Course Control Engineering Winter 2019720
ISE Bachelor in Mechanical Engineering
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Additional: Tutorial/Practical exercise
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Manuscript

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. Soffker.

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)
Ktl. Semester \/5 Semester \/ 6. Semester \/BA Abschluss \ 1 Semester /2 Semester 3. Semester /MA Abschluss \

] A i - 3 Nol:laul‘ Q2 Kognitive Q
ensCRiRIe Systemdymamik | FeEiiage Bachelorarbeit eDciengs Technische @) Masterarbeit
Diagnose ysteme @
System Control Bachelor <"\ Control Protzie_ssauto- Mathematische a el
Dynamics /| Engineering Thesis \ Theory 'I;:hm:rungs- s ::gtl;r::gn der @ aster Thesis

5 ik Qualitative Qualitative Q1 )Control in
Eampraye Methoden I ~—1- Methoden II BN\ Lcls Dyl
Q Systems

\

(T)

Mechatronik- Antriebs-
labor technik

elor laster

Praxisprojekt

\Sommersemester Wintersemester Sommersem /\Sommersemestey\ Sommersemestey\ /
Agenda
i
Vorausgesetzte
Veranstalt“ng Veranstaltung Praktische Notwendige Fo / Erfeichis GUATHLIEan Qualifikation
v/ ) (v/U+P/S) Veranstaltung _Empfohlene Folge - Enpfokions
f @ Qualifikation

L
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Veranstaltungsablauf WiSe 2019/20 Lehrstuhl Steuerung, Regelung und Systemdynamik
Winter term time table Chair of Dynamics and Control
(Leitung/Head: Univ.-Prof. Dr.-Ing. Dirk Soffker) (VO, August 2019)

Kalend h
Verantaltung alen ennfoc e a2 a3 a4 a5 46 a7 as
Course Calendar week
Schriftlich
i -sd
Systemdynamik V-5 Written
Control Engineerin v-ce SELE
d d Written
i ~ Schriftlich
Control Theory v-cth Written
Schriftlich
i v-fs
Functional Safety Written
Notlauf und Diagnose v-ndts Schriftlich
(Soffker/Wolters) Written
Prozessautomatisierungs- v-pat Schriftlich
technik (Jelali) b Written
Antestat+Bericht
. " _acl
Advanced Control Lab 1 p-ac Attestation+Report
Praktikum/Practical ot Antestat
Exercise SD/CE* P Attestation
Praktikum/Practical Antestat
p-cth/rth

Exercise CTh/RTh* Attestation

Vorbereitungspraktikum/
Preparatory Practical p-pce
Exercise CE

Mechatroniklabor/
MachineLab/
Teamprojekt/
Praxisprojekt

Abschluss-
I-me/ma/te/pr prasentation
Final presentation

Legende:

Vorlesung,Ubung/Lecture,Exercise * Bitte beachten Sie den gesonderten Veranstaltungsablauf fiir die Praktika Regelungstechnik und
Veranstaltung, geblockt/Blocked course Systemdynamik, Regelungstheorie sowie Advanced Control Lab.

Praktika/Practical Exercises Please consider the separate time table for the practical exercises Control Engineering and System Dynamics, Control
Labor/Labs Theory as well as Advanced Control Lab.

Priifung,Antestat/Exam,Attestation
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Praktikum Systemdynamik (SD)/Regelungstechnik (RT) Lehrstuhl Steuerung, Regelung und Systemdynamik
Practical Exercise System Dynamics (SDe)/Control Engineering (CE) Chair of Dynamics and Control
(Leitung/Head: Univ.-Prof. Dr.-Ing. Dirk Séffker) (VO, August 2019)

Wintersemester 2019-20 / Winter term 2019-20

Semesterwoche/-week 1 2 3 4 7 8 9 io0 11 12 13 14 15
. . MB: ISE: Registrations in summer term also valid for
Anmeldung/Registration HISinOne following winter term.

Wiederh./
Antestat/Attestation Resits
(RT, SDe)

Wiederh.

/Resits (hs, ms, dr) SD (ms, dr)/CE (hs)

Versuche/Labs

Vorlesung/Lecture Vorlesung SD/Lecture CE

Sommersemester 2020 / Summer term 2020

Semesterwoche/-week 1 2 3 4 7 8 9 10 11 12 13 14 15

ISE:
HISinOne

MB: Anmeldungen des WiSe gelten auch fiir das

Anmeldung/Registration folgende SoSe.

Wiederh./
Antestat/Attestation Resits
(SD, CE)

Wiederh.
Versuche/Labs /Resits (hs, ms, dr) RT (hs)/SDe (ms, dr)
Vorlesung/Lecture Vorlesung RT/Lecture SDe
Wichtig! In der 5. und 6. Semesterwoche muss die Anmeldung im Priifungsamt zum Praktikum erfolgen. Ohne giiltige Anmeldung ist keine

Teilnahme am Praktikum mdglich! Eine Abmeldung vom Praktikum ist nur bis spatestens 1 Woche vor dem Antestattermin per Mail
an praktikum-srs@uni-due.de méglich.

Important!  Inthe 5th and 6th week of the term you have to register at the Examination Office for the practical exercise. Without valid
registration a participation in the labs is not possible! You may unsubscribe from the labs date at least 1 week before the

attestation date only by mail to praktikum-srs@uni-due.de.
9/10
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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 - Si
- Nonlinear dynamics e e Do 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
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1.0 Frequency domain and Laplace transformation
1.0 lllustrative example
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1.0 Frequency domain and Laplace transformation
1.0 lllustrative example
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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
Key idea of Fourier analysis:

Zul = uy(t) + us(t) + us(t) + . ..
=) wilt) = y1(t) + alt) +ys(t) +
ul(t) — yl(t)v oy Un(t) = yn(t)

: . 3/27
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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)

uilt) = it = a - uilt + ) i((fj)} ult) - y(t) = aw) - u (t + p(w))

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

> characteristics of periodic signals (periodicity)
Period time: Tj [s]
1
Fourier theorem: Frequency: fo= _ [1/3] — wo = 27 fo

A

f(t) = 20 - ZA,; cos (kwot) + ZB" sin (kwot)
k=0 k=1

0
Ay = 3/ f(t) - cos(kwot)dt, k=0,1,...
To Jo

9 Ty

B = — f(t)-sin(kwet)dt, k=1,2,...
1o Jo
_ _ 4/27
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- Interpretation of the absolute term A , of the coefficients A;., B;.
> Alternative, brief description:

f(t) — C() + Z (j’,lL sSin (k’bU()t + (’ZSA)
k=1

A
00270
Cp=1/A7+ B}, k=12,...

Ay
@) = arctan B .2,

k =1:wy — Fundamental wave
k >1:w; — Harmonic frequencies
of higher order

_ ) 5/27
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> Division of a periodic signal with different harmonic signals |

Grundwelle (e,)

Approximation mit Grundwelle

e /\.’h.\r\ .
/\/\\ 1 und 3. Harmonischer
\
/
/.....‘ '_.--\-\ 3. Harmonische (3w,)
$ /
\
i, P
~S s P
< g L
7,228 f1 = Cl + S1I1 (wot + §b1)

W,

Abb. 6.1: Zerlegung einer Rechteckschwingung in f3 - CS - S (3w0t + @3)
Sinusschwingungen f = fl + f3
J. Lunze: Regelungstechnik, Band 1, 3. Auflage, Springer-Verlag 2001 f = fl + f3 + f5 + f7 + fg + L

: . 6/27
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> Alternative, brief description: pointer description

> Euler formula
brief description based on complex pointers

g . -
§+jw =k -’ =k (cos ¢ + jsin @) cos (kwgt) = 5 (e‘]hu..‘ot Le JA_U,Ot)
k= V2 + w? _ 1 .,
\/7 S1I11 (kw{]t) = — (e-]A’uJ()t _ e—‘]ku,()t)
¢ = arctan 5 2j
o0

= f)= Y Fel

k=—00

L >

fcos(@ t +6)

‘ ]‘ | — | *]1 | Abb. 6.3: Erzeugung der Funktion f(f) durch
einen rotierenden Zeiger
arg F,Iu - a'rg F—A J. Lunze: Regelungstechnik, Band 1, 3. Auflage, Springer-Verlag 2001

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

1 to+1p .
F=— ft)-e ot dqt k=0,41,42,. ..

()

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

Fy = ()

Fil =35lCG (R>1)

arg Fk = @A: (k Z 1)

> 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

|Fi-“7 arg Fj, — f(T) —

Chair of
Dynamics and Control

_+_4_f_+_f.4_,_4 T 34—+t
J i

The ] G

J |

: . 8/27
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> Division of a periodic signal with different sinus signals of different
frequencies and amplitudes II

f(t)/ fo f(t)/ fo : I_.& (I{W‘J/S fo
™

-1 i il ) 0,5 [ | 0,5
0 T t 0 1 0 l . | A
: 0 wr 3wr Swr 0 wr Jwr dwr
a)
Abbildung 6.7: Beispiel periodischer Funktionen . . a) . . . b)
a) Rechteckfunktion b) Dreieckfunktion Abbildung 6.8: Linienspektrum a) der Rechteckfunktion b) der Dreieckfunktion
i i
Die Fourier-Entwicklung lautet
fiir die Rechteckfunktion: ]" - X 1/./ N /
4f, 1 1 N A N N /T N/
Foy= ok (sm(u.-un + 3 sin(3unt) + = sin(5ut) + - ) 1 oI T Yod ¢ ]_ /T ./
T : 5 -1
und fiir die Dreieckfunktion: a) b)
| By (i, i e Abbildung 6.9: Grundwelle und Summe aus Grundwelle und 1. Oberwelle a) zur Recht-
y(t) = — (sm{...‘u!) — —sin(3wot) + — sin(5wet) 4 - - ) . - . R .
w2 32 52 eckwelle b) zur Dreieckfunktion
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