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Note 1:
The collected material is prepared for the use only in connection with this lecture.
It is not allowed to use this material outside the lecture of Prof. S6ffker.

Note 2:
The reprinted figures are originated — if nothing different is mentioned - from the textbook of Prof. Lunze and are free for use in connection

with this textbook-based course. Some material is taken from the (older) manuscript of Prof. Schwarz, who is the owner of the related rights.

Note 3:
Any distribution and any publication is prohibited on the basis of the restricted rights of use. To avoid criminal and civil law consequences, the

Chair SRS explicitly prohibits any use or use of the documents not related to the individual, personal, non-commercial use of this course.
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Lehrangebot Lehrstuhl SRS (empfohlene Veranstaltungsfolge, Stand 03.11)
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Veranstaltungsablauf SoSe 2018
Time table Summer Term 2018

(Leitung/Head: Univ.-Prof. Dr.-Ing. Dirk Séffker) (vfinal, Marz 2018)

Lehrstuhl Steuerung, Regelung und Systemdynamik
Chair of Dynamics and Control

Veranstaltung Kalenderwoche | , 5 | 15| 15| 18|10 | 20| 21|22 23| 24 | 25| 26 | 27 | 28 | 20 | Prfung
Course Calender Week Exam
Regelungstechnik v-rt l H
Control Engineering v-ce

System Dynamics v-sde

Sensorik u. Aktorik: p— '

Teil Aktorik

Regelungstheorie v-rth

Kognitive Techn. _

Systeme v-kts .
Praktikum -t

RT/SD, CE/SDe* P

et —

Praktikum SuA )

(Aktorik) Pr.

Mechatroniklabor/

MachinelLab/ ? : = -
Teamprojekt/ PRSI e Presentatia
Praxisprojekt

Legende:

Veranstaltungszeit (Vorlesung/Ubung) / Courses (Lecture/Exercise)

Veranstaltung, geblockt ;: Blocked course period

Praktika/ Practical Exercises RT, SD, Cth, Rth

Labor/Labs

Prufung/Exam

*.
-

Bitte beachten Sie den gesonderten Ablauf fiir die Praktika Regelungstechnik, Systemdynamik und Regelungstheorie.

Please consider the separate time table for the practical exercises Control Engineering, System Dynamics, and for Control Theory.

Chair of

Dynamics and Control
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- Observers, Control, Fault Detection, Fault Diagnosis > Robustness
- Cognition (Integrated Learning, Planning, Decision Making, ... > Modeling

- Filtering, Classifikation, Fusion (signals, information, ...) > Reliability,
Safety

- Modeling using automata - Acoustic Emission - Knowledge-based and individualized
> Sensors assistence of HMS

- Adaptive and reliable > Filters : (example: driver assistance)
classification, able to learn > Fault diagnosis - Situation recognition of

> Prognosis complex situations
- Observers

. . - Fault detection _
- Nonlinear dynamics T e Situated automata, able to learn

- Power management of - Wear and aging - Safe actions and interactions

hybrid powertrains/ > Data-driven modeling
wind energy systems

- Safe- und lifetime-
oriented operation

Course Control Engineering
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Dynamics and Control LU-0-1: Frequency domain and Laplace transformation




1 Frequency domain and Laplace transformation
1.1 Fourier analysis > Sum of periodic signals

Goal: Description of transmittance behavior independent from time

= NOW: ...

Key words:

Assumption of a linear system implies => division of input signals
/ transfer of individual signals / addition of (individual) output signals

(2 (£ ," = L’} W, (7 J L (' /) f

P Y " l

: : 1/24
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- Transmittance: amplification and time delay (denoted as phase shift)
(transmittance of a periodic signals is described only with

two parameters (gain / phase shift)
£ X 3 of ) a(u.:,cj C) . [‘_4) e \/{{) =

’ Jl.."“v} = . - :
!
D/ .~
p(o) |

Alv) - wlt? r (L')))

Engineering-oriented mathematical background of the
Fourier- and Laplace transformation:

> characteristics of periodic signals (periodicity)
f(d) = f(t+ £ la) r o
7/ ‘ / Lo / i,»(f{ | -
— fl'a - 1 [rﬁ‘: _f
Fourier theorem: - Y
) o ) A, cc (¢ - ] 1 , =k W (&,
£04)- 5 ;i('_/"_ | o < =/
.
NFL: - = /f’ J"‘ ) can K Lo, ¢ olt , K=/
'?k’ - ey, ko, t et K =1 &
2/24
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- Interpretation of the absolute term // , of the coefficients rJ,< B

> Alternative, brief description:

o)
[0 = ( + [ Cx Sm (Kot + &)
Ik =/

<
. ‘“‘]g‘
C, = >
- =3 1 -
- p.d VT4 2 /= Ier_L‘ )
(——u = 7 'Jk-- 4 L_,k‘ , Z._ ) f
j n Lr fJK
l( » LL/{,AD\ ——
‘i.P~.
Kef
K > [
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> Division of a periodic signal with different harmonic signals |

Grundwelle (w,)

P Approximation mit Grundwelle
7

/\/\\ _ und 3. Harmonischer
\
/
b, .'.--\-\ 3. Harmonische (3w)
B B
o t
/
7/
YN -
A4
>
T,=28

Abb. 6.1: Zerlegung einer Rechteckschwingung in
Sinusschwingungen

J. Lunze: Regelungstechnik. Band 1, 3. Auflage, Springer-Verlag 2001

4/24
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> Alternative, brief description: pointer description

> Euler formula
brief description based on complex pointers

g Qﬁ(*) ¢ )
) d) = ;/ (3 = }\ cchy d - <Fn ')
d*\/w \ ( — cecnk O, t =
= ] [ < y &
< } o L P ,‘f\’ o &
/ Lo c
CP = Gt-'[C.M -"?_’
o0 B
L T Jk 1€
= [(¥) = > Fee K (
t = — T
=

> Arbitrary (period.) signal as a sum of periodic signals

Abb. 6.3: Erzeugung der Funktion f(t) durch
einen rotierenden Zeiger

J. Lunze: Regelungstechnik, Band 1, 3. Auflage, Springer-Verlag 2001

: : 5/24
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> Arbitrary (period.) signal as a sum of periodic signals

;;_ /II - il /Ck: / (K2 /
Go9 f‘k; = d'/‘; {_ll‘\ =/ )
> Please note: - two values describe the signal behavior
- periodic signals will be described by the sum of indiv. signals
> discrete spectrum of amplitudes and phases
e Pk
- — ¢ s0 — S 1
/{A’ / g Tk o () —® | K
g ) N
(’)‘L f = | ___l)‘ - [JAJJ .

6/24
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> Division of a periodic signal with different sinus signals of different

frequencies and amplitudes 11

ft)/ fo J@)/ fo :

Abbildung 6.7: Beispiel periodischer Funktionen
a) Rechteckfunktion b) Dreieckfunktion

Die Fourier-Entwicklung lautet

fiir die Rechteckfunktion:

= 4fo (sin(wgt) L. %sin(&um‘.) - %sin(:’jwui) 4 ) :

T
und fiir die Dreieckfunktion:

8 I [ »
y(t) = % (si]](wgﬁ) — 27 8in(3wot) +  sin(5wot) + - - ) .
T 3 )

Chair of
Dynamics and Control

a(w) %{r—" “(“)/%fzq
1 ‘ ' : ' 1
0,5 0,5
L | | :
0 0 wr 3w dwr 0 0 wr Jwr Swr
a) b)

Abbildung 6.8: Linienspektrum a) der Rechteckfunktion b) der Dreieckfunktion

| \
1o PO 1 A\ A
S i / N—7—
N NS W
iy 1 ,
a) b)

Abbildung 6.9: Grundwelle und Sl_nﬂme aus Grundwelle und 1. Oberwelle a)zur Recht-

eckwelle b) zur Dreieckfunktion

Course Control Engineering
D. Soffker

LU-0-1: Frequency domain and Laplace transformation



Up to now: Signal f(t) as a function of time

Now: Signal as sum of periodic parts, described with individual frequency and
phase shift
Result: A discrete amplitude- und phase spectrum describes the signal

characteristics (in the frequency domain)

1.2 Division of non-periodic signals

o Ty —f Tosnere
T , 0 To oT,/2
ol 1NN L
4 i i .
T \
T ! ] 7 7
{ 2 ‘ . L1
A i i
H i Fn
iF
1 [—> H %1:1f8 _“'~._
e L] Tl
| i H t f [11] l ®
= = ] 111 ~——""L1]1L
f Ty i ] 8
A Ee
H H A
< T ; {
T I " H LT I
=2_45 | T i I [ !
T‘ H o A | K
Il o 1111
i 16 Spektrallinien

Abb. 6.4: Spektrum von Pulsfolgen verschiedener
Tastverhiiltnisse %’

J. Lunze: Regelungstechnik, Band 1, 3. Auflage, Springer-Verlag 2001

> discrete description >> continiuous description

: : 8/24
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What can be seen here?

Example:
f Fljeo)
4 -
. Sin(0T,/2) | - 20
1 TaT,2 o
2r 2n pa—
~ii T i > o = -_....2” - el = L = “Po
: = | < o, = > '{;’ E = 2
a) 1 b) o 2
Abb. 6.5: Zeitverlauf (a) und L’
Amplitudendichtespektrum (b) fiir einen Impuls =0 K ‘rjo —D U
J. Lunze: Regelungstechnik, Band 1, 3. Auflage, Springer-Verlag 2001
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LU-0-1: Frequency domain and Laplace transformation



