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Uva Wellassa University of Sri Lanka
Faculty of Science and Technology
Department of Science and Technology
400 level 1st Semester Examination - May / Jul. 2017
SCT462-2 Control Theory

tiva Wellassa
~ Univershy

Instructions to candidates:

Duration: Two (02) hours

Number of questions: Four (04)

Answer all questions

Some useful equations are shown in page 5
Mark allocation: 100

1) A Factory is supposed to install a generator (mass m) in their building. The

factory management wants to analyze the mechanical behavior of the machine

before it is installed. Therefore, it is required to model the system. The generator

can be simplifying as below. Where F(t) is excitation force, k is spring constant

and c is damping ratio.

a) Obtain the mathematical model of the system mentioning all the

e aSSumptions;. BRI

Marks (10)

b) Obtain the Laplace transformation of the system (take initial conditions

as zero).

Marks (15)

2) The servo system shown in the figure consists of a proportional controller and

loaded elements (inertia and viscous-friction elements). Suppose that we wish to

control the output position (c) in accordance with the input position (r).
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a) Get overall transfer function, using a block diagram. Consider the plant as {
1 l

s(Js+B) Marks (8)

w? /N
52428 wps+ w3

b) Showthat, G(s) =

2 __ KN - B '
Where, wj = 7 and 2éw, 7 ‘Marks (17)

3)
a) Figure (a) (in page 5) shows the unit step response of transfer function,
25 '
G e L —
)= T35

Label the followings and clearly mark the numerical values on the plot.
The completed diagram should be attached to the answer script.
' i.  Delay time |
o pme e
iv.  Maximum overshoot .
v.  Setting time (both 2% and 5%) Marks (5)
b) Consider a system where § = 0.5 and w, = 6 rad/s . Find the followings
subjected to a unit step input.

i.  Rise time
ii. Peaktime
iii. ~Maximum overshoot
iv.  Setting time Marks (8)

¢) Determine the values of £ and w,, for following system such that respond
————————t0 a step input with approximately 5% overshoot and with settling time
2s. (use the 2% criterion) Marks (12)
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[v—

xS

hJ
f

f()=2{F(s)}

1.

13.

15.

17.

19.
21

23,

25.

27.
29.
31.

33.

35.
37.

1

t", n=12,3,...

Nt
sin(at)

tsin(at)

sin (at) -—c|zt cos(ar)

cos(at) —atsin (ar)
sin(at +b)

sinh (ar)

e” sin(br)

e” sinh (br)

t'e”, n=1,2,3,..

u, (t) =u(t-c)

Heaviside Function

u (t) f(t-c)
e £(¢)

10
J.O’_f(t—r)g(r)dr

7'(t)
7 ()

Table of Laplace Transforms s EOU
F(s)=2{f (1)} f(6)=87{F(s)} F(s)=£{f ()}
l 2 eal ’ 1
s s—a
n! , I'(p+1
AS,"“ 4. ¢’ 2 P >-1 . ——(._S‘ﬁ—)
£’f 6. 1, n=1,23.. 1'3'5"'(2”,_')‘/;
257 i Sn+i
a « S
sf+a? 8. cos(ar) s? +a?
2aS sz _..a2
(s2 o )2 10. {cos (at) (82 e )2
___...___2a3 . : 2as? .
(@ e )2 12, sin(ar)+atcos (cizt) ————(sz e )2
s(sz—az) . s(s2+3a2)
YRR 14.  cos(at)+atsin (ar) WRUETY
(s +a ) | (s +a )
ssin(b)+acos(b) 6. cos(ar+b) scos(b)—asin (8)
s’ +a’ ' ) s +a
» : i
e 18. cosh (ar) , -
b ) » 5 : s—a
(S-—a)2 +b° 0. e‘ COS( t) (.s*—a)2 +b*
b " cosh(E s—a
__——(5'—a)2 7 22. e“cos ( .t) —__(s—a)z Y
n! 1 K}
(S—a)"“ 24, f(Cf) ;F(;)
e 2. © (t-c¢) -
S Dirac Delta Function’
e F(s) 28. u.(r)g(1) | e g{g(t+ c)}
Fls=e) |30 £f(1), n=123... (=1)'F"(s)
.[WF(u)du 32. J.Ol f(v)dv F(s)
T —SIS
F(s)G(s) |34 F(e+T)=1() fye s (e
l_e—sT
SF(s)-f(0) |36. f'(2) s"F (s)—sf (0)- £(0)
snF(S)__Sn—lf-(O)_ S"—Z_f’(O)' .. _‘Sf(n—Z) (0)__f(n—l) (0)




4)

a) Determine the value of K for the following system when the system is

stable.
5—2 -
1 > (s—D(s+4)
| | | l K(S +1)
" I S -
Marks (8)
p b) For the system bellow determine K and Ky values so that maximum

overshoot in the unit step input is 0.25s and peak time is 2s. Using the
values of K and Ky obtain the rise time and settling time. Assume
J=1.5kgm?and B =1Nm/rads.

>

v

ik

- Js+B

Kn

c¢) Plot the route locus for G(s) = ; (;_4) showing all the required steps.
o | € Marks (8)
;Y
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