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NEWS-------
A.C.T.
First Meeting

On Tuesday, 24th February, 1987
Louis Challis spoke to almost 20
people who attended the first meeting
of the Society to be held in the A.C.T.
under the auspices of the N.S.W.
Division. His talk was on the Acoustic
Considerations of a Major Architec
tural Project with particular reference
to the New Parliament House Project.

He outlined the generai responsi
bilities of the acoustic consultant and
the need for interaction wifh the others
involved with the project. The new
parliament house is a particularly com
plex project because of its largescale
and the innovative design. Louisex
plained that fhe time restrictions led to
his development of new computer aided
techniques for rapid assessment of the

.acoustic environment within the large
spaces for the House of Represen
tatives and the Senate. The use of
speech, which had been recorded in
the models of the spaces, was of great
benefit in demonstrating to the clients
the need for more sound absorption and
~~rf;~~;~UI placement ot the reflecting

The room acoustic considerations
are not the only ones which are
important in such a large project. Louis
explained some of the other acoustic
problems which had to be solved.
His talk was followed by a lively ques
tion time before a dinner which was
attended by half the audience.
Neville Fletcher was the Chairman for
the meeting.

While there are only a few members
of the Society currently resident in
the A.C.T. there does seem to be a
substantial interest in acoustics. Ilis
therefore hoped that, if more activities
are held in Canberra, more can be en
couraged to join the Society and maybe
tor~::'rJ.Group of the Society can be

N.S.W.
February Technical Meeting

The first meeting for 1987 was a joint
meeting with the Institution of Engi
neers, on 18 February.

The topic for the meeting was the
"Reduction of Noise from fans at
Eraring Power Station". The two speak
ers were A. Hanna, a senior engineer
from the Electricity Commission and
B. A. Russel, the technical director
from James Howden, Aust. The meas
urement procedures and reduction
techniques for dealing with the noise
~i~~u~~~gde low frequency sources were

From Queensland
Both Warren Middlefon and Peter

Koorockin have independently spent
time recently in U.K. Warren has now
returned to resume teaching duties at
O.I.T. while Peter is staying on to tour
Europe.

The final meeting for 1986 was held
at the Playground Theatre Restaurant
and Cabaret. Approximately 14 mem
bers and friends partook of dinner and
~~t:ro~~. "Rise and Fall of the Roman

Notes from the Gen. Sec.
1988 Annual Conference ... the South

Australian Division Committee has ac
ceptedresponsibilityfororganisingand
running the 1988 Annual Conference.
No dates or themes have been finalised
at this stage but it is expected that
it will probably be organised for the
latter half of the year.

National Committee on Physics ... in
recent years the National Committee has
taken a special interest in acoustics
and in so doing has initiated and
sponsored a scientific meeting on
Underwater Sound and supported our
successful nomination for the Commis
sion on Acoustics. There have been
initiatives in other areas including optics

The initial AAS representative on the
National Committee on Physics was
Paul Dubout and subsequently Ray
Piesse. The representation has con
tinued for about 10 years. The Council
of the AAS has now nominated Dr.
Neville Fletcher to serve on this com
mittee until May 1989. Neville Fletcher
has a long-time interest in acoustics
and is at present Director of CSIRO
~:sr~~ute of Physical Sciences in Can-

Engineering Award ... noted in Con
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
i~~:~g FA18A Hornet Aircraft - Vic-

FASTS Request
(FASTS is the Federation of Austra

lianScientificandTechnologicalSoci
eties of which the Australian Acoustical
Society is a member.)

"FASTS is entering into an arrange
ment with the airlines to promote
FASTS Member Society 1988 Confer
ences overseas. Where people can link
a few Conferences together they are
more likely to travel overseas.

If you would like your 1988 Confer
enceto be oromoted in this way please
send in whatever details you can.

We will be looking at some initial
promotion in April 1987. Dates and
venues would be appreciated, draft
programs if you have them."

G.P.D. Box 2181, Canberra, A.C.T.
2601. Te/.:(062)473554.

Bruel & Kjaer Move
The telephone number given in our

last issue was not correct. Bruel &
Kjaer's new address is 24 Tepko Road,
Terrey Hills 2084; postal address is
P.O. Box 177, Terrey Hills 2084; tele
phone (02)4502066; telex AA26246.

Mini-Editorial
In this issue there is evidenceofa

little editorial tidying-up. The previous
sections Australian News, International
News and People have been amalga
mated into one section simply called
News. In these days of satellites, desk

~~c~~~t~~~s ~~d;~eS,;, :OA~at~~c~i~:rS~
:~;te~et~;nO~iJ~~.ates - it gets around

Speaking of FAX machines, authors
and suppliers of any written material,
especially late material (late in the sense
that it is long past the editor's deadline
but the printer is still poised with his
finger on the GO button) may now send
their contributions directly using FAX
No. (02)5232163. This will deposit 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 administrative and advertising busi
ness. For all business matters please
call Sandy on (02)S273173.

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

Howard Poffard
Chie/Editor

Australian Acoustical
Society Records

Council at its 37th meeting decided
to implement a centralised computer

~~::~e rfhc~r~ff~~~iVeevne;;s n;,~~~ta~~i~=
stration and reduce the work load of
some of its voluntary office bearers.

The records which will include details
of membership, subscription payments,
members interests and addresses will
be maintained by the Science Centre
Foundation in Sydney. They will be
suitable for keeping the Society's
Registers of members up to date,
compiling the Society's Directory and
for mailing purposes.

WANTED TO BUY
B & K 2209 Sound Level Meter.
B&K4426 Statistical Analyser.

Basic units or with
accessories.

Details to:
Caleb Smith
P.O. BOl<306
Toronto,N.S.W.2283
Phone: (049)S93370
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VIPAC Award
A Vipac lnve nHon ca ll.d 'CICEMS'

hIS WOn IN Vlctor l'n E nl e~llse Work
. P>op Pe t.on ', Awa rd, A priza 01
$l ll.ooo w.. awar ded tGw.rd s the com 
marci.liaal ion 01 the PfOduct .

The prize mon ey for th. awa rd comes
Iro m the Depa rlme nt ollnduslry , Tec h
no lol1l .nd Resource .

DIDEIrII S (The Clgital Inte •• ctlwe
Cie$81 Engine Monitor ing Sysloml is
the firsl comp rehen sive diese l engin e
di.gnostic s)'St. m In lhe wor ld. The
.\'S le m <wweloped by VI~c, employs
SOl'h ls tiC. .. dslgnal ga thering teenec
logy .nd.Ov. nc .d s ignal proc ess in;
method. 10 produce an e.uemely pow ·
. tl.. di.gnoatic . yslem. II II thoe onl~
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In Vlpac 'S deo-e lop m. nt Iabo ralory, 41
d,lI. ren t oper ating condilion delecl$
wel edeteeted by CICEMS on , . ingla
.... 1 . no,ne. Tire deWce can imPfO'o'e
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Bruel & Kjaer Opening
The oIlicia l inauguralion of thoe new

AU$tr. lian ...edq .... rt... 01 110* "
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Jim Cal1ton and lire Sta le Member Jim
Longley .
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Victorian
Technology Centre

ha~ bO~~~ i~~t~~r:~/h~~v~~n~he,;tp~nr\ti~i~~
bourne region, an area dotted with

~~~h~~~~~~~~~y~~~~~~~~u~~;inS~~~~'g t~

g~~~~~f~~~or~~~~E;ir[e~~~~£ f~~
The Victorian Technology Centre

offersaco-ordinatedapproachtoob
taining contracts for major government
and private enterprise, offset and export

~~l~:~~I~~~~~&}~~~
Victorian Technology Centre's Chief
Executive Officer.

The Centre is setting up a national
information network to identify poten-

::~d':r?je(~F~tll s~~~o:.e t~~~re~~;t~trit~~
Technology Centre wili act as a single

Fi~~n\~fli~o~~~~:i;~~h~~1 ~~~; ~O~:~fi~i
clients so that Australian industry will
be in a position to become involved
at concept stage and will be able to
respond quickly to tender requests and
opportunities.

The Victorian Technology Centre was
established by Vipac Pty. LId., an

~~~~ii~~ ~~s~~~~~, ~~d1 ~~;su+~aentc~~?r~
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.

an~-:.~m~Trs~igt~~~hea~JCAi~s~fa~i~~o i~~
dustry.

For/urtherdetails contacfthe Vic
tartan Technology Centre, 275-285 Nor
manby Road, Port Melbourne 3207.
r03)6452144.

New Members
e Admissions

We have pleasure in welcoming the

~~~:fl~9~:::~u~i~r~~~ere;:~~~g~t~i~
mitlee on Membership.
New South Wales
v;;:;~~iaU. B. Mizia.

Dr. C. G. Don, Mrs. J. C. Evans, Mr.
M. J. Snell.
e Graded

We welcome the following new mem
bers whose gradings have now been
approved.
Student
New South Wales

Mr. J. F. Hayes.
Subscriber
New South Wales
Vi::~;i:' R. Cremin.

Mr. S. Leverton.
Member
South Australia

Mr. P. J. Maddern.

Inter-noise 87
VENUE ... The Conference will be

held at Beijing Science Hall from Sep
tember 15 to September 17, 1987. Bei
jing Science Hall is within the yard of
the Friendship Hotel which is located
in the north-west suburb of Beijing.
All the session meetings of this Con
ference and the technical exhibition
will be held there.

REGISTRATION ... For Conference
Participants the registration fee is
U.S.$150. For Students enrolled in
degree program, the registration fee is
U.S.$75. These fees will cover the fol
lowing items: one set of Conference
Proceedings (Engiish or Chinese),
altendance at all sessions and exhibits,
three lunches. refreshments during the
sessions, and transportation from and
to the airport. Additional set of Pro
ceedingsisavailableatpre-publication
priceofU.S.$25.

For accompanying persons the regis
tration fee is U.S.$50 which will cover
Ihreelunches, the city tours BT-1 and
transportation from and 10 the airport.

Participants are advised to make
reservations and prepayment for the
anticipated number of nights before 15
July, 1987, otherwise accommodation
cannot be guaranteed.

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

Conference Information
The Australian Academy of Science

has decided not to continue producing
the Calendar of National and Inter
national Conferences in Australia. As
an alternative, information is available
on the Australian Conferences data
base via the CSIRO Australis infor
mation retrieval service.

Australian Conferences is an authori
tative list of conterences being held in
Australia, Australian conferences being
held overseas and significant inter
national conferences being held in the
Asian-Pacific region. At present the
database contains mainly scientific and

:;c~~~~~r oCt~~~e~~~~;: but it will expand

The database is produced by the
CSIRO Information Resources Unit and
is based on the wide range of infor
mation on science and technology
which is processed by this unit. Con
ferences are listed in some detail. As
conference arrangements progress and
more information becomes available,
the conference listing is updated. Con
ferencesare Jefton the database after
the conference date to assist in track- -------
ing down the published Proceedings.

CSIRO Australis is an on-line infor
mation retrieval service available
throughout Australia. The service is
currently designed for librarians and
information officers but can be used
by anyone who is prepared to learn
how to use the service. A manual is
available to assist users and user
support is available in each capital
city.

Further information: CSIRO Informa
tion Resources Unit, P.O. Box 89, East
Melbourne, Vic. 3002. (03)4187333.

NEWS . . .

e Other major standards published
were the revision ofAS1191,Acoustics,
Method for Laboratory Measurement of
Airborne Sound Transmission Loss of
Building Transmission, the new revision

~e~:r~rnftf~~ ~: ~~~~~\~~~~st~~~e~
of Noise Sources. The revised and
expanded version of AS 1633, Acoustics,
Glossary of Terms and Related Symbols,
and the new standard AS 2822 Acous
tics, Method of Assessing and Predict
ingSpeech Privacy and Speech Intel
ligibilily.ln1987therevisedversionof
AS 2107, Recommended Design, Sound
Levels and Reverberation Times for
Building Interiors, was published.

elntheVibrationandShockarea.
the following new standards were pub
lished; AS 2625.4, Measurement and
Evaluation of Vibration Severily of Small
Rotating Machines. AS2763 Vibration
and Shock-Hand Transmitted Vibra
tion - Measurement and Medical
Screening; and AS 2775, Vibration and
~~~~ke;;s~echanical Mounting of Acce-

e A fairly large amount of new work
was undertaken by the newly constituted
board. The most relevant projects in
the acoustics area are:

1. Siting and Construction Relative to
Traffic Noise (this project is the
responsibility of sub-committee
AV/5/3).

2. Revision of three standards (AS 1948,
1949 and 2254) dealingwithmelhods
of measurement of noise aboard
vessels, recommended noise ratings
for various areas of occupancy in
vessels, and method of measure
ment of noise emitted by vessels in
ports and harbours. The standards
covering noise emitted and aboard
ships has been extended to cover
off-shore platforms. (Committee
AV/3/4 and AV/5/5).

3. Preparationofanewseriesofstand
ards dealing with noise emitted by
household appliances. (AV/7).

4. A new standard dealing with the
method of noise measurement of
lawn mowers, brush cutters and
edge cutters. (AV/6/1).

5. Revision of AS 1270, Hearing Protec
tionDevicesandAS1269.Hearing
Conservation. (Sub-committee AV/
3/2 and AV/3/1 respectively).

6. Preliminary investigations for stand
ards dealing with rain noise on
metal roofs, helicopter noise, and
impact noise on floors and walls are
being carried out. (AV/5).

elntheareaofVibrationandShock,
the following projects have been
started:
1. A new standard dealing with the

specification of vibration isolators.
(AV/9).

2. A new standard dealing with the
driving point impedance of the
human body. (AV/10).

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

M. MAFFUCCI
Standards Association a/Australia
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In March 1986 the Noise Counc il was
l. unc hed at a rece pHonln lhe House
01 Lords hoaled by Lord Na than. The
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I' ll a ", to pro mote and respon d to issues
", tating lo nolse a"" vib' aflon a nd to
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Roy Eme,son an d GI>OIl levanl~ all as
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Joh n Slirt,ng as me mbe rs

The lin;l ecllvlty ol lhe Counc il has
bee n \tle p,oduclio n 01 a publical ion

;~~o,:e~e~~~,~;. n;i~ ':.e~~~~=
16-page doc umen l (available lrom Noi. e
Coun cil, Chadwick HOuM . 48 RuslWl'o" h
Slroot. LOndon SEI OQT for £1.1101 d,s
C\lSS<lsll9's latlonwl>ich has_rice"
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1987 Annual Subscriptions
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DECIBAIl LV - ioo oeo vinyl
DECIBAIl LVF -ciccoe o vinyl/foam
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DAMPiNG -
DECIBAIl DC - vibrat ion damping
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DECIBAIl DS - vibration damp ing sheet
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Moorabbin. Vic .

Australia 3189.
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Machine Condition Monitoring
Using Vibration Analyses

J. Mathew
Department of Mechanical Engineering
Monash University
Clayton Vic. 3168

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
classified into six categories: aural visual operational variables, temperature, wear debris and vibration monitoring.
This article is mainly concerned with the last of these, vibration monitoring. The various forms of vibration analysis
techniques applicable to machine condition monitoring techniques are described. It is shown that relying entirely on
anyone technique may be unwise. It would be preferable to process the basic time domain signal in several ways to
highlight different aspects of the signal which would in turn relate to different failuremodes. The evidence obtained
from vibration monitoring can finallybe integrated with data obtained using other techniques to confidentlY identify
machinery failure.
KEYWORDS: Condition monitoring, vibration monitoring, vibration analysis, time domain, frequency domain,
quefrencydomain.

Figure1: Conditionmonitoringtechniques

consists of placing a spanner or rod against the machine and
their earmuffs. An extension to this method is the stethoscope.
These range from simple rod cum tube to earpiece devices,
to ttiose that pick up the rod or tube vibrations using a micro
phone. The signal obtained from the microphone can be either
amplified or filtered before being fed toa headset [3].

1. INTRODUCTION
It is generally accepted that preventative maintenance can adopt
one of three different approaches. Breakdown maintenance is
practised when machines are operated until they fail before
maintenance techniques arescheduled. Scheduled maintenance
is concerned with interrupting the machines at regular intervals
formaintenance,inordertoreducethenumberofunplanned
stoppagesthatcanariseasaresultofabreakdownmaintenance
strategy. However. the selection of an optimum maintenance
interval is a difficult task in many situations. Too frequent
maintenance can bea 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,too long an interval would result in more
failures than desired. A more acceptable maintenance policy
would be to determine the maintenance interval by monitoring
the actual condition of machines. This latter approach would
certainly result in increased plant availability which would in
turn result in greater return from the capital invested. Other
benefits include reduced maintenance costs and improved
safety, particularly in machinery where failure constitutes a
health or physical hazard.

The clear advantages offered by the application of the
"on condition" approach has in recent times led to the
developmentofa vast number of techniques for monitoring
machinery condition [1, 21.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. If is commonly
accepted that skilled personnel who have intimate knowledge
of machines, are capable of identifying failure occurring by
simply listening to the sounds of distress emitted by nearby
machines. There are those who indeed have enhanced their
skills by being able to listen to machine vibrations. The method
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2. THE TIME DOMAIN
Time doma in &gnal. if Undlf'Stood proper ly, can yield enor mous
.mount. ofinlormlUion, Funl>er . ....lyai. l. uau. lJycarriadouI
so thaI some char .eteri llica not read ily obse rved vi.ually , are
higi'olighttld, Saver.1 techniques ha... e;ltwr b-. p.opoMd or
UHd in mac:hine monitoring end they are Ihown in Figure • .

2..1 Wavefo rm Anal yai.
Thi. techni que con siall of recording the time history of tha
. vent on e sloreg e oac illoscopeor . r..lti m• • nal......r. Apan
!rom.n obvious funda mente l eppreclet ion of the signal, lUch
•• jj the ligna! w.' Iirlusoida l or random , it is particularly
ul8flJ ln the study of non~dy conditionl.nd ahOfttr-*'t
impuI$M. Disaet.~ occumno in o-s and bear ings
lWChil broken teethon the fOfr1'l(lfandCf8Cks in1heinnef . nd
outer races of th. I. tler, can be identifoedr. latively eal ily I12!.
An ... mple is Ihown in Figura 5, wtlet . the waveform of the
caling vibra tion acceler. tionofa aingle .t8\ltl gearbox with a
brok. ntooth onthepinion is pretllnted . Thepinioninlhis
exemp li WIl l !MectIy coupl ed to • 5.6 kW, 2865 rpm AC

M.ch ine vitJrations arise from cyd ic axdta tion forces witllin
the m.chine. These lorces are somet ime. buill into the design
of the machine or c.n be dce to real che nges in dynamic
jlfopert;. of individualmachineelement.d.... towearorf.it....e .
ThaMexcitation !Of'tol;are transmitted to ed jecent componenb
or edioioinll struel\ll e. cauaingpal1S of the mac:hine lemot •
tromthe source to vibr1ll8 accor dingly to varying degr-.

The measu r."""1 01machin. vib<\ltion Cotl be made using.
wida . "a yoftr_ducara ll l l,.ndtheaewilinotbediacutaed
he,e. How ever It wou ld ....ffice to men tion that the pialO
elactrk: K Celerom. ler i. probably the most popular meaau'.
ment tr. nsd ucer in use Ioday, due to its wide frequency and
dyrwn ic range . The acceler iltion . ig.... . obta ined trom lhMa
If.nsducers are som8lim". integf8ted to produce velocity or
even di.placement tor drlfarentapplication•. These aigMl...e
than procaS!llClin dilf", .n l ways to highlight dilferent aspecU
01 the signal which can tIlen be used in Ihe detec tion and
diagnoai.ofthemadlinacondition.Th.vanoua tac hniq.....
can be broad ly detaifled under thl eategori es shown In
Fig.. . 3.

11",e (ms)
fit/4lf 5· T....~-'umrol.~_

I
QUH UNO

VillUal monit o,ing can sometim .....Iso provide a d i,1>CI.
indica lion of !h. machine condWon without!h• ..-d fo'
fUf'l!'leranalysis.Techniques'angefromu. ings impl.magnifying
11__ Of low power miaO$COpClS 10 lilllrt .ssisled d.vicea
auchas boroacopesaoclstr'Oboscopn l. t Other IOf.... ot visual
mon~()fing inelude .... ng dye peno:Ilfanta 10 prov;oe. clearer
definition of Clack. occurring on the machine $Urf_ aocl the
lIStI of heat sensl tive paints also known . s thermog ,aphic
peinta. U""allylhesepaintsnee<:f lobe ..lact ed lo mat ch the
lampe ,at" l1110 be meas u'ed wtl ich would involve ........ Pfior
knowle<lgeofthe like/y sorfacetamper .Mes ,

The monitoring of the operational var~bles in maetW-y is
IOrl'IIIi maa 11110 known as peo1ormance or duty cycle
monitoring l51. Th. object ive of Ihis techni que is to ",uge
e. ch machine' . perlormance 10 i\1;;nt. ndad duty . Arrj m. jor
dev;llIionsfrom e~pact.d ordasillnv.l....sin d ic8t9 thee. i!ltance
of • problem which uwa llv re lllla to mach ine m.ffunction.
Howeve<, in many lTWlChlnes. rnon;loring it5operali ng veriabl...
terldI to be lea soositive tha n other method. in delecting
incipient Of eartv leilu" l. Ouite ofl... ItMl leb e in ITIlIchine
e",mentsNl'lObe_lI .dvanced belorea~llbIe chllnge

i. produced in itI operationa l variabl....
Tem perature mon itoring conti!11i of measuremenl1i o. the

Operllliona! temp erature and the temperillu re of com ponent
.....ces l61. The monitori"llof opera tional tem per.lUra C¥Ibe
considered ......bset of ltMloperationelvariablaadillCuu.ed
Pfevious ly. The monitor ing of comPQnenlItri&cetBmperalure&
ha.beenfoundtorai ete tO_ OCCUffing in ll'\lChina e!ements
particularly in journal be.rings where lubrication wei either
' nadaqu.te or ablll nt l7l. Techn iquesf or monitoring lem par8lure
of mach ine com ponanq inclucl. the UH of op\k;lll pyrometers .
t:hermocouplaa, thatmograpl>y and ,",st. nce thermometers.

Wewrdllb< i$ islJ8rll!fllled .l.elativenlOY ing tu1llCesof
load bear ing machine elements. Hence it is posti b'- IO.s:sess
the condition of these surtaces Hthe weer dabr is were coIecte<I
• nda nalysed .Th ev.riQustechniqu"" eurrentfybei ng .mploved
or being '"earctledI8)aretumm.rlsed in Fig....e 2 , A dillCuS\lion
ofeachoftheHl.chniques ls beyoodmescopeolthi• • nicle
However, it is imporUlni to ac know1edge the ex;"tenc . of these
tecm iq..... They ClInbe UMd~11y inadd~ioro to, say,
vibriltion techniqu aa, toprovidaconobor.tiveevidence of
mach inMYf.i l..",", 19,10~



electric motor. Under nominal load,ashllftspeed of approxi
mately3000 rpm was obtained. Hence a single discrete fault
on the pinion such as the broken tooth would produce pulses
in the time domain with a period ofoccurrance of 20 msorso.
This feature is clearly evident in Figure 5. Waveform analysis

~~~_:~~c~r~~;~~u~i~hidsehn:~fy~~~:de:t~na~a~~~~:ti~~:s~h~~:~ ! ~
r1n;J~ysiS, waveforms can indicate the occurrence of resonances ]- ~

2.2 Indices
ThePeaklevel,RMSlevelandtheirratioCrestfactor,areoften
used to quantify the time signal. The Peak level is not a
statistical quantity and hence may not be reliable in detecting
damage in continously operating systems. The RMS value,
however, would be more satisfactory for steady state
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,unreliabledatawouldbe
obtained when monitoring machinery where the time signal
contains information pertaining to more than one element,
say a multistage gearbox where the time 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
levels,has been proposed asa trending parameteras it includes
both parameters [14J. However, investigations by the author
have shown that this parameter usually increases marginally
with incipient failure and subsequently decreases due to the
gradually increasing RMS value typical of progressive failure.
Ouite often, the trend recorded by this parameter has been
found to be similar to another time domain parameter, the
Kurtosis factor. Evidence of this similarity will be produced
later when the Kurtosis factor is discussed.

2.3 TimeSynchronousAverage
Synchronous averaging is the time signal averagedover a large
number of cycles, synchronous with the running speed of the
machine. This technique not only removes background noise
but also periodic events not exactly synchronous with the
machine being monitored. It is especially useful in gear
vibration diagnosis where multiple shafts are present. All
components not synchronous with the shaft of interest can be
deleted. Atypical measurement setup would consist of the
transducer usually an accelerometer,a tachometer which would
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 ofa pulse frequency multiplier [151.

2.4 Shaft Orbits
Lissajous patterns ara'obtained by displaying time waveforms
obtained from two transducerswhose outputs arephaseshifted
by 90 degrees, on an oscilloscope where the time base is
substituted with the signal from one of the probes. When
shaft relative displacement probes are used, the pattern so
obtained is the shaft orbit and can be used to indicate
journal bearing wear, shaft misalignment, shaft unbalance,
lubricationinstabilitiesinhydrodynamicbearingsandshaftrub
[13J.The techniques of proximity analysis are well established,
particularly with applications to turbomachinery. Eddy current
tranducersare commonly used in addition to appropriatesignal
conditioners. However, care needs to be exercised when
mounting these eddy current devices, so that the effects of
mechanicaland electrical runoutare minimised [161.Otherwise,
spurious signals will be obtained during measurements. An
example of orbit analysis used in monitoring journal bearing
wear is presented in Figure 6. Two eddy current proximity
probes were placed at 90 degrees radially along the shaft.

XOisplacemendmils)

Rgurs 6: Orbitmonitoring;
-Bassliflllorbit---OrbitwithwornbeBrings

Mechanical glitch was minimised by accurate machining of the
target area of the probes. Electrical glitch was minimised by
pushing an aluminium sleeve onto the target area. In this
particular test, the bearing inner diameter was deliberately
enlarged by boring out bearing material. The results clearly
showed that the orbit diameter increased particularly in the
vertical direction, indicating that this rotor bearing system was
stiffer in the horizontal direction. Hence the added bearing
clearance due to the simulated wear condition resulted in
larger vertical relative displacements.

2.5 Statistical Analysis

2.5.1 PrObBbi/ityDensity
The probability 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 monitoring machine condition. Examples of the
application of this parameter to rolling element bearing
monitoringarealreadyavailable[12,14,17].Afurtherexample
of damage detection in a high speed rolling element bearing is
shown in Agure 7. Damagewas induced by producing a small
radial groove on the outer race of the bearing. This action
resulted in the vibration acceleration waveform looking not
unlike Figure 5. The waveform when the bearing was in good
condition was characteristic of a random waveform with a
probability density curve that was similar to the normal
distribution or bell shaped curve. Note that the expression of
the vertical axis in the logarithmic scale tends to produce a
distorted shape when compared with probability curves
expressed in linear scales. This is deliberately carried out to

NormollsedAxlS

Rgurs 7: Theprobebilitydistributionofbeering vibretion
ecce/eretionBmplitude.-baseline dara,--- damagedbearing
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oond~ltd, lhe larll<'ltdilCle Plncv occuned in the ....mp"
shown in Figl.O" 9. In aome U$et. the lfWKb teCOfdad by both
par_wlfI .lmoIt identJcel.n.~ .. 1haI
simple OIltIec101met• • whIdlOOSlsillnilicantlv ...~
K....... mer-..ceninl1Mdbtuoed in plac:eofv.elllleriu"
rnorOtorinliIroIinll""'-biIIIW'lllcondilion.

3. THE fREQUE NCY DOMAIN
DillitIlI8ltFo..rilr"*VMofthe1irne-..bm""~

1he_popuIIr~ofdlrMnll_lreq.8leydomlin

aisP"IIln.lil;rwtInllC*lfU"lOob&lIir.cll13lcenpn;Mde
vMIIblI inlOlfftltlonworh regIfd tr:I fNIdline 00f'0ti0II.
EnveIoIlinllorciltnodullcinllNtime..-tormprioflO
P«forminllthelIltFo..rilrtr....,.,illIIo~popuIIrity

endisnclucModinlh8~6IIeuIIiononftequency

domIin~FNIy.lJ)IIChlinformltionean""'be

de"ftledUllng~fi""_l\nMItoPlllinllm.

intotmIOonOlWvinbendiofinllrIll.EKhof~~

cen berellted_lho:M'n in FIQl.O'.10

3.1 The S!llnatu•• SpKIfum
The vitira tional cha rKtltllii ticaol anv mld1inl •• 101OIftI
..tant uniquol, duelo the _ iouItr_ teo c:hlrealriltic:l of thl

'VP1~]:=("/.,--..,,;... ;!...\/, ,.,

• _ ,>I

l , lIa(hour!)~ .. n.~ _ _ e-rIKMr /oI

_ _......,. .ZIhocn 01_



~ The mwlhod of .-nbIy, rnounUrlg end Nt*tion
of .... lNChine, .. pIrjo.pMin~.eOon.~.

~. whIn . ~ .... been~• •
~... spec1JUrnlhouldbeobtloined .... normel l\ftling
conc:Sitionto. ThiI~wil prO¥ide . bail.b '"

coonper;eoninOfder toloo::tte ~ fNquwlciee in whlch

~n:._invb'Micft lewl keYe~. Agu. l 1

.... .-mple ofhow.,..etive llignatw.IIpettr..~
eenbeinbothdetectif>llenddiegnosingf.. h... . FIliIur._
induoedon tIWQfX:lIlllonb yremoYinglubricnlonon-e1
occesi~ in I g-OO_. The final . pec;trl cluIty _did
Increil_tl'lfouoghoulth.lrequllOcy,ange.The~ lndic:l1l

the poeitlona of thoM h'equ.ncy <:omponenlJl r. loIled to the
ge M mesllCOfTlponenlllld two hlr monb. Indee d thie t.chnlque
ofsp«:tr.I~ .widelv ueed.OftllOlI"1op11"to<

reo:orchOflI.ittl ..l:I Of1.tllperecud.. ...:l~thlmln
tt>elebofetoty Of otllc» UIing.digitll ... tln.-IadFat..
.....,... MrouIl OllmPlrilOnl•• lhenmede,Mor.recently.
the pr_ '- been IUtomIted son-"-I by UIing pCftMliI
~~with..-yend_

inMliglncl. n-devicM Unplify ltle dWI a:quisi!lon
procaaendthe_vl~~Id.1'IiIbII

inI.,.....wuto ~IXIfTlIlIUIIn_ .......

3.U~

sq.,"' IPI(!r. ta'l lllobecomperedbyplottlng~

specn ~ -e-l lIO ""in the form vl~plota..ln

... 1WIion. . cIIwIoPina lahcaot---... .. ....,.
~1181. An -..pleoA SPOCnIe--._~
... F9" l2.AnIdd'ycur..-..:~_.-Idto~

thehft ...... <f......... of!tle~lt-'tof.1Iingle
SII9I ~ThI~_.wbjIo::l«IlD ... -'-I
oorodmotlend!tleligrllll of .... shett~~
__ monitored reguterty. The spectr8l C8IICIOI otoinId
Ihowed tlwI~ emplitude -.c.- oct....cl -m
thlendvllhetllt,elUrlyindielt;nglhlllchanglln(lllfboo:
lXlI'Idition hlcl oct....cl. Tl'ia type ol'~tlon Cll'l be Uled

~ ! , r f

i ;f;!ld0~~~
J :

.'=-. ---,:;,----;_=-----=H.. ,_~

Freque"Cy (Hz)
,...rr:~--.. ...-__
_~~ ~fJI~~

W"..-.II~. a.J.-.d""""""'...-.IIMd
/d Iltinl /wmolW fJI".. .....

,.,. ,Z:SpecnI"""'"
lO~spKtt.dwlwdftom~tr..-duc.r1olOO ,

providldthllPlCtrldo notcontllntoomuctolnfo<mltlon.
In meny CMel, thl herrnorOcOOntent providid by eccelerat ion
u.-lucerscaotbellignlficlnt.ThilcoupIIdMtl'ltl'lHllrge
IToq.-cy rllPOflM , oormeIy~ee~ plots !Nt _
dutttInId . ndthlref Of. of limited uw .

3.I .21r1dice,
The emount ol lnfol'matioo 11'_ in .~ plgI ear> be
'1du:ldif.chapectrllel\lngelh8toccunoed ...... ~
in lliingle runber. VlriouIlndicel hIVlI bien proposed [1 9~

By end 1ervI.lt-. $pICtral~ ....... beer> found 10 be
mono -.itNe INn .... domein nkII IO.och .. ..... M1d
RM$ ...... in1lwmonitorWlQof~........ beImgs [18L
jlgniII~mlnd._--.dy,o-s l2OI. k11OfT11
-.tt.~ intr...o. 'lOOfdedby1lwfTequwocy

~~caotbolQUite"" .Fv-13<hpicw1
c:ornpeNcnof vl_lI"1d~dlInwin..._

whlnepplild lO~jlgniII~ condition.
Li.<I:>rbtion_ r--.cl ..,..~ 0.5 tQn *'*
thlttlrtoftt.tllt.Mcndlmlgt_lndlI::IdlDthI~

by'~inthlll»dlDtt.~onlWO~ "
__ intt. ...ThI~ ..._~F1lter
R.M.s. fIClOfdId~k1nndsttwoughout""_do.ntion.

ThI~whlnNCluctio:lN_~OCCU'I'Id<binlJ

~of1lw1l»d_AlIhgugh~of""loequwocy

do:lrNin~c:hlngldby.mucto.. 15 dB, 1!le
~-'-'bythllirNdIllmIin~_

diMppointing. ThI..-,n b IhiI d"'-- in ""_ende of
tt-...-8nd1lw ~tt-eafplrticullwly b

rnonitorlnOjounwI"'ingcondition,l...:lbeen~

Pf~[7~

11..(1-0.15)

........ '.1" T_....-..-~,..,."'"'-l.
_ _ _ IWS,.". ......_,fWS ·~IrwI ......
_~R.. fI1MS--.t""__~IIiPflI¥.
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~ '.3 Mtuk$
An..,.... livemeltlodoftryinll lO ..........IIt~oc:a,ning
in tNlIillNllunl lpel;\J\Im ~ Io fofm .1j:leCIr1ltl"... which ..
~ Iromlhlltbaselioe llill"ol!Urlo.....IIowIItbIeIOlow._
1imi1 121L~~__ ol_ speclr.withlh.. n-'<

will indicM. if.~ .. ocamng. SomMi..-. ""' .... IOW

t.od'wIdl:h~ iI~ IO. OClI'IItWtI~

~~ to~.lor ilOMld ~
e.o.d"...,._l.-d jf ..~~ --..:l.

SornIIrty, '*"OWmMb _ uMdil'odtrminar~in

~_IItntio:ip81ed_II " IO"notedlhfl.~'"
IItml)UnIItII.xpoll'ience"noquir.cl in tN~-..pof ___
1TlIlnI......,. 1imi'I1NSk•.• ..otntionapeclJ.. ...,p;NdoIIIt ~

__ dw9und11tr.....-yingduty .m. tIIlhe lT\lldMoe.

12 ThIoEtweIopotd s,.cvum
T... ....."..lop.cl~..... bMn ..-.IO ..~
.-tul inmoniloring.....,........-m-f.. b¥1lfOducinll
..-uwlylhorllto.nliol'limpu.... I22L . t.."..lYJlicaIof
~t O'mlltgllt in rol ~"ll Iltl"'"""'t beBrif,gl. Ohenincipient

~ in rollinll ....... I~"ll.elf'lnOl .. detel:ted usinll
~.IpIItCtJ.lc:ornp.-_... tllllt _ llY conl'ibutlOnaby
~ impulses eee -.lilly SW.mpMl bV thIIt vibr. 'oon com
~ofll'lOnldominlomlltlementlor.xt'~ lnf\ullnces

of .-bylnlChinery. Tht wchniQueinvo:llva r"'tly, l high Pl!tN
tlltering operat ion 10 ,emove domi ... ~ "ll low f,eq uency
eompon.,tl in ItMt spectrum . Tht resu lting . ig... 1 is then
'.clif,..jplltrtialiv orfllllv.A nomMIlf<equenev lplltCtJlIm ~ thefl

derf\ledllling lit her I real liml lflalyalf or. cornput• . lf th.Ii",• • lIUd, then.1ow peSI fill.. i. ll .o incoI por . led 10
~dillitlltl~.ThtlpeO;1rumlltOobUloed lillOtnOltim8s

-..o elled thllt~~. ee.mg~ in

~O'NdW>ery""'bMndlltte<;tedwith ... I«:tw'oiquIIt 123L
Cautiorl _be u.ciMd wt-.~roling"""""

~ingswilto .ITIOI".~ """ moCIe. • __ high
fI'~~_ """"' noI Pf__ in"" colIectIIId
fl'om luci> bearftlla.~. Ihe~....., noII "~

In cs-.:tinll WOM~inbeaings.

13 ,.... s-d AtoeIyM
YIll:.- tKtoroiqo»tII~IN~ ol dlltllt""'"
~in. ~inIo~pn:>I)Of'I_.lOtriv

mofttor.lMtIdof~lItOIf-.brOIdOf_. inwhich

dIItfett"~tII~_~ I2.LTht

monitorirlllof.I'>I<fOW~~iI~-..otJ-.as

cN.-aetarinil:f<~moMOIinll·M..., d lheemsti"ll

vibrllttion~~lIt l*:bgattWonoorpor-lII· 1JetIcfinll

.... ...... e!w-.;teoilbr: lMquon;:y moni toring. 1ilInce, to'

. qmpIa, thIIt ~1fId 01 ItMt il* ......~ or beMng
deI_ftIItQuIItrlcle COllklblltmonilo"«l.Ao-. IhiI .PPfO"Ch
if ..-..d IOlelv __ ~probIoImI. F<w·UO'nIliIIt,with

........- lO tN a- mesh c:omponerrclnditi hermonic:s
lh\JwninFtg..e ll ,llIIrgeamplitude inc_ _ lItrecorded

bvmenvorher"equerqrc:omponenl.in lhl~.Hence.

'rend i"" , par. ""'1f tflal dIIlCfibes.tl comPCl'*'II in IOmIIt

WllV,wOllldpr(lY\de. be tter meaSU'eo f la illl' . OCCtlrring
T'" I hoc k PIli.. INllhod (251 ml y bllt conli doo,ed to be ll

IPllciIItliNd .ppliclllion olcNrleteriltic lr"ll lllll'oCV monitoring
flit... of higtl lpHd lolling eIIItmeot bMf,"llI IMII'" in ener ll'l'
being....medlllurtr.onic fl'lIQUIItfIcies.l'hiIteehniqllllUlllS ...
1ItCCeIer_I\M'Ied'l'llltChllriclllylltfld llllctricallv llO.freq......-.cy
of32kHzlO dllteetu-distr.......... III1 • .ellltWeIv
1irnJM-..__ .ndilwidlltlv~ in indultrv'ornonilor

highspeed~

/

4. THE Qt,lEFRENCY DOMAIN
~il lhe~bthllClltPl1"Jmwhodl isdtfioed.

thIItlCJKlfumof theloltill"ithmofthllt __~. lI:ilUMd

to highlight periooflCiIieI1:hII oco..o' inthe~ inthe

I8memrn.- .. the~i&..-..d IOhig highl:periocIil;
~occurrinll inlhllttimeciornlltin .;gnaThto.r..tlon

d thllt c~ ilnoII .IrMlllmaner lndc:..lf-.t ..
ex-.;iMd ""'*' doing eo I26L Cepmum IItnllIyW ...
~""uNdinthll....,...~(INfbolI vibr""
127}.~~C*lott.nbedftectlldinlhllt~

duelO lhell'..-.oI oI~~/)f 1liclllbllndl

in IN specfnm. An • ...,p. iI pr-.d in f9n 14. whid'I
"-1hIIt ~of . Iinglll .clltgllt';l~ Cllllifl9
~IItion IignM.Tht \lltr'gll ~ III 207S _
corraponds to thll st.ll fundarnenU1lmodlAlllioncomponenf
andlN1l1141.6_ il,rIIthmonic ~lIOlwmcricin

spedr........ T...~ ........ tolnlOllnitudlltof
speo;nI~of"-~ ........,roc:r...

-M1hincr-.ing _ inv-s. n.. "-ve been......-.:- wt-.
~q.eII'''''O'' lwvelecorded~in~ .
An _~ il Pf..-rllld in F1gure15. ThIIt·bIItrIdwdIh~ of

thllQllpe;lr"~_. b!oIdIrlIId I0 1:hII filllt"'Ntude
v-wrtio nl could be fIItIItd,1y C1-.-.:1. The If.,," _
obt.n.d lJIing ealing aculeIlittion _ 11",, 1$ trom IIw w.glllt
stag.ell_bcxwhich w... ....bjlltCledtolll1O'1l1tr1oMlcondilion.
T"- iniIillI lnallllH in gamNlllde o! Ihi fuoCIIImentl l componlf'Of
and ill I. t-n>ooic wal dllllt to pini"" in the p itch Ii"" 0 1 IIw
spu r II-I. Conlinued Operllliol'le--CI fu rther da~1It auch ..
scorl""o!thtladdendum.nddlodCIenCIllmol t"'tHtl'l. The
tell_.linIllydiloontinlleddlllltoexcessivlltvibo'lI00n .rd

o...rrency<..s)
Aponl.-A__-....-.......__



lICOUStiI; noise . S ignat ure 8j)8CVlIl oo mparilont .no-! Ihet
the base sp ect ral noise level in.c,eased $ignlficant!y with
ed vance d damag e end te nde d 10 o verwh elm the sheft
modula tion components. HllI1ce . tna e mp ha til of the modul ation
components In the specttum wes red uced , resultin g In thlI
Ioweirog of thlI gomnitudes of anociloted quel ..-.cy---Othfl r fofm. of C8P8trt1 _lyosis lnducla~ ot

''''natu. a ce pstra end 8ing le number Indicea derived ffom
euccenlve c epstt a ln muchthesame w ayllllllgnal1.lrespectral
techn iq.- a nd ep ectrll l lnd ices are used. However. one m ust
beP<IIJ>I'ed toacceptreducingveluea w hlchm.y be lndlc.tlve
of.d'V8ncedfa~unlmodea.

5. CONCLUDING COM MENTS
Itmus t no wbe tMdent to the reed er thal cond ition monitoring
encompe_ measu,eme nt aod analysi .teclm lqueathatbelong
to. wida va, isty of acie ntiflc dlscip llnBl. Thil ertic~ha.been

p<adomlnently concerned with vibfetion .n.1ysls end hal
• ttempted to pr-.t an -.view of thlI many tectw1kluea
e ithaot being reso:tMChed or used cu lfen tly in industry . ln the
flne lenelysil it ITlUftbe emphIsised tlwt the majority of It-.
teclwliq U811 work bolt. det8Cting. lingle s rmprrxnol the
mac hine malfu nction . In the over a ll ache me where _.1
d lfl..en t disclpl lnee .r a e mploytid. for eumple. spectrometf ic
oiI.nalylis can only ptOYide infOfmet ion on the concentret iona
oI_metalelnanoilumple .Parnclecountingontheomer
henclonIyp<ov;oo,.informationaboulltlelizeenddiltribution
oI_debril.Vibf'ationrnonitoringilwellsuitedtowardathe
monit or ing ol ' (lL1llng maehineryend ClIn p<esenI dlfficultiM
wh en monitoring rec lproca llng machi nery .

EV6I1 within &lch d iscipline , l uboet. of tech nique . Ife
.vallable. For exa mple, the m. jor port ion of thle arti cle waa
6ed "oca ted lO variouI vibra l:ion analytiite chniqu et lUltab le for
monitoring madline condition. No one lechnique C¥l proIIicle
aIItheanswera.ThaKurIOIiItuchniqua may beauitablefof
monitoring rolling element bearinge but is unsuitllble fof
monitoring jouma l bearing s . S imilarly. eepsttum enelYlie Ie I
useful too l in dleg noalng gear fajhJrBl bu t 10 far ha s not bMn
em ployed in det ect ing .0011ng eleme nt bea ring f.~ures . nd
with good reBSOf'\.~y. it woul d appel ' that the
deleCtion,diag~erdprognotisol_orfallureocculfing

in lTI8Chioerycan be g.eatIy enhenc:ed if a qndroma spproach
Iaedopled, in wllichacombinetionoll'\'fllplOfTl&iclentifoed by
a pprop<iate teehnl ques.re used to 'dentify fallure.ThiallPPtoeetl
he. not been widely edopted . nd hal been pa rtly dua to th e
increased coer. .S8OCialed wi th utllislng a wiele .rey of
IschnlQUfll . Yel another rea son for !he low use 01 such In
• pprooch would be the strong lI'"eferences for if1d;yil!uel
t~ e.erciaed by re&8lltchetsandengw-.co.nenIlY
invoIwd lncondition monitoring. .

(ReceN9d6.Mnurt f987)
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ABSTRACT: Over the past three decades, Australian Defence Departments have sponsored
significant research effort on aspects of underwater acoustics that have an effect on the
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.

INTRODUCTION
There has been a great "technological change" in

maritime warfare over the past 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
latedbytheneedtodetecticebergs,decadesbefore
radar was developed). Sound is used for detecting
underwater targets 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 mls (compared
with 2 x 108 mls for light), so to generate a carrier
sound signal with a wavelength of 10 em, for example,
a frequency of 15 kHz (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
able future. Their importance to Australia 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
favourablewaterconditions ..." [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 as:
"Australian hydrographic and oceanographic know-

ledge of our maritime environment is crucial to military
operations in our own defence" [Dlbb, 1986, p.64].
Oceanographic parameters are complicated functions
of space; many of them fluctuate significantly 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 absence of
a perceived requirement to do otherwise, the dimen
sions of the transducers (projectors and receivers)
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
beamwidthwasdecreasedbyincreasingthetransducer
sizes. The effect of this has been that, in order to be
able to predict the larger sensor's background noise
level,thenoiseorreverberation 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) diminished.

In addition to the design of better performing
sensors, another important facet of naval operations
is the routing of ships and submarines in order to
(a) minimise time spent at sea; (b) minimise the time
spent in enduring rough 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
objective, 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.



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 has been made by
research into understanding these parameters, with
emphasis on the ocean areas around Australia.

SONAR
The word "sonar" is applied to either a passive

(listening) system or an active (echo-ranging) system;
and both types have been in use since before World
War I!.
A. Active Sonar

Early active sonars operated at carrier frequencies of
around 25 kHz, and 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
quency (to improve the signal to noise ratio), and
increasing the size (and hence mass and cost) of the
systems commensurately. The Australian MULLOKA is
an example of a modern 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

byaprojector;
(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;

(3) the target strength (scattering cross-section) of the
target;

(4) 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);

(5) the self-noise of the sonar; and
(6) reverberation,adecayingnoise-likesignalheard

by 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 desirable
to detect submarines at long ranges. The limited detec
tion ranges that are achieved by modern active sonars
in some circumstances are dueto a combination of the
following factors:
(1) Attypicalsonarfrequencies,beam-widthsofrealis

tically-sizedtransducersaresuchthatsignificant
reverberation is generated by biological scatterers
such as deep-sea fishes with gas-filled 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 background noise is that there is
nothing to be gained by increasing the output from
the projector (the reverberation also increases and
the signal-to-noise ratio remains unchanged).

(2) Since the transducer is affixed to the key of the
ship (it is very expensive to deploy otherwise).
the followinq problems occur:
(a) the receiver's self-noise is increased by the

proximity of the ship with its moving parts;
(b) propagation in the horizontal direction is liable

to degradation by (i) scattering and attenua
tion by gas bubbles generated by the moving
ship and/or the wind; and (ii) downward
refraction, 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.

(c) a submarine can often increase the transmis
sion loss by remaining in the acoustic
"shadow zone" in the thermocline beneath
the surface mixed-layer.

(d) the strength of the echo is decreased by twice
the transmission loss that applies to 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
systems), and can be either mounted on the sea-floor,
affixed to a submarine hull, towed by a vessel, or
dropped into the sea by an aircraft (the "sonobuoy",
of which BARRA is a modern Australian example).

The signal-to-noise ratio at a passive sonar is deter
mined by parameters such as:
(1) The "loudness" of the target;
(2) The transmission loss that occurs from the target

to 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, biological organisms or distant
shipping. For moving sonars, flow noise is also a
contributing factor, especially at the lower frequencies.
Ambient noise can be reduced by designing a (large)
directional system that responds only to sounds from
a particular (but controllable) direction.

Frequencies low in the audio 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;

(2) at these wavelengths, it is feasible to build an
array of hydrophones that is sulliciently large to
be highly directional; and

(3) 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
allectsonar 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.
Ambient sea noise.
Acoustic scattering.

We shall briefly review current progress in each of
these fields, with emphasis on the Australian context.
Several of these parameters (together with related
oceanographic parameters) are being charted in Aus
tralia's maritime "area of direct military interest"
(ADMI).
A. Sea-surface Roughness and Backscatter

Backscatter at short wavelengths (approximately 10
em) is associated with the variation in the slope of the
surface and is therefore dependent on the instantane
ous wind-speed. Surface backscattering is anisotropic,
in that the return from the downwind direction is less

'Footnote:
This parameter is often referred to as a meteorologi
cal, rather than an oceanographic, parameter; but is
included here for completeness.



than that lro m upwind. Damped capilla ry waves and
short gravity waves tend to ride on the leeward. rather
Ihan the wind~ward. side 01 longe r gravity waves. The
result Is that th ~ leeward side 01 a 1000 wave Is
steeper than its Wlnd-ward slde and tneretore relurns s
stronger rettecuon .

Backscatt er at long-wa velengths. 10 a tirsl order
eprcxtmancn, is associated with the larger-scale rough·
ness that is at the "Bragg-fesonaoce" wsvelength .
Since. the surface waves are moving, the beckecatte r
exhibits Doppler shills . A sonar wavelength (X,) of
20 m lor example is in resonance wi th surface waves
lhal have 8 wavelength ()..l 01 10m. (The phase speed
ot these grav!ty waves is V ~ " {OM 2" ) - 4 mI a, and
the trequenctes 01 tho Bragg peaka in the Doppler
spectrum are l:>f = ± 2V/ A., - ± 0.4 Hz IIbove and
below the came r trequ ency.)

B. Sound-Speed Pr olil ea In the Oc ea n
A typical sound-speed crerue in the ocean exhibits

the follow ing teatur ea:
(1) From lhe surface to a typica l dep th 01 several

tens 01 metres (allhoug h oecas ionally zero).thore re an
isothe rmal tayer In which the $Cund-speed slow ly
increases (or the renec nve index slowty decreases)
wit h depth. This eurlace mixed·tayer rel racts sound
rays upwards (With a radi l.lS or curvature 01around 90
krn] 10 ref lect off lhe surface . and tberetore forms a
surrace-euct.

(2) Beneaththe mixed·layar. lhere ia a ' ·tharmocline"
in which the temperature . and hence sound-speed,
both have negat ive gradients. At medium and low
latitudes. the thermocilne extenda to seve-at hundred
metres in depth.

(3) At around 1 km depth. tho temperature gradient
becomes vmy small , and the sound-speed gradient
increases to zero and ecounuestc Increase (to a value
of 0,018 ml s per m at abyssal deplhs) . At great depth
(4-S km) the eound-apeed can Increase to its value at
tne sortece so that. regardless of the parti cu lar depth
01 the sea floor, lhe eou-e ocean layer isanacoustic
duct.

Target Data
Channels

SGO"'"1ll
HullMounted Sonar

CL7

C. Aco .. stlc Propert ies 01 Ihe Sea- Floo r

sea-uocrs are two-phase media in which the solid
parll c les have variable properties such as chemiCal
composit ion. grain-size distrib ulion and degree 01com
pacllo n (related to " porosity") . One approach to pre
dictingtheiracoustic properties has been to treat tllem
as a one-phase solid and to direct ly measure In . itu
lne speeds and alt enuation rates of t lle compressiol'lat
and.shear waves. and thedenslly. Wit.h theae quatll it ies
avail able, eom me acoustic rel lectlvlty (at any Ire
quencyand incident angle) and the behaviou r al
energy that penetrates the eee-nccr. may be calc u
lated. Measurements have been made 01 the acoustic
interaction in the deep ocean using sou.ces.and
recervere placed nearthe sea-Iloor, so as to provIde a
wide range 01 interaction angles, a stab le predict able
water envi ronment above lhe sca-ucor , and an absence
01 any enec t due 10 the sea eurtec e. These measure
~ents have been modelled using computer programs ,
In order to determine Ihe venenen 01 sound speed with
depth into the sea floor (Lawrence, 1985). This typeo!
experiment deals wilh the top lew hundred metres of
sedi ment, in cont rast to the deeper depths thet are
examined by seismic profiling . Also, charts showing a
variety 01 lealures including bathymetry , sediment
type. ane sediment thickne as are being prod uced. Work
has also been performed on surveying the geographi
cal variation 01 bott om interac1lon propert ies. using the
simpie r procedure 01 near'1lllrlace explosive charges
and hydrophones. These measurements determine the
loss of aco uatic onergy on reflection as a funct ion 01
angle and 01 frequency.

D. Deep-Water Aco uslic Pr opagati on

In geMral terms. deep water propagation is weI!
understood . especially lor cases where scatler lng near
the see-surfac e is unimportant, where var iation in the
hor izontal plane i\l very gradual [eo tha t mode-coup ling
is neglig ible). and where bot.tom roughness i ~ not
important. Under these condItions, well-establis hed
approxim at ians lo the acoustic w8ve equation (such as
adiabatic mode theory or the parabo lic equation theory)



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 shape
of the refractive index profile in the duct differs (quasi
linear for the acoustic case, but quasi-exponential for
radar).

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

Xm,,~8x10-JhJ/2

where X"' is the maximum acoustic wavelength
(metres), and h is the mixed-layer thickness (metres).
For a typical layer thickness of 50 m, the maximum
trapped wavelength is therefore 2.8 m which corre
sponds to a cut-off frequency of around 540 Hz.

For surface-duct propagation at high frequencies
(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 environmental parameters that determine
transmission loss in a surface-duct are surface-rough
ness (and wind-speed), the 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
to pass through the surface-duct rather than to be
trapped by it. A one-dimensional thermal and mechani
cal diffusion model has recently been developed [Hill,
1983].

The one-dimensional model has been applied to
regions in the deep ocean where horizontal variation
is unlikely (in practical terms, this means far from
boundary currents). The variable calculated was the
probability that "afternoon effect" would occur for a
period of some hours during an afternoon. It was found
[Hill. 1983] that afternoon effect is unlikely to occur at
latitudes higher than 400S (due to the high average
wind speed); whereas it is reasonably likely to occur
in regions and seasons where the average wind-speed
is low.

The assumption of one-dimensionality is not always
justified, however, since it is liable to be inapplicable
in frontal 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
(thin) mixed-layers. Work on modelling these processes
is currently underway.

Surface-Roughness
Acoustic surface-duct transmission is degraded as

the surface-roughness increases. Since MLT and
roughness are both wind-generated (although MLT
refiectsthe history of the wind over a period of several
days) it is plausible that these two variables could be
correlated. If the correlation were significant, there
could be interesting effects on the probabilitydistribu
tionoftransmission loss. For cases considered to date
however [Hall and Sandy, 1985], the correlation
between roughness and thickness is only about 10%,
and the consequent effect on the probabilitydistribu
tion of transmission loss is insignificant.

(2) Convergence-Zone Propagation
At low frequencies (for which the surface-duct has

no effect), long range propagation occurs via upward
refraction at depths ot a to s km. Fora 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. Inthehorizontal plane, convergence zones are
annuli centred on the sound source. This phenomenon
can also be compared with its skywave (Over the
Horizon) radar analogue by calculating the ratios of
horizontal skip distance to vertical "reflection"dis
tance. The results, which are surprisingly close, are as
follows:
(a) for convergence zone sonar, convergence range/

refractiondepth=60/5=12;and
(b) for skywave radar, skip distance/reflection height

=1500/100=15.

This approximate agreement is only a coincidence,
however, since the sonar ratio is determined by the
variation in the acoustic refractive index of the ocean,
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 seafloor, 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;

(b) 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 to long skips
between reflections. Thus the reflectivity of the
sea-floor is a strong determinant under summer
conditions, but is 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.

Ingeneral,andforthereasonslistedabove,acoustic
propagation losses in shallow water are higher (over
the same horizontal range), and detection ranges of
~~~::.s are correspondingly less, than occur in deep



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
parabletothoseofabusycitystreet. 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, 1976J.

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
in most areas once wind speeds rise above about 15
knots. Although this is 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
frequency (less than 10 Hz) surface generated noise
and is currently being applied to higher frequencies
[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 noise. 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 lor what
they are. One of the problems about quantifying these
characteristics is that the sounds change from one year
tolhenext.

G. Acoustic Scattering

In addition to propagation loss, the other environ
mental parameter that determines the performance of
activesonarsisacousticbackscattering.

For shallow projectors in deep water, the reverbera
tion that occurs is often dueto inhomogeneities within
the ocean medium ("volume backscattering"). Back
scattering by the rough sea surlace is usually unim
portant because the grazing angle of the sound rays to
the surface is very small (less than 2°), for both
surface-duct and convergence-zone propagation (the
vertical distance travelled by convergence-zone rays is
due to refraction by the sound-speed profile rather
than by the angle-of-Iaunch that is important to OTHR).
A further 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-floor is often neglig
ible since, for a near-horizontal beam, it is due to
backscatteringatverylongranges(dependingonthe
exact bottom-depth). Bottom reverberations received
(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 swim bladders 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 "Deep Scattering Layer" (DSL) at
depths of several hundred metres by day, and rise to
the upper layers by night (tofeedonthenear-surlace
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
estinq 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 grams.
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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
graphically a reasonable number of measurements of
wind-generated bubble size spectra under various wind
conditions. The main results are [Walsh, 1986]: that
very few bubbles are observed at wind speeds less
than 6 ms-': that above that speed the number of
bubbles increases as W3.4whilethe volume fraction of
air to water increases as W4.' (W = wind-speed); and
that the bubble-size spectrum has an r 4 slope (r =
bubble radius). Walsh's work was for deep ocean con
ditions beyond the N.S.W. 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 mathematical models
to explain the results of acoustic measurements of
bubbles in coastal waters (off California) at low wind
speeds as being due to one population of bubbles
attached to small particles in the water and stabilised
by surfactant skins, and a second population arising
from decaying matter on orin the sea-floor.

DISCUSSION
As can be seen from the previous chapters, there

are many parameters that are relevant to the perform
ance of the various types of sonar systems. For each
of these parameters, it is desirable to know its spectrum
(if applicable) and how it varies with position in space,
and time (suchasseason,ortimeofday, depending on
the parameter). Some parameters are determined by,
or affected by, other environmental conditions that are
easily monitored (such as surface roughness, or the
sea-surface temperature). Many parameters are affected
by conditions that are not easily monitored (such as
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-layer 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
will take are particularly difficult to foresee. 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
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ABSTRACT: A procedure for using a standard structural finite element program, which can be run on microcomputers,
for determining the reactive component of the specific acoustic impedance at the throat inlet of irregUlarly 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 thet there is good agreement. The
significance of this work is that experimental measurements have been made to compere with the numerical
solutions for a range of irregular cavities. The excellent agreement indicates that the numerical procedures can be
used with confidence to predict important properties of Helmholtz resonators.

INTRODUCTION
Helmholtz resonators frequently occur in acoustic systems and
they are often used in noise control equipment. A Helmholtz
resonator essentially consistsofa 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
associatedwiththethroatcanbeexcited,byexternalacoustic
pressure fluctuations of this frequency, into large amplitude
oscillations. The frictional losses associated with these
oscillations allow significant dissipation of acoustic energy at
this frequency to occur.

Helmholtz resonators are sometimes incorporated into
mufflers to enhance low frequency performance. Another
common application is associatedwith perforated facings which
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 bylngard [1Jwhoconsideredcavities
of regular shape. However, Helmholtz resonators must often be
of irregular shape so that they will 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, the reaetive component of the acoustic impedance
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 toa specified system can be determined. An accurate
knowledge of the natural frequencyofa Helmholtz resonator
is of importance as Helmholtz resonators are often used to

controlpuretonenoise.ltisnoteworthythataccuratepredietion
of the naturalfrequencyofa 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 reaetance 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 end measured
reactances are then compared.

Throat

Figure I: GeneralHelmholtzResonator

FORMULATION OF THE PROBLEM
Consider the arbitrary Helmholtz resonator shown in Figure 1.
The required quantity, the specific acoustic reactance at the
inlet to the throat of the resonator, is given by the ratio of the
magnitude of the acoustic pressure at the inlet to the throat to
the magnitude of the particle velocity at, and normal to, the



throat inlet when the gas in the system is oscillating sinu
soidally. The acoustic pressure, p, in the gas must satisfy the
acoustic wave equation and the boundary conditions. The
acoustic wave equation, intermsoftheacousticpressure.p,
is given by Equation (1).

V'p·= (1/c'Ha'p/ilt')

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
withuxl-p)aresettozero.

2. At nodes where the acoustic pressure is zero, Ux(apl is set
to zero.

w~~: ~~:a~~see~e~~~~~e~u:i~~~'EqUation 12),can be used to 3'"2: :Ia~~:I~:e: ~r~~~~::~ ~:~io;~6~a~~defined by

specify the effect of a rigid boundary. It is also useful in 4. ThestructuraldensitYQsisreplacedbyl/c'.

~~~~~~ning the particle velocity once the pressure field is 5. At nodes on rigid boundaries no action is taken.

Once the proceeding steps have been taken the eigenvalues
(2) and eigenvectors of the acoustical system can be determined

using standard algorithms in the finite element package. The
Q is the gas density and uis·the particle velocity, a vector acoustic pressures p, (aux) can be found and these can be
quantity. used to determine quantities such as the particle accelerations

and velocities by use of the numerical approximation to
THE STRUCTURAL-ACOUSTICAL ANALOGY Equation (2), the linearised Euler equation.
Equation (1), subject to boundary conditions which can be The analogy which has just been described is not new. It is.
defined by Equation (2), can be solved by a structural finite for example. given in [21and [41.The finite element method
element program which incorporates regular linear elastic ele- has. however, been developed predominantly for structural
ments if the following structural-acoustical analogy is invoked. applications and while structural engineers are familiar with its

Equation (1) can be written in cartesian coordinates as use, the same appears not to be true for designers of acoustical
systems.

(alaxHaplaxl+ (alayHap/ayl+ lalazHaplaz) = 11/c'lla'p/ilt') We also note that the finite element method can be used to
(3) model the acoustic Equation (1) directly. This would leadtoa

specialised acoustic code which would avoid the need for
The x direction equation of motion in an elastic solid of implementing the analogy described in this section.
densityQ scanbewrittenasEquationI4):

Rgure2:Resonetorerrengements

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 internal dimensions.
The throat width for all resonators was 20 mm and the internal
dividerwas3mmthick. They are reasonably regular because
theYCOUldbereadilymanufacturedthis~;t

?1l'
~

(6)

nxlaplax) + nylaplay)+ nzlap/az) = 0

~xx = auxlax, 'Yxy = auxlay, 'Yxz = auxlaz

t

axx
} _ [C"'" Cxy,cxz] t~xx }

Txy - Cyy Cyz 'Yxy

Txz SYM Czz • 'Yxz

This equation requires that the structural analogy of an
acoustically rigid boundary is a traction free boundary.

axx " aplax, Txya aplay. Txza ap/az, esa 1/c'anduxa p,
(5)

laaxxlax)+ (aTxylayl + (aTxzlaz) = esla'ux/ilt') 14)

a xx, Txy and.T xz are the stress components and u, is the
displacement in the x direction. It is evident that Equations (3I
and (4)are analogous if

The structural-acoustical analogy can be completed by the
following steps. If the structural displacement components in
the yand zdirections, uyand uzare made zero. the stress
strain relationships are given by Equation 16) and the strain
displacement relationships are given by Equation (7)

Thus if Cxx = Cyy = Czz = 1 and Cxy = Cxz = Cyz = 0 and
u, = P then the structural-acoustical analogy relationships of
Equation (51will be satisfied.

At rigid boundaries. the particle velocity normal to the
boundary is zero and so by Equation (2)

~[::D'o;
nx,nyandnzarethedirectioncosinesofthelocalnormaltot~~ pl~SO
boundary. Thus by the structural-acoustical analogy Equation 7
19)becomes ~/229

110) /~
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A modal analysis procedure [2] was then used to determine
the response of the systemtoa driving sinusoidal acceleration
at the open end of the long pipe. Ught modal damping ensured
that numerical instabilities did not occur at the natural
frequencies of the system. At each frequency the amplitude of
the pressure and velocity were determined as averagesacross
the inlet to the throat and the ratio taken and plotted on
Figures4,5and6.

The finite element approximation is known to converge with
refinement of the model by reducing the sizeof the "elements"
used. As a final check a refined model, in which each element
shown in Figure 3 was divided uniformly into four elements to

1000,---------,--~---.-------rr.,-----,--------,-------,
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Rgure3:Typicalfinitaelementmodel

lt is posslble, becauseof the prismatic shapeof the resonators
shown in Figure 2,to obtain the required results by analysisof
a two dimensional finite element model such as that shown in
Figure 3. However, there would be no problem in implementing
a three dimensional finite element model if this was necessary.
It.can be seen with reference to Figure 3 that the cavity is
divided into rectangular subregions ("finite 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 quadrilateral shape but the use of standard mesh
generators leads to the rectangular shape conforming to the
geometry of the cavity shown in the figure. The long pipe
attached toa resonator provides the driving acoustical system
with a broad range of frequencies both above and below the
natural resonancefrequencies of the resonatorwhen 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
air shown in Figure 1 outside the throat. The mesh contained
522 nodes defining 455 elements.

The finite element program used was the STRAND finite
element system [3] implemented on an NEC/APCIII personal
computer. This program is also available on equivalent IBM
and SPERRYmicrocomputers.The subspacealgorithm provided E
with the software was used to determine the lowest 15
resonant frequencies of the combined system. The lowest and
highestofthosefrequenciesfortheresonatorB,forexample,
were 40 and 950 Hertz compared to the lowest natural
frequency of the resonatorof about 200 Hertz.
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APPEN DIX A
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REACTANCE AT A RESONATOR THROAT INlET
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TECHNICAL NOTES--
A doctor's sound dictionary

Ever wondered what your doctor's listening to when
heplacesthatcold,shinystethoscopeonyourchest?
A University of Queensland researcher has the answers.
He has just developed the world's first dictionary of
the different chest sounds a doctor hears.

Professor Charles Mitchell compiled the audio-visual
tape after he found difficulty teaching 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 medicine.

But now Professor Mitchell, with the aid of computer
graphics, film footage and real-life sounds, can explain
what it's like listening to a patient with asthma, bron
~~~~s~/neumonia, fluid accumulation and even lung

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 alumpin breast cancer or whatever," Profes
sor Mitchell said. "Now they will not only know what
particular diseases and conditions sound like but what
they look like, for example when the bronchial tubes
vibrate together to produce wheezing."

The video tape, which will assist medical students

~~~ctl~~~efsa~n~ft~~~a~r~S:~~i~~li~~~n:~ga~O~xr:~~~a~
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. 19B7)

Current research in ultrasonics and
physical acoustics

Thisnow traditional annual meeting of the Physical
Acoustics Group of the Institute of Physics was held at
University College, London. It has been the custom for
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 aspects 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
scattering data to deduce the nature of the scattering
object in 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 1-0 Born inversion techniques
for sizing defects. M. Punjani and L. J. Bond (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 major 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 fiuid and the sample being
investigated.

E. Aristodemou (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
propagation and scattering at a welded quarter space.
AII.usersof ultrasonics have an interest in transducers,

~~:~~r~t~d~fa~u~~::jS~~ ~~j~rE~~~I~~en~r~e~~s~:~~~st~~
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 soiids at high 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 BDDoC.

.The meeting was attended by about 3D people and
Will be remembered for both the high quality of the
contributions and the lively constructive discussions
that followed. The Group A.G.M. was also held during
the day.

(D. P. Almond in Physics BUlletin, Feb. 19B7)

Sounding out fractures
A fractured bone has a lower resonant frequency

lhananunfracturedbone,becausetheareaaround
the fracture is less rigid. This principie 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 weil as detecting fractures, the method gives an
electronic measurement of bone healing-something
that conventional fracture detection methods cannot do.
This is because the low resonant frequency of the
broken bone slowly rises as the fracture heals, until it
gives a frequency recording similar to that of an
untracturad bone. For instance, an unbroken shin bone
has a resonant frequency of about 73D Hz.

The technique, which has been tested on patients
from the Kent and Canterbury Hospital and the London
Hospital, has been patented by the university's indus
trial liaison company.

A simpler version of the technique has also been
developed to measure the rigidity of the fracture. This
is similar to the manual sensing method currently used,
in 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
tronicobjectivity.

A 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 particular, by the phase shift through
the fracture. A non-rigid fracture has a iarge phase
shift and asa result the oscillation frequency drops.
Again, this measurement can be used to monitor bone
healing,astheoscillationfrequencyshouldreturnto
that of the surrounding unfractured bone.

(Physics BUlletin, Feb. 1987)



TECHNlCAL NOTES.

Time-warped speech
In the 1960s most researchers assumed that speech

recognition 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.
Compare "This new display can recognise speech"
with "The nudist play can wreck a nice beach".

Today a different mood prevails. I.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.
At its simplest this means measuring the statistical
similarity between a stored template (of a word usually)
and the sound that has been heard.

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 by a set amount. Say the word
"three" 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 almost 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.1t was first applied to speech recogni
tion by Mr. Jim Baker, now the chief executive officer
of Dragon Systems.

It gets away from 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 "hidden" because the answer it gives for
each sound is itself statistical and based on the com
puter's own ability to learn from examples.

The statistical approach stumbles over short words,
not long ones, which include more distinctive features.

::~~~e:~~b!!~:'~~~ti~rii~n~~~;e i~hee~~~~~i~~i~n r~;~~' c~~~
in. "In America" is a more likely phrase than "it
America", but "if America" and "is America" are both
plausible. 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 yesterday. A Bangkok
Metropolitan 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
officials from the division and Public Health Ministry.
So far, 39 discotheques have been allowed to operate
because they comply with the regulations.

From next month, said Dr. Voravit, B.M.A. officials
will inspect the discotheques. Violators will get a warn
ing for a first offence and subsequently face 15-dayor
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 coaqulation 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, Vladimir Ashkenazy or Andre Previn
playing in your own living room. Like recordings, they
would not actually be there. But the sound you would
hear would be every bit as "live" as the moment the
performers originally played the notes. Or any pianist
could be heard "playing" at a concert when they were
on the other side of the world.

The piano company is trumpeting the arrival of its
new computer piano system - the Bosendorfer 290SE
- 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 800
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
exactiy 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," saidsone of the Bosendorfer
experts who has been engaged on the project for the
past 14 years. "But this piano is unlikely to be bought
by 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. "All it takes it a computer terminal
and it would bean enormous saving in time and labour
to make corrections and alterations before the record
ing engineers start work on a tape," the piano-man
said. Eventually, Bosendorfer hope to bring the equip
ment to Australia.

(The Australian, 11 Nov. 1986)

Information for Contributors
Articles for publication normally occupy 4-5 printed

pages (approximately 4 pp. double-spaced typing per
page). Authors may be asked to pay additional type
setting charges for pages in excess of 5. Frequent
headings and sub-headings are desirable and an
abstract of approximately 200 words should be
inoluded. 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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",liable lor uae ",illl 8 & 1( HyGro
p horlla TrPII ,101 / .'5, The con
necto~ ... compat,bIe with the older
type. bul ..e more robust and ca n
bll'flOlo "l ed in uoe j;el<l, Till ake'S
<:able . "" co..nec:tor '''P.i" IICII
...Ie'II 'l'Ieynolnnger have ln bl
"' _ " lhe " Clnry

MA TCHEO MICROPHONE PAIR

B.... I &. Kja,,· S"'eo Mic.o-
pho "" Set s 3529 d 3530 con !lisl 01
two e• •el" li)' "'otc "'" p.l rs 01 o... .. i
mk ,opho r>n lor ",p, cld .pa,," (A-8)
" 1'00 .ec:o'diflQ. The .ha.p. cle.r
lIereo Im'lIII .. 1'11<:11 is gained by Ihls
.ac:o' d,"9 Ihod depencts e.. ,,10M
"'aICl\ ing ol t indM d...t"'ICfOllI>or>n
to'IMf'I"I'¥IIy. j;me .."'I.~ ,",
por>o.e . Brue l &. I( ). ",'. matc:1Ie<l pa;rs
1\1... bee .. l\'ncS-pk:~f>d , ...... mk:J'I>.
phorlIa -"k:llIllYe ....ody uncle.gone
""""" lfring e fll_lhyconlrolpm-
cedLo fi""I \elllng e fld inClMcl....
<:aiibration



BookReviews

Thl. boo~ filis an Impo. la nl ga p In
Iha Archltactu ,al ecou sncs lile r~ !t.. e . II
I, nol a te ' I boo k on room acou st ,cs
and I. the'll lorenot a rival lo th.
scie ntific ap p,oac h 01 Cre mer and
Muller 0' 01 I(ull,ull . It I, c losa' to
Bar.n e k·s "Muslc ,A<;<> uSlics a nd A.chi
tectu'e",than It IS to Doelte' s "E nviron_
me nial ,,"cou. llc," but il doe,n·t ll. vaa
Ihesl , toe' pound, o,.phllo. op hy lo
pu,h.

H• •lng sa id wha t tha boo~ I'n't it is
timato try and descnbe whal II Is. II is
unuhamadly an arc llilecl u,al hls to. yol
'oo mi lor .. eSla m music. Socau se of
the Inte ,lInking of music .n d ercmtec
lure Ihe ra I•••igniflc.n l . mount of
musica l lIislo' y In "Buildi ng. lor Music" ,
Tt.e boo k CQ..- .. Ulll h/SlOry 01 music
. nd muslc roo m. Irom the l1 Ulce nlury
until 1982 and !!Vlln , pec ul. las abo ut
rutu,e lren(!• .

Thi, book ls .,. . a nli. lfordasi gnars
an<lconsull.n,. .. orkingon lhelcous ,
tics e l au<llto. la, no t baC.u .a It p' Hlnl&
any lhao ry bul beCau. " il doe sn·,.For_
. ylh has a massed . supa rb COllection
01 d,a wl"ll' .nd pholog•• ph , 01 rooms
lor mUllc and p,esen',commanlsaboUl
IIow lha buildlng slla <lncrib$l .. ere . r'ld
a"' ''9. rde<l. Oeslgne", ca n not only
gai n Insplra lion f,o m this co lleclion bu t
tllay ca n put lhe i, ow n de . lo ns In COn
IIxt . r'ld, In a q ~alilah".. .. . y, teat the l,
.... n pllt theo . les lf' lno .ha d. . .. lnO'
. nd desc , lptlon, p.esenl""' . One such
lheory .. hlchcOUldbe tesladandlouoo
.. anti"ll . u, lng this boo k, I, lhal ol
"spa tial impress io n" being determ lnoo
by t.t ers l ,."aclion•.

Wh. t I. a lso /nalrucllv••r" Ihe com
menta 01 Ch.rles G• •nle ' ,tl>e arc hllect
o. tha Pario Opera House . " I gave
myae lf p. ins 10 maSler Ihls biza rre
science (01 aeoust lcs) but . . . nowne 'a
d i<l I find a IlOsl!;ve rule 10 gu ,<Ie me :
onthacontr.ry ,nolhlngb<llcontr.dlc
lo ry stat emen ts , , , I must e.plain I
lIava . dop ted no princ iple. that my

r'~::'~u'ci:= o~. nf~i:~"'O a~a:;'ca~
alo n• . . . llke . n . c ' ob al .. hecloses
his eyes a nd Gllngs to tho 'wes 01 a n
ascending ba lloo n". Tneadage lhat .
" G ood acoust ics ha,.s much 10 do ..lth
ho...." 11you see as willi ho....ell you
hea''', when ta klln .. ith Ga mlar 'a com
me nts te lls uS milch abcut lhe ..... lul
r>ess ot Fo", y!tl " boo k comp e 'ed .. Ith
mo'. scia nMlc ap proach es

"Bu ildings for Music" Is . 'e le ra nee
bao k on concert halis . ndo pe ,a ho us,,"
which Is very valuable a n<l . ccesslbla
It shou ld be reoo by anyone Interested
In music , aco ust'CIIa nd . rchilec tu' a .

Fergus Fricks

BUILDINGS FOR MUSIC
Michael Forsylh

~~~:~!%jror~J~~3~r:;.~slii, Inde~,

. ias;~~~~~~o':a~~a~dc~~~ ~~~r~:;~
port~ to therma l printers, ca sse lle
memory units, <;<>mpule' sySle m. e lC.
10' gen e,a llon 01 ha rd copy ,e po. ts In
a wide vafi ery ot tormals (e.g . time
hlslo. ie s: excee cence leve l. lis tings,
el c). Optlon,lnciud e Inllxpe ns lva ap pli_
cat lonsofl.. ar"package ',I',equlred
ma nulacl"r ad by L• •son Davl. Labo ,a_
to , le s U,S.A. a nd e.clus lvely rep re
b~~'::n~Y Yipac Ply , lt d . - Instrumen t

EAR MUFFS
A Sydney , Illem. n .. he go t ti.ed of

rneaound 01 g uns has da""loped.n
e illet'onic <levice Ih. 1 may be lilled to
ea ' mull, 10 . llow the .....a ' 10 h. at
convll' UI lon .. M e biOCkl"ll ou l loud
noise,. Mr, Han s H. lm, .. 110 supplies
c le. ni"ll"'lulp..,..,llO gunshops, tit1ed
• ml'lopl>one, Iolf<l"". ak'" . nd .no·
cls ted . iec ' ronlcci,cu it into aLandard
" . , mult. , Inclullad In 11M c i,cu~ Is
ade vlca to datecl IOllo(l llOund• • nd , !>U1
olf Ihe . mplifler. At . uch Itm"" tl>e

~~~a ;,, ~r~'·'sf~~I~lt ~~~;"'~,ea~v~~~~~
from ova....u bUI co, t muc h mO"
Th. muffs .. III b" "Iljlec l. lly use 'ul 10.

~:~I:i~~ ar~~\:~!oi:%:ir~:~~:.'~
mull. .. ou ld a lso be usetut In In<lUSlry

A g ra nt 01 $5000 has bea n made
Irom the A<lvancedTechnology Oevelop·
manl A"I, la nca Fun<l 01 Iha N.S.W
De pa••ma M' ot Ind u. I, la l Oova lop mant
an<l Daca nlrallsa llo n 10 he lp M' Helm
:~,h ~~?~uction .n d marke ting 01 his

Further Information : I/ans 1/8/m. P.O.
Bo~ 560, Wall,oonga . N.S ,W. 2D16.
(02) 489 4929

NEW PRODUCTS ,

The best po n ibl. s1e,ao Irnalle h.as
bee n .nsu,e d by matChlno Ula miC,O
phone ' In lhoe 3529 and 3530 ~il, to
.. ilhin ld B in amp lil...... ,esponu OVer
Ine e ntlrel,eq uencyra1l98 20HZIO
20 kHz ar'ld .. ithln 10 d8{l,ee , In phase
ove' the ' ange !;(1Hz Ie 2OktU.

'n add itioo to , la nda rd acces , o, ie.
aueh as cabl e d ips, .. indsc ,ee n•• a nd

fl>eSO~~J~o ~:i.IgI~~ud,;o;:~i~d~n~i
lypes01 p,otectlon grid .. hlch allow thoe
I'&quancy ra,ponse o. the mic rophone
:et;; . t. iIOre <l 1o Individual ,eco'dlng

Furrlw' in for m",' ion: 8ruel '" Ki aer
Australia Ply. LId., U Tapko Road,
T",rey /fills , N.SW. 2084 . (02) 450 206fl.

ANlTECH
R'ON SLM NA· 24

The NA-24 Sound l ......1 Me lar Is
espec ialiy d es igned 10 be economi cal
al\d suitable lor lie ld-use . II can be
eas lly llandledby peo ple wlthoul any
spec i.i skills In mea suri ng lIOur'ld level .
~Oo:le l NA-24 conforms 10 IEC651 Type

Thalealu ' esand l"n ctlon . ollhl'
In, trl,lmllnt include:

Muim um leval hold
Over and Un<la' fa ng e In<licslo r
Pocke t sizeandlight .. elg hl
La rgo and u.y 10 re .<llCD
Fa~\I;~d s low <lynamic ch. ' . Cler ·

AC snd DC signa' outpul 10' dal .
ana ly.l . a nd ,ocordlng

Furllwr Jn lorm aflr:m: AN/TECI/ , 1-5
Carr", SIreel , Udcombe, N.S,W, 2141,
(02J 84IJ I111.

VIPAC
=~~SE~ DOSIMETER J SOUND LEVER

TIM l D100 .. lth aa sy to 'll ad L C.D
i. a ae lf-conta inad, use' p, og ,a mm.ble

::~fihm:~ ~~:~~~~:.~ ~~~.':f.~~~~
u, . menl/mon ito. ing spp llcation•. Fea_
luras Include a n alllCl.onlca lly locked
kllYboar<l 10' secu' iry: multifunc llon.
,l multa ne<MJ. measu, ement s : Inte ,na l
mllmory ' lo ,age of Info.mation wilh
lime a nd day Idll nt of no l, e eva nl,.

Thi, unit Is an a xcilillll developm. nl
in porta ble ACGu,lI c, and Vib'a liGn
measureme nts - a na lys i, ins lrume nta
tioo oe ve lopad by OlIO $o kkl CG. LId.
n ..eigh ,onIy 8k g , lnco, po ra les a'a rga
LCO dl,p lay, has ,nbuill lh.,mal p' int.'
and Is a po.. arlul,land alone anaiyse,
lOt de 10 20 ~Hz I,eq uency a pplica lio n,.
SBparaledire<:1 Inpulsa" provicled 1o'
microphones and acce l.fomet9fS In
addilion 10 the BNC and .,;.gge, Inpul, .
Th'ee .. ay power aupp ly (inl. RI C S. lI;
Ext. ee: M. in, ) atlo" s " ex itlle usage
G,P.I.B. 11,landa' d and RSZ32 op lional

Tile CF210 p,ovid es lull com plimen t
01 p,oce ss ,nll tunct lon, via "",nu

...........- ....., ::tj:;ect:=.an~~~\'s~Ph~~ ~~8V~
3-<!imensiona l (.. a len alll d i, play II
" anda ' d ., a l9 nume ncally " llljllayed
,i, ts 01 measu red data . Curao.. inGluda
:~nc~~s~armonlc COmponenl, sea'ch

Inle, nal m.mory (una rteClad by po.. er
Inle rruptiOOI . 11..... s lo ,all'l of 64
trsm.. o! display.d da la thus &llmih. ·
ling lheneed fo,lapa 'acOfdors In
manyaJlplic allon s.

Furl"" In/Ofm" i",,: VIl'ac lnalru
." ."" Ply . lt d .• Mr. Oarn;t P. nlacOll ,
215-283 Norma nby F/oad, PorI MeI
/JOurnf, V,c,3201.(03) 8oI1 1il100,



nOOK REVI EWS .

PHYSICAL PRINCIPLES OF
MEDICAL ULTRASONICS
C. R. Hil i (E d ito r)

Ellis Horwood ua., Chich ester ,
1986, pp. 495. Review copy from
John Wiley & Sons LId., Aus/. Dis·
tri butor . J.carand. WH.y LId"
o.e.o. BOI( 859. Brisb.ne, Old .
4001, Price : AS162.

Dr. C. A.. HIli Bod IIi' collnglill , I
Ihe ln. lilute oI Canc e rRes ..l,ch, Royl l
l,Ia rsden Hospil . I .' . ...,,1I knO"'n lp r
Ih.l r plo",",'i ng C<lMribulion 10 lh"
develop", enl of "",di c, 1 ~It..sound. To
w,il . thi l boo k Ihlljl hiv e poo l"d IM lr
expeni~e with ,,, ,1 01 Or. P. J . Fish ,
a n .u IOO,ity on Doppl. r T. chnl quel ,
and Dr. E. B. Mill"r to produc . , vol~"'e
whiCh IIndo~lltnd ty will bec ome I clnl lc
on lh" lubje cl .nd ...ill be found On
l~e'h::1It: l d~' all Inves tlgalOf5 work ing

Th.. book co mprl".1 Ih'" " sections.
Pari I a dd,essal Ih. phys ical prlnciples
invo lve d In med ic. 1 IIltr. sound. Tha
/irstchapl"rdesc ribellher"la"a nlcon·
CV\M an d metllOds of w.v e .COIIStlCI
In . lucid d..s c rlptlve ma nner In whlc ll
m. the matiCI I, e"'ployed 10 IIlul lr .l e
bul not hld.th. rele vlnt princlp l. s . This
II lollo.... d by t...o chapt . " wh ich des ·
c , lb. ", ..,h odsto .nalys.th" Slructure
<;llacoust ic fi.lds an d t. chnlques und
to me as ure lh.... II. ,d s . Th. n..llh roo
ch.pl." d• • ' with phY5lcal prope rtl""
01 blolOglcalllasu. whic h gOWlrn tM
propag.tlon olultraso nlc ene rgyi n lh&se
medi., dele rmin. l1,a I n teract~n mec h·
,n ll mland lnl1ue<'lcelllelpplicltiOnl ol
m"d lc , 1 ull ra$Ound , These Inc lude the
atl ..nuallo<'landal)sorptIOflprop .nles,
lhe l peed ol pro pag l lio n olullraso und
in tissue I nd the relleCling aod sc atte r
1"0 phnome<'l' . Bee. .... 01 Ih. COm·
p1exiIyOllh.ph..nomen a . the cu" enl
IfHllhod ology " based o ~ 1t>eQU8sl·1heo
fetical ....pi'ic .l appro.eh. Th.. eh.p
lo" giWl a realist ic "P9reclallon cf the
pro ble.... Involved, discus . Ille mode",
In vivo me asu ,,,,,,.nl lac hniq""" a nd
. umma ,ise lhe Pllbli. he d d ala o n " alue.
01 thes . pa"mltllrS.

Th.sacond section ol lh.bookd.a ls
wilhlhe dlag nosllcapplicati Ofls ol me<ll·
ca lullraso un d. As the res ull 01 ultra·
ao uod lowesti ,.. , io,," a re prese nle1l
ge ~e, atly In a form 01 ima ge s . the li"t
c hap ler ln lhisseetlondiscusseslhe
Characteri stic s 01 h uma n ~Isual pe rcep 
non . Pulse echo techn ique s a nd mi. ·
e e lla ne ousolhe ri m. gingme U>ods , s ucl>
a s " . nsml ss lon recon.uuctlon Imagln O
.ndacoustlcholography,ar.. ,hendes ·
crlbed follo...ed by a ch apter ontls s u.
ch a rac lerl.atlo n lor whlc !> Iha e LJIOOr.
use the le, m le le hislory. Th. secnce
concludes with a Iho rouoh description
01 Doppler melhods which inCludes .
com prehens ive , Ihe orelic al e nalysls In'
vollfed In lhe d. rlvatio n ol lhe Dopple r
s p.ct' um.

The linal s ..ctlon of tile book dis·
cusses the bioe lfects whlche.nbaob
la ined by u ltra so~n d . The biophys ics
c ha plerdea lswith lhe phe nome na ...hich
may OCCur during Ihe propagltlon 01
ultra souod in biolog ica l ""'d ie . Thall
Include thermal as w.11 as no n·thlf mal
mec han isms . ..flect s due 10 "dlallon

pres su ,e a od 'COOl lic s lrea ming a nd a
com prehensiWl disc ussi on on va rious
es pedsolcavltatio<'l. ThiS ls 10 110_ 0'
by a cI' a pte r on lhe 'ap .....licand surg ical
applice llo<'l., wl>i1st Ihe I,nal ch ap ter
a u mlnel the bioe flecl s which l>ave bee n
observe.:lloliooriog ill adiallo<'lo f ceit .
. od oro.ni!lrns . od pos . lble implic a
tions ol tl>ese when uU"sound is used
to un!le,t . k.diagnostic inves ligatiOfls
pa fTiC\ll. r'y in obst e l,ic .

This boo l! IKImili bly ach i....es 'ISelm
oIdese'ibi"O thfl physica l pr i<'lc ip1e5
...hlchoov.r<'l lhe appllcation~ ol medi cal

ult" so und. nccmetna awe a llh 01 use
lui .nd rele vanl Inlormation supple
menl ed by an e.tetlslv(t list 01 ref.. r·
enc". in ea ch c hapt.... On major pub
hc aloo,," on the . ubjettl have no
hes illltion in recommend ing illO a ll phy
Sle al seten\islS work i<'lgIn lhe I,. ld. It
...,Ii c.I1.lnly form a valu a ble addlli on lo
thejr lib,ary

George Kossofl

Softwa re lor Analysi s of
Acoustic Noise by an
IBM·PC
Supplied by M. B. & K. J . Davidson
Ply. Ltd., 17 Raberna SIreet , Moor·
abbi fl, Vieloria 31B9.
So ftwa re developed by :-
Cirrus Resea rell ua., Bridlin glon
Road , HUflmanby (No rth Yorksh ireJ,
Eng/and. Y0140 PH.
Soaur ·Anne S.A, 43, eou rs de te
Rapubliq ua, 69100 V/llaaur bane.
France.

Thedlscfo,revfllW ...a. sup pll.d
w;lho ul any doc ume ntallon : the 1<'Ilti el
d ia log"" o n It a n ltlg UP aimply gave the
m. ..ao. lhal lhere we ra two demo n_
slra llon prOflram mes

Ooe progr amme w,," . pe cllic. lly lor
Leq ca lcul a tlon • • od ope raled 0<'1 data ·
se lS alre a dy sIOfec! On disc provid;r>g
hlslogr ..ms or all stl1 l"iCI as sociated
.."l1l> inPtlldat a lnc lud ing L1, L10 .od

~a~IY ~:'-I~:'~~:~h ~~~au~·=r.
liOflS usedlly iuS1p,es'i~ e<'ller, The
da ta fites ..... ~ry co mpr.h."'l iv.
header inlo rmalion so lhat Ih&y ca n
be uniquely 'den lllie<l. T""' "",an.ol
g.lI lng de ta into the se lil. 1 . em l inl e
mys te ry aince 00 ... te, na l do cu menla·
lion o r . xplanalory ,nfo' ma lion on Ina
d isc Itsel l wa s provided. TI>. c Ultom·
. ry READ ME lile tfwll on. e . pe c tl o n
an IBM PC·DOS disc was absetl!. It
is di lconcanl~ 1o revl. w ao ftwa ra
which II des igne d to III I! to Ih. oul·
• ide wo" d by l o me InterlaCing wh. n
~I~e~" ' i l l of lhl Inl. rlacl ng are pro-

A . econd pm gre m.m.. provld ad e gre ·
p h,c di. pl. y ol alh' rd ocl• •• • naly. e r
which IiIIve maxi mum ..nd minimum
ba rs togal har ",'t h • mo" lng curso r
lo r ...ch OClav. bind which a loo cou ld
h.". the .c lua lvalue lndOdlsp layed
The dl. pla y we. .... lldon" andth.
p romp ll a t tha bollO", which gave key.
" 'o kes 10 c hl nge Ihe dis play we re
ea sy to unders ta nd . On. option wa s
I UPpelad 10 . llow the display to be
du mp.d to prlnle r bul this did not

lunc roon Q.tl Ihe ~ isc provide d. Once
agai n no rnl(}rmaiion wa s pr~ld e1l on
now- Ih. law date was . nalysad into
~~~,:r~nd' an d lhen passe d 10 lhe

The wnware Io<Jk. Inte resti ng but
since 00 de\al ll on Inle rf. cing lod
pricing were provided it ia no t pos s lbl.
to ma ke e nna llSS'lSsm. nl 01 lhe pro
dud. II you wanl )'OUr IBM_PC (Of
equlvele nlclonejloba.n leQ.n.tyse,
or oc tav• • na lyse r ...lIh di Spl. ~ Ih. n
this ma y be whel you wanl If you ca n
diSCOVet b~ wha l mys ter ioul ways tM
data gel Inlo lhe COmpule r.

R. W.Harri,

NewPublications
Bradl ptd Insulalio n
a llllding In. ul. l lon 0 111,,<'1 Guidi

The a.lens ,va rl "9 " 01 tech nical
lit. retura prod uCld b~ Bradford In·
.... Ia llof'l has bHn ..pand ..d to InclUd.
a BuJldlngln. ull tlon &, rlll.

The Bradford Building In.\l laMn
Seri es be gin. with two broc hur", d..•
ta iling IhoBradlo'd Insu la lio n product
ra nge , a nd Includ e. l. ch nle ..1 dal.
s he . tl on IIch build ing Insu lation
pro duct with produc t descr iption. ,
app llca tlOnl , . i: • • and pa ckag lng in.
fo, metlo n and te ch nic al te st ' e sul tl

1h.r.. a ra . lso Ih... . a ppllca tlo n bro·
Chures , &DCh ...llh a det ailed • • • mlna·
tlon 01 . peti llc Brad ford Insu lallon
I pp llca llons namely 'Insu lation lo r

~~~~~:~~:~l~\~nlo~orEX~~I!~~n:s~i~
Tn. 'Bulldlno 1<'I. ul. lIo<'l De ll gn

Guid a' com pte l.. th.. lIGrle s wllh com·
prehflnll ve Inlormatlo n a rHl·dala o n Ih"
l!'oerm. 1 perf ormanc e 01 building ere
m. nts I nd 11>. a lleCI 01 insulation On
n. . 1 110'" a nd cO<'ldanaa IIOfl. Th. ell ..ct
01 so lar r. d iallon Is . lso det .iled

The ... rleloff. .. . pp licatlOflle<:hno
logy. prod uCI I<'ltonn al>O<'Iaod le cl>nlc..1
e.pl.nl lklnlonlns ula lion lo, blJilde rs•
. r<;hite cII, e ngineers, office manag e
m. nt, gOlle",m . nl d.parlmen ts and
oommercl, ld_loJInwm tcompa nios

Furlh er ;nl",mBlion: BrldlOld Insula·
lion OfliC/l in rourSIal ...

AudiO EngIneering Society
CO<'lI" ..,ce Prote , d l......

The Aud' o Enginaer lng Soc iety . an
inte , na lional organlsal lo ndevoledex.
clua iva1y 10 prolessiona l eudl o tee n
no logy, haa pub lish ed ThfI Proceedings
of the AES 3rd Inlernatlon ..1 Con fer•
. nce , P,e l ""l . nl! FuI" r, 01 Dl!li1.1
AUdio, TOkyO. Japan. 20·21 June, 1985,
and Tl>eProce.d lng. ol llle AES 4tl>
Inte rn. tiona l Co nlerence' Siereo Aud io
Te ch nology Jor T. ln lalof'l . nd Vld.o,
Rose mont, illinois, 15-1$ May, 1986
Tha.e two ccuecncne ot or ig,na l manu·
s c ripts , a~lhO red by le ad ing a ud io pro
\~~~~nal'. are no'" a"aila ble in boun d

Further Informalion: Audio Engineer.
ing SocM)', 60 Eas t 42nd Su e er. New
Yor~ . NYlOf 65·0075, Priee$: Memb&M
U.S,$2S, non-m&mbe re U.S.$35.



NEW PUBLICATIONS ...

The following publications have been
received by the Society and are held,
temporarily, in the Acoustics Labora
tory, School of Physics, University of
N.S.W.They are available for inspection
or loan by members. Photocopies (not
In contravention of copyright condi
tions) may be ordered by contacting
Cronulla'Secretarial Services on
(03)527-3173. A charge will be made
for photocopying and postage.
Acta Acustlca
Vol. 11 Nos. 1, 2, 3 (1986)
Archives of Acoustics
Vol. 10 No.2 (1985)
Applied Acoustics
Vol. 19 Nos. 5, 6 (1986)
Vol. 20 No.1 (1987)

Contents include: A. L. Brown and
K. C. Lam, Urban noise surveys; T. D.
~~~:~ng and R. Perrin, Vibrations of

Vol. 20 No. 2 (1987)
Contents: A. L. Brown and K. C. Lam,
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New Company
Ron Carr Associates Pty. LId. has

been formed to continue and expand
the business of Ron Carr and Company
Pty. Ltd. The new company is a part
nership between Prof. Harold Marshall
and Christopher Day of Marshall Day
~;:~;~f~~~ in New Zealand and Peter

Marlin Beech-Jones, who worked for
Ron Carr for three years, will join the
new practice, which is located at 22
Tratalgar Road, Camberwell, Victoria
3124. Phone 8827268. Fax 8826277.
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ULTRASONICS INTERNATIONAL CON·
FERENCE AND EXHIBITION
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1987

June 1-4, YUGOSLAVIA
XXXI ETAN CONFERENCE
Details: Prof. P. Pravica, Electrotech
nical Faculty, Bulevar Revoluci]e 73,
Belgrade, Yugoslavia 11000.

June 8-10, PENNSYLVANIA
NOISE-CON 87
"High Technology for Noise Control".
Details: Conference Secretariat, NOISE-
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MAINTENANCE ENGINEERING CON
FERENCE 1987
"Effective Maintenance: the road to
profit"
Details: Institution of Engineers, 11
National Circuit, Barton, A.C.T. 2600.
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