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ANSWER ALL QUESTIONS

1. The Tesla model S has a 270 kW 3 phase star connected AC induction motor which is connected to a PWM driven variable frequency drive.  The VFD has a DC supply voltage of 25 kV.  The motor will run from standstill to 400 Hz with switching frequencies up to 15 kHz.  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.
[20 Marks]

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.

[image: ]
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.

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. Design a simple circuit which will generate PWM encoded sinusoidal waveforms to drive output transistors in a variable frequency drive. Show the signal waveforms at relevant points within the circuit.
[15 Marks]
b. Explain how it is possible to control torque and speed of a synchronous AC motor using a variable frequency drive
[10 Marks]

a. PWM can be generated using a comparator fed with a triangle waveform at the PWM frequency and a sinewave at the desired output frequency.  The comparator will output a square wave with pulse widths modulated by the amplitude of the sinewave. When the amplitude of the triangle wave is lower than the amplitude of the sinewave the comparator’s output will be high and when the amplitude of the triangle wave is higher than the amplitude of the sinewave, the comparator’s output will be low.  The comparator’s output can then be used to drive a power transistor to control the load.

[image: Image result for sine pwm generation using comparator]
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b. The torque of a synchronous AC motor connected to a variable frequency drive can be controlled by changing the relative amplitudes of the sinewave and triangle wave entering the comparator.  This will have the effect of reducing the average voltage recovered from the PWM signal and hence reducing the RMS voltage supplied to the load.  
The rotational speed of a synchronous AC motor connected to a variable frequency drive can be controlled by varying the frequency of the sinewave it produces.  This change in frequency produces a change in rotational speed as the speed of a synchronous AC motor is governed by the frequency of its power supply. 

4. Explain the operation of a stepper motor as shown below.  Explain the excitation of the coils and the forces produced when the motor is used in full step mode and in half step mode.  Use a coil switching timing diagram of the phases to aid your answer.

[image: http://www.pcbheaven.com/wikipages/images/howsteppermotorswork_1273218229.png]
[10 Marks]
A stepper motor consists of a permanent magnet rotor and four stator coils.  The coils are activated in a cyclic order, one by one. The rotation direction of the shaft is determined by the order that the coils are activated. Stepper motors may be driven in different ways to achieve modified operations.  
When using Wave drive or Single-Coil Excitation only one coil is energized each time. This method is rarely used, generally when power saving is necessary. It provides less than half of the nominal torque of the motor, therefore the motor load must be light.  As each coil is energized the rotor will rotate such that the magnetic pole of the rotor is attracted to the opposite magnetic pole in the stator. 
In full step mode, the coils are activated in pairs.  According to the connection of the coils (series) the motor will require double the voltage or (parallel) double the current to operate that needed when driving with single-coil excitation. This configuration produces the full nominal torque of the motor.
[bookmark: _GoBack]In Half Step Mode the angular resolution of the motor can be doubled without changing the hardware.  In this method, all coils can be energized simultaneously, causing the rotor to rotate half the way as a normal step.
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