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Reading-up-time 

For reviewing purposes of the problem statements, there is a "reading-up-time" of 10 minutes 
prior to the official examination time. During this period it is not allowed to start solving the 
problems. This means explicitly that during the entire "reading-up-time" no writing utensils, e.g. 
pen, pencil, etc. at all are allowed to be kept on the table. Furthermore the use of carried 
documents, e.g. books,· (electronic) translater, ·(electronic) dictionaries, etc. is strictly forbidden. 
When the supervisor refers to the end of the "reading-up-time" and thus the beginning of the 
official examination time, you are allowed to take your utensils and documents. Please then, 
begin with filling in the complete information on the titlepage and on page 3. 

Good Luck! 
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smittel und sonstiger unlauterer Mittel angefertigt ijabe. Ich weiß, dass ein Bekanntwerden solcher 
Umstände auch nachträglich zum Ausschluss von der Prüfung führt. Ich versichere weiter, dass 
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Attention: 	 Give your answers to ALL problems directly 
below the questions in the exam question sheet. 

You are NOT allowed to use a pencil and also NOT red 
color (red color is used for corrections). 

This exam "System Dynamics" is taken by me as a 
o 	 mandatory (Pflichtfach) 


elective (Wahlfach) 

prerequsite (Auflage) 


subject (cross ONE option according to your own situation). 

Maximum achievable points: 40 
Minimum points for the grade 1,0: 95% 
Minimum for the 50% 



80) 	 (3 points) 
St80te the difference between 80 SISO-system and a MIMO-system. 
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b) (3 points) 

" State in detail the underlying assumptions of linear, time invariant control technique. Discuss 
the terms "non linear" and IIlinear" as weil as "time variant" and "time invariant" by mens 
of two IjO-rel8otions. 
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Figure 1.1: Eigenvalue distribution 

Is the system asymptocally stable? Justify your statement. 
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where 

A = [-~4 0\]" 0 = [l0land b= [~]. 

Determine the ODE of the system and classify its stability. 
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Aufgabe 2 (25 Points) 
In Fig. 2.1, a block diagram of a system with four transfer elements is given. The input is denoted 
as u and the output as y. 

Element 1 	 Element 2 
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To 
.... .. 
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' : k2 
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X3 ~ .... .... 
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X5 

, 
Element 4 ~ 

X4 ~ .... 

t 

Figure 2.1: Block diagram of the given system 

2a) 	 (4 Points) 
Classify the transfer behavior of the four elements of the system and determine the four 
corresponding differential equations in a suitable form for classification under consideration 
of the given inscriptions. 
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o 
2b) 	 (4 Points) 

Give the differential equation of the whole system with respect to the input u and the output 
y as given in task a). The parameters are given as TD = T2 = T1,2 11,3 = 11,4 = k1 k2 = 
k3 1. 
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The mathematical model of an electrical system is described by the equations 

Xl(t) + Xl(t) = KX2(t),


JXl(t) dt = T1y(t) + Jy(t) dt, and 


X2(t) = 	u(t) + ;1 Ju(t) dt. 

2c) 	 (4 Points) 
Utilize the given equations to determine the scalar differential equation of the whole system 
(with input u and output y) and classify the resulting transfer behavior. 

Which kind of transfer behavior of the controller is suitable for realizing stationary accuracy 
of the whole system (state reasons)? 
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D 
2d) 	 (5 Points) 

In Fig. 2.2, the eigenvalues of four different systems are illustrated graphically. Furthermore, 
the step response behaviors of two of the four systems are measured and given in Fig. 2.3. 
Assign the two measurements to the related systems and state the reasons for your decisions 
(why or why not for each of the four systems). 
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Figure 2.2: Eigenvalue distribution of four different systems 
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Figure 2.3: Measurement of the dynamic behaviors of two different systems 
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2e) (3 Points) 
In the following, the block diagram describing a vehicle's automatie air condition system (ac) 
and a driver's behavior (adjusting the ac) has to be given. 

The driver senses the temperature inside the vehicle. The difference between the temperature 
convenient for the driver and the real temperature within the vehicle causes that the driver 
ehanges the desired value of the automatie ac to a new one. Depending on the differenee 
between the desired and the real temperature inside the vehicle, the automatie ac heats or 
eools the air flowing inside the vehicle by affecting humidity. 

Mark additionally the part of the block diagram, whieh does not exist if an air eonditioner 
does not support automatie eontrol regarding the temperature inside the ear. 
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2f) (5 Points) 


The system matrix of a dynamic system is given by 


-2 0 k1]
A = 0 -1 2 . 

[ k2 0 0 

Determine the characteristic polynomial p(>.) of the system. For which values of the pa­
rameter kl and k2 is the system asymptotically stable? Use the Hurwitz criterion for your 
calculation. 
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