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Controlled Monte Carlo Simulation of Failure Probabilities in Wind
Turbines

M.T. Sichani & S.R.K.Nielsen
Department of Civil Engineering
Aalborg University, 9000 Aalborg, Denmark

ABSTRACT: Development of Variance Reduction Monte Carlo (VRMC) methods has proposed the possibil-
ity of estimation of rare events in structural dynamics. Efficiency of these methods in reducing variance of the
failure estimations is a key parameter which allows efficient risk analysis, reliability assessment and rare event
simulation of structural systems. Different methods have been proposed within the last ten years with the aim
of estimating low failure probabilities especially for high dimensional problems. In this paper applicability of
four of these methods i.e. Importance Sampling (IS), Distance Controlled Monte Carlo (DCMC), Asymptotic

Sampling (AS) and Subset Simulation (SS) are compared to each other on a common problem. The aim of
the study is to determine the most appropriate method for application on realistic systems, e.g. a wind turbine,
which incorporate high dimensions and highly nonlinear structures.

1 INTRODUCTION

Assessment of reliability and design of highly nonlin-
ear and high dimensional structures such as wind tur-
bines require estimation of very low failure probabili-
ties of the system. This task can be tackled from three
different points of view. The first class of methods are
the extreme value distribution fittings to the extracted
data of a wind turbine (Caires & Sterl 2005, Mackay,
Challenor, & Baha 2010). These data might be taken
either from measured responses of a real wind tur-
bine or from epoches of the response simulated by
computer. This can be done in combination with some
sampling methods such as the epochal method or the
Peaks Over Threshold method (POT). It is implicitly
assumed that the parent distribution belongs to the do-
main of attraction of one of the extreme value dis-
tributions; therefore the excess values above a given
threshold follow a Generalized Pareto (GP) distribu-
tion (Naess & Clausen 2001). The required failure
probability will be extrapolated from the fitted distri-
bution.

On the other hand the so-called Variance Reduction
Monte Carlo simulations (VRMC) might be used for
estimating the failure probabilities (Sichani, Nielsen,
& Bucher 2011a). The applicability and efficiency of
the VRMC methods on wind turbines is the subject of
this study in order to understand advantages and lim-
itations of VRMC methods within the framework of
wind turbines. The VRMC methods enable efficient
estimation of the first excursion of the wind turbines

within reasonable computation charge. However, they
do not provide any means of understanding the evo-
lution of the PDF of the process within time. This is
of great interest since it gives a good insight into the
statistical characteristics of the system and effect of
different components, i.e. controller, on it.

Another approach for estimation of the first excur-
sion probability of any system is based on calculat-
ing the evolution of the Probability Density Function
(PDF) of the process and integrating it on the spec-
ified domain. Clearly this provides the most accu-
rate result among the three class of the methods. The
Fokker-Planck-Kolmogorov (FPK) equation is a well-
known tool for realizing the evolution of a stochastic
process governed by a differential equation. Although
solution of the FPK for even low order structural dy-
namic problems require excessive numerical compu-
tations. This confines the applicability of the FPK to
a very narrow range of problems. On the other hand
the recently introduced Generalized Density Evolu-
tion Method (GDEM), (Li & Chen 2009, Chen & Li
2009), has opened a new way toward realization of
the evolution of the PDF of a stochastic process. It is
an alternative to the FPK. The considerable advantage
of the introduced method over FPK is that its solution
does not require high computational cost which ex-
tends its range of applicability to high order structural
dynamic problems.




2 ESTIMATION OF LOW FAILURE
PROBABILITIES

Estimation of failure probabilities of a wind turbine
model is not a trivial task since it incorporates a highly
nonlinear model for which the failure probability is to
be estimated within a long time duration e.g. 600s.
However on the structure part, the wind turbine con-
sists of a simple linear model, nonlinearities in such
models appear from loading. These stem from two
origins namely the nonlinear aerodynamic loads and
the presence of a controller. The aerodynamic loads
are highly nonlinear functions of the instantaneous
wind speed and the pitch angles of the blades which
are calculated with different means e.g. Blade Ele-
ment Momentum theory (BEM) in this study. The
pitch-controller introduces additional nonlinearities
to the model i.e. due to its saturation state. Next ac-
cording to the design criterions the barrier level of
a specified failure probability, e.g. 3.8 x 1077, is re-
quired to be defined. This can most efficiently be es-
timated if the Cumulative Density Function (CDF) of
the failure probability can be derived down to low fail-
ure probabilities of the order 107"

The focus of this paper is on the VRMC meth-
ods. Among the various available methods Impor-
tance Sampling (IS) (Bucher 2000, Au & Beck 2001,
Macke & Bucher 2003) , Distance Controlled Monte
Carlo (DCMC) (Pradlwarter, Schuéller, & Melnik-
Melnikov 1994, Pradlwarter & Schuéller 1997, Pradl-
warter & Schuéller 1999), Asymptotic Sampling (AS)
(Bucher 2009, Sichani, Nielsen, & Bucher 2011a,
Sichani, Nielsen, & Bucher 2011b), and Subset Sim-
ulation (SS) (Au & Beck 2001) are chosen primarily.

All of the methods aim at the same subject, i.e. esti-
mation of the low failure probability events. However
they tackle the problem from very different points of
view. IS moves the so-called sampling density of the
problem to the boundaries of the failure region hence
generates more samples in this area. DCMC works
more on a logical basis where the idea is to run all
the simulation samples simultaneously and find those
processes which are closer to the boundaries of the
safe domain and increase the outcrossing events by
putting more emphasis on these important events. The
AS development is based on the asymptotic estima-
tion of failure probabilities (Breitung 1989). Here the
advantage of the linear relationship of the safety in-
dex for multi-normal probability integrals is consid-
ered to estimate low failure probabilities by proper
scaling of the probability integral. AS forces more
outcrossing by increasing the excitation power. SS
takes its basis on the conditional probability estima-
tion. It breaks the problem of a low failure probabil-
ity estimation into estimation of a multiplication of
some higher probabilities. Next a conditional sampler
i.e. Modified Metropolis-Hastings algorithm is used
to estimate the conditional probabilities.

Primarily introduced methods are used for failure

probability estimation of a Single Degree of Freedom
(SDOF) oscillator. Comparison is made on the results
of the methods in terms of their accuracy, require-
ments and computational load. Standard Monte Carlo
(SMC) simulation for the same system is performed
for global comparison of accuracy of the methods.

This study prevails advantages and disadvantages
of each of the methods in application on dynamic sys-
tems. Next, the method with highest merit is chosen
and applied on a wind turbine model developed in pre-
vious study c.f. figure 7.

3 IMPORTANCE SAMPLING

3.1 Introduction

To apply IS (Macke & Bucher 2003) it is necessary
to have estimation of the system responses at the fail-
ure time instance, i.e. displacements, when it is ex-
cited by the increments of the Wiener process. This
estimation is the basis for constructing the so-called
control functions which their characteristics are that
they bring the system response to the failure state at
failure time instance, i.e. t, = kAt, if the system is
excited with them. Next, these deterministic drifts are
added to the Wiener increments and the result is used
as the final system excitation. Starting by designing
control functions, if excitations are not Wiener incre-
ments themselves, they should be represented in terms
of them. Suppose the system is described by the It6
SDE (1)

dZ(t) = p(t,Z)dt + o (t,Z)dW(t)
@
Z(s) =z

where Z(t) is p-dimensional system response sub-
jected to the initial conditions Z(s) = z for any
0 < s < T and W(t) is the vector of q-dimensional
unit Wiener processes. Given that the failure do-
main boundary is specified by the failure surface
g(Z(t,W)) = 0 such that

F={z19(z) >0} @
using (1), (2) can be written in the terms of the Wiener

excitationi.e. F = {W |g(W)>0 } the failure prob-
ability can be defined as

P /f dBw(w)
= / 1[9(2(t, W) |dRu(w) 3)
R

—-E, [I [g(Z)]]
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where I[.] is an indicator function which is equal to 1
if the process has outcrossed to the failure domain and
else is zero. The probability measure Py (1) relates a
probability to any sub-domain B € RY, i.e. a differen-
tial volume around a sample point w, and can be writ-
ten as dP(W) = fw(w)dw. E,, signifies the expec-
tation operator under the probability measure fy(w).
Based on (3) SMC estimates the failure probability of
the system by (4); where Ny, is the number of Monte
Carlo samples.

Nsim

By =5 > 1[6(Z9)] @

J
3.2 The Girsanov Transformation

The idea of the IS based on the Girsanov theo-
rem is to introduce a square integrable drift u(t) -
ie 7 fn u3(7)dr < oo - into the excitation, which
brings the systems response to the failure region at the
desired time.

dW(t) = u(t)dt + dW(t) (5)
The It6 SDE (1) can then be written as

dZ(t) =p(t,Z)dt — o(t, Z)u(t)dt
+ o (t,Z)dW(t) (6)

Z(s) =z

The Girsanov theorem then states that the process
W is a Wiener process under the probability mea-
sure Py. Therefore generating samples of W under
the probability measure Py corresponds to generat-
ing samples of W under the probability measure Py
This means that the drift of the excitation might be de-
signed in any sense that brings the system to the fail-
ure at the desired time instance. Next, the probability
measure should be changed properly to take into ac-
count the effect of this transformation which is done
in the following way

By = [ 1fo(e.w)] 2 fywaw

_ dPy(w) )
= I/R(;I[Q(Z(t,W))] TPy (W) fa(w)dw { - (7)

dPw(w)
=Ey Z)
@] S
where g(Z) = g(Z(t.W)) and the ratio
dPyw(w)/dPg(w) is the well-known Radon-Nikodym

derivative of the probability measure dPy(w) with
respect to the measure dPy(w). Ey signifies the

expectation operator under the probability measure
fw(w). Upon the Girsanov theorem the probability
measure of (7) can be changed to fi(w) hence (8)

Py = B | Tla®] s ®
where g(Z) = g(Z(t,W)). The significance of equa-

tion (7) is that the probability measure can be changed
so that the process W can be used instead of the orig-
inal process W to estimate the failure probability of a
system provided that the Radon-Nikodym derivative
is taken into account. Based on (7), the failure proba-
bility of the system can be estimated using (9)

. d G (7)

1 Naim

Py =

sim iy

4 RUSSIAN ROULETTE & SPLITTING WITH
DISTANCE CONTROL

The method encompassed two components “Russian
Roulette and Splitting” (RRS), which replaces “unim-
portant” realizations with the “important” ones, and
“Distance Control” (DC), which takes care of de-
termining the importance of the realizations. The
method substitutes the processes with low probabil-
ity of causing failure, called the unimportant pro-
cesses, by the so-called important processes i.e. pro-
cesses with higher probability of failure. This substi-
tution might be readily done by splitting(duplicating)
some of the important processes with control over
their statistical weights such that the statistics of the
simulation is not changed after splitting. The dis-
tance measure is used to distribute the samples in the
state space. Pradlwarter and Schuéller (Pradlwarter,
Schuéller, & Melnik-Melnikov 1994) define this in
the following way. A given realization z(t) of the
p-dimensional state vector Z(t) is associated with
a vector 1(z(t)) with non-dimensional components

1 (z(t)).
i (z(t)) = M

0z; (t) '

where f1z,(t) and oz, (t) denotes the mean value and
the standard deviation of the possible non-stationary
process Z(t). In case these cannot be determined an-
alytically a preliminary SMC is performed. The com-
ponents /; (z(t)) may otherwise be specified with arbi-
trarily selected relative weight. The distance measure
d (z(t)) related to the realization is then defined as

i=1,-,p (10)

d(z;(t) Z%III 23 (1) =1 (z; ) |l

11

a; >ag >+ >ag
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where z;,|;(t) denote the k™ closest realization to
z;(t) and .|| is the Euclidian norm. The closest re-
alization with the weight a; is weighted highest. The
weights were chosen as

a; =21 12

For a SDOF oscillator subjected to Gaussian white
noise |[1(z)|| with 1(z(t)) defined by (10) is propor-
tional to the mechanical energy of the oscillator. How-
ever, (10) does not represent the mechanical energy in
any other case than the indicated. Instead, (11) can be
replaced with

d(z(t)) Zaj m (235 (1) — 24(t)) (13)

Jj=1

where E,, is the mechanical energy of the system. The
mechanical energy, itself could alternatively be used
as a distance measure. This possibility is also exam-
ined by the authors though no improvement of the re-
sults compared to the weighting proposed by (11) is
observed; which has already been reported in the lit-
erature (Pradlwarter, Schuéller, & Melnik-Melnikov
1994, Pradlwarter & Schuéller 1997).

5 SUBSET SIMULATION

The subset simulation strategy starts from the reach-
able barrier level(s) by a predefined low number of
samples and increase the level gradually until the
highest barrier level required. This can be done by
defining intermediate probability levels p; = p(m) <

p(f'"_l) 5,> corresponding to the intermediate
barrier levels b = by > by > -+ > by. Using this
property taken from the fact that failure probability
can not increase as the barrier level increases, the re-
quired failure probability py is written as

pr(b2aNb1) _ ps(be) (14)
pr(b)  ps(br)
using (14) the final failure probability, i.e. the lowest

failure probability required, is written as the following
product

ps(ba2|br) =

m—1

pr(0) = ps(br) [] pr(binabi) (15)

i=1

The method then follows with estimation of each of
the m terms on the right hand side of (15) using some
type of Monte Carlo simulation. Therefore it is bene-
ficial to let the barrier level be chosen in an adaptive
manner and fix the intermediate failure probabilities
associated to them. All of the terms in the product
are chosen large enough so that they can be estimated

.probability calculated in the 7

with low number of samples, i.e. py = 0.1 in conjunc-
tion with (16).

Pf(bl)
pr(iga|bi)

ps(by) can then be estimated efficiently by SMC with
low number of samples i.e. Ny, = 100. However the
conditional probability terms in (14) can not be esti-
mated by SMC and need a technique which is capa-
ble of generating samples conditioned on the previous
samples. Au and Beck (Au & Beck 2001) proposed
using a Modified Metropolis-Hastings (MMH) algo-
rithm for this purpose and called it the subset simula-
tion. The method starts with a SMC with Nj;,,, num-
ber of samples which allows accurate estimation for
the first term on the right hand side of (15). The real-
izations of the exc1tatlons in the z”’ level of the sim-
ulation, i.e. W® = {w}" .} where W® de-
notes increments of the Wlener process which their
response corresponds to the barrier levels higher than
the barrier level b;. These realizations provide a set of
the so-called seeds for generating the next generation
of excitations. Candidates for next generation of ex-
citations are generated using a conditional sampler ,
e.g. MMH, using these seeds. This step provides the
estimation for the conditional terms in (15) and will
be repeated m times , c.f. (15), to reach the required
failure probability i.e. p§* provided (16).

Il

B ) oe

po , i=1--m

Il

i—1 Nsim

i Pf ;
1_ I—-(,) i=1,---

1; p} represents the minimum failure
th step of the simulation.
§ denotes the failure domain and I (v'vy} ) is the in-
dicator function which will be one if the response to
W?J lies in the i*" intermediate failure domain and is
zero otherwise.

,m (17)

where p} =

6 ASYMPTOTIC SAMPLING

The method is developed based on the asymptotic
estimation of multi-normal integrals. The problem
of approximating a multi-normal probability integral
(18) on the scaled LSF which can be represented after
proper transformation of random variables as

N
1,
p(Bi&) = [Me(-5¢)ee @9
a(p-16)<0 =!
where € = {£1,---,&x} denotes the vector of stan-

dardized independent multi-normal random variables;
LSF is defined as g(37'€) < 0. The first parameter in
the parentheses on the left hand side denotes scaling
of the variables in the LSF. ¢(.) denotes the standard
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normal density function. The boundaries of the inte-
gral in (18) can be changed to unscaled LSF which
reads

wee) =5 [ ITo(-Ze)e a9
i=1

9(£)<0

which is shown to be asymptotically equal to
®(—pB)|J|7V/2 as B — oo; where |J|7V/? is a param-
eter related to the first and second order derivatives
of the LSF at the design point. (18) and (19) mean
that the desired low probabilities can be approximated
on a scaled failure domain and then transformed back
into the unscaled domain. This idea forms the proce-
dure of AS (Bucher 2009) which starts with a SMC
on the scaled variables i.e. excitations with artificially
increased standard deviation. The reliability index is
primarily estimated based on the scaled failure prob-
ability, e.g. B(f) = ®(1 — p*e@‘ed), and is then scaled
back to the unscaled space, e.g. (1) = f~*3(f). The
desired probability is estimated as ®~*(3(1)) then.
More details of the method and some practical as-
pects for improving its efficiency on dynamic prob-
lems are presented in (Sichani, Nielsen, & Bucher
2011a, Sichani, Nielsen, & Bucher 2011b).

7 NUMERICAL SIMULATION

7.1 SDOF oscillator

The first simulation is based on a single DOF linear
oscillator (20), characterized by w, = 157! and ¢, =
0.01

#(t) + 2Gwnd(t) + wia(t) = w(t) (20)

w(t) is zero-mean Gaussian white noise with unit
intensity. The barrier level is normalized with re-
spect to the standard deviation of the response oy =
(4¢w?) 2.

.1 @)

ox

The failure event is defined as the maximum of the
absolute value of the response of the oscillator ex-
ceeds a certain threshold “b”, i.e. Pr(|y(t)| > b) for
t € [0,600]. The normalized barrier level is assumed
to be by = 5 in simulations. Simulations are carried
out with At = 0.0614s and ¢ € [0,600]s which in-
volves 9772 samples to examine the performance of
the method in high dimensions. Exact failure proba-
bility and reliability index for the problem, calculated
with standard Monte Carlo simulation with 2 x 10°
samples, are P(600) = 2.07 x 10~ and 8 = 3.5310
respectively.

a)

s omwmwwwwl”»

0 100 200 300 400 500 600
T

W

e

100 200 300 400 500 600
T

a(t)

Figure 1: Control function and response of the SDOF oscillator;
a) Control function, b) response.

7.1.1 Importance sampling

Figure 1.a shows one of the control functions of the
SDOF oscillator. The response of the system to this
excitation, i.e. deterministic drift, is shown in 1.b. Es-
timation of the failure probability for different time
instances are shown in figure 2. As seen from this fig-
ure IS is very attractive in the first sight due to its high
accuracy for failure levels. However its shortcomings
in application to more complicated problems are also
considerable. Since failure may occure at any time in-
stance within a distinguished time period ¢ € [0,T]s,
IS requires that all of the control functions that cause
failure during this time interval should be available
to allow considering the interaction between different
design point control functions. This requires heavy
dynamic analysis in order to compute these control
functions primarily and also high memory is required
to save them. Unfortunately this requirement specifi-
cally for Multi Degree Of Freedom (MDOF) nonlin-
ear systems poses severe difficulties as in such cases
there exist no analytical solution for the design point
excitations. In such cases a high dimensional opti-
mization algorithm should be used to find the design
points excitations, alternatively called control func-
tions, which is very expensive, (Koo, Der Kiureghian,
& Fujimura 2005).

These problems have also been noticed by other re-
searchers however to the best knowledge of authors
IS applications are very limited i.e. nonlinear SDOF
systems, (Naess & Gaidai 2008), or linear MDOF
systems with only one stochastic excitation process
(Jensen & Valdebenito 2007). The above reasons con-
clude that using IS with presented scheme may not be
considered a proper candidate for for application to
wind turbine models.

7.1.2  Russian roulette & splitting with distance
control

The DCMC with the distance measure considered as

a weighted summation of six closest neighbor pro-

cesses i.e. K = 6. The parameters of the DCMC are
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Figure 2: Estimations of the failure probability with IS; Solid
line: SMC, dots : IS
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Figure 3: Estimations of the failure probability with DCMC;
Solid line: SMC, dots: DCMC

chosen A = 0.8,pyp = 0.5, Wpin = 5 x 1075, (Pradl-
warter & Schuéller 1999), and the results are shown
in the figure 3. A unique feature of DCMC compared
to the other algorithms implemented in this study is
that it works directly on the responses and does not
make any changes in the excitations. Advantages of
DCMC are generality of application and low memory
requirements and its capability in handling high di-
mensional problems. The method's shortcomings are
the implementation of it which requires all of the sam-
ples to run in parallel i.e. all 500 simulations should
evolve simultaneously to allow statistical weighting
adjustment. This requires to change the states during
the time integration of the governing equations. This
may cause some practical issues during implementa-
tion of the algorithm on practical codes. Next, DCMC
like IS is capable of estimating failure probability of
a predefined threshold level. This is less motivating in
wind turbine problems where the opposite is required
i.e. the threshold for a given failure probability.

7.1.3 Asymptotic sampling
For each barrier level Ny;,,, = 500 number of samples
with 5 support points are used with different A f and
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Figure 4: Estimations of the reliability index § with asymp-
totic sampling for 600[s]; single DOF oscillator. a) Uniform
distributed support points , CoV (P (600))=1.2 b) Non-uniform
distributed support points, CoV ( Py (600))=0.2
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Figure 5: Estimations of the failure probability with AS; Solid
line: SMC, dots: AS

range of f. Figure 4 illustrates the effect of distribu-
tion of support points. Clearly too low values for £
will cause all of the processes to cross out which does
not give any information while choosing too large f
will cause few out crossings which increases the un-
certainty of the estimation. It is seen that the maxi-
mum accuracy of the method, i.e. the least standard
deviation of the estimate, is achieved when the sup-
port points are distributed in the region where 2 to 98
percent of the realizations crosses out c.f. figure 4.b
compared to figure 4.a in which 2 to 50 percent of
the realizations have crossed out. The black dots on
the right hand side of the figures show the exact value
of the beta. Figure 5 shows estimations of the failure
probability for the same barrier level in different time
instants where solid line shows the SMC results.

7.1.4  Subset simulation

Results of SS applied on the oscillator for failure
for different time instants within the time interval
t € [0,600]s are shown in figure 6 as counterpart of
figures 2, 5 and 3. For estimation of failure probability
in this figure 4 levels of MCMC is used only for T =
400s,450s,600s; for T' = 150s,200s, 250, 300, 350s
5 MCMC levels are used and for 7" = 100s, 75s, 50s
respectively 6,7 and 8 MCMC levels with po = 0.1
with Ny, = 500 samples in each step. The pro-
posal distribution is assumed uniform with half spread
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Figure 6: Estimations of the failure probability with SS; Solid
line: SMC, dots: SS

equal to the standard deviation of the excitation seeds
(Au, Cao, & Wang 2010).

The SS approach is based on changing the excita-
tion realizations like IS and AS. The method is based
on designing new excitations within a fixed time du-
ration based on previous excitation realizations which
have reached the highest barrier levels in previous
simulations e.g. seeds. In this way it may be inter-
preted as a stochastic optimization procedure. The
method has several interesting features which is in
line with requirements of the wind turbine design
criteria. An advantage of SS is that it estimates the
thresholds related to a given failure probability. This
is what is required in wind turbine design codes, (IEC
2005), while the other three methods provide the fail-
ure probability given for a predefined threshold level.
SS is a very accurate method for low failure proba-
bility estimation of high dimensional nonlinear sys-
tems (Au, Ching, & Beck 2007). However some prac-
tical procedures should be taken into account for very
high number of basic variables which should be kept
in memory during simulations e.g. random numbers
required to generate the turbulent wind field. Never-
theless the method seems to propose a good candidate
for application on the wind turbine model. Most fa-
vorably the method is a so-called acts as a black-box
which means it does not require any a-priori knowl-
edge of system which adds to its advantages.

7.2 Wind turbine

Design codes for wind turbines are based on a return
period (expected first-passage time) of 7, = 50year,
which itself requires design values related to the fail-
ure probability of the wind turbine models down to
the order 10~7. According to the IEC61400-1 stan-
dard (IEC 2005), the design value r of a stochas-
tic response { R(t) , t€[0,00[ }(deformation, bending
moment, stress, etc.) is obtained by extrapolation of
the failure probability under normal operation of the
design value r in a referential epoche T to T;.. Pre-
suming independent failure events in adjacent refer-
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Figure 7: Flowchart of the wind turbine model.

ential epoches the exceedance probability of the de-
sign value is given as

P(BueelT,) > 1) = %P(RW(T) >r) @)

Ryax(T) and Ryaz(T) denote the maxima value in
intervals 7" and 7,.. With T, = 50 year and T' = 600s,
(22) provides the relation

P(R"“”(T) Z 7') = % =38x107" (23)

The design value r is obtained as the solution of (23).
It is out of question to determine this by SMC simula-
tion due to the indicated low failure probability. The
suggested approach in the IEC61400-1 standard is to
use a Weibull or a Gumbel distribution as the distribu-
tion function Fg,,,,ry =1— P (RMM(T) > 'r). The

locations, scale and shape parameters, which are es-
timated from the available sample. Applicability of
the selected method on a reduced order model of
a 5MW reference wind turbine developed in previ-
ous study c.f. figure 7, (Sichani, Nielsen, & Bucher
2011b), is tested. Specifications of the wind turbine
model are adopted from the NREL reference wind tur-
bine (Jonkman, Butterfield, Musial, & Scott 2009). It
is attempted to cover the principal behavior of a wind
turbine.

The model consists of structural and aerodynamic
loads but no controller, i.e. fixed rotational speed is
assumed. The details of the model specifications are
explained in (Sichani, Nielsen, & Bucher 2011b). The
wind field is simulated in 31 nodes on 50m distance
from nacelle of the rotor with 63m blades using a state
space model. Failure probabilities of the model are es-
timated with the AS as the primary candidate method.
Figure 8 shows failure probability of the wind turbine
model estimated with SMC with 4 x 10° samples, AS
with 32 x 500 samples (Sichani, Nielsen, & Bucher
2011b), Weibull and Gumbel fits with 500 simulations
each. The results of AS estimations show good con-
sistency with the SMC results. The AS method has the
advantages of very low memory requirement and sim-
plicity of application even for very high dimensional
problems.
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Figure 8: Estimated failure probability of the wind turbine for
fixed speed wind turbine. —: 50 year recurrence period, bold

black: SMC, ——: 3-parameter Weibull distribution, - - - : Gumbel
distribution, blue: AS.

8 CONCLUSIONS

Among the methods considered in this paper IS shows
the highest accuracy however faces serious difficulties
in application on wind turbine models due to exces-
sively high number of dynamic analysis it requires for
nonlinear systems. The DCMC method is applicable
on such models however certain features, i.e. paral-
lel running and communication of samples during so-
lution, are required which may limit its applications
on practical codes. The AS and SS methods seem the
most suitable methods since they have similar charac-
teristics regarding no a-priori knowledge about model
as well as low memory requirements. The AS method
is already applied on a wind turbine model and re-
sults show good agreement with the SMC with much
higher efficiency.

1t worth mentioning that total number of dynamic
analysis required by all of the methods mentioned in
the paper for accurate results may be considerably
larger than the nominal number of samples, e.g. 500
in this paper, except the DCMC method.
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Introduction

Wind industry is developing very
fast towards the installation of
off-shore wind turbines in order to
exploit continuously and unobstruc-
ted wind energy. Because off-shore
wind turbines are exposed to strong
wind currents and are installed to

a corrosive and unfriendly marine
environment, there is a necessity
for their condition to be monitored
constantly. Due to their remote loca-
tion, monitoring, maintaining and
repairing is extremely difficult to be
made and early damage detection
can prevent failure of wind turbine’s
crucial components and the struc-
ture itself.

The importance of Structural Health
Monitoring (SHM) system in Wind
Turbines is significant, considering
that a robust, reliable and efficient
condition monitoring system is able

to detect minor damages in the ini-
tial stage and avoid or diminish any
repair or maintenance work, mini-
mizing service cost and downtime
of the wind turbine. The disadvan-
tages of the existing monitoring
systems can be confronted by the
development of sufficient vibration
based methods on new generation
wind turbines based on totally ran-
dom excitation by unpredicted wind
loads.

In the past, there have been app-
lied Wavelet Pattern Recognition,
Variance Analysis and Resonant
Comparison damage detection
techniques on a wind turbine blade,
based on fatigue test and analyzing
the produced stress waves, [Sunda-
resan et al.]. Resonant Comparison
was implemented on a wind tur-
bine blade segment in a previous
analysis as well, in comparison
with Transmittance Function (TF),
Operaional Deflection Shapes
(ODS) and Wave Propagation fault
diagnosis methods, [Ghosal et al.].
Additionally, a two meters wind
turbine blade was subject to vibra-
tion testing, detecting and localizing
defects by using the Continuous
Wavelet Transformation (CWT),
[Dolinsky and Krawcuk]. More
recently Claytor et al. (2010) devi-
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sed a time series model was built
in order to detect defects on a wind
turbine blade section. Time series
methods based on vibration testing
do not require physics based models
or complete structural models and
make effective use of natural ran-
dom vibration data records, [Fassois
and Sakellariou].

The existing health monitoring sys-
tems are very expensive, unreliable
and inadequate. Additionally, cur-
rent damage detection techniques
are keen to uncertainties and minor
damages may be extremely diffi-
cult to be detected. Vibration based
techniques help to develop novel
models for robust and effective fault
detection and localization in com-
plex structures like wind turbines
under ‘noisy’ conditions. Vibra-
tion based methods of condition
monitoring, more reliable and cost
efficient, are able to detect minor
and major defects of the structure,
reduce the service and repair cost,
identify damage in the initial stage
and prevent and minimize unne-
cessary replacement or repair of

a component, as well as reducing
the downtime of the wind turbine.
Preliminary tests and results on a
wind turbine blade are presented
and discussed below.

Measuring Procedure

In order to test and apply the techni-
ques, a small scale wind turbine
blade was examined.

.............

U

Figure 1: Examined Blade

The tested blade (figure 1) was at-
tached to a clamp, to represent the
attachment of a blade to a rotor.

The blade was excited by a piezo-
ceramic patch, located on the back
of the blade, by random excitation.
Additionally, on the blade there
were placed three accelerometers to
acquire the response of the vibrated
blade. The blade was tested under
lab conditions, with a sampling
frequency of 1280 Hz and 51200
samples.

The following graph (graph 2) il-
lustrates the experimental procedure
which was followed in order to
acquire the response signals from
the vibration test of the blade. After
installing siglab’s (Data Acquisition
device or DAQ) software, in a lap-
top, the excitation signal with all the
specifications was determined. Af-
terwards, the excitation signal was
driven to the piezoceramic patch
passing through a piezo-amplifier in
order for the input signal to be amp-
lified. The blade was vibrated for



a measurement of 40 seconds and
the response signals were acquired
by the three accelerometers which
were attached on it. Then, the ac-
quired signals were lead to a signal
conditioner to be amplified and
finally they were driven to the data
acquisition device. The rest of the
signal processing and data analysis
was made in MATLAB software.
Figure 2:

Figure 2: Experimental Procedure (Green

Arrows: Signals Driven to the Structure, Red
Arrows: Signals Driven to DAQ

System Identification

System identification deals with the
problem of building mathematical
models of dynamical systems based
on observed data from the systems
[L. Liung]. After all the signals
were acquired, the acquired data
were sed to build a mathematical
model. The mathematical models
which were built were AR (Auto-
Regressive),

ARMA (AR with Moving Average),
ARX (AR with eXogenous input)
and ARMAX models. For each
model there are a number of pa-
rameters (model order) which are
determined and define the examined
structure.

Hence the next step after acquiring
the signals is to find the proper mo-
del order. In order to do this we
some implement statistical criteria.
The following graphs illustrate two
of the criteria, the AIC (Akaike
Information Criterion) and BIC
(Bayesian Information Criterion)
criteria for the ARX model. The
optimum

model order is designated by the
minimum value of model order in
the below graphs. Usually, the BIC
isa

more trusted criterion, because the
AIC has a tendency to overestimate
the model order.




Figure 3: AIC (Left) and BIC (Right) Criteria,
(BIC zoomed in order for the minimum to be
clear)

For the examined blade the model
order which was selected was ARX
(51,51). After the model order is
chosen, the model should be vali-
dated in order to verify whether the
chosen order was right or wrong
and to check if our system is repre-
sented by the mathematical model
properly.

One of the most important criteria
for model validation is the one step
ahead prediction. It indicates the
difference between the acquired
data and the model which was de-
veloped. The smallest the deviation
is from the real data, the better the
model which was built is.
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Figure 5: One Step Ahead Prediction of ARX
(51, 51) [zoomed]

As it is clear from the above graph,
the ARX model (51,51) which

was selected and developed was
validated by the above criterion,
hence the chosen ARX model can
be selected and will be used to the
damage detection process.

Damage Detection

Following the model order selection
and after all the parameters of the
model were defined, the Frequency
Response Function (FRF) diagram
was plotted. The FRF plot illustra-
tes the magnitude of each frequency
of the structure within the examined
frequency range. The frequencies
with higher amplitudes which form
a peak on the FRF chart desig-

nate the natural frequencies of the
blade, a characteristic property of
the structure. The following figure
(figure 6) depicts the FRF of ARX
(51,51). When damage applies the
dynamic properties of the struc-
ture change, hence the FRF of the
examined system changes detecting
the occurred



As it is clear from the above graph,
the ARX model (51,51) which was
selected and developed was valida-
ted by the above criterion, hence the
chosen ARX model can be selected
and will be used to the damage
detection process.

Damage Detection

Following the model order selection
and after all the parameters of the
model were defined, the Frequency
Response Function (FRF) diagram
was plotted. The FRF plot illustrates
the magnitude of each frequency of
the structure within the examined
frequency range. The frequencies
with higher amplitudes which form
a peak on the FRF chart desig-

nate the natural frequencies of the
blade, a characteristic property of
the structure. The following figure
(figure 6) depicts the FRF of ARX
(51,51). When damage applies the
dynamic properties of the structure
change, hence the FRF of the exa-
mined system changes detecting the
occurred
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Figure 6: FRF of ARX (51,51)

damage. The damage which was
applied on the tested blade was a
slight loosening on the clamped
edge of the blade, representing

the change in the stiffness of the
mounted edge of a blade on the
wind turbine rotor. After the da-
mage was occurred on the blade, an
ARX (51,51) model was built for
the new state and the produced FRF
was compared to the “healthy” state
FRF of the blade (figure 7). It is
clear that the FRF of
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Figure 7: FRF of the ARX (51,51) (Healthy
VS Damaged)

the damaged state of the blade
shows a shift in the peak, meaning
a change in the properties of the
structure, detecting the damage
successfully.

Conclusions

Novel parametric models based on
vibration techniques are promising
and efficient in detecting minor
damages on a structure. More
improved methods which will be
applied in the future can help, not
just detecting the damage, but




locating the exact position of it, ma-
king these techniques an important
tool for health monitoring of wind
turbine structures. In the future,
different types of damages will be
implemented, such as inner de-
lamination of the blade verified by
ultrasonic detection. The next, after
all the types of damages will be
tested, the blades will be examined
on a rotating configuration with the
same damages. For all the above,
in order for damage to be diagno-
sed, except the PSD and FRF plots,
model residual-based and functional
model-based methods will be used
and will be compared regarding
their efficiency and reliability.
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Protokol

Arsmote i Skandinaviska Vibrationsforeningen, SVIB

Tisdagen den 22 november 2011 pa
Reinholtsen i Oslo.

a) Faststédllande av dagordning
Dagsorden belv godkendt af de
fremmedte.

b) Val av métesordférande och mo-
tessekreterare

Torbjorn Kloow blev valgt til me-
deleder, og der var indledningsvis 1
minut stilhed til e&re for Alf Olsson.
Anders Olsen blev valgt til madese-
kreteer.

c¢) Val av justeringsmin for dagens
protokoll

Claes Fredo og Per-Olof Ekenberg
er valgt som justeringsmén

d) Frdga om stéamman blivit behori-
gen kallad

Enighed om at der er indkaldt
senest 10 dage for pa hjemmesiden.
Godkendt af de fremmedte.

e) Avgédende styrelsens redogorelse
for verksamheten under det fore-
géende Torbjorn Kloow beretter

om redegerelsen. SVIB har haft
problemer med hjemmesiden og det
var veeret svaert at f SVIB Nyt ud
12011. Derudover er SVIB nu en
ideel forening.

f) Revisionsberittelse

orjan Johansson oplaste revisions-
beretning. Redovisning er i orden
iht, alle regler.

g) Faststdllande av resultat- och
balansrakningar

Torbjorn Kloow gennemgar balance
og resultat rapport, som begge god-
kendes.

h) Beslut rérande ansvarsfrihet for
den avgaende styrelsen
Forsamlingen godkender ansvarsfri-
hed for den afgéende bestyrelse.

1) Faststéllande av budget for kom-
mande verksamhetsér

Torbjorn Kloow gennemgar forslag
til nyt budget for 2012. Der afset-
tes SEK 50.000 til ny hjemmeside(
laves evt. Af Stefan fra PCB). In-
vited speakers budgetteres til SEK
30.000. Guld acc. Sponseres i 2012
af PCB. SEK 5.000 udgar af 2012
budgettet.

j) Faststillande av foreningens ars-
avgift for medlemmar och pensio-
nérer

Arsafgift pd SEK 550 fastholdes.
For pensionzrer fastholdes SEK
280.

k) Val av ordforande for tiden t o m
nistkommande arsmote

Elisabet Blom modtager genvalg



1) Val av vice ordférande for tiden t
0 m néstkommande &rsmote

Ylva Vidhég modtager ikke genvalg
og traeder ud af styret

Juha Plunt modtager valg til vice
ordfarende.

m) Val av sekreterare
Anders Olsen modtager valg som
SVIB sekreteer

n) Val av skattméstare
Torbjorn Kloow modtager genvalg
som skattemester

0) Val av 6vriga styrelsemedlemmar
Orjan Johansson modtager gen-
valg. Seren R K Nielsen modtager
genvalg.

p) Val av tva revisorer och revisors-
suppleant

Ralf Collin och Leif Norman utsags
till revisorer.Revisorsuppleant er
vacant

q) Tillséttande av en valberedning
Anders Ahlstrém( PCB) og Kristian
Meisingset( Reinertsen) modtager
valg. Desuden skal Anders Brandt,
SDU sperges vedr. Dette

r) Ovriga #renden

Torbjorn Kloow foreslar en endring
i vedtaegterne, siledes at regnskab-
saret folger kalenderaret.

Det foreslaes at der sammen med
SVIB nyt udsendes et folgebrev om
status for SVIB samt fremtiden og
endvidere omkring opdatering af
medlemsdatabase.

Styret skal desuden arbejde pa

et oplaeeg omkring fakturering af
omkostning for styrets medlem-
mer. Nogle styremedlemmer har
haft et veesentligt tidsforbrug samt
rejseomkostninger som ber kunne
bekostes af SVIB.

Motessekreterare:
Anders Olsen

Justeringsmén:

Claes Fredo  Per-Olof Ekenberg




Middagen efter arsmotet




BALANSRAPPORT BAS96 BFL

Utskriftsdatum: ~ 11-11-11 15:00 /carolina

Rakenskapsar: 1009 - 1108

Skandi

Vibrationfo

Period: 10-09 - 11-08

Balansrapp BAS96 BFL Sida 1
Konto Namn IB Ar Ingsaldo 10-09  Férandring UB 11-08
TILLGANGAR

Omsittningstillgangar

1020  Plusgiro Nordea 64 260,07 64 260,07 27 242,17 91 502,24
1040  Checkkonto SEB 100,00 100,00 13 752,70 13 852,70
1210  Kundfordringar 47 165,00 47 165,00 6 205,00 53 370,00
1300 Interrimsfodringar 0,00 0,00 1975,00 1975,00
Summa omséttningstillgangar 111 525,07 111 525,07 49 174,87 160 699,94
SUMMA TILLGANGAR 111 525,07 111 525,07 49 174,87 160 699,94
SKULDER OCH EGET KAPITAL

Kortfristiga skulder

2110 Leverantorskulder -10 695,00 -10 695,00 4 445,00 -6 250,00
2210  Foretagsskatt 6 098,00 6 098,00 -2 266,00 3 832,00
2220  Skattekonto 71,00 71,00 4019,00 4090,00
2481 Moms 2009/2010 -850,50 -850,50 0,00 -850,50
2482 Moms 2008/2009 -3 881,00 -3 881,00 3881,00 0,00
Summa kortfristiga skulder -9 257,50 -9 257,50 10 079,00 821,50
Langfristiga skulder

2790  Avrikning utlagg 0,00 0,00 -99,00 -99,00
Summa langfristiga skulder 0,00 0,00 -99,00 -99,00
SUMMA SKULDER -9 257,50 -9 257,50 9980,00 722,50
Eget kapital

2990 Eget Kapital -84 073,94 -84 073,94 0,00 -84 073,94
2999  Redovisat resultat -11873,01 -11 873,01 0,00 -11 873,01
Summa eget kapital -95 946,95 -95 946,95 0,00 -95 946,95
BERAKNAT RESULTAT -6 320,62 -6 320,62 -59 154,87 -65 475,49
SUMMA SKULDER O EGET KAPITAL -111 525,07 -111 525,07 -49 174,87 -160 699,94




RESULTATRAPPORT BAS96 BFL

Utskriftsdatum: ~ 11-11-11 15:01 /carolina
Rikenskapsar: 1009 - 1108

Skandinaviska Vibrationféreningen

Period: 10-09 - 11-08

Resultatrapp BAS96 BFL Sida 1
Konto Namn Per 11-08 %  Period fgar Uppn Ack Ar %
RORELSENS INTAKTER

Forsaljning

3010 Medlemsavgift Sverige 92 950,00 78 18000,00 516 92 950,00 78
3011 Medlemsavgift EU 14 300,00 12 2466500 58 14 300,00 12
3012 Medlemsavgift Export 8 800,00 7 0,00 0 8 800,00 il
3020 Medlemsavgift Pensionir Sverige 2 520,00 2 0,00 0 2 520,00 2
Summa forséljning 118 570,00 100 4266500 278  118570,00 100
SUMMA RORELSEINTAKTER 118 570,00 100 4266500 278  118570,00 100
Material och varor

4012 Hed o Pens 2005 ideell 0,00 0 -10695,00 0 0,00 0
Summa material och varor 0,00 0 -10695,00 0 0,00 0
BRUTTOVINST 118 570,00 100  31970,00 371  118570,00 100
Arbetskraft

5329 Mat o logi 0,00 0 1650,00 0 0,00 0
5330 Mat o Logi ideell -2 205,60 -2 1650,00 -134 -2 205,60 -2
5510 Resekostnader 0,00 0 1 699,00 0 0,00 0
5511 Resekostnader ideell 0,00 0 1699,00 0 0,00 0
Summa arbetskraft -2 205,60 -2 6698,00 -33 -2 205,60 -2
Ovriga kostnader

6700 Bokforingskostnad 0,00 0 -4 200,00 0 0,00 0
6701 Bokféringskostnad ideell -18750,00  -16 -7250,00 259 -18750,00  -16
6750 Frimmande tjanster 0,00 0 -5 040,00 0 0,00 0
6751  Frém tjanster ideell -3312800 -28 -8627,50 384 -3312800 -28
6850 Porto 0,00 0 -567,00 0 0,00 0
6851  Porto ideell 0,00 0 -978,75 0 0,00 0
7171  Representation -900,00 -1 0,00 0 -900,00 -1
7172 Representation ej avdragsgill -2 100,00 -2 0,00 0 -2100,00 -2
7690  Ovriga kostnader -475,50 -0 -200,21 238 -475,50 -0
7691  Ovriga kostnader ideell -2 375,00 -2 -275,79 861 -2 375,00 -2
Summa 6vriga kostnader -5772850  -49 -27139,25 213 -5772850  -49
RORELSENS KOSTNADER -59934,10 -51 -31136,25 192 -59934,10  -51
RESULTAT FORE AVSKR 58 635,90 49 1152875 509 58 635,90 49
Finansiella intéakter/kostn

8050 Rénteintikter kundfordringar 9,00 0 0,00 0 9,00 0
8180 Valutakursforluster -84,73 -0 0,00 0 -84,73 -0
8190 Ovriga finansiella kostnader 2,70 0 0,00 0 2,70 0
Summa finans intékter/kostn -73,03 -0 0,00 0 -73,03 -0
RESULTAT FORE SKATT 58 562,87 49 11528,75 508 58 562,87 49
Skatter

8910  Skatteskuld 2009/2010 0,00 0 -3176,00 0 0,00 0
8912  Skatteskuld 2008 592,00 0 1717,00 34 592,00 0
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Overvaka tillstandet hos dina
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anvand 01dB MVX!

= QOvervaka dina maskiner som kollegor i
Brasilien, Frankrike mfl. gor.
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Under 2011 har vi delat ut den Guldaccelerometer som
tilldelades H P Wallin och Kent Lindgren for deras in-
satser med att bygga upp MarcusWallenberglaboratoriet,
KTH. Med vid ceremonin pad Marcus Wallenberglabora-
toriet var, forutom pristagarna, donatorn Anders Ahlstrém
PCB, Elisabet Blom SVIB och Torbjérn Kloow SVIB.
Efter en trevlig pratstund med HP och Kent fick vi en
trevlig rundtur pa laboratoriet.

SVIB vill tacka PCB bidraget till utmérkelsen.




Noise and Vibration Analysis: Signal Analysis and
Experimental Procedures

Review of a new textbook, Brant
A,1st edition 2011, J Wiley and
Sons (ISBN 978-0-470-74644-8)

NOISE
VIBRATION

First, it is a true pleasure to review a
good textbook on noise and vibration
technology written by a Scandinavian
author with a strong reputation as

an excellent teacher. Anders Brant is
renowned for teaching hard digested
subjects, as practical measurements
of random data or frequency response
functions, digital signal processing
and analysis, modal analysis and oth-
er advanced experimental methods, in
a readily accessible manner. The book
is well bound with 400+ pages of re-
levant content. It is accompanied by
a downloadable toolbox and examp-
les, which were however not present
at the announced website at the time
of this review. I got a sample of the
software from the author and it is
really ambitious with script variants
for Matlab as well as the free Octave.

In addition to student needs, it seems
also to be quite valuable for practi-
cing engineers who e.g. may want to
experiment with the influence of dif-
ferent signal processing parameters.
Do we need another book that covers
test-based noise and vibration ana-
lysis and procedures, and what is
then missing in existing textbooks?
As the author points out, the book is
aimed as compre-hen—sive literature
for university graduate courses on the
subject and he hopes that it also will
be a useful handbook for engineers
and researchers measuring and analy-
zing noise and vibration signals.

The first five chapters (115 pages)

are introductory content necessary
for a course book and probably well
known to practicing experimentalists:
1) Introduction, 2) Dynamic signals
and systems, 3) Time data analysis,
4) Statistics and random processes
and 5) Fundamental mechanics.

Although this is basic content, Anders
Brant makes some usually rather
difficult theory easily understandable
like the discussion on convolution in
Chapter 2 or the thorough discussion
in Chapter 3 on the fundamental pro-
perties of digital time data analysis.
Although well known and subjects
learnt decades ago, I actually found
those chapters very entertaining to
read.



A large part of the book treats measu-
rement of frequency response fun-
ctions and modal analysis. Theory of
modal analysis is presented in Chapter
6, which is a well written and explai-
ned summary of the most important
basics of modal analysis. It is a good
introduction to experimental as well
as computational modal analysis of
dynamical systems with references to
some classic textbooks. More advan-
ced aspects of experimental modal
analysis are saved to the last chapter of
the book.

Transducers are introduced in Chap-
ter 7 including accelerometers, force
transducers, the impedance head, the
instrumented impact hammer and
shakers. Principles as well as calibra-
tion and mounting of accelerometers
are commented. It is when I read this
chapter that I start to suspect that the
book will cover more of vibration
than acoustic (noise) analysis. Mea-
surement microphones are treated in
less than one page and I found the first
minor detail where I disagree with

the author which is the short note on
calibration of microphones. Latest
accredited calibration values should be
used and the procedure presented in
the book shall be used only to check
the microphone calibration. The same
applies to the use of portable, handheld
accelerometer calibrators.

Chapters 8-10 are a “must read” even
if you think you know everything you
need to know about the frequency
analysis of signals. It starts ground up
with the theory for periodic, random

and transient signals and proceeds
with a very thorough treatise on
experimental, digital frequency
analysis including DFT, FFT, lea-
kage, the picket fence effect, time
windows, corrections for applied
windows, oversampling, circular
convolution, aliasing and estimation
of spectra and correlation functions
in great detail. Again, the presenta-
tion is a good mix of practical con-
sequences and theoretical details.
Chapter 11 is a short, neutral discus-
sion about commercial measurement
and analysis systems and general
specifications for good test systems.
Chapter 12 treats rotating machi-
nery analysis, and introduces the
use of tachometers, order analysis
and tracking including synchronous
sampling, again easily understood.

The Vold-Kalman filter method is
shortly commented but the reader
has to get more details from the
references.

Frequency response measurements
are treated in Chapter 13 and 14,
single-input and multiple-input
respectively. This is one of the very
strong and detailed parts of this
book and fills 65 pages. The theory
and practical measurement issues are
comprehensively discussed and well
illustrated both using impact ham-
mer and shaker excitation.

Chapter 15 introduces Principal
Component Analysis as a techni-
que to orthogonalize signals from




different sources as well as their use
for data reduction with a very nice
and illustrative example of image
compression by using only the largest
principal components. Virtual signals
and virtual coherence functions are
introduced and typical use for noise
source identification with an automo-
tive example is given.

The final Chapter 16, “Advanced
Analysis Methods” includes short
introductions to various subjects not
treated previously, like shock re-
sponse spectra, the Hilbert transform,
Cepstrum analysis, the envelope
spectrum, operating deflection shapes
and a very short introduction to expe-
rimental modal analysis methods for
the identification of modal parame-
ters.

So what are my main impressions?

I think it is a very good and up to
date course book for advanced signal
analysis and vibration measurement
classes on graduate level. Maybe it is

a bit heavy for undergraduate courses.

It is of course also well suited as a
textbook for advanced, comprehen-
sive courses for practicing engineers.
It is also good reading for everyone
that makes this type of measurements
professionally.

Do I miss anything essential? Well, I
think it is the special analysis techni-
ques and procedures that need be
used in acoustics. An acoustic cavity
(e.g. aroom) is typically a dynamic
system with many overlapping modes
already at relatively low frequen-

cies. The high generic variability of
detailed system properties like e.g.
frequency response functions was
realized by acousticians already in
the 1950’s and has to be understood
also today especially when properties
of ensembles of “identical” objects
are needed. This inherent uncertainty
seems not to be well known among
practicing engineers, especially those
who entered the field with a structural
dynamics background. This large
uncertainty is the main reason why
vibro-acoustic systems are preferably
analyzed and tested at higher frequen-
cies with methods different than the
ones covered by this book. The book
may eventually be disappointing for a
reader who is more interested in noise
issues than vibration analysis. Hope-
fully this void can be filled in a future
edition of this book.

Goteborg 2011-07-07
Juha Plunt PhD, Principal Specialist,
Miiller-BBM Scandinavia AB
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Muller-BBM is a technical consulting company with more than
300 employees at eleven different sites in Germany and a broad
international customer base. With its independent consultants,
planners and technical specialists, Muller-BBM GmbH has been
providing expert consultation and advice to its clients since 1962
and today holds a leading position in the areas of buildings, envi-
ronment and technology.

The range of services offered by BBM Akustik Technologie GmbH
comprises acoustic engineering and product-specific advice re
large-scale silencers as well as acoustically optimized Facades and
enclosures, particularly in power stations and production plants,
all over the world.

M+P—consulting engineers bv is an internationally active company,
based in the Netherlands. Its services cover the fields of noise,
vibration and air quality aspects of industry, building and road, rail
and air transport. Their competences are research, development
and project based consultancy.

Muller-BBM VibroAkustik Systeme GmbH develops multi-channel
measurement technology and provides solutions for any applica-
tion involving measurement of vibration and acoustic signals. The
main product, PAK, is an all-modular platform consisting of a front
end series and the corresponding software. Vehicle manufacturers
and suppliers as well as the aeronautics and space industry have
been using the system to collect, analyze, and evaluate dynamic
data.

Is a consulting and engineering company specialized in acoustics
and vibration in the fields of buildings, environment and techno-
logy. Deep consulting expertise in the automotive industry and
other industrial sectors distinguish the company. The consulting
engineers will also be happy to answer any questions regarding
Mdller-BBM VibroAkustik Systeme’s PAK system and its uses.

— www.MuellerBBM.se

Muller-BBM Active Sound Technology operates internationally in
the field of active noise control and sound design. Customers all
over the world use its innovative tools and system solutions to
design the sound of their products, relying on a unique combi-
nation of decades of experience in acoustics with competence in
hard- and software systems.
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