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QUESTION 1

a)

Define terms below:

i.  Control system (1 mark)
i. Input (1 mark)
ii.  Output (1 mark)

Control systems are important and present almost everywhere in our daily lives. State
two (2) examples of:

i God-created control systems (2 marks)

ii. Man-made control systems (2 marks)

There are three main elements exist in any control systems. Produce a block diagram
of a basic control system that has all those elements. ‘
(3 marks)

Describe two (2) disadvantages of open-loop system. (2 marks)

Describe three (3) main objectives of control systems analysis and (6 marks)
design
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QUESTION 2

a) Define the transfer function of a system. (1 mark)
b) lllustrate summing junction, blocks and take off point. (3 marks)
c) Draw the block diagram for forward path and feedback path. (3 marks)

An open loop system consists of three elements in series, the elements having

. 1 (s+1) 6
transfer functions of —, and .
2s (s+3) (s+2)

i. Produce the block diagram of this system (3 marks)
ii. Determine the overall transfer function of the system. (4 marks)
Find the equivalent transfer function for Figure 1 below. (4 marks)
X(s) . Gi(s) > G5 ——X{S)
=
H(s)
Figure 1
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QUESTION 3

a) Define the following terms:

i. Laplace transform. (1 mark)

ii. Inverse Laplace transform (1 mark)

b) Determine the Laplace transformation of these functions using table Laplace
transformation.

i f(t) = 5t? : (2 marks)

i. f(t) = e®tsin3t (3 marks)

c) Determine the Inverse Laplace transformation of these functions using table Laplace

transformation.
i, G(s) = (735 —e™) (3 marks)
S
ii = 3 marks
i. G(s) s ( )
_ 5 (4 marks)
i. G(s)= Go2)2125
: __ (s+2) , . . : ,
d) Given G(S) = m find g(t) using partial fraction expansion.
(10 marks)
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QUESTION 4

a) State and sketch two (2) types of 'input in transfer function (4 marks)

b) Plot the system pole and zero based on the transfer function below:

G(s) = — 2 3 mark
YT G +5) (3 marks)
-~ ¢) Figure 2 show the transfer function of first order system is given as:
1
R (S) = -g 5 C(S)
G(s) = —=
g s+5 g
Figure 2
i.  Find time constant, Tc. (2 marks)
ii.  Findrise time time, Tr. (2 marks)
ii.  Find settling time, Ts (2 marks)
iv.  Determine output time response, c(t). (7 marks)
v. Based on answer in (i), identify forced and natural response. (2 marks)
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d) The transfer function of second order system is given:

6(sY = 0.04

)= 5710025 + 004

Determine the:

i.  Natural frequency, w, (1 mark)

i. Damping ratio, § : (2 marks)
iii. Peaktime, Tp (3 marks)
iv.  Settling time, Ts (3 marks)
v. Risetime, Tr (3 marks)
vi.  Overshoot, %0S (3 marks)

End of question
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FORMULA
1. A=mrfs; , = —lo, T o /P—1
2. = Zin
3. 2P=-1
4, w=wp /1 -0
5 _ TC
' I 20p/1-C
6 =—" ==
P wn+/1-¢ - wq
4 4
7 TS - {wn - ;c;
- <rr/ﬂ/1—c2)
8. %0S=e ( x100%
1
9 TC = ;
2.2
10. Tr = —';
4
11. Tg = 2
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Table of Laplace Transforms

F(s)=2{r()

S()=2{F(s))

23.

25.

27.
29.

31

35,
37.

Ji

sin(at)

tsin(ar)

sin{(ar)—ar cos(ar)

cos(at)~arsin{ar)

sin{at +b)

sinh(ar)
¢ sin(br)

¢” sinh (b1)

u(t)=u(r-c)

Heaviside Function

u (1) f(1-¢)
e’ /(1)

0

(:f(l‘r)g(t)dr

()
f(“_) (1)

2, 2\?
(.S' +a )
L

S(S - )

B

(52 +a’ )

ssin(b)+acos(b)

2 2
s +a
a

2 2
S —=da

b

(s~c/)2+1>3

b

U

138]

0.

10.

18.

20.

22.

34,

30.
= (0) 5 (0)- -

reos(ar)
sin{at)+ar cos(ar)

cos(ar)+arsin(ar)
cos(ar +b)
cosh(ar)

e cos(br)

e” cosh (br)

S let)

5(1‘—6’)

Dirac Delta Function

u (1) ()

(1), n=123,...

J 7 ()

J{1+T)= 1 (1)
J'(1)

1:3:5.-(2n-1)Jm

(5‘2 +az)2
s(s2 +3a2)
(s2 +(12)2

scos(b)—asin(b)

e'“ﬁ{g(f +c)}

(1) F(s)
F(s)

[Tes(e)an

1—e™

SF(s) -5/ (0)- 1/(0)
o (0)- " 0)



