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Code : 031815

B.Tech 8th 8emester Exam., 2021

MODERN CONTROL THEORY

Time : 3 hours Full Marks : 70

Instructions :

() The marks are indicated in the nght-hand margin
() There are NINE queshons in this paper.

(iii) Attempt FIVE questions in all

{tv) Question No 1 is compulsory

1. Answer any seven of the following 2x7=14
_Ad) Define controllability and observability.

Define similanity transformation and its
significance.

) - Define controllable canonical and
observable canonical forms

ﬂ Define deadzone non-lineanty.

fe) Explain the requirement of pole-
placement design.

Define state vanables and transfer
function.
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f§ Expiain reduced order obeerver design

(# ~ Define nipotent matrix Where may

2. Aaj Obtain the state mode! of the parallel
FPLL networik zs shown below
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and find its wrznafer functior.. 7e7=14
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3. faj Commder the statc-space mode o z2o

25 0 07 g
A= 0 -1 1, B=135
o © -1 o |

s 1 x7 (O}
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Find the non-homogenecus scbuton o
LA =3-3 2,0 =0 and u:s 2 umt

UTal wep
fonction TeTw14

4. iy A regulator systerm has a plant

Y _ 24
ke fs+1 TMs+4 SMs+3 5

Define  state vznable 23 . =2y
x, =3x., x4 =3x;. By use of the state
feedback control u = ¥, it 18 desired o
piace the dosed-ioop poles 20
$=-423jand s=-12 Determine the

necessary state feedback gaun matriy ¥

AK-21/586 { Twrn, Ower §


C69
Rectangle


(4)

(b) Consider the system given by

xXq -2 0 1 [ x 0
xoj=l1 -2.5 O xg|+| O |u

st 0 0 —4‘3‘ X3 1-6

y=(2'1 1 0} Xo

Transform the system equations into
f) controllable canonical form and
{@ observable canonical form. 7+7=14

1 ol x 0
Xy = 0 0 1|lxp]+] O Ju
x3| [1-78 0-55 -5-5][x3] [1-54

‘/}/Considcr the system defined by
X 0

X3
y=[1 0 Ojfx;
X3

Given the set of desired poles for the

observer to be s=-4-211-3V3j and
s=-11. Design a full-order observer.
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(5)

\//Consider the system given by
X "4 "5 "‘2 xl 7

X
%y |=[ 0 =1 3 |[xg[+[O]u
X3 1 0 -1lj{x3] [1
X
y=[4 1 0]{x;
X3

Is the system cornlp;lgy_:l_y_,' _Sstate
E:_ggt,r_ul.lahlc_and gompletely ohservable2
Explain how to obtain a transformation
matrix in similarity transformation. 7+7=14

6. (a) If the state equation of a system is
described by

w5 5

find eigenvalues, eigenvectors and state
transition matrix. Also determine the
solution of the system with input u(t) =1
for t=0 and initial vector x{0)=1,

x,0)=-1.
{b) Consider the LTI system

%= 0 1]ix . 0
“l2 -5]{xp] |2]"
Find the non-homogeneous solution if
x0) =1, x,0)=-2 and u is a unit step
function. 7+7=14
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(6)

(7)

7. (a) Consider the state-space model of“-an {b) Explain singular points. Find out the
LTl system with matrices singular points for the following
-3 0 0 0 systems :
A=|0 -1 1| B=|1 i) y"+5y -20=0
0 0 -1 0 () y"+3-5y'+2-5y=0
Find the state transition matrix and Show the trajectories of the singular
comment on the controllability. points. 7+7-14
(b). Consider 9. (a) For a sinusoidal input x = Xsin ot, find
T T Jos] o] 1 0-5 the output waveforms for the following
= 1% Yo 2.8]F non-linearity :
Pind th 0 ; X<A
in e optimal control law that
minimizes ° ) : e NX)={om NG
— 1-(—] ; X2A
1% ) nX X
- 2 . 2 =
J 2 £ (W +2y; +2-S5u”)dt 7+7=14 By Fourier series analysis of the output
waveforms, derive the describing
function.

8. fa) Using Lyapunov’s direct method, find (b) Discuss friction controlled backlash and
the range of K to guarantee stability of describing functions. 8+6=14
the system shown in the figure below.

Use the Lyapunov’s direct method and
Routh criterion and compare the
* k&
resuits :
r=0 g ksl {15 + 25) B PP RN
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