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Question 1
a) A measuring system consists of a transducer, an amplifier, and a recorder, given the following data:
· Transducer sensitivity 0.5mV/oC
· Amplifier gain 2V/mV
· Recorder sensitivity 4mm/V

i. Draw a system block diagram and calculate the overall static sensitivity.
ii. Calculate the recorder reading for temperatures of 10, 65 and 110 oC.
iii. Determine the temperature for recorder readings of 1.5, 4.2 and 6.1mm.
(10 marks)

b) A shaft encoder is to be used with a 40mm radius tracking wheel to monitor linear displacement. If the encoder produces 256 pulses per revolution, give the number of pulses produced by a linear displacement of 150mm.
(6 marks)

c) A strain gauge pressure sensor is required to measure a pressure of around 1500 kPa to an accuracy of ±10 kPa, in an environment where the temperature varies between 0 and 20°C.


Select a suitable sensor from the three listed in the Table 2.1 below. Give reasons for your choice and define why the other two are inappropriate. Note that all percentages are of full range output.


	
	Sensor 1
	Sensor 2
	Sensor 3

	Range
	0.5-1 MPa
	1-5 MPa
	1-10 MPa

	Power Supply
	10V dc
	10V dc
	10V dc

	Full Range Output
	40 mV
	100 mV
	100 mV

	Nonlinearity errors
	±0.01%
	±0.1%
	±0.1%

	Temperature range
	0 to 120°C
	-50 to 120°C
	-50 to 120°C

	Thermal zero shift
	0.03% /°C
	0.0015% /°C
	0.0015% /°C

	Thermal shift sensitivity
	0.03% /°C
	0.0015% /°C
	0.0015% /°C


(Table 2.1)
(10 marks)


d) A first order sensor is subjected to a step change (unit step) in sensed variable. If the time constant for the sensor response has been identified at 0.1seconds plot the response, on the graph paper provided, until a steady state condition is achieved. 
(8  marks)



Question 2

a) Show that the closed loop transfer function for the system shown in Figure Q2.1 is:
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Figure Q2.1 Closed loop block diagram for non-unity feedback system
(10 Marks)

b) A temperature control system is used to keep the temperature of a tank in a food production plant, at a constant temperature, after heating it from ambient temperature.  The tank can be modelled as a first order system, with a steady state gain K=1.4 and a time constant =500 seconds.  The system is to be controlled using a proportional only controller of gain Kp, a temperature sensor with gain Ks=1 and the system includes a power amplifier of gain Ka=2, as shown if Figure Q2.2
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Figure Q2.2 Block diagram of temperature control system

i) Determine the value of Kp that will produce a closed loop time constant of 180 seconds.
(18 marks)
    ii)  Discuss the limitations of proportional only control for this system, with respect to steady state performance as a regulator.
(6 Marks)

Question 3

The load attached to a particular electric motor can be described as a rotary machine for crushing copper ore in a ball mill, and can be represented schematically as in Figure 3. The load has an inertia J kgm2. The viscous friction is assumed to be proportional to the angular velocity of the rotating load (dθ/dt = ω), having a coefficient of viscous friction f Nm/(rad/s).

[image: ]

a) If T Nm is the torque applied to the load through a rigid shaft and ω radians/sec is the angular velocity of the load, determine the transfer function of the load in standard first order form:

 ….

(14 marks)

b) Thus find an expression for the time constant and gain values.
(6 marks)
c) 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)
d) Describe using sketches of the input and output as time passes, the differences in step responses for systems that can be described by:


Zero order,  = K

First order,  = 

Second Order,  = 

(6 marks)

Question 4

The level in a lubricating oil header tank for a large gas turbine is controlled to maintain a constant oil pressure. The tank has a constant cross-sectional area A and the flow from the tank is (assumed to be) proportional to the tank level, (with a constant of proportionality k). 

The closed loop control system is shown in Figure Q4. 

1A. Determine the closed loop transfer function of the system, using Gc as the controller transfer function.					                        16 marks

1B. If Gc = 2  (a Proportional only controller),
k   =  0.01 (m3/s)/m,
A  =  2 m2								
and, in general, for a first order system   o=i(1-e-t/)
[bookmark: _GoBack]Determine the level in the tank after 100 seconds, if the demand level is suddenly increased from 0 to 1.5 m.				            12 marks

1C. Suggest a controller to replace Gc which will eliminate any steady state error, explain why and show (the general form of) its transfer function.
6 marks








Figure Q4  Block diagram of the level control system.
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The load attached to a particular electric motor can be described as a rotary machine for crushing
copper ore in a ball mill, and can be represented schematically as in Figure 3. The load has an
inertia J kg.ni’. The viscous friction is assumed to be proportional to the angular velocity of the

rotating load (- % ), having a coefficient of viscous friction f Nm/(rad/s).
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Figure 3 Schematic diagram of
the inertial and viscous friction
load

a) If T Nm is the torque.applied to the load through a rigid shaft and © radians is the
angular displacement of the load, determine the transfer function of the load in the

form:
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