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Question 1

a)
i. Use a block diagram to show a classical representation of a complete measuring system and clearly label the individual elements.
(5 marks)

ii. With reference to the diagram write a definition for the key constituents.
                                                                                                      (5 marks)
b)
 Give definitions, formulae where applicable and examples for the following
i. Range, Span or FSD
ii. Resolution
iii. Accuracy
iv. Static sensitivity
(10 marks)


c)
Give clear and concise statements to define the following.

i. Hysteresis
ii. Non-linearity error


(4 marks)
d)

i) A pressure gauge has a range of 0-30 bar and is guaranteed to be accurate to within ±2% FSD. Calculate the possible pressure range when the gauge indicates 18bar.
(3 marks)

     ii)  The diagram shows a system for measuring rotational speed.
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The tachometer produces one cycle of electricity for every revolution. The f/V converter converts the frequency into mV such that V = 0.4f. The V/I converter produces an output of 2mA/mV. Calculate the output when the tachometer is turned at 1500rpm.										 (7 marks)
                                                                                                                          
Question 2

a) Give clear and concise statements to define the following:

i. Static characteristics
ii. Dynamic characteristics

(4 marks)

b) List the steps in solving the output response of a dynamic system by using the Laplace transform and inverse Laplace transform. Describe one advantage of using the Laplace transform for control system design.
										
(8 marks)


c)
The speed control of a d.c. motor is implemented using a proportional only controller Kp as shown in Fig Q1. The transfer function G(s) for the motor is a 1st order and has a steady state gain of 0.8 and a time constant of 0.6 seconds. If the velocity measurement transducer (a tacho-generator) H(s) is a zero order system with a gain of unity :

i. Determine the value of the proportional only controller gain Kp given that the desired closed loop time constant is to be 0.14 seconds                                         
(16 marks)
ii. Explain the effect that a reduction of Kp would have on the steady state gain of the closed loop system.                                                                                   
  (6 marks)
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Fig Q1 Block diagram of a d.c. motor speed control system
Question 3


a) For the following identify two applications and include in your answer one advantage and one disadvantage for each.
i. Open loop control
ii. Closed loop control
 (6 marks)


b) Draw a block diagram for a closed loop control system and describe the function of each component.
(12 marks)


c)	 PID type controllers are often found in closed loop control systems, especially in process control applications. Explain each control term listed below and the effects of using the three control actions together.

i. Proportional Control
ii. Integral Control
iii. Derivative Control
				
	 
(6 marks)

d)  Using the standard 1st order system formation for each of the following systems calculate the time constant
(10 marks)
i. 



ii. 







Question 4

An acceleration sensing element (accelerometer) on a flight simulator has a frequency response as shown in Figure Q4. The accelerometer is used to measure the flight simulator pod acceleration for control purposes. However, the accelerometer is able to detect a high frequency noise signal which is virtually sinusoidal and is caused by the transmission of mechanical vibrations through the structure from the system’s hydraulic pump. If the frequency of the noise is 100Hz;


A. Determine the precise amplitude and phase effect the accelerometer system’s frequency response will have on the sinusoidal disturbance signal, if the noise has a measured amplitude of 0.2m/s2. Use sketches to show your reasoning.
(15 marks)


B. Discuss how high frequency noise can be removed from a signal, and why this may be desirable, particularly if the signal is to be sampled and stored in a computer.
Include in your answer suitable sketches and make reference to Nyquist-Shannon sampling theorem.	
(19 marks)
[bookmark: _GoBack][image: ]

Figure Q4 Bode diagram frequency response of the acceleration measuring system
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6. The diagram shows a system for measuring rotational speed.

frequency

Input speed output mv mA
rev/min > v ™ v
fHz

converter converter

The tachometer produces one cycle of electricity for every revolution. The f/V converter
converts the frequency into mV such that a V= 0.6 f. The V/I converter produces an output of
0.8 mA/mV. Calculate the output when the tachometer is turned at 3000 rev/min. (24 mA)

7. The diagram shows a system for measuring temperature and producing the result in the form of
a current in the range 4 to 20 mA.

V1 Amplifier Vi

e Theﬁnocn\lple
" 6=200 " 02mAmv [™

0.004 mV/ °C

Determine the current when the temperature is 120°C. (19.2 mA)
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