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a- The magnetic fields are the fundamental mechanism by which energy is

converted from one form to another in transformers, generators and

motors. Four basic principles describe how magnetic fields are used in

these devices. Construct the idea and briefly describe these four basic
principles.

[8 marks]

b. A 1O-kVA, 4801120-V conventional transformer is to be connected to form

a step-up autotransformer. The series resistance and reactance of the

conventional transformer are 1 o/o and 8 o/o on 10 kVA base and 480 V
base at the high voltqge side, respectively. A primary voltage of 480 V is
applied to the transformer.

construct the diagram of the step-up autotransformer and label all

parameters.

[3 marks]

il Calculate the secondary voltage of the autotransformer.

[3 marks]

iii. Calculate the ratíng-advantage of this autotransformer connection

over the transformer rating in conventional

4801120-V operation.

[3 marks]

Analyze the data given of the transformer and calculate the

autotransformer series impedance in per-unit.

lv.
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[3 marks]
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determine its equivalentA 20-kVA, 80001240-V 50-Hz transformer is tested to

circuit. The results of the tests are shown in TABLE e2.

TABLE Q2

Open-circuit test Short-circuit test

Voc = 8000 V

Ioc= 0.214 A

Poc = 400 W

Vsc = 489 V

1sc = 2.5 A

Psc = 240 W

a.

All data are taken from the primary side of the transformer.

construct the equivalent circuit of this transformer referred to

voltage side of the transformer.

the high

[8 marks]

b. Analyze the branch impedance and series impedance in part (i) to íts per

unit value.

[4 marks]

c. Analyze the voltage regulation of the transformer at rated conditions and

0.8 power factor lagging.

[4 marks]

d. Calculate the efficiency of the transformer at rated conditions and

0.7 power factor lagging.

[4 marks]
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A 2300-V, 1000-kVA, 0.8 power factor lagging, 60-Hz, two-pole Y-connected

synchronous generator has a synchronous reactance of 1.1 O and an armature

resistance of 0.15 O. At 60 Hz, its friction and windage losses are 24 kW, and its

core losses are 18 kW. The field circuit has a DC voltage of 200 V and the

maximum 1r is 10 A. The resistance of the field circuit is adjustable over the

range from 20 O to 200 O. The open circuit characteristic (OCC) of this generator

is shown in FIGURE Q3.

a. Analyze from the above generator specifications and determine the field

current requires to make V-¡ eÇual to 2300 V when the generator is

running at no load.

[3 marks]

b. Analyze the condition in part (a) and determine the internal generated

voltage of this machine at rated.

[7 marks]

c. Calculate the field current required to make V¡ eeual to 2300 V when the

generator is running at rated conditions.

[5 marks]

d. Calculate the power and torque must the generator's prime mover be

capable of supplying.

[5 marks]
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FIGURE Q3
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a. Construct the equivalent circuit of an induction motor and outline the

procedures to determine the value of rotor resistance, 42, in the equivalent

circuit.

[5 marks]

b. A 440-V, ïO-Hz, two-pole, Y-connected squirrel cage induction motor is

rated at75 kW. The equivalent circuit parameters are

Rz = 0.065 Ç)

Xt = Xz= O.17 Q

Thefriction and windage losses, stray losses and core losses are 1.0 kw,

150 w and 1.1 kw, respectively. The motor is running at the speed of
2800 rpm.

Analyze

the slip of the motor,

[3 marks]

ii. the line current,

[3 marks]

ii¡. the total losses in the motor, and

[6 marks]

iv. the overall efficiency.

[3 marks]

Rr = 0.075 C)

Xu=7.2{ù
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5. A DC generator has the following parameters:

Full load current = 120 A

Rated speed = 1500 rpm

Armature resistance = 0.10 f)

Shunt field resistance = 1 10 f)

Rated field current = 1 A

Rated armature current = 32 A

Core and mechanical losses = 640 W

lf the machine is to be operated as a self-excited DC generator and the terminal

voltage is 240V, analyze

a. the voltage drop and e.m.f. generated in the armature,

[4 marks]

b. the total losses in the generator assuming the brush losses and

stray losses are negligible,

[4 marks]

c. the mechanical torque, and

[4 marks]

d. the efficiency of the generator.

[4 marks]

e. lf the machine is operated as a separately-excited DC generator at

1500 rpm with rated field current, determine the terminal voltage at

full load. lt is also known that the open circuit voltage is 100 V.

Neglect the effect of armature reaction.

[4 marks]

-END OF PAPER-


