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Question 1

(@)

(b)

Figure 1 shows the Root locus of a system, identify the number of finite open-loop
poles and locate their location in s-plane. Hence, comment on the system stability.

(4 marks)

jo

Figure 1: The root locus of a system.

The unity feedback system with feed-forward transfer function of
K(s+4)(s+5)
s(s+1)

is to be designed for the desired closed loop poles located at -1 + j1.2.

G(s) =

Sketch the root locus of the closed loop system as K varies from zero to
infinities, in the s-plane and indicate the asymptotes, break points on the real
axis, cross-over points at the imaginary axis, angle of departure or arrival,
where appropriate.

(8 marks)

Find the value of gain, K (for desired closed loop poles at -1 * j1.2), percent

overshoot (%0S), settling time (T, at 2% criteria) and peak time (T ).

(5 marks)
Design a suitable compensator to improve the settling time (Ts) by a factor of 2
with the same damping ratio.

(8 marks)
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Question 2

Block diagram of a unity feedback system is shown in Figure 2.

(@)

(b)

(©)

(d)

(e)

R(s), K 200 1

1
> > s+40 > s

C(s)

Figure 2: Block diagram of a unity feedback system

Determine the amplifier gain, K to yield a step response with 10% overshoot.

(2 marks)
Draw the Bode diagram for magnitude and phase plots of the uncompensated
system.

(5 marks)
Find the gain margin, phase margin, gain crossover frequency and phase crossover
frequency for the uncompensated system.

(2 marks)
With the aid of the gain-adjusted magnitude plot, design a lead compensator, G_(S)

to improve the transient response by increasing the percentage overshoot to 15%
when the static velocity error constant is 31.6sec™. Apply the correction factor of 10°
in your design.
(12 marks)
Determine the open-loop transfer function of the compensated system with
appropriate gain KK,
(4 marks)
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Question 3

A compact disc player for a portable use requires good rejection of disturbances and

accurate position of the optical reader sensor. The position control system uses unity

feedback with a plant transfer function as follows:

(@)

(b)

(©)

(d)

25+3
s®+8s+9

G(s) =
Represent the system in controllable canonical form
(4 marks)
Determine whether the system is observable, controllable or both observable and
controllable.
(4 marks)
Design a controller using Ackermann’s formula such that the percent overshoot

(%0S) and settling time (T, (su criteria)) @re less than 5% and 1.5 sec respectively.

(8 marks)
Design an observer using the same Ackermann’s formula such that the settling time
improves to 0.3 sec.

(7 marks)
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Question 4

Consider a block diagram of a sampled-data system as shown Figure 5.

(@) Find the open-loop transfer function, G(z) = % of the system if sampling interval,
Z
T = 0.5 second.
(8 marks)
(b) Find the closed-loop transfer function T (z) for a unity feedback system
(3 marks)
() Determine the range of sampling interval, T that make the system stable.
(4 marks)
(d) Find the sampled time function for the following transfer function using partial
fraction.
(5 marks)
F(z) = (z+0.2)(z+0.4)
(z-0.1)(z-0.5)(z-0.9)
(e) Find f(kT) for the following transfer function
(5 marks)
F(2) = 2(z+3)(z2+5)
(z-0.4)(z-0.6)(z-0.8)
FAB 40803 CONTROL SYSTEM 2 4

aQ

R(s) + l_e G (- 20 CGs),

T 5 s(s+9)

A 4

Figure 5: Block diagram of a closed-loop sampled system.
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Question 5

@ With reference to the functional block diagram and equations of an antenna azimuth
position control system are shown in Figure 6 and Figure 7 respectively. Given that
K,=100, Kn=2, K4=0.1 and Ko=2.

i. Use the frequency response technique to determine the value of the pre-
amplifier gain(K) for the closed-loop response to have 9% overshoot for a
step input.

(12 marks)

ii. Estimate the settling time, Ts.

[Hint: Find the frequency, wy,, at-7dB for the closed-loop bandwidth]

(3 marks)
Plant or
Input Voltage Controller Process
Angular transducer  proportional  Actating | Signal Motor, Angular
input i to input + ianal d load and output
— 3| Potentiometer signal__} an gk >
power il gears
amplifiers
' Voltage Sensor
proportional  (output transducer)
to output -
Potentiometer |

Figure 6: The functional block diagram of an antenna azimuth position control system

Desired

azimuth

angle Power Motor Azimuth

6,(s) ! Amplifier and Load angle
Preamplifier Gears g ()

+ K, K
o Ky |90 K Ll 55100 [ s(s+5) [ Ks >
] K, |

Figure 7: The equations of an antenna azimuth position control system
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(b) Consider the following transfer function of a system,

C(s)  (s+0.8)
R(s) s®+13s5+0.4

i. Obtain the state space representation of this system in the controllable
canonical form and the observable canonical form
(6 marks)
ii. Show that the state space representation obtain in (i) is state controllable but
not observable.
(4 marks)

END OF QUESTION
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APPENDIX

Time Response:

Underdamped Second Order Systems

Settling Time (within 2% of steady | p __4
state value Y dw,

T
Peak Time T, = ==

d
Damped Frequency w, = W.."h -¢?

- In(%O0S /100)
Damping Ratio =
J7* +1n?(%0S /100)
w!
Closed-Loop T fer Functi Gs)=———""——
ose op Transfer Function (s) e —p—

Percent overshoot, %08

eV %100%

Frequency Response:

Wy = J(1-222) 4 JA" 4L 42
T .
___'_?’r____ — 2 4 _ 2
Closed-Loop Bandwidth w./(l 207 +yag" a8 +2

= 2
T,\1-¢

= wnJ(l~2§2)+J4g‘ —4¢? 42

Phase Margi ¢, = tan” 2
ase Margin m
. \/—Zgz +4f1+4¢?

Maximum Phase Shift of . 4| 1-8

P =SINT | ——
Compensator 1+ 8

1

Magnitude at wy,q, M. = ﬁ
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The State Model

For linear time-invariant system:

X = AX()+BU(t)
Y(t) = CX(t) + DU(2)

where 4€ R™", Be R™, CeR"™, De R"™.

.

CONFIDENTIAL

The solution X'(¢)

[}
" X(0)+ (e Bu(z)de

The matrix exponential e*

2
ot = (T =A)")

Eigenvalues det(Al - 4)=0
_Y(s) »
Transfer function G(s) = UGs) =C(sI-A)"B+D
— 2 n=1
Controllability matrix C=[B AB A°B A"'B]
—_— 2 n=14T
Observability matrix O0=[C C4 C4 cA™
Controller:
K=[0 0 - 0 1B 4B A"B  A™'B] a,(4)
Ackermann’s formula Estimator:
G=a,(A([C C4 c4™1)'[0 o 01
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Table 13.1 Partal table of z- and s-transforms

CONFIDENTIAL

fit) Fis) Fiz) fkT)
z
1. u(} % z—1 e
1 Tz
1 kT
2 t e z— 1)
n! - d
3 ’ T L e Al
o z —akT
4 € s+a z—e ol ¢
i t " xT
5. fle ol m)_ﬂﬁ (-_ I)" o _Z o e-—a]" (k:r)ﬂe—ﬂ'
- zsin el :
" o wkT
6. sin axt ok 2 z? —2zcosel + 1 o
s z{z — cos wl)
» wkT
7 COS wf = O 72 — 2zcoswl + 1 o
—af .-
- _ e £ ik ~oKT i kT
8. L (s +aP + w? 72 — 22¢ 97 cos T + e 24T ¢ =
4 —al
ot s+a _zt—ze Vcosel —akT oo ol
Q. e “coswt z2 — 2ze—T cos i + e—24T ¢ "

P B
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