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Question One (25 Marks)

a. The single-phase a.c. power system shown in Figure 1 operates at S0Hz with a supply
voltage of 240V (RMS). The circuit consists of a load supplied through an internal
source reactance and an overhead transmission line, with component values as shown.
Calculate the power factor of the circuit and state whether it is leading or lagging.
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Figure 1
[5]
Solution

Zr = (j1302) + (5 + j0.702) + (2 + j0.802)
Zr=74+j280

1Zp| = /72 + 2.82

|Zr| = 7.54 Q
Q= tan_l(ﬁ)
7
@ = tan"1(0.4)
¢ =218°
Zr=17.54221.8°Q inpolar form

pf = power factor of the circuit = cos @

pf = cos(21.8°)

pf =0.93 Lagging [5]



b. In Figure 2 below, calculate the complex apparent power (S) delivered by the source,
as well as the total real power (P) and the total reactive power (Q).

[20]
20 O j30 Q2
602
230 0V
Figure 2
Zc=0—j10 Q Z,=60+j30Q Zp =20+;0 Q
ZcZy,
Zr=12Z
r=4rt Zc+ 7,
0 —j10)(60 + j30
(0 —j10) + (60 + j30)
—j10 (60 + j30) —j600 + 300
Zr =20 =20+ ———
T * 60 + j20 + 60 + j20
- 300-j600 ., oo N 670.82 — 63.4°
T 60 + j20 T 63.2£18.4°
Zr =20+ (10.62 —81.8°) Q0  OR Zr =20+ 15-105 Q
Zp =21.5—j10.5
Zr=21.5-j10.5 Q OR Z;=23.92—26.02°
[10]

LY 230£0°

= = . 42 OA
Zry 23924 -126.02° 96426

I'=9.62—-26°
[2]



S=VI"=(230£0°)(9.6 £ — 26°) = 2208 2 —26° VA
S = 22082-26° VA
§$=1984 —j968 VA
[4]

S=P-jQ
~P=1984 W
[2]
~ Q=—-968VAR

[2]

Question Two (25 marks)

a. A balanced Delta (A) - connected load with an impedance of 20 — j15 ( is supplied
by a delta (A) connected, positive sequence generator with a line voltage V,;, =
330 £ 0° V as shown in Figure 3 below. Calculate:

1. The phase voltages Vg, Vg and V4 [2]
2. The phase currents I4g, Igc and I4 [6]
3. The line currents I, I, and I, [2]
4. The per phase real power dissipated in the load [3]
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Figure 3



Solutions

1. The phase voltages V5, Vgc, Vea
Vag = Vg =330 20°Volt

Vag = 330 2 0° Volt
Vse = 330 £ — 120° Volt
Vea =3302120°Volt  [2]

2. The phase currents Ig, Igc, Ica
Vg = Vup =330 20°Volt

Zy= 20—j15Q0=252—-36.9°Q

o _Vap _Vap _33020°

AB Tz T Zy T 252-—36.9°

o _Vec _Voe _3302-120°
BC™ 7z, T Zy T 2524-36.9°

o _Ves _Vea _ 3302120°
AT Zy T Zy 2524-369°

= 13.2 £36.9°A
=13.224—-83.1°4

=13.22156.9° A [6]
3. The line currents I, Iy, I,
I, = LipV3 2 —30°
I, = 13.2 x V3 £36.9° - 30°
I, =22.86 £6.9° A
Ip = IgcV3 £ —30°
I, =13.2 x V32 —83.1°—30°
I, =22.86 £—113.1°A

I, = IcaV3 2 — 30°
I. =13.2 x V3 2£156.9 ° —30°
I. =22.86 £126.9° A [2]

Pphase = Vphaselphase €05 @ = (330)(13.2) cos (36.9°)

Pypase = 3484.8 W [3]



b. The balanced three-phase circuit shown in Figure 4 consists of a three-phase Y-
connected source supplying a balanced load through identical line impedances. The
phase voltage of the source is V,,, = 2204 0° and each line has an impedance of

Ziine = 6 — j2 (. The load is balanced, with each phase having an impedance of
Zipaa = 12 + j8 Q. Calculate:

1. The phase voltages Vj,, and V., [2]
2. The line voltages Vg, Ve and V4 [2]
3. The phase currents Iy, Igy and Iy [3]
4. The line currents I, I}, and I, [2]
5. Calculate the complex power absorbed by total three-phase load and state the

total real and reactive power. [3]

a  la 6020 A
1

Figure 4

Solutions
1. The phase voltages

Von = 220 £ 0° Volt
Vpn = 220 £ —120° Volt
Ven = 220 £120°Volt
2. The line voltages

Vag = V3V, 2 30°
Vag = 220V3 £230°
Vap = 381 2 30° volt

Vee = Vap £(@ — 120°)
Vge = 381 2(30° — 120°)



Ve = 381 2 — 90° volt

VCA - VAB L(@ + 1200)
Vea = 381 2(30 + 120°)
VCA = 381 L 1500 UOIt

P
AN Zline + Zload
[ _22020°

AN 18 4 )6
220 2 0°

lav = 18 97,18.43°

I,y=11.59 2 —18.43° 4
Igy = Ian £(® — 120°)

Igy = 11.59 £(—18.43° — 120°)
Igy = 11.59 2~ —138.43° 4
Iey = Ly 2(@ + 120°)

Icy = 11.59 2£(—18.43° + 120°)

Icy =11.59 £101.57° A

Ia=IANJ Ib=IAB and IC=IAC

I,=11.592 —18.43° A
I, =11.59 £ —-138.43° A
I, =11.59 £101.57° A

S=3VI = 3(V,)(11.59 2 —18.43° )"
S = 3(220 £0°)(11.59 2 — 18.43° )*

S =7649.4 2£18.43° VA
S =7257+j2413.3 VA
P =7257W and Q = 2413.3 VAR



Question Three (25 marks)

a. A single-phase inductive load draws 120 kVA at a lagging power factor of 0.65 from

a 240 V, 50 Hz supply. A capacitor is connected in parallel with the load to improve

the overall power factor to 0.9 lagging. Calculate the capacitance value (in mF)
required to achieve the desired power factor.

[20]
pfl == 0.65
pfi = cos @y
cos @, = 0.65

@, = cos 10.65 = 49.46°
S1 = 120kVA
Q1 = S;sin @,
Q: = 1205sin(49.46°)
Q. = 120x0.760 = 91.2 kVAR
Q1 =91.2 kVAR [5]

P =S, cos(0,)

P = 120 X cos 49.46° = 78 kW

P=78kw [3]

the new power factor pf, = 0.9
pf2 = cos @,
cos @, = 0.9
@, = cos™10.9 = 25.84°

P
szzg
G P 8

rfz 09

S, =86.7 kVA [4]



Q, = S,sin @,

Q, = 86.7 sin®, = 86.7 X sin 25.84°
Q, =37.8 kVAR [2]
Q=01 - Q2

Q=91.2-378
Q = 53.4 kVAR [2]

2
Q _ _ (VCapacitor)
capacztor - XC
240)?
53.4 x 103 = u
Xc
Xc =1.080 Q [2]
P 1
¢ 7 2nfc
C = 1 _ 1
- 2mfX, 2mx50x1.08

C=2.95mF [2]

. Explain the significance of maintaining a high power factor in industrial electrical
installations. In your answer, discuss the causes of low power factor and describe its
effects on system losses, equipment loading, and operating costs.

[S]
. Power factor is the ratio of real power (kW) to apparent power (kVA). A high-power
factor ensures efficient use of electrical power in industrial systems.

. Low power factor is mainly caused by inductive loads such as induction motors,

transformers, and fluorescent lighting.

. A low power factor increases line current, resulting in higher I’R losses in cables and
equipment.

. It causes overloading of generators, transformers, and conductors, reducing their
effective capacity and lifespan.

. Low power factor leads to higher operating costs due to utility penalties and the need
for larger-rated electrical equipment.



Question Four (25 marks)

a. Consider a single-phase power system comprising a generator, transmission line and
load as shown in Figure 5. The system operates with a base apparent power of Sg =
20kVA, and an applied voltage at the generator end of 400V. The system includes two
transformers: the first transformer has a turns ratio of a; = 0.2 and the second
transformer has a turns ratio of a, = 10. The load impedance is given by Zjgaq =
10430°Q and the transmission line impedance is Zyine = 18 4+ j36 Q.

Given this information, perform the following tasks:

1. Using the specified system base apparent power, determine the base quantities in each
region of the network (generator side, transmission line side, and load side). This
should include the base voltage, base current, base impedance, and base apparent

power. [8]
2. Express all system components in per-unit form and draw the corresponding per-unit
equivalent circuit referred to a common base. [4]
3. Using the per-unit equivalent circuit, determine the real power absorbed by the load
under the given operating conditions. [3]
joQ2 1:5 (18+j36)Q 10:1 joQ
| S— | S— | | SN

Zload=
10£30Q2

aCEE :

Zone 1 Zone 2 ' Zone 3

Figure 5

Solution

Generator Region (Zone 1)
Vbasel == 4'00 V, SB = 20 kVA

, __Sp _20000__
basel = Vbasel B 400 a
_ Vbase1 _ 400 -80

V4 — -
basel Ibasel 50



Transmission Line Region (Zone 2)
The turns ratio of the first transformer is

a; =0.20
Therefore, the base voltage in the transmission line region is
Viaser = L2set - 290 _ 5000y
base2 al 0. 20
The other base quantities are
Sp 20000
Ipasez = = =10A

Vpasez 2000

Vpasez 2000
Z = =——=2000
base2 IbaseZ 10

Load Region (Zone 3)
The turns ratio of the second transformer is
a, = 10

Therefore, the base voltage in the load region is
_ Vhasez 2000

Vipasez = a, 10— 200V
The other base quantities are
! Sp 20000 100 A
b — — —
e Vyases 200
base3
Z = =——=20
base3 Ibase3 100

8]
Per-Unit Conversion
To convert a power system to a per-unit system, each component must be divided by its base
value in its region.

Generator per-unit voltage
_40020°

VG,pu = W =120° pu

Transmission line per-unit impedance
18 +j36

Ziinepu = —gg — = 0-09 +j0.18 pu

Load per-unit impedance
10£30°
zZ load,pu = 2

Zioadpu = 5230° = 4.33 +j2.50 pu

Per-Unit Equivalent Circuit
The per-unit equivalent circuit consists of:
e A source of 120°pu
e Series impedances:
Ziotatpu = (0.09 +j0.18) + (4.33 +j2.50)



Per-Unit Current

Zrotaipu = 442 + j2.68 pu

L Vou 120°
PU Ziotalpy 442 +j2.68

| Zyorar |= V4.422 + 2.682 = 5.17

_,(2.68 o
thotal = tan <m> =31.2
Ly, = 0.1932(~31.2°) pu

[4]

Per-Unit Power at the Load

— 2
Pload,pu =| Ipu | Rload,pu

Ploadpu = (0.193)* X 4.33 = 0.161 pu

Actual load power

Pioaa = Pload,pu X Sp

Ploaa = 0.161 X 20000 = 3220 W

3]

b. A battery-powered electric winch used for maintenance work on the UK rail network is
driven by a DC series motor supplied from a 72 V DC source.

The motor has an armature resistance of 0.12 Q and a series field resistance of 0.05 Q.

When lifting equipment, the motor draws a current of 30 A and operates at a speed of 1200

revolutions per minute (rpm). The motor’s equivalent circuit is shown in Figure 6 below.

1, Ry R,
1
| —
Ea
Figure 6

1. Calculate the back EMF E, of the motor.

el

Calculate the angular speed w of the motor in radians per second.
Calculate the mechanical power developed by the motor.

Calculate the torque developed by the motor.

(2]
(2]
(2]
[4]



Solution:
Vs =72V;R, = 0.12 Q; Rr = 0.05 Q; 1, = 30 A; speed: 1200 rpm
Induced emf
E,=Vs—Rl,=Vs— (Rg+Rp)I,=72—(0.12 +0.05) X 30 = 66.9 V

Angular speed:

0
X 2w = 125.66 rad/s

Mechanic power losses are neglected, so the output power equals to the converter power:
output power
Pout = Po = Eql,
Pyu =66.9x30=2007W

Torque:
r P, 2007
" w 125.66
[T, =15.97 Nm|
OR:
E,=K¢pw
Ko =8
w
K 66.9
¢= 125.66
K¢ = 0.532

T,=Kopl,
T,=0.532x%x30
T, =15.96 Nm



