1 SYSTEM FOR REDUCI NG COVPRESSCOR NO SE AND SUSPENSI ON SPRI NG AND SNUBBER
ARRANGEMENT THEREFOR Field of the Invention [0001] The present invention
generally relates to reducing transmtted noise and vibration from
reciprocating conpressors. In particular, the invention relates to a
system for reducing transmtted noise and vibration fromreciprocating
conpressors and a suspension spring and snubber arrangenent therefor.
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Referring to FIG 1, a cutaway view of an exanple of a typical hernetic
conpressor 10 as installed in a refrigeration appliance is shown. The

hermeti c conpressor 10 conprise having a crankshaft 14 coupl ed
to a connecting rod 16. The conﬁlg@t?r}ﬁ%eolinga%io@ is coupled to a piston (not

shown) whi ch gﬁﬂﬂhptﬁl% kO qﬁvén'ﬁ@n érhl Féiat&e 1&%01;}%@1%1}&99&9%6 affd 16,
t he piston and the cyllnder head 1 et her rmt punp asse ly 20 of

the hernetic cinpi®@saomn rb&pxoﬁh@lwwmpre@%&enbﬂ Yar@&ul@aN ehe! M@ehoklaled thaget her
formthe conpressor assenbly 23. [0004] During operation, the crankshaft 14

of the notor ZFpstemtfat wduang danyprisdér@saandedbsper doniliveprocatiag yompressons i S

translated into_a linear reciprocating notion via the connecting rod 16
coupl ed to th&nppsEgsnsion spring and snubber arrangement therefor.

Background of the Invention

[0002] Reduction of transmitted noise from hermetic compressors have long been a
concern for domestic appliance manufacturers, particularly in compressors for

refrigeration appliances.

[0003] Many of these appliances utilize reciprocating compressors. Referring to
FIG.1, a cutaway view of an example of a typical hermetic compressor 10 as
installed in a refrigeration appliance is shown. The hermetic compressor 10
comprises a motor 12 having a crankshaft 14 coupled to a connecting rod 16. The
connecting rod 16 is coupled fo a piston (not shown) which is housed inside the
cylinder head 18, The connecting rod 16, the piston and the cylinder head 18
together form the pump assembly 20 of the hermetic compressor 10. The pump

assembly 20 and the motor 12 together form the compressor assembly 23.

[0004] During operation, the crankshaft 14 of the motor 12 rotates at a
predetermined speed. This rotary motion is translated into a linear reciprocating

motion via the connecting rod 16 coupled to the piston.



[ 0005] Noise is generated by the rotating notion of the notor 14 and al so
from vibrations of the reciprocating connecting rod 16 and piston of the
punp assenbly 20. This noise is partially suppressed by a hernetic shell
30 that encloses conpressor assenbly 23. [0006] An oil lubrication system
(not shown) is also incorporated into the hernetic conpressor 10 for

providing lubricating oil to the rotating crankshaft 14 of the notor 12
and ot her movilPePShi9ise sTasacrRigh rhyc Hic w@atwmew gthe gtk at elsenliom t he
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shel |l 30. [0007] T ermetic st supporte y a nount 25
for |nstallatk@ﬁllag@hggﬁmm§23efrlgeratlon appl iance. Noise and vibration
can however be nechanlcally transmtted through the hernetic shell 30 via
the nmount 25 to the refrigeration appliance. [0008] A refrigeration |line
system which carries refrigerant fromthe conpressor assenbly 23 for

cool i ng the rdP8asyermpil brbrigpton %'ﬁ&aél (n@t ghoyn) as aleincernefatere dtha Hicchgrmetic
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where the dISC arge |ne rough |c s ise and

vibration of then&RMMEESEaRd t}@%@}ﬁaﬁ lzﬁlscf?a?tlélﬁ“%bﬁﬁiéeﬁeﬂ%@ RibRehivb dilt he
di scharge line 22 out of the hernetic conpressor 10. 009] Danpi ng of
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mounting the entire conpressor assenbly 23 on suspension springs
compressor assembly 23 to the hermetic shell 30.

[0007] The hermetic shell 30 is typically supported by a mount 25 for installation
within the refrigeration appliance. Noise and vibration can however be mechanically
transmitted through the hermetic shell 30 via the mount 25 to the refrigeration

appliance.

[0008] A refrigeration line system which carries refrigerant from the compressor
assembly 23 for cooling the refrigeration appliance is also a source of mechanical
transmission of noise. The refrigeration line system has a pipeline leading from the
compressor assembly 23 that goes through the hermetic shell 30. A discharge line
22 is firmly attached to the hermetic shell 30 at points where the discharge line 22
goes through the hermetic shell 30. Noise and vibration of the compressor
assembly 23 can thus be transmitted via the discharge line 22 out of the hermetic

compressor 10.

{0009] Damping of vibrations from the hermetic compressor 10 have presently
been done by mounting the entire compressor assembly 23 on suspension springs

40 inside the hermetic shell 30. The vibrations and noise are thus dampened by the



40 inside the hernetic shell 30. The vibrations and noise are thus danpened
by the 3 suspension springs 40 before being nmechanically transmtted to
the nount 25 that supports the hernetic conpressor 10. [0010] The
suspensi on springs 40 are further augnepted by snubbers 45 which help
maintain the integrity and shape of the suspension springs 40 and al so
prevent the suspension_spriggs 40 f.rom bei ng, di spl aced fromtheir_ intended

posi tions. TheUsHsvapripgs 4P oeioysbare meehanicalle yrpspuked ite dre mopptgisththde up

of a plurality_of coils having two opposing open ends which define a
circul ar tubul®aPP¥ a@g?\ﬂl?%lcnco?rf?éﬁsor E(gl i x shape. The snubbers 45 can be

described to be substantially cylindrical and are typically smal
protrusions that fit into the open ends of the suspension spring 40.

[0011] Referrijpgnol orifel §asgensidie sMRbaY sre4BrtBéiCalpRntdl dyy shigdrd 85 patigls for
each suspension spring 40. An upper snubber 45a is attached to the
conpressor adsfniphintd? thwrdtegriyomndehponai the sspeesiossyuinge A0 468 abb tpaclead t o
the | ower portijon of the hernmetic shell 30. The upper snubber 45a is
subst anti al | y th¢ pyppewsion singhd0 frandeing difsireed o5 dal intendsdspasiiongpples

snubber 45a to be fitted in%@ one enﬁ gf.%%e . sus ensio%,sE@lgg 4? and the
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45. This al | owglif SHap8as@etnubbdrt 4U9GaRbe HBRHEPTT BS RONEHIRAIIVRRER AV RREr 45a
or | ower snubber 45b into the opposing open end of the suspénsion spring

40. [0013] Howewsmpicatlhismaflipromaidmaharditintofthé bpers ukderishe Bugiensiog spng o at
| east one of

[0011] Referring to FIG.2, the snubbers 45 are typically used in pairs for each
suspension spring 40. An upper snubber 45a is attached to the compressor
assembly 23 and a corresponding lower snubber 45b attached to the lower portion
of the hermetic shell 30. The upper snubber 45a is substantially aligned with the
lower snubber 45b and allows the upper snubber 45a to be fitted into one end of the
suspension spring 40 and the lower snubber 45b to be fitted into the opposing end

of the same suspension spring 40.

[0012] For ease of manufacturing and assembly, the suspension spring 40 is firmly
attached to at least one of the snubbers 45. This allows for ease of fitting of the
corresponding upper snubber 45a or lower snubber 45b into the opposing open end

of the suspension spring 40.

[0013] However, this firm attachment of the suspension spring 40 to at least one of
the snubbers 45 have a noise frequency of around 500 Hz. When this noise

frequency coincides with operating frequencies of the hermetic compressor 10, the



t he snubbers 45 have a noi se frequency of around 500 Hz. Wen this noise
frequency coincides with operating frequencies of the hernetic conpressor
10, the 4 total noise and vibration experienced will be anplified and
cause a substantial noise concern. [0Ql4] Furthernore, interference fit
bet ween the suspension spring 40 and the snubbers 45 changes the noise
resonance frequency as the interference fit chapnges., The interference fit
is the amount ‘gl Rogjesing yeuatpn %‘ﬁé‘é‘é’cﬁ‘g%@na‘%}%ﬁ‘&@ﬁe@%%% subsgntialghAler and
t he snubbers 45. [0015] Therefore, a need clearly exists for a nethod and
appar at us t hatYétlices the noise transnitted from conpressors, or at |east
alleviate imtations of existing danping techniques. Summary of the

| nvention [0016] The present invention seeks to provide a system for

reduci ng trangeof Edtheidicse mndfeydne aitl BAwbEO M S@IpPRNEATshiG AONRIEHKOr S
and a suspension spring and snubber arrangenment therefor. [0017]
Accor di ngly, isnuldes 4% peoges thheope esentnce Micgnticyrasphonitddsene Huspersi on
spring and snubber arrangenent for reducing transmtted noise froma

reci procat i ng The dhisHesaey fihts tre3apepive tbleeagoe 9e pPEENbEIYECIEHT MEPEISEPD
preventing the occurrence f resonance frequency during the reciprocating
conpr essor opé?%ﬁg%%amfﬁgsmgﬁFﬁh ement conprising: the suspension spring
having a plurality of coils and two opposing open ends; at |east one
snubber for nmaintaining the integrity and shape of the suspension spring

and for preveipdo150 THESRIIAGRRA IRy EAiSs SHSPRBGHLO NS @F'a}gtusfma%amg Fhe
i ntended position; wherein at | east one open end of e suspensi on
noise transmitted from compressors, or at least alleviate limitations of existing

damping techniques.

Summary of the Invention

[0018] The present invention seeks to provide a system for reducing transmitted
noise and vibration from reciprocating compressors and a suspension spring and

snubber arrangement therefor,

[0017] Accordingly, in one aspect, the present invention provides, a suspension
spring and snubber arrangement for reducing transmitted noise from a reciprocating
compressor at 1/3-octave frequency band of 500 Hz and preventing the occurrence
of resonance frequency during the reciprocating compressor operation, the
arrangement comprising: the suspension spring having a plurality of coils and two
opposing open ends; at least one snubber for maintaining the integrity and shape of
the suspension spring and for preventing displacement of the suspension spring
from their intended position; wherein at least one open end of the suspension
spring is loosely fitted over the at least one snubber; and further wherein an internal

diameter of the suspension spring is larger than a outer diameter of the snubber so



spring is loosely fitted over the at |east one snubber; and further wherein
an internal dianeter of the suspension spring is |larger than a outer

di aneter of the snubber so 5 that a gap is defined between the suspension
spring and the snubber for mnimzing %hysical contact between the
suspensi on spring and the snubber. [001I8] In another aspect, the present
invention provides, a systemfor reducing transmtted noise froma

reci procat i ng te8msiapds delingd bervaees dhaspspensiauenoy abd i wubbgoior punigiring
preventing the occurrence of resonance .frequency, during the conpressor
oper ati on, thém§?§@éﬁpgﬁhﬁ?wgﬁh ?SﬁﬁﬁPﬂP%ﬁéh%S?ﬂ@tgﬁ 8- on springs each
having a plurality of coils and two opposi ng open ends for supporting a
conpressor assenbly of the reciprocating conpressor; a plurality of upper
snubber s nmountieghgpnnainbBAfel aMesi, de Yresehe i RRARE §9kk§§§%?9k%;ﬁ% ﬁh&ﬁﬁi'ty
of lower snubbers nounted on a franme; the plurality of Upper snubbers
subst anti al | y traabigrddiowetfioni heeqiprucainktopnphedsongtr 1/3autabe nsqudnbe bphdibal i ty
of suspension springs having their two opposing open ends ?itted to the
plurality of WfpeHzspubbgeweniing thehecpinened i afy resoninewe fregranbp edwingwiles ei n
at | east one of the two opposi hg open ends,  of each of the plurality of
suspensi on sprPRGESFY ?12%5%% the pYSSQIN RPBIPTISHE: &tPlWalkt obsespeByion Hgrings
plurality of er and | ewer. snubbers: . and furt.her wherejn.an internal

di anet er each%§$1@ﬂ@%b?Jﬁg?p9&0%?m§h@$£ﬁg?dﬁmgﬂpgﬁﬁ§ni?1Sé@béwp?ﬁﬁﬂgéh
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suspensi on sprshittheaNthoii@d ain h 88bmOHEe 0Pfihd BEMPleoR | dsiamidy; 4PREALIQT of Over
snubbers for mnimzing physical contact between the each of the plurality

of suspensi on lepeisngkbespmomgedoga fiameathd plastlitprd upptr tindbptsusubkiahyalbf
upper and | Om%lrignseguv&)i?hetr:hse' plurality of lower snubbers, the plurality of suspension springs
having their two opposing open ends fitted to the plurality of upper snubbers and
the plurality of lower snubbers; wherein at least one of the two opposing open ends
of each of the plurality of suspension springs is loosely fitted over the at least one
of the plurality of upper and lower snubbers; and further wherein an internal
diameter each of the plurality of suspension springs is larger than an outer diameter
of the at least one of the plurality of upper and lower snubbers so that a gap is
defined between the each of the plurality of suspension spring and the at Jeast one
of the plurality of upper or lower snubbers for minimizing physical contact

between the each of the plurality of suspension springs spring and the at least one

of the plurality of upper and lower snubbers.

Brief Description of the Drawings

[0019] A first and second embodiment of the present invention will now be more

fully described, with reference to the drawings of which:

[0020] FIG.1 illustrates a cutaway view of a prior art hermetic compressor;



Brief Description of the Drawings [0019] A first and second enbodi nent of

the present invention will now be nore fully described, with reference to
the draw ngs of which: [0020] FIG 1 illustrates a cutaway view of a prior
art hermetic conpressor; 6 [0021] FIGZ illustrates a prior art suspension

spring and snubber arrangenent of FIG 1; [0022] FIG3A illustrates a
suspensi on spri ng1| and nodi fied snubber arrangenment in accordance with a
first enbodi nd®R21bFIEReillisaient Prigy ritsusRensiPDGPE L ERESBEPUCY [ApgRgeatcak o
suspensi on sprIJ" ﬁgl.and snubber arrangenent in accordance with a second
enbodi nent of tI e’present invention; and [0024] FIG 4 illustrates a graph
conparing noi se performance of a prior art hernetic conpressor and a
hermeti c conpressor in accordance with an enbodi nent of the present

invention. Det@jzkpdidesciiiubtateda Qfspbhigor itk RE8 A% snib Bt k@At in

reducing transmtted noise and vibration fromreciprocating conpressors
and a suspensiaotordgprce rgthanfirssambdamentrofalngmewnt invheticef or, in accordance
with a first and second enbodi ment of the invention are described. In the
foll owi ng description, details are provided to describe the enbodi nents. It
shall be apparent \5&8‘ ne.skilled in the art, _homever,‘ﬂ)é?at t he invention
may be pract i d¥¥3] FlURSUt IuEEHes &k SHFRONSIGREPIHE 1aids EMHRDERL | ArEngYeofh be

descri bed at | .AS r 2 nvention, 026] There are
sever al advantaggygéﬂlgg (3\{1 e %Qr%néi |n?r'é0(r%l?1§g%{fo ?tﬂ%?;bef%ére gts@g%ﬂtﬁﬁvaer% ion. One
advantage is the danping or the reduction of anplitude of noise at

1/ 3- oct ave

[0024] FIG.4 illustrates a graph comparing noise performance of a prior art
hermetic compressor and a hermetic compressor in accordance with an embodiment

of the present invention.
Detailed description of the Drawings

[0025] A system for reducing transmitted noise and vibration from reciprocating
compressors and a suspension spring and snubber arrangement therefor, in
accordance with a first and second embodiment of the invention are described. In
the following description, details are provided to describe the embodiments. It shall
be apparent to one skilled in the art, however, that the invention may be practiced
without such details. Some of these details may not be described at length so as not

1o obscure the invention.

[0026] There are several advantages of the embodiments of the present invention.
One advantage is the damping or the reduction of amplitude of noise at 1/3-octave

frequency band of 500 Hz.

[0027] Another advantage of the embodiments of the present invention is the

shifting of noise frequency of suspension spring 40 and snubber 45 away from the



frequency band of 500 Hz. [0027] Another advantage of the embodinents of
the present invention is the shifting of noise frequency of suspension
spring 40 and snubber 45 away fromthe 7 operating frequencies of the

reci procating conpressor to prevent the-soccurrence of noise resonance
during the conpressor operation. [0028] Yet another advantage of the

enbodi nents of the present invention is the capability to act as a

metal lic dust Qpﬁé?ﬁmgéire%%%@ﬁ@h%&cwm@aﬁg FRInBEESTor dnpetieat thegpecupence iof

| ubrication system of ngﬁessor 0029 Referring to FIG 3A, a
suspensi on spﬂFWﬁ’%ﬁmﬁW§(P% %ﬁﬁ@%@$ EePetalitangenent in accordance with a
first embodiment of the present invention is shown. The suspension spring
50 is made up of a plurality of coils and has two opposing open ends which

define a circuybegs] t v ndhes RRGAaRE bR dMRIEmERY bX (&hBR8ent {NERRER RHd Of
the suspension spring 50 is loosely fitted over the snubber 55, such that

t he suspensi orcapgrilitygtoS@t nedueeslipdysiterl foranbping metahpirtieles fiimeniebby

I nternal diameter 59 of the suspension spring 50 is larger than the

di aneter 57 ofthe pihdubsicatitesysem of HOIOMpEs$H. | oose fitting of the suspension
spring 50 over the snubber 55 noves away fromprior art manufacturing
practices of having the suspension spring 50 firmy attached to the

. I engces
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advant ages of aﬁﬁﬁ%&ﬂeﬁﬁ tn aeRedinke ’Nm]rpfa ﬁl@? erb%&i'ﬁ%t 'O'Pvtﬁ@hi &30P %Vé@g&p% the

i hconveni ences. 031] Referring to G 3B, a suspensiorn spring
nodi fi ed snubbhd)wﬁ5The suspension spring 50 is made up of a plurality of coils and has two

opposing open ends which define a circular tubular space within their helix shape.
One open end of the suspension spring 50 is loosely fitted over the snubber 53,
such that the suspension spring 50 reduces physical contact with the snubber 55.
Internal diameter 59 of the suspension spring 50 is larger than the diameter 57 of

the snubber 55.

[0030] This loose fitting of the suspension spring 50 over the snubber 55 moves
away from prior art manufacturing practices of having the suspension spring 50
firmly attached to the snubber 55. The loose fitting arrangement may result in
inconveniences during fitting of the suspension spring 50 to snubber 55, but the
advantages of the first embodiment of the present invention outweighs the

inconveniences.

[0031] Referring to FIG.3B, a suspension spring 60 and modified snubber 65
arrangement in accordance with a second embodiment of the present invention is
shown. One open end of the suspension spring 60 is also loosely fitted over the
snubber 65, such that the suspension spring 60 reduces physical contact with the

snubber 65. However to ensure that the suspension spring 60 does not slip off or



arrangenment in accordance wth a second enbodi nent of the present invention
is shown. One open end of the suspension spring 60 is also |oosely fitted
over the snubber 65, such that the suspension spring 60 reduces physical
contact with the snubber 65. However t@ ensure that the suspension spring
60 does not slip off or 8 fall away fromthe snubber 65, the nodified
snubber 65 is further, provided with a groove 66 at or near the base of the

modi fi ed snubb@f 288y frogptie] siyhler §3s Henwpdiricd prybhgr 65 Birthey prewided yuph ad
such that the ogpen of t suspensi on.spri that fits over the

modi fi ed snubb%BO%’s&?fgoﬁﬁﬁaéQ@epba&? Ogﬁwl“é%g?ecgsr?&gg“éésl 61 having a smal | er
internal dianmeter 68 than the internal dianmeter 70 of the suspension
spring 60. The snmaller internal dianmeter 68 of the coil 61 is also smaller

than that of goeitheThdiirpBisein §Fief 60 ReuAR ddap@d SOUPBRE 10Depdd QRIS the

di aneter 67 of the nodiftied snubber 65 at the groove 66 is smaller than
the smal | er i rduspamalon sgiiagrétaefitsGBenthetrhalified srmdbtr &8 malel uHaf anidaslose

smal l er than the outer dianeter 69 of the nodified snubber 65. [0033] The
groove 66 and He lckavingensmaler arjemhle diomaier &8 than éhan afterdaladiemeter 68 ofttbget her
ensures that the suspension sprin 0.does not sljip off o al | away, from
Che modi {1 od SHOBBSIRGE IS Bbaie W o Prmetr b thasel ¢l fudls dndlsh

bet ween the s j i Q. i fi u 65, Fur nor e,
2 second gap Ca8T Al S AR B ER o AR IR BB IS gt e Sl o
internal di amahenm&Bf@ndnider 4508Va68088: 568s Sgﬁﬁh{j e &Rubhfler GRrermbe

internal dianmeter 70 of the suspensioh spring 60 and the smaller Internal

di anet er 68 ofdiitheeces of thd atlesst shd £dil §lbdgiedsd dMaatlet than Gt @fteddiameteso 69 and
groove di aneter 67 respectively, of the nodified snubber 65.
the modified snubber 65.

[0033] The groove 66 and the coil 61 having the smaller internal diameter 68
together ensures that the suspension spring 60 does not slip off or fall away from

the modified snubber 65.

[0034] However, a first gap 63a is maintained between the suspension spring 60
and the modified snubber 65, Furthermore, a second gap 63b is also maintained
between the coil 61 having the smaller internal diameter 68 and the groove 66 of the
modified snubber 65. The internal diameter 70 of the suspension spring 60 and the
smaller internal diameter 68 of the coil 61 are still larger than the outer diameter 69

and groove diameter 67 respectively, of the modified snubber 65.

[0035] In the first and second embodiments of the present invention, the gaps 53,
63a, 63b serves to minimize or prevent physical contact between the suspension
springs 50, 60 and the snubbers 55, 65. Furthermore, lubricating oil in the hermetic
compressor 10 will likely spill into the gaps 53, 63a and 63b during operation. This

thin film of lubricating oil in the gaps 53, 63a and 63b between the suspension



[0035] In the first and second enbodi nents of the present invention, the
gaps 53, 63a, 63b serves to mnimze or prevent physical contact between
t he suspension springs 50, 60 and the snubbers 55, 65. Furthernore,
lubricating oil in the hernetic conpregsor 10 will likely spill into the
gaps 53, 63a and 63b during operation. This thin filmof |ubricating oi
in the gaps 53, 63a_and 63b between the suspension 9 springs 50, 6Q and

t he snubbers 5Brings G ¢PeRdthesanbles fhed impEhaidio thpsampigcr thp redyetion
litude of nqise..at, 1/.3-0ct f band Hz. [0036] Referri
FOTFI G A, oLl PGS ol SechEP HERRaee B St herreti |

conpressor and a hernetic conpressor in accordance wth an enbodi nent of
the present invention is shown. Line 80 represents the noi se performance of

the prior artodye| Feififing WRIESISQr grbBh chifpanfd $8isdMRkfolHaR08f higRyr 8t at
about 500 Hz is 1 n excess of 50 d%. However, |ine 90 which represents the
noi se per f or ndeoeetaf contfhesstrearidet lieemeibegamgsssor Iladcordaceoridans embodimehhe
present invention exhibits a ver much reduced noi se anplitude of about 40
dB to 45 dB a®f dhesprespat Bﬁﬁ%thﬂalﬁgéQWJ[l-ODBT?]goTHETGﬁHﬁ%@em&ﬁesm‘cfﬁﬁﬂa@ﬁﬁﬁd]ﬁ%nts

of the present invention can further he nodified.to.act _as netal l.ic dust
e ror £y aoprige h Bt elic A e T P ner e o B4 87 8b AR eB A Sy ot om
of the herneti.c..c fnl i: i . _ er be
o et o SRS S0l il 342980 RGO SR

sl'i ppi ng of f thenhspuhPEsmpRssob P0 BY adtBARAtd Gith BleGRescAN@veTRANGhILERR VR, Of
t he suspension spring 50, 60 nay al so be used to attract netallic

particles in tinehhedwed heis€anpligs of abbit 4ppaB tid ¢51HBRbyss thetshge kailgel cat i ng
oil and prevent the netallic particles fromentering into the oi
| ubricating system [0038] It will be appreciated that various

nodi fi cations and i_nprovenents can be_. ) ,
[0037] The first and second embodiments of the present invention can further be

modified to act as a metallic dust trap for trapping metal particles from entering the
oil lubrication system of the hermetic compressor 10. The suspension spring 50,
60 can further be magnetized so that the suspension spring 50, 60 may be
prevented from slipping off the snubber 55, 65 by magnetic force. The
magnetization of the suspension spring 50, 60 may also be used to attract metallic
particles in the hermetic compressor 10, particularly in the lubricating oil and

prevent the metallic particles from entering into the oil lubricating system.

[0038] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.



made by a person skilled in the art wi thout departing fromthe scope of the
present invention. 10 Cains 1. A suspension spring and snubber
arrangenent for reducing transmtted noise from a reciprocating conpressor
at 1/ 3-octave frequency band of 500 Hz gnd preventing the occurrence of
resonance frequency during the recipr od8t | ng conpressor operation, the
arrangerremah%g)rrpri sing: the suspension spring having a plurality of coils
and two opposing open ends; at |east one snubber for maintaining the
integrity and shape of the suspension spring and for preventing

di spl acemlant of the suspension spring fromtheir intended  position;

wherei n: It he AtSUPRSHSIONSRENGHithPHEPOY GRigRgaRant orgedeine wansphgedypise I59mt he
snubber, w.th ro i t ek ' | . t out er
R I DL T
conpri seso@mrrend obidsotxank rigpqaencyndiringr the neeproghtii asmpessot paratihg, the
plurality of coils such.that the end coil is larger than the groove

di anet er ¥FMERBCEWE K coi| fits | oosely over the groove to define a gap

ther ebet veen; @Rdu@Rniibh §5R hadi RIS IIRS oL d8s AP RENSIRRing RpERNEndss | ar ger
than an outer dianmeter of the srubber so that a gap i's defined between the
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wherein:
the at least one snubber comprises a groove at the base of the snubber, with a
groove diameter at the groove being smaller than the outer diameter of the snubber;
at least one open end of the suspension spring comprises an end coil having a
smaller internal diameter than the plurality of coils such that the end coil is larger than the
groove diameter so that the end coil fits loosely over the groove to define a gap
therebetween; and
an internal diameter of the suspension spring is larger than an outer diameter of
the snubber so that a gap is defined between the suspension spring and the snubber to

minimise physical contact between the suspension spring and the snubber.

2. The arrangement in accordance with claim 1, wherein the end coil is larger than

the groove diameter but is smaller than the outer diameter of the snubber.

3. The arrangement in accordance with claim I or 2, wherein the suspension spring
is magnetized to act as a metallic dust trap for trapping metal particles from lubricating

o1l in the reciprocating compressor.

4. The arrangement in accordance with claim 1 or 2, wherein lubricating oil resides
in the gap between the suspension spring and snubber resulting in additional damping of

transmitted noise and vibration.



3. The arrangenent in accordance with claiml or 2, wherein the suspension
spring is magnetized to act as a netallic dust trap for trapping netal
particles fromlubricating oil in the reciprocating conpressor. 4. The
arrangenment in accordance with claiml or 2, wherein l[ubricating oi
resides in the gap between the suspengion spring and snubber resulting in
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respectivgshaslg; W th a groove diameter at the groove being smaller than

the outer dianeter of the respective |ower snubber;
a plurality of lower snubbers mounted on a frame;

the plurality of upper snubbers substantially aligned with the plurality of lower
snubbers, the plurality of suspension springs having their two opposing open ends fitted
to the plurality of upper snubbers and the plurality of lower snubbers;

wherein:

each of the plurality of lower snubbers comprises a groove at the respective base,
with a groove diameter at the groove being smaller than the outer diameter of the
respective lower snubber;

one end of each of the plurality of suspension springs comprises an end coil, the
end coil has a smaller internal diameter than the plurality of coils such that the end coil is
farger than the groove diameter so that the end coil fits loosely over the groove and
defines a gap therebetween; and

an internal diameter of each of the plurality of suspension springs is larger than an
outer diameter of the plurality of upper and lower snubbers so that another gap is defined
between the each of the plurality of suspension spring and the associated lower snubbers

for minimizing physical contact therebetween.

7. The system in accordance with claim 6, wherein the end coil is larger than the

groove diameter but smaller than the outer diameter of the lower snubbers,

8. The system in accordance with claim 6 or 7, wherein lubricating oil resides in the

gap resulting in additional damping of transmitted noise and vibration.



one end of each of the plurality of suspension springs conprises an end
coil, the end coil has a smaller internal dianeter than the plurality of
coils such that the end coil is larger than the groove dianeter so that
the end coil fits | oosely over the gro ye and defines a gap therebetween;
and an internal dianmeter of each of th pIuraIity of suspension springs is
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