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= The hand plotting was developed by H.W. Bode
at Bell Laboratories between 1932-1942.

= Now, most control system designers use computer programs
to illustrate the Bode plot.

= However, it is still important to develop good intuition
so that you can quickly identify erroneous computer result
and perform sanity check

and determine approximate result by hand
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= The idea in Bode’s method is to plot
magnitude curves using a logarithmic scale and

phase curves using a linear scale
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» Magnitude & Phase Representation:
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r=+/a“+b>b
Lm (a,b) a+jb = \/ b
T \ tan(e):a
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Magnitude-Phase Representation in Complex Plane (S-plane)  covtitn o v0r0
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= For example,
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= Advantages of working with Frequency Response
In terms of Bode Plots
1. Dynamic compensator design
can be based entirely on Bode plots.
2. Bode plots can be determined experimentally.
3. Bode plots of systems in series (or tandem) simply add,
which is quite convenient.
4. The use of a log scale permits
a much wider range of frequencies
to be displayed on a single plot

than is possible with linear scales.



Bode Form of the Transfer Function

= The open-loop transfer function:

(5= z1)(s—22) - (5s—2m)
K Gs) = R G =) (5 — pn)

: __ oy Gwrr +1) w4+ 1) -
K G(jw) = Kg (jw) Guore 1) Gon £ 1)

= For example,

K Gljw) = Ko owg@w&flﬁ 1)

CS6B-BodePlot - 8
Feng-Li Lian © 2020

/ K G(jw) = / Ko+ / (juri+1) — /(jw)? — /(jwre+1)

log |K G(jw)| = log|Kp| + log|(jwry + 1)|

— log |(jw)?| — log|(jwre + 1)

K G(jw)|gp = 20109 [Kp| + 20log |(jwT1+1)]

— 20109 |(jw)?| — 20log |(jwra + 1)
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= Class 1: Singularities at the origin Ko (jw)"
= Class 2: Frist-order term (Gwr + 1)F1
= Class 3: Second-order term 2w\ 2 ‘ +1
[(E) Loacd® 4
Wn, Wn,

= Class 1: Kg (w)™

4 Slope is +1, or
. 20 db/decade
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p— Iog KO —I— n |Og |jw| 100 - i‘f{n=+2 : n=-+I 40
\'\_\ j // 430 5
g 10 A= \\\ ,,’//' 20
. n __ 0 \ // 10
/ Ko (jw)" = n x 90 | Y/ 0
AN,
2N
// \\ H-10
0.1 / N —20
0.1 1 10 100 1000

w (rad/sec)
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= Class 2: Magnitude Gjwr + 1)*!
a) Forot<<1, jotr+1=1
b) Forot>>1, jot+1=jort 1

ST 1
= =1/t Break Point s T

= For example, | Break point !
P 100 / 10

G(s) = 105 + 1 { /

= 20
G(jw) = j(10w) + 1 & IGI=1-4//- slope = +1 or +20db
- ~ =
3 14 3
_ =10 \l 0
a) ForlOm<<1, j100+1=z=1 Asymptotes
b) For10w >>1, j100 + 1= 10w ! 00l 01 10 10 100 1000
w (rad/sec)

" »=1/10: Break Point

|G(j0.1)] = |5(1) + 1] = 1.414 = +3db
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= Class 2: Phase Guwr + 1)*1
a) Forot<<1,£1=0°

" —_ 0]
b) Forwt >>1, £jot =90 2 Gls) = - 1 :
c) For ot =1, Z (jot+1) = 45° s T

= =1/t Break Point

= For example,
Asymptote

[ Break point l
G(s) = 10s + 1 o {

G(jw) = j(10w) + 1 _ @ T
i1 //

30° 7
TAsymptote

T

0.01 0.02 0.1 02 04 1
w (rad/sec)

£ (jwl0+ 1)

= »=1/10:; Break Point

—30°



Classes of Terms of Transfer Function

= Class 2:

G(s) = 10s 4+ 1

G(s) =

(wr 4+ 1)+

1

10s 4+ 1
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102 Magnitude| plot for jw v + 1; T = 10 102 Magnitude plot for 1/(jw T + 1); T = 10
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| Classes of Terms of Transfer Function
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= Example 6.3: Bode Plot for Real Poles and Zeros
2000 (s+0.5)
KGGs) = - (s + 10) (s + 50)
(1) Break points j_w 41 ]

K G(jw) =
) (gw)[ +1][ w1

= Break points: 0.5, 10, 50

(2) Asymptotes
2
= Low-Frequency Asymptote: K G(jw) = (o) for w < 0.1
"o <<0.5: slope =-1  (or -20 db/decade)
*0.5<mw<10: slope = 0 (or O db/decade)
* 10 < ® < 50: slope =-1 (or -20 db/decade)

* 50 < : slope =-2  (or -40 db/decade)
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= Example 6.3: Bode Plot for Real Poles and Zeros
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= Example 6.3: Bode Plot for Real Poles and Zeros

(3) Magnitlde at break points.
= By Zle 1.4 (+3db)
= By Pole: 0./ (- 3db)

Magnitude
S

100:

102 10" 10° 10° 102 108
w (rad/sec)
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= Example 6.3: Bode Plot for Real Poles and Zeros
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= Example 6.3: Bode Plot for Real Poles and Zeros
2000 (s+0.5)
KGG) = 0770y (5 + 50)
(1) Break points [ L+ ]

K G(jw) =
Uw) =y [ +1][ w1

= Break points: 0.5, 10, 50

(4) Phase
2
= Low-Frequency Asymptote: K G(jw) = (o) for w < 0.1
" << 0.5: phase =-90°
" 0.5<wm<10: phase = 0°
=10 < 0 <50: phase =-90°

* 50 < : phase =-180°
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= Example 6.3: Bode Plot for Real Poles and Zeros
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= Example 6.3: Bode Plot for Real Poles and Zeros

Phase
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= Example 6.3: Bode Plot for Real Poles and Zeros

Phase
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= Example 6.3: Bode Plot for Real Poles and Zeros
2000 (s + 0.5) e e St It

s (s+ 10) (s + 50)

Jw
2 (4% +1)

Gw) [{5+11185+1] TN

= Break points: 0.5, 10, 50 S i N

-180

w (rad/sec)
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= Example 6.4: Bode Plot for Complex Poles
10 1000 60
K G(s) =
(5) s [s2 4+ 0.45 + 4] 100 Stope 1 B
—”:j 10 /-\ 20
10 1 2 1 3( 0
— 5 .E:;” \\ g
4 os[+2(01) + 1] o 0
Slopg =—3
00.1 —40
0.1 02 04 1 ? 4 1
= Break points: 2 —60° T
| T ————— ;@xlma 10N
o —140° '*
~J
¥ —180° :
= 00 \
~260° _L-...__
—300°
0.1 02 04 1 ? 4 10
w (rad/sec)
(b)
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= Example 6.5: Bode Plot for Complex Poles and Zeros:

Satellite with Flexible Appendages
0.01 [s?2 4+ 0.01s+1] . w0 T 40
K G(s) = 5 1752 S 20
s< [(57) +0.02(5) + 1] _ | 0.
%' 0.1
‘éﬁ 0.01
(].Ol[lt]l

0.1

= Break points: 1, 2

—60°

Phase, /. G

—100°

—140°

—]80“—_——-4-;*

0.1 ] 10
w (radl/sec

(b)
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= Example 6.6: Computer-Aided Bode Plot
for Complex Poles and Zeros

102 Ideg plp’gfgraTFV\(Icomplgxlpl&lzl. .(al) magnitudel o

num = 0.01*[1 0.01 1];
den =conv([10 0],[.250.01 1]); | g =
w = logspace(-2,2,1000); =
[m,p] = bode( num, den, w); v T s N

0 | S ‘(b)Pha.se.....l |

B

subplot(2,1,1) 50
loglog( w, m, 'LineWidth', 2); 3 ol
subplot(2,1,2) il J
semilogx(w, p, 'LineWidth', 2); T T R ('d/' )10 T




