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The Prediction of Structure-borne Noise
Transmission in Ships Using Statistical Energy
Analysis

Y. K. Tso
Department of Defence, Aeronautical and Maritime Research Laboratory - DSTO,
Fishermens Bend, Victoria 3207, Australia.

and

C. Hi Hansen
Department of Mechanical Engineering, The University of Adelaide,
South Australia 5005, Australia.

ABSTRACT: This paper is concerned with the transmissionof noise and vibration in ship structures, and in
particular, naval ship structures. The first part of the paper presents a review of different methods for ship noise
prediction. It then introduces the method of StatisticalEnergyAnalysis (SEA) for the investigationof ship noise and
vibration in the high frequency regions. Previous studies have shown that SEA is a useful tool for the analysis of
vibrationtransmission in structureswhichconsistmainlyof plateelements.However,navalship structuresoften involve
more complexelements such as shells and beam stiffenedplates. In the secondpart of the paper, two types of structure
whichare consideredto be characteristicof navalship constructionsare identified.Theyare: a cylindricalshell coupled
to an end plate; and a plate with periodicstiffenerscoupledat rightangles to a uniformplate.The CouplingLoss Factors
(CLFs) of these two structures are evaluated, using travelling wave analysis, for SEA studies. Results from an
experimentalprogram confirm the validityof the formulationof CLFs.

1. INTRODUCTION
The study of noise and vibration in ships has received
considerable attention in tbe past few decades as a result of
stringent ship noise legislation introduced by many countries
[I]. Such legislation aims to provide a safe and comfortable
working environment for crew members by specifying a
maximum allowable sound pressure level in various ship
compartments. The ability for the designer to predict noise
level in ship compartments at the design stage is therefore
highly desirable and several empirical and analytical studies
on ship noise prediction have been reported (see, for example,
references [2]-[7]).

Naval surface ships and submarines require additional
noise and vibration control measures to minimise the risk of
detection and the interference with on-board equipment (for
example, sonar and weapon systems). Furthermore, the
extensive use of periodically stiffened plates and shells in
naval ships increases the structural complexity for noise and
vibration analysis. It has long been recognised [8] that
vibration waves in aperiodic structure can only propagate in
certain frequency bands (pass bands) and this phenomenon
has a significant effect on vibration transmission. Due to the
complexity of naval ship structures and the high frequency
range of interest (up to 20 kHz fortorpedohomingdevices),a
deterministic analysis of all tbe resonant modes of vibration is
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usually impractical. A powerful tool for predicting the high
frequency response of complex systems is Statistical Energy
Analysis (SEA) which deals with the time-averaged and
frequency-averaged (octave or 1/3 octave) flow of vibrational
energy between elements ofa complex system [9].

In this paper, a number of methods used for the study of
noise transmission in ship structures are reviewed. In
particular, recent developments in SEA modelling of complex
structures characteristic of naval ships are discussed.

2. REVIEW OF SHIP NOISE PREDICTION
METHODS

Due to the complexity of ship structures, it is clear that a
rigorousanalysisbasedonthe'c1assical'approach(for
example, wave tbeory) is impractical. Nilsson ([4] and [10])
presented a simplified analytical method based on a grillage
model which was made up of two parallel hull frames and the
associated plate elements. He considered that the frames
would act as wave guides for the transmission of vibration
from the hull to tbe superstructure. The plate elements used in
Nilsson's analysis were assumed to be uniform and this
approach may not be suitable for the analysis of structures
with horizontal stringers between the frames that are typical
of naval ship structures. A furtber restriction of this method is
that it is essentially a two-dimensional model and is not

Vol. 25 (1997) No. 3- 97



readily applicable to the general analysis of vibration
transmission in ships.

The Finite Element Method (FEM) may be used to model
the response of complex structures. However, in the frequency
range of interest for structure-borne noise studies (i.e., up to
the several kHz range), the number of elements required is
generally too large for the practical analysis ofa substantial
part of' a ship's structure, even with the help of modern
computer technology and software packages. Furthermore, at
high frequencies where the wavelength is much smaller than
the overall dimensions of the structure, FEM would become
very sensitive to the system parameters and may lead to
incorrect prediction of the structural response. HenceFEM is
normally restricted to the vibration analysis of ship structures
at low frequencies.

A number of empirical studies (see, for example,
references[2],[5] and [II]) have been reported for ship noise
predictions. These studies were mainly based on
measurements and data taken on board merchant ships. In
general,empiricalmethodsarevaluabletoolsintheanalysis
ofa generic type of ship, especially at the design stage where
limited information is available. These methods become less
attractive in situations where a detailed analysis is required on
different types of ships (for example, naval surface ships and
submarines).

Statistical Energy Analysis (SEA) is a framework of study
for the forced response of systems, and is based on the power
balance between individual elements of a system [9]. It
provides a basis for the prediction of average vibration and
noise levels in complex structures, particularly at high
frequencies.

Sawley [I 2] demonstrated that SEA can be used
successfully to investigate the noise transmission paths ofa
motor vessel. 0degaardJensen [3] studied the distribution of
vibratory power in a 1:5 scale ship section and also
investigated the effects of damping on vibration transmission.
Good agreement between calculated and measured results was
obtained for the lightly damped case but the agreement was
poor for the heavily damped case and Jensen attributed the
discrepancy to the effect of in-plane waves acting as flanking
transmission paths for the vibratory power.

Other authors ([7], [13] and [14]) also reported on the
application of SEA to the study of vibration transmission in
ships. Amore detailedtreatrnent of this subject was given by
Plunt[6] where he investigated the rear section ofacargo ship
and found reasonable agreement with experimental results.

A common feature of the SEA studies reviewed so far is
that the ship structures were modelled as an assembly of plate
elements subjected to bending waves except for Plunt [6]
where longitudinal waves were also considered.

Tratch [15] investigated the transmission of vibration ina
1:2.5 scale model of the machinery foundation ofa ship
bottom structure using SEA. He also modelled the structure as
plate elements but considered all the possible wave types
generated at the junction (i.e., bending, longitudinal and
shear). Good agreement between calculated and experimental
results was reported.

98- Vol. 25 (1997) No.3

Naval ship structures often make use of shell elements
coupled to various types of plate element (for example, a
submarine huillbulkhead coupled structure). The transmission
of vibration through coupled cylinder/plate structures has been
investigated by a number of researchers. Hwang and Pi [16]
conducted an experimental investigation on a cylindrical shell
welded onto a base plate and concluded that the SEA method
was not capable of reaching any intelligent prediction of the
coupling loss factor due to the strong interaction at the
cylinder/plate interface. Blakemore et al. [17] studied a
number of flange-connected cylindrical shells and found
considerable discrepancy between measurement and SEA
predictions. They attributed the discrepancy to internal
acoustic coupling,non-equipartitionofenergy between modes
in a cylindrical shell element and low modal overlap. Pollard
[18] also investigated experimentally two cylinder/plate
structures (one with along thin cylinder and the other with a
short squat cylinder) and found conflicting results although the
short cylinder showed good agreement between the theoretical
andexperimentalresults.Recently,Schlesinger[19]presented
a theoretical analysis of the transmission of vibration through
a cylinder/plate coupled structure based on an arbitrary
distribution of the wave energies intheradial,circumferential
and longitudinal directions. The theory is supported by a
limited amount of experimental data but further work is
needed to show that this method satisfies the reciprocity
requirement of SEA. Thus the study of cylinder/plate coupled
structures using SEA has been less successful compared with
plate/plate structures and further research effort is required to
address this shortcoming.

Another type of structure often used in naval engineering
constructions is a plate or shell element reinforced with
periodic stiffeners. The application of conventional SEA
through successive elements of this type of structure can
significantly overestimate the transmission loss (see, for
example, reference [17]). This is a matter of concern and has
been the subject of criticism [20]. Clearly, the bandpass nature
of aperiodic structure has to be considered in SEA modelling
since it has a strong influence on the transmission of vibratory
power.

Keane and Price [21] applied the theory of periodic
structures to enhance a one-dimensional SEA model. They
investigated a point spring coupled, multi-modal system and
compared the results obtained from 'exact' modal analysis with
the normal and enhanced SEA model. A significant
improvement in results was obtained by using the enhanced
SEA model rather than the normal model. However, the model
studied by these authors was made up of highly idealised one
dimensional elements and therefore the analysis may not be
readily applicable to ship structures such as hull plates and
bulkheads. Langley [22] also studied the modal characteristics
of periodic structures and derived modal density expressions
for one-and two-dimensional structures. He further studied
the forced response of a damped one-dimensional periodic
structure based on vibratory energy flow and compared the
effect of material damping with the effect of damping caused
by structural irregularity on vibration attenuation [23]. On the
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subject of 'near' periodic structures, Langley [24] investigated
the wave transmission through a randomly disordered one
dimensional periodic structure and discussed the occurrence
of frequencies of perfect transmission.

From the preceding discussion, it can be concluded that
SEA is a useful tool for the prediction of vibration
transmission through complex built-up structures, especially
in situations where the structure can be modelled as an
assembly of plate elements. However, a number of areas have
to be addressed before this method can be applied successfully
to naval ship structures. Notably, the SEA modelling of
cylinder/plate structures and coupled periodic structures. The
following section outlines some of the recent research
activities in SEA modelling conducted in the Aeronautical and
Maritime Research Laboratory, Defence Science and
Technology Organisation, as part of an effort to control the
acoustic signatures of naval vessels.

3. STATISTICAL ENERGY ANALYSIS
In this method, a complex system is considered to be an
ensemble average of a set of physically similar systems. The
system is then sub-divided into a number of inter-connecting
subsystems, usually at locations where the coupling between
subsystems may be considered as 'weak' (for example, at
structural discontinuities where incident waves are
substantially reflected). The subsystems are then modelled as
SEAelements,eachconsistingofagroupofresonantmodes
of the same nature. For example, a uniform plate under
bending and in-plane motions may be modelled as two SEA
subsystems representing the resonant modes associated with
these two types of motion respectively. The mean energy of the
subsystems may be related to the input power by SEA
parameters, known as modal densities, internal loss factors
and coupling loss factors (CLFs), to form a set of linear, power
balance equations. Solution of the power balance equations
leads to the mean energy level (and hence the response) of the
individual elements. The fundamental equations of SEA, as
well as the basic theory and assumptions concerning the
interaction between multi-mode subsystems, are given by
Lyon [9]. In addition, review papers on this subject have been
presented by Hodges and Woodhouse [25] and Fahy ([20] and
[26]).

3.1 Cylinder/plate Coupled Structure
A number of researchers have modelled a ship structure as
coupled plate elements and derived the CLFs on the
assumption that the wave field in each plate element is diffuse
([6] and [15]). The concept ofa diffuse wave field poses no

, difficultyforthemodellingofisotropicelementslikeuniform
flat plates but is less clear from an SEA point of view for non
isotropic elements like curved plates and cylinders. Langley
[27] pointed out that the assumptionofa diffuse wave field is
equivalent to the equipartition of energy amongst the resonant
modes for an isotropic element. He then derived the CLFs for
structural junctions between curved plates based on the modal
concept of equipartition of energy. The present authors have
extended the modal concept to consider the modelling of
submarine structures which consist of cylindrical elements.

Acoustics AJstralia

cylinder/platestIUcrure
equivalent plate I plate structure

Figure I. Coupling loss factors of three cylinder I plate
structureswith differentshell thicknesses.The coupling loss
factorsof theirequivalentplateI plate structureare alsoshown
for comparison.

They derived the CLF between a cylindrical shell and an end
plate ([28] and [29]) using travelling wave analysis. The
derivation consists of the evaluation of transmission efficiency
for the cylinder/plate junction (defined as the ratio between
the transmitted wave power and the incident wave power) by
considering the appropriate boundary conditions (i.e., the
compatibility of displacements and the equilibrium of forces
and moments at the junction). The transmission efficiency is
then related to the CLF between the cylinder and plate
elements based on the assumption of equipartition of energy
amongst all the resonant modes of the cylinder. In the present
study, the plate is assumed to have a hole cutout to accept the
cylinder. This arrangement enables the results to be compared
with those of an equivalent plate/plate structure in order to
confirm the validity of the present formulation of CLF at high
frequencies where the cylinder behaves as a flat plate. The
equivalent plate/plate structure consists of two flat plates
coupled at right angles to each other with the coupling line
length equal to that of the cylinder/plate structure. The areas
and thicknesses of the flat plates are equal to those of their
respective elements of the cylinder/plate structure.

Calculations were performed to evaluate the CLFs of three
steel cylinders each coupled to a2 mmthick steel end plate.
The shell thicknesses of the three cylinders are 0.5, 1.0 and 2.0
mm respectively. The length and mean diameter of all
cylinders are 0.8 m and 0.45 m respectively. Figure 1 shows
the CLFs of the three cylinder/plate structures. The CLFs of
their corresponding equivalent plate/plate structure based on a
diffuse bending wave field are also plotted in the figure for
comparison. It can be seen from Figure I that all of the
cylinder/plate structures show a dip intheCLF at around the
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fi&ure2. CylilllXr andpl~ ekmc:nll

rinllmjUCfK)' of37lOHz,presumablyeallJCdbytbe~

in modal ckMity of the cylinder aI'OIIIld the rina lmjlamC)'
region. There.fta", the CLF s uymplOte 10 the vslues of their
equivalent pll lelplllC StI'\ICtUreS u the hqucrKy incrcl.Se$.
This find ina is consiSlCJlI with the well established fscctha t
the responseof . ~Iinder may be Ipprollinlated by. fill pliile
Il hish frcq\llttlCict . Below the ring fn:quenty, the respolllt of
I cylinder is OOminated by the membrane effects and IS •
result, the eL FI of the cyli nderlpl.te stnlctures differ
oonl iderl bly fromlhCir equivalent platclp latellructures.

E~perimenll were conducted to meas ure lhe Cl.F of an
exl mple cy!inderlpill e slnl CtuR: to oonflllTlthe VlI1idity of the
theoretic .l mode l [29]. The test struc ture (see Figure 2)
consisted or. thin steel cylinder or I mm lhid( nell l nd O.45
m diameler coupled to . steel end plate of2 min thickneu . It
l:an be Ken in Fi&ure l that thecxpcrimcntal relulll vcfairly
well predil:led by the theory. The dip in elF ....·hich is
prcdil:1Cdinthethcoretif:a1ana1y1isl:atlbe~inthe

expmmcntal dal.l.ltooeursat.frequcDC)'ofaround~Hz

compar ed with. predicted val ue o f )73 0 Hz whil:h
eorre lponda to the rin lJ frcquenq- of the cylinder . The
e~tli dati . Iso show some: diSCJ'qlUlcy with the:
prc:dic:ted CU' .oo.e a frcquc:ncy 6300 HL An altCmp! to
l:Onduc:t further teW (Ihave 8000 Hz) to eoorlI'tD the
~eofthe expcrimcnta1l'C$a1ulO thetheOf'Ctil:al

elF ora plate/pille strue:tIIrC:wu hampered by the Iimililion
ill samplinl rile of the dati fIl:QUWtion tyItem. Howcvu ,
furthcrnaminatioCl oftbe rcAl1lSrcvea1ltJytthc di~

il consi ste Dt with prcviOUl work OD me ellperimCDlI1
irr\ntiptioll or CLF (see. ror cump1e. rcrerem:n (lOJ aDd
Ill DandllU)"be partially anribute410 the randomnature of
thc~lll andlbelllUlrlptionsi/M)lYediDlhc analysis

(for eIllmple, the: equipanition o f eDCrgy I mo nlst
cirtwnfemlbal modes) .

).2 Couplrd Pcrfod k Su·\Ictu re
Pcriod il: l lrul:tures are uscd ell ensively in navsl sliip
tonlUUttion. where relatively liglilWCight \IIIi(orm plate. or
shc:llsare reinfon:ed by the altl(: hm ento(stilfenen at re,war
interv. h . lt il ....'ClI known(8] thal a pcriod ic f\l1lcturc free ly
Intni mits vibnotion Wl \"CS ill ceruitt frequen cy bands (pus
bands)andluc:nuates ....avcsinotller frequelll:Yblnds(5!Op
bands). Thi l band pus nature has a Itro nl influCftl:e 011the
lra ll5miSiion o r noise and vibrat ion lhrou llh nl ....l ship
structurel.

The SEA modell inl of one-d imenlional periodi c
stnil:ture s lin been l:oRsidc:red by Keane: . nd Price (2 1) by
lIIiRI a probabil ity dens ity fundion to model the band pn l
nature oftM pcl"iodic structure . However, u mentioned el rlier
in Seetion2. lhilapproach il not rcadi ly aPl' licable to ship
. UUCt1lfCI .ilKe it il baled OD bilhly idcal iloCd one 
dimctWonaI elcrnc:nts. In the prcscnI Rudy, the emphaais is
fcx:wedontheappl icationof .....vetrlDlmisPott lll&lyli. 1O
t\'IIuatetbcClf oCc:oupIcdpc:riodic:5U\lCNfCl wfUcbc:ocWsI
of IWlHbmcnsicmal elc:mc:tus (wc:b IS platel -.ith pcriodi l:
sli ffc:nc:n). To this end,tbc ",tbon have appl ied the IWIdard
travelliDg _ .wysiI prOl:Cdurc to ~\IIIC the elF, with
!be proviso that _ transmiWOI1il not perm incd in the
attmuation zones [321. This appt'OI"h allo\l,-Illte salient
l:hatw;tcriflieofatwo-dimensionalpcriodie 1true:turC(i.e., the
existeoce of PropaBiltion lll d anenuation zones) to be
inrorporated into lhc l tandard elF rormulation..

A stocl.trueNrC....-bK: hc:onsistSoraplalCwith pcriodie
stitrc:nencoupled at riJht angles to a uniform plate (II« in
Figure " ) il l:Olllidc:m:lhen:OIl an ellm ple. The coupIin& line
Icngtbofthe ttruetureisO.7m. Both platel an: re<:tanplarin
lhapc:with aveta ll dimenl ionl of O.7 m " I m and O.7m x 1.2
m for the unifor m pl. te and the plate with periodi c Itiffeneu
ccspectively. The lhil:knc" of both platel il 2 mm and the
stiffeners arc 6 mm x 14 mm rectan gular sectic ns spaced et
100 nun apart .

The e LF between the uniform plate and lite plate with
periodic lti tfenc:n WSl all:ll1a led ao:l:Ordinl to the protedurcl
OIItlincd in rcrercnc:c{32 ]. Ell:pcrimc:ntswcrcalsoc:onductcd
011this eumple IIT\Il;tUI"C 10 measure the elF. FiJUfCS thows
I «mparison bc:twcen the theoretical and experimental

~\/\ .:
" ,...,

~
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Figure4. A coupledperiodicstructure.

results. The results are in very good agreement in the low
frequency bands. At higher frequencies, the theoretical results
appear to have shifted by one-third of an octave compared
with the experimental data. The apparent shift in frequency
may have been caused by the assumptions and simplifications
involved in the theoretical analysis. For example, in the
analysis of the wave transmission properties of the plate with
periodic stiffeners, it is assumed that the boundary conditions
can be applied on the plate/stiffener centreline. However, the
plate/stiffener attachment point is in fact offset from the
stiffener centreline by an amount equal to half the stiffener
width and this has an effect on the accuracy of the theoretical
model, especially at high frequencies where the cross
sectional dimensions of the stiffener are not negligible
compared with the bending wavelength. Also, the offset ofthe
attachment point from the stiffener centreline means that the
bending wave will travel in the plate elements a distance (in
the z.-direction, see Figure 4) equal to the stiffener spacing

minus the stiffener width rather than the stiffener spacing as
used in the theoretical model. Overall, the experimental
results for the present example are reasonably well predicted
by the theoretical model.

4. CONCLUSIONS
Following a review of different methods applicable to the
investigation of ship noise, it is concluded that SEA is a useful
tool for the high frequency noise and vibration analysis of ship
structures. The SEA method has been further developed by
the authors, using travelling wave analysis, for naval ship
applications and the theoretical values of CLFs of two
example structures have been presented here. Experimental
results for both structures show good agreement with
theoretical predictions and it is therefore suggested that the
present formulation of CLFs using travelling wave analysis
may be used for SEA studies of structures characteristic of
naval ships. However, mention must be made of a number of
areas that require further study before the method of SEA can
be applied successfully to more realistic naval ship structures.
For example, in the analysis of coupled periodic structures,

Acoustics Australia
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theory
experiment

Figure5. Couplingloss factorbetweena uniformplate and a
platewithperiodicstiffeners.

the present work has only considered bending waves to
simplify the analysis. In reality, the stiffeners of ship
structures are often offset to one side of the plate and thus
generate in-plane waves which may have a significant effect
on vibration transmission. Also, the coupling between other
types of periodic strucfures typical of naval ship constructions
such as ring stiffened cylindrical shells requires further
investigation. Finally, the effect of fluid loading on SEA
elements has to be considered in the analysis of ship noise.
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Finite Element Analysis and Gong Acoustics

Neil McLachlan,
Department of Interior Design, RMIT
Melbourne, VIC 3001, Australia

ABSTRACT: FiniteElementAnalysisis usedto predicttheeffectof a rangeof variationsof gonggeometriesonmodal
frequencies.This data is evaluatedin relationto experiencein gong manufacture by a varietyof methodsand its
implicationsfor newinstrumentsdiscussed.

1. INTRODUCTION
During this century advances in the fields of musicology,
acoustics and human cognition have created new theoretical
contexts in which European musical traditions may be
interpreted alongside the musical traditions of many other
cultures. In acoustics (now including musical and psycho
acoustics) these advances enable us tore-address questions of
the relationships between instrurnental timbre, musical form,
and the perception of pitch, consonance and harmony.

For example, western orchestras evolved with the
exclusionofinstrurnents with non-harmonic overtones since it
was thought they would interfere with the harmonic concerns
of composers [1]. Through exposure to non-western
instrumentation, electronic sound generation and sound
recording technology composers are now exploring complex
sound sources and instrumentation in compositions no longer
structured by eighteenth and nineteenth century European
harmonic concerns. While composers such as Harry Partch
built entirely new instrument ensembles to explore such
interests [2], others have been deeply involved in computer
prograrnmingandelectronics.

Finite element analysis (FEA) modelling has been applied
tothedesignofnovelidiophonesforusewithinconventional
European musical contexts [3-6]. For example, an entire
carillon of bronze bells with major instead of minor third
partials has been designed and cast [4-6]. Computer programs
which physically model musical instruments through FEA
modelling have recently been developed for electronic music
synthesis [7,8]. These programs offer a range of models of
physical systems such as stretched strings and membranes,
wooden and metal bars, resonators and various excitation
mechanisms. Novel, virtual instruments may then be
generated for use in computer composition.

The instruments described in this paper embrace new
musical possibilities by exploring the timbral implications of
a range of gong geometries, inspired by instruments from
diverse musical traditions, through FEA modelling. This is
compared to acoustic spectra for instruments designed and
manufactured by the author utilising various contemporary
manufacturing technologies, for a range of novel
performance, cultural and architectural contexts.

2. INSTRUMENT DESIGN AND ANALYSIS
Very little literature is available on the manufacture and
acoustic behaviour of tuned gongs [9-14]. These instruments
are features of traditional musical ensembles from Indo-China
to Indonesia. They vary greatly in shape and may range in size
from about 150 rnm to greater than I metre in diameter [15].
Throughout South-East Asia musicians and craftspeople have
manufactured instruments by whatever means were available,
with most of their efforts remaining poorly documented.
Manufacturing methods include casting or forging in various
copper based alloys [16-18] or more recently (usually for
economic reasons) forging in rnild steel or fabrication from
sheet steel. Metal spinning of sheet steel was successfully
used by the author for the manufacture ofa range of gongs for
a set of outdoor installations.

In order to investigate which elements of shape are
essential to producing certain relationships of vibrational
overtones,asirnple series of FEA experiments were carried
out on gong shape models beginning with a flat disk. This data
will be discussed with reference to direct experience with the
manufacture of tuned gongs.

Acoustic spectra have been measured for gongs from sets
of just-tuned cast bronze and spun steel gongs which were
made recently in Melbourne without the aid of FEA
modelling. Spectra for the bronze gongs vary substantially
due to variation in shape and size (the set crosses three
octaves),andto dimensional irregularities created during
manufacture and whilst tuning by hand grinding. All the
gongs had cylindrical rims for ease of manufacture.

Figure I shows the acoustic spectra recorded about 100
milliseconds after excitation of three small gongs of less than
300 rnm diameter. The first two spectra are of gongs spun
from 1.2 rnm mild steel sheet, the second of which had a boss
beaten into it to raise the fundamental frequency to a specific
pitch (a boss is a raised hemispherical dome in the centre of
the gong's surface). The thirdspectrurn is ofagong which was
cast with a boss in silica bronze. The fundamental frequency
was lowered to the required pitch by thinning the gong's
surface with a grinder.'
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Figure I. Acousticspectrarecorded lOOmsafterexcitationof:
i) Spun steel gong (286 mm surface diameter and 100 mm

deep rim),
ii)Spun steel gong as above with 50 mm diameter,

hemisphericalboss,
iii)Cast silica bronze gong (225 mm diameter and

approximately2 mmthick surface, 55 mmdeepand 5 mm
thick rim, and 65 mm diameter and approximately5 mm
thick hemisphericalboss).

The instruments were digitally recorded using the
Macromedia Deck version 2.5 sound editing program and a
Sennheiser MD 441 dynamic microphone. Excitation was by
striking the instruments with padded mallets. The microphone
was held above the top surface along the axis of symmetry of
the gongs at a distance of about 500 mm. Short time Fourier
transforms were performed by the AnnaLies version 4.2PPC
program written by David Hirst and Thomas Stainsby for
Macintosh computers at La Trobe University [19].
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Table 1 includes frequencies of the first six major spectral
peaks observed between 50 and 400 milliseconds after
excitation with the ratios of these frequencies to the
fundamental of each gong expressed numerically or as an
octaveequivilentjustinterval. The percentage deviation of the
numerical from the just intervals is also given. The
instruments were developedforjust-tuned ensembles and their
partials are described in this way to indicate the degree of
consonance of their partials. Carillon bell partials are similarly
related to intervals in Western musical scales. For comparison,
the tempered major third is 3.5% sharper than the just interval
5/4,which is its closest consonant interval.

Table I. Modal frequencies and ratios derived from acoustic
spectra.

GONG SPECTRAL PEAK
1 2 3 4 5 6 7

Flat mode· 2,0 0,1 3,0 4,0 1,1 2,1 0,2

Steel f(Hz) 252 422 498 622-662 738 984 1223

f/f(l) I 1.67 1.98 2.98 3.91 4.85

Just ratio I 5/3 2/1 ? 3/2 2/1 5/4

% deviation 0 -1.0 -0.7 -2.3 +1.2

Steel f(Hz) 370 540 723 878-925 1080 1380-

with f/f(l) I 1.46 1.95 2.92 3.73

boss Just ratio I 3/2 2/1 ? 3/2 2/1

% deviation -2.0 -2.5 -2.6 -6.7

Brenzemode 2,0/0,11,1 3,0 4,0 2,1 0,2 ?

f(Hz) 298 597 891 1110 1190 1404 1699

f/f(l) I 2.00 2.99 3.72 3.99 4.71 5.70

Just ratio I 2/1 3/2 15/8 2/1 7/6 7/5

%devladoD 0 -0.3 -0.1 -0.3 +0.9 +1.5

• The assigning of modes is based on FEA modelling data
presentedlater.The first number refers to the numberof nodal
lines, the second to the number of nodal rings of each mode.

The spectrum of the steel gong with boss was typical of
gongs in this set. Their pleasing tonal qualities may be
attributed to the closeness of the principal overtones to
consonant intervals. The metal thickness and gong geometry
was decided upon from experience in fabricating gongs from
steel sheet. The cast bronze gong was chosen as an interesting
example from a range of gong spectra. In other gongs of
similar dimensions in this set the lowest two modal
frequencieswereclose,causingoccasionaldifficultiesinpitch
definition.

Suprisingly there is little difference between the spectral
data for the two steel gongs shown in figure 1. Beating the
boss into the gong raised the frequency of all the principal
radiating modes by almost the same multiplier. Figure 2 shows
plots of data obtained in FEA modelling experiments to
explore the effects of adding bosses of various size and
thickness to circular plates. In these experiments increasing
boss sizes had the greatest effect on the 2,0 mode.



o 0.15 0.30
Ratio of boss/surface diameter

Figure 2. Plots of FEA predicted frequencies for various
modes versus the ratios of the diameters of hemispherical
bosses to the surface diameter of 1.2 mm thick mild steel
circularplatemodels.Brokenlinesareplotsof datafor2.4mm
thickbosses.

Figure 3. Plots of FEA predicted frequencies (in Hz) for
variousmodesof 1.2mm thick and 286 mm surfacediameter
mildsteelgongmodelsversus rim depth(in mm.)

The frequencies predicted for modes with nodal diameters
only (2,0, 3,0, 4,0 etc.) increase dramatically with the
introduction of even a small rim due to increased stiffness in
the plane of vibration. As the rim size is increased, these
frequencies quickly reach maxima before rapidly decreasing.
When the rim depth is about 1/3 the size of the surface
diameter(80mm) they are close to the frequencies predicted
for a freely vibrating circular disk. The 5,0 mode also behaves
in this manner but is not shown in the figure for reasons of
clarity and scale.

The introduction ofa rim had less affect on the three
modes with nodal circles shown in the figure (even though
they may also contain nodal lines). Inspection of the FEA
displacement contours for these modes revealed much smaller
vibration amplitudes in the gong rims than was predicted for
modes without nodal circles. Changes in the rim size therefore
did not increase stiffness in regions of the gong which would
affect the frequencies of these modes as much as the modes
withoutnodal circles.
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The present data shows that a boss of up to 30% of the
surface diameter and twice its thickness has a relatively minor
impact on the timbre of cast or spun gongs. In forged gongs
beating out the boss pulls out any buckles in the surface and
evenly thins it by stretching the metal. This may at first lower
the fundamental frequency of the gong until the surface is
uniform at which point the pitch will begin to increase with
increasing surface tension and stiffness as described above.
Bosses are an important feature of sets of tuned gongs in that
they assist the maker to tune forged gongs and the player to
strike the centre of the gong when playing fast passages.

Most gongs, whether of specific pitch or not, have rims.
Data from FEA experiments are used in figure 3 to show the
large impact rims have on the timbre of gongs without bosses.

300

4,0

1,1

Doubling the thickness of the boss slightly raises the
frequencies of modes with nodal diameters, but lowers the
frequencyofmodeswithnodalrings,indudingthel,lmode.
This may be attributed to increased stiffness for the former
modes and increased mass loading for the latter. A similar
mass loading effect reported by Rossing [II] was proposed as
the mechanism by which a boss could bring the first two
modes with nodal rings into an octave relationship. As a boss
is beaten into a steel gong the metal being worked thins and
work hardens. This will have no effect on mass loadings but
the stiffness will be effected in a complex way, since the
thinning will reduce stiffness, but work hardening will
increase it.

Examination of the data in table 1 does show a greater
frequency increase in the 2,0 mode than the 0,1 mode when
the boss is added. This results in a smaller just interval
between the first two modes of this gong. The next four
intervals are not greatly changed by the addition of the boss.
Increases in intemaltension in the metal surface due to the
introduction of the boss were not accounted for in the FEA
experiments. This added tension would increase modal
frequencies, and comparing the spectral data in table I with
the FEA data in figure 2 suggests that it is an important factor
in the behaviour of these gongs.

FEA modelling was performed using the vibrational
analysis package ofPro-Engineering'sMechanica Structures
(version 13) program. Since the instruments being modelled
have thin walls, the models were constructed as shells of
prescribed thicknesses. Models used parameters for phosphor
bronze (Young's modulus (Y) of 103 GPa, Poisson ratio (P) of
0.34 and density (D) of 8,900 kg/ml), or low alloy steel
(Y=200 GPa , P=0.27 and D=7,800 kg/m'),

N

e200
~ 3,0 i lIJ------C~--8'-'---...

::EO,! g.
~ 100

2,0
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The data shown in figure 3 indicates that the two principal

types of modes of vibration in gongs may be tuned
independently of each other, and suggests rim to surface size
ratios worthy of further investigation to produce musically
interesting timbral results. Furthermore, modes with nodal
diameters only were predicted to have their greatest
displacement in the rim, so varying the metal thickness of the
surface should have much less effect on them than modes with
nodal rings. Figure 4 shows a plot of the FEA predicted
frequencies of various modes for three different ratios of metal
thickness in the surface compared to the rim.

4,0
2,1

1,200&.--_..,.....L.::...."....----<l
Figure 5. Two rim types found on central Javanesegamelan
gongs.
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Ratioof surfacelrim metal thickness

Figure 4. Plots of FEA predicted frequencies for various
modes versus the ratio of metal thickness in the surface
comparedto the rim for phosphor bronze models basedon the
bronze gong described in figure I.

Most Indonesian gongs have rims in the shape of inverted,
truncated cones (see figure 5). From the preceding discussion
it would be expected that increasing the angle of the rim from
vertical would affect the modes with nodal diameters only
more than those with nodal rings. This is confirmed by the
data shown in figure 6. Predicted frequencies for modes with
nodal diameters only increase sharply while frequencies for
modes with nodal rings remain nearly constant with
increasing rim angles.

Two types of rim shapes on gongs in the central Javanese
gamelanare shown in figure 5. Rims of the second shape may
be up to twice as deep as on comparably pitched gongs of the
first. The second shape is found on the highest pitched gongs
in the ensemble (in the top octaves ofthebonangpanerus and
barung), which play the more complex elaborations of
melodic material. Interestingly, it is also found on the highest
pitched gongs usually used for defining rhythmic cycles in the
music (kenong) [20]. Kenong are pitched within the same
octave as the lower octave bonang barung gongs, and so the
rim shape would appear to have an important role in creating
timbral distinctions between gongs with the same pitch but
differing musical function, and gongs with similar musical
functions but tuned an octave apart.
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30' 60'
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Figure 6. Plots of FEA predicted frequencies for various
modes versus the angle from vertical of the rim on 1.2 mm
thick, mild steel models with 0.35 rim depth to surface
diameterratio.

3. DISCUSSION
The predicted frequencies of the FEA experiments for gong
models based on manufactured gongs did not match the
acoustic spectra for these gongs due to various effects of the
manufacturing processes which are difficult to accurately
model. However when the results are taken in combination
they indicate how the near harmonic overtone spectra
recorded for these gongs have been produced by the right
combination of physical properties. More experiments with
actual cast and spun gongs will be necessary to precisely
correlate computer models with the behaviour of gongs.

An irnportantaspect ofinstrurnent design not addressed by
modelling with FEA programs is the radiation efficiency of
predicted vibrational modes. Antiphase source distributions
will interact to reduce radiation efficiency if the sources are
within about half of one wavelength, and such effects will
occur to significant degrees for most vibrational modes in
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gongs. The front and back faces of the surface of a gong
contain principal raciiatingregions emitting in antiphase [16],
which are isolated to some extent by the rim. These effects are
highly complex to predict and would require more detailed
study with prototype instruments to fully understand. Clearly
the air volume contained by the rim and the floor when the
gongs are suspended horizontally is too large to be an efficient
resonator.

The data presented in this paper was the result of
personally funded research (generously assisted by a number
of universities) aimed at developing a flexible design protocol
for instruments to be used in a range of new musical, cultural
and architectural contexts. Although significant advances
have been made, more work will be necessary to accurately
correlate computer predictions with physical instruments.
This task will be assisted by the application of highly
reproducible, modem manufacturing technologies in metal
forming, casting and milling, and more sophisticated
analytical methodologies.
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A Discussion of the Australian National Standard
for Occupational Noise

J. H. Macrae,
Hearing Assessment Research
National Acoustic Laboratories
126 Greville Street, Chatswood NSW 2067, Australia

ABSTRACT:In 1974,the NationalHealthand MedicalResearchCouncilwarnedthat "the estimatedrisksassociated
with exposureto noiseat levelsof 85 and 90 dB(A)overa workinglife-timeleadto an incidenceof hearingloss in the
workingcommunitywhich is unacceptableon medical groundsin the long term". Despite this warning,Australian
legislatures set an 8-hour equivalentcontinuous A-weightedsound pressure level (LAeq,80 of 90 dB(A) as the
occupationalnoise exposurelimituntil recentyears.Partlyas a resultof this, occupationalnoise-inducedhearingloss
has continuedto be a highIyprevalentindustrialdiseasein Australiaand the associatedcosts of compensationhave
escalatedsince 1988.In responseto this situation,the NationalOccupationalHealthand SafetyCommissionin 1992
declaredan LAeq,8h of 85 dB(A)as the AustralianNationalStandardforOccupationalNoiseand this is graduallybeing
adopted by Australian legislatures.However,given the current magnitudeof the problem, a stricter limit seems
appropriate.A standardof 80 dB(A)wouldcomemuchcloserto an acceptablesolutionto the problemof occupational
noise-inducedhearingloss.

1. INTRODUCTION
Ithasbeenwidelyasswnedthatthegoalofoccupationalnoise
management is prevention of noise-induced hearing disability
in workers. The underlying assumption of this approach is that
it is permissible to damage the hearing of workers as long as
that damage does not result in associated disability, where
hearing disability is defined, narrowly, as loss of the ability to
understand speech for the purposes of everyday life.
Impairment of the threshold sensitivity of an initially normal
ear of about 20 dB is necessary before hearing disability in
this sense begins to occur. If the goal of occupational noise
management is only prevention of hearing disability, in the
narrowly defined sense of disability, then noise-induced
threshold impairment of 20 dB is permissible. However, it is
likelythatcontinuingresearchintohearingwillrevealheanng
disabilities, in the broad sense of loss of normal abilities to
hear for the purposes of everyday life, are associated with
impairment of hearing threshold sensitivityof20 dB or less.
For example, every 6 dB loss of hearing threshold sensitivity
across frequency can be expected to halve the distance from
which sounds can be heard, i.e., to result in contraction of the
auditoryhorizon.A20dBlossofsensitivityacrossfrequency
can be expected to result in a 10-foldreductionin the distance
of the auditory horizon.

The narrow approach to occupational noise management
therefore does not go far enough in the direction of protection
of the well-being of workers. The basic premise of this article
is that the primary goal of occupational noise management
should be prevention of noise-induced damage to the inner
ears of workers. There is physiological evidence that inner ear
damage caused by noise exposure accumulates prior to the
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onset of hearing threshold impairment [1], which itself
accumulates prior to the onset of hearing disability. Objective
assessment of the state of the outer hair cells of the inner ear
can be made by measurement ofotoacoustic emissions [2],
which are sounds emitted from the inner ear after stimulation
byextemal sound. Because noise-induced damage to the inner
ear may precede the occurrence of threshold impairment,
otoacoustic emission testing may provide a more sensitive
indication of damage than audiometric thresholds and might
eventually replace audiometry as a method of detecting noise
induced damage to the ear in occupational noise management
programs [3]. However, further research and standardisation
ofotoacousticemission measurement techniques are required
beforeotoacousticemissiontestingcanbeconsideredforthis
application [4]. In the meantime, audiometric testing of
hearing threshold sensitivity will continue to be the preferred
method of monitoring the status of the inner ear in the
management of occupational noise exposure. At present,
therefore, the practical goal of occupational noise
management programs should be to prevent noise-induced
hearing threshold impairment.

2. NHMRC MODEL REGULATIONS (1974)
In 1974, the National Health and Medical Research Council
(NHMRC) published its Model Regulations for Hearing
Conservation [5]. The NHMRC recommended that the daily
8-hour equivalent continuous A-weighted sound pressure
level (LAeq,8h): (1) should not exceed 90 dB(A) for existing
premises; (2) should not exceed 85 dB(A) for any premises at
and after a period of5 years from the time that the regulations
were brought into effect; and (3) should not exceed 85 dB(A)
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FigureI. Estimatedproportionofapopulation of otologically
screenedmaleswithhearingdisability,whenthe populationis
notexposedto harmfulnoise(effectsof agingalone)andwhen
the population is exposed to occupational noise with an
LAeq,8h of 90 dB(A), as a function of duration of noise
exposure,in years. The differencebetweenthe two curvesat
any noiseexposuredurationis describedas hearingdisability
exceedance.Forthepurposesofthisgraph,occupationalnoise
exposureis assumedto beginat the age of20years.

for any new premises after the time the regulations were
brought into effect. The NHMRC warned that "the estimated
risks associated with exposure to noise at levels of 85 and 90
dB(A) over a working life-time lead to an incidence of hearing
loss in the working community which is unacceptable on
medical grounds in the long term". The publication of these
model regulations stimulated the development of actual
hearing conservation regulations in the various Australian
legislatures but, despite the warning concerning estimated
risks, only recommendation (I) was brought into effect. By -,
1986,noAustralian legislature had adopted recommendations
(2) and (3) [6].

3. DISABILITY EXCEEDANCE
Partly because the maximum permissible 8-hour equivalent
continuous A-weighted sound pressure level was set at 90
dB(A) in all jurisdictions, noise-induced hearing loss has
continued to be a highly prevalent industrial disease in
Australia [7], as would be expected from the NHMRC
warning. The two curves presented in Figure I were derived
from values given in a published table of the estimated
prevalence of hearing disability in otologically screened,
noise-exposed male populations [8], where otologically
screened means free from all signs and symptoms of ear
disease other than the effect of occupational noise exposure.
The values in the table were calculated by means of equations
given in International Standard ISOl999 [9] and the National
Acoustic Laboratories (NAL) procedure for determining
percentage loss of hearing [10]. In Australia, hearing
disability for compensation purposes is quantified in terms of
percentage loss of hearing, as determined by the NAL
procedure. Hearing disability exists if the percentage loss of
hearing is greater than zero. Some disability can be expected
to occur in some workers not exposed to harmful levels of
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Figure 2. Hearing disability exceedance (as defined in the
captiontoFigurel)forapopulationofolologicallyscreened
males exposedto an LAeq,8h of 90 dB(A), as a functionof
durationof noiseexposure,in years.

noise, as a result of the process of aging. This is represented
by the lower of the two curves in the graph. For the purposes
of the table and the graph, occupational noise exposure is
assumedtobeginattheageof20years. Thus, at the age of 50
years, about one-third of workers not exposed to harmful
noise can be expected to have some hearing disability.

The higher of the two curves shows the proportion of
workers who can be expected to have some hearing disability
when they are exposed to noise with an LAeq,8h of90 dB(A).
The difference between the two curves can be described as
exceedance, where exceedance refers, in this context, to the
amount by which the proportion of noise-exposed workers
with hearing disability exceeds the proportion of workers who
have hearing disability purely as a result of aging. Subtracting
the curve for aging from the curve for 90 dB(A), the
exceedancecurveshowninFigure2isobtained.Readingthis
graph, after 25 years of exposure to noise with an LAeq,8h of
90 dB(A), 34% of the exposed workers will have a hearing
disability who would otherwise not have had any hearing
disability. In view of the exceedance associated with an
LAeq,8hOf90 dB(A), it is not surprising that noise-induced
hearing loss has continued to be a highly prevalent industrial
disease in Australia.

Figure 3 shows that the cost of compensation claims for
occupational noise-induced hearing loss in NSWgrew from
about 12 million dollars in 1988 to about 101 million dollars
in 1996. Faced with escalating costs of this kind, the response
ofsomerelr.antstatutoryauthoritiesandlegislatorshasbeen
to introduce thresholds of hearing loss, of the order of 5-7%,
that must be exceeded in order for claimants to be eligible for
compensation. Since a large proportion of compensation
claims for noise-induced hearing loss are for losses of5% or
less, this means that the costs of these claims and the
associated administrative costs are eliminated. However,
although this eases the financial burden of compensation, it
does nothing to solve the problem of occupational noise
induced loss of hearing among workers.

Acoustics Australia
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4. CURRENT NATIONA L STANDARD FOR
OCCUPATI ONAL NOIS E

When the National Occupational Health and Safety
Commission (NOHSC) was established in 1985,
l'¢sponsibilityfors ctdn g occupational healths tandardspllssed
fromthe I"lIMRC to tbe HOUSe. In response to its concern
about lhc prevelence of occupaocna l noise-induced hearing
]055, the NOASe formally dllC]ared the curre nt Australian
National Standard for Occupalional Noise in 1992 and the
National Code of Practice for Noise Management and
Protection of Hcaring . t Work in 1993 {7]. The standard is an
LA"'l.Sh of 8S dB(A) and an unweighted (lin~u:) peak sound
pressure level, Lp.q.of 140 dB. LIke the original N AMRe
model regulation s, the National Standard and National Code
of Practice are adviso ry documents but can be expected to
affect regulations in the vario us Austra lian jurisdictions, as
did the NHMRC mod el. By the end of 1996, the
Commonwealth and most State and Territory g~mmenll

hadincorponted thel>:ational Standard in regulalions and had
either adopted the l>:ational Code of Practice verbatim or
incorporaied itl princ iples in theit own codcs of pl'ild ice [I I].

However, does this Nationa l Standard for Occupational
Noise go far enough in limi ting the permi Mible noise
exposun: of worken1 1n 1974, the NHMRC warned that the
cstimalcdrisksa»ociatedwitbnposun:ovcr a work ing lifc
time to noise at levels of 85 da(Al , IS well as 90 dB(A), lead
to an incidcnce of hcari ng loss in the working commu nity
which is unsccepeble in the long term. In 1987,Macrae[6]
pcinted cut. tn an article ....'hich presented a table ececeming
the estimated incidence ofhea.ring threshold impairmcnt in
eoise-expcsed populalions. that an LAcq,IllIOf80dB{A )c:omes
closer10 mc:elina the occupational noise management goa l of
prevenling noi se-induced hearing threshold impairment in the
~rkfon:e !han an l AC<Oo8h o f85 dB (A). Th.e table slta.o.oed thaI,
If notse-induccd heanng threshold impaIrment II the most
affectcd fJ'equency, 4 kHz , is nol lO exceed 10 dB over a
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Fii""C4 . Ho:aring disabililyexceedance for i populatiOllof
otologicaJly se_ned malea exposed lo occupltionai noisc
with ~~ values of 80, 8.5 and 9(1 dB(A). as I function of
durallOllO{OOlscexposlR, myun

working life-time for 95% of thc noise-exposed popelanon,
thcnn oisc exposure levels must bekept to nol s reater lban SS
dB(A) but if noise-induced thres hold impa irment at 4 kH z is
not 10 exceed 2 dB OVCT a working life-time for 95" . of the
noise-exposed population, then noise exposure levels must be
kept 10not greater than 80 dB(A). The table also showed that,
in order to obtain no noise-induced threshold impairm ent at
any frequency, an LAeq.8h of75 dB(A) or less is neceu ary,

5. CONCLUDING REMARKS
The relative effectiveness of different noise exposure limits
can also be evaluated in terms of hear ing di sabil ity
exceedae ce, as defin ed earlier in this article. Figure 4 shows
the exceedance for noise cxposlIll: lcvels of 80, S5and 90
dB(A). It is apparent that a noise exposure limi t of 85 dB( A)
will dolittle better than ha lve the prob lem. Given the current
magnitude of the problem, a stricter limit seems appro priate
A standard of 80 dB(A) would come much closer 10 an
ae«ptable solution to the problem of occupenoeal noise
induced heari ng loss. When data concemmg OC(:upationa l
noise-induced damage to the inner ear obtained by means of
ctca cccsnc emission testing become available, an even stricter
nois e exposure standard may seem appro priate . In the
meantime, industries would be well advised 10aim for a noise

exposure limit, LAc~,!h' of 80 dB(A) rather than the Na tional
Standardvalue of8 S dB( A) and serious consideration soould
be given 10 reducing the Na tiona l Standa rd noise exposure

limitloan LAeq,8ho{SOdB(A).
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An Innovative Use of Hay Bales to Provide
Ventilation Fan Noise Control
R T Benbow, Dick Benbow & Assoc,
Member firm Aust. Assoc. Acoustical Consultants

This article discusses an unusual method that was
successfully used to provide a low cost effective means to
reduce noise. The source of noise was emitted from
ventilation fans during the construction of the sewerage
tunnel through the Blue Mountains west of Sydney. The
article is presented to demonstrate the use of an unusual
solution which solves a short term environmental problem at
significant cost savings to the community.

BACKGROUND
During the early 1990's a sewerage tunnel was constructed
from Warrimoo through to Katoomba. The tunnel enabled

sewerage from townships scattered through the upper Blue

Mountains to be treated in a modern sewerage treatment plant

with significant environmental advantages. The City of the

Blue Mountains is unusual in that it is a city within a National

Park.

The construction of the tunnel required the short term use
of sites within close proximity to residences(30-l50m).

Ambient noise levels at night in the Blue Mountains are free

of the traffic disturbances experienced in most urban areas

and typicallyhave background noise levels,LA90of30-35 dB(A).

The tunnel construction required centrifugal type
ventilation fans to operate continuously. No excessive noise

was being generated at the construction site near

Faulconbridge and project engineers for the construction

authority requested urgent technical assistance. An immediate

solution was needed.
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ACOUSTIC INVESTIGATION
Statistical noise level analysis was undertaken during the early
hours of the morning to establish the background noise level
in a similar residential area located away from the
construction site. An LA90 of 35.5 dB(A) was measured. The

fan outlet noise level at 7 metres was measured at 92 dB(A)
with predominant octave band noise levels at 500 Hz. A
combination of distance and directivity losses reduced the fan
noise level at the worst affected residence to 44 dB(A). The
fan noise was clearly audible and sufficiently tonal to cause
extreme annoyance.

A solution was required before the following night
otherwise construction would be forced to cease.

THE SOLUTION
It was clear that an attenuator was needed, but where do you
obtain one on such short notice, deliver it to a site 80 kms
from Sydney and have it installed before night fall?

An absorptive silencer would provide sufficient sound
insertion loss. This triggered the idea of using hay bales. By
early afternoon, a5m long absorptive silencer was constructed
using the bales as blocks to form a tunnel. The solution could
be extended if further noise reduction was needed.

Thesolu"onworkedadequatelyachievingalO-12dB(A)
noise reducuon and satisfying the residents concems.

The next construction site was located at Woodford with
the ventilation fan located within 30 metres ofaresidence. A
shipping container was used to house the fan and a labyrinth
was constructed, again from hay bales placed within the
container so that discharge air passed through a series of
bends. The outlet of the container was pointed away from the
residence to gain noise reduction through directivity effects.
Significant cost savings were achieved.

Acoustics Australia



50 years of
helping people hear

NfZIImuIl
Acoustic

LtIboratorlu

Australian Hearing Services (AHS) is celebrating 50 years of
operation under various names (Commonwealth Acoustic
Laboratories, National. Acoustic Laboratories, Australian
Hearing Services). With the most recent name change in
1992, the name National Acoustic Laboratories (NAL) was
retained for the Research Division of AHS which includes the
engineering, prevention services, and Acoustic Test Facilities
sections as well as the research staff. The main areas of
research concern hearing and hearing aids, and noise and
hearing loss prevention. The Managing Director of AHS is
Philip Bert and the Research Director ofNAL is Denis Byrne.
The following information, from a brochure prepared for 50th
anniversary celebrations, summarises the history of AHS in
"milestone"form:-

1947 Commonwealth Acoustic Laboratory (CAL)
established by the Health Department in Sydney for
hearing and noise research and to provide hearing
services to school children and war veterans. CAL
emerged from the Acoustic Research Laboratory, set
up in 1943 to investigate problems in noise and
communication in the defence services. First CAL
Centre has a staff of four.

1949 Branch centres established in every Australian Capital
City. The first hearing aid developed and produced by
CAL was issued (simply-known as the CALAID).

1954 1,120 hearing aids fitted. First visit to aNT aboriginal
community (from the Adelaide Laboratory).

1955 Transistor hearing aids, the body-worn Calaid T,
replace the cumbersome valve-type aids, requiring
only one-tenth of the battery supply.

1960 Minister for Health approves extension of hearing
services scheme to include all children up to the age of
21.

1961 Induction coils incorporated into Calaid T model
allowing clients to use loop systems, and CAL assists
many schools to install loops. All Commonwealth
Hearing Compensation cases now seen by CAL.

1963 CAL Research now at Hickson Road at The Rocks, and
the Hearing Centre to Grace Building, Sydney. CAL
develops individually moulded ear protectors
extensively used by the Defence Forces and industry.

AcouslicsAuslralia

1964 CALnowhas17hearingcentres,includingiOcountry
centres. A regular visiting service commenced to the

Northern Territory.

1965 Introduction of the CalaidE,an in-the-earhearing aid
suitable for children and adults with mild losses.

1967 CAL now has 115 full-time staff. 1,250 Calaid T'S and

2,500 Calaid E's fitted this year.

1968 Commonwealth hearing services scheme extended to
pensioners. 6,500 hearing aids fitted this year.

1972 CAL becomes National Acoustic Laboratories (NAL).

A new testing procedure for infants (COR audiometry)
introduced into the clinics using sophisticated

equipment designed by NAL.

1973 100,OOOthCalaid issued and 250,OOOth new client
tested this year. Binaural (two) hearing aids now fitted

routinely to children afterNAL research demonstrates

the benefits.

1974 First BTE hearing aid developed by NAL, the Calaid
H. Mobile Noise Evaluation Unit is acquired for major

noise work in the field. NAL researchers develop
procedure for selecting hearing aids which maximise

intelligibility of speech. 17,700 hearing aids issued this
year.

1975 High powered behind-the-earhearing aids purchased

to enable severely and profoundly deaf clients to

benefit from the ear level model. NAL the only hearing

service to children in the world fitting BTE aids
routinely. 24,500 hearing aid fitted this year.

1978 NAL introduces the high powered behind-the-ear
Calaid P suitable for children and adults with severe
and profound losses.

1982 New improved behind-the-ear range of hearing aids,
designed and produced by NAL - the Calaid V. New
Paediatric specialist audiologist positions improve
services to children. Investigations into community

reaction to aircraft noise results in ANEF criteria

which are later adopted by the Australian Government.
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1983 Number of Hearing Centres is now 26. 42,000 hearing
aids fitted this year.

1985 Program to routinely fit vibrotactile aids (which
convert sounds into vibrations) was introduced for
profoundly deaf clients. Rehabilitation specialist
positions created to strengthen adult rehabilitation
services.

1986 NAL moved from The Rocks to new purpose-built
premises at Chatswood. New BTE output compression
hearing aid, the VLK, offers greatly improved sound
quality. Unique Calaid FM wireless system now
available for children. NAL aid selection procedure
further modified and improved.

1988 New technique known as 'insertion gain measurement'
introduced to improve hearing aid fitting evaluation.
The number of Hearing Centres climbed to 35, with 65
visiting sites.

1990 Unique Sound Field Amplification system trialed in an
AliceSpringsAboriginalcommunityschool,resulting
in improved listening conditions for children with
mild hearing loss.

1991 NAL aid selection procedure incorporates adjustments
for severe and profound losses. Joint venture with
Bernafon commenced to designprogranunable hearing
aids.

1992 AHS becomes a Statutory Authority. NAL becomes
Australian Hearing Services (AHS), with "NAV'
retained for Research Division. AHS enters agreement
to supply repairs and spare parts for clients with
Cochlear Implants. NAL becomes a core participant in
the Co-operative Research Centre for Cochlear
Implant,SpeechandHearingResearch.

1993 Programmable in-the-ear hearing aid, the IT312, and
remote controls are introduced, andAHS becomes the
only Government service offering such sophisticated
technology as partofa standard service, anywhere in
theworld.AHSservicesextendedtopart-pensioners.

1994 Medium powered BTE, the SB13, added to the range
of programmable products. As a result from
investigation into community response to impulse
noise from large calibre weapons and explosions, NAL
develops criterion for Department of Defence.

1995 High powered programmable hearing aid, the PB675,
introduced and large numbers exported by Bernafon.
Memorandum of Understanding signed with Office of
Aboriginal and Torres Strait Islander Health Services
to train health workers and provide audiometric
equipment.
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1996 AHS, in collaboration with Macquarie University,
establishes the first School of Audiology in Beijing,
China. With several million hearing impaired people,
there is a great need for audiologists in China.

1997 AHScelebrates50yearsofconunitrnentandserviceto
the Australian community. Number of Hearing Centres
is now 60, with over 200 visiting sites, and 700 staff.
100,000 hearing aids fitted this year.

AHS is still undergoing changes. From 1 November 1997
adults who are eligible for government Hearing Services may
choose to obtain those services from any ofa number of
accredited providers, including AHS. AHS will remain the
sole provider of services to children and some other specified
groups of clients. NAVs research activities are not directly
affected by the change; they are funded as a community
obligation. To celebrate 50 years of research (in fact a few
years more, counting the work of the Acoustic Research
Laboratory) NAL has compiled a complete set of research
publications (about 620) into sets of bound volumes which
have been presented to the National Library and to universities
providing courses in acoustics or audiology.

D
N atiOna l

,- AcoUistic14 Laboratories

ACOUSTIC & NOISE SPECIALISTS
Superb Anechoic and Reverberant Test

Facilities Servicing:
o Transmission, Sound Power and Absorption tesling
o General Acoustic Testing
o Comprehensive Analysis of Sound and Vibration

o Measurement and Control of Occupational Noise
o Electro-Acoustic Calibration oVibrationalAnalysis

ExperlslnNolseManagemenlandolherServlces·lncludlng:

o Measurement and Control of Occupational Noise
o Refere Ice and Monitoring Audiomelry

o Residential and Environmental Noise
o Education and Training o Acoustic Research

126 Greville Street, Chatswood, NSW 2067
Phone: (02) 9412 6800

National Acoustic Laboratories is a Division of
Commonwealth Hearing Services

a Commonwealth Government Authority



AAS Web Pages
Thanks 10 the h.ard"""'"" of Carl H"",ud
from SOlithAWU'alia, the wwwpage,forthe
Soc:iety 'ndit:on rious aetivitiell have been
imp~d in prese ntation Ityle. Carl has
introdlU:ed a number of amart feature l .
Thm: i,uill tom e \to'Ofk to be done to bl'ing
all lhe pagel to thewne 'lual ity hutCarlhas
provided the impetua 10 initiate that
additional work. The WehJlllge s sbould be
updated "'iUl arly to oorrect ermrs and
enl"'" thai lbey ate cwnnt so please leI us
know iflherearc anycorTeCliolll etc needed.
We al$Oneedmore information on links to
other appropriate JllIge• . You can see the
main palle for the AAS at
http://www.lldfa.o.z.lw-mx.blau

Noise Effeets 98
NoiuEffecu98willtakepl aceinSydneyOll
22 to 26 NO'.-ember 1998. II io the 7th
Internat ional Congre Sliin the seriu 011 Noise
ua Public HealtbProblem, etten rderTe d to
u ICBEN, Thcoc cOllfercncellfCoolyheld
C\'CryrlVeyean andtbis isthc firsl lObe held
in the Southern Hemisphere. It offers I

\IIIiqllC opportu nity to part icipate in I

conferencc that will deal witb a nmge ufthe
effcct:oofno ioc on pcople and anim.ala. The
key opeak erti will be Internationally
acknowledged « peru in their fields . Thil
confe~ will be of intctCSl toall lhose

involvC<! "'i th any upectofthc effects of

The lCientifie pmgramwill include invited
and submin cd oral presentarions ,)lOIlen and
l'I'O<bboptin the follcwing tOjlic lrCl.l:

• Noise· indu«dhearing IOIS
• ~oUe and conununication

• Non.au ditory phyaiol"iica l &I: health
effecu induced by noise

• In1Iuenccof noise 011 penormanc:e and
be"....

'Effccu of no W: OJl,lecp
• Commllllityresponsetonoise
• Noiseandanirnala
• Comb iJlcda gents
' Implicatiofts for regulations andstand&rds

The ea1l for paperti ia oow available.

F~/".Jir-Ui(HI ·

Allp :flwww .<IclI>..co ....<I.v-dsrwc!ceyl1loiu ·
#}tctJ~8 orfrot!t NnW EJf« u '98,GPOBoz.
128. Sydney NSW 1001, ul +61 1 ~161

1171, f/IX +61 1 916] 11 71, or
JWi.re1l8@towrnoJb.co... ..,w

Intemoise98
Intemoi 'lf 98, the I99 S Intern ational
Congras 011 Noise Conll'OlEJl&ineering. will
be held in Cbrio tchUJCh, New Zealand
November 16. 18, 1998. The tbtme of
INTER -NOISE 98 ia · SOUND A~D

SlLE:!'IlCt : StTTC'OG rue BAlANCE".
Thc OOflfermce io aponsorcd bylllNCE, the
Inlerna tional Inil it\lte of Noiac Cootrol
Engintering , andiobei ng oIBaniocd by the
New Zealand Acow tical Soci ety. The
ltChnical programm e will pnl'Vide for the
presenratiOllofpoJten al'.d bolh illVitcdand
cootrihutcd papers with aa many ussiona in
parallelaa oeeded 10accommodate the topics
offercd.DistinguishedLccrurcswill bt:gi ven
byDr LtoL Beranek,andProfessors Jercmy
Astley, Otri stO]lhcr Rice and Colin Hansen
aapienaryseSlions, Tupics wi ll bciJOUpcd
with a Keynotc Paper invited for ta ch

The call for papers ia now lVIilahle.
Tcchniea1Papen in all area, ufoo i"" eontrol
eoSineering will be con sidered for
prcscnrationalthe Congrcss.

A Satellite Symp osium on
"RECREATIONAL NOISE " link ins the
themes ofthesc lwo eoofercncco is planned
for 20 November in Qucen slOWll, New
Zealand. Structured ",ssiullS u e planned un
Noi", Control in Nalional Pules, Hearing
Con5CfVation forTourOpc:ralU rs,Wal ercnlft
snd uthcrRecreatiunal Vehicles, and Noi..,
in and from Enlertainm enl Cenle.... Other
lupic. , such ai the etfec t of sound in aembici
>;\uacs and noi.., in and from gun clubs,m B}'
be included

Fun1ltrlttfonJl<ll;o~ '

hltp:/Iwww..,wck/"lfJ. "C.lflfllfleNioife~8 or
froM INTER _NOISE 98. NZ Aco,.. lical
Society. POB"", 1181, Awclc/.,,,d 1001, New
Ze<lkJlfd, Tel: +61 9 61J J/47, FlU: +61~
61J JU 8, ilftemou e98@<.,d l""d .ac./U

VIPACA~-ard

The 1991 EllccllenccGoldAwud,orpniso:d
by the Aliltrall.li&DSociety of AUlomoth e
Engir>eers, ha. been won byVi pac engin"""
and Scientists fortheir l ubmiSliion 'AutoSEA
• Compllt er Aide d Engineering for the
Prediction ofN oi", &I:Vibrllioo "

This higlt q....lity lOftwarc "'u~loped by

Vipscand ilJowbaidiaryAcousticsS<:ienccs
Ltd. use s sratistic &leoe'ilYanalysil10
approach oeise and vibn lion reduction in
design. The polential applicatiOll of this
produc:ltmsleSmanyinduJtryboundari..
and has been $Old to orpnisaliona in 16
countrie l

Stolen Equipment
On Wedneoday ) September 1991 a metal
equipment cue .... , eele n from the
concourse ofPutll Domestic Airport. The
case oorllaincd I B"", l '" Kjser SoundLevd
Mcter Type 223 1 SIN 1123299, a Brut l &I:
Kjaer f ield Cllibntor 1)'pe 4230 SIN
130 110, a Sony OAT l8pC rcwnIef ancl
aundry olher item, . If theoc item, I re
psn ented for aaie,wlll8rionerc it 'NOIIlcibe
apprecialcdif)'OllWOllldcontaetErikFryar
Pi= e c.Ji1'ntio:n Labontory, Tel:041 2 94S
711 Fu.: 089311 2924

Catcbing Illegal Copying
Ear ly in I 99S the Copyri,ht Agen cy
Limited. (CA L) will be launc hing a
C&ntpaigtl tocatcbilltplcopyiDaintbt
corpontcand.busineumvinmmenl. !l io rbe
rtrlttimeinAusU'aliathst ,uch l~gn

willllrgel the copyin, of printcd material lio
the worlqlli cc

A reocnt ' 1JfVe)' of copyintJ pnoetioeainthc
....".-kplscefUggtsta that over 10% ofptOple
whocop)'prinlmalcrialar"",rlr\ltVft'obtain
the cop)'rightowners' permiosion. Whal thi s
tIIC&III for author and publiaber membcn of
CALuthat,poce-ntially,theycouidbemissilll
out on RlCcivilll payrnen! er ee copyina;of
their _rlrsif thc..,buoinClOCSa re ool

licensed. The experi ence, ofoveneao
copyrigltlco Ilcctiogaocieli"lUlli..t that lllCb
paymrmlscouldamounllomil honsofdollan .

Copyrighr in the corpora te envimn menl io
becuming a hoi topic, The Copyright Acr
1%8 docs nOI provicle Ausrraliancompaniel
with any i pecific entitlement to repm<luce
copyrij:hlmaterialw ithollt thcpc:nn iuion of
lhe eopyrighl owner, their agenl nr Cllciusive
hcensee. Thefaetthal a ComJllllly purt hasCl
a bookor joWlllll docs ootliluallYS ivetho:
company I rij:hl to rcprodu<e il. Becluse:
copyright workl gain their value frombeinl
madepublic,C<msumera have I tendmcy to
aaoume no one owns them, If it 'l 00 the
lnlerncl . ce u e li r, Onthe library buub helf,
in I maga~in e or in I newspape r in
JOtTIeonc 'l office . it mllJl M lberc 10 use al
..... Iike. Thil il such a oommon In:spaso thai
many people or curporal ions have eealCd 10

eoooider it I brcach of the law,

The 'CopyCatc h'carnpaign aimo to infonn,
educate and 'e nd a clear messawe to
blll ineases that illepl copying require "
urgent conaidention within lhe legl l
framtlO<lrlro fcorponte AlIllralia. The main
aim, il to encou rage corpo ratio nl and
blllineSlC, to oblain a CAL licence wilhoo.l
having to reaOrt to lit,salion . Inilially,CAL
will larlel co rpo rationa and husinesses
located in SydneyandMelbollrne.

Fwnhn- 1".fomt<I1I0II ""~ b<roblal~fro'" CAL
OIl 01 ~J94 ?600.

Fil:>MCALtnJerSepleMMr/99?
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Copyright and Databases
The World Intellectual Property
Organisation (WIPO) has proposed a treaty
on the copyright of databases. Scientists fear
that the proposed treaty would restrict their
access to information. The International
Council of Scientific Unions has become
increasingly alarmed by the potential
adverse effects of the new laws on the
conductof scienceand education.

At issue is the protection of databases that
require a substantial amount of time effort
and money to produce but that lack creativity
in the selection, arrangement or presentation
of the information. The creative elements of
datahases are already protected under
copyright.

The Federal Attorney-Generals Legal
Practlcecsupported by the Academy of
Science, held a workshop on the proposed
treaty and implications at the Academy on 18
April 1997. Excerpts from two talks by
scientists are in the Academy of Science
Newsletter No 37,1997. WIPO is due to
consider the proposed treaty again in
September 1997.

Impact Meeting
The Victoria Division AGM for 1997 was
held on I October at the RMIT, in
conjunction with a Technical meeting to
inspect the Physics Dept reverberation
rooms, and to hear Ken Cook discuss the
method for testing the impact sound
insulation of partitions as described in the
National Building Code of Australia (BCA).

While AS 1191 describes a method of test in
which the impact sounds generated at the
partition are made with a standard tapping
machine impacting directly on the partition,
the BCAhas included an extension of this
test in which the standard tapping machine is
placed, and made to operate, on a horizontal
plate attached to the vertical partition.

This use of an addition plate attached to the
partition introduced several possible
inconsistencies in the testing procedure not
accounted for in the Code (which is more a
guide than a code): the impact plate maybe
either close to or away from studs; the impact
region in relation to the partition is
insufficiently described; a number of tapping
locations on the impact plate, rather than
only one, may well be required for consistent
test results; insufficient detail is given in the
code of the method for sampling the
receiving room noise levels (including the
sampling period); questions could be raised
as to the merits of the testing rooms, which,
even if they comply generally with AS 1191,
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may not necessarily satisfy the conditions for
testing impact noise. ISO 140, Part I
provides additional help with this.

Inconsistencies can also arise in interpreting
the test results obtained using the Code
impact testing method (assuming there are no
measurement abnormalities). Interpretations
involving comparison with TABLE FS.S
partitions raise questions of: allowing for the
presence of one or more deficiencies in the
partitionsundertest'theusefulnessofa
single number rating system (the nc is only
for floors); whether, for this impact noise
testing, a frequency band of SOto 1000Hz
would be preferable to 12S to 4000 Hz. In
addition, the test results must take account of
the type of impact, and of the subjective
effect of intrusive impact noise in the
receiving room (to ensure that acceptable
standards of amenity are maintained for the
benefit of the community).

Other impact testing procedures considered
more representative of impacts found in
practice were then suggested. Theimpact
from the'fall ofa poly-carbonate rod onto
thepartitionundertestcanbestandarised
because the energy of the fall is calculable,
and the test results don't require
normalisation. Other possible sources of
impact noise on a partition derive from a
plastic-headed hammer, from a standarised
rubberball,orfromtheimpactofrunning
water. Proper account, also needs to be taken
of the charaeteristics of the two reverberation
rooms of their separation, and of the
presence of possible flanking paths.

In conclusion it was suggested that, with a
suitable testing method, the field testing of
partition constructed similarly to a specimen
used in a laboratory test is definitely
possible.

Louis Foury

STANDARDS
From Standards Australia

Book Publishing
Consensus Books is a new service for
authors oftechnical,business, quality and
environmental works which might be of
interest to a niche market sector. It has
recently been launched by Standards
Australia. Itoffersshort-term,royalty-based
contracts for authors to be published under
the imprint of Consensus Books, and may
help authors gain contracts with mainstream
publishers. According to Howard Paul,
General Manager of Standards Australia
Publishing, the new service has been

established to cater for books and papers
covering topics which relate to Standards
issues, but which have been authored outside
the usual technical committee process.

Consensus Books offers all the usual
publishing services including editing
proofing and design and take advantage of
the latest in electronic printing. The first
books to be published under the Consensus
Publications imprint is The Consequences of
Quality by Dr Neil Hardie.

Details: Howard Paul Tel: 02 97464803 or
Garry Lock Tel: 0738318142.

Standards Australia - 7S years
The first meeting of Standards Australia was
held on the 2nd and 3rd November 1922 and
this year, the organisation celebrates its 7Sth
Anniversary. From its beginnings as the
Australian Commonwealth Engineering
Standards Association, Standards Australia
has grown to become one of the largest
independent technical infrastructure
organisations in Australia today. The real
history of this organisation is made up of
people. Not only staff but the vast army of
experts serving as technical committee
members. It is the ideals, vision, struggles,
endeavours and commitrnent of these people,
which over the past7S years, have created this
organisation and contributed to its legacy.
Professor Anita Lawrence made history
when she became the rust woman appointed
to the Standards Australia Council in 1980,
andlater,totheExecutiveBoardinI98S.

Closer to heart are her memories of the AKIS
technical committee - the acoustics
committee she helped form in the early
1970's now known as AVIS. It was here she
made her mark as the first woman ever
appointed Chairman of a technical
committee.

While on the committee she worked with a
gentleman named H Vlven Taylor, who
many considered the 'father' of acoustics in
Australia. He was instrumental in forming
the Committee and in bringing together
acoustic experts who had, until that time,
worked in scattered isolation throughout
Australia.

SA and ABCB Cement
Relations
Standards Australia and the Australia
Building Codes Board (ABCB) have
cemented relations in a Memorandum of
Understanding which will result in improved
integration between the Building Code of
Australia and the Australian Standards it
references.

Acoustics Australia



It providel for grelller coordination befwecn
rbc releuc of Standards and lheit call up in
amendments 10 the BCA. which an: i_ ed
twicc a year. The MoU aI 'O allows for
greater crou-rqJ rescnWion in m&tt~ of
common intcrest and the:frcerexehanllc of
inf~liDllbetween bodl Olio.niZl.tiollll.

Standards Wri ting
SWldard, Au51ralia bu cm bul<cd Oll an
ambitious projecl of reena;incerillj illl core
bu. in.... of Standud . writi ng

It will becuried Oul by four projcctte...... ,

• Encutive Comm ittee - project =rina
and lponsorsh ip.

• R..,ngincea:inll _ IIIIode up of !Elal'fand
cuslomenlodevelopnew~

• Ri.k and bendi tt manlgemmt team _ 10
asstsland re finc prog reu.

• Tecltnical l uppor1 tum _ financial and
leChnict.llupport;changcmanq:cmmt

Global Stan du ds
In a perfecI world the ullima te go&l of a
Ilandardiz«would belOha\- eall thenational
5undardt idcnlica l 10 the intcrnalional
5gndardl publ ished by the Im......tional
Ortlaniwion fer Slalldardisali on (l SO)and
the Intem alion al EIKIro lechnic al
Commiuion (l Ee) . II ia obvio us that ~ do
notlivcin tuehaworld,nor iltltere acounlly

that'M>UIdbc .ble10 sati, fy the abcNe

NC\'ertbden . the polity of Sland ard.
AUlllnlia and Swtdud, No:wZealand i, 10
hl vc Slandardl bued on Intem ation.ll
5wtllanb 10 the mu.imum COl.tent fCllible
and.10 lise the World Track Orpniution
(WTO) Agreemenl on Technieal Barrien 10
Trade (TBT Code. formerly kn....... u the
GATT Agreemenl) II a benchmark.

The immed iate eceseqsence is that
AUOlralian, New Zuland and Joint
Austrll ian/New luland SwtdardI IbouId
be direcl adoptionl o f Int......liona!
S\&ndanb II a mancr of co_. WIle» thtte
Ire good reuortll 10 t1te«Ifltral)'.

ISOIIEC have idenlified Ihr U lC\'ell of
inteml tiONIl equivalcnce

lOT (Identica l ....ilb) - The uprellion
Midentical withWmaybe used when a 1III:i(lnl.l
SWHIard i, idcnlio;a] in ICChnical content
and IIJllyo;orrcspo nding inprtlaltalionlo
the international Su.ndud .

EQV (Equ i... len l to) _ The npre..ion
"eq uivalent te" may be wed when tile
national SWIdmI is cqllivalent in technio;a]
eomenllO lDintemational Standardbutwith
minorcditorialdeviatiolll

NEQ (Based but IlOt equivalcntlO) _ The
nprasion ""based but not equivalent Io~ ia
wed whenhe Standard i, IlOtequivalenl in

teeltniCilrontenllOaninternationalStmdard
althougb it il~ oa that 5taDdard.

American Standard s
The followina: AmericanNl tional StaManb
on Aooustieshave =tly been re leased ·
AN51 51.15-1991/Pm I Meuumnc:nl
Microph ollCS Pan I : Spo:cificll io M for
Labor.tory Standard MicmphODU

ANSI·S3.S_1991 Mnhods for Calcuiati Ollo f
tMSpeechtntell igibilityl~

ANSI S3.46- 1991 Methods of MeullmTlen t
of Real-Ear hrformance Characteristic, of
Hmng Aids.

ANSI SI 2.6-1991 Methods for Measuring
the Real-Ear Attm uation of Hearing

-,~

ANS I S12.H_1991 Methods for
Mea. = ment of Sound Emitt ed by
Machinery and Equipment at Workstations
and Other Speeif"Jed Positions

ANSI S I2.44- 1991 Methods for Calculation
of Sound Emincd by Mach inery and
Equipment I I WorlrstalioM and othe r
spccifi. d I\l lit ion. from Sound I'owerLevcI

Furtlter /nformation:,4, Brenig, $laMards
Malltlgn; Aeous liea/ Soelcry <>1AmY/co., /20
Wall SI. J2nd Floor '"'_ fa'*, NY JOOQ,.
J 99J. USA, Tel: + / 112 U 80J7J FIIJI: +/
l1 J U 80U6 /JStJ1liis@llip,o<-g

M IT IIR A _ for the
predic tion of outdoo r
acoustic s

dUT HI G _ for
environ mental noise

M[D1ACO USTI C · for teaching acoustics by
com puter using mult imedia techniques

SYMP IIO:'iU:· A real time d ual channel
acquis itionumt

For more in formation con tact ACU-V IB Elec tronic s
o rO l d B di retl via..

I n te r ne t h ttp ://www.Ol db .t om
E m a il rnai llo :flin fo@)lyon ,Old h.t orn

scccsnce Aus tra lia

Calibrations
Sales, Hire

Repairs, Advice
Compare our low prices

~
ACU-VlB Electronics
A c ou st ic and Vib rati o n El ec t ro n ics

56A Thompson St re e l
Drum moyne , NSW 2041

Te l: 018410 179
TeIIFax: (02) 98196398

so BoxW16
wa reernbs, NSW 2046

E-ma il Acu _ Vib@b l.'Ulynx.eo m., u
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Precision Integrating Sound Level Mete r NA -27
with 1/3 octave band real-time analyser

Type]

Dua l M easur ement

1/1 octa ve or 1/3octa ve band
real-time analysis

Measurement modes: Lp, Leq, LE, Lmax,
Lmin, Lpeak, Lx, Impulse

Various trigger fun ctions

8 hours continuous operation
wiJh alkaline batt eries

Data deletion (back erase) fu nction

ACOUSTIC RESEARCH LABORATORIES

011111--"
.a.c~'_: 107IaDf\"M2___ .... : fWl Pll _ Sulte7,30-32 AullanclRd

l\af HIIlV!C 3128
_ IQ ..,O I1 ' _ ....... 'to*l _7.,..

l . veI761d g. 2423PennanI Hilis Ro
Pennanl H,lls NSW 2120 Ausk . lia

' h' fIlIIl_oeoo''': {Il2l_ _

......i~~"". """".....
Soile 3, l 6 Klr1gsF'a-<I<Rd

WtlS1Pe l'lhWA6005Aus1'a/ i.
''''IIlIl_' ''" 'u:; IDIIIR1 _

Non-Contact Vibration Measurement

From Polytee comes a range of Laser Doppl er vlbrometers, emplo yin g laser technology
to measure veloc ity and displ acement of points on a vibrat ing stru cture.

Many advantages include
• Non-con tact means easy measurement of small

structures , loud spea kers. etc.
• Improved accuracy
• Savi ng of cost & time
• More complete & conv enient dala acquisition

Applications range from '
• Production processe s for controlling vibrat ion
• Audiology . noise suppression
• Improved acou stical qua lities
• Musical instruments etc.

10
• Engine noise & break squeal, des ign studies & tes ting etc. I hMge .JJaW5 :oc.n "~<A o/lh' lMy . 1

fflIfIlbt_ oI.~.

More information on Polytec's l aser Dopp ler Vibrometers is available from

WARSASH Ply Ltd
PO Box 1685 . Strewb,my Hills · NSW 2012

l el: (02 ) 9319 0122 • fax: (02) 9318 2192 · email: warsuh@ozem. il,eoma u
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Vibration Control or Active
Struc tures

AndrePreumont

KI~r ACll<k.. lt PubllsMrJ. 1997, pp lJ9,

HarrJ CtNV. fSBN 0 791J4J911.A",""lia~

Di,lrlboltor.-DA / fl/O"'l ati f)lf Sitn1tu. PO

Box / ~J, Mlrt/laM Vlt JU 2, I~I 180 ()

jj88~J./aJ; OJ987J j {j79. Prlct $171

VibraliOll CO/IlIOl of at:tiv~ l\IUCtIII'e$ is.,.
emer.iD, new f'i~ld of reK atclI which
comu WIder lJI~ gel'leral \l.IlIbtcUa of
mcchalrOl1icl.lt involves . number of aub
diociplinn luc h .l mechl nicl lc ngincerinll,
IlrUCt\lfal medlan ita, <:onlfOl cllj ineering,

material ocicn<:e. electro nic:enainccringand
eom~r lQcnc<:. Thil book Iw been
written by on cl tabli. hed expcrt to intn>duce
•lruclurl l e ngincc rl lo . ctlve vibratio n

ronllOl. Anat:tivestruc~ herc re fersto a

stnlCturcinwhicba sct o faetllalonil
couplcdlOtenaonby . QOnuollcr.

Thebook ildividedinloelcvcnchaplcra
The reader il auwncd 10 be fomiliar ...ith
thcbasieprincipicsof ,truclura i dynomici
andlincar aymmthcory includinllclassical
_trol methods . In chapter I, Ihe

motivation for oclive conlrO~ the defini tion
of Iml n ItruCn.t/'C$ and general oontrol

' lralegiu in term l o f feedbac k I nd
fcctlforwvtl ron trol lCChniqllt' arc outlined
Some buic con«ptsof stru cturllidynamics
an:';veninchapter2.Thil islheD roIl0*'ed
by the mDdclling or lClualOrl, K llJOtI and
lOme Imart alruc tllrca in chapter 1
Olapt cn 4 to 8 arc basies lly li med al
dcsignina 'inaleinpul,in,leoulpUt(S ISO)
compcns.olOn boIh in the frequency and
timcdomaino. Spco;iliCIIlly, inchapler4,

conlrol ' yll elJl! uli na: colloc.led
octuarorlK nsor pairo arc dill;u lOed and their
advantaaeoycrllOll-colloealed l yotem. in

ternl l of atability i.hillhlipted. The
conccpl ofacti"C dampin. ia inlroduecd in
chapler 5 and its implcmenUltion usina:
displacemcnt, velocity , accelc ralion or
inlegralfw<:efccdbac k isdiICUISCd. The
Ilt&lClpK e approachofmodcm. eonlro l
rnc1llodIwhi ch ilconvenicnt 10 apply 10

multiple inpul multiple OUIPUI (MIMO)
lyotcm, is pre!lerlted in chapter 6. T1lc
llI1IlYJil and lymh esis of SISO l y' tcml in

1hc frequency damlin i. conduct ed in
chapter 7. Cbaplcr8introducalhccooccpt

of optimal control for MIMO l ystcrnJ.
Foilowi"l thc diK lIIIiOOlof wntnllllbi lity
and obs.c......bilily in chapter 9 md l tabilily
inehJpterlO,chaplcr lldiscU51es thc
di,ital implemcnUlliOll of acti~e eonlrol

Iyltem l supplemented by a number of
praclical ex~lcs md ..pcrimcntal rcsults
Thcrc i, . liftofgoodrrlcrcncc, "ttheend
ofcachchapter. I have fOWld thc lillof
probleml .t the end of each chap ter
cspco;ially helpful io funl>erinll the
undcmanding ofthcm.ll criol prcscntedin

thctext.

Thebookiswell'tructurcd .ndlhe lu lbor
hu managcd to convey the csacnce of lhc
top ic in • methodic al aWlllI ch.
UnfOftWlately it <:ontains qWlCI numbc1" nf
typoglllphic l i mil ll ke" Thi, is I
lpCCil liscd texl ...hich will be Uld ial for
po , tgradua te IrUdenl$, mechanicil and
ItnlCt\ltlIl enll ineen , rese arche rs end
practitioncn wlloucillVO'l'lcd ill tbcconlrol
of aeti"Cstructurel.

Active Control or Noise and
Vibration
C Han scn and S Snyder

£ cl FN Spalt, / 997, pp /167 , Hardrover.
/SBNQ4/9/ 9J901 ,AlLJlroIUtItDi$lribtoIM;

JackaraNJa Wi""" POBox / 74. NIh kyJ e
NSW 211J TeilBOOQ22 1jlFIIX 01P SQj

Jj97Price AS2 QJ.

Rcscarch into lhe acu""control of lOWldand
vibration hosbcenbollypunucdbyboth
acadcmicsand c"linccn in tho p&ll dccode
and h.u gcncrateda lOlo f uc itcrncnl ahout
its potcnti. l.pplicationo, It il . multi

di$Ciplinary topic ...hich r~uirel

l'WIdamentalundcrsWld ingofthcpri nciplcl
of lCOUltin,vibration, l ignal procc..ing,

modcra col1ll'01lhc<xyand iInpIemew.lion
wilJl electron ic hl rd.... re ond soft ...-arc
While lhcre arc a number of books dealing
...ith e ilheraclive eontro lof soundor
vibri lion,thi, i, the fllll book thill lrta ts
aetivc conlro l of both sound ...., vibn lion

together wtder a l ingle framewor1r.. The
aulhon an: acknowledged ..peN in the
field

The book i, dj~idcd into fifteen chapten
covcring olmOSlIJOOp,ilgc, . The rtnl half
oflhc book il dcvo!cdlo thc fundamcnl.l1
prineiple, of lCoUitics, vibration ond conlrOl

theory while the second halfilcoocemed
...iththcpracticalimplcmentalionof lh~

conccptsforapphcations invarioul areuof
IlI\Cl'CIt.

A brief overvi ew of tbe hialon c. 1
dcv1:lopmcnl of .eti veconlrol oflOundond
vibrlli on Uld . pplic. lion, i, given in
Chapter L Chapter 2, which con, ists of

al moll 180 paa:ea, inuoduccs lite
fundam ental princ iple, of l<:oust;', and
vibra lion with . n emphasis on , \I'UetlIClll
ICOUitics. SpcctraJ . naIysislllingdigilal

fiherinlland FfT arcdc>.cribcd in Choplcr 1
Choptcr 4 providc1 ••00d dc>.cription o fthc

lJIeorelic al and expenmeerat aspeclS of
modal anolyl il .ln jul t over IOOplIlCl,thc
cssence of modcrn feedbac1r.conlrol!hcory
i, cOYCred in Chaptcr5. The principles of
I"ttdfOl'YoVdconln>ll )'1lnnl!c,ign including
FIR and IIR n1teraand vorlous ol,orithms

arc diICusscd in Chaptcr 6.

The nU ll chapten, which <:onsi' l Or over
lOOpallcs, deal with vorlOUI "Pplicllionlof
aetivcconlfOlofSOWld. InChaplCr 7, the
activecon lrol oflCOllItie plone "'lvel
prop ag l ting io ducto includi na exhauSl
O\ltlelsi, dcocrihcd.TheCOfltrolofhigher
ordcr fl'lOdc,i l l lsotrealed. Thiseh. pler
conc lude, ...ith . pphCOliolll lO aClive
hcodJclo, ...., hcarinll prole<:lOn. A ralbcr
lhorough~lmCnt of lClivcconlrol of sound

nd ialion fromvi br. ling lurflCCSilli"Cni n
Chaptcr 8. Theprineiplcs oflcli",,<:onlrol
of sound in cnc10lCd l pa<.:es arc introduced in
Chlpte r 9, v..;ous«lnlrolslralellie, and

IIlCchanislJI! uc discusscdtogethcr ...iththc
influenc eofthe dimibulion of con lrol

sources and error ICnlon. Prlc lical
CUIl1jlles of conlro lof inleriornoilCin
aircra ft and l ulomobilea arc givm .

ChaplCn 10, 11 and 12 arc eOflCCl"l'cd ...ilh
the Ipplicll ionl o f I Clive conuo l of
vibratio n. In Ch'pl er 10, fccdforward
conlfOlofvibflltioninbcaml andlCmi_
infinite plillCl il discUllCd "' hile fccdback
controlofalrtlCturll l vibration is trell ed io
OIa ptcrl l. BoIltfecdfOl"!'>'Ud.n.dfccdb.ck
COnlrol of vibrationisolation ofonewuct'UR:

from anothc rarc descnbedin CllaplCr 12

The lasI J chaptcra an: concerned with the
harrI'ooovc irnplCl11Cl1!1tiOllofaphyaiClll control
I)'1tcm ...ith a good c!i1C\W;on of \'&r1ous
..N OlO.. (1OUOdivibralion $OIIrcel ) and

ocnson . Amplcrcfcrcnce'are included ltlhc
cnd of eacltchoplCf, There illI1soonJlll'Cndi~

which plO"idcsa quick rcfcrencclOlOlllC
rc,ullSn(] inr;orolgcbnluw:din lhc book

Vol,25 (199 7) No , 3 -'19



WhileIb~ fi~ldofactiveconll'OlofllOUlldand

vibntion il ~honlinl npidly, !hil boo k
conWnallOlDeofW"If)'lalu lruuIto inw
Iila1l~. Both lhe theoretic" andpl'lClic:al

ISp«\I h.Yebeen _II eowrN- The n lhon
ha..... trated eachlllpiewilbcarcandlhe
book iJldcli&h!torud.Thelulhonhavc
doneln cxoellenl job inbl'in/lIll/llOf:elbel"the
variouI lUlHiisciplinclin.~conll'Olof

soundandYibration. Theonlydnlw~kof

thebookiJ lbalthcpubliohcrlbould have
paid mo~ ItIenUOll to ee quality of Ih~

reproduet ionofsomeofthedillTlmS.Thil
is &n outs tallding book which I would hillhly
recommend to poit /lliduslc ' ll.ldenll,
rnearrhen, m s iMenlnd prutilione... Inthe
fieldo f u tivc contm l of lOund ond vibn lion
It iOIn ~sscnlial addilion to any physicl snd
cngineeriog library.

JOJep/l/A.l1

Jou plt /A.li IJ ,,~ Auockl/e ProjeSJ<N" I~ Ihe
School of AemJpaee aNd Muha~le,,1

EngillUrUtg al A.... rra1ia~ ~fe~re Fa.-re
"''''''''''my, C"" bel"J'U, I" hu """* auoclaled
wilh lI.e activities aflhe AcoIIJti($ rmd
YibmtiOll (J~I/ lie 1I4J eONJldtt"l.lblt
cpuieflrt I" Mally /lJp«/J o! actiW(OIItPDI.

Dictionary of Acoustics, Noise
and Vibration Terminology

David Eager

UtdWrSfly of Tull""logy Syd" ey. 199 7.

pp IO', "'fI _ISBNI86J6'407 0.

DUl rl""ICII" U"lvtr Jily C<HJptrrlrl w

Boolu1loIn IIIrollglloll1 .1.11$",,11... Prire

$8.9,

Thil DicliOftlf)' evolved from information
~ompi l ed by !he author while he was

IInden llring pOilgra duate . luditl in
. collllics. Hi. m.d ics ~r~ 011 noise Ind
vibration conll'Ol wilb the l im of reducing
occupaliOOlI noise exposurc. Alchough hc:
hll l u\>$equenzly ooilt upon thisi nformatiOll,
!h~ bwk of the def initions of &COllI.iell
.enmarein theseareao.n.elayoo.i.c1ear
with ea~hofthctennsinuppercasefollowed

by !he: explan. tion . ....hteh i' mostl y
contoined within 2 or ) lCnl~lICCI. Cro..
referencina: forper!inenltennsilindicated
wilh illli".

The fi.. lhing 10 note il that there are Vety

fcw symbol.andcqlllliOll5 ~l'IR:.Tht

. ulho r bas .1I~mpled to uplsin mln Y
comp lex COIIC~pU Il. inl II much nee

leChnic&ljoraonII pouibl~. This . pproach
of COlIne ha.s limill tiOIll bill Ib~n •
dictiorwy sbouId only be:an C'lplanation of
lenIII with lh~ l\lI\er impli~arion, of the
terml CO\fett>cl inlcxl andrerCTl/ncebool< s.
The dirtionary il lUre 10 be:appealing to
.tudentl andthoseembIrkin8Qnworlr inth~

acoustiel ~a. Thetille ia perhlps .lill1~

rru..1~adinlluKOIl5tieleove"' luch sbroad

laJ111~ and IhcTt: ar~ few tenn, from l reas
.uc lt uAI'\;ltilerturallndbllildingacOllstiel

Tlti, dicliOlllry it eerll inly s \><lrlhwhil~

reference for thOl e illvolv~d with
engineering noise eontrolllld the low cost
lbouJd ~nco\II'J.ge pc...o ... l pW'Ch&K.

MarlOllBllrgen

MarimlBUTgt u ts"I'tJt" -dl offi rer ....ff~fllt
AcolI$/lcs a~d YllmJtlo~ U~I/ al lilt
A"'lt"I.l/la~ De[efICe Fern Acadt my i~

OlWrni " ltd ItaJ burr ilM>lwd,~ t<'I2C~j~g.

~~ tJNICOIIS1llti~Ilfi>r """'yiUp«U of

eco...fia.

Acoustic Ana aysls And Test Da1l:a Prccessh'lIg
Products

Compumod offers a comprehell,h~ line of PrOOu~" for acouOlic and
vibralion lestingandanaly<i .. providing III IIIlegrared approaeh 10

noi.." wueru ",t vibralion and acou'lic studi~.

Producu;include :
S YSNOISE
ComprehCllsh e r.imulation for internal &:external acouslics
combined with , uu<"1ural d ynamic exchalionl
RAY NQ/S f:
Geometric acou'tic analysi, with applicltio lll in room
acouslics , ind ustrial and environrremal noisecontro l
MSCfNASTRM,'
Coupledfluid-'llUclur~ . noise. vibratillll +dynamic l'e'sponse
ABAQU.~

Acousticfin itecl erro::nt$ & piuoc: l......ri~rnaleriab.

LJ,IS CADA. X
[nlegratednoiseandVlbration leslanda.n.al )'lil laburalory

S ervices

Compumodotrersextemivc ro n....lting servicesfOf IOOIlSlic and
V1brallon.nxheo. Coupled with many yean fi nite Elemml An.aI)'Iis
experiencc"'eprovidca~omprebcn"'vcapproacllto do:sii". analysi$

and leslingincl udingi nlclhgent d.>taaqui,i tion lwd "' are.

More Information

If you """"ld like lOOK informalion. COOlaetour Sydney. Melooume
Of Brisbane office. Of visil htt p .//w ww.rompumnd.ro ..... u
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COMPUMOD
COM~RMODELLING IN ENGINEERING

Sydnay MeiDoumt
_: (02lW83~5n _ l0318&1.2033:l

Fax: {0;2) 9283~5a!l FlU: l03)M4.20330

8rl. bo...
Pnon.:(07)32 43831 5
Fa'" (07) 38-19 6138

Acoustics Ausl ra lia



Nolse Exposure (or
Constructi on Workers
We are current ly undertakin, I resnn:h
project, lJlonsoredby WorkcoverNSW, inIo
improllednoisemanliemeniproal'llllitor
worken inthe cOIlIlnlCIion induslr)' .

MIlCh of the work on Ibe noiae from
conSl1llClion l iln Iw been dri'<ell by !he
redllCliOll of !be llOise forlhe SIltl'OllIIdin,
communi ties. There il lin le publish.d doll
on lb. noise expo sure of !he workers
!hemselves. l1lorder lOdetennineIhe0'l1enl
nf theprnblemil ilne«llll)' lOhlvesuch
dill fnr lhe \'I riety o f WOrket l on
~lItea.

V.'hile me&l~lI .. ;:nbe nwkll pu1of
lhiI lrudy i1 ...,w d boIo f ,ral benefil 10
obtain di ll from al many toll1ces II

pnui ble. lf lhen: are any rellkn of thil
jcnamal ..'!lo llavellO ile nposureclallfnr
-mers on«mJlr\ICtionl itel thaI!bey COII1d
makeauilabieforthisflUdy,woul4lhey
pleue «IIlllCl me II e eaddreu below. Any
suchclata...:lU!d be lllCd in a "iItKltI)1TlOUI"
rnanner10 preserve confidentiality_

M BUlle.., Acnuslici and Vibration Unit,
ADFA, Canbem ACT 2600,
Te!0 16 168 U 4I ,Fa. 016168 8276,
m-blll'l . ..@ad fLOLI U

Seeking Job
lam wri1ini lO you in tlle hope that one nf
your re.dcn in Ibe Adela ide l rea would
know of I pOlt ilion for an acoul lical
er'lineer. My educ l lional backl round
comprise l deirul in Phyaici and
MechanlcalEn,ineeeri"llJld lhaveworke4
in the: lCOIlIIicl am! vibnlinn ImI II I
COIlIuha nl in Canada, AUllnlii ..,d the
Al ian re,>nlliince my pUIlliOtl in 1985. I
hlvejuol comp leted threeIIld I bAlf)'l'lfl u
M...... r o f R&D .. ilh I leadin, hi fi
loudopeakercompany in Adel. ide. Bdore
IIwI\TIWinvoIvedwilh ~hiteetunl md

buildinl lCOlllliCl, cornpuler ll1OlkUin, nf
comple:llvibm6alustic: oystemI and . greal
ran~ of lCOIlIticai consultill, jobs in South
Aultnlia, la lenlaU: lllld intemationally. Any
imerft led putia are encoun. l cd lO conllC1
me II the toIlowin, addresa and lelepboDe_.
John (Jac.k)Davia, S2S Kens ington Road,
WIlt1eParI<S.A. S066 Tel;08-8332.Q48S.
scamp@IeMI.eorn .•u

Acoo sl>C8 Aus tra lia

Seeking Job
I am punuin, PhD on the IOUnd qIIIlity of
vehicle enii ne noise and I will defense my
PhD befor e summer lIul year. I hl.ve
extenlive kllowledgeineondllClingresean:h
work ill Ihe field of l ound '1U1lli1y or
plycho lCOUl licl . I hl.ve joined RYen !
eonferencCI.broldlnd hl vc publish. d

KVeral p'peni in the intenlllinlllljnumall

1 1m looki n, for a ehal1en,in, IlId
rn pollli ble POlilion where my trilligle
edue.liolll! knowl.dge (PIYCOO!OI)',
Ergonomic i . nd ACOUI1ics) I nd
interpeflOnal lkill lClllbeft>lly utililedfrom
lhepenpecti....ofhumlll comfort, in . stable

organWli OllWI will allow me to muimize
my peflOllaland profe.innal puwlh.

Ifyou noed.hardworlrin,l.Ildananticabie
penon, pie... eontll;t me l i the foIkMing......
M. S!>afi'lUZ1ArrWlKhan, Acowti .. Grvup,
DiviaioDof EnvironrnCIII Technology Lul..
Univenity of Technology, 5-911 87 Lulea,

Swedal. m.+<I6920 91030:sa.ka@;albJuIh.se
1lttp:l............Jlld4.lulh.wUKnl...u

The following new memben, or upgnu1el,
are welcomed 10 the Soeiety.

NSW
Momber MrRHartoj,

DrB Uliemeiller,
Dr Mldry,Mr JBaxler

SubsCriber Mr R Crandon, MrCfield,
Mr LC lark

>0, ,,,",,,,

SA

MetIloo Dr OFume ll

Subs criber Mr R Ktlc:hler, Mr S W"lM,

V<C

M.... beF Mr J UI*'l1

Subscriber Mr IItobinloJl,Mr PPirozek.
MrPK_ .. Mr~

QLD
Mem ber MrD Dan,

WANTED
QL'ESTMl88AudlorMer~

BrueI&ljaerSnulll~MelerTypen3 1

8rud& KjaerArtlfldIi Ear1We_1)3or1all'r

BrutI&ljaer.vulld al MZlOldl',Jle4930or1all'r

PlEllUc.uJBIlATlONUBOIl.mlD
Telepbooe llrlkFl'J Oll otn,., 777

orFII1.0893U19H

illl!~~"6II0IR~8
80UNDAND8ILENCE:
8EmNGTHEBAIANCE

Chris tc hUrch,
New-Zealand

16-18 NOVEMBER1998
DISTINGUISHEDLECT\JRES

TECHNICAL EXH1BmON
SOCIAL PROGRAM

CAll FORCONTRIBUTID
PAPERSNOWAVAILABLE
84lElUTE8Y11P081UM:

'gecreaU o nll!Wolae '
20 Nowmber 1998

Queen stcnm . NZ
Inter-noise 98. PO Box 1181.

Auckland 100 1NZ
tel +649 623 3147
fax +64 9 623 3248

intemoise98@auckland.ac.nz
ww w.8uekl lUld.lliC.n lli ntemoisc98

N
~

NolM EffeCts '98
SIDNEY, AUSTRAlIA

22"26 NOVEMBER 1998
(ICBEN)

K.E\'NOTE SPEAKfRS
TECHNiCAl EXHIBmON

SOCIALPROGRAM
CALL FORCONTRIBt.rlED
PAPERSNOWAVAItABl£

No ise Effects '98 .
G PO Box 128. Syd ney

NS W 20 01
tel +6 1 2 9262 2277
fax +61 2 9262 3 135

1I0ile98@ lo u r h oa tl. co m .lU

w w w . 8cay . co m . 811f· ds t uc k e y

I n o i l c· c tre<:u 9 8
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VIBRO ACOUSTIC SERVICES
Au to SEA -X
AUIOSEA, • hiSh quality softWlll: progrem
devclop.d by Vibro-Acous tic Sci.nc Oi usu
SUli, tic .1 En. 'n Analyais (SEA) 10
Ippn)&Ch vibration problems. AUloSEA ·X, '
soft....are PlCka,l . off. ring Ol:'" ......y. to
proceulel1 .s.t& and solYebroadblnd noiae
and vibn tion problem s, and off. ... usee
imponan l new eapabilities to tile ooi ... and
vibralion .n,l illCa"; e>;pmrnental rnodclins.
. nalytica l model \'lIlidati on and hybri d
mnde1inll Wh. n used in eonjunc lion ....ith
AutoSEA,the prediclionof llroadband no iae
• nd vibra lioo il fu ter.airnpleT llld rnore
reliable. Tunc aIld money are saved . nd
better produc ts dcaign ed. AutoSEA and
AuloSEA. X are eomp lemenlary. bl'ing inll
10Ilcthe r aruolytieal rnodclli nll and
cxperi=ntalmodellingle<:hniquca.

F"rTh. .. tnfonn<>liOtl; VlpQC Engi1lUr1 d
Sclenll. u LId. 275 No"" anby Rood /'tm
M./bot.,.,.YICJ 207r. /: OJ 964797QOFa:t.
OJ 964N J70 1r'1p:/;"'WW,VOK;,CO"l

BRUEL & KJAER
Co nlntU.r

Brud &r. Kjacr ha"e rclC&JCd. new 2237
Contro l1...... ....hich rnca•...,. sound and
hand•• nn vibral ion, providi ng . C<XI
efTeclive eu y-lo-UK solution for
OCC'Ilpltio lll lhcaltbi lilJcs. To mclSUl'tllud
ar m vibration, Ihe microphone and
pre. mplif ier arc rem oved a nd th.
eccetercmerer . nd c harge . mplifi . r
rnounted.Onccthepowcri.switchcdon.thc
instrum.n lbccornC1. Hand-A rm Vibn,tion
Met er com plying with ISO g04 1 . nd
150' 349. MeuumncnIS CIObe m.de with
the Itl ndardis. d h.nd-arm rrcqu. ocy
-;ghlir\ll (6.3-1250l-lz) orWl....,ighted up 10

' kHz. All rcICVlnlparamctcnlR mcas lll'Cd
lirn\l ltaneo\lsly.Thc""inI;hulr: thc "-o ,thc
muimum Pealrand minimum and m&ltimum
lo:vcls. Al a sound level meter, the 2237
COOlroliermca$urc. the L..., th.rnaxirnum
peak and til. minimum and maximwn levcls
TIt. A· .....ighted RMS levels and the C·
'M:ighlCdpealrare=a.surcd sim\lltancollll y.

Wilh llfosimpl• • concise conlrol pan.l.p....•
st! mcl5=eOI lim., I nd a\ltom. lic
. tor• • tile 2237 Contro~crolfcnWlli""'1cd

euc-of'\l ae. cwn for pcople laclting KOIIIIic
Ir'lininll. Softwarcfor downloadi ng ...... lll 10

' rp1Cldshcctis in<;llJded
Fw.,h.,I"""",..f1011 ·/Jrucl clKj ac, o,, /IJOO
802 852
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LMS
SEA DS

SEADS {Stl lil1icIi EnefiyAnalylis Dc,i llO
System) is • state-of-l/l.·an module \hlI.t
hclps lbc CR8inftf pcrform ap rcdietive SEA
lfIliylis morc .u,ly. lOOI'1l robustly, and
morc productivdy lhanocvc:rbcforc

Stlti.stical Enc'l)' Analya;1 il thc rnissing
link in tI>c vibro-lCOIISlic dcsillO du.in .II
u""'"ilali, ticll ly t.setl mad.l that ia euicr
10 ILSC. simpler to undcrstand and i5 much
mo re Idapl .d for high frequ. ncy
app licalion s. SEA predict s the flo.... of
e"CllY bc1wcenthc varioua componenlS ofl
rnulli· ISSCIIlblylyl1Cm. llsmoolhly hand!cs
Ibc complex inlCrKtion l bcIWC.n the
I1r'UI:tI1retndthe fluid. Bcc. useil ilso
computation ally effICient, it is ideal for
inl. ractive feui bil ity stud i. s.s.nsilivily
Illalys i,anti dni gn optim isation.

Th.analy, is is impl. mcnl. d in a thrcc_i1cp
pr~dlll'C.During th.preproc.s,ing pha"".

Ih. model is con, truc ted by means o f
dedicated prcprocc..ing tools: • netwod
display anti .... nus. Ne>;t, the vibration or
sound prCSfW'C lcvclaare solved Finally, in
the poIf_proc:al ing phuc. Ibc rcsul.1I are
visualized and the model optimised with
rcspec1lO ilS vibro-arowri ebchaviour.

FwThe' 1""""'..1/011: COIIfpwnod
T.I : 01 911111577 FlU: 01 91811585
hllp:/Iwww.comp....lod.com.au

ACEL
Engin«rin&\'earbook
Aus1rllia'a leading r.f•......,. 10 the
cnpneering indla try hal a ....... name
Engineering Y. arboo k ia 1101" called
AuslraIian Ensincerinll Yearbook. The 21th
Edition i, now ...ai labl. for lnyODC wbo
requiresI flSl and cll"leiClllwayofao:eessina:
engineering prodUCt infonnlli on. Cllangc,
havchappcncd...... lh. yc.... and alonglidc thc
ncw namc ia l ncw loolt and locwpub!is!ler.

FIllIy reviscd, the Y.art>ookreml iOl I vill i.
!imc·savinS buyingSuidclo all .nginccring
dilc iplincs:

FII.., he, l"l o''''''llon: Sally lloyd IHS
AII.S/tTf/ia Pry LId. CPltTal Grrcn. Co"",
Q ""....660 CltapcISt , SoII.lh Yarra.J/24
TcI:OJ98266099, FIU: OJ98266886

RACAL AUSTRALIA
DISC -16 Fronc-E nd

Th e ita eal ·H. im DiSC_16 is I d. ll
acquisition and signal oondiliorUngll onl-end
with.advanoed dall tl'alUfcr IOPC. ltll5elth. e
wcll tr:ecptcd iOfllllsigna1 rnoctWcsfincd in
the DATIR ce-A acrica recordcn, thereby
allowing l1PC..tions where dirt>ct computer

ICCCSS to the llCSl ilpos.sibie. The o, SC.16
mainframe il • DC or AC~ unil
cap..ble of acccpti ng up 10 8 twill channc l
""",101 or digital , ignaJ modules. Intes..11O
Ihe input mo dules I re conditio ning
arnJIhfierafor ICP. Microphonc.Slrl inSaug.
andCharxccouplcd,i8J1ll11

A 0.11and Clock or Bi· Phuc diSil.1 inp\ll
mad ill. is llso IVlIilab1cwith. up III I IOlI I
ri le of 4Mbitls. AESlE BU Data CIZIM input

tbrough a JPC'Cia1modulc~ng 20 bil

dall .ndnlJaclinglhcrclcvlZll 16 bilS for
ooward lrlll smission lo theanalylis lyitem
Aequired daUi OUlpU11 0 I computer via an
indu. try Jla ndar d SCS I int.rf. ce in
DATI R. c-D igilal .2 format. Th. tranl f.r
soft......... provid., formau I;(Impalibl. with.
DATS, DIDi ,p, nSo ft, FAMOS. SDF, WAY,
ASCII. Binary and Hcx. Total control oftllc
lCq\lililio o IZId signll con dil ionins i,
.c hi. vcd lhro\lgh oornpreh.... ;,.-.....mOl.
oonu-oland monilOringinterfacc a.

Da l a R etord e r

For applicl tions requiring high lOlal dalfol'Olt
IOd highda.llIvolume.RlscaIAl1'IlJ1Ilia supplilCS
the StoIl!pl.~l'llllge digillll h. lical scan S· Vl IS
Il!C'O!lkn.Analog pcrforrnarx:efcatllrcs up to
32 chanPcIJII 455 kHz with 96 dB d)1>&lt1ic
ranl!'", Tbe high bandwidth .....loa channcl
(ll8Mhz, 16 bit sarll'l ingOf2.56M1u:S bit
wnpliJlll) is capaWcof outsWlding . ig.al to
noiscnlioandphase lCCllrlC)'.

For diaitll recording the muimum user
single serill bit stream is 51.2Mbilla. The
. I.c tronic b\lff.ring and contrc! 1110wa tile
tl pe speed to be automatically Idj ~lted 10

suit band....idth and number ofchann. lt in
we . Tltil provides a var ilb lc recording
duralion fi'om 30 mrmnes to 256 hours, The
tape IraOIpon unil can bcICp ltllCd by 50m
from thc l igna1proccs , ing Wlil. Tlte Control
lllli1is .ith..rinlt gn lcdwilhlhc T. pc driYe
U1lil or for remote control COM.c!Cd bycabl.
to Tape drive or Signal Processi ng unit,
whll CWI the applicl lion

Furth. , I".!o,," ollo,, : Mr Ko On. le,h" is.
ROCfl/·Ht lm Record. ,. . JlJ:Jcfll Ausr""lifl Ply
Ltd.J /Vow/IJRd. Brookval. NSW2 100 rei
0299J61000 Flu: 02 99J6 10J6

VIBROSOUND
)Io n lto o
Huson&.Assoc:i. tes havc been appOin ted u
lII('fllfo in Australia and 1h.c Asia Pacific
rcgion for ee ilUlO\-atiYe Vibrosound rulg e
of noi", andvib"'lion ittatrumcnll , Tltcs.
, lale-o f.lhc .arl in. trum. nts . .... Type I
approved 10 ffiC 6S1 and ANSI 5 1.4 Rod
fully comply with. the requi ....m.nll of DIN
41S0,as 6472, BS69S' and BS7) 8S.

VlhR lOand CM l Cornp Uu ct MOl itor.
foclimullancoua monilon llgorvi bratiooand
noise Icw ls, tIrusproviding IepI and tampel'

AcoustiCs Aus tra.lia



proor~of compl"""'.TlIi, llIIil i,

i6eal1y.... led lO lIlOlIirorin'II C0111fNo:tioll
Ulelto d>ed<eompliMcewith cavironmt'Illll
noiK and VJbratioa~mncrq

\ 1b", ,,, . " Q BI QD.I'f)' B1a,t MOII ' Ir:
for monilOrin.l of .-ibnlion lnd oIir -=r
prntllR lC'Ye l. from qlW'ty bl" l irta iD
~with theQLDElwirocunmlll

P'roI«Iion (Noioe) Policy and IEC M I.

Vib... ' ..lld sr i !'otte ... HI. ..k
Mll trr..u. 1 !tl oall or : for monilon o,
~l/IlicactivilylOinhe• ..wri&rJ"
.-i!ltalionllo prtd iet loc . lion of lUnlle!
~lopotandfof rwl0\l1bvml. ....pp1leltionr.
ind oor monilorin, orlllldera:rouncImin..
and llnlC1\nl inc1udi.., C&lpub.
\ 1h.......d AVI Ad ~1td \1 bnrlo.
!tt_hw: dftiped lO iInr and reoord
vitnnc. _ • IIl'ae 4ynunic ....... 0....
. ub/ill, detaile d Itcha.ica1 1DIi,.,iI or
vibn nc. llld f""altiol. lf _ OI-'

Keyr.-n of lhc ioslnarneau iacl lMk
eomlor~lII<ldt; uplO"ltdww>tll

per lN;' and " dl)<bMlnyli~~
INillI pownM urd bater) daarp Ilrri......
llpbODI iDe... GI'S Ind 1I'Olk..
~~-.-ry ,"",tIat.It.

card osrU- ; IDlemai ..... Ind int
prinIafploaer;and_fnno!Iyooftw.1,
F__ /~.. HMM."..woeiIIIa.

1'O" 'OI6.~PlaUuQW411"TC'i:
01 J101Jl n Ftu.,0 1 JMMJJJ4

INDEX
Volume 25, 1997

A.ARTICLES
AL FR£ DSOS R.J.. ""..... 1efIand Hearl
Soundo, No J.J-IO

COO K K., AAS Membenhip GAdi....
No. /. J/-J1

COO K K., lmpId Sound IfllUlali"" or
BllildJ.., Partitions: Its M. uwemem and
lnheRnt Ditrw:ul1in, No. I . n .lI

DIC KESS J. D.. /liO RWOO D CJ ..
Design or. Tesr facility for V,brmoo
ltolaJor Chlrxteri'lltioa, No.J,1J-1'

f1..£T CHER /Ii.. Sooo.Dd"!be AlIi .....
World,No. 1.49--N

G L"O J., PA.."'iJ., AppbcaliGI orAetM:
NooIee-ol IOSoiIC'B&rrien,No. I .
11-16

aow.... RD C.Q ., HA.' SE."( CH., AetWc
1ooIIIiooIor ' VibmiDr;Mau,No.1. 65-il1

USES R., !tld.ACHLA" S- Acoo.lsm
Daipll V>l:rTl/niYeniIy.No.I . l9- JO

MACRAE UI.. .... l)Uo;IJI.sion or ee
AlI6tr.l ian NlliorlIl Slandl .d fOf
OceupationaiNoiK,No.J, I09-1I 1

M. LAC H......S N.. Fi..i,c Elcm••11
Ano.lylil ar>4000, ...._ic:a. No. J.
IOJ-101

THW....ITES So,BYR.'"E D.. PA.WES
A.. FL ETCHER S., KOSSOrr c..
c ro D.H., HA."(SEN c, KOSS L.
N R....SC P.P.. TO NIN R. ,
....o:oulio:aIke-dl in ....USlnI.Iia,No.
1. fP-6J

TONIS R.. Valid.oli"" or
Envi"""m ... t. l NOIK Mode l (EN'"
W.......), No. 1. l1 -n

no Y.K., IlANSEN C.II .. The:
~ or S~·bomo Nolle
Trarwni uioll ill Shipa VIinc Slai Ilical
E.na-o~ .Vo.J.fJ1.'01

B. NOTES
BE... BOWR.T ~u..of

H.y8alel "' 'kDtiIacioe.Fur
Norw Coalral , No. J. 1I1

NATIO NAL ACOll STICS ......BQ.
RATOIU E5., so YC'IR of H. lp"' ,
~H_. N... J.IIJ .'U

ENGINEERED NOISE CONTROl... EQUIPMENT
FOR INDUSTRY AND COMMERCE

acoustic systems pty ltd

lilt eeo years experience supplying cpJality.
purpoSe-<MlSigoednoise control products

acousti c enclos ures
acoustic doors

aco ustic louvres
steam & blow-o ff si lencers

Industria l attenuators
floating floors
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FiraPllr1pl nclDlurn .WIlldorlBOIP\IrIIorm
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Call 1800 802 852

PULSE features simultaneous FFT, CPB
[octove], Order Tracking and Overall
Analysis. The Report Organiser makes
getting starled very easy and provides

todoy's breed of busy engineers with fast,
comprehensive results. So don't miss
a beat. Contoct us for your free CD

and booklet today...
Bri.iel & Kjcer
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