System Control

Frequency Response Techniques
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The concept of frequency response

Spring —= x(f) =M, cos(®+¢,)

Viscous damper
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M,(w
M(w) = Mi-l((m))

P(w) = ¢o(@) — ¢i(®)

My(0)Zg,(w) = Mi(w)M(w)ZL|¢; (@) + ¢(w)]
%@ Mass |—= f(1) = M, cos(wi+ ¢;)



Magnitude & Phase

As + Bw

2 2 C(s)
5=+ @ - Gf.ﬂ')

R(s) =

Laplace transform of a general sinusoid,

r(f) = Acoswt + Bsinwt = \/ A* + B* cos [wt — tan™ (B/A)]

in polar form, M;Z¢;, where M; = A* + B> and ¢; = —tan '(B/A)

As + Bw

C(s) = m(}(s)

Magnitude: |G(j@) =10g|G, G, -G, |=10g|G,|+---+log|G,|

Phase: G(jo)=4(G, G, G,)=4G+:-- +/G
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Bode plot

* A Bode plot is a (semilog) plot of the transfer function magnitude and
phase angle as a function of frequency

* The gain magnitude is many times expressed in terms of decibels (dB)

Vou t
Vit

dB =20 log,, A= 201log

where A is the amplitude or gain 3dB = 20log;o V2

* adecade is defined as any 10-to-1 frequency range 1
—3dB = 20 log,, ﬁ

10dB = 20log,, V10

* an octave is any 2-to-1 frequency range
20 dB/decade = 6 dB/octave

20dB = 20 log,, 10

- JN'U 2
UNICON LAB, Unmanned & |nte"|gent SyStemS Control Laboratory INCHEON NATIONAL UNIVERSITY



Improving steady-state error via cascade compensation

1. Constant gain, G(s)=K
2. Differential and integral G(s)=s & 1/s

3. G(s)=1/(1+Ts) & 1+Ts

4. G(s)=1/(1+ 2é’s+ 12 s?) & 14 2é’s+ 12 s?
o, o
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5. G(s)=e ™"
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Constant gain
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Differential and integral (1)

- Differential: [G(S)=5], M(w) & d¢(o)

M(w)=20 log|jw|=20 log w dB

d(w)=tan~leo=90°

- Integral: [G(s)=1/5], M(w) & #(®)

M (w) =20log

—‘ =—20logw dB
Jw

d(w)=—tan" leo=—90°
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Differential and integral (2)

M(w)=20nlog o dB

b (w)=90n°
g[] + 5
= i |
S
3 s s
—180 * S_z
0.1 1 10 100

a(rad/sec)

J,N'U 2t
UNICON LAB, Unmanned & Intelligent SyStemS Control Laboratory INCHEON NATIONAL UNIVERSITY



a

Real axis pole # =

S+ a

- 1
(s+a) (i 4 'l)

a

G(s) =

At low frequencies when @ approaches zero,

The magnitude response in dB is

20log M = 20log (1/a)

At high frequencies where o > a, _1
| 1 - o )
=——=8/-90"=—2-90
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20log M =20 1log — — 20 log A Ty log @
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G(jw) =
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a

Real axis pole ) =

S+ a

0 ' s llllh T
., Break Point (w=a)
-5 ~

Breakpoint: w = a

Low Freq. asymptote 0dB

High Freq. asymptote -20dB/decade

| Actual curve is -3dB below breakpoint

a5k Actual curve is -3dB below breakpoint
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Real axis zero #s)=—

G(jw) = (jo+a) = rr(jg—l— 'l)
a

At low frequencies when @ approaches zero,
G(jw) =~ a
The magnitude response in dB i1s

20log M = 201log a

At high frequencies where @ > a,

G(jo) ~ a (J’E) = a(f)g 90° = w £90°

a a

The magnitude response in dB 1s

20log M = 20log a + 20 log “ - 20 log w
a
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s+b

Real axis zero #s)=—
40
5t
s+b
o H(S) =1
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Example 10.2 : Magnitude

R(s) +%E{5)

C {sl

G(s)

break frequencies are at 1, 2, and 3.

5
(g +1

3

=K

2

G(s) =

s(s+1) G + 1

20 log M

PROBLEM: Draw the Bode plots for the system
G(s) = K(s +3)/[s(s + 1)(s +2)]

Frequency (rad/s)
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Example 10.2 : Phase

R £ HAES 1 ) Cs)  PROBLEM: Draw the Bode plots for the system
f G(s) = K(s +3)/[s(s + 1)(s +2)]
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Complex conjugate poles v/[(s/a,) +(2¢s/a,)+1]

1

1

(jo!w, )2 +(2cjolw,)+1
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Complex conjugate poles v/[(s/a,) +(2¢s/a,)+1]

1
(ja)/a)n)2 +(2¢ jol w,)+1

0=,

Magnitude (dB)
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Complex conjugate poles v/[(s/a,) +(2¢s/a,)+1]

Af _ 2 ]- j =~ —-Af].:: ()O w <3< CUh
(jo/w,) +(2jolo,)+1
1 -
p =—/(2 =-9(0° W = ),
(jolo,) +(2%jolo,)+1 20
p : 1 ~—L(-0" 1} )=-180° o » o,
(jo/w,) +(2jolo,)+1
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—90°

—180°

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

-90

Phase (degree)

-120

-150

-180
10" 10° 10’




Complex conjugate poles v/[(s/a,) +(2¢s/a,)+1]
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Complex conjugate zeros [(s/a) +(2¢sia,)+1]
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