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Basic concepts in control theory

What is the Bode plot of a system?
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Basic concepts in control theory

Time = Frequency = Laplace

Time domain representation
in block scheme:

F( | Equation of motion: X(t)
MX(t) +dx+kx =F(t)
Input signal System Output signal
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Basic concepts in control theory

Time = Frequency = Laplace

Frequency domain
representation in block scheme:

F(wt) = F sin (oX) SE = I o
= Wl X(w,t) = xsIn (wt +
JerE Hi: ¥F = HE@| @Y (@ +9)
¢ =0 H(w)
Input signal System Output signal
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Basic concepts in control theory

Time = Frequency = Laplace

Laplace domain representation
in block scheme:

F(s) | Transfer Function X(s)
g H(s)
Input signal System Output signal
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Basic concepts in control theory

What does H(s) look like?
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Basic concepts in control theory

Laplace transform

Laplace transform of a signal: ~ {x(t)} =X(s)
“fF(t} =F(s)

L
Example:  x(t)=sin(t) - X(s)=szl+1

Laplace transform of a system:

Differential equation <4 )
(equation of motion) Transfer Function H(s)
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Basic concepts in control theory

Laplace transform

Property of the Laplace transform:

e{x(t)} =sX(s)-x(0)
ofii(t)} =s? X(s)~%(0)~s X(0)

As x(0) and x(0) are zero most of the time, this simplifies to:

d
gt = >

Application to mechanical system (equation of motion):

MX(t) +dx+kx =F(t) b Ms2.x(s)+ds x(s)+k-x(s) = F(s)
Or: (Ms?+ds+k)-x(s) = F(s)
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Basic concepts in control theory

Transfer Function
So we have: (Ms®*+ds +k)x(s)=F(s)

This leads to the Transfer Function H(s):

X(s) - 1
F(s) Ms® +ds +k

H(s)=

Note that in Laplace domain:

X(s) = H(s)-F(s) So: output = system x input !!!

In block representation:

F 1 [x
I Ms®+ds +k >
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Basic concepts in control theory

Frequency Response Function (FRF)

Consider sinusoidal signals (using “Euler’s notation”):
x(t)=Re{x(cos a +]sinwn)} =Re{ 2e'}
x(t)=Re{ ak(~sin at +] cos wn} =Re{j wre“}

Apparently: s = jwfor sinusoidal signals

By replacing all ‘s’ in the Transfer Function, S - jw

We find the Frequency Response Function:

. 1
HUD™ v o +jd w+k
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Basic concepts in control theory

Bode plot

Recall Frequency Response
Function (FRF):

x__ 1
U= =" Mw?
X :‘H\ :*1
- Mo litude (log)
¢ =0H =-180° ampit e(OQ;NX
Graphical representation: phase frequency (log)
Bode plot [H —180°

Philips Centre for Technical Training (CTT) / Philips Centre for Industrial Technology (CFT) / HvU PTGroep — Gert van Schothorst 12




Basic concepts in control theory
Logarithmic representation (in dB)

N

Why -2 slope? H\X

~

1
M o

log(H) =log

_ 1 1
=log = *log
M 7 OHF———  —180°

=log () ~2l0g(@)

Towards amplitude in dB... 1< 0dB
10 = 20 dB

(HOin dB = 20 log CHO 100 = 40dB
1000 = 60 dB

-2 slope < -40 dB/decade
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Basic concepts in control theory

What is 0.01 in dB?
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Basic concepts in control theory

The Bode plot of a mass-spring-system

Transfer Function:

_X(s) _ 1
H(s) F(s) Ms’+ds+k
- 1M
H =
) =5 pugs +af
Recall: W= K Eigenf
: =M genfrequency

> MK Relative damping
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Basic concepts in control theory

The Bode plot of a mass-spring-system

Transfer Function: \H\ 1k -2
_X(s) _ 1 0
HE) "F(s) “Msi+ds +k -
OH|©

Asymptotes in Bode plot: -180°

OH - 0°
S .0 = H-1Msz2 — [H] - 1/ Mw?

OH - 180°
Break point:

log(1/k) = log (1/Mw?) = log (1/M) - 2 log(w) |w=w, = \/g
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Basic concepts in control theory
The Bode plot of a mass-spring-system
_X(s) _ 1 H(w)= 1
= w)— -
H(S) =E(s) “MsP+ds+k (@)= Mo +id w+k
amplitude 5
- A
|H[ 0 S
Inn Nt
-5
10° 10t 102
frequency [Hz]
phase 0 >
[deg] w
OH -10
-20
10° 10! 102
Philips Centre for Technical Training (CTT) / Philips Centre for Industrial Technology (CFT) / HvU PTGroep — Gert van Schothorst 17

Basic concepts in control theory

Other Bode plot examples

Xy
CBlap 2 Pags +af [

H(s) = F
() Ms? SZ+2,BC%S +a0)2 —> M _mdﬁ_ M,
amplitude -5 ]
[dB] 2
-10d Rin: SR ¥
N/ ~34])
-15Q150 100 102
frequency [Hz
phas 200 ] y [z
e
[deg]

-2007 00 108 102
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Basic concepts in control theory
Other Bode plot examples
X2
H(s) = - ° X |
= F
Ms? s*2 Bajs +af —> M ‘Eg\:’— M,
amplitude -50 —
) ~~L ¥
Hi=[% 100 s I, N
F ka }\:N“«h
Fio NN
-150; 5o 100 102
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e
[deg] 0 L
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oo100 10t 102
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Basic concepts in control theory

Other Bode plot examples
Measurement mechanics of reticle stage

amplitude 20—
[dB] T

phase 20

[deg] L
0 \
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-200752 10°
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Basic concepts in control theory
Summary

» Laplace transform: t-w-s
» Transfer function: X(S) = H(s)-F(s)
* Frequency Response

Function (FRF): S=jw —» H(w)
» Bode plot:

—log(JH]) vs. log(w)

— [OH vs. log(w)

Exercise with 20-sim
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