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ABSTRACT

During the last decade, the ray tracing method has contributed considerably to improve the prediction accu-
racy of acoustic room modelling. Ray tracing methods allow the analysis of complicated sound field for any
room. However, the use of these methods and their validation are not always trivial. Even so, right and use-
ful modelling is obtained only when each construction stage of the model is well done. The objective of this
paper is to present, through a complicated example (a hydroelectric power station), some original techniques
of modelling and validation. The identification of noise sources and the determination of their acoustic
power, the representation of a non-single point source, the validation and some modelling techniques meant
to reduce time computation will be presented. Furthermore, an efficient method for the evaluation of noise
reduction provided by the various treatments will also be shown. This method, based on an evaluation of
transfer functions between noise sources and different computation points in the room, can be used to
choose the best acoustic treatment for a given noise reduction objective. All techniques presented in this
paper have been applied and validated on an industrial case.

SOMMAIRE

Durant la derniére décennie, la méthode du tir de rayon a contribué & améliorer considérablement la qualité
des prédictions en acoustique prévisionnelle. Cette méthode permet 1’analyse du champ sonore de batiments
complexes i partir de modéles géométriques. Les méthodes d’élaboration et de validation de ces modéles
ne sont cependant pas toujours triviales. Pourtant, c’est la qualité de ces méthodes qui rend possible 1’ob-
tention d’un modele juste et utile. L’objectif de cet article est de présenter, a I’aide d’un exemple de mod-
élisation complexe (une centrale hydroélectrique), des techniques originales de modélisation et de valida-
tion. La détermination des sources de bruit et de leur puissance acoustique, la représentation des sources non
ponctuelles, la validation et les différentes techniques de modélisation pour réduire les temps de calcul
seront présentées. De plus, une méthode permettant d’évaluer de fagon efficace les réductions de bruit
apportées par les différents traitements envisagés sera exposée. Cette méthode, basée sur I’évaluation des
fonctions de transfert entre les sources de bruit et les différents points de calcul du batiment, permet de
choisir le traitement le plus performant en fonction des objectifs de réduction. Toutes les techniques présen-

tées dans cet article ont été appliquées et validées sur un cas industriel.

1 INTRODUCTION

In the field of industrial acoustic room modelling, the main
objective is the estimate of the noise reduction of treatments
applied on noise sources and/or on room walls. The model-
ling technique and the estimation of the cost of treatments
give industries the opportunity to carry out an optimum
choice to reduce the noise levels in their plant. To predict the
sound field, industries or acoustic consultants have many
available models [1]. Simplified models, based on an empir-
ical formulation or on a data library, can be used to rapidly
obtain an estimation of the treatment performance for a sim-
ple room. However, for more complicated room cases like
the one presented in this paper, the model has to be suffi-
ciently accurate in order to do a suitable evaluation of the
various acoustic treatments possible. For these cases, the use
of a model that can represent a complicated geometry and
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frequencies dependency is essential. The ray tracing, based
on a geometric method, is an example of a model with appro-
priate features for complicated room modelling [2 and 3].
RAYSCAT [4] software was used to build the model pre-
sented in this paper.

RAYSCAT uses only a ray tracing method and not the hybrid
method (images/ray tracing). A large number of rays are
launched randomly by each specified noise source.
Receivers within a certain volume are used to estimate the
noise generated by these sources by summing the energy of
the rays passing through the receiver. The walls of the room
are modelled by absorbent surfaces. For more information
about techniques and hypothesis used by RAYSCAT see ref-
erence [4].

Even though the choice of the particular ray tracing model is
of primary importance, the various development stages such
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as the location and determination of the acoustic power of
the noise sources, the geometric estimation of the shape of
the room, the determination of room wall absorption coeffi-
cients and the use of simplifying hypothesis of the model are
all equally crucial. So, the objective of this paper is to pres-
ent a systematic modelling approach in order to obtain an
efficient and valid acoustic model for a complicated room.
To illustrate this approach, the case of a hydroelectric power
station with five floors will be analysed.

The complicated room modelling approach will be present-
ed following these stages:

1  Presentation of the studied case

Development of the model and techniques of calculation

time reduction

Validation of the model with a reference source

4  Identification and acoustic power measurement of noise
sources

5 Evaluation techniques of acoustic treatments

(O]

2 CASE STUDY DESCRIPTION

Alcan’s hydroelectric power station (Chute-des-Passes) is
located 200 km north of Alma City (Québec, Canada). The
building, shown in Figure 1, is underground and has five
alternator groups of 250 megawatts each, distributed over
five floors. Each group has one turbine and one generator
(Figures 2 and 3). The generator head and control instru-
ments are on Floor 5. The generator itself is located on Floor
4, in a large room. The shaft between the generator and the
turbine is on Floor 3 and is isolated in a large volute. The tur-
bine is distributed over the first and second floors. The water
exhausts from the turbine into a very large spherical valve
that takes up most of the space on the Floors 1 and 2. The
building has a very complicated geometry. The noise
sources are numerous and are distributed on all floors. The
objective of the project is to specify what treatments to use,
at a minimum cost, to obtain a noise level below 85 dB(A)
on Floor 5 (station main floor) and below 87 dB(A) on
Floors 1 through 4.

5 alternator
groups

Figure 1 Global diagram of the Floor 5
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Instruments

Floor #5

Figure 2 Detailed diagram of one station section for
Floor 5

Since Floor 5 is almost totally isolated from the other four
floors, the acoustic model of the station is split into two dis-
tinctive models: one for the Floors 1 through 4 and a second
one for the Floor 5.

2.1 Floor 5

The Floor 5 is 100 m by 15 m and 35 m high. For this floor,
the average noise level without treatment was 92.4 dB(A)
measured in January 1997. The alternator head is located on
this floor. Figure 2 shows a sketch of one alternator group.
The noise sources of each alternator head are illustrated with
small dots. Among these sources, we can particularly identi-
fy the ones associated with open metal grid floor. In fact, the
Floor 5 is isolated from all other floors with a rigid floor, but
this ventilation grid allows an acoustic link of the Floor 5

Generator

Floor #3
e \-.\ e 4"
3‘\'9\“;.‘.\'1 | Floor #1 and
PSP P

R
Spherical valve

Figure 3 Detailed diagram of one group for first four
floors
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with the rest of the station. To allow the separation of the sta-
tion model into two parts, each grid has to be considered as
an acoustic source which originates from the noise of the
other part of the station. Thus, the grids in Figure 2 are asso-
ciated with noise sources of the Floor 1 through 4. For
instance, a noise level reduction on Floor 4 will reduce the
acoustic power of the grid of the Floor 5.

2.2 Floors 1 through 4

The first four floors are, for the most part, composed of open
metal grid floor and hence are not isolated from one another.
Figure 3 shows a diagram of this second part of the station
model for the Floors 1 through 4. The dots on Figure 3 rep-
resent noise sources of the model and shows only one of five
alternator groups. This group is repeated five times to form
five different groups as shown in Figure 4.

The height of each floor is 15m. The noise levels for this
staion without any acoustic treatment were measured in
January 97 and the average levels for each floor are:

Floor 1: 101.4 dB(A)
Floor 2: 102.4 dB(A)
Floor 3: 100.1 dB(A)
Floor 4: 97.20 dB(A)

3. ACOUSTIC MODEL DEVELOPMENT

The objective of this section is to present the modelling and
time calculation reduction techniques.

3.1 Noise source models

The source representation is very important while modelling
aroom’s acoustics. Sometimes, in order to estimate the local
effect of an acoustic treatment with precision, the overall
dimensions of the source has to be included in the room
model. The majority of the acoustic modelling method such
as ray tracing (the software RAYCAT) uses only a single
point source representation. To consider the overall dimen-

Figure 4 Global station diagram for first four floors
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sions of the source, a technique based on the source’s geo-
metric representation with spaced out surfaces is suggested.
For example, the spherical valves, one of most important sta-
tion noise sources, are represented as shown on Figure 5.
The overall dimensions of this source are important (valve
diameter of 20 m) and it cannot be represented with a single
point source.

One or several single point sources, inside a spaced surface
network, launch rays that are distributed in a uniform way at
the source’s surface. The inner surface of the non-single
point source is absolutely reflective so that the ray amplitude
is not reduced. To be safe, the reflection number considered
in the ray tracing program can be increased to a certain num-
ber, such that after those number of reflections, the ray
leaves the inside of the source. This method allows a greater
representation of a source’s overall dimensions and the
acoustic energy distribution is better represented.

The way to validate this technique is not direct. The model
validation stage allows the validation of the extended source
representation. The acoustic power of the extended source
has to be measured and a reference source should be used to
determine the absorption coefficient of the room (see Section
4.1). The reflection number and the space left between the
surfaces can then be adjusted to fit the noise levels generat-
ed by the model with experimental measurements. When the
number of non-single point noise sources is large, the vali-
dation process of this representation technique is not easy
and sometimes impossible. In this case, the representation
can be done without validation and the adjustment of the rep-
resentation parameter should be done following the experi-
ence of the model designer. We suggest increasing by 10 the
number of reflections and using a spacing that opens 30% of
the source surface.

This way of representing sources is not always necessary. In
our case, only two types of sources are represented by spaced
surfaces. The other sources are represented by single point
sources. The source size compared to the room volume is the
most important criterion in order to use the single point
source hypothesis. If the source volume is less than 1% of

Figure 5 Example of a non-single point noise source
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the room’s volume, a single point representation can be used.
But, if the acoustic field near the source is an important
information for the designer of the model, the suggested cri-
terion (1%) is not suitable.

3.2 Hypothesis to reduce the calculation time

When the room’s geometry is complicated, the calculation
time quickly becomes a major constraint. Reducing time
hypotheses in the model becomes necessary. The objective
of the next section is to present methods allowing time cal-
culation reduction.

In the case of the ray tracing technique, the calculation time
is linked to three parameters:

1. The size of reception cells in comparison to room
dimensions

2. The number of reflections used by each ray and the
number of rays

3. The room complexity (or the number of surfaces)

3.2.1 Size of reception cells

The reception cells’ volume is the most important factor for
calculation time. So, it is essential to choose an optimal size
for receivers. The larger the cells are, the shorter the calcu-
lation time is. On the other hand, with large cells, local noise
variations are not well represented. For an industrial case,
the main objective is to determine the global acoustic noise
reduction of treatments. To evaluate these reductions, all that
is necessary are some large receivers allowing a global eval-
uation in a relatively large space of the room. For the case of
the hydroelectric power station, the cell size has been adjust-
ed so that cells take up the biggest space possible between
each station objects (2 m). It is important that model objects
(or surfaces) do not clutter the cells used to calculate the
noise reduction. The cell size must be reduced to enable the
calculation of the noise level in a confined space.

3.2.2 Number of rays and reflections

In a way to be sure that a sufficient number of rays, random-
ly launched, will be intercepted by reception cells, the num-
ber of rays for each sources has to be adjusted according to
the room’s free space and the cell size. A simple rule is pro-
posed by RAYSCAT [4]:

NBR'YI-‘I — 10 5 v"(ll)l"

cell

where Vroom is the free volume of the room and Vel 18

the cell volume.

The total number of rays has to be distributed according to
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each sources acoustic power. For instance, with three sources
of 90 dB, 90 dB and 93 dB and 20000 rays to launch, the ray
distribution is given in Table 1.

Table #1 Ray distribution example according to the
source power
The number of reflections to take into account for each ray

Source Global power Number of
(dB) rays
#1 90 5000
#2 90 5000
#3 93 10000

is adjusted according to many factors (room wall acoustic
absorption, number of obstacles or model plans and global
size of the room). To choose the number of reflections, the
ray’s residual level after n reflections can be used. But this
residual level has to be 10 dB below the average level, cal-
culated at reception cells. This way, the contribution of lost
rays will be insignificant. The residual level is a standard
output information of RAYSCAT. Generally, 30 reflections
are correct (add 10 reflections for each non-single point
source represented by spaced plans).

3.2.3 Room complexity

The room complexity increases the calculation time. The
more surfaces in the room, the longer the calculation time.
The model designer has to take into account the room’s gen-
eral geometry but he has to refrain from using a too compli-
cated representation. For instance, the spherical form repre-
sentation has to be defined with separated flat surfaces. This
approach rapidly increases the number of surfaces and, con-
sequently, the calculation time. In general, the use of a low
resolution for spherical forms is enough. For example, the
Floor 5 of the hydroelectric power station has a concave
shaped ceiling. This ceiling form is well represented by only
four (4) flat surfaces (see Figure 6).

Another way to diminish the number of surfaces of the
model is to use the room’s symmetry. In the case of the sta-
tion, five identical posts are distributed lengthways (see
Figure 1). The model of Figure 6 is for Post 3, at the station’s
middle. The two other posts, on both sides of Post 3 are sim-

ulated with reflective (or virtual) walls.

The hypothesis is valid only if there is symmetry for both the
geometry and the noise sources. Furthermore, the model of
Figure 6 considers an infinity of image posts on each sides
of Post 3. Since there are only five real posts, it is important
that the contribution of the image post, higher than second
order, be negligible (lower than 10 dB). This constraint has
been verified with the help of reference source at the time of
the global model calibration (see Section 4). This last tech-
nique to reduce the calculation time is very delicate. It can be
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used only if there is no doubt about its validity. Furthermore,
it must be pointed out that the model results are good only
for the middle section of the hydroelectric power station.

4 SOURCE CHARACTERISATION

The acoustic source’s characteristics have to be determined
precisely to obtain good predictions of the sound field inside
the room. Generally, the techniques used to identify noise
sources are based on a certain acoustic industrial experience.
The purpose of this section is to present a structured
approach that allows the evaluation of the noise source and
its acoustic power in an effective way. This approach for the
hydroelectric power station is described below.

4.1 Model validation

The validation stage allows the appropriate evaluation of
many parameters that give an accurate acoustic model. The
general idea with this verification is to use a source with an
already known acoustic power and a series of measurements
of the whole room’s noise level. With the measurement of
the noise level generated by the reference source, it is possi-
ble to calibrate the model, that is to determine the absorption
coefficients of the room wall material and to adjust the clut-
ter of the room [4].

The noise level measurement at the time of calibration can
be done with the normal noise inside the room but only if
levels generated by the reference source can be distinguished
from the ones generated by room sources. To make this dis-
tinction easier, the use of a multi-harmonic generator is
desirable. Ideally, the harmonic frequencies should be gener-
ated at each central frequency of octave band, but these fre-
quencies have to be different from the component of room
noise sources. The reference source has to be powerful
enough to be able to generate emerging rays of at least 10 dB
higher in comparison with the normal noise inside the room

Figure 6 Model of the Floor 5
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at each octave band frequency. The acoustic power of the
reference source has to be determined with precision. To
have great precision, the acoustic power evaluation of this
source can be done outside, in free field conditions.

For the station’s case, the model used to validate the absorp-
tion parameters and the room clutter is different from the one
used to evaluate potential treatments. The symmetry of the
station allows carrying out an important simplification since
only one alternator group is taking into account (see Section
3.2). At the time of the validation, it is essential to consider
the entire room, because it has only one source and the sym-
metry hypothesis is not appropriate. To determine absorption
coefficients and clutter parameters, two preliminary models
of Floors 1 through 4 and Floor 5 have been done. These two
preliminary models are shown on Figures 1 and 4. For these
two models, the station is entirely represented and the geom-
etry is roughly defined. For instance, a cube represents the
spherical forms and noise levels are calculated on relatively
large spaces, with the intention of reducing the calculation
time. At the calibration phase, only the reference source is
included in the model. A priori, the standard parameters are
used for the absorption parameters of the station wall. An
estimation of the clutter can be done with this formula pro-
posed by RAYSCAT [4]:

1 10
Q:——.Esb
¥, ous.

4 Y room 1

where, Q is the scattering coefficients, V. is the room

room
volume and S5, is the obstacle surface.

Simulations with these estimations of the acoustic parame-
ters and comparison with noise levels generated by the ref-
erence source allow the adjustment of absorption coeffi-
cients and room clutter. Most of the time the adjustments are
minor (£5%). For an adjustment higher than 5%, the geo-
metric representation must be re-evaluated.

4.2 Source identification

Almost 15 noise sources were identified on the 5 station
floors during the first site visit. This first identification had
been done with a simple sound level meter and hearing per-
ceptions inside the station. At this stage, the acoustic power
of the potential noise source is measured. This evaluation
can be done from pressure measures if appropriate methods
are used [5 and 6] or, ideally, with a conventional intensity
measurement technique [7]. Often, it is difficult to take an
acoustic power measure in an industrial background when
sources are large or when other noisy sources are close. The
techniques and the power measurement hypotheses have to
be well known to obtain a precise value. After the source
power measurement, the negligible sources (global power 15
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dB below the average power of other sources) can be elimi-
nated from the model. Table 2 describes station sources and
their acoustic power.

Table #2 Station sources and their acoustic power

Sources Power
dB(A)
Floor #1 to #4
Vacuum corridor 97.6
Eductors 101.5
Well door 104.1
Ventilation pipe 110.9
Spherical valve 100.6
Shutters 104.2
Stator passage 88.5
Ventilator floor #3 93
Stator door 91.5
Floor #5
Ventilation grid 104.0
Removable floor 100.2
Control panel ventilator 96.6
Entry stairs 95.9

During the first visit, a very precise identification of all
sources is not likely. To be sure that no sources are forgotten,
verification with the acoustic model has to be done.

4.3 Validation of sources and their power

When the model is calibrated and principal sources are iden-
tified and quantified, some simulations can be done with all
the room-identified sources. The measured noise levels
(Stage 2 of the methodology) are compared with the noise
level calculated with the calibrated model. For the case of the
station, Table 3 shows a comparison of the global average
noise level for all floors.

Table #3 Comparison of the global average noise level

Floor Model Measure Delta
dB(A) dB(A)
#1 101 101.4 0.4
#2 102 102.4 04
#3 100 100.1 0.1
#4 97 97.2 0.2
#5 92 92.4 0.4

All differences are less than 0.4 dB. So, the model is well
calibrated and sources are correctly identified. At this stage,
the model can be used to evaluate various acoustic treat-
ments.
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When the acoustic model validation with the help of a refer-
ence source is completed (Stage 1 of the methodology), only
2 or 3 iterations are necessary to obtain good results. At this
stage, the differences are associated, most of the time, with
forgotten sources. In this case, the Stage 3 of the methodol-
ogy should be done again.

5 ACOUSTIC TREATMENT EVALUA-
TION

5.1 General methodology

To obtain an optimum treatment for a particular noise reduc-
tion project, it is desirable to evaluate a maximum of poten-
tial treatments. On the other hand, the calculation time asso-
ciated with each treatment evaluation becomes an important
constraint. A practical way to bypass this problem is the use
of an evaluation method based on transfer functions between
the model sources and a receiver group chosen by the user.
For a particular source, the transfer functions are simply
obtained by the difference between the source power and the
noise levels obtained at the receiver group.

When the calibration of the acoustic model is appropriate, a
calculus for a particular geometric and acoustic configura-
tion of the room (wall absorption coefficients and the clutter
of the room) allows the evaluation of the transfer functions
between each sources and different receiver groups. The
position choice of the receiver group is done according to
project objectives. For instance, for the case of the central
area, the receiver groups have been chosen so as to obtain
averages for each five floors.

The frequencies dependent transfer functions can be used
with a spreadsheet to re-evaluate the global average noise
levels for each receiver group with the following formula:

n m Psf _Hsf i

NIV oo, = 10*1og10(2210 10

s=1 f=1

where, Hcp represents the transfer function between the

source s at the frequency f for a particular receiver group i,
and where Py (dB) represents the measured acoustic power

of the source s at the frequency f.

The above formula, with many source treatment combina-
tions, can be used to check the redefinition of Pgy (source

acoustic powers). This allows the rapid estimation of the
complete set of source treatments. On the other hand, if the
treatment consists of geometric or room absorption property
modifications, the transfer functions (Hgs) have to be re-

evaluated with the acoustic model.

Vol. 29 No. 2 (2001) - 16



Table 4 Acoustic treatment example for the first station floor

Source | Pressure | Transfer | Source Room Noise
power level function |treatment | treatment level (with
treatments)
Sources dB(A) | dB(A) dB dB dB dB(A)
Vacuum corridor 97.6 88.1 9.5 20 1.9 66.2
Eductors 101.5 93.3 8.2 20 1.9 71.4
Well door 104.1 89.2 14.9 20 34 65.8
Ventilation pipe 110.9 100.1 10.8 20 2.6 {5
Spherical valve 100.6 89.2 11.4 0 2.3 . 86.9
Shutters 104.2 85.5 18.7 15 2.2 68.3
Stator passage 88.5 71 17.5 10 2.6 58 4
Ventilator floor #3 93 74.3 18.7 0 2 72.3
Stator door 91.5 74.2 17.3 0 2.6 71.6
Total 88.0

5.2 Results for the station

Table 4 shows an analysis example carried out on a standard
spreadsheet (Excel) for the first floor only. The measured
global acoustic power for each source (Pg) is on Row 2.

Column 3 shows the associated noise level of each source for
initial conditions (without any treatments). The noise levels
without treatment are calculated from the transfer functions
shown on Column 4 (Hg;). Column 5 gives the estimated

reduction of each source treatments. For instance, in the
analysed case of Table 4, a treatment of 20 dB is considered
to reduce the noise of the aspirator corridor. Column 6
shows transfer function reductions from a room acoustic
treatment. For instance, the addition of absorbent material on
some station walls reduces all the room transfer functions. In
general, these reductions are different for each source
because the room treatment effect varies according to the
position and characteristics of the source. The evaluation of
the transfer function reductions (Column 6) has to be done
from the acoustic model. However, when evaluated, these
reductions will be independent of the future source treat-
ments. Column 7 gives the noise level generated by each
source considering sources and room treatments. Finally, the
global level of the first floor is obtained with the contribution
summation of all sources. The same procedure has been used
for each floor.

Once implemented, the source treatments have to be checked

before the evaluation of the model prediction’s quality. The
source treatments are tested with acoustic intensity or
acoustic pressure measurements depending on which
acoustic power measurement method is used. When all treat-
ments were implanted, an average noise level measurement
was taken for each station floor. Table 5 shows measurement
results. The model is accurate because differences between
predicted and measured noise levels are small for the entire
floor.

6 CONCLUSION

This paper has presented various original techniques, which
can be used to develop an acoustic model. The technique
used for non-single point sources allows representing the
acoustic energy distribution and the overall dimensions of a
large source. Furthermore, many aspects to reduce calcula-
tion time have been displayed. The appropriate choice of cal-
culation parameters (number of launched rays, size of recep-
tion cells and number of considered reflections) and a sim-
plification using the room symmetry allows the reduction of
the calculation time. The source identification technique is
based on a structured iterative method. With this process, the
noise source identification is efficient and very accurate.
Since it has an important impact on all subsequent results,
the noise source identification accuracy is crucial for a good
acoustic model. A method based on transfer functions
between the sources and different receiver groups has also

Table 5. Predicted and measured average noise levels for each station floor

Without treatment With treatment
Floor Measures Measures Prediction Difference | Reduction

dB(A) dB(A) dB(A) dB dB
#1 101,4 87.5 88.0 +0.5 13.9
#2 102.4 87.5 87.9 +0.4 14.9
#3 100.1 88.0 87.7 -0.3 12.1
#4 97.2 88.0 87.5 -0.5 9.2
#5 92.4 83.0 84.1 +1.1 94
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been presented in this paper. This technique has demonstrat-
ed a greater efficiency for the rapid evaluation of the poten-
tial acoustic treatments.

All techniques presented in this paper have been evaluated
on the particular case of the hydroelectric power station of
Alcan. These techniques have allowed the evaluation, with
success and efficiency, the optimum treatment to obtain the
noise reduction objectives of the company.
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Hospital for Sick Children (416) 813-6535
Université de Laval (418) 656-7920
(604) 822-4716
A. Behar Noise Control (416) 265-1816
McGill University (514) 398-4137
D.R. E. A. (902) 426-3100
HGC Engineering (905) 826-4044

Pratt & Whitney Canada (450) 647-7339
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Free yourself!

Briiel & Kjaer PULSE - the Multi-analyzer goes portable

Capabilities

« 4input and 2 generator output
channels (2-6 channel

configurations to follow)

» DCto 25.6 kHz on input
channels

« Gap free recording of time data
to PC disk (TTD)

Analysis types supplied as

standard

« Octave analysis (CPB): 1/1, 1/3,
1/12, 1/24-octaves along with

overall levels

« FFT: Up to 6400 lines of both
baseband and zoom analysis

« Overall levels: 7 different
broadband quantities

Compact and
robust with PULSE's
proven performance and
features; native NT® software with
tight integration with MS® Office,

PORTABLE

Battery operation

Typical 3 hours battery life

with continuous operation
on 4 channels, replaceable
without interrupting the

measurement.
and an extensive Active X™ PULSE features
interface; Portable PULSE™ 1 [I?,:agvjr’zjd CoplEcis
delivers tomorrow’s « Tight integration with
N A E /
functionality today. =

« Data export in all
cormmon formats

PULSE applications
» Sound Intensity
« Noise Source
Identification

« Sound Quality

PULSE » PULSE Bridge to

MATLAB™
» PULSE Bridge to

Your PC is your Analyzer
FFT 1/n-octave and overall level
analyzers can run on your PC
simultaneously (multi-analysis).
How? The unique Analysis
Engine software delivers scalable
real-time signal processing
performance from your PC
processor without additional DSP
hardware (Minimum PC
requirements: 300 MHz Pentium 11,
128MB RAM, 4GB Hard disk).

Intelligent Front-end

Portable PULSE’s front-end

supports transducer ID (TEDS)

according to IEEE P1451.4, with
which the system automatically
detects and identifies connected
transducers. No more setting up
channel sensitivities or entering
transducer type into the
measurement set-up - it's all
done automatically! You just
Plug'n'Play!

Migr Birtified
5

Part of the PULSE family
Open,modular and scalable, the
Briiel &Kjeer PULSE family is
your sound and vibration
measurement platform of the
future. Start anywhere and add
applications,channels and
processing resources as your
needs grow.
And all this comes at a price that
will pleasantly surprise you.

{EADQUARTERS: DK-2850 Neaerum - Denmark - Telephone: +4545800500 - Fax: +4545801405 - http://www.bk.dk - e-mail; info@bk.dk

JSA: 2815 Colonnades Court - Norcross, GA 30071 - Toll free: (888} 788-1138 - http://www.BKhome.com - e-mail: BKinfo@SpectrisTech.com
ZANADA: 90 ch. Leacock Drive ¢ Pointe-Claire, Québec HIR 1H1 e Télephone: (514) 694-8522

ME'scope™
« Vold-Kalman Order
Tracking Filter

« Modal Test Consuftant™

« Time Capture

99 - 012

Australia (02)9450-2066 - Austria 0043-1-8657400 - Brazil (011)5182-8166 - Canada (514)695-8225 - China (86)1068029306 - Czech Republic 02-67021100
Finland (0)9-755 950 - France (01)69906900 - Germany 06103/908-5 6 - Hong Kong 25487486 - Hungary (1)2158305 - Ireland (01)4504922

Italy (02)57604141 - Japan 03-3779-8671 - Republic of Korea (02)3473-0605 - Netherlands (0)318 559290 - Norway 66771155 - Poland (22)8409392
Portugal (1)4711453 - Singapore (65) 377-4512 - Slovak Republic 421754430701 - Spain (91)3681000 - Sweden (08)4498600 - Switzertand 01/9436070
Taiwan (02)7139303 - United Kingdom {0181)954-2366

Local representatives and service organizations worldwide

Briiel & Kjeer &+
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West Caldwell

Calibration

Head Office:

\ .
uncompromised calibration™ Laboratories, Inc.

Web Site: www.wccl.com

Branch Office:

E-mail: info@wccl.com

1575 Pittsford-Victor Road, Victor
New York, NY 14564, U.S.A.
Phone: (716) 586-3900 Fax: (716) 586-4327

5200 Dixie Road, Suite 118, Mississauga
Ontario, L4W 1E4, Canada
Phone: (905) 624-3919 Fax: (905) 624-3926

A SINGLE SOURCE LABORATORY

for Calibration and Repair of
Sound, Vibration, and Electronic Test Instrumentation

SPECIALIZING IN: - —
 ACCELEROMETERS o FIELD CALIBRATORS 5 s R
e MICROPHONES e AUDIOMETRIC EQUIPMENT ® Rion
e SOUND LEVEL METERS e VIBRATION TEST EQUIPMENT e Ono-Sokki
e VIBRATION METERS e FREQUENCY ANALYZERS e Scantek Inc.
OUR AUTOMATED FACILITY ASSURES YOU OF: W it
CALIBRATIONS TRACEABLE TO N.L.S.T. SUPERIOR WORKMENSHIP Manufactured by:
CERTIFICATION: 1SO 9002 COMPLETE TEST DOCUMENTATION ® ACO Pacific
ACCREDITATION: ANSI/NCSL Z540-1-1994 QUICK TURNAROUND TIME: ® DBriel & Kjaer
ISO/IEC GUIDE 25 (1990) ¢ TWO WEEK TURNAROUND e CEL
COMPLIANCE MIL-STD-45662A e 48 HOUR CALIBRATION SERVICE ® Dytran
ISO 10012-0 1992 (E) AVAILABLE FOR AN ADDITIONAL FEE. : Endevco
ISO 17025 (1999) S e s
OTHER SERVICES INCLUDE: ® Hewlett-Packard
e CUSTOM SYSTEM INTEGRATION e ON-SITE CALIBRATIONS ® Larson Davis
e Metrosonics
® Norsonic
FREE INITIAL OR NEXT CALIBRATION, COMPLIMENTS FROM WCCL. e Norwegian Electric
YOUR COST OF THE INSTRUMENT WILL BE MANUFACTURERS LIST PRICE. e PCB
We will be pleased to order for you, any instrument from the following manufacturers: ® Rion
ACO PACIFIC G.RAS. PCB ® Simpson
BRUELSKJAER LARSON-DAVIS RION ® Syminex
CEL METROSONICS SYMINEX ® Quest
DYTRAN NORSONIC ® and others
ENDEVCO NORWEGIAN ELECTRIC (Contact for Details)

SAMPLE REPORT & CERTIFICATE:

West Caldwell Calibration

Laboratories Ine.

fAccelerometer Charge Sensitivity (5@

8208 33
8208 Cusiomer: WEST CALDWELL CAL. LABS. INC. - 224°C
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Bloofi Avw. Vst Codtaw 838

R 4BA%
F:

ange
The absoute unceriainty is 1.12% at 89% confidence level.
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Ref. Sensitivity @ 160Hz: 1.251 pCrg 0:128 peime2

Certificate of Calibration

ACCELEROMETER
Manufactured by: ERUEL & KJAER

Model Not ES0S/WERSSS

Serial No< 8T
Cadbcation iecall No: 2308

Submitted By:
FELIX CHRISTOPHER

WEST CALDWELL CALLABS.INC.(USA)

Customers
Compaay:
The subject lstrument was calibeated to
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West Caldwell Calibrstion Lados No.
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