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ANSWER ALL QUESTIONS

1. Describe the working principles of an induction motor. Include a fully labelled diagram to assist your explanation. 
[15 Marks] 
Accurate description of an induction motor to include at least the key phrases: stator coils, rotating magnetic field, squirrel cage, induction, slip, torque, speed [10 marks]; along with a diagram showing the rotor with a squirrel cage, stator with windings, and the output shaft [5 marks]

2. Given the effective output resistance of photovoltaic solar panels is highly temperature dependant, explain what maximum power point tracking is and how it can be used to address this problem.
[25 Marks]
As the temperature of a solar panel increases, so does its resistance.  This increase in resistance reduces the current drive capability of the solar panel.  As reduced current output results in reduced power output and hence lower efficiency maximum power point tracking is employed to counter these effects.  Maximum power point tracking allows a solar PV inverter to adjust its input resistance in response to changes in solar panel performance to maintain maximum power transfer.  This is done by measuring the current and voltage produced by the panel and using this information to modify the input resistance of the inverter to match the output resistance of the solar panel ensuring maximum power transfer.  Algorithms are then employed to determine the best way of adjusting the input resistance.  These algorithms include perturb and observe whereby the inverter measures the solar panel voltage and current then the input resistance is changed, and the measurements repeated.  If an increase in power is observed, then further changes in that direction are performed until no more gains in power are achieved.

3. A large industrial process is run using a delta connected three phase 250 kVA induction motor with a terminal voltage of 6 kV. The motor has 12 pole pairs and is to run at speeds from standstill to 1000 rpm using a switching speed of 20 pulses per cycle. Suggest a transistor technology that would be suitable for this application and show in a circuit diagram how they would be connected to the motor.
[25 Marks]



Four poles = 2 pole pairs.





V = 6000 V, I = 41.666 A, f = 0 to 200 Hz Assuming the PWM signal contains 20 pulses per cycle the gate switching frequency of the driving transistors would be between 0 Hz and 4 kHz.

	Characteristic
	Power bipolar
	Power MOSFET
	IGBT

	Voltage rating
	High <1kV
	High <1kV
	Very high >1kV

	Current rating
	High <500A
	Very High > 500A
	Very High >500A

	Input drive
	Current ratio hFE 
20-200
	Voltage VGS 
3-10V
	Voltage VGE 
4-8V

	Input impedance
	Low
	High
	High

	Output impedance
	Low
	Medium
	Low

	Switching speed
	Slow (µs)
	Fast (ns)
	Medium

	Cost
	Low
	Medium
	High



Power bipolar transistors would not be suited to this application as the load voltage is too high for this type of device.  Power MOSFET transistors could not be used in this application as the voltage is too high, therefore the transistor technology best suited to this application would be insulated gate bipolar transistors (IGBT) as they can withstand very high voltages, high currents and switch at the required frequency.  The transistors would be connected in a push pull configuration on each phase.  This would allow each phase to be connected to either the positive supply or the ground return path.
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The gate drives for the transistors would be derived from a sinusoidal waveform encoded as PWM.  The top transistors would be pulsed on when the associated phase output is positive, and the bottom transistors would be pulsed on when the associated phase output is negative.
The diodes fitted across the collector and emitter of the transistors protect the transistors from the back EMF produced when the coils of the motor are de-energised.

4. In the context of variable frequency drives, compare and contrast the use of Diodes, thyristors (SCRs) and IGBTs for rectification of the incoming mains.
[20 Marks]
Any persuasive argument accepted, although answer must include a discussion on the following points: complexity of circuit required, use of variable angle timing to change average voltage for SCR, use of IGBT for feeding back recovered energy from regenerative breaking back onto grid. Must also consider electrical noise and harmonics produced by each of the different methods. 

5. Describe how a thyristor could be used to provide over voltage protection for a DC power supply.  Give a circuit diagram showing how it would be connected.
[15 Marks]
Zener 
diode
R
C
F
Thyristor
+V
0 V
Power supply
output voltage


Under normal conditions, the Zener diode will not conduct. There is an effective open circuit between the anode and cathode of the thyristor. If the output voltage exceeds its maximum value, the Zener diode will conduct and turn on the thyristor. When the thyristor conducts, the current is large enough to blow the fuse. This prevents damage to any device operating from the power supply.
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