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(a)Q1

(b)
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The flow of magnetic flux induced in the ferromagnetic core can be made

analogous to un'electrical circuit. Sketch and labels the analogous relationships

that exist between an electric circuit and a magnetic circuit.
(5 marks)

A ferromagnetic core with a relative permeability of 1500 is shown in Figure

Ql(b). gotf, width and depth of the cote ate 5 cm. To find the means length of the

,i.", tttit formula can be used; I = Zflr where its radius' r is l0 cm' The air gaps

on tire left and right sides of the core are 0.07 cm and 0.05 cm respectively'

Because of fringin! effects, the effective area of the air gaps is 6 percent larger

than their physicai size. If there are 400 turns in the coil wrapped around the

center teg of ihe core and if the current in the coil is 2 A" determine:

(D The equivalent magnetic circuit.

(iD The total flux in the core.

(iii) The total flux densitY.
(12 marks)

(a)Q2

(b)

(c) Awire shown in the Figure Ql(c) which is moving in the presence of the\-/ 
magnetic field. With tfri informaiion given in the figure, determine the magnitude

anJdirection of the induced voltage, ein.iothe wire' 
(3 marks)

(i) Draw and labels the equivalent circuit of a real transformer referred to its

secondary voltage level. 
^(iD Explain 6ti"ny-n n"tion of open-circuit test and short-circuit test of a

transformer. S[ow all clearly with the aid of appropriate diagrams'
(5 marks)

A 1000-VA Z3}lll5-V transformer has been tested to determine its equivalent

circuit. The results of the tests are shown below'

Vrrc:230V
I oc:0.55A
Poc:30W

All data given for open circuit test were taken from the secondary side of the

transfornrlr and the value of \: 0.6Q and X*: 2.13t' were taken from the

primary side of the transformer.

Determine the values of R" and X.-
Determine the values of series impedances, R"nand Xr'

(i)
(ii)



(iii)

(iv)

(v)

(D

(iD
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Draw and labels the equivalent circuit of this transformer referred to the

low-voltage side of the transformer.
Determine the transformer's voltage regUlation at rated conditions and

(a) 0.85 PF lagging
(b) 0.85 PF leading.
Determine the transformer's effrciency at rated condition 0'85 PF lagging

(l I marks)

From results Q2(bxlv), compare the relationship between the values of
voltage regulation and the power factor'
etrrciency of the transformer depends on the P-,tandPi,. Propose two (2)

methods to ensure the transformer efficiency's is higher.
(4 marks)

Q3

(c)

Q4 (a)

(a) Briefly explain five (5) reasons of impossibility for the induction motor to operate

at synchronous sPeed.

(5 marks)

motor is rated at 75 kW. The

Xs: 7-? Q

P-i*": 150 W

(iii) The stator copper losses, P.scz

(iv) The air-gap power, P-16

(v) The powei Converted from electrical to mechanical form, P"o,,',

(vi) The induced torque, z;,,,1

(vii) The load torque, e7o,,7

(viii) The overall machine efftciency, ry 
(15 marks)

Identiff four (4) factors that cause internal generated voltage, Etnot usually the

voltage that appears at the terminal voltage, Ylof the synchronous generator'
(5 marks)

(b) A 440V, 50Hz two'pole, Y-connected induction

equivalent circuit parameters and the losses are

Rr :0.075f) R.2 :0'065 O
Xr:0.17 Q Xz:0'17 f)
P".rr" : l. lkW PF&\tt : l '0 kW

For a slip of 0.04, find
ft) The line current, 1r.

(ii) The stator power factor
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(b) A three-phase Y-connected synchronous motor has specifications as follow:

Line Voltage:415 V, 50 Hz,
Power Factor : 0.8 leading
Output Power :ZO}{P
Pole:2

Armafure Resistance, RA: 0.2 ohms

Synchronous Reactance, XS : 3 ohms

Friction and Windage Losses:20 kW
Core Losses: 15 kW

Based on the information given, answer the following questions.

(D Sketch and label a single-phase equivalent circuit-of synchronous motor.

iiil By considering the related factor, estimate the value of three-phase copper

losses, P"opw, and armature current, In at ;grr11ty power factor and full-load

condition.
(iii) Calculate the required value of three-phase internal generated voltage, Ea

and identify the required field current, /p.

(iv) Sketch andlabel pli"rot diagram of the motor at unity power factor and

full-load condition.
(v) Compute the motor efftciency, r7. at[lnity powelfactor and full-load

condition by considering copper losses, P"opwreffect'

(vD Determine ihe maximum torque, r' at unity power factor and full-load

condition by considering copper losses, P"opp., effect'

(viD

(viii)

(D
(iD

as (a)

(b) Refer the following dc motor characteristics:

Determine the maximum torque, r^ato.S leading power factor by

considering copper losses, P"opp", effect-

Sketch *d labelt the phasor diagram ofthe motor at 0.8 leading power

factor' 
(15 marks)

List any four (a) categories of losses that occur in DC machines.

Brieflyexplain two (2) methods to control the speed of compounded DC

motor' 
(5 marks)

P""r"a:20hp
Vr:240V
llrated: l200rpm
Ra: 0.40Q
Rs:0.04Q

I1a66:60,4.
Nr: 3000 turns per pole

Nsr: 30 turns Per Pole
Rr: 100 O
Ruaj: 50 to 500 O

Rotational losses: 1800 at full load conditions

Assume that the motor described above can be connected in shunt as shown

Figure Q5(bXD The magnetization curve as shown in Figure Q5OXiD



(a)

(iii)

(iv)

(v)

(D
(ii)
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(i) Ifthe resistorRoa;is adjustd to 20O(1, find the rotational speed of the

motor at noJoad conditions.
(iD Assuming no armature reaction at full-load condition'

(a) Find the speed of the motor.
(b) Find the speed regulation of motor.

if th. 1;1otor is operating at full-toad condition and if its variable resistance

.R"a, is increased to 300S1, find the new speed of the motor

From rhe results between QsoxiD(a) and Qs(bxiii), compare the

relationship between the armature current and the speed of motor

lf Raalcanbe adjusted from 50 to 500o' find the maximum and minimum

speedi possible with this motor in no-load condition'
(15 marks)

06 List four (4) advantages of electric drive.

Draw and labels the one (l) block diagram ofthe motion control in an

electrical drive sYstem.
(5 marks)

(b) FigUre Q6(b) show an electric drive for an elevator with the motor rated speed'

n,,"is 30d0rpm and the efficiency of gearing systenr' 4 is 0'85.

(D Find the total inertia (reduced to motor shaft), torque and power without

counterweight.
(iD Find the toique and power wil! counterweight'

iiiil From the results between a6OXD and Q6OXii), compare the relationship

between the torque and the power of the motor'

(iv) If the mass cabin, m. isincreased to l400kg with counterweight,

find the new torque and power of the motor'

(v) From the ,esuit, between Q6(bxii) and 
- Q6(bXrv)' compare the

relationship between the mass, the torque and the power of the motor'
(15 marks)
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Formula

Magnet:

Po = 4t xlo T H/m

Synchronous machine:

P** = Tira@^ =3EeI ncosf
3V^E, sn6

D- v ^

XS

Indaction motor:

3VrEnstn6
Tird : 

,%X,

P"onu=3r;&(l-t)
\r )

Pt"
Lind - a'yn" 

^ p /

tind : -, 
t!h,,/ 

-
,*"1[^- *n% ) *(** * r,)' 

)

DC motor:

PAG = 3Il b
s

Pn,,
t lood -

o)m

s-o :

En=KQat

P"o* = EnI n = T,d@^

V, R-,t = *d @ff"'*

Tina--Kilo

Ir' = t, +!e--t^-7

l0


