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ICA 2010 in Syd nty We did ill The
Australian Acoust ,cal S<x:iery hal won \he
rigllt 10 hO<l lh~ Internalional Congre.. on
ACOIlSticlI in Sydaey in 2010. It makesme
proud to have led 1M leam whic:h adliev~d a
miks l.- on 1M way 10 fulfilhnll membcn

~YOUJ Fedn1.I COIIl\Cil "''',lled '''~ tilat

th~ Society ......,rulfi llinl . val~~role for

m"",be~, and had • "f uhP'C DiteCriOllS
planning ses,ioo in Jllfle 2003. On~ ootcome
wa, !he member Ourv<:)' 10 detnmin~ if lhe
Society w" ddi vcring On m~mbcn '

expcctalions. The re.ult. ~e publi .hed in

Acoustic. Austr. lia. o" c 2003 and the
memberp rioritie''''ffe '

I . The Journal . ACOIl,lic. Austmlia:
2. NltionaIConf~rcnccs; and

3. Intcmal;onal Con fcrcncn

A. lIem. 1&2 were well in hand,. Counci l
rr:solved In bid for In IOI.mat iona l
cnnf..--.nce

AUSIn1iahas . very ,loodrecord fOf!losting
inlcmatinnalcnn f~. lbcmo§fm:cnr

being .....opac, Melboutncin2OO3.ThcAAS
is Ib.O""J'PO"ingthcplarul for th. IIAV in
Cairn. in 2007 . 1Wo major int=mional
cl>1Ifcreoce. thollhcSucietycould prcsenla
bid for wcrc Intem oi.. (liNC E) and

Inlernati onal Congre$ll on AcouOlic.(ICA)
The se differ substantil lly in timing and
biddingprocc'$

The ICA held once e<loCh 3 ~an. i• • large
ronferenc .,rovennllall f,cld.ofacoustic$
and with an e~pcctat i on of O\'Cf 1200
alt endecs . An bprcsoion of [Noral for ICA
2010 ...-as~u~inDcc2003and.if
..lc<:led l fnrmalprcvnlltiOQ~uired ll

lCA 2004 in Kyoto in April.

lntemoi .. i$ hcld annll.lllly and '5 . . .....11cr
confcrcncc focu.-.ed more on noise cono-ol
and with an expc<:lIlion of over 700
attendee•. The fimt oppol1uni ly for our
region WI' Inlemo i.. 200!!. Thi. required a
prelimi nary bid in Augu.t 2004 . nd, if
$e1«t.d,. form.l pr~"nlationin2005

Al the Dc<;ember 2003 Council mccling
pres. ntl lion. from Adela ide Ind Sydney
~elllbled and lftcr iltlcnsc diloC..... ion il
was agrced that NSW would bid for these
eonfcren«s in Sydrlcy. ThcNSWDi"isiM
would fund Ibebidproccuand..'olarioo
Buogns and I ........ld conlll'uc In ..m with
thcSydneyCom-'CllIi on and Vi.itnnBurcau
(SCVB j to prcparel he bidr.

..... "'"' IMfi~ dcadline forlitcex~5iOQ

of interest to ICA December , Thi$ "' ''IS

Iccepted in I .hortlist of thre• . After

de... loping tile bid documenLolion wilb Ihe
a"istancc of SCV8 , Mari"n .nd I wenl to
Kyoro for !he form. 1b,d. Duropposition .......
China.ndK orcl ln d their prcoenllllionswere
uccllCllt.Howcvcruurpre..,ntlllionandthe

= ....I.uece"'of W..~~andothcre3r1icr

eonf.reroc u helped with ou' bid. The

announccmcnr of our 5IlCC.... "U31 the
CongreosDinncr.

I would like 10 Ihlnk 'he SCVe, Ihe
Associ"'ion o f A.... n ti. n Acoll$tic. 1
eons..llllna, the Natio nl l ACOU.I;C
Laborl toriCll and tM othc:n ....hosc ... ppon
cnntrihulet!t nour llJ('('n .fu l bid

Tbe nppnrtunity tn h". t ICA ia indecda win
and I cballcnge, it will providc a greathnrn; t
fOf ocou, lie. in Au.nllil, . imilar to that

which waoac hicvedby holding ICA in 1980
The ~ 21l 1 0 ...m$ l lnng w. yinto the
fun... bur 6 )"tIm is not I IO"ll limc to
aJT3lliCfor l eonfcrcneeo f thiop'CSligcand
In.iIgnitlldc. V,'hileihc onusformnuof lhc
,..,n ...ill f.tl upootMNSW Divisioll.lbc

'upporl fmm the wboluflhc Sol:ictywill bc
"",le omcd andlhc benefotawill flo..-In lll

AUSlt'IIi... . ""u.ti d"""

The 10th Asia Pacific Vibrati01lConfcrencc
(APVC 2003 ) WlO MId It !he Rn)-II Pines
Resnn, Go ld Coan, A""tra lia., from
Nov.mbe, 12.14 , 200 3. :'dore thaD 120
partic,pon ll from ow , 10 counlries
eonlribuled ~ ISOI"'P"""~thctltree

days oft hc eonferencc

The APVC is an internatilllll1 confCl'Cllcc
held bi enni . lly ..nd dea l. w;lh the
prescnUllion and publicl lion ofnurput'l of
re•• arch and developm....t aetivitie. in
aspects of dynlm ics, control. $o"" d and
vib"lion. condition m01lilOMg and ..tared
di$cipli n• •. The vioion for Ihe APVC
originated in Tnl<yo in July 1 9 ~5 during .
JSME Vibta tiun Conferen ce. wh.n the
con ference cb.ai,man, Prof T Shimngo,
orpni....J I opeci. 1 oe..ion Vrbich invol>ed
lhcpartic:lpalion o f ",hnllrsfromChin.a,
Korcaand SinPP'J'Ctodi"'...... !he5pCCiflC
DCedfllf an bAscdvibrationoonfeTmC•.
.....00 ""'" th borne whic:/ljft 1989 .......
broadmc:d and titled, the Mil Vibtal ion
Conference . The , itl. was expanded to
include tM term.. "A. il -Pl cific" at Ihc
fuurtb mcctilljt held in Melbournc, Australil
in 199 1 10 reflec t the part id potion of
Au.tr alil , l' ..... Zeahn dand othcroounlrie.

of the A"ia·Pacifie rim. Th. following has
grown . lnce

The organisalionofeach couference is
..... =cn by an intel'l\lllional Steering
Committee d1liml by Professor Takuro
1","tsubo,Kan>.iliUni> Cf!I,ryandcompri. ing
!pCCiali... in the rlCld of vibratinnsand
noi se from the voriouf, Alia P..ific
countri". Tbcconfcm>ceaaract5the~

spnnlllfSh ip of tbe Chin... McchaDical
Enginee ring Soci ety, Th~ Institut ion o f
Enginccn A... tralil, ThcKorcanSncicry or
Meelwonie. 1 Eng ineer. aud The Japan
Soei.ryof Mechanical Engineen woo "", re
foundcf sponsors of the event

Attempta .... made al each ConfelllnCe to
I I", ho.la .ta t.-of- th. -art cxhibilinn 10

prnvi<k . upplio:r'Qf.quipmcnla ndaervicC!I
with an excell....t OJIIII'rtwlity to .JIIlWCloe
Ihcir new prod",,1S. F...hibilors for th. 2003
confcrma: ..".. NatioooJ.lMtrwnclIlS,Bruei
'" Kjl e. AUOffl li1, Puly flex Group,
Ila vidllOll a nd new CRC ror Inlegr. led
F.ngi".."..ng A!$d Management (ClEAM ).

/\PVC 2003 anractcd papersthai spanned
the owraU flCld of Vibration iIO>d ACOUlIlica
andil'lCllIdcdthc foliowing lnpics,Analyrica l
'" Computational Melhod" O.mping,

Dynamico of Ml chin• • and Struetur . s,
Eff"ccts of Noi.. & Vibration, Experimental
Modl l Anl ly.i •• IlllPICI Dynamics.
Induotri. 1 Noi.. '" Vib,.l inn, Nnise Soon:e•
'" Control Elemen l!!. Machine Condi tion
Monitoring, Nonlinear Vibration & Chaos,
Roto, Dylllm ies & Turbolllachiner~

Vibnuions, Vehicle Dynamics & ConlrOl.
:-;oi... and Viboati"" boI ation & Rcduction.
SiKnal~lIg.Sens<>r Tedu..>Iogics, and
Mainln ance and Re liabihry.

The fi"" papers ocleered forpublicarion in
lhi, i••ue of Aoouotica All!I1l1II,a covct somc
important 1>pcct!I of !he .ubj«'l material
pr. ..nted nvcr lhc 3-day mceting in the Gold
CIlI$tlnd provide . navoUfof lhc confcrenec
,, " whnle. Thesc ha"e ~ s.lected on th.

ba.<cSofmc rit and aurh.... hipby Au. tralian
participants at APVC 2003.

Th. nc" t APVC will be held in Kuall
Lumpur in 2005 and will be cha iml by
Prof.-.rSaIman Lenng ofthe Univcni ryof
Tcchnology, Malaysia. l ...-.courage you to
,,"ome involved in explOdin g "' !lUrch,
dIM lopmcm and aw licatinn of our field of
" ibraliu"a and noi.. in thio rcgioa

Joc< MdlMw

Vol. 32 April (2004) No. 1 · 3



AUSTRALIAN ACOUSTICAL SOCIETY· SUSTAINING MEMBERS
ACOUSTIC RESEARCHUBORATORIU
lEVEL7 BUILDING2
423 PEN~ HIUSAOAD

PENNAHTHIl1S 2120

At"'"
P080X 34
RlCHLANOS4077

ACU·V1BR£CT!IONICS
UNIT14,22HUDSONAVE
CASTlEHIU 21504

ADAMSSO"ENGI NURINO ~TY lTll

PD BOX 1294
OSBORNEPARK 6916

ASSOCIATION OFAUITIIAlIAN
ACOUSTICALCDNSUlTANT$
POBo~ 620
SPRI~ HILL 4004

BORAl PlASTERBOARD
676lORIMERSTREH
PORTMHBOURNE 3207

BRUElI IJAERAUSTRALIA
6-10 TALAVERAAOAO
NORTHf1YDE2073

CSII 8RADFORDINSUlJ,TION

55STENNmROAD
INGtEBURN 2S65

GPEMBEtTON&COPTY lTD
POBOX201
COOlJR63058

HPSTECHNOLOGYPTY lTtl
17 BAl.I.JJ/TYNE ROAD
ICEWOALE61OS

INCCORPORATIDNPTYlTll
22CUELANQROAD
OAKLEIGHS0tm13167

NOISECOHTROLAUSTRAlIA PTYl TD
70TENNYSONflOAD
MORTLAKE2137

NSWENYIRDNMENTPAOTlCTION
AUTHllR1TY
POBOX AZOO
SYONEYSOUTH1232

PEACE ENGINWIINO PTYLTD
POBOX2SO
NARHl.AN2567

SOUNDGUAROPYROTEI
149MAGOWARROAO
GIRRAWEEN 2145

SOUNDCONTROL PTYLTO
61UNKSAVE/'IUENTH
EAGLEFARM4009

VlPACENGIMEERS ANDSCIENTISTSLTD
279NORMANBVROAO
PORT~EL8OURNE3207

WARSASIt SCIElfTIflc mLTD
UNIT7, 1-9MAAIANSTREET
REOFERN2{l16

WORKCOVER
COMPLlAtlCECOoRolMAT10llIDM
LEVEL J, 400KINTSTREET
SyoNEY2OOJ

Calibrations, Sales, Hire & Service
ofNoise and Vibration Instrum ents

4 - Vol. 32 ~rll (2004) No. 1 AcooslicsAustralia



A NOVEL APPROACH FOR INTEGRATED · ..
FAULT DIAGNOSIS BASED ON WAVELET
PACKET TRANSFORM
Sbcng Zhan!:', Joseph \ 1athew" Lin l\.fa and Yong Sun
School of MK banlca l. Manufacturing and Medical [n l:;n eerin~,

Qu«n~l. nd Ulllws lry of T«hnnlngy, Brisbane, Q LD 4001, Austra lia

Abstract: Inlegn lfll~~ fault diagnoois is \lSUally conducted by COlIsidering diffem u types nfsi~naJ...... '" imp.m'l' the ac<.:uracy of

dl3p1OSis. This~pR'SmlS a nO' el .pproach for intl:gratedmach ine faulldiagoosi.bo..,.j onl llev i ftnli"n .ignal i alooc , Wa"<l lel paekel

lrandonn i.adopledlOanalyzelbev;bralion.ignal•• foll"","nlbylbo: ..,lec1ion or~lba§Cll _ Wc «>nI;<kr e... h be. l b....is a. a local.ite, lhen

e.\IllI;t fC'lll\lfC'O rromi. and nu.ke a local~ion lL<;ng probahl hslic neutll l nelw<>rb. Th ""'al dr<;;.j<KI. from each best ha, i. are fu<ro to

be I 8100..1oondu'lion lI5inga "'t'igh' ed ;n.-enge ml:lJlod The whole dIagnosis proc«. is implemented under . uniform f~. An

1'1per; menta l aM: sOOwll hallhi. 1I1'J'roac h improves the accllDC)' of diagnos is

1. I NTRODl;cTI OS
WaveleT rransfcrrns (WT) and v..avelet packet transforms
(WPT) are popular time-frequency analysis teehniqucs(1 . 2J.
In The past two decades, these tec bniques have been
researched and applied ina varieTy of ..,ays (3]. In vibration
analysis, WTand WPT are preferred to the traditional fast
Fourier transform (FFT) parti cularly in the analysi s of
transienl signals [4-5].

WPT is the extension ofWT and generates a binary tree of
bases, Selecting the best basis from the tree is fundamental
For pattern classification, tile best basis guarantees a besl
separation capability, In addition, extracting features from the
best bases ramer than from the binary Tree helps reduce the
feature dimensionality.

Jt is common to extract featureifrom individual best basis,
and then concatenate them inahigh dimensional vector space
However, a high dimensional vector space may also be sliced
into sevenl \ow dimen.sionaI ones using distributed data
mining (DDM) approach (6]. Decisions from each low
dimensional space can be fused to a potentially more accurate
conc lusion. WPTcreates opponun iTiesfor DDM and decision
fusion, since it distributes the signal information into the best
bases, In this papertbeauthorspropose- the ntmctioo of
features from indi,';dual ~l ba.si$ of WPT using the concepis

of DDM. The local decisio ns are then made by d aMifiers. A
final condus ion is drawnusing tbe decision fusion technique.
This approach was used to develop an integrated machine
fault diagnosis procedure based 011 vibration signals

The paper is arranged as follows. Section 2~rilJe,c the
techniques used, viz., WPT,probabil ~'itic neoralnetworks. and

decision fusion. Section J presents a fnllTlework for !he
inlegrated fault diagnosis. The proposed method is \'alidated
using signals acq uired from typical faulty ball bearings in
Section 4. A global probabilistic neura l network using the
combined features from all best bases is also adnptcd as a
ctassiflee for comparison. Section 5 contain s Tbe co nc1usions,

Acous~cs Auslral~

2. WIT, PROBABIU STl C NEU RA L
NETWORKS xxn I)[ CISIOS FUSIO N

2. IFralu~t'l lncti(ln from .. . .....lt'tp. ekt'tbasjs

WPT has a discrete formal .. hich is popularly used in
engineering appl ications. To illustrate its underlying
mathematic.l theory briefly, ....e denote {,t.}..z"" (C,L.r and
as the quadraTUre mirror filTer banks. A signal can be
decomposed on the bases composed offunetions of the form
2~u~2'l - k), j. k eZ. ll e Zand

ul .(J )=.J2"r h,u .(2/ -1) • ( I )

\ ..<t

wherej , k andn aret hc scalc,lim e localizationandosc illation
parameters, respectively, U,(I) is the scaling function
corresponding to a low-pass filter, The f iltered signal is an
approximation. urJ.t) istb e .. 'avelet funcno n correspondmg to
I high-pass filter. The filtered signal is a de tail

As the approximation and detail can be further sliced by
dyadic decompos ition, it can be seen that WPT generales a
binary tree o f bases. Each basis 011 the tree is indexed by a pair
ofi ntcse n (j. k). AI the decomposition leve1}. there are "Z! - I
bases . 1lte hinary tree ofhases can also he considered TOform
a 2· 0 time-freq uency plane on which the signal infonna tion
distributed. The information in the bases is redundant along
two u es, i.e.• informa tion in child bases are overlapped with
tluil in parent basis. 1t is preferable to select the best bases
from the binary tree.eo es tc reducethe effort in data analysis
without losing infonna tioo

, Connp<Md,"" ....,....",,.,~il: .1. zIoa"¥'~"I"I-m..ftu ."6/ -1-J8MU69

, C£O.CRCj#I.~Ettgi·"''''''''I:A.url M~t
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The common be.l bui. i. u. ual ly used 10 id.m tify ~ignal.

which may come fru m differenl classes , For exampl e, all
signals are deco mposed on their wavelet packet lee" . A
stat istical measun of 'dista nce' i. applied 10 produce a unique
W PT-5tr\Ictumi tree, from which lhe common be, 1 basi s i.
identifi ed [7-8). For «I ooill0 n moo ilori ng, cllaraclerislie
wavdet paeUb tall be:IClected based on JUlistiea l energy (91.
InCUl'TelllwoR.thc lDliqlK'WPT-stNetured lrecwasprodllCCd
by thc~ of dlPter di~tanoe an4 thc best basi. .. as
selected acwnbng 10 thc SIwIoon entropy based <;ritcrioa

(10).
WYf aukS opportunilies for feature "-traction and

featu~ eom blliahon due 10 lhe rich informatKJn prnenled in
the local ized bues. Data mining. a conwrgcnee of koowkd~
disrovmng la: hniqUCll ( I I l. ean play an imponan l role in the
Cll:tractionof feaMn. F\Il'1hmnore, Ihc di$lributed bo:st~
pn:Mde kul JilC!o for DDM. Ba'led onthe feallftS from each
best bam..local decisions can lhm be:made by • d.llsi.fin.

2.2 rr.MbtUdk _nllld'Ooorlu

Seural network. tw.-e bc:CfI uwd suxnsfully in panera
recognilion as dusifoen (12). Popular neural 1le1""'lllt..
inl:1ude multilayn pen;eption (\tLP), radial basis DClWOri..
(RB S). probabilist ie DCWaI neho'oR . ( P :-'~1. and K if
orpnizcd~ (SOM). TheP:-.-S( IJ ) il a lop«ia1 wrianl of
RBN, ",flio;hn.ufound appl icatiolt5 in $OOinS rqrnsioa and
ebWflCalioo problems beca_ il caa be easily Inincd and
an laelr.leapp lieal torll .. ilh rebli~-ely few tn,ning samp le$.

A ~-pical arehitceture of P~ is sno.. n in. riill~ 1. II
ine~ four 11}"CfI. The fi~ ~ ' Imply d'lIT1bu1n the
input 10 the plItlem~. In Ihc panern llyn, u...... 1y each
nairon C<>ITeo.ponds 10 • hining \"CCIOt". The diffcreocc
betwI:oen the paRmi" and Ihe nining VKtor is cakulated in
the DeWon and then fed inlO" ndiai bas.. function.for "'bich
aGaw.si.m fimdloit is ofte<l esed. T'hus the outpu l of DeU1'Oll
.... in thc pattem l.ayeris COfllJ'uledas

,,( x)~ (21t )~(7~exp(- (x - x,;:~x- x~ » ). i . I.........(3 )

"'hereJdcnotC'llhcdimcnsionof lhcf....lU~ \"C("IOf • • G ;s the
smooIh ing pIUlImell.... ilr>dIn is the number of classes . The
.u mmalion lay<.-'f neuron> calculate the max imum ljkeliheod
(lf pllue rn xandeiaMifyi limo clw.I C,bylununarizing and
a' ·eraginglhcoutputofallneurom lhalbeluug lolhe same
d~

~.r) .~..!.±'ur[_ ( .r- .r,t~.r - .r~)J (4)
(211') (7 N, ,... 20"

.. hen: N, denote s the tota l number of ,",," ples in cia, . Co. The
rrolmhililic' j;~'en by Eq.(4) for eech class arc pooled in lite
{I\llpullaycr.Thiilp l'O\'idcs a wayt OlLl.SCiI.Ilhc confidcocclhat
pauern ...belongsto each clas.

The PNN may include more neurons com pared with MLP
For example.ahe panern layer may include as meuy """urons
a'lhe number of traininj vectors . It may be nol ed thatihe
PNN llructure includes the smoot hing param.:tc r and the
numm of neUf0ft5. boIh of whichc an be optimilcd [14- 15].

6 -VoI .32"Pri1 (2tlO') No. l

Inpul PaRCT1l Summatio n Oulplll
Layer Layer I.ayer layer

,--------.~ ,--------. ,--------.

2.JDeciIio. fuliolt

Diroibuteddauo ~lUCIt .. diSll'ibuledsensors.reqUl~

the intep'alion of kKaI infonNtion 10 generate a (mal

decision. The deci sioa fusion IICChaique impn:ft-et. tbe decdioll
aecuraey in parIenl daWfJCalioD. The prncal "'Wk emp"""
probabi listic DCUnI neI1lI'Orb for faull IUgnOOl . Local
decision5arederiYed fromeaehbnl basisof ...avein paekeb.
which are dIeD fwed as. flftll deci .ioa allhe cla<.lif_ level
[16). Dilferenlmetbodlare a..-aibblefordccisionfusioR. lUCh
asthe~ighted average metbod. wilUlCT-t.II~e-aJl princip le,
Bawliilll role . ao4 Dempskl"-Shafns melhod (17]. The:
~;gh1cd avera ge melhod together with winner-lake... ll
principle_adoptcdinthiIYoOOl..

3_ PROCEDURE TO I MPL. t:~I E~T

ISTE:G RATf IJ FAl:L.T D IAG~OSIS

1be integnled flllil diagnom is ba..<ed 00 vibntioo Jigna1
analysis using WPT for fealure Cl,1Jal;!lon. Pr-iS i• .-d for
faull dillgnosis Ofl ellChbC'Sl basil after",fliehtheloa.l
con.dusionsarefusedThisproccdure i.irnplelll('flledu nder a
uniform framework as ~1KM'Il in Figu~ 2. The ff1lmework
include s fOUfparu in neural nelWOfts language : inJlUI layer.
signal Jlmces~lIlg and tearureextraction layn , PNN layer and
decision fusion layer. Each pan is explain ed u follO'N~

I ) Signal~are p~scnledall heinpullaycr

2) The second layer is for signal procc..~i n g and feature
"-tracl,oo. WPT iluscdlo llllalyzclhcsignal' l nd"besl
basel are searched, The fcalu~ vector extracted from
indlvidualbe'lblisis il dcnoted ux. As mentioned above ,
eachbeslba.~i. i.a'iOC iatedwil/tancural netwtlfk f<lr fau l!

classrflcedon
J) For each bchl bnis. a PJI,'N i~ crnployed 10 cla ssify lhe

fealure vectors. The OU1JIUI oflhe ilh PNN is a vector
~ "'[~. · · · , P.. IT whose elements given by Eq, (4 ) indicate
how cl".,e lhc input is 10each fault daSi.

4) The decision vectors from each PNN arc comb ined IIIbe a
deci sion malrix p .. [p,. ··. P.l of aize '" x n, If no strons



eviden,e shows that some best bases are more sensi tive 10
the faults than the othe.., . a weight vector in decision
fusion layer , an be set as

W -one)im.I ) ------- (5)

T'he decision fusion layer considers contri butions from
each r~"N OUtpul and generat e1l a fused probability
,<C, I...lrepresent ing lhe d assthepalternxbeIOllgsto.

P( c, l x ) : P. W.i= I.···. m (6)

To make II final decision. we pick the maxi mum of the
probab ilities from 1c.C,!z l and produce a I for that class
and I O forlhe other classes.lhewinner-uke~allprindple.

C _II max( P ( C, lx» (7)
P{ , la)-lo orhers

Figure2. "Theint(gra1Cd faultdiagnosis framework

From the procedure, we nole that all the necessary tasks
arc pla" d und,r the one framework. Since WPT and PNN are

hilthly computational. they can be incorporated into an
automatic integrat ed fault diagnosis procedure.

4. A CASE STUDY
Roll ing d ement bearings are key components in mechanical
systems. Their failures account for a large percentage of
breakdowns in rotating ma, hinery. Some of them 'an be
catastrophic. Condocting diagnosis and prognosis on bearin gs

is there fore fundamental to maintaining the integri ty of
mechaoieal syst ems.

Ready-made expcrenersa l data of rolling element bearing
Ieults fromCase Western Reser. ·e Universi ry wereused to test
ocr IIW.-thodology (18]. A single fault was introduced by

e1«tro-dis<:hargemal: hiningon theouler-race.inner-ra, e and
ball. respective jy The collec ted data associated with the three
types of falillS came from different working ,ondilions, i.e.•
unde r differe nt RPM and loads. This ensured that:the:data ~
genera l in the $Cnsethai broad condilioos ere cocered, which
bc:nefits lhegcneR lizaliooofdassifiers .

We adop ted rela tively few samples for test ing our
method ology. For examp le, in each falilt class, 50 s.ample1l
were used for c lassifier training. while 50 samples were:used
for classifi ertesting .S ince lhrc:c:typeso ffaults ....'ere involved,

this resultedin 300s.am ples.

FollQ\\.ingth e procedure in Sectio n 3. lhe signal s were fiN
decomposed by WPT lip to level 3 by Db20 wavelets . Figure
3 illustrates a typical signal from a Ieuhy ouser-race and its
WPT. Figure 4 shows six common best bases selected by the
disc riminate distance related Shannon entropy criterion for the
three sib'llal c1a...""s

Figure 4. COmm.....best basi.

For a specif ic best basis, we selected signal energy, signal
kurtos is and their combinauons asihe features respec tively.
The training and testing datasets consisled of I ·D or 2-D
feature vectors . The PNN with the smlKlthing parameter ""SO
was used for each basis. The signals were then clas sifled 10
make the local decision s, which were fun hcr fused to reac h a
finald ecision.

Table: I provides the final clas sification results using the
proposed approa ch. It is fnllnd that when sil!?"al en"l'll:Y is
employed as lhe featllre , all SOI, sl ing signals in each class are
, orre ctly classifi ed. However. when kurtosis is used as the
feature, it leads to numerous misd assificat ions in each class.
Using kurtos is and energy featu re also deter iorate the
c1assirll:ation reslilts.

A feature vector can be constructed in that its elements
ro me from different best bases. Instead of using the DDM
approad t. a global dt,o,;-isiOl1CiII1 be made based on this feature
vecto r, A cla ssifier is agai n required . We adop ted a
probabi listk nc:ural nc:twock foroomparison. Fora signa l. Ihe

Vol. 32 APr!l \(2004) No, 1 · 7..



Classifier ha~
Mi...,lau.iflC:ltion

OutC1'Racc ,_ ,"" Ball
FWlion , ." ." ."M"" Kur1oIi. IS/SO IS/SO '"SO

""", . 1/'" ." 1/'"
""""'"""''''" ""'" ." .'" ."SlpW C'nI:l'!D' In e~h ~I tHos.. I' tonea leBated In to a fea~

~ .. hieh thcn c::ons lnlcta tbt lninins: and kttin8 da ta:seU
Tbc:: fc::a~ vec::1or is6-0aineethc::relR liJ;bestblll:oc::s inthe

ease study. The ptobab ili'llie neural networku.n the same:
tmOOlhinl panmc::t C1' .JSO with rnulls shownin Table I . Tim

mixlalSifie::ations~ n:conkd, t.e.• for OUIeT race and bal l
,"~faulUrnp«lr.eJy.

The evidence pn)due ed in Table I dearly siIow5thai the

propmed approach is effective to c::ondocl inte::gatcd fault
diapoIi$. This~I mdbod also 11M~ da.UlrKation
~lityl~nlhalllsinla,ingkproba.bi1i:uK:neural_.
s.CONCLUSIO~S
This paperhaa praemed an IIJ'P"OKh for the impkmmtation
of .... inIqTated m-ehine faWI diagnom proeedure based 011

.i brarioll signalsalone . LoeaI dec::isiom are IDade from best
basisofaigDa1a:·.....-e~pade'llnnlform.1bewuofsignaJ

~ina: and feature ellrraaion, b:al dec ision makin g and
d«~filf,ionlR~undefonernme..ortr. .

ProbabiIiSlK: neura l networkJ were ItSed to dllS'li fy
fea~ n tnoaed from each bell basis. II ..... shownthe P:-N
accurately diagno$ed raul.. ill situations .. tKre ~b",,'ely few
trai nin g vtttoB wm: I\-ailable. The ~g:bIed average and
winoer-akr-all pnnei pln .. henappli ed in the case~ wm:
also $hDlo.-ntobeeffec::ti"'e for decis ioo fusion . Signal me 'lY
llSafc:ahl~ lC':litr1lctioo~ .. as agoodchotceinbeMing
fallll~" Poor \"QUIll; ~fJbtained whenkllltOtis was

"'"Tbe fuSfi! decisions .how Lbal Lbe proposed DIM:\
approachachi~highn"diagnosis fleCUlaC)'lhan a singJe

probabilistic neura l Ild\totln based diagnosis.
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DETERMINING INDIVIDUAL MEMBER
STIFFNESS OF BR.l.DGE STIRUCT URES USING
A SIMPLE DYNAMIC PROCEDURE
Jtan chun U , Bijan Samali and Keith Crews
Ce ntre fOT Built Infnu lru cturt Researc h, Faculty of Engineeri nR.
Unh'ersl~' of T«hnololO'. S~-dne)-, /IOSW, Auslnlll

Ab<b'xt. A "' liable d t1elm inatio n of the 'itnl<'t\lrn l <:<lOd;l ion oftimber bridges P«'sen tly l"C<l uir~s ccs tly load '~stiog_ A new dy namic based
ttmngmelbod "'''''deo.''lopcd by au thors to~uce l~ cO$l and . hone n th e lC'<ting time . Th e me th od h... be en )UC(=fully uo.ed10 undertake
r..,Id-te.:ring of more Itw1 40 timber bridges arl'O'" NSW. The dynam ic testinll proce d" '" ilMllvn the a1tllchmcnl o f ilCCelerometers
underneath !be brid ge girdeJs. The bridiel ink.. are !he n exc ited by a modalham mer . The method require. 1• •18with and witho ut exir a
mass, ", ""' 1tbeav=illflexUl3151ifli>essofthc bridgeCDIbe Dbtaio. d. Hll'I'in'Cr,in " rdcr lo accuI1Itd y ntimate the load carryingc apacily
of th e brid~, it ;. ntttuMy to obtain the stiffitns values o fiJ>divid ",il mcmb.= from If'" ' "'II ll; w itbuut com pl icat ing !be cur rell l t<'Sting
pro<:«!= _In th is papcr, lbe anthon l't'Viewthe d ytJam ic tnting pnx edun: and proJlO'<' I me thod to determine individual member stiff ne ss
for a bridge WUCl\ln'hued OQ!hefield dynamic ICStina:da la. The outeomn of tltiJ ...lJfk l1<\Ionly eo~b1e more accurate I'rcdiClion of lhe
load carrying eapac; ty of lbe bridge but will aho iderllify dd«ttve memlx.. oflbe bridge Olllll:lUrc

I. INTRODUCTIO~
Loca l Govern ment in Austra lia is res po nsible for the
operational management and ma intenance of over 20,000
bridges. More than 70"" of these bridges comprise aging
timber bridges, the load capaci ty and SlTUCtura lldcquacy of
many of which have been impaired over rime. A major
challenge facing Local Governm ent nationall y is 10 develop
effect ive strateg ies for the maintenance and rehabilita tion of
the exte nsive timber brid ge slac ks which form a key
component of the road network under its control. Raising l.he
efficie ncy and reliabi lity of bridge maintenance pract ices of
local gove rnment has the potential not only 10 minim ise costly
unscheduled emergency repairs , but also 10 reduce the OVCTIlll
maintenance costs, whilst improving the ope rat ional
effectiveness of its road network.

The field tesung of over 40 timber bridg es in NSW has
been underta ken and forms part ot the second phase of an
earl ier project sponsored by the Institution of Public Works
Engineeri ng Austra lia (IPWEA) in 1999. As part of that

projec t, a new tes ting regime, based o n dynamic
measuremell1S,lOas d~e1oped and a l.horough pilotstudy on

the single span Cattai bridge in Baulkham Hill s Shire was
undertaken to demonstrate the potential of the proposed
procedare jl .J] . The second phase had as its princ ipal goa l the
furthe r developmenl and impleme ntation o f the procedure and
enabling equipment for the cost-effective determine no n of the
load deformation characleTistics and load carryi ng capacity of
a wide variety of short-spa n bridges[2 ]. Co upled with
specially developed analysi s software , this provide1 a measure
oftbe slrUCtur1l1adequacy oflhe brid~ anda rcl iablebasis for

dcvising approp riate ma intenance or remcdial mcasures .
In this paper, this new dynamic lesting approac h will be

reviewed and a method based on modal analys is will be
proposed 10 determine the slilfncss of individual bridge

members , which will enhance the dynamic lesting approach.

Acoustics Austra lia

....-

fig ufC I Schematic diaglWll or the proposed dynamic
tcotingfan.I)'$iJ procNurc r(llbridge~l

2. REVIE W OF THE :,\[W APPROACH TO
Til E MAXAGEM ENT OF BRIDGE ASSETS
Pl'O(cdu ",

The new dynamic bridge ..sse ssment procedur e involves the
attachment of accelerometers underneath the brid ge girders
and the measurem ent of the vibration response of the bridge
superstructure unloaded and wilh one or more loads (suc h as
a truck, water lanker,grader, coocret eblocks, elC, ofkncr.o.n
mas.) applietl ilt mid,pa n. The excitation is usua lly genera ted
by a modal impaCI hamm er. The resulting dynamic responses
are measured with low frequency and high sens it ivity
acce lerometers , which arc robust and simple 10 insta ll. The
data is logged and the bridge deck properties evaluated, using
dynamic signa l analyses on a standard computer with special
software . Two sets of frequencies are measured for the bridge,
'as is ', &ndwhen loaded b}rthe extra mass. From the resulting
frequenc y shift due 10 added mass, flexural snffu ess c f jhe
bridge can be calculated. Figure I summ arizes, schemat ically,
the testin g-ana lysis-assess ment procedures which compris e
the new dynamic method of bridge assessment. Effective field
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proctduml have beendeYeloped to minimise cost s of le5l:ing
. nd di~ruplion. 10 tra ffic . These I'rocNUTeS uliliK
insuumenullion rom pris ing readily available o ff-the-5belf
Item. as _ II as in.nouse dcvclopcdsoft ...-are. The 10:51: doe1:
IIOl requiretbeprecUe~(l f<kfonnationl as it.lbe

cue for $l&h C Jo.d trsU.

A n.1)1ic:a1l11eckh

for .~whicb canbemodelN .... bearn. closa1fonn
w lwiont, de5aihing the transverse vibnation of fk1~

be-. wcrr dcvdoped The g<J\'aTling equatlOll of motIOn

fOfsimp le bRms IIDlkr free vibration q,

E1-B +.iP!i "' o (I )

By add ing mao;o; at mid-span of a simple bram, tbt rlf5l
nallln i freqUC'l'lty of . simple beam can beu~ H II)"

~ .[al'(:::tlff)r (2 )

where M is sel f~s of lhe bearnand~l is the addcdmass.

In the above cq""tion . a and Il are conSlTainl fa<;lotJowing 10
different boundary conditions and moda l ma.;s c<lcfficie n l~,

respec lively.

Sli fflln, Pndlcllon by Add in!: M. u

" eben a 5l1UC1u.rc: is considered . 5 • dynamic ')"Item. il it.
poss,hIc to cakulate the Jll ffneSSof the struc ture thtougll ib
n.u ural fr~uerK')' cllang"_ Thi s method involve s t .....o
iden lical dynamic inti but ...1th different modallTW"t'I . f ,nt,
one woducu • simple dyrwnlC tesl on the 5lr\IC'Iure 'u-is'
and then oonduct llhe PIne dynamictesl "'lUI alwnprd lIl.iol.S:ll

added at ee &ppI'opiate IoaIIOII 10 diT'«11y iDcR:Me!be
AnIClUnl modal ll\U5by thq, added lumped mau. Under a
Singk Degree of Freedcm lSDOf') aUUfnplion and from
equ.uionl2)lheflnurai stitfneu of!heUl'UCt'llrtc:anbe
o.~u:

1 _4=: _~~W (3)

whm: MI il llw add,uonal massand a iSlhe COMlni nl factor;
W, and w.,an natural freq uency nf lhe hridge beforc:and lft c:r
addedma.~

Fromequat ion (3 ), the relalionship bet....eee mass ratio (ratio
ofad<kd mOl.... to orig ina l mass ) and freq uency cbmges C3Il
alsobeohtained:

Figu.rc:2 shows thc ilraph ica l reprcuntat ion of eq uation
(S). for in-service boundary condi tions the value of b lies
bet....eenthoseforfuUy pinnedandfully f"l1Cdcascs.

: 1,

- .- ....---
By rearTlll111ing F..qualion (5). one can obtain an exp licit

retatio nship between prcd.icted stiflixss and the nalUnal
freq ucncy of the seuc ture as well as me amOUOI oflTl<tssadded
to tile structu re :

l =w,....,l _ ' _ _,] (7)
'"' l ( 2 - ~~

....bere freq llenCYl'lllio is dcfirn.-d in F.quat ion (6)

Stn' nglh Prrdlct ionof TlmM r BrldgcGiTdl'n

Usin g a probah itistic approac h, wilh a large datab ase o ft imber
propc:rticsfrom le5ling.• relationsll ip ....u t'!'tlIhlislied and
used ill a reliability-based model l0prcd.iCl the load CllpllCily
ofadcdr. from1he~iffnessdataoblained fromllle_'

dyn.amicmcthod....-1thaco:ptahlcandtnansparenldeg~or

uocenaimy . H~. since !be new dynamic method only
providcstbcglobal f\exuraJ lIIliffnns oflhe bridge. inorUcJ to
enhance tbc xaaracy of~ of bridll'C10M! canyin&
CIiJ'O'Cily, the dctnmin.J.t kln of flexural sti ffnes s of ind,~idual

manbctsjs~.

J . DETER'II~ATION or INDlVIDl1\ L
U EMBER STl n 'NESS

Gco.l'nIl f Ornlllla tioa

For a general linear ltme-invarianl struetunl ~em. the
equatiooofmol ion canbt exprcssed ufollows:

Mi +Ci + Kx - Ef( l) eg)

~;~- I
(1M ( ll.w + w,)'

by siml' lifying and rearranging cquation( 4 ), WC have:

10 ·VOl.32Apl1 (2OO4) No_ l

(4)

('J

(6)

where )I - n II n mils matrill ; C - II II n dampmg ma llill ;
K - n II n stiffness matrill: t: _ T II n locat ion mam ll:

f - excitation force; ll - di~placemClll vector. Equalion (8 ) can
be npreu ed in slalc spaccfonn u :

z(t ) - Az(/ ) + Jf!(I ) (9)

....hcre;:(l)isa 2n mlevcetor:,fis a(}u}/I) syslCmmaIli1l;
B is a (IU") location matri1: and H if; a }/1ncitation matrix as
folb ....



In the mndel above, Ki (i=l , 2, n) represents the flexura l
stiffness of girder t; Ci (i- I, 2, n) represents the flexural
damping of girder i; and K"represents the flexural stiffness of
planks (combin ing trans verse I longitudinal). The govern ing
equa tionofrnotion isagain:

(16)

(8)

0 1-.
k. +k .

o 00' ] and

rn._1

» ,

MX+ Ci +Kx = Ef(t)

I
'·+', -',

k . k )+2k.

K .

o

where

It is obvious that if the snffbessmatrix xis rccons tructcd from
modal para meters , with Equation (15), the girder and deck
snffh esses can be obtai ned.

Cast"s tudy

To demonstra te the proposed meth odology in obta ining
individua l stiffhesses , first span or a two span bridge from
Cabonne Council in NSW was chosen . The chosen bridge has
been fiel d tested in thesecondphaseof lhepro;c<;tandi~afour

girder bridge in newly constructed condition (See Figures 4).

The aslerisk indicates that matrix A:, has been recons tructed
from moda l parameters with added mass

With Equations (13) and (14), mass matrix can be eliminated
and st iffness mat rix Kcan be obta ined

(12)

When add itional mass (<1Ilf) is added to the stru cture ,
repeating the proce dllTeabove, resu lts in equat ion ( 14)

(13)

,4;1 = -(M+ AM r ' K (14)

where .1.1.1 is the added mass malrix A l l and ::il " are sub
matrices of reco nstructed system matrices without and with
added mass, respectively ,

Brid~eApplications

Consid ering thai supers tructure of brid ges cons ists of n
girde rs , espec ially timber bridges, the main st ruc tural
eleme nts which carry loads are girders. Dependi ng on the

design/construction, genera lly spea king the transverse I
longitu dinal planks contribute much less to the flexura l
stiffness of the bridge . f or a given bridge withn girders.when
flexural stiffness is the main concern , the structural system

can be simplified as a n DOf spri ng mass system (Fig. 3)

Z(I)= [~~;~]; H = [M~j E] (10)

A=l_: -IK_ ~_IC] (I I)

Comparing matrix A to matrix A of equation (I I), it is

obvious that :

In the meantime, if the given moda l param eters [ie, frequency,
dampi ng and mode shapes) of the system are known , system
matrix A can be reconsuu cted as (4) :

Figure 4 A two span bridge from Cal>o~ Council in NSW

Figure 3 A bridge simplified as a n DOF springman system

The modal parameters of the bridge with and without added

mass are given in Tables I and 2. f igures ~(a) to 5(d) show

the mooe shapes of thebridge at mid, pan with and withollt

added mass

Using Ihc modal paramctcrs and apply ing equati on ( 15),

the stiffness matrix K ca n be obtained (eq uation 17).

Com paring equation 17 with equation (\6), the flexura l
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stiffness of girder and deck of the bridge are obta ined. The
l1exuml stiffnessofgirden; \ lo4are3665,5264,4323,3S13,
kNlm respect ively and deck flexura l stiffness is 600kNlrn.

4. CO:"olCLUSIOI'IiS AND f UTURE WORKS
A new method, based on dynamic response oftirnbe r bridges
10an irnpact load has been proposed to measure the in-service
flexural suffaess of timber bndges. Utilising a statistically
based analysis, the knowledge of flexural stiffness can be
converted into an estimate of the load carrying capacity of the
bridge. The re liabi lity and simplicity of the proposed
methodology has been demons trated by testing 40 bridges
covering a wide range of singl e and mult i-spa n t imber
bridge s

To further refi lle the mcthod and enhance the accurncy of
predictionof load carry ing capacity of bridges, a new method
is proposed to determi ne the member stiffness of bridges
without com plicat ing the test ing proc edure. Throug h
modelling, the results ofacase study involving a two span
bridge demonstrated the potential of the proposed method
The further verification of the proposed method is planned to
carried out one dilTerent timber bridges. IIowever, fieldli oise
and s ign a l processing are likely to be challenging when the
methodis applied to field tesnng
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CRACK DETECTION IN WELDED MECHANICAL
STRUCTURES USINGCOUPLED VIBRATIONS

D. Liu"" H. Curgenci-' and M. Veidt2

'CRCMining, 2436 Moggill Road, Pinjarra Hills, QLD 4069, Australia

'Department of Mechanical Engineering, The University of Queensland, QLD 4072, Australia

Abstract: Detectionof a fatiguecrackin a weldedframe structureis studiedin thispaper using coupledresponsemeasurements.Similarity
to real engineeringstructuresis maintainedin the fabricationof the test framewith hollowsectionchordsand branchmembers.The fatigue
crack was created by a specialreciprocatingmechanismthat generatescyclic stress on a beam memberof the structure.The methodology
of coupled response measurements is first demonstratedon a single hollow section beam by analytical simulation and experimental
validation.The issues of using this approach for fatigue crack detectioninreal structures are then examined.Finally,the experimental
results of the frame under different scenarioesare presented.The existence of the crack is clearly observablefrom the FRF plots. It is
suggested that this approachoffers the potential to detect cracks inw elded frame structures and is a useful tool for routine maintenance
work and health assessment.

1. INTRODUCTION
Fatigue cracks in welded structures are of serious concern to
both industrial and engineering communities. Early detection
of cracks is important to optimize productivity, reduce
maintenance cost and prevent catastrophic failures. Vibration
based damage detection methods offer an effective,
inexpensive and fast tool for nondestructive testing. They are
based on the fact that any structural change due to damage
should manifest itself as changes in the structure's dynamic
characteristics. Because of its potential for structural damage
detection, monitoring the changes in the vibration
characteristics ofa structure has been a popular research topic
during the past several decades.

Reviews on vibration of damaged structures were reported
by Dimarogonas [I] and Doebling et al [2]. Many
identification techniques have been proposed based on
different system parameters. Some authors used the change of
natural frequencies [3-4] or mode shapes [5-6] as the indicator
of damage while others detected structural damage directly
from dynamic response in time domain or from Frequency
Response Functions (FRF)[7]. Despite a certain degree of
success with these techniques, a common observation derived
from the above studies is the relative insensitivity of global
parameters such as mode shapes and frequencies to local
damage.

An alternative option is offered through coupled response
measurements. In the present investigation coupled response
refers to the ability of a cracked structural member to
experience composite vibration modes (axial and bending)
when excited purely laterally. Dimarogonas and Paipetis
introduced the coupling effect due to a crack by using a local
flexibility matrix to model the cracked cross section ofa shaft
[8]. Papadopoulosetal studied coupled vibration on a cracked
shaft under a few different configurations [9-11]. But the
available results were mostly based on the analytical

simulation and only solid section structures were considered.
It is of great interest to demonstrate the use of coupled
response measurements to detect cracks in real field
applications. As the first step earlier research by the authors
demonstrated the experimental feasibility of the methodology
on a circular hollow sections (CHS) beam [12]. The success
of the technique on an isolated beam does not necessarily
imply that it is a valid proposal for damage detection in
structures. Firstly, most of damage types in real structure are
fatigue cracks and a fatigue crack is different -from an
artificialcrackcreatedbyahacksaw.Secondly,onastructure
with many members, the local modes of vibration are
typically superimposed on large amplitude global modes and
there are strong interactions between global modes and the
modes on the adjacent members. In spite of these effects, it
was hypothesized that, since the technique did not depend on
accurate identification of the mode shapes, it had the potential
to detect damage on beams that are not subject to ideal
boundary conditions but are members in larger structures.
This paper addresses these issues and presents the recent
results on a welded frame structure.

Frame-like structures with hollow-section members are
very popular in engineering applications. Such structures are
typically made of chord members cross-connected by smaller
branches also known as lacings. A test rig simulating such a
welded structure was fabricated and fatigue cracks were
created by a special mechanism. Vibration experiments were
conducted on the structure with and without fatigue cracks.
This paper first introduces the methodology of coupled
response measurements through a summary of analytical and
experimental research ona single beam. Thefabricationofa
welded frame structure and the mechanism to generate fatigue
cracks are then presented. The experimental set-up, the testing
procedures, and the various crack cases are also included.
Finally the testing results on the structure are summarized to
demonstrate the feasibility of this approach.
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Where: {II }, (<-] and (P} are displecereent VCCIor, local
flexibility matrix and force vc:aor, respectively with {Ill e R'"" ,
(q e R"' , {P I E R'"

,S)

Where R ~ (R. +R,) !2 is the mean radius I, is wall thickness
and eis Ihe half angle of the total through-wall crack (the
crack severity is indicated by OJlt as percentage as shown in
Figure I ) and A, is detenn ined by'

hiseleaTthatthe local~ibilitymatrilr. isdetetmined by

the relevant stress inlmSi ty facton. From the:U prnsiOll one
can j udge "'h elher or not the value of c.i, non;zero.
Mathemat ically, if K.. "#O t"'lK~ ...O l'" i$ eidJerooc of thc
fracturemode/.llar llf) lhen in mo5Ica5CS C."#O. Phy$ically,
P, if P, and eonuibut~ 10 the same fracture mode. either
openin g, slidin g or OUI-of-plane shear mode . then ~Iing

between the i"and r OOF will C'ltist. In prxtic~ this princ:iple

helps to rnakepredictions aboU ...-hich OOFt IIR' coupled e-.CD
lhougb the acclUil!e Suc:ssinl msi tyfaetots llR' ll(Jt . va.i1able.
For example, for I bcun with • cn:m.seclional crxk, both
uial fora: and bend ing momen l lnld to open the end. (mode
I}. This ir...hciltes the uia\-bmdi ng coupling is expected.

In this study. the fOC\l.S il 011 cin:wnfnmliaJ cracks
cncountem1 in CHS (Cin:uJar Hollow Section) beams. One of
\he commoncrac k types is a so-called through-waU crack
",hich is propagated through tbe enure IIo'311lhicknc:ss. The
severity is represen ted by the ratio of the:cnck 11C11 to the tota l
cross-secrioeal area as shown in Figure I. In the fil!:ure the
shadedarea indicales thecncked ...... ofth~ CW!>s-section. For
example, a 100000000krc:prnenl'l the loMof l O% ofth~cross

sectiona l area of the bc:am. Forotbertypesof crossxctioo or
different crack confi gunt ions the stre ss intensity factor
formula tions .....i11chang e but the melhodol ogy rema ins the
same.

For circumfe rential through -wall cl&Cks the solutions of the
stressinte nsity factors are given below [13)

Axial fon::eP. :

Kl1 = 2:~' J;M{I+ ~ [5.H03(~r + 1 1t· 77}(~r ]} (4)

-Cij ~ '!' l-LIe.[fK_J' ]dA (2)
E .lla~aPj "'_/ ~

Where E - E for plane stress , E -£/ ( I - VI) fOTplane strain,
u ", I+>', E and v are Young) modulus and Puission's ratio ,
Tespecti\'ely, r. -I for m - I, ll and e.. - u for m - m , K_
is the stress intensity factor of mode m (m - I. ll . l1l ) due to
the load P. III = 1.1. ···, 6),A < represer asthe cracked area

h pression (2) can be funhermanipulale'd as:

(0){u}· le){p)

Figure 1. CIl S beam ulld.,. g~n.... ll oading alld lh~descril'lion

of crad; se~erity

Thc displacement due 10 lhe presence of the crack is
computed using Ca, ligliano's lheorem . II can be expressed as
the funclion of the loading forces. The local Ilexibihty mam x
is then constructed through equa tion (1 ), The genera l
expressio n for ils malri~ el~men15 can be written in the
following form [81:

~- -:-':':=,, - -- -- - -- -,= -- -.._--_..__ ---

In this sect io n. the vibraliOflcharacteris lics ofa cracked beam
membe r is studied. II shows lhal the lateral FRFs of the
crocked beam differ from lhe uncrockedonc: by the presence
of extra new peaks corresponding lO axial modes. This
co upling propert y is analytica lly dc:monstra led through
traditi onal beam lhcury and fractun: mechanic s approach .
Experiments conducted on a beam are usc:d to validate this
method.

2.1 Loul flnibility m. tri l . nd llial-bu d illR( oupl lng
cormd~n t' of a CHS IM mM r

A cnck in I lRnIctunl member introduc es add itional local
f1c~ibi lity. wh ich is a ffected by the crac k severity and
location. The:c:~tra f1ni bility dW lgcs 1M dylWllK: bebavioc
of 1M syste m. The dynam K:inflllC:l'lttof the:crac k manif est s
itse lf IS ~Ic:d vibr.alioo modes (fo r o.ampk , axial and
bendi ng) under pwo:ly IaIna1excitati on. This phoenomrnon
ClUl bc:~thrw gb theappeannceo fntnl nc:wpcabon

thc: FRF plots.
The:key step 10 expla in this pbcnommonis 10 mlJyze the:

dynamical bo:hMor of a cracked beam SC'Ction and csablish the
i<:oul stiffnessor llaibility maw of the cracked mem ba-tmder
generalload ing. lo~tIx IocaIllaibility oh beem ill any
singlepoinlcanbedesaibedby inscrting. virtualjoinl at that
point:pi represen ting thaljolnt by a local flC1.ibility maa:iL
Thc: matrixsize is6~6namclytlne trans1atiooal and ~

rotal KxtaI co mponents. The coor dinate 5}'S1~m and lhe
connponding geee relized forces are slw\o.n in
Fi~ I . Here: 5Ubsaiptl isusedfot'the longitudinalforce,2

and 3 forthc:sbc:aring fon:es.,4 and S forlhe bending momrnts

and 6 for the t<:nional momenl Using the local llaibility
manU, the extradisplacement along anydegree of freedomdue
lOthc:prescn ce ofthc:crack is gi\c n bythefol1owingcquatioo

2. CRACK DET ECTIO N METH ODOLOGY
or COUPLE D RF.SPO NSF. MEASURli:MENTS
FOR CII S BEAM
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Ekndingrn om<:ntP, :

AndA, isume uc"rreuionUI.
SubstilUling the Kit and A..11inlo equalion (2) yields the

matn x enmes c, by an:alytka l or numerical intC;n1tion , Since
w"<llIdlkkneutisa<:on.<Ulnl.lhein!l:'lraliooucarricdOOl
0Vtt lheauk ....gle18 ckfincdin Ficurel.Cln<:ethelocai
!lcJ;ibihty 11\ItrU: is obta ined, the vibration rnoda and rRfs of
I CTa<:ked D IS beam an be dm:1oped usinK dU!oicaI beam

"""".
2.1 Slm. blto. rnul.. OR a ~iac~ C HS bnm

For~""ty.lhc:rncthl.ldwillr,",be~onaW:Jgk

beM1-Afrft-frnotw:.m .. ..-d co!a<:ili...lCready<:omparisoa
bn__Iyticlol and "-periIn<:1Jla! mullS ",imo..lw.ing 10

includelhcc:lfm oftheboomdaty<:ondi tions .LalCTon.results
",iU be prncnlcd fur I t-m lhal is pan ofalaq;<: SIJUcture.

The foIl.... ing~ apply to the: fnx..&ec:1CSlS: beam
Imgth 1..5m, 0Ubidc diameter48.3 mm, _ II dlk~ 3.2
mm. YlJW1g 's modulw; 200GPa and a lIIbI dl'mity of 7850
kg/nt. Tbc:damage i~ koted II a dis.taocc:of O.4Sm (30% of
IoClIIknphl frum one rOO

The cakubted drhing point fRfs of a 1m: end of the:
bo:<un are rohownin Figun: 2. PI0I( a) is tho:b Ier31FRFfor aa
undamaged beam , i.e . both the ndta lio n and 11K:
meaMlrcmmll are in a plane perprndkular to the beam &lis
For .... uodamMgal bc-am, no uial movemen l shou k! be
CApected. The peals~'n in FiSUTC 2(a) ..11 oonnpond to
bendi ng mod.:s. Plot (b ) shovo's the: bl1cra! FR F ...t.m the:
damag<: is inlrodulxd. The damaged $CC1ion is Imlted 1.$ a
special bounda.ry. nd ib INlherna ti<;a1 model is dcscri~ by
the local flexibi lity matri" . Bccau!iC of the l'JOIIZcro off.
diaIlORlI ICrm C" . the: ....1yticalioOlution~s lhalaxial

modes CilJ1 be obse rved in b tenl FRFs. Com paring plot s (I) )
&gainst(.),oncobsc:rv"", that theprcsellCeof theCTa<:k
inOUoC'llCn theFRFs in two ...-.ys:( ij an"'luralfrequcru:in.n:
slightlyrc:duo<.:edbc<;au-eoflossofstilfnc!>l atlhccrack
Io<.:at.ion; and (ii) iUI nu.peU: is intnxluL-edlI!i noted on lhe
r lob . Tbl: nalura lfrC:qul:ncy (I f>lWHzJ c..-.m:spondin lll olhe
IlCW peak is d ose 10 the undamllgoolllial nalUl'llI frequency
( 1682 11:1: I. This indica ll'S . oour ling of lalmtl and ax ial
yj brat ion~

2.3 EJ pe l'imr nta l~ultJ on l he ens bram

In order to determinc tbe pr"':lical f<:aSi bility of lhia appruach,
it has 10 be:<lc:l1lOIlslrall'd lhal lhe mode courhn g is d early
observab le Tl(II ooly in analytical sintulali,ms bul also on
experi mental FRFs. Modal t~sts wert: coeducted for a ells
bea m with the dim<;nsions listed above. Thc beam was
suspe ndedby a p.airofsoftelasti<:slrapssimulaling free · rree
boundary oondilion s. The arti fi d .l creek was crea ted using a
O.Smmth;ckJlCl;s hacks.awand al the same location as in the
anal yti<:al ea"C'. The beam was excite d with an impulse
hammer . This pr<.JV ided <:.\<:i lilliun covering a frequency range
up to 2500 Hz. 111<: resronscs w..re measured al lhe free end

AcoI.Islic$Au$l raiia

{b)FIlF of~rnSbeamC"naI)1X..11

(d) FRF of damaged CHS burn (E.\pc:rimrntal)

Fi~ 2. (' ,QIQpari"", of analyti<:al and e>.p<"limmLoI FRf, of
u~and d.trntvd CHS t>e.m
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dose to the cracked cross-sectio n while the position of the
excltarion point WaS evenly chosen along the beam . The data
acquisi tion and FIT analysis were implemented by the 0 11.24
analyzer This is an iotegrated 4-<h modalte sting and analysis
tool featu ring multip le trigger mode , fRf displaying and
flexible data storage format , The f Rh were calcu lated from
inpuiand oulputdatau:;; ingSlandard ltl est imation [14J. A
laptop computer was used as an interface for data ecquemcn
and analysis

Both undamaged and damaged CIIS beams 1,\,-ere tested
and the corres ponding f Rt"s and mod al shapes were
generat ed. The bottom parts of Figure 2 show the driving
pomt t 'll.h for one free end of the undamage d and dam aged
beam . The utra new peak is clear ly observa ble in both cases .
Since the current analytical model docs not consider damp ing,
tile relative pn k magnitudes and the moda l damping are
slightly differe nt as can be seen from Figure 2. However, for
tllc purpose of this study, tile basis of compari son between the
plots is the locati ons oft he peaks along the frequencyaJ\is not
tllcir amp litudes. On this basis. there is strong similarity
betweenthelW(l figure sets . [tis e,-~ntial tonolethegood

ag reeme nt betwe en the measur ed and the predi ct ed
frequenci es for the uncrecked beam . The amount of shift
caused by the introduct ion of the darnag e is also similar
between the two 'leis. The similarity between the experimental
and analytical resut u displayed in Figure 2 support s the
st.ttcmcnt that a coupled response analysis is a valid approach
to damage detection in beams. The detailed frequency data
arc not' included here Slllcc the focus m ourappro.ach is on
introduction of a coupled mode rather than the frequency
reducti on inform.arion.

The analytical and expe rimental results ona single beam
sUllBcst that the vibrarion mode coup ling can be used as a
dama ge detection tool by using the presence of extra new
peaks in FRf plots. However , for field applications TTIOfe

realis tic issues TIC'ed 10 be addressed such as the difference
between fatigue CI1Icks and saw cuts. The following sectio n
addresses these issues.

3. FA8RICATI0,," OF A WELDED FRAME
ST RUCTURE AND GEl\"T.RATIOl"i OF A
FATIGUE CRACK 0"" A JOINT
A frame-l ike test rig was fabricated to represent al)-pical
engineering structure. The rig was Construe led of hollow
sectio n mildsreelbeams,usingsqUlU'esectionsasmainbase
and circular sections as the test specimen. As sbov.n in Figure
3,theolierall dimension of the strue1un: is 1.5mx I.5m in
plan and O.9m in bcig ht_11lc cross sectional size of the base
members is 125mm x125mm with wall thickness 9mm. The
outsid e diam L"lC'l" of the chord member and the test specimen
is 114.3 mm with wall thickness 4.5mm and 48-3 mm with
wall thickness 3.2mm ,respecth -ely.

The test rig serves two basicfunction s: the first is to create
fatigue crackson the jo int of the cbord and branch mernbers
and the second is to provide vibration test rig to investigate the
fea sibili ty of crac k detection usin g coupl ed res ponse
measurement methodology.

16 · Vol.32 April (2004) No. 1

The cyclic stress in the testing beam member if generated
by a reciprocanng-bendmg mec hanism. An eccentric shaft is
driven by the AC motor aw lying I bcnding load on the beam
by the reciprocatin g motion ofl connecting rod. The mean
stress and the ampli tude ere controlled bylbc collllCClingrod
pretension and the eccentric distanc e of tbe driving shaft,
respectively. As a sal"ety (eaturc, a limit SVo'ilch is used to tum
off the power of the AC motor when either end of the test
beam is broken . The number of loading cycles is displayed 00

a LCD panel. The fatigue crack if fanned on the ",'Clding joint
ofbeam and thechordmembcr

f igure J. Schematic drawing of the welded frame m ucturc and
a FRFsh"",'0 on broad hand frcquency

4. EXPERI)IENTAL RESULTS OF TI lE
WELDED FRAME ST RUCTURE
The frame is supported by eight pieces of rubber pads
simulating free-free boundary cond ition. The location of
rcsponse and impact point is O.15m (l / IOth of the beam
length)al. 'ay from the crack. Howe ver.jb e choices c f rcsponsc
and excitalion points are oot limitoo 10 certain locations since
the extra peaksgenera lly manifest themselves on othe r FRFs
as well

Althoughthecrackdctectionmcthodologyis ~imilartothe

single beam ca.-es the new issue aris ing from the frame tests
is the selection of t!le frequency range to present the FRfs

FigureJs1'lov. -soneofth e fR Fplots with the same frequenc y
range as tile single beam test discussed previously. There arc
a large number of c losely spaced resonance peaks in the tR f
plot com pared to the single beam case . It is not practicall y

AoousUcsA!.Jstralia



possible to confidently distinguish the extra peak from the
others. In order to obtain more detailed description in the
local frequency domain the zoom analysis was used to
increase the frequency resolution while maintaining the
desired baseband frequency [14]. The zoom process is a well
known technique in frequency analysis and it is provided asa
built-in function in the 0R24 analyzer and the frequency
range can be selected according to the anticipated frequency
band.

The observation of the single beam experiments shows
that the frequency of the extra new peak is close to the
longitudinal natural frequency of the beam. This can be used
as a guidance to select the desired frequency regime to
observe the new peaks. In this case, for the same size beam as
in the test frame its analytical longitudinal first natural
frequency for ideal fixed-fixed boundary condition is 1682
Hz. Considering the flexibility of the welding joints to the
beam the actual longitudinal first natural frequency is
approximately 1525 Hz. The frequency range is finally
selected from 1375 to 1625 Hz. The experimental lateral
driving point FRFs of point A for uncracked and cracked
cases are presented in Figure 4 as plot (a) and plot (b),
respectively. Comparing the two plots, the following features
distinguish the cracked case from the uneraekedone: (I) there
are extrapeak(s) on FRF plot (b); (2) the natural frequency
corresponding to the new peak is close to the axial natural
frequency of the undamaged beam. The new peak was caused
by the crack through a mechanism similar to what was
observed on the isolated beam. On the isolated beam, it was
possible to rigorously demonstrate that the extra peak was
produced by a coupled mode that owed its existence to the
presence of the crack by analyzing the mode shapes [12]. On
a beam tested as part ofa larger structure, the local mode
shapes are superimposed on large-amplitude global mode
shapes and it may not be possible to separate between the
local and global modes without performing a comprehensive
modal test on the entire structure. This is not feasible inmost
engineering circumstances. However,our present results show
that in-situ damage detection is possible and feasible with the
proposed method because the introduction of the new peak is
sufficient evidence for crack presence and knowledge of the
local or global mode shapes is not required.

5. COMMENTS AND CONCLUSIONS
This paper reports the results of the coupled response
measurementcrackdetectionmethodobtainedintestsona
welded frame structure containing hairline fatigue cracks. The
method works by detecting the emergence of a new coupled
mode in FRFs produced by unidirectional excitation. The
methodology was first introduced and demonstrated on a free
free CHS beam by both analytical simulation and
experimental confirmation. In each case the undamaged and
damaged beam were studied. The results suggest that the
coupling property between the longitudinal and lateral
vibration is a good indicator of the existence ofa crack. The

(a)FRFofuncrackedframe

(b)FRF of crackedframe

Figure4. Experimental FRFsof uncrackedand crackedframe
structure

coupling modes normally can be observed through the extra
peaks appearing on the drivingpointFRFs. •

In the second stage this method was applied to real
structures for real cracks. As a representation of popular
welded structures a frame-like test rig was constructed. A
hairline fatigue crack was created on the welded joint by
repetitive cycling loading of the beam member. The
experimental FRFs of the beam were obtained for intact and
cracked scenarios using the same modal test techniques. The
results show that distinguishable new peaks appear on FRF
plots when fatigue crack is present.

The application of coupled-response method to real-like
structures has specific issues that are addressed in this paper
the first time in literature. Most mechanical structures are
made of several main chords connected by lacing members
and, in such configurations, it is not uncommon for the local
modesto lie close to global modes. In addition to this, since
these are lightly-damped structures, the local modes for the
adjoining members interact with the modes of the test
member. Because of these difficulties, there has been no
report to date of an experimental study with successful
identification of a fatigue crack using a coupled-response
method on a reasonably complicated structure.

Although the results presented in the paper were obtained
on laboratory environment the principle observed in the
investigation gives valuable insights to on site field
applications.
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DYNAMIC MODELLING AND
APPLICAnONS FOR PASSENGER CAR
POWERTRAINS
A.R. Crowther and N. Zhan~
Faculty of Eng tneerfag, University of Technolo gy, Sydn ey
PO Box 123 Broadway, NSW 2007, Australia

ABSTRACT. Torsional finite clements for direct, geared, branched aDdgrounded connections are pre;ented . For a simple Ihree-degrees.
of-freedom powertrain model the finite e1emems are defined and the global system 3:\.\('mbly is dclaikd. The appfOpristCIlCSS of the finite
element method for powertrain syslems is illustr4led via examples fot modelling manual, automatic and cont;nuow;]y variable
n.n)mi"';on>. n ...__ tIf ,~tom t ""moolS is discmsed for an element for toroid-roller contact and for a two-stage planetal)' gear set A
lest rig is presented and modcl verification is discussed

I. INTRODUCTIO N

Powertrain vioratio n analysis is an important area of research
for tbe automotive industry, The goal of the resea reh is to
improve operating characteristics with thereduetion of steady
state and transient vibration. A particula r focus is on vehicle
powcrrrains in which the quality of the finished prod uct, the
motor vehicle, ca n be seriously diminished by unwamed noise
and mot ion felt within the passenger com partment. This
noise and mot ion is partly due 10 the torsiona l vibration of
powertraincomponents

The refin ement in design of vehide powertra in syst ems
requires many complex phenomena to be anal ysed in the
whole powertra in Lumped mass models arc used to
represent the system and a simple way of developin g their
equations of motion is to use the finite elem ent method . Wu
and Chen [1] outlined the method for dcriv ing ' so called ' [1,
2.] lorsio nal finite e l"m<'1lts Usine th" . ", d"m"nts rh"y
developed systems of equatio ns of motion for gcarcd syst cms
and performed free vibration analysis for these syst ems
Crowlhe r et al. [3] used the method for the dynam ic modeling
of a powert rain system fined with an automatic transm ission
with the planetary gear set modelled with one degree of
freedom. Zhang ct al. [4] used the method for the dynamic
model ing of the same powertra in system with the pla netary
gear set modeled with four degrees-o f-freedom. Both
Crowlbe r and Zhang used the dyna mic models for free
vibration analysis and transient vibration simulations. [2]-[5]
providcreviewofaddi tionalrc latedl iteraturc

In this paper the torsional finite elements for direct ,
geared, branehcd and grounded connec tions are presented
Using these d ements the global system of equations is
developed for a simple three -degrees-of-freed om powertram
modelthat is common ly used 10 represent vehicles fitted with
manual transmissions. Dynamic mode lling schematics are
provided for systems with automatic and continu ously
vat iabletransmissions. The appropriateness and usefulness of
the finite clemen t method for these systems is outlined . The

use of custom finite elements is discussed with examples of a
finite elemen t represe nting the dynamics of toroid-roller
oontact and a finite elemen t fora two-stage planetary gear set

2. TORSIO:'IJAL FI!"iITE ELEME~TS

Torsional finite elements simplify powert rain modelli ng.
They represent inertia s, their local coordinates and coupling
within global dynamic systems. These elem ents art used to
develop a global system of equations of motion via a simple
matrix assembly [I], [3]. Mode l schematic s are shown in
figure I for five simple dynamic syste ms with lumped inertias
and connect ing damping and stiffness. The exam ples are for
direct, geored - rigid and elastic me~h branched and
grounded system s. Stiffn ess and damping parame lers are
lors;ona1 ex~~pt for the geared connection with clasric mesh
wcre the teem ,.t1 ffnes~ is nonnal to the plancofeontact. For
each system Ihe required torsiona l fin;te elements arc
outlined. The rnstrices for inertia, sti ffness and damping and
Ihe local coord mete vectors are given in table I . The general
finite elem ent types presented can be used for quickly
obtaining the equations of motion for large comp licated
systems. The me thod can be used for lumped inertia tors ional
systems and is pa1.icularly useful for vehicle powcrtram
applications. Coordinates can be also be gro unded by
removing them frorn theooordinatcvcclor.

Matrix a OM."T11bIJ for systems using these finireelemer as is
a simple process. As an example a powcrtrain system
dyna mically modelled wilh three-degrees-of-freedom is
shown in figure 2. This system has one gear step. II is
grournJed at one end via a damping element - rep resenung
abso lute damp ing on tbe engine . It is grounded at the other
endvia sliffnessand dampingelements - powcrtrain systems
can be grounded in this fashion when the models arc to be
used for free vibration analys is and the grounded end has a
very large comparati ve inertia.
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"The finite element mal rices are assem bled into global
system malricl'S by w;jng 101;31 coordinate vectors and Ihe
global coordi natc v~lor. The final cqu31iun uf molion for lhe
system will have the fonn:

(6)

Wilh globa lcoordinal e vcetor
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(7)

The finite element inen ia, st iffness and dampi ng mat rice.
and loca l cuunlinale vectors for lhis system arc given in tahle
2. Also given in this table are the assembled global inertia ,
S1iffnns end damping mat rices .

The grOUlllkd inertial finite elemen ts used in Ihis three
degrees-of-freedom system have been mod ified from IlK:
previously prc...mted genera l grounded element (8). The
modiji m fioll is the rep/acemell / of l ire inert ia value w;lh U
zero . Th is is as the inertia is accounted for in the dircct and
geared inertial e lements and otherw ise would be counted
twic e. This mod ification to inertia finite elements can be
necessary in certain situations

The example illustrates tile simplici ty of the finite clement
method when used for a typical tonional syste m. For the
geared clemcnlS the displacement coord inates are absolut e
coordin ates . lt i. common in dyllamic analysis for
pow et'trllins for the coord inates downstream of gearing 10 be
modelled willi equivalent engine coordinates, Illc finite
clement_ and local coordin.ate vector'S can be modified to
meet this require ment
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J, APPLICATlO~S FOR DYNAMIC
MOl)E U.lSG or POWERTRAI:'l SYSTEMS

The l imples t mode l for a vehic le pow~in syste m with I
manU<J1 trmum u Jio" il Ihe three -degree s-o f-freedom mod el
of Figure I. The Bearl1l tio, " ,can be licl for the pa rticular
gear and the model used for free vibration analylis. If the
groundingon(oordinlte3ilremoved(lti~and~ing

element 4) and . torque vector inc luded in Ihe equation of
molion Ibm Ihe model can be used for forced vibra tioo
anal ys is. The mode l can be nkndcd 10 inc lude II'lOI'e~

oflTeedom and branching 10 dl'ive .. helt1. ifDCedcd. such as
forflJtll-whecldriv'evemooswitbadilTerentiaiber.l.'emthe
dilTermliaisOOlllil!ur ation .

Modelling powertnins fined <llltom<Jl ie troIlJ",iniotu tan
be ccmpIicItcd bu t the finite e letncn t meIhod simp lirlCS the
tL-k evnsidefably.Cro..1her d al.(31 ~loped lhc global

~ of equatiom for , pow Cftrl in litted .. ilh a
1nIlsnUWon "' llh a~ p1anew'y gear~ fow wet
tlull;bes. two one ....y d ulCbes abd two bfakebands. Figwc
) provides a ~it" (Of the dyrwnie model of Ihis
po'o"'C'l'tRin s~ Thtldw:matic is bsccondprand fOf
sccondlO lh ird upsllift$. FOf thi:l l yslCmtbcekrnents
OOlIlICCIing 10 tbc planewy ¥eaJset arc:modelled as geared
dements and the g«1 rali05.-e so~ from' rig id body
dynamic ana! yl il . The gur set is modelled w illi Clqur. .. len t
ring gear tuordina'tI , nd sci as 9, . The geared ektnen"are

kl , kl and 14 Th e d ifTerm tial requi res ~ea.red and bnut chcd
elements . ~ an ,J k. All othe r elements arc direct. The fin ite
element mclh od is e'flCCial1y use fu l in this case for numeri ca l
, imu l atiu n, ufsh i 1\ tra n~icm ts, i.e . vibration du e 10 gea r , h ifts
For the ' hi ft fro m sewn,J to th ird gear the C l clutch ellj!ages,
connecting coo rd ina te 2 IIRd 3. OnrJrgueo//rco,l..""Jrops
oU, O/ IM SY</"'''', so ,tie globa l ,yst em uf e 'luutio ns i,
rca.......,mb led ....here the fJIIlymoJjfrcntiOlu art! /0 fM loc;al
coordi ....,.. vector for r /rnwl t tivre , anJ lire C',"e:<panJing
t;Nmgr ji>, tlut glohal roo rdinate .w:t,..,. and ,I. lrN"qut
.«1"", For the period of gev shifti ng the gell' !'Itio
pa l1lfl1tter " ....as vaned as per , mio V't'nU s Uiift time: dala
""P.

euuom finite elements tan be dev'elopc:d to ~il v~

oomp~itill5 ....ithin powertnins. Th e R'II:Ihod is pMtitul .;ll"ly

appropriale for JIO""Cftnln $ystems willlplannaryiear K'tl.
I n the mode~ prcroented in figw es 2 and ) !hc:gcat fatu wCfl:
predetermined and the g~ arc: modelled u , li nl le rigid
body with one degree o f freedom. They un be improved by
wing , CUS!<lm dement thai has been developed fOf I

Ravign eau x two-sta ge plan etary gear set. Th t geanCl bas ailt
degrces of Iree dom an d cuns ists of a forwa rd sun ge ar, rear
sun gear , three short endtbree long pinion s or plane t geaTll,
and,planelBearcarril:T thathnldsthe pinionsanda ring
gear .1lIe rorwa.tds.u ngear, rearsungear , l' landearrierand
ring gcl! coo n«t throu gh lO lheclulch dnu ..vdifTCfl:nlia l
p inion via Iba flllilTneM and!Of damping ek mcntl . Oftbe ail
dcgrcn of fn:.edom. two, the short and long piniOfll; can be
igoored - they arc: loIa lly dependen t. two arc semi 
i/'Idcpmdent and "'"0 are~ The compkv
dcrivarioa for this ekmenl is p«MDcd.by Zhang et a1. (4J.
Blielly , the ekmcnt is deri ved from ClqUitions of mOc:iou. ((If
gearlXln1J'O'lmlS thai include the internal forca and ntemaI
1Of'q~ and from the ooostrIin mg IlXClnatKonre l.ci0nWp5
betw«o the oompoocot5. The lt ilIDess aod damping dcmer1t
ma trices inc lL>des acar inerti . and radii . The elemrnt is
general and can be mnd ified for each gear $ll!C' ....berIplaeed
mthe surrounding powmnin ~em.

Gcaml l ystems requite ckarante between ma ting gean
fOf smoothopcmion. The ckanncc il tamed lm lr and Ihe
maUnc seanIIIU5t scpante acrouthe lash ....hen thei r relative
diJ"Cl::booJ of rotation chan ge . The mat;n l reaa can be
mOOcHed willi ' n1C$hstiffness .. iIich is OOO-llneat _ It is set
as v:ro Iltl'OSI the lash zooe. On torque revena l, ma ring
gClnl<Witehdircct kln ofrolarion,this elUSllS' 'donk ' (,
Icon used io the automo tive indwUy ) when !hc:y irnpat1
Tran sient dyna m>cs from engine tiplin" gear shift s, d e. can
prod uce a torq ue rev ersa l (shum c) thereby indu cing c10nk
IS]. The finite eleme nt (3) for a gear pair and the custom
planetary ge ar ele me nt both have elas tic IOOlh mes hing and
the lash non-line arity ca ll be inclu ded into numerical
sinnila lio ns

Tht: lrlIn~miS!lion has many states of oper a tion - first
throllih 10 fourt h gean ;m,J torqu e con verter loc k, up, ....ith
c1ulChcs and bands connolhng gur sh ifts and their slll lll5
defining thc motion oftbc ~ CO}mpono:nb. U, inglhc
~lOBtonal linitcelcmenlland tbe pl3nctatygcarset

elemeTlltheltlobal~emClllbequickl)'a..sembla:lforIUlY

of thesc:I~. 'The li nal ~ of equatioos includesthc
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~omp l ete dynamics of the planetary gear set. Thiv eamc
methodology~an be applied to five and Sill speed automati~

transmissions
Contin uous ly Variabl e Trans miJ,sio1l.f(CVT) are the most

recent type of transmi ssion to be widely used in vehicle
powertrains. Common Iypell are toroidal. v-belt and
hydromcchani~al CVfs. These systems can be eve n more
compl icated than automati c trarnmi ssion., as some have
mu lti-staging and some are used in tandem with planeta ry
gearsets -thenrequiring clutch es andiorbrake baJlds, The
fi nite elemen t method pro videJ WI apJ»Vpri ate IOf" for Ihe
J} fk1/I'Iic modelling (Jf fhese .ryJ 1el1U. Figure 4 presents a
model for a powerrram fined ",ith a half toro idal (:VI" and
planetary gear set. There are two clutches. a high velocity
clutch (li VC) which connects the toroid direct to the
different ial and a low ,-clocity clutch (LVC ) wbich coenects
the toroid to the diff~rentilll via a sin gle stage plan~wy i",ar
set. In this system the power can flow either way depending
on the cl utch engageme nt. Th~ connectio n between tile LVC .
and the ring gear (via the slln gear). kt and e., are model 1ed as
geared element s. NOll' the gear set is modelled with

. CQllivalentring gcar ccor dineres. The connectio ns from the

di fferential to the wheels , kl and c~ and k9 and ce, arc
mode lled as geared and branched elements .

Torque is trans ferred between the toeoids and me roller via
a thin film of oil that transient ly acts like a solid. This fi lm
~an be represented with a damping and stiffness . Custom
finite elements have been derived to represent mis
~onnection. The y are essentially me same as me elastic gear
element (3) . Connections k1, Cl and kl,~)are considered as
hoeizoe tal. Wim radii rl , rJ and r.. torsiona l stiffne ss ts
introduced as (likewise for torsional damping):

ki =r)1k1 and kj =ri kl

The deri ved elements are given in table 3. Note coordinates 2
and 4 {toroids) have positive rotation clockwi se. Coord inate
3 (roller) has pos itive rotatlon aeti-c jockwtse , if the signs o f
the stilTnes-'l.'damping coefficients in the elemen t an: all made
positive it \\i II be ~Iockwise. In either ~a'le in solut>on the
rollcrrotalC$oppos ite to thetoroids. AlIolhcrconnCC'lionsi n
the system are direc t elements . The globa l system can be
quickly assem bled from these element s with a l!-lobll
coord inate vector for either low velocity or high veloc jry
c1utch engagemcnl

Figun: 1. Dynamic Model for Po.....emai.n Filledwith Automatic Transmission - S"",ond Ge..

Filo'un: 4, Dynamic Model for~in Fjned with CVT aod Pll111ct.ary('oeu Sct
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Tablt' 3. UK:a l /'.Iatrit t's and Coo rdinate Vl'C to~ for CVT
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4. EXP[RI~IENTAL VERIF ICATION

Experimental verification is needed fur indusU)' to be able
to rel y on the analytiClll and numc:rical lool~. For dynemics,
typical test rig uses include. investigating com ponen t
charactcrisli~ (enginc, torqueconverler.clutch.ti re .elc . ),

in\"estigating free,stcadystllte andlrllnsienl R'sponse, and
cahb...lionforg car shifts. Atthe Univel!lity ofT <<hnu108Y,
Sydney, a powcrtrn in test rig ha.~ been cons tructed for the
invest igation of vrerauoe re'i(lun<oe and gcar shi ft quality
assessment. The ai m is 10 veri fy dynamic analys is using a
model similar 10 tha i of figure 3 ....ilh an automa lic
transmission. The model is used for free vib... lion ana lysis
and steady state and transient numerical simulations.
Deta iled informa lioo is availabk by ccrrcspcoccncc. in
brief:

Thc test rig includes all the compone nts of the vehiclc
po"" ertrai n and has ~n designcd to im:lude a vchide ma",.s

of ISOO kg (as inertia] and a dynamomet cr load (figure S).
for data acqu isition the engine and tran~i s.sion con trol
systems arc tapped and instru mentation added for prcs.sun:s.
torques and accelerario ns. Accelerome ters arc fixed on the
trans mission and differemial case . Torque is mcasured via

strain ga ~ ges on the flywheel, transm ission output shaft and
drive shaft. Radiotelemetry is used to pass the strain gauge
dalll from the rotating shaft to a non-rotating dement. The
gauge voltage is amplified, processed by an analogue 10

digita l conve rter and then transmitted. Transceive rs arc
used on buth rOlating and non-rotatin g sides. Data is
recorded and pOSI-proces.c d with Lab View,

Various tests can be conducted with lhis test rig:

Free ~il>rUliun: The tran!;rnission is placed in park
(ground ing the rigid body molion). A lo,q ue is applied 10
lhelin:sand re1ea...ed. Acceleromcle'TSandtorquesen'iOl!I
provide fil:e vibration results. The purpose is to compere
real syste m Itequcnc y response to a free vibration analysis
of the driveline system. Th is allows a valid ity check for the
stifflle:o.s and inertia parame ters and drivcllnc dynamic
model.

Critir;uf SfWed: The engine is run within speed ranges that
ere calc ulated for resonanc e forgiven gear states . Sha ft
IOrquC and case acceleratio ns provide steady sta te response
at lesl speech . The purpose is 10 compare resonant modes
fot jbc powcnrai e systcrn. This allows a validuy chl.'ck for
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the stiffness, inertia and damping parame1ers and tbe wbole
dynamic model

Eng ine Tip in/out : The engine is run at a constant speed end
the throttleis suddenly inereasedldecrea.~. Shaft torque
and case acceleration~ provide transient response . The
purpose: is to investigate driveline shuffle and clonk
(backlas h). Case accelerometers should indicate: high
frequency trans ients from gear backla sh.

Gear Shifting: Gear shi fts an: performed for various throttle
sea ings. Sh.afttorqueand caseaccelcutionsprovide
transieat response . The purpose is 10 investigate lran.!iient
torqu e from gear shifts and associated drivel ine shuffle as
well as O'iCillation s at higher modes. Th is IllO\O~ I validity
check for gearshift n~1 simulations Case
accelerom eters should indicate high frequen cy transients
from any gear backlas h,

4. CONC LUSIOXS

The finite ele ment mcthodis apowerful rool for torsional
vibration analysis, part icularly for powertra in systems
Once an unde:rstanding of ahc dynem ic syslem is gained and
a lumped mass mode l dev ised then the genera l finite
elements (1)-(5 ) can be assigned. In some s ituations custom
elcmt."tlts can be develop«l to handle added system
comp lexities, such as for single or multi-stage planetary
ge:ars.etsand loroid-rollcr cODlact(6)-(9) . Using a global
coo.rdinalevOCtoT,thefinite elCfllC'ntsfotinert ia, sliffness
and dam ping and their correspo nding local coordinate
VOClOOl can be assemb led into the Mandard equa tions of
mOlion for the global system ( 10). For systems thai change
statc:often,such asU1lnsmi s.~ionswilh clulch sllifting, global

assembli es can bequickl y madethat govern each state.
Once the global system has been assembled the equati ons of
motion can be used fur the typical investigations :

Free vibrotiOllonalysi.f, with the to rque vector set to zero,
and the wheels either groun ded 01 linked to the vehicle
mass. Gear ratios are fixed or in the case of the system with
the gear set element the clutch connectio ns and held gear set
compo nems fix fhe gesr rano---
24 -VoI.32April (2004) No. 1

Forced vibration QI1O!yJU, analytical or numerical;
analytical for fixed gear states and inpul torqu es tha t can be
baoo led analytica lly. such as harmonie or stepped,
numeric al for the parametri c cond ition of gear ratio change.
for input torques from mapped data - sucb as engmetcrque
and other non·li nealiliessuch as stick ·~l ip,clutehjudder and

gear backl ash.
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IDENTIFICATION OF TRANSIENT AXIAL
VIBRATJl:ON ON DOUBLE-SUCTION PUMPS
DURINGPARTIAL FLOWOPERATION
M.R.Hodkiewicz and J.Pan

School of Mechanical Engineering,

The University of Western Australia, Crawley WA 6009

The impellerin double-suctionpumpsis hydraulicallybalancedin the axialdirectiondueto symmetryin the flowenteringthetwoopposing

suctioneyes.Whilean assumptionof axialbalanceis valid at designflow,processplant experiencehas shownthat partial flowoperation

can result in dynamicaxialdisplacementof the impellercausingmechanicalsealand bearingfailures.Thispaper investigatesthe effectof

flowreductionon the axialvibrationresponseof three sets ofdoubIe-suctionpumpsand identifiestransientaxial vibrationat partial flow

usingShortTimeFourierand DiscreteWaveletTransformtechniques.

1. INTRODUCTION
Centrifugal pumps are simple mechanical devices, consisting

of a rotating assembly contained within a housing. The
rotatingassemblyincludesanimpellermountedonashaft
that is supported by rolling element bearings. The impeller is
usually driven by an electric motor attached to the shaft by a
coupling. Fluid is retained within the pump by a mechanical
seal or packing arrangement. The number and configuration
of the impellers and the design of the casing determine the
pump style.

This paper examines single-stage, horizontal split-case,
double-suction impeller, volute pumps driven by fixed speed
induction motors. A typical design is shown in Figure I. Flow
enters perpendicular to the plane of the drawing and is split
into two annular suction chambers that turn and diffuse before
entering the impeller through the opposing entrances. The
flow fields from the two suction eyes are joined mid-way
through the impeller vane passage and discharge into a
common volute. When the impeller is centred in the casing
and operated at the best efficiency point, the hydraulic forces
acting on each side of the impellcrare balanced.

Changes to the impeller flow field resulting from partial
flowconditionsincludeseparation,secondaryflows,stall,and
recirculation [1-9]. The vibration of the pump was measured
as the flow rate (Q) was reduced from the best efficiency point
of operation (QBEP)' Measurements indicate that loss of
hydraulic balance and axial motion may be due to changes to
the flow patterns that affect the forces acting on the impeller
in double-suction pumps. It is postulated that this change can
be detected as axial vibration on the bearing housing of the
pump.

There has been limited published experimental work on
the loss of axial hydraulic balance. One of the few
expcrimentalinvestigationsofaxial thrust of double-suction
pumps used a load cell on the non-drive end of the shaft to
record static and dynamic thrust. There was no change in the
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steady axial thrust but the unsteady axial thrust increased as
flow was reduced [10]. This is consistent with recent
published axial vibration data showing an increase in the root
mean square value (RMS) of the vibration time signal in both
axial and horizontaL orientation as flow is reduced [II].
Published work on double-suction pumps in process plants has
identified significant axial displacement of the pump shaft
and associated damage to components due to partial flow
operation [12, 13]. Mechanical seals will leak if the gap
separating the rotating and stationary surfaces is compromised
by axial displacements of the impeller. There is no widely
accepted method of monitoring these pumps to identify and
prevent damage during partial flow operation. This work
investigates the response of three different double-suction
pump designs to partial flow and examines the similarities and
differences in response at identical operating points. The
importance of signal processing technique is illustrated as
conventional techniques fail to provide a complete picture of
the non-stationary nature of the pump response as partial flow
conditions develop.

2. DATA COLLECTION

Three separate water distribution pump installations (A, B &
C) were tested. At each facility four pumps are installed in
parallel with a common suction and discharge header. All
pumps are split-case, double-suction, single-stage pumps
driven by four-pole motors. Size and operational details of
each set are shown in Table 1. At the time of data collection,
the 'A' set of four pumps was a new installation; sets 'B' and
'C' had 30 months and 18 months continuous operation
respectively. Vibration and performance data was collected on
each of the pumps at discrete operating points over a range of
flows forOAO to 1.20 QIQBEPbyadjusting the position ofa
valve on the discharge line of each pump and running multiple
pumps in paralleL At each operating point 150 seconds of
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vibration data was digitall y recorded from aceelerometen
stud mounted on the non -drive end bearing in the horizontal
and axial orientations. Performance data includ ing flow,
pressure and pump effi cie ncy was me asured using a
Yatesrneter, Detai ls of the data collecuon and Yatesmeter
opera tion are describedin j l l ],., Set f! sue

Imtollalionda le ;00) 1991 am
Numbu of p.1mps . . .
Im .lle rdi&.... l .. 453mm "'= ""=1M, ... 40511, """ ",,,.
Out Hud rom 71m 'Sm
Dut,.Pow. r " HW "" W IJn w
na...tflrP ~7UI <50'" 2351f,. ",Efli60n<y !:lJ.2% es-s% es,%
Nttmh.raftrol' 7 , 7
Vohto.. tJoi* Singh Oo"bl, Sir,p
Fb>q>blolmi(' 2ui.dW ~i.ll&< 2 .r~i.oI

""'"
Tahlcl :PurnpT <"Chnical lnformationforSet<.W ,'S''''''' 'C' ,

Figurc I: S<.:hematic view of the douhle-sucti'm pump

J, DATA PR OC ESSING
Data from the dib'ital tape recorder WdS sampled at 2 kHz
using a Nationa l Instrum ent PCI-4552 board providing four
channels of simultaneously samp led 16 bit data , Subsequ ent
signal processing used LabView and Matlab software. All
datap resentedinthisreport is in un its of~lcration(mls2).

The eff ect of flow changes on co nvent ional lime and
frequency representations of the vibration signa l is deseribed
in [II ]' Th is paper extends previous work by including an
addi tional two pump sets , examining the non-sta tionary
nature of the signal at part ial flow and using Short Time
Fourier Transform (STFT) techniques to identify transient
e....ents
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4. RESULT S
-l.I Sta t lst lcal n rl abl es

Figure 2 shows the root-mean -square It.m.s.) lI', of the time
domain vibration signal (x, ) a_ a function OfQ/Ollff ' This is
deflned marbemarica lly as

(I)

where n is the number of samples :r, in the signal.
Each trend line represent s the average for each set of four

pumps (A, B and C) . There is obvious correlation in the
general trends of the graphs with an increase in Il.MSvalue of
the signal as QIQg•.pis reduced . The response measured by tile
axially orientated accele rometer on these pumps is greater
than that from the horizontal. The magnitud e of the axial
response doubles as flowis reduc ed from 1.010 0.5 QIQg,~

4.2St8 tlu Olo.rll)'

Signal charac teristics such as stationarity, normali ty and the

presence of periodi c components determine the approptial e
methods for signal analysis. Station an ty for an indi....idual lime
history generally means that the statisncal pro","i" (mean,
mean-square and ....ariancej computed overshon time intervals
do not vary significantly due to st8tistieal sam pling \<lria tions
from one interval to the next. Stationari ty is important as the
procedures for analysing non-statio nary and tl'1l11sient data are



HORIZONTAL

Figure 4:Waterfall plot of ...cngnl fuu""'''f'''Wll of n i:oJ
. nd huri~ontal ."".lerati"" . agaiDol QIQBEP for Pump Sci
A3.

morccomplica tcd than for stationary d.lIa [l 4].
There are differen t proc edure s available fot examimng

station ariey bur no def initive process. A normalised r.tn.s error
ca lculation and visual examination of the change in mean
square value of subsets of the signal with time were used to
sssess sranonanry.rhe mean square value of a signal subset of
length N when: N« n is

.; : =~~x,! (2)

ViSU31eJlami nal ionoflhe chan~tn W: alongthc length
ofasignal providesonly aqualil.lli~as,..iessmen t of the eon 
stauoeary effects. Compansons hetwee n differen t signa ls are
complicated du e to the increased \wiancc of the signa l wilh
increasing mean square va lues. H= -ever iti s a u.o;eful method
to assess the effectof signa l precessing parameters.The effect
of subset lengt h se lection on a plot of the mea n squar e value
of Ihe sij,'llal wilh time is shown in Figure 3. A subsct length
of 8192 sam ples produces a pscut!,,·slaliun ary signal with
hlt le variation from the mean along Ihe length of the entire
signaL This set length is u"Cd for aver~gcd Fourier analysis
giving a frequertey reso lution of O.2S Hz. Subs et lengths of
4096 f>aI1lples retain the non-stationa ry nature over the length
of the signa l but are approximately stationary within each
subset. For STFT• .<ample se t length s of both 40% and 1024
sampl es are used and the di tTere nce s in the re sultin g
Spectrog ram plotsexamined

4.3 Avt"ragt"dFouricrtrandorm

The Fast Fourie r Transfonn (FFT) is commo nly applied to the
analysis of statio nary signa l!. from rotating equipm ent. In
vorcte.sryte pump s th ere is usuall y a strong per iooi c
component called vane pass frequency fv caused by ' the
passage of each impeller blade pas t the tonguefs}in the volute.
This appe ars as a sharp pea k in a plot of the FfTamplitude
spectru m and often rep resents the largest sing le con mb uror to
an averaged spectrum, Average d ampl itude spec tra arc
produ cetl by w indowin g overlapped sampl es sob-sets of
length 2N, app lying a Fouri er transform , and averaging the
resulting arrays eve r m sets J,L. Examp les of the effec l of
flcM rate on amp litude spec tra to 1kHz for a single pu mp
meas ured with axia l and horizo nlally oriented accele rometers
are show nin Figure a.The do minant frequency below 200 li z
corre sponds to a ~ha rp na rrowba nd pea k at the vane pass
frequency, lhi~llJ'peanl on a l1the pumps_ Abovc 200 ll zthCTC

are broadban d "hayslack" rcsponscs espcc iallyon the a:\ial
acc elerometer. the frequ ency locatio n and width of the band~

depends on the individual pump
A simple method of compari ng the contri bu tion of the

tra nsient and no isc co mponents for signa ls collec ted at variou !
QiQBEP operating point s is deve loped below. f rom ParSC'<"lII's
theorem the mea n square valae of a time s jgnaloflengjh e is
the same magnitu de as the mean square value of the signal
after f ourier tra nsfo rma tion (14). When the frequen cy based
mean square ca jcutaticn on a signa l of1e ngth n is rcr la<;;ed by
a ca lcu lation from the Ive rage of l number of freq uency
ca lcu lation s based on 1 subse t size :-I where Nc cn , a
diff erence <') occu rs be t...e en the t....o magnitud es. Th e

8060
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takublion is gMq in F.qualion (JJ

3_(...:_q:.f:] (31
T1wmagninldr of 6 g Dm> for sinuiOidal sipall witboul

noise oonlTiburionJ . Thcwalueor liincreasa ...herarlOisc and
lran5imt conlributiOl'J Me presenI A plo!: 0( 6 for all the
pumps .gainJt QIQ•., in fi ,l" re S shows ilK"1'C'Uioll
di"erJ!enee between the rv.o lines OIS flow is reduced. This
diveq;erlI% rqoreKU$ the ron lnbUlion of Doi~ and non·
pchodH: dfeeu at PM1w flow Uw .c RUintd in thc R.\{S
~but mno;wa1 by lhl: ...en~ FoutiC'f~.

11K:magDJfUdc of li lbouJdbc cbe to zno. A plol:or li for
all the pumps agamst Q'Q_ in Firure S ~'I Increasing
divavn'lCt be{y,ttn the I'M) lillC$ U nov.-is red uced . flus
d i\C:rgcnce ~t:s the tOOlrihulioo of noiw and non
period~ dfe«s al pania l ilO\Io' that are rrtain td in the RMS
ca1cul1llion but remo.,ed by tilt av=. gcd Fourier rroreu .
4.4 DbelT te W..~1d pn>Cns (Of' fillerM frtquu c), bi nds

Presen-atioll ortbe 1rUl$ienl..t ooisc oonttibutions is Khi~"td

by anaI)m of the signal in the tiIM domain. ln ordc:rto
undcr.;tandhoY,"theenergydl5tl1butionwithin tht JoignaJ
thanl!es .....ith nowconditionllnxthodthal rillenthe l;~

withoul loss ordi stortion il rtquimJ_ This un bc lll;hi~ by

decomposition of the sip into I series of dyad ic~uern;y

bands using a discrete ....w-1l1 trans form process [ IS). A
prIX'~fOfdcrompo!.ilion.".jreootl.'>tt\lCliOllof lhe signal

into fTtqumcy bands (detai l~Is) using the Daubechies 8
,,~II:I is describedin a previous pIlf'CT (16]' The effecl:o f flow
rate OIl the chan ge in RM S \'Blue of eachofthesc ball<k by pump
set is illu'lrolled for the axial accelero meter signa l in Figul"C' 6
There is good corre jetion with in each pump set for the higher

fra.JIICOCY bands down10 and including the Deta il Leve l S(42
8S li z ) band and clear cor relatio n between iocre",.ing RMS
'VlIlllCinlhcbandand~asini fl(l',·v ra le. The magni tOOe

...i th inthc: kMn fmlUl:tlCY bundsis smalld o.>e in part 10 the
choi«, of lC«lo:ntiOllf<Jl' thedl.~layunit5Ollthe iraphS.

Of primary inlcre st for Ihil work is the effect o f paniaJ
flow o n the freq ueocy re.p omc below 200 liz ...'here me
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4.~ Shllr1 -t1m , FOllriU Spt"t'ln>tl1l n"

The STFT perferrn s a Fourier tralllform on. single windowed
data 5C1of lrngt h 2N. The process is repeated for each data set
u the wiodow lnO\In . Iong the time lignal in O\"ffiapping
se<:tions. The l'ffiIlu are dilJ' layN as. Spectrogram plot with
axes tfcqucocy. lime . nd amp hludt. U.e of the STFT is
opt imized by lile com:cl .election of ...inOOwkl'lgth for the
tfcquency band o f intere~. The min imum win&.- ~glh
muslbegrealerlhanthelargeslpolCntialtfcqlK'ncyof intaesl .
Forthesepuntpithisi$2 1Izor inOO\l.·lcngth of68
umples. A larger window val ue ill iIlcfU-"C mqumcy
resolutionattheeJ<per'IIotoftimc 1oca.liutioll.

Figllt'e 7 sIllr41ifour~ plob fOl" the PumpAJ
wilb , llcq umcy resolu tion of 0.5Hz. Top plOISare for the
W.aI and horizontal ac«leromtkn aI 1.0 Q,'O... and kMn
pJocs~ .t partiaJ llow (0.4 QQ.u). This IC'I of graphs
illustra tes the ~ghSiblcuial andhorizonul vibratio n
~Il I.Of1iQ_ ParoaI no.. opentioll r'eSl.IIu ill
sigaificantpnks of varying.mpliludt'l\d~

measuredbytheui, I aecC'lcrornc1cr1bnoepe:aksareTlOl:
.~"';Ib the purnprowlnaJl'«'d l2U Hz ). OwIg"
10 the honzonUlIaa;e!erorneter pkJI.~ 1.0 Q/(.NI' and
paniaI flo..-at"econfmed 10 the regioa cbe lOft(17S Hz ).
Simibrfearurn ,ppcarinsptCtl'Ognmsf<xtheodJer~

a llhough the lOl;alion and wKlIhof lhe ~Uency bands

appearing at partia l now vary with ellChpump 5C1.
Figure g show s spectrogram plots from the n ial

ecc elerom erers for OIlC pump from each of ScI A. B and C, at
partial flow close to 0_6Q!Q_ Only • l ingle plot for !he
horizo ntal eccelero meteris Ibo'Nn. as it is typical oflhcothcr
sets. Thc frequcncy resolution is illCTU5Cd to2 Hl 10improvc
lime 1ocalis.alion. The time spvl illustrated represents 40
seco nds of pump operation. Tbe mlJIlirudc ..-ithin each
...i ncJo,.· is normaIiud by the amp litude of the vane pass
frequencyband in the,..;ndow 10 illustrate the IT\ai1Iitudcof
the transient vibnlion relalive 10vatIC pass magnitude . Thete
grapltsi lluSlIlIlelbe preseoceoftraJUirnl\-ibrationmasured
bytheilll:iaIxockromcterOll.allthepuntpsct5.lbcre~

generally consistent pancms widtio each set of J'UlTII'Ibut
~ diffemns in the appeannct' and mapltude of
nnsia:tl CVCDI5 bmr.-eenthe SfU . OiffCTC1lCCl in dnip ..i ll
c:unribule 10 this. Pwn ps A and C are single yoluie casinp
witb radial bearings,P\mp Bhu.double \-oNtecuin&and
b<Xb radial and tbruu beari np. For the borimoaJ rnponsc.
thc:cffectofpanialn-·iltoincreasethernagnitudtofpbut
not siptifJCmtlyiocreasc~belowfo'·

CWT maps of tbcse ~gnal w.ere namincd but the t'A'O

dimensioflalpresntWion in bbct. and ...-nile i5 ... a5 "-lIy

1.0 Q 'QBFP PlIMPAJ
/fh,..f IORrlO NTAL

V.-'\!\'E PASS
.CY

Figure 7: Sf't'C1'rojl1lm. 10 200 li z eom~rin. l~ .~ial and borilllllu l ilC«lfflllion ""'I"'n ... 1\ 10 Q'QHEP IUlIl 0 ,. QIQBEP for Pwnp
A.} , F~l"CIOlulIOf\ IIO S IIz.
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acce ssible IU the three-dim en sional Sbort- tien e FO\Irier

spectrogra m plo", . EJWnPlelIofewr map.. for tllcK pumpi

are providcdin jlI].

4.6:'oiorlll. Uw d KMS n ror

A normali sed RMS error i ll;: lis used to quan tify thc transient
con tribut ioll$ to the siJl.flllI below 170 li z. I his ca lculation
quan lir lC:!; dev iat ion of the mean sqWll'e value ofa signal

subset lengt h 1024 Nmpln from the 8'o'e1"I;gc mcan ,;quare

valueof llw:enlin:flgNl.

J"J. ~k-~~r ]
&1" . \ ,, : (-I)

Theflpull below 170 Hz '*1.tt"R'.lltn:l by summatioo o( lhe
appropri ase <ktail and appro" imalion fn:quency bands
n:l ul' ing from tbe discre te wavc!e' dccompositioo and
n:c:onstf\lCtion process, The "",,, Ih are .........n in Figun: 9 for

eao;bpwnpset ploon:lagamslQ-Q_Thc:relSobviouslyan
IJICfftW in !he nnnnaliw:<!RMS nror in tillS low fn:qucocy
fWlgeoflbesignalaspaniaiBowdc\.~

DI SCUSSIO N AND CO /lrri CLUS IONS
1iicvibration lTlC'3.'>un:d n ially on the non-drive end bearing
hous ing increases a' flow is red uced beluw QBFP. The
vibration magnitude is calc ulated from the RMS \':lIue5 of the
time signal. There is a difference~en the RMS magnitude
of the time signal and a calculation based on lIverageU
frequency contrib ul ioru. Th is di ffen:nc e incn:lIlIClI lIlIlhe fluw
is ~n:landindio;alesthaltransicn l antl ooiSC: C:VClllsan:

bcingl'ClllOVNby the ~cd F(>lI(icrteehniquc.

Examinat ion of !he LIlial vibnllion signal fron lite non

dri \ C end bearing o f • dou blc-!oUClion pump utin g '
cQII\--em ional fourier_Iyoit sbow1 an incraK in amplitude

of \ ".llOC pus l'n:t:;jUC'flC)' md !IOIT'IC broalhnd rnpooW at lhe
higher mqumc>n. A\-na~ spectra l aD&!)-sil givn 110
indicat ion oflhe hIgh magn'lUde auaJ Y1bnhOll be""" thc
\ '3IIe' pass l'n:t:;jucncy thai dcI.'clops .111 putlal Ik-. ThIS has
been idenl,f oedvimally using sOOn-tirnc:fooootC<'ooiqun

The STfT rIots .how IIu.I thcn: arc: 1r-4nsicnt peak
frequencies below 200 Hz. The oe peaLs occ ur witbin
frequency binds specifIC 10 !he rump. The reU f~ncin

\'3J'Yandarc:ftOC syo.:hronooswnh tberolannS spc:cd of thc

O.17Q'Q8EP

06lQIQBEP

1'''''' ''HORJZO!IoTAL

PUMP C3
AXIAL

O ~7Q'Q8EP

O.S6 Q1QBEP Pt IMPAI
AXLU.

f igure 8: S~.... for Ihc r-t1&1n_ rnpome ofa pump flOOl,....h oct (AI. 1'14. 0) with the ope'I."\T3 norrnaliocdby 11>0 m.gn,tuJc
al the ~ancpas-s fl'n(Un'C)'.
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FiguR' 9: Normali'lOd r,m.&I<1T01" of the signal b<:low 170 li z
for each pump "" against Q/QBEP.
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pump. The magnitude of the transien t peaks below 200 Hz
can exceed the vane pass contribution to the signal. The
increased contr ibution from these transient events is
quantified by calcula tion of the normalised RMS error of
signal subsets; this increases as flow is moved away from
QBEP.

Observations for the axia l accelerometer response at
partia l flow operation can be su~rized as follows

l. The vibration is a mi nimu m close to Q~,. and increa ses c,
above and below this operating poin t

2. Transient events with frequencies below 200 Hz occur
during parti al flow opera tion

3. Th e tra nsienl cnmponcnts are not related to !he rotati onal

rrequcllCYof thepump.

4. The transien t events appear as reg ions of high magnitude
localizcd in time .

S. The magnitude of tran~i ent events is equal to or exceeds
the vane pa ss feequency magnirude .

6. Th e normalised random error of the signa l SUOSCt'l (below
170 l iz) from rhe meen increases as 110\01 is reduce d.

7. TheTCis mino r variation in the magnitude o f the vane pass
frequency with time at pan ial 110\01

8. T he frequency rang e in which low I lcwexcuanon miporu;c
oceurs is broadJyronsistentwithin a Sl.'fo f idc ntical
pum pabut ....an es bet ween pcmp sets.
The mcasu red axial vibration is a ffOl.'ted by tbe unst ced y

ax ialth",s' on thc doubl e-suction impel ler at pani al ll(JW.
ThereaTCtwo ~es of axialth"",l,thepre..sure onlhe

impeller shroud surfacc. and the change in axia l mom en tum

throcg h tbe pem p
An unstcad y nel pres..,ure di ffen:nce~ the ex ternal

surfaces oflhe oppo sing impellershroud:s prod uces a netasial
force. The maGnitude of !his force is de terminedby the
integral of tbc pressure over lhe surface area of eac h shroud
Prcssureisaffccledhy lhe llO\Olficldwithint heshro ud-casi ng
space whic h is determined by the co nf iguratio n and
dimensio ns of the spac e , the entrance dim ension s,
ctrt:umfcrcntial and axial components of lbe fluid ve locity

AcousTicsAustra~a

leaving the jmpeller at the shroud surface , clea rance and
condil ionof th...,wcarrinll $Cals. llI\d the surface conditions of
the impellcr and casing (18). A Il>sll in symmetry in the
press ure distrib utio n between lhe opposin J: shroud surfaces

due 10 partial Flew perturbu lion s entering the shroud -casing
spaces will create unsteady axia l mot ion .

An asymmetr ic change in the magnitud e of the ax ial
componera of momentum betwee n the inlet and outlet of the
impe ller will prod uce axial thrust. Any loss of symmetry
between the inlet ve loc ify and discha'1lC velocity in the two
hal....es of the impe ller du e 10 unstead y entrance condition s and

internal flow separatio n wi ll result in an unstead y axial force .
There are no detailed publislted studi es on the pressure or

veloc ity distributions within a double-SUCTion pump aTpan ial
now or the relative effect of each of the as ial thru st

contributions 10 the overall axial thrus t. The effect of part ial
flow opcrat ionon unsteady axial shaft displace ment and its
relarionship whh beari ng housing axial vibnt ioo is thc subjcc i
of con nnui nginvestigat ioe .
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HOW TO BUILD A 100 WATT LOUDSPEAKER
Nevtll e H eteher
Rett. rtb Sf boo l of Ph)1olca l St k ntn, Allunll . n N.tlon. 1Unlvf n ity

Overthepasto.k<:a<ks th~hasb«naCOlllinll3l i=asein

thep<:J'l'm'nltingsof . mpli fiersand loodspeakers. Fifty years
aso,. high -fide lity valve amplifier for home use typically had
• power OUlputof5to 10 waIlS, whereas IlOWthe fi gure is in
!he range50 to 100 'oWlI$ . In en lCnainmenl venues the power
rating is mucb highe r. The Il31l1C thing has happened 10

louds pn ken , and then: is DOW a substanti al dem and for
speakers with powet rating o f around 100....a rts. The p roblem

is lhal these loudspeakers ere often expensive, so it is
inleTeSlingto know lhal thcreis aetuall y a simp le and cheap
way to convert a speak er of. say, 10 "''3nS rated capacity into a
genuine loo. wanspe: ak.er.

The simple electronics behind this convers ion is sho....n in
Figure I. To be satisfactory, ofcourse, lhe new loudspeaker
must match the outp ut impedan ce of the amplifi er, which we
have assumed to be 8 ohms. It is, perhaps, somewha t
surprising that this simple arrangemern achiev es its objec tive ,
and gives a frequency response as good as that provided by the
uriginal Hl-walt spea ker .

The n: is, howe ver, a simple reason for this. Whcn a
loudspea ker is referred to as being " IOOwans", then what this
mean s is that it cart acce pt an audio signa l of strength 100
1>IlIns without burning our the voice -ceil. Th e raling says
nolhin g whatever abou ttheaeousricpuwcr output . lt is clear
lhere fore tha t, provided the resistor R l in Figure I can
dissipate about 70W and Rz abo ut 20 W witho ut be ing
destroyed, our " IOO-walt" louds peaker mee ts the generally
used defi nition. But what d oes this mean in term s of .,JUrK!
outpu t?

A typ ical high -qua lity lou dspeak er. mounted in an
enc losure, producesa sound-pressure level of around 93dBIW
ata distanceofl metre on-axis. Ifit is assamedthat sound is

lOOW amplifier (I _I l OW 100M1~peaker! ,..---,-- 'lJlJ'v--,! (l olun>l

Figure L Cirellil for (!<MI'o'ertil\i . lo-...'aIl.. peal e' witb inlema1
m.i5W>CCSobmi inlo. lOO-wa.tt.pealer. 1beeircuit.oo..n
lltill preilents and impe<!ance of S ohnu lO malch 1lll1 of !he
amplifier. The spraker dilSip.' C'1• power of lOW and !he
remainin, 9QW i~ ~harcd between R1and R!. with R, cllI"rying
""",tofthe load

radiated unifo rmly in all direction s, then this amount s 10 j ust
abo ut 20m W uf sound power per wan of elec trica l input
power, or a conve rsio n e fficiency of 2 perc en t If the sou nd
radiation i,directional, asit certa inly isat high freq uencie:s,
then the conve rs ion eff icien cy w ill be less lhan thi s
Loud speakers designed to reprod uce a very lim ned frequ ency
range can doa bil bette r than this. bUI co nversio n efficiency is
always less than ebo ur 10 percent. A nomina l " IQO-wan"
. pc:akerlhus producesaoout2 Wofa ud io power if driven to its
limil$ by a I OOW ampl if ier. The design in Figu re 1 will only
prod uce 100UI 0.2W or 200m W under the same co nditions,
but one might ask "Whal is the signific ance of an extra fac tor
of 10 ....hen the orig inal desc ription is misleading to the exten t
of a factor of 50?"

Sale s managers might object, but is it not tim e thaI the
acOIHlic' comrnunity did something abou t these misle ading
SJlCCificllions?

~.

Bradfom
IDsu1atnollll

Excellence in Acoustics Award 2004
Award aims at fostering and rewarding excellence in acoustics. Entries judged

on demonstrated innovation from within any field of acoustics,

Winner Gift value $2,500 Finalist Gift value $250
Entr ies due June 2004

Submission details: www.acou stics.asn.au
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Cochlear Implants: Fundamentals
and Applica tions

Springer·Verlag, New York, 2003, 8M PI'
(hard CO"er), ISBN0387955836,Di slribulOr
VA lnformance Services, 64S Whitehorse
Rd., Miteham 3132, Phone 03 92107177,
f ax 03 9210 1788, Price A$275.18

Professor Graeme Clark AC, has made a
signifiCllllIdilference 10 the lives of nearly
50,000 severely In profoundly deaf people
and their families world-wide . His
contribution to the ~search, developmenl
and clinical delivery of cochlear
implanlation, and the ongoing ed"" ation and
management of tec ipienlS, haa affccred the
careers and lives of many lhrooghoUl!be
world. "Cochlear Implants: f undamentals
and Applical ions" , Clarl<'s latest bool<,
comprehens ivelyencapsulalCSlhc hisloryof
COl'h[car implants, and brings 10 the reader
lhe depth and perspechve thal has heen
inlegral in the su~. l>f his multichanllel

device

The ongoing work of Clark and his
colteagues has produced major mileSloneS in
the world of engineering, audiology,
lICurophysiology, physics,o tology,a nd m.n y
cochlear implanl re lated professions. In
addition, theories of aooustics, neura l
p[aslicil)', the audilory pathway, and spe. ch
processing have evolved based 00 the worI<
of Clark and his colleagues since the ear[y
1970s, which is care fully delailed in this
volume, The cochlear implant has led to the
development of a signifieam relationship
with industry and tertiary institutions OVer a
range of faculties

Clark's multichannel eochlearimplanl is lbe
world leader loday. WhilS! lhere is some
mention of other cochlear implant devices
throughout lhe bool<,it is for the pmpose of
eomparing lhe attributes of safety, design,
fle~ibility and resullS. Not surprisingly. this
comparison highhghlS lhe supe-rioril)' of the
device made by the Auslra[ian company
Cochle ar Ltd. One of the mosl recenl
controversies with cochlear imp[anls has
been the [ink with meningili. , which Clark
addresses comprehensive[y to clarify lhal the
incidence with lhe Cochlear device is 00
greater 1haninth e non·implante<lpopulation.

Clark's book is , 'crydeta i[ed,quile lechnieal,
and is an e~eellent reference hook. II bas a
very wd[ organised inde~. It is extremely
well referenced andrefleclslbeh~genumber

ofpubhcatioos lhat Clark has authored and
co·a uthored. Some of his chaplers are
organised whh an introduclion and summary,
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leading to ease in reading and aece..ing of
infonna tion. Qthers are less, slTUcntredalld
rnore dilficuh to understand.

[n lhe introductory chapter, the wOfk of
visionaries such asVo ltai n l7 90, andmore
recently Djowi.ne and Eyres in 1957,10
explain how lhe cochlea conducts sound is
reeounled. The evolulion ofCOl'hlear implanl
design worldwide and lhe milestones are
deta iled. Chapters 2 and 3 overview
anatomical developmc-nt and auditory
physio[ogy, and ils imponanc e in tbe surgical
process and lhe successfut transmission of
current through the auditory pathway. The
e lfecrsofe[eenical stim ~1alion on 1he neur.1

sy~tem and me way lhe informalion is
condllctedtbrougltthe audilorypa1hway is
covered in Chapter 4 , h ighlighting lhe
cochlear implant. important role in
preservi ns nerve fibres in severe to
profoulldly deaf people

Neural models ate lhe foeu. of Chapter 5
Clark 's observation tnal "Electrical
stimulation of the aoditory palbways has
helpe<:l in uJlderstanding thc nonna l coding of
sound, as it has enabled bothtempornl and
placeofs limlilationto be oludied l epJ rately.
Th.is cannot be 50 teMily .\IChi... 'Cd with
WWld." acknowledges Ibe ilTl('OlUnce of
cochlear implanlS in cont ribuling 10

knowledge of acousti.. n it ret. tes to
bearing in borh a (uncrion.o[ and
dysfunctional auditory sY" enl.

Psychophysics (Chapler 6) _ lhe
undersmnding of how electrical stimuli are
perceived and lheir relationship to speech
perception · umk r lies lhe fundamentals of
speech sound proce:ssing eovered in Chaprer
7 and Chapter 8. The stralegies used to code
speech, the hardware and software, and lheir
developmem and future developmeolS arc
out[ined in lhese ehaplefS

The cliniealapp lieation of cocblear implanlS
is covered in Chapl ers 9_13. The pre_
operalive.e!eelion,surgieal proeedure<,
rebal>ililationan d habilitalion, and res<o hsa re
detailed using the prolocols developed in
Melbourne wbere Clark's research is based
Variation, inprachce Canbe found in clinics
throughoul lhe world, however Melbourne
and other Austral ian chnies remain a
benchmark in eslabli.hingcl inica[standards
for cochlear implant services

Today, lhc clhical arguments for and again!lt
cochlear implantation are still debated ", -en
though the cochlear implant is widely
accepted as a hearing device fot severely 10
profound[y deaf people. Clark o ud ines well
formulalcd arguments lhal COVer the ri<ks of
surgery, informed con", nt and the righlS of
children

C1arl:'s research cominues and lhe future for
severe 10 profound[y deaf people worldwide
is e~lrCmely promising, given lhe proposed

projecls outlined in his final chapter.

Overa[l, as indicaled. this i. an excenent
reference and encapsulates lhe
multidisciplinary nature of the field of
cochlear implantation, A wide range of
professionalsand interestedpeoplewiU find
this an invaluab[e resource

ColleenP.<artill

CoJleenPsarros is CiinietJlCoaroinator jor'
/lreSydn ey C(HClrleorlrnp ltlItlCeltll'f!.SIle has
specialised in Ihe clinical management of
cochleari mplan'rec ipienls ojollagesjorthe
posr15,.eors

Yanick Pierce (NSW),

Paul Niall (NSW)

SavilbriShimada(NSW),

Subscri ber

GraemeBroderiel (Vic)
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FASTSbaswe lcomedthereJease byM inisler
Nelson of thrce key reports on Australian

=;~;[:~~:~~~ ;'~~n~T:it~:::
Eva[uation of Know[edge and Innovation was
the Iotal funding leveraged oul of universitie.
to participate in competitive ARC, CRC,
NHMRC aud Major National Research
Faci[ities (MJ-.'RF) programs WI., estimaled
to he rnore than S450 million in 2003-4

"Universities mnstp rovideto p·upfu ndingor
matching dollars to access compelitive
programs. FASTS be[i...-e lhemagnirudcof
lbis [everage seriously impedes the capacity
ofuniversilies to invesl in infra'tru clllre,
early-eareer researche rs and strate gic
research priorities. The primary source of
funds 10 support university strateg ic
priorili", . are l>lock grants. However, lhe
leveraging ofS-450m distort. the balnnce of
research funding in favoor of competitive
grants

FASTS ""do""", a rumm oo lheme in lbe
thtl:ereports lhal tberei. anecd forgrealer
inveslment in Auslra [ian R&D and
innovalion, Maintain;ng lhe statnsquo i'nOl
acceplab[e .. that will be a declinc relalive10
competitor DECO countries.



ACOUST ICS 2004
The nalio~ ~l conference for the AAS.
ACOUSTICS 2004. ....ill be held on a-s
~"""mber 2004 al Surfers Pau dilC on
Queensland's Go ld Coa 'll. The Confere oc:e
lheme is 'Tran. p:>rtaIlon Noise&: Vibration.
the Sew M,UenniWll". OIherma jor topici
for !he Cooferm ce will inl:1ude UIlderwale1'
ACOl.l$lKS and Anchitmw-al and Duildinl
Acoustics but pave.. from all are.. of
aco<Wicswill be iodudtd io lbrPr<J8Ialll
Anel<CilinI JlfUllram is de....d opinll wi!hlllc
fol"""ing ~akers

Plonl.,.Spn krn

Dr. G. P. Wil<on, Wilson Ihrig I nd
A.\SOCiales. Oakland Cl lifomia . USA. Roil
S}'.t""' Noisr onJ Vibturi.... O mtrol - An
Hi. torlco/ Rn1 rw

f'rofo:ssorM . LMWlJaI, fao:ilityforR~n:h

n Technical Acoustics, Indian Institule of
d ence, BaDllal~, India. AIl,o....,t,w Nuis..

Or. Man in Lawrence, Comprehen.i . e
Nudea ••Te.l-Ban Trealy Organizalion,
Vienna. AlISlria. Clohol Monitoring oj 1M

o,th . Ocean "n" A"'w,ph " " j" , lire CTST

KC)'nfllr Spnkr~

ProfeMor A.L. Brown, GritTilh Unive",ity.
QLD

Mr. S.C. Drown. Rich.ardlIeli:li:ie A«odates,
NSW. Co......,.,, N" I... Sp.' cifira rioll "n"
C",,'ro/

Or J L. Davy, CSIRO Bu; ldln~.

Con.u-uclion and Enl ineering. \-le.
1nsr<I"ri"g!>t<IIJ II'J/,ago j,u / """ 'f'O"0non

Dr. R. McCauley. Cwt in L:n'. PrTth. WA.
C""".oJr.ileWJ<:flI"ali<J#U"I'HU: /Jr~I,,",/trn

A",""IIo" ('<II<-"- T1t<'i' ...... inNIJI"ff' t"Ill
Jlr<Jin

Mr. M.A S;m~n. ASK CM w!t it g
EOlinccn. QLD. Ro,,,1 T'''ifl'' MoM/s
IlICO'J"'N/illg Mn«Jrolugy

In. llrd S~aktn

Mr D. C. Anderwn, Rail Inf.-aslructure
Corporation.NSW.A II"""",",icion"1(l<idew
roil""",y I~""inol,>gy onJ "" m"",11 pi lfa lLt
..,-,h ac<,...•ti.. l~nnlllOlagy .."'~n applied w
roil

Mr. Arne Berndt, SoundPLAN l l C. USA
UnC~rlOinlie. III .." vironm "IIlal
ntnd~/ing

l:lr K. Bu'iemei. lrt . ATUI' Aroust;,:s, NSW
U.inillruer/ioll Co", . lu E"" luale Roi"'",>'

Vibroti""f.okJtion.5:V>' .....J

Mr. D~.id Demel<. Drpanmmt of Maio
Road,.Ql D.Apa.....m~"'.oIuli<lnk>''''ffic_

Inducedvtbrmi""

Acoustcs Australia

Mr. P Knowland, PKA Acoustic Comulting.
NSW.

Or. P.A. Me..han, Univnsity ofQuccn>land,
QLD, W.... , -7}pe Rail Corn<gatio~

P....Ji ..,i"n: f'rJ>·'·ug~ Time DeIay£jJect<

Or. MJ. Nood. Univrn ity of Qurensland,
Bri .ban~, QLD. Acous lic IrD<'tl ..g of
hum""" .'! wilalp. : mPa-Suring , ..IeNai.
..ith,M"~,,u.,'ic "lfVimm..enl

Dr. R. Tonin, Rmzo Tonin and ASSOCiates.
SlUT)" Hill. , NSW

1oc:ludrd in lhe l'fOllJ'llIlwill be ..." rkshopson·

• WbcdfRsil NoiM &: Vibralion. Chair:
Dave Atl<kr.lon

• The Sew Building Code of Aus tralia
(OCAI . CJ>air,MuttiWarpenius

• BuildinlDesignf<lJTransporunionNoise
Conlrol Chair: M;,:hadCaley

Prior tolheconfereoce ....ill be a SIJonCourse
00 Environmental &:Transportlllion Noi",, 
PWu>ing ""'" Enfo=menl Issues

As well a. ~ lI lhis lho:re will be ~ technical
nl"biOOn and ~l;"eIy5OCial program.

/IIj o.... afio n "" lite Nmfrrrllu fro'"
WWI« <K""'"OCS.<UII.a«

---~---

Low Frequ ency Noise and
Vibrati on
The 11th Inlrmalional Coof= 00 Low
Fr"'lue ncy Noi•• and Vibralion and its
Control will be held in Maa.lrieh t, The
Netherlands. from 30 Augu.tto I September
2004. The cnnferencecovers all lopic. in low
frequ." cy noi", and vilmllioo, its effeel. ~nd

conltoL II's a pc:rfeel ol'l'oltllnity to meet
.'p<'<U in the field of low frequency noi""
~nd vihrations. to dis..us~ the l~tesl

developemcnrs and to learn from other
upenenlXs

lnformalion from

hnp://wwwlowfrequeocy2004.<>rg.ukl

RuraVA~ricul tu ral Noise Policy
The NSW G<JI'emment ~ pl'O"idcd Ihe
IIIdll51ria1 Noise Poli<:y (2000~Th i. I ivea
admirable guidance for commen: ial and
indu;lri.aInoisc . Th<:NSW l nduo.tri~l Noioe
Policy does pnn.; <!t guidance on a8SCUi~g

noi5e from industryaetivili" thal.maY I"'~

inr\lf;ll em ironmenu,in tcnns oflhr K livity
and tbr environmml i~1 condu.<;lcd in (for
rece;"er cat~). H"""",",,"noi\Cintll<:

lU J1II envirOllrDenl. IU'nie..l~rly lhe
agric..lrur~ 1 e"" ironmenl, could be
eons iden:d lo be dilf o:renl fromtbr normal
industrial m vironment For nampl~ lh~

noi\Ccouldnc~lhe inlruli ,""noi sc

criterion, bur only pl'llduee.i ~l harvcstinl

time or in e~lraIM: "U1 her COndilions. No
aJkJwaoc:e is madr for Ihil in !he NSW
Indu.ma l Noise Poliey.

Tbiscallforpapen iJforamcetioiJinN SW
lD diso:uss lbr lheories,cal\C lludiroand
prnclicalCUlTll'~ on ..-here tll<:Pt>liey COllId

or .h""ld di!fe, panieu 1a'ly for the
a, rinallu", l envi,OMlenl. PapeQ an:
~ubrty lOO.l~lfrom "'pni..tioRl ,,'ho
....... npcnepee lrl""'oc""'~umenll from.

for n ample, wineries, frt,lit farmlo vegetable
fann . , nut farm., animal fann . , frt,lit
processing f~ctories, timber-pro<:essillll
indum ies. elc.

Plea>e .. nd a briefreswne of ynur paper 10

Ken Scanncll -NSW Di.i siOllSecretary. On
~oplultltl.t:llm.1ll

---~--- '

Austr ali an Inst itu te of
Phys ics Congress 2005

"Physics fo r
the Nat ion "

Jan 31 • Feb 4, 2005
Canberra

Session on
Musical Acoustics

Supported by AAS
Call for papers out now

Infor mation :
hUp:JJaipcongr ess2005.

anu.edu.aul

c 'I TENTATIVE
• FUTURE

CONFERENCES

2005 WA 2006 NZIAUS
2007 QLD 2008 NSW
2009 VIC 2010 le A

VoI.32Apti1 (2004) No. 1 -35



IIV~I NOISE CONTROL
Au. ....n. AUSTRALIA PTY. LTD.

Committedto Excellence in
Design, Manufacture & Installa60n of
AcousticEnclosures, Acoustic Doors,

Acoustic louvres & Attenuators

SUPPlIERS Of EQUIPMENT FOR:

PROJECT: WyongHospitol
CUENT: A1lstaff AirCondirioning

70 TENNYSON ROAD
MORTlAKE NSW2137

Tel: 9743 2421
Fox: 9743 2959

AAS Educational
Grant

The Education Grant of up to

$5000 . is to promo te research and

in Acoustics in Australia . It can be
used for scholarship(s), research

funding, equipmen t or other

worthwhile use

Submissions by 30 June 2004

To: Gene raISecretary @acoustics.asn.au
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CHECK THE P'UCf !

• Type 2
• Exponded memory . 4,400 sets of

'ntervo' data (Leq, LO,LJ,l5.LI O,
L50,L90,LJOO)

• Ranges 30· 10Od8(.4.) and 65- 13SdB(A)
Fast & Slow time weight ing

• Collop sable microphon ll' po le stacks
inside ro se

• Display ena bles setup (Jnd ' (J/ibroli(Jn
to be ,h e,ked on site withoul l:Omputer

• Display enables single
!elofm easu remen ls
10 be read without
,o mpuler

. Op erot esfor upto
2w&eksusingthe
suppl iedb(Jttery

• Weatherp roof unit
_ oomp lete ne w de sign

• Reolti me d o,k

ENM
ENVIRONMENTAL

NOISE MODEL
N OISf PRf DICTION SOFTWARE

A l;OtY1pyter program
developed e!pedolly

forgcwemment
authorities, oCOYsti, &

environm en tol
l:Onsuhonts,

ind ustrial comp an ies
and a ny other gro up

involved with
pre diction of noise

in the environme nt.

Aooustics Austra~a



critcri a for bnckjrourn1 noi ' e lcvels in
audicmerrtc test Iacihnes

Safety llnc ad dltlon : A new item in lbe Noi""
Essentials page of WA SaktyLinc www,safely
linc.wa gov.auis Opco-PlanOff'lCC:S · Good,
Cost~AcousIica[ Dc.. gn ""' ich linblO
the excd lcnt mearch "'Ol'k\l1at has recently
been rompleud in Canada

Hea rlng-C rl tlnl Jobl : I am inlere. ted in
find ing OUI if anyof you useor have de-.-el
opcdhearing sta ndard.forpcoplepcrfonn_
ing jobs ....bere i! i. critical. /i"om a ... rel)' pcr.
spective, thai tbcy can hcar cc rtain in"ruo:.
lions.wamingsor .ignal t. Canyouplel."Clct
me know.pgunn@doce-p... a.g<JV.au.,ifyou
ha-.-e"",ha'Y"tcm in placealyour""""' _
pl~""or""", )'OUdealwi!h?

Orcaeo ustte Emissions and
lI uring Lon
OnWcdncsdoyI7 Man:h2004~ty

50 mcmbcnand~ anendcd ljoinl

Audiological Soc-it1y SSW Bnnch and AAS
NSW Diviaion Tcc-hnk. l .\-lcetmg on
'Oloaoousric fmissionsllll farly Waming for
HenrmgLoos 'byDrF.ric:LcPa&e,DrNarcllc
Mumry and I discuosion from Mr Warwick
''''i l lia:m llfl practicahtics of 1lcanng~

Eric diACUsoed the draft ~1'pc1ldi . to
AS/NZ S I2MI 4 2004 Ihal p~l' an
approach fnr l1elcrmininll lbr: probabi lity of
hearing 10... based on mcasunmenl of
evol<ed O1Oa<:OImie emiuions . Th i. dra ft
1f"f'C'Ildi> explains thaI ~EW>kd~fic

emiui"''-' ''' 'l' lfWnJ..'''''ic/'orlgi''''leinfflt
i~n", ear. aM ",.. Jtl Nf"Nt in 1M Hr
C<l1UI! ~. A mclhodo logy has been developed
for U$iltg the Coherent Emi",i nn Strength
(CESj Oflhe (llOlCOUSlic emi ••ions lO eSl;
matc the llrobability of a hcari ni iou and i.
prcscnledin thisdraft arl"'ndi.,Eric~

the relation ship of CES to pn>bability of
hearing joss (or thc lIlUtleellrs .,ra 790-pcr 
", n data ""t. NAl has dcvclopc:d ' dlItnbo""
of Otoa cou. tic Emi... ions (OAE) few more
Ihan I2000people of vary ing ag",

Nan: lle "," ""nted rc.u lls of ..searc h doLI
froma studyoncoal mineworke~at Wycc

in NSW [or which thcCES of coa l mi""",
with a range of age. WI:1"e mca.'u rcd. Narclle
co mpa red the CES to lhl! Pure Tone
Th rc. hold (P1T) for minen a.. wcll •• exa m.
pies ofa 23 ycar old mWlician and s 4day old
infant. Also discussed by Narclle was the
apparcn ll nck of correctbcaringprol"tor use
obscrveddurinitbc Sludy.

WatWickdi ..:....cdthcpractiealiti csofbcar.
i~g prot:CCI<JI'8., and sa id that ~Ir<'<l""g p"JI""~

IOn IJn IItJl lire be.,""'Y 1""Jd",.•.' '>ccl<I'<l
riO#f(lI........ ~. WatWickmenlionc.llhal""""'.
placcs lhalhavcrcgular hcarin j lc"' a<>c:cdo
u lty have bdtcrirM>lvement/i"om wonenin

Fresh Inn ovators

Rev iew of ASJNZS 1269 Stand ard.
Aus tra lia is review ing the Oc cu pational
No ise Management standard, The draft
rcviscddo<: ument,(DR 04034 -0403 8) havc
bee n re leased by Sta ndard. AIl.' tralia
w....w,standar ds ,com.aul

The main changes from the 1998 edition arc

PtOin<:l.. . iOllo finfonnaliveappcndkeson
OlOlOXic agents andacoustk shock;

T'l' Obj<eIM of noise uansmmts added,
in_ wion >WldItds urda lcd, the
plli"ll,cnu,unlcrnl lOl.L>Jas JlCf5OfUll
sound ex posure metern explained,
"1l00rchangcslolayoulo fta ble E1and
", oforma in Appendix G;

Pl2 Minu' eltan.gcslOsectionou'Rmking
noiSC=SCIOReS'andAppendicco Band M;

PI ) MirlOf d. angcs 10 secti on 6,2,[ and
6.2.2and TablcsAl andE l

T'l4 lnclusionof aninfonn.ativcappendix
onotoaeousric cmi"'ion s and a ,"i,ion
of the measurcmmt rcqui rcmcnlS and

Academy of Science Policy
The Aca demy of Scie nce has rece ntly
re1cascd a Policy Starcmcn l on Rcscan: h and
lnnovationinAuslra1iawlticb ...asprcparc<l
in rc<qlO1lSC 10 the mnny review. lhal have
takcnptnceIWC' r"cnl months. Tbere aee 13
key re<:omJJ>Cf>dali<>Mwhich the Acadmty
hopcswillinflucocclhcdcc isionandpolicy_
mak ing proce.s underp inning Austral i. ',
inn<MItillfl symcm.TM . tatcmcnt io availnble
rmm ..........,.tcim:e. "'l!lI.IIimtdiairia.pdf

Directnry oC)1emben
Th ia will no longft" bcpub!iohcd ewa,-niinble
... COhur "'iIl M ..... ilahl. !O.......~f"OltI
......"W.aoomIri.a<n-. lnfonnal ;" m "",,"1O

~1Iu'lllffllbcr only ~ "' Ihc'llc la

irIl:ludCldinthc ll<llict:sw-;thlhcannuaisub
ocnplion ard membcn will bc ablc: lO update
thcir rocordsas~. Any mcmbcn with

OUlIOOC<'IO_"Wcan OOllladtheGcncra1
Sorn1arylO dtainlc"!'Y o f lhcrcgister,

Repons e nd H nancial Accounts
1"hc>cAreI>a.i1ablefrom"",,,.ll.<:<JU!Rico.lOll.;lll.

Any mc:mbe15 wilhoul ac«M lO _ W Clll
ohtai n lcoP)'of thcaccountafrorn ll1e
Gcnc ralS«r<tar)',

Regtster oCAreas uCCompetence
Acompeteney reii,ter li .. inlt i, bcing setup
by lhe AAS in re"",n", 10 the rcq""s t from
members . Along wIth the annual AAS sul>
scripl:ion notices members have the oppo rtu
nil)' 10 rcg~ter in lhei. nomina lcd are..." of
compelen~.This liSfinltwillbcavni[ablevi.

the www for public use . Member . arc
requested to read this document eucfully and
inparticularootethed« larat ionincludcsan
agtftment 10 nbide by !he Soci«y Code of
Elhi" . Thi . Code iA .." ..ilable flOm tbe
_ -w.IlCOIl"' i<:S. ...uu andalaoi .incluJcdin
lhia iosuc of lhe joumal

AAS Educational Gra nt, 2004

1M AAS Ed""~tion Gnnl is swardN
annually md ~imed al promOlini rncarch
and. eduo.:aionin~ic. i" AllS11alia. TM

i rmllo f ..... IO$ 5.000 C4l1bc forACiIolAnltips.
reKln:hJ'f'l:iccb,~purpor;n ...
oth~ """"'hwhile UK ..1~IN 10 acl>llS1ici.
Submi .. iooo arc due by 30 June 2004 by
ema il lOtllc Grne ralSccrdary

Ercenenee In Acoustics Iu 100 laic for 2004 but gd prq>arcd for

Awards, 2004 200~. F""' h IlUlO\'8.t(lfS will gM 16 early

A 1'(1l'IindC1" tha' the hed~ inACOU$lics o;arca" innovatorsnalionalandintemalional
award. "I'O"ootedby CSRBradfonl\MuWion, mt<li~ expeewe. They ee propIe"'lIo have
willbcprcSCflted althe AnnlllllConfcrmu of ~ an idu. made a discO\ery. i....cnlcd a
the Au",ra lian Ac",, "' ica l Society in dc\ikeand...oo~onthe .... y lo en suring
N<Jvcm""'2004 _Thc ....inncr willbc~- thaltllciridc-..wil1m.akeadiffen:n<:e.Thcy
cd wilh I pc:l>'OOIlli.ro plaque and I prize 10 may hav¢ a patent,~ links with indllSlry
tbc valucof S2.SOO. In add ,tion ul'lo 3 final- or §C\ .. p thcirown bullincss _our vi ew of
;"1f;will al<orc<:cM agifttolhcvalucofS250 inllOvuionisbrood
Th;" award airm to f"" tn and fe'Nll.l"d excc l_ The 16 winflCl1! will get an unforgdlable
lenccinacousricoandentrics"'illbc judgcd cra<hwW"'CinpKSC1llingthcirworklOthe
on dcmon.. trnledin"""" tron from ....ilhinany mcdia,thepublicand bus iness.Theirstorics
f iekle>facou'lie . ,Any profcssiona l.sn..Jcnlor will be Issued es press rekascs ...-bicb will
l..ypcnoo invt>lvN, or inICfCAlcd in. any ,arn - have thc polC1llial to genera le bolh narionai
willlin the fie ld of ACOIlS1ic., with a body of and inlcmal ior...:Jmedia metl lions "'e ll at\er
",,",oo old.-r lhan )year:s.i.eligibleand the cvcnl it~lf.

en coura\l:ed to enler Del.1il. h-om They will rccciH media and presc nl.1lion
www.a<:ow ticu sn.auan d clooe I ~ JuJll: 2004. tra ining and will present during Australian

Il\f'IINal ion Fest. All trl1ve1 aod ~·_"

tioncost!lwil1beoovercd. OncwhobcSlmcrts
the obj"tiv('J ofF rcsh Innovators will =ivc
$.4OOO lowards a . rudyto ur ofthe UK.

More infonn at;on http://www.rre.h inn0'''3
Ior<.org!

Occupa tional Noise Update
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using hearing prorectOl'$, WllI'Wicka lsodi.·
~the elfecrth.atfillingltearinaprolec

IOn properlycan have on llte d'fecti~s of

tlteprotectcrsinreducingnoise rotheear.
Wa"" ick oaidrhartltiscanbea.siskdbyprn
v;ding filling iMtructions with the hearing
protc<:ton .

f_ hearilli tests fur AAS members wen:
al50perforrncdbyN~lleandEricpri n.!(I

tIte~lf,rions. Alllltar altrndedenjoyed

tlte inrerestingPf"rn13ri nn'byNarelle,Eri c
;md Wat'Io'ic!t

Musical Acoustics In j'\Iillrll

In the ....eek befnre the lDtemational
CongreMon ArouslltS, held this year in carly
April in the be;ruliful . ity of K)'Olo, the
]nternarional Symposium on Musical
A......tiu (I SMAl was bdd in the
n. ighbouring small cityofNara, which""",
lhe capilal of"'pan fOl" abour 200~ from

7OllA D. Nara,incidc1ltally.is now tlu:"S1ster
• ity"cfCa obem

Abour ISO people aneOOcdthis triennial
.......feretlCC to di""IL<lI _mt ~]opmenrsin

tltelllld=tmdingofthe acoustiu of aUtypcI;
of musical instrum. nts, IOlIclh., wilb
compul., ·music re<:hnolngy and mu.ic

pefCCption. lntola l76papersa nd 27 postcrs
were pres.n ted and thcr. " .. re three
worhh""sonrhefinalaflcrnoon .

Th. cnnfcrcn<e w... hd d in th. new
lnt. rnatinnal Conf• •enc. C. ntr. , •
tnIditional_IO<Ik ing building on !he: cd~. of
the famous Nara National Pari<.within which
arelocatcd manybca uliruISh lntos.hrin. sand
Buddhist temples, It crcated . grcat feeling
ofl"-'lICe ro walk p• •t rhe unendo .. d heoJ• .,f
dc.rgruingon lh. lawns thaI th. y kccp in
. uch omonrh ord.r , . nd to admire lhe
opedoldc of gl'O>'e, of cherry trees in full
blnslOOm nearby. Th. J O·minule walk
throughthc city slrec l. from the hotcls 10 th.
c"" fcn:nccccntre l'"_>ICtlby two ta ll l'"~()da"

JOIl\.t.mpl es. and a small lake.

1lIc conforence it.. lf wa_ mn" succe.. ful
and it:was "'I>nderful '" mcct again with old
fri.n ds u d new - nuclear physicist. ,
.ngin""", ps~ho"'lli.us,mu.icians , .. from
all parts of the wnrld,all with a gleat inlclllsl
in the science und.rly ing mu, ical

Of COIIJX there ale alway• • ~t", special
~r'al .""" fert",,., and tlllSon. wl. nn

.~ception. Apan from the U5~] welcome
r. ception, social evening and informal
confCf'C1l<. dinncr, panic;r '"ll' """,,1Ib1 . 10

an.nd a tradit ion.I Noh play,~ied

b)'drum oandfluleand lel1insthe alO<)'of a
goddes.s...iIo Iooe.o her magic f'obe, ...ilicll is
then found b)'. fis.h. rman. Wilhowth . mbc
oheClllJll<>l telllrll to hcavcfl, lIOw batgains
wilh the man, who fin. lly agrees to rel um

Ihembcif<hc wiUd. nccforhim . Thetl, on

anom. r cvcning, tbc organiscrs had sccurcd
... m. oc.la at • tradi tional Buddhist
cemnuny.lr.n<MlI a' Yakushi_kd'-"-. thar ill
pcrformcd for just.r...., dayacacbyeu in
lhe Yakushi-j i r. mpl. , founded in the )'C-1f ,
6SO, Th. mu.i e i& a lilll. lik. Gregllfian
Ch3ll1 bul ,,·ilh occa";onal episodes with
r.mple belli, gonll" aod eonoll-shoU
trumpcli , and evcflOllC brief. ircuit oflbo
rernpl. bjI. d....il.

Wilh the ICA ro be held in Sydn.eyin 2010 ,

il il hk. ly thatl he lSMA will be somcwhert
in Aumlltia or N.... Zealand u ~ll. Wo
will certain ly do our h• •r to p"",id e
snrn.thing comparable.

Achieve the ultimate
with Brfiel & Kjrer service
Bruel & Klmr offers faster and better
serv ice than any other lab In Austr alia
• at very compet itive pr ices l

For more information on how your business
can salle on repairs and calibration costs ,.

Call Bruel & KJler 's
Service Centre today on

0298898888

HEAD O FFI(:E, SERIIICI! AND CAUaA ATlQN CEHTRE
S<oit. 2. e-tOf-'_ ·PO_ 3ol~ ·_ Ryda ' NSW 2n3T....,...,...0:2illl8QIl8lIlI · II2__

........, tIIC.~.com.""· com....
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BRUEL & KJIER

Eahausr Nelse Inspector
bha""Noi..,lnspe<;toria acomplcte aU-m
OI'k'&y8lem designrd fof automalic me.uur...
mrntS of extonor exha ust >OWld kvel from
roadvehicltsundef allt ionary cundit iolll ,
sim ultane ousl y with RPM dct<:ction . The
noi.., level and engin e RPM ate rne,,-,un:d
....ith the same microphone, A lotg<' di <play

showinll allthe neoe"""'Y,nfurma lion and an
alllitional RPM Indicato r, allow exll'mle ly
JimpleandlpJick _ _ 1S,in attOr 

danoe ...iththe!ltarldards. Local wthnritia.
and police inspecl on will apprec ia te the
C1:llDOIIllcsofthe syst em, alk:>win& __

mmttobeperfonnedbyonc singleop:ndOr.

Sound Level Meier
Dcvelopmen l nf lhis laleSlg<:nel3tinn,1ype
2250, """ instigaTedand inspiml erlM ly by
the requircments of users panio;ipaTi"i in in.
deplh v.orb hops am und ttw: 'Mlrld.lhc: hard·
ware ha.. been designed 10 mectlhcspoc,ftt
~crequiremmlSorllSCTS.and the appli

caTion softu-are OO'mll evaything from mvi 

rorunentalnoi"'.troublesbooring.andoocupil
TionaIhe:allh,toqualitycontrol.Th:: ooll">ll'l:
~UiesCM belicemed oeparal<:ly,ao)Ollcan

get .. haI)01l need" b:u )UUneedit and "tIn~

it" left behind if your requiremmlll~.

This""'}', lhe platfunn eM'Un.'S the aafety of
)'OUfim.estmeTltl\(M';md in Thefuture

Built for usc ouTdoon and in difftc ull envi
roo menta l conditions, robu.otnesa.lightne..,
andergonomicdesigTl make it easy to llrip,
bokI,andoperate_Thehiih-relOluliontoueh
""""'" has di fferent colour scbe", ,," opri
mised for viewin g ou ldoon and induon,both
day and night A wpera~ built- in micro
phone gi\'cs you the oprion o f reoordi nll )'Wl"
pen o nal _~ta whi le meuuri nll and
automa tica lly atTaching them to your on
go ing measutement, and a red, yellow or
green light give . yo u a quick lndicauon of
your measureTll<nt ~ ~tatu•. Al l your mea
suremenl tas ks are intu i!ively orga nised and,
with ex tra docum entat ion ad.Jed in the fonn
of Con1II>enl" yo u wi ll neve r be in doobt of
1heexact on-site happenings

l~flWll "-I BrWI &Kj<r7rrprr

_ tUiW lJ" .... ....Ms~, c......" ..

WAV I-:COM

Testing System
Wa'<OCOlll t1lSlNllo:llb lMs run'l Tly ""Wlicd
an in line produo:tionlICOUolic lC'$linglYl'tenl
to one of Au"""l ill ~ _ manufacl\lf(fl . n..,

n:q Ul1'C1JlCmis todetcnn ine if theu llJ'aSOllic
l'l:\-~rsi~g dislanoe measuring system in the
\fClIiclesis W011<ingto.p«ificaliOll.Thiasys
tcm mo nitors 2 spec ific fl"C<luen<:iesat \hre;h
olddB level!; to be mct , Sbou ld<me freq uency

domina le. the system ......ld providea Ilteel\

indicalOr for a Pus or IIhouIdthe second fTC.
q""""Y dominale!hen a Fail indiurorwould
indica te andprnce"l lhe informa tion 10 the

moving production end ofh ne quality symm.
Tbe issueofhiih ambient noisc lWlI.irnply
cateredforwith spec ific dR roll olf fil tering in
1he1oOftwan:.The app lic.ti on al lowed for oom
munications to PLC, dig ital 1,0 and LAN net
....ming. For similar or otber appl icalions con

bct Wxo,'CCOhI and oeehowwecanfltyour our
e>operienceiPprov;dingpaculC'daolutionslO
yourapp1ication
I~~ft- " .rooo....

l\-lATRlX

WaUt ies
Th epopularMB- Ol acousti"".. llt ie isnow
avai lab le in a l",,~r prioed ga lvanise d vcr 

. ion as m:I1 .. 3 l6.", inle""'lee I. Phihp
Th ornton. MaTri~ Manager, h,,-, s", led thaI

many ~lopers of new apartmcnt blocks

want to ilOlate the ",ail s between tbe units

bul baulk at the cost . Depe nd ing on 1he
application. the COiItof llOing Matri l acollStic
...-all lies has dropped fn>l1l <MT S30 per
"luatemeT.". a fcw yean allolOjust U.70!

InjonM!Wll jro"' ...... ,ItIQrrit.i...J"'D'ia,t:fHIO,....
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Purpose-built for the
acoustics industry

justlike ourinsurance policies
~Hcuoe .....__.......... $o r,.,..'d .... ,.., -...:.pvbIoomo
~to""'-"OC'~WO_ -ll1_~pn>"dor .....
--","" pocbpotooolooald _ _ ,.,...O>dUoIry-.......taI<toll.d

~""*"";q. ....... ,.... taI'IJOoIl'1<C>oJpI,.".,l.o<IcO'~_..
,...,..inIlnn<o~<pe<_1y to<iIl' .. .,...~M"".. ancl_l _)'OU
~_thoA<oustiaIr>Mtr-t.. _ ""-fOOd- .................

1(.,.., s.-" . ' o.",....,.StlIOI. ,,",Ol'SSlUti fu:OJtsSlnn Emall...Gt<>-_ .com.... W ob . _ .... cnneoIloo.. <om.au-- ..,
ldo_ c... O"""'. ~ k>. I~ PhOI5.48J ,Olo& f ... Ol142602C "~"7 -""'St~. ,"" OJ'IaU I ,,, fu:Ol SUlI U I

... . . . Co~"'" , _ I , , , R,,' , <0 , , . , ,, , " . l. p. ,"" ' . ' ., . ,. " .•'
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AUSTRALIAN ACOUSTICAL SOC IET Y

COD E OF ETHICS
I. R~sponsihility

The welfare, health and safety of the community shall at all times take precedence o..'t.'T SC'ttional. professional and
privateimerests ,

2. Advane~ t ht' ()bJl'Ctsof lheSodel)'

Members shall act in such a way as to promote the obj ects of the Soc iety.

3. Work within Areas of Co mp.'lenec
Members shall perform work only in their areas of compete nce.

4. Appliut ionof Knu",lfilgt'
Membe rs shall apply their skill and knowledge in the interest of their employer or client, for whorn they shall act in
profe$,~ionalmallers a,raithfulagents ortruslees,

S. Repu ta llon
Members shall develop their profess ional repu tation on merit and shall act at all time<;n a fair and honest manne r.

6. Pro fn d ona l D~'t1opmenl

Members shall con tinue their professional dc\'clopment thro ughout their cam:" and shall assist and encourage
others to do $0 .

EX PLA.NA.TORY ~()Tf:S

I. R...poa o.lblilty
fn f\lff,lm_ af thi. "' '1''' '' '''><'" tt><mb<nof 'he SOCitty.....U
(l l .." idl.. ignm. nl' lhal may ."'at. """ tl ictbe l\>.eentheinler.

• , t. " r thei, ch"nb, eml' loyero,or empf"l"""$and tbe publ",

(b) e"nr""nl" ~e""l'tabl.pror""io... l """, danl and J'11'<'Cdu,,,, ,
"ndnot .ct i n.ny m.n"", 'ba'may""""'in~ly jcopanli.. the
pu\lli.~l far~. h..llh,o r>afety.

(c) .ndc'YOU""l""rnol.lh..... n·beingo f ll>. ""mmu nily, a!>d,
if <'">'er. rule<lin lheir j udgem. nl on lhi', inform lheir d icnl.
orcmpl<l)'.Tll "ft~ po"i hfc ronseq""nces

(d) ~'\)f\ lnbulC u' l"'blic d,scu" ioo on malte.,.. ""ithin lbcir <XlfJ\·:=::::.;:::.r"" doing 'he "'~U·bemg of the romn,"n ,1)'

L "'h ... . . l h. Ob j«1 ' of 'h . S"d.~'

:rr.:::..':.::,"<>rlb. SOCicty"li.. ed in thcM~

Object l. )
TOpromnlClllIdw' ..... . acoo.. i.. in.U ~.bnnd.... and l<>
fl<;II"'lelbcexcbanf!'Cof inronn.r; on.ndi<lcat ;n",IM,on

"'~.
Obj",I(.)

TO eorour1lgethe ",ody "f lCOU.nc.. highli~ .uell.ncein

"""""i"' ond lO' ''''''''''"' ond . lr<:ll. tl>eS...... ol .ndte<:bn i·
eal koowlcdg. in any manncrcotlsi<lcrcd"I'I'fOpnl te II)'tM
Soc irl)'.

Objc<:t(g )
T"enmurag.~.. aroh and 'be ro blic' linn of TICW devel"P"
'm:n1<", laling 10acouSlics

3, ", ork"i tb iu Arc.. nf Compctcnu
Ina llcirou m' tane.s meml>e"shaU
(o)in f"""l~~()rcl ient.ir .ny"", i~",,><nl re~ui ....

qoahf ic• ..- I e. pcricnce oul. id. lhcir fid ..l,o f com·
pele"", ond " I"" ' iltl. mah . flI"' 'I' riale n''' or'lIllCnd•.
tion.io 1q,anl l" thon«dforfunh.r advie.

(b) fCl"'n,~~l.. gi,·• • vi<lcn.;.Ofadvic. in.n obj• ••
' ;w,&>d tnllhfu l mm .... . nd CHtly on lh. btI.<i>"r .J.."IWlte
koowletf~e

Acous tics Aust ralia

(. jm'CilIlh< ... ....nccof any'n....... pet:uoiary or ""' erwi...
lhal could bew. n to afl'cet the.. judg<:m<:nl ;n ""' hnical

~. "PP lk l tlo."f K" .... ledl:f
Meml>eR.ha ll .tlllli........ e:t"'l0ilably lllldr.irly indc.f;"S
wilh othen , Sp«ir.... lly thejl .n.a1l
(I)S'n"' I<>lvotdo Ukn """, er potcntiai cootl 'ctsof inl<"1n!.

IIDdkt'C'l' cmplO)'.norclien" fullyinforrncd Ofl .llma""~

fll'\'nci .lo.- locMic. l,thaleooldk.dtosuehconllielO.
(b) 1Ofusecompe"""l,on. fin. ncid "' otb"",'i.., from morctlwl

<>ric P""Y lOr •• ",ic•• on the '"'-me projecl. unk .. Ih.
circumstanc• • a,. fully di,do sed 000 agrce'd 10 by .1I
in,., c, t. d p"" i••

(c) n. Jlh. r . ohei' o<>r ... ,cpt fi ......: i. l or othe, ". Iuahlc
c"",i dl'"" i"" . from mal<nOl Of "'luipmem sopplier. in
10rnrn fe, , p"dfielll_ Of ",co mmendalion of lheir
prod"" l.. or fromwnlrll<Ulf1. <oI....h<t-parti• • de1Ifing wilb
tbcire l11f'loyer orciieN

5. Repu l. lloa
Numem b<t.h:.oIl"" t ,mpr,-.po:<Iy "' Jl ln l l>rncfillnd, Ot:ronI
i"llly, .....llooc
(. l l'"l' nor olf .. ;oduc<:nl<....' .. n1llcrd,ttttly or ,nd ,~Iy. to

_"",.mploymcmorcn~l

(bl f.f';f~ or nus"'Prescnt the.. qualincan..n., or n.pericrlc<!.or
priorrt'l(">nsilMfitieonormaliciouslyorcarcbolyd<> lfIy1hill$
lO inj"",therquation.~ or~ofot"'"

(c) .... theadvan l3l!esofpri vilcgedpo>ilions "' ''''''''''''" unfllirly,
(d) f. il to Ci'le proper crcdi' for """"' " f otbcn to wh<>m crcdil

i, doc norlolCk"ow!t:dC.tho ronlribuIWnof otlo:n

~. Profu 'fonaf lH>..~mont
Mcmbc,.-,shall
(a) . tri" ' lo cx\eoo tl><ir knowlcdC·lnd,kilb,nordcrto

. chi. "" con,iaooo, impr""" mcn, in tho ..ien"" ondpract 'Cf
ofa""""lk;;

(b) ""lively ....... Ind ~-.: If>w;o 1J"<ler 'hoir din'<lio" '"
::~b,~mlheYO", ""i .lcd tOad\'lnC. lheir knowl""~e
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Papers on all aspects of acous tics. Exciting Plenary and Keynote Speakers
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Transportation Noise. Technical Exhibition and Tours

Short Course before conference on Environmental and Transportation Noise
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NOR 118 Sound Level Meter
A Type I meter for
comp reh ensive measur ing
and analysis

111& 1/3 Octave f ilters
Sta tistical calcu latio n for A· and C· (o r Z) network s

plus a ll freq uency bands

Par.dle! F.S, I time constants
In-buill electro nic level recorde r plo ts leve l vs. time
Mu lti-spectrum functio n provides spec tra vs. time
Reverbe ration Time in Octave: and 1/3 Oc tave bands
So und Power

3 years warranty on all J-1 W paris, incl. SW updates

'0)j NOR-121 Environmental
Analyser and Monitor

Specifically designed for noise assessments

Records the sound itself
Pure tone detection mode

Measures all time constants

and the A, C and linear
wcightings simultaneously

Results can be exported

via PC slot, RS-232 serial and

Centronics para llel ports
Comprehensive marker functions;

user selectable labels

...and yes it has a
dual channel option

ETMC Technologies
619DarlingStreetROZELLENSW 2039

Tel: (02)95551225 Fax: (02)98104022 Web: www.etmc.com.au
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