WD 2010/ 070308PCT/ GB2009/ 051582 - 1 - SCROLL COVWPRESSOR The present
invention relates to a scroll conpressor. A prior art scrol
conpr essorW9BMYTERHBWn in FIG 5, and conprises a housiB¢d/GBROVIPSHS? ve
shaft 14 having a concentric shaft portion 16 and an eccentric shaft
portion 18. The shaft 14 is supported.at its concentric portion by
beari ngs 20, which are fixed relative to housing 12, and driven by a
not or 22. Second bearings 24 support an orbiting scroll 26 on the
eccentric shaft portion 18 so t B&eRQl CAHMMEBESPORat i on of the shaft
inmparts an orbiting notion to the orbiting scroll 26 relative to a
fixed scroll 28 for punping gaseous fluid along a fluid flow path 30
between an inlet 31 and outlet 33 of the conpressor. Each

scrol | conpr ithepraeséivhlion@ldies32 a saddll whnpidssext ends per pendi cul arly
to a generally circular base plate 27, 29. The orbiting scroll wall

32 co- oper at espmdriakt skiof cbinpedssra06d ého%hﬂl FiB3 50bd dbehpeisdd 4 hoaging 0y erent
of the orbiting scroll. Scroll punps are dry punps and therefore t he

cl ear ancgge @e&mﬁr@% RREQiSshIH Pbride 1@%9&5@&&'%1@ Slafihoridhdls. T
manuf acture or adjustment to mnimze seepage of fluidthrough the

cl ear an%@éﬁ 178D RR S R RPorly MPbdaifON wh{Ehtdt:bef)?eﬁtrelm bs

gener al | unders S’ not contaln any

;5%: 23 hc? Hsin n%?f 6§ Eh\r)gl qy aurlndttsoes ?escgdd g%ah%g(;: ti4}’ &IBPCB'Y %%rﬁm ng ﬁ%mp%? Sp

ends of scrol.l I ne rol.l and t ate e .ot her
Soron ! e SEEMHES norfpng@apeh goring e fﬂfag%fgfﬁ% SBATPBHR RIS seal s
to seal effectively and to avoid excessive wear, the axial aci ng
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controlled. As the conponents of the conpressor are manufactured
wit hi n tiBlidkfow path 30tbefweeen an inlet 31 and outlet 33 of the compressor.

Each scroll comprises a scroll wall 32, 34 which extends perpendicularly to a
generally circular base plate 27, 29. The orbiting scroll wall 32 co-operates with the fixed
scroll wall 34 during orbiting movement of the orbiting scroll. Scroll pumps are dry pumps
and therefore the clearances between the scrolls must be accurately set during manufacture or
adjustment to minimize seepage of fluid through the clearances. The phrase “dry pump” is
well known in the art and is generally understood to mean a pump which does not contain
any sealing or lubricating fluids exposed directly to vacuum in the pumping chamber.

In more detail, the space between the axial ends of a scroll wall of one scroll and the
base plate of the other scroll is sealed by tip seals 36, but in order to allow the tip seals to seal
effectively and to avoid excessive wear, the axial spacing between the orbiting scroll and the
fixed scroll must be accurately controlled.

As the components of the compressor are manufactured within tolerances it is

nccessary when assembling the compressor to adjust the spacing between the orbiting scroll



necessary when assenbling the conpressor to adjust the spacing

between the orbiting scroll - 2 - and fixed scroll to produce
correct spHOIAYAH¥he axial direction. This procedure HES/CRAPRATIE2
referred to as 'shimm ng'. In Figure 5, the orbiting scroll is

spaced fromthe fixed scroll with a_spacer 38 positioned between a
stepped portion of the drive shaft 14 and bearings 24. The spacer is
generally circular and extends around a circunference of the

eccent r i anddized sanll kBprofluceiserrent spasinglinfhte. axiphdireekipal Thinprkedrsisof t he
spacer 38 is selected to produce correct positioning of the orbiting
scrol | i cormwmxrefredito ectshionninghen a spacer is | ocated as shown the
position of the orbiting scroll is shifted to the left in Figure 5.
The Figure 5 laFigungsenérbiiug kabl if spasedairdm thedixsd sdrolptithlagpacer 54 r St ,
in order to determne if shimmng is required it is normally

necessarposkBnddSRREdn o KPpE@PIRHiISS 80the WARNshhft 14 andBdatingd 24/ e shidet ¥
assenbl ed. |f adjustnent of the spaci ng between the scrolls is
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to renove the orbiting scroll. Subsequently, bearing 2
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Figure 5 rocedur e t asse nd
t he conpressor t sted the rocedu nmust
be repedtBHIE iy k‘iﬂ gt SB%?‘@%& oA BrirelR e PR e e
consum It s al.so.b gat t he procedure of renoving and
repl aci rfgb’ﬂ% pgo }f@d&}‘ﬁﬁﬁ%@lg rEY&dch as the bearings 24 and the
orbiting scroll 26 can in itself introduce snall m sal gggnmants in
the axial spddFRiEwes> BIRNEGMBHT St HErS Sombt Mumbegs @Eohleme drigkrip prder to
Secondly, the sT[r)ﬁacer itself nust be accurately manufactured if it is
not to [letsane hémmingrisresapsedat ismonmelhenasesipy ée ipeoivHie omprepsor when it
inserted between the drive shaft 14 and the bearings 24. That is, if
t he end if potiglyodr fhlleasealed. Hirdjustotenpefithd $peting betwaerhthosérells iswhrpired,he
spacer is located in position it causes angul ar displacenent of the
or bi ti ngs seeskty. firSuoc heranguhafixd spllaasintbat toirsmoef tee obilingacad. swash.
Swash causes an angle to be created between
Subsequently, the bearing 24 must be removed and then finally a selected spacer can be
located as shown in Figure 5. Following this procedure the parts must be re-assembled and
the compressor tested. If shimming is not correct, the procedure must be repeated. It will be
appreciated that this process is unduly time consuming. It should also be noted that the
procedure of removing and replacing parts of the compressor, such as the bearings 24 and the
orbiting scroll 26, can in itself introduce small misalignments in the axial spacing of the
orbiting scroll and the fixed scroll.
Secondly, the spacer itself must be accurately manufactured if it is not to produce
misalignments within the compressor when it is inserted between the drive shaft 14 and the
bearings 24. That is, if the end faces of the spacer are not parallel to each other, when the

spacer is located in position it causes angular displacement of the orbiting scroll. Such

angular displacement is referred to as swash. Swash causes an angle to be created between



3 the scroll-walls and consequently reduces efficiency as fluid is-
allowed to seep between the walls. Swash may al so cause irregul ar
spaci ng between the tip seals and the opposing scroll. The problens
resulting fromswash are further exacerbated because the spacer 38 is
| bcated relatively close in the radial direction to the central axis
C of the conpressor. Accordingly, if_the end. faces of the spacer are
not parallel it produces a relativef§ | ar ge angul ar m sal i gnnment of
the orbiting scroll. Both EP O 780 576 and JP 7019184 both

t each t hehuseolbivall asd oglseuerniyneduads esiraaey ad Qi€ B0 168dey bEth\%e@?hb al
di stance between the scrolls of a scroll conpressor.

present iwalenswah nkgeks caise iRgslhr Spfeiig bet@eh Shelipeas aﬂ&Qﬁ@o@Bs&é‘&mH
probl ems associated with the prior art. The present invention

pr ovi-des The pfoblirs AR LB washUPfukifieridaceRaldd Bodae, theab‘tﬂa&:f L% fs'ltf@ted
scroll; a fixed scroll; a drive shaft having an eccentric shaft

portion seladvaBicldseirtthé RGzPlirdetih ts%fbeﬁtm Gxi® 02k the RO RB: ';(Gag{dir% Iya[f
SEroll ;

orbiting notion to the orbiting scroll relative to the fixe

and char agteas kst Hhat at abihaHO8NE HSEREs SRR Anfiat"

axi al spacers (42) mﬁ?ch are ﬁ%catedﬁgt g%nera.%@ﬁggua 1%%%%@%%8%g
from an gghas®finespager about a circunference of the fixed scroll and
| ocat ed bet ween Fhe fixed scroll and the housing for spacing the

fixed scroll gghapiovRos &B@P@fo@%fsh%gﬂﬁ&fcﬁ s o%u@%?{nu% é\p%gér &N

The present invention also provides a net ass SCI’O||

CONPr eSSQnerof iy ﬂ@mmlﬁwseﬁé@wJafou%xea%%rs&&&ﬂ] fitot seauentially

of : supporting "an orbiting scro ccentric shaft

portion of a-gg E}lu ert Oaﬁtw&a@e L‘t%kéhﬁ%ﬁ%até&%o? o dr e ePIbieme O |

| ocating a plur spacers a genera y equa éﬁgles one

froman adi. %qﬁ%ﬁp@ggg rafti th respect to a central axis of the

conpressor 1 n posi nrelative to the housing or the fixed scroII

d fi h
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. shaft portion imparts an orbiting motion to the orbiting scroll relative to the fixed scroll; and
characterised in that‘selli.d COMPIessor coﬁlprises a plurality of axial spacers (42) which are

. located at generally equal angles one from an adjacent spacerl al;out a circumference of the
fixed scroll and located between the fixed scroll and the housing for spacing the fixed scroll
relative to the orbiting seroll in an axial direction,,
The preser;t ‘invention also provides a method of assembling a seroll compressor, the method
comprising the steps carried out sequentially of: supporting an orbiting scroll relative to an
eccentric shaft portion of a drive shaft in a housing of the seroll compressor; locating a
plurality of axial spacers at generally equal angles one from an adjacent spacer wi%h respect

to a central axis of the compressor in position relative to the housing or the fixed scroll; and



The present invention also provides a nethod of adjusting a spacing
in an axial direction and/or angular alignnment between a fixed scroll
and an orbiting scroll of a scroll conpressor, sai'd conpressor
conprising a plurality of axial spacers which are |ocated at
generally equal angles one from an adjacent spader about a
circunference of the fixed scroll t_hjaa_rret hod conprising: renoving a
fixed scroll froma housing of the scroll conpressor; replacing one
or nore axi al spacers between the housing and the fixed scroll - 4 -.
with one or nore axial spacers of different axial thickness; and
fixing the fixed scroll to the housing. O her preferred and/ or
opti onal fEpgthe Sxafsciolido theiemingechahat adpdcingda a xidl ARedtior S/¥RANI NY

cl ai ns. In order that the present invention may be well

under st oaghguiaraligniadibemain thé fikedQbroll whi BB oibfingiswo isticnaiedby Mveaip| e
only, will now be described with reference to the acconpanyi ng

drawi ngs,thicknedhdiGhleadt bfld/dfRaid ailiPsem, Section through a scroll

conpr essor; Figure 2 is a perspective view of a spacer prior to

| ocation in tTge hesesi Aerfibn AIREprEEHQR alm VARV 8GR a spacing in an axial
direction and/or angular alignment bt;,tween a fixed scroll and an orbiting s;croll of a scroll
compressor, said compressor comprising a plurality of axial spacers which are located at
generally equal angles one from an adjacent spacer about a circumference of th;e fixed scroli
the method comprising: removing a fixed scroll from a housing of the scroll compressor;

replacing one or more axial spacers between the housing and the fixed scroll



Figure 3 is a perspective view of the spacer in location; Figure 4 is
a cross-section show ng the spacer in location; and Figure 5 shows a
section through a prior art scroll conpressor. A scrol

conpressor 40 is shown in Figure 1. Those features .of scrol

conpressor 40 and scroll conpressor 10 which are equival ent "and
descri bed above in relation to Figurg 5 are given the sanme reference
nunerals and will not be described again in detail. - 5 - The -
scroll conpressor 40 conprises: hqusing 12, orbiting scroll 26 and
fixed scrol | ith ofither ratrre wdalshacbts of diffmst axial thivkesssyand fising tlic fixed tdrelh 18
so that rotation of the eccentric shaft portion inparts an orbiting
noti on tdothhdowingi ti ng scroll relative to the fixed scroll. At |east
one axi al spacer 42 is |ocated between the fixed scroll and the

housi ng for sQthei profetrbrbaridior epticmelraspdetsiogthatidvestionard deined Rithd ng scrol | .
Wien the scroll conpressor 40 is assenbled and tested and it is
desired teoppadyirgralads.nm ng, the fixed scroll is renmoved and a

sel ected spacer is positioned as shown. It is not necessary to renove

the orbiting Mmekdek thabife prasknt eedtioR mhP BSwafuidersRel,fAleibsdiniRiinGegNd
consequently the procedure is less tinme consum ng than the procedure

descr i bedhizh@gvenby il aF bimplednly) RITRITbLRSG bed AR L rirthcE kM € 5.
Only a single axial spacer is required for spacing the fixed scrol

reIativemk@mpgghgmhﬁﬁm?gnagmmtI. If only a single spacer is provided,
the spacer is preferably annular. In a preferred arrangenent, a

plurality of mEré skoRaatEdiod dudish als@6Rt&RpBdsogeneral Iy equal angles
one from an adj acent spacer about a circunference of the fixed scrol

41. In the Figpge i%a?@fsﬁéhﬂ@%@&rofiéﬂé&er%ﬁbﬁb 16eRAGEh SheHou s Sorle %{oﬂgd

at approximately 90 degrees one from an adj acent spacer aroun
fixed scig@iptessdenl y two such spacers can be seen in Figure 1

Figure 3 is a perspective view of the spacer in location;

Figure 4 is a cross-section showing the spacer in location; and

Figure 5 shows a section through a prior art scroll compressor.

A scroll compressor 40 lis shown in Figure 1. Those features of scroll compressor 40
and scroll compressor 10 which are equivalent and described above in relation to Figure 5 are

given the same reference numerals and will not be described again in detail.



The fixed scroll 41 conprises a radially inner portion which
co-operates with the orbiting scroll 26 and a radially outer portion
which is fYHYE¥%e housing 12. The radially inner poq(iTi’%W“@’é‘ﬁylsét s
generally of a circular base plate 44 and a fixed scroll wall 34

ext endi ng perpendicul ar therefrom The outer radial portion of the
fixed scroll conprises a radially outwardly extending annul ar fl ange
46 for fixing to the housing 12. The flange 46 conprises four

t hr ough- bor es @GC@HGOW@SmgQ icorgpiesagorsies 12, ouitieia ll Hemddisgd s¢rel ed
bores 52 for receiving respective fastening nenbers 48 for fastening
the fl amle The drive slbuki Ing arl 2ccentric shafisoréroithsorthataotetion pitthe eackntric shaft
Figures 2 to 4 in addition to Figure 1, each spacer 42 conprises a
first thyooughintpartearbdrbangpietn totheatbigmnenill nelatibe tohtbe fikgdowgiil, Barasb0
of the - 6 - flange 46 and the closed bore 52 of the housing 12 for
recei vi ngelaipgatirvie i{ Rsitebdgedithb ksl il 04 thd bousigg FRepsRHachE Sixd?
in location between the fixed scroll 41 and the housing 12. The

spacer s @alIGeRRvé §ehorbRmG RN vaka ihdRrdt BmphQlor10Gehgdhifledand tested
retaining nmenber 56 for rétaining the spacers in position prior to

fixing thaifik ﬁ%@l@d E@p&&%ﬂ@ﬁﬁﬁhﬂg,g&é‘gx%%ﬁ i Penfch Al b&Ba G104 s?aceI’ fae

spacers 42 are located 1n a rec 7 of the housing 12 to prevent

si deway : t t i ir i &l,.di ti OF

Ret ai n S AR dn o1 RAREGHEY Byfubis G BbBlERtich 20hi B ias o0 o
in second cl.osed.bores 59 of th ousi ng. The retaining. nenbers 56
my " be. o BB N BT Rper iy FEUT e e Ene b BB ¢

t he housing . 12 in closed bores 59. The arrangenent of the retaining
ronbor s B ettt Laye Sl oR i 4 ComoPEPRT e FR by s |
position prior to fixing the fixed scroll to the housing.

Al t hough not Uhwbasingls axiibsrassnt sguiredfapsppeias g fixgd seroll Frgatm%ﬁles croll
conprises a plurality of recesses which accommpdate the heads of the
r et ai ni mgbitesrdreels Wiealy a sisls spreat isprovided. ithe sphoes i nreferahly anouler. g a
Accordingly, the flange can be seated flush agai nst the spacers and
t her ef orpecfaxéddrrangernenicp phratityeffakiebspasars 42 drc devatc et gamatallp kijed anghse| y
by the spacers. If only a single annul ar spacer is provided,

al t houglont lfiiosn arsadfe@tntGpaceesifouya pirabreersa, of ithe fixedlsachuédimthe Eiguaut er
radi al portion of the fixed scroll. Accordingly, if the axial end
faces ofarfahgensdne G&lr adlabspabirs X a@tproviduarad hpedxiinateBemide@tdebne frdif an
affect on the angular alignnent of the fixed scroll relative to the

or bi t i nGidfeskpackSarb@ldahd Heddyschildnly RAY dukk SaREds YaBERek ﬁfmgﬁﬁd. to
the prior art arrangenent. In the preferred enbodi mrent as shown

in Figures 1@ ﬁ%cd tdh& Qf(‘%cﬁxllepr%[?@@}aﬁﬁlIQEnHEgﬁorfié)ﬁ(ﬁgicﬁ %g—gbératf& QAth M?:e

orbiting scroll is contro d by seletting each of fouf spacers with

o0prOPC PR ERla 2l L EABRSP Mtk SRR pbind b LAt ©

orbiti NG et rpgrlﬁloh c})nrg‘,les?s gfe(rjlgrlgillf OFs g&c%la?isasze?)lalfgllf ind EI gi%e%%cr% twa k! the
extending perpendicular therefrom. The outer radial portion of the fixed scroll comprises a
radially outwardly extending annular flange 46 for fixing to the housing 12. The flange 46
comprises four through-bores 50 and the housing comprises four complimentary closed bores
52 for receiving respective fastening members 48 for fastening the flange to the housing 12.

As shown more particularly in Figures 2 to 4 in addition to Figure 1, cach spacer 42

comprises a first through-bore 54 adapted for alignment with the through bore 50 of the



- 7 - fixed scroll 41 and the housing 12. If any of the spacers are
not exactly 25 pim due to manufacturing errors, it has relativel
little ef f‘é@tzojé B3P angul ar al i gnnent of the fixed scF’SiT{GB@P“H@éISé%Ch
of the axial spacers 42 are |located at the outer radial portion of
the fixed scroll and are therefore agrelatively |arge distance from
central axis C Furthernore, in the arrangenent shown in
Figures 1 to 4, it is possible actively to control the angul ar
al i gnnerflangof6 andghaclosagdfbort ¢fithelpusive d R [foroyeeiving regpestiveiastering pacer s
with different thicknesses between the fixed scroll and the housing
t her eby menglatrd 4yfoa fiximp gheesphesrsvidein lodadork botederstbe Gkéd smil 4 lhad hiousiusigg
For exanple, angular alignnment can be achieved by | ocating a spacer
of i ncr eas atke khcedsAe £8mptiscan detdrslithioaglebse 33 fandcdidngi ratgniag spabder 560f
decreased thickness at a dianetrically opposite recess 57. As
used hergi Riaififf BE SHLES il ﬁ)s&RﬁCﬂri@gtoaﬁ}Qn DB TR th Thadusig ahs ghowethi on
are intended to refer both to spacing of the whole of the fixed
scrol ' ifgie M Rhnedbh&E 420Re (deatBd inSicbdsh 59 of 1€ nbiskRdi 256 HRbvkntt © t he
right or %eft as shown in Figure 1) and also to spacing 01P portions
of the ' ' I.Lect L ..an Welolnic It
w | | be%g%g“lflgésm gYetgﬂﬁ% ﬁ?z;dti@%pﬁgég%rﬁlr%%:lﬁﬂgltf%ﬁrﬁ%aﬁg&g&cggn%@@ so(!f It %eifebe
required_t ntrol, both for f _axial spaci ion
it abi dEflsEBRulaR nnBShup ] e cn@ 3 SRRFUSR Bhred P B APl o
radi al portion of the fixed scroll, changes to.the thickness. of .
pacer s MTTRHIEEY £ EY Gop byt ERARgEe R ARG Sreane iR
of the fixed scroll. The angul ar displ acenent is approxinately equal
Lo the tansing 24 InlsecBRrend. T reAggtenp ot %éef%a%@mﬂwvﬁgﬂéag 85 the
di stance of the spacer fromthe central axis C. Accordingly, it is
possi bl écqepsed éhp@vatogetainthe eacs Wrposiion prieme fixingdbe Sxgdorerolipithest
using spacers with larger tolerances on thickness and which are
rel ati vdbysimpre thick, and easy to handl e and use, than conpared to
the prior art. Since it is possible to set the spacing of the - 8 -
Although not shown in the drawings, the flange 46 of the fixed scroll comprises a

plurality of recesses which accommodate the heads of the retaining members when the fixed
scroll is fixed to the housing. Accordingly, the flange can be seated flush against the spacers
and therefore axial spacing of the fixed scroll can be controlled solely by the spacers.

If only a single annular spacer is provided, although this is not currently preferred, it
is located at an outer radial portion of the fixed scroll. Accordingly, if the axial end faces of
the spacer are not exactly parallel to each other, the affect on the angular alignment of the
fixed scroll relative to the orbiting scroll is relatively small, particularly when compared to
the prior art arrangement.

In the preferred embodiment as shown in Figures 1 to 4, the axial spacing of the fixed
scroll from the orbiting scroll is controlied by selecting each of four spacers with appropriate
and cqual axial thickness. For example, if it desired to move the fixed scroll an axial distance

of 25 pm away from the orbiting scroll, then four spacers of 25 um are fixed between the



fixed scroll fromthe orbiting scroll nore accurately, it is possible
to design the conpressor with reduced running cl earances, which

i npr oves dWBﬂ&WWm§W$iciency. In the Figure 1 arr J&J&F2AY/05SE8Eh
spacer 42 is forned of a discrete circunferential or straight
tangential segnment. As each spacer Ls_relatively short conpared to
the entire circunference of the fixed scroll, it is possible to

adj ust the fixed scroll to achieve angul ar alignnment whil st

mai nt ai rfixed serofl #il endie hovsmmld 1Aprmaofishe speesns ahaof ¢xeety 2cpuml duedad t he
spacers. In this regard, preferably each spacer has an angul ar extent
wi t h r eapeotfactwing keos| it bamnklatiesly dttkfeffelionfthxaguie niddiment ofitbe fipadesctobian
about 20 degrees. In this way, the contact area between the spacers
and t he sircs@schsaigd dxiat 3pachs 4adedlvadiel at thriubdr ad diglghogtiov @i thei fixedl sdrbie and
relatively small angles which are generated in practice between the

fixed scrolhbrefngatdgiRpugioddisthntefo@neitAbxidl0 gnment and second the
smal | amount of flexibility of the conponents. In the prior

art conpr essqh§MR, iPthE b G e nment shBEn §d RigHteS £ 1P it Bo&sile Reiviixsed
relative to the housing in one position only. Accordingly, the
interfac J1 1 i i iL.th an
orring WA HE AR R BE oF I o ARl SO S el SIcHEF LB LA
when the,.fixed scroll.is fixed to t sing. Ln the Figure 1

conpr eo iR vidett FE b sk ISl e R PGS B b e usi g
in any qQne of plurglity of differe rel ative positions in the,axial
v acti gven dfrteRgryl ahuhguie Focsimme raelir AR e phbe dhigRL By
fixed scroll 41 conprises a recess which opens in a radial djrectiagn
and r ecdPsEBE & 8Pasen qiiReresed Rick Ress &t £ iThicess ad 2nRrHEE aRageRakgearepsed
facing surface of the housing. In this way, the o-ring 56 can seal

t he i nt dhiflgess Bardiwegineatly opposid rese¥561/l and the housing in a plurality
of relative positions of the fixed scroll and the housing. In
Figure 1, thdésfussdhtrgureferendds tanpheingend sircinigny as exial direptdoreareingaaded to
formed as a unitary structure, for instance by casting. However, each
of the gsefeobdts tonwycibg of the mbdlefaf da fived ecrol ithe atihbdireotien (e sshéting-the
exanple the radially inner portion of the fixed scroll may be forned
f r om ondixpi 8661l &tle tipkt ot deft &l shywo il Bigued) hnddlsotb shavind appeichscobtht may
be fornmed from anot her piece. The scroll conpressor may be

suppl i ederon if BR akil dkRtio R todoreSUARhSA#dEmentDd hwm'ﬂetaﬁp&ﬁiaﬁﬂﬂﬁ@ﬁﬁ 42 of
di fferent thicknesses for assenbling or adjusting the spacing of the

fixed schobluyAbirhABklBRpRQE iyl r%i%hfté E3fe0t LItR FRES oF %(ﬁal%ﬁ&c?ﬁg by

a
di stances. Spacers of the appropriate thickness can be selected an

| ocat ed _pe ey fixed scroll and the housing for correctly
PR B i

spaci ng scr 41 fromthe orbiting scroll 26. For a scrol

o el P AR L T
i ] 5.725 .6.025=
par L CUL AT XDl e SPASETS SLECPLONL Lol Ditpcen, & 20 L, 0000

a conbinatjon of two types of spacers. The spacers in thg first type
are rel &b Hedpcioll; dheatgular displpcrpsnd sappingioatels oyl fuihe fana of the ey
The spacers of the second type are relatively thick and are for
produci mljcknepsafithesppcas diavided biyribe dinenaeall thetsapgge Sommthe canyabaisCi n t he
second type may increase for exanple fromabout Inmto 2mmin
i ncr emetesomdfnglyQ @gspostivte thiaclstvetagpeate shiginshg obthe Sipetardl whilebsig® and
75gm Accordingly, whilst requiring fewer spacers as a whole, the
first anpucssoeatidatoypeiraicesqpabhikaess amd Which sedelativabpnbiataick andtcasy to
achi eve any sel ected spaci ng between 1nm and 2nmm at 25gm i ncrenents.
handle and use, than compared to the prior art. Since it is possible to set the spacing of the



If a conbination of first and second types of spacer is used, as the
first type of spacers is thinner and nore fragile, the spacers of the
second t yp¥OPW Bt ed over and protect the spacers ofPGIHeB0PK051582
type thereby preventing damage during assenbly. It is undesirable to
provi de spacers with a thickness of _lggess than 25gmto mi nim ze the
ri sk of damage to the spacers during handling and to reduce the risk
of operators cutting thensel ves. A net hod of assenbling scroll
conpr essiored4crolliffom e wibiengiesdintre decuTitely it isiposkile mpddsiznmige ¢omgpressor
foll owi ng steps carried out sequentially. The orbiting scroll 26 is
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ener gy dasgles whichmre generated in practice between the fixed scroll and the housing after angular

alignment and second the small amount of flexibility of the components.

In the prior art compressor shown in Figure 5, the fixed scroll 28 can be fixed
relative to the housing in one position only. Accordingly, the interface between the fixed
scroll and the housing is sealed with an o-ring which is compressed against an axial end face
of the housing when the fixed scroll is fixed to the housing. In the Figure 1 compressor, the
fixed scroll 41 can be spaced reiative to the housing in any one of plurality of different
relative positions in the axial direction. Accordingly, in order to seal between the surfaces,
the fixed scroll 41 comprises a recess which opens in a radial direction and receives an o-ring
56 which is compressed against an inwardly facing surface of the housing. In this way, the o-
ring 56 can seal the interface between the fixed scroll and the housing in a plurality of
relative positions of the fixed scroll and the housing.

In Figure 1, the fixed scroll 41 and the orbiting scroll 26 are each formed as a unitary

structure, for instance by casting. However, each of the scrolls may be formed from more



CLAIMS 1. A scroll conpressor (40) conprising: a housing; an orbiting
scroll (26); a fixed scroll (41); a drive shaft (14) having an
eccentric YRIHHH®ion (18) so that rotation of the edEIEFIW/GHEE

portion inparts an orbiting notion to the orbiting scroll relative to

the fixed scroll; and characterised.ign that said conpressor conprises

a plurality of axial spacers (42) which are | ocated at generally

equal angles one froman adjacent spacer about a circunference of the

fixed scihal pnegnerel Senerampleathoradinlly ienct portien gitthe likedageep!t May bolpsmedyromr

spacing the fixed scroll relative to the orbiting scroll in an axi al

di r ect i ome pikce Andthe sddiallyavpar psgion oé thedlxad nerdll iay Ob &irmed fromhaotienpisei. d

at | east one spacer (42) is adapted to space the fixed scroll

relative to tThe saobicdbmpgsse fmal be isippdind in the form of a kit comprising a plurality of
spacers 42 of different thicknesses for assembling or adjusting the spacing of the fixed scroll
41 from the housing 12 by different respective axial distances. Spacers of the appropriate
thickness can be selected and located between the fixed scroll and the housing for correctly
spacing the fixed scroll 41 from the orbiting scroll 26. For a scroll of typical size, the kit may
be supplied with spacers of between 1 mm and 10mm in increments of anything between
about 25um and 100pm. In a particular example, spacers are provided between 5.725mm to
6.025mm thick in increments of 25um. Advantageously, the kit is provided with a
combination of two types of spacers. The spacers in the first type are relatively thin and are
for producing fine incremental changes. The spacers of the second type are relatively thick
and are for producing relatively coarse incremental changes. The spacers in the second type
may increase for example from about Imm to 2mm in increments of 100um. The first type
consists of spacers of 25, 50 and 75um. Accordingly, whilst requiring fewer spacers as a
whole, the first and sccond typces of spacers can be used in combination to achieve any
selected spacing between Imm and 2mm at 25um increments,
If a combination of first and second types of spacer is used, as the first type of spacers is
thinner and more fragile, the spacers of the second type are mounted over and protect the
spacers of the first type thereby preventing damage during assembly. It is undesirable to
provide spacers with a thickness of less than 25um to minimize the risk of damage to the
spacers during handling and to reduce the risk of operators cutting themselves.

A method of assembling scroll compressor 40 will now be described. The method

comprising the following steps carried out sequentially. The orbiting scroll 26 is supported



axial direction and/or to angularly align the fixed scroll relative
to the orbiting scroll. 3. A scroll conpressor as clained in claiml

or 2, wherBPH1Pd0%% xed scrol|l conprises a radially i nff&T/ RV BHS2

conprising a fixed scroll wall for cooperating with an orbiting
scroll wall of the orbiting scroll angl a radially outer portion for
fixing to said housing, and wherein said at |east one axial spacer is
| ocat ed between the outer radial portion of the fixed scroll and the
housi ng. by beanpgs 24aclaivesiortls ccervmnpihag pertiond Swf dierdsiye shaflly Phewddi ng
claim wherein said housing and/or said fixed scroll conprises neans
f or | ocatpectrsat dbcated hrepesition melative ta thedpasiag ini rweqsesist iaphrdianaderith t he
fixed scroll and the housing. 5. A scroll conpressor as clainmed in
cl ai m 4, rewaning mtmbeasé. DinefixedisadollSpfadrto Hadmusing with fastening members 48
such that the axial spacing between the fixed scroll 41 and the orbiting scroll 26 is determined
by the axial thickness of the axial spacers.

The axial spacing and angular alignment between the fixed scroll 28 and the orbiting
scroll 26 can be adjusted by removing the fixed scroll from the housing 12, replacing one or
more of the axial spacers between the housing and the fixed scroll with further axial spacers
of different axial thickness, and fixing the fixed scroll to the housing,

Whilst a scroll compressor is typically operated for pumping fluid, instead it can
operated as a generator for generating electrical energy when pressurised fluid is used to
impart an orbiting motion to the orbiting scroll relative to the fixed scroll. The present

invention is intended to cover use of the scroll compressor for pumping and energy

generation.



bore therethrough for receiving a fastening nenber for fastening the
fixed scroll to the housing. 6. A scroll conpressor as clained in
claim4 or 5, said at | east one axial spacer having a bore

t heret hrough for receiving a retaining nenber for retaining said at

| east one spacer in position during fixing of said fixed scroll to
said housing. 7. A scroll conpressor'éﬁ'clained in any preceding
claim wherein one of said housing and said fixed scroll conprises an

annul ar recess wpiah@pens in a radial direction for receiving a
seal i ng nenber whrch 15 conpressed agai nst the other of said housing
and said fixed scroll for sealing between the fixed scroll and the
housi ng when any one of a plurality of different thickness spacers
are | ocat edlbet wagerotl hempresse(4€)cqopiptisiagid t he housing. 8. A net hod of
assenbling a scroll conpressor, the nethod conprising the steps

carried out sequelsiagly of: supporting an orbiting scroll relative
to an eccentric shaft portion of a drive shaft in a housing of the

scrol | conpr essan;orbiting scroll (26);
a fixed scroll (41);
a drive shaft (14) having an eccentric shaft portion (18) so that rotation of the
eccentric shaft portion in;parts an orbiting motion fo the orbiting scroll relative
to the fixed scroll; and characterised in that said cc;lﬁpressor comprises a
plurality of axial spacers (42) which are located at generally equal angles one
from an adjacent spacer about a circumference of the fixed scroll and located
between the fixed scroll and the housing for spacing the fixed scroll relative to

the orbiting scroll in an axial direction.

2. A scroll compressor as claimed in claim 1, wherein said at least one spacer
(42) is adapted to space the fixed scroll relative to the orbiting scroll in an

axial direction and/or to angularly align the fixed scroll relative to the orbiting

scroll.

3. A scroll compressor as claimed in claim 1 or 2, wherein the fixed scroll
comprises a radially inner portion comprising a fixed seroll wall for co-
operating with an orbiting scroll wall of the orbiting scroli and a radially outer
portion for fixing to said housing, and wherein said at least one axial spacer is

located between the outer radial portion of the fixed scroll and the housing.



- 13 - locating a plurality of axial spacers at generally equal
angl es one froman adj acent spacer with respect to a central axis of
the conpressor in position relative to the housing or the fixed
scroll; and fixing the fixed scroll to the housing such that a
spacing in an axial direction and/or_qg_angular al i gnnment between the
fixed scroll and the orbiting scroll 'S determ ned by an axi al

t hi ckness of at | east one of said axial spacers. 9. A nethod of

adj usting a gpaciAngrdiiftoRPressdt & clfmbERmlang PreddditHoQlaiA Okt sAd hRSHEN!
between a fixed scroll and an orbiting scroll of a scroll conpreéessor,

sai d conpressor gRRshiaifRed Rrdll dhiplibds YneRfs BrbdkedSRRAGET: S5t WhH £y ar €
| ocated at generally equal angles one from an adjacent spacer about a

Ci rount ef ence of ofe if hoXRn B6Rk 1t e RENA: BOWPIGR! NO: T emoVi Ng

fixed scroll froma housing of the scroll conpressofr; replacing one
or nore axi al spacers between the housing and the fixed scroll wth
one or nore axial spacers of different axial thickness; and

3. A scroll compressor as claimed in claim 4, said at least one axial spacer has a
bore therethrough for receiving a fastening member for fastening the fixed

scroll to the housing.
|

I
6. A scroll compressor as claimed in claim 4 or 5, said at least one axial spacer
having a bore therethrough for receiving a retaining member for retaining said

at least one spacer in position during fixing of said fixed scroll to said housing.

7. A scroll compressor as claimed in any preceding claim, wherein one of said
housing and said fixed scroll comprises an annular recess which opens in a
radial direction for receiving a sealing member which is compressed against
the other of said housing and said fixed scroli for sealing between the fixed
scroll and the housing when any one of a plurality of different thickness

spacers are located between the fixed scroll and the housing.

8. A method of assembling a scroll compressor, the method comprising the steps
carried out sequentially of:
supporting an orbiting scroll relative to an eccentric shaft portion of a drive

shaft in a housing of the scroll compressor;



fixing the fixed scroll to the housing.
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locating a plurality of axial spacers at generally equal angles one from an

adjacent spacer with respect to a central axis of the compressor in position

relative to the housing or the fixed scroll; and

fixing the fixed scroll to the housing such that a spacing in an axial direction

and/or an angular alignment between the fixed scroll and the orbiting scroll is

determined by an axial thickness of at least one of said axial spacers.

'

9. A method of adjusting a spacing in an axial direction and/or angulgr alignment

between a fixed scroll and an orbiting scroll of a scroll compressor, said

compressor comprising a plurality of axial spacers which are located at

generally equal angles one from an adjacent spacer about a circumference of

the fixed scroll the method comprising;

removing a fixed scroll from a housing of the scroll compressor;

replacing one or more axial spacers between the housing and the fixed scroll

with one or more axial spacers of different axial thickness; and

fixing the fixed scroll to the housing.



