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	Question 1
(a) 	With the aid of a basic circuit diagram and a phasor diagram, explain the method of improving the power factor of a single-phase inductive load using a capacitor.

	

(7 marks)

	Answer
The capacitor is placed across the load as shown in Figure (a). The phasor diagram is shown in Figure (b). 
With no capacitor there is a lagging phase angle L. When the capacitor is connected, a current phasor IC is added which leads the voltage phasor V by 90. Thus the current, I, taken from the supply is now IC + IL, and this current has a lower phase angle LC, which in turn means a higher power factor value. 
[image: ]


	





(3 mark)




(2 mark for the circuit diagram)

(2 mark for the phasor diagram)



	(b)	Figure Q1 shows a 3-phase system. Substations A, B and C are connected by feeders. Load power factors are referred to the voltage at substation A.
i)	Calculate the voltage VBC with feeder BC disconnected.

	

(8 marks)

	Answer
VB = VA - IABZAB 	and	VC = VA - IACZAC

VBC = VB - VC =  IACZAC - IABZAB
= (800×2.4563.43) - (150-36.87×2.8345)
= (19663.43 - 424.58.13)
= 87.67 + j175.3 - 420.23 - j60.3 = -332.56 + j115
= 351.9160.9A

	
(2 marks)

(1 mark)

(2 marks)
(2 marks)
(1 mark)

	ii)	Calculate the current in each feeder with all three feeders connected.

	(10 marks)

	Answer	
This can be solved using Thevenin’s theorem. The emf is the voltage VAB and the Thevenin impedance is the impedance looking in at the terminals BC.
Eth = 
Zth = ZAB + ZAC
= (2+j2) + (1+j2) = 3 + j4 = 553.13
The equivalent circuit
[image: cw11018]

IBC = 
= 57.13106.65A

Using Kirchhoff's current law for B and C:
IAB = 150-36.87 + 57.13106.65
= 120 - j90 - 16.37 + j54.73 = 103.63 - j35.27
= 109.47-18.8A

IAC = 80 - 57.13106.65
= 80 + 16.37 -  j54.73  = 96.37 - j54.73
= 110.8-29.6A

	




(2 marks)



(2 mark)




(2 mark) 




(1 mark) 

(1 mark) 


(1 mark) 

(1 mark)

	(c) 	It is important that substation equipment to have some form of protection device and typical example would be circuit breakers. Explain the operation of circuit breakers including the elementary tripping circuit and diagram.

	

(8 marks)

	Answer
Circuit breakers are designed to interrupt either normal or short-circuit currents. They behave like big switches that may be opened or closed by local pushbuttons or by distant telecommunication signals emitted by the system of protection. Thus, circuit breakers will automatically open a circuit whenever the line current, line voltage, frequency, and so on, departs from a preset limit.
 (
The triggering action that causes a circuit breaker to open is usually pr
oduced by means of an overload 
relay that can detect abnormal line conditions. The relay coil is connected to the secondary of a current transformer.
The primary carries the line current of the phase that has to be protected. If the line current exceeds a 
preset
 limit, the secondary current will cause relay contacts C
1
, C
2
 to close. As soon as they close, the tripping coil is energized by an auxiliary dc source. This causes the three main line contacts to open, thus interrupting the circuit.
)
[image: C:\Users\Jason\Pictures\MP Navigator EX\2014_02_15\IMG_0001_NEW_NEW.jpg]

	

(3 marks)



(5 marks)
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	Question 2
(a)	Draw a labelled diagram showing the basic constructional features of (i) a core type and (ii) a shell type single-phase transformer.

	

(8 marks)

	Answer
[image: ]
[image: ]

l.v. – low voltage; h.v. – high voltage 

	


(4 marks for correct drawing and labels)














(4 marks for correct drawing and labels)

	(b)	The required no-load voltage ratio in a 150kVA, 50Hz, single-phase, core type transformer is 5000/250V. The full-load copper loss is 2000W and the core loss is 1600W.
i)	Calculate the number of turns in each winding for a maximum core flux of about 0.05Wb.
								
	



(5 marks)

	Answer


 = 22.52  23 turns

and  = 460 turns

	
(1 mark)

(2 mark)


(2 marks)


	ii)	Calculate the efficiency when operating at half full load and unity power factor.

	(5 marks)

	Answer


Efficiency =  = 0.9728p.u. = 97.28%

	

(2 marks)

(3 marks)


	iii)	Calculate the efficiency when operating at full load and 0.85 power factor lagging.

	
(3 marks)

	Answer
Efficiency =  = 0.9725p.u. = 97.25%

	

(3 marks)


	iv)	Determine the load kVA for maximum efficiency.

	(4 marks)

	Answer
Fraction of full load (n) for maximum efficiency is given by: 

n = 
n =  = 0.894

Load kVA = 0.894×150 = 134.16kVA

	

(2 marks)



(1 mark)


(1 mark)

	(c)	A transformers can be used in conjunction with industrial motors as a method of starting and these are known as autotransformers. 
i)	Produce a sketch to show how autotransformers can be used in star connection.
	

(4 marks)

	Answer
 [image: C:\Users\Jason\Pictures\MP Navigator EX\2015_02_21\IMG_NEW.jpg]
	
(4 marks for correct drawing and labels)

	ii)	Derive the formula for the line input current to the transformer making reference to your sketch.
	(4 marks)


	Answer


In the motor, Ip = 	and IL = 

The transformer voltage ratio =  

So current ratio (inverse voltage ratio) = 

Hence line input current to the transformer = 

	
(1 mark)

(1 mark)


(1 mark)


(1 mark)
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	Question 3
a)	Sketch a typical graph to show the I-V characteristics of a thyristor and use this graph to explain the operation of thyristor in forward and reverse condition.

	

(10 marks)

	Answer

[image: ]


When a voltage is applied between the anode and cathode, with the anode being negative. This will cause the thyristor to be reverse biased and no current will flow unless the voltage exceeds the breakdown value. This is similar to a diode in its reverse bias mode.
Suppose now that the applied voltage is reversed, with the anode being positive. This will cause it to be in its forward bias mode but its behaviour is not the same as a diode. The thyristor will not conduct current in this direction until the forward break down voltage is reached. At this point the current passing through it increases rapidly and the voltage across it falls to a much lower value. Thus the thyristor can be controlled to switch on at a certain voltage values in the forward direction. The switching on of the thyristor is controlled by applying a current to the gate and depending on this current value it can switch on for different voltage values applied in the forward direction.
Once it is switched on the gate loses its control over the event (the gate input can be removed completely and the thyristor will remain on). The minimum forward current to maintain conduction after removal of the gate current is called the latching current. To actually turn the thyristor off the forward current must be reduced below a value known as the holding current.

	



(5 marks for correct drawing & labels)










(5 marks for operation)


	(b)	Explain the gate characteristics requirements to turn ON a thyristor, include a graph showing the relationship between the gate-cathode voltage and gate current.
	(6 marks)

	Answer
For a thyristor to be turned ON there must be sufficiently large values of both gate-cathode voltage and gate current. The gate drive circuit must be capable of satisfying this requirement without exceeding the maximum power rating of the gate-cathode junction. The characteristics can be marked to show the areas in which triggering of the thyristor is (a) certain and (b) possible.
[image: C:\Users\Jason\Pictures\MP Navigator EX\2015_02_22\IMG_NEW_NEW.jpg]

	



(2 marks)












(4 marks)

	(c)	Figure Q3 shows a circuit for controlling the power supplied to a 60 heater. The triggering of the thyristor is adjusted so that conduction starts 45 after each supply voltage zero. The power dissipated by the heater is 870W.
i)	Sketch the heater current waveform.

	(4 marks)

	Answer
	[image: ]
	

(2 marks for the diagram)


(2 marks for correct labels)


	ii)	Calculate the rms value of the heater current.

	(3 marks)

	Answer


Irms = 13.808A
	


(3 marks)


	iii)	Derive the equation for the mean value of the heater current and determine its value.

	(7 marks)

	Answer


Imean = 		where Im = 

Imean = 


Imean =  = 


Imean =  = 3.074A
	

(1 marks)



(1 marks)


(3 marks)


(2 marks)

	iv)	Explain what would happen to the load voltage and current waveform if the 	resistive heater element was replaced by an inductive element.
	(3 marks)


	Answer
When the load on a thyristor is inductive the current flowing in the load does not fall to zero immediately the supply voltage goes negative. As the load current starts to fall, a back e.m.f. is generated across the inductance and this, from Lenz's law, has such a polarity that it tends to maintain the flow of the current. The current therefore falls at a slower rate until it becomes less than the holding current value of the thyristor at which point the thyristor turns OFF.


	

(3 marks)
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	Question 4
(a)	A 30MVA, 12kV, 50Hz ac generator has a synchronous reactance of 1.1 p.u. and resistance of 0.015pu. Calculate:
i)	The base impedance of the generator.
	


(4 marks)

	Answer
The base voltage, EB =   = 6928.2 V
The base power, SB = S/3 = 30MVA/3 = 10 MVA
The base impedance, ZB =  = 4.8 Ω
	
(1 mark)

(1 mark)
(2 marks)

	ii)	The value of the synchronous reactance.

	(2 marks)

	Answer
Xs = Xs(p.u.)×ZB = 1.1×4.8 = 5.28 Ω
	
(2 marks)

	iii)	The winding resistance per phase.

	(2 marks)

	Answer
R = R(p.u.)×ZB = 0.015×4.8 = 0.072 Ω
	
(2 marks)

	iv)	The total full-load copper losses.
	(3 marks)

	Answer
Per unit copper losses at full load
P(pu) = I2(pu) R(pu) = 12×0.015 = 0.015	At full-load the per unit value of I is equal to 1.
The copper losses for all 3-phases are
P = 3×0.015×SB = 3×0.015×10×106 = 450 kW

	

(1 mark)

(2 marks)

	(b)	Explain why there is often a need to connect two or more generators in parallel to supply a common load and state all conditions to achieve this.
	
(8 marks)

	Answer
We often have to connect two or more generators in parallel to supply a common load. For example, as the power requirements of a large utility system build up during the day, generators are successively connected to the system to provide the extra power. Later, when the power demand falls, selected generators are temporarily disconnected from the system until power again builds up the following day. Synchronous generators are therefore regularly being connected and disconnected from a large power grid in response to customer demand. Such a grid is said to be an infinite bus because it contains so many generators essentially connected in parallel that neither the voltage nor the frequency of the grid can be altered. Before connecting a generator to an infinite bus (or in parallel with another generator), it must be synchronized. A generator is said to be synchronized when it meets all the following conditions:
l. The generator frequency is equal to the system frequency.
2. The generator voltage is equal to the system voltage.
3. The generator voltage is in phase with the system voltage.
4. The phase sequence of the generator is the same as that of the system.

	








(4 marks)




(4 marks)


	(c) 	A three-phase, 50Hz, slip-ring induction motor gives a reading of 55V between slip-rings on open-circuit with normal stator voltage applied. The rotor has an impedance of 0.7 + j5/phase. Stator impedance may be neglected.
i)	Calculate the rotor current when the motor is at standstill with the slip-rings connected to a starter having an impedance of 4 + j3/phase.

	




(6 marks)


	Answer



[bookmark: _GoBack]where	s = 1 at standstill and  = 31.75V
R2 = 0.7 + 4 = 4.7Ω


	


(2 mark)


(2 mark)



(2 marks)



	ii)	Calculate the rotor current when the motor is running normally with a 5% slip.
	(4 marks)

	Answer

s = 0.05, R2 = 0.7Ω and X2 = 5Ω



	

(2 mark)

(2 marks)


	iii)	If two of the phase supplies to the motor are switched over when the motor is running normally with a 5% slip, calculate the rotor current immediately after switch over.

	(4 marks)


	Answer

s = 1.95


	

(2 mark)

(2 marks)
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