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e Relation s & jw

e Frequency responses:
- Nyquist (polar plot)
- Bode
- Nichols
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Bode plot (a/jw)
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Bode diagram:

2010og| H| versus (log)
arg(H') versus «(log)
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Bode plot (a/jw)
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If » ten times larger

a/jo ten times smaller:

straight line with a slope
of -20%10]0g(10) =
-20 dB/decade
or -6dB/octave
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Nichols diagram
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First-order system

e Nyquist

* Bode 20-sim
e Nichols demo

Lecture 5 Frequency Responses (13) Control Engineering 2004/2005 © Job van Amerongen



Rubber membrane medel Uiveraity of Twento

e s-plane can be seen as a rubber
membrane

e poles are needles under the membrane

e zeros are push pins in the membrane

e push pins in infinity

e H(j®) is a cross cut through the
membrane at the jw axis
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Plant : Bade Plot
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Plant - Bode Plot
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‘Lag network

ajo+b

H(Jjo) = b jo+a

a<b
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‘Lead network
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e Relation s & j for lag and lead
networks

. A
Im
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e Relation s & j for lag and lead
networks

. A
Im
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Relation s & o
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e Relation s & j for lag and lead

networks
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e Relation s & j for lag and lead
networks

imA |n'\A 0

Lecture 5 Frequency Responses (26) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

re

Lecture 5 Frequency Responses (27) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

re

Lecture 5 Frequency Responses (28) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

im im
M\
re N re
im
re

Lecture 5 Frequency Responses (29) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

im im
N\
re < re
im im4
re re

Lecture 5 Frequency Responses (30) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

Lecture 5 Frequency Responses (31) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

im
x re
2X
m— im
Q
re

Lecture 5 Frequency Responses (32) Control Engineering 2004/2005 © Job van Amerongen



Control Engineering

Rel atIO n S (—) J £ University of Twente

re

2 2X

re

Lecture 5 Frequency Responses (33) Control Engineering 2004/2005 © Job van Amerongen



Relation s & o

re

Lecture 5 Frequency Responses (34)

Control Engineering
University of Twente

im
N\
U/ re
2X
im
re
—

Control Engineering 2004/2005 © Job van Amerongen



’ . Control Engineering
Dem O S 20'8' m University of Twente

e lag network
- bode 20-sim
- nyquist demo
- nichols

e lead network
- bode 20-sim

- nyquist demo
- nichols
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Lirllear Svstein : Bode F]IIot
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We consider the following feedback system

U_|_ y
—>()—'|H|_ [>

The system is on the border of instability when:
H,(jo)=1and arg(H,(jo)) =7

or H(jw)=1e"
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Linear System : Nyquist Diagram
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Linear System : Nyquist Diagram
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Linear System : Nyquist Diagram
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Draw the Nyquist plot
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e The stability of the CLOSED system
depends on the fact whether the
Nyquist plot of the OPEN system
encircles -1

e If the Nyquist plot of the CLOSED
system encircles -1, this tells nothing
about the stability of the system |
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Find the
poles and zero's

V re»

Draw the
root locus
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Gain margin:
1/6b

Phase margin:

P

Linear System Re
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e Gain margin determines how much the
gains may vary, before the system
becomes unstable

e Phase margin influences transient
behaviour (damping ratio, overshoot)

e Second order system:
e z ~ phase margin (in degrees) / 100
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e Investigate the influence of gain and
phase margins on the step response
of the close loop system for various
second- and third-order systems
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e s-plane with its real () and imaginary

(jo) axes and

e The complex plane used to draw the
Nyquist (polar) plot of 4 (jw)

A . .
s-plane im(s) = jo
>
X re(s)
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