WO 02/ 06698 PCT/ BR0O1/ 00082 " VI BRATI ON DAMPENI NG SYSTEM FOR A RECI PROCATI NG
COVWRESSOR W TH A LI NEAR MOTOR" Field of the Invention The present

i nventi owoet/aéwsssto a vi bration danpening 5 systemto berar@#oi/enose

reci procating conpressor driven by a linear notor, in which the fixation
of the notor- conpressor assenbly to the shell is generally nade by

springs. Background of the Invention 10 In a reciprocating conpressor with
a linear nmotor (figure 1) the conpression nechani smof the gas occurs by
t he axi al novenment of a piston inside a cylinder. Suction and di scharge

val ves are | ot¥IBHATIAONhe D2AMHENIAEY h8AETEN Or FO®t r bl | REg TRHROCAIITHNGST on and

15 di scharge ebMaE%S%6§ {idriiehat, rRRakombigreY! i nder. The piston is driven
IC

by an actuator, carries a _magnetic conponent actuated by a |inear
notor. The pFiedd pP§ EBANERYERAtieNa resonant spring and forms, jointly

Wi th the magnehic peemeerentnrd ithe widid, to 280 Vherhesenattanpesamy y of
the conpressor. The conpressor, i,.s nounted inside a shell onto _an assenbly
of danpeni’ng SBFFAYs CPhRGi HGSE ¢Beff FECERT OGR L0 SOMPIAF SRKS) TriVsSe
function i s tbynmanilimeert hetokr ananwvhsichn the Fiibmat oan ofesilet mog d-om t he

novement 25 o] enbl yv., The vipragi a dur ) ng
nor mal operat?%ﬁ%QESégﬁegggﬁggegsg? ﬁ%ﬁa5@%%E€edéb§ggggspﬁgt#%%eogﬁéhe mass
of the mechanspaingssenbly of the conpressor During operation, the resonant

assenbly, of ggg§gygund39fiEhgi§ﬂb@ﬁggohn relation to the assenbly forned
by the %%JlnIn a reciprocating compre%s%iseg?Lﬁ’ gf fggg;r motor
(figure 1) the compression mechanism of the gas occurs
by the axial movement of a piston inside a cylinder.
Suction and discharge valves are located in the
cylinder head, for controlling the admission and
15 discharge of the gas in relation to the cylinder. The
piston is driven by an actuator, which carries a
magnetic component actuated by a linear motor. The
piston is connected to a resonant spring and forms,
jointly with the magnetic component and the spring,
20 the resonant assembly of the compressor.
The compressor i1s mounted inside a shell onto an
assembly of dampening springs (having a coefficient of
elasticity KS), whose function is to minimize the
transmission of wvibration resulting from the movement
25 of the resonant assembly.
The vibrations generated during normal operation of
the compresgssor are produced by oscillation of the mass
of the mechanical assembly of the compressor
During operation, the resonant assembly, of mass MP,
30 is displaced in relation to the assembly formed by the
cylinder and the motor (reference assembly, of mass
MR) driven by the motor. By the action-reaction
principle, the reference assembly will Thave a
displacement proportional to the ratio of the masses

35 of these two assemblies (figure 2). Such displacement



MR) driven by the notor. By the action-reaction principle, the reference

assenbly w ||

35 of theweoromwtassenblies (figure 2).

have a displacenent proportional to the ratio of the nasses

PCT/ BR0O1/ 00082 of the reference assenbly, which is seated on the

danpening springs, transmts an alternate force to the shell of the
conpressor, causing said shell to vibrate, which is undesirable in this

ki nd of nmchi

appliances. Sunmary of the Invention It (
present invencifonthe primderca visgeabilon dahpehi nig spseded opna thkd
reci procat i ngqeQPRHESSOLpMiy R Id 8RR A ML Ald G-achieving a

e vibration resulting fromthe operation of
the conpresséfeltnhi fobjert i vEOTBT @ERPEYedBYSAYI bERELCon TdHdenitify
systemfor a mﬁkla:t@cawmg:mmr@m@éimm\e aillrlﬂij FE@E kmpaorofofmaté}%ﬁe/pe
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direction qof the piston, sai sec%pd bal anci ng neans
reciprocating compressor wit a inear moto¥r, which

allows achieving a considerable attenuation of the
vibration resulting from the operation of the
compressor.

This objective is achieved by a wvibration dampening
system for a reciprocating compressor with a linear
motor of the type comprising: a shell, a motor-
compressor assembly comprising a reference assembly
formed by a motor and a cylinder and mounted inside
the shell by dampening springs, and a resonant
assembly formed by a resonant spring and a piston
reciprocating inside the cylinder, sald system
comprising at least one first Dbalancing means
connecting the reference assembly to the shell, and at
least one second Dbalancing means connecting the
resonant assembly to the shell, both balancing means
actuating according to the displacement direction of
the piston, said second balancing means presenting a
coefficient of elasticity proportional to the
coefficient of elasticity of the first balancing
means, by a factor defined by the ratio of the masses
of the resonant assembly and of the reference
assembly, respectively.

Brief Description of the Drawings

The invention will be described below, with reference

to the attached drawings, in which:

erd¢iguat iy ageor didyg tq the



coefficient of elasticity proportional to the <coefficient of elasticity of
the first balancing 30 neans, by a factor defined by the ratio of the
masses ofObDhesepesonant assenbly and of the reference asBENBRY1/00082
respectively. Brief Description of the Drawings The invention wll be
described below, with reference 35 to the attached drawi ngs, in which: WO
02/ 06698 PCT/BROL/ 00082 Figure 1 is a schematic |ongitudinal sectional
view of part of a reciprocating conpressor with a |linear notor nounted

i nside a conpressor shell by danpening springs, according to the prior

art; 5 FigureF2gsrkedntiscal Ischdnafsita dtcagittveliavedarsgperteimra ofvigvhe fr esonant
assenbly and Lhe.! SECLERLe AR hPlconie ot REAGRU NOLEOPLASSAr W Lh a
i near notor of fiqure 1; Figure 37 s a schematic |ongitudl nal sectional
view of 10 pBPEREEda rigiif®dcali nFERHHEESTor Wehl a Pivned2RATHMI nount ed

i_nzi de a conpegssalssheklokyignpeni-he @@&bﬂgg_rtand pr 0;/! ded withda f
vi bration danmpeni ng system canstruct.ed according.to a first enbodiment o
the prese tngﬁx%lﬁgi gn;sc%?“ﬁ(kdlﬁ‘%lé’ s@ﬂé’ﬁ%ﬁactﬁsl 3:}19 Iad:s?arréﬁeé%e,nr%s qtjr;refi gure
3, a Vibrati ahedamgsmagt spstsembdgnsindicthd assigmhmee t asaembégond

enbodi nent of e i hvention:  Fi e 5 .sch d y illustrates a
vi bration da%egnilﬁ%ﬁ%‘%ﬁ%ﬁl@%nggglggfeggggccvglr%} ngnﬁ)lrg%%]i Fﬂakogo ae

enbodi ment of fibhwrgradsent invention; Figure 6 schematically illustrates, as

in figure 3, @;qyi-lrati;on damening SHRMRASIIIVELD: Aseor ding, tdx a
fourth enbodi nent of the present i1 nvention; , )

10 part of a reciprocating compressor with a linear motor
mounted inside a compressor shell by dampening springs
and provided with a vibration dampening system
constructed according to a first embodiment of the
present invention;

15 Figure 4 schematically illustrates, as in figure 3, a
vibration dampening system constructed according to a
second embodiment of the present invention;

Figure 5 schematically illustrates a vibration
dampening system, constructed according to a third

20 embodiment of the present invention;

Figure 6 schematically illustrates, as in figure 3, a
vibration dampening system constructed according to a
fourth embodiment of the present invention;

Figure 7 schematically illustrates, as in figure 3, a

25 vibration dampening system constructed according to a
fifth embodiment of the present invention; and
Figure 8 schematically illustrates the arrangements of
both the resonant and the reference assemblies of the
reciprocating compressor with a linear motor of

30 figures 3-7.

Description of the Illustrated Embodiments

The present invention will be described in relation to
a reciprocating hermetic compressor with a linear
motor comprising, inside a shell 1 and as illustrated,

35 a motor-compressor assembly having a piston 2



Figure 7 schematically illustrates, as in figure 3, a 25 vibration
danpeni ng system constructed according to a fifth enbodi nent of the
present we@enodees; and Figure 8 schematically ill ustratesPCh8Rareom@msyenent s
of both the resonant and the reference assenblies of the reciprocating
conpressor with a linear notor of 30 figures 3-7. Description of the
I1lustrated Enbodi nents The present invention will be described in relation
to a reciprocating hernetic conpressor with a linear notor conprising,
inside a shell 1 and as illustrated, 35 a notor-conpressor assenbly having

a piston 2 Wx62n86688 PST/:-BREYREEE? smedmecd eéjnaOWmeﬁsQ@aakmpwﬂg 3 and
which is aX|aéI disglaced i-nsi de a ;éllnder 4 %¥ an_actu tor arrying

a magnetic conp%%%%?e dFP§eﬂeby a FV aﬁernoéor ?ﬁe |ﬁ§8F 4 has an
end opposite tarthend cpemapheeiendaifpdriwnipi st oﬂrﬁvamdMWh liimeelrosed by

a cyIinder @?o§ 7 N R cgﬁg %ﬁ%&lqp Mggvgugaega éﬁgg g* the%Ive 8b

are pOSI ti one contro adm ssi on an gas in
rel ati on to t%@er@’9+Vﬁd@ﬁd40f1©h$h§lEF@@O% andt Wélpés@ﬁaﬁt 0§9Fﬂ+ By 3 and the

magnetic cor@pﬁﬁ@&érf Qféa@ eesqelan,&hﬁc%egblgyuc]&orpfva@@é M2 amda whe
assenbly for Ilnder and t he nof or fines a rgferen&g-assenbly

d
20, of mass R%SC %ﬁ%ﬁat TPAEF ya |am%t%ﬁﬂefdl<?rﬁe<i. AF eSOBtZRGLBRITIES 5
ref erence assadihl ys26ni snsedtiedhargeamieiig s | igsrefabeoal ky deki ned by
hel i cal spring; ? $§ %Ilustrated in figures 1-2, or by flexible arns with
elras

a coefficient fcity KS. In the construction of the prior art
(figureslP anthe piston 2, the resonant spring 3 and the magnetic

components form a resonant assembly 10, of mass MP and
the assembly formed by the cylinder and the motor
defines a reference assembly 20, of mass MR,
schematically dillustrated in figures 2 and 8. The
15 reference assembly 20 1s seated on dampening springs
generally defined by helical springs 9, as illustrated
in figures 1-2, or by flexible arms with a coefficient
of elasticity KS.
In the construction of the prior art (figures 1 and
20 2), the operation of the compressor causes vibrations
of the reference assembly 20, at least in the
displacement direction of the piston 2, which are not
dampened by the dampening means and which are
transmitted to the shell 1, as previously described.
25 According to the present invention, the reciprocating
compressor of the type driven by a linear motor is
provided with a vibration dampening system, for
minimizing the oscillations resulting from the
reciprocating displacement of the piston 2 inside the
30 cylinder 4, comprising at least one first balancing
means 30 connecting the reference assembly 20 to the
shell 1 and at least one second balancing means 40
connecting the resonant assembly 10 to the shell 1,
both Dbalancing means actuating according to the

35 displacement direction of the piston 2 reciprocating



20 2), the operation of the conpressor causes vibrations of the reference
assenbly 20, at least in the displacenent direction of the piston 2, which
are not wanpewsesl by t he danpeni ng means and which are transgRit/eosk to the
shell 1, as previously described. 25 According to the present invention,
the reciprocating conpressor of the type driven by a linear notor is
provided with a vibration danpening system for mnimzing the
oscillations resulting fromthe reciprocating displacenment of the piston 2
inside the 30 cylinder 4, conprising at |east one first balancing neans 30
connecti ng thﬁnseaer&mEEc@@%mﬁﬁn/4&)éandhgeceﬁélbalaandngtnkaast4mne

second pal anchhSIRRIA.10. BANRSELLNG Lhe nesanant ASSPIl Lot Lacine shell

1, both bal ac tuatln accord I'Ng acenen
direction of the ’phst Wp@ffml?ﬂbcaltﬁ n@lv@t@Z/l@@GQBSP(IFI BRI¢ 0608Zt i nsi de

the cylinder ﬂalaﬁbqnaeM§3aé@n%ygarr%%%o@ adf &Mt bPY tﬁec%ftfl'oc' ent of
elasticity KB proportignal to the coefficient of elasticity KS of the

first ballancPREREANSSD, m‘B§SaMF’ac9tfort]a%f EESPTER Tt S s b 51 Beﬁﬁ@en t he
mass MP of thehéemaaenmawer&hbyré@eaeﬁcet BesemBsyMROOT the reference

assenbly 20. in,the jllustrated constructions t bal anci ng nmeans
30, 40 are d.@ié? gnchﬂ)Fed ]i’)ethella]stf‘éﬁatle t h&PtE Jl%nt i
foresees ot hebalancmngt rmmztnsveB 0Opt 4Onsare ndikrech lyhearbdi@rsd ngo mesdes 30,
40 are nount eg, Lo th shel g%ggta GRRReGt I g cefl OVl t hat
ra

t
the latter does not change tehe 10 of nasses and coe% rcients o
elast|C|ﬂ§)be@@ééﬁrupﬁévﬁe§@ﬁaﬁpsanénr@ﬁéﬁ@n@@€a§§é@mqu§§ I¢ang0 3&hd t he

15 bal anci ng mBans-S0moflted to the shell 1 through a connecting
means, provided that the latter does not change the
ratio of masses and coefficients of elasticity between
the resonant and reference assemblies 10, 20 and the

15 Dbalancing means 30, 40.
The proposed solution is schematically shown in figure
8.
According to the present invention, the first and the
second balancing means 30, 40 should be arranged in
20 relation to each other substantially according to the
same direction, coinciding with the direction of
displacement of the piston 2 inside the cylinder 4.
According to an embodiment of the present invention,
illustrated in figures 3-5, the first balancing means
25 30 is defined by the dampening springs and the second
balancing means 40 is defined by at least one helical
spring. In the arrangement illustrated in figures 3
and 4, the second balancing means 40 presents only one
helical spring, which is mounted to the resonant
30 assembly 10, so that its longitudinal axis is aligned
to the longitudinal axis of the piston 2.
Figure 3 illustrates a first embodiment of the present
invention, in which the helical spring of the second
balancing means 40 and the dampening springs that

35 define the first balancing means 30 are provided under



The proposed solution is schematically shown in figure 8. According to the
present invention, the first and the second bal anci ng neans 30, 40 should
be arranged0/me9®0 rel ation to each other substantially apcoBg#bnigo$n t he
same direction, coinciding with the direction of displacenent of the
piston 2 inside the cylinder 4. According to an enbodi nent of the present

invention, illustrated in figures 3-5, the first balancing neans 25 30 is
defined by the danpening springs and the second balancing nmeans 40 is
defined by at |east one helical spring. In the arrangenent illustrated in

figures 3 andhé, mbherseempdebabanaspgmbigns 40 presents only one helical

bng! Ludi nal BXCETEe 411 diod® E8 ERe Pongttohinal Ra ttsr Y e St 2.
Figure 3 illupreaess dnfienstoanbddi neniclofthéehetesaht spraveniforthd n whi ch

the helical SPELRAOLAINRCSRGORTpBAUANGING WRARSARNL (i dypRan ng

springs that 35 define the first bal ancing neans 30 are provi ded under WO
02/ 06698 BCT/ BRODXEEE8Z AHESHBLBr - *BAPr YROTL R sl R garwpening
illustrates aspe¢apd.enbodi nent of the present invention, in which the

helical spring.,of the ,second bal anci an Q is prqvided above the
nmotor 5 conprgégBFeaSséﬁgpﬁ aft 98p805335g?8H@ﬁélH§ﬁﬁem nd S BHGRFET Fi gure
5 il lustrat esiavehicidnentadivhieh ahet He rpresert thienwertonon balmrwhingh t he
first and the n al apci. a 0 Lhcl hel i cal i ngs,
SPERRLES, B0CR IR S sl e ia e Mok o0

which are 10 alT o each other and ti . lal axi's of _the
pi ston 2 1thor pzeangldl yodiesisdsexkham amd sto the longitudinal axis of

the piston 2, horizontally  disposed. In this
construction, the first and the second balancing means
30, 40 also operate as dampening means for suspending
the compressor inside the shell and they are
15 adequately dimensioned to exert the double
“suspending-balancing” function.
Figure 6 illustrates a forth embodiment of the present
invention, in which each of the first and second
balancing means is formed by a respective flexible
20 arm, which is disposed transversal to the displacement
direction of piston 2. In this construction, the
flexible arm of the first balancing means 30 is
affixed to the shell 1 and to the reference assembly
20, defining a suspending means of the motor-
25 compressor assembly, while the flexible arm of the
second balancing means 40 is affixed to the shell 1
and to the resonant assembly 10, in order to actuate
in the displacement direction of piston 2.
Figure 7 illustrates a variation of the present
30 invention, using flexible arms for the first and
second balancing means 30, 40 1in a transversal
arrangement in relation to that illustrated in figure
6, as a function of the transversal mounting of the
motor-compressor assembly. ,
35 Although not illustrated, it should be understood that



construction, the first and the second bal anci ng neans 30, 40 al so operate
as danpeni ng neans for suspending the conpressor inside the shell and they
are 15 adegoaowby di mensi oned to exert the double "susperdi/Bgoti@iossci ng”
function. Figure 6 illustrates a forth enbodi nent of the present

invention, in which each of the first and second bal ancing neans is forned
by a respective flexible 20 arm which is disposed transversal to the

di spl acenent direction of piston 2. In this construction, the flexible
armof the first balancing neans 30 is affixed to the shell 1 and to the
ref erence assghil ypreﬁendefinv&rg:ﬁaarsusigmaﬁa@ meanas othéhefimsor 28l

conpressor asgepBhy, %\%1%%1 an 0 ﬁe9r mof Jhe ?ES%@@@I bal gpciflg means

40 is affixed to the resonant ass In order to
actuate in tﬁ@aGFsﬁpébéﬁéﬁ@ﬁm?%ﬁﬁ?@#ﬁo@e%%%?@nbz th@%@§aﬁlﬂﬂﬁk%}ates a

variation of khe wyeSaenfle:%@buava&&d Onﬂhll-@’l ngs f a@épbls@dartr@rf@fextggﬂ first
and seco t ran Ver s r rangerrent In

CRat Chel L EPLRGaTPHCT RiaP B
relation t Fl t$EP ?gamFH f éﬁ?g R1FGRBt Fon of the transversa
nount i ng of tBéncenUﬂnacmupemesbs aﬁSeﬂbéyre%BnAhthaugham@lyinbusﬁkhted it

shoul d be undg%%tg%%égg% \M%ég% g ECIQEEQ;/qgogﬁasghe §$§%1{”V6”t'0”

foresees that e Tirst and secon anci ng nean ormed with
at | east onewbfnt hehel epeatfidetnhedoby aldstichty sp?ﬁ ng:h%lndS%Drai

fllexi ble armp,uhbebihg dbaRASed LARRRRN ?/aldef{inte‘%i t he, ISPl AGRERRn
direction of piston 2 Since the novenen t he resonant assenbly 10 and

t he refeﬁH%ceO§s§@ﬁE@F 6 Fe didte i FepraRRC R pposerPby, 20 and from

resonant assembly 10 to the shell 1 will occur in
phase opposition, and with a substantially equal
amplitude, resulting in a force on the shell 1 close
to or equal to zero, considerably reducing or even
15 eliminating the undesirable vibration on said shell.
Figure 8 schematically illustrates the resonant
assembly 10 and the reference assembly 20 and the
balancing means of the present invention, in which
balance is achieved by the equation KB = KS(MP/MR), as

20 previously described.
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connects the reference assembly (20) to the shell (1),
and at least one second balancing means (40) connects
the resonant assembly (10) to the shell (1), both
balancing means (30, 40) actuating according to the
displacement direction of the piston (2), said second
balancing means (40) presenting a coefficient of
elasticity proportional to the coefficient of
elasticity of the first balancing means (30) by a
factor defined by the ratio of the masses of the
resonant assembly (10) and of the reference assembly
(20), respectively.

2. System, according to claim 1, characterized in that
the first balancing means (30) is parallel to the
second balancing means (40).

3. System, according to claim 2, characterized in that
the first balancing means (30) is defined by the
dampening springs.

4. System, according to claim 1, characterized in that
the first and second balancing means (30, 40) are
defined by the dampening springs.

5. System, according to claim 4, characterized in that
the first and second balancing means (30, 40) are
arranged aligned to each other with the displacement
direction of the piston (2).

6. System, accorxrding to claim 1, characterized in that

Jeans (40)
I cl ent of



factor defined by the ratio of the nmasses of the 20 resonant assenbly (10)
and of the reference assenbly (20), respectively. 2. System according to
claiml, woarewveri zed in that the first bal anci ng neansP(BBRoi/@ogar al | el
to the second bal ancing nmeans (40). 25 3. System according to claim 2,
characterized in that the first balancing neans (30) is defined by the
danpeni ng springs. 4. System according to claiml1, characterized in that
the first and second bal anci ng neans (30, 40) are 30 defined by the
danpeni ng springs. 5. System according to claim4, characterized in that
thﬁ first hanﬂthC@ﬁl@‘sbab&tj&itﬂgﬂ negdsnd a%laﬁrﬁ:)ireq emeansamged abi)gae@ to each
other with the S ce ectiopn of t I.ston 6...9
according to SPAMPETIENG dif erFsoaoPh CRS Vo U5 0BAGRCREY BRELAG082. t he
first and thebgecandnédiaati ngoneams 18D, a40)filaatxe-bleaactamtef |dne@olsysdat | east
one of the el sggﬁgéegggnne@o byra helikealcSREhBO. aldeRlikexi Blee 24D

di sposed transversal to the displace Irection of pi ston (2).

7. System?® acBdfBPRg(Ed-claim 1, characterized in that the bal anci ng nmeans

(30, 40) are dirggtkb¥manghebedihg tbheishel h,(tharacterized in that
the balancing means (30, 40) are directly anchored to
the shell (1).



