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unacc le level, possibly causing 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 eight-hour period. International

standards require hearing protection for noise levels in excess of 80 dB over an eight-hour

period. Notably, exhaust noise at iess than 80 dB, or intermittent noise at levels greater
25 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
forget to wear the hearing protection, or may simply choose not to use it due to perceived

30 inconveniences. Additionally, other nearby workers or visitors who do not wear hearing

protection will be subjected to the same noise-related concerns. Alternatively, a sound
barrier or enclosure may be placed around the device. In many instances, however, this
approach is not viable from both a cost standpoint and because an external barrier might
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20 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
material. However, this additional material or material density will likely increase back

25 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 iength in the range of 4 - 8 inches (102 - 203 mm)
and an outer diameter in the range of 1.5 - 4 inches (38 - 102 mm).

30 Pneumatic mufflers adhering to the above-described dimensional characteristics
have proven to be highly effective in attenuating pneumatic exhaust noise with minimal

back pressure. Unfortunately, however, certain pneumatic device applications do not
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20 provide sufficient noise reduction.

Mufflers for use in attenuating noise produced by pneumatic devices continue to be
extremely popular. However, where the particular pneumatic device has very limited
clearance space for receiving the muffler, “standard” sized muffiers cannot be used.
Efforts to design a viable, reduced-sized pneumatic muffler have been unavailing.

25 Therefore, a need exists for a pneumatic muffler having acceptable noise reduction and

back pressure characteristics that is sized for use with restricted clearance space
applications.

FR-A-2055030, US-A-4,424,883, US-A-4.7 i i
muffler conaiaa 203 , ,749,058 and JP-A-05195747 disclose various
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Anather aspect of the present invention relates to a muffler for attenuating noise
20 produced at an exhaust port of 2 pneumatic device. The muffler comprises a housing and
an acoustic barrier material. The housing includes an inlet and an outlet, with the inlet
being configured for mounting to the exhaust port. Further, the housing has a maximum
width of less than approximately 1.5 inches (38 mm). For example, in one preferred
embodiment, the housing is frusto-conical and thus has a maximum cross-sectional
25 diameter (or width) less than approximately 1.5 inches (38 mm). The acoustic barrier
material includes a plurality of microbubbles and is disposed within the housing. More
particularly, the acoustic barrier material is configured to conform to a shape of the
housing. In one preferred embodiment, the housing defines an extension length of less

than approximately 1.5 inches (38 mm).
30 Prior to use, the muffier is mounted to the exhaust port at the inlet. The limited
maximum width of the housing facilitates the muffler being mounted in a confined area.
Further, a series of similarly configured muffiers can be placed side-by-side as part of a
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DESCRL PT1 . THE DRAW NGS FL.G | S,.a perspectiv iew of a nmuffler in
accor Eg%ec{gl\l \i'\ﬁl% P eth’F’Qgé%mFﬂ(}%'?éi tgrthe s%"@ statg, s‘“éhy'@hwﬁrwggiﬁde,

cr oss relativelyorigid. v e thio frelativedy $ighl staey theddcodftid barigt iatetial s@ledasca 1, 20

FI G i S }a?n. | ar ged, tﬁldemcro s-sectional view of the muffler of FIG 1,
shown °2f} o’d‘?l"&’ crune the-muffler af thednlgtr shective view of a cover portion of
tshe muffler of FIG 1; FIG 5 is an exploded, side view of the nuffler of
FIG 1; FIG 6 is aprue AR fa v gunmat i c devi ce

incorporating mufflers in _ )
FIG. 1is a perspective view of 2 muffler in accordance with the present invention;

FIG. 2 is an enlarged, side, cross-sectional view of a housing portion of the muffier
of FIG. 1;
20 FIG. 3 is an enlarged, side, cross-sectional view of the muffler of FIG. 1, shown
without a cover;
FIG. 4 is a perspective view of a cover portion of the muffler of FIG. 1;
FIG. 5 is an exploded, side view of the muffler of FIG. 1;
FIG. 6 is a side, clevational view of a pneumatic device incorporating mufflers in
25 accordance with the present invention; and
FIG. 7 is an enlarged, side, cross-sectional view of a portion of the device of FIG.
6 depicting airflow through a muffler.

E D TION EMBOD
30 One preferred embodiment of a muffler 20 is shown in FIG. 1. The muffler 20
includes a housing 22, an acoustic barrier material 24 and a cover 26 (shown partially in
FIG. 1). In general terms, the acoustic barrier material 24 is disposed within the housing
22. The cover 26 is mounted over an end of the housing 22.
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20 from the inlet section 34 to the outlet section 38 such that the outlet 32 has a diameter
greater than a diameter of the inlet 30. With respect to the longitudinal cross-section view
of FIG. 2, the frusto-conical shape of the side wall 28 at the central section 36 preferably
forms an included angle in the range of approximately 100° - 170°, more about preferably
125° - 160°, although other dimensional characteristics may also be useful. For example,
25 the central section 36 may be cylindrical. Even further, the central section 36 need not be
circular in transverse cross-section. For example, the central section 36 may assume a
triangular, square, octagonal, etc. transverse cross-sectional shape.
In a preferred embodiment, the central section 36 preferably forms a plurality of
airflow apertures, shown generally at 42. Each of the plurality of apertures 42 extend
30 through the side wall 28 to allow airflow from an interior of the housing 22. In one
preferred embodiment, the plurality of apertures 42 includes a first row of slots 44 and a

second row of slots 46, with each of the slots 44, 46 extending in a circumferential
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Essentially, the housing 22 can be any moldable or machinable material such as, for
20 example, 2 ceramic, steel or aluminum, and combinations or compositions thereof,
Taken as a whole, the housing 22 is preferably sized for use with a pneumatic
device having a limited muffler footprint or clearance. More particularly, the housing 22
preferably has a maximum width (defined in transverse cross-section) that is iess than 1.5
inches (38 mm), more preferably less than about 1 inch (25 mm). Thus, in the one
25 preferred embodiment where the housing 22 is circular in transverse cross-section, the
housing 22 preferably has a maximum diameter (or width), defined by an outer diameter
of the side wall 28 at the outlet 32, less than about 1.5 inches (38 mm); more preferably
less than 1 inch (25 mm). For example, in one preferred embodiment, the outlet 32 has an
outer diameter of about 0.94 inch (23.9 mm). The interior width (preferably an inner
30 diameter) of the side wall 28 at the outlet 32 is dependent upon a thickness of the side wall
28. In a preferred embodiment, the side wall 28 has a thickness in the range of

approximately 0.01 - 0.1 inch (0.25 - 2.5 mm), thereby maximizing the inner width or
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32. Finally, following the manufacturing process described below, portions of the acoustic
20 barrier material 24 preferably extend through at least one of, preferably each of, the
apertures 42 so as to secure the acoustic barrier material 24 to the housing 22.
In a preferred embodiment, the acoustic barrier material 24 forms a core passage
54. As depicted in FIG. 3, the core passage 54 is open at the leading end 50, and thus in
fluid communication with the inlet 30 of the housing 22. The core passage 54 extends
25 downstream in a generally axial fashion (relative to a central axis defined by the housing
22) from the leading end 50 toward the trailing end 52. Preferably, the core passage 54
does not pass through the trailing end 52. In other words, the core passage 54 terminates
at & closed end 56 positioned upstream of the trailing end 52 such that the core passage 54
is closed relative to the trailing end 52. In 2 preferred embodiment, the core passage 54
30 extends beyond the apertures 42. In other words, the closed end 56 is preferably
positioned downstream of the apertures 42. Finally, the core passage 54 preferably has a
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20 As used in this specification, the term “ceramic” is understood to include glass. The

acoustic barrier material is preferably characterized by either a porosity of about 20 - 60
percent, or by voids between the microbubbles which have a characteristic diameter within
an order magnitude of the viscous skin depth of the air flowing through the muffler 20, as
calculated at 1 kHz; an airflow resistivity of about 0.5 x 10* - 4 x 107 mks rayls/meter, and

25 an attenuation of sound comparable to mass law performance. The microbubbles can be
sintered into direct contact with each other, or one of many types of binder material can be
used to support the microbubbles within a composite material. For example, the binder
may be made from an inorganic or organic material including ceramic, polymeric, and
clastomeric materials. Acceptable materials for use as the acoustic barrier material are

30 described, for example, in U.S. Patent Nos. 5,658,656 and 5,504,281, the teachings of
which are incorporated herein by reference.
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inch (0.25 - 1.2 mm). Further, an outer surface of the flange 72 may be knuried to
20 facilitate manual mounting of the muffler 20.

In one preferred embodiment, the cover 26 is comprised of the same material as the
housing 22. Thus, for example, the cover 26 is a molded polymer such as polyamide or
polypropylene. Alternatively, other relatively rigid materials may be used.

FIG. 5 depicts assembly of the muffler 20. Following formation of the housing 22,

25 the acoustic barrier material 24 is inserted therein. To this end, in one preferred
embodiment, the material selected for the acoustic barrier material 24 is flowable in a first
state. For example, the acoustic barrier material 24 may be in a powder form, or may be
liquid-like in the first state. With this configuration, the acoustic barrier material 24 is
effectively poured into the housing 22 in this first state. For example, where the acoustical

30 composite material 24 is a powder in the first state, an air injection-type device can be
employed to blow the powder into the housing 22. To prevent release of excessive

amounts of the acoustic barrier material 24 through the apertures 42 during this insertion

10
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an annul ar recess 76 (shown best in FIG 7). The annul ar recess 76 iSZSﬂEZCe[ﬂUS
to receive the annular rib 48 (FIG 2) of the housing 22. Wth this
configuration, the cover 26 is nounted to the housing 22 via a snap fit.
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barrier material 24 within the housing 22.

Alternatively, the acoustic barrier material 24 may be formed apart from the
housing 22. That is to say, a block of acoustic barrier material (in a relatively rigid state)
may be processed (e.g., cut) to 2 size and shape corresponding to an internal volume of the

25 housing 22. The core passage 54 may then be formed by a boring operation. Once
properly formed, the acoustic barrier material 24 is then simply inserted within the
housing 22.
The cover 26 is mounted to the housing 22 at the outlet 32. In one preferred
embodiment, the cover 26 is secured to the housing 22 by a snap fit, although other
30 mounting techniques may aiso be useful. Notably, because the acoustic barrier material 24
is solid and independently secured within the housing 22 via the apertures 42, the cover 26
is preferably not required to maintain the acoustic barrier material 24. Thus, the cover 26

11
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ousi n en .be forne a oper at i on.
Cnoe | haiGtacsbify SR4G BRESEAE TR ohtPhelroh B Fimiblch. | Biepa Y )
i nseLtﬂémﬁl lhmhialyfbehmﬂg?ﬂagleﬂa&emnb fat&ﬁwitﬁaﬁiﬁh&ﬁtdi@tﬁeﬁgh&ﬁnm%i ng 22
t he ,out n on err e t he cover is secured to
'?] e hoﬂ%‘f‘?f'g Hﬁ%‘ﬁéﬁ gﬁ"ﬁ‘“‘é‘?"{ ﬁ\?ﬂ’é‘H“%ﬁhNE &‘SG“WBG’P&‘# AP tHeMPRSes nay
al so_bnclisidglthred\phalthatic VAVRUEER (ShEwACESElIG HRAFIC. %), BEHE TorMingAni S SOl 1 d

and |ndepen entl%ésecured within the housing 22 via the apertures 42, the
cover r aBt general tewns, i apemntion ofpeash s0fnthe pneumetic tvalvep A0Ri er

rraterlga. Mnﬂ%&&é{ BSuahlpCRS2000 MR AUHAREE P HRA00R1520 | <

not a necessary el enent . ver ur poses, e cover 26 may
be prSurrekair wmmseﬂmnchm ponw«)érveouldwbecamdsghlg nb'hulnnteresuhmgnn abis€4 i s not

c1l gglogceme of%u@h er| %ﬂe%%??ﬁf%?n H_gr %ﬁgﬁtsﬁa 22. S

Upon flmhtlmehﬁohofﬂhamﬂsibamsm respmedyto attenuat e noi se produced by

$hepcgr\r}rgt | f’norato eagt{otet}l(xg%lﬁ?érs EJ) are mount & Srespectxa pnveeut;rn%tolfcth Vexhaustal ugs 02Nk 100.

ports 104, For example, with standard pneumatic valve applications, each of the exhaust
ports 104 are threaded. With reference to FIG. 2, the housing 22 associated with each of

20 the mufflers 20 is similarly threaded for a threaded mounting to the exhaust ports 104,
respectively. Alternatively, a variety of other mounting techniques may be incorporated.
Importantly, the pneumatic valves 102 associated with the valve bank 100 are depicted as
being closely spaced to one another. This arrangement arises quite frequently with
commercial applications, whereby the pneumatic valves 102, and thus the exhaust ports

25 104, have a side-to-side spacing of less than 1.5 inches (38 mm). Under these confined
clearance conditions, it is impossible to use “standard” mufflers due to their oversized
housings. The muffler 20 of the present invention, however, can be used with limited
clearance pneumatic valves 102, as the muffler 20 has a maximum width of less than
approximately 1.5 inches (38 mm). Further, because the muffler 20 extends from the

30 valve bank 100 by less than approximately 1.5 inches (38 mm), the opportunity for
inadvertent contact and damage is greatly reduced.
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bank 100 may be fornmed as part of an auxiliary device (not shown), sung@smﬂa
a manufacturing and/ or processing device or pneumatic robotic application.
Al ternativel the nuffler 20 may be used with a single valve oci at ed
with a Wﬁ’rﬂﬁ"‘%ﬁﬁot her pneunatic 10 device. Wth respect tm%”ﬁié’ﬁi cation
shown in FIG 6, the valve bank 100 is shown as including three pneumatic
~valves 102 (shown generally in FIG 6), each formng an exhaust port 104.

N Jener 2l DREBauBPRS fe Al Yhanf 100 AL IINLRIB UIRNIGe W8I FPodiizs oI "L

~pressurized air exiting throug € respective € f left
open, thtiexhaust pasts 4y Anxindividual lvac of it stufftess 26 withdomool the lppeaimidi ghl y

t ur bul ' I n_noise. .l hi,s noi se i s attenuated by associating a

mt 1/ gy 108 S8obiAtn aleal Rt i 2 A1 e FTER A R EMECR © he

ex hausﬂndpimdirectéd)dqwnmmcds\ivatd:cdye ;d?misﬁ)d;]birﬁeuﬁ@neriﬂwgﬁéwh hﬁtm&w&sﬁr s 20 ﬁr e
untegd to r ectiye aong of the exhayst , ports 104. For exanple, w't

2? and @%ﬂ@ﬂﬁgﬁﬁcmwgre\%%i‘%é‘f ‘,"“é;cﬁaétfe e Passagr 3 toyasd the 104 are

t hr eacierkmsifédn portibR 60T Thd Scoibtie batrier MBteNPUE], Ns Phe a& i) each of

20 the nufflers 20 is simlarly threaded for a threaded nounting to the

exhausiowpsiream peion 60 peasents a bairipr tonghe airflaw; \Farther, a crassisetipnaliares ofer
ti ' ' A ti |
mount | g adRRHNbEHES RIS, s E0RARA Btk Pghgge%p%gghké 104" ERRRYIRL L ¢ val ves

102 associated with the valve s perng T Ysel y
spacedhe acanstic baemaaterialiddstransfeshagoustic energystechegtienergy by inemttion of t h

' . ' . : ti I 102 d th th
B e SsnfRngle G nfaic MEG Ml 200N ot ol loudl tefiuines”  nhes

l(J gg mb)urndﬂnmv:naﬂ Ré peesents bn exttemely Eaganmaba@idinail Otdfuoid pwi ble to
(1 SE, AH Be EgK e ieed
pneunsielocity,adresing Hmoreahaniihe oW, f eis wWali RadwmtHIBXmiHER X deks hass t han
T i R e, RIS RRacng clgier Lssoctakedh wilioReRIaNa  Srfipws. T Hemafare( 35 )
5 ﬁ%?%"“v’%* g0 meybaCRA TonS BT priifrré] ShpokleRC) 2 100,

the mfF e Agousc uBRterislo?4 dessribad abavat the thicknsen doe height)tof thea. An
Shown e antdiiol PO nfid crlEhe.ir' e Hhiee T iphinallly BICY PR inGips 151 e I nier
30  arfe M) 4 perduesFigrifipast sicflow alowation, aid:thas noiss, redubtionsi dhiseffeet isal 24
(' showy eyl Qnﬁﬂc%} forming the downstream portion 60 as a continuous disk, directly in
20 the airflow path, thereby providing a relatively substantial airflow interaction surface area.
Finally, some additional noise reduction is achieved by the acoustic barrier material 24
absorbing a portion of the sound waves, as well as through sound wave cancellation
occurring within the housing 22.
It is recognized that not all of the air entering the muffler 20 will be directed to the
25 downstream portion 60 of the acoustic barrier material 24. That is to say, due to its
turbulent nature, portions of the airflow will project ina generally radial fashion through
the core passage 54 into the acoustic barrier material 24 at the upstream portion 58. Once
again, the acoustic barrier material 24 at the upstream portion 58 serves as an airflow
barrier, altering airflow characteristics. Because the acoustic barrier material 24 at the
30 upstream portion 58 is relatively thin (radially), airflow will likely pass through the
acoustic barrier material 24 to the housing 22 without significant alteration. Due to the
frusto-conical shape of the housing 22, however, this airflow is subsequently directed
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5 Amjority of the turbulent airflowis directed axially via the corepee 2003
passage 54 toward the downstream portion 60 of the acoustic barrier
material 24. As previously described, the downstream portion 60 presents a
barri enydy gr/idgss ai rflow. Further, a cross-sectional area mfTUs%R1800USti C
barrier material 24 is greater than that of the exhaust port 104.
Effectively, the acoustic bander material 24 transfers acoustic energy to
heat energy by interaction of 10 the airflow with the acoustic barrier

mat er | ddwrdtteaninwherei it rensowpérs ddditiohal adoastic dbusier anatbidl ride surfiek vkl 24

presents .an extrenel yv.l arge nunber of s | ,. tortuou assageways .to the
airfl g%”rth ’rtﬁfp@ﬁt%%??rsﬂm Muwlydﬁ‘?‘ftg?éﬁ f?ﬂ'i"é’l?@h"fﬁgg'i‘%gi@égﬂ/ays at a
r educerdiatedeidiidst Y Thiis, ¢ pregerfedflsto-tariéd) dhapd BfVthe! hodsthg 2 Faclfitgieda t hat

| am nar, ai _rfl.oyl\/,ﬁ_aoes not create the pressure-produci ng eddi es associ at ed

with taliersioain aiflow agd, thusareduetiosignoises T sunimdze back pressuse, sipomion se.

t abl §fthd bicfiRe i ' Enteehigr red conposition of the
gﬁoust?fgh%ar ri eﬁmngplee??‘g%fgagglgwﬂ‘gégabove?ﬁt he thi ckness (or height) of
t he downstFheamufiler 20 ofithe@reseatdinveritipn ipeovidest shgnificant soisd atenpationi Rakel y 0.1 -
0.3 ingh (2pd = 7, 0.produce significant airtlow alteratign, and
t hus n%‘!ag" Ie, &@‘u%?‘?%'ﬁ?%ﬁvg hg?'llngc?f' qegn %ﬁ*’%‘éf P@@ﬂﬁ&ﬁfé’@ﬂ““ﬁb‘ ﬁﬂgﬁi"gg t he
dovxﬂstawwmh ':Eametyi - g_m dB, the momeirao?wm réﬂblﬂk,pndjlrhiﬁiﬂv!rﬂﬁ ¢khakt pbR naise f | ow
pat h, there rvidin r tive tantial airflow interaction
Sur f ack algast 18 al’l’?'ﬁ?"%ﬁfﬁg'lﬂﬁd?‘tlr%ﬁﬁjg ;i Teest pEeferablydyy stdeast R0 dBed by t he
3¢ oust infpdp@ntlty, € theNRiu€drad0 Jftoviddss Midi idtsed aRQuation ‘lei Eﬁniﬁr{?ﬁ:{ pagles, as

within

wel | as through sound wave cancel |l ation occurring he” housi ng 22.

It i s Presytei Theiprefrared compasition pf thecacqusticcharnier majeria @4randfshape ofthei | | be
di rect : ieilat ] st ST oISt | ' mat eri al
24. Thlgdtas?‘g %2;&% gla ,aldue to&??gﬁ rt)t'?alr'}rElb"(g'l“'{'esnt ng‘ft &E%,S@%to'!rﬂ ioobﬁﬁ%tb%{'{dﬁ%w airfl ow
Wil | pepsftutes 42 abgyeexampld, yatr ziflow ritastin ahe tdangeugfi 5 +h30 cfin (1ph848ige 54

. : ; ; 4 3 h ; 5 on
agai n, e e RRfScr 30 oPOHEE Fback bslsule 5 b it PERRRRTERY80 Cor ves
as an pei (Jd-oM3 kPa)rier, altering airflow characteristics. Because the

acoustic bagrier materi 24.at the 30 upstream.,portion 58 is relatively
thin (radi Zﬁi‘w'}w&’}#'ﬂ &5 P theiRreseqt oyention provides # parked: BRRTOYCME, 1 i er
mat er i ger fevidust deighe USTHeOmaflewii§ BapableSoDbéihg Gaitfurlydibdd ffr R0 wilhlg tO the

frusto-coni gal shape of the housing 22, however, this airflowis

subs ecREHMASIC aRivec pising Ymitegrmutlisn Fieanse/ spaens PudikeLmorally sopilehlonst r eam
wher e pdeufiafi® HitRers haddg biadledrs QIS dF RERdsRTs WA Fiddabngfks i ekEase area.

20 of 5 inches (127 mm), the muffler of the present invention is specifically designed so that

it is capable of having both a maximum width and extension length less than

approximately 1.5 inches (38 mm). With this greatly reduced size, the muffier can be used

with vaive banks having highly limited center-to-center exhaust port clearance. -Further,

the muffler of the present invention minimizes the opportunity for inadvertent operator

25 contact and subsequent damage. Finally, unlike the few other reduced-sized mufflers

currently available, the muffler of the present invention can provide significant noise
attenuation with minimal back pressure. |

Examples

The invention has been described with reference to various specific and preferred

30 embodiments and will be further described by reference to the following detailed

examples. It is understood, however, that there are many extensions, variations and

modifications on the basic themes of the present invention beyond that shown in the
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Further, the frusto-conical shape naturally limts the formation of D
turbulent flow and related eddies. Thus, the preferred frusto-coni cal2 ¢ 200

shape ofyd bEideeusing 22 facilitates a alteration in airfl,bg. s?ﬁ?lh qus a
reduction 1n noise. To m nimze back pressure, a portion e airflow

Is allowed to exhaust through the apertures 40. The muffler 20 of the
present invention provides significant noise attenuation. For exanple,

With aepamplentand degfiled desotptionaWhde Breeih Ak lﬁp&ﬁd %%Op?okquél prdskntt he range
of approxi rrately 50 - 100 dB, the nmuffler 2 ce pneumati c val ve

exhaust™§BHeMnoi se by at |east 10 dB: nore preferably by at least 15 dB;
nost pref er abmufiay wak p l-éiﬁﬁh1@ch$ﬁian39v)n'ﬁﬁoﬁr’eﬁprreﬁ\émbBc'iiﬁ-nem'r'{glffeJthrpe provi des

this n0| se attenuatlon le mnimzi ressure erred
conpos MYeBHon haying apoliamide (nylan 6,6 r eqedamttm%w vetighpe2last) housinghousi ng

2% 1 aphiliyardbiafict B4 oY ARG S BuhklhOH fiEheRP 3T infl oLt & 32

and the apertures exa
cf m (1ammpasi 1.0 gramsofie mltlm)'t,s hthetghf f)bwderad)epui:qchmas ghsd ptidrobubdigur e in

the ra nat el 60, 15 psi (34 - 41 Pa). .Th neumatlc

mut 1 Pt pRRRleRita R e M 56 P %°~%Wﬁééiﬂﬁm%ﬂ

previ 009 idels (2B mm} live lewgthl | &9 & pointoPrRBdrence] the KuFBertid AUEnYIudd Z%Mror use

with a eu ticv e havi lim ted nmuffler clearance space. Unlike

gener af ’HEQ (o E’E}dﬁﬁg Bt FReemuttien was gepred toraa W@%@fs of 3

| YChes phelimatie) vilvel de@p@t NFhd PnérRRSvale Q\fras5th'eﬁ‘q%%ﬁ: tE.Zd io Agamuf fler
ed so |

of the present invention_ is specifically design |s capable of

havi ngMsa®ited, Jrparticulan,p Briel & Kiaex (Tyns |2M|4 IRehlngmeIM Ghanmel fagml mat el y
1.5 i ngRAvzer 3Rcrphone vk g n be used
with vaI ve banks h%'{?l ng ﬁla&hdszg |mtg60f ter gz“g’ed er e h'g{"%g
cl ear aful #rl wnpulse mrweommmttwmduwnmdﬂmmaﬂymhees t he
opport ont ac d subse ent damage.
Fi nal | sﬁi%% trﬁaﬂ*ew ot neegarg{elggggﬁagf M ¢ PW 18820 | abl e,
tife nuinchsure of thchmcpteqsm for theceytlinder mmaww;m&hs pmnialneam\femevi&e

ssur.e. | es. The |nvent|o has been

tt { t
Sesgpr é&\%% ré"rngiée%fa?&e‘t 215%%? g‘ﬂ’s"%‘f%’@f feeove dims & & fangionpf, di ment s
and wi presture finthehsysteniofeqy, Izbeﬁchuser inf ek Presshr@ daliRs fafl|ih@¥dse On E9ligder €d

exanpl es. It IS, u ers%'ood g er, that there are nmany extensions,
vari at [SRETY ) 5 SoneR & if GaRAsSted fto @hpnegmatie valve nvent i on

beyo nddiﬁ&t, aﬁjﬂm préssiird @auséd By kelmdB183 will increase cylinder recovery time.

20 With the above parameters in mind, measurements were taken during operation of
the pneumatic valve both with and without a2 muffler. The following results were
obtained:

Pneumatic Valve Performance Without Muffler

Sample | Sound Pressure Level | Cylinder Recovery Time
1 94.0dB 0.33 seconds
2 94.5 dB 0.336 seconds
3 93.5dB 0.336 seconds
4 95 dB 0.337 seconds
Average 94.5dB 0.337 seconds
15




WO 01/ 14695 pCT/ US99/ 21820 exanpl es and detail ed descri ption,

the spirit and scope of the present
accordance with a preferred enbodi nent of the present

nventi on.

A muffler was prepar

whi ch ggﬁﬁtﬂma

i nvention, having a

pol yam We 01i14498n 6, 6 reinforced with 33% by wei ght gl asRCT/HS9ZiI¥E§ 5 with

an exterior

m cr obubbl es

ri

f%%%

t he
The

r ef erence,
in FIG 1).

MSempR'
mift | e

b LrtQLHER

feance i

was secured tol a

er naterlal Wi

|l ength of 1.2 inches (30.5 mm and maxi mrum di aneter of 1 inch
(25 M and 1.0 gramof a 2:1 parts by wei ght powdered epoxy resin:
ceram c_acoust

inch (9.1 nm) in di anBReUMmagRYa

gl ass
th a core passage 0. 36

efl n length. As a point of

l?rﬁié FRe

exnausg

S

the cover 26 shown
a 10 pneumatic

val ve device. T

he pneu

matic VéﬂBe vas

measured. In p
frequency anal

treuta
yvzelr m

y (84 r\j
~rophoze3§as pl

( hen Oojdrsetamisand

§E ??ﬁ%@%‘é’s( 61

vari ous data
Ti me Dual Channel
cm) and at a 45

degree angle fr
second w ndow.

om Bhe
Additio

muf f | g8 dBSound

al-l v t.he oyl

der

val ve was meas\

red4 Cy

i nder 7 8Bovery

tlneq3§

Was m&aﬂ;das an
$eqandseas

i npul se in a one
of the pneumatic
re of the tinme

required for t

CAbera e”

er a TEe0 W

LTIl

ttc—jval ve device to

{0.360's , . :
cylinder recoveryjtime is a function
an increase in back pressure causes

conpl ete a sindlLe_st e. Effectively,
of back pressure in the system (e.g.

[ d | e, ffl
S connect AHUPE o B, By b 4B sty willSTienie it o by (o

muf f | embodirﬁenm ovotkeaeskiNed indRe art RGN YRbEniké Rt chAgd by bE thadd By formar anet er s
GP m nd ?W‘@P wer e tak n during operation of "~ the pneunmatic val ve
ot 0

h g el aging, FOMhe SpI 5nd|SCB08 ﬁtj the. prasens ippansion.obFeri ned:

Pneungkafip 1¥a¢vuﬂ B heffiRp |
Level Cyl i nder R?acovery T%éfgid&%%%’%gﬂcg con‘dﬁg aeggﬂgg?i‘@%ag%ggls%conds

393.5 .conBgwationsd may o ymfula3 Fos caxample, Abe hoysiog . Bayd b, 83ylisdeconds 15 2
REC 29@%9}{ ﬂaﬁ@%ésmg may have multiple changes in diameter. Additionally, while the

acoustic barrier material has been depicted as being formed contiguous with the housing
outlet, other relationships may be employed. Thus,

10 the acoustic barrier material may

extend beyond the outlet, or may instead terminate upstream of the outlet. Similarly, the
leading end of the acoustic barrier materizl may be positioned contiguous with the inlet, or
may be spaced therefrom.
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Pneumati ¢ Val ve Performance Wth Muffler PCTALJS'/ 21820 Sanpl eSound 7 BEC 7003
Pressure Level Cylinder Recovery Tinme 176 dBO. 363 seconds 275 dB0. 360
secondsy@ynn9k’. 360 seconds 476 dBO. 359 seconds Average? &8R18260 seconds
Al t hough the present invention has been described with reference to
preferred enbodinments, workers skilled in the an will recognize that
changes may be made in form5 and detail w thout departing fromthe spirit
and scWibet istclairhed isr esent i nvention. For exanple, while the nuffler has
been described as incorporating a fiusto-conical housing, other
configuratipns be useful .. For exanple, the housing may be a cylinder.

At er it § v e PUrRIor BHraRFHN fojseipaoduicad, bt ansibassh 4 06 3 Pheuthasivedevice.

Addi t i theahdffler cohiptising:ne acoustic barrier material has been depicted as

bei ng forned cont i_gLfO S wth the housi nq}néo outlet, other relationships may
be enpl oyed housiRg inglyding,an indetiand pa optlet; thednlet configuned formountingytotie t he
outlet, or may iR haeiad t . let. Simlarly, the

| eadi ng end of the aig’(sjblﬁ?'irc Bart??&egféhglt%g{rpioﬁhenﬂégs@%kp%'sﬁt%%%“&c ti guous
with the inlet, thatthemyiethas gsianester greatesfthama dibter 6fiGe A&3aD 01/ 14695 Wat
Is clainmed j.s, . A her for attenuating nojise produced
at an exhaudgt acpogﬁly y&?ﬁ?ﬁ%&éﬁ%"%%@“ the, houning: | the aco |'§4"ﬂﬂ'p a

housi ng i ncl udi meaterial iimiledingiradplaralioy tof ahicrdbabbles bfd beingf édifigarddf @r nMount i ng
to the exhaustscggéq%h whghrasi nt.%‘ta | east a portion of the housing is
frust o- coni cal 193, hapRRIBEAPUING s o di ameter greater than a di aneter
of the inlet; and an acoustic barrier material disposed within the housing,
t he agpusti.c bargi er terigl i.ncluding a plurality of m crobubbles and
bei ng Tonf iﬁ’ﬁr'@ﬂﬁfﬁ °f8§FfFolrrﬂ’ e5ein the, hpusipg defigesasuentengionDlengtheuponf f | er of

cl ai Matsemiidpictdnexhilft Por She GadRionNErzRBeify 180 #aR 98 hiNot h upon

3. The muffler of claim 1, wherein the outlet of the housing is open, the muffler
further comprising:
a cover configured for placement over the outlet, the cover forming at [east one
opening.
4. The muffler of claim 1, wherein the housing is defined by a side wall having a

plurality of apertures for allowing airflow from an interior of the housing.

5. The muffler of claim 4, wherein the plurality of apertures includes a plurality of
circumferentially extending slots.

6. The muffler of claim 1, wherein the outlet defines a width that is less than
approximately 38 mm,

7. The muffler of claim 6, wherein the outlet width is less than approximately 25 mm.

8. The muffler of claim 1, wherein the acoustic barrier material is a ceramic.
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assenbly to an exhaust port, the extension |length being | ess than 38 nm 3.
The nuffler of claim1, wherein the outlet of the housing is open, th&DEC 2003
muf fl er further conprising: a cover configured for placenent over the
outlet, WRAM§%r forning at | east one opening. 4. The MEFVE2PROc|aim 1,
wherein the housing is defined by a side wall having a plurality of
apertures for allowng airflow-froman interior of the housing. 5. The

muf f | ergof o WA uralit f ertures.includes a plurality
of circunfer enﬁug]?ﬁ§@eﬁndﬁ’%h§|“§t @'.e %%ug'r?eg f ateripl nfgf‘ﬁ% AultiplGher ei n
t he outtostowsqgiassagewsys\oritedudihgsirfiow velssity,. han approxi mately 39 mm 7. The

muffler of claim6, wherein the outlet wdth is | ess than approximately 25
mm 8. The muffler of claiml1l, wherein the acoustic barrier nmaterial is a

cer ani c10.17 THEGRATRS of\@lafid 1] 4A8%inAGE hbiRidL k3R itye” &Em-@l aiml1,
wher ei nthe acoustic parrier matler_i al fcl)rgrzns wft?ﬁ?@ltmftahous aafs;"isageways

for re HoWAPTEN BOFLORS §f|the, acaustic Thasrier,mptesial gktend dinta the plumliti of t he
hoUS! N Caplefiiites féeciirelthd Hicdlabdohafier ALIA ifthe HRliing f UT LIET wherei n port i ons of

the acoustic barrier material extend into the pturality of apertures to
secure the acoustic barrier material to the housing. 11. The nuffler of

cl aimly; wh [ [ rrier terial is cqnfi ed to form a

core pal'sls'ag:ﬂfen ?Efﬁgmn%% ’lnéﬂﬁe oHH! %%"FW@H&% itAdom i al |y

t owar d & here pagsapein ffloidicohmsaidationdwith the GflércaPeaadingd akillly ¢hes8dhat the
of claim,1 erein the housing includes a side

| et. T ff 1,
3/3} I e]E oorurj%%tnta ‘}?"%ﬁﬁﬂﬁ%?%P%W}seﬁgseéﬂhthﬁwﬂﬂer wherein the closed end

is downstream of the plurality of apertures. 13. The nmuffler of claim11,
wher ei n .t he .acous 'csu?ar rier materjial is defined by an upstream portion
form ng% he r’@“b{% gdaigh dL.awhergins thechowsingr inclydesiafside wgll tfoemingased and -
and extphadiity®f'aBertiis, @4 hifither WaEreHIOND SIS &PIRARL HhinA Pa%}ﬁv linfapess in
the range o agproxi mately 2.5 < 7.6 mMm 14?39'Fhe nu %ﬁm%ﬁhﬁq‘gﬂf]l&

wher ei BPERWeHownst ream portion is continuous across a

13.  The muffler of claim 11, wherein the acoustic barrier material is defined by an
upstream portion forming the core passage and a downstream portion defining the ciosed

end and extending to the outlet, the downstream portion having a thickness in the range of
approximately 2.5 - 7.6 mm.

14.  The muffler of claim 13, wherein the downstream portion is continuous across a
diameter of the housing.

15.  The muffler of claim 13, wherein the core passage is configured to direct airflow
from the inlet to the downstream portion.

16.  The muffler of claim 1, wherein the muffler is configured to reduce noise entering
the inlet by at least 10 dB as compared to an open exhaust port state.
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di ameter of the housing. IS. The nuffler of claim13, wherein the core

 passage is configured to direct airflow fromthe inlet to the downst? 856003
portiorl?4 ]b “ge muf fl er of claim1l, wherein the nmuffler is con{| ured to
reduce WOOLA4R o ng the inlet by at |least 10 dB as cd’ﬁé‘l’ an open
exhaust port state. 18 2 DEC 2003 WO 01/ 14695 PCr/US99121820 17. A nuffler
for attenuating noise produced at an exhaust port of a pneumatic device,

the mypfl el AOMARF bt aRBnuadnd A F'Hggdl %haus %(Q_t st andg?ﬁ ?ut let, the

inlet configured for nount ng t F¥%0usi ng
def i nthe reufigseomprisidgdt h of | ess than appr oxi mately 38 mm and an acoustic

b ithin th t b
matertal 1 hopbdte eRBABE el gided Afiel 308 itk contiguued B mpuping Iapred o
conformto a shaﬁmunfponhwhbtws'th&gxoui&g Mﬁeﬂfﬁdxﬁﬁu@fmﬁhﬁéﬂéﬂthaﬂmerei n at

| east a portion of the i ng frusto-conical such that the maxi mum
width is proxi neAPr ?ﬂ'@“&B’O#Z'Pm I@‘f The nmuffler of clai m 17, wherein the

maxi num wi g cedstit Nk Ushtedall ﬂnsb&b%& WHBA thePRISH g, 0. The
muf fler of claim 17, wherein the housing defines dan extenS| on ength upon

assenbly to an WRiHasinclyding a tpheralityt of sierabubblest sndobéing) coafigured o
appr oxi mat el'y - 3&n#%hm 18 b shdp¥o f'THéﬂ%L%L of claim 17, wherein the acoustic

barrier material conprises mcro l1t%[es bound together at their contact
points. 22. The nuffler of claim17, whereln the acoustic barrier materi al

i's cof§ i gUiRdm |UI mruni cation with the inlet
and e§<§t endi ng E:gl“cérogﬁﬁqn?l O‘?ﬁegﬁﬁ?%gt c%? 'OBQ 8”‘?5%5 ﬁ%‘ﬁ%\ﬁc‘gt t he
out | esuch 2imt thgrmeaximifml veidthoif podxdmah tA2 puthdrer ei n t he housi ng i ncl udes a side

wall formng a plurality of apertures, and further wherein the core
passage extends beyond the plurality of apertures. 24. The muffler of

cl ai M®3, Themeiflerofielaits AT vhéreliothe IfdxidBinokide of the AehdifleH 1% diy upstream
portion for me{}gzst he core passage, and a downstream portion defining a

cl ose mat

20.  The muffler of claim 17, wherein the housing defines an extension length upon
assembly to an exhaust port, the extension length being less than approximately 38 mm.

21.  The muffler of claim 17, wherein the acoustic barrier material comprises
microbubbles bound together at their contact points.

22.  The muffler of claim 17, wherein the acoustic barrier material is configured to
form a core passage in fluid communication with the inlet and extending toward the outlet,
the core passage being closed at the outlet.

23.  The muffler of claim 22, wherein the housing includes a side wall forming a
plurality of apertures, and further wherein the core passage extends beyond the plurality of
apertures.

24.  The muffler of claim 23, wherein the acoustic barrier material is defined by an

upstream portion forming the core passage, and a downstream portion defining a closed
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19 2 DEC 2003 end of the core passage and extending to the outlet, thze-
downstream portion having a thickness in the range of approximtely oDk 2003
7.6 M 25. The muffler of claim 23, wherein the core passage is configured
to direct airflowin an axial fashion fromthe inlet to the downstream
portion, and further wherein the downstream portion forns a radial barrier
to the axial flow 26. A nethod of manufacturing a muffler of claiml, the

met hod 08! d¢3hd Qe Ldj Ousi i ncluding an inlet and an outlet;
provi di ng ggq}éﬂgﬁrgt# c gg%?%ﬁ&é&“@r‘?&ﬁe PH‘E‘EQ ﬂ? S‘PW Rogtiop havirg ast at e
and r el akickngss/in the ginge ofapprodwaely 253 a7 6 mmnserting the acoustic barrier

material in the first state into the housing such that the acoustic
barrier material conforms with a shape of the housing; and transitioning

the acoasti c Thewiuffér ofelafhi2a) whedeih e 5 ré d 1 Ftir?lozd .of claim
26, Wnerégi%2‘%@8&1%%@%%?:@8?%g&eiﬂ}%&flgﬁﬂ zegto roy Bf -
apertur &S, i ewnsiregiepartion,s had: fitlieri whersit @ei al

i ncl udeaoﬁ,ﬁf@ﬁﬂg,,ﬁo,pg ' 991&?:{] h%@r@%ﬂé’iy@i c%obar rier material into at |east
one of the plurality o apertures to s fllr Yhe acoustic barrier material

to the housing. 28. The nethod of claim 26, further including: formng a
core passage in the acoustic barrier material, the core passage being in
fluid conmuni cation with the inlet and extending in an axial fashion

t hr ough &' pord MEthod pf mpnufastising e muffisapf élgm IeieeRetidd. inchRingA PNEUNBtic val ve
devi ce corrpriaimn‘ﬁ: a (gHr;eurratiﬁ val ve form ng an exhaust port; and a nuffler
in accor danc® B8 3 holiseineluding py ines andam etlety t he exhaust port. 30. The

pneumati c vabmidi@/mmg:ﬁ@};g]@fﬁmﬁ ' housi n ef i ,nes .an
extension length follow ng assenbly to ggnﬁ%&%aﬁ's ‘ﬁ‘(ﬁ ; ﬁﬂ’é‘@é"ﬁ'ﬁrﬁ%i on
| engt h ‘bei ng | essNBddmaserandstaey 7 DEC 2093 WO O /| 4b95 PCT/ US'/ 21820 31.
The pneunat i ge¥h h - Mok erein.the h%sj ng i.s defined by a
side wall havi ngga p'i urﬁfib?{/mg@apergﬁlrw\é@# Fpee o shg sﬁ'ﬂgﬁm‘hﬁm an
interior of the hmquj;amermataialconformswithashapeofthehousing;and

transitioning the acoustic barrier material to the second state.

27.  The method of claim 26, wherein the housing includes 2 side wall forming a
plurality of apertures, and further wherein inserting the acoustic barrier material includes
forcing a portion of the acoustic barrier material into at least one of the plurality of
apertures to secure the acoustic barrier material to the housing.

28.  The method of claim 26, further including:
forming a core passage in the acoustic barrier material, the core passage being in
fluid communication with the inlet and extending in an axial fashion
through a pprtion of the acoustic barrier material.

29.  Apneumatic valve device comprising:
a pneumatic valve forming an exhaust port; and

a muffler in accordance with claim 1 fluidly connected to the exhaust port.

30.  The pneumatic valve device of claim 29, wherein the housing defines an extension

length following assembly to an exhaust port, the extension length being less than 38 mm.
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32. The pneumatic valve device of claim29, wherein the outlet definegmpg, 00
width that is |ess than approximately 38 nm 33. The pneumatic val ve
device of claim 29, wherein the housing includes a pluralit %”3 tures,
and furth®O®HM®I n portions of the acoustic barrier mat errérmg i nto
the plurality of apertures to secure the acoustic barrier material to the
housi ng. 34. The pneunatic val ve device of claim 29, wherein the acoustic
barrier material is configured to forma core passage in fluid

comuni cation with the inlet and extending axially toward the outlet to a
cl osed erdd, t lheqmeempticseakgedavisernd cldims29¢ wakreiththe dwousing is ddfined\bpasideat i ¢

val ve dey .SLRg: neumati ¢ val ve fordn ng an exhays Qrt; and a

it 11 or IR BIRARtEY orheBRTETRY siowe iFgo R hns ot Bherios o 8 el por

36. The pneunatic val ve device of claim35, wherein at |east a portion of

the housipng i.5 fiusto-sconical.sugh that the paxi mumw dth is_proxipal the
out | et . : Tr@“’d’ﬁ’éﬁ'ﬁﬁ?‘i Y?“(Fa‘?e\ﬂé’e Flaia 28¢ WéF"&iWSB}“’Wﬁ’ég@ﬁsr? Hetis ng

defi nes q&sqpﬁﬂﬁ,}@mnatb@rmt,ﬁmypon assenbly to an exhaust port, the
extension |l ength being I'ess than approximately 38 mm 38. The pneunatic
val ve of claim 35, wherein the acoustic barrier material is configured to

forma caopre L0, i hGats " ks ext endin
tovard RS out T Phepplic bt a SRR 157 Gl ol Woul il Bl B o PARRY 70
of apertures, and further wherein portions of the acoustic barrier material extend into the

piurality of apertures to secure the acoustic barrier material to the housing,

34.  The pneumatic valve device of claim 29, wherein the acoustic barrier material is
configured to form a core passage in fluid communication with the inlet and extending
axially toward the outlet to a closed end, the core passage being closed at the outlet.

35. A pneumatic valve device comprising:
a pneumatic valve forming an exhaust port; and
a muffler in accordance with claim 17 fluidly connected to the exhaust port.

36.  The pneumatic valve device of claim 35, wherein at least a portion of the housing
is frusto-conical such that the maximum width is proximal the outlet.

37.  The pneumatic valve device of claim 35, wherein the housing defines an extension
length upon assembly to an exhaust port, the extension length being less than
approximately 38 mm.

38. The pneumatic valve of claim 35, wherein the acoustic barrier material is
configured to form a core passage in fluid communication with the inlet and extending
toward the outlet, the core passage being closed at the outlet.
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