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PCEC 4303
Fifth Semester Examination — 2012

CONTROL SYSTEM ENGINEERING
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)
(b)

State the difference between servomechanism and regulator system.

Write down the differential equation for the system shown in figure.
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The unit step response of a particular control system is given by c(t)=1—e .

Determine the transfer function of the system.
Determine the overall transfer function of the signal flow graph shown in
figure.
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Differentiate between ‘type’ and ‘order’ of a system. Determine the ‘type’
and ‘order’ for the system whose transfer function is given below :

G(s) = 4100(s+5)2(s+50)
s*(s+10)(s“+3s+10)
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(f) Differentiate between ‘centroid’ and ‘breakaway point’ of a root locus.

(g) What is the slope change at o = 10 of the magnitude vs. frequency
characteristic of a unity feedback system with the following open loop
transfer function ? Justify your answer.

. 5(1+j01w) —
jw(1+j0-5w)[1+106(50) (5\%) }

(h)  The open loop transfer function of a unity feedback control systemis given as

1
(1+sT1)(1+sT2)

Determine the phase crossover frequency.

(i)  Write down the magnitude criterion and the angle criterion for a point to be
on the root locus. How is the gain K at a particular location determined ?

(i)  What are the different time domain specifications ? Define each of them.

2. (a) The choice of components for an open loop control system should be done
more stringently than that for the closed loop system and in a feedback
control system, the choice of components for the feedback elements should
be done more stringently than that for the forward path elements. Explain. 5

(b) Ina gear train, derive the expression for the motor torque referred to the
motor side as well as the load side. What is the analogue of gear train in an
electrical system ? 5

3. The forward path gain of a unity feedback control system is G(s) = —--—vs .

Determine the natural frequency, frequency of damped oscillations, maximum
overshoot, peak time, rise time, settling time and the expression for unit step
response. 10
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4.

(a)

(b)

C(s)
Determine the transfer function R(s)_ for the system represented by the
block diagram shown in figure. 6
G, G,
& 3 G + S(s)
& G, / o h
H2 N\
H

Draw a signal flow graph for the two-tank liquid level system represented by
the following equations. Take AQ as input and AQ, as output. 4

d
AQ = /\01 + C1 a(/\HJ

d
AQ,= AQ,+ C, d—t(AHz)

AH;-AH
AQ = — L
1 R1
e
/\O2 = R2

Consider a unity —ve feedback control system with forward path gain

K
S(s2 +Z+1)(S+4)+K

Determine the range of K for which the system is stable, the value of K
at which sustained oscillations will occur and the frequency of such
oscillations. 5
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For a unity —ve feedback system, the forward path gain G(s) is given as

K(s+a

)
) Find the value of K so that steady state error for the input

GS)="s(s+2

r(t) = tu(t) is 0.02 and the effective damping ratio for a unit step response is
0.8. 5

State Nyquist Stability Criterion. Define Gain Margin and Phase Margin.
Why is the GM determined at the phase crossover frequency and the PM at

the gain crossover frequency ? 5
(b) Sketch the Polar plot for 5
G(s) = ____1___
s(1+T;s)(1+ Ts)
Determine the intercepts on the real and imaginary axes (if any).
Draw the Bode Plot for the transfer function 10
64(s+2)

(8)

(b)
(c)
(d)

~ 5(s+0.5)(s” +325+64)

. Write brief noteé on the any two : 5x2
(a) AC servomotor
b) Determination of Relative stability by Routh Criterion

Constant M-circles.

Proportional, Derivative, Integral control actions.
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