1 SYSTEM FOR REDUCI NG COMPRESSOR NO SE AND SUSPENSI ON SPRI NG AND SNUBBER
ARRANGEMENT THEREFOR Fi el d of the Invention [0001] The present invention
generally relates to reducing transmtted noise and vibration from

reci procating conpressors. In particulgr, the invention relates to a
system for reducing transmtted noise &and vibration fromreciprocating
conpressors and a suspension spring and snubber arrangenent therefor.
Background of the Invention [0002] Reduction of transmtted noise from
hermeti ¢ SAPFEM GHQRMREDO UMY (b€ MPRESS@RAINOISHIANIIS 0 SRHN S Hobe

manuf acturers, particularly in conpressors for refrigeration appliances.
[0003] Many of tSM@pﬁNﬁrﬁN@BB%RiARRAN@EMEN’EﬂHBRﬂF@BorS.
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

hermetic conpressor 10 conprises a notor 12 having a crankshaft 14 coupl ed
to a connecting rod 16. The cornddwfthy Inventios i s coupl ed to a piston (not

shown) which s hoysed insjde the cylinder head 18. The cannecting rod 16,
The o) ston: anlUoRG (B et ko S oRhs Portiing oA SEHE 300 of
the hernetic el t. et her
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of the motor IgidRt@tedudily ansRiRAGIR IS braRGE om HBEiprotAll dboniRbdseR 1S
translated into a linear reciprocating notion via the connecting rod 16

coupl ed to thenda sispansion 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 to 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.




2 [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 shel

30 that encloses conpressor assenbly 23. [0006] An oil lubrication system
(not shown) is also incorporated into £he hernetic conpressor 10 for
providing lubricating oil to the rotating crankshaft 14 of the notor 12

and ot her ﬁDVtmspNoﬁﬁ-isEbﬁbrétwd)fbkcthéirﬁgtiﬁg Imatidh! &Cths hévot he ddtdl@ntedm t he
hermetic shell 30 and the crankshaft 14 is partially subnerged in the

| ubri cati ng oivibratiofikef thelsedipratating coitectihg sodal G andapistonast the tpuapsassssblyn

medi um for vibrations fromthe conpressor assenbly 23 to the hernetic

shel | 30. [008%] This ppisenist partighe| uppressed by pp diermgtics shelbPethabyenglopgsunt 25
for installation wthin e, refrigeration appliance. Noise and vibration
can however bEREEHYAAESM 2§'r ansmtted through the hermetic shell 30 via
the nmount 25 to the refrigeration appliance. [0008] A refrigeration |line
system whi ch carries refrigerant fromthe conpressor assenbly 23 for

cooling the refobs10amatil RBriéRRInisAEM (bt AbHA) B FRUNESpSatcdBaRAME tRimetic
transm ssion of noise. The refrigeration |ine systemhas a pipeline | eading
fromthe conpompsssorassfariyryvididgt lnbdicagoe siltthrtheigbtating diatkskdft d4séfethe 30. A
di scharge line 22 is firmy attached to the hernetic shell 30 at points
where the di s8Wierge andmpshep moviigepartshr blugy hubripating evilreslleets dth#iel basom pothee and

vi bration of the conpr or, _.assemhl 3 can. thus, be transm tted.via_the
di scharge lin e%ﬂagﬁelﬁfos Wﬁ@@ﬂ@% 1%66 m@ilx Spbrpgrged in the lubricating oil.
The lubricating oil thus also acts as a transmission medium for vibrations from the

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




[ 0009] Danping of vibrations fromthe hernmetic conpressor 10 have presently
been done by nounting the entire conpressor assenbly 23 on suspension
springs 40 inside the hernetic shell 30. The vibrations and noi se are thus
danpened by the 3 suspension springs 4Q before being nmechanically
transmtted to the nount 25 that suppérts the hernetic conpressor 10.

[ 0010] The suspension springs 40 are further augnented by snubbers 45 which
hel p mai nt ai nsiispension eprindsydtalndoreitring méchhiicalBusismstkaantosthe inngmt 46 thsd al so
prevent the suspension springs 40 from being displaced fromtheir intended
posi tions. Theuppouts pembérmetic poinprgssofdOare typically helical springs made up
of a plurality of coils having two opposi ng open ends which define a
circular tubul ar space within their hel i x shape. The snubbers 45 can be
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portion of the hermetic shell 30. The upper snubber 45a is substantially

al i gned wi t h tispendiavwsprirgsuldbee tyihitalnbeliebll springt madeipperf agriudalinr oflbailst o be
fitted into one end of the suspension spring 40 and the | ower snubber 45b
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0012] F manyf act r n nd as enb| t he i 0 ng 40 is
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of fitting of

alter.{?pically small protrusions that fit into the open ends of the suspension spring

40.

[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



correspondi ng upper snubber 45a or | ower snubber 45b into the opposing open
end of the suspension spring 40. [0013] However, this firmattachnment of

t he suspension spring 40 to at |east one of the snubbers 45 have a noi se
frequency of around 500 Hz. When this noise frequency coincides with
operating frequencies of the hernetic donpressor 10, the 4 total noise and
vi bration experienced will be anplified and cause a substantial noise

concern. [ 0014dtafrdistRBd MEQionl eﬁlf)éﬁefn@é@@ﬁpoef arhpl FRUVBAa bR SIBSRRAAI ffkeSPT i NY
40 and the snubbers 45 changes the noi se resonance frequency as the

i nterference torcemhanges. The interference fit is the anount of tolerance
or space between the suspension spring 40 and the snubbers 45. [0015]
Therefore, a need clearly exists for a nethod and apparatus that reduces

the noise transmtted fron1co essors, or at |east aIIeV|ate limtations
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present invention provi a suspension spring er arrangenent

for reduci ng bfraips40 drddetle BRIbSErsf450M a reci procating conpressor at
1/ 3-octave frequency band of 500 Hz and preventing the occurrence of

resonance frequency during the reciprocating conpressor operation, the
[0015] Therefore, a need clearly exists for a method and apparatus that reduces the
noise transmitted from compressors, or at least alleviate limitations of existing

damping techniques.

Summary of the Invention

[0016] 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




arrangenment conprising: 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 acenent of the suspension spring fromtheir intended position;
wherein at | east one open end of the s@spension spring is loosely fitted
over the at |east one snubber; and further wherein an internal dianeter of
the suspensi Opha$RGhH% definkdb&Reeh HRBusheAMbE spiihgAarRl BE sﬁabﬁeh%ommﬁﬁl]gso 5
that a gap is defined between the suspension spring and the snubber fTor
mnimzing phlgicdcomaitbasiecchehsapperisiver sprigspans tiensnaberng and the snubber.
[0018] In another aspect, the present invention provides, a systemfor
reducing transmtted noise froma reciprocating conpressor at 1/3-octave
frequency band of 500 Hz and preventing the occurrence of resonance
frequency dur 19938k F antBerprspsdlo theo prssenti BrentioRerTeVidee A SR | 1o dgducipe
plurality of suspension springs .each having a pluralit f coil ng. t wo
opposi ng open%@ﬁ ! ?%ng‘h B’B’r%fcﬁﬂ)r%cagﬁ% ﬁ%?’@%gsc?f aglsf@g%? fg?q%ﬂ(@' Bard 6
reci procating e (o raki pPRer t n
bottom si de o? G?Rigﬁc%?gr%%@g@éjas@én% Cfll;% %&ppﬁrﬁ%@%% étiugﬂ\/\gr1 @%ﬂgbgir%s
nmounted on a té@pRssor peRitishattet 3 s@im LBRPFsiBFUD BRI it USTS§idPénsadd ¥primdsi gned
with the plurality of lower snubbers, the plurality of suspension springs
havi ng t heir tavh lepwngsd pyraljierofecudls dnidt tved oppoditie opbmirealds tfyr efippopiey a
snubbers and the pl uralit%/ of | ower snubbers; wherein at |east one of the
two opposi ng OpEBresivlsassgnblyaeh the reriprosaiing | compressors us pEweibh ofpEPPRIs i s

| oosely fitted er the at | east one. luralit wer

f.th d |
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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 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 least 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;




of the at |east one of the plurality of upper and | ower snubbers so that a
gap is defined between the each of the plurality of suspension spring and
the at |least one of the plurality of upper or |ower snubbers for

m ni m zi ng physical contact between the each of the plurality of
suspensi on springs spring and the at | st one of the plurality of upper
and | ower snubbers. Brief Description of the Drawi ngs [0019] A first and

second enbodi Ry "I’FfIG.tzhﬁluE‘t"rﬁéseﬂEribf%%hé Hsi%kk?@%%f@ndﬂ%@ aniﬂgk%%m of

described, with reference to t drawi ngs o 0020] FIG
illustrates aFi@flaway view of a prior art hermetic conpressor; 6 [0021]
FIG2 illustrates a prior art suspension spring and snubber arrangenent of
FIG 1, [0022] FIG3A illustrates a suspension spring and nodified snubber
arrangenment in accordance with a first enbodi nent of the present )

i nvention; [00%3R1 El@32lluptrates & atspensipnspeips Asd Brediied; sagbber @rrapgesisat in

arrangenent in_ accordance.w t .Seco enbodj nent.. of the present

i nvention; an@°{8¢24Y “Eﬁé@%ﬁ“%@ﬂ?ﬁ?@?%%?%ﬁh%%&i ng noi se performance
of a prior art hernetic conpressor and a hernetic conpressor in accordance
wi th an enbodi nent of the present invention. Detailed description of the

Drawi ngs [ 002pdo28) $YSB®MiflQétraicaduCistigpehsion s Brire GndOksidban hridh@nadnt o from
reci procating conpressors and a suspension spring and snubber arrangenent
therefor, in aemecdamdendth asetdndenibodiheraofltieetasent iandmidhymidt of the
invention are described. In

[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

to 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




the follow ng description, details are provided to describe the

enbodi nents. It shall be apparent to one skilled in the art, however, that
the invention may be practiced wthout such details. Sonme of these details
may not be described at length so as not to obscure the invention. [0026]
There are several advantages of the enffodi nents of the present invention.
One advantage is the danping or the reduction of anplitude of noise at

1/ 3-octave fpequeRCHeRRANeC6 ﬁﬁ@%é"ﬁ?rocit&% p?ﬂ&%xjﬂ'ﬁ)r 1@@ theg&uPlende St

enbodi nents of the present invention is tlng o nol se trequency of

suspensi on sphbi’dgrebbnamnel derinbide copreaviopbiaton.t he 7 operating frequencies
of the reciprocating conpressor ,to prevent the occurrence of noise
resonance during the conpressor operation. [0028] Yet another advantage of
t he enbodi nents of _the present invention is the capablllty to act as a

metal |ic dust ‘{Oﬁab Yﬁbﬁnqtb%tmﬁvwg%t dhe smbedigeats 9fy b rpseat %@nﬂ@meﬁ thel

| ub th Ref t o . Fl
Suspenai on s FTIRBIED to. A 1Gh BRLER ik R o kg ara e it Boroeanive « n
first e”bOd'”ﬁﬂ%nP%b#Qﬁl ?ﬁgﬂkﬁ%ﬂ¥§ﬂﬁh9§ tas shown. The_suspen3|on sprlpg

50 is nmade up of urality of col two opposing open ends which
define a circul ar tubular space within their helix shape. One open end of
t he suspension spring 50 is loosely fitted over the snubber 55, such that
the suspensi o[0029)r Refyrrs@ tediGeA plhy sispahsi@pndpaing 50 tdndt hewearnshibder 35.

I nternal dianmeter 59 of the suspension spring 50 is |arger than the

di anet er 57 oftranggmenininh#rsprdgace 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 circular tubular space within their helix shape.
One open end of the suspension spring 50 is loosely fitted over the snubber 55,
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




[0030] This loose fitting of the suspension spring 50 over the snubber 55
noves away fromprior art manufacturing practices of having the suspension
spring 50 firnmy attached to the snubber 55. The |oose fitting arrangenent
may result in inconveniences during fitting of the suspension spring 50 to
snubber 55, but the advantages of the &irst enbodi ment of the present

i nvention outweighs the inconveniences. [0031] Referring to FIG 3B, a

suspensi on sp T&lﬂwﬁoﬁ&ﬁ%gﬁﬁkﬁbbﬁ g5,5tb RRRIi i PsnuBbdrag3oie ff@t‘f'ﬁer igod8sPHARNC e
with a second enbodiment of the present invention is showl. One open end

of the suspengrawve$prat ognadthedasd sfthe ondiled shuttieedS.over t he snubber 65,
such that the suspension spring 60 reduces physical contact wth the
snubber 65. However to ensure that the suspension spring 60 does not slip

ff 8 fall th nuhber t he difie nubber f.urt her
Sr oviocrzled vft hl@mﬁ 1{5‘6\%21151@@%8?1 Sgl?m&égrls ﬁ{&ﬂ%&ggpt'ﬁé' q%etﬁ fOPEH egﬁzfsﬂgﬁr 65.
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of at |east 0ggi 6¢Yalinh sﬂ?al’lbﬂ‘ﬁxtéi‘nairfﬁ&h&lér Bg‘ttﬁz{d"ﬁle iﬂteﬁ{EFtd%{me@& jden uie

internal dianmeter 70 of the suspension spring 6 he small er 1 nternal
di aneter 68 okudpbasieWipringlo0l. SThalsarllsmateedl didnteadt &mmdﬁoﬂeélqatawb sitiaflget er
69 of the nodified snubber 65. G oove dianeter 67 of the nodified snubber
65 at the grothes th8 of g outes idiametdrtQrofttheemedifietl enutibat &F. n@roovdidiametter 67681 of
the at | east one coil 61 and also snmaller than the outer dianeter 69 of

the nodified duBwdiiedssnubberas) atiihe gronyeco®ees smallerbar dhe sorllenintergak he
smal | er inter Blameger%rgeof%le eg?east one coil 61 and also smaller than the outer diameter 69 of

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




t oget her ensures that the suspension spring 60 does not slip off or fal
away from the nodified snubber 65. [0034] However, a first gap 63a is

mai nt ai ned between the suspension spring 60 and the nodified snubber 65.
Furthernore, a second gap 63b is also maintained between the coil 61
having the smaller internal diameter 68 and the groove 66 of the nodified
snubber 65. The internal dianeter 70 of the suspension spring 60 and the
smal | er int er galingdisae 8hd 68 sRibYeRES S @5! fuftferdddd t@tthé hmham% thdRQuéthym out er
di aneter 69 and groove dianeter 67 respectively, of the nodified snubber
65. [0035] | nof meplituds bf avist stdcDHoctaesrireglichenbadaif S00&pr esent i nventi on,
the gaps 53, 63a, 63b serves to mnimze or prevent physical contact

bet ween the suspension springs 50, 60 and the snubbers 55 65.

Furt her nore, |Ubf|§? in oi%ghg the hernetic co ressor \? dikely
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[0036] Referring to FI'G 4, a graph conparing noise per nance of a prior
art herneti cpdongt Baatic @0ghpeesf@rOetTHe waRigsEade oNliRCEPLCEIGE 500 H2 an
enbodi ment of the present invention is shown. Line 80 represents the noise
per f or mance ofs inlgacespof B dBr Homevereting 9¢ sinhesprserttd theThasspirfemangs oft ude

of line 80 at about 500 Hz is_ in excess of 50 dB. However, |ine 90 which
represents t h&elsTRetiGRamRIpsHah LR NpTccondppce vt preserirpYcasion exhibits ¢ very
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[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.




[0037] The first and second enbodi nents of the present invention can
further be nodified to act as a netallic dust trap for trappi ng netal
particles fromentering the oil lubrication systemof the hernetic
conpressor 10. The suspension spring 50, 60 can further be magnetized so
that the suspension spring 50, 60 may be prevented fromslipping off the
snubber 55, 65 by magnetic force. The nmagnetization of the suspension
spring 50, 60 nay al so be used to attrpgt nmetallic particles in the
hernmetic conpressor 10, particularly in the lubricating oil and prevent
the metaldi.c particles fromentering into the oil lubricating system

[ 0038] | WP be appreci ated that various nodifications and inprovenents
can be nmade by a person skilled in the art w thout departing fromthe
scope of the present invention. 10 Clains 1. A suspension spring and

snubber ay r angedispdnsioarspfigg e Mabbdranangdrad fatatdRidg teismittddanifer faematal Ng
conpressor at 1/3-octave frequency band of 500 Hz and preventing the
occur r enceipbcatieg avanpressér el lSacgtadu frequpnty bané oif fr0Sc Hzi oyl pevprtaws te
operation, the arrangenment conprising: the suspension spring having a
pl ural i t gccarenssi pk respmancodregypesi Agingpthe weipsocating |compressefe onprgiemr theor
mai nt ai ni ng&%he integrity and shape of the suspension spring and for
prevent | AGTECESIHOBIENE0f t he suspension spring fromtheir intended
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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 that a gap is defined between the suspension spring and the

snubber for minimizing physical contact between the suspension spring and the snubber.

2. The arrangement in accordance with claim 1, wherein the at least one snubber
further comprises a groove at the base of the snubber, the groove diameter at the groove

being smaller than the outer diameter of the snubber.

3. The arrangement in accordance with claim 2, wherein the at least one open end of
the suspension spring comprises at least one coil having a smaller internal diameter;
further wherein the smaller internal diameter of the at least one coil is larger than the

groove diameter and smaller than the outer diameter of the snubber.

4. The arrangement in accordance with claim 2, wherein the suspension spring may
further be magnetized to act as a metallic dust trap for trapping metal particles from

lubricating oil in the reciprocating compressor.




further wherein an internal dianmeter of the suspension spring is |arger
than a outer dianeter of the snubber so that a gap is defined between the
suspensi on spring and the snubber for m nimzing physical contact between
t he suspension spring and the snubber. 2. The arrangenent in accordance
with claiml1l, wherein the at | east one snubber further conprises a groove
at the base of the snubber, the groove dianeter at the groove being
smal l er than the outer dianmeter of theygsnubber. 3. The arrangenent in
accordance with claim2, wherein the at | east one open end of the
suspensi on spring conprises at |east one coil having a smaller internal

di aneter; further wherein the smaller internal dianeter of the at |east one
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wher ei N ey pUeRH iARISIRbhA HafPihg Jrnbhiffited BoildBGNElbAGEnt O act as a
nmetallic dust trap for trapping netal particles from lubricating oil in

the reciprocating conpressor. 11 5. The arrangenment in accordance with
claim1, wherein lubricating oil may reside in the gap resulting in

addi ti ond&l darkhe Araegement insadceordarrenwitls elasmdl, whsrein i they sugensipe saringmgament
in accordance with claiml, wherein the suspensjon spr.ing y urther be
magnet i ngﬁ < bpreazasizediie REeNepk HS BPLSINAPTINg drAm |811mn&efﬁ? at If‘@sta?nq east
one snu H L 7. The arrangenent in accordance with claim 1, wherein the
suspensi on"spring may further be nagnetized to act as a netallic dust trap
for trapping netal particles from lubricating oil in the reciprocating
conpressor. 8. A systemfor reducing transmtted noise froma reciprocating
conpressqgr at Thé 3rrangement in accordance with claim 1, wherein the suspension spring may

further be magnetized to act as a metallic dust trap for trapping metal particles from

lubricating oil in the reciprocating compressor.

8. A system 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 compressor operation, the system comprising:

a plurality of suspension springs each having a plurality of coils and two opposing
open ends for supporting a compressor assembly of the reciprocating compressor;

a plurality of upper snubbers mounted on a bottom side of the compressor
assembly;

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 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




octave frequency band of 500 Hz and preventing the occurrence of resonance
frequency during the conpressor operation, the systemconprising: a
plurality of suspension springs each having a plurality of coils and two
opposi ng open ends for supporting a conpressor assenbly of the

reci procating conpressor; a plurality of upper snubbers nounted on a bottom
side of the conpressor assenbly; a plurality of | ower snubbers nounted on
a frame; the plurality of upper snubbejs substantially aligned with the
plurality of lower .snubbers, the plurality of suspension springs having
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the each of the plurality of suspension spring and the at |east one of the

plurality of upper or |ower snubbers for mnimzing physical contact
between the each of the plurality of suspension springs and the at | east
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the outer diameter of the at least one of the plurality of upper and lower snubbers.

10.  The system in accordance with claim 9, wherein the at least one of the two
opposing open ends of each of the plurality of suspension springs comprises at least one
coil having a smaller internal diameter;

further wherein the smaller internal diameter of the at least one coil is larger than the
groove diameter and smaller than the outer diameter of the at least one of the plurality of

upper and lower snubbers.

11.  The system in accordance with claim 8, wherein lubricating oil may reside in the gap

resulting in additional damping of transmitted noise and vibration.

12.  The system in accordance with claim 9, wherein at least one of the plurality of
suspension springs may further be magnetized to act as a metallic dust trap for trapping

metal particles from lubricating oil in the reciprocating compressor.

13.  The system in accordance with claim 8, wherein the frame further comprises a

lower portion of a hermetic shell.




the outer dianeter of the at |east one of the plurality of upper and | ower
snubbers. 10. The systemin accordance with claim9, wherein the at |east
one of the two opposing open ends of each of the plurality of suspension
springs conprises at |east one coil having a smaller internal dianeter;
further wherein the smaller internal dianeter of the at |east one coil is

| arger than the groove dianeter and snmaller than the outer dianeter of the
at | east one of the plurality of uppeg3and | ower snubbers. 11. The system
in accordance with claim8, wherein lubricating oil may reside in the gap
resulting in additional danmping of transmtted noise and vibration. 12. The
system i accgthéaﬁyé@mlxﬂlt HC%)FQ?P?’FI withyglaipe $nwhsteineaisieass pue o the Plypliapl ty of

suspensi on_spr.i n r r neti,zed to a netallic dust trap
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in accordance with claim8, wherein at |east one of the plurality of
suspensi on springs may further be nagnetized to prevent the suspension
spring faém 9gihepystetn of hcdobdaned whthaddinoBewhéreinhat Jehstramki dfythe fplurpligr ofand

| ower snubbers. 15. The systemin accordance with claim8, wherein at |east

one of t Kespshsipmisptigesomay Surghse bsireagnsiiedrigachaga metallicedush drapa A erappEE t o
act as a ne aIIJ ust for tr%gp 9 netal particles fromlubricating
oil in tkety é)a’tlﬁfeé h]éne eciprocating compressor.




