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N.B. :

Q.1) (a) Find the transfer func.tion for the folloling systems represe'nted in stite space. (10)

[;:l = [ ,i -i ?] ,.r . [3] ,,[*rJ Lo o-z] Lil

[x'l
IYJ=[r o oJlxzl

LxsJ

(b) Distinguish between modern oontrol theory and conventional control theoty.
Explain state of dynamic system, state variable, state space, state equation and
output equation involved in state space modeling
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(1) Attempt any four questions.
(2) Assumptions made should be clearly stated.
(3) Use log/semi - log paper is permitted.

(10)

Q.2) (a) (t 0)
R(s)

(b) Obtain state space representation of the system siiorvn belorv u4rere output is (10)
xs(r)

.(,,=IS-:illr

-l lf t

Q.3) (a) Write a note on Lyapunov Stability and modeling via Lyapunov. Also explain an1, (10)
nonlinear rnodeling technique' considering structural anrilor material
rionlinearity

Eind ffi by Mason's gain formula:for system shown belo'rv

Jii= lS-*rnr

.fi,,e = t Sl-slm

/'t, = I \-v'nt
- l-
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G(s) : 64(s + Z)s-o'zs

s(s * 0.5)(s2 * 3.2s + 64)'

(b) An inverted pendulurn mounted on a motor-driven cart is.r,o*o in figure" {10}Assume that the input to the system is the control force n apptried to rlre c;iri-an
the two outputs are the angle o of the rod from the verticai ariis and ** porliio*
x of the cart' Derive equations of motion and obrain rransflrr n n"rlo,,l- oi'irr.
systent shorvn belou,.

Q.4) (a)

Q.5) (a)

Sketch the Nyquist plot of unity feedback system u,ith

?/_\ k(1 + s)
I- l c I 1

s(s*0.2s)(s+0.5s)

Sketch the root locus diagram of a coltrol,s{s.tem hziving H(s}=l and

G(s)=-#ll ''-
co mm ent on s tuui t iiy"o'r" 

" 
- ;$ffi u enc-v * f ' osc, r atri o*.

Sketch the bode plot. Determine the gain margin, phase rnargirr, gain crcssover
frequency and phase crossover frequency for the unity fcedback slstcrn lia'i,g
open loop transfer function

({{,}

(b) (i0i

(r0)

(b) For the system shown in F-igure below, find J and D to yield 20olo oyershoot and
a setlling time of 2 seconds for a step input of torque fit).

i10)

i"r,rr: ##i
iit

Q.6) {a) Find the range of k for stability of a unity feedback system. Alsg f"lnct i.:*, arld r,}**.
k

6(s) = s(s+2)(s+a)(s+6)
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{b) Consider rhe liquid-tevel system showl in Figure be[*w," At stse6r",*kte,..tr;r* (tt]]
inflow rate al'rd outtlow rate are bottr Sand the flow nau* hetv-re*ii ih*ltanks iu t "

zero- The heads of tanks I and 2 are both fl. Rt t:0, tfu* rn{I,*",v nate is changed
from Q to q + q, where g is a small clrange in the infiorr,.r.rte. T'he resull*ins
changes in the heacls ( ir1 and ir2) and flow rrates 1 qn ;J qrt *re *rj**;"il;
smali. The capacirances of tanks I and 2 are c, amr{ f,2 rrespec{ively.. The
resistance of the valve betu'een rhe tanks is R, andlhar,rf,iirc ortlloo,qalve is
R2. Deril"e rslathematical models for the system when (a$ r-4 is ;tlle input and h2

the outpur" {b) q is tiic input and 92 rhe ourpur, and (c) q ii lhs inpui and hrthe
output

I {:i,r\ I
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