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PCEI4303
Sixth Semester Examination — 2012
CONTROL SYSTEMS
Full Marks —70
Time : 3 Hours
Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a) Consider a simple mass-spring-damper system as given in figure. Determine

X(s)
the transfer function @ for the given system.
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(b) Ifthe following block diagrams are equivalent, find the value of X.
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(c) Determine the number of forward paths and loops in the signal flow graph

shown in fiqure.

r(t) c(t)

P.T.O.




image2.jpeg
(d) Whatis the basic difference between the torque-speed characteristics of
an ordinary two-phase induction motor and an a.c. servomotor ?

: i K :
(e) The transfer function of a control system is given as sy For this

system to be critically damped, what should be the value of K?
(f)  Aunity feedback system has the following forward transfer function :
G(s) = K(s+12)
(s+14)(s+18)
Determine the appropriate error constant and find the value of K so that

there is 10% error in steady state.

(g) Write down the transfer function corresponding to the polar plot given in
figure.

//ﬁ\ w = o0
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(h) The open-loop transfer function of a system is
K

S s zs)

Determine the gain and phase crossover frequencies.
(i) Define ‘state variables’. What considerations/ constraints should be taken
into account while choosing the state variables ?
() The transfer function of a certain system is
Y(s)u 1
Us) s*+58°+7s*+6s+3

Determine the matrices A and B in the equivalent state-space model in
phase variable form.
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2. (a) Obtain the transfer function Y,(s)/ F(s) for the translational mechanical

system shown in figure. 6
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(b) Linearize the non-linear equationz=xy intheregion5<x <7,10<y <12.
Find the error if the linearized equation is used to calculate the value of z
whenx=5,y=10. 4

3. (a) Determine C/R forthe system shown in figure. : 6

(b) Prove mathematically how the use of feedback reduces parameter variation
(with respect variation in G and H) and improves the speed of response.
Mention the demerits, if any of negative feedback. 4

4. (a) Forasecond-order system, obtain an expression for damping ratio in terms
of peak overshoot. For a second-order system, the unit step response is
found to have a maximum overshoot of 18% and peak time of 0.25 sec. Find
the natural and damped frequency of oscillations and the location of the 2™
order poles. 4+1+1+1

ib) Define the ‘error constants for standard test inputs’. 3
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(b)

. G(s) = K(s+2) ( ol =
The system shown in figure has ——*“S(Sz e 16) and(s) = - Kis the
gain of the system and is positive. Find the range of gain K for which the

system remains stable. Also determine the gain margin. 4+1
i it
:
_zc H j
Consider a feedback control system with characteristic equation
1

e
Draw the root locus for the system showing the centroid, breakaway point(s)
and the branches of the root locus. 5
A unity feedback control system has an open-loop transfer function, 6
G(s)= SO WO o |
s(s+1)(s+2)(s+4)

Draw a sketch of the polar plot and determine the intersection points, if any,
with the real and the imaginary axis.

(b) State and explain Nyquist stability criterion. 4
K
7. (a) Aunityfeedback system has an open-loop transfer function G(8) = g
Determine the values of K and a for which the gain margin is 9.54 dB and
the phase crossover frequency is 3 rad/s. 5
(b) Determine state variable model in diagonal canonical form of the following
transfer function. Also draw signal flow diagram of the system. 5
2
F(s)= S*+6x+6
(s+1(s+2)
8.  Write short notes on any two : 5x2

(a)
(b)
(c)
(d)

d.c. Servomotor
Synchro
State Transition matrix

Proportional, Integral and Derivative Controllers
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