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Transmission line models

parameters include:

series resistance & inductance & shunt capacitance.

In this lecture we shall discuss the various models of the line.

The line models are classified by their length. These
classifications are:

Short line approximation for lines that are less than 80 km
long.

Medium line approximation for lines whose lengths are
between 80 km to 240 km.

Long line model for lines that are longer than 240 km.
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ABCD Parameters

Consider the power system In this the sending and
receiving end voltages are denoted by V. and V,
respectively.

Also the currents | and |; are entering and leaving
the network respectively.

The sending end voltage and current are then
defined in terms of the ABCD parameters as

L=

I.=CV,+ DI,
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1. Long line model

For accurate modeling of the transmission line we
must not assume that the parameters are lumped
but are distributed throughout line.

The single-line diagram of a long transmission line is
shown The length of the line is |.

consider a small strip Ax that is at a distance x from
the receiving end.

The voltage and current at the end of the strip are
V and | respectively and the beginning of the strip
are V + AV and | + Al respectively.
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The voltage drop across the strip is then AV. Since the
length of the strip is Ax, the series impedance and
shunt admittance are zAx and yAx. It is to be noted
here that the total impedance and admittance of the

line are  z7_:x] and ¥ =yxI
1‘;’

— ww—fm — —
“&'I y+ AJ I J*'- yAy [i’ "“3’“‘
- —— .

Long transmission [ine representation.
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From the circuit

AV
AV =IzAx = =1z (2.25)
Ax

Again as Ax — 0, from (2.25) we get

av _

=1Iz 2.26
e (2.26)

Now for the current through the strip, applyving KCL we get
Al =(V + AV )y Ax = Py Ax + AVy Ax (2.27)

The second term of the above equation is the product of two small quantities and therefore
can be neglected. For Ax — 0 we then have

“C (2.28)
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Taking derivative with respect to x of both sides of (2.26) we get

d (dv_ _dr
dx \_ dx alx

Substitution of (2.28) in the abowve equation results

2
d F; —yvzVF =0 (2.29)

The roots of the above equation are located at i"a.-"{yz}. Hence the solution of (2.29) is of the
form

—

V= Ae™" + 4e (2.30)

Taking derivative of (2.30) with respect to x we get

av - e
=4 \yze N — [y e (2.31)
dx -
Combining (2.26) with (2.31) we have
1(dV A = —xom
I=—|—|=—F~L-~&"*" —ie ghbe (2.32)
z\_dx z/y Nz ¥

Let us define the following two quantities

I —

Z~= _|—L2 which i1s calle e characteristic impedance 2.33
~ Q which is called th
J__!'



¥y = J yz which is called the propagation constant (2.34)

Then (2.30) and (2.32) can be written in terms of the characteristic impedance and
propagation constant as

V=Ae"+4e" (2.35)
4 . 4, _
I= Z—le-*’* - Z—*’-e‘f—"f (2.36)
C C

Let us assume that x = 0. Then V=V and I = I. From (2.35) and (2.36) we then get

V=4 +4, (2.37)
4,

I, A4 (2.38)
ZE’ ZL"'

Solving (2.37) and (2.38) we get the following values for 4; and 4,.

4= Vit Zcly

Ve—-Z.1
1 and 4 =& _“CR

2 ] 2



Also note that for [ = x we have V= Vs and I = I;. Therefore replacing x by [ and substituting
the values of 4; and 4 in (2.35) and (2.36) we get

Vo+Z.1, ; V.-Z.I, _
V=2 —CRgl R TCR (2.39)
2 2
/ : 7. - :
IE:VR.-ZC*'IREA_VR,ZD IRE—_{ (2.40)
2 2
Noting that
i i I
- = sinh /1 and <2 = cosh
We can rewrite (2.39) and (2.40) as
V.=V,coshyl +Z.I,sinh (2.41)
sinh 7

C



The ABCD parameters of the long transtmission line can then be witten a

A=D=coshy]

B=7,5ml ()

C=wﬂﬂlﬂ
ZC
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2. Medium transmission lines

Medium transmission lines are modeled with lumped
shunt admittance.

There are two different representations depending
on the nature of the network:

Nominal ().
Nominal (T).
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Nominal (1T)

in this representation the lumped series impedance is
placed in the middle while the shunt admittance is
divided into two equal parts and placed at the two
ends.

The nominal (1T) representation is used for load flow
studies.

Also a long transmission line can be modeled as an
equivalent (1T) network for load flow studies.
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Let us define three currents |, |, and |, as indicated

in Figure.

Applying KCL at nodes M and N we get

I =ILL+I,=I+1I,+1I,
¥ ¥

=—V. +—V,+1
2 7 2" OF
Again
¥
K=EIE+FR=ZLFRE+IR]+VR
w
=[E+1JVR+EIR
2
Substituting
Y| ¥Z ¥
_I___. ZE[(?_F]-]FR +EIR:|+EFR +IH

YZ ¥YZ )
— ¥ =1+ =1 r,
4 2 )

Z=R+jX
L=

Ve 14;22 T : :if:» Vi

2>
Y |

Nominal-T representation.
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the ABCD parameters of the nominal (1) representation

A=D= U
B=7Z0
.
E‘=Y[E+]]nﬂ1=::
4 J
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Nominal (T)

In this representation the shunt admittance is placed in the
middle and the series impedance is divided into two equal
parts and these parts are placed on either side of the shunt
admittance.

272 22

Nominal-T representation.

Pr_'ld' B FR
Z/2
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Rearranging the above equation can be written as

.
V. =—— (V. +V.) 2.16
hE) E+4(E R [: j

Now the receiving end current is given by

V,, -V,
Jp=-4 £ 2.17
T (2.17)
Substituting the value of ¥, from (2.16) in (2.17) and rearranging we get
YZ 'YZ
V.=| = +1V+Z| ——+11I, (2.18)
2 4
Furthermore the sending end current is
=YV, +1 (2.19)
Then substituting the value of Vs from (2.16) in (2.19) and solving
¥Z
I, =YV, +{?+1 I (2.20)
/
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Then the ABCD parameters of the T-network are

Y7 A
A:D:(?HJ

. *
3-72%11l0

$ )
(' =Y mho
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3. Short line approximation

The shunt capacitance for a short line is almost
negligible.

The series impedance is assumed to be lumped as
shown in Figure. If the impedance per km for an | km

long line is z, = r + jx, then the total impedance of

the line is: —
I Z=R+jX &

— 1 AW ——=

Z=R +jX=Ir + jix. Vs Vr

Short transmission [ine representation.
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The sending end voltage and current for this
approximation are given by:

V.=V, +ZI,
I, =1,

Therefore the ABCD parameters are given by
A=D=1.B=ZQQand C =0
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1. Long line model

T
The ABCD parametes of the long transmission line can then be written as

A=D=coshy
B=I,smhyf )
it )

(=— mho
ZC
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2. Medium transmission lines

Medium transmission lines are modeled with lumped
shunt admittance.

There are two different representations depending
on the nature of the network:

Nominal ().
Nominal (T).
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Nominal (1T)

The ABCD parameters of the nominal (1) representation
¥ < M
A= I¥» = 1
2
B =27LC2

.
-EZ':Y[ |—1‘111h-::]-
4 y,
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Nominal (T)

The ABCD parameters of the nominal (T) representation

o (F
E:E[E| '_'ﬂ

:
-

A

= F mho
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3. Short line approximation

n
1 The ABCD parameters of the short line representation

A=D=1.BE=Z202and C =0
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Example (1):
—

Example ¢Cnns1der a 500 km long line for which the per kilometer line lmpedance
and admittance are given respectively by z = 0.1 +j0.5145 Q and y = j3.1734 x 10 mho.

Therefore
S _ |z _ [0.1+j05145 \/ 0.5241/79° J 0.5241  (79°-90°
©T\y \j3.1734x10° \3.1734x10°./90° \3.1734x10° 2
= 406.4024./ —5.5° Q
and
79° +90°
A =[yz x1=+0.5241x3.1734107° x 5(1:}1(%]

=0.6448./84.5° =0.0618 + j0.6419

We shall now use the following two formulas for evaluating the hyperbolic forms

cosh(a + jB)=coshacos 8 + jsinhesin 8
sinh(ez + j8)=sinharcos 8 + jeoshersin B

Application of the above two equations results in the following values
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coshf =0.8025+ j0.037 and sinhf =0.0495+ j0.5998

Therefore from (2.43) to (2.45) the ABCD parameters of the system can be written as

A=D=0.8023+ J0.037
B=434+7240.720Q

C'=-200x107 +j0.0013
AM
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Example (2):

N
A single phase overhead transmission line delivers 1100 kW at 33 kV at 0-8 p.f.

lagging. The total resistance and inductive reactance of the line are 100 and 15\ respectively.
Determine : (i) sending end voltage (ii) sending end power factor and (ii) transmission efficiency.

Solution.
Load power factor, cos § ,= 0-8 lagging

Total line impedance, Z =R+jX,=10+]15
Receiving end voltage, V,=33kV = 33,000 V

kWx10° 1100 x10°
Li LI = = - 41.67 A
e Curren V, cost . 3300008

Ascosi, = 08 . sin ) = 0-6




 F AL
" VW—TT55 =%
L)
Vg Va (8
|
X 4 y
(i) (i)

Fig, 10.5
The equivalent circuit and phasor diagram of the ling are shown in Figs, 10.5 (1) and 10.3 (ii

respectively. Taking receiving end voltage VR’ 25 the reference phasor,
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I
Performance of Single Phase Short Transmission Lines

V, = Vo+j0=33000V
T = I(cosig—jsing p)
= 41-67 (0-8—j0-6)=33-33 - 25
(i) Sending end voltage, F; = ﬁ; +17Z
= 33,000 + (33-33 - 25-0) (10 + 15)
= 33,000 + 333-3 — 250 + j500 + 375
= 33,708-3 +j 250

Magnitude of Vs = ((33,708-3)" +(250)° =33,709 V
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S
(if) Angle between VS’ and V,; IS
o120
b= 339083
Sending end power factor angle is
b =)kl = 36-87" + 0-42° = 37.20°
Sending end p.f., cosi = cos 37:29" = 07956 lagging
(iif) Line losses = 12 R= (41-67)2 X 10=17364 W= 17-364 kW
Output delivered = 1100 kW

Powersent = 1100+ 17-364 = 1117-364 kW

Power delivered 1100

Transmission efficiency = TR 100 = 1117364

= tan” 00074 = 0-42°

x 100 = 98-44%
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Note. V and ) ; can also be calculated as follows
Vi = Vet IRcos 41X, sini o (approximately)
= 33,000+ 4167 x 10 0-8 + 4167 x 15 x -6
= 33,000 + 333-36 + 37503

= 33708-39 V which is approximately the same as above
Vecost gt IR 33000%0-8+41-67x10  2681-7
Voo MY BI08

080 =

= (17938



Example (3):
S
A (medium) single phase transmission line 100 km long has the following

constants ;
Resistance/km = 0-25 1 ; Reactance/km = (4|
Susceptanceim = 14 X 107 siemen Receiving end line voltage = 66,000 V

Assuming that the total capacitance of the line is localised at the receiving end alone, determine
(i) the sending end current (ii) the sending end voltage (iii) regulation and (iv) supply power factor
The line is delivering 15,000 kW at 0.8 power factor lagging. Draw the phasor diagram to illustrate
your calculations.

Solution. Figs. 10.10 (i) and (ii) show the circuit diagram and phasor diagram of the line
respectively.
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1
I R X Iy
A NW—35—
ley
[®)
V -y
g C__ H|:§:|
Y Y

Fig, 10.10
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Total resistance, R =025x100=251
Total reactance, X, =08x100=801
Total susceptance, Vo= 14x10° X 100=14% 107" S
Receiving end voltage, ~ V, = 66,000 V
Load current, I, = LDX 1 =284 A
66,000% 0-8

cosh, = 08;  siny,=06
Taking receiving end voltage as the reference phasor [see Fig.10.10 (ii)], we have,
V. = Ve+j0=66,000V
I = I, (cosd ,—jsinl ) =284 (0-8-j0-6)=227-170

=

Load current, ]

-3
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Capacitive current, —c. = jYXVy=j14x 10~ x 66000 =j92
(i) Sending end current, —s’ B 7,;+ '1'; =(227-j170)+ 92
= 227-j78 300

Magnitude of /¢ = \/(227)2+(78)2 =240 A

(if) Voltage drop I, Z=T(R+j X,) =(227-j78) (25 + 80)
5,675+ 18, 160 - j 1950 + 6240

11915 + 16210

Sendingend voltage, V= Vg+ I Z=66,000+ 11,915+ /16,210

= 77915+ 16210 i)
Magnitude of V. = \/(77915)" + (16210)" =79583V
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_ 79.583 - 66000

X 100 =20-58%
V, 66,000 °

(iif) % Voltage regulation =

(iv) Referring to exp. (i), phase angle between VR’ and TS’ 1S
b= tan” - 78227 =tan” (- 0:3436) = - 1896°

Referring to exp. (ii), phase angle between VRf and VS' s :
), = -116210

— tand (01 —11.800
tan 77915-tan (0-2036)=11-50

Supply power factor angle, § ¢ = 18:96° + 11-50° = 30-46°
Supply pf. = cos 0 (= cos 30-46° = 0-86 lag



Example (4):
S
A 34 transmission line 200 km long has the following constants :
Resistance/phase/km = 0-16
Reactance/phase/km = 025 |

Shunt admittance/phase/km = 1-5 x 107 )

Calculate by rigorous method the sending end voltage and current when the line is delivering a
load of 20 MW at 08 p.f. lagging. The receiving end voltage is kept constant at 110 kV.

Solution :

Total resistance/phase, R=016x%200=32]

Total reactance/phase, X, = 025x200=501

Total shunt admittance/phase, Y = j1-5% 10" x 200 = 00003 90°
Series Impedance/phase, £=R+]X =32+]50=5941 58



The sending end voltage V per phase is given by :

Vi, = Vi cosh YZ+!RJ%5inh,#Z}’ 1)
Now JZY = \/59-41 58% 0 0003 9@ -0 133 74°
ZY = 00178 [ 148°
ZY = 000032/ 296°
\/z _ 59-45.58 — 445/ — 16°
Y 0-0003 . 90°
0-0003. 90°
Y - =0-00224 [ 16°
\E J59~4.: 58°
cosh JYZ = 1+ 22}’+sz approximately
0-0178 0-00032 |
= 1+ [ 148% T2 2060
2 24 ?

= 1+0-0089 [ 148°+ 0-0000133/ 296°
= 1+0-0089 (—0-848 +; 0-529) + 0-0000133 (0-438 —j 0-9)

= 0992 +; 0-00469 =0-992 [ 0-26°
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32
sinh JY_ = Jﬁ + (Y? approximately

= 0-133/ 74% 0-002.:;,{ i

= (0-133[ 74°+0-0004 [ 222°
= (-133 (0-275 4+ 0-961) + 0-0004 (- 0-743 - j 0-67)
= 00362+ 0-1275=0-1325 [ 74°%’

Receiving end voltage per phase is

V, = 110X 10°\3 = 63508 V

b
Receiving end current, I, = 20x10 =131 A

Vax110%x10° X0 -8
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Putting the various values in exp (i), we get,
Ve = 63508 x 0992/ 0-26°+ 131 x 445 [— 16°0° x 0-1325 [ 74°6
= 63000/ 0-26°+ 7724 58%’
= 63000 (0-999 + j 0-0045) + 7724 (0-5284 + j 0-8489)
= 67018 +j 6840 = 67366 [ 5°50"V
Sending end line-to-line voltage = 67366 x V3 = 11667 X 10° V = 11667 kV
The sending end current [ is given by :

I; = VRESi“h YZ + I, cosh /Y Z

Putting the various values, we get,
I, = 63508 x 0-00224 [ 16°x 0-1325/ 74°6" + 131 x 0992/ 0-26°
= 18-85/ 90°" + 130/ 0-26°
= 18-85 (= 0-0017 +; 0-999) + 130 (0-999 + j 0-0045)
= 129-83 +, 1942 =131-1/ 8°A
Sending end current = 131-1 A



