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Frequency response (review) C%B

* 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 ZG(]w) Gain

y(t) I Yss(t)

Q /_\ Stable I"\ !"\ o
| A 4 N 7
G(S) - -

—_—
r(t) = Asinwt

* Frequency response function (FRF): G(jw)
* Bode plot: Graphical representation of G(jw)



Phase shift (review) C-%D
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Bode plot of G(jw) (review) C-(%D

* Bode diagram consists of gain plot & phase plot
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Sketching Bode plot

e Basic functions 2010939 |G(jw)| (dB)
A

 Constant gain 10 \\
 Differentiator and Integrator BT 1 10 ~00

* First order system and its inverse ~ —10
e Second order system /G(jw) (deg)
0
. . I 10
Product of basic functions e \

1. Sketch Bode plot of each factor, and
2. Add the Bode plots graphically.




Old method: c-%-:
Bode plot of a constant gain
G(s) =K = |G(jw)| =K, /G(jw) =0, ¥w
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New method: C-%D
Bode plot of a constant gain

H(s)=A

/H(s) v




Sketching Bode plot

e Basic functions 2010939 |G(jw)| (dB)
A

 Constant gain 10 \\
 Differentiator and Integrator BT 1 10 ~00

* First order system and its inverse ~ —10
e Second order system /G(jw) (deg)
0
. _ I 10
Product of basic functions e \

1. Sketch Bode plot of each factor, and
2. Add the Bode plots graphically.




Old method: c-%a
Bode plot of a differentiator

G(s) =s= |G(jw)| = w, /G(jw) = /jw = 90°, Yuw
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New method:
Bode plot of a differentiator
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Old method: c-%-:
Bode plot of an integrator
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New method: G%D
Bode plot of an integrator

A
H(S) :;




Sketching Bode plot

e Basic functions 2010939 |G(jw)| (dB)
A

 Constant gain 10 \\
 Differentiator and Integrator BT 1 10 ~00

* First order system and its inverse ~ —10
e Second order system /G(jw) (deg)
98 0.1°N\L 10
* Product of basic functions e \

1. Sketch Bode plot of each factor, and
2. Add the Bode plots graphically.
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Old method: c-%a
Bode plot of a 1st order system
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New method: &p
Bode plot of a 1st order system
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Old method: c-%a
Bode plot of an inverse system

Gle)=Ts+1= (Tsl—l— 1)_1
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New method: C-%D
Bode plot: Zero at w,

Maximum Error @ w, = 3dB

Maximum Error @ ¢ & 10w, = 5.7°

Exact Phase: tan™! ( ) , Vw

w
Wo 18



Sketching Bode plot

e Basic functions 2010939 |G(jw)| (dB)
A

 Constant gain 10 \\
 Differentiator and Integrator BT 1 10 ~00

* First order system and its inverse ~ —10
e Second order system /G(jw) (deg)
0
_ . I 10
Product of basic functions e \

1. Sketch Bode plot of each factor, and
2. Add the Bode plots graphically.
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Old method:

Bode plot of a 2nd order system G‘%D
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New method: c-%a
Bode plot of a 2nd order system

A

L+ gay + (i)z

H(s) =

w,=Corner Frequency
@ > 5 = Complex Roots
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Sketching Bode plot

e Basic functions 2010939 |G(jw)| (dB)
A

Constant gain 10 \\
Differentiator and Integrator O T 10~

* First order system and its inverse ~ —10
e Second order system /G(jw) (deg)
98 0.1°\L 10
* Product of basic functions _‘180

1. Sketch Bode plot of each factor, and

2. Add the Bode plots graphically.

Main advantage of Bode plot!
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An advantage of Bode plot G(%-D

* Bode plot of a series connection G1(s)G2(s) is the
addition of each Bode plot of Gz and Go.

 Gain

2010910|G1(jiw)Go(jw)| = 2010919 |G (jiw) | +20l0g19|Golw))

e Phase

[Gy(ju)Goljw) = LGy (ju) £ LGyl ju)

* Later, we use this property to design C(s) so that
G(s)C(s) has a “desired” shape of Bode plot.
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Short proofs G%-D

* Use polar representation

G1(jw) = 010)| 40 Goljw) = [Goljw)] el 2C20%)

Then, Gy(ju)Ga(jv) = |G1(je)|Galju) i’ C10i4)ei Galio)
= (G4 (jw)||Go(jw) LG ()4 Gfjw)}

Therefore,

010gy0{Gy{js)Ga(w)] = 20logyg Gy i) = 2logyg Gy i) +20logyg Gol)
Gylju)Golu) = (61 (ju) + LGyl )
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Example 1

» Sketch the Bode plot of a transfer function

G(s) = 10

S

1. Decompose G(s) into a product form:

G(s) =10+

S

2. Sketch a Bode plot for each component on the
same graph.

3. Add them all on both gain and phase plots.

&
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Example 1 (cont’d) G%-D

G(s) =10
X
G(s) = - 20
S
deg ,
4 ”
O——_>
G(s) = 19




Example 2 G%-D

dB
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Example 3 G%'D

dB
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Remark C'%B

* You can use MATLAB command “bode” to obtain
the precise magnitude and phase responses.
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Summary G(%-D

 Sketches of Bode plots
e Basic transfer functions
* Products of basic transfer functions

* The new approach to sketching Bode plots is useful:

e With simplified annotations we’re able to quickly obtain
good approximations to magnitude and phase values.

* This approach will be particularly useful in the process of
compensator design where simplified design expressions
will be derived from the sketched plots. (After a design is
completed, it may be verified with MATLAB using the
exact transfer function expressions).

* Next, practice sketching Bode plots
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