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Frequency response (review)

T .(1} )

= Steady state output yss(t) = A|G(jw)|sin(wt + /G(jw)
= Frequency is same as the input frequency w
= Amplitude is that of input (A) multiplied by |G (jw)|

« Phase shifts /G (jw) Gain
N Yss(t)

y(t)‘ N
Stable ; \“ / \“ .
V V__ e | oy

U(t) = Asinwt

= Frequency response function (FRF): G(jm)
= Bode plot: Graphical representation of G(jo)
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Bode plot of G(jm) (review)

= Bode plot consists of gain plot & phase plot
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Sketching Bode plot

= Basic functions (Today)
= Constant gain
= Differentiator and integrator
= Double integrator
= First order system and its inverse
= Second order system
= Time delay

* Product of basic functions (Next lecture)
1. Sketch Bode plot of each factor, and
2. Add the Bode plots graphically.
Main advantage of Bode plot!
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Bode plot of a constant gain
" TR G(s) =K = |G(jw)| =K, [G(jw) =0, W
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Bode plot of a differentiator
= TF G(s) =s=|G(jw)| =w, /G(jw) =90° Yw
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Bode plot of an integrator

" TF G(s) =2 = |G(jw)| = =, /G(jw) = —90°,
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to w-axis.
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Bode plot of a double integrator

" TR G() =5 = 16G)| = 3, (G(jw) = ~180°, Y
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Bode plot of a 1st order system

Corner frequency
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Bode plot of an inverse system

" TF G(S):TS—|—1=< 1 >_1
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Bode plot of a 2nd order system
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As can be explained with Nyquist stability criterion,
this phase lag causes instability of the closed-loop system,
and hence, the difficulty in control.
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Remark

= Use Matlab “bode.m” to obtain precise shape.
= ALWAYS check the correctness of
= Low frequency gain (DC gain) G(0)
= High frequency gain G(o0)
= Example 10(s+ 1)
s+ 5

G(s) =
—— ((00) =10~ 20dB

G(0) =2~ 6dB —
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Exercises

= Sketch bode plot.
G(s)=1 G(s)=0.1 G(s) =-10

Gis)=5*  g(s) =+ Gs) =5
_ 1 10 B

60) =157 =115 CO=10s+1

66 =241 CO=5+1 =5

Summary

= Bode plot of various simple transfer functions.
= Constant gain
= Differentiator, integrator
= 1st order and 2nd order systems
= Time delay

= Sketching Bode plot is just ....
= to get a rough idea of the characteristic of a system.

= to interpret the result obtained from computer.
= to detect erroneous result from computer.

= Next, Bode plot of connected systems
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