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" Digital Control Systems

Partial Table of z- and s-Transforms

Fe) = lim( - YR

i

flt) F(s) F(z) flkt)
' 1 z '
.u(r) - — u(kT)
. 5 =1
t . —1; Iz . kT
5* (z — 1)2
[/1 ”I 1 (_1 n " z r (kT)II
shtl a0 ) da" Lz —e~el
! e-—al 1 - e—ak?'
o St a o= o—dl
. . n! . d* [ =z Lt = akT .
), e ' (- 1" — (kT) e
(s + a)rt! ' da |z — e~4!
: ssinwT . :
sinw?’ v - : sinwkT
st -2 —2=coswT -+ |
(z —coswT ]
7. cosw! o - ( ) coswkT_
52+ w? 2 —2-coswT + 1
) ! —J_”T.'.'. K o
S, e sinar o e Snel T sinwdT
(s + a) + w? 2~ 2=l coswT + e~2T
. . e 7Y AR Y Y
9 O s o s+a 22—z coswT o~ cosw kT
' (s + a)? + w? 72 —2ze74T coswT + e~ 2T :
j0. Z+ a ‘ A _
z-Transform Theorems
Theorem Name
1. Haf(N)} = aF(z) Linearii.)} theorem
2. {0 + [} = F(2) + [AE) Linearity theorem
3. {e™® f(1)} = F(e“T2) Complex differentiation
4. D f(— nT)) = z"F(2) Real translation’
- - L dF(z pp e
> Hef@Oy = -T: d( ) - Complex differentiation
6. f0) = lim F(2) Initial value theorem
Final value _theorefn




Question 1

(a) State the definition of adaptive control? [ 3 marks ]
(b) Outline the design procedure for a state variable compensator with integrated full-state

feedback and observer.
’ [10 marks ]

(c) Outline the design procedure for a phase- lead compensation network using the root -
locus method.

[ 12 marks ]
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Question 2

Determine an internal model controller G(s) for the system shown in Figure 2. It is desired
that the steady-state error to a step input be zero, the settling time (with a 2% criterion) be 2

seconds. and the maximum percent overshoot be 16.3 %.
[25 marks]

Rl = _ Dch(s) — B Gs) ——p Y(s)

Where the plant G(s) = —-———1————~
(s+1)(s+2)
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Question 3

A chemical reactor process whose production rate is a function of catalyst addition is shown
in Figure 3. Design a compensator G(s) by using Bode diagram method so that the system
should have a steady-state error less than 0.1A for a step input, r(t) = A, and a phase margin

greater than 64°,
[25 marks ]

R(S)— » G(s) -’@ ‘Y(Si

~50s

(405 +1)°

where G(S) =
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Question 4

(a) The following difference equation algorithm

u(k) =11.75x(k) - 6.25x(k —1) +0.5u(k ~1).

(T=I).

for a PID controller can be implemented using a microprocessor . We would like to
implement this PID controller in s-domain, therefore, obtain the transfer function G(s) and
the values of the proportional gain, reset time, and derivative time.

[16 marks]

(b) For the deadbeat system shown in Figure 4, design a controller D(z) so that the steady-

state error to a step input is zero.

R(z) + » D)

4

—® G(2)=

K(z-1)
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Y(z)



Question 5

The electric motor drive for a railway vehicle is shown in figure 5. The power amplifier is
nonlinear and can be approximated by V2 — 2 e "

Assume the normal operating point of the power amplifier is v, =1

( a) obtain a linear model of this system [ 7 marks]

(b) determine the response when the desired velocity is 10 rad/sec and calculate the steady-
state error, maximum percent overshoot and settling time.

[18 marks]
R(s)— bl Power —--.l | »
. amplifier G©) Y(s)
Figure 5
Where R(s) is the desired velocity

Y(s) is the vehicle velocity
G(s) is the transfer function of the armature controlled motor

5

G(s) =
() s> +1.255+0.75
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Five Cycle Semi-Log
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