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- INTTINTERNATIONAL COLLEGE PENANG
DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)

EEE2108: MODERN CONTROL SYSTEMS ENGINEERING
FINAL EXAMINATION: AUGUST 2018 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the answer
booklet provided. All questions carry equal marks.

Question 1
@) A unity feedback control system has G(s) = i .
s(s+4)(s+10)
Draw the Bode plot for w = 1 to 10. Find the value of K when system is marginally stable.

(14 marks)

(b)  For G(s)H(s)= ﬁ, sketch the Nyquist plot and determine the stability of the system based on
Ss+

Nyquist Stability Criteria.

(11 marks)
Question 2
For transfer function
G(s) = 10 :
s(1+0.4s)(1+0.1s)
(a) Show the equation for magnitude | G(s) | and phase of G(s).
(5 marks)

(b) Calculate and tabulate the values of magnitude | G(s)| and phase of G(s) for@=1,2,4,5 and 10.
(10 marks)

(c) Plot the values (b) above (both magnitude and phase) on a Bode (semi-log) sheet.
(6 marks)

(d) Using the plot from part (c), verify the stability of the system and find the Gain margin and Phase

margin respectively.
(4 marks)
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Question 3

(a) Use the Routh-Hurwitz criteria to find how many poles of the following closed-loop system,
are in the rhp (right hand pole), in the Ihp (left hand pole), and on the jo-axis.
T(s) = $3+7s%-21s+10

6 + 55 — 65 + 08 — % —s +6

(12 marks)
(b) For a unity feedback system with the forward transfer function
G(s) = K(s + 20)
s(s+2)(s+3)
find the range of K to make the system stable.
(13 marks)
Question 4
(a) For a unity feedback system with G(s) =— 20(5+2) . Determine:
sP(s+1D(s+5)
(i) type of system
(ii)  the 3 error coefficients
(iii)  steady-state error for input 1 +3t+ t2/2
(14 marks)

(b) Given the transfer function for the operational amplifier circuitry is:
Vo(s) _ —R,C;s

Vi(s) (1+RyC8)(1+ RiCys)

Where Vo(s) and Vi(s) are output and input to the amplifier circuitry and
R,= 100k , Ry= 200kQ , C1=10pF and C2=20pF.
Sketch the Bode [magnitude| plot.

From the sketch, describe the characteristic of the operational amplifier circuitry.

(11 marks)
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Question 5

(a) A unity feedback system has the following forward transfer function:
G(s)=  10(s +20)(s+30)

s(s+25)(s+35)

Is the unity feedback system stable ?
(3 marks)

Find the steady-state error for the following inputs:
i. 15u(t)
. 15tu(t)

ii.  15t%.u(t)
(6 marks)

(b) A unity feedback system has the following forward transfer function:

G(s)=  K(s+12)
(s+14)(s+18)

For what range of K is system stable ?

Find the value of K to yield a 10% error in the steady state.
(8 marks)

(c) Find the sensitivity of the steady-state error to changes in K for system of Figure Q5(c) below.

R(s) + E(s) _ K(s+7) C(S)*
s24+2s5+10

Figure Q5(c) ——
marks
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Question 6

(a) Sketch the Nyquist diagram for the system shown in Figure Q6(a) below where

G(s) = 1 X
(s+2)(st 4)
R(s) + E(s L
LORT v O I P ©,
Figure Q6(a)

(8 marks)
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b) The response of a unity feedback closed-loop control system with loop gain, K of 10 is plotted on the
Nichols chart shown in Figure Q6(b) below:
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1) Make a table of the Open-loop and Closed-loop frequency response.

Determine:

il) gain margin

ii1) phase margin
1v) 3 dB bandwidth
v) peak resonance, M ,,

vi) resonant frequency, m,

How to increase both the gain margin and phase margin?

--THE END—
EEE2]108(f)/aug2018/ Alan Wong /141008

(8 marks)

(9 marks)
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TABLE OF LAPLACE TRANSFORM

Number F(s) fH,t=0
1 1 8(1)
2 1/s 1(1)
3 1/s% 1
4 21/s3 12
3 354 3
6 m!/smtl ™
7 1/(s + a) g s
8 1/(s + a)? te 4"
1
3 P
9 1/(s + a) 2—!r &
1 -
s + a)™ m at
10 1/(s + a) =11 e
a
11 .- L— 1] — e~
s(s + a) ¢
a 1
R PR [ STt S — l —af
12 6T D a(at + e %)
b—a
3 w—al _ ,—bt
: (s + a)(s + b) ¥ i
s — —at
14 g (1 —at)e
15 < 1 —e~%(1 + at)
s(s + a)?
(b - a)s bt __ —at
16 G + a)s + b) e ae
17 al/(s? + a?) sin at
18 s/(s? + a?) cos at
s+ a il
19 G T aY+ b2 € cos br
b
2 -Gl s
0 G T ay+b e %sin bt
2 2
21 Gl 1] — e ¥ (cos bt + gsin br)

s[(s + a)? + b?]

b
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