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Specific Assessment Instructions to Candidates

1. Answer FOUR questions.
2. Give all solutions, where appropriate, correct to 2 decimal places.
3. Ensure that you cross through anything you do not wish to have marked.
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Que§tion 1
The first part of this question asks you to find the radius of gyration for a flywheel and axle.

You are supplied with the results from and experiment (Table 1) which used a steel flywhel rotating on
an axle, the rotation caused by hanging masses attached to a string wrapped around the axle. The mass
when relcased falls through a vertical distance of 1 meter. (See Fig 1) The time was measured for
various masscs placed on the hanger.

i, Plota graph of mass m against 1/*and calculate the slope, [Marks 5]
R

ii.  Use this figure in equation (1) to calculate k and compare this with the theoretical value k =

Sl

[Marks 5]

my = mass of weights (see table)

my = mass of flywheel and axle (density of steel 7800kg/m’)
1 = radius of axle = 1 cm

R = Radius of flywheel = 12.5 cm

L= length of axle = 20 cm

Thickness of flywheel =2 cm

h=1metre

a = linear acceleration

o — angular acceleration

my (g) tsees 2 (x10°)
200 34 0.865
400 25 1.6
600 15 4.0
300 13 59
1000 11 826
1200 10 100
Table 1
1.b). Show how equation (1) is derived [Marks10]

1.¢) A simply supported beam 14 metres long has a 15 kN point load located in the middle of the span.

Calculate i) the maximum deflection in the middle of the beam ii) the slope of the beam at the supports.
Take flexural stiffness EI to be 20 MN m"2 |5 Marks|

[25 marks Total]




image3.png
Ques on 2

a) A12inch diameter, 2.5 m long cylinder, with a wall thickness of 2 mm, is subjected to an internal
pressure that is 1.5 MPa greater than the outside pressure (1 inch = 25.4 mm). By taking the
Young’s modulus, E, as 220 GPa and Poisson's ratio, v, as 0.32, calculate the following:

i, Thecircumferential and longitudinal stresses in the cylinder wall. [5 marks]
ii.  The circumferential and longitudinal strains in the cylinder wall. [5 marks]
iii.  The changes in diameter [5 marks]

b) A hydraulic cylinder is 130 mm internal diameter and 200 mm external diameter. Its internal
pressure is 40 MPa and external pressure is 0. Determine:
i the radial stress at the inner and outer surface [5 Marks]
ii. The circumferential stress at the inner and outer surface [5 Marks]

[25 marks Total]
Question 3

(a) A250-V shunt connected DC motor draws a total current of 125A and runs at 850 rev/min. The
resistance of the shunt field is 75 Ohms and the armature circuit 0.25 Ohms. If the iron and
friction losses amount to 1500W, determine:-

() The power output, (6 Marks)
i shaft torque, (2 Marks)
(i) efficiency. (2 Marks)

(b) The load on the machine is increased and the armature current increases to 200A. Calculate
the new speed of the machine (5 Marks)

(c) A separately excited DC motor is connected to a 415V, S0Hz, three phase supply via a fully
controlled thyristor bridge. The armature of the machine has a resistance of 0.250. The
machine runs at 2500 rev/min when the delay angle () is set to zero degrees and an armature
current of 75A is drawn from the three phase rectifier.

() Calculate the machine constant Kein V/rad/sec
(4 Marks)

(i) Determine the delay angle (a) that would be required to maintain this machine at 1500
rev/min, when drawing an armature current of 125A.

(3 Marks)
Given that the mechanical losses of the machine are equal to 1500W, determine the
useful power and torque output of the machine under the conditions described in part
(i) (3 Marks)

Total 25 marks
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Ques on 4

(a) A415V, 50Hz, 6 pole, three phase induction motor runs at full load with a slip of 4%. Under
these conditions, the electrical input power was measured using the two Wattmeter methods,
the two readings being 65kW and SOKW. Given that the delta connected stator has a
resistance of 0.50per phase, the stator iron loss is 1.5kW and the mechanical losses are 2kW,
determine the:-

() Synchronous Speed in Revs/Min

(1 Mark)
(i) Rotor Speed in Revs/Min
(1 Mark)
(i) Totalinput power
(1 Mark)
(iv)  Operating power factor
(3 Marks)
(v)  Line current taken from the supply
(2 Marks)
(vi)  Stator copper loss
(2 Marks)
(vil)  Air gap power
(1 Mark)
Rotor copper losses
(2 Marks)
(i) Useful output power
(2 Marks)
(x)  Useful output torque
(2 Marks)
(xi)  Machine efficiency
(2 Marks)

(b) Sketch the Torque/Slip Characteristic of an induction motor, highlighting the key aspects. Show
how this characteristic can be adjusted by:-
() Adjustment of rotor resistance with the addition of external resistance on a wound
rotor.
(i) Reduction of supply voltage.

Explain the practical benefits of using these techniques.
(6 Marks)

(Total Marks: 25)
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Question 5

(a) A415V, 50Hz, 8 pole, star connected, three phase synchronous motor draws a line current of
65A at a power factor of 0.8 lead from an appropriate supply. The machine has a synchronous
reactance of 0.750and negligible stator resistance.

() Sketch asingle-phase phasor diagram representing the machine operating

conditions.
(5 Marks)
(i) Determine the required induced emf (E) driven by the excitation circuit.
(6 Marks)
Determine the mechanical load (torque) angle (Smec)
(4 Marks)

(b) A factory draws a demand of 1.7SMVA at a power factor of 0.6 lag from an 11kV three phase
supply. Determine:-
() The true power (kW) and kVAr demand of the factory.
(2 Marks)
(i) The line current drawn from the supply.
(1 Mark)
It is proposed to install a synchronous motor which delivers S00kW of mechanical power at
80% efficiency, to improve the overall power factor to 0.9 lag. Determine:-

) The leading VAr that the synchronous motor must produce.

(4 Marks)
(iv)  The operating power factor and kVA of the synchronous motor.
(3 marks)

(Total Marks: 25)




