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UNIVERSITY OF BRIGHTON

SCHOOL OF ENGINEERING

MODULAR HONOURS DEGREE COURSE

LEVEL 3

SEMESTER 2

1998/99

DIGITAL CONTROL OF ENGINEERING SYSTEMS

     
Examiners: Dr J Leary / Dr D Pearce 

Attempt FIVE questions only
Time allowed: 3 hours


Total number of question = 6

All questions carry equal marks

The figures in brackets () indicate the relative weightings 

of parts of a question

The following is supplied:


Table of Z transforms


Linear Graph Paper.

1.
a)
Write down the difference equation for the following block diagram:
(5)
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b)
Does the equation represent forward, backward or trapezoidal integration?
(2)


c)
Draw the block diagrams for the other two forms.

(5)


d)
For the general difference equation given by



show that the block diagram for the control canonical form can be drawn as:

(5)



e)
Describe the form of the alternative observer canonical form.
(3)

2.
In a complex industrial process it would be unusual indeed if all the states were directly measurable, and all the parameters were known accurately in advance and remained constant. Usually the opposite is true, some states are measured, some are not, and the parameters themselves may be relatively unknown and may change with time or process conditions. So in practice, estimation methods are sometimes used to estimate unmeasured states, and identification algorithms may be used to identify unknown parameters.


a)
What is meant by a ‘state’ and a ‘parameter’ and explain the difference  between 




them?
(2)


b)
Give a brief description of the principal methods of:



i)
Estimation
(5)


(5)



ii)
Identification
(5)


c)
In relation to part (b) describe the operation of the following algorithms, stating 




with reasons for which applications they are most suitable?



i)
Least squares
(2)


(3)



ii)
Recursive least squares
(2)



iii)
Stochastic least squares
(2)



iv)
Maximum likelihood
(2)

3.
a)
Explain what the pulse transfer function is and why it is often used in digital 




transfer functions.
(5)


b)
For the following pulse transfer function, 


plot a graph of the gain of the frequency response over the frequency range 


0 – 15Hz when sampled at a frequency of 5 Hz on linear – linear graph paper.
(10)

c) Draw on the same graph an estimate of the frequency response of the equivalent 




continuous time system. Explain the differences between the two curves in terms of aliasing and the Nyquist frequency.
(3)


d)
Why is the peak attenuation of the discrete system constant?
(2)

4.
The three-term or PID controller is the work horse of process control and for many processes gives good performance with reasonable robustness. The digital implementation of three-term control is therefore of major interest. One representation of the general equation for the output of a three-term controller is as follows:



a)
Derive the Bilinear transform , given as follows: 

(5)



b)
Using the Bilinear transform, show that the above general equation for a three term analogue controller can be approximated in a digital computer by the following discrete equation. Explain any assumptions that you make.

(10)



c)
The above discrete three-term controller can be implemented as a difference 




equation in a computer in many ways. Two common methods are the positional algorithm and the incremental algorithm. Describe in detail how you would implement the positioned algorithm, and draw the computer flow diagram.

(5)

5.
The Direct Design method of designing digital controllers is based upon the principle of finding a ‘compensator’ which gives the system a specified closed-loop transfer function. The method has the advantage that it is not limited by the same considerations of implementation that apply to analogue controllers.


a)
Given the following diagram, if the desired final closed loop transfer function is 




F(z), describe the principle of the direct design method and give a general 




solution for the controller transfer function Gc(Z).
(5)


b)
Describe any pitfalls that the designer must be aware of.
(5)


c)
The pulse transfer function for the sampled-data plant with zero-order hold is given by: 


Design a discrete time controller with a sample interval of 10 seconds which gives the closed-loop system first-order dynamics with a time constant of 15 seconds and accurate steady-state reference following.
(10)

6.
As a design engineer working for an electronic s company you have been given 



responsibility for the design of a new low cost digital controller.


a)
Draw a block diagram of the system hardware architecture.
(5)


b)
Describe the function of each part.
(5)


c)
Explain each step in the following flow chart for a digital three term controller in incremental form:
(5)
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d)
Write a software program in either BASIC or C to implement the flow chart in c).  



Show the program listing as source code.  Explain the function of any interrupts.
(5)

� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








Gc(z)








Gp(z)





R(z)





C(z)





E(z)





Plant





Controller





+





-





� EMBED Equation.3  ���





� EMBED Equation.3  ���





z-1





� EMBED Equation.3  ���





z-1





�





+





+





+
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ek





� EMBED Equation.3  ���





Z-1





-a1





-a2





-a3





b0





b1





b2





Z-1





Z-1





Z-1
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e









_983185823.unknown

_986293003.unknown

_986625213.unknown

_981716598.unknown

_983183910.unknown

_983184445.unknown

_981716971.unknown

_981713365.unknown

