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Question One (40marks)

a) For the Y-Y three phase systems shown in Figure 1 below, V5 = 2004£0° V' Find:

I.  The line voltages Vg and V4

ii.  The phase voltagesV,y , Vgy and Vgy
iii.  The phase currents I,,, I, and I,
iv.  Theline currents I, I, and I,
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Figure 1

Solutions

i)

The line voltages

Vag = 200 2 0° Volt
Ve = 200 £ —120° Volt
Vea = 200 2120° Volt
i)
The phase voltages
Vag = V3 Vyy £ 30°
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Vany = 115 2 — 30° volt
Ven = Van £(0 — 120°)
Vgy = 115 £(— 30° — 120°)

Vgny = 115 £ — 150° volt

Ven = Van 2(0 + 120°)
Vey = 115 2(— 30 + 120°)

Veny = 115 290° volt

iii)

_ Van

I
an Zan

, _ 1152 - 30°
am T 22-j15

L 115 2 — 30°
an = 2780 £ — 37.69°

lgn =413 27.70° A

Ipn = Iop 2(0 — 120°)
Ipn = 413 £(7.70° — 120°)

Iy, =413 £—-112.3°4A

ICTl = Ian L(@ + 1200)

Iy, =413 £(7.70°+ 120°)

I, =413 £127.7° A

Ig = Ign, Iy = Ipn and I = Iy



b) Figure 2 below shows a balanced Y- connected source with 1,,, = 120 £20°V is
connected to a A-connected balanced load Z, = 12 + j8 Q per phase. Calculate:

I.  The phase voltages V.., Vpn, Ven [5]
ii.  The line voltages V3, Vi, Ve [5]
iili.  The phase currents Iz, Igc, Ica [5]
iv.  The line currents I, I, I, [5]

12+j8Q2

Figure 2

Van = Van40°
Von = Vang — 120°
Vin = V2 +120°

Voy = 120 220°V

Vin = 120 £20° — 120°V = 120 £ — 100° V

Vi = 120 £20° + 120°V = 120 £140°V



i)
If the phase voltage V,,, = 120 £20°V, the line voltage is
Vap = VynV3230.0° = 120v/32(20 + 30)° = 207.85250.0°
Vie = VonV32—120.0° = 120v3£(50 — 120)° = 207.852—70.0°
Veg = VonV32+120.0° = 120v/32(50 4 120)° = 207.852+170.0°
iii)

The load impedance is Z, = 12 + j8 = 14.22433.69°Q
If the phase voltage V,,, = 120 £20°V , the line voltage is

Vap _ Vap _ 207.85£50.0°

hp=—=—"=— = 14616£16.31°4
AB T 7z T Zy T 14.22£33.69°

Vec _ Vpe _ 207.852—70.0°

Ipc =—=—"X= = 14.6164 — 103.69°A
BC ™z, T Zy T 14.22433.69°

Ves  Vea  207.85£170.0°

Igp=—=2= = 14.616,136.31°4A
A7 7z, T Zy T 14.22£33.69°

iv)
I, = LipV3 2 —30°
I, = 14.616V3 £16.31° — 30°

I, = 2531524 —13.69° 4

Ib = IBC\/§L - 300
I, = 14.616V3 £ — 103.69° — 30°

I, = 25.3154 — 133.69° A

IC = ICA\/EL - 300
I. = 14.616V3 £136.31° — 30°

I, = 25.3152106.69° A



Question two (40marks)

a) Figure 3 below shows RC load being fed by a voltage source 240 V through RL short
transmission line. Calculate:

i.  The apparent, real and reactive power absorbed by the source. [5]
ii.  The apparent, real and reactive power absorbed by the line. [5]
iili.  The apparent, real and reactive power absorbed by the load. [5]
iv.  The total apparent power and the power factor of the circuit. [10]
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Z =(6+j3) + (20 — j15) = 26 — j12 = 28.6352—24.77°

[ Vi 2402£0°
" 7 28.6352—24.77°

= 8.38£24.77°A

Sy =VI* =24040° x 8.3824—24.77° = 2011.224—-24.77° = 1826.16 — j842.65VA
Real power = 1826.16 W

Reactive power = 842.65 VAR  leading

Vime = (6 + j3) X I = 6.708226.56° X 8.38224.77° = 56.21251.33°V

Siine = Viimel” = 56.21£51.33° x 8.382—24.77° = 471.04£26.56°
= 421.33 4 j210.62 VA

Real power = 421.33 W

Reactive power = 210.62 VAR lagging



Vieaa = (20 — j15) X [ = 25.04—36.87° X 8.38224.77° = 209.52—12.1°V

Sioad = Vieaal” = 209.52—12.1° X 8.382—24.77° = 1755.612—36.87°
= 1404.486 — j1053 VA

Real power = 1404.5 W
Reactive power = 1053 VAR leading
The total real power Py = Pjjne + Pioaa
Pr = 421.33 + 1404.5

P, = 1825.8W

The total reactive power Q1 = Quine + Qroad
Qr = 210.62 — 1053

Qr = —842.38 VAR

The total apparent power in the circuit is

St =Pr+jQr = 1825.8 —j842.38 = 20102 — 24.76°

The power factor of the circuit is

_ Pr 18258

PFp =— =
T7 s, 2010

= 0.917 Leading



b) Equivalent circuit of a medium single-phase transmission line is shown in Figure 4.
The series inductance L per kilometre is 1.400 mH/km. the shunt capacitance C per
kilometre of the line is 8.4 nF/km, and the resistivity of the line at 20° C will be
2.95 x 1078 Qm. If the length | of the 50Hz transmission line is 60 km with a radius

of 3 cm calculate:

I.  The series resistance per kilometre of this line [5]

ii.  The total series impedance of this line [5]

iii.  The total shunt reactance of this line [5]
L R

Figure 4

i)
The resistance per kilometre of the line is

o

R
A

n - 2.75 x 1078 x 1000
B 7 % 0.032

R = 0.0104 2/km

i)
The series impedance per kilometre of the transmission line is
Zeq = R+ jx,
Zeq = 0.0104 +j X 2 X X 50 X 1.4 x 1073

Zeq = 0.0104 + j0.236 02/km



The total series impedance of the line is
Zeq =(R +ij)l
Zeq = (0.0104 +0.236) X 60

Zeq = 0.626 +j14.137 (2

iif)
The shunt reactance per kilometre X-of the transmission line is
Y. — 1
¢  jwC
1

X, =
€7 j2mr x 50 x 8.4 x 10~°

Q
X.=—j3.79 x 10°—
c ] m

The total shunt reactance of this line

Xc
Xer = T

_ —j3.79 x 10°

= = —j6.316kN
cT 60 ]



Question Three (20marks)

A single phase motor connected to 500V, 60 Hz main supply, the motor is taking a current
I, = 28.5 A with a power factor of 0.75 lagging.
i.  Determine the active and the reactive components of the motor current I, [6]
ii.  Calculate the supply current I, when the power factor corrected to 0.95 lagging.  [6]

iii.  Calculate the capacitance required in parallel with the motor to improve the power
factor to 0.95 lagging. [8]

power factor = cos @,,, = 0.75
@ = cos™10.75 = 41.41°

The active component of I,,

I, cos @, = 28.5 x 0.75 = 21.375 A

The reactive component of I,,,

I, sin(41.41) = 28.5 x 0.661 = 18.85 A

The new power factor = cos @ = 0.95
® = cos™10.95 = 18.19°
The active power remains unchanged due to power factor correction.
The active component of I =
Icos@® =1x095=21.37A

The new supply current

21.375
I =

095 22.5A



iii)
The current taken by the capacitor Ic in parallel with the motor is the difference between the
reactive components of I, and |

The reactive component of |
[sin @ = 22.5sin(18.19) = 7.0264

The reactive component of I = reactive component of I,,,- reactive component of [

I. = 18.85 — 7.026

I = 11.824A leading

I —V—Z cv
C_XC_ f

I 11824
~2mfV 500 X 21 X 60

C = 62.73 uF

The effect of connecting a 62.73 uF capacitor in parallel with the motor is to reduced the
current taken from supply 28.5A to 22.5A without altering the power taken by the motor



