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NS "Imagine
~a sound lab
’ in the palm

> of your hand

Britel & Kizer did, and went on to design this unique
mut-function sound level meter. So now you can perform
laboratory-grade analysis tasks with a single instrument
*When proviously you noeded many.
| Tha new 2231's sécretis our functional application modules.
Piug In the module you want, Joad the programme, change the
faceplate and you've got the instrument you need — quickly

AN

<

and oasey
Measur RMS and peak SPL'S, L, and SEL, integrate, average,
" derlve cumulative and probabiity distribution, and perform

- | 4 statistical measurements, and more.

'+ To'get your hands on-a 2231, call today or write for complete
A information

Briiel & Kjaer

Briel &Kjaer Australia Pty. Ltd.
HEAD OFFICE: 33 Majors Bay Road, Goncord, N.S.W. 2137 « Telophone: (02) 736-1755 - Telex: 26246 - Cable: BRULJA SYDNEY
MELBOURNE OFFICE: 8/12 Pascos Vala Road. Moonoo Ponds, Vc., 3039 - Telephone: (03) 370-7666: 370-7166 - Telex: 33728

PERTH OFFICE: P.0, Box 64, Mundaring, 6073 - T
QUEENSLAND OFFICE: P.0. Box 227, Mooloolaba, QId 4557

) 2951650
Telephone: (071) 44-4060 i
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CHADGY P

POURED [N PLACE
GYPSUR
ROOF DECKS

CHADGYP Roof Deck Systems provide:
o Versatility of design e A monolithic
high sound transmission barrier e Excel-
lent sound absorption (particularly at
low frequency) o Effective thermal insu-
lation e Speed of installation o Total
composite roof and ceiling system o Fire
resistance ratings.

—_—

P
S R

eSS

e Tt CHADWICK GROUP

Sydney (02) 428 1388 Melbourne (03) 560 2422 Canberra (062) 80 6333

B® Acoustics

AUDIOMETRIC TEST BOOTHS

Noise Isolation Class 39

ACOUSTIC DOORS

STC 36, 38, 40, 43, dB.

SOUND FIELD ROOMS

® Installation Service available

Certified by Commonwealth Experimental

Building Station, Ryde, N.SW.

o Basic Construction — Composite Panel
Timber Finish

© 100% Australian Content

Manufactured by

Kell & Rigby (Builders) Pty. Limited

8 Dunlop Street, Enfield, N.S.W.
Telephone: (02) 642 5999
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NEWS

.C.T.
First Meeting

uesday, 24th February, 1987
Louis Challis 'spoke to almost 20

people who attended the first meeting
of the Society 1o be held in the AC.T.

utined the_general responsi-
bilities of the acoustic consultant and
need for interaction with the others

his agvelupmenn of new computer aided

ic_environment within the large
Shaces. for iha ouse o Represen-
tatives and the Senate. The use of
d been recorded in
e spaces, was of great
benefit in demonstrating to the clients
the need for more sound absorption and
for careful placement of the refleiing
urfac

The. room acoustic considerations
are not the onl

r which we

alianded by half the audience.

Neville Fletcher was the Chairman for

the meeting.

While there are only a few members

o1, the, Sociely ‘currently resident in
be

the AC.T. a
Iarest o acoumtcs, o i
therefore hoped that, if more activities

anberra, more can be en-
couraged to join the Society and maybe
a new Group of the Society can be
formed.

N.S.W.
February Technical Meeting

The first meeting for 1987 was a joint
meeting with the Msmu'lon of Engi-

 for he Theeting was tho
"Neﬂunlion of

The final meeting for 1986 was held
at the Playground Theatre Restaurant
and ret.Approximately 14 mem-
bers and friends partook of dinner and
the show “Rise and Fall of the Roman
Dictator”.

Notes from the Gen. Sec.

onference
Australian Division Committee has
Goptad rosponsiilty for organising and
running the 1988 Annual Conference.
No dates of themes have been finalised
at this stage but it is expected that
it will_probably oo Sraanised for the
fatte”half of the

National Commities on Phylll:! .

recent years the National
aken. 5 Special marest i acauetics
ang i 56" ding v inmiatod g
sponsored a _scientific _meoting on
Underwater Sound and supported our
successful nomination for the Commis-
sion on_ Acoustics. There have been
initiatives in other areas including optics.
o il AAS represeniaive on the
was

Institute ot Fhveical Sciances.in G

Enginsering Award ... noted in Can-
sulting Engineer for September 1986
among the annual ACEA Engineering
Awards, an award of High Commen-
dation for Louis Challis & Associates
for their project ‘Observation Booth for

sting FATEA Hornet. Alrcraft — Vie-
o

FASTS Request
(FASTS s the Federation of Austra-
lian Scientific and Tecnnnlog\cal Soci-

eties of wi coustical
Somexy is 2 member)

FASTS s entering into an arrange-
ment_wi ines to_promote

people can link
2"fow Confernces together they ars
more likely to travel overseas.

If you would fike your 1988 Confer-
ence to be ofomoled in this way please
send in whatever det

willbe ool
promotion
venues would

draft

thom.
ox 2181, Canberra, AC.T.

2661, o raszunss‘

From Queensland
Warren Middieton and Peter
Koorockin have

time recently in U has now
returned to resume teaching duties at
Q.LT. while Peter is staying on 1o tour
Europe.

Bruel & Kjaer Move
The telephone number

Kiner's now ‘adiross is 24 Tepko Road,
Terrey Hills 2004;  Doslaladdress i3
P.0. Box 177, Terrey Hills 2084; tele-
Fhone (62) 450 2008; telox. AA 26245,

Mini-Editorial

in thi /e there is evidence of a
little edltonal icying-up. “The previous
sections Australian News, International
News ‘and Peoplo. have: been amalga:
mated into one section simply called
News. In these days of sateliites, desk

the news originates — it gels around
faster than ever.

Speaking of FAX machines, authors
and suppliers of any written material,
eipemally Jate material iats in the sense
that it is long past the editor's deadline
the” panier Is St poised with his
finger on the GO button) may now send
conthoutions. directly using FAX

No. (02) 523 2183, This will deposi your
exemplary prose in the office of Cronulla
Secretarial Services to be processed
immediately, if not sooner, by Sandy
Eastman who is now In charge of all
our adminstrative and advertising busi+
ness. For all business matters please
call Sandy on (02) 527 3173.

The editorial committee is grateful to
Jane Raines for ner work as Advertising
Manager prior to her recent retirement
from that position.

Howard Pollard

Chief Editor

Australian Acoustical
Society Records

Council at its 37th meeting decided
o implement a centralised compuler
based record for every member to
crease o effeciivoncss of e admin:
stration and reduce the work load of

me of its voluntary office bearers.

The records which wil include dotals
of membership, s ents,
members. interésts and. adarescos. wil

maintained by the Science Centre
Foundatlon in_Sydnoy. They. wil- ba
gultable for " koeping the  Saciety's
Registers of members up to date,
compiling the sncmys Directory and
for mailing purpos

The annual subscription notice which
1o, uture will be issued by the Sclence

‘entre Foundation will be designed
to give memhers an_ opportunity to
amend their records, particularly thelr
addresses and nterests.

WANTED TO BUY
B & K 2209 Sound Level Mett
B&K4426 Statistical Annlyur.
Basic units or with
accessories.

Detai

s
Galeb Smith,
P.0. Box
Toronto, N Sw. 2289
(049) 58 3370
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NEWS .

Letter to the Editor
De

g & workshop session at the
1966 AAS, Gontoronce in Taomoomba
concerning annoyance caused by noise,
I undertook to list the numerous factors.

which the meeting raised in relatio
ihis very complex field of study and
forward it to you in the that —

(@) yuu would' consider |1 lnr publica-
® ll4may stimulate research into some
() ull:ers muy 56 able to add to the

The list, not necessarily in order of
importance,

Phys:cal Factors

(1) Level of sound and i varabity

Itertitiency (riegutar or cycic

and tem-

Sound propagation (win«
peralure gradents).
(ground
ontours,
contours).

i
H

cover,
rates  of

@
8
H
ES
3
5
5

the noise causing annoyance.

(7) Shock or vibration associated
e noise.

() Resonance within spaces where

annoyance occurs.

Psychological Factors

(1) Unpredictability of noise occur-
tence or characteristics.

(2) Familiarity once annoyance s

established.

(3) Tones, hisses, screeches and low-
requency rumbles.

@ Identication witn e noise source
(occupational, etc.

(5) Stress from other causes (insom-
nia, iliness, domestic upsets

© Expactal\om nen moving ln,

7 ints.

® Acuvuy mmrnance A!pe!ch tele-

wing,  radio,
relaxation

phor
concentraﬂon.

(9 Combina
disturbance (e

ctory nights!

Sociological iy

Desirable sound o one_ (musi),
ema to another (noise)

rabilny o aiecs sourcs of roise.

(13) Hearing characteristics of  ing
id

viduals,
Age and gender of Iis!eners

and

tion of visual and a
cadights / vaie,

seemed to be a conjecture only.
J. A. Rose (Principal)
J. A. ROSE ACOUSTICS

The Editor will be pleased to receive

jour comments or thoughts on Jack
Rose's letter
VIPAC Award

Vipac invention called ‘DIDEMS'

has won the Victorlen Enterprise Work,
shop FPatron's Awerd A prize

10,000 was awumea towards he com-
mercialisation of the prot

o

The prize money for the award comes
from the Department of Industry, Tech-
nology and Resources.

DIDEMS _ (The  Digtal _ Interactive
Dissel Engine Woniloring System) is
the first lesel_engine

and the opportunity to chat with friends
and colleagues from the acuusﬂcs ﬁ!ld
The new address for B & K Is
Topio hoad, Torrey Hills, NS, 5084,
{02) 450 2066.

diagnostic system in the wurld The
system developed by Vipac, employs
Shphisticated Signal gathening techno-
logy and advanced signal processing
methods to produce an extremely pow-
ertl diagnostic system. It s the only
system available and can be
easily dismountod aiter the  lagnosis
as
Vipac's development laboratory, 43
diferent operaling condiion defects
were ted_by DIDEMS on a single
oo onaine.  Thy device can. impreve
he efficiency of the diesel
through fine_tuning.
mount of _tim
inspectors — inspection of faulty en-
gines usually takes up to 16 hours —
with DIDEMS it only takes 10 minutes,
A good_insight into the faults of the
engine is gained at the same tim:
The workshop team selecting it, made
a thorough examination of the world
market and confirmed Vipac's optimism
r the project. It can help the economy
in saving thousands of dollars each
day by improving engine efficiency.

Bruel & Kjaer Opening

The offiial inauguration of the new
Australian _headauarters . of &
Kiaer Austiate s neld on Fabriany

Uffe Elleman-Jensen, the

vodnne'vs of the parent company ‘were

nt as were the Federal Member,

me cnmen and tho State Member Jim
ongley

n e introductory tak, CIit Winters
explained how thebuilding
Signed 1o fit in with the Suriounding
residences and, whilst not intentional,
doesrallect some Scandinavisn asso-
tion. The new premises incorporate
farger storage faciiies, expanded ser-
vice capabilities, a lecture room for

The new headquarters building of
Bruel & Kjaer Australia.

ustomer beckcup.training. as woll s
Gfico " faciltios. " Thero 6. also
aDﬂon for future expansion.

s from around Aus-
it were pissent for the opening. All
enjoyed the refreshments, luncheon

Noise Levels
Rotating Elel:lm:ll Machines
9.5 oise. Lovel
speciies ravised nors 16wl
HEa of souna pawer levels for ot
ting electrical machines from 1kW (o
KV.A) 1o 5500 KW (or KV.A) using meth-
ods of measurement in_accordance
with the latest ISO engincering method
(ISO 1680/1) rather than the ISO survey
method (1SO 1680/2).
This new edition explains the differ-
ence between the two methods, and

Limits,

aspects of noise pollution but recog-
nises achievable noise levels of mach-
ines of standard design and availability
of supplementary means of noise atten-
uation where necessary. Guidance in
the calculation of mean sound pressure
levels at various distances from a
machine is provided in an appendix

Noise Levels and Ravelbarﬂion
Times in Building

boon widsly used since
ns et pubnearion in3or7 this

incorporates S Ceriain
Ghanges o dlarity some of its previous

provisions. The table of recommended
Gosian lovols. pas. Soon 'expanced. 1
covev additional types of occupancy/

and recommended reverber-
ation Himos. have beon a

and Reverberation Times for Building
Interors”and e intended 1o _assls
designers to rtain acousti
anvironment Wihin occup.eu spaces in

tion and assessment of building mater-
ials and services used in these spaces.

Recenl Activities of
Acoustics/Vibration
Committees

« One of the major events in the
area of Acoustics and Vibration for the
year just passed was the amalgamation
of the two areas of work under a c
mon board (AV/-). SAA Goundil” on-
sed the constitution of the Acoustics/
Vibration Standards Board late in 1565,
The Council supported the proposal as
significant interrelated _ growth
een the two areas was foreseen,
especially in the environmental area of
noise and  vibration measuring _an

« One of the recent major publica-
ons ho revision of AS 2021,
oustics, Alrcraft Noise Intrusion,

body airraft oporating at the major air
ports _ throughout

method of exposure orecast, utlaup 10
Australia, was included in the revised
standar

Vol. 15 No. 1 — 4
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NEWS . . .

jor standards published
wero 0 ovision of AS 119, Acoustcs
Method for Laboratory Measurement of
Airborne Sound Transmission Loss of
Building Transmission, the new ravision
seven parts of AS 1217, Acoustics —
Detrmingtion of Sound. Fow:
of Noise

Glossary of

Sound
eration _Times for
Building Interiors, was published.

n the Vibration and Shock area,
the following now standards were pub:
lishe: .4, Measurement _and
Evaluatlon of Vibraon Severiy of Small
ing
and Shock —

Rand Tranamitod vibra:
Messuremant "and_ Modica
Screemng, and AS 2775, Vibration and
Focx itechanical Mouniing of AcEo:

Toomeiars.

A fairly large amount of new work

was undertaken by the newl ted
board.  Tho most relovant projects in

the acoustics area

. Siting and Cans(vuctvon Relative to
Traffic Noise  (ihi is_the
rosponsivility of 'sub-commitiee

Revision of three standards (AS 1948,
1949 and 2254) dealing with methods.
of measurement of noise aboard
vessels, recommended noise ratings.

ore _ platiorms.
VIS and AV/5/5).

Preparation of a new series of stand-

(Committee

ards dealing with nolse emiied by
Rousehold appiances. (AV/

. A new standard dealing wnn the
method of noise measurement of

fawn mowers, brush cutters. and

edge cutters. (AV/6/1).

Revision of AS 1270, Hearing Protec-

tion Devices and AS 1269, Hearing

Conservation. ~ (Sub-commitiee AV/

3/2 and AV/3/1 respectively).

reliminary inves
ards dealing with rain
metal roofs,” helicopter noise, and
impact noise on floors and walls are
being carried out. (AV/5).
@ In the area of Vibration and Shock,
the following  projects ~ have  besni
tarted:

1A tow standarg dealing with the
ation of vibration isolators.
v

A new standard dealing with the

driving _point_imped:

human body. (AV/10)

3. A new standard dealing with the
human body response vibration
measuring instrumentation. (AV/8).

M. MAFFUCCI

Standards Association of Australia

P "

The Australian Academy of Science
ot to_continue producing
the Calendar of National and Inter-

Shsevia ino- CSIRG. Aushai
mation retrieval service.

Australian Conferences

infor-

is an authori
in

Australla, Ausiralan corferences beln

overseas and significant inter-
Rations! coteronces bomg e i tne
Asian-Pacific_region. At present the
database contains mainly scientific and
technical conferences but it will expand
1o cover other are:

tabase is_produced by the
CSIR inlormaion AEscureas Un and
is based on the wide range of
mation on " science._and _technology
which s processed by this unit. Con-
ferences are listed in some detail

conference arrangements progress and
more_information becomes _available,
the conference listing is updated.

ing down the published Proceedis

CSIRO Australis is an on-line infor-
mation _ retriev rvice  available
throughout Australia. The service is
currently designed for librarians and
information officers but can be
by anyone who s propared to Vealin
1 ls

o assist s, an
availablo in’ each capital

Further information: CSIRO inform:
tion Resources Unit, P.O. Box 89, East
Melbourne, Vic. 3002. m;na 7333,

Imer-nolse 87

e Conference will be
held zl Beu g Sc:ence Hall from Sep-
tember 15 lo S

in the" norihawest subur

e tochnical exhib

will be held ther

REelsmmoN r Conference
ipants. the. régistration fos. Iy
S ror Suieonis " emroles
degree program, the registration fee is
U.SS$75. These fees will cover the fol-
: of Conference
Proceedings  (English or _ Chinese),
ttendance at all sessions and exhibits,
Threq- lunches, Toreshmonts during the
gossions, end transportation from and
sirport. Additional set of
T ropubcation

price of Us.835.

ccompanying persons the regis-
tration To 18 U.S:$50 which will cover
three lunches, s BT-1 an

ansponaton rom ‘and Go-the airport

Particiants are advised to make

reservations and prepayment for the

anticipated number of nights before 15

July, 1987, otherwise accommodation
nnot be guaranteed.

r further details contact your Divi-
sion Secretary (for addresses see back
cover).

New

. Admissinm
We pleasure in welcoming the

lollowma wm have been admitted to
the grade of Subscriber while awaiting

grading by the Council Standing Com-

mittee on Membership.

New South Wales
Mrs. U. B. Mizia.
Victoria

0r. G. G Don, Mrs. J. C. Evans, Mr.
M. Ui

* Gr: ded

We welcome the following new mem-
bers whose gradings have now been
approved.

Student
Now South Weles
Hayes

lu
New South Wales
. Cremin.
vidtoria’
M: s Leverton.

St Austrslla
Mr. P. J. Maddern.

Victorian
Technology Centre

A Joint industry/ government inkative
has been establishec
bourne _region,
technologically or
aid Australian manufacturers seeking a
sound technology basis from which to
ievelop new products and services for
export markets,

Victorlan Technology Centre

a co-ordinat

and private enterprise, offset and export
projects. The Centre acts as a mar-
naae—bmker linking all
necess: successful project —
s “exgenitn ang mioracie Skis of
engineers and scientists from industry,
government agencies, and academic in-
stitutions. anderson is_the
Victorlan” Technology Centres  Chief
Executive X

Centre is setting up a national
information network o identify poten-
1l projects wol before the ‘request for
rian

e in
at_concey
respond quickly to tender requests and
opportunities.
The Victorian Technology Centre was
established Vipa .
applied research B comtaltan engh
neering company, in
is supported by the Victorian Depart-
ment of Industry, Technology and
Resources, the Australian Chamber of
Manufacturers and the firm of char-
tered accountants, Nelson Wheeler.
Membership of the VTG is open to
areas of Victoria and Australian  in-

For further detals contact the Vio-
focen Technology Centro, 275-285 Nor-
manby _Road, Meibourne ~ 3207.
03) 645 2144,

Acoustics Australla
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Future activites of the Noise Counci
include regulations on

U.K. Noise Council

Ever since the demise of the Noise
Advisory Council in the U.K. (it was axed
Six years ago as an unwanted Quango)
a group within the Institute of Acoustics
had been seeking the best way to estab-
lish an alternative body.

In March 1986 the Noise Council was

relating to noise
make independent technical and s
tiic. expertise availabis to Interational
and national agencies, central and local
‘government, commerce and industry.

members of the Councll includo
Lord Elliott of Morpeth as Chairm:
Roy Emerson coff Lovantnall 5
Deputy Chairmen and lan Acton, Peter
Anderson, Mike Anker

Large, Lord, Ernie Scholes and
John Stirling as members.

Croupation] oK SxpotLrGe1n Srder 10

e a promising start
and, with continuing support from its
founding bodies, looks set to become
a major force in determining UK. policy

(Extracted from
I-INCE Newsletter No. 43)

1987 Annual Subscriptions
The following motions were passed

at the 16th Annual General Mesting

of the Society held on 2 October, 19&6

(1) That as from, and including, 1st

April, 1987 Annual Subscription

will — Members $50,
Affiliates_$40, Subscribers  $40,
Students $30.

(2) That commencing with Annual Sub-
n st April, 1988

Council may, if it considers it nec-
essary and without the need to
obtain i at

Bicentenary Congress
of Physi

25-29 January
Griversiy of New South Wales
Congress is a concentration of
s wi

Prize winners, selected by the specialist

The Australian_Acoustical Society is

to Seismic and Underwater Acoustics.
Further enquiies: Dr. S. J. Collcott
S..R.0. Division of Appiled Physics,
P.O. Box 218, Lindfield 2070. Tel.:
(02) 467 6211

Appointment
X de has recently been
appointed director of the Public Policy
Research Centre. Andrew was lormer\y
ch

in which there have been problems.

the preceding fiscal year.

Public Policy Research Centre is a

division ann  Campbell Hoare
Wheoler, an only private con-
sultancy specialising in social as dis-

tinct from marketing research. Anyone
interested in social surveys can contact
Andrew on (02) 922 3344.

DECIBAR AF

DECIBAR FAF
DECIBAR TAF

— plain acoustic foam

DECIBAR VAF — perforated vinyl faced
acoustic foam

DECIBAR MAF — metallized polyester faced
acoustic foam
— tough PU film faced
acoustic foam
— textile faced acoustic foam

Suppliers to Major OEM'’s & to industry

@

Designers, manufacturers and suppliers of noise control products and materials

DEC[BAR =

A complete range of noise confrol materials:

ABSORPTION —

DECIBAR DC
DECIBAR DS

INDUSTRIAL
NOISE
CONTROL
pty. limited

BARRIER —

DECIBAR LV  — loaded vinyl
DECIBAR LVF — loaded vinyllfoam
posite barrier &
absorber
DECIBAR LVM — loaded vinyl matting

7 Levanswell Road,

NG —

— vibration damping
compound

— vibration damping sheet

Moorabbin, Vic.
Australia 3189.

Ph: (03) 555 9455
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Machine Condition Monitoring
Using Vibration Analyses

J. Mathew

Department of Mechanical Engineering
Monash University

Clayton Vic. 3168

classified into six categories: aural

ABSTRACT: Machine condition monitoring is concerned with obtaining data which would aid in evaluating
machinery mechanical integrity. Various techniques have been developed in recent times and these can be broadly
| visual, operational variables, temperature, wear debris and vibration monitoring.

This articl is mainly concerned with the last of these, vibration monitoring. The various forms of vibration anelysis

(zwmqm applicable to machine condition monitoring techniques are described. It is shown that relying entirely on
ny one technique may be unwise. It would be preferabl to process the basic time domain signal in several ways to

mgmgm different aspects of the signal which would in turn relate to different failure modes. The evidence obtained

from vibration monitoring can finally be integrated with data obtained using other techniques to confidently identify

machinery failure.

KEYWORDS: Condiion monitoring, vibration monitoring, vibration analysis, time domain, frequency domain,

quefrency domain.

1. INTRODUCTION

one of three different approaches. Breakdown maintenance is
practised when machines are operated until they fail before

is concerned with interrupting the machines at regular intervals
for maintenance, in order to reduce the number of unplanned

Ppag
strategy. However, the selection of an optimum maintenance
interval is a difficult task in many situations. Too frequent
maintenance can be a waste of resources as well as valuable
production time. It may also increase the risk of damage to
machinery that may arjse from human errors during reassembly.
On the other hand, 100 long an interval would resuit in more
failures than desired.

certainly result in increased plant availability which would in

turn result in greater return from the pnz\ invested. Other
benefits inchuds reduced mainterance costs and improved

cafoy, pariularly in machinory where falure constitutes
health or physical hazard.

The clear advantages offered by the application of the
“oncondition” approach has in recent times led to the
development of a vast number of techniques for monitoring
machinery condition [1, 2). These can be broadly classified
under the categories described in Figure 1.

Aural and visual monitoring techniques are considered to be
basic forms of monitoring machine condition. It is commonly
accepted that skilled personnel who have intimate knowledge
of machines, are capable of identifying failure occurring by
simply istning 10 the sounds of disuess emitted by nearby

. There are those wi enhanced their
il by being able 1o fisten 16 machine vibrations. The method

conists of placng 8 spsone of rod aganat the machine s
their earmuffs. An extension to this method is the stet

These range from simple rod cum tube to sopiece dovees,
to those that pick up the rod or tube vibrations using a micro-
phone. The signal obtained from the microphone can be either
amplified o filtered before being fed to a headset (3].

AURAL

VISUAL

OPERATIONAL
VARIABLES

CONDITION
MONITORING:
TECHNIQUES
TEMPERATURE

WEAR DEBRIS

VIBRATION
Figure 1: Condition monitoring techniques
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Visual monitoring can sometimes also provide a direct
indication of the machine condition without the need for

glasses or low power microscopes to light assisted devices
such as boroscopes and stroboscopes 4. Other forms of visual
monitoring include using dye penetrants to provide a clearer
definition of cracks occuring on the machine surface and the
use of heat sensitive paints also known as thermograp!
paints. Usually these paints need to be selected to match the
temperatures to be measured which would involve some prior
knowledge of the likely surface temperatures.

The monioring of the apectonsl variables in machinery is
sometimes also known mance or duty cycle
monitoring (6. The objective of this tochniaue is (& gauge
each m.cmnu performance to its intended duty. Any major

of & problem which usually relte to machine maffunction.
However, in many machines, monitoring its operating variables
tends 1o be less sensitive than other mzmods in dslmmg
incipient o early failure. Quite often the f
cements has to ba wal advanced before s maasurabio chsnwu
is produced in its operational variables.

Temperature monitoring consists of measurements of the
operational temperature and the temperature of component
sufaces (6} 7he ‘monitoring of operational temperature can be

a subset of the operational vz discussed
plewously The monioring of componont sufaco tempordt
has been found to relate to wear occurring in machine elements
particularly in |ouma| heannqs where lubrication was either

of machine components include the use of optical pyromters,
and resi

fear debris is_generated at eiatve moving swfones of
load bearing machine elements. Hence it is possible to assess
the condition of if the wear debri
and analysed. The various techniques currently being employed
or being researched (8] are summarised in Figure 2. A discussion
of each of these techniques is beyond the scope of this article.
However, it is important to acknowledge the existence of these
techniques. They can be used successfully in addition to, say,
vibration techniques, to provide corroborative evidence of
machinery failures (9, 10].

Figure 2: Wear debris anelysis techniques

VIBRATION MONITORING.

FREQUENCY

QuERENCY
'DOMAIN

TME
DOMAIN

Figure 3: Vibration monitoring techniques
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Figure 4: Time domain analysis
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Figure 5 Time domain waveform of a damaged gear
Machine vibrations arise from cyclic excitation forces within

. These forces are sometimes built into the design
of the machine or can be due to real changes in dynamic
failure.
These excitation forces are transmitted to adjacent components
or adjoining structure, causing parts of the machine remote
from the source to vibrate accordingly to varying degrees.

he measurement of machine vibration can be made using a
wide array of transducers [11], and these will not be discussed
here. However it would suffice to mention that the piezo-
electric accelerometer is probably the most popular measure-
ment transducer in use today, due to its wide frequency and
dynamic range. The acceleration signals obtained from these
transducers are sometimes integrated to produce velocity or
even displacement for different applications. These signals are
then processed in different ways to highiight different aspects
of the signal which can fetection and
diagnosis of the machine condition. The various techniques
can be broadly classified under the categories shown in
Figure 3.

2 THE TIME DOMAIN

oo o maion, Fotver analysis is usually carried out
S0 that some characteristics not readily observed visually, are
highlighted. Several tect ies have either been proposed or

echniques
used in machine monitoring and they are shown in Figure 4.

21 Waveform Analysis
This technique consists of recording the time history of the
event on a storage oscilloscope or a real time analyser. Apart
from an obvious fundamental appreciation of the signal, such
as if the signal was sinusoidal or random, it is particularly
el i the st of nometeay conditns n short raiet
impulses. Discrete damage occurring in gears and bearings
Suth as broken t6th o the former ancl cracke n he i and
outer races of the latter, can be identified relatively easily (12,
An example is shown in Figure 5, where the waveform of the
sing vibreton sccelereion of » sigle sago gearbcx with o
broken tooth on the esented, The pinion in this
example was giectly couplad 10 a 56 kW, 2865 rom AC

Vol 15 No. 1 — 8
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electric motor. Under nominal load, a shift speed of approxi-

iion such as the broken tooth would produce pulses

in the time domain with a period of occurrence of 20 ms or so.

fent in Figure 5. Waveform analysis

lentifying beats and vibrations that are

non-synchronous with shaft speeds. In machine coast down

analysis, waveforms can indicate the occurrence of resonances
).

22
The Peak level, RMS level and their ratio Crest factor, are often

ing systems. The RMS valu-,

erati
be. more. satstactory for - staady st
applications. Even so, the value of either of these parameters
tend to be governed by the amplitude of large components
occurring in the time signal. Hence, unre data would be
obtained when monitoring machinery where the time signal
contains information pertaining to more than one element
say a multstage gearbox where the fime signal would contain
information from the high and low speed gears as well as the
bearings.

The Crest factor, defined as the ratio of the Peak to RMS
levl. hasbeen prcposec se 8 randing paramter s includes
both parameters (14]. Howe igations by the author

vo shown that this parameter usu.llly increases marginally
with incipient ntly decreases due to the
gadaly increasing RMSS valus yplcalof progressive falure.
o ofen the trand rscorded by is paramata s boen
found 10-be simlor 1o another timo domain poram;

Kurtosis foctr, Evidnce of this similariy wil b6 moduced
later when the Kurtosis factor is discussed.

23 Time Synchronous Aver
Synchronous averaging is the time signal averaged over a large
number of cycles, synchronous with the running speed of the
machine. This technique not only removes background noise
but sho perocic evers not ecty synchvonous whth the

achine being red. It s espocially useful in geer
wbmmn mlqnnsls wheu multiple shafts are preser
Camponent ot synéhranous withthe shaftof terst o
deleted. A typical measurement setup would consist of the
transducer usually an accelerometer, a tachometer whic
produce the reference pulse and a signal averager. Signals of
shafts not synchronous with the reference shaft can also be
averaged if the repetitive rate of the reference pulses are
altered with the aid of a pulse frequency multiplier [15].

24 Shaft Orbits
Lissajous patterns areobtained by displaying time waveforms
obtained from two transducers whose outputs are phase shifted
by 90 degrees, on an oscilloscope where the time base is
subsituted with the signa from ono of the probes. When
sheft oot displacament probee the pattern
e . the shat onil anacon. be uaen 1o e
journal hsanng wear, shaft misalignment, uhuh unbalance,
lubrica ities in hydrodynamic bearings and shaft rub
1131, The techniaues of proximity analyeis are well atablished,
parcialy with spplcations to bomachinery. £y curent
tanducers arecommry in addition to appropriate signal
conditioners. However, care nseds to be exercised wh-n
cunting theso oddy cunent devices, o that the sffects
mechanical and electrical runout are minimised (16 Omurwvw.
spurious signals will be obtained during measurements. Ar
example of orbit analysis used in monitoring journal bearing
wear is presented in Figure 6. Two current proximity
probes were placed at 90 degrees radially along the shaft.

¥ Displacenent (nils)

Y Displocomot i)
Figure 6: Orbit monitoring;
—— = onbit

Mechanical glitch was minimised by accurate machining of the
turget evea ofthe probes, Elecica gitch wes miimised X
pushing an aluminium sieeve onto the target
particular test, the bearing inner diameter was d&llbemmv
enlarged by boring out bearing material. The results clearly
showed that the orbit diameter increased particulerly in the
vertcal deecton ndiating that tis tow bearing system was
stiffer in ntal direction. Hence the added bearing
Slaaranco dus 1o.the.simiatod weer condion resuned 1y
larger vertical relative displacements.

2.5 Statistical Analysis

25.1 Probability Density
The probabilty density is the probability of finding instant-
aneous amplitude values within a certain amplitude interval,
divided by the size of the interval. All signals will have a
characteristic probability density curve shape. These curves
if derived from machinery vibration signals can subsequently
be used in momwung machine condition. Examples of the
application of this ter to rollng element bearing
monitoring are ulrudy avaable 12, 14,171, A further example
o damnn- detection hxg elsmem bearing is
i Figure 7. Damn roducing a small
i groove on the oute race o the boaring. This sction
resuted In the vibration socelaraton wavsform looking not
uniike Figure 5. The waveform e the bearing was in good
condion Was. charactorisic of a fandom wavelom wih 8
probabilty density curve that was similar to the normal
distribution or bell shaped curve. Note that the expression of
the vartial i in the logaithmic scal tends to prodce o
distorted shape when compared with probabiy curves
axpressed In lncor scales This is dliberatly carid out 1o

Probabi lity Density (dB)

Normalised Axis
Figure 7: The probabilty distribution of bearing vibration
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ighlight changes at ow probabiles f and when they do
izontal axis s the vbvaton accoleration signal
n. The probability density
ith the curve
ring s seen to be significantly different in
shape. The high levels of probabil
the large spread at low probabilties are  cherscerities of
Highly impuisive time domain waveloms. The probabiity
densty tachniaue is_useful in the dlagnoss of machine
condition as it is based on comparisons of shape variations
rather than the amplitude variations.
Probabilty density curves can also be trended like any other
trending parametr I the cata can be presented in the form of
ascade diagrams. For example, Figure 8 shows
the effcts of shaft rube on the housing acceleration of a
journal bearing. Baseline curves shown earlier in the cascade
diagram clearly undergo distinct alterations in both shape and
amplitude, indicating a malfunction of some sort. Presentat
of data in'ths form can readily provide  large portion of the
required information for condition monitoring quickly.

Figure 8: A probability density cascade diagram
252 Probability of Ex:ndann
‘exceedance

in monitoring
bearing condiion 1171 It & e integral of the probabilty
density curve and gives the probability that the instantaneous
vbration ampitude exceeds any partiular ampltuds. Agai,

curves can be monitored to provide an indication of
bearing falre.

253  Probability Density Moments
The shape of the probability density curve can be described by
a series of single number indices. These are moments of the
the centroi
axis of a plane. The first and second of these moments are
‘well known, the mean and mean square. Odd moments relate
information ubnul the position of the peak density relative to
Even moments indicate the spread in
distribution. Umrly moments greater than two are normalised
by removing the mean and dividing by the standard deviation
raised to the order of the moment. The third moment is
Skewness and the fourth is Kurtosis. For practical signals
the odd moments are usually close to zero whereas the higher
even moments are sensitive to impulsiveness in the signal
Kurtosis has been selected as a compromise measure between
the insensitive lower moments and the over-sensitive higher
moments. This parameter has been proposed to be sensitive to
17).
evaluunun of this lechmque (18] ms shawn thal high Kurtosis
values would only form
von of an 1mpuls|vu nature. This char arise in
some forms of failure in bearings such as cvacked races.

Spalis ocouring in the adges of the foiag slements of barel
or spherical roller bearings can also cause relatively large

damaged, the trend of the Kurtosis factor is shown in Figure 9,
The Crest factor trends are also shown in this figure. Both of
these parameters produced values of approximately three
which indicated that the waveform was generally random in
nature when the bearing was in good condition. Trends
hanged cramatcally espacily for e Kistoea faccr han
ﬂ.!maq . A Peak value of 13 or attained
by th peramster sionfing that e shape of the
mobabmw donity curvs had hanged appreciably. Progression
oF tho camagn cld hot $how cortnued inretecs, Inswad o
converse was trus, indicating that the impulsive content in the
waveform gradually decreased. It is acknowledged, though,
that i this pantiular axample, vy increnpes vers ecarded
towards the termination of the test. Tests were also conducted
Where th.boaings were Sublectsd 1o overoad and lose of
lubrication. Only in a few cases was the Kurtosis technique
successful in detecting damage (18]. Even in these successful
instances, the amplitude of this parameter decreased signifi-
cantly after an initial rise suggesting that the waveform of the
|a||ure

ressed. These results clearly showed that rtosis
parameter, although useful in some forms of ca.lm, cou ot
be relied on as a trending parameter for the purposes of
prognosing bearing condition.

The trends recorded by the Crest factor were surprisingly
similar to that recorded by the Kurtosis. Of the several tests
conducted, the largest discrepancy occurred in the example
shown in Figure 9. In some cases, the trends recorded by both
parameters were almost identical. The implications are that
simple Crest factor meters which cost significantly less than
Kurtosis meters, can instead be used in place of the latter for
monitoring rolling element bearing condition.

3 THE FREQUENCY DOMAIN
ittt Fouie iyl of th e wavefor has bacore
e 1 popuier method of daing th frequency domain
signel. The sgnature spoctrum o Gotained (13] con provide
ablo infomaton wih regard o machineconditon.
Enveloping o demodulating the time waveform prior
pertorming the fat Furir rastor i i gammg o popurity

ly, spectral information can also be
al oqul ﬁner sets tuned to passing the
information only in bands of interest. Each of these techniques
can be related as shown in Figure 10.

3.1 The Signature Spectrur
Tre vibrational charactaristis of any
extent unique, due to the various vanstor o chnvlnunulcl of the

Factor

Time (hours)
Figure 9: The Kurtosis — trends for
‘outer race damage at 21 hours of operation
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ecuncy oowam

Figure 10: The frequency domein

machine. The method of assembly, mounting and installation
of the machine, all play a part in its vibration response.
Consequently, when a machine has been commissioned, a
Sgnatie apecinum shaud be obisned tnder nomel uving
conditions. This signature will provide a basis for

comparison in order to locate those frequencies in i
ianficant increases n ibraton lovelhavo aceurred. Fgure 1
is an example of how effective signature spectral comparisons
can be in both detecting and diagnosing failure. Failure was
induced on this occasion by removing lubrication on several
occasions in a gearbox. The final spectra clearly recorded
increases throughout the frequency range. The arrows indicate
ma positns of those fequancy components elsed o the

of spectal comparisons s widaly used. Often an operaor
records on site data on a tape recorder and analyses them

the laboratory or office using a digital real time fast Towin
analyser. Manual comparisons are then made. More recently,
the process has been automated somewhat by using portable
microprocessor instrumentation with memory and some
intelligence. These devices simplify the data_acquisition
process and the amount of housekeeping required as reliable
interfaces with appropriate computers are available.

3.1.1 Cascades

Signature spectra can also be compared by plotting successive
spectra with respect to time in the form of cascade plots. In
e fashion, 3 doveloping faut can sometmes bo.sslly
recognised (18]. An example of spectral cascades is presented
in Figure 12. An eddy current transducer was used to monitor
the shaft relative_displacement of the input shaft of a single
stage gearbox. The gears were subjected to an overload
condition and the signals of the shaft displacement transducer
were monitored regularly. The spectral cascade obtained
showed that significant amplitude increases occurred towards
the end of the test, clearly indicating that a change in gearbox
condition had occurred. This type of presentation can be used

Level (dB re. 10 n/s?)

° 3000

aase
Frequency (Hz)

Sese 12000 1se6e

R 11: Gorbar c«myocmi.-n‘on sgnatur spocts.

S
u\\\\\\“\\ i
‘\m}m&ﬁ{\ s
G

present spectra derived from acceleration transducers t00,
provided the spectra do not contain too much information.
In many cases, the harmonic content provided by acceleration
wansducers can be significant. This coupled with their large
frequency response, normally produce cascade plots that are
cluttered and therefore of limited use.

312
The amount of information presen i a cascade plot can be
each spectral change that occurred was expressed
ina smnla number. Various indices have been proposed (191,
By and large, these spectral indices have been found to be
more sensitive than time domain indices such as Peak and
RMS levels in the monitoring of rolling element bearings (18],
journal bearings [7) and, more recently, gears [201. In some
cases, the differences in trends recorded by the frequency
domain parameters can be quite starting. Figure 13 depicts a
‘comparison of trends of time and frequency domain parameters
when applied to monitoring journal bearing _condition.
Lubrication was removed after approximately 0.5 hours after
tho start ofth tst. Moro damage was nduced o the bering
by increases in the load to the bearing on
shown in the figure. The frequency parameter tor Matched Hluv
RMS.
‘The instances when reductions were recorded occurred during
applications of the load. Although amplitudes of the frequency
domain parameter changed by as much as 15 dB, the
performance recorded by the time” domain parameters was
disappointing. The reason for this difference in the trends of
these parameters and the implications thereof particularly for
moriaing Joural besing conclon, hadbewn diacussed
previously [7]

Relatave Level (dB)

Time (hours)
Figure 13: Trend Parameters; Peak level (time),

baseline spectrum, ———
In/wmnhfnqmcy, b1 socond hermonie of gear mesh and
(c) third harmonic of gear mesh

‘Acoustics Australia

RMS  Kurtosis level (timel,

18) impose light foad and (C) increase load
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3.1.3 Masks

An alternative method of trying to evaluate changes occurring
in the signature spectrum is to form a spectral mask which is
derived from the baseline signature plus an allowable tolerance
limit (21]. Regular comparisons of new spectra with this mask
will indicate if a problem is occurring. Sometimes, the narrow
bandwidth spectrum is converted to a constant percentage
bandwidth spectrum to compensate for speed variations.
Broad masks are used if peed variati

4. THE QUEFRENCY DOMAIN

Quefrency is the absicca for the cepstrum which s defined as
the spectrum of the logarithm of the power spectrum. Itis used
to highlight periodicities that occur in the spectrum in the
same manner as the spectrum is used to_ highlight periodi
components occurring in the time domain signal. The derivation
of the cepstrum is not a trivial matter and care must be
exercised when doing so (26]. Cepstum analysis has

5

Similarly, narrow masks are used if only minor fluctuations in
anticipated. It is to be noted that a considerable

amount of experience is required in the drawing-up of accurate
limit masks, as vibration spectral amplitudes can

also change under varying duty entries of the machine.

32 The Enveloped Spectrum
The enveloped spectrum has been shown to be particularly
useful in monitoring machine elements that fail by producing
relatively short duration impulses (22), a feature typical of
incipient damage in rolling element bearings. Often incipient
damage in rolling element bearings cannot be detected using
signature spectral comparisons s the energy contributions by
these impulses are usually swamped by the vibration com-
ponents of more dominant elements or extraneous influences

inery. The technique involves firsty, a high pass
operation 1o remove

filtering /e _dominating low frequency
omponents in the spectrum. The resulting signal is then
rectified partialy or fully. A normal frequency spectrum is then
derived using either a real time analyser or a computer. If the
latter is used, then a low pass fitter is also incorporated to
prevent digita aliasi spectrum o obtained i

also called the demodulated spectrum. Bearing damage in
complex machinery has been detected with this technique (23],
Caution must be exercised when monitoring rolling element
bearings with a more progressed failure mode, as these high
frequency impulses are usually ot present in data collected

fence, the
in detecting gross damage in bearings.

33 Pass Band Analy:
Yet another technique of reducing the quantity of data made
available in a spectrum into manageable proportions is to only
monitor a band of frequencies, either broad ., in wh

defect frequencies of components are anticipated (24]. The
‘monitoring of a narrow pass band is sometimes also known as
characteristic_frequency monitoring. Many of the existing

also allow characteristic frequency monitoring. Hence, for
example, the trend of the gear mesh frequencies or bearing
defect frequencies could be monitored. Again, this approach
if used solely can present problems. For example, wit
reference to the gear mesh component and its harmonics
shown in Figure 11, large amplitude increases were recorded
by many other frequency components in the spectrum. Hence,
trending a parameter that describes all components in some
way, would provide a better measure of failure occurring.

The shock pulse method [25] may be considered to be a
specialised application of characteristic frequency monitoring.
Failure of high speed rolling element bearings results in energy
being emitted at ultrasonic frequencies. This technique uses an

of 32 kHz to detect these distress signals. It is a relatively
imple measurement and is widely used in industry to monitor
high speed bearings.

been used in the analysis of gearbox vibrations.
(271 Strong components can often be detected in the cepstrum
due to the presence of modulation components or sidebands
in the spectrum. An example is presented in Figure 14, which
shows the copstrum of a single stage 1:1 gearbox casing
acceleration signal. The large component at 2075 ms
corresponds to the shaft fundamental modulation component
and that at 41.5 ms is a rahmonic (equivalent to harmonic in
spectral terms). The gamnitudes (similar to magnitude of
spectral components) of these components usually increase
with increasing wear in gears. There have been instances when
cepstral quefrencies have recorded decreases in gamnitude.
An example is presented in Figure 15. The “bandwidth” of
the cepstral components were broadened so that gamnitude
variations could be readily disceed. The diagram was
obtained using casing acceleration signals from the single
stage gearbox which was subjected to an overload condition.
The initial increase in gamnitude of the fundamental component
and its rahmonic was due to pitting in the pitch line of the
spur gears. Continued operation caused further damage such as
scoring of the addendum and deddendum of the teeth. The
test was finally discontinued due to excessive vibration and

3 e
3 )
LN "R L
sa 12 20 32 @ se

Quefrency (ns)

Figure 14: A gearbox casing acceleration cepstrum

tuck )

Gamni,

Figure 15: A cepstral cascade diagram
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acoustic noise. Signature spectral comparisons showed that
the base spectral noise level increased significantly with
advanced damage and tended to_overwhelm the shaft

components in the -pmmm was reduced, resulting in the
lowering of the gamnitudes of associated quefrency

ponents.
Otner forms of cepsiral anaysis include comparisons of

signature cepstra and single number indices derived from

auccasivsceparsn much the e way

5 Collcott, RA, Mechanical Fault Diagnosis and Conditon

Monitoring, Brighton, England, 21-23 May ».
8 Collacott, R.A., Mechanical Fault numm and Condition

techniques and spectral indices are used. However, one must
be prepared to accept reducing valucs which may be indicative
of advanced failure modes.

5. CONCLUDING COMMENTS

It must now be evident to the reader that condition monitoring

10 a wide variety of scientific disciplines. This article has been
predominantly concemed with vibration analysis and has
attempted to present an overview of the many techniques
either being researched or used curently in industry. In the
final analysis it must be emphasised that the majority of these
techniques work best at detecting a single symptom of the
machine malfunction. In the overall scheme where several
different disciplines are employed, for example, spectrometric
il analysis can only provide information on the concentrations
of wear metals in an oil sample. Particle counting on the other
hand only provides information about the size and distribution
of wear debris. Vibration monitoring is well suited towards the
monitoring of rotating machinery and can present diffcultios
when monitoring reciprocating machi

Even within each discipline, subsets of techniques are
avsable. For example; the malor poron of this artice was
dediated 10 verous vibraton ensiyis teciques suabe for
monitring machine condiion. No ens echriaue can provide
all the answers. The Kurtosis |eehmquu may be suitable for
monitoring rolling element bearings but is it for
moritoing joural bearings. Simiaty, cepsiram analysi is

Usoful (001 in dagnosing gear falures but 8o for has ot beon

employed in detectng rolng element bosrng faixes nd

good reason. Consequently, it would appear
tochon, diagnasis nd prognoss of woar of fanars owlmng
in machinery can be greatly enhanced if a syndrome approach
is adopted, in vm‘x:h a combination of sympioms identiied by

$as ot bean widely adoptd and hes been party due to the
increased costs associated g @ wide array of
tochriaues. Vet anoier reason Vo me Tow uso of such an
approach would be the strong preferences for individual
techniques exer 7 Tossarchors and soginetra cumently

by
involved in condition monitoring.
(Received 6 January 1987)
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An Anechoic Chamber at the Australian
Defence Force Academy

J.C.s. Lai

Depariment of Mechanical Engingering
University Coll of New South Wales
Ustralian Defence Force Academy
A.C.T. 2600, Australia

The Australian Defence Force Academy, incorporat-
Ing a University Colloge of the Univerity of New South
ales, is located in Canberra adjacent to the Royal
Miitary ollage, Duntroon. The first intake of students
occurred at the beginning of 1986. Facilities have been
built to_cater for the needs of both teaching and
research. In the field of acoustics, an anechoic
chamber built within the Department of Mechanical
Engineering Building has just been recently completed
and s the only one of s kind in the Australian Capital
eritor
The anechoio chamber is a double-shelled construc-
tion. The outer shell consists of 190 mm thick rein-
forced conorete “walls whereas.the. innr ‘shell 1s &
106 mm thick Sonex-N reinforced enclosure (a light-
weight melslhc structure made by Grunzwig & Hart-
mann Montage GmbH), with a 50 mm thick fibreglass
n the outer and

mately 8 Hz The surfaces of the inner shell are
covered with 60 mm thick dented slabs made from
fibreglass ol density 50 kg/me. The dented slabs, being

In a free field, the sound intensity varies according to
the inverse square law, that is, inversely as distance
squared from the source. Figure 2 displays the average
maximum deviations from the inverse square law of
the traverses along two _different microphone paths
for the frequency range 100 Hz to 12.5 kHz. The length
of traverse for each path is at least 2.6 m. The require-
ments of SO 3745 have aiso been plotted in Figur 2
for cumpsnson Allowing 0.5 dB variation to account
for the he measuring nstruments and
some irregulatilies of the movement of the ‘microphone,
he chamber adequately satisfios the 1SO 3745 recire:
ments for a lower cut-off frequency of

A ‘Serles of tests has beon conducted 1o estimate
the noise reduction through the chamber by operating
2 Joudspeaker at various positions outside the cham-
ber. The noise reduction through the chamber, evalu-
ated as the difference in sound pvessure level between
the inner shell and the outside of the chamber, is
shown in Figure 3 and more than satisfies the mini-
mum requuemems It must be noted that in all these
tests only the inner door was closed and the outer

joor was completely opened. The noise_reduction
through the outer door is also included in Figure

The anechoic chamber will be used for both
research and_industrial appllcahons in the areas of
loudspeaker response, directivity and sound power
measurements of machines and rating of noise reduc-
tion devices.

with a taper angle of 14° have been
installed In_ staggered layers a5 shown ‘in’ Figure 1 150 3745+ 0548 Tolerance
and have beon Srayed Wi a coating of Diofan (poly-
vinyidene chioride). The resulling free-fled dimensions g 2 —— £ — -
35m . en the tips 2
Sentod s and he lower cutoff (froquency s 80t =
The inner shell has a wire-mesh floor made of 3.2m &
thick gaivanized stainless steol cables, the mesh aper- & 1
ture being 60 mm. The load carrying capacity of the >
floor is 1 ive ceiling hooks have been pro- &
vided for suspension of microphones and small items L i
and two passage ducts of 80 mm diameter are available B e e e e e ek
for passage of measuring cables
The _anechoic _chamber Froqusncy (e}
eppmaches an ideal free field has been tested by Figure 2. Deviations from inverse square law.
measuring the variation of sound pressure with, dis-
tance along the radial direction from ar
lional Sound source according to IS0 3745 Sander.
100l
sof-
'ANECHOIC. CHAMBER
= | WITH OUTER DOOR OPEN
)
z
3
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3
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Figure 1.

Interior view of the snecholc. chamber showing
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Figure 3. Noise reduction.
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Applications of Underwater Acoustics
to Australia’s Maritime Defence

Marshall Hall

Science & Technology Organisation
Weapons Systems Research Laboratory
Maritime Systems Division
Royel Australian Navy Ressarch Laboratory
P.0. Box 706, Darlinghurst, N.S.W. 201

ABSTRACT: Over the past three decades, Australian Defence Departments have sponsored
significant research effort on aspects of underwater acoustics that have an effect of
performance of sonar systems. The reasons for this effort, and its achievements to date are
discussed and related to changes in the requirements of the Maritime defence forces.

n the

INTRODUCTION

ledge of our maritime environment is crucial to military
gperations in our own de!ence' [Dibb, 1986, p. 64].

There has been a great “ change" in
maritime warfare over the pas( few decades, stimulated
of course by the Second World War and the subse-
quent “Cold War”, and made possible by the advances
in electronics that have been a feature of the 20th
century.

Prior to this century, the navy's main form of remote
sensing was the telescope, which assisted the human
observer to detect, localise and classify significant
objects within the ‘field of vision. Advances in the
science of electromagnetic propagation brought about
radio and radar, while progress in acoustics enabled
the introduction of underwater sonar (initially stimu-
lated by the need to detect icebergs, decades before
radar was developed). Sound is used for detecting
underwater large(s because, at useful wavelengths and
frequencies, it is absorbed by sea-water far less than
is any electromagnetic_transmission. The average
speed of sound in water is around 1500 m/s (compared
2 x 108 m/s for light), S0 to_generate a carrier
sound signal with a wavelength of 10 cm, for example,
@ frequency of 15 idiz toward the upper limit of
average human audibility) would be required.
Radar and sonar have both played important parts
during maritime warfare over the past few decades,
and are expected to remain important for the foresee-
Zoie future, Their importance to Austalia has recently
been reported in the following terms: “Australia
requires a manifest ability to detect, identify, and track
potentially hostile forces within our area of direct
military interest . . . modern technology in the form of
over-the-horizon radar (OTHR) offers the prospect .
broad-area real-time surveillance of our air and sea
approaches out to 1500 nautical miles. Another promis-
ing new surveillance technology is the towed acoustic
array, which is especially useful against submarines in
favourable water conditions . . .” [Dibb, 1986, p. 6.
Over the past few decades there has been a steady
emphasis on predicting the performance of a sensor
within a given situation, and also on improving per-
formance, by design changes, wherever possible. A
conclusion drawn from these endeavours has been that
the marine environment needs to be understood in con-
siderable detail. In the Australian context, for example,
this conclusion has been recently re-phrased a:
“Australian hydrographic and oceanographic kno

mplicated functions
of space; many of them fuetute slgmﬂcantly with time
(particularly in the upper layers of the water column);
and some of them can have critical effects on the per-
formance of maritime defence equipment.

A feature of early sonars was that, in the sbsence of
a perceived requirement to do otherwise, the dim
sions of the transducers (projectors and eceivers)
were comparable with the wavelength of the carrier
signal (which was generally some tens of centimetres).
As a result, the width of the transmitted beam was
large (say 30°). The phenomenon of background noise;
either reverberation (the reception of large numbers of
small random echoes from inhomogeneities in the
medium), or ambient noise, was therefore significant
but could be studied in terms of averages over com-
paratively large regions. Initial research into the
properties of the ocean therefore emphasised a coarse-
scale approach. To reduce the background noise, and
hence improve the performance of these sensors, the
beamwidth was decreased by increasing the transducer
sizes. The effect of this has been that, in order to be
able to predict the larger sensor's background noise
level, the noise or reverberation producing properties
of the ocean must be re-examined in finer detail. The
noise problem was not “solved” by reducing the beam-
widths, since with increasing capabilities by platforms
and weapons to act at great distances, it has become
necessary to detect targets at longer ranges (that is,
still at low signal-to-noise ratios). Thus, although
decades have elapsed, the need for environmental
information has not (yet) dlmmlshed

In addition to the design of better performing
sensors, another vmpevlanl facet of naval operations
is the rounng of ships and submarines in order to
(2) minimise time spent at sea; (b) minimise the time
spent in anduring ough weather (for equipment per-
formance); and (c) avoid regions where costly above-
surface or undersea hostilities would be liable to occur.
For the first two of these objectives, it is important to
monitor large-scale features such as the ocean’s
“weather patterns” and their associated currents (as
well as of the meteorological conditions). For the third
obiective, it is necessary to develop an atlas of the
(slowly varying) ocean properties that affect sonar
performance, as well as models of the rapidly varying
properties in terms of observable parameters.
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In this article then, we will first discuss sonar as an
application of military oceanography, and describe the
relevant environmental parameters. Secondly, we will
summarise the progress that been

research into understanding these parameters, with
emphasis on the ocean areas around Australia.

SONAR

word “sonar” is applied to either a passive
(Ilstenlng) system or an active (echo-ranging) system;
znd boln types have been in use since before World

A. Acnve Sonar

Early active sonars operated at carrier frequencies of
around 25 kHz, the average detection range of
submarines was only about 1 kilometre. The average
detection range was subsequently increased in the
post-war period, partly by reducing the carrier fre-
uency (to_improve the signal to noise ratio), and
increasing the size (and hence mass and cost) of the
systems commensurately. The Australian MULLOKA is
2 exampie of a modeln active. sonar, developed by
DSTO over the past decade and currently fitted to
several RAN vessels.

The signal-to-noise ratio at an active sonar is deter-
mined by:
(1) the loudness (source strength) of the pings emitted

by a projector;

(2) the transmission loss that occurs from the projector
to the target. Transmission loss is the ratio of the
power output of the projector to the intensity at a
given point and is a function of range from the
transmitter;
the target strength (scattering cross-section) of the
target;

3B

the transmission loss from the target back to the
projector (which is generally the same as item (2)
unless the vessels are over a steeply sloping

bottom);

the self-noise of the sonar; and

reverberation, a decaying noise-iike signal heard

y a receiver after every ping. Reverberation is
caused by backscattering from inhomogeneities.
With the advent of long-range guided torpedoes and
submarine-launched missiles it has become desirablo
to detect submarines at long ranges. The etec-
tion ranges that are achioved by modern active sonars
in some circumstances are due to a combination of the
following factors:

(1) At typical sonar frequencies, beam-widths of realis-
tically-sized transducers are such that significant
reverberation is generated by biological scatterers
such as deep-sea fishes with gasfilled swim-
bladders (in deep-water), or by the roughness of
the sea-floor and sea-surface (in shallow water).
An important consequence of reverberation being
the effective backoround noise is that thers is

e gained by increasing the output from

!ne orcloctor (ind revernératian a1 erasses and

(5)
®)

) a submavme can often increase the transmis-
sion remaining in acoustic
Sovadow in the thermocline beneath
the suriace mixed-laye
the strength of the echo is decreased by twice
he transmission loss that applies 1o the dis-
tance between the sonar and target.
B. Passive Sonar
With the realisation that the detection ranges of
active sonars appeared to be limited, there has been
an emphasis (especially since about 1970) on making
the best possible use of passive sonar, which is basic-
ally an “array” of hydrophones (underwater micro-
phones). A passive sonar simply listens for noises
radiated by vessels (usually from their propulsion

v zone

@

The signal-to-noise ratlo ot a passive sonar is deter-

mined by parameters sucl

(1) Thel “laudness” of the tar

{2) The ansmission loss that ¢ scurs from the target
10 the sonar; and

(3)_ The background-noise level at the sonar.

For stationary sonars, the noise is generally the
ambient noise due to the effects of wind-driven
surface-roughness,  biologicel organisma o distant

shipping. For moving sonars, flow noise is also a
contributing factor, especially at the lower frequencies.
mbient noise can be reduced by designing a (large)
directional system that responds only to sounds from
a particular (but contraliable) directio
requencies low i o band are often used,
for the following reasons:
(1) sound at these frequencies travels long distances
in the ocean since the frequency is low enough
that the effects of absorption, scattering, and
bottom reflectivity on transmission loss are small;
at these wavelengths, it is feasible to build an
array of hydrophones that is sufficiently large to
be highly directional; and
ships and submarines radiate substantial amounts
of noise at these frequencies.
ENVIRONMENTAL PARAMETERS
RELEVANT TO SONAR PERFORMANCE

From the preceding chapter we can compile the
following list of oceanographic parameters that can
affect sonar performance:

Sea-surface roughness* and backscatter.
Sound-speed profiles in the ocean.
Acoustic properties of the sea-floor.
Acoustic propagation in deep water.
Acoustic propagation in shallow water.
Amblen( sea nm:a

lic scatteri

We shall briel review current progress in each of
these fields, with emphasis on the Australian context.
Several of these parameters (together with related

B

3)

9 ratio remains
(@ Shee the \ransducer is affixed o the Koy of the
ship very expensive to deploy otherwise),
The tallowing prosiems oeeur.
(a) the receiver’s self-noise is increased by lha
proximity of the ship with its movin
(&) propegalion in the horizontal direction is < iobie
o degradation by (i) scattering and attenua-
ton by gas bubbles generated by the moving
ship and/or_the win jownward
reffaction, when the water near the surface is
heated and a negative sound-speed gradient
is generated (“afternoon effect”). The effect-
ive horizon of the sonar can come in to a
range of less than 1 km.

being charted in Aus-
tralia’s maritime “area of direct military interest”
(ADMI).

A S "

and

cm) is associated with the variation in the s\upe of me
sur'aca and is (herelove dependent on the instantane-

in'that the return rom tho. dommwind directon is less

*Footnote:

This parameter is often referred to as a meteorologi-
cal, rather than an oceanographic, parameter; but is
included here for completeness.
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than that from upwind. Damped capillary waves and
short gravity waves tend to ride on the leeward, rather
ihan the wind-ward, side of longer gravily waves. The
result is that the leeward side of wave is
stesper than its wind-ward side and thereiorg returns a
stronger reflection.

Backscatter at long-wavelengths, to a first order
aproximation, is associated with the farger-scale rough-
ness that is at the “Bragg-resonance” wavelength.
Since the surface waves are moving, the backscatter
exhibits Doppler shifts. A sonar wavelength (x,) of

m for example is in resonance with surface waves
nat have 2 wavelength (v of 10 m. (The phase $poed
of these gravity waves is V = v (g\/2m) = 4 m/s, and
the frequencies of the Bragg peaks in the Doppler
spectrum are Af = =2V/), iz above and
below the carrier frequency.

B. Sound-Speed Profiles in the Ocean

A typical sound-speed profile in the ocean exhibits
the following features:

(1) From the surface to a typical depth of several
tens of metres (although occasionally zero), there is an
isothermal layer in sound-speed _slowly
increases (or_the refractive index slowly decreases)
with depth. This surface mixed-layer refracts sound
rays upwards (with a radius of curvature of around 90
km) to reflect off the surface, and therefore forms a
surface-duct.

C. Acoustic Properties of the Sea-Floor

Sea-floors are two-phase media in which the solid
particles have variable properties such as chemical
ution and degree of com-

One approach to pre-
diting their acoustic properties has been to treat them

s a one-phase solid and to directly measure in situ
the speeds and attenuation rates of the compressional
and shear waves, and the density. With these quantities
available, both the acoustic reflectivity (at any fre-
quency and incident angle) and the behaviour of
energy that penetrates the sea-floor, may be calcu-
lated. Measurements have been made of the acoustic
interaction in_the ocean using sources and
receivers placed near the sea-floor, so as to provide a
wide range of interaction angles, a stable predictable
water environment above the sea-floor, and an absence
of any effect due to the sea surface. These measure-
ments have been modelled using computer programs,
in order to determine the variation of sound speed with
depth into the sea floor [Lawrence, 1985]. This type of
experiment deals with the top few hundred metres of
sediment, in contrast to the deeper depths that are
examined by seismic profiling. Also, charts showing a
variety of features including bathymetry, sediment
type, and sediment thickness are being produced. Work
has also been performed on surveying the geographi-
cal variation of bottom interaction properties, using the
simpler procedure of near-surface explosive charges

ietermine the

(2) Beneath the mixed-layer, there is a
in Which ihe temperature, and henca sound-specd,
both have negative gradients. At medium and low
lattudes, the thermociine extends to several hundred
metres in dep!

(3) At amund 1 km depth, the temperature gradient
becomes very small, and the sound-speed gradient
increases to zero and continues to increase (to a value
of 0.018 m/s per m at abyssal depths). At great depth
(4-5 km) the sound-speed can increase to its value at
the surface so that, regardiess of the particular depth
of the sea floor, the entire ocean layer is an acoustic

oss 1 acousiic anergy on reflection s & fundhion of
angle and of frequency.

D. Deep-Water Acoustic Propagation

In general terms, deep water propagation is well
understood, especially for cases where scattering near
the sea-surface is unimportant, where variation in the
horizontal plane is very gradual (so that mode-coupling
is negligible), and where bottom roughness is not
important, Under these conditions, well-established
approximations to the acoustic wave equation (such as
adiabatic mode theory or the parabolic equation theory)

Target Data Command and Control [ Launching
Channels System System
Helicopter Ikara Command|
Dunking Generator and
Sonar Tracker Transmitter
Sonnhuuy;il L A
Hull Mounted Sonar Ship
System
Ground L ~
A’rl::: "Wﬂ Ship Data
Hydrophol -Course -Wind
-Speed L
Operational elements of the Ikara anti-submarine warfare system.
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can be used to study the acoustic effects of oceano-
graphic features such as mesoscale eddies. These
studies have shown that such features have important
effects on long-distance propagation, such as altering
the range at which zones of high intensity occur
[Lawrence, 1983] or refracting the sound horizontally
to produce a “bearing error”.

(1) Surface-duct propagation

The acoustic ocean surface-duct is analogous to the
radar atmospheric_humidity duct, although the shal
of the refractive index profile in the duct differs (quas
Ilnear for the acoustic case, but qt for

Surface-Roughness

Acoustic surface-duct transmission Is degraded as
the surface-roughness _increases. Sinc

oughness are both wind-generated (al(hough LT
Toflects he history of the wind ovr & period of sevoral
days) it is plausible that these two variables could be
Gotrelates. If the  correlation. were significant, ihere
could be interesting effects on the probability distribu-
tion of transmission loss. For cases considered to date
however [Hall and Sandy, 1985], the correlation
between roughness and thickness is only abom 10%,
and the consequent effect on the probat tribu-

dar).
The acoustic surface duct has a maximum, or cut-off,
wavelength, which for the typical profile can be

expresse:
= 8x 103 2

where .., he maximum acoustic wavelength
{(metres), &nd 1 is the mixedHiayer hicknsss (melrss).
For a typical layer thickness of 50 m, the maximum
trapped wavelongth is thorefore 2.8 T which corre-
sponds to a cut-off frequency of around 540 Hz.
jon at high i

(above around 15 kHz), it is known that the transmis-
sion loss tends to increase with wind-speed even at
short ranges where a direct ray can reach the receiver
without reflecting off the sea surface. The reason for
this effect is not well understood, but since it is mainly
noticeable at high frequencies, it is believed to be due
to scattering in the neighbourhood of the sea-surface
[Hall, 1980].

The main envuranmemal parameters that determine

tion of loss is

(2) Convergence-Zone Propagation

At low frequencies (for which the surface-duct has
no effect), long range propagation occurs via upward
refraction at depths of 4 to 5 km. For a shallow sound-
source, this phenomenon gives rise to “convergence-
zone” propagation in which the sound rays (in the
vertical plane) return to the surface, and partially
re-focus there, at ranges of 60 km and multiples
thereof. In the horizontal plane, convergence zones are
annuli centred on the

horizontal skip distance o vertical “reflecti

tance. The results, which are surprisingly clos, are as

follows

(@ or convergence zone sonar, convergence range/
refraction depth — 60/5 = 12; and

(b) for skywave radar, skip distance!reflection height
= 1500/100 =

ness (and wind-speed), tho mixed layer thickness and,
when it occurs, near-surface solar heating

Near-surface Solar Heating
Transient thermoclines, or small temperature rises,
develop near the ocean surface when solar heating is
high and the wind-speed is low. This “afternoon effect”
(as the Navy terms it) causes rays from a shallow sonar
lo pass through the surface-duct rather than to
trapped by it. A one-dimensional thermal and mechani
cal difusion model has recently been developed [Hi
1

he one-dimensional model has been applied to
regions in the deep ocean where horizontal variation
fs unlikly_(in_practical terms, this means far from
undary currents). The variable calculated was the
probsmuy that afiomoon. efoct” would oecur jor &
riod o hours during an afternoon. It was found
il 1983] that aiternoon fect is unikely to ocour at
latitudes higher than 40°S (due to the high average
wind speec); wheraas It is reasonably likely 1o occur
in regions and seasons where the average wind-speed

Tho sssumption of one-dimensionality is not always
just wever, since it is liable to be inapplicable
e hon regions where there is a gradient in the sea-
surface temperature. In the Tasman Sea, where large-
scale eddies are continually formed, “steep” gradients
of sea surface temperature are commonly found, and,
on the cold side of a front, the vertical temperature
profile can exhibit a near-surface temperature rise in
addition to any solar heating effect.

Mixed-Layer Thickness (MLT)

Acoustic_transmission improves as the MLT in-
creases. High winds (storms) generate turbulence that
increases MLT, whereas the cumulative effect of near-

surface solar heating and mixing is to generate new
(mn) mixed-Tayers. Work on modeliing these processes
s currently under way.

reement is only acoinsidence,
the sonar ratio is determined by ti
variation in the acoustic refractive index of the ocesn,
whereas the radar ratio is determined by the angles at
which radar beams are strongly reflected by the iono-
sphere.

E. Shallow-water Acoustic Propagation

The term “shallow-water” usually refers to regions
over the continental shelf, where the depth of the sea
floor increases to around 200 m. In general, shallow-
water propagation is not as predictable as for the
deep-water case, mainly for the reason that the sound-
speed profile in the sea floor, which is now the domi-
nant_factor, is difficult to predict to the required
precision.

Other factors that lead to a high variability in
shallow-water propagation are:

(a) the importance of the shape of the sea-floor. Large
scale roughness leads to horizontal refraction of
the sound paths [Kamenyitsky, 1971], while small
scale roughness yields bottom scattering and loss
of coherence;

the importance of the shape of the sound-speed
profile in the water column. A negative-gradient
(as occurs in summer) leads to short skip distances
between successive bottom reflections; whereas a
zero-gradient (typical of winter) leads 1o long skips
between reflections. Thus the reflectivity of the
sea-floor s a strong determinant under summer
conditions, but s less of a limitation under winter
conditions, The complement of this situation is
that sea-surface roughness can be significant
under winter conditions, but less important when
the sound-speed gradient becomes negative.

In general, and for the reasons listed above, acoustic
propagation losses in shallow water are higher (over
he same horizontal range), and detection ranges of
targets are correspondingly less, than occur in deep

§
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F. Ambient Noise

Ambient noise levels in the ocean are consistently
high because the low attenuation of sound allows
sources at large distances to contribute. For example,
ships distributed over an ocean basin produce a low
frequency background noise referred to as traffic noise.
Regions of high shipping such as the Tasman Sea
show underwater sound pressure levels that are com-
parable to those of a busy city street. In regions of
low shipping densities and poor propagation on the
other hand, such as the Timor Sea, traffic noise levels
are 20-30 dB lower [Cato, 1976),

The interaction of the wind and waves at the sea
surface produces high noise levels which persist to
the depths of the ocean, exceeding traffic noise levels

the most important source of
underwater noise, it is difficult to predict accurately,
because a number of complex mechanisms of noise
generation are involved and these are not yet well
understood. Some of our recent theoretical work, how-
ever, has been successful in accurately predicting low
freqiency (less than 10 Hz) surface generated moise

G. Acoustic Scattering

In addition to propagation loss, the other environ-
mental parameter that determines the performance of
active sonars is acoustic backscattering.

For shallow projectors in deep water, the reverber
tion that occurs is often due to inhomogeneities within
the ocean medium (“volume backscattering”). Back-
scattering by the rough sea surface is usually unim-
portant because the grazing angle of the sound rays to
the surface is very small (less than 2°), for both

and (the
vemca! istance travellea by convergence-zone rays is
due to refraction by the sound-speed profile rather
than by the angle-of-launch that is important to OTHR).
A Turther factor that contributes to sea.surface rough-
ness being less important to sonar than to radar is
that wave crests have higher slopes than do wave
troughs.

Reverberation from a deep sea-foor is aften negig-
ible since, for a near-horizontal beam, it is due
backscatering at very long ranges (depending on the

and is currently being applied to higher
[Cato, 1983). To test these theories and to improve our
understanding of the noise generation mechanisms we
are engaged in sophisticated experiments in laboratory
tanks, reservoirs and at sea.

Marine animals produce a wide variety of sounds
which although intermittent can at times dominate the
background Toise. In particular, there are regular
choruses at sunset, and to a lesser extent sunrise,
when the sounds of countless fish and invertebrates
cause the ambient noise to rise by 20 to 30 dB [Cato,
1978b]. The occurrence of these choruses is sufficiently
regular to be reliably predicted once the sources and
their behaviour and distribution have been established.
We are currently working with University biologists in
this area.

The sounds of large whales are of sufficient intensity
to affect sonar performance even though relatively
small numbers of individuals are involved. The intense
clicking sounds of sperm whales, which are plentiful in
deep water, result in choruses of similar level to those
of fish and invertebrates. However, they are far less
predictable because of the nomadic behaviour of these
whales. Herds of humpback whales produce a variety
of intense sounds during their annual migrations along
the Australian coastline [Cato, 1984]. Sonar operators
need to be aware of the characteristics of these sounds
so that when detected they can be recognised for what
they are. One of the problems about quantifying these
characteristics is that the sounds change from one year
to the nex

exact Bottom eived
(from a very rough bottom) by sidelobes can be impor-
tant, however, for some systems in certain range
brackets.

The major scatterers in the ocean medium include
bubbles, gas-filled swimbladders in fishes, and (for the
higher frequencies) the various species of zooplank-
ton. Bubbles and swimbladders have a resonance
frequency that varies inversely with their average
radius.

Swimbladders

For bladders, the resonance disappears at the small
sizes due to friction within the bladder tissues [Hall,
1981]. Fish with swimbladders are distributed through-
out the world oceans, although their population densi-
ties tend to depend on re-supply of nutrients. Most
species form a p Scattering Layer” (DSL) at
depths of several hundred metres by day, and rise to
the upper layers by night (to feed on the near-surface
plankton). In the Australasian area the lowest levels of
biological (volume) backscattering occur in the Coral
Sea Basin [Hall, 1973a], while the highest values are
found near the Chatham Rise south-east of New Zea-
land (an important commercial fishery area). An inter-
esting DSL has been observed near the Equator, over
the Ceylon Abyssal Plain south of the Bay of Bengal.
This DSL was 1.7 km deep [Hall, 1971] and from its
resonance frequency (of 3.5 kHz) the mass of the
individual fish is estimated to be around 150 gram:
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Bubbles
Bubbles scatter sound strongly, especially at their
resonance frequency, and therefore scatter and attenu-
ate sound significantly when prevalent. Scientists from
Sydney University and RANRL have obtained photo-
umber of of
wind-generated bubble size spectra under various win
conditions. The main results are [Walsh, 1986]: that
ibbles are observed at wind speeds less
than 6 ms; that above that speed the number of
bubbles increases as W4 while the volume fraction of
air to water increases as W3 (W — wind-speed); and
that the bubble-size spectrum has an r+ slope (r =
bubble radius). Walsh's work was for deep ocean con-
ditions beyond the N.SW. continental shelf. These
results are in good agreement with analogous results
already obtained overseas, which also showed that the
bubble populations decrease quasi-exponentially with
depth. Mulhearn [1981] developed mathem:
to explain the results of acoustic measurements of
bubbles in coastal waters (off California) at low wind-

speeds as being

ahached o smail particles in the water and stabi
by surfactant skins, and a second population arising

from decaying matter on or in the sea-floor.

DISCUSSION

As can be seen from the previous chapters, there
are many parameters that are relevant o the perform-
ance of the various types of sonar systems. For each

of these parameters, it is desirable to know its spectrum
(it applicable) and fow it varies with position in space,
and time (such as season, or time of day, depending on
e parameten. Some. parameters are determined by,
or affected by, other environmental conditions that are
sasily monitored (such as sur'ace roughness, o the
are affected
by conditions that are ot aselty monitored. (such oa
size- and depth-distributions of deep-sea fishes, or the
detailed structure of the deep-sea floor); and in these
cases it is easier to measure the acoustic parameters
directly (namely, volume backscattering strength and
acoustic bottom ' reflectivity, for the above examples)
than to measure the causative parameter and then
deduce the acoustic effect. It is fortunate that the
significant_parameters that fluctuate in an apparently
random manner (e.g. mixed-ayer thickness) generally
do so at depths that are not too great.

Like any branch of “mission-oriented” scientific
research, the future paths that underwater acoustics
vill take' are’ particularly diffcult toforesee. As has

happened in the past, advances in the. science will
stimulate technological innovations that will, in turn,
generate new and unexpected questions about the
marine environment.
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Predicting the Reactances of Irregularly
Shaped Helmholtz Resonators by the
Finite Element Method

K.P. Byrne and D.! W Kelly

School of i i il
The University of New South Wales

P.0. Box 1

Kensington N.S.W. 2033

ABSTRACT: A
for determining the reactive component of the specific acoustic impedance at the throat inlet of iregularly shaped
Helmholtz resonators is described. The procedure is applied to three irregularly shaped Helmholtz resonators and the
predicted results are compared with experimental measurements. It is found that there is good agreement. The
significance of this work is that experimental measurements have been made to compare with the numerical

used witt

solurnm for a range of imegular cavities. The excellent agreement indicates that the numerical procedures can be
properties

holtz resonators.

INTRODUCTION
Helmholtz resonators frequently occur in acoustic systems and
they are often used in noise control equipment. A Helmholtz
resonator essentially consists of  cavity and a throat as shown
in Figure 1. The gas in the cavity is compliant and acts as a
spring. The gas in and near the throat acts as a mass. At the
natural frequency of the spring-mass system the “slug” of gas
associated with the throat can be excited, by external acoustic
pressure fluctuations of this frequency, into large amplitude
osc . Th onal losses _associated with these
oscillations allow significant dissipation of acoustic energy at
this frequency to oceur.

Helmholtz resonators are sometimes _incorporated  into
mufflers to enhance low  frequency performance. Another

g
are spaced from hard backing surfaces. Each hole of the
facing can be considered to be the throat of a Helmholtz
resonator.

Acousticians have been interested in Helmholtz resonators
for many years and a substantial body of literature relating to
these devices has been generated. A notable contribution to
this literature was made by Ingard [1] who considered cavities
of regular shape. However, Helmholtz resonators must often be
of imegular shape so that they wil fit into an available space.
The performance of such irregularly shaped resonators cannot
be reliably predicted by use of results such as those given by
Ingard.

The purpose of this paper is to show that a standard
structural finite element program, which can be run on a
desktop computer, can be modified to determine, as a function
of frequency,
at the inlet to the throat of the resonator. Once the frequency
dependent reactance is known, useful quantities such as the
natural frequency and the bandwidth of the resonator when
coupled to a specified system can be determined. An accurate
knowledge of the natural frequency of a Helmholtz resonator
is of importance as Helmholtz resonators are often used to

control pu ise. It icti
of the natural frequency of a Helmholtz resonator is difficult
when the throat length is small compared with the other throat
dimensions because the effective throat length is dominated
by end corrections associated with the “attached masses” at
the ends of the throat.

The finite element technique described in this paper was
used to predict the reactance at the inlets to the throats of
three irregularly shaped Helmholtz resonators. The reactance
of these resonators was measured by attaching them to the
end of an impedance tube. The predicted and messured
reactances are then compared.

Throat

Gas “slug"™

7

Figure 1: General Helmholtz Resonator

FORMULATION OF THE PROBLEM

Consider the arbitrary Helmholtz resonator shown in Figure 1.
The tequited quantry, the specic acoustc resctance st the
inlet to the throat sonator, s given by the ratio of the
mognitude of the acoustic pressue at ha i to the hret to
the magnitude of the particle velocity at, and normal to, the
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throat inlet when the gas in the system is oscillating sinu-
soidally. The acoustic pressure, p, in the gas must satisfy m
acoustic wave equation and the boundary conditions.
acoustic wave equation, in terms of the acoustic pressure, p,
is given by Equation (1).

Vip = (1/cAaplat) (]
where c is the velocity of sound.

The linearised Euler equation, Equation (2), can be used to
specify the effect of a rigid boundary. It is also useful in
determining the particle velocity once the pressure field is
known.

Vp = —olddla @

@ is the gas density and U is-the particle velocity, a vector
quantity.

THE STRUCTURAL-ACOUSTICAL ANALOGY
Equation (1), subject to boundary conditions which can be
defined by Equation (2), can be solved by a structural finit
element program which incorporates regular linear elastic ele-
ments if the following structural-acoustical analogy is invoked.
Equation (1) can be written in cartesian coordinates as

(816x)(0plax) + (313y)(apldy) + (8/32)aplaa) =

(1/c?)@*plat)
@

The x direction equation of motion in an elastic solid of
density g, can be written as Equation (4):
(B0/3%) + (B1 oY) + Grald) = osl@ulat) (@)
Txy and 7, are the stress components ar
displacement i the x directon. It 5 ovident that Equaions @
and (4) are analogous if

Gux = PIOX, Ty = OPIBY, Txz ® PIOZ, Qg = 1/cand uy = p.
. )

The structural-acoustical analogy can be completed by the
following steps. If the structural displacement components in
the y and z directions, uy and u, are made zero, the str
strain relationships are given by Equation (6) and the strain-
displacement relationships are given by Equation (7)

O Cox Crys Cu [
i = Sl | tml ®
T SYM  Cp T
b = QUxIOX, vay = QUL yag = Duyldz m
Thus if Cyx = C

- v = Ce = Cyz = Oand
= p then the structural-acoustical analogy relationships of
Equation (5) will be satisfied.
At rigid boundaries, the parice velocky nomal 1o, the
boundary is zero and so by Equation (2)

n@pldx) + ny(apldy) + nyloplan) = O ©

n,, n, and n, are the direction cosines of the local normal to the
boundary. Thus by the structuralacoustical analogy Equation
9) becomes
Dy + Moy + Ny = 0 a0
This equation requies that the structural analogy of an
acoustically rigid boundary is a traction free boundary.

Hence, in summary, a structural finite element program can
be used for acoustical purposes by taking the following steps:
1. At all nodes all degrees of freedom except that associated

ith uy (= p) are set to zero.
2. At hodes where the acoustic pressure is zero, uy (=p) is set

1o zero.

3. The slaxticslmont propertin in Euetion () arodefined by
=Cy=Cy=1andCyy = Cy = Cy, =

4. Thesvuetua density o, is replaced by 1/c.

5. At nodes on rigid boundaries no action is taken.

Once the proceeding steps have been taken the eigenvalues
and eigenvectors of the acoustical system can be determined
using standard algorithms in the finite element package. The
acoustic pressures p, (mu,) can be found and these can be
used to determine quantities such as the particle accelerations

and velocities by use of the numerical approximation to
Equation (2), the linearised Euler equation.

The analogy which has just been described is not new. It is,
for example, given in [2] and [4]. The finite element method
has, however, been developed predominantly for structural
applications and while structural engineers are familiar with its
use, the same appears not o be true for designers of acoustical

We also note that the finite element method can be used to
model the acoustic Equation (1) directly. This would lead to a
specialised acoustic code which would avoid the need for
implementing the analogy described in this section.

Using the Finite Element Method to Determine
The Reactance of Helmholtz Resonators

The Helmholtz resonators considered had the shapes shown
in Figure 2. The dimensions shown are interal dimensions.
The throat width for all resonators was 20 mm and the intemal
divider was 3 mm thick. They are reasonably regular because
they could be readily manufactured this way

400
i
28
100 =
79
RESONATOR A
200
108
=)
RESONATOR 8
0
105

RESONATOR €

Figure 2: Resonator arrangements
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Itis possible, because of the prismatic shape of the resonators
shown in Figure 2, to obtain the required results by analysis of
a two dimensional finite element model such as that shown in
Figure 3. However, there would be no problem in implementing
hves dimensional s slemant model f s wes necsser.
It can ce to Figure 3 that the cavity is
diided it rectanguler aubregions (it elements”)
connecting “nodes” defined at the corners of each element.
The acoustic pressure is assumed to vary linearly on each
element between values at the nodes. The values of the
acoustic presssure at each node then become the unknown
parameters which must be determined. The elements can have
an arbitrary quadilateral shape but the use of standard mesh
‘generators leads 1o the rectangular shape conforming to the
geometry of the cavity shown in the figure. The long pipe
attached to a resonator provides the driving acoustical system
with a broad range of frequencies both above and below the
natural resonance frequencies of the resonator when connected
to an infinite half space.

‘The finite element mesh shown in Figure 3 was typical of
that used to model the cavity and the throat. The mesh was
refined near the entrances to the throat to give an accurate
representation of the added mass which extends the “slug” of
s shawn in Figure 1 cuteds the hrce. The mesh contained

22 nodes defining 455 element

S Gt st program used was the STRAND finite
element system (3] implemented on an NEC/APC Iil personal
computer. This program is also available on equivalent IBM

with the software was used to determine the lowest 15
resonant frequencies of the combined system. The lowest and
highest of those frequencies for the resonator B, for example,
were 40 and 950 Hertz compared to the lowest natural
frequency of the resonator of about 200 Hertz.

- 200mm

A modal analysis procedure (2) was then used to determine
the response of the system o a driving sinusoidal acceleration
at the open end of the long pipe. Light modal damy
that numerical instabilities did not occur at the natural
frequencies of the system. At each frequency the amplitude of
the pressure and velocity were determine
the lne to the tost and the 12t aken and plotsd on

he fini e o e em approximation is known to converge with

mﬂn-mem of the model by reducing the size of the “elements”

used, As a final check a refined model, in which each element
in Figure 3 was divided uniformily into four elements to

1000——

T —
500
€
o
£ .
-500 q
-1000) L L L L L
0 100 200 300 40 500 600 700

Frequency (Hz)
Figure 4: Predicted (—) and measured () throat reactances
for resonator A. Measured resistance (.

105 mm

—T T T T T

Impedance (Pa/(m/s])
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| odes
- -500
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pen 00
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Figure 3: Typical finie eloment model tor 8. Measured rosistance (¥.
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for resonator C. Measured resistance (X).
give the model shown in Figure 7 (1967 nodes defining 1820
elements), was used to determine the 40 lowest natural
resonant frequencies and vibration modes of the system. The
plot of the resuits from the modal analysis for the original and
the refined model gave a plot on Figure 5 indiscernable from
the original curve, indicating that an accurate solution had been
obtained on the coarse mesh and that, in fact, a simpler mesh
could probably have been used.

MEASURED RESULTS

sach f the tree
o that he reactive componont of the pedancs
Could be compared wih e prodicted rosut. Tho Teasuro
ments were made with a standing wave tube and details of the
measurement procedures are given in Appendix A.

The measured specific acoustic reactances are super-
imposed on Figures 4, 5 and 6 to allow ready comparison with
the predicted results. The measured resistive components are
also shown as a matter of interest. The agreement between the
calculated and measured reactances can be seen to be good.
it can be seen from Figure 4 that there is a second resona
in the requency range over which messromonge coukd be
made. The. natural frequency of the resonators (where the
reactance is zero and the reactance curves cross the horizontal
axis) is predicted very accurately by the numerical method,
iogether wih the sl of the rescance e at s poin

ese
resonators. The greatest difference between o ulculned
measured reactance occurs at frequencies where the

‘magnitude of the impedance becomes very large.

CONCLUDING REMARKS
I this paper we have described the application of a standard

T

1
]
1

1
il

|
I

The agreement between the experimental and numerical
results is excellent and indicates that the finite element
procedures_can provlda da',a for the dss.gn of practical
resonators. T ifi
mthefactmal

Figure 7. Refined mesh

software on a personal computer and therefore provide a
ralulwelv |naxpenlwe design tool ccmpared lo elmat full scale
testig, such a8 the experimenta work conducted s partof

projec, o the use of large it womant systems on
mnmhﬂme computers

The. defirtion of the frite clement model requires
compromise between the expected accuracy and the compu-
tational time required to determine the natural frequencies ol
the system. The original model of 455 elements requi
approximately 15 hours on the microcomputer to dmermme
the I natural frequencies and vibration modes. The
calculation of each point plotted on Figures 4, 5 and 6 requires
50 nexponsive supa paston and the tims rsqured i directly
proportional to the numbers of points plotted. The extended
fime 1 sove fo the igenvalucs and Sgenvectors s of fitle
consequence because none of the significant cost items for the
analysis are directly related to the execution time and the
modern personal computer is reliable enough for executions
without continuous monitoring either overnight or while the
designer gives attention to other tasks.

(Received 12 August 1986

computes, 10 ihe problem of detemining the rasctve
ponent of the acoustic impedance of iegularly shaped
Heimholi rescnetrs. A proosdurs for e experiments
determination of the racteristics for resonators has
Glsc b dascrbed and appisd to hres spociic designs with
aspect ratio parallel to the throat varying from 0.6 and 2.0.

Ingard, V. “On the Theory and Design of Acoustic Resonator”,

JASA Vel 2, No. 6, 1963, . 1037.1001.

Took, RO “Concepts nd Avplcations of Fite. Homent
\is — Socond Edton”, Wiy, 1981

STINISTRAND/STOUT User Guide.
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APPENDIX A

EXPERIMENTAL DETERMINATION OF THE
REACTANCE AT A RESONATOR THROAT INLET

The specific acoustic impedance at the inlet of a resonator
throat was measured with a standing wave tube. The general
amangement of the system is shown in Figure A.1. A single
resonator, 229 mm wide, was attached to one end of a plastic
pipe with an internal diameter of 229 mm and a length of
6000 mm. The resonator throat was located so that it was
symmetric. with respect to the pipe cross section. A horn
r was located at the other end of the pipe. A probe
microphone, whose position with respect to the face of the
resonator could be measured, was used to measure the sound
pressure in the tube.

At frequencies which are less than the first cutoff frequency
for the pipe, which is about 760 Hz for the 229 mm inside
diameter pipe used here, only plane waves will be present in
the pipe. Interference between the plane wave incident on the
resonator and the plane wave reflected from the resonator will
produce a standing wave whose spatial variation can be
explored by the probe microphone. The specific acoustic
impedance at the interface between the tube end and the
resonator can be deduced from the measurements made with
the probe microphone and so the specific acoustic impedance
at the inlet of the resonator throat can be deduced. The relevant
theory is now developed.

The complex representations of the incident and reflected
waves in the pipe are shown in Figure A2, The terms e and
e associated with the incident and reflected waves account
for the fact that the waves decay in the direction of propagation.
Although, over distances of the order of the pipe length

50 that eex = 1, it s still necessary to consider the
effects due to the decay of the waves.

The specific acoustic impedance at the interface between
the end of the pipe and the resonator face, z, can be written

m. Fatigof e complex represataton of the pressue st
P, to the complex representation of the velocity
etas (P; — P)lgc. Thus Equation (A.1) can be written

2 = qcllP; + P)IF; - ) a1

[y —

Figure A.1: Standing wave tube

——sx

Be@Xgllwt-kx)
B

ar=prenxej(mhkx)

-

—_— =
d

Figurs A.2: Wave representation

Figure A3: Representation of P4 on the complex plane

2
Figure A4: Veriation of Py with d

Since P; and Pi and P, = P,ei, the following can be
written

A2
A3)

ByIP, = Reid

R=P/PandA = ¢ - ¢
‘Thus the normalised specific acoustic impedance, 7;/ec, can
be written as
Zee = (1 + Rei)(1 - Reld) [¥]
The normalised resistive and reactive components of the
specific acoustic impedance ry/ec and X/ec can then
written as

toloe = (1 ~RA/(1 +R*~2Rcos A) s

Xiloc = 2RsinA/(1 + R — 2Rcos &) (A8)
The preceding quantities relate to the face of the resonator.
They can be readily related to the inlet of the resonator
throat by multiplying them by the ratio of the area of the
pipe crosssection to the area of the resonator throat.
It is evident that R and A must be found. These quantities
can be found from the measurements made with the probe
microphone as shown in the following.

The complex representation of the acoustic pressure at a
point at a distance d from the interface between the end of the
tube and the resonator is

Pyeist = (Pieiteadeld + Pioibecdeddlent (A7)
P4 can be represented on the complex plane as shown in
Figure A3. It can be seen that as d varies Pg will vary. A
representative plot of Py against d is shown in Figure Ad.

Acoustics Australia
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It can be seen from Figure A3 that the minimum value of Pg
which is closest to the face of the resonator occurs when
there is a difference of = between the arguments of the
complex representation of the incident and reflected waves.
Suppose that this value of d is denoted dy. Thus

(6 = kdy) — (¢ + kdy = 7 (A8)
This equation can be written as
A== ¢ = 2kdy + 7 (A9)
Since k = 2/\, this equation can be written as
A= wl@ddiN) + 1) (a10)

s by measuring di, the distance of the first minimum
from "the foco o the resenator it s possible to determine A

is needed in Equations (A.5) and (A6). It now remains
iR,

Suppose that the ratios of the maximum pressure to the
pressures at the first and second minima are measured. It can
be seen from Figure A3 that the maximm prassure wil bo
approximately P, + P,. The first minimum, which occurs at
dy, will be Pieadh — Pye-adh while the second minimum, which
occurs at d, will be P@ﬂ‘l ~ P,e-ad2, Suppose that the ratios

of the maximum to these minima are written as.
W1 = (P + Pol(Peach — Pg-ach) “aan
W = (P + Pl(Peadz — Pre-ad2) A12)

Since R = PP, dy = dy + M2and ad < < 1, the preceding
equations can be wiitten in the following form by use of the
result e = 1 + 0 + 0%2 + ..., which for § << 1, can be
approximated as 1 + 0.

(A13)
— (aN2)) = 1 +R)
(A

1+ ady - Rl = ad)) = y4{1 + R)

1+ ady + (a\N2) - Rl — ady
14)

Subtracting Equation (A.13) from Equation (A.14) gives

=2z — W\ (A.15)
Substitution of this result in Equation (A.13) yields the
following equation for R.

R=01- (g1 + 2019y — Y2\

3
[+ (g1 + 21y — 2T (A16)

V1 and Y, can be conveniently found by measuring the
decibel difference between the maximum and the minima.
This value of R, along with the value of 4 found from Equation
A1) can bo uead in Equatons (A5 and (A to ind the
Toauiredresls.
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TECHNICAL NOTES

A doctor’s sound dicti y

Ever wondered what your doctor’s listening to when
he places that cold, shiny stethoscope on your chest?
A University of Quesnsland researcher has the answers,
He has just developed the o) dictionary of

hesl sounds a duclur hears.

Professor Charl mpiled the audio-visual
tape aitor ho found u.mcuuy foaching his students the
multitude of sounds in patients’ chests.

“It's extremely hard to teach students and even
doctors the different sounds. You obviously can't listen
in at the same time." said Professor Mitchell, from
the university’s department of me

0t how ProToscor Meheih wih tne aid of computer
graphics, film footage and real-life sounds, can explain
what ke listening to a patient with asthma, bron-
chitis, pneumonia, fluid accumulation and even lung
cancer.

The more basic sounds, from a normal pair of lungs
to crackles, wheezes and gurglings, have also been
immortalised on tape.

“It_has always been easier in training to see what
something looks like, to show them a picture or let
them feel a lump in breast cancer or whatever,”
sor Mitchell said. “Now they will not only know what
particular diseases and conditions sound like but what
they Iook like, for example when the bronchial tubes
vibrate together to produce wheezing.”

The video tape, which will assist medical students
and form part of the in-service training for general
practitioners and thoracic specialists, is an extension
of Professor Mitchell's work in developing a system of
classifying lung sounds to assist doctors in diagnosing
medical conditions and establishing their severity.
(Chris Thomas in the Sydney Morning Herald, 14 Feb. 1987)

Current research in ultrasonics and
physical acoustics

This now traditional annual meeting of the Phys-ca!
Acoustics Group of the Institute of Physics was held al
University College, London. It has been the custom 101
one of the centres active in various areas of physical
acoustics to host the meeting and to provide a major
part of the programme; hence half of the contributions
were from workers at University College.

Several papers were on various ﬂsper:'s of ultrasonic
wave scattering which are of importance in the develop-
ment of nondestructive evaluation techniques. P. Smith

U.C. L) discussed the problem of using ultrasonic
scatte data to deduce the nature of the scattering
object |r| a medium which is viscoelastic. L. J. Bond
(U.C.L)) reported a recent advance in overcoming the
zero-of-time problem which has led to some controversy
over the application of 1-D Born |nvers|un Iechmques
for sizing defects. M. Punjani and L. U.C.L)
discussed the phenomena which occur when an ultra-
sonic wave is scattered by a partially closed crack.
The natural occurrence of these cracks in solids poses
a maijor obstacle to reliance on ultrasonic techniques
for crack sizing and detection. M. Plant (U.C.L.) repre-
sented the college’s close involvement in the develop-
ment of the acoustic microscope, with a new analysis of
the propagation of surface waves at the interface
between the coupling fluid and the sample being
investigated.

. Ans(odemou (British Geological Survey, Edin-
burgh) demonstrated that seismologists and those
engaged in ultrasonic testing have much in common

by relating to seismic data results obtained for wave
and scattering at a welded quarter space.
All users of ultrasonics have an interest in transducers,
which made an analysis by J. Engelbrecht (visiting the
University of Surrey) of linear and nonlinear fields in
the near field of an ultrasonic transducer particularly
appropriate to a meeting of this kind. P. J. King
(University of Nottingham) reported low temperature
ultrasonic attenuation evidence of three distinct loss
phenomena associated with vanadium centres in doped
GaAs. A. McKie (University of Hull) described laser
generation and detection of ultrasound and a system
which is now being used for making ultrasonic
measurements of solids at temperatures. The
potential of this system was demonstrated by detailed
measurements of the temperature dependence of the
velocity of sound in mild steel at temperatures in
excess of 800°C.
The meeting was attended by about 30 people and
will be remembered for both the high quality of the
and the lively
that followed. The Group Wai. was also held during
ay.

(D. P. Almond in Physics Bulletin, Feb. 1987)

Sounding out fractures

A fractured bone has a lower resonant frequency
than an_unfractured_bone, because the area around
the fracture is less rigid. This principle has been used
by a team in the Medical Electronics Laboratory at the
University of Kent to develop a technique for bone
fracture assessment.

The method introduces into the bone a random noise
at a very low level and the resulting movement is
detected with an accelerometer. The output from the
accelerometer is then analysed to give the frequency
response of the bone, in both amplitude and phase.
Breaks in the amplitude response occur at the resonant
frequencies.

As well as detecting fractures, the method gives an
electronic measurement of bone healing — something
that conventional fracture detection methods cannot do.
This is bacause the low resonant frequency of the
broken bone slowly rises as the fracture heals, until it
gives a frequency recording similar to
unfractured bane. For instance, an unbroken shin bone
has a resonant frequency of about

e tochniquo, which has. boen tested on patients
from the Kent and Canterbury Hospital and the London
Hospital, has been patented by the university’s indus-
uial liaison company.

A simplor version of the technique has also been
doveloped to measure the ¢ of the fracture. This
& simar o the el neing acihod eursontly used
“which the limb Is considered un-united If the con-
sultant can flex the fractured bone. However this relies
on the consultant’s sensitivity to bone movement inside
both skin and muscle; the new technique gives elec-
tronic objectivity.

small_vibration is introduced to the bone, then
detected by an accelerometer, amplified and again
introduced to the bone. Such a system oscillates at a
frequency determined by the phase shift round the
system and, in partcular, by the rough
the fracture. A non-rigid’ fracture has a large phase
Shitt and e a result the oscillation frequency drops
Again, this measurement can be used to monitor bono
healing, as the oscilation frequency should retom to
that of the surrounding unfractured bone

(Physics Bullel

Feb. 1987)
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Time-warped speech

In the 1960s most researchers assumed that speech
recognmon was simply a matter of distinguishing the
“shape” of each “phoneme” (syllable or consonant
group) and translating that into words. But that
aproach has proved unrewarding because it under-
estimates the variability and ambiguity of speech.

mpare “This new display can recognise speech”
with “The nudist play can wreck a nice beach”.

Today a different mood prevails. 1.B.M.’s Dr. Fred
Jelinek jokes that his system improves every time he
gets rid of an “expert”. What he means is that given
lots of data, computers are better at deducing what to
measure so as to distinguish words than humans are.
means measuring the statistical
similarity between a stored «empme (of a word usually)

and the sound that has been hea

But it is never as easy as that. For a start, words vary
in length according to the speed at which they are
spoken and according to their context. They have to be
“time-warped” to a standard length. But it does not
help to time-warp them a set amount. Say the word
“mrss slowly and it is the “ee” that gets lengthened,
not the “thr”. The answer is dynamic time-warping, a
mathematical trick that matches two spectrograms of
uneven length.

But if you try hard enough you can dynamically
time-warp one word into aimost any other. The time-
warping has to be constrained. The cleverest way of
doing this leads to a whole new approach to speech
recognition called “hidden Markov modelling”, after a
Russian _mathematician who analysed the opera,
Eugene Onegin. It was first applied to speech recogni-
tion by Mr. Jim Eak r, now the chief executive officer
of Dragon Systet

It gets away lrom the idea of comparing word tem-
plates, comparing instead tiny fragments of speech
with stored patterns and, in particular, the probability
that one fragment will be preceded and followed by
another. It is “hbdden because the answer it gives for
each sound i self statistical and based on the com-
puter's own to learn from examples.

The s(ansllca‘ approach stumbles over short words,
not long ones, which include more distinctive features.
"Dlses(abl\shmentav\anlsm" is easier than “it”, “if”,

" and “m” hls is where the linguistic rules come
in. “In Am is a more likely phrase than “it
America”, bul “i' America” and “is America” are both
D\ausmle No single approach, acoustic or linguistic,
is as good as their combined efforts.

(The Australian, 18 Nov. 1986)
Bangkok also has problems

Discotheques violating city noise and light levels face
closure from next month, Environmental Health Division
Director Voravit Lebnak said yester Bangkok
Melropolllan Administration ordinance issued in 1986
set the maximum noise level at 90 decibels and banned
laser beams.

The ordinance was issued after the B.M.A. organised
a meeting between 50 discotheque operators and
o"vmal: from the division and Public Health Ministry.

o far, 39 discotheques have been allowed to operate
because they comply e regulations.
rom next month, s 3 ravit, BMA. officials
will inspect the d<scomeques Violators will get a warn-
ing for a first offence and subsequently face 15-day or
indefinite closure. Dr. Voravit said people who are
subject to excessive noise once or twice a week are
prone to hard hearing. He said laser beams for illumi-
nation can cause cell coagulation or inflammation,
which may lead to blindness.
(Bangkok Post, 17 Oct. 1986)

A computerised Bosendorfer?

The famous Viennese piano manufacturers Bosen-
dorfer have come up with the ultimate way in which you
can have, say, Viadimir Ashkenazy or Andre Provin
playing in your own living room. Like recordings, they
Would not actualy be thére. But the sound you would
hear would be every bit as “live” as the moment the
performers orginally played the notes. Or any pianist
could be heard “playing” at a concert when they were
onthe other side of the world:

The piano company is trumpeting the arrival of its
new computer piano system — the Bosendorfer 200SE
— as a breakthrough in piano reproduction that will
revolutionise the business. The basis of the system is
an optical device that scans the keyboard action

times a second as the piano is being played and stores
the information digitally on an audio cassette. By
playing back the cassette, the keys are activated in
exactly the manner of the pianist with all the weight,
speed and style used in the original performance.

A pianist playing in one concert hall could be heard
simultaneously  elsewhere as _the signals could_be
passed from one Bosendorfer 290SE to another. “This
is vastly in advance of the old piano-roll system which
reached a peak of popularity in the 1920s before the
advent of records,” saids one of the Bosendorfer
experts who has boen engaged on the project for the
past 14 years. “But this piano is unlikely to be bought

y many people for enjoyment in their front rooms. It
costs about $140,000 and is a serious tool likely to be
of most use to music colleges and recording studios.”

Students could use it to compare one performance
with another and it would be possible to listen to per-
formances of the great maestros of the day if they
could be_persuaded to play programs for the tape
system. “Tapes could be reproduced and distributed to
all_purchasers of the computer piano system,” the
spokesman said.

The equipment can easily be used to make correc-
tions to imperfections that always crop up in perform-
ance, so Bosendorfer expect to sell 290SEs to top-line
record companies, “Al t takes it a computer terminal
and it would be an enormous saving in time and labour
o make corrections and altorations before the record-
ing engineers start work on a tape,” the piano-man
samo. Eventually, Bosendorter hops 1 bring the equip-
ment to Australia.

(The Australian, 11 Nov. 1986)

Information for Contributors

Avicles for publication normally occupy 4 printed
pages (spproximately 4 pp. doubie-spaced typing per
page). Authors may be asked to pay additional type-
Coting 'charges fof pages i excess of 5. Frequent
Feadings and - sub-cadings are desirable and an
abstract of approximately 200 words should be
included. Reprints may be ordered, preferably prior to
printing (they are then cheaper).

Diagrams will normally be reduced to single column
width: authors are requested to plan diagram propor-
tions and letter size accordingly. Full stand-alone
captions should be provided for each diagram (these
will be typeset).

Types of articles accepted include technical, tutorial
and review. Short reports (1 page printed) on current
research or a group's activities are welcome, as are
shorter notes for inclusion under Technical Notes.
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NEW PRODUCTS

CIRRUS

SELF CALIBRATING SLM

Cirrus Research have updated an

proved the concept of a self cmm-
g SLM, first inroduced by tho CRL

2215 wnh the L 2210 The

retains ail the features of the

original, including accuracy 10 BS 5969

acoustic_calibration

ment._Additionally, an optional com-

mes available from
Cirrus Research or several other com-
anies round the world who have
written such software.

Finally, the CRL 221 is dliversd
complete’ with a rugged carrying case
which uniquely allows the CRL 2.21C to
be used fo full acouslic performance

6. the windshiold
2nd-calibration screweriver:

SHORT Leq SOFTWARE

design and protocol for the

protocol, to-
o Vi microphone inter-

from a third. The DP37 copyright is

jointly held by the three companies.
Using the technique of ‘Short Leq"

10, L90 or overall

is acquire data biindl
ogrammes can acquire data

L 2.39A Real Time Analyser

and the CRL 2.37A/3 and CRF 1.22

ries can be downloaded into the com-

puter and ploted, or the unit can be

grammes to produce hard copy records,

real time programmes can also

atauite dBA Sath samples in the same
format as ‘Short Leq’ and thus the

trieval programmes il worktogethor.

s from Audioanalyse

types ATR11 and ATR22 will also func-

tion with the Cirrus software.

with an automatic scan for sequential
actave analys ulometic ranging.
i calibrated, and there s &
Chotce of hres microphone sensitviies
and 200V, 28V and 0V microphone
polansalmn voltage.

und power determination can be
done” Inerally in minutes — i the field
egree of accuracy.
adons. mtlude ound nien:
to locate noisy compon-
ents, and measurement of sound trans-
mission in building acoustics.

‘e 4433 operates with either Sound
Intensity Probe Type. 3519 or Type

mote control handle so
that measurements can be made with

Programme suites for a_particular
instrument typically contain at least one
acquisition programme, a disc initialisa-
tion routine, instrument control instruc-
tions and data retreval routines, pus,

e case of frequency analysis, an
Crians “acauiaion preqramme. Wi
the Acorn ters no_inter-
face ‘unit is usually needed for a single
unit. However, as the IBM and Apple
units, i standard form,  d

quired 10 interconnect either the analo-
gue signal or the DP37 interface.

Further  information: M.

Davidson Pty. Ltd., 17 Roberna_Strest,
Moorabbin, Vic. 3189. (03) 555 7277.

BRUEL & KJAER
PORTABLE SOUND INTENSITY
ANALYSER

All those interested in reliable field
ntensity will

and has an IEEE 485 parallel interfac
an K serial interface. The Type
P

is pariicularly easy o oparato

measurements
Gifcult acoustical emvironmonts ikl
to be encountered in the field.

SPHERICAL HYDROPHONE AND
UNDERWATER COONECTORS

Tho Spherical Hydrophone  Type 8105
is the newest of

water iransducers. This robust sphencal
hydrophone ~ can

depihs of up to 1000 m. It has excallont
ectional characieristics over the
an frequency range 01Hz to
160 iz in-"pariieaiar, “the. 8105 |

omaidirectional over 270 degrees n the
vertical plan

As with other B & K Hydrophones, the
Type 8105 can be calibrated in the

Underwaler Connectors JP/410415 are
suitable for use with B&K

Phones Types 8101/4/5, - The "son:
nectors are compatible with the older

I repairs  much
easier as they no longer have to be
made at the factory.

MATCHED MICROPHONE PAIR

Bruel & Kjaer's new Stereo Micro-
phone Sets 3529 and 35 of

matching of the individual microphones

for sensitivity, time a

ing and " individual
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The best possible stereo image h
been ensured by matching the micro-
phones in the 3529 and 3530 kits to
within 1dB in_amplitude response over

20Hz 1o

iypes of protaction grid which allow the
requency response of the microphone
1o b tallored o Individual recording

Further information: Bruel & Kiaer
Australia_Pty. Ltd., 24 Tepko Road,
Terrey Hills, N.S.W. 2084. (02) 450 2066.

ANITECH
RION SLM NA-24
The NA-24 Sound Level Meter is
especially_designed to be economical
and sutable for field-use. It can be
ndled by people without any
specwa\ skills in measuring sound level.
del NA-24 conforms to 1EC 651 Type,

features and functions of this
instrument include:
Maximum level hold
Over and Under range indicator
Pocket size and light weight
Large and easy to read LCD
Fast and slow dynamic character-
istics

A and DC signal output for data
and recording.

Fu rhul mmrmu ANITECH, 1-6
Carter Stroat, Ldcomve, N.SW. 2141,

(02) 648 171

VIPAC
NOISE DOSIMETER / SOUND LEVER
METER

o LO700 with esy to read LCD.
is a self-contained, user programmablo
instrument. Desighed for occupational
health and_environmental noise meas-

urement/monitoring applications. Fea-
tures include an_electronically_locked
keyboard for security; multifunction-
simulanoous _ measurements; nternal
memory storage of _information wit
{ime and day ident of noiss events.

Stored information can be outputed

via the units standard RS232 interface
port — to thermal printers, cassette
computer systems _etc.

for generation of hard copy reports in
wide variety of formats (eg. time
histories; exceedence levels listi
eto) s include inexpensive appli
cation”software packages, if_required
manufactured by Larson Davis Labora-
tories 'US.A. and exclusively repre-
sented by Vipac Pty Lig. — ntrurment
ivision.

FIELD FFT ANALYSER

This unit is an exciing dovelopment
in portable Acoustics and Vibration

messurements — analyss instrumenta-

n developed by Ono Co.

i weighs oy & by, incorporates & 19766
LCD isplay, has nouil shormal printer
and s a powerful stand alone analyser
for dc to 20 kHz frequency applications.
Separate direct inputs are provided for
microphones and _accelerometers in
addition to the BNG and trigger inputs.
Thee way powsr supply (int, R/C Batt
Ext. d ) allows flexible usage.

P8, is standard and RS232 optional.

The CF210 provides full compliment

processing functions via' men
selection, these include 1/3 octavo
band specirum analysis, phase elc.

3-dimensional (waterfall) display is

to 20th Harmonic components search
functions.

internal memory (unaffected by power
interruption) ~ allows storage

mosof disoiayed dard s ohmina:
ting the need for tape recorders in
many applications.

Further  informatior
mants By, LG e Davie Fentocash
275-283 “Normanby Port Mel-
bourne, Vic. 3207. (03) 647 9700.

ipac _ Instru-

EAR MUFFS

A Sydney rifleman who got tired of
the sound of guns
electronic device that may be fitied to

carmufts to allow the wearer to-hear
Somorsation “w locking out loud
noises. Mr. Hans Heim, who supplies

Cleaning squipment 1o gunshops, Tiied
a microphone, loudspeaker and asso-
ciated electronic circuit into_standard
earmuffs. _ Include circuitis
a device to detect loud sounds and shut
off the_amplifier. imes the
‘hear_muffs' simply operate as normal
car mus.  Similar mults are availablo
rom

muffs would also be useful in industry.
A grant of $5000 has been

from the Advancad Technology Davelop-

ment_ Assistance Fund of

Department ol ndustial Davelosmont

and Decentralisation to help Mr Heim

with production and marketing of his

Further information: Hans Heim, P.O.
ox 560, Wahroonga, N.SW. 2076.
(02) 489 4929.

Book Reviews

BUILDINGS FOR MUSIC
Michael Forsyth

Cambridge University Press,
Cambridge 1985, 371 pp. ifl, index,
Price: AS107

This book fills an important gap in
the Architectural Acoustics literature. It
is not a text book on room acoustics
and is therefore not a rival to the
scientific  approach of Cremer and
Muller or of Kuttrufl. It is closer to
Beranek’s “Music, Acoustics and Archi-
tecture”, than it is to Doelle’s “Environ-
mental Acoustics” but it doesn't have a
thesis to expound, or a philosophy to
push.

Having said whal the book
time to t
unushnmedly o arrechural hitory o
ms for western music. Because of
he Interlinking of music and architec:
ture_there is a si
musical history in “Buildings for Music'
K covers the history of music
and music rooms from the 17th century
until 1982 and even speculates about
future

ot it is
it i

This book s essential for dosigners
and consultants working on the acous-

not because it presents
ccause it does, For:
syth has amassed a superb_collection
o

are re i can not only
gein inspiration from this collection but
their own designs in con-

1ext and, in a qualitative Way, tost their
own pet_theories u

42

is that of
“spatial impression” being determined
by lateral reflections.

wanting, using this book,

What is also instru ro the com-
ments of Charles Garnier, the architect
of the Paris Opera House.
myself_pains to master  this
science (of acoust .
T e e posve rule o guice
onthe contrary, nothing but Gontradic:
tory statements . . . | must explain |
0" principle, that my
plans are based on no theory, and that
e success or failure 1o chance
ke an acrobat who closes

his

ascendingballoor
004 acoustics has as m

how well you seo a3

hear”, when taken nie;

ments tells us much about the

ness of Forsyi's book compared with

appraach

‘Buildings usic” is a relerance
book on Conctrt nals and opers

in music, acoustics and architecture.

Fergus Fricke
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pressure and acoustic streaming and a
discussion on various

PHYSICAL PRINCIPLES OF
MEDICAL ULTRASONICS
C. R. Hill (Editor)

Ellis Horwood Ltd., Chichester,

Box GSQ El!sbane, aid,

4001 “Price: AS
. R, nd his colleagues at
i insiut of Gancer Rosoarch. Reyel
Hospital are well known for
their _pioneering _contribution 10 the
development of medical ultrasound. To
‘il his ook they have pooled inelr

o sh it of al Investigators. working
in the

The book comprises thre
part | addrosses the Bhysical principies

wolved in medical  ultrasound.
{irs Ghapter describes tho ralovani con-
cepts and methods of wave acoustics
in a lucid descriptive manner in whic
foyed 1o illustrate

3
2

chapters deal with physical properties
of biological tissue which govern the
propagation of ullason

aspects of cavitation. This is followed

by @ chapter on herapeu
appl

to undertake diagnostic investigations
particularly in obstetrics.

is book admirably achieves its aim
principles
ns of medical

subject. | have
hesitation in recommending it to all phy-
sical scientists working in the field.
wil eranly form a valuatle addiion ®
their i

George Kossoff

Software for Analysis of
Acoustic Noise by an

Supplied by M. B. & K. J. Davidson

Pty. Ltd., 17 Roberna Street, Moor-

abbin, Victoria 3189.

Software d.ve!upad by:—

Cirrus Research Ltd., Bridlington

Road, Hunmanby (North Yorkshire),

England. Y0140 PH.

Soeur-Anne S.A., 43, cours de la
z 69100 " Vil

termine the Interact
o and nftance the applications of

ters give a realistic appreciation of the
problems involved, discuss the modern
in vivo measurement techniques and
summarise the published data on values
of these parameters.

nd section of the book deals

characteristics of human visual pen:ep-
0 techniques
cellaneous other imaging meth

comprehensive, theoretical analysis in-
volved tion of the Doppler
spectrum.

final section of the book dis-
cusses the bioeffects which can be ob-
tained by ultrasound. The biophysics
chapter deals with the phenomens which
may sgation of
Uiitasound in'biotogical media.
include thermal as Wl as non-thermal
mechanisms, effects due to radiation

France.

The disc for review was supplied
without any documentation: the initial
dialogue on starting up simply gave the
message that there were two demon-
stration programmes.

rogramme was specifcally for
Leq calculions and operated on data:
5ot aroacy orea on Gise_proviaing
histograms or all staiscs associated
Wih input data including L1,

L9 o as generaly
vy Leer- friendly with default condi-

g
5

use very
header_information so that they can
be_uniquely identified. The means of
getting data into these files remains a

stery since no_external documenta-
tion or explanatory information on the
disc itself was provided. The custom-

no :elmls of the interfacing are pro-
jod.

econd programme provided a gra-
phic display of a third octave analyser

whict maxim minimu
bars together with a moving cursor
for each octave band which aiso could

supy
dumped to printer but this did not

function on tho disc provided, Once
again no inform:
Row'the. raw data was. analys
octave bands and then passed to the
computer.

he software looks Intaresting. but
since no dtails o interfacin
BRcing wera provided it 18 noy pﬂss\ble

hat you w
mysterious ways the

data get into the computer.

R. W. Harris

New Publications

Bradford Insulation
Building Insulation Design Guide
The sxtensivo range o technical
literature _pro by Bradford In-
suiaion has besn, oxpanded. 1o ncluda
a Buil sulation Serie:
The Bradford _Building
Series begins wih

Insulation

roch

tailing the Bradford Insulation product
range, and includes technical data
sheets on _each g_insulation

with _product _descriptions,
applications, sizes and packaging in-
formation and technical test ruulu
There are also three
chures, sach with a detaiod examina-
tion “of specific Bradford Insulation
applications namely ‘Insulation  for
. Insulation for Existing Bmlu-
“Insulation
New Construction’.
The ‘Buil

ro-

Design
the series with com-
prehensive information and- data on the
thermal performance of building ele-
ments and the effect of insulation on
heat flow and condensation. The effect
of solar radiation is also detailed

The series offers application fechno-
Togy, product information and technical
explanations on insulation for builders,
architects, engincers, ofice manage:

departments _and

Commereial development companiss.

Further information: Bradford Insula-
tion office in your State.

Audio Engineering Society
Conference Proceeding:

Audio Engineering Society, an
international organisation devoted ex-

and The Proceedings of the AES 4th
International Conference: Stereo Audio
ion_ and Video,
1518 May, 1o,

inai manu-
ccrpte, authored by leading audlo.pro-
fessionls, are now available in bound

furlher intormation: Audig Engineer-
ioty, i 42nd Stroct, Now

1680075, Prices: Mambers

U.5.$25, non-members U.S.$35.
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The folowing publicatons have boen
ociety and are held,

stics Labora-
ory, Schad! of Physics, University of
N.SW. They are available for mspecllen
or loan by members. Photocopies (not
in contravention of copyrigni _cond-

tions) may be ordered by contacting
Cronulla_"Secretarial  Services on
(09) 527-3173. A charge

will be made
for photocopying and postage.

Acta Acustica

Yol 11 Now. 1, 2,3 (1986)

s of
oo 2 mas)
Applied Acoustics

ol. 19 Nos. 5, 6 (1986)
Vol. 20 No. 1 (1987)

Contents include: A. L. amwn snd
K. C. Lam, Urban noise surve
Rossing and & Perin, Vreions o

an m No. 2 (1987)
ts: A. L. Brown and K. C. Lam,
Lovels of amblart nolss i Hong Kong:
A Prels, Intrusive sounds; J.
Mirza, Learing English_basic sounds
through syllabic ulerances; P. R. Kes-
and M. P. Norton, A comparison
o! modal densiy measurement  tech-

Chineso 4. §" Asoustica Un Engish)
Vol. 5 No. 1 (19

Contents mcnm Wang Hongzhang,

vsngmisslon  atanuaton @

uox-

logical medium:
Jiazheng ot al, Frequency and emmency
of sound column at resonas

Vol. 5 No. 2 (1986)

Contents include: Ma Dayou, Contri-
butions to_acoustics in China; Zhu
Welging, Evolutionary spectra of non-
stationary underwater sound reverbera-
tion process; Rao Yu'an et al, Normal
values of human tympanograms; Jiang
Jinchang, Structure and function of the
sounding apparatus in cicada.

Vol. 5 No. 3 (1986)

Contents include: Wang Hongzhang
et al, Measurement and calculation of
elactromechanical parameters of piezo-
ceramig thin cylindrical tube trangcen-

o
Gomnia
longyu, Experimental investi-
n the characteristics of dia-

meter-expanded silencers.
Telecom Australla. Research Laborac
P.0. ton North 3168

oF Actnies 10801500,
lmmul- of Sound and Vibration

University of Southampton
Technical Reports Nos. 133 and 134
A design guide-for visual displays and
manual t ration environments.
part : Visush Gsplays (Roport No. 135

e

Mouluy -na M. J. Griffin

SUM idance relovant

10 " eltacs. of raton o wiooal

tasks s provided. The information
shows how effects are related to char-
acteristics of the vibration, the display
and other aspects of the snvironment,
Published wdies are used

ypon characteristics of bath the vibra-

tion environment and

from published expenmenm Suies aro
ised as the basis of a series of design

e the basis of a series of design rs-
commendations which may be used to
minimise the-nfluence ot Vibration on
visual

Part i1 Manual tasks (Report No. 134),

od and M. J. Griffin
ance relevant

n manual
is provided. The information
the mechanisms by which
vibration may affect task_performance
and shows how effects are dependent

whi ised
to minimise the influence of vibration
on manual tasks.
Technical Report No. 136, 57 pp.
S. J. Elliott and P. A. N
1" apprcation of sdipive filtering to
the active control of sound and vibra-
ion.
Techwical Report Mo, 137, 124 po.

. Chow

615ine > predicion o ol tayer damping
on plate:

1. INCE leleﬂer: 42, 43, 44 (1986)
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Readers are asked to mention this
p‘\lbllclllon when replying to adver-
tisement:

New Company

Ron Carr Associates Py. Ltd.
been formed to_continue and_expand
the business of Ron Carr and Company
Py. Lid. The now campany is a

nership between Prof. Har a
i Chuisaphar bey ol Harshal bay
Associates in New Zealand and Peter

rnside.

Martin Beech~lones, who worked for
Ron Carr i years, will join the
new practice, e i located at 23
Trafaigar Road, Camberwell, Victoria
3124. Phone 882 7288. Fax 882 6277.
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FUTURE EVENTS -

* June 23-25, LISBON

@ Indicates an Australian Conference
1987

May 11-15, INDIANAPOLIS
MEETING OF ACOUSTICAL SOCIETY

De!arls Mrs, B. Goodiriend, A.S.A., 335
East 4sih St New York, NY 10017,
May 13-15, POLAND

IV SYMPOSIUM ON HYDROACOUSTICS
Dotails: Salamon, Institute_of
Telecommunication, Gdansk Technical
University, ul Majakowskiego 11/12,
80-952 Gdansk, Poland.

May 19-21, POLAND
INTERNATIONAL CONFERENGE.
Modera Acoustcs, Ed-

3
]
2
o
2

etals: Prof. D, & Siwinski, University
of Gdansk, Institute of Experimental
Physics, 80 952 Gdansk, Wita Stwosza
s7.

‘@ May 20-27, MELBOURNE
MAINTENANCE ~ ENGINEERING CON-
FERENCE 1987
“Effective Maintenance:
profit”

Details: _Institution of Engineers, 11
National Circuit, Barton, A.C.T. 2600.
June 1-4, YUGOSLAVIA

XXXI ETAN CONFERENCE

Details: Prof. P. Pravica, Electrotech-
nlcal Faculty. Bulever, Revolucile 75,
Belgrade, Yugoslavia 11

June 8-10, PENNSYLVANIA

the road to

8
“High Technology for Noise Control'.
Details; Conferene Secretariat, NOISE-
CON 87, The Graduate Programme in
Gooustics, Ropiisd Scienca Bunding,
University Park, PA 16802.

June 9-11, UMEA, SWEDEN

i INTERNATIONAL MEETING ON LOW
NCY NOISE

wood, Essox, CM14 4AX, England.
® June 17-19, BRISBANE
COMPUTING SYSTEMS CONFERENCE

Details: Institution of Engineers, 11
National Circuit, Barton, A.C.T. 2600.
June 19, MADRID

ACOUSTICS AND OCEAN BOTTOM
Details: SEA- FASE 67, Callo Sarrano,
144, Madrid 6, Spa

June 22-26, SEATTLE
INTERNATIONAL SYMPOSIUM ON
FISHERIES ACOUSTICS

Details: M. O. Nelson, Div. Resource
Assessment & Conservation Engineer-
ing. US. National Marino Fisheries Ser-
vice, 7600 Sand Point Way NE, Bldg. 4,
Sectlo, Washingron 981150070,

sth FASE CONGRESS

Detalls: SpA - FASE 87, Lab, Nao Engen-
haria "Civil, Av. Brasil, 1799  Lisboa
Codex, Portugal.

July 6-9, LONDOI

ULTRASONICS INTERNATIONAL CON-
ENCE AND EX!

Do . Vekovolee. Butarworth

Scientific Ltd., P.O. Box 63, Bury Street,

Guildford, Surrey GU2 5BH, UK.

 July 8-10, BATHURST
ANZASCA CONFERENCE
~Contralingthe Environment;

Ann Heydon, Dopt. of Architeo-
G Cniversity o1 Syaney 2060,

July, ANTWERP, BELGIUM

SCHOOL ON INTER-
i FRICT\ON PROCESSES.

27-30, CONFERENCE ON INTERNAL
FHIGHON AND ULTRASONIC. ATTEN:
UATION | DS.

Details: R. de Batist, S.C.
Boeretang 200, 2400 MOL Belglum.
August 24-28, US.S.R.

11th INTER. SYMPOSIUM ON NON-
LINEAR ACOUSTI(

boas: v R Kedrinski, Lavrantyoy
Institute of Hydrodynamics, Lavrentyev
Prospekt 15, 630090 Novosibirsk.
September 8-11, POLAND

XXXIV OPEN SEMINAR ON ACOUSTICS

w Techn. Univ., Wy-
braozo Wyspiansklego 27, 80-G70 Wroc-

Saplember 13-16, BIRMINGHAM
CONFERENCE OF BRITISH SOCIETY
OF AUDIOI

SAspocts o Implmulmns of Hearing
Impairment Throughou Lif
Details: Bland, Centre for the
Hoaring Impaired, Western Road, Bir-
‘mingham, B16 7QQ, U.K.

September 15- 17, DNINA
INTER-NOISE §;

"Noise Gontrol n Industry".
Detais:tor-Nolse 47, & Znongguancun
s-pumbor 22 -25, WAHWICK

NEW MATERIALS AND THEIR
APPLICATIONS
Details: Meetings Officer, Institute of
Prysics, Belgrave Square 47, London
SWIX 80X, U.

October 5-9, CZECHOSLOVAKIA

fere
1, 832 27 Bratislava, Czecho-

o November 12-13, HOBART

ACOUSTICS IN THE EIGHTIES.
Details:  Stephen Samuels, A.AR.B.,
£.0. Box 156 (Bag 4), Nunawading, Vi,

Nnvnmher 16-20, MIAMI
MEETING OF ACOUSTICAL SOCIETY

Details: Mrs. B. Goodfrend, A.S.
Eest 4sin St, New York, NY

A., 335
0017,

. Daeembar 1-4, LAUNCESTON
8th AUSTRALASIAN CONFERENCE ON
COASTAL AND OCEAN ENGINEERING.
Details: Conference Manager, Institution
of Enginoars, 11 Netional Ciroul, Bar-
ton,

1988

® January 25-29, SYDNEY
BICENTENARY CONGRESS OF
PHYSICIST:

Details: Dr. Collocott, CSIRO Division
of Appiied Physics, P.O. Box 218, Lind-
field 2070.

March 15-17, GERMANY

DAGA '88
Details: R. Martin, Abt. 1-Mechanik and
Akustik, Bundesalle 100, D-3300 Braun-
schweig.

May 16-20, SEATTLE

MEETING OF ACOUSTICAL SOCIETY
OF AMERI

Dotails: Mrs. B. Goodtriend, A.S.A. 335
East dsth St New York, NY 16017,
USA.

June 6-10, YUGOSLAVIA

XXXIl ETAN CONFERENCE

Details: Prof. P. Pravica, Electrotechni-
cal Faoulty. Bulevar Revolucl Jo 79,
YU-11000 Belgr:

August 21-25, sTocKHoI.M

5th INTER. CONGRESS ON NOISE AS
APUBLIC HEALTH PRQELE

Details: Noise ‘88, C/- Reso Congress
Sereies, 8535 o2 sioeihaim.

ADVERTISING RATES

Full page, black and white $360
Full page, spot colour 410
Half page, black and white $235
Half page, spot col 285
Y page, black and white §150
% page, spot colour $200

pared ins $150

Colomn rate.(ior small 56¢) one:
third p. width, per cm

Special sizes

11 cm by 11 cm (3 page) $175
Page width, 5 cm high 120
One-third p. width, 11 cm high .... $90

Discount rates available for three con-
secutive ads and for sustaining




AUSTRALIAN RCOUSTICAL SOCIETY

DIVISIONAL COMMITTEES

(* Indicates Councllior)

New South Wales  Victoria South Australia Western Australla  Queensland
Chalrman Serge Hlistunov  Stephen Samuels®  Peter Swift* Giafranco Rasile*  Robert Hooker*
Vice-Chairman Ray Piesse* Graeme Harding*  Robert Boyce* Peter Wilkins Ronald Rumble
Secretary Tony Hewett* Robert Monteith  Robert Williamson  lan Bailey Noela Eddington
Treasurer  John Mazlin Geoff Barnes Ken Martin Graeme Yates Will Tonisson
Graeme Atkins Sin Chan David Bies Brian Bickford Lex Brown
Bruce Cremin Joseph Matthew  Robert Bogner Marle Kormendy ~ Russ. Brown
Peter Knowland ~ Charles Rossiter  Adrian Jones Robert Langford  Fritz Kamst
Jack Rose John Upton Timothy Kiar Michael Norton Warren Middleton
Colin Tickell David Watkins John Lambert Clive Page Warren Renew"
Andrew Zelnik Max Lane Tibor Vass* Ron Windebank
Greg Wild

ADDRESSES: All correspondence on NATIONAL matters should be addressed to the General Secretary.
Al correspondence on REGIONAL matters should be addressed to the appropriate Division Secretary.

General Secretary New South Wales Vlc!arla

AAS—General Secretary AAS—N.SW. Division AA.S—Victoria Division

Sclence Centre Science Centre nal Sclence Centre

35 Clarence Street 35 Clarence Street 151 Aoyl arade

Sydney, N.S.W. 2000 Sydney, N.S.W. 2000 Parkuille, Vic. 3052

South Australia Western Australia Queensland

R. P. Williamson 1. H. Balley AA . Divi

8 Fashoda St. Sehool of Physics G7- Biv. N015= Abalemenl
Park, WALT. 64-70 Mary

S.A. 5081 Kent St Bentley, W.A. 6102 Brisbane. aid. 4000

SUSTAINING MEMBERS

AQ-VIB DIVN. OF AQUA-COOL  CMA FOAM GROUP NAP SILENTFLO PTY. LTD.
TOWERS PTY. LTD. 1 HEATHCOTE ROAD P.0. BOX 173
UNIT 7, 2 STANTON ROAD LIVERPOOL, N.S.W. 2170 CLAYTON, VIC. 3168
SEVEN HILLS 2147
THE CHADWICK GROUP PEACE ENGINEERING PTY. LTD.
1 OF AUSTRALIAN 292 BURNS BAY ROAD UNIT 2/20 MARIGOLD STREET
A ROOUSTICAL GONSULTANTS  LANE COVE 2066 REVESBY, NS.W. 2212
gé cﬁl:gr?cescs?;:é FOAMLITE AUSTRALIA PTY. LTD, PITSTOCK PTY. LTD.
SYDNEY, N.S.W. 2000 P.0. BOX 331 ACOUSTICS DIVISION
SUNNYBANK, QLD. 4109 515 COTTAM AVENUE
w5 BANKSTOWN, N.S.W. 2200

A\JSTHAI.IAN GYPSUM LTD.

P.0. BOX 4325 N TR NOISE CONTROL - 50UND ATTENUATORS
MELBOURNE 3001 - LTD. AUSTRALIA
7 LEVANSWELL ROAD 39 KOORNANG ROAD
MOORABBIN, VIC. 3189 SCORESBY 8176

BRADFORD INSULATION,
-S.A. LTD, JAMES HARDIE INDUSTRIES LTD. SOUNDGUARD PTY. LTD.
2

PO, BOX 1754 G.P.0. BOX 3935 P.0. BOX 246

NORTH SYDNEY 2060 SYDNEY 2001 . RYDALMERE, N.S.W. 2116
BRUEL & KJAER (AUST.) PTY. LTD. JOHN LYSAGHT (AUST) LTD. K. H. STRAMIT LTD.

24 TEPKO ROAD P.0. BOX 77 52 MANDOON ROAD

TERREY HILLS, N.S.W. 2084 PORT KEMBLA, N.S.W. 2505 GIRRAWEEN 2145



