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20 Depending upon the particular application, the exhaust noise may rise to an

unacceptable level, potentially leading to noise-induced hearing loss. As a point of
reference, United States standards require hearing protection for individuals exposed to
continuous noise levels in excess of 85 decibels (dB) over an 8-hour period. International
standards require hearing protection for noise levels in excess of 80 dB over an 8-hour

25 period. Notably, exhaust noise at less than 80 dB, or intermittent noise at levels greater
than 80 dB, can be equally irritating and harmful.

Various techniques can be employed to minimize the effect of exhaust noise
produced by a pneumatic device. For example, an individual working in close proximity
to the device may be provided with hearing protection. Unfortunately, the operator may

30 forget to wear the hearing protection, or may simply choose not to use it due to perceived
inconveniences. Additionally, other nearby workers or visitors who do not wear hearing
protection will be subjected to the same noise-related concerns. Altemnatively, a sound

barrier or enclosure may be placed about the device. In many instances, however, this
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required to push a given airflow through the muffler. This pressure is referred to as the

20 “back pressure” of the muffler. Depending upon the particular application and level of
back pressure, overall performance of the pneumatic device may be greatly diminished.

It is well known that noise attenuation and back pressure minimization are
inversely related. That is to say, the noise reduction characteristic of a particular
pneumatic muffler may be enhanced by incorporating additional, or a-more dense, insert

25 material. However, this additional material or material density will likely increase back
pressure, thereby diminishing muffler usefulness. With this relationship in mind, noise
attenuation and back pressure can be optimized by designing the muffler housing and
associated insert material to be relatively large. For example, most commercially
available pneumatic mufflers have a length in the range of 4 - 8 inches (102 - 203 mm)

30 and an outer diameter in the range of 1.5 - 4 inches (38 - 102 mm). To maximize airflow

from the muffler (and therefore minimize back pressure), the pneumatic muffler housing
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20 prohibitive back pressure. Alternatively, attempts have been made to produce a reduced-
sized cylindrical muffler housing containing a barrier material such as sintered brass or
felt. While a series of these so-configured mufflers can be mounted side-by-side to a
confined clearance valve bank, the necessarily small volume of selected insert material
associated with each of the individual mufflers cannot alter airflow and/or absorb noise to
25 provide sufficient noise reduction. Of particular concern are relatively continuous valve
cycling applications, Often times, these devices require a relatively small noise reduction
(e.g., in the range of 5 dB for an open exhaust noise level of 90 dB) per exhaust port, but
are highly sensitive to back pressure, The commercially available, reduced-sized mufflers
may provide for potentially acceptable noise reduction, but may generate an extremely
30 high back pressure, and therefore cannot be used.
Mufflers for use in attenuating noise produced by prneumatic devices continue to be

extremely popular. However, where the particular pneumatic device has very limited
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from the exhaust port, via the tube, into the housing. More particularly, the airflow and
sound waves interact with the acoustic absorption insert. The acoustic absorption insert
20  absorbs at least a portion of sound waves. In this regard, the tapered configuration of the
housing enhances interaction of the sound waves with the insert material, and promotes
sound wave phase cancellation, thereby further reducing noise. Notably, the acoustic
absorption insert in combination with the tapered shape of the housing generates minimal
back pressure.

25 Another aspect of the present invention relates to a muffler for attenuating noise
produced at an exhaust port of a pneumatic device. The muffler includes a housing, a base
and an acoustic absorption insert. The housing defines an upstream end and a downstream
end, with the downstream end being closed. Further, the housing has 8 maximum width of
less than 1.5 inches (38 mm). In one preferred embodiment, for example, the housing is

30 circular in transverse cross-section, and therefore has a maximum diameter of less than 1.5
inches (38 mm). The base is secured to the housing at the upstream end and includes a
tube for directing air from the exhaust port into the housing. Finally, the acoustic
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I's secured to the housing at the upstreamend and includes a tube fo
directi rﬁlealpqse is secured to the housing at the upstream end and includes a tube for directing air
from the exhaust port into the housing. Finally, the acoustic absorption insert is disposed
20 within the housing. The insert includes a web of fibers configured to absorb sound waves.
Due to the relatively small diameter of the housing, the muffler can be mounted to a
pneumatic device having limited muffler clearance. Following assembly to the pneumatic
device, the tube directs air and sound waves from the exhaust port into contact with the
acoustic absorption insert within the housing. The acoustic absorption insert, in turn,
25 absorbs at least a portion of the sound waves. In this regard, the tapered shape of the
housing facilitates sound wave cancellation and increased interaction of the sound waves

with the acoustic absorption insert.
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BRI EF PTION OF THE DRAWNGS FIG 1 is a perspective view of a muffler
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cross-sectional view of housi ng portion of the muffler of FIG 1; 5 FIG
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FI G BB%_’% an enl arged, cross-sectional view of the base of FIG 3A along
the Iin B, FIG 4 is an enlarged, cross-sectional view of the nuffler of
FIG 1, FI Gmhslsan%nﬁegedebﬂm-rseaibhhl Vie@Vb6fThe AuPN@UGEIIGE 1devi ce

i ncorporatin rrufflers in 10 accordance with the_present i nvention; and
FIG 6 is anFKpl hisgeside.slenatiopalodewsefca pagwmatie; dsyiest ingopporatingrmufflersia

dexi ce throu h a nmuffler. DETAILED DESCRI PTI ON
didTHE %%Eﬁhmmw@&e prefgrred enbodi nent of a nuffler 20

i s shown | n FICEGikaanmrged fsidey; cRfds-sedtidndlieieweoftwpoitivg ofdhe devios of BIG.and an
acoustr sor!o i.nsert ﬁ &E shown). In general terns, the base 24 is

secured HB""Q@ #fer, the acoustic absorption insert is
di sposed vmthr n the housing 22. As a por nt of reference upon final

assenbly, airg mmb@g R B30 EHBe na eprbs base 24,
flowi ng into e nod v TTOW ection in mnd
(t®pr esent edOhy peefemed embodmfdnﬁofh) muﬁksrl z&ws simmfn)neFIG 1 of THehmuffler A0er 20

wi Il be referepced t o hoyt this specjficati.on.as bein sream or
Cincfudes a ous%xg ) ang an acgust{c absorption insert (enot gmer general

terms, the base 24 is secured to the housing 22. Further, the acoustic absorption insert is

disposed within the housing 22. As a point of reference, upon final assembly, air enters
the muffler 20 at a tube 26 formed in the base 24, flowing into the housing 22. With this
20  general airflow direction in mind (represented by an arrow in FIG. 1), various components
of the muffler 20 will be referenced throughout this specification as being “upstream” or
“downstream™ of one another. It will be understood that this directional terminology is
used for purposes of illustration only, and is in no way limiting. Pointedly, as described
below, in one preferred embodiment, following passage through the tube 26, airfiow will,
25 in fact, be deflected or otherwise directed .by the housing 22 in a direction generally
opposite that of the arrow in FIG. 1.
The housing 22 is shown in greater detail in FIG. 2. The housing 22 includes a
side wall 30 and an end wall 32 that combine to define an upstream end 34 and a
downstream end 36. As shown in FIG. 2, the upstream end 34, as defined by the side wall
30 30, is preferably open. Conversely, the downstream end 36, formed by the end wall 32, is
preferably closed.
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cylindrical and/or fiusto-conical (and thus circular in transverse

cr oss- sedor example; the housiag)22 maydedoangmlarosquare, motagorainglicein ransverse srasg- 22
may be trj ul ar, square, octagonal, etc. in transverse cross- section. 15
Finally, Side wall 30 is preferably configured for attachnent to the

bags 24 (Fl GFidally, e sidsamll 80 i§ preférably’ &frfipundl firbathichmeit td the dsde24nal |
30, and in particular the first section 38, fornms a receiving area 42
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base 24, area 42 includes a guide surface 44, an engagement surface 46 and a radial stop 48 The

guide surface 44 has a diameter slightly less than a corresponding portion of the base 24,

20 as described in greater detail below, and preferably tapers to facilitate mounting to the
‘base 24. The engagement surface 46 is sized to frictionally receive a portion of the base
24. Finally, the radial stop 48 is sized to positively position the base 24. Alternatively,
other engagement techniques may be employed such that the receiving area 42 is
configured to be substantially linear. Even further, the receiving area 42 may be

25 eliminated entirely where alternative mounting arrangements, such as an adhesive for
example, are utilized.

The end wall 32 is preferably relatively flat (as shown in FIG. 2) for ease of
manufacture. Alternatively, the end wall 32 may assume other configurations. For
example, the end wall 32 may be hemispherical or other domed configuration. Regardless

30 of the exact shape, the end wall 32 is preferably closed such that it does not form any
airflow passages or apertures. Thus, the end wall 32 presents a substantially complete
barrier to airflow and sound waves.
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to the one preferred enbodinent, t ousi r%g i's circular in transverse

cr oss- sexample, in pop prefamred mbodimentuthe liousing 23 has anusercdiametsr pRAPSHPCN

*{ihes (AT D S leDfis? siala8 apbolired or b Yool vl 881 Hitunef 3 bdpl >
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15 (24.4 mm) at the first section 38 downstream of the radial st oBﬁ48.
Fur t her andothejsasand sestipn 40 dapshovruby throcrpss-pectignalovipweaf e 2). Woiththis i y

uni f or Mydd, SR Bide wath§o ft bR AREELRIA 3P preferably has an inner width (preferably a
diameter) in the range of approximately 0.5 - 1.0 inch (12.7 - 25 mm); more preferably
20 about 0.65 - 0.85 inch (16.5 - 21.6 mm). For example, in one preferred embodiment, the
side wall 30 has an inner diameter of 0.78 inch (19.8 mm) at the first section 38.
An additional feature of the housing 22 is a wall thickness. To facilitate mounting
to the base 24 (FIG. 1), the first section 38 of the side wall 30 preferably has a varying
thickness. However, the thickness of the side wall 30 at the second section 40 is relatively

25 uniform, in the range of approximately 0.03 - 0.09 inch (0.76 - 2.29 mm); more preferably
about 0.05 - 0.07 inch (1.27 - 1.78 mm); most preferably 0.06 inch (1.52 mm). The end
wall 32 is preferably constructed to an identical thickness range. With a properly selected
material for the housing 22, the above thickness parameters result in the housing 22 being
a substantial barrier to airflow and sound waves. Thus, in one preferred embodiment, an

30 essentially complete airflow/sound wave barrier is presented by a housing constructed of
polyamide with a wall thickness of 0.06 inch (1.52 mm).



and the second section 40 (as shown by the cross-sectional view of FIGHERNIN
Wth this in mnd, the side wall 30 at the first section 38 preferably has
an i nner wodiBlTs49sreferably a dianeter) in the range of apmperaisiefzy 0.5 -
1.0 inch (12.7 - 25 mm); nore preferably 20 about 0.65 - 0.85 inch (16.5 -
21.6 mm). For exanple, in one preferred enbodinent, the side wall 30 has
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preferred exterior threads 70, however, the inlet end 66 is sized in
accor danassugmetacairespanding serfigusatian st port size. Thus, for exanple, the

1 121 588 A U 20 SERGOERTT 0 P s Tl
si zed t o(IFI@.rBsupord final assemblyt is nieboritied, in3gfatencdetdiPbelow. 2 Innarie pieferred3/ 4
ot | g embodimens, however, the tibe Has a ength (defined a5 a distance fromt it inlef end 86 10"
20 the outlet end 68) in the range of approximately 0.6 - 1.0 inch (15.2 - 25.4 mm); more
preferably about 0.7 - 0.9 inch (17.8 - 229 mm). For example, in one preferred
embodiment, the tube 26 has a length of about 0.81 inch (20.6 mm).
The tube 26, and in particular the passage 64, is configured to direct airflow and
sound waves from the exhaust port (not shown) to a point downstream of the inlet wall 60.
25 Thus, the tube 26 can be defined with respect to the inlet wall 60 as having an upstream
portion 72 and a downstream portion 74. The upstream portion 72 is located upstream of
the inlet wall 60; whereas the downstream portion 74 is downstream of the inlet wall 60.
As shown in FIG. 3B, the passage 64 at the downstream portion 74 is preferably
cylindrical. Alternatively, other configurations may also be useful to effectuate a desired
30 airflow distribution. For example, the passage 64 at the downstream portion 74 may be

frusto-conical, increasing or tapering in diameter.
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engagement surface 46 (FIG. 2) of the housing 22 to facilitate a frictional fit. Finally, an
20 outer surface 90 of the annular flange 62 is preferably knurled as best shown in FIG. 3A to
improve handling of the base 24 by a user. Alternatively, the outer surface 90 may be flat.
The various sections of the base 24 are preferably integrally formed from a
relatively rigid material. For example, in one preferred embodiment, the base 24 is formed
from a material identical to that of the housing 22 and thus is a molded polymer, such as
25 polyamide (nylon 6, 6, 33% by weight glass reinforced). Alternatively, other polymers
such as polypropylene may be useful. Essentially, the base 24 can Be any moldable or
machinable material such as, for example, a ceramic, steel or aluminum, and combinations
or compositions thereof.
As set forth below, a downstream extension of the tube 26 relative to the inlet wall
30 60 is directly related to a desired position of the outlet end 68 within the housing 22 (FIG.
2) upon final assembly. However, certain dimensional characteristics of the tube 26

relative to the inlet wall 60 can be described with reference to FIG. 3B. More particularly,

10
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fashion fromthe interior face 78 of 15 the inlet wall 60 and is
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particul ar the acoustic absorption insert
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housi ng 22, exﬂﬁ”ﬁb&@ @é&ﬁﬂsa%cbfﬁng)‘%'t% invention can be synthetic and/or natural

polymeric fibers. Examples of useful synthetic polymeric fibers include, but are not

20 limited to, those selected from a group consisting of polyester resins, such as polyester,
polyethylene (terephthalate) and polybutylene (terephthalate), poiyamide resins such as
nylon, and polyolefin resins such as polypropylene and polyethylene, and blends thereof.
Examples of useful natural polymeric fibers include, but are not limited to, those selected
from a group consisting of wool, silk, cotton and cellulose. The fibers should have a

25 diameter in the range of approximately 30 micrometers to about 150 micrometers, and
preferably, in the range of about 35 - 100 micrometers. The fibers can have diameters less
than 30 micrometers if they are capable of being twisted or otherwise formed together to
form a larger diameter fiber. Although fiber length is not particularly critical, suitable
fibers typically range in length from about 30 mm to about 100 mm, and are preferably

30 about 35 - 50 mm in length for ease in web formation. Blends of fibers of varying lengths
and diameters can be used for the non-woven web. Finally, the fibers preferably have a

fineness characteristic in the range of approximately 5 - 50 denier.
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fi bers condensation product of maleic and phthalic anhydrides, and propylene glycol), acrylic
20 - resins, styrene-butadiene resins, plasticized viny!, polyurethanes, and mixtures thereof.
The binder resins can further include fillers such as talc, silica, calcium carbonate, and the
like to enhance the stiffness of the web. The binder resins can be provided in a water
emulsion or latex, or in an organic solvent.
Sufficient binder resin is added to hold the fibers in place without becoming overly
25 stiff. The amount of binder resin useful in the practice of the invention is typically about
100 - 400 parts by weight of dry resin per 100 parts by weight of non-woven web.
Preferably, the binder resin is used in an amount of 130 - 230 parts by weight per 100 parts
of non-woven web for optimal compression and acoustic performance.
The non-woven web can optionally include a saturant coating of a viscoelastic
30 composition to enhance sound attenuation properties. Useful viscoelastic materials
include oil and water resistant viscoelastic damping polymers such as polyacrylates,

styrene butadiene rubbers, silicone rubbers, urethane rubbers, nitrile rubbers, butyl
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amount of binder resin useful in the practice of the invention is typically
about 10@ deserifgedoiarly.§. BoteneNgh$,408,339,y resin per 100 parts by wei ght of
non-woven web. Preferably, the binder resin is used in an anmount of 130 -
230 parts by weight per 100 parts of non-woven web for optinmal conpression

and acoustic fTer failitaecplacdmentn sibueOne ube 26: afie ObLaRALbMpsKe! 1H8&t 900
saturant c atﬁng of a viscoelastic 30 conmposition to enhance sound
T

attenuatP porms ascoreipassige 03 c cEeacere assagerliof| is sized db agpraximate raa

watier resgj | i ' . such .as .pol yacryl at e

o B ene Blidt Bl Re Abe' 76 AR UBRRBMARE TR ) FEPOIE T S0EpERerred
rubber s, einbibdimeh? fheDaEI0 3abisobgtivns insaar YOO Cisr slihelys defdndatlat unwikh reilber s
and acrylic;based viscoel astic teri,al, such as_3M Viscoel asti c Danpi ng
Pol y mer sCARIEUIRHON, §16 Fe RAFBSHA Ay dvisiallbaue prcametes Higbdess thas thef of

AT et et S g st RS O U B RS,
The With reference to FIG. 4, the muffler 20 is assembled substantially as follows. The
20 acoustic absorption insert 100 is formed to correspond generally with the size and shape of
the housing 22. For example, the acoustic absorption insert 100 may be cut from a bulk
supply of appropriate web material. The core passage 102 is then formed. In this regard,
the acoustic composite insert 100 can be formed as a unitary body, whereby the core
passage 102 extends partially through the singular body. Alternatively, the acoustic
25 absorption insert 100 can be formed as two separate parts. The first or upstream part
(shown generally at 104 in FIG. 4) has a height corresponding with the downstream
portion 74 of the tube 26. Thus, the core passage 102 will pass entirely through the
upstream part 104. Additionally, a second or downstream part 106 is provided. The
downstream part 106 essentially is a frusto-conical shaped disc, with no central passage.
30 Thus, the downstream member 106 extends across the outlet end 68 of the tube 26. With

this approach, the downstream part 106 may initially be placed on top of the upstream part
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5 polynmer solution typically has 1% - 7% pol yner solids by wei ght ani :
preferably is a 2% - 5% solids solution. The polyner should be stabl Q&L 17003

t he use ge%%?fsggsgre of the pneumatic device which typical from
about -4 out 50 C, nore typically about 5 C - 40 %M%qgglyrrer
has a | oss factor greater than about 0.2, preferably greater than .5,

campl )10% SV BiEcTe, AlERafvelyitbe dBtmiteran pak Doray hsrinsarisd ibia the

absor pt inAsing 29! dbutiil i édd@ar33 bed in U .S Patent No. 5,418,339, To
facilitate plracenment about the tube 26, the acoustic conposite insert 100

pr ef er abl y f OWith eitheninsenpian sppreadiQ it :s"pbsslhieneomghe d@rocuntof the ecbustic

?B,pr'?')(;l n 15 outaﬁé di rre er of th 26 ag}uk&hlg %(#vmst eam EoEtlon

ingert hBEbrpf oﬁ'iﬂsﬂhtioo Fﬁ?h lﬂ’jllhle M!’ﬁ:)ﬁniﬂl'éléom lblguﬂﬁtdn%bmt(bg |)

passage 102 may initjal ave a |arreter sl i ght l'ess than that of the
t ube 26 0of ypaterial| plaged @\rlﬂnm dhex heusing, cary bg rlemeeseddtbradwaseubpm the gesulting) over

tsggst ;lrjlgcé‘%n V@%‘g‘%ﬁ'g\/\g&?}ﬂé%gﬁg‘ ﬁ”s’tﬂhg"%ﬁg@ E?lPB'ﬁ J’ﬁ@gst?‘e%sﬁng %51 ned
to corr Qattﬂxrnilvegeflﬁfea%lumu dodupibe byithe nae2B)h AR regdrd cthi WeRiah @mdant bPT

exanpl e, the acoustic absorpti, on I nsert_ 100 nmay be cut froma bulk supply
of appr Faterial copgssing the sgoustina wt@mw%d@(ll@etateg muyffler perfamaancen as hi s

body,
\Aﬁg?eby t adgﬁ;ggﬁglﬁ%dégrsg%gmg g?(’iegrilﬁsé par? ‘%ﬁ?ypﬁé‘%&g&{%@i nglﬁ E)ogy?/
Al t er nat{ovmass) of Inrtemaltmtnpusih@ the aomqst:c absarpticn insdr0Q00 mylhledli&{ ﬁii?ggfmd t E?G
separate_ part T |rs r art ener a a I n
4) Phas AURERGON cEBTb eteq "tgm @23&% F apaierial may PR ube
26. ThU?roﬂnBﬁiv@%kW mamyl theP8SstinedT iahfRhuhit bP rpdtealt &ﬁn;{'/ﬁbgﬁ% R

part 10 Addi tionally, a second”or downstream part 106 isS pro

dovvnst r aeousigrabsoqgsionsingert 1901 iy a fungtidn wftthe oweh G@!hp@smqredndiltb@ avwiablhe no

tral 0 e do tream 106 e ds acrgss.
ot o AERRE VGt i the st (R, TR GREPIE TP A MROS08 2 2cing B AVEIARIS 106
may i ni ﬁntaiﬂayvblanﬂ:l @egdnethal Q§Iuﬁ‘fe bfhde uﬂaﬁlh am M tHedveluieef2R0 tubko26
oon5495 PC] U899/21921 104, over the tub éﬁter natiyely, the dowpstream

part 108vithy the housing 22 ofiabeutr0.5 re2. Ona@tuﬁsgx 19" - B tIDngm’heﬂw@qnam 32.
absorption insert 100 preferably has a mass in the range of 0.25 - 1.0 gram, where 5 - 50

denier polyester fibers coated with styrene butadiene are used as the web material.

20 The housing 22 is then mounted to the base 24 as shown in FIG. 4. More
particularly, the annular flange 62 is directed into contact with the receiving area 42
formed by the housing 22. The guide surface 44 facilitates placement of the housing 22
within the annular flange 62. In the one preferred embodiment, the inner surface 86 of the
annular flange 62 frictionally engages the engagement surface 46 of the housing 22. The

25 radial stop 48 contacts the annular flange 62, whereas the shoulder 88 abuts the upstream
end 34 of the housing 22. Once properly positioned, the housing 22 and the base 24 are
preferably sealed. For example, 2 sonic weld may be employed. Alternatively, other
sealing techniques, such as an adhesive, may also be useful,

In the final assembled form, the tube 26 preferably extends centrally within the

30 housing 22. In a preferred embodiment, the tube 26, and in particular the downstream
portion 74, is configured such that the outlet end 68 is approximately equidistant between

the upstream end 34 and the downstream end 36 of the housing 22. For example, in one
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Wth either insertion approach, it is possible to optimze the anmount}gf( i
t he acousH’, 00/‘%%?”“ lon insert 100 within the housing 22. Mre
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flange 62 is directed into contact with the receiving area 42 forned

y
t he housipheferably Teafiguredeforuplageraentq withisi lant exhaustp part efnoh t shownd,h avitho tks ng

22 wthi | . on referre od| t..t
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t helhousilefgth of thsmuiiigrA0-mitendingsputivardly frommtherpxbansi porty Wik thisedafingtion> 4
are prefie gﬁ@&,ythﬁ AL 26 Rhs S @XBhGon ferBfihGt WSIErefYy RASs IZR! @}S%mgﬁego be

Al ternatively,” other sealing techni ques, such ‘as an a%ﬁeswe,
usef ul . Il5 inches (38ahm)swmereyref@rabby kess thae apprioginfelpricheh (25 mndxt ends

centrall ithin the 30 si,ng 2 Ilpn.a preferred enbod| nent,, t t ube

26, and 1" padiclioniae ST HE RO bt P P AAFuae AP PEHEH Y tha

the outl ?E)wﬁﬁﬁii@%alv%. FRRUMPRL EF1G. SULptsSE PRéundRIcGATe bidle 1405 tNRaEIGNd 34
b

{
and the downstream end 36 of the housing 22. For exanple, in one 14 2 DEC
2009 ank 110 may be formed as part of an auxiliary device (not shown), such as a

manufacturing and/or processing device or pneumatic robotic application. Alternatively,
the muffler 20 may be used with a single valve associated with a pump or other pneumatic
device. With respect to the application shown in FIG. §, the valve bank 110 is shown as
including three pneumatic valves 112 (shown generally in FIG. 5), each forming an

25 exhaust port 114. In general terms, operation of the pneumatic valves 112 generates
pressurized air exiting through the respective exhaust ports 114. If left open, the forced air
exiting the exhaust port 114 would become highly turbulent, resulting in noise. This noise
is attenuated by associating a muffler 20 in accordance with the present invention with
each of the exhaust ports 114, respectively.

30 Prior to use, each of the mufflers 20 are mounted to a respective one of the exhaust
ports 114. For example, with most pneumatic valve applications, each of the exhaust ports
114 are threaded. With reference to FI1G. 3B, the tube 26 associated with each of the
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WO 00/ 75495 PCTI US99/ 21821 preferred enbodi nent, the housing 22 has ANDEC 7003
I nternal height (defined as a distance from the upstreamend 34 to an

i nt eri or wiylpdrasess of the end wall 32) of 0.8 inch (20.3 mm),, H%gﬁ))éml out | et
end 68 extends wthin the housing 22 to a height of 0.39 i ACh

Not ably, the outlet end 68 need not be precisely equidistant between the
upstream 34. 5 an he downstre end 36. Prefera wever

rgl at i oﬁgll(f#%rsofb ﬂ‘f@"%ﬁé ] E‘Hﬂ“@? G gprrespan g, Wit ?‘Qih'e?g "tﬂ&'ﬁ’“ﬂpon
final agpop@bios. tAleernativeRl £RNIr&S of ot ﬁ.umu%g 2 0Es rh &ﬂgﬁ?
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in mnd ffler 20 has an exten5| on length that is preferabl y |l ess
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apRy oxi e Raki 0 ed to
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a pneunas peeviausiye deseribed, 1he nilififen 20 pmferﬁﬁlytmatéhdiﬁbmbe balvé danked10sopart of
an auxi liary. devi ¢ t own such as ur| g..and/ or r:oc Ssi ng
devi ce ofi g8t ﬂfgﬁeaf ﬁfﬂﬂaﬁéﬁff’m%@ 13 fehss. 2??@ 5, thenop 1050 nay
be used:xwd&whnan%oﬂﬁlceaddadauﬁgew@eh Ay fudkd.h @ punp or ot her pneum&tlc

device. Wth respect to cation shown in FIG 5, the valve bank 110

i s shown as Qneelseevred te ﬁhee'ealmbaﬂatlﬂe, the| roelers) 20 (atthowate goiserprbiycedrat FI G

oS o GRbAGoR 113, BRI A binunlond o S e o 0 e |

respect one of>the phtuistid valids?113 fs blﬁtf\irn IR Peaté@ethPif FIGRIG. THEI thbé‘QthE'e

exhaust p({it 114 woul d. becone hig turbulent, resulting in noise. This
noi se Y conpestedohe $ti port h’gyﬂ%ifflﬁt@ﬂdzﬁﬁ i hhuse asflgwmnd agsediated o

present samwa w.rttne ﬂvﬁa'}ﬁ : Tﬂegdbg %ééerv&eisofg{) P brier>0
Prior to use, eac of t muftl ers are nounte o) respecCti ve one’ of:

the ex hdm'eby dicacting ﬂloﬂalrﬂéw arek sount ayavek (fepraseiitedd generally by werows in FIG. 6),
a% | Cat 12 athe’ ases%gg 6Qf 1n£o the )éns?illegtnqu'he airflow and sound waves exit the tube 26 at
the outlet end 68, flowing into the acoustic absorption insert 100, As previously
described, the acoustic absorption insert 100 is configured to absorb at least a portion of

the sound waves. It is likely, however, that not all of the sound waves will be immediately
absorbed. Instead, as shown by arrows in FIG. 6, the airflow and remaining sound waves

25 flow in a generally downstream fashion through the acoustic absorption insert 100 and into
contact with the housing 22, and in particular the side wall 30 and the end wall 32. As
previously described, the side wall 30 and the end wall 32 are configured to serve as sound

barriers. Thus, the remaining sound waves are deflected away from the side wall 30

and/or end wall 32, again into contact with the acoustic absorption insert 100. Once again,

30 interaction of the sound waves with the acoustic absorption insert 100 results in a
reduction in, or absorption of, sound waves. Further, at least a portion of the deflected

sound waves will interact with other sounds waves, resulting in phase canceliations and
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114 are threaded. Wth reference to FIG 3B, the tube 26 associated w fpp 2003
each of t% DEC 7003 WD 00175495 PCT/ US99/ 21821 nufflers 20 i ncl udes
the exteri Tad 70 corresponding with the threads on t hBCEI§IVAB21 port s
104. Alternatively, a variety of other nounting techni ques nay be enpl oyed.
| nportantly, the pneumatic valves 112 associated with the valve bank 110
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| nadvertent c ; kS 8
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absor pti ¢ie meffR¥20100. As previously described, the acoustic absorption

insert 100 is _confiqured to absorb at |east a portion of the sound waves.
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b bed \ I 6..th irfl .and WAl
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20 pressure. To this end, an appropriate parameter indicative of back pressure is a cylinder
recovery time of the pneumatic valve. Cylinder recovery time is a measure of the time
required for the cylinder associated with the pneumatic valve to complete a single stroke.

It should be understood that even with no back pressure (i.e., an open exhaust port), a
cylinder recovery time will exist (e.g., is greater than 0). However, a change (or increase)

25 in cylinder recovery time is a function of change (or increase) in back pressure in the
system. Thus, for example, where a muffler is connected to a pneumatic valve device, any
back pressure caused by the muffler will increase cylinder recovery time. With this in
mind, at airflows in the range of 0 - 40 cfm (0 — 1,130 liters/minute) and cylinder recovery
times of about 0.33 second, the muffler 20 causes an increase in cylinder recovery time of

30 less than approximately 0.01 second. In other words, the muffler 20 preferably causes a

degradation (or increase) in cylinder recovery time of less than about 5%. Thus, the
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and/or end wall 32, again into contact with the acoustic absorption i?ﬁ?fEUUB |
100. Once again, 30 interaction of the sound waves with the acoustic

absor pti @iy b 100 results in a reduction in, or absorptli -..sound
waves. Furt er,§§at | east a portion of the deflected soundp%%g%ﬁsﬂs

I nteract with other sounds waves, resulting in phase cancellations and 16 2

DEC 2003 75495 PCT/ US99.12.18 t herefore fuyther, sound attenuatjon.
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Prior to exiting the muffler 20, however, a substantial portion of the
sound waves wih¢ pneumatiswifflemhob theepresent iinention psavidesab srarked improvement 100
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T fut P VBV X pork Bivifp Higtn{ el ST Bbentel AParahGE. vl né” 1

at t enuatmufliter fofr the epraseult einveniticn praferablyeininimizes whe ppoitaniey fern fadosdieisst
port noise level in th ragge of . approxj mately 50 - 100 dB, the nuffler 20
will re@REEEOn, contast and, syBsequemyt Armaggo  Finally, sunlikey the fewoather sedygedqsized

pref er abhyfieys @urdefflt avdiiaBi, fﬂ%.sgré@ﬂﬁ]q{fame}’ sp@é’seﬂf ih%ﬁbnlﬁﬁ% noise

| mportantly, the nuftfler 20 provi I's noise attenuation

m ni m ziagniation with pirtsBy ne batk présswreend, an appropriate paraneter

[ rS'i cative of back pressure is a cylinder recovery tinme of the pneunmatic
valve. Cylinder recovery tine is a rﬁasure of the tinme required for the

cylinder associated with the pneunat e to conplete a single stroke.

haust aors) PRERVERArhisben WA Dich QetBiitie BS SANIs Spblifif and e0RER, |

exhaust port), a cylinder recovery tine w
0) . Howemdodiments sangle Wiblr be nfirthes ajes@ibeidnby yreferelae tee chy dbllowinge detailad
Functi Oréxgrilpfgs].anﬂeis( t%dei gcr):iaﬁggvedrerr], t aa%‘%hgg easres urixaGnyi gnggsexom, variations and
20 modifications on the basic themes of the present invention beyond that shown in the
examples and detailed description, which are in the spirit and scope of the present
invention.
A muffler was prepared in accordance with the present invention and secured to an
exhaust port of a pneumatic valve. The muffler was prepared from polyamide (nylon 6, 6
25 reinforced with 33% by weight of glass) and had the exterior dimensions of 1.33 inches
(3-38 cm) height, and 1.00 inch (2.54 cm) base diameter. The inlet end of the muffler was
1/4 inch NPT. The base and the housing were sonically welded together. The acoustical
insert material used was 15 denier (nominal) latex coated polyester blown microfiber at
different weights.
30 The pneumatic valve was then operated and various data measured. In particular, a
Briiel & Kjaer Type 2144 Real Time Dual Channel frequency analyzer microphone was

placed 24 inches (61 cm) and at a 45 degree angle from the muffler. Sound was measured
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system Thus, for exanple, where a nuffler is connected to a pneumatizc
| val ve device, any back pressure caused by the nuffler wll increase DEC 2003

| cylinder recovery time. Wth this in mnd, at airflows in the range of 0 -
40 ¢cfm (0 - 1,130 liters/mnute) and cylinder recovery times of about 0.33
second, the nuffler 20 causes an increase in cylinder recovery time of 30
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| ess t haieupwtic valye wai@easufd. 17 2 DEC 2003 WD 00175495 PCTI US99/ 21921
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di anet e?l%a?nﬁ@séi%xgé@ f(‘)dff I ngﬁyg % %agﬂﬁ ‘?%ng sér{lfgr?naéf(];l:ﬁegésa%l%' SQﬁ%c hes
(127 mm)followingmesiltewerf olitiiaedar esent i nvention is specifically designed so

that it is capable of having both a maxi num w dth and extension | ength
|l ess than approximately 1 5 inches (3 8 mm W.th this qreatly reduce

size, tlheSample| ¢ Wt L heoustieal lngrt, t&@uwmésmhamtnLEalinéerrmngymm
limted center-1o-cenMaterial €r ance| Fur (desibels) he ffler (sdconds) preseht
i nvent ijoCompeflefabl y m N/ zes t he| opport gty for |i nadver D375 oper at pr
cont act{ and) subsequent @exgge. Finglly, upspke the If ew ot heg3seduced-s|zed

muf fl erS ClgTENITY aval gy €, the fufTTergdh the prieSent Ty g§gt on proyides

noi se [@att eTuat o W L'lluv‘j toatty 1o bd(,kss)sebbur e 5 Exay 55y TC
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f ad o adlnpnnt.c o R bhao Jf et bhoy Y ;ior\ri ha e raof n!' co t o th
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foll owilng—dttailed nv:\m s——1t i D \VZ-Yd 1 I"Qv;' there_arée

many e t;nqﬁ ons!t variat im and 20 nndi£8%4tions dn the hd%332t heneg of
the prdsent?invéntion bé¥hd that shown i84Bhe exanples and.3¢tail ed
descripgti o8 which are 084 he spirjit and 8Z@pe of tijhe presdnhd3?i nventi pn. A
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to an 10 0.59 83.6 0.338

11 0.70 82.5 0342

12 0.73 82.1 0.336

13 0.73 81.7 0.343

14 0.75 81.8 0.342

15 0.76 82.4 0.345
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exhaust port of a pneumatic valve. The nuffler was prepared from pol yf‘ﬁtfj?ﬂlﬁ
(nylon 6, 6 .25 reinforced with 33% by wei ght of glass) and had the

ext eri onrydi kons of 1.33 inches (3.38 cm height, and | 2.54
cm basgvgiogﬁrr%?gr. The inlet end of the nuffler was 1/4 ?’r@ﬁuﬁgﬁs he base
and the housing were sonically wel ded together. The acoustical insert
mteri%@ese .l_le,/%a.l_S denier (nomnal) | atex coated pol yester bl own

m cr of Isga ¥erent wei ghts. 30 The pneumatic val ve was then operated
and various data neasured. In particular, a Bruel & Kjaer Type 2144 Real

Ti me al Y eq, SRl ' Qgﬂﬁlgyvgg emafic lqpeiees (61
clrr) a% atcg 45 525‘? ee a%%&ﬁ@?gﬁ?ﬂ% m%?'ﬁer. 0 nﬁ%gﬁmasu?gg&% 2(DEC
2003 ahe amfflemedmprising:a one second wi ndow. Additionally, the cylinder
recovery ti of. the. .pneumatic val ye s ,measured. Wth fhe above
ey et or 7 Bosing deGmBE anmsirean ai ando dRvAT Y3t eBbb danspam ad

ti I tWsdd) ]lﬁ?'ﬂ o %}pg:) ' le 1,
D e 5 open o ﬁgh '? port) a nuh??f%ra 0 ?ﬁ&&kﬂ&ﬁk{hgiﬁ venﬁrﬁdm%mgp a

i.e., 5 open ex e present tion. e data
represents an avdownstreafn eddy eadi ngs, except for conparative Sanple | which

was an average of 12.readi.,ngs. Th foll owi ng results .e obt.aj neq:
Sanpl oW . Cf ORgaeepd i e fobsine 3 Hhe pAsHeSE sne. thevesse iaalidine An nleb B0y Ti e
Mat eri al (deci bel gk ( SifAng airflewTand | und SwiPesSom 1he 25RmsP ?ntg the
20. 2685. 10. 337 30.2785. 30. 340 40.2785.30. 337 50.3085. 20. 337 60.4882. 70. 339

70.5384. 30. 341 Smsirgzamb. 339 90. 5882. 80. 339
an acoustic absorption insert disposed within the housing, the insert including a

web of fibers configured to absorb sound waves.

2. The muffler of claim 1, wherein the housing has a maximum exterior width of less
than 38 mm.
3. The muffler of claim 1, wherein the housing and the base combine to define an

extension length upon assembly to an exhaust port, the extension length being less than
approximately 38 mm.

4. The muffler of claim 1, wherein the housing includes a side wall extending
between the upstream end and the downstream end, the side wall forming a continuous

barrier to sound waves from an interior of the housing.

5. The muffier of claim 4, wherein a portion of the side wall has a thickness in the
range of approximately 0.76 - 2.3 mm.

6. The muffler of claim 4, wherein the side wall defines a diameter of the housing, at
least a portion of the side wall tapering in diameter from the upstream end to the
downstream end, and further wherein the side wall taper forms an included angle in the

range of approximately 30° - 50°.
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100. 5983. 60. 338 110. 7082. 50342 120. 7382.10. 336 130. 7381. 70. 343 7 DEC 7003
140. 7581-.80. 342 150. 7682. 40. 345 10 15 19 2DEC2003 WD 00175495

PCT/ US99/ P95 at is claimed is: 1. A muffler for attenudGTAEINBISL
produced at an exhaust port of a pneumatic device, the nmuffler conpri sing:
a housing defining an upstream end and a downstream end, the downstream end
bei ng c'Vosedﬂmmgﬁcmfatalm%whewlpdmsldcnmﬂ defiseshwfisst l@timpmtmding frordt h to

he d b d he h h d, th
bace | nOPOREHEUR AR Andp SRR SSRU SRt Rgmeie(Cheh ecton SoURAGRTEaPr om

the eXhai&hn@threi:ﬂﬁﬂ ficftSectist s icBAfigdred 16 PecBvR YRd bfse@DSOr ption insert
di sposed within the housing, the insert including a web of fibers

configured to absorb sound waves. 2. The muffler of claiml, wherein the
housi ngg has ter Qr, w.d f . less .thgn 3 .. Ih ffler of
clai m 15 V\/neig “Fﬁlém ‘%’Wﬂe #é] ﬁ?ﬂ e%'é’ﬁ‘d fa&%a@nﬁé w@ﬂj@ﬁsi on
| engt h seeend sectioniy Mbb@nﬁdllyeﬂﬁﬁmk‘ébnilaﬂl tapehh :ﬁ&hﬁi&ﬁér@@tﬁe&ﬁﬁﬁﬂkt&ﬁh Red! ess
t han apprOX| mately 38 mm 4. The nuffler of claim1l, wherein the housing

includes a side wall extending between the upstreamend and the downstream

Pnteri o of  THERMITIERSIR 1R YR s ifinded RARE AT STl "o
the si degmrhlmaﬁ:a faHioh BORs thietubb eundr e gisuldr mreoesdtamineg frofh fife inle€. 3 MM
wall opposite the tube.

10.  The muffier of claim 9, wherein the annular flange is sealed to the housing.

11.  The muffler of claim 1, wherein the base forms at least one passage apart from the

tube for allowing airflow outwardly from the housing,

12.  The muffler of claim I, wherein the tube defines an inlet end and an outlet end, and
further wherein upon final assembly, the outlet end is positioned within an interior of the
housing.

13.  The muffler of claim 12, wherein the tube is configured such that upon final
assembly, the outlet end extends within the housing to height approximately 40% - 60% of

a height of the housing.

14.  The muffler of claim 12, wherein the acoustic absorption insert is continuous

between the outlet end of the tube and the downstream end of the housing,.

15. The muffler of claim 1, wherein the fibers have a fineness in the range of

approximately 5 - 50 denier.

16.  The muffler of claim 1, wherein the fibers comprise polyester.
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6. The nuffler of claim4, wherein the side wall defines a dianeter o% wzﬂg
housing, at |least a portion of the side wall tapering in dianmeter fr Pn (Q

upst r earyeygbrisged he downstream end, and further wherein t?@,r@lagﬁnggl I20 |

taper fornms an included angle in the range of approxinate
2DEC2003 WD 00/ 75495 PCTI US99/ 21821 7. The muffler of claim4, wherein the

si de | defines flIsSt ction. extendi n rom. the upstre end and a
secon\(ljv?z‘ect i or?r}g ?%ﬁafﬁlﬁ"? ﬁiﬁ”bﬂ&“‘r‘?‘%@‘?&gﬁl’ww F‘ﬁ%ﬁgﬁ/\h&’ e thed, and
wher ei fangBoffapproximerly ®& 103 -C33% 10U rRA® &) 4 BfaSi Hﬁthb%éﬁfﬁ: 'H&Pﬁ ffler
of clai mbg, erein tf?e first section is substantially Ty ir?gr??xéa lnd t he
second038ctl-@8ram substantially frusto-conical, tapering in dianeter to the

downstreamend. 9. The muffler of claim1l, wherein the base further
includes an inlet wall extending in a generally radial fashion fromthe

tube a8l anAamudflerfof heamatitg heisepheduced i déxhalitPort ¥ pnéRBR! defickne
tube. 10. The nuffler of claim9, wherein the annular flange I's sealed to
t he hoWginmgflier COMPAEINGIffl er of claim 1, wherein the base forms at | east

houst ng. - 353 g ddfildd 'S upiiant $hd Fot S u b, B, Bt fiidsskal G "o
and an outlet endeingndosedpwhbein Wedicisihgtizga haxidlunnexeAS Width s hgnl €t end

is positioned within an interior of the housing. 13. The nmuffler of claim
12, wherein the @EPOXBEYIS Bked such that upon final assenmbly, the

outlet end gya8849scured fd | ]é)gn. | I 60% of
a hei ght of Et he %Qusi n? &ﬁlﬁ&fﬂl@%ﬁlﬁl r g@‘%ﬁ%’i %Q%gé\}@(g#% atdtﬁgg g%roust I C
absor ption i nser dinestingairflowand sobrd wases fom aiextmiste partdhto dhe Housiag:and t he

downstream end of _the housing. 15. The muffler of claiml, wherein the
fibers have a fi #8hess in the range of approximately 5 - 50 denier. 16.

The nuf f| er awfaceusticrabborptidRiRseit URBodddORIRiInCHEMHdusRgP eV st incldding aPEC
2003 WO 00175495 PCT/ US99! 21821
web of fibers configured to absorb sound waves.

19.  The muffler of claim 18, wherein at least a portion of the housing tapers in width
to the downstream end.

20.  The muffler of claim 18, wherein the housing and the base combine to define an

extension length upon assembly to an exhaust port, the extension length being less than
approximately 38 mm.

21. The muffler of claim 18, wherein the housing includes a side wall, at least a

portion of the side wall having a thickness in the range of approximately 0.76 - 2.3 mm.

22.  The muffler of claim 18, wherein the housing includes a side wall extending from
the upstream end to the downstream end, at least a portion of the side wall tapering in

diameter to the downstream end to form an included angle in the range of approximately
30° - 50°,
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17. The muffler of claim 16, wherein the acoustic absorption insert h?SBEPZB[]}
vol une in‘%{a% ge of approximately 8 x 103 - 33 x 103 mmB and a nmasSs I'n

t he range %@gxi mately 0.25 - 1.0 gram 18. A nuffler PEAUSPYESRt i ng
noi se produced at an exhaust port of a pneumatic device, the nmuffler

conpri si ng: aIEousi ng defining an upstreamend and a downstream end, the
downst reagn andhe puitlier of|chaimgl 8, whserein the heserfsrhemigclvdes an naixt wallnextending or

wi dth | ' ba ) red tq,the housin t the
upst r ea;ﬁzan% i Yy Eas eﬁsﬁ@}"aﬁd‘? "ﬁgﬁ%mﬁ' bgieflgﬁe? w&ﬁ&léqué?‘ﬁ PBW%?‘W&S@E nd
waves f rallowing eirflowsiutwardly frointhé heudiggisi ng; and an acoustic absorption

insert disposed wthin the housing, the insert including a web of fibers
configured to absorb sound waves. 19. The nuffler of claim 18, wherein at

| east a fprti ' ' ' tg. treamend. 20.
The nuffleéer o cﬁigﬁqn%} iogﬂ éﬁe?%i%ﬂ%ﬁgsﬁgggﬁng&gﬁaaﬁﬁ‘é‘ﬂgggg\@%ﬁﬂi%@e&ﬂ‘ efine
an ext eandifarthtrewberbinupon firmt assembly, cheouttetbad 9§ positibned WathXdreingdrion of engt h
being less,than approximately 38 mm 21. The nuiffler of claim 18, wherein
t he hous‘ﬁﬁb‘“‘r"fmudes a side wall, at least a portion of the side wall
having a thickness in the range of approximately 0.76 - 2.3 nmm 22. The
muf fl er of claim 18, wherein the housing includes a side wall extending
from t 8. upsThee amfllerdof claithe24jowhaeinetive aube, is adonifigaséd sughotiiat @poffidahe

side wall tapering | i amet.er ,to the doywnstreamend to_forman included
gt sty Bulie end SEROS ii thecbpusingo adheiad pp TR YA Bk 9003
PCT/ US" /dﬂ;&%ﬁg[@%ﬂ}{ghﬁuﬁugf | er of claim 18, wherein the base further

includes an inlet wall exXxtending in a generally radial fashion fromthe
tube, the inlet wall form ng at | east one passage for allow ng airflow

Qut wa dlgg. 1 Ofie BeR|St eim 2. iGigif i Eoudlic Sb8ion s <" chnenuous °°

between the outlet end of the tube and the downstream end of the housing.

27.  The muffler of claim 18, wherein the acoustic absorption insert has a volume in the
range of approximately 8.0 x 10” - 33 x 10° mm® and a mass in the range of approximately
0.25 - 1.0 gram.

28. A muffler for attenuating noise produced at an exhaust port of a pneumatic device,
the muffler comprising: _

a housing defining an upstream end and a downstream end, the downstream end
being closed, wherein the housing tapers from a maximum exterior width
of less than 38 mm at the upstream end to the downstream end;

a base secured to the housing at the upstream end, the base including a tube for
directing airflow and sound waves from an exhaust port into the housing;
and |

an acoustic absorption insert disposed within the housing, the insert including a

web of fibers configured to absorb sound waves.
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and further wherein upon final assenbly, the outlet end is positioned
within an interior of the housing. 25. The nuffler of claim 24, wher2PhC 2003
the tube is configured such that upon final assenbly, the outlet end
extends within the housing to a height approximtely 40% - 60% of a height
of the housing. 26. The nuffler of claim24, wherein the acoustic

Gownst r 8am crieopoftes S SHUR 28 et lGE Robsife L o foRbice B JehfE ofC "

acoust i extehsion (léngth upon asdenibly 16 aexbianst ipbrtf the ext@isitn RhgthRimxiesntiany 8. 0
x 103 - 33 x,103 nmB and a mass in the range of approximately 0.25 - 1.0

gram 28ppieximatelyed® M8 att enuating noi se produced at an exhaust port of a
pneumatic device, the nuffler conprising: a housing defining an upstream

end and a downstream end, the downstream end being closed, wherein the

housi ng30aperFhef moffler ofuclainin2s; xwhereiv thei kiusingoincludies af fide wdll emteatlinghe
a base secured tq the_housing at the

upstreamend to the downstre end; [

upst r cahFarRen the upstseam £Ad ad {{h@gaws}ﬁ'@m &hd, the siderwall forming 3VFORBIQH, ng
waves f gﬁgm ort into the housing; and an acoustic absorption
I nsert 9?‘?&@2% W t’cﬁvﬂe&t he housing, the insert including a web of fibers

configured to absorb sound waves. 23 2 DEC 2003 29. The nuffler of claim
28, whegein e hoysin nd J,he ,base cqonbi ne to,def|ne gn extensign | ength
pon a3 yThe gt o ol 250 whsrei, iechase AGthn i A gRich el eRiengitgn

appr oxi f{p4 geerafly fafial Tshioh oM thé hive, #id kRt WRSeinthe ifté Wil forkie 4t least

I ncl udes a side wall extending between the upstream end and the downstream
end, thene passagefor allowingajr Sowutwardifomshe howsing. o sound waves. 31. The
muffl er of claim 28, wherein the base further includes an inlet wall
extending in a generally radial fashion fromthe tube, and further wherein

the i nl 82. walThef muffier af clab@<AB, wihieeeip dssripe idodides|andnied endiand ah @utlewéndar di y
fromt hﬁﬂyuo_usi n 32, The ffler of claim28, wherein the tube |ncludes an
inlet e alﬁdcg%m Suc t upon final assembly, the outlet end 1s approximately

equidistant between the upstream end and the downstream end of the housing.

33.  The muffler of claim 28, wherein the acoustic absorption insert has a volume in the
range of approximately 8.0 x 10® - 33 x 10° mm® and 2 mass in the range of approximately
025 -1.0 gram.

34, A pneumatic valve device comprising a pneumatic valve forming an exhaust ports and a

muffler fluidly connected to the exhaust port, wherein the muffler comprises a muffler according

to claim 1.

35. The pneumatic valve device of claim 34, wherein the muffler housing has a maximum

exterior width of less than 38 mm.

36. The penumatic valve device of claim 34, wherein the muffler housing and muffler base
combine to define an extension length upon assembly to the exhaust port, the extension length

being less than approximately 38 mm.
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and is configured such that upon final assenbly, the outlet end is

approxi mately equidi stant between the upstream end and t he downstreapDenad;
of the housing. 33. The nmuffler of claim 28, wherein the acoustic
absorption insert has a volune in the range of approximtely 8.0 x 103 -
33 x 103 mB and a mass in the range of approximately 0.25 - 1.0 gram 34.
A pneumatic val ve device conprising a pneumatic val ve form ng an exhaust

ports apd a Tﬁélﬁrfe{lﬂﬁtlcwa}ue(&‘)ic@&f&ﬁ@rﬁ@@d.vﬁegeﬂ A€ nRKR HolsinB M cudedgéei N the

muf fl er conprises a nmuffler accordi to claim1. 35. "The pneumatic val ve
devi ce Hrllat kasip partioppithesige Wﬁéhq’fmgfwt@ﬁlﬂwwgmqga%agf @prﬁ&w%ﬂm) Texi2er i or

w dt h ofyn] ess than 38 nm 36. The penumatic val ve device of claim 34,
wherein the muffler housing and nmuffler base conbine to define an
extension | ength upon assenbly to the exhaust port, the extension |ength

bei ng | ggs tm@mamamh@m @f%lamm %e%m&%e%etm@d&ﬁﬁyM1e9 val ve

devi ce of claim 34, wherein housi ng 1 ncludes a sid wal |, at
| east acdome A Autist eqdh@ldsfpmrwaprpmwaw ﬂfgﬂl asserpbly ithroapley qmdtlmsmamﬂge of

appr oxi {Rkig Y ifferibPof thé marfleFM3usiag: 1he pneumatic val ve device of clai m 34,
wherein the nmuffler inlet tube defines an inlet end and an outl et end, and

further wherein upon final assenbly, the outlet end is positioned wthin

an integgor he ﬂn@@mﬁﬂéf\iraiv%rdeﬂ&'}*ﬁ'cfign 38 WhetEhORBHTTRInIE bR i BnfilR¥dsce of claim
38, wherein the nmuffler inlet tube is configured such that upon final

assenbl §pch thabupsn dingliassepilye the ondRs end eands witen fgrufer hpesing thg hershta hei ght

appr oxi gpptXintatd Yoo, -@0% 7k neighrtatho@ing he housing. 40. The pneunatic val ve
device of claim 34, wherein Fhe fi bers are polyester. 41. A pneunatic val ve

device conprising a penunmatic valve form ng an exhaust port and a nuffler

fludil Y4030nn?ﬁﬁﬁu&&mﬂﬁﬁze%\h@é&fclaﬁﬂm wheRar 18é fibde'Re PMGdsteer conprises a
nmuf fl er according to claim18. 42. The pneunactic valve device of claim

41, wherein at |east a portion of the nuffler housi ng tapers in width to

the dowpst r eapn@ishtic 48ve dVRecRBGPNAId Lpe@hMR VIRY kirRingfan CkiiuNpdh andder ei n the

muf f 1 er housing and nuffler base conbine to define an extension |ength
upon as®efsT fudily comnectad ohe exhpust port. MhgreiheRufflerromprggs g muffler according

to claim 18.

42, The pneumactic valve device of claim 41, wherein at least a portion of the muffler

housing tapers in width to the downstream end.

43, The pneumatic valve device of claim 41, wherein the muffler housing and muffler base
combine to define an extension length upon assembly to the exhaust port, the extension length

being less than approximately 38 mm.

44. The pneumatic valve device of claim 41, wherein the muffler housing includes a side
wall, at least a portion of the side wall having a thickness in the range of approximately 0.76 - 2.3

mm.
45, The pneumatic valve device of claim 41, wherein the muffler inlet tube is configured
such that upon final assembly, the outlet end extends within the muffler housing to a height

approximately 40% - 60% of a height of the housing.
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being | ess than approximately 38 mm 44. The pneumatic val ve device of
claim 41, wherein the muffler housing includes a side wall, at |eastZdEC 2003
portion of the side wall having a thickness in the range of approximtely
0.76 - 2.3 mm 45. The pneumatic val ve device of claim4l, wherein the

muf fler inlet tube is configured such that upon final assenbly, the outlet
end extends within the nuffler housing to a height approximtely 40% - 60%
of a heigght ' - 2 - .pneunmatic_val ve devi ce of
claim 414,g' mgﬁ’g?ﬁ&{‘ﬁgygﬁﬁ?ﬁg%@gﬁt ?g%e'lﬁ%?eaﬁu%ﬂggs 2P Vo ?Jerlr@mfﬁ the range
of appr oflumetethy rigeofeppRRimatcdBs.Q x 103~ B 1 ¥numbandmsiwss in thedrengeadige of

appr oxi %rﬁii&a@ly@f— Lo Qrag{ am 26
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