b.
NS

THE UNIVERSITY OF ZAMBIA

SCHOOL OF ENGINEERING

DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING

UNIVERSITY EXAMINATIONS

NOVEMBER 2021

EEE 3352

ELECTROMACHANICS AND ELECTRICAL MACHINES

TIME . Three (3) hours
INSTRUCTIONS . Answer any five (5) questions

ADDITIONAL INFORMATION : permeability of free spaceflo = 4 x 107 Him

permittivity of free space & = 8.85X 10" F/m

Scanned with CamScanner



—J

Question 1.120 marks)

] i ' electric
(a) Derve from basic principles the expression for force per unit area due to a0

field. [8 marks]

. ; trodes tightl
(b) Two identical copper plates measuring 15 cm and 10 cm actmfg;; ,egicnd o ghtly

enclose a slab of mica of thickness 5 mm and relative permittivity 0

i ] the arran ement from the point of view of the electrodes;
(i) capacitance of the g P ” o]

(i) force on the plates, if 600 V dc is applied between the electrodes; o4 marks]

(iii) stead-state yalue of the current through the mica, if 600 V ac at 50 Hz is applied

between the electrodes.
[4 marks]

Question 2. [20 marks]

(a) Derive the expression of the reluctance S of a uniform magnetic circuit of constant
cross-sectional area A, relative permeability fr length [ . Hence derive the expression for
inductance L, if the coil round the magnefic circuit has N turns.

[8 marks]
(b) A magnetic COr®, in the form of a closed circular iron ring, has a mean Jength of 30 cm
and a cross-sectional area of 1 cm?. The relative permeabi]ity of iron is 3000.

(i) What dc current is needed in the coil of 2000 turns wound around the ring to create
a flux of 0.20 mWb in iron?

[6 marks]
(i) If two gaps of 1 mm and 0.5 mm, respectively, are cut through the core
perpendicular to the direction of the flux and positioned at diametric ends, what current

.

is needed to have the same flux in the air gap as in the iron found in ()?

. [6 marks]
Question 3. [20 marks]

(a) Bxplain the causes of voltage variations at the output of a power transformer on load.

. [8 marks
(b) The results in Table Q3 were obtained for a 20 kKVA, 50-Hz, 2200/ 220-V transformer.]

_ Table Q3

— 7 [oltage (V). | Cuttent (A) [ Power (W)
Open circuit t_est:v"Low.«izoltagq,;\ 20 | 42 | 148
“SHort circuit.test | ighvoltage | 86 | 105 360

What is the regulation of the transformer, when delivering full load at 0.8

lagging and rated primary voltage? power factor

[12 marks]
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QUEStion 4.
inele-phase
: - d to a single-p
(a) Expllam the advantages of having a three-phase system compare
System ip 4 POWer network [6 marks]
(b) A Star-¢

ly with a line
mnected balanced Joaq js supplied from a three-phase SUEJSP oyl; a resistance
Voltage of 416 v/ at a frequency of 50 Hz. Bach phase of the load consis

, ure load
® Capacitor connecyeq 3 series and the two wattmeters connected to I_net‘rli}se
POWer supplied read 75, w #nd 1980 W, both positive. For this circuit, what is

(1) power factor;

’ [S marks]
(if) line Current;
| [5 marks]
(1) Capacitance of each capacitor?
Question 5. el

(@) From “y = Blu»
density B at constan

» Where [ is the length of a conductor, cutting 5 magnetic field of
for the brush termip

t speed u, and experiences an induced voltage v, derjye the CXpression
al voltage for 3 Commutator machine,

) A Separately-excited generator has the magnetisation characterigtic Which [i;n arks]
load voltage of 131 V when driven gt 6 ® & no-

1tation of 2000
turns. The total armature circuit resistance ig 0.08 Q. If the generator Supplie ampere-
current of 120 A, determine the Plies 4 load
(1) terminal voltage;
| 3
(ii) power oufput; [ marks]
i 3
(iii) the electromagnetic power; [ markg)
. - [3
(iv) electromagnetic torque input. Markg)
[3 Markg)
Question 6.

(a) Three phase ac machines opcr.a;e Oﬁaﬁzhprg:lgie Hcl,;:c;in ;O;zn:i — -
Describe the principal featu:es.whxc es ither o2 g
machine or a synchronous machine.

) A 3-phase, 6-pole induction motor operates on a 50-Hz supply. The freque
I(Etor—induced current is 4 Hz. What is the

(i) slip; s
ii) speed of the rotor; | .

(ii) sp ) the rotor and with respect to the i rks]

d of the rotor mmf with respect to

(1ii) speed O
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(c) With the help of mmf, volta . [2 marks]

: . ge and current phasor diagrams ex lain th '

jdeal synchronous machine in generating mode & plain the operation of an

Question 7. [10 marks]
haracteristic of the DC

(a) With the help of equivalent circuits, predict the torque-speed ¢
Shunt motor.

_ [6 marks]

(b) Describe the problem of starting d.c. machines and explain, with a suitable sketch,

how it is overcome in practice.
[4 marks]

tor is 2 A at a speed of 1200

I-load speed and the torque
flux remains

-V d.c. shunt ﬁlo

A, find the fu

(c) The no-load armature current of a 230
0.25 Q and the field

t/min. If the full-load armature current is 40
developed. Assume that the armature resistance is

=a
~ unchanged. " l
0 mar

Question 8.
en the illumination B and any point on 2

on for the relation betwe
tensity I, suspended at height k from the

(a) Deduce the expressi
of luminous in

plane surface due to a light source
surface.

[6 marks]

lamp efficacy of 25 /W, are
have heights of 3 m and 5 m,
between the lamp posts.
[8 marks]
ired to provide an {lluminance of 100 x ina factory hall of area 30 m X 12 m.
the utilisation factor 1s 0.4 and the efficacy

the maintenance factor is 0.8 and
W lamps is 14 Im/W. Calculate the number of 1amps.
[6 marks]

g of. 500 W each, with 2
0 m apart. The posts

(b) Two lamps with a ratin
pance at a point mid-way

mounted on two Jamp posts 1
respectively- Calculate the illumi

(c) tisrequ
Assume that
of the proposed 100

=i
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