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Digital Control Systems

Partial Table of z- and s-Transforms
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z-Transform Theorems
Theorem Name
1. ZHaf()} = aF(z) Linearity theorem
2. Z{fi() + L0} = Fi(2) + F2(2) Linearity theorem
3. Z{e " f(0)} = F (e 2 Complex differentiation-
4. HAfF(t—nT) = z7"F(2) Real translation
adF(z
5. Z{r f(0)} = —Tz—;j—(——) Complex differentiation
6. F(0) = ll_)rr; F(2) [nitial value theorem
7 f(e) = lim(1 ~ 2" HF(2) Final value theorem

Note: kT may be substituted for ¢ in the tablc. Fﬂ-ﬂ@ i @’5? X
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Question 1

a) A motor and load system is represented by the following equations:

dé
H=i (OR +k —= .. 1
ea( ) la( ) a b dt ( )
, d6.  dé,
ki =J, o +D, 7l )
6,(=018 ... 3Y.

where e,(1) is the armature input voltage
i,(1) is the output angular displacement
R, is the armature resistance
k, is the armature constant
6, is the armature angular displacement
J,, is the equivalent inertia seen by the armature
D,, is the equivalent viscous damping seen by the armature

m

dt
of this system. [ 14 marks ]

Define the state variables as x, =6, and x, = and find the state space representation

b) For the system shown in Figure 1.A it is desired that the steady state error should be 0.02 when

the input is a unit step. Determine the value of the gain K which would allow the system to give

the desired steady state error. [ 7 marks ]
c¢) Obtain the characteristic equation of the system shown in Figure 1.A and then find the range
of K for which the system is stable? [ 6 marK S]
+ R X |
R — - > Y(9)
( _ S - s+10

Figure 1.A
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Question 1  Continued
d) i) State the condition for stability for a digital control system.

ii) Obtain the pulse transfer function C(z)/R(z) and then with a unit step input obtain the

response C(kT) for the system shown in Figure 1.B [ 13 marks ]
7
R(Y) ’3(} /o — 410 c(s
L T=14 A} % s+ 2 % ( )
Figure 1.B
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Question 2

Y(s) s +2s+1
R(s) 3s’+5s*+5s+1

For a control system having a transfer function

a) Use the phase variable format to obtain a signal flow graph [8 marks ]
b) Obtain the system matrix, input matrix and output matrix for the state space representation

[8 marks ]
c¢) Determine the stability . [4 marks ]

Page 5 of 8



Question 3

Given a unity feedback system with the forward transfer

100(s +1)°
G(s)= (s+1)
s(s+10)
draws the Bode diagrams (Magnitude and Phase). [20 marks ]
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Question 4
kl(O. Is+1)

Plot the root locus of a unity feedback system having G/(s) =
(25 +1)(0.55 +1)(0.25s +1)

and a breakaway point at s =- 1.18. ' {20 marks ]
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Question 5

An ES 151 Educational servo system is to be used in a position control experiment to
investigate the open loop time constant. The connection are as shown in Figure 5.

For this system obtain

7
a) the transfer function ;o (5 marks)
b) the differential equation describing this system (3 marks)

c) the equations natural underdamped frequency and damping ratio and the values of
the natural frequency and damping ration when k = 80 revolutions/minute/volt,

k,; = 0.1volt/degree) and T = 0.25 seconds. . ( 12 marks)

Figure 5
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