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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 is taken by me as a
� 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 points for the grade 4,0: 50%
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Problem 1 (15 Points)

1a) (3 Points)
Linearize by using the Taylor series expansion breaking after the first term the mathematical
Input/Output equation

R = ae3SS2, S ∈ [0, π]

around the working point S0 = 2 with S as input and R as output.
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1b) (3 Punkte)
Consider the system shown in Figure 1.1

x1 u1 y1 u2 y2

u3
y3

PT2P

D

x2

+

Figure 1.1: Block diagram of the system to be considered

with the given parameters
P : K1 = 2
PT2 : K2 = 2, ω0 = 2, D = 2, and
D : TD = 2.

Give the eigenfrequency ω∗

0
, the damping D∗ for the transmission system with x1 as input

and x2 as output.
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1c) (2 Punkte)
An inventor proposes a new controller for a robust and always stable control for a system
with a P-transfer behavior. This system is controlled by a transfer element with PT1-behavior
(T = 1, K2 = 1) using negative feedback as illustrated in Figure 1.2. Explain (for example by
calculating eigenvalues) whether the proposed solution guarantees a stable system behavior
(the eigenvalues have to be calculated in detail, here K1 is always positive). Is the given
controller suitable according to its objective? [Yes, No]. State reasons.

u u1 P(K1)
y1

u2

PT1(T,K2)
y2

y

−

Figure 1.2: System
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1d) (1 Punkte)
Is the controller design in combination with positive feedback an innovation? [Yes, No]. State
reasons.
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1e) (3 Points)
A system in state space description with

A =

[

0 1
−1 −1

]

, B =

[

0
1

]

, C =
[

1 0
]

and D = 0

is controlled by a transfer element with P-behavior using negative feedback (K = KR). For
which values of the parameter KR is the controlled system stable? Mark with a cross the
correct answer(s). Several answers are possible.

The controlled system is

© Stable for KR ≥ −1.

© Asymptotic stable for KR > −1.

© Unstable for KR = 2.

© Stable for KR = 2.
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1f) (3 Punkte)
Two systems are arranged according to Figure 1.3.
The dynamic behavior of system 1 is

u1 = K2y, and (1.1)

of the total system in case of the closed switch

u = K1y + TDK2ẏ. (1.2)

SwitchSystem 1

System 2

y

u1

u2

y1

y2

u

Total system

+

+

Figure 1.3: Block diagram

Classify the resulting transfer behavior of the total system in case of the opened switch.
Mark with a cross the correct answer(s). Several answers may be possible.

The system is a

© PDT1

© PD

© PT1

© PIDT1

system.

�

∑

�
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Problem 2 (25 Points)
Given is the following closed-loop control system (see Figure 2.1).

1

ω2 ẍ2 +
2D

ω
ẋ2 + x2 = K1x1

x6 = T5ẋ5 + x5

x4 = K3x3 y =
1

T I

∫

x4dt

x7 = TDẋ4

y

w

z

Element 1 Element 2

Element 3

Element 4

Element 5

x1
x2 x3 x4

x5x6

x7

Plant

Controller

-

-

-

Figure 2.1: Block diagram

2a) (4 Points)
Classify the transfer behavior of the elements 1 to 4 and draw the corresponding step
responses.
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2b) (3 Points)
Classify the transfer behavior of the plant?

(Note: Transform the differential equation into a suitable representation for classification.
The parameters are given as ω = D = K1 = TD = K3 = T5 = TI = 1.)
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2c) (3 Points)
The dynamics of the plant to be controlled is now given by the differential equation

T̃3

...
y + T̃2ÿ + T̃1ẏ = K1x1.

Classify the disturbance behavior of the closed-loop system (z → y).
Classify the reference behavior of the closed-loop system (w → y).
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2d) (2 Points)
The reference behavior of a system is described by

3ÿ + ẏ − 2y = Ku − 2.

Classify the stability of the system. Cross the correct answer(s). Several solutions may be
possible.

© Stable © Asymptotic stable

© Unstable © Boundary stable
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For the following tasks a new system is described by

4ẏ + 2y = −u,

where y denotes the measured output and u the input.

2e) (3 Points)
Give the state space representation of the system. Here the coefficient of the c-matrix has
to be chosen equal to one, there does not exist any direct transmission.
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2f) (3 Points)
Is the system given in problem 2e) able to oscillate? State reasons.

�

A step function is applied to the system. Which behavior do you expect on the output y?
Cross the correct answer(s). Several solutions may be possible.

y

t

y

t

y

t

y

t

(a) (b)

(c) (d)
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2g) (4 Points)
Draw in the following diagram quantitatively the output behavior y(t) of the system, when
the input is u(t) = 4 · δ(t). Draw - if applicable - the static final value and the time constant
T explicitly.

t

y
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2h) (3 Points)
The following modified system

A =

[

0, 1b 1
0 b

]

, B =

[

0
2

]

und C =
[

1 0
]

is given.

Calculate the eigenvalues λ1, λ2 and the corresponding eigenvectors v1 = [1 v12]
T , v2 = [1 v22]

T

of the system matrix A. Cross the correct answer(s). Several solutions may be possible.

Eigenvalues:

© λ1 = b and λ2 = −0, 1b © λ1 = 0, 1b and λ2 = b

© λ1 = −0, 1b and λ2 = b © λ1 = b and λ2 = 0, 1b

Eigenvectors:

© v1 = [1 0]T and v2 = [1 − 0, 1b]T © v1 = [1 b]T and v2 = [1 1, 1b]T

© v1 = [1 0]T and v2 = [1 − 0, 9b]T © v1 = [1 0]T and v2 = [1 0, 9b]T

Which values of the parameter b have to be chosen to realize an asymptotic stable system
behavior?

© b = 0 © b 6= 0

© b < 0 © b > 0
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