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Answer ALL questions in the blank space provided.

Question 1 (10 marks)

Find the time function of the equation below by Laplace Transform.

G(s):sz+55+6

Solution

1

(=G 6+3

Taking inverse Laplace Transform, we have

1
g(t) = — (et — e73t) = g~2t — o3¢

Question 2 (10 marks)

Determine the range of K such that the system with the characteristic equation, A(s) = s* +
4s3 4+ 3s% + 4s + K = 0, is stable.

Solution

st |1 3 K
s3 |4 4
s? | (WB) - _ ) 4 E) - DO _ "

4 4
st (2@ - M@K&)
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Question 3 (20 marks)

Determine the values of K and « if the damping ratio is 0.866 and steady-state error for unit-
ramp input is 0.2.

+ K
R(s » C(s
(6) =@ v (s)
asS |«
Solution
The open-loop transfer function will be,
K
K
G(s)H(s) = s(sK+ 2) _ -
1+( )(as) s(s+2)+Kas
s(s+2)
The static velocity error constant is,
K, = lim(s) ( K ) __~
v = I s(s+2)+Kas) 2+Ka
The steady-state error will then be,
1 2+ Ka
ess = K_v =02= T (D
The closed-loop transfer function,
K
C(s)  s(s+2)+Kas K
R(s)_1+ K ~s(s+2)+Kas+K

s(s+2)+Kas

Equating with standard 2" order equation, we have
A(s) =s?+2(w,s + w2 =5+ 2+ Ka)s+K

2+ Ka=2{w,..(2)
K=w?..03)
From (1) and (3), we have Ka = 0.2K — 2 ... (4) and w,, = VK ...(5)

Substitute (4) into (2), we have 2 + (0.2K — 2) = 2{VK

- ((2)(0.866)

2
= 74.996
0.2 )
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_ (0.2)(74.996) — 2

74.996 = 0173
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Appendix I: Laplace Transform Table

Time Function £ (t) Laplace Transform F(s)
1 Unit-impulse function & (t) 1
) ) 1
2 Unit-step function u,(t) -
s
. . 1
3 Unit-ramp function t =
s
n e n!
4 t" (n = positive integer) S
5 e—at 1
s+a
1
6 t —at -
¢ (s+a)?
n!
7 t"e~? (n = positive integer) Graomt
8 in wt -
sinw 102
s
9 cos wt Sz+—a)2
10 1 1 —at !
E( —e ™) s(s+a)
1
1
11 — (e —e™) (a#b
b—a (e e™) (a=#Db) (s+a)(s+b)
12 1 bt t s
- - _ —-a
b_a(be ae ) (aib) (S+a)(5+b)
13 - (1 _ e—at _ ate—at) ;
a? s(s+a)?
14 - —at !
;(at—1+e ) 2+ a)
_at . w
15 e"“sinwt Gta)l+w?
16 —at t S+—a
¢ cosw (s +a)? + w?
w 2
17 —— e $Wnlsinwy/1 — {2t @n
J1-1242 s2 + 20w, s + w?
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1

— e~$@nt sin(wyy/1 — (2t — ) S
18 vi-¢2 _ s2 4+ 2{wys + w3
where ¢ = cos™1¢
1
1-— e~$@nt sin(w,\/1 — {2t + ¢) w?
19 J1—
1 {ivhere 6 = cos¢ s(s? + 2wys + w?)
20 1 —coswt w—z
s(s? + w?)
21 % f(t) sF(s) — f(0)
22 e s2F(s) = sf(0) = f'(0)
g S"F(s) —s™1f(0) —s™2f7'(0) ...
23 — () —sf™2(0)
a — =1 (0)
24 ff(t)dt @+%U f(t)dt]
25 F(t—T) e TSF(s)
26 f(e0) = lim £(¢) = lim sF (s)
27 f(07) = Jim f(¢) = lim sF(s)

S—00
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Appendix II: Useful Formulae

Rise Time:

Peak Time:

Maximum Overshoot:

Settling Time (2%):

Settling Time (5%):

Damped Natural Frequency:

Series-lead Compensator:

Transfer Function:

Maximum Phase Lead:

New Gain Crossover Frequency and its
Corresponding Gain:

Series-lag Compensator:

Transfer Function:

At New Gain Crossover Frequency:

m—p
t, = 0

T
tp:w—d

__Sm
Mp:e \/1—(2
- 4
* {wy
- 3
T Qwy

c =K Ts+1_ S+T
e(s) = CuTs+1 Cs+i
aT
_ l1—«a
51n¢m—1+a
! d |G,(jw)| =—-201

w,, = —— an w)| =— o}
m \/ET 1 g

Ts+1 s+
Ge(s) = Kcﬁm =K,

) e

S+,8_T

|Gc(jw)| = 201log B

— End of Paper (Solution) —

Va
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