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ONE

(a) Draw a block diagram to represent the recognised functional elements of a measurement system, labelling the elements and signal flows.  Also, explain the function of each of these elements.
										(6 marks)

(b) In terms of the static performance characteristics of a measurement device, describe what is meant by the terms resolution and threshold.
(4 marks)

(c) Describe how a resistance strain gauge may be applied to measure deformation in an elastic body, i.e. what physical parameter of the gauge is being utilised?

(2 marks)

(d) An angular measuring system comprises of an angular potentiometer, a Wheatstone bridge, an amplifier, and a recorder, whose individual sensitivities are:
	Potentiometer 			0.25 Ω/rad
	Wheatstone bridge			100 mV/Ω
	Amplifier (gain)			1000 V/V
	Recorder				2.0 cm/V

(i) Determine the overall system sensitivity, and
(ii) determine the angular displacement if the recorder indicated a reading of 
12.0 cm.
(iii)	What is the function of the Wheatstone bridge element in the measuring system?
									(6 marks)

(e) Why is non-linearity essentially a measure of the error of a measurement device?

(2 marks)



TWO


(a) Sketch and label, with recognised terminology, a general closed-loop control system indicating all signal flow paths.  Also show on the sketch the relationship to an open-loop control system.
											(6 marks)

(b) State two industrial examples of a closed-loop control system.
										(2 marks)


(c) State two advantages of closed-loop control systems, when compared to open-loop control systems.																			(2 marks)


(d) A closed-loop control system comprises of a sensor whose transfer function is 0.1 mA/V in series with a cooling fan with a transfer function of 50 rpm/mA.  If the feedback loop device has a transfer function of 20 mV/rpm, determine the overall transfer function for the control system.
(4 marks)


(e) For a closed-loop control system comprising of just one element in the forward path and a single feedback measurement element, by means of a simple sketch, prove that the closed-loop transfer function is given by;

											(6 marks)



THREE	


A simple float-controlled water level system within an enclosed vessel is found to have the following system differential equation;

					

where, k is a constant of proportionality, h is the instantaneous height of water level within the vessel, and H is the final level of the water.

(a) What is the solution of the system differential equation, i.e. how does the instantaneous height vary with time?
										(4 marks)

(b) If the constant of proportionality was found to have a value of 0.0625, what would be the time for the system to reach its final level?
											(3 marks)
(c) Sketch a typical graph of the instantaneous height of water level within the vessel, if the water inflow valve was suddenly opened (i.e. a step input).  Your graph should be representative of the value determined in part (b) above.

(6 marks)

(d) Describe what would happen to the height of water level within the vessel if the inflow valve was closed before the instantaneous height of water level was able to achieve its final value.  What is this phenomenon typically known as for a control system?

(3 marks)

(e) On a separate sketch to that completed for part (c), show the phenomenon as described in part (d) above.
										(4 marks)					


FOUR

The front wheel suspension system for a downhill mountain bicycle can be considered as a second-order mechanical system, and is modelled as a mass/spring/damper arrangement, whereby the system differential equation is given as;
				
Force F is the applied step input to the system as a result of the front wheel striking a hump abruptly, where m = 7.5 kg, the coefficient of damping C = 40 Ns/m, spring stiffness k = 300 N/m, and F = 800 N

(a) Determine the damping ratio for the system, and hence state whether the system is underdamped, overdamped, or critically damped.

										(5 marks)


(b) For the value of damping ratio determined in part (a) above, calculate the percentage peak overshoot, the rise time, peak time and 2 % settling time.

										(6 marks)


(c) Sketch a representative response of the output from this second-order system to a step input, including the values as found in part (b) above.
											(4 marks)


	(d) In order to control the ‘rebound’ of the bicycle suspension system so that the 	peak overshoot is no more than 15 %, what value of damping ratio would achieve 	this criterion?

											(5 marks)

Formula Sheet
Closed-loop
[bookmark: _Hlk510009097]Transfer Function:	

Steady-state Error:	

1st Order Systems

General differential equation:	  

or,					  

Time domain form of differential equation:	

or,					

2nd Order Systems

General differential equation:	

or,					

Percentage maximum overshoot:	

Settling time: 	2%, 	and,	 5%, 

Rise time:  		Peak time:  

Damped frequency of oscillation,  
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