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1 | Derive an expression for sending end voltage and current for long transmission line
using rigorous method.

Expression for Vs= 5 marks
Expression for Is=4marks

Circuit diagram-1 mark

CO4

L2

2 | Explain the classification of distribution systems and scheme of distributor system

Classifications
Current

Scheme- brief explanation -3 each mark

COs

L2

A single phase overhead transmission line delivers of length 40Km,1100KW at 33Ky
at 0.8p.f lagging. The load resistance and inductive reactance of the line are 10Q and|
3 | 15Q respectively. Determine i)sending end voltage ii) sending end power factor iii
transmission efficiency

Vs=5mark

Is=2mark

Losses=2 marks

Efficiency=1marks

COs

L3

4(a)

A 2 wire D.C distributor AB is fed from both ends .At feeding point A the voltage is 230V.
The total length of distributor is 2000m and loads connected are, 250A at 500m from A,
10A at 750m from A, 30A at 1000m from A, 60A at 2000m from A. the resistance of one
conductor is 0.3€/km, calculate (i) currents in various sections (ii) voltage drops at various
sections.

Currents in various section=4 marks
voltage drops at various section=4 marks

Single line diagram-2 marks

COs

L3

A4(b)

Derive an expression for sending end voltage and sending end current of a single phase
short transmission line by approximate method with the help of vector diagram.

'Vector diagram=1

Circuit =1

Expression for vs and [s=2 marks

[4]

CO4

L2

Derive an expression for the generalized A, B, C, D constants for equipment for T & pi
representation and show that AD-BC=1.

T method- 4 marksfor proving abced constant as AD-BC=1

Pi method- 4 marksfor proving abcd constant as AD-BC=1

CO4

L2

A 110kV,50 hz,3 phase transmission line delivers load of 40MW at 0.85 lagging pf at the

receiving end .the generalized constants of the transmission line are A=D=0.95 <1.4°,B=96

CO4

L3




<78 9,C=0.0015<90 ° mho. Find the regulation of the line and charging current .Use
nominal T method.

Regulation= 8marks

Ic= 2 marks

Explain how a two-wire D.C. distributor with concentrated loads fed at one end can be

diagram and phasor diagram and hence obtain the expressions for regulation and ABCD
constants for the same.

Phasor diagram- 2 marks

Circuit diagram-2marks

Expression for voltage and current =3

Obtaining ABCD=3marks

represented by a single-line diagram. [10] CO5 | L3
7 Single line diagram=3 marks

'Voltage drops=5 marks

Current= 2marks
8 |Discuss the nominal T-model of medium transmission line with appropriate it circuit [10] co4 | 12

Solutions

Fig. 10.22
Consider a small element in the line of length dx situated at a distance x from the receiving end.
Let z = series impedance of the line per umit length
¥ = shunt admittance of the line per unit length
F = voltage at the end of element towards receiving end
'+ dI” = voltage at the end of element towards sending end

f+dl = current entering the element dx
I = current leaving the element dx
Then for the small element dlx,
zdx = series impedance
ydx = shuntadmittance
Obviously, 417 = Tz dx
dV
dx
Now, the current entering the element 1s [+ 4/ whereas the current leaving the element 1s . The
difference 1n the currents flows through shunt admittance of the element i.e.,

or = [z (1)

1. dl_= Current through shunt admittance of element = V' y dx




e e I

Then for the small element d,
zdy = series impedance
ydx = shuntadmittance

Obviously, dI7 = Iz dx
or % = [z A1)
MNow, the current entering the element is I+ df whereas the current leaving the element is . The
difference in the currents flows through shunt admittance of the element i.e.,

dl = Current through shunt admittance of element = ¥V y dx

or % = Fy -t}
Differentiating eq. (i) w.r.L x, we get,
2 df
d'V _ _dl __ o iy =y 3
=z =z(Fy . ¥ from t:xp-.{u}]
R e (Fy) dx
dv
or eI I ... (i)
The solution of this differential equation is
I = k cosh {x }+£ smh{x.“l' ] i)
Differentiating exp. {(iv) w.rr. x, we have,
% = k Jy=sinh (x JFT) 4k, Ji = cosh (x 5 T)
L
But i I'x [from exp. (i}]
fz = § JJ:sinh I:IJ_E]-I-.{: .J':Tcushl:x Iy =)
- I= Jg[h sinh {x\l'_‘r__:!l 4k, cosh [rﬁ_:]] v}

Equations (iv) and (v) give the expressions for /" and { in the form of unknown constants &, and
k,. The values of & and k, can be found by applying end conditions as under :
At x =0, V=Vyandl=I,
Putting these values in eq. (), we have,
¥, = k cosh0+k,sinh 0=k +0
I = k,
Simlarly, putting x

V= Fygand /= f; n eq, (v), we have,

([ﬂ'ﬂnhﬂh& tﬂrsl:lﬂ] J“[U+k,
k= J'-—'!'

Substituting the values of &, and &, in eqs. (1) and (1), we get,

K. cosh {x _1':!+JEJ'R sinh [.r.f_].'_:]
v
\Er;,;inh (xJy =)+ I, cosh (x /=)

The sending end voltage () and sending end current {{,) are obtained by putting ¥ = | n the
above cquations i.e.,

Ix

T

and !

¥, = Veoshif Jyz)+ E;, sinh {1,y 2)
1= Jl?l}sinhl:f.,f}'__']+fﬂ cash (1,3 )

Mow, Ifyz = ,|||’}'-?_=,||'}’Z

. E-F-8

where ¥ = total shunt admittance of the line

= total series impedance of the line
Therefore, expressions for Fy and f,; become -

Vs = Veosh JVZ + 1, J:: sinh /YZ
v, E sinh JVZ + 1, cosh JNE

T R ai R . F "



Distribution system Classification
classified on the basis of current
* A C Distribution System
* D C Distribution System

classified on the basis of Construction
* Overhead System
* Underground System

classified on the basis scheme of Connection
* Radial System

* Ring main system

* Interconnected System

Primary Distribution System

* Operates at voltage
greater than the general

utilization g et
* Handles large block if E jm
electrical energy. ' i
* Voltage used depends M g 10
upon the amt of power "—; 1l ‘ . ——
to be conveyed & il
distance required to v | pv =

fed. Hkgh | W
* Primary Distribution is o 3]

carried out by 3 phase 4
wire system.



Secondary Distribution System

Voltage b/n any two o 7O Wy,
phases will be 400V. o L L
The single phase e

domestic loads are
connected between any
one phase and neutral. w18 &
The three phase loads '
are connected across
three phase lines. o |

Radial Distribution System

This system is used only when
substation or generating o
staticn is located at the center @H' ik
—— substaticn
of the consumers. -

In this system, different
feeders radiate from a

substation or a generating
station and feed the

sanice drops

Ed
NG
%

LV feeders
distributors at one end. 2| taverhead)
- 3 o ; q

The main characteristic of a @( f ﬁ 7

radial distribution system is §

that the power flow is in only o LV feedars
one direction. {eakle)

It is the simplest system and
has the lowest initial cost.




Ring Main Distribution system

» Feeder covers the whole . T e 5
area of supply in the 4 = .
ring fashion and finally N B - | 8
terminates at the
substation from where

m
1
{
|
-

® 4G SERVICE MAINS
it is started. RV —

» Closed loop form and ; F
looks like a ring.

Interconnected distribution system

* When a ring main feeder
is energized by two or B, i
, T
more substations or it

generating stations. & i Ju
Advantages ¥ ! Y
* reliability Dubbute :: i 25 Dt
* Any area fed from one R : "'x =
generating stations during et 22 - -
peak load hours can be [y
fed from the other e e
generating station or #
substation for meeting s g

power requirements from
increased load. T



13.3 D.C. Distributor Fed at one End—Concenirated Loading

Fig. 13.5 shows the single line diagram of a 2-wire d.c. distributor A B fed at one end 4 and having
concentrated loads [, £, I, and I, tapped off at points C, D, Eand Frespectively,

A G (] E F B
/)" r 1 I Iy Ty B
¥
L 1 L
Fig. 13.5

Let ry, 15, r; and r; be the resistances of' both wires (go and retum) of the sections AC, CD, DE
and EF of the distributor respectively.

Current fed from point 4
Current in section 4 C
Current m section CD
Current in section DE
Current m section EF
Voltage drop insection A C
Voltage drop in section CD
Voltage drop in section DE

= f+L+1+],

B .I;|+.|'3+.IT:1+J_I

=L+L+]

= [+ 1

=i,

il +L+5L+1)

=r{htL+10)
r(L+1)

Voltage drop in section EF =r. I
Total voltage drop in the distrnibutor
=rn+L+Lti)+rn L+ L+ D)+ (L) +n

It is easy to see that the minimum potential will occurat pomt Fwhich is farthest from the feeding

7 pomt.A.
4a
i a—ipb—ie —kp i Go= 00330
: ho = 0:00 & K Go=
WMJ LD m 5 It pOm IEx®

Bab 0004k - p-OlEs

a Pt B Ea>
Lodoon - [ptnk LA 1, con Rpe -0-00Ux8D - 0.039 )
/0D

gC‘g = 0:004x 0 -p.04y 5
e
_ EI " [1_$££¢f,3 a Ly o 200 0D+ ¥ +50 = fra54

I:i: I35-90D = ol SA B
lg 2 Qa5 —lOD =
,-'szzfo'if-* 35 = S50A

[2S A



UH = r.ﬂQ-ﬂ'l’;’t 2 5D — HlSx 0-038
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Recerving end voltage/phase, 1,

Recerving end current, I

cosdy, = 0-8,

BT [Ax132x%10° %08

132 % 10° /{3 =76210 V

50 % 10°

=173 A

singy, =0-6

Taking recerving end voltage as the reference phasor, we have,

T
IR

I

&

Sending end voltage per phase s

Ve

Vept+i0=T6210 £0°

= Iy Z— b, =273 £-36-%°

AV,+BT,

0-95 £1-4"x 76210 L0°+ 96 £ T8 = 273 ~—36-9°

72400 £1-4°+ 26208 #41-1°

72400 (cos 1-4° +7 sin 1-47) + 26208 (cos41-1°+7sin 41-17)
72400 (0-9997 +7 0-0244) + 26208 (0-7536 +5 0-6374)
(72378 + 1767) + (19730 + 5 17229)

92128 + j 18996 = 94066 £11-65°V



=C Vg+D Iy

= 0-0015 £9%0°x 76210 £0° + 0-95 £1-4°x 273 /-36-9°
114 £ 90° + 260 ~-35-5°

114 {cos 90°+ j sin 90°) + 260 (cos 35-5°—j sin 35-5°)
114 ( 0+ )+ 260 (0-814 —7 0-58)

J114+211 -5 150 =211 -5 36

Sending end current,

o
I

Charging current, I = I; —E =(211—-/36)273 L36'P
(211 —j36) — (218 —j 164) =T+ 128=128-2 £93-1" A

Vo jA)— 95— 762
% Regulation = {—*1’;’—‘% 100 = Qdﬂﬁﬁ;g ;ﬁ = 76210 100 = 30%
&

Receiving end voltage, V,=33kV =33000V
kW x10° 1100 x 10°
Vecosde 33000x0-8
Ascost, = 0-8 .. sing,=0-6

=41-6TA

Line current, / =

& X

Ve Ve E-j-]
|

() i)
Fig. 10.5
The equivalent circut and phasor diagram of the line are shown in Figs. 10.5 (1) and 10.5 (i)

o

respectively. Takingreceiving end voltage 7, as the reference phasar,

V. = V,+j0=33000V

=~

= I({cosdy,—jsingg)
= 41-67 (0-8—j 0-6)=33-33— 25

— 3

(/) Sending end voltage, T, = Vo + 1 Z

33,000+ (33-33—725-0) (10 +5 15)
33,000 + 333-3 ;250 + 5500 + 375
33,7083 +; 250

(33,7083 +(250)% =33,709 V

Magmitude of Fy



ey g o ey
(i) Angle between T and T, is
4 250
et T T T
Sending end power factor angle is
b, = 0, +0a=3687+042=37-29°
Sending end p.f, cos ¢, = cos37-29 =0-7956 lagging
(iid) Line losses = PR =(41-67F x 10 = 17,364 W = 17-364 kW
Output delvered = 1100 kW
Power sent = 1100 + 17-364 = 1117-364 kW

=n” 0-0074 =0-42°

Transmission efficiency = % % 100 = % % 100 = 98- 44%

Note. Vgand ¢ can also be calculated as follows :
Ve = Vit IR cos b+ 1 X, sindy, (approxamately )
33000+ 41-67T=x10x0-B+41-6Tx15x0-6
33,000+ 333-36+375-03
33708-39 V which 15 approximately the same as above
Vecosd, +/R _33000x0-8+41-67x10 _ 26816-7

awe = Ve 33708-39 T 3370839
0-7958
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