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1 SYSTEM AND METHOD TO REDUCE NOISE IN A RECIPROCATING
COMPRESSOR 5 FIELD OF INVENTION Embodiments of the present
invention provide a system and method to reduce the noise produced in
reciprocating compressors during operation. 10 BACKGROUND
Reciprocating compressors are used, for example, in the refrigeration
industry, to compress a gas. This cqmpressed gas is then used to cool a
space, such as the inside of a refrigerator. Reciprocating compressors
contain various movinﬁ parts, such as a crankshaft and a piston, that are

driven tprSAEMHA Jdita 31 Tike REQLCE MNBISHEIN With
reciprocating conprdsHRQOAX NG CRMB BBBROR great deal of
noise when in operation. This can be particularly troublesome when the
compressor is used in a confined space, such as a kitchen. 20 Current
methods used to reduce this noise include putting various types of
FIELDiRE INVEMBEPSEiprocating compressor. While these muffler systems

EmBolfiriRreddeet1praine iRTRAUER hRY NS £RTHIERS NS REOMHME I duce the
.continually demand that the_compressors run even more quietly. 25 It
nosgv%%iaé{ %%g?gréeggrg%aar%én anlg}r%r\(?esrsnoer%tdﬁrlnﬂ%oé)r?ri?{éTc])gystem and method
could be developed to further reduce the amount of noise produced
during the operation of reciprocating compressors. 30 SUMMARY

BA %E%Eﬁgs of the present invention provide a system and method to
reduce the noise emanating from a cylinder head in a reciprocating

RegiprpriSgSorCREESpECREE used, for example, in the refrigeration industry, to
compress a gas. This compressed gas is then used to cool a space, such as the

inside of a refrigerator. Reciprocating compressors contain various moving parts,
such as a crankshaft and a piston, that are driven to provide the compression of the

gas.

One problem with reciprocating compressors is that they tend to produce a great
deal of noise when in operation. This can be particularly troublesome when the
compressor is used in a confined space, such as a kitchen.

Current methods used to reduce this noise include putting various types of mufflers
on the reciprocating compressor. While these muffler systems help fo reduce the
noise produced by the compressors, consumers continually demand that the

COmpressors run even more guietly.

It would therefore be a great improvement in the art if a system and method could
be developed to further reduce the amount of noise produced during the operation
of reciprocating compressors.

SUMMARY
Embodiments of the present invention provide a system and method to reduce the
noise emanating from a cylinder head in a reciprocating compressor. One aspect of
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2 the present invention provides a system to reduce noise produced by a

reciprocating compressor. The system includes a cylinder head located

within the reciprocating compressor; and a material coupled to the

cylinder head to form a sound barrier capable of reducing noise

associated with operation of the compressor. 5 In alternate embodiments,

the system may further include a gap between the cylinder head and the

material, the gap capable of receiving an oil located within the
theguiegeessuetdioaduoddne asikdeMHe wsdincenbisadrndydediuge epipraditying

corf rggeevew@%tyef@m%mga@ é&‘l@/&%ﬁ%é@a%&EH“%Xt%tfﬂ% '%W&thg
urallt of 1 th t provide the g‘X)Therg%% gé)be between 0.2

CORBIEERA o2 P AR e P e Wt apinye barrer
capaiionfiedoring mb@@meﬂmgmmtfymmtmmf thaycbemesiofrom
aluminum, and the material is integrally formed with the aluminum
15 In_alternate embodiments, the

Ilnder hea effe tth cou
0 S S RIEP T 1S ORI T alaHen” LR tngaB naeen the
Cy!hdadmﬁﬂth@drﬂménaiemtew@:@a&hemé@ dhectaningrg: oidterésimehbethe

corﬂare@ap@aereagc@ giberseBbodimentaining qylindenheaddmay iachidemy of

li t lon t th reof, and the material m
SR SR A T A SR VR
ridgesthablerdvidentiteabto The galirtiey nedektWeenidtevial anayObkrooupled the
oil WS&MU&%GM@%H%@ Jﬁ%ﬂia%%&foﬁn adhesive and a plurality of

mechanical fasteners. 25 In alternate embodiments, the material may be a
polymer. The polymer may be selected from a group consisting of
In pompapIenditesafshitdateli(RBT 1epdlyphicipgenedriiffhideal PR8Ymndind the
malietiidl Sy eial AR YEret-fAth 130 AihaHerm iR Rrnart £f (heeseRcoupling.

invention provides a reciprocating compressor

In alternate embodiments, the system may further inciude a damping material
between the cylinder head and the material to reduce the noise. The damping

material may be an elastomer.

In other embodiments, the cylinder head may include a plurality of projections along
a perimeter thereof, and the material may also include a plurality of channels
configured to mate with the projections to couple the material to the cyiinder head.
The material may be coupled to the cylinder head using at least one of an adhesive
and a plurality of mechanical fasteners.

In alternate embodiments, the material may be a polymer. The polymer may be
selected from a group consisting of polybutylene terephthalate (PBT),
polyphenylene sulphide (PPS) and liquid crystal polymer (LCP).

An alternate aspect of the present invention provides a reciprocating compressor
including: a sealed housing; a motor located within the housing; a crankshaft driven by
the motor; a connecting rod connected at a first end to the crankshaft and at a second
end o a piston, the piston capable of moving within a cylinder block, capped with a valve
plate and a cylinder head to compress a gas; and a material coupled to the cylinder
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including: a sealed housing; a motor located within the housing; a

crankshaft driven by the motor; a connecting rod connected at a first end

to the crankshaft and at a second end to a piston, the piston capable of

moving within a cylinder block, capped with a valve plate and a cylinder

head to compress a gas; and a material coupled to the cylinder 3 head to

form a sound barrier capable of redlécing noise associated with operation

of the compressor. The compressor may further include a gap between
heaghéo dglimde scheddbanititerablie viliatiechprpalsissotiniediwilly apesition of
thel%ﬁtgﬁbw@?in tﬂl% ﬁletmf : serrﬁgyegﬁﬁ?tmn%@éiﬁ- da saﬂn@&%’d/ ﬂ'?@@@ylinder

may Incjude a plurality o rooves that provide the gap . orthe .
e el iy TR 18,88 TREPRIE, OF TG et R e
congripgsagl ive ledivectn®. 2oise arid©.4yivmdenritgdee Nl niag/uste draminrinily of
grofR JARYiBr6aREanRs Ao RNHIOME SmBAdiMentS@tibe irenessMirdh§ of
i (%/Iigjdt?r hea&ﬁngag/ be mage from 10 glumi umhz)ng the ma %rL?I iS d th
g R AR IR A thd SRR IR SRR RRAY b "EReI e Bl the
oil ey dsaee nbotliengaibsyigesediaprastion.may further include a damping

material between the cylinder head and the material to reduce the noise.

The damping 15 material may be an elastomer. In other embodiments o
0 S eI et M e Herer s e U D1, PO RS e from

alumlonagnstithetereteded o, inted iy faaresdiwithytrdselynohde ayipidealigast to

efs@delupprgigured to mate with the projections to couple the material to
20 the cylinder head. The material may be coupled to the cylinder head
using at least one of an adhesive and a plurality of mechanical fasteners.

in aeinaie s@kediioeniseins ebheressapragsoiurthermnaibdal aegrring material

betRabineie TdyRnoSlyRRAGNAY bﬁémﬁifr@m@ge@%@miﬁinm& damping
mafJOJXPUté”:%]e terqggggaléate 25 (PBT), polyphenylene sulphide (PPS) and

?qrhldn?:r 5 %%E/merﬂéP). A further aspect of the present invention

provides a method to reduce noise produced by a reciprocating

in GABHERTEIMBAESINRE Hphiiigdheastefgiflier head may include a plurality
of proiections along a perimeter therecf, and the material may also include a
plurality of channels configured to mate with the projections to couple the material to
the cylinder head. The material may be coupled to the cylinder head using at least
one of an adhesive and a plurality of mechanical fasteners.

in alternate embodiments of the compressor, the material may be a polymer. The
polymer may be selected from a group consisting of polybutylene terephthalate
(PBT), polyphenylene sulphide (PPS) and liquid crystal polymer (LCP).

A further aspect of the present invention provides a method io reduce noise
produced by a reciprocating compressor, the method including the steps of
providing a cylinder head located within the reciprocating compressor; and coupling
a material to the cylinder head such that the material reduces noise associated with
operation of the compressor.
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providing a cylinder head located within the reciprocating compressor; and
coupling 30 a material to the cylinder head such that the material reduces
noise associated with operation of the compressor. 4 BRIEF
DESCRIPTION OF THE DRAWINGS Embodiments of the invention will
be better understood and readily apparent to one of ordinary skill in the
art from the following written descrlpzyon by way of example 5 only, and
in conjunction with the drawings, in which: Figure 1 illustrates a

BREr5RERERIAAI QR WO Tdite RRABINGSt of a reciprocating compressor

capable of using the noise reducing system of the present invention; 10

re |II trates a r ive view of one embodiment of a
Er R R LA L BFCREE DS o LR 3D o ore
of GrdisEateaki mtbp@ﬁ@méhﬁdmwﬁmsermwﬁ@nrwmnbmmweezamme

onhlShiDirectfulbSAlamarE epswaRgionalRRIsPective view of the noise
reduction system of Figures 2a and 2b; Figure 2d illustrates an enhanced

~ side view of the cross-section shown in Figure 2¢; 20 Figure 3a illustrates
Figaie ek ogbatperapeensesedions afeatanans eentiudiiment of 2 medierocating

corfFRKEIRRSYSIMETHRGERISING HoerBrReaY dvenHn e dh ivaliates

a perspective view of the noise reduction system of Figure 3a; 25 Flgure
~ 3cillustrates a cross-sectional perspective view of the noise reduction
FigyisstémillosiRdprean3exalndish reigoacBe M ab onm enbhadieehsidt aiowse

red0&8BR SYERSTOEEHORIRRAW hiNdridei BGertbirigure 4a illustrates an
exploded perspective view of another alternate embodiment of a noise

_ reduction system according to the present invention; Figure 4b illustrates
Figar i plestivéosevpersaaetieistems of Sio nwysterdustiPiyerstern; & Aigreda;
4c illustrates a cross-sectional perspective view of the noise reduction

F igﬁ’yg’ E%nﬂ;u%%';{%g rae %r%%saggctlgﬁal perspective view of the noise reduction system
of Figures 2a and 2b;

Figure 2d illustrates an enhanced side view of the cross-section shown in Figure 2¢;

Figure 3a illustrates an exploded perspective view of an alternate embodiment of a
noise reduction system according to the present invention;

Figure 3b illustrates a perspective view of the noise reduction system of Figure 3a;

Figure 3c illustrates a cross-sectional perspective view of the noise reduction system
of Figures 3a and 3b;

Figure 3d illustrates an enhanced side view of the cross-section shown in Figure 3c;

Figure 4a iliustrates an exploded perspective view of another alternate embodiment
of a noise reduction system according to the present invention:

Figure 4b illustrates a perspective view of the noise reduction system of Figure 4a:
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Figure 4d illustrates an enhanced side view of the cross-section shown in
Figure 4c; 5 Figure 5 illustrates a perspective view of another alternate
embodiment of the present invention; and Figure 6 illustrates a graph
showing cumulative noise reduction properties for 10 embodiments of the
present invention. DETAILED DESCRIPTION Embodiments of the
present invention provide a system for reducing the noise 15 emanating
from a reciprocating compressor. One example of a reciprocating
FigoomordsstmEslacapableccfiosaigermayitemieivtbbtiprosast irveirtion &ystem
of FIBQME 42 Figuis: 1. The compressor 100 includes a housing 102
containing a gas 104 capable of being compressed. The compressor 100
further includes a motor 106. The motor 106 drives a crankshaft 108. The
Figorariksiaétra@Sisrconhacted sida fiest 20ties dritss-sartivectingwoth Fi§ rantt:;
on an opposite end to a piston 112. The piston 112 slides within a

. C Iinéjer block 114 capped with a valve plate 117 and a cylinder head
FioyiRs SCURRUEIReAdPELEFRFHE pirtorl AORETEAISTBRSy SRRUTFR of the

prepeesémenmenaad, embodiments of which are described below with
reference to Figures 2-5. A quantity of oil 116 is contained within the

Ei housing 102 to lubricate the various 25 moving parts. Optionally, a muffler

9450 ndYSiEe T ARRS Wﬂ’{‘ﬁi‘ﬂmé%h‘{ﬁ%@s&?%d HetiRstiproeatiies or

empogipresof HB0nkstratedantBigure 1 is one example of a refrigerant
compressor typically used in home appliances, However, it is understood
30 that the various embodiments of the noise reduction system of the
present invention that are discussed herein may be used with any type of

DETSIFSBRFCEURIP@Nsor. It is further understood that references in the

Emgsgma@nap w%seﬂﬁ HeHRRSOLIBGIEONRYRRIHS %?S@m%geé%\”nmse

er, lower, rl%t left, etc., are provided by 6 way of example

em%’ﬁ "B éleg nfof EHRARGHLIGe AL RFRSP B ué%'aet 53%?5%&1%@ reciprocating

compressor 100 capabie of using the system of the present invention is shown in
Figure 1. The compressor 100 includes a housing 102 containing a gas 104
capable of being compressed. The compressor 100 further includes a motor 1086.
The motor 108 drives a crankshaft 108. The crankshaft 108 is connected on a first
end to a connecting rod 110, and on an opposite end to a piston 112. The piston
112 slides within a cylinder block 114 capped with a vaive plate 117 and a cylinder
head 118. Cylinder head 118 forms part of a noise reduction system of the present
invention, embodiments of which are described below with reference to Figures 2-5.
A quantity of oil 116 is contained within the housing 102 to lubricate the various
moving parts. Optionally, a muffler 120 may also be included within the compressor
100.

The reciprocating compressor 100 illustrated in Figure 1 is one example of a
refrigerant compressor typically used in home appliances. However, it is understood
that the various embodiments of the noise reduction system of the present invention
that are discussed herein may be used with any type of reciprocating compressor. It
is further undersiood that references in the description to various orientations of the
components described below, such as upper, lower, right, left, etc., are provided by
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embodiments depending on the specific view, Figure 2a illustrates an
exploded perspective view of one embodiment of a noise 5 reduction
system 200 according to the present invention. Figure 2b illustrates a
perspective view of the noise reduction system 200 of Figure 2a. Figure
2c illustrates a cross-sectional perspective view of the noise reduction
system 200 of Figures 2a and 2b. Fégure 2d illustrates an enhanced side
view of the cross-section shown in Figure 2c. 10 With continuing
wayeférexaa it Rigire Lifefehitiveisromened tetion systebe 26@dntiudessribe the

emByindehieash 299nd snakial &30:-NAVINg a top surface 222 is coupled to

the cylinder head 202 to form a sound barrier capable of reducing the
noise emanating from the compressor 100. In some embodiments, there
Figntaydeeiiugfapt) 4r{Fignleded pd)dpenticervibe oflinuzeheadi2@hané sheoise

recidiSrial 2 HhiE WikBRifisaUsaRA IrdBRreHeiaibhel vy Fhepylindehies a
head 202 ma aiJso include one or more openlngj 206 that may be used
PermpEe(feRE CSlirliEr PRSR SB4E B DAURTpIAHD 137 HAH %y fider HHEK 2°
illusgtiates G Rignse sBattitusi pers et i lddedop dnspecisecrebwiahasyattern2te of
Figgrabodimenbef acisq)@,ié%a&ﬂb@&i%s%t%éﬁ&@%e@ww%{%%%%%cm

h invention. Figure 3b illustrates a perspective view of the noise reduction
s °§”y2f'é' 'SH6G Figure 3a. Figure 3c illustrates a cross-sectional
perspective view of the noise reduction system 300 of Figures 3a and 3b.

with18sRandthillusiErles &b engaRsesh side MeWoRld e LIRS %?‘é‘i@ﬂ 2B includes

2 HUEHEL R 0IALS LD CHER iR SR FoRaF AR 1o e

cyliogdapleehtbaifie @ymﬁm&@zmrmagm neiseisgtneatioigd rematineting
frorﬁot'i?‘!%%ﬁ&reéggr %Hﬁﬁ@%@@%%?ﬁﬁéﬁh%ﬁ%}ﬁﬂ@?ﬁ%s 4@%(3%‘\%?:\%% (Figure
nciuae one or more grooves provide a : ] . .
20) BANES VDS PATPRRATAE P s Do0mRISel et dS ot sghgsed i
moragltelddl B2owmayénclliddaiead 2o2eniggals 1iling previstetheegagenings
20683tbDRINESE TR EWINEELUre the cylinder head 202 to the valve plate 117 and

cylinder block 114.

Figure 3a illustrates an exploded perspective view of an alternate embodiment of a
noise reduction system 300 according to the present invention. Figure 3b illustrates
a perspective view of the noise reduction system 300 of Figure 3a. Figure 3¢
illustrates a cross-sectional perspective view of the noise reduction system 300 of
Figures 3a and 3b. Figure 3d illustrates an enhanced side view of the cross-section
shown in Figure 3c.

With continuing reference to Figures 3a-3d, the noise reduction system 300 includes
a cylinder head 302. A material 320 is coupled to the cylinder head 302 fo reduce
the noise emanating from the compressor 100. In this embodiment, the cylinder
head 302 may include one or more grooves 308 that provide a gap 304 between the
cylinder head 302 and the material 320, In alternate embodiments, the material 320
may include one or mere ridges 310 that provide the gap 304 between the cylinder
head 302 and the material 320. In other alternate embodiments, the ridges 310 on
the material 320 may be configured to correspond to the grooves 308 on the
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head 302 and the material 320. In other alternate embodiments, the ridges
310 on the material 320 may be configured to correspond to the grooves
308 on the 7 cylinder head 302. In each of these embodiments, a small
gap 304 may also be provided between the grooves 308 and the ridges
310. The cylinder head 302 may also include one or more openings 306
that may be used to secure the cylinger head 302 to the valve plate 117
and cylinder block 114. 5 It is understood that the grooves 308 may
cyliedniceednifizte iy zadsshttesparbndihehes cyindedhgad 3DL nesynsyo be

pro%?ﬂ@_@%&W¥&ﬁ{ﬁ@|&&ﬁfé§%@@eﬁmtﬂgrﬁ@éégféh‘ﬁ Sndereat394 302 may
Similarly, it is understood that the rld%%; 10 may extend completely

alsq JR54 s 180 PhAPREH BPEREATAtEtial B2 0T8Y RayEREnD SRR [Sattisligy nster

heat fgEstthidovebrepdaion OF drel mdimed 1326k Atiditionally, it is understood
that the gap 304 may be provided between the cylinder head 302 and the
_material 320 using many other means known to those of skill in the art.

It o D FRISSR R i 9S8 08 AL BRSO Bl L TS A1 R RS ©f
the16yfindiEctions BAitbrerae eyletdephiyackB0alytreivsdtial RPOportiootiaf the

cy INUBFONR 2a@RP iitegired Relghle MBI SiREenAE RGIreR? A8d Bxtend
h%%?p 204, 304 ma% allow the oil 116 (Figure 1) located within the

t :
OB S56P 08 18P BEINEEh e BT fa BB M RN S0 partially
acrpsattralczy. dorsomef draboeienieh2this oil 116 may flow into the gaps

204, 304 by way of capillary action. In order for capillary action to

ffectively draw the oil 116 into the gap 204, 304, both the viscosity of the
Asyalaly 404

htt G AeEeare RN M A9 FaEY RRPIRUEERA OSSR Rdinder
heashidsdandriheusiatpsehridar dsige sehpibfoencherne figerartchoss esseid, in
thelBR 98R G thed May PRIDEAVEENL2 B IMRiar i B 2P BrftiMBlmps or
Figure 4a illystrates an ex Iogt%iﬁp rspective view of an alternate _
PO ARSI AR DR T £ ST O Sy AT 2 iy 25 BT prgsBrqvide a
gaprfendesirgid@ightb illustrates

With reference to Figures 2 and 3, the gap 204, 304 may allow the oil 116 (Figure 1)
located within the compressor 100 to flow between the cylinder head 302 and the
material 320. in some embodiments, this oil 116 may flow into the gaps 204, 304 by
way of capillary action. In order for capillary action to effectively draw the oil 116
into the gap 204, 304, both the viscosity of the oil and the gap measurement may be
taken into account. In a preferred embodiment, using standard types of oil found in
refrigerant compressors, the gap 204, 304 may be between 0.2 millimeters (mm) to
0.4 mm.

Figure 4a illustrates an exploded perspective view of an alternate embodiment of a
noise reduction system 400 according fo the present invention. Figure 4b illustrates
a perspective view of the noise reduction system 400 of Figure 4a. Figure 4c¢
illustrates a cross-sectional perspective view of the noise reduction system 400 of
Figures 4a and 4b. Figure 4d illustrates an enhanced side view of the cross-section
shown in Figure 4c,
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a perspective view of the noise reduction system 400 of Figure 4a. Figure
4c 30 illustrates a cross-sectional perspective view of the noise reduction
system 400 of Figures 4a and 4b. Figure 4d illustrates an enhanced side
view of the cross-section shown in Figure 4c. 8 With continuing reference
to Figures 4a-4d, the noise reduction system 400 includes a cylinder
head 402. A material 420 having a tgp surface 421 may be coupled to the
cylinder head 402 to reduce the noise emanating from the compressor
Witho@ritinthing esfeseciiam tnt; iavrasiditicidaltine ise staraging on ateviatr4Bmayudes
a c?ﬁwﬂlﬁ%&%@ kepvegmaithrmateral he%and dhedings rrﬁgyage‘lgguwed to the

d ffect of the system 400. The cyli d
T g WP I Ay Fioke SRRNEH 108 NBLSTRPBSRECHPRy m i

embedurr@mheacymdémneadme@ tatheng e iskiad 415 way bdincertsibbiktween

thelﬁhété%nlaébl§@cmec&m%abrthsaap@clamf&m@ﬂb&%}%h§ BRAE of
froné §@/ merlimrg terial capable of both withstanding the hea
|t

thegyst ‘?@%s BE ATV STEIRIARS £SBIRRG oPenings 406
thaﬂmﬂpéﬁmgedﬁec&emm? of éncen plsachftRriot theitatienyisteh lastomdinder
blofRategal may include nitrile rubber and/or fluoroelastomers. Other

materials may also be used. 15 Figure 5 illustrates a perspective

assembled view of another alternate embodiment of a noise reductions
In dysteembodiragobrdhm twitee grrspinginvertival. At atesial 520madey bem an

claSRHeE DRGNS NNLEAIR (BEHHGEHARDNAIRE RIBRNAIRIHIMIAGN the
com resgg&loo In, this embodiment, the material 520 mséybe configured

COPRTESTEF WAL (RYddias Bysﬁ@%géﬂﬁ?ﬁeglqa%f{@ﬁ%r 189 fpf@xampk&
and/iewl) ifm‘tlﬁ%tleyhmleo’rh@mthm phatetity oheyechelniml ddste nersHBi8and/or

fludRYH18mbR UBRALOsaeRs hea P ¥RIs e {0 the valve plate 117 and

cylinder block 114 shown in Figure 1. In the embodiment illustrated in
Figure 5, the mechanical fasteners 518 are shown 25 as bolts. However,
Figitris Dintisiisadesd atraredestivepessemhlechenivalfastthersatteagate embodiment

of a noise reductions system 500 according to the present invention. A material 520
may be coupled to a cylinder head 502 to reduce the noise emanating from the
compressor 100. In this embodiment, the material 520 may be configured to cover
the holes (hidden by the mechanical fasteners 518 in this view) in the cylinder head
502. A plurality of mechanical fasteners 518 may then be used to secure the
system 500 to the valve plate 117 and cylinder block 114 shown in Figure 1.

In the embodiment illustrated in Figure 5, the mechanical fasteners 518 are shown
as bolts. However, it is understood that other types of mechanical fasteners may
also be used to secure the system 500 to the valve plate 117 and cylinder block
114,

The cylinder heads 202, 302, 402, and 502 may be made from any material known
to those of skill in the art to be satisfactory for that purpose. in some embodiments,
the cylinder heads 202, 302, 402, and 502 are made from aluminum or an aluminum
alloy. It is understood that various materials may be used for the cylinder heads
202, 302, 402, and 502 without departing from the scope of the embodiments.
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also be used to secure the system 500 to the valve plate 117 and cylinder
block 114. The cylinder heads 202, 302, 402, and 502 may be made from
any material known 30 to those of skill in the art to be satisfactory for that
purpose. In some embodiments, the cylinder heads 202, 302, 402, and

502 are made from aluminum or an aluminum alloy. It is understood that
various materials may be used for the cylinder heads 202, 302, 402, and
502 without departing from the scope of the embodiments. 9 The material

Theptiend, 220, 3 420 ata 20 meyebeonedepbilymercaypablecepbiolh of both

w;tw&mwlfp&th@ae g@aeéateﬂtwll{hmeﬂ@oﬁw&wsqbéOQnanngJJmmmg a

LP d|n a.sou enln effect. In some embodlments this polymer
sodnd drah o

IRROSE & U ERB T PR RAUTRE P S, AU NAaRA By be
polybatylehextarapleiairian dPB Timitatitamnetelpolmdebmateyiadimexabwle and not

1mi h
R e £l 0
ol e

%'io%% c%/llnder heads 202, 302, 402 using various
means. For example, as best 10 shown in Figure 2, the material 220 may

As %&%umdﬁ@@r&czlmdweﬁ&&% USIRY apy tvize %@E%n Ive,Gamable Ghe

NS FO 0 PRECU AcTipe MLHLR el PBLB el 28 SRFTR B bos!

show@lsmgzgwa ? dltermatedshBdimentbe s pwedstootve evithaefdwest@Qd8 using
yﬁng%ﬁ daraad deaianataniak i m@}ha%ﬁwﬂs@&@st%pmw BE Redthed

iSRRG Sl f i UG B

Celgye. Corresponding channels 422 may be formed on an inside surface a
lower portion 424 of the material 420. The material 420 may have 20

fficient flex h th 4 h that th
SRS e e i, WSSOSO TS Ll e

protru
matpdat itdeakidsdcaopiedt is ederndet ihad telarsingyemean fistrekaberent.

Fore¥hpiseyesredigHeh shahibRns 405 may be formed along an outside surface
of the cylinder head 420 402. Corresponding channels 422 may be formed on an
inside surface a lower portion 424 of the material 420. The material 420 may have
sufficient flexibility to then snap over the protrusions 405 such that the protrusions
405 fit within the channels 422 to couple the material 420 to the cylinder head 402.
It is undersiood that the arrangement listed above may be reversed such that the
protrusions are found on the material 420 and the channels are formed within the
cylinder head 402,

In other ailternate embodiments, as shown in Figure 5, the material 520 may be
coupled to the cylinder head 502 using, for example, one or more mechanical
fasteners 518. While the embodiment shown in Figure 5 illustrates the mechanical
fasteners 518 being used to both couple the material 520 to the cylinder head 502,
and to secure the system 500 to the valve plate 117 and cylinder block 114, it is
understood that different types/locations of mechanical fasteners may be used to
couple the material 520 to the cylinder head 502, while the fasteners 518 provide
the attachment of the system to the cylinder block 114 of the compressor 100.
Similarly, any of the methods for coupling the material to the cylinder head may be
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protrusions are found on the material 420 and the channels are formed

within the cylinder head 402. 25 In other alternate embodiments, as

shown in Figure 5, the material 520 may be coupled to the cylinder head

502 using, for example, one or more mechanical fasteners 518. While the

embodiment shown in Figure 5 illustrates the mechanical fasteners 518

being used to both couple the mateq'eal 520 to the cylinder head 502, 30

and to secure the system 500 to the valve plate 117 and cylinder block
usetilia, soRjunpitie idodhRatsdiftd reechaecidests vinmEvinica sksiemeisto

the BANBErUSBELIQT GOBRIHHResMAatetiAL bl Mdheugvindas hRathalZowhileyithin
the fast(?ngrs 518 grovicée the attachm$rg of the system to the cylinder
ifa

thea%%?(eﬂi 6t The @ }Wﬁﬂéésaérrfé’b?s‘é’i‘ﬁ? rK/,ﬁéen?/l% Rie methods for

coupling the material to the cylinder head may be 10 used in conjunction

in ami?kh?eaﬁi%ﬂngié;@ﬁba@iwf@a@ Eﬁe@e Wﬁ@i@%ﬂt%@@%@&ﬂé@iﬁ%ﬁ? liZa-Zd,
cviindaer. 0 campressor. uc ernalives are e OoTa
the eI a0 SRy b eSSrae RS T BB R TRt Saote

thetgh etheralimah MoeepdRAIINEW, 4R HssEifuistrited aieh abspaeMmerigoassand
Var%@gg}pég%m@g@ﬁ@mgg m@@gdn{g@qgﬂy formed with the cylinder head

202. For example, there are various processes known in the art to
integrate aluminum castings and various types of plastic into a single
in ENpINEsE. 19 fpetiel Mol raagpeeidrsdigintp neayBelassliedrfecs of the
cylimtRliehteR suwtaae Ghais i AYlnASH headedustdbgyaterin isyihrrRmielsledin an
directly onto the ce/linder pead. In an. aterp}ate process using an .
alter: aterﬁroces us| %an aluminum _cylinger e%d mlcro—;:aorou oiefs having a
aluminum cylinder head, micro-porous holes having a ‘diameter 0
diameteeehtsiasoh alrometeE0angitithispygterforigciooretherstheapaface

of tAb BRIsyEndes e sl Yasiguedypes AfRlasieh s9ehoas heseaiscasses may
above,.m 5 then be injected onto the cylinder head. The plastic fills.th

tnef s I SRR REe PECRIRNE I the Mdesalsndes

thughatepeatifie HuniiaRigeRs provided for the cylinder head and

It is understood that the specific configurations provided for the cylinder head and
material in the embodiments discussed above are by way of example only. Various
physical configurations for the cylinder head may be used. Similarly, various
physical configurations for the material may also be used. In a preferred
embodiment, the material should cover at east 60% of the surface area of the
cylinder head to provide for adeguate noise reduction capabilities. However, as
shown in Figure 5, the material 520 may cover the entire top surface of the cylinder
head 502.

Various combinations of the specific embodiments illustrated in Figures 2-5 may
also be used to produce a noise reducing system according to the present invention.
For example, various combinations and types of grooves, additional noise damping
material, coupling systems, and materials as described above may be used to
produce a noise reducing system. All such combinations are deemed to fall within
the scope of the described embodiments.
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only. Various 20 physical configurations for the cylinder head may be

used. Similarly, various physical configurations for the material may also

be used. In a preferred embodiment, the material should cover at least

60% of the surface area of the cylinder head to provide for adequate

noise reduction capabilities. However, as shown in Figure 5, the material

520 may cover the entire top surface of the cylinder 25 head 502. Various
Thegatinatiyateofti®8pediiciembudirhbatseias rateghovEigires @ Benayrable
non@éﬁ%&?cﬂéﬁ%%@ﬁ%%@@ f’b%’iﬁ% ceslring SYries Resdipgiod B IRERREL &

invention. 8)giexam le, Val‘l%tls comblnatlon nd t r5??es of c?Cooves

grasad%ﬂgn SRR PI0 eI, %%T]Sf% é{%t YigE FHRYSILR Bgise
reddetonitdrastee fonyebwodistetds prbdueeoseseideingdntitng sysergrah 600

showe Byrambinalionsaye ﬁl.e@ée%;walbvwm W seene afithe %a@ré%rés on
embod ems 200, 300, 400, and 500 described

Th
o35 e (LB BT TG Ve AR AR VAT IERfy ™ @ recuar
corgppeiznG wylindeshees PRIYEDS 6litustrine seisgrigyhisdefsigidieder head that

ha@@é@{?‘}écﬁfﬁé@fﬁé’f&?ﬁ@H?ﬁ?b@@&rﬁ@ﬁ?@guﬁ%|a_F|§\z‘ﬁecQF?'§§ JENFHANthe
1es 10r odaim SO rese Invention
2B R0 T B i SVAETL HEoS e BT R B Ay Geciels of

noigepeisties aotscaxands 60auditfiesietoe60@shows the noise levels of a
cylinder head in a regular compressor, while a second plot 608 shows the
e levels of a.cylinder head that has been ified according to the
t RS SPEIRRRIT TN e, R SUTERAn Heth a2 SRR 08e SR ag o
modificationgstenay phsvidesda doethgerofsanduinZandioibeds osho®@mdisethe specific

embBEMELIAE ARIRRg JdpagRPTRkAIPIE Hﬁﬂﬁ%ﬂ@@@p&t wﬂlr@.ﬁm&&aag%dﬁpmy
and/or, modificgtions

kllled in the at numerouys variati
o T B B e RTINS LR oy R GSERAHD o respects to
be dustietinve endsnafitiestiictieparting from the spirit or scope of the invention as
broadly 15 described. The present embodiments are, therefore, to be
considered in all respects to
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be illustrative and not restrictive. 12 CLAIMS 1. A system to reduce noise
produced by a reciprocating compressor, the system comprising: 5 a
cylinder head located within the reciprocating compressor; and a material
coupled to the cylinder head to form a sound barrier capable of reducing
noise associated with operation of the compressor. 2. The system of claim
1, further comprising a gap between;said cylinder head 10 and said
material, said gap capable of receiving an oil located within said

CLAGMressor to reduce said noise. 3. The system of claim 2, wherein said
cylinder head further comprises a plurality of grooves that provide said

4 9ap and/cgr sali erlal further comFrlgeg a 15 Iurally of r| es that

provrde sarajga? r ssteni?rofjc aims 2 &r 58 lerein Sait gapis te
SY SERITWRRERPO NG and 0. 4 mm, and said oil is drawn into said gap via

capdlapiramiaieatlideatee wiRte MO flprachting espiprRisbeyinder head
com I’IS s aluminu a0 ald ma terial is integrally formed with s
alumlnumeaa/ CaePlE] ad Sg eef?g salcf' coOlSJt reh Xr Re sgsct%?rrlﬂg{ ccig?r%be of
" edﬁﬁ%&ﬂ%hﬁ%?ﬁ@@@&fﬂb@@fﬁb@@rﬁﬂbét@%@ﬁ 8a¥@"-25 cylinder head and
said material to reduce said noise. 7. The system of claim 6, wherein said

da |n m terlafc mpris n_elastomer. 308 stem. of any 0
2. o DRSSP R0 A, SARIOMEE Ay PSR TR LN e

ancblé?aﬁty‘iﬁtﬁr@jlecﬁéﬁs aﬂﬂ@aﬂgérﬁnéfeﬁﬁ%%@@, and §&|d0ﬁ¢é@én&l‘thm said
corépragsisas aplakiy@helannels configured to mate with said projections

to couple said material to said cylinder head. 13
3. The system of claim 2, wherein said cylinder head further comprises a
plurality of grooves that provide said gap and/or said material further comprises a
plurality of ridges that provide said gap.

4, The system of claims 2 or 3, wherein said gap is between 0.2 mm and 0.4
mm, and said oil is drawn into said gap via capillary action.

5. The system of claim 1, wherein said cylinder head comprises aluminum, and
said material is integrally formed with said aluminum cylinder head to effect said

coupling.

B. The system of claim 1, further comprising a damping material between said

cylinder head and said material {o reduce said noise.

7. The system of claim 6, wherein said damping material comprises an
elastomer.
8. The system of any one of the previous claims, wherein said cylinder head

further comprises a plurality of projections along a perimeter thereof, and said
material comprises a plurality of channels configured io mate with said projections to

couple said material to said cylinder head.
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9. The system of any one of claims 1-7, wherein said material is coupled
to said cylinder head using at least one of an adhesive and a plurality of
mechanical fasteners. 5 10. The system of any one of the previous
claims, wherein said material comprises a polymer. 11. The system of
claim 10, wherein said polymer is selected from a group consisting of
polybutylene terephthalate (PBT), pglyphenylene sulphide (PPS) and 10
liquid crystal polymer (LCP). 12. A reciprocating compressor comprising:
9. a sediedyRiesing aanebeates withivieiimsasingataphiecaveiedfo said
cy lHlE¥E MBS UEIYOHR <2 SOBRBCER GFPA B taH AtA HilFteyd 4P srihanical
fas%ranrléshaft and at a second end to a piston, said piston capable of moving
Withi a cylinder block capped with a valve plate and a cylinder head to
compress a gas; and a material coupled to said cylinder head to form a
10.soumgedafyisearabigpl 048 redusinigpneiss.assesite dwitheppargtionaterial

. th?isc;é)smaprg Sor. 13. The compressor of claim 12, further comprising a gap
"PRtveen a?ﬂ“cyl‘inder head and said material, said gap capable of

receiving an oil located within said compressor to reduce said noise. 25
11.14. The gmrel %‘-F?él@ih;ﬂamn mevﬁaergm§&w§mder§&aﬁd/ éurmgﬁ a group
comprises a ralit ropyes tha vide sa and/qr sai
cor A P s A e el et TR e g4 sy e
liquidscrysaicerhtres$bFBi claims 13 or 14, wherein said gap is between 0.2
mm and 0.4 mm, and said oil is drawn into said gap via capillary action.
12.14 }’_lg6. The con Bressor of claim 12 whggrein said cylinder head comprises

recipfocating Compressor comprisin

a sealed housing;

a motor located within said housing;

a crankshaft driven by said motor;

a connecting rod connected at a first end to said crankshaft and at a second end
to a piston, said piston capable of moving within a cylinder block capped with a valve
plate and a cylinder head to comprass a gas; and

a material coupled to said cylinder head to form a sound barrier capable of
reducing noise associated with operation of the compressor.

13.  The compressor of ciaim 12, further comprising a gap between said cylinder
head and said material, said gap capable of receiving an oil located within said

compressor to reduce said noise,

14. The compressor of claim 13, wherein said cylinder head further comprises a
plurality of grooves that provide said gap and/or said material further comprises a
plurality of ridges that provide said gap.

15. The compressor of claims 13 or 14, wherein said gap is between 0.2 mm and
0.4 mm, and said oil is drawn into said gap via capiliary action.
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aluminum, and said material is integrally formed with said aluminum
cylinder head to effect said coupling. 5 17. The compressor of claim 12,
further comprising a damping material between said cylinder head and
said material to reduce said noise. 18. The compressor of claim 17,
wherein said damping material comprises an elastomer. 10 19. The
compressor of any one of claims 12-18, wherein said cylinder head
further comprises a plurality of projections, and said material comprises a
16 plurdiy cfotiraesssls afnfidpired 18 meteewith sait pmjectonsemdoapteprises

alusitithmatedaldr saifbcalindeicbead. bardy The SamBrgsSRI-9Lamueradd to

ﬁcl?ims 12-18, wherein said material is coupled to said cylinder head using
SRR 1B SHE T1%n adhesive and a plurality of mechanical fasteners. 20 21.
The compressor of any one of claims 12-20, wherein said material

17 COMPKISRSnHRAYSRSE Adind hg,qgmweeéée{p%mai@%W&%E}eﬁﬂ%emen
_polymer %sel cted from aﬁrm[l co S|st|n%£f olybutylene terephthalate
SIS LA RS IAER (RERSFERGBETIER crystal polymer
(LCP). 23. A method to reduce noise produced by a reciprocating
18.00mﬂﬁ65§&h£%s8}e§ﬁ%ﬁﬁmmi§m%r@ﬁ SR0SBMPRY IR AP ES ses an

| head located within the reciprocating compressor; and 30 coupling a
elaRielstlal to the cylinder head such that said material reduces noise
associated with operation of the compressor.

19. The compressor of any one of claims 12-18, wherein said cylinder head
further comprises a plurality of projections, and said material comprises a plurality of
channels configured to mate with said projections to couple said material to said

cylinder head.

20. The compressor of any one of claims 12-18, wherein said material is coupled
to said cylinder head using at least one of an adhesive and a plurality of mechanical

fasteners.

21.  The compressor of any one of claims 12-20, wherein said material comprises

a polymer.

22.  The compressor of claim 21, wherein said polymer is selected from a group
consisting of polybutylene terephthalate (PBT), polyphenylene sulphide (PP$) and
liquid crystal polymer (LCP).

23. A method to reduce noise produced by a reciprocating compressor, the
method comprising the steps of:
providing a cylinder head located within the reciprocating compressor; and
coupling a material to the cylinder head such that said material reduces noise
associated with operation of the compressor.



