ESS100 Modelling and simulation
Exam Thu, 12 April 2007

Exercise 1 (10p)

(a) What istransient analysis? Give example of how it can be used! (2p)

(b) Inregular smulation softwares it is only possible to simulated ordinary dif-
ferential equations. Mention one way to make it possible to ssmulate partial dif-
ferential equations in these softwares. (2p)

(c) When identifying a black-box model you can choose a model of high order,
i.e. many parameters. Mention one good thing and one bad thing with this choice!

(2p)
(d) What istheindex of the following DAE?
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(2p)
(e) What isthe difference between a static and a dynamic system? (2p)
Exercise 2 (10 p)

Assume that a model with the following model structure
y(t) =bu(t — 1)+ e(t)
is adapted to measurement data. The true data is generated from the system

y(t) = buut — 1) + byu(t — 2) + e(t)



, Where e(t) is white noise with variance \. To which value does the least squares
estimation of b (expressed in terms of b; and b;) converge, when the number of
observations goes to infinity and

(@ wu(t) iswhite noise with variance 1. (5p)
(b) wu(t) hasthe covariance function (5p)
R,(0) = 1
R,(1) = 0.5
R.(2) = 0.25
R,(3) = 0.125
Exercise 3 (10p)

Below is a sketch of atransformer with an iron core.

o LWt e k() e
u:(t)T Tuz(t}
O__'._:

The transformer can be modelled in the following way:
e The voltages are proportional to the magnetic flux:
uy(t) = Ni®(t) ua(t) = No®(t)
where N; and N, are the number of turns.
e Themagnetic field B(t) per areaunit is
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where A is assumed to be constant.
e If i,,(t) denote the so-called magnetizing current, then

e The magnetizing current is anonlinear function of the magnetic field:

im(t) = @(B(1))

2



(8) Assume that a resistor R is attached between the points ¢ and d on the
transformers secondary side. Determine a state space model on the form & =
f(z,u),y = h(z,u) for the system, with ¢, asinput signal and i, as output signal.
(6p)

(b) ¢(B(t)) can be assumed to be linear in a small region. Linearize the system
inapoint in thisregion. (4p)

Exercise4 (10p)

Consider the electric circuit below.
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(a) Draw abond graph and mark causality for the circuit. Should v(¢) or i(¢) be

chosen asinput signal? Motivate! (5p)
(b) Describe amechanical system which would have a similar bond graph as the
electric circuit. (5p)

Exercise5 (10 p)

A hydraulic servo can be described as

iy%w+%mw+meU®

(a) Draw a Simulink block diagram which represent the servo Let u(t) be input
signal and y(t¢) be output signal. (5p)

(b) Consider the Simulink model below::
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You would like to simulate the system using abackward Euler method (z(t+h) =
x(t) + hf(x(t + h))), which is the longest step size that can be used in order to
have a stable simulation? The input signal « can be assumed to be zero. (5p)



