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Instrumentation and Control
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answer all questions


Equipment or materials required – Calculator, Ruler, Protractor
Adnoddau neu ddefnyddiau sydd eu hangen - 



ANSWER ALL QUESTIONS

1.  Compare and contrast the features and benefits of a PID controller and a two state controller, giving applications for each.
[10 Marks]
Below is a list of acceptable features of the two controller types, this is not a comprehensive list and other answers are also acceptable. – 1 mark per feature up to four features per controller, 1 mark for each application.
	
	PID
	Two State

	Continuously variable output
	Output is on or off

	Controlled variable has smooth transient response
	Controlled variable will have sharp steps in its transient response

	More complex than a two-state controller
	Simpler than a PID controller

	Response can be tuned well allowing overshoot to be eliminated
	Response can only be changed by adjusting hysteresis



A PID Controller could be used to control the speed or angular position of a motor.
A two-state controller could be used to control central heating in a home.


2. Develop the transfer function for the system shown, sketch the pole-zero plot and comment on the stability of the system.

[image: ]
Where,



The gain of the forward path is 1.7, the time constant of the forward path is 0.2 seconds and the time constant of the feedback loop is 0.5 seconds.
[15 Marks]

	






Location of zeros:





Location of poles


As equation is cubic, it will produce 3 roots.
First root is at:


Second and third roots are at:







	


1 Mark for identification of correct parts for closed loop transfer function







3 Marks for correct reduction of t.f. to two polynomials.





3 Marks for location of zeros














5 Marks for location of poles – broken down as 2 marks for factorising the cubic, and 3 marks for solution to polynomial.



[image: ]
Pole Zero Plot – Students will be expected to sketch the plot in their answer books. 
3 marks for the plot – 1 for labelled axis, 1 for correct location of poles, 1 for correct location of zeros.



3. [bookmark: _Hlk511987440]Plot the Nyquist diagram for the system using values of ω between 0.5 and 4 rad.s-1 given: 
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This table shows some of the possible values for the above equations used in creating the Nyquist plot
	w
	R1
	R2
	R3
	R total
	Theta 1
	Theta 2
	Theta 3
	Theta total

	0.5
	0.894427
	1.138466
	0.707107
	0.720029
	26.56505
	46.39718
	45
	-117.962

	1
	0.707107
	0.644706
	0.447214
	0.203874
	45
	64.53665
	63.43495
	-172.972

	1.5
	0.5547
	0.441519
	0.316228
	0.077447
	56.30993
	72.38742
	71.56505
	-200.262

	2
	0.447214
	0.334388
	0.242536
	0.036269
	63.43495
	76.6075
	75.96376
	-216.006

	2.5
	0.371391
	0.26874
	0.196116
	0.019574
	68.19859
	79.2157
	78.69007
	-226.104

	3
	0.316228
	0.224512
	0.164399
	0.011672
	71.56505
	80.98068
	80.53768
	-233.083

	3.5
	0.274721
	0.192732
	0.141421
	0.007488
	74.0546
	82.25223
	81.8699
	-238.177

	4
	0.242536
	0.168807
	0.124035
	0.005078
	75.96376
	83.21103
	82.87498
	-242.05



[image: ][image: ]
Students will be expected to sketch the plot in their answer books.  I am only expecting to see the lower half of the trace. Marks will not be lost for a trace approaching the origin (from either top or bottom) and stopping.

4 Marks are available for the plot, 1 mark for each - axis, origin, trace, labels
3 Marks for using the correct equations
8 Marks for calculated data points.
[15 Marks]
 
4. Describe the key specifications you would consider when selecting a flow sensor.  Compare the flow sensor requirements for:
a. Controlling the amount of chlorine added in a drinking water chlorination plant.
b. Domestic gas smart meter allowing the customer to see how much gas is being used in their home.

Marks will be given for – sensor range (Physical flow rate range, electrical range), sensitivity, linearity, fluid compatibility – liquid / gas sensor, aggressive environments etc, response time, likely cost.  This is not a comprehensive list and other answers are also acceptable.
[5 Marks]

 
5. Derive the closed loop transfer function for the system given Kp=1, Ki=1 and Kd=1
 
[image: ]

[5 Marks]
	




Forward path transfer function

Closed loop transfer function 


















	1 Mark for PID transfer function







1 Mark for forward path transfer function


















3 Marks for correct closed loop transfer function reduced to two polynomials as shown
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