OSCI LLATI ON- TYPE COVPRESSOR BACKW Q’fﬁ TH
| NVENTI ON The present invention relates to a "w’d C I‘T’gfi on-type

conpressor 5 preferably used in a refrigerator and an air-conditioner.
Vari ous conventional oscillation-type conpressors are disclosed in
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oscillation-type conpressors basically conprise a novable el enent 10
including a piston and a stationary element including a cylinder, so that

gas is I ntroducegh A UN? ' "IVENTIENNDY the piston
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An object of the present invention is to provide, an oscillation-type
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I ncreasing the 20 stroke of the piston in response to a high anbient air
t enper at ur ézdg@?(iazliokﬁeg-324764eéﬁdiIﬁ@kW%@ﬁd-be sufficiently obtained
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cool i ng 25 intrgehiced infor »60MPISssAgn ghambesisfinget by thepision apdnthedtylindarces.
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SUMMARY OF THE INVENTION

15 An object of the present invention is to provide an oscillation-type
compressor capable of minimizing the top clearance of the piston in a given
piton stroke and maintaining efficient compressor operations.

Another object of the present invention is to realize a practical cooling
device, such as a refrigerator, which is capable of automatically increasing the

20  stroke of the piston in response to a high ambient air temperature so that the
cooling power can be sufficiently obtained even in such a high load condition
and is also capable of automatically reducing the stroke of the piston in
response to a decreased ambient air temperature, thereby realizing efficient
compressor operation in accordance with the driving conditions of the cooling

25  device without using additional detecting and control devices.

Another object of the present invention is to provide an oscillation-type
compressor capable of suppressing the top clearance of the piston even in the
start-up operation where the piston is operated with short strokes, thereby
realizing efficient compressor operation.

30 Another object of the pfesent invention is to provide an oscillation-type
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conpressor capabl e of suppressing the top clearance of the piston even in
t he start-up operation where the piston is operated wth short
strokes, thereby realizing efficient conpressor operation. 30
Another object of the present invention is to provide an oscillation-type
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present invegbegtiors to provide an oscillation-type conpr essor

capabl e of optim zing the pistgon position with respect to the 5_ . cylinder
posi tion i rrespecm&%h@r obJeshgt the peassnt Hyentiossisite provule ap escillatioretype
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val ve when the piston stroke is increased, thereby elimnating any damage
and 10 nol@igimizing the top cleavsicaandotsiabizing etfi¢ignp compPressIRRPEIAION: s t 0
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stress repetiti ve% acti'ng on the exhaust or intake pipe.
order to accorive wienitbe giston sdrakeostnereased; tharalty eliminating any slasnagsf and
the pr efgnt é@\{ ntion provides an oscillation-type conpressor conprising a
tightly~-clos s ng having an inside space for storing coolant gas, a
b![ 0 ;3 k q accomppsisthes obfect BE the QPédeht ?ﬂ\ﬂﬁﬁfbrpﬁstbrlﬂ'ov?dérﬁﬁ Yscillaioslipge a
stator and a

compressor having an exhaust or intake pipe shiftable in the axial direction

even when large vibration occurs in the axial direction, thereby reducing a
large amplitude stress repetitively acting on the exhaust or intake pipe.

15 In order to accomplish the above and other related objects, one aspect of
the present invention provides an oscillation-type compressor comprising a
tightly closed casing having an inside space for storing coolant gas, a block
accommodated in the tightly closed casing, a motor including a stator and a
mover, a piston connected to the mover of the motor, a movable element

20  including the mover of the motor and the piston, a stationary element including
the stator of the motor and the block, an elastic element having a portion fixed
to the movable element and another portion fixed to the stationary element, a
cylinder shiftable in an axial direction with respect the block, and a shifting
device for shifting the cylinder in the axial direction.

25 Another aspect of the present invention provides an oscillation-type
compressor comprising a tightly closed casing 'having an inside space for
storing coolant gas, a block accommodated in the tightly closed casing, a motor
including a stator and a mover, a piston connected to the mover of the motor,
a movable element including the mover of the motor and the piston, a

30  stationary element including the stator of the motor and the block, an elastic

element having one portion fixed to the movable element and another portion
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-nover, a piston connected to the nover of the notor, a novable elenment 20 -~
z;,;._i ncl ud| ng the nover of the notor and the piston, a stationary el enent
"including the stator of the notor and the block, an elastic el ement
having a portion fixed to the novabl e el ement and anot her portion
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i ncluding a sta or an on confe nover 0

motor, 5 oaambabltmmgelm:lt at adbmllmgsstdie levgkandfardtber@ine ofinHe thiek-
pi ston, a 30 statio ment Irﬁfl udi ng the stator of the notor and the
bl ock, an el asPch%S“reC M he aba&igh;%%%ﬁ leysled to the movabl e

el ement and anot her e
> R ﬁ%ﬁblat het this oscillation:tyPe.compresser fusthes comerises Al
respect the bledadtic member hawﬁg Dde renbl&ftﬂlrfdo&‘s’tﬁtd the! integral uAlehcluding at least

back- pressure chanmpers forned ant gas _space and airtightly
partitioned byP 10k Fheeg)’]élld%@lﬁd .th@ ICNHiUﬁ‘QT Qpad@agithe other &mé epnngeied to the

cyl i nder nd t re
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pressure c harﬂfﬂted teeong ofichel smncmahy@iemregs andehk eyéinder. It is
preferable that this O%Wél | ati On.ﬁnté@e conpressor further conprises an

el astic member havifhOESE aSRECE & tlwsgat imeentipr gravides aniossillation-type
(250 e <o Rt S by R R el WIS SR
position det eGtorig 800R@t gas, a block accommodated in the tightly closed casing, a motor
15  including a stator and a mover, a piston connected to the mover of the motor,
a movable element including the mover of the motor and the piston, a
stationary element including the stator of the motor and the block, an elastic
element having one portion fixed to the movable element and another portion
fixed to the stationary element, a cylinder fixed to the block or shiftable in an
20  axial direction with respect the block, a cylinder head fixed to the cylinder, an
auxiliary pipe having one end shiftable in the axial direction with respect to one
of an exhaust pipe and an intake pipe and the other end fixed to one of the

cylinder and the cylinder head.
Furthermore, another object of the present invention is to provided an
25 oscillation-type compressor capable of causing the cylinder to shift toward the
top dead center when the ambient temperature is high and therefore the

required cooling power is high.
Another object of the present invention is to provide an oscillation-type
compressor capable of surely reducing the pulsation of the compressor even
30  when the discharged gas amount increases in response to an increased stroke,

thereby suppressing noise and vibration.
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fixed to one of the stationary el enent and the cylinder.

Anot her aspect of the present invention provides an oscillation-type
conpressor, conprising a tightly closed casing having an inside space for
storing cool ant gas, a block accormpdated in the tightly closed casing, a
nmot or 15 inclu H e ver
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Furtherm)re e gt of the present invention is to provided an 25
oscil I ati on- Ltype corrpr essor capabl e of causing the cylinder to shift toward
t he top dhﬁdrdanb%cmhshhheabbvemmdtcﬁhﬁerahwdeobjacm pheangect of

therefore t&@ requi,red cop |n V\ﬁ[ ls hig not her
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gas anount i ncre 0 an Tncreased
stroke, a statbh andta/nmmr esmmlemlsmem dncllukimg Ithm mover and the piston,
rage < i 1 1nCPfud1n theeC E)lgcf:k tarrll% Blreegteart]ér Iarl]ﬁ/ E éslti)cn eiesrné at
provi de an ®statipnanyoplaneat g n
having a portion fixed to the movable element and another portion fixed to the
stationary element, a cylinder accommodating the piston so that the piston is
15 shiftable in an axial direction, the cylinder being inserted in the block so as to
reciprocate in the axial direction with a closed space formed between the block
and the cylinder, a cylinder head comprising an exhaust chamber and attached
to the cylinder, and a communication passage connecting the closed space and
the exhaust chamber.
20 It is preferable that the above-described closed space is connected to an
outside space via an exhaust pipe. And, a slide surface between the cylinder
and the block is connected to a lower part of the closed space via a passage. A
groove is provided on a slide surface of one of the cylinder and the block.
Furthermore, another object to the present invention is to provide an
25  oscillation-type compressor capable of increasing the top clearance of the
piston in response to a decreased ambient air temperature or a decreased load
without deteriorating the operating efficiency of the compressor.
Another object of the present invention is to provide an oscillation-type
compressor capable of causing the stator of the motor to shift in a direction
30  opposed to the compression chamber when the top dead center position of the

piston is dislocated toward the cylinder head, thereby preventing the piston
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-+conpressor capable of preventing the conpressor efficiency from
" deteriorating due to the | eakage of cool ant gas. Anot her
- object of the present invention is to provide an oscillation-type 5
-conpr essor capabl e of preventing the cylinder fromshifting excessively
t owar d 1o0h8 ﬁilga,-ﬁle@) b L81vegausi ng no problens in the
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Page 4 position and a selected top dead center reference value, and top dead center

reference value changing means for changing the top dead center reference
20  wvalue.

Another aspect of the present invention provides an oscillation-type
compressor comprising a tightly closed casing having an inside space for
storing coolant gas, a cylinder and a block accommodated in the tightly closed
casing, a motor including a stator and a mover, a piston connected to the mover

25  of the motor, 2 movable element including the mover of the motor and the
piston, a stationary element including the stator of the motor, the cylinder and
the block, an elastic element having a portion fixed to the movable element and
another portion fixed to the stationary element, the stator of the motor or a
movable stator base connected to the stator being partly coupled with the

30  stationary element so as to reciprocate in an axial direction in response to a

pressure imbalance between back-pressure chambers formed therebetween, and
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fromcol liding with the exhaust val ve. Anot her obj ect of the

present invention is to provide an oscillation-type conpr essor
capabl e of shifting the notor stator in the direction opposed to the
conpreSS|on chanber when the conpressor is stopped. 5 In order to

acconplish 4 E&s@ﬁfé’@oﬁ@gl RebRAnKE ﬂir%n@&llﬁﬁb?che g?@ssﬁ%{‘ th@fbac_k-PreSEH&

present invehtion provides an oscillation-tyBe cOnpressor conprising a
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stationary elenent inclu e stator of the Notor and
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position detecti B t?@ %?%@FF J?%O%i@? tpir%WIHfmtVﬁgnﬁps]tso‘i‘P feducd ﬁl
dead cent er y@ashi' 604 s€ ﬁgadfﬁﬂ% R mednblE efenithido! QRIIEALGABREL 15
position of t pi ston ase on a piston position signal obtalned he
pi t on di cammtddemctmn;ghsmb@oobtaanmg admhgheonesmammaﬁszqhenc%r and
controlling a of the nover in accordance with a difference

| t.u
bet ween ther@caé‘&1 I ’gg‘ri?(e‘?’er COmMPIRIRATt j on and a sel ected top dead center
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for changing the top center erence t her
aspect of t Hetepteskavingy émited detentiatesarnge, dherdblyaimprovingehe accuracy in

Ctori ng. cool Hregaureincel of theckisfom PRISIILIC e BIAN LAnF ROPRIESE] Py
et ea o (oo RS EAR kAL e wEiERCEE
mover of thmowabde elerdent)ehereby suppressing vibration.

15 Another object of the present invention is to provide the cooling power
from deteriorating due to the coolant gas leakage from the compression
chamber.

Another object of the present invention is to reduce the slide loss
between the cylinder and the piston, thereby improving the compressor

20 efficiency. .

In order to accomplish the above and other related objects, one aspect of
the present invention provides an oscillation-type compressor comprising a
block and a piston, a motor including a stator and a mover, a movable element
including the mover and the piston, a stationary element including the block

25 and the stator, an elastic element having a portion fixed to the movable element
and another portion fixed to the stationary element, a cylinder accommodating
the piston so as to allow the piston reciprocating in an axial direction, a
displacement detector connected to the piston in the axial direction for
detecting a position near a top dead center of the piston, top dead center

30  position detecting means for obtaining the top dead center position of the
piston based on a signal obtained from the displacement detector,
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pi ston, a stationary elenment including the stator of the notor, the

cyl i nder and the bl ock, an elastic elenent having a portion fixed to
t he novabl e el enent and anot her portion fixed to the stationary
el ement, the stator of the notor or a novabl e stator base connected

to the statcﬁgre%%/v%@ta%r&étgag?gectI s\ Betdbfindh cufiefit P ¥aliket IER 0F e

to. reC|procae|n an®axi a oni1nres

i mbal ance hedwwzcand pokverrsapply maalmarfbrecharﬁ rgeuﬂxet\hﬁm@mapphad tamhe motor
Page 5

ress ontro ani sm.for controllin
pressur es &QSFQQHH&EEHB rﬁ‘éﬂ ¢ top C{.eﬁgerﬁ%\ﬁ%f position dce,tect{ng me S&ngtblaabl e
that a shif r shifting the stator of t he
notor in a |recm%é a%tgggﬁgqﬁg rgé)conpresm on chanber when the 5

conpre§sor is stApptitr aspect of the pﬁsehh@mm@on provides ahjesdillefiohhtype
present invention is to reduce the ht of a .sensgr core attached

ig
to the novASIRDESSARAOMPFISRG R bleck a@@#@a&ton a moprdpruxhngri statreande,

pover  bonprrEeLsh s TaevAIE eIt RARANCRAAEIERy El Rad he s fEh. £ SRR o

provi de a djemeat éiglating the bldekmﬁqhefs@amoagamelasﬁttee@knéﬁt Revimgha pyrden
thereby inproving the accuracy t he nmeasurenent of the piston

posi tion i fixed toi thenmaevakl etﬂémm@ arsh@anedhercportion fixed to thenstationasyj ect

ol crod”" ¢ RaPASyEs BobVERgE sCCoBiaiIAnd e BIN0R & gofy alon; BB Bhyep,c

present i nveniprobating i@ apraxialdéiréditor; eold 9 dispPaement detetmrntmw tortaki ng
due to the cool ant gas | eakage from the conpression chanber..
movable element and the stationary element at a radially 1nward portion w1th
respect to the stator of the motor.
Another aspect of the present invention provides an oscillation-type
15  compressor comprising a block and a piston, a motor including a stator and a
mover, a movable element including the mover and the piston, a stationary
element including the block and the stator, an elastic element having a portion
fixed to the movable element and another portion fixed to the stationary
element, a rotational direction restricting mechanism for limiting the rotation
20 of the elastic element about a piston shaft in a single direction, a cylinder
accommodating the piston so as to allow the piston reciprocating in an axial
direction, and a dynamic pressure generating mechanism provided on at least
one of the piston and the cylinder.
Furthermore, another object of the present invention is to provide an
25 oscillation-type compressor capable of sufficiently supporting the movable
element in the radial direction at a portion other than the slide portion between
the piston and the cylinder even when the piston is positioned near the top dead
center or the bottom dead center and therefore the elastic element cannot
sufficiently support the movable element in the radial direction due to reduced
30  ngidity.

Another object of the present invention is to provide an oscillation-type
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Anot her obj ect of the present invention is to reduce the slide |oss
between the cylinder and the piston, thereby inproving the conpressor 20

efficiency. In order to acconplish the above and other rel ated
ObjECtS one aspect of t he present i nvention provides an

osct! | al | OdripiesSBTRASASIE oI BEnBAN® piston fron? REIIMIMAWRIS (R Gylindex! of

I ncluding a stator and a nov e enment I'ncl udi ng the nover

and the pi stead, orethsteahausevq.lvewetmnma molvablemjemwt mdukh@the Iaxstbn simlfts
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an axial directio acenent detector connect e pIston
i n t heSaxi alir t¢émpetdtore islow. det'ecting a position near a top dead

bt ai ni ng the | dNAH TBeeAt eamesaH 1gveniin Is to Providersnonayahomtpe
si gnal obt aéd’rﬁﬁr%s@?‘éé}ﬁb‘i’é%}* P@J@ﬁggj%@%%able element, from ex excesswel

Page 6 ent/vo tage ecting nmeans tor det rent

or vol t age shiftireg awayHeom the commssloaruﬂlandyarinsramrbgserteaenetrémel)cd:tmngedg
the vol tage appl.ied to,.t.he notor based on output signals of the top
dead cent er® alingPnflitignsi ng neans and t he current/vol t age

det ectiigng means. rf‘ order to accomﬁﬁ@hffﬁé aBBQE%hdﬁgthéf‘?elé’feﬁsﬁd}&%”EﬁEta'sﬁé‘ct of

pl’ ovi es an OSCI ation-ty
pi ston, a nbieopreisant udvecrgum ptratmiesaard oscillation- typ&aconqarembd:@m@lrsmgta

el e Ltﬁgh& Recloped Gasin & PIoncAnd ensKRRAE AP RTRRAFaNn the Hghty’
closed casing, a motor including a stator and a mover, a stationary element
including the cylinder and the stator of the motor, a movable element including
15 the piston and the mover of the motor, an elastic element having a portion fixed
to the movable element and another portion fixed to the stationary element, and
a support mechanism for supporting the movable element in a radial direction
when the piston is positioned near a top dead center position or a bottom dead
center. '
20 Another aspect of the present invention provides an oscillation-type
compressor comprising a tightly closed casing, a piston and a cylinder
accommodated in the tightly closed casing, a motor including a stator and a
mover, a stationary element including the cylinder and the stator of the motor,
a movable element including the piston and the mover of the motor, an elastic
25  element having a portion fixed to the movable element and another portion
fixed to the stationary element, and a position changing mechanism associated
with the movable element for changing an axial position of the movable
element.
It is preferable that this oscillation-type compressor further comprises a
30  stopper for limiting an axial shift amount of the movable element changed by

the position changing mechanism.
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fiixed to the novabl e el enent and another portion fixed to the stationary 10
el ement, a cylinder accomodating the piston so as to allow the piston
reciprocating in an axial direction, and a displacenent detector attached
to the novabl e el ement and the stationary elenent at a radially

anot her " aspect of t TRRIEEAETCRIFTIASON THEPRANINGS.. (ype 15
compr essor CoMPITRL AV eDAREIEIRER oBIRUE! RhtysTBi @TachaBkALianeE e Lk gEniand

a nover, a novabl e el enent Il’l d ng the nover an he pi st

stationary invention Iveﬁbbecomelmdrmgppﬂenb frok thadoilbwmgaiaial,ledrdeetaptmn
el ement havi por.tion

t bl | t d
portion fi x‘é‘ggq}blsttﬁé:’esfeéfll lgrféprrgunét?on V@F@%g&vognp&ﬁpggﬁgwlg&eﬁ] O&i‘hcerg
restrigting mechgp smid v%ftmél' &%SE @@FﬁBBQf IV?&NZQlOWH%l hhgscfih%ﬁto'nctype

el ement’ about a piston s In a sin I'Tection

accommodat | cgmpiesspr sm aocerlansetwithld ﬁmttdmbq)dﬁnmt cufetheppmsant noventicmn
axi al d|r t| n, and a dynam c pr.es erating nechani,sm

provi ded on at 1 a vert S?ﬁécﬂpggﬁﬁlea oﬁq}%“t%/sﬂnﬁﬁql ation-type
Fur ther mor e, qlﬁgf’és%f iPRe&Sidate gﬂﬁé 41 FI Lol e‘ﬁ'? oﬁhé @{@S’e‘ﬁ‘f'l et

oscillation- e conpressor cap nmovabl e

element in the rBg. B islia eettnmi afoss—snotlbnah vm\iverhdwﬁng hheowllldaonot}tpeon
bet ween t he pi.ston dtheﬁllnd(i rrgqocf when _t piston is
HHree 1

posi t ilfhed ?@&pr@“ﬁ@r iBaca nce wit H@nﬁ&ftt %Hi@%ﬁiltcl@ﬁ?@ﬂo&nd
therefore the el 1§’|aegEﬂFcaga%‘§% sect1 nal S T Jl%&ﬁ“B?&Uta dtto?ietype

novabl e el enent 1 e ra i rection tore

Anot her obj @mhp@éssbhm pcemdahce mmemhlfouruhserhbodrmendef the pmeht mvmwxy,pe
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Fig. 5 is a vertical cross-sectional view showing an oscillation-type

compressor in accordance with a fifth embodiment of the present invention;
15 Fig. 6 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a sixth embodiment of the present invention;

Fig. 7 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a seventh embodiment of the present invention;

Fig. 8 is a vertical cross-sectional view showing an oscillation-type

20 compressor in accordance with an eighth embodiment of the present invention;

Fig. 9 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a ninth embodiment of the present invention;

Fig. 10 is a vertical cross-sectional view showing an operated condition
of the oscillation-type compressor in accordance with the ninth embodiment of

25  the present invention;

Fig. 11 is a vertical cross-sectional view showing an arrangement of an
oscillation-type compressor in accordance with a tenth embodiment of the
present invention;

Fig. 12 is a graph showing -characteristics of the oscillation-type

30  compressor in accordance with the tenth embodiment of the present invention;

Fig. 13 is a vertical cross-sectional view showing an oscillation-type
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conpressor capable of preventing the piston fromcolliding with the

cyl i nder head or the exhaust valve when the novabl e el enent incl uding

the piston shifts toward the conpression chanber due to the

i nsufficient pressurization occurring imediately after the startup

of the corrpgg ?sé%{] Wesbddia ﬁ'@?'\ﬁp}l an. elé*)erntfleé”ﬁ’i tn'ffeﬁt'é? £ BIESETbe

Anot her object "of the present i1nventionis to e an oscrllati

conpr essor omyEattion;of prevent| ng the novable eI errent from excessively

shifting away fr mth onpressi on chanmber in response to extrenely changed

operating condi t fé&sl 116 a vertical CfPﬁS'éﬁaﬁim@]onfé"éé Wig| amOSEHdatORmiype

ot her rel at f '} 4 des
egme&0rsn a@ESrcﬁﬁr?:@%ltH a twelfth érﬂSoBfrﬁ?ﬁtn(ﬁ He @%é@ﬂn@/&g}' .

an oscillation-type conpress nprising

pi ston &nd a cyl Figels aswvmdﬁl&dosﬁsbbﬂohabhtdw showmgcéx@%%dﬂ%-?t&(br'il@yp@
notor including a stator and a nover, a statl onary i ncludi ng

the cyl i ndeFORHUCS$RT iR a2GROTIANER Wik @r thisteemihne %@IdéW@ﬁif ¢hdhadprasens
t he piston ﬁ.pdeli .nover of the notor, an elastic elenent having a portion
fixed ’novabl e el enent and anot her portion fixed to the

stationary el erreff‘ug Bhds a diagram ety m@lmn&rmf@mt 8¥RROIsCltatidie ty
novabl e elenent in a radial direction when the piston is p05|t|o ed

near a top SBHPIESeiN FEEOTFANO WL Hbet BriTtgenth embodiseentepf the present
Anot hef aspgtle { I{he present invention provides an oscillation-type
conpressor conprisi’ng a tightly closed casing, a piston and a cylinder

accommodat ed in Fhg. 1Vdbtd yestica astoseseddonsl Vidwrshbmhfgdam@)s@ﬂ%t%mm@d a
nover, a stationary el enment includipg the cylinder and the stator of e

not or , Coalmﬁsseim & Acopsdance Wihi aglauréeqntht embosddmens abvbe presend
notor, an e r{ﬁo el ement having a portion fixed to the novabl e
el errent and another’ portion fixed to the stationary elenent, and a

posi tion changi nFigetBdpiswesticulcdrabsdectional vigw hhbhqngomlds@ﬂ?dt%mypéor
changi ng an axial posi.tion of the mpvable

i s prekdrabPeMMESSAmily aeeondaace oty pe GBeprts sunbodimert afortbei praseat 30
st opper for ﬁ\%ﬂ r{]g an axi al shift amount of the novable el enent changed
by He posi't’i on changi ng nechani sm

Fig. 19 is a plan view showing an elastic element used in the oscillation-
type compressor in accordance with the fifteenth embodiment of the present
invention.

20 Fig. 20 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a sixteenth embodiment of the present
invention;

Fig. 21 is a view showing an elastic member used in the oscillation-type
compressor in accordance with the sixteenth embodiment of the present

25 invention;

Fig. 22 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a seventeenth embodiment of the present
invention; and

Fig. 23 is a vertical cross-sectional view showing an oscillation-type

30 compressor in accordance with an eighteenth embodiment of the present

invention.
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Page 8 BRI EF DESCRI PTI ON OF THE DRAW NGS

The above and other objects, features and advantages of the present
invention will become nore apparent fromthe follow ng detailed description
which is to be read in conjunction with the acconpanyi ng draw ngs, in

\32 1: f Ih | at :50 n-t yIp)eES Cﬁ{gPﬁr%ﬁe g)s%((rarHrE ?(.: C g@%@@t ﬁmg @ngne nt of

the present invetkfaied embodunents dfi the grés%n@ iMeehtieal will %%Seﬁﬁﬁ‘iﬂl&l'%
vi ew showi ng an _oscil]ation-ty ressor in accordance wth a

second enbmolreedﬂtadfmthéeiﬁre@@wto ﬁm\ﬁémh@d .drawings. Identic#l partssatesdenoted
vertical crQss-section ew.sho an oscihlation-t pe 10 conpr essor
in accordarl?é'e Staﬁn%r?%ﬁ:laéee%%r%ﬂﬁr%qglm%t t&eecir H‘fmg vention;

Fig. 45is a vertical cross-sectiogksvERWoshRmRg an oscillation-type
conpressor in accordance with a fourth enbodi ment of the present invention;

Fig. 5 is a vertHigall & eseertical iasnss-sedtéonalhvisimghewiagcan | asciliatioptype
conpressor in accordance wiith a f.fth.enbo f resent i nvent i on;
s Comreseor B Aceafidancdmith saiSL BB SRiert afEikac) avention.
osci | lation-typerpe oscﬂ?a‘lfﬂ}{-?ﬁ@rcohfpr@%&r é@ﬂqulsefst@t 1y<brbs%HDEQé1 ny of

t he pr esent 1 nventlion; . IS a Vel’tl Cross-sect ?{gnal
vi ew show r}gwalmg ananisﬂdatspanetl;apf@r stonngmmd;ardsgasramm agnany bladyé W niotar

vor i 1 Corbineidts £ st 3F B afonvRy SEn Theamovst PBis s Bd piengr osor
i 0 accor danggiibdy isalouhly eBRORTERbYO! d\AHIE ERREnt 1790id £Biarionary

Fi g. 9is a vertical cros sect 1 onal oW ng an oscillation- t
conpr essor alemantdd@heenowabie zlemenhl2 mmcddders the nfovtehébmfet:herrnotcm/:bandon

Fig. 10 is vertic secti naI i ng a erat.ed conditi
of the osmtﬁf‘zﬂ 1Son Sly“p?@ gq{'f:ﬁ ngé?’ gﬁYﬂnag’é‘anﬁ e T nt
of the motor 3 and a block 6. The main body 2 is elastically supported by a

15  suspension spring (not shown) in the tightly closed casing 1. Lubrication oil 11
is stored in the lower portion of the tightly closed casing 1.

An elastic element 8 comprises a plurality of elastic members 8a stacked
or multilayered in an axial direction and spaced via intervening radially outer
spacers 8d and an radially inner spacers 8e. An inner cylindrical edge 8b of

20  each elastic element 8 is fixed to the piston 5. An outer cylindrical edge 8c of
the elastic element 8 is fixed to the block 6.

The cylinder 4 and the elastic element 8 cooperatively support the piston
5 so as to be slidable and reciprocate in the axial direction. The cylinder 4 and
the piston 5 cooperatively define a compression chamber 9.

25 Next, compression mechanism of the above-described oscillation-type
compressor will be explained. First, alternating current of an AC power source
is half-wave rectified and supplied to the stator 3a. A magnetic field generated
by the stator 3a attracts the mover 3b fixed to the piston 5 based on the
principle of magnetic variable resistance. When the mover 3b shifts in the axial

30  direction, the elastic element 8 disposed between the mover 3b and the block
6 resiliently deforms in response to the shift movement of the piston 5, storing
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25 t he present invention; Fig. 11 is a vertical

cross-sectional view show ng an arrangenent of an oscillation-type
conpressor in accordance with a tenth embodi ment of the pr esent
i nventi on; Fig. 12 is a graph showi ng characteristics of the

osci | | ati opnte1R&tiSPorceCPiEPEiRS When rt‘hé“é?é%rtiiaf&ée‘é’tdﬂédtlﬁethteeélhﬂlé@éiﬂbﬁ?&?t of

t he present 1nvention; g Is a vertical cross-sectional

vi ew showi ngsafficiently incieased ,ythe mover 3b is pushed back to the original position.

P 9 d el .event odi t of
the presentContinuous, FERRHGAR of this"E5 Qe ?%%grociaﬁgeq e ST iR e
cross-sect igpgkioH.ew showi ng an oscillation-type conpressor in
accordance wt h a twelfth enbodi nent of the present invention; 5

Fig. 15 is a verGoalaht gassrf-ase@mhmguaystem ehsmlmwg)ammtsodhted LoD & Y-

conpressor in accordance |rte nt anfnb nt of ta)( present
i nvention; pressure Chambe;; Galcé’ 3’&3 5 t B SALRIScHe FOMATEESIPE of
the oscill HLVIRS the cyl r@%?é)én 1ﬁtaq@ecoﬂ%%%t% QY 8isHiRsEE §HThE.

I g. 1? 'S cal

enbodi nment e pr esent I nvent a verti
cross-sect wﬂmmdev iheadsh 6Dhen goaland gas Imtmduned ypéhe compmssimmebmbeﬂ 9is

P o 161 RmResrehpY cheRaRor BIE A BRCalfviige ARosEcdsscAted IR pEt. 15

IC(r)]UEL Iég (r)]r In achy daRpesdblitodidnt $AEMNeD SITBAMY HRSh- ;ﬂésélﬁ'@ ARG 7b of
the cylinder head 7 via an exhaust valve (not shown), and then exits the
cylinder head 7 to the cooling system.

According to the first embodiment, the cylinder 4 is integral with the
cylinder head 7 and shiftable in the axial direction with respect to the block 6

15 when driven by a shifting device 16. The shifting device 16 comprises a rack
16a provided on an axially extending surface of the cylinder 4. A pinion 16b,
rotatably supported to the stationary element 13, such as the block 6, meshes
with the rack 16a so as to a constitute a rack-and-pinion mechanism. Thus, the
first embodiment provides the shifting device 16 for flexibly shifting the piston

20 S in the axial direction with respect to the block 6.

Operation of the oscillation-type compressor in accordance with the first
embodiment will be explained hereinafter.

During a compressing operation of the compressor, the cooling power
can be reduced by lowering the voltage applied to the motor 3 so as to reduce

25  the stroke of the piston 5.

In this case, the top clearance of the piston 5 may increase in proportion
to reduction of the piston stroke. However, according to the first embodiment,
the shifting device 16 can shift the cylinder 4 toward the compression chamber
9 so as to reduce the volume of the compression chamber 9, thereby canceling

30  the increased top clearance and maintain the top clearance at a constant value.

Thus, re-expansion loss is reduced and efficiency can be maintained
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Fig. 19 is a plan view showing an elastic el enment used in the oscillation-
type conpressor in accordance with the fifteenth enbodi nent of the present

i_nvention. 20 Fig. 20 is a vertical cross-sectional view show ng
an oscillation-type conpressor in accordance with a sixteenth

enbodi ment aggg{lg_@w.r esent _invention; _ Fig. 21 is a view
showi ng an el dstic” nenber used in the oscillation-type conpressor in

accor dance w t h Rurthermareswhienarbiadieasad avolingsppwes enteq@ired, ianviantéasad
Fig. 22 is a,vert.ical ..cr,Qss;sectional view show ng an qgscill.ation-t
conpr essor Vi%taggdﬁﬂﬂghgngﬁbﬁ r%o@éaﬁﬂ & Wcéﬁﬁ?d&ﬁeﬂ‘ﬂ%ﬁ 0{ Hée Bﬁé@%#ﬁn
| nventi on, tH&dCﬁse, the top cleafdn@e deerédsed MR id 4Rl inet dsﬁfékéjﬂﬁlthé’ biston
showi ng an oscillation-type 30 conpressor I n accordance w th an

ei ght e@nt h Seffihediiston 5 nfayt ¢allideasththe cylindémbvead 7.ddowever, according to the
Page 10 . . DE | PTL ON THE PREFERRE | MENTS
Preferred dHBbemRORiRe) thﬁé?ﬁ VipsJ SRATG E wﬁn@@’gﬁgm%mn the
nore detai |~ I ogt t ] tinca are
denot ed ORI r o eSboRE SiBh
First Enbodihmemter 9, thereby cancEligg thei edacedrtopeelearamesane gireventingithe

enbodi ot EOBtoRS HBSaaing with 4 cHlinder head'770c 0" GANCE MR & TTTS!

10 As described above, the first embodiment provides the oscillation-type

compressor comprising the tightly closed casing 1 having the inside space 1a

for storing coolant gas, the block 6 accommodated in the tightly closed casing

1, the motor 3 including the stator 3a and the mover 3b, the piston 5 connected

to the mover 3b of the motor 3, the movable element 12 including the mover

15  3b of the motor 3 and the piston 5, the stationary element 13 including the

stator 3a of the motor 3 and the block 6, the elastic element 8 having a portion

fixed to the movable element 12 and another portion fixed to the stationary

element 8, the cylinder 4 shiftable in the axial direction with respect the block

6, and the shifting device 16 for shifting the cylinder 4 in the axial direction.

20  With this arrangement, it becomes possible to minimize the top clearance

adequately in accordance with a given piston stroke. The compressor can be
always operated with better efficiencies.

Second Embodiment

Fig. 2 is a vertical cross-sectional view showing an oscillation-type

25  compressor in accordance with a second embodiment of the present invention.

In Fig. 2, the cylinder 4 is put between two stopper projections 17a and

17b provided on an inner surface of the block 7 so that the cylinder 4 can

shiftable in the axial direction with respect to the block 7 in a limited range

restricted by the stopper projections 17a and 17b. Two back-pressure chambers

30 18a and 18b, formed in the tightly closed casing 1 and airtightly partitioned by

the integral unit of the cylinder 4 and the cylinder head 7, communicate with
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The oscillation-type conpressor conprises a tightly closed casing 1

havi ng an inside space |la for storing coolant gas and a main body 2. A
nmotor 10 3 includes a stator 3a and a nover 3b. The nover 3b is fixed to
a piton 5. The main body 2 is roughly constituted by a novable

el enent 12 godutsidt 344 E?é]tiﬁ)ressure r[ﬁé@érﬁ% aht lgl?,ﬁreé'igﬁéﬁ{/élyg|&E‘?ﬂltak%§%ipgnar y

i ncl udes the nover 3b o e noto and I ston The st

el ement 13 2(ndirectdy extenylsifnolarthé cylindes haadi/ teahefoutside oftthe tightly clsadd a
bl ock 6. The naiﬂ body 2 is elastically supported by a 15 suspensi on
spring (not¢3s ) in the tightly closed casing 1. Lubrication oil 11

is stored in th%@%thEBﬁérSPnﬁcchﬁﬁﬁgfl IQtQ;}E lgi%(s@s%ﬁ%tﬁééh'iﬂe %aglg—pressq(rg 4

An el astic elenment 8 conprises a p asti c nenbers stac
or nul §i | aysaetbérs 18a, 42bainddintalet and exhaustrpesi20iand 10.evoreispecifacklly, v

outer hspacers 8d anci an }r%ad.i al éi i nner.ﬁaa%eri %ef An i nner
cylindricalt éd:ﬂ'.sswed?fo@fp MEGRANISTT 61 | OTRPERENE @t.al 9 fpﬁéd’rﬁﬁ".ﬁrﬁ&o@t&lon
5. An outeryfyd nesi TR ﬁqg%ne@g)llﬁ}c Connect! 2 ?%}%aﬁﬁmxtgnﬂ?ééﬂ%@ to

the bl ock 6. nder 4 a stic el enent
cooper at i velnyalsumipe t2Q e fliespoessure comfirslovalvaso2fie shd d2bh,erespectively.

reciprocate_in the axial direction. The | i nder .4 and, the piston 5
cooper at i v@?n%%qtl%P@eé(ﬁ&%%‘i?gﬁ eﬁ‘lﬁ%ﬁﬁ)ﬁ%‘@ ang@xhaust pipe 10!‘@@)@?‘? ressure
conpr ggsi o ' = el | | Q= t
CorDr 385, CLRFRIARI AL BB e ABEER U A3l el PP compects e
sour ce pressureajontvd walvex214 ard 2dcdoshpiackdptesstieepijieal 9a. Bepredsure
magnetic fiel dg%gnerat ed by the sLat]or gjfai at t 2&[5 t he m)?éer 3b fixed
Lo the pi stRRSF15508806H thepressute cORIrAL Valves 41 bnard ad o ke ibagkepressure
resi stance. rri‘@gelr%g he nover 3b shifts in the axial 30 direction, the
el astic el ep nt ‘di sposed between the nover 3b and the bl ock 6
resiliently def dDpsration edphesesdillatiba-typef tompressentinoicddrdancstwithSthe
storin . ) ) . Page 11

1% second embodiment will be explained hereinafter.

The pressure control mechanism 21 introduces the low pressure gas from
the intake pipe 20 and the high pressure gas from the exhaust pipe 10 and
adjusts the pressures of the introduced gases by the pressure control valves 21a,
21b, 21c and 21d to produce adjusted gases having arbitrary pressures in a

20  range from the original high pressure to the original low pressure. The adjusted
gases are supplied into the back-pressure chambers 18a and 18b.

When the ambient air temperature is high, an increased cooling power
is required. In such a case, the pressure control valve 21c is closed while the
pressure control valve 21a is opened. Thus, the back-pressure chamber 18a is

25  held at a low pressure level.

Meanwhile, the pressure control valve 21d is opened and the pressure
control valve 21b is closed. Thus, the pressure of the back-pressure chamber
18b is increased to a high level. The cylinder 4, which is integral with the
cylinder head 7, shifts in the axial direction toward the stopper projection 17a

30  due to a pressure imbalance between the back-pressure chambers 18a and 18b.

In this case, the top clearance of the piston 5 increases in accordance
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an elastic force therein. Wien the elastic force stored in the elastic

el enrent 8 Is sufficiently increased, the nover 3b is pushed back to
the original position. Conti nuous repetition of this cycle
reciprocates the piston 5 in the axial direction. 5

Cool ant  gag/itH heC QHift rkﬁo%ﬁfe%m 6f‘Qhe sw?l\imeﬂ %, | gbhrdrsedné nmr@ade%o
pressure chanber 7a of cyl 1 nder head and then enters th e conpression
chanber 9 olearaecegan Mmam:eiﬁdabymppnhym@awMMeasmvohagmg) the spoked so t he

cylinder head 7. The ced inth I essi hanb S
conpr essed? Bi}) fiEess %ﬁl&@lg’t%ﬂ?@ﬂ(%g@ econd ey elPl %Wénagg%ﬁlp&éal
manner . 10t maintain thie @earaﬁéé%@a%mis%&staaﬁet hen enters a high-pressure
chanber 7b fm 8 | 1 nder head via an exhaust val ve (not shown),

and then exits udk@ordmglypy Ihendmesrmmdlbﬂetto aubematioally gnergase the stroke of

Accor d the first enbodi th der_4 tegral with th
cyl i nder ne PRIGAAISIASPPARF 40 blaft AHIER! At EEiPeIAtRL$p Fais ol e

bl ock 6 15,,udiedy [ 6
conpri ses gor ack @bb‘éﬁ?%@ién@%%ﬂé%ﬁ%ﬂﬁegﬁﬂégfé&%ﬁ %qlﬁ%il ng sur]gﬁ1 Slt he
cyl i nder 4efﬁc1pnhcompk6ksor operatmnt@mdbn yeadmmbm mtdrdanbevxatlathmdmvyng

el emrent 13, ch as e ,_Jreshe . with, th ack 16a g0 as
consti t ut ecgn 5}9@% tl—il"&l Hl %‘H&ﬁ.%lﬁﬁotﬂrmﬁgng@ﬁiémon efeGting and son t
provifi@s t beysdsf ting device 16 for flexibly shifting the piston 20 5in
the axial direction with respect to the bl ock 6. QDeratlon of
the oscill at i onNegxyte whemprths snnbiemt axic denpreeature tib lolwe 4 idesteased cooling

O T ot AL ol s concol vy 33 e g ™
| owering t hige ";g]eéé’tﬂ% é@ﬂrb?%ifé tzfl% {E"bgéné”ds%%% ttl‘i’e p?gé'éiﬁezéf %hﬁc‘kt roke

of the piston I*earance o he pi ston

5 may incr gasssura thamimm&mls mcreaset:laoraamgh lem:lof the pi ston stroke.
HOWEVﬁ accordi % to.t. gl rst enbodi rrerl the shjfti ng devi ce 16
Pft }\r'} A :tt 9

can s the cyYiFaRwhile, thapressure coptniaidve 2 1dniserened and the pigsayet o
reduce the yab IR Qfe DAY ﬁ?@éﬁfiﬁ%ﬁﬁ@mﬁk-@@sgﬁﬁr a@éln‘fgb i0%efPar ol NE

i ncreased top clearance an ear ance constant val ue
Thus, re-expdusedlow gesssuse leeblcEte dnttgedlf it @f tire calinter 4andt thergdinder

head 7 shifts in the axial direction toward the other stopper projection 17b due

to a reversed pressure imbalance between the back-pressure chambers 18a and
20 18b.

In this case, the top clearance of the piston 5 decreases in accordance
with the shift movement of the cylinder 4. However, the decreased top
clearance can be canceled by applying a decreased voltage to the motor 3 so as
to decrease the piston stroke. Thus, the second embodiment makes it possible

25  to maintain the top clearance at the constant value.

Accordingly, it becomes possible to automatically decrease the stroke of
the piston in response to a low ambient air temperature. Thus, efficient
compressor operation can be realized in accordance with the driving conditions
of the cooling device without using additional detecting and control devices.

30 As described above, the second embodiment of present invention

provides the oscillation-type compressor comprising the tightly closed casing

-
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Page 12 adequatel y. Furt hernore, when an i ncreased
cooling power is required, an increased voltage is applied to the
nmotor 3 so as to increase the stroke of the piston 5. In this case,
fhe top clearance decreases due to the increased stroke of the piston 5

5. The pi SY%hvinf e g;i?éiaégﬁaa! M‘f(?]{”&oﬁ)’l | EnteAd tHe bIdNEY QEcomBesdA4bag t o

t he irst nent, the shifting device 16 can shift the cylinder 4
away from tih¢he tightlyciosedeasing 1¢ Henmoton3 suclading thienstatersia amd thomaver of

Cl ear anbe. a0 i BIALAR S ApREted to thenaydr S5 OF R et Solfitghar enle Hgment
cyl i nder hﬁ@ir?clu@i?n% the mover A% §£38E THEG DAL tﬂeh?igtbﬂSS ﬁ{@géyﬁfq%ﬁtry
a conp r I ghtly

provides the oscillarion-type ressor conprising thet
cl osed5casietgmenhd 3i mgludiag thei satos@acet the motor 3fand theoblouk 6ptiieaslastjas,

et b EnERLEBARSRE ol AekBon Lk T eSS Yemen adiad bt
I nCl udl ng , to
h : i i : 15
the nover gagnﬁfont Re r%@%cggo ghetéﬁa@é@géﬁn&%ﬁ@} trﬂ@cynﬁhefﬂcxngng{nagl #h

3b of the rotor 3 a I ston e stationary efenment 1 uding the
stator 3a atspdet thetbdoc 6atiie chbndephéad 7 fived &b dxt cylindendnbadkipressuyea

Phe. stat i oreAbers. 1884 AEoa oMes d5) THraPoIATd g% SRS (14 PR BRGHLY
01 FELYEN, MHGEARISY g RGPl g AL IEGRUE HeHRNe# i
ar r angenmentcylindebbeade’ apdsdilédst one ofi therback-priessurerchambersrik8a, 18b being
et o Y hald 3t aloN Tessure lvdl el anither 056 of the back-pressise Bhambers T8,
Second EmboRYmBRing held at a high pressure level. With this arrangement, it becomes
possible to realize a practical cooling device, such as a refrigerator, which is
15  capable of automatically increasing the stroke of the piston in response to a
high ambient air temperature so that the cooling power can be sufficiently
obtained even in the high load condition and is also capable of automatically
reducing the stroke of the piston in response to a decreased ambient air
temperature. Thus, efficient compressor operation can be realized in
20  accordance with the driving conditions of the cooling device without using
additional detecting and control devices.

Although the second embodiment of the present invention discloses the
pressure control mechanism 21 which controls the pressures in the back-
pressure chambers 18a and 18b. However, in is needless to say that similar

25  effects can be obtained even when the pressure control mechanism 21 is
replaced by any other comparable pressure control device.
Third Embodiment

Fig. 3 is a vertical cross-sectional view showing an oscillation-type

compressor in accordance with a third embodiment of the present invention.
30 As shown in Fig. 3, an elastic member 22 resiliently holds or supports
the integral unit of the cylinder 4 and the cylinder head 7 midway between two
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Fig. 2 is a vertical cross-sectional view show ng an oscillation-type 25
conpressor in accordance with a second enbodi nent of the present invention.
ILn, Fig. 2, the cylinder 4 is put between two stopper projections 17a and
17b provided on an inner surface of the block 7 so that the cylinder 4 can

shiftable i @tichd £74 bR Mig.h respect to the block 7 in a limted
range érg;gtp?l lt ed b%/ the stopper projections 17a and 17b. Two

back-pressure c Iﬁmmtmnso the mmlkatabn-&j@ e foompressor iheccopfdnge whtls ehie

casing 1 an irt artition the integral unit of the
cyli nger 4t @Ha éga %’%ﬁwﬁ PERK alm%%ftt € -with

rpgggeclzfl vely. Ar?vlhﬁ%laitﬁceg;o“&% ¥ ZOWng%ﬁe (fpﬁ%rtomgf he g}%
head 75t o trhay oolledwithf theloylindghtiegd &. dsembdrdingly, dasnga SItart-up operat1on A
Chanber o 164,118 SBTERIASTGR, HecvolieBeaPBISs (DAL BIotor dra sretualty iécsr‘é%?ec?to
chanbers 1 b

speci ficall t N of

f our pressﬁi"gl%éﬁe ?%?ﬁ%fpbfﬁ%ﬁf?é@?%%%%c b o arRic ot uR REIR Lo
21e and 2lfgredue eangasére with a sighHkeanti plap@ o time pntidsthee peessure!

val ves 21afgang 21% ectlvel S nne(?tgl |pes 21g and 21h ext end
froman ex tl%??)@ ?BStFHbr%rc@s@Gr@e gtemygﬁ u%l ves 21c and 21d,
Lophegtyye! Y. P HRERRRLE SadoRtinfelto ARNRD éxﬁﬁ@ddmenl\ ofthE TRt R Ton

val ves 2l1a and cto the ressure pip é 21j

connects t lthe piassmmenﬂmmaﬂoﬂesﬂtﬂmbsmlﬂs Grshppbatst metdydnhmm pt eqﬁisl{t&!on
pi pe 19b. tion of the,oscillation-type conpressor in

accor dance SP$& tpﬁgleltgpcé)f‘&a@@%%ﬁg@m Ristonw Mhepethe GATRPFRS§OR & stappeder .

Thus, even when the compressor is driven with a smaller stroke during the
start-up operation, the top clearance can be maintained at a smaller value by the
15  elastic member 22.

Subsequently, the pressure of the compressed air increases and the
piston stroke increases responsively. The cylinder 4 is gradually pushed toward
the stopper projection 17a by the compression force, while the elastic member
22 resiliently receives or supports the cylinder 4 so as to maintain the top

20  clearance at a constant value. Thus, the pressure conditions of the system can
quickly reach the predetermined optimum values, realizing efficient
COmpIessSOr operation.
When the compressor is operated stably, the cylinder 4 may oscillate
together with the piston 5. However, the elastic member 22 acts as a damping
25  means for suppressing the oscillation of the cylinder 4. Thus, the third
embodiment reduces the fluctuation of the top clearance of the piston 5 caused
by the co-oscillation between the piton 5 and the cylinder 4, preventing the
cooling power from deteriorating. Furthermore, the third embodiment can
stabilize the position of the cylinder 4 and suppress the vibration and noise.
30 As described above, according to the third embodiment of the present

invention, the oscillation-type compressor comprises the elastic member 22
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The pressure control nmechani sm 21 introduces the | ow pressure gas from
the intake pipe 20 and the high pressure gas fromthe exhaust pipe 10 and
adj usts the pressures of the introduced gases by the pressure control

val ves 21a, 21b, 21c and 21d to produce adjusted gases having
arbitrary paehftibgs end cdndected e infe@fall iieit OF tisd B7lindeoh antaks ey tnter t he
ori gi nal Iom/pressure The adj usted ases are supplied into the

back- pr essleadchanbethe Q@@Ieﬁﬁ!@l gemnected to the statiopash etdmsenibdeMVithi this

2 case. 1 nergpgtutity, EhecPRleSEROIIETh RS The tom clsarefigh BFthE BiypboLor e
control vakye s2d4ll valwepened in T start-0p dp%&bn@ﬁaﬁﬁweettférﬁ@ttﬁ{ isl§Bertatedat

held at a | ow pressure |evel. whil e, t'he pressure control

val ve 21d isBodpureleesaiberahy reabiging efficient COﬁtpTﬁSSﬂr Qmm@omEurﬁmmmed

Thus, the of back- ssu ased to
a hi gh Ievg e"%‘%ﬁé‘% Poﬁ%}@ ig ﬁbﬁ éhe(? gtﬂ"%r Rﬁ).“tlﬁlotnhéunng an 9 1naHer
head 7, shi ?tiéht\bﬁ‘ R¥b £ OWREEL tHaee 30
due to a poyes%re |rrb21 angigagéec%%ehng?%% ba%gké pr es)ggirﬁeb?%g%% %C%%ﬁ;t?%l%&wb.
In this cady, atges prgssureambatanast Thus, piibratiors andcneiseesan feasuppréasad
Page 14 1 with the shift novenent of the cylinder 4. However,
t he increasegffclna’r? y- cl earance can be cancel ed by appl yi ng an i ncr eased

voltagg to the notor 3 so qsogﬁhlmbggﬁﬁeﬁpe pi ston stroke. Thus, the
second enbodi nent. makes it possib to maintain the top cl earance at

a constant val udligs4 is a vert1cak@¢0$358¢glqnallv1elve<shmngoms idscdlation-type

t t | | th t r ok f t.h t t
aoi ont a1 CONBRSSNGH o CRORREE Witk Eouth AEROOLRIcH ikt BERSHY BehFioPent |y

obtai ned even i MnFeigh 42 ahie@lot 93ddeRR NG tBR- poTs*i'ﬁén of the piston 5, is fixed to
the block 6. Another sensor 24, detecting the position of the cylinder 4, is fixed
15  to the block 6.

A control unit 26 receives the signals produced from the position
detecting sensors 23 and 24, and controls the pressure control valves 21a, 21b,
21c and 21d.

Operation of the oscillation-type compressor in accordance with the

20  fourth embodiment will be explained hereinafter.

When the stroke of piston 5 increases in response to changed operating
pressure conditions of the compressor, the piston 5 may collide with the
cylinder head 7. In this case, the control unit 26 feedback controls the pressure
control mechanism 21 based on the signals sent from the position detecting

25  sensors 23 and 24. More specifically, the pressure control valve 21c is closed,
while the pressure control valve 21a is opened. Thus, the back-pressure
chamber 18a is held at a low pressure level.

Meanwhile, the pressure control valve 21d is opened and the pressure
control valve 21b is closed. Thus, the back-pressure chamber 18b is held at an

30  increased high pressure level. The integral unit of the cylinder 4 and the
cylinder head 7 shifts in the axial direction toward the stopper projection 17a
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éfficient conpressor operation can be realized in accordance wth the

driving conditions of the cooling device w thout using additional
detecting and control 10 devi ces. Next, when the anbient air
tenperature is low, a decreased cooling power is required. In such a
case, the raﬁleaétarﬁrefé@unﬁerﬂlbaaahd@béﬂvaeexﬁw l?&ﬁ@g)‘%sh?e chambe%d“?S@Eiﬁésl‘&be
control valve 21c i s opened. Thus, pressur back- pressure

chamber 18a is |Indh®31$%$:e,ttheetop|Gjhaﬂaﬁ@elof tte piston 5 increesasvin &egordaace
pressure co v 21b i s op t.he pressu ontral .val ve
Da°Te ol odeh e Shiff raSYumend Ry EVERUAE &' B5 Srking. e 4SRN S £16M
reduced |0\€éoﬂ’l‘i@§‘§"€v‘itﬁ meeéxhaﬂiiswaweegﬁalelyﬁiﬁatﬁftgl hoRecyl i nder 4 and the

cyl i nder shifts in the axial direction toward the other
st opped proj ect ilhe strakeiofthe piston Hdacieeses vertsponssto tei omaang@rmeen

t he back- h 18
he top ol GORGLGRS T THE CRmBS . lelhis.ca86. 1os ascibiatianaenter of g pisfon,

shift ”DVG@éﬁlft@fmté‘ﬁlréd%bg%‘ffggéfd oW %géncﬁﬂé‘é‘sx%glcé@ﬁﬁgr 90Rs g result, the

cl earance can be cancel e ying a rea tage to t mot'of 3 so
as t qnsteuriaaammtrmaphﬁho tos ead ecn®rudie tmﬁxeseim&ndg&rﬁihdlmmltlames

It possible 2? to maintain the top clearance at the constant val ue.
Accor di ngl f %T-becones possible to automatically decrease the stroke of

the pygton in reﬂp@zﬁéﬁ%%éteﬁlﬁgwgﬁ%r@% heaes{ %&ﬁ"t@uo—ﬁ@}'y;}r{l@i:ﬁr’ggfitﬁgt

corrpressor operati o ere In accor ance with the
condi tions posmonsof thb@lsionIS agddbeicytinder 4o uespesitivelpdWhemanlindetased i ng

o RS Ege P detetod ased S S w MR oG BASa SR ™
ggg‘;r '12' N9 238nd DANHCIHtRARE HPEI086s the pressure control valve 21a and opens the
pressure control valve 21a to hold the back-pressure chamber 18a at an
15  increased high pressure level.

Meanwhile, the controller 26 opens the pressure control valve 21b and
closes the pressure control valve 21d. Thus, the back-pressure chamber 18b is
held at a decreased low pressure level. The integral unit of the cylinder 4 and
the cylinder head 7 shifts in the axial direction toward the stopper projection

20 17b due to a pressure imbalance between the back-pressure chambers 18a and
18b.

In this case, the top clearance of the piston 5 decreases in accordance
with the shift movement of the cylinder 4. Thus, the piston position is always
optimized with respect to the cylinder position. In other words, it becomes

25  possible to minimize the top clearance, preventing the cooling power from
deteriorating due to the increase of the top clearance. Efficient COmpressor
operation can be realized.

As described above, according to the fourth embodiment of the present
invention, the oscillation-type compressor of the present invention comprises

30  the cylinder position detecting sensor 24 fixed to one of the stationary element
13 and the cylinder 4. With this arrangement, it becomes possible to optimize
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¥ having the inside space la for storing coolant gas, the bl ock 6
accommodat ed in the tightly closed casing 1, the notor 3 including
the stator 3a and the nover 3b, the piston 5 connected to the nover,
3b of the notor 3, the novable el enent 12 including the nover 3b of

the not or 3%1'@3%8%&?}[)@55&5@%{?1*1 résgﬁc%i@még@ﬂwdé} 10 ti@ﬂ?ﬂésﬁ&tig%p&mgehhe

stator 3a o e_not or 3andth__b|ock , the__ astic | enent
havi ng one ppetating ghressuredcenditioasydhatdby ehieemzing? therdopnoldasance and

ti 8c fixed t he stati I t 13,.th linder 4 shiftabl
th o relfng St Sorraseal SRR RBCF UHOSHTS Y, i BECPEeS PP ieider
4, back- : fiabe ] [ I
'n and af 11 PoRcTy epist G RERFEBIK IR Wt U0 e KA Yotk WhenAg pAon iR e

one of & he isyincrelaseds therdbyrediminating ghy ddenageeadd dpisend at | east one of
t he back-pressur% chanbers 18a,, 18b bei a |l ow gress

; hel d at .
| evel and anot hef>%RE 15e eb%hﬂé’%ﬁ@%‘érgg"ed gq’l%%@?%bq(%&?em’ the QBHOE&ENQ
held at a hQG%@HBﬁék”c%nh%‘I@'thef ﬁééﬁu&@&%g?{dlqﬁgaﬁﬁ m 21 tBes?gt?ﬁfze the to

possible to realize a practical “coolin evice, Ssuchas a refrigerator,
which is 15clearapedbased cautherpbsitedn gigmals edsthegpisten $t and ehefcytliwedgri 41 on
I n response ' anbi ent air,tenperature sEpt %é,t e cooling

... h
power can b Ogﬁg‘f"rr@ i"elﬁtrlelf less 10 gas that s & gTiests pan evsRmhesn
di | : : )
and i syl soygapabig-p coﬁgfeo‘? T@ggg%'rﬁiéd S0 as ’éc;i rﬁﬁﬂfs't e %{g%ﬁtcﬁqh@ éﬂgtlc#]ug ,by

piston 1n response to a decre anbi en erat ur
ef ficient cohpngingdhevpdtage iapPIiedrto ke nectbr 3dxhsed oathe positoon sigralswof the he

driving conditio of the coqling device w thout using addi ti onal

det ecti ng aﬁbﬁtggg?‘b‘ﬁ tl&‘”‘e?)’ﬁ@&?f 4. Al t hough the second enbodi ment

of the present invention discl osesﬁ-ﬁﬁq( bodibEsSsur e control nmechantsm 21
b

: : m
whi ch controls the pressures in the~“back- pressure chanbers 18a and

18b. However, inFig. fegdi ezstital srsstduationaliview ghowird fagcoscitiatioetype
obt ai ned even when the pressure cq tr(%] magg)ani,sm 21 i}s1 replaced by
any other cERPENESIQT 1&@9@3@1%}:5@ a Iy embodiment of the present invention.

Thi rd Enbodi nent ‘ el i s r - 1 vi.e
showi ng an osci l F%ﬁl%.nS_,t%/np%uxﬂlaW ex@%‘ﬁ%r@gégst’ :s'ﬁag%%o@ aﬁ?‘g’ﬁ\%} @ Qf%g“%shr ﬁd
enbodi ment ebuplel withsthetexiaust pipn 1030 As shown in Fig. 3, an

Che-cyli nder 4 aRperAKOR PF idiescileRandyhe Gamprasicide Aceqitance with the Hith
embodiment will be explained hereinafter.

20 When the piston 5 reciprocates in the cylinder 4, the compressor vibrates
largely in the axial direction. The caused vibration, transmitted to the
stationary element 13 of the compressor, largely vibrates the exhaust pipe 10
connecting the cylinder head 7 to the outside of the tightly closed casing 1.

However, according to the fifth embodiment of the present invention, the

25  auxiliary exhaust pipe 25 is coupled with the exhaust pipe 10 and slidable in
the axial direction so as to absorb caused vibration. Thus, no vibration is
transmitted from the piston 5 to the exhaust pipe 10.

Accordingly, as no vibration is transmitted from the reciprocating piston
5 to the exhaust pipe 10, it becomes possible to reduce the repetitive stress

30  applied on the exhaust pipe 10, thereby preventing the reliability from

deteriorating due to the damage of the exhaust pipe 10.
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Page 16 stopper projections 17a and 17b.

Qperation of the oscillation-type conpressor in accordance with the

third enbodi ment will be explained hereinafter. When a | arge
voltage is suddenly applied to the notor 3, the piston 5 5 may collide

wth the cyli nd%% Qﬁ:@@{iﬁed%@&%i | fifti W Bttt abE tHE DRREA i@Pention Of
the conpressor, the voltage appliied to the notor 3 1s gradually 1 ncreased
to aprodidesehe aiskilkdton-tfpe tempiesson compmsingithedaglet]y chesedogasing

cl earance qf, the pjston radugl |y decreases with a,significant el apse
ot 11 e unth haviagthE addlde space 4 Rt arihel I GR TR the Bk 2 ated "
pr edet er m | : ; ; | '

Embodi ment S0 REHE cldted casing 1, the RIS in ARAHE HOstafr HaddYidmover
resili@ntl 3tohe piston Supmpmected toetheyhovete3b 4f die matosB) thenrmovable elknmat to

the top dead, center. of. the piston 5 when the conpressor is_stopped.
Thus, even MhéRC 8 IhErBeYsF %ii)’sogrth?/éﬂowrt%a& the PLftog: .ol gﬁtﬁor?@the

oo PSS i8S SRS SRR TN Block ST Bt v
the conpr eslenteat B liaving amepartiont8tefixed to the stovatde edkmentd Rearkanother
eoponl Vel bncsd Rt sttt SR n S 1R TS 4 vme e BRES,
o1 gL RSt 4 (R0 Wlenc et 18 90k & T BU By R Bt
syst em can 7 fixed toqhe chlindeedsthet hexipineyl pips 25 e ingtonsend shifesblerigahezi ng
efficient ) . conpresspr operation. . Wien the conpressor is
oper at ed staaﬂa&dlr?ﬁggemﬁdéwwﬁawrtfs‘af fhesgxhaust pipe 10 and the intake pipe

20 and the other end fixed to one of the cylinder 4 and the cylinder head 7.

With this arrangement, the exhaust or intake pipe can shift in the axial

15  direction even when large vibration occurs in the axial direction, thereby
reducing the large amplitude stress repetitively acting on the exhaust or intake
pipe. Thus, it becomes possible to prevent the exhaust or intake pipe from
being damaged. Even when the cylinder is shifted, it becomes possible to
prevent the exhaust or intake pipe from being damaged.

20 The above-described fifth embodiment discloses the auxiliary exhaust
pipe 25 shiftable in the axial direction. However, it is needless to say that
similar effects can be obtained even when a similar arrangement is applied to
the intake pipe 20.

Sixth Embodiment

25 Fig. 6 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a sixth embodiment of the present invention.

In Fig. 6, the oscillation-type compressor comprises a tightly closed

casing 1 having an inside space serving as a coolant gas space 1a, a main body

2, a motor 3 including a stator 3a and a mover 3b, a cylinder 122, a piston 35,

30 a yoke 106, a cylinder head 7, an intake chamber 7a, an exhaust chamber 7b,

and an elastic element 108. The piston 5 has one end inserted in a bore of the
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tbgether with the piston 5. However, the elastic nenber 22 acts as a

danpi ng 25 means for suppressing the oscillation of the cylinder 4.
Thus, the third enbodi ment reduces the fluctuation of the top
cl earance of the piston 5 caused by the co-oscillation between the

pi ton 5 andcyledéyi2negd has thé @ﬂ%}tdd@ﬂhélﬂe’ody the ¥ok§ ?BB'SQQaSOt%V‘Ercho%H’ce i

deteriorating. Furthernmore, the third enmb can I'ize
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f
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thereby reabfzh@dnstdd o @Im the ﬁﬁﬁlsgr 'ﬁféﬁ%?&tid}{h Shﬂﬁftnmf lnCl des fhte
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oper ati on, eplémderohdrthe stator Za cﬁshaz mmoEStdmel fhel ymkEﬂOﬁoThEImaun body 2

br at
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of the preséh2 anmdvténetmthnr end ed to the statiofiagy elemens @330l ubgicatienesil ilng
t he position (% t he b oc 6 Anot her sensor

24, detecti g’ PFFéJ]Hbﬂ?et ﬁegpogth@n Qi?ﬁ%%i%htw, clpsed icaging

Next, compression mechanism of the above-described oscillation-type

compressor will be explained. First, alternating current of an AC power source

15 is half-wave rectified and supplied to the stator 3a. A magnetic field generated
by the stator 3a attracts the mover 3b fixed to the piston 5 based on the
principle of magnetic variable resistance. When the mover 3b shifts in the axial
direction, the elastic element 108 disposed between the mover 3b and the yoke
106 resiliently deforms in response to the shift movement of the piston S,

20  storing an elastic force therein. When the elastic force stored in the elastic
element 108 is sufficiently increased, the mover 3b is pushed back to the
original position. Continuous repetition of this cycle reciprocates the piston 5
in the axial direction. In this reciprocative movement, a position of the piston
5 nearest to the cylinder head 7 is referred to as a top dead center while a

25  position of the piston 5 farthest from the cylinder head 7 is referred to as a
bottom dead center.

Coolant gas of the cooling system is first introduced into the coolant gas
space 1a in the tightly closed casing 1, and then introduced into the intake
chamber 7a formed in the cylinder head 7. Subsequently, the coolant gas enters

30 the compression chamber 9 in the cylinder 4 via an intake valve (not shown)
provided in the cylinder head 7. The coolant gas introduced in the compression
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5 to the bl ock 6. A control unit 26 receives the signals
produced fromthe position detecting sensors 23 and 24, and controls
t he pressure control valves 21a, 21b, 21c and 21d.

Operation of the oscillation-type conpressor in accordance with the 20

fourth enboghimpkr W id c@ﬁgﬁé@%eﬁf PgGEhE?igid}?Bt ®hich reciprocates in¥NabHee-

stroke of piston 5 increa sponse to changed operating
pressure codesaribadsmannene conpressor, the piston 5 may collide with the

cylinder head 7. 4n this case, th ontrol unit 26 feedback controls the
pressure c hFr EPTIREET AT, gﬂﬁj@{‘? B3ASe AR S ¢ gﬁ(%laﬁtsg]%,@'ﬁge? r Ocsfhgle
position de ' Hrén I A d : re
control val %gﬁgd%%}%é;a'ﬁc giﬁ?@kﬁa@ﬁ% gﬁk%the pr g:@ﬁﬁéa%%g% t%q cillgﬁ%ée}r ais
opened.5 Thug, anthes therkdischargadto the coalimgipstehBaia thehexbawst mpkdd.pr essur e
| evel . nwhi | e, .t he surg control valve 2 | S, opened and
the pressure Part ‘%ﬁ?%ﬁ\%ﬁl@@eﬁﬁﬁg §°€E§)§éﬂ?e }Pllk?tﬁ’scﬁtlpﬁén%ié kﬁi? agiice
chanber 18b,j | | ARG [ The i al
unit of t heelceé??ﬁdfeqsigesggggﬁﬁeto e reeﬁ)?g?#?%%ﬁjﬁﬁgg k? Shlg stlllenm%ﬁie&gf):nggl

di recti on t ovetld Fhuss, she hpemication extlilois sipplied to slide portions of the piston 5

Page 18 to a pressure inbal ance between the back-pressure
chanbers 18&“@5931’93.3%6' In this case, the top clearance of the

pi sto I ncreas i s |
cylin e(? 4, pr evg?ilte iﬂr}%ﬁﬁﬁg%@%ﬂa ];or%; tr" g}%&&gdtfﬂﬁgarﬁlfeg?%‘imﬁ?ﬁébéex AU t
val ve and ethercomipressiomichembed9 and the backFherface oktheopistdne Spinsaddition to

Compr essor . SSATING DT Ca 0bite HaShS ETIGH 15 ke Sriving foesishemotor 3. The
oscillation center of the piston 5 shifts toward the bottom dead center in
response to an increased pressure of the compression chamber. The oscillation

15  amplitude of the piston 5 is increased.
In Fig. 6, a block 120, the stator 3a and the yoke 106 cooperatively
constitute a stationary element 121. The cylinder 122 is coupled with the block
120 and slidable along an inner wall of the block 120 so as to reciprocate in the
axial direction. An enclosed space 123 is formed between the cylinder 122 and
20  the block 120. The piston 5 is coupled with the cylinder 122 and slidably along
a-bore wall formed in the cylinder 122 so as to reciprocate in the axial
direction. A communication passage 124, formed in the cylinder 122, has one
end connected to the exhaust chamber 7b and the other end connected to the
closed space 123. A spring 125 interposes between the block 120 and the
25 cylinder 122.
Operation of the oscillation-type compressor in accordance with the
sixth embodiment will be explained hereinafter.
High-pressure coolant gas, compressed in the compression chamber 9
during the compressing operation of the compressor, is sent to the exhaust
30  chamber 7b and then discharged to the cooling system via the exhaust pipe 10.
At the same time, part of the pressurized coolant gas is introduced into the
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5 shifts in a direction opposed to the conpression chanber 9. As a result,

t he pi ston 5 cannot reach the top dead center due to the shifting of
the oscillation center. 10 The position detecting sensors
23 and 24 continuously nonitor the positions of the piston 5 and the

cyl i nder 4. clogapagicely3 YAChaRoifiaRaAfhn passat P CTRENGAideyIghoct ed
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possible to 0O
amount of the coolant gas increases. The cooling power increased.

15 Furthermore, the sixth embodiment can reduce an area contacting with
high-pressure gas compared with a case where the cylinder shifts in response
to the high pressure acting on the entire back surface of the cylinder. This is
effective to reduce the thermal loss.

Furthermore, under a condition where the cylinder receives a high

20  pressure at its entire back surface, it is impossfble to supply low-pressure
lubrication oil from the bottom of the tightly closed casing to a high-pressure
slide portion. However, according to the sixth embodiment, the high-pressure
portion is limited to a smaller space. Thus, the lubrication oil can be pumped
up by the movement of the elastic element soaked in the lubrication oil and

25  supplied to the slide portions of the piston and the yoke.

As described above, the sixth embodiment of the present invention
provides the oscillation-type compressor comprising the block 120 and the
piston 5 accommodated in the tightly closed casing 1, the motor 3 including the
stator 3a and the mover 3b, the movable element 112 including the mover 3a

30  and the piston 5, the stationary element 121 including the block 120 and the

stator 3a, the elastic element 108 having a portion fixed to the movable element
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.the piston position with respect to the cylinder position irrespective of

~changed operating pressure conditions, thereby mnimzing the top
‘cl earance and realizing efficient conpressor operation. Furthernore,
-it becones possible to prevent the piston fromcolliding with the

exhaust val Vol #henq bR IAON fiRkE to The stdtfodagg;eg@i%gé 1988 HRDYylinder 122

el i mnating any
above- descri tmxd:ohunoﬂhtmgbﬁw peston J fso tmatt the pistoh 5 is shiPablednbihek axial

Cl ear ance. basBISGITTEE SaLRAPEREE DoE Bssrieca WEIBREd 2D #hd E%ﬁFiPﬁ‘éFéaftM.
ouever i1 s Mo SRl ADELA 856 {95 E5nnal HoRy bl e

when 10 the fee contr ol S0 as e stro e o

the pistén 5 dnd the cyhmde&nb’m)ghe twglmdlet headabpbdinpdising Itheexham;t ¢hamber7bn
the position signals 8 5 and the cylinder . 4.
Fifth Enbodi tacked 10 the eyhndsr k22, @B fht CERBREUCON dPRISAgEedh4

show ng an o &H}d&tdng he/ Riogedt spat® B ¥ and the &ﬁ%ﬂ%g%ﬁ%ﬁgﬁfért ?baWit{ht this

enbodi ment of I hvent an auxifliary

exhaust pi pe %angdmdﬁbhebemmbspamble th ierthemthe piston strokedawtadsmgtthe
t he exhaust pipe % eration of the oscill a;t/gbon ty
conpr essor i rcHd fd&rﬁéft\/ﬁot"fﬁrfiﬁéeftpf’ ad center Bhf)%ﬁﬂ%ﬁtto Pllnﬁ‘éeaéﬁglhighed

her ei nat ess Oéx%ss re of the sﬁg&%%bgﬁ’ tlg ﬁhﬁﬂeﬁ] ?‘9 ! Shi FB émﬁlt%‘\f%auség

the co | rection

vi brati on, wq@ﬁmdd edohﬂ tipewer is h1g}§t’ﬁhu9nareyc@d>1¢ngrpovﬂr8r ehntbeeincreased.
conpressor, |ar vi brat.es the exhaust pipe 10 connecting, t he

cylinder headF® %héfmﬁée:o(hl& yaapgemast tqa@hmc}ue,q @BedredasPntacting with high-

However, acco ﬁFrlbé) 25
auxi Yi ary exhé%’g?&p %ast%nljé{ecoup d srée‘%h? %{a aljmscfégs:ﬂ%feté %?%&%eltér}glie
in t hehigh plesstireemtingomns thesentire lfd@k(mhfaw@ﬁ(ﬁe\dybm@u OThisTibesfective
vibration is transmtted fromthe piston 5 to the exhaust pipe 10.

Accordi gl y, srefbics Heathesmal doss.dhertherraars, raneording ke tiscrasngempnt e
5,2, o 5 e HEIRAG bkof B SR HRREKERRURE' o ve
reliability fpeMped up by the movement of the movable element. Thus, the lubrication oil
can be easily supplied to the slide portions, with reduced slide loss and
eliminated wear.
20 According to the above-described sixth embodiment, the spring is
disposed between the cylinder and the block. However, it is needless to say that
the similar effects will be obtained when the spring is replaced by a
comparable element, such as a magnet, capable of generating a reaction force
for varying the cylinder position in response to the changed pressure of the
25  space.

Furthermore, the cylinder 122 is subjected to a variable load in
accordance with the changed pressure of the compression chamber 9 during
one stroke. This variable load may shift the cylinder 122 widely, reducing the
volume of the compression chamber 9 at the bottom dead center and

30 deteriorating the cooling power. Therefore, it is preferable that the cross
section of the closed space 123 is sufficiently larger than that of the
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deteriorating due to the danage of the exhaust pipe 10.

Page 20 As descri bed above, the fifth enbodi ment of the
present invention provi des the oscillation-type conpressor conprising
the tightly closed casing 1 having the inside space la for storing

cool ant gaéon%}ﬁ?@sélbﬁ%a@n@@@mdﬂheﬁnore to Sﬁpf)fh%stt'h@héﬁlft ahnsiad cRsdg 1,
the motor 3 including the stator 3a and the mover b, the piston 5

connect ed cylinder dnmeg ozig strokendt isqreferabla l}@eusmt}mtﬂpelrg dgérhaving a lange
i ncl udi ng the nover f the notor 3 and the piston 5, the stationary
el ement 13SPHEESH %1 *stator 3a of the notor 3 and the block 6, the

el astic el enent 8 havi ng oSevdhiEmbodhnthxed to the novabl e el ement
12 and_anot her portion 8c fixed to the stationary elenment 13, the
cylinder 4 fixelfigo7tisea b«IecnhkallOrossesemtlcmaul fwianl ehowmgeam;osaillanmetypmn

& Uhe: auxEPrEsrgR osSowdalen 5¥itha EhenErmbagimert of {8 breent yRhjion "
direction with [ﬁ‘f’ﬂ?%c? éxpeﬂ'i@ls@?e @QZSWS ﬂ*o%?tﬁ@cﬁfs‘édtiet%deni%?o

20 and the other end fixed to o of the cylinder 4 and the cylinder ead
7. V\cohhnguysmmdng@tndmutsxdﬁetlmmmnpressor| nt ake pipe can shift in-the

axi al 15 dire on_even | arge vi brati curs . t

direction, ther gib}&? ?hf' a‘ ?ﬁ%fqpé}sgét ?rﬁf( ?E%Fd’lgf:r]éélq éﬂ@&tm Ry
act | “9(80” the géltneﬂf bt‘tfﬁée sixth exﬁbealmIHgSAééOJaﬁ%nﬁé ﬂfeS%e%ﬁtﬁo
preven t he ex I nt ake pi pe from ein a . Even when the
cylinder i snﬂmdlrmmt flte @dms{eshpuﬂmrtﬂbecmmmumcatqsrwwé)nmetmlmgnaystenor

i nt ake pi pe fr,om d. 20 The above-described fifth
enbodi ment VR 54 Q)é§8t @cgﬂ%%ﬂ i ary exhaust pi pe 25 shiftable in the

ot o QUL of the SIERUSIFD St p accqrbife Wicrifect
seventh embodiment will be explained hereinafter.

15 The high-pressure coolant gas, compressed in the compression chamber
9 during the compressing operation of the compressor, is sent to the exhaust
chamber 7b and then discharged to the closed space 123 via the
communication passage 124. The closed space 123 acts as a muffler for
reducing the flowing speed of the discharged coolant gas. The decelerated

20  coolant gas is then sent to the cooling system via the exhaust pipe 126.

The amount of the coolant gas discharged from the compression
chamber 9 increases in accordance with an increased ambient temperature.
However, the volume of the closed space 123 increases in response to the
increased exhaust gas amount so as to suppress the pulsation in the closed

25  space 123, thereby preventing noise and vibration.

As described above, the seventh embodiment of the present invention
provides the oscillation-type compressor further comprising the exhaust pipe
126 connecting the closed space 123 and the cooling system. With this
arrangement, the coolant gas compressed in the compression chamber 9 is once

30  expanded in the closed space 123 and then discharged to the cooling system.

Accordingly, when the exhaust gas amount increases in response to an
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the intake pipe 20. : Si xt h Enbodi ment 25
Fig. 6 is a vertical cross-sectional view show ng an oscillation-type
conpressor in accordance with a sixth embodi ment of the present invention.
ITn Fig. 6, the oscillation-type conpressor conprises a tightly closed
casing 1 h%ﬁtf&s@d‘strﬂké%e%ﬁ@nes@ﬂ the ok @a‘é@%@' incB&%es Eéﬁ%sg@ndﬁxgly' n
body , a notor 3 including a stator ‘3a and a nover | irnder
122, a pi stsorassio 80 as a muffike ’Elmi the pylsatidarisisazelyreduned, nvhile mhm;ud 7a,
an exhaust C an elastic elenent 108. The piston 5 has

one end i nségfggori‘ ﬁa‘éb&ost“é)%?sﬁﬁ

Page 21 cylinder 12g; ﬂﬂﬁﬁofmﬁ ept her end held by the yoke
106 so as to reci procate in e axl a I rection. A conpression

chambef 9 is defFiged by at ertioal icrdss-s¢etional view sdtlmevmgsamrosmﬁmtionhgpe
cylinder head 7. An exhaus ext s fro t .chanb
7 For med IGOTRHESSOY I RGO A iR FLED SPAROCTES G the BEGSHIL BIVentiaor
h Th

shown) . e mai ;I m 'rﬁgfa‘l’ tlénﬂﬂ%?éés‘d};@‘h@ym% g‘?i’&éﬂﬁ‘lﬁt ok 10kP

and a stationar e nov ement I ncl udes e nmover 3b
of the not oA radmily ohter pnslt]d’rSanf fﬁmq)astsagc 488ry cehareted tt2thei Ich:rd[masrt toifie

cylinder 12 he st at or not or 3 the oke 106. The main bod
> " iAot 10b b radilimaes 0 CORRSRICE M@ BREWTPOVR t he
tight Oﬂ?{: el to
thg rrltl)vabl endﬁ?éhﬂﬂlgﬁtg-ggi?g%ﬁgé er engh?jcgﬁght@gltgggd statel%ﬁr?ggy

el ement 12112Qubri cation oil Is stored in the I ower portion of

the tightly cl oss nmechani

the above- descr Bﬂee@éﬁ%@b%ﬁnqrmffersﬁomﬁ%ﬁ b PTROdEtes ghal e
First, al te5abiBd R RiitiBhal) RiGvRARET Sour ce

Operation of the oscillation-type compressor in accordance with the

15  eighth embodiment will be explained hereinafter.
The high-pressure coolant gas, compressed in the compression chamber
9 during the compressing operation of the compressor, is sent into the exhaust
chamber 7b and then discharged to the closed space 123 via the
communication passage 124. The flowing speed of the coolant gas is reduced
20  in the closed space 123 so that the lubrication oil mist contained in the
decelerated coolant gas falls by gravity and gathers at the bottom of the closed
space 123. The lubrication oil thus stored in the lower part of the closed space
123 is pumped up via the radially extending passage 128 from the one end
128a to the other end 128b and supplied to the ring groove 128c. The supplied
25 lubrication oil lubricates the entire slide surface between the cylinder 122 and
the block 120. Thus, the clearance between the cylinder 122 and the block 120
is completely sealed by the lubrication oil so as to improve airtightness. Thus,
it becomes possible to eliminate leaking loss. Furthermore, forming an oil film
between the cylinder 122 and the block 120 prevents any wear occurring at the
30  slide surface between the cylinder 122 and the block 120.
As described above, the eighth embodiment of the present invention
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15 I's hal f-wave rectified and supplied to the stator 3a. A magnetic field
gener at ed by the stator 3a attracts the nover 3b fixed to the piston
5 based on the princi ple of magnetic variabl e resistance. \Wen the
frover 3b shifts in the axial direction, the elastic elenent 108
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f th d 7
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i nt ake val v

own . provided in the cyllnder head 7. The
cool ant gas%ﬁr']:iri 85%‘%@ ‘%"F‘raflﬁg' conpr essi on
Page 33 chanber 9 i Séﬁggpﬁgﬁggglm@é/mt he pi ston 5 which

reci procates in the above- escri bed manner. The
conpr essed cool ahig.dads envertscal herossdseotionehsidyershdwing aheoscillationstypeder
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Fig. 10 is a vertical cross- sectlonal view showing an operated condition of the
oscillation-type compressor in accordance with the ninth embodiment.

15 In Figs. 9 and 10, a combined groove 130 is provided on a slide surface
of the cylinder 122 or the block 120. A groove 130a is provided on the cylinder
122, and another groove 130b is provided on the block 120. A communication
passage 131 has one end 131a connected to the exhaust chamber 7b of the
cylinder head 7 and another end 131b facing the groove 130b formed on the
20  cylinder 122.

The ninth embodiment differs from the sixth embodiment in that the
communication passage 124 is omitted and the groove 130 and the
communication passage 131 are additionally provided.

Operation of the oscillation-type compressor in accordance with the

25  ninth embodiment will be explained hereinafter.

The high-pressure coolant gas, compressed in the compression chamber
9 during the compressing operation of the compressor, is sent into the exhaust
chamber 7b and then discharged to the cooling system via the exhaust pipe 10.
At the same time, part of the pressurized coolant gas is introduced into the

30  closed space 123 via the communication passage 131 and the groove 130b.
When the ambient temperature increases, the pressure of the closed space 123
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Part of the elastic elenent 108 soaks in the lubrication oil 11. The

el astic el ement 108 responsive to the reciprocating piston 5 punps up
the lubrication oil 11. Thus, the lubrication oil 11 is supplied to
slide portions of the piston 5 and the yoke 106. 10 The

pi ston 5 reeEeuss @ 4 Riglerdevely Thel dydifider ARSSREER dsTHipi e Ssetehsiire of
the conpression chanber” 9 and the back-surface of the piston 5 in addition

to athpelosgdispace 138 andkshifts sowerd thariop dasbeentar.allee pistoy 5 bascan of
the notor 3, Thg str keoscillation center of the piston 5 shifts toward the
bot t om dead*¥e&h %cli frqxe. response to an increased pressure of the

conpr essi on chai@kevdf)eviRatitd §istérm id In anafidtablédafiup BOnAITSRBr Whén
| ncr eased. . In Fig. 6, a block 120, the stator 3a and the yoke
106 codper &h¢ embjent temparafgeils extraardinarilpinorgaseide temexhaust pragsure mayler

22 i led with.the,bl k . 20 and,sli bl l. i |1 f
the b ook Dofftalt skelafaiatsy Jo.shifs e pRiRasy 155 BGe PRh, Runld e 165" ©
encl osed spRal ddfetr S HRWwERS, %&:}?ﬁg@g Et;ltﬁaldﬁiﬁ@ﬁrerﬁgadﬁﬁén@%f thEhﬁrééleﬁ?k

120. The piston 5 is co;igl ed wt I nder 122 and slidably along
a bore wal linventien, whentbeaylindesr12L2¢hifts tasvard thectopr dead eeiters the apeml

di ti A icati . 124, f in,th l,i nd 122, h
end connectld L5101 DerCoriingation Tissagh el vaIocatd KoMK 810065t he
cl osedlyspaqe b aé\ts FHiscthnked thé‘bﬁfﬁéﬂssf‘p%ﬁgefﬁfr{brh HBe *é‘xgaghstléﬂalﬁﬁ@r e 25

cylinder 122. Operation of 't oscillatron-type conpressor in

accor dance Aadrdimgly, introdustionho® the diiglepresgure ¢aolerpigasriato theedloaéd er .
Ut nG ¢ ho SEBRpc Ry CBBE AT GRS SRTIS ot SLO SRASELES COPTHBIeatAuS!
20, ST oRe Ptk 18 gl BRGNS DA
i nt r oduced tordischamge the coolant gas out of the closed space 123. As aRageli?3he

15  pressure level of the closed space 123 is reduced. The movement of the
cylinder 122 shifting toward the top dead center is suppressed within a
predetermined range. Thus, it becomes possible to prevent the piston stroke
from excessively increasing, while causing no problems in the reliability of the
elastic element or the like.

20 As described above, the ninth embodiment of the present invention
provides the oscillation-type compressor further comprising the combined
groove 130 provided on the slide surface of one of the cylinder 122 and the
block 120. With this arrangement, when the cylinder 122 widely shifts toward
the top dead center, the groove 130 acts as a means for discharging the

25  pressurized gas from the closed space 123 so that the piston stroke can be
maintained within a predetermined range. Accordingly, it becomes possible to
prevent the piston stroke from excessively increasing, while causing no
problems in the reliability of the elastic element or the like.

Tenth Embodiment
30 Fig. 11 is a view showing an arrangement of an oscillation-type

compressor in accordance with a tenth embodiment of the present invention.
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¢l osed space 123 via the conmmuni cati on passage 124. The cylinder 122
receives a force derived froma pressure inbal ance between the cl osed space
123 and the tightly closed casing 1. The cylinder 122 shifts toward the top

dead center and stops at a bal anced point where the force caused by
the pressurgjg 12 1s'm|v@§1<i@wh?g éﬂm%téﬁsttitstdﬁhéﬁfsbﬂmfdﬁ- OtohlitesdUr ind
125. he anbient tenperature is e pressure of the
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center position-of the piston shifts a fromthe Meutra
of the Sl as$¢rving asrero0 mgascsmcduhagwmatbe 3oimcludesie atitordaa@nd a mover

Posi ti on iP%tm%@eﬁfg@fﬁ EG 1 o SaTHa b REGT i Powel iy dicis i itedhcc
i ncreases fatrﬁév%ﬂé éfnent 12 anﬂrﬂ)é’tﬁﬁoﬁﬁ %&%ﬁi&?ﬁ'ﬁ“q‘h@%ﬁwﬁﬁrﬁé{jﬁnt{@e

cool i ng powet i ncr ease ernore, the sixt ment can
reduce an axmﬂudmmt}mcmongr ﬁbtdf the motom|3gm¢>th£sp1$tm1 éaa“hecnmaondry/\cldmmtcase

the entire badReSges 4y iErdeie G RFAGe 22 Oifﬁbtgomtepor ald Pl §oThE e
the thgymaly 68392 is elasthca%]ar sugﬁb‘ft&ﬂ% &y @?dn §Bﬁ§§d{<ﬁ c‘mﬁﬁ EintﬂTl‘%

cylin er receives a essur t entlr ace I't

i npossi bl e tightlymidsed casipg ds$mbeication oil llﬂms steredan thelloWemrdetlenbmﬁﬂmm of
the tightly .cbﬂze ca i n to a hi gh-pressure slide portion. However,
accordi ng t B ‘ment, the high-pressure portion is
limted to a sma e :

up by the m)vemeirgth@o %?glaastié%eélggﬁgz%}hgggg CQBPQH%@? SE?P?&@ ggnsto[n and

25  suppl i 8ca as thebesslidablpoand oz ncicatbenr:thstmahdrret:henyd!keompressmn
b ovi dh ?ﬁ%h%é’a@»prpaasf‘cﬁqﬁaﬁpﬁviﬁ%yhgﬁ 43P Re bl ock 120 and the
7100 5 accomodeiohpdlior] dikbine Gagerone bk B ifragian o
the nover 3transformer including a coil 214a and a core 214b detects the position of the
piston 5 and generates an analog signal representing the same. This analog
signal is converted into a digital signal by an A/D converter 215, and then
20  supplied to a top dead center position calculator 216. An output of the top dead
center position calculating unit 216 is supplied to a reciprocative movement
controller 221 provided in an amplitude controller 18. An output of the
reciprocative movement controller 221 is sent to a base drive circuit 222 which
is connected to a power source 217.
25 Furthermore, the reciprocative movement controller 221 comprises a
comparator 224 comparing the top dead center position signal generated from
the top dead center position calculating device 216 with a top dead center
reference value 219 stored in a memory (not shown) in the amplitude controller
218, and an amplifier 220 changes the amplitude of an output voltage sent to
30  abase drive circuit 222.

Next, compression mechanism of the above-described oscillation-type
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30 and the piston 5 the stationary elenment 121 including the block 120
and the stator 3a, the elastic elenent 108 having a portion fixed to
t he novabl e el ement Page 24

I12 and anot her portlon fixed to the stationary elenent 121, the cylinder
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t he axi al directjon I'i nder 122 being inserted in the block 120
so as to repmpcnsauzce is supplmdtnmetlmamtomvweﬁm mwm saumanI:Voéenuagpane 123

conpr 1 si ng W8 BEesIed WrBetatopBa MalS TS P31 10 e BlroRaastds,
and t he Corﬂwmé;@telpegbw@f 1ekfdvariable RRINIARES WHeRGhE! B5¢dr gleasqﬁfté%ﬁ “anc

t he exhaust cha ar rangenent becones possible to
i ncrea$e t Hhemmabdlrsntlonethwekaam|e|igmtené8 d1spos¢q/betwleﬂ:n the sdtrwetr 3wandd

the top deag r.in. to.the increased h 10 ure.of the
space when t?‘ﬁgﬁ 6e‘i?r§ ll%ﬁlg’e‘#%fﬁamé INJEFPARSENQ %Ft‘?@ﬂﬁfrﬁpgeﬂ‘? t 6% the PiSIgBi r ed
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hocor di ng LIISAE ol BR B0 Setal i camisie oo, a digialehgl Y tR°A/D
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216 to obtain a top dead center position “A.” The calculated top dead center

15  position “A” is compared with the top dead center reference value 219. The
amplifier 220 controls the amplitude of the output voltage supplied to the base
drive circuit 222 in accordance with a comparison result so as to eliminate the
difference between the calculated top dead center position “A” and the top
dead center reference value 219. Accordingly, the piston 5 continuously

20  repeats the reciprocative movement while keeping a constant top dead center
position.

Coolant gas of a cooling system (not shown) is introduced into a low-
pressure chamber 7a of a cylinder head 7, and then enters a compression
chamber 9 of the cylinder 4 via an intake valve (not shown) disposed in the

25 cylinder head 7. The coolant gas introduced in the compression chamber 9 is
compressed by the piston S which reciprocates in the above-described manner.

The compressed coolant gas enters a high-pressure chamber 7b of the
cylinder head 7 via an exhaust valve (not shown) disposed in the cylinder head
7, and then exits the cylinder head 7 to the cooling system.

30 Furthermore, a top dead center reference value changing device 223 is

provided to change the top dead center reference value 219 in accordance with
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the simlar effects will be obtained when the spring is replaced by a
conpar abl e el enent, such as a magnet, capable of generating a reaction
force for varying the cylinder position in response to the changed
pressure of the 25 space. Furthernore, the cylinder 122 is
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126 ext endscémntem referencesweadus pﬁal&e pl@ﬁett im thee amphtudeoabntﬁi@lléﬁ stlsnsd) %%afoed
out si de the res The ,sevent h enbodi nent conprises the

exhaust pi psﬁﬁii ﬁlgo%‘ﬁqrﬁﬂc? dhereby mainipinmege ﬁ@ﬁﬁt%’lﬁ top€learange.
T i e
Oper at i on oéxteimealocamiditians psudly peacedpeed amblent aﬁCteﬁLiwﬂeraHd 4 h@duced
thermal load. In this case, the top dead center reference value changing device
223 selects a preferable value from a plurality of pre-memorized top dead
center reference values in accordance with the required cooling power. Thus,
15  the cooling power is variable in accordance with the varied external conditions
relating to the ambient air temperature, the system pressure, the system
temperature etc.
Thus, the above-described tenth embodiment increases the top clearance
so as to suppress the cooling power of the compressor. This makes it possible
20 to adjust the cooling power of the compressor in accordance with the required
power of the cooling system, thereby preventing the cooling power from
excessively increasing and realizing the efficient compressor operation.
Fig. 12 is a graph showing experimental data obtained by the inventors.
As apparent from Fig. 12, the cooling power decreases with increasing top
25 clearance of the piston 5 corresponding to the increased top dead center
reference value 219. The compressor efficiency is substantially constant when
a ratio of the top clearance volume to the cylinder volume is within 10 %.
However, the compressor efficiency starts decreasing when the ratio of the top
clearance volume to the cylinder volume exceeds 10 %.
30 As apparent from the experimental data shown in Fig. 12, the tenth
embodiment makes it possible to reduce the cooling power to approximately
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sevent h enbodi nent will be explained hereinafter. 15 The

hi gh- pressure cool ant gas, conpressed in the conpression chanber 9
during the conpressing operation of the conpressor, is sent to the exhaust
chanmber 7b and then discharged to the closed space 123 via the

conmmuni cat i 3 %HapAeEt aéﬂanoﬁhﬁn‘g theesbrapassol 2¥fiakineyasr theTubbliag fy8fem
reduci ng the fl ow ng speed e di scharged cool ant "gas. The decelerated

20  cool arg @%UCF)SV%IW@th@eTﬁﬂOt@fth%tqm@iﬁﬁr@clﬁy‘e@l@m&/t(atlnfhéyhnﬂanyolumpe
126.

f..t:h | ed f
conpr essi onS wuhmcﬁ%%r O ﬁtéeg“é)c % %%33@3? &Qnﬁﬁvg 89&%8?5@&5% an

anmbi ent t enpeiizéEpower levé‘loifsea/(ﬁfordhﬂ@e wAathBRteRhal S6nditidiRd space 123
increases in response to i ncreased exhaust gas anpunt so as to

suppreds the puléatdmrihﬁ:dt abom,oﬁ@dtezsh empadiémens oft ther ptgsent duwantiog

noi se and vibra | OR. o descri bed above, .t he vent h enbadi nent
of the o o RO Rie ossilation-type EmiSESich EEiuARRIG: 1 ey Woskd Cedbe
further conpr V t Bp | t cl pace
155 B s her caavith (41F TRl SpaRepta for stoRfie> 200ble Bis; E@%@?am"fg%s

conpr essed acrcommodatqﬂ mst%ledtglmtﬂmmmedg:asm@ ¢ thed motoeﬁpmnhﬁdimgrthbmmtdros ed
Accor di

space 123 2agh 50 SRRRONL MRS SARbiRE B Shver o ot uiSERHS) A5
"L0% 0 mousbe clent s3iALIg e oSt WO 09 FhE e HRGGR 57
pul sati on ithesstasionargcelesentwh3 liachling thedstator 3av0f)rthe|mntama6 aed the
suppr essed. cylinder 4, the elastic element 8 having a port?on rEZbErtlli%e(cjil o the movable
element 12 and another portion 8c fixed to the stationary element 13, the p'iton
position detecting sensor 214 detecting the position of the piston 5, the top
15  dead center position calculating means 216 for calculating the top dead center
position of the piston 5 based on the piston position signal obtained from the
piton position detecting sensor 214, the amplitude control means 218 for
controlling the amplitude of the mover 3b in accordance with a difference
between the top dead center position and a selected top dead center reference
20  value 219, and the top dead center reference value changing means 223 for
changing the top dead center reference value 219. With this arrangement, the
top clearance of the piston 5 can be increased in response to a decreased
ambient air temperature or a reduced load. Thus, the cooling power is
suppressed without deterioration of the compressor efficiency. Thus, it
25  becomes possible to realize an efficient compressor operation in accordance
with the ambient air temperature change or the load change.
According to the above-described tenth embodiment, the motor 3
comprises the stator 3a and the mover 3b. However, it is needless to say that
the similar effects will be obtained even when the motor 3 is replaced by a
30  different motor which is capable of causing the piston S to reciprocate in the
same manner.
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5 Fig. 8 is a vertical cross-sectional view show ng an

oscillation-type conpressor in accordance with an ei ghth enbodi nent

of .the present invention. In Fig. 8 a radially extending
passage 128 is provided in the block 120. A radially outer end 128a
of the passage 128 is connected &1 567 PWIodRAeh: Of the cl osed space

123. A radially inner end 128b is connected to a ring groove 10 128c
extendi ng al ong Fig B3 iisle earticat eroes-sectiondleview showing 22 escillabiondt
120. th,enbodi nent differs fromthe seventh enbodi nent

The. ei gh
in that thecompressgésghlgag:cgé(éar;ge éﬁ’gﬁt ?Bn%]IeW§nB'Pcﬁm gdiment of the present

Oper ati on ofgiepgigpscil | ation-type conpressor in accordance with the 15
ei ghth enbodi nent will be expl ai ned hereinafter. The
hi gh- pfessure coln &g. §3sa monvpbkes stador bash @ 2Aoigpfigeditonthehetabsr 3a of the 9

xnavst | O A2 HRE RIS Rase 427 guupied ith the Bl 6 paceiigable o
< T oduced o Sus neOTRRIReekely 10 OF, DI € TRC R alaoiia BRpE Fard ™

cont ai ned iand ftke block 6 ceopdratiaebyl definleatwo baskimprebsuieyclumpety 2284 and
gat hers at ' '

ttom of the cf 123._The | ubri cat |
Phus <t or ed2P4b RGAB DO eRcB0k e BPyabls Satbase 227 apdammpinipatecup
ia t | ' I O48; 1283 10 th
Ot her "S- 1AL, DEOLGTd o REIRREy ke PRibE % S0 B nugpmrefigublr "

| ubri cat i on2284 ahdB28batosamumécatatvwitk thé bdeside bf@l@@ti?ﬁtl\y&ﬁ@sédl@aﬁﬁgilnﬂﬁr
122 and t he bl ock 128 Thus,%igg cl earance between the cylinder 122
and the bl oRECK-PEESSUIE PIPES 22630k 229D stespeatively: Hin Lufiske Ripect) extends as

| caking | oL RARMe of M8 ehtly closkh AR o RO S aRGk BT 071 s

122 and the block 120 prevents any wear occurring at the 30 slide surface
bet vveei%tthe cylinder 122 and tre bl ock 120, . As descri bed
above 1% he ei ghtf BRSBTS ERRIG! merhameme2es camprisasna total of four pressure

Page 27 control valves 225a, 225b, 225¢ and 225d. Connecting pipes 225¢ and 225f
extend from the intake pipe 20 to the pressure control valves 225a and 225b,
respectively. Connecting pipes 225g and 225h extend from an exhaust pipe 10
to the pressure control valves 225¢ and 225d, respectively. A pressure pipe

20 2251 connects the pressure control valves 225a and 225c to the back-pressure
pipe 226b. A pressure pipe 225j connects the pressure control valves 225b and
225d to the back-pressure pipe 226a.

The pressure control mechanism 225 introduces the low pressure gas
from the intake pipe 20 and the high pressure gas from the exhaust pipe 10 and

25 adjusts the introduced high and low pressure gases by the pressure control
valves 225a, 225b, 225¢ and 225d to produce adjusted gases having arbitrary
pressures in a range from the introduced original high and low pressures.

Operation of the oscillation-type compressor in accordance with the
eleventh embodiment will be explained hereinafter.

30 The oscillation center of the piston 5 shifts toward the compression

chamber 9 in response to changed operating pressure conditions, such as a
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provi des the oscillation-type conpressor further conprising the passage 128
connecting the slide surface between the cylinder 122 and the block 120 and
the bottom of the closed space 123. Wth this arrangenent, it becones

possi bl e to supply lubrication oil fromthe bottom of the closed

space 123 tdetivasstlizinbidnt aif térhpeathas wham Hructidd B¥ehe %%r@?%ﬁ{%ﬁ @{eé;f‘éd

120 via the passage 128. Thus, the slide surface Is™ai /

by the suppPis@n| «oesd the top deadeentes position apdwsilide with pheeglindehe
cool ant gash% " | eaki ng fromthe cl osed space. Suppl ying the

| ubrication F? to the slide surface can prevent the cylinder and t he

bl ock from weari g thisQase, the pressure control valve 225d is oﬁ&'&ﬁ"hrﬁr@ﬁ{;f&%re

Fig. 9 is a vertical cross-sectional view show ng an | a -type™
conpr essor FANHOL¥RANE2S s elosedi Fhus,¢hb bdckepressiiret teambes228aiiseld apn.

. . . ' . ! ho g el .
the 10 "% ot Fle Blssilin e GR e hiester dondel Rale 2R5C s Glosed and Z
mbodi m . 195 ; j € .S | de
on 8 1| de L pressure coRtlaR1y 62854 1§ dpchoo Ty th b Lk Brp i e
130a is provi8bdsdeld abthylowquessure. 122, and another groove 130b is

| ded t he Qck 12 0 ni o) passage 131 has one end
D5 oo o 5oL AR ek OTEAD.A2% 8ol 33805 o
anot h end ' h : AR :
The ni T h o apad S T S R OE e DIOER ol £ Birecfibl Jfifoselr o
conmuni cat i the pasyurgsesionsachamber Stdue tmad pressureoimbalbidRedvetwiden the back-

nmuni cati gn _passage. 131 addi tignal |y provided. Qper ati on
81(‘) t he osci Pfeasg% 9ﬁ9@é35%2g§§§§g]r%@3'accor dance with the 25 ninth
enbodi nent wi | | ' [ : = Pt re
ool ant gas.  combe S rDHElThe LRI Bnter of the piston 5 sHiftg e R FRHH
conpr essi ngoppesed itothe onpressioprairsnber 9 ingesponse @ tHeeslefhaestement of

chamefs 70 A faS'38 0t Hhe itor's Thetap dead Benter position of the piston s alsa

shifts in the direction opposed to the compression chamber 9. Thus, it becomes

possible to prevent the piston 5 from colliding with the cylinder head 7,
eliminating vibration and noise.

As described above, the eleventh embodiment of the present invention

20  provides the oscillation-type compressor comprising the tightly closed casing

1 having the inside space 1a for storing coolant gas, the cylinder 4 and the

block 6 accommodated in the tightly closed casing 1, the motor 3 including the

stator 3a and the mover 3b, the piston 5 connected to the mover 3b of the motor

3, the movable element 12 including the mover 3b of the motor 3 and the

25 piston 5, the stationary element 13 including the stator 3a of the motor 3, the

cylinder 4 and the block 6, the elastic element 8 having a portion 8b fixed to

the movable element 12 and another portion 8¢ fixed to the stationary element

13, the stator 3a of the motor 3 or a movable stator base 227 connected to the

stator 3a being partly coupled with the stationary element 13 so as to

30  reciprocate in the axial direction in response to a pressure imbalance between

back-pressure chambers 228a and 228b formed therebetween, and the pressure
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LAt the same tinme, part of the pressurized coolant gas is introduced into

it he 30 cl osed space 123 via the comuni cation passage 131 and the groove

~7130b. When the anbi ent tenperature increases, the pressure of the
.cl oséd space 123 Page 28

I ncreases to | ' | N4 ebaa%%d
pressure of E‘oﬁh%? ﬁgeéﬁ%@égx gggcgégﬁ@ggég%it{ltgﬁ%%ﬁ ?%Eﬁéop églaassure
center. The pchambess B28a and 228b. Withrthissemtasgemebnt, the stator of the hirotey ghifts
when the systemis in.an unstable start-up condition or whep 5 he

Arbi et t ohpe ABIEEGHOLOPPAS BN A1 COMIAESSaE ChaTR PR WRAR.BE 19p<leddrcontey
I ncrease extr ' kel | Jhls ' : i (o)

top fleah S AT E e RO shifts Bwardt WCEY ihder BEASTR rEEponi NP LR dl
present 5  opesating presswieecoriditiony) Asderdidgl, she dssillativarckrtéeof the pigash

center, the open . nd 131b of the communication passage_ 131 |s
di sl ocat ed f réhﬂff%’él yectiqn oppesid ththescompaesion kBamueie Thuss Hbegoames

f h 2 : dj I g:kod ' f
i gh pr essur e FEOGURht e RE, RePigRcRUHh “COidiag NERUE Fhalst Viipe,

the sane tineelinhigatingsebrapae andabisemuni cat es wi th the inside
space of the tightly closed casing 1, via_ the groove 130a s6 as . to
di scharge the cool é%fhth%'é&ho'ihe gbovacdescobed & thoembagliment sdisclosese the

ressuresdeve e i : h
yi i nder 422 BEYrR e R Rah Zas.  iER ol s e RS X fiiBack-
predet er ni ned pressaee chanbers R28acmE22losHobleveroitds eediesshe salysthapsihilgke
from excessi velé§| ncrea]S| ng, Wil e causing no problenms in the réliability

of the stigsts ag| aigedieien when the pressure comirolemecheaismpiite is
the ninth enbodirol & ah§%mErLOMpdraEbt&8ure control device or a comparable

mechanism for shifting the movable stator base 227 integrated with the stator
15  3a of the motor 3.
According to the above-described eleventh embodiment, the motor 3
comprises the stator 3a and the mover 3b. However, it is needless to say that
the similar effects will be obtained even when the motor 3 is replaced by a
different motor which is capable of causing the piston 5 to reciprocate in the
20  same manner.
Twelfth Embodiment
Fig. 14 is a vertical cross-sectional view showing an oscillation-type
compressor in accordance with a twelfth embodiment of the present invention.
In Fig. 14, a shifting element 229 is provided for shifting the stator 3a
25  in the axial direction, in addition to the arrangement of the eleventh
embodiment.
Operation of the oscillation-type compressor in accordance with the
twelfth embodiment will be explained hereinafter.
When the compressor is started up, the piston 5 causes a reciprocative
30  movement in accordance with the current supplied to the motor 3. However,

the compression chamber 9 is held at a low pressure immediately after the
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provides the oscillation-type conpressor further conprising the conbi ned
groove 130 provided on the slide surface of one of the cylinder 122 and the
bl ock 120. Wth this arrangenent, when the cylinder 122 widely shifts
toward the top dead center, the groove 130 acts as a neans for

di schargi ngtérh@ﬁ@eranba&ﬁuhe wﬂnm@sséf eddiding s the gRoPeesstize Jetinadn t he

pi ston stroke can mai ntai ned wthin_a predeterm ned range.
Accor di ngl yhe |plsm:m sposmRH| thatothe pistopreveamnot Fhifi sufftclgntlykm thom

excessi vel il DG GRS Msath SRR RGion chanMP'se Fn | GnbPewoshd 20hd 1 1Y
Tent h EnbogjseRnitici0center of the plEt(ﬁl 51sdistocated %Wﬁf@md'@mﬁpr@sfsié’rﬂ@ﬁﬁﬁﬁ'bbr of

an oscillation-type onpressor in accordance with a tenth enbodi nent
of t heSpreSerdihis masheause. the piston 5 to collide with the exhaust valve of the cylindgye 29

compr essor et 7+ FORMRR, SAEORERE, b6 % st ne B RdimEh) POt b8 prasens

i nvention. invention, the shﬁtlﬁggbleﬂfﬂentm §lsigis ﬂl&tstﬁfbrtyﬁéf QHéWﬁ@ﬁ)?Q‘i in th?
corrprlsesatlghtlycose casing 1 and a nain O% . The tightly
wnng

cl osed cas |dagec11om@pansed1§0dbemnpressmrsehamhgra% 'Ehtm ghe stpeeepi a.
A t 3 f d
T ot on aPerdfigh 8PS camars &0t JRgrsrlation: ceteh of the Bisfon Hrsviobe

to a pltoanerqr
el eﬁego 12 ﬁﬁﬁ‘ﬂnénécﬂ @hff@a@hn eﬂaeﬂrﬁnht&éc Hﬁ‘;ﬁre@'@i@%l@a font 12

I ncl udes t nover of notor 3 and I ston 5. The stationary
el enent 13%@@1@@@3', st kgomesepossibletto muco&tt@qnsfort hdromt collitlimgd a

DL ook S Sl iingRERead 7 AR R Ut B8 PRRESSh O T HOBSRRASH 14
I's stored igtel/BAtinGWRE exPalisOPalve f6f being damaged and eliminating noise and
vibration.

15 As described above, the twelfth embodiment of the present invention
provides the oscillation-type compressor comprising the shifting means 229 for
shifting the stator 3a of the motor 3 in a direction opposed to the compression
chamber 9 when the compressor is stopped. With this arrangement, the motor
stator shifts in the direction opposed to the compression chamber when the

20  compressor is stopped. As the oscillation center of the piston during the start-
up condition is shifted far from the compression chamber compared with that
of the ordinary driving condition, it becomes possible to prevent the piston
from colliding with the exhaust valve during the start-up operation, eliminating
vibration and noise.

25 According to twelfth embodiment, the shifting element 229 is made of
a spring. However, it is needless to say that the similar effects will be obtained
even when the spring is replaced by any other comparable element which is
capable of shifting the stator 3a in the axial direction.

Thirteenth Embodiment

30 Fig. 15 is a cross-sectional view showing an oscillation-type compressor

in accordance with a thirteenth embodiment of the present invention. Fig. 16
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tightly closed casing 1. The cylinder 4 and an el astic el enent

8 cooperatively support the piston 5 so as to be slidable and
reci procate in the axial direction. A conpression 15 chanber 9 is defined
by the cylinder 4 and the piston 5. A piston position

detecting peadfagraid showing iahugledtrity circditidfehescillation-typé cangbesser in
including a coil 214a and ghﬂéore 214D, cijet ects the positjon of the
1

pi ston 5 aAecefeaarsvedh she Hhistesgthemho ﬂ@ﬁﬂéﬁéﬁ?lﬁ@%%@@&ﬂ@omhl s anal og

signal is conve n n t hen
20g suppl i ed tm?qgé igeaglémg’n{er péc}glgﬁlbggt 8% c@f.@{ %X%{?trﬁéﬁgé%?ﬂg?ﬂ%
the top debddy 301, aQﬂotleBOQpalmmm iglctudiabiagagnet s%gﬁs&m@ﬂd@@ drdl a
reC|procat|ve control l er 22T provided in an anplitu

control | er amn{m@‘r\@ggmﬁa s10%81e3b, a cylindes fy @%@t& p@%@ew?eﬁb’ll@éﬁt lh@EideVr 221

Sour oo 217c0FTIes A YitaReLAILE 3072 AU B oxhavst SRLEY OV T iR R 1 o

221 conpri gesommodated 1qu6tf}dhﬁfer22‘koct¢m3@lﬁ¢ stbheS tedipse@tdes @baraxial
posi tion signal, gener ated from he togh dead cent er %o& tion

cal cul at i ngiigstiose Thescylinder e métml deamdethe cyhnderr head dneqoperntivelyl 9

an ampl 1 11 BTS00 SorRRisRI R mbPr DU ThERBrnr SR Sus compectry *,

base fyi veagigxavidalZebdling circuit (not shd®H).vie ¥iPiReRE PipeRONa s exhatibe
above-described oscillation-type

Page 30 pipe 10. conpressor will be explained. First, alternating
cur ent of e ool oAl on,is BOURTy SAH S 4B B el Al °
attracts thgtamyedryBlemened3! Thehgovatsik @lerdeR$dncludes the piston 5 and'the
mover 3b of the motor 3. The stationary element 13 includes the cylinder 4 and
15  the stator 3a of the motor 3. The main body 301 is elastically supported by a
suspension spring (not shown) in the tightly closed casing (not shown). Each
elastic element 314 has one end fixed to the movable element 12 and the other
end fixed to the stationary element 13. A displacement detector 319 includes
a core 319a and a coil 319b. The core 319a is connected to the movable
20  element 12 via a connecting member 315 extending in the axial direction. The
coil 319b is fixed to the stationary element 13 and has an inside space for
accommodating the core 319a.
Coolant gas of the cooling system is introduced into the compression
chamber 9 via the intake pipe 20 and the intake valve 307a. The coolant gas
25  introduced in the compression chamber 9 is compressed by the piston 5 which
reciprocates in the above-described manner. The compressed coolant gas is
discharged via the exhaust valve 307b and the exhaust pipe 10 to the cooling
system.
Next, compression mechanism of the above-described oscillation-type
30  compressor will be explained. An inverter circuit 341 generates AC power
which is supplied to the coil of the mover 3b fixed to the piston 5. An exited
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....on the princi plé of magnetic variable resistance. Wien the nover 3b shifts
s=in 5 the axial direction, the elastic elenment 8 di sposed between the
* nover 3b and the block 6 resiliently defornms in response to the shift
-noverient of the piston 5, storing an elastic force therein. Wen the
el astic force [ ' : I Meientd i :
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anplifier 220clemmantols 1 Rushepbackde toe arkaingyppsitian Cagtnygpprepetitionofe
base dp; i k i . itk . ison result so as
{Hig Eytle fe‘é‘xéiriof%%?es fhe@;ﬁ%@{d’é"iﬁ%pgﬂgﬁaﬁd&?a 3

to elimnate erenc ween cal cu top dead center

position "A"' and tlteistpeferable theetitt frequency effethenaAd palveer @dPerated by the
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chanber 9 of theeclastic sléefiertt 3lida Withithisetting/ iv BeCo@ics pooyible e éﬁeéﬁdel'alﬂlsfehe

25 cylinder head 7. The cgol ant gas i ntroduced in the conpr essi on chanber
9 is chippsprgdorse phéhgprelastic gemani B4t prusathe mevatle element 12
above-descri bgdel . The conpressed cool ant gas enters a

hi gh-pressuregégﬁgggg)?&?%n%g' t he cylinder head 7 via an exhaust val ve

(not shown) di sposemlynwhbe thel pigttar Shigagositioned ih tlaNdidiey eXithe topeaiead
cylinder head 7 to the cooling system Furthernore, a top dead
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top dead cent %u&fa{h%raeigﬁﬁc¥ﬁ{e'ﬂ? déée%téﬂbﬁ&&fef'%%{%c% {h% top dead center position

Page 31
of the piston 5. A top dead center position detector 320 is provided for

calculating the top dead center of the piston 5 based on a signal obtained from
the displacement detector 319.

20 A current/voltage detector 321 is provided for detecting current flowing
across the motor 3 or voltage applied to the motor 3. A power supplier 322 is
provided for changing the voltage applied to the motor 3 based on output
signals of the top dead center position detector 320 and the current/voltage
detector 321.

25 Operation of the oscillation-type compressor in accordance with the
thirteenth embodiment will be explained.

The movable element 12 reciprocates together with the core 319a of the
displacement detector 319. The core 319a is short because the detection range
of the displacement detector 319 is limited to the vicinity of the top dead center

30  of the piston 5. Accordingly, an overall weight of the movable element 12
including the core 319a is reduced, while the resonance frequency is increased
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vari ed anbient air tenperature and the pressure and | oad conditions of a

cooling system (not shown). Qperation of the oscillation-type
conmpressor in accordance with the tenth enbodi nent will be expl ai ned
herei nafter. 5 During a conpressing operation of the conpressor,

the output a¢dl ﬂh%@@fore an inRredded M’ﬁ{% 99We‘%‘is dbtainedf Fﬁ@'@@@iﬁd&'@niddﬂdﬁg in
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I n accordarce wt he required cool 1 ng system~t her eby
preventing ﬁebébadotongohdhe rtop dead center mostiess of ¢hy piston Sasdimbe qualized

reali zi ng the ef fi.ci ent co

G aph Show RotHBsEFTERGR P et comied, Aed i, DisRlacerment dstector S19 hiag High
appar ent. TrauiEién abfurd b2 (€80L0RES PRNEILIERSEATES o S MRS 151400025

cl earance o e piston 5’corresponding to fhe Increase center
reference vaf tlm odedheenterpasiton weithirespectyto thesrafsteacei talp geadcshtert
when 43 (ﬁosrlﬁghvosfmztﬂT?ot a(r:elinecaerlg% al\ﬁgld%y setttcfngtg 21?1 ac elqluggee{ef\e/?elnucgetobs
wi t hi r~10
dead center position. Thus, the cooling ability is increased. The capability of
accurately detecting the top dead center makes it possible to prevent the piston
5 from colliding with the cylinder head 7. Thus, it becomes possible to
suppress collision noise and prevent the valve from being damaged.

20 Furthermore, the current/voltage detector 321 monitors current or
voltage. This makes it possible to calculate the amplitude of the piston 5 based
on the monitored current or voltage. Furthermore, the bottom dead center
position is obtained by adding the calculated amplitude to the top dead center
position detected by the top dead center position detector 320. Based on this

25 result, the power supplier 322 decreases the voltage applied to the motor 3
when the obtained amplitude exceeds a preset value. Accordingly, it becomes
possible to prevent the movable element 12 from oscillating with an
excessively large amplitude, preventing the movable element 12 from colliding
with the stationary element 13, and preventing the elastic element 314 from

30  being excessively deformed and damaged.

As described above, the thirteenth embodiment of the present invention
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However, the conpressor efficiency starts decreasing when the ratio of the
top cl earance volune to the cylinder volune exceeds 10 % 30
As .apparent fromthe experinmental data shown in Fig. 12, the tenth
enbodi nent makes it possible to reduce the cooling power to approxi mately

Page 32 provides the YacHlaidHPybe ??ﬂﬁﬁ%“?;‘t Fﬁ&ﬁrmnsqg?rmégrwjf'gi fRcy

or ‘the cooling system efficien eratlo the top clearance
vol une to tpstey3, ibemeterdincluding the stiatdn 3a a6dothe Tmoseridb,the anesable

i bl ' . t optimzed paower level in
DosSt bl e ¢ CeHiS FA et R ke 3 and the RS 360 PStprh S
tenth enbodigetadiny the'®1e¢IeSORt and VI8 sta2Br 3a, kﬁe E[&ﬁc@&gﬁﬁﬁ 314 having a

the tightly ¢ casing 1

oscillation-type conpressor conprising | osed C 1
havi ng Jan i pertien dpeed to dhtomovabld eiement 48t andsinother pyriionefixdd to the

s h i ght| I d ' 1, the .not 3 incJuding the
crator o cStalinb\elnhingS, ICEitndd s dsnmotasnadbe aistos 3 seentelion, o
hotor 5 and SO resipraciin i [RMAxAP AlrBELLA, (H diSHIaLBH e dosital 39

stator 3a ofommectedtothapistan thim the axiabdireotien for detectiigtite positiomEnéars
havi ng a po

' f,i oyvabl | t 12 d t her,
por 1 on 8. e Btp BGafilet B gE BISth derihe t9p do GRnisr positionpgeicctiog

det ectyi S N b f oL I gt

dead clemntg erﬂgggiét?g?\f o?%}b%ﬁ%@%@%ﬁéé%@ﬂ@m 6055 %ﬁPzttﬁﬁéﬁ %tt?élhfgégg%§§
center thepsiginal ebtainedriropi shedidplheamenddetdutopBOptheeaitendfvotiapeal
obtai ned fr osi t.i on, det ecti ng 14, the anplitude

t Lt an sensor
control nea gt]eggggfq}?ans 83} ?%ﬁ%t,estlpgﬁge Fﬁg%ﬁfi@%%‘fa peOfheanoBy 3.0
accordance imd thepet 80P means 322 for changing the voltage applied to the motor

3 based on output signals of the top dead center position detecting means 320
15 and the current/voltage detecting means 321. According to this arrangement,
the displacement detector is only used for detecting the position near the top
dead center of the piston. Downsizing the displacement detector is easy
compared with the case where the displacement detector is used for detecting
the entire amplitude of the piston. The movable element is light. The resonance

20 frequency can be increased, while an increased cooling power is obtained.
Furthermore, as the usage of the displacement detector is limited to the
detection of the position near the piston top dead center, it becomes possible
to accurately detect the top dead center compared with the case where the
displacement detector is used for detecting the entire amplitude. It becomes
25  possible to suppress the fluctuation of the top clearance, thereby providing a
reduced top clearance. The cooling power is increased, while it becomes
possible to prevent the piston from colliding with the cylinder head.
Furthermore, as the movable element is light due to the downsized
displacement detector, it becomes possible to suppress the vibration caused by
30 the reciprocative movement of the movable element. The piston amplitude

detection is realized by detecting the current or voltage. It becomes possible to
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bet ween the top dead center position and a selected top dead center

reference 20 val ue 219, and the top dead center reference val ue changing
means 223 for changing the top dead center reference value 219. Wth
this arrangenent, the top clearance of the piston 5 can be increased

i n responsgreventtitepisess &dm oscillating with & exdessielplarge amplitudeuetile! oad.
Thus, the cooling power is Pressed w thout deterioration of the

sup W , /
conpr essorPEVENENENE mpvable element irpae eabidipgswith the statiemary ¢lement.

Cerer ot ur SIERE By OF FAC bllfcieleREfieeaTBE fnaintaine AR ghfnF SBisS oy "
above- desché detkricratdd byhbeiexesssive e cithitivn.3 conprises the stator 3a
and the nover 3b. However, it is needless to say that the simlar

effecds will be obtained even Wratesrshmmbednéns repl aced by a 30

different mot Orﬁg}i&gﬂs 2 %r68R80 ot v?é\”ssih%gvihgeanpoissctiﬁ&ign-tt?pé %Bi rgésactge n

t he sane 3

El event h Bibasliordahce with a fourteenth embbdihfend ofehé ?‘?@éerﬁﬁﬁ&énﬁ@ﬁ? ional view
showi ng an osci]lation-type conpressor_in _accordance wth an

el eventh enbodi Lmﬁig.&%m%&splmmnt detectori3Roeistdisposed inside the stator Biag.

13, b 227 | ' to .t t 3 th . ot

3" The mowdbie BEAT REGURGSicF ol EATA B hetnsd B Bre e Tortnld anctidh

i n_ 1Y axi qirfate oftd plstvh I ASHIEGRSHOIst igetb8Gk & redéld et onsh alide base

227 and the block 6 cooperatively define two back-pressure chanbers
228a and surfaceoBp aydiswlesd.at both ends of the novabl e stator base 227 and

commni cat ed 1000 ol (e b3 Huh-iyle bMBHACH B°5kHAEhE ien TS
fourteenth embodiment will be explained. The core 325a of the displacement
detector 325 is directly fixed to the piston S of the movable element 12. In
15 other words, this arrangement requires no connecting parts used for fixing the
displacement detector 325 to the movable element 12. Thus, the movable
element 12 is light. The resonance frequency is increased, while the cooling
power is increased. The weight-reduced movable element effectively
eliminates the vibration caused by the reciprocative movement of the movable
20  element.

The fourteenth embodiment disposes the displacement detector 325
midway on each slide surface of the piston 5 and the cylinder 4. However, it
is needless to say that similar effects will be obtained when the displacement
detector is located at an appropriate portion radially inward than the motor 3.

25 As described above, the fourteenth embodiment of the present invention
provides the oscillation-type compressor comprising the block 302 and the
piston 5, the motor 3 including the stator 3a and the mover 3b, the movable
element 12 including the mover 3b and the piston 5, the stationary element 13
including the block 302 and the stator 3b, the elastic element 14 having a

30  portion fixed to the movable element 127and another portion fixed to the
stationary element 13, the cylinder 4 accommodating the piston 5 so as to allow
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228a and 228b conmunicate with the outside of the tightly closed casing 1

Vi a back- pressure pi pes 226a and 226b, respectively. An intake pipe
20. ext ends fromthe outside of the tightly closed casing 1 to the
cylinder head 7. 15 A pressure control nechani sm 225 corrprl ses a

total of fehgp iHT@ﬁMe%lprocatln$<1ﬂtth@hx%'&ﬁzt%@ndﬁﬁélals;ﬂ%énm
Connecti ng plspes 225e and 225 extend fromthe intake pi pe 20 to the

pressure cordr altaghed ée thesnownblexglsment 12 andethgesiativanyy emastidBng di pes

val ves 225da0itih Saiatd SBsRBR YARH EstiP Iocthe spron 3300 BOuAORYT A M { e

pressure coffdrlenyéntv AR A6 tbReEinicOpARe UsRaKfoY BRELY the dlsplaeeﬁen826b

A pressure 225] cohnects the pressure control valves 225b

225d td thei%mmr ﬁoetéx@umvpb,be ederpgnt. Thus, the momtdemlemmgsmght olhe

and the m Ao GCREGREASY Fan B AOETRAE PN the soofipBRower iy ireade”

i nt roduced THaRveiptt lroWuBEESHOVELBAERIMENt EPRCHVERS'E lves
225a, 225b, 225c and 225d to produce adj ustedC asgﬁ le\lnﬁ%géga? ¢ vrlgf?/tl(y{il

pressures icaused bﬁgéefrcomronetwnm@mmeut of thy nmva’olg element.ow pressures.

Qperation of the oscillation-typ in accordance with the
Eiftiedth Labadvren

el eventh enbodi mrent will be expl The
osci | fjgti on centmp 08 i herd¥sSdefionabPidy Shé Qntd@&ll?a‘% pressOr

chanber 9 in res gnse to changed operating g\ri@%sur e congm{ | as a
Page 34 in accordance with a fifteenth embodiment of the present 1nvent1on Flg 19is
a cross-sectional view showing an essential arrangement of the oscillation-type
compressor in accordance with the fifteenth embodiment of the present
invention.

15 In Figs. 18 and 19, a spiral elastic element 330 has a radially inner
portion 330a fixed to a movable element 12. A radially outer portion 330b of
the spiral elastic element 330 is slidably put between projections 333a and
333b protruding from an inner cylindrical wall of a block 302 of a stationary
element 13. Thus, the spiral elastic element 330 is rotatably supported about

20 a shaft of a piston 5. A dynamic pressure generating mechanism 334,
comprising a plurality of recesses 334a, is provided on a slide surface between
the piston S and a cylinder 4. A rotational direction restricting mechanism 337
comprises a ratchet wheel 337a formed along the radially outer portion 330b
and a click 337b fixed to the inner cylindrical surface of the block 302 in a

25 cantilever fashion so as to form a ratchet drive arrangement between the ratchet
wheel 337a and the click 337b. The rotational direction restricting mechanism
337 limits the rotational direction of the elastic element 330 in the
counterclockwise direction.

Operation of the oscillation-type compressor in accordance with the

30  fifteenth embodiment will be explained. | ' |

During the compressing operator of the compressor, the radially inner
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decreased amhient air tenperature and a reduction of the gas pressure. The
piston 5 may exceed the top dead center position and collide with the

cyl.i nder head 7. In this case, the pressure control

val ve 225d is opened and the pressure 5 control valve 225b is cl osed.

Thus, the Dpeitior S364bE UNGHIAE efedicht B 1Gliftsdh the axia] iR obr MeGRS®

Furthernnre the pressure control valve 225c is c ose
pressure coﬁtmoresmme ®p thae irecippecative Thovemehe dfathe mesableeclehsorhel 2.

228b hel ressu vabl e statqr base 227
and tlhz ste a qangghii%t?lp 4%8&?&0&861"?6&8%“&% 9f the é‘?ﬁ‘f%@ pESEt di cguses a

f 6b I [ [
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pressurde chﬁkﬁbmfbalizsmtan@omen 330b due to the sphral wotifiginationhef dseieldstic on

compr essi ortEHARer s MR iUl 16HE Gspfacomemsaiibesiastis clomet 388 or
Shifts i (pases BABCRISS f%*?%%“?‘i‘“? RlackRiek, OBIR a SRRIDISDERNAICE the
becomnes elasposd¢ment BBOmaensesna doum tgrickoclow isef rovationhl didphacemért. t he
Gescri bed ahove, When eSTadkely i Aomion S704 6 the elsvic ¢lamantiZR0 mpates
Casi ng 0 e T i ApRhe, B PN s E R

cyl i nder 4 33@bj the rotat1onaﬂ3|dm&ctforamsbmt1dgtméchanism 33hédks @He?ﬁ@@iaﬂ@tsl ng
e pidton

1, the m)tor i ncludi stator 3a d the nover 3b
5 connect ed®RST{REL mggoggyoﬁng%erﬁﬁilb etween the ratahet veheg) 337 @ﬁérﬁhelZ

I ncluding t
stat i ona?y EH?%Knrg%t?B 11%@'%3&5 %g aﬁ %‘? 1??1“%%&!@{1@?%6{ ragﬂ@ly inner
cyl i nder 4 poriomSHoof the etastid ﬁ&tmbeleB@@Embta%eshanl e @onatéﬂc%\:l&bmfel xed

t t he. movabl e.el enent, 12 an oth poy.tion 8c fixed to t
s? ati clr?ary ‘ill Teqtpp. On th 9thqrh’éa%‘£a‘f" eng; eolfa 1ldy iBner P@TBDna3fﬁBQ/alfl the

st at or baseel%gﬁccél%?éﬁte%@ %Ttﬁt% in the SlIRis8 l?@étnﬁnﬂﬁgthl ﬁqsgr%gl dt Ath

the stationary el enent reci proca i on
i n r esponseradiallly pueers;wrelanrﬁﬁﬂti;rthe rbtaltmahd1rect1onba§tkrdﬁn<g5ﬁiébﬁaﬁismgvs

228a and 22a81?ogv8rt cﬁ1aﬁgleo?1et<t3¥\§§rr%1ona§3q0‘tt) rt]g rolotra(?e:S %#ere?y As a result, the radially
outer portion 330D of the elastic element 330 having an inertia moment smaller

20  than that of the piston 5 rotates in the counterclockwise direction.
Accordingly, the piston 5 of the movable element 12 always rotates in

the counterclockwise direction.

A plurality of triangular recesses 334a, serving as the hydraulic pressure
generating mechanism 334, are formed on a slide surface of the piston 5. When
25 the piston 5 rotates in the counterclockwise direction with respect to the
cylinder 4, fluid entering in each recess 334a, such as lubrication oil, is forced
to flow toward the narrowed edge portion of the triangular recess 334a in
accordance with the rotation of the piston 5, increasing the pressure in
proportion to the reduction of the triangular cross section according to the
30  wedge effect. The effect of the generated dynamic pressure is remarkable at the

portion where a clearance between the piston 5 and the cylinder 4 is small.
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Page 35 control nechanism 225 for controlling the pressures of

t he back-pressure chanbers 228a and 228b. Wth this arrangement, the
stator of the nmotor shifts in a direction opposed to the conpression
chanber when the top dead center position of the piston shifts toward

th i nd ' | I i
e cylin WW’&%{?@F@@ @t@lr‘]léﬁté@_d?hﬁﬁﬁ@ﬁne@sure%lﬁ{a@%iﬁg%e B3$HE €he piston.

condi tions._ Accor e oscillation center pi st on

in the direcwildnthepposed the cylisdenfandprovideshannéfornroleararice hm-mlmensthe
ossi ble ta. v t.h histon fromcolliding with the exhaust val ve,
EI I m nati nflg{@g%&thgnélﬂgﬁ§g‘ Al t hough t he above-descri bed ]
el event h enbodi N : r t | i C
Rotoingl e peomePposdons 1y G818, BRI UECAT Y]

controls the pressures © _ pressure c . R b.
Howeved, i tthreuglddslids surfasapetwaen sherpiston 5 and thefoytinderah The obolhged

hani.sm 225 i l.aced b th
Compar abl T eeL A BkesERoFLbelaars PLmnatida e oftset Srigehnarimatihe ;
pa , . r Ui HaA )
The motor 3 R B R el oy R Pl at el

embodi ment ,slideeporsionr between thequisfon S aadithe ctlder /4l kus) thoslideviess 3hn
However, it

obt ai ned e%gﬁg{qﬁﬂﬁﬁsﬁ réSES%%gﬁig@@g&t&%rﬁb&}n%rrog;é?gﬁ Zn}[M lrrl)t (t;(ra whi ch
oL, AT RAAORI U5 NS BRESH SREERALTof e st TGO,
showi ng an mrevid¢sathenscijlation-type compressoorcompaising dhe bdovk 302aandehét h
enbodi ment p01fstotnh§, B Botor i3ni\f1ecr111t1<ii§1ré' the stator 3a and the mover 3b, the movable
element 12 including the mover 3b and the piston 5, the stationary element 13
including the block 302 and the stator 3a, the elastic element 330 having a
15 portion fixed to the movable element 12 and another portion fixed to the
stationary element 13, the rotational direction restricting mechanism 337 for
limiting the rotation of the elastic element 330 about the shaft of the piston S
in a single direction, the cylinder 4 accommodating the piston S so as to allow
the piston 5 reciprocating in the axial direction, and the dynamic pressure
20  generating mechanism 334 provided on at least one of the piston 5 and the
cylinder 4. With this arrangement, the elastic element causes a rotational
displacement in response to a deformation of the elastic element caused by the
reciprocative movement of the movable element. As the elastic element can
rotate in a single direction with respect to the stationary element, the piston
25  always rotates in the same direction. The dynamic pressure generating
mechanism is provided on a sliding surface of the piston and the cylinder. The
rotation of the piston causes the dynamic pressure generating mechanism to
generate a dynamic pressure acting between the piston and the cylinder. The
generated dynamic pressure equalizes the axis of the piston with the axis of the
30  cylinder and provides a uniform clearance between the piston and the cylinder.

Thus, it becomes possible to prevent the coolant gas leakage from the
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In Fig. 14, a shifting elenent 229 is provided for shifting the stator 3a
25 in the axial direction, in addition to the arrangenent of the el eventh
enbodi ment . Qperation of the oscillation-type conpressor in
accordance with the twel fth enbodi nent will be explained hereinafter.

When the ceonfpresgionichasitart Bdrthermbhe edirsimation chtheestiset ecinvliraidnef 30
nmovenent in accordance w,th the current sypplied to the notor 3.° However,

the conpredls axeen ylindey ecRisten @ﬂ ¥ Suppressesithe &rigtion@éthe he
bfhseeylonder ang t SHiegial & i
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cannot shi frédsedd mdeh\é bmmmesm eff1c1en¢5: ce&gbedmmppeded to the conpression
chanber 9. In other words, oscil]atjon center of the piston 5 is

di sl ocated t owarlhe h@%ﬁ@é@ﬁ@ﬁlf&m&mbo iment dlﬁpgbwyh@aﬁm@ltﬁi@ﬁm st on

according EoRnt HOPrRRNBbKR S HIE oEIObERREd even yGH s STRHRE""
shifting elegsmsht A2fepilcdd byldhy ofhet @lasiit elenidig WRicH 1s3capabtl6%f causing
di rection opposed to the corrpreSS| on chanber 9, Thus, during the start=up

oper ati on @frofafaoralgisplassmentria rgspenseata %ﬁhaéiéaiﬂhﬁpiﬂceﬁmtpl ston 5 can be
10 positioned sufficiently f [ ssi on chanber 9.
Accordingly, it becones possi bl ?q%eg%ggﬁofag'@l ston 5 fromcollidi ng
with {pe cyli ”d%%heedlﬁa Gertichl ¢rogs-skatibnalPv e 'shlowARgodn 03611 RATHH-
preventing the exhaust valve from being danaged and el 'm nating noi se and

vi brati on. COBIpressor in apgonfescei vath eiztecnte embptimentiefiithenpresent he

resent invention
P invention. Fig. 21 is a view showing an elastic member used in the oscillation-

type compressor in accordance with the sixteenth embodiment of the present
invention. In Figs. 20 and 21, the oscillation-type compressor comprises a
15  tightly closed casing 1 and a main body 2. The main body 2 comprises a motor
-3, acylinder 4, a piston 5, a block 6, a cylinder dead 7, and an elastic element
8. The main body 2 is elastically supported by a suspension spring (not shown)
in the tightly closed casing 1.
The motor 3 comprises a stator 3a and a mover 3b. A permanent magnet
20  3c is fixed to the stator 3a. The mover 3b (coil) is fixedly connected to the
piston 5 via a mover connecting member 409.
The piston 5, the mover 3b of the motor 3, and the mover connecting
member 409 cooperatively constitute a movable element 12. The cylinder 4,
the stator 3a of the motor 3, and the block 6 cooperatively constitute a
25 stationary element 13. '
The elastic element 8 comprises a plurality of stacked or multilayered
elastic members 8a. An inner cylindrical portion 8b of the elastic element 8 is
fixed to the piston 5. An outer cylindrical portion 8c of the elastic element 8
is fixed to the block 6. Each elastic member 8a comprises a plurality of spiral
30  slits 8f so as to function as a spring.
The piston 5, supported by the cylinder 4 and the elastic element 8, is
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provi des the oscillation-type conpressor conprising the shifting nmeans 229
for shifting the stator 3a of the notor 3 in a direction opposed to
t he conpression chanmber 9 when the conpressor is stopped. Wth this
arrangenment, the notor stator shifts in the direction opposed to the
conpr essi oplidABIEORT theexial ere2bion. THOYIREEEY 4 IandsthePpigton AScdd)seratively
oscillation center of the piston during the start- up condition is
shifted fadefingm ¢orapeessiwr shpmbesPanber conmpared with that of the

di drivi L . Q i bl,e to.prevent th iston
rom col 11 di ng St erorRsion aRadRASain tis dh CoB ! oheiidtian Hbe
el i mi nati ngompressorvisillaé @xpddiaetdOWhen 2iternating currég€ ¥ dupglied forvedd t h
enbodi ment, the shifting element 229 is nade of a sprihg. However,

it is needmaserdd opl)iaihe thetosiZithepeamaaentsmagnet Be geberdteed magnetic even
capabl e of teifriteigERRh Site Ho B ML oGS R e Rty S tbrtd for
Thi r t eent hr&iBeecATERY RO mover 3b in tiE Qxiaﬁiite&:tﬁ)rfrlq’f‘egp 6h 'ﬁ’&@nﬁl\égﬁé’tﬂ to

showi ng an oscillation-type conpressor I n accotdance wt .
t hi rt eent hthemaverdb via the mpoeskaonnectang innamber (#09,6deforms the elastic
Page 37

A di ] .an ectrhic circuit of the
ool Pau ol Bofpilaerh MaRA D GGl 58 i et bl e
embodi grent Rﬁtoh@c@ﬁﬁﬁ@@ﬁsl?f%g%ﬂs%e axial reciprocativ@ rﬁg%gb&é. and 16, the
oscillationh-type conpressof conprises a main body 1, a block 302, a

nmot or 3 i ncl udi kgrthemmgnetwhen theipnas cylindrital paicandb bf theaelastit nsembeng as
a nover 3b, a,cylinder 4, and a pi.ston 5. A cylinder, hea conpri ses
2 ntake. SRS prand dodnllifédib aomastio Sedlane dorte. 21, the Shkr
ngglmrmdat e§1ihAricAEp6itld g6 'of the BfastitahetdtRer RaSobites i AL QLGH ok B

an arrow shown in Fig. 21. Accordingly, the piston 5 fixed to the inner

15  cylindrical portion 8b of the elastic member 8a rotates in response to the
displacement of the elastic element 8a. The piston 5 rotates in changed
directions and continues reciprocating.

Coolant gas of a cooling system (not shown) is introduced into a low-
pressure chamber 7a of a cylinder head 7 and then enters the compression

20  chamber 9 of the cylinder 4 via an intake valve (not shown) disposed in the
cylinder head 7. The coolant gas introduced in the compression chamber 9 is
compressed by the piston 5 which reciprocates in the above-described manner.
The compressed coolant gas enters a high-pressure chamber 7b of the cylinder
head 7 via an exhaust valve (not shown), and then exits the cylinder head 7 to

25 the cooling system.

In Fig. 20, a support mechanism 413 comprises stationary support
members 414a and 414b fixed to the stationary element 13 and movable
support members 415a and 415b fixed to the movable element 12. The
stationary support member 414a is disposed closely to the compression

30  chamber 9 than the other stationary support member 414b. The movable
support member 415a is disposed closely to the compression chamber 9 than
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direction. The cylinder 4, the piston 5 and the cylinder head 7

cooperatively define a conpression chanber 9. The conpressi on chanber
9 Ls connected to 10 an external cooling circuit (not shown) via an
I'nt ake pi pe 20 and an exhaust pi pe 10. The mai n body 301

i's roughly themghér tiovdbly s@ppoty ABbel 4TSI THE ndithble sugp@rtghtélhib%@@ﬂﬁa

el enent 13. The novable el ement 12 includes the piston 5 and the
nover 3b ofandélipacs pet betvecan thei Satiopary suppart Iemberudeda and 4£14h andr 4

Suppor t ea i otfserByded His e orriseO AR sy Sheo R Bl Aad
casi ng (notahayay. Each el astic elenment 314 has one end fixed to the

movabl e el enent 12 and the other ... .end fixed to the stationary el ement
13. A §i spl aceme@petntienct of 3ho ioscilladion-type cempressB1%f afhe asiztdentB19b.

The core 319a ia. con{‘nec:.f1 d to . the povable 20 elenent 12 via a connecting
menber 315 eé;}‘f’@ Hpﬁ)a Pt ee)g;(liag}e I rection. The coil 319b is fixed
to the stationarpupindehé coinpREsiins oplritish A SRACRrhPfessor, the piston 5
accommpdat i ng the core 319a. op Cool ant gas of theé coo |lng system

i s i nt roducrediprocateshdncthepicybisiden 4. Wher htheb@istony Sashifts ichosidy to phe20
and the intake val ve 7a, T coel ant gas., 25 i nt roduged i ngat .

S onpr oesi orCaRalRsion, hdfbet 81a&0 %5 Yop BRRitity thh Sl dlfment 8'deforms in
reci pypcat ' niReEGhd thn ST i's
i scnal oy TEsbBniaf 2 BRI niARIe ML (B PAabn o Th CHRIE SRR AOTHAN 1981
cool i ng rigidity deersasing in accordancevswith itsalgfoemsation ammobnhi sm of t he

above-descri bed gsci,l l.ati on-type.30 anpressor W I | be expl ai ned., An
"nver ter o rout tSBHAg g unLE RSP RAHLES faf AR tER CORRERPIOTC 1BbPhS
(Figlgla gg t heh3RVRE st8p fpasiohQ thdI 814! SR nRent’® defblBd in response to a shift
movement of the piston 5. The rigidity of the elastic element 8 decreases in
15 accordance with its deformation amount.

In the motor 3, air gap provided for separating the mover 3b from the
stator 3a is not completely uniform. Therefore, the mover 3b is always attracted
toward the stator 3a in a certain radial direction.

When the piston 5 is positioned closely to its stop position, the elastic

20  element 8 causes a smaller deformation. The radial rigidity of the elastic
element 8 is sufficiently high. In this case, even when the mover 3b of the
motor 3 is radially attracted in the radial direction due to the uneven air gap,
support of the movable element 12 in the radial direction can be done with the
slide portion between the piston S and the cylinder 4 and the elastic element 8.

25  Nolocal side pressure will act on the slide portion between the piston 5 and the
cylinder 4.

When the piston 5 is positioned near the top dead center or the bottom
dead center, the elastic element 8 deforms largely with decreased radial
rigidity. Thus, the elastic element 8 cannot sufficiently support the movable

30  element 12 in the radial direction.

However, when the piston 5 is positioned near the top dead center, the
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coil of the stator 3a generates a magnetic field. Being attracted in a

direction crossing the magnetic field, the nover 3b reciprocates in
the axial direction. The elastic elenent 314 resiliently deforns in
response to the shift novenent of the novable elenent 12, storing an

el asti c f orsggtibhgyesipp oMt e tblr qjla,%tfiﬁecri] gto thefsqlﬁgénéﬁ)ﬂéfé%éﬁ‘t l?%n?a;ggﬁi c

el ement 314 is sufficiently increased, t movab el ement 1
pushed baclkwith theemovablesippordime¢mber dddai fiwed $orthpenovable element 12 sai s
iston 5 in the

| : v il mee pen :
Cy et o RS ataBl ShBPo MRS A by B aRBS nmprts the movatil ' ¢
i nverter cis'ug; btt Btnbeér £18tIn iR Ea!a%alr@ﬁegggfl.e e BICYisphn SR FositisHrani ch

is 10 determ ned by the mass of the no ment” 12 and spring

coef fi bi entneaf the bottonhdead aenier, theestetionanyl suppoit mainbeseklidnfixedttottheorres
possi ble to,effectivel the.spring force of the elasti.c. el.enment
e to caudtiinginsmentt sagases it e DBvablCSugportane RSt 4150 HiKed
Only when tiheid ' hit ifoN iha ¢ t a
center, thethggée%%?ggélaénglétaﬁgﬁ%%?I §§1%‘EH cﬂggpgﬂragitdiﬂ\?e yﬁic})éstde}gtlhgﬂl% 4146

di spl acenersubstantiallyrnsupparts the spicvable rtuptrire cmemis9 448beliy thet adialt he
top dead c;gter. osition of the piston 5. A top dead center position
detector 3 r‘F"su(g‘T'ovi ded for calculating the top dead center of the

I stoRnd based o s : | | Qr
Bho. 034> Pased RofoRliggny, iMERIAEoodiBle to suppdiP it SRR mERt E3f1
current fl ahenadial directionoatsthtehsuppoxirma@chanisoh 4dde immuditdntto thee shideor
o Pt SRS b ion s o BASEERRE 4BTE A USSR BB '

1 t 1 d . N
position g\?ﬁgﬁghgﬁ%ﬁggi%g)_%ts%ﬁé‘d‘hééﬁoiﬁé‘&?p dead centét 6F HY bé?tt%ﬁ% #Rad

Oper at i on ype conpressor i n accordance w t
t hi rteent h eartediamehthereférebtheeefdsticneltment 8 cannot sufficientlyaguppart ehent

det oot 31B0vehls dermerohin Wetackial Siseekian duedOgeduice eIty LIS, this o
cont er 30 CEEPURERERIBRInACS Uk 1ogal B! PresRfrel aClifle, o dhe' dfid WRrEHH ¢
el enment 12 between theqistn®ah¢he oytindépd, nditepresemtinghtticedeteeiorationafce
frequency is_jncreased .. . .
reliability, such as reduction in the compressor efficiency and the wear
occurring at the slide portion between the piston 5 and the cylinder 4.
20 As described above, the sixteenth embodiment of the present invention
provides the oscillation-type compressor comprising the tightly closed casing
1, the piston 5 and the cylinder 4 accommodated in the tightly closed casing
1, the motor 3 including the stator 3a and the mover 3b, the stationary element
13 including the cylinder 4 and the stator 3a of the motor 3, the movable
25  element 12 including the piston 5 and the mover 3b of the motor 3, the elastic
element 8 having a portion fixed or connected to the movable element 12 and
another portion fixed or connected to the stationary element 13, and the
support mechanism 413 for supporting the movable element 12 in the radial
direction when the piston 5 is positioned near the top dead center position or
30  the bottom dead center. This arrangement makes it possible to support the
movable element 12 in the radial direction at the support mechanism 413 in
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Page 39 ' and therefore an increased cooling power is obtained.
Furt hernore, reducing the weight of the reciprocating unit including
t he novabl e el enent 12 is effective to suppress the vibration.
Furthernore, limting the detection range of the displacenent detector 5

319 to theddetionity the dlide pORISIEBEIWES e bist8hPahd tRe 9lipldemdngné the
adver se influence of error factors and to accurately detect the
posi ti on ofelastis glememt 85even whemmthe pistoarS iuppsitioned rean s psdead gentsut put

| f the i i h . d d
vost tPon’i o fd SEET, deee Kehtst? And  thergkiE" the e BEHESHRImERD & FaftngE™ ©
i ncreases tSREfieidm? fg\rﬂgﬁarﬂﬂfé AtivasietlépRntgad i eRt dadidl direesbhi Ak t§

smal l er than the reference top dead center position. Through this
f eedbabk coeduotd righdityop dead center position of the piston 5 can be

detector 319 had B e SESETRERS CBpRE IR s helatelride phedif Bolne
reduce and o‘ifﬁféiélid@?éﬁf{nﬂ%ﬂv@éérpﬂhe iston 9fana%et®rmﬂfe§d1_,Gﬁnﬂ@rprwié;:lﬁﬂtl%g

with respect to the reference top dead center 15 Eoleon. Asmal
cl earance ithe dlsteriorationyofseel iabilitya suahaguaductiefidndhe eompressor efficiadcy

t ition. Th th | i0 bil.Lity is i d. Jh bilit f
ccur at of y 0 BEeT RGCuITE of i ik BRripn hetdeef the 3ison L 56 SR EVbindet e
pi stoEP t 4. 5 fromcolliding with the cylinder head 7. Thus, it becones

e

possi o] suppress collision noise and prevent the valve from being
damaged. 20 Althoughutheh @boyeedescribedusixteentip lemalpedidee e disclegds the

! |t ude. dietee Sy incliod ¥ ptutatify SFalilayePet ElFSKE mEmPoE S Sehge.
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any other comparable elastic element capable of reciprocating the piston 5 and
15 having a radial rigidity reducing in accordance with its deformation amount.
Although the above-described sixteenth embodiment discloses the motor
3 comprising the motor 3a and the mover 3b, any other motor arrangement for

reciprocating the piston S can be used.

20 Although - the above-described sixteenth embodiment discloses the
elastic element 8 directly fixed to the piston 5, it is possible to use a connecting
member for fixing the elastic element 8 to the piston 5 or it is possible to
connect them in the axial direction.

Seventeenth Embodiment

25 Fig. 22 is an oscillation-type compressor in accordance with a
seventeenth embodiment of the present invention.

The seventeenth embodiment differs from the sixteenth embodiment in
that the movable element 12 is equipped with a position changing mechanism
416. The position changing mechanism 416 can change an axial position of the

30  movable element 12. For example, the position changing mechanism 416 is a

shape memory alloy whose axial length is short when the temperature is low
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position detected by the top dead center position detector 320. Based on
this 25 result, the power supplier 322 decreases the voltage applied to
the notor 3 when the obtai ned anplitude exceeds a preset val ue.
Accordingly, it becones possi ble to prevent the novable el ement 12

from osci | | ahd dgngiviterathe temper@x@esisibighy | arge anplitude, preventing the
novabl e el enent F]: froqm col | i ding, wth the stationary el enent 13, and

preventing the el PSIAHOB| osaulationiy3® comgpragsarxinesecansancdewithntht and

. ' . ! o
damaged. ceventeenth ertbodfiicht Rf b%bgyﬁl‘alrtlehcf thirteenth errbgdl nrezg of the
present invention age

provides the osclTheatbeipre¥sionc eHRARRTO9 i:sornmasgma 18¢e3! %‘ﬁgﬁ% dad fhe -

pi ston 5, the tor 3 including the stator 3a and the nover t he -novabl e
el ement? 12 1 gieagly: presstirizati@birame didtelpaBenthemtartap oftthe iconzpressdrepent

naving a 5" HeRR iRt 8 e Herdtn nind' B ehvonesartaeiite o SBatmEon
fixed to thehe piston Stawdpfieny tlféh@mpfres]s%n Tchﬁnﬁiéﬂ@&%’méll?%%ﬂ?@fé@l%“&é he

piston 5 so as_to allow ne piston 5 reciprocating in the & 1 _
direction, osellatiop candaenf thepisioorS & dislocatedsmalesehdto the lcomppressions i n

centor of t Fiappl S hel el iSERS Ty SRIBRE it e Efinderchead 7175 186 exBiusins
320 farQ obt@aRieng the top dead center position of the piston 5 based on

t he signal obtained fromthe displacenment detector 319, the purrent/v.ol t age
det ecti ng neans Bowewst, din ese¢hgophrating r condisionsy! thegeposition othameingot or

5, e moc SHRCHIRBRIELS BB X0 0505 P T L8 4 GLR00 09,40 bl o, 2P 0
posi tion deg¢emiprésio®ensmbep. Adcordiiglyl e foff BEAM C¥Rlel FRiEGH B2 thoPisHANS
321. According to this arrangenent,
5 is sufficiently far from the cylinder head 7 and the exhaust valve so that the
15  piston 5 can be prevented from colliding with the cylinder head 7 and the
exhaust valve. This prevents the cylinder head 7 and the exhaust valve from
being damaged. Noise is generated.
Furthermore, when the compressor temperature reaches a higher level
in accordance with elapse of time, or when the ambient temperature is high,
20  attained pressurization is sufficiently high. In such operating conditions, a
sufficiently large gas pressure is available for shifting the piston 5 in the
direction opposed to the compression chamber 9. Accordingly, the oscillation
center of the piston 5 is dislocated away from the compression chamber 9 so
as to separate the piston 5 sufficiently far away from the cylinder head 7 and
25  the exhaust valve, causing no collision between them.
On the contrary, the piston 5 may not reach the ordinary top dead center.
The top clearance of the piston will increase excessively, causing significant
reduction in the cooling power and in the compressor efficiency. However, in
such operating conditions, the position changing mechanism 416 has a long
30 axial length due to increased compressor temperature. Thus, the position
changing mechanism 416 dislocates the top dead center of the piston S toward
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t he di spl acenent detector is only used for detecting the position near the
top dead center of the piston. Downsizing the displacenent detector

i s. easy conpared with the case where the displacenent detector is
Used for detecting the entire anplitude of the piston. The novabl e

el ement i stid @;hinde?fr&aaemmm@eﬂ%ustwquﬁm fjedenddseRdsIedo pravERt an
I ncreased cool’i ng power is obtained Furthernore, as the usage

of the di sfieateprelearance of sheipistonnd ffeem: increasing exceasively and I@ﬂllzhéln
position nea lston t ad center, ;it becones

Peour at ol yoRupBEo PRt SAREATRE e Tnp Nt RAT v 205 Sompressiod
di spl acenegffigighegt or is used for detecting the entire anplitude. It
beconmes 25 posSible to suEpress the fluctuation of the top cl earance,
thereby providi A§ alescribedr sboved thepsevamieemibe enedicoenti mﬁ ﬁw\qrressnt

col | di ng' W antfort RegFickRe Pos, o5l RSB, comeg @ cqmTHango o et errent
is |ight dgpyded ¢dingaNiBe ?ﬁﬁons anddhéggm@?ma&%ﬁﬁfdaated in PEE @ Eigntly

possi bl e to suppress the v ation caus the reciprocativ
noverment otlased easinglly theemetor 3mhpimgoﬂ1easnaton Baland the mcnareﬁb,l the i s

oo e PhallBSE) LRSIl e ST 4l BRERHRS 45T RS,
excesg) vel yhd HERabMBldrhatder2 i‘m:‘lﬁ@mé the nEpl@fcﬁys R e%%v@?%tt}ﬁh%' e

fromcolliding with the stationar relrability o

el astic el 8pthet elastic l@&mamn&% émammg aqmmneﬂmed;m tise movatde elemenbd?2 and
deteri or at ed t he exc d\{ }(1) {Ilat|o d
Four t eont hABRHISH BRIHOD fixed {6 t odlarwl?@eat&?oeg dBe Positien changiigoni ng

an osci | | apdiahydif 4AFRsBERPEd with the movable element 12 for changing an axial

position of the movable element 12. With this arrangement, it becomes

15  possible to prevent the piston 5 from colliding with the cylinder head 7 or the

exhaust valve when the movable element 12 including the piston 5 is

dislocated toward the compression chamber 9 due to the insufficient

pressurization occurring immediately after the startup of the compressor or

when the ambient air temperature is low. Thus, the seventeenth embodiment

20  of the present invention prevents the compressor from being damaged, while
adequately maintaining the reliability. Noise is suppressed.

Furthermore, when the compressor temperature reaches a higher level
in accordance with elapse of time, or when the ambient temperature is high, the
attained pressurization is sufficiently high. In such operating conditions, the

25  movable element 12 including the piston 5 is dislocated away from the
compression chamber 9. However, the seventeenth embodiment of the present
invention prevents the top clearance of the piston 5 from increasing
excessively and realizes an ordinary operation satisfactory in the cooling power
as well as the compression efficiency.

30 The position changing mechanism 416 disclosed in the above-described
seventeenth embodiment is the functional element whose axial length is
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in accordance with a fourteenth enbodi nent of the present invention.

In Fig. 17, a displacenent detector 325 is disposed inside the stator 3a

of the motor 3. A cylindrical core 325a is inserted in a recess forned on a
Slide 10 surface of a piston 5. A coil 325b is inserted in a recess

formed on waglablie in respenvef agethef témpytatuderciange. However thepgositicm of
the oscillation:type conpressor I n accordance Wt fourteenth

enbodi nent Changingmegprnisprd16tas hegenstugiedhy eng Q!h@rp«;%x@#éahle element

in 15 ot FaPARISTOiingtas 157 dsd et RE P Byt IR 2 B BSBlbe o1

fixing theto changdd extepaiesrhperitens and préssuge idoadimuadl e el errent 12. Thus,
t he novabl e element 12 1s light. The resonance frequ

i ncr ﬁf‘é edl whi | eAI]Et?@ugbdhﬁ ripove- desthnélr S¢@ntﬂ@m@a@womr£\;{ @cﬂpse%@m@;ed
oo or ocat 0L, B cBRIPRRE  the, saffi. 33028 ot Sndv el 6, iny ST forbr©

f our t eent h agrdip@dini@it fodire eipr6satine tlﬁ& pmt@ﬁesn@zm beeaisedt or 325 m dway
on each slide surface of the piston 5 and the_ cylinder 4. However, it

i s needl ess to say that 5| ni | ar Eéghteenth imbodimenit ai ned when t he

di spl acenent te t a r.iate lon_radially
i nward than the Fﬁgt gjﬂ% g% 5301 1%%%11'8'@ &§ Rqoegﬁ%rpéﬁoégcgﬁ?@c%mlﬁéeﬁ h
enmbodj gent e@éhﬁe@ﬁtfpéﬁﬁﬁjﬂlmew%tth@?resent inveaAgyhdes the oscillation-type
conpressor conprising the block piston 5, the notor 3

i ncl udi ng the stEhoeigdcentd emnbodiment étffensrfgormtmoswenteenth enbodimenp
) U1 RSP Sloris 1 BB i B 81 Ao e Byt o
R Portidembnres Sars ipubaisarapie g et gor ) on 1 icd Lo
so as to all ow Operation of the oscillatlon -type compressor in accPadaneg2with the

15  eighteenth embodiment will be explained.

The compression chamber 9 is held at a lower pressure due to
insufficiently pressurization immediately after the startup of the compressor or
when the ambient air temperature is low. A gas pressure available for shifting
the piston 5 away from the compression chamber 9 is small. Accordingly, the

20  oscillation center of the piston 5 is dislocated toward the compression chamber
9. The piston 5 may collide with the cylinder head 7 or the exhaust valve.

However, in such operating conditions, the position changing
mechanism 416 has a short axial length due to the low temperature of the
compression chamber. Accordingly, the top dead center position of the piston

25 5 issufficiently far from the cylinder head 7 and the exhaust valve so that the
piston 5 can be prevented from colliding with the cylinder head 7 and the
exhaust valve. This prevents the cylinder head 7 and the exhaust valve from
being damaged. Noise is generated.

The axial length of the position changing mechanism 416 may be

30  extremely decreased in response to extremely changed operating conditions

including the sudden changes in the ambient air temperature or in the
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the piston 5 reciprocating in the axial direction, and the displ acenent

det ect or 325 attached to the novable elenent 12 and the stationary
el enent 13 at a radially inward portion with respect to the stator 3a
of the notor 3. This arrangenent requires no connecting parts used

for fixing g&%tﬂiﬂ*@éﬁ?ﬁ%ﬁv}r, witlst 966 OfxihP léf?gt%‘faMeeggrhlﬂgﬂgﬂtchaﬁg\%, the

novabl e el enent 1's resonance equency I mpr
whi l e the eomethanismodkt besomesrshasted.than a prefedemmeingick valedy andenbsaifbee

f;ﬁ?ﬁ[‘ﬁ,cgi %&?a}éﬁ%%';&g”ﬁe@f{ﬁ? ,i,%\%ggwggéfrtgbga@mact wi(fl?utﬁgéelgg/tict: rf13i'lement 8. |
Fifteenth W'tﬁ@@iﬁér 417 restricts She efeessive ﬁﬁ?lsﬁl'%ém the ﬁ%ﬁv%'&?é“ ng
an oscillation-type npr essor in accordance wmth a fifteenth

enbodi fient edémehe 1Braeay framtkecoopression chamber 9. a cross-sectional

vi ew show ng an gssenti arrangenent of. the oscillation-type
conpr essor ign a&%‘?‘b‘gﬁﬁgmlf % B’eﬁil??%ét?ll@htoeﬁffo‘fﬁ%h? op %f/]l%éf"kﬂ(@s@fnthe

i nventi on. : :Eiy0 : hT: - - 330
has a radi 5} %(/) ni rf]rnoerp mcrbg&ggr ?’ %(%%S%é‘g%g % I?Qeg) fr ghg%m@agﬁg&%?@]ngﬁgpéﬂﬁA
r Ftdijalbl y Otsaeigfamoty untlssebolefig power a*shwgﬁmsrlmle mmgréssicﬁi eEféa:ibn??O is
slidably put bet n pt,oj ections 333a an 333b protrudi ng.from an
i nner cylindri cadff a%‘&ll&de%’%‘f%é]ke Qtélt?ﬁfnta exRbeqigaent,o the preggmd Agygntion
Thus, 1ghe | ' n@_ ,rbte | I a
shaftlgf aijgp{s/ gﬁ%lge%%bglfﬁé% prcés Ilre %S%lgfrll@{ra F@%@@ﬁ%ﬁ%@% 4%9 for
conpri si ng lamiting ahetaxial shift esseumi3gH the insovatslei elechemt H2 shadged sy abe
bet ween .the piston 5 aﬂéjnig di rection

cyl i r 4., A rotational ]
restricti nPOSHiomcNaRGEEMeC %%Jpé-{‘gﬁgl éxm AtT@RSEMERELL bgaomes possiPlal ong

t he radiall ' | Th, : kil ‘lpner
cylindri caltéssé}]#é %’géteﬂgéf’ ﬁ%%?%&%&&l?ﬁﬂﬁn@gﬁ&%&%ﬁl %\}gfrlffg ggg}@oﬁ%& tgg to
form a rat coshprission ciamberedriniespehvetnexiremedy chatged oEera\t\ﬂmgeckoniﬁﬁiansnd
the click 337pb. The rotatjonal direction restricting nmechani sm 337

i ni t 43t he ingludingnéie dudden; shanges B Beagmbicat eHErieropwatyre e in the
countercl Oiﬁ%sﬁﬁiﬂt{? Crtﬁé’x%byhelitr%ienating detefBRIR 8P i PP6iWer 2hbqdck Y Pe

conpressor I n accor ance 'w
of the compression.

This invention may be embodied in several forms without departing
from the spirit of essential characteristics thereof. The present embodiments as
20  described are therefore intended to be only illustrative and not restrictive, since
the scope of the invention is defined by the appended claims rather than by the
description preceding them. All changes that fall within the metes and bounds
of the claims, or equivalents of such metes and bounds, are therefore intended

to be embraced by the claims.
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30 fifteenth enbodinent will be expl ai ned. During the
conpressi ng operator of the conpressor, the radially inner

e R rection of tneprston ot o reastneet i MR IO I

nmovenent ofcg_h%lmabl e elenment 12. Meanwhi | e, the reciprodiatisver
novenment of e novabl e el enent 12 causes a significant rotational
di spl acenent between the radially inner portion 330a and 5 the radially

outer portion 330b due to the spiral configuration of the elastic
el enent 330. Mrb ApdscillationfypacompyessOrsEBpEsNg: of the el astic el enent

G opl acenent of 1 enfY SS¥aisll ERR e AhIARE SERE CLAin Sididd Bhklante
rotatignal ghsspl acement. When the radially inner portion 330a
of the elastic elenment 330 rotates 10 in the counterclockw se direction

with respect to 2 hlocka(fi)aadopmamodatgsbin said tightly claedhcasing (1 ¥t at i onal

di ti tricti hani 337, | th di al | t ti
3305 by engagendhiOE Lt anes St Faudtaaiiofmtine  “o itk
337b. As a resu'éﬁiskbﬁ (g’?_&@ﬁhec HaBRAId Hovet BY) DS Hid mbdeg; radi al ly inner

te
portion 330a of the elastic nenber 330 rotates i'n the counterclockw se 15

direction. On themavable alementh2hinahedingsiaid mover{db) pbsaidonosatndsaidhe

elasti1 elerr.ept Q rotates in the clockwi se direction with respect to the
radi al ﬁ&/ outd Orb lon 330b, the rotational direction restricting nmechani sm
337 al | owg stdtford A9 dlehen?{18) iRALiRS saRDBatGr (P4)PoLsdideRlotor ARd2
result, the radially a?ﬁ out e;( p?)rtion I%Ob o?t tﬁre(el)gétlsc el enent 330

havi ng an isaddtblackfépnt smaller 20 than that of the piston 5 rotates in

the counterclockm 9, dif 214t (8) having a portion (8b) fixed to said movable
element (12) and another portion (8c) fixed to said stationary element (13);

15 a cylinder (4) shiftable in an axial direction with respect said block (6);
and

a shifting device (16) for shifting said cylinder (4) in said axial direction.

2. An oscillation-type compressor comprising:
20 a tightly closed casing (1) having an inside space (1a) for storing coolant
gas;
a block (6) accommodated in said tightly closed casing (1);
a motor (3) including a stator (3a) and a mover (3b);
a piston (5) connected to said mover (3b) of said motor (3);
25 a movable element (12) including said mover (3b) of said motor (3) and
said piston (5);
a stationary element (13) including said stator (3a) of said motor (3) and
said block (6);
an elastic element (8) having one portion (8b) fixed to said movable
30  element (12) and another portion (8c) fixed to said stationary element (13);
a cylinder (4) shiftable with respect said block (6);
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‘Accordingly, the piston 5 of the novable elenent 12 alvva t at
t he countercl ockw se direction. A plurality Em Ilﬂ'l u |
recesses 334a, serving as the hydraulic pressure sm
334, are forned on a slide surface of the piston 5. V\hen 25 ° the piston 5
rotates in the gaunifder! iR Figdd assancyidder ect to the

cylinder 4, flui ééy;nterl ng lﬁV‘?each recess %4a @zgh as lubrication oil, is

f or ced to blankvprcmrs@hambema(l&aé@bécfgﬁnpd in said Qﬁolantegas s;mgl(lla)

recess 334a_in accordanc with.the iy tation t he

i ner easi ng afeaisHghLly, ga onedebypqrb% upy W&ué%@i (ﬂnet Pg said
triangul ar cgh‘ﬁ%l%r%ﬁhh@@aﬁ?éﬂﬁﬁd&ghéﬁg a3l wedge effect. The effect of
t he generatéd dynanmic pressure is rema abi'e at the portion where a

cl ear aﬁce bet weah leass cmestvf)slald kank- ph@suw chambess (]sS&,anb) belng held at a
Page 4

r di th
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a uni form q}e@@gﬁgf@apgmgﬁ?rg re level. Pi ston 5 and the cylinder 4.
y

Accor di ngl econe e to reduce the coolant gas |eaking 5
through a slide surface between the piston 5 and the cyllnder 4. The

cool i ng p I s i.ncr.eased. Furthernoce, elijm atl e set or
i nclination of I%nmgfhe 05C1ﬂ§£‘8§ -IJPe GRMBTESSER 1% 2G60F éW %

ef fecgpvel f I t he
e g AP 4 g s
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he fif od f des th
osci 11 at 1 obgERCkRpERbagred N onaylomRRs 83hna T he

4. The oscillation-type compressor in accordance with any one of claims
15  1to 3, further comprising a cylinder position detecting sensor (24) fixed to one
of said stationary element (13) and said cylinder (4).

5. An oscillation-type compressor, comprising
a tightly closed casing (1) having an inside space (1a) for storing coolant
20  gas;
a block (6) accommodated in said tightly closed casing (1);
a motor (3) including a stator (3a) and a mover (3b);
a piston (5) connected to said mover (3b) of said motor (3);
a movable element (12) including said mover (3b) of said motor (3) and
25  said piston (5);
a stationary element (13) including said stator (3a) of said motor (3) and
said block (6);
an elastic element (8) having one portion (8b) fixed to said movable
element (12) and another portion (3c) fixed to said stationary element (13);
30 a cylinder (4) fixed to said block (6) or shiftable in an axial direction
with respect said block (6);
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piston 5, the notor 3 including the stator 3a and the noy b. the novabl e
el ement 12 including the nover 3b and the piston 5, the Efmm mmu mﬂt
13 i ncluding the bl ock 302 and the stator 3a, the , 1830

‘having a 15 portion fixed to the novable elenent 12 and anot her portion

fixed to the ﬁg,}’ilﬁffn%%ﬁ%'a?g@ﬂféﬁeﬂqsalia’cyqﬁﬂe&% tional direction

restricting nec Imting the ’ota’gion‘ of the elastic
el ement 330 aboan awligtapipo(23hkavingt ome 8nd shiftabie & saidyhxeiadidisxtiom,

th | i nder, 4 dat i t h 5 t | J . h |, St 5
oS o e iSRRI CRab Rt e O Bl bR ORI
gener al | NdoRRGTAHY #KedT0 GHOYE 68 Qlikler (332dNHd @y 1indRy Bealiqy)> and the

cyl i nder 4. arrangenent, e elastic nt causes a’rotational
di spl a&enent in response to a deformation of the elastic el ement caused by
t he reci procative. novenent of the novable.elenment. As the elastic

el ement can 6. A pacidlafionstYNeATBPEGSSOE COBIPIIHINS: r espect to the
ot | ! ) ; on.
oy ook 5a0) 409 dton )RR PR

anismis provi
surface of (1))e piston and the cylinder. The rotation of the piston

causes the dynam c pressure ner at i ng hani smto generate a
dynanmi c pressur & 8@ an@ﬂéﬁﬁﬁgt%amrség agAPR mavesyBbkder. The

generghed dynami ' j ' iy £ )3 Xis
of 30 oyl Fraly FEREIEnRA LI RCTE ot Blovch138) ShOatt BlbRTSTY |
and the cylindem. stationary klement (I2Loimsudioss séideblockp(3®nind Beid eritent
gas | eakage_fromthe Page 45
conpr essi ok38hanber. Furt her nor e, elimnation of the offset or inclination

]9‘; Cetion ;the L DXan QhstiO81enidtd08) Badidd's pBiEoR Tl X1y ShevaIBRIERSHE the
(112) and another portion fixed to said stationary element (121);
15 ~ a cylinder (122) accommodating said piston (5) so that said piston (5) is
shiftable in an axial direction, said cylinder (122) being inserted in said block
(120) so as to reciprocate in the axial direction with a closed space (123)
formed between said block (120) and said cylinder (122);
a cylinder head (7) comprising an exhaust chamber (7b) and attached to
20 said cylinder (122); and
a communication passage (124) connecting said closed space (123) and
said exhaust chamber (7b).

7. The oscillation-type compressor in accordance with claim 6, wherein
25  said closed space (123) is connected to an outside space via an exhaust pipe
(126).

8. The oscillation-type compressor in accordance with claim 6 or 7,

wherein a slide surface between said cylinder (122) and said block (120) is
30  connected to a lower part of said closed space (123) via a passage.
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slide portion between the piston and the cylinder. Thu can
be reduced and the conpressor efficiency can be m’m "Iﬂg‘" ﬂi‘
The above-described fifteenth enbodi ment discl oses the splra Le

el enment. However, simlar effects will be obtai ned even when this el astlc
el ement is repl ag:ephé)&ssanxu gpe% ifreGs i ARRorWhh wifh GBRAN, SwRkrein
causi ng a rotational ace In response to an axi al

di spl acenera groove (130) is prov1ded ona shde surface of@netcﬁesmd celinder (A2) and

Fig. 20 is aF’FYE‘it | cm ross-sectional view showi ng an oscillation-type
conpr essor 52 with a sixteenth enbodi nent of the present

I nvention. Fig. 21 is a view show ng an el astic nenber used in the

osci |l I'ati on- type conpressor in accordance with the sixteenth

enbodi fent of tHe.pArwseillation- typmeempressorlcorﬁpgisingo and 21, the
oscillation-type copqpressor, co a 15 . tJ asin and a
main body 2. The HENHY SIREFdeas tng Aprinsidt Spabe §1 S50 sféiang oglaty

pi ston 5, gg g4k ock 6, a cylinder dead 7, and an el astic el enent 8. The
mai n body I'$ elastically supported by a suspensi on spring (not shown)

in the tightly cd ogpkdden®)arcobmmodated in said tightlyeiosed3casing(iiyes a stator
3a and a nover 3b. A p nent, magnet 2 3¢ is fix to the stator 3a.
The nover 3b (cd F‘)OtPS?ﬁm)@gPél%gﬁ?éP‘é&@)anié mover fﬂ?)ston 5 via a nover
conneghi ng nmembey | of the notor
3, angbt he nover onnec(?‘? connected to S}T%% %%rogbgpeﬁgahtgl vely c@ﬁstltute a

nmovabl e el enent dghovibde eldmmte(rlZ;mcludmg sdid mbatp(3tgeoidait motwt(8) aBd and
the bl ock 6 cﬂgoperat@\sel y constitute a 25 stationary el enent 13.
The el asti SEMBON @)eonprises a plurality of stacked or nultil ayered

g' ast e ”E”b]‘?r S e%é‘ﬁatf%ﬁﬁﬁ e)plQFe"nE (gg‘j%ﬁﬁh%rg%éih%atg? (S’a 6f‘§ai§'rﬁ8fdg°(3§}aﬁ§9 nt
el astic el esmtdtcybinder 4) IS flxed to the bl ock 6. Each eI astic nenber 8a
corrprl ses a plur aI [

spring? etlgqfh% ¢r§%§L (g) @YE%}SJ;%S égpffﬁggt @)cgllxieaga 'Sgpda%?ﬁ?a@e
elastic el eé@fﬁerﬁ’(lﬁf and another portion (8c) fixed to said stationary elemeRREF3)?6
a piton position detecting sensor (214) detecting the position of said
piston (5);
top dead center position calculating means (216) for calculating a top
20  dead center position of said piston (5) based on a piston position signal
obtained from said piton position detecting sensor (214);
amplitude control means (218) for controlling an amplitude of said
mover (3b) in accordance with a difference between said top dead center
position and a selected top dead center reference value (219); and
25 top dead center reference value changing means (223) for changing said
top dead center reference value (219).

11. An oscillation-type compressor comprising;:

a tightly closed casing (1) having an inside space (1a) for storing coolant
30  gas;

a cylinder (4) and a block (6) accommodated in said tightly closed casing
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.slidable in the axial direction. The cylinder 4 and the piston 5

cooperatively define a r I on chanber 9. Next ,
conpressi on nechani s ‘ jlﬂﬁﬂgﬁﬂ%cri bed oscillation-type
-conpressor will be e b ternating current is supplied to the 5

nover 3b (egi-l) of the nmotor 3, the permanent magnet 3c generates a
magnetic > field. Interaction of the mover 3b with this magnetic field
generates a forgaeoter (3) including prstatari(3g) and anmorer £Bb);n t he axi al

G octi o1 The BiFAg O seRPRBIED Whaumorer U9 BBYHABY B4 T
reaction force ginyepadl@Rber (12TheRdths BER mbvet 18} Bf sailf HbRY (3) and

continuously repeats_the axia cl procative nove
Fur t hé¥ nor saidwpiston (&);i nner cylindrical portion 8b of the elastic menber

ey L T eIy Ao At kst DA b, S 1
di rection é?ﬁ%e’p@ and Sai@rb]]%rckmshovm in Fig. 21. Accordingly, the piston
r 1s cylrn

5 fixed to eln ! tal portion 8b of the elastic nenber 8a
rotates in respanselastictélement (8)dhavingcenmotion (8 fiteasto sadd amemabRa.

The pi ston rota I n, changed .. dj rections,and continyes
r eci pr ocat EHguent {1923 and ano‘%gﬁIPQWOEJzggcj)%lxédc?@cﬁaﬂ‘iétaéﬁﬁaé% BBENERbM) i s
intr ced intogg I apberly. 7. l.{ r a nd
thenﬁters thescs:llcgirr%ﬁetggi(gg) 2@ ‘gﬁ%ﬁéﬁn%er @oprtﬁeﬁcyﬁtﬁ%g#ﬂ Fv‘?%%aﬁzlilfake
val ve (not cehnectpddospid mﬁan(aazbeing partty toupled withdaid stBtienaop elerhenas

C

i ntroduced , jn the conpression anmber 9 i|s,. . conpressed by the piston 5
whi ch reci Lok 8008 19 THRIDHIGVE.-1Aea8 ra4jal ditertian I TespoRse Gy ApPRESSWEE

cool ant ga aakGhapr g er th in : d 7
via an exhzll'ﬂ]?? i@gq%ve b%ﬁtg e@hgﬁvﬁ%g 55%@[?%:%0%%1?%% h?%% i nggrgbpueaf f to 25
t he cool i nghexgbetmeen; and In Fig. 20, a support mechani sm 413
conprjses stationary support ) . .
1§ a preglsure%pontrol mechanism (225) for controlling the pressures of said

back-pressure chambers (228a, 228b).

12. The oscillation-type compressor in accordance with claim 11,

wherein shifting means (229) is provided for shifting said stator (3a) of said

20  motor (3) in a direction opposed to said compression chamber (9) when the
compressor is stopped.

13. An oscillation-type compressor comprising:
a block (302) and a piston (5);
25 a motor (3) including a stator (32) and a mover (3b);
a movable element (12) including said mover (3b) and said piston (5);
a stationary element (13) including said block (302) and said stator (3a);
an elastic element (314) having a portion fixed to said movable element
(12) and another portion fixed to said stationary element (13);
30 a cylinder (4) accommodating said piston (5) so as to allow said piston
(5) reciprocating in an axial direction;
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menbers 414a and 414b fixed to the stationary el enent 13 a ’wmmng

support nenbers 415a and 415b fixed to the novabl e el enent m”m”“m
stationary support menber 414a is disposed closely to the conptess

chanber 9 than the other stationary support nenber 414b. The rmvabl e

support menber @aesplﬁc@lné@pa@@ced Q)daxdd@@e&maﬁﬁﬁis%m Tﬁﬁ’@ﬂﬁe axianan

Page 47 he ot her novabl e “support nenber e novab
support nerdisgcetion Sor detectmgraqusm@nameear;mtoméea\é@nntqreofs&aad |R1$‘Iémy(5§L|ppor t

cor respondi ng- <198, arasf Deutsr pesifh Helsufid Bitads VI fo13bih Mg said top

Oper ati on Cﬂeé&@e@t‘%@'ﬂds@ﬁbﬂfbﬂm p@ﬁ@ﬁr@%ﬁse@foﬁ tA%gh%ﬂ gBfdifled from said

enbodi nrent wil| be exXpl ai ned he conpressing operation
of theSCONﬁi@sktﬂeQO&q&ﬁ@ml@S% reci pr ocat es in the cyl | nder 4. Wen

the piston 5 shlfts C n,chamer t han

Stop position.  tsHTeRiEifeeidebie smenns CRINIERT SRR Bitrert bY SoLReE,
nmovemnment ofvgmg dflssﬁ@m&orrbﬁ #Adstic elenent 8 has a radi al rigidity
decreasing in accordance with its deformation anount.

Simlarly, when ROWepiSUpply neans (%ZZ)aforf chenging thenyoltageoappliedtior said

Lpen, 15"t 98, BOP] b20k bASGbEP sl STSAI Btk Bkl pSRESR S
iocreages |l CRUPBSSIIEOM UL BRI SIBTR, |, "
stator 3a is not conpletely uniform Therefore, the nover 3b is always
attracted 14. An oscillation-type compressor comprising:

a block (302) and a piston (5);

a motor (3) including a stator (3a) and a mover (3b);

15 a movable element (12) including said mover (3b) and said piston (5);
a stationary element (13) including said block (302) and said stator (3a);
an elastic element (314) having a portion fixed to said movable element

(12) and another portion fixed to said stationary element (13);
a cylinder (4) accommodating said piston (5) so as to allow said piston

20 (5) reciprocating in an axial direction; and
a displacement detector (325) attached to said movable element (12) and

said stationary element (13) at a radially inward portion with respect to said

stator (3a) of said motor (3).

25 15. An oscillation-type compressor comprising:
a block (302) and a piston (5);
a motor (3) including a stator (3a) and a mover (3b);
a movable element (12) including said mover (3b) and said piston (5);
a stationary element (13) including said block (302) and said stator (3b);
30 an elastic element (330) having a portion fixed to said movable element
(12) and another portion fixed to said stationary element (13);
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toward the stator 3ayj ' i al direction. When t he
piston 5 is positi oné“mﬂmmﬂmlmuﬂﬂ stop position, the elastic 20

el.enent 8 causes a snel | er deftorrfati*on. The radial rigidity of the elastic
elenment 8 is sufficiently high. In this case, even when the nover 3b of the

nmotor 3 is radi al totatibhhhddigsttion trbstrictidigeimedliaadsio (33We foe limdtingetten air
gap, support of the nmpvable elenent 12 jn the radial directigon can

be done wi rofating of said elasticedement (HH))rhawapisken phalt o asingle directaons nder

4 and the elastic,_ el (e} | S ' ap. t he
slide portion bét‘:\@é@g?z@ %‘E@?’Sﬂ“’&uﬁ% faﬁé p%t%% gﬁ;ﬁ ﬁ@’egﬂé{’v & plgton
When t he p(§}ta¢i§rdcﬁtimg3ilntarpﬁﬁﬁlmﬁﬁctidh€,a'fn@p dead center or the bottom
dead center, the elastic element 8 deforns |argely with decreased radi al

rigididy. Thus, adyaamigpressuse ganenatisganaehaniswr(B34) preyidedpbat leastiane

he-pi ot on6 SFFRBR (8heli S LM 0eae Conter, the o T

Page 48 stationary support nenber 4l14a fixed to the stationary
el enent 13 engages wWth the novabl e support, nenber 415a fixed to the
nmovabl e el enent 162 Ap oscillatiemdype RemprassareOmpPEsrt menber 414a

substantially sy rts e mvabl ) support nenber 415a in the radial

direction. V\hena'&ﬁ@“b’ §{q§§ﬁd5caisgl%§a,t i oned 5 near the bottom dead center,

the si@tionary aupResh (S§ERRY addAthddr@d dxdnodated iﬁts%lid Qf%t[tl/y et 13
o]

engages with the novabl'e” support” menber “415b fi xed the Tovabl e
el ement 12c8singhdy); t he stat i onary support nenber 414b substantial l'y
supports the Mokt S4RE udRE B tatbt a) bob ol ts),  direction.

a stationary element (13) including said cylinder (4) and said stator (3a)
of said motor (3);
15 a movable element (11) including said piston (5) and said mover (3b) of
said motor (3);
an elastic element (8) having a portion (8b) fixed to said movable
element (12) and another portion (8c) fixed to said stationary element (13); and
a support mechanism (413) for supporting said movable element (12) in
20  a radial direction when said piston (5) is positioned near a top dead center
position or a bottom dead center.

17. An oscillation-type compressor comprising:
a tightly closed casing (1);
25 a piston (3) and a cylinder (4) accommodated in said tightly closed
casing (1);
a motor (3) including a stator (3a) and a mover (3b);
a stationary element (13) including said cylinder (4) and said stator (3a)
of said motor (3);
30 a movable element (12) including said piston (5) and said mover (3b) of
said motor (3);
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10 Accordingly, it becones possible to suppor ment
12 in the radial direction at the support rrechan“mmmmn)wmﬂ
to.the slide portion between the piston 5 and the*cyfinder™ 4sand the
el astic elenent 8, even when the piston 5 is positioned near the top
dead center or tge e@ﬁﬁti@@l@iﬁéﬁt l58) havé® t@r oaﬂént(&l’)eﬁ(iéﬁ tdeaRrl a8bvable

el enent 8 cannot sufficiently s ort t novabl e el enent 12 in the

radi al di r etlement {1i2) and amﬁh@épom@m @@anmtmsaldmmonary elemgati(hdnand
| tes the | d t | i
between the pi stoposiapd GioBlE meditdiSh 016 Bsrinfd §ilth 3%icb enovahls i on

of r eélbﬂiédt'(ﬂ.il) féﬁ@l'i‘ari’%ingeﬁiiﬁkia‘l’gdsﬁlérbgf aiPhftrable %iémehtegmg and
t he wear occurring at 1 de rtion between the piston nd t he
cylindér 4. 20 As described above, the sixteenth enbodi nent of the

present inventio ovxides the oscillatiaon- t €. .CONpr sso ri sing
Phe tight iy cl osie Tapsgltion et Baiitiaiih Blamiiea il e L 7aftiter
acconmodat eghn Er{fshg]é 'sgfoﬁ\}ie‘f (4'.1?}?%’: 1§381iAg an ax1a1 hift B&dm{t%f s?md ﬁﬁb#ﬂb B9
the stator 3a and the statronary el ement i ncl udi ng
the cyli ndeelemcmtc(ltZB.ehangeabubymldfpotsiteomnhangmg mwhammm(élé}a el ement
12 including the piston 5 and the nover 3b of the notor 3, the elastic

el enent 8 having a portion fixed or connected to the novable elenment 12 and
anot hg portion fixed or connected to the stationary el enment 13, and the
support nechani sm 413 for supporting the novable elenent 12 in the radial
direction when the piston 5 is positioned near the top dead center position
or 30 the bottom dead center. This arrangenent nakes it possible to
support the novabl e el enent 12 in the radial direction at the
support nechani sm 413 in Page 49
addition to the slide portion between the piston 5 and the cylinder 4 and

t he
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el astic elenment 8, even when the piston 5 is positioned near the top dead

center or the bottom dead center and therefore the elastic elenent 8
cannot sufficiently support the novable elenent 12 in the radial
direction due to 5 reduced rigidity. Thus, the sixteenth

enbodi nent el im nates th i on the slide
portion between the piston g%w(&? #ﬁ@ﬁ%ﬂ%‘jﬁaemi ng t he
deterioration of reliabilitygseii¢thAON-GPE! COMPRESIER conpr essor

ef ficiency and wear occurring at the slide portion between the piston

5 and the cyl i ndértightly closed casing (1) hasmmlrtmspm (a]m)vfefd&mnglcedlant

olural ity ook iodk EES REtihadaedia BRERRER motor (33ipluseng Sator
I [i I

pluraligy 0{)3{32 an@ Bovr 3%')a tP{?tShE@g&%’ té’c? tsocﬂétrpb'é%? %BX

any other c arabl e el ast reci procating t p| ston 5
and 15  hawiQigQr. akmdmbleralglmnt {12pthotudes the awoer (b} ef the matos and the

embodi ment BICGoh bR stptiongrs plement (151 38eludesi ng ot taeber she masor Rad
mover 3b, aghe Idtfkr(ﬂ)‘)%&{ eﬁ%hé%@ﬁﬁﬂ? (ﬁ);hg% 2 portidify 8?:@0%%&1 19 té%?ﬂg{/%l%n >

can be used hou ST X

enbodi nent diemertts(é.&)tahnei another pbﬂscbm ¢8e) ﬁxedtto&hdlslta?cccbxha& felléﬁﬂarithBB'eA

pi sto , 0 ble t seaconnc for fixin

el ast :]195 el e Pd%’ Z%j éhg?%kﬂﬁri%a’braxﬁ ége&ﬁgl‘ﬁltb r[egpect the b&ﬁﬂ@&g) tAem
in the axi Hel§ nt eent h

Enbodi ment a%%ﬂhhg & (1F6|)gs.h1£t§ tlhg cg%lngg {: |(4? ar% the ax1a1 éi uce?r?r.\é?lessor in
accordance \diflted1. sevent eent h enbodi nent of the present invention.
The seventeenth enbodi nent differs fromthe sixteenth enbodiment in -

that the novable elenent 12 is equipped with a position changi ng nechani sm
416. The position changi ng mechani sm 416 can change an axi al position of

t he 30 novabl e el ement 12. For exanple, the position changi ng nmechani sm
416 is a shape nmenory all oy whose axial length is short when the
tenperature is | ow
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Page 50 and | ong when the tenperature is high.

Qperation of the oscillation-type conpressor in accordance with the
sevent eenth enbodi ment will be expl ai ned. The .conpression-
chanmber 9 is held at a | ower pressure due to 5 insufficiently
pressurization imediately after the sgaryup of the conpressor or

when the anbient air tenperature |FI@N ]A gas pressure avail able for

shifting the piston 5 away from thé conpression chanber 9 is snall.
Accordingly, the osciylg ati center of the piston 5 is dislocated so
closely to the conprlbssi/bi hanbei3® that fghe piston 5 may col | ide
with the cylinder hea E7. or \I{éae hagst 20 8dal €. g However ,

i n such operating condi 1n§,‘\f\‘ln\9 posiX.i oN ch®ngifng mechani sm 416 has
a short axial Ieﬂ th P R 2 conpr essi on
chanber. Accordi 3| th si-4-pafof the stgn 5is
sufficiently far fr hie P r hea haust v e so that the
15 pi ston 5 cda pree 02 col Il |t Ceyl i r head 7 and
t he exhaust N ' nts yl head 7 t he exhaust
val ve from da ' ' A

Furt hernore, when t ddmp hi gh | evel

i n accordance w tjp-eia N t enpgfature is high,

20 attai ned pres
conditions, a

shifting the piston
chanmber 9. Accordin

rizati '
uffici t//;/

fi Qﬁma y . such\pperating
b i n"E >

rge/ B Ry epatlile i €avai Nabl e for

S
! I

7 1\% aE: -+heNconpr essi on
A 7aron N Bler \of Fhe\piston 5 is
f-2sgi on/ champer ;a/:\uﬂ
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as to separate the piston 5 sufficiently far away fromthe cylinder

and 25 t he exhaust val ve, causing no collision between them

On the contrary, the piston 5 may not reach the ordinary top dead center.

The top clearance of the piston will increase excessively, causing

si gni ficant reduction in the cooljgpmg power and in the conpressor

efficiency. However, in suchgggegat'ng conditions, the position

changi ng nmechani sm 416 has | ong axfal length due to increased

conpressor temarht upé.g Thdg]hthe posi tion changi ng mechani sm 416

di sl ocates the topigeal ¢En ep1qf the pistofs 5 toward

Page 51 t %/c | i nder head 7 ans/ he exhaust valve. Thus, it
t the top cl/learance of the piston 5 from

head 7

becomes possi bl ,
i ncreasi ng excessi v Q & hb ordi nary operation satisfactory
! . ) . !
in the cooling ppys e conﬁaéﬁ:a n 8 fi1B& ency. 5
As descri bed ab)vgl ﬁge t egnt h edbod\ g of{ tige preSent
i nvention provi 3 lnfinn-va‘(c ppressqgr_¢o | singy he tightly
cl osed casing 1 5 5-ahg e LYKIRJéﬁ\&'ath in the
tightly c 3 T 7th Ny the st}yok@3a and the
nover 3b, the  ef bnent 1 I t kg cylVigyder 4 and the
stator 3a of th t g,ﬁgvab engn 2 1nclu g the piston
5 and the nover , 3 18 eligsftfjc el eneft having a
portion fixed t = RARE AR K 2r p lon fixed to
the stationary o ' chani sm 416
associated with e DAY s X al position
of the novable V(///K i 5 arffldgnggmer tcone
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15 possible to prevent the piston 5 fromcolliding with the cylinder head
7 or the exhaust val ve when the novable elenent 12 including the
piston 5 is di sl ocated toward t he conpression chanber 9 due to the

i nsufficient pressurization occurring imediately after the startup
of the conpressor or when the angjent air tenperature is |low. Thus,

t he seventeenth enbodi nent 20 of the present invention prevents the
conpressor from bei ng damaged, whil e adequately mai ntaining the
reliability. Noise is suppressed. Furt hernore, when the
conpressor tenperature reaches a higﬁﬁr | evel in accordance with

el apse of tine, or when the anbient &Beﬂ&ture is high, the at t ai ned
pressurization is sufficiently high. In such operating conditions, the 25
novabl e el enent 12 including the piston 5 is dislocated away fromthe
conpressi on chanber 9. However, the seventeenth enbodi ment of the present

i nventi onp+eventsthe top clearance of the piston 5 fromincreasing
excessively and realizes an ordinary operation satisfactory in the cooling

power as weH—as—ttre——Tpnpressi on efficiency. 30 The position
changi ng kechanism 416 discl psggl in the above-descri bed seyent eent h
enbodi ment is the CONERQnalf el ement whose axial length is
Page 52 uN@riablg in response to the tenperature change.
However, the posjtion Changi ng nechani sm 416 can be constifuted by
any ot her{ conparibl e el enent capabl e of changing the axial [position
of the nopabl e el nt 12| in response to changed external t{enperature
and presspre condjtjions. b Al t hough t he above-descri bed
sevent eentf h enbod nt |di scl oses the notor 3 conprising the notor 3a
and t he npvef 3b, any ot her] not or .
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arrangenment for reciprocating the piston 5 can be used:

Ei ght eenth Enbodi ment Fig. 23 is an oscillation-type conpressor
i n-accordance with an 10 ei ght eent h enbodi nent of the present invention.
The ei ghteenth enbodi nent differs fromthe seventeenth enbodi nent in
that a stopper 417 is provided to |imty;ep axial shift anmount of the
novabl e el ement 12 changed by the position changing mechani sm 416.
Qperation of the oscillation-type coEﬂK@ssér in accordance with the 15
ei ghteent h enbodi rent will be expl ai ned. The conpression
chanmber 9 is held at | ower pressure due to insuff|0|ently
pressuri zation i nmedi atel fter t tart p of e co or or
when the ambient air em]ggt uré_)i:)gz15 gas g’%ssur | apl e for
shifting t he pirston amay Yro t he onmr§£5|on/tha er 93s small.
Accordingly, the 2 ' | ocat ed
toward the conpreggl ¢n c ] J col li with the
cylinder head/ A gt the £ Kres , i/ spich
operating condit] 4t tifgn chanmiﬁ&\ mechgn| sm 416 s a short
axial length du K}g enpar at ure_of—th ressi onf\hanber .
Accordingly, th p|de R580S1 tilon | of e [ilst 5 5
sufficiently far om|t heNg PRYS headilidadd valve\‘o that the
piston 5 can @ nted. Cﬁi&}q Al t ' head| |7 and the
exhaust val ve. Thi r $ } ( enéxhausp val ve from
bei ng damaged. gg: I | engt h{ pf the
posi tion chan&fng c T y eZ‘ pX t\r Creased[} n response
to extrenely chan 0 qondi/t i ; \§§ Nncl\udifng the sqdden
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pressurization. However, when the axial |ength of the position changing
mechani sm 416 becones shorter than a predeterm ned val ue, an end surface
417a of the stopper 417 is brought into contact with the elastic elenent 8.
Thus, the stopper 417 restricts the excessive shift novenment of the novable
5 el ement 12 away fromthe conpressi®nzxhanber 9. '
Accordingly, it becones possible to prevent the top cl earance of the

pi ston fromincreasi ng excessively an(FI r@al i ze an ordi nary operation
satisfactory in the cooling power as well as the conpression efficiency.

As descri bed above, the eight e\gﬁ;trenbodi ment of the present invention 10
provi des the oscill aL'g@-type essor further conprising the stopper 417
for limting t ] shi f arount f th vable ment 12 changed
by the position charjg ng rre?:%ani/smm 6. V\?%Dthié amrgz;ng nt, it
becones possi bl e to Brevent tlhe/moyable efenent /12 ¥ om essi vel y
shifting away fro = Serpr-as o carbg—9— ANl 0 extrenely
changed oper at,i_ng/¢ondi b AEAHHeh HHe—sugden n the
anbient air t tureg gf—isEt i el i m nating
deterioration of codly odr and | S51 on.
This i nvention be il several s
fromthe spirjt essen cteri|stltics
enbodi nent s 1&s= scri eNrer < 1 :
illustrative trrtestiN=gt|l \\s\tﬁ:\}x | pvention is
defined by the aphkn i N on
pr ecedi ng thera7 ch S al If Wit t a S of
the clains, or’ egMv syth et pelladndl b r e i ntended
to be enbraced b = U= NI
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Page 54 CLAI M5 1. An oscillation-type

conpressor conpri sing: a tightly closed casing (1) having an
inside space (la) for storing coolant 5 gas; a bl ock (6)
accomodated in said tightly closed casing (1); a notor (3)
including a stator (3a) and a nover (3B){7 a piston (5)
connected to said nover (3b) of said notor; a novabl e el enent

(12) including said nover (3b) of said notor and said 10 pi ston (5);

a stationary elenent (13) including said stator (3a) of said notor and

said block (6); an elastic elenent (8) having a portion (8b)
fixed to said novabl e el enrent (12) and another portion (8c) fixed to
said stationary elenent (13); 15 a cylinder (4) shiftable in an
axial direction with respect said block (6); and a
shifting device (16) for shifting said cylinder (4) in said axial

di rection.
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" Z. An oscillation-type conpressor conprising: 20 a tightly closed

casing (1) having an inside space (la) for storing cool ant gas;

a block (6) accommpdated in said tightly closed casing (1); a
notor (3) including a stator (3a) and a nover (3b); a piston
(5) connected to said nover (3b) of sapgiyotor (3); 25 a novabl e
el emrent (12) including said nover (3b) of sald notor (3) and sai d
pi stoh (5); a stationary elenment (13) including said stator
(3a) of said notor (3) and said block (6); an elastic
el ement (8) having one portion (8b) fixed to said novable 30 el enent

(12) and another portion (8c) fixed to said stationary elenent (13);

a cylinder (4) shiftable with respect said block (6);

Page 55 a_cylinder head (7) fixed to said cylinder (4);
back- pressure chanbers (18a, 18b) formed in said coolant gas space (Il a)

and airtightly partitioned by an integral unit including at |east one of
sai d cylinder (4) and said cylinder head (7); and 5 at

| east one of said back-pressure chanbers (18a, 18b) being held at a

| ow pressure | evel and anot her one of said back-pressure chanbers (18a,

18b) being held at a hi g%lpéesitire | evel .
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3. The oscillation-type conpressor in accordance with claim2, further 10
conprising an elastic nenber (22) having one end connected to said integral
unit including at | east one of said cylinder (4) and said cylinder head (7)
and the other end connected to said stationary element (13).

4. The oscillation-type conpressor in ggcprdance with any one of clains 15
1 to 3, further conprising a cylinder position detecting sensor (24) fixed

to one of said stationary elenment (13) and said cylinder (4).

5. An oscillation-type conpressor, conprising a tightly closed
casing (1) having an inside space (la) for storing coolant 20 gas;

a block (6) accommpdated in said tightly closed casing (1); a
notor (3) including a stator (3a) and a nover (3b); a piston
(5) connected to said nover (3b) of said nmotor (3); a novabl e
el ement (12) including said nover (3b) of said notor (3) and 25 sai d

pi ston (5); a stationary elenent (13) including said stator
(3a) of said notor (3) and Sﬂhﬁ bl ock (6); an elastic
el ement (8) having one portion (8b)li(ged]l® said novabl e el ement

(12) and another portion (3c) fixed to said stationary elenent (13); 30
a cylinder (4) fixed to said block (6) or shiftable in an axial direction

with respect said block (6);
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a cylinder head (7) fixed to said cylinder (4); an auxiliary
pi pe (25) having one end shiftable in said axial direction wth
respect to one of an exhaust pipe (20) and an intake pipe (10) and the
other end fixed to one of said cylinder (4) and said cylinder head (7). 5

6. An oscillation-type conpressor conpgy$yng: a bl ock (120)
and a piston (5) accommpdated in a tightly closed casing (D;
a notor (3) including a stator (3a) and a nover (3b); 10 a

novabl e el ement (112) including said nover (3b) and said piston (5);
a stationary elenment (121) including said block (120) and said stator

(3a); an elastic elenent (108) having a portion fixed to said
novabl e el enent (112) and another portion fixed to said stationary
el ement (121); 15 a cylinder (122) acconmodating said piston (5)
so that said piston (5) is shiftable in an axial direction, said
cylinder (122) being inserted in said block (120) so as to
reciprocate in the axial direction with a closed space (123) f ormed
bet ween said block (120) and said cylinder (122); a cylinder
head (7) conprising an exhaust chanber (7b) and attached to 20 said
cylinder (122); and a communi cati on passage (124) connecting
said cl osed space (123) and sai d exhaust chanber (7b).

7. The oscillation-type conpressor in accordance with claim®6, wherein 25
sai d cl osed space (123) is connected to an outside space via an exhaust
pi pe (126). -

FIG. 13
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8. The oscillation-type conpressor in accordance with claim®6 or 7,

wherein a slide surface between said cylinder (122) and said block (120) is
30 connected to a lower part of said closed space (123) via a passage.
Page 57 9. The oscillation-type conpressor in
accordance with claim®6, wherein 1(% g,roove (130) is provided on a
slide surface of one .of said cylinder ( ﬂ and sai d block (120).

5 10. An oscillation-type conpressor conpri sing: a
tightly closed casing (1) having an inside space (la) for storing cool ant
gas; a cylinder (4) accomodated in said tightly closed casing
(D; a notor (3) including a stator (3a) and a nover (3b); 10
a piston (5) connected to said nover (3b) of said nmotor (3); a
novabl e el enent (12) including said nover (3b) of said notor (3) and

said piston (5); a stationary elenment (13) including said
stator (3a) of said notor (3) and said cylinder (4); 15 an
el astic element (8) having a portion (8b) fixed to said novable

el ement (12) and another portion (8c) fixed to said stationary el enent

(13); a piton position detecting sensor (214) detecting the

position of said
FIG. 14
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pi ston (5); top dead center position cal culating neans (216)

for calculating a top 20 dead center position of said piston (5) based
on a piston position signal obtained fromsaid piton position
detecting sensor (214); anplitude control neans (218) for
controlling an anplitude of said 11/q9ver (3b) in accordance with a

di fference between said top dead center position and a selected top
dead center reference value (219); and 25 top dead center
reference val ue changi ng neans (223) for changing said top dead
center reference value (219). 11. An oscillation-type
conpressor conpri sing: a tightly closed casing (1) having an
i nside space (la) for storing coolant 30 gas; a cylinder
(4) and a block (6) accommpdated in said tightly cl osed casing

Page 58 (1); a notor (3) including a stator (3a)
and a nover (3b); a piston (5) connected to said nover (3b) of
said notor (3); a novabl e el enment (12) including said nover
(3b) of said motor (3) and 5 said piston (5); a stationary
el ement (13) including said stator (3a) of said nmotor (3), said

cylinder (4) and said block (6); an el astic elenent (8) having

a portion (8b) fixed to said novabl e
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el enment (12) and another portion (8c) fixed to said stationary el ement
(13); 10 said stator (3a) of said notor (3) or a novable stator
Base (227) connected to said stator (3a) being partly coupled with
said stationary el enent (13) so as to reciprocate in an axial
direction in response to a pressure q1g/17 nbal ance between back-pressure
chanbers (228a, 228b) forned t her ebet ween; and 15 a
pressure control mechani sm (225) for controlling the pressures of said
back- pressure chanbers (228a, 228b). 12. The
oscillation-type conpressor in accordance with claim 11, wherein
~shifting neans (229) is provided for shifting said stator (3a) of said 20
notor (3) in a direction opposed to said conpression chanmber (9) when the

conpressor i s stopped. 13. An oscillation-type conpressor
conpri si ng: a block (302) and a piston (5); 25 a
nmotor (3) including a stator (3a) a ver (3b); a novabl e
el ement (12) including said nover (%gﬁéa.rrﬁéai d piston (5); a

stationary elenent (13) including said block (302) and said stator (3a);
an elastic elenment (314) having a portion fixed to said novabl e el enent
(12) and another portion fixed to said stationary elenment (13); 30

a cylinder (4) accommodating said piston (5) so as to allow said piston
(5) reciprocating in an axial direction;
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a” di spl acenent detector (319) connected to said piston (5) in the axial
direction for detecting a position near a top dead center of said piston
(5); top dead center position detecting neans (320) for
obtaining said top dead center position of said piston (5) based on a
signal obtained fromsaid 5 di spl aggAent detector (319);

current/vol tage detecting neans (321) for detecting a current or voltage
val ue of said notor (3); and power supply means (322) for
changi ng the voltage applied to said notor (3) based on out put
signals of said top dead center position detecting 10 means (320) and
said current/voltage detecting neans (321). 14. An
oscillation-type conpressor conprising: a block (302) and a
pi ston (5); a notor (3) including a stator (3a) and a nover
(3b); 15 a novabl e elenent (12) including said nover (3b) and
said piston (5); a stationary elenent (13) including said

bl ock (302) and said stator (3a); ' an elastic el enent (314)
having a portion fixed to said nnvgﬁkg_giﬁﬁent (12) and anot her
portion.fixed to said stationary e Rt L(/13) ; a cylinder (4)
accommodating said piston (5) so as to allow said piston 20 (5)

reci procating in an axial direction; and a di spl acenent
detector (325) attached to said novable elenent (12) and sai d
stationary elenent (13) at a radially inward portion with respect to said
stator (3a) of said notor (3). 25 15. An oscillation-type
conpressor conpri sing: a,bl ock, (302) and a piston (5);
a notor (3) including a stator1Q§a) aTd a j?ver Bb) ;
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a nmovabl e el ement (12) including said nover (3b) and said piston (5);
a stationary elenent (13) including said block (302) and said stator (3b);

30 an elastic elenent (330) having a portion fixed to said
novabl e el enent (12) and another portion fixed to said stationary
el enment (13); Page 60

. . . . 14/17 -
a rotational direction restricting nechanism (337) for limting the
rotation of said elastic elenment (330) about a piston shaft in a single

di rection; a cylinder (4) accommodating said piston (5) so as
to allow said piston (5) reciprocating in an axial direction; and 5
a dynam c pressure generating nmechanism (334) provided on at |east one

of said piston (5) and said cylinder (4). 16. An

oscill ation-type conpressor conprising: a tightly closed
casing (1); 10 a piston (5) and a cylinder (4) accommopdated in
said tightly cl osed casing (1); a notor (3) including a
stator (3a) and a nover (3b); a stationary element (13)

i ncluding said cylinder (4) and said stator (3a). - of said nmotor (3);
15 a novabl e elenent (11) including said piston (5) and said
nover (3b) of said notor (3); an el astic elenent (8)

having a portion (8b) fixed to saiiF abl el-enent (12) and anot her
portion (8c) fixed to said station Eailédgnt (13); and
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a~support nechanism (413) for supporting said novable elenent (12) in 20
a radial direction when said piston (5) is positioned near a top dead

center position or a bottom dead center. 17. An
oscill ation-type conpressor conprising: a tightly closed
casing (1); 25 a piston (3) ﬂﬂq7a cylinder (4) accommpdated in
said tightly cl osed casing (1); a notor (3) including a
stator (3a) and a nover (3b); a stationary el enent (13)

i ncluding said cylinder (4) and said stator (3a) of said nmotor (3);
30 a novabl e elenent (12) including said piston (5) and said
nover (3b) of said notor (3);

Page 61 an elastic elenent (8) having a portion (8b)
fixed to said novabl e el ement (12) and another portion (8c) fixed to
said stationary elenent (13); and a position changi ng nechani sm
(416) associated with said novabl e el emrent (12) for changi ng an axi al
position of said novable elenment (12). 5 18. The

oscillation-type conpressor in ﬁ?iigd e wth claim17, further
conprising a stopper (417) for | iﬁg an axial shift anount of said
novabl e el emrent (12) changed by said position changi ng nechani sm
(416).
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FIG. 20

aq 38 3p 413
2 3 SC/%9 415a

AN \‘L:\\é\/\lll\/\}i[\ylx;/\l//\;l/\\\/\l\/\\\ 4] Sb
- /

ﬂ// =SSR

\/ \ P4 rs
N
N
N
N
i

/ 27/ /]
N N
ngnxvx N\W

7 77 771N |
‘4? \:zz:ﬁ ] -T
VX/«///A/ NN

|
\\\\\\\l\\\\\\\\\\\\\\\\\\l\\\\\§\\\T 6

70
7 4 12 . 13 414a 8 1

14b

//\\///X

FIG. 21




Page 62

17/17
FIG. 22
9 3a
7a 2 3 /3c 409
NN NN \‘{!\\\ll\\\l\\T\L\
[' [ [/7\\\1\\\\\\
ﬂ;j///i/////// AN
\\'g ﬂ‘—ﬁgs\
\ 42/7///7Q \
\ N\ SESSSSSSSRZAN
\ N X777 7IN ] TN
N /// N T
\ % ==\ \ g
(AT 77 77 7717 ARNY
\\\l\\l\\\\\\\\\\\\\\\\\R\\\\\T 6
7 4 12 13 4186
5
FIG. 23
9 3a 3b
7a > 3 /BC 409 417
\ [ [

N NN \‘L\\\I{\\[\\k\‘[\\Y/\\\\\L/\\\\
[ [ [ /
%//15411/4//4/ 474 NN 417 a
N [ = I
% N7 7777 :(

™\

: - 1 1 1 N\ :

\ N SISSSSSSOSSS 2 N R
N N X 7 7 7 71N I N N g

N l// 1 N | /‘:

%\ \ \:Z::_\_ N N

VN XL 0Ll A7 A :%%
\\\\l\\ll\\\\\\\i\\\\i\\\\\\\I/\\\\\\\ 6

70 Vol \ [

7412513416 1



