National Exams December 2013

07-Mec-A3, SYSTEM ANALYSIS AND CONTROL

3 hours duration

NOTES:

I If doubt exists as to the interpretation of any question, the candidate is urged to submit with the answer paper,
a clear statement of any assumptions made.

2. Candidates may use a Casio or Sharp approved calculator. This is a closed book exam. No aids other than
semi-log graph papers are permitted.

3. Any four questions constitute a complete paper. Only the first four (4) questions as they appear in your answer
book will be marked.

4. Al questions are of equal value.
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Question 1:
a) Calculate the unit step response of the system

54

Gs) =
(25 +6)(s*+35+9)

b) A system is given by its transfer function

5(1-04s)

G -
s+ 1)02s+1)

What are the time constants of the components of its transient response, and how long does it take for the
transient to decay almost completely?

Question 2:

For the system of Fig, 1 with'G(s) = U[s(s + 1) (s + 4)], use the Routh-Hurwitz criterion to find the limit on

K for stability. At this limit, determine the position of the system poles on the imaginary axis of the s-plane.

A 4
)

G(s}

T ; Figure 1
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Question 3:
For the system in Figure 2 with G(s} = (s + 1) (s + 3)/ [s(s + 2) (s + 4)]:
(@) What is the system type number?

(b)  What is the gain of the loop gain function?

© What are the steady-state errors following unit step and unit ramp inputs?

G(s)

=
x
4
\ 4
O

Figure 2

Question 4:

(@  For the motor position servo in Fig. 3 without the rate or velocity feedback (K, = 0), find X for a
system damping ratio 0.5 and the corresponding steady-state error following unit ramp inputs.

(b) Still with K, = 0, what value of K will give a steady-state unit ramp following error of 0.1, and what
is corresponding damping ratio?

(c) With X as in part (b), what value of K, will give a system damping ratio 0.5? How does the steady-
state error compare with that in part (b)?

v
v
o

R K
—_ g s{s+1)

Figure 3
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Question 5:

For a system with loop gaih function
K (s*+4s +8)

G=
Ss-1)

sketch the loci and find the range of values of X for which the system is stable.

Question 6:

For a system with loop gain function
20

G(s)=
(s+5)(0.1s + 1) (0.025s + 1)

(a)  Plot the asymptotic Bode magnitude plot.

(o)  Determine the phase margin and gain margin.
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Laplace Transform Table

Unit-icnpulse function &(t)

Unit-step fuaction u,(e)

o ¢ (7 = positive integer)

&

Unit-ramp function ¢ . ‘
|
i

) (s + a)p R G

nl
G + o £27 (a = positive integer)

S | 1
G+ s+ 6) Py (E'f' =) (a#f)

— 5 1
- Gta)s+) ﬂ_a(ﬂf"—ﬂ'&"") (o # 8)

N

. 1
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1 1
5(s + o) ’ ’&i(l = e = gger)
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Laptace Transform Table (continued)
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L=af)e
s+ o)t { )
o “ sin a,t
s w? -
s
i €OS w,f o
N kY
Gy
-— [ ~cosa,t
s(s? + w?) ‘ "
@i+ a) @ NMed + wisin(wt + §)
s+ wt where & = tan™ {w,fo)

e @B
(s + @) + wl

&, 1
é *f + P v — -—
al+ ol &+ wl sin = 6)

where 8 = tar™ (w,/a)

u B
T+ 2es + al

\/l:t?:e""lsinmg\/l =L (<1

wy
(3 + 2 s + wl)

,.__ll_ pe“"-‘sin(m,,\/l_—?’l+ o)
where §=cos™' { (<)

sal?
¥ 2ws + o}

—a!
Vi
where @ =cos™ [ (£ <1)

e P sinfu VI ~ £~ )

wi(s 1+ o) ot — Jafes, +
Tt 20t ol ST e M@ V= it )
VITE
where = tan! " "5
e €<V
a? 2L 1 e
TR T T guimp eV s

where @ = cos™ (21— 1) <)
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