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e This Paper Consists of FIVE Questions.
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e Question ONE carries 30 MARKS and all other Questions carry 20 MARKS each.
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QUESTION ONE (COMPULSORY) (30 MARKYS)

1. Discuss the effects of following controllers to a system
i.  Proportional controller
ii.  Integral controller

iii.  Proportional and Integral (PI) controller [6
Marks]
2. A PID controller is inserted in series with a system having a transfer function
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The system has unity feedback. Find the gain constants of the PID controller required
to locate the closed-loop poles ats = —50,s = —4 + j5. (4
Marks]
3. Highlight 4 reasons why compensation network is needed in control systems
[4 Marks]

4. With reference to control systems, what do you understand by the following terms.
i.  Compensator
ii.  State variables

ili.  State-space [6 Marks]
5. Highlight at least 2 reasons why derivative control action is not used by itself in
control systems. [2 Marks]
6. Compute the transfer function of the system defined by the following state space
equations.
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[2 Marks]
7. With a relevant closed loop system drawing and equations, show that a PD control
does not improve the steady-state performance of a system. [4 Marks]
8. State at least 2 conditions under which a system is not controllable. [2 Marks]

QUESTION TWO (20 MARKS)

1. Discuss any 3 types of compensator configurations using appropriate diagrams.
[6 Marks]

2. Given a system:

10
s(s+1)
Design a phase lead controller such that for the closed-loop system, the dominant pole
pair has an undamped natural frequency w, = 4 and the damping factor { = 0.5.
Draw the Root locus of the compensated system. [6
Marks]
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Compare and contrast the effects of lead and lag compensating networks in a control

system. (4
Marks]
Below is an electronic PID controller based on an op-amp circuit. Determine its

transfer function and find Kp, K;, and Kp.
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' [4 Marks]
QUESTION THREE (20 MARKS)

1. Discuss at least 2 properties of state space models. [4 Marks]
Explain an integrator windup and discuss three methods of integrator anti-windup
with appropriate diagrams. [6 Marks]

2. Consider a system described by the transfer function

_Y(s) _ bys®+bys + by
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If the system is Linear-Time-Invariant such that X = Ax + Buand y = Cx + Du.
Proof that for a dual system, the control canonical form and observer canonical form
state-space representations are related by

z=ATz+CTv
w= BTz+ Dv '
[10 Marks]
QUESTION FOUR (20 MARKS)
1. Highlight two techniques for tuning PID controllers. (4

Marks]

Consider the circuit given below, assuming that the switch S is closed at time t = 0.
Taking the inductor current as the state x; (t), the capacitor voltage as state x,(t),
v;(t) = u(t) and output voltage vy (t) = y(t).
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1. Obtain the state-space representation of the circuit below [6 Marks]
ii. Given that R = 1.5, L = 0.5H, C = 1F, u(t) is a unit step voltage starting at
t =0, and assuming zero initial conditions, determine the expressions for

x1(t), x5 (t) and y(t) fort = 0. [10
Marks]
QUESTION FIVE (20 MARKS)
1. What do you understand by the terms controllability and observability as applied to
control systems? [4
Marks]

Consider the circuit shown below. Assuming that the switch S is closed at time t = 0.
Taking the inductor current as the state x;(t), the capacitor voltage as state x,(t),
e(t) = u(t) and output voltage is y(t). Use Kalman’s test to determine whether the
system is observable.
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[10 Marks]

Given a system described by the state equation x = Ax + Bu, where A =

0 1 0 0
0 0 1 ] and B = [O] using the control law u = —Kx. Determine the
-30 -31 -10 1

feedback gains if the desired location of the closed-loop poles is ats = —4 and
s =—6%5

[6
Marks]



