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MOI UNIVERSITY EXAMINATIONS

ACADEMIC YEAR 2016/2017
THIRD YEAR EXAMINATIONS FOR THE DEGREE OF BACHELOR OF ENGINEERING IN MECHANICAL & PRODUCTION  AND MANUFACTURING INDUSTRIAL & TEXTILE ENGINEERING:

COURSE CODE: ECE 302

COURSE TITLE : CONTROL SYSTEMS 
INSTRUCTIONS:

1. ANSWER ANY FIVE OF THE FOLLOWING SEVEN QUESTIONS.

2. ALL QUESTIONS CARRY EQUAL MARKS.

3. ORDINARY GRAPH, SEMI-LOG GRAPH PAPER AND LAPLACE TRANSFORMS ARE PROVIDED.

Question One

A)

Define the following as understood in control.

Plant
Feedback control

(2 marks)

B)

Using illustrative diagrams explain how the following effects are mitigated:

(i) Variations in the plant parameters.

(3 marks)

(ii) Inaccuracy of the output while trying to achieve an objective. 

(3 marks)

C)

The steady behaviour of a speed controlling system employing a servo-motor on load is shown in fig. Q1

(i) calculate the speed of rotation of the motor and load.

(2 marks)

(ii) Suddenly the reference voltage is lowered to 50 Volts. Explain what you expect to happen and calculate the new speed.

(2 marks)

(iii) Discuss the physical aspects that might have been ignored in the creation of the above model.

(2 marks)
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Fig.Q1

Question Two

A)

A natural process is described by the following differential equation:
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(ii) Find a Laplace transform expression, Y(s), for y(t).

(1 mark)

(iii)  Express Y(s) through partial fractions and evaluate the required coefficients.

(4 marks)

(iv) Find the time-domain solution y(t).

(2 marks)

B)

(i) Linearize the given differential equations about a point in the domain {ω1,ω2,u(t)}.

(5 marks)
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(ii) Refer to B(i) where point is {ω1,ω2,u(t)}= {2,4,4)} and find the coefficients of the system equations.

(2 marks)

Question Three

A)

With the aid of simple sketches and formulae explain the action, importance, and major draw back for each of the following types of controllers.

(i) Proportional controller.

(ii) Derivative controller.

(iii) Integral controller.

(6 marks)

B)

(i) Make a signal flow graph of the block diagram fig.Q3 (b)(i).

(2 marks)
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Fig.Q3 (b)(i).

(ii) Find the gain C/R for the control system given in fig. Q3 (b)(ii).

(6 marks)
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Fig. Q3 (b)(ii).

Question Four
Let U(s) be a unit-step input. For a normalised second-order differential equation of the form
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(i) sketch and describe the nature of the time-domain response, Y(t),when 
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:-

-equals ZERO.

-equals ONE.

-is between ZERO and ONE.

-is greater than ONE.

(4 marks)

(ii) derive an expression for the peak-time. Hence, given that 
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=0.8 and  
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=1, calculate the time at the second peak (the time of the second maximum above the final value).

(8+2 marks)

Question Five

A)

(i) With the aid of a sketch diagram, derive an expression for the error in a negative feedback controlled system. Find an expression for the steady state value of this error.

(3 marks)

(ii) Using the expression found in Question Five A)(i) derive expressions for the Step-error and parabolic-error constants.

(4 marks)

B)

(i) The characteristic equation of a given system is S4+6S3+11S2+6S+K=0. In order to ensure that the system is stable, establish the restrictions that must be placed on the parameter K.

(4 marks)

(ii) Determine the number of roots with positive real parts for the characteristic equation S4+S3-S-1=0.

(3 marks)
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Question Six

A unity feedback control system is described in fig. Q6.
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Fig. Q6

Q6) Cont.

A)

(i) Find the location of Zeros and Poles of the open-loop transfer function.

(2 marks)

(ii) Perform break-away point analysis where applicable.

(4 marks)

(iii) Find the centre and angles of asymptotes if there are any.

(4 marks)

B)

(i) Draw the root-locus sketch of the system.

(5 marks)

(ii) Using graphical methods locate the point on the root-locus where the closed loop time domain response has a damping ratio of 0.8. Find the gain at this point.

(2 marks)

Question Seven

A)

Draw the asymptotic Bode diagram of the transfer function 
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(6 marks)

B)

The asymptotic Bode magnitude characteristic for a certain open-loop transfer function is given in fig.Q7.

(i) Obtain the closed-loop transfer function assuming that the system has simple poles (with no complex poles).

(4 marks)

(ii) Referring to the closed-loop transfer function found in B(i), calculate the phase of the output in response to a unit impulse when the frequency  ω, taking S = j ω, is 2 Radians per Second.
(4 marks)


[image: image14.wmf]-40 DB /DEC

0 DB /DEC

-20 DB /DEC

w

log

2

4

14 DB

DB. Magnitude


Fig.Q7
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