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I INTRODUcnOS
MoY:ra;mI data from til:: AUSlr.IIianBureauof SlatJU:t;
1 11 5U~lhat 18~.OOO "Qf\cn ~~ in til:: meW
prokts II\o1nUfacturing iJd.Iw} ' in AustIll1ia. A brge pro
pClruond ll'esepcopk probab ly ,,-m in emimDmmb 1Iltw;re
IlIghk\'tb ofnoiseare senem:d b)- impacts..-bicbOCCUl' mlr
m, lhe JllUCCS$i.. olsheet~pn:Wcts, PoIentia!lydama g
incimpact lltliscsoc::cw ill.many~in theshectmetal

indusuy sucb as staring. pum:tans. piemng .-.d forTJlinc.
MaIcrialshatdl ing ohtn ptIduccs sipfgn i~ mUes
"'''-dl.(Of~e,'''-beasheec meul poductsalC5tacked

orlrO'Ved o ll rolla«Jm'eYO"_ lnmanyinstancesroGc enclf>
5Un:sdonoc provide . pmaicaI noiK n:dud.ionstralCg)'.and
pcnonalhtaringp lOteCtOr$ provide:ks5 than ideal proto;tion
(o, lbe .. otkel5, Thcscf3ClO1Sgi\t: a strong moll'iationfor
d!....'Cloping dlCCl nlCtal machinery in .. hicb impact Dlliscis
conllOlkd ancl n:duccd at lhc sourcc .

SUlCC 1991, the:Ar;oustitf; and.Vibrauon Cenue ha$ had I
II1,1jor reseatl:hprogr.un onlhc: miuction or i~lnoise in

lhc 5hcet metal i ndu5t ry. Thi5 reso:an: h h:l5 becn~

by Worksaf e Austr:llia, the Aus tralian Research Counc il alld
BHP Duild ing Products. This literature rn icw, which Iw
been prepared as a pan of this program. and which ccnce n
lralcs Oll punchartdpowc r pres5C$, shovosthata cons idcrabie
body of know ledge e llists rc~lIdjng the fUllda mclllai Mlllrc
of impact noise. Whiletheprinciples of irnpaclllO ise gencr
ation in these machines arc n::lati\-ely well undmtood, much
work rcmains to bcdone in designing and dc\ -eloping slat
melal machinery which is inherently less m isy

:z IMPACT NOISE "'ROM r UNCIi ANn
POWER PRESSES

Many roeaIl:hers haY!: studied ln lJlll' t noise Irem punch.
PDWO' presses (2-49 ) and other impact noise sources 150
110), a1tMu gh n::lati\ cl y few signUlCani art lCks on notsc
ICdltct ion (10m pulCh and JIO"u presses h.n-e been rc
poned in the last ten years In more n::ttnt times. work!-

wide resean:b funl1mc has been d.lIttaed inlo rQse m1lc 
lion and rmokl1inc of cornplell a JUClUret: iUCbu aulo mobilcs
waeropbnc:s. and_reducuoausi"llaeth--eooislC~

trotraltlc:r lban pnttic:al lOlutJons lOcomm: mrnaoofaeturin8
ecse Icl3aed problemsfor wbich there is IJttk filWlCial in
~ Duri. !be70s andearlyl105.. "hen oceupatioll.1l

haItb a nd sard) ' fi N bc:amt ICIpical. lC\aa1 a udics 011 the
mfucuoa. olpreu !Disc Ill-ercconducted

SaUa: and Guy (371ina-earl) aldyonpun::l1~ noise
coutroi IlOlCd,COdI3l)" Io popu l:arbelid. thai the a:IllIaC1 01
!be pull; b and the die Illas IlOI;dill"'"the mosl sigmrarl
noisesowa: F~)'~~lllercte5pOnsible

forcqualorgreare.sound pressurc le\eIs. particularlY wilh
alllOlT\;l(ed ulUls. 'Tbey lllere able to ae!Ue\-e a ootse rodue
tioll of greatCf than II dn aI Ihe operalor statio n by: isolating
the die Irom the rmi n pn::s5 frnme~ add ing a cove r 10 close
the space. in the main fnunc. under the die~ sub5blut ing rub
ber washen on the stripper bumpcn ; and Inxb fyill8 the end
cjeetor cam lO lalucc thesharpncss ofthe kid.

In a n:viewof noiseand vibration <:olllrol for irnpract Jllil
chines, Bl\II;e [53] ooll; ludc,:dthat: absorpth-e trc<Jlmc:nt of
the faetory sul'faccs can only ac hie\'e a rna'linll m noi5c re
duction in t~ order of J dB (A)al lhe opcrlllorstal ion~ pa nial
cndosun:s of ImClunes ca n )ield as much as lO dB( A) of
noise reductio<l~ lotal c1O&e-filtlDll enclO$UfCS can achiC\-e up
1020dB(A) noiseredoctJO~ wcll-desig rw;,d large lotalclI;lo

sures can scmeve cs mochas JOdB(A) noise reduction, illl

theycan be ccrsuucredof heavie r material s with no openings
for Sloek, prodocl or sernp; ard opcrating thc pul'I:hin shear
can rcduoc thenoise lcvcls by about I5 dD(A). Thc se ClailllS
appcarlObe lllcilabo\'eothelpWlisheddala atid lheauthots '
pcrsonal ~li(;nee

Studicsby Shinaishin 141. 421 on purw;, h pressdiagnos
Ucs. llOisecoruol and impaet -ird uced inclustri., l noise note
that it is nooe:s.wy10 h.n-e a thoroug h knowledge oI the noise
genem lng n-.:chanisms in lhe: press. He useda COIOOina
\I()JIof ....a\'efonIlaro~·SI$, frequcllC}' analy5is. lime-f requency
anal)'sis ard eross<onel3lionanal)·siJ.. lll·ith the oo,e.;ti\'C'of
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identifying the causes of sound generation and selecting the
components to bctreated. The analysis included extensive
simultaneous measurements of sound levels, acceleration and
positions of moving parts. He advised that in all cases the
sound spectra were broad and exhibited little or no sharp
peaks, indicating that the excited structures were vibrating in
many modes. He also advised that a 70% increase in machine
speed raised the overall noise level by 5-10 dB(A), and that
hard steel feedstock generated about 5 dB(A) more noise than
mild steel feedstock. In experiments with high speed stamp
ingpresses, Shinaishin achieved noise reductions of 12 dB(A)
by reducing the maximum blanking force through shearing the
die. He noted that the application of this method should be
used with care, since it may affect the product quality.

Shinaishin [41] also tabled the following explanation for
the mechanism of press noise generation During the cutting
operation a large force is developed and stress builds up in
the feedstock material, with an equal force in the opposite
direction building up in the press frame. Upon fracture of
the feedstock the two opposing forces set both the feedstock
material and the press frame into transient motion. He em
phasised that the noise thus produced could be lowered by
reducing the vibration amplitude, it's frequency, or reducing
the radiation.

This explanation of strain energy generated noise by
Shinaishin was recently discussed by Williamson [48].
Williamson developed the concept of this noise as spring
back noise from the machine components. Williamson noted
in a report on the reduction of impact noise in the sheet metal
industry that in the cutting process strain energy builds up in
the press components as the forces increase leading up to the
cut. This strain energy is suddenly released when the cut or
break-through occurs. The physical effect of tile fracture is to
force the press components with a negative step function of
amplitude to virtually equal the maximum force. Impulsive
motion of the press components following this sudden release
was defined as spring-back, hence spring-back noise was the
noise generated by such a motion.

Allen and Ison [2] identified and outlined the principal
noise sources on a number of punch presses of varying ca
pacity. They noted that although the relative importance of
each source varied from press to press, and job to job, they
were able to rank them as follows: impacts associated with
the die; turbulence noise due to air ejection; metal-to-metal
impacts of feed and ejection components; stop start impact of
automatic feed mechanism; vibration from the flywheel and
sheet metal fastenedtothepress;clutchandbrakemecha
nism; and vibration of the press surface. Ona50tonpress
Allen and Ison achieved a noise reduction of 13 dB(A) by
enclosing the die area. This was achieved by making a card
board mock-up enclosure and then using this prototype to
design an operational enclosure from metal and plexiglass

In an investigation to locate the major noise radiating areas
ona4tonpunchpress, Koss and Alfredson [25] located the
sources of transient sound through the use of multiple-input
correlation theory. The inputs were acceleration, measured at
the die, the support plate and the crankshaft collar; while the
output was the sound pressure level measured at the operator

18 -Vol. 24(1996) NO.1

station They showed how sound was radiated due to changes
in the force-time curve.

Koss [26] also used a conventional vibrational shaker to
simulate the frequency response of the above punch press
A comparison was made between the experimental results
obtained from the shaker analysis and the blanking operations
for mild and stainless steel

An experimental evaluation of several commercially avail
able mufflers to reduce air exhaust noise from clutch and
brake activation was conducted by Daggerhart and Berger
[14]. They advised that the peak sound pressure level of
pneurnaticexhaustscouldbe reduced by as much as 34dB(A)
by the installation of an appropriate air exhaust muffler.

Petrie [33] concentrated his efforts on obtaining an opti
mum tool alignment and made simple press tool modifications
in order to reduce the noise due to the blanking operation of
a 15 tonC-frame punch press. Several operational parame
ters were considered, such as: c1carancebetween the pooch
and the die; the location of the workpiece on the travel of
the punch with its resultant impact velocity; the angle of the
shearon the punch and die; and shear area. Petrie noted that
the minimum punch impact velocity compatible with suffi
cient punch travel through feedstock resulted in a reduction
of up to 8 dB(A)

Stewartetal.[44] in a comprehensive report on the noise
parameters influencing a 60 ton power press studied the ef
fects of the feedstock shear strength, hole punch diameter,
feedstock thickness, pooch impact velocity and the punch and
the die clearance, on the peak sound pressure level. They ob
served a reduction of 15 dB(A) as the percentage clearance
between the punch and the die was reduced from 20% to
6%. Percentage clearance was defined as the difference in
punch and die diameters, multiplied by 100 and divided by
the feedstock thickness. They also noted that for percentage
clearances less tlmn6% the noise level was relatively constant
for a given thickness, while at percentage clearances above
8% the noise level increasedproportionaIly with increasing
punch to die clearance.

Strasser [46] believed that a selective combinationofsev
eral simple measures, based chiefly on common sense and
sooodengineeringknowledge,wouldyieldhighlysatisfactory
noise reduction results. He noted that the noise produced by
a press increased as the load approached the nominal capacity
of the press. Therefore, to reduce the noise level, it is im
portant to select a press with ample capacity, approximately
50% to 100% above that required.

Cook [12] discussed his experience in reducing noise on
a wide range of power presses using various types of barriers
with different materials, muffiers, vibration isolators andab
sorptive silencers. He advised that the most common design
problem associated with applying noise control principles to
power presses was the need to make allowance for frequent
access to the machine. Cook also stated that it is possible
to reduce the overaIl noise in a crowded press shop from 7
10 dB(A) by the use of absorption treatment. The authors
believe these figures to be unlikely in practice due to vast
area of panels that would be required and the associated high
cost of implementation. The previously consideredfigurc by
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Bruce [53] of 3 dB(A) is more plausible .
A mat hematica l 2-dimcnsioJ101l model of a punch press

frame Vibfiltions and aco ustic power out put was formulated
by Brick le (61. Thi s model 'MIS usedto dete rmine the rcla
tionship belw ttn!>ll\ll;tura l dimensions and gene rated noise
k\'cls, He stated thai in most cases anal}'scd, the third vi
brational mode was predomi nant and that it was sufficient to
takc onlylhe firsl ttm::c lOOdesi ll o acconn l inlhecaicula
lion of the aconsl ic power , the fou rth mode COlUnb nting vet)'
bn le.

Ina Sludyo f tlm:c punc h pll:SSCS"'itll diffe rcntcapacities .
Kess 127)co mpa red tltc sound mdialion fortbe sanw:: loading.
He standaldiscd the charac teristic shape of t ile fall-o ff regions
for the force-time curves. Thi s was achie\ -ed using plcxiglass
as tile feed stoc k. since it wilSbrillleaoo prod uced flaClure
at the maximum load. resu lting in fall-off of load similar
to a step dec rease in the force. TIle foro: hist ory was al so
statisticallyrepcalabk: , Aleastsqu~fitofthepcaksouoo

pressure level associated with eachtransient sound to thepcak
force was found to be of tbe fonu; L""Ok = a +blog1oP~<Ok
whe re; L,.o~ was the peaksound pressure level (dB(A»), and
P,..d was thc peak force (kN ).

CheeP) also co nduc ted a research sUl\ eyof pullch press
ec ise. He coocluded that there was insufficient dma ava il
oole eithcrto co llSlruct a gencral mode l whicbwooldpredicl
press rc ise from a wide range of machieerj; or to assist wlth
a reliable rcise reduction pmgrnm. He laler pub lished [II)
a~hensM: ~ew Of ~llCh press ooise ,hanll::tcristi cs
In sumJ1l3ry th::sc wcn: : thcsoundpressure levd waspropor
tio oal to shear area of the feed stock; and the sou nd prtSSUre
Icvel droppcd as the cu tting-bladc shear angl e was increased
until it reached a mininmnt at 12° , thercafler no benefit was
measured For pmctkal anglesof sho:ar, in thcrcgionof2
40

, a noise reductio n of about 8 dB (A) was noted; the JlUlll;h
to dic cleara nce was more crit ical wnh thicker feedst ock ; the
JlUlll;h to dic cjcarance was related 10 the feedstock material
propertiesand thc lype of frac lurc taking place; and thc sound
pn:ssure level incrcao;c:d witll punch i~ vc1ocity unt ila

maximum sou nd pressure level was reached
Koss aod Mo ffau (29) Sludied the structu ral response of

a 170 kN C·f mme punch press, They stud ied the first mode
shapcand concl udcd that it was responsible fora significa nt
portion of the sound radiali on They also conc luded that it
was ~ry difficul t 10 dampen the press frame duc to its large
Jm!iSa nd sti ffnc:ss. Koss (3ll laterrcponcd O\-cr."l noise re
dllCtions of 1- 2 dB(A) using a tuned mass absoJbe r and con
su-aincd laye r damp ing trea tments app licd 10 the press fralTE
He achieved t hi5 by atUK:hingSClSof llIllOO abSOJberslO the
press bod, A COfI5tantmassof -W kgand varyi ng tll icknesscs
of ncopre ncrubbcr werc cornb inedto c realc spr'ingrnaSs 5)'s

,,=
In a follow up SlUdyKess and Moffan 130) reported mod e

shapc, rad iation rat io (O'rod) and da mping as a fuIlCtiono ffre _
qucncy for tile sar re press, T hey cosclcded that a value of
nni ly couldbea!;Sumedfor O'Tod, for n~chineslructureswith

frequencies above 1000Hz. Fo r rrequerccs below u ns, " .md
could have almost a nyva lue a oo the value was dependent
upon how well the struct ura l mode shape was matched with

ACOUSliCsAusiraiia

the wa...elcngth of sound in ai r at the modal frequency a nd
upon air transmis sion paths th rough the machine. They also
reponedthat the dampingflllio \'aIucswere opcrati on dcpcn 
dent

Jeyapal an and Doak ]74) showed that (1rod can be used
for accurately pred icting the roise radiated by a decayi ng os
cillalor if the meansquare vciocuy of the osctnarorand U. o4
are known in the Irequcncy band of interest . Thi s result is
speci rlCaily of intere st for expanded -metal press noise pre 
diCliollS as the press frame vib rations decay rapidl y betw een

"..
lna repo n on ~hincry ooisc Jeyapaian and Ha ll i weli

175) uscd acou stic model ling to prcdiCl the equivalent sound
pre55Ureb-cl al lbe operntor Slatio n. Thi s mcthod provideda
lluick and easymelhod of accurat ely predi ctin g ovcrnll root
mean-square soundevets give n a force inplll lo the machine
and the subscque nl " ibfillional response. The melhod is ap
plicable to any J1Ia(;hin: which can be idcntiflCdas a co nt i
natio n of separate sou nd sources

Coleman (9) investiga ted the sou tU radiated b} ' a hand
operated punch by w mbining experimental mcasu remc nl5
with sound rad iation and classical vibratio n theories , TIle
predicted sound pressure levels from acccterauon data and
0' , .. 4 were within 3dB of the experi mental results.

Finile-elem cnl modc lling of punch presses and forge ham
mcrswas pcrfomlCdby Al-Sabee h 1111). Sound radia tion at
modal resonance from a pu nch press frame was predicted
u$inc classicel structure-bome radiation co nsidcrutions . He
notedtbar tbe press structure was responsible for a large per
lion of theoveran roise rad iation , He concludcd tha t a much
better slnlct ure-bo me noise prediction co uld be made if (1ro4
Of Sleelplatcswere know n. He suggc sted tha t an expe rinICn
tal stud)' onstcel pJaleSof \'ariollSthickncsscsalld~ndary
conditions be undertaken to)'ield a selofemp irica l relati on
ships that approxi mated 0' ....4.

Coleman a nd Hod gso n IIOJ dCIllOftilfilled the benefits of
acoustic intcns it}'conl oursb)' rnapping the lOuoo fieldarOllnd
a 330 kN punch press AIIIhrce C\'C1Its of thc pu nch press
cycle were anal ysed indiv idual ly b)' partia l-cohcre nt resid
u:d spectra-analys is lechniques to help rank thc noisc sources
per event. Also, tlletransicnt respo nsc of a single-dc gree
or-freedomsystem, subject to the actual pu nchpressfon::ing
function. de mOllstraled the responscto!Jesliffness co l1lrolled
rdlher than mass corarcllcd

Colcm,an! l l ) laser studie d rtc sound rad iation from rcpct
nlve transient vibralions using multi-c hannel digiL1I sig m l
proces sing wi th an emphasis on transient impact n1<'"ICltin
ery. He SOO" ed tha t the partlal-cobcrera residual spectra
arul) 'sis lCl:hnique failed toaccuralclyidcntifyand rnnk
acoust ic soun:es on co mplex mac h.illCl)'. ch arac tcn sed by
omru-direcuonale rocJg)' flow andl or high spa tial coherence

Ihmugholll tlJC: structure. He conc luded that ri ns:i~ noise
was ren genefilled so1cly by resollantfrcquc llc ics. therefore
tC(hniqucsthataffCClthe enti re f reqocTlC}'rangc wereprefer
ahle for red llCing noise, Hedemo llSlrated that increasinglhc
sti ffness of the plIIlCh press reducedbo th the resonant and
rc n-resc nant sound radiation Colc man also succcss fully em 
ploycdthe useof ccps tra lanalysis t0 scpar31e o\,erlapp ing
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pressure waveforms , This allowed him to separate events
within transientmachine cycles and reverberantconditions

Sigttificanl. pioneering researc h by Richards et at. has
led to a bette r unders tanding of impact noise mechanisms
Richards etal. [35, 115- 941 published a comprehensive se
riesofpapcrs based on extensive experimell1aland thcoretical
studies conductedat the Instituteof Sound and Vibratio n Re
search, University of Southampton. Sincetheirpublicalion
thesepapershaveservedas thedefinitivercfen;:nceonim·
pact ooise througho ut the world

LikeShinaishin.Richards ardSti~n [35Iad~isedthat

the force within the punc h press body builds up and tlK:whole
rmc hine is strained until the feedstock material fractures. At
this stage the strain energy in the press body and the Iced
stock matenal must be rcdistnbutod. This rcdistribu tion leads
to vibra tionofthcwbolepressbodyandsubso:ql.lCnt ooise ra
diation The paper also describes work carried out on passive
and active caoceueuon systems used to arrest the spring-back
of the press body following feedstock fracture am explains
the limitations of such systcrns. Richards aod Stimpson stated
that well designed shear andIorcutting wi th low percentagc
clearancewas superior to active cance llatio n Tbcy also uscd
the Ene rgy Accountancy Equation to relate the noise radi
ateddirectly to the squares ct tfe large rates ofcllange of
foree~ tiIIIC;whcreJ(t) wasdefinedastheforcc pulse

shape. This illustrated clearly the way uat oc tsc control.
wi th the use of passive or active rrctbods in designing the
punch tooling, can be related directly to the one paramete r
IOlog E IJ ( f) l~ax·

Most rece ntly Lam and Hodgson [77] used a numerical
techniq ue 10 predict tbe ringing noise from a i scale model
drop hammer, in a rectangula r room . The technique was
based on the Helmholtz integra l equation with a ncdiflcd
Green's fUfI;tion to account for tbe cffeets ofthcenclosure
Thevibra tion datarequircdbythenoisepredietion techniquc
was obtained by finite element predict ions and impact reo
sponscmeasurements . Itwas fOUIldthatthe noiseprcdietion
showed good genera l agreerueet wnhrreasurements. but at
certain frequenc ies noise ouc r than the ringing noise was
found to contribut e sign ificantly towards the measured noise
levels

3 CONCLUS IO NS
It can beseen from tbe above discussion that tbere is no single
mcthodofrcducing noise fmm punch and power presses. A
cc mmonconclusion tc roost articles is that there are generally
several noise sources, each requiring separa te and individual
treatment. The following is a summaryof tbe noise sources,
reductio n methods and techniques tabled b)' the various au

thors that are relevant to the present study :

I . The noise leve l is directly related to the impact inten
sity, that is, the sound pressure level is greater with
higher forces acting over sbcner pcnods of time; the
time element is a vcry importan t factor;

2. Strainenergyspring-backofthe presscomponenlS isa
major noise gcnernting r nccbanisrn;
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3. Lowering the machine operating speed can reducethe
overa11sound pressure level by as much as 10 dB(A);

4. Thecutting-blade cbatactertstjcs are important andthe
following points should be consideredwhen designing
for minimum noiseemission: provide rake to tbe edge
of the cutting-blade so IMI the cutting is performed
progressively in a smooth shearing action; stagger the
cut by performi ng the cutting operation progressively
insteadof in one hit; extend tbe durntion of the cutting
action; employ the smallest blade clearanceconsistent
with productquality ; use clean and sharp eutting edges
as higher forces are required to c ut with dull cutting
edges ; and employ anything that makes the cutting ec
tion easier, such as lubrica tion For punch and dic sets
apercenlageclearance :56%appcaredtobeoptimal;

5. Absorptive treatment to factory surfaceswill only yield
a ooise reduclioni n the order of 3 d8 (A) att l1eop; rntor
station;

6. Effecti\'e inlet and exit t reatment to a press enclosure
is wry imponantand usually dilflCult to achieve ;

7. Pan ial enclosure of thc press, such as eJV;losi ng irdi
vtdoatnoise sources.js ror crrecnve;

8. Increase the mechanical impedance of all moving parts
by increasing the mass, sriffness,ordamping;

9.lncreasetheslilTnesswitbou tchangingthemass isroore
effective than increasin g both the stilTnes.sandthe mass
together,

10. Radiation from impact tends to be broad-b and noise ,
so tcchniquesthat reduce rctse cvcr tbe entire spce
trnmarepreferable. surrrcss ccreoned ro tsc rcduc
ticn tcchniqucs reduce both resonantand non-resonan t
sound and vibration

11. Where possible , decouple thcencrgy source fro m the
radiating source ;

12. A presscapacityofat least50%anduPIO IOO%abolle
that requiredis suggcsted; and

13. The rrcst commondesign problem associa ted with ap
plying ooiseoontrol princip les to presses is sc uode r
estimate the necess ity for frequent access to the van
ous cornponents of the press
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_iiiIIOm Ply ltd Engineering and Environmental Consultants
UIJ/llI1I , ACOUSTICS ENGINEER/SCIENTIST

THE COMPAN Y - WBM is a multi--disclplinary engineerin g and environmental cons ultancy based in BrIsbane,

with offices In NSW, Victoria and the USA. The Acoustics and Air QUality Group is high ly regarded in the areas
01 architectu ral and env ironmen tal acousti cs, air quality monitoring end modelling . The comp any is currently

expand ing to dea l with severa l exci ting major projects .

THE POSmON - Ari opport unity currentl y exists lor a suitably qual ilied person to join the Acoustics and Air
Qua lity sect ion 01the firm . Appl icants should have three or more years experience in acous llcs, preferably in
architectura l and building services applications . Essential qualifications indude; B.E, B sc. Of other relevant
degree levellertiary educa tion and a willingness 10 undertake lala night monitOfing work and trave/ to vario us

$it9S for f ield work.

REQUIR EMENTS - All app licants must have an enthus iasm for both routin e and chaJlenging ptOjects, good

vefbel and writt oo communication skills and be willing to trave l within Queens land as we ll as mterstare and

overseas to suit work require ments .

A PPU CATIONS - Wr itten applicat ions including current CV's should be addressed to :
David Borgeaud
Manager Acousti cs and Air QuaJity
WBMPtyUd
P.O. Box:203 , SPRING Hill
QLD, AUSTRAUA 4004
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