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1. Working principle of induction motor
Made out of stator and rotor
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Stator is made out of layers of thin steel laminations inside iron frame and it has slots for the winding
3 phase current passing through 3 windings induces a couple of rotating magnetic field spinning in opposite directions which means that magnetic fields will transition between windings as AC current inside them varies. The speed of rotation of the magnetic field is known as synchronous speed.
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Putting any conductor inside fluctuating magnetic field will result in E.M.F being induced which in turn produces current through the loop back which creates a reaction as if current carrying loop was placed inside magnetic field.
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3 rotating magnetic field from 3 phase AC current will cause bar of the squirrel cage to rotate from induced current. The squirrel cage has a variation in its bars to counter difference in rate of change of magnetic flux.
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Inside the rotor, there are insulated iron core lamina which further help electromagnetic induction. The bars of a squirrel cage are also slightly inclined to the axis of rotation which prevents torque fluctuations which essentially makes 3 phase induction motors self-starting.
A synchronous motor is expecting to be rotating at the speed of rotating magnetic field but when motor is running at a speed matched to the frequency it would experience constant magnetic field and therefore it won’t induce any E.M.F nor current which means it would gradually slow down.
Slowing down means varying magnetic field which cause rotor to speed up essentially meaning that rotor would never be able to catch up with the speed of the magnetic field.
Difference between synchronous and rotor speed is known as slip.
2. Maximum point tracking
The increase in temperature causes a solar panels resistance to increase. The resistance reduces the amount of current flowing and therefore, loses power. Maximum Power point tracking allows a solar PV inverter to modulate input resistance based on changes in solar panel performance. This is possible by measuring voltage and current coming from the panel and using this data to match input resistance with output resistance which allows maximum power transfer.
3. Suggest a transistor technology
Three phase 250kVA
Terminal Voltage 6kV
12 pole pairs
From 0 to 1000 RPM
Switching speed 20 pulses per cycle

kVA = kW = 250kW




12 pole pairs

V = 6kV, I = 41.7A, f = 200Hz

Gate switching frequency


	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



Voltage ratings for bipolar and MOSFET are too low to be suited for this application. All transistors have suitable current ratings.
The transistors would be connected in push pull configuration for each phase in a way that allows each phase to be connected to either positive supply or the ground.
Transistors will be driven by a microcontroller that would switch them on using PWM. When top transistor is on the output is positive and when bottom one is on, the output is negative. Additional diodes fitted between collector and emitter of the transistors to protect them from back EMF from the rotor.
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4. Compare Diodes, Thyristors, IGBT
Diodes:
	Diodes can only rectify signal.
	Cheap and simple
Thyristors:
	Can rectify signal
	Allow control of phase angle
	Needs extra circuitry
	Needs Filter
IGBT:
	IGBT converts AC to DC and it can work both ways via regenerative breaking
	Introduces harmonics into the signal
	Needs Filter
	Very expensive
	Complicated to drive
5. Use of Thyristor for over-voltage protection
[image: ]
When voltage between V0 and V+ does not exceed rating of the Zener diode therefore voltage at R is 0V.
Should the rating of the Zener diode be exceeded, diode starts conducting which then voltage will appear across R with a spike that is removed by a capacitor C. Constant over voltage will result in capacitor charging up, increasing voltage at the gate of a thyristor until it switches on. When thyristor starts to conduct, the fuse F blows and protects the rest of the circuitry.
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