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QUESTION ONE (COMPULSORY) (30 MARKYS)

a) Highlight the effects of the following controllers to a system.
i.  Proportional controller
ii.  Integral controller
iii.  Proportional and Integral (PI) controller
[6 Marks]
b) Discuss any 3 types of compensator configurations using appropriate diagrams.
[6 Marks]

c) Differentiate between the following terms as applied in control engineering
i.  State-space and State variables
ii.  Controllability and Observability
iii.  State and State vector

[6 Marks]

d) Highlight at least 2 reasons why derivative control action is not used by itself in
control systems. [2 Marks]

e) A PID controller is inserted in series with a system having a transfer function

6
G(s) = (s+5@+7)

i.  Ifthe system has unity feedback draw the block diagram of the system
ii.  Find the closed-loop transfer function of (i) above.
iii.” Find the gain constants of the PID controller required to locate the closed-loop
polesats = —30,s = =2 + j3.

[6 Marks]

f) In a table format outline the differences and the effects of lead and lag compensators in
a control system.

[6 Marks]

QUESTION TWO (20 MARKYS)
a) What is an integrator windup and highlight the three integrator anti-windup techniques.

[4 Marks]

b) Given a system:

Gs) = s(s+4)

i.  Based on root locus approach, design a phase lead controller such that for the
closed-loop system, the dominant pole pair has an undamped natural frequency
w, = 2 and the damping factor { = 0.75.

ii.  Draw the Root locus of the compensated system.

[10 Marks]



¢) Compute the transfer function of the system defined by the following state space

equations.
l=13 IR+ [l
X 1 0 11X 0

y=03 4[]

" [6 Marks]
QUESTION THREE (20 MARKS)
a) State at least two conditions under which a system is not controllable.
[2 Marks]
b) Consider the circuit shown below.
IJl
C :{('(v(!) Ry | | output

i.  Taking the resister R, current as the state x1(t), the inductor L, current as the
state x, (t), the capacitor voltage as state x, (t), e(t) = u(t) and output
voltage is y(t). Obtain the state-space representation.

ii.  Given that R; = 80, Ly =0.25H,R;, =40,L, = 0.5H, C = 1F, assuming
that the switch S is closed at time t = 0. Use Kalman’s test to determine
whether the system is controllable.
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[10 Marks]
c¢) Below is an electronic Proportional derivative controller.
. Ry |
________ — R
& S : — _
Vi(s) o !
| i

PD controller sign inverter

i.  Determine the transfer function of the circuit
ii.  Find the expressions for gain constants Kp, Tp, and K,
iii.  Draw its closed loop block diagram of the system
[8 Marks]



QUESTION FOUR (20 MARKS)

a) List at most four time-domain and four frequency-domain system specifications in
control systems.

[2 Marks]
b) Given a system:
()= 57D
Frequency w (rad sec™") 0.1 0.2 0.4 0.6 1 2 4 6 10
Gain (dB) 20 14 7 3 -3 -13 -24 -31 -40
Phase (degrees) -96 -101 -112 -121 -135 -153 -166 -171 -174

Using the frequency response approach design a compensator for the system G (s) such
that the static velocity error constant K, = 15 sec™!, the phase margin is at least 40°.
The gain and phase of G (jw) at certain frequencies is tabulated above.

[10 Marks]

c¢) Given a system described by the state equation x = Ax + Bu, where A =
[ 0 L ] and B = [g] Ifu(t) = 0 and x(0) = 1, find the solution to the state

-13 -4
equation.
[8 Marks]
QUESTION FIVE (20 MARKS)
a) Highlight at least two properties of state space models.
[4 Marks]

b) Consider a plant G(s),
1

G(s) =
O = T DG T HE+6)G +8)
Given the Ziegler and Nichols coefficients for PID control in the table below, use the
ultimate cycle method to determine the gains for P, PI and PID controllers

Controller Optimum Gain
Kp T Tp
P 058, - -
PI 0.45S, | 0.8333 B, -
PD 0.6 Sy - 0.125 P,
PID 0685, 0.5P, 0.125 B,

[6 Marks]



c) Consider an RLC circuit below, assume that the switch S is closed at time t = 0.
Taking the capacitor voltage [v,(t)] as the state x1(t), vi(t) = u(t) and output
voltage vy (t) = y(t) = x,(¢).

){ NVWY\__:______

s it L R

+ | C
@ -uo(t) " output

i.  Determine the state-space representation of the circuit
ii. GiventhatR = 0.750, L = 0.25H, C = 2F, u(t) is a unit step voltage starting
at t = 0, and assuming zero initial conditions, determine the expressions for
x1(t), x2(t) and y(t) for t > 0.
[10 Marks]






