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ANSWER ALL QUESTIONS

1. Describe the PID controller, the signals present, coefficients and their functions.
[5 Marks]
The PID controller provides a mechanism for maintaining the output of a specific process within a desired range.  Using feedback, the process output is compared to the desired set point and an error signal is calculated.  This error signal is then processed using proportional, integral and derivative computation elements.  The proportional section multiplies the error signal e(t) by a constant Kp.  The proportional section accounts for the present values of the error.  The integral section multiplies the integral of the error signal e(t) by a constant Ki.  The integral section accounts for past error values by allowing an accumulation of the error over time.  The derivative section multiplies the derivative, or the rate of change, of the error signal with a constant Kd.  The derivative section accounts for possible future error values based on the current rate of change of the error signal.  The outputs from all three processing sections are then summed and used as the control input to the process.  This is shown in the diagram below.
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2. Develop the transfer function for the system shown, sketch the pole-zero plot and comment on the stability of the system.
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Where,



Given that the gain of the forward path is 1.25, the time constant of the forward path is 0.25 seconds and the time constant of the feedback loop is 0.1 seconds.
[15 Marks]












Multiply top and bottom by 



Multiply top and bottom by 





As zeros do not affect system stability, they can be ignored for the purposes of this.
To find locations of poles, set denominator to zero and find roots.



Factored as a quadratic equation and a multiplicand



First root is at , remaining roots can be found by solving the quadratic  using:


Where: , , and 








Final roots are a complex conjugate pair located at:
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From the pole zero plot, it can be seen that because all the poles lie in the negative real half of the plot, the system is stable. The single pole at s=-4 will produce a decaying response with a time constant τ of second. The complex conjugate pair of poles will produce an oscillatory component  which will decay in approximately four times its time constant: (sec)  sec.



3. Using the root locus method, determine the value of K that will make the system critically damped, given the  transfer function:



[10 Marks]
Using:

Where: , , and 
The value of the discriminant will be zero when the system is critically damped.







To sketch the root locus, the value of K will be stepped from 0 to 0.5 in increments of 0.1, and including an additional value K=0.25, as shown in the table below. The roots are then calculated using the equation :



	K
	Root 1
	Root 2

	0
	0
	-1

	0.1
	-0.1127
	-0.8873

	0.2
	-0.2764
	-0.7236

	0.25
	-0.5
	-0.5

	0.3
	-0.5+j0.2236
	-0.5-j0.2236

	0.4
	-0.5+j0.3873
	-0.5-j0.3873

	0.5
	-0.5+j0.5
	-0.5-j0.5



X
X
X
Re(s)
Im(s)
X
X
X
X
X
X
X
X
X
X
X
Critically damped 
At s=-0.5

4. Describe the key specifications you would consider when selecting a temperature sensor.  Compare the temperature sensor requirements of a control system for 
a. A blast furnace in the steel manufacturing process
b. An electric blanket
[5 Marks]

When selecting a temperature sensor for a specific task, the following parameters must be considered:
· Operating Range; the temperature sensor must be able to measure the expected range of temperatures present in the environment of the end application. 
· Sensitivity; the change in output per change in input must be appropriate for the end application.  This parameter is loosely linked to the operating range of the sensor in that the sensor will have both a finite range and a finite output capability; therefore temperature sensors with a large range are likely to have a low sensitivity, whereas temperature sensors with a small range are likely to have a high sensitivity. 
· Linearity; the output of the temperature sensor, ideally, should be perfectly linear with respect to the change in temperature seen by it. 
· Hysteresis in a temperature sensor is the difference in sensor output for a given temperature during the heating and cooling cycles.  Hysteresis in a measurement based control system could introduce uncertainty and inaccuracies in the measured value; but in an on-off type control system, hysteresis can provide a dead band for the controller which will reduce the frequency of operation of the controlled device.
· Cost; the temperature sensor should be as cheap as possible, in some circumstances high cost is unavoidable, e.g. in the case of a temperature sensor for either very high operating temperatures, or very low operating temperatures would be very costly.

A temperature sensor for a blast furnace should have an operating range of several thousand degrees Celsius, a low sensitivity, good linearity, low hysteresis and low cost, although a sensor of this specification is likely to be expensive.
A temperature sensor for an electric blanket should have a small operating range of maybe a hundred degrees Celsius, a high sensitivity, good linearity, low cost; some hysteresis could be tolerable in this application if an on-off controller is used.

5. Determine the transfer function of the system in the block diagram below. Plot the poles and zeros of the transfer function given .
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[15 Marks]







Using   where H is the transfer function of the feedback network, in this case H=1








Multiply top and bottom by 1+0.1s


As there is no ‘s’ value in the numerator, there are no zeros.
Poles are given by the roots of the denominator:
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X
Single pole
At s=-36.4
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