M6X00375 : Power Electronics and Drives
May 2018 Exam Answers
Question 1
what is the cutting feed rate
	cutting feed rate =cut depth per rev * RPM
	cutting feed rate = 0.12 *2400 = 288mm/min

	What is the rpm of the drive shaft
	rpm of drive shaft = feed rate / drive screw pitch
	rpm of drive shaft = 288/0.75 = 384rpm

what is the operational frequency assuming various pole motor and assuming zero slip
	frequency = no of pole pairs * rpm / 60
	2 poles 		- frequency = 1 * 384 / 60 = 6.4Hz
	4 poles 		- frequency = 2 * 384 / 60 = 12.8Hz
  	8 poles 		- frequency = 4 * 384 / 60 = 25.6Hz
16 poles	- frequency = 8 * 384 / 60 = 51.2Hz

	Force needed to drive the base
	Force = mass * 9.8 = 300 * 9.8
	Force = 2940 N

  

Tl= load torque in Nm			F = load weight in Newtons
Sp= Lead screw pitch			 = Lead screw efficiency
= lead screw friction coefficient	F0 = preload = F/3



This is the minimum theoretical torque required.
doubled to 0.7Nm.

The specification of the motor to drive the cutter base as described would be:-
Number of poles = 16
Torque = 0.7Nm
Vac	= 240V @ 50Hz



Question 2
A. [image: ] 








Operation of circuit
In normal operation the PD across +V and 0V will not exceed the voltage rating of the Zener-diode, the voltage across R is therefore 0V.
Should the PD across +V and 0V exceed the voltage rating of the Zener-diode, the over voltage will appear across R, any transient spike which occurs should be removed by the capacitor C. Any steady state overvoltage will result in capacitor C charging which will result in the thyristor gate voltage increasing and switching on the thyristor. As soon as the thyristor begins to conduct fuse F will blow safeguarding the rest of the circuitry.
4 marks
B.  A suitable power switch for use in the control system outlined in the question would be a IGBT.
The reasons are as follows:-
High switching speed - < 100Khz
High power handling - < 1.5kA
High voltage handling - < 3.3kV
Additionally the control circuitry for an IBGT is relatively simple.
4 marks


C. [image: http://pcbheaven.com/wikipages/images/howbrushlessmotorswork_1269534181.png] 

a. Placed around the rotor, there are 4 magnets in a North-South-North-South configuration. There are 4 coils.
[bookmark: _GoBack]The windings of the coils are not all the same direction. 2 neighbor coils can never have the same magnetic polarity. The coils are connected in pairs, either with the opposite coil, or in two pairs or neighboring coils as shown in the image (top right).
The simple operation cycle is, the hall effect sensor will switch on the one of the coil pairs dependent upon the polarity of the magnetic pole in front of it. 
[image: ]








b. The Hall effect sensor cannot determine exactly which pole is in front of it. This is not really a problem as - imagine that the sensor senses the wrong pole and powers the wrong coils. What will the effect be? For a fraction of a millisecond the motor will try to rotate the wrong way, but, a few degrees of rotation will bring the correct pole in front of the Hall sensor and it will immediately change the coils. The motor will then rotate in the correct direction.
8 marks

D. 
a. Full step - Single stepping mode - in this method, the coils are organized and energized 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.
2 marks
b. Micro-stepping - Micro-stepping is the most common method to control stepper motors. The operation of micro-stepping is achieved by powering the coils of the motor NOT with pulses, but with a waveform similar to a pseudo-sine waveform. This way, the transition from one step to the next is smoother, making the stepper motor suitable to be used for high accuracy applications such as CNC positioning systems. Also, the stress of the parts connected on the motor, as well as the stress on the motor itself is significantly decreased. With micro-stepping, a stepper motor can rotate almost continuous, like simple DC motors.	
2 marks


Question 3
A. [image: ]

The rectifier converts the incoming AC to DC
The filter is used to smooth the previously rectified DC.
The inverter is used to convert the previously rectified and smoothed DC back into an AC form at a frequency and amplitude required by the motor.
2 marks

B. An inverting controller may control the acceleration/deceleration of an induction motor by manipulating both the speed of the motor (by AC power frequency variation) and torque of the motor (by AC power amplitude variation) simultaneously. 
Acceleration is achieved by ramping up of the frequency to the desired level whilst deceleration is achieved by ramping down of the frequency to the desired level. The torque when producing drive or braking may be controlled by controlling the voltage/current applied to the motor.
6 marks


C.  
i) The speed of an induction motor is directly controlled by the frequency of the AC supply. Thus, to vary the speed of the motor the frequency of the output of the inverter must be varied.
To achieve modification of the frequency, the PWM period is varied but the mark / space ratio remains. i.e. if the PWM period is 0.5mS and the number of periods is 40 per cycle the cycle period is 20mS or 50Hz. Should the PWM period be halved to 0.25ms and the number of periods remains at 40 per cycle the cycle period is now 10mS or 100Hz. As can be seen extending the PWM period will lower the output frequency while shortening the PWM period will increase the frequency, the speed will change proportionally with the change in frequency.
ii) The torque of an induction motor may be controlled by limiting the voltage / current supplied to the motor. This type of control may be derived from a PWM based controller by modifying the mark/space ratio.
 i.e. 
to achieve max V output of the system would be given by 
   V * (mark/space ratio).
to achieve an 80% max V output, multiply the mark time by 0.8. =
 0.8 * V * (mark/space ratio).
6 marks


[image: ]
D. 

PWM may be used to generate an approximation of a sinusoidal wave as shown above. 
The average voltage of the PWM signal approximates the red line. 
To achieve this, the PWM period is selected, usually approx. 20 - 100 times faster than the fundamental frequency period required.  The PWM mark / space ratio can then be modified to achieve the required %age of the full output and set to provide a sinusoidal wave.  i.e. an equal mark space ratio will provide an average V * 50% output or V/2. 
The frequency of the output is given by the period of the PWM and the number of periods per cycle. i.e. if the PWM period is 0.5mS and the number of periods is 40 per cycle the cycle period is 20mS or 50Hz. The pulse width and frequency are proportional to the instantaneous voltage of the AC waveform and its frequency respectively.
Once filtered the output from the PWM signal is very close to a sine wave.
6 marks



Question 4
A. 
i) Perturb and observe
In this method the controller adjusts the voltage by a small amount from the array and measures power; if the power increases, further adjustments in that direction are tried until power no longer increases. This method is called the ‘perturb and observe’ method and it is the most common, although this method can result in oscillations of power output. Perturb and observe is the most commonly used MPPT method due to its ease of implementation. Perturb and observe method may result in top-level efficiency, provided that a proper predictive and adaptive hill climbing strategy is adopted.
4 marks

ii) Incremental conductance
In the incremental conductance method, the controller measures incremental changes in array current and voltage to predict the effect of a voltage change. This method requires more computation in the controller but can track changing conditions more rapidly than the ‘perturb and observe’ method (P&O). Like the P&O algorithm, it can produce oscillations in power output. This method utilizes the incremental conductance (dI/dV) of the photovoltaic array to compute the sign of the change in power with respect to voltage (dP/dV). 
4 marks
iii) Current Sweep Method
The current sweep method uses a sweep waveform for the PV array current such that the I-V characteristic of the PV array is obtained and updated at fixed time intervals. The maximum power point voltage can then be computed from the characteristic curve at the same intervals.
4 marks
										 


B. Comparison analysis of methods
Both perturb and observe, and incremental conductance, are examples of "hill climbing" methods that can find the local maximum of the power curve for the operating condition of the array, and so provide a true maximum power point. The ‘perturb and observe’ method can produce oscillations of power output around the maximum power point even under steady state illumination.
The incremental conductance method has the advantage over the’ perturb and observe’ method that it can determine the maximum power point without oscillating around this value. It can perform maximum power point tracking under rapidly varying irradiation conditions with higher accuracy than the ‘perturb and observe’ method. However, the incremental conductance method can produce oscillations and can perform erratically under rapidly changing atmospheric conditions. The computational time is increased due to slowing down of the sampling frequency resulting from the higher complexity of the algorithm compared to the P&O method.
In the constant voltage ratio (or "open voltage") method, the current from the photovoltaic array must be set to zero momentarily to measure the open circuit voltage and then afterwards set to a predetermined percentage of the measured voltage, usually around 76%. Energy may be wasted during the time the current is set to zero. The approximation of 76% as the MPP/VOC ratio is not necessarily accurate though.  Although simple and low-cost to implement, the interruptions reduce array efficiency and do not ensure finding the actual maximum power point. However, efficiencies of some systems may reach above 95%.
8 marks
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