[image: U:\UWTSD Logo.jpg]


	LOCATION: Swansea 
	LLEOLIAD:  abertawe

	LEVEL 5
	LEFEL 5

	EXAMINATION PERIOD

	CYFNOD ARHOLIADAU

	January 2021
	ionawr 2021



MODULE CODES: ACMA5008 & ACMA5001

THERMOFLUIDS and CONTROL
CONTROL and AUTOMATION 

TIME:  2 HOURS 


answer THREE out of FOUR QUESTIONS 

Equipment or materials required – None
Adnoddau neu ddefnyddiau sydd eu hangen – Dim

A formula sheet is provided for reference.

University approved calculators are permitted.







ONE

(a) Transducers are used for the conversion of one physical quantity into another and perform a significant role in a measurement system.  What are the prime differences between what we may term as measurement and what we describe as monitoring?
										(2 marks)
(b) All instruments contain inherent inaccuracies hence it is important to understand the form of the error in order to provide an estimate of the uncertainty in the measurement.  What are the two types of error typically found when taking a measurement, and describe their fundamental differences?
(4 marks)

(c) Describe how a resistance strain gauge may be applied to measure pressure and what physical parameter of the gauge is being utilised?

(3 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)

(e) Non-linearity of a measurement instrument is generally quoted as a function of the error when the instrument is used.  By means of a suitable sketch, describe what is meant by non-linearity and the equations that quantify it.
(5 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) A simple continuous closed-loop control system can adopt a proportional control strategy.  Describe what is meant by proportional control and by means of a suitable sketch, show the particular error that is associated with such a control mode.

										(5 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 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.																								(3 marks)

(e) Give two industrial examples of closed-loop control systems.

(2 marks)






THREE

(a)
A closed-loop control system comprises of a controller whose transfer function is 15 in series with a d.c. motor with a transfer function of 0.35 rpm/V.  

(i) Determine the required transfer function of the measurement system in the feedback path that would ensure that the steady-state error of the system is zero.
(6 marks)
(ii) Using the value of transfer function for the feedback loop element determined in part (i) above, show that for a 15 % reduction in the transfer function of the controller, the steady-state error is no more than approximately 3.5 % less than the input quantity. 
(3 marks)

(b)
A 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), the pressure drop across the accumulator (pc) is given by; 
				

(i) 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)
(ii) Sketch a typical graph that represents the response of this first order system to a step input, indicating how pc varies with increasing time from 0 to 15 seconds.
(4 marks)
[bookmark: _Hlk56429782](c)	The dynamic response of a typical first order system may be represented by the relationship , where  is the overall system response.  Describe the meaning of the other two terms in the equation and show their relationship on a simple sketch.
											(4 marks)
FOUR

A series Resistor, Inductor and Capacitor (RLC) circuit is considered to be a second order system.  A step change in the supply voltage, by suddenly activating a switch, results in a current flow in the circuit.  The dynamic characteristics of the system is modelled by the following second order 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 current flow in the circuit 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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