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At lh~ 60th Meeting of Counci l, in
Decffllb<1"la. t yoear. I had the privilego of
bcinS ~lecled l're5itknl of lhe Society for the
nelll year,Unfon\llIlI1~ly. i l~ a posil ion which
doesn ' <:ocn<' with an inslrUClionllWlu.al
~~'I ...oo..ononelllO,a11hough 1

ha\ 'Ca number of j,U,asabout whal I'd lik~lo

ach i~"", I v.ouId l ik~ 10 lum 10 yuu. !he
mffllbefih ip of !he Auwalian Acoustical
Sociely,lotellll1C!whalyouwanl.lsupposc
i~s al...,.t a c1id.e now, for e\'Cr)' new
Presid~nt 10 appeal 10 th~ m~mbership for
ideas and fcedback, bul il happrn s 10 be
important, even trucial, 10 tht flllure
do:vclopmC1l1 of Ih~ MS. M~mbenhip is
stab"'and~ arein abeullhy financial

posilion ,but everyorganisalion such as ours
dcpC1l<h "l""'f~b&ck fromilSmcmbers,

bril:kbal. orbouqueu. lo8\tideit""'ards
accomp lishing the things il. com riluenlS
wanl it to achie>'C, so picascf«d )'OUrideas
1O)'OIlI"divi. iona! counc illon

In the meanh_ , Counr il h.. madcprogress
in the pa«t two yean and for that r d wry
much l i k ~ 10 than k ret iring P'residC1l1,
Chari.... Don, ln adduion 10 alleno:hng 10 the
many dUli•." of running the MS, he has
presid ed o~~ r a major overhaul o f our
Memo"", durn and Articles of Association ,
the boak Qfrul ct wltich guides andconlrOl,
the lIo':ti~ili., of lh. MS. Th. n.w Articles ,
which you ba~c all seen and had lho
opporntn ily1Oeommmton, .......approv<:dby
!he Awlu.al Gcncnol ~k"ting in Dcttrnber
il1Id...-iUsoo n be in "tfect. Your divis ion will
tell you ~>acdy whal ..... been accomp lisltcd
by th~ change!!. but I "'Uuld lik~ 10 thank
Charle s Don, David Walkins and Geoff
Bame. r.... . susll.iD<'d~ffon <:J\'er 1he past
year in driving th~ revision proctSl>towards

i l"lICe<:.duICOTlClusion.Copio:soflh~oew

Anicl., will soon be posted 10 all members

Lookinsfol'Wllrd,CollllCilhasstartedsev"",l
na¥ iniliatwCll, Firsl,lhe MS websi te. II
S«fM mandatory for all organi<aliQlls such
U OllT'S lO have a~onthe lntel'fltl ln

ordl!1' lO..n'Crti~it'fiiSlcncc. lO infonn the

publ it::ofill aetivit 'cs. u . publ i~ autU« of

informalio,)non O\al!Cn:ao:QllOll<, ... ....... tg;
lOitsmcmbcnand .,. ;aaWffi,oistraln'CW
for divis io... and Council. Acouslic s
Australia ha. maint3iDerla site for botlt th~

5OCielyandl~ jotIrml for several~ 0,,"'

and th. Soulh A... trahan Di ~i , i on ha s
reccntlypulup lhcfirst divisiona l sile as
well ... imp"", ioG ee pt'CS<-'1Ilal;on for the
socicly . ilc . Bdo~ lhings wenl lOofarand

all fi ~e divi. ion••ta rted lhe ir Own ,
i"""""t5lC1llsite •• Council thou&ht iloen,ibl~

10 fonn ' «IIISCfI5115policy across all 'lato:s,
Council and Acoust ics Ausrralia.., that we
cwld appear 10 me ele..'trOnic WOI1d as a
.i ng)c enlJty with astal. -based _ IuTC
Ialhcrthan ao a collec ti<m o f anan::hic
groups. \Iihm completed. !he policy ",~II

.....= lhal lhe AU5Ir.Ilian Acoumca l Society
pr=:nl. a . ingle, prof=ional front whi l~

. till pcnnillin g divi~ions 10 reflect thcir own
pnQhtic. and charact<:r.

Th~ Soc iely has a policy of holdiog an
annUllI con f~rence in eaclt divisional stalo on
arotatinll bui~. hlllla5lyear was • •cept ional
inlhal!he confercnc~w""held inAdcl a ide

ss patl of lhe Sih International Congres.oo
Acou<ti., :tnd Vibration.19'l8 will al..,be
an nccpllOll bccauscofthcclo;cpro.imity.
tffllJlOOllly u ~ll .. goographically,oftwo
major , inLemalional conferences . AAS hal;

stmnIlIY"'M"'"ed lhol9'l8 Interna tional

COns ress on !he Biological Effcds of Noise
[lC BfN), a pTC'ltiglou , Salltm nS of
inlcma tional experts in Sydney, N""o:mbcr
22,26. This isshortly.f\1!1' Inlemoi sc 98 in
Auckland, November 16- 18 and the
tympM ium in Queenstown, November 20,
and ~ upc.1 maoy of oor memb"", ttl
ncnd. Counc illhen::fore felt il would be
Uflhu ly tlwt an AAS coof"""", o """, ld bc .

sucuu, TCl'ulling in a msappoinlmm l for me
organising Slale. To make up for lhia,

"""''C'''' ' , C""ncil ~.tab1i.h~d • new,
I"'t"' i...ional calendarforfululecoofereroec<

COllllci l also reque ' led 1he Quecro.land
Di~i.ion 10 invc.tigal~ the poss ibility o f
making a hid fO\'lntcmoJi", 2003,poss ibiyat
a VMlueon or just offlhenorth Quccnsland
cOllst !lOmcwhero. Although an inlern. liona l
coofcr.nce iii a major rcspons ibility aod a
lIreat doal of lOQrk for lhe Society, ital<o
offers grea t bencfil'to us in the form of
enhanced contacts wil h practit ionc.. of
acow hcs from all ", 'Cr the world- h would
also pruvide our mcmbcrs with llCCCM to a
major iotemati onal roofcreoce at minimal
expense, The Queensland Divi. ;QO will

report back to Counci l "h ich will "'en
dccide whethl!1'to proceed"ith the bid

I arn loo king forward lo the ... . 1year il1ld I
ha\'C grealconftdellce thal lhc Sociely will
wnhnu~lO.ucc""d in iNch.anl!1'ofbrinllins

pracnnoners of lICou~tics logethe r and
sharinSl h. ir skillsandexpenisc.lpcfl;O""U y
feci iti lihme ....'Ctookll:te Soci~lyiolOamore

publi c role, ad~ising and lobbyi ng
S"" cmme ol' QIl acoustical man.... and I'd
like 10 hear your opinions 00 thaI

G"",,,,~ }<1I<'3
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NON-DESTRUCTiVE TESTING OF
COMPOSITES USING LONG WAVES
S. Thwaites and N.H. Clar k

CSIRO Nationa l Measure ment La bora tory,

P.O. Sol 218 Liod fld d NSW Aust rali a

Th is I»lpt'f WIlS a wa rd fll the 19'17 PRF.5ID F.NT ·S PRIZE.
Th is prize, established in 1990 by the Ausualian Acoust ical
Sociely,i s awarded lothe bestteehnicalpaper pre~nted at the

Australian Acou, tical socteiy Co orerence.

ABSTRACT: A oew technique for deleding faults in composite panels has bern developed based on measumn m l8of llle local phlllll;
velocily of l..... freq..en<:)'flcxunl wavel. Broadbandexcitalion i.\I..,d 50the method;lICllldeli~conf'iguralionsanJ ""fl~eUl

rc<llI« ee effect of the~-eJberan' field. An X-Y 5C3lUling VU'SiOP has been buill employing non-cootael methods oDda b.andheld
~~oo . n~ book compulCfhas al50been constnIetN.. The melhod tw been used 00 multi-ply panels Iodctermine lIlilfnn.s
maW elemelll! and by ..... cm>n. Delamination<and c.n damage in h~ oandwith panels !lave also b«n~ via
oca~goftbe .......-e.

where .. is the phase differenc e measured by the IWO
transducers . Any struc tural anoma lies will change the Loca l
Yhaoe Velod ty (LPV) of propagatioo.

In practice il is not Ihat easy. Rel1ect ionsfTom boundaries and
fromstructuraldiscontinuitic:;result in a~rbcrantfield

which can cornple lely swamp the propagal ing wave which we
Ire trying 10 mca'lure. A majo.- fcaturt' ofl he new me-rhodis
the d~lopmenl or techniques to osercome the~t
field

I. INTRODUCTION

Composite materials are rapidl y replacing metals in many
applica tions, because of their superior pcrfonnan<;c and
reduced weight. In the aerospace industry in part icular,
carbon fibre composites an: becoming more common. All
ael'05paceslruclun:smu~t betestedatmanufacture, and most

at regular intervals duri ng service. It has become essential to
dc\telopmelhods of tc.t ing whieh are both cost-e ffective and
praeticalto implemc nl.

A mclhod has b«n devised using low frequency acousnc
waves, ...flich can detect many typic al dcfet'b in compos ite
structures . The melhod supple~nu manua l ultrasonic pulse 
echo methods, and the aUlnmaied "Through Tran sm ii.~inIl

Ultrasound " (TIU) scanners . Unlike the latter, the new
method is not limited to struct ures accessible trom both sides,
ami is also suitable for struc tures which may beharmed by the
water jct ~·vupl ants of TTU

2. YHASE VE LOCI T Y

The new method is based on measurement of the phase
velocity of acousuc waves travelling in the struct ure bein g
tested, typica lly some sort o f panel. Co nt inuous broad band
vibr.ltioo is introdeced in... the pane l, and as the mulling
",'aves ~atc wt from the poinl of e'lIeilat ion, they are
detected by 1-:1 tJansd uceTS which are spaced apart by a
distan ce d. In principle , the velocity c ofthe w,,\ eoomponcnl
of frequencyfHz is simp ly

c(jJ = 1rtfdl, (I )

J. THJ: Rt:n:RB ERAN T rm.n
It has beenshown [IJ thai a propagating wavein a plate is
rcl alively unaffected by a diffuse field,i e a rlCldsuch llil would
~ crealedby a large sClof uncorrelatedrandom noisc sourees

arranged around the edge ofthe plare. The present authors [2)
have shuwn lhatlhereverberantrleld can~madeloresemble

a diffuse rtc ld if the point source of broad-band excitation is
either (I ) moved alo ng a line, Of (b) replaced by a set of
uncortelated point sources arra nged aklllg a line. In either
casc il is advantageous ... arran ge the line of excieation ... be
collinear wilb !he LPY mea~uring poinls.

4. WAn: YRO YAG AT10:-i I I\; CO M YOSrn: YLAT ES

The Lr y method uses waves which propaga le parallel 10 the
plale !lUrfaee, b ut wi th displacementsnonna1 10 !he surface .
The type of propagation depends on the plate thickness h.
For isotropic plates in which h < ),/5 , where ). - wavelength
of the propaga ting WlIve,lhroogh·th ickncss shear strain ts
negligible and the waves are classic bending wave s.
Propagat ion is dispersiv e in this case, ie the phase velocity
variesas lhe square rootoft hefrequcncy p]

For th ieket"iSOIropicplates.wilh h > ),/5 , shear stra in lendsto
dominate , and lite waves prvp,agale al a velocily which is
constant wish frequency

Bulb types of propagation have beenencountere d and utilised
in developi ng the LPY method. As com posite pla tes are IIOt
generall y isoIropic , the veloci ty o f propaga tion varies with
diroclion in aplale,andlhe condilion for tr1lnsition bctween
dispersiveand non-dispers;ve propagalion may differ from the

.""".
5. M EASURI NG LOCAL I'II AS': VELO CIT Y

An X-Y scanner has been built to implemem the LPY method
The required broad-band excuanonis by a rowof jets supp lied
with compressed air from a standard workshop compressor.
The vibration mea suring sensors are tWQ Doppler -laser
\-elocity Iransducet"S(Polytee OFV3S2), which are mounted on
ee arm alure of lne scanner together with the array of jets
A1so on the armatun: ar-e stc."c.'lingmirro rs lodirocl thc la..<,ef

ACO\Jst,cs Auslra lia Vol.26 (1998) No. 1 - 5
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(2)

FJgUreI.3'1'lycarboQfollrc~tepoPd

(a)f'base\n>cily _di~

(b) Stiffiotualong f,br'es,,",","dum>oa

as shown in Fig 3. Velocity measurements were made as
before in 10· steps. At angles bet ....een 35' and 55', velocities
were found to vary considerably at diffe rent locations on the
plate ; this basbeen attributcd muslly to very small variations
in the distance bctwcen outer plies and the neutra l plane of the
plate . For this reason, the points in Fig 2 are averab.'es(WCj"

several postnoas e n the plate. Even with such averaging, to
acbieve tbe fit of the curve in Fig 2ilwas neces!i8l')'torotate
the angle of plies 3 and 10 in the model from -45 ' to -49' .
Thes e results show the loc alization capa bilily of Ihe
techn ique

$ &
'..

30tl 30tl 1D t. - ~ . :.
Figure 2. 12-plycatbon fibtll-cornpnsilCpancl
(a)I"haseVelocityvcnusdi~l;on,

(b) S1iffncss along fibra V'l!nmdire<;tion

(3)c- 17fJI S

beams to be appro~im~tely nnrma l to the panel, and 10 direct
the return ing light into the detectors . Thc scanner can
accommodill epaoelsup to l .5rnwide.

The laser beams impinge on the test panel at points separated
by a distance d, usually aooul30 to SOmm. Thesigna ls from
each detector are simultaneously sampled with a fast AID
converter. Both signa ls are Fourier transformed with a
programmabl e FIT analyzer (hp3567A ) ....h ich then computes
the com plex fmj~CY response function (FRF) between the
two transformed signals

To get ekar pha-<.e information from the measurmlCrlts, a
nwnberofs trntagcms havebemadopt:ed. Thefirstoft~ is

\he useofa line arrny of cxcitat ion SOW"Ccs,\\flicbrn.ak\"Sthe
reverbrntnl field rescmble a di ffuse field . A se<:ond involves
ta~ing an average, in the freqUC'llC)" domain, (If several sets of
modingstakcn in quick sue:eeuion

For the case of"'hin~ plates (see -4abm-e), the program plots
\hephascofthe FRF against .Jj ,andthcncc the:pbasc\fClocity
lIlfrequency/isoomputed u

wheTeS is the slope of a line fmed in th is esse 10 a pial of 0
againstf
The phaseat eadl poiut is computed loS the invenc Wlgalt of
lIR. I"here R and I an: therea l and iltUlginary pam oflhc FRF.
A further stratagem is to apply allllOOthing functWn, in \he
freq uency domai n, sepantdy 10 the:rea l and imaginary partlI
of the FRf. Th is eliminatn most of the:remaini ag reverberare
effect. Without this litcp, il is almos t impoNi ble 10 unlloup the
propagantpbase necdedforEIP(2) amJ (3).

6. AN APrLlCAnO~ TOTH I~ CO MPO SITE PLATES

The local phase velocity was measured and plotted as a
function of direct ion, in 10' steps, on a sample of3 -ply plate
1.2nun thick. Each ply was of carbon fibre s woven at 90' to
each other (sec Figure 3(a)). Excitation and analysis were for
the frequeney range 5.0 to 17.8kHz, within which the phase
varied as -ef as exptCted. and the phase velocity for/" 20kHz
was calculated fromequ8tinn (2) . An interactive program
wasdeve lopcdtn tita 3x3matrixt 0 5tilfnessva luesca lculatcd
from these resuhs, shown plotted in Fig I (a) and (b). The
cOlllinunuscurvei5 fnr the filledmodcl. Stiffness along each
of the principal in-plane axes was found within approximatcly
50/0, and shear lItiftilcss with in 100/.. A small asymme try
between the x end y direction s was clearty distmguishable .

The same technique was applied 10 II sample (If com~ite

plate, approx imately 4mm thick, built up from 12 plies (If
unidirec nonalfibrea. Relative to the principa l in-plane axes.
success ive layers were oriented at angles +45', 90', -45', O' etc

whereSis the 5lope(lfa linc:fitted by kISt sq~ 10 thep1ol:
ofphasc. against vf. For'"thick~plata., dQJdfi snominally
fXlnStant,so. plotted apin5l./ instea<1and thepbl. sc velocity.



7. AP PUCAllO:-l TO xov ex 1I0:'liEYCO:\1B
SAN DW IC H PAI'OEL S

A typical struc ture in aerospace components is a compmite
parll"l with outer skins of 3 to 10 plies of carbon fibre,
sand wiclung a core ofepo"y coated paper in an bexagona l
arrangement ("nome", as shOl'oTIin Fig 4. The most comm on
defects in such " honeyco mb sandw ichM struetures, also shown
in the figure . can ccc ur eithe r in manufacture or in servic e.
Crazedor crush ed core, in part icular, can be produced by an
impact which may leave litt le visible external damage.

LPV measurements were made on samples of panel which had
IOmm nome" cores with skins of 3-ply and 4-ply woven
carbon flb re. It can be shown (4] thaI, for panels such as
these, the waves are dominantl y shear for frequencies greater
than abou t 1 kHz, thus non-di spers ive propagation can be
e" peeted and the appropriat e cquation is (J) .

Excitation and analysis ....as fer the frequeno:.:y range o5U lz 
30 kHz. f ig 5 shows [c uter poi nts) velocity data from a set of
measurements at 10° sleps. The form of the obvi ous
orthotro pic symmetry is due to the double th ickness of the
honeycomb core walls in the direction of the bond lines,
shown in fig 4. Thi s can be oontras ted with the symmetry for
the skin alone, also shown for two different freq uencies in the
two inner sets of points

Figure 4. MHoney<:omb sandwichM panc:1, sl",."wS Iypical"",_
Core damage in panel s such as these de\:Teascs the core shear
sti ffness, thUll reducing the phase velocity locally. lPV
measurements from enh cr face of these panels were able to
unambiguous ly locate artificially produced core dama ge, as in
Fig 6.

Artificially produced delaminat ions were also detected using
the lPV scanner. They co uld be distingu ished from other
forms of damage by characteri stic patterns of variation in the
apparent LPY, as the scan approached and passed over the
defect. Fig 7 shows this fOf a scan collinear with the exciter
je ls andthc detect ors: the ee nlTllld ip locat es the defect . For
the dott edtrace, the ehanactcTisticpcaksandtroughs either
side of the faull ~how that the &.:Iamination is under the skin
00 the flK;e being measured . The solid line shows the same

Acocsncs Ausfreue

dela mination measure d from the oppo site Iace ot the panel;
the asynunetry is characte ristic. These features have been
shown 14] to be:due to scattering from the defect- producing
distortions of the otherwis e recti linear phasezfteqcency plot.
Fini ng a line to such a plot does 001 give the true LPY, but it
dearly distinguishes this type of defect

.~
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"'"F,gun 5. Plwe ""loclty~di,mlOll. h<.>neyoomb llllndwich

panel(outcr set ofpo;n(5)

i:I ~''''-YJ' " s: -f~
[

.10 .. .. .... 0 I • I " '"
D1ltanct>(em)

Fisure 6. LPV scanacross acrushlldcoRdcr«t,measuredon
tllc~$idesOfthepanel

~..,,\- -,.--;,---,-7-;----:--:--:---7~
Dll ta nce {cm)

fi gure 7. LPY scan acr~ a delamination _. un ""me
face, - - on opposile faceo fl"' "d

8. A PORTAB LE LP Y DF.V1Cl :

A porta ble instrumen t has been developed to enable the LPV
techniqu e to be used in the field (oro n the tarmac ). The main
pbysical com ponents are a laptop com puler. a PCMCIA DAQ
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card, and a measurin g probe, which has become known as a
" ferret" (hgg)

The ferret is a light, hand-held device which incorporates a
rrNf of air-jet exciters ; these are fed by a hose from a
compressor or a cylindcr of compressed air. In the front half
of the ferret are two ultra -light accelerometers(Endevcc 225()'
10). anac hed 10 self-al igning rips whi ch contact the surface of
the test object . The accele rometers are supported in nylon
mounts designed 10 minimize unwanted transmio>l;ion c f waves
between the accelerometer s, through the ferret body Behind
the accelerometers is surface -mount conditio ning c1cctronies
The mounted accejeomerers and electronic s are matched for
phase for frequencics up 10 25 kHz. A thumb-<lperatedstart
burton turns on the compressed air, which in tum act ivates a
switeh to trigger the dataoolledion and processing.

The data acqarsinon card (ll>;ES DAQiI 411) incorporat es two
14-bit A/I) converters synchron ized for simultaneo us data
collectio n from the 1\1,,0 accel erome ters. The card can nul al
up to3JO kSis per chan roc: l,but for this application it is run at
60 kSfs

h llure 8.Hand ·held LI'V probe.

f igure 9, Screen di:lpl4y of po<.>N.b1c LPV illStrummt for
~ilin""r $C.ln ofl wmpo. ilCpanel.

All the data processing is carried out by routines in a Visual
Basic program developed as an esse ntial part of this
instrument. The processes inc lude Fourier transforms,
frcquenl')l response , averaKinK, sm outhinK,pha.«eunw rappi ng,
line f itting. velocity calculation, ploning and screen displays.
LPV analysis is gener.lUy carried out within the nmge 2t0 25
kll l , hut thesclimits can be adjusted if neeessary.

Fig 9 is a typical screen display. The main section shows a
phasel frequencyplot forthe most recent measurement on a
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panel. Inset shows results , as velocity/distance, at several
points stor ed from a sca n ac ross a core defe ct . A
phase/frequency plot can be stored as a template, from a
measurement on a supposedly fault-free se<;t ion of the panel.
This templ ate can be displayed in the main section for rapid
comparison with the latest measurement. Fig 10 is similar. but
the inset shows results of LPV versus angula r dir«: tion in a
panel.

The computer used for the prototype was a "Fie ldwc rks"
ruggediz ed laptop, but ma ny other laptop or notebook
computers would be suitable, provide d that thcy ca n
accommodate a type II PC~1C IA card and supply suff icient
ClIITCnttodrivc the eloctronics.

f igure to. Scl'ffnd""lay l'orl SO:8nof1.PV "nsu .dircction in
acompoo,tepancl

9. CO'llCI.USIOS

A I'f:W method, Loca l Phase Veloc ity (LPY), has been
<kve10J'lCd for non--dcslructivc test ing of composite pane ls
lL,ing platc ",aves at frequencies less than 50 kHz. The
method com Jllemen ts existing ultrdso nic techn ique s for
Ik t«t ingdefeclll, An X-V scanner has bt.en coRStrt!l,.1ed to
perform automated nun--contaet sca ns over pane ls up to 1.5 m
wide . A portable dev ice has also been de\'eloped to
impiement the metOOd

AC I(JI;OWLE DGE :\t EN TS
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NOISE REDUCTION FOR FRICTION SAWS
l\1 A Burgess, H M Williamson' and S Kanap athipillal'

At oust lnaod \-1bratioo Unil.
Vnl1icl"!I ll)' Cn Uf'J:c. L'o l1icnlty of Nt'1I·So ul b Wal rs,
i\ u. trallll.n Orfen ce Foree Au dcm,.
Ca nher ra. ACT Au. t r alla 21>00

friction!oa\lll an. u!Oed n tensively in iOOu!ilry to cut .tce l and aluminium pip.. and structural ",""tion•. In manyC&so they may be me

only type of_ whi<;h;" 'Dibble for llIctaok or becauseor their speed. The noise 1....els from friclion ~wing are such llIal then: i. a

highpol entialfor hcarina damagefor tbe operator and forot hen in llle arca.Th eflndin g.fromanin"". ligahonof m<:thods for noise
rM""' ion for a fjictioo _ an: pre=1ted.. 1M potential for ooi"" reductioo by changing 1/Vioos paramcten ' ''<QCialCd willi the sawing

proce.. and by the appliati"" of damp;nll lo lhe ...wand to lhe produ<:til diocuso.ed

I.INTRODUCTI OS

A frict ion saw is a type of cirt"ular saw whit ll is comm only
used in tbe metal man ufaetul1ll8 industry in l ilual ions where
olhcrsawingtl.'Chniquesa~ not suilable. Fncuon sews bave
fi ne teeth and operateat high speed s. Tbe y produ cc a cu t via

a friction action which causes locali sed hea ting and a
softening of the mct.al in the \\1,)Tkpiece. Thc cut surface is
l'Cne ra11y rougher than for other metal sawing 0p"rat ions.
FriClion saws are used 10 CUI thin materials because of their
fast cutting speed.~ and reduced tendency to jam or grab the
workp iece. friction sa.....ing o ften pnxlu CC$excessive eoi sc
levels for the operators so that il is oftcn necei sary to use the
highcst grade of perso nal hearing pmteclion. When it is not

pra.."tical to isolate the fricl ion sawing operation 10 a separat e
area, ils use may abo lead to a high noise exposure for
WOlkers nearby. In ma ny cases t ller e are no suilahle
ahemati ..es to tbe frict ion !U.....forcuning the product. Wh ile
there has beenconsid erab le research iOlo no ise ge nerat ion and
subsequen tly noise reduct ion meas ures. for otber types of
sa.....s, there has been litt le investigalion of the noise from
friceion saws jl].

In this paper. the findingsof a rcscarch project wi lh the
goa l loreducethe noisecxpos ure for tbe operalors of a
rrietion saw used 10 cut thin walled mclal pipe s are discu...sed .
The effects 00 theculti ng noisc of saw blade parameters . such
as diamctet. materia l. thickness. loo th profile and k>l>th
number . and of product param eten . such asproduction ~d.
pipe diamete r, mate ria l and thickne ss, were mvesugated .
Then experiments co ncentrate d on various noise redu ction
techniqu es which ap ply dam ping or restra int to the saw blade
or lhepipe. Lim ited lahoratory testm g was also co nducted 10

invesrigate variable sa.....spceds andfl"ed rates .....llicll Wl'TC nOf
availabl e in the faetory en vironm ent. Despite the case study
nature of much of Ibis project , genera l con clusions can be
drawn abou t the nature of noi5C from frictio n sawing and
about practical noise reduction methods

' "",""""~ H"l:~ Wi lhom",,n A..oci'1ClI Inc.12 M. plor..,,"
O!tn':I.o"...... I(JM I67.Canada

' l"mocr:I od<.ln:u, SCtloolofMechallkai andManuf= ni Enainurini.
UNSW.Sydrocy20S2,A...uaIia.

Acoustlcs Allslral~

2. CASE STUDY - " ELCOR SAW

Figure2 .tHclcormac lline. rlat she<:t en~rs fonners on tbeleft

thcn i•• pind wound and ocamed. Thecompk1c'<1pipe emerxcs
on righl. An open.lOris standing ncar tl>eIoIIw a..embly.

Figure 2.2; Frictionsaw;mdpu lley Bsscmbly use<lin Hekor
machine
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The fn crion saw setected fer this case study is used 10 rut -to
length ' Hclcor pipe ' which arc manuf actured by roll fonn ing
sheel steel or llhlminium and then form ing a pipe by spiral
winding and ~minl:. The lIc1cor production It\2IoChine,
MJown in Figure 2.1, is used to produce a ran~ of products
with diamete1: varyinll from 301l to 3600 mm ilAd .. all
thkknc5.~ from 1..5 to 3.5 111m which arc rul to the length
required by dlc ruslomcn. The thromc-vanadium friction
SlIIW blade IIOl'maIIy lI'>Cd. shown in FiJUfC2.1. is 400 mrn

diante'CTilAd6 mm lttick WJth240 v-rype t«dt. TbcIJOl'TlW
tolalional~ is 43.50rprn . The pipe isC\ll '00 the tly'
while !he product ion procaa oonUnucs.. 11Ic: __ ~bIY

lI'IlJVnalongwiththeproduetilAd isrnounledClll f:lilshelow
Ihc pipe . Whca lhc aa is oompl ete the __~ inro the

asKmbIy ..ili ch then II'IlJVn t-k r-ty to CUIthe DC:<I pipe .

3. ~n:ASURF.M E~T "ROCEDURF_~

Themajorily ofthe ...ae~lJ,\Lftemadctluin8 lhc

produc:rimof Sfed pipes with . mcIa1..'al1 thicknn.s of 1.6
mrnaodwilb63nwna 1 3 rnm~( i.e. ecnugatioDs

which line . 13 nunpcak 101JOIlgta _ bcightanda68nun

wavekngth). AhhougtlthcopcrakW _ktuallyd05atothc
-. il _~lOlocatcthclOUDdkvdmctcrtSLM)

• apoinl~lo5cftlwl2mtotbe_ ofthc_labk. This
po5ition avoidedintcrlCf'alCC.. ith lhc opcnWr and d.mugc to
themicropboncfrom~saodlkbril.

BochDOiwandvibnrioo~.. _undert:aken
duri ng pI'04laC1ioo.. The DOiw ~I of exh ~ W3 S

~~bymc:asunrllthe~O'~thefulldwalion ....f
the curt ing ....f • pipe. The data prncnlCd in the followina:
i«1)Of1SafC lhc:avcn~"CdreAlhs for anwnber o fsudllCSls for
cactlCOlldllMlQ. The fqlCatab ihly 'I'U cnod. ,, ·iIhin :t.1d B(A).

A mi llinSl'l*binc ..... uJcd 10 CCDiUCf .,roc IcsllI under
1aboraIoryoondllioni . Allhoushthcmillingmach.i neal1u.ved
bcnn contml of rolal ional specd snd produC1fccd nte: 1han
with thc IIckor produetion faeilitiell ,tbe mil1inl machi ne had
limited puwcI and • low nwr.imum spindle: (.--1 speed.
Aetua.l oo iSoc \coI'Cls in labor.tOl')' Ir;g. were 10'III'ef duc , i",rr
<llill . 10 di fTcren.:n in 'MHlpi«e IlCOfM1ry and damping
~'CIDCIIIS. lienee noise kve ls in lablln.lory ~~ arc llIIl
dil'ft:tly COIIIparahJc 10 noise Irvcl ~ in produc tioD cond itions.
bowcvcI' lhecffCl:llof parl.mclcr changca~eOOlparabie

4. SUI~IARY OF FlI'I:Dl/lriGS

4.1 Prod uelParamfl"n

"Thcf ll'SlinvcSligalions ilM)lved dfi enni n31ionof lhee ffecl of
product paramclcrs on jhe noise output. II wu found that
increas ing the pipe diameler WId iIKrelL, inll the thickness of
tbe pipe material bolh led to en increase nf up 10 5 d R(A) in
the noise level. Th is indil:lllci llt.l differenl mode' of
~ ibralioo were exerted and thaI lhere was diffe rence ooupling
hctwi:al lhepipe and thc Sllwbladebut i l wu n.., l plIs~ ible lO

examine lhis in deta il within lhe f1lll1leWOrk o f lhis plOject.
Thceffcetsuf ehang CSlo thc variousparamctcrsrel aledto lhC'
prodllClioo pIlM:CSSarC!summarised in Tahle I.

Vol. 26 ( 199l1jNo. t , 10

- -
OESClIlPTtOll Of Atl IOll (FFteT..

CumNGNOISf

CItAllGU TOSAW Il.J.Il(

"'h1IS11Q'jDlll liN : l:ooem:.olilllll ..........
D'''' IIlMI ~ bID .......,..
DllIIllinIcalan onblldr ..-DiftftHI"' J$In lIoaIsI3101d8A

tHAIIG£S II£I.AruI TOSAW Of'(1UTIlI.

Iaw Ntl .... ~'I$~ WOlIISI l cfl,l,

law ..eed~2060 lC C50...... p,oIItys -,..
n''''-'-: J15 Io «Xl_~DIIOr

_...
1"roMdiea "," IacI'ute; 2 ~111l ~6B"""",

il/II"2 113
_...

~ ..."' IIocnuE C6Bll l t.31WlW\,
11"'I" 3 1:1 5

_...
............
.... 1lesrIIt,~ .... :lInIlI·_- _"e•- -- - ,..
OAIIf'IIlG Ofl'tlOOUCT
RaI...... __ ~\lflMII.50....._ -,..
F'r:lIIe:l ....1IrdI QlPIId.pce. 25_...- -,..
l.a*oII NorI _ MII _ :/OOtn tcn _ -,..
DaIIPII".......

_...
"".............
llIRlI.. ..... • ......---~I... 0.-. .....,- ,..... ........ 0.-,"
1IiKIl..,..,.'Ia"",
..... 1I""ftdIIa...'n ,.,..""... ,......-et .......

_...
Table l; ElfC'<1 01lnoo", 1n'CIi. IcrmI ofl..Aeq for changes in-,.........
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Th ree differe nl me lhod. ror damping lhe blade were
inveslipted , T\\ollof thcse _ reconvcnliooalapproac bcs lO
dam ping by the app lication of damping ahocl 10the blade and
by the use o f damr ing colla"". H~r crcller rcduction was

achseved with thc UM: of . blade treated wtth a Iow l:&rbon
steel mc"'l li'~. An annulu~ 100 mm wide (145 10m inner
diameter, 245 mil' outer dlanlCk"f) end I nun Ihick 'AU

machined in one ~urflll:C of lhe blade. Th is annulus wu then
..,.,"CI"fi llcd with metal spray. The blade was remachincd in tbe
region of the metal spray $0 lh. 1 a smooth .urfllcc re~uhcd

The natural frcqucnd cs and their damping factors for the
normal blade and lite blade with the metal spray treatment
were investigate d wilh the aid of modal analysis. The resonant
frequencie s fcrrh e modes were found 10 be very dose for lhe
two blades andthe difference, bcfWClm thc damping factors
arcshown in Figure 4.1.

Helcor pip es arc curre nt ly cut u.~ l n ll \I . type profil es.
OIherprofilestc sl ed ~rependulum pro file (in~efle d \l ).

brobo style (one side bevel altern ately j and lI i_lo pro f ile
(a ltern ate sq uare/tra pezoid al]. It was clear thai Ihe



currentlyusedv -typeproducedlov.w noiseJeveland!be
reasons forthi sneedfurther invest igarion.

j 0.2~~O.15

~ 0. 1,r:JML.-
Q 2000 4000 6OIJO

Frequency, Hz

Figure 4.1: Incru se in damping faclor (%) for the blade with
metal sprayas eompared with the nonnal blade.

4.3 Cha Dge5 to S.W Dperanon

Increase s in the production speed, ie the rate at which the
product passes the bladc:, and the blade tip speed led 10

increases in the noise level. II was only by increasing tbesaw
speed that a reduct ion in Ihe noise level was achieved. From
the laboratory tests it was found Ihat noise levcls depe nded on
both feed rate and saw speed in a non- lineal manner.
Howeve r the pract ical limit ation s u$()(: iated with the
operation of the Helcor saw restricted tbe number of options
thar coekl be investigated.

The se find ings showed that ma mienance is important in
minimising noise outpul. The regular sharpen ing of!he teeth
and the repl acement of worn bcMings can assi st 10 reduce the
noiselC'.'e1 for theopcntlOn of IM SlIWllDd.. tt ilcit is idling.

~~• .
I .e ~'I}l';~~

~ ";~717 Ii~~
Fil:",., 42; Pror.lcdba nds on both.idcs of thcc utting line

4.5 PruductDlimp inr

From the analys is of the noise and the vibra tion data, it was
d ear that vihralion~ induced in the product by the sawing
process were a major source of r~di ated noise . As the Heleor
pipe production prece ss requi res pipe roranon during cutting,
this docs not allow the simple methods of clamping to improve

Acovst'CSAosUal'8

damping and restrai nt on tile 'M)fkpie«. However several
techniques~ im..estigated with !he primary aim was to
determine the effectivenc:as and with the recogniti on that
cons iderable developme nt would be required for the
production environment.
Greaic r redacticn was achieved with the use of metal bands
having the same profile as the product so that the dampi ng was
applied 101M fuJIcircumferenceofrhe pipe . f igure 4.2 shows
the set up with theproflled ban<1s, secured with metal sU'Dps
on the pipe at 2S mm from the saw cumng line for which a
reduct ion of 3 dB(A) wu achi eved , Th is result indicates that
damperiing tlte pipe clo.e to the sawc uning line could reduce
the rad iated noise.

4.6 Co m bina tions

After the effects of individual parameters ami some noise
reduction techniques weredelennined, the cumulative effects
of both optimising various param eters and applying control
techn iques were investigated. An overall noise reduction of
10 d8 A W a$ achieved from the optimis ed ope ration of the saw
pl us noise contro l measures, inc ludi ng blade damp ing,
minimum production speed and product damp ing. Blade
dam ping . nd minimum production speed, lead ing 10 a
reducti on of 7 dBA, can readily be immediately applied 10the
Heleor production process . The pipe dampin g need s
considerable deve lopment for use in nonna l production.

It wouId appear from the tests on tbe Helcor saw that !he
norma l opera ting conditions areclose to anoptimum as.with
!be exception of tbe replacement of the bearing, all the
changes to 1M operati on of the saw led to increased noise
levels. The grearest poterma l for the reduct ion of the overa ll
IlOiselevel appean; 10 be fro m changes 10 the 5aW blade and
with theapplic.ation of dampin g 10 the prodUCI.

4.7 0 perator :\"oi"" r.l polOure

The use of minimum product ion speed effect s the time
duntion for the cutt ing noise. Th is considerat ion. combi ned
with the very high noise from the friction sawing, means that
a reduction of lOdBA is not sufficient for the ope rator of th is
pa rt icular machine to dispense with persona l hearing
prot ection. However such a reduct ion would enable the useof
lower grade hearin g protectors . ln addition, the improvement
would assist in reducin g the noise e~posu~ for the other
workersin the factory.

In Ihis ease an enclosure for the machine is not practical so the
remain ing oplion is an enclosu re for thc operalor. The
demands on such an enclo sure would be reduced following the
reductionof the noiseatthesou~e .

5. CONCLUSIO :,,/

Th is study has shown that sig nificant reductions in noillCfrom
friction sawing can be achieved thro ugh the following types of

Optimising Sawing Paramete rs. In part icular opt imising
the saw rotational speed the product Iced rate , the blade
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thiclr.ness and the tooth pro file can reduce noise

8lade Damping . Blade damping through lhe application of
meta l $prays or damping materia ls wu found 10 be an
effective noise reduction leChnique

Produ ct Damping or Restraint . Product vibratio n was
shown to be a major source of noise in friction sawing
which could be reduced by providing improved dam ping
Of ""'lJa int for the product.

Fora part icular application of friction sawing, the amount nf
noise reduction which can be achieved will need to be
explored on a case by case basis. !lowever. in the case study
reponed here, a 7 dBA reduclion was readily acb.ie-.ed by
pracuc al measares . Combined with prod uct damping. where
pra<.:tical.the reduetion could be increa<oedlo IO dBA. Such
a n..d ucnon can be wonh while even if it is insutflcientto allow
the operato r to dispense with pers onal hearing protection
Thi s ...,ducli on can enable the use of lower grade hearing
protectors , can great ly improve work ing condilioflS for
personnel inothcrpartsofa factory and reduce the extent of
noise reduction required by an enclosure .

SoundPLAN'o~.J¥fJ1
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up Ihe I..am i" /f CII""",for .....11..... 50un~Pu.1!. "-'....

SoundPLAN Worldwid e!

Privat.. jimu. "ni,'rr.lil'rI a..J /I",·,..m ", ..1II ojJiu . am", .J
Ih.. ....o,ld usr 50undPLAN f'" .."viro"", .."wl plunnillg.
", ,·..a. ch and nalulltio" ,l hwufi:h 10 ..ari eus p ubl ic
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WORKERS COMPENSATION FOR
INDUSTRIAL DEAFNESS
J. B. Macrae
Hearing Assessment Research
National Acoustic Laboratories
126 Greville Street, Chatswood Australia 2067

ABSTRACT: In 1997, the final report of the Heads of WorkersCompensationAuthoritiesmade the followingrecommendations:a
percentageloss of hearing (PLH) thresholdof 10%will applyfor compensabilitybut a PLH of 5% or greater will trigger rehabilitation
for the workerand workplaceassessmentas a preventiveinitiative;where the thresholdfor compensabilityis attained,the full PLHwill
be compensated;and subsequent claims must demonstrateat least a further 5% deteriorationfrom the previousPLH. The relationship
betweenPLH and requirement for hearing aids and the retest variability of PLH were investigatedin order to obtain informationthat
could be used to assess these recommendations.Requirement for hearing aids begins at a PLH of about 5% for some clients and
approximately16%of claimantswith a PLH between5 and 9.9% will requirehearing aids. It seems more reasonable,therefore,to set a
PLH thresholdfor compensationof 5% rathertban 10%.The standarddeviationof the retest variabilityof PLHwas foundto be 1.94%.
This meansthat a change in PLH of 4.5%, or 5% whenroundedto the nearestwholepercentagepoint, is significantat the 1%level.The
recommendationthat an increase in PLH of 5% must occur before any subsequentclaimcan be made thereforeseems reasonable.

1. INTRODUCTION

The term "hearing loss" is ambiguous: it can mean
impairment of the threshold sensitivity of the ear (threshold
impairment) or it can mean loss of the ability to hear in
everyday life (hearing disability). Threshold impairment and
hearing disability must be distinguished from one another.
The common use of the the term "hearing loss" refers to
hearing disability, i.e., loss of the ability to hear the sounds of
everyday life.The results of research that has been carried out
so far indicates that threshold impairment ina person with
initially normal hearing must reach about 20 dB before
hearing disability begins to occur. This conclusion has been
based mainly on reports of hearing disability by people with
threshold impairment. However, it should be realised that
people with impaired hearing tend to underestimate the extent
of their impairment and that continuing research into subtle
hearing abilities, such as the localisation of sources of sound,
is likely to reveal that there are disabilities associated with
lesser degrees of threshold impairment than 20 dB. It seems
likely, therefore, that further research will result in tables of
hearing disability which begin at threshold impairments less
than 20 dB. However, current trends in compensation for
industrial deafness are moving in the opposite direction.

Throughout Australia, hearing disability is assessed for
compensation purposes in terms of percentage loss of hearing
(PLH), determined from the hearing threshold levels of the
compensation claimant [I]. The cost of compensation for
industrial deafness in Australia has escalated in recent years.
Figure 1 shows that the cost of compensation claims for
industrial deafness in New South Wales grew from about 12
million dollars in 1988 to about 101 million dollars in 1996.
Faced with increasing costs of this kind, the response of some

statutory authorities and legislators has been to introduce
thresholdsofPLH, of the order of 5 - 10%, that must be
exceeded in order for claimants to be eligible for
compensation. In South Australia and Northern Territory, the
threshold is currently 5%, in New South Wales 6%, in Victoria
7% and in Western Australia 10%.

Since a large proportion of compensation claims for industrial
deafness are for a PLH of 5% or less, a threshold for
compensation of this order means that the costs of many
claims and the associated administrative costs are avoided.
This is illustrated in Table 1 which shows, for New South
Wales, the number of industrial deafness claims from 1995/96
in various payment categories. With an approximate
relationshipof$IOOOcompensationforeachpercentagepoint
of PLH, it can be calculated that introduction of a
compensation threshold of 6% reduces claims to less than
40% of the original number. In the caseofacompensation
thresholdoflO%,claimswouldbereducedtoabout20%of
the original number.

In 1994, the Industry Commission Report on Workers
Compensation in Australia [2] recommended that a common
Table of Injuries be developed to apply across all Australian
jurisdictions. As a result, the Heads of Workers Compensation
Authorities included this as a part of the national
harmonisation process. Review ofPLH thresholds has formed
part of the review under the Standardised Measurement of
Impairment Project. In 1997, the final report of the Heads of
Workers Compensation Authorities [3] recommended that:

a PLH threshold of 10% apply for compensability; but

a PLH of5% or greater will trigger rehabilitation for the
worker and workplace assessment as a preventive
initiative;
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where the threshold for compensability is attained, the full
PLH is compensated; and subsequent claims must
demonstrate at least a further 5% deterioration from the
previousPLH.

The following work was carried out in order to provide
information that can be used in assessing these proposals. Two
relevant matters were investigated: first, the relationship
between PLH and requirement for hearing aids; second, the
retestvariabilityofPLH.

2. RELATIONSHIP BETWEEN PERCENTAGE LOSS
OF HEARING AND REQUIREMENT FOR
HEARING AIDS

The relationship between PLH and requirement for hearing
aids was investigated in two ways. In the first approach, a
sample of the hearing thresholds of 436 child and age
pensioner clients provided with hearing aids by Australian
Hearing Services was drawn at random from files and the
binaural PLHs of the clients were calculated from their
thresholds. The results are shown in Table 2. The one client in
the category 0-4.9% had a PLH of 4.9%. This result indicates
that some clients with a PLH of about 5% require hearing aids.

In the second approach, the associated binaural PLH was
calculated from the hearing thresholds of 282 war veterans
whose threshold impairments were mainly due to noise
exposure and whose requirements for hearing aids were
known. The results are shown in Table 3. No veterans with a
PLH in the range 0-4.9% required hearing aids. All of the
veterans with a PLH of 20% or greater required hearing aids.
In the intermediate ranges, the percentage of veterans
requiring hearing aids gradually increased. A graph of the
findings with a straight line fitted to the data is given in Figure
2. The real function underlying the relationship apparent in the
data is probably sigmoidal but the straight line is a satisfactory
approximation for practical purposes. Given the illustrated
linear relationship and an even distribution of the number of
claimants through the range ofPLH from 5 to 9.9%, it can be

Payment in Dollars
0·999

1000-1999
2000-2999
3000-3999
4000-4999
5000-5999
6000-6999
7000-7999
8000-8999
9000-9999

10000-14999
15000-19999

20000+
TOTAL

Numbero/Claims
3286
761
729
637
565
504
489
493
433
365

1214
364
593

10413

calculatedthatapproxirnately 16% of claimants with a PLH
between 5 and 9.9% will require hearing aids. The results of
this approach also indicate that the requirement for hearing
aids begins at a PLH of about 5%. This conclusion is
supported by findings in a study of hearing impairment in the
Western Australian noise-exposed population. Monley et aI.
[4] reported that examination of the associated group mean
audiogram suggests that a noise-induced PLH of 5% would
require consideration of hearing aids and rehabilitation.

These findings do not mean that hearing disability begins to
occur at a PLH of 5%. Hearing disability exists if the PLH is
0.1% or greater. The requirement to use a hearing aid does not
begin at the point at which hearing disability begins. Hearing
disability must reach a certain degree (for some people, a PLH
of 5%) before the advantages of hearing aid use outweigh the
associated disadvantages.

PERCENTAGE LOSS OF HEARING OF CHILDREN
AND AGE PENSIONERS WITH HEARING AIDS

Percentage Number
Losso/Hearing o/Clients

0-4.9 1
5-9.9 10

10-14.9 22
15-19.9 39
20-24.9 33
25-29.9 31
30-34.9 48
35-39.9 47
40-44.9 28
45-49.9 36
50-54.9 17
55-59.9 26
60-64.9 23
65-69.9 15
70-74.9 14
75-79.9 9
80-84.9 8
85-89.9 7
90-94.9 5
95-99.9 16

100 1

3. RETEST VARIABILITY OF PERCENTAGE LOSS
OF HEARING

Percentage loss of hearing is obtained from the c1aimantis
hearing thresholds by means of the National Acoustic
Laboratories procedure [I]. Since there is retest variability
associated with hearing thresholds and PLH is derived from
hearing thresholds, there is retest variability associated with
PLH. The purpose of the following investigation was to
determine the retest variability of binaural PLH from the
known retest variability of hearing thresholds. It is well known
that, in the absence ofa real change in threshold sensitivity,
hearing thresholds vary on retest in accordance with the law of
random error and the changes are, therefore, normally
distributed and that there are no correlations between the
random variations of the thresholds at the various test
frequencies.
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STANDARD DEVIATIONS OF RETEST VARIABILITY

FOR COCHLEAR HEARING LOSSES
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Freque~ (Hz )

500

' 500
2000

3000

4000

Standa rd
Oey;elion (dB)

3.73

3.02

3.15

3 93

4 CO~CLVS IONS

The Heads of Wol'1lcrs COIl1J'CR.ul ion AUlhoritiel~OfTlmcnd

that a PLll threshold of 10% apply Ior cc mpensabiluy and
that a PLll of S""' willt riggerreh abilitalion forl he Wllrker and
workplace assc""mt'rlt a. a prevcn t i veini t i al i\lC . l nlheli~htof

the information presented in !his article , il would seem more
rcasonable to set a Pl.H Ihreshold o f 5% for CORlpcn$lllion
Figure 2 show sthat l bo lll 33% of tho'C with a PLII ofl O".-x.
can be expected 10 require hearing aids. Requirement for
hearing aids beginl at aPLHo f aboul S%for lKlrne clienls and
approllimatcly 16% of claimants wilh a Pl.H between S and
9.9% will rcquire hcaring aida. If a S% thro:Jhold isadoptcd
then there is no need fo( a trigger for rehabilitalioo hul a
trigger for ......m:place a~!les.'\JTIent as a prt\'C'l'1live initiative
should be set ala PLH ofO,I%org reatcr, Iinoc a considmlbk
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amount of threshold impail'1M11t occurs before !he onset of
heuing disahilily.Moniloring audiometry in industry should

deto:ct lhis threshold impairmentlllld triggerpre\'enlivellClio n

but an extra trigger in terms of PLH may be useful in

circumstances where monit oring audiomelJy is r>Ot carried

out If, inslead ofa thresho ld of5%. a threshold of 10"'" is

adoptcoJ. the PLII trigge r of 5% for rehab ilitat ion and
wodplace a,,,,,,,,,,ment as a prevent ive initiative becomes

especially important. The approved rehahilitative measures

should inclu de the provi sio n of hea ring aids , where

appropriate,since about I6% of claimant s with a PLH in thc
5 tu 9,9% range will need hearing aids.

The Hea<ls of Workers Co mpensation Autho rities also

recommend that an increase in PLA of 5% must occur before

any subsequent claim can be made . This seems to be a
reasona ble proposal in view of the results presented in this

article . 1£ tile more stringen t 1% criten Qt\ of rta tist ical

significance is adopted, then a change in PLH of 4.5% is

required be fore a real change in PLH can be considered 10

have occurred. This becomes 5% w1ten rounded to the nearest

wbole percentag e poinl.Tbe errorrate for a significance level
o fl % is 1 in 100, i.e., for I ourof every 100 cla imants with

an increase in PLH of 5%, the increase will not be rea l

H~. for the rema ining 99 cla imants. a mi l increase in
PLH has occurred . This is a suitably low rate of error. The

reoommendation thai an increase in PI.II o f S% must occur
bef," any subsequent claim can be made therefore seems

reason able.
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Broadband Microphone Arrays for
Speech Acquisition
Darren B. Ward:1 Robert C. Williamson' and Rodney A. Kennedy!
'Dept of Engineering, FEIT
"IelecommunicationsEngineering, RSISE
Australian National University
Canberra, ACT 0200

Abstract: A microphone array provides an effective means of hands-free speech acquisition,flndingapplication in large
roomvideo-conferencing,desktopteleconferencing, and hands-free telephony. Unlike a single omni-directional microphone,
thearrayprovideshighspatialdirectivity,allowing it to attenuate room reverberation and other unwan ted noise. In this
paper,wegiveanoverviewoftheteehniques available for speech acquisition using microphone arrays. In particular we
will focus on methods of frequency-invariant beamfonning, in which the array maintains the same spatial response over a
wide frequency range.

1. INTRODUCTION

Hands-free audio communication finds use in many applica
tions, including desktop teleconferencing and hands-free tele
phony. In these situations the desire is fora high-qualityaudio
input, but without the requirement for the user to either hold
or wear a microphone; this is especially important for hands
free telephones in cars. An effective technique for hands-free
speech acquisition is microphone arrays. This technology was
flrstappliedtolarge-roomteleconferencingintheearlyl980s
[I]. There has been a renewed interest in microphone arrays
because of the increasing capability of cheap digital signal
processors-the computational requirements of simplear
rays will now comfortably fit on a single DSP chip. The
purpose of this paper is to give an overview of the techniques
for speech acquisition using microphone arrays, focusing on
so-called frequency invariant beamforming methods.

2. THE SPEECH ACQillSITION PROBLEM

In hands-free speech acquisition applications thedesiredsig
nal is corrupted by interfering noise, either from independent
sources(suchasfans,othertalkcrs,etc.)orroomreverbera
lion.lngeneral,theseinterferingsignalsoriginatefrompoints
in space separate from the location of the desired source, i.e.,
the talker's mouth. It is this spatial dimension which is ex
ploited by microphone arrays in order to obtain ahigh-quality
speech signal. By forming a directional microphone, the ar
ray is able to pass signals originating from somedesiredloca
tionwhileattenuating signals arriving from other directions.
Unlike a fixed directional microphone (such as a boom mi
crophone), the microphone array is able to adapt to changing
signal environments and automatically follow the talker as he
or she moves about.

In order to make the following discussion more concrete,
consider the linear array shown in Fig. 1. Fora single source,

'Present address: Acou,ticsandSpeechResearchDept.,BellLabs.Lu
cent Technologies,Murray Hill. NJ (J]974,USA

Acoustics Australia

the time signal rcccivcdat the nth microphone is given by

Yn(t) = s(t-rn), (1)

wheres(t)isthesourcesignal,andrnisthetimedelaytothe
nth microphone (relative to the origin x = 0). The time delay
tocachmicrophonedepcndson the microphone location as
weU as the sourccposition. Assuming the source signal is in
thefarfJeldofthearray(scc[2,3]fornearfJeldsources),the
delay to the nth sensor is given by

where X n is the location of the nth microphone, c is the speed
of wave propagation, and B is the direction to the source
(measurcdrelativetothearrayaxis).

Figure I. General linear array. The source signal is
denotedbys(t),Yn(t) is the signal received at the nth
microphone (only the first and last microphone in the
array are shown), W n is the weight applied to the nth
microphonesigna1,andz(t) is the array output.
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The generaJ idea of l1lemiaqlhooe llI1'lyis 10 apply a
cornplell weight- more gencrally, a filter - to eoch micro
phone signal, and Ihen sum the resuhing signals 10fonn the
desiredOUlpul; see Fig. I. Thu$,lhe oulpul oflbemicrophooc
ana y is gi"tfl by

%(1) ,. ~W"1Iw(1)
N!; W.. ..(t - T. ). (3)

whele w,. isthecomple. weighl applied 10 the nth micro
ptK:oe;i1 isthedesignoilhesewetgJlS lhalisol~hoe.

The -ny OIltpul is usually expressed in~ ollfequency.

P~'

Zen = Sen ~ w. eib/~_ , (4 )

1Iibes'e Sen is theFolriel'transfonnoilhetime signaI..(t )_
Since~~~wty inlC:l't*d in bow the anay pot .

foms in pa.uing signals fum • giw:RdiRdim. md atmu3I

iog signalsfmmC\Ctlcl"c1irection5. wewi.llc:msilbilS spatial
~O"~aMf1dl'ml,ddincd by

b{')=t ... ~·JC. '•• _ '. (5)

Note !hat the beampauem is giYen by the -ny output. Z(n.
after factorinl OUIee common signal teml. S (f) . For a
SIOUIte•• 1oattioo9. the bel mpallcm gives the ttansfel'tunc·
boo bthe amy ou!plll..

lbelypic'a1propenie1;ol' ~IJe: (i) signaJs

arriving from a certain spadal regio'l (called the "",i.. t-m)
lR passed by thebeamfonncr wilh lillie 0" 110a11efluatim: and
(D)signal s arriving from OIIlttdirectims(ca11cd the sitk lo«J)
ate lllletlualodbylhelleamfonncr. Thus. the beamf (flJ)ef aets
as aspatial fillCf.andil islhisspaliaisela;:tivily wbich makes
the beam fmnel' an dTa.:livelool in removing unwantod noise
fromspeech. Rda to 14] fa- more details cl beamfmni ng.

If themicrophones lJteequally spacod,l heft equation (S)
reduces10 I FOlllleu eries. and digital nJ.IC'J"IhCU)' can be used
10design the alla Yweights. The use of digital fdlCfdesign
IOOIs ts e vcf)' IlscfllllcChnique fa- natrowballdarray design.
However. iftheanay is 10be usedfel"troadhand signals(sl1'h
as spea;h),moresophi~ticaled designlcCmiques areJtllUircd.

3. BROADBAND BEAMFO RML"IG

The results presen ted so far have hoen for a narrowbandar
rayopera ling at a single frequeocy. In many classical array
problems (soch as radar ... digital oommunications). lhis nar
rowbandimllrnJXion is valid. and rwrowband techniques are
effective. However. speech is a broodband signal covering
several octaves, and narrowband tochniques are ineffective.
Tolln dersland whylh is is so.coosidct again lbe linear array
shown in Fig. I.
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F~ 2. Spltilimp;:mc mln.om:nriwldornyop.
onIedo:Ml" ....... blndwidth (wll'llplibtde~ lht!- ,

At I gi~ flequency. l !arge anay willlmanydcmcnts has
1 "l:I}"1WJUW maiJl~Whcreasl smallana y hasI tKuad
main bc2m; the irrqlooanl dimension in meastrin,an anay
isit5sizeintennsofwaldalgth. Tbus.fa- high flequency
signals (having:a small wavdeflgtb ) I fi.led ana y ...m Ioolr.
large. and lhe rnain beam will !:enarmw.~.f(r1ow

~ signals (1arJe WI>deftgth) the same ~ysical anay
appears smal1,anclthemain bcam wiU spn:ad eu.

Thillis iIllJSmlled in fig. 2. whidl shows Ihc bcampanem
dan anaydesigned fm 1-' kH1~ bul oper.uedOVC£ .fre
quency range oCSOJ Hz 102 tHz. The lfequcncyv.lriaDoo01
ttas beampalll:mis~fCI"speccbappticalions. If
an iIllefferinlspeech siplal isprelll:RI.6O"say, lhaltdeaI1y
it shoukl be allmualcd oomplddy by ue l1TIy. However.
because the beam is troaderal lO""freqoencies !han 1Ilhigh
~the inte:rfc:ringspecdl sig:nalwillbelow-pass

filll:m1 ra11u thall unifonnly anenualed O¥el" iuClltitt band.
T1risu speclTa1 ti1lu resuhs in , di.sturbing artifal:.1 in the amy
OUlpul.

Onecommon approar;h 10oveccee Ihis p-obkm is 10usc
harmonically nestcdsubarrays (S.6J . In ues cese. Ihc array is
composedcl ,llCI of neslod oqually-sp3lXdsubarrays, each of
which is a singJo-fmj uency design. The OUI pulScr u e sub
arrays are then combined by appropriate bandpass filtering.
Theeffoct cl twmonk nesting is 10 reduce the beamwidlh
vari3lionlOlhalwhich occUfS...ithin a single oclave. A sct
ot suberray filters can be used lo inlClpOlale 10 frt:quenti es
between the subarray de3ign rmjuenti es (7, 8].

The first successful design for a broadband array with
a constant spatial response in terms of frequency. was pre
sented by Doles and a enedcr [9], They used the a\)'IJlptotic
theoryofunoq ua1ly-spal;ed arrays lo dcri...e relationships be
tweenbeampanemcharactensucs and functional requirements
on Sl:II S(I" ~ings and weighting:;. This results in an 3mly
wilh fl1tel11oo each senSOl:.th eoutp ulsofwhicharesurruncd
to Ierm the fmal beamfOl1llCf OIllpUI.ThC$C sensa" nIlcrScrt 
ate aspace -!apefOJarray; ateal:hfrequency thenon-zero lilter
respcmes idenlifYlsubarrayh.avinglOla1lenglha nd spacing
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appropriat eforthatfn:quency. A1lboughtheirdesignmethod
providesa frequency invariant beampanem over . spec ined
frequellCy band. it i.. based on a speciflc 8JJlly geometJy and
beampauern shape.

PKmpted by the work of Doles and Benediet. we de
rived in ( IOJ a very general de!lign methodfm-broadband fR:
qumcy invariant btamfmncn. suitable for linear. planarand
evm three-d imensional 8JJllY'. Our appnu:: h was to~\ql

a fu:quency invarian t bampatlcm propedYforalbeaetical
continlJOld smsor. andthai to approximate this tcnSU" by an
array of discrtte sensors. Th us. the prOOI.em of designing
a boodbandfrequency invariant beamlormcrm:luces to me
of providing an approximation lO a lhcuuicaIlyeontinuous
~.

1bebas1tSUlldure ol OUl"frequcncy invariant beamformc:r
is shovm in Pi, . 3. Th is bIod di.agJ;Im illustrates the impor
ta ll properties of the beam former . First. the f,l ter response
required on each miaqlhMe ean be separated oto n>~ torn
po:neru; (i) the priMDry {beam-sbapin J} niter. and (Ii) the
uroN1ary (nonnalir.ltion) fihel". lbe primaryfi lters,den«ed
by H {::..I::'*'.f) in the figln. peri"orm tile role of maintain
ing a emstant bl:ampanem $hape as a functionof frequency;
!hey have . Iow-passeJwacICristicand are aUrdated by a
~ dilatioo pupcn y. The0UIpd of tIl; h pimary fiitel
is rnul1iplied.by .eonstantsptJtiaI ,,~iI1rlilllttT1tl. g,. (..rnch

isdcpcndet'(onIyon tlle~locations).andtbl:se

signalslR tIlensurruned. Finally. the-'ClXlndary f,lta.de

DOfedby a/.(whith is~y .diflcrmtiatorlndserves lO

normalize Iht peak bcam patlem respuue) is eonunon1O.al1
IlIicropbooesand is implernerlled after the summalicn

From an emplemcJJtaUooSIaIldpoiIM.the mntI impmant of
uese pIl.lleft~ is the dilalion prqaly of tile primaryfillers.
Th is prqlM)'~ thal all pOmary filleR lR derived from a
single secoffillCl"coe{fkients.calledthe rtft rt tKt t «!fit it flU
I l l ). I-Iml;:e,. 1D change lhc: t-ampallCnl il is only lll'lCe5~ 1O

cIwl ge the reference coe lfti:'nts. and the tramrorm ing SlnJt·

tin ensuresthat the n:sultin g bc::ampalkm will be frequency
invariard. Th is is an imjXlUlll prqlCt1y for~ve beam
form ing. sirceil reduces the number of adapli ve parameters

FigureJ. Block di. grom d. frequency UlVU;.,..1bum_
f<l11'lel". Th~ loClIlionof lhe nth rnlaop/uIIl is l iven

~~~n~ ~"~~ .~;,~:;f=~
~Jhting Ie111'W deperdcn t IDly m the m lY e-
Iry, and a ia l l>lXma!izl tion CUldanL.
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Figun: 4. Mapoilllde d. boampallan d. .. nampIe
frrqumtyinv.iMllbeamfOl""lQ,

wlLictlmust be updatcd aleacftsqr, anadaptive:a1pthm
expk)itingthis prqlM)'was pmJCIIbI in 112).

A lypieaJspaliaI responseobtainedwilIt a frequencyin·
variant~ormer is shown in Pil . 4. The de!lign is rora
frcquencyrange of 300-3OOlHz.. requitinl 20 micropMnes.
Notice that.as~ 1he t>campat:lcm ts (a1tnnU) frtqumey
invar1ltq oYe:r the entire band., exh ibitinl an almost: eonstant
main bcam.and onl y siigltt ripple in 1he siddobe region (tJ.
Pig. 2 fora naftoedesi gn).

4. SOME OTHER ISSUES

'Thtaboveeonsidcnt1ions lUl:entiR:ly thoordical. Cartme ll:
ltIaI1y impkmtnl microphone: atTays with real microphones?
ln particolat. can one aclti~ lhethtoretitaUydetermintd

pcrlonnanceusing cbeapmicrophooc:s? \\' e bave anon-going
e~pe:rirnenaI programlOtk1cnnine this. andeenainly have i1.
lusttakd somesiqJlt desi gns in p3Ctice. S<Jnedtllefaclmi
lhatare impc:nantinpnaically implementinlrnicropbonear·
rays using di gital signal pmcessina toeItnoIogy ate:

. \3riability betw«n microphones _ th ill afJCC1S thc: nllU
depth coosidentb ly. but the main beam panem and width
little . II is also amena ble lO!he<Jr'eticalanalysis.

• Beamsrcering -in orda-l o ela:tro nically diroct the main
beam wbere desired, ittWll5 0111 lhat one needs10 imple
rnentfnICtional delayftlun [ 13]. These atrl bc oombincd
with the pimary rutes.

• H the miaophone array is used in a smaU room then the
planar wavefron t assumption is not valid. In la ter work
[2.3 . 14) we have extended the Iarficl d broadband beam
fooner 10 the nearfltld case. This wOOl; makes use of a
standard representation or the signalsin asp/terit al har
monic expans ion. The resulting beamformct sttutlurt has
an addition al set of ftlttts wltich wecaU /o t llSiflg /i lltrJ .
Adjustmen l of a single paramet er allows the array 10be f~

cussed at arbi trafy distanees (although ecre are JX&Clicai
limilalions lOoperat ing c lo5c1'th3l1abou tonewaveltnglh
from the array and main tainingthe desin:d lctmlDttern ).
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s. CONCLUSIONS

Microphoneamt)'llprovide oneof lhe mostelfedivemeans
of eliminaling noiseand~~lionfromacquired~h.

We have given a brief overview of how they may be used10
~ahigh-qualily front~ tos)'Slem5 n:qu iring hand5.

~ speech input.

REfERF.NCES

I. J. A~lI\. J. Jmnslol. R. ZIhn.and O. Elko, ~la'
acend~arn.)'$ forlOollldlr~inlarge

_.~J.ikoouf.S«.Am.78(5).1n..1S I8( 1 98S)

2. R. Kennrdy. T. Abh .yapI1a. D. W.d. fti R. Willi_1OI\,
~Nearlidd broadband (1'lIIl.1ICIq' invari... t bcarnfOltOin,.~ in
Proc:. IEEE IIll. Cott!. A~ .. SfJNt:II. Sig....l p~u_

ing (ICASSP .96J. Allan.... USA (M.y 1996).pp.~

3. R. Ke:nnody. D. WIUd. and T. Abhayapala. ~No.arf.. 1dbum-
fonning us ing nearfieldlflrf.. ld ipoc;ly.~ in Proc:. IEEE
Jill . Con{ ACO<Llf_. Spud, Sig 1ProctJSi"l (/C/lSSP ·97).
Munich. Grnn any (Apr. 1997). vol. 5. pp. 3741- 3744

4. B. V... Vom and K. Buckley. "Beamformin,: A ......a1i1e
approach 10 spatial fillering,~ IEEE /lSS P Mill . sm.4-24
(l 9S8)

5. J. Fl......gan, D. Babley. O. EIko.J. We" . and M. Sondhi,
"Autodir«tive micmp>ane IYu",u:.~ /I(.... /l'('d 13. 58-71
(I~I)

6. W. Kc1lcnnann., " A SClt' lt<a1ng di,iw~ .my,"
in Proc:. IEEE 11ll. Con(. Ac",",.• Spnclo. Si,....1 Pmuu ·
ing( ICASSP .91) (1991). vd. S. pp.81- 35S4

7.R.Smilh. "Cor>....tbe.orn.. idlhl'llCriYin'UY. ys forbroad
b.nd _ $)'SItmI .-/lcust'ic<l 1J . 21_26 (1970)

8. J. Lanli cs . ~Ac:o.Ialic:rin' arT1Iyl"itb <:orlllml.beam'l'i<lh.,.,..,.

• wry ....ide frequencyranr." Acv<ur. Un ttJ 13(5). 77-81
( 19ll9)

9. J.DoieIm andP.~I. "Broad·bfnd llmydeJip ll$

ins\he a ymptolic:lheuy d """"{Wll y o}*'Cd1I1lI)'I .~ fE£E
r......... AIOImr>aoprvpog... 36(I) .27 _33 (1988)

10. D. Wud. R.Kermcdy. andR . Williornson., '1h:oy anddesign
olbn...n-.d lClloor UY' Y'with f""luen;yinv lrillll far·f..-ld
bearnp"ncml ." J. ;le"",,1. Soc. Mo. 97(2). 1023-1034
(199 5)

I I. D.W ..-d.R .K ennedy....a s .wunesce." FlRfIl w design
for fl"C"lucnc:y·;nvarilllt bcomfOl'Jllen,~ IEEE Sig",, 1Prr;lUU ·
ingUtr.3(3).69-71(M..... I996)

12. D. Wild . R. Kennedy. ond It W'lililr'lSQl,~An adaptive I I•
...;lhmlor ~band fl"C"lumcy invariantheamforminB.~ in
P"". IEEE 1"' _ Coni /1",,=., SpHCh, SiS....l Pmceu ·
i"l (JCA.S.~P·91). Munith. Germ...y (Apr. 1997). vol. v. pp.
3731-3740

13. T. Luluo, V. Vllimlki . M. Karjalaincn. and U. Laine. ~Split·

tins the !a il <klay,~ IEEE S ig....1 PmcnJi1tg MaS_ 13(1).
30-6:1(19%)

14. T. AIN.l"'pal.. R. Kenn«Iy. and R. WiUilrllSQl, ~Ne..-fldd

t.-lband ur aydesi Jfl using . rldially inwriontmod al eo·
pvIIi on.,-submilled 10 / . Arow:t . Soc. ht. (1997)

20· Vol. 26 (1998) No_1

llllttr ry npualrd l"I:J,.~n inc"rpnrati ng soflware

l" d"wn·I""d d:al:l inl" ynurcompuler .

Cmnpkolr ly wr<lthrr prnn fll nd rugged.

Cunb ct u. fur infurmolt lun.

Acoust ics Aust ral Ia



SOUND PROOFING OF A FORGE
Steven Cooper,
Steven Cooper Acoustics PtyLtd
28A Woolwich Road, Hunters Hill NSW 2110
Member Firm of AAAC

ABSTRACT: A major forging companyin Sydneywas required by the NSW EPAto achievea substantialnoise reductionor be closed

down. This paper sets out the acoustic solution developed for the company using a light weight multiple layered construction that

achieved the stringent noise limits imposed by the NSW EPA. This noise control solution has been tested and proven to be most

effective in achieving an outstanding environmental goal that has also resulted in a significant improvement in the occupational

environmentfor air, noise, light and heat of employeesworking in theforge.

A plant operated by TRW Limited and located in Marrickville
produces motor vehicle parts by forging and pressing metal
that generates significant noise. The site is located adjacent to
railway lines running south of Sydney that carry both
passenger and freight traffic with the residential area of
Tempe on the opposite side of the railway line and in some
cases elevated on an escarpment that overlooks the forging
plant. TRW have occupied the site since the turn of the
century and operate their facility on a 24 hour basis with
forging and pressing operations extending to Ilpmatnight.
In late 1994 as a result of the change in the roof of one of the
forges t~ permit a greater degree of natural light into the
working space, residential receivers in proximity to the plant
detected an increase in noise resulting in an investigation by
theNSWEPA. Testing revealed the operation of the plant to
exceed emission limits established in the mid 1970s and
continued into the 1980s, resulting in the EPA issuing a
requirement to significantly reduce noise emission from the
premises some 20 dB(A) below the previous criteria, resulting
in the need to reduce noise emission from the plant by some
37dB(A).

lnvestigationswere carried out in 1995 as to the feasibility of
achievingtheacousticdesigncriterianominatedbytheNSW
EPA, that in effect required the building envelope over the
operating forge to achieve a noise reduction of 57 dB(A)
instead of the nominal 17 dB(A) achieved by the asbestos clad
building (with numerous holes) that had been inexistence for
many years. The brief for the feasibility study was to consider
appropriate noise control solutions that could be implemented
to the existing premises whilst maintaining production and
guaranteeing compliance with EPA noise requirements. The
main forging building now has a plan areaof3,000m' and
could not support a concrete slab or similar to provide the
required attenuation. Failure to comply with the design brief
was likely to result inclosure of the business inNSW, transfer
of production facilities to off-shore or, subject to invitation of
other State Governments to transfer the facilities to other
States where a suitable site would be provided so as to not
have a noise or other pollution problem.

As originally there were maximum levels generated in the
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buildingintheorderofII0-115dB(A)at7metresasaresult
of press operations and metal to metal impacts, together with
a large reverberant energy component in the building, the
design concept required the addition of absorption and
transmission loss performance to guarantee compliance with
the EPA criteria. Our previous design works in relation to
aircraft noise insulation for Petersham and Enmore TAFE
Colleges had utilised a multiplied layered system of Ortech
Easiboardtoachieve a high transmission loss performance in
the low frequency bands from a light weight construction.

An extension of this principle was considered ona theoretical
basis to achieve the required spectrum which necessitated a
noise reduction performance in the order of 34 dB at 63 Hz
with a proposed design solution incorporating three layers of
the Easiboardpanel in various combinations for the roof and
wall upgrade of the building.

An engineering review by Acoustical Consultants in America
on behalf of the parent company confirmed the theoretical
conclusions of our study. However, an engineering review by
an Australian organisation cast some doubt as to the
effectiveness of the design concept (as there was no proven
result for the proposed solution) whilst some EPA Engineers
had reservations about the proposed solution meeting the
design criteria.

Having to guarantee the performance of the complete system
and placing our professional indemnity policy on the line, the
preliminary design concepts were studied further. The ENM
computer program with additional site measurements
conducted at ground level and elevated areas of the forge
confirmed the preliminary findings that, on the proviso the
proposed constructions met our design specification, the EPA
criterion would be satisfied. Accordingly having been
through various engineering reviews and cost evaluations the
company sought to proceed with the project subject to
acoustic testing of the design solution. This was earriedout in
the RMlT acoustic test laboratories in Melbourne for a
number of configurations. The testing in some cases reached
the limits of the laboratory's capabilities in determining a
transmission loss performance. Figure I sets out the design
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filU'"C' l . ~Roof Conotn>ction

Figurc4 . STC46Dry
Wall Construction

Figure 2. Forge Wall ConllOUClion

philosophy for the roolleeiling. Figure 2 shows the .... 11
oonfiguratioo""hich isrnarg inally different to thc:roof7ceiling
con..lTuction , oou toprovideanatten uakdpassagc: for natural

air flow and achkH~s slightly diffn ml transmission loss
results but of similar magnitude (F igure 3)

A consequenceurlhe test ing allowed us to also a-eertain the

small cav il)' portion -o f the roo f system 10 revea l a dry "'1111
censrruction achieving a performance of STC46 (Figu re 4) .

The complexines of implementing such a noise control
programwhilsl maintaining the operationn f the forge required
rneticulous p1anningandstagingof the projecl. A supporting
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3~
122 mm

I . SOmm lhiekOrtechEasiboord
2· Or1tl:h ACOUSlit.>ard ...ilb ~_ F_C. fac;ng

3 .7SllUDlhicli:f ibrcglas.s
4 - 7Srrunp<'rfor-aled foilfaced8-12 kglm3fi~aso

"" "i", mesh
0.47 R MT Colo<bond Custom 0I'b on
SOnun thick blan.lr.e1ofS- I2kg.'m3 fi breglass

6- 1 7Smm~Dupl~Beam

1 · Purlm Beam

. structu re "'as oollstructed aver the cxisnng structure, as
Council required duling tbe course of the construction that
there:was lo be 110increase in noise from the premises during
normal operanons. Accordingly the constlUction phase
necessitated installing the internal ceiling components such
that when roof pancls were removed 10 provide the douhle
layer system there would be no increase in noise emission.
The building engineering design 10 accommodate the SeA
aCO\lstic solution was developed by Maunsell Consulting
Enginecrs under the directionofspecialist building advice
from Montague Consultants. with the building works being
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supervise d by Aust in Australi a

Comp lianc e testing car ried out dur ing the progress of
construction conf irme d the effectiveness of the desi gn
solution and gave a perfect example to the classic acoustical
formulas for open ings in a wall of differenllransmission
performance. The closi ng of a large sliding door to be
provided form aintenance pul'Jloses, thatinitse lf had a soulld
transmission class in excess of 60, cou ld be seen to have
margina l reduction in noise unlil the opening was reduced 10 a
small percenta ge and then the noise breakou t dra matica lly
disappeared.

The outcome of the contro l measures cannot be actua lly
measured at the residential area as the opemt ion Of lht;:forge
is completely inaudible in the residential area some 150
metres fromthe factory . In effect when one is standing on the
roadway 10 metres from the building one is able to feel
vibration through the ground but unahle to hear noise from
inside the forge

Measurcmcnts conducted ins idclhe W1Jfk area have revealed
from the use of an acoustic pattern Easiboard as the ceiling of
the premises a significant rcduetionil1 thcrcvcrbcmtioll
component has been achieved . This resulted in a 10000'fing of

the maximum sound levels in lJIebuilding by appro ximately 5
dB(A), with a reduction in Ihe reverbe ran t com pone nt
app roaching 7 dB(A). ?' -

The chang es implem ented 10 the building as a resull of the
noise control measures required by the EPA necessitate !he
building 10 be closed at all tim es, except for access tunne ls
that are acoustically treated 10 pcrmit staffand fork lift truc ks
to ente r the forge . The building itse lf has had to be
mechani cally ventila ted and in addition 10 reducing by a
significant margin the occupationa l noise levels inside the
building, the proj ect has provide d a significant enhancem ent
in light quality in the forge resulting in a vastly improved
overall working environment for employees for a forging
operation thai is now in environmental terms permrued to
operate 24 hours a day, 7 days a week.

The overallcost of'ebeproject approached $3.2 million and the
innovative solutions used in addressing the environmental
problems unique 10 the premises have resulted in the project
being awarded by the Instituti on of Engineers (Sydney
Division) an Engineering Excellence Award in 1997 for the
category of Innovation and a Highly Commended Award for
the category of Environme nt
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Tuning, Timbre, Spectrum,
Scale

Springer-Verlag, Landa" 1<J98ISBN3.5 4().
76173-X. 30 pp, plus CD. sofl-cava
AU.'lralia" Jislrjlmtar: DA Informarion
Service.•. PO B"", 163. Milcham Vic 3132,
Tel. (03) 9873 441/, Fax (03) 9873 5679 ,
PrjceA$ 92.!0

To mosl people, the 12-00te . cale of the
piaoo kcyboard, and with it the hierarchy of
consonant intervals -the octa_e, fiflh,
fourth and third - is the ba., isofall music
Somo m3)'b ,aW3rethat lhl' lnIl<!I'msystl'm
of l'qUlllll'mJl"rarnl'nt, inwh icha llSl' mitonl'
inlCrvat' ha"" pre.;i""ly the S8tnl' frequency
rntio, is a compromi."" that S8crifke s the
purity of1UJling of the consonant intervals
(excep1 lhat of the OCI8Vl') for the ability to
pl3)' equally in all keys, bUI lhal i. about
where most mowlcd ge stop"

But whal i, Ihe hasis of those rnu.ical
principles? Take the octave, for examp le
Its im[lOrtance w; a COf>Cord derive. from the
fact Ihat ordina ry Western mu.i eal
instruments have harmonic spectm ,i n which
Ihe overlone frequencies are integra l
multiple.of lhat of thefundamontal. lf two
note. an oclave apart (frequellCY n lio 2 ;1)
"'" sounded.imultanecll.'lly,then maoyof
the overtones co incide and the result is a
pleal'llntsm ooth sound, while anymi .tunin g
leads to unplea~anl beats and lonal
roughne... But what if the individual noCes
have inharmonic spectra? A recorded
example shows that if the .pec tra of!he two
notes "", slrelched, then !he "octav<:" mu. t
be similarly stretched to give a concordml1
sound. ll is olsopossible to divide either the
genuine 2 ;1 octavo ora stretohedoctave inlO
a nwnbor of ,qu al "scmicones" other than I2
- bo!h l l .mtc and l(}.noto divi. ioru; can
sound verypleasant- provided that the
ovcrlone 'l""traofth e cornponcnlnotesare
adju.te<l aprropri alCly. And this is desp ite
the fact that the tradilional "concords'" have
nowdi sappearedl

Non-Wester:JImusical tradilions based upon
non-hamlOn:c percussion instrument s. such
aslhe garr.elan of Indonesia, have faced
s imilar prcblem~ and have develo ped
plea""nt.s om dmg scales with 5 or7 notes in
a . Iightly stretched oc tave. but with IUni ng~

vl'I'Ydiffere'lfromsimplyp layingo;ele<lCd
nOleson a p1lJ>O

Aoousnos Acsnete

This excelientbook,writlCn by a musically
minded electrical engineer and computer
ileientist, e~arnines the hasi. of oor whole
concept o f melody and harmony and
present s comp ellin g recorded
demonstration. using computer-. ynthesised
sounds . Theprcscnta lionrequircs no
malhem alica l backg round, tho ugh the
relevant mathematics and compuler
program. are given conci",iy in a Sl'rics of
appendixes for thOSl' who want to follow
them further, As w~lIas 'trelched octaves,

slrelcheds pectraand non-12·tone scalcs, the
author shows in detail how to construct a
syntllelic illSuument .peclnl m to match an
arhitrary scale. and converSl'ly how Iodc,ign
a scale to fi t a given instrument spectrum
Tbere is a de taile<ltreutment of the gamelan,
andthen, as a virtuosoe~ere;se . hedesignsa

scale and prc>;cnt. mu.~ical examples to
match the . oun& of a small bell ,a pieee of
resonant slone , and Ihe pa1tem of an ~-tay

diffi'act;on'pectrum! He also . h""" how a
con.puter cana dapt ivcly IUl'ethe notesof a
,.; ale so tbat lhe result isconcoroJant
irrespectiyI' ofkoy cbanges -an aim that is
only imperfeclly fulf illed by equal
temperamcn la nd lhat leadstodisa.steri n just
intonation -and outlincs a treatment o f
music thcory for an equal-Iempered Ill-lOne
ileale

The wriling throughO\lI i. admira bly clear
and straightforward, the book production is
uptu Springer's usual bigh standards, and
the recorded passages on lhe CD, which
compri"" both short e~amples and longer
compos itions in unusua l scales on peculiar
syntl>etic instruments. acimirnbly iUa. trate
the points made in tbc lext. They al",
demonstrate that the author is a very
contpetenl andpersuasivccomposer inthis
new idiom.

This book, wbioh is deslincd 10 become a
c1ass;c, i. e..", ntial read ing for anyone
concerned with computer music, or with the
study o f non-Wcstem musio. It . hould be
bought and slUdied by all lecturers (and read
by all students!) in mus icology. and should
be in the lihrary of cwry instiMio nl eaching
music at an ad"anced level. l'I'rteprual
p.yohologists should aIso ;nclude it high on
their reading lis ts . and I am sure that
engineers, malhcmatic ians and physicis t<
will enjoy it I found it absorbing reading
(and lisleningl), and I can re.;ommend it to
anyone with an interest in Ihefundarnontal
psyohol"g;cal or""",usti c basis of music
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Noise Effects 98
:-'oio.eElfocu 'ilKwi ll uk e place in Sydnc:yon
22 IOUi NO\'Mlbtt I'il'il8, l t ia the71b
IntemlIionaJCongre<s"' the oerietOOlNoio.e
.. . Publi<:~IhPmblern. of\f/1I~fernd l<l

.. IC BEl' , TIlne corf......-.c:esareMlybeld
every fiveyean -'lbsis thr fU'SllClbr beld
in lhe Soudx:m~, This ooafeml«

will be llf iman. 10111th..: iIl"Olvrd wilb
anyl$f><l<1oflhrrffcctsof"';or.

Tbr sciratif", P""&fU' ..~II includ<'iIlVi!ed
andlU bmrnaloonl l"""'t"lati<IM. pClSlenand
......tsbcJps in thr f~1lo:wm, IOpOC arns :
. NOOr-induI:cd~"-

.N<>isr .....~
· """'--..dit«y pll)~& buJtb

r ffc<:tsindutal by noior
· lnflUCU::C: ClIl pa1<JnW1f;ll and~

· Effecu llf ..- _ okep
·CoounlUUl)~ 1Cl 1>llix. :s<>Ur -'__

• Combincdqaus
· Rqubtic>ao.d 1lMdacds

Tbr kC)'llCltc opu lccn ....11 illCllIde Pmf
SMOQRElIiR URG. Utrttht Umvc,rsity.
Ne<bcrlaDds;Pm( Mdy IIEDE" s-.bine
Coast Uai>-a1.ity. A\I$lnolil.; Dr
EO'W'ORTlI Y. Ulti, 'a>ity o f PIym<Iu<h.UK;
Pmf Gla'y EVA1'~ s.. CanM:II Universi ty. USA

7Mc""for F"'fKrl dNltlte~/fuII
bootInarraoc.UNr scjMJoO""copy
COJllaC'I ....CliM £8«u "98.GPO ~118.

S)"'l"q NS W 2001.IrI +61 1 9161 2177. j<u
+61 1 9262 1177. ....
,,";~' It>u,IlostI.tfJIrI, ....

A/lp: I.........,.,...."Uy.COtrf , .w-.h~

effid> 9b

Intcrn oise 98
Intcf1l<),.. , 98 . the 19'98 In terna tiona l
~onNoisr Cmtfol Enllin«ri ng. w ill

be ht ld in Ch, istch~Jl'b. Ne w Zea land
Nm .:mbc1, 16 • 18. 1999 . 1M theme of
I:>ITER· t-O ISE 9K i. · SO UND AN D
SIL.EI' C E: SETT ING THE BALA NCE".
The l:OOf.retlce is 'PCn"""'d by I/lNCf.. lhe
lnt" rnau. ,na l Insmu:e of No i. e Co ntrol
F-11gineering,and i.~inIlOl1:"n;'lCdbyt""

Ncw Zeala nd Acous tica l Soc iety. The
tccMica l progra mmc will prov ide for I""
prese nLal;cmofpoc<k,,;andboth inv;tedand
eon lributed paJ'M!'.....h .. ma ny H"Ision' in
para llcl as nceded \(l a;:cornmoda tc !hc lOpics
offered Di'>linguishod L.«Nm; will be given
by D. Leol Beranek.and I'rofesoon Jnemy
Astlcy,Chri<lOpbe. Ric:"and Co lin Han>Cll

.. plenuy "," si<>rui. Topics will be grouped
with a Keyno te Pape, invi ted for each
oeuion .Te<;bnica l Papen willbe p.escnted
;n a wide range o f topics on ooise and
vibmion

TI>e cal l fur pal"' rs bashccn distribu!edand
tM ~gi$tration broch ures wi ll 500II be
I"aila ble

FM"'-Infomo"h"" .· INTER-NOISE 98. NZ
Aevwria2JSocietv. PO &»; 1181. A....-tLr'"
100/ . Nror Z_ J4 nd. Tel; +619 61J JUT .
Fu.: +6# 9 61J JU S.
;"fenroUr 9S@<luckknod....,.JC

~np:I"""""""..dlaIld.=JIZ!i7f-ue9S

R« n ational Noise 1998
:"I_.~r l U, lJ1N'n,t-.

RCCn:.lion.l ooise is a 5Ub,ject rarc ly
awcanng in tacntif"" jwmal.. a11bol1&h
macyln5..-eao;tivitin pmduce ~~

ltUld ·lhc hiddmf.aclClf in lhcpopuhtioa's
dcdining bealthandlhcdegradaUoaoftb:
eaviroDmcnL lnlOrrnation Mt!>eCOl.IenIOf
ooUc in rccn:alion. ..... ;ts d'fCCtl .... ......
...~ ..__t, isbrJ:dy lllllDow,e,

TImSympoaurn.. brl~ to be the fin< llf
rt5 kind, will .nempr.IO .......,. """"' of the
qucWons.-.dwi ll<;Ovet"noc only the upcc1S
of env;ronmmtal noise co ntro l for
m:raoooal acm.ilJcs.buI ako1bc elf«lS OD
beaId'Iof lbose enP&ed in the bu<ineo5of
nwning the KiMtln. oftho5c tWng pari ~
clIoia:andllftbosc OD...-hamt!le aetr.·itie5
intrvdo:. TIle " frc<:t. of tourism lID our
National Par1<s and Hcritage areu wiU ....... ........
(}uca-.. and the Ukeland Hord is ....
idea l plac e for . "",b a eoo f..", oce
Quefl! stown is""eoftbeveryfinrsl
re'C~ari(INl areas in the .......Id, and the
scmery arguably tbe m<l5l bcautiful \(l be
found ia.anycououy.
On Sunday lIicrvembcr12delega lcsatte1ld ing
tM Queen .. ....." Symposium may travel
diree t from Qu""n"tow o Intellll-tiollal
Airport to Sydney to arrive in l ime for
rcg i. .... tion at the No;sc EffectsCongre..

t/fjOrmariOll: Co/f/ en?/fcr .'l.x;rrl ary ECS.
PO B,,~ 76· 06<S MANUKAU C/TY NtrW
h " I" /fJ F(JJt: ( ~64) 9 279 SSJJ
g",mlfl@b in,ro.1fZ

le A
Ju nt2ll.16. Sra ll le

Th.16th lCA will be held 20-26 June 19'98
in Scallle Washing loo. It will compri sc:16
plcnary sc, ,;o (JS W\>lI spread (l\ler tbe ran il"'
ofdisc:iplincs. The numbe r ofahstracts for
c<mlrihutcd papcrs that have been offercd is
• ppro~imltcly 2,000 and the proceedings
will be provided 011CD. The conference
ohould be: very_lI.ncnded Infontlltion

about the ccmfeccncc:ca n be:obtained from
h1lp:l1www,"pl......hingtnn .eduI...-'asa.btrn l

At the General A&sembly cree ICA . \(I be:
beJdduringtbe wng~ss.thell<"W ~laluS of

oe ICA wiD be coofinned. Since its SWl
ICA h.a~ been I 5ubwmm illoc of the
IlIICmIliona l Uni"" f(ll !'tore and Applied
Physic. (lUPAP), Whi le therew;]] sr;1Ibe:
SIronS linb\(l IUPAP,lbenew lmcrnah ona l
C(llIlmissioo ClIIAcousIicIwill be di=tcd
by a boan!ofU mcmbcndcclcd bytbe
lXnmo l A!-scmbly.

M.- i~tiotI "" lCA ('dII k Jo-d " I
Arrp;/....._""'.C<IIi"'~

Indonesian Sodet)·
lbc ~an Aroust>c' andVIbraOOll

Socicry tlAVS)has recrndy bet1l formed
fol'-ms Mfrorn~Wlth

someor lbc lIlCIlIbono ftbrAust Acoustical
s.xicty a similar5tt\ll;tlfthasboml~cd

The imlJalonof the toC"irfycarnr fmm
1dl;",,",ilies (ITB.1PB), ,~1

insIIllllions (BAP£OAL. 8P PT. U PI). lnd.
!'On')' (Thl -AL ). Ind.. Airttaft lnd.u.stry
(IPTh)pd priYak companiel (B4 K.
UTAC.B.t.H. o.V.~ lt ia bopcd thaltbr
...octywiU_I'larl)'npcrlIfrumali
<WeT IDdoooI ia ..-too .e drab_I wil h
ac<>U$I;n and vibra liCJa ill 1bctf daily
acriviries. Themaill l"'Olrant_ld bc
introduc:'" I1W IOC;fty lI.Itioftallyand
interna tional ly. and.~n.tbc fiM
narionall1ltttJnlm l99ll . Sincc ihr flCld of
acooastics and vibn tiCJa ia ~latively_

among indumyp-actlliClners.1hc IAVS .. ill
brpbnning lO CCl!Iduo:r lohot'tcourses ",hich
""'Y bc in lhefonnof ~prachcal

eduaOOll Tho:re is COll5idn'able imcn:sr in
maintainml a ebe ~WioosIup "'rth the
AlISIrahan Aco<lsrical SociCly.

FUJ1hniJlfi>nn.;lioIo:/~io/fACOIUria

"/fJ I';Mrli"" s.",it ly, JI. C",....",IJ, Blol .
S. KeM)'fJ"''' BIl.... _ .h t<l" " U110
/"'·OONES/A. Tel +6111 521JOJO F<u+62
2/57J775J

5th Int ern ational Congress on
Sound a nd Vibrat ion
lbe Un;versily llf Adda idc:.South Ausrralia
w.. proud 10 Ilost th., Sth ina orriCli of
t ong."''''' wh i~ h begun ;n It;1'fflat Auhum
Univers ity. USA under Ihe gui da n~e of
ProfessorM. lcolm Crock ( r. and ....h;~ hno..•..
are.pon....redby lhe lnte malional ln..iI;\ute
of Atou-, tic5 and V;hn. tiOfl. Ry all accou nts.
lhc5thConl\tt ' 5,he ldfromDC<'emtlerI4 to
18 1997, was a resounding success, both in
tcrms o f thc: lc<:hni«ol program and _ ial
.....enll. lt ......Uende d by 400loc. l.
;nICr<laleandintcmati onaldelegaICli.

Tbr~arc:..,.,.,., who SM)' that thcrc are 1<>0
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mony eonfCfnlCe&OII """ ndandvilnt;""
and lhal lhe_ whlChilllhe5llbjco;toh his
artie ... il "",,",cuuy. The Iarp nl1lTlbel' of
de leplea allC1ldilll lhe ' th conjpal ll't
temmenllolhe accdfor a~of tbis

~ in ""'icheducaIlOll ilemphasixd,

.......... Y1bn.riunandlOW>d~equai

emphasiland...nm,lhein~'ioGof

Y;lnoolland-.nd ilofpll'ticular~

1M ,th COIllreM also pr'O'I'idcd
opporIIIIIJfiesfor '- Inftlinp oITlw 80Kd
oI Oire<1Ofl ofTbe hlltlt ll,e of A0au0tic5
and Vibnlion, The Edncriala-.l o flhe
IlllC'l1laUOlLll 1oum.l1 of Acou Slici and
Vibnlioll, The C<lOlIICii o fThc Al<SlnIlian
Aco!IsticaISociftyandTbc.-.......Jc.mc..I
Mm il l o f TH A_lin Acoustical....,
foIdwflnltillW inlhcconl"""KricI, Ihc
5tb""'f"'ll~aaeriaoflix _

....~ .......... IIII_advmceo
iII ~:"~ ""' COIIIrUl· by

Prol'ator au- Tokll i, .~ of
vibro- impKI ~te1nI. by huf~

V"'miI B.biaky, ~ I~ by

hum- Makolm C'rOI:m, · StahIticaI
E.r.,.A~by P'ro,"- KerlHeroa

...d I"U B.---. M>d "W_I$. by~DariltNtwman-AII _

_II 81\C1l1kd and «IUilIIy added;

~""" lOdIc~1\DoIbI:r

f'rSI .... lhellll1OdL>f;tioolof~iahll

kc)ftlII:~..-....",,1IICd1O

intrtIduce lhe_oftbcanoflhelllbJca:of
I S difJaan~a1 IeSAoD1. Thttpeciallil
k~~~ lWO bllW

I I000 aI 1l.e bqi.ruliD l of ll>e pani cu lar
snsion lhcy in~ and -.-e very _lI

_ a-l. A.Iooforttte very f lrSltime.the Sill
Con,,",,_l>eldjoinlly .. ilb aooll.e,
COIIf_ewllicbintbil<;ase .... lhel99 7
Ann ual M«I1 n. of Tbc A"'lralian
AcousIKal~.

IrnrMdiatcly foll"""inS the Opc-ainS
~SirJamcsLigbthill~

ande<b:alcdtbeaodimce",;th hiIOJlellinS
PraidmtiaI A~-. "A emtill)' of shoc k
.. aved)namics". ln hilllllllJrnc>dcllway.
Si,JamesU&hlhilllold", indetailof lht:
C'lcitinIQOftlributions oflNfl)'tli$tinguilhcd
ocicntisU to the fie ld .. -bile barely

mc:nt'OII'll3 hi• own enormou... COIIIributionl
.. hi<h we know pbyed a I'lYOllI roIc in Iho

adY1lOCemenl oftbe fIeld ovn a n\ll1lbcTof
decadel . Thc discllu ion in Ibis field was

f"rthc ' ellhan<'ed by a spceial l«hn iea l
Ic..ion on slloek WlIVCdymunica held oolbc
next dJly which ineluJc d pre"'l1lUlliona frum
fnur IWrld leWcnintbe ficld

Ot her Dil tinSllilhed Plen ii!}' Keynote
AddreUC I wbicb ",,,rc prcsenkd., Yllriou.
li mct lhrou~ tbe c:onsrcs. _ "'nto

28 ·IJoI .26 (199l1)No. 1

lbe Physico of ROlor Acroaco II. tiea:
big:hhghtlof rccent F.llropesn hclicoptc,
no ise research", by Dr lI. nno Heller ;
"Reeenl devd opmcn ls in acoustic I·, by
I'rofeuoo- Molovlm Croc ker; Recent
~in thcacti'IC COCltrol ofsrrucluraily

radiakd -...d., by Professor Chris FuUer;
·V,br:a11on l upp ,ellion lhrOllP smM1

dampill ", by ProfCloSU 0... Inman;
"DnI:lopmcna; in dililal analylis kdu1 iq1le!
for~ ofbelriDplll'ld ,ean" by

PTofcuor Bob RanoWl; and · Hevinl
prot«ton"by ProfC1l«SamirGcrJu
Tbcu .... _ DiolUlgvislacd K~

adohM everymominIand at\cTnooD. of tbe of
daysoflCdtnicalonaions,~forthe

rmal al'lcmoon. ~C8d~
Addma-... ~Iocl _hnial ocMionaand
La all ""cr lOO Ic<:bnical papm ......,,.......
o..illllhc banquict .......... _ .... -.-..

pr..-..1 n.c r.... _ n.cA.-aIiIII
..\coustif;alSocicty(AASj l'laidcnt'. mcdaI
btbeliar",Tinea popcr byatnmlbcrof
lhc AAS. Thc -.1_madeby thc
l"raiQcalofTheA.\S.Char\a;o... andtlle
IOimrn_!M<wIrIeTlnnXc:landNormal1
O.-t.b their~IcftcP"l""".ntlo:d,"""""

~-mcof~... "'B1onc
...--"(_ll,dcd inlhiliMuc).Tbr:KalIId
--.. ... tbc "Dw<id Bin~"__

byDarilt~ofVrpacF~_

ScimI .... forlua-nOOlthe _fabgu<"
....,.... _ .. of tkm.Lks Cl lO ...in&1laps.
T10c nnl ...m _ rIM: r.... Honor.,.
Fcllowtbipof1bclDlanltionallnllllullc of
AaIusncs...dV,braQoll(Il 'V). Allera_
Clllmllninaopc=h-..llichbadthe~

... thcedgeof#leirliall"~s..
JIII1CILis!Jthi ll,~ of The llAV made
tbe-.l to !'Ttlfe->rDavidCrighloL

lbis Coas rcu _ 0f1:aIlisai by acommincc

" "....I1I.gofmembcnof thc SA o. vUioDof
tbe AAS,and slafJ andpo<tgradua~ "udenll

o f Thc l1el' anrncnl of M«: hon,e. l
En"IlCCIlll&- Univcnity of Adr laide. Thc
1Iron, t«:h nkall"fOlT3m for the oongrcss
larc<:lyta ultodlTom thc l;QI\Siderable efJorts
of ll'llll)' """"hcrs oftbe S9-slroog SciCIIlific
c_ _

c,,/inn"""" n
STAN DARDS
Ck eupa l1onall\nlaf \ ' U llltfmUI

Toa idOfilnisationa in tbc implcmcnl.otiooof
. n intcv rat<"d oce llp;lli.,....l no ise
man. ,em enl prOi ram, 1 n...... fi vc. p.ort
S\llIId.\rd ilhcinlJlllbl ilhcd byStand.tII
Au-'\lrlIli• • IIIJSIlIndanh Ncw Za. land. Ea<:h
pari """,,en. scpanle .lpCCt o f thc
m.aJLagmTcnt P"'Intm . The full AS:NZS
1269 seriel on Ocell p.otional Noise

M""" gement is II follow. '
·1269.O'I998: Ovcrvi ......

" 1269.1. 1998: Mcaa uretnl/fll and _
mcnl o f noisc inuni ll ion and u pooun:.

· 1 269.2. \ 998 : NoillC e(Jlltrol man~.

" 1269.) . 1998: ll ellfin, prot«:tor provram.

• 1269.... \ 998: AOO;\l>f)'....,wncnt

Thi. 1ICria is tn:vision of AS 1 26~ 1 9lI9:

Ae..... lie.. IlC. rinl eonaerv.tion . MajOf
c:hantc* includctbe u~of tbeDOiIIC
coarro~__ lCIempbas.. noile

control II lhe primary ,oal of an
~noOwm&nlll""'"'lpn:>&QIO.

theproo.-;s;uaolmcftddallcdpidanccllll
the~and.......,emcatolb<Jth

..... COOIIrUImclhclnn&pmacaorpqr-.
aDd the impruwmenI of procedwn for
aud,tory_t "T1oe """;aiooI lI ...
Rf\cc'IstbcchlnpialCGl'f::qlllfnxBa-...ue
doIIC~ ICI that of ..... n..-R'. None
aposure blla .. abaotuacY1Ol_aohidI ill
indepaldeaIolthe ... CI.f"'I""'criIcriIIII
andtbe SlaDdard doa llCll "~

aoiIr:anma.Ota>pobuDal ..... mlcria ll't
I"M'fDCd by_e or tlllional~...d

IN)' be dilmenl accon1m,",!he rckWnt
ICgIIlItiote roquiremmla.

I'art O g:iva an~lCI lhc ASlNZS I 21l9

lCricsandl"""'"i........ OIItli"" f"'lft
illlqratN I "",,*,II 10 C1IabIllh inllo
implcwmtiA& aad .:v. luat;"1 ...
oa;oupatiorIaI wooc .......,eme.l .......... 1I
..... htch..p _oftbe_!lOI
co-ercdialtheorhcTpanaoltbes-owdand
~ .. npIinaboaoflCnll"""h ..
~cmiMOIIIIonol_·~·_·~

Pan I sp«i ron 1I.e typn of .....oc
__ ..tUCh maybcrequlft4 in a

....n,1acc.theJ'C'ftC'lllob;cctMl olncll
IJ-,...of~andtllein>lnlrnc-.on

andproced>no~lCIcarry OUl_

1'art 2 pnM idallCcandprooed<rclfor
irK>or}>oraIm' oc WllIrUl WlIqiCl illlo
the dco;, n of _ wortplao:e l or
imr lcmcntinll noioc oontro!s inro Clilli ",
......plllOCl. Tccllnic. l mformari"" on t-ic
noise co ntrollcchn iquco il pnMdcd in a
1Crics 0f i nf<>ltnlti~e arJ'ClldiCft

Part 3 providct . llid.l1Ceand "", IIircmcnll in
relationlO ft lab liJhins a hearinll prot<l<.1or
program. II includes an outlin e o f lhe
rnponlli bilities a<IOCiated ", ilb a bean ns
prot ector pro, ram . nd diac"'..... lhe
rcqlli...,mcntl for IICleel;on, IIle . 1Id
mainlcn/lO« of ~onouI IypC'I of hc<Irill$
prolCdon. ll ll oop_ idn inform. t"", ,,,,
IIow10ensure the conllnucd elfcem.me... of
tbcllearin& protcetor~ by'"'IY or

conIi OWll aud nirllofthePf'OllTW4and lhe
n ini",ofpcnonnclin lheuscof bcarillB
,.,.m~

Acousta Auslralia



To . imp lify thc procc .. for selection of
hcarin~ protecto rs., a syste m that splits tile
artenuation !""OP"'rt iesofhearing protecto rs
inlOfive .la sses has be en incluckd. With this
classifi. ation syst em only an A-we iglJted
noise measurement is requ ired and the
hearingproteclOr i'l tl>en chosen from the
appropriate . lass

Part 4 specifics procedu~ and ""lu irements

foraooiometric t", ling that is used tomonilOr
the h. ariniofindividual s expo ..d to
ex....i ve noise. The .pec ifi ed audiometri c
method .mploys an averaging techn ique at
thos<:m quenc;es most likely to be alfectedin
the early stages ornoi.. npow re. Th is
lVeragmg techni qu e incrn .... lh.
dTecti~enessofth.audiometrict«hniqucin

ear lydctectionofhealinglos.s. The"",lhod
al50 pla= crnphasis on detcct ing temporary
th...holdoltifu.,,,nichp,,,,idesan ea rly
indication of the likelihood of pmnanenl
hearing loss

I-'ASTS Ad i"ilies
The Fe<krdtion of Australi ao Scient ific and
Techn ical ASHlCiations (of wbich the Au.'<l
ACOlI!IlicllISnc isa membtt) ha.sbeenaetive
inreccnt rnonths.

The _ policydocllntCOlwasrel.~ in

January and in.1uJksronsidcrable revisions
followi ng tile f ASTS' Council Boar d
meet ing> in Nuv. This is in the hg!lt of thc
Govcmmcn~s tretions ever the last years. In
'lome cas e. th ey have addr essed our
co ncern s, and in other . ases they have
created new pto blems.

The Minister for Ind ustry, Sc ience and
Touri sm John Moore aud the Prime Minislo>r
arc 10 he oongratulat«l forpi.king up many
of the rcforms lO PMSE C suggested in C1Iief
S.i .n tist John Stocker's rece nt review .
PMSEC has been substantially rr.-.npcd.
along lil>Cs tbatfitverycomfort al)lyw ilhthe
FASTS ' Policy Document, and will
S1l'CT1gthenandsi mplifypolicyadvice lo the
Govcmmcnt The Presiden t of FASTS will
be abiClOrncetregularlywithotherexofficio
me mber> as well as a sm all g roup of
distingui,hed llCientiS1.wboare memhenof
PMSEC in their own right. ThcCll5Ullltyin
the proce.. io ASTEC . ,.'hich is to be~
~p ao 500n as the . ur rent term. of ill
members have n pired and when curren'
inc.uirinhlne hteneompleted.

FASTS i. alw eoncemed about the dec linirlg
numbcr-.ofundergraduattstudcnt. cnro lling
in scien« lIJ\d tec hnology cuor". . at
uni""""';li..,inAu..aal ia and the Presidcmhas
urxed the PM ro take up thi. i.. ue with his
Ministen

Dr Joh n Rice, Chair o f the Aumalian

AcousliCS Aus lral ia

COWI.il of Deans of Science (ACDS) , and
Profe""'r Pl:ler Cu llen, P...ident FASTS ,
sa id tllat univerJlity s.ie n« is in danger of
sp irallinllout of control. They sa id that th.
p", ,,,,ures and the ralc o f . hanlle in univers ity
ilCiencc are building ul' to an unsuS1.llinable
leve l. 'Scie nce dCl'u lments are heing
<"h jcc ted I" pre,"ure . fnllD all qua rte",
h ll ing ....dg. t. , a . witch from bas i. to
applicd subjccls .adechnc ins tuUentdemand,
o.pe.tat ion. tbat s!aff can carryever ire.l ler
loada, a nd con f".ing . ignl l. from
Guvemm cnt a ll co ntribut. to the pressure ,"
Dr Rice said, "A cl.or Iud coord inated
vi. ion i. nccdcd. to bring lhout product ive
changemdavench_." Thc is..... were
explon:d a.l I f<ll'\lm II the Nllional Press
Club on February 2j , "Uni\'l:nily Science
Cri>.i. or Cros sroads ?". featured . peaker>
from ind...tryand un, ven;ilieo

QLD Noise Policy
The Env!ronmentaI Pro!een",, (~ioel l'uhcy

19'17 ilk ntif in eniro nmcnllll value. ,
provide. guidanC<\' for the adm, niWlltion or
environmen tal I Ulboritieo and mv ironmen tal
.... nagemen t prog rams , add reo&eStM comrol
of ""ighbourhood noise . andprovid.-" for the
preparation of ......rdinat.d pr"S ram. to
.nhance or pro te<:! tile iden tifi ed
. nvironmemal val....

Infring em,:nt notice, Corcertai n o lfcnceo un
now be i.. ue d unokr re<:ent amcndmen .. 10
the J u.tic,," ACI and Reguhu \on.
Inm llgemcnt nuti...., whieh al!ow r"ron·thI,...
,pot f inC5. can hei..ue<lbyauthori~

offICers o f aJrni ni.terinll authori ti. s, In
decidi ng whet 10 i""ue an infringement
no tice, a uth" ri d (lff ice ... will need to
. on,ider the Enforcement Guideline for the
Act. It is a nlicipaled th. t infri ngcment
notices wil l be uscd "nly w"encvidcn~ of.n

olfen ce i. c1ear·e ut and • • n beclcarly
pe1Teivedby thc autho, i<edpcnon

f'ljiJnnalirm : Bob Jl,uTrte (0 7j 311' 1771

WWWin Qld
Th. Department of tbe Env ironment in
Qu•• nsland i~ !"lOW 0 11 the web at
WW'w.mv ,qld.gov.au . Th is i, allood ,...ylO
>Wt when youareseocl<.ing infonna tioo oolhe
lates t issuesrelating to noi..........11.. 0Iher
aspoc!aof theem.' ironment .

Xoise Fines in S SW
I I is boped tbat noise pollution in ru idenlial
areas will be redu~cd wi th the "I....ion of
mforcemctll~lOpoIice androuncil

offlCer.llhroughout ,,"SW EPA Duector
Genen.I, NeiI Sbcpherllsaid theenforo.ment
ofal3Iltlc ofD'lOlOrvehick noise 01fen«1
....ill be mor e e ffoctive u cOUl'lCil and police

officeTSwill ltav. the pow... to i....e penalty
infringement notices, The fines would range

from $ 150 10 $30l1dependin g on the typr of
offence, Durin g 1996197. th. EPA issued S22
l'enalt y Infring ement Not,c .s for motor
vehicle noise onceces. It is hoped that tile
extension of penalty powers will ac t as a
deterrent "n d cncouragc people to help
rcduce noi.. pollution

Thc-offences wil1aw ly tos ilUalions such as:

• Noi.y soun d systema in can affectin g
pcople outside Ihe vehid e. This prob lem bas
increased with tbe use of more pow'Crful
50IIndsy. tem .. particula rly arowtd shoppin g
e.ntrelland te5idential areas.

· The ..... ofnoi.yvehicles on pnv ate
prorerty and affe<:lingnc ighboun. Thi s can

be a proble m 00 ruralpropcrtics whcrc noise
from vchic1n. >om~ of ...-hich .... y be
unregiste...... ... n cause a great dcal of
annoyancclOnci~~

• Opc n ting noisy vellide rem geratioo Wlits

at night """"'" tbcy canhc hl.'ard inside a
r... idr nc• . Th is can be a problem near
commercial are .. and caD be overeome
thro ugh be ltcr parki ng Or opera ting

arrangemenlS for such vehicles

Dr Sllcp llerd said odler offences illClude
con"<'cling a vehicl. ·s hom or alarm 10 a
mobi l. tclep~ ""that.ithcr theI>ornOf

alarm sou ll<h wh... the~lephonerings

1'1>egrantinllor the pcnal ty notice power< lO
coullCil and roli ce officers wns made in
con sultation with the Police Service and
council s, "Th. community a nd lhe
enviro nment will both he winm.'T'S as thc
.. sull oflc "" noi sc, parti~ularly in resid ential
. reas" said Dr Shcphcrd

ACT Noise Regulat ions
The ACT Governme nt haa recently passe d
the Environme nt Protec liun Regu lation s
wh i~h illClndc measurem enl ofnoi.., levels,
dctcnni natio n of "",c.,.",.i"C noi>Ckv e1s and
tb. ooi.... cooditiora.for ..1c Mlll hire of
art icl. s , The.. ~uLation. repre..nta
cbang. in tlle .ppmodI ", the a-.emment of

noi"" lS lhe~ irM>I>ft eompari"""

o f thenoi.. lev. I, ,,",tlI tM 1OfIe noi..,
standard for the ara Thll.,..,'E'\lInnes are

bI>aI on the land use policics uOOcr the

TmitoryPlan andthestandardk>~ls l3Ilge

from4SI06SdB(A)dllli ng daylime whichis
from 0700 h", (or 0800 for SW>daysand
holi<b~'l) 10 2200 In. During oightime the
standards range from 3S dB(A ) lo SS dB(AI
Cerla in8C1ivili... are liOlCd inaSchcd~kand

aJll'l'l'l'l ls for other aClivitiessuch asspec ial
event can be applied for.
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VIBRATION
ISOLATION

Matrix Industries Pty. ltd. patented wall ties
provide structural support while reducing
transmission of structure borne vibrations.
Resilient mounting systems are available for
all masonry and plasterboard walls and
lightweight floating floors.

Matrix Industries products are reducing
noise in studios and theatres throughout
Australia.

D
NatiOna l

Acoustic
'''' Laboratories
ACOUSTIC & NOISE SPECIALISTS
Superb Anecho ic and Reverber anl Test

FacUlt ies Servicing :
• Transmission, Souod Power and Absorption lasting
• Gener al Acoushc Testing

• Comp rehe nsive Analysis 01 Soundand V,brallOO

• Measurement and Control of Occ upational Noise
• Electro-Acous tic Calibration - Vibrational Analysis

b P'trb In N, iu Managemenl and olher Se rYi~1 · lnclu ~ l ng:

° Measurement end Contro l 01 Occupat iona l Noise

° netererce and Mon ilo ring Aud iomet ry

° R8Sldent ial and Environmenta l Noise

° Educa tion lind TraiTliTlg - Acous tiC Resean;;h

EoquiOOsanciSaJee.:

MATRIX INDUSTRIES PTY LTD
3 RICHA RDSON STfl EET. TAREE NSW 2430

PH/FAX: (065) 522 20 6

126 Grevllle Street, Chatswood, NSW 2067
Pho ne : (02) 9412 6800

Natiooa l Acoustic LaboratOfies is a DiviSlOfl o f
Austra liaTl HearingService s

a Commonwealt h Governmeot Author ity

..... om..
Unrt 2. 2 Ch<w1otte Sl
Ashrlllkl. NSW 2131
l,lobile 018 470 179
Tet (02) ffl1 1790

Fax (02) 9797 1792
POBox-W16

W.eemba. NSW 20016

RelllOfMlDm c.
PO 60x 535
~W"'6073
h I: (08l 9295 2552

~~1115~~

~
ACU-ViB Electronics
Acou s t ic an d Vibrat ion El ectronic s
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Vic i\1eetiD~S

The final Victoria Division meeting for 1997
look the form ot'e dinner on November 26 at
Momoe 's, St Kilda, al which Louis Challis
wa~ the invited guest spea ker , Twenty
mcml>crs and friends werepresent. In his talk
Louis Challis told those presen t about his
very varied experiences as Acoustic
Consulta nt to Parliament House, and, in
particular, in desigrung 1he acou>cics o fthc
Hoosc of Rcps chaml>cr so the "l'eeches of
parliamentarians woold be ciea rly heard, but
tllee~lr",,«>us noises such '" from tbc pu blic
galk'l')' wo uld be minimised

The fnslDivision tcchnical mccting for 1998
coesisied or a dc ebte vi8it(Feb 24J25) to
severer sites along the Citylink road tunnels
atpresen li nCOUJ'8eufcon SIrUClion, TheFeb
24meeling, begun alBuml cy, was a IUnnel
excursion through both Ihe cut-and-cover and
bored tunnel section , Thof.eprese nt wore all
available safcty equipment from safcty boots
to hard hats 3Jld earplugs. ObM:rved noise
cmanated from various large axial tunnel
ventilaling fans (of diameter approx U rn),
some of which gave rise 10 compla ints al
night from nearby residems, though al the SI
Kilda Rd site this noise was considered as
valuable for masking oth er construc tion
noises.01hernoises (eg. reversingbccps)
appeared lOCause less compla inL Thefeb2 5
meeting, at the City link Display Cemre,
consisted of a more ger.eral descriptionof
thewlloleproject

Ultraso nograp hy
Although thc roleo fsollOgraphy inoneology
ha~ been largely unexplored, a recent study in
thc Jouma l of Ultrasou nd in mC<licinc found
u lirasonography lo be valua ble in the
diagnosis a,1d staging of breaSI canc er. The
authors from the Crunese UniversilyofHong
Kong compared the perfonnan ce of high
resolut ion digital ultrasound, MR imaging
and x·lay mammogra ms to measure breast
cancer sizc in 39 womcn before they
underwent surgery, in order 10 delerm ine the
most accurate method of sizing breaSl cancer.
In this study, ultrasonography proved to be as
accuratc as MR imaging in evalualing tumour
size_Th isstudy shOW'lthatbothsonographic
and MR imaging measuremcn18are superior
lo marnmography in delerm inalion of the size
ofbrcastcaooer.Thcautho"' ....rile, "Whereas
MR imagingi s oostly, is tim<:consumingand
suffers from a lack o f spec ifici ty,
uliraso nographyis inexpensive, re lalively
quick and highly specif ic

Although the airu ")' has been tradilionally
considered a puor acoustic window and thus
not suilable for sonogra phic e~aminalion,

anOlherstudy in lhe same Joum al shOW'\thal

sccosucs scenena

real-lime ullra.-.onograpby may actually be
useful in imaging the traehea. Noninvasive
andpurtable, the role of ultrasonograph y in
lhe evalualion o f the neck region has become
increasingly Important and applied 10 variollS
organsofthe n~k includingvessels, lymph
noots,lhcthy roidg landand l3fYllX

Processing Course
Thc CRC for Scnsor Signa l and Information
Processi ng (CSSIP) 01Teredforthe fi rsltime
in 1997 a \1a stcrs by Coursework in
Mathem. lica l Sign a l and Informat ion
Processing (MSIP). This year il will bc
offere<1inadistanceeducalion format as a
lhree year part_hmc course with the award to
be con ferre d by Ihe University of SA,
(approval pending ).

The MSIPcourse aims to developadvanccd
mathemalical skills for researc h and
developme nl in signal and infor mation
processing and is aimed . t HOOOUfli degree
gr~duate, in eleclrical or eleclronic
cngine<:ring,rnalhcmat ics, physics or related
areas. The lhree year distan<:elormal course
eonsisls of ten subjec ts plus. project
In 1999 two subjec ts in distance format will
be offered and there is some nexibili'Y in the
lime lhal Ihe courses can be undertaken. The
fe<: payable for the two ,ubjectsoffered in
I 'I9Hwill be S1483.33 per subject

These subjects. Inll"OduCliun to l) ;"tete
Linear System s and Detection, Estimation
and Classification. may be taken as part of an
MSIP award or individually as non· ....'ard
courses of studY.(PC'rsons wishing 10 lake an
individual subjeCl as a noo,award course of
studyshouldoon1a<lmeabout the fee forlh is
service)

'nji)rm"lio~

w",..,c.",p,edu.dwC.•.,·ipEducan·OIr1AWdrds
(look for Ma..rer of Malhe'IIiJlicaI Sciellc<JS
(SJg>lal and lnjiwm alion Pro<:1.'$fi"GJ)

Ae.lU.tie a .., arr h Laboutor les has
appointed Mark Palmer as the NSW Sales
ManagCt". Mart: formally provided techoical
sale, serv;ce and support for Fuj ilsu Australia
in the ir computer division. In the coming
mon ths Mark will be con taCliog our exisling
d ienl,inNSW andthose of you yet to se<:an
ARL representa tive. We look forward 10
improving our customer service and support
with this appointment

,\CU-V IB have rcc~nlly moved lheir Sydney
olfice. The new conlaCIdetails arc
Unit2, 2Charlotte St,
Ashfield,NS W2131
Tel : (02) 9797 1790
Fax: (02) 97'17 1792
Mohile unebanged: 0 18 4 70 179

RIO:"l Vibration Meter
Thcnew Rion V\1· 82 vibration mcK-ris now
avaHablc from Acou. lic Rcsearch
Ud>oratories . This new meter is designed for
awide\"ariely of indllStrialapp lications .llis
particularly suucd 10 routine maintenan<:e
aoo mnnitoring ofrn taling m.. "b.in<:ry, as well
as for performance test:ing during m.c hi...
developmenl. Accele ration, veloc:ity and
displaccme ntcan ea.. ily be measured ... ing a
sui table flequency range, atlowing
compre hensive and precis: evaluation o f
machine vibrations. The lu ge LCD panel
contains a nummc rea<!out """.,11as a bar
grap h to lei lbe nscr check vibra lion
n uctuations at a glance. Measurement results
can be stored in the intemalmemoryof the
unit for latcr processing

Further info'malion: AcolLflk Re,.eaFt'h
Lab.•. Tel0294!140800 F;u 029484 0884,
acoustic@jhulcll.C<I",.au

I was interes1ed to note in JH Macrac"sroccnl

:i~~ ~~u~~~50i lt:7l:~;a~,~~:~~:
Standard for Occupational Noisc'" that he
condu ded, inler alia. thai "A , taodard of gO
dB(A) would come much cI'lSCr lOan accepl .
able solcuon ic the problem of occupat iona l
noise-induced hearing loss." for il bean oul
a condusion published 44 years ago
(l'ele' '''-ri; APO and Beranek LL, Handbook
of Noi« Measurement, Cambridge, Mass,
G' neral Radio Co, 1958, P 76) th.1 noise
level ahove 100 dB(B) should be regarded as
probably uosa fe for evelyday exposu res
exlendingove:ra petiod ofmonlhs and car
protection or noise reduct:on is necessary,
lewIs below 80 dO(B) are probably safe
evco u.-henlhe noise is e pure tone."

This shows lhal Ihe hal~ le belween Ihe
noisema kers and those working for s.fe
human en\ir onmenls is not a new one ; and
also, lhat Macrne·s cond usion of gOd B(A)
(probab ly cquhalenllo around 82 to 85
d B(B), depend ing on Ihe frequency
composition of1he particnlar noise) coming
closer 10 solving the occupational no ise
induccd hearing lossproblflllisa neccsury
maximum exposure levcl f<Ylong· term noise
exposure for which we must aim al and
strenuo usly work for. Louisroury
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BRUEL & KJAER'S PULSE SYSTEM HELPS
MONITEK WITH THEIR VIBRATION MONITORING

\IQrVlel<"",8n;oI&Kjaer ",ri .- on '
IOlace ",l;flangol olk~

Brliel & KjEer
Partners in sound and vibl"atw/I

Avoidi ng disasters

Prod ucll on machi nery work s

arou nd the d ock, shutt ing down

only lo r preventa tive ma inlenan ce

and rep air. The pu nishment this

machinery end ures will ult imalcly

resu lt In mach ine lallure.

When th is happe ns unexpec ted ly,

the eftects can be dlsasterous.

Simple, effec tive monitori n g

Using PULSEallows Monllek's

enginee rs to mon ilor and ana lyse

mach inery under nor mal working

co nd itions

Not only does this Ide ntify potential

breakdowns well In adva nce . it

a lso allows for be tt er ove ra ll

plann ing, max imises mach ine liIe

and eliminates costly re pair bills.

Work ing toge the r

Mon ltl'k specialises in vibra tion

monito ring. That's why, alter all

exhaus tive two year search. they

chose the PL:LSE multi-analyzer

es t be preferred syst em-thei r

reputatio n depe nds on lt!

Keep you r finger on the PULSE.

caU Bruel & Kjaer on 1800 IlO2&')2.


