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QUESTION 1
1.1 Commutation is the reversal of current caused by the commutator. (1)
1.2 e Armature ampere tums/pole = ffp 4?:2(2);;?33 fe - H . = 8655,56 At
e Compole At/pole = 0,7 x ;— = 0,7 x 8655,56 = 6058 89 At
e Turns/pole = ar::z:iiz ch = 60528089 = 7,388 turns/pole, say 8 (3 x2) (6)
1.3 1.3.1 E=V-1,R,=520 - 200(0,35) =520 - 70 =450 V (2)
132 _ 2p®NZ
E=—,—thus
E60c 450x60x2  _ 54000
N = 50z = 2x3x0,08x1400 = = 80,36 r/min (3)

1.4 Ei=V-1,1R,=500 - 5(0,5)=500-2,5=4975 VvV
E2=V - l2Ra= 500 — 75(0,5) = 500 — 37,5 = 462,5 VvV
=

E1 _ N1
E2 ~ N2

N1xE2 _ 1000x462,5

N2 = E1 4975

=929 65 r/minv' v

Speed reduction = Ny— N, = 1000 - 929,65 = 70,35 r/minv' v’ (8)
[20]

QUESTION 2

2.1 7 ZBXZC (8 + j3)(10 — j6) 8,544.,20,556°x11,662 — 30,96° Py
T ZB+ZC ~ (B+j3)+(10—j6) T 18 —j3

99,6232 — 10,404° o )
= 525, oag = 5464 —0,944° = (5,459 — j0,08995) Qv vV

Zr=Zo+ Zy= (6 +j9) + (5,459 — j0,08995)
= (6 + 5,459) + j(9 — 0,8995) v/
=11,459 + j8,91
= 14,52,37,867° Qv

e VT _ 23020°
T™ 72T ~ 14,52.37,867°

=15,84,-37,867° Av'V

Pf cos37,897 = 0,789 laggingv’ (10)
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2.2 f=oox [L_RZ=1MHz

= 350x10—6
X 6 = X * 2v
1 10 2x3,142x350x10—% \/ c 350

= 454,67 x \/_8523610‘6 _ 35027

350 x 10~0 7w i A
J c —350% =567

@_6- 3502 = 21992v’

350;10_6 = 21992 + 3502
350 x 106 = 4958101 x Cv'

c=Bx10"=-7059x 1011F

4958101
= 70,59 pFv’ (5)
23 e |t costs the consumer more for the same load.
e Thicker cables have to be used.
¢ Increased copper losses (I?R).
e |t limits the output of both generators and transformers.
e |t reduces the efficiency of the plant (any place where there are machines). (5)
[20]
QUESTION 3
3.1 Building up the core of the transformer with laminations reduces eddy currents. (2)

3.2 3.2.1 vz _1he

Vi~ N1
_ VI X N1_220%x1 _
Vo= =7 —=—%  =88VWVvV (3)
3.2.2 M _ 12
N2~ 11
N2 1
I1—I2xﬁ-1- = 1OXE—0,4A~/\/\/
Or
Vi, I
Vo ©
220—101 =04Av VY
B8 L Y (3)
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3.3 Making the transformer’'s window long and narrow

Using a shell-type construction
Sandwiching the primary and secondary windings

250

34 R=Ry*+Ry(P =02+ 13(G200)2

250

Xo= Xo+ Xq((2)? = 0,4 +4,6G0)

S _ 30x103

= 5= =120 AV

Z:=Rq +jXe =0,2168 + j0,46 = 0,609264,77° Qv

Vo= Vo — 1,Z, cos(¢he — $2) = 250 — 120 x 0,509 x cos(64,77° -

=250 - 53,98
=196,02 Vv

S _ 30000

Ip:Vp 200 ~ 13.636AV

Ip[Reicos® + Xeys5in @]

Reg = VP
_ 13.636[16.785 x 0.8 + 35.576

x 0.6]
2200 e
=0.216v

Vo, =V, —(V; X Reg)v
=250 —(250 x 0.216)v
=196 Vv

QUESTION 4

4.1 Vin= B

_ 2,22®NpZKpKd
Efms i 60 /

Erms 2 400

Z= = 654,72 = 655

2,220NpKpKd ~ 2,22 X 0,04 X 50 x 0,86 X 0,96
conductors/phasev’ v’

_ fx60 _ 3000

N 00— O pairs = 10 polesv'v'v/

Slots = poles x slots per pole
=10 x4
=40v

Cnanductare nar clnt = @ =1R 7R =17V

Copyright reserved

Arranging the primary and secondary windings concentrically

=0,2+1,3(0,1126) = 0,2168 Qv v

2=0,4+0,06=0,46 Qvv

36,87°)v

(4)

(8)
[20]
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4.2
E,=Ea+E,
= 2200,90° 22502 — 130°
= (0 +j2200) + (-1446,27 — j1723,6) v
= -1446,27 + j476,4
=1522,72161,77° Vv

Or

ER = EALO + Eps180— @

ER =220040° + 2250£140°v
=476.401 +j1446.272
=1522.71471.768°Vv

_ Ez _ 1522,7261,77°

lo= o2 = i =76,135271,77° AVY

48 Ny=L2 =220 = 600 riminv'v

Nr = Ns— (s X Ng) = 600 — (0.06 x 600) v’
= 564 r/minv’
4.4 Their EMFs must be the same
Their EMFs must have the same frequency
Their EMFs must be in phase
Their EMFs must have the same angular displacement

QUESTION 5

5.1 a=T2= G182 219 X 1092 - 983 57 x 106 m2v’

_pl _0,0173 x 10~° x 15000 _
K= a 283,57 x 10— =0,915 Qv

L =0,05 + 0,2 In(<5)mH/km

= 0,05 + 0,2 In(—5 )XV’

=15 mHv’

1
C= 1am(+’“)uﬂkm

Al
= (18171(711009; o5 uf) X 15v
= 0.176pufv’
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(4)

(4)
[20]

(6)
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5.2 Ploss = %loss x P, = 12% x 3,6 = 420 kWv'v

Pr 3500000
lg= \3Vrcosd ~ /3x11000x0,85

=216,120 Avv

Ploss = 3xI°R

Ploss 420 000
T 3x12 ~ (216,120)(216,120)x 3

= 2,997 Q/phasev'v

5.3 9.341 Total Power = W+ W, =15 + (-5) = 10 kW

5.3.2 - N3(W1— W2) _3(15—(—5)) _+320) =
Tang = (W1 +W2) ~ (15 +(—=5) 10 3,464V

é = tan"(3,464)
= 73,397°v

And cosp = 0,2774v

Pinput 10x103
533 =S = — =52 AVv
+/3xVLcos® /3 x400x0,2774
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TOTAL:

(6)
(2)

(4)

(2)
[20]

100



