ECE 486: Control Systems

Lecture 13B: Bode Plots




Key Takeaways

A Bode plot for an LTI system G(s) consists of two subplots:
* Magnitude (Gain) vs. frequency and
* Phase vs. frequency.

Such plots are useful to understand the steady-state response
of the system G(s) to sinusoids of different frequencies.




Bode Plots

If a stable, LTI system G(s) is forced by u(t) = sin(wt) then:

y(t) = |G(jw)|sin(wt + LG (jw))
A Bode Plot is a common tool used to understand a linear system
to sinusoids at different frequencies. It consists of two subplots:

 Bode Magnitude (Gain) Plot: Gain vs. Frequency
Horizontal axis is ® on a log (base 10) scale in units of rad/sec .

Vertical axis is the gain in decibels: |G(jw)|z5 = 20logo |G(jw)]
We can convert from dB back to actual gain: |G (jw)| = 10!6U®)las/20
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 Bode Phase Plot: Phase vs. Frequency

Horizontal axis is ® on a log (base 10) scale in units of rad/sec .

Vertical axis is the phase £G (jw) in degrees.
)




Example

>> G = t£(2,[1 4]);
System: G(s) = S%} 5> bode (@) ;

* Ifw = 0then|G(jw)| = 0.5and £G(jw) = 0° so:

If u(t) = sin(wt) then y(t) — 0.5sin(wt)
* Ifw — oothen |G(w)| » 0and £G(jw) = —90°
* Ifw=2"2then |G(jw)| = 0.45 and £G(jw) = —27°

Bode Diagram 1.5

»o

Magnitude (dB)
X
o

-40 > 0.447
107" 10° 10 102 3
5

0 © 0

Phase (deg)
A
(8)]

©
o

109 10 102 0 /2 - 37/2 or 57/2 37
Time, t (sec)

—
<

Frequency (rad/sec)



Bode Plot: Differentiator

* Differentiator: y(t) = u(t) G(s)=31=s
If u(t) = sin(wt) then y(t) = w cos(wt) = a)sm(a)t +2)
This agrees with |G (jw)| = w and £G(jw) = Sraa = 90°
* Properties:
Differentiator amplifies higher frequencies and output leads input.
Slope of magnitude plot is +20dB/decade
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Bode Plot: Integrator

* Integrator: y(t) = u(t) G(s) =1
If u(t) = sin(wt) then y(t) = — cos(wt)

[Neglecting a constant term and effect of initial conditions]
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Bode Plot: Integrator

* Integrator: y(t) = u(t) G(s)=1

If u(t) = sin(wt) then y(t) = %sin(wt — g)

This agrees with |G (jw)| =~ and £G (jw) = —Zrada = —90°
* Properties:

Integrator amplifies lower frequencies and output lags input.
Slope of magnitude plot is -20dB/decade.
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