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Vibrationsdagen 2007

Vibrationsdagen 2007 holls i ar fér andra
gangen i Képenhamn. Programmet hade
med viss hjdlp av styrelsen 1 huvudsak sam-
manstéllts av Ole Dgssing. Till denna end-
ags-begivenhet den 22 november infann sig
ett 40-tal personer i Dansk Arkitektcenters
utstédllningslokaler pA Gammel Dok som é&r
ett fore detta lagerhus utmed kanalen som
i norr begrénsar den gamla beféstningsan-
laggningen och Christiania. Mdteslokalen
inrymde ldgligt nog, sa hér infor julhelgen
en mycket vilsorterad bokhandel fylld med
rikt illustrerad litteratur 6ver byggnadsverk
och arkitektur.

Ole som ledde métet, presenterade bland an-
dra Ann Sofie Wessberg, Metron Miljokon-
sult AB, anso@metron.se, ny ordférande
efter Tomas Odebrant i SVIB AU 3 By-
ggnadsvibrationer och Soren R. K. Nielsen,
soren.nielsen@civil.auc.dk, Aalborgs Uni-
versitet som overtagit rodret i SVIB AU
5 efter Thomas Abrahamson. Christian
Madshus medforde ocksé en kort presenta-
tion av Linda Harvik, NGI, som pa arsmétet
valdes in i styrelsen efter Hakon Heyerdahl.
Narvarande pa motet var ocksd Torbjorn
Kloow, toby@acoutronic.se, Acoutronic
AB, som i flera ar varit foreningens revisor,
och som valdes till dess skattméstare.

Av eftermilena att ddma blev Vibrationsda-
gen ett mycket uppskattat evenemang.

Arsmétesférhandlingarna blev dven denna
géng en rdtt besvérlig historia eftersom
revisorerna inte ansag att foreningens
rakenskaper kunde godkénnas innan skat-
teverkets beslut inhdmtats. Som resultat av

revisorernas berittelse och rekommenda-
tion Vi foreslar darfor att vi avvaktar med
att faststélla resultat- och balansrdkningar-
na, samt att styrelsen beviljas ansvarsfrihet
for verksamhetsérets ridkenskaper och for-
valtning” uppfattade sekreteraren och jus-
teringsménnen att rdkenskaperna skulle
bordldggas och godkénnas i efterhand per
korrespondens och att styrelsen skulle bev-
iljas ansvarsfrihet. Men sa var inte fallet.
Revisorerna menade att styrelsen INTE
skulle beviljas ansvarsfrihet och har seder-
mera begért att protokollet dndras. Detta ar
bakgrunden till att protokollet &nnu inte &r
klart for publicering.

De som aterstod att notera var skattever-
kets bedomning av de begérda avdragen for
moms samt huruvida skatteverket skulle
godkénna réttelsen av forra arets deklara-
tioner. I efterhand kan konstateras att skat-
teverket med vissa dndringar av beloppen
godként de begérda avdragen och reserva-
tionerna samt godtagit den begdrda dndrin-
gen av forra aret deklaration.

Nar underlagen fardigstillts kommer det att
cirkuleras for godkénnande per e-post.

Alf Olsson
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On the Comparison of Test Specification
and Measured Field Data

Kjell Ahlin ,
Department of Mechanical Engineering ‘
Blekinge Institute of Technology
SE-371 79 Karlskrona
Sweden
kjell.ahlin@bth.se

It is not always obvious how to compare a given test specification with measured field
data. The paper presents a systematic method based on Shock Response Spectrum and
Fatigue Damage Spectrum. A random on random test specification for tracked vehicles,
AECTP 400, is used as an example.

INTRODUCTION

A common situation for the test engineer is that there exists a test specification and also
measured field data. How can the two be compared? In many cases the test specification
is made to mimic the real environment, but usually there is no way to directly make the
comparison. A typical test specification for munitions transported as secure cargo in tracked
vehicles, AECTP 400, is shown in figure 1.
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Figure 1. AECTP 400,
method 401. Test speci-
fication for munitions
transported as securecar- 1™
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The bandwidth of each narrow band is 10
Hz. The frequencies of the band should be
harmonically related and swept, so that

15SHz <f1 <150 Hz
30 Hz <f2 <300 Hz
45 Hz <3 <450 Hz

(There are versions of the test specification
where the bandwidths of the frequency bands
are 5, 10 and 15 Hz, respectively)

All the levels in the spectrum are defined and
the sweep rate should not exceed one octave
per minute. The test time

is one hour per axis.

The test specification is of course meant to
mimic the background vibration and the track
laying frequency with two

harmonics.

COMPARISON METHODS

There are basically two different ways to do
the comparison between the environment
defined by the test specification and the en-
vironment measured in the field.

The first way looks at the damage to the trans-
ported goods or equipment from a maximum
point of view. The method tries to find the
maximum response of the equipment in the
two cases. The natural tool in this case is
to use the Shock Response Spectrum, SRS.
There is an ISO standard, ISO 18431-4, that
defines how to calculate the SRS for the field
data. The catch here is how to calculate the
SRS for the test specification. How this may
be done is explained in the next clause.

The other way looks at the damage from
a dose point-of-view. The proposed tool in
this case is the Fatigue Damage Spectrum,
FDS, which may be regarded as SRS with
dose. FDS is defined below and a method to
estimate the FDS for the test specification
is given.

COMPARISON USING SHOCK RE-

SPONSE SPECTRUM

A typical model for the SRS calculation,
shown in Figure 2, assumes that the signal
to be analyzed is applied to an array of in-
dependent SDOF systems at a common base
and of interest then is the peak response of
each of the masses.

Response Motion

I Input Motion

Figure 2. Typical model used for the calculation of the
shock response spectrum (from Strether Smith). The
motion is assumed to be applied to a common base of an
array of damped and independent SDOF systems.

In ISO 18431-4 the Shock Response Spec-
trum is calculated by the use of digital filters,
one filter for each SDOF system in figure 2.
The filter coefficients are calculated using
the ramp invariant method, introduced for
this use by Dave Smallwood [1].

The SRS for absolute acceleration response
may be calculated for the field data by a
simple MATLAB script:

function [y,f] = srs(x,fs,fmin,fmax,fno,Q)

%SRS Shock Response Spectrum Ramp
Invariant Version Maximax

% [y,f] = srs(x,fs,fmin,fmax,fno,Q)

% y maximax is calculated

% f frequency vector Hz

% X data vector

% fs  sampling frequency Hz
% fmin low frequency Hz

% fmax high frequency Hz

% fno number of frequencies
% Q Qvalue

y = zeros(fno,1);
f = zeros(fno,1);
%
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We provide specialized NVH (noise-vibration-
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design to final hardware testing and refinement.
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k1 = log(fmax/fmin)/(fno-1);
k2 = pi/Q/fs;

k3 = 2*pi/fs*sqrt(1-1/(4*Q*Q));
%

for n = 1:fno;
fO = fmin*exp(k1*(n-1));
A = k2*f0;
B = k3*f0;

a =[1, -2*cos(B)*exp(-A), exp(-2*A)];
b = [1-exp(-A)*sin(B)/B,2*exp(-A)*(sin(B)/
B-cos(B)),exp(-2*A)-exp(-A)*sin(B)/B];

%
z = filter(b,a,x);
y(n,1) = max(abs((2)));
f(n,1) = f0;

end

So, the calculation of the SRS for the meas-
ured field data is quite straight forward.
To get the SRS corresponding to the test
specification we first have to consider how to
estimate the SRS of a vibration with a given
Power Spectral Density, PSD,. For each filter
H,(f) in the SRS filter bank we can calculate
the output Power Spectral Density,

PSDou

PSD,, (1) =PSD,(f )} |H,(F )

We get the RMS value sn of the filter output
by integrating the output PSD

o, = [PSD, (£ )-|H,( 1 f df

@

which is easily done, as we know the filter
functions. This is a better estimate than the
one usually given which assumes that the
input PSD is constant with the level given for
the resonance frequency under consideration.
Then the PSD level is multiplied with the
filter band width.

With a given RMS value, the n:th maximum
value max, can be estimated by the follow-
ing equations

c,=+2In(f,-T)

C —c +0.5772

n

max, =C, o,

©)

where f, is the resonance frequency for the n:
th filter and T is the total time under consid-
eration. The equations may be found in [2].

We show how the method works with a
simulation. We consider the case in the test
specification when f; is at 75 Hz.

We create a time signal of a certain time
length with the given PSD by adding a ran-
dom phase to the given Fourier amplitude and
perform an inverse Fourier transform. The
given PSD and the calculated spectrum for
the simulation are given in figure 3.

The PSD is calculated using a Hanning win-
dow and averages with overlap, which is the
reason for the randomness in the spectrum.

—— Test spec PSD
—— PSD for simulation f

i
100
Frequency [Hz]

Figure 3. Comparison of specified and simulated Power
Spectral Density.
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We can now use the simulated time signal
to calculate the SRS and compare with the
estimated SRS from the specification PSD.
The result is shown in figure 4. We find a
good agreement.

We now use the method to estimate all SRS
for the test specification by stepping the
gliding frequencies one Hz at a time. We
calculate the time spent in each position to
mimic a logarithmic sweep, adding up to one
hour. The result is shown in figure 5.

The maximum envelope for all SRS in figure

5 is our final result, the curve to be used as a
comparison with field data SRS.

10 T T
— SRS from time history
—— SRS from PSD

10°! L L L ,
10 20 50 100 200 500
Frequency [Hz]

Figure 4. Comparison of calculated SRS for simulated
signal and estimated SRS from specification PSD.

N
10 20 50 100 200 500
Frequency [Hz]

Figure 5. Estimated SRS for test specification, cor-
responding to one hour test time.

COMPARISON USING FATIGUE DA-
MAGE SPECTRUM

For the comparison of test specification and
measured field data from a dose point-of-
view, the Fatigue Damage Spectrum, FDS, is
used. The FDS may be regarded as a Shock
Response Spectrum with dose, see figure
6. As for the SRS calculation, the vibration
signal to be investigated is applied to a set
of SDOF systems. For each SDOF system
the damage according to Miner’s rule is
estimated, using a simplified S/N curve, just
defined by the exponent. To make a proper
damage estimate, a lot of information has to
be entered into the calculations, such as ge-
ometry of the object in question, the constants
defining the proper S/N curve, etc. But, as the
FDS only is used to make a comparison, we
can forget all this and just set all unknown
constants to one.

n:th SDOF

E —ho— il
.va. B 1

damage

dn

freq

Figure 6. Principle for Fatigue Damage Spectrum,
FDS, Calculation.

The steps in figure 6 are as follows:

1. The response to the given input vibra
tion in the n:th SDOF system, usually as
relative displacement, is calculated.

2. For the SDOF system narrowband output
signal, a histogram, showing the number
of peaks per peak amplitude interval is
calculated.
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3. The histogram is applied to an S/N
curve and Miner’s rule is applied to calcu
late the damage.

4. The resulting damage represents one
point in the FDS, corresponding to the
resonance frequency of the n:th SDOF
system.

5. As for SRS, the procedure is repeated
for all interesting resonance frequencies.

The parameters to give to the calculation are
the Q-value of the SDOF systems and the S/N
curve exponent.

As the response of the SDOF system is a
narrowband signal, the histogram may be
replaced with a list of the peak values.

A simple MATLAB script to calculate FDS
is given here:

function [y,f] = fdsdispl(x,fs,fmin,fmax,N,Q,b)

%FDSDISPL Fatigue Damage Spectrum,
relative displacement

% [y,f] = fdsdispl(x,fs,fmin,fmax,N,Q,b)

% y FDS output

% f frequency axis for FDS

% X input data vector, accelera-
tion

% fs sampling frequency in Hz

% fmin low fregency for calculation

% fmax high frequency for calcula
tion

% N number of frequency points
for calculation

% Q Q value for calculation

% b Wohler S/N exponent

k1 = log(fmax/fmin)/(N-1);
%
forn = 1:N;
fn = fmin*exp(k1*(n-1));
[B,A] = dispfilt(fs,fn,Q );
d = filter(B,A,x);
de = abs(extr(d));
y(n) = sum(de."b)/2;
f(n) = fn;
end

The function dispfilt calculates the filter coef-
ficients for a relative displacement output for
an SDOF system. The function extr extracts
the peak values in the response signal.

As for the SRS case above, there is a simple
way to estimate the FDS when the input PSD
is given. The principle is the same, but the
estimate of the maximum is replaced with an
estimate of the damage, when the RMS value
of the SDOF output (and the S/N exponent
b) is given. This is simple, providing the
assumption of a Gaussian output is valid. A
comparison (like the one in figure 4) between
FDS calculated on a simulated time history
and the estimated FDS given the PSD, is
shown in figure 7. As the procedure seems to
work well, we can estimate the full FDS for
one hour sweep as we did for the SRS. The
result is shown in figure 8. The difference to
the SRS case is that the curve we have to use
for comparison with field data is the sum per
frequency as we deal with dose.

CONCLUSIONS

In this paper, a method to compare test
specifications with measured field data has
been proposed. The comparison is made in
two ways, with a maximum approach using
the Shock Response Spectrum, and with a
dose approach, using the Fatigue Damage
Spectrum. The key feature of the method is
the introduction of a simple way to estimate
Shock Response Spectrum and Fatigue Dam-
age Spectrum from the given test specifica-
tion. The method is demonstrated on the
random on random test specification AECTP
400 for tracked vehicles.
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[1] Smallwood, D.O.: “An Improved Recur-
sive Formula for Calculating Shock Response
Spectra.” 51st Shock
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[2] NC Nigam., “Introduction to Random
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On Nonlinear Parameter Estimation
with Random Noise Signals

Andreas Josefsson
Martin Magnevall
Kjell Ahlin

Department of Mechanical Engineering, Blekinge Institute of Technology
SE-371 79 Karlskrona, Sweden
andreas.josefsson@bth.se

NOMENCLATURE
H Frequency Response Function
Gy Single sided, auto-spectrum of signal x
Gy Single sided, cross-spectrum of x with y

Fourier Transform

()

F,X Force and displacement, frequency domain
J.x  Force and displacement, time domain
o Multiple Coherence function

ABSTRACT

In the field of nonlinear dynamics it is essen-
tial to have well tested and reliable tools for
estimating the nonlinear parameters from
measurement data. This paper presents an
identification technique based on using ran-
dom noise signals, as initially developed
by Julius S. Bendat. With this method the
nonlinearity is treated as a feedback forcing
term acting on an underlying linear system.
The parameter estimation is then performed
in the frequency domain by using conven-
tional MISO/MIMO techniques.

To apply this method successfully it is nec-
essary to have some pre-information about

the model structure and thus methods for
nonlinear characterization and localization
are studied. The paper also demonstrates
the various ways the method can be formu-
lated for multiple-degree-of-freedoms.

The implementation of the method is illus-
trated with simulated data as well as a prac-
tical application, where the method is used
to create a dynamic model of a test-rig with
a significant nonlinearity.
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1. INTRODUCTION

The overall aim with parameter estimation
is to find suitable parameters to a mathemat-
ical model, based on measurements of the
inputs and outputs of a system. The mathe-
matical model can, for instance, be based on
a beforehand known model structure. This
is known as parametric modeling, which
will be studied in this paper. Furthermore,
the systems studied contain significant non-
linearities that must be included when cre-
ating the model, hence nonlinear parameter
estimation.

Systems used in engineering can generally
be separated into two distinct groups; linear
or nonlinear. A system, H, which does not
satisfy the following properties, is defined
as nonlinear:

H{c-x}:c-H{x} .

H{xl +x2}= H{x1}+H{x2} (-2
A useful tool for detecting nonlinearities is
the frequency response function. For a sig-
nificant nonlinearity the amplitude and/or
the resonance frequencies will be depend-
ent on the excitation amplitude. Thus, the
FRF’s gives a linear approximation at the
specific excitation amplitude and fails to
fully describe the dynamics.

This work will study a method where ran-
dom noise signals are used and the parameter
estimation is done in the frequency domain.
The methods are described in Chapter 2 and
Chapter 3. This will be followed by a brief
analysis of the errors introduced when doing
the parameter estimation. Finally an experi-

mental test is performed, in Chapter 5, where
a real nonlinear structure is studied.

2. USING RANDOM NOISE SIGNALS
FOR NONLINEAR SYSTEMS

One of the most promising identification
techniques for nonlinear parameter estima-
tion was initially developed by Bendat 1.
The method estimates the parameters in the
frequency domain with conventional Multi-
ple-Input—Multiple/Single—Output (MIMO/
MISO) procedures. The latter is often used
in linear theory and is demonstrated below.

For a general linear system, with inputs and
outputs, and noise on the measured outputs,
as shown in Figure 2.1, a least-square solu-
tion that minimize the noise on the outputs
(H1-estimator) can be determined at each
frequency as

H, = Gy !

o} —

—

In Equation (2.1), Gyx is the cross-spec-
tral density matrix with size (MxN), Gxx is
the auto-spectral density matrix with size
(NxN) and H is the estimated transfer ma-
trix with size . Furthermore, a multiple co-
herence function can be calculated for each
output as
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Figure 2.2: 4 nonlinear system with two degrees of
freedom and a nonlinear element connected to the
second dof. The nonlinearity is described with a
nonlinear operator g(.) with a coefficient p.

The system shown in Figure 2.2 can be
modeled in frequency domain as

H aa H ab E: _ X a
H,, H, —P-‘.’?’"(g(xh)) X,

Alternatively, equation (2.3) can be rewrit-
ten, for each row, as

i { > /.()

H! %P}

aa

X, 2 P (g()) = F,
X, Hy + 22 p.g(g(x,)=F,
Hba .

There are several possible ways to formu-
late this problem with MIMO/MISO. With
the original Reverse-Path technique (RP)
[1], Equation (2.4)-(2.5) can be used and
the analysis is accomplished as illustrated
in Figure 2.3. With Nonlinear Identification
Through Feedback Of Outputs (NIFO) [2],
Equation (2.3) is used directly and the linear
system and the nonlinear coefficients are es-
timated as shown in Figure 2.4.

xb(t)————————-—> g
H,, =P ’
=) J i, }—’f 4

Figure 2.3: Reverse-Path (RP): Two MISO analyses are performed and using the reciprocity of the underlying
linear system H, "', H, ' and the nonlinear coefficient P can be identified. Here, g()) is a nonlinear operator.

aa

—————’[H —P<Hnb}—’x”(’)
H, -P-Hy —>.\‘,,(f)

Figure 2.4: Nonlinear Identification Through Feed-
back of Outputs (NIFO): A single MIMO analysis is
performed and using the reciprocity of the underly-
ing linear system Haa, Hba and the nonlinear coef-
ficient P can be identified. As in Figure 2.3, g() is a
nonlinear operator.

In the above figures, all inputs and outputs
quantities are given in the time domain,
to emphasize that the input signal x,(?)
must pass through the nonlinear function,
for instance g(x)=x’ , before the spectral
densities can be calculated. The transfer
functions are then given by Equation (2.1)
and, in both cases, two multiple coherence

functions can be calculated with Equation
2.2).

Notice that the transfer function P(f) can
be both frequency dependent and complex.
However, in this example P(f) will be, after
a sufficient number of averages, real-val-
ued and constant throughout the frequency
range. It is also possible to use several non-
linear inputs and obtain a polynomial fit to
the true nonlinearity, as may be the case
with a gap- or clearance-nonlinearity.

As shown in the above example, the NIFO-
technique is more compact and easier to
work with - especially for larger systems
with several nonlinear elements - since
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MIMO is used as shown in [2,3]. With the
reverse-path technique the system must al-

ways be rewritten with force as output as in
Equation (2.4)-(2.5).

In an ideal case, without any noise, both
methods will give the same estimates since
they are mathematically identical. However,
in the presence of bias errors and - for a real
measurement - external noise, the estimates
are not identical as will be discussed in
chapter 4.

3. CLASSIFY NONLINEARITIES AND
FINDING NONLINEAR NODES

With the method studied in previous chap-
ter the type of nonlinearity and its location
in the system must be known for the analy-
sis to work which may seem like a major
drawback. However, as will be shown in
this chapter, the MIMO/MISO analysis can
actually be a good tool to determine the
model structure.

i l
Xa

Xb
Xe

Figure 3.1: A blackbox system used in simulations
with three degree of freedoms. A nonlinear element is
connected either to a single node, or is dependent on
the relative motion between two nodes.

A simulated blackbox system with three
degrees-of-freedom is studied, as shown
in Figure 3.1. The system does not fulfill

the properties given by Equation (1.1)-(1.2)
since a nonlinear element is connected
somewhere. By studying the FRF data it
was possible to see the presence of a hard-
ening spring nonlinearity.

Random data was simulated at all three dofs
and, for the analysis, a reverse-path model
was created for the system as illustrated in
Figure 3.2. Here, three polynoms is used to
describe the nonlinearity but the input sig-
nal q(t) is unknown. The nonlinear element
may be connected to ground from any dof
or may depend on the relative motion be-
tween two dofs.

x, (1)
g ’
¢ —[7]
¢ —[q]

> /. ()

Figure 3.2: A reverse-path model created for the unk-
nown system shown in Figure 3.1. The input signal q(1)
is unknown and depends on the nonlinearity.

Multiple Coherence

0.2

5 10 15 20 25 30 35
Frequency [Hz]

Figure 3.3: Multiple Coherence Function. The area
shown in the figure was calculated for each combi-
nation of inputs and an error function was defined as
1/ 4e.
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To solve this problem all possible combina-
tions of inputs was tested and the multiple
coherence function was used to evaluate
each combination. If the model is correct
the multiple coherence function should be
close to one for all frequency. The area, Ae,
shown in Figure 3.3, was therefore calcu-
lated for each combination of inputs. The
error function is then defined as 1/ Ae, i.e
the highest value for the overall best multi-
ple coherence.

As shown in Figure 3.4, this method cor-
rectly detects that the nonlinear element is
connected between xb and xc. With the non-
linear nodes identified the test was repeated
but with different nonlinear functions as
shown in Figure 3.5. Nonlinear functions
that depend on the velocity, as well as the
unphysical x2, were included for compari-
son. The true nonlinearity in the black-box
system was a cubic function that depends on
the relative motion between xb and xc. As
illustrated with this example, random data
can in many cases be used to classify non-
linearities and finding nonlinear nodes.

Linear G(x,) Gly,) G(x.) Glx,—x,)Glx, —x,)Glx, -x.)

Figure 3.4: The method correctly detects that detects
that the nonlinear element is connected between xb
and xc. The true nonlinearity in the black-box system
was a cubic function that depends on the relative mo-

tion between xb and xc.

0.9
0.8
07
06
g 05
T 04
03
02
0.1t

5

xl X~ |.\”| x3 X x' V- |v| v“'

Figure  3.5:
The presence of a cubic stiffness could clearly be
seen. Nonlinear functions that depend on the velocity,
as well as the unphysical x2, were included for com-
parison.

4. ERRORS IN THE ANALYSIS

When using random noise signals the esti-
mated spectral densities will contain ran-
dom and bias (systematic) errors. The effect
from random errors can be controlled with a
sufficient number of averages and normally,
overlap processing is applied for more effec-
tive use of data. The bias error, on the other
hand, does not necessarily decrease with
averaging since this error comes from con-
sistently estimating an incorrect spectrum,
for instance due to aliasing or leakage.

The time-leakage effect can give a consider-
able random error. This error occurs when
the signal is truncated and an output signal
is measured which is not totally correlated
with the input signal. In the beginning of
the output signal, for a certain time block,
there is data which depends on the input sig-
nal from the previous time block. This ef-
fect will be even more significant for lightly
damped structure. The leakage error can be
reduced by increasing the block length. The
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bias error is a function of the truncation and
the window used and may also be reduced
by increasing the block length.

When using MIMO/MISO to identify non-
linear systems it is essential to use a suffi-
cient amount of data due to a relatively high
sensitivity to these errors, as can clearly be
seen in simulations.

Bias errors can also be introduced by con-
taminating noise in the measurement. The
Hl-estimator, Equation (2.1), assumes
that the noise on the input channels in the
MIMO/MISO model is small and can be
neglected, while the H2-estimator, Equa-
tion (4.1), neglects the noise on the output
channels.
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However, the H2-algorithm is
less useful for multiple-input models since
it is necessary to calculate an inverse to a
non-square matrix if the number of inputs
and outputs are not equal. For this reason,
the Hl-estimator must be used instead. The
effect this will have on the parameter esti-
mation can be demonstrated with a simu-
lated example.

A duffing system is used with the follow-
ing parameters: M=150 kg, C=800 N/ms,
K=4e¢6 N/m and a cubic term P=2e12 N/m’ .
The excitation force was set to an amplitude
were the resonance would increase approxi-
mately 15%-20% relative to the underlying
linear system.
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x(0) ()
x(r)

Figure 4.1: Analysis of a duffing system with a NIFO
model (above) and the reverse-path technique (below).
A small amount of noise is added to the force channel
as shown in the figure.

Two possible MISO-models (NIFO and Re-
verse-Path) are shown in Figure 4.1. When
doing the analysis a small amount of noise
was added to the force channel as shown in
the figure. The noise was designed with an
rms-value equal to approximately 5%-10%
of the rms-value of the force signal.

The simulation was done with a sampling
frequency of 512 Hz and enough data was
simulated so that the analysis could be done
with 216 in blocksize (fft) and 200 averages
with 50% overlap.

As shown in Figure 4.2, the NIFO formula-
tion gives relatively large bias error while
the reverse-path formulation performs bet-
ter since the Hl-estimator minimizes the
effect from noise at the output. This is an
undesirable effect since in reality the domi-
nating noise may be on the force signal due
to force-dropouts and a very weak force sig-
nal at the resonance.

—=RP
NIFO
- - -Theoretical

Receptance [m/N]
=]
&

107
10 15 20 25 30 35 40 45
Frequency [Hz]

Figure 4.2: Estimated linear system - comparison
between the two models shown in Figure 4.1. After
averaging a large bias error is left with NIFO while
the reverse-path formulation performs better since
the HI-estimator minimizes the effect from noise at
the output.

5. EXPERIMENTAL TEST

In this chapter the methods described pre-
viously is used to model a real structure
with a small but significant nonlinearity.
The test structure is described in section
5.1 and the experimental setup is explained
in Section 5.2 followed by results from the
nonlinear analysis in Section 5.3.

5.1 THE NONLINEAR TESTRIG

The structure under test consists of a
clamped beam supported at point A with
two clamped thin beams as shown in Fig-
ure 5.1. The design comes from a similar
test-rig that was developed by J. Ferreira
[4] and has since then been used to verify
various identification methods [4, 5].
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Figure 5.1: The structure used in the experiment con-
sists of a clamped beam with two fixed transversal
beams connected at point B. The clamped beam has
a cross section of (15x8) mm with a free length of 420
mm and the two transversal beams has a cross section
of (13x1.4) mm and free length 242 mm.

The properties of the beam are interesting
since it can be described as a linear system
(the clamped beam) with a local nonlinearity
at the free end. Due to the thin geometry of
the transversal beams the linear assumption
is no longer valid. As illustrated in Figure
5.2, the geometry is changed as the beams
deflect and the length along the center line
of the beams (L") becomes longer than the
original length L. This will introduce axial
forces (N) which will increase the stiffness
of the beam [6]. However, the material is
still elastic and when the force is removed,
the system will return to its initial position
without any change in material properties.
Hence, this effect is known as geometric
nonlinearity since the nonlinearity is only
related to changes in geometry.

Figure 5.2: The transversal beams will behave non-
linearly at higher displacements. As the force is in-
creased the beams becomes longer than the original
length L, and an axial force is introduced along the
beams. The stiffness will therefore increase. This ef-
fect is known as geometric nonlinearity.

Using ABAQUS® [7], a nonlinear static
model could be created. ABAQUS® uses
an iterative scheme where the force is ap-
plied incrementally and a Newton-Raph-
son solver is used to balance the nonlinear
equations. Using this solver, the theoretical
nonlinear force-displacement relationship
at point A could be calculated as

F(x)=1.76-10* - x+2.97-10° -x* (5.1)

5.2 EXPERIMENTAL SETUP

The complete setup for the experimental
test is shown in Figure 5.3. The structure
is firmly fixed to a rigid table and a rigid
steel module is used to fix the shaker. The
free end of the cantilever beam was selected
as a response point since the nonlinear el-
ement is connected to this point. With the
identification method described previously
it is necessary to measure the response at
the nonlinear degree of freedoms. However,
the reference point (force) can be selected at
any point along the cantilever. For practical
reasons the shaker is fixed to the same point
and thus the linear point-receptance and the
nonlinear coefficients will be estimated.

Figure 5.3: The complete setup for the experimental
test. The structure is fixed to a rigid table and a shaker
is used to excite the structure.
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Figure 5.4: A detail view of the experimental setup. A
force transducer and an accelerometer are used at the
selected measurement point.

A force transducer was mounted on the
top of the beam and the accelerometer was
mounted under the bottom beam as shown
in Figure 5.4. The force signals were created
in MATLAB [8] and Signal Calc Mobilyzer
[9] was used to acquire the raw time data.
All data analysis was done in MATLAB.

Initially, no evident nonlinear phenomena
could be seen in the measurements due to
force dropouts which only increased with
higher excitation amplitude and thus avoid-
ing the high displacement at the resonance.
It was therefore necessary to create volt-
age signals which added more power at the
resonances and carefully make sure that the
force spectrum obtained was constant over
the desired frequency range.

5.3 ANALYSIS OF EXPERIMENTAL DATA

The structure behaves linearly at low excita-
tions and it was therefore necessary to a find
level of the excitation where the nonlinear
effects are clear. A force amplitude which
made the resonance move approximately
15% was selected for nonlinear analysis.

In the following two figures, two nonlinear
analyses are compared with the raw FRFE.
The latter is the FRF obtained with conven-
tional linear theory (SISO). Thus, the raw
FRF is calculated without any compensa-
tion for nonlinear effects.

The nonlinear effects can clearly be seen in
the raw measured FRF. A disturbance oc-
curs at approximately 2+f0 and 3<f0. This
disturbance can also be seen in the coher-
ence function. A part of the response that
is obtained at the resonance frequency will,
due to the nonlinearity, create higher fre-
quency response which the linear model
fails to describe.

Two reverse-path models were created. First,
a cubic function was used to describe the
nonlinearity and the result can be studied
in Figure 5.5. In the second model, shown
in Figure 5.6, a cubic- and a square-poly-
nom are used to describe the nonlinearity.
It could be seen that the true nonlinearity
was a non-symmetric function and thus a
cubic function was not enough to describe
this behavior.

g 1 a2
E \\' .LJI
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Figure 5.5: The Raw FRF (linear theory) compared
with the linear system estimated with reverse-path
technique. A cubic function is used to describe the
nonlinearity. As shown, the FRF and the coherence
are improved at the resonance and at three times the
resonance frequency.
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Figure 5.6: The Raw FRF (linear theory) compared
with the linear system estimated with reverse-path
technique. A cubic- and a square- function are used
to describe the nonlinearity. As shown, the FRF and
the coherence are considerably improved over the fre-
quency range.

Figure 5.7 shows the estimated linear sys-
tem with different methods. The true linear
FRF was measured at very low excitation
where all nonlinearities are unaffected. As

shown in the figure, the estimated linear
system with NIFO techniques gives larger
amplitude errors. One possible explanation
for this was given in chapter 4; if the force
signal is contaminated with noise, the re-
verse-path technique will perform better.

== =True Linear
102 ——Reverse-Path

Receptance [m/N]

5 50 55

25 30

35 40 4
Frequency [Hz]

Figure 5.7: The estimated linear system with different
methods. The true linear FRF, used as reference, was
measured at very low excitation. As shown, the esti-
mated linear system with NIFO techniques gives lar-
ger amplitude errors.
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The real parts of the nonlinear coefficients
are shown in Figure 5.8. By definition, for
a zero-memory nonlinear system, the im-
aginary parts of the nonlinear coefficients
should be relatively small after a sufficient
number of averages. For this experiment,
the imaginary part was approximately ten
times smaller than the real part after aver-
aging. This may indicate a small amount of
nonlinear damping which was not consid-
ered in the modeling.
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The estimated cubic coefficient was 2.02°109
N/m3, which was considered to be reason-
able in comparison with theoretical value
from section 5.1. Due to the non-symmetric
force, a square coefficient was identified as
40106 N/m2. When studying the test rig it
could be seen that the slender beams were
not perfectly aligned with the cantilever
beam, and thus creating a non-symmetric
force. When this effect was included in the
nonlinear static model, a better correlation
between the experimental results and the
simulated results could be obtained.

——Experimental
1507 | s Modeel
= = =Model Updated

-4 -2 0 2 4
Displacement [m] x10°

Figure 5.8: The nonlinear coefficients (left) and the estimated nonlinearity compared with the model (right).
The nonlinear static model could be updated with the experimental parameters.

6. CONCLUSION

Nonlinear parameter estimation can be per-
formed with random noise signals by using
conventional MIMO/MISO techniques. The
methods described in this work treat the
nonlinearity as a feedback forcing term act-
ing on an underlying linear system. Thus,
the true linear system and the nonlinear
coefficients can be estimated by measuring
the input and output quantities.

The approach that is used in this work re-
quires some pre-information about the type

of nonlinearity present, and its location in
the system. If this information cannot be
obtained before the analysis it may be possi-
ble to try a set of different combinations and
then utilize the multiple coherence function
as shown in Chapter 3.

When using MIMO/MISO there are sev-
eral possible ways to formulate a nonlinear
problem. Two methods have been studied
in simulations and experiments - referred
to as NIFO and Reverse-Path. As shown in
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this work, it is essential to create nonlinear
models which best compensate for the er-
rors introduced with contaminating noise.

An experimental test was done on a struc-
ture with a significant nonlinearity and the
results, presented in section 5.3, shows that
the underlying linear system and the coef-
ficients describing the nonlinearity could be
identified. When comparing the results with
linear theory a clear improvement could be
seen: The estimated linear system is free
from disturbance and with a correct reso-
nance frequency. Thus, a simple but very
useful application of the methods may be to
make a better estimate of the linear system,
for instance when comparison are made to
a numerical linear model.
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s Tekniska Forskningsinstitut

Sverige

SP

Lag frekvens
Vi kalibrerar vibrationsgivare ner till
under 1 Hz.

Hog precision
Med var laserinterferometer kalibrerar vi
referensaccelerometrar.

Komplett verifiering

Forutom givare kalibrerar vi dven
kompletta vibrationsmatinstrument. Vi
kontrollerar da filter, tidsvagning, kénslig-
hetsomkopplare, mm.

Hog acceleration
Vi kan kalibrera accelerometrar upp fill
50 000 m/s?.

Kalibrering
pa ratt niva

Kraftgivare
Dynamisk kalibrering av kraft- och
impedansgivare.

Fullservice

SP kan kalibrera de flesta slags instru-
ment, t ex inom omradena ljud och ljus,
elektricitet, klimat, matt och vikt mm.

Andra tjanster

Vi mater vibrationer hos maskiner, i mark
och byggnader. Vi utfor aven alla slags
ljudmatningar.

Mer information om kalibrering
hittar du p4 WWW.Sp.se

SP Sveriges Tekniska Forskningsinstitut, Box 857, 501 15 BORAS, Tel: 010-516 50 00, E-post: info@sp.se

VIBRATIONSTEKNIK AB

Vibrationsteknik AB - Alkagatan 4, Hus M - 582 77 Link6ping - 013 — 16 62 00 - info@vtab.se - www.vtab.se

v

makes the world less shaky

www.vtab.se

Med produkter, konsulttjdnster och utbildningar
hjilper vi Dig till kostnadseffektiva losningar for ett

tillstdndsbaserat underhdll.

Anvinds av ledande tillverkare inom fordon:

Prosig P8048 NVH-system + DATS

« Analoga ingéngar - 48 kanaler + varvtal

« Insignal - Spanning, IEPE med TEDS

« Dynamiskt omréde - 102 dB

« AD-omvandlare - 24 bitar, 100 kS/s/kanal

Nytt program med givare, bland annat:

Industriaccelerometer AT112

« Frekvensomride - 0.5 - 15 000 Hz + 3dB
« Dynamiskt omréde - 50 g, peak

« Kapsling - Svetsad, hermetisk

» Monteringshél - M6
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“If you’re not willing to lead, please get out of the way,”

Denna klara uppmaning fick USAs delegation pa klimatmétet pa Bali varefter de gjorde en

helomvéndning och svarade —

“We will go forward and join consensus,”

Detta visar att det gar att pdverka dven den mest hirdhudade motstandaren och att “consen-
sus” dr en forutsattning for framgang i miljofragor.

Sekretariatet for IEC TC 104 ligger vid
sidan av SEKs aktuella fokus och kom-
mer 1 fortsdttningen inte att finansieras av
SEK pé annat sétt 4n med resebidrag som ut-
gar till alla SEK kommittéer. SEES initiativ
att ta over ansvaret for sekretariatet ligger
ddremot helt i linje med SEKSs inriktning for
hur IEC arbetet skall bedrivas och &r darfor
vilkommet. Problemet 4r att det inte gétt
att uppnd full finansiering. Fyra foretag har
stallt sig bakom forslaget och lovat bidra till
dess finansiering i 3 ar framat.

TC 104 &r en tvirteknisk kommitté som
utarbetar horisontella standarder for ge-
nerell tillimpning. Arbetets betydelse for
uppbyggnaden och utformningen av provn-
ingslaboratorier och forskningsinstitutioner
6ver hela virlden, for industrins utveckling
av nya produkter och system, for upprét-
théllande av samhéllets service och kontroll
av produkter och deras talighet mot miljons
inverkan pa dess vég fran tillverkaren till
anvidndaren och av dess livsldnga funktion
kan inte nog understrykas eftersom detta
ar grundldggande, horisontella och inter-
nationellt vedertagna metoder och anvisn-
ingar.

Provningen av miljétaligheten dr ett av de
forsta stadierna i utvecklingsfasen av en
produkt. Klimatisk- och mekanisk provning
foregas endast av specifikationsfasen och
foljs av verifikationsstadiet. Det dr forst nér
produkten fullgjort sitt uppdrag som den
blir en belastning for miljén och forst da blir
den féremal for den nu aktuella miljodebat-
tens uppmédrksamhet. Nir man nu slagit
fasts att jordens atmosfér inte kan ta emot
en Okande belastning kommer uppmérk-
samheten snart att riktas mot de faktorer
som gar att paverka ndmligen produkters
miljotalighet, deras livslangd och bestdm-
ningen av relevanta miljofaktorer. I skenet
av den belysningen far TC 104 arbetet inom
en snar framtid férnyad aktualitet.

IEC har i ar sidrskilt uppméarksammat de
horisontella standardernas betydelse for
hela organisationens strédvan efter samstdm-
da och entydiga standarder for provning
av elektrotekniska produkter samt for det
overgripande malet att undvika dubbelar-
bete. Ett 10-tal av det totalt 81 standarderna
som TC 104 utarbetat 4r i dag antagna som
horisontella standarder. Ovriga 4r sé kallat
“basic safety standards”.
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Sekreterarna, Magnus Davidsson for SEES
och AIf Olsson for TC 104 har nyligen be-
skrivit innebérden och omfattningen “pro-
jektet” att flytta [EC sekretariatet fran SEK
till SEES. Handlingarna som bestar av en
projektbeskrivning, en rapport fran arbetet
med miljéprovnings- och miljoklassificer-
ingsarbetet samt ordférande Kjell Ahlins
reserapport fran motet med TC 104 i Kina
den 17-21 september i ar distribuerades till
intressenterna den 18 december 2007.

Malsdttningen &r att behalla sekretariatet i
Sverige och att finansiera arbetet under tre &r
med Alf Olsson som sekreterare och under
den tiden stirka och komplettera den sven-
ska kommittén TK 104 samt att rekrytera
en eftertridare pi sekretariatsposten for TC
104. Lyckas inte detta aterstar for SEK att
aterlimna uppdraget till IEC. Sekretariatet
kan dérefter hamna var som helst i virlden
och sa mycket ar ként att det &r inte de tra-
ditionella huvudaktdrerna i arbetet som star
forst i kon att fa nya uppdrag av [EC.

Ledaméterna har darfor med stort intresse
foljt turerna i det svenska agerandet och
kommitténs ordférande, Hermann Ruoss,
Tyskland, har speciellt tackat de svenska
kollegorna inom SEES for initiativet.

Projektledarna har dérfor begdrt att Ele-
ktroindustriféreningen, ELIF, som har en
lang tradition av att stodja exakt denna typ
av standardisering stiller upp och deltar i
finansieringen.

If you’re not willing to maintain the secre-
tariat of TC 104, please get out of the way -
Var den Osterrikiska uppmaningen till den
svenska nationalkommittén av IEC. Svaret
dom fick var:

SEES will maintain the secretariat, go for-
ward and achieve consensus!

Detta maste nu med eftertryck foljas upp
med ett starkt engagemang och erforderliga
resurser.

Alf Olsson

Secretary IEC TC 104 Environmental con-
ditions, classification and methods of test

SVIBY




MULLER-BBM
Scandinavia AB

Environment

Maller-BBM is a group of companies ranking among the leading
consultancy engineering companies in the areas of construction,
environment and technology.

e Noise Control for Traffic and
Environmental Noise;
- Noise mapping
- Measurements
- Immission control and noise
reduction

e Industrial Noise Control
- Measurements
- Noise surveys and calculations
- Measures for noise control

i |

(11

e Vibration Control
- Site assessments
- Prediction
- Countermeasures

Calculated noise immission for flight operations

We are presently seeking highly motivated individuals to our new offices in
Sweden.

For more information call: Gunter Lang, +49 (0)89 85602-411
Until January 28, 2008 please mail your application to

info@MBBM-Gruppe.de

MBBM

MULLER-BBM GRUPPE

Human Resources
Robert-Koch-Stralle 11

82152 Planegg/Mlnchen
Germany




Nu ska du lyssna
vildigt nogal

Gér sa hir. Luta dig tillbaka och blunda. Ta
nagra lugna andetag och koppla av. Vad hor
du? Minniskor, fagelkvitter, datorsurr? En
radio, ventilationssus, en industri? Du kanske
kiinner vibrationer i huset fran bilarna pd
gatan eller motorvagen?

Sjilva har vi lyssnat noga i 50 &r och hort
en hel del. Vart jobb ér namligen att skapa
tysta, vibrationsfria miljder och produkter,
och s4 bra forutsattningar som mojligt for tal,
sang och musik.

Ingemansson 4r Europas ledande expert
inom ljud och vibrationer. Vi hjalper konsulter,
byggentreprendrer, industriforetag och myndig-
heter dverallt i samhillet. Vi tar fram tysta
bostider, arbetsplatser, vagar, fordon, maskiner

Leading expertise — Sound and Vibration

e

e — "

och offentliga miljoer som okar allas livskvali-
tet.

Tillsammans med industrin ser vi ocksd till
att ljudet frin deras produkter later rdtt och
forstirker deras image. Oftast dr vi med i hela
processen, fran forstudie till fardig produkt.

Vi erbjuder ocksd ett komplett utbildningsprogram

for bland annat konstruktorer, arkitekter och
byggherrar.

Hur later det runt omkring dig just nu?
Ar det tyst och behagligt har vi antagligen varit

med och utvecklat miljén i bade stort och smitt.

Har du ett eget ljudproblem som du vill 16sa,
ir det bara att ringa och prata med oss.
Vi ér bra pa att lyssna.

Ingemansson Technology AB, Tel 031-774 74 00, www.ingemansson.com

)
=

INGEMANSSON



CPCB PIEZ0TRONICS”

VIBRATION FORCE /TORQUE PRESSURE ELECTRONICS IMI SENSORS
DIVISION DIVISION DIVISION DIVISION DIVISION

I niarmare 40 ar har PCB Piezotronics Inc férsett virldsmarknaden
med hogkvalitativa precisions givare. De 5 divisionerna Vibration,
Tryck, Kraft, Elektronik samt Industriella givare visar vilken bredd
PCB Piezotronics har idag.

Dirfor anser manga att PCB ir det naturliga valet f6r just dom.

Fm s A MIFMISI AL SE A - - ng 08'444 38 70
) 11'17/] VIA AB E-post: info@pcbscandinavia.se
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Framtiden for ljud- och vibrationskonsulter

Manga i branschen har blommat upp i Stig
Ingemanssons fotspar. Forandringar sker
inom ljud- och vibrationskonsultbranschen
och lever vi vidare. Foretaget jag jobbar
pa koptes 2006 av AF. Vi heter numera
AF-Ingemansson och ingar i AF:s nya och
vixande affirsomrade Ljud och Vibrationer
tillsammans med Brekke & Strand akustikk
i Norge. Det tycker jag ar bra. Ingemansson
har funnits i mer och 50 &r och AF i mer &n
dubbla tiden. Langsiktighet priglar bada
foretagen. Vi har nu &nnu bittre mojligheter
att n en storre marknad i Europa, utvecklas
och blomstra i lika manga ar till. Expansion
och specialisering star hogt pa dagordningen

i AF.

Vad 4r en konsult? Namnet harstammar fran
latinets “consultus” som betyder réttslard och
»consulo” som betyder radsla, arbeta for,
hjilpa, handla och radfraga (kélla Nationa-
lencyklopedin).

En konsult 4r en fackman (eller —kvinna) som
erbjuder rad inom ett sarskilt expertomrade,
till exempel ljud och vibrationer. En konsult
4r egen foretagare eller anstilld av ett kon-
sultforetag vanligtvis med ménga kunder.
Kunderna har dirmed tillgang till djupare
sakkunskap an vad som dr mojligt att bibe-
halla i det egna foretaget. Kunderna behover
bara kopa sa mycket service som behovs for
tillfallet. Jag tycker att konsultforetaget ar en
bra uppfinning” och jag tycker om att jobba
som konsult. Jag tycker det ér fantastiskt att
folk betalar mig for min kunskap.

Det finns fordelar och nackdelar med olika
konsultforetagsformer. En tendens i bran-
schen #r att ménga storkunder att véljer att
teckna ramavtal med ett fatal konsultforetag
med manga kunskapsdiscipliner. Da kan det
vara en fordel att jobba i ett foretag med 3700

anstillda.

Det dr hogtryck i konsult- och arkitektbran-
schen. Bygg- och industriinvesteringarna
okar over forvantan. Industrikonsultforeta-
gen visar oavbruten expansion (kélla Press-
meddelande fran Svensk Teknik och Design
16 oktober 2007).

Allmanheten och myndigheter efterfrdgar
alltmer en god ljud- och vibrationsmiljo.
Medvetenheten och kunskaperna om hélso-
risker med ljud och vibrationer dkar. Framti-
den ser ljus ut och later lockande for mig som
vigt mitt arbetsliv &t dessa fragor.

Martin Almgren

Fore detta ordforande Skandinaviska Vibra-
tionsféreningen SVIB 2001 - 2006

e-post: martin.almgren@afconsult.com

P.s. Nér grundades Ingemansson och ndr grundades
AF? Skicka in rdtt svar per e-post till mig. Fem rdtta
svar premieras med varsin svensk trisslott cirka tva
veckor efter denna tidnings distribution. Jag dr sjélv
enviildig domare.
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ansvars om
besiktning ab

... har allt sedan etableringen 1972 varit verksam i konsultbranschen,
huvudsakligen inom omradena som rér miljostorningar.

... skall vara den sjélvklara samarbetspartnern genom att utfora sina
ataganden i ratt tid till rétt kvalitet med ett hogt miljstéinkande och
ekonomiskt motsvara kundens forviantningar. Detta dstadkommer vi
genom sténdig utveckling av spetskompetens inom véra teknik-
omraden och stodsystem.

... dr idag etablerade i Goteborg, Uddevalla, Malmé/Lund med
huvudkontor i Stockholm.

... tillhandahaller kvalificerade tjanster inom:

e Riskanalys

e Besiktning

e Métning

o Radgivning

© 3:e manshantering — Juridik och skadehantering
o IT/IS databassystemet VIPNET™

Vipnet™ &r ett Internetbaserat databassystem som hjélper till att
halla ordning och reda pa miljéstorningar som buller, vibrationer,
grundvatten, lutningar/sattningar, trafik, m.m.

Vipnet™ och vara andra tjanster anvands idag pa Citytunnelprojektet,
Nordlénken, E4:an Uppsala — Mehedeby m

Ansvarsbesiktning AB
Besoksadress: Bisittargatan 24, Box 4105, 129 04 HAGERSTEN
Tel. 08-749 18 50 | Fax 08-647 11 37

Adress: Herkulesgatan 3 A, 417 01 GOTEBORG
Tel. 031-510 900 | Fax 031-510 985

E-post: info@ansvarsbesiktning.se | www.ansvarsbesiktning.se
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Ingemansson

Vi mater, analyserar och féreslar
praktiska konstruktionslosningar for att
minimera och motverka vibrationer i
byggnader och anléaggningar.
AF-Ingemansson har stor erfarenhet inom
omradet och utreder bl.a. vibrationer fran
tag, tunnelbanor, vagtrafik, kompressorer,
pumpar och andra installationer.

Vi arbetar med markvibrationer och utfor
besiktningsarbeten.

Leading expertise - Sound and Vibration

Byggnad - Samhalle

Vibrations from railways, subways and road
traffic often cause problems in urban areas
today .

The problems can usually be avoided by
good engineering but sometimes further
actions have to be made such as placing
whole buildings on vibration isolators.

We perform measurements, vibration
analysis and provides design solutions to
minimise vibrations in buildings, plants and

at construction sites.
2
-

AF-Ingemansson AB, Tel 031-743 10 00, www.ingemansson.se INGEMANSSON




_41 -

Looking for skills, technology and engineering expertise?

Turn attribute engineering into a strategic competitive advantage

With specialists covering everything from insulating engine ZOUND BY SEMCON

vibration to designing sound and signals we perform world LARS A. CARLSSON

Manager Zound by Semcon
PHONE +46 317210146
lars.a.carlsson@semcon.se

class services within sound and vibration.

As exclusive agent to LMS International we provide a unique

combination of testing systems, virtual simulation TSk EisE

programs, hybrid testing and high-tech services. And, we are Manager LMS Agency
PHONE +46 31721061

just one part of an extensive offer within Semcon Functional Johanelliot@ssiicanse

Performance.
Right competence, right product know how, efficient tools and
committed personnel is our recipe - let’s discuss your challenges, ’:‘ LM

ENOINEERING INNOVATION

smaller assignments as well as large projects! www.Imsintl.com

semaoacon

www.semcon.se
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Vibrationer stor.
-VI vet.

Vi hjdlper dig att bygga in I6sningen.
Investeringen mdste hdlla mdnga dr,
-Anvdénd etablerade I6sningar!
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CHRISTIAN BERNER AB ir ett av Nordens ledande teknikhandelsforetag.
Foretaget grundades 1897. Vi hjélper véra kunder att finna basta mojliga
ldsning i varje given situation. Vi &r ca 200 medarbetare i Sverige, Norge,
Finland och Danmark.

AN\

CHRISTIAN
BERNER
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Nya i styrelsen

Till styrelsen valdes Linda Harvik och Torbjérn Kloow. Ann Sofie Wessberg och Soeren R. K.
Nielsen tilltradde som som nya ordféranden i SVIB AU 3 resp. AU 5.

Short CV - Linda Harvik

Date of Birth: 9 November 1961
Nationality: Norwegian

Position: Head Communication and Or-
ganisation Division Director, NGI

Education: M.Sc., 1984, Diploma in
Geotechnical Engineering, University of
Trondheim, Norwegian Institute of Tech-
nology, Department of Civil Engineering.
”Master of Management”, MP from the
Norwegian School of Management, Bl in
2005 within organizational psychology and
change management.

Privious Positions:

2000-2006 Division Director, Geomechan-
ics Division, NGI

1997-2000 Division Director, Analysis
Division, NGI

1995-1997 Deputy Division Director,
Analysis Division, NGI

1995-1997 Responsible Information
Technology and senior Engineer, Analysis
Division, NGI

1984-1995 Project Engineer, Analysis Divi-
sion, NGI

1984 Research Assistant, University of
New Brunswick, Department of Civil
Engineering, New Brunswick, Canada
1981-1984 Research Assistant in calculus
and linear algebra, Norwegian Institute of
Technology, Trondheim

Key Qualifications:

Engineering background from research and
advisory projects. Main area of expertise is
foundation design and geodynamics as well
as application of IT systems in geotechni-
cal engineering. Extensive project man-
agement experience since the early 90s

- leadership since 1995.

Main engineering experience:
Numerical modelling of deformations and
stress in soil and rock modellering
Vibrations from transportation - analysis
and measurement IT systems in geotechni-
cal engineering/project management
Offshore foundation analysis and design
Organizational psychology and change
management Engineering, New Bruns-
wick, Canada 1981-1984 Research Assist-
ant in calculus and linear algebra, Norwe-
gian Institute of Technology, Trondheim
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Key Qualifications:

Engineering background from research and
advisory projects. Main area of expertise is
foundation design and geodynamics as well
as application of IT systems in geotechni-
cal engineering. Extensive project man-
agement experience since the early 90s

- leadership since 1995.

Main engineering experience:

Numerical modelling of deformations and
stress in soil and rock modellering
Vibrations from transportation - analysis
and measurement

IT systems in geotechnical engineering/
project management

Offshore foundation analysis and design

Short CV -
Ann-Sofie Wessberg

Phone: 0705-85 04 21
Mail: anso@metron.se

Date of Birth: 5 march 1972

Nationality: Swedish
METRON MILJOKONSULT AB
Metron Miljokonsult AB is a consulting

firm which specialising in blasting and
rock engineering,

vibration control and surveys.

Metron offer:

e risk assessment

* house inspection

« measuring of traffic, ground and building
vibrations

 damage assessments

 measurement for the evaluation of com-
fort in buildings

Position

Member of the board - Metron Miljékon-
sult AB

Technical consultant - Metron Miljokonsult
AB

Education

1999-2004 Master of Science — Mathemat-
ics, University of Gothenburg

1988-1992 High School Education — Build-
ing Technology

Competence development
 Computer Science

e Leadership

« Introduction to Blasting Technology
» Blasting Technology

« Blasting Technology Management

o Statistics

* Pedagogics

Main engineering experience

* FE-analysis of payment behavior

« Development of Vibration Measurement
Systems

« Quality and Environmental Management
Systems

« Practical experience of measuring and
evaluation of traffic, ground and building
vibrations
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Acoutronic AB - 20 arsjubileum 2007

Tiden gér sa fort — Ja denna klyscha besannades nu under hésten 2007, da
vi pd Acoutronic har 20 drsjubileum. For att fira detta riktigt ordentligt och
tacka for den tid som varit, bjéd vi in ett antal av vara kunder pa fest. God
mat och gott vin serverades pa restaurang “Fredsgatan 12” i Stockholm och
728+ 1 Goteborg, dar vi dessutom utbildades i vinprovningens 4dla konst.

Mingel fran Stockholm (fr. vinster): Torgny Hallstrand, Mikael Sjéberg, Per-Otto Walter, Staffan Hedlund,
Torbjorn Kloow, Alf Olsson.

‘ :
Vinprovning i Géteborg (f viinster): Anders Granhdill, Erik Béickstrém, Hans Hdkansson, Anders Rylander,
Peter Granfeldt, Tomas Jerson.
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Forutom mingel och vin serverades fantastiskt god mat och jag vill ge stort
berdm till kockarna pa Fredsgatan 12 och 28+, samt ldrarna 1 vinprovning.
For att utka utbildningsdelen holl undertecknade en kort historielektion,
dir det bl a talades om:

1980:  Bildandet av F:a Acontronic, forsta order trimning av bandspelare
ReVox B77 och byte av tryckrulle. Kund: Avebe och priset
1086,80:-.

1987:  Acoutronic AB stiftades: Agentur for LarsonDavis, SignalTechno
logy & Bear Systems

1989:  Volvo koper 3st kompletta analysatorer — forsta miljonordern

1991:  Acoutronic lanserar LD i Sovjet — vilken resa — i bil.

1993: Vi ger oss in i mitsystem med PC-baserade kort —agent for Data
Translation.

1996: Vi ger oss in i embedded virldens vindlingar — agent for Cetia
(nuv. Thales Computers)

2001:  Vér storsta order $1.700.000

2003: Startar vi forsiljning av métsystem for roterande maskiner: — Inga
Pulser -> Inga Resultat

2005:  Akustisk Kamera slar oss med hidpnad och en helt ny vérld dppnas
—> mer konsultjobb

2007: Laser Doppler Vibrometri — aterigen ny métteknik som &r state-of-
the-art

Tack alla kunder — hilsar Torbjérn, Staffan, Mikael och Jenny —
God Jul och Gott Nytt Ar
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ACOUTRONIC

Forsiljningsingenjor & konsult:

For placering i Stockholm eller Géteborg

e Test och Mitteknik
e Datainsamling / Bildbehandling
e Embedded system

ACOUTRONIC AB representerar nagra av de ledande agenturerna inom
dessa omréden, se www.acoutronic.se. Vi expanderar nu och séker en
forséljningsingen;jor for placering pa vart kontor i Stockholm eller Géteborg.
Arbetet bestar i att ansvara f6r forsdljningen inom vissa segment och aktivt
bearbeta den svenska- och skandinaviska marknaden. Vidare utékar vi véar
konsultverksamhet s att konsultarbete kommer sékert att férekomma.
Arbetet kan medf6ra resande. Vidare dr det en fordel att ha kunskaper i
HTML och att eventuellt administrera var hemsida. Goda kunskaper i
engelska krévs. Erfarenhet av teknisk 16sningsforséljning 4r en merit.
Utbildning sker hos leverantor och internt. Véra system ér ofta kompletta och
kan &dven inkludera t.ex. givare och programvara. Vi utvecklar dven egna
kundanpassade system.

Frégor besvaras av Staffan Hedlund eller Torbjérn Kloow:
Tel: 08-765 02 80

Skriftlig ansokan, fore 7 januari, skickas till:

ACOUTRONIC AB
Box 1180
SE-181 23 Lidings

Det gér dven bra att maila till sales@acoutronic.se

Head office: Gothenburg office: Oslo office:

ACOUTRONIC AB ACOUTRONIC AB ACOUTRONIC AS

Box 1180 / S6dra Kungsvigen 62 Tillgdngligheten 1 Boks 428 @kern / Lerenvangen 21
SE-181 23 Lidingd, Sweden SE-417 01 Géteborg, Sweden NO-0513 Oslo, Norway

Tel. +46-8-765 02 80 Tel.+46-31-744 34 50 Tel. +47-22 72 49 50

Fax. +46-8-731 02 80 Fax.+46-31-22 72 85 Fax. +47-22 72 49 51

E-mail: acoutronic@acoutronic.se Web site: http://www.acoutronic.se
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Vi kan matteknik

Lagra data direkt pa harddisk utan PC

Ny generation datainsamlingssystem fran SONY.

SIR-3000 har utvecklats frin den tidigare kdnda SIR-1000 enheten, som uppvisat en
rad goda egenskaper inom omradet datainsamling.

Nu med 4 gdnger snabbare inspelningshastighet och 8 génger stérre lagringskapacitet.

3 Givare och férstirkare « Lagringskapacitet 200GB  * Upplosning 16 bitar
Mitinstrument — datainsamling * Kanaler 32-128 « Ethernet

3 Underhall och materialkontroll » Samplingsfrekvens 192khz

[3 Process- och maskinévervakning * Dynamikomrade > 90 dB

Alvetec KonTest AB « Fakturavigen 6 * 175 62 JARFALLA  Tel 08-626 40 50 * www.alvetec.se




| “inom ljud och vibrationsanalys.

e

PULSE™, vart bastsdljande
Multianalys-system, &r resulta-
tet av mer an 60 ars innovatio-
ner och erfarenheter. PULSE
familjen kan tack vare valmoj-
ligheterna med mjukvara och
hardvara anpassas till en
mangd olika tilldmpningar

. Helt PC-baserad
(dvs inga DSP-kort)

. Frdn sma portabla system
upp till hela natverk

« Modulart system fran 0 upp
till mer an 200 kanaler
Batteridrivet och/eller
natdrivet

» Supporterar TEDS-givare

(Transducer Electronic Data

Sheet)

Enastaende dynamik tack

vare 24-bitars A/D-omvand-

ling

» Standard LAN-anslutning
mellan dator och méatenhet,
mojlighet till tradlds over-
foring

» Rapport i Word/Excel med
aktiva diagram

Foér mer information titta in
pa www.bksv.se och
www.bksv.com eller kontakta
ditt lokala Bruel & Kjeer kontor.

Huvudkontor: DK-2850 Naerum « Denmark
Telefon: +4545800500 - Fax:+45458014 05
www.bksv.com * info@bksv.com

Briiel & Kjaer Sverige * seinfo@bksv.com
Boraskontoret: Tel: 033-2256 22 + Fax: 033-12 3140
Huddingekontoret: Tel: 08-449 86 00 * Fax: 08-449 8610

PULSE / olika former

Bruel & Kjaer -



MULLER-BBM
Scandinavia AB

Technology
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Muller-BBM is a group of companies ranking among the leading consul-
tancy engineering companies in the areas of construction, environment and
technology.

¢ Noise, vibration and fatigue
services for:
- Vehicles
- Appliances
- Industrial machines

- Tools

... and more

Multi-channel vibration measurements for
determination of s tructural-dynamic properties

lAcoustic investigation
‘of hair dryer

We are presently seeking highly motivated individuals to offices in Sweden.

For more information call: Glinter Lang, +49 (0)89 85602-411
Until January 28, 2008 please mail your application to
info@MBBM-Gruppe.de

MBBM

MULLER-BBM GRUPPE

Human Resources
Robert-Koch-Stralke 11
82152 Planegg/Minchen
Germany
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