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QUESTION 1

1.1 Series-wound motors are suitable for use in:

1.2

1.3 1.3.

1.3
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Cranes

Trains

Trams

Motor vehicle starters and
Gate motors

Lap wound - for low voltage and high current
Wave wound - for high voltage and low current

1 Ei=V -laRa (motor)

= 260 - (60) (0,25)v

=260-15
=245Vv
B2 _ N2
E1 N1
E2 =245 x 900
1100
=200,45Vv

Ex=V - la(Ra'—X)
200,45 = 260 - 60(0,25 + x)
200,45 = 260 — 15 — 60x

x =0,743 Qv

2 T2/T1 = 0,5 la2/la1v’

la2 = 0,5la1 = 30 AV’
E2=V — la2Ra= 260 — 30(0,25) = 252,5 Vv’

Ne=E2 5 2L 950 5.
E1 1

1100
245

v =1133,67 r/minv’

(Any 4 x 1) (4)

)
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1.4 At/p = (7 - 5,5) x 1 800v = 2 700 At/pv’

For series winding = =2 v'= 8v

OR
At/p = (7 - 5,5) x 1 800 = 2 700 At/p
IL = p/V

=115 000/ 340

=338,235 A
la=5,5+ 338,235

=343,74 A

Turns =2 700/ 343,74
=8

QUESTION 2

24 C1=360 x 102 F (Imax)
C2=340 x 102 F (l2= 0,707 Imax)v’

1 1x10exp —12
T2mfcl  2mx,75x10exp6x360

= 589,76 Q

Xc1

Xu1 = X2 = 589,76 Q (resonance)v’

1 10exp12
2nfC2  2mx.75x10exp6x340

v = 624,14 Qv

Increase in Xc = 624,14 — 589,76 = 34,38 Qv
(Z2)2 = R? + (34,382 v/
Z2 = V{(R2 + (34,38)2

= % and I2 =0,70711 and Z1 = R (resonance)
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(Any 1 x 4) (4)
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0,707

R Vi(Rz + (34,38)2}

(R2 + (34,38)2 = 2R?

2R? - R? = (34,38)2 v

R? = (34,38)2

R=34380Qv

2. 2.2.1

22.2

2.2.3

Copyright reserved

XL = 2mfL = 21m(2,2 x 10° x 350 x 10-6)v’
= 4838,1 Qv

1

fres — m

1
2,2 x 108 =
2mV(350x10exp—6xC)
1
(2xmx2,2 X 10exp6 )2

350x 106 x C =

C=18= 10" =15 1012 Fv
OR

XL =2mfL = 2m(2,2x10¢ x 350 x 10-)
= 4838,053 Q

XL =Xc
4838,053 = 1/2mx2,2x 105C
C = 14,952pf

(10)

le=2xmx22x108x1,5x 10" x 79,336 =16,4 m Av OR 0,016 A (3)
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QUESTION 3

3.1 i
3.1.2
3.2 3.2.1
3.2.2
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Vot = = =3j,°° = 1963 Vv

Vp2 = Vpi x — =1 963 x —v’ 230,9 V secondary line voltagev’ (3)
Vp1=3400 Vv

Vp2—Vp1X_=3400 —=4OO Vv

Viz = 400 x V3 = 692,8 Vv (3)

450,02

Re = 0,8 +0,06(:0)% = 1,520
Xe=1,7 +0,07(202 = 2,54 Qv

Ze =/(1,522 + 2,542) = 2,96 Qv
OR
Ze = Re +jXe =1,52+j2,54 = 2,96259,102 (3)

Cos ¢ =0,9 and sin® = 0,436v

l1(tull load) = % = —2256220 =92,45 AV
Vreg (0.9 lagging) = I11(Re cosf:—Xe sin@®) 7 92,5(1,52x02,z;-;,54x0,436) - 0,086 pU\/
Vioload = 2 650 x @ = 765,56 Vv
Decrease of V2 (between no load and full load)
= 765,56 x 0,086 = 65,84 Vv’
VrL= 765,56 — 65,84 = 699,7 Vv
Vreg S — I11(Re cosfl—)(e sin®) _ 92,5(1,5ZxZ,'Z;i,Sd-xOABG) =0,009 pU‘/
130
Vno load = 2 650 e 765 56 V‘/
Increase in V2 (between no load and full load)
= 765,56 x 0,009 =6,89 Vv’
VFL= 765,56 +6,89 = 772,45Vv (11)

[20]
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QUESTION 4

4.1 = —— = > v = 17,93 AV

VV3xVLxcos®  vV3x33000x0,8

Vs=Viz® + IR20°+1X290°=19 052,56,36,87° §
17,93 x 4020° + 17,93 x 70290°
= 19 052,56236,87° +717,220° + 1 255,1290°v
(15242 +j 11 431,56) + (717,2+j0) + (0 +j 1255,1) v
1559,2 + j 12 686,1
=20 387 238,48° Vv

VL =Vp xV3=20387 xV3=35311,32 Vv

Vs—Vr 20387 - 19052,56

19052,56

%Reg = x 100% = x 100%v = 7% = 0,007 puv’

OR
Vdrop = IR+jlx
=17,933 (40 + j70)v
=717,32 + j1255,31
=1 445,805260,255°

Vs = Vr (Cos@ + j Sin@)+ Vdrop

= 19.052,559 (0,8 + j0,6) +717,32 + j1255,31¥

= 15 959,367 + | 12 686,845Y

= 20387,678 £ 38,483° vV (8)
V3(wz2-w1)  V3(1200-650) V3 550

— =0,815¢

(W24+w1)  (1200+650) 1850

4.2 Tan @ =

0 =2725v
Pf = 00327 25 =089

1850
= v
= \/_V.! cos@ \/_(150)('3:39) éA

OR
Ip=Wt 3vpCos@ =1850/3x150x0,89 = 4,62 Av

IL 8
b =% =7 =462AY

\"
Z=T=_=3247 Qv

(6)
4.3 Pr=W2+Wi=920+295=1215 WV
Tan @ = Vawz-w1) v"3(920 295) s _ \/-3 625 -0,891v
w2+w1)( (920+295)

B =41,7°

Cos @ =0,747v
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4.4 Voltage regulation is the rise or fall in the receiving end voltage of transmission
lines when full load is switched off,v" provided that the sending end voltage

remains constant.v’ (2)
[20]
QUESTION 5
5.1 5.1.1 Ns =22y - 86O _ 1 500 t/minv’
p 2
OR
Ns = f/p = 50/2 = 25r1/s (Any 1 x 3) (3)

5.1.2 Nr = Ns—sNs = 1500v'- (0,075) x 1 500v" = 1 387,5 r/minv’
OR

0,075 = 25 - Nr/Ns
1,875 = 25-nr
Nr = 23,125r/s (Any 1 x 3) (3)

5.1.3 Fr =s.f
= 0,075 x 50
=3,75 Hzv (2)

52 5.2.1 Z=08+j95
Ea=Es=2100V
Ez = jEA— (Es sin@-j Es cos® ) v~
=j2 100 - (2 100 sin 40° - j2 100 cos 40°) v
=j2100 - (1 349,853 +j1 608,693)
=-1349,853 + j491,307 v
=1436,4842160° Vv~

| == = 22200 75,3352 74,14V

2Xs 2(9,534)

OR

ER=Eaz0 + EB 2 180- ¢
=210020+ 2 100 2180 -40
=210020+ 21004140
=1436,4852.70 V
=491,306+j1349,854 V

lc = ER/2Z

=1436,485270/19,067485,186
=75,3432£-15,186 A
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5.2.2

523

OR

Zt=71+272
=1,6 +j19
=19,067285,186
Es=Ea + Eb

2100490 + 2 1002-130
-1 350 +)491,3
1436,62160

Is = Es/Zt
=1436,62160/ 19,0672 85,186
=75,345,74,814 A

(Any 1 x 6)

V = Eacos (%) = 2 100 cos 20°¥ = 1 973,35 Vv/

OR

TV=Eaz0-¥%ER
=210040-1436,485270/2
=210040-718,243270
=1973,3542 -20Vv

OR

Vp = Ea+Eb /2
=2100290+2100250/2
=1 349,85+j3 708,69/ 2
=3 946,7,70/ 2
=1973,35270
(Any 1 x 2)

P =VI=1973,35 x 75,335v = 148,662 kWv’
OR

P = VIcos® = cos(@lc - @Tv)
=1973,354%75,343x%0,996 = cos(-15,186-(-20))
= 148,154 kW = 0,996

OR

P = Vicos®
=1973,35 x 75,345 x cos(74,814-70)
= 148,158 Kw
(Any 1 x 2)

53 Slip is the difference between the synchronous speed of the magnetic fieldv’
and the actual speed of the rotor in an induction motor.v’ (1x2)
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TOTAL:

(2)
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