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- Time : Three hours R Maximum : 100 marks

Answer ALL questions.

PART A —— (10'x 2 = 20 marks)

1. Find the closed loop transfer furiction for the system shown in Fig. Q-1.

Fig. -1

' '.:_Wi"ite the Mason’s gain formula to determine overall closed loop system
- function using signal flow graph.

B R

3. Find the damping factor, ¢ and the natural frequency, @, for the unity

-4 Whatis the steady state error for a Type-0 system when the input is r (¢) = . ?

10
s(s+1)

S feedback system with open loop transfer function, G (S) =

2

4

" Relate bandwidth of a system to damping ratic £ of the system and write the

SRR

~.expression,




-1 .. K

100

L g

- When drawmg the Bode plot for an unity, feedback system W1th open leop

transfer function fe (S) = 71*_56_5—5 will the phase plot cross the -180° line?
3

If the poles of a second order system are located at g = -1 and 5= -2,
mdlcate the state equation in ‘diagonalized form’.

i What do you mean by the term observability of a system with regard to state
‘space model of the system?

: .Sketeh. the frequency response of a lag-lead compensator.

.W}iat is the' effect of integral control on the performance of a system?

PARTB—(5x13=4¢5 marks)

(a) (i.).'. The block dlagram of a closed loop control system 1s shown in

Flg Q- ll(a)(l) determine the overall transfer —gf using block

dlagram reductlon techmque (8)

v O

Gs

H-

» .

Fig Q-11(a)()

i

for the electric: cii"cuit shown

Eqy(s)
(

i

' (ii) Determine the transfer function

‘7T mFgQ1u@m) - (5)
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—
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Fig. Q. 11{a)(i)
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(11)

Flg Q ll(b)(l)

_ '-"For the closed 100p system shown as signal flow graph in
2 Fig Q. 11(b)-(), deduce the overall transfer function using Mason’s
'Gam Formula, - - (7

‘Write down the d1fferent1a1 equations that govern the mechanical
system shown in Fig. @.11(b)(ii), and obtain the transfer function

X, (s) -
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Fig. Q11(b)(i1)

Derive the expression for unit step response of an under damped
second order system given by the transfer function

K,

Kw? .
o) _ . “n > where @, is natural frequency and ¢, the
T(s) s +2w,s+w]
damping coefficient. {6)
A unity feedback system is characterized by the open loop transfer
. 10 . .

function G (s) = —(————ﬁ . Determine the response of this system for

s{s + 2
a unit step input. Evaluate the maximum overshoot and the
corresponding time for maximum overshoot. (D

Or
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K(s +40) .

A feedback contlol S}’Stem has G(s) = ( and the sensor
: 53 .

+ 10)
- ~—~——_ Find the gain K which results
¢ .ansfei functlon is H ( ) = G120 gain
in "ma:c gmal stabihty Determme the oscillation frequency. (6)

G A umty feedback system has an open loop transfer function given

UL ; S k .
: -"'b G S ' . Sketch the root locus plot of this
o y (S) (s~f—3)(s‘ + 2+ 2)

_ .:System 1ndlcat1ng the:

(1) real ax1s segments |
£ (2) pomt of mtersecmon of root locus on'the 1 1magmary ‘axis,
:;5.-:-'_'(3:) breakaway pomts : (N

@ ;The open Ioop transfer function of a unity feedback system is given

: (1 25)

by G = . Sketch the Bode plot of this system
o () (1+4s)(1+0253) P y
"and obtam the gam margm and phase margin. (8)

Determme the frequency domain specifications of a second order
system Whose closed loop transfer function in given by,

R_(s) s 123 + 64

i) - The open loop transfer function of a unity feedback system is given

by G(s): 1 . Sketch the polar plot of this
; s{1 +0.1s)(1 + 0.01s)

S system and obtain the gain margin and phase margin. (8)

At What frequency the polar plot of the system with transfer

S functlon G(s) = 1 will cross the —180° axis.

(o) (L + Jor, ) (1 + jot,)
(5)

[ 14, (:?i).ﬂ. " (1) :_.'{':_.Construct the state model in Jordan canonical form, for the system
SO N (s} o 10

'Whose closed loop transfer function 1s (6)
S U(s) 5(s +1)(s+3)
(11) leen tha‘t the state model of the system as follows
' “To 1 o01(%] fo x,
J=lo 0 1l xl+lole and  y=[20 9 1]|x, |
lee —11 -6 x| |1 %,
' Check whether this system is completely state controllable and

observable? {7)

Or
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15.

18,

(b}

(a}

(b)

(2

(1)

(ib)

(i)

@

(1)

Construct the state modei in phase variable form, for the system

C(s) _ 10
hose closed 1 ti ' T
whosge closed loop transfer func ion is o) sGiDGd) (7

If a second order S}stem is given by the transfer function,

Y .
(o) _ 3 10 fmd the Elgen values for this system. (6)
U(s) % +4s +3. _

Discuss in detaﬂ'ébbﬁ."ﬁ: tlr"l.é.st:ep by step procedure to design a lag
compensator using Root Locus. (6)

The open loop transfer function of the uncompensated system is

G (s) = ———— . Design a suitable compensator for the system so

s(s +2)

that the static velocity error constant K, = 20sec’

and the phase

“margin is at least 55?"én'd the gain margin is at least 12 dB. (7

Discuss in detail the procedure to design a lead compensator using
Bode plot. RS (6)
For the unity feedback- system with open loop transfer function

G(s) = w—(———l—) it ig desired to obtain the phase margin greater
s(s+ _ .

than 45° and steady state error less than 0.1 for a unit ramp input.

Design a lead cempensator that meets the given specifications using

Bode plot. ik {7

PART G — (1 « 15 = 15 marks)

The Fig. Q@16(a)(1) shows a system employing proportional plus error rate
control. Determine the value of error rate factor K, so that the damping

ratio is 0.5. Determine the value of maximum overshoot for unit step
input and the steady state error for unit ramp input, with and without

error rate control.

BR{S)

b brske | . 1o Bes)
(s+2)

i

Fig. Q.16(a)(i)
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(b NOBE The state model of a system is given'as, . - '

S @ and y= =1 43l M ey
. “Determine the é,t'ate: transition matrix. Assuming iﬁitialfbo.nditidhs_
1 noas zevo, find the transfer function for the systemn. . (8)
(i) Tor the state model given in Q.16(b)() obtain the unit step response.

R (@) |1 :
- Tagsuming initial conditions as, = : o (7)
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