCOS(I) - ‘TR‘XL cos¢

Due to transient stability criterion the value of & is small. So that cos ¢ = 1.
Vs| = [Va|+ [T |(Rcos ¢ — Xsin ¢)

= Vs|=|Vi| = [T|(Rcos¢—Xsing)

AE A AP
T

(Rcosdp—Xsin¢)

»—1 |

Voltage Regulation = ‘\—[ ’(RCOS(I) Xsin¢)
For maximum voltage regulation

(It is worst regulation)

dVR
do

At lagging power factor cos¢

u [Rcoscl)+Xsm(|)] -0

[Vie | do
= —Rsin¢p+Xcosp =0
= Xcosp =Rsing
= tan ¢ =

cos¢p = —;sinp=— [WhereZ: R2+X2J



10 | Modelling of Transmission Line Electrical Engg.

%] . %] { R X}
= —|Rcos¢p—Xsing| = .— | R-—+X-—
(VR Jimax A ‘[ | Vil z "z
@{RZ + X2 }
Sl 2
2|k
(VR oy = Ve
X
At lagging power factor tang = R
& .
At leading power factor cosd VR. = ﬁ[RCOS(I) —Xsing]
R
For zero voltage regulation
k| .
—[Rcosp—Xsinp| =0
iz
A\
= tand = X
In case of unity power factor
1. cosdp =1
1e. sing =0
[&[R
Voltage regulation = ’\—[ ’
R
Voltage regulation and power factor curve
\
I
I
/L
! > COSP
T ! tan = %
R
tang = | —
Lead p.f. X lag p.f.
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1.2.5 Medium Line Model

Nominal w-model:

Sending Receiving
end end

According to the diagram

Y
I, = EZ and =1, +1,

Vg =V, +1Z

- Vg = VR+Z{IR+XVR}
2
YZ
VS = [1+TJVR +ZIR

Y
L= Vsand Iy =1+1,

Iy = I+%VS
- i3 (IR +%VRJ+§VS
= Iy = [IR+§VRJ+§K1+¥jVR+ZIR}
= Iy = Y{H%}VR J{H%}IR
A= D:l+%
B=Z
C = Y{l+¥}
Similarly in case of T-model
A= D:l+%
B = Z|:l+¥:|

cC=Y
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Example 1 : A3-¢ 100 kV long line has constants per km per conductors as follows: Resistance = 0.5 €2, Inductance
=2 mH and capacitance to neutral is 0.015 pF. Calculate the voltage required at generating end in order that a load
of 10 MVA at 0.8 power factor (lag) may be supplied at 120 kV.

Solution :
Length = 100 km (given) ; f= 50 Hz
Total resistance R=05x100=50Q
Total inductance L=2x10"x100=02H
Total capacitance C =0.015 x 10° x 100 = 1.5uF

Total series impedance
Z =R+joL=50+jx21x50x02 (& = 2xnf)
Z =50=j62.83

Z =80.29/51.5°

Y = joC= jx2nx50x15x10°= j471x107*0O
YZ

+ 4.71x107* £90°x80.29.£51.5°
2

B =7=8029/51.5°

= 0.98520.68°

YZ
C= Y{HT}: 4.71x107* £90°

{l—i— 4.71x107*] 90°x 80.29] 51.5°
4

= 468x10*|90.32°
Voltage at receiving end VR(L,L) =120 kV
120
Per phase voltage Vrph) = f =69.3kV
Vi, =39.320°x10°V
— | L
| |
Vi \'A
Load S =10 MVA

p.f. cos ¢ =0.8 lagging = ¢ =36.9°
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Load S = 3x Vg %l
10x10°
= =48.1A

As Iylags V, by

Voltage at sending end

=

=

To determine:

b =36.9°
I = 48.1/-369°A
V, = AV, +BT,
Vs = 0.985.20.68°x69.3x10° 20° +80.29./51.5°x48.1.2 —36.9°
V, = 72£1.4°kV
Vi) =72kV

VS(L—L) = \/§XVS(ph): J3x72

=124.7kV

() Sending end power

(i) Transmission efficiency

(1) Voltage regulation

Ts:

Sl
Il

Sl
Il

I leads V by 5.3°

CVy +DT,
468x10™*.29032x693x10° £0°

+0.98520.7x48.1£-36.9°

38.254.26.7°

AV, +BT,

¢, =53°

Sending end power factor = cosd

=cos 5.3°
= 0.99 (leading)

(1) Sending end power P, = 3><Vs(ph) X Is(ph) xcosd, = 3x 72x10° x38.23x 0.99

=8.175mW

(i) Receiving end power = Sz cos¢p=10 x 0.8 =8 MW
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P, 8

(@ii)) Transmission efficiency n= E = 817 =97.9%
(iv) Atno load Iy =0
Voltage Vg = AV,
v, - |Vs| 28
R ‘A Za
V _ _Ad | 73.46 £0.72°
o RO T 0 085.20.68 T
Vil =[Ve 73.46-69.3
VR _ ’N{} ’ ’FLXIOO: . . XIOO
‘ R ‘FL
=6%
1.2.6 Long Line: (Distributed Parameter Model)
Series impedance per unit length zZ =r+joL
Shunt admittance per unit length ¥y =g+]jaC
Sending Receiving I I+dr 2dx g I I,
end I+dI, L end
o— — L >—0
+ I + I+ I +
| |
V, V+dV | Y Ve
I I
_ _ 1 L i
oo . . 3
x=] !‘ 'L o X7 0
Vodx | X

Let at a distance ‘X’ from receiving end
voltage = V and current = 1

Voltage between point Aand B =dV

dv = (I—i—dI)zdx

dV = zldx +zdl-dx (1)
As zdldx <<zIdx

dV =zIdx ..(1)

dl = Vy dx

dl
= — =Vy .(A)

dx

dl

=zl

dx
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Differentiating w.rt. x
4212
= dx| dx | |dx
Now from equation (A)
d’v
= o Y
d’v
= ——vyzV =0
dx
Let yz = y* (Constant)
d’v
= —-7’'V =0
dx
After solving the equation V=Ce™+Cre ™ ...(B)
Where C,, C, are constants.
1 dVv
Now, I[=——
z dx
1 d X X
= I= Z-d—X[Cee +Ce J
1
= I:—-y[CleVX—Cze VX]
A
y Az \P 1
Let — BREY B
z z Z,
\ﬁ 1
V4 1] ZO
- [=—]Ce™ -Cre ™
o]
At receiving end x =0
V=V, and =1
Ve = C,+C, (i)
Lic-¢,] ~
Iz = 2 17 %2 .(1v)
From equation (iii) and (iv) C,+C, =Vi
C-C, =7k

1
C, = E[VR +ZIg |
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1
And C, = E[VR _ZOIR]
Put the value of C; and C, in equation (B)
V =Ce™+Cpe™
N 7 = %[VR +ZOIR]eVX+%[VR AN
= V =V,+V,
V, = =(Ve +Z,1y)
1 X
and V, = E(VR -Zly)e
As 1 :l@ +VRJYX+1£I +VRJ %
2 0 0
T=1+1
Propagation constant Yy = \/y7
v =oa+jB
Z .
Z, = \/: =R, +1X,
Y
Where Z, = characteristic impedance

Or Surge impedance of line

\/; lzp +1 |24
Z _ — = = |—
0 y yr +1 Yy

1.¢. characteristic impedance doesn’t depend on length of the line.

7 = Ve +Z,1 R Ve +Zl RO
1 2 2

Where y=a + jp and o = Attenuation constant

and B = Phase constant
‘_ ’ +Z Iz

and £V, = Bx

If X —> Increases

= ‘Vl ’ — increases
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Graphical Analysis : Direction of propagation of wave

VAR
x=/ x=0
Sending Receiving
end end

Forward travelling wave i.e. from sending to receiving

If it is considered like a wave. Waves which magnitude and phase changes at each and every point. When
wave propagates i.¢. wave is moving in a medium, there is a loss of energy. Due to energy loss there is decrement in
magnitude. Here magnitude end so the direction of propagation is from sending end to receiving end. (Here voltage
is in sinusoidal form).

Wave Length : (A) > The distance corresponding to a phase change of 2x or 360°, i.c.

After how much distance of travel, wave will be in same phase

Example 2 Z£360° £60° £6° £0.6°. £0°
I S . L
| | | |

- —
10 km
j 100km
B ) 1000 km i
2=6000 km
Where B =0.06°km

Solution : i.e. per km change in phase is 0.06°.
For 27 or 360° change the total distance covered is 6000 km.

1e. A = 6000 km
1. A x B =2n (where B-rad/km)
Wavelength
N 2%
N _zt
p

Similarly for backward travelling wave:

Il
TN
PEJ<
|
N
<
P
]
~
CD\
E]

v
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_ Vi -Z)li| o
‘Vz ‘ = 9 x© Direction of Propagation
-
If X — increases [V,
= ‘\72‘ — decreases
and 2V, = —PBx
Vg = Sending end voltage x=] x=0
Vi = Receiving end voltage
Z,= Characteristic impedance of line \|7s 7 \|7R
Z; = Load impedance I
if Z, = Z; then
Z; = surge impedance loading (SIL) Z
and Vi = Z, g =Z.1; L
e +e¢ ™ et —¢ ™
V and I can also be written as V=W 3 +Z,ly 5
Vi e —e™ L1 e +e ™
and I= Z, TR
Le. V = V; coshyx + Z,I; sinhyx

Vi .
I = Z—Rsmhw;JrIR coshyx
0

At sending end x =/
Vg = Vg coshyl + Z,1; sinhy/

and Ig = \\[]—Rsinh vl +1, coshyl

0

Now compare with ABCD parameter

A = D=coshy/

B = Z,sinhy/
Lsinh /

C=75 i

0

v =a+jB=yyz

Where, v=g+joC andz= r+joL
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For lossless line:

=

Attenuation constant:

and phase constant

Velocity of wave travel i.e. v,

In air or vacuum

For lossless line

Where

and

and

For SIL

r=0andg=10

Y = (jcoC)(joaL)

a+jB = joJLC
a=0
B = oJLC
v =f A
vo—fym_2nf _o_ o
’ BB B ovLC

1

1
N TN
1

=3x10°* m/s (i.e. velocity of light)

V.=

| Voo

Y= B, a=0,B=0ovLC

V =V, cosh(jBl) + Z,I sinh (jB7)

I = \Z]—Rsinh(jBZ)JrIR cosh(jBZ)

0

Bl —ip!
e +e
=cosp!/

2

cosh(jp/)

. ejﬁl—efjw ..
sinh (jB/) =)~ 5 = Jsinf/

V = VycosBl+jZ,1, sinfB/

— |

- jV—RsinBZ + I cosP!/
ZO

I
N

Z =7, V=71,
V = Vi [cosPl+ jsinp/]

vV = \_/Rejﬁl



