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The Hottest 2 Channel FFT Analyzer
is Now Available in 4,6, or 8 Channels

DATA PHYSICS
CDRPORATION ""-UllONS"

SIGNALPROCESSING
Forfu~r infnrmollon rlnll'-= :!~~~~M .'nrn1 ~

• Cont .oI Syste m Test
Get the fastest Swep t Sme te st in
ttsc krss

• Mod al Test
Get built ·in support for Entek .
$MS . and VEC sottwcre

• Vibrat ion
Ge t h igh resoernon with 4COJ
lines and troe zoom.

Call Klngdam P./L. at
(02) 4518131 and ask
us to show you the best
solution to your FFT
an alysis problems.

Act Now!

• Rotating Machinery
Use tra nsient c ap ture with
waterfalls and orbi ts.

• P.od uclion Test
Custom ize mea sureme nts a nd
d isplay s with SIGNAl CAlC ' ,

• Sound
Use lull freq uency range Irom 0
to 20KHz for Sound Intensity

If your application Is:

#/ htlV/;'u.;n/ tllJP,ie/yo! FFTm.tllyu rs tlll d 11.1'Dalll PI.ysics
tI,wl.I/U , is Ihe he'sl.N,,' hillg efse(0"'.-; clo".,. IIImy p<J rlnb/e

romp"le,.iltl1sily/ rnUOl'lstlsOl 'ry OIl "",'\.I: tI .~"'. ",ukr'Sn"uml,,

"' l'IIs..rr"I.'lIls .llld gj'""r<lteslh<'/>t'St,rl~"lsIIIIIW5l"'1i

¥lluknll1 v,illII<lkr'SIII,'lwk goodt"IIl.I/CII.<Iom.·,s."

WUyHrVogen,
f.'& ••v;h rnl ivlI Cell/su/lml l

Exponda ble...Brec k a way from the
const raints of dedicated bo xes
With the Data PhySics 420 FFT
Ana lyzer. you c on start with 1
chonnel and build to 8 c hannels
as your needs grow

Inslrument Qual ity Mea surements ...
You c on be co nfiden t in you r
results With 16 bit AOe s. an ti
a liasing filtoo . SOdB dynamic range
ono built -in excita tion sources.

Portob le ...Your portable PC wit h
Dota PhySiCsboards makes a
smol9f .l ighl ef. fuDy rorc noror FFT
on ctvzer than most dedicated
bo xes

Intelligent Inlerf ace...The popctc r
gra phi c user interf ace makes
learning co o using the ana lyzer a
pleasure. The on-line ma nua l
provides informat ion at every step
of the ope ration.

Professiona l Repo rls...Com bine
high q ua lity graphiCs With your l ed
to qe nerc te Informat ive tec hnical
reports.

low Cost Solutlon...Com pore us
w ith other popular orcsvzers and
see the bot tom line ben ef it of
Doto Physics Ana lyzers

The Hottest 2 Channel FFT Analyzer 
is Now Available in 4,6, or 8 Channels 

Expondable ... Break away from the 
constra ints of dedicated boxes 
Wit h the Data Physics 420 FFT 
Analyzer. you can start with 1 
channel and bui ld to 8 channels 
as your needs grow 

Portable .. Sour porloble PC with 
Data PhySics boards makes a 
smaller, lighter, fu lly functional FFT 
onolyLer thon most dedicated 
boxes 

Intelligent Interface .. .The populor 
graphic user interface makes 
learning and using the analyzer a 
pleasure. The on-line manual 
provides information at every step 
of the operation 

Professional Reports ... Combine 
high quoli ty g rapHics w ith your text 
to genera te informative technical 
f0pOrts 

Instrument Quality Measurements ... 
You can be confident in your 
resutts w ith 16 bit ADCs, anti 
ol iasing filters. 8CklB dynamic range 
and buill -in excitation sources 

Low Cost SOlution ... Compore us 
with other popular analyzers and 
see the bottom line benefit of 
Data Physics Analyzers 

Commitment ... Designed to work in 
t he real world of measurements 
We 

If your application is: 

• Vibration 
Get high resolution with 40Xl 
lines and true zoom. 

• Sound 
Use full frequency range from 0 
to 20KHz fOf Sound Intensity 

• Rotating Machinery 
Use transient capture with 
waterfalls and Ofbits. 

• Modal Test 
Get buil l -ill support lor Entek 
SMS. and VEC software 

• Conlrol System Tesl 
Get the fastest Swept Sine test in 
its c loss 

• Production Tesl 
Customize measurements and 
d isplays with SIGNALCAlC' 

Act Now! 

Call Kingdom P./L, at 
(02) 4518131 and ask 
us to show you the best 
solution to your FFT 
analysis problems. 
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It seems like only yesterday that I was writing for the last Acoustics Australia and before long it will be November and the
1994 Acoustical Society Conference.

The Conference is a significant event in any acoustician' s life for many reasons. It gives those involved in acoustics the
opporrunityto hearand to present papers on a wide range of relevant and interesting topics. It also allows people with
s;milar inlere, t, from across Australia and possibly from other countries to meet and discuss common problems and
solutions; and tor the regular attendees it provides an opportunity 10 meet old friends

[ have al....a)".~ come back from these conferences with new knowledge and often with new ideas. [have also made new
contacts that can be invatuable throughout the next year.

I therefore recommend that all members of the Society make the effort to attend

As an extra bonus this year TheSociety is holding a workshop on road traffic noise descriptors. This workshop is intended
, to assist in the development ofa National policy on traffic noise in Australia

1 mentioned in my last report in Acoustic> Australia thaTthe cro nomic conditions arc making it increasingly difficult for
noise to have a high profile in the priorities of government. According to the indicators the economic conditions are
improving, but governments are still contracting and it is still possible that issues such as noise will be the losers. The
proposed workshop is a step towards keeping noise on the polilical agenda,

Before closing 1 must pass some exciting news. The Society will be holding the next Noise and Health Conference in
Melbourne. This is a very significant international conference which explores the nexus between noise and health and is
held at five year intervals. The conference gives researchers from all over the world the opportunityto prcscnttbc rcsults of
their labouThand by 1998 1 would exp"",t ' hat some very signilk ant advances would have been mad<;in undcr".anding the
long rerrn health effects of noise. It Therefore gives all those in Australia involved in the health effects of noise an aim; to
complete research and have it presented at this most important international forum It also gives each Divi;ion of the
Society The opportunity to assess the possibility of supporting rcscareh

I look forward to seeing as many of you as possible in Canbcrra in November

JohnLambert ,

AUSTRALIAN ACOUS TICAL SOCIETY
1994 CONFERENCE

NOISE AND SOUND:
Nuisance andAmenity

9-11 November 1994 in CANBERRA

A
For registration brochure and further details:

Marion Burgess ,
Acoustics and Vibralion Centre,
ADFA, Canberra , ACT 2600.
Tel (06) 268 8Z41
Fax (06) 268 8276
email m -bwRe ss@adfa.oz..au.

Acoustics Auslf alia

TECHNICA L PROGRAM- including papers
on foUowingtopics: architecturalacoustics,
acousticpropertiesof materials,environmental
noise,lninsportationnoise, occupationalnoise
controland musical acoustics
A workshop session wi ll beheld to discuss road
traffic noise descriptorsand criteria.
TECHNICAL EX HmITION. suppliers &
manufacturerswill show their latest products.
PRESID ENT' S PR IZE - awarded for the
best paper presented by an AAS member.
EXCELLENCE IN ACOUSTICS -awarded
fer thefU'St timeon nationalentries
SOC IA L PR OGRAM-will include conference
dinner,lunches and welcomebuffet.
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r therefore recommend thm all members oflhe Society make the effolt to attend 

r look f')[\.;ard to , eeing as many <lfy<llL as possihle in Cmberra in November 

AUSTRALIAN ACOUSTICAL SOCIETY 
1994 CONFERENCE 

NOISE AND SOUND: 
Nuisance and Amenity 

9-11 November~ CANBERRA 

For registration brochure and further details: 
Marion Burgess, 
Acoustics and Vibration Centre, 
ADFA, Canberra, ACT 2600. 
Tel (06) 268 8241 
Fax (06) 268 8276 
email m-burgess@ad[a.oz.au. 

TECHNICAL PROGRAM~ including papers 
on following topics: architectural acoustics, 
acoustic properties of materials, envirorunental 
noise,transponation noise. occupational noise 
control and musical acoustics 
A workshop session will be held to discuss road 
traffic noise dcscript<IS and criteria. 
TECHNICAL EXHmITION~ suppliers & 
manufacturers will show their latest products. 
PRESIDENT'S PRIZE - awarded for the 
best paper presented by an AAS member. 
EXCELLENCE IN ACOUSTICS-awarded 
f<I the first time on national entries 
SOCIAL PROGRAM-will include conference 
dinner, lunches and welcome buffet. 



HElM Multichannel OAT Recorder
Model DATaRee-A4

Usn stMdarll OATcassett •• Iiw'IC ~92 liB llynarnoc:
rarce .16 bll ..... rnoIubon. &.lIt In preamps &
"JO(N su~ 10 t.. 8&1( mocl'Olll'>Of>es or
ecceten;JJroel_""thldaptor.

Intlult dos.play~Il'l'l"'f~.ofinDUt • .gnal.
""",m.
RS.232 lor remoTeeontrol .
OprriJIlOl\i1l under 51 I'lbrMoon [""'-8l OC) & 109
«:ceiflatoonell ClIreo;1.one

ETMC Technologies
47 NORiON STREET. LElCHHAAOTNSW2040

PH: (02) 564 1533

dB lIfetat Products Pt)' Ltd
ACOUSfIC & SHEETMETAL
EI'iGINEERS

DESIGN · MANUFACTURE . INSTAU

• Demou ntable Panel Enclosures

• Modul ar Acousti c Panels STC 33 to 41

• Acoust ic Doors NATA Tested

• Industrial Grade Silencers

• Audio Booth s

• Telephone Booths

• Absorpt ive Wall Linings

• Approved Fabricator And Supplie r To
Governmen t Uti litie s

• Q.A. cent ro!

Phone: (03) 793 2340
Fax; (031 794 519 3

FACTORY 1/ 2 1 GREEN 5T
DOVETON VIC 3 177

Vol 22 No. c - 36

SOIS E

BeUtl'J o~ral~ lown illt~'rp"nlill): lIC,ft".f9
lodown·lol.lddata inlo your tompultr .

ColllpltttIJ"ulhtrproof.ndro~td.

Contad u~ ror inrunn.ati" lL

Aeousl a AUllr ali.

HElM Multichannel DAY Recorder 
Model DATaRec-A4 

Uses standard OAT cassettes giving >92 dB dynamic 
range .16 bit signal reso lution. Built In preamps & 
2DOV supply to take B&K microphones or 
accelerometcrs with adaptor 

Inbu ilt display pro~idcs power spectra 01 input signals 
usingFFTs 
RS-232 lor remote control. 
Operational under sg ~i brati on (mi l·81OC) & 10g 
acce leration all directions 

ETMC Technologies 
47 NORTON STREET. LEICHHARDT NSW 2040 

PH: (02) 564 1533 

dB Metal Products Pty Ltd 
ACOUSTIC & SHEETMETAL 
ENGINEERS 

DESIGN· MANUFACTURE· INSTALL 

• Demountable Pane l Enclosures 

• Modular Acoustic Panels STC 33 to 41 

• Acoustic Doors NATA Tested 

• Industrial Grade Silencers 

• Audio Booths 

• Telephone Booths 

• Absorptive Wall Linings 

• Approved Fabricator And Supplier To 
Government Utilities 

• Q.A. Contrql 

Phone: (03) 793 2340 
Fax: (03) 794 5193 

FACTORY 1/ 21 GREEN ST 
DOVETON VIC 3177 

Battery operated logb",rs incorporating software 
to down·IOIId data into your computer. 

Completely weather proof and rugged. 

Contact us for information. 

~· I· ~ ~ Iml& TECHNOLOGY PTY LTD 
, t..v.Il6.9Cort1Mog11St.~,N.s.W.2IXlO 
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EFFECTS OF ENGINE SPEED AND POWER
ON THE SOUND POWER GENERATED BY A
STIRLING ENGINE
V. Tr inh and C. Norw ood
Ship Slrucluru and Materials Divlslon,
Aero nautic, l lInd Maritime Rese-an:h Labora lOr, · . DSTO .
i\h r lh}'r non j;t, Victo r ia 3012.

AM lraCI: In modem co n,'cnl;onal die"" J-cIe<:uic oubmarincs. banerics are used as the direct source of CneJllY for the
electric motor w~ ith pI'OJlCl~ the submam v:. The dIesel ",'l~ ", hich arc uS('d 10 .« harg< the hane" .... mu,t ing"' 1
atm" "" hcr;c air. A "",aIlS ofincr..... ing the .ubm .. g~ md .. an<;eor. w nvent;on, 1di",c l..,\ecm c subma rine is to install
an iWxiliary prol'uhion .yOl.em ....hich i, independent ofllmosphnic ai•. One ....h system i. based on the Stirling engine.
which i. being ....'. 1... '... at AMRL In Ihi. paper the ", .u lu of an ;n"", lii ation into the effects of varyin g engine speed
andp''' on thc .i rbom<: ....di.led ''''ond po,.;cr from l'''' Sl ir1 in i cnll i '''' ~ pr•• cnled. Thesc . r<:com["lfcd wilh lhc
......nd J'O"" le" els from a conventionaldieoelenll'ineo f the ...me powe. r~tin ~.

I. ISTR OD UCTI O:'\
T~Stirlj ng tngi ne iS Ol'ltof anurnber ofair-indC)ll:ndent
propuls ion systems under consideration for possible

ineorporahon in the new Collins cla ss su bmari ne at the firl;t
pan-life refit. Convent ional diesel-electric submarines,slIeb

as the Ccllins cla ss.musr periodi cally eithe r surfac e or raise
a snort mast in order 10 ingest atmospheric air to run thr
main diese l engines. The frequency and duration of snoni ng
o. surfac ing dete rmines the indiscret ion rale. or the
propor1iuno f tirnethat lhe submarine is partly ex posed, The

inclusion of an auxiliary air-in depen dent propu lsion system
will increase the submerged endurance of the su bmarine

and decreaseitsindiscretion rare
Machinery noise is an importan l con~idc.at ioo in tht

des ign of submarines. In the Stirling engine. co mbusl iun is
cominuous and occurs in an insula ted pressure vessel,and
I~fore ca n be much quieter than in an interna l
co mbuSlion engtne_ 11 has smooth. near sinus.o ida l cy l ind~

pressurt' variations of lhe ~aledworkinggas. sothere isan

absence of thceyclic co mbustio n noise assoc iated with the

Diesc l andOuo eyc les.1lteenginc is still a rec iprocatin g
piston eng ine, and tlM:re fore has the mechanical noi~

usociatedwilh the eranksh aft, connect ing rod s. bearings
and sliding pistons.

The Study of the Stirling engine at A~RL include s the
measu rernc nr of struc ture-borne noise and vibra tion and
air-bor ne n" ise as a fllncho n of engine speed and power
l e vcl. Th is repon de~ri bes an investi galion of the effecl$ of

varying engine speed and pow er output lev el on the

rad iated sound power from the Stirling engine. 1lH: noise
levels are compared with values for a di..sel engine of tbe
same power , Because oflhe seasinve narure of th.. engine's
performance lig ures , these are present ed in a modified fonn

in this parer, relativ e to the engine's nomi nal rated speed
andpo....,..r

AcouSlict Aus!ralia

Figurtl . St ction throughS t;rling t ngint .

Z. OP ERATIO:'Ii OF TlU: STIRLI NG
ENGINE

The AMRl Stirling engine. Figure I, is a close d
cyc le,cllntinuous-t xtema l-ro mbUSlioo cng inc , lha lhasJ:>ec,n
specifically desig ned for air-Ird eperdem propu lsion
opcratton insubmarines. lt has four cy linden;lIlTDnged in a

V-cOllfilturation surro unded hy annular eoo len; and
rege nerato rs. T he St irling t ngint ope rates by cycl ic
com pression and expansion of helium. at differe nt

tem peratures. lI clium is pD.Sscd thro ugh rubes in the
combus tion cbamber, where heal is supplied by the
cumoos tionofa refmed diesel-rype fue! in gase ous oxygen

(from liqu id oxyg en storage) at high pressure . There arc IlU
cyh nde r inlet or exhaust va lves. \\ 'ilb the do uh l.. acting
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EFFECTS OF ENGINE SPEED AND POWER 
ON THE SOUND POWER GENERATED BY A 
STIRLING ENGINE 
V. Trinh and C.l\orwood 
Ship Structures and Materials Di\'i~ion, 
Aeronautical li nd l\h.ritimc Resurch T.aburlltor}' - DSTO, 
Marlb}'rnong, Victoria 3012. 

Abstract: In modem conventional die'el .... lec{ri c submarines, baneri., are use<! a. tht direct ,nuree of .""rgy for th~ 
dccnic motor which pro!"'[, the submarine. ~ die,el engines, whi,h a,e used to recharge tho ban~ri.s, muST ingest 
.tmo,p~ric air. A means of incre.sing {he submerged endurance "fa convention.1 diesel-el ectric ,ubm",in~ is to install 
anallxiliarypmpulsion,ystem whichi,indop.ndentofatmospheric ai,_Onesuch,y'temisbasodonth.Sli rlingenginc. 
"'hieh i, ~ing evaluated at AMRL In this paper the reslIlt' of an investigation into lh •• fleet. of varying engine .peed 
and power on the airborne rad iated round power /rom the Stirling engine 3re presentN. Th.,;e are compared with the 
souoo powerlevol. from a conventional diesel eogineof the sarne powerrdting . 

1. INTRODUCII0N 
The Stirling <:ngine i, one of a number of air-independent 
propulsion systems under consideration for possible 
incorporation in the ncw Collins class 'iubmarinc althc fust 
part-life refh. Conventi(lIlal dicsd-el<x:1ric sllbm~rinc,. ~ueh 
as th~ Collins class. must peri<Xlically either surface or raise 
a snort mast in order to ingest aunospheric air to run the 
main diesel engines. The frequency and dllration of snorling 
or swfacing ddermines the indi scre ti<m nlte. or tlte 
proportion of lime that the submarine is partly e.'posed. The 
inclusion of an auxiliary air-independent propulsion system 
will increase the submerged endurance of the submarine 
and decrease ibindi,crction rate 

Machinery noi,c is an importan t wnsidcration in the 
design of suhmarines. In the Stirl ing engine. combustion is 
continuous and occurs in an insulated pressure vessel, and 
therefore can be much quielcr than in an internal 
combustiun engine. It hassm"ulh, n~arsinllsoidal cylinder 
pres,ure variations of the seakd working gas, so there is an 
absence of the cyclic combustion noise associated with the 
Dicsel and Otto cycles. The engine is still 
pISton and therefore has the 

the crankshaft , cunnecting r<Xl" hearing> 
and sliding pistons. 

The ,Iudy of the Stirling engine at AMRl includes the 
measurement of stmcturc-borne noise and vibration and 
air-bornc noise as a function ofcngine speed and power 
l ev~l. This report descrihes an in"e~tigation of the effects of 
varying engine specd and power output level on the 
radiated sound power from thc Stirling cnginc. The noise 
levels are compared wilh vafues for a diesel engine of the 
same power. Recause of the sensitivc natllre "fthe engine's 
performance figures. these are prcsented in a mo·dified form 
in this paper, relative to lhe engine's nominal rated speed 
and power 
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Figure I. Se<:tionthrough Stirling engine 

2, OPERATION OF THE STIRLING 
ENGIN~ 

The A!vIRL Stirling engine, Figurc I, is a dosed 
cycfe,continuous-exlcrnal-combu,tion engine, that has h~en 
specifically designed for air-independent propulsion 
operati"n in submarines. It has four cylinders arranged in a 
V-configuration surrounded by annular cooler; and 
regenerators. The Stirlin!! engine operates by cyclic 

.eomprcs,ion and expansion of helium. at different 
temperatures. Helium is pas~d through lubes in the 

combustion chamber, where heat i, supplied by the 
combustion nf a refillt'd diesel-type fuel in gaseou> oxygen 
(from liquid oxygen storage) at high pressure, There arc no 
cylinder inlet or exhaust valve" wilh the double acting 



Figure 2. Sound power levels of stirling engine

4. DISCUSSION OF THE RESULTS

Table I Sound power level of Stirling engine as a function
of engine speed and power.

As a eomparisonthe sound power from a small marine
dieselengine,ofsimilarrunningspeed,wasestimated for
the same engine power levels considered above, using data
from Nelson [2]. The respective sound power levels were
67,69.5 and 71 dB,re the same nominal reference.
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present experimental study using a reference sound source.
[I).

The tests were carried out in an engine testcell,6.7x4.0
x 3.3 m in dimensions. Approximately 60% of the wall and
ceiling area of the cell was covered with sound absorbing
material to reduce the reverberation effects. The
measurementsurfacewasa2x2x2m.cubeenelosingthe
Stirling engine. Data were collected by taking
measurements at regular points on each face of the cube,
except the concrete floor. The latter was omitted,as it was
considered that it reflected the sound energy back into the
volume enclosed by the control surface.

The sound power of the engine was measured for engine
power outputs ofO.4P R, 0.7P R and PR; at speeds of 0.9 VN,
VN and 1.I VN. The results are expressed in dB re a
nominal reference. These are summarised in Table I and
plotted in Figure 2.

4.1 Sound Power Levels

From Figure 2 it can be seen that the sound power level
increased with engine power. For each engine speed setting
there was an average 2 dB increase for rise of 0.3 PR in
engine output power. At each engine speed the change in
sound power appeared to be directly proportional to engine
power.

There was, on average about a 1.5 dB increase in total

pistons moving the helium between the cylinder space
below one piston, through the annular coolers, annular
regenerators and heater tubes to the space above another
piston.

The cylinder pressure variations are very nearly
sinusoidal,andthecrankshaftisalmostperfectlybalanced
by two balance shafts, resulting in a low level of vibration.
As the pistons are double acting, with gas pressure acting
on both sides, the gas pressure forces transmitted to the
crankshaft bearings are to some extent reduced. This,
together with the short stroke, of approximately half the
bore diameter, helps to minimise the inertia loads on the
bearings. Since bearing loads are one of the main sources of
mechanical noise from pistons engines, the noise level,
when compared with other piston engines, is very low.

In the submarine the engine is used to drive a generator
which charges the batteries. The engine is commonly
operated at one speed and the power output is varied by
changing the helium pressure in the engine. The average
helium pressure inside the cylinders controls the amount of
power that the engine produces for a fixed combustion
temperature, which in turn, is controlled by the fuel and
oxygen flow. Increasing the helium pressure increases the
power output of the engine. Engine combustion and
operation is managedbya microprocessor. Engine speed is
usually maintatned at VN, a level which for this engine
optimises the balance between the low vibration signature
and fuel and oxidant economy.

The engine has a nominal rated power of PR for
sustained operation. Maximum power output PMAX' is
115%ofPR. The power levels of the engine are usually set
at seven basic positions ranging from OAPR to PMAX'
However, the engine can be operated at any output to
within a few kW between these lower and upper limits if
required.

3. SOUND POWER MEASUREMENTS
In this particular investigation of the Stirling engine it was
important that the measurements of the noise level of the
engine were as independent of the environment as possible,
since the real working environment of the engine will be
inside a submarine rather than an engine test cell at AMRL
For this reason the sound power levels were chosen to
characterise the engine as a noise source.

The sound intensity measurement system consisted of an
Ono Sokki CF-350 dual channel FFT analyser, a Bruel and
Kjaertype 3520 sound intensity probe, a phased matched
pair of Bruel and Kjaer type 4183 microphones with a
12mm spacer and StarAeousties sound intensity software.
This software package has the ability to perform phase
corrections on the measured data to compensate for the
system phase mismatch.

The system was calibrated for both sound pressure and
sound intensity sensitivities using a Brucl and Kjaertype
3541 sound intensity calibrator, before and after the
measurements were made. The instrument system
frequency response had previously been verified over a
frequency range greater than that being measured in the

3. SOUND POWER MEASUREMENTS '-. Power 
L~I 
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4. DISCUSSION OF THE RESlIJ.TS 
4.1 !'.ollnd Po\~crLe\'els 

jJ<'''''' 
Ihere "a,. 011 J\e'dge Jbuut <l 15 dB increase In total 



sound powe r levelas the cngi ll<:speed cha nged from O.9VN
10 VN, but vir1ua lly no increase in sound powerl evcl as thc

speed changed Irom vqto LlYq
From thc results it ca n be $CCn tha t the change in sound

powe r is a more sigmficant funcuon of cng me powe r tllan
engine speed, Morro vc r thc rcsu lls indieate that thert is a
linear relatio n.Jt ip bt1wee n noise Inel and eng ine power,
with the.' wu nd po wt r It~tl mcreasing by I dB for each
increase ofO.15 1'R in engint powe rouT rut , lf lhis linear
behavioer is u tr.lpo laled O\'er lhe entire powe r range then

the noise level of the engine can be expected to incre ase by
app rox imatel y 5 dB o\ 'ert hefullenginepowe rron ge

When compared with the sou nd power level s from a
diese l eng ine with tile same engine pow er outp ut, lhe
Stirlin l!!engine I\JIlIling at norma l opcrollng speed has noise

level s 20 d B b.:io" those of the diese l. The Sti rling engine
also cx hibitsa dilTerenl relalion sh ip be lwccnenliti ne power
and sound po wer level from thai of the die sel. ThcStid ing
engine appears 10 show a linear increa se in so und fl'-lwer
level, while the d iesel has a l0l'.ar i t hm i~ in~rea" ill so ultd
power leve[forin~ rea si nl!:engine power "1II put,r 2 )(3 l

Allhou gh lhird OClave ban d le~e ls are nut detaile d in the
resu lts given here, exam ination orthese showed lilat the
spectral characteristics or me so und power for the engines
weresimilar

4.2 Oi«cusslon of Erro rs
The main sources of error in the measurement were randum

error, system plh»e mismatch error and the err or caused by
the non-uniformit y ofthe sound field OVer the elemen t area
To redu ce the random error 256 spe ctrum a ~' erages were
taken for each measurement point ,

To minimize the effect of system pha!it mislllilteh, a
system dy llamie capability (L,j), ",'itll K"' IOdB "'as used
Ljis givcn by the e\ pression , Ld - Opl - K, arKlis the value

::~n~;d ;yu:t ~f1li~:t;~:nal~e~~;~ ;:r~::I :~B~:pc:;

error wi ll he bou nded by 0.5 dB. The field

pressure-intensity. inde\ (Opl), orF2 field ind icator, de fined
as the average rano between the true free field intensity and
the meas ured inTensity, was de term ined for eac h set of

measu rements and was compared with the dyna mic
capa bility. A compa rison between Ld and F2 for eac h set of
mcasurementsand o\ 'er al1 frequcnc y b.ands sho" ed thatLd
> Fl . A l)'Pical set of results is show n in Table 2. They
show that the pha !\C mismatch erro r in the measurem ents
was bo unded bJ.' +0.5 dB

To as..sess the erro r caused by non- umfoenu ty of the
sou nd field ove r the area of each ele ment o f the co ntro l

surface, the F4 field indicator with C " 8 was calc ulated.
The F4 indicato r is a measure 01 the unifo rmity of The
distrib ution of tbe sound over lhe measurement surface.
Thi s value de tenni ncs lhe number of poin ts needed to
measure ove r !he wbole su rface to a specifi ed measurement
grade. Th e value C =8 is the faclor fur results at the level
ofa survey grade, [5]. Examina lion oflhe results showe d
that mos t of the 'IOund energy was co ncentra ted in the
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midd le and uppe r frequen cy bands of the mea surement
freque ncy range. For each of the nine meas urement sets it
"'18 found lhat the F4 indicator showed the su e of the
mc~'Jrcment litrid was sufficiently fmc in all but the lowes t
TWO or three third oc tave bands . When compared wilh the
mlddle and epper frequenc y bands.uh e sound po wer levels
in the three lowest third octave bands was- approxima tely
[2 dB lower , and so it co uld be co nsidered that The error

caused by the inadeq uacy ofthe num ber of measurement
points at low frequ ency was small and wou ld not
sign ificantly alTe<:tt he overdll analysis.

Frequency L, F2

125 7.99 7.00
160 9.1I ~ 6.23
200 12.21 7.02
250 14. 12 6.67

315 13.37 8.13
400 [6, :26 5.17
500 25 .111 5.02
630 17.74 4.73

' 00 22 .77 3.50
1000. [6.65 4.05
1250 17.53 4.00
IMIII 14,117 4.04
,~. 13.76 4 .27

Table 2 Com parison be",'C("n L,j and F2 for a typic al
measure mentresult.

s,COSCLUSIO~S
The broad band sound PO"'Cl' level of the AMRL Stirlin g
engine waainvestigated c vcr a range of engine speed s and
engine out put pow ers. Ana ly..... of the mcas u",m cnts
indicated that the soun d power level increrases linear ly wilh
engine Oul ]1ul power , but isrelali\"C[y insensitive to engine
speed . The 'IOund po wer levels for tile Stirl ing eng ine are
apl"nn imately 20 dB lower tha t for a diesel engine wilh
corr esponding engi ne pow erO\llp ut
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sound power level as the engine speed changed from O.9VN 
to VN, but virtually no increase in sound power levcl as thc 
speed changed from VN to l.lVN. 

fromthc l"C5Ults it can be seen that the change in sound 
power is a more significant function of engine power than 
engine speed. Moreover the re~ults indicate that there is a 
linear relationship between noise level and engine power, 
with the sound power level increasing by I dB for each 
increase of 0.15 PR in engine power output. If this linear 
behaviour is extrapolated over the entire power range thcn 
the noise level of the engine can be expected to increase by 
approximately 5 dB over the full engine pnwer range 

When compared with the sound power level>; from a 
diesel engme with the same engine power output, the 
St1Tling engine running at normal operating speed has noise 
levels 20 dB below those of the diesel. The Stirling engine 
also exhibits a different relationship between engine power 
and sound power level from that of the diesel. The Stirling 
engine appears to show a linear increase in sound power 
level, while the diesel has a logarithmic increase in sound 
power level for increasing engine power output, [2][3]. 

Although third octave band levels are not detailed in the 
results given here, examination of these showed that the 
spectral characteristics of the sound power for the engines 
were similar. 

4,1 Discussion of Errors 

The main sonrces of error in the measurement were random 
error, system phIu.e mismatch error and the error caused by 
the non-uniformity of the sound field over the element area. 
To reduce the random error 256 spectrum averages were 
taken tor each measurement point. 

To minimize the effect of system phlllSe mi8malch, a 
system dymunic capability (L.v, with K=10dB was used 
Ld i8 given by the expres,ion, Ld = 3pl - K, and is the value 
that <),1 must be less than in order to have the phase error 
bounded by a particular value, [4]. For K=IOdB, the phase 
error will be bounded by 0.5 dB. The fteld 
pressure-intensity index (bpi), or F2 field indicator, defined 
as the average ratio between the true free field intensity and 
the measured intclI5ity, was determined for cach set of 
measurements and was compared with the dynamic 
capability. A comparison between Ld and F2 for each set of 
measurements and over all frequency bands showed that Ld 
> F2. A typical set of results is shown in Table 2. They 
show that the phase mismatch error in the measurements 
was bounded by + 0.5 dB 

To assess the error caused by non-unifonnity of the 
sound field over the area of each element of the control 
surface, the F4 fleld indicator with C = 8 was calculated. 
The F4 indicator is a measure of the unifonnity of the 
distribution of the sound over the measurement surface. 
This value determines the nnmber of points needed to 
measure over the whole surface to a specified measurement 
grade. The value C = 8 is the factor for results at the [evel 
of a survey grade, [5J. Examination of the results showed 
that most of the sound energy was concentrated in the 
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middle and upper frequency bands of the measurement 
frequency range. For each of the nine measurement sets it 
was found that the f4 indicator showed the size of the 
llICUUrement grid was sufficiently fme in all but the lowest 
two or three third octave bands. When compared with the 
middle and upper frequency bands, the sound power levels 
in the three lowest third octave bands was approximately 
12 dB lower, and so it could be considered that the error 
caused by the inadequacy of the number of measurement 
points at low frequency was smail and would not 
significantly affect the overall analysis 

Frequency L, 

125 7:9Q 7.00 
160 9.88 6.23 
200 12.21 7.02 
250 14.12 6.67 
315 13.31 8.13 
400 [6.26- 5.17 
500 25.81 5.02 
630 17.1. 4.73 
800 22.77 3.50 

16.6$ 4.05 
1250 l7.S) 4.00 
1600 14.87 4.04 
2000 13.76 4.27 

Table 2 Comparison between Lu and F2 for a typical 
measurement result. 

5, CONCLUSIONS 

The broad band sound power level of the AMRL Stirling 
engine was investigated over;l rlIIlgc of eugine speeds and 
engine output powers. Analy$ell of the measurements 
indicated that the sound power level increases linearly with 
engine outpnt power, but is relatively insensitive to engine 
speed. The sound power levels for the Stirling engine are 
approximately 20 dB lower that for a diesel engine with 
corresponding engine power output. 
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EFFECT OF SLITS ON THE PERFORMANCE
OF ROADSIDE TIMBER BARRIERS

A.L. Brown'"and ~I.A. Burgesst
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t At ouslit s and " lbu llon Centr e, I.:niH n ity Co llf l:f. l lnhrr, it), of :'ric" Soulh W.I ..... Auslra li. n
J){'fencf f orce Andfm~ . C.nben . , A CT . Aou r. li• . 2600

Ab'IJaC'1: A we ll (On,nueTed nmt>cr bam er, ",, !II o'~'I'1',ng J"onl' ca n pro....de 1Io<>dnoiO(~duclion, The re.ul" ofmea,
u,emtnt. 10 I'M"» lho: dt~-radatioo MIlle &COIl,"t pm"<>mlaJIC f , ~uh"'8 fMllldo:ot;n<W3, ..... of ,he barrier . arc J'f=n'N
The , lits in the fence led to . 1l'dUClinn in the ""lUn ing of around 4 dBlA ) f(lf localion, clo>e 10 ll>eNmcr. The impllCl
,;"" , of these changcs in leml. of the reduction in lhe !lan.mis.ion Ios.s of the barrier it. el f are discu, loC'd

I, I:"iT ROD UCTION

Bl rricrs canbe effeclive in reducing tile noise levd . from
noise-producing land uses "uell as nx",1s, i ndu~try and other
sources. for nearby noise-sen sitive land uses suell as
housing and s.;lIools. For normal partition wallswhiell arc
sealed to the surroundings. it is the noise reduction
properties of the partition itself which determine the
ancn uation. For harril'N tllere is generally no surrounding
consrrucrion, except at the ground le\e l. and thcnoise
reduction properties of the barrier material il-e lf are nol
normally tile primary faelOl'5inl lle allenuation achie\ ed
Soundcan propagatefrom thesource lo thercreiver bya
diffracted patll over tile top or around the ends of tbe
harrier. !\chie\'ablc recucuons can be as high a... 20dll.
tkpcnd ing on the diffraclion angle. allhough \ alues ofl h<'
order of.5 to 10 dB are more common for frce $landing
barriers

When lhe noise reduction rropertio:softhe barrier itsclf
are poor. the direct paththrough ine barrier may become
significant in limiting the noise reduction . A genera l
guidehne fm the noise reduction propert ies of lhe barrier
ma terial itsel f is that the sound transmission loss via the
direct path through the barrier should be at least 10 dB
bcner than the noise reduction due to the di1Traction [I].
Most material, used for barriers in outdoN apphcati,m,
such as earth mounds, masonl) ' walls, metal walls etc, are
normally well sealed and do nut have intentiona l gaps.
Timber barriers generally mcet the require ments for
adequate superficia l mass and nogeps when first installed.
Ho....ever. for some types of t imber barriers comprising
over lappmgboards , subsequent weathering and buckling
of the boards can leadll' s ign l flcantgaJ'S withm tllepa ncl~

The presence of thC'<C l;"ps nwy n..-duce the sound
transmission I.....s of the fence and hence reduce the overall
noise redcceon achieved .

Thi~paperconsidmthccffCClsorgarsoropenings in a

barrier and presents the results of measurements on a
roadside timber barrier with and wilhool thc presence of
gaps

Z. THEO RETI CAL BASIS

2.1 AIt~nuRtion ofa Barr tcr

The considerations fur the construction of a barrier to
provide adequate noise reduct ion are covered in maoy
standa rd reference books. Theimportanl lactor is the path
length difference; this is the difference between the
diffracted path from lhe 'ou rce to the receiver (ove r the top
of the barrier) and the direct path (as if the barrier was not
pre~nt). This is ,hown schemallcally 011 Figure I . The
porenhal barricr attenuation. based on the assumption that
Ihe level of the sound transmuted directly through ihc
barrier is much less lhan the level oflhat diffracted. is
usually presented in terms of this path length ditrerence (for
example in [ I)) . The greater the path length difference. the
grcatcr lhe porenlialattenuation lo aprac tio;al muimumoF
about 20 dB .

2.2 ,\ Ucnual lon Or lhe Rar rlerl\la lcr lal
Th.. noise reduction properties of the materia l for harriers
are normally a\ ailabk in temlS of Transutissiun Loss (TL ).
The laboratory method fordererminariouofthe Tl, involves
the installat ion of the material in a speda l framework
between two large reverbcrant r"u ms [2]. The primary
pathway for the sound to tra\·d fwtrl one room to the orber
is directly via the marcna l under test. For single
homogeneous panels. the mass law gfves a goo<Jindication
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Abstract: A well constructed timber barrier, with O\-erlappingjoints can provide good no;"e reduction. The results ofmea;
uromentsto_lhedtgRdati"nofthcacousti" penormance,re..,lting fromdctcriorllti on of the barrier, arc prcscntcd. 
The ,lit. in the fence led to a reduction in the screening ohround 4 dB(A) for locations clo><e lO the barrier. The impiica· 
tions of these changes in tenn<ofthe reduction in the transmi.,ion loos of the ba rricritsclfaredj~ 

1. INTRODUCTION 
Barriers can be effective in reducing the noise ]eyels from 
noise-producing land uses such as roads, industry and other 
sources, for nearby noise-sensitive land uses such as 
housing and schools. For nonnal partition waUs which are 
sealed to the surroundings, it is the noise reduction 
properties of the partition itself which detennine the 
aITenuation. For barriers there is generally no ,urrounding 
consrruction, exccpt at the ground level, and the noise 
reduclion properties of the barrier material it,elf arc not 
nonnally the primary factors in the attenuation achieved. 
Sound can propagate from the wurce to the receiver by a 
diffracted path over the top or around the ends of the 
barrier. Achievable reductions can be as high as 20 dB, 
depending on the diffraction angle, although values of the 
order of 5 to JO dB are more common for free standing 
barriers 

When the noise rednction properties of the barrier itself 
the direct path through the barrier may become 

in limiting the noise reduction. A general 
the noise reduction properties of the bamer 

material itself is that the sound transmission loss via dIe 
direct path through the barrier should be at least JO dB 
bettel than the noise reduction due to the diffractiou [I]. 
Most materials used for barriers in outdoor applications 
such as earth mounds, mawnry walls, metal walls etc, arc 
nonnally well sealed and do not have intentional gaps. 
Timber barriers genemlly meet the reqUlTements for 
adequate superficial mass and no gaps when first installed 
However, for some types of timber barriers comprising 
ovorlapping boards, subsequent weathering and buckling 
of the boards can lead to significant gaps within the panels 
The presence of these gaps may reduce the sound 
transmission loss of the fence and hence reducc the overall 

gaps. 

Acoustics Australia 

2. THEORETICAL BASIS 

2.1 Attenuation of a Barrier 

The considerations for the construction of a barrier to 
provide adequate noise reduction are covered m many 
standard reference books. The important factor is the path 
length difference; this is the difference between the 
diffracted path from the source to the receiver (over the top 
of the barrier) and thc direct path (as if the barrier was not 
present). This is shown schematically on Figure I, The 
potential barrier attenuation, based on the assumption that 
the level of Ihe sound transmitted directly through the 
barrier is much less than the level of that diffracted, is 
usually presented in tenns of this path length difference (for 
example in [I]), The greater the path length difference, the 
greater the potential anenuation to a nractical maximlllTl of 
about 20 dB - , 

Figur.l,Thepmhl.ngthdlfferfficei<glvenbya+b·c 

2,2 Attenuation of the Barrier Material 
The noise reduction properties of the material for barriers 
are nonnally available in tenns or Transmi~,ion Loss (TL) 
The laboratory method for detennination of the TL involves 
the installation of the material in a framework 

The 
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F,~u", 2. Scl.emalle >nd",allon "'-the ctfff'l of dl...... ......
O<C'Uf ;"!lKI'"I;"pof ... ova1i\flPfdli ...,,"~rner . I _c11

sealcdt imbcrpallnllfnlCt.I>I""I"'.fmcc_;tl>.lih

Giventhe comple~andvnriab lenalureofsl itsand 'Jl1il s'

in an overlapped rimbe r pahng renee it is no t easy 10 predict
the effec t on the acous lic perfo nnan cc as a harri er foe road
traffic noise. Therefore a full !>Calc ellp...nmem ....'assd up
toin\estiga le lhi seffl-.:I.

eoco

3.2 Tnt .\ lel hod
Then: an: no ~tandartlle'\l pmcw ute s for invC'stigating lhc
dC'lmoralion in TL fur all. acous liC' barr~ in Silu. The
procedu re Ihal wasdC'veloped involved 11'0 paris. Firslly.
measu remen li ..... en: made Wilh lhe existing barrier, several
hundred metres m length. This set of data i. n:fcm'd 10 as
tile (lIe·sta l da ta , Then a flexible mastic material was
ap l'lied loalithellaps inn 40m \onll:l'ortionoftheharricr.
Effectively this resulted mthat small po rtion of tile long.er
barric r hav inll:a TLcquival<.·nl lo lbalforlhebarricrpriorlo
the dcterio ralion. lhis sec ond "'I offfil'asuTCmt'nls is
referred 10 as post -seal dala, As a1l 1be:mo:u uTCmcnls weTC
made at lhe same locations and under similar wca iller
coediuoes. an y effects trom IhC' surrou nd inp "crt Ihe
same for bothtests

The nlC:a,uremc nIS had 10 be ea rned WI "'lhoul
disrupti on 10 the IraffK no .....Ii(> tbC'exist ing IT1I ffie noise:

.U DnC'ri pl ion of 81rritr

~1c-asurc:mc:nIS were matk in ltot . -ki nity of 10 oVC'ftappa:!
limber barritr. Iocartd appro" 2.8 m from lhe ed ge of lhe
carriagC'VI'ayof ahusy highway. Theb:r.rricrhadbt:-cnwC'll
oon!-lruc1l:tl .. ilhPMIClsofO\-eriapped~175mrn
"'-ide " 'ilh lhid.J'IN,~ from 25 mrn 10 6 mm.ilC'Cw-N
to umeer C'fO!>S oxmbcrs lUPJ'Ol"lo:d 011 p h 'aniscd s&cC1

J'l'5" ~ in ronrn:te: fOOl",gs , Af1crsome ~_ Ihe primary
C3lroC'uflhetlc1criorat.ion .. up;>Il<onSfrUClioo buo:..linll:0f
indi..idua l limhC'r boM<habout lheir long U.I. Iht rnultaol
......alUre of lhC' boards fon:ing j!aps in lhe Ol ertappat
joints. ApproUmalcly llinetl' ptrC'eIIl of dlc board.
~ibilC'daI IC'lSlslighlbud.lins:andup"'lm~1Wre

se-vnely aff«tet1 The gaps ranged from 5 to 15 mm in
width. As 11M: boards were o _mapped. 1bC'oprrlings " ere
simibrtolhatsl1ownmFij!lU"r 2b§(l lllal lhe full effect o£
lhe~ could bC'~n. parallel 10 the fence, " 'hilt from
about 35° 10 dlc nomtal. through 10 norma l 10 The barrier.
lhegapsw~n:llOIlnotic;ltablc

Orher typn ofdeleriora lion. .. en: board sp litting al n.Jil
holna.ndooofSC'albC'f....een tbe barner andsbe grocnd
1lxw effects ....ere (e lalile ly millOTand lbe: inves uga non of
dlc dcgr.rd.ll ion in acoll5lic per formance C'oocmtral('d on
Ihe port ioll$ of lbC'ba rrier .. hrn: the hoc ..ling ....asthc mam
feal ure .

of Ih(, TL. ie the h(,a,irr lhe p;mel the bette r lhe noise
redu ctice . For double leaf cc nsrructjons, a higher TL can
be obtai Md lhan thaI ind icaled by tbe mas~ law alone. as
1000llI.'I carei, lakm with lhe dnill:n oflhe constnIC lion
such u minimi si nl lhe number of dir m co nnect ions
betwtm lhe lwo facn.

Thr Tl of a parm ion .....hich co mprisn a number of
cempceent p. rh is lim '!rd by co mponenls with Ihe lowest
Tt Orr! if lhe~ components occupy oo ly a !>mall
proportion of lhe ~u.rf1oCC arri. When @.if't or strts are
prrsml, lhe TL ofl hese arc: .l lOO!It zcro and "" lheyh.l\ e .
large effect on !he o\erall noi>e rcd UCUOIl acblt'o'ed. For
nample. merraffk noIse redecnonfor a lull eOflta inil1g a
.....indo .. , wilha d'r«1OJ1C'T'mll ha"nll . n open area of on ly
.\%, ir sim il. 10 • , III, hali beornshown 10 decrease b)'
almost IOdDI3]

2J Impliu llolI. of Slih .... Upuln2s l11B.rTirn
R~l l(lI'Il f(lflhe dni lln of harrirn norm.ally

emphasioe lhal CVrr! lmall oprn i,,¥' 1' ,11 sillnifica ml)'
miucc the lIOi.-:~ion I'nn'idcd by 11M: harritf bw Ihili
it uwa lly nol quaMlfi<:d. Ry .. '. )' o f eumple, k:t Wi IS';llme
l!wl lhe mattri:al of • well COf1\1NCI<:d limbn h<lnler
pro~ided • Tl of :ro dOl A ). LC'I us .110 1' lUme. for •
panicularllOUf,,*barriC'1-re«flffconfigunllion.lhal lhili
§(llid harriC'I" achiel" I redul;11OI! of 10 d&Aj al!he
m:flverbrilind' lheb.a rTier, If lhisboomerQO\O'hushtsmn
fC'aused by WlllJ'lnl! fOf eumplel suc h tlIII ItIt .-rea of
opming is on ly as moc h Ii .\~ o fl hc IOUII berrier ura. lhe
lc..el o f sound I m l ing WI !he f'eC'ti~ef by lhe direct
ttllllSmiu ion pa lh Iltrougb lhr hamn- .. ould be 5Of'I\t 10 dB
IAI greater lhan bC'fore and .....hrr! rombined .. i lb the ltI'e l
of sou nd am . 'inl by thelorilliRal1y dominanlldiffracttd
palh o\'cr lht berTier. lhemlUC'llOllach)tl·<:dby lheburiel'
I llhe f'eC'C'iver ....ouldnowbt signi flC'anlly leufhanlht
10 dB{A ) ;l(h ievtd by 1M IOlidbam cr

For a ryp i(-al limber ferc e _'lIh htipw 1.8 m and

com prised of 25 mm wide burt-jointed pali ngs. III open
area of .\% wou ld be rtpreKOIN by I mm wlde IililS

bd:wccnlht!l'hnSs Simila ropC'narea'rouldbC'C'ausedby
splinin g of l he limber around the l'IlIiljoinls. Assum ing lhe
sphls elllendont lhirdof lbC' .. 'aydown lbC'boa nl.anopen
arC'a of 4%wOl.lldboertpn:lC'nl tdby an everagC's p IiT....idth
of 3 mm . These d imens iom for sl ll~ and sp lllli are 001
unrealis tic for a l i mbel barri~r which has beenexposed 10
thew ealher for som e lime

Howeve r, for a blrrriclwmpriwdofovC' rlapped rather
lhan burt-jo imed limbo.'1 p.rlings, di".lI1 iOrD in the pahn¥s
can lead to slils which are non dire ct openinlls hUl are
an¥lcd. as show n...;lle malic. Uy in fi l>ure 2. The effec t of
such aJli\lc,J op.:nini ' on the K ous lic pe rfnnIlan ce is not

immediately dear. The principle of .nllled "pe ninlls is
utilised in baffles aroun d no ise sources which require air
llo.... ahoou gh 1bC' sur fa<;eli of suc h baffl es an: usually
covered with loOUnd absorbi nll maleria1. Angled openin llS
can OC'I:'ur when metal C'ao;emenl window frames an: opr oed
a sma ll amoun t. In lhi\ case Ihe nature of the §(lund f'eld
can bC'qui leC'omple llandind ude reso l'llllnre ITCCli (4)

of the TL, ie the heavier the panel the better the noise 
For double leaf constructions, a higher TL can 
than that indicated by the mass law alone, as 

long as is taken wllh the de:;ign of the con:;truction 
such as minimising the number of direct connections 
between the two faces 

The TL of 3 partition which comprises a number of 
component parts is limited by components with the lowest 
TL even if these components occupy only a :;mall 
proportion of the surface area. When gaps or slits are 
present, the TL of these are almost zero and so they have a 
largc effect on the overall noise reduction achieved. For 
example, the traffic noise reduction for a wall containing a 
window with' Ii direct opening having an open area of only 
4%, ie similar to a slit, has been shown to decrease by 
almost 10dB [3]. 

2.3 Impllcatlons of Slits or Openings in Barriers 

Recommendations for the design of barriers nonnally 
emphasise that even small openings will significantly 
reduce the noise reduction provided by the barrier but this 
is usually not quantified. By way of example, let us assume 
that the material of a well constructed timber barrier 
provided a TL of 20 dB(A). Let u:; also assume, for a 
particular source-barrier-receiver configuration, that this 

;;~~~v!:~~n1~~~:n:r.r;~~::o~:1:r ~o:~~:li~: i:hi~ 
(caused by warping for example) sueh that the area of 
opening is only as much as 4% of the total barrier area, the 
lcvel o( sound arriving at the receiver by the direct 
transmission path through the barrier would be some 10 dB 
(A) greater than before and when combined with the level 
of sound arriving by the (originally dominant) diffracted 
path over the barrier, the reduction achieved by the barrier 
at the receiver would now be significantly les:; than the 
10 dB(A) achieved by the solid barrier 

For a typical timber fence with height 1.8 m and 
comprised of 25 mm wide butt-jointed palings, an open 
area of 4% would be represented by I mm wide slits 
between the palings. Similar open areas could be caused by 
splitting ofthe timber around the nail joints. Assuming the 
splits extend one third ofthe way down the board, an open 
area of 4% would be represented by an average split width 
of 3 mm. These dimensions for slits and splits are not 
unreali5tic for a timber barrier which has been exposed to 
the ",,'Cather fOf 50me time 

However, fOf a barrier comprised of overlapped rather 
than butt-jointed timber palings, distortions in the palings 
can lead to slit:; which are not direct openings but are 
angled, as shown "chematically in Figure 2. The effect of 
such angled openings on the acoustic perfonnance is not 
immediately clear. The principle of angled openings is 
utilised in baffles around nOIse sources which require air 
flow although the surfaces of such baffles are usually 
covered with sound absorbing malerial. Ang[ed openings 
can occur when metal ca~ement window frames arc opened 
a small amount. In this case the nature of the sound field 
can be quite complex and include resonator effects [4] 

Given the complex and variable nature of slits and splits 
in an overlupped timber paling fence it is not easy to predict 
the effect on the acoustic perfonnance as a barrier for road 
tr~ffic noise. Therefore a full scale experiment was set up 
to investigate this cffect 

,.) 0) 

3. EXPERIMENTAL FINDINGS 

3.1 Description of Barrier 

Measurements were made in the vlcinity of an overlapped 
timbcr barrier, located approx 2.8 m from the edge of the 
carriageWay of a busy highway. The barrier had been well 
constructed wlth panels of overlapped boards, 175 mm 
wide with thickness tapered fi:om 25 rum to 6 mrn, secured 
to timber cross members supported on galvanised steel 
posts sct in concrete footings. After some years, the primary 
cause of the deterioration was post-construction buckling of 
individual timber boards about their long axis; the resultant 
curvature of the boards forcing gaps in the overlapped 
juints. Approximately ninety percent of the boards 
exhibited at least slight buckling and up to ten percent wcre 
severely affected. The gaps ranged from 5 to 15 mm 
width. As the boarth: were overlapped, the openings were 
similar to that shown in Figure lb so that the full effect of 
the gap" could be seen parallel to the fence, while from 
about 350 to the normal, through to normal to the barrier, 
the gaps were nOI noticeable. 

Other types of deterioration were board splitting at nail 
holes and loss of seal between the barrier and the ground. 
These effects were relatively minor and the investigation of 
the degnldation in acoustic performancc conccnttatcd on 
the portions of the barrier where the buckling was the main 
feature 

3.2 TestMethod 
There are no standard test procedures for investigating the 
deterioration in TL for an acoustic barrier in situ. The 
procedure that was developed involved two parts. firstly, 
measurenlents were made with the exi~ting barrier, several 
hundred metres in length. This set of data is refcrred to as 
the pre-seal data. Then a flexible mastic Iilllterial was 
applied to all the gaps in a40 m long portion of the barrier. 
Eftectivciy this resulted in that small portion of the longer 
barrier having a TL equivalent to that for the barrier prior to 
the deterioration. This second set of measurements is 
referred to as post-seal data. As all the measurements wcre 
made at the same locations and under .imilar weather 
condltlOns, any effects from the surroundings were the 
sameforbothtcsts 

The measurements had to be carried out without 
disruption to the traffic flow so the existing traffic noise 



"'&I u.al H> the ..........."e, Th" lram C ~.., IU llle f()f lhis road
wes i ppl'..,\i maldy 15,000 ~'eh ic lo:s po:rda y " ilh aboul 16~

hea vy ~"hiclfi and lh" ~1"'C'd limil "' as 80 kmih r. The
localion~ for Ihe mcUI,lrc-menl microphones arc- sho....n in
Figure 3, The dl oiee of a pos ition allhelop ofthe bani cr
for lhe reference microrhooe was lllI§«l on m,n i mi~inl.!

wind and nca r fid d etfrc!s of the traffic s1rcam and
rcflCdion clTtets from the hlmer and on I\o,d,ns CrcM'OI!
of a tram e huard , The real microphone. III I m bchnMl lhe
b;uricr..... aslocaledloma.ufIlJSot llN:anenualionpro\idtd
by the d,ffracted palh in orderto del rc! di ffcnnces in lhe
lRJWlUned path bd"CC1\ the pl'e-Sotal and JX!'lil:-Sot;il
coodnioni. The SotCOOd Ie. mlCTOpbonc posilion. al 5 m
behindthe~. "'&I sdected 10d1«k tbc pcrfonnanceat
grcaln' d~n. It I.bould be D(JIe4 thai ~Sotal

mnwremmu can be .auumo:d 10 ha'"e beencondlxte4 on
;an mfimle bam« (Ie 1lll1'~ of vkw from lhe r«C'ivcr
poslllOO10 the bMnal and tbc t-ncr ..as of uniform
lnr\Srl'I,s~ 10» I:haranm\llC5 O\'CI ils Imp. Pool-sea l
mca>urnnmll " ere al50 cooduetcd on an mfiml e barrier .
buI by COllIn'! th il lllImcr did 110I ha, e uniform
ITarKmlWon Im5 d laract Cl1\I>G . In fact. tho: posl-lnl
barricrronsiwt'dof a finlle(4I)m)Sotoilcd N..'TIcrid lIloin
infi n' l" barricror ......·er lfllnovni..ionk>- . HOWC'\'c:r. lll the
I m rear miaopllonf poMilinn. lhe etfed of this
dIloOOrItmully wou ld ha~e bcm nrglt(llblc ..\ lhe aJlSk of
.·"""fromthe~.,c:r lothcfinlle lnlpofsnlt'dbamcr

approactlt-d thai of an mfl/Ule b.ilmcr (114°,. AI lhe 5 m
l\'ar m ierop hooc pos ilion. 11N: C'fl"«t of the dl<COOlinuity
may have been larger (151" angle of \Ii"",' 10 tho: finne
length oflcalcd barn er ) lhouSh ccrt:n nly muc h Ics 'lllun
I dB. Rea r microp ho l'lC' poll llon 'l "' ere rNrincd 10 mese
pos iliom dose 10 lhe bamcr i pt'Cifocally 10 minimr.c:
ctln fO\lndinl! effects o u-"C'd by Iimitaliom 10 the length o f
barric l lhat ....as able 10 be _led for Ihe e,perimenl

--~
Fj~ 3. SkC'leh o( . loe ~.....e l"""'jn glhc l""'u,nnml~e

mierop/lol>tl;.lht Nrr ;n and lhe road·.... Y

Ten minute la mplel or lhe sii:nal at the H'P microrhonc
and al the I m m ieruphone posi lion were recorded
simulu_ly011 "C'J'.nuechannd 'lofa tilpCrecord c:r.
Thi'l "' as repea led u'Iin, Inc 5 m microp hone pos ition .
Labora.loty arul ysil oflloe recordedlapepr'O\lidedthc

values for the percennle descnpe ors: L1, L, . LIO• and 40
(whieh are the levels exceeded for I, 5. 10 and 90"4 of the
lime. period respecti vely). The Lcq. Ihe. eq uivalenl
oonl rnuow 'IOUndlevel. and llle mU lmum IIOI !IC levels. rn
ItI'1T1'1 o f dB(A) . for individual vehicles wnil:lI cou ld be
dearty isolated from tile tra fficSlream .....ere al50 obuine4 .
Tbe indi.·idua l \'ehic lcs " c:re idcmificd dunn(l lho: flCk!
mc-...o:mef\1$ in terms o r lane position and IOQl ion of
ewust, ielow lC\C'le\haUSI Iypical fOf eat"l orhigh level
euauS1~l'ical fornucks

The InIlr>c no i.e le\--d'l cou ld be o:o.pcde4 10 ~ary

>OIl"Ie>Otul during Ihe 'lCfiesofmcasurcmo:nh. For e\amrlc.
mo:asurcmctltsofthe L IOat the lop mK:TOphont~mcd from
1W.8((1SZ dB(A). Forltlisrea.on. lhc da tll reportcd inthlS
in"CSligatlOO i'l in terms ofille dlffm:t'lCC'S bo:i:.....cm
sim uluncous sound ks-c l'l III the lOp and the rear
micropborlK. mhcr than ab'lolu le IC'\'Cls. ThU'l any
\ arialion in soun:e ks~l does lIOI affe<:1the rcg".l" rcported

1«< .
Tli o rcp liclllKJm of caeb of the mc&\UrnnmI C'Ondl1ions

(ie l mand5mrnicropboncloclllionandpre-andposl_1
of lhe f~) .. ere INIIk dunnlcachoflWowpame
mcasurcmml periods . The rcpcat ;ablhty of the
measumnmts "'·as h,gh as 'Ihov>-n by t~ . ·alue1. in hble I
forthedifT~ in lw·d8(A)' bcnoC"nl 'hetopandrear

micTophonesobuincdO\'crthefourrcpl il:atlOl'ls.

Table I. Dlffc:rCTII:CS in Lto. d8(AJ. bc1wttl1 the top and
rear mil:1OphonoesfOffour rep!ie alions

1 2 , •

11.0 I U II .S 11.7

1$.1 14,'

303 Changes ln 'lioise Rcdu-l:tkon
A comparison of the redu~tion in lhe noise level. in lenns
ofL w , between the top and the rear mie roph ono:s for tile
pl\'-SCal andlhe p<n;H eal eoo dilion'l of llle bam cr is show-n
in Figure 4. These data are the mean o( the four
rephca tion 'l. As one would e\ pect. lIN:elTCCli\ 'er)('S$of .
bam er in redu cing sound increasc 'l ",'ilh increning
frequcl1C}'. Also.aso:o.pcctcd, the d iffercnc e'l bc1" 'ccnthe
top and rear microphona. are gl\'a leral5 m illanal I m
behind the barrie r.

The elTa; t of'lealing of barrier on the L 10 . l the ....'Ol\' al
microphone posi lioos is sho .. n on Figure 5 . The li nd ing~

forth e oehee desc ripsors, .. ilh lhencerlionof4oallhe
S m positio n, .. ere similar to tbose va l ue~ ~hown for L w in
Fig 5. At the S m poii tiOQthe differe ncn bel.. een lite 40
for lhe pI"C' and post- sea l cond i li oo~ were 10:».possi bly
beca use the 40 k~els " 'c:re 11I11 I:me nucd oolely by .Ite
~ehideiOtlrecs in lhe vieinily oflhemicfOJ'h..nebulby lllc
klng hneof ua flk iOUll:csand()(lteI"genera lnoi:ln in tllc

was used as the source, The traffic volume for this road 
was approximately 15,000 vehicles per day with about 1% 
heavy vehicles and the speed limit was 80 kmIhr, The 
locations for the measurement microphones are shown in 
Figure 3. The choice of a position at the top of the barrier 
for the reference microphone was based on minimising 
wind and near field effects of the traffic stream and 
reflection effects from the barrier and on avoiding creation 
of a traffic hazard. The rear microphone, at 1 m behind the 
barrier, was located to maximise the attenuation provided 
by the diffracted path in order to detect differences in the 
transmitted path between the pre-seal and post-seal 
conditions. The second rear microphone position, at 5 m 
behind the barrier, was selected to check the performance at 
greater distances. It should be noted that pre-seal 
measurements can be assumed to have been conducted on 
an infinite barrier (ie HmO angle of view ITom the receiver 
position 10 the barrier) and the barrier was of uniform 
transmission loss characteristics over its length. Post-seal 
measurements were also conducted on an infinite barrier, 
but by contrast this barrier did not have unifonn 
transmission loss characteristics. In fact, the post-seal 
barrier consisted of a finite (40 m) sealed barrier set in an 
infinite barrier of lower transmission loss. However, at the 
I m rear microphone position, the effect of this 
discontinuity would have been negligible a~ the angle of 
view from the receiver to the finite length of sealed barrier 
approached that of an infinite barrier (1140). At the 5 m 
rear microphone position, the effect of the dis("Ontinuity 
may have been larger (1520 angle of view to the finite 
length of sealed barrier) though certainly much less than 
I dB. Rear microphone positions were restricted to these 
positions clo.e to the barrier specifically to minimise 
confounding effects caused by limitations in the length of 
barrier that was able to be sealed forthe experiment. 

,~ 

T 

Figure 3. Skerch oflhe resls;re showing the POSll1on oflhe 
rnicrophones,lhe blrria"andthe roadway 

Ten minute samples of the signal at the top microphone 
and at the 1 m microphone position were recorded 
simnltaneonsly on separate channels of a tape recorder. 
This was repeated using the 5 m microphone position 
Laboratory analysis of the recorded tape provided the 

values for the percentile descriptors; L t , LS' L10' and L90 
(which are the levels exceeded for I, 5,10 and 90"/0 of the 
time period respectively). The ~eq' the equivale~t 

continuous sound level, and the maxlmum noIse levels, In 

teons of dB(A), for individual vehicles which could be 
clearly isolated from the traffic stream, were also obtained 
The individual vehicles were identified during the field 
measurements in terms of lane position and location of 
exhaust, ie low level exhaust typical for cars or high level 
exhansttypicalfortrucks 

The traffic noise levels could be expected to vary 
somewhat during the series of measurements. For example, 
measurements of the LlI) at the top microphone vaned from 
80.8 to 82 dB(A), For this reason, the data reported in this 
investigation is in tenns of the differences between 
simultaneous sound levels at the top and the rear 
microphones, rather than absolute levels. Thus any 
variation in source level does not affcct the results reported 
h= 

Two replications of each of the measurement conditions 
(ie I m and 5 m microphone location and pre- and post-seal 
of the fence) were made during each of two separate 
measurement pcriods. The repeatability of the 
measurements was high as shown by the values in Table I 
for Ihe difference, in L 10' dB(A), between the top and rear 
microphones obtained ovcr the four replications. 

Table L Differences in LIO, dB(A), between the top and 
rearmicrophonesforfourrepIications 

1 

I:;:n~f!'r- . ween 11.Q 

lO~dsm ... :.u;~ 11.1 

liOiaodlmlQ( U.3 

3,3 Changes In Noise Redudiou 
A comparison of the reduction in the noise level, in tcnus 
of LIO, belween the top and the rear microphones for the 
pre-seal and the post-seal conditions of the barrier is shown 
in Figure 4. These data are the mean of the fow: 
replications. Ai; one would expect, the effectiveness of a 
barrier in reducing sound mcreases with increasing 
frequency. Also, as expected, the differences between the 
top and rear microphones are greater at 5 m than at I m 
behind the barrier. 

The effect of sealing of barrier on the LIO at the two rear 
microphone positions is shown on Figure 5. The finding~ 
for the other descriptors, with the exception of L90 at the 
5 m position, were similar to those values shown for LIO in 
Fig 5. At the 5 m position the differences between the L90 
for the pre- and post-seal conditions were less, possibly 
because: the L90 levels were not generated solely by the 
vehicle sources in the vicinity of the microphone but by the 
long line of traffic sources and other general noises in the 
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Fii"'" 4. The diff"",nc~~ ber", ...,n the sound Ie-,t l. at rhe lOp
mlcrop/>on(and rM rn r microphooe, in lentls ofl lO;(a) fo,
lhe I mpoll Llion: and (b) fo' Ir..5mposilion

4, DlSCUSSJO~

The re>;ulls or Ihe measurements showed that the
effectiveness of a timber barrier can be significantly
reduced by me prese:nce of gaps between the palings. For
continuous traffic, the reduclion was found 10 be of the
order of4 dB(A ). For individual vehicles, the redccnon
was found to be between 5 and 6 dB{A) depending on the
height of the vehicle exhaust

What does this 4 dB(A) difference tell us about the
effective Tl of the barrier with gaps? To answer this
question, it is necessary to examine the relauve conmbunees
made by the two main paths or sound transmission from the
source to the receiver. One path is directly through the
barrier and deierrnined by its Tl, hence referred to as l TL
Thc scc ond path is the diffracted path via the top of thc
barrier and detennin ed hy the palh length difference shown
in Figure I, and hence referred to as Ldlff A 4 dB(A)
increase in the level as a result of gaps in the barrier requires
that either LTL or Ldlff, or both, have increased.

For a well constructed barrier of practical height, and for
most receiver positions behind the barrier of praclical
interest, receive r levels are determined by she Ldiff, with the
LTL making little or no contribution to the receiver sound
level. This is generally worded in barrier design guidelines
reg I ) as the reduction in LTL through the harrier should be
at leas 10 dB better than the reduction in Ldiff due to
diffraction, ~ore "peei ficallyfnrthe snurte_barrier_recei ver

geometry in this expe riment. the results of Kurze and
Anderson (5J can be used to show that the LTL at the I m
receiver position would have been a minimum of 5 dB
below thc Ldiff in the pnst-scal measuremenb .

r unner, sil"l« the source cnnditinns, the dimensinns of
Ihe barrier and the positions ofthe microphones were the
same in both the pre- and post-seal measurements, Ldiff
would have been con' lant in both eets of measurements.
Hence the increase in rtcei ~ e r levels in the pre-seal
measurement muMbe attributed 10 an increase in LTL alone

Simple ene rgy cak uteuons can be used In show that, for
the combined le~ el of two sounds A and B to increase by
4 dB. ...here B was imti.ally at least 5 dB(AI below A and
...-here A re-maIns constant. B muS! increase: by at least
9 dB(At. In other ....ords. the present results <!emonstr;uc
that thc TL of tile barrier must have deteriorated by at least

T1M:diff ereoces betwee n the pre- and post- seal cond it ion s
fo r tbe max smum noise levels for iso la red ind iv idual vellic le
p. " bys in Ihl' nearesl lane were also dete rmined . For the
high level e xhausts lhere were 32 vehicles in the pre-seal
and 34 vdl icles in the post-seal rests and the difference m
1M . ,"enge maximum noise ["vc ls between the pre- and
J'Ol'I-se al conditions for rhe rear microphone at I m was
S.9 d8(A) (w ilh the standard deviation for the average
values of 1.6 and 1.4 dB respecthely). For the low I~el

exhausu , lhere .. 'ere 101 vehicles in the pre-seal alld 84
vehicles in the posr-seafress and the difference was
SJ dB(A) (with the standard dffi ldiOflfor me a,-e.-age ,-allJe$
or l_6 and 1,2dB rnpec ivd y). Tbese reducrionsin maximum
vehicle noise levels are somewhat higher than the reductions
obtained for the longer term descriptors soch as L1o-

~
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figure 4. The difference, between the sound leve!s at the top 
micropbone and the rear microphone, in !enn. (lfLlO' (al fQr 
the I mposition;and(b)fortheSmposition 
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Figure 5. The differences betwe<:n Llopost-seal forench of 
the two rear microphone positions 

The differences between the pre- and post-seal conditions 
for the maximum noise levels for isolated individual vehicle 
passbys in the nearest lane were also determined. For Ihe 
high level eJlMnS!S there were 32 vehicles in the pre-seal 
and 34 vehicles in the post-seal tests and the difference in 
the average maximum noise levels between tbe pre- and 
post-seal conditions for the rear microphone at I m was 
5.9 dB(A) (WIth the standard deviation for the average 
values of 1.6 and 1.4 dB respectively). For the low level 
exhausts, there were 101 vehicles in the pre-seal and 84 
vehlcles in the post-seal tests and the difference was 
5.3 dB(A) (with the standard deviation for the average values 
of 1.6 and J.2 dB respectively). These reductions in maximum 
vehicle nOIse levels are somewhat higher than the reductions 
obtained for the longer tenn descriptors such as LIO. 

4. DISCUSSION 
The results of the measurements showed that the 
effectiveness of a timber barrier can be significantly 
reduced by the presence of gaps between the palings. For 
continuous traffic, the reduction was found to be of the 
order of 4 dB{A). For individual vehicles, the reductIon 
was found to be between 5 and 6 dB(A) depending on the 
height ofthe vehicJe exhaust. 

What does this 4 dB{A) difference tell us about the 
effective TL of the barrier with gaps? To answer this 
question, it is necessary to examine the relative contributions 
made by the two main paths of sound transmission from the 
source to the receiver. One path is directly through the 
barrier and delermined by ils TL, hence referred to as LTL. 
The second path is the dif!i:acted path via the top of the 
barrier and determined by the path length difference shown 
in Figure J, md hence referred to as Ldiff. A 4 dB{A) 
increase in the level as a result of gaps in the barrier requires 
that either LTL or Ldiff' or both, have increased. 

For a weI! constructed barrier of practical height, and for 
most receiver positions behind tbe barrier of practical 
interest, receiver levels are detennmed by the Ldiff' with the 
LTL making little or no contribution to the receiver sound 
level. This is generally worded in barrier design guidelines 
leg I] as the reduction in LTL through the barrier should be 
at least 10 dB better than the reduction in Ldlff due to 
diffraction. More specifically for the source-barrier-receiver 
geomctry in tbis experiment, the results of Kurze and 
Anderson [5] can be used to show that the LTL at the I m 
receiver position would have been a minimum of S dB 
below the Ldiffin the post-seal measurements . 

Further, since the source conditions, the dimensions of 
the barrier and the positions of the microphones were the 
same in both the pre- and post-seal measurements, Ldiff 
would have been constant in both sets of measurements. 
Hence the increase in r«eiver levels in the pre-seal 
measurement mu~t be attributed to an increase in LTL alone. 

Simple energy calculations can be used to show that, for 
the combined level of two sounds A and B to increase by 
4 dB, wbere B was initially at least 5 dB(A) below A and 
where A remains constant, B must increase by at least 
9 dB(A). Tn other words, the present results demonstrate 
that the TL of the barrier must have deteriorated by alleas! 
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9dB(A)be<:ause oflhe presen~eof lbegaps

For greater distances behind the barrier , at the same
elev ation as the measuri ng microph one s, the cc ntributfon of
L.liff fO tbe receive r level would in~rease relative to the
co ntribution by l TL because of the smaller path length
diffe rence along the diffra cted path. This increased
differential between Ldiff and LTL redlKes the impact of
lk teriorat ion in the transmission loss of the barrier.
However, as can be ascertained from barr ier correcnon
eSlimates leg 6], this increased different ial is small · about
2 dB betw een !he I m and 5 m mic rop hone positio ns, and
onl y an additiona l I dB out 10 abou t 100 m behind the
bame r. Using these cs timates it is poss ib1e to show, aga in
by simple ene rgy cetcutenons. that the increase in receiver
levels ov er the range o f5 m lo 100 m beh ind the ba rrier
would be of the orde r o f 3 dB 10 2.5 dB , comp ared to an
observ ed incre ase of 4 dB at tbe l m micro phone positio n.

It is interest ing 10 note rha t Ihe differe nce in L lO berween
the pre- and post-seal condi tions is similar across ttle
freqt>encyrange. Th is indic ates lha l there is 110 sign ificant
reson ance effect in the cha nge in TL because of the gap s
and is not unexpecred as t!le width and lengrh o f the gaps
va ried from paling to pa ling so any reson ance effect wou ld
be spread ove r a wide rang e of frequencies

5. CONCLUSIO:,\S
The resu lts of measure ments des igned 10 inves ligale the
effects of gap s or op•.'nings between the com ponents of a
rtlads;de limberbarriersho...-ed adegradation in performan~e

oflheorder of 4dB(Al for a pos ition close 10 ttle barrie r. At
a distance of 5 m behind lhe barrier. the degradation was
found to be oruse orderof3 d8( A) . It is estimated lha t the
degnlda tioo would be of lheorderof2.5 d8( A) out 10 100 m
from the barrier. Depending on the noise red uct ion intended
10 be obrai ned by an y pan icularbarrier ins ral1atio n, this may
repre sent an unacce ptable increase in traffic noise for lht
r«eivers. Thi s highligllts the en ponance of ens un eg that a
barrier , designed 10 redu ce noise . com prises element s which

are well sealed. Even though the ope nings may not be
obvious when viewed normal to the barrier because of
overla pping, the presence of slils can reduce the ove rall
transmission loss ach ieved. For the ba rrier investi gated, lhe
slits were estimated 10 have reduced the TL of the bam er
itse lf by 9 d8{ A) , Thi s also has app lica tions 10 ventilation
louvre systems or any olhe r parti tioning co mprising a
number of openable. moveableparts.

The degradation was found to be not dependent on
frequen~"y , p robab l y because th e dimeTlsiolls u f the gapl in lhe
fence varied due to the nature of the warping and deterioration
oftlte cumpollenl palings. The effect oftlte degradation on
individual vehicle maJlimum noise levels was somewhat
greaterlhan for the continuous lraffic noise measurc s

8«ause of the potent ial for a reduction in the overall
pe rfonn anee after time. care should be exercised in the
selectio n and design of a timber barrier . Unless speci al
cOl1struction te.:hniquess ucltasaddit ional lilling,str ipsetc,
are applied 10 mi nim ise w3rp ing and buckling. a fac tor of
safety sho uld be incorporated in the design process to all nw
for the effects of the eventual degrad ation in the ba rrier and
conse quen tly the noise redccnonachieve d
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9 dB(A) because of the presence of the gaps. 
For greater distances behind the barrier, at the same 

elevation as the measuring microphones, the contribution of 
Ldiff to the roceiver level would increase relative to the 
coutribution by LTL because of the smaller path length 
difference along the difftacted path. This increased 
differential between Ldiff and L TL reduces the impact of 
deterioration in the transmission loss of the barrier. 
However, as can be ascertained from barrier correction 
estimates reg 6], this increased differeutial is small- about 
2 dB between the I m and 5 m microphone positions, and 
only an additional I dB out to about 100m behind the 
barrier. Using these estimates it is possible to show, again 
by simple energy calculations, that the increase in receiver 
levels over the range of 5 m to 100 m behind the barrier 
wonld be of the order of 3 dB to 2.5 dB, compared to an 
observed increase of 4 dB at the I m microphone position. 

It is interesting to note that the difference in L 1 0 between 
the pre- and post-seal conditions is Simllar across the 
frequency range. This indicates that there is no significant 
resonance effect in the change in TL because of the gaps 
and is not unexpected as the width and length of the gaps 
varied from paling to paling so any resonance effect would 
be spread over a wide rauge of frequeucies. 

5. CONCLUSIONS 
The results of measurements designed to investigate the 
effects of gaps or openings between the components of a 
roadside limber barrier showed a degradation in perfonnance 
of the orderof4 dB(A) for a position close to the barrier. At 
a distance of 5 m behind the barrier, the degradation was 
fonnd to be of the order of 3 dB(A}. II is estimated that the 
degradation would be of the orderof2.5 dB(A) out to 100 m 
from the barrier. Depending on the noise reduction intended 
to be obtained by any patticular barrier installation, Ihis may 
represent an unacceptable increase in traffic uoise for the 
receivers. This highlights the importance of ensuring thaI a 
barrier, designed to reduce noise, comprises eiemenll; which 

are well sealed. Even though the openings may not be 
obvious when viewed nonnal to the barrier hecause of 
overlapping, the presence of slits can reduce the overall 
transmission loss achieved. For the barrier investigated,the 
slits were estimated to have reduced the TL of the barrier 
itself by 9 dB(A}. This also has applications to ventilation 
louvre systems or any other partitioning comprising a 
number of openable, moveable parts. 

The degradation was found 10 be no! dependent on 
frequency, probably beo:ause Ihe dimensions of the gaps in the 
fence varied due to the natore of the warping and deterioration 
of the componenl palings. The effect of the degradation on 
individual vehicle maximum noise levels was somewhat 
greater than for the coutinuons traffic noise measnres. 

Because of the potential for a reduction in the overall 
perfonnance after time, care should be exercised in the 
selection and design of a timber barrier. Unless special 
construction techniques such as additional fixing, strips etc, 
are applied to minimise warping and buckling, a factor of 
safety should be incorporated in the design process to allow 
for the effects of the eventual degradation in the barrier and 
consequently the noise reduction achieved 

6. REFERENCES 
I Anon, Noise Barriel"S and Cala/ogue of Seleclion 

PossibilWes, Road, and Traffic Authority ofNSW (19911 
2. AS 1191, Method for laboYQlOry mm.l"enu",/ of airborne 

sound transmission loss of building pani/ions, Standards 
Austr.lia(l985) 

3 Nelson P., Tra~sponQ/ion Noise Reference Book, 
Bulterwortbs(l987) 

4. Burgess,M. Resonat(lf effects in window frames, J. Sound 
a~d Vibralwn. 103(3),323·332(1985) 

5. Kurn: U.I. and Anderson G.S .. Sound allenualion by barrier<. 
4(1),35·53(1971) 

6 United Kingdom Dept of Transpon, Calc!I/aIiOlt oj" Rood 
Traffic Noise, HMSO UK (1988) 

7. ACKNOWLEDGEMENTS 
John Esdaile perfonned extensive field measurements and 
laboratory analysis for this project. 

Calibration Services 

The Standards Laboratol)l staff is a group of professionals available to you for the 
calibration of Sound Level Meters, Noise Dosemeters, Audiometers, Acoustic and 

Vibration measurements. MfTS Standards Laboratol)l offers a total solution to your 
repair and calibration requirements and other services including: 

• Residential and Environmental Noise • Measuremen[ and Control of Occupational Noise 
• Screening Audiometry • Noise Management - Education and Training 

AcouslicsAustTaiia 

~Urnited28ThomtonCrescentMfttllamlJic:rorfa3132 ~ 

Tel: (031872 1413 Fax: (031872 1240 

Vol 22 No. 2-46 



"Fred's Phonoscope"
Athol n ay
n ay De~t gn rty Lld, l h it )'laee. LUKarno!"iSW 2110

On our W8) ' over to the: las' AGM of the Australian
Acou~ticaJ Soc iety in Adelaide. Audrey and I did the big
tour through the Censral Flinders Range. in Sooth
Australia. The n:liahilily of Jaguar motor cars is well
established. However, as we approachcd Hawkl'T a nasty
noise was emined from under the bonn et. The motor
mechan ic al the Mobil garage at Hawker filled up the tanks
wi th petrol , then listened lu the noi""

Equippcd wilhtwcntyyeal'$cxpcricnccasanaooustical
engineer, YOlll'i tndy listened with great understanding a-s
to the levcl, lypc alldch ar;Kler oflhe noise. It wa...a nasty
grind ing sound. sleady in lc,·eJ. abouI 80 dDA at o~ metn:

with the bonne! up, wah a frequenc y- modu lating high
frequency componc nl, and obviO\lsly coming fl'Offl the
ahema lOrbearing

The ml)lor medulllic had 11K'temeray to disagree with
the professiona l opinion e~pre"sed b)' yo"no; truly. He
thoogh l it was coming from the aircondilioni ng refrigerant
compressor . "li ang on a minute " 5aYSIK', and returns in 60
seconds with an obvio usly amaleuri~h ly built listening
device. It looked as if it had come out ufthe ark (no digital
readout, no computer output connec tion ). Very primitive.
but I had 10 admit that il was more sophisticated than the
average "screwdriver to the ear" melhod. The pholograph
shows the motor mechanic demonstratin g how to use a
"Phonoscope" to the acoustica l cons ultant

"Its the comp ressor bearing" he says, "Listen to that". So
I did. And cleat as a bell the compressor beari ng was
d early identified as the offend ing noise source. "Where
rlid yougel lhis splendidin<;trumenlMu ks lhc acouslical
consultant. "My dad made it" says the motor mechanic . "I
would like to meel your dad" says Ihe aCO\Islical
consu ltanl, and within rwo shakes of a dead lamb's tai l. son
relUmswilh dad. YOUTS lruly is inlrodlllXd to dad, \I'ho""
name is fred, and congratula tes him. Fred is modestly
proud of his invention, whic h on dismanl ling turns QUI to
be the earpiec e of an old lelephone handset with a piece of
brnss welding rod poked lhrough lhe centrc, The s«rct of
ils suecessis the fle~ lblemount i ngof theearpiece andthe
d oqo loleraoce in locating the end of' j he brassrod · jusl
touching 11K'metal diaphragm.

Fred ellplaincd that people always want to know
immedialely what the problemis beforc theyspend a lol of
money on repairs. "You've gOl to be able 10 idenlify lhe
problem accurately and quickly" says Fred. " I made this
jusl allerlhe war,and ilS heen mighly handy c\'er sinee".
Th.e photograp h of Fred and his Phonoscope is proof of

this bilher10 undisco, 'el'tdi!eniusofacou5liealengineering.
I immediately offered him a position with Day Design in
SydnL')I, bul he politely declined my lucrative o ffer because
of more pressing dunc aHe "as gOing kangaroo humln g
lhal allem oon.

"I've known cle ver younll fellows to be awarded with a
PhD with less origiJl31 researc h and de\'elopment than this.
Pbonoscopc". says lhc aeoust ieal con.su1tanl. "l ..-ill tellthe
AuslTlllian Aeollslieal Socicly of YOllr most remarkable
achievement". They will probably want 10 make you an
Honornry Mcmber

Off with the vee bell. and on our way - without air
condilioning. Well peoplc have been known to drive with
open windo ws for venti lation before. A bit noisy though >
"wind noise,nOl refrig~TlIn l COmpressllr t>eari l1g l1oi.,c" o;ays

theacow;tical col1, ultanttohi s lol1l!-suffenn l.lwifc.Audrey.
who was rather impressed by Fred's SOOr1 CuI melhou.~ and
uncomplicated approach 10 no is.: c<>nlrol

"Fred's Phonoscope" 
Athol Day 
Day Design Pry Ltd, 2 Tate Place, Lugarno NSW 2110 

On our way over to the last AGM of thc Australian 
Acoustical Society in Ad",laide, Audrey and I did the big 
tour through the Central Flinders Ranges in South 
Australia. The reliability of Jaguar motor cars is we ll 
eslabl i ~hed, However, as we approached Hawker a /l3sty 
noise was emiued fmm under the bonnet. The m<Jlor 
mechanic at the I\lobilgaragc 3t lIawker filled up thc tanks 
with petrol. then listcncd to the noise. 

Equipped with twemy years experience as an acoustical 
engineer, yours truly listened wilh great unlkT1ltanding as 
to the level.lypeand character ufthe noise, 11 was a nasty 
grinding sound, steady in lel'el. about 80 dBA at one me tre 
wilh the bonnet up, with a frequency- modulating high 
frequency component, and obviously coming from the 
a1tern~tor bearing 

Thc motor mechanic had thc temerity to disagree with 
the pmfes;;iunal opinion expres,ed by yours truly. He 
thought it was coming from the air conditioning refrigeram 
compressor. "Hang on a minute" 8aYs he, andretum" in 60 
seconds with an obviously amaTeurishly built listening 
device. It looked as ifit had come OUi of the ark (no digital 
readout, no computer OlltPllt connection). Very primitive. 
but I had to admit that it wa~ more sophisticated than th~ 
average "screwdriver to the car" method. The photograph 
shows the motor mechanic demonstrating how to use a 
"Phonoscope" to the acoustical consultant 

,·lts the compressor be~ring" he says. "l isten to th~t" . So 
1 did, And clear as a bell thc compressor bearing was 
clearly id~ntilied as the offending noi,e source. "Where 
did YOll get this splendid instrumem"" asks thc acoustical 
consul tum. "My dad m~de it" says the motor mechanic. "I 
would like to meet your dad" says the acoustical 
consultam, ~nd within two shakes of ~ Ik~d lamb's tail, son 
remrns with dad. Yours tru ly is introduced to dad, whose 
name is Frcd, and congr~tulates him. Fred is modestly 
proud of his invention, which on dismantling turns out to 
be the earpiece of an old tc1ephone haml.l-et with a piece 0/ 
brass welding rod poked through the centre. The secret of 
its succc~s is the flexible llK,unting of the earpiece and the 
close tolerance in locating the end of the brass rod - just 
touching the metal diaphragm. 

Fred explained that people always want to know 
immediately what th~ problem is before they ~"pen<j ~ 101 of 
moncy on repairs, "You've got to be able to identifY the 
problem accunttdy and quickly" ""ys Fn:d. "I made this 
just after the war, and its been mighty handy ever since" 
Th: photograph of Fred ~nd his Phonoscop" is proof of 

this hitherto undiscovered genius of acoustical enginccring. 
I immediately offered him a position with Day Design in 
Sydncy, but be politcly declincd my lucrative ofTer becausc 
of more pressing duties. I k w~s going kangaroo hUllting 
thataftemoon 

"I've known clever young fellows to be awarded with a 
PhD with Icss original research anddevclopment than th is 
I'hono~cope", say> the acoustical consultant. "1 will tell tile 
Australian Acoustical Society of your most remarkable 
achievem~nt"' . They will prohably w~n t to make you an 
Honorary Mcmbcr 

OfT with the vee belt. anu on (Illr way _ without ~i r 

conditioning. Well people have been known to drive with 
"pt'n windows for ventilation before. A bit noi"y though _ 
"wind noise . not rcfrigcrant compressor bearing noise" says 
the acoustical c<1n,~,1tan t to his long suffering wife. Audrey, 
who was rather impressed by Fred's short cut method;; and 
uncomplicated approach to noise control 



QUIETING THE BILLY GOAT WITH
ACTIVE NOISE CONTROL

Colin H. Ha nsen, Antho ny C. Zandtr a nd Scott D. Snyder
IHp al1n1tll l or M tthani u ll:nllin l'n ln t .
L:ni' l'nily of Adl'la tdc.
South Au' trall. 500~.

A"',rael ' HIlly (;0.. 1Vacuum onUs~'c u'Cd by commcrc;al garden. ", and l!round, men 10 SW~ up and di,po"" of fallen
lu\'cs ~nu-sc they 3~ effective and ca' J 10 " >C, Unfomunalc!y. 'he luud hum Benerated by these unil' at lhe blade
pu.»a~e frequrncy ~ a sourn of a"""yanel' I<>nurny ome. workCB " "... 11as a source of polcmial hearing damage 10 an
Unf'l'''lfi'1ed operahlf. Result' l"'C",mcd in thi' JI'IP'" lk m"'''tralc lhe effeet IVen.," of a ", n~ lc channel act ;,. lIOi,.
conlrol sY'-em in m:lucing lh. , inglt frequency hum 10 an acceptable In cl. [Ca.-dle•• uf variali" n, in 'he equipmenl
upc'nlliunalspccd

I. INTRODUCT IOt\
The University of Adelaide currently uses a number of
~R i lly Goat" vacuum units to collect fallen leaves, Du ring
aUlumn, these unils opera le for many houl'l; ea<'h day and
lhe intense low frequency "hum" they produce is the cause
of nu!T><'rous complaints from University staff.

The business end of the Billy Goa l is an apprmdmal ion
to a cenlrifugal fan, comprising four vertical nal blade s
d ir~'Ct coupled 10 an Ie engine. which usually runs between
2S(~J and ) 000 I'T'IIl durin\! operation . prnclucin\! a blaclc
p as5a g;e ton e wilh afrequency varyi ng frOIll1 6S to~OOHl

Allhoug:hthis tone is lhc primary eaose o fc nmplaint, there
arc numerous other lower level tones emanatin\! from the
lC engine cas ing and exhaust. Theile tones arc essentially
barmonic s ofthe engine rolal i" nal speccl, At a distance ,,1' Fiji"'" I. BIlly Goal Ic:af .,,~per Wilh eat.ooidal hom on
1m fronlthc Billy Goat exhausl, the noise level measured at the inlet
the blade passing freque",y was 105 dll. and do se 10 the
exhaustIt was 119dll.

Although this application seemed a good opponun ity 10
demonslrale lhe viability <>filelive noisecomrol- the high
noise leve ls required at such low frequencies posed a
significant practical problem. To keep Ihe solution
practical, it Was ncecs,""ry tn uw relatively small
loudspeakers (to em diamctcn , otherwise ihey would be a
nuisancetothe operalor , To mammsetbe noise produced
by the loud speaker, a carenoidal hom was dl's ignl'd SOl'h
that its moulh extended over a large pan ofthe lOPofthe air
inlet (s<..:Figure I ). Originally, it "iasinlended lo uwa
second so und source at lhe air cutter, inlh e form of a hom
driver arrached 10 another smaller catenoidal hom . ThiS
, <'<'Onds ource pron'd unoecessaryas thc inICl>oUndsource
was capable of suppres, ing noise TlIdiated from botb the
inlet and the curter F i~urc 2 Top uf ............ wnh ran cover n.-tOOYt'd ohowmg

Another pracl ical problem to be o~en:ome involved lhe ", fleeli,·e ' lOp' on tho;molOfr.n
dcrivation nf a su itahle rcfcrence signal for lhe controller
(see fi gure 2). At first an inductor ....as wrapped around the To impro"e this an optical laChomeler was used with ee
spark plug lead but lhes ignal obtained ..... asmuch 100 noisy. molorcool ing fan. Four equally speced reflective strips
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D"partmcnt ufl\fcchllnklll Enginc~ring, 

Uni~·trsity of Adelaide, 
South Australill 5005. 

AnOlh~r pranical problem IU be overcome involved the 
derivation of a suitable reference signal for the con[mller 

(sec f igure 2). At first an inductor wa~ wrdPped around the To improw this an optical tachometer was used with the 
spark plug l~ad h lIllh~ signal obtained was much 100 noisy mot()[ cooling fan .Four equally spaced rctkctive strips 
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were attac hed to the circumfe rence ofth e motor coolin g fan
at the top of the IC eng inc , thus providing a referenc e signal
e f rhe same freq uency I5 lhe blade pa ,,~i ng fmj u.:ncy. At
first the re ference signal was low pass filte red so tht the
co nlro lleronlyaffecledthc lo ne at thc blade passing
fmjUCTlCY of the Tmin v-acuum fan. Although this would
allow the main noise problem to be co nlro lled. il " ilS

cons iJered desi rabk: 10 reduc e the levels of some of me
mgine noise peak s and highcrordct- fan tones as well.
Thus , for some tests the reference signa l amplifiCT was
O\'I:1'dri\lcn. suc h that the peals of thesig-nal ...ere "elippo-d"'.
10 geeeeare odd ordt:r higher harmonics

2. n :ST ARRA NGl-::lI.l t:ST ANn
PROCED URE

To eonduCl lhe ICSfS, the Billy Goat was ta ken 10 the cCrllre

ofa large o\la l on a dily wuh a neglil!ible amounl of wind.
Tests ...cn:conducloo with lhe Billy Goot pos ilioned at the
ccntreof a2.5 rn squa rehard ch ipboardsurfacc,aoo also
whh il srunding on a grass surta ce, 10 find whet her the
surface ov er whic n it ...·1s u.e d had an cffect lln tlle abllity
oflhc active contro l ~> ' S1.:-m 10 reduce the noi'C' le\lels.

Duri ng lhc tests, an allem pt was rnade lll kccp lhe Billy
Gom engin e run ning ~.....,j be-ween 2.200 and 2,600 rpm.
11was not unus ual for the engi ne src~-d tll\lary sil!\ni fieantly

in this lange . but tho; control system had no trouble in
tracking this " ana lion ~ l all limes

An op tical tacho met er "as moun ted nn the eng ine fan
COVer al lhelOpof thc cng irle mdadj ustcd to illumina tO:lho:
four equa lly spaced l'I:tls"Clise strips on the moto e coo ling
fan penph cry . The tecbom eter outpu l was Connec led to tho:
reference signa l inpm of the Cau'ioiIl System s EZ·T£~CH

active noise conlrol k.. d..·",lopmen t system . The OIher
input channe l .....s ('{IfIl>CCrcd 10 a ~mall lape l-pin type
electU1 microph one . moun ted 1m above the pLane of the
leaf s""«p:' t\haUl-f . This input channel pro\ 'ided [he
rcqulrcdcrTOl' Slgnalforthef~forward C<JI1trol sY"lem

programmed mto the EZ-TEACH llardw-are. The JlI'Ol1ram
k-kd inlo llard",are w as fiNly ..k\Ck>pcd using a
menu-based interface sor me real_time con trol ~ystcm•
....hich allow ed adjllSlmctt i of the coorroner raramctcn
The p;1rt icular SC1 ofparamctcrs ""as c~ lopro\'ido:

stabil ilyand fasl eon\lcrl!\:encc ofthe eomrol alilorittun.
...hich also ensured 1:00dtracking "fthc var iali" n in engin e
spe ed. T he J'.uamo:tcrs ...ere then prog rammed into the
liard....are. an<! .." :Icnn ined the behavio ur of the
se lf-contains-d cuntroller unir forlll1 fUl1h."' I~"'l ing. Onc ..,f

~:E_
• eo
2 120

t'~_
o 80 160 240 320 400

' ''''"'''' '''''
~· ,gurc 4. S" "»dprc.",'rc"",,.1 ra 'l apo mt immed,atoly lh<we
the Billy C","t u ha.."' , l>cfore . nd I flcr thc al'phc31i.-.n of
'c live noi"" control. with the Billy Goat OVeT hanl , ,,rf.c e

fiFU'OS. Sound Jl"T»<lfC "PCW.lltAccmx ..... ...,. location,
1m Ir:.:w.,11K u holf\l l>cforc &ndafierrhc applicalloa of
ao:t"e llOt><: rontml. ..·,lhthc B..ly Goa!over ... rd surface

F i ~UfC 6. Sound pre",urc . po.,;ll"a ar thc ...................... local'M.
l mabo\'etheuhall"bcfOtl:an.Ja(ter thcal'phul>Oll ot
acti\'eno;'S<:( o'>llolw'thadif'rN rc(crcn«: sipl-lJl.w;rh the
R,lly GoaI O\·cr ha,d .., rf...-e
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Figure 7. Blade paMage frequency noi.., le,-d , around '.... lcah,,·ttpef !:>em and oIk,th¢ af'l"hution ...f",IWe contrul
(oj S(lfl surface. mcasuremem distant<:of 1.'m. (b) soil , utface, mc....uro:mo:nl d'$la",,<:of H>IIl, Ie) hard ..mace. 11'1".. "".......01
d isl~ nee ofl ,7 m. (dl hardsur facc.measu rcmcntdis rl\llccofJ.6m

the two controller output channels was connected to the
loudspeaker at the end of the catenoidal hom as shown in
Figure [. The loudspeaker was driven by the Illtered
reference signal as shown in Figure 3. The loudspeaker
cnclosurewasconnected via smaUv eJllSIOIhefronl of the
loudspeaker 10 ensure static pressure equalisation betwee n
the front and back of the loudspeaker cone . This .....as
necessary because the front of the cone was directly
atf ccted by the suction generated at the fan inlet

The filtered-X LMS algorithm was implemented on the
cont roller using an FIR filter, together with continuous
on-line system identificat ion [11- Tltis algorithm is
considere d to be the most applicable fora prohlemoft his
type. characterised by periodic noise and an incorruptible

reference signal . Thealgorithm .... s uscd lo adjm l thc FIR
filler .....Clg.llls to prod uce it control signa l which wou ld
minimbe tbe crror signa l.

3. RESULT S A:'\D D1SC L:SSIO l\
Narrow band spectra showing the sound levels measured at
an eror rmcroptcne adjacen t to the Hilly Goat ed lOlust, for
the machine mounted on a woodcn surface, before and after
the application of acuve control. are shown in Figure 4
Similar results were obtained for Ihe machine mounted on a
grass surface. i ndi ~ali ng that the imrcda oce ofthc .....rface
under Ihe Billy Goal has only a small effcct on the resulnag
sound levels. Substantial reductions at tile error sensor
luc ation of over JO dB c an be~r.-ed al l he bla dc pas""gc
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the two controller output channels was connected to the 
loudspeaker at the end of the calenoidal horn as shown in 
Figure L The loudspeaker was driven by the filtered 
reference signal as shown in Figure 3. The loudspeaker 
enclosure was cOllllected via small vents to the front of the 
loudspeaker to ensure stmic pressure equalisation between 
the front and back of the lou&peaker cone. This wall 

necessary because the front of the cone was directly 
aiTected by the suction generated at the fan inlet, 

The mtered-X LMS algorithm was implemented on the 
controller using an FIR filter, logether with continuous 
on-line system identification [IJ. This algorithm is 
considered to be the most applicable for 3 problem of Ihis 
type, characterised by periodic noise and an incorruptible 
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reference signal. The algorithm was u~ed to adjust the FIR 
filter weights to produce a control signal which would 
minimise the error signal 

3. RESULTS AND DlSCUSSlON 
NaITow band spe.:tra showing the sOWld levels mcasured at 
an crror microphone adjacent to the Billy Goat exhaust, for 
the machine mounted on a wooden s ... rface, before and after 
the application of active control, are shown in Figure 4 
Similar results were obtained for the machine mounted on a 
grass snrface, indicating that the impedance of the surface 
under the Billy Goat has only a small effect on the resulting 
sound levels. Substantial reductions at the error sensor 
location of over 30 dB can be observed at the blade passage 
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FiJun: 8. One Ihird o<u'.., buld........:l pn:'U,," If'C'<'~.1 .. an,ubr 10<:-.. ;,,- 0( 2H o td "", '" .fi,.,. d~ """,;an.", .,,-...."e
conlrol,"i lhlhc BillyGoM",,.,...,II...f_ I.) ~<ho<ar'lt'el.7"" lh. __dt...~)6m

125 1<10 2(1) 2SO

In~_CHrJ

F~ 'Onc .hordOt.V'eh&nd""""'Ift......,~
mu ... mncnl» , ""'.1_ 20 m td UM lhc 8i l" GooIIbcfun:
ut!.f\a' tilt: 'PP..:11;"-of.... ,,.., Ct:ItOl>Ol. wilhtM H.IIy Goal
",.,.,...,II_fll«

~quel'lC)' ,,~dl lin k dfec1 on lhe kvds .1 other
fmjue ncio. SlmlW reMlrl~ ~ obsoen 'ed whc-n the error
seesoe is moved to e jocanen Imah<we tn.: uhau>lexit, as
sho.. n in Fieur(' .s. The lack of d TCCIofthe controlle r on
frtque ncic-o (l(hcr than the fundamental blade pnsage
fmjue ney il IS expected because the optica l lachome'e,
lignaJ u~tln the re ference inpul d Tectivd y contains only
this lrequcncy.tany siglllficanl level.

In an attemp t 10 contro l higher order hann on ics, the
reference . ignal wa, o. 'tr .a mphfied "" lhal it became
"chpt""'d" or ""'lua'td orr' ,lhus producing odd-order
hanllon ics of the fUOOamenlaJ blade pa.sage frtque llCy
The resullingauenu.liono f lllt higherordc,harmonics .. . s
not very slarlli ng, In . tJdilion IOl11eJOdB anenuation of
lhe fundamer sal lone at the error sensor location, only the
third harmonic was ~ i glll lkanlly affected (about 8 dB
auenuationl " f.nbc:loCCnb yin"f'CClionof Figure6, TIluS
il i!. clellr tMt i1 isponi ble l" alloO control hillht rorder
harmcmcs provided that 'JIllfOpnate signal eondi lioning
electronics .Tt used on the reference signal so provide
significant level. of Ihe hillllcr order harmonics in lhis
signal. II is intended 10 devote future t ffon 10this a~l'CCI of
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the probkm. but for """" lilt tt:'<!n.=ks . , 11be J"C5eI>IN
for a Il"fer-mce s,gn.tI .. hlCh ClWlumJ only the fWM1lmcnlal
biade~!!efreqllmlt)'. ISIl:'llfocant1e\'el

In Figure 7, sound k\·d mea>umno:nls Iw;f",e and I fter
conlTOl~ the blade fIoK'Illc fmjuency I re shovon OIS I
fwoction of angub r kKallon around the Billy C""I\ at
d~ofI.7m .nd ) ,6m,lt can bc .cc:nthaI 5um.tarll lll

no~reduclioos aremcasurto.l in aUdln:ct,ons.lnd lfallng

lhal!hecootrol (.....ith jusl . singlc f onlrol sourcc l is l loba l
innalun". It fan also toc oa:n tlul lhe l)~ of ground

surface unde-r tht: Hilly 001 1 hu only . small tffec1 on 1he
n:-sullmgnotse k\'tl.

In Figurt'8, · orlC lhlrd OC:la~ 'J'CCtra 'l oneanguw

location a1 diSlanCnof Um and J.6m all" shcnoll bt fort
and aner the apploc31itlll of act ive conuol . As eapected,
sub!.unlill rctJuctiom lUp 10 I ~ dR I only ocrur in the one
third octave bands mlluent:N by the bbdc ~,,~

flC\lu.:-ncy.Dlffen.nt:(S ln the Olheror>t;lh,rd Ol:la\'e bands
ean be accounted for by lhe- \llriabihl)' in tbe Billy GNt
rot:ltional spee<l

Finally. in Figure I) an s!lt,.. n oec Ihlrd 0I:13\'t band
sound pressure k vels mea' lIred b: r'\t'e and aftcr lhe
applicalion ofa~l ive c"n trl,l 1 al . loclltitlll 20 m behmdthe
Hilly Goal. Again slIbslamial rcdocuons ( 11 d B and 8 dB)
are sbo.....n in the one thirtl Ol.'1neb<tntl, afTcctcdby lhe
blade passage freqecnc y.

.t. CO~CLUSION S

It has betn shown lhal an me~pt'n .i\'e (and physica lly
small) active noise conlrol sy~lem f . n be used to
substanlially reduct 10nal ooi"l: prtlhkms g.:ncratcd by a
Ic.f swt'Cper. H".. e\ er, Itl l'H: ptacucal. i' wnolll be
neces....ry 10 iIlCOIpOr3IC a small alternator or compact
b.anery i nlhcsyslemto~'('ncratclheR"t.J lt iretl ptlwcrror the

c1ccllonic hardware and I"ud "f'i'nlter, The hum
arrengcmcmcould alsc bc made less ohtrusiv e by properly
inleltraling u into the machine houdng

R[rERENC[S
I L.J . Erik , "De\'c1opm<'111 "f ,he 'illo:MJ' U . l. t>rilhm ft>l'

KI" ..,noi ronlrOl" J , A'_I/, ........ " ... . R~ I I. 2S7.26S

0 \1'91)

Figure 8. One third OClaye band ,""und pr."ure s~ctra oJ an anfular location of 225 ' before and after the "rPlicati on 01 aCliv~ 
contro l. with the Billy Goat over ,oli surtace. (a) meOSUf.ment di,tance 1.7m.lh) mea,urement di't:lJlc. 3.6m 

frequency with little effect on the levels at other 
frequencics. Simi lar fe,ults are observed when the error 
sensor is movcd to a location 1m above th.~ exhaust exit as 
shown in Figure 5. The l~ck of effect of the controller nn 
frequencies other than the fundamental blade passage 
freq uency is as expected because the op ti cal tachometer 
signal u""oJ a~ the refeT~nce input effectivdy contains only 
this frequency at any significant level 

In an anempt to control higher order harmonics, the 
reference signal was over·amplified so lhat it becam~ 

·clipped" or "<;quared oft". thus producing odd-order 
hannonics of the fundamental blade passage frequency. 
The result ing a!1cnuation of the higher order harmonics Wa, 
nnt very startling. In addition to the 30 dB attenuation of 
the fundamental tone at the error sensor location, only the 
third hamlonic was sign ificantly affect~d (about 8 dB 
attenuation) a~ can he >ten by jn'p~ction of Figure 6. Thus 
it is clear that it is possible to also control higher order 
harmonics provided that appropriate signal conditioning 
electronics are u~ed on the reference signal to provide 
significant levels of the highe r order harmonics in this 
signal. It is intended to devote fumre effon to this aspect of 
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ACO USTIC PRIVACY AND URBAN
CONSOLIDATION POLICIES IN AUSTRALIA

P. P. va ra ng
Common.. u lth Scientific and Indu, trial Rc\ ear ch Orl:anl, "tlon (CS IRO)
Di\'ision of Huildlnl!:. COllstr u('l i"n and EnJ::lnttrlng (DBeE)
PO Box 310, Nor th R~'de. New S.)\lI h \'I'ales 2113,A llstta lhl

Am In e" T~ abili ty of 8""emmclIl utho<"il;('< to pnwi dc high quali ty infra.. .........re in (KIlt ' frin~ ",bu rNn .~u i.
limited due to budllrtary con~rai ...s, Urban consolidation ha. W n ',,"("liN a-'an all~li' t and i<be"ing p'on~d by
,ari\>U$ Stalc go"'~cnl._AcQ\l>lio: pn''aCyisontoflht-;mponanli ''lUC''lthal mu.'b<' r«>J''Cfly adrlrc>sed i fth< pnblic

i. IO\'i C'\Oof....ourably ...,h ........n conso li(\alionpoli<ir •. Th,. paptl dioc"'<n ll"""""" " ' pe<:'s rh.at ''''lui ", ro", iderario n
in Qlder 10 minimi'lC'poIe", .. 1"oj", ", ubkms " rising from . ",,11putici"

I. , INTROI)UCTIO~

Australia has an overall population density which is One of
the lowest in the world hut it ls also nnc ofthc most highly
urbanised countries. The low urhan !'''"If'ulation densities in
All,tTalian cities means that the cities are spread out with a
high dependence on detached houses and privare motor
vehicles. Budgetary consrrarms at various levels of
governments and Statutory authori ties arc limiting their
ahilily lo r rovide high quality infrastructure and services in
outer fringe suburban areas and this has promr led the

authonllU 10 consider other opuons such as urban
consolidation, In addition. urban coesolid aoo n has been
suggested as one means of n.'dueing snme of the social
problems in outer areas, such as isolation and 13<.' k of
amusemcnland entenainment faeihties, Another potential
benefi t attributable to urban consolidation is the lowe ring of
environmental impact of cars in teons of fuel usage and
emission ofgn.'Cnhouse and other exhaust gases

2. URBA]\"CO:"'SOLIDATlO:-;
Urban consolidation can be defined lIS increasing tbe
densily of dw",lhn"s.. or populalioo, or both in an
cstabhshedurbanarea. ln lheory, urhan consolidation ",an
cccw without any cl!anges to lhe dwe!ling tYP<:s e ,l!. by an
ercrease in average houscbold poputanon. BUI, in practice,
it is likely to OI: CUJ by c[lnvel1inll sinlllc dwell ings to
multiple_unit dwellings, by rcducing the average plot size
or by converting ncn-residcnnalIand usage tn residential
usc. The cost of infraslr\Jcture provision f"r residential
de\'elopml'nli no utcr fringe areasca n beas highas S50,(M Ml
perlot. It has been argued that a suhstantial portion of the
infrastruclure costs can he ~aved hy utilising exi.' linll excess
capacity or creating additional capaci!)' for residenlial usc
in established areas. III Sydney, the well-known urban
~prawl ordoughnut effect. i,C.l hcconlinuousmigration of
people from inncr suburbs 10 the outer rim of an expanding
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doughnut. rs considered to be putting pre"ure on roads and
cncrgyusc while gol>bling uplargely arable land. Onc: of
the causes of this problem is the aging populauonwhereby
the children of families in well-established areas ha\'C
grown up and left the household. Comcqucml y many
houses and flats m these inner areas are OCCUpiL'ttby one IIr
two people only. Allhough the current focus is on
rcvitalisauon IIf inner urban areas, the concept of
eonsolidalion is equally applicabletoouterfringeareas.

One of the policies adopted by various Slatc
governments towards this objttti"e is that an increase in
medium density housing should be encouraged Statistics
show that currenlly about HO% of Australia's dwellings arc
dl'tachcdhouses and ncarly 50% of households consisl of
one or twO people, lJy geometrical consideration alooe, if
one were to shrink the metropolitan area by 30% and all
exisling commuling ranc ms remained undlanged, the
overall distance travelled would shrink by 15% i.e . half the
rate of area sbrmkegc

The aim of urban ccnsohdauc n potice s is 10 pmduec
smalierbut den~r eitiesarwJtorcdLICeurbanspraw l. Somc
studies on lhe flOf'U latlOOpanems in AustraliasuggeSl Ihat
medium-density housing policies will at best slow the
grow-thof population in OlJter suburban areas but will not
elimina te the urban sprawl problcm A House nf
Representatives Standing Commincc Report [1] also
sugge~lS that urban consolidation is not enough III stop the
continuing sprawl and that its saving had been exaggerated

Although Govcmments may cn",ourage such pc bcics due
to their own savin!:s in terms of reduced lntrastruc turc
ncedsanddue too\"erali ccooomicb enefit tolhe n.ll ion,for
lhe people til view urban consolidation posilively, many
issues ofconcem have to be propt.-rly add.'l:~j. The
aL'Qustie prlvaey and visual privacy are tw o vef)' important
issues in this reJ!ardandthis paper focu»cs on tbe acouSlic
aspects that require ancmion
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1. .INTRODUCTION 
Australia has an overall population density which is one of 
the lowes! in the world but it is also one ufthe most highly 
urbanised countries. The low urban population densities in 
A1L>tralian cities means that the cities are spread out with a 
high dependence on detached houses and private motor 
vehicles. Budgetary constraints at various levels of 
governments and statutory authorities are limiting their 
ability to provide high quality tnfrJ.~tructure and oorvices in 
outer fringe suburban areas and this has prompted the 
authorities to consider other options such as urhan 
consolidation, Tn addition, urban consolidation nas been 
~uggested a~ one means of reducing some of tne social 
problems in OUler areas, such as isolauon and lack of 
amusement and entertainment facilities. Another potential 
benefit attributable to urban consolidation is the lowering of 
environmental impact of cars in terms of fuel usage and 
emission of grccnholL~e and other exhaust gascs 

2. URBAN CONSOLIDATION 
Urbltll consolidation can be defined as increasing the 
density of dwclhllf', or population, or both in an 
established urban area. In theory, urban consolidatiou can 
nccur without any changes to the dwelling types e.g. by an 
increase iu average household population. But, in practice, 
it is likely to occur by converting single dwelhngs to 
multIple-unit dwellings, by reducing the average plot size 
or by converting non-residential land uS<lge to residential 
use. The COS! of inli"astmeture provision for residential 
development in outer fringe areas can be as high as $50,000 
per lot. It has been argued that a substantial portion of the 
infrastructure costs can be .aved by utilising existing excess 
capacity or creating additional capacity for reSidential usc 
in established arell~, In Sydney, the well-known urban 
sprawl or donghnut effect, i,e. the contmuous migration of 
people from inner suburbs to the outer rim of an expanding 
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doughnut, is considered 10 be putting pre~~ure on roads and 
energy usc while gobbling up largely arable land. One of 
the causes of this problem is the aging population, whereby 
the children of families in well-established areas have 
grown up and left the household. Consequently many 
houses and fiats in these inner areas are occupied by one or 
two people only. Although the current foens is on 
revitalisalion of inner urban areas, the concept of 
consolidation is equally applicable \0 outer fringe areas. 

One of the policies adopted by various State 
governments towards this objective is that an increase in 
medium density housing should be encouraged. Statistics 
show that currently about 80"10 of Australia'~ dwellings lire 
detached houses and ncarly 50% of households consist of 
one or two people. By geometrical consideration alone, if 
one were to shrink the metropolitan area by 30% and all 
existing commuting patterns remained unchanged, the 
overall distance travelled would shrink by 15% i.e. half the 
rate of area shrinkage 

The aim of urb!ll1 consolidation policies is to produce 
smaller but denser cities and to reduce urban sprawl. Some 
studies on the population patterns in Australia suggesr that 
medium-density housing policies will at best slow the 
growth of populallon in outer suburban areas but wil! not 
eliminate the urban sprawl problem. A House of 
Representatives Standing Committee Report [I] also 
suggests that urban consolidation is nOI enough to Slop the 
continuing sprawl and that its saving had been ~erated. 

Although Governments may encourage such policies dne 
to their own savings in terms of reduced infiutructure 
needs and due to overall economic benefit to the tlI.tion, for 
the people to view urban consolidation posinvety, many 
issues of concern have to be properly addrCllted. The 
acoustic privacy and visual privacy are IWO very important 
i~sues in this regard and this paper focuses on thc acoustic 
aspcctsthatrequireattcntion 



3. :O'iO ISE A:'Ii'UURBA~ PLANN ING
Urbanconsolidal ionrncans that~proplewi1lhavelO

live closer tOB~hcT aroddlXC1'10 mJ.,n nws arodl3il",ay
lines. which means thai onc nalllTlll mea ns of WMlnd
anenuallon, namdy d,stance, will not be nailahle in many
ca-e1. 1~ inc~a <oe in the sound preuu~ level M.,. ce ased
by a reduC'llon in sourcc-rccei"erdistal'lce from rotor ln the
far field. can be wrjtten as:

M.,.- 20 Ioi lol r'l r~) for jlOlnt SOUl'l:es
- 10 IoB l olrlr~) for line iOUfCCS

The abov e formu la yidds 1M fDmliar 6 dB and 3 dB
ltlCrnw:- peT Iu.h'ing of the dimlllce for ra im and line
~~opcctl vely .

The reduction in dl~WlCes would rcqllirc greater CDe in
al!ocau nll land lOlling so thaI noisy facili lio::;or activit;es
are~ IOicthcr . For e\a m pk. l1Oioc from rai h'"1~"

cou ld be minim ised if industrial buiklmgs formed a barrier
bet","" n mc railway linn and m;i\kmial areas . Lesser
K'plIr&lion bet""ccn ~sidcntial . commerci al and industria l
areas could also force plllJlf\ers to considt.'Tmi~ed zonmg or
al Ieasl lake noise inlo account during the planning phase
One of the problems introd uced by reduc ing the average
land sile is lhat almough thc holl\.e size is lillie changed,
the dist<lrlCCS to tile boundaries become very sma ll thus
oevnely compromising acoustic privac y. In fact.
ou"~ions for C"C1! zero-jot-l rne developmenl s beve been
ma<kwhich"'ould aIJowhouscs side·by·~~g

common boundari cs as is allow ed in many other coun tr ies.

4. ~OlS I-: IS DWElU:\GS ,.\:\0 :\mSE
SOL'RCt:.~

~isoe Ul d", dhnlls is a rnultof lMenl1')'of C"llttrnalDOlW:

througb the build.ing CIl,-elope. noise propap tat from
dilTomnt pan s of the same butldml- IlOlSC' ICIlmIte<! by
w:n·iccsandacti,'itjes "ith inthespllC\"~lf.

" .1 N.« omfM DMd Amb ito.t Sound u...b
For stea<ty badground no'-~ 'Itoithouf any 1ona1
components, backgro und 1C\'c1~ cons idcmJ axcrtabk f.....
d"'dhngs are gi,C'II in the AIL......1in St.andard 2107-1'IIl7
( 21 and some of lhesc 'al ucs an li,,~ inT ahie I.

Table I RecommendN Ambimt So llnd Level$

It is gennally cOMidcrcd acccp1abk for cxt erior noise
level. in a com mercial zone to be S-IO dB higher than in
m; i<kntial arN 1 and for indu~trial zcees 10 be even higher.
If urban consol idation policies allow for mixed zoning.
contro ls on Mise emissions from indltStrial (If convnm:ia1
premises would ha..e 10 be stricter in Ofd,n than thc-ydo not

impactadvc-n;ely onanad}K~ rnidl:ntial zone_ As the
mast ~tj'e part of d....elling$ are beaoomlo. the
requ imnent to keep !he Irons below 35 dB( AI mn imum if,

\'ery d ; fficu1tlO ~inNl\lnl1y,entilaled buildLnp

beca.- such bul ldlngs ocldom o lTer m 'e!opr sound
iMul ation ofman: t....n about 10 d8l;A )

" .2 E1.1Unal :ooi oi...

~.l.1 Tn mc ' oN
Of the extema l noj~ SOUI«5. road traffic I1OlW:is a major
sourceofconceminllWlyurban con>ohdalionplan$anc1lt .
potenlialto cauw: annoyancc arn:l dlsturbanl: e, inclw Lni/
sleep disturbance. is high. Apan from actua l mcawn:mcnlS,
there are severa l theoretical and empirica l method s
available for thc predicuon oftreffic ncise of ....hichthc
CORTN method [3] is widcly used in Austr alia

Guidance for lhe appro~ imate d i \la l1",eof bu ild i ngs from

traffic now wilhin which acoustic privacy requires
consideration for line·o f-oighl p)"(\ragat ion arc given in lhe
AustralianSlandard 3671. 19M"[4) and arc she wn in Fig_l
Thus for a flow of 20,000 ..chick s ove r the IS- hour period.
a distance of up to I km tw.IO he exami ned, Forllle
Sydney mc1ropo lilan ~gMlll. n urge;.,; [5) bas sugge$ted tile
follo ....ingpn:didi onCtlwlioo \(I c$fimate lhoe1./0 (dll(AI)
. ,,1

1.10 -lO.7loa:lo Q t 03p . llI.5IogtoJ +S6

....hne Q i$ the toca1 number of , d!)clcs per hoot. P is lhe
pn-cnu~e of hea' ")" \driclcs and d is tbc dl..:tana in
ITX'lrn from the cml~ of no-,.. of llCMSllk camagC\l>ay.
This equalion nuoyhcllK'd 10 rnake a rough cs:tUll3ICoflhc:
traffIC 110M IC\..I. by counting the number and l}pc of
,-chich

Re~iderll ia l Bu i ld ing.~: Recommentled kv cls . dB(A)
ly pc of occura ncyl
aCl1vlt Sat Ma clo Ma_imum

Privere houses Iinner suburbs)
- bedroo ms 30
• rccrclltionarcas JS
• ...oek areas 35

Pri v ale hou"CS (rural and ~ter 5uburbsl
• bedroom s 25
• real:a non arcas JO
• workueu 30
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"40
40

~ooo 5000 10000
VEHICl.E FLOW"tuM $ll8tl1

firun'I.DJ .ta~ ()r l>uildi"ll.frorntr.ffic fl_ """h...
"h ichlk ' .... .......ld bt"~'W:m frorn lrl ~1

3. NOISE AND l:RRAN PLANNING 

rhe above formula Yield, the f~lmliar (, dll illld 3 dB 
mcrease per halvmg of the dl,t.mc;e for point Jnd Ime 

4.1 Recommended Ambient Sound LCHls 

Table I Recommended AmbIent Sct1llld Levds 

I' " genej~11< ~on'ijlk!Cd ,l""Gpt,,bk for exterior nOise 
lcvd, n" c0111me.n<l1 Z0n~ to be ~-I() dB hIgher than in 

4.2 ExternalNoise 

"eludes. 

-
: 

,,,' 
l<: ~?: ::J 

~~, 
~ 

hpj'" I Ilhi,mc" c,r DlilIdlllg, Ir,,-o traffic flow wilhin 
\\hl(hn""~<h,,,ld ,'c (."""IcTcd \L L'"n from rcf. 4) 



Typical exterior noise levels from cars at a distance of
7.5 m can be 78-80 dB(A), while for trucks the levels are
about 88-90 dB(A). In view of the fact that the desirable
goal for traffic noise descriptors in relation to new
residences or new roads is usually a lot lower (for example.
60 dB(A) in New South Wales when measured at I m from
a residential facade), it is obvious that traffic noise has a
serious annoyance potential. In fact, a national noise
survey [6] suggested that about 27% of the Australian
population considered road traffic noise in their own homes
as a source of moderate/high annoyance. Despite urban
consolidation policies, the traffic noise problem could
spread further into evenings and to more streets than at
present. This is because the dependence of the Australian
population on motor vehicles is likely to remain high and
more people living in a street of given physical size means
more visitor's traffic ineluding late night departures, more
home-delivered services (eg fast food), and more people
arriving home late due to a variety of reasons such as shift
work, late-night shopping or even staying away for a few
drinks after work to avoid traffic jams.

A positive aspect of urban consolidation is thcpotential
to shieldrearbuildingsbya row of buildings on the fronl.
In such cases, the sound can penetrate through the gaps and
overthetopofhuildings. The attenuation Arow by a row
of buildings can he estimated by the equation [7]:

Am\\' = -I01oglO {I -min(Fl, Fe) + lO·lLl/O} s 10 dB(A)

where Fl and Fo are the fractional linear or angular
blockage caused by intervening buildings. The function
min denotes the minimum of FI and Fe and IL is the
insertion loss of the intervening buildings ignoring the gaps
between them. Based upon field experience, the
attenuation is limited to no more than 10 dB. Each
subsequent row of buildings can conservatively provide an
additional 1.5 dB subject to an upper limit of 10-15 dB total
attenuation. On the other hand, multiple reflections from
parallel building facades on both sides of an urban road will
increase noise levels by an amount that can be computed

or method-of-images techniques taking

be as much as 10 dB(A), may also require consideration
By placing tracks underground, airborne noise emissions in
urban areas will be reduced but ground vibrations
transmitted into the nearby buildings could cause
annoyance.

Aircraft noise is different from traffic or rail noise in the
sense that the source is in the air and thus will affect all
facades of buildings. Pressure on existing land means that
many new residents will have to live closer to the airports
The main noise problems from aircraft occur during
take-off and landings and the number of people affected is
dependent on the suburbs in the vicinity of airports and
those which are in the flight path. The suitability of land
for new residential areas in Australia is currently assessed
bytheso-calledANEFcontoursandthecriterionusedisas
follows:

ANEF > 25 not compatible for residential use
= 20-25 conditionally acceptable forrcsidcntial use.

Building siting and construction for protection against
aircraft noise intrusion is discussed in the Australian
Standard 2021-1994 [8]. Urban consolidation could result
in more people living in the zones that arc conditionally
acceptable and require acoustic insulation of buildings. Not
only that, the use of indices such as ANEF can lead to
serious under-estimation of the true noise impact of
development proposals as has been pointed out by Hede
[9]. As with the aircraft noise. urban consolidation has the
potential to generate a strong negative reaction against the
operation of helicopters in urban areas especially on
weekends because more people will be adversely affected
while the demand is likely to increase. One limitation of
controlling noise by restricting the time (by curfews) and
flight paths is that air safety consideration must have
precedence over any noise control regulations set-up by the
authorities.

Although external walls by themselves can provide good
sound insulation as measured by their STC ratings, this
value has to be adjusted fordeterrniningreductions in dB(A)
due to the noise spectrum. Dunn [10] has suggested the
following relations for determining traffic noise attenuation
(TNA) and aircraft noise attenuation (ANA) from the STC
ratings

TNA = STC - 6 dB(A)
ANA = STC . 5 dB(A)

In addition the inevitable presence of windows (and
doors) reduced the overall STC rating of walls in
accordance with the well known formula for sound
transmission coefficients of composite partitions. In
composite walls with windows, the overall sound insulation
may be only marginally better than the window itself. To
improve the sound insulation of windows and hence of the
composite wall, double glazing is preferable over greater
glass thickness as may be seen from the results of
measurements made at the CSIRO-DBCE North Rydc
Laboratories shown in Fig. 2. If double-glazing is to be

of used for noise reduction through windows in dwellings.
noise:bytheelevatE:dstructuT'es,\\lhichfor,;teellbridg,escan mechanical ventilation may become necessary and such

There are two main noise sources from trains - the
locomotive itself and the wheel-rail interaction noise.
Typical sound levelsatadistanceof30m for diesel-electric
locomotives lie in the range 87-96 dB(A), while electric
locomotives are about 6-7 dB(A) quieter. Track and wheel
irregularities can raise noise levelsofa passing train by
more than 10 dB(A) suggesting that the importance of
maintenance should not be under-estimated

In the development of travel routes for new projects,
such as very fast trains or rapid light-rail suburban links,
consideration has to be given to any urban consolidation

as the number of affected could

TypiGal eJ<teTIOT noise levels from cars at a distance of 
7.5 m can bc 78-80 dB(A), while for trucks the levels are 
about 88-90 dB(A). In view of the fact that the desirable 
goal for rramc noise descriptor, in relation to new 
residc1lCes or new roads is u~ually a lot lower (for example, 
60dB(A) in New South Wales when measured-at I mfrom 
a residential facade),!t is obvious that traffic noise has a 
serious annoyance potential. In fact, a national noise 
survey [6] suggested that about 27% of the Amtralian 
popul3lion considered road traffic noise in their own homes 
as a source of moderatclhigh annoyance. Despite urban 
consolidation policies, the traffic noi:;e problem could 
spread further into evening:; and to mOre streets than at 
present. This is because the dependcnce of the Australian 
population On motor vehicles is likely to remain high and 
more people living in a street of given physical size means 
more visitor's traffic including late night departures, more 
home-delivered servites (eg fast food), and more people 
arriving home late duc to a variety of reasons such as shift 
work, late-night shopping or even staying away for a few 
drinks after work to avoid traffic jams. 

A positive aspect of urban consolidation is the potential 
to shield rear buildings by a row of buildings on thc front. 
In such cases, the sound can penetrate through the gaps and 
over the top of buildings. The attenuation Arow by a row 
ofbuildmgs can be estimated by the equation [7] 

A,O',. =-1010glO (1-min(F/,F$)+ 1O.!LilOj "lOdB(A) 

where F, and F$ are the fractional linear or angular 
blockage caused by intervening buildings. The function 
min denotes the minimum of F, and F~ and IL is the 
insertion loss of the intervening buildings ignoring thc gaps 
between them. Based upon field experience, the 
attenuation is limited 10 no more than 10 dB, Eaeh 
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There are two main noise sources from trains - the 

he as much as 10 dB(A), may also require consideration 
By placing tracks underground, airborne noise emissions in 
urban areas will be reduced but ground vibrations 
rransmitted into thc nearby buildings could cause 
annoyance 

Aircraft noise is different from traffic or rail noise in the 
sense that the soun;e is in the air and thus wi\! affect all 
facades of buildings. Pressure on existing land means that 
many new residents will have to live closer to the airports 
The main noise pmhlenls from aircraft occur during 
take-ofT and landings and the number of people affected is 
dependent on the suburbs in the vicinity of airports and 
those whith are in the flight path. The suitability of land 
for new residential areas in Australia is currently a,se,sed 
by the so-called ANEF contours and the criterion used is as 
follows' 

Building siting and construction for protection against 
aircraft noisc intrusion is discussed in the Australian 
Standard 2021-1994 [8]. Urban consolidation could result 
in more people living 10 the zones that are conditionally 
acceptable and require acoustic insulation of buildings. Not 
only (hat, the use of indices such as ANEF can lead to 
serious undcr-cstimation of the true noise impact of 
development proposals as has been pointed out by Hcdc 
[9]_ As with the aircraft noise, urban con,olidl\tion has the 
potential to generate a strong negative reaction against the 
operation of helicopten; in urban areas e~pecially on 
weckcnds because more peoplc will be adversely affected 
while the demand is likely to increase. One limitation of 
controlling noise by restricting the time (by curfews) and 
flight paths is that air safety consideration must have 
pretedence over any noise control regulations set-up by the 
authorities. 

Although external walls by them:;elves can provide good 
sound insulation as measured by theIr SIC ralings, this 
value has to be adjusted for dctcl1llining reductions in dB(A) 
due to the noise spectrum_ Dunn [10] has suggested the 
following relations for dctel1llining traffic noise attenuation 
(TNA) and aircraft noise attenuation (ANA) from the STC 
ratmgs 

TlVA = STC - 6 dB(A) 
ANA = STC - 5 dB(A) 

Tn addition the inevitable presencc windows (and 
doors) reduced the overall STC of waUs in 
accordance wltb the well known sound 
transmission coefficients of compositc 
composite wall, with windows, the overall sound insulation 
may be only marginally better than the window itself. To 
improve the sound insulation of windows and hence of the 
composite wall, double glazing i8 preferable over greater 
glass thickness as may be seen from the results of 
measurements made at the CSIRO-DBCE North Ryde 
Laboratories shown in Fig. 2. If douhle-glazing i8 to be 

of used for noise reduction through windows in dwellings, 
mechanical ventilation may become necessary and such 



equi pmenl also generales noise. It is worth pointing OUI
here lhal when examining various noise reduction
strategies . all possible palhs through w'hich sound can enter
a dwelling must bc laken inl08L"Count andcomponcnls that
provide re lalivelyl ow sound in, ulalion shouldbc improvcd
first

4.3 Int ern al :'liolloC

While the In<)\t rommon noiloCprob lem in single-fami ly
dwellinp is tpe enuy of extem11 noise. In mulli-fami ly
dwellings the ooUc from adjoining flOllli can be a source of
nuisance . lj rban ccnschdatice pc bc ses are likely 10 increase
the percent age of th iS form of hooou~ing and. lhere fore, the
numbe r of peop le aOl'lo)'cd ",ill increase . Th is may lead 10
Trl{)R eoise rompl.am~ and d.:mand!. for up~ing of
minimum \.UIlUtory requiremo;nlS~p«i(lCd in the Building
Code o f Auslrali.1 (tiC Al I II ]. lbc BCA st ipulales
minimum STC rat ings that musl be aUmo'cd for in certain
silu.lli ions in mulli- family d\o'cHings. Lin le field data is
availablctoeonfinnwhctherlhcprc!oCribedSTC rat ingsare
being echieved in pocece in Austraha. It is ""0:11 known
thalfieidralings canbelow'erlhan laboralOrybasedralings
due 10 flanking. poor ...·orkman~ip {such as inadequale
sealmg Of" belle ...' masonry joints), and resonant
transmission beca use of the sile~ involved. Cracki ng o f
non-f1exib 1e sca1anls anddclt'rioralion of mbbe r S¢3ls by
in-service wear and tear can also reduce insu lation
perf ormance wuh um e. Dual occu pancy and self-containe d
Ilars are also examples of urban con",lidalion and an area
thai has received relalivcly litllc attcntion is the possible
method s for conve l1>ion of exisling limber floors in order
that lho:y can attain STC 45 raling.

Gen era lly. the only areas tha t gct any acoust ic
consideratiun by buildcl"lllIml developers are those that are
covered by regulatiuns while other aspects are often
ignored. B~....ausc multi-fam ily dwell ings in Austral ia are
often located on or ncar busy roads or near ra ilways. extra
attent ion is needed to ensure acoustic privacy. To control
intemalooise, good spaccplanning is import ant and noise
sensitive areas such as bedrooms should be kept away from
noise generaling areas such as bathrooms. toilets and
kitcbens particularly in the vertical dirc<.:tion
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5. DEFl Cl H iCi ES IN T IIF. DUl l-DING
COD E 01: Al lSTRA I.IA (DCA)

There are severa l deficiencies in ihc I:ICA which require
consideration if the number of noise compla ints due to
inlernal noise lran!<lt1i s~ion in multi-family dwcli ings:trC 10

be minimised. These include :

Thc currcnt tequiremen ls exdude single,slorey lerrace
ho\1lit.'Slhatar\'dee~ lobc Cla"" lbui ld inGS· For

!O(lUod insulation purposes. all dwellings wilh common
walls sbould be mcjuded
:'010 consi derat ion is gi\'en to the ceilmg -te-ceiling
n-ansmission in adj"ce nl flals e.g . whoethcr a common
waHshooldbc cxlCTldcd l bovelhe ceilinglominimise
noise tran:lllll s.~lon .

A comparisono f STC .\S c.......-e and Grade I and Grade
II curves o f U.K. shows lIIal STC 45 is similar to rhc
Grade II curve. which as !be name implies. is I seceed
rare pcrform"IlCC.1t ~ Cfft"inly irudequa te for pn:wid ing
acoustic pri . acy "gain >t il1TIphfiC'd music ",'hich can
ha'e" sig niflCanlproportion of thc "'lI.Inde~ in

........· frcqurocics .
The BCA has no requiremen ts for loOUrld insuill ion of
door$ . D<>on: are likely to !u" e STC raiings .. ell belo..
45 and two Ilats separated by " common waU .. 'ilh STC
45 can be flankn! by two~ Requiremc ms fOf" I

min imum STC ralinil for I doot:between a conidor and
" fl"len1l1lIlCecould lmpro \-e ac<lUSlicpr i\ acy
Allhough ro- Wi lls an STC 50 IS required in certatn
areas such as balhrooms loCf"lraln! from habiLlb",
1lX'Rl$.lhe n<:lOnilnallca'oC"on l)· hl'-e I0mcc1STC45
requirement
I(ill:hcns are TI01 treated as hahnab lc room s for waSle
and w il pi~ whereas in many modem flals. the
knchen and the liv'ing "rea s fonn a conhnuum
The BCA cces no! conside r the impact nobe trans
mi~ion lhrouglt flours. Thisaspec l.howevcr. is in
cluded in the by-Ia...' 2Softhe Slral3 Tilles Acl J973
\o't1ichrcquirestheproprietorof aIOl IOCTlSU1'Clhalall
floor space excep t kncncn s. laundry. la\ llOry and hath
rooms is covered Of treated to p ro:ve n l l hc tran~mi~sion

o f nui>e lil:ely 10disturbthe peaceful enjoymen t of an
other proprie tor or occupie r. 1I "Wl:" ~'1' . nn Quanl ilali""
impaclnoisc tran~m issi(lnral i ngsal"C"flCcified.

6. NOISE FROM SERVICES
I'oi se from air-eondilinni ng units i. apo lenlial soureeof
annoyance in Oats as wc ll as houses. Wasltinllmachines in
flat s can cause annoyan, c by causing the floor 10 vibrate
and the vibra tions can be transmitted throughout the
structu re, Higher den~ i ly living could als" increase the
noise POliulion fm m intru der alarm s as lhe incidence of
false alarms will increase if a greater numbe r of alarms
exist. The se alann s are usually loud and are allowed 10
o:mil sound for up 10 ten min utes. Even co nstruction and
demolition/ renovation activities al"C ""isy processes and
thus polent iaUy annoying 10 ncarhy re.i dent.

Plumbing noise is another source of noise lllat causes
annoyance. especia lly in flats.Ncise ssscc iated wnh cete m
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5. DEFICIENCIES IN THE BllLDING 
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8. CO~CLUS ION

Allhough urban consolidation policies are lll"ing view...'"
favourably by policy markers, such policie s have the
potential to substantially increase noise annoyance for tile
popula tion at large unless proper care is exercised in tile
planning. design and construction stages by taking acoustic
impact into consideration, Techniques 10 minim ise noi se
prob lems arc avai lable but thcy have to be implemented
property to maintain acoust ic privacy. The provision s of
the Building Code of Australia require strengthening to
contml thc transmissirm ofimcrnal noise to different pan s
of buildings. Co-ordinated efforts by various regulatory
and planning autho rities. including efficient policing by
OOdies such as tile enviro nment protection authorities. will
be n~"Cdc"" lo ensure Ihat anyadvcr.<C noise impacl due to
urban con ..,liwtion policies is min.imised-

REFI:::RE NC.l::S
I PU,It'". of V,h,,,, eM,"',"",;"'" COIuolitJa,;qg ,h.. FIII" h' .

Repon IOf 1MHoooeor Rq.r...........i'" St..ooinMCommme'<'
(0< l Mi TNII1SI""" FIn AGPS. ("annnn,lW~ 1

~ Au.uahan Sundard 21<l7, R~....·......., {>e,igo .<;O"od
lr.rl. "oJ R, ....,t>r",Wtl r,....-. J'" H",jJ, qg /nle'i QI"5.
Standlnb A...ociahQIIof AlI>l1OIl~. Sy"dnl:y l l'il87J

3 (Qlcllla"",r of fla" J rlll /fic .va" ... Do:J';lrtn\enl of Tmnsro rt.
HMSO. lon don ll 'il88)

~ .,,,,,,,,,,lilUl Slallllard 3671. fl" .,,/ ' Ill (fiC Xoiw Imrosi,m_
Ruildf\lg Sil,ng and COO>lruclion. S,. ndar,h Associalion of
Au",,,,,lla, Sydne) l l"~'ill

5 M, A Bu.,.,..... Noise P",dt<lion for Urban Traffic
C(Nldl lfon.· R~ I""'" 1<, M.asu....m. lIl> in Ih. Sydney
Merropolitan.an-a. .ippli"dll co"Slic• . 10. 1·7 (1"771

6 A, Hcd•. D. Meagher. and D_ Watkin•. N.tion.1 Ambi.nt
l\<>isc Survey. Il,·",...,ic..A" 't "di <l, I ~ . )'1.42 (19~7)

7 G.S. Arld.rson and U.L. Kurte. ··Outdoor Sound Propag"li on~

in Nol... UqJ Vib~,, ' i,m C"",,,,I enKm~e'ini< '- P'i~dpl('s "qd
application, cd. L, L, Hc",n~k and L L h r. Wile) . N""
York.p, IH ClW2f

8 A",,(r~lian Siandard 2021. AI'<'I'a/i Nm..., /m,,,, , ,,~, H"ilJiq/i
Sili~g""dc..m'I'uc,o'r,,, . Slandard' Associ. 'lon or Au••rali•.
Sydn.y(J994 )

9 A, J, H. de, lmpaCl De,,:ript,,"' .....us h p""ure lndi=ill
Enviro",ne n,. 1A, ,,,,,,," .n l. A. ,,."' ic. AIf," ..ul!a, 21.41 -44 119'UI

10, L P, Dunn. COntp;lrison ofS TC R~"ng 10 dEllA) Red""li""
for Aircrafl and Tram. Noi..:• .~,..."" i". Au",., liu. 17. 11-13
(1"8'il)

I I, Buildmx Code "/ AU' lral,u, AUOlr"illtan Unif""" Duilding
Rcgul'li on,C o-ordinaling CounciLC.n hen' II 'il'lO)

12, A.... "' Iiat!S'andard2 ..70,2 C.v1....'/r'" ,,! //u..., q C.•po,,,'"
/(> Il..~r ',b-otl_ . C"" " ~,,,,,,, ", oJ SJ....·I.·" rJlKrfl
l ·,t--..""" ,~ 8...jJ'~J:'. Sla1JJat1b"""""',au"" uf A\lMr. l",
SydneyI19'KI)

13 Sound R....,arrh Lobor3tonM l id. ",ou.- COtffl'O/mS" iMillg
.5<-....-0' •. Perga mon I'rcu . Odord. p, 9'111'1881

figure ~ , I'IlIentiai darnage t"bu lld1Oi\.byvibnniun

1.0 1,i5
TIMElmin)
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room by nushing and refollinga loilel ci' tern

7. VIBRA T iON AND DWEL LINGS
The ile A has no limits to which people can be expo",d to
vibrations in the home. Acceptab le limits of vibration
cannot be eas ily specified as they depend upon spcc ifie
circumsta nces , The accep tability criterion for human
exposure lo vibrat ions in buildings is generally gi\'en in
terms ofbase response curves imended for most demandin g
si luat i n n.~ and a suitable site multiplying factor [12].
Because lhe recommended multiply ing facto rs are diffe rent
for residential areas, hospit3ls. offices and workshops . the
usc of mixed zoning may lead 10 comp licat ions in
prescribi ng vibrat ion Iimils 10 minimise complaints
Comp laints of exce s. i\(' ground-borne vibration. due 10
m oveme nt o f train, . rood traffic and conMruclion site
equrpment are common fonth of <;omplain" and lhe""
could increase if tile dislances aTe reduced by urban
con' olid'll ion and an increase in demolrnon and
cons truction lKlivily takes place, Physical damage 10
buildlOgs and structures from most common causes of
\·ibTalions i. rare. pan icularly if n docs not appear to be
imolerable 10 The occupants. TI1epossible damage depe nds
1m the vibration amplitude and the frequency and can be
e, timaled u, in, 11le dala shown in Fig. 4 (13]. Vibrations
ca nbowever, induce re-radiation o f sound from vibrating
surfaces whjch can alec be a source or annovance . With
modcm Slrucrures,thc stru cluraldamping iso ftens mall and
re"manccs C,lI\ occur when the excitation frequencyis close
10 a resonance freque ncy with an amplification that can
easil y bc ll)- ISfm concrctc struct ures. ln tlats, vibrat ion
from mec hnica l vibrarion-ge neranng equipment is known
10 cause annoyance if the proper selection and installation
procedure is not followe d Such vibratiun problems could
increase if a hillhcr pmpo n ion of the populat ion were 10
Iiv'ei nllatsductourbanconsolidationpolicics

flushing and rcflllmg cac also excced 70 dB(Al, 8S may be
"""'nhy inspecting Fill. 3, which is ba>cdo n measurements
made at the CS IRO-DBCE NOI1h Ryde l aboratories on a
popular model toilet suite. Anuther pfOhlem, known as
waleI' hammer , occur; when ever a moving column of waler
is brought to an abrupt halt by rapid closi ng of a valve . lhus
causing the kmeuc energy to be released anddissipalcd in
the form of a pressure wave. The resulting noi~ <'lUI be
transmitted by the piping system to various parts or me
building and thus 3IUlOy ccc upams. The noi-e 10:\ <:1
produced by the action of on-off soleno id val\ e'Sc an be in
the range 0( 60-70 dO(A) and. therefore, such valves and
tho,:piping system should be installed away frorn bcdrooms
in dwellings •
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flushing and refilling can also exceed 70 dB(A), as may be 
seen by inspecting Fig. 3, which is ba,ed on measurements 
made at the CSlRO-DBCE North Ryde Laboratories on a 
popular model toilet suite. Another problem, known as 
water hammer, oceurs whenever a moving columo of water 
is brought to an abrupt halt by rapid closing of a valve, thus 
causing the kinetic energy to be released and dissipated in 
the form of a pressure wave. The resulting noise can be 
transmitted by the piping system to various parts of the 
building and thus annoy occupants. Thc noise level 
produced by the action of on-off solenoid valves can be in 
the range of 60-70 dB(Al and, therefore, such valves and 
the piping system should be installed away from bedrooms 
in dwellings. 

Figure 3, NOIse level. measured at 1 m ina reverberation 
room by flushing and retilling a toilet ci,tem 

7. VIBRATION AND DWELLINGS 
The BCA has no limits to which people can be exposed to 
vibrations in the home. Acceptable limits of vibration 
cannot be easily specified as they dcpcnd upon specIfic 
circumstances. The acceptability criterion for human 
exposure to vibnltions in buildings is generally given in 
tenus of base response curves intended for most demanding 
situation" and a suitable site multiplying factor [12]. 
Because the recommended multiplying factors are different 
for residential areas, hospitals. offices and workshops, the 
usc of mixed zoning may lead to complications in 
prescribing vibration limits to minimise complaints 
Complaints of excessive ground-home vibrations due to 
movement of trains, road traffic and construction site 
equipment are common fonns of complaints and these 
could increase if the distances are reduced by urban 
consolidation and an increasc in demohtl0n and 
constru\..1;ion activity takes place, Physical damage to 
I)'Llildings and structures from most common causes of 
vibr~tions is rare, particularly if it docs not appear to be 
intolCTllble to· the occupants. The possible damage depends 
on the vibration amplitude and the frequency and can be 

estimatcd using the data shown in Fig. 4 [13]. Vibrations 
can, however, induce re-radiation of sound from vibrating 
surfaces which can also be a source of annoyance. With 
modem strucrurcs, the structural damping IS often small and 
resonances can OCCLlr when the excitation frequency is close 
to a resonance frequency with an amplification that can 
ea:.ily be 10-15 for concrete structures. In flats. vibration 
from mechnical ~ibration-generating equipment is known 
to cause annoyance if the proper s~lection and installation 
procedure is not followed. Such vibration problems could 
increase if a higher proportion of the population were to 
live in flats due to urban consolidation policies. 
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Figure 4. Potential damage to building. by vibIlltion 

8. CONCLUSION 
Although urban consolidation policies are being viewed 
favourably by policy markers, such policies have the 
potential to substantially increase noise annoyance for the 
population at large unless proper care is exercised in the 
planning, design and construction stages by taking acouSlle 
impact into consideration, Techniques to minimise noise 
problems are available but thcy have to be implemented 
properly to maintain acoustic privacy. Thc provisions of 
the Building Code of Australia require strengthening to 
control the transmission of internal noise to different pam 
of buildings. Co-ordinated efforts by various regulatory 
and planning authorities, including efficient policing by 
bodies such as the environment protection authorities, will 
be needed to ensure that any adverse noise impact due to 
urban consolidation policies is mimmised. 
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Figure 3. Sound pres;;ure leve l in a Cessn a airc raft
measured without and predicted with the use of Noise
Busler,

Figure I. Performance of NniseBuster in 1f3 octave
frequency bands
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Figure 2. Performance of Noise jluster as supplied by
manufacturer.
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The Noir.cBusler NB· DX headset manufacture d by Noise
Cance llation Techno logies wa.~ recently introduced into
Australia by Dick Smith elect ronics stores. The headset
uses active noise cancdlalion lechnology to reduce noisrs
such as those from lawn mowe rs, vacuwn cleaners, can and
aIrcraft. TIlt I:OIlCep1 of active noise contro l was
dOC'l1l1lCntt"d as early as 19J6 by Lueg in a U.S.palenl. In
the Noiseflusrer headset, noise measured by microphones in
the earcup is used by an electrooic controller to generate an
our-of-phase 'antino ise' .. hich is esscr uially a mirror image
of thl: noise to be cancd led This antinoise signal is then
fed to the driv er in the earc up where the undesired noise is
reduced , Active noise reductio n com munic ation headsets,
such as those -manutaceured by Bose or Racal, were first
available for military pilots and later for civilian pilots
during the 1980s. However, being market ed for 5249 by
Dick Smith Electro nics, the No iseBu ster headset is one of
the firsl of its kind made available at an a ffordable price in
Australia

The performance of lhe f'ioiseBuster headse t has been
detenn ined in 1/3 octave frequency bands with centre
frequencies from 63 Hz to 1,25 kHz. A Know lell miniature
microphone EAl S42 wa~ placed in the outer ear cavity
covered by the headset 10 measure the 'in-ear' sound
pressure level. One-third octave sound press ure spectra
were obtained with an OnoSo kki FFT Cf35 0 spectrum
analyser. A Bsuel & Kjaer 4205 sound power source was
used to provide a background noiSCIO he cancelled
Measurem ents were made in an anechoic chambe r and also
in en office with a reverberat ion timc ofO.7sal SOOHz. The
repeatability of the tests is to within I d El The passive
noise reduction due to the headset without activating the
electro nic controller is less than I dB. The noise reduction
lin dB), expressed as Ihc di fference between the mea sured
soundpre»ure le,"C'lwithoutlUld w'iihel«troniccontrol ler
activated, is show'n in Fig. l . Resu lts indicate a ma~imwn

reduction of 12 dB at 100Hz 1/3 octeve cenne frequency
For CQmparison, thc noise reduction ex pressed in % and
supplied by the manufactu rer is reproduced in Fig.2 which
indicate s a maximum reduction of 9S% (corresponding 10
13 dB) at 140 Hz. OVl.'1'aIl, there is general agreement
betwee n the measured performa nce (Fig ,I ) with that
supplied by the ma nufacturer (Fig.l). ln order to illustrate
the effect of using Noise Buster in a Cessna 172-R6 single

Product Review - Noisebuster NB-DX 
Joseph Lai 
University CoUege., University NSW, Australia Defen~e Force Atademy, Canberr:a, ACT 2600 

The NoiseBuster NB·DX headset manufactured by Noise 
Cancellation Technologies was recently introduced into 
Australia by Dick Smith electronics stores. The headset 
UileS aClive noise cancellation technology to reduce noises 
such as those from lawn mowers, vacuum cleaners, Carll and 
aircraft. The concept of active noise control was 
documented as early as 1936 by Lueg in a U.S. patent. In 
the Noi3eBuster headset, noise measured by microphones in 
the earenp is used by an electronic controller to generate an 
out-or-phase 'antinoise' which is essentially a mirror image 
of the noise to be cancened. This antinoise signal is then 
fed to the driver in the eareup where the undesired noise is 
reduced. Active noise reduction communication headsets, 
such as those manufactured by Bose or Racal, were first 
available for military pilots and later for civilian pilots 
during the 1980s. However, being marketed for $249 by 
Dick Smith Electronics, the NoiseBuster headset is one of 

1/3 Oclave Centre Frequency (Hz) 

Figure I. Perfonnance of NoiseBuster in 113 octave 
frequency bands. 
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frequencies from 63 Hz to 1.25 kHz. A Knowles miniature j 
microphone EAI842 was placed in the outer ear cavity 

the first of its kind made available at an affordable price in 
Australia 

covered by the headset to measure the 'in-ear' sound 
pressure level. One-third octave sound pressure spectra 
were obtained with an OnoSokki FFT CF350 spectrum 
analyser. A Bmel & Kjaer 4205 sound power source was 
used to provide a background noise to be cancelled. 
Measurements were made in an anechoic chamber and also 
in an office with a reverberation time ofO.7s at 500Hz. The 
repeatability of the tests is to within I dB. The passive 
noise reduction due to the headset without activating the 
electronic controller is less than I dB. The noise reduction 
(in dB), expressed as the difference between the measured 
sound pressure level without and with electronic controller 
activated, is shown in Fig.1. Results indicate a maximum 
reduction of 12 dB at 100Hz 113 octave centre frequency 
For comparison, the noise reduction expressed in % and 
supplied by the manufacturer is reproduced in Fig.2 which 
indicates a maximum reduction of 95% (corresponding to 
13 dB) at 140 Hz. Overall, there is general agreement 
between the measured perfonnance (Fig.l) with that 
supplied by the manufacturer (Fig.2). In order to illustrate 
the effect of using NoiseBuster in a Cessna 172-R6 single 
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Figure 2. Performance of NoiseBuster as supplied by 
manufacturer. 

1/3 Octave Centre Frequency (H%) 

Figure 3. Sound pressure level in a Cessna aircraft 
measured without and predicted with the use of Noise
Buster. 



engine 4· scaler aircnft, the sound ,,",ssu~ level in the
cab in has been meu ure" in 1/3 octave frequency bands
using a Bruel & Kjaer 223 1 sound level meter The
expected 'in-ear' lo(J u nd p~w;u l'(' level in the Cessna cabin
with tbe use ofNoi~Buslerhas been calc ulated using lite
measured performance data in Fig.1 and comp" red wilh lite
mea sured cabin lIOi'IC in Fi, .3.

The Noi:leBuslef heao.l""lweillt" aboul 126 gm arK!the
electrollic controUef. includina: I 9 "olt banery. ...eigM
aboul 134 ptl . The controller is inlended 10 be clipped 10
the IISCf'sbell. The Mad~ l! noI a safety product and
shou.ld be ~ for comfort only. The Noise Buster D
supplied .. ith an aud io cable with volume conlrol and
iI\b.ploI'plug§(lth.a lil un l lllObe u'lC'dincOlljunctioD ...; th
home or portabl e stereo equipment 10 enhanceIiSlmIIll 10
mus ic: andbroedca.... in a noisy environment. "J'herl:'is an
'onIoff sw itch lhat allO'lolaudlo playthrough without ooise
reduct ion for prnervingbatter)' lIfe

We have asl ed fuur1em peorW to try lhe SoiseBlAIer 10
obIain lhei'R1bjecli'eeVilualioo. TheBeneraJ~ is

lhal il works ...-ell Illai n'll S1eady noise from ,"Xuum
c1eanen..pohs.henandla"'"TlIr1O\\·enand in par1icular. low
frequency roW ecee in a car and low frequencyeng ine
noise in an aircraft. lu ability 10 adarI lo a t imc: vary inS
noiw is.lma.lin~. Mostpeople .. ho ha\etried
il on find the beadooet qui1e comfonabk 10 ...car . HO'Ioevn.
for some. lhe earcupslmd cullipif there~ 1 101I of head
1TlO\o"rn1C11ts The eIectrorue ron lRlller for the product we
have for evl lllllioo haf, a 'stKky·on!offswitch. ...hKh ....,

anDO)ing. MoS!propk eom mc:nled tbal il ,,"au ld be l oud 10
use NoiscBuster In lircra ft or CIA 10 IiSlen to music . The
t' oiw Buqer ~nain ly ...orb accord llll! 10 the manu faet_
claims . nd il il good lOsee lhe implementalion ofl he Ill nt
technoloi)' in a consumer product. Pemaps roo rnay like to
try it yoursc lr.

Lues. P, ( 1936) PmtY u of~i1..,.d "g ......"d o.<cillalio,,)
U.S. P31en1So . 2,0 43." 16
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engine4·seaterairc11lft,the sound pressure level in the 
cabin has been measured in 1f3 octave frequem:ybands 
using a Bruel & Kjaer 2231 sound level m~t~r. The 
expected 'in-ear' sound pressure level in the Cessna cabin 
with the use of NoiseBuster has been calculated using the 
m~asured performance data in Fig.1 and compared with the 
measured cabin noise in Fig.3. 

The Nois~Buster headset weighs about 126 gm and the 
electronic controller, including 3 9 voh banery, weiglu; 
about 134 gm. The controller is intended to be clipped 10 

the user's bell. The headset is not a safety product and 
should be used for comfon only. The NoiseBuster is 
supplied with an audio cable with volume control and 
adaptor plug so that it can also be used in conjunction with 
home orponable sten:oequipment to enhance listening to 
music and broadcast in a noisy ~nvironment. Then: is an 
'onlofrswitch that allows audio play through without noise 
reduction for pn:serving battery life 

We have askcd founeen peoplc to try the NoiseBuster to 
obtain their subjective evaluation. The g~neral consensus is 
that it works well against steady noise from vacuum 
cleaners. polishers and lawn mowers and in particular, low 
frequency road noise in a car and low frequency engine 
noise in an aire11lft. ltsabilitytoadapttoatimevarying 
noise is almost instantaneous_Most people who have tried 
it on find the hcadset quite comfonab1e to wear. However, 
for some. the eareups tend to slip if there are a lot of head 
movements. The electronic controller for the product we 
have for evaluation has a 'sticky'oniolTswitch, which was 
annoying_Mostpeoplecommentedthatilwouldbegoodto 
use NoiseBuster in aircraft or cars to listen to music. The 
NoiseBuster certain ly work~ according 10 the manufacturer 
claims and it is good to set: the implememation of the latest 
technology in a consumer product. Pemaps you may like to 
try it yourse lfl 

Rer~renc" 

Lueg. P. (1936) Process o/siIelldllS soulld oscillolioll$ 
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I Yes, I would like to know more about : ! Stramit Acoustic Panels_ ! 
I Name~ 1 

: Organisation : 

: Positiotl_________ : 

I AdJress : , , 
1 ______ ----- 1 

: Poslcode __ Phone _ _ _ ~ : 

l------iiush~---~J 

panels. 
Now hear thill! Yes, Stramit Acoustic Rmels. 
Not one, but four different profiles that offer 

seven different acQustic combinations . 
Use ...... rlicallyor 

~~:j;:!l,~t ~ 
Colorbond· options, .--.. 

l:e~i~~h~~~~~;, ~ 
easytoinstaUwiih~ 
exceptionalllOunrl 

;.....Judion 

:::::r;::tJ;';, ~ 
all the facts. 
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An Overview Of The Ship Noise Research Work
AtAMRL
Chris Norwood
Ship Struc tu rn I nd Materi als Di, ·h lon. DSI O . ,\ MRL :\la rib) ' rnon~. Vlclo ria

The ship noise and vibnllion control group is pan of tile
Ship Struct ures and ~al.mals Division of tho: Defence
Science and T«hnoIOb'Y Organisation's Aeronautical arid
Maritime Research laboratory. The group occupies I

purpose builll aboralory at the AMRL silt in Maribymollg
The objective for the group's work is the reduction and

control of :K:ouslic signatures of RAN vessels in onkr 10
enhance the Navy's OJ'CTIIfiona l capability. The- work is

divided into 1\\'0 broad areas. The first area is in providing
practic al and ap propriat e means of red uc ing the acoust ic

sign ature s of RA~ ships and submari nes. conc entrating in
panic ular on mintnuztngthose sources which provide an
identifi er for the vesse l or interfer e with the de ployme nl of

acoustic sensors. The second area is in establishing a
lcclmology base in support of naval ves~el noise sil!l:nature
measur emere . ane noanon and control.

The research work includes studies into quietening
machinery noise, isolation systems, noise transmission in
structures and piping systems, materials and designs for
machinery mounts and rafts, active feedb ack control of
noise and vibration transmiss ion, low frequency sources
and development of selfnoise monitoring sy, lems, An
outline of some of the work taking place is presented
below,

Specific noise problems on the current fleet of RAN
vessels are investigatedandsolutions proposed ,to reduce
the acoustic signature contribution from that item . This
work usually involve s a mixture ofooboard measurement
and trials, theoretical analysis. numerical model ing and
laboratory exp eriments . Examples are the Ship Servic e
Diesel GeneratOl and the FFG· 7 rudder . The SSDG
investigation involved the onboanl measurement of
airborn e noise levels and spatia l averaged "el ociry leve ls on
the foundatiOll,calculation of the radiated noise due to

airbume and srrucuuebome paths and the investigation of
poss ible reduction measures. The rudde r investigation
involved determ ination of the frequencies and mode shapes
of the rudder, measurement of the underwa ter vibrations of
the rudder and proposal of measures to reduce the noise

Vibration isolators an: used to reduce the transfer of
vibrational energy from plant and machinery imo ship and

submarine hull stlU\:tun:s. A test facility to measure the

frequency dependant d)l1amic properties of isolators has
been consilUCtoo, This facility allows the measurement of
i"" lator four pole parameters and their "anation with
preload , frequency and temperature. Work is undcN.'l y in
conjunction with the elastomer science people on the
developmentof impro"ed iso[atordesigns,andstudicsinto
the elT~t of environmental [actors on isolator performance
over the course of their service life

The work on pass ive systems will permit predic tion of
" ibratioo levels in the ship structure give n a machine
source , an iwla tor, and the moe nnng position dynamic
charact.:ristics, Once the vihrational cnergy is transmitted
into the machinery mounting it is important 10 understand
hew ie propagaees through the entire hull structu re . Henc e
ncw concepts and techniques to mea~urc vibrational power
110w in structures are being developed . Finite d ement
techniques are being used to l'redict S1l1Jetu rollintensity and
power flow. A sec ond area of work is focusing on stausuc al

enerily analysis.inpartieularthespreadofenergy in ribbed
stilTened plale , tructurcs. The present work is dealing with
the pass/stop bands fur energy trans missio n in periodic
srrucrures and the energy coupling between periodically
ribbed plates and other structural clements

Piping systems and ducts connected to machinery arc
important clements for the transfer of vibrational energy
and tlu idbome noi..:. B"th passive and active means of
controlling theo;enoi!'Cl'athsarebeing,tudied , In the area
of active control. work is taking plece on control system
design and developmen t An active control system for an
airduet is used to test new contro l algothrims and their
implememation. ln conjunclion with lhis,an aC11\"e contro[
actuator for use in water filled pipe s has been made and its
perfonnanc e is presently beinll inve. tipt.:d, Tlteac tuator is
made from layeTSof PVDF and fum1' a con centric annulu ~

inside the pipe.

To date, the low frequellCy region ornoisesij1.llatures has
received on ly limited attcnt ion. There is little published
work conce rning the origins and characterisation of [ow
frequency sources . Work is currently being Lmd.:naken on
these wurcc:s and lhe 10\\' frequency structural modes
associated with the hull.

. In the area of modal analysi s, work hu encompassed the
development of the tandom decrement method to detect
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An Overview Of The Ship Noise Research Work 
AtAMRL 
Chris Norwood 
Ship Structures and Materials Division, DSTO - AMRL, Maribyrnong, Vlcrorla 

The ship noise and vibration control group is part of the 
Ship Structures and MateIiais Division of the Defence 
Science and Technology Organisation's Aeronautical and 
Maritime Research Laboratory. The group occupies a 
purpose built laboratory at the AMRL site in Maribymong. 

The objective for the group's work is the reduction and 
control of acoustic signatures of RAN vessels in order to 
enhance the Navy's operational capability. The work is 
divided into two broad areas. The first area is in providing 
practical and appropriate means of reducing the acoustic 
signatures of RAN ships and submarines, concentrating in 
particular on minimizing those sources which provide an 
identifier for the _lor interfere with the deployment of 
acoustic sensors. The second area is in establishing a 
technology base in snpport of naval vessel noise signature 
measurement, attenuation and control 

The research work includes studies into quietening 
machinery noise, isolation systems, noise transmission in 
stru~tures and piping systems, materials and designs for 
machinety mounts and rafts, active fccdback control of 
noise and vibration transmission, low frequency sources 
and development of selfuoise monitoring systems. An 
outline of some of the work taking plae«: is presented 
below 

Specific noise problems on the current fleet of RAN 
vessels are investigated and solutions proposed, to reduce 
the acoustic signature C<lntribution from that item, This 
work usually involves a mixture of onboard measurement 
and trials, theoretical analysis, numerical modeling and 
laboratory experiments. Examples are the Ship Service 
Diesel Generator and the FFG-7 rudder. The SSDG 
investigation mvolved the onboard measurement of 
airborne noise levels and spatial averaged velocity levels on 
the foundation, calculation of the radiated noise due to 
airborne and structurebome paths and the investigation of 
possible reduction measures. The rudder investigation 
involved detennination of the frequencies and mode shapes 
of the rudder, measurement of the underwater vibrations of 
the rudder and proposal of measures to reduce the noise 
emiSSIOns 

Vibration isolators are used to reduce the transfer of 
vibrational energy from plant and machinety into ship and 
submarine hull structures. A test facility to measure the 

frequency dependant dynamic properties of isolators has 
been constructed. This facility allows the measurement of 
isolator four pole parameters and their variation with 
preload, frequency and temperature, Work is underway in 
~onjunction with the elastomer science people on the 
development of improved isolator designs, and studics into 
the effect of environmental factors on isolator performance 
over the course of their service life 

The work on passive systems will pennit prediction of 
vibration levels in the ship structure given a machine 
source, an isolator, and the mounting position dynamic 
chara.cteristics. Once the vibrational energy is tra.nsmitted 
mto the machinery mounting it is important to understand 
how it propagates througb tbe entire hull structure. Hence 
new concepts and techniques to measure vibrational power 
flow in structures are being developed, Finite element 
techniques are being used to predict structural intensity and 
power flow. A second area of work is focusing on statistical 
energy analysis, in particular the spread of energy in ribbed 
stiffened plate structures. The present work is dealing with 
the pass/stop bands for energy transmission in penodic 
structures and the energy coupling between periodically 
ribbed plates and otherstrucrural clcments 

Piping systems and ducts cotlllected to machinery are 
important elements for the transfer of vibrational energy 
and fluidborne noise. Both passive and active means of 
controlling these noise paths arc being studied. In the area 
of active control, work is taking place on control system 
design and development. An active control system for an 
airduct is used to test new control algDlhrims and their 
implementation. In conjunction with this, an active control 
actuator for use in water filled pipes has been made and its 
perfonnance is presently being investigated. The actuator is 
made from layers of PVDF and forms a concentric annulus 
inside the pipe 

To date, the low frequency region of noise sIgnatures has 
received only limited attention. There is little published 
work concerning the origins and characterisation of low 
frequency sources. Work is currently being undertaken on 
these sources and the low frequency stroclural modes 
associated with the huIl 

In the area of modal analysis, work has encompassed the 
development of the random decrement method to detect 
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moda l freq uencies. particu larly in relat ion to the low
frequency modes ofthe hu ll struct ure ; and the u se of modal
co upling methods to predictthe ove rall tra nsm ission path

properties from a knowle dge of the ind ivid ual path
components.

Faci1ities availab le in the labo ralory and used m rhe
prograrn of work includ e:

6m x 6m .\ 4m water lank wi th an interchangeable side
wall. Sides with the same construct ion details as

selecled~ip hullsareahle tobc mountedon lhelank

for tesang

Vibra tion isolator test rig. to mcesere the frequency
de penda nt properties of isolation mounts . Pre load can

be va ried up 106 tonne and the frequencyrange is from

20lll to 3kHz.

25 kN shake r and slip table, eomplele with sohdslate
amplifierandconlro lsys tem

An~'<: hoic chamber with wurking volume of 36m d .om
xj.em

The building fea tures one mai n labora tory and two

smalle r Iabceatories. The f1oo r area in lhe main labo mtory is
eas t in isolated seclions to minimi se possib le transmission

between different ex perimental areas. It also featu res a
senes of cast-m steel strips on to which machinery items
can be ...clded do wn. lnall.a tOlalofI Opro fessiona land2

l«hnieal staff are engaged in the rescan:h progra m

SO, IF YOU OWN :

.................-Sound I..¢\d ,\ ln Cf'i" Filters& CaJibm.,;, NoN:Do.IiC
.\Icttn& l\oisc l.cvdAnal)"lCO

5peOcII~& AudoIogicoIT estEqu ipment:

ViJrationMeasuring,Monitoring& TeslingEquipn-tl:
\'ibr:ltionMners &MUllituring ~w:rns.~

F.qlripmenl, Slroho.JSC(~Jt>o, Pn"lll"l~;ho.",,& C",lihranJr>

:U=~~Ardysing

~lR=~'~=~.~IS~I;~;Z~~"'=
Light& 1MrmcII Environment Measuring
& ManitaringEquipn-.t.

S en d I t t 0 ..... ACU·VlB Electronics
\Vim l\O d""hl thc he<t ~inthe fid,l nl A.:<'LJ..nc ..nd\%nllinn<

Noise and VibrQtion Loggers

Sound Lf!1.'d Met ers & Calibrators

Entertainment Noise Controllers

EqUipment lli re Serviu

Penm ment Monit oring Netwo rks

2tI' .17' ~H"R"".lhon>reogII

NS.w 2120 Austr" rl3

Phon,,: (02) 484 OSOO

Fae lJlmll,,: (02) 4840SS4
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m(Kial frequencics. particularly in relation to the low 

frequency modcs uflhe hu ll Slruclure; and the ~u,,~ "fmodal 
coupling meth,xls to 
properties from a 

components 

the overall tra.t1smission path 

of the individual path 

Facilities available in the laboratory and u,~d in the 
programofwnrkinclude: 

6m x 6m x 4m water tank with an interchangeab le side: 
wall . Sides with the same eonstruction details as 

selected ~ hip hull<> me able to be mounted on th~ tank 
forte,ti~g 

Vibration isolator test rig, to measure the frequency 

dependant properties of isolation mounts . Preload can 

ACU-VIB Electronics 
Acou,tic a n d VibraT i on El e cTron ic; 

CALIBRATION AND 
-REPAIR FACILITY 

bevaricd upto 6 tonne and the freqllency rangc is from 
20 Hzto3kHz 

25 kN ,haker and slip table. complete wilh ~,,1i d ,tate 

amplifier and control system 

An~choi c chamber with working volume " f 3.6m x3.6m 

x3.6m 

The buildillg f~atures one: main laboratory and two 

smaller laboratories. The floor area in the main laboratory is 
cast in isolated ,ections 10 min i mis~ po~s i b le tr~n,mission 

between different experimental areas. It also features a 
series of cast- in "t~d ,trips. on to wh ich machinery it~m, 

c3nbe welded down. In all. alOtal of 10 professional and 2 
t~chllical , taffarc engaged i nth e res~arch program 

SO, IF YOU OWN: 
Sound Measuring Equipment: 

Sound T..e'Iel Meters, Filters& C:Ilihrntors,Noisc J::lose 
,','<:te1'S & Nflis<, 1.",-..1 Anal ... ~1'S 

Special Acoustic & Audiologicol Test Equipment: 
V'Dration Measuring, Monitoring & Testing EquipmaJt: 

\~bt:oti<:<l Meters & "'IOI~toringSysml\s, Blbncing 
F.qui pmel1~ Stroboscope,,;. PrC:1In plif!Ct"S& Dlibralors 

~=E~~~ring,~g 

~1~:~~.T~r:,~~I~~~~r:tel'S 
Ught & Thermol Environment Meosuring 
& Monitaring Equipment. 

$ end i t t 0 III'" ACU·VlB Electronics 
IVilhnooollh,d1Chcst <en';':c in u",l>e ld ofl\wusric£nd\r,h",ri<ln< 

Noise and Vibration Loggers 

Sound Level Meters & Calibrators 

Entertainment Noise Controllers 

Equipment Hire Service 

Permanent Monitoring Networks 

Noise & Vibration Survey Services 

2~~ • 271 Pemont Hills Rood. Tllomtelgh 

NSW. 2120 Austratia 

ACOUSTIC RESEARCH LABORATORIES Phone: (02) 4840800 

Facsimile: (02) 484 0884 NoiseandVibrotiooMonitoringSys\emsklrlndustryandtheEnl'irnnment 



~...
l'IS\" Technica l Visit

In late Oct o t><:r 1993, 23 of lh~ Socicly'~

memhers,',cfl' givcnt herarCl'nvllcgcof.
guided low of BHP Sl"I'S Mini MIll
rompln at Rooty Hill Lead inll 11>0rOUl
were ~I r Pa ul Atkl n... n. the ltUMgf/T of
the Min i M ill . and Mr [UI>S&. mmu l1.
of BHP NC"-':'>1Ie, The ~t;n i Mill j .
cs."'nlially a "",rap '>leel =yci,ng pl'llI
produci"l! approxima tely 250.000 lOll"..
ohleel armually

The firs! th,ng mrmhn"l nou ced whcn
nearing the Mill ra. i..,y "' .. how
unoblf\1si,·. ;t Wa~ with the lMenu of allY
nOlk e. ble noise despite the foct rh.ol
norma l operati ons wen: b<:inll Calriw <U
;nsidcTheEPA',g.,. lfnlthc devf!opment
is .n 1I 0of 40 dll(Al at l h' lIf;l r~

•• , idence.which.reM,w","" 100 MId ISO
melrc<. w. y.

Memt>c.rs lOwe ahle lu'lU fu '>lk.>nol 'he
high <kg= of nui..: con"" [ dn ,," ..,.j
lJCalmml ;ncorp>ralN 'ow Ih. Sl.,., I
bui ldlngslruc~s .nd'·.nlilation .Y"l"'"

Tbc a\:ouslk oksign was . ' !T1ed ouT by
BHP in collabnnu ion ,,·ill. S~dney

"om " lt. n" Robe" Fi!A'U Acou~tiC$ llI1d
Ike C;"rtn:lnacoumc l'llllCl ,u pplio,. Inside
lhe buildmg .he m:yc l<ng proce" beg, n,
,,'ith la1)l" senn-eauer lrucks dumping
motal in.he enc1osed " "" r handling arca
The metol i" Ihen ' ran, pOJ1e<! in a giant
ladle I" the Md l Shop with its
Franken' teini. np . ,mory.nd,oooodary arc
f" mn, ", utl i<l\"d~ eodiolo\ io Ihe
Continuous C."ingare a

Pcrhar~ the lIOi,i"" . orea of the Stage I
dn d<>pmcnl i. the Mdt SlxJIIin which Ihe
noi..., lTom . he primary EIC<:1:rk An:
Furnace has b«n mea'u red 10 be 120 dB
tAlal l m TIIP200 mm thick 'oo f panel i.
&..i,ncd .opro, ·idea"""nd tran>mi"ion
lou o f S6 dR .. SIlO Hz, The ac""sr i<:
"""",,Ie pane l \... II~ con'a ining Ia~m of
arou "'lCaMo<bcnt malc, ial i<!'C ul' to35<J
mm Ihick, Slage 2 of tllP !>1ini Mill
development which is under COflMru<.1 ion
",ill he aro llinll mill fO'lho manufacrure of
'a, iou' rolled , t"" l ",c lion,

One of Iho pnnc ,pal innovations in Ih"
unusual <kvc1opment is it< "pc n
ma"" &emenl s» tem, Thi. s~ 'tcm 1'13<'"
impo"a ""e on ea.;h employ"" , who srgns
an agreement .lu t there will be no
rntriClion. on the "",k Ihe~ undertak e.
...hICh !Ills helpcl 10 c'catc a cum mine<!
alld molll'alcd " " ,H orce.lbcmajo,i ty of
the I O~ employees !>ave been hired frum
the local a", • . Tht< a~ch mean,
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.....inme !",,,!, Ie wit"""' • • ny p"" iQl,lS
n l"'fi oncc in thc stecl induSlry,

AUlllo\c in .nendan~f(l\llldthe.ouf lO be

ofgre.linterest.BoIhM,SgamlTl{l(ta and
M, A'~msoo WCfC vcry helpful alld
ho,p't~ble guides. wilhng to answer all
quesliom pul to ,hem

WA Technical l\-lecti nR

Mem bers of the WA Di"ision and a fcw
friends ca ine{! a ~cak p'niew of lhc
proposed ne'" en, 'iron"",n,al nni..,
~lahOrKat .tcchnICatm«lin8 in M.y

Dick La flgford, Senior En, ',ron"",nt al
Offien ,,'ilh 1"" Oq>a11"""'1 or
Environmcnlal ProI",1,<>n c~pla ">cd ee
aw""""h t"" ~gula"on . ,.."ul,J lake and
how various type . of noise " 'oold he
3.~<ed

E_ nnal ly. the rc8ulation. ,..ill """, il)
rn.", imum accep.able Ll O~nd Lma~ levels
...lI ,ch will bccom"",nto allt~'pcsofnoi<c

ocnsilivc arc~, . Fornample. hel"'ccn the
hono of IOpm . nd 7. m. thc "" t<c en, illed
fr«n any p,emi.., . , hall he , u"h ,hal thc
nc..sc level receive{! from,ha'cmi"io.. ..
an) noi",,,,n,itive p' emi,,,,. i. !e" lhan ao
L10 0f 40 dIll Al or an l nt;l, of S{}dIJIAJ,
measu red ow, any IS minute pe' iod
Where the amhicnt lIOi"" le,'el during this
period is abo"e 3~dIll.A), the llO i, nCJ(10
c~ett<l the arnbICnt n<>i!ICIncl by more
tlu n S dIll M alld ,,·herethcarnbien.noi>c
1..,.,, 1i, ab,,.-e aSdl \l A\ .be l max iSno110
c,ccc d il by more lh.Jn S dlllA! . Similn
type, of en, ena " '"" ld aW1y d....ing.
", ,,n ings. weekend. and holidays
A<!di!ionol (fllcn. "e gi"cn fo, 00'''''
recci.'ed al ",,,nmercial. minil\!!. alld
industrial I',e mi,es. and for n.,ise from
hla,tin g and _I"'rt illl!- and eme" .i nmcnt
",' cnlS. lnln"i"c or dominant oo i, e
cha'a<',eristi<:s. namely 10n31it~.

impul,,,· cn" , . ti eque"" y and aml'hlud e
modul3tion are given obje ctiw
dcscrip.inn, alld mUSl be remove<!or the
overa ll l"cl red"" ed 'o """,i ficdl e,ct"

O,ck·'prcscn' . " on .a' ....d somc intclCs1ing
quntion> f,om ,he tloo,.on issucssudlas
how ambien, IIO~ is defined. 11<,,..'
"'i1ldeme'" a",,,,, arc In be protl"Cle{!. alld
ho"'",evention o( "crccpingno~·is.o

be achic" ed

Cune lllly Ihe regula' ion, are m the legal
dralh n!!- process which IT\lIY lake >ome
month, and p,oduce fUl1hcr ehon~c.. It i,
h" ""d that thcymay hcfinali,edlate' thi,
year 0' .~r ly nnt ~ca'. Thc ncw
,cgu1ations would be p,od oimcd undcTlhe
En",rnnm.n 'aI Pro'l"Clion Act 19R6

After Dick's .al ~, new member Murra~'

1.1mb. Tramc Noi"" Ad,'iSCl' f...,m ~bin

R.>ad" WA presented a briefo"'" i. ... or

trall1o;noise a""""ment and de""",'lrlllcd
,he "Tt' OlSE" software for TramC MI,""
prediction. Murray is well quall fie<! to
spcak on thi.. ha' i nghcen invol,-.,d inlhc
Jcv.elopment oflhe ",fl".,.,,,,T~Ol Sf. b
hosed OIl the wcll kno" n CORr ",
p"",e<!lUe f" ,trafficllOisc pre<!ic.i"" .nd
oper."", wnhin a ,,>cr-me ndly W",d"w s
cn"ironm( "l. h enabl",ascena, i" .oltcl.C1
lip and run qu,ckl~, and r ro"ide!<an ea.y
"what il" capabilily fo, op"mi.inil- noise
rcdllcl'On ireatmentss ,""hasboniers

AAAC - NSW EPA 'I('('ting
FolI" ,,·'n!!-OIl thc J'O''' ..... d,rec. i01\o f the
AAS ConfCfCII..-e in Ik~~mltc, J'l'I J ""
. Proposc<I Revi. i"ns to the NSW EPA
En,ironmcnta l Noi.., Coolro l \bn""l", Ihc
Associ••ion of Allstralian Acoutt ical
Consu ltant' had . """II but imponanl
..·.."' fcn-nce ",th scmnr Sl. tl' from the l<;SW
En,';ronmcIll PrucCClion AlIlhor ity on n
January l 9'f4

Th" EPA wa'TCf'T"""'tcd hy Ilr Mar ten.
Phillip.. ~I r Geoff ~lI'Il" " Il. 1:,,, ,,1.
Mifla, ~lr Chr l. f1... le)', Mr Co lin
G ra nt ..0,1 Mr Ro~"r T re. ~".. The
AAAC wa, rcpt",c mcd hy \ Ir Dick
R"nbt". (Ch.",nanl. nr Ren", Tooin ,
\ l r G ru m.. "'kin. , Mr Prl ....
"nowl. nd, Mr Bob FilLcll, \ tr DO"ld
Edc n. \Ir Akh ard " '1:1:1. , \ IT "'e il
G", .. andMr Alhnl Dl y.

The conferen,:e "'.t e<! ",,'On Itour, and
cO\'Cred such K>picsa"

·n.c """,o( a IS minute """pl,ng penod
(0' n lended morti'ot i,\!!- of background
noise" I""cl and lhe "RCnLO Tooin
A",,,mu lot~'" M"lhod" for " 'tah h"'ing .
t~ri<'al ",pe~l~b1c bo" ~llround noi", I",·",
from tM g leon '101i'li,,01 data . Th~

a pp1ic~, i"n I" ",ir ll""Ured" and
' o(ln·, lruclurcd" l"" c1 "a ri.,i ons "'.,,
d,<c''' "."j ,

· Thc u.. ,,( l cq in Iicu of LW for
mea.... '" ' and dc"", ibing I.vel ·"ary ing
no;""

• A II'O;Of\" 1Ihc<»1 noise"erite""" for I."el
varyin, "oisc (whcn it is in<h aract'" ,, 'nh
,hcamltlC'fllnoisc l in lhc orJe, ,,f l S dlll AI
a",-""thebacki/-round L90 nOlsc le'-el
'0100 than ~ dlll A) as "um:n.l~ in !!Cneral

• The use " f l90. Lmax.•ta. i<li<;al
dcscripto" , 'pcc1rum analysi. an.J
· char.l<'t"" descript i"", in addilion h>lcq

• Th e advantageous usc of an ana l,,~ue

mete'and Lma~ fo, assessing the le"eI of
in.ru, ioo of outdoo, concel1nn isc

• Se,ious di ",d "an~~"" ""='f'e ;ecn in tllc
u'""o f ·uodibility·f.,. . , .... , ing,M i'"

~ ... 
NSW Technical Visit 

In late Ocloher 1993. 23 of th~ Sockl)'" 
m<'mbe" were given th< ra", privil eg<'ofa 
guided tour of BHP St.el', Mini Mill 
complex al R<)(.ty Hill, Le.(li n~ tho tour 
wefe Mr r oul Atkinson , the manager of 
the Mini Mill. and Mr Enlo Sgammot1. 
of BHP :-<ewca'tle. The Mini Mill is 
.,..miallya scrap steel ,"cycling plam 
producing approximatdy 250.000 tonne, 
ofs.t.elonnuall), 

The fim thi ng members noticed when 
nearing th e Mi ll rae; lit), waS how 
unobtrus;\,e it was with the ab",nce of any 
noticeable noise despite the fsc! 11>:11 
nom,ai operation; w<:T~ bdng canied out 
in.id •. The EPA's goal for the d.vd opmcnl 
is an L 1I) of 40 dB(A) al the nurC')! 
",.idence, which arehel"cen 100 and 150 

JonnMacphcrso" 



- Suilahl~ l "'l aOO lma~ crit~.ia for
a''''''''' '' '111 of r.1I1 .... y noi'" ""~'"
'u ggeslcd. Cnt~". for asses>Jtt...,1 of
rai lw.y·gencrn~ groullli·vibration ...~'"
,ugs"'t~d

• Thc crit~ rion of ll -l90 + 15 dB( AI fOI
, lcep aroo... l was dtscussed.

• Noi'" .....,<Snt~nl wilhin 30 melre> " f

:;:":::~::;::U::;.tioM and po. ..iblc

• Th~ a ccuraey anddf«.. ofbamers and
t~mp.ratu", in-' I');';tn. on thc RTA
En" ironmental Noi, . Model wa.
di... ussed

• $landaJdi....J helllht' for (Onllnuo....
'.;~alh.,. monilOrinl: "'.re""~tt:'d
- dtllC) f'c"k " b rec<>mmended in l i~uof

dBtLin l Pe. k for moniloring "''''''inl!
noi",. Thi. i. ,uU~'tcd to o,·.rcom~ the
prohlem, e.u ,cd hy a slight breez~.

The Conferen.c wa, conductcd ",·iln
enrhu, ia.'I1l "od ", i llin~ pan icipation from
bol:h the kou. lic.1 consu han.. and
rnembm!(I( lhe EPA Alpnme ........ ...r the
EPA Noi", Conl", 1 M. nLl/ll. lhe /l AAC
membr ... ".~", ~ i...l1y c(lnecrm:d lh.ol , ny
future re"ie'" of lhe M. n",,1 include'
number of impun .nt ", ,,ision, . A' thc
go~emm.nt boJy ...ilh primerespon, ibility
IO thepeopl~,,(NSW(or ad mini.tr.ti<>ltuf

lhe ~oi... Control /l Cl, the EPA meml>e...
"'o",ed g.real tntctnt in all ' unll'<li...
made . /lnumbft"ofrcwlU1K>n. "'.. ....made
a' th~ cnnference. andrhe EPA ag,m lu

seriou,ly eon<"le. all suH~,"om (or
iociusionin fulure rcvisi"" , to lhe lJl....

' 00'
h pr...., i<K\. of thanks .... '" made all
. ro""d and Ihe eon ferffiCe CotICluded with
. fed m/to f lluod",'ill and accomplt"' tnenl

Queensla nd Environmental
Protection Bill
Following .."era l yean of d.."el"""",n l
andapr~,",m ofpubliccon",ll.iIlion. the

Emironmental Prolec110n Bi11upg,ading
Quecn.«land'. en\ironment law. """ been
prepared for . ubmi"'io n to P.'ha .... nl Ih..
year. Th. objec t;Ycs a", t"pfOll\CI tl\.e
envimnment. provide for admi nj. " .t ;".
....'ron. ibility 'n d all.. ",. i nt~~rat i"n of 'he
en\ -ironrnenlal Iegi.l.tion with lhe
""" elopmenl appro, ·al. sy.. . m. When
pa" ..<I. the Ens'i"'nmcntal Pl'olC,,:, ion A<;l
wtll ", plllee the curreo, Clcan AIr. Cleao
Waletl. Noi.. Abaterno:nl. l " lera ..d S...te
En"iro nment Act>;, An ioformation
pac k.~e c. n be oblained by rOOnins (07 )
22' 140'1 and le. " lng yom ""me and
.ddr...

ACOUS1ICSAuSlralia

A ASAnn ual Conference
The 199--1 Conf~nct will be held III
C.n berra . 9 to II N""fflIbo-r. II will be
held at lhe u gle Hawk RtsOl1 MO'e l.
which i.12 I' m frn"'l,-c ntml Canberra

OVCI 30 contrihuted paper; WIll be
I're", nte<l inpal. llel tc, hnic.lse"ioOl'
fromThur-s.daymomin~ tb<{lush loFri d3y

midday, A rnngco(t"I"e.""ilibeco,-.red
itICluding lhe fuUowlng' an:hileclu,~1

acOllSfic<.acuu .. iepropcl1;~ofm.. tri.I•.
musical acou"ic•. cnYlroomenTaI nuise.
trampoTt. tion ....i...nd<Xcupationalnoiw
control. A wurk.h"" K'»iv n will be held
to di"' ''''mad lraffic no;" descripto", .n d
c rileria. A techoical •.\h ibition will he
open for th. duratIon ofthe Conf~",nce for
manufaCluTC....nd ,u pplic... 10 show tl!eir
latcSl producT.

1'he P",side nf .Pri«w,11 be awanledfor
tbe ....1 pIIf'C' pre.. med by an AAS
member . The Excellence in AcouMic.
Award< wjn "" m. de for the first',me on
entries from amn nd Au" ralia. Th~ S""ial

Pn.Jwam will include . welcome bulle t,
dinneran d lunchcs

For fun horrdclalls sec Dlary scction of lh,.

Intern at ional Cenferenee on
Underwater Acoustics at
UNSW
The rol~ of und.."",atcr acnusl,c. in lhe
economicexploilatlOnofmarincTC"'-lU"'''
and indcfenct i. of ' ital jnlernt to
Au>o",ha', .....-.:1<. Rtwnt ;><h·a"" ... in
kOU",ic tnu~,ng and "'mol e lICTl.ing
Inmc lo:>jo-Iw\C . t1d. d new capabiliti.. to
hoIh thl' a>->nsft\Cnt of marine biulugieal
re, o"Tce. and th. maroping and
d ass ificatioo of the sea bci:l. Aft. , lhe
previous two . "ee. s. ful confer.nc.. on
undeTwater acoustics l>eld.t UNSW in
191\4 and 19811. the Au..'<tTalianAcou.. ical
Society is spom<>ring anoTher major
meettnll at the UNSW in December 199--1
Inlemationally "' nowned ,pea~ . ... on
ane" dance wl lllllclud~Jule, S. hIT. fronl
SCRIPPS . nd Shu·y in Zl~on~ [r Un!
Academ ia Sinica, For further det~ i l , . see
the Di. 'Y " " ioTlof rhisi ..""

Publications fer Soe i et~·

Tbe Au'tra ltan Aeoo"' ieal Soct~ty has
recently =eived a complete " t ufBred
& Kjaer Technical Reviews plus some
olher related publie. tion•. Thi, kind
d"""' lion from Cliff Win,,~ will he held
with othe r publie.nons of the Soc;"ly at
the hbntry at tbeA""'rah. n Defcoce Force
Aeade'myin Canbcn'a. Thi. tbOuKC will
brlnnltmbl. for.nyacou't ic.lhi"""an
and ;o<',e>< i. "'allable lhroog boul
Au. tra lia "ia normal inler· hbntry loan
arrangemen ts

STANDARDS AUSTRA LIA
UPDATE
It has ","",n som~time . ince an lIJ1ielc has
been publ ished in this masarlne: which
provid.. informat;on onthe c........nISlatus
of acoustical m. lle" at Stand.r ds
Au,t ralia. Therefore I w• • requ"' led by
lhe Edi'or ofA coustle. Au. traliat ownte a
brief . rt icle giv in~ a ,um mary of those
projce'" "' lated to 3<;oo .. i... which are
pte'<ntl y bemg undena ken by Standards
Au>!.. ]ia

Of major impotlancet. the current revision
of AS I2lW..19119; Acou,tic . .. Hearing
Con", ,, 'ation, Thj. St. ndardi , underj;oing
an ~ ' ten , i"c revision, mainly owing to th~

nct:'d10 complemenl the "",e nlly publi,hed
Nalional Occupational Health and Safety
Comm ission C<:><U of Pl'acrice on
Occupa tional NOIse and rttrnl Icgisl. li....
ch.onge. inCCrlain ....lKfr. lian St31.... Aloo.
~use- lhisStandardi.tobr publislled .s

• Joint Au.t rati afliN~"', Zeal.nd Sl.nd ard
the (on~......, and Icgi, lation of New
Zcal. nd need tohel. k. n inlo ",·cQunl. lr i.
anticipated lhal • Draft for Public
COlTlmenlwlll bca"atlahlce . r1y llN S

The thr.... parts of .-\S 1055-19119:
De' ct1plion and tneasun,........ , of
en,-ironmental n,"", .... abo undergoin,
"'Y;'i""atpr.....nt. Thi.liCtofStandard.
areal"'propo<>ed .. Jolnt Australi. niNew
Zeal. nd Stllnd." h and th~r.f"", lh~

equi"alr nt N.... Z.a land Staodard. r-:ZS
680 1..llNl : M~a,urelll~ nt of ", und and
NZS 6g02 .. IW I AS"" ' menl u(
en",rnnrnc:ntalnoiscarcheingconsider. d
as parT o f lhe ", ,,i. ion. One o(tbemore
importanl manrlS mat i'lo be looked at
dunng th.re'-'.IOn I . imptllsi'·~ nui ",from

explosions .IId ' mall and I. rge cahbre
weapon.

Other Australtan Slandards that are
prcscntly uRder re' ·i.ion a",

.'\ S 1Z10 - 191111: Acousti.. - Hearing
prote-erors. AS 1Z76_1979: \ tethud ' for
d<.CTTtlinatioo\ of ""und lransmi..ion elas.
and noise i", l. tton cla.. of building
part ilionS.I\S 12Sl _ 1979: Me-thod.for
Ihe tield mea' [Iremcnt of th~ ", daet lun of
airbom~ sound lransmi"ion io build i n~.

St. oda.d, Australia is also proposin~ the
adopt;oo u( scv.nl [ntcnuliollli Slandord,
a. Aust. alian Srandard~ or Joinl
AU5tralianfl'~... ualand Standards . The
followin, ,, . Ii " of those that "",II he
av. ilable fOf ['('\lie"" a' P~hl ;( C"",,,,,,n l
Draf" in th~ n. ar fum",

ISO 7~66 _ 19111: ..o\coustics • St. ndmd
.. fereece zero for the c. libr. li"n of
p""'·1onC bon. ronducllon.udiomclers "
Inbeadop~ a.AS-"'ZS 15'11.1 .. I9'9X:
ACOllsTtu · lnstrumcnll tion fOl . udll)<nclf)'
.. Pa" I: RefCTence zcrofor'he cahbra'oon
o( pure.tonebonccnnd"ction audiorncICtl
n:c l71 - 1990: Mechanica l eo..plCTfor
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• dB(C) Peak was recommended in lieu of 
dB(Lin) Peak for mOflltoring shooting 
noise. This i, suggested to overcome the 
problem, caused by. slight breeze. 

The Conference was conducted with 
enthusiasm and willingparti,ipation from 
both the acou,"tical consultants and 
members of the EPA. As primo users of the 
EPA NOIse Control Manual, the AAAC 
members were vitally ooncemed !hat any 
future review of the Manual melude a 
number of 'mponant TCvisions. As the 
government body wllh prime responsibility 
10 the people of NSW for administrat;onof 
the Noise Control Act, the EPA members 
showed great interest in all suggestions 
made. A nwnber ofresolutions were made 
at the conference, andtbe EPAa5J1lCdm 
,eriously consider.ll suggestiOllll ilx 
inclusion in funne revisions to 1M BI* 
Boo' 

Alha/Day 

Queensland Environmental 
Protection Bill 

AAS Annual Conference STANDARDS AUSTRALIA 
The 1994 Conference will be held in UPDATE 

For further details see Diary section ofth" 

Internati.onal Conference on 
Underwater Acoustics at 
UNSW 
The role of underwater acoustics in the 
economic exploitatIOn of marine re,uurees 
and inderence ;sorvlt.l intereSlIO 
Au:maf1iJ --.Is. RecCDt advances in 
~illDCIDgandremoteseru;inl! 

~t.waddednewcapabiJitiesto 

boltI me _ent of manne biological 
resource" and the mapping and 
classification of the sea beil. After the 
previou, two succe"ful oooferences on 
underwater acoustic. held at UNSW in 
1984 and 1988, the Australian Acou5tical 
Society is sponsoring another major 
meeting at the UNSW in December 1994 
Internationally reuO\>T!cd ""peaken. in 
allendance,,~llindudeJulesS.JBtfefrom 

SCRIPPS and Shu_yin Zhang from 
Academia Sinica. for funher detail" see 
the Diary section ofthis issue 

The three parts of AS 1055-1989: 
Description and measurement of 
environntwtal noise are also un<iergoing 
revision at present. This set ofStaodards 
are also proposed a, Jotnt AustralianlNew 
Zealand Standards and therefore the 
eqnivalent New Zealand Standards NZS 
6801_1991: Measurement of sound and 
NZS 6802 - 1991 A&5rlDment of 
envirorunent.lnoisearebeingconsidered 
as part of the revision. One ortbe more 
imponantmatters that IS to be looked at 
during the revision is impulsive noise from 
explosions and small and large calibre 

Other Australi.n Standards that arc 
presen!ly under revision are' 

reference zero for the calIbration of 
pure-tone bone ronductionaudiometers is 
to be "dopted as ASlNZS 1591.1 - 199X 
Acoustlcs-lru;trumenta.tionforaudiometry 
- Pan I: Referoncezero tortheealibration 
ofpu!"e-tone bone coruiuction audiometers. 
lEe 373 - 1990: Mechanical coupler for 
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mn suremenlS On bone vibralors is 10 be
adopl",) as ASiNZS 1591 A • I99 X
AOOOSlic, .lnslrumenlation fora udiomerry
• Part 4: A Mechan ical coupler for
cal ibr.l1ionof oonev ibralors.
IW 532 -1975 : Acoustics - Method for
cakul ~l i n!lloudne,s level is to be adop te<!
a. AS 3657 .2 - 199X: Acou, ric. ·
E~pre" ion oflhe , ubjeerive magnrTude of
sound or noise:. Part 2: Merhod for

~~~U~~;lg ~o~~~. ~;:~'liC' • Procedu..

ford=ribi n ~ai1"CJ"ll flnoi$eheard"nlhe

ground r. to be adopled as AS 36~7 .3 
199X: Acou, ric.· Expre.. ion of rile
subje<.1;vcma~nitude of sound or noi," ,
Pan 3: Procedure for deocnb, ng airerafl
noi"" heard on Ihe l'ro und

II b hoped Tha, thi,rype or"""mill)' can
b«omea regular nccun-ence .o k~yoo

infonnedofr!lepublicalionofSr.:ondards
and the release: of Drafl' for P",blic
Commml as ,,~II as itCneral h' ppffl ings.

lf y<>uha"eanyq""rieson l!>eaoo "eor
OIhermatrers }'oocanC'QnU<."ISrand.1rd .
Au>tralia al: Sranda,ds Auslralia. I The
Cre""enl . lIomebush, !'iSW 21~ or
ld ephone numbe1"o f SlandJrd:< Ausll3lia's
InfOlllUl,on Cenlre. "'ho are ~ lhan

happy lOa"i" . [' 102) J46 4 748

C_,,~tCoupe_

Proj"' rJ M" nll lfe_.Srandm ds .f ut r,,, l ia

Forum on Machin e Condition
)-Ioni torin g
Australia', firSl conference/work.hop on
Machine Condiri" n Monirorrng wrll be
held ar Ilallarat in No,'em bcr 1994.
or~anised by Mona. h University's Ce nlre
for Ma,'hi"" Condilron :'.1 oni rorin ~. Thc
objectiv e,of rhe forum arc ro p",v ide an
opport uniry for pracritio,,,,rs and reo
...,.re he.. in p"' diclr ,-e marnlenancc/
mac hme . ondllion moni.oring to shar.
rheir experiences . roe <rend.he knowledge
" fl h. henof"' andr e<;h",,1ogr.. of maebmc
condiri"n monnor ing am"" g'" people
invnl,'ed in maint.n a""e, and ro prese:n. a
r. n~e of in, rrumentalion and ,e"'iees
ava, iable in rhe field. n e program will
indudc st""'tuledrechnical~sioRlo, mini

co~'. panel di""u...iolllo, 000 a n
oquipmen. ex!",. Forderails, seelbcDiary
>« tionof lhi, i. "oe

Slnli:apore Ce nrcrence •
Ca ll for Pa pe rs
A, mentioned in the April i'3"'. The
Annual Conference: of The Sociely of
AcO\l$rics t SingJpore ) " il1be.bcld on
janua ry 11·12 1995 . COflrnooted pape...
f", the ~IW' <e'»inns of .bc lechnical
I""S"'''' . ", ,,~Iromc: in all are.. of
0><;....... 1>0. The: «.d line for recepe of
abolrxt<is JOScpcember I994 . F", further
,j,erarIS,s«lh.Dlal)'S<'Cuonofth lSISSOe.
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Sa bine Ce nte na ry Sym posium
II is j u, r one hund", d ye. r:s , rnce Wa]Jacc
Clemenr Sabinc wao a,J,;ed by the
I're,idcnr of Ha"'ard Un,w rs;ry 10 atlcmp'
ro "do , oo "' th,ns" .bo ur the 'err;ble
•cou, ri.. ofth. ""w lyhu, l. f osg l C'<:rure
ncalre. !»obmc wu perha", n lJ! ' n
l'bvrou,doice f,,,rhe jllh. <lnce hcwasa
"lal i,e1y young A..i"an' Profe. "" r w'oo
hadnOlp,,\'iuuslydone any"'ork relarcd
to ""und. Hut hc w.s ... ailablc. since he
wa, nOl heav,ly involved in any OIller
re>Ciln:h,and "som.:lh,"i" nccdcd 10 be
done about the r~ll Thearre. II tool<
Sabine ne.lrly ,,,'o ~aB ,ofinda remedy,

.nd in lhe CO\lO'St of rhat ,ime lie
establi. hed the whole Ihcory and prac toce:
of n:,crbcnmon mcasure-mmr and co ntrol.
In a """,,"C ofl" ·enly ) CaD. iJldccd. and
virlUally sinllle handed. lie I. i" the
scientifIC found;n inns of archi lC<:lural
.rouSl,CS

In June 1994 ,hi.e.'cnl w", eclcbra.ed in.
Sahine CenrCrlary Symposium in
Cambri dl«' M....chu""'''.. held in
conjuOCIron .. "h the l 27 1h ......",n llof rhe
Acous', cal Socoe'y " f Amcn ca, The
Symposium ..... nol acrually held ••
lla rv. r.... bul on lhe campu, of ncarby
MIT . and was "'e ll anended, rhnugh
dwarfcd bylhclwo thou >lnd " hua lrended
lhe main ASA mee, ing . l he Sab,ne
Sympo, ium ran from Sunday .0.m.I\,"
Ihrough Tuestlayand it. "" . ro",cMcrcd
rhe whole range of conrcn,p''''ry
architecTural acooottes .. well", incl ud in ~

talks of hisrorical imc""l

A h ;~hli~hr o f rhe Sympo,iulll was an
evening al rhe Bo.ton Pop. ;n Syml' b"" y
lIa ll, which i,ounsidetedas peThal"
Sab ino's crowning design achievement,
although i. " ... "'>l mer wr.h g",al
appro\'al when il opc",-di " I'l(lEJ.Today il
i. widely ,eg arded as lhe he" hall ofi..
srze boo", 2600) in the world, and the
pol i,h.d\ltfformancc of rile BoS IOll Pops
Orcht..'Stla (which isrhe m mrncr ve.. ionof
lhe Bo,1OIlSymphony I ""'...'ed Ihos nfJ to
perfeclmn.tk>s!nn P"l" cu l\CC'l1s.hkel bc
Prom Conccn s in tbe Albert H,II in
London , ha"e been " i ldly popular SlIlCC
.he,ime of Arthu' Fioedler. and i, .. "ill a
tradil ionlO cnd ...iTh "Sra" . nd Stripc-s
F(' '' ' '''' ' ', j ust as lhe Promscnd with "Laoo
of Hope and Glory" .

As well a, a nicely bound volume
conlaining the papcr.; preoenred ar the
Sy-mposium ·· · 390 pages and 89 papcrs
all told ··· pani cipanlSwO"'J'I'C"'enred wirh
abonndyolnmc:o fSabil\O'scla".iepape",
on Arch'lC'Clural AOO\I$ti. s Thi, volume
IPen,osnlar Publishinll, Lo, Alh"
California) display, the ex traurd inary
br.ad tll ofh i. achi... emenl.wilhpape"on
'op icsas diverse ., re..erheratinn, mu.<ical
sea les, building malerials , whi,peri n~

gallerre" .hearre ""ou,li" and sound
in, ,,lar;,,,,. He developcd rhe merhod of
wa"efronl imag ins in scale model, of
bu;ldings lna,siSlin lhea.ous.icde->ignof
thcalTt'S,snd " ·h r!>eaoouSlicalronsullan.
formanyn" u hle building" Sabi"" died ••
'!>e",ther •• rly all" " f5 1. and a nicely
ph"",-'" tnt ,""","" in ,he minutes of the
Ita.... rd COl"p<Jfarion. " 'lIile ex.olli ng his
achi""" "", "I>, rooin.. a picture of a " em
nun · who......• se,'cri!}' of judgme nr
"""",,ilnC'lbor«,cdu puni ntolc rance."

Tbc main ASA mttling. OS usual. co' ered
The whole ,a mUl of acou"ics from
engineering " hralion analy. ;, through
audirOfY anJ 'pe«11 f'hysio1"l!)' 10
psycl.oacoo. ric. h.c1Ulkd " 'os a ccn-mony
al "'hic h lhl: llQl ~ ."" .. l......mnbkof th.
SOCietywer"C'I""..... ...-d n ll,,'rll n:main
mcmorahlc lOfn( particularly fnr rhe words
of one youn ~ medal recipient, who rn de<!
liT< ac.:-..l'l-ar>o.~ <peech: "Fin. lly. 1 would
like to t"-"1 my wife for gi"ing op her
o"' n promr' ," , career to SUP",," me m
mine ." IApplau-e) · Howe vcr, ,he is nut
rllar kioo of ,, ·,)man." (SruM ed silence)
· So, in.. eJd. l w·ould like to thank her to,
makrns a great SU. ce" of her ca=rand
kccpms n" in . fashion 1o which I amfaSl
bccoming a..'Cu>fomed.· (Wilda pplause!l

FASTS

The FedcTllllon <'f Au,TTahan Seicnl rflCand
Technol0l:i~ sl S(,c;ctt cs (FASTS) has
=ntly rele~....,j a draO pol icy dncwnent

fnrCfill.idera' ionhythemember.ocieries
I. is ha...d".. me1993 Policy Fontlnand
rcpre.e nts a mo" c Il,,, 'ards a more
proacli, ·• ...,Ie ,n Ih. des'd op,"e ", of
....i. nce an<l",..,hnu lolly policy in Austtalia
The ducumen' deal. "irh four main areas;
educar,on. ioou, lIy, gow mfllC:nl in·
., ilUti"", llll<luni. ""ily ",sean;"'lra inin~

Cllf'oes of the documenT can be obla ined
fromM.rionBur~e"lell(6 ) 2W 82", 1

Da,·idWoddup ...ho ha.' been lheexeeuti"e
d' fC<:,,,rnf f ASTS . inceil .;ncc:ptlOOeig h,
y.."allu ha.=enrly ...,gncd ~ASTS

' nt...... ln"1'laccIlrWiddup as soona.
praclicalso lhal itcanconlin\lC.o lobby'
vi.omusly on bd uM of Aumalian
"""",,,stsaoo lcchnololli, r,

Internolse 9J Proee t'dinli:s
The proccedrnll" of the Intcmoist: \l3
Conf.",nce.held in l euven,a", avai lahle
Th. thr•• \'olume. conla in 404 technical
papen . Thirteen ,pc';a! , e" inn, nn r"pio~

of . urrenr imeresl in noi, e . ontrol
cnllineel in. wen; or~ani:\('<t by e, ,,,,", in
rhef,ddandlhepa""" from the"' .....ion<
alr nd udcdm lne l'roc"" dinl:" Thel opic'
covered in these .peci al .....ion. indude

AcoustiC$Aust ra lia

me"'uremenlS em bone vibrators is to be 
adopted as ASINZS 159!.4 - 199X 
Acoustios-In,trumentationforaudiometry 
- Part 4: A Mechanical coupler for 
ealibrationofbonevibrators 
ISO 532 - 1975, Acoustics - Method fur 
calculanng loudnes,levellsto be adopted 
a5 AS 3657.2 - 199X: Acoustics
Expre.,ion of the subjeCli~e magnitude of 
sound or noise _ Part 2: Me(hod for 
c,lcul't1ng loudne,; level 
ISO 3891 -1978, Acon'Tics - Procedure 
for descrihing aircraft noi,e heard on the 
ground l< 10 be adopted as AS 3657.3-
199X: Acoustics - Expression of the 
subjective rnngnirude of sound or noise 
Pan 3: Procednre for describing aircraft 
noise heard on the ground 

Forum on Machine Condition 
Monitoring 
Australia's first conference/workshop on 
Machine Condition Monilonng w,ll be 

Sabine Centenary Symposium fn';~~:t~~~. th:tr~~~:~~c:he a~~tn:u:~ 
wm'efront imaging in scale models of 
buildings to assist in the aCOUSlic design of 
theatres, and IIrU the acoustical consuitant 
formtulynotilblcbuildings. Sabinediedat 
therathercariyageof51,andanicely 

an pbrased mmK"lrinl m the minutes of the 
Harvard C<:IfPOI'IItion. wllile extolling his 
achievemenu. paims a picture of a stem 
man "wh_ severity of judgmeut 
sometime,b<.>r6ered upon intolcranec " 

n,e main A8A meeting. as usual, covered 
the whole pm"t of acoustics from 
engtllee1"lnll Yibration analysis through 
"uditorymdljlftCll~to 
psychoaeou:stieLbIcludI:d_a.:en:mony 
at\\"hich(h.1JOIdJllid'Ji.~~(Ifthc 

Socletywe~~l"bdwlll""mnin 

memorable 10 !lit particularly for the words 
of one youllimedal r""picnt. who ended 
hisacaept_$pe..,ll: "FinaJ1y.I wOllid 
like to than my wife for giving up her 
own promiJiul career (0 suppon me in 
mine." (Appi,mse) "However, 'he is nm 
th~t kind tIf woman." (StUJUled ,ilenee) 
"So,ins!ead.1 would like to thank her fm 
making a !lIS sucees> of ber career and 
keepingmeinafashiontowhich1amfast 
Decommg ~med" (Wildapplause t ) 

held at Ballarat in Novcmlx:r 1994, A 
organised by Mona"h Universitys Centre 
for Machine Condinon :\1omtoring. The 
ohJ..,rive."fthe forum arc to provide an 
opportunity for practitioner, and re
searchers in predicnve maintenance! 
machine condiuon monitoring to share 
theirexperience"toextendlheknowledge 
ofthebeoefitsandtechnologlesofmachme 
condition monltoring amongst people 
involved in maioteotulce, and to present a 
range of instnunentation and services 
available in the field. The program will 
include structw-ed technical sessions, mini 
courses, panel discussions, and an 
eq~ipmentexpo. For detail" .eelheDi:uy 
8ectiooofthisisslle 

Singapore Conference -
Call for Papers 
As ruentioned in the April issue, the 
Annual Conference of the Society of 
Acoustics (Singapore) will be held on 
January 11-12 1995. Cootributed papers 
fortlle~-.ionsofthelechnical 

prn~_wd<romeinal1areasof 

acollStks. "Thedr.dline forrcccipt of 
ab'lI1f;UiI)IJ~ber1994.Forfunher 

details, See the Diarysecrion oftlns issue 

The procoxdings of the Inlernoi,e 93 
Conference, held in Leuven, are availahle 
The three volume, contain 4D4 techniCIII 
papers. Th;neen special sessions on topi .... 
of current interest Ul noise control 
engineering were organised by expens ill 
the field and the papers from these sessioru; 
ar inclnded in the Proceedings. Thetopics 
covered intbese special sessions illdude 

Acoustics Au.stralia 



.r"'-~ no,'" conlm l. aire,di no""',
num.:ncal modclhn jt, (l<Ildo"". j,tlUnd
pn>p;o¥aliOl\, ' ehi<:k lIui.. .. 1Il >hip""i..
conlro!, 1M coo.! uf USS 150 ,""I..... .
$Urfacf ma l l ;anadd"itftalS 4Si'rfqui~

for ~ air "ulIl ClI'tknIO~"

Contro l r nd.tf""", PO 80 . 2469
Arhn~on flnn,,; h., I'ouIlhLcepi>¢. SY
12f1O) USA

Scienllfi c F.u hnge Programs
The "...mIWi Aca.kmy of Scimtt !Lao
<k>-dopedaa e..uan,c~"""

$ 1...i\ar~ iIl Korea, 1a ...... J.,-and
Chllla The pnmary JlUfPO"I' of 1M
progr..n .. lO ... ppon colw..or._
bcnoffll _atd>cn. Scil:uiSl$ and
l~lot. .. ho arc"ll>InIlianelC,nm
Of pcnn&JOm1 m.idtnu.Uf ill~ilcd 10 aprI~

10 p.l\OC1",f '" 1M 199 5 ~
"pplicanli ihouldf""P"'W' a eoila.bora.I....,
~hrrojed,lJfa"f'C'Ciroca.ct1~il) .

...hich ha,b«n <k' florcd lll OOJli UIt;uion
...;lh K~lhl' or teeh""""s:'''' III ho'll
i",mllt; "" . T1lf upe<lCd ou'eome of
", ... a",h ....... ld t>c" r, aJue 10 Au<t'alian
K IC'IlOe 0' Ie<;hnolon , Pro¥,am , may
indlldc enher . hon ·ICtm ,,,. l"ngc-r·""'"
...,n , . F", ;nform;llion, lnl<'11lall0ll31
hch.ul¥~ /Il'."nlian Aeadem)' of
So:lnKC, (; 1'0 8&n 711). Canbcna ACT
~60 I . T"I I06 . 247 396t1. J...lith Hluhw,'C1I.
(~JOam'" l ' )Upml

EXCELLENCE
IN

ACOUSTI CS

I
AWARDS 1994

Entries are open to ani
individuals and organisations
who consider their work
deserving of rccognition.

Awards will be made at the
I AAS Conference. November.

Closing datefor submissions:
I September JIJ94

Entry formsavailable from:
Excellence in Acousncs . AAS

Professional Centre
Private Bug I

~
Darhnghursl NSW 2010

Tel (021331 6Q20
Fax (02)33 1 7296

1 "" , H. .. 11T .... joincd lheSydIlcyoffoef
of M' ld x U ~..-C,,"(1' &0 a Senior
A""':l.lI le. Hf .. a m« .....onJ cnl/lnCCr
", ,,II u lnui , . upcl'lCIlCC m ooch tlw
poobIicond rnv""IICC1Or$~_1y

m,red hum Itw NSW EPA~ he wa
lto. R"I1OIIoII M....(1' b' .... IMff
S~dnc'y ....... oOPd pour IV IhM.. ft
1'Nocipale.,,_.~

,.... ~I ..,'...r_ tw", """,ed form the
o.rom- ofOca.potlClNl lWaIttI Saf"y
..t Wci fUf of "' A 10 a t""'llon ....
ElI • .........cnuIOffICU~tl in_iC WIth the WA Dcp.r1""",, of
En>-;............I ~ H~ can ~

coalK1Cd""lcil09j2:17!l9ot ful(9)
2221iSl

SI..n MrI..., ..lo • . Tff "ftheNSW
o....,i"" of tilt S<oclfl)" lttcntl~ kit
lhe NSW FPA IV "'" 1m 0"''' cocu.ullmJ
pncllef .........t·Favtl'(ln_aI R~ul"·.
SlIUrI" C>.p:'MlIC I",. _ on IYlnac"".. i<:,.
boll in en~ironmcnlal "'alll i.....
1I1In'I'",,. I;on. en.' ironmenlal lra.inillil.
cnv;n ", mo:nt. I"l'r"..w. I' onda......mo:nl
and proJl'Cl """"'If mcnl. H.. o lfocf il in
Mo""anandh.. ronl.Kl ~ numhcR

a", 1021%O.loOU andO IS :146 4111, W~

wiilt Stuort ,he hc>! uf Iud, in II.. ........
endr-now

PU B_. "",hu ff«... I~ JOtIlCdlhe .... fTof
W' Ik".....n J<.11ItTtI~ an",- ......"mll DayUno"" "'''cI't' hc wooed for 10 _ hi
f<>''''''' ,''1 h" .. twill bod II' A.,.,m,lu
f"""tDilt.nd.Du.nn. ...·f<Nr ,.... ...... m
En,~nd, Ptlil_kf'd IT luc.l$ J>ov,..".
Train ... d..".,j cnpnc rneardl, !'b ir o
Wlf~. SMM Ibn ki, is ",onin, In lhf
A.;ov.",n S«t1Otl of cn~I""mcnla.l

COft>,/J~lJ,, ~I ... -hcll\l .-C(lf1er

M·T · \ IB . a c ~f""""<'dtoprovidc

in&krm<lcn' ocff,IOCtl<tom<ft 'n llw
f...kl. o f ac<tUIIic. and ~ibralion. Iw
","nlly moved 10 S6A Thompson 51,
Drummo)"IC. NSW 2047 ""m",I ~O I8 .

470 1 7' a.nd fu ( (l2 1 ~ 1 ' 63'~. T1lfi,ncw
m. ,l adJ", .. i. I'O B... WI 6.W.. Htnha,
NSW ~().Ih

Au . " ic, Rr""a ..... I.. bo ra l...-ict . _
cnmran~ I',midin, nolst and ' ihration
ml.lnllo, mJl intl",mrn"' i"n. h" c lTIOV<'d
to 26S·27 1 I'enn~nl Ih lli Rd. Tllom leigh.
NSW 2 120 w;, h lcl( 0214Ij..\OSOO""d fu
(01) 411401111.I

........1;.,' R..... . ..... t .. hora IOnn. ha\-f
appoimcd C"" .. 8........ Hradln& ••
ll H .c \JR l a. lhe.' QuoeIlola.lld.... for
n<>i!IC end ..-.hral_loQcrs C"';I can be
conlaCtf'd ... iri I071 2077S9:1ot OIS I 19
lf4 Of fa, ~ Oll 207 646ol>

NF.W :\I El\I BERS

The fol"""in' '''' ''''''' rttcn1bt'n o f lhe
Soc~. Ill" nvmhtn "'how grad,n& !Lao

""....
U_ '-
M. S E Ibnk.. MI S (iroa ...., A J

~~lr "I B Pmt~. Mr J H

.....
Mr S Suft

M' M M""""'k,.. " .. SShmk.lr. ....r M t.:
.....wpcrul&$

-1ettu...
Fi'f ~f,," aro I pu",hascd 1"' 0 Sotly
eapao.'l lo,clt<..'tf.:t mlC~ lJ'pc2Jr

M. I I. Follo...-m, m~ 0....n adn ce (I]. I
.,. hbnllcd'hcm.lo chct:klf 'hcy " -"",
"'.."'" 'f"'C' foc.. ....... (4 0 +f· 1,31.. lV pcr
",~I

I h" e cah bnt cd thcoe micropl>onn 011
_her r" f ""~"""'- 10 r """k lhe
e1« 1m """"hly. T1lf a~'cragc ..",..ti~IIJn

oflhcm~arf' 439-+I-o.1 4mVa.lld

~ 02 + I'O _ 1 4mV pet ~,l rnpect1\fly
MucIt """"' imp>rtam. thc cal*oOon• ...,
,~I~ ","lICI'Cd aboul tbc lllC"" ..,.j

~ .. llOobl.cn·.......... "'iCmot1 ,, 'ity

1loc""~~lhar mod<:mcaracll'"

elct:tm mle~ arc "(1)" rdiabl~

,,,.,"'........ , ru..hcr. lhefact tUl .. AA
Ct'll in lhe hody oflhemicr<JrhoneJl<""'t'n
Ihc '~>lCm '"Omp&I"" ..ilb compl~.

roN"'''''' 1"'''' (1' ""l'J'I"'" nttdf'd f.... lhci '
ml.l",i llu.rriou.hrrlhrcn. Th.. mean' lhe
capacil.... ~lfdrct microphone h.u ,,,,a'
''J'"''Oiun.alod'·. nla!\"".

-'II a millor kv el. m~ claim tha i a.ccunl o
Iree f...ld mic'l.lphonccalibralioo.ean hc
eamc-d 0111 in l>ac.yaTd, i. fun "'"
"""'aPllalf'd

RS CoJdr.
!\ 'Slt

II ~ R. CaUdy.Sclf-allbral iotl. of yo..
InICf'Ol'I'OtIC alld .......J ""'-..-I Meter .
A..-trtN Aonrn&Iid. 11. (\) :lO-21 (lQUI

acti--e ooi", control. aircrafl. ooi",. 
numcrical modelling. outdoor wund 
propagation. vchicle noi", and ship noise 
romrol. Tbe cmt of USS 150 indu<k:, 
surface mail: an additional S 45 i~ requ ircd 
for over5t1l air mai l, Orden to Noi", 
Control Foundation. PO Box 2469 
Adingt,," Branch. Poughkeepsie. NY 
12603 USA 

Scicntific Exchange Programs 
The Austra lian Academy of Science has 
dc"eloped an exchange program with 
similar bodies in Ko~a. Taiwan. Japan and 
China. The primal')' purpose of the 
pmgram is to suppon collaboration 
between researchers, Scientists and 
technologists who a", AU\lralian citizens 
or penna""m residems are in,·ited to apply 
to panicipate in the 1995 program 
Applicants fhould propose a collaborative 
researchproject.oraspccificactivity. 
whichhas~n<k:velope<linC<Jnsultation 

with scientists or t«hnologi", in host 
institutions. The expected OIItcome of 
research should be ofvaluc to Austral ian 
science or technology_ I'rograms may 
include either shon -term 01 longer-term 
visits, For infOnn.:ltiOd: International 
Exchanges. Australian Academy of 
Science, GPO Box 783. Canberra ACT 
2601. Td(06)2413966.Judith Hlubucck 
(9:30amtoUOpm l 
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Aco!JsltcsAustralta 

Ton)' H."ill ha.joinedtheSydneyoffic<: 
of Mitchell ~lcCotter as a Senior 
A,sociate , H~ i •• mechanical engineer 
with .xt .... siv. e~periel>C. in both tho 
pubhc and pri"at. seCtC>n. Herec.ntly 
retired from lhe NSW EPA. where he was 
the Regional Manager for tho Inner 
Sydney area. and prior to that. the 
Principal Engineel.Noi", 

John ~ tacph'l'jo n has moved form lhe 
DcpantnenlofO<:cupational HeallhSafely 
and Welfare ofWA to a position as an 
Environmental Office. ,pecialising in 
noise with the WA Depanmenl of 
En"ironment"l Prot~tion, Hc can be 
cOl1taCiedontel(09)2227119orfaxr09) 
2227157. 

Stua rt MrLu hta n.Treasurerofthe NSW 
Division ofthc Society, has ",cemly Idl 
tho NSW F. PA to run his own consulting 
practice named "F.nvironmental Results" 
Stuan'sexpertiseliesnolOTllyin3C(lustics. 
bUI in environmental "not.,ie:<. 
transponat;on. en"ironmental tnoi ning. 
environmental "ppronls and .",.,..ment 
and project managemellt. Hi. office is in 
Mosman and hi ,contact phone nu",bers 
a",(02) %0 3032 andO t5246481. We 
wish Stuan tho best of luck in his neW 

PhliBa nluha.re<:entlyjoinedthestafTof 
Wilkinson ~lurray aftel leaving Day 
De.ign where he ""orked for 10 months 
following his arrival hack in Australia 
frolll England_During hi s foul year <lint in 
En~land. Phil worked at lucas Power 
Train un diesel engine ",~atch, Phil's 
wife. Saruh Banks. is working in tile 
Acoustics Seerion of environmental 
consu ltanlS. Mitchell McCotter. 

ACU_VIB.a company formed to provide 
independent se"'·ic.s to customers in tho 
fields o f acoustics and vibration. has 
re<:ently moved 10 56,1. lllompson St. 
Dntmmoyne. NSW 2047 with tel (018) 
470179andfax(02)819639H, Their""w 
Illail address i. PO Bo~ W16. W .. eemba.. 
NSW 2046 

Aco uSli<. R • ..,a rc h La boratories. " 
company providing noise and vibrution 
monitoring instrumentation. have moved 
10265-271 Pennant l1 ills Rd. Thomleigh. 
NSW 2120 with tel (02) 484 OSOO and fax 
(02)4840884 

Acousti(. Rf",a rch Laboratoriu. have 
appointed Cunis Brown (trading as 
BELCUR) as their Quttnslatld agent for 
noi",andvibrationloggers. Cuniscanbe 
coota(twon tel (07)2077592 01015 119 
368 Or fax (07)2076466. 

NEW M EM BERS 
The following a", new Illembcn of the 
Society. or members whose i>I1tding ha s 
changed. 

Member 

Ms S EBanks. Mr N Gross. Mr A J 
~~:~~:I r M B Pettigrew. Mr J H 

Mr M Mou~akis. Ms S Shankar. Mr M K 
Warpcnius 

Member 

MrMJStead 

Five years ago 1 purchased two Sony 
capacitor electret micropbon<!S. tYJlC 23F 
Mk I I. Following my o .... n advice [1\. I 
calibratedthern. to check if they "'ere 
within specification. r4.0 +1_ U)nN per 
pa",al 

I ha"c calibmted the"" microphnncs on 
another fi,·c occuions, to ch~k the 
electret Slabil ity. The.,'erugesensitivitics 
of the microphoncsarc4.39+I·O.1 4mV and 
4.02+/-O, 14mV per pascal respectively 
Much IllOfe imponant. the cali bmtions a", 
randomly ",anered about the means and 
thcre'sDOobscrvabl.lossin ...... itivity 

'Thc abo"e suggests that modem capacitor 
. Ieetrct microphones arC ,'cry reliable 
insnuments. funher.thc fact that an AA 
cell ill the bodyofthc micropbonc powers 
the ')"Stem compares with cOlllplex 
phantom power suppli .. n..,ded for their 
more iIIuSlrious brethren. This means the 
copacito< elcctret microphone has g",at 
operJtionala.h-antages 

At a minor level. my clailll that .ccurate 
free field microphone calibrations can be 
carried out in backyards is (unher 
substantiated 

({.S. Cadd., 

[I] . R. Caddy, Self-calibratiOll of your 
microphollC and SOIlnd level Metcr, 
AcmmicsAu$fra/ia. t l .rl)20-21 (1984) 



g'~•••
Profit ab le Condit ion
.\ Ionitoring
B K .'\ Ra ll( l'dl
KluMW'r A~",U" PuNl.~ Grrnlf' IW J
J!K f'I' fglVO-i9!J••'QWI.f}. A" ,"" Ii<t1f
~~_ O . l>t/tJrww,;"", S<In........ PO
s..../M. M.Ir..... nc JIJ 1.TI'/ (OOII}JJ
~J F",, (fI./}".'J .~r.. ITwA$!11 1j

Thi,b<d: il. .r, lIy a collel;';on of27
.ncln pre<mled M lht ~lh hll ft llliional

c....r~ 011 J>rofilabl, Condition
Monnlll"ln~ held in Str.o!fm1-llpoo- Avoll.
UK. Oil Dca:mbcr &.10. 1992. The poopcn
aJl' d",XledIDl O ln.followinJ~ ·

Pmfiw. 1ef;O<l<l"l>Ollll'>Onilonng; Condl1ion
"""" lon nl Ihrough pnfOl'lnUlCe
~a1uaflOn.; lndw.trial C_ >llldK's on
condition m<lnil"",,,~ Hwnan fKttn
II'Puad l 10 ~IOII momtonllJ:
Cond,hon rnon"oI"in, !.Ginl I'><1.Ol
""""ms;Vmlion c:ondllionrnon,l(Jfins.:
CondJI1OlI InOn;'orin, of tluio:Is in
-.:hinery

Oflht 27 amcln., .1t,Q1 0( 22 .. =
conrribulcd by au,hon fl'lllll the UK, ...-0

from lnoJ.a. one eoch fmm fronl the USA,
Sor.oo-ay and SJoo. cnij.l. I. is indo!c<I
• 'in& lhaIso fl'. cOWllries~lO;ifll(T('d

in lht coofnmcl'. cons>dmn. ltw if .a>
m in[_,j~ ll>eC1i"l

Thcp.pen v. ned in lcntthandq....lrty
wilh I n .Vml li" of 12 I'lll~ ca.;h. II lN y
bel'l"led 'hal 'Ile""""Nparn,,, · · fow
f'lllIn and lhtlon~l jlaJ1<T ''''*''P}(l
pag<'!!• quil l' ••·....,.. ion ~

I foond lhrn papmof p;1flK\lWintnnt.
""", on lht applicalionof .. !lat lookcd likcd
tbecorn.laliond,,,,,,,, . ion in c ha<l5'1w<xy
lud>e . n.al).,;;' ofohaft di>pla<;t:mCtll.in l
Kaplan 'urbine. anolhCf Oll the "W 1;; a' ;OII
of neural llel worb l"heallh ""","orin~of

go<tUfbme ~;bra!iOlls and the final one 011

lhe al'l'l iutinn of neu,al ne.work . in.he
diagnosing faull.' in a machine 1001eoolant
syslem, I am . ure there are olher papers
lha, may he ofin te,..t t" OIhCf re~..knbut

",ch is the n.t ure of coOOnio" monilOrin~

conferences whne a ~ariety of d l~ ipl e,

ar. r.p resented

II i. ditf ,cuh revie.....ing a 'oouk whk h is a
co lleclion of confe", nce par on;. A. i,
e"mmonlhesed.ys, lhc 'luali ty"f lheh,~h

II>ele.:hnical con t. nl anJ I'" sentatio" of
lhe papersI'resemed atl h. eonf. " "",e vary
c"", ide..-.bly. h would ha"e helped if the
edi.nr d,d try and unify thelypcfl c••nd
prescnlat ion_My o.'er. I I ,ml're~'ion of the

papers presenled "".re that ,he majorily
wnc ba in .(>01.111 ""Ilh I h.ndful
cla iming '" inno~al i ve l l'l' lie"' ion. of

the Vlri""S diocipli,," of condition
monllon ng

VoI 22 No.2 - 64

We arc starting to see a ptolifetatinn of w
calk dMboob" anJ it is a di"' urbing lrelld
A t~hnical book .I>ould be a sy<lematic
C'("" posil,on una spccific topic . This book
c. nl inly 00es t10l filthat definition
!:luying this hook ", ight-un«< n" would
' hercf~ be di'lflpo;nti ng- cC11ai nly its

'~ Ie d<:>e$ ..... con"y 'hc: impression , ''''' i•
i. reall ya collwion o f conferenc. pa""",
Huwf\ 'ef. having rntici sed .he oor;un o f
pubh <hingcoofe"'""" l'f'l'CC"'dmss a, "
booI<. l elll scctbe llh ·antag. ,obcgainod
from >Ucha ......... ing approolCh. hi. c l•• r
.har Ihc publ ishcnoflhc bool<",' llbe in a
posil1011 to mwre I brge Ind global
cil't\llaJion fur ,he Sf( of bound
", Oeft<linEs. ,''''' prmiding some
JU>1ific_ .

.k>..-pIIW", Iwoo· .. ,,~ A, --..ut~ ,~

lIw~ufM~&r-tn..,.

""_... U"~l:l -' ~.... I~.._~ .. ......... ~
_ ......"Jf -t~H~ isil1"'N

~,Y!o.-n-",~ (.'''; '''''-ir>' .' C.......,
jrwu...... ....(--- \"""iIt:>rlIoB

OccuJH ional Hearing Loss,
2nd Edition
R,*r1 TltalU Sam ff &. Josep h
SI,.loff
MartYl Dd~. IfI9J. /uu-d 1S8N
0ItU7 111/ /4/.A...' trlI lomrDi.m-ibu, · tu
I~fon-_ 5..nx n. PO &rr 16J.
M,"'...... V'" JJJZ. Tn tlJOlJ/ JJ /I:IIIIJ
FID:/OJJ&7Jj679. Pr-ilYAj 1fl 7.M

Thisbool< islhc mOSlcornpreboms.is-e
ue.ri!oC I b.lrs. relld on Ihc subjca of
Occupatio nal Hearing Lo... and should set
,he Slmo1ordfor any funber " OTk, in,h~

"""". II isutremely comprehcnsi>cof i' s
<:o>eragc'of tbet"l'ic and itld~&oesfar

mure deoel'ly into the SUbjecl of hearing
Im sll""",.lly than mosltex1$. I would
sugge>t .hal lhe ' il1c is misJcading in tha,i,
would on fil"§lglanee limit lllc reade.. '
imcrnl 10 occupa,iooa lly ind""cd he.rin g
Ios-. "'~n " ,n f""l eovers vi rtu a lly ..'. ry
a,pect of the cond~ion ofllearingdiSllrder

TI1elir<' half of the book. ovcr 400 pages.
i. dev01ed to the d<->criplion of snund. thc
nalure ofhearingloss, il. cau.'C•. il<
me. surement and the diagnosis of various
he. ring disorder< and their c!. " ifk a tion
This seclion could b. recommellded a. a
t. xl for any sludem of the subjecl be they
o f medical. audiological, rehab ilitation or
>cienliflCb.c kgrolLnd

The Ihird quarter of lhc book <leah
specifically with noise. it, mea, urement.
its e ffectv and hs ccmrol. Itl\asspeClfie
chap1ers on noise a, it atfects Ilo'orkers in
induSlry, the field of mu, ic and tho'oe who
workillj! in high p<e•.....-.: areas
(opecifically W>de"" aICT wutt ers)
C1uIpu,r 2S deta ils the e>tablishmcnt of a
IIn n ng COII!IC1'V.t ion Program.

Tile final SC'l:tlOn addres",s tbc leg. 1

implications " f Occupati"na l Heari"i Los,
i nd also looks I t I rang. of,pec ;fie
lcl!-i.l atioo. Thi• ..., tion. thoullh of inlcr. st
in a g.ocral .. n<c. ,s . pcc,fie 1<> th. Non b
Americ. n and fi rili.h SCene and hu limned
di'ec l implication f<'O" A", ,,,, lia. The
Sludenl of iOlelN fional la"" or of lhe
dc~e1opmcnt of Iocallclli. lation ml y .. . 11
fiod i. of inl","",

In shun. lhi, te~t hu most of tbe
inf"""", ;"n lhat " -ork'''ll ", srud)-ing tnt he
focld. "" " .. ncr " ·IIa' ''''Cfll a'' ,,n. i l10uld
need. At in excess of SA2S0 ~ i. 11<>1 the
son of volume lha, ..-,II lind 'Is ,,-.y to

e,uyone·s lohelf. It should. 00......... be
eonsidm:Q a 'mllSl haw ' ' n l for any
refCfClKC hbrary that is lik. ly.obc ....... by
anyone ""M .... In) '1lIlni men !han 1
""prrllcial imereSl 'nhcan "ll I..<s

St~ Ji"s

~""'''_~JI .1t~ "....1/J
' ..... rA-k«n~ Hr " """"" h· ;,.
prl_pr~.. ACT~

Yl hratton of Shells a nd Plates,
2nd Edit ion

MIVCrIDr tUr. ItXlJ. IwrrJ ""'....-:s. ISS.'I
/l\':( ~\l(IJj9, A "'IrIIJi<I~[),,"';bur..... llA
f 5..nv-n. PO 80s. 1M.

..lll...... ' "iic JI JZ Te/ l()(M) JJ AAM Fax
/011 IJ7Jj~ 19 J>,--n AS IlIjZS

\\"emc-r Soedcl. Pro~_ of Me~hani","1

Enll',nccnn l a' F'wdue Un" -cr..uy. Sorth
.4 J11oCfi<an cdrlorofthc Jouma l of Sound
and Vim "t. and I Ulhor of _~.

papm on the 10ptC is emine-ml} ....el1
q....lifocd ro ...riteabook ....ha.this.
Follo...ioglhe .tadi lion,." by lhe fil"§l
n1~;"n_ rtw: book is n'tcmdy "ell"nl.en

and "" ' y to foll"""al1houghmuch of .he
"'ObJCa malte'r i, complex. ThIS ""ond
n1itioncoota ins>OmC ma'er ial .. ...e1l
ai are~ i .ion andnl >ion o fmuch ofthc
m. l..... 1 in,he firsl cd,'1OIl More l",""
are covered. includinlt .he ll. of
l\On-Cin:ulv ero; s ""ction.;""". ",inI1al
approx'm:Ili!ln:l for " nK' . ,omb ,n. d
,11UClure. iwe h a, system. joJins'<! by
'l'"ng') . !I-a , 'e11i"ll mode. in roIal,ns
<Joe lb. ,hermal and fluid l ,,~d, nr,\. finite
diffclens'C and f,nile c km cnt ana lyses

f hi, b"" k is int.n deJf"r !'lraJ""t e stUllcnl'
or as a",fe",n' e fM pr:IC'i, ing . ngine. "
Interested in analysis of v,bra"n g
"ntctu", . , It i. recommended .n.al tli,
re.ok, has som. knowlwg c of llie
fundamen", l. or vihrati"n and boundary
va l"" malh.m alieo.. Allhough lhe book
conta in. "", nyequali"n• • nd ..ccl1cnt
mJth.:m.' ical denva llon.. lbe ' au thor has
nol loi t sillhto f lheirl'hysioal signifielnc.
Indpro~ idc< v. ry good e. planalion. of the
"ari<lUs lhoo, i... . ndthe . "'u tlll"i" n• • nd
. implificatiu", embod.. d in . ach of them

Aftef 1 ,""" n hi.w ry of ~ '''''' t ion analy. is
of con,inuoo. 'y "' '''" s, lhe book begini
...·nh 'be i/encrahscd den vi IlOll of shcli

Acou stics Australia

g'~ ••• 
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eq uations f" I\"",'illg L" "e', e1assieal
appro", h bul u. inlr Hamilton, principle
rather th.1I Ihe principle "f virma l work
Various _i"lplification, made by Love t"
n",h the r mb lcm more lractab lc arcth~n

discu..ed Thi, i. foll"",'ed by a
d isc..." ",,, of variou.. <)locr ,he li lhe,.,e.
aoo the e<>ITco.pooding '>implifica li,..., and
aSiumpl l<lnillUOCiat"" ...ithltl"",.

In chapter Ibm:. the cquanoo. <,fmnt'J""
forgcnetllli"d'hell,ofre"olut;<>nare
derivcd by a rcduClioo of lh. L" ve , hen
cquation< and are Ihc'O applied lo th.
, pcr ific cases , In the neXI ~ haplcr , Love',
equallons a'e reduced to de,,,ibe "on._hell
" nlClure" "c h "s ring,. "".ms and plalcs
In ChaplC1" ~ . proced"r... are described f()f
cak "l"" II, rHOn3flCC freqllCllcic< and
modes from lhe equations of n'K'M''''' fo,
beam•• cltc ular rings , rec1an~ular plale.
and circula, eyhn dncal.helh, lneluded"
an inlerc,n ng dtscu" ion of modal
onholl""a hty modal ' ''f''eTJ'O'ili<>n and
mo<tal damping

In Chapters 6 and 7, _,implif' c",1 "cr,i"", of
Love', equation, follow",",by Gulcrkin and
Rayleigh.R ilL appro ximatio... are uoed 10

"Illain appro, imate ", Imio"" 10 shell and
plate configurano n. for ",'hieh euct
.., Iullon. are "'" possible

Fnrcf'd o, non ·' e;ona nl v,bnl' i.om of ""lb
are discussed in Chapter ~ and ""Iution.
ule expressed in ten'"" of mod•• of
",h,ation. Variou, fonn < of load

RION

di.lf ibutionande<citat'<>ntype CMrnw nic
and iml'act ) arc con,ide rcd and the u<;cof
thc Oiracdelta fun..ti"n to reprcscll1 point
forcc-s i_ d early c. plain,-d. Thi. concepti ,
extended 10 the repre' cntation of momcnt
ncitation in Cbapter 10. InC haptcr 9. lhe
dynamic ;nn ueoce funeti"" jor (j re<:n·,
func1ioo l fo.- the sM II, ",h ieh 'akes into
....." um ,.....p ;nj bn "'caI lran..'rTW.Ui.ll
• ,,.ltall ll<l1l,, l d '.'Pl...,;emcnl" '" ~iK\l.»oCd

f ffC1;""r ,n' h. l me ...,. a,< d ,>c u~ in

ChaplC1" I I bYCX1ClII.l,nj Lo\'e'sequations
In Chapter 12. the effects of ,hear
deformation and rotary inen ia on the
eq"ations of mo,ion for beam" plale, and
, hell. are di. c"" ed in . unif,ed way.

The ",mainlll~ Chaf'teN eu~ in dcpt!l the
follow ing tnpiC'S: combinat;o,,, " f
stnJC1urn. hY" e"!s;, dunping. com~ite

material.hells. rntating <Iructufl!S. Iltcrmal
effccu.cquatio!ls of motionfor3·Dwlids.
liquid! and galoli. inch.d ing a di<c"" ion of
interface tM", ndary ..ooditi"" •. and
di<crcti, ed appm~ch.. ~ fi ni tc difTe1Cnce
andfon;t e clcmcnt)

Overa ll. thi, i, a "ery well writlen book.
'Xlnlami"a cleat physical e..planalion. of
the OOi.-. tio'" of the ,nu!tilud<; IIf
«p.1lI 1i<.... . ln 5p;leo fall tl!e cqUOlti<Jfls.the
bool " .plea>....e lo "'ad bcca.... thc
,kri~'atiom :lfC presented in such a w. y
that they are generally easy ro followwi!h
no ,ut.. tall1,al gapo in tbeir <!e"el"l' menl. I
would cnthu. ia<tical1y ", commend this

booL a., a text for any graduale,"'IU>c in
>lnlctural vibration arid al.o as an
imponant reference for praet islllil
enllincers in\'ol"cd "' ith thi. top,e

lhn"", familia, with A . Lei...',
"""I""c""n. i,'e volume' . "VihM i" n of
Plat.." and "Vibration of Shell. " may be:
temptC<!to bclie"e that thi,tM" ", may"'"
!I.a. e m...'hadditional lootT<T Ilo"'..,''ft' •
th.. bool. does "'1"""'111 a more umfied
and ....). to follow dcTi"al1on o f the
n«e"ary equali"" sofmoli""and thcir
", lutoonandfor that rea""nalone; sa"",",
s"itahle te". This hnn k al,.. includc, a
di" '" " ion "fmany application, from the
mor<: recent Iiteramr. which arc missing
f.."" Lc" " ·S" iOrX. The,e comment.< arc
not ' lltended lo detract from Le,'-~'s

cx(c1lettt I:Iooks ""hieh conlain snmc
informoll"", not III , h.. book. Tbosc
seriolJSl y in1C~tcd in "'i'lOpie .hoold

ha,-c this book a' ''''e ll as Leissa·s b<.>oO: <
bccausc both arc cxtremc-ly uscful and in
many ways complimrnt nry

Dr Colin Hanu n, " Rn>lh-' 'n ,\ f".-.... im l
Fn",,,,...,ing " I Ihe U""~" P 'Y "fAJrl,Mk. i,
,h, C<>-o" ,hor<>/th, hool '£"II:'~nn~1I ,\ ",,-...
C""rro/' . " ..J i . a" ,.t-no ~'r in
«I'-'~ allJ 1"'-'''''' ">oJ ""'aIi",,
t otttrol, " "" oW. ra"B~1 room ... '" "bro,,,,..
ftr..J........'''r.. 5,"", ,,,,,,1 ,-jbratioor.
~'II«'1"1I ........." ,-cs. r..J ",,,,,,, 1 ""i""
~;:::::"nalt<1 ",-m" ,,,,,,...,1a( lIOiu and
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di,tribut ionand cxcitationtYre(hamlOOic 
andimpJct)arcconsi~dandth.u""of 

tnc Dirac delta function to "'p"'''''nt po int 
force, is clearly explained, Th;,concepti, 
extended to the representation of moment 
excitation in Chapter 10 . inChapter9, the 
dynamic influence function (or G",cn's 
functionl for the 'hell. which takes into 
'""c ..... nl cQUl'lini bn .. 't'C1I tr.tlll>,·er~. ni~l 

IlId ull!;~n!ial dIJpll(cmtnlS. IS dlscusJ('d 
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e EL
Sou nd Level Meter
The CEL·254 digital impulse sound le"el
mele r is designed to meet sound ,u""y
mjuiremenl<. The meter u"' . a la' ge
d,gitaldisplay witbO. ldR","o lulioll,Ju sl
Two measure ment , allges. both coveri n~ A
70d B span.arel'li'ededr"achi""c a 3010
135 dBlA) IOlal measurement span. The
mele, comph•• with lEe M I and ANSI
S1.4 19R3TYl""2ulegori<'S, an.dprnvidH
b", b fandSre'Sf'O""'.The me1c, i•
"' W 1ied " 'llh microphoneprotccli""."".....
"" ""wdrivtr and ban ....... Av. ilabl...l... ,.
• kll ....I"ch ",d ude> the: me'e" • ell" 2
ca libral0 ., foam ...ind,hicld and a ca-e
Furlu, infamia';"": A N'.• m " .ibu'ion.
/11 1"olow," Rood...·" nh R)Je iV!;W
2/13

O;'\llOSOKKI
n 'T ,\n al,"'ser
Thc new CF·52UOFFT .na ly..... h.1s • ..,. 1
time rate of 20 kHz. tWO mu,urement
channel, and a 90 dB dynamic range. It
fealures a "Quick Expen" casy 0re"lIoo
'1, I<:m,in which.1I paramclcrsof "a ri"" ,
mca,urcmc nl types. oJ; v;hrntion. sound.
f",q uenq""po"",ctc. ar• ..,toulon lh.
screen WIth detailed ;nstnl" iom for \he
..Iecl. d function. It i~ equipped with dLrc<:1
'>C11,or inpul> in addition to the >tandard
voI1l1g• •ignalsourc. input.th... . \ tra
.mplifl.rsorsi gnal coodni~a",noI

ml u;l'C'd. Ort ion. include ",ai-time II I and
113 OOa,'••naly, is.1JIm tr:k;king;mal ysis.
sound mlC1l" ty anal)'5ls and Wigner
d,"nhution.1l>ean.I)~ ~t.. from
I\Cor OC ro"C1'~ an.dinctudes .

hu,h·mh ,gh specdlllcrm airrinicr
fi,m"" i~fiJr"""iofI ." I'jf"JC Engin","J ""J
s.".."n" s.17J·UIJ Nonnanbv RI>ud. P<>r/
,1f.1I><""..,. naerla J107. Tel /OJ) M~
97rJO, FaJ fOJ) tW6 4J70

BllSOM
Electrnnlc Ea r muff
Thc n. .. 707 I,npacl i. a high aucnuation.
heavy dUly elcctronic • • rmufTdo,i gned to
amplify human .peec h ",hile filtering out
Inud environm. ntal ", ondan dhloc kingo ot
impul,.>ouoo imtam ly. henablest h.uSCf
to hear normall)' during qui. tC1' period"
.nd pmvid.s an SlC80ralin~ ...f27 dR

I-:armuff
Th.......·721 • •tmufflS. light..·• •ght.
com fonab le.h i, hly.ffccri,·• • armuff..-ilh
an SLC llOratinlt of 28dR. W. iiP'ing only
19~ g. th. n. ..· 727 i. one of the hiP""'"

pI'rl<b;ISQRth.mari;.1. A. tCsulli l ean be
"om f...- prolonged period. on the
.. ori<-sllewithout di,.;omfon. hhas larg•.
a.ymmetriccupsw ithd eep,,,· idccudl ion.
,,·hich l"{>\'ideg encrousspac.fo.tl\e .at< .
InctCh ing wcare. comfon . Each cup"
nuibihty mounte<.! to tnc, fod, of the
padded headhand.cnsuring a unif"nn
pro,su,eand .closc,leak·f r•• fit

Cool II
This b a ~imple solulinn '" the problem I)f
earmufTdi"C<'I11 fon. caused hYJIC",pi,ati" n
in hot or humid en\'ironmems. (ool lli.a
rcl r.dh~,i\'. pod that fits 0"" the cu'>h;on
o~ all 'Yl'Cs o f .a rmuff•. It ah,m bs .11
pe"", iralion pro, i ding a skin-<:onlaCl
surface that ,"ys dry. fre'" and
comf....,. I>l. a ll d:ty, hhasno .ffCCl""the
•ncnual;" . and..,.... ahy gi. nic ", ftpad
bct"'""II\e .."""ffan dl1l. sk;n

Perl-' ll Dete cter Earplugs
EspeciaUy oo,gn«lfor uscinlhe food
indu.t ry.the PC1'Fi' o.lec'er reU>ilbk:
oa'l' luf ' u n be det• •1ed by metal
d. tccronandremo,·edby magoeric roll.rs
•hould the . ... pl u~ rail iml) the food
"",.m. Th. P.r Fit Del""ter is ,..." ir¢ly
euml'O"e<.! of mat. na l, . nnched "" th iron
I"' ...dc, .incfudinjl.th.s"n, ilieoneearplug
and the cun"""l i n~ PVC eord. ' ''that even
if the plug IS f;1l8m. nte<.! in the food
manu f.ctu. in~ pIOcess. e"ery poni on i,
. till dele".hle . All ,,'her plugs rely on a
sin¥le specific metallic ins. n. The PerFit
o", ecler.arp]ull ba.an SLC rating of20
dB. •ndcom", in t...o ,i""s ,rcgular ' nd
largc.
Fu,(/,~ i"I'''."""" .., N,I.."", .-4 u.,." I... Ph
LIJ. 19 T~, RwJ. T.." n · Hd,. . ""Sit
]OUTeI(Ol /4JO!JU

)UTCII ) IIT CHEll A:\ D
ASSO C IAn:S

Total Quality Man agement
Sa fety System
Develupeo.lin ""..,',,,Ii•. ,he TQM Safely
Sy.. em comhin...... II-e.tabh'h.d ",f ery
engina:ri ng and m~n~¥.m.nt practi, es
with the principl. , of TQM, The eleor
objecli\'esof lhe TQM Saf.ty Sy' t. m are
to redu..e t!le p" in. sulT, ,, ng and social
,oSlcau,,-'dbywo.i. ",bled injury. " .... ,
occupation. l d i..a... andm....~
de;:radat;un. Thi, i. ach ievcd by f'-':U' lOl:
. tt.mion "" tl>e 0.1... , ... OfVni....""" cmd
m.n.gemenl of OHS&E procc. .... A
". lu.ohle ..., lIalffillbtoncf,l i, lhc redL>Chon
Tn management'. npo.ure 10 lhe' mk of
pro..C1Jtion.for b"' ...·!ln of he. lth, ....f.. y
and.n\',ronment. lp "" e.:t'o" laws
Funh ilt/o-"''''iofI : M ill;h .l fJlt:1oeN~""
A i<lle~. PO Bas19l. Ri'~n"".;: ,\iSII
17f>JTel/0I1i/161]JY.l'a(IQZ)617
1617.

CSR GYPRO C K
BRADFORD
Gyprock Stud Walls
Sta~~erin~ Su ccess
Anynac ....he has lri.d mg.la hit <If' "ut
c ~c next do",. to a wild party will
"pp,.ccial.thc ,,",-",,"ily fo. noisc re-;i<tant
.... tI<. CSR Gyprock ha. th. solu'ion with
two inao,,"ti,·e. n"n load bearing
pl~r1lolIrd JIld melal ...00 wall
:a.~li.< lhat~l ollt "andlOg a c"o"ic

JlNP'Cn,... rn e Sene-sl<U SI' U tredSrud
w .n It'IC' . It~''''l~ latcr, lty off.... meta l
"ud , Thl<Jeav,.. the pl..tC'lb.;w d,lI3<:h. d
.o""lyone.id< " f lhe.t1llJ:.ere"dSiOOelip.
nol ...lO\t th...........odachicvingSOUnd
Tra""", "'''''' Cb .. SM. The So...... 200
~ Wall h.. ~n ... en highe,.acoustic
",t i0lt of Sound Transnll<Sion Cia", S9
The s<-ri.. 2f1O ClIase Wall inc0<JX>r3tcs
"•.-o lt>dependcnlmel.l .. all fra"' ....ach
el~ un one <ide wi th pl a"crbo;trd, Viilh a

1411 mm .. id. cavity, II . 110.... . . , )'
,,,, u ll.-iun of """'0..... R.~h .. . 11. can be
qui.-kly a<o;emhl. d u<inl! st. ndard
pb ..... b.,.,d tools.nd l. chnlque.
F~....,' ",pm n"' iI,,,: CSR C)pmd
lJ..Jp",j , Lvdl'd ,"ail hug ."I" ~.
(""~al"''Wd NSW 1f/J'. '.'1 (01/ sn S7UIJ,
F... rO: / 3 i 1 J744

TNOISE "-OKWl~()OWSTM
TI\ OISf: fv. Wlnd..,..T 'l-1 i. a
Slat. -of-the.an 'Oft.... re packa~. f", quiek
and <imple cok ulation. o f noi"" 10\'CI,
~:;:~. by " ....1 trallle . Al'I' licallon,

• a!temati'·e loo•• opti"",•
• ocsi~ ofmajor road.'h""'gh

.... odential .... as
· c' .. ....tionof.lle""'ti ve ...>i... tc<lucti""

· design of ..,. idenli. ld .. elop", . "" ,,,,,,,,
major-roads

[)e' -eloped by Main Rootd. Wcstem
Australia. TNOISt: is b"-'Cd oolhe late"
,-erstono ft he ll,.i, i,hll.. , l>.... " f c. kul.,iug
madt..me lllli.. .. hieh i. widely "''''d in
Au,trali a . UseN ha".d1nct JilX... to the
Main Roads WA .., ft,....~ '-"' ..lopc", .nd
the e"", pr~hen,h. U= Manu.al contains
over 3U worked exampk'" 00 di, k, The
UK D'p" nm. nt of Tramport M. nu. l
'Calculati"" {If Ruad Trani.: Noi..·
(CRT"] is . 1'0 Included T1>e co.t~ f,,, tl\e
p.a.:k' St ~re; .jn ~l . u..... AS(.QS .nd . ile
I~AS'I1S

F" ' fltt-o- r.(<>rmulUm : .!Wl ' u..r~r'cok a'
file .b Jtrll /,,,n Rva" R......".A 8".mJ ""
fOJ/881IJ08

ACO{;ST ICS RESF:ARCH
l ABO RATO HII-:S
So und Level Meier
TheARLSLM·22 ts al ow eOSllu.n,J·beld
fully inl. gnl1ing sou nd I. ve l mele,.
Complymg with type 2 ,"'tnlmcrt.. 11has

I~ ... I 
eEL 
Sound Lewl Meter 
The CEL·2S4 digital impulse ""und le,-cI 
nletcr is designed to meet sound survey 
requirements, The meter usc, a large 
digitlll display with 0.1 dB n:solutiun.JuSl 
tWQ measurement "'"ge'>. both covering " 
70dBspan •• ",.-de<!IQa<;hievca30to 
115 dB(A) 100al meaSurement span. The 
meter conlpli~ with lEe 65 1 and ANSI 
SL41983TYP"2calegorin,andprovides 
boIh Fand S response. The mc:'.r is 
,upp lie<lwi thmicrophollCprotecti'"ecover. 
SCll'wdriveralld bau"";e,. Available also as 
a kit which includes tlK: meter. a Class 2 
calibraror, foam windshield and a case. 
Fu,th~r informal;" .. __ AWA Dislrl/>u/jun. 

~~~3.ralo, ... 1'U Rood. North flydc NSW 

ONOSOKKI 
FIT Analyser 
The new CF·5200 FFT an.alyscr has areal 
t ime rate of 20 kHz. IWo meaSUl"('ment 
channels and a 90 dB dytlamic range. [t 

featurts a "Quick Expen" easy operalion 
system, in whieh all parametel'$ of "arioos 
moaSUrement types, eg vibm!ioo . sound. 
f' rquency .e'ponsec!c • • resc!ootonthe 
sen:<:t'! wi th detailed inst",etion, for the 
.. lectedfunction. ltisequippcdwithdirect 
SC1lsor input,inadditiontothe.t.ndard 
voltage.ignal source input . thm extra 
amplifi ers or signal conditioners are nOt 
re<juired.OpI ionsincludc real·t imelil and 
113 octave analysis, rpm tracking analy.i" 
sound intensity anal ysis and Wisner 
diSTribuTion . The ana ly .. r operates from 
ACor OC po,' .. e" sources. and incl ude •• 
built·i n high speed thennal printer 
fi",he,;n!ormal;on : V;pac Eng;nurs ond 
Sc;enl;Sls. 27J-183 Normanb,' Rood, Pori 
Mel/x",rn<'. Viclorio J107. Tel (OJ) 641 
9700. Fax (OJ) 6464370 

BILSOM 
Electronic Earmuff 
The new 7()7 ImpacT isa high attenuaTion. 
huvydutyelectroniceannulTdesigncdto 
amp lify human speech whi le filtering out 
loud environmtntal sound and blocking out 
impulsewund insu.mly. hcnabks the user 
to hear oormally during quieter periods. 
and provides an SlC 80 rnting of27 dB 

Earmuff 
The new 727 cannulT is a lightweight, 
comfonabk .highlyelTe<:ti,-eeannulTw;th 
an SLC 80J1llingof2S dB . Weighing only 
195 g, the new 727 is one of the light.st 

prod""ts 011 the ma rket, As result it can he 
,,'om for prolonged period. 00 the 
work -.ite withoutdiscomfon. It has large. 
asymmetric cups with deep. wide cushions 
which pro"ide geocrous space for the ears. 
increasing wearer comfon. Each cup is 
fl exibi lity mounted 10 1"" forks of the 
padd~d headband. en.uring a unifonn 
p<e>surea~daclose.leak · frtt fil 

Cool II 
Thi. i.a.implesolutioototheproblcmof 
eannulT discoo,for\ ,causedbyperspiralion 
in hOI or humid environrncnts, Cool II is a 
sclfadhe.ive pad that fns o,-er the cushion 
on all type' ofeannulTs. It absorbs all 
[lCThpiration provid ing a skin-contact 
surface th,t stays dry. fresh aTld 
comfonablcallday, Ithnno elTe<:Too thc 
attenualion a~d aclS as a hygim;'" so il pad 
bctw<:<:n the eannuffand the skin. 

PerFit Detecter Earplugs 
E'peciallyde.igncd for use in thc:food 
industry, the PerFiT Dcte<:ter 1"(Cusablc 
earp lugs can he dete<:led by me!al 
d~tect01'S and removcdby magnetic rollers 
shnuld the car plug fall into the food 
stream. The PerFit De!e<:ter is c~tirely 

composed of material, enriched wiTh iron 
po ..... der, inc luding th. sofi silic""," earp lug 
, nd lheconn«tingPVCC<:Ird.solhat even 
if the plu g i. frlgmented in the food 
manufacturing process. every portion is 
S1illdC1ectabJ.e,All rnherplugsrciyona 
sillgle spc.:iflC metallic insen. n.e PerFit 
Dctecter earplug ha$ an Sl C rating of 20 
dB. and comes in two SilCS, regular and 
large. 
Furrh"r ;n!_,i"" 8,/,_ AWJl>"<llia Pry 
Ltd, 19 T~pW Rood. r .... rn· 1/,/1,. ,.'SIt' 
2084. Tel (01) 450 1544 

MITCH M.lTCHELL AND 
ASSOCIATES 
Total Quality Management 
Safety System 
Dc"eloped in Australia, the TQM Safety 
System combines wen-c5labli,hed safelY 
engi""ering and management practices 
with the principles of TQM. The ek ar 
objectives of the TQM Safcty System are 
to reduce Ihe pain. sulTcring and social 
C<:Ist C3USC<l by wort. n.-lJled injury.>IrbJ, 
occupational di .. ase and nlVironrnmL>l 
degradalioo. This il achieYed by focu\ltI& 
attentioo on thc d ..... gn., orpn, .. lton and 
management of OHS& E processes_ A 
nluablecollatnal henefit is the rcduction 
ill management', exposure to tho: risk of 
proseeutionsforbreaches(lf"",Ith,ufcty 
anden,·ironmental pr01e<:lionll~. 

FUr/her ;n!",rnalian." Mitch MJ~I und 
A .... OC;OI~S, POBox 291, R;"'Jr'~ ,\lSIY 
276$, Tel (0/8) 161 239, FlU (01) 617 
16l7. 

CSR GV PROCK 
BRADFORD 
Gyprock Stud Walls 
Staggering Success 
An)"One wOO has tried to gel a bil ofs~ ut 

eye nexT door to a wild pany will 
apptttiatethc rtec't.:S.<ityfOfnoiseresistant 
wall •. CSR Gyprod has !hc ",luI ion with 
tW(l inoovati>-e. non load bearing 
plntHboard :utd metal stud w.1I 
aj.-.bhts th at bon! outstandingacoustic 
propnIle •. The ~, 14~St~peredStud 

W,II U5C< aliemal( laterally offK1 metal 
,"uJ~. th,S IcavC:lthc pla .. nbQ;lrd,""c hed 
toonlY Ol1e.ide of the.uggcmlRUd ciip, 
nola,,", the ""':it, ""d achiev i~g Sound 
TmwnlSsion Cl_ 58. The Seties 200 
(buo: w.ll ha. an even higher acou.tic 
I1tlln, of Sound Transmission Class 59 
The Series 200 Chase Wall incorpor1ltcs 
t"'.., Independent met.1 "'all frnmcs. each 
c1M1on on.,idewithplasterboard_WiTh. 
148 mm wide cavity. it al lows Q~y 
11I»U1I.llon ofservices.Both" .. llscanbc 
qUICkly assembled u.ing 5tandanl 
plulerbo.rd toolsan<l techniques 
F~rtlwr ;n!ormu/;rm: CSR Gyprod 
BraJjo<rd, Luclffl mail bog No 6 
C .... I"'vod NSW105i. TcI(Q2) 37157(}(), 
F"e (O!) 171 5744 

TNOISE FOR WINDOWSTM 
TlIOOiSE ror Wllldo"sTM i. a 
state-<>f.the.an softwarepachgeforquick 
and simple calculations CJf noise le,'cls 

~~ul~de' by road tr:lfflc. Applicalions 

, . Iternativerouteoptions 
• tk$ignofmajorroadsthrough 

n:>oKitnTial.rcas 
• ...... I""Tionofalternat;"enoi .. "'dlJCtion 

• dcsignofmidentialde,'dopntentsne.r 
major roads 

Dcve1<1Ped by Main Rood< Western 
Austr~li a. TNOISE IS based on the laICs, 
,'ersionofthe Oriti.hmethodofca1culaling 
road Traffic noise whieh is wide ly "-'ltd in 
Australia. Uscrsha"cdirt'CtXCCSS I(I the 
Main Road,WA soft"' .. re d....-elopers and 
the comprehensi". Usn t.brtWtl C(lIl.tains 
OVer 30 worked tumpks on disk. The 
UK Dcpanment of Tl1trn;port Manual 
'Ca lculation of Road Tr:lffic Noise' 
(CRTN) isa lw incluJed. The costS for the 
pacb~.,.,: single Ulin AS695 and site 
I>mI('CAS975 
F~nA .... ,'!fiJrmal;on: hJ.' v..lhercole m 
I ... Al'!Jlrolian Rood Rn .... rt:A Boord 011 

(03)8811508 

ACOUSTICS RESEARCH 
LABORATORIES 
Sound Level Meter 
The ARlSl M-22 isalowcosthand·""ld 
fully inTegraTing IDIln<l level meter 
Complyincwitht~ 2 inSlromentsit h'$ 

Acouslics Australia 



all lh~ fc. rure~ n~c~=ry fo,. • ""i<k
variely of noise measu.~mcnl•. Jr " ITer<
b<'l h A and C frequency network> wl,h a
r. ng~ (ro m 30 ro D O dB and can be
cnn flgu", d for eilher Leq or sound
~'I'<"UIT 1.....c1

Calib rator
The: ARl CA L- IOOB is • 10" cOSI
cl hbur", "'hic-h pl<>\1<!e, ] Klll l.",,1 ill

f ilhcr 94 orl04 dR]lis ca se<!ina .. urdy
alum inium hous in, . nd mcc1 . da .. 2
lTqui' ''"''-....ls, Ad. p'or pll l<oaf e av. i!obic
10 lUll mo<.t commerci ally av. ilah le
l\l i<:lOph"nc lypes

i\1usic;\1onitor
Tht H1~--0 1 mUlic monitor ho' h«n
d""i llncd lo combal l1>o n ui""",~cau",d h>

loud noi"" "«;lIpinll (rom plK f S o(
f nten':IJ.......,, '. Whe n P' ''P'' rly in'llI l1cd
and SClUI'. lhe sY" cm ro nlrol,'he <lIf'PlY
" fmai n' p" ,, 'ef 10 the amrh fif r<. WIlfn
the lh.e\.h(>ld l~...c1i, dele<:lc<l, rhtp"wcri,
,)i>connceled fm 20 ""'~. (j rttn . •mhe r
.n d rcd ""am ing lillh" a"'i · 'lhc,,' und
nper"' ", . TIw:In" IiI",e .. ~S r" l iS dll
l Oll A. D or C f["l,,",» ,, ~i llhl i ng. are

~~~. nw"',laho ",o:Iuoo a"lrip

Fllt1IIn ,It/ur-t."". t ift . 16J· ! TI
I'~',"~n/ Hilh Rd, Th,-,'nt~'!lh. NS1t'1110.
f n /fJ! ) 184 0800. Fa < fO!) 4/U OII/il

BRUEL A:\I) KJA ER
New Sound Analys er
The ncw modu lar Preci. ion Sou nd Leve l
MClef. I}'PC 22~O i. a h;Ond hd d high
Jlfrforman ce fIeld . rUlly"", fOf rodoy's
ooise """" " re"",n, ... «1>. Wilh " ~ "m y
o( com muOlc arioo pons and app lication
'lift"'''"' modukl, il ll"",,,"l~< buill in
g.-<>"l hpalhs lo matchfuIUJfllCeds. The:
analyser . 1.... pruv id<s the n",ihlf
plalfoon f", Ihne- ", 11",= module-..
,,-hich arc a"Il!ah le in di ITe",nr lan'lJ,l.~e,,

il>Cluding coorC~1 ""ns illvf hd p, It ..
etgo~omically de>illned wilh bolh ~ft ..nd
hard key•. eo.y ro !ememhcr icons. I.. ..'"
, raphica lhack hrd i.p layan<l ahility k>
I!- i ,'~ rco l-ti m~ frequency analysis
f·l",h~r i.f'>rWk1ti,,,, : 8",,1~"'; Kj,uF Au, " ..J...

" '" Ltd, P.O 8m / 11. T~ 11,11>. NSW .'rN<.
T.,I/O!j.JO! IlM . f iu/O! j.JO.'J,79.

CAUSAL SYST n lS
Low Cost Acttve Noise and
\lbrat ion Control s vsrems
Ca u... IS)'SlCm.lIaoam",~""" he rclca",
of Ihe IW<K:hann<l EZ-TEAC H and rhe
.i~ ·c ha" r1 d f.l-ANC .y , lcms BOlh
syslem, afC df <lgncdto faeill1arc lhc
dC>'el"pme l1t of low COSI (less rhan S501
produ .·l emb..-<lded acrive noi"" . nd
vihra' ion co ntrol .<)'Stem,. POl~ntial

app licarion. r" r J'''''.CO~I 1<.1i...~ noi '" "" d
" ihm""" COOI." I sy",cm. include
arlel1u;l1ioo o filllen.... and e" " rior " chicl~

ooiot (engine. road and e~ha ust nni~).

ai,· handling ,~ "'~m noise . ,nd mach l""
vihTarion iOl,l, ri"n moun", In ,1>0 n~a r

furure It wrll be pos sible 10 eascad~ lh~se

low CoST 'y'l~m. ,ogethcr to pr<>Jucc a
sy>l~m with 31arlle number ()f input and
"ulpul ehunnc l~ . Eachlk.-e!opmcntsyslem
i. <k.igncd for bolh f~dfOJWard or
fcc.!l>acl Implementalion. ... ith full
.. ,(lwa lT wppon p,,,,' ided for fe.:df"",, ·. rd
Implemenrar....... Bolh . )"te M$ are
Inrended ro be u.cd by oon·~iali >l

('I\p""".. wllh some knm"lc dgc " f
" "" ' llCl, "rbration. e<mrrol. ~i~nn l

pn>ce. " ng and ~k.troni e. 10 d""i~n , twir
.,"n produel sl'<",if" syslems. The u"l'r
frien,lly s" ll", a", supplied "'" h each
, y..rem a ll"",. easy uscr adju" menl III

... k ellnn of algorit hm lypes. all' ", irhnt
psramcters,aurcmauc sy srcm ID lYJ'Cand
" 5OOi.. <'<I )lilI'llmel<n. ti llCr lenglho.
n"",ber of ",-1i"e ehan""I ~. sam rh nll rllle .
and mput nnd otllput . ignalle..."l l,,,, hile a,
the <amet,mf p,,:wldmg rea l limc dlSJIlllys
of error oillnals and f,l.er ""eighl
c"" fficien,. Thc "", nuod,"ven uocr
interface ild.""igncd for rapid rum aro"nd
d\ln nlle"mp llc-d<"'1l1oa d-run dc...c1opm~nl
cycles, 1r i' e, pecled lhallhe EZ. TEACII
wllI lTr. il for bt.1 wee n $1000 and $ 1,400
and rhe F.Z. ANC will relail (or bel",~n

SI.(>()l r . nd S2,500.
r ....lto'rio,jOr_'..., r"';. II_ n.,.. ,......r
. ~ ., ....'-""'1 ~"", /l. (.'." ~ of ,l .N·
J.,>J<• •"'-"'"Io,~~,mJ , .liJ(lJ f",/il \I.' O.I.• .IA'

NOISE
CONTROL
ENCLOSURES
you can rely 0 11.

F<.-.o ""'rnui .. . nd."",,,,
"..,d,· fro... , m,1I1,llnHun ;"
lU"ery laCl;c demounl>blt
" ruClu,.., . )-"" Cln ",lo ""
I'e...:" En~n....n n~

AtP.a~, ..-.~.,·.;"""'doo·

'; grnng. "",nu f.lct. rin~ .nd In·
"'.lhng ooow ""'lIo1...... .... ....
'; nce lm .W c ..n ""lp )'OU
l;lI<ttroI ooi",i n yuur plonl lmn
;nillal "';..~",

"",hl1l'ol l_ of~,",

cornplrt "'"
r . II N()I, ' h' drI. ,h

~:~~~~~~~~~tt r. !P@GC@
f .O. I\<.>o. ... Iln~, ..'\w. ~"" ,.... W2
1'Io_ JJl.lm ", l>1f... JIlJ17I )I-J.j

Arous\i<:SAUSlral ,,}

NATIONAL ACOUSTIC
LABORATORIES

A. ACO UST,IC & Ii, 'OI SE
SPEC IALISTS

SuperbAnechoICandReverberant
Tesl FaClibesServOng:

• Tr"""mi'\l;i~, Sound Power and Absc:qIllOl1t".ring

e Gene ral Aoou." ie Tes!l ng

41 Comprehe ns ive Anll ysis of SO\illd . "d VillU l;un

• Me asurcmcnl ond Cont ro l orocccps uonn No ise

• Electro -Acou stic Ca libra tion ~ Vibra lion Analys is

Exporla in NoI. o Manl liomenl l nd olhor Servlc,, · !neludlng

o Mcascremcm alld Comrot o f Occupauoea t Noise

4) Referenc e and Mon ilormg Aud iome try

" Res iden tial and Envi ronmc " tal No ise

C Ed ucalion and Tu in ing e Aro u.<tic R~rch

126 Gr cvillc Slrecl, Chau wcod, N,S.w. 20117
Ph: ((12) 412-6800

National Acoustic Laboratoriesis a Divmon 0 1
Ausuahan Hearing Services a

Common.....c alth Government AUI!Jor ily

VoI 22 NQ. 2 - 67

The RI:l-O I mus ic monitor has bt:en 
de,ignedtocomb'tthe ouisancecan""dby 
loud noise escaping from plaoes of 
,ntcrtainrne'T11. Whe'JI pro...,rly in,talled 
and """ up,th •• ySlemcootrols the ,upply 
of maio. ('>Ower to the amplifLcrs, When 
th<:tlm;,huldl~v"li,d.t.cted,lh.poweri' 

di,connoctro for 20 ",c •. Green. amhcr 
and .....t "~minw ligh~ ;t§S;,t the so un d 
Q..., r~\Of. n,., tnp ranJc " S5 10 115 dB 
and A. a Or C fr"'1"",n,) .. 'ei~htings are 
~~:~~ n,., IIl11 t abo IllC ludes " "trip 

Fuo,," i~jOn.I",_, ARL. 26J-2?i 
/-'''"n(lm /-1m. Rd, Thomleigh. NSW 2110 
Td (U2j 484 08()1i. Fax (02) 484 01184 

mrnrlthO". 
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ACQuslicsAuslralia 

~ 
ACOUSTIC & NOISE 

SPECIALISTS 
Superb Ane~(: and R~ve~. rant 

Tesl FaClitli es ServClng 

• Trall~mission, SowKl Power and Absorption testing 

e General Acou~lic Te.~ting 

• Comprehensive Analysis of SowKl and Vibration 

e Measurement and C(Hllrol of Occupational Noise 

o Elec\ro-Ac GUSlic Calibration • Vibratioo Analysis 

Experts in Noise Mi'lnaqemenlandotherServicls·lrlcludlng· 

o Residential and Environmental Noise 

C Educ~ti()n and Training e Acoustic R~s~arch 

126 GrcviIJe Stn!~t, Chatswood, N.S.W. 2067 
Ph: (02) 412-6800 

National Acoustic Laboratories is a Division 01 
AUSlralian Hearing Services a 

Commonwealth Government Authority 



AUSTRALIAN ACOUSTICAL SOCIETY ENQUIRIES

' Noblleebon olchanga ol.tldress
G""eralSecrela<y

SOCIETYSUBSCRIPTION RATESAAS-P""""",, M1Cenue ofAlJ5Iral"
'P aymlnl o1a"" UllIi\Jbs crlplion Pr",. le l.lg l, O<vlngI>JtSl2010 From1APRIL 1994meml)ership

T"I02 I ~16lm Fa.< I02)331 7296 suoocriptions willbe aslo1lows
EnqulrIH rtOa'd ingmembe,llhipl nd sustaining membershipIlllOUldbl

AAS-WADi\oWon " .,sa~,~~, S~d~tdedlath, .p,,",p<.. t.StI!e Dtvi. ion Se<:retary • • ...,Ott: . .

AAS· NSWDiYLskln POBo.10110 SM
P~CeMI.ol A.ustra l ta

WESTPERTH6B71 ""',,' ..... . ..... .. .. . .. ,~
Pnvate Bagl. 0AALliIlGHURST201O AAS· Q<llen-and (IN .. 10II

Sec, "'rT I.IcQu,,,,,

Se"M 'Ray Pio."., CI- RonRumblePtyLtd
101(091351 7175

ANNUALCONFERENCEFaxl09135127111';1(2 )9696668
~Jz~gOPILLY4OOB COp4e5 otpestcoeteerce proceedings

AAS· SADMalon AAS·VicIo,ia Olvl. lon
C/-OepartmentolMoe<h Eng $eC:MrRH Aumt>le POBo• • l1 r.l.. kel Sl PO

maybe orderedfrom

un"''''SitI' olAdela>de l llilO7lJ789211 MHBOURNE3000 PublicalionsOfficer
GP080.49a.AOElAIDE50001 F... (07) 3765465 Sec:M,C S""esa AUSlralianaccustcerSociel)'
Sec:M,ACZIMtr 11ll1Q3l 111Hl6n 15TaylcISAoad,DURAL 2158
Tel I0I3)228569BFilXI0/l)2240464 faxI03) 7945188

ACOUSTICS AUSTRALIA INFORMATION

GENERAL BUSINESS PRINTING,ARTWORK ADVERTISINGRATES
' Adver1lslnl/ *Subseriptions $cottWillrams

B&W Non·members SusMem
Mrsl eigh Wallbank 16CronulaPlaza

POBox579,CRQNUl.LA2230 CRONUl.LA2230 lf1Page W, sec
Tel 102)5284362 Tel (02) 5235954

112Page 310 as
FilX(02) 5239637 Fax(02)5239637

113Page ,., eas

ARTICLES& REPORTS SUBSCRIPTION RATES1994 1/4 Page 200 re
NEWS, BOOKREVIEWS "" oversees scctccccr $9llperColOUf

NEWPRODUCTS 1 year "" A$ 54 Preparedinsert $150 l>d_~m'l qr11'1

2year "" A$95 Colull',nrate $10percm (1/3pw idth)
TheEditor 3year "" A$13! Oiscountra les: j3eonsecublleaosinadvancejAcoosticsAustraJia

Ao:xJslics &.VibrationCentre Overseas subscriptionsgobyairmail Non·membe<s to%

ADFA NewSubseription33%Oiscoonl
Susliliningmambers ro,

CANBCRRA ACT2600
TeI (06)~824 1 mDiSCOuntforexlracopies S~lal ratesaval lable !or 4-eoioulprlntlng

Fa>: (06)2688276 AgemsdlSCounI 15%o/surface(AuSl)rate All enquiries to: Mrs l.eighWalibank
email;m-llurges5@adfa,oz,au Tel(02)5284362Fax(02) 5239637

ACOUSTICS AUSTRALIA ADVERTISER INDEX· VOL 22No2

Acoust ic Res. Labs..

ACU-VIB Electro nics ...

aroer & Kjaef ...

59 ENCO .,.

59 ETMC ...

Irendc s....

National Acoustic l ab ..

36 Peace ...

40 RTATech nology

Davidson , 40 Kingdom /nsi!1efroflfcover Stramit S1

dB Meta ls ••• 36 MilS .. 45 Wartlurton·Franki

GENERAL BUSINESS 
'Advertising 'Subscriptions 

Mrs Leigh Wallbank 
POBox579,CRONULlA2230 

Tel (02)5284362 
Fax (02j 5239637 

Acoustic Res. Labs. 

ACU·VIB Electronics ... 

Bruel & Kjaer ... 

Oavidson 

dB Metals ... 

" 
" 

w 

~ 

PRINnNG, ARTWORK 
Scott Williams 

16 Cronulla Plaza 
CRONULLA2230 
Tel 102]5235954 
Fax102) 5239B37 

SUBSCRIPTION RATES 1994 

ENCO 

ETMC ... 

Irendos 

Kingdom 

MITS. 

Aust 
AS42 A$ 54 

A$~ 

A$131 

National Acoustic Lab 

" Peace 

" RTA Technology 

Strilmit ... 

" Warburton·Franki 



I Z">~ .•..•1
CONFER ENCES and
SEMI NARS
· lndk aICSan Au." ralian Acl;vity

1994
Seplem lHr 12 - 14, LE UVEN
Too ls for Noise and VibratiOllAnalysis
IXlails: Dept Mech Eng. Cclestijnenl.an
300B,a·3001, Heverlc e,Belgium

jI;.we mber 2 - 4, BALLARAT
(CMy2 Forum 1994
M achine Condilion M oni(Qring
Details; Cen tre for Machine CondiTion
Monitoring, Depan mCllI of Mechanical
Engineering, Monash Univers ity. Tel (03)
9OS569Q, Fax(OJ)9055726

r>ionrnbcr J_6, WINDE MER E
ReproducedS<:>und 10
Organised panl y by InslitUlc of Acou>lics
Details: Ken Dibble. Old Rectory House ,
79 Clifton Rd, Rugby, Warks CV2 1 300
UK, Tcl07885 41133, Fax 0788 $41314

No\'ember 9 -I I, CAN Of:RRA
° AAS AnnuaI Conferencc I994
Noise and Sound : N uisa ne<=and Ame n;ty
Details: Marion Burge", A"ou, t;cs and
Vibration, AOFA, Canberra, ACT 2600.
Tel (06) 1688241, r ..... (06) 268 8276,
email m·burgess@adfa.07.aU

No~~m~r 24 - 21, WI NOf:M ERE
Speech & Hearing
1994 Conference, IMtilUte of Arou.' tics
Details: Prof Aisnworth, Depl
Communical iun & Neuroscience, Keele
Uni, Keele, Staffoo:lshir. ST5 SBG UK

No~emhf>r 211_Dttemhf>r2, AUSTI~

1281h Meeting AcousticalSccleeyof America
Details: Acoustical Sociely of America,
500 Sunnysi""fk>ule~ard, W<lOdhury,~Y

11797, USA

Decem ber 5 - 7, SYDNEY
-l nl Conf on Underwater Acoustics
Aooustie Imaging & Remole Sensing
Details: Dr J I Du" lop, do School of
Physics, UNSW. Sydney 2052 NSW, Tel
(02) 3~5 4575, Fax (02) 663 3420, Email
j id@new1,phys.unsw.edu.au

1995
Ja nua ry II _l1 , SI~GAPORE

Socic tyofAcouslic«SinSapoTej
AnnuaICo nfe«n ce -Noise
Delllil>: DrW S Gan, d - AcouslicaI Service<
Piy Ltd., 209-211 Innovation Centre, Nay3JIg
A~enue, NTU, SIngapore, 2263. Republic of
Singapore Tel 65-7'J13242. F", 65-191 3665

Ma rc h 11 _ B , LYO~
Euro-NoiseCo ntrol
Software for Noise Control
Demils; Euro-Noise 95, CETIM, 52
Ave nae Fel i~ Louat, 60300 Senl;s, France
Fax (33) 44583400

Apri l 5-7, SO UTHAMPT O N
Int Canf Computational ACOUSlics
Environmental Applicat ions
Delails: Jane Evans, Confcreoce
Secretariat COMACO 95. Wcsscx
In Sl ilUteof Technol ugy, A sh~ Lodg<:,
Ashun;t, Southa mpton S04 2AA, UK. Tel
44 (O)703 293223,Fu 44(0)703292853 ,
InII FMaiICMI @ib.rl.ae ,uk

April 20 _ 22, us eos
Eighth Intern. tional Conference on Low
Frequency Noise and Vibrat ion
Details: Cunference Seeretar;al, 107 High
Street, Brenlwnod, Essex, CMI4 4 RX,
UK. Tel (Inl~) 0277 224632, Fax (Inl+)
0277 223453

~I?~ ~~9, URRARA

2nd lnrConfAc oustics & Musical Research
Details: Nat. Res. Council Italy, CemOler
Acoustics Department, Via Canal Bianco,
28-4404 4, Ferrara, haly, Tel +39 S32
731571, Fax +39 532 732250 email
CIARM 95 @CNRFE4 Ff..(~NR .IT

Ma y 31 - Jun. 4, WASlII NG TON
l29th Meeting Acou<tical SucielyofAmenca
Details: Acoustical Society of America,
SOO StlnnysideBoule~ard, Woodb ury, NY
11797, t) SA

J une 11 _ 16. ABERDEEN
Symp Fisheries & Plankton Acouslics
Details: J Simmonds, Marine l ab, PO Box
101, Victoria Rd, Aberd""n AB9 80 B,
Scotlllnd. Fa~ 44 224 295511

J u ne 20 . 21, WARSAW
NoiseConlrol '95
Noise-CivilsationH azard
lJetaik No;.. Control 95, Central Inst
Labour Protection, Czerniakowska 16, 00-701
Warsaw, Poland, Fax 482 6233695

Ju ne 26-30, TRO~PI1 E1M

15th Inlcm atio"al Congress on Acoustics
Details: ICA'95, N.7034, Trondhcim,
Norway

Jul y2 -6, PARIS
Int Symp on Musical Acous tics
Details: ISMA'9S Secretariat, cJo Renc
caussc, IKCAM,l l' lacc igurSlraviru;ky,
75004 Paris FRANCE Tel (331) 44784760,
Fax (331) 42 77 29 47, Fmai]: i<ma@ircamJr

J uly l o-11, NFWPORT BEACH, CALIF
Intemo i,., 95
Details: INCElUSA, PO Box 3206
ArlinglO" Braoch, Poughkeepsie, NY
1260 ) USA Fax +1 914 473 932S

S ovemhf>r27 - lle«mhf>r I, ST lOUIS
l30th Meel;ng AoollStical SucietyofAmerica
Details: Acoustics! Socie ty of America,
500 Sunnyside Boulevard, Woodb ury, NY
I 1797, USA

AU~USI I - 19, STOCk HO LM
[nt. Cong. Phonetic Science<
Details: ICPhS 95, rJep' Ling uistics,
StoekholmU ni, 106 9 1 Stockholm Sweden
Fax 468 162 347

September 3 .7, BERLI~

Congress on Ultrasound
Details: J Herbenz, WCU95, Gerhard
Mereator Univ"4708 Duisburg, Genna ny

No~embe r, PERTH
· AAS Annual Conference 1995
"AcouslicsA pplioo-
Details: AAS-WA, PO Box 1090, West
Perth WA 6872. To1(09) 367 6200

P ere mber4 - 7, HO NG kONG
SDVNC9S
Inl. Conf . on Structural Dynamics,
Vibration,Noise& Contrul
Details: Prof De Mau Zhu, Nanjing Uni
Aeronautics & Astronautics, Nanjing,
Tiangsu2100 16, Cbina, Te l +86 25
4492492, Fax +86254498069

1996
Ap ril 1_4, AS TW ERP
f onun Acustieum 96
Ist Conv, EuropeanAcou.'ticsAssoc iation
Details: Forum Acusticum, Technological
Institute KVIV, Desguinlei 214, 8 .2018 ,

:::;'IT'i~~~tlI, Tel +~ 2 3 216 0996,

Augu" 2S - 31, KYOTO
Int. Cong, Tbeoret ical & Applied Mech
Details: Plof Watanahe, Dept Civil Eng,
KyotoUni, Sakyo-ku, Kyoto 00601, Japan
Fax 81 75 752 5296

COURSES
In acconla nce with the r« ognition of tbe
imponanceof continuingeducation,details
...f cou" es held in Australia are incloded in
thisseclion at nocharge.Additionol details
~~~e g;veninan .dvertisemcntal nOmtal

1994
No\e mber 8_9, CAN flE RlU
BASICS OF ACTIVE CONT ROL FOR
NOISE AND VIBRATION
Detail" Marion Burgess. Acousncs and
Vibrn ion, ADFA, Canbe rra. ACT 2600
Tel (06) 2688241,Fax (06) 268 8276,
emall m-burgess@adfa .oz.au

CONFERENCES and 
SEMINARS 
• !ndica{cS l l\ Au,tralianActivity 



fIGHTING NOISE? 

GO fIRST CLASS AT ECONOMY PRICE! 

Vel'S.l!i1e , ~riabk,51l1rdr.
 

formeasuringindliSlrial 

~Ild ~nviI'O!lmcnL
:" 1lOi!;e, 

TyP<'2136 em abo bc uS<:'d 

illlheitWcslig:l!io<lofhearing 

pnxea~! 

Alld.tiVE)OllrhraringU'ilb 

Noisc Dose MrltrType 4436 

BriieJ & K;:er's Precision imegraling 

Sound Level MeIers and Noise Dose Mefers are your 

SOLlTIION 

10 induslriaJ or ocCUpa[ional noi.se Problems 

Brue, & Kj<er ...-
8t~ "/(JM,"'''"'''';' Pl1. lld. 


