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Adaptive and variable structure systems - Assignment 1

Question 1 (Home assignment)

Given the standard control loop with process transfer function

1
s+5)(s+1)(s+2)

G(s) = (

and controller
The Nyquist plot G(jw) is giben in Fig. 1.

a) Use the Nyquist Criterion to decide whether the closed-loop control system is BIBO stable for
K = 50.

b) Calculate the maximum gain K > 0 for which the closed-loop control system is BIBO stable.

Nyquist Diagram
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Abbildung 1: Nyquist plot G(jw)
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Adaptive and variable structure systems - Assignment 1

Question 2

Given the nonlinear standard control loop with a relay with hysteresis (Fig. 2) and linear transfer
function

Gs) = s(s+2)
$ fu)
1
— —

Abbildung 2: Relay with hysteresis

a) Calculate the describing function of the relay with hysteresis.

b) Can we expect periodic motion within this feedback system according to the method of Har-
monic Balance?

Question 3!

At the end of the 19th century the English physicist Lord Rayleigh (1842-1919) investigated the phy-
sics of musical instruments in two extensive works. The reed of a clarinet can be considered as a
second-order oscillator:

X+kx=u,

where x denotes the displacement of the reed from its rest position.

The intervention of the clarinettist is modelled by u = a% — (%) mit a, g > 0.

a) Determine G(s) and the stationary nonlinearity in the standard control loop.
b) Calculate the describing function of your nonlinearity.

¢) Determine the expected limit cycle using harmonic balance.

2

Note: sin® x = £(1 — cos2x) und cos? x = 3(1 + cos 2x)

ISastry, Nonlinear Systems, Springer 1999
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Question 4

Consider the nonlinear standard control loop with linear transfer function

G(s) =

1
(1+5s)4

and nonlinearity given by the following characteristic:

A

 f(e)

%fm

/

a) Calculate the Describing Function N(A) of the nonlinearity.

b) Sketch the Nyquist Plot —N(A)~! in the complex plane.

¢) For what values of m do you expect the existence of periodic motion according to the method

of Harmonic Balance?

d) Analyse the stability of the closed-loop system with respect to m, if the characteristic is substi-

tuted with its linear part fy;,,(e) = me.
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