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Generalised Circuit Constants of a Transmission Line

In any four terminal *network. the input voltage and input current can be expressed in terms of output
voltage and output current. Incidentally. a transmission line is a 4-terminal| network : two input
terminals where power enters the network and two output terminals where power leaves the network.

Therefore, the input voltage (T/_'g) and input current (15) of a 3-phase transmission line can be ex-

pressed as :
—_ — = —3
= A% +B I
-
= CV,+D1,
where = sending end voltage per phase

= sending end current

= receiving end voltage per phase

'.wah"l« :J:i‘ql L-:"'l le L-:"'l Lﬂl

= receiving end current

and A, B. C and D (generally complex numbers) are the constants known as generalised circuit

constants of the transmission line. The values of these constants depned upon the particular method
adopted for solving a transmission line. Once the values of these constants are known. performance
calculations of the line can be easily worked out. The following points may be kept in mind :

() The constants 4, B.CandD are generally complex numbers.

(if) The constants 4 and D are dimensionless whereas the dimensions of Band C are ohms and

siemen respectively.
(iif) For a given transmisson line.
- —
A =D

(iv) For a given fransmission line,
- = = —
AD-B C =1
We shall establish the correctness of above characteristics of generalised circuit constants in the
following discussion.
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Determination of Generalised Constants for Transmission Lines

(1) Short lines. In short transmission lines. the effect of line capacitance is neglected. There-
fore, the line is considered to have series impedance. Fig. 10.23 shows the circuit of a 3-phase

transmission line on a single phase basis. 7
——
— — .
Here, I, = I ...(1i1) .
S A
— —_— — = _
and Vo = Vo+I, Z .(Iv)
Comparing these with eqgs. (7) and (ir). we have, Vg Vp |
1
— — —

A=1: B=Z C=0 and D=1

Meutral
Fig. 10.23

Incidentally: 4=D
4

D_-BC = 1x1-Zx0=1
(i/) Medium lines — Nominal T method. In this method.

the whole line to neutral capacitance is assumed to be concentrated at the middle point of the line and
half the line resistance and reactance are lumped on  Ig Z/2 Z/2

and

Iz
either side as shown in Fig. 10.24. +—NW— 85— VW—555 >
Here. ﬁ; = ﬁ +_§ Z2 (V) e
and i = Vo + 1, Z)2 Vg Vi TZY VH@
. — — — —
Now, I =1y — Iy
B R —
Neutral
Fig. 10.24
= ﬁ ¥ where ¥= shunt admittance
I, Z
_ 77 LR
I, Z
- _ = - — = dp
Is = I, +YV+7Y S
¥Z
- — — .
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Substituting the value of 7] in eq. (v). we get.

— — — =
— I,z I.Z

—
Vs =t 73
Substituing the value of 1. we get.
¥Z 7Z
J— —_— — - - -
Comparing eqs. (vii) and (vi) with those of (i) and (7). we have,
— — — —
A=-D=1+1%: B=Z|\+1L|:C=7
2 4
S
- YZY Yz
Incidentally : AD-BC = [1+TJ —Z[1+T}Y
2 2.2
1+ T2 yg gy 2V
4 4
(fii) Medium lines—Nominal ©T method. In this Ig z L I
method, line-to-neutral capacitance is divided into two I NW—TTE "“'I >
halves ; one half being concentrated at the load end and Ic, Ic1I
the other half at the sending end as shown in Fig. 10.25.
L=
— R . — _— o
Here, Z = R+ jX; =series impedenace/phase Vs YR - B Ve
¥ = J @ C'= shunt admittance
I = I, +1o, - e
s Lo Neutral
or I, = L+VY/2 ...(viii) Fig. 10.25
Also T, = i+lg = L+V,7/2 (%)
Now ?s’ = Fj; +f£ Z= ﬁ; + g + FR’E";’ 2)3 (Putting the value off_}j)
Also j_’s’ = 3+?S'_f}2 =(_R}+ﬁ)ﬁ2)+ﬁ'_};f2

(Putting the value of I_L’)
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2

— — = — =2 = — — —
—Y VzY VoY Z YIRZ
S T ARSI + 2R
2 2 n 2
—( [ FZ| —==(, . ¥Z .
- T, {1+T]+VR}.’[1+T] ..(xi)

Comparing equations (x) and (x7) with those of (i) and (i7), we get,

—+ — —*
i = Be {H_] B3 B Y[HQ]
2 4
s ol ¥ 7V YZ
Also AD-—BC = [1+—) —ZY[1+—
2 4
2 2 2.2
= 1+ +YZ—ZY—Z4Y =1

Example 10.16. A4 balanced 3-phase load of 30 MW is supplied at 132 kV, 50 Hz and 0-85 p.f.
lagging by means of a transmission line. The series impedance of a single conductor is (20 + j52)
ohms and the total phase-neutral admittance is 315 X 1 0 ° siemen. Using nominal T method, deter-

mine. (i) the A, B, C and D constants of the line (ii) sending end voltage (iii) regulation of the line.
Solution. Fig. 10.26 shows the representation of 3-phase line on the single phase basis.

Series line impedance/phase.Z = (20 +j 52) Q

Shunt admittance/phase. ¥ = j315x 10°s
(i) Generalised constants of line. For nominal 7' method. various constants have the values as
under :

= 20+ 752

— — — 3 -5
A=D=1+Z7Y/2 =1+

Xj 315 % 10

= 0992 +j 000315 =0-992 4{1|- 18°

B = Z7 i 52)j 315 -5
B = Z[]+¥]={20+}52}{1+(2[}+J5}j?:-l_XlD }

4
= 1984 +j 5182 =555 £69°

¢ =¥ =0000315 ~90°
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Is z/2 z/2

—
\ &

(il Sending end voltage.
Receiving end voltage/phase, ¥, = 132 X 10° / V3 =76210V

6
. 30X
Receiving end current, I, = 0x10 =154 A

B J3x132%10° %085
cosdp, = 0-85: singp =053
Taking receiving end voltage as the reference phasor, we have,

—

Vr

—

I, = Iy(cosdp—jsingy) =154 (085—5053)=131—78162
Sending end voltage per phase is

= Vptj0=76210V

V. - A7+B T,
= (0992 +j 0-0032) 76210 + (19-84 +j 51-82) (131 —j 81-62)
= 82.428 +j 5413

Magnitude of sending end voltage is

Ve = \/(82.428}2 +(5413)? =82:6%10°V =82-6kV

Sending end line-to-line voltage

= 826X 3 =143 KV

(fif) Regulation. Regulation is defined as the change in voltage at the receiving end when full-
load is thrown off.

— — = = —3
Now. Ve = 4 Va+B Iy
At no load. I, =0

— — —

V.S' = A VRO
where %‘ = voltage at receiving end at no load
T - Vi
or Vg = Vg/4 (inmagnitude)

VojA—-V, . L0027 _ 76-2
% Regulation = wxloo - (82:6/0 7'?;)] 76-21 % 100 = 92504
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