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1 .
(a) Solve the inverse z-transform of X (z)= 2(22 1) using
(z-1D(z’ +5z+6)
(i)  Partial fraction method. (6 marks)
(i)  Direct division method. (6 marks)

(b) Determine the z transform of the following difference equation. Given
that R(z) is unit step input and y(k)=0 for k=0,1,2,3...

y(k+2)+ %y(k +1)— %y(k) =r(k) (8 marks)

(a) Figure Q2(a) shows the closed loop control system.

(i)  Determine the system transfer function [C(z)/R(z)].
(3 marks)

(i) By using Jury stability theorem, analyze the range of K to make
the system stable. (10 marks)

(b)  Obtain the pulse transfer function for the system in Figure Q2(b) using
signal flow.
(7 marks)

Discrete control system with a sampling period 7=0.1 sec is shown in Figure
Q3. The input of the system is a unit step function.

(@)  Determine the open-loop pulse transfer function of the system.
(5 marks)

(b) Determine the zeros, poles and angle of asymptotes of the system.
(2 marks)

(¢) Formulate the root locus for the system.
(13 marks)
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Q4 (a) Consider the digital control system in Figure Q4. Construct the state
space representation in the controllable canonical form.
(6 marks)

(b) Based on answer from Q4(a).

(i) Deduce the controllability and observability of the system.
(3 marks)

(i) Design a system using pole placement method. Given that the
desired eigenvalues are z=1+;0.819 and z=1-;0.819.
(8 marks)

(iii) Draw the block diagram of closed loop system for the question

Q4(b)(ii).
(3 marks)

Q5 The block diagram of a digital control system is shown in Figure QS.

(a)  Design a dead-beat controller, GD(z) when the reference input is unit
step. The plant of the system is given as

0212z (1+0.9352z™")
(1-0.8187z") (1-0.6067z")

G(2)= (16 marks)

(b)  Determine the steady state error of the system.
(4 marks)

- END OF QUESTION —
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TABLE 1: z-transforms of x(k+m) and x(k-m)

Discrete function z Transform
x(k + 4) 2*X(z) — 2*x(0) — 2’x(1) — z2°x(2) — zx(3)
x(k + 3) 22 X(z) — 2°x(0) — 2°x(1) — zx(2)
x(k +2) 22 X(z) — 22x(0) — zx(1)
x(k + 1) 2X(z) — zx(0)
x(k) X(z)
x(k — 1) z7 ' X(2)
x(k — 2) 272 X(z)
x(k — 3) 27 X(2)
x(k — 4) 27 X(2)
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TABLE 2: Table of z-transforms
X(s) x(1) x(kT) or x(k) X(z)
Kronecker delta 8(k)
1. — e 1, k=10 1
0, k#0
Sin — k)
2. e — 1, n=k z7*
0, n+k
1 1
3. : 1(0) 1(k) re
1 — ~akT 1
4, o e e 1~ ez
1 Tzt
S ' il Ty
2 2 2 T’z'(1+:z7Y
6. 3 t (kT) TR
] 3 3 271+ 427 + 279
7. e t (kT) =z
a . o - e-al)z%
8 s{s + a) =g k& (Il-zYl-e*z7Y)
b-a R kT _ BT (e — e M)z
i oo agngr ot B ¢ ¢ (-e2)1-e"z0
01 FFor « *i -e 2y
5 B - B e 1—( +aT)e™"z7!
11. g a7 (1 —ane (1 — akT)e ™" A=,y
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TABLE 2 (Continued)
X(s) x(1) x(kT) or x(k) X(2)
2 2 -ar 2 ,-akT TP (1 +e 272!
2| i e (kTYe Erara:
2 —aT —aT —aTy ., —1}],-1
a _ —at _ —akT [(@T-1+e" )+ (1 —e"—ale")z7']z
13. G+ a) at—1+e akT —1+e A= )0 ez
@ . . z 'sinwT
14. 2+ o sin ot SR 1-2z7"cosoT + 272
s 1—z"'coswT
15. P g cos wt cos wkT 1= 27 coseT + 22
=aT 551 &8
@ ar - ekl s e 27 sinwT
16. Gray+a| ° sin wf ) 1-2e""z " coswT + e 27272
s+a e kT 1—e "z coswT
& Grar+a| © cos i & msull 1-2"z " coswT + e *7z72
1
18. ¥
. o 1—az’
19 ak— 1 Z—l
' k=1,2,3,... 1-az™!
20. ka* - Tl
(1—-az™"?
1+ az7?)
21. JrE! 2z (A+az)
a (1 —-az 'y
1+ 4az' + a%z7?
22 3 k-1 Z (
k'a (1 _ az—l)4
_ (1 + 1laz '+ 11a°z72 + @’ 27
3. 4 k-1 z (
z Ka (1 -azy
24. a* coskm . —
1+ az
k(k — 1 z7?
2 2! a-z7
26 k(k —1)---(k —m + 2) .
’ (m —1)! a-zH
k(k —1) ,_ z™
27. i_l k-2 . S—
] TR d-azy
k(k—1)--(k-m+2) Ji—
28 (m - 1) “ (1 -az )"




