Chapter 4 performance of short and medium lines

Classification of Overhead TransmissionLines:

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 throughoutthe length of the line. Therefore, capacitance effects introduce complications
intransmission line calculations. Depending upon the manner in which capacitance is taken into
account, the overhead transmission lines are classified as:

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.

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.

Important Terms:
While studying the performance of a transmission line, it is desirable to determine its voltage
regula- tion and transmission efficiency. We shall explain these two terms in turn.

1.Voltage 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 (V;) of
the line is generally less than the sending end voltage (V). This voltage drop (Vs — V) intheline
is expressed as a percentage of receiving end voltage V, 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.

Mathematically %age of voltage regulation = Vs -Vr/ Vr X100

Obviously, it is desirable that the voltage regulation of a transmission line should be low i.e., the
increase in load current should make very little difference in the receiving end voltage.

2.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 resistance.

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;

_ Receivin_q end power « 100
Sending end power
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=(_Vglgcos ¢g ; Vglgcos dg ) x 100

where Vg, Iz and cos ¢y are the receiving end voltage, current and power factor while Vs, Isand cos ¢g
are the corresponding values at the sending end.

Performance of Single Phase Short Transmission Lines

As stated carlier, the effects of line capacitance are neglected for a short transmission line. Therefore,
while studying the performance of such a line, only resistance and inductance of the line are taken
into account. The equivalent circuit of a single phase short transmission line is shown in Fig. 10.1 (/).
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.

Let I = load current
R = loop resistance i.e., resistance of both conductors
X, = loop reactance
Vp = receiving end voltage
cosQ, = receiving end power factor (lagging)
V¢ = sending end voltage
cos ¢ = sending end power factor

Loy *

()
Fig. 10.1

The *phasor diagram of the line for lagging load power factor is shown in Fig. 10.1 (i). From
the right angled traingle ODC, we get,
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(OCY = (0D)*+(DCY’
or Ve = (OE+ED) + (DB + BCY
= (Vycos Oy + IR)' + (Vy sin g + IX,)’

- \[(Vx cos O, + IR)’ +(Vy sin ¢, + ’«’f:.)2

Vs=Va
() %age Voltage regulation = T x 100

s

oo_ VRcoso‘-t-IR

(i)  Sending end p.f., cos ¢; =

ocC Vs
(#id) Power delivered = V.1, cos 0,
Linelosses = I'R
Powersentout = V /[, cos0,+ IR
%age Transmission efficiency = P:mrdg;:::f x 100
VR lk cos °R % |m
Ve Iy cos 0, + I°R

An approximate expression for the sending end voltage ¥ 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
ie.,

Fig. 10.3

OC = OF=0A+AF = 0A+ AG + GF
= OA+AG+BH
Vg = Ve+IRcos Oy +1X,sing,

Sohmon in complex notation. It is often convenient and profitable to make the line calcula-
tions in complex notation.

Taking 7" as the reference phasor, draw the phasor diagram as shown in Fig 10.3. Itis clear that
Vs is the phasor sum of 7, and 7 Z.
Vi = Vp+j0
T £=0g=1(cos O, —j sin 0,)
R+jX,
Ve+12
(Vp+j0)+1(cosd,—jsind,) (R+jX,)

vl NI~
[ ]



= (Vp+ IR cos O, + I X, sin§,) + j (IX, cos 0, — IR sin §)

Vs = (Ve + TRcos &g + 1X, sin @p) + (1 X, cos 6 — I Rsin &)’
The second term under the root is quite small and can be neglected with reasonable accuracy.
Therefore, approximate expression for Vg becomes :
Vg = Ve+IRcosQp+1X,sing,
The following poins may be noted :
() The approximate formula for V(= Vg + I R cos 9, + 1 X, sin 0,) gives fairly correct results
for lagging power factors. However, appreciable error is caused for leading power factors.
Therefore, approximate expression for Vg should be used for lagging p.f. only.

(/i) The solution in complex notation is in more presentable form.

Three-Phase Short Transmission Lines

For reasons associated with economy, transmission of electric power is done by 3-phase system. This
system may be regarded as consisting of three single phase units, each wire transmitting one-third of
the total power. As a matter of convenience, we generally analyse 3-phase system by considering

AN

Ve Va []

pI— Novkal Sa . A
0] (if)

Fig. 104

*one phase only. Therefore, expression for regulation, efficiency etc. derived for a single phase line
can also be applied to a 3-phase system. Since only one phase is considered, phase values of 3-phase
system should be taken. Thus, V' and ¥, are the phase voltages, whereas R and X, are the resistance
and inductive reactance per phase respectively.

Fig. 10.4 (/) shows a Y-connected generator supplying a balanced Y-connected load through a
transmission line. Each conductor has a resistance of R €2 and inductive reactance of X, Q. Fig. 10.4
(if) shows one phase separately. The calculations can now be made in the same way as for a single
phase line.

Effect of Load p.f. on Regulation and Efficiency

The regulation and efficiency of a transmission line depend to a considerable extent upon the power
factor of the load.

1. Effect on regulation. The expression for voltage regulation of a short transmission line is
given by :

IR +1X, si
%age Voltage regulation = c0s Os % AL x 100 (for lagging p.f)
L4




IRcosQ,—1X,sinQ,
V
The following conclusions can be drawn from the above expressions :
(f) When the load p.f. is lagging or unity or such leading that / R cos ¢g > / X sin O, then
voltage regulation is positive ie., receiving end voltage Vg will be less than the sending end
voltage V.
(if) Foragiven V, and /, the voltage regulation of the line increases with the decrease in p.f. for
lagging loads.
(fif) When the load p.f. is leading to this extent that / X, sin ¢, > / R cos ¢, then voltage regula-
tion is negative ie. the receiving end voltage V), is more than the sending end voltage V.
(iv) Foragiven V, and /, the voltage regulation of the line decreases with the decrease in p.f. for
leading loads.
2. Effect on transmission efficiency. The power delivered to the load depends upon the
power factor.

%age Voltage regulation = x 100 (for leading p.f)

Vg *lcos ¢p (For l-phase line)
P
Vgcoso,
3 Vylcos§, (For3-phase line)
Sl f by
= 3Vg cos Oy
It is clear that in each case, for a given amount of
power to be transmitted (P) and receiving end voltage

!l U g oW
]

Power Factor Meter

(V). the load current /is inversely
proportional to the load p.f. cos §,,.
Consequently, with the decrease in
load p.f., the load current and hence
the line losses are increased. This
leads to the conclusion that trans-
mission efficiency of a line de-
creases with the decrease in load
Power Factor Regulator p.f. and vice-versa,

Example 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 10 Q and 15 Q respectively.
Determine : (i) sending end voltage (ii) sending end power factor and (iii) transmission efficiency.

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

Total line impedance, Z = R+j X, = 10+ 15



Receiving end voltage, V=33 kV =33,000 V

kW x 10" _ 1100 x10°
Vecosé, 33000x0-8
0-8 . sing,=06

=41-67 A

Line current, /

>
in
()
@
S
I

(i) (if)
Fig. 10.5
The equivalent circuit and phasor diagram of the line are shown in Figs. 10.5 (i) and 10.5 (i7)

respectively. Taking receiving end voltage VR' as the reference phasor,
Vp = Vp+j0=33000V
= I(cos $.—J sin QR)
41-67 (0-8—; 0-6)=33-33—, 25
(f) Sending end voltage, 7’; = 7’; +12
= 33,000 +(33-33—25-0) (10 +; 15)
= 33,000 + 333-3— ;250 + j500 + 375
33,708-3 +; 250
Magnitude of ¥ = J(33,708- 31 +(250)° =33.709 V

(if) Angle between '173' and 7:; is

R
Ji

— -1 A— e -1 0 74 — o
o = tan 33,708'3 = tan 0 0 —0'42

*. Sending end power factor angle is
O = Op+0e=36-87 +0-42°=37-29°
. Sendingend p.f., cos¢; = cos37-29° = 0-7956 lagging

(iif) Linelosses = I'R=(41-67) x 10=17,364 W = 17-364 kW
Output delivered = 1100 kW
Powersent = 1100+ 17-364 = 1117-364 kW
Transmission efficiency = Po;:‘rv:rels::ne:'ed x 100 = % x 100 =98-44%
Note. V¢ and ¢ can also be calculated as follows :
Ve = Vy+1Rcos @, + 11X, sin ¢, (approximately)
= 33,000 ~41-67x 10x0-8 +41-67x 15 x0-6
= 33,000 + 333-36 + 375-03
= 33708-39 V which is approximately the same as above
Vpcosbp+ IR 33000x0-8+41-67x10  26816-7
cos O = 2 = =

Ve 33,708-39 " 33,708-39
0-7958



As stated earlier, this method gives fairly correct results for lagging p.f. The reader will find that
this method is used in the solution of some numericals.

Example What is the maximum length in km for a 1-phase transmission line having
copper conductor of -775 cm ? cross-section over which 200 kW at unity power factor and at 3300V
are to be delivered ? The efficiecny of transmission is 90%. Take specific resistance as 1.725 p Q
cm.

Solution.
Receiving end power = 200 kW = 2,00,000 W
Transmission efficiency = 0-9

Sending end power = 200,000 _ 222222 W

0 9
Line losses = 2,22.222 - 200,000 =22222 W
< . 200x10 .
Line current, / = 3300)" =606 A

Let R Q be the resistance of one conductor.
Linelosses = 2 R

or 22222 = 2(60-6) xR
R =2222 __30250
2 x(60-6)
Now, R = pla

p=Ba_30BXO0TT _; 36010° cm =136 ki
P 1-725x10
Example An overhead 3-phase transmission line delivers 5000 kW at 22 kV at 08 p.f.
lagging. The resistance and reactance of each conductor is 4 Q2 and 6 Q respectively. Determine :
(i) sending end voltage (i) percentage regulation (iii) transmission efficiency.
Solution.

Load power factor, cos ¢,

0-8 lagging
22,000/J3 = 12,700 V

Receiving end voltage/phase *V,

.

Impedance/phase, Z

4+/6
. O 5000x10°
Line current, l = 3xl2700x0-8_l64A

Ascos0,=0'8 . sing,=06
Taking 7, as the reference phasor (see Fig. 10.6),

V. = Vg+j0=12700V

T = I(cos by —jsind,)= 164 (0-8—0-6)=131-2—98-4
(/) Sending end voltage per phase is

Vi, = Vp+17Z=12700+(131-2-98-4) (4 +/6)
= 12700 + 524-8 +j 787-2—j 3936 + 590-4
= 13815-2 +/393-6
Magnitude of V¢ = ‘1(13315.2)3.,.(393.(,)2 = 138208 V



Line valueof Vg = /3 x 13820-8 = 23938 V =23-938 kV
- » Ve =¥, 13820-8 - 12700
(if) % age Regulation = —-S—V;—'- x 100 = 13700 x 100 = 8-825%
(iii) Linelosses = 3FR =3 x (164)" x4 =322752 W = 322-752 kW
5000

Transmission efficiency = x 100 = 93-94%

5000 +322-752

Example Estimate the distance over which a load of 15000 kW at a p.f. 0-8 lagging can be
delivered by a 3-phase transmission line having conductors each of resistance 1 Q per kilometre.
The voltage at the receiving end is to be 132 kV and the loss in the transmission is to be 5%.

Solution.

i Power delivered _ 15000 x 10’
J3 x line voltage x power factor /3 x132x10° x0-8
Line losses = 5% of power delivered = 0-05 x 15000 = 750 kW
Let R Q be the resistance of one conductor.
Linelosses = 3 PR

Line current, I/ =82 A

or 750 x 10° = 3 x(82° xR
750 x 10°
R = ——=137-180Q
3x(82)

Resistance of each conductor per km is 1 Q (given).

X Length of line = 37-18 km

Example A 3-phase line delivers 3600 kW at a p.f. 0-8 lagging to a load. If the sending
end voltage is 33 kV, determine (i) the receiving end voltage (ii) line current (iii) transmission efficiency.
The resistance and reactance of each conductor are 5-31 Q and 5-54 Q respectively.

Solution.

Resistance of each conductor, R = 5-31Q

Reactance of each conductor, X, = 5-54Q

Load power factor, cos O, = 0-8 (lagging)

Sending end voltage/phase, Vs 33,000/ V3 =19,052V

Let ¥, be the phase voltage at the receiving end.
— Power delivered / phase 1200 x 10'

V, X cos 0, © Vpx0-8

Line current, /

150 10°
2SS A0
R

(/) Using approximate expression for Vg, we get,
Vi = Vp+IRcosQ,+1X,sing,

$ N
or 19052 = ¥+ 12210 s 531x08+ 3% S 5.54x06
Ve Ve
or Vi = 19,052 ¥, + 1,13,58,000 = 0

Solving this equation, we get, V, = 18435V
Line voltage at the receiving end = /3 x 18,435=31930 V=31-93 kV



15x10° _15x10°
Va 18435
3P R=3x(81-36) x 5:31 = 1,05447 W = 105-447 kW
3600 x 100 = 97-15%

3600 + 105-447

Example A short 3-¢ transmission line with an impedance of (6 + j 8) Q per phase has
sending and receiving end voltages of 120 kV and 110 kV respectively for some receiving end load
at a p.f- of 09 lagging. Determine (i) power output and (ii) sending end power factor.

Solution.

Resistance of each conductor, R =6 Q2

Reactance of each conductor, X, =8 Q

=81-36 A

(if) Line current, I =

(fii) Line losses,

Transmission efficiency

Load power factor, cos ¢, = 0-9 lagging
Receiving end voltage/phase, V, = 110x 10° / J3 = 63508 V
Sending end voltage/phase, Ve =120%10°/J3 =69282 V

Let / be the load current. Using approximate expression for V¢, we get,
Vi = Va+IRcosd, +1X,sing,

or 69282 = 63508 + Ix6x0-9+Ix8x0-435
or 888/ = 5774
or I = 5774/8-88 =650-2 A
3V, Icosd 3x 63508 x 650-2x0-9
= kR =
) Power output 1000 kW 1000
= L11490 kW
¥V, IR : i
() | Sendiog anip.£icond, = 2C0s0p+ /R _ 63508 x0-9+650-2x6 - 088 lag
Ve 69282

Example.  An 11 k¥, 3-phase transmission line has a resistance of 1'5 Q and reactance of
4 Q per phase. Calculate the percentage regulation and efficiency of the line when a total load of
5000 kVA at 0.8 lagging power factor is supplied at 11 kV at the distant end.

Solution.

Resistance of each conductor, R = 15Q
Reactance of each conductor, X, =4Q
Receiving end voltage/phase V, = L1x10° =6351V
g 8! » R T
Load power factor, cos 9, = 0-8lagging
fondnnd: ; = Power delivered in kVA x 1000
IxV,
= 3000x1000 _ 45434
3x 6351

Using the approximate expression for V' (sending end voltage per phase), we get,
Vi = Vg+IRcos@,+1X,sing,
6351 +262-43x 1-5x0-8 +262-43x4x0-6=T7295-8V
Vi=V, 7295-8 — 6351
=2 = x 100 = 14-88Y%
v x 100 6351 x 1 14-88%

3FPR=3%(262-43 x 1-5=310x 10° W = 310 kW

N

% regulation

Line losses



Output power = 5000 x 0-8 = 4000 kW

Input power = Ouput power + line losses = 4000 + 310 = 4310 kW
Transmission efficiency = Outpet powwer x 100 = 4000 ., 100 = 92-8%

Input power 4310

Example A 3-phase, 50 Hz, 16 km long overhead line supplies 1000 kW at 11kV, 0-8 p.f.
lagging. The line resistance is 0-03 Q per phase per km and line inductance is 0-7 mH per phase per
km. Calculate the sending end voltage, voltage regulation and efficiency of transmission.

Solution.
Resistance of each conductor, R
Reactance of each conductor, X

0:03x 16 =0-48Q
2RfLx16 =2rx50x0-7x 107 x 16=3-52Q

. 1x10’
Receiving end volta hase, V, = =6351V
g ge/p s

Load power factor, cos®, = 0-8lagging

1000 x10° 1000 x 10’
3xVyxcos® 3x6351x0-8
Sending end voltage/phase, Vi = Vo +IRcos@, +1 X, sinQ,

= 6351 +65:6x0-48x0-8 +656x 3-52x0-6=6515V

Vs =V =
%age Voltage regulation = =& x100= 5> 651 x 100 = 2-58%
Ve 6351
Linelosses = 3 F° R =3 x (65-6F x 0-48 = 6-2x 10° W = 6-2 kW
Input power = Output power + Line losses = 1000 + 6-2 = 1006-2 kW
Transmission efficiency = e e i x 100 = 1009 x 100 = 99-38%
Input power 1006-2

=65-6A

Line current, /




Medium Transmission Lines

In short transmission line calculations, the effects of the line capacitance are neglected because such
lines have smaller lengths and transmit power at relatively low voltages (< 20 kV). However, as the
length and voltage of the line increase, the capacitance gradually becomes of greater importance.
Since 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. Such a treatment of localising the
line capacitance gives reasonably accurate results. The most commonly used methods (known as
localised capacitance methods) for the solution of medium transmissions lines are :

() End condenser method (#i) Nominal T method (fif) Nominal x method.

Although the above methods are used for obtaining the performance calculations of medium
lines, they can also be used for short lines if their line capacitance is given in a particular problem.

End Condenser Method 1 R X In

In this method, the capacitance of the line is lumped or con- % TIT =
centrated at the receiving or load end as shown in Fig. 10.8. e
This method of localising the line capacitance at the load end
overestimates the effects of capacitance. In Fig. 10.8, one ¢ Va B]
phase of the 3-phase transmission line is shown as it is more
convenient to work in phase instead of line-to-line values.
Let [/, = load current per phase bt DS e s .
R = resistance per phase Fig. 10.8
X, = inductive reactance per phase
C = capacitance per phase
cos @, = receiving end power factor (lagging)

o




Vs = sending end voltage per phase
The *phasor diagram for the circuit is shown in Fig 10.9.
Taking the receiving end voltage 77, as the reference phasor,
wehave, Vg =V, +j0
Load current, 7, =/, (cos 0, —j sin O,)
Capacitive current, . =j 7, ©C=j2xfCV,
The sending end current T is the phasor sum of load cur-

rent 7, and capacitive current 7 i.c.,

L=+
= Jo(cosQp—=jsind,)+j2xfCV,
= IgcosQp+j(~lgsindg + 2R fCVy)

Voltage drop/phase = IsZ =1 (R+jX)

Sending end voltage, Vs = 7;4»7;2 = 7;+7;(R+jXL)
Thus, the magnitude of sending end voltage V¢ can be calculated.
Vs =¥,
% Voltage regulation = -‘—V-—"- x 100
R
Power delivered / phase <

delivered / phase + losses/ phase

pp 08 O 100
Velgcosd,+ IS R

Limitations. Although end condenser method for the solution of medium lines is simple to work
out calculations, yet it has the following drawbacks :

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

(i) This method overestimates the effects of line capacitance.

100

% Voltage transmission efficiency = Power

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

Resistance/km = 0-25Q ; Reactance/km = 0-8 Q

Susceptance/km = 14 * 1 07 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 (/) and (i) show the circuit diagram and phasor diagram of the line
respectively.



Total resistance. R =025x100=25Q
Total reactance, X, = 0-8x100=80Q
Total susceptance, Y = 4x10°x100=14x10""S

Receiving end voltage, Ve = 66,000V

;. — 15000x10’
® 66000%0-8
cosg, = 0-8: sing, =0-6
Taking receiving end voltage as the reference phasor [see Fig.10.10 (i7)]. we have,
j,'r; = Vi +j0=66,000V

Load current, =284 A

Load current, 1—1; = Ig(cos &, —jsind,) =284 (0-8—;0-6)=227-;170
i R & In
I
Vg C Vg E}
l v
(i) (if)
Fig. 10.10
Capacitive current, I = jYxVp=j14x10"*x66000=;92
(/) Sendingendcurrent, T = T +1.=(227-;170)+;92
= 227-578 ()
Magnitude of /; = J(‘_)27)2 +(73)2 =240 A
(if) Voltage drop = 75' Z= 'I;(R +jX,)=(227-/78) (25 +/ 80)

= 5,675+ 18, 160—j 1950 + 6240
= 11,915+ 16210

Sending end voltage, Ve = Vo+Tg Z = 66,000+ 11,915+ /16210

= 77,915+ 16,210 i)
Magnitudeof ¥ = \[(77915) + (16210)° =79583V
V-V, 1
(éif) % Voltage regulation = 4 _LKx100= 12,583 66,000 x 100 = 20-58%

Vi 66.000
(iv) Referring to exp. (i), phase angle between 71; and T:; is :
8, = tan™' —78/227 =tan"' (- 0-3436) =— 18-96°
Referring to exp. (ii), phase angle between ka and T{; is :

RO ) . 1) WO TR
;= tan e =tan” (0-2036)=11-50

Supply power factor angle, ¢ = 18-96° + 11-50° = 30-46°
Supply p.f. = cos 0, = cos 30-46° =0-86 lag




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. 10.11. There-
fore, in this arrangement, full charging current flows over half the line. In Fig. 10.11, one phase of 3-
phase transmission line is shown as it is advantageous to work in phase instead of line-to-line values.

Is RR X2 Is R2 X /2 In

Neutral
Fig. 10.11
Let I, = load current per phase ; R = resistance per phase
X, = inductive reactance per phase ; C = capacitance per phase

cos 0, = receiving end power factor (lagging) ; Vs = sending end voltage/phase
¥, = voltage across capacitor C

The *phasor diagram for the circuit is shown in Fig. 10.12. Taking the receiving end voltage 7;
as the reference phasor, we have,

Receiving end voltage, 7, = V+j0
Load current, T, = Ig(cos®—jsind )

Fig. 10.12



-~
|

Voltage across C, = Vo+1,212

V+ 1 (cos &, —j sin 0,) (.L’?.J,j_{;;.]

Capacitive current, I. = joCV,=j2rfCW,
Sending end current, R P8
. 2 ¥ s ] X
Sending end voltage, Vs = 7, + 1 % o 7,' + 1 [% +J —2"")
Example A 3-phase, 50-Hz overhead transmission line 100 km long has the following
constants :
Resistance/km/phase =010

Inductive reactance/km/phase = 0202

Capacitive susceptance/km/phase = 0-04 x 107" siemen

Determine (i) the sending end current (ii) sending end voltage (iii) sending end power factor
and (iv) transmission efficiency when supplying a balanced load of 10,000 kW at 66 kV, p.f. 0-8
lagging. Use nominal T method.

Solution. Figs. 10.13 (/) and 10.13 (ii) show the circuit diagram and phasor diagram of the line
respectively.

Ig R2  X/2

Fig. 10.13
Total resistance/phase, R =01x100=10Q
Total reactance/phase. X; = 02x100=20Q
Capacitive susceptance, Y = 0:04x 107 x 100 =4x107*S

Receiving end voltage/phase, Ve = 66,000/ 3=38105 V
10,000 x 10’
= =109 A
Load current, I, Ax66x10° 0.8
cosd, = 0-8: sing, =06

Impedance per phase, Z R+jX,=10+;20
(/) Taking receiving end voltage as the reference phasor [see Fig. 10.13 (ii)], we have,

Ve+j0=38,105V
I (cos &g —j sin @g) = 109 (0-8— 0-6) = 87-2—j 654
= Vgp+1, Z/2=38,105+(87-2 —j 65-4) (5 +j 10)
38,105 + 436 + j 872 — j 327 + 654 = 39,195 + j 545

-

Receiving end voltage, ¥,
Load current, I,
Voltage across C,

= =



Charging current, To = JY¥,=j4x107(39195+ j 545)=-0-218+ j 15-6

Sending end current, I, = ’n I = (87-2-/65-4) +(=0-218 +; 15-6)

87-0-;49-8 =100 L -29°47" A
100 A

I

Sending end current

V, + T Z/2 = (39,195 + j 545) + (87-0—j 49-8) (5 +/ 10)
39,195 + j 545 + 434-9 + 870 — j 249 + 498
40128 +; 1170 =40145 L 1°40" V
Line value of sending end voltage
= 40145 xV 3 =69 533 V=69-533 kV
(iif) Referring to phasor diagram in Fig. 10.14,

8, = angle between ¥, and 7 = 1°40°

(if) Sending end voltage, '_/;

VST

8, = angle between ¥ and 7 = 29° 47’
— I
o; = angle between 7 and T .

0, + 0, = 1°40" + 29°47° = 31727
Sending end power factor, cos ¢ = cos 31°27" = 0-853 lag o
(iv) Sending end power = 3 ¥V J cos ¢o=3 x 40,145 x 100 x 0-853

= 10273105 W = 10273-105 kW Flg. 10.14
Power delivered = 10,000 kW
o Z 10,000
Transm ffi = et X 100 = 97-34%
ission efficiency 10373.108 x1
Example A 3-phase, 50 Hz transmission line 100 km long delivers 20 MW at 0-9 p.f.

lagging and at 110 kV. The resistance and reactance of the lmeperphasepcrbn are 0-2 Qand 0-4
0 respectively, while capacitance admittance is 2-5 x 107 stemen/bn/phase Calculate : (i) the
current and voltage at the sending end (ii) efficiency of transmission. Use nominal T method.

Solution. Figs. 10.15 (/) and 10.15 (#/) show the circuit diagram and phasor diagram respec-
tively.

Total resistance/phase, R = 0-2x 100 =20 Q
Total reactance/phase, X, = 0-4x 100 =40 Q

Total capacitance admittance/phase, ¥ = 2-5x 107°x 100=2-5x 107*S
Phase impedance, Z = 20 + j40

S
A

Fio 10185



Receiving end voltage/phase, ¥y = 110x 10°/J3 = 63508 V

6
Load current, fy = —= L =1166 A

3x110x10° x0-9
cosQ, = 09:sind,=0435
(/) Taking receiving end voltage as the reference phasor [see phasor diagram 10.15 (if)], we
have,

Vg = Vp+j0=63508V
Load current, T, = Ip(cosOg—jsing,)=116-6(0-9-;0-435) = 105-50-7
Voltage across C, V, = Vg+1, Z2 = 63508 + (105 - 50-7) (10 +; 20)
= 63508 + (2064 + j1593) = 65572 + j1593
Charging current, To = JYV, =j2-5x 107 (65572 + j1593) = —0-4 +j 16-4
Sending end current, I = To+T.=(105-/50-7) + (04 +/164)
= (104-6-34-3)= 110 £- 18°Y" A
~. Sending end current = 110A
Sending end voltage, 'l-’; - T’; - 7_; Z12
= (65572 +j1593) + (104-6— j34-3) (10 +,20)
= 67304 +/ 3342
Magnitude of Vs = \J(67304)° + (3342)° =67387 ¥
Line value of sending end voltage

= 67387 x Y3 = 116717V = 116717 kV
(i) Total line losses for the three phases

= 3IZR2+317R12
3x(110)°x 10+ 3 x (116-6) x 10
0-770x 10° W = 0-770 MW

Transmission efficiency = 56:200_% X100 = 96:29%

Nominal x 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. 10.16. Itis

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 Ia

Fie. 10.16



Let I, = load current per phase
R = resistance per phase
X; = inductive reactance per phase
C = capacitance per phase
cos 9, = receiving end power factor (lagging)
Vs = sending end voltage per phase
The *phasor diagram for the circuit is shown in Fig. 10.17. Taking the receiving end voltage as
the reference phasor, we have,

‘;7; = V,+j0
Load current, T.' = [, (cos ¢ —j sin @)
Charging current at load end is

Ia = joCDTV=jxfCT;

Fig. 10.17

Line current, I, = Ip+lg
Sending end voltage, l_{; = Ve+l, Z=Vg+1, (R+jX;)
Charging current at the sending end is

Io = jo@)T=jrfCT
. Sending end current, E= T+,
Example A 3-phase, 50Hz, 150 km line has a resistance, inductive reactance and ca-
pacitive shunt admirntance of 0-1 Q, 0-5Qand 3x 1 0°s per km per phase. Ifthe line delivers 50 MW

at 110kV and 0-8 p.f. lagging, determine the sending end voltage and current. Assume a nominal ©
circuit for the line.



Solution. Fig. 10.18 shows the circuit diagram for the line.

Total resistance/phase, R= 01x150=15 Q

Total reactance/phase, X; = 0:5x150=75Q

Capacitive admittance/phase, ¥ = 3x10 °x150=45x107"S

110 x 10°/J3 = 63508 V
50 % 10°

Receiving end voltage/phase. V),

Load curre I, = = =328 A
SR 2T AX110x10° x0-8
cosd, = 0-8; siné,=0-6
Ig R L X I
Icz Igy
©
L e g SRS _l___
Fig. 10.18

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

V, = Vp+j0=63508V

Load current, TR' = I, (cos O, —jsind,) =328 (0-8—0-6) = 262-4—196-8
Charging current at the load end is

-5
o= Tijil-easosx ;2210 ~j1a3
Line current, I, = T +1, =(262-4—196-8) +j 14-3 =262-4 - 1825
Sending end voltage, ';75' - z+zf=ﬁ+E(R+le)

= 63,508 +(262-4—; 182:5)(15+;75)
= 63,508 + 3936+ 19,680 —j 2737-5 + 13,687
= 81,131 +;16,942-5=82881 £ 11°47'V
Line to line sending end voltage = 82,881 x V 3 =1,43,550 V = 143-55 kV
Charging current at the sending end is

45x%10°°
R

Ios = jVoY/2=(8L131+,16942-5)
= —3-81 +j 18-25
Sending end current, '1: - TL.+K. =(262-4—; 182-5) + (— 3-81 +/ 18-25)

= 258-6—;164-25=3064£L-32-4°A
Sending end current = 3064 A



Chapter5 EHV transmission

EHV AC Transmission:
NECESSITY OF EHVAC TRANSMISSION:

1.With the increase in transmission voltage, for same amount of power to be transmitted current in the
line decreases which reduces I12R losses. This will lead to increase in transmission efficiency.

2.With decrease in transmission current, size of conductor required reduces which decreases the
volume of conductor.

3.The transmission capacity is proportional to square of operating voltages. Thus the transmission
capacity of line increases with increase in voltage.

4.With increase in level of transmission voltage, the installation cost of the transmission line per km
decreases.

5.1t is economical with EHV transmission to interconnect the power systems on a large scale.

6.The no. of circuits and the land requirement for transmission decreases with the use of higher
transmission voltages.

ADVANTAGES :

e Reduction in the current.

® Reduction in the losses.

e Reduction in volume of conductor material required.

e Decrease in voltage drop & improvement of voltage regulation.

e Increase in Transmission Efficiency.

e Increased power handling capacity.

e The no. of circuits & the land requirement reduces as transmission voltage increases.

e The total line cost per MW per km decreases considerably with the increase in line voltage.
PROBLEMS INVOLVED IN EHV TRANSMISSION:

Corona loss and radio interference

Heavy supporting structure and erection difficulties
Insulation requirement

Suitability considerations

Current carrying capacity

Ferranti effect

Environmental and biological aspects

Equipment cost

Nk~ RE



HVDC Transmission System

We know that AC power is generated in the generating station. This should
tirst be converted into DC. The conversion is done with the help of rectifier.
The DC power will flow through the overhead lines. At the user end, this DC
has to be converted into AC. For that purpose, an inverter is placed at the

receiving end.

Thus, there will be a rectifier terminal in one end of HVDC substation and an
inverter terminal in the other end. The power of the sending end and user end

will be always equal (Input Power = Output Power).

| Inverter ‘

HVDC
Transformer

HVDC l Rectifier |
Transformer
|
. A
x ‘ Converter station
AC System at
terminals

Converter station

T

Overhead line

Figure1: HVDC Substation Layout

AC System at
terminals

When there are two converter stations at both ends and a single

transmission line is termed as two terminal DC systems. When there are

two or more converter stations and DC transmission lines is termed as

multi-terminal DC substation.

Comparison of both HVAC and HVDC Transmission System

HVDC Transmission System

HVAC Transmission System

Low losses.

discharge

Losses are high due to the skin effect and corona



https://www.electrical4u.com/power-inverter/
https://www.electrical4u.com/electrical-power-transmission-system-and-network/
https://www.electrical4u.com/skin-effect-in-transmission-lines/
https://www.electrical4u.com/corona-effect-in-power-system/
https://www.electrical4u.com/corona-effect-in-power-system/

Better Voltage regulation and Control
ability.

Voltage regulation and Control ability is low.

Transmit more power over a longer
distance.

Transmit less power compared to a HVDC system.

Less insulation is needed.

More insulation is required.

Reliability is high.

Low Reliability.

Asynchronous interconnection is

possible.

Asynchronous interconnection is not possible.

Reduced line cost due to fewer
conductors.

Line cost is high.

Towers are cheaper, simple and narrow.

Towers are bigger compared to HVDC.

Disadvantages of HVDC Transmission

« Converters with small overload capacity are used.
o Circuit Breakers, Converters and AC filters are expensive especially for

small distance transmission.

« No transformers for altering the voltage level.
« HVDC link is extremely complicated.

« Uncontrollable power flow.

Application of HVDC Transmission

« Undersea and underground cables

e AC network interconnections

 Interconnecting Asynchronous system




Chapter 6 Distribution systems

Types of D.C. Distributors

The most general method of classifying d.c. distributors is the way they are fed by the feeders. On
this basis, d.c. distributors are classified as:

0}
(i)
(dii)
(i)

Distributor fed at one end
Distributor fed at both ends
Distributor fed at the centre
Ring distributor.

(/) Distributor fed at one end. In this

type of feeding. the distributor is con- A lrheh  C ey D ), E g
nected to the supply at one end and

loads are taken at different points

along the length of the distributor.

Fig. 13.1 shows the single line dia- 1, I Iy

gram of a d.c. distributor A B fed at Fig, 13.1

the end A (also known as singly fed

distributor) and loads /,, /, and /, tapped off at points C, D and E respectively.

The following points are worth noting in a singly fed distributor :

(a) The current in the various sections of the distributor away from feeding point goes on
decreasing. Thus current in section AC is more than the current in section CD and current in section
CD is more than the current in section DE.

(5) The voltage across the loads away from the feeding point goes on decreasing. Thus in Fig.
13.1, the minimum voltage occurs at the load point E.

(¢) In case a fault occurs on any section of the distributor, the whole distributor will have to be
disconnected from the supply mains. Therefore, continuity of supply is interrupted.

(i)

Distributor fed at both ends. In this type of feeding, the distributor is connected to the
supply mains at both ends and loads are

tapped off at different points along the B c 0 E B
length of the distributor. The voltage at

the feeding points may or may not be

equal. Fig. 13.2 shows a distributor 4 B

fed at the ends A and B and loads of /,, /, I L 1,

and /, tapped off at points C, D and E < '
respectively. Here, the load voltage goes Fig. 13.2

on decreasing as we move away from one feeding point say A, reaches minimum value and
then again starts rising and reaches maximum value when we reach the other feeding point
B. The minimum voltage occurs at some load point and is never fixed. Itis shifted with the
variation of load on different sections of the distributor.

Advantages

(a)

(b)

If a fault occurs on any feeding point of the distributor, the continuity of supply is main-
tained from the other feeding point.

In case of fault on any section of the distributor, the continuity of supply is maintained from
the other feeding point.



(¢) Thearea of X-section required for a doubly fed distributor is much less than that of a singly

fed distributor.

(fii)  Distributor fed at the centre. In this type of feeding, the centre of the distributor is con-
nected to the supply mains as shown in Fig. 13.3. Itis equivalent to two singly fed distribu-
tors, each distributor having a common feeding point and length equal to half of the total

length.

A I

L,

'I’ l2 C ';’ '4 '4 B
L L

Fig. 13.4

(/v) Ringmains. In this type, the distributor is in the form of a closed ring as shown in Fig.13.4.
It is equivalent to a straight distributor fed at both ends with equal voltages, the two ends
being brought together to form a closed ring. The distributor ring may be fed at one or more

than one point.
D.C. Distribution Calculations

In addition to the
methods of feeding
discussed above, a
distributor may have
(i) concentrated
loading (i) uniform
loading (iii) both
concentrated and
uniform loading.
The concentrated
loads are those
which act on particu-
lar points of the dis-
tributor. A common
example of such
loads is that tapped
off for domestic use.
On the other hand,
distributed loads are
those which act uni-
formly on all points
of the distributor.

——— e g— g ——r—

D.C. Load

Ideally, there are no distributed loads. However, a nearest example of distributed load is a large
number of loads of same wattage connected to the distributor at equal distances.



In d.c. distribution calculations, one important point of interest is the determination of point of
minimum potential on the distributor. The point where it occurs depends upon the loading conditions
and the method of feeding the distributor. The distributor is so designed that the minimum potential
on it is not less than 6% of rated voltage at the consumer's terminals. In the next sections, we shall
discuss some important cases of d.c. distributors separately.

D.C. Distributor Fed at one End—Concentrated Loading

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

A C D E F B

/ f ry fy f

Fig. 13.5
Let r,, ry, ry 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 A =L+L+5+],
Current in section A C =L+, +1+1,
Current in section CD =L+L+],
Current in section DE = L+,
Current in section £EF =/

Voltagedrop insectionAC = rn(, L, +1,+1)

Voltagedrop insectionCD = r, (L, + 1+ 1)

Voltage drop in section DE = ry (I, + 1)

Voltage drop in section EF = r, I,

Total voltage drop in the distributor
=nhrLr L+ L+ DY)+,

Itis easy to see that the minimum potential will occur at point Fwhich is farthest from the feeding
pointA.

Example . A 2-wire d.c. distributor cable AB is 2 km long and supplies loads of 1004,
150A4,2004 and 504 situated 500 m, 1000 m, 1600 m and 2000 m from the feeding point A. Each

conductor has a resistance of 0-01 Q per 1000 m. Calculate the p.d. at each load point if a p.d. of
300V is maintained at point A.

Solution. Fig. 13.6 shows the single line diagram of the distributor with its tapped currents.
Resistance per 1000 m of distributor =2 x 0-01 = 0-02Q

Resistance of section AC, R, . = 0-02x 500/1000 = 0-01 Q

Resistance of sectionCD, R, = 0-02x 50071000 = 0-01 Q

Resistance of section DE, R, = 0-02x 600/1000 = 0-012Q

Resistance of section EB, R, = 0-02x 400/1000 = 0-008 Q

Referring to Fig. 13.6, the currents in the various sections of the distributor are :
Ig=50A; Iy =50+200=250 A

I, =250+ 150=400 A i 1 =400+ 100=500 A



Va=300V 100 A 150 A 200 A 50 A

Fig. 13.6
P.D. at load point C, Ve = Voltage at A — VoltagedropinAC
= Vi=LicRyc
= 300-500x0-01 =295V
P.D. at load point D, Vp = Ve=IlcpRep
= 295-400x0-01 =291V

P.D. at load point E, Ve = Vp=Ipe Ry
= 291 -250x0-012=288 V

= 288 —~ 50 x 0-008 =287-6 V
Example A 2-wire d.c. distributor AB is 300 metres long. It is fed at point A. The various
loads and their positions are given below :

At point distance from concentrated load
A in metres in amperes
C 40 30
D 100 40
E 150 100
F 250 50

If the maximum permissible voltage drop is not to exceed 10 V. find the cross-sectional area of
the distributor. Take p = 1-78 x 107 Qm.

Solution. The single line diagram of the distributor along with its tapped currents is shown in
Fig. 13.7. Suppose that resistance of 100 m length of the distributor is » ohms. Then resistance of
various sections of the distributor is :

R, o=04rQ ; Ryp=06rQ ; Ryy=05rQ ; Ryp=rQ

A220AC 190A D 150A E 50 A f §
40m 60m 50m loam I 50m -
30A 40 A 100 A 50A
Fig. 13.7

Referring to Fig. 13.7, the currents in the various sections of the distributor are :
Lic=220A ; Ip=190A ; I,,=150A ; I.=50A
Total voltage drop over the distributor
= LicRycH lep Rept Ipp Rpp * Iy Ry
220X 0-4r+ 190 X 0-6r + 150 x 0-5r + 50 X r
327 r
As the maximum permissible drop in the distributor is 10 V,

10 = 327 »



10/327 = 0-03058 Q
spl 1-78x107° x100
ri2 0-03058
2
Example Two tram cars (A & B) 2 km and 6 km away from a sub-station return 40 A and
20 A respectively to the rails. The sub-station voltage is 600 V d.c. The resistance of trolley wire is
0-25 QVkm and that of track is 0-03 QVkm. Calculate the voltage across each tram car.
Solution. The tram car operates on d.c. supply. The positive wire is placed overhead while the
rail track acts as the negative wire. Fig. 13.8 shows the single line diagram of the arrangement.

|0—2km —-r—4km—-|

or r

N

: 2 2
X-sectional area of conductor =1164x10°m" = 1-164 cm

600V 60 A 20A
Sub-station A g B
S
40 A 20A
Fig. 13.8

Resistance of trolley wire and track’km

0-25 +0-03 = 0-28Q
Current in section S4 = 40+20=60 A
Currentinsection AB = 20 A

Voltage drop in section SA4 = 60x0-28x2=33-6V

Voltage drop insection A8 = 20x0-28x4=224V
Voltage acrosstram 4 = 600 —-33-6 =566-4 V
Voltage across tram B = 566-4-22-4 =544 V

Uniformly Loaded Distributor Fed at One End

Fig 13.11 shows the single line diagram of a 2-wire d.c. distributor A4 B fed at one end 4 and loaded
uniformly with i amperes per metre length. It means that at every | m length of the distributor, the
load tapped is i amperes. Let / metres be the length of the distributor and r ohm be the resistance per
metre run.

— 1k A ‘
AT T T8 e

Consider a point C on the distributor at a distance x metres from the feeding point 4 as shown in
Fig. 13.12. Then current at point Cis

= il—=1i xamperes =i (/- x) amperes



Now, consider a small length dx near point C. Its resistance is r dx and the voltage drop over
length dx is

dv = i(l-x)rdx=ir(l-x)dx
Total voltage drop in the distributor upto point Cis

x

0
The voltage drop upto point B (i.e. over the whole distributor) can be obtained by putting x = /in
the above expression.

Voltage drop over the distributor AB

ir(lxl-%)

YirP=4GD(rD

+I/R

where il = I, the total current entering at point A
r! = R, the total resistance of the distributor

Thus, in a uniformly loaded distributor fed at one end, the total voltage drop is equal to that
produced by the whole of the load assumed to be concentrated at the middle point.

Example A 2-wire d.c. distributor 200 metres long is uniformly loaded with 2A/metre.
Resistance of single wire is 0-3 QVkm. If the distributor is fed at one end, calculate :

(i) the voltage drop upto a distance of 150 m from the feeding point
(if) the maximum voltage drop
Solution.
Current loading, i =2A/m
Resistance of distributor per metre run,
r = 2x0-3/1000 = 0-00062
Length of distributor, I = 200m
(f) Voltage drop upto a distance x metres from feeding point

- ir(lx-§] [See Art. 13-4]
Here, x = 150m
Desired voltage drop = 2 x o-oooe(zoox 150 - M) =225V

(éi) Total current entering the distributor,
I = ixI=2x200=400 A
Total resistance of the distributor,
R = rxI=00006x200=0-12Q
Total drop over the distributor

IR=—x400x0-12=24V

19| =
1 | v



Example Calculate the voltage at a distance of 200 m of a 300 m long distributor uni-
Jormly loaded at the rate of 0.75 A per metre. The distributor is fed at one end at 250 V. The resistance
of the distributor (go and return) per metre is 0-00018 Q2. Also find the power loss in the distributor.

Solution.

Voltage drop at a distance x from supply end

x!
= jrllx—=—
[1=-%)

Herei=075 A/m;/=300m;x=200m ;r=0-00018 Q'm

(200)*
Voltage drop = 0-75x 0-00018 300x200--2— =54V
Voltage at a distance of 200 m from supply end
= 250-54=2446V
Power loss in the distributor is
: 0-75)* x 0-00018 x (300)°
palrl (079 XC%) o112 W

3 3
TUTORIAL PROBLEMS

1. A 2-wire d.c. distributor S00 m long is loaded uniformly at the rate of 0-4A/m. If the voltage drop in the
distributor is not 1o exceed SV, calculate the area of X-section of each conductor required when the
distributor is fed at one end. Take resistivity of conductor material as 17 x 107 Qm. 134 cm’l

2. A uniformly distributed load on a distributor of length 500 m is rated at | A per metre length. The
distributor is fed from one end at 220V. Determine the voltage drop at a distance of 400 m from the
feeding point. Assume a loop resistance of 2 x 10~ Q per metre. 24 V)

3. A 250 m, 2-wire d.c. distributor fed from one end is loaded uniformly at the rate of 0-8 A per metre. The
resistance of each conductor is 0-0002Q per metre. Find the necessary voltage at the feeding point to
maintain 250 V at the far end of the distributor. 1260 V)

Distributor Fed at Both Ends — Concentrated Loading

Whenever possible, it is desirable that a long distributor should be fed at both ends instead of at one
end only, since total voltage drop can be considerably reduced without increasing the cross-section of
the conductor. The two ends of the distributor may be supplied with (i) equal voltages (i#) unequal
voltages.




(i} Two ends fed with equal voltages. Consider a distnbutor 4 £ fed at both ends with equal
voltages V' volts and having concentrated loads [, [,, [, [, and [, at points C, D, £, Fand &
respectively as shown in Fig. 13.14. As we move away from one of the feeding points, say
A, p.d. goes on decreasing till it reaches the mimimum value at some load point, say £, and
then again starts nsing and becomes F volts as we reach the other feeding point 8.

A C D E F G B

Fig. 13.14

All the currents tapped off between points A and £ {(minimum p.d. point) will be supphied from
the feeding point A4 while those tapped off between & and £ will be supplied from the feeding point 8.
The current tapped off at point E itself will be partly supplied from A and partly from 8. If these
currents are x and y respectively, then,
I, = x+y
Therefore, we arrive at a very important conclusion that at the point of minimum potential,
current comes from both ends of the distnbutor.

Point of minimum potential. It is generally desired to locate the point of minimum potential.
There is a simple method for it. Consider a distributor 4 8 having three concentrated loads /,, /, and
I, at points C, D) and £ respectively. Suppose that current supplied by feeding end 4 15 /,. Then
current distribution in the various sections of the distributor can be worked out as shown in Fig. 13.15
(7). Thus

.{"_. = fJ; f‘.ﬂ = ‘FA-II
fpe = I, -1 -1 Iy = 1, -1, -4 -1,

A c 8] E [£] A C ] E B
/ ' l \\ / l ‘ X
\ I, 1, 1, \ X I, L, I, X

(1) (i)
Fig. 13.15

Voltage drop between A and 8 = Voltage drop over 4 B
or V-V = I R .+, ~L)Rpt U, -l -LYRpe + U, =1, =L, =) Rep
From this equation, the unknown [, can be calculated as the values of other quantities are gener-
ally given. Suppose aciual directions of currents in the vanous sections of the distnbutor are indi-
cated as shown in Fig. 13.15 (ii). The load point where the currents are coming from both sides of the
distributor 1s the point of minimum potential i.e. point £ in this case
(i) Two ends fed with unequal voltages. Fig. 13.16 shows the distributor 4 8 fed with unequal
voltages ; end A being fed at V', volts andend £ at ', volts. The point of minimum potential
can be found by following the same procedure as discussed above. Thus in this case,
Voltage drop between 4 and 8 = Voltage dropoverd B
or V=¥, = Voltagedropoverd &



A C D E F B

ST T T TN

v v
' 1 1, I, 1, ‘

Fig. 13.16

Example A 2-wire d.c. street mains AB, 600 m long is fed from both ends at 220 V.
Loads of 20 A, 40 A, 50 A and 30 A are tapped at distances of 100m, 250m, 400m and 500 m from the
end A respectively. If the area of X-secnon of distributor conductor is Ien?’, find the minimum
consumer voltage. Take p=1-7x 107 ‘Qem.

Solution. Fig. 13.17 shows the distributor with its tapped currents. Let /, amperes be the
current supplied from the feeding end A. Then currents in the various sections of the distributor are
as shown in Fig. 13.17.

A Ia C L-20 o 1,-60 E 1,-110 F 1,-140 B

/ 100 m 150 m 150 m 100 m 100 m

220V 220V
20A 40A 50 A 30A
Fig. 13.17
Resistance of | m length of distributor
-6
- 5% 1-7x10 " x 100 ~34x10°°Q

1
Resistance of section AC, R . = (3-4x 107*) x 100 =0-034Q
Resistance of section CD, R, = (3-4x 107 x 150 = 0-051 Q
Resistance of section DE, R, = (3-4x 107%) x 150 = 0-051 Q
Resistance of section EF, R, = (3-4x107%) x 100 =0-034Q
Resistance of section FB, R, = (3-4x 10”*)x 100 =0-034Q

Voltage at B = Voltage at A — Drop over length A B

- Ve = Vi—l Ry U =200 R+ (1, = GO)R e
(I, = 10) R+ (1, - 140) R ;)
or 220 = 220-[0-034/, +0-051 (/, =20)+ 0-051 (/, -

+0-034 (/, - 110) + 0-034 (/, — 140)]
= 220-[0-2047, - 12-58]
or 0-2047, = 12-58
5 I, = 12-58/0-204=61-T A
The *actual distribution of currents in the various sections of the distributor is shown in Fig.
13.18. Itis clear that currents are coming to load point £ from both sides i.e. from point D and point
F. Hence, E is the point of minimum potential.
Minimum consumer voltage,

Ve = Vi=WieRyc* lep Rep tIpe Rpe)



20A 40 A S0A 30A

Fig. 13.18
220 -[61-7x0-034 + 41-7x 0-051 + 1-7x 0-051]
= 220-4-31=215-69V

Example A 2-wire d.c. distributor AB is fed from both ends. At feeding point A, the
voltage is maintained as at 230 V and at B 235 V. The total length of the distributor is 200 metres and
loads are tapped off as under :

25 A at 50 metres from A ; 504 at75 metres from A

30 A at 100 metres from A ;40 A at 150 metres from A

The resistance per kilometre of one conductor is 0-3 Q. Calculate :

(i) currents in various sections of the distributor

(i) minimum voltage and the point at which it occurs

Solution. Fig. 13.19 shows the distributor with its tapped currents. Let/, amperes be the current
supplied from the feeding point A. Then currents in the various sections of the distributor are as
shown in Fig 13.19.

A 1, C 1,-25 D 1,~75 E  1,-105 F =145 B

230V 235V
25A 50 A 30A 40 A
Fig. 13.19
Resistance of 1000 m length of distributor (both wires)
= 2x03=06Q2

Resistance of section AC, R . = 0-6x 50/1000 = 0-03 Q
Resistance of section CD, R, = 0-:6x 25/1000 = 0-015Q
Resistance of section DE, R, = 0:6x 25/1000 = 0-015Q
Resistance of section EF, R, = 0:6x 50/1000 = 0-03 Q
Resistance of section FB, R, = 0:6x 50/1000 = 0-03Q
Voltage at B = Voltage at A ~ Drop over 4 B

or Ve = Vil Ryct Uy =29 Rep * (1, = TS) R
+ (1, = 105) R+ (1, = 145) R )
or 235 = 230-[0-037, +0-015(/,-25)+ 0:015(/, - 75)
+0-03 (/, = 105) + 0-03 (/, — 145)]
or 235 = 230-[0-121,-9)
239 -2
I-‘ = %1;35 =33-34 A
(1) I CurrentinsectionAC./, . = /,=33-34 A

Current insection CD, [, = I, —-25=33-34-25=8-34 A



Currentin section DE. I, = I, =75=33-34-75=-41'66 AfromD to E
41:66 Afrom Eto D

I, —=105=33-34-105=-71-66 AfromE to F
7166 A from F 1o E

I, -145=33-34—-145=—111-66 A from F 1o B
11166 AfromB o F

(éi) The actual distribution of currents in the various sections of the distributor is shown in Fig.
13.20. The currents are coming to load point D from both sides of the distributor. There-
fore, load point D is the point of minimum potential.

Current in section EF, [

Current in section FB, I,

25A 50A 30A 40 A
Fig. 13.20

VoltageatD, V,, = V,=[L, R+ 1cpRep)
= 230-[33-34x0-03 + 8-34x 0-015)
230-1-125=228-875 V

Example A two-wire d.c. distributor AB, 600 metres long is loaded as under :
Distance from A (metres) : 150 300 350 450
Loads in Amperes : 100 200 250 300

The feeding point A is maintained at 440 V and that of B at 430 V. If each conductor has a
resistance of 0-01 Q per 100 metres, calculate :

(i) the currents supplied from A to B, (ii) the power dissipated in the distributor.

Solution. Fig. 13.21 shows the distributor with its tapped currents. Let/, amperes be the current

supplied from the feeding point A. Then currents in the various sections of the distributor are as
shown in Fig.13.21.

A lA (o IA- 100 D lA-m 13 IA-550 F l‘-850 B
150m 150m 50m 100m 150m
440V 430V
100A 200A 250A 300A
Fig. 13.21

Resistance of 100 m length of distributor (both wires)
= 2x001=002Q
Resistance of section AC.R, . = 0-02x 150/100 = 0-03Q
Resistance of sectionCD, R, = 0-02x 150/100 = 0-03Q
Resistance of section DE, R, = 0-02x 50/100 = 0-01 Q
Resistance of section EF, R, = 0-02x 100/100 = 0-02Q
Resistance of section FB,R,, = 0-02x 150/100 = 0-03Q
Voltage at B = Voltageat A — Drop over4 B
or Ve = V=l Rye* U = 100) R+ (I, = 300) Ry
+ (I, =550) R+ (I, —850) R,,]



n

or 430 = 440-[0-037, +0-03 (/, - 100) + 0-01 (/, — 300)

+0-02 (1, - 550) + 0-03 (I, — 850)]

or 430 = 440-[0-127, —42-5]
482-5-430
By SR =437-5A

The actual distribution of currents in the various sections of the distributor is shown in Fig.13.22.
Incidentally, £ is the point of minimum potential.

() Referring to Fig. 13.22, it is clear that
A C D E F B

100A 200A 250A 300A
Fig. 13.22
Current supplied fromend 4,7, = 4375 A
Current supplied fromend B,/, = 412:5 A

(if) Power loss in the distributor
= ,i('RA("+f’DR(’D+’lzJE1RD£+,:’FREF "”frakrs ' y
= (437-5) x 0-03 +(337-5) x 0-03 +(137-5] x 0-01 + (112-5) x 0-02 + (412-5) x 0-03
= 5742 + 3417 + 189 + 253 + 5104 = 14,705 watts = 14-705 kW
Example An electric train runs between two sub-stations 6 km apart maintained at
voltages 600 V and 590 V respectively and draws a constant current of 300 A while in motion. The
track resistance of go and return path is 0-04 QVkm. Calculate :
(i) the point along the track where minimum potential occurs
(if) the current supplied by the two sub-stations when the train is at the point of minimum
potential
Solution. The single line diagram is shown in Fig. 13.23 where substation A is at 600 V and sub-
station B at 590 V. Suppose that minimum potential occurs at point M at a distance x km from the

substation A. Let/, amperes be the current supplied by the sub-station 4. Then current supplied by
sub-station B is 300 — /_ as shown in Fig 13.23.

A lA M m- lA B
/F X " \
600V v 590V
300A
Fig. 13.23
Resistance of track (go and return path) per km
= 0-:04Q

Track resistance for section A M, R,,, = 0:04xQ
Track resistance for section MB, R,,, = 0-04 (6-x)Q

Potentialat M. V,, = V -1, R,,, w. ()
Also, Potentialat M, V,, = V,—(300-1)R,,, .. (i)
From equations (/) and (if), we get,



e e —— e —— —— — e ————

Vi—Ii Ry = Vg—QBO00-I)R,,

or 600—-0-04x 7, = 590—(300—-17,)x0-04 (6-x)

or 600-0-04x 7, = 590-0-04(1800-300x—-617,+1, xx)
or 600—-0-04x/, = 590-72+12x+0-241, — 0-04x/,

or 0-247, = 82-12x

or I, = 341-7-50x

4

or 0-13-7+4x

Substituting the value of /, in eq.. (1), we get,
Vi = V,—(341-7-50x)x 0-04x
V, = 600—13-7x+2x" i)

(7)) For V', to be minimum, its differential coefficient w.r.7. x must be zero i.e.

0

0
13-7/4 = 3-425 km

d 2
L R b 22
p (600 - 13-Tx + 2x7)

X

i.e. minimum potential occurs at a distance of 3-425 km from the sub-station A.
(i) .. Current supplied by sub-station A

341-7-50x3-425=341-T-171-25=170-45 A

Current supplied by sub-station B = 300-7,=300-170-45=129-55 A

5

TUTORIAL PROBLEMS

A 2-wire d.c. distributor A B is fed at both ends at the same voltage of 230 V. The length of the
distributor is 500 metres and the loads are tapped off from the end A as shown below :

Load : 100 A 60 A 40 A 100 A

Distance : 50 m 150 m 250 m 400 m

If the maximum voltage drop of 5:5 V is to be allowed, find the X-sectional area of each conductor and
point of minimum potential. Specific resistance of conductor material may be takenas 173 x 10" Qm.
[1-06 em 5 250 m from A|

A d.c. distributor 4 B is fed at both ends. At feeding point 4, the vollage is maintained at 235 V and at B
at 236 V. The total length of the distributor is 200 metres and loads are tapped off as under :

20 A at 50 m from 4

40 A at 75 m from 4

25 A at 100 m from 4

30 A at 150 m from A4
The resistance per kilometre of one conductor is 0-4 Q. Calculate the minimum voltage and the point at
which it occurs. [232-175 V : 75 m from point A
A two conductor main 4 8, 500 m in length is fed from both ends at 250 volts. Loads of 50 A, 60 A, 40
A and 30 A are tapped at distance of 100 m, 250 m, 350 m and 400 m from end 4 respectively. If the X-
section of conductor be 1 em” and specific resistance of the material of the conductor is 17 u Q ¢m,
determine the minimum consumer voltage. [245-07 V]




Ring Distributor

A distributor arranged to form a closed loop and fed at one or more points is called a ring distributor.
Such a distributor starts from one point, makes a loop through the area to be served, and retumns to the

original point. For the purpose of calculating voltage distribution, the distributor can be considered
as consisting of a series of open distributors fed at both ends. The principal advantage of ring dis-

tributor is that by proper choice in the number of feeding points, great economy in copper can be
affected.

The most simple case of a ring distributor is the one having only one feeding point as shown in
Fig. 13.36(ii). Here A is the feeding point and tappings are taken from points B and C. For the
purpose of calculations, it is equivalent to a straight distributor fed at both ends with equal voltages.

Example A 2-wire d.c. ring distributor is 300 m long and is fed at 240 V at point A. At
point B, 150 m from A, a load of 120 A is taken and at C., 100 m in the opposite direction, a load of
80 A is taken. If the resistance per 100 m of single conductor is 0-03 Q, find :

(i) current in each section of distributor

(if) voltage at points B and C

Solution.

Resistance per 100 m of distributor
2% 003 =0-06Q2

Resistance of section AB, R, = 0-06x 150/100 = 0:09Q

Resistance of section BC, R;,. = 0-06x 50/100 = 0-03Q

Resistance of section CA, R, = 0:06x 1007100 = 0-06Q2

(/) Let us suppose that a current /, flows in section AB of the distributor. Then currents in

sections BC and CA will be (/ fi 120) and (l_ i 200) respectively as shown in Fig. 13.36 (7).

According to Kirchhoff™s voltage law, the voltage drop in the closed loop ABCA is zero i.e.

LigRuig* Ipc Roc * Iy Rey = 0
or 0-097,+0:03(/, - 120)+0-06 (/, - 200) = 0
or 0187, = 156
- I, = 15:6/0-18 =86-:67 A

The actual distribution of currents is as shown in Fig. 13.36 (if) from where it is seen that B is the
point of minimum potential.

I

8667 A

Fig. 13.36
Current in section AB, [, = 1,=86'67 Afrom At B

Current in section BC, I = I, = 120 =86-67—- 120 =-33-33 A

3333 AfromCroB
1,—200=86:67-200=-113-33 A
H3-33A fromAtoC

(i)  Voltageatpoint B, Vy; = V, =1, R, ,=240-86-67x0-09=232:2V

Current in section CA, /.,



Voltage atpoint C, V. = V,+ 1, R,
= 232-2+33-33x0:03=233-2V

Example A 2-wire d.c. distributor ABCDEA in the form of a ring main is fed at point A
at 220 V and is loaded as under :

10AatB ;204 at C; 304 at D and 10 A at E.

The resistances of various sections (go and return) are : AB=0-1 Q; BC=0-05Q ; CD = 001
Q ; DE = 0025 Q and EA = 0-075 Q0. Determine :

(i) the point of minimum potential

(if) current in each section of distributor

Solution. Fig. 13.37 (i) shows the ring main distributor. Let us suppose that current / flows in

section AB of the distributor. Then currents in the various sections of the distributor are as shown in Fig.
13.37 ().

10A

(i) (i0)
Fig. 13.37
(/) According to Kirchhoffs voltage law, the voltage drop in the closed loop ABCDEA is zero ie.
LigReg* Ige Rye + ep Rep + g Rpp + Iy Ry =0
or 0-/+0:05(/=10) +0-01 (/=30)+ 0-025 (/= 60) + 0-075 (I = 70)=0
or 0-261 = 7-55
Y I = 7-55/0-26=29-04 A
The actual distribution of currents is as shown in Fig. 13.37 (ii) from where it is clear that Cis the
point of minimum potential.
C is the point of minimum potential.
(i) Current in section AB I1=2904 AfromAtoB
Current in section BC = /-=10=29-04- 10=19-04 A from Bto C
CurrentinsectionCD = [=30=29-04-30==096 A=096 A from D to C
Current in section DE = ] —60=29-04-60=— 3096 A =30-96 A from Eto D
Currentin section EA = [-70=29-04-70=—-4096 A =40-96 A from A to E

I



A.C. Distribution Calculations

A.C. distribution calculations differ from those of d.c. distribution in the following respects :

(/) Incase of d.c. system, the voltage drop is due to resistance alone. However, in a.c. system,
the voltage drops are due to the combined effects of resistance, inductance and capacitance.

(é) Inad.c. system, additions and subtractions of currents or voltages are done arithmetically
but in case of a.c. system, these operations are done vectorially.

(7)) Inana.c. system, power factor (p.f.) has to be taken into account. Loads tapped off form the
distributor are generally at different power factors. There are two ways of referring power
factorviz

(a) It may be referred to supply or receiving end voltage which is regarded as the reference
vector.
(5) It may be referred to the voltage at the load point itself.
There are several ways of solving a.c. distribution problems. However, symbolic notation method
has been found to be most convenient for this purpose. In this method, voltages, currents and imped-
ances are expressed in complex notation and the calculations are made exactly as in d.c. distribution.

Methods of Solving A.C. Distribution Problems

In a.c. distribution calculations, power factors of various load currents have to be considered since
currents in different sections of the distributor will be the vector sum of load currents and not the
arithmetic sum. The power factors of load currents may be given (i) w.rit. receiving or sending end
voltage or (if) w.r.t. to load voltage itself. Each case shall be discussed separately.

(/) Power factors referred to receiving end A R,+jX, C R, +|X, B
voltage. Consider an a.c. distributor A B with con- r * )
centrated loads of /, and /, tapped off at points C and I I
B as shown in Fig. 14.1. Taking the receiving end

voltage V' as the reference vector, let lagging power
factors at C and B be cos ¢, and cos ¢, writ. V. Let
R,, X, and R,, X, be the resistance and reactance of Fig. 14.1
sections A C and CB of the distributor.

Impedance of sectionAC, Z, = R, +j X

1,, COS 0, 1,, cOS 0,

Impedance of section CB, Zs = R, +j X,

Load current at point C, f, = I (cosd, ~jsing,)
Load current at point B, 7: = I,(cos 0, ~jsing,)
Current in section CB, E - 7; =1, (cos 9, - j sin 0,)
Current in section AC, Teo = 7;+7;

= I, (cosQ, —jsin¢,) + 1, (cos §, —jsin §,)
Voltage drop in section CB, Vog = Ig Zcg =1, (cos &,—jsin0,) (R, +j Xs)

Voltage drop in section A C, ? = i;: 2.;: = (i; + l—.: ) Z 4



= [l (cos &, —jsin®,)* ], (cos §,—jsind,)] [R, +jX|]

Sending end voltage, Vi = Vat¥p +V,c
Sending end current, I_; = I+ 7;

Fig. 142

The vector diagram of the a.c. distributor under these conditions is shown in Fig. 14.2. Here, the
receiving end voltage V' is taken as the reference vector. As power factors of loads are given w.r.t.
V g, therefore, /, and /, lag behind V' by ¢, and ¢, respectively.

(i) Power factors referred to respective load voltages. Suppose the power factors of loads in
the previous Fig. 14.1 are referred to their respective load voltages. Then ¢, is the phase angle
between V- and /, and 9, is the phase angle between Vg and /,. The vector diagram under these
conditions is shown in Fig. 14.3.

Fig. 143

Voltage drop in section CB = 1, Zgy = I, (cos §,—j sin ) (R, +j X>)
Voltage at point C = ¥, + Drop in section CB =V < o(say)

Now L, = 1, £-9, wrirvoltage V.
I = 1, £-(6,—a)  wrtvoltageV,
ie. 7: = 1, [cos (¢, — 1) = j sin (§, — )]

Now iz s L+h



= I, [cos (¢, — ot) —j sin (¢, — &)] + [, (cos §, —j sin ,)

Voltage drop in section AC = [, Z .

2 Voltage at point A Vg + Drop in CB + Drop in AC

Example A single phase a.c. distributor AB 300 metres long is fed from end A and is
loaded as under :

(i) 100 A at 0-707 p.f. lagging 200 m from point A

(i) 200 A at 0-8 p.f- lagging 300 m from point A

The load resistance and reactance of the distributor is 0-2 Q and 0-1 Q per kilometre. Calculate
the total voltage drop in the distributor. The load power factors refer to the voltage at the far end.

Solution. Fig. 14.4 shows the single line diagram of the distributor.

Impedance of distributor/km = (0-2+50-1)Q
/A 200 m C 100 m B
I,=100A 1,=200 A
cos ¢, = 0-707 lag cos 0, =08 lag
Fig. 144

|

Impedance of section AC,  Z,. = (0-2+;0-1)x 200/1000 = (0-04 + 0-02) Q

Impedance of section CB,  Z., = (0-2+0-1)x 100/1000 = (0-02 + 0-01) Q
Taking voltage at the far end B as the reference vector, we have,

Load current at point B, 1, = I,(cos ¢,—jsing,)=200(0-8-,0-6)
= (160 -, 120) A
Load current at point C, 7,' = I, (cos ¢, —jsin §,) = 100 (0-707 - 0-707)

= (70-7-70-7) A
Current in section CB, Ieg = L =(160—;120) A

Current in section AC, T = I, +T, =(70-7-70-7) + (160— 120)
= (230-7-/190-7) A
Voltage drop in section CB, Vg = Ig Zeg = (160—j 120) (0-02 +/ 0-01)
= (44— 0-8) volts
Voltage drop in section AC, Vo = I,o Ze =(230-7—/ 190-7) (0-04 +j 0-02)
= (13-04—,3-01) volts
Ve + Vg =(13:04—3-01) + (4-4-j 0-8)
(17-44 - j 3-81) volts
Magnitude of drop J17-44) +(3-81° = y7.85v

Example A single phase distributor 2 kilometres long supplies a load of 120 A at 0-8 p.f.
lagging at its far end and a load of 80 A at 0-9 p.f. lagging at its mid-point. Both power factors are

Voltage drop in the distributor




referred to the voltage at the far end. The resistance and reactance per km (go and return) are
0-05 Q and 0-1 Q respectively. If the voltage at the far end is maintained at 230 V, calculate :

(i) voltage at the sending end

(it) phase angle between voltages at the two ends.

Solution. Fig. 14.5 shows the distributor A8 with C as the mid-point
Impedance of distributor’/km = (0:05+0-1)Q

Impedance of section AC,  Z4c = (0-05 +0-1)x 1000/1000 = (0-05 +/ 0-1)Q

(0-05 +;0:1)x 1000/1000 = (0-05 +0:1)Q

Impedance of section CB,  Zcs

/ 1000 m C ot B8
I,-LA l,=120 A
cos ¢, =0-9lag c0s 0,=0-8 lag
Fig. 14.5
Let the voltage V; at point B be taken as the reference vector.
Then, Va = 230+/0
() Loadcurrentatpoint8, I = 120(0-8—;0-6)=96~;72
Load currentatpoint C, 7, = 80 (0-9—;0-436) = 72— 34-88
Current in section CB, Ig = I =96—j72
Current in section AC, T = L+T, =(72-j34-88) + (96— 72)
= 168 -/ 106-88
Drop in section CB, Veg = Iog Zeg =(96—j 72)(0-05 +j0-1)

= 12+/6

Ve = Toe Zee =(168 = 106-88) (0-05 + 0-1)
= 19-08 +/ 11-45

Drop in section AC,

N
In

Sending end voltage, Ve = ViV t¥ye
= (230 +50) +(12+,6) + (19.08 +j 11.45)
= 261.08+ 17.45

J(261-08)° +(17-45)° =261-67 V
(i) The phase difference 6 between V, and ¥ is given by :
17-45

Its magnitude is

tan® = 361.08 = 00668
X 8 = tan"' 0-0668 =3-82°
Example A single phase distributor one km long has resistance and reactance per con-

ductor of 01 Q and 0-15 Q respectively. At the far end, the voltage V, = 200 V and the current is 100
Aatap.f of 0-8 lagging. At the mid-point M of the distributor; a current of 100 A is tapped at a p.f.



aof 0-6 lagging with reference io the voltage V,, ai the mid-point. Calculate :
(i) woltage at mid-point
(i) sending end voltage V,
(iii) phase angle between V and Vi
Solution. Fig. 14.6 shows the single line diagram of the distributor 48 with M as the mid-point.
Total impedance of distnbutor = 2{0-1+j0-15)=(0-2 + 0-3)02

Impedance of section AM, Z,,, (0-1+;0-15)02

Impedance of section MB, £,

(0-1+j0-15)02
Let the voltage V', at point B be taken as the reference vector.

Then, V, = 200+;0
A S00m M S00 m
/ — »-
I,=100 A L=100A
cos ¢, = (-6 lag cos ¢, = (-8 lag
Fig. 14.6

(i) Load current at point B, T; 100 (0-8—j0-6)=80—;60
Y,

Current in section MB, 1., = I, =80— ;60

Drop in section MB, Fug = Tyg £y
= (80—j60)(0-1+/0-15)=17+/6
Voltage at point M, FJ = Fg;"'m = (200 + 0) + (17 +j 6)

= 217+j6

217 +(6) =2171V

tan”' 6217 =tan”' 0-0276 = 1-58"

lts magnimde is

Phase angle between V', and V. ot

(#i) The load current I, has a lagging p.f. of 0-6 werr. V. It lags behind V), by an angle
o, =cos ' 0-6=753-1F
Phase angle between [, and V. ¢,

¢, —o=53-13"-1-58 = 51-5%’

Load current at M, I =1 (cos q}l’ —j sin ¢l’] = 100 (cos 51-55°—j sin 51-557)
= 62-2—j 783

Current in section AM, T, = I +T =(622—78-3)+ (80— 60)
= 142-2—; 1383

Drap in section AM, Ve = 1y Z gy =(142:2—138-3) (0-1 +j 0-15)
= 34-96+; 7-5

Sending end voltage, F_; = ﬁ+m =217+ 6) +(34-96 +; 7-5)



= 251-96 +/ 135

Its magnitude is = J(251-96) +(13-57 =2852-32V
(iii) The phase difference 8 between V, and V; is given by :
tanB = 13-5/251-96 = 0-05358
& 8 = tan ' 0-05358=3-07
Hence supply voltage is 252-32 V and leads V', by 3-07°.

Four-Wire Star-Connected Unbalanced Loads

We can obtain this type of load in two ways. First, we may connect a 3-phase, 4-wire unbalanced load
to a 3-phase, 4-wire supply as shown in Fig. 14.10. Note that star point NV of the supply is connected
to the load star point N”. Secondly, we may connect single phase loads between any line and the
neutral wire as shown in Fig.14.11. This will also result in a 3-phase, 4-wire **unbalanced load
because it is rarely possible that single phase loads on all the three phases have the same magnitude
and power factor. Since the load is unbalanced, the line currents will be different in magnitude and
displaced from one another by unequal angles. The current in the neutral wire will be the phasor sum

of the three line currents i.e.
Current in neutral wire, Iy = Igtiy+1i, ..phasor sum

Yy <

Fig. 14.10 Fig. 14.11

The following points may be noted carefully :

(7) Since the neutral wire has negligible resistance, supply neutral N and load neutral N” will be
at the same potential. It means that voltage across each impedance is equal to the phase
voltage of the supply. However, current in each phase (or line) will be different due to
unequal impedances.

(éi)) The amount of current flowing in the neutral wire will depend upon the magnitudes of line
currents and their phasor relations. In most circuits encountered in practice, the neutral
current is equal to or smaller than one of the line currents. The exceptions are those circuits
having severe unbalance.



