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ONE
The static performance characteristics of industrial sensors categorise their operating parameters, and allow an engineer to choose the most suitable instrument for a given application.

(a) For the following list of static performance characteristics, define what is meant by the given terms and include sketches and equations where appropriate:
· Resolution
· Threshold
· Repeatability and Stability
· Non-linearity
										(10 marks)
(b) What static performance characteristic accounts for the possibility of environmental changes when using a measuring device?
(2 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) A simple displacement measuring system is used to monitor the angular displacement of a telecommunications mast due to wind loading.  The instruments that comprise the measuring system, along with their individual sensitivities are as given:
	Angular Potentiometer 		0.75 Ω/rad
	Wheatstone bridge			150 mV/Ω
	Voltage Amplifier (gain)		500 V/V
	Recording device			1.0 cm/V

(i) Determine the overall system sensitivity.
(ii) What is the angular displacement of the mast if the recording device displays a reading of 8.5 cm?
(iii)	What is the function of the Wheatstone bridge element in the measuring system?
									(6 marks)


TWO


(a) Describe the fundamental difference between an open-loop control system and a closed-loop control system.  Your description should include the differences in instrumentation and the operational characteristics of the two systems.

											(5 marks)

(b) Open-loop control systems adopt either ‘on-off’ switching or timed switching sequences to enable control strategies.  Describe the control strategies termed ‘two-step mode control’ and ‘Proportional control’ in relation to closed-loop control systems.  Include suitable sketches to illustrate these two control strategies.

										(6 marks)

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

										(5 marks)

(d) A closed-loop control system used to adjust the flow rate of liquid into a reaction vessel consists of a sensor whose transfer function of 5.0 mA/V is 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 150 mV/mm, determine the overall system transfer function for the closed-loop system.																										(4 marks)




THREE


(a) 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 a output pressure drop across the hydraulic capacitance, pc , which is given by the differential equation;



(i) What is the solution of the system differential equation, i.e. how does the pressure drop across the hydraulic capacitance vary with time?  Show your derivation of the relationship.
(4 marks)
(ii) Determine the time constant for the 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) If it is found that the time for the hydraulic system to reach its steady-state output value is 15 seconds, and the value of the hydraulic capacitance in the system is 0.015, determine the magnitude of the system resistance.
(3 marks)
(iv) Sketch a typical graph that represents the response of this first order system, indicating how pc varies with increasing time from 0 to 15 seconds.
(5 marks)
(b) Explain what would happen to the pressure within the system if the supply valve was closed before the system was able to reach its steady-state value.  Illustrate your explanation by providing a simple sketch that shows this phenomenon.
											(4 marks)


FOUR

A heated tank coupled with a controller is considered to be a second order system.  A step change in the feed rate of liquid into the tank, by suddenly increasing the supply valve open position, results in an increase in temperature of the tank.  The dynamic characteristics of the system is modelled by the following differential equation;

				

(a) By determining the damping ratio for the system, state whether the system is considered as 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 of the system.

										(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 oscillatory nature of the temperature increase in the tank 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
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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