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Sketching Bode plot

2010g10[6(w)| (B)

= Basic functions
v Constant gain 1; —~ .
v Differentiator and integrator _poft ! 10 NQ0
¥ Double integrator /G(jw) (deg)
¥ First order system and its inverse 0“0_1\1 —
= Second order system _‘198%

= Time delay

= Product of basic functions
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 basic functions (review)

= G(s)=K * G(s)=s
- +200Bdecade_—"
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Bode plot of basic functions (review)

® G(S) 1/s o G(S) 1/(3*8)
R —20dB/decade S
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Bode plot of basic functions (review)
= G(s)=1/(Ts+1) : G(s) Ts+l
NG ER
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Bode plot of a 2nd order system

resonance
Wl o C 01/

G(S) = SQ‘I'QCW S+w2 22 : : o ‘
n n Lo . : —40dB/decade
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Bode plot of a time delay
G(s) = e 1% = |G(jw)| = 1,Yw, /G(jw) = —wT(rad)
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The phase lag causes instability of the closed-loop
system, and thus, the difficulty in control.
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An advantage of Bode plot

= Bode plot of a series connection Gi1(s)G2(s) is
the addition of each Bode plot of G1 and Gz.

= Gain

2010919 |G1 (jw)Goljw) | = 2010919 |G1 (jw) [+20l0g 19 |Go(jw)
= Phase

[G1(jw)Goljiw) = LGy (ju) + LGoljw)

= 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

= Use polar representation

Ol N — 10 (a0 LG1(w) o
Ui\uwv) M I\JW |V b

Then, Gy(ju)Co(ji) = |61 (ju)|Cale)]el 1l Galie)
= [63(jia) Gt 1) EC;

NORWIAET™),
Z\JW/|V

Therefore,
201gyg i)l = 2010930y ) )] = 20100/ ) 420 gy Gl
[Gy(u)Gyljiv) = L61(ju) + LGyl ju)
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Example 1

= Sketch the Bode plot of a transfer function

G(s) = =2
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)
dB ,
G(s) =10 50
X 0 10
1
G(s) = — 20\
deg |
@ 90
G(s) == 0
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Example 2

daB ,
G(s) =0.1 -20
1
~ 0
20
G(s) =~
deg ,
I 90
0.1
Gs) == 0
Example 3
dB
1
G =5
X
G(s) =~

1

G = oD
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Example 4

dB ,
G(s) =s+1
)0 R
X
1
G = 011
_10(s+ 1)
G =" 1 10)
Example 5
G(s) =2 dB ,
X
20
G(s) =s+1
X
G(s) = %
(0.1s + 1)2
~200(s + 1)
Gs) =1 102
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Summary and exercises

= Sketching Bode plot
= basic functions
= connections of basic functions
= Exercise
= Read Section 8.2 of the textbook.

Exercises
= Sketch the Bode plot of:
20 8s s+ 2 2
G(s) = a = = =
)= Gy 60 (s+1)? Go)=—5 G) 2(s+2)

* Find a transfer function having the gain plot:

+2 / 40

5s
Ans. (G(s) =
B RIS S
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