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WD 2004/ 106737 PCT/ NZ2004/ 000108 -1 " COVPRESSOR
| MPROVEMENTS" BACKGROUND TO THE | NVENTI ON Fi el d of

wo bwstiosrent i on 5 The present invention rel at eSPEDNZ2004/000108
l'inear or free piston conpregsor, particularly but not
solely for use in refrigerators. SUMWARY OF THE PRI OR
ART The inventi egg®MPRESSTI IMPROVEMENTSY
application relate to Iinear conpressors and free 10
pi ston machi nes. There are nunerous exanples of |inear

onpr a ' machines in the prior
BAéKrE‘pRﬁiﬁﬁiiﬂ %&é{gﬁ@w@bﬁscrl bed in our
Fielh’b?‘?ﬁ@ﬁ“eﬂﬁ% publication WO 02/35093. CQur
rigeration conpressor is described in that
pu blrheqneseomnvé"ﬂttmna@]"ap;nsee sdmepmey] firgastan gpmprsssor, particularly but not
e y r rocal wthin a cylinder assenbly. The
SOlebféﬁ‘b‘ ’é‘s@%l‘ﬂﬁ?@orénd cylinder assenbly are connected
by a main spring at a tail end of each assenbly. A

linear electric notor has a stator 15 positioned
SUMMMOIFHEHEWRmmehd t he rrai n spring and an

S pr’ﬁﬁérrl%&%%gé éllaﬁagegtlg V\%g%:p ?’PPIIIS losntroﬁéeatngtggr?co%%rgssors and free
plstglll ROERhEs. MR ark RuRPRUY ERRSbIESOT lglEher%n{ﬂﬂé‘ss&@ ] ﬁ%@&%ton machines

a resonant frequency as required. The conpressor
in tmlprmrezdt f et exanepde isajeseritedam ouwntdnnc'gmahamiucatgsl WO 02/35093.
rati ng bet ween .t

Oug BTN SPATSSOr AP eEPih s e GRS includes  pston
assé'}lé{gl% rolHf thhm-r{:@ylﬂﬂéﬁis%ﬁm Bhe oA 345%51@%3(1dd%y11nder assembly are

I nc ated 20 herein by reference, and i s sunmari sed
conﬁéctéd‘lb?y heagimsypring adh tdihenddefteach esiemblsyc rA pneagrelestria metor has a stator
pres

posfignet BFepH B1 R BT, B e BRI R Tgliy REbIGHE between the
plstBﬁ SREME nldlty %I%?&?a 861t D BRTddg 2PhSlirer &E&ﬁé motor is energised to

npr essor figurations. Qur international
drl\feubd: camyfressor WA résoh s uetnyws raquoredpTleseonpressor is adapted for oil free
configuration where the

25 |linear electric notor js .. .
OPeEHIY: W g@&?e@msrqpegﬂtw bGP (@ ARG SS rspplicd with a
ion13l589
o BRI AR5y 1, RLPSE L0200 porpr

herélﬁ bPueferenve and Beumhmasatis thre Hegmnang ofithe detadled deseaiption of the present
npr ess [ e |linear

usi ng gas bearings where t
aPPBP@H’tnrtP @?wstﬂeﬁprg%e%bwemwa n%@ﬁg@q@f%rgbwrp%tt he pi ston
andﬁ-{&% e@%gﬁ:(\)y gg%@ [ RBYCIREntRiiSlre AN hb LBk ANShES compressor

assigned to LG Electronics Inc
configarativhes a | i near corrpr essor where the linear

S: gétgriﬂlrléﬁ&g%?}{all m@ggaﬂx%\é\%%a &%Qggf togxhcalacélrrypbq\,\s%%ﬁh : gguratlon where the
lmeréﬁteﬁfe,{nct A’l@;’&e gstaﬁﬁog/ﬁ%g dagéentlt#%n?t gpthggé}stoﬁ‘%ﬁﬂ Q0Rihet O In many other

npany cribes a linear
respects that compressor is similar to the compressor in WO 02/35093. US 5,525,845, assigned

to Sun Power Inc also describes an oil free linear compressor using gas bearings where the linear
electric motor is provided concentric with the piston and cylinder, and a range of other
configurations as well.

US 6,089,352, assigned to LG Electronics Inc, describes a linear compressor where the
linear electric motor is provided concentrically with the piston and cylinder. Oil lubrication is
provided rather than gas bearings.

US 4,416,594, assigned to Sawafuji Electric Company Limited, describes a linear



10

15

20

25

30

WD 2004/ 106737 PCT/ NzZ2004/ 000108 -2 conpressor which
uses oil lubrication. The armature of the |inear
w@bmetiod787 not or surrounds the stator. A suctiBCI/NZAW&®000108
is provided in the piston heag_so that refrigerant for
conpression enters the conpression space through the

comipstssor wiathheses bildubridationlgThd fvenairk bPIRNiINREAT et RSYor surrounds the
i ch include suction through the piston

exanpl es [ 1
Stafla 4t SHcHoR %W‘Si RovAdedy tBopEtOn head saythetirefrigerdit for compression enters
' fp ti Co d US 3,143, 281, Db
th RSl pd¥e ot B pionARE Rl et b diodhatead. Olher examples
whidhnifobgisosustiom chtod iz ghe pSdd RBadd BEMERRN A in RI6! 6’(?}3@9% assigned to
and_a cylinder part. This arrangenent iIs typical of °
Matsyshiss Relsiggrapen Sompray andPBidged328l, beHipilessi on such
as ni ed in.an air. conditioner or daonestic
appﬂlgﬁétg E%%ee?repé%%lp leg of TESONHY MBS dagdpding aespring between a
piskomqpant antliachlistier padt. THK Qrres@nRht S4Y6HcA of RA i
connecti on. Typipcal 'y 1g%ese co%@p? egso{lia?g?%lpﬂegsé)drs foﬁremgerant
comsprepsiphgyich e nighirbg agechinancasiotoad gionbeoralottestic afpliagey. abdher prior art

: ' t onpressed. and e ded within the _
hn%gﬁ:g geggtirge gxre[%og’r%ﬁ%’cffgg ngﬁalal@esu%’ %fxzé):l’%g g $pring gerpiection. Typically
theges sorgpreskorDafdelded it EHNME eP)e Qﬂ}“o%@ﬁsl%}vc'&%%? %E&FE‘EE tilefrigerant gas is

exanpl es of such an arrangenent’.
altqrpgiedirropressediandiespanded bjithit thofarh ik cple e SIS, 146)MBININIATS 4,644,851,

[ i vements to co ct linear or free
both ol 1§ 1l R N R GoraBo S GRE DA G BP e ph i g atngement.
the prior art or which will at |least provide the
i ndustry with a useful choice. Throughout this
SUNMBMARY Ot THE, INNVENITAONe cl ains "centre of bendi ng"
me vanl mber, .the.position at which the nenber
x piars 22 s Bles ot Rresens invRRIHED PgvadF impsteEIenS ¢ eompct linear o free
pistapRbingebssctOn el \WB&NsIntSwaN es; i . i i
the ohds 15 tTaraly mai nCa o bink'2% tﬁ%i?gglr,g‘ttomh%h will at least
proyide thedndeptryayittony ysefylsbeicef spring and coil spring,
whi S ifarm.bending stiffness (El) along its
e RO RO PO B His e 560t pEbepaaBoRas, for a mermber,
the pedin@en wHhathe SenthRs bifetibgt @Hgbémg%ﬁ enthWheh ¥ is apoli
al so be the case fqr@rc}enbgrs exhi I{ilit)ﬁlsnta‘b}%%na\églhﬁ%rforcels applied
bet‘gfqnflfsrf‘@ég‘» blu?ﬁlf Or@ntaymmef thie cnwits _Uilgidlhmam'kt)aiﬁﬂid :F‘br akl) hfénﬂ).ea, including
: eG e_present .i.nventi on nay broadly be said
varipld S e ARt M B i 55 vt r B WaAEsRgE alon e length
the {nsre @b érfler gk MIARLthEBhiddirit bEM el AR htiork 26 sl is wi
i ncl udi ng ag?]wout war dlv\rglll surf g‘ggé“"élnrgﬁtg{g}%‘ag‘.‘?ﬂ%’é&s- This will also
be t%@psgfforggq:r@bem; exhubitiag adanding stifiness dransrsyminkeric about the midpoint.
| "ﬁ{l%\’ﬁ‘rs nt ectohrlgrl Si ng: a region of said outward wall _
surtace haRchghs et Byeray) ey droadly e saidrterconsigcin, in a linear
comph@tort Ha®ingaV FikREGGpRRLGIER P bdiogYihlinger, .and
mté)ai d pist gn |€ls grgak) er tg}{g:a sg%lﬁﬁggrﬂ?}%bg%oﬁéha? ﬁlélg anl outward wall
surfagerfinging a4 either and afsridgistonl ab an amagarheinteahe BapdvEh&it @Bmprising:
wal | _and sai linder; such that said 30 region o
r eddeEd’ Pésé}qc}?%‘ﬁ?fds%ﬁ?&%%F%@rﬂf}ﬁ%ﬁ%@é radiysat 9#ig aomb such that the
averB tlefrahée PAWLAD sl tehisdur i di 09,
) .P}rg ef ergbl y in opgzr at ?6n p%gtgggldsﬁ%{lﬁg%éﬁ?ega‘# Said comer than the
minigygym aorlar ayetagh cleemnedbdwegasmidpatonngsdl and said cylinder; such that said

region of reduced radius at said corner provides lift when the piston is moving with said end
surface leading.
Preferably in operation piston sliding in said cylinder is lubricated by gas bearings.

Preferably said average clearance at said comer is greater than the median clearance
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Preferably said average clearance at said corner is

greater than the nedi an cl earance WO 2004/ 106737
weFDDAMNK2004/ 000108 -3 between sai d pi ston outkrexr/NzZrai/bhoo108

surface and said cylinder. Rreferably a said region

of reduced radius is annular.” Preferably in a said

ool 588 B0 RS R R RORER: nverage " O
cl e@f@é}ﬁ@lk;%csaidtﬂegiomjf Rddubad @Hius ¥ shoRiagt on wal |

surface. Most 5 preferably in a said annular region '
sai Brederablygea edid analaraegion baid weeragaclomanpads betweene® 1 apd4 times the

.sai d. m ni num annul ar, aver age .cl ear ance .f or, t.he
soif gy BBk AR ISR 10 4G FRET B gy oy wpll surface. Most
pre¥@hbly 3R A uhidfanh@ai RBioRshRINASra3Y cRhatancdlsHRBy&al 0 PRt Phmes the said
outward wall surface for a distance between 500 and

migigosn tinvdar ayeriage plicataneenforntheuhaieritnodsaid istorewnlh sardace.

Pr ef er.ab in.,a said annul ar .regi.on,sai d .reduction ,of

o abERaRbY 2P n T EOR P A A BB oy o g sface or
a diGtdHCEYERREN 5O@aRABR0A m &t AHIMLAT anh 8GR MerANPY edrdRE)

sald corner, where said annular region neets with a

r egiPoaferablydmp daid anmeardegiah lsaid uedugtion bbdiamegtes wdries, being maximum at

a‘l ni rum annul ar ver age cl.gara@ce. .Preferzrbl s(gi d h id
saig) GPYRSH ePARIMTmETY 3 edsF of 391 ApRuTTgREioR Ay Fonhsaldpper, where sai
anfB8H rRFioR indeRANVBILH regdi b 1431 PSutR AT W AR B 20 WG AE sdid nlifinfum annular

further aspect the present invention may broadly be
avgagakleagarwensi st in a nethod of manufacturing a piston

for _a beari | ubricated |Jinear. conpressor, .said

ot BEaBhpAI oY atdhwall SHEHE ofrsindpiptoRgheligiiat i Fsign of reduced
raditiClt WG PRt War d wal | surface suitable for '

controlled corrosion, imersing an end of said piston

bodyn a flurthrer ebpect thelpydsentfiovendioo dnaygbreadly be waiddo domgadtlin a method of
surface (eg; 0 by.electrolysi,s. or chem cal . ..
mepRERrGE R Phigno0s S AR el st comP s saiddnetbagtpomprising the

ste gj)ﬁi el ectrolyte. Preferably step (a) includes neking

ald piston body with a plated netal |ayer of a
makergtapiston bhdyx lnebdmgom dutwardwallbsudfaseisfitable, foneaht®ied corrosion,

. end.of said_pi.ston is.imersed for_a tine and under
RN £f PR OO T O G e Pro e g gsurface (cg
by@[%fctr&l‘}ﬁ?hﬂ%{lﬁggmgg),g,t‘l(pm an annul ar 25 region of

sai d outwar surfiace. Preferably the total tine
withfirawmgsad pistonfboggiedd frost sand dettwaytd. surf ace vari es
Wi t osjtion alaong said outward surface from sai .
pi s?aﬁer@hlér,stesé?)ﬁaﬁgﬁ%éwé@%g Btd @ﬁpﬂggﬁqysw%agﬁwgl%ﬂﬂqéyer ofa certain
thi?lk&%ﬁrmté Bhtbhrd Sificl! nl QG dridrHF shil Sﬁ@b&mﬂﬂﬂﬁ& d foEFHAR and under
urther fromsaid end. Preferably said tine of
suchneoedtions thas saidmetal lbyer 3¢ patallybutewit pompktdiyngensaied from an annular
piston end into 30 _and out of said electrolyte. Said
re%‘?‘k?rgﬁ‘de%wﬁliﬁiy”ﬂ]esqr@ﬁ%at edly reciprocated into and out

of ?’?éfgrably the total time of immersion of said piston outward surface varies with position
along said outward surface from said piston end, being greatest at said piston end, and
substantially less at locations in said annular region further from said end.

Preferably said time of immersion is varied by steadily reciprocating said piston end into
and out of said electrolyte. Said piston end may be repeatedly reciprocated into and out of said
electrolyte.

In a further aspect the present invention may broadly be said to consist in, in a linear

compressor having a piston, with crown and sidewall, reciprocating in a cylinder with a piston rod
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el ectrolyte. In a further aspect the present invention
may broadly be said to consist in, in a linear
weowpn@ssor having a piston, with crown and siBEmNz2004/000108
reciprocating in a cylinder _wth a piston rod WO
2004/ 106737 PCT/ Nz2004/ 000108 -4 connecting said
: - : | ising: a
corRle et e PRI i, RO MU Lo BARL: 3 Dt o
t hat conrenson bhawaetl sald giston asl autid said plisyort that temk@itp idbldorees directly to
crown and lateral forces to said pi'ston at an axi al o
saifl pasien WA latephfarseytopiaid Bistonat giuexiah lesatipmmaway frgissaid piston

o B o S ey B R0 S ERs NS gt
anPusifemly &oupd,abapison reciprdcatidmedxey. ably i n operation

nmovenent of said piston within said cylinder is ]

| ubPreferally ibhgpegation pavgmang el saps) pistep apihjn spid eylinder is lubricated by gas
bedt gecti on includes an axially stiff, laterally

compliant |ink between said piston rod and said

pi sPedferablgwiid camtection RicRidas arl Haaliyng fiyRidsity @anplRat 8tk between said

Wth said piston rod 10 and extending to the inner
pistaprpogd @ad s3id pronsergeednd alatesalilepdingmembeat coaneetsd with said piston rod
. | . | n . .

ond B FEPEILBLEoMh 000 e SO IoL SAt i lon mermotian
alopg it 1pigslh ofsafd IghVed transmit &bl folbtey (G thiethreafi@fart of Q@dipie@n sidewall.

menber i ncl udes a ipl@gl d flange from connected with

sai grefgrpblysaidrieigral loading mvaaber islydes @ aigidbflangs fnan pymeetpd with said

- of idLfl [ hd I . Of Y .
pisRingBf i (AT AR BPpg Byt SR AR sfPfispapaface ofsaid
piskat sieRall Afd MBF B 2blhtrvesibeen@@ tHeRgbdtae@l. ast oneri ¢ and

all ows novenent by flexing. Alternatively said _ '
beaPraferably saidibggristais elastamarit andsallowis anayismenibydleximgnglternatively said
te tivel ' [ ing nmenber includes a
beﬁn&lg El?p © |’§p‘ii1?lg%‘9n§ %‘rgeeg?)%{zgg%ﬁl&gendi ng fromsaid
pi stAQRriatidell GafBiderhnRRGingUnERBEr Richilas d NésblendispE®em or spokes
wal |, the periphery of said diaphragm being connected '
extepdig g fram saisaristen radte said rmepsuracp af saidpigtos sidd wallsthe periphery of said
includes a ntilever, nenber. extending axially from
dlaggfag% Sl?ez %%0%%8%%(%% St%bdv\}agrgecf Sgléfla%ﬁ' pi ston rod, said and

sai Aliepativel sai@ pHitciOnraadiercahtiletérthdnshdr 8k thdihg h0ialpfré@ said piston
said cantilever nmenber. Preferably said cantilever

crovenowardsaig pigpriradasasd and sasHatiorad losdimgenembpes frangsmigs lateral loads to said
Cav%/itvheirnmet 8, ot her, with a bearing between themt hat
I}P%nsm S ateral 1oads but permts relative rotation.

25 Pdfernpigishidaitile franshabbn afd a0 akdrsll 104ESg m@mber meet, one within the
cantil ever extending fromthe inner surface of said

othsf,svitna beasing beliveden sham Brahiransmits latgiableddnbuttnenmitsirelativg rotation.
pi st Z% r ﬁgél an ext en 1ioon cEdrdom said piston rod with a
di sz‘ﬁ d é%%gr?a%& PR d pi ston, and
a cantilever extending from the inner surface of said piston crown with a distal end
extending toward said piston rod,
an extension from said piston rod with a distal end extending into said piston, and
a joint between said cantilever and said piston rod extension which transmits axial and
lateral loads, but allows relative rotation about axes transverse to the direction of reciprocation of
the piston.

Preferably said joint comprises a body of elastomeric material interposed between the

distal end of said cantilever and the distal end of said extension, and bonded one face to said
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a joint between said cantilever and said piston rod

extension which transmts axial and 30 lateral |oads,
whodo4abd7ems rel ati ve rotation about axes transPET/SE200®000108

the direction of reciprocatiog_of the piston.

Preferably said joint conprises a body of elastoneric

| j the distal end of said
caﬂﬁfe@&: #Hd dnbineF ﬁ@ﬁ g)ds(ﬁl:i)cg%ﬁgfxﬁ%n.

cantilever and t end of said extension, and

bondé&Heroatévelyasaid jointsampriséd 2R0Kbi0.6737

PCT/ NZ2Q04/ 000108 -5 cantil ever and another face to _

sai dNektUERET gspect the pesseipVeation aayprpesily be saidgpicensistdn, in a linear

Ol (e funt | nt i oF :

cpgirssh s g O B0 B il e SAARL 1Y RY: Bt a piston rog
conoepingssidrpidtayiorigspaing] the dmprowkmbntaomprisigl si dewal |,
‘reciprocati n% in acylinder wth a piston rod 5

conrfdc@ iy su; lgtepllyicompfigntdink betwegn saifhpistioppedandseidpiston crown, and

co I, S il l i o a liant link

pot a4 ad Pk T ey Relch it BB o SRR I omer surtace
ofith¢ sidewall obshidpiswarban aciahlvesti@dintérinbdia®i alor the MhgtOSl said link, to

and_extengc;{ng to the inner surface of the sidewall of
trangingf latera] Etceaito e inneranripescofisaigpistar sidgwall.at e al ong

t he : ' e : 11l ral.forces . .

o theRrheid Bl ddbte meRbel BN d i (BRRY O BRRected with sa
piftorfet; ailxl ybeating fixad ey @k pkistbiryngf saRMG e labattiHE 64d @ner surface of said
rigid flange fromconnected with said piston rod, and
pigongide walf and gllew ey neladive eyovpmentthere betyegns | ange

abutg | 1.¢i 1 nner . . i d i.ston, side .wall

and PR baRRE UL BGE Cind Bl PR RLRY 18

Pr ef &itahdtiveBesaill trasing Ngslippers] Al MFIsingoviféntby Siting.

movenment by flexing. Alternatively said beari ng_ 'S

sl i gpsyativelygsaid lgaral dendente membyr dnqledesp flgsible diaphragm or spokes

i . sal . I ' nmher i ncl S a. .

e Y4 DR L B SRR I RERli P B pRriphery ofsaia

digphsdgmmbeing cormested tb said fineslirfagee of said piston side
wal | , the periphery of said diaphragm bei ng. connected
to ohtematiyslyrsaidipistarincludes aeantitavermemberiegtopilinganially from said piston

M 0D PP PRI SR Lo

castiliederlmdreerl | oadi ng menber transmits lateral |oads to
said 20 cantjlever nember. Preferably said cantilever
mentaeferbly said entilevermmemberga syjd hastersbloagipgmenbeemeet, one within the

it hi . ' j b hem. t hat .. .
N T e T —

| n dnfauuith@raspedp elitd prefemt RVREESH map \bedHdlyPPe 5BY tPEORGH: Yn, in a linear
be said to consist in, in a linear conpressor having
COBPRRSSTdAVIngAPHIQN: Hith CErvh aidgideaiall, regipricptingins cylindierwah a piston rod

s - W [ rod 25 connect.i.ng said piston
Coﬁ%écgﬂg %{rlfl mj‘}?éﬁtﬁg psgnﬁ%?,&{}eem heves FP@PH_@.ng'a_ cantil ever
ext aneinfipvér enteridiy fronetheSHAdraaefa8d of &id pRitc SdwWn WA a distal end
with a distal end
extending toward said piston rod,
an extension from said piston rod with a distal end extending into said piston, and
a joint between said cantilever and said piston rod extension which transmits axial and
lateral loads, but allows relative rotation about axes transverse to the direction of reciprocation of
the piston.
Preferably said joint comprises a body of elastomeric material interposed between the

distal end of said cantilever and the distal end of said extension, and bonded one face to said



10

15

20

25

30

extending toward said piston rod, an extension from

said piston rod wwth a distal end extending into said
w@2@taes73and a j oi nt between said cantil ever ar@i/sSz20d4/000108

pi ston rod extension which transmts axial and 30

| ateral |oads, but allows relative rotation about axes
cant1 &2 45 %?otlﬁe? féc%eto géi{i%gfehggn.w reciprocation of the

piston. Preferably said jornt conprises a body of

el agliefRitively RBId§sinbbomftises poakbinet ween the di st al

end of said cantilever and the distal end of said o

ext &ngi Buthen aepesh HireBresend nsedionomgyjtoaddy deoswidl 66 Fapsist in, in a

>CT/ NZ2004/ 00 - [ [ anot her face t .
reffi g o mon Pl AT R LB R EoppBiie hgrmetic shel

theddahgdr@ért bf sal dcomnpredsbh@ring 8 egiectalien Hf SEIRMAI mbdHH: b@R substantially
may broadly be said to consist in, in a refrigeration

corstand pEiS.Sibe IMPrOVereH OmPFiFNBar conpressor resiliently
suppor.t

d i h ' hel,l h f
sai sg}&pﬁ;bpét e%teng{ng%te{vgeeﬁ &g ling%rgolt ﬁesg%r)rr %1@ %rﬁgsixtfell,o

sor I'ng an-expe

MOV G418 Rlip$lH pathsobat@rd béhllyop BASvaRin @piasie phfaflel to the axis of said
i mprovenent conprising: a supply path extending

exprstedecaplicehingvemear conpressor and said shell, said

suppl. th.forned to. be | oon,. ] vi wi thin | ane.. .

par Sheor J1s gp D sl MLy gy S ol reSpecaively to said
coiPée8sBR Ahd tolddidMHell s6138 o REisSAbhehOMBUPS HFs perpendicular to said plane.

substantially parallel and nounted respectively to

sai 8referabiyrsasisends ol gaidsupply dagh atel mewnted parelleldgithe expected axis of
ut _an axi s perpendicular to said plane.

nmonent ab.
moﬁ‘?‘@?‘@r"&%ﬁ@ QUPE s of said supply path are nounted
par @kéfalabltycsatdﬂ@#;@rsplgﬁl h @a¥lestrihl suppMepRRto @fline@ dectric motor and
ra

conpressor. Prefe y said supply path is an

incildes a piiteddprmadppbea leap vitha pain of selstansip by paraldel weations, apated apart and

15 inclu awre forned to be a.l qop W t.h air.of . .
cortpief kAR bt bRV Poit: Aol s dp® BRlel Sections being
mouRiRAe6dpeEtiRly 1disaidonféiSomindao k4idRRMEr Se secti on,

di stal ends of said parallel sections being nounted

r es Peaferablyisgidtransgiss sedioprodsaid oopnsilongerdbandhe dietahce between the said

. Preferab sai,d transverse .section.of said loop is
aisfa) TP ik 4 Eeral R eSS ot e of al *enc
of @i _5rfﬁﬁh&%s?ed@@ﬁ@bfc@éntﬁ@%‘ti@ﬂ rBdYObroh8ly 'RSRRE td ¥dhsist in a housed
mounting. 20 1n a further aspect the préesent invention
compiestor gaibsisibg said to consist in a housed conpressor

conpri sing: a,conpressar having nounting copnections
on Bri B DN BSE RENE (0TS S" Bo o ADGgnose Centre of mass
os GRS ABbtaAdidlly WikHiRa DlaheRh Bp&atidh ONBE 8hpRsRE, t he
conpressor, a shell “encapsul ating said conpressor, and
a shell encapsulating said compressor, and
a plurality of support members with low bending stiffness connecting between said
mounting connections and said shell, said support members providing a vertical support for said
compressor, each said support member being connected at one end to a said compressor mounting
point and at the other end to said shell and having a “centre of bending” therebetween,
the centre of bending of each support member being coplanar with said plane of
oscillation.
Preferably each said support member is a coil spring, the bending stiffness of each said

coil spring is symmetric about a midpoint, and the midpoints of said coil springs are coplanar

with said plane of oscillation.
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25 a plurality of support nmenbers with | ow bending
stiffness connecting between said nounting

wezoweat’sons and said shell, said support menmBsIBNZ2004/000108
providing a vertical supporisfor said conpressor,
each said support nenber being connected at one end to
a Slf}bféra%wr&f Fx%%ﬁf cdIPsSHighs PQnfre 17RGnA xﬁé?ﬁs FHnEEai@ el to said
to said she and having a "centre of bendi ng"

comﬁnessmb\eﬁhmm pertthadanc eerpeadiaflalte sdidragisaff pesiehresipppation.

th | f 30. .
oS dTcs oA Pl b FapIyEssttc - Sl B Gymiidiaprops sgd plane of
oscﬁlghé)n 23R4 ée{]@mohﬂt‘?ng’c%gé&ﬁm§ bh §idgssmbly a?@%ﬂ&v@ﬁuﬂplmﬁ@ hild the springs

prinfng 1s symetr bout a m dpoi nt,
mmmtdcpﬁmmlselldfelmsadd@tanb springs are coplanar wth said
pl ane of oscjllation. WD 2004/ 106737 PCT/ NZ22004/ 000108
- 7 isplorablattd mewRiEcaneecHsns arg iyt (s e ehegcatesoppgsor and said
i Rl {1k bt L ShphesoRTPT €SSOr Wi th
Supgﬂg n?reh?ﬁgﬁ%erpelgggu aﬂ'to SQF% axi s of piston
r eclnpr ficthei aspectPthefeeseht invsatich miap davadtybpsadgorcongst in a housed
substantially symetric across said plane of
COMYHESSP] GFWIN&and sai d nounting connections on said
ass, emdhthd biReticR%rd B SRIMBIPSyhoRe centre of
muﬁ%ﬁreggé)?ﬁg&g ?égllé%o% sal ?Jllpl ane. Pref ergbl y ngf:%lre OF Tass
osciiats silfigantialy edthiroaplane i qutaiodef theecopgrepbery of the
conpressar and said rlngs are shorter than

rt s
t hed PaMgHE shyil @ﬁ?@“@é‘ﬁﬁ?gg%’i“p ST ur t her aspect t he
pr € Elgl}alfty}ffe%ﬂ %Pcysr?gﬁgsaéé tH 1&\? b%ﬁdlgg §QfRQ9 Shdfeclifly Between said

hous conpr ess a conpressor havinhg
moﬂfﬂmgtobﬁgecaom‘mﬁtsaMeld),rsamlnmpm&mbin}aemﬁpwedmg atvericalfsupport for said

mass oscil ] ates subs tally wthin a Iane(ln :
congesar, i s8N SURROTL BRI ERSHIE M AL DI Eng o feid compressor mounting
r coi |
ro SRRSO Lo3 ) g AR 2B AR P bt
bet t\heqﬂacsmbﬁt ofreprints bgweem smd tcomipsessorchng asiadll Isdusing, and the bending

_sai d support nenbers providing a vertlcal S ort for
StifRwpTprolils WGP 96 cactbpEme it g it theisriel 4 sygported by each

supggxlq Eﬁk‘nzlj?ﬁ\gh 1 tth«? E(gn}gr'%gsoy R &ﬁhgls%gﬂaﬁrﬁﬁfl?rc SRR Edraghe same as when

er e tosalds |narmrren
thelcompakeris ng operatiagk i on), the placement of springs
bet ween sai d conpressor and sai d. housin and .t he
benRrckrgably £aahr s PBING 1 LCiRCtrS Algtng t%aéﬂd§5mpFF§S°r mounting

mgﬁ'lnﬁ%t &hérb—:ﬁ& vé1&§d 1t dnﬁéhlas BOQ&U‘%WB%&E 1lﬂ¥reﬁét%en and
P sSuppo

npressor is operating I's
SUb&lteac"mtraldfybdndﬁ@t aﬁlhacﬁlaMpbhensmhﬁ beingiveplan@0withesaid plane of
conpressor is not operating). Preferably each said

osciltionspring is connected at one end to a said

CoTBERRRTe AP, s BB BSOS s ommon
axiglgbsition and the nett reaction torque applied to said compressor (when the compressor is
oscillating) from said spring set is zero.

Preferably said spring set includes two springs opposed and symmetric across said plane
of oscillation.

Preferably said oscillation is linear and said spring set includes at least three springs
aligned radially relative to the line of oscillation.

In a further aspect the present invention may broadly be said to consist in a housed

compressor comprising:
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the centre of bending of each support nenber being
coplanar with said plane of oscillation.. 25
w@bdoenodsi vel y two or nore said springs conneceCt/NZs@it/d00108
conpressor as a set at a comBmr axial position and
the nett reaction torque applied to said conpressor
(whensheHe conpressor is oscillating) fromsaid spring
set is zero. Preferably.said spri set i.nc)udes two o
or i e TP BB pO0sc s shaliEh fgies space within
safRBhell bt diing3RidnBhiofPrdssSbAd BRGE Lk QBr Ha¥ide agu?s%n reciprocable
and said spring set includes at |east three springs
ina@|dyfindat andidisadtion gasdsagtaithreaytfoor kaid|gases spicedstoishidatylinder,
In a further aspect the esent invention nmay broadly
be SLTHHPBERERIGH0 F3id ShallESEEFPaES pr essor  Compr i S ng:
WO 20QM kOGP gasBEPARERRAD S PRI outSr é’id%ﬂ?i land 2
| i near conpressor suspended Wthin ané encl dsed by
sai ch galydlol mhibHomingaslessepaae, nibistantiallysdiividirgefidst region of said gases

surfoundi ng ,sai.d | i near conpressor, .said |inear )
SPRGETB SO AR Lo Ea56T AR ApY BLIBINGS 2% How Privteeaid first and

seB6Hd égﬁ)ﬂg,tégﬁf&&ﬁ@ﬁﬁa&@qﬂl\é@%(f §a%ns§<§10q gg@éseéatﬁ\pggﬁ%e{np{goto said first

said cylinder, 5 a“suction gases Inlet"to sard
regiagesidspdaempaessahgasessell pgaseshpaph sdid ecoosdiresion.

cylinder out of said shell, and a gas flow inhibitor,
O s b A o o h o i sases sace
r eg'ﬁ@fe%lﬁﬁicﬂs}ﬁﬁ%g%%e | ﬁﬂ?f%l&&%v@ss%?&g']ﬁclﬁf 'él?l'\%élg art way along its

sai d gases space, biti'ng gases flow
lewmgtn,dhé innett sustack ofsewichdll beig olvser te aaid linedrtcompreases the region of said
i nl.et .andd%ai d sucti gn gases pat hway opening to said

n IFF}E’_PmiEB B RBH SCoanE &A™ conpressed gases path
Pas 8@l QHOM S as%??ﬁ’tﬂqra{] el ¢ orugfn §4i8 %onﬂsal d

gas flow iI'nhi bitor Conprises an annul af constriction
i n Jaefdraphsesd spapessed Fasdsepatibinelries d didehhige ihdadiconnected with said

.general ly el ongate vessel and includes_a neck part way
R R Sor, o o Fhergaisad HISBIIRg AT e ! Syefnes dehaing a discharge gases

. | r : e e )
e R8T 1, L A COURERIA LD RS HR0, o e
inshatidndictyehlsyidimed ssifadei and sgidoasrpaifivsay ext ends

thraou id piston. Preferably said conpressed gases

pat ﬁ’fgfﬂ@?’@oségio e é@f&iﬂé@n [reRgTigesiabstartiallyianclosgdpace between an
. I. ol | ’ . .
S BB i SR DR SR ELHh Acicnty s

that fsaidbgpace, aogehirewitinvelid popertiac of Whd Workisfpsh SRCOBGExpected operating
and t her nmal i nsul ati on

r(ggi on .of sai djrg%ases sEace,
cOpEHaRES Ve araYlicighambsr tRapdess tpn2d @0out er surface. 20
Pr efp%fggbg, Sy cgflih grrhq%{ldgsnsul ation conprises a
substanti ally enclosed space between an
a cylinder housing defining a cylinder wall,
a valve plate defining a cylinder end and including one or more discharge openings to said
compressed gases pathway, and
thermal insulation sandwiched between said valve plate and said cylinder housing.
Preferably said thermal insulation comprises a thick polymeric sealing gasket.
In a further aspect the present invention may broadly be said to consist in a compressor
including a piston reciprocating in a cylinder, with a suction gases pathway through said piston,
and said cylinder including;

a cylinder housing defining a cylinder wall,



10

15

20

25

30

inner wall and an outer wall, said enclosed space

havi ng one spatial dinension sufficiently small that
waaiod1epace, together with the properties of tINEI/NZ2004/000108

wor ki ng gas and the expected 9operati ng conditions

gi ve a Rayl ei gh nunber (Ra) I'ess than 20, 000.

Pr e i~d - | i i T . i . .

ou R i Rl oyl cha P oo dfEharee openings to said

cordlpfesseidngses pasiwaygdard end and i ncl udi ng one or nore
openings to said conpressed gases pathwa

di schar gﬁﬁ ( : way, )
and therealiasulation japd vished betwapne e valve plakaandsaid aylindes housing.

et g BT fitiel By DR LT B TS B G iste S8 Bg eonte

gaskei furBlr hdpeat thel pichait ideAa6H nlal®reudBsBidaid RV@ALEGA a compressor
~ may broadly be said to consist in a conpressor '
inclydang ipipign zecreeasing ine e ndenvithayt pihlufrieationnvish a sustiemgages pathway

suGt j on .gases path hr h _said piston, and said
thr%% Sr%j;?lgtl%ﬁ’c%'&osl% ﬁg%éd%r};p@ﬁ%gg. housi ng defining a
cyl bRgieidenBbhsind M2 ddderwaCT/ NZ2004/ 000108 -9 a
val ve plate defining a cylinder end and including one _
or Aplae glatcdedinge asytindeigad end igsludingooaprmersdiFchrigespenings to said
at hway, an hernal insul ati on sandw ched between
Corggrietsusvé@ %egpp}hté&fag’ %n{lﬁdd sai d cylinder housing.

a titelep @ydbliy seaBh gl gdsRersaid wiched etk b saldOiPVd pifs ad dald Gffinder housing.
polymeric sealing gasket. 5 In a further aspect the

pr e e atfuitherespecd nharatesent dadingiopanayabrgadly beotasd tt cangishin a housed
colsomIpI essar ii ncluding a piston reciprocating in a

1895 PRASY™ R ABut oil I ubrication, with a suction gases

pat BRI, through said piston, and said cylinder

i ncluding: a cylinder housing defining a cylinder )

wal B compieagoy susperded widfin andenciosey by paié phedinwiittamgases space within said

shel e i e BBty SRR R Bk Biop ool acytinder and
a s8R galesqRTKRL fFoth GXitl Ghed spRkWRSRaRialyinde! ve plate and
said cylinder housing. In a further aspect the

pr e éwetionrgaegstinlghtorrayd sheld gasep spacesai d to consist in a

housed conpressor ,,C rising:..,.a shell 5,.a ) }
o oB Fpfe R RS RTR R g shE Pt ) Saclpding fdispharge head
cotebed &iBAGRIinS ARG PAsEEY, Ehi® Bischar Sd Wl hewhE MMM Gal PRk fce defining
g:orrpr essor, sal d conpressor havi ng_ a pl st on ) ]
a diseharge pesgb Llanpbrer,canopter vebdlrsusfaee withigusetdi seeongasgion of said gases space,

RTINS N

Preferably said thermal insulation comprises an enclosed gases space between an inner
wall and an outer wall, said gases space having one spatial dimension sufficiently small that said
space, together with the properties of the working gas and the expecte operating conditions give a
Rayleigh number (Ra) less than 20,000

Preferably said suction gases pathway avoids said discharge head.

In a further aspect the present invention may broadly be said to consist in in a compressor
having a single cylinder with an enclosed end defining a compression space, with a piston
reciprocating in said single cylinder, the improvement comprising:

a plurality of gas flow paths from said compression space to a discharge space,

a self operating valve in each said gases flow path, opening under the influence of the

prevailing pressure differential across the valve, and being biased to a closed condition by a
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a conpressed gases path fromsaid cylinder out of said
shell including a discharge head 20 connected with

we a00d/1bd7Brear conpr essor, said di scharge head he@T/Ng2@w000108
i nner wal |l surface defining—® discharge gases
chanber, an outer wall surface wthin said second

SPFiggi on of said gases space, and thernmal insulation

bet Lch i f f .
0 S0\ T G B oL 5% et
encl meRebIPERE sSR G e BRI WRRIB hadla dif2Rht nWGdal ﬁ@(an@}nﬁom the other said

outer wall, said gases space having one spati
spangensi on suff|C|entIy smal|l that said 25 space,

tog operti f the f.
t o TRty badn B PHRE RS ATk o ot S e Y giRer said springs.
numéfefa%@ silQS@nhgﬁﬁreZQ AR evreakst ing, §§1Hdva?\%f§tdr9 M end of said
gases pat hway avoi ds sai d di scharge head a

capiseerticaflspripg; esdthe goavsty iobeachagidionwildvey ldaé siraigds thghtly different to

consi a coppressor aV|n a single cylinder
thwg?%nezﬁ/ énlé? (gtggrosaé g'zeva‘h PLN 5 npr essigon s)r;ace
Wi t Ma iRerRdtBleBreack Saill ©6ive h@§§§lh§lﬂy'dﬁ‘ff§r@ﬁﬁn§és rﬁrgllgfthe othefr said valves.

cylinder, the inprovenment conprising: a
gas Hrbﬁﬁwbbaiahisvai‘rmmmmrdlasmmmmse smpostpnmlebdr fixed relatlve to said closed

r f.o in eac id
eng gz 8{:?1&1,95 Ea\¥1 S %Bﬁfﬂﬁy Bﬁf]ﬁé}:{ ietv relela gﬁgpgenagng gm said common
suEﬁﬁVﬁkh%BQ pressure differential across the valve, and
eing biased to a closed condition by a WD 2004/ 106737

PCT/BetRGidky @00k08non $@pos pramigr ssacientalinibwad vad eamilever leaf springs
n e rt.of a single unitary planar valve
ex?%’ %‘ﬁalp }f-‘?rgfsgﬁ WPy each said valve and spring has a
di ffF@éi@ﬁblﬂﬁEﬂér@ﬁ ﬁfrﬁ%g Hﬁﬁﬁéﬁ/ef [e%m/zhb@ hlhesralds&' galhh b.
springs 5 Preferably each said spring has a siightly
dl f fIEﬂéﬁ‘thesaapfcﬁnbes}sre$dn¢)mvemthmnna.3d)rda(ﬂpbe suibto consist in, in a compressor
er ab antil ev af spring

(?a % r| n £ |
infifhER BRlnbS G eodRiaing cyfncbaRuh St airiored vus Seluninta compression space,
th$ Prold & ofaﬁ\éjmta!?ﬁmgﬁ QIBLL ¥f Qid FREA AditHe CRAW éécﬁ&?ﬁ? a%eﬁizgf the cylinder

spring is slightly different"to the geonetry
beiggHess tkmll i$eeahe lmmecmblﬁa:bmpsunggs Al ternatively each
sald ﬁrhas asli tI di fferent mass fromthe

ot ht 1aifreq aradom ‘&’flé‘i‘lﬁﬁf’wéﬂé?lan v8acs &0 Adisparge outlet,
has a3 FRFIRANS YRREGE em@aﬁf ngb%ﬁ&*\ﬁ p%ha bééﬁ Lﬁ B (Ifet@lyﬂqeolpﬂueme of the

closed end of said cylinder
prevaninig| peessureldeffidrerstinl incrgss thetvelveli ng fr om sai d comon
sup or conmon support  nmenber

ferabl sal .
Yaﬂaah%ﬂsdp gl §§11%f¥% PW@P“‘FIE% E\sb pRrgsand each said valve
an@%‘ As A ALkt of ﬁﬁﬁ'i‘f? d bthel I's
ﬁrﬁi;g?}ﬁer cantilever |en né\yf?/% vtr%nlet aﬁﬁzrll%élgg g Eerl}?{l‘gi3
hub menrahlyfelach beed spm@tas atshightpy difereint stiftiess from o1t said springs.
bro$ Y BF s%id to consist jin, in a conpressor
eferably said springs are a cantilever leaf spring, said valves are an end of said
cantilever leaf spring, and the geometry of each said cantilever leaf spring is slightly different to
the geometry of the other said cantilever leaf springs.
Alternatively or as well, each said valve has a slightly different mass from the other said
valves.
Preferably said springs are formed as part of a single unitary valve member, said valve
member having a common support member fixed relative to said closed end of said cylinder, with

said plurality of cantilever leaf springs extending from said common support member.
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including a piston reciprocating in a cylinder with an

encl osed end defining a conpression space, the
w@emdaat’3of the maxi mum stroke of said piston BOTINZINS4/000108

cross sectional area of the_qyl_i nder being |less than

15cc, the inprovenent conprising: 20 at |east three

gas t ' . ' . .

< Srefeis ) sB gl it iholBEPL S B AR TP ARl Rorlever eaf springs
extgad eslidllydvennadib huepeni ng under the influence of the

prevailing pressure differential across the valve.

Pr ePestensbly t&ae ks s Brthes eantite veslep) vadwgwithin said| ceaisa) hub.

con r [ ve. £ .

s Ted fPReEdsp W R AR ERG B YRR, B compressor
inchadivga Sisidn $Eipro@Ring n Pedindeaitly atatiossdest daBininph ddaréssion space,

slightly different stiffness fromother said springs.
thepmpr@yeaisny cyBPTEsingri ngs are a cantil ever |eaf spring,

2o PRt 28 A0t U BN S Re DR bt outer,

spr aRglfioperatin@hilvy irflédchen@ntasésOflow Pethgessmmid indef tHel@fluence of the

other said cantilever leaf springs. Aternatively or
preyailiggpresswg diffesential gapssdhexalve, sii ghtly different mass

fromth the ' es... Preferably said

spr F%Cgls\%é‘%e&s@r%g 8§%§%§;§?& %?n%gmé’i b(re?'ga[ PR tar y val ve

me i nangal febquahoydf ehBHART sphiigiafg valve ASIMIbesigtROkdme (intentionally,
menber fixed relative to said closed end of said

whethier bidessemblytas by Serimjopyalyispiing efotersompenent). | eaf

20095 PR b A b R R RR P Bl gy Yom it of he

othePsaI®@Bpriigaport menber is a central hub and said
cantil ever leaf springs extend radially fromsaid _
hub Praferablyreaeh said spsing Has aglighthyt difereobgittiiiess/ @pm|otlzgr said springs.
val ye mMiihin.said central hub. In.a furthe ect the .
or Lttt B Sertnek b5y 0 B LR S Bnd of sa
caritilev@r EAMRIrRESAId the gbdrfbtiddMAciRsad SdnfifeveelchpaAaALd shghtlydifferent to
a cylinder wth an encl osed end defining a conpression

theggametry of the dthgssaid epetievasdeadspeingsg: a plurality of
gas flow paths from said c ressi o ace.to a
o < sy YaRPF I ad R, B Gp PR T 2P R et s fpm th otter
sai@d8kss.f | ow pat h, openi ng under the influence of the
prevailing pressure differential across the valve, 10
eac Rraferably shidj spyings arsdormag as patted edingbaditarp mallyg member, said valve

et Bing A Grinp ot R B et 1o, o R e Rl tinder, with
sai Phasifg b bantiévePeal §irfed ExtéadiMe frofPdaiebr@oR bllfort member.

congonent . Preferably each sard valve and spring has
a dPfdfenablytsaid gpuopmin sipeetreeper is o wenttal half andseid cantilsver leaf springs

ext%r?& gadfc'a?lryi 103 said hub.

Preferably there is a further cantilever leaf valve within said central hub.

In a further aspect the present invention may broadly be said to consist in, in a compressor
including a piston reciprocating in a cylinder with an enclosed end defining a compression space,
the improvement comprising:

a plurality of gases flow paths from said compression space to a common discharge outlet,
the said flow paths not all having the same length.

Preferably each said gases flow path includes a self operating valve, opening under the

influence of the prevailing pressure differential across the valve.
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15 Preferably each said spring has a slightly
different stiffness fromother said springs.
worooli/evealll y said springs are a cantil ever | eafPGRNZIUg4/000108
said valves are an end of saig_ cantilever |eaf
spring, and the geonetry of each said cantilever | eaf

SPr iPRgferablysdatie) Bdidl Yot faie R Rided @ shh2@ ﬁst%g?xﬁgﬁ)lxmq{ritﬁ R€ommon outlet

ot her said cantilever |eaf springs. vely or
fronhsaai:l?hamdfhschemﬁaéa eathwsaldviovh aelsth atncsuhdig@? byrtig):nfoffeaie gltscharge path,
.qass. from the. at her 0 saj d.valyes. Preferably sai
saif Bpfogt SERaLc FisFter mack pughidettin s PR mothiior & poving e same length
MepRiferabigiall ofahNiShortIEHER R saidaN - P,
_ nenbereﬂ‘ai ged rel laﬁ?ové to gglpgﬂ%cpgrégggglﬁagflé%gﬁ %M flow paths are of
diffop¢ritpength. with said plurality of cantilever |eaf

springs extendj ng,fram sai d commn support menber.
pr o EBbly SO herEd fisclir e iapiup eniin B4 Thepmiplle e siid iy paths open
int@84d SRdréd @i@éﬂa&éeg?’a% at &@{tioﬁ?ﬁfg?%ed %guxﬁfljlheﬂglruhﬁdl al ly

fromsaid hub. ef erably els a
canPrdfgully shidabmuainatiet ishit onsaidbfeeidtanabluub. 1n a
furghﬁ_&r @speﬁt t he present inventjon may broadly be
sai H'TGAEEALF SEMMPD QUHCLODEBHIAB£3H Passpgwvitlin e @irve of said annulus.
pi sp ISRIdOGaRkd ' L GSdes Y - | osed
G o SRS fth Wies by SEERERESS conncoted by
openangs betweey adj3Cena clpimliread, htd/canh sgid Sles, gatlovpapatdediffernt said chamber.
saiij go%ﬁrﬁ%%i: on space.to a comon di scharge outlet,
t hel CIGTEPl [RSRF Pt dratrpldiowpath pagig direrslydRivesaideggi nassage.
Prep el ' asel .
Py e S SR S SRR T AP A3y S Bow paths into
saipshewed disehgrgerpaisure differential across the valve. WD
200 /%0 737 .PCT/ N22004/ 000108 - 12 Preferably each
sai OrefqraReY pRie FOpEpsiRIEwase is kagleted @t erarrad by ayalve plate, kaid flow paths

t ISR I,SC t-h, . each
psE O AR SRR AR AEDILR A B35 oo
a cqrarnbnp radgsirelafhor toiao asis phssamy phrptndichRFgehrpaghsaid\adlvdaste, and a cover
f ir} sai.d {I orfg?%tah,s not all having the sane Ien?th. o
xq8ta paf XBlvy PLate: hgying internalbovalisgledingwe aqlyralityi of eniaF ehamphershdistributed
arot o i W, f.: i ff.erent :
N LA R T —
platanwith &re, wilLdefinigsaid etiepassapd andiatlchst@ne palletwR@ndjacent chambers
into sai spgar ed di scharge path at positions dispersed
meefing AW Y¥a¢ DidfRul us. Preferably said common outlet is
at ' . Pr i-d. conmon.
ot oA sGbectfebraldt thnioh o B b RS CRFERp o lanar vaive
memsbérccompnisings. 10 Preferably said shared discharge
pat h includes a plurality of chanmbers connected by
op Wgérwwt%?‘é@%ﬂa@hanbers, and each said flow

eremnang oknd <At e, e BB SR Mg ect 1y 1 nto”
saiaplenality qfapskeg extending between said hub and said annulus at intervals around said
hub. |
Preferably there are three or five said spokes.
Preferably each said spoke is serpentine, and is significantly longer than the radial distance
between said hub and said annulus.
Preferably there are three said spokes, with each spoke having a hub end and an annulus

end, said ends joining the respective hub and annulus substantially perpendicular thereto.

In a further aspect the present invention may broadly be said to consist in, in a compressor
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Preferably said self operating val ves operate to cl ose

t he openings of said flow paths into said shared
waltmehaa7se path. 15 Preferably said conpressi oPCENAZNG4/000108

is enclosed at one end by a-valve plate, said flow
. paths pass through said valve plate, said flow path
inchpiéng mpistoareimpening iomcyl aiddr with ¥ EloREdng d®AniAg alcBmPAYS on space, the
.a common radius relative to an axis passing ’
TNV RAY i COTPESING aSHE#IgRlet &1 wrid egmpprepsiicn spacacprisingy er

fix S al te, . having..internal lls.

ot hpkdlicg BF Gkl bl i AH REEREA Be of Shidbiston at spaced apart
locatiaspahda central axial exit passage, said chanbers and

exit passage being open toward said valve 20 plate,

wi t f Peanar M%V? n&@?heﬁihﬁﬁngd‘i libesacured asstaglty wnttie face €asitd piston and
e Pﬁ%ﬂ J nt chanbers neeting said val ve
thrlﬁgltl%\&lélor\{g?a tﬁ%gegggect the present invention my

br oBxtferatije saidiptanuovaloa siesibet RastanPdrRORS aldiind %ai]d'}ﬁm?lg plurality of
oqgalsani a hub for securement to a val ve plate, 2
SPOXES SieinesP ety eem@idhibornd seid anpubvedt intavals aiodndhsdid habd
a | : t endi ng bet ween said hub and . )
ooy R Yo T B o0 R i S o eVt e p g annulus i
spatdueirem alieewalhoB@ideylfndée sai d spokes. Preferably each
sai poke is serpentine, and is significantly |onger
th a]% e?eﬁagﬂ)‘ thgingmbgr ek spekes sagbvabet memherstais ds $uldutaintlon ahdket: 3,5,

annpyl, - there are three said spokes, with
each %gag llggéaﬁg\glélﬁg (Ma(el%m)erpeeﬁgneaﬁ?&ﬁﬁ‘gﬁﬁﬁmt%on&?ﬁ&aﬂ theirgyial distance
betweemissajddiubiang shidenngispect i ve hub and annul us

sus)stgnébi al |y perpendicular thereto. In a further
as péeierabhethgieasethred saidsspokesn witheadlr spakié hiating s Rilsleidand an annulus

' 1.0, ompressor. WO 2004/ 106737
end 5P i BaPvE 3 fid s SubsSandill perpendicutar thereto
r edh pr fugthed apettntha peadehBOEntint Al
a conpr essj fa? spacelf t he in&ppovgﬁé?ﬂag%%b%gitggggﬁtqg a housed
COMPEESETGRMPHPBE: t 0 sai d conpressi on space conprising: a

pl upald ages, t hrough said piston exiting said
face%!)dfn%}s{tgi%émgfeﬁ%hanéjt spaced apart |ocations, and 5

a phafmpatedioliownghizh &hrbaNdiRg s@d RURpREEH trall .
to tf;e face of said pi stor: %ﬁd extpend(#hg{%tdgﬁ%o{}lgitacyo“ald shell

havigg ey 98 signifiepntannphaehelfarbirynsyaisd tothanais of alongation,
mehe annul us_around sai g hup and a plurality
of a0 A SRR 5 Ree S bt Bl ottty vid hotlow.
at Preftrablyahisl sheludivERd byl hdtlo®f B kYst 53 Ly i
covgii[s, sai d passage exit sy and the out ellrS e@gganggb éségéjndj lobe, said
holloy Agfinjag @ avaist pisipgceid 1obesnsaichwaisbbdingharsaied thanl saftiebes.
Preferably said compressor is a linear compressor, there is a gases space within said shell
surrounding said linear compressor, said linear compressor has a piston reciprocable in a cylinder
and a suction gases pathway from said gases space into said cylinder, there is a suction gases inlet
to said shell gases space in said first lobe of said shell and a compressed gases path from said
cylinder out of said shell through said second lobe of said shell.
In a further aspect the present invention may broadly be said to consist in a compressor
including:
a piston having a side wall and an enclosing end, with a suction gases path through said

enclosing end to a compression space,

a chamber within said piston, said suction gases path leaving said chamber, and
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Preferably the nunber of spokes said val ve nenber has
is selected fromthe set: 3,5. Preferably each said
WG pka0d737 serpentine, and is significantly | onper/Nzawoo0108
the radial distance betweenldai d hub and said
annul us. Preferably there are three said spokes, with
each fapohkeilbaelingga teshiceddentmdcato said chamsber 16 tienehd- of said piston

sai.d %H?S oi ni ng the respective hub and annul us

OPRYBES P8 58¢-pendi cul ar thereto. In a further
as p?’?éfeﬁagﬁ tﬂ&%ﬁ? QlsobSHEBUHOVitFRY shl QALY erPBeBthd alflst sub-chamber
consi st oused conpressor conprising: an

togetten gathesagiopixoe sislo walleand sami eatlosgatead delfintgy ssdeedrid chamber together

.surroundj ng sai d res t he outer surface of sai
W@h%rq lr%afﬁs\%l% @alépmr) walé withy A spstionrpletpast prathrough said second
| ow transverse to the axis of elongation, with said
el ongate conpressor supported within said shell so
t hatPréferaplyssaabfisabaffle aotnprises Phelle@r altlyswsabubpoited withsn said piston
d|V|deg by, sai.d £ﬁ$|OMIIntO a first |obe and a second
oppesis end, gl sustien t&gmpﬁp%gangnwé]'ag oyv(ﬂa];h weepj said piston sleeve and
sa1bﬁl9§ bsqlrg\@la&; bn OfE08e t%%ﬁm%\@ﬁ{wv eﬁ@l@s&@hgs elnqg%ﬁmg onto said annular
refera y sai d conpressor Is a |linear conpre
flobheatle i s a gases space within said shell 25

surroundln id|linear conFressor said |inear
r@gr%ky Sﬁ enirqgre b paid Bellpw soslgswreicampriesa 3 Fregpant tube, and the

len%ﬁ‘p%@d %Qld%ﬁ&ﬁnpﬁ}bla%ﬁ tﬁ% ‘?&E&Qﬁ golgﬁl%e(ff sagfﬁaldx@.tegclosure are

cy ere I's a suction gases et 0 sa

selséted ko gm&& sHaloeholta resonadtof turgt tb mhﬁo‘&f arsatherveibebthilbitedd frequency
a conpressed gases path fromsaid cylinder out of

CORRPRFIEhel | t hrough sai d second | obe of said shell. In
af t b g -
PR M SR AR 0, b e s
valpk sh@nbdraxifrgetmtiag dmdimi]bﬂevzﬁhﬁg @hisel PedsOsies gnd ﬂsinarﬂvbtfbroas and said

suction gases path_through said enclosing end t
Pa@é&?p?’é%@%oﬁ ids it Baffls amisaid apnphs rbewi Widhaliayn ha\seaieagth and area

3454 BB R Bs T 04E8 e BIPIPRa Rrgon sk

def iPrifagbly arpissdn jodteRtbnddintosaitpiston a8d @1@Htﬂni9&eénoﬁisuieh§supported on
end- of said piston_ opposite said enclosing end.
saighpistoy 1981 SpPPeréadeoyt 8f epndact with seidiisten sipqvsishelsthntgpaid annular flow path

sm%nﬂ@pg&dhgﬁ5®% agmﬁ flrst sub-chamber together with

ston  Si and sai d encl osing end, defining

as (meéldbl@h;aiﬂt;ﬁgtoﬁ ﬂgieddhﬁécts fo sid dhchRing dnldloF baid pisidig said first baffle
and said piston side wall, with a suction inlet past
exighds fipBuyh Biaton 19d de Al 1npar syréace pf spidrpisipy skegyel anfl s configured to

tra}?ﬁﬁlft ia?ergﬂgpcfs b%??o @o]ta{%l éhg#eg neh Igérﬂarxt‘ie Supported within

suctron inlet
C O ﬁﬂbl tﬁm sanleamm tHeait ol vﬂﬁb}pﬁfehn&lﬁhw edlatefinthn chhMes in construction

anc? lw?c(leéi}? d?f?e?‘mg embodiments and applications of the invention will suggest themselves
without departing from the scope of the invention as defined in the appended claims. The
disclosures and the descriptions herein are purely illustrative and are not intended to be in any
sense limiting.

The invention consists in the foregoing and also envisages constructions of which the

following gives examples.
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said holl ow encl osure, and an entrance to said holl ow

encl osure has an opening onto said annular 10 fl ow
w@awhviosef erably said entrance to said hol | oWwCT/NZ2004/000108

encl osure conprises a reson_agg _tube, and the Ilength

and area of said resonant tube and the internal vol unme

mt' %Je(? lﬁ?ﬁrlﬁ%i] | ected to provide a
Blﬁé o??gﬂr)gsona gr une WgNr(zﬁove an ot herw se
ex hFlgutetisfapatistineyplodaiion &otm abbbe bitagiror aplieat Bhireésdr according

a valve nenber fixed to said piston end in said
to WsnB#888%%n space, said valve menber self operating

and” 2 2 L Oa B RpREE AP Be Y oHDRRSE GER® 1 without the

coripleskoafad. us about said holl ow have | ength and area
sel ected to provide a conpression pul setjust as the
pi sFirod i ansexpladedicasef top canpiskeer hedegidhepamprgssor of Figure 1.
pi st.on e | i I S nd sai d | 1o .
et 28 SHh Sl Sqe oS Ruieoh A aR ol Y, excluding the
herfidfipBbhgag out of contact with said piston sleeve such
that said annular flow path surrounds said hollow .
encFisig 2A iy dragraabillpsating yerious paramgtessorsaesiated withadiydrodynamic
encl asin . sai d piston aid first baffle
beagx e‘f‘ﬁégteg?gc%gdslgéao ‘%lleslfl génn%lro géle{eon't he i nner surface of

sai BRSSPk SdieQURmatibdrdss sécabhdl gide@ibviaion bf APistohtand cylinder wall,
lateral loads but to isolate changes in orientation.
withsherpiston psefilg riadifeed acronding taone inyentiorchereine i nvent i on
::“elf }é;fl?én% wnga?%a ¢ Ir}r?r@ ?cg crlgas cf%%l Bo;nltaf sg(gett t%l%v%go@f%j 3 lﬁﬁ%thg eln}/d cylinder wall with
pistonRefile@Rodifitd akba@esto dnheeERlivesmbydiiAUsf tHE RRehtidilof Figure 5B.
fromthe scope of the invention as defined in the

appEitedl’ & aifess seFHen thapegh ehamisal aparhitieg bath dlistratingig method of

BB BBl R G Sn RERBhER Thonced @
i N Fherd 9ie0aiddendidnah SRsSECLSAGES c@@v\%ﬁiﬂt ¥6hrie@idn Bétween a piston
which the follow ng gl ves exanpl es. 2004/ 106737

and@ToNFobe4 P EE 0 ®ne embadiBRNEH apPBEeRNPEtEN hereimigeluding a disc and O-
rinDEAaWNGStEé: Ufe }e is a partially exploded view from
V& et g‘rs B St 1i near conpressor according to

WO 0259 8% sifid eV Riod ih SroddsfibRbHSE doBBRARUEEhkti&b&iveen a piston
the conpressor of Figure 1 without the 5 conpressor

anchpigthn Mdpaecerding ® ene embodinient off awinyentiore herompingkiding a membrane
I ure 4 is .a

o B SR S BB E e s,
Fi gRigarel10 8% Gldedidatibh créBisBRionGrAREMipNant connection between a piston
and piston rod according to one embodiment of an invention herein including a flexible joint.
Figure 11 is a side elevation in cross section of a compliant connection between a piston
and piston rod according to one embodiment of an invention herein including a ball joint.
Figure 12 is a side elevation in cross section of a compliant connection between a piston
and piston rod according to one embodiment of an invention herein including an O-ring bearing
on a cantilever extension from the piston crown.
Figure 13 is a side elevation, partially cross sectioned, of a housed compressor including a
coil spring support arrangement according to one embodiment of a further invention herein.

Figure 14 is a perspective view of a housed compressor (with top half of housing

removed) illustrating a coil spring support arrangement according to another embodiment of an
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Figure 5Ais a diagramillustrating various paraneters
associated with a hydrodynam c 10 beari ng adopted
w@ezmwenei7sy to one i nvention herein. Figure 5B PGI/NZ2004/000108
di agrammati c cross sectional_1 i de el evation of a
pi ston and cylinder wall, wTth the piston profile
inﬂ%g&{gggngccord!ng to one invention herein. Figure 6
i's"a diagiammatic cross sectional side elevation of a _
pi stFpur@mslisQysidetientiv@ld crvdstsbetiodi Ftiecrowafehd 6f Pidiohiafdof the head
according to an alternative enbodi nent of the _
end plaeinder ingluding ap enchesing viabvemqlefg eechacrerdingde preferred embodiments of
fu %Ftkpnfgpﬁ%y h a chem cal machining bath illustrating
RO 6 ormng a preferred enbodi nent of the
i NV @@ 16 Bfa VbW Wr ehefBee &fi api6tBn Bcdotdidg $d & CurBleL U ehtRh herein.
in cross section of a conpliant connection between a
pi sFigure bhid aplastviey moli wdvanletianyalyomemberawemdingtmenesinbodiment of
anot her j.nvention herein including a disc and 0- ring
a qE?PH@“h%“ A& i ston sleeve. 20 Figure 9 is a side
el eyahir®NgiiB L£PRASVIERCI &M ANOPRhARMIvE YRS | RBording to one
between a piston and piston rod according to one
embpdioginhrei fustheninveniipardieradm her ei n i ncl udi ng a nenbr ane

ona TR R ABRR yieheol # e Efi tha eSS finte fftres paths of
diffdlingpaaSleSARS 4RDrdvlg B dheFRIbbaitent 0DA AftHeP thveRiWER eift.

pi ston and piston rod according to one enbodi nent of
an Franent B dparsieativendbwoif thy head béKigotel 9%i nt . 25

Figure 11 is a side el evati.on i.n cr eciion of a .

conp i sanietel SxThEr iRt BeSedRPa A b et aits S o mult valve
plaAGCEI¥H MBmbér RBEdRIFRO dhoBEL erod@fent DY dVch@OndRE&hN

including a ball joint. Figure 12 is a side elevation

i n Eigwes 28 detai pressufe sersemtimeapiot slmwieg tsinonthiveg wedre pressure in the

N e B R T
canfidugyen i§xt Fﬁﬁi ABw  SOMNE R PRn&T e miPhtier 3¥E&ding to one

13 is a side elevation, partially cross sectioned, of
emhodinestdf Thmbeeiosentiondetamii ng a coil spring support

arrangenent accor.di ng to one, enbodi nent af further . .
v ERron aruviow pPybiRat AT sEpaisedoe huangiisamyention herein.
a he DERAPIASAE of Mplaharv@Rehddnibe? heddPdifl REaroBIBPUREAtion herein.
illustrating a coil spring support arrangenent
accbrgiira2p illosteates dymefeont owiderehdeflsttiomo e pladat/vaD@ 7 ber of Figure
PCT/ NZ2004/ 000108 -16- invention herein. Figure 15 is
a side elevation in cross section of the crown end of
a Pirstupsn@Rd pRit of HEHHREAErsIB RSN QT oft i 10)strhAfiSHhe iMdedddhzRE ness for the
an encl osi ng val ve plate each according to preferréd
valegrbedibee nf Eigofe 24f windré dre viatweemérnloerss seeneidmlirebtl FiogusuppaBing face.

is a.viewof the face of a pis accor dj to a .

f ur CHF 7 LRt RoREantsd moge Shidihcy \_zflqlgﬁ Hiffs Dpreieauently with a
lesSPterbrrat@biR oPl AVEM MDY iTRIREL RGSQLERAY to one
enbodi nent of

Figure 28 is a cross sectional side elevation illustrating a housed compressor according to

24

one embodiment of further inventions herein.

Figure 29 is a side elevation in cross section of a housed compressor according to another
embodiment of further inventions herein.

Figure 30 is a cross sectional side elevation of a piston including gases suction pathway
and tuned muffler according to a preferred embodiment of a further invention herein.

Figure 31 and Figures 31A to 31D illustrate the effect of various features of the piston of
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a further invention herein. Figure 18 is a plan view

of a nulti valve planar val ve nenber according to one
wendpadogrent of a further invention herein. 10 PCONZE04/000108

19A is a end view of a cyli qur_ head that provides

mul ti pl e di scharge paths of iffering path I engths
Fiaccgpdi ng to one enbodi nent of a further invention

FEF&'n. Fi gure 19B is a perspective view of the head

of Fijgite 82 kWiadridimatc ?e%réséntﬁtié/ﬂ SnQfecickPéonBe| oAtpath according to a

including nultiple discharge ports and a nulti valve
prefemedembedimentafradartherdvangion herein, showin ay arcenaggkrated dispfaced mode.

inventionsg .herein. 15 Figure 21 .iS a.pressure.versus e

i B C Jdn e g MR irestin i\ riBe By bendjpg mEment at positions
al&irgrgtﬁg‘Bﬂtﬁ%f%\/vl/i?é’inrﬁgﬁijetwﬂg frominplementation of the

enbodi nent of Figure 19A. Figure 22 is a plan view of

a mAigire $4isvesigsl cevatiovof amefeenth embedimentdif thy elestrizakconnection path of
F.en‘oggi ment of a further invention herein. Figure 23 is

'86Pan view of a planar val ve menber according to

anotmgire 55 W& ek PBctiRFidwlof a cdbhprdsStifcldding Sedri®l BShnétifMs according

of a planar val ve nenber according to anot her :
to Frgneed4.0n herein. Figure 25 illustrates a preferred

node.. of flection of the planar val ve nenmber  of .

1 guigire 36 1 ugfre? Bpr3 eried St A p R Gt serding to a further
infekibg®Liegn il lustrating the increasing stiffness for

he val ve nmenber of Figure 24 where the val ve nenber
i s dJuegwreddidh sidetlbyativo, pargalhpwodsisegidnad,eof a hagsadicgupeessor (with top
7 dllustrates.an unwant ed.. node of deflection which

haffg BPYngAsiovRD ARG 2 Y RPENY WEROT PERTRERIER! AP to a preferred
enMRUHReTBIR QRS idvehtts Keatigd in Figure 27. Figure 28 is

a cross sectional side elevation illustrating a housed

conpiggs 38 issorossdecignaleidestevatmy dUisimetmg aahadner bfwpunting an end of a

i,nventions herein, Figure 29 is a side elevation in
COHISB%g%%%SttP(SW“?JF”Qe‘HE BY™MeBhpr essor according to

anot her 30 enbodi nent of further inventions herein.

Figure 30 is a cross sectional side elevation of a
DETAIDED BESGRIRGIQNses suction pathway and tuned

nuf fl er according to a preferred enbodi nent of a
G?W?'r@?ﬂ‘?%ﬁvéﬂwe i Examiple Prigr, Agt %ﬂ?‘“_&ﬁﬁssﬂgwes 31 A
to %e%r&eh Niait®ntihQudsf Efimmd of ﬁfv’eﬁtli’(ﬁlsf&%l%&ﬁingélation to linear

t he piston of "WO 2004/ 106737 PCT/ NZ2004/ 000108 -1
coffipgess@s 30d filek pisten Bachisesa KHchgnesmiah intayrtepappdieattlata @mwide range of

of an electrical copnegtion path according tgo a. .
COH\Pé?Sé?ryCQBﬁé‘fFB%%ﬂS a&f%ué_n‘mfr{"ﬁ"éirtoi ﬁe&#mﬁe deseebe herein and those
thél fa%imgm iR theBXROGE rRbeql ﬁt&qh@%%rﬂ%%%&g@ HERin3RillR applicable to

ndi ng no t diagramillustrating t endi ng

allnppes of cahprpssist iIFonexample improvements relating to gas bearing performance will be
more useful improvements in compressors that make use of gas bearings, and improvements
related to main springs and the connection thereof to the piston will not find a use in Stirling cycle
compressors lacking such connecting springs.

To place the present inventions in an appropriate context the construction and arrangement
of the compressor disclosed in WO 02/35093 is firstly described with reference to Figures 1 to 5.
This is for convenience and is not an indication that the present inventions are applicable only to
such an arrangement, but each improvement can be applied to a compressor of this general form.

Referring to Figure 1 the compressor includes a piston 1003, 1004 reciprocating within a

cylinder bore 1071 and operating on a working fluid which is alternately drawn into and expelled



10

15

20

25

30

5 along the path of the wire in Figure 32. Figure 34

is a side elevation of a preferred enbodi nent of the
wetmetiodrsml connection path of Figure 32. Fi grOEBNBH04/600108

a perspective view of a conpigssor including

el ectrical connections according to Figure 34. 10

: odi-

e P AR R & PGB hefld ) ] connected tothe
cyliretee enclodes gurapeB €nd of sheseydimded boratliodh to fertd thel doynpzésefd space and

. sectioned, of a housed conpressor (Wth top half of )
incliif 1 L ABUEATVET T LGk § B RSt BRI, Sliompressed working
& 3 ' r iR of a .
B B R AR e A YOI o 1P 3 Tl tmifola. e
dissleergé mnaifold chimnels éheabmpressdd wigking fluRign® arBOME! jaddet 1029 surrounding
mounting an end of a coil spring so as to transmt
thef e R e fechaperabe ) Sesbionyiterpadae: 1029 and out through the
h rg%ﬂ [ ition of an Exanple Prior Art Conpressor 20
T et:p?rgégfslgnt application includes a nunber of
i nvé&he cgigledbosingped jacket 8029t drointegrally fieMed as a single entity 1033 (for
conpr essaqrs ang f rie il st on nachi nes. Each invention
EX%{JE BeCashpe: cABF dacket AV4Y aemprsegenstor werfPReseRrded chambers 1032
Y ' . . I M t hose .. .
SRR LS eSS B LI 7 i g o
10T helheropent eralet] chavatberal 032aire $ubstahtigltysneled & feins leGsRet space (by the
herein will be a207pl icable to all types of
cylpggphesd @s3emblyr 0273y anpl e i nprovenents rel ating to gas
beat r L. r sef ul . .
o i AnBR AL RSERCK phic BF 0P ol et 1995.g1006 which are rigidly
corneeated ngthe celivtler opstiay @08t s related to main springs »
and _the connection thereof to the piston wll not find .
a uddepistay 100p; HY4egcipracating yyithin thercylindes kP Hgs senmgeted to the cylinder
i ! T ent _inyventio i n .
assgtﬁggg(g?gggi aEPéhggﬁ{eénx ?[t ?%egactgso&r% Iéf crzlgéetetl (I)tﬁ natur Y fe8orant” @equency subject

to the adig@nbsiringeffettof tHeQOMpeSSar gadéss alhe ?ﬁﬁhabnsp\‘@g element of the spring
02/35093is,firstl%de_scribed with reference to ) '

sysenyi§daain springsl 0153 dheqpiston; 1908 51004 dneanneetad to thethainsspriog 1015 viaa
: LiaeheAat : : S L nventions.ar .

Pis b Pl Rrb S0 P S G SRy g0 xtending from the

cylindprr @wiefger033c dihe beir aPleps E04 1L theatLAHRFECI 608, 1006,1thé S/linder moulding
q%ener al form Referri n8 to Figure 1 the conpressor .

1033 ad thesylipdgsheadasserapy 102 hogetherdopnsisa mhafs vifemed o as a cylinder part

V44 : ating on a working fluid
1Od\ﬁ/i\hcidgﬁg?iscgﬁoglr%fgﬁ%fp?{h%rsgﬁﬁli nto and expelled WO

200TRelpI6t63 FodPOA/7NGRAKAY tHOPIL A 1003.8 008 @SNHR BP0, The piston
ce at the head end of the cylinder. A cylinder head

tod 1637 1<segigheBecpision rechens AqyRT GG DemeingaisBagv IR sprmed along it and
el B REEARLY Lo o e compression
andF@dewdieiond] Wading 6theen fHeepis@AN0OS SIVB4WRA khd @ linder 1071, and in
particular to reduce any lateral loading, the piston rod 1047 is resiliently and flexibly connected
with both the main spring 1015 and with the piston 1003, 1004. In particular a resilient
connection is provided between the main spring end 1048 of the piston rod 1047 in the form of a
fused plastic connection between an over moulded button 1049 on the main spring 1015 and the
piston rod 1047. At its other end the piston rod 1047 includes a pair of spaced apart circular
flanges 1003, 1036 which fit within a piston sleeve 1004 to form the piston. The flanges 1003,

1036 are in series with and interleaved with a pair of hinging regions 1035, 1037 of the piston rod



10

15

20

25

30

gas exits the conpression space through the outl et

valve 1119 into a discharge manifold. The 5 di scharge
worzmifiad7s? channel s t he conpressed wor ki ng fl ui RBCT/NZZHO&000108

cooling jacket 1029 surrounding the cylinder 1071. A

di scharge tube 1018 | eads fromthe cooling jacket 1029

OF S R S0P ESSTLE BT8R O REHIBR s rbenin

rightl dhgles teoid dnpthk®33 (for exanple a casting). The
j acket 1029 conprises one or nore open ended chanbers

103t thegnain gpyingrend 4 P48 the pisgamerad WP hisradialhesgippertrsbiityrgonnection to

axis of.th li-hder 1071. an [ roundi ng, th i.nder .
ey S SpE el o Lo SR EA S0 el i fEvies for o
recf64a8if g IndtRnf BUt ubdientjafl§kedists RAE SatéAY nidfien ok YhétiHeransverse to the

head assenbly 1027). The l|inear notor includes a pair

diresttiop 9 sesetoentign of thearisten vt theopléndeni ch are rigidly

conpect ed the.cylinder casting 1033. 15 The piston, ...
10031 100 Re Y b PAGS JFE R R o b By FaS & within the

her& A0 %&iﬁ?. kQs tfhe teMthbwdal theafe@i%maﬁn%Ql?r@cﬁ/dnaofith%pﬁiistﬁﬁ, apart from
syst em t oper ates at or close to its natural

suppegngaanndctientitoriogcasig she dischargettebealddBt 4 g refipgérant injection line

fect of the conpress ases, T, dmary spri .
108} afEh S SbRet BRI e T R oh iRl RE 18 and the tiquia
refri %&arﬂiiﬁﬁeéﬁbnj{m’%lgg& tﬂ&reﬁ%@?@ﬁiﬂg sbing NE39EE ForfRit6 Be a spring of

1015 via a piston rod 1047. The nmain spring 1015 is

kngyon cearedteristio in thadireaion| afgrscipogatierk p& i pigfon vathin e @dinder. For

l.i nd i 3. h i.r. of | 41 h ) .
exefole i B 1014 58034 sy DO ForB Ry snif i D e hapingagiacent their ends
whathdedd\Brangh iRdRfmbeacksaisrnbl y 1027 toget her conpri se

what is referred to as a cylinder part 1001 during
di s¢hetitdmeaprocatmgapevemens sshe sam Dhthepneenent olthg pron 1003, 1004

nnects the piston 1003, 1004 to the main spring
amﬁ%f§§&¥%ép i'ston rod 1047 is rigid. The piston rod

has The pistshabos M 004 isRepporaRsdi ARSRRER tHOQAnd RS AEroXta@EEhs bearings.
it and 25 fornms the armature of the linear ndbtor. For
Theeylifider part ofthk coropegsseg insdudse the cyhedgsicattiog 108DBavingoHore 1150 there

eSS I SHPAAI5r HO BRI oy Sh S 0uke 8590 may be made
FofiP8 BB htcAREl LB MoRANALCFRE cxtbihl DRI HeltBr® flom o fibre
reiI;grlng 1015 and with the piston 1003, 1004. In

raefl plastag campasige uchns carbemintre réinlorded nploo withd 4%0RER@lso preferred

forg 5 i o Bl FekyEh o il e S B BR BT ReE g £ ko eraphie
flalf@UITdREyRHAd Ahed PG BR JPRRInERI1 D3 ﬁme}mr&%?eﬁ&ﬁhiﬁgjﬁom the outside
piston rod 1047. At its other end the piston rod 1047

cylindeicalgudface 1930 thepdofsptheantemphbare ¢07 Icthkmof. Fegnges 1003, 1004 travels

LN TR N ——
ol B AT Wi 900 A9 60 RS T s
beaPIBE/hEE2OBHPOOALNEr othtrEndOW gaF hearpeisnpill niwnifgidnghich is formed as an
an%&gkgg%pérga%(gﬂnd]i g’ Zyl?nrd%r {ircl)err%% tato thg %gz?d gn(P tlillerrég% gelt\?vegnxtlh?: liner 1010
and the cylinder bore 1071. The gas bearing supply manifold is in turn supplied by the
compressed gas manifold of the compressor head by a small supply passage 1073.

The gas bearing passages are formed as grooves 1080 in the outer wall 1070 of the
cylinder liner 1010. These grooves 1080 combine with the wall of the other cylinder bore 1071 to

form enclosed passages leading to the openings 1031.



ri ght angles to one another. At the main spring end
1048 the piston rod 1047 is radially supported by its

WO mo#m®se3i on to the main spring 1015. The naiRCBRZING000108
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1015 is configured such that-i20 provides for a 5
reci procating notion but substantially resists any
| at erldle gavbeaing groomest 1080 foltanbel RaBfttisO ThE Rngit Bﬁﬁé teSptctive paths are

reci procation of the piston within the cylinder.
%%"“é‘% %@‘i% ancq ith fheRyifsried sectional arpa pfidle passage, whichnain be chosen for

AdyGh £Hu¥adim i L o - tic casi.ng. If is | .
ef rygg to mov ((}I lfihgr %ée}m?lg% Fg‘r&os (S:llgf)ir %Sog}eroglgf rﬁ?ﬂﬂ‘ %‘F£ fferecision moulding).
pi st diach paytlQ05f HaDGof theportdaties@eAGaL] Bah ga® 1008, 1006 of the stator is
f&asi gg t‘!h% Hi sgharige_t ube 1018, a liquid refrigerant
Irmeg fhdh B ishaped damipationsierkavithethe wingipgeartindjaropnd the central pole. The
witfe isEagh {.SG 1018. and, the |iquid
o s R oA sl by
suppdhe evigdsiprarti@01 GBrparesite eyiddéra OPE with 8R6LIGd Roling jacket 1029
thknoimn cléaécf\géﬁrl atl c.in the direction of reciprocati off ’
SreYHRLT AP Ve helingae moyoristaterrparts 4 P0S, 8 086mll én tigid connection with
fhediRthet OF 3‘3’% ormed into a spiral or | '
O.hel i cal s%‘f%gda ] ac@?wfcﬁgpf g%%@gun ' fr4he Mpigsgring 1015, the
dis¢hargegnbet (168 aod dielguididfectid®tubbe 03 DRkl SEHA tBE Aobihgs for cylinder
vemsqt i s the sum.of the novenent of the piston
Pafpepsneqipg 4o thefgainsering {9 der part. The piston 1003,
10047HScvii Ll hthin the | i nder . by .
aer ost aty?lgeggéa egéti%%gtgl.g m#éla%‘y‘*i’ﬁeﬁa%‘}‘% &F opptingges 1041 extending
from ipy esisvayifiont thdegliddve head. TREISSTiHEAMN 5 Nle ;&?éré%g*éfaﬂ 9f @hich will be

d boredﬁ150.t h%{ee t hrough and a cyli nder Iiner
FrRddaten dnqludes a prgihmovpng hari 1042 at dneend fadBinoeronevith the cylinder

f ' teri 0 redquce piston
ca\i!\’tgx.fahfl. (%lg:b rA gﬁ?a@n%?tgfafll?f%%geygglgel‘?%sr 4 ef(fega]%ém? ﬁ]ﬁ!népuntmg bar 1043. The
upper aiddowetn@imiag iags ¢ 0OMPORxhé 15deftadnS AY33 QACH igplﬁl?% 2 mounting slot or

rﬁi 0 ,?éfed nyl.on with 15% PTFE (al so preferre
rebafe, é 05 nf 8 therluess] ey Gnceqastrprptrsdonsastbarlisoi 78ipkdvided in rebate
1068 ' ' ect of it r aphi t f| akes.

Trane e Ay ine bbbl fidhe B i @aTRess repihe Bibs 1078 and e
petriendigglar faekd HO8Ai fognihf o8 ddaefa@ilb fthdlfebafe¥ 1 pelr i cal

sur face 1%8 thereof to the internal bore 1071
t her' e5fMteRge syface JQ76 0bgachilgpd O¢ t heeis agisl slot 1028 extending from the

Hatd e67al h openi ngs 1031 formthe Ny
re' gaas bear?ﬁgﬁa?dlk%g uil%lgﬁ‘%dlgés ?f:%}TB‘F g}%es%‘gm&é@mﬂ%ct@& g 1 @477 reciprocate
within theelapeodsnglileléiiating, a series of gas bearing

passages., The gas bearing Fassages open at their

0

t héy ClERRYEspring wlg hB%%lf]qﬂ:g eneppigyl Oﬁﬁﬂ}]rﬁmg}ﬁlt slwg itledd itingay fit over the
1 u [ anper aro e Ccyl 1 naer .
paft & FRSknARe e AL e ARG nRh0 DB hitcrentvardy, xiesding legs 1089

assb0ia®d vathcatihmoantingl6@ 10410 TRe 407 i ide withi

e SU I% nmani fol d i sg1i_% turn %uppﬁdégb%g/%ﬁgﬁ?% 1880 slide within outer

acg 6% sK8d afdke mennting tegs 04 hend erpruicartlyherd] @Ypass through axial
éﬁ@é- I sage 1073. The gas hbearing passages

PN Sflgr§ %g!%ggg?eo%@eersa dB%i att%e1 0§t ead 1\%254 WI!@V‘%C &gs 1042 of the

matrhspring yountiey bdril 087 in}4Q in (eGSR &fb%g ggéslél}g@elnﬁ?\g%jng geigfsnl 041 these

with the wall of the other cylinder

- fregends J9eprrsesrgaigsithe igsl il O and hohthemeaingshdf3gendWlar faces 1079 of

: 7 2004/ 000108 . .
the ?&%étﬂv%zl% 10F7)§:.Tf{'e\%ntlon onhe clamping spring 1087 in a loaded condition supplies a

predetermined preload against the lugs 1042,
The clamping spring performs the parallel task of mounting the stator parts 1005, 1006.

The clamping spring 1087 includes a stator part clamping surface 1091 in each of its side regions
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-20 The gas bearing grooves 1080 foll ow helical paths.

The I engths of the respective paths are chosen in
wazoenaasce Wi th the preferred sectional area BIT/NAE04/000108

passage, which can be chosen Ior easy manufacture

(ei ther machining or possi bT% by sonme other form such
10@(5 preci sion noul ding). Each part 1005, 1006 of the

ator carries a wi nding. Each part 1005, 1006 of the

sta IfndePcds@h

T B LR & B S ORI s Page 105

vv| nihey in positisnIratwal dtiraution hetweenithapirerofshamiotdoyill draw the stator

obbi The ¢ rt. 1001 i ncorpor.ates

st
pa ﬁh Ocy f‘ﬁ%&war 1€ gt eraﬁgls P o thecpi gaRgs ainkaipediRythe location of
I e
the p;gzr?%éélﬁlfgth @felj)_ headl %igg?[ n(ﬁ;&lﬁigelh @sc odr??e 2@27'%% t%lé tnﬁ&ﬁhﬁ% blocks 1055 and
clampmgspnng TORY xteypactidtﬂy "Dxaaddltl@mly lovaterthestatoegartsd 003, i1 0@p in a vertical

o o B BT Rl TS TR R 05
Gt I
e —

stad)33 has upper and | ower nounti ng Iegs 1041 extendi ng

fromthe end m t he cyllnder head. The sprin
1018he $tRlor pRrEs FoF éB‘E Ffiare ecirirally cpmacieso pepes epmbagpnnector 1017,

T L A (0 LB by v 030

pai Thebpémerer @l dy)indectcastdigh3BLigend Oz lgmhendnfnre@mrhbal 1027. The
nmount i ng cﬁgl 043. The_ upper and | gwer nmounting | egs
CO%r&isoafhe@ cESPY; Floses et qneg end 3 cyinder el yend af the cooling Jacket

5
511030 S EORLE: MO 14 By At 027 compris
a staebaf four pKs,1 1006 1 L(I}Stogém& vattea ﬁtrcalpr] e:deﬂeﬁ/MI rrtdﬁffold 1104.
per pendi cul ar faces 1079 of the barhs 1078 and

per périanelar gpate fE3kis Pt%dqdd? therfpecerd dangrdl Bac QWaréW@xtended lobes
T
BT ERAG R8 SRR\ PSS MR L 98 ke
1076)pe1@:1§m qbqumdaedtmnsdeermghé thgee dh]a&&efmntt]lm%}mnﬂémmng 1033
47 reci Frocate within the slots

t 10
connec in 8 @Mt‘h 4] 00xfits oxh e $DER end g,f {hescylinder raoeéwgrlé)lﬁ within the

8 through it such that it may fit over the
amglgiﬁ:}é%?e ?‘rg%ntl ng |l egs 1041. The cl anping spring 1087

has Seeadvrad blate KIENGisnyet thgSirdi08%e 1250 asSaohdpiee Wi dlhis of larger

_~each rounti n? | eg 1041. The free ends 1090 of these
diamgstes thangaatg | W\%mwwr@%ﬁe&om steel, pashiserp o1 alemed@ﬁee% f&e plate 1101

is r{fﬁjré %%fgﬁﬁvé fﬁgﬁ th]eQéﬁlatéa\Qghlﬂrl\xgg%é e\%‘é gﬁ Ll%% éﬁlg@lager f lg)rll ggs?éses against the

openi ngs
fack ofigtic flaipataag c&:ﬁh@#es@a%dhd Yt platé 1 hOG Against ge bO4e. q1he tolee 1101 has
mai n spring nounting bar 1043 in place in the inn
op@nétaﬁtlég 9 spasd ground éfs pstimetehgrized e thadhe thiraded P*Pli’“@é of the bolts pass
ﬂnggg} O press against the lugs 1042 and hol d them
i'nst” 't he perpendicul ar faces 1079 of 30 the

r esphe bécoad Baadoplad 71801 Redoepiraes a @bmpheséd @RRIiRBargPop&ng 1111 in
1087 in a |l oaded condition supplies a predeterm ned

regiftatiopyidigenening tHE. | lglso iodpdesthéurtienepening 4 pt7 wiyregistration with
f | task of t the stat
Opé}ﬁ‘,{% ?%BE’{“&{%@S@ 4@l task of mounting the stator

par :
A portion of the plate 1101 encloses the cylinder opening 1116 of plate 1100. Through

that portion of plate 1101 pass an intake port 1113 and a discharge port 1114. A spring steel inlet
valve 1118 is secured to a face of plate 1101 covering the intake port 1113, The base of the inlet
valve 1118 is clamped between tire plate 1100 and the plate 1101 and its position is secured by
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The cl anping spring 1087 includes a stator part

cl anpi ng surface 1091 in each of its side regions WD
wWQ@eOM4nd0s737 PCT/ N2Z2004/ 000108 -21- 1092. ThercyNzmo@n00108

casting 1033 includes a pai2ef- protrudi ng stator

support bl ocks 1055. When in position, natura

dodelsr HleDi Q0 shrérignsedi didehangarnaB/edfl 19 heattarhed torhk lotitht @¢e of plate 1101
the stator parts 1005, 1006 towards one another. The
coyfrneh thsrdischaregioperiag 11 14 mhhabase wéualtg 11 Hbisckmaddgtegen the second

39 B BE 003 50 OB RUOLTES 94 S BB 19 i

ang ppera@s Wathin 4 @spletd mahifold bpemidgilll 1 DoBdhk Yhitdglated 10D @nd a discharge
stator parts 1005, 1006 in a vertical direction (the

mapyiigld 1 2fgapehiy thefruthenlatsrl 183c Ahanlettvatvs Yil8sits fapag from its base)
| d . [ out er..edge which in a

‘m9£§b#ggﬁnJFEQ%@B%%gﬁéQ%%géagﬁga%FH%%Sion of the "E"

shaped thiadrheat plate 1182 dekwithth d BiecdiratBite M43 f the @Plimied facing face
1006 are electrically connected to power suegly _
11840k devsh piatel 7103. The patgdr 03 isorslagivelyrtaxdhle and o ves as a gasket and is
itt t eni 19 i.n,th rnmetic shel
colpgsSé4 el QK B pARE I A REmla bGP | OFT D51 P

enclogadiltey 112®recivey @uRessbe adridddnt - frolh RbaRMMN A S a8Pdelivers it to the
head thereby encl oses the open end of cylinder 1071,

gagheprigl sppRly pavpenl P dbrough helea hbdd, d 140 80ths first sndd¢aegd plates.

the gyl j r 107 .o overall fo he cvlinder .head .
1027 IR Pl oSy Rt 020 By B BT Report 11131
sedong Pl 10¥ 40d iAtake fbrit QOOEBHsEng tiroBipFoRrtABMté 0103, %Q%Gred or frusto-

An annul ar rebate 1133 is provided in the face o
copicalrigteka 1085 in thetfees 199§ oéfouethddade | Hl3dsads1a thig intakeawrtd§P6. The intake
rts for,.t di scharge t.ube 1018 .and the .ref ur .
poft 028 bSsto Pl A RIAE AR uB PG JaBh i e rtrigeran
intak@pdskipe @ 08 hauriRN S fromticere)osbdiiéike @@a‘éﬁfbﬂ&tph&ég?ta OFEA &t tn a direction
e cy

head plate 1100 fits over the open end of cylinder ‘
awgp iogi the cloger mpelding 1083 With thewampressprdi@ated with@ its hermetic housing

o A AT B bbb A8 g
exteh@Oindthe ik dFasEmLg 003 QiihSicBBlous ElRSandéd ON, oOf

sintered steel. The plate 1101 is nore extensive than
t he Liqdrefrigerantin sypplied fionmthe ontle®feicogdenperan pheateérigeration system,

.1101. resi des. agai,nst, the e of the flange, an .
kSl S HBIRIRL it B9GPt fre R, Tpedischarged newly
comhpfesfdat RigbfBilpRAS into IRIARMBES bebaAHRRAEBE cAhYREr Vih discharge tube
perimeter, sized so that the threaded portion of the :
10b%| Inghgrhember HB3Bulhliquid edfsigeramteapartserabsombding lpigaqeantitiesiof heat from

i ncor por at es onpr essed gas di.schar ge,.openi 1
tnd B L AR ARG w2 6T S REE Sritbes 4 apd from he
cyfittiek R@dd apeni ng 1117 in registration with opening

1115 in first plate 1100. 30 A portion of the plate

1104 passive smangemenitiy bsadder broeing theliquid Sfugerpit atethe toding jacket. A
sm-lz;H rré:)gl“{grllq of lowered pressure is produced immediately adjacent the outlet from the liquid
return line 1034 into the jacket space. This region of lower pressure has already been described
comes about through the flow of compressed gas into the jacket through compressed gas opening
1110 in head plate 1100. A slight inertial pumping effect is created by the reciprocating motion
of the liquid refrigerant return pipe 1034 in the direction of its length.

The main spring is formed from circular section music wire which has a very high fatigue

strength with no need for subsequent polishing.
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that portion of plate 1101 pass an intake port 1113

and a discharge port 1114. A spring steel inlet valve
wd idd/10@3secured to a face of plate 1101 coverP@ONEZE®4/000108

intake port 1113. The base ef3the inlet valve 1118 is

cl anped between tare plate 1100 and the plate 1101 and

i ts Thesidin epririgalsesthi foamf a\WOnAREs 166p/t3isted into a double helix.

PCT/Nz2004/ 000108 -22 dowel s 1140. A spring steel. )

di sdhslepethef wige forming the springclifd § hagits Fiee endp gm# withingfmounting bar

' ' i ng-1114. T '

10F3 R ek B g e e SRR The s 10T hasa urther
mdunéhg pdih0 1062nfdr tvantity todthppiion patt02 and | ocat ed by

dowel s 1141. The di scharge valve 1119 fits and ‘

operTAe HEeagCOIPISSIPI FRCsyRETVgROtRieH ref ptans gElamgessure shreggh suction tube

S 08 P 8 SRR TR b 115, e
reflipérati¢raparein the dischirge btab @13 wotildi genédaly by boridered to a condenser. The
conpr essi on space and operates in it. The third head
sugiogttaber {32 1§ pqniieqied  igceive Pyaparaied sefigerant froaporerprinkase evaporators.
L . i ng: : e 1103, T
TR B A 1O S RN PL B st o B condener o

frogeaketutldtdr or the T &antd theb@teree BoddetsdrfoPlitif cddih3 the compressor
and second plate 1101. 10 as filter 1120 receives

as asrpheedydegn describese Admpcess aﬁfgeb@%erﬁim@hmﬁxghgm Heymetic casing is also
- . ' < 107.3 .
et i SRR TR AR SR8 e PO Rpsen rtigrn

i nt ake opening 1095 through third plate 1102 is in
registration with intake port 1113 in second plate
Detajled Desaription pEthednyen@we Mersint ng t hr ough fourth plate

110 r r frusto-.conical i 097 in the

f ac0e Qg RRE FEPs itk Bren 8% iars b B L Fif corXor produces
CopsyquerdtB96is bEhefididltedstnidfisetBE Flow Q9 thelbraBisl PRREVEMhE Rftce generated

intake nmuffler 1104. The suction nuffler 1104 includes

by abeasingingetiarnughlymrencstioned e amoget af gewfleting through it hBhe port force
s GREAGRRS SRS R af30R b BB P4 dssipe peso end ot

linédheom@rasessor situated within its hermetic housing
an internal projection 1109 of an intake tube 1012 _
ext &rfdrther pronesiygh sasheatiegsie thatthay baverngelaixely sldw response time, so that

. | nt S e,.1093 wi .t h geperous.cl earance, .2
bl ForsePRRR R TR e PR O Tl R SRS Sy ent 05010200
strél@R QEMSE EorhPred 0L Jotthht WBEFeAk i pAfenBYSicCiBve ﬁété@@;l&ﬂhrwei Bdifact at times,

the cooling jacket chanmbers 1032 surrounding the
Paf@ylﬂiaﬂﬂéﬂhe%h@n@hg@ﬁﬁwg@@lﬂﬁewo}ie- conpressed refrigerant
pas i.nto the chanbers before | eaving the,conpressor .
vi ai‘g?%rgﬁlgr e Fe e Tﬁ‘l%relf‘ntg?sﬁeprgﬁlﬁﬂ‘g © fg‘fla"fs nﬁé’y Incorporating a
hydroytiathié &libp &% badHngMBRUON$&Es BB RVBRSt dfah&Biston into a bearing force.
quantities of heat from the conpressed gas and from
ThisHernsgfrheaningihasg fow résponse anth eargyrbyidd e forcathial wilsaugi@at the gas bearing
forand fromthe 25 cylinder head 1027. A passive
8'rangenent is used for bringing the liquid
ref mingihdnkiohllsAppdBeafY ik Sdwnak klure IA whsRkle QYL 6¥uid generates
of lowered pressure is produced i medi ately adj acent
a betringofpr¢ecF af right artges| to dbé delocigt Ur Whisi fosce k@B deiappmxithated from the
P r'g‘ai:ket space. This region of |ower pressure has
OT48ady been descri bed
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cones about through the flow of conpressed gas into
the jacket through conpressed gas opening 30 1110 in
whemd/1gi7at e 1100. A slight inertial punping efPEDNZ2084/000108
created by the reciprocatingzygtion of the liquid
refrigerant return pipe 10347in the direction of its
| ength. The main spring is fornmed fromcircular
section nusic wire which has a very high fatigue
strength with no need for subsequent polishing. WO
2004/ 106737 PCT/ NZ2@04/ 00010 33 Yhe mainf spr-H ng, (1)
Pt takés the fdrm o-f—a—ee*ﬂft—i—zlﬂruo£!t!1 lcgo'p twi %t-ea—bi—ﬁto—ba— ]
doubl e helix. Th&il endth) of wire forfm ng the 'sprimg
1015 has its free ends fixed wthin a nmounting bar

F£048t W wh -l bgs 1042 for nounting to one of the -(2)

conpressor parts. The spring 1015 has a further
nmounting point 1062 for nounting to the piston part. 5

The | i near conpressor receiyes evaporated refrjgerant i
whege Bt iy jhp fragsygrse Prass e gwega}e@/ P plier besging misdheypresiy of the fluid,
. i i h .

U SABRRR O (e i BRLARE 15 kPO AR Uik b EHTodite o the leading
endloftheansse, b1 ishthd Olk3ranoe htcthg @rading dny dfahe apeeaid® ik theawidth of the

condenser. The suction tube 1012 is connected to
begripgd-¢-dn @ irgetion Reapsndiauiag ée tistrlane hFagiee 8A)-nmor e

eva t Lai. QA . e, ' [ .

TordF Mo Eaboleith el bl Mt eiiEh WERbag! Wlpe is formed by
tapefitig the ehd 600&6Y tRe pigtonl 5800 as dllustrared e FigugeIBNThdnl th€force on one side

_after_the condenser) for use in cooling the conpressor
is balangedsbysthe &erggom e prpesitesidsenlesa thyristar i affsei(by g distance e) from the
. A | .

cerfEE B0 B BRLct S0, AR Eo RS BEpisfesBledBros . sencrated by he
bedigt V06 afduad Hogi the approkinidiefemaken refrigerant.

Det ai | ed Description of the Inventions Herein 15 Gas

beari ngs use sonme of the high-pressure gas that the

| i near conpressor produces. Consequently it is

beneficial to mnimse the flow to the bearings.

weverD t-he fp&gg generat by a bearing port is

rodghly proportional to the anount of gas flow ng

through it. The port force is also affected by the

d =sﬂ£éaﬂlpweﬁsure, whi®h vari es significantly near

the head end of a |inear conpressor. 20 A further

property _of, gas bearings is that they have a

reha#ive+$rfﬂfmm Fesponse sy me, so that it may take 1

or 2 seconds to adjust té a variation of applied

force. pthig is equivalent to 50 to 200 strokes of the

copressoy, so @ hat therébls potential to have

pi ston/cylinder contact at tinmes, particularly at the

begi nni ng of the suction stroke) Accoygjngps one (7)
i ket Bonrherei 'O%P$g§lar@‘abgTES§E§Lby

i ncor por at i ng a(tQS'ﬁgdrod nanf ¢ (slipper) béaring
that converts the npvenent of tRe piston intg,a

bear i=ng f ar cay - Fhi Al E)rhcg r4 reg- iﬁa%—&—f;ait -(8)
response and can(Provi«dé alforéd that ‘W I'l Padgment the

933 Leyi NG . [BLCep) . L

where: by is the clearance at the leading edge of bearing 5006 at the side of greater
clearance due to the offset; b, is the normal piston to cylinder wall clearance at the same side as
by; bs is the clearance at the leading edge of 5006 at the side having lowest clearance due to the

offset; by is the normal piston to cylinder wall clearance in the same side as bs; D is the cylinder
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A 2-di mensi onal slipper bearing is shown in Figure 5A

where the wedge of fluid generates a bearing force F
wa@roonilgpis7 angl es to the velocity U This forcePCENZING4/000108

approxi mated fromthe 30 fpgqglae WD 2004/ 106737

PCT/ NZ2004/ 000108 -24 L bl - b2 _ (1) Pt =6 U(b

dia\i%eger%;ezléf hl{ésg%th%ar(f Pgto:h GiaReter:2e iOthE oTfeBt ofV\fhte lé’&*‘%{% )d¥1ﬁ e'5010 from the

ansverse pressure genera

cylfildePHe$ S002aPt R ¢he presSuteRnithed 0§ liabeafing ftehd inbiiefsed cléatanice side; Pb
_ the velocity of the rmwgé; part, L is the |length of . ‘
is thipresape genepated af thirdeczeased elaarancersideh @ ip Bwdlisegsityeefithe fluid; U is the

the taper, be.is.the cl.ea ce,at. the traili nd.o o
mey iger Bt Pielo Rl (e St Lo 2l Reior w8 bearing: and a
isiHérﬁdinide?ﬁiéﬁHe%ép&fHﬂé;ﬁm ar to the plane of Figure

S5A). In the preferred enbodi nent of the present _

i nv&hisinsthecheorkes ggaicshadpyevellnt fherheadiershof thapiston ndhetdtbe gas bearings

nd 08 of th i st on 5000 illustrated in Figur
ared s SRSV e ' Bleds T GTe W glTerpiceising M popgpressibn stroke.
f or Ge QEp bABpERAR Stob ewﬁhﬁ%ycl@”%ﬁﬁfﬁ/éyhﬁd&'&ﬁt@& duPing start up when the
of f set (%y a distance e) fromthe Ccentreline 5005 of
gas beariogd dodet y&d@xe sufificient huppby fosenerate leffectovslyer Theglift force from the

force Fp, nerated_.by.the 15 bearing 5006 is found

begringy iy el RGO at R AEMEESh < D 2 d + ar e -(3)
20 Péort e@a‘tioﬁl (1 ifcanbfXeridedhi the %)tth%urﬁ fércd fidnia ﬁipgé@earing occurs
25 b4 =D2d - e - (6) Pt =6 L Inb- 2 ~bj D

whei He w¢dge heighPa)iPed@l toithe clzgraBCe Ph A lieds refrigeratibn ls@mpressor of the

- b 11 - b3 -.Db4) . 4 b3 + p4 Fp =.0.7 _D
tyv@ksizeﬁcr%cag %eiel%%%m&fs'i wiff ﬁ%dlj@ eiraienobbehen p ditd igrﬂjl(crom o the
rel RGb8Te RGeS B le%p&@b@?t R ré. A% HeufHs AL RN to seale and the relative size

cl earance due to the offset; b2 is the normal piston
of the steplar taper andadf the Clearaaccae ateatlp exappemteasi. de as  bl; b3

is the clearance at t. eadi ng. edge of 5006 at the o
st dé Fagi fig }S&%‘@Q} it Hrigdn ine hespyic Wf‘g@e thaypystpg axis using
corhRBH AR MRlchRksL ‘M‘acﬁﬁliﬁ%’ Is! AGRF i'MRY lap6! BROANGRAIiRtold\&ep (eg: 6002 in

sane side as b3; Dis the cylinder
Figure 6). The slipper bearing effect is still apparent if the taper is converted into a step.

Also as indicated in Figure 6 a taper or step 6002 may be provided at the rear end of the
piston in addition to or instead of at the head end of the piston. It is considered that this would
not be quite so effective as the bearing at the head end of the piston due to the difference in the
prevailing pressures at these locations. However as a taper at the tail end of the piston does not
affect the compression volume or operation of the gas bearings any positive gain from the
generated lift may be of benefit.

It has been found that if the step is formed by chemical machining the step surface remains
concentric with the rest of the piston. Chemical machining involves immersing the piston end in
an electrolyte to slowly erode away the piston surface. The erosion can be accomplished by
providing the electrolyte as an acid, for example highly concentrated HCI, or by electrochemical
erosion. In the case of electrochemical erosion it is important that the erosive action occurs
uniformly around the piston. This may be facilitated by providing a circular or annular anode
coaxial with the piston with the piston end immersed in the electrolyte.

Referring to Figure 7 one possible embodiment is illustrated in which piston 7004 is

lowered into a pool of electrolyte 7002. The pool of electrolyte is contained in a bath 7000. An
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WD 2004/ 106737 PCT/ NZ2004/ 000108 -25 dianeter; d is

the standard piston dianeter; e is the offset of the
wee@taes7aki s 5010 fromthe cylinder axis 5002PCTPNZ2084/000108

the pressure generated by t_h?69eari ng at the increased

cl earance side; Pb is the pressure generated at the

et RGN a7 R il ooy btgistFy AR 2900 The pston 7004

is thiy rehderéd 4 EathdiR a8 ki BAEH 7000 ik fentiéled A hiddclaBd tHeRuhceldTehe piston is
bearing; and a 5 is the radial depth of the taper or

slowlyegrodathi s net hod works particularly well at the head

end. of the.pisto ere the. gas.bearings re l.ess . .
o t brnepbeiatied bEPodeh S B udiRl R o BrpefRSs provided with o
haréléhidige H1EnE OTRY @i @ nivkhiakif: octi@ vioBp vAthid #R&bated@0r plated layer.
stop "within cycle" piston/cylinder contact during
Forstxamplathe plating etuoatigglbydreanidigsnadle imie ogder ofizl/iem thickness, while the
suffi %iFetgt fsgfggl.q/ to lg%er ate ef ftel&t ively. The lift
MAXBIER CPRGM EHES TV B Ar P8 YRt Bd as soon as the
Pi S§iPur PRU@Ped dRABYMREH AW ItR R pistbh didm &S Bprohainale8rb Shidtand a piston
the optimumforce froma slipper bearing occurs ™ when
lengtheofiappigasirhaely 0 namivee propede at kY melong etap an tte dylindrical surface of the

pisipar g the BEed BT HieghsGRy H el SR PE araiaiEe e Bier, 888 oo well o
illv3traved a8stBp 606@Nin [Qurklge rel ation above inplies a taper

of about_ m cron. The fi gures are not to scal e and
t he Acedrdingtea Sirther aspEctaff thihmventam ibis ppssgde toarsd codmichlanachining to

| ear ance a reatl y.exaggerated. A taper of. thi ) )
progls h SrA0URIFY fapgh 1 RAELCHER b TeigTRBgh o Flgtia § th e qfypiston 7004 is
imPeREPh R 'eI_%cH§IZfégo aCIRPHRRHe QAU nFRER e 1shgtH\EGRE fipBYntended to be
Is easier if the taper is converted into a step (eg:

pro@0edl. i The fistgu isssupportetite el slppg retirstablanfomfthebathi or example a wire

7004 iy wERRG £ soul oitine ghiPEIe 008 feie tipitiPh fofubs By The piston
is Qg%&‘i@%i@ﬁﬁa\% s Bt 'ﬂf‘eal%ggﬁ%f Qfmd Hemerd& B B galtuihign varies (preferably

addition to or instead at the head end o
linggirly) with thet pasgiooalmigdler tepkert the pistdni esd whihle tapenlodingiennggrsddeor a time to

so effective as the bearing, at the head end of the .
crepiehie fUlRPer ok WP Ak éﬁ%é S of e ta,BFre\;almm%edh only briefly. The
imﬂ@l%ﬁﬁl%egﬁlcaéantﬁbes%%jécpﬁ)aédb%ﬁﬁal HAWRNSH. PG &ahPREthe Blston end can be

the taiT end of the piston does not affect the
gradoathyriessiedor eal bgowly epprarhiednn dfe ddvtrohds beari ngs

any positiv ajn fromthe enerated lift may be of

bon AR ireadisdestriheil, yE BFETeEcthPRIVEROF ArrphgemeRbfag the magnets on the
coJ&Eﬁ'@roB%e%ﬁ‘ﬁﬁféﬁéﬁg%ﬁﬁ MeMstbeTS haRe d&&%’em C{éf QEEdRvely we have

concentric wt est of the piston.

found ¢t thiemgd shontd heasgid amesteuhidetcomppinst yanowrteld atrone arboth ends in such
electrolyte to slo er ode a he piston surface. |

aWPM@%P&%iwoaaﬁte&ewgéwg&‘ﬁﬁ@&s ine g} Fijldrangl spiifaat the piston can be

axiﬁlf%‘i%?&ldy H‘aeéﬁ{b&@? ogﬁhg?/li%-t%en?)&?gﬁ!é %Iiég%rﬁ R This woulldnseem also an

concentrate ectro er osi on.
advahtage &is eompressoescwhiok He mbCladve elicoshmature bn s pistpoerddant

that the erosive action occurs, 30 upiformy around thg )

p! S nhqrﬂp\éenﬁag,hggmfl&%pqsppécg glat.ogg;o cfogg?(aliolqgvh.grem the loads applied to
heGidtG b QINOUh AR HRds §RAPPRLd WMaldsitiBf aRay BBR the pi :
t eﬁltﬁytlﬁgrﬁlét (r)Hr% e%da?{r}riner ssegrg'l Eb]?‘lhe efggcs:ltlrgolay%lyz. 3th the piston ends
Axial loads are transmitted directly to the piston crown. The connection allows rotational
flexibility between the piston and the piston rod, transverse to and uniformly around the piston
reciprocation axis. This has the advantage of not encouraging tilting of the piston in the cylinder,

allowing gas bearings or other lubrication to work more effectively.
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Referring to Figure 7 one possible enbodinment is

illustrated in which piston 7004 is lowered into a
w@omk/1ad73El ectrol yte 7002. The pool of el ectr ob@gt/mzZ24/000108

contained in a bath 7000. An2W> 2004/ 106737

PCT/ NZ2004/ 000108 -26 electrical potential 7010 is

app Iﬁigde Betlusteatestane apiasgamen? ﬁﬁépravidingha:ohqﬂﬂant?@ihﬁectﬁ')hé)etween the

s thu at hode and the bat
pidfoptsd aoditbiaiskoBg R iR TieRh Rt neEm e Rom the end of the
pigéston is slowy eroded. In one preferred enbodi nent
of this invention the piston outer surface is provided
wi t The piBon&(02 hak r oylndpical waih800Prend dhenvlasad byracluiwn $099 at one end.

B Re  A oeSoRhE rR tgaa eompton oo
sobhfs fleder up&hépenam) %Bis@&ﬂ%é %oomhn}eecohﬁﬁlanmé hmlf}%ﬁmut laterally

corrosi on woul be apprOXInHte
compbﬁrﬁr dedap Iﬁd](felamefﬁbe a/matrfovagem@ﬂmgt}doﬁhmgh etreltg&h steel music wire. A

approxi,mat e a piston |ength of
g%%} g@gﬁ—fﬁ% é frg@l g 2?.(.‘88}6‘ &he pystop rq)ﬁ%é(p% gT lgetsgap(gh8004 preferably
o . .
takteE‘ ﬁle%ﬁln'l ija[ %’?’g?%ﬁﬂ EIA af cé p‘& (c:lgsg @80%%(%{#%\%%% g%gf%@%?ﬂle cylindrical
up(stahé BO@‘h@B asannalat flage. Theé dist 8G0Sexk tasls &ﬂ&md@e@ﬁﬂt théinner surface of the

Fi cc din further aspect of this
oy ?f@@ﬁf‘ivghg@}ﬁq &%%@ b@ewguggmm@mbe@fe%@wpw prigepbthe disc 8005
an® 'E}%diﬂﬁ@r ﬁrﬁ&@%@ﬁﬁ%&&?&g{% 8008, A tb'eﬁrlﬁl)%ﬁwsito BaZ'anlt lateral forces while

reference to Fidure 7 end of pi st
ac¢ommeodatitigitie $l®t ehrmﬁonoh ytientaborathdepilhocar beisyeem tiegston 8002 and

with the |e per |ntendedtob 15
pishrrad SO 19 5B ores 66 Bt 4~ b bersmgigerilinerposad beticen
~
thd &E{l{&%ﬁﬁ?&' ooﬁ tt}ger égfmnlflx}{k%l 5@%\22&15{(?{? gaﬁ?sf ﬂfgr?éﬁ?ergq%\éong%lsc %g?.sléreferably this |
is i tiee foire bban Orronp 8008 dispdded i ieoytivatddyfacing agmeaiteblahiyel 8008 of the disc
{h wn so that the length of time imersed in the
80& ﬁm.géx}qyé;gm(pﬁp%@rbql%wyenq matsHal §p)r exgmple PRA shore hardness nitrile
[ r
RS o P EREpiSal SRFas up AR TG Phe fAFrhBRShaterial would
accdmptld)'date/\kﬁel dighheelativetrabvenmaht dirotigle fledpg rof itlse ORRY ﬁn@tirlal The dry
The 20 jmrersion regi ne can be subje

only bri
begry ﬁeltwgl QYUM aGeammpdetsielattys mexenpt oy ewe ﬁgﬁt@whd@g @ction between
theCRPBEOf GE ALK
P of 0 6 e ML i Pl 188, AR 13 8O i sidug 8006 The
elastorneric efateriad Hachopeess of cqnn@wghmﬁ plit xhﬁ&tldhﬁ&n MR givet feadily than the
g connecting rod between the spring and the
ﬂg}i1 &y GraringgneRa- tloneveighkdnrdsaring matetiphnso yidesa masgaigid load transfer
hat the rod should be rigid and should be
tOﬁBE%%FEntIy nounted at one or both ends in such 25 a .
way Figua¢ 12 flhisgatebhe atrangenteat for povidingn aﬁmim@it@:omdcﬁon between the
t he h%?f of ,axial travel so that the piston can

pisipirgs pyd hepistragvhich sdlbarnly lerelrloads aba logd Hami 290 aw@é from the end of
i§t519 hé Manaﬁeﬁ%@ﬂh%g?ﬁ Eg\}/lgé ?garﬁ’%ron (ianfa f-é{/glgl%%l‘ﬂ srown.

onpressors ure on

pi stRigueed12 thef pistbhaR00N KNS b@thdRiealewal 13066 RidSts@ncloSed by crown
i ston rod connection wherein the | oads applied to

12909t gpesgngh Ancanpliapbiodd d0Qbisfixad atjoae endito theergwnd2809. The compliant
roda%O'I %jﬁ%d & 1&%%1'1&'6:8@ t@&@i}l&&? {p)dt %OB ! %t suppcen[t] q§004 extends from the

leading end of the piston rod 12000. The support 12004 may take the form of a cylindrical

upstand. A cantilever 12010 extends from the inner face of piston crown 12009. The cantilever

12010 may take the form of a cylindrical upstand. The distal end 12015 of cantilever 12010 is
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30 Axial loads are transmtted directly to the piston

crown. The connection allows rotational flexibility
whatwee13t he pi ston and the piston rod, transvBIBEEZ1004/000108

and uni formy around the pi s%g) reci procation axis.

This has the advantage of nof”encouraging tilting of

Pl vithndn 2PL2 Wl P S0P ok JRRDR°GRPAE i Configured to

traft AR ¢GRI Bofc RGeS0 42003 OBe cartlletdra080 But to allow changes in the

illustrates one arrangerrent for providing a conpliant
relatmra@gnmcnt ddhepisiontang pistorstodn Thegrefanted mmangesientincludes an O-ring

St an BB g B S Eru Ty BB gAY 1 g 12013
bea‘fy hdanle br?ﬁ\lwai’@i/ facﬁ%@ﬁrf@%f‘ﬂ% &aqbosest sﬁ?p(ﬁ't MeRBBr BYOY. The O-ring
one end A conpliant rod 8001 is Tixed at one

is mnfd:rztbdwy fdmed pﬁmommnwly 1308 trennlie®0 ORteriBh ssuclo aphitmletrubber or fluoro

rod 80 oth ton r
clafiGtisr Sopnes Yanpl T & YT Ryaenis Fouwipy Poft T Gl faing surface
pre%}ﬂm!y '}1§§]§ubst|aht1ﬂﬁfyspﬁ%caﬁmlﬁl Q&aﬁmfé@ﬁfaﬂ%r@ﬁg 8ut|sﬁ@ Aidheter of the
of high strength steel nusic wire. A support 8004
O-eng. dhaitherf vaonatiand @thsmglbbdm@nbmcltuﬂerepexsmgmerjonit 86d@ement to have the
takes the formof a

Th t 80 0 f
en%%etlhs u&?@é‘f“ El‘b“ re ‘64 éfcthgé'ﬂ!?ogxt ends fromthe
ope pi LR H’lfusttrzh@s eﬁﬁbtﬂep %&&%eﬂt%ﬂﬁ%ﬁ&%@ q c&ggﬂalﬁéorﬁa@ctlon between the

annulTar flange. The disc 8005 extends to be adjacent
plstdmerod anﬂsﬁles)wtdirawbwa\mtl Iapplyda,tbnahldadscfala loval [ine®0Q8 awhy from the end of
ISt onr A beari nq r ovi d d betwe he out er. ed(i; )
thefisorh i B T et BEICIREE TP A8 LOGHEcE 1 el Pgf the piston
sleWaé Andgﬂ‘?@@onny& gﬁ%@%kﬂgle%&r}o‘hﬁ@iﬁﬂﬁe d A& R érg@r ces
accommodating the slight variation i
or | @ he atrar[gentehmf Exguﬂe %is aUfurtixetvasationt drethp iastugen8008f Figure 8. The

'%&Wﬁbgﬁt %@nhﬁ ’é 8699{35 ﬁ‘tfr lﬁﬁ'?éﬁ?ﬁfe 5?3&%*?5&?8%%@%%ﬁmpham rod

90dPistk@d aDBRY end4h ft&c&o@fl obO® a1ty @hd & t‘ﬂ@;ﬁ?sltdn 8 @@OO Support
and the outer edge of disc 8005. Preferably

900sextérels fronmtho feadmg©nd Dﬁt@e fl®A rdd 9pas é“d1e|snppmt Qﬂ(i)@l\pmfeklably takes the

f acj apnu| ar chann 8008 of di sc . The
forps Qi g lipgFe Lwﬁm'a Xl rmbrgr i erinees ERAL 3y e g Surface 9012 ofthe
su;g%?t%@ A 1&5139 G RRNE DS cﬂixfdf‘ﬂc!il%alf SRJBE The Qﬁen%r‘é’l?]éé is preferably a

earing material, such as unfilled E pol yner
thie Inzesd] aiiser with antapemab thwougldits aceemifidatuppott @064 pgtrtirates through the

pSHFGH P CORRePIIRg 26, DEANHG oAt G P IS ammeattd o the inner surface
90 AF &Y Hafi ISk AL | rEreldd },}eﬂrl% r(’ﬁsfc k?ﬁ/ci%lh&g’ra el il eh i dethent with the

action between the surface o eari ng
suppatt004 hndartbutérenhuiar dtgagemérmweth e 1t1ﬂil=.&' sque&:t: oflths wdB@0008. Preferably
8006. The . elastoneric. materi.al s th

it ) .
cachmepgrmGnt 15 tghtlyfitted 59 jtstesprreive ﬁur ace- ABf eﬂ i %%eﬁﬁ‘é‘ﬂy transmits
lat rgﬁoads t9 't}fi: cg/fl}{d &@%p gO@@&t%dqune dd@ﬁve’y %ﬁlaggloq [isyw a combmatlon of

eari ng rra rOV|des anorerigid Oranst

compretsshen FhrSﬂigh’]t.he Zl'ﬁcEirxgaﬂeeslde’Zand fenision diresghathe allisrca:mgtemﬂter with the
for providing a coppliant.  connection between the

tenﬁwﬁ%ﬁm& e Hnlee maBbigng by Rugkling tendengy ondhegogipression side. Yet
the tﬂi%gésg 3k tlﬁ naldd fowkp0% C@X\%)’deﬁ{r&%g%dm ffe all‘b@g changes inthe

e arrangenent I n beari
rel@t&ﬁ:ﬂdebﬁﬂ@bf the prmmr a@ndrpiston rod.
Figure 10 illustrates an arrangement for providing a compliant connection between the
piston rod and the piston which will apply lateral loads at a load line 10020 away from the end of

the piston. The arrangement includes an “ankle” joint.
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In Figure 12 the piston 12002 has a cylindrical wall

12006 and is enclosed by crown 12009 at one end. A
waovphoast rod 12001 is fixed at one end to thECT/NA2GM04/000108

12009. The conpliant 30 rod k001 is fixed at its

other end to the piston rod 12000. A support 12004

ext ep : j 3 .St 04 .

The umsor B ih FRE B0 ph D S ket and s enctosed
byu stoawnd 1 0099¢ atcahtilvear 1DR01 Bxtendsefrom the dmek Hscei 6TBE crown 10009, A

sup AR 1 B0 T} SPTEINE e merene f pissaTad 00 oA wboyigmeeblack 10007 s
cohRéte Qf the dMILRY 0042 th'e.%u%(é?)rtz PoutaL gﬁ%f’%%stoe%g 10947 is preferably

PCT/ Nz2004/ 000108 -28 exi b coupl e
cophedert porachl@V0. caltilevéd end Bippoetobsphilrgiviesbobdifel 9DeRehation of the

t transmt lateral forces to the end 12015 of the
elgsiopenbiRlleys & chieet & the Feti vethariesofithe ripfen andpigtonved. However
i . - i St -preferred. -
e P e e B B S S B 8o MR RE Bison roa s

lessuprefermdd ahatuther otheroawteodiiR6nitd defcritled heseit.i ITeedlastadBdOblock may for
12013 5 bears_against an inwardly facin

The j%gi@g L . / g
exgmpleeg 1hfore glastapigr ushps VaonSl A Vitane' Y avallablsfronT R Pont. As an

i ' d.of: | vel of t
AR 1 %, BUEHAEEONS OSTEE L AMBL  bven
capfilas¢rané thesuppora Fovetampléh shaat leivgth onSHAIBdiameeet bttHgteel wire may be

fronhgé ﬁ&ﬂt. The inwardly facing surface preferably

fixed at ¢ifliss eaghio; the respesine pitesal Thearing Wy he fixerl, dprexemple, by bonding into
hiag; i ' t ri.ng. Further

R RS9 5 IRA of ks R A e

j oi Mtigwae A anihesrates ah arrhdgetndnb éor ptoviging aontpli@nt connection between the
the end of the support. Figure

.cantileyer surroundin
pigon qu@gg ﬁ%ftpé%%wgtcg é‘f‘ﬁ apply frjeraklpadstab p I%ﬂéh};'ﬁ Al OR aavay from the end of

th&€ i | »1he piston rod and the
H@g?gnq&%fgﬁﬁ%ﬁﬁﬁt%g%@§$¥ﬁﬁgrgﬁﬁloads at a load line
9020n aveyrrdngemeiitivd Femate afl thé pietopi SI00D had heyMdrRADK AR Bhclosed by a

inc{ﬁggs a nmenbrane extendi ng between the I nner face
croyyn prisepieven 1d 80 kextendstiom demmnee facegf ¢rown 31 0Q9. A support 11004

&h ' N ' d., 15 The. .. )

cxEbEN S UL g0 00yl s pgtveonn e
catileven d ed@nindolie fappoit €164, The balpinsd 6k B6khebtash allows for changes in the
%Iindnical wal | 9006 and is enclosed by crown 9009 at

relgihee Urine o hsImision ardeistonaest Laom| leds alie hrewh tho ball and socket
. . ' it he. pi.st .r.od .
il et AO0R RS Pl B PRt Rl BB a0gh S matcing v

cetitteeodihsttail jond IO illlbratsd PROOEINRAO BalP 118068 ALhVIIRK S the end of
tge formof a cylindrical upstand. A thin nmenbrane
cargipysr d Y En ol comeprrdiag sanketis ravidadent diendoff seppert2ld 004, The socket

N A A

as HTBE. wi th an aperture through its centre. The support
9004, penetrates through the aperture at the centre of
t he Therecare pheangages pf kagging thet swetion welve ondberad b thet giston in linear

' . f - 10,.0f .the. cylindr.i cal L., . .
co o Pl R e 38 i O Bgr ey o being nterrupted by
a gadgeoaimnAs\Wischssbd BreviddBRA AurdSPHf A6r A9 liﬁéﬂr%ﬁmg%kﬂrqesigns have
engagenent with the inner surface of the wall 9006.

inchyded @ sugrion vabvedhemek thyadgment is tightly fitted toits
r esmﬁllavc%né%tfo%gle s'uct-lrgne va vngDtralqg fo ggeﬁletﬁft: Ior\lllglfé(rcte ro%?ts irsntltlasf due to the

pressure difference across the valve. This force (less than 10kPa) accelerates the valve according

to Newton’s Law. This acceleration force is eventually balanced by the, usually linear, increase in
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| ateral loads to the cylindrical wall 8006 at | oad

line 9020. Transm ssion is via a conbination of
wezwpn@ssi on t hrough the disc on one side and RENSZING/000108

through the disc on the othgé Wwth the tension

taking over if the nenbrane g)<hi bi ts any buckling

oo S S EHETITE S P Pt JIp LR R valve sops

and HRPRERQER dadfdrenee debiRNE98rol Mhi RElve AknlRLAEMNS td¥RRAL lseat due to the
of the piston and piston rod. Figure 10 illustrates an

spring faragenent  f or pr ovi ding a conpliant connection

bet pis nroda i st.on whic A )
oo Ve B SAGE 1 G @ Rele? S BB pttong s By analyss becomes
m&@é’orﬂﬁlex Esl"tﬁelfé'@ﬁdw an é@é@leﬁhﬁl’hg RSB Bf rekdd&l it efhideans that the force due
['e" joint. WO 2004/106737 PCT/ NZ2004/ 000108 -29
to th¢ prhxsum dlﬁfngaan@n;t aspigteRj guopposdl, hiyeghpimsrioal foB2®nithe valve from the
g%{)l ndrf 33 wal I 10006 and is enclosed by a crown
PISYBOHYECCR A GAt i | ever 10001 extends fromthe inner face
of g 1LRER\WOm %@QQ& Operatlﬁ% Bpl%st th&:@Qﬁﬁm%h %Q&%ﬁ{r rtHéT?ch'ﬁ%n valve both
| eadi ng end of piston ro . An el ast oner
opdi30aid dleses wdwandlad drtiad forke oppmsess tlwvraressm@&mfe@nde fdnee (This occurs
b su%gg)&t 10004 TEe el ast oner 100Q7 bs ref er abl.y K i derabl
el BTl YRk clsrapeiovelumei pel R Deati Cetsp and lbg'sl es considerable
pls?éﬂ YasiehGen® %Qy £6m 5 BEREL AR h?%h ﬁr@s%ure%a@ﬁiaﬂ;‘;garm I?AGQFRJ:‘arance: volume
| ows for changes in the relative bearing of
reaphtssttb‘nsmndn gasgtrensuneo dThisHowwewment takaes the pistos to a m’suu&s)vhdt@t is starting

Xi al stiffness ,of the conn ctlonbtvvee th i st
to BepleraEbritres SRoRIgR AN Sy S dat et B e D ek Thus forall ofthe
vaRE Qgén greec ﬂgl@xtalsfog@eslg Féstl'?&ll E%eeélﬂoun-ﬂf}?e BIASiRAET
bl o may for exanple oro el astoner such as
Vi t dweddddigoto dvietioventivh Bezwratheqmten haoaphual Ry of inlétspoats through the
10 alternative to the el astoner bl ock another elastic -
CI¥hnecti on may be continued between the cantilever
and Rteﬁ"f'nﬁg‘f?)ﬁq%ire 159 bre@éﬁ%ﬁ@nﬁooﬂnﬁ&ﬁ Bf thllsqﬁgélﬂloﬁfls 1ﬁﬂ§11aked in which the
di ameter Spring steel wire may be fixed at either end
pistan mbiadafsefqpﬁcm sloevejap®Zandiyaston mte’meMObe Theq:asion frown 15004 may be
. ex bondi n shal | ow hol es rts ...,
intggra lt%]awﬁﬁt ‘Hr?ég‘BP 6@%%?%3?4) crav@ﬁn%ngn&ﬁ ing{ ftpa solid billet, or
froM 4 @ctstullz%)g)ﬁ‘ fife r} érb%trﬁe@tb%%ﬁ{bd%éé)ﬁﬁg ?rgﬁﬂﬁ%gl&rve and welded or bonded
provid I ant connection between t
intpphkice nFO‘r&B!arapltd theh:eown gtag be whackinedvrbin balbgs layd thetskeewd cut from seamless

| oads a | oad line 11020 a romthe e t
steg Sbenithifens FormRAITBIS Y g Aggher; e pistonippyg includes a

plLfgﬁlF r@f15609ur § bkdt JeBEiPFBhLRN é&g%gﬁ? /-(\ﬁ inlet ports 15006 are

?ndrlc encl osed by a “crown 1
dismimted mvzmranilﬁmf) érra?y(nc&mdw dircamferhece ofithe plsnerofn.c Aoearies of spokes

16 é?o%ggrta@r{ % El:s@éé gg(ic%gl)éé i lféé@{?%étnfe 61%0&?3%) g mrcunglference 16008
of e QYd»@rP ﬁé mghﬂel})‘g%f%{?e(gﬁgﬁddlﬁ &t clf:glﬁi%]e sﬂﬁ}gcté Isﬁrsﬁcant variation

support 11004. The socket connection a

in flerarcihgagas oif mtstmmufzroalre.t iFoe exeraple tige glokeheoydd sbmre:ctadldectly to the

pi ston raqd. eral | oads applyedthrou gh the ball and
plsgfavcfrl%ftve Pa? ﬁ‘fab SN R VRS MeBRFTIS REOVICPA 36 Coyer@He the ports

19 BH)@ Hﬁ b '

AT T —
desiibodi fumbei orhalrélatldrOtG&‘umlSSer pwemmisdheﬂjn. tThe ptanar vafve member 15008 may
be secured centrally to the hub portion 16004 of the piston crown. For example a rivet 15010
may secure through the planar valve member 15008 and a central aperture 16010 of the piston

crown. The hub of the valve member may be connected tightly to the crown or may have a
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cantil ever 11001. A correspondi ng socket is provided
at the end of support 11004. The socket 25 11007 is

w@e®hiaodabt y provided in a bushing 11006 of appPOpPNZzD&000108

low friction bearing material3puch as PTFE. There are
advant ages of |ocating the suction valve on the end of

cartnectiinsal bwingitheihnb as move (VL8 8R4 Bway R thébro

achi }\{eg]fqu?. t he @i ston is generally hollow w thout

bei ng § Yk lalet Brts Rroyide g @mat picreaselin thié partisysathg area compared to
B I ior..art. |inear conpressor ]
RS DRI B B0 S5 TR S0 ety s than

desi gns
1jsicyt The indkatorsaconsideethiat PRAasiBHhd Rllve 8haheh
thoge}? the.only force on it is ?hat dYJeall't,o tiéer@gstpl?e élg%Fhé)se formerly
Are sridiqiat aredde essentiadly feee fiomi, &n faor mrevifbessighifiamt improvement in
SHRAINAC r the .val ve accordif to Newton's
P W, T%f gﬁl A ccgflgc?gtt?l%ﬁg%g? goe esquét\?éﬂ%’ifﬁml mohen B3k Brevas in the free
pistor linems wahlpyesbdrtiearthe hétg BASE hikhodR 200 ils i ;
PCT/ NZ2004] 000108 - 30 ooy Thg i otte e e 2fir8Vails in the crank driven
COfHAcement, so the val ve stays open until flow
thro he: oV, s _.and the pressyre difference o
dr op‘gwtagmz? trooa?llolh%feﬁ]&g \%0(53l Heram W deqoeRiss had in syl prangements with inlet
poste dirouglethe pistonehe Isdatl i el (Fticthee M EBulRE tﬁo&ﬂ%’ YRS i
I itﬁ' on the face of the noving r?iest onl,1 t hce a o%/glpOUgﬁthecylmderhead'
L eerdiop dhgyhgad vabyempte hepaplualitaof tisehazgé BorOWYil&Ehg the space not
rofERAIGE AL G vl APl erence’ . This means that the
orce due to the pressure difference is assisted, or
oppdsetringyo Fipgird N§rthé @%'liﬁdéf ‘Ps_ep@fér&mf d)fﬁllxe\ﬁeba{ s Qﬁkﬁdﬁ%al wall 15012

l(gl it on's accel erati on. n alinear conpress
claperanesgd By 2 valys plaahS dtdx iAngaskatd SRS tsyintetrlogedsbitivethe valve plate

n es en e inertial force
LR O SPERE, AR AR 25 S Bgther Pt aoukehf 50161 preferably
a siifstdntiabthsendl BuRtIrs ASE@Binkit& @B brefd reﬂﬁ)%ﬁiél){egllk g‘f:%%ﬂtesently discussed

: Tog Dead Centre, and it takes considerab

nvggtemnihst va&mlafer b4 DElbédsor plurdlisy oif dischargs putte 1 9ars. Preferably a
i i cl.earance volu reaches the suction

co gsacfs‘b?zg)?g%ﬁsrﬂu?éé B?*ﬁ%hsafwmtprqvg%gng Hbthﬁp@f%d p@bgdlment at least four

anppefdraty sintoe k@ eh poits atpRd il g _Vatl@es%‘?%(gljtot@%ir@hh B)ecgééegcfle Eh%charge ports

1 it ogjpi ng and reversing direction a
3 refsrablyihesvalens camipries cantitevendt sprimgpeiivesi i k€ preferably are part

: i i icLi t t th I
o ikl BG5S P STt The vl V2
reldims taothkrinadritiops. Ofhe PRk vA9E hemb By JHE}E}EEO%P%% géno%’e\lﬂy 0 the valve plate

Referring to Figure 15 a preferre
15Qi4vention is illustrated in which the pi ston incl udes

Si g%g%og@Pg&(ﬁa%\é%%%%%Qp%rgp ﬁ{eé&?sg}gcla;tw o% gg:?lgh@ggze valve is made
g0l T by Tot g SEVRAIE e ety oy Bn"PRLE IR Spbutiple valve
AR eAENt T ERiR @p@@hmgtbe disghar gt il feraadidabietodbR @vRe siRek WeEIF8Ag times are
not S IAREGE Chebnd TSl Remisiey Bisveh Etlve mashe aurica sa number of
ways which may depend on the construction of the valve. For a cantilever leaf spring valve the
natural frequency will depend on the mass and stiffness distributions, the manner in which the
valve is fixed to the valve plate and the existence or form of any valve stop provided behind the
valve. In a truly planar valve the natural frequency may be made different by selecting varied
head sizes for the valves, with larger head sizes indicating a higher mass and slower response.

Alternatively, or in addition, the width of the spring portion of the valve may be varied amongst



10

15

20

25

30

steel tube wth the two conponents subsequently fused
together. The piston crown includes a plurality of

WO odoetioqrer t s 15006. As best seen in Figure 16 REENZ2004/000108
plurality of inlet ports 15006 are distributed in an
annul ar array near the circunference of the piston

e LBNR AR EbhFRe? 2 REBORsO0RIGr b E Rr B 5

Alfetiatiy Bl e518R 61 G0 8 plafar Lh10e meRBBr m¥¥hd &arhfﬂédsto it JaMR plate in a way
preferied enbodiment it could be subjected t
thag thynéantitexert lengthiod theovalvésrvarnhevitr g émg@nimgﬂmrovndmg a faster response.

manuf a okes could conn
M AL S sahdisoppeptried BEoRR Bl iy GAHplG matgrial cutout or
mabdr B 8ldiMan, vpurﬂee@?asfe d val R LAk §I6H nlad b%qavwldai shaPéd foMfBter the effective
ports 15006. The singul ar pl anar "valve nenber may be
valive stiffoess déinadh wailtehasshe vaie bpense oo dkareple $hcsl®acls{ﬁsp niaygaovide early
further on in | ation to.further inventions n. . :
stopiBE LSSy P APl e B BN prteboBli Misgeby sforténing the spring
poftRAlas fhd Val@@oﬂeﬁ? ThD aRAE bt AcokfRPfiodfwithGh& ﬁ{)&fs of the valve design
crown. For exanple a rivet 15010 nmmy secure through
maylve apbherhto gred aach velvbesliglsyodifaredt dosipgtaspdnsapert ur e

16010 .0of. th .cro The .hub of t al ve. o
o iag Bl 17 B s SR it fScHhese lyeul o Riebicigg which includes
an RANQaPh0 #BA40d Q@JI%&Q%EHW%SQ%@@ Sxtendihg from the hub 17004. A
connection allow ng the to nove toward and away
valve bemad HEO08 estends ffive apllmlwlnd oy erh sprihgporion 1 30Gsr. df/ altlef the valves of

reat ingrease in. the ort opening area conpare
i iR S ATORS OB RIS A Py i pskstop) then the
vaﬁrﬁé WP R E SRR Bn&usly. Ko GERRATh YespdiRS at BBAItert@ ®G)varying the valve
The inventors consi der that increasing the valve
seavingnvalge damamgloe packdtophose f or ner | y 5 t hought .
;Egtf;rgelé(g%le;(?f pvrafv\élégﬁ%lﬂ?qst ;.g {gl\gal rRrOY angvlél?lg% yzﬂ,ﬁﬁ Eeggonse is deplcted
in E%ﬁ)’e 2PN Hed8Hve h¥nthet 306128nd18ddshR Akl hEh® 064 §4th a plurality of valves
tion that prevails 1n the free piston |inear
extendipg eaxhadty duh&ardiahdé amaitigiahydlee ¢eatradwitbinitint dnonlus.hé array of spring

pogr o ﬁgb&q e()blﬁ\{/%g F@%\ L%I@Tqrépggfﬁg Sq%?}éwl \éﬁ\c‘ezlgead %0008 at its

d1 1r ﬁﬁ gﬁﬁﬁgsﬁgd?‘ugﬁ]mmb%&ten&&nmm SoMhOHB1aF BEb POUAA has a further

ree of the need to route suction gas
valvb thead200X R et icsdistaldad. Whaplanarival iemianbenvsshbivams placedeeavalve plate.
valve plate has a pluralit f di scharge.ports
The %sh%cf lmf rﬁwsseél&éeg foqgprint P)éa disphtiee hsad ghidh flarpps the yalve member to
| .
th Ay TRl fronfies R VAflad 01t SR Kine dniafikd 486HfTd sath length (in
accairda)me “emohrbmea invahtven jdreines 115§1it14)ed Aekg»a&)k dhe f&ﬂﬂﬁntl of the discharge

b bBEESH ST 5ot ) Seob s i B
r
830 L S N DSl 1 e v

20008frpmelsentténeach st s0014 :md?ZﬂOIl 6 aretrimeal\]/ﬁlle‘%anﬁl Iatpertlcular referring

15014 incl udes a pluraL%Ké of . di sch e ports. 15018
to wald 280 L the nter edpsoider bHf0d 4 adizpet <8 2 18hERlajy elydprther out than the

oufth Gdgy (g\rgtbg Wlu?e : adb%b()tZBe ARG gffile%%%eq@ﬁgth 3k tﬂeggg{lg portion for

our pre y SIX Oor s orts are provi
valval 20032 as ehqafeﬁ\lhaihemetaﬁfecﬂlmke:ngtheofdhs cpangeoponts valve 20024. The

rts
S8 atd Slower response.

response of valve 20022 is therefore faster than the response of valve 20024. In the embodiment
depicted the seven valves may have closing times that are not each different from all the others.

For example the clamping of valves 20024 and 20026 is substantially the same and the expected
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20 15018. Preferably the val ves conprise cantil ever

flat spring valves, and nost preferably are part of a
wa2nghe7pl anar val ve nmenber 15020. Preferred fRITSZmD4/000108

pl anar val ve are di scussed b?%EMIin rel ation to other

I nventions. The planar val ve nmber maybe secured

resfTE b ek VY O (v B B s Bendt 1 RERHE WiorBguss the clamping
fodi‘;%)r%ﬁ hareedideayge head ﬁ@?ﬁ)w@cdﬂlﬁlgt@ ~aRAtidY oStekgdisé ¥mongst the valves
tering the natural frequency of each valve in the

wheng! thatp$ prefestede arrangemsnt Thi s snoot hes the

di sgh adstole .NQi s ince th .
ol oRFRHEs R8s 389 pbRACTu i sBG ISR iad i ek fidve response varies
in %Bﬂfaﬁée Wie W@ﬂleﬁfoﬁﬁ& Spritd! poeti ST dagh 28IRE.eYRE plaRarfvalve member
unber of ways which nay depend on the construction

18@ﬁ0 inbladessdnvannulap huly 18602 for elapping@fthe palvaglajal Velve heads 18004 are

aispfeei ey SSER! o tasranS B BBy EpffafveRHid 1i004is foned with the
hlf 4002 ty5a SirRhorort. MBI O AP N o PHESPRE eQhme, In the

formof any valve stop provided behind the valve
emhodhrrwhyllkurstaatai eachlspaing pertivathas als1rﬁ11zarqmeﬁlc)bun&wfbbffcraniev1dth For

di fferen sel ecti.n ri.e head sizes for. the . .
exdpls Bl i spapgantifg 400 5 s Rkl taDringdion 18008, which
is lgﬁsﬁaﬁﬂga WIdWBT sprRARRESh 1806t VhidLik Y& WharPthe Wdth of spring portion

addition, the wdth of the spring portion of the valve

1 8®rhﬁy1stiessvﬁnan e andth gdtspiiae 20041 08137 TRET¢Z2PEK OOCL 88 increasing

32 the_valves, wth.a rr r.spri ortion
siff i NG SoPOE Ry Proud BB oulgrreraiap ShiGuss does not need to
folfht B d\¥khetRl Yroufll tidlaAdi i on, the planar valve member

may be clanped to the valve pI ate in a way that the

cantd valverwheen glieh varfied respurssk vie noneseguential hromng Hbe tvelve member is

rovi a faster response, . Mass and . )
ihusir i g e SelsE msiogt GOty 23 W ais 4t inghch the response
is Yaled SHERE&iZRIrehd FIv&UTPHle Rlenmbef B3 @ 1ﬂ£lu@95déﬂ Arfdlar hub 22004, a

Furthernore a val ve backstop nay be provi ded shaped t
pluadlitg of bltevaedly extendieg spradgyerisersf22066 of afostaamldlwtahfoenqxoﬁle Valve

e 8B o TR 50 QP B vt

2206 %$©28P% htrégyh H{Uel'édQH acéd?@a{n%valﬁ’lnﬁ&je iRQizt RRd §&fo§‘cﬁﬂgly with slower

portlon as the val ve opens. Th 1S, one or In
responwl Tl tesponse bh ao'alvervwﬁslmeat]mserdhart the respbuse afebe galves with smaller

vallt Betting Thexsinasb M oRadiafe g vz;vg'azaw;@a{g th fgsirability of
utlﬁéﬁﬂ?%mqa?&ﬂ‘ﬁé 9&4@%8@%&9&8&' for feRisch

udes an ann 004 and si X sprlng
p 0 r Thenslvi 60 0Gzuex 22 aldo Bglbbdmsramd‘tberhnbenll?)ﬁ (IhérenA Thea/lan}eng head size

17008 extends fr a di tal end of each spri
va%r  GRETEBBPORE 251 Yelbs tee %Ipwgpwrse Ths wnghlotconsider that the

oo AR08 PGS RO B0 B e mas s

vaiyingudgeaingopsdds. Althowghethe tvakves B/Slﬂ)@l’aﬁtetoa)@ln bmxﬂtahecmby hye degree of
vary |ntg5t he val ve 15 seating, valve clanp

opgHik at Bp larger valvgswilk be fnitialsiowver thap éortthaﬁmalflerwabvaﬁ etaggered valve
ordLHLNG LA S B ARSIl AL SRR Y R porsar

noR4ADPrbvislet lat a upiferalevElyréitiveab\tesplane of the valve member). With the valve
member clamped against the valve plate the spring portions of at least some of the valves will be
pre-stressed when closed. Staggering valve opening should also smooth the pressure pulsation in

the discharge head.
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extending radially outward and an additional val ve
centred within the annulus. An array of spring
w@oties? 20006 extends outward from annul ar hedr/R28004000108
each with a val ve head 20008,at its 20 distal end. A
spring portion 20010 extends i nward fron1the annul ar
3 |u2 {\2 OO &%1 gﬁj}ﬁi%f glr\{gx#{{o\ngﬁe{/eén %gfle erit pal?l”lsalgg S H are gr%v1<1ed To tge discharge -
poﬁn)gnMﬁhwﬁﬂnkm epuEbe dashed I|ne represents the
footprint of a discharge head which clanps the valve
menBée dissharge @athmaysaarm aarapgethep ;habme@w poifferendd¢ngth between each

dlsel?l \g/e(:e & dat§98‘1t € \,\,P?‘ﬁ’?gf t ?ﬁ%s? arﬁelg%a{a gﬁlté.l “atg@%tﬂe example head

shdi@s i bip@ds A and 198 hed hRe itheheaddf oftHh relsl eI IR 25
head i ncludes curved walls 20014 and 0016 which clanp

t heRwéﬂrlv@g teehigares A900mda i nse exdneple wilavdisqhhrgedhead deo can provide

cisghep bRV PR s P DRl B BF T Bh SR Bor® troueh he

val@@?ﬂa‘ﬂe é})’éﬂ 8@k @ss%ﬁﬁal nn@lak feR8mSIB0LS. THe Rfuldr ?l&nﬁfn' is defined by a
erring to wal Re out er edge of wa 14

cireutpfeoantiel sedﬂﬂvaﬂd@Q% arsi ar@lnaﬁln oleshping spigdidPOQS A tafiahwalh 9006 extends

{ d 20. A
verfiepE e Sy Brg P s o O D BRP iS5y he i pdip ping an anmtr
cha#f3 21ind a8 BShleRds. tARSutidp ¢9M2f i€ 9?de&d|a€ Bk dhdQff thdWhamber. Reference
spring portion of valve 20024. The response of valve

nuPEeBEY! 9080 tchk08§ ordécatethe epprokiarate Iheation spibn disclirgepuirts énto the plenum

chdrgrr il di iSRRI gt S afegt tBE R BUR Rl discharge zone

190 TP oatikt 1oe2 %tlb ef thanftR¢ pfil 1efrdh %m%a’% tcﬁﬁ: 19011, which is larger
val ves 20024 and 0026 is substantially t sanme and

thanithe ea«tpém@dﬁm 200490 05 P cliPGTIONgE2 0lgaty trbemmaengtazﬁrom zone 19013,
whéciﬁg?nse t?xgn S)E&)d\f:/@glﬂ\e/ > W ledgﬁgﬁt Sélﬁilrs]il aﬁlarlﬁéar} tIPlee path length from

196ppt print of the discharge head to provide conplete
variation of response anbngst the valves where that
i s phsfseiggen Ihmseramlw@s &t theraugat and tisacduicenthe pulsdtior in the discharge

. d t j 5 .

ing o OGP R AL B G PN P e R Ll RGP Ruper iimum and

m1ﬁ1frn1€1§)Q§‘6Mﬁ}nV% thdtGitiPA &ddéty ¥ad & of s BRPIR 18dbatand 88760kPa and
an annul ar hub 18002 for clanplng o the val ve plate.

126740 viecrbsadislay ®00.26ms betwates fitshemblastapdlsal Thisouabaat toviertberise time of
t he atﬁglar gub 18002. Each val ve head 18004 is joined
an Gii4al peidengtl desi®ho2 by a spring portion. The widths of

cac It ac RigRt b ngumrthé QitfeRinge n%e@ predsbR pi@ARond. "THBIid line 21002 is the
ment illustrated each spring portion has a

pressure Ivath epua:lfpatlhéertgths ihe doftecﬂlnﬁe‘ 21064 forwinelqual 1eRgths.1The slower rise time

nple.th dth.of _s portion 18010 is |ess. t
of fhscirgnepl oGy deSighiBF Ve SABBRUATARIC ot (13 nob ke resonances
sednf t}Yl‘,_ &Etcﬁ‘mﬁ?% se%BBh Bgth'é%hél%thltg&% which is less than
the wdth spring portion 18016 is |less than the

wi dChafembpdinregtspddisclomgdldad 2lso Finbedying the spmddischdrgdpath length are

an i asing stjffpess and fas on vin
i ris g et J0and 4 The A Gakn 70 o Py PR 8" lsady bt Biscussed bricfly
abmedlnta‘adltfoﬂl th W)\h@in? vgﬁgd‘ GAGE cﬁ)rsﬂlgqgo}h@ﬁs Vid Xr‘?angééetft of Figure 20
val ve where the var response 1S non-sequenti
previdmsrad anhelay plewemrohataber 20040. The outlet from this chamber is not illustrated,
however preferably it is axial from central chamber 20042. Flow passes from the annular

chamber 20040 to central chamber 20042 through an opening between the ends 20018 and 20044
of walls 20014 and 20016. Therefore in this arrangement the path length from valves 20024 and
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illustrated in Figure 22. The val ve nenber of Figure

22 illustrates a formin which the response is varied
wowdov1edis7 si ze of the val ves. Val ve nenber 22082I/NZ2004/000108

i ncl udes an annul ar hub 2200 a plurality of

outmardly extendlng spring portlons 22006 of

1sc ge n%"é}i%t%r o Ete%f eﬁ'on\ll % e ZOB?? g&ggosfhe outlet passage

5t each

coll@ a!;sb aap&zﬁﬁa latdrABy thebusd aRpRASI11 $0the ARORrichedd, Qar%xalhgle adjacent the

nunmbered in accordance with increase in size and
opendepbativagl Yalhends 200b%wend 2004dponse. The response of a

w1 KEteing o P omalneR g GRRRRS00° AR has a smita

arrétr[gé{ﬂéﬁﬁ‘ﬁ) BaCRMibakes Yalae 2820d 4hik |al'rld§$dh@én|t A dif@arge head includes a
desirability of utilising as nuch of the head space

domed pusenl buter Walk 36093 Vdnsltcllﬁn@ea mrﬁlkygsonrphlemmbma@ﬁ 6004. An axial

t {
oulsBiongt 100 SEieBE Pon TR o Bk h SR R JEBil nidace sc004is
divldlbyas dr§ of kRBAIREaI I SB0 PN EL3 6018 it R\CRA Al Nain§laPwhll86016. Annular
that "'the opening response is influenced by the nass

wallf360h@ defanes &, ceatal axeal shatnbeyl lyadimgtoveutiet dassages3 G006 ds thtecapex of the
disp e TG 10 (Aot SR ane S p Py ERr Pyinet Rl chambers

surtGn@ffg tHabMRm] Whibl cHAfbeR & idintendb@WRE whBBssb@blclRE the valve plate a
smal | er val ves. Staggered val ve opening can al so be

disglngepert opgns dhtareptngielhehamber eWals 3601d| toe 601 2t deheesged below the

levtﬁﬂ(? d | C n aélg? 6({1?;{\§?rﬁa}%€v$gth2$éw%,s§ﬂg 18%:/ I ﬁ%nqa/t'gﬁl 6célow the level of the
anmml) AnWlBPW&lh%O’l@llﬂcﬁudéi‘ﬁ'ﬁQﬁ:h 3%bﬁ&ﬁ5’ceﬁﬁﬁﬁlﬁﬁkaltml 0. Radial wall

val ve plate the spring portions of at | east sonme of
36@Ifeis\the¢ varse height dseannplae vedlr B4 ed Withnhe iseleulge head clamped in place

agaglgsg gggllryl b tgg%i gsgp(ﬂiegglﬁg dlﬁg gﬁ(gll,ls 9 3agggée?\y%g%ow pathway from the

perfSHA hRRY danttely DGLOQALICAIAPassagé il i eRgthl fForf chamber 36023 to

further invention herein different path |lengths are
axipk passaed 6039 tihngérstbhm thgeequpatant pathdermgsh Hroinh ehamber 36024, which is

tong LB aE ol et B RGP Dot Rt Bagr Hin the cquivalent
patﬁ'l 8% dAGhberdid26 r\)@hl@l‘ﬁsll@ﬁ P HaRthOE uﬁ\hﬁen@' bﬁﬁh&fgﬁfﬁfrom chamber
This is illustrated %eexarrpq shown

36027 Whgﬂnrlesn e\l cager th@Btf)alﬁqua’lal‘i‘ot path idmgth‘ifemwhmhber 36028. The axial

Figures 20 and 3 erring.t ures 19A and 19B

TS S0 Bt &S B oS e e Riskereh B b pr ovi de
d' S ARs A ePRLNRN ST ﬁ'fveﬁlt'lcfxf R&SAL thE eRet Poﬂ§aﬂ(1|/$r%5 rd?sEﬁQge ports are
In this head the discharge ports through the valwve

proyidedewiipervalve thathases sendinadrd 13etuam rfofcar A dreuvalvdoddds, the stiffness

N O SR -

req?ﬁ’gt‘l & othey! deséﬁ@@cﬁth‘ﬁ?{%@@gﬁle 10 hevuReBsthe side wall
9004 and spigot 19 . This intersects the plenum

makiThiy raay be mnbhmenteﬁafnbére dikdhiargs \aaﬂvdom el nlolg . ouAlpreferred form of
tlet 19002 t h ha
xs%iargqememﬁwbé? <5 deSggiheT BUED 1S P SHEOH WAVE 1 accordance with
the &‘reﬁt)f fbddArAinki8 1§Eu§t§x@eﬂh %? PR4slaShub 4603 Fﬁhe centre with
I enum cha er wt ead 1 n place.
a plwsalétp phspoies 24084 ekteadipgoht tb ar:rgntlnmfdu@ nng QQ@Oﬁsatge extodmeity. The valve
preferably has an odd number of spokes.
The prevailing conditions for the suction valve make it difficult to get large valve

displacements and therefore pressure drops can be relatively large unless the valve perimeter can
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19010 to outlet 19002 is |longer than the path | ength
from di scharge zone 19011, which is larger 15 than the
w@ztolv1éeesgt h from zone 19012, V\,hl ch is | onger REENZ100€000108
path |l ength fromzone 19013, , . which is | onger than the
path |l ength from zone 19014, g\lm ch is larger than the :
path length from
be BRivasaf o Hearind PSTiORLY s ARTRALE PEGEUES POHPHf Eugengerease valve
strésd. AB&raing ehe\irPeefetréd\@nbdddneMIBERI R pbit isdA@nh@latsefts of ports through
Figure 19 the difference in path Iengths (bet ween
therpastomromovwan &gy 16nsh9wmm1stog egd mgludgng sushpouts.t Thisshape keeps stresses

tov§ BinbredieSbaied StipBaRe. AesdRiltton My BB Blspin the perimeter

nn% usb6 sMlle pAtérrdldiRBon TAVE séals @1@ QHhulhMdeFiRs bf‘ﬁorfé qg accordance with
ime of an equal path |length design. Figure 21 shows

bothheveaitibhisthe hule 240021k Esed orthepistos. fhe smlqes%()04'ﬁheasscalwedpnngs As

line 21002 js th r re with .equal | engt hs, .
the il gepnind P apoies B0FETE it (rarion B hept Eoaicg by the perimeter
nnF'Z&@OG' Mhis ®AsiBh inHIBitd ARAEGal RRhEBS| hﬂ:ﬂeagﬂngQﬁe Ile‘O@rstlfﬁless The

requency harnonics that do not excite the Fesonances
mdsleahtenmom h@raaeesa,%|tlrrﬁJV$lm:¢>peomgﬁeﬂlettmreqmahsepat h trace.
enbodi nent s sch ge head al dyi.n he

var 1ha Vave o dgetpdfarHographis TPECoom 0w at ag 1 Ho refetied mode of
dei%hﬁh'ﬁ&xs IRhEPEfBRd mdie FdeARREHEN theVutdrl lrﬂllgfﬁoéé) rdiRsins substantlally

al ready been discussed briefly above. In-addition t
plapap\altiowgh tamie dlefainy andsr dsnsign fmome spakes 084 rtarﬂj]lg]'ﬂémtlrregular or

frug{g FI Tﬁ"ge gﬁgﬁé{% ou! d ?ﬁ?(‘glr ﬁh% pls | e%g{vnncsg %rsrtt)o allow or to inhibit

beﬁdlﬁgﬁtlfs%ﬁ‘l% AQ@M‘Eé(:ﬁBn Qﬂ(?\f/i‘?lg Rhding bt the céhtbeals the l‘ﬁm reduces the valve
chanber 20 FIl ow passeS fromthe annul ar

stlﬂiﬂﬂb@np%ﬁmomaommtlominhdilamg)@ndmmﬂletChnth@’th‘almb The increasing
. eni et ween t he en 20 an 044

stifion ol SR s aTRITE By B 1 Coma s it P S WG Figure 26. The

pld? %@Beé Valls Bf fhe HRMNBINLESs PR R vHPe 4R 0818 L3¢ 26002 against values

/ NZ2004/ 000108 -35 20026 to the discharge outl et

of ile igstadtrests apahifg displacinvent aﬂomz)enmetem wngt2400®% en thet Hogtzontal scale
(?ssage could al so be provided laterally through a

260%ewal | of the dischar ge head, for exanple adjacent

they Hﬁ@ﬁ@énrlgsé%%fé@ Bat Wakh th%'?ﬂﬁlb%p&ﬂsgoﬁ&qs 20044 number, the symmetry
Referring to Figure 36 another preferred di scharge

of the avdlvie $s s tirat svmirelesingbde defeinmtioamods cam peug ermehich tvoo opposite sides
hat. in Fi es 19 and 2 In this arran nt the . ..

of @aeyem.tfglé R b A G Wile i SisAPERFT a0 JBa. 1ift a minimun
%@&Qﬁ IREERe R S Thi SRR @hlskraCAM GRlo ' i

am S An aisﬁg; out | ét pas(sagea36006 egﬁﬁ]gasﬂ ?iegﬁ&ﬂﬁglgurem) '

nomhesmed whére it wivedrag e ldveadt ndmiee bﬁsﬁolkys ihgartsqdar én B3H@OAhaving three

i.s divided n array I1s 36010 to 36015
or FfrsBpkEb o rar RO HBreesBng sp% FrepreteRst] 36016
def R@%%&%&ﬁl@lB%aﬂan&hgﬁ% vaiv%gﬂ'allﬂrgc grsggﬁ%%g%g perimeter ring is

passage 006~ at the apex
illustratiedi frgthialdrintids GiOspokes3 6lidugtdlaiing aarafilalie:atit] ollofv a curving path

peri F j_hgl axi al  chanmbers _surroundi ng t he central )
betyern fhedwa B4 andthe gerimetenddls + hagh Ak HYodaprrend 25010 proximal

to fhB Guly 3068 aRk 3h End23012 proximal to the ring 23008. Each end preferably mergers into

the respective hub or ring in a substantially radial direction. In path between ends 23010 and
23012 each spoke includes a portion 23014 extending substantially accurately within the space
between the hub 23004 and the ring 23008. The valve member in accordance with this

embodiment has a significantly lower stiffness than the valve member illustrated in Figure 24.
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di scharge port opens into each axial chanber. Walls
36011 to 36015 are depressed bel ow the |evel of
waowhed73nal | 36016. Alternatively these wal | SPAEYNZ2004/000108
include a notch bel ow the ng L of the annular wall.
Annul ar wall 36016 i ncl udes not ch 36022 adj acent
6010 is the sane

al I
Hoﬁve’veratb \é\@%ﬁéeﬁﬁ Y Olglrnc\r/vaf?s Vglgb%plam%gt he di scharge head
cl arme&dmg t6 hi®tRer agigkt Hthisan weativethevalve inlBeuse Ry R§&”d above may
l evel of walls 36011 to 36015 define _a fl ow pathway
be mopnted hethepintorpliaes iala oating a@mmnts the vahve displacesiwvithout deforming

i.al . . _The. path 6023 t .
un‘g%)%:t%f m@gg@%g‘ip 6@@& %gesflgﬁs %}(P Rlﬁtgﬂ afc‘ﬁ er%b serm:arﬁgleﬁ there is no
valve Rpitk {0 QBiecthavbive, BRAQAfke tmmabe tRsink QREAA ok&@ g8 BDC where

equi val ent path Iength from chanber 36025, which is
plstmﬂ}ecleltaham s éts pgaki thateanay lzeoeq@agh 010emgteffe¢tr om chanber

7 ol il R0 LR e OF 1RE o TR B R shOIBRARe density of
th HisMA¢rekd Bt &b theadhpredsoPintdia @ﬁ&!tw% @O Bnpidf eTHR¥d 6 it is important

anbers also act as a sound nuffler in the discharge
to lma the stcid@r ghs agicacd aspdseiblen darypatants hame beangssued figcussing methods of

inlet ports s are provided

doWﬁtﬂI% p%?’\?glp?%gg 4?#@%&% ﬁ%%g%ﬁ%%t urn force. As
t he Mgtk ¥EHE MBS alch@pilsédriidgaRratedPrrbn GRERSESE coﬂﬁr@ssh%sthe gas into
t he advantage of not needing a stop to limt the

thet maxhetgedlfead hid'hea¢sy eomgs Gomphé motarkRamedf this heatigcarried out with the

so th v t overstres
d1s zyg% 8P hﬁﬁa%nih? ? Gt 54 cﬁss&%eda ontgﬁ ngjcéur@mgv\éﬁgge \Wéqli] heats up the shell,
wh*i’c!ht the8isRApREEHIE hehmbRht efliivpiRhOe arrangement has
been descri bed above. One form of suction valve in
accévtahactandardized t the mnégmns | withl esobptape d Intermetiriab btarglard 1SO917
wel Ll Uus ure t h 02 in the
Tt PRl O TR ! B A BORSATk TERTBMEARE to T60KPa. If
thi®#lan iRnRo5ie Bch@éé%' %odd PrexhBorPfor b B%h%ﬁéeﬁ%mnbYessoTﬂﬁe temperature,
val ve preferabl as an odd nunber of spokes.
Tmph@Mawibmgﬁmmmdiﬁ@Dns for the suction valve nake |t
difficult to get large valve displacenents and
therefore pressure drops can b L;fla ively large
unless the v iy meft Bseharaan k2004/ 737
PCT ﬁf§604/d§% §QE5§6 bthacrjased. Iné?gasing
perimeter is difficult as increasing port dianeter can
i ncrease valve stress. According to our preferred
enbddr Bemitadeheith k+let t}ﬁmgltvesi astempexanmel bﬂrl 1S@r TFBS hcgh temperature heats
ports throu t he pi ston crown.

thepgaé SHFOWH qh%memp Hﬁld:?d]é%%‘!i r(th@ Shq*hga§) s%l&ﬁ%thvée@,é gmxes with the inlet
sSAﬁerf&%‘T‘tqsc’mdh&% F}?& thie ﬁﬁl%aélg Terfifet o?fhefg ?ﬁls{de ﬁ?e'?:h%ﬁfder at the start of
ccordi ng to a urt i nventio erei

compressign 400 ahtly hl@h@ftbzfrﬁhé w’csahot/e din sviak V&eﬂﬁﬁhan}bdilﬁure can be as
annul ar_series of ports. In accordance with both
highn 3% 707 G rigving 2o isgntperte 2lischange empeigture ©fpl 806n. Sige the work of

Cmgﬁggﬁﬁegﬁgg(igg as val ve springs. As the valve opens

spo 4004 deflect a tension arises in them

i nhi bi ts addi'tionar —def|l'eBti bhiscrimacrredsiig t he val ve
stiffness. The duced tension i ncreases as the val ve

openi ng deflectlon i ncreases.
This increase in temperature gives an increase in work from 125J/g to 140J/g or a 12%

resisted by the ermnejer ring 24006. This tension

increase in the power to pump the same amount of isobutane.

The prior art shows two ways of avoiding this temperature increase. Direct suction takes
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10 The valve is illustrated (orthographic projection)
in Figure 25 in its preferred node of deformation. In

wa tw4/peeserred node of deformation the outer rrCENZ200600108
remai ns substantially planag _although it may deform
under tension fronrspokes 24 %4 to slightly irregular

the] 1n1e% %aﬁ%srlggt? to tﬁ:e 1nlet r? 8{\‘#%\(}\?2rggre§sgr p’%ll?ref:egéﬁravrﬁled r{kﬁe inlet duct

SO das

so tHa$ tHeREN Bas Aay@od ﬁ%ﬁhilé}l’pr@dsh&\&b g RRAGhNOSeMhidir& suction has a much
centre of the hub reduces the valve 15 stiffness

largesdrplertatheshel gasathesdoheis dengnadrie albow sorge Bewds angl fsem thr:enlet gas flow
entre of the hub. The.i.ncreas.i,n stiffness,of su
so S paces e St att i BRI s Ao R O 45485 tfioter.  This
ovérBSm&y e diéadvhrithigeeoRBirect Rectionl thht ?lvé‘é?%ge\/ﬁﬂe%%& @fopt BBcause of the
i nst ant aneous stiffness of the valve on vertical Scale

velpeignfuctyations indpged e the pitemmigentmatuae phithe suetiomruncass)

dis c the perineter ri 24006 on.the

nor P SfTReLy S G B oty i 3o GBlmant i Spmaressor where the
sudtiotvaWdedon iR fReHOThe piktoaPokes s an even nunber, the

symetry of the valve is such that an undesirable

def drererdingrio paciiaventiondersinr we atterhptdh limishehgpoBowmg diotethe discharge
alve.tend to lift to a maximumwhile the two

ngP&@%“B@ B%ﬂg%fﬁpgwﬁ?ﬁnthenr lift a mininm anount or

SONgY bﬁ%ﬁ&@bf 8hr ialdntiohthé s@ftfof Ghs (s ddhiBtd RtURsHeN from the opposite
orthographic projection in Figure 27) is not observed

enditeghehiigh ¢emperaturethesd and diseheriz Imentes thefefarp ddasible tomsolate the suction
art|cul n_v es hayi r 5 or five spokes.
a3 sopientny i Be b A Bt i of B ar e

pr efAREsthg tHEASERABMER thd ARy S8hSgdatdntiHeRRadPEhdldFehe compressor
val ve havrng hub spokes and perineter ring is

with|theigasrabithedther and isirestricied byt 4 long bhlles prgues?8 éllusth&teﬁghls embodiment.

h bet
Th RamAests 2800 s efprer spe i p RSbtnst 2ol Ah Qi et 58 3s006. The
corA P& hagrr My e@ Nl 1A B Q1AL IefBlbsink @hélh Q8¢U8ban%39 Qﬂef&@gly supported

an end 23012 proximal to the ring 23008. Each
withirefhershbll yo gt gesrrsovement Bsolsolla@drfewpehft slwél HTHe shelerSﬁg8 includes a

sucgifadn3beth e ciskinge aai 2505 E e APrionde BE 2874 B Hited within the
shePBEEH8 &xX ta%ﬂit '?&eﬁh@ﬁét@ ﬁto‘ng lheyy 1@%&%&%@ E(Ymiﬂ'eﬁ?or Q 8@629 Preferably the

space between the hub he ring 2300
bafflg|2861 mmredl in theaegipn afithe cyhrtdhr ofithe coreprsssdr. nﬂrﬁtbarﬁﬂxes28§)1 4 divides

thelsgia %lgfp%lc%t%g We@ﬁgm@t@%tge S%@%ﬂ gfté%?ﬁgy?cael 2501 ggnrﬁbaesruction end gases
spddEDROER0R yng%]agﬁular AéaralRe8852 ﬁshﬁro%'dle(ﬁ bagzen ﬁfe'b'akﬂe 28014 and the

I ncreases wth displacenment. According to another
corapeei 28602 Wwhish will eliew dor hénemeat vEthe nbmpressor in apgeration. The suction

. ,d bed above ma pi sto ce.in
ml%relﬁﬁi‘irrtﬁrg t%?‘f‘&ﬁ@& fpacgﬁg&ﬂa&}@ Qﬁfgaea et%{)ﬂ?oﬁtfrom head space
28@@&H%Mctsqa% ?esg&fdhéeﬁ enedd z%waral 'freglb@w§&rar ipe 28024

and pi ston accel er tion. ThiS means that there 1s.no
The disvleargppipa 88023 msses @nt}hhrough ttee, hebd t:nd;s;mce28(ne8 Welitlv the compressor

onGeia, efaroRpers S ecehgl dhiont et s BRBYGRI are crawm into he
corﬁ R8G9 sﬁé?@f)% {hgodgf’r the Eﬁcti‘ﬁﬂ% e J2bhAg ?heslﬁidy a)efqhé F'lston 28028.

e art e ‘sucti on IS cool er
Thmfﬂow is indicated by arrows 28032, Gases drscharge from the compression space 28026 into

a chamber 28040 within the discharge head 28016 and from there through the discharge tube
28024 to exit the shell at discharge outlet 28012. In this arrangement the hot discharge gases are

only in contact with the head end of the compressor, which in turn discharges heat into the gases
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the gas is increased and so the conpressor is nore

effective at punping. Therefore it is inportant to
wEkzep1e4187 sucti on gas as cool as possi bl e. MangCpEZENY/800108

have been issued di scussi ng gt hods of 10 doing this.

For exanple US 4, 960, 368 and”US 5, 039, 287. Most of the

i i . h . of . .
or phBe SR ESTRARS 8 S REA AP 8 vit e

gade #it spaeees0Xornthé BRSO, InSatar@hgéhé tHelctid® gases are somewhat
carried out with the discharge of the gas. The rest

lowes tefpeshiges than ifdreemeixingrwasatiomed with thergasgs droved the aypnder head.

t he. shel l., i t hen di ssipates heat ,to . the iept . .

oo TRt matRishllsd 8 BB RAARYS a8 2ha Ol BE R NE M inside ofthe
shoM 4shini ERRYLANR if Ll @bABSrhAak poit AR shell MG the shell manufacturing

"Testing of refrigerant conpressors”) inlet gas at

PregessPs imAiEus2d.i s conpressed to 760kPa. If this is an

spodtire e EREry T2 2 PARRE R Baka yEnCh iRl ipgbstantiay
theStitne BB tiREohppessorik Figuke 38. Phe &fpredsS£I0AEs SlofigdtdarRlthat a head end
273 ) Pdischarge k ' - 273 inlet For isobutane with

29p0danl & swicEoryprde20861 dixpeprmprgssor of artapgedwithin dongatgrshell 29008. The

shol ARG B ¢ Fro EBeRent G 485 nditl SRR 50U i Ra. A vt

or h&t& 1904e1lics BawveBefHR16bdst29052,1 298ULt ete Walsp of REKPMWBRY approaches the
the tenperature of the gas inside the cylinder at the

outst surface pf thg comnisssos ddagmgianagoyranhitliaA®022 fhi gowemertiglearance for the

coneesiitghe ezl JRieEA ihhapt DTH e ndhGasel onfer 20012, The
hed 19086 %Mi@c}ﬁf%(e];&%?%)@? B 1cFEl1YWRIithinPhe fil8OBPE BRAR OThd shction gases

found from _ R ( Tdischarge - Tinlet ) 30
pasFHiasn thesnefzonanlen29EMde the conwrefisipaspage 29026 thaseghi the interior 29020 of

e OB b T oF SRR TR Bl P R hent ot
frofiN@AEng Wath\Wayes hehted@ ¥ P il disthhide hehEPMAGINY IR chisE 8RS 89024,

Di rect suction takes WD 2004/7106737 PCT/ NZ2004/000108 '
- 38 Thhshdlidrengement dif Fegurd 39 tsalsoheprefaired epbedimefit efrapother invention

co essor.. Asmall hole is ovided.in . the inlet duct .
e PR PErares ggera By Sngl ik far o ndig B PEestafS ntheprior
art! &npridsBis 8RR me3B B i@ etiorspplitids AR tHpidMB bech BHGREA within rotund

hole to the shell gas, this hole is designed to all ow
shellgrod 16w especoratind Gompmessoes fitted evithgmsudhl shalls ayetabsatbeen of low aspect

ratg{. Sﬁﬁ%f%ﬁ‘g%{&*{g%%&: gﬁ%%a? Qajaggegiqrrn aﬂ(!glfrgé ?lso%q—maiﬁgv%tbeen described herein, is that
they can be constructed to be elongate, or have a high aspect ratio. Housed in a shell having a
similar aspect ratio to the compressor, the compressor can thus occupy a lower dimension in at
least one axis. In domestic refrigeration appliances this can reduce the volume of the required
machine space and/or improve the available internal shape of the refrigerator. The inventors have
discovered that the elongate shells that have previously been tried for housing an elongate
compressor have contributed to an overly noisy compressor unit compared to more conventional
compressors housed in a more uniformly proportioned shell. The inventors consider that the
shapes of prior art shells have provided lower resonant frequencies more easily excited by the
housed compressor. In particular the lower resonant frequencies can be excited by lower order
harmonics of the operating compressor than the higher resonant frequency shells of more

conventional aspect ratio. These lower harmonic have greater associated energy leading to greater
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5 overcones the di sadvantage of direct suction that
gi ves large pressure drops because of the velocity

wo basatiogs? ons i nduced by the intermttent natuper/sz20ine00108
suction process. Unfortunatel sem direct suction is
difficult to inplenent in a npressor where the

valVv on.the f n
BT A M 5B ‘o B bR Bk Hopose  she
shipeoot Réhistdgel i@alics SIpAIs g that Balashdr Rowdire8ihidnt MO8es? The inventors’
the conpressor. In one aspect of our invention, the

prepased dasigashave laemrtlnb‘tremtosllahe sigfiedsp ahd dhereloee bmbglslomeest resonant

m e, Dot Rofiees TR RS it AP B0 hORGE s b sortace, such as
exhDiROMR B Wit of ek ORIt Figa® B ahd@ 1RGaSf 8Rfeflined @aken in any

punp. According to one enbodinment the m xing of the
dirgaigorf. rlppartivelan e abppe sl irolf 1gu¢¢e29dxam|gesf§sirand a5egindHoheh each of rounded
as. at .the other. end is restrict baff.l e
foflgig 28 & ] At TS Bt Gty ey to el poin€ gracteristic n
coapafdor With ﬁfb@@éﬁmﬁﬂ@al sRE 3R 8s Mah@pibt&Nid FRERO48 aNek @Asidered that

inlet end 28006 conpressor is arranged within an
cach bobgatf dhestelloi quurs ﬂ@lm0@8®p®xan@tes 8 spiresé whigh| has the ultimate shape

stFRRO b eaiiney g el Seped Bbe oo sSnoR HEE e 2bSs more than 30%

hiSts haANthe Mhvedst SRQALA il F aiidAkay glee@gﬂéneguc@%gwmgﬁe 28. 1t is also
annul ar baffle 28014 is fitted wthin the 20 shel

consdas thett thee sholil of Figwre@P neeffestive aﬂ thelgck hﬁmemgrfhcasﬂlscmages standing

ressor 28002. Pref ahl e .fle 28014 HS' .
qu& 1o|nﬁm% ﬁxécopéaép% r{ale) hlét F&ﬁﬁe& ons AtCH%r ingly internal attenuation
of SRR € fitftoved MehdR g&j i8tc2B0 hdrrSiv\nf8i®s rddiéh PRPOSs 8RGCEnsiderd to be

wi thin the shell 008 into a head end gases space

effeglusinatigneating ¢hd iotermmoga,wsng spaowf’f8020. A linited

annu | ear a 2802 OV|ded bet ween .the. baffle .
2BOTAIHENE Rt LEDRARE OF owBOUS R os o Eed o s (Rgmaly insulaed,

boMPHEMER sHefl §5§ M dIRIIR R DAY of the EARPRLP W 1t_ﬁt?@fel%ﬂ&$ t’o‘N bures 28 and 29
25 inlet 28010 enters to suction gases space 2

tha’ thﬂiTeslaheth@boﬁlumlmnﬁﬁededl 1s td ha:ymaﬁead(ﬁﬁa@e?%?@)onﬁde (or outside)

nd con ts t or, di schar e head 2801 .
thltzod ARG, b RO EO BT e T8 Eaucann o TP oHaegge small distance
acgissg ?g@%ﬁsﬁ&%ﬁﬁﬁh@t@k}ﬁe&%l@é&e thdBuil &ado /RGk BIIBAR convection cells so

he conpressor operating, suction gases
thatriteet is tfaesfeined dnly by ouxyd'ucslun thiroughi the gas @186 isdowrtebcause most gasses are

drawn i essi an s ce 28026 hr ough t he
VC%B‘Nr&Hn‘i"ﬁ 5 a5g %‘ZSE‘&?FEPW gninied By Eqdyring dpamissivity of the
sunflcebhi s flow is indicated by arrows 28032. Gases

di scharge fromthe conpression space 28026 into a

¢ hariBerop2igOv® width lof thetdap vdll sratyaacgerdimead tiRBidfesided corfditaoms of use for

there thro t he di schar e tu 024 to exit .the
the gappres§or. glamr@reetsetaree% bﬁeigl Rw?ﬁv _urBher A RRlA 2 10° there will
betlhﬁe BHvetti e R 88 §,e\§it}?{58b1\1gg§gc%d' a50° Qé?ﬁﬁééﬁtuf@ Jiffedeh& between the

head end of the conpressor, in tur I schar ges
exbeattd temperitive afathe $ntial O ExXtemaB W aRCil Wét@@@mﬂon a Rayleigh

9 og% Eéroundlng spgce 28018. These gases ar.e
ueﬁj&& X | %) sugessts gt eap QfaRnr oHMR{eky 21BN ARY nAEass i thegize of the gap will
giAaRRe of o ARAEErABARN iR Kedt REnYaS f){lﬁmﬁ%géﬁner}tﬂlyllnh%ase the surface area
arrangement the suction gases are at
of the outside of the head.
Insulating the head inevitably increases the average temperature of the valve plate and this

can conduct more heat into and along the cylinder body. According to a further aspect of our

invention a thick low conductivity gasket (e.g. 29060 in Figure 29) is provided between the head
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| ower tenperature than if free mxing was allowed wth
the gases around the cylinder head. The baffle that

WO B®inecass gas novenment fromend to end coul d BeEr/mdned000108
to the inside of the 5 shell,as in Figure 28 or it
could be fornmed as part of tﬁé shel I during the shel

nufact urin ocess .as in.Figyre 29. .lL.n the
and SRS BRuePhRRERS obTn s ib it osB Moused i n
t he ThB ghdkel i prafbrablgatpoBimer matdiRl SRITRs @ $hdr@l REERRRARd thickness
in Figure 28. The conpressor 29002 is el ongate and has

givangvethdrnes) gondagtpidy lgsithan EQROM/onKefra e2090pi6 2 1 T9mam thick gasket of Nitrile

' . i t hi | fe. |l 29008.
rotiRERb gl uBh5 BORT i Ber g B G35 arengabigy soowimk.
and pacsRe Il cliatRr 480 #usathe tshRorOViBRteseRd .1 Anah&ke caflbe reliability

neck 29040 |ies between the | obes 29042, 29044. The _
prokingt with thestdetrizgbamnegiions tocthe Enganmoteru iTbe sanug prablemofan also occur in

the c essor | eaving a narrow annul us 29022 for
rel??b‘\?etﬂgﬂ%)éléﬁa’@ &-\i (o ulf'o_r the conpressor. The shel |
290%%%5%&&%@@@& by eiiminatiRg c18QALA BRkkcRoM BFRAif the “winding”

outlet 29012. The head 29016 and di scharge pi‘pe 29024
witsatitectly to thef fugitel hdmingtic pennettos attdcbexbtoxbehusinghe

© he AcOHHRSG: oA° UBRRRom B8R f hebtigi Bheoriebisd B Jigsghe moving
coﬁzi resddt € 6 ERBECI A& 0ZIRRAGABEE {tf8scs IS hiiftmuft]. Apratefed embodiment

058. Thus they are to sone extent isolated from
of thisxpatly farithdelgetsiea chargctidn bpyillustmteli indhgurg 84 hed dignedis

TR R T T
The EM@@M A8 10dp&ir€ bdhnedtel $o tIUEREHIM)Y mEhRh&Ing8BELsAdlidt #® ends. The

shells suitable for el ongate conpressors. In the prior
pred@realrloop owhplee s Simt strdight secties}40¢ coaifiectaglerigh thermoving component (the

assEfBl 05 oS S BeSatf et g eaGbrdinpried by v component,
theZdflpr&bsd shel hewenal £ sb&RA sthighQc @804 aﬁcﬁjéiog-aﬁeaqi}ﬁh parallel with

advantage of a linear conpressor such as those t
thehmveofreeprodetar ofitbe piseme ivhjchiis mamagourdehe\vilmratiorbef the compressor. A

.constructed to be el ate, .or have a_.high. ect
thnfdg{r!a%s_veri%ﬁgé@% Wcﬁogﬁ&% exfends ﬁﬁwgen the first gﬁralgét%gg{on 3404 and second
striight sBctidh 3408, RIFHE EHAES 340N dCRIBD | &R B irS@MAd kI HBand second and third

occupy a lower dinmension in at 25| east one axis. In
straghtsstiiansredpectypetyat Theradipp bf aneasretdficornean3408dnd 840hare preferably
vol of the requi.re chi.ne space and/ or i nprov
selpited e 3528150 3 ORI Ut KGR 16 R 6pPegiansg pmarfesture and the
straif MRitdoRs BRYR mgﬂeﬁﬁpvﬁ{ee&lr@@ﬁﬁlsttm 1! BNGRILasSBGhdike stress raising
that have previously been tried for housing an
defettongat e conpressor have contributed to an overly
noi conpressor. upit conpared o re. conventional . .
conpreies st_ﬁﬁ Ghdeat i 190RBrenq) b 6108 3 BF it Pricivedhe wire being a
cor{tflbbs ex?&%i%del?’fﬁ Es‘é ﬁ/fé o?ﬁ’i@%fa?(ﬁrwifx{ﬂgé\eaﬁﬁﬁeiﬁ%le%@ ?pﬁlsur@)froken path to the

prior art s ave provi ded r resonan
fusiite equrextoir dsoughr scoagsedsyr shxiti Hedewry at the endsnfsketloop are essentially built

. coppressar. In particular the | ower resonant .
in pd, e rieaigdn é‘_‘gﬁt“ﬁ’etoe TEPGCUNF FURRIFSSBT AUPPONFAF oW they connect
co:?{uc{i{)@jﬁ)%elﬁ ‘i‘itle% Ygge g%rﬂ?ﬁ &S 3QfimeR@lad tﬂ@y Flli %E gfhe?\%?g tglé‘.gf.’referably each

requency she nore conventi ona ect
end bitheldopvetieldevithinra ohaleey eith ndaptarcoasdaahlaprdtee than the diameter of the
leading to greater WO 2004/ 106737 PCT/ NZ2004/ 000108

wireg gl he wire fits tightly within the channel and the channel is connected to the respective
component. For example wire end 3460 is fitted into a channel 3463 of an open sided conduit

which is in turn fixed to the compressor shell. End 3462 is fixed into an open channel 3467
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excitation of the shell and nore noise. In solution to

this problemthe inventors propose a shell shape for
womgioeg3zan el ongat e conpressor that has hi gherC1/menmsi/000108

resonant nodes. The |nventor§ proposed desi gns have
hlgher I nher ent shape stlffne%s and therefore higher

exteﬁ r eson %Ce orf% ?? ‘tlcll:; gﬁ&? holfeiﬁlgfﬁe %t ;g/t ng ne. o The wire leads

|nc U an an

int§ m}ﬁﬁn& texhé d}hh tce@lsld:afaﬁm ea@r a{anwlﬁe diembkte? 8P wirk.,
Fi gure 29, a | ack of stralg |ines taken in an

dir B@fqrnng t0|E1g1pm|3t1 thafirgrang se¢rmgstraighy wcmrgl%@%@d 348,6 have a length
h ving a fir ond | ob nded.
e diafh BRSBTS TR o AP 1B & MR ot time in an

unaaoml Aabae | £ WefoRhs@noda ARt &t inFigute 38 F8MAing Albplacement of the
with a nore cylindrical shell such as that depicted in

vibFatingr eon@Bessot a idéstangasX.deGentralhathe compresbabef the présent invention will

.shel | of Fi e 29 nore rOX|nate S
ViLgalE thrpieh ¢ 1 Ra e e 8 Pt R e g Rk Bbity St seetions
haddWeech AR wilC InftBEoffAR)- Rk a{nﬁﬁ ke brdef 2073 GHME T%g déi%rmed mode
nore than 30% higher than the | owest excited node
shcamsmﬁlgmeB)Z isexaggerstedl | such as in Figure 28. It i s
al s iderd that.the shell of Figure 29.is . .
ot £ Bisre o yosashfaticalferkmpanp e G dblichielorg heyirg. The bending
mopdAf gisﬁﬁ)uh%‘{sesomg {deRi2Bdy B0 ARYEAGEST the *BSRA assumed zero.
internal reflections. Accordingly internal attenuation
of hoihsdending moWdJStM1mapean bengeen il tlnmbmh\m ends of the parallel

ul us regio so consi d
straPRetetho PHPpb AR A CEhEISGH 001 thsst: e onsopithghe direction of
disPlalthidt &t th%%@fn%'c@ﬁlp}&s& elELO &S th@%ﬁ@l@ Yesgfts fH"];Sure bending (constant

I nvention the discharged gas is thermally 1 nsul at ed
bedabhohmbrment 34l sidel422 gespeatna]y) rahmgttheldngﬂhyofctfle pivellel stra1ght sections

34§ REDRG Thehgr b N AL R R RBATISGt B e pegls apding moment

alo{ng 'ﬁ?erlel(%lz rgF @1 V\é%gg 8’1(‘)1%%6653%61 %(Srﬁéﬂtﬁflg@gl atg& ?gstrt] R&Ifdl%i%ealon 3404 is

equab iy eapnitigierto ehd bendsmgaibmenisi4doe tlﬂ@smoncbparatlbiesegam 3406 but is of

ensures that torque applied to the fluid
OPRRSHR 4 { i beafﬁv anelgent g 41% g erssaectighp a9 s not uniform, but is
chatrﬁéf}?sf 'Bg%%nﬂﬂlln)( sH¥r ﬁ)%lﬁfjéffetchﬁé;a HiRE2 HAkifi P AR Serd thE b ding moment
because nost gasses ar very poor conductors
342tmaf dgpal mdg@tuderand tstpmtto bandibg nonmentB 4 btlinbfyrst pataidélsgetion 3404, and

e em ssivity of the surfaces). opti mum wi dt
berdie ’é‘%‘ew 1P0veppl indeagnb s o bpvrlibmomeab i kalspgond paralle

t
O M it e -
substdnkiallypeerd cdrtdspowdingwith t}mlpomk:ofmﬂeoaap}ééO imiHeldeformed mode illustrated

I.sobut ane and. a_50 e erature dlfference bet ween t he
in Eigprecte 4Tqra RpdF 414518 Bendingempmentirifgs naﬁﬁdyfe%tr@?rﬁwed by region 3418
I t |
o B34 AR, SIS GAECRL LR TR 9o, eSSy
I nc Maasaghitudels this aexdhuiheorgan Miid foundifrem:1 i ttl e or
no further reduction in heat transfer, but wll
detrinentally increase the surface area 30 of the
outside of the head. Insulating tke head inevitably
increases the dVvérdde Eenpergtyne qf Ty val ve plate
and this can conduct nore heat into and al ong the

cylinder body, Accordlna to a further aspect of our
i nv&harok, handy ate thepmod ﬁmﬁqlas\vlptty(lé@%@ﬁ fgreCw), thegggent of inertia

anci {heFdlsci)lfa{c%mzegg respec?lvglvI dﬁl% rrtl)aextlr\{\l%r%nal{ernatmg spress for wire of diameter d is

given by:
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WD 2004/ 106737 PCT/ NZ2004/ 000108 -41 and the cylinder
to reduce heatfl ow down to the suction end of the
w@oup/1067Be gasket is preferably a pol ymer nat epdBNZz00a/000108
has a thernmal conductance and,thickness giving a
thermal conductivity less than | 000W nRK, for exanple
a 1.5mmthick gasket of Nit rdi | e rubber binder with
synthetic fibre fidlermhas—a—thermal conductivity of
appr oxi mat el y 600W n2K. 52Betause the cylinder and
thus the stator vibrates +/- 1 nm there can be
r el iEgsinigivep lengthoficengecting wirelaa optimally fowaVl isgimerdat o ridl according to
. |J ory . The sane | em al so occur .
tt heoicaf PRI cionl O PG Rish AR Ao gecciy verticat forces
gehera@di Biethe igf@Rinallbmaln BhcabE tebé 6l be8ORABES BPEhdWing to use longer
| eading the "winding" wre directly to the "fusite'
papdichetms  Ehe redebshoaist thathibe stresstisandresshsigye Ovariations in H than to
Accordi ng -t o one.invention herein,a particul ar) )
vaidtsgn B8 i RE DB o *Redient Vdrptued ittt esions have had a
refati%&@dl s@aMPE CA196 weBeRSfoLAG LS 156 RI8%8 hidPePmBULSIBH Mo can occur.
preferred enbodi ment of this path for the electrical
connidus invention mdy alsstheapplied tn ofliegcnmme@nabetwEergthe eorpressor and shell

s e B R BR (67 NOVCHBIEIEurapRa FOArged in Figure 20,
the ¢omitetoR iff ABMBRICPEhiEG afofSal be REBRIRRE: gﬁgg@p&ﬁnﬁ'&qng noise, either

act as "built in" ends. The 15 preferred
direpidy erdadirectlyithrotigis vibeatigh thas éxctransfen®d Odtothenme s gedlemating components.
t he Vi. onpone the assenbled c ressor) and a
oo b RO eGhsE 408V B IRadT Gl P CRPrHES Fegrated by gos
GNP MINthe sudtiBf sl AR AR NchaRekide. ' i
pust rai ght gseltlztli oﬁs‘ 3404 gﬁ% %%ggldgr;éhg%l%ﬁsgailgfbggﬁs&&mﬂ{ﬂalves on the
surthees ghat surndunddbé pertscat i on of the piston, which is nmain
source of vjbratjon. of the conpressor. A third o i
¢ r arfiSsarding tocd Rurihghinvewian hei Adaned v e ib@rayided widdn the piston,
datdd Yy ahlall@irin a% Hfelober ! | i
L Sy 80t TR [ o et

section 3406. Radius corners
vofumesto irlnidratidiior fdrraa tured dehdhaltrresduiatod at sfrequiegyi(s) close to the operating
sections.respectively. T radius of curvature of
freggiice °§{’i‘6§r‘ns?¥o?° Sqr I%Fs_fdﬁgﬂlil&ﬁrﬁtes§@F§€%’derfﬂaoda@em-
as 9@k 301% RRRSBaBon lrods KN of Qbﬁafé}&i‘aﬂﬂ{l{)n assemblg r%rslcorporating

conveni ence of manufacture and the “stra Imtatl
segralofitheveneative in thihepdicatien. filiss pistoh aisembly is¢tadds apistdnGleeve 30002,

ipnduce stress raising. defects. 25 Preferably the ends
an A Pob Tpoh?,, oan Sri e ey gorpiia stk SQdo% s Rannected to the
. i i ti 3 i. L. . 1 . .
i SacRIBh crGRAOANC Pherid B 0@l N ER 100 is i to a piston

rod BEO0F et end clisidcfran thhraewgh 38064 MIhessiston sbél30008 extends to the

However as the ends .of the |oop are essentially built
COTIRTCSAY M7 PPringgndicarres Be Hngas matey magaeise dpawnplgicantilever 30010 from

. Y
A8 L TR o Sy LRl SR SROEM o 000
Thetdngrevies 20&.indPaddsan almularaeledie 3 1enditadpeh bed. | D@nsverse disc 30014 is
hel d w thin hapnel with_a depth considerably
filg todhBreRaiedfl e Tor Whisvese e {04 exlends topicoptils innersurface of the
. I .
plsgdg%%é# ggb?% ?H??gg gg@{bﬁf\? esﬁﬂzge& REthf "2 PBGHe 30918 and bears against the
inner surface of the piston sleeve. The piston crown 30004 includes a series of suction ports

30020 as an annular array adjacent its periphery. Suction gases for the compressor pass through
the piston. The disc 30014 includes a plurality of apertures 30022 arranged around the area

between its hub which connects onto the cantilever 30010 and its rim which receives the O-ring
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conmponent. For exanple wire end 3460 is fitted into a
channel 3463 of an open sided conduit which is in

wa 2ow1ba7xed to the conpressor shell. End 3462 PGI/NZ2004/000108
into an open channel 3467 WO,2004/ 106737
PCT/ Nz2004/ 000108 -42 extending from an end face of a

3»0(%:6a zﬁ."egiggg% 14 ?lVl 68th%%h§rlhs?¥%f: ghlg t@é Ortﬁn &1% lrflgsé Flé%ﬁ?/er 30024 and a

secgh& ah#hbdr R0 3. NEhginanBeRr3 0094 ﬁﬁIE3OU2|SQ1re EfinGEted BY apdtures 30022. A
Figure 34 the first and second straight sections 3404

Ch@ﬁhﬁr 3009 ik fived tg thepigion rod 30098 arihe epereensit3082 3 pf the pistonsleeve 30002.

T}\e grﬁger%O@%% g?%gla%g@og@o@e e 17 ga%gllqssgob& detn néd between the
outle} $utFecE 8F Sfhnibr BOGY R d I Tnféd s@%é&oﬂhé Qbéhcéﬂﬁﬂtthé)ﬁlstbﬂ 8leeve. The

vi brating conpressor a distance X. GCenerally t
enteamep B binclyfles tisfulp ubs pnajedtimgdrtoitbmchainitier 30025 zaﬂ@rt distance.

| ongugadiBbEFRER bl “BRAF R ud e sbMBeS0R S s St fpto annutus
30832, MTHein@lcH@sd thBe 3609% i3 Rk dpeh o tHREnRHILST FHambeT029he

def ornmed node shown in Figure 32 is exaggerated. 10
Fi glihis aB2ngdmasnt provides toren ag\aﬂntalgemdsl qoglbmtmmen pfnoise reducing features in

distribution al Th
a et iop A Tee W EetRiar TP H P PR PP Fin R Rt the chagpbers 30024
and m)zcsowﬁfe&eat%? PAREe k0022 o HEthB AN 300 1 ABPBINL restricted entrance to
distribution i can be seen that the built in ends of

chantker 38023 (prbvided b:aagmlmwmbm@ a3¢(gb0dnuuﬁ]¢06Th¢1 dlolulre in chamber

S0 Retiepsior Qe Ry A LY sheskd Gy it ar & e fahofs respgator tuned to
renV@lal méB e Feuédd ?Hfsﬁtl&? ﬂq'eﬁgmﬁwfé%tlﬁ@ﬁt beanfiRREb Y 9101de]ptally added

noment 3416 and 22 respectively) along the length o
by tlkﬁemp&lcal Telbe 30038 aghst assequarten svave 40 lanniclezbsﬁlatdfhemovmg a higher

t d t
T KU RTER G TG e -
anrgﬂﬁkds'G?BZrﬁ%Tﬁl@& tfed 4o 'pHastel}ﬁesfshtre%ulsQﬁBﬁé Infthe %@&gdérllgsndégéielﬁe plston to

is equal in magnitude to the bendi ng nonent
improge aeiuom:h in&y thielcenpseson omanihkd rrbugh ths poston oppaosi t e

SA0BEHEE Fbi* UHH GO GHR edreBe SHiPARPEP! Qiedrigyignent of Figure 30.

FI%E‘E §PAml§§lPa%s o H&ﬁcﬁh&i‘cﬁleﬁr‘ébéﬁge aeljsﬁéqﬁ'ﬁ‘l@ WaAsh hOfiction port 30020.
et ween t he bending nonent 3426 of equal magnitude

Flgmj?aL‘B giustrateb entdipothetroatemtsu8 4itnk Waveffonns*at ﬂartalltl 31040 of the annulus
ct.ion 3404, a bendi ng nonent 3430, ual

300ES Hiethaiar Borrs 8F the oy SRS Boca attcasipssh R the gl formed by the

chacme@i b4 SQCH098 ARG 37t 11ﬁ1sHQﬂe§Wh tﬂ%ﬁl:zlfl‘%(/eﬁlr&nig the annulus

transverse section 3408 the bendi ng
306320t wedn the kgsoaaootube Bﬁ(wmddhmgltvanbmwﬂé) tpechambaf30029. A further

i nf|lexion 3450 jn the ned node ilJustrated 25 in_.
Selﬁqt&ﬁ@héﬂequﬁvws 5smﬂ¥ecg by the irige A éldﬁgi’i@}?ﬁ‘ refagator. Figure 31D
111ds{r5't@f”fﬂe3’h &eﬁ@ﬂr@%mrﬁldatq}{e LRIARE 33648 o %&&E@%&ﬁz 6A remaining

I ned but wth opposite sign, as 1n regio
seldA&D dotmnqne atavaﬂ)’ﬁﬁi hérshbeema@mdvadi,eleafnngha swavafdrnmuhavmg a dominant
nonment is found fro

fundamental IJ"\r/lequency, corresponcﬁ?ng with tMe runmng hJ'Eequency of the compressor.

In the prior art it is common practice to support a compressor within an enclosed shell.
The supporting arrangement which is commonly used is a plurality of coil springs. Each coil
spring is secured to the shell at one end and to the compressor at its other end. Each connection is
formed to transmit moment, such as by fitting over a rubber end node. The component of the

compressor to which the springs vibrate is generally intended to undergo a oscillatory motion with
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h (6 L+ H 30 Were E, | and x are the nodul es of
elasticity (1600GPa for Cu), the nonent of inertia
wana4tib3di spl acement respectively. The nmaxi mUPET/NZ2004/000108
alternating stress for wire gf. dianmeter d is given
by: WO 2004/ 106737 PCT/ N22004/5000108 -43 d s =M2
| For_a given.leng of .conpectin Lre an optinmal
thq Sheretec otiEningy The Rerfige e, arneed beRp i RupP Rl gpen that the
os6iflhoH) AbliSNSrodtiuePera) dflREri g Ehe POIASS. NOSil $pMh@s hrelcOmparatively soft
account vertical forces 5 generated by the '
to tiedralrdedlectom. but do proisieiseme cerderingaitech ddawevstitisagntsying force generates

o B0 i B OO SEARY B B e e Ber R springs. Thi

redult@n b QockVif indtib® B the Rommprebbirsabbt anedxid p£dI1AYo MY plane of oscillation
experience where the nDsP unrel i abl e desi gns have had

resyltingsfrem idviwing thmminprédsor The invgntezsaonsidentbiat thisiadditionial jogking motion

. too | arge.hi gher de oscillations can occur. This
lsﬁﬁqﬁﬁ??ﬁﬁnﬁﬁgﬁé?@%gﬂb applied to other connections

bet Vl@e?&rihg Qo FPMEE $5,014, Farti®d, | accddingUoha dgtiied §nvention herein, the
conpressed gases discharge |ine. Such a configuration

arfaggénhéng of thet sugpontinEisprings, 26d in Gotrpwlestheir dength dodrghet pasition of their
fri b igni.fi. t f [

cohSRUBATE TS ReR e B Sl 2he L BT B Gt om e

cohtpdssbroyt the B & ee@rdeFrddh hﬁersup;t%rs@p gerating

conponents. A significant portion of the noise and
vi bréstcouiing evalesispact af thisrpyasion thase payemetest ard chysey as that the torque

re%@ﬁ(téigeo 4 ihe‘? l?pé)teF ?ﬂgig tséﬁ%{]& e}sxillgg g%[?@% ghlgli?g ]gﬁia‘i E%g%er?tiisd t%'e result of the
reH foR&eRtihp about Whd QURE of RRsPHT tﬁ§mo‘9ﬁ1%%ﬂi:p?&s&oco?n&)onent.
further invention herein a tuned volune I's provided

wi t Hiom suppertppengathat acs syatneetribglong that dien thmgthehe prieterreg emangement is

e g S Sl B ISR i SRRl ¥ cirocatom o
th&1eedTROf MadsesOmaMvifd paref e gf@&féﬂ( Shb&diRest fo? of Mar compressor is
oper ati ng frequency(sf of the |inear conpressor.

illEitegtedan Fguiré BTs brthisesbadimett drercedpeessadd 106 tis ala@vertically symmetric
elevation in ¢cross section of  a

an tihsefipde nopefe s BB B SPGB crs et g O g operation. This

axis"@indRRIitIPHR deRtrdiHeS 78PPbE BRI APresidt §1iBESE OFhe springs 37006 each
assenbly includes a piston sleeve 30002, and a piston

coonepty B0GP4r mAnnting piinty3 7607 61 thedivesiag hyd wantpvieambuntog point 37009
i nwar.d face of ncro

onapgiel $4 0&%%%@ 8§ Fltefqleqnairaé}salﬁnyg Eﬁ?ﬁﬂc?iﬁfg%é{agﬂlgiaé 2 Builtin end”
Of ey A0 0 B0 s U e o o
38002mpf eask and ofgactsgpring @ veractoc@spondmgtshigot 3 8004 fitting toghtly within the coil
of r;‘haegsnp?‘ltnzf ”I‘lAlg s&%ﬁy !32?6’04(:1? Etg{dllye \c/oenrnegg %oothfe rrgsr}T)]ective compressor or shell, for
example bonded to post 38006. Spigot 38004 is preferably a stiff plastic.

In the preferred form of this invention the coil springs are symmetric about their midpoint
37012 and the characteristics of the manner of securing the spring to the compressor and shell are
the same at either end of the spring. Accordingly the centre of bending (as defined herein) of each
connection between the compressor and shell is at the midpoint of the respective spring.
Alteration of the spring geometry and/or the character of the respective mounting points would
lead to an alteration in the centre of bending of each connection between the linear compressor

and the shell. Accordingly for optimal performance in accordance with this invention the
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the piston rod extends axially toward the piston crown

30004 around the conpliant rod 30006. The cantil ever
w@0®iaod7erl udes an annul ar rebate 30012 at it SPOPEA2004/000108

end. A transverse disc 30014 js fitted to this rebate
30012. The transverse disc 30814 extends to adj acent

b B985 14858 B 5 RO YRR e S o s ot

cylfiddras@apilyist the 30 inner surface of the piston
sl eeve. The piston crown 30004 includes a series of
sucthAowelastcgil spOER0 thesprasend Hrvghtaon emvisagenthicamsential far use of other

B B R b aE3 SE8 e AB ETB BBy s sty

thil akialy. tHor fandE stibsiAsiald Ot caly Hpdedleaf PHRALs hBPb&p&RSible given the
between its hub which connects onto the cantilever

lirg@0ursrod thetexpedted odeilkation draliness compressari ng WO

2004/ 106737 .PCT/ Nz2004/ 000108. -44 30016. The disc : .

30014 gl?"v PERILTRd BN ST ETET Pﬁ‘?sﬁa"?‘ﬁéy pieSHBHY | fYmgngric about its

cehirélfde (ﬁ%ﬂ@@&inggﬁ%@%&ir@ wiSEIERBE1 BAATRE Abot Bdskenttlhe, the centre of
chanbers 30024 and 30025 are connected by apertures

m300742he pylindanagsembB0 @déchi includgeall b theheonpankents thasdire in a fixed and

B0 SRS RASP SR80 o e SIBBOSHCR: Sifcine 3010 or

coRRRESHY Th BpQafidh ANGRthéISo tsOT AN RehREYRE Rt drd8riven relative to the
outer surface of chanber 30029 and the i nner surface

cybhdertessapdy absachavé thdiecqnitss of nsise endhe ®ndreliaeof drecempressor. The

30030 includes a stub,tube projecting into the chanber ..
mayaB 1SS i brog € puadcbat tRep Prties aharee paileabeg t wptreline of the

EREY. Mithel BhBrdsiist i€ iARRRT Al &lspendeRDAThd rti ings 37006
L e LTl e SRS e MhBoring spines
apan fiolrethe norepressed ghses hatidi eoniB00@9at tHhend &nd,axvtgemis of very low stiffness.
provi des for. an advant ageous .conbi nation of noise . .
APeRiineRghe SindriaSSebly RETLACY R GPRRUHN 1 themgeaihepisipn parts, with
thS itrle QP nfal WY the WRE ndaP EorRiredsBhrentathi uBbtﬁMta"ﬂg stafifffiry. Accordingly
chanbers 30024 and 30025, connected by passages 306%2
the¢ bantre @i makseo fdlhesay 118G Bdsembily dscillates stong thtesdnteeiine afithe linear compressor
hanmper 30025 (provi ded by .annul us 30032) act as a
18 pBHt%@@?F@Wﬁh%ﬁ%ﬁvﬁpﬁgg“%ﬂﬁeﬂﬁﬁ%er 30029 and the
di mefeh QRS HhObsAMLABE heIQHRPr Mot IS LRSI ARE Bfe1@ine the plane of
Hel mhol tz resonator tuned to ‘renove a nédiu
ostilletjore oary bpahyg atanerhat fingorporatep ties tinat Horr ghtiplioetyi sborcadtal plane is
by incidental |y added_ 15 by the nuffler. Tube 3003 :
prs%frsg-a%erqu%spnmt Sreerey @ﬁ%el?‘&aﬁ%a?f@flg%%\ﬂ§ﬁlge springs and
dtingh8nts. FF ! iRASth b @Ride! i
i USRS B AR B0 A oronalpln
theoogh theseBDé B2 ofithe cainpmessariita sipteferpidalsa therspaiagrlée outside the periphery of
thgulsations.in t.he suction side of the piston

t
RpRRRFEsOretica RIBrlipRIsPHRgs Rlassd pevad Sif ReRaRe P?EIH?FBEE‘QFPSSOY so that
. . o o . (
SRR SO DLAS) Sk b USLA LS L T5s e comprsor
ill3@ratedif Frguge B 2 whédm tb Ipuist o fasugporaspgritgs tlegiroided, phicespsingeof each pair
versus tjme waveform at suction port 30020, Figure
bemgrmointeder ppasitesides gbthsspmprsayhis isachiened RsRPUHRAS the compressor
t - R 1 -
R 0P A0 R ROy 30 RSB P PR s i
spfiagakTd2Bynt e sechraipaar s spAAR3 70ad. 30025. Figure 31C

illustrates the hypothetical waveformin the annul us . o
According to another aspect of the invention the arrangement of the supporting springs is

chosen such that the torque resultant from any single spring is balanced by the torque from other

springs terminating in the immediate vicinity. One embodiment according to this aspect is
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30032 between the resonator tube 30038 and the

entrance 30030 to chanber 30029. A further 25 selected
whe@h/16a7equency i s renoved by the quarter waverPGI/nE2004/000108

branch resonator. Figure 31D4 illustrates the

hypot heti cal waveform at the gntrance 30048 to annul us

AR R e
f Undﬁﬁﬁ@%ﬁibo&h%ﬂ R FYgur€ QB B8 Qw&id?lgsﬁ%{g@ ohifeck 6 Mhd Bompressor at

frequency of the conpressor. In the prior art it is
maeuing tocptierst 13084 owtheppme osciBatmortd e shireadh lobdtiond 3004 an upper spring

15BB6 gy e 70 o TBRRYG B uh R THE i spring 13000

exﬁa‘ﬂﬂé to RROEAWiIhS: SBRehEDsibithd RAnshi&d 1302D ReE vﬁﬂﬂC{h@ﬁﬂ)e} fegion of the
the conpressor at its other end. Each connection iI's

cofnpreseat shellt rIdedawer sprimgnit3 008 geimeats thya oivet imvgneny egsising connection

13 BReq R P mtion 4 AR el SpE iy SBHOURG s e Lower spring

13008 89 Bral 9%/“5‘31'&:@3 Qs Bham?fth R Whiphes¥? iR BRAL JARif3Ke shell and resting on
PCT/ Nz2004/ 000108 - t he conpressor operating. The

thcshmwen gm@s ¢hedength gédlebxppavanﬁ rhwcxmppngsamlrlamat tififinest of the springs is

{) . IIator noti on %tdgceslgqngtr deflection in
supg{ant Vlt e g%‘“leﬁtﬁg‘ the (’:IBH‘B' PW@T §lprg)(g]s {0 cergpressor mount
13bg§ RrfMo éil%hl%ﬁtt ﬂeﬁ&n@"&onﬁ@ct%ofﬂr deariOItBs QBRERD i Bigure 38.
e However this centering force generates agu
res LIh tope(gtlbm) Df{tlne onhipodssorofiFigirar 8 thohstar éomm@andoyoscillating motion is
| i near defl |on of , the supporting springs. This 5 |
allpyes; Py aierh! Eetsing alghsving wgg@aﬁpﬁpegg%?ppﬁs%meaawn torque to
e .
o oA 6‘%**#316%5%@ P T R (ol R PRy cach lower
spnhgﬂ 30(]& is caddertd by e reation m@qn@appd)red by soaegpouding upper spring 13006.

"~ noi vibratio Ref erri o ures . 13,..14
and d‘af@a?*a@ trof Figurg ¥utst cqthrbve%? P f‘i’ér"’e‘u“n‘*?ar Pﬂ@pressor which
. g [
X EARER b PP gL BAGR, o BTRGh pion. it  plara

oscitiatige tniodnn tlmt fisheotd egor it $ssdesiralvid thdiehes ivadslof thesmo]ansg Bprings are all

pa?q(ilgI glg{ff‘g‘g?rﬂlgguﬂ%g% ue?glégﬁsqéfggglggﬂxg?m rH%rg)ga atlon is linear it is only
deSEL HalInd %)rrg&g f?gé gﬁ%fleloe{rﬁt ]%Er? ddORR b e LRESH 0sc1llat10n This is

paraneters n so t fe torque required t
redogaised netho pipbodisieppiaiigisp i 4.ngn évoliginganppdreis pcbmdadgtt elther end of the

| ateral povenent is the result of the, return forc
cogrgssy L0t E%@ laﬁéﬁmgeswowﬁ AP Rty of Supporting springs
14@9%}%??@5%@85@9%13096 %?téeg@ 8n ;b‘lﬁﬁ&ﬂ hab'i h@%r o b BtodbiRg ring 14010.
Oae vithg&oke ot ringis fixkdto thheomprtpsir nﬂGOZJleteh&hamf thegmba»r Ang is fixed to
co-planar with the scillatjo

of . -
the eQmpressos shednb#087. Aﬁ)th Egvelhtsrl ugratgdaeith Spﬁeu%% Figg this is only for
o, PSS SIS o i 4 BERE GRINE BRRE compresoror
to ertepsions thercdittiDds dssirableo Inehd emad)dlmeﬁymmeﬁrate«b theagetitrilneub 14008 is
cyl i nder housi ng 37004 has_essenti al I% a single axis
R

COBW%WWW@”%W@PP@H} onrfihes Cezﬁr £ $0 Bt {Re gaes or springs are
pe}ﬁﬂrfﬁlﬁlchﬂ? to a%ﬁ%ﬁ}g%%&% 3%9&91& of h{};%oﬁ\%%g(ﬁs §hE s%hfrt]l gﬁgg 14004 assists

connect to an
wﬂDﬁd@émBer%(ﬂ?hle@niﬂacsmo i wig g arwbohsprassbmseémmm@bé &@pped into a lower
oi nt 37009
half shell fully supported with the upper half shell subsequently fitted. Each spring 14006 may be
connected at either end with a moment resisting connection as described earlier with reference to

Figure 38. In operation of the compressor any reaction torque applied by one of the springs in



on the shell. Each connection is a nonent transmtting
connection behaving as a "built in end". One

weeehiaoq7ed form of connection is illustrated i PCFHFNgRI0€000108
38 and includes fitting the_q&d_coils 38002 of each
end of each spring over a correspondi ng spi got 38004

ik 100 B 0 580k 55 6 B B e e

accandpigbsthese apphemefducs iile balagoedWitiin BrRR ot &IPS fhe isolation support to
38006. Spjgot 38004 is preferably a stiff plastic. In

the FRMpreEsOE le@zél&gfla resulpntitataye ard, hatefers reqwiringng regytanhrpaction force at

t their mdpoint 37012 and the

th%ﬁ%ﬁgcg gr [ qu%(%gg t he manner of securing the spring
to the conpressor and shell are the sane at either
end of the spring. Accordingly the centre of bending
(as defined herein) of each 30 connection between the
conpressor and shell is at the m dpoint of the
respective spring. Alteration of the spring geonetry
and/ or the character of the respective nounting points
would lead to an alteration in the centre of bending
of each connection between the |inear conpressor and
the shell. Accordingly for optinmal performance in
accordance with this invention the WO 2004/ 106737
PCT/ NzZ2004/ 000108 -46 resulting centre of bendi ng
should be in the plane of oscillation of the centre of
mass of the cylinder assenbly. As well as coi
springs, the present invention envisages the potentia
for use of other support nenbers providing a
centering force but being generally considerably |ess
stiff laterally 5 than axially. For exanpl e,
substantially vertically aligned |eaf springs nay be
possi bl e given the |inear nature of the expected
oscillation in a linear conpressor. As the preferred
| i near conpressor is substantially vertically
symmetric about its centreline (not including the
mai n spring which is still bal anced about this
centreline, the centre of mass of the cylinder
assenbly, which includes all of the conponents that
are in a fixed and 10 substantially rigid relationship
relative to the cylinder) is on the centreline 37010
of the conpressor. In operation all of the conponents
of the conpressor that are driven relative to the
cylinder assenbly al so have their centres of mass on
the centreline of the conpressor. The npving nasses
reci procate such that their centres of mass oscillate
along the centreline of the conpressor. The
conpressor is substantially freely suspended on the
supporting springs 37006 15 apart fromthe conpressed
gases outlet connection at the head end, which is of
very low stiffness. Accordingly the cylinder assenbly
oscillates in opposition to the notion of the piston
parts, with the centre of nmass of the whole |inear
conpressor remai ning substantially stationary.
Accordingly the centre of mass of the cylinder
assenbly oscillates along the centreline of the linear
conpressor 180 out of phase with oscillation of the
pi ston part.
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20 Because the oscillation of the cylinder part is
essentially along a single Iine the plane of

wosmithbdas? on can be any pl ane that incorporat eBCt/NZ004/000108
line. For sinplicity a horizontal plane is preferred.

Ot her orientations m ght reaﬂifé a nore el aborate

Cﬁabg@genent of the springs and nounting points.
erefore for the mdpoint of the springs to coincide
with the horizontal plane through the centreline of
the conpressor it is preferred that the springs lie
1. out dhdelindae cpmpressrarhavolg 2 pistdng vatnprosssand, sidewdil, aeciprocating in a

oS oL R S P B WSl cmprsig
subs{Rhidboh ¥eSReRbaid Plﬁfo% r8d aﬁcﬂ%_i(ﬁﬁg'ﬂaﬁ a5® RhnsWB IR tal forces directly to

For the conpressor illustrated in Figure 37 where two
sajdapiston @foveu ppbtaterglploraeg o saié ppt@y atdedaxislHecaioni awgy fodm said piston

crg\gﬁgp& gi?g?l’lobv?siﬁg%tigga g]tgfeﬁgélgg Hg‘%&gé Iﬁég Bf’si{q%%d g.{q gtpr| s?on rod transverse to,
anf %H%ﬁﬁl?%?ounﬁ,otlhg ??@Roﬁ J%ﬁiip‘r‘@cﬁfi&?aﬂg. mass 37016 of the

conpressor 1s at ed dway between the first pair of
30 springs 37022 and the second pair of springs 37024.
Accqrdi.ng to anot her. aspect . of the jnventign the iy .
2. ar r AR VegIEnt pelsmsade ffaﬁa ls\esa?rﬁlgsm ogcrappR oyewgRlpt said piston
itthAkaili 61 &E%ﬁbﬁ@ﬁé&ﬁﬁh‘sb&rﬁ{g any single spring is
‘w%aﬁaﬁcegl%y the torqu Fom other springs term nating
in the imediate vicinity. One enbodi nent according to
this_aspect is WD 2004/ 106737 PCT/ NZ2004/ Q00108 -47 .
3011 lﬂwwwe{rﬁmmsgfﬂ@ei@,el FrFlaimdt s Sl rydT e spid Gognection includes

an;_elé(liétfﬁ/;srti?g? erlafly Eblggfiﬁat I Heﬂvéetﬂesaﬁf% hTB tn®Eailf gs't‘(g{tscrown, and a

ol ati1on springs connect to the conpressor
lateral ktadingg rha@nlxiricomsected Gt saind pikenpbdasl esaididgtitheinner surface of the
.13002. At each locatjon 13004 an_upper sprjng 3006 .
Sl‘ﬂfn’?’cﬂlﬂé)f sydestamntion gaeblosgiondntermedials aﬁwtﬂ%ﬁ lgp%rég% @ﬁlg ﬁﬁlé to transmit
' - [ : xtends to connect
LR b rtr@r}?m%%gﬁéﬁs%sac ﬁ%tglgtglgf@i@om fixed with the
upper region of the conpressor shell. The | ower

spring .13008 connects to a | oywer monent  resjsting .

4. conngEMpFOVensoy as qﬁawa iy glain p gihsreip el 1aierahlopding grember includes a
- I | J ] ] .
rid R trom DRFetBRFlin S Rtord A Spd el FERELD BBbbAfhery of said
flangeaphassgsaid imnpl sucfacewtdaidpistbe sidbelall aaddllow $61 me@tioemovement there

the | ower springs the length of the upper and | ower
betweNngs and | ateral stiffness of the springs is 10
substantially the same. The connection of the upper
and | ower springs to conpressor nount 13004 is also a
5. MoNETHe inpséeineAgascadinedtin olaim BovheesiaRpilddeasngli| el astodttric and allows
in Figure 38. In operation of the conpressor of Figure
mavpmeREdy fIgEag (or planar) oscillating notion is
allowed by | ateral deflection of the springs. Each
i ndi vi dual springs applies a reaction torque to its
6.1 es PRt imfeoaangnt as skiméeinnélaihd @0 hertiawaletseating is slippery, and allows
reaction torque applied by each |lower 15 spring 13008
mewwmestipy didag-by the reaction torque applied by
correspondi ng upper spring 13006. The enbodi nent of
Figure 14 is particularly adapted for a linear
7. conpPriRsfipfowstieaas dafediit Slaian B iwiRedin 066 idtéral londingBiehdr includes a

rather than a planar oscillating notion. Wth a planar
flexible diaphragm or spokes extending from said piston rod to said inner surface of said piston

side wall, the periphery of said diaphragm being connected to said inner surface.
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oscillating notion that is not linear it is desirable
that the axes of the isolating springs are al
w@zatidees7 and per pendi cul ar to the pl ane of PCT/NZ2004/000108
oscillation. Wwere the oscilkation is linear it is
only 20 desirable that' the Springs are parallel and
8. ng ggg ?nlgérglvignﬁer%t%se Elgﬁ%eg&éb ﬁléinl{l 38%1%' :Hlé gatritlé Slrf]%m-li-h 13dés 2 cantilever member
extesdih@bkiaby StopPSid pistorPéroWh deflardtsarl pikteh r&d)dafdf andh@id lateral loading
conpressor 14002. Each isol ating support 14004
meiniet irasanits lptetal Idads (o wid eanbilryet mggbshpri ngs  14006. The
i sol ating springs 14006 extend froma central hub
14008 to a surrounding ring 14010. One of the hub or
9. I'i NGhé fmprox@dedtQs LRENEPHI £SO dAA2id chReletMBEM®Sr and said lateral
the hub or ring is fixed to 25 the conpressor shel
loadipgomemigrirpestigmeiwithin thel dthest with edegiiingbatweersihemahatdiangmits lateral
1 I thiﬁ i?tonlﬁ For conveni ence. The peri phera
WQEE%BF?nf%Fa?H@r 31PNgs coul d be direct to the shell
or conpressor or to extensions therefrom as
desirable. In the enbodinment illustrated the centra
10hub The Gogrdvemenoan elaineet irpeitles daimpl exssadaim 2 wherein said connection
. supstantially on the centreline so that the axes or
Huéﬁgﬁngs are perpendicular to and intersect the
Ccent @htilRPerOéx térdth L ROR B8 SMer shBceSHPRA bishsh £l with a distal end
14004 assists 30 wth assenbly of the conpressor,
extghdipgtaveprd bad sty wdsor assenbly to be dropped into a
lower hal.f shell fully s rted with the upper .half
sherh oxaBuey Tam el Hpt it PRE el T i glpaiod g ypd Biston, and
CONRGGihEbbtAberLidd 8Ant®REr ¥d ShiPpRRAEDY ekRAdish WhEth transmits axial and
connection as described earlier with reference to
lat¢zaldoads, B8 allpws mbasivatrptonomdbouhaxes ramyverss to tha direstmaef fagiprocation of
thf:tor ue applied by one of the springs in W 2004/ 106737
2004/ 000108 -48 either set is counteracted by
the reaction torques applied by the other springs of

the same set accordingly these applied torques are
11 pleampeayemientvsreldimed axélaim 1 @wheremrsaistjoinh eompiddeatibody of elastomeric

upport to,.the c .essor, l.eayi ng.no resultant torgu .
ol T PSP &R0 PEest IElinng) SR oF Sud Fiver eatee ot grfes S extension,
and Béhdell BRE fRURPOLA AFiIEvRE Bid Abthe? AR 16 Qa1 RA3K.

PCT/ NZ2004/ 000108 -49- CLAIMS: 1. In a |linear
conpressor having a piston, with crown and sidewal |,
reciprocating in a .cylinder with a piston rod . ..
12 ot g Ept s Bt tdtamg g Sinal iy cBPerasye ball jint
conprising: 5 a connection between said piston rod and
said piston that transmts axial forces directly to
13sai th pilsrancanpwssoahdvingtacpisionf withegowo apdistepiali csvipabdceating in a
an axial location away frgom.said piston. ¢rown, and ..
eylis Wi 1 o EcEonBFhe SRR ford ShBRe be Bt amaRicoaprising:
and Sk e PlrSdx@hdiROfrbAMRE (e Sulffoe o5 ngnO&Gwl with a distal end
around, the piston reciprocation axis. 10 2. The
extempng toovaed said pistdraioded in claim 1 wherein in operation
novenent of said

i ston . : . L
an extension from saﬁf piston rod with a distal end extending into said piston, and
a joint between said cantilever and said piston rod extension which transmits axial and
lateral loads, but allows relative rotation about axes transverse to the direction of reciprocation of

the piston.

14. The improvement as claimed in claim 13 wherein said joint comprises a body of elastomeric
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within said cylinder is lubricated by gas bearings. 3.

The i nprovenent as clained in either claiml1l or claim
w@R2004/¢06@3Mm sai d connection includes an axi al IBCENZf0hH4/000108

lateral Iy conpliant |ink beggﬁgn said piston rod and

said piston crown, and a 157fateral | oading nenber

onnected with sai,d pi.ston r.od.and. extending. t . .
f AL et obesp B b T B o Pl P RO B8P el said extension,
an@¥bmled l0RE Fick 86 sdidd LATHTBG ah®a)thFade8 shigrgtdisigh. sai d

link, to transmt lateral forces to the inner surface
of said piston sidewall. 4. The inprovenent as cl ai ned
15in ai. m 3 whenegnz§ai$ilcter?£ hoadipg{neqber . 1 ioint
i ncTaEEPRVeBEEs glampd Ghdam | orhesHhst L womRrise apall joint
pi ston rod, and a bearing fixed to the periphery of
said flange abutting said inner surface of said
16pi simn lgiede comptiesson daging awpiston, methaerpwa amd\sidayrall, répaprecating in a

bef ween. 5. The inprovenent .as clained jjn.claim4 .
CYHst S 2 tan BT RG I BRI DR £ Mk it comprising:

mov ﬁﬂﬁﬂﬁl\}\ﬁé‘tiff, | 8%iaNg cofipliakt Bnk PEHVeMESARI Pistd$rodladll 5BElpistdn crown, and

claim4 erein sard bearing is slippery, and all ows

mov etaseral logdiag imgmbgr c@dedted With sdidpistpnapdand extendingitmtbe inner surface

i, clai erein said.lateral .|l oadi nb 1
of 15 el o SRR B P M ipp S b e EfehEs B dhalcngh of said tink, o
trahdrRiM RéhfoRies iPMhe ifkr bR AR shid pRtorsHaddge of said
piston side wall, the periphery of said diaphragm
bei ng connected to said inner surface. W 2004/ 106737
PCT/Nz2004/ 000108 . -50, 8. . The i npraove t cl.ained, .
17 OB SAGH 86 Rkt sl IREAD S8 heralATq:higmber includes a
rigERee frént CoMtcRA ot &dill YistdPIdS ahdla By &dAWhe periphery of said
toward said piston rod, said and said | ateral | oading
flangadbaittingrsaids mdrsutfacearfshid|postoissidowshiand aiow fdreelaetive movement there
nenber. 5 9. The inprovenent as clained in claim8
belyyfEfei n said cantilever member and said latera
| oadi ng nmenber neet, one within the other, with a
bearing between themthat transmts lateral | oads but
18per ffiht smpwivemenmeas chimed wrrlaid0l 7 Whereinrspiddbeammegits ekistomeric and allows
claimed in.either claim1l or claim2 wherein said
MQYSMERE X@‘H‘m&o includes: a cantilever extending from
the inner surface of said piston crown with a distal
end extending toward said piston rod, an extension
19f r offihs aingrqyestkennasr daimadtih chimi It wheremdsaskbaandg ngslippexy, and allows
sai d isﬁon, and a joint between said cantil ever and
meVEMENHY%HE od ext ension which transmits axial and
15 lateral |oads, but allows relative rotation about
axes transverse to the direction of reciprocation of
20t he Tiie shprovement as claimed in claim 16 wherein said lateral loading member includes a

flexible diaphragm or spokes extending from said piston rod to said inner surface of said piston

side wall, the periphery of said diaphragm being connected to said inner surface.

21.  The improvement as claimed in claim 16 wherein said piston includes a cantilever
member extending axially from said piston crown toward said piston rod, said and said lateral

loading member transmits lateral loads to said cantilever member.

22.  Theimprovement as claimed in claim 21 wherein said cantilever member and said lateral

loading member meet, one within the other, with a bearing between them that transmits lateral
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11. The inprovenent as clainmed in claim 10 wherein
said joint conprises a body of elastoneric material
wo moen@wased bet ween the distal end of said camd1/exmn4/000108
and the distal end of said §§%gnsion, 20 and bonded
one face to said cantilever d another face to said
xt.ensi on, .. The .inprovenent as clainmed in claiml10
loﬁﬁé?teﬁeﬁmggf%gtfv&rﬂﬁmgl&rrpri ses a ball joint. 13. In a
| i near conpressor having a piston, with crown and
sidewal |, reciprocating in a 25 cylinder with a
23pi sdlmusedicaropreesor ceryprsing! pi ston to a spring, the
i mpro nt conprising: a cantilever extending from
theaﬁﬁﬁ r surface of said piston crown with a dista
end , 1ia%4rRBRIpRG sdrausHead &P hiR afd 8it1s<ed by SHid &nell $ithiaQses space within
fromsaid piston rod with a distal end extending into
said ahell yuimotinding said linedr gpmprebsorypeidiingar campzassarhavieg a pistpn reciprocable
. saHd pi st on rgd extena on ich. ransnits.?xiah @nd
in SEYNGERIA @ FUSHAR B350 PALPRY IO BILEITRSRAGE HEY SHY SpaEr
axeg shéthSpasésSilet & §a§tﬁsl{éllfg%§és's?£be9f reci procation of
the piston. 14. The inprovenent as clained in claim13
whenepmpsesbad gasesnatle roprsasksyliadérouy obfaidbtedl ambri ¢ WO
2004/ 106737 ,RCT/ NZ20Q4/ 000108 -51 teri.al interpased
et HEBHTON APl S et SeaporubstA e iiaga Tirabeion of said gases
spdde Hot a §REn@Fegii oF 8L RARRIsPAbe, arffihBRNEEAQW B&GebiPsaid first and
said cantil ever and another face to sai d extension.
secbBd rdgiens, spdouethengasas indétaindedid suctibmigases Pathiveryaipening to said first

said joi.nt conprises a hall joint. . 5.16. In a.linear
resi o S8 poRRFRg o tettopmsshe thopsvwmid sisand i |
reciprocating in a cylinder wwth a piston rod
connecting said piston to a spring, the inprovenent
24 conpy haisedconapressri @l dlamsd irf dlaind 23 whexkingaid gapilovaimhititonéomprises an
bet ween sai d. pi sfon rod and said piston crowm, and a
an?@%féP&FtﬂﬁB%imlmﬁpa%nnect ed with said piston rod
and extending to the inner surface 10 of the sidewall

of said piston at an axial |ocation internediate al ong
25t he A kowged cahp=aiod a clakned io claimaddswhereinatagt shiell fipa gerserally elongate

ves}sﬁl&fngg%(!rlﬁg eggéaééagﬁc\ﬁgggl?rigaii&ﬁqﬁéﬁ,} Q Wﬁér?sglf Ic | %ﬁséi?i'she-:lipl?eing closer to
saill &h8&ronipradbing ¢ R JrREHWEES tHan iff 8 Hrdt hADSR oA f(‘j%%?ons.

connected with said piston rod, and a bearing fixe o

the periphery of said 15 flange abutting said inner

surface of said piston side wall d al]lowfo .. .
267 o) A fPSSHsTRRENDT R B BeR o G E A0 PGtk suction gases
pat‘ﬁ%va‘}|e§‘ﬂeH§sdthHh§ﬁ|s§j]idei&Zn,V\hef ein said bearing is

el astoneric and al 'ows novenment by flexing. 20 19.

The inprovenent as clainmed in claim217 wherein said

bearing i s slipper nd .al | ows
27. A ho%se(? comprE:Esor Zs clgimedalln any one of claims 23 to 26 wherein said compressed

gases path includes a discharge head connected with said linear compressor, said discharge head
including an inner wall surface defining a discharge gases chamber, an outer wall surface within
said second region of said gases space, and thermal insulation between said inner surface and said

outer surface.

28.  Ahoused compressor as claimed in claim 27 wherein said thermal insulation comprises a
substantially enclosed space between an inner wall and an outer wall, said enclosed space having

one spatial dimension sufficiently small that said space, together with the properties of the
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novenment by sliding. 20. The inprovenent as clained in
claim 16 wherein said | ateral |oading nenber includes
w@2002806782x1 bl e di aphragm or spokes ext endi ng PCODNZEA#/000108
piston rod to said inner surg§ce of said piston side
mall t he periphery of sai d |aphragn1be|ng connect ed
sai d i
wofing Bisiant PRt AFeBuing o By SR FHBIERA BEnH RS an 20000
menber extending axially fromsaid piston crown toward
said piston rod, said and said lateral 30 |oading
29.me nBehtousecprsmpressor as slaithed taghy ens ofxildims 2t tol 28veherein said cylinder
nber. 22. The inprovenent as clained in claim 21
& ein said cantilever member and said | ateral
| oagicpsh SR ABRIngd ®FFningoNEy1MdbNw 411t he other, with a
bearing between themthat transnmts Iateral WO
200avdloeplar defimmgzagindaead @8l inclsdingooedsmbugtdisshargé epenings to said

rel ati.ve rot tupn 23. A housed conpressor conpri sing:
comprepygfl |gases PAMaY.ANd o hor essor suspended wi thin and

encliRarsl 1H%Ie§ﬁinckaﬁcﬂlﬂched/\bét@eé1 R 0AvS Prfanty shidl dﬂllm&ﬁ'h@usmg
shel | surrounding said |inear conpressor, said I'i near

conpressor having a piston reC|procabIe in a cylinder

and suction gases ath f.r ce.into

020 Ao eSO ! et S0 B B Gt tomprises
thi APmERAEAlind sqepressed gases path from said

cyl i nder out § said shell, and 10 a gas fl ow

inhlbltor in said gases space, substantially dividing

1@ first r on of said.gases space froma second
i R,

31 ogfidiPused LpRIes5E Eun and i nhibiting gases flow
betg@@mngﬁé@nﬁh%§br second regi ons, said suction

gases inTet and said suction gases pathway opening to

sai an flongate hodgwohell andowading whpomg@embrg&)semtqyasmface of said shell

assi.ng. thrau sai d seco A_house
h B g B8k 1 S BT R loa S AEts P Avis £f S1ogEgion
fl 0W1t'h@ﬁ1'd@l$ﬁ§ate% rés%&ssuﬁﬁortél‘f‘»ofﬂlluﬁrsal‘a%ﬁ&'i 64 Hat R'ﬂ)ais@s said hollow.
sai d gases space. housed conpressor as cl ai med
in claim?24 wherein sald shell is a generally elongate

ves i ncl udes art al on .
32, pe it comtreer Sreruleg i > biergnar DshiiTisg Mg by saaholiow
int§ @it bR AT £ SLBhE IS sdifd hbliGw rd%ﬂhlgg ao@al%bgn%e%d {dbRE said waist
in said first and second regi ons house
beiog npre@ssdharamidlobesred i n any one of clainms 23 to 25
wherei n said suction gases pathway extends through
said piston. 25 27. A housed conpressor as clained in :
33.2NY AORGusef c%h@y}ré@otzg’s tRik& Whelafth B82S @ndrePYRA e&%ﬁgessor is a linear
gases path includes a discharge head connected w't
corspriessok| thet&ns acg:{persa@sofr withaui s;iuctislmd:llwngendlagdalmlnrebmcbnqgessor said
. an inner surface deflnlng ihﬁy schar ge .gases

lingag SPpRressag a%% pison gegiprocgble ing.c £ gnd a suction gases pathway from said

gases space into said cylinder, there is a suction gases inlet to said shell gases space in said first

ng,

lobe of said shell and a compressed gases path from said cylinder out of said shell through said

second lobe of said shell.

34. In a compressor having a single cylinder with an enclosed end defining a compression
space, with a piston reciprocating in said single cylinder, the improvement comprising:
a plurality of gas flow paths from said compression space to a discharge space,

a self operating valve in each said gases flow path, opening under the influence of the



10

15

20

25

30

said second region of said gases space, and thernal
i nsul ati on between said inner surface and said outer
wewotaeE37 30 28. A housed conpressor as cl ai mERICT/NZ2004/000108
claim27 wherein said thermal.jnsulation conprises a
substantially encl osed space %etmeen an inner wall and
an.outer wall..sald, encl osed ace, havi e spatjal ...
B s, PRl ROSaniR v PREERL B €ty 586 Bonation by a
spw%%h the properties of the WD 2004/ 106737
PCT/ NZ2004/ 000108 -53 worki ng gas and the expected
opereach pajd valvdiand springdreing parFeid Bigle unitarh elanfiRedlve mgmber.
than 20,000. 29. A housed conpressor as clainmed in
any one of clainms 23 to 28 wherein said cylinder
35, nclHgesnprovandiy las RU8Med 94 Tldle e IvhBicnD cathCdld REQE and spring has a
wall, a valve plate defining a cylinder end and
differehimtiturgl Gequeney omdhelpthehsmidsprimgeni ngs to said
conpressed gases pat hway, and thernal insulation
sandw ched between said valve plate and said cylinder
3610UST A mpidVeRient £ NS th LTI PHBQEInRABcHdaf] PR g hBs a slightly different
claim?29 wherein said thermal insulation conprises a
stif fnesskfrquo lothee sdid sprangdsi ng gasket. 31. A housed
conpressor conprising: an elongate conpressor, and 15
an el ongate holl ow shell surrounding said conpressor,
371 he Miiglprendeate dimeaifeigRebihim BEWhERirdaid §R3ls AR cantilever leaf
significant annular holl ow transverse to the axi's of ,
spehgngad vames avetdn el of saiid pailever daab speg rand utheagepadtry of each said

.1 hi id shel.l. so.that, i asses said hollow .32 .
cafileudet S skenB ubSRhup I PReRy B0E oSl bamiicver eat springs
said shell is divided by said hollow 20 into a first
| obe and a second | obe, said hollow defining a wai st
38. oi nihegmpadnieobesclaigi dh elains 35 whetieingeankasaid welve himaaslightly different
said | gbes,. 33. housed conpressor as clained in
ma fiom B3 b yaly

&d conpressor is a |inear
conpressor, there is a gases space within said shel
surroundi ng said |inear conpressor, said 25 |linear

3% onpflesisgroveasnbapilsinmd in ebiip3gculslami 3§ ehargihismidealv@mdember has a

a ction ga at . from sai d gase ace .into, . .
coByfeh wippPT drTos FF e St LafPIaaa SLs g indeio vdispid luraity of
caifiRbbr 188SPAn S éndind} £86th Raid doffmorl @BBoRImedefl shel |

and a conpressed gases path fromsaid cylinder out of

said shell through said second |obe of said shell. 30
34. 1n a conpressor [

having .a sipngl.e cylinder with an .
Henc) PLePRERYRR A meﬂ%fl Ebﬂﬁ%;Qi reif ﬁg'éé?anw@port member is a
ceRirILRMB n8Shi REAL G9edRpiRtstxinaFh@aty frbRdgid hibhe
I nprovenment conpri sing:
41.  The improvement as claimed in claim 40 including a further cantilever leaf valve within

said central hub.

42. In a compressor including a piston reciprocating in a cylinder with an enclosed end
defining a compression space, the product of the maximum stroke of said piston and the cross
sectional area of the cylinder being less than 15cc, the improvement comprising:

at least three gases flow paths from said compression space to a discharge outlet,

a self operating valve in each said gases flow path, opening under the influence of the

prevailing pressure differential across the valve.
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a plurality of gas flow paths from said conpression
space to a discharge space, a self operating valve in
weamh1edsd gases fl ow path, opening under the Paf/NaB0e/e00108
of the WD 2004/ 106737 PCT/N@S?Q4/000108 -54
prevailing pressure differential across the valve, and
bei ng biased to a closed condition by a spring each
said valve and spring being part of a single unitary
43 pl amae ind@ovemem abelhimdl i8 2laint B2 WheRiOMRTERBE sad®val ik BRSkd to a closed
in claim34 wherein each said val ve and spring has a
condlitigrepyenspringtand sachispisyiabi¢end spring has e different ngtiral frequency from other
.aﬁringﬁd36. The i nprovenment as clained in claim35
saif KalveAfd A5 ai d spring has a slightly different
stiffness fromother said springs. 10 37. The
i nprovenent as clained in either claim36 wherein said
44.spr Thganproeemens anelainesddn clagn 3 whereimepch said dprirg hag g shghgly different
N %ﬁd OH sai d, cantilever leaf spring, and the
s”%@@ PPYOtBE SBIGWTOE 0 cantil ever |eaf spring is
slightly different to the geonetry of the other said
cantil ever |l eaf springs. 15 38. The i nprovenent as
45.cl ailhetnpmverheritas g8imgsdn elaim 44 ethersin shidspirings irgs cantilever leaf spring,

slightly dif ent ss.fromthe her said valves .
saiyn e phand Peibren Vg i Rt ind It e 35t Brfag apptitever leat
sprilds 8l ghtBAdi fenéAd t68hTBENARtrytSh Soth &AL KR BOIRAL JPRABET

fixed relative to sard cl osed end of said cylinder,

with said plurality of 20 cantilever |eaf springs

ext endi ng from sai d. copnmon su t. er. 40..Th .
46, o T DG LAY TG BF SRR A% PR SherimaAGrer v Befeis g valve hasa
sli RPfrére ABARRTrdn$ tHR otle@RhilAlalvalid and sai d cantil ever
eaf springs extend radially fromsaid hub. 25 41. The

i nprovenent as clained in claim40 including a further

cantj!l ever |eaf valve within _said.central .hub., 42. In
4757 Sl FSouP R Al iR 2 TADAT: AR AP OU SR G Apigies are formed as
par€ ¥F h RARYe WMifaby o41vERh®RE LaNFhlved@EinBighvéh &mﬁ1§§§ s@port member

space, the product of the nmaxi mum stroke oOf sa
fixgd sflgiveandaidndosed ®sd of 38id sylindepnwith aaid phoflityrod cantilever leaf springs

cyl.inder bejng | ess than 15cc, the inprovenent
exts%(hﬁg ?‘?F’hﬁ’?d %‘gml‘“@%\?l‘pﬂo g"0ses f1ow paths from said
conpression space to a discharge outlet, a self

operating valve in each said gases flow path, opening
48.und@&he tihproveiknteascaaiofed tih elaiprévahéremgsapt essmpe support member is a

cer PR SEbROBBR o b Piges FH1End ALY dREREGBU ai e
in claim42 wherein and each said valve is biased to a

cl osed
49. The improvement as claimed in claim 48 including a further cantilever leaf valve within

said central hub.

50. In a compressor including a piston reciprocating in a cylinder with an enclosed end
defining a compression space, the improvement comprising:

a plurality of gases flow paths from said compression space to a discharge outlet,

a self operating valve in each said gases flow path, opening under the influence of the
prevailing pressure differential across the valve,

each valve being biased to a closed condition by a spring,

the natural frequency of each said spring and valve not all being the same (intentionally,
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condition by a spring and each said val ve and spring
has a different natural frequency fromother said
wo adwroasd springs 5 44. The inprovenment as cledTE@260m000108
cl ai m 43 wherein each said spring has a slightly
different stiffness from ot gr said springs. 45. The
Wie erﬁvesr‘rs\sn lagrlg:lt(%i m%d ilr\} cSI ainm 44 V\hceorei NS id
l%gflr Eﬁg PR ROTCENCTT Y &PV PSR %8??%‘8{ MRPIEAYd val ves
are an end of said cantilever |leaf spring, and the
geonetry of each said cantilever leaf spring is
51s| i gHelinpgdo¥eneaneas cladmedén glaoneiOr yherint ¢ashsatdevalgaand spring has a
.cantilever.leaf springs...,46., The. inprovenent as
d‘fg‘frg’i‘trf? riﬁwng org it Of hethg >AdSPHBE her ei n each
said valve has a slightly different mass fromthe
ot her said valves. 15 47. The i nprovenent as cl ai ned
52i n dihgiimpadveprent hsiclaidgl ishdaisi eitheaicthinpYd ergeaiar 61 wherein each said
f.orped as rt. of ingle unitary val ve nenber, said
sprja s aienly St o Res heom o Qo whgoer 11 xed
relative to said closed end of said cylinder, with
said plurality of cantilever |eaf springs extending
53f r oMitsaingrayementassiavped in aamidrwhe2@n 484 siftiregs are a cantilever leaf spring,

' ovenent as.cl ai in clai.m47 erein sai.d co n..
sold A5G e B T Sa (S U 4h DB Af FicBBR cantilver eaf
sptif@fs sHiBhilPaSrefork R Me BGthak ¥ the 6Med idl chifevef Boaf IfHgs.
I mprovenent as clainmed in claim48 including a further
cantilever leaf valve wwthin 25 said central hub. 50.

I n conpressor, i ncl.uding a pistqgn reciprocating in a '
Sdcy| | HEGRPIAE A SR Berraisge SLERPH g & COresish shjd valve hasa
sligRRF @it Tet AP mia S O GRESheCRVAIRdsNg: @ plurality of

gases flow paths from said conpression space to a

di scharge outlet, 30 a self operating valve in each

sai ases fl ow path, eni.n nder. the jnfl uence  of
55 e THSABPHETIRG: BrUSEH B GrT o] Shictim > eheieie SeHgprings are formed as
pat@\iBsin @8 Gt VIR e BRIk Diad8 4l vE Mhethbel ADRAg & @BRlhidnWpport member
by a spring, the natural frequency of each said spring
fixegddelable/® sagt clabdd dngli ofgatdheylindere withrsagmlinahty dfyganti®ver leaf springs
20Q4/ 106737 PCT/ Nz2004/ 000108 -56 whet her by assenbly
exsnding frQtn S3i¢) COMROPSUPRYF MSEIOEF ot her conponent). 51.
The i nprovenent as clained in claimb50 wherein each
said valve and spring has a different natural
56f r edlitenompréveorenahs clafmedim dailesS sdiedtis prid wgmn®n support member is a

central hub and said cantilever leaf springs extend radially from said hub.

57.  The improvement as claimed in claim 56 including a further cantilever leaf valve within

said central hub.

58.  In a compressor including a piston reciprocating in a cylinder with an enclosed end
defining a compression space, the improvement comprising:
a plurality of gases flow paths from said compression space to a common discharge outlet,

the said flow paths not all having the same length.

59.  Theimprovement as claimed in claim 58 wherein each said gases flow path includes a self

operating valve, opening under the influence of the prevailing pressure differential across the
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52. The inprovenent as clained in claimeither claim
50 or claimb5l1 wherein each said spring has a
wa@bkioghod7y7 di fferent stiffness from other sai d BQI/NAY®H4/000108
53. The inprovenent as claln? in claim52 wherein
said springs are a cantilever'leaf spring, 10 said
val ves are an end of said cantilever |eaf spring, and
val¥fie geonetry of each said cantilever |eaf spring is
slightly different to the geonetry of the other said
cantil ever |eaf springs. 54. The inprovenent as
60.c| aiThre tnprovemgntas elavhedinglam $90vhayeib 3adkhwaardAilow pathhncludes a shared
said valve has a sli htI di fferent fromthe
disglyares Pah ith ) SpaEnom gl o said Shatd hetpraspath o gaid flow path
inc d?hr%@b@h@g of §a1§ hﬁbﬁﬁréé]fpé‘m Qi poradhsh IRl & d"Q:'ﬁa&'é?ath mcluded in said
as part a Single unitary valve nenb
ﬂowqhﬂsrnmabbawhgﬂwngnml@QﬁnDn support nenber fixed
relative to said closed end of said cylinder, with
said plurality of cantilever |eaf springs extending
6111 ofhe ngrogmrbs SHRREE tn Hﬁﬂp% whéir81 of $8%d portions of said discharge
i mprovenent as clained in clamb55 wherein sg d cormmon
pathuppoddd imsaiddlow gatlss are efidlifterenit ldngdnd sai d canti | ever
| eaf springs extend radially fromsaid hub. 57. The
i nprovenent as clained in claimb56 including a further
62 anirhl GYEIovLGEt Y 8l ed’\i tdifh 612@h&8inGafieRhicadidihige Pikh is annular,
In a conpressor Inc u Ing a piston reciprocating I'n
butciyibomplete, mid daidafiowe pathe peh mnalsaidi efared digchargeqragdr ﬁs:&smmns dispersed
e i nprovenent conprising: a plurality of
a“@ﬁ§€§aFW W-pat hs from said conpression space to a
conmon di scharge outlet, 30 the said flow paths not
all having the sane Iength. 59. The inprovenent as
63.cl allThetnprovehaitas S8invdddn elaim 62 ethesei didyasesor dulet jsatdne end of said
includes a self operating valve, opening under the
anfuyigs. yence of the prevailing pressure differentia
across the WO 2004/ 106737 PCT/ NZ2004/ 000108 -57-
val ve. 60. The inprovenent as clainmed in claimb59
64 WheTae imp@vbmsiatiad cldimed padlhim 63 Whehein sridb@nmdn outlet opens to an exit
dlscharge path wth a conmmon outlet from said shared
pasgpascHdhigdhpeke obspidaawiug- 1| ow path 5 including a
portion of said discharge path, said portions of said
di scharge path included in said flow paths not al
65haviThg imp@veas as elirihed 1rﬁcla1mT6¥Ewhéfpfn&Viﬁimlatedaﬁschh@b et includes a

in claim60 wherein all of said portions of sa
plugality phshgmbepscopngctrd hypwanings kedyeenradiagens shayabess, én%?ach said flow path

opéHs tI) grd?f%reﬁtesgﬂlt dambr.

66.  The improvement as claimed in claim 65 including a central flow path opening directly

into said exit passage.

67.  The improvement as claimed in any one of claims 60 to 66 wherein said self operating

valves operate to close the openings of said flow paths into said shared discharge path.

68.  The improvement as claimed in any one of claims 60 to 62 wherein said compression
space is enclosed at one end by a valve plate, said flow paths pass through said valve plate, said

flow path openings are spaced on said valve plate so as to have a common radius relative to an
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62. The inprovenent as clained in claim®61l wherein
sai d shared di scharge path is annular, but
wo ninanpd7et e, and said fl ow paths open into saiBCENZ2®A000108
di scharge path at positionsngispersed around its
annul us. 15 63. The i nproven Bt as clained in claim62

wherein said.c outlet is at one end ai d. .
I3 BRI BPETRENdi oA xtﬁr&ﬂs’af IV ey AV or e i idgglve plate having
intefHa[ Slalls SREAing I PRIaIR ki 9 Hited arddfd 1 axial exit
lnWi t hi r‘?ﬂtS he lcllﬂl ve ofa sgitolg%alna‘rfl’%ﬁ%}é?&m 651‘.§}&1Thélr 3%A8Atral axial exi
passape, vaghelmmlizss ahdiexie ghassage beingnopdn wheardi saidsedlde phiga, exdth the wall

i scharge.path includes a plyralit f chapbers . i
degamée@eeaﬂw%s ml% @@%%f%&fﬁﬁ' éeﬁ“aeeé atiag s sapers mggting said valve
IﬂﬁﬁCh said flow path opens to a different said

chanber. 25 66. The inprovenment as clained in claim®65

including a central flow path opening directly into

said exit passage, 67. The inprovenent as clained in
Oany RNV Yea‘P%%‘b@(POFH’“G@g\'Aher ein said self operating
val I openi ngs of said flow
pat \égﬁﬁbg?ggeggﬁg{egﬂgr ea delt@?ﬁ’ar ge path. 30 68. The
I Mpransanelos amend kad ned, spacehfromrseiddfubchad ns 60 to 62
wherei n sai d cqnpression space. js enclosed at one end i
by & RiuRly qfserkes extspding beswesintatshybud spiapuyHs & aptervals around said
yal ve plate, said flow path openings are spaced on
said valve plate so as to have a comon radi us
relative to an WO 2004/ 106737 PCT/ NZ2004/ 000108 -58
axi s passi ng perpendicul arly through said val ve pl ate,
T0and % Velyg arenbex ayclpgneddn glayg 69 dnqluding threeon fhg said spokes.
internal walls defining a plurality of axial chanbers
di stributed around a central axial exit passage, said
71chambehlse amantex iat charshiecithet clgind pe r tawar7d wlddrein \cath/aiid spoke is
plate, with the wall defining said exit passage and .
serpeniing, and i§ gigniftgantlplopgrrdhanthe tdishdistanegpriv eersict iygnd said annulus.
said valve 5 plate. 69.. A planar val ve nenber
conprising: a hub for securenent to a valve plate, an
72annuA walvameeiltskr sidicthifed in Slpiac @t iddleding diree buid spakies, Widh each spoke
a plurality of spokes extending between said hub and
hagiggqe AHhAndsangk ap dpevlvaiead.ataid fads iniping Hhe respgetivg hub and annulus
. ifred in claim®69 including three or
S ?@éﬁggﬁ g%%@@%f&%gﬁgl. A val ve nenber as clained in
either claim69 or claim70 wherein each said spoke is

73. In a compressor including a piston reciprocating in a cylinder with a closed end defining a
compression space, the improvement comprising a suction inlet to said compression space
comprising:

a plurality of passages through said piston exiting said face of said piston at spaced apart
locations, and

a planar valve member having a hub secured centrally to the face of said piston and

extending to cover said passage exits.

74.  The improvement as claimed in claim 73 wherein said planar valve member has an
annulus around said hub and a plurality of spokes extending between said hub and said annulus at

intervals around said hub.
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serpentine, and is significantly |onger than the
radi al di stance between said hub and said annul us.
w0 2004406738 ve nmenber as clainmed in claim71 i nch@mNAZ04/000108
three said spokes, with each gpoke having a hub end
and an annul us end, said ends”joining the respectlve

75hﬁgr %Sm%gqg/%lml%ﬁt agzcgaé ﬁl‘? nt | ﬁn‘gﬁﬁgﬁnﬁgﬁndl u §§ %cavers said passage exits,
antl @%d QitOICAlgk BYsdidd a&uﬁle] iis @Heﬁﬂéd Wohtha valliaTagidenfindtef i ni ng

a conpression space, the inprovenent conprising a
suction inlet to said conpreSS|on space conpri sing:

luralit ssa h.said |st exitin
16301 AR yentont g SRRRER T clodiol Bt 1 fisilie i sboke said valve
méhberhaP | QRALIMFNE (HEREDEIS havi ng a hub secur ed
centrally to the face of said piston and extending to
cover said passage eX|ts 30 74. The i mprovenent as
,flai din cIa| re| sa
h

a % d ve menb h said spok
as T MERONGTE & SeimPdd el Haln %Pﬁ’r A Wllsfewfeac said spoke is
sefRAKES aﬁd‘fs%%iﬁlﬁn@ﬂo‘f@@rﬁhéﬂhgraaw dRBEcSRtHeaN M MD Al said annulus.
intervals around said hub. WO 2004/ 106737
PCT/ Nz2004/ 000108 -59 75. The i nprovenent as cl ai med

in ai.m 74 mhere said a ovyers, sai d . passage
T L g G LB NG SRR an SRR e 5114 Sahegith each spoke

hafvfn%”& 18 4R hncOfin SAALEYhi NGRS endioiTiRg th@r%@\é@tﬁ%rlhu@%nd annulus
clained in claim75 wherein the nunber of spokes sa
substhitelly perpenthienlahthsréte sel ected from the set: 3, 5. 77.
The i nprovenent as clained in either claim75 or claim
76 wherein each said spoke is serpentine, and is
7951 ONA LhGpRkdor il@RERE: than the radial distance between
said hub and said ahnulus. 10 78. The inprovenent as
c| aiamston havihgnmide Fvallreidadiengjosihg ewd, siathch sptike gasenpath through said

eﬁfh sg&ke having a hub end and an annul us end, said
engloglg;egd i HEOPHESTULHEESi ve hub and annul us

subsf @H&Fﬂb@} %ﬁhﬂ%ﬁﬁfﬂ]&bﬁ U R subfis gc{ses a?ﬁ 1ea‘el %%%r&l%l%gér, and
including: 15 a piston having a Sid an
enclofishatfled]efinmiigha aestrinted antrapes és szpétchambcroatghe ead of said piston
encl osi nd to.a conpression space, a chamber within
opPPgyite Sﬁf‘ﬁ%ﬁﬁ“‘%&ﬁ“ﬂ suction gases path | eaving said
chanber, and a first baffle defining a restricted
entrance to said chamber at the end of said pi st on
80opposicompsasat @ndhinsidny daith 72 uBher iAcltudin]grzeseImnd dxafﬂe within said

| ai n m 79 further incl n
chg‘p?%qnﬁe@gp%g hraslt sub-cham e}‘ to%ethler V\c/:ltﬁ'lgalui1 ;%st%nss%ce:%a?l sa1d enclosmg end,

defining a second chamber together with said first baffle and said piston side wall, with a suction

inlet past or through said second baffle.

81. A compressor as claimed in either claim 79 or claim 80 wherein said first baffle comprises
a hollow enclosure supported within said piston opposite end, said suction inlet comprises an
annular flow path between said piston sleeve and said hollow enclosure, and an entrance to said

hollow enclosure has an opening onto said annular flow path.

82. A compressor as claimed in claim 81 wherein said entrance to said hollow enclosure
comprises a resonant tube, and the length and area of said resonant tube and the internal volume

of said hollow enclosure are selected to provide a Helmholtz resonator tuned to remove an
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chanber, defining a first sub-chanber together wth
said piston side wall and said encl osing end,
waledfoisméarsy a second chanber together with said PCT/8£2004/000108
baffl e and said piston side yall, with a suction
inlet past or through said second baffle. 25 81. A
conpressor claimed in either claim79 or claim80
ot glg & F%uglé‘f(gé?quf 18y FARPEN o nprises a hollow
encl osure supported within said piston opposite end,
said suction inlet conprises an annular flow path
83 pet ieeompredsdr gsickainnd il @daines landudiaga vabyk memben G keskio said piston end in

.gnd _an entrance t ai d Qoll w_encl osure has..an
sai] AP IgR et YIRS Oft o5t SpEEHnE SR prEVRIRE gases pressures and
dy R 62 6L hnPai € pAsARAhiolgle sad <8 bafflRQh&bPsaidhthulus about said hollow
entrance to said hollow enclosure conprises a
haye mgtinand atse, selastdt tieepto¥idgt & cenpreagiem pofse gustdas the piston begins a
resonant, tube and the internal volunme of said holl ow
CORIRTESYLR P EKer ¢ sel ected to provide a Hel mhol t z
resonator tuned to renove an WO 2004/ 106737
PCT/ Nz2004/ 000108 -60- ot herw se exhi bited frequency
84 conmpocampresseBas daiomdpn el s 1asheréiaiarpaston rpdodxaénes §dto said piston and

saiiggll%hggriﬁn Pglg\é ?sloﬁ\J:ng eggo%r%a é&%gfr&%ﬁ@j%%h %tggélﬁc%?lgacjc vr\]/ith said piston
sle@REGRN it sMABURAUIRA BHADhthRUrIFRRSRIMRISW &1dd, S

dynam c forces, and said passage through said first

baf fl e and/ or sai d annul us about said hol |l ow have

l ength and area, sel ected. t ovi de.a conpression . .
3501 QeqTRIESSREAN GRAMSH 28 Gl 4 PheTeln SbRSiRBLa Ennett faid enclosing
en@6f safdl FIVOR! BRISME B ELAENR Fohlsatd fbtoh & tW'f'l?éo ifhé& strface of said piston

pi ston rod extends into said piston and 10 said
slebed, landviseaoofigened & fransmiplateral dohds huttai isblpte shanges odorientation.
supported out of contact with said piston sleeve such
that said annular flow path surrounds said holl ow
86€NCIAORMsEd c&Rprediof OMpEsig®r as clainmed in claim 84
wherein said piston rod connects to said encl osi ng
end aofongraesgop hstiog  maaititg f jons¢ctioas foneare agsemblly hosa centre of mass

sai d piston .rod.t.o the i.nner surface of said piston
osciffaigy Bt hqVitun aqiinegnoBtraben of iR HIPresier al | oads

but atsBell SRlaplBatf3ARICDnigReR:, 6 ati on. 86. A housed
conpressor conprising: a conpressor having nounting

connegdtifatinsobsupportasembdys ywitth e bemding stifffiessassanecting between said

il .sub ially wthi I in. [ .
moglﬁlglpﬁgg%%ﬁt&nés Sugg ?a’rll é}?pl]agaéw§tﬁgplogﬁg ann ]Srp‘:vﬁglo e{egtgclza?gupport for said

coff BRRIGSSh sai@%fpen%éﬁwr BEiM% Qénrl%&{g@&}rohem_%g%d%ﬁmﬁressor mounting |

w bendi ng stiffness connecting between sa
pombamnd atrthe othanect tocaid sheltl asmbhayighe!'dentrs af bersliggiahdrebetween,

members provjding a vertical support for sai . )
compheSEBEe, 0@2&?&%% e@ﬁbﬁbﬁ’ﬁorﬁwgﬁ‘ﬁ@ﬁr BEINg CapTAE ity said plane of

os@ilatf}€ end to a said conpressor nounting

87. A housed compressor as claimed in claim 86 wherein each said support member is a coil
spring, the bending stiffness of each said coil spring is symmetric about a midpoint, and the

midpoints of said coil springs are coplanar with said plane of oscillation.

88. A housed compressor as claimed in claim 87 wherein each said coil spring has a centre

line and extends from said shell to said compressor with said centreline perpendicular to said axis
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poi nt and at the other end to said shell and having a
"centre of bending" therebetween, 25 the centre of
wheonndilg3pf each support nenber bei ng copl anarP@i/NE2004/000108
said plane of oscillation.. 87. A housed conpressor
as clainmed in claim86 wherein each said support
O#N%HQF% is(9.coi| spring, the bending stiffness of
LT SSIPLOREPT spring is synmetric about a m dpoint,
and the 30 mdpoints of said coil springs are

coplanar with said plane of oscillation. 88. A housed _
8% onph dunieed gempressareas chaimgdaimcBimyB@ rehareigasaid dimeat compressor is
il.spring has a centr li.ne.and extends fromsaid . :
sulegtially YR i ashpy sud afangiof RSt B AT plting COnnections on said
as%ﬁkﬂgl%féi dbdl@kaid glaﬁé‘,i #Ad W prinkd rBAA 14 QBiG3hell below said plane.
PCT/ NZ2004/ 000108 -61- of piston reciprocation. 89. A
housed conpressor as clainmed in claim88 wherein said

| i near, conpressor is .subst.anti.al net r.i C acr.oss .
0 i ok SPETE SIEEER] Faf TR 0 o R ety OtbiE Sonnections are
outRABE (eAPFer) Bf BRI BmpresdSATREM S@F?OI@E]Q‘YI‘%S 9/ ShoPteAMEn the height of
and the springs nount to said she bel ow sai d pl ane.
saglcompressosed conpressor as clainmed in claim89 wherein
sai d nmounting connections are outside the periphery
of the conpressor and said support springs are shorter
91t ham hB&sclRbMptes®r coftptidingonpr essor. 10 91. A housed
conpressor conprising: a conpressor having nounting
conreecempiresson rhazingamgentiylgy caunestons emt pe assenitlg svhose centre of mass
oscj || ates sybst ntiqll .Wthin a.glane in operation
osgiiaieh s TSR Bafin 4plaed inpertion of thedmpSivat | ng sai d
CoNpy R$defic stMbndapshlaRhy A4 bbpREsdtind support springs
with | ow bending stiffness connecting between said
mourd plogplicoofhest suppsrt apdngsawvith $dve bendisgstiftisasp ponrtecting between said

nmenbers pravi di J tigal support for said ) .
meiesouterona el el spfSreroraRBaper By b A et gupport for said
cotfpr@R6r, 84 shid s@p R e DEVRETOAnARM AL d2%nd RA Ald RAHhr&kor mounting

the other end to said shell "(in a nonent transferring

porrdrané at thewiher ehdtopdaateet ifin aohompnt trays feloet g\epmestaing),
co essor and sai.d housi ng, .and the bendi ng. 20 :
e R BLee PO g DS BRGL QOB G S5 Cgestihe bending
stitfAdds ﬁraﬁlevﬁlﬁtlﬁﬁﬁ of 0R4H PHRPBEIELulY HRARR veRtiRAPVall supported by each

spring when € conpressor is operating is
suppidos spatgi vetlenyhe aomgiressor i§ apetatimeis salmtangisllywbastant (ad the same as when
conpressor i s not .operating). 92. A housed conpressor
th‘égg%’r&?ﬁ%g N9 OpF1afR8)91 wher ei n each said coil spring

is connected at 25 one end to a said conpressor
nounting point and at the other end to said shell and
92has Ahdwused tomapehsor becldinreg'in tlhen @bevhereansachpadd coil spring is connected at

one end to a said compressor mounting point and at the other end to said shell and has a “centre of
bending” therebetween, and
the centre of bending of each support member being coplanar with said plane of

oscillation..

93.  Ahoused compressor as claimed in claimed in claim 91 wherein two or more said springs
connect to said compressor as a set at a common axial position and the nett reaction torque

applied to said compressor (when the compressor is oscillating) from said spring set is zero.
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the centre of bending of each support nenber being
coplanar wwth said plane of oscillation.. 30 93. A
weoegeas7spnpr essor as clainmed in clained in cleiTN2%004/000108
wherein two or nore said springs connect to said
conpressor as a set at a conmnbn axial position and the

nett reacfion torque, .applied to said conpressor. en )
04 e AL B e B EtaRPRIR S B S Sn s HISh R inbfudetwo sprins
op%(%@@analgn%ggﬁi/c%%Z@;aif hOBPOR100R108 -62 94. A
oused conpressor as clainmed in claim93 wherein said
spring set includes two springs opposed and synmmetric

9521 8;%?@13%& g 1!')%?52){ %algﬁsrﬁédypg’a:ﬁgé %ﬁiﬁisai%go;%glation is linear and said
spxgtfgcéielt {iRIJdR8at 18ast tHIERIpraBS alfeHed racﬁalﬁptreila@ig'e 8&thellde |o‘f'g§<§llation.

east three springs aligned radi'ally relative t

the line of oscillation. 96. A conpressor including a

pi ston reciprocating in a cylinder, with a suction
96 5 SOOI AT N PR B H et PTG St indy ey e ases pathway
thrggﬁ éa@dl@gfonﬁarﬁyéaidmhdmﬂahmggdefI ning a cylinder |

a valve pl'ate defining a cylinder end and
i nchuglimtpr boesing defong dedimdear gal,openi ngs to said

conpressed gases pat ,_and thermal insulatjo ) )

canBurER ot T Ry Gk eaf i ‘ﬁp'&ﬁ‘é‘gé’ﬂa Ogmpry disphaggigpenings to said

NkS QTatHv S0y essor as clainmed in claim 96
Comggégﬁ%mgaﬁy tﬁé?nal i nsul ation conprises a thick 15

pol yieemalcinsdatiinngndasked bet@8en shidheal se platoadrsesisaylinder housing.

conprising: a shell, a conpressor suspended w thin

and encl osed by said shell with a gases space wthin
975a1 A cmhrefist hs AMFTBYR daltd 08 AHdri? EQ?% BRPAAL inSiFhthn ¢ rnrprises a thick

conpressor having a piston reciprocable 1n a cylinde
pobnttricacdingtgasket.gases pat hway from sai d gases space

into said cylinder, a suction gases inlet to said

shel | gases space, a conpressed gases path from said

cyl AL ' el l. including a discharge head
98'conr[:xect es%(%v&I? %%?E&F?Hnﬁaé conpressor, said discharge

head shellyi ng an i nner wall surface defining 25 a

di scharge gases chanber., an outer wall surface within = |

sai @ CQEPEHRPTsEeBiedorithinpad gnelessd Eb%é?h#‘;‘ﬁ’gh?ﬁ@ﬁﬁﬂ?ace within said

' LdiRB sk 2lsdid BRpFesSHhhdn thngadi in a cyli
SRR LINER O Dol AT RO Ol o cyncran
a sB&iontpas e patlsadydrdrh ssidghsds Bpadeahtosaidaytipdérses an

encl osed gases @Paceggﬁé en an inner wall and an

out @AM SasESANIFt [piaKks ﬁ%&?sﬁﬁ"\‘ﬁeng one spatial 30

di j f § Gl SR dviihaat P -

W TR P PRt 200 KR Gy B i S LR charge head
cornepted vathopiilatcan@ngoedot, said discharge leaRayvieg ghinnmbsait surface defining

(Ra) less than 20, 000 . ) .
a discharge gases chamber, an outer wall surface within said second region of said gases space,

and thermal insulation between said inner surface and said outer surface.

99. A housed compressor as claimed in claim 98 wherein said thermal insulation comprises an
enclosed gases space between an inner wall and an outer wall, said gases space having one spatial
dimension sufficiently small that said space, together with the properties of the working gas and

the expecte operating conditions give a Rayleigh number (Ra) less than 20,000

100. A housed compressor as claimed in claim 98 or claim 99 wherein said suction gases
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100. A housed conpressor as clainmed in claim98 or

claim99 wherein said suction gases WO 2004/ 106737
wEFeMNE2004/ 000108 -63- pat hway avoi ds sai d dPGDNZZ@&000108

head. 101. A conpressor incluyding a piston

reciprocating in a cylinder Fthout oil |ubrication,

0 pathmay t hrough said piston, and

pa XQHaEVFFﬁHéPHEWg g 5 a cylinder housing defining

a cylinder wall, a valve plate defining a cylinder end

and i ncluding one or nore discharge openings to said
10tonpy mdssgalgehldmgtammW regmdo@tmgnnca@ypodgrwethogt oil lubrication, with a

sealin sket dwi aid val ve plate and
sugiihgabih AR hFRE i Ptor: T 5d BRI, | on

COMRISRR®r hbﬁ‘s‘iﬁy@éﬂ?ﬁlngﬁa bymﬁ@fwswnpr essor resiliently

suppofted in a " hernetic shell, ‘the arrangenent of

sai d vakynpta@cs@fmlrgg agyhigderrend Mmt:hlmmnobr e disshirge openings to said
novegg on_.a sub antially constant axis, the

COMBHS SRR P2 ng: a supply path extending
bet wegikk patythetic @@eﬁfntgc‘gﬁm %ﬁ%ct@ﬂ Befiiticd sﬁh@alve p:kﬁe 8 &hid cylinder
supply path formed to be a loop lying within a plane
hopsingl I el to the axis of said expected cyclica
novenment, with ends of said | oop being substantially
paral l el and nounted respectively to said conpressor
108nd 14 q r@ﬁig]@raﬁhﬁlcbmigasﬁﬁ 1B91ufli%§'asl'inégp U@rﬁhre@&ﬁ’ YEsiBhtupported in a
per pendi cul ar to said pl ane. e | nprovenent
hemgetcl shelbypble amangkmem of @ﬂdwbmpmssorga\ndg aemegpeofatismpficyclical movement

suppl th are nmounted parallel to the expected axis
On&fsgﬁ'ﬁ%‘gﬁa@ﬁtco'ﬂﬁa@ Ay OEHPPRYERFNt CPFPTISHg | npr ovenent

as gls@ bﬂ??aﬂhréx?éntiﬁ%rbeﬁbé‘b'n@aﬂﬂqglegf combdthA AR WRESRIN

sai d supply path IS an electrical supply path to a
| i neaid seppglgtpathcfomnedto hed loow e sithinvg ptant garatlgl toothbexis of said
25 pair of substantially paralle

a
exE%%?%%ﬁguﬁgﬁﬁﬁ%ﬁnapart and connected at distal ends by
a tRASURISE sﬁﬁﬁdoﬁrbenfg %@ianﬁﬁgﬁ)ﬁglleﬁladnq R&hfd ?ésgectively to said

sections belng nounted Tespectively to said conpressor
compresta and & shid stedllso ag @bresiFhmoimept aboehanixiaperpemlicmdal tb maid plane.

cl ai m 104 wherein said transverse section of said |oop

is 30 longer than the distance between the said

1081 Stk iRpthveieht 5shﬁﬁln§€%' ifl c@ﬁfnai (}Zeiwh&%ﬁlt 400 A1 daftl supply path are

respective nounting. 106 | near conpressor
mdumtedgralepiosthe axpeemdmv(mmfhmmgment af said dongwessot. he

pi ston including an WD 2004/ 106737 PCT/ NZ2004/ 000108

- 64

104. The improvement as claimed in either claim 102 or claim 103 wherein said supply path is
an electrical supply path to a linear electric motor and includes a wire formed to be a loop with a
pair of substantially parallel sections, spaced apart and connected at distal ends by a transverse
section, distal ends of said parallel sections being mounted respectively to said compressor and to

said shell.
105. Theimprovement as claimed in claim 104 wherein said transverse section of said loop is
longer than the distance between the said distal end of either said parallel section and its

respective mounting.

106. Inalinear compressor having a piston reciprocating in a cylinder, the piston including an
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outward wall surface ending at either end of said
pi ston at an annul ar corner, the inprovenent
W@opnoeBsNg: a region of said outward wal | surPEDEZ2004/000108
havi ng a reduced radi us at said corner, such that the
aver age cl earance between salé_bylinder and said
iston . is greater at.a said_.carner than th 5 m ni,mum
oufiye M sfBieceina 8 &1 BB A B TRl B BSOS Harigprovement
Co§?hgngylinder; such that said region of reduced radius
at sard corner provides lift when the piston is noving
Wi t la regiomlomad oubwaridaradl uefack Imyingldeduced eadingat said wemer, such that the
as claimed jn claim10 erein. in operation pisto
avrecirlaor e 100 S dRanaBid BPR o8 Bt o comer than the
miRfRkh @Hﬁular]e@%ralgyaﬁeafaﬂ@é UGB 2i@PisEInAWATBEhd i@ EJINRET; such that said
claim 106 or claim 107 wherein said average clearance
regivn shreducalr radius ias sgyd eatner provades fliftewhedihapistdre sy mneieg with said end
%etwﬁgg?said pi ston outward wall surface and said
e £ 15 109. The inprovement as clainmed in any
one of clains 106 to 108 wherein a said region of

reduced radius is annular. 110. The i nprovenent as
102! aiTiwe dmiprovamgnioaseclaiimed|iaichkm1®® wierdi@dnwiperation pistoresliding in said

sajd . annul ar.. 20 regi.on said average clearance is
Cy}b’%‘{eﬁégﬁg‘@‘?aiedat%gaﬁ b@%ﬁ% the said m ni mum annul ar
average clearance for the ngjority of said piston
wal | surface. 111. The inprovenent as clainmed in any
108ne Tk imipeovemeiO6s tlainldiPindithee chimn 0& araildmah®iuivherein said average
regi on sajd average clearﬁ%ce 1s Egtmeeg 0.25 and, 2
claargoes at i coaney hrraleh haarihumadian giepiagee betlyepn said pisian outward wall

mgﬂyéghhgmgq#g&&&y of said piston wall surface. 112. The

i nprovenent as clainmed in any one of clains 106 to 111
wherein a said annular region extends axially al ong
sai d_pi.ston outward wal |l surface for a distanc
10Bet VR MBIy AR S Het iy @i of qﬁimsd@gﬁ%ﬁg Fderein  said region of
G ce. 30 113. The inprovenent as clai ned
raﬁﬁagﬁgﬁgn% OU%glainB 106 to 112 wherein in a said
annul ar region said reduction of diameter varies,

bei ng maxi nrum at sai.d corner and mninumat_ the edge .
8¢ s’lgqedmamsmsms iged ARy aerhelimy 18 fnHY Wigreingn a said annular

38T BEARRBLTRT S b 8 R iy ontr e
cleatantabe theminjogitysali sdidpistonwallanrfacear aver age cl ear ance.

114. The inprovenent as clainmed in any one of clains
106 to 113 wherein said outward wal l surface of said

11P! St§R il!ngxcclvgrql‘éﬁt £ c?zﬁ{lngd 'il?gtil)pcghecgf SRV §66'td Y WherBh in a said annular
each sai d corner

region said average clearance is between 0.25 and 2 times the said minimum annular average

clearance for the majority of said piston wall surface.

112. The improvement as claimed in any one of claims 106 to 111 wherein a said annular
region extends axially along said piston outward wall surface for a distance between 500 and

2000 times said minimum annular average clearance.

113. The improvement as claimed in any one of claims 106 to 112 wherein in a said annular
region said reduction of diameter varies, being maximum at said corner and minimum at the edge

of said annular region away from said corner, where said annular region meets with a region of
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5 115. A method of manufacturing a piston for a gas

bearing lubricated |linear conpressor, said nethod
W@ opnoeBsng the steps of: maki ng a pi st on bodyPCT/NZ2004/000108

i ncluding an outward wal | surface suitable for

controlled corrosion, imersing an end of said piston

ody in an electrolvte.for .eroding,said outward wal |

saifglyoed Bl FE bk Sid Pl epChgid Rt BbrtRted T on) |

and wi thdraw ng said piston body end from said

el ectrolyte. 116. A nethod as clained in claim115
1 1¢hEheimprovement &y claimoedideanyromiiof glasms d0ptost Bhwherdip said ¢ntward wall

| at e t al er of a.certai.n thickness on.its
sufal Shefgtnpainsh A o85S G ol Sholi i, SoGeR Fud Ser.
imrersed for a time and under such conditions that
said netal layer is partially but not conpletely
116 enoV sxthodedmanutaiaing e pistes tom aghs beariog duhiricated lnedricompressor, said
erJ ace. . 117 nmethod as clained in claim116 wherein
method PRRIIS1RG thE SSPS Phrer sion of said piston outward
sur frﬁeﬁ&n% 2bis08 b¥ily McRAfigtan @0t @ RA1IS&HELeQUENBIE Fbr controlled corrosion,
surface Tromsaid piston end, being 20 greatest at

sai dmpiessing aeeud ofipald pistert bedy @l dnyelb@gdytatiof grodingonisl outward wall

in said annul ar.region. further frgm said end. 118. A
SR8 AT D COBIca] TP i m s d i e of

| MTRYdPAwing s¥iafpiesh BodySdn@arlinh Yaid EREGRCAt i ng sai d

pi ston end rnto and out of said electrolyte. 25 119. A
method as clained in claim118 wherein said piston end

1 1:g|s er&eg)gﬁ{?felgls Xlalrrr?e%l iE rcﬁt?gtl?g wlhgrtelon steapn a) Sllélfudgsf mg’ﬁhg said piston body with
a plated metal layer of a certain thickness on its outward surface, and said end of said piston is

immersed for a time and under such conditions that said metal layer is partially but not completely

removed from an annular region of said outward wall surface.

117. A method as claimed in claim 116 wherein the total time of immersion of said piston
outward surface varies with position along said outward surface from said piston end, being
greatest at said piston end, and substantially less at locations in said annular region further from

said end.

118. A method as claimed in claim 117 wherein said time of immersion is varied by steadily

reciprocating said piston end into and out of said electrolyte.

119. A method as claimed in claim 118 wherein said piston end is repeatedly reciprocated into

and out of said electrolyte.



