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A unity feedback closed loop system plant with the digital controller is
shown in Figure Q1. Design a digital controller with an inter-sampling
interval of 0.5 s to deadbeat control a plant having the transfer function

2
Y=

(13 marks)

Assuming that the input signal is a unit step, obtain and draw the output

response of the system in Q1 (a).
(12 marks)

A system with the characteristic equation P(z) = 0 is given by

P(zy=ayz" +az" '+ . +a, z+a,

where ay > 0.

A general form of the Jury Stability Table is given in Table Q2. According
to the Jury Stability Test, what are the criterions to be fulfilled in order to

make the system stable?
(7 marks)

A digital control system has a following characteristic equation:
P(z)=z"'-1.22" +0.07z* +0.3z-0.08 =0
By using the Jury Stability Test, examine the stability of the system.
(18 marks})
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(a) Using the complex translation theorem, obtain the z transforms of:
y(t) = e e sinwt

(Hint: Complex translation theorem - If x(¢) has the z transform X{(z), then
the z transform of ¢™™x(f) can be given by X(ze™)).
(6 marks)

(b) A system with Fibonacci series is given by the difference equation:
x(k+2) = x(k+1)+ x(k)

where x(0) = 0and x(1)=1.

If the input to the system, is the Kronecker delta function do(k7), where

dokT) =1 fork=0
=0 fork#0,
write a MATLAB program to generate the Fibonacci series up to & = 100.

(9 marks)

(c) Figure Q3(c) shows the discrete-time control system. Proof that the z-
transform of the output of the system is given by:

Cz) =R _
1+GH(z)
(10 marks)

Figure Q4 shows the block diagram representation of a discrete control system. If
the sampling period (T) is 0.1s and the input is a unit step function,

a) Determine the open loop pulse transfer function.

(6 marks)
b} Determine the closed loop pulse transfer function.
(3 marks)
¢} Draw the root locus for the system (use graph scale, 1 unit : 5 cm)
(16 marks)
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Q5 () Obtain the state equation and the output equation in matrix form for an
armature-controlled direct current motor as shown in Figure Q5. It is
assumed that the armature inductance is very small and can be neglected.
Assume that the state variables are given by

x, (1) =0,(t)

% () = @, (1)
the output y(f) =6, (f) = x,(t) and the input u(f)=v, (¢}). The parameters
for the motors are : J,, — moment of inertia of the motor, B, — viscous

frictional constant of the motor, ki, — back emf constant and k; — motor
torque constant.

(15 marks)
(b}  Explain clearly with the help of relevant diagram, how you would implement

state variable feedback digital control into the system in Figure Q5. State
any components that you may require.

(10 marks)

Q6 The discrete-time state equation of a control system is given by:
x(k + 1) = Gx(k) + Hu(k)
where G and H are (n x n) and (n x r) matrices respectively.

(a) State the condition where state variable feedback can be applied to this
system and give a method to test the condition.

(5 marks)
Given that
0 1 0 0
G = 0 0 1[,H =10
-0.16 084 0 1

(b) Show that state variable feedback can be applied to this system with the
given matrices G and H.

(6 marks)

() Design a suitable a suitable feedback gain matrix K if the control signal is
given by u(k) = -Kx(k), the response of the closed-loop system is deadbeat.
(14 marks)
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Table Q2
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Table 1: Table of z Transform

X{s) x(0) x(kT) or x(k) X(2)
_ Kronecker delta §(k)
L. —_ — 1, k=0 1
0, k#0
Bn - k)
2. — — i, n==k 2t
0, n#+k
] 1
3. . 1) 1(k) e
l —ar ~akl 1
4. T+ a € € 1 - emaTz—i
1 Tz
2 : 2 TPz (1+z27")
6 3 t (kT} BT
& N . T2 +4z27' + 2 %)
7' 54 t (kT) (1 -z 1)-‘!
g — p—fl akl (1 - e--nf)z-*i
8. s(s + a) I-e toe (t—z 1 -e“z7"
b—a —ar _ b —akT _ -bkT (e =-e ")z
¢ Gras+o)) © € ¢ ¢ (t—e™z7 Y1 -e*z7h
0. —leg e ke S S
. (S + a)z (1 - e—n?’z—l)z
5 _ w _ ek 1—(1+aT)e " z!
11, G+ a) (1 —ae {1 —akT)e 0= 7
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X(s) x(#) x(kT) or x(k) X(2)
2 » . Tie™* (1 + e 7271z
24 Gvar e (kTY e e(l(_ c_f,z_f), )z
& _ w _ . [@T—1+e ) +{l—e" —ale)z "z"!
13, G+ a) at—1+e akT — 1 +e™™7 1= oyd e
@ . . z7 sinwl
14. T+ sin wf sinwkT T =2 " cos ::T g
_ -t
15. : : pe: €os at coswkT 1 —Ih‘fm:zysTwIz'z
w Car ok - e 77! sin wT
16. Grafra| € SO €77 sin wkT 1-27Tz7 " coswT + e 7 277
s+a u kT 1-e 727" coswT
TG rayra| CTesw | e oosukT T= 272 eosaT + ¢ 77
, 1
18. a rg——
19‘ aR—'I z*l
k=1,23,... 1-az""
VR ™!
20. ka -y
2k 27l +az)
21, k*a "-("l—_';;:'l")'r
.- il +4az’ +a%27%y
22. kKat? d—az ")
. - 1+ 1laz™' + 1a*z7* + 2%z
23. kgt Y az(]_az-al)!z +a'z7%)
24, a* coskn I +1az"
25 k(k ~ 1} 272
) 2! (1 - 2-1)3
Kk — 1) (k—m+2) zme
2. (m — 1)t a-z9
27 kik — 1 e 272
| 2 (1-az 'y
28, kk -1 (k~m+ 2)‘:!&_,"‘l 7™

(m - 1)1
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Table 2: z Transform of x(k+m) and x(k-m)

Discrete function z Transform
x(k + 4) 2*X(2) = *x(0) — 22x(1) - 22x(2) — zx(3)
x(k + 3) 2 X(z) - 2 x(0) - 22x(1) — zx(2)

x(k +2) 2 X(2) - 22x(0) — 2x(1)

x(k + 1) zX(z) — zx(0)
x(k) X(z)

x(k — 1) 7' X(2)

x(k - 2) 272 X(2)

x(k — 3) 27 X(2)

x(k — 4) 27 X(2)






