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INSTRUCTIONS

(1) This paper contains FIVE (5) questions.
(i) Answer question ONE and any other TWO questions.

Question One
1. (a) With reference to Fig Q.1 (a) explain
i) the differentiate between reference input R (s)and disturbance input R.(s)

[2marks]
it) the importance of the control action U(s) [2marks]
Aa(s)
Disturbance
Input
- Cis)
Ai(s) % oo ENS) Controlier |9+ Plant >
Reference Input & _ Control Controlled
I Action Output

Fig Q.1 (a)
(b) Given a proportional controller with a proportional gain constant K, and a plant with

first order dynamics of the form G(s) = 1 Kf in Fig Q.1(a) above, show that

+71s
when () is a unit step and r,(t)is zero, the steady state response is given by;

[Smarks]

=l KK
C(”_[I-JrK,K)

{0
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(¢) In Q.1 (b) above explain the condition for the system to have zero steady state error
[2 marks]

(d) State and explain the two Ziegler — Nichols methods of tuning PID controllers
[4 marks]
(¢) Draw a pole region to satisfy a design problem having the following two specifications
i) Overshoot< 5%
ii) Settling time of < 9s [4marks]

(f) Define rise time and explain how one would choose poles in s - plane to achieve the

shortest rise time. [3 marks]
(8) Inrelation to the concept of dominant pole, explain the effect of introducing a pole to a
second order system as shown below [4marks]
G,(5)= ! .
(sz +1.2s+ l)(l +i]
a
(h) Consider the system G, (s)=— k(s +9) . Explain the condition for G, (s);
: sTlk+Ds+dk -2
To be stable [2marks]
To have zero position error [2marks]

Question Two
2. (a) Derive the control law of a proportional plus integral (P/)controller [3marks]

(b) A block diagram for a liquid level process control system is shown in Fig Q.2 (b).
The system parameters are

A=2m’ R, =15s/m* K =1
H =1V/m K, =0.1m’/sV
Pl Controlter Tank and valve
Control valve
Hd(s) ;,"{ E(S) R K‘ {1 i Nl\‘ U(S) » KV Vﬂ:s)‘ wB{ Ha;s)
e . Ts 1+ARS
He{s)
Pressure tranducer
H; +
Fig Q.2 (b)

i) Find the values of the integral action time 7' and the damping ratio& when the
undamped natural frequency @, is 0.1rad /s . [10marks]
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i1) Find an expression for the time response of the system when there is a step change
ofhi, (1) from O to4m . Assume zero initial conditions. [7marks]

Question Three

3. (a) State the steps involved in the design using root locus method [4 marks]
(b) Consider a plant with the transfer function

s+4

)= G )

Design (using the root locus of 1 + kG(s) = 0 and the desired pole region) a system to
meet the following specifications [16marks]

1.

b

Position error< 10%
Overshoot < 5%
Settling time < 4.5sec

Rise time as small as possible

Question Four

4. (a) Differentiate between a minintum phase transfer function and a non minimum phase
transfer function [Hmarks]
(b) Derive the control law of a proportional plus integral pus derivative (PID) controller

[3marks]
(¢) Derive the frequency response of a second order system [Smarks]
(d) Plot bode gain and bode phase plot of the transfer function below [8 marks]

G(s) = §0s+ 100

s(s” +45+100)
Question Five
5. (a) Explain the following

i) The concept of state [2 marks]
ii) State variables [l marks]
ili) State space [ marks]
iv) Phase plane [! marks]

(b) For the RLC network shown in Fig Q.5 (b) write down the state equations when the
state variable are;

)

v,(t)andv, [4 marks]

i) v, (¢r)yandi(r) [4 marks]
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v, (1)

R ‘ Loc
7} « TETTT e AL
v, (1) “‘“’ -[C

Fig Q.5(b)

(c)For the two mass system shown in Fig Q.5 (¢) find the state and the output equation

when the state variables are the position and velocity of each mass [7 marks]
Ky piy Gy
A
v
i " " Yis Vs Yy
Kz A\
% K On-n)l,,
yz(ti m, Vas Vas Vs

3]

Fig Q.5 (¢)
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Table 1 Block diagram transform theorems ,,

Transformation

Eguation

Block diagram

Equivalent block diagram

I Combining
blocks in
cascide

V=i GaX

Gy >

G

=<

GGy

2. Combining
blocks in
parallel: or
climmating a
forward loop

T

. Removing a
block from
a forward
path

Y“G;X i{j}X

V=G X +6G.X

-p Gz

GitGs

4. Ehmanating
& feedback
IU(?;}

YeGuX T 0¥y

s

- Removing a
block from
a feedback
loop

Y=GuX G-

NJ
A

6. Rearranging
sUmming
puints

l=WHX Y

~d

. Moving a
summing
point ahead
of a block

Z=GX+Y

8 Moving a
summing
point
bevond
a black

Z=GIX £Y)

2. Moving a
take-off
point ahcad
of ablock

Y=0X

10 Moving a
take-off
point beyond
a block

Y=0GX

\ [
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Limte punction fL1) Laplace teansform 22 {0 Fis)
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