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Instructions to students:
1. Do not write anything other than your roll number on question paper.
2. Assume suitable data wherever required and mention it clearly.
3. Writing appropriate units, nomenclature, and drawing neat sketches/schematics/ flow chart wherever,
required are an integral part of the answer.

Q.1A Objective type multiple choice questions (10 questions @ 1 mark) 10
i. If X(s) is Laplace transform of x(t) and x(0) = 0, then sX(s) is Laplace

transform of ca) x(—t)  b)x7 (t) ) sx(t) )T (®)

ii. The intersection of the Root Locus branches with the imaginary axis may
be calculated by a) Nyquist criterion b) Routh criterion c¢) Nyquist plot d)
Bode plot

iii. A decade frequency range (w , w,) is specified by
a)=2=10 b)=2=2 c Z—jzzo d)%: 100

[OF] w1 -
v. A system having a transfer function G(s) = ﬁg is subjected to a unit step

input. The steady state value of the outputisa)4 b)3 «¢) g d) %

V. The time constant of a system having a transfer function G(s) = ;% is
4 1
a4 b)3 o) d)

Vi. A second order standard system having damping ratio % is subjected to a
unit step input. The corresponding output overshoot is a) less than 5% b)
less than 20% c) greater than 20% d) greater than 100%
vii. If the root locus branches cross the imaginary axis in the direction of the
right hand complex plan, the system becomes
a) Non linéar b) Time variant c) BIBO-stable d) BIBO-unstable
viii. Assume we have a closed-loop system with unity negative feed-back and
open-loop transfer function G (s) = S—j—z. The Nyquist plot makes one
counterclockwise encirclement of (-1,0). The closed loop system is: a) Non
linear b) Time variant ¢) BIBO-stable d) BIBO-unstable
ix. Assume that none of the poles of a LTI system lies in the right hand
complex plan (including the imaginary axis). For a bounded input, the
output of this system is a) Nonlinear b) Time variant c) Unbounded d)
Bounded

X. Assume we have an open-loop system with G (jw) = J—a-i—l If w = 1 then
£G(jw)isa) 0° b)—45° c)+45° d) —180°
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Q.2

Q.3A

Q.3B

Q4A

Q.4B

Q.5A

Q.5B

Q.6A

Short answer type questions (4 questions @ 2.5 marks)
Discuss open loop control system

Discuss settling time

Discuss lead compensator

Discuss Pl controller

Sketch the Bode plot for G(s) = —

K (s%-1)
S

Sketch the Root Locus for G(s) =

Determine the transfer function % for the mechanical system given below

Assume we have a closed-loop system with unity negative feed-back and
open-loop transfer function

' K(s+1)

(s+4)(s+7)

G(s) =

Determine K such that we have a closed-loop pole in s = -3 or show that it is

impossible to have a closed-loop pole in that position

Determine the transfer function ) for the electrical system given below

Obtain a state-space representation of the system:

2
Blsl= i Tp

Find the range of K to keep stable the system shown in the figure below

R&) 4+ E(s; —— Fas
St W clts)
?‘ = T
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Q.6B

Q.6B

Q.7

Assume we have a stable closed-loop system with unity negative feed-back
and open-loop transfer function given below:
G(s) = K(s+1)
(s+4)(s+7)
Determine the steady state error if the reference signal is a unit step, as a
function of K
OR

Determine the transfer function % for the system given below

‘ H
R C
—b@—’ (,“ -t» (,': Gy, >

1,

Consider the following control system

Compensator -
e T T T 1
!
: »1 K
: P Gpls)
+ ! | K _
( ) : s{s+ 2} o
}
T : » Kp » s
|
i

and three different cases
)2 <0
Kp
0 < Kp oo
ii) .
vevy KP
iii) T >2

05

10

Which of the three cases can result in the system with the fastest settling time?

Which of the three cases can result in an unstable system?
Which of the three cases can result in a critically damped system?
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Q.8

Q.8

Consider the system 10
Ris) /—\ 10 a
—»w G5) T
Design a controller such that we have closed-loop poles in -3+3j
OR
Assume we have the following system: 10
m Go(8) Gis)

Design a lead compensator such that Phase Margin = 40°. The Bode Plot for

G(s) is given below

20 -
20 1
0 "
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-140 4 \

107! 10°
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Formulae:

Standard First Order System:

K
— settling time (2%) ~ 41

Kw?
Standard : L i i 7 P
andard Second Order System: ERTY T L settling time (2%) ~ e
PD design: T, = ©aes |7 K 1)? =
esign. da — [Udes = m} Kp = K_G K= |G(pdes)|K=1Td (Udes - E) T Wges
PI design: T, = Odes 17 K 1)? h
esign: [I; = [Udes + m} KP = }}; K= |G(pdes)|K=1 (Udes - T—z) t Wyes
=1 > o |
1 . _1 Wdes K 1
h deSIgn. . ;[Udes + mn(d@] KP = K_G K= [ 'G(pdes)lK=1T\/(0des - ;) + wdesz }
Lead design:
1 . J S -+ :,.
G orenals) = K, |2 B 2)
- a  (s+p.)
i (s/z. + 1) . (s + 1)
= K,.— - = .
(s/pe+ 1) (aTts+ 1)
. 2 1 1
3 > U, Pe > 0. 0\ é < ] T — —— == ———
/)’ ':(,f ”1)4‘
(-)ma:\‘ = PA[SPE(? - Pﬂ[uncmnp + 100
I —sin(o,. )
@ = arcsin <———~—\,l“(‘,0"““\)
1+ S“l((f‘)max)
GIwmaz)| 5 = .10 log ()
o 1
“rmaax \/;l
v 1
1
/}' = e
(47
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