University Examinations 2014/2015
Third Year Second Semester Exams for the degree of

Bachelor of Engineering

in

Mechanical & Production Engineering and

Manufacturing & Textiles Engineering
Course Code:  ECE 302
Course Title:  Control Systems
Instructions to candidates:

Answer any 5 of the following 7 questions

All questions carry equal marks

(1) Laplace Transform Pairs, 
(2) Essential Formulae,

(3) Semi-log Graph and (4) Ordinary Graph Paper have been provided.
1. (a) Explain what you understand by the terms Open-loop and Closed-loop control.
[2 marks]

(b) (i)A process under:- a) open loop control; -b) closed loop control changes process parameters  from P to P+ ΔP. In each case and with the aid of appropriate diagrams, show how the output will respond to the changes in parameter.
[6 marks]

(b) (ii)A process under:- a) open loop control; -b) closed loop control has constant parameters but a disturbance Δy affects the output y. Illustrate this with appropriate figures and proceed to demonstrate how each of these processes will cope with the disturbances.
[6 marks]

2. (a) Define the following terms as understood in signal flow graph notation.
(i)Self-loop
(iii)Forward Path
(iii)Gain
(iv)Source 
[4 marks]

(b) (i)(a)Explain how the variables y(s)......e(s) in the following equations will appear, in the process of making a signal flow graph. 

[1 marks]
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(b) (i)(b)Proceed to illustrate the relationships shown in (b) (i)(a) graphically.
 [2 ½  marks]

(b) (ii)Construct the signal flow graph from the block diagram Fig. Q2B(ii) and find the transfer function 
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 [6 ½  marks]

feedback signal. Demonstrate, after testing each configuration that achieving and maintaining the objective is not possible with one of the configurations.
[6 marks]
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Fig. Q 2B(ii)
3.  (a) (i)Obtain the mathematical model, in differential equation form, of the events taking place in Fig.Q3A.
[2 marks]

(a) (ii)Determine with respect to  Fig.Q3A, the Transfer Function under Zero-Initial conditions relating x(s) and g(s).
[1 marks]

(a) (i)Basing on a second order prototype equation, find the natural frequency ωn and the damping ratio ς of the process in Fig.Q3A.
[3 marks]
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Fig.Q3A

(b) (i)Show, that the process of oscillations, where the output variable is θ, in the simple pendulum is non-linear.
[4 marks]

(b) (i)Basing on the result found in b(i) get the linearized model.
[4 marks]
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Fig.Q3B
4. (a) (i)Define Rise time and Delay time.[2 marks]
(a) (ii)Under the conditions that 
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 ,where 
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, and the input u(s) is a unit step while ωn =4
· Find the time the response will rise to its peak. [1 marks]
· The magnitude of the peak above the final value. [1 mark]
 (b) A function G(s), where 
[image: image13.wmf]2

2

2

2

)

(

n

n

n

S

S

s

G

w

xw

w

+

+

=

 and 
[image: image14.wmf]1

0

<

<

x

, is given.

(i) Expand G(s) into partial fractions.[6 marks]
(ii) Verify, that the inverse transform of G(s) is 
[image: image15.wmf])
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[4 marks]
5. (a) (i)

· Derive an expression of the steady state error in the feedback process of Fig.Q5a. 

[2 marks]
· Assume in Fig.Q5a that r(s) is a unit step input. Derive the expression for the step error constant Kp.
[2 marks]
5. (a) (ii) A plant G(s) =
[image: image16.wmf]3
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 and its feedback H(s)=1. When commanded with an input 
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, what will be the final error between the command and its response?[2 marks]
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Fig.Q5a
5. (b) A plant G(s)= 
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, is placed under unity feedback (H(s)=1) control. Construct the root locus as the gain parameter K is varied from K=0 to K=∞.

[8 marks].
6.  (a) Draw the Bode plot of a unity feedback system with an open loop transfer function of 
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. Determine the value of Gain Crossover Frequency and the Phase Margin
 [9 marks]
(b) It is desired to graphically observe a dynamic model of the form 
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, where U(t) is an appropriate value of step input that makes the final value of y(t)=1. Perform appropriate Amplitude and Time scaling operations on the model. Hence determine the appropriate coefficients and total time to be needed in observing the model response.
[5 marks]
7. (a) The S-domain expression 4S3+20S2+8S+9=0 is a characteristic equation of some process transfer function. Applying either the Huritz or Routh stability criterion, determine whether this process has stability.   
[2 marks]
(b) (i)Draw the Polar Plot of the function G(s)H(s)= 
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[10 marks]
(b) (ii)Establish, by applying the Nyquist criterion on the polar plot,  whether the system is( or is not) stable. 
[2 marks]
------------- END OF EXAM -------------

(Appendices Follow)

Appendix 1:Laplace Transforms

	
	F(t)
	F(s)

	1
	Unit Impulse
	1

	2
	Unit Step
	1/s

	3
	t
	1/s2

	4
	e-at
	1/ (s+a)

	5
	te-at
	1/(s+a)2

	6
	Sin ωt
	ω/(s2+ω2)

	7
	Cos ωt
	s/(s2+ω2)

	8
	[1/(b-a)](e-at-e-bt)
	1/[(s+a)(s+b)]

	9
	[1/(b-a)](be-bt-ae-at)
	s/[(s+a)(s+b)]

	10
	1/(ab) [1+ 1/(a-b) [be-at-ae-bt] ]
	1/[s(s+a)(s+b)]

	11
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	FOR Second order prototype
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	Settling time, ts
	ts=
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	Peak time
	tp=
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	Maximum overshoot
	Mp=
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