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Question Paper Code : 13490

B.E./B.Tech. DEGREE EXAMINATION, NOVEMBER/DECEMBER 2012.
Fifth Semester

Instrumentation and Control Engineering

IC 1301/070260004 — NON-LINEAR CONTROL SYSTEM
(Regulation 2004/2007)

Time : Three hours Maximum : 100 marks
(Graphs sheet may be provided).
Answer ALL questions.

PART A — (10 x 2 = 20 marks)
1. List the distinct features of nonlinear systems.
2. Define Eigen values and Eigen vectors.
3. Why are limit cycles important in nonlinear systems?
4.  What are singular points?
5.  What is a describing function?
6.  Define limit cycles.
7.  Define Stability in the sense of Liapunov.
8.  State Popov’s criterion.
9.  List the advantages of optimal controller

10. What is parameter optimization?
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PART B — (5 x 16 = 80 marks)

(i) List the advantages of state variable method. Find the eigen values

0O 0 10
‘and eigen vectors of given A matrix A={ 0 1 52]/. (8)
‘ -3 -7 4
(ii) Draw and explain the common physical non-linearities and list the
methods of linearising such systems. (8)
Or

(i) Obtain the state model of the system whose transfer function is
8

s> +4s+3

given ag —————.
s3+9s5+20

(i) The following model - realize the transfer function
‘ -1

G(s)=A =( 0 03) ; b =G}; c=( 0). Investigate the

controllability and obgervability properties of this model. (8)

Consider the block diagram of a system shown in Fig. Q. 12 (a). Derive
state variable model with %, =e and x,=¢. Write equations of the

isoclines on the x, versus x, plane. Given x,(0)=1,x, (0)=0, obtain a
trajectory on the x, versus x, plane. Show singular points (if any) and

some _ isoclines.
(16)
? ' Ses40)
Fig. Q. 12 (a)
Or

A linear second-order servo is described by the equation
j+24w, y+ay y=w,

where o, =1, y(0)=2.0, y(0)=0.

Determine the singular points when (i) 6 = 0 (ii) 6 = 0.6. Construct

phase trajectory in each case. (16)
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Derive the describing function for a system with saturation non-linearity.
The input output relation is linear for x=0 to S and when the input

x>S the output reaches a saturated value of KS. (16)

Or

A servo system used for positioning a load has backlash characteristics as
shown in figure Q. 13 (b) (1). The block diagram of the system is shown in
figure Q. 13 (b) (2). The magnitude and phase of the describing function
of backlash non-linearity for various values of b/X are listed in table,

where X = maximum value of input sinusoidal signal to the non-linearity.

Backlash
K X ke
s(s+1)(0.5s+1) | | )
Figure Q. 13 (b) (1) Figure Q. 13 (b) (2)

b/X: O 02 0.4 1.0 1.4 1.6 1.8 19 20

IKNI: 1 0954 0.882 0592 0.367 0.248 0.125 0.064 0
ZKy: 0 6.7 ~13.4° -32.5° -46.6° —55.2° -66° —69.8° -90°

Show that the system is stable if K = 1. Also show that limit cycle exists
when K = 2. Investigate the stability of these limit cycles ‘using polar plot

and determine their frequency andb/X . (16)
‘ Explain Liapunov’s direct method. (16) '
Or
Explain how Popov’s criterion is used to examine the stability of a
non-linear system. _ (16)
Write short notes on linear design and noﬁ-linear verification. (8 +8)
Or

Discuss in detail about State feedback and observer. (8+8)
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