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Classification of Overhead Transmission Lines

e A transmission line has three constants R, L and C distributed uniformly along the
whole length of the line.

* The resistance and inductance form the series impedance.

« The capacitance existing between conductors for 1-phase line or from a conductor to
neutral for a 3-phase line forms a shunt path throughout the length of the line.

« Depending upon the manner in which capacitance is taken into account, the overhead
transmission lines are classified as :

(i) Short transmission lines
(i) Medium transmission lines
(il1) Long transmission lines
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Short transmission lines :

* When the length of an overhead transmission line is upto about 50 km and the line
voltage is comparatively low (< 20 kV), it is usually considered as a short transmission
line.

« Due to smaller length and lower voltage, the capacitance effects are small and hence
can be neglected.

« Therefore, while studying the performance of a short transmission line, only resistance
and inductance of the line are taken into account.
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Medium transmission lines:

« When the length of an overhead transmission line is about 50-150 km and the line
voltage is moderately high (>20 kV < 100 kV), it is considered as a medium
transmission line.

* Due to sufficient length and voltage of the line, the capacitance effects are taken into
account.

« For purposes of calculations, the distributed capacitance of the line Is divided and
lumped in the form of condensers shunted across the line at one or more points.

Long transmission lines :

* When the length of an overhead transmission line is more than 150 km and line voltage
Is very high (> 100 kV), it is considered as a long transmission line.

 For the treatment of such a line, the line constants are considered uniformly distributed
over the whole length of the line and rigorous methods are employed for solution
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\oltage regulation:

 When a transmission line is carrying current, there is a voltage drop in the line due to
resistance and inductance of the line.

« The result is that receiving end voltage (Vr) of the line is generally less than the sending
end voltage (Vs).

« This voltage drop (Vs — VR) In the line is expressed as a percentage of receiving end
voltage Vr and is called Voltage Regulation.

« The difference in voltage at the receiving end of a transmission line **between conditions
of no load and full load is called voltage regulation and is expressed as a percentage of the
receiving end voltage.

** At no load, there is no drop in the line so that at no load, Vr = Vs. However, at full load, there is a
voltage drop in the line so that receiving end voltage is Vr.
.« Difference in voltage at receiving end between no load and full load
= Vs — IR

Prepared by: Dr. Shakunthala C Department o A /



ATM E A
o] College of Engincering 65 oo ALA et ot
: , Ve = T3
Mathematically, % age Voltage regulation = — X 100
R

Obviously, it is desirable that the voltage regulation of a transmission line should be low

l.e., the increase in load current should make very little difference in the receiving end

voltage.

Transmission efficiency

« The power obtained at the receiving end of a transmission line is generally less than
the sending end power due to losses in the line.

« The ratio of receiving end power to the sending end power of a transmission line is
known as the transmission efficiency of the line i.e.

% age Transmission efficiency, N, = Recerving end power % 100

Sending end power
Voly cos O

- &K £ %100
Vil cos O
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Performance of Single Phase Short Transmission Lines

The equivalent circuit of a single phase short transmission line is shown in Fig 3.1 (i). Here,
the total line resistance and inductance are shown as concentrated or lumped instead of
being distributed. The circuit Is a simple a.c. series circuit.

1 R AL

£ VW—TT0 35—
v
©

Vs Ve |8
—

¥ < v

()

Fig 3.1

The phasor diagram of the line for lagging load power factor is shown in Fig 3.1 (ii).
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Let | =Iload current
= loop resistance I.e., resistance of both conductors
XL = loop reactance
VR = receiving end voltage
Cos ¢r = receiving end power factor (lagging)
Vs = sending end voltage
cos ¢s = sending end power factor

Phasor diagram. Current / 1s taken as the reference phasor. OA represents the receiving end voltage V'
leadmg /by 0. A B represents the drop /R i phase with /. BC represents the inductive drop /.X; and leads
Iby 90°. OC represents the sending end voltage ¥ and leads 7 by o
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From the right angled triangle ODC, we get,
(0CY = (OD)* +(DCY’

vy = (OE+ ED)’ + (DB + BC)
= (Vzcos Op + IR)?' + (Vg sm ¢, + IXL)E

Vs =\/(VR cos O + IR) + (Vg sin 0 + LX, )

_ Vo=V,
(7) %age Voltage regulation = SV £ % 100

OD Vi cosOp+ IR
oc Vs

(11)  Sending end p.f.., cos O¢ =

(i1i) Power delivered = VI, cos ¢,
Line losses = I'R

Power sentout = J/ rlpCOs O + IR
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) o : Power delivered
%0age Transmission efficiency = % 100
Power sent out
V, I, cos O
R "R R __ %100

Vp Ip cos &g + IR

An approximate expression for the sending end voltage VS
can be obtained as follows. Draw perpendicular from B and
C on OA produced as shown in Fig. 10.2. Then OC is
nearly equal to OF

l.e., OC = OF =04+ AF =04+ AG+ GF
= O4A+AG+ BH
Ve = Vi+IRcos ¢n+1X; s by
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Formula for VVoltage Regulation in Short Transmission Line

IRcos 0y + 11X, sin :
%age Voltage regulation = C0s O 7 L S0 O x 100 (for lagging p.f.)
R

IRcos ¢, —1X, sin
%age Voltage regulation = O 7 L S0 O x 100 (for leading p.f.)
R
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m A 3-phase short transmission line delivers 3 MW at a p.f. of 0.8 lagging to a
load. If the sending end wvoltage is 33 kV, determine : (i) Receiving end voltage; (ii) Line

current; (iii) Transmission efficiency; (iv) Requlation. The resistance and reactance of each

conductor are 5 Q and 8 Q respectively. VTU : Jan.-15,18, July-19, Marks 10

Solution : Resistance, R =5 Q, Reactance, X; =8 Q
cos 0g = 0.8 lagging; 0 = cos™ ! 0.8 = 36.86° sin ¢g = 0.6

Let Vi be receiving end phase voltage.
Vs, 33x10°

Sending end line voltage, Vg, =33 kV Vg = = = 19052.55 V
L NERN
. Power delivered / Phase (3 x 10°)/3 _ 1250000
Line current, I; = =
VR X COS q)R VR x 0.8 VR
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The approximate expression for Vg is given by,
VS = VR + IR cos ¢R+ IXL Sil'lq)R = VR+I[R COS ¢?R + XL sin ¢|R]
1250000

19052.55 = Vg + [5) (08) + (8) (06)]
19052.55 Vg = V2 +1250000 [4+ 4.8] = V2 + 11000000

Ve - 1905255 Vg +11 x 10° =0

19052.55+ 1/(19052.55)% — (4) (11 x 10°)
R — 2
19052.55+ 17860.56
2

V= 1845 x 10° V = 18.45 kV (Neglecting other root)

Vg = =595.99V,18.45 x 10° V

Line value of receiving voltage, Vg, = \/? Vi =31.95 kV
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7 . — 3
% regulation = ~5 "R » 10p _ 1905255-1845 x10° _ 4

R 18.45 x 103 = 3.266

1250000 _ 1250000
VRr 18.45 % 10°

Line losses = 3 I2R = 3(6775)% (5) = 68.85x 10° W

Line current = = 67.75 A

0 .. .. Power delivered
Jo Transmission efficiency

x 100

Power delivered + Losses

3 x 10°
o 6 3 x 100 = 97.75 %
3 x10” + 68.85 x 10
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A 3 phase line delivers 5000 kW at 22 kV and at a p.f. of 0.8 lagging to a
load. Determine i) Sending end voltage i1) % Regulation 1i1) Transmission efficiency. The
resistance and reactance of each conductor is 4 Q and 6 € respectively.

VTU : Aug.-11, July-17, Marks 8

Solution : Resistance of each conductor, R = 4 Q ,Reactance of each conductor X; = 6 Q

. 22000
cos ¢g = 08 lagging Vi per phase = === = 1270170 V

Let Vy; be the receiving end voltage

Power delivered / phase 5000/ 3x10°

=164 A
VR XCUS(I)R VR x0.8

Line current, I =

The approximate expression for Vg is given by
Vg = Vi + IR cos ¢g + IX; sin ¢
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If cos¢or = 0.8 then we have sin ¢ = 0.6

Vg = %x(ﬂﬂ)xr&ﬂl@)xﬁx(o.@ = 138169 V

Line voltge at sending end is given as,
Vs e = V3-13.82 =23.93 kV

% 100 — 13.82-12.70 % 100 = 8.82 %

Vi 12.70

% Regulation = Vs~V

Line losses = 3 'R = 3 (164)> (4) = 322.752 kW

% Transmission efficiency = Power delivered x 100

Power delivered + Losses

5000

= — 0
50001320 752 <100 =93.94 %
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Medium Transmission Lines

In medium transmission lines have sufficient length (50-150 km) and usually operate at
voltages greater than 20 kV, the effects of capacitance cannot be neglected.

Therefore, In order to obtain reasonable accuracy In medium transmission line
calculations, the line capacitance must be taken into consideration.

The capacitance is uniformly distributed over the entire length of the line.

However, In order to make the calculations simple, the line capacitance is assumed to be
lumped or concentrated in the form of capacitors shunted across the line at one or more
points.

The most commonly used methods (known as localised capacitance methods) for the
solution of medium transmissions lines are :

(i) End condenser method (i) Nominal T method (iil1) Nominal = method.
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End Condenser Method

 In this method, the capacitance of the line is lumped or concentrated at the receiving
or load end as shown in Figure.
« This method of localising the line capacitance at the load end overestimates the effects

of capacitance.
 In Figure one phase of the 3-phase transmission line is shown as it Is more convenient
to work in phase instead of line-to-line values.

1 R X I
S R
Let I, = load current per phase £ VVV—F50 * >z
R = resistance per phase Icy
X, = 1nductive reactance per phase
L : PP Vs C_— VR -‘E
C = capacitance per phase -
cos O, = receiving end power factor (lagging)
x ____! Neutral Low

Prepared by: Dr. Shakunthala C Department o A



A TM E

3 Collugn, of Engineering

Department of EEE
Emitting Elite Energy
.

V. = sending end voltage per phase

The *phasor diagram for the circuit 1s shown in Fig

Taking the receiving end voltage E} as the reference phasor,

7 — 17 :
we have, Vy =V, +;0

Load current, Z; =1, (cos O —7j s 0y)

Capacitive current, I =] I’ 0C=/2nfC7V. v,

The sending end current 7. < 1s the phasor sum of load cur-
rent Z; and capacitive current T; ie..
—* — S
Iy = Ip 7 1¢
= [ (cosOp—jsmb,) +j2nfC TV,

= [, cos Op +7 (—LpsmO, +2 1/ CTp)
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Voltage drop/phase = j_'; 7 = j_'g (R+jX,)
Sending end voltage, I_s.} = _P: +? 7 = E’ + Ts (R+j X))

Thus, the magnitude of sending end voltage V' can be calculated.

. V.-1V,
% Voltage regulation = % x 100
R
. . Power delivered / phase
% Voltage trans ffi = . x 100
0 YOTHIEE HABIIBSION CLHAEEY ™ Power delivered / phase + losses/ phase
Ve I, cos O

= = B — x 100
Ve 1o CDSd)R + 1 R
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Limitations.

Although end condenser method for the solution of medium lines Is simple to work out

calculations, yet it has the following drawbacks :

(i) There is a considerable error (about 10%) in calculations because the distributed
capacitance has been assumed to be lumped or concentrated.

(i1) This method overestimates the effects of line capacitance.
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Note the construction of phasor diagram. The load current E lags behind g by ¢,. The capacitive
current f; leads E} by 90° as shown. The phasor sum of E: and E{ 1s the sending end current I_._; The
drop 1n the line resistance 1s ES}R (4B) m phase with f; whereas inductive drop ?S*YL (BC) leads I by 90°.
Therefore, OC represents the sending end voltage I_é . The angle ¢, between the sending end voltage f;

and sending end current /¢ determines the sending end power factor cos dg.
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SENICERRN A medium single phase transmission line 100 km long has the following

constants

Resistance / km /phase = 0.15 Q

Inductive reactance / km / phase = 0.377 Q

Capacitive reactance / km / phase = 31.87 Q

Recetving end line voltage = 132 kV

Assuming that the total capacitance of the line is localised at the receiving end alone
determine

i) Sending end current ii) Line value of sending end voltage

ii1) Regulation iv) Sending end power factor.

The line is delivering 72 MW at 0.8 p.f. lagging.
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Solution : Total resistance =0.15x100 =15Q Is R L I
Total inductive reactance = 0.377 x 100 = 37.7 Q o e — ]
Total capacitive reactance = 31.87 x 100 = 3187 £ ['c
Vg line = 132 kV V, C Vg | | Load

Capacitive current I is given by,

o =jwC Vg | |
_ iR . 132x10°
Xc ) 3187
= 4141 A

Receiving end power = Vy Iz cos ¢y

D) 6
I, = — 210 = 681.81 A
132x10° % 0.8
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[R = 681.81 Z—cos ' 0.8 = 681.81 £ -36.86° A
I = Ig+ 1. =[681.81 £ -36.86°] + [j 41.41] =657.79 £ - 34°

Sending end voltage, Vg = Vg + Ig Z
= [132000 + jO] + [657.79 £ - 34°] [15 + j 37.7]
154778.03 volts £ 5.57° = 154.778 kV

Sending end power factor = cos [34 ° + 5.57°] = 0.77 lag

Vg-V Vs
% Regulation = SVR R %100 EE70 -V,
_1s477-132 &
- 132
s
= 17.25 %
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Nominal T Method

 In this method, the whole line capacitance is assumed to be concentrated at the middle
point of the line and half the line resistance and reactance are lumped on its either side as

shown in Fig.
» Therefore, in this arrangement, full charging current flows over half the line.

Ig R/2 X /2 Ig R/2 X, /2 I
> VW—T0—% > NW—TF0—%5
\ 4 IC
©
Vs Vi ZZC Vg §
. Y v.___
Neutral
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Let [, = load current per phase ; R = resistance per phase
X, = mductive reactance per phase ; C = capacitance per phase
0, = recerving end power factor (lagging) : V.= sending end voltage/phase
V', = voltage across capacitor C

The *phasor diagram for the circuit is shown in Fig.

Taking the rece1ving end voltage 77, as the reference phasor, we have.
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Note the construction of phasor diagram. g 1s taken as the reference phasor represented by OA. The load
current E lags behind E} by ¢. The drop AB =1, R/2 1s m phase with I_}; and BC=1,-X,/2 leads I_j; by
90°. The phasor OC represents the voltage ﬁ across condenser C. The capacitor current ﬁ leads fi by
90° as shown. The phasor sum of Za} and E: gives 1_,; Now CD = I R/2 1s in phase with E; while DE =

I, X,/2 leads f; by 90°. Then, OF represents the sending end voltage I_é
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Receiving end voltage. I_{,; = Vy+j0
Load current. I, = I (cosb,—jsino p)
Voltage across C, Fi = ?R} + E Z/2
_ X
= Vp+ 1, (cos Op —jsin Oy) (-2 j 2}:]
Capacitive current, Z;, = j CIT’f =j2nfC IT’f
Sending end current, Ts = _}R + Tct
Sending end voltage, V. =V +1. Z:?+T £+j —L
< ' S 1 S 2 1 S ) 9)
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A 3 phase, 50 Hz overhead transmission line 100 km long has the following
constants.
Resistance/km/phase = 0.1 Q
Inductance reactance/km/phase = 0.2 Q
Capacitive susceptance/km/phase = 0.4 x 10~ 1 siemen
Determine 1) Sending end current ii) Sending end voltage
iii) Sending end power factor
1v) Transmission efficiency when supplying a balanced load of 10,000 kW at 66 kV with

p.f. of 0.8 lagging. Use nominal T method.
VTU : Aug.-01,06,07, Jan.-05,06, Feb.-09, Marks 10

Solution : R=01x100 =10Q

Total X; = 02 x100 =20Q

Total Yo= 04 x 10" x100 =4x10" " mho
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66000 R A R

VR = VR4 =" L0 = , 2 . R 2

R R 73 = 38105.118 Z (¥ volts T, R A
Power delivered = /3 Vilg cos ¢ | lc

3
ie. Ig = 10,000x10 = 10934 A Ve Vi ==C
V3 % 66000% 0.8

- ]
[, = 109.34 Z-cos ' 0.8 =109.34 £ - 36.86° A i ,

Vi

Vi

e

I = Ic+Iy  =[15680 x 107 % £90.7991°] + [109.34 £ - 36.86°] = 109.34 £ - 36.86° A

=§R+1R[%J=v IR|:R+]X7]] [%b]ﬂ511b40°]+[l(]9%44—%666°][

10
2

= 39202.241 £ 0.7991° volts
= 39.202 kV

= YV, =jl4x10" ][ 39202.241 £ 0.7991°] = 1.5680 x 10 ° £ 90.7991°
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5 .i(2) = -[R .X
Vg = V4 +15(EJ =V, + g {;ﬂ TL} = 40306.56 ~ 1.55° vol Ve

Vg = 40.306 kV
Line value of sending end voltage = /3x 40.306 = 69.81 kV

p-f. angle between Vg and Ig = 1.55° + 36.86° = 38.41°

p.f. at sending end =cos (38.41°) = 0.7835 lagging

+ _ 2R o R R » o0 _ o 10 242 W21 — A
Total line losses = 3Ig5+31x 5 =3 5 [IS+I,R] = 3 XE[(mQM) + (109.34)°] = 388.657 kW

o . Power delivered
% Transmission efficiency = 5 T T T x100
>ower delivered + Losses

10000
= x100 = 96.25 %

10000+ 388.657
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COS

Nominal 7 Method
In this method, capacitance of each conductor (i.e., line to neutral) is divided into two
halves; one half being lumped at the sending end and the other half at the receiving end as
shown in Fig.
It is obvious that capacitance at the sending end has no effect on the line drop. However,
Its charging current must be added to line current in order to obtain the total sending end
current.

Ig R I X, Iq
I, = load current per phase ——— - ANNNN——FTO  — A
R = resistance per phase Y lco 1Y
X, = mductive reactance per phase J | 1 o |
(' = capacitance per phase s 02 bz — sl
¢, = recerwving end power factor (lagging)
4 — 1 ’ T .
V. sending end voltage per phase S S Neutral ) v
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The *phasor diagram for the circuit is shown in Fig. Taking the receiving end voltage as the
reference phasor, we have,

— . C
Ve = Vetj0
[.oad current, E = I (cos @R —Jj sin %) 0
Charging current at load end 1s 0
— ) — =
I = jﬁ)((/z) =] fCT,
: — — —
Line current, I, = I, + IC]

Sending end voltage,
?5} - ﬂﬁﬁf :ﬁ+§(R+jXL)

Charging current at the sending end 1s E = jO(C/2) ?; =jnfC I_{;

—_ —

" I_i J—
. Sending end current, I, = I, + 1.,
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Note the construction of phasor diagram. E 1s taken as the reference phasor represented by OA4. The
— — . — — . — .
current /, lags behind 7, by 0,. The charging current /-, leads 75, by 90°. The line current /7, is the
— — . . ; — . —
phasor sum of 7, and /~,. The drop 4 B =1 R 1sin phase with 7; whereas drop BC =1,X, leads I; by
90°. Then OC represents the sending end voltage ? The charging current E leads ﬁ: by 90°. There-

fore, sending end current I 1s the phasor sum of the f and I . The angle ¢, between sending end
voltage V' and sending end current /, determines the BElldlllg end p.f. cos ¢.
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A 3 phase, 50 Hz, 150 km transmission line has the following constants.
Resistance / phase / km = 0.1 Q
Reactance / phase / km = 0.5 Q
Capacitive shunt admittance / phase / km = 3 X 107° mho
If the line supplies a load of 50 MW at 0.8 p.f. lagging at 110 kV at the receiving end
calculate by using nominal © method.
i) Sending end current it) Sending end voltage

iti) Sending end power factor VTU : Feb.-10, July-16, Jan.-19, Marks 10
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X
Total R=0.1x150 =159, S AT IR
G - —f
= - 7 Q
Total X; = 0.5 x 150 5 Ic, 1,
Total Yo =3x107°x 150 =45 x 10" * mho
Vg CrR2== Cl2 == Vi []
Yc  45x107%
2 2
3
v = AOXA07 - as0850 v ! 4
J3
P delivered 6
Receiving end load current, I = OWeL cevere = 2010 =328 A
V3 x Vg xcosdg J3x110x10° x0.8

I, = 328 Z—cos 108 =328~2-3686A
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= : Co . C
Ic, = ](211:f)§VR =jm

7 VR

_ —4
Now, Ic, = ]YC Vi _][45 ”‘210 J(63508.524{]°) =j14.29 A

I, = I +1c, =[328 £-36867 +[11429] =319.62 £ - 34.80° A

ie. I =2319.62 A

= [63508.52 + i0] + [319.62 £ — 34.80°] [15 + j 75]
82876.17 / 11.8° volts
ie. Vg=8287kV

Line value of sending end voltage =./3x82.87 = 143.53 kV
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-4
Ic, = j—=Vs =] [4'5 ><210 }(81125 +16946.8) = 18.64 £ 101.79 °A

I = I + 1o, =[319.62 £ -34.80°] + [18.64 £ 101.79°] = 306.34 £ - 3241°A

ie. Ig=306.34 A Ve

Angle between Vg and Ig = 11.8° + 32.41° - 4131-50 - Vg
0 = 44.21° |

Sending end p.f. = cos ¢ g = cos 44.21°

0.7167 lagging
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SEWCEEN) A 3 phase 50 Hz overhead transmission line has the following constants per

phase R =28Q, X =63Q, Y = 4x10™% (O). If the load at the receiving end is /5
MVA at 0.8 pf lag with 132 kV between lines, calculate the voltage, current and pf at the
sending end. Use nominal 1 method. VTU : July-12,16, Jan.-14,16, Marks 10
Solution: R = 28 Q, X; =63 Q X
I I R . I
s L R
Yo = 4x10"*mho 1 VWA %
Yo 4x107 » [ fo2 [ fc
= = 2x10
; Vs 5 5 T VR |:| Load
132x10
Vg = = 76.21 kV
| V3
& 4
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o Power delivered 75%10° x 0.8
Receiving end load current, =

I = —
: J3 % Vg xcos g J3%132x10% x0.8
I, = 328 Z—cos™ 1 0.8 =3282-36.86°A

e, = jnfCVy =j 25 Vy
2
Pq}]?ﬁu :((: = ——1——; ()] (: = —;l__ w (: — 1 — ?{(j
) XC 2 ZXC 2

- Yo = . . N
Ic, = 17CVR = (2x107%)(76.21x10° £(°) = 15242 A

I = Ig, +Ix  =[j15.242] + [328 £-3686°] = 319.08 £ -34.66° A

Vg = Vp+lp Z =VR +IL(R+jX;) = (76210+j 0)+(319.08 £ -34.66°)(28+63)

= 95679 £6.87kV .. Vs = 95.67 kV
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Line value of sending end voltage = v3xVg =+3x95.67 = 16570 kV

Yc

I, = ] 5 Vo =7 (2x107%)(94991.87 +j11451) = 19.12 £96.87°A

Ig = Ip +1c, =[26243 —j181.51] + [-229 +j18.99] =306.73 £-32° A

Ig =306.73 A Ve
Angle between Vg and Ig = 6.87° + 32° — = __VIS-B?U
b, = 38.87°
p.f. at sending end = cos ¢, = cos 38.87
= 0.7785 lag s
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Long Transmission Lines

« |t is well known that line constants of the transmission line are uniformly distributed
over the entire length of the line.

« However, reasonable accuracy can be obtained in line calculations for short and medium
lines by considering these constants as lumped.

 |f such an assumption of lumped constants is applied to long transmission lines (having
length excess of about 150 km), it is found that serious errors are introduced in the
performance calculations.

« Therefore, in order to obtain fair degree of accuracy in the performance calculations of
long lines, the line constants are considered as uniformly distributed throughout the
length of the line.
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R X R X
n n n n
N\ —558° AN—r558" AN —558 T
B G B G
— = — =~ V
e n n n n R

Neutral

Fig. shows the equivalent circuit of a 3-phase long transmission line on a phase-neutral basis.
The whole line length is divided into n sections, each section having line constants EB’? of

those for the whole line.
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The following points may by noted :

(i) The line constants are uniformly distributed over the entire length of line as is

actually the case.

(i1) The resistance and inductive reactance are the series elements.

(ii1) The leakage susceptance (B) and leakage conductance (G) are shunt elements. The
leakage susceptance iIs due to the fact that capacitance exists between line and
neutral. The leakage conductance takes into account the energy losses occurring
through leakage over the insulators or due to corona effect between conductors.

Admittance = \/m

(iv) The leakage current through shunt admittance is maximum at the sending end of the
line and decreases continuously as the receiving end of the circuit is approached at
which point its value is zero.
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Generalised Circuit Constants of a Transmission Line

Consider a two port network shown

— | - 2
in the Fig. +0 o +
_ V Two port V
The network is a four 1 network 2
terminal network with 4 variables; two —1'-3 ;._

on input side and two on output side.
V, and I; are the voltage and current
on input side whereas V, and I, are
the voltage and current on output side.

The transmission system can also be assumed to be a four terminal network with two
input terminals where power enters the network and two output terminals where power
leaves the network.
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The sending end voltage and current can be expressed in terms of receiving end
voltage and current through the set of parameters known as transmission line
parameters or ABCD parameters. Thus we have,

The parameters A, B, C and D which are generally complex numbers are the constants
also known as generalised circuit constants. The method which is used for analysis of

transmission line has influence on these constants. With the knowledge of these
constants, performance calculations of the line can be easily obtained.
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These parameters are given by

A - sl , T=Is

VR TR=U VR iR=O
E = & 6 — }—S

IR ?Rz(] IR \_fRzﬂ

The constants A and D are dimensionless as they are simply ratios whereas constants

B and C are having units of ohm and mho respectively.

If the network is symmetrical then we have A=D

If the network is reciprocal then we have A D- BC =1
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Determination of Generalised Constants for Transmission Lines
As stated previously, the sending end voltage (Vs) and sending end current (Is) of a
transmission line can be expressed as :

—

(i)
I, = CVy +D 1, (i)

=

2 = AV, +B

We shall now determine the values of these constants for different types of transmission
lines.
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(i) Short lines.
* In short transmission lines, the effect of line capacitance is neglected.

» Therefore, the line is considered to have series impedance. Fig. shows the circuit of
a 3-phase transmission line on a single phase basis.

Here, 1, = T, (i) £

B, | " N—¥55—>

Ve = Vo+1, (v I Ik 1
Comparing these with eqs. (7) and (77), we have,
— R — — =
A=1. B=Z (C=0 and D=1 Vs Vg LS

Incidentally 1=D J
1D-BC = 1x1-Zx0 =1 S v__
Neutral
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(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
either side as shown in Fig.

— - - — 1 Is Z/2 Z/2 In
Here, TV, = V + 1 Z/2 —.(v) =
and 171’ =Vo+1, Z)2 v Ic
= ?1} Y where Y= shunt admittance J
- | — ?? ————————————— - ———————— -
= Y|V, +-=% Neutral
2
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Is = I, +YV,+Y R2
-+ — — Y ?
= YW+ Ip |1+~ (vi)
Substituting the value of V, 1n eq. (v), we get
- — IZ I.Z
_ R S
VS N R + ) T )
Substituing the value of /.., we get
?g = |1+ rz ﬁ | Z+ 15 Zg

Comparing eqs. (vii) and (vi) with those of (7) and (i7), we have,
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d=D=1+1%2. 3=7zh1+14]|.¢-7
2 4
Incidentally . AD-BC = (1+}7] —Z(l+%} Y
72 72
=1+ 2 Lyz- ZY—Q
4
=1
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(il1) Medium lines—Nominal = method.
* In this method, line-to-neutral capacitance is divided into two halves ; one half being
concentrated at the load end and the other half at the sending end as shown in Fig.

— . . . /
Here, Z = R+ jX, =series impedenace/phase I Z I, Iy
— : X vy 600 > A
Y = j® C=shunt admittance vl [
Co 1'¢
I. = I, +I.
s L T P — 7 Yo = |8 Vr
— L —_— —_— —; ) L —
or Iy = I;+V5Y /2 (viii)
— — — — =
Also I Ip+1, = Ip+ VR Y2 ...(ix) A S e —---1 X
Neutral
—_ —_— — =
s = Wt Z
— — — =
=

= 7, _|_( ot Vo Y/ 2) 7 (Putting the value OfI:')
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— [, YZ

7y = Va|l+ +1. Z (x)

TS} = I; + Iffg Y /2 (IRk + Vf; Y 2) + ?; Y/2  (Putting the value ofz})

. ~ = .
Putting the value of 75 from eq. (x), we get,

- - - =
- = Y L [ "/ — =
IS o IR—FI/;{E—FE I/R 1+T + RZ
- @ — o — ol - — =
Y TRY VY 7 Y 7
= [ +Vyp—+-52— 4+ £ + £
2 2 - 2
—( YZ| ==, YZ .
= I |1+ [F VR Y 1+ .. (x7)
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Comparing equations (x) and (x7) with those of (7) and (i7), we get,

> YZ S5 o o Y 7

r:l — D: l+— . = . C: d l+£
2 4
- \2

Also 35-%?zz@+i£]—ZY@+}Z]
2 4
Y*Z? 7*Y?
= 1+ +YZ-ZY-"" =]

4 4
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SENLERKRE A 110 kV, 50 Hz, 3 phase transmission line delivers a load of 40 MW at 0.85
lagging p.f. at the receiving end. The generalised constants of the transmission line are A

=D =0954£14° B = 96 £ 78° ohm, C = 0.0015 £ 90° mho

Find the regulation of the line and charging current use nominal T method.

VTU : July-14, Jan.-18, Marks 7

Solution : Receiving end voltage, Vi = 110 kV

3
Receiving end phase voltage = 110>10 = 63.50 kV
V3
. P t receiving end 40x10°
Receiving end current, Iy OWET AT TecAIIne Ehe ; =247 A
J3x Vi X cos g J3x110x10° x0.85

I = 247 £ - cos ' 0.85 =247 £ -31.78° A
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(0.95 £ 1.4°) (63508.53 £ (F) + (96 / 78°) (247 / — 31.78°)

= 78942.301 £ 13.62° V
Vg = 78942 kV
Sending end current,
I, = CVq+Dliy
= (0.0015 £ 90°) (63508.53 £ 0°) + (0.95 £ 1.4°) (247 £ — 31.78°)
= 203.77 £ — 6.5959° A
We have for nominal T method
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- Charging current, I~ = Ig — Iy = [203.77 £ —6.5959°] — [247 £ - 31.78°]
= 106.93 £ 94.04° A

Io = 106.93 A
Viee =V -
% Voltage regulation = —0 "R %100 = Vs /A)= VR x100
R VR
942 / 0.95)-63.5 _ 0
_ (78.942/0.95)-63.50 _ \ _ 3086 %

63.50
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Fig. shows one phase and neutral connection of a 3-phase line with impedance and shunt

admittance of the line uniformly distributed.

I+dl— | L — 1
Consider a small element in the line of length X £ & X
dx situated at a distance x from the receiving i i
end. Vs V+dV i dei v Vq
Let i i
Z = series impedance of the line per unit length ;______:___J___d___J___! _______ vo__
X X

y = shunt admittance of the line per unit length

V = voltage at the end of element towards receiving end

V + dV = voltage at the end of element towards sending end
| + dI = current entering the element dx

| = current leaving the element dx
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Then for the small element dx,
Z dx = series impedance

y dx = shunt admittance
Obviously, dV =1 z dx

dav
dx
Now, the current entering the element is | + dI whereas the current leaving the element is I.
The difference in the currents flows through shunt admittance of the element i.e.,
dl = Current through shunt admittance of element =V y dx

=1z .. ; e T

dl
Yy ..(ii)
Differentiating eqg. (i) w.r.t. X, we get,
d*v dl dl .
= z—=—=z(Vy v —=V vy from exp. (ii
™ o (Vy) [ e v/ p()]
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2

dV
= yzV
2 . ... (111)
The solution of this differential equation 1s
V = I cosh (x VY )+ k, sinh (3. % z) (i)

Differentiating exp. (iv) w.r.f. x, we have,
j—V = Kk yyzsimh(x,yz)+k, yzcosh(x,yz)
» 2

— =1z [from exp. (7)]
dx

Iz = [ \/1,_2 sinh (I\/y_2) + k, ‘/; cosh (x \/1_2)
] = \/;[kl smh (x\/y z) + k, cosh (J:Jy Z):| (V)
z
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Equations (iv) and (v) give the expressions for /" and / in the form of unknown constants &, and
kc,. The values of k, and k, can be found by applying end conditions as under :

- f— ,_/r: p—
At X 0, V=Vyand =1,
Putting these values in eq. (iv), we have,

VR = frl cosh 0 + kz sinh 0 = ]fl + 0

Ve = k
Smilarly, putting x = 0, V=7V ,andI=1,1neq. (v), we have,
\/g [J’{1 sinh 0 + k&, cosh O] = \C: [O + kz]
k, = 27
2 y R
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Substituting the values of k, and &, 1 eqs. (iv) and (v), we get,

V. = Vycosh(x\yz)+ ‘j% I, sinh (x,/y 2)
I = EVR sinh (x4/y z) + I cosh (xy/y z)

The sending end voltage (¥7) and sending end current (/;) are obtained by putting x = / 1 the
above equations i.e.,

Ve = Vpcosh(lJyz)+ \/%IR sinh (I z)

I, = \/g V,, sinh (7,/y z) + I, cosh (I,/y z)
Now, f\/; = Jly-lz=yYZ
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\ﬁ _ [T \ﬁ
z zl \Z
where Y = total shunt admittance of the line

Z = total series impedance of the line

Therefore, expressions for V¢ and /. become :

Vg = V,coshVYZ +1, V : smh vYZ
I, = V, |Y sinh VYZ + I, cosh VYZ

VZ
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(iv) Long lines—Rigorous method.

* By rigorous method, the sending end voltage and current of a long transmission
line are given by :

V. = V, cosh JY Z +IR\/% sinh /Y Z
I. = VRE sinh ./Y Z +IRcosh,{I”Z

Comparing these equations with those of (7) and (i7), we get,

- = ~ ) —i»_ Z - ) - }’T_ -
A=D = cosh. Y Z B—\/;Slﬂhq,/}zﬁ C:\/%smh,/}z

Incidentally  AD-BC = cosh,/YZ xcosh, Y Z - \/}Z sinh \/Y Z X ‘]g sinh \/Y Z
= cosh® \/Y Z —sinh* Y Z =1
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TH&ANK YOU
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