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hnikLehrstuhl Steuerung, Regelung und SystemdynamikControl Engineering July 19th, 201390 Minutes Page 1Reading-up-timeFor reviewing purposes of the problem statements, there is a �reading-up-time� of 10 minutesprior to the o�
ial examination time. During this period it is not allowed to start solving theproblems. This means expli
itly that during the entire �reading-up-time� no writing utensils, e.g.pen, pen
il, et
. at all are allowed to be kept on the table. Furthermore the use of 
arrieddo
uments, e.g. books, (ele
troni
) translater, (ele
troni
) di
tionaries, et
. is stri
tly forbidden.When the supervisor refers to the end of the �reading-up-time� and thus the beginning of theo�
ial examination time, you are allowed to take your utensils and do
uments. Please then,begin with �lling in the 
omplete information on the titlepage and on page 3.Good Lu
k!
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KlausurunterlagenI
h versi
here hiermit, dass i
h sämtli
he für die Dur
hführung der Klausur vorgesehenen Unterla-gen erhalten, und dass i
h meine Arbeit ohne fremde Hilfe und ohne Verwendung unerlaubter Hilf-smittel und sonstiger unlauterer Mittel angefertigt habe. I
h weiÿ, dass ein Bekanntwerden sol
herUmstände au
h na
hträgli
h zum Auss
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htsführenden s
hriftli
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Attention: Give your answers to ALL problems dire
tlybelow the questions in the exam question sheet.You are NOT allowed to use a pen
il and also NOT red
olor (red 
olor is used for 
orre
tions).This exam is taken by me as a

� mandatory (P�i
htfa
h)
� ele
tive (Wahlfa
h)
� prerequsite (Au�age)subje
t (
ross ONE option a

ording to your own situation).Maximum a
hievable points: 80Minimum points for the grade 1,0: 95%Minimum points for the grade 4,0: 50%General hints:1) For the multiple-
hoi
e and multiple-
hoi
e-similar tasks the following rules are e�e
tive:i) For 
orre
t answers of exam task parts the desired number of points will be given.ii) For non
orre
t answers of exam task parts the desired number of points will be 
ountednegative.iii) No answering will neither lead to positive nor to negative points.iv) The points of the task will be summarized. The whole number 
an not be smaller thanzero.2) If in the exam tasks no information is given for the valid range of numbers for time 
onstantsor masses et
. : take for time 
onstants (in se
.), for masses (in kg) positive numbers.3) If in the exam tasks no information is given for applying negative or positive feedba
k: usethe usual negative feedba
k.
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es between time and frequen
y domain based on the following de-s
riptions/statements. Whi
h of the following statements are true and whi
h are false? (Allunderlying relationships have been taught as part of the le
ture 
ontrol engineering.)No. Task/Question/Judgement True Falsea.1) By using Lapla
e transformation, time variable signals 
an be des
ribedin the same quality in frequen
y domain. © ©a.2) The signal u(t) = 1(t) + δ(t − 5) 
an be represented by u(s) = 1
s + e−5sin frequen
y domain. © ©a.3) Step responses are des
ription methods in frequen
y domain. © ©a.4) The signal y(s) = G(s) u(s) with G(s) = 2

s and u(s) = 1
s des
ribes thestep response of an I-system with y(s) = 2

s2
. © ©a.5) The Bode-diagram des
ribes the traje
tory of the Bode in a diagramform. It 
an be distinguished between the large and small Bode-diagram. © ©

�

b.1)
The following �gures are des
ribing a prin
ipally identi
al systembehavior:PSfrag repla
ementsdB
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b.2)

The following �gures are des
ribing a prin
ipally identi
al systembehavior:
PSfrag repla
ements
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b.3) The polar plot des
ribes the frequen
y-dependent amplitude and phasebehavior in a similar way as the Bode-diagram. © ©b.4) Using the initial and �nal value theorem of the Lapla
e transform, thelimits of the 
orresponding time behavior 
an be determined from theLapla
e transformed fun
tions. © ©b.5) The Lapla
e transform of y(s) for the 
ases with y1(t = 0) = 0 and y2(t =

0) = 1 are identi
al for u(t) =
[

1
4 t sin(2t) + sin(4t)− 4 t cos(8t)

]

· 1(t)and G(s) = 1
s+ 1 . © ©

�
.1) Based on the position of the poles, the I/O-stability of a linear, time-invariant SISO-system 
an be determined. © ©
.2) A stable proportional system is ex
ited by an input signal u(t) = 2e3t.The output y(t) of the system is bounded. © ©
.3) The I/O-behavior of a PI-
ontroller 
an be des
ribed in frequen
y domainby the equation y = K(u+ T̃I ∫ u dt). © ©
.4) The relation between time domain and frequen
y domain is given by
G(s) = L{g(s)}. © ©
.5) The stability analysis of linear systems is di�erent in time and frequen
ydomain due to the non-steady-state 
hara
ter of unstable systems that
an only be addressed in time domain. © ©

�
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hnikLehrstuhl Steuerung, Regelung und SystemdynamikControl Engineering July 19th, 2013Page 61b) (7 Points)The shown approximated behavior of a measured polar plot has to be analyzed.i) Classify the system behavior, so far that is possible.ii) Sket
h qualitatively the 
orresponding Bode-diagram from ω = 0 to ω = ∞.iii) Is the illustrated system a minimum phase system (Yes/no and why)?iv) Is the illustrated system a stable system (Yes/no and why)?
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Figure 1.1: Polar plot of system
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) (10 Points)The transfer fun
tion of a plant is
GS(s) = 1

(1 + T1s)(1 + T2s)
.A PI-
ontroller using negative feedba
k with

GR(s) = K(1 +
1

TIs)is applied to improve the dynami
al behavior of the system.i) State the transfer fun
tion, poles, and zeros of the open loop.ii) State the amplitude transfer fun
tion |Go(jω)|.iii) State the phase shift ϕo(ω).iv) Whi
h 
ondition should the parameter TI ful�ll to have an asymtoti
ally stable 
losed-loop system?v) For K = 1, T1 = T2 = T , and TI = T√
3
the 
rossover frequen
y is ωs =

1
T . Determinethe phase margin φR. (Hint: Use φR=ar
tan(value).)
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hnikLehrstuhl Steuerung, Regelung und SystemdynamikControl Engineering July 19th, 2013Page 11Problem 2 (33 Points)2a) (3 Points)Evaluate the statements in the table below.No. Task/Question/Judgement True False1) Time delay elements a�e
t the phase by an additional phase delay of
∆ϕtot = −ωTt, with Tt de�ned as delay time. © ©2) A system is des
ribed by

G(s) =
1

(s− 3)(s+ 4)(s− 5)s
.The I/O-behavior of the system is a minimum phase system. © ©

3) A system with integral behavior has to be 
onsidered for step-like ref-eren
e values. To a
hieve no steady state error, for example, a PT1-
ontroller 
an be easily integrated in the feedba
k. The destabilizationof the 
losed-loop system is impossible. © ©

�
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al frequen
y response of a loudspeaker box is illustrated in Figure 2.1 (solid lines:real measurement in bla
k, approximated behavior in grey).
1:1 1:1

3:1
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Figure 2.1: Typi
al frequen
y response of a loudspeaker boxi) Is the system stable? State reason.ii) Determine the transfer behavior of the loudspeaker box in frequen
y domain (withpole/zero positions).iii) A friend of lower frequen
y sound wants to improve the behavior of the loudspeakerin the low frequen
y region. The goal is to 
hange the frequen
y behavior in the wayshown with the grey dashed line. Design a suitable pre�lter with minimal phase shiftto a
hieve the goal.
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) (19 Points)The dynami
s of a te
hni
al system is des
ribed approximatively by the following Bode-diagram in Fig. 2.2.

PSfrag repla
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Figure 2.2: Bode-diagram of a te
hni
al systemThe system is 
ontrolled using a �lter GR(s) = 56

3
(s− 3)

(s+ 4)(s+ 7)
in negative feedba
k.i) State the poles and zeros of the open loop.ii) Draw approximatively the Bode-diagram of the open loop. Indi
ate all poles and zeros.iii) Indi
ate qualitatively the phase margin φR in the Bode-diagram.
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losed-loop system stable or unstable a

ording to the amplitude andphase margin? State reason.v) Assume that the zero in the �lter is with negative real part. Whi
h kind of behavior fromthe 
losed-loop system is expe
ted with respe
t to stability? State reason with the help of aroot lo
us sket
h.vi) A friend suggests a 
ontroller GR2(s) = 1
T1s

2
. Prove with root lo
us approa
h and statereasons about the usefulness of the suggested 
ontroller in 
omparison with the previous
ontroller.
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tion
G(s) = K

s2 + D̃s+ 1has to be 
ontrolled using a I-
ontroller with time 
onstant TI in negative feedba
k.Evaluate the statements in the table below.No. Task/Question/Judgement True False1) Regarding the referen
e behavior, the 
ontrolled system has a steady-state a

ura
y error of
e(t → ∞) = K

1 +K ·
© ©2) The 
ontroller leads to a stationary behavior without steady-state errorand perfe
t 
ompensation of disturban
es. © ©3) The parameter D̃ of the plant a�e
ts the os
illating behavior of the openloop system. © ©4) The parameter TI of the 
ontroller a�e
ts the os
illating behavior of theopen loop system. © ©5) An additional zero has a signi�
ant large in�uen
e on the damping be-havior of the 
losed-loop system. © ©6) Another additional zero leads to a further improvement of the dampingbehavior of the 
losed-loop system. © ©

�

∑

�



UNIVERSITÄT DUISBURG-ESSENFakultät für Ingenieurwissens
haften, Abt. Mas
hinenbau und Verfahrenste
hnikLehrstuhl Steuerung, Regelung und SystemdynamikControl Engineering July 19th, 2013Page 19Problem 3 (15 Points)The illustrated pole/zero-plot of the system to be 
ontrolled is given:
PSfrag repla
ements Im

Re11-1 -1-2 -2 2
2

Firstly, the system is 
ontrolled using a PDT1-
ontroller.3a) (5 Points)No. Task/Question/Judgement True False1) The un
ontrolled system is unstable. © ©2) For large gains, the 
ontrolled system is unstable. © ©3) The PDT1-
ontroller is 
apable to stabilize the system for arbitrary gains. © ©4) The �lter GF (s) =
(s+ 3)(s+ 4)

(s+ 7)
as 
ontroller stabilizes the system for a
ertain parameter range. © ©5) In prin
iple, a 
ontroller of the type GR = (s − T ) with T > 0 
ouldstabilize the system. © ©
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ontrolled using a 
ontroller leading to the given pole/zero-plot of the open loopsystem:PSfrag repla
ements
Im

Re1 23 -1-0.5-1.5-2 -3-4
No. Task/Question/Judgement True False1) For small gains K̃, the 
ontrolled system is asymptoti
ally stable. © ©2) The system does not show 
omplex 
onjugate poles depending on thevalue of the gain K̃. © ©3) The 
ontrolled system 
an be asymptoti
ally stable. © ©4) The 
ontrolled system is a minimum phase system. © ©5) A zero sn = −4 is fundamentally 
hanging the overall system behavior. © ©
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) (5 Points)The system is 
ontrolled, so that the given open loop 
ontrol G0(s) is given by
G0 =

(s+ 5 + 3j)(s+ 5− 3j)

(s+ 1)(s− 2)(s+ 5)
.

PSfrag repla
ements Im

Re

3
-3 1-1-2 2-5

No. Task/Question/Judgement True False1) The open-loop system is unstable. © ©2) For large gains K̃, the 
ontrolled system shows a damping 
oe�
ient
D < 1. © ©3) For large gains K̃, the 
ontrolled system be
omes unstable. © ©4) For small gains K̃ all poles are 
onjugate 
omplex. © ©5) Prin
ipally for the whole range of K̃: larger K̃ leads to larger damping
oe�
ient. © ©
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