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Overzicht

Deel1 Blok 1. Inleiding
Wo. 14-04 Blok 2. Basisprincipes modelvorming massa-veersystemen
Blok 3. De regelaar als veer-demper combinatie

Deel 2  Blok 4. Frequentie-domein beschrijving
Wo. 21-04 Blok 5. Basisconcepten in de regeltheorie

Deel 3 Vervolg regeltechniek
Wo. 28-04

Deel 4  Stabiliteit van regelsystemen
Wo. 12-05

Deel5 Toepassing: PID regelaarontwerp
Wo. 19-05

Deel 6 Extraregeltechniek
Wo. 26-05
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Frequency Domain Description

What is a frequency domain description?
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Frequency Domain Description

Intro Frequency Domain

What is frequency ?

15+ T 3 : 1

1t E f -— [HZ]
05 E T

0 / smaller period —
05 higher frequency
J W= 271 [rad/s]
% 05 1 15 2 tlme [S]

@;\\‘” o: phase angle
COSQ one period = one revolution
= 360° degrees
= 2rn radians
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Frequency Domain Description
From Time Domain to Frequency Domain

I
M =5kg—>

weak sprin
) ) o (f, = 2. Hz%
For sinusoidal excitation:

F(t) =400sin(2717t) (f=7Hz)
A linear system gives a sinusoidal response:

X(O) =xsin@7t+g)  X=24 =2 @f=TH:

— xIF =|H(7H2)|

Frequency Domain Response: H(f)
—> ¢ =0H(7H2)
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Frequency Domain Description

Intermezzo: complex numbers

s=a+bj ?=-1 Im

Re(s)=a [s|=+a?+h?

_ = b
Im(s) =b Us atan(aj

Define: ¢ =0s

Then: s = [s| [cos(¢) + ] sin(§)] So: a = |s| cos(9)
b = [s| sin(¢)
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Frequency Domain Description
From Time Domain to Frequency Domain
. X
F(t) =400sin(277t) ——>
|
x(t) =X sin(2717t + @) M = 5 kg Fo>
weak s rin%

excitation force in N (fo=2.5Hz
and displacement in m

0.2

015 excitatidn forcd (offset 0.1!&iscaling le-4)

g

VVIVVRVVVVTVY: . )
0.05 Sxa-r Frequency Domain Response: H(7Hz)
JL Lk AN ﬂw
v . vu
oo Nredponse H(7Hz)/=0.045/400 =le-4m/N
O35 5 35 3 UJH(7Hz)=180°
time in sec
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Frequency Domain Description
Frequency Domain solution
for equation of motion

F=MX
X
|
1) Choose a sinusoidal input: F— M
F=Fsin@t)

2) Then for a linear system:
X=Xsin@t +9)
X =wX cos(wt + @) X=2;¢ =7
X=-w?gsin(wt +9)
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Frequency Domain Description

Frequency Domain solution
for equation of motion

F=Mx

I—)
3) Solution: E—| M

Fsin(@t) =—Maw?K sin@t +¢)

=H F =315
H=X=—_1

F ="Mz | B Frequency Response Function !
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Frequency Domain Description

Summary

* Frequency
« Frequency response H(f)

— Amplitude
— Phase
« Simple mass as example: HH:%: Mt)z
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