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QUESTION 1
1.1 +v
+ 220
440 i
J v 220
v
O Lo
(VY.V.V) (VY VV) (4)
1.2
IL=20 lf=? P =8 KW
A la1 =7
Vs=450V Rf=250 Q
Ra=0,3 QA
Ei1=7

1.2.1 Iy = V/Rgy =450/250 = 1,8 AV
L,=1,—Ig =20—18=182Av
P, =V.I, = 450 x 20 = 9 KWV’
Armature copper loss = (I;)?.R, = (18,2)? X 0,3 = 99,372 WY’

OR
Field copper loss = (Ig)%. Rgp, Field copperloss = Ig},.V
= (1,8)2 x 250 = 1,8 x 450
=810 WV =810 Wv

Total copper loss = armature copper losse + field copper loss
= 99,372 + 810
=909,372W VY
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Total losses = P, — Pyt = 9 — 8 = 1 KWV

Iron and friction losses = total losses — total copper losses

=1000-909,372

= 90,628 W (8)
P 8
122 p=-2£%100% = - x 100%v
P, 9
= 88,89%v (2)
[14]
QUESTION 2
2.1 Active power is dissipated in the circuit resistancev’ while reactive power is
developed in the inductive reactancev” of the circuit. (2)
2.2 VER
[ry = 30£-36,87°
IBR Iys = 35/36,87°
Igr = 25£0°
>\/RY VL=400V
IRY (lagging)
Ve lYB (leadina)
Viy 400.20°
Zpy =—=———6#/—°=13,333./36,87°Qv = 10,667 +j8 Qv
RY = T 30— 3687° )
R1=10,667 Qv
X1=8Q0v
Vyg 4002 —120°
Zyg = = = 11,429/ — 36,87°Qv = 9,143 — j6,857 Qv
B = - T 35— 83,13° ’
R2=9,143 OV
X2 =6,857 OV
Vgr 400120
Zgp = = =16£0°Qv =16 +j0 Qv
BR = T 25.120° )
R3=16 Qv
X3=0Qv (12)
[14]
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QUESTION 3

3.1 Open-circuit test

v (w) ()
_/ _/ ‘
¢ H

Y

The primary winding is connected to the normal voltage and frequency while
the secondary winding is open (no load).v" The wattmeter reads the iron
(core) losses (Po).v’

Short-circuit test

(w)

O ® «
o |

A low voltage is applied to the primary and adjusted to circulate full-load
current in both windings.v" The wattmeter reads the full-load copper loss (Psc).

P
n = output % 100%
P.
input
P
_ output % 100%
Poutput + Plosses
k.S.cosH
x 100 vV

~ k.S.cos® + (P, + Pg¢)
Where: k = fraction of full load at which efficiency must be determined

S = transformer rating (VA)
cos6O = power factor
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3.2 Given: A transformer with an iron loss and a full-load copper loss as below:
S =12 kVA
Po=340 W
Psc =240 W
k.S. cosH
3.2.1 cos 100

= X
1= 1S cost + (P, + k?Pg¢)
0,25x 12000 x1

- x 1009
(0,25 x 12 000 X 1) + (240 + (0,252 x 340)) o

= 91,989%v v 2)

3.2.2 _ k.S. cos@
n= k.S.cos0 + (P, + Ps¢)

_ 0,75 x 12 000 x 0,8
~ (0,75 x 12 000 X 0,8) + (340 + 240)

= 92,545%v 2)

x 100

x 100%v

323 PO = kZ.PSC

k = /i = /@ — 0,84V
Psc 340
~$=0,84 x12000 = 10,08 kKVAV

Method 1:

_ k.S. cosB
~ k.S.cosb + (P, + Psc)

_ 0,84 x12000x0,8
(0,84 x 12000 x 0,8) + [240 + (0,84 x 340)]

= 93,881%"v

x 100

n

X 100%v

Method 2:

k.S. cosO
M= k.S.cosB + 2P,
0,84 x 12000 x0,8
- (0,84 x 12 000 x 0,8) + (2 x 240)

= 943820 (4)
[15]

x 100v

X 100%v' v
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QUESTION 4
v @ pA—
/)
—N v
7/ R ’
; B
/)
L Y (D)
= AN

The short-circuit curve is obtained by short-circuiting the alternator terminals
through ammetersv’ and taking readings of the short-circuit current and the
field current.v" The short-circuit current is plotted against the field current and
it is a straight line through the origin.v’

4.2 Given: A three-phase, star-connected alternator:
V=12kV
S=2MVA
Pf = 0,8 lagging
Z=(1,2+j8)Q
4.2.1 V, = V./vV3 =12 x 10%/v/3 = 6 928,203 Vv
[-R=%R-V, =0,06X%X6928,203
= 415,692 Vv
[-X=%X-V,=03x%6928,203
=2078,461 Vv

Method 1:

cos® =0,85 ~ 0 =cos 1085 =31,788°

Ep = V26 + 1+ RZ0° + 1+ X£90°V
= 6 928,20331,788° + 415,69220° + 2 078,461.,90°V
= 8518,216.242,257° V¥’

E, =v3-E, =3 x8518,216 = 14 753,983 Vv
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Method 2:

cosfd = 0,85 and sinf = 0,527

Ep=\/(VP-COSH+I-R)2+(Vp-sin0+I-X)2\/

= J((6 928,2 % 0,85) + 415,69)" + ((6928,2 X 0,53) + 2 078,5)"v

=8533,251 Vv
E, = V3-E, =V3x8533,251 = 14 780,024 Vv (7)

4.2.2 Ep =V
Regulation = ——2 x 100%

p
~8533,251 -6 928,203

6 928,203 Skl
= 23,167%Y 2)
423 ey AB _Vsin0+IX
OA Vcos®+IR
_ (3810,512 X 0,6) + 787,296
(3810,512 x 0,8) + 52,486
~ 0,991
(@ + a) = tan"1(0,99)
= 44,747°
o = 44,747° — 36,87°
= 7,877V (1)

[15]
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QUESTION 5
5.1 e Power-factor correction
e Constant-speed, constant-load drives
e Voltage regulation (Any 2 x 1)
5.2 Given: A three-phase, star-connected synchronous motor:
S =750 kVA P =600 kW
VL =3,5kV% Z = (5 +j60) percent
5.21 cos® =P/S
= 600/750
= 0,8 leadingv’
522 V, = V. /v3 = 3500/V3
=2020,73 Vv
5xV, 5x2020,73
= = p = ! /
Ve (IpR)drop 100 100
= 101,037 Vv
60 XV, 60 x2020,73
= = p = ! /
Vx (Ist)dmp 100 100
=1212,438Vv
5.2.3 Method 1:

Copyright reserved

E, =Vy£'— 0 + I, RL180° + L. X;.£ — 90°
=2 020,732 - 36,87° + 101,037.2180° + 1 212,438 2 — 90°V
= 1515,545 — j2 424,879
= 2859,534 — 57,995° Vv
Ey, = V3.E, = V3 x2859,53 = 4 952,851 Vv

Method 2:

I, = S/V3V, = 750 000/ (V3 x 2 020,73) = 214,285 AV
%R =1,.R/V,
R = %R.V,/I, = 0,05 x 2 020,75 /214,285 = 0,472 OV
%X = 1,.Xs/V,
Xs = %X.V, /I, = 0,6 X 2 020,73/214,285 = 5,658 Qv
Zs = R+ jXs = 0,472 +j5,658 = 5,678..85,231° Q
E, =1,.Z, = 214,285./36,87° X 5,678./85,231°
=1216,71/122,101° Vv’

(2)

(1)

Please turn over



MARKING GUIDELINE -9-
ELECTROTECHNICS N6

E, = E, -V, = 1216,71£122,101° — 2 020,73£0°
= 2859,518 £158,873 Vv’
E, =V3.E, = V3 x 2859,518/158,873

=4952,831Vv (4)
524 Method 1 Method 2
a =57,995° — 36,87° a = 180° — 158,873°
=21,125°v =21,127°v (1)
[14]
QUESTION 6
6.1 Slip is the difference in speed of the rotating fieldv" and the actual speed of
the rotor.v’ (2)
6.2 e Stator
e Rotor (2)
6.3 Given: No. of poles =6 N2 =900 r/min
f=50 Hz Pstator = 2 KW
Pin = 42 kW Prricawind = 2,5 kW
60 - 60 X 50
6.3.1 N; = f = = 1000 r/minv’
D 3
Ny — N,
S = X 100%
1
_ 1000 —900 % 100%
~ 1000 °
= 10%v (3)
6.3.2 P;,, = stator output + stator loss

Stator output = P, — statorloss = 42 — 2 = 40 kWVv
Stator output = Rotor input = 40 kW

_ 2-m-N.T
Rotor input = BT —
_ 60 -rotorinput 60 x40 x 1000
~ 2-m:N;  2xmx1000
= 381,972 Nmv

2'T['(N1_N2)T

Rotor cu.loss =

60
_ 2xmx(1000—900) x 381,972 L,
N 60

= 4 kWv
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6.3.3 Pi = Pout + Pstator + Protor + Pflriction
Pout = P, — total losses

=42—-(2+4+25+4)Y

— 335 kWv (2)
634 Pout 33;5
- 100% = 22~ % 100% = 79,762%Y
n = p X 100% =5 x 100% = 79,762% 1)
[14]

QUESTION 7

Given: A three-phase transmission line:

S =40 MVA C=12uF
_ R=18Q

VL=132kV pf = 0,8 lagging

f=50 Hz L=0,15H

Is A laB Ir

> —>—AM—"M
la R
In
R
Vs 2 c T \ ¥ c Ve o VR
D Neutral E

X,=2-m-f-L=2xmx50x0,15= 47,124 Qv
Zus = R+ jX, = 18 + j47,124 = 50,445./69,095° Qv

P, 40 x 106

I, = =
R V3.V, -cos® 3x132x103x%0,8

= 218,693 AV

Copyright reserved Please turn over



MARKING GUIDELINE -11-
ELECTROTECHNICS N6

1 1

= = = 5305,165 Qv
Z-n-f-g 2xmx50x%x0,6x107°

Xc

Zge = 0 — jXc = 0 — j5 305,165 = 5305,1652 — 90° Qv

v, 132x103 .
V= F =5 = 76210,236.20°VY

VR 76 210,236.£0°

Igg = — = = 14,365.90° AY
BE = Zen  5305,1652 — 90°

Lip = I + Ipp = 218,693 £ — 36,87° + 14,365.290°
= 210,388/ -33,739° AV

Vag = Lug - Zap = 210,388 - 33,739° x 50,445.269,095°
=10 613,023.235,356° Vv

Ve = Vg + Vyp = 76 210,236.20° + 10 613,023 .£35,356°
= 85 087,84.£4,139° Vv

V, =3 Vs = V3 x 85 087,84 = 147 376,462 Vv

,_ Vs _ 85087844139
AN = z.v 53051652 —90°

= 16,039294,139° AV

Is = Iyp + Iy = 210,388« -33,739° 4+ 16,039.£94,139°
= 200,94/-30,127° AV
Power factor = cos 0
= cos (30,127° + 4,139°)

= cos 34,266
= 0,826 leadingv’
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Zan = Zpn =5 305,165 - 90° Q)

TOTAL:

[14]
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