Today (10/16/01)

 Today
— Collect Project 2
— Hand out Project 3

— Frequency response
— Ref. 6.1

 Reading Assignment: 6.9




Frequency Response

e Consider a stable system driven by a
sinusoidal input (like in Project 1).

y(t) After the initial transient dies o,

u(t) = Asn(et)
S G(joo)|Ussin( ot + < G(jo )

magnitudeof G. |G( jo )i
X ‘ (Jm)‘? Frequency response of G

phaseof G « G(jo) b
 Let U(jo) be the Fourier transform of u(t)
(spectrum of u). G(je) can be considered as
the gain scaling and phase shift of each
sinusoidal component of u.



u(t) = Asin(et)

Example

G(s) |

k0

300
s + 2.427s+ 300

G(10)) = 1.49exp(- j0.12)

Let G(S) =

725




Example
G(10)) = 1.49exp(- j0.12)
sn(10(t - ¢ /10))

¢ /10= separation of zero crossings
¢ /10=0.012 rad or ¢ = 0.12rad
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Example

a=2.4274;

Gtf(1,[1 a 0]);

Gl=f eedback( G300, 1) ;

GlL _10=eval fr(GL, 10*j);

di sp(sprintf('gain of 10j) = %' ,abs(GL_10)));
di sp(sprintf(' phase of G 10j) = %', angle(GL_10)));
t=(0:.01:10);

u=si n( 10*t);

y=Isim(GL, u,t);

figure(l);plot(t,y,t,u);grid;

| egend('y',"u");xlabel ("tinme (sec)');ylabel ("y');



Bode Plot

 Gain plotis represented in decibels (dB) of
IG(jw)| vs.logoe: |G| = 20log|G]

 Phase plotis angle(G(] o)) vs. log, o (In
degree or radian)
GG, =|G||G,|exp(j« (G,))exp(j« (G,))
IGG,|=|G/|G,| exp(j« (GG,)) =exp(i(« (G,)+« (G,)))

« Both gain/phase plots are additive
IGG,|,, = 20l0g|GG,| = 20log|G,|+ 20l0g|G,| = |G, +|G,|

« (GG,) =« (G)+ < (G,)



Bode Plot

 To visualize complete frequency spectrum of
G(s), use MATLAB command bode( G
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Bode Plot by hand

Consider Bode plot of loop gain KG(s) : — K
R S b
KG(s) = K (S- Zl)(S- ZZ)... - K, ed géd g
(s- p)(s- B,)- @S 0@s 0
e Py ge P, 7/

G(s)

‘KG(j(D )‘dB = ‘KO st Jo /7 - ]_IdB+ ‘J(,) /z, - ]_IdB + o

Nio o= - |jo /0y~ - -

£ (KG(J.O))):K KO+L< (jO)/Z_L- 1)+4< (JO) /22_ ]_)+_,_

-4 (Jo/p-1)- 2« (Jo/p,-1)- -




Bode Plot by hand

Different types of terms:
0. constants: ¢

1. zeros/poles at origin: s"
2. real zeros/poles: (st + 1)**

+1

2 N
u

Y s s @
3. complex zerog/poles: éc—. +2; —+10
géw ng O H

We will develop rules for each term. For the final
Bode plot, just add the individual gain and phase plots together.



Bode Plot by Hand

|, = 20l0g,,|c| = constant
i 0°ifc>0
< (€)= constant phase = _
+180° if c< 0

)"
< (Jo )" = nx90° (constant phase)

. = nx20l0g,, lo| (20xn dB/decade)



Bode Plot by Hand

Jot +1:

Forot < 1. jot +1» 1 (0dB, O phase)

Forot » 1. jot +1» jot (20dB/decade, 90°)

ot =1: 3dB, 45

Gain asymptotes. 0dB upto o =1/, 20dB/decade increase beyond

Phase asymptotes. Straight line approximation from 0° to 90° from
1 decade below » =1/t to 1 decade above » =1/1, passing through
45° atw = 1/x.



Bode Plot by Hand

é%j(o 62 j(D Uil
B(Jo)= ég_+ + 2 —+1d
ge n g @, H

For(D < (Dn.B(JCO)»l (OdB,Ophase)

? 2n 0 U .
Foro > o, B (jo)» é- 9 - 0 (40dB/decade, +180°)
8 e®ng H

o =0, t|2| (smal¢ p largevalley/peak) , 90°

Galn asymptotes: 0dB upto o = o ,,, 40dB/decade inc/dec beyond
Phase asymptotes. Straight line approximation from 0° to +180° from
1 decade below » = , t0 1 decade above o = o ., passing through

90° at o =0,



Example
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Exercise 8

Sketch by hand the Bode plot of
G(s)=1/(s+as)

Sketch by hand the Bode plot of |ead
filter: G(s)=K(Tstl)/ (aTstl) a<l

Sketch by hand the Bode plot of lag filter:
G(S)= a(Tstl)/ (aTstl) a>1



