Frequency Domain Design of Control Systems |: Bode Plots
While the Nyquist plot is a very powerful too to analyze stability, it is not

convenient for designing controllers, since it is difficult to see how the
addition of a controller can change the shape of the Nyquist plot. So classical

control design is typically carried out using Bode plots.

A rational transfer function that has no poles or zeros in Ke S0, except possibly

for poles at 0, can be written in the form
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£ 2 0 isaninteger, Ti"v) T, >0 { 7w £ 7,.) are the constants
associated with the linear factors, w“w U"‘LL‘. >0, D < 5., §k< { are the

constants associated with the distinct quadratic factors, representing complex
conjugate pairs of zeros or poles.

The Bode plot of G is a plot of the frequency response G‘fjhﬂ, Lo ?, 0

using 2 plots, the magnitude plot and the phase plot, in the form of semilog plots.
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(7ii) Linear pole factors: (zero factors similar)
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Straight line approximation for the gain plot:
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The phase plot for ’
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is given by
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Again, one can determine additional points on the phase curve to improve

sketching accuracy, if desired. For example, for
L
: -
L Gljw) = —+ad' [ 25 %)
3/a

&J

c———— ."I"'

)

e



&) ) : o ~[
‘\-_ln 3 Aé]{J&J) = '{TM (Zf

- _ 7(,%*!(%&1)

For a specfic value of £, these give you 2 more points on the phase

curve to get a more accurate approximation.

D,e,s Glaple Ca'«f'fa//tu I'N o ¢
MM% : /6 fufu&/

Cpoyide r
v 2
O h
_/\ SC§+-1§NA)
.
[ (s) = .
SCS t2¢0,)
a
[(s) = Les] = “n
[+ L(§) Sty 26, S+, *
th
S /L(JUJ| = | =

/U{ (wl.’_ fq’-un:..)yz_.
/.//+4§‘f

( wrloteder -wt =0

-t



w4‘+ 4_<L&,n7—2._£\]1_:0

q

Wt _4€lwnh+\/lé§44j“4- N 4_Un+
2
= 2 a/”z W B 4§7_th
2

- w,” (W_ 2¢*)
U?: LJ'I [/+4§4' _L,;Lj )

L LGug) = =90 - Y

2 Sy
PM= 90"~ fa.” \/T/m}?; 16t
2% 25
= fa” frm —ng'j
(For - fta = fa %, "30)
o-%’!% 76,345
0-b

5‘O.7a :B‘o
/*p/vwxwf‘./y Lo an ,% o P M 1‘60"]7
¢ < A to 2,,4{ ¢ PH

loo




: L
{T@”ﬁ:){ = Wz
1" e | 4
<|_i’2’_-)l.|. £¢* Yy *
uylz' A)hl
I_ [d‘l 2 2 h)bL

( wf) + 49 o s -Z =0
x= M (1-%) +4¢*x -2 =0

w,*

xX=t (4652 x =l =0
X = 2 -4+ /(2/—1§L)1+4
2

= 1A+ [ dst_sts ¥

2

T I-2¢ '+ [ ae* _ger 12
w,[1-2¢*+ |/ 2 ¢% - 45> 2]

T > 2
;U

= gw L [1-2¢+ [ ae* _ger+2 7
b

m —I[o[/nn-? %f/omow&, A_Q/Afm (.I 0\{5—0 Valia(-



DS < 469  PH >27°
OHS (L) + PM ~ 7%

IM}M P =  Sneller OS5

W,

W

For the standard second order system, the ratio is a function of

§ only (see the expressions for Cub and U} above). A plot of
e,

“3

as a function of § s given below
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For simplicity, sometimes we just use the estimate L\/b ) fd} ,
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