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ONE

(a) Explain, with the aid of a sketch, why the linear characteristic of a measurement device is fundamental to its operation.
										(4 marks)
(b) What is the fundamental difference between;
(i) Precision and accuracy, and
(ii) Stability and repeatability.
(4 marks)
(c) A linear potentiometer can be used to measure displacement, which can be read on another device.  Show by means of a sketch, the typical configuration of a complete measuring system, labelled with all appropriate terminology.
(6 marks)
(d) An angular measuring system comprises of an angular potentiometer, a Wheatstone bridge, an amplifier, and a recorder, whose individual sensitivities are:
	Potentiometer 			15 mΩ/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 
5.5 cm.
									(4 marks)
(e) What static performance characteristic accounts for the possibility of environmental changes when using a measuring device?
(2 marks)



TWO


(a) Describe the fundamental differences between an open-loop control system and a closed-loop control system.
											(3 marks)
(b) State two industrial examples of a closed-loop control system.
										(2 marks)

(c) A closed-loop control system comprises of a sensor whose transfer function is 15 mA/V in series with a solenoid valve with a transfer function of 0.25 mm/mA. If the feedback loop device has a transfer function of 50 mV/mm, determine the overall transfer function for the control system.																(5 marks)

(d) If the transfer function of the solenoid valve in part(c) above changes by 20 % due to environmental conditions, what will be the change in the steady-state error?
(4 marks)

(e) Sketch a typical response for a first-order system to a step input, which shows the existence of a steady-state error.
(4 marks)

(f) In terms of a simple control strategy, how could an open-loop control system be used to control the operation of the electric motor in an automatic washing machine?
(2 marks)


THREE	


The control of fluid power systems falls into two categories, namely: pneumatics and hydraulics. 

(a) What is the fundamental difference between these two fluids that needs to be considered when designing a control system?
										(2 marks)

(b) Show, on a simple block diagram, what are the recognised input and output parameters of a hydraulic fluid system, and discuss what is meant by the following terms when applied to hydraulic control systems;
· hydraulic resistance
· hydraulic capacitance
· hydraulic inertance
											(6 marks)

(c) A simple hydraulic fluid system comprises of a resistance to flow (R) in series with an accumulator that acts as the hydraulic capacitance (C) in the system.   When subject to a sudden supply pressure (P), i.e. when a valve is suddenly opened fully, it is found to produce an output pressure drop across the hydraulic capacitance, pc , which is given by the differential equation;
					

(i) What is the solution of this differential equation, i.e. how does pc vary with time?
									(4 marks)
(ii) What will be the time constant of this system, and show that when time, t, is equal to 2 time constants, the pressure drop across the hydraulic capacitance is approximately 86 % of the supply pressure P.
									(4 marks)
(iii) Draw a typical graph that represents the response of this first-order system, and indicate how pc varies with increasing time constant.
									(4 marks)


FOUR

An input torque T is applied to a disk with moment of inertia I about the axis of the shaft to which it is fixed resulting in an angular displacement θo.  The shaft is free to rotate at the disk end due to the applied input torque, but fixed at its far end.  The input torque is opposed by the torsional stiffness of the shaft, an opposing torque k.θo occurring, where k is a constant.  Frictional forces damp the angular displacement (rotation) of the shaft and provide an opposing torque of , where C is the coefficient of damping and  the rate at which the angular displacement changes with time.

(a) What is the net torque acting on the shaft when there is a rotation of θo?

										(3 marks)
(b) A net torque causes an angular acceleration of .  Hence, write the differential equation for the 2nd order system in standard form.
										(3 marks)

(c) From first principles, show that the equation describing the coefficient of damping for the system having a damping ratio of 0.85 is given by:

					
											(7 marks)

	(d)  Determine the percentage peak overshoot for the damping ratio value of 0.85.  If 	the value of the undamped natural frequency of oscillation was found to be 3.25 Hz, 	determine the rise time, peak time and 2 % settling time for the system.
											(7 marks)

Formula Sheet

Closed-loop
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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