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Q1  Consider the digital control system shown in Figure Q1. The sampling period is assumed to

be 0.2 second and the type of controller used in the system is a compensator.

(2)

(b)

(©)

Q2 (3

(b)

2—0.6703
G (z)= 2220705
()= T 54
G(z)  QUITSBK (= +08760)

(z—1)(z - 0.6703)

Determine the breakin and breakaway point.

(10 marks)
Sketch the root locus of the system.
(2 marks)
Determine the value of gain K for a stable system using Jury stability.
(8 marks)

Compose the transfer function C(z)/R(z) of the system in Figure Q2(a) by using
signal flow graph method.
(15 marks)

Consider the system shown in Figure Q2(b).

(1) Obtain the characteristic equation of the systems.
(3 marks)
(11)  Investigate the range of K to ensure the system is stable using bilinear
transformation and Routh stability criterion.

(10 marks)

(i) If K =2.5, analyze the stability of the system.
(2 marks)
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Q3

Q4

The state equation for Autonomous Underwater Vehicle (AUV) system is defined as follow:

where

x(k +1) = Gx (k) + Hu(k)

1 1 1 2
G=|2 0 0| and H=|0
0 20 0

Design Pole Placement controller for the system such that the system have the closed-loop
polesatz; =0.1,z, =0.3 and z3 = 0.7.

(2)

(b)

(25 marks)

Based on pulse transfer function representation of closed loop system. Evaluate
either closed loop system shown in Figure Q4(a) posses closed loop transfer
function as described below:

_ G3(2)G1G1(2)R(2)

¢@ 1+ HG3(2)G4Gy (2)

(5 marks)
Construct the discrete-time state-space representation of the essential oil steam
distillation system described below:

Y(s) _ 4
U(s) (s%+65s)

C(s) =

Given that the sampling period T=0.3.

(20 marks)

-END OF QUESTIONS -
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CONTROL SYSTEMS

Digital Plant
controller
R(z) * C(2)
> Gp(2) > G(z) >
- T
Figure Q1: A digital control system
" H(s)
R(s) + *
> G(s) —> — o G(s) €6,
— T
H,(s)

Figure Q2(a): A system
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R(z) C
o | K(z+0.1859) R
=2 Z—1.23082+0.2308
z—1
Figure Q2(b): A system
C(s C(z
G, (s) _g‘_. G(5) || Gy(s) ”({_f)
T T

H(s)

A

Figure Q4(a): A closed loop system
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Table 1 : Table of z-transform
X(s) x(1) x(kT) or x(k) X(2)
Kronecker delta &y(k)
1. — — 1 k=20 1
0, k+0
d(n — k)
2 — — 8 n=k 7"
0, n+k
1 1
5 - 1(t) 1(k) e
1 —at —akT 1
4. — e e =5
I Tz
5 2 t kT -z
2 . . TPl +.27Y
6' s3 { (kT) (1 — 2—1)3
6 5 " T27'1+4z7' + 279
7' S4 t (kT) (1 _ z~1)4
a _ _ (1 —e )z
8. - at akT
3G +20) e L e A-zHd-ez7
b—-a —ar _ bt ~akT _ —bkT (g ~ gy
- (s +a)s + b) 5 . ¢ - A-eTz7 N1 -e?"z7Y)
1 <t —akT /| -
0. Gy te kTe A= T
s 3 o 3 . 1-(1+aT)e"z!
11. T (1 —are (1 — akT)e A=)
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Table 1 : Table of z-transform (continued)
X(s) x(1) x(kT) or x(k) X(2)
12. ﬁ e (KT)2e~**" Tzef(alr a :_f;;‘f;)z_l
13. sz(s“i 3 |a-1rem | aT—1+e (G it +:l_a_r);.gz(l_f_:;z“_T,;_"T)Z”]Z"
14. p gy sin ot el 1— 2zz-1lcsci>:::; ¥z
N T -
16. (s++)2+w2 e”“ sin wt e T sin kT 1= ze_;;"_rlzc’o'ss‘ior;wf T
17. % e " cos wt e " cos wkT T zel,n:ze::;;s_;;oiw;brz_z
18. a I _laz_.
19. et z”!
k=1,23,... 1—az"
20. ka* 1 (l_z—alz,.)z
21. K2a* ! %2
2. gk z7'(1 ?1 4:12‘;2‘:;4#[2)
- PR z27'(1 + 11az(;‘_+‘1121_¢1;5z‘2 + a*z7?)
24. a* coskm T +laz_,
25. Ktk — 1) =
2! a-zy5
58 k(k — 1)(m -_(kl)—! m + 2) (12—;2:)_"'
D m D) e
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