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CPEE 5302

Sixth Semester Examination — 2010
CONTROL SYSTEM ENGINEERING

Full Marks —70

Time: 3 Hours

Answer Question No. 1 which is compulsory
and any five from the rest.
Use of Graph and Semilog Graph Papers is
permittd.
The figures in the right-hand margin
indicate marks.

1.  Give brief answers to the following questions
2x10
(a) Mention the analogous quantities for
Mechanical (Translationa| Systems)
and Electrical systems in Force-Voltage

Analogy.
P.T.O.
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(b) “Explain the difference between Linear

(9)
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Time invariant dynamic system and the
Linear Time varying Parametric (TVP)
Dynamic System.

Enumerate the effects of degenerative
feedback on Control Systems.

Derive the expression for maximum
overshoot for a standard second order
system with a unit step input.

How do you ascertain type and order of
the system? Explain.

Is there any modification of rules for
construction of Root Locus if the system
has transportation lag? Justify your
answer.

Discuss the effects of addition'of poles
and zeros in the loop gain function
G(s)H(s) on the root locus of the linear
system.

Contd.

(h)

@

0

Explain the necessity of referring to phase
crossover to determine the Gain Margin
(GM) and the necessity of referring to

gain crossover to determine Phase

Margin (PM). |
Explain how the principle of Argur‘nent is
used to state the Nyquist criterion for
stability of linear system.

Whether constant M-Circles and constant
N-Circles are drawn for closed-loop or
open-loop systems? Justify your answer.

Determine % of the system showing in

fig-1
(a) using Block Reduction method. 5

(b) Using Manson's Gain Formula.

CPEE 5302
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(a) - Sketch the- root locus for the system

, Ke*®
whose G(s)H(S) =——— when K varies
s(s+2)
from 0 to . (6™ may be approximated
as (1-s)). 5

(b) Sketch the root locus of the system whose

K
G(S)H(s)=—— i
(s)H(s) S(s+1)(s+4) - For the damping
ratio 0.34, determine the value of K. 5

The system shown in fig-2 is a unity feedback
control system with minor feedback loop
(output derivative feedback).

(@) (i) Inthe absence of derivative feedback
(a=0), determine the damping ratio
and natural frequency. Also determine
the steady state error resulting from
a unit-ramp input. 2

(i) Derive the formula used. 1

(b) Determine the derivative feedback
constant which will increase the damping

Contd.

(c)

ratio of the system to 0.7. What is the
steady state error to unity ramp input with
this setting of the derivative feedback

constant. 2+1

lllustrate how the steady state error of the
system with derivative feedback to unity
ramp input can be reduced to same value
as in part (a), while the damping ratio is

maintained at 0.7.

(i) Add an amplifier of gain K, between
the two summing points. 2

(i) Adjust the gain 8 in the forward loop
to a higher value Ka. 2

C(s)
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(@)

(b)

A system described by
d’y 6d
dt%i; . dt
y(0)=0,¥0)=1, r(0) = 7, r(t)=7e™* Find
the forced response component and
Natural response component. 5

y -dr(t)
+8y =-
Y dt

Z+ +5r(t) and given

Derive the dynamic error series in terms
of dynamic error coefficients and also
derive the expression for Co: Cy» Cy--C,,
(Dynamic error coefficents) 3

Derive the static error constants K, K, K,
and state their limitations. 2

Given the characteristic equation of a
system is s+ 8.55%+20s+12.5 (1+K) =0

() Calculate the gain K for the system
to be stable with a settling time (t;)
of 4 second, based on dominant
poles. Use the formula for settling

time t; = &
eti= 5
Where s = damping ratio and o, =
natural frequency. 3
CPEE 5302 6 Contd.

(b)

(i) With K as in part (i), find all the
roots of the characteristic equation.

3

Using the Nyquist Plot, examine the

stability of the closed-loop system

G(S)H(S)=;(1_—S). 4

Sketch the Bode Plot and determine Gain
Margin (GM) and Phase Margin (PM) for
the unity feedback system, whose open

loop frequency function :

Gjo) = 10
1) = {0 Mo+ 1(0.05j0 1 1) - 6

What should be the open loop forward
gain (K) if the G.M. is to be increased by
3db more than that of in (a). 2

What should be the open loop forward
gain (K) if the P.M. is to be increased by

10° more than that of in (a). 2
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8. Write short notes:on any four of the following:
4x2.5
(a) A.C. Servo-Motor

(b) Synchros

(c) Stepper Motor
(d) Nichol's Chart
(e) PI Controller

(f) Ziegler Nichols method of tuning PID
controllers.
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