-1- LINEAR COMPRESSOR BACKGROUND TO THE INVENTION 16 April 2005 Field of the Invention 5
The present invention relates to a linear compressor, particularly but not solely for use in refrigerators.
SUMMARY OF THE PRIOR ART Compressors, in particular refrigerator compressors, are conventionally
10 driven by rotary electric motors. However, even in-their most efficient form, theré\aiié Zignificant losses
associated with the crank system that converts rotary motion to linear reciprocating motion. Alternatively
a rotary compressor which does not require a crank can be used but again there are high centripetal
loads, leading to significant frictional losses. A Ilnkb¥E AR CoRMBRIDPen by a linear motor would not
have these losses, and can be designed with a bearing load low enough to allow the use of aerostatic
gas bearings as disclosed in US Patent 5,525,845, where a laterally compliant connecting rod allows for
the low bearing load BAIZSG3R0 DiLadOstatE ¢dbs/BdhfiHgdlis included in "Design of 20 Aerostatic
Bearings", JW POW‘?J-JieTé"Sf aeclrlwri]r\ml%migHblishing Company Limited, London 1970. However with normal
manufacturing tolerancés and “equipment production of effective gas bearings is difficult. Conventional
compressors aresmounted Withipresérarimedictidly tatesctotwliseag ouhiphedsars pantitsi sl beservoir of
refrigerant gas. Refriﬁe{%r?]t ﬂ? is 25.dra¥[\1/{n int%?}he compressor from this reservoir and is exhausted
through an exhaust Shiflfte iHaef}BtW RS 5ressor, through the housing. Operation of the
compressor involves the reciprocation of moving parts leading to vibration of the compressor unit, in all
three axis. To reduce the external noise effect of this vibration the compressor is mounted on isolation
30 springs within the%éMM’%BJSHE.THE PRIOR ART

Compressors, in particular refrigerator compressors, are conventionally
10  driven by rotary electric motors. However, even in their most efficient form,
there are significant losses associated with the crank system that converts
rotary motion to linear reciprocating motion. Alternatively a rotary
compressor which does not require a crank can be used but again there are
high centripetal loads, leading to significant frictional losses. A linear
15  compressor driven by a linear motor would not have these losses, and can be
designed with a bearing load low enough to allow the use of aerostatic gas
bearings as disclosed in US Patent 5,525,845, where a laterally compliant
connecting rod allows for the low bearing load
A discussion of aerostatic gas bearings is included in “Design of
20  Aerostatic Bearings”, J W Powell, The Machinery Publishing Company
Limited, London 1970. However with normal manufacturing tolerances and
equipment production of effective gas bearings is difficult.
Conventional compressors are mounted within a hermetically sealed
housing which in use acts as a reservoir of refrigerant gas. Refrigerant gas is
25 drawn into the compressor from this reservoir and is exhausted through an
exhaust conduit leading from the compressor, through the housing.
Operation of the compressor involves the reciprocation of moving parts
leading to vibration of the compressor unit, in all three axis. To reduce the
external noise effect of this vibration the compressor is mounted on isolation

30 springs within the sealed housing.



-2- 16 April 2005 With a linear compressor the piston vibrates relative to the cylinder in only one axis,
with consequent reaction forces on whichever part, if either, is fixed. One solution proposed to this
problem is to operate a pair of compressors synchronously in a balanced and opposed configuration. 5
However this arrangement would be too complex and 2estly for use in a commodfty\RERZ&Rch as a
domestic refrigerator. Another proposed solution is the addition of a resonant counterweight to reduce
the vibration. However this approach limits the operation of the compressor because the counterweight
is a negative feedback deviddthriol iRepreRTREEsHeY fliadustamyAPrEtes helatiects ibrcey IdgrtHer solution is
proposed in "Vibratiof,eh iStj @U t i [ s:for: tems", Gully
o Hanes, Procseqe D G o B ets
1990. This solution ifiside®nedobéintepthpssgspiortinig prieblpstintpanesatd angairydihder part of the
compressor within th ] the." S Ight" ver in implementing
this design in a domgos%%t#re%lgégrgﬁ%@éﬁpeﬂgsyj %%%ﬁ%ﬁ%&%gﬁﬁﬁé}%%%ﬁ %tg 1sJ %ﬂl\gﬁv In such a
compressor, as the ditmhevgetpiesgangénmeises)die torceooipilex arahtpstlyska geesiaets as a spring (the
"gas spring") which increas%stth%runnir%% slgaed a .thefdjsch [ge pressure incre§5e§. This is a problem
because the 20 "third JIBI3tGK heobe- 82 PRL b I MR RF VPR BAAUS" fth each other
but out of phase withtileexdditigniessoresbatihisamiesighiht tabesectdeleriratits.'seomrdémode (where the
shell does not vibrate and the piston and cylinder are gut of phase). Thus the shell starts to vibrate
intolerably as the ~'gat'§'éﬁi?ﬁéﬂas€!5lt{0§‘{t§ 6%958%%9@ 8&3&%& HE08 8a§§e'g?cond" mode frequency to,

and eventually aboveotheeiihiighiodeelds viekicable katevianyaprlicativas ahteicgumieraakor to be of
small size. This reduces the size of all components including;he_ sprigﬁs and their resonant system.

Reducing the si¥® of{ARAER AL AdHUNESSHIH XD RECRBREH MurY SRR FHAERRIBHRIES FReduced size
in higher frequenciessgRMPBHIAS thd linear cryogenic coolers for IR systems”, Gully and Hanes,

Proceedings of the 6™ International Cryocooler Conference, Plymouth,

Massachusetts, 1990. This solution involves independently supporting the
piston part and the cylinder part of the compressor within the housing so that

15  the “stator acts as a counterweight”. However in implementing this design in
a domestic refrigerator there is a problem when the piston mass is low. In
such a compressor, as the discharge pressure increases, the force of the
compressed gas acts as a spring (the “gas spring”) which increases the running
speed as the discharge pressure increases. This is a problem because the

20  “third” vibration mode (where the piston and the cylinder vibrate in phase
with each other but out of phase with the compressor shell) is only slightly
above the desirable “second” mode (where the shell does not vibrate and the
piston and cylinder are out of phase). Thus the shell starts to vibrate
intolerably as the “gas spring” starts to operate and effectively raises the

25 “second” mode frequency to, and eventually above, the “third” mode.

It is desirable for many applications for the compressor to be of small
size. This reduces the size of all components including the springs and their
resonant system. Reducing the size of the compressor requires the compressor
to run at higher frequencies. Reduced size in higher frequencies combined to

30 increase the stresses in the spring components. In some linear compressors



30 increase the stresses in the spring components. In some linear compressors -3- 16 April 2005 main
springs have been made from pressed spring steel sheet. It has been found that the edges cut in the
pressing operation require careful polishing to regain the original strength of the spring steel sheet, and
are frequently subject to failure through inadvertent stdess concentrations. 5 A fukap'HrdBlem of
compressors generally has been the build up of heat, particularly in the vicinity of the compressor
cylinder and the cylinder head. The build up of heat is caused by friction between moving components
and by heat transfer@gifrépiifigs baviedresisatndeffigararesSENspung sipebsheeit Breaadeasignificant

problems of increasedd iean A lOLAHEONR AN BRRSIANSJABIe ATAR PP BRI IRCH vary

according to the time period hich the compressor has been running. These effects may be
particularly significanedeinliteznrginahstessots whibe spepg aiedbsheely petadJreftient yadbjeat which close

clearances are partiqﬁl?éq%ygqﬁgq% iﬁﬁa\%f?el eé{‘t}gg REID00S II!FOQQS bearing systems are being used. 15

Another heating effec versible 0Ss prior to re- expansion from the refrigerant
remaining withinghe comprésgicthesgaoblafiterf compresssicryelme fal§ahaobepnassdisi lipuip df5% of the

compressed refrigerant . may not be expelled,.compared to up to 5% ip crank driven compressors. This
sourcs of neat, whichTEERRIE T T OB e e G R IR e
compressors. One appadacrhtobcdlaling dhaezylindenseddgifintien rateehtheviogyoepsoemsyolves using
liquid refrigerant supplied from the condenser in, the subsequent refrigeration tem. Fqr example in US
patent 2510637 HauRNMQER RO R KORSR A B S B s LUV LiRel BERbunrounding
the cylinder thence terasesoindicieahnprisisikaisssfrincrresed Wercoprnpressaiieashainidsusequently is
ejected from a venturi device into the dig&gfg\zﬁe line connecting between the c%éiinder head and the

condenser. ThidVis itAGE2 0GR ASIYRENH | MY RRAORAMRFHBr S MERER &Y 195 VBBt of

the compressor has been running. These effects may be particularly
significant for linear compressors which may run for long periods of time and
for which close clearances are particularly important, especially when
aerostatic gas bearing systems are being used.

15 Another heating effect is from the irreversible heat loss prior to re-
expansion from the refrigerant remaining within the compression space after
compression. In linear compressors up to 15% of the compressed refrigerant
may not be expelled, compared to up to 5% in crank driven compressors. This
source of heat, which is negligible in conventional compressors, is an

20 important source in linear compressors.

One approach to cooling the cylinder and cylinder head of the
compressor involves using liquid refrigerant supplied from the condenser in
the subsequent refrigeration system. For example in US patent 2510887
liquid refrigerant from the condenser is supplied to a first cooling jacket

25 surrounding the cylinder thence to a second cooling jacket surrounding the
compressor head and subsequently is ejected from a venturi device into the
discharge line connecting between the cylinder head and the condenser. This
is in the context of a standard crank driven compressor. Also in the context of
a standard crank driven compressor US 5694780 shows a circuit in which

30 liquid refrigerant from the condenser is elevated to a higher pressure by a



a standard crank driven compressor US 5694780 shows a circuit in which 30 liquid refrigerant from the
condenser is elevated to a higher pressure by a -4- 16 April 2005 pump. This liquid refrigerant is pumped
into a cooling jacket surrounding the compressor cylinder. The liquid refrigerant is forced from the cooling
jacket into the exhaust manifold into the cylinder headtef the compressor where 16 Axé2Q0Rh the
compressed refrigerant as the compressed refrigerant exits the 5 compressor. This arrangement has the
disadvantage of requiring an additional pump for forcing the liquid refrigerant through the cooling jacket
surrounding the cylimdéranbhésibgeislishtigarant taesapaddntaarmasiingganiet swrprasiogdhef the

compressed gas. Magyiealcr RS OMORIE BTERTAGR RTsiRaPRURNIIRNEldhaqaaREpssor sheets

as they have been inten rop In replacement for existing rotary-reciprocating’compressors which
are a commodity itenntddéhaekivustthignitaithiate sheccybinterdiscr sfihec drpressaciwimraiiich the stator,

armature, cylinder ang. piston all tri ed. ' : r,dimensions
constrain the size of t '(—g %mﬁgﬁyégoréggr%nqgﬁtﬁ%% %gage’fﬁég%ﬁ%\f%%%a@&' %g@vﬁgrsgt% stpr?éace in the
compartment sufrourcdingriseorcontis essmy edtditAR e @ IsanMén 1&ge BNEMDIN ity s aadolijeciabf the present

invention to provide a compact linear,, 20 compressar whjch goes some, way tqQ overcoming the
aboverentoned R dRLe Tod FrLEaub i B e R o LA e SRR Sompressor
comprising: a cylindehpaylindéuding sallydinaeatiponeo &z exstenrdispiadedgainsithegnessackslidable
therein, a main spring connecting directly or indirectly said cylinder part to said piston, a connecting rod
between said main sﬁti ﬁﬂﬁ'%’%ﬁ d18% and

Many linear compressors have been made inside conventional
10  compressor sheets as they have been intended as a drop in replacement for
existing rotary-reciprocating compressors which are a commodity item. To
achieve this compact size compressors have been made in which the stator,
armature, cylinder and piston are all concentrically located. But conventional
compressor dimensions constrain the size of the machinery compartment of a
15  refrigerator and lead to wasted space in the compartment surrounding the

compressor.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a compact linear
20  compressor which goes some way to overcoming the abovementioned
disadvantages.
In a first aspect the present invention consists in a linear compressor
comprising:
a cylinder part including a cylinder bore,
25 a piston disposed in said bore and slidable therein,
a main spring connecting directly or indirectly said cylinder part to said
piston,
a connecting rod between said main spring and said piston and
connecting said main spring to said piston,

30 a stator having an air gap, said connecting rod passing through said air



connecting said main spring to said piston, 30 a stator having an air gap, said connecting rod passing
through said air -5- 16 April 2005 gap, and one or more substantially flat blocks of permanent magnet
material supported on said connecting rod with the large faces of said blocks facing the stator, said
permanent magnet material magnetised to define at te@st one 5 armature pole. I3@AQfth&0&spect the
present invention consists in a linear compressor comprising: a cylinder part including a cylinder bore, a
piston disposed in said bore and slidable therein, 10 a main spring connecting directly or indirectly said
cylinder part to said @idda connecting rod between said main spring and said piston and connecting

said main spring to said pistaon, rﬁﬁ\tﬁ j ' i i ing:through said air
15 gap, and at least one arrérﬁl%a@ttcj)?e po egig)%\g%ﬁ%&ﬁ%@%cggﬁ@%ﬁﬁgﬁ%ﬁ%ﬁgﬁgﬁé&onnecting rod is
supported only by sasdpgisttatl ancageednecithbyahidithdhe sarde deassagf saih Blatks frciadhim a further

aspect the present i”s‘f%%)gg%é‘g‘:p@ﬂﬁ%&n@ﬁd@iﬁ‘éﬁ%ﬁg@’gﬁgFﬂ%rgr?e‘?i?eod%’%%il’i‘r% A fAgdgipart including a

cylinder bore, a piston In said boreand's rein, a main spring connecting directly or
indirectly said cylinderpattute gael piston, and 25 a connecting rod between said main spring and said
pistor and connecting sad et RN AecTaid preken: HUB B ashan. of {Fhiapaanpeeln between
comprising:
a cylinder part including a cylinder bore,
a piston disposed in said bore and slidable therein,
10 a main spring connecting directly or indirectly said cylinder part to said
piston,
a connecting rod between said main spring and said piston and
connecting said main spring to said piston,
a stator having an air gap, said connecting rod passing through said air
15  gap, and
at least one armature pole located along said connecting rod,
wherein said connecting rod is supported only by said piston at one end
and by said main spring away from said one end.
In a further aspect the present invention consists in a linear compressor
20 comprising:
a cylinder part including a cylinder bore,
a piston disposed in said bore and slidable therein,
a main spring connecting directly or indirectly said cylinder part to said
piston, and
25 a connecting rod between said main spring and said piston and
connecting said main spring to said piston, with at least one of:
(@  the connection between said piston and piston rod, and
(b)  the connection between said piston rod and said main spring,
being a compliant connection transmitting side and axial loads but

30 allowing rotation about axes transverse to the axis of reciprocation of said



(b) the connection between said piston rod and said main spring, being a compliant connection
transmitting side and axial loads but 30 allowing rotation about axes transverse to the axis of
reciprocation of said -6- 16 April 2005 piston in said bore. In a further aspect the present invention
consists in a linear compressor comprising a co-operdting piston and cylinder wABAF8I&RRE motion is
governed by a spring system and an electromagnetic linear motor configured 5 to drive the relative motion
of said piston and cylinder at the resonant frequency of said spring system, a compression space above
said piston, a chamipéstenrfbsaidingreaid cylinder, a cooled high pressure refrigerant inlet into said

chamber, allowing 10 refrigpiafiritia sl ShAEIRELSRYCEMHIEADALRIIF £ARdESRh@kadefgeration

circuit, and a compressed refrigerant outlet from said compression space, and a compressed refrigerant
exit path from said cenippsissigrasisaceelatiogpistorsand cidintss whesmreldting sriispeist the present

invention consists in g |i r ising: ' [ [ cylinder hore and a
cylinder head, a pist n%?s%gcsﬁé@%@aﬁlg O?éﬂgéﬁ&;#aa&b%{ Eﬁ@%ﬁ%@s@&oﬂ? k'?la%vt%rgé/éwﬁlrjroﬁ winding
carrying stator pérts,tealive dmnedtdie20atoraid saitinulstopardtdindedad teosisersaitl cylinder head and

having an air gap between sai staraoﬁr Efarts a main spring located at an end of said stator away from
e

said cylinder, connecrt?lgae&?gcq yS%' ﬁ%%t%y/%%%\/een said piston and said cylinder part, a connecting

rod passing through said statynair@ajphepaceabsaisaidipistinspring and said piston and connecting said
main spring to said piston, grcl:ﬂaarln %Fr?l?rtr%ruenlcﬁﬁatseaqdaclz?/ﬂﬂcfee}id connecting rod working within said air
a cooled high pressure refrigerant inlet into said chamber, allowing
10  refrigerant into said chamber sourced from after the condenser of a
refrigeration circuit, and
a compressed refrigerant outlet from said compression space, and
a compressed refrigerant exit path from said compression space leading
to said chamber.
15 In a further aspect the present invention consists in a linear compressor
comprising:
a cylinder part including a cylinder bore and a cylinder head,
a piston disposed in said bore and slidable therein,
a stator having a pair of winding carrying stator parts, each connected
20 to said cylinder part at an end opposite said cylinder head and having an air
gap between said stator parts,
a main spring located at an end of said stator away from said cylinder,
connecting directly or indirectly between said piston and said cylinder part,
a connecting rod passing through said stator air gap between said main
25 spring and said piston and connecting said main spring to said piston, and
an armature located along said connecting rod working within said air
gap of said stator and connected with said piston rod.
In a further aspect the present invention consists in a linear compressor,
a spring connecting between a cylinder and piston part of the linear

30 compressor, the spring comprising:



gap of said stator and connected with said piston rod. In a further aspect the present invention consists in
a linear compressor, a spring connecting between a cylinder and piston part of the linear 30 compressor,
the spring comprising: -7- 16 April 2005 a closed loop of high fatigue strength metal wire having a first
straight section in a first plane and a second straight-Seetion in a second plane pdr&iRsil 28Q%aid first plane,
and first and second helical sections of substantially constant curvature, each helical section connecting
between an end of said 5 first straight section and an end of said second straight section, said helical
sections having the same direl9s6é k@p@mf/atghefaﬁgumgma@m@almﬂ@émwﬁgt@fémﬁé&gmd section. In a

futher aspect ihe preseiy PR SeREsty R s eamieston iclgimedipdrpan, a pisor

part, a main spring connecting en sai part piston part erating in the
direction of remprocd@cﬂﬁlldffyaidotﬁemrarphftrsémwamddidlmlrsdefnwnfmfxt@eam&mousmg a linear

electric motor a”angg&g?{)n?%ﬁ%ﬁﬂeﬁ ﬁﬁgl?c%‘ﬁs% AIBSG n%@% gdoét%{/%e%' dErf&aé%%‘&y"“der part

spring means connecfing between sai erpartand sal opera iNg in said direction
of reciprocation; and f2Gtctiaigbtesest driognd ansaid @&hmdesepmdsmlgjwtmemlsrbea@ makci up of the

bined eff f bet d h d h ludi
o xhavst condut SRATIG N i Ik Do AL < R A S5 8 Chi e

part spring means hawisg dascstitiisestiogaid piston

In a further aspect the present invention consists in a linear compressor
including:

10 a cylinder part,

a piston part,

a main spring connecting between said cylinder part and said piston
part and operating in the direction of reciprocation of said piston part relative
to said cylinder part,

15 a sealed housing,

a linear electric motor arranged for operation between said cylinder
part and said piston part,

a cylinder part spring means connecting between said cylinder part and
said housing part and operating in said direction of reciprocation; and

20 characterised by:

(a) said cylinder part spring means being made up of the combined
effect of necessary connections between the cylinder part and the sealed
housing including an exhaust conduit extending from said cylinder part at
least to said housing; and/or

25 (b) said cylinder part spring means having low stiffness, said piston
part having less than 1/5 the mass of said cylinder part and the absence of a
piston part spring means connecting directly between said piston part and said
housing.

In a further aspect the present invention consists in a linear compressor

30 comprising:



part having less than 1/5 the mass of said cylinder part and the absence of a piston part spring means
connecting directly between said piston part and said housing. In a further aspect the present invention
consists in a linear compressor 30 comprising: -8- 16 April 2005 cylinder part including a cylinder bore,
piston disposed in said bore and slidable therein, maifi spring connecting said cyfndeil?8%0 said piston,
said main spring connection with said cylinder part including at least a pair of mounting 5 lugs on said
main spring, an abutment surface on said cylinder part in respect of each said lug of said main spring,
each said lug of said main gghigeasnardnelddiagprerliadssiBosbutment surface, said abutment surfaces

shaped to prevent substan aél%?]\/&i %@E@Fﬁ CzﬁH’c?s?ﬁf llqéq Qﬁ from in one direction, and 10
sal

spring retaining means bearihg again teac rom said one |rect|on said spring retaining
means having a total precommwQ§wmgg&mcHaw$mg§ﬂﬂ neaspartdecass mﬁ@wﬁﬂdlﬂ]@mw dynamic

force exerted on said gl RO S 2am SURGHEN 1A UL AeRect ey sppmM g Ton consits

in a method of 15 ma turing a linear compressor | rconnec a pisto linear
compressor to a&prlhggmbthmlmemnrcqmm@ssor the foIIowmg steps which may be executed in any order:

(a) locating the piston in a pre%3 rmlned X|aI ﬁosuﬁjp n the bo re of the §¥ er of. tcme pressor; 20
(b) locating the piston conn@¢Aidh B]gr}‘t[s&r aa%ep Saé gyidn &Sr%ec{eaes\m& e)ﬂcrt\]dsea e 3la position
based on a predeterszieaalispiairgnehaithrigfsgidnaposition abwht@tﬂw&vmg\@@l@ a

e e ReC saHaCe. S0 ABCPaEnt St TAGes Shaped 13 pravent substanndlc " S1d spring
movement of the respective said lug apart from in one direction, and

10 spring retaining means bearing against each said lug from said one
direction, said spring retaining means having a total precompression against
said lugs at least in excess of any anticipated dynamic force exerted on said
main spring in said one direction.

In a further aspect the present invention consists in a method of

15  manufacturing a linear compressor including, for connecting a piston of the
linear compressor to a spring of the linear compressor, the following steps
which may be executed in any order:

(a) locating the piston in a predetermined axial position in the bore of
the cylinder of the compressor;

20 (b) locating the piston connection point of a spring already connected
with a cylinder part at a position based on a predetermined displacement of
the spring or a position in which the spring exerts a predetermined reaction
force; and

(c) joining said piston and said piston connection point of said spring at

25 arigid axial separation fixed according to the separation attained through
steps (a) and (b).

To those skilled in the art to which the invention relates, many changes
in construction and widely differing embodiments and applications of the
invention will suggest themselves without departing from the scope of the

30 invention as defined in the appended claims. The disclosures and the



25 a rigid axial separation fixed according to the separation attained through steps (a) and (b). To those
skilled in the art to which the invention relates, many changes in construction and widely differing
embodiments and applications of the invention will suggest themselves without departing from the scope
of the 30 invention as defined in the appended claims.9Fhe disclosures and the -6 P®WEAM02005
descriptions herein are purely illustrative and are not intended to be in any sense limiting. BRIEF
DESCRIPTION OF THE DRAWINGS 5 Figure 1 is a partially exploded view from above of a linear
compressor accordifgsesiiopsdRgEhEnbbelyridbsbative prdssenpivsirnsiedrtybedparyan exploded
view of the motor engeﬁgﬁh%ﬂﬂg?ressor assembly from an alternative direction, Figure 3 is an exploded
view of the head end of the compressor 10 assembly from one direction; and Figure 4 is an exploded
view of the head end of the compressor assembly from another direction. DETAILED DESCRIPTION

General Configuratiogll%ﬁe% E?rgggfﬁll E‘PRS’H"B%”{'FHB&%‘RHR?@SSF‘OW” in the Figures, involves a
otor dri y

permanent magnet linearm ving a resonantly reciprocating compressor, together operating within
a hermetic casing. The contpgessadrisagactéedia pploda] vieecipocaimg withihrearytoderdssve 71 and

operating on a working fluid which is alterngtely drawn intq and expelled from a 20 compression space at
the head end of the &ﬁ%ﬁ&%ﬂg&%?l ?18«5#?1@5 eﬁb%@ eéﬁ%%%&‘ R{SS%H&‘@%“ Roses an open end of the

cylinder bore 71 to form theigars@ éssioexphake aiwhintltidasdnetaddbihdatorapressdd 8, 119 and
associated manifolds. The co ressegi working gas exits the compression space through the outlet valve
RO P A liespgHve o

119 into a discharge st f75pgRve direction,
Figure 3 is an exploded view of the head end of the compressor

10  assembly from one direction; and
Figure 4 is an exploded view of the head end of the compressor

assembly from another direction.
DETAILED DESCRIPTION
General Configuration

15 A practical embodiment of the invention, shown in the Figures,
involves a permanent magnet linear motor driving a resonantly reciprocating
compressor, together operating within a hermetic casing. The compressor
includes a piston 3, 4 reciprocating within a cylinder bore 71 and operating on
a working fluid which is alternately drawn into and expelled from a

20  compression space at the head end of the cylinder. A cylinder head 27
connected to the cylinder encloses an open end of the cylinder bore 71 to form
the compression space and includes inlet and outlet valves 118, 119 and
associated manifolds. The compressed working gas exits the compression
space through the outlet valve 119 into a discharge manifold. The discharge

25 manifold channels the compressed working fluid into a cooling jacket 29
surrounding the cylinder 71. A discharge tube 18 leads from the cooling
jacket 29 and out through the hermetic casing.

The cylinder 71 and jacket 29 are integrally formed as a single entity

33 (for example a casting). The jacket 29 comprises one or more open ended

30 chambers 32 substantially aligned with the reciprocation axis of the cylinder



25 manifold channels the compressed working fluid into a cooling jacket 29 surrounding the cylinder 71.
A discharge tube 18 leads from the cooling jacket 29 and out through the hermetic casing. The cylinder
71 and jacket 29 are integrally formed as a single entity 33 (for example a casting). The jacket 29
comprises one or more open ended 30 chambers 32 ubstantially aligned with tAé Aétip?8ation axis of
the cylinder -to- 16 April 2005 71 and surrounding the cylinder 71. The open ended chambers 32 are
substantially enclosed to form the jacket space (by the cylinder head assembly 27). The linear motor

includes a pair of opﬁési\it@_' §t§f@ﬂp@i‘”ﬂ$ &@Wﬂfﬂ@hra?é- g h@ﬂﬂ?fbﬁﬁﬁﬂ’é&@dm@&mﬁ@der casting 33. The
piston 3, 4 reuprocag[]gsyg\ﬁhg“ @nﬁ%ﬁ?&%%rm ?R&#ﬁﬁ&%@é&ﬂ“@ﬁﬂw f&%?%%?ﬁéﬁﬂﬂf Spring

system. It operates at or close to its natural resonant frequency. primary spring elemertt of the spring
system is a main sp@iy 15. The piston 3, 4 is connected to the main spring 15 via a 10 piston rod 47.

The main spring 15 is connegled to i of | ing. f cylinder [ . The pair of
legs 41, the stator parts 5, gﬁggn%@ﬁrﬁﬁé%%ﬁﬁﬁﬁ%@g?f Eﬂ% %%/%Er?sdfé}r‘aﬁgaéﬁ %%Sg?ﬁéﬁﬁz ogether
comprise what will begielgrcedrtectes doctyienddmulartchdingr@Bdiscussion of the spring system. 15 The

piston rod 47 connects the piston 3, 4 to the main spring.15. The piston tqd.47 is preferably a rigid piston
rod. The piston rod has a pIurﬁaeliw%qnéerimrgﬁlgﬁ?%%%% § ns&aec%%"a)ﬁ?oeﬁg it A qgréﬁ?%aﬁ?atg{?mature of the
linear motor. For loveftliciienatsomtilypBatiaaespting pistem 3, dopechtbeatyirdese/td, it8@aochin particular to

reduce any lateral Ioadinﬂé1 rhhrﬁ iston roi47 IS. resilientl\é an flexibl{/%onne_cted with hoth the main spring

15 and with the pistoF?%o, O Sar W%Eﬁ\@]fi‘%SRH g ?P?&'Br% BB EIDE TS Rain spring end 48
of the piston rod 47 imttie dermgofs fUEe@iptasts; £onestisuidoa@emamaeyeing 15 via a

10  piston rod 47. The main spring 15 is connected to a pair of legs 41 extending
from the cylinder casting 33. The pair of legs 41, the stator parts 5, 6, the
cylinder moulding 33 and the cylinder head assembly 27 together comprise
what will be referred to as a cylinder part 1 during discussion of the spring
system.

15 The piston rod 47 connects the piston 3, 4 to the main spring 15. The
piston rod 47 is preferably a rigid piston rod. The piston rod has a plurality of
permanent magnets 2 spaced along it and forms the armature of the linear
motor.

For low frictional loading between the piston 3, 4 and the cylinder 71,

20 and in particular to reduce any lateral loading, the piston rod 47 is resiliently
and flexibly connected with both the main spring 15 and with the piston 3,4.
In particular a resilient connection is provided between the main spring end 48
of the piston rod 47 in the form of a fused plastic connection between an over
moulded button 49 on the main spring 15 and the piston rod 47. At its other

25 end the piston rod 47 includes a pair of spaced apart circular flanges 3, 36
which fit within a piston sleeve 4 to form the piston. The flanges 3, 36 are in
series with and interleaved with a pair of hinging regions 35, 37 of the piston
rod 47. The pair of hinging regions 35, 37 are formed to have a principle axis
of bending at right angles to one another.

30 At the main spring end 48 the piston rod 47 is effectively radially



moulded button 49 on the main spring 15 and the piston rod 47. At its other 25 end the piston rod 47
includes a pair of spaced apatrt circular flanges 3, 36 which fit within a piston sleeve 4 to form the piston.
The flanges 3, 36 are in series with and interleaved with a pair of hinging regions 35, 37 of the piston rod
47. The pair of hinging regions 35, 37 are formed to-h&Ve a principle axis of bendfnrit! #§A% angles to
one another. 30 At the main spring end 48 the piston rod 47 is effectively radially -It- 16 April 2005
supported by its connection to the main spring 15. The main spring 15 is configured such that it provides
for a reciprocating metRRPBaE HybEioanargtipasietthenjaiatepanmdiior] b MalilciPtagdvdse to the direction

of reciprocation of t%ﬁ@ﬁmf@%ﬂ fﬂ% gyg;rbqﬁae%mgepsgs %&mgséiieﬁgggﬂ' Jt%gggamlxé?p ion 5 the lateral

stiffness is approximatelythree times t xial st bly which comprises the cylinder part
is not rigidly mountedesidthianthkateerhmecidorasimyotion fiatsversedodha diecteippbeetingodaidation of the

piston, apart from su [ ' t ing: t ' 8. A liguid refrigerant
injection line 34 and gﬁ@%ﬁ%@%ﬁ&ﬁ%@%ﬁ%n iggdgﬁ)ﬁ Eg‘c%gg?f#?é% isc%?)aor@g ieu'teo tf@%m? ?fﬁa{(ﬁﬁquid
refrigerant injecti®n lithe Bdesaldtitinessds approitinededp timg S39raee o madl siiffeesspring of known

characteristic in the directicrrp] of rec%&caii}or@of ther ist(%ﬂ WitFin dtr}e %il'%nd%r.rllzqr examﬁlg C{he tubes 18
and 34 may be formed into a Sp"’}?iﬁ OP NefCAY 5?@8 S‘a?acsﬁ?/ HEIFeRYS RAR I%géiytm%g he hermetic
casing 30. 15 The totalthécifrobatmetitoxsintet is tite sumovkthetheaeeipenhtihthdirgititond3, 4 and the
cylinder part. The Ga}'sP Bearings The piston 3, 4 js su§§orted radia%within_th cg,lin er by aerostatic gas
bearings. The cylind P b B AR TGO RET A adM S 6o ind S SRV bore 71
therethrough and a cyJiiRdes, linke i withieithe ibp®ida |ihbasiaderdingudforiay berimgde.from a
suitable material to reduce _piston wear. For example it may be formed from a fibre reinforced plastic
10  Each of'the discharge tube 18 and the liquid refrigerant injection line 34 and
the rear supporting spring 39 are formed to be a spring of known characteristic
in the direction of reciprocation of the piston within the cylinder. For
example the tubes 18 and 34 may be formed into a spiral or helical spring
adjacent their ends which lead through the hermetic casing 30.
15 The total reciprocating movement is the sum of the movement of the
piston 3, 4 and the cylinder part.
The Gas Bearings
The piston 3, 4 is supported radially within the cylinder by aerostatic
gas bearings. The cylinder part of the compressor includes the cylinder
20  casting 33 having a bore 71 therethrough and a cylinder liner 10 within the
bore 71. The cylinder liner 10 may be made from a suitable material to reduce
piston wear. For example it may be formed from a fibre reinforced plastic
composite such as carbon fibre reinforced nylon with 15% PTFE (also
preferred for the piston rod and sleeve), or may be cast iron with the self
25 lubricating effect of its graphite flakes. The cylinder liner 10 has openings 31
therethrough, extending from the outside cylindrical surface 70 thereof to the
internal bore 71 thereof. The piston 3, 4 travels in the internal bore 71, and
these openings 31 form the gas bearings. A supply of compressed gas is
supplied to the openings 31 by a series of gas bearing passages. The gas

30 Dbearing passages open at their other ends to a gas bearing supply manifold,



composite such as carbon fibre reinforced nylon with 15% PTFE (also preferred for the piston rod and
sleeve), or may be cast iron with the self 25 lubricating effect of its graphite flakes. The cylinder liner 10
has openings 31 therethrough, extending from the outside cylindrical surface 70 thereof to the internal
bore 71 thereof. The piston 3, 4 travels in the internal Bbre 71, and these openinlfsAXidAdxhe gas
bearings. A supply of compressed gas is supplied to the openings 31 by a series of gas bearing
passages. The gas 30 bearing passages open at their other ends to a gas bearing supply manifold, -12-
16 April 2005 which Whisiedeigge arausanttaeitamReoaied tEdhg Ayildedariéter d @ethibe head end

thereof between the Hgg& g.era[ﬂ%gth éﬂm%rtﬁgrqu;ia Eﬁf@g éﬁ@ﬁjggwg%{ rq%@?%%is in turn supplied

by the compressed gas manifo e compressor head supply passag The small size
of the 5 supply passagerirg sopplyisndrdfpldssindurniseanhedsupiily eoanifesdedgas hmanifigldhe gas

consumption of the eaf| r founed as the outer wall
70 of the cylinder "rg@f "I%éﬁgegfg%gfoh%g@ gg%:é&n%ﬁr?gaﬁgﬁéﬁ%g%ggﬁgf tﬁl’eﬁe oﬁgﬁ \é?)ﬁ?r?)(?eﬁ %ore 71 to form
enclosed passades |eahihg iasshgeofoomiy® B1hé prdssiOcia bpaniagiateg hatantiokditieugrooves could
alternatively be provifjed in tf}i internal Walltof th(}gt Iindet; bare 71 they are more readily formed in the
liner 10 than in the c;'/rlrllrl\%% esg%sgcgg’sgrg% PO el odfer SGHAER rather than an inner surface. Being

able to machine the groovestiatgas Iseafingepadagesareditvenqgubat et shihakénguterdudlor dore
passages is a significant 15 manufacturing improvement. It has been found that the pressure drop in the
gas bearing passage%? trﬁgé%( '?g%eﬂg%i@? t?}{%ﬁg Efgggﬁf‘é F@& ?ﬁé(\'éﬁ]s\tt W%Lf&/ggnoﬁ?grpiston 3, 4
and the bore 71 of theyfividedeblinet iOfSrineatheappabelyeeeatiingoistvr Spehiags 3ne rykinder liner bore
71 (for an effective compact compressor) is only 20 10 to 15 microns, the sectional dimensions of the

passages also h8ed B BRPRRSHEHAR ARGy sor Rl Sigrgaruely beser avidesht iide). These

internal wall of the cylinder bore 71 they are more readily formed in the liner
10 than in the cylinder casting 33, being on an outer surface rather than an
inner surface. Being able to machine the grooves into a surface of one or
other part rather than having to drill or bore passages is a significant
15  manufacturing improvement.
It has been found that the pressure drop in the gas bearing passages
needs to be similar to the pressure drop in the exit flow between the piston 3,
4 and the bore 71 of the cylinder liner 10. Since the gap between the piston 3,
4 and the cylinder liner bore 71 (for an effective compact compressor) is only
20 10 to 15 microns, the sectional dimensions of the passages also need to be
very small (approximately 40 microns deep by 150 microns wide). These
small dimensions make manufacture difficult.
However in the preferred embodiment of the present invention this
matching is made easier by increasing the length of the passages so that the
25 sectional area can also be increased, for example to 70 microns x 200 microns.
This takes advantage of the ability to form grooves 80 of any appropriate
shape in the surface of the liner part 10. The grooves 80 can be formed
having any path, and if a tortuous path is chosen the length of the grooves 80
can be significantly greater than the direct path from the gas bearing supply

30 manifold and the respective gas bearing forming openings 31. The preferred



small dimensions make manufacture difficult. However in the preferred embodiment of the present
invention this matching is made easier by increasing the length of the passages so that the 25 sectional
area can also be increased, for example to 70 microns x 200 microns. This takes advantage of the ability
to form grooves 80 of any appropriate shape in the sdface of the liner part 10. THARHARDS 80 can be
formed having any path, and if a tortuous path is chosen the length of the grooves 80 can be
significantly greater than the direct path from the gas bearing supply 30 manifold and the respective gas
bearing forming opersifgedmenhBasrer gasdocardng gragrasXbB Bavogihedicehpathhe @& bearing grooves

80 following helical p@ﬁgqgﬂﬁat”gQggggﬂ%glﬁgpﬁggﬁc@%%mgHgd?\,ggragqgee\pviifpl fﬁ‘ﬁ@rg@ with the

preferred sectional ar e pass osen for easy manufacture (either machining or
possibly by some ottrectiomal suieh af< e paisage Svhmhidmylhe Thesaylindeasy sanamafahtpeat 5, 6 of the stator

winineg cartied arou et e EE A B NG e 2 Re HreRBlon stack 10 by & lastc

bobbin. The particulanéoddiraf)each stator part does not form part of the present invention and many
possible constructionfhwi bﬁ ?Pé)aﬁen to persons skilled in the art. As already referred to the cylinder
part 1 incorporates the Sy HdBF71"&th associated cooling jacket 29, the cylinder head 27 and the linear
motor 15 stator parts 5, 6 @hith figid Sahoftiostadircanesinothelingurixempare 3he eftieder part 1

T e A B SoE i  irraecicn e
jacket casting 33 haskupertaeddatrgrpaieuntitoviegsingdsAhserdertinghiom s radawaackom the cylinder
head. The sprinl% 15’6{/12 plastic bobbin. The particular form of each stator part does not form part
of the present invention and many possible constructions will be apparent to
persons skilled in the art.
As already referred to the cylinder part 1 incorporates the cylinder 71
with associated cooling jacket 29, the cylinder head 27 and the linear motor
15  stator parts 5, 6 all in rigid connection with one another. Furthermore the
cylinder part 1 incorporates mounting points for the main spring 15, the
discharge tube 18 and the liquid injection tube 34. It also carries the
mountings for cylinder part connection to the main spring 15.
The cylinder and jacket casting 33 has upper and lower mounting legs
20 41 extending from its end away from the cylinder head. The spring 15, the
preferred form of which will be described later, includes a rigid mounting bar
43 at one end for connection with the cylinder casting 33. A pair of laterally
extending lugs 42 extend from the mounting bar 43 and are spaced from the
mounting bar 42 in a direction toward the cylinder casting 33. The lugs 42 are
25 located to be axially in line with the portions 67, 68 of the spring immediately
adjacent the entry of the spring ends into the mounting bar 43. The upper and
lower mounting legs 41 of the cylinder casting 33 each include a mounting
slot for one of the lugs 42. The mounting slot takes the form of a rebate 75 on
the inner face 76 of the mounting leg 41 extending from the free end 77 of the

30 leg 41 towards the cylinder jacket 29. At least one tapered protrusion 78 is



preferred form of which will be described later, includes a rigid mounting bar 43 at one end for connection
with the cylinder casting 33. A pair of laterally extending lugs 42 extend from the mounting bar 43 and are
spaced from the mounting bar 42 in a direction toward the cylinder casting 33. The lugs 42 are 25 located
to be axially in line with the portions 67, 68 of the spridg immediately adjacent tht5ef} ddbe spring
ends into the mounting bar 43. The upper and lower mounting legs 41 of the cylinder casting 33 each
include a mounting slot for one of the lugs 42. The mounting slot takes the form of a rebate 75 on the

inner face 76 of the rfritshenigee Anveardvdatdng daserse Péeashdebrtefthe BEesydn towards the cylinder

Jacket 29, At least on SREIGH ¥ L3 BB e Hcdrdr 1be PEkadnG o

X ﬂ}ag}%}g in %%d% facing face 82
of each rebate 75. Each such protrusi as a perpendicula acer%ﬂQ acing tt}ae)e{cy inder casting 33 so

that the protrusions Bafdie ratbssfons/értasnfithespmtattiosnapifii gerssstdhduringasseaiahthe lateral

spacing ofthe lugs 42, wHEN subSIAGNAlY airles e pasi i erasen. aRaRs s fanes g of the

rebates, is such that will “only pass fough detormatio gs 42, the
mounting legs 44 ordpattingvetevgarso tipeJecbfacsiod3 afrtbarebadl&hedudstdat dre lugpgedvibetween the

perpendicular faces 79,0f the barbs /8 the perpendicular es 83 farming the end face of the
Febates 75. An adciiON A TERAE OPLD JELLOOR (B e PR L of e
mounting legs 41. Thisaebatie 83restpasistaxiptyr@iong trdatbteTdabe Byl dsespausd from the free end
77 of the respective mounting leg 41 at a distance such,.that eagch_of the further rehates 84 at least meets
with the respective r%&%%gﬁﬁﬁﬁ@%%f%%ée $7§fcﬂ[stgﬁh§ﬂ?ﬁ16%38d4meﬂ% 8875 and 84 are of
sufficient depth 15 thiacedesdshaingertepiduesap e leasta7axialmarningh Soédarotided between
them. A clampiﬁg sprin 87,H)prefe[ably formed from stamped and folded non-magnetic sheet metal, has

a central openiry 884APERRSIPR 86k TRTASE ARINGIPUIRE 88 anfsemibehtisdneyetng e ttamping spring

87 has rearwardly  Thjs rebate 84 extends axially along the outer face 85 and is spaced from the
free end 77 of the respective mounting leg 41 at a distance such that each of
the further rebates 84 at least meets with the respective rebate 75 on the inside
face 76 of its mounting leg 41. The rebates 75 and 84 are of sufficient depth

15  that where they meet or overlap at least an axial opening 86 is provided
between them.

A clamping spring 87, preferably formed from stamped and folded
non-magnetic sheet metal, has a central opening 88 through it such that it may
fit over the pair of mounting legs 41. The clamping spring 87 has rearwardly

20 extending legs 89 associated with each mounting leg 41. The free ends 90 of
these legs 89 slide within the outer face rebates 84 of the mounting legs 41
and are sufficiently small to pass through the axial openings 86 between the
outer and inner rebates 84 and 75. With the lugs 42 of the main spring
mounting bar 43 in place in the inner rebates 75 of the mounting legs 41 these

25 free ends 90 press against the lugs 42 and hold them against the perpendicular
faces 79 of the respective barb 78. Retention of the clamping spring 87 in a
loaded condition supplies a predetermined preload against the lugs 42.

It is preferred that the clamping spring perform the parallel task of
mounting the stator parts 5, 6. The central hole 88 through the clamping

30 spring 87 is closely dimensioned with respect to the mounting legs 41, at least



20 extending legs 89 associated with each mounting leg 41. The free ends 90 of these legs 89 slide
within the outer face rebates 84 of the mounting legs 41 and are sufficiently small to pass through the
axial openings 86 between the outer and inner rebates 84 and 75. With the lugs 42 of the main spring
mounting bar 43 in place in the inner rebates 75 of thdounting legs 41 these 25&RpréA688500 press
against the lugs 42 and hold them against the perpendicular faces 79 of the respective barb 78.
Retention of the clamping spring 87 in a loaded condition supplies a predetermined preload against the
lugs 42. It is preferreththatenel eiiesppmyrelstivg preemotidipadanedhsid bt deowrinagrAes&tor parts 5, 6.

The central Nole 85 (iapal e SafAlRg ARARIG, AT sloemap e i eangicp he

mounting legs 41, at leas teral direction relative to the mounting legs 41. The
clamping spring 87 isprndednesnditr partntiagnisgrydunfdbe oMliimdenctsivnitSSide regions 92 which span

between the mounting legs ' i cyli i in a pair of
protruding stator support 5 ﬁ%c%%‘@?%&%ﬂﬁﬂ?ﬁl%l&%ﬁ%ﬁl‘éﬁ%ﬁ%@@é@%ﬁ%@ jg’i%sz at positions
in between the positibluekd HheertenditigdrizydhtlsdEimcivaldHaeceE58shiaihe Jdekeairk@tiarpsetattassof the stator
part 5, 6 have a verticall orien,[&?dﬁerpendiﬁfr step 29 on th%ili outer face 56. In each case this is an
outward step taken in directon & %%'/ PO/ he BEs u?%aeg_s at 10 portion of each of the faces 56
which is closer to the air gajpaohafsthgaiisthegee tdingnatippatadite dfstbstitth@ary ) detiasaesding 33 or the

stator engaging surfaces 91 of the clampin ring 87 as appropriate. \When |n position natural attraction
between the parts of {Aid! %PWW&@Q/@M@?&W 65%5@05 Eh@ﬁa%‘ge{)ﬁ%c%ﬁéthﬁ}?%‘ﬁéwath of the air
gap is maintained byttieilogaatiomard stéhaarerpiendifivdatisteaay againskontesedogaptOria of the
mounting blocks 55 and_ clamping spring 87 res&ectivel_y. To additionally locate the stator parts 5, 6 in a

vertical direction{thePSrAteR SheAdIR) Lnfaces o8 WAL otlRERIGOdIMCRISBAR Ok AIE 8% NStch 57 in its outer
edge which in a vertigahghr@tipport blocks 55 of the cylinder casting 33 or the stator engaging

surfaces 91 of the clamping spring 87 as appropriate. When in position
natural attraction between the parts of the motor will draw the stator parts 5, 6
towards one another. The width of the air gap is maintained by the location of

15  the perpendicular step 57 against outer edges 40, 72 of the mounting blocks
55 and clamping spring 87 respectively. To additionally locate the stator parts
5, 6 in a vertical direction (the stator engaging surface) of each mounting
block 55 includes a notch 57 in its outer edge which in a vertical direction
matches the dimension of the “E” shaped lamination stack.

20 This part of the motor is assembled in a series of operations. The
piston assembly is introduced to the cylinder casting 33. Firstly the piston
assembly including the piston rod 47 with its integral flanges 3, 36, the piston
sleeve 4 and the armature magnets 2 is assembled. The piston, formed by the
piston sleeve 4 and the leading flange 3, which forms the piston face, is

25 pushed into the bore 71 of the cylinder, being introduced through the cylinder
opening 7 lying between the legs 41 of the cylinder casting 33. The piston
connecting rod 47 therefore resides between the legs 41. The inner facing
surfaces 76 of the legs 41 include axial slots 28 extending from the rebates 75
along a centre line. Outwardly extending lugs 130 on the piston connecting

30 rod 47 reciprocate within these slots 28 in operation. The accuracy of



matches the dimension of the "E" shaped lamination stack. 20 This part of the motor is assembled in a
series of operations. The piston assembly is introduced to the cylinder casting 33. Firstly the piston
assembly including the piston rod 47 with its integral flanges 3, 36, the piston sleeve 4 and the armature
magnets 2 is assembled. The piston, formed by the pi§ten sleeve 4 and the leadifd\REhEE03, which forms
the piston face, is 25 pushed into the bore 71 of the cylinder, being introduced through the cylinder
opening 7 lying between the legs 41 of the cylinder casting 33. The piston connecting rod 47 therefore
resides between the dginbly TheuhridatacigenesalfaeékembssmerabliRocks ociexderarlanslins)2s extending

from the rebates 75 ﬁl@ﬂg%gls ﬂlliﬁ]&. Cgm%fwsgﬁg&@eg%%fgﬁgo QBX?(]?@ Oig{(ﬁpeﬁo&{?%cting 30 rod 47

reciprocate within these slot In operation. The accuracy of - 6 Ap assembly is such that in
general (in the abserttese$tkndbrsylirgaeeasiingaibile thetdudfsindodeill natreorethandhe surfaces of the

slots. However at thei'ﬁ \% !;blq(é?? %ﬁ@@?ﬂtqﬂ %"Wéﬁ%%ﬁ%% I%Q: I%§ itg?g @%@%8'0 l%%l li% &qﬁ\érowed and

shallowed portion 13 es a close tit'wit ugs necting rod 47. The piston
assembly is pushed tuongaticglnndel7bdie pistonikssemblgssiRGengate thdtbyitidesborarfdwed portions

131 and until the face e pistgn is in a predetermined position relative 19 the machipned cylinder head
recening face 133 b AJrE: TALERREGS AL Ao SRS e S0BAH MBuntng legs 41
and the 10 main sprfageld thdifistbioithe epeddtdrnerdagsinentrofatine ltwthd tnedoitbe  inwardly facing

rebates 75 and past the barbs or protrusions 78, The clamping, spring 87 js pushed in a direction away
from the cylinder casWTéF %r£ﬁad 68%%@9%%&%%&%9%@%@%@6@ until sufficient space is

available for introduction ofriitectiatpingaiisidy 60rtveaNdher shatatopatire egginp #idriaces 15 91 of the
clamping spring 87 and the mounting blocks 55 of the C\élinder casting 33. The stator parts 5, 6 are then

introduced into tReir PEARIERT R4 tis THEH RHBeI5HR 4 B EMERISSEN PR NG 4GS 82cHE%SB%or parts 5, 6

maintains a inwardly facing rebates 75 and past the barbs or protrusions 78. The clamping
spring 87 is pushed in a direction away from the cylinder casting 33 and
compresses against the mounting lugs 42 until sufficient space is available for
introduction of the stator parts 5, 6 between the stator part engaging surfaces
15 91 of the clamping spring 87 and the mounting blocks 55 of the cylinder
casting 33. The stator parts 5, 6 are then introduced into their position and the
clamping spring 87 is released. The width of the stator parts 5, 6 maintains a
predetermined compression in the clamping spring 87.
A connection is then made between the main spring 15 and the piston
20 rod 47. Itis to be noted that the piston is in a predetermined location which is
further toward the cylinder head than will be the case during operation of the
compressor. The connection is made by fusing the plastic of an over moulded
button 25 on the main spring 15 and the plastic of the rearward end 48 of the
piston connecting rod 47. The fusion is performed by hot plate welding. At
25 the time of hot plate welding the spring 15 is preferably extended to a
predetermined position or until the spring 15 is exerting a predetermined
force. The hot plate weld and fusion between the two plastic components
with the piston face in its predetermined position and the spring 15 at its
predetermined displacement provides accurate location of the piston relative

30 to the cylinder casting 33 once the spring 15 has been released to its neutral



predetermined compression in the clamping spring 87. A connection is then made between the main
spring 15 and the piston 20 rod 47. It is to be noted that the piston is in a predetermined location which is
further toward the cylinder head than will be the case during operation of the compressor. The
connection is made by fusing the plastic of an over mailded button 25 on the mamAIPHRYAS and the
plastic of the rearward end 48 of the piston connecting rod 47. The fusion is performed by hot plate
welding. At 25 the time of hot plate welding the spring 15 is preferably extended to a predetermined
position or until the sPPRHOIG iEixésfing)cassritrarsetivieal ponceccrné isdissidndhodrame theion between
the two plastic comp i i : Taly ' iti %ﬁ:ﬁg ring 15 at its
predetermined displgﬁm%#%%ggﬁg}F%%%I%%gtiﬁo%{% t@%?sﬁ%%%ﬁt?\ﬁg tot eﬁgy’ﬁ}der casting 33
once the spring 15 hiftclaesamialieabai to its neutral -17- 16 April 2005 position. This is the case
irrespective of any er(%ﬁ. ,%%i}i‘?_fei the form of the spring 15 or cumulative inaccuracies due to tolerances

in the components in e assembly chain. Cylinder Head 5 The open end of cylinder casting 33 is

enclosed by the 8ompressorhbeadri2shdltiecgtingeresasiing €3 ¢ lractbse é gl dse saimprepsar end of cylinder
71, and of the cooling | t chambers 32 syrrounding the cylinder 71. In overall form the cylinder head
27 comprises a stack BRIl pIAE LU0 BT e Bo2E R R At A R ol 104, 10
:l'he open ef)nd 011: cglia%&%tﬁing&ﬁg@b@smmgsmminwﬂam@et' hé@zl imter h&adnsiaelwaﬂg flan%e 133
as a number of threaded holes. 136 spaced around its perimejer into which secyrj olts are tightene
1 craw the stack of L 6YIBOED S0t oh BHASEARECK £ ARUNALAI1 L Gy RHRLPOR g 33 15
An annular rebate 13gits prdes nfutine fasalef the ffanpeot35. On opposed sides of the flange 135 the

rebate 133 includes outwardly extended . . . .
10 The open end of cylinder casting 33 includes a head securing flange

135. The head securing flange 135 has a number of threaded holes 136
spaced around its perimeter into which securing bolts are tightened to draw
the stack of plates 100 to 103 together and secure it to the face of the cylinder
moulding 33.

15 An annular rebate 133 is provided in the face of the flange 135. On
opposed sides of the flange 135 the rebate 133 includes outwardly extended
lobes 137, 138 which act as ports for the discharge tube 18 and the return tube
34 respectively.

Openings are provided between the three chambers in the cylinder

20  casting 33.

First head plate 100 fits over the open end of the cylinder moulding 33
within the annular rebate 133. It is relatively flexible and acts as gasket. It
encloses the cylinder jacket openings but has a major central opening and
does not cover the open end of cylinder 71. A compressed gases return port

25 110 extends through plate 100 adjacent to the lobe 138 associated with the
liquid refrigerant return pipe 34. The edge of this opening 110 closest to the
outer wall of the cooling jacket 29 is spaced slightly away from that wall at
least in the vicinity of the lobe 138. The effect of this is that, with gases
moving through the opening 110 into the cooling jacket chamber, a small area

30 of reduced pressure is created immediately behind the plate 100 and adjacent



lobes 137, 138 which act as ports for the discharge tube 18 and the return tube 34 respectively.
Openings are provided between the three chambers in the cylinder 20 casting 33. First head plate 100
fits over the open end of the cylinder moulding 33 within the annular rebate 133. It is relatively flexible
and acts as gasket. It encloses the cylinder jacket op&dings but has a major centfafopEAMG and does
not cover the open end of cylinder 71. A compressed gases return port 25 110 extends through plate 100
adjacent to the lobe 138 associated with the liquid refrigerant return pipe 34. The edge of this opening
110 closest to the odifierloke 136tk thedhbef§aksket 29 is spaced slightly away from that wall at least in the

vicinity of the lobe 138. TheA me?foté%ﬁiﬁgﬂgﬁ é\gygmtm\gﬂgmgwaﬁ B ﬁmﬂg 110 into the

cooling jacket chamber, a small area 30 of're pressure is Created imme y behind the plate 100
and adjacent -18- 16cksdl 20U® thechirgeld®aoidne rebate 135. A further opening 115 is provided through

plate 100 at a position clo éc%’nﬂ"ﬁe% ﬂﬁ %Piﬁ %8 REQ gt ¢4 te § élo%s ¥ rlth if'rst plate 100
§ émn pla%e\i ancs}ls 19id. Tt may emapje% %

. Second plate 101 is 5 of larger diameter rom steel, cast
iron, or sintered SteebfTag@iatiarhéknsharopbatexiidsane ibaigithd retaytbanithie fndrickigahteatioO sits. The

plate 101 resides against the.face of the flan ng .compresses the first plate 100 against the rebate.
e plate 101 s OpeaTCoo B0 achl LB b e SRS i T G Il ortion of the
bolts 10 pass throughtfiereplaieh0sstsnd he pthipld®l k6didesagainstér daveroptes sk geandischarge
opening 111 in registration wi

th opening 110, It also.includes a further gpenj 17 in registration with
opening 115 in firet SABPLEBEA BT SHUF AR TBL EhCRoeks G cHMEOD SBeR PSB! plate. 15
100. Through that pororicateieold nepsrandmiakedecssd 1 ardtieaded portion of the bolts
10  pass through freely.

The second head plate 101 incorporates a compressed gas discharge
opening 111 in registration with opening 110. It also includes a further
opening 117 in registration with opening 115 in first plate 100.

A portion of the plate 101 encloses the cylinder opening 116 of plate

15 100. Through that portion of plate 101 pass an intake port 113 and a
discharge port 114. A spring steel inlet valve 118 is secured to the cylinder
facing face of plate 101 such that a head portion of it covers the intake port
113. The base of the inlet valve 118 is clamped between the plate 100 and the
plate 101 and its position is secured by dowels 140. A spring steel discharge

20 valve 119 is attached to the face of plate 101 away from the cylinder. A head
portion of it covers the discharge opening 114. The base of valve 119 is
clamped between the second plate 101 and the third plate 102 and located by
dowels 141. The discharge valve 119 fits and operates within a discharge
manifold opening 112 of the third plate 102 and a discharge manifold 142

25 formed in the fourth plate 103. The inlet valve 118 sits (apart from its base)
within the cylinder compression space and operates in it.

The spring steel inlet and discharge valves 118,119 operate entirely
under the influence of prevailing pressures. With the piston withdrawing in
the cylinder 71 a lower pressure exists on the cylinder side of inlet valve 118

30 than on the inlet manifold side of it. Accordingly the inlet valve 118 opens to



discharge port 114. A spring steel inlet valve 118 is secured to the cylinder facing face of plate 101 such
that a head portion of it covers the intake port 113. The base of the inlet valve 118 is clamped between
the plate 100 and the plate 101 and its position is secured by dowels 140. A spring steel discharge 20
valve 119 is attached to the face of plate 101 away frdi®ithe cylinder. A head potfichoo #Qvers the
discharge opening 114. The base of valve 119 is clamped between the second plate 101 and the third
plate 102 and located by dowels 141. The discharge valve 119 fits and operates within a discharge
manifold opening 112lmhefihgerahte auerdhe conieasalee dhrmiierd WithaBergister in the fourth plate

103. The inlet val j ' ithi i : i tes i

. The spring stee! T e e B e B B R S M evaiing.
pressures. With the ﬁmmﬁrmwm@imMe_r@thﬁjéﬂéll/dwe_\&éB ;iﬁé@ilmteieeﬁlsits ishatlesecylinder side of

et valve 11 30 thap gndhs PG RN A Sl Se iR THE B o gase to 19- 16

April 2005 allow refrigeran € compression cham on advancing in the cylinder
71 a higher presSuretkisisisdedthesthondre stsiomspasidietitan in the inlet manifold and the inlet valve 118 is

maintained in its closed po, itiog i}é{@és%)reqssure d'lffer.ential. Tﬁlebinlet V, Ivte 11%? IS giass d towards 5 this
closed position by its own r IMEHCE "EiRnar ?/r%e\/&g%ﬁ%%é”\]/%l X rr'w%f?yatﬁa?ég P8 Y closed
position, in which it ifwaiictainschinirtizénpdevatirgreesisinge prdssines Withidppwishdfatlel gishen within the
cylinder 71. It is pushed into an. open pasitio higher pressure in the compressipn space than in the
chscharge manitold GG LB LR BT 0Rb et RHSE A AR A8 DOXHR MR NG blace 102 fis
within a circular rebaretdFdriihreqydingessdaeinpaactdd thahsatisthpigéariddoldewlate 102 is relatively
flexible and serves as a gasket and. is compressed between fourth plate 103 and second plate 101. The

third plate 102 iHucRAANGH Q8 BSEHRRNMBNIhiER Gy lipder 71.

The third head plate 102 fits within a circular rebate 143 in the cylinder
facing face 144 of fourth plate 103. The plate 102 is relatively flexible and
serves as a gasket and is compressed between fourth plate 103 and second
plate 101. The third plate 102 includes a large opening 112 which is in

15  registration with an extensive rebate 142 in the face 144 of fourth plate 103.
Together the opening 112 and the rebate 142 form the discharge manifold into
which compressed refrigerant flows from discharge port 114.

A further opening 121 through third plate 102 is in registration with a

rebate 145 in the face 144 of fourth plate 103. The opening 121 is also in

20  registration with the openings 117 and 115 of second plate 101 and first plate
100. A gas filter 120 receives compressed refrigerant from the rebate 145 and
delivers it to the gas bearing supply passage 73 through holes 146, 147 in the
first and second plates.

An intake opening 95 through third plate 102 is in registration with

25 intake port 113 in second plate 101. The opening 95 is also in registration
with an intake port 96 passing through fourth plate 103. A tapered or frusto-
conical intake 97 in the face 98 of fourth plate 103 leads to the intake port 96.
The intake port 96 is enclosed by the intake muffler 104. The intake muffler
104 comprises for example a one piece moulding having a substantial open

30 space in its side facing the cylinder casting. This space is enclosed by the



15 registration with an extensive rebate 142 in the face 144 of fourth plate 103. Together the opening 112
and the rebate 142 form the discharge manifold into which compressed refrigerant flows from discharge
port 114. A further opening 121 through third plate 102 is in registration with a rebate 145 in the face 144
of fourth plate 103. The opening 121 is also in 20 regigfration with the openings 167°&@fid 200§ of second
plate 101 and first plate 100. A gas filter 120 receives compressed refrigerant from the rebate 145 and

delivers it to the gas bearing supply passage 73 through holes 146, 147 in the first and second plates. An
intake opening 95 thifeugh Maie pRaavien isiscrsgretedidn ivithhesuetiarayditer 194macbad plate 101.

The opening 95 is alsqQ | i ' i | t i Hgﬁ I 3. A tapered
or frusto- conical intzﬁe@%ﬁ%ﬁ%ﬁ%&g %f %%ﬁ@gg{fgg @%ﬁ%%ﬁnta Eﬁé%#rbt%g% 8%}?1% intake port
96 is enclosed by thdonexdeenplafiyifitday Tiserioakinalifflef tho4ncdfresveidkifor ehamnglléndltne piece
moulding having a s t} 10 itSSi ' linder I ' ace is
enclosed by the 2oﬁ§%@@%ﬁ?‘f§§%ﬁ%ﬁégﬂ§@v etfﬁ%lﬁ%gglcliarl?ﬁ{e:%tggt T‘g ?&%%%gug%fgomufﬂer 104
may be connected tthtioe@idtdngéplatdiser00ftted ABebgbsrsecunimd eéneofipdlsitite theckansth foaexample by
fitting a surrounding ljp.of the muffler within a.channel in the, f of fourth plate 104 gor by bolting the
nea plates 1o the cyl&? LA B RS Boi e URLCO MU o o VILVED ) CEGEAG fre muffler (o the
fourth plate 103 as mxtenditng fstackhd becksetidntakeffremifoddiophisdes eppassade HBirextivnding from the
enclosed intake manifold ?Eace to ggen out in ﬁidireggo awa%s:from_ the cylinder mauldjng 33. This

'm

passage is the refrig@Y‘éﬁ* ?gkéhep é’é‘beé.rWH A8 e Ll SR AR ic housing an

internal 10 projectionpa8Ag. awvitiiake dohprbssexishidirng tipughdherhrtieliusiagsingntexiends into the
intake passage 93 with generous clearance. The Coolintg Jacket As already described, interconnected
cooling jacket cHimb¥Rjestiop 09 of an intake tube 12 extending through the hermetic housing

extends into the intake passage 93 with generous clearance.
The Cooling Jacket
As already described, interconnected cooling jacket chambers 32 are
provided around the compression cylinder 71. In compressing the refrigerant
15 gas the gas reaches a state having a significantly higher temperature than the
temperature at which it enters the compression space. This heats the cylinder
head 27 and the cylinder wall liner 10.
In the present invention a supply of liquid refrigerant is used to cool the
cylinder wall/liner, the cylinder head and the compressed refrigerant.
20 The liquid refrigerant is supplied from the outlet of a condenser in the
refrigeration system. It is supplied directly into the cooling jacket chambers
32 surrounding the cylinder. The discharged newly compressed refrigerant
passes into the chambers before leaving the compressor via discharge tube 18.
In the chamber 32 the liquid refrigerant vaporises absorbing large quantities
25  of heat from the compressed gas and from the surrounding walls of the
cylinder castings 33 and from the cylinder head 27.
The liquid refrigerant exiting the condenser is at a slightly lower
pressure than the refrigerant immediately after compression which is a barrier
to liquid flow to the discharge side of the pump. However it is preferred that a

30 passive arrangement is used for bringing the liquid refrigerant into the cooling



provided around the compression cylinder 71. In compressing the refrigerant 15 gas the gas reaches a
state having a significantly higher temperature than the temperature at which it enters the compression
space. This heats the cylinder head 27 and the cylinder wall liner 10. In the present invention a supply of
liquid refrigerant is used to cool the cylinder wall/liner2the cylinder head and the ofi5HeX¥¥&d refrigerant.
20 The liquid refrigerant is supplied from the outlet of a condenser in the refrigeration system. It is
supplied directly into the cooling jacket chambers 32 surrounding the cylinder. The discharged newly
compressed refrigerd@tkgiaskethepeeseatdnuentierstbistisradecunlishiee by sevesskaspaetueidharge tube 18.

In the chamber 32 ”(‘F lﬁ@HLfﬁf%fﬁigﬂﬁé‘gkﬁﬂfb‘?&ﬁ%? @ﬁgﬁ%ﬁ%@ﬁ%@%ﬂfﬁ@%ﬂ%?ﬂ ! fo the

compressed gas and from the surrounding walls of t r castings e cylinder head
27. The liquid refrigepaioyiggilinymediateldediney dhe clideitfydowbe haobakithdinerad ietdgerant

immediately after compressi ich-is a barrier. ip.liquid flo ' rge si t ump.
However it is preferr% tﬁﬁ g)[ %g& gg'shs-lll\ﬁg g?@rr#gifr%%%?? gggeég,for Eﬁﬁ%%%nﬁwg Fq%ﬂ(? ar%&r%%ﬁant into the
cooling -21- 16 April @&x0siljedkdt. donties gresethr dugbrttierfltvisas aropressiéshgas byisthejadlespects of the

construction of the cgmpressor. Firstly a small region qf.lowered pressureis provided immediately
adiacent the outlet rNOHE RQUIATRRTAFOTRe B TNEs L H3e L5t RS 200 4 5 FPBF vEeidion of lower
pressure has alreadyltightSrdesarihedpihgeffes akzatddbsotighdbpftaatinhromipessedegas into the
jacket through compress ad plate 100. The second ectis a slight inertial

d ing 110 i
pumping effect creatQHLB th @fﬁggﬁ&m&mgﬁgﬁ%ﬂfﬁ 'W&HW@EI’@ PR et |'1spipe 34 in the direction

of its length. This recipipessiivnsiad esulitof eperation of iheconiprigssoinanbthssasiaagiated 10
reciprocating movement of the entire cylinder part the vibration of the cylinder creates a fluctuating

acceleration of & axigAPLARHEE [BAYEA RO LN RN G RYE R HRAL HRSIIELIQM AL thting pressure at the

end of the liquid  cylinder creates a fluctuating acceleration of an axially aligned length 148 of
return pipe 34 that produces a fluctuating pressure at the end of the liquid
return pipe 34 where it meets inlet 33. Because the liquid evaporates
immediately as it enters the cooling jacket during the high pressure

15  fluctuation, any reverse flow during the low pressure fluctuation is a flow of
gas. As the gas has a very low density compared to liquid very little mass
flow returns through the small notch joining liquid return line 34 to the
cooling jacket. Consequently there is a net flow of refrigerant into the cooling
jacket.

20 A third aspect is that in its intended purpose in a domestic refrigerator
or fridge/freezer the compressor may be located below the condenser. It has
been found that where liquid refrigerant from the condenser is not entering the
cooling jacket at a sufficient rate a head of liquid refrigerant builds up in the
line extending to the compressor which tends to bring the pressure of the

25 liquid refrigerant closer to the pressure of the compressed refrigerant. This
effect has been found to provide a measure of self compensation at times
when the relative pressures in the system might otherwise dictate against
liquid refrigerant being brought into the cooling jacket space.

The Refrigerant

30 Another manner for reducing the heat build up by the compressor



return pipe 34 where it meets inlet 33. Because the liquid evaporates immediately as it enters the cooling
jacket during the high pressure 15 fluctuation, any reverse flow during the low pressure fluctuation is a
flow of gas. As the gas has a very low density compared to liquid very little mass flow returns through
the small notch joining liquid return line 34 to the coolBAg jacket. Consequently tHEARsI2AR flow of
refrigerant into the cooling jacket. 20 A third aspect is that in its intended purpose in a domestic

refrigerator or fridge/freezer the compressor may be located below the condenser. It has been found that
where liquid refrigerdflaiestotke cofitaanael i rs ket foi ehdatosinggl sabkanst (Re0PRGiane rate a head of

iquid refrigerant bl 10, U EANBLLO e LATPGRSRAEIARIS Lo g pressure o

the 25 liquid refrigerant closer to the pressur e compre rigerant. This effect has been found
to provide a measurebbthel tdhigasartstion at times when the relative pressures in the system might

otherwise dictate against liguidrefri oy r L ing j e. The Refrigerant

30 Another manner for redt%:%iﬁr‘%f Qﬁéﬁ@%lﬁﬁpﬁ%ﬁvggﬁéﬂe%%&g@E’?%%E%r%ﬁ 9%05 relates to the

refrigerant. It ha$ beenrfeemobtizhicasipeessobisttreca(RaODaY aslamehigeesiheipistdimaal Eopnpressor leads

to synergistic advantages aver the use of other refrigerants. One fundamental difference between a
R e s Al S R R R B

linear compressor an conven resso e piston at "Top

Dead Centre". In a coonginéissoalgeompiigssiar shiallflactiensfixexdisptheercempressegeggeiotoetry at a small
fraction of the displagement. In afree;;ﬁlstgn linear,compressor this, "dead" volume v ér(‘l’i%\;w?h the power
; igni

input and with the di EE%QQWE%SS?BF Rt e,r\é%u éféeﬁﬁ\é{'g%% VoMYA R, cant 10
fraction of the operatifigcHisgianessant, Avenoasrhigp@ectSihe Toaldedchvoliampeaetsigsificads spring,

absorbing and rl%easlj%%t?onneég){he operating displacement, even as high as 25%.

The dead volume acts as a gas spring, absorbing and releasing energy
during compression and re-expansion. However it is an imperfect spring due
to the irreversible heat exchange with the cylinder walls. This heat exchange
Is approximately proportional to the temperature rise of the refrigerant during

15 compression (or the temperature fall during expansion). This temperature rise
depends on the specific heat ratio of the gas. For the commonly used
refrigerant R134a this ratio is 1.127. It is similar for other commonly used
refrigerants, for example CFC 12. However for isobutane (R600a) the
specific heat ratio is 1.108. The table below gives the adiabatic temperature

20  of the gas compressed to the saturation pressure matching the condensing
temperature for a refrigerator (O C evaporator temperature) and a freezer or
fridge/freezer (-18C evaporator temperature). They both have 32 C
superheated gas entering the compressor and a condenser temperature of 42 C
(these are typical values).

25



during compression and re-expansion. However it is an imperfect spring due to the irreversible heat
exchange with the cylinder walls. This heat exchange is approximately proportional to the temperature
rise of the refrigerant during 15 compression (or the temperature fall during expansion). This temperature
rise depends on the specific heat ratio of the gas. FeR#he commonly used refrigkrd¥t'R2%fa this ratio is
1.127. It is similar for other commonly used refrigerants, for example CFC 12. However for isobutane
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AS/NZS 4474.1-1997. The test was first run using refrigerant 10 R134a. The test was subsequently run
on two occasions using refHgRIAfik characteristics of isobutane and of other refrigerants having a

low specific heat ratio are found to be particularly matched with the physical

characteristics of the linear compressor. This improvement has been verified

by experiment.

A series of tests were conducted on a 450 litre refrigerator. It had a

mass flow meter on the suction line just prior to the compressor. The

refrigerator was tested in an environmental chamber in accordance with the

standard AS/NZS 4474.1-1997. The test was first run using refrigerant

10
R600a (isobutane). The test

results were as follows:

R134a. The test was subsequently run on two occasions using refrigerant

R134a R600a (Test 1) R600a (Test2)

Tconbensor 34.3 33.3 33.5
TevaPorATOR -3.5 -6.1 -4.5

Input Power 22.3 18.1 17.8
Refrigeration Power 75.25 75.01 75.07
Displacement 7.96 8.7 8.48
Coefficient of 3.38 4.14 4.93
Performance

The test results show that the coefficient of performance of the linear



R600a (isobutane). The test results were as follows: R134aR600a (Test 1)R600a (Test2)
TCONDENSOR34.333.333.5 TEVAPORATOR-3.5-6.1-4.5 Input Power22.318.117.8 Refrigeration
Power75.2575.0175.07 Displacement7.968.78.48 Coefficient of 3.384.144.23 Performance The test
results show that the coefficient of performance of the2dnear -24- 16 April 2005 céfnPpEs28P?unning on
isobutane was significantly improved compared to when running on R134a. The Spring System The
cylinder 9 is supported by the discharge tube 18 and by the liquid 5 refrigerant injection tube 34 which
have a combined stif6QBYyEReYiAWYNG QRdSRhUEINg \wasistg ik sihy pORropeHh §@IaER\ery low stiffness
in an axial direction m@mﬂﬁﬂ i&l]eFa@(ét. The piston sleeve 4 is supported radially by the gas bearings
formed by the cavities and passages in the boundaries of the cylinder bore and the cylinder liner 10. To
get resonant oscillatidh@Shany0Syitm and cylinder the main spring has a stiffness, km i such that the
resonant frequency, f, canbe esiim from gb relati h i meyl| f r .rfpe sprung
masses on the piston and c@ﬁ%&ﬂmgéﬁgdésﬂ? r?é?ﬁt%&%ﬂeeq\%%ﬁi%&iﬂdgggF)/ﬁ¥${1 oﬁ%?ﬁél ess than the
desired 15 runnifig fresfrigeieytongdchoridubiecSiharsiabdavdreqomboyedistitiness, kagreasmithestiffness
resulting from the compressed gas..As already discus above, the ressor matgr comprises a two
bt stator 8,6 anc ARG h A RCELPEI B e VI AUE SR WE'SERBY 5. 6 and armature
22 generates reciprogatiogoioene bastheghistosffect. The piston sleeve 4 is supported radially by

the gas bearings formed by the cavities and passages in the boundaries of the

cylinder bore and the cylinder liner 10. To get resonant oscillation of the

10  piston and cylinder the main spring has a stiffness, Kmain, Such that the

resonant frequency, f,, can be estimated from the relation,

2.“ main m

f - 1 J k mpmm +mtﬂi‘mﬁr
e
jlll'tnﬂ‘mryﬂnd’lr

Where Myision, Meylinger, are the sprung masses on the piston and cylinder
springs, the natural frequency f,, is usually 10 to 20 Hz less than the desired

15  running frequency to allow for the increase in frequency due to the increase in
stiffness resulting from the compressed gas.

As already discussed above, the compressor motor comprises a two
part stator 5,6 and the magnets on armature 22. The magnetic interaction of
the stator 5, 6 and armature 22 generates reciprocating force on the piston.

20 An alternating current in the stator coils, not necessarily sinusoidal,
will give rise to substantial movement of the piston relative to the cylinder
assembly casting 33 provided the alternating frequency is close to the natural
resonant frequency of the mechanical system. This oscillating force creates a
reaction force on the stator parts. Thus the stator parts 5,6 are rigidly attached

25 to the cylinder assembly by the clamp spring 87.

In the present invention it is proposed that the main spring 15 has a
stiffness much greater than the stiffness of the effective cylinder spring. The

main spring raises the “second” mode frequency above the “third” so that the



20 An alternating current in the stator coils, not necessarily sinusoidal, will give rise to substantial
movement of the piston relative to the cylinder assembly casting 33 provided the alternating frequency is
close to the natural resonant frequency of the mechanical system. This oscillating force creates a
reaction force on the stator parts. Thus the stator partd5%;6 are rigidly attached 23Gd\H8 2)@nder
assembly by the clamp spring 87. In the present invention it is proposed that the main spring 15 has a
stiffness much greater than the stiffness of the effective cylinder spring. The main spring raises the
"second" mode frequedis\sRithagethen anlyaseparaies the nwslal Begpenciesfurges.spring” then only separates
the modal frequencies furt : ' Y, gé% y é@ ency) is
determined by a complicate ?é%gﬁjc% 0 thlmggl%ﬁ iston asn cmgragrﬁ yﬁ iéfjiffness of the
cylinder spring, and sie{ispracgy s cuisw hvatadl tiedat afi saegaasecskpisids aighcihimdgifansss of the
compressed gas m“%ﬁﬁeﬁﬂf@g@g‘#@%ﬁ&'ﬂ%%@%‘Bﬂd %%Yﬁes\ﬁfné"%.t%ﬁs@’m%ﬁrtﬁgnng quite soft
(for example with a stiffness 1/10 of the nrain spring) tre running freqdency is tfound reasonably
accurately by: 16 Extdischhrgbnatissuckis togiothe esftriber ah e frompiteeshangismarstab eladdad
piston/cylinder move t.can,be almost elimjnated b re%u ing.the , oscillating mas d by ensuring that
the cylinder springs APSTEIIET SE R b L S el P WIS o 2 i
by having no specifiexaytipitewihrargitfnass 819 osithg theimndieieg) siefinesin@feglignty &round 1000 N/m)
of the discharge tube 18 ;}(r){r where a coolin }u e is used the stiffness of both discharge and cooling tube
are combined, ie: 208&% je.a%ggp a(?&H{B?feg 'to resonate at roughly 75Hz, a piston mass of around
100g and a ten to one cylinder to piston mass raticp ; t i ds to be about
40000N/m. Typically the value of theﬁas sgr_ilb_wi [,20 b% ower n.tﬁfa!,pﬁ,m? main spring but not
substantially lower. In the above ca unip rgﬁum yht be expecte to be 99Hz where the gas

piston™"" eylinder

10 External vibration due to sources other than from the fundamental due
to piston/cylinder movement can be almost eliminated by reducing the
oscillating mass and by ensuring that the cylinder springs are relatively soft.
The stiffness of the cylinder spring can be reduced to a minimum by having
no specific cylinder spring at all, and using the inherent stiffness (usually

15 around 1000 N/m) of the discharge tube 18 (or where a cooling tube is used
the stiffness of both discharge and cooling tube are combined, ie: 2000N/m).

For the compressor to resonate at roughly 75Hz, a piston mass of
around 100g and a ten to one cylinder to piston mass ratio, the main spring
(Kmain) Needs to be about 40000N/m. Typically the value of the gas spring will

20  be lower than that of the main spring but not substantially lower. In the above
case the running frequency might be expected to be 99Hz where the gas
spring (Kqas) works out at approximately 15000N/m.

The Main Spring
Higher running frequencies reduce motor size but require more spring

25  stiffness, and consequently higher stresses in the springs. Thus it is important
for compressor longevity that the highest quality spring material be used. In
the past, main springs made from pressed spring steel sheet are often used.

However, the edges cut in the pressing operation require careful polishing to



spring (kgas) works out at approximately 15000N/m. The Main Spring Higher running frequencies reduce
motor size but require more spring 25 stiffness, and consequently higher stresses in the springs. Thus it
is important for compressor longevity that the highest quality spring material be used. In the past, main
springs made from pressed spring steel sheet are oftél6 used. However, the edgt&AptiiRdbe pressing
operation require careful polishing to -26- 16 April 2005 regain the original fatigue strength of the spring
steel sheet. In the preferred embodiment of the present invention the main spring is formed from circular
section music wire wiigaimiRe HKigiHyahitghi gu gtrensthepigite\siFingosteebshist subsequent polishing. 5 The

preferred embodiment for th tmeagt [ h’;\ﬁ&e form of a

continuous loop twisted mthﬁ do ﬁ?Q(LquéﬁHB Ilg{;tr!%:foﬁé ?ﬁ%gﬁrgﬁ\éet-{@i%g 5 nt???ree ends

fixed within a mountfiognietr 4emvittidulgs se2tion nmamwgetcwdam bt veoynipigisfiigerts. As 10 will be

seen from Figure 3 LI unt to the cylinder part 1, and in particular
%P%Fgfggs ﬁh%ﬁ%&& %P&B%gi %n”ﬁgl e cy .

mount into the slots in't hé “spring mounting point 62 for mounting to the
other compressér part as Wi hdqazra‘pmideemhoﬁlglem B)aﬁdailrtmm ﬂmie@ﬁﬁmmmﬁi@u‘rekﬂthe preferred

form this connection is éeéh%})lst% rz% ouId Iast C bufv\(/mtﬁ] The rng 15 includes a
pair of curved sectioRS g ﬁ%l I?/ 06Ws9 ok*s SRPa Pe"Wh hog gass around the
cylinder mounting balneE>ach of these curved sections extends over a length of approximately 360. Each

ti fits ends. At th b t 65, 66 th h that
the longihs 20 67, 68l BFURIRTSY o M BUPHBE PG bar S5 IS0 Ay B L Chrper arve 65, 66

is selected to maintam@ﬁubgmtmlwﬁhqn@t@ﬁ)dmtgmutmoadm@g)thﬁetwm@@o?beml|gp1§nent of the
cylinder mountirll(c); en\i‘\/lSIIGbe s6e8en from Figure 3 and the earlier description these lugs 42 mount to
the cylinder part 1, and in particular mount into the slots in the legs 41. The
spring 15 has a further mounting point 62 for mounting to the other
compressor part as will be apparent in Figure 3 and from the earlier
description. In the preferred form this connection is to the piston rod 47 via a
15 moulded plastic button 25. The spring 15 includes a pair of curved sections
63, 64 of substantially constant radius of curvature which each pass around
the cylinder mounting bar. Each of these curved sections extends over a
length of approximately 360°. Each section curves smoothly at both of its
ends. At the mounting bar transitions 65, 66 they curve such that the lengths
20 67, 68 of them at the cylinder mounting bar are radially aligned. This sharper
curve 65, 66 is selected to maintain a substantially even stress distribution
along the transition. The alignment of the cylinder mounting ends 67, 68
aligns then with the cylinder mounting bar. The constant curvature sections
63, 64 of the spring 15 may be rendered of any length. In the example
25  depicted they are each of approximately 360° in length.

In the manner depicted in Figures 1 and 2 the mounting bar 43 of
spring 15 is on the further side thereof. The central mounting point 62 is on
the closer side thereof. The constant curved sections 63, 64 each curve
smoothly at their lower ends to be radially aligned and continuous with one

30 another across a diameter of the general circle of the spring at the mounting



aligns then with the cylinder mounting bar. The constant curvature sections 63, 64 of the spring 15 may
be rendered of any length. In the example 25 depicted they are each of approximately 360 in length. In
the manner depicted in Figures 1 and 2 the mounting bar 43 of spring 15 is on the further side thereof.
The central mounting point 62 is on the closer side th&feof. The constant curvedl§ctlidh¥I83, 64 each
curve smoothly at their lower ends to be radially aligned and continuous with one 30 another across a
diameter of the general circle of the spring at the mounting -27- 16 April 2005 point 62. The alignment of
this diameter is subsRaifiafly. pEhscatigisinentioftius dirjnetriris ot Bstaeiiltyarrsediamerdgithéer part

mounting bar 43. Th @ s ' rye A iR I1 i n displacement of the
piston mounting poin(?tl reﬁ%@?&%ﬁ%@n%dﬁ?%t%aeraa@! Beéngﬁgﬁlﬁaéigri%%é the torsion stress along
each of the sections 63, 64 e cisstaniustiing aliyves (st . athplagedalnciossibs tytiadly radial direction at

the cylinder mountin [ 7 IS i ' e ion stresses
where the ends of thé&]i ggﬁééﬂagrrﬁ |ﬁg§e%?t%ﬁ{tﬁ§umﬁs%ﬁ§@r%&%@&ﬁe@iﬁﬁiﬂi%ﬁﬁg point 62
and improves méuntiBgihQ odnkarsmadod heatdrstbrttrasglaldeg parh afdhiheepision GiaG4 dpplication of the

Linear Compressor The linear ¢ ressor accarding to the preferred, embodiment .of the  present
invention is prmary TRBAUFIS RGBT o G ELL O S B L P B Yo e B ole = freezer
a refrigerator or a 150@irderatoufidey s¢atimmbb a3 anthet thenpipessooomingipeatlyse@daeescompressors
of other types such as a rotary crank compressors. The linear .compressor receives evaporated
refrigerant at low pre%%@ﬁ%?ﬁé&ﬁséﬁéwﬁf @8 ?L'idar?% ﬁ@l@%ﬁ%ﬁg@% ‘@Héﬁ?ant at high pressure
through the dischargadittingbainabenetigrsasionsyissanitiepdiseaargedsinprddesmddrihgenerally be
connected to a condenser. The suction tube 12 is connected to receive evaporated refrigerant from one

or more evapor%@ors ofthe Y 15 to both the cylinder part and the piston part.
Application of the Linear Compressor

The linear compressor according to the preferred embodiment of the
present invention is primarily intended for adoption in a domestic type
refrigeration system, for example a freezer, a refrigerator or a

15  refrigerator/freezer combination. The compressor may directly replace
compressors of other types such as a rotary crank compressors. The linear
compressor receives evaporated refrigerant at low pressure through suction
tube 12 and expels compressed refrigerant at high pressure through the
discharge stub 13. In the refrigeration system the discharge stub 13 would

20  generally be connected to a condenser. The suction tube 12 is connected to
receive evaporated refrigerant from one or more evaporators. The liquid
refrigerant delivery stub 14 receives condensed refrigerant from the condenser
(or from an accumulator or the refrigerant line after the condenser) for use in
cooling the compressor as has already been described. A process tube 16

25 extending through the hermetic casing is also included for use in evacuating
the refrigeration system and charging with the chosen refrigerant.

The make up of a refrigeration system incorporating the present
compressor does not form a part of the present invention. Many useful
refrigeration system configurations are known and many more are possible.

30 The compressor according to the present invention may be useful in any such



refrigerant delivery stub 14 receives condensed refrigerant from the condenser (or from an accumulator
or the refrigerant line after the condenser) for use in cooling the compressor as has already been
described. A process tube 16 25 extending through the hermetic casing is also included for use in
evacuating the refrigeration system and charging wit28he chosen refrigerant. Thb maRE2G8%f a
refrigeration system incorporating the present compressor does not form a part of the present invention.
Many useful refrigeration system configurations are known and many more are possible. 30 The
compressor accordirfy$teh® present invention may be useful in any such -28- 16 April 2005 systems.

The usefulness of the COMBFRSSAL ﬁ?g)brsquhtg égﬁfgré%%%g%%@m%tg‘ESQﬁé&resent invention is not

restricted to refrigeration systems for domestic re may also be used in
refrigeration 5 systeamstfodinieopidiie peasent mvghtiarss betussidicisctgaisfugaipiiesstystemaon refrigerant

applications in whichygpye e R Sra01 CNe Bt RRURIAY R SrTaNAgL Ggraion and

control of the linear compressor is e y appropriate energisa e stato S 5, 6. A power
supply connectob 17 s§ftémpifoviaie ddhditigiethe lhergktial sabmgsed afdahic@anwpsiogfa®. Appropriate
control systems for ener iiation of the W%din ) dohncg form Hart ofqthef rese t(ijnventio and many

L ek G Kbt o

alternative drive systgﬂ% P I%%%I'IS '9 90%'%/ e el neo%ubn '&?ﬁ%ﬁ &."X%r% f

ropriate drive
system is further desouliag magureaermewsting International patent application 15 PCT/NZOO/00105.

Advantages Many advantages of. the Iiaear cog’u(ﬁr%ssor accordiré%éo the gﬁeferr d embodiment of the
present invention have bee RAHRLY rﬁqatm 6%‘”88%?&% 8rri|!ﬁi e turther advantages

that have not alreadype@ipridte @utigedtinglwfiehe stator parts 5, 6. A power supply connector 17
10 is provided through the hermetic casing 30, fitted to an opeing 19.

Appropriate control systems for energisation of the windings do not form part

of the present invention and many alternative drive systems for brushless DC

motors are well known and applicable. An appropriate drive system is further
described in our co-pending International patent application
15 PCT/NZ00/00105.

Advantages
Many advantages of the linear compressor according to the preferred

embodiment of the present invention have been outlined during the above

detailed description. Some further advantages that have not already been
20  outlined include:

(@  The resilient flexible connections of the piston connecting rod to the
piston, and through the main spring to the mounting legs 41 of the
cylinder casting 33, with the light weight of the piston and appropriate
choice of materials for the piston sleeve and cylinder liner, together

25 eliminate the need for an added lubricant in the compressor.
Accordingly the detrimental presence of oil lubricant in the refrigerant
throughout the refrigeration system, or the need for an accumulator or
separator for the oil lubricant, is eliminated.

(b)  The light weight piston and connecting rod assembly reduces the

30 magnitude of the oscillating momentum of the two main compressor



(a) The resilient flexible connections of the piston connecting rod to the piston, and through the main
spring to the mounting legs 41 of the cylinder casting 33, with the light weight of the piston and
appropriate choice of materials for the piston sleeve and cylinder liner, together 25 eliminate the need for
an added lubricant in the compressor. Accordingly th@%detrimental presence of olblAfi¢3a0 the
refrigerant throughout the refrigeration system, or the need for an accumulator or separator for the olil
lubricant, is eliminated. (b) The light weight piston and connecting rod assembly reduces the 30
magnitude of the oscillatingsHisitheeuriiio cansamy entiedariipndssgpragon Baapmitterb® dhtictures with a
consequent reduction in V'Q{QW'R%}H 0 itted to the hermetic casing. (c) The main spring is formed from
a material having a high fatigue iI!e and Which does not require additional polishing operations after 5
forming and the mair{(®pring s apénaandiog nsifenradd drormintivésy iah haviizg asagle faigiregifeeight and spring
size for the required spring aﬁH%vrlﬂgﬁ' éggﬂgf%%&ng ggmﬁ%rzﬁ H&%Hﬁ‘\? @b}gﬁdﬁlﬁq{’é onnecting rod with
the piston connecting rod operating directly in the stator air gap provides a laterally compact linear
motor with accurate and effiectiviagadiga the maihthieriogestaperaod tw fgwatioe nétwesesthe two parts of the
stator. (e) The compliant joint§ beiween the piston ang th@ %ston conf?t‘ ing rod agpd from the connecting
8 ¢a

rod to the cylinder part enste tha H’?@g&s?grr?nglggl N SISRRE bseec?%?‘gg drE Wikhin the cylinder

bore due to 15 incorrect, nsineagtal, orientation. (f) Use of isobutane refrigerant in a linear compressor has

et rarios (9 Liuid DehEIHD S AUNAD 4 B0 BUA RS CoRERH ToMaadl he 01" SPEcte

piston connecting rod operating directly in the stator air gap provides a
10 laterally compact linear motor with accurate and effective alignment of
the operation of the armature between the two parts of the stator.

(e)  The compliant joints between the piston and the piston connecting rod
and from the connecting rod to the cylinder part ensure that the piston
sleeve does not exert localised pressure within the cylinder bore due to

15 incorrect, non axial, orientation.

()] Use of isobutane refrigerant in a linear compressor has been found to
provide synergistic advantages compared to the use of refrigerants
having higher specific heat ratios.

(9)  Liquid delivery into a cooling jacket surrounding the cylinder provides

20 evaporative cooling to the cylinder and cylinder head assembly and to
the combined compressed gases stream leaving the compressor.
Discharge into the high pressure gases in the jacket is accomplished
without requiring active pumping devices.

()  The overall compressor configuration is well suited to use in domestic

25 appliances. The dimensions of the machinery space for a refrigerator
or freezer may be reduced due to the low overall height of the hermetic
casing. For interior space considerations the machinery compartment
generally extends fully across the width of the appliance irrespective of
the components which it is required to accommodate. However its

30 height and depth are generally determined by the maximum height and



20 evaporative cooling to the cylinder and cylinder head assembly and to the combined compressed
gases stream leaving the compressor. Discharge into the high pressure gases in the jacket is
accomplished without requiring active pumping devices. (h) The overall compressor configuration is well
suited to use in domestic 25 appliances. The dimensiéhs of the machinery spacd&dviyédi§erator or
freezer may be reduced due to the low overall height of the hermetic casing. For interior space
considerations the machinery compartment generally extends fully across the width of the appliance
irrespective of the componéenthvefiohemenisdaifidhe eapprasheddiee uweeédetef3Dambngat and depth are
generally determined by th ' i - i ' fit the
compressor. The low profilg %Mg@%@r@gﬁeﬂsﬁ% %ﬂggﬁgFﬂb%&)giﬂ%pgﬁggl%%%%rgfﬁé%contributed to
by the components of the compegassts tfditgycamyressdreheling errangatientharend eaikendeanrio
configuration. 5 (I) The mai | of the compressor are subject to resilient preloading
of a degree determined by a‘l@e&é%%ogrtnﬁquiéﬂﬁ% rgﬁéﬁ’shape of the parts. The potential for parts to become
loose and subséquefi)ly knblok nmaittlepsimfgidndrowdbr ppesadictheo ahep ressop s jabtiéoto imperfect
assembly, due to normal manlifacﬁurir}%%gleragce%é or 10 qéje to tgepeftfects of nllotor.o er%tion, is reduced
or eliminated. 0) Fusion of tha '6% SIS IOYRE .ﬂrg%.ﬁi'ﬁ iR Ho ¥)I e {ri0f ra/ S'r%)c%g in the manner
described accurately positighsphefptsi@artac®hwigbteatinbfirtpdhe todigirathedsidkzrantithe main spring.
Accordingly the compressor can be ﬂgtlirated to Iﬂgve (k%'\/lvi/é linder head cleairﬁ:%ces with 15 confidence

that the piston will not striké'm%e%ﬁﬂ Hgﬁlﬁ LAtG0 HHB LIS fQTBFﬁ&?ﬂrQo%
CLAIMS: due to imperfect assembly, due to normal manufacturing tolerances, or
10 due to the effects of motor operation, is reduced or eliminated.

()] Fusion of the piston rod to the main spring in a hot plate welding
process in the manner described accurately positions the piston face
with respect to the neutral position of the main spring. Accordingly the
compressor can be operated to have low cylinder head clearances with

15 confidence that the piston will not strike the cylinder head at the

forward end of its travel.



1. A linear compressor comprising: a cylinder part including a cylinder bore, 5 a piston disposed in said
bore and slidable therein, a main spring connecting directly or indirectly said cylinder part to said piston, a
connecting rod between said main spring and said piston and connecting said main spring to said piston,
10 a stator having an air gap, said connecting rod passing through said air gap, ¥ha»HeHmore
substantially flat blocks of permanent magnet material supported on said connecting rod with the large
faces of said blocks facing the stator, said permanent magnet material magnetised to define at least one
15 armature pole. 2. BliAdbdTompressor as claimed in claim 1 wherein said stator has two winding
carrying stator parts which are located on opposite sides of said air gap, said parts being separately
located against the said cylinder part. 20 3. A linear compressor as claimed in claim 2 wherein a
connecting bridge cdnnecté bwaeenntipeeesaicofmpaisisgator parts that are away from said cylinder part
and sa_ud main spring co_nn%cé%ﬁ% dseal'"g a%m?:?&&lm%]gr S/ﬂﬁdgﬁb%réa‘ linear compressor as claimed clal_m 2
wherein a connecting bridgé "connects between the €nds of said stator parts that are away from said
cylinder part and a pair of squsionglisEosdbns saitbnoléraml shdaoglithdeipart to connect between said
connecting bridge and said cylinder part above and below said air and aiéi connecting bridge
presses said stator parts addAM SRS Re HAEcHs SF A ih s SRR PR o as
claimed in claim 4 wipig®in, each of said stator parts bear against a side of each of said securing
members, such that above and below said air gap separation of saiddstatgr parts is maintained by the
a connecting rod between said main spring and said piston and
connecting said main spring to said piston,
10 a stator having an air gap, said connecting rod passing through said air
gap, and
one or more substantially flat blocks of permanent magnet material
supported on said connecting rod with the large faces of said blocks facing the
stator, said permanent magnet material magnetised to define at least one

15 armature pole.

2. A linear compressor as claimed in claim 1 wherein said stator has two
winding carrying stator parts which are located on opposite sides of said air

gap, said parts being separately located against the said cylinder part.

20
3. A linear compressor as claimed in claim 2 wherein a connecting bridge
connects between the ends of said stator parts that are away from said cylinder
part and said main spring connects to said connecting bridge.

25 4. A linear compressor as claimed claim 2 wherein a connecting bridge

connects between the ends of said stator parts that are away from said cylinder
part and a pair of securing members extend from said cylinder part to connect
between said connecting bridge and said cylinder part above and below said
air gap, and said connecting bridge presses said stator parts against said

30 cylinder part.



width of said securing members. 5 6. A linear compressor as claimed in any one of claims 1 to 5
suspended in a hermetic casing with an enclosed discharge gases pathway from a compression space,
defined by said cylinder bore and said piston, to an exit through said casing. 10 7. A linear compressor
as claimed in claim 6 wherein said discharge gases {#hway includes a dischardé® td 8&8&nding
between said cylinder part and said casing. 15 8. A linear compressor as claimed in either claim 6 or
claim 7 wherein suction gases enter said hermetic casing from a suction tube, and suction gases are
drawn into said lineabcompfekiBerr sormpressnoasspataeridmolayhyeerainesghabiaid sBtor A linear

compressor comprisigk RIEEn BRI DR SYANASE R ARIRIANSRASRA AR bore and

slidable therein, a main spring connecting directly or indirectly s inder part to said piston, 25 a
connecting rod betw@sd keliovvrsaid sjsriyagy seehesidpidterichstateopadeimgaaidinedihsgring to said piston,
a stator having an aimaﬁ, &ﬂg-g%@gﬁﬁﬂggng%@%ssing through said air gap, and at least one armature
pole located along said connechng rod, 30 wherein said connecting rod is supported only by said piston at
one end -33- 16 RApril 2005 and by said main spring away from said one end. 10. A linear compressor as
parts Whi§hsare Io§a ed on

ai

glaime_d in_claim 9 wl _er_ein iallld estzratcorrrpasstvg(r)_ Wicrrc}inggpa%niﬁtatgl | | A

pposite sides of said‘air 5 gaﬂ], &P paﬂrt% %equa 38621 NS a% IN&t %h(g %Seyﬂ r part.
in a hermetic casing with an enclosed discharge gases pathway from a
compression space, defined by said cylinder bore and said piston, to an exit
through said casing.

10
7. A linear compressor as claimed in claim 6 wherein said discharge gases
pathway includes a discharge tube extending between said cylinder part and
said casing.

15 8. A linear compressor as claimed in either claim 6 or claim 7 wherein
suction gases enter said hermetic casing from a suction tube, and suction gases
are drawn into said linear compressor compression space from the gases in
said casing.

20 9. A linear compressor comprising:

a cylinder part including a cylinder bore,

a piston disposed in said bore and slidable therein,

a main spring connecting directly or indirectly said cylinder part to said
piston,

25 a connecting rod between said main spring and said piston and

connecting said main spring to said piston,

a stator having an air gap, said connecting rod passing through said air
gap, and

at least one armature pole located along said connecting rod,

30 wherein said connecting rod is supported only by said piston at one end



11. A linear compressor as claimed in claim 10 wherein a connecting bridge connects between the ends
of said stator parts that are away from said cylinder part and said main spring connects to said
connecting bridge. 10 12. A linear compressor as claimed in claim 10 wherein a connecting bridge
connects between the ends of said stator parts that a@8away from said cylinder BaAAriRd@®pair of
securing members extend from said cylinder part to connect between said connecting bridge and said
cylinder part above and 15 below said air gap, and said connecting bridge presses said stator parts
against said cylinde@p@Ry B3idanaieapgompreystipaissaidianeEtlclaim 12 wherein each of said stator
parts bear against a side of each of said securing members, such that above 20 and below said air gap
separation of said stator parts is maintained by the width of said securing members. 14. A linear
compressor as claiméd in afvyioers odilpiassod a6 dl3igeshiereiain B wieeenstsl siaioghadtivan enclosed

discharge gases pattyjay, 100 oM R ARASE. IENed dY o e o g sad piston. o

I

an exit through said casin ear compressor as claime 4 wherein said discharge
gases pathway ifcludep, aaisphidsde indeepatatetiirgdattvegai rstithe ghirbey | paldr Barand said casing. -34-
16 April 2005 16. A linear compressor as claimed in either claim 14 or claim 15 wherein suction gases
enter said hermetic casing from a suction tube, and suction gases are drawn into said linear compressor
compression space ftdm thA giasesdonipsessbeasiolgirhéd fnlodsian COmpeessos compeising: a cylinder part
including a cylinder gﬁrg, aé)iston disposed iﬂ said boi[e and slidable therein, 10 a |?1ain s{ijgng connecting

i % r [

directly or indirectly HH@?C&( fyeep fhe ends of said stator parts that aré away from s
cylinder part and said main spring connects to said connecting bridge.

10
12.  Allinear compressor as claimed in claim 10 wherein a connecting
bridge connects between the ends of said stator parts that are away from said
cylinder part and a pair of securing members extend from said cylinder part to
connect between said connecting bridge and said cylinder part above and

15  below said air gap, and said connecting bridge presses said stator parts against

said cylinder part.

13.  Alinear compressor as claimed in claim 12 wherein each of said stator
parts bear against a side of each of said securing members, such that above
20 and below said air gap separation of said stator parts is maintained by the

width of said securing members.

14.  Alinear compressor as claimed in any one of claims 9 to 13 suspended
in a hermetic casing with an enclosed discharge gases pathway from a
25 compression space, defined by said cylinder bore and said piston, to an exit

through said casing.

15.  Allinear compressor as claimed in claim 14 wherein said discharge
gases pathway includes a discharge tube extending between said cylinder part

30 and said casing.



piston, and a connecting rod between said main spring and said piston and connecting said main spring
to said piston, with at least one of: (a) the connection between said piston and piston rod, and 15 (b) the
connection between said piston rod and said main spring, being a compliant connection transmitting side
and axial loads but allowing rotation about axes trars¥erse to the axis of reciprotfstiib?®¥id piston in
said bore. 20 18. A linear compressor as claimed in claim 17 wherein both said connections are
compliant connections. 19. A linear compressor as claimed in claim 17, including a said compliant
connection between said piston and said piston rod, said compliant connection 25 comprising a flexible

and resilient portion gfsaid pi r -adj id.pi [ Ep@,ﬁ - being
substantially less rig%%fhanls %F%?ére%ﬁﬁ%%g?g%gtéﬁﬁe%ﬁg@w Irgesi i%%]?ﬁggr%%ﬁ} %n ségiéjlzpring end of
said piston rod. 30 Zpicdimgagesenipresisbhersnelitrnating tizinn bociihereipesaid pistaonigass- 16 April

cubstantialy roduced UL B e AR GotR AL REEL DPLA BLIoE B T imoar

compressor as chaimsaidicasnygone of claims 17 to 20 wherein said linear compressor includes a stator
having an air gap, said connecting rod passing through said air gap, and armature poles located along
said connecting rod. 10 22. A linear compressor as claimed in claim 21 wherein said stator has two
winding carrying stato? parta Whégh compoesseccomprisiagite sides of said air gap, said parts being
separately located against the aiéi cylinder part. 23. A linear compressor as claimed in claim 22 wherein
a connecting 15 bridge con?l&ff@ %&\b@éﬁnﬁ@ 18 &Y %ﬁjﬁr QA6 parts that are away from said

a piston disposed in said bore and slidable therein,
10 a main spring connecting directly or indirectly said cylinder part to said
piston, and
a connecting rod between said main spring and said piston and
connecting said main spring to said piston, with at least one of:
(@)  the connection between said piston and piston rod, and
15 (b)  the connection between said piston rod and said main spring,
being a compliant connection transmitting side and axial loads but
allowing rotation about axes transverse to the axis of reciprocation of said

piston in said bore.

20 18.  Allinear compressor as claimed in claim 17 wherein both said

connections are compliant connections.

19.  Allinear compressor as claimed in claim 17, including a said compliant
connection between said piston and said piston rod, said compliant connection
25 comprising a flexible and resilient portion of said piston rod at the end thereof
adjacent said piston, said portion being substantially less rigid than a major
portion located between said resilient portion and said spring end of said

piston rod.

30 20. Alinear compressor as claimed in claim 19 wherein said piston is



cylinder part and said main spring connects to said connecting bridge. 24. A linear compressor as claimed
in any one of claims 17 to 23 suspended in a hermetic casing with an enclosed discharge gases pathway
20 from a compression space, defined by said cylinder bore and said piston, to an exit through said
casing. 25. A linear compressor as claimed in claim-235vherein said discharge gésfBia@®kay includes a
discharge tube extending between said cylinder part 25 and said casing. 26. A linear compressor as

claimed in either claim 24 or claim 25 wherein suction gases enter said hermetic casing from a suction
tube, and suction ga$eHoxraritanid rastisatcanddiaxddmpesden of saig piskib foshiackufiematthe gases in 30

said casing. -36- 16 hadh GO0 Y SR CAMRIOT AL URNI GG AGPRRSIIERAAISIAMANd cylinder

whose relative motion is governed by a spring system and an electromagnetic linear motor configured to
drive the relative motiamhef kaicopisstishpasidncylinder 5 at the resonant frequency of said spring system, a
compression space above said piston, a chamber surrounding said cylinder, a cooled high pressure
refrigerant inlet into said chamber, allowing refrigerant into said chamber sourced from after the
condenser of a 19 reflgerafolineacodgnessocaspagssddnrafimgenant aldlatsfiohtos20ddmminession space,
and a compressed refrigt?rant exj{tvpath from iaid cor?é}resnsion space leading to said {:hamb r.1528. A
linear compressor as NRimed" iR UMY Wi Lilg?r% &ai g{)n%\é'@%/%ﬁllr 8L %%Oprpael 'ESrER connecting
between a connectinpassihgftisaidgbista agruhyplitetsroratocirpolty fevdteylatoley said dwemdasgembly, and a
compressed and cooled refrigerant inlet pipe and a compressed refrigerant outlet pipe, each connecting
to an inlet and an oufl%(?'respectively of said chamber, and to

10 22.  Alinear compressor as claimed in claim 21 wherein said stator has two
winding carrying stator parts which are located on opposite sides of said air

gap, said parts being separately located against the said cylinder part.

23. A linear compressor as claimed in claim 22 wherein a connecting
15  bridge connects between the ends of said stator parts that are away from said

cylinder part and said main spring connects to said connecting bridge.

24. A linear compressor as claimed in any one of claims 17 to 23
suspended in a hermetic casing with an enclosed discharge gases pathway
20 from a compression space, defined by said cylinder bore and said piston, to an

exit through said casing.

25. A linear compressor as claimed in claim 24 wherein said discharge
gases pathway includes a discharge tube extending between said cylinder part

25 and said casing.

26. A linear compressor as claimed in either claim 24 or claim 25 wherein
suction gases enter said hermetic casing from a suction tube, and suction gases
are drawn into said linear compressor compression space from the gases in

30 said casing.



20 an inlet and outlet respectively of a surrounding hermetic casing of said compressor, said pipes
supporting the compressor assembly within said hermetic housing resiliently in at least the reciprocating
direction of said compressor. 25 29. A linear compressor as claimed in claim 28 wherein said cooled
refrigerant inlet pipe has at least a substantially axiat@mponent adjacent its inlé6t6R#id®%amber and
said inlet to said chamber is configured to provide a substantial restriction to return flow of gases into
said cooled refrigerant inlet pipe. 30 -37- 16 April 2005 30. A linear compressor as claimed in claim 28 or
claim 29 wherein said pipes each include one or more loops transverse to said direction of reciprocation.

5 31. A linear compressor |l ' laj ) i ' compressed
gases inlet to said ck?:’rshbeqrélsﬁtfdd%gggr@gégag Oggﬁfrgégs%@%%gégsé% %%%mlape%%‘oﬁ%g%%%% into said open
space, said entry povthasd telativeatioticnf isagdvienaepbyt aeprfigurydtsocinthain alecnensfdostier than usual

pressure is developed | I f said jagket in the 1Q 1 iatel j said inlet
port. 32. A linear comﬁg%fﬁ)gtggrggprﬁéﬁégd; 83%5%3%2%’%1‘&% |§§%‘(9§I§§(@§%ﬁ§ %r}l%q‘lgaﬁ:ﬁﬁérder head, a
piston disposed b saititheresandnslfdathlentheodisgid Spistpsystaaying a pair of winding carrying stator parts,

each connected to said cylinder rart at an end%ﬁgposétajsa%cylinder head and having an air gap
between said stator parts, & 1 seSPi'ﬁ)B RS A arEhR'BPRaid stator away from said cylinder,
connecting directly or indirectiyabeieresinrsardipigtsticacydisaéd, cylinder part, 20 a connecting rod passing

through said stator air gap between said main spring and said piston and connecting said main spring to
oug gap a coo ecp hlgh pressurepreprggerant |n|%tp|nto salé1 chamber, aﬂgwmg pring
said piston, and
refrigerant into said chamber sourced from after the condenser of a
10  refrigeration circuit, and
a compressed refrigerant outlet from said compression space, and
a compressed refrigerant exit path from said compression space leading

to said chamber.

15 28. A linear compressor as claimed in claim 27 wherein said spring system
includes a main spring connecting between a connecting rod of said piston
and directly or indirectly said cylinder and head assembly, and a compressed
and cooled refrigerant inlet pipe and a compressed refrigerant outlet pipe,
each connecting to an inlet and an outlet respectively of said chamber, and to

20 aninlet and outlet respectively of a surrounding hermetic casing of said
compressor, said pipes supporting the compressor assembly within said
hermetic housing resiliently in at least the reciprocating direction of said

compressor.

25 29.  Alinear compressor as claimed in claim 28 wherein said cooled
refrigerant inlet pipe has at least a substantially axial component adjacent its
inlet to said chamber and said inlet to said chamber is configured to provide a
substantial restriction to return flow of gases into said cooled refrigerant inlet
pipe.

30



an armature located along said connecting rod working within said air gap of said stator and connected
with said piston rod. 25 33. A linear compressor as claimed in claim 32 wherein a connecting bridge
connects between the ends of said stator parts that are away from said cylinder part and said main
spring connects to said connecting bridge. 34. A linea8toempressor as claimed inlélApiiZ20%herein a
connecting 30 bridge connects between the ends of said stator parts that are away from said -38- 16 April
2005 cylinder part and a pair of legs extend from said cylinder part to connect between said connecting
bridge and said cylind@r paf ibegiecantpsskeas-atai aiedyipclaim 2aier cbrinedBngBridgsailesses said

stator parts against j@%s@émﬂc.%@édﬁéﬁhﬁﬁﬁ%@ﬁé"EPe‘EH&?eSrQé ?%S%ﬁim%cjﬁt ﬁlg{m 34 wherein each of

said stator parts bear against a si eac said securing members, su at above and below said
air gap separation ofrsaigretativrparts is maintained by the width of said securing members. 10 36. In a
linear compressor, a spring connecting between a cylinder and piston part of the linear compressor, the
spring comprising: a closed loop of high fatigue strength metal wire having a first straight section in a first
plane and a secénd SttaighAskutarrcompisssanas plameedarasiey drie tof sdachis 7dia(e vemadinst and second

helical sections of su?s&agtiigé ccc))rrﬁstrang C r\éaturclah eglch hﬁic@ S%%tri?na%jpncn% ing between an end of
said first straight secion AR AT ERET61 84S §8§:0n5€ Pa?& & n, St Adiital 8ections having the
same direction of cun@tpressulipged entryaid fifsosesdidmetnl $aid stdopdrsgedts) said 8itrin a linear

compressor a spring as claimed jn claim 36 including a. plurality of transjtion sections at the connection
betwl?aen said firF;t a%aogb%qr]n e location o:‘f! salcf nijet gort gonflgu¥e8| such that a zone o??ower

than usual pressure is developed in said open space of said jacket in the zone

10 immediately adjacent said inlet port.

32. A linear compressor comprising:
a cylinder part including a cylinder bore and a cylinder head,
a piston disposed in said bore and slidable therein,

15 a stator having a pair of winding carrying stator parts, each connected
to said cylinder part at an end opposite said cylinder head and having an air
gap between said stator parts,

a main spring located at an end of said stator away from said cylinder,
connecting directly or indirectly between said piston and said cylinder part,

20 a connecting rod passing through said stator air gap between said main
spring and said piston and connecting said main spring to said piston, and

an armature located along said connecting rod working within said air

gap of said stator and connected with said piston rod.

25 33.  Alinear compressor as claimed in claim 32 wherein a connecting
bridge connects between the ends of said stator parts that are away from said

cylinder part and said main spring connects to said connecting bridge.

34.  Alinear compressor as claimed in claim 32 wherein a connecting

30 bridge connects between the ends of said stator parts that are away from said



straight sections and said first and second helical sections, each said transition section aligning at one
end with its respective said straight section and at the 25 other end with its respective said helical section
and curved between said ends with a curvature reducing toward said helical section. 38. In a linear
compressor a spring as claimed in claim 36 whereintR8 -orientation of said secohtl Apetid#0m said second
plane is perpendicular to the 30 orientation of said first section in said first plane. -39- 16 April 2005 39. In
a linear compressor a spring as claimed in any of claims 36 to 38 including a mounting block connected
with said first sectionciHideawaid anciairpisiahtegaexirnddreac e cpliser aaship sPRESextending

outwardly i the S digglia oL 38 SRR ks U LSk AL 5198000y BAlRGR famPressor a

spring as claimed in any one of claims ?! Including a plastic composite mounting button moulded
over a central regioraajaps@odrsdigdteaitactiagtiondgeopadsses haghstetimpagissagainsiusdidg: a cylinder part,
a piston part, a main 8 ma% ((:é)a{wecting between said cylinder part and said piston 15 part and operating
in the direction of reciprocation of said piston part relative to said cylinder part, a sealed housing, a linear
electric motor aréanged for operation between said cylinder part and said piston part, 20 a cylinder part

spring means cgnne%léng bg\ 'ﬁgé}d%@;% C Iinodr_ers%?rt an(ﬁj. sa{gi h%ﬁ;{/r\]/%e?a}ﬁ ar}:g]% ggg(gg tic?r said direction
of reciprocation; and ~Characterl y.p(ra i cyl?ﬁra'(g b%r(i spring m ARS 581 g madeup of the
combined effect of neresbedy ayainmtctisids dletasteof tutdoydnigpacnaratssigetietabove
and below said air gap separation of said stator parts is maintained by the
width of said securing members.
10
36. Ina linear compressor, a spring connecting between a cylinder and
piston part of the linear compressor, the spring comprising:
a closed loop of high fatigue strength metal wire having a first straight
section in a first plane and a second straight section in a second plane parallel
15  to said first plane, and first and second helical sections of substantially
constant curvature, each helical section connecting between an end of said
first straight section and an end of said second straight section, said helical
sections having the same direction of curvature moving from said first section
to said second section.
20
37.  Inalinear compressor a spring as claimed in claim 36 including a
plurality of transition sections at the connection between said first and second
straight sections and said first and second helical sections, each said transition
section aligning at one end with its respective said straight section and at the
25  other end with its respective said helical section and curved between said ends

with a curvature reducing toward said helical section.

38. In a linear compressor a spring as claimed in claim 36 wherein the
orientation of said second section in said second plane is perpendicular to the

30 orientation of said first section in said first plane.



25 housing including an exhaust conduit extending from said cylinder part at least to said housing; and/or
(b) said cylinder part spring means having low stiffness, said piston part having less than 1/5 the mass of
said cylinder part and the absence of a piston part spring means connecting directly between said piston
part and said 30 housing. -40- 16 April 2005 42. A lind%&rcompressor as claimedlhARsild®WP wherein said
connections from said cylinder part to said housing are elastically deformable and are formed to have, at
least in combination, a predictable and low stiffness. 5 43. A linear compressor as claimed in claim 41
wherein said connections comprise an exhaust conduit carrying compressed refrigerant from said

compressor out of S%ig'sealfﬁd% ngg}%g?ﬁp%ﬂ raegﬁ'aﬁl g éﬁéﬁg@&tﬂ#g}@gﬁ%d%&@@geram to said

cylinder part from outside of s ousing a ectrical connections to the stator of said
linear electric motor. ingludilgesamoonipng dsockcornpedietywitie phitiBrpaectiuiatiddavioydiader bore, a

piston disposed in saj i thergi (0. SRk ' ' (nder, part to said
piston, said main sp?r@]éa%;o%\ﬁgg %rﬁ gﬂ Sé%?dﬁc%}ié(%é?e %ﬁ%fﬁﬂ%%@i@%ﬁ@%ﬁ rl*kofhrg Ing lugs on
said main spring5 an dilbedtieent fssaifd oel @riadiid cfybaiddiinobstrai glesgetionf each said lug of said main
spring, each said lug of said main spring abutting the respective said 20 abutment surface, said abutment
surfaces shaped to prevent substantial movement of the respective said lug apart from in one direction,

and spring retaining40eansraetirieg agaipsissac spriddug Slamedia ang od@ttidnnsads spring retaining
e o A TSR UFBSLIR FISTARPh AP, Ao cmame
region said second straight section.

10
41. A linear compressor including:

a cylinder part,
a piston part,
a main spring connecting between said cylinder part and said piston

15 part and operating in the direction of reciprocation of said piston part relative
to said cylinder part,

a sealed housing,
a linear electric motor arranged for operation between said cylinder
part and said piston part,

20 a cylinder part spring means connecting between said cylinder part and
said housing part and operating in said direction of reciprocation; and
characterised by:

(a) said cylinder part spring means being made up of the combined
effect of necessary connections between the cylinder part and the sealed

25 housing including an exhaust conduit extending from said cylinder part at
least to said housing; and/or

(b) said cylinder part spring means having low stiffness, said piston
part having less than 1/5 the mass of said cylinder part and the absence of a
piston part spring means connecting directly between said piston part and said

30 housing.



45. A linear compressor as claimed in claim 44 wherein said cylinder part includes at least a pair of
spaced apart mounting legs extending axially from opposite sides of a cylinder housing, said abutment
surfaces are provided on 30 said mounting legs, one or more stator parts are located adjacent said -41-
16 April 2005 mounting legs, and said retaining springt®ears on the one hand aga®dp&hbi@0mounting lugs
of said main spring and on the other hand against said at least one stator part to locate said stator part
against said cylinder housing. 5 46. A linear compressor as claimed in claim 45 wherein said stator parts
face inward, a piston rod connects between said piston and said main spring and is aligned with and

located between saicysnounking s, A RLEIAER: ANIES AL APSTIONRAACAR SR RisiERy 0d. 10 47. A

linear compressor as claimed in either ¢laim 45 or claim 46 wherein said mounting legs include an
inwardly extending siridateapboybindaripart to tedd arisswioretsplestically siefaithabimprdsser adjacent the

free ends thereof, sa}grrﬁgg%%a\%oggﬁggm% 58‘!’9@%@ ;rét&sfrtllégrll%ﬁ?z é%{]gi@gggmg&g lugs of said main

spring, and said retainer spring includes an annular mounting legs and
bearing fingers extending from said annular body to press against said mounting legs. 48. A linear

compressor as claimé%j in Spb)fiﬁger of cIa}rrgs Arf4 to |4|7ms%ﬁﬁ)%p<?ed4i0{1@herrrqetilc %%sin tWitQ a
compression space defined by sgldc%@yqlr?ge%grae A 'Said bk ton aliE s &%&ar@%%é%%s pathway from
said compression spatepiiseareaxustugindaiccenying. cbnprdinedrefoiggrees Soasaithimed in claim 48

herei id disch th incl disch t tending bet id.cylind t
25 and s casing, SOTIRTRB UL AELLBFA IR DAL GEIH A2 O LEIHS SHEATh suction

gases enter said hermgiig egfsigerirmnn st cidindobppard i suctivigasesicseatiansulitg satl linear

compressor com(?ression space from the, gases in 30 said _casing. )
1 any electrical connections to the stator of said linear electric motor.

44. A linear compressor comprising:
a cylinder part including a cylinder bore,
a piston disposed in said bore and slidable therein,

15 a main spring connecting said cylinder part to said piston, said main
spring connection with said cylinder part including at least a pair of mounting
lugs on said main spring,

an abutment surface on said cylinder part in respect of each said lug of
said main spring, each said lug of said main spring abutting the respective said

20 abutment surface, said abutment surfaces shaped to prevent substantial
movement of the respective said lug apart from in one direction, and

spring retaining means bearing against each said lug from said one
direction, said spring retaining means having a total precompression against
said lugs at least in excess of any anticipated dynamic force exerted on said

25 main spring in said one direction.

45. A linear compressor as claimed in claim 44 wherein said cylinder part
includes at least a pair of spaced apart mounting legs extending axially from
opposite sides of a cylinder housing, said abutment surfaces are provided on

30 said mounting legs, one or more stator parts are located adjacent said



-42- 16 April 2005 51. A method of manufacturing a linear compressor including, for connecting a piston
of the linear compressor to a spring of the linear compressor, the following steps which may be executed
in any order: 5 (a) locating the piston in a predetermined axial position in the bore of the cylinder of the
compressor; (b) locating the piston connection point-oft-spring already connecte® ArtH 8089linder part at
a position based on a predetermined displacement of the spring or a position in which the spring exerts a
predetermined reaction 10 force; and (c) joining said piston and said piston connection point of said
spring at a rigid axialnsepangitegsiesd saicoiRimping tRsigHarssion teonedantagnsiteaid (a) and (b). 15

52. A method as clai in _clai in:whi | ' Tolelkis id piston to a
mounting button on s@? gﬁpﬂ%?s%%y slr}tﬂegip‘h %ﬁ?ﬂgr%gﬁé@gaﬁF&%@o@%&%z%ﬂgﬁt@négr said
extension is altered fenmstatprgagisenhigtelisaisisirior QR aksheahd dydmdedinoeding either claim 51 or 52
wherein step (b) includes locating said piston in a position with a displacement beyond any normal
operating position of said piston such that elements connected to said piston engage with elements of
said cylinder parbto lé6ate falthedecEnmesteaid qhastoed paud]tona 45 edetmimsasd] ghatsitiparis a plain
perpendicular to the gz o 224 e IRERSR ISR FRlSURISR AR S8l SUBSHa said main spri
, piston and said main spring
and is aligned with and located between said mounting legs, and armature

poles are positioned along said piston rod.

10 47.  Alinear compressor as claimed in either claim 45 or claim 46 wherein
said mounting legs include an inwardly extending surface perpendicular to the
axis of reciprocation of said compressor adjacent the free ends thereof, said
surfaces constituting said abutment surfaces for said mounting lugs of said
main spring, and said retainer spring includes an annular body portion fitted

15  over said mounting legs and bearing fingers extending from said annular body

to press against said mounting legs.

48. A linear compressor as claimed in any one of claims 44 to 47
suspended in a hermetic casing, with a compression space defined by said
20  cylinder bore and said piston and a discharge gases pathway from said

compression space to an exit through said casing.

49. A linear compressor as claimed in claim 48 wherein said discharge
gases pathway includes a discharge tube extending between said cylinder part

25 and said casing.

50. A linear compressor as claimed in either claim 48 or claim 49 wherein
suction gases enter said hermetic casing from a suction tube, and suction gases
are drawn into said linear compressor compression space from the gases in

30 said casing.
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51. A method of manufacturing a linear compressor including, for
connecting a piston of the linear compressor to a spring of the linear
compressor, the following steps which may be executed in any order:

(a) locating the piston in a predetermined axial position in the bore of
the cylinder of the compressor;

(b) locating the piston connection point of a spring already connected
with a cylinder part at a position based on a predetermined displacement of
the spring or a position in which the spring exerts a predetermined reaction
force; and

(c) joining said piston and said piston connection point of said spring at
a rigid axial separation fixed according to the separation attained through
steps (a) and (b).

52. A method as claimed in claim 51 in which step (c) includes fusing an
extension from said piston to a mounting button on said spring and said step
of fusing the axial dimension of said button or said extension is altered from a

preassembly dimension.

53. A method as claimed in either claim 51 or 52 wherein step (b) includes
locating said piston in a position with a displacement beyond any normal
operating position of said piston such that elements connected to said piston
engage with elements of said cylinder part to locate said elements of said
piston part to a predetermined position in a plain perpendicular to the axis of

reciprocation of said piston in said cylinder.





