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Equilibrium points and Limit Cycles
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Existence of limit cycles — Describing
Function Analysis

Consider a form of the van der Pol equation: \ }
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Express the system as a transfer function G(s) in th& forward loop with a non- i)

linear feedback though a static nonlinearity h(x). Find explicitely G(s) and h(x).
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Existence of limit cycles — Describing
Function Analysis
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Thia is in fact the van der Pol oscillator that generates limit cycles. 4t c¢),, 1., = © (srfozbie)
@Use the descrlplng ctlon analysis to examine the existence of a limit cycle.
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Lyapunov stability analysis
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Lyapunov stability analysis
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Show that the origin and the ellipse a?z$ + 23 = 1 are invariant sets for b = <

Choose a Lyapunov function to show that the origin is a locally asymptotical
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Lyapunov stability analysis
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BIBO — Circle Criterion etc.

A motor is controlled using position and velocity feedback combined in a P-
controller with gain k. A gain £ is used as a weight for the position feedback.
The input signal is saturated due to input torque limitations. In particular u =
—ks(& + kx) if —1 < u < 1, otherwise v is saturated to —1 or +1 depending on
the signum of & + kx. Use the circle criterion to study the asymptotic stability
of the origin.
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BIBO — Circle Criterion etc.

A motor is controlled using position and velocity feedback combined in a P-
controller with gain k. A gain £ is used as a weight for the position feedback.
The input signal is saturated due to input torque limitations. In particular u =
—ks(& + kx) if —1 < u < 1, otherwise v is saturated to —1 or +1 depending on
the signum of & + kx. Use the circle criterion to study the asymptotic stability

of the origin.
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Circle Criterion

NyquistG(S)

A > k
Nyquist Diagram
1 :‘L y N -~ V' N
10 |
51 | ]
§ | ) )
> i ),
3 0 |
S |
T 5f 1 .
10 F E
15 I /IA V' N A |
-1 -0.5 0 0.5 1
1 eal Axis
You could check the k <

conditions for strictly
positive real functions and
get the result without a
Nyquist graph.

ks

arbitrarily large

Imaginary Axis

s+k
s(s+am) k> apm
Nyquist Diagram
80 | ‘ ‘ ,
‘ .A -~
60 L‘ .
a0 |
N :
20 N\ !
: Z
20 F // :
4 |
-40 j‘e" :
-80 “ L L I :AL I V'
-4 -3.5 -3 -2.5 -2 -1.5 -1 -0.5 0
Real Axis
1 \
kS a:m - k
a2
m
a2
ks < —=
k - afm

0.5

0, mw

&,

T666
{“wsn,‘f‘\\

UNIVERSITY



Nonlinear Control Design
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