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Lecture 21

Frequency domain charts

Topics to be covered include:
Nyquist chart.
a Constant M loci.
a 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
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Imaginary Axis
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Closed loop values from Nyquist chart
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Let G,.(s)G(s)=
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w=7

T()=

Real Axis

1

I'(j1)=? =1

— G(1)G.(j1)=-0.86-2.8;

T(jl)=?

L(jl) —086-2.8;
1+L(j1) 1-0.86—2.8]

T(j1)=1.04/-20

T(2)=? T(3)=? T(jw)=?

M =7 4
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Open-Loop Gain (dB)
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Closed loop values from Nichols chart
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NichoI? Chart T(]l) — ‘) o =1
201o0g|G, (jo)G(jw)| =9.43

G, (jo)G(jow)=-107

— G(1)G.(j1)=2.93£-107°

T(jl)=2
L(jI)  2.93£-107
1+L(j1) 1+2.93/-107

T(j1)=1.04£-20
T(j2)=? T(j3)=? T(jo)="?
M =7ucst
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Constant gain and phase loci in Nichols chait”™”
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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 Mp?

How to derive ®,?
How to derive type of
g system?
How to derive error

coefficient? ?
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Adding zeros to open loop transfer functions
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Note: For <0 system
1s unstable. Why?
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Example 1: Derive the Bode plot of following system.

G(s) = arts+1
Ts+1
Let a>1 7
=
2010g‘G( ja))‘ = o
-
:2010g‘afja)+1‘+2010g . 5
[z jo+1 =
/ZG(jow) =
=Z(at jo+1)+ L .1 ) &
T]a)-i-l é?,
@, =tan" (atw)—tan” (tw) 2
aTo—To
tan(p, ) l+ar’w’ 10° ‘ | : 10
Frequency (rad/sec)
Otan at —7)1+at’0’)-2at’o(ato—T0 1 _
@) _ X )2 2 ( ) (+at’w’)=2ar’®w’ ®=—— sin m:_a :
ow (I+ar’0?) a a+1
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Example 1: Derive the Bode plot of the following system.

G(S):az's+l
Ts5+1
Let a<l1 e
Zl
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12
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