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MODULE CODE: ACMA5001

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) The physical quantity measured by a transducer is known as the measurand.  What is the ideal relationship between the transducer output and the measurand?

										(2 marks)
(b) Describe what is meant by the term hysteresis in the context of a measurement transducer and include a suitably labelled diagram to illustrate your description.

(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 linear positioning measuring system is used to monitor the linear displacement of a machine-tool bed in a single axis of movement (1 Degree of Freedom), whereby the display device produces a visual representation of position as a graduated linear scale.  The instruments that comprise the measuring system, along with their individual sensitivities are as given:

	Linear Potentiometer 			75 mΩ/mm
	Wheatstone bridge			150 mV/Ω
	Voltage Amplifier (gain)		100 V/V
	Display device				1.78 cm/V

(i) Determine the overall system sensitivity.
(ii) What is the linear displacement of the machine-tool bed if the display device shows a reading of 12.75 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) Define what is meant by a control system and describe the particular attributes and benefits of automatic process control.
											(5 marks)

(b) A control strategy would be required to control a continuous industrial process operation to achieve a desired process response.  One such device for undertaking this task is a PID controller.  Discuss what is meant by PID and include a suitable response graph to illustrate your discussion.  What process variable to highly suited to use of a PID controller?

										(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) Control of volumetric flow rate of a feed material in a food manufacturing plant is achieved by a closed-loop control system which consists of a sensor whose transfer function is 10.0 mA/V is in series with a process control valve with a transfer function of 2.5 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 simple electrical circuit comprises of a resistor R in series with an inductor L.  When subject to a step input voltage V across these two components at time t = 0 seconds, the first order differential equation for the system is:

					

where, i is the instantaneous current flowing through the circuit.
(i) Write the above differential equation in a solution form for the instantaneous current i.
(3 marks)
(ii) Given that the value of resistance is 2.5 Ω and inductance is 500 mH, determine the time constant of the system.  Also, sketch a typical graph that represents the response of this first order system to a step input, indicating how i varies with increasing time from 0 to 2 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

The mechanical damping system of a washing machine consists of a mass-spring-damper arrangement.  In simple terms it can be modelled as a single Degree of Freedom (1 DoF) system for a single plane of vibration.  The dynamic characteristic of the system is modelled by the following second order differential equation, where the mass is given as 14.5 kg, the coefficient of damping is 200 N s/m, and the spring stiffness is 4 kN/m;

				

(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 5 % 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) To reduce the maximum displacement of the mass in order to protect other components of the washing machine from impact, the peak overshoot (of displacement) should be no more than 12.5 %.  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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