M & N CIRCLES



Frequency domain charts

Topics to be covered include:
<  Nyquist chart.

o Constant M loci.

o Constant N loci.
< Nichols chart.

o Constant gain loci.

o Constant phase loci.

o Nichols chart specification.

< Effect of adding poles and zeros on loop transfer function.
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Closed loop transfer functions

R(s)+ C(s)
—_T— G.(s) =] G (s) T
G.(s)G(s) = L(s) 1 1
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Closed loop values from Nyquist chart

Imaginary Axis

R(s)+ A o C(s)
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L(jl) —0.86-28;
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M circles (constant magnitude of T)
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N circles (constant phase of T)
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Open-Loop Gain (dB)
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Closed loop values from Nichols chart

R(s)+

C(s)

G.(s)
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Nichols Chart
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Constant gain and

| phase loci 1n Nichols chart
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Nichols chart specification
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How to plot |T| versus
frequency?
How to plot <T versus
frequency?
How to derive cross over

frequencies?
How to derive ¢, and GM?

How to derive open loop

bandwidth?
How to derive closed loop

bandwidth?
How to derive M)?
How to derive ®,?
How to derive type of
system?
How to derive error
coefficient? °



Effect of adding poles on Bode plot.

—TT’ G(s)

Adding poles

— G(9)

Bode Diagram
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Effect of adding poles on Nyquist plot.
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Adding poles to open loop transfer functions
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Effect of adding zeros on Bode plot.

Adding zeros
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Effect of adding zeros on Nyquist plot.
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Adding zeros to open loop transfer functions
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Note: For 1<0 system
1s unstable. Why?




Example 1: Derive the Bode plot of following system.
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Example 1: Derive the Bode plot of the following system.
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Exercises

1 The Nichols chart of an open loop system with negative unit feedback
1s shown.

a) Find the GM and PM.
b) Find M.

Nichols Chart
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Exercises

2 The Nichols chart of a open loop system with negative unit feedback is shown.

a) Find the error constants
b) Find the GM and PM and gain crossover frequency and phase crossover frequency.
c¢) Find M,,, open loop bandwidth and closed loop bandwidth.
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