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I.J a) Find the closed loop T.F —%%z% for the system shown below (Figure
1),
R_ T _T__l
/ / s y
Figure 1.
b) Design the control system given 1in Figure 2 by choosing

appropriate values for k1 and k2. The design should satisfy the

following.
(i) The settling time ts = 3 sec. (with 2% criterion)
(ii) The percentage over shoot = 5%

Find the type of the system and steady state error to a ramp

input. {
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Figure 2.

II. g) Examine whether the system described by the transfer function
J

yis) _ 1

R(s) <241

is BIBO stable or not.



b)

For the system shown in Figure 3, determine the range of k for
which the system is stable. Use the Routh’s Criterion.

5 k(s+1) 1 Y
- s s+3
1
s+0.1 |
Figure 3.

II1. Consider the following system given in Figure 4 and verify that

(a)

(b)

(c)

y(s) ewsd-ks
R(s) o=

o] l 3

r(s) j <::) ' 2 e <::> siS > y(s)

Figure 4.

If e.(s) 4 r(s) -Y(s), find the optimal value of k such that the

integral of the error squared performance Index I 1is minimum
. S
for a step input.

2
° C d0+C§d2
where Is = I e (t) dt '——‘Zd—d‘d—
o 01 2
n-1
kEO Cksk
and E(s) =
n k
b3 dks
k=0

Find the sensitivity of the system with respect to the gain "k’
(Si) over a nominal value of k = -3. Does the sensitivity depend

on the input signal frequency?
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1. The root locus for the system depicted by the block diagram
in Fig la. is shown in Fig 1b.

a) .What value of K will produce roots with zeta=0.707, the
damping. ’

b) .Wwhat is the type of the given system ?. find the steady
state error to a step of 0.5. let K=6.0.

c).If the specification on the steady state error €5c < 0.01 to a

step input(at zeta=0.707),Design a compensator and draw the
rough sketch of the compensated system root-locus over the Fig

1b.

y1(8)

K > Hi(s) > Gls)
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2. The bode plot of an open loop Transfer function G(s) is given
in Fig 2.

a) .What are the gain cross-over and Phase cross-over frequencies ?
Determine the Gain-margin,Phase-margin and the Band Width.
Comment on the relative stability of the system.

b) .Design lead compensation that will yield a phase margin of
greater than 75deg.,Le§ Weq = 10 rad/sec.,be the new gain cross

TY)

over frequency.
c) .Draw the rough sketch of the Bode plot of the compensated system
over the Fig 2.
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Match the step responses given.in Fig 3 (1), (2),(3),(4) with the
frequency responses (a), (b), (c), (d) and the Nyquist plots
I,IT,III,1IV.
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1). Consider the Transfer function ‘ [ 10 1

' s+1
G(s) = Y(S) =
U(s) sZ + 55 + 6

Write the state space equations for the same.
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2). The equations of motion for an inverted pendulum on a cart are [ 10 ]
B =86+v
X =-fe-u |
'Let_ -)Z = .[ © 6 x X ] be the state vector and the output y = 6.
Write the state space equations in the form ’
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3). Consider the system [ 10 ] (i://

a). Is the system stable ?
b). Is it controllable and Observable ?
c). Define what is controllability and observability.

d). Is the above system Linear-time- -varying OR Linear-time-invariant
system ?. Give your reasons.
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4). Consider the plant described by ' o L 20-]
X(t) = [‘2 ‘] X(t) + H u(t)
1 0 0
Y(t) = [T 27 x(t)

a). Find an appropriate control law such that the poles of closed 1oop
system are at -0.5 + j 0.5

b). Design an observer which is twice faster than the controller.

VA
c). With U(t) = -K X(t) + r(t), Write the complete state equations of the
combined control-law and estimator.
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5). Match the location of closed-Toop poles on s-plane with the
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6). Consider ’ P [ 20 ]

". ] 52 = 64

a). Using root-locus techniques, design a compensation that will give closed

Toop w, = 7rad/sec. and a damping ratio of é’ = 0.707. Choose compensator
zero to be at -10.

b). Find the operating gain K of the compensated system.

c). What is the steady state error of the compensated system to a unit step.

d). Draw the compensated root - locus.
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7). Consider ) B L 20 ]

s r *, -
‘?‘ e Z,

2500 K

s{s'+ 25) ..

equal to unity so that the phase-margin 3, 450, the steady state error
due to ramp should be £ 0.07.

a). Suppose G(s) = , Design a Tead compensator with D.C.gain

b). Draw the compensated bode-p]ot.' (,Use'the uncompensated plot given
in vpage 14.) |
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