Co- Rot ational Scroll Apparatus The invention relates to co- rotationalzze “Eiﬁfﬁ

scrol |l apparatus having coupling neans for causing concurrent rotation of
the scroll nmenbers and the use of the 5 coupling means to enhance,t he

nut ational stability of the scroII apparatus. Scroll. apparatus for fluid

conpressi on or expansion aré:typically conprised of two upstanding
interfitting involute spiroidal BbaR6tERI6Radl §cEB11 Appdeaeyat ed about
respecti ve axes. Each respect Fvre=tmvotrute-wap—s Tounted—upen an end
plate and has a tip disposed in contact or near-contact with the end plate
of the other respective scroll wap. Each scroll wap further has flank
surfaces which adjoin in 15 noving |ine contact, or near contact,

the flank surfaces of the other respective scroll wap to forma plurality

of nmovi ng chanbers. Deperitfienginyventtion re¢hates ddi tetrovatdonal tderoll
scroll waps, the chanbers nove fromthe radially exterior end of the 20

scroll waps to the appanatiisihayving eoupliagimesnst fier waus ingwengrscymrent '

fluid conpression, or fromthe radially interior end of the respective

scroll waps for fluirpteygani of. th&a%@t@ll wexpers candcshel ivset bs the'

formati on of the chanbers, are put in rel ative orbital notion by a
drive nechani $m whi cwoemiek%m&a%é%m;}%cq Fhe ntatdanal (shahi by of

notion. The general principles of scroll.wap generation and operation are
di scussed in nunerous 1ﬁ§%?}1 LATY$S Patent Number 801, 182 10

Nunerous attenpts have be Qﬁ tg de¥g¥3g c%bgwnéﬁﬁggalc%%ro o
appar at us. Such apparatus%%?%€¥ es@PBP pression or
expansion are typically comprised of two upstanding
interfitting involute sﬁiroidal wréps which are
10 generated about respective axes. Each respective
involute wrap is mounted upon an end plate and has a
tip disposed in contact or near-contact with the end
plate of. the other respective scroll wrap. .Each
scroll wrap further has flank surfaces which adjoin in
15 moving line contact, or near contact, the flank
| surfaces of the other respective scroll wrap to form
a plurality of moving chambérs. Depending upon the
relative orbital motion of the scroll wraps, the

chambers move from the radially extefior end of the

20 scroll wraps to the

¥ &yl Y



concurrent rotary notion of both scroll waps on parallel, offset axes to
generate the requisite orbital notion between the respective scroll wap

el emeats. However, nost 15 - " commercially successful scroll apparatus to
date have been of the fixed scroll-orbitigag scroll type due to various
difficulties in achieving success with co-rotating scroll apparatus.

Typi cal ly, a nunber of rotary bearings are required 20 in a
co-rotational scroll apparatus, which decreases the reliability and
efficiency of the machine. Furthernore, the typical co-rotating scrol
apparatus have required a.thrust bearing acting upon each of the scroll end
pl ates to prevent ax k scrol | separation, thus,substantially i ncreasing
the 25 pover, TAALHEAGRPELS epdR ofatf $6TLL (RRPS égrsﬂbﬁ-ﬂant ially
reducing the reli a&ndprégls:mh t e £¥68 NEHRE radialagdidde@ney eaaocbé @Re Whi ch nust

be dealt with in scroll S whether us d for conpression '
deconpression of fiurd, ]2 %ﬁf 2% EQRi A PRSIy m s‘FF‘tﬁd"’f’r“épped

in 30 t he chantmrascdmlrtahl the fbmipmldf v:hap:hmbéhaseré @ueem i ncl ude an
axi al separation f Eﬁﬁ n I ure
upon the scr%l | el %r]r%ﬁ rggg a eéggé#dkg ¥ d%w?&seggﬁ{da F%‘%“?é@“ﬁ ting

fromthe fluid pr estwﬁequlontw Irelativs POWMGQMMWB Flth-t gemal e, the
separation forces Hm cmetshefu&wﬁ mgpgmséum taharbftbscrw td el enents

vary 5 . ‘cyclic as .the scroll elenents . rotate hi s cc I c variation
is a function of t °‘F§%‘t"or’-§ ““"‘FF’T%“‘P ipasents; gueh jassPaht Bﬁ’éﬂi\EsN‘F%atron of
each of the conpresxl, 082 chanbers formed by the scroll waps during each
revol ution. . The chanber. Ioc&tron is a funcbr on of t he, angu) ar_, and radi al

di spos¥tioniBf the center of VUR§TOuUs attampts hage begn ppde L develep Az cent er

of the scroll apparea:hu:‘;oraﬂ acxplleapparaskangiSach apparswsoprbvides Boract ual

preSSLu'e of concurrent rotary motion of both scroll wraps on parallel,
offset axes to generate the requisit:e orbital motion b'ety_een
the respective scroll wrap. elements However, most ”

15 _ _commercially successful scroll apparatus to date have been of
the fixed scroll orbiting scroll type due to various
difficulties in achieving success with co- rotating scroll
apparatus.

o _ Typically. a number of rotary bearings are required

20 " in a co- rotational scroll apparatus, which decreases the
:reliability and- efficiency of the machine. Furthermore, the

| typical.co-rotatiug scroll apparatus have required a thrust
fbearing ectiug upon each of the scroll end.plates to prevent
_axial scroll separation, thus substantially increasing the

25 power: requirements of the machine as well as substantially
reducing the reliabilicy of the machine.

An additional problem which must be dealt with in
scroll apparatus, whether used for compression or decompression
of fluid, are the forces_which result from the fluid trapped in

30 the'chambers.formed in the scroll wraps. These forces include

an axial separation force component resulting from the fluid
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t he conpressed fluid, which varys according to the instantaneous |ocation
of the conpression chanber in which the fluid is contained, decreasing fram
the radially inner ends of 15 the respecti've scroll waps tothe \&Z.
radi ally outer ends thereof. Both these factors conbine to produce a :
monment, the product of the instantameous center. of the conpression chanmber
Iocatlon and the instantaneous fluid pressure forces at that |ocation. The
resulting tipping noment upon the scroll nmenber is the net 20 . ef f ect

of the nmonments devel oped by each conpression chanber. The tipping nonment
acts perpendicularly to the axis of rotation of the scroll nenber, and
therefore seeks to cause the tipping of the scroII elenent. -Since the

magni tude of the tippin nment nce t varj.ous crankangle
positi ons 25 Press“ﬁ‘gr‘ﬁpﬁg Eq}%es?ﬁl;t ?got‘?eBF 8I"1m ﬁié;ﬂ‘t’&f actual tipping
may occur at separaciaifare eesmsu.hgcﬂtsm tiie Elaunct pmube woavamt ed at ot her
positions by ot heli force Uf{V enll;u xerte on_t he ers.

S

Actual tippi n@ o5t OB VEBTE a5 4 roc hﬁ °5F* nut fep(?ﬁagl‘mf ﬁgicsecsrol | merber
during rotatidsm to the Typidsaténpresind wn.shldeahe seiroll leendraspvay si on of an
axial f rce a o t nts

Xi 9 %‘élggl# Qs Qﬁ@s‘éﬁén Qie&éﬁ@s%&%@w d‘rylb%ggiw'dagﬂah%ﬁ

t oget her , ion to the separatin orcés. and e provision
of relati veI yi-‘* aréemvéear%gg" fa?ﬁ‘é‘é‘e 5'rhe fir%ﬁﬁr‘é’&%ﬁ@%"%ﬁ?’éﬁ“ﬁorces are

typically i ngl’&%@:i&htdfeéadlﬁﬁba&HeCaom%ebhtﬁﬂﬁﬂamﬁeagsfo%?e& hfylalﬁﬁe ?e?L I ngs Olrl
springs, or re i nposed.u ite side o e Scro
end plate. Pr "rﬁ” i‘ﬁg&ﬁaﬁf éﬁgf“t oh@t?uﬁg efhla“’fﬁ““ is dutation
ef fect by si nrxlr;cclimrcéashmgngvlnhraxndtlraﬂmrdispmu@ wfiothd kensar 6kl end
plate ygtil the tth&He'}gw{@\”Fﬁé ec%r&‘ %Yxér&%@rsﬁyf: S L Qe g e \?g {ac{ e nunbes

of beari1ngs for supportl n er 56 pre e shaft
_ at a given crankangle The second is the actual pressure of

the compressed fluid, which varys according to the
‘instantaneous location of the compressxon chamber in which the
fluid is contsined decreasing from the radially inner ends of
15 the respective scroll wraps to the radially outer ends thereof{
Both these factors combine to produce a moment the product of
the instantaneous center of the compression chamber location
and the 1nstantaneous fluid pressure forces at ‘that location.
The resulting tipping moment upon the scroll member is the net
20 effect of the moments developed by each compresSLon chamber.
The tipping moment acts perpendicularly to the axis of rotation. )
of the $croll member, and. therefore seeks to cause the tipping \-)
of the scroll element. Since the magnitude of the tipping '
moment. is more pronounced at various crankangle p031tions
25 during the rotation of the scroll element, actual tipping may
occur at some crankangle positions, while it may be prevented
at other positions by other forces sufficiently exerted on the
scroll members. Actual tipping is observable as a rocking or

nutation of’ the scroll member during rotation
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nisalignnent whi ch occurs during tipping, and by decreasing the 15
nyfacturing tol erances of ,the conponents. Al of these solutions

|n0 se the size and nunber of conponents of the scroll apparatus as wel |
as the initial and operating costs, and al so decrease the expected
operating life of the scroll apparatus. 20 & These sol utions
al so undesirably affect the performance of the scroll apparatus as well.
Because the axial force provided remmins constant at any given operating
condition, the axial force |oading remains relatively high even when the
separation effects of the tipping nonent are | ow, 25 which is
typically the case during nost of the scroll rotary cycle. ance there are

unnecessarily high forces acti :;t%ﬁ;‘lgaqligt kﬁi§c{%ldleaw I"% t| s gaviysmn of

crankangl e positions in the sc fe, W resu ng unne 335
friction and wear as ame#*laésf@;GGesfsqiM powerpresasthepend planes I°@ssheofscr°11

overal | efficiency. elex'éerl:dér E&%&HD{ € inC¥fRs !@ﬁﬁ thanaxidarbOfze el BAMESG kS

relatively high, tippi ngwo the scroll menber. can occur at some crankangle
positions during rot &R Fherrevizios ?f éﬁﬂ;é?%’teﬂng layger begringson Besehe

scroll el ]gzrrent sﬁoes Qofipressihe a&Q£D|ﬂor&\fﬁﬁr5 typéci]ll@slmemﬂ agﬂrl ly
separate fromthe oppos at e is permits uid. to pas
from hi gher pressur e“‘t?ﬁ#‘ﬁf%é’gﬁyohy gb'g??st 3% 1% gﬁﬁt 5?%’5 T FRRHESs  °F by
requiring reconpressifinidfpreseurel imppsaddipagathe ppphsiitagsitdleeof)\theadclroll end
efficiency of the scr LL apparatus. 10 In co-rotational

scrol | apparatus haV|ng a coupl i ng engagi ng the scroll nenbers for causing
the goncurrent scroll rotationPrier #guetl eppsrarysesiitenpt cquemtpy thee

actiomof the gpupli '?ﬁthﬁotnhgfmﬁaﬂyats‘l‘ﬁplyﬂﬂh&e'éiﬁié“?:hteOaxtﬂa@ f&katloqau?g the
mass of the coupling, which rot at es about a %;)I nt defined 15 bet ween

the axes of the scrolMPOREMSeFerols endoPlake uRHhlotheftipping moments are

overcome, by providing a large number of bearings for
supporting the scroll member shafts to prevent the shaft -
misalignment which occurs during tipping, and by. decreasing the

15 . manufacturing tolerances of the components. All of these
solutions increase the size and number of components of the
scroll apparatus as well as the initial and operating costs,
and also decrease the expected operating life of the scroll
apparatus. . '

20 - These solutions also undesirably affect the
performance of the scroll apparatus as well. Because the axial

s  force Provided remains constant at any given operating

' condition, the axial force loading remains relatively high even
when the separation effects of the tipping moment are low,

25 which is typically the case during most of the scroll rotary
cycle. Hence, there are unnecéésarily high forces acting upon
the scroll wrap tips at many crankangle positiohs in the scroll
‘cycle, with resulting unnecessary friction and wear as well as

excessive power consumption and loss of overall efficiency.



rotation of the coupling is not concurrent wth the center of the scrol
menbers, nutation of the scroll members may be induced by the coupling due
to the nonment generated by the offset of the coupllng mass Wi th respect \&0au
the axis of the scroll 20 menbers. The nutation causing effect of the
coupling may be even nore pronouncéd in cases where the center of grayity
of the coupling mass is not identical with the physical center of the.
coupling, so that the offset of the coupling mass is increased. 25

The typical solutions applied to the tipping effects of the coupli-ng are

I dentical to those applied to the scroll nenbers thenselves and the

I denti cal consequences nmay be observed. It is an object of the invention to

provi de 30 such a et imoRRPadvah WhedS J%uxx.ﬁf%(é@eamd ge.r sate the
scrol |l nenber_ net tipping nonent in a rotating scroll apparatu

appr opri at eral-%ﬁ}UgFYl*&ﬁhof"apélPS\ﬁg g ficrayl member Aé&o‘?‘tﬁ‘ﬁgﬁ/ 5°m? he
invention piskagigbe pdsi€lons’ aﬁﬁiﬂgoﬁatl:acn.%ﬁré)f Ich@-pﬁﬂ'"oiltﬁiapﬁﬂ&dﬁg coupl i ng

means coupl first. and 1§€ ;@éoi nRers thereo% for ncurrent
rotation -ab FYFarien © edcH IS toooes - oCoEys B SR dﬁﬁ?i ng being
di sposed suechp4d h.ah mquntamlqesewamaefuomppes:ppgsidgesemslp.eeﬁd ve tipping
noment abou%l#'nee ”fﬁfse§u-%f\:[ sgi‘gma%s osfs @]&om zli_%erO% of the scrol|l menbers

at a cranka e ‘where The
i nvention i neﬁnﬂeslm chamlps st tenbdwescpn;ISIsuappaaaltw coemmringlg a first

scrof | grﬂ;@g SHYPRLL I Ge 2erld mlé%eligﬁadrﬂu@i&g ol Lethigcrol | wap -
efficiency of the scroll apparatus. o
10 In co-rotational scroll apparacus haVLng a coupling \".
engaging the scroll members for causing the concurrent scroll
rotation, ah additional moment is caused by the action of the
coupling in the appafa.:u.s_. This is ‘due co.. the roctation of the
mass of the coupling, which rotates aboue.a.point defined
15 between the axes of the scroll members. Since éhe center of
- rotation of the coupling is not concurrent with the center of
the scroll members, nutation of the scroll members may be induced
b& the coupling due to the moment generated by the offset of
the coupling mass with reepect to the axis of the scroll
20 members. The-nﬁtation causing effect of the coupling may be-
‘-even more pronounced in cases where che_éenterief gravity of
the coupling mass 'is not-identicalswith thé:physical;centef of | '\-i
the coupling, so that the offset of the coupling mass is '
increased. ' S '
25 - A The typical solutions applied to the. tipping
. ‘effects of the coupling are identical to those a@plied to the
scroll members themselves and the identical consequences may be
" observed. - ' ' o -
It is an object of the invention to provide
30 such a scroll apparatus as will reduce and moderate
the scroll member net tipping moment in a roﬁating
scroll apparatus by appropriate disposition of a.
drive coupling. '



i__ ; L] .. . .

upstandi ng involute portion disposed on said first 15 scroll end

pl ag&' and a drive shaft disposed on said first scroll end plate, said

fi S$/scroll nenber having an axis of rotation _and being subject, in use of
the apparatus, to a tipping nonent about said 8is of rotation which

ti ppi ng nonent “varies accqr Q.20 t he_angle of rotat,ion of said
first scroll member; a se®% t‘ga.&:gllly ment§ cbﬂﬁ?ﬁgr‘ﬁﬁ a PXEVIRPS crd1 | CBRd
pl ate, a second scrolrlotwta.pnaricl sdredla spparatupssthevding icoupling pmeansn

di sposed on sai d_secapioigny lesond A ﬁ%eéd'ﬂ&i SEESTS A&hBLLs ”EHBEQO{? il

an 25 axis of rotaflion an bel ng e appara to
a tipping nonent aboGPNEXTFeRt s"QﬁaﬁfJ(ﬁfht?}éﬂu%Péﬁ'aﬂ-llsél PARK NAXERy | the

according to he angihasel &8t aiednceh ;ahé sxf@ acirs@blseaen@@éh P ENY
means for coupling said first scr ol | sai d .second,scroll

menber, said coupl i nBERERTES, R n RN |8F?385%Bgastl?% Eﬁ?ﬂeﬁé:lven tigping
the apparatus, a pmetent mboat thedeespectivensadtl akds efhatclegsthene

et onal SLab! 1 gl 800 S ARRBERLUSEY o COHEhRmLIE T UE8.8]
scrol | nmenbers is subjippiag nmnrtealsisafmam.l ng said first scroll
memper. The E%Ve”t on f““ﬁ‘x%’e éh'éféﬂe ﬁ%lhu@e%t | gnalo Sl i FHPAT 8EHS11

conpri si ng: rmetic aving a suction pressure
portion for containi HQPérﬁ}'é’ﬁ GOMPrdSdddds fluid; a first scroll menber

di sposed in said suction preSugte sardnormemxd écbrﬁpf1§ﬁi@|é FEFBEr sBRYLNg

a first scroll end Iate
p pfa'LlerSt S%E.gls 1:poif Clwlxj:%lp including a first
et - upstanding involute portion disposed on said first
15 scroll end plate, and a drive shaft disposed on said

first scroll end plate, said first scroll member
having an axis of rotation and being subject, in use -
of the apparatus, to a tipping moment about said axis
of rotation which tipping moment varies according to
20 the angle of rotation of said first scroll member;
| a second scroll member comprising a second scroll
end plate, a second scroll wrap including a second
upstanding involute portion disposed on said second
_ scroll end plate, said second scroll member having an
25 axis of rotation and being subject, in use of the
apparatus, to a tipping moment about said axis of
rotation which tipping moment varies according to the
angle of rotation of said _seéond scroll member;
_ a coupling means for coupling said first scroll
30 member and said second scroll member, said coupling
means being positioned so as to provide, in use of the
apparatus, a 'predetermined moderating moment for
enhancing the nutational stability of said scroll
apparatus by reducing the magnitude of the maximum
35 said tipping moment to which at least one of said
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10 a first upstanding involute portion disposed on said first scrol
end plate, and a drive shaft disposed on said first scroll end plate, %ELF
first scroll nenber being subject in use of the apparatus to a tipping
nmoment -about the axis of said drive shaft which 15 ti ppi ng nonent
varies as the flrii scr menber r.otates; a second scroll nenber disposed

in said suctidf*p sgﬁpgeﬁﬁrﬂﬁoﬁubgéF edic@md scrol | nember having a second
scroll end platemeans ferordtatdng said@ Firadt scrolilnelewderd a second

upstandi ng involu econd scroll .end plate, and
an idler shaft dlsggse (ﬁ#éggépsgggﬁgegcﬁﬁafé 5% o aP8 TeRREL ggegnd scrol |
menber bei ng 80bpddt apparasusf compripiagat us to a tlpplng nmonent - about the
axis of said 25 g hdkﬁstﬁeaf knghich swgpngamgaehm“ 2edgubae second

scrol I menber rotates; coupling neans I VI .ng coupl i g sard first
scrol | nenberpaﬁﬁlgal§°§eESHGa§§ﬂ6HIanﬁHE§#°nS£F@S§&m5|ﬁi¥hﬂmans bei ng

posi tioned such hmﬁlﬁﬁtéﬁbﬁﬁnl memBQQUHa%F@@a£I£H1éﬁlaasdcﬁﬁbwl

menbers at which sald f|r and sec ol initjal contact to
define a BFESEYre S oF HbS s@ﬂ%ﬁ%ﬂﬂégbﬁﬁeB%Y%BEn a center
of gravity offihstcsnpblﬂgenﬂapﬂahes a pirdetscrbm&dwaaguhablpdinglOn !
relat eto 3 p. hr.qu he

respecpl ve ax?sf(j)' Salu@%ﬁhﬁéﬂugﬁdﬁﬁ%ﬁﬁ %?%*ﬂf% &?%éﬁgga oﬁ %gékof the
appar atus, a fbuerascngliospdt phaten énﬁaﬂcé§1VHe5haf§tdéﬁnbssdabnl|ty of

said scrol|l apgpapacysskysaebiNdehd pRALS|t 5aR4! i8¢ EB2HERY member

redum ng the tlggl n% nonent -of at | east one of said
being subject in use of the apparatus to a tipping

moment --about the axis of said drive shaft which e
15 tlpplng' moment .varies as the’ ‘first scroll member
rotates; ;
a second scroll member disposed in said suction .
pressure portion, said second scroll member having a
second scroll end plate, . a second scroll wrap
20 including  a second upstandihg inVolute .portion
disposed on said second -scroll end plate, and an idler
- shaft disposed on said second scroll end plate, said
second scroll member being subject “in use of the
apparatus to a tipping moment about the axis of said
25 idler shaft which tipping moment 'varies as the second
scroll member rotates; - S Q)
coupling means for drivingly coupling said first '
scroll member and said second scroll member, said
_ coupling means being positioned such that at an
30 - angular-position of said scroll members at which said -
first and second scroll wraps make initial contact to
‘define a  closed radially outermost chamber
therebetween, a cénter of gravity of the coupling
means has a predetermined angulér position relative to
35 a 'point on ‘a reference 1line passing thrqugh the



scroll menbers; nmeans for rotatably supporting said idler shaft in said
suction portion of said hernetic shell; and neans for rotating said drive
shafv 10 . The invention further includes a refrigeration system
for circulating refrigerant in closed | oop corfhect i oh, said system

conprisisng:. a condensinddiii N89S e r ghE59Y %fgaai&la'rl%xf %kfhets to
an expansion device for ‘receiving liqurd refrigerant - froms
condenser and expan®TRfUIRy ridY Usfecihtthey rppagatius.oe Mederadding mpment

refrigerant from saiwhiom anbiadtedethecnaldtevARYT StaBP1 16§ &£ 1dd 9 s¥0130
to vapor form and a coq*:toress?o%yfor éeCEI ving the refrigerant fromthe
e

s g
evaporator, conpresSHRATARR i RFGARY ol SPR@SIFionhetor and gdherebit o
the condense&, sairedimiprestios tbppingi momedt of at least bRENBE Said

shell having a sygl | £ portion for containing a suction
pressure fluid; a fi rstoq;icr%qebse?egrfber di sposed in said suction pressure

portion, said first scroldeansifor heatatahlyi suppertbhg saddplidiier shiafitst
scroll wap includi 30 ; f | ' Ordy di ghpsed
on said first scrol I&g‘en lrﬂ astued,%lgr{{i%a" gl‘.l vrg S .ar%ﬁiﬂéﬁf#&alg@aiqéglo'f
rotation and bei ng di spo®&Ransh o5 Fataking §pid AnveIshattsaid first

scrol | menmbarg bei ng subj atfe | invéRtich thetheRar fidtudds dat reRrigeFaRdidn 35

about said axis of rotation_which, tippi nonent , varies as the first

scrol | menber rotat &SN EBR %ﬁ%‘?faﬁg?ﬁerre&t%@ti nlgai"dl%ﬁﬁ‘ii deop
connection, said system comprising: :

a condenser for condensing refrigerant to 1i§uid

\r form;

15 an expansion device for receiving 1liquid
refrigerant from said condenser and expanding the
refrigerant; -

an evaporator for receiving the refrigerant from
said expansion device and evaporating the refrigerant

20 to vapor form; and _

a compressor for.recéiving the refrigerant from
the evaporator, compressing the refrigerant, and
sending the refrigerant to the condenser, said
compressor comprising: R

25 a hermetic shell having a suction pressure

o portion for. containing a suction pressure fluid;

. a first scroll member disposed in said suction
pressure portion, said first scroll member having a
first scroll end plate, a first scroll wrap including

30 a first upstanding involute portion disposed on said
first scroll end plate, and a drive shaft having an
axis of rotation and being disposed on said first
scroll end plate, said first scroll member being
subject in use of the apparatus to a tipping moment

35 about said axis of rotation which tipping moment
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pressure portion, said second scroll nenber having a second scroll end

pl ate, a second scroll wap 5 including a second upstanding :

i nvolute portion disposed on said second scroll end plate, and an, |dleﬁ;’
shaft having an axis of rotation and bei®} di sposed on said second scroll

end plate, said second scroll nenmber being subject in use of the .
apparatus to avdpies as;Epgi S4TRbmEREodioMeMPery rofatesyt rotation of the

~idler shaft vvhl ch tapBe&@naDIwﬁoMarméhﬂoﬁ ar@pémnﬂnseaﬂhl siethion
“rotates; coupl

drivin couplin rol,l menmber and
sai d second sc?ﬁgfgﬁgﬁbgfrt§3| ﬁ?i&/se?: %#Eﬁ*gaﬂﬁmgﬁFnéaaﬁgﬁo§ed such
that at an angaeeengosscredlof e d platd,) nenbsesond mbcrblialdrhprst and

second §crolln§%egﬁ gRke i tiakorant §E€%54¥ﬂ§f] ﬁ»g#gﬁﬁd @%9&'

out er nost cha between, a cent oupring means
has a 20 éiéﬂéﬁéﬂnPﬁeﬁaaﬂgﬁﬁ%?n%cﬁﬁlmbh emd anlaree.t @nd po ddler a

reference |inegpagei REviRgoashake csﬁwﬁi/&a R Pl sHosed %pd idlier
shafts to produce a noderatin qﬁgentda Piﬁ enhances the nufationa
c

stability of sER&dscFSFPdp & FHidsigeand o SExeLds
t her eby reduci ngmbee rwhg udabgécthexmauserumfsatldet |ammmmab acting on

a sel eghed onetgépg% &‘;&N_ rgg%r a{@a lfsoro o g:%q:ﬁ)énsugpo%bi ng said

i dl er aft in |on portion of sal erne and
means for rotand&grsahaftuwbncbctcppingnm@msn&fwarine sy &inei secomdt her.

includes a nethad,9h gRhBeE Pothik@siutational. stability of a co-rotational’
scrol| apparatus having a first - scrol | menher _and a second scrall -nmenber -

which are in inter| E8¥PAdngsmeans EQgafEAANSlYareupdisg saddo&EiFsach <
being subject, stpoll member and said second scroll member, said b

15 coupling means belng dlsposed such that at an angular
" position of sald_scroll members at whlch_sald first

and second scroll wraps make initial contact to define

a closed radially outermost-chémbér therebetween, a

center of gravity ‘of the coupling means has a

20 predetermined angular position relative to a point on
a reference line'paSSing“throuqﬁ’the respective axis

of said drive and ‘idler shafts to produce a moderating

momernit which enhances the nutational stability of said

scroll apparatus by acting in opposition to and

25 thereby reducing the magnitude of the maximum said
tipping moment acting on a selected one of said scroll ;;
members; - R ' R )

means for rotatably supporting said idler_shaft

in said suction portion of said hermetic shell; and
30 . means for rotating said first scroll drive shaft.
The dinvention further includes a method of
enhancing the nutational stability of a co-rotational
scroll apparatus havinq a first’scroll'membef and a
_ ' second scroll - member which are in interleaving
35 engagement, said scroll members each being subject, in



I --
to use of the apparatus, to a tipping noment about the respective axis of
rotation thereof the method conprising the steps of: determning for at
| easts one @f said scroll 5 menbers the maxi mum said tipping nonent to
which that scroll menmber is subject and a rot gD onal position of that

scrol | penber at which sajd nBX|nun1t|ﬁp|ng monment occurs; and engagi ng
said first scroll m¥fferPhntheaprpPazes o a tipping Mmemeat abeutathe

coupling, said coupMespdnﬁnu;(Maxx§edosuchot£ﬁioﬂurtﬁeréafd ¢h8e, h@%hod

nonent produced by '%hé“éie st | ocation of its centre of
gravity reduces sai X|nun1 | ppi Ng * The i nvention further includes
a method of 15 - enhasstermindingut itolronat sltsﬁs’ﬁ i bpeofofl midt screnal

210 drivon Shrol | Helbete A RN SR CE R achenE £BCMR e ERAE,

aving an aX|s rotate
cycle of angul ar po$iaricdds wqrnéﬁj(ﬁ\mje&tf anst 3 meshgionad positdonololf

wap, said idler scrplat rrg&beuh%xﬂscaan AXi %hQEﬁUtsél\mC*?ndhnﬁH& att?.?ping
t hrough said cycle of anqﬁ ar_positions and including a second I nvolute
scroll wap in inte™ QSﬁi ﬁﬁﬁi with said first scroll wap, and

said driven scroll| nenberergjatyitny daiidl €ir88 scrollaiamberameisaid egcond

subj ect duri oper gt p peglisy

about the rels%ectlv%ésr%& a?klélts;lgelfa ?’gtgtlon ?ﬂé?‘égé sallé1e Jt”ﬁ%%ﬁg%g%

the steps of: deterﬁhﬁRQ§e§hr@N@&en@@aﬁbsﬂmmamgbfS@add useol | the moment

menbers at which sa;pci eI dEPEo ohaN BobhtibnCBRMIES
for the |dIer scrol

determ ning at |eas t he I nstantaneous tipping

monent to whi ch sai gedx® pf gravity reduces sald maximum tipping moment.
v _ The invention further includes a method - of
15 enhancing the nutational stability of a co-rotational

scroll apparatus having a driven scroll member and an
idler scroll member, said driven scroll member having
an axis about which it rotates through a cycle of
angular positions and including a first involute
20 scroll wrap, said idler scroll member having an axis
' about which it rotates through said cycle of angular
positions and including a second involute scroll wrap
in interleaving engagement with said first scroll
' wrap, and said driven .scroll member and said idler
25 scroll member being subject during operation of the
apparatus to a respective tipping moment about the
respective said axis of rotation thereof, said method
comprising the steps of: |
determining a reference position of said scroll
30 members at which said first and second scroll wraps
form a first chamber; '
determining at least for the idler scroll member,
the instantaneous tipping moment to which said scroll
member is subject at each said angular position;
35 determining at least for the idler scroll member



4 LB J [ ] ® 1 [ I |
t -0 ®  ac aaa

menber is subject at each said angular position; 35 determ ni ng
at least for the idler scroll nenber t he maxi mum of said instantaneous ,
tippi ng nonents and the angul ar position of the scroll nmenber relative t\Q”.
said reference position when said. naxﬂdun1tipping nonent occurs; 5

determ ni ng féﬁ said ref rencg gos t% ﬁﬂgu]ar osition relatlve
to a point on ¢ JPRFLAMR 9F 2apdsing ?Bﬁﬁﬂst PR JRPpGRtS3RA of ©
rotation of saumadhmg@haanyosdteonsofothensmbeIB mémMQtChelthOGItbon a
mass for prod n Rt erac .at | east
sai d maxi mum ﬁ%ﬁng%@% g\/\%ﬁ'%’al‘gﬁe Iesraldc §$# h& e J'P x§‘Ebj ect;
and engagi ng sw¢ment i 9eeursiol | nenber and.said |dIer scrol | nenber wth
a coupsing neans d@@¥fﬂ9n1ﬁ prgget e s%P%?d rk if% said
ers “cernt er graV|ty of.

ref erence 15 £85|t|on of the scr ol
the coupling 2RFRMATr pesigiep.xalatdive &9 g2 EHQBFanb®|¥¢€ﬁr¢@¢ﬁt ive to

a point on Sa'ﬂ1ﬁ6f§é§§§ﬁ9|tthh@h &m@dw@sﬁbdﬁivéIaxkgéﬁfrﬁbﬂaﬁﬁah during
operation of t red. enbo |neq?s of , t he

h
i nventi on desc?ﬁb@ggﬁe H%%QEﬁnQI%%}%EesﬁrﬁiiLB&mQﬁﬁsm&§1 1 ebRanci ng
t he rotationalpeshhibnty nésat fbrasrodueing ahnoderatingemhnént for

el emeny g, li:é%ﬁgr&?{:ﬂﬁbgé' 1e86£0L4 18R ﬁ&fﬁﬁ%t%&ﬁg dmLMQ nEopgurrently

rotating scro , each scro I'ng an end plate
and a scrol | whichhaatdnidderngcaplilcnsmber igvehbiecker andn for

interleaving engage&ﬁ&&gﬂhéhsébé SEiveR WL Pineib@rObRAr sa§40 41 gBNber and
rotating on an axis_parallél to the axis of the other scroII nmenber. 3

It will be undBFXPddd PEEPEX I nPen§YPA4Ng means - having a

predetermined mass - such. that at - said reference -/

15 position of the scroll members, a center of gravity of
‘the coupling means is - dispo#ed _ét'_said angular
position relative to a point on said reference line

- for produc1ng said moderating mement during operation
of the apparatus.

20 Preferred embodiments of the 1nventlon descrlbed
hereinafter disclose a method and.means_for enhancing
the rotational stability of at least one of the scroll
members, or .elements, of a co~-rotational scroll
apparatus. having two concurrently 'rotating scroll

25 members, each scroll member including-an'end.plate and
a scroll'wrap_thereon having at' least an involute
~portion for interleaving engagement?with_the scroll
wrap of the other scroll member and rotating on an
axis'parallelfto'the-axis of the other scroll member.

30 . . - It will be understood that a coupling engaging

| one or both of the scroll members in a co-rotational

' scroll apparatus can be an Oldham-type drive coupling
for ensuring concurrent rotation of the scroil members |

and that while the shape of the coupling can readily

35 . be varied, the coupling has a mass. which' locates or



one or both of the scroll menbers in a co-rotational scroll apparatus can
be an A dhamtype drive coupling for ensuring concurrent rotation of the
scroM nmenbers and that while the shape of thiggoupling can readily 35

be varied, the coupling has a mass. which | oca¥es or 12 defines a :

coupling, center of @erirnds alkRupdyPly B@niterPegi %}:?ﬂgé%zﬂgﬁén gﬂ%xl}%lgi{ﬁ ds,

center of gravity i§¥?h iﬁ;ghfo Hggt thelﬁiﬁ%é) s g )

nonent opposi ng the ' méCeddiat e 1% hiGpr-er off hgraygtyl | is
members in the ratigiposHd v arenotive pRassi 66S tWECEBUPLRRYN BriodutRel a
moder ati ng monent . Py, RGP’ £h8 CHE R niRdnt rBREnt A vithin
di sposed on tthe coupiheng serdlikt Imemk@rs inal the t kendesposi t icrankahglee
coupling center of AW lohs BhaFRN& i3 1 JOGE 114 It to the

ti ppi ng nonent of _trgscr]_'ol Is rrenbers,lﬁdr%gﬁnﬁi at'l onalllgteg'&ip%?:t_ ;t‘?c%%rt'he%e
scrol | nenbers duri MPYRKINT dPnante frfeperated may be refiepredrtooas a

enhance the nutati onldedaaliig tonint, COThE! 8bupN2hgShaP! h18BPEhRIUTe WhE
magni tude of the |ns%€§T

resulting fromflui & ttg.%g‘o Stlﬁ'n%)%séﬂéaﬁé’ggg ?&%aléﬁté‘l?@% rr?&ﬁ%?%@%’f
rotation of ltthe scralterentthe 2@ispositiondeder ntied cduplimaciventad alof
POt S, Choihar AR e RO O LIBRTETh TR
range of angul ar, oftinpimieamanentsf tthesseroihenenbers, nthbenusational
the maximum 25 St YOIENEhaC iserdiL PRchBEPE: aubihd NSLERE POROYS
nonent '_generat ed by the co%ol ing, also referred to as
1 enhanced.
15 In order to enhance the nutational stability of
a co-rotational scroll apparatus, the magnitude of the
instantaneous moment, the so-called tipping moment,
resulting from £fluid forces acting upon a scroll
member about the axis of rotation of the scroll member
20 is determined for each radial point or angular
position throughout the rotation of the scroll member.
From this, the maximum tipping moment acting upon the
scroll member and the range of angular, or crankangle,
positions of the scroll member at which the maximum
25 tipping moment acts can be found. The instantaneous
_ moment generated by the coupling, also referred to as
S - the moderating_ moment, can also be determined as a
function of the mass of the coupling and the relative
position of the center of gravity of the cbuplinq.
30 The angular disposition of the coupling necessary to
' - provide a moderating moment to moderate or reduce the
maximum determined tipping moment of the scroll
members to a desired extent is then also determined.
The coupling is then placed at the predetermined
35 . angular position to reduce the nutation of the scroll



the noderating nonent, can also be deternmined as a function of the mass of
the coupling and the relative position of the center of gravity of the

»

coupling. 30 The angul ar di sposition of the coupling necessanry to (g

provi de a noderating nonent to noder ate\’§5 reduce the nmaxi mum det erm ned
tipping rmrren#e%fbeg%e scroll .menbers to a desired extent is then al sa
determined. The coupliing is then placed at the predeterm ned 35 -
angul ar position tdnedexder hethatat ithie ofinvention| Imay nmbebemsll n° order
that the iniiRididioddy thE alkle by RGN Es TN '
enbodi nents t hereof vﬁﬂ cyh are a|vene by ly of e?ﬁﬁ%?gﬂgﬁﬁi WI%H%Q’?;W be 5

described i nWhigte axpt@ivennPyhwayefaf etample onkhy, awdddpaoy e

drawi ngs, in Wisd¥idddulin 1ricre @etssiSeaiitalroficiine a - tifd ational

scrol | -apparatus; Figure 2 is a schenptic representation of a 10
refrigeration?ﬁﬁﬂﬂﬁﬁhﬁ%ﬁﬂﬂ %%Qﬁﬁwcﬁﬁuégﬁéﬁ;scroll_apparatus can be
suitably enpl oyed; FHigure 3 ibsaacrosessesettiehali eview ife acrod+
apparatus of E gqure Wi KHHE ﬁggi |.onal mass- 140) taken al ong section
lines 3-3; 15]"J""‘&Léw'%'‘?11143''I—slI gur _el %l S aé"jbé_a)l'r tial enlargement of the view of
Figure 3; Figure 4 Bigue t Be &8 vt schemagdingreapnesentagaona of a
repregent ati Ve Gyl iipl s oEch | 1APRALERUY cE-BeiEacidrnl dlhaanam
representative of the 20. 7~ conmbined tipping noment and noderati ng
moment, and oPRRAFabMS: | caAt R 1SUItARLAHARR1II¥RL. acting upon one of the
scrol | nembers. dur imignide 3 disitd Grodfsddectiond] VIRIWE ithed serdld ati onal

scroll appar atalf:%aratus of Figure 1 (without an additional mass 140)

taken along section lines 3-3; .= ' A4

15 Figure 3A is a partial enlargement of the view of
Figure 3; DR S '

_ Figﬁre 4 shows the effect of tipping moments upon
a representative'cc-rotational écrbll apparatus;
| Figure 5 is a diagram representative of the
20 - combined tipping moment and modéiating moment, and of
the axialisérollitip'contact forEe'aCting upon one of
 the scroll members during the rotation of the scroll
member in a co—rotatibnalfscrOIf apparatus;
_ Figure 6 is a diagram’ répresentative of the

25 tipping moment as combined'with“varibus'moderating
moments, acting upon one of the gcroll members during
the rotation of the scroll apparatus; and

Figure 7 shows the scroll_épparatﬁs of Figure 3
with the additional mass 140. : ' -

30 A co-rotational scroll type fluid apparatus
generally shown in Figure 1 as a scroll compressor
assembly is referred to by reference numeral 20. As
‘the preferred embodiment is a hermetic scroll
‘compressor assembly;'the co-rotational



Figure 6 is a diagramrepresentative of the 25 ti ppi ng nonent as
conbi ned with various noderating nonents, acting upon one of the scrol
me: s dur.ing the rotation of the scroll apparatus; and Figure 7 shows the
scroll apparatus of Figure 3 with the additional nmass 140. 30 A
co-rotat.i onal scroll type fluid appaﬂé*us generally shown in Figure 1
as a scroll conpressor assenbly is referred to by reference nuneral 20. As
the preferred enbodinment is a hernetic scroll conpressor assenbly, the

co-rotational scrol|l apparatus 20 is interchangeably referred to as a
scroll conpressor 20 or as a conpressor assenbly 20. It will be readily
apparent that the features of the conpressor assenbly will |end thensel ves

equal |y readily t&c¥Rid pRParasus A9 is interchangeably,rehgurefijte asyarieFrit
expander, a flui dpagfassef 40008 GOkl coipRassirussadiibilh 20.e POtwiQll bdre

hernmetic type. In the preferred enbo t he o ressor assenb
i ncl udes a her net Feadidd preﬁ'é\ﬁ%ﬁt'j &?P”%B?)‘E’r“ﬁo‘? FPIEF IR T%ﬁﬁ“fo%]ry
26, a central exte@ilDleadctHemsd1vidd equallyxteﬂdilylg:abesumnat&nramper portion

24 and | ower_ portion 26, and.an |n Le ?Egj ntr ?Hﬁ portion 28
affixed withn t hEPRERR |acq: ey &r S%'%T - ﬂ error s%c%l 27 is a
general ly cylindr |scaé11badyaramslvéutcheamem¢ HIE r.hemwnci type8 i s defined

by a generally cylindrical @ﬁ@?:@feﬁ?&ﬁeédbgﬁ :%J)Q.B kpAdks3@ and a

central portion 32 disposed ‘across one end there e annul ar exterior

portion 30 of theasesmblal 20 rimgbudes: i karmepiq §h311ze?a heVingafR PPPTS | ¢ vvlthl n
the exterior shel h, Z&&Pz& 34 1bdedTR¥rORn R4 £G w@éﬁuoemraoprﬁmlfzﬂ

wel di ng, or by ot sui tabl e nmeans. 20 r.al th the
cent dal frak por texmdz.sa Be'a’eg'érfé'ﬁaPPRFrcW‘fﬁﬂPl %‘éla“ﬂp];?é'ﬁrb% A8 Mousi ng
34, which is and an intermediate, central frame portion 28 affixed within

the central exterior shell 27. The exterior shell 27 is a
generally cylindrical body, while the central frame portion 28
is- defined by a generally cylindrical or annular exterior

15 portion 30 and a central portion 32 disposed across one end
thereof. The annular exterior portion 30 of the central frame
portion 28 is sized to sealingly fit within the exter:’.or shell
27 so that it may be mated thereto by a press f:.t, by welding,
or by other suitable means.

20 Integral with the central frame portion 28 is a

| generally cylindrical upper l?earing housing 34, which is

substantially coaxial with the axis of the annular exterior
portion 30. A drive shaft aperﬁure 36 extends _axially through
the center of the upper bearing hc':using 34, and an upper main

25 bearing 38 is disposed within the drive shaft aperture 36.
Preferably, the upper main bearing 38 is made, for example, of
sintered bronze or similar material, but may also alternmatively
be a roller ér ball-type bearing, for accepting a rotating load

therein.



substantially coaxial with the axis of the annular exterior portion 30. A
drive shaft aperture 36 extends axially through the center of the upper -
beari ng housing 34, and an upper nain 25 bearing 38 is djsposed Wi t hig? .
the drive shaft aperture 36. Preferably, the upper nmain bearing 38 is nade
for exanple, of sintered bronze or ¥ lar material, but may also .
alternatively be a roller or ball-type bearing, for accepting a rotating -

| oad t herein. A nmotor 40 is disposed within the upper portion 24 and
central shell portion 27 of the hernetic shell 22. The notor 40 is
preferably a single-phase or three-phase electric nmotor conprised of a
stator 42 which is circunferentially 5 di sposed about a rotor 44, with
an annul ar space  or meal moker difctiscdispbsed parhid tthagugdpeecpdrtion izan of t he

rotor 44 witJyg n‘._el;_j’h._e‘:I ?.téﬁe](ifl %agnv\?}l £28nd Q’%ﬁ{‘lﬁio elllulj)%.:(c t or

refrigerant readr |y appare 0oSe ®d in the 10
art that al tmecant4d dstpysEerailynet wzgl#eplam Aedhseefphase liengrivwt or 40

woul d be equpeby Stipkakldofd s%QEBi'Q&t iRik estés%l GRFRREAANy 2 assembly 20.

For exanple, the stator 42 could be secured wit centt shel |
portioh 27 U}isROFAbABOYE @ FORATHE: ISR, sn MUNLsTEPaRE Formedy| ural ity of |ong

bolts or Capchl5ebetwee§CfoQ'V\§exfnﬁQTuﬁ£lml FeRuchion REOMIdrdhugugh appropriate
apertures in t tor into thr d%q aper ures in the central franme
portion 28 f“H't: %’éc ‘{‘)’ fﬂfﬁo?’eﬁb ?’?ﬁ PRSI LRFECARE Kl | 22. The .
ciscroll arrarmnﬁgﬁralnnches a f| rst or drive 20 ' scrol!l nmenber 76 and a

second or idler scroll Jf%i’be {__éa ch EPZ"\%?' & Fg‘g%tegp%ng | ute scroll

wrap for interfitting engagenen Wr aps.
The fi9st scantl thatesbeernaive diypde ofamotmst 40 indgméanss bf imouatitige scrol | V

wrap 80 whi Glach 40" LE@Id be idu13y IRAREALL Yook BT %1 h! !
compressor assembly 20. For example, thé"stator:’ 42'cou1d be secured
within the central shell portiom 27 by a press fie
therebetween. Alterna.t:ively, a plurality of long bolts or cap
- 15 screws (not 'shown) may be provided through appropriate
apertures in the stator plates into threaded: apertures in the
central frame port::.on 28 for securing the moter 40 within the
hermetic shell 22.
The scroll arrangement 1nc1udes a first or drive
20 ' scroll member 76 and a second or idler scroll member 78, each
having an upstanding involute scroll wrap for interfitting
_eng_ag_emem: wit:t_; the other respective 'scré_ll m:aps';. The first . \J'
scroll member 76 includes an upstanding first involute scroll
wrap 80 which is integral with a generall’y'plahar- drive scroll
25 end plate 82. The drive scroll end plate 82 includes a cefu:ra.l
. drive shaft 84 extending oppositely the upstanding involute
scroll wrap 80. A discharge gallei:y 86 1s defined by a bore
extending ceritrally through the axis of the drive shaft 84.
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25 end plate 82. The drive scroll end plate 82 includes a central
drivie shaft 84 extending oppositely the upstanding i nvolute scroll wap 80.
A dﬁétharge gallery 86 is defined by a bore extending centrally through the
axis of the drive shaft 84. The discharge gallery 86 is in flow

communi cation with a discharge aperture 88‘ﬂ$ﬂined by a generally central
bore through the drive scroll end plate 82. ie drive shaft 84 further
includes a first, relatively large dianeter portion 90 5 ext endi ng
axi al l'y through t he upper main bearing 38 for a free rotational fit
therein, and a second relatively smaller dianmeter portion 92 which extends
axially through the rotor 44 and is affixed thereto. The rotor 44 may be
L xed o0 the, 1ot ormROuldchld: 82 eaf1dd) a1 B HABk Lo BUGD WIERTS 0
press 10 fit there et wee ower t ransm t1 ey In Juxtaposed
keyways. The second 4schanger aBQ:ﬂ*—Bﬁ S$edeitined dyj Aczqmeellar sentnad, bamgl er

scrol b wrap 100 whi qlbagilichRONade! dbrbl Rl $1urBl£ONRE urtbd Mahfie adr | ven
scroll wap 80. The idler scrol 00 I.s an upstanding involute

ext endi ng from an i fuEFh %énﬁ]-“!ﬁeé iGgrs‘I'\Aﬁe}%f'PH l85ge idirmetareporiiqn90103
extend upwardly on té&eemlx@raﬂnl |ﬁk€uélﬂ%he&§:p8f‘%in'ﬁha§hﬂg”ﬁ 8or kherdedl er

key.stubs 103 are di sposed at aII osed po ons utS| the idler
scroll wap 100. An 59 gf"é’r° %{ %‘f’fe%ofp"@‘x? e‘r?&gn‘g au"e a&ﬁ%\: i dl er end
pl ate 102 opposit el yiahetdrdpertisar ¥ whivtnpxtdids a‘:haldiyesul-qnegh ahe Qfotbhess
drive scrol | menber ang ey atfgfe.:i:ed @ﬁ%re s Oll#\ nx.eo@g? loagxg% %eakﬂx%gl ?r;tgy made

menber 78 as the second Scro be un er as ar
for 25 t he pupceser gforshere 98f ofiabe rdnive cihafn B4t heralchbrweanst ang press

lim tation. |ipwoul criperiRidBhivbeRCEt a2 GrerOr RShINRNE ﬁé}eihdj\&'i:aﬁcfsreﬁl !
nmenber 78 as the first scroll nenber and the drlve scr ol nmenber 76 as the
second scrol | nmenberkeyways.

The second or idler scroll member 78 includes a
second, idler scroll wrap 100 which is disposed:in interfitting
contact with the driven scroll wrap 80. The idler scroll wrap

15 100 is an upstanding involute extending from an idler end plate
102. Two rectilinear idler key'stubs 103 extend upwardly on
the idler end plate 102, as shown in Figure 3. The idler key
stubs 103 are disposed at radially opposed positions outside

- the idler scroll wrap 100. An idler stub shaft 104 extends

20 from the idler end plate 102 oppositely the idler scroll wrap :

100. | | - |

(% + .The designation of the drive scroll member 76 as
the first scroll member and the idler scroll member 78 as the
second scroll membef must be understood as arbitrary, made for

25 the puposes of ease of description and therefore not as a
limitation. It would be equally accurate to designate the
idler scroll member 78 as the first scroll member and the drive

scroll member 76 as the second scroll member.
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An_annul ar bearing 110, which may be a sl eeve bearing made of sintered
bronze material, or may be of the roller or ball-type, is disposed within
an annul ar wall defining an idler bearing housing 112 which is integral \('.
with 5 the |l ower hernetic shell portion 26 as a support means for
rotationally supporting the second or _idler scroll nmenber 78. In the _
preferred enbodi ment, the drive scrdlf. end plate 82 includes two radially
opposed extension menber s 120 extendi ng parallel- the scroll wap 80. The
extensi on nmenbers 10 120 extend from positions near the outer

peri phery of the drive scroll end plate 82 and include end portions 122.
The extension nenbers 120 are al so di sposed at positions which are
generally 90 degrees renoved radhally fromthe positions of the idler key

stubs 103 when the scrof? &npglarBearins b0, vhich may bej aisdepemvi ng

engagenent . Ryeatengluage dﬁei@e&eﬂ&:@ﬂzmeffala,f@r%§p§§%@ @k a line EE
whi ch i ncl udes t he XI s, of . rotat the scroll

menber 76, ang lﬁiﬁﬁc"é" g?g’r&?g g’éd&éﬁwﬁ? Fipatm Ar; am aﬁt‘“‘igo degr ees of
angul ar rermvdaalfihmgnaaamieZCbearing dtobeing 1L2 kiickeis theegrdl efickeys 103 are

di sposegl on aﬂL g&e@( e%':“. |&g$g%§tgaﬁzgeg er I|n xg%rag%h axi s of

rotation, o I TEEP énce ar &” %d at or
subst ant i aI I W%Ftiwléiﬁgqﬂl@esr@ﬂgr% aPCvadldlﬁrmrehbhembheﬂB A coupling

in the formof airing- 1gp tﬁ@sﬂr%fgﬂ’ehh@m%lment LAl %In@&fsg%uméﬁber end
plate 102 in |d| enent . irln dls annular 1n form

ext endi ng no i ﬁ@f‘kﬁgébﬁ'{?t r?‘ﬁié &cﬂPéPs%&FéFﬁﬁi%f“‘Wer%éﬂel | wraps 80
and 100 and fdxlt"ehﬁnd‘lﬁﬂteﬂgel(nlhb SeilliLl irapago dr THe éﬁ@¥n§ﬂoﬁtﬁeﬁb32§, 132b, -~

132c, d 13 deflnd hr ough .t he . couplln rin ially 30 o’
equi d| ant %'%t #‘m ?)s(rgio%l PRCERY 98 "'gﬁreg% SEPE °tfh e’ ardve

' scroll end plate 82 and include end portions 122. ' The
extension members 120 are also dxsposed at pos1tions which are
generally 90 degrees removed radially from the positions of the
~ idler key stubs 103 when the scrolls 80 and 100 ‘are in
15  interleaving engagement. ‘
'  "Preferably, the extension haﬁbers are.disposed on a
line EE which includes the center line,%or the axis of
rotation, of the scroll member 76;.aﬁd hence are disposed at or
substantially ‘at 180 degrees of angular.removalffrom'eachL
20 other. Likewise, the idler keys 103 are disposed onlalline KK
. which includes the center,line, or the axis of rotation, of the )
scroll mfember 78, and hence are also disposed at or -
'aubstantially at 180 degrees of radial removal from each other.
A'coupling in the form of airing 130 rests on the
25 idler scroll member end plate 102 in sliding engagement. The
' " ring 130 is annular in form, extending noncontactingly about
the radial exterior of the scroll wraps 80 and 100 and further
having four rectilinear drive key slbts;132a; 132b, 132¢, and
1324 defined through the coupling ring 130 aﬁ radially |

30 = equidistant intervals of'approximately 90 degrees about the



annul ar body of the ring 130 to conprise two pairs of oppositely disposed
slots 132, with slots 132a and 132c being one pair and slots 132b and 132d
bei hg/t he second pair. As shown particularly g%bFigure 3, the 5 ring
130 i ncl udes four generally rectilinear broaddked portions through which
the slots 132 are d q that sl ot 132 nay _be of suitab
size to acconnndatghhgﬁ_ oY °F %F dFﬁ&geiagggﬁeﬁ9¥p¥ﬁ§eagY8aPaFBFnP%f
the ring 130 will doppesitely disposedatlopsn 13R, deithedlotderd2agand
monent sought from §B8~CRERkKN [ i kS e b d f
steel, alum num or aaan? akbngpgrpgﬁ}ggggb%&%t &g2b Bﬁ& ?gﬁs%¥%gg End
rotati onal t or que b&EREBA PRdYacr &S Sﬁﬁﬂﬂﬂﬁﬁlﬂﬂ%ﬁ%ﬁﬂ@y lm Rigurees, the

appreci ated ghat 15pjng 156eihéNeads G dmy d&é‘ﬁl@rﬁeﬁtﬁ‘iﬁhéhg BEBSdQﬁeheSS
mass in different portlons of. .t he annul us “"of the rlng , at one or

more addi tional di SBPEFEOREsSEEqual |WRlER nfhen&le%S il8F Rr edatined) ser
ot her neans to ]Ehe Iﬁhgg. 18Ref olszlob;-.al D3RJ wayuibeblof nmbifiltandlré]g &Qzeh to
monment as set fort e a .possible to formthe ring
130 with a constant® saPﬁgaFﬁecﬁﬁégé §§5%h&Plﬁ?ﬁa§“§éﬁ&%%% trical -
and the center of mass[efhpofacteatofjgimgorLi mthd 3¢ ifghel3@ntwdrl lof dgpendt y
SO ho rentas Ly O seaaGlah L COHE' |0k Heq moabidkifl bibnirft| dBugnk! 0

130 having a varyin I al ness or varglng her ght (nmeasured I n
axial direction) so Fﬁ&tﬁhﬁa¢ﬁ¥ﬂ#4%§uﬁéﬁ%al 0-di $ihe puingl boprefrrably

coupling 130, with hhger 8gUklekhat atininant 8k af siRsIher hhebrile eayahnag
ring 130 (the center I S eccent i.cal l osed

wi Il be appreciated® Fhﬁ?lfzﬁgl?’l?garl%%‘ﬁ{%?f‘g% TRERF19M3 tgr&t{epggg §3Pethe

cent 8t of gravity olczoldumkeimbgrseaasahdrned tt twied lebecappoeciatiedr shato,
the idler kggs 103 %ﬂg QW%J'f@blﬁgy be formed to contain more or less

mass in different portlons of the annulus of the ring

130, and that one or more additional discrete masses
m, 140 may be applied by mechanical or other means to
the rihg 130 for obtaining a suitably moderating
20 moment as set forth below. For example, it is
possible to form the ring 130 with a constant radial
thickness so that it is generally symmetrical and the
center of mass m. of the coupling ring 130 (the center
_ of gravity cg) is centrally disposed in the coupling
25 130, or to provide a ring 130 having a varying radial
. thickness or varying height (measured in the axial
S direction) so that the mass is unequally distributed
about the coupling 130, with the result that the
center of mass m, of the coupling ring 130 (the center
30 of gravity cg) is eccentrically disposed. It will be
appreciated that the ring center of gravity is a
displaceable center of gravity of a coupling means
formed by the extension members 120, the idler keys
103 and the ring 130.
35 Those skilled in the art will also recognise that
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35 Those skilled in the art will also recognise that t here are
many al ternative enbodi ments of the coupling nmeans fornmed by the extension
menbers 120, the idler keys 103 and the ring 130. For exanple, the couphﬂﬁg

means may i nclude any 20 conbi nation! . key and sl ot arrangenents, such
as providing ry ; i _ ﬁ%?ﬂﬁ%? HeRE 0 gndyke ffd xed
t hereon and en%lg%?%g‘;g%é@sh*%rq’ne -1n t‘}hag er espeg%n\% g?r gFF %ﬁ%&g?gﬁes. It

- will also be dppRREnformed bietBeaextEnsdcromanbers 120, cthevidder

coupl i ng TBANSPS ULOF Jah@NENE  £lAg 2361 | OPop! ekaifip$&! Obhe "BREL $nyhi Ch may
be enpl oyed whi ch include a_displaceable center of gravity for producing a
moder ati ng morfBRANP MK e1RELBAR aB¥aratus 20. In Figure 2, the scrol
conpressor assenbly 20 is 10 - shown connected at the discharge aperture
50 and the suction aperture 52 to a fluid systemsuch as generally is used
inrefrigeration or air conditioning systems. Those skilled in the art will
appreciate that this is but one fluid system.in which the scroll conpressor
assenbly 20 could suitably be 15 utilized, and that application of -the
scroll conpressor assenbly 20 in refrigeration and air conditioning systens
is to be taken as exenplary rather than as limting. The refrigeration
system shown generally in schematic representation in Figure 2 in
connection with the 20 scroll conpressor assenbly 20, includes a

di scharge |ine 54 connected between the shell discharge aperture 50 and a
condenser 60 for expelling heat fromthe refrigeration systemand in the
process typically condensing the refrigerant from

.
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vapor formto liquid form A line 62 connects the condenser 60 25 to
an expansi on device 64. The.expansion device 64 nmay be a thermally

act uated or .electrically actuated val ve operated by a suitable controller
(not. shown), a capillary tube assenbly, or other suitable neans of
expanding the refrigerant in the system A er line 66 connects the
expansi on device 64 to an 21. evaporato for transferring expanded
refrigerant fromthe expansion device 64 to the evaporator 68 for the
acceptance of heat and typically the evaporation of the liquid refrigerant
to a vapor form = Finally, 5 a refrigeration systemsuction line 70
transfers the evaporated refrigerant fromthe evaporator 68 to the
conpressor assenbly 20, wherein_the refrigerant is conpressed and returned

ri R
to the refrigeration S5ERaRion £F ked, apd eg\}ga 4R APETRB ye FHFR ASpPT WA PEs of
10 refrigerati omisg 8@ meithapisdleatedsivsimegbexrs 120l andakear 003 aE@pPIERSSOr:

apparat us 20 are wel Ly lOdG! SPUghft kOLRL" £orA0 {Bhe TULASVE S RbL P L
expl anati ons of the devices an chani snms sultabl e Tor tonstructing such
a refrigeration syst ehatasedIfiilbealgpskspparent thatatheresare funémiopally |t

is believed that it Wyhivaabs© BepPRRAhEHs &&u&'ﬂﬁé%oﬁéﬂ:{&ﬁg Mlaﬁml 3k terehat

such refrigeration or air conditioning systens_nay include multiple units
of the conpressor asS&eFtilymenbers wiich pay beemproyedswhichoingjvdection, as

well- as multiple aossiRResHle cotter20f gravityVEpdpabdicingB mllefitiag
conponent s and enhancenents 'js%%h as iubcool ers @nd cooling fans and so
i

forth as are beli evel BSTwhiR et FieFo3tt PPRF8TH%&"3 and 3A are
cross-sectional views of the cdnpfigeuser2,asbemsbrgllotoipmaser hseetdiyu?o ds

addi tonal 25 10 ”@ﬁ&z}égm\(!&l:&@ it:S tﬁig %%J:k?a‘%@e h&reg:me LSB "%n‘éf Ttge rs%]:-_g{o nce
| aperture 52 to a fluid system such as generally is used in
.refrigeration or air conditioning systems. Those skilled in
the art will appreciate that this is but one fiuid_system in
which the scroll compréssor assembly 20 could suitaﬁly be
15 utilized, and that application of the scroll compressor
assembly 20 in refrigeration and air conditioning systems is to
be taken as exemplary rather than as limiting. '
~ The refrigeration systém, shown generally in
schematic representation in Figure 2 in connection with the
20 | scroll compressor assembly 20, includes a discharge line 54
connected between the shell discharge aperture 50 and a
TN ' condensdr 60 for eipelling heat from the refrigeration system
' ' and in the process typically condensing the refrigerant from
vapor form to liquid form. A line 62 connects the condenser 60
25 to an expansion device 64. The expansion device 64 may be a
thermally actuated or electrically actuated valve operated by a
suitable controller (not shown), a capillary tube assembly, or
other suitable means of expanding the refrigerant in the

system. Another line 66 connects the expansion device 64 to an
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to Figure 7. A reference line[err]is defined through the axis of rotation
D of the drive scroll nenber 76 and the axis of rotation | of the idler

scrol | menmber 78. Since these axes are fixed, the line[err]is al sp 30 J
fixed with reference to the scroll app@dtus 20 and may |n turn be used as

a line fromwhich the ang di sposition of the scroll arat us
conponents may 'B& FEf ‘?-, g%dfc’rA %?’?ﬁ% 'b%s?f‘?ﬁﬁdeSr nhgeRanter o

crankangl e, offrome ther @I:dpamwimr sleawi akefdnamd When evapa¥ator 6Wer ends of

the respectivenpscr, 80¢ anda 40 ke .cant with the
ot her respect ?:ve%' sa?ré?#wra lgg?%ngng g% %Iﬁ'gdlta evcfﬁ eraa%ls? first
chamber as sh&#n the Bl Beﬁﬁmqraﬂ’ﬁetﬁeﬂeﬂéneé' lfpm [ er®inalkwr sects a

centerl5| ne C a refrﬂéﬁtl&‘l pﬁf@téﬁ'sﬁ@t%ﬁ SeRLN 2b! Y¥rdinyFased é}péween the
axis Dof the first scroll 76, and axis | -of the second scroll 78. This can

be seen nore &V@RArRLed Ii{egﬁpeg%’a%eg’é‘”ﬁ HBFl RYAPPRALEr! & t® thece
bet ween the axionp2exbrt hsssémbly ad hhéﬁei‘nl *nd¥ speseiigdPant idarallel

to and equi di stant be en ur the center of gravity
Cg of the couft ﬁ\% “i% %figtlﬁaq? qr?f?p% cieR S¥SE®Byet er mi ned
angle phi3 to a pomtt s bleé.llemeel [ehat theprq&hmh pndlncaplleg rafrent . The
coupl ijlg ring ]?Je‘i, di g n nber s
120 an t he |(§-1e ey atfl%‘ ng%%%n?esg%anggfy g § fﬂ gta i onal
stability of SFEoddr SOMPRARFRIE ARPATATNG RP: aRe r\‘ﬁjﬁ-{ t\lmltﬁtqu‘e in ppi ng
nonment . For C%‘éeaﬁncﬁneftQSQthPtheﬁ dé6£1 P69 Scp Bird t Dons NoE Q! | ng

(109 130 20 evicse S s e e e pr e T
.a refrlgeratlon system need not be dlscussed in detail "

i5 herein. It is believed that 1t w1ll also be apparent
- to those skilled in the art that such refrigeration or
air conditioning systems mayulnclude multlple units of
the compressor assembly 20 in parallel or series type
_ connection,_ as well as multiple condensers 60,
20 _ evaporators 68, or other components and enhancements
such as subcoolers and coollng fans and so forth as

are believed known in the art._'
Figures 3 and 34 are cross—sectlonal v1ews of the
conpressor. assembly of Figure 1 w1thout an additional
25 - mass 140 which is described here;pbelow w1th_reference
to Figure 7. A reference line phio is:defined through
the axis of rotation.Dhof the dﬁive scroll member 76
and the axis of rotation I of the'idler scroll member
78. Since these axes are flxed, the line phig is also
30 fixed with reference to the scroll apparatus 20 and
| may in turn be used as a line from whlch the angqular
disposition of the scroll apparatus components may be
referenced. A reference posltlon, or.p01nt_of zero
crankangle, of the scroll members is defined when the
35 outer ends of the respective scroll wraps 80 and 100



refers to the angle at which the line KK is disposed fromthe line[err]
When the coupling ring 130 has ‘a center of 25 gravity cg which is

i demt-+cal with the physical center of the CO£ ing 130, the coupling is
pos_ltldoned at éh_e ‘reference position such th he center of gravity Cg has
a predeterm ned angy glsPOsikd OBont3RE! & ik e Lye ' LAt e
reference line[err] alncf IS %% ?n gi spgls]g%i S%I%éaégég%eftgrgﬁ\éﬁggbgdi%}gnl?e

r fromthe centerl WRRRC. toThdefigenm e cdiosad yrafddanlyn qytprmosh finsth
is an enlargenent ofcHdibdre s Bndvdr tiwFJulredus eaga 7.Those skilled in the
art will understand that the angle phi3 .and the distance r define the 35

di sposi tion of the centerti r(ﬁ‘%ﬁet‘{}’ NG ahlpelpbersecti ?é?eé?q'e"rf'cg"q?r%
vvhgnt}1 hte tSErostl apf)airﬁtl gis is pfhrb.he.eﬂ.eftﬂ:remm peattadbysddepoisedrilptwedh
and tha e actual J.,ocation he,cent.er_. of gg?lv't e Lve tQt -
reference line when ftkhee %’ﬁ%lﬁ gtp%haet lr}‘tsﬁfsst a 1 ystcgrééré?grgegcé& é}Fe
position shown in Fispeend, serotd 7Be adhis ¢anabeosdesh mhvecsiearly in

gravity Cg will cha Be 118 witd A | 0 ARSI ScHO G et IS teid€E bdween
gravity Cg may followa cardioldal _path or other curviljnear path as the

apparatus rotates, depengki§ Po and the fards yIupdR% RNt Qat Se GRS
]91(‘) rtc 22 &p?ﬁ!%@?hma%’ﬁmﬂ%gmo t@qu@i&ﬁaﬂt ﬁéeweéﬁetl:megé agestluid
e scrol | waps an upon the sero rat u '
more clearly depicted. _T:Fﬁ‘_s%i'gure 3d‘f i ggFe cfeébfr%eﬁfs Jgr?@%&gggéat%e%%ﬂé
depiction of the effesipling trhage 1if3@rcess anghdarlyr cdispospdnets a
depi cted are not int en%??%%fmiﬂgécﬂflécéﬁ’ﬂ' tBUTEES £AL SH'aMd Wi nd pRigi &N

force, but rather t he®

ron 1 n
St produce a moderating moment. The coupling ring 130,
- 15 when slidingly engaging the extension members 120 and

the idler keys 103, comprises means for enhancing the
nutational stability of the scroll members by reducing
the magnitude of the tipping moment. For convenience
of description, the angle phi; of the coupling ring 130
20 is considered to define the line EE upon which the
' extension members 120 are disposed, while angle phi;
refers to the angle at which the line KK is disposed

from the line phi,.
When the coupling ring 130 has a center of
25 gravity Cg whi_ch is identical with the physical center
| of the coupling 130, the coupling is positioned at the
reference position such that the center of gravity Cg
has a predetermined angular position (angle phij)
relative to a point on the reference line phi; and is
30 disposed at a predetermined distance r from the
centerline C. This is more clearly shown in Figure
3A, which is an enlargement of the central portion of
Figure 3. Those skilled in the art will understand
that the angle phiz; and the distance r define the
35 disposition 'of the center of gravity Cg relative to
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which the forces act. The scroll waps thensel ves, 20 - t he extension
menbers 120, the coupling 130 and the keys 103 are deleted to permt a

clearer view of the forces and the dir ions in which they act on each\‘d
scroll. Figure 4 presents a cross-secti b view of the 25 scrol |
apparatus 20 e t égﬁff whi.ch
there are flvgﬁéhgﬁgéfé g?rfiﬁérou FEE% : dc n@g gh ener ates

[err]
an axi al sepaFefPRgNEEr c&osetlmdsgowadmm ?éﬂ&lr&tlfhgahdr c@tats thefFor

exanpl e, chankeehalr hovaeidndvrerdie éonedr 308 gravieft ey %El: e an axial
separating force upon the end Iate 82 tendin: ?o separ afe érlve scrol

end plate 82 FPoRPBhEtefgFencec &PF yhenpthees 6211aﬁ8PF6P§BSVé§t6F [err] a
radlaIsseparathenrb&emencenpdhimiompenoWhe1n@mwduﬁufwt891ﬁ@édtn& to cause

a separation Seco scroll 100. forc vectors
[err] generat gégu?ﬁ'pp#%%&rﬁnt&;bgg? t‘ﬁ%n%&’fs 7’6?‘5%? Qtﬁ Iscrol |
menber whi ch chadget ascbhbgescroll rpparatus protates. t Mhef lcenttexcodfl | member
76 perpendlcu tion r _ er The
~total axial égérgtyonﬁ?orci §°i98a ngd@idq§%d?gbt %téunffergﬁgglus az2
plus a3 plus FEFW}lénséFePﬁFhaﬁft@h?rﬂ@?$§§¢@$ rxebatesi odependdhsr r] equal s
the vegtor sugrfigarlidyusben’ lend Uicthil lembodingi€ | op! thel e&&glﬂibe net
effect of the segaratlon forces is to produce’a force which

of fset fromtf€2ARi*s of rotation of the first scroll nenber 76 due to the
fact that the flui dukningsnawdtoha@ibere. aqathenefaedtsbtesneafauldAs a

result, an |n n t[ u h | ation of

the scroll rr%%gglgs%ﬁro uclle]‘(l%M ggﬁgerﬁ% 8@8 a Eeirr daox upo tet he -

scrol | menber sggoild ppRaredus t3@piagmore clearly deplcted- This A
15 _ figure represents an exagqerated ‘depiction of the
effects of these forces. The force - components

depicted are not intended to indicate actual numerical

quantity of a given force, but raﬁher the direction in

_ which the forces act. - The scroll wraps themselves,

20 the exten51on members 120, the coupling 130 and the

‘keys 103 are deleted to permit a clearer view of the

. forces and the directions.in*which they act on each
scroll. ' _ : ' ' _

Figure 4 presents a cross~sectional view of the

25 scroll apparatus 20 taken at the reference_positien

“shown in Figure 3 at which there are five chambers C,

through Cs. Each of the chambers generates an axial

separating force 'a' and a radial separating force

's'. For example, chamber C; would generate force

30 vector a; as an axial separating force upon the end

plate 82 tending to separate the drive scroll end

plate 82 from the idler scroll end plate 102, and

force vector s, a radial separation force, would act

upon the scroll wrap 80 tendinq'to.cause a separation

35 from the second scroll wrap 100. Both'force vectors



or nutation about the axis of rotation of the scroll nenber shown as angl e
del t ad. Because the chanbers are disposed at the sanme radial and angul ar

| ocatt¥on and the fluid forces are the sane, b t he axes of the 20

scroll menbers 76 and 78 are offset, the forc Y% n each chanber act to

produce .a tipping rmgw{srgﬁgré{f finé: %herﬂéﬁw Zx@taég Jg @,Ttl)gugxige

respective axis of atlon 2" Separ ati on-1orcessi f
chanbers [err] throu§RtpEiep &t the M@e@ﬂb%ﬂi@iﬂ tends toncauseoa

of the scroll rrerrbertﬁ@nih@vwbﬁstfiwl%gdebfamrw' ¢ Ry éEdéé?Ierfmfe%H €76

angl e delta[err] produced t he scroll. menber 76 due t ences in the
nunber, types, and sP?E?eri"SH&PFn&%L}Hﬁ)r?’Fhﬁ Phe I°é"§§é-@f‘| RE sthe| screbber
shafts and ot8er conmembepts @het BotdQ axialr @&@%‘r@t\i@ns@b&bb RENDEr e QAL

pl ates. The scroll p 0 0 al | te whe delta err]
Bnd deitad differ. THS gg%vggggg%rg‘b@naabg}%%l tug dy plug, ﬁ'pl‘ﬁd“

for each scroll nenbthe7get7gadistl wepasatsitar fﬁrce Sq fequee]zs:htlwgwéatoror
crankangl e, position | £ f Lop f.or clLye I
menbers 76 and 78. s%;sn 4 m§ &rgesi%géléag eﬁa'%é ?gr{ég\'{acﬁf&%
through axis D is pr8§i GEG Wﬂaﬁé“'&%lfc’&% P n%%errOd“FFﬁ saffﬂm@enubl-cbe

sufflClenlt tmoexceﬂheheoéfset f&&maltts@pfa&ats! oot f HdtRtidnd 6f‘_%@x@tfﬂ]§sth
serol | menber end pl SFEBLEoReRber, 06 (fus £o e basts Bod ERnt Likar forees
axi al separ a_tlo_n f or andechambert h@catlahstnmistgzé@rmﬁcthsgat hesugb aghs

0 e occur shoh 1 0e” ShebAntARsbURP PAIPRE "hERErk " | BER o PRUIS, TBY

bi askag force where rhtation of the scroll member is produced. The moment

15 m, acts upon the scroll member 76 to produce a tipping

or nutation about the axis of rotation of the scroll

member shown as angle deltay. Because the chambers are.

disposed at the same radial and angular location and

‘the fluid forces are the same, but the axes of the

20 scroll members 76 and 78 are offset, the forces in

. each chamber act to produce a tipping moment m, for

~ each scroll member 76 and 78 about the réspe_ctive axis

of rotation thereof. Therefore, the separation forces

_ in chambers C1 through C5 act to produce a tipping or

25 _ nutation of the scroll member 78 shown as angle delta;,

" which may differ from the angle deltay produced in the

] scroll member 76 due to differences in the number,

. types, and sizes of bearing supporting the respective

. scroll member shafts and other 'ccnstraints on the

30 respective scroll member end plates. The scroll wraps

80 and 100 will typically separate when delta; and

. deltay differ.

The above~-described calculation of the tip;_iing

moments '.for each scroll member 76, 78 must be repeated

| 35. - for each angular, or crankangle, position of the cycle
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bi asi ng force is insufficient to overconme both the separati ng force and
to pI’OVI de an adequate 15 counteracting nonent. Figure 5 shows an -
“anal ysis of the instantaneous nonents acting upon one of the scroll menbers
76 or 78 during the rotation of the scrzs rrerrber wi th the coupling 130.
Crank angl e posjtion shown_on ii axi s of the djagram

r

refers to the gqﬂ%tM|¥?’6ntB? fﬁﬁp?ﬁgﬂ)g& F9€° Jember$Hd& anf ough one
cycle of rot at’7|80n adsnestowredihr Gidure réf eamncExiwbi buaaa.n?g'hefmm ary

curve represent] ant.anegus t, at_.each I.tion is roughly
25 Si nusé # % s gt | onS%?ggﬁggsWo‘f}?er@ﬁﬁaef PIASINYE 6 shows
the net | nstaMﬂﬁms 'ﬁbmntfgrezet imugtuden sweficieht tor @xcemdrithes 76 or
78 durighg the ti rg;.g%) 4 pling
130 di ggosed aa{ﬁvtagr |§g&3&faé er r% nc qﬁnﬂ%lé}? n@%@ Qﬁ%"}ég&gjr ees,
phi[err] 30 Stﬁ?g"rlée§lpaﬁ—&nﬁﬁFﬁ- £oxg8 ﬁ%ﬁfé@éen%@? @#e\r%n%d:vmmng It

will be apprecafat efel habrbhe - nﬂémbéﬁt &é’ﬁ&n%ﬂl&émﬁﬂnt a{:epé e'l}ﬁvéx’ﬂe

I nst ant aneous t| cul cran 05| tion as
oder at ed by (AT IR BrgLidon." wnirehBhe AL SRRt Eles it
wi || be obser eotteeds hite alxdadr dihsiagr ésenm agtihg tﬂm'oughtariarmpus
nonment,g, for p 0-dgar s ment
The glr%aph r?ﬁ%‘g nﬁlg‘% § i ns a%tlgg s Ir‘i’ngﬁmeaﬂ rlf '{rl? rB—!"md“i(:jrggrees
produces a 5 Tippingamay mnmﬁpﬂﬁ'rrﬁhﬁn thwmahesw@tm Forcym
degrees, the '1@"©.%s§@ﬁafﬂ”ﬁtf@@éﬁolﬁ ﬁl@%éﬁc{ o Tere appar at us.

It wll be appreciated that thes s,are || rative and aréahby way of

e dra
exanpl e only, BRiasidg  fQRCR i | HpSY gghﬁée{‘ﬁe 't0e| Q¢g%ECome both

separating - force and to prov1de an adegquate U.
15 °  counteracting moment. . P -
" Figure 5 shows an analysis of the instantaneous
moments acting upon one of.the=s¢foll members 76 or 78
during the rotation of the scroll member with the
coupling 130.  Crank angle’ position shown on the
20 _horizontal axis of the diagram refers to the angular
position of the respective scroll members through one
cycle of rotation as measuréd from the reference

position.- The exemplary curve representing the
instantaneocus net moment at each position is roughly
25 . sinusoidal for a full rotation of the scroll member.

| Figure 6 shows the net instantaneocus moments
acting upon one of' the scroll members 76 or 78 during

the rotation of the scroll members with the Cg of the
coupling 130 disposed at various angles phiz, including

30 phiz = 0 degrees, phiz = 30 degrees, and phiz = 330
degrees, where r is constant. It will be appreciated

that the net instantaneous moment represents the
instantaneous  tipping moment at a particular
crankangle pos'ition" as moderated by the moderating

35 moment produt:ed by the coupling. ‘It will ‘be cbserved



10' angul ar disposition of the coupling neans center of gravity at the

reference position will vary for a particular scroll apparatus and the
actsUe#’ nut ati on observed in any 'scroll appara 20 depends upon the actual
ti ppi ng nonent at any angul ar position versus t he avail abl e

count eracting (moder ghhgd) e R MelaghO! rgg%gamﬂgn%@é | gde Tbﬁﬁes}.{zgge%s |

reduci ng the net nonment of rovi di
monent with the coupPPRENESO foxc|Rifes < hé”oﬂﬁﬁﬁeﬁg ﬂr@wcqshé'-m h:.ghest

i nstant aneous ti ppl AExERGRANt WShmg. UPON Qnél rSéra&SH ol B:eﬁ%@%@ht'ﬁ. the
determ ned for each anggl ar 05|t|on th % naxi mtlgg rmrrent
together with the andfl Fnb'P EPHRKIRGRE %ﬁ e 8 J'ér rAndedse %‘l‘ces a
posi tions at &hich thessexi maximppi mpmamtent &Hen | 8hé5 angle t bhli; = 30
determ ned; a radial nc ) n n hi 3)
the center of gravi tyggg%? ﬁg&céégglsggﬂgkﬁ U%Sagfr-ﬂ%“ét ?seéﬁgg‘égﬁg E”%n
the reference line mﬁxpmpaérycmpamrs i Bt t hk;lrlefh@emrpmal‘hedn bhath
is required to i Nduc@n@sd0 graphéeHdrEd 1019 O4RA 4 r{;),z;_l
first scroll maxi mumti ppi n%l n%rrent Lfs eterm ntg' basgﬁ on ﬁmi%
coupling ring 130; af¥a Hé&g?ﬂbyt Heathex thap ]s’@t?&?d‘gscﬁéppenﬁhﬁe?%lwtﬁd
t he coupli ngmth ceahgﬁlai- @idpdsi t3eri spotRe ebubmengngie%ﬁw&‘eﬂ&tas
di stance 35 é di ‘fi osi Fe exet nsi on merrbeg (1 a_line [gE
27" st the angl e phi [ SFPYIERG Thethe) Sefakmils TEOR5ETen” Jidd Svard o ez 2
angl e phi[err]. Prefpazbigulake stoaliiunappaupatgs rendntthe taszinidier nuvat bon
the range of «cran ogi.ti
acts, is 5  al sobﬁgg%ﬁr%?fgd %?ir tc#l qsbé;con croﬁéé%%?u@eeﬁe
PN : actual tipping moment at any angular position versus
15 the available counteract;nq (moderating) moment for
preventing nutation. ' ,
The method of reducing the net moment of the
'scroll member by providing a moderating moment with
the coupling 130 includes -the. following steps: the
20 - instantaneous tipping moment acting upon a first
scroll member is determined for each angular position
thereof; the maximum tipping moment together with the
angular or crankangle pos'iti'on or range of angular
pdsitions at which the maximum tipping moment acts is
25 then determined; .a radial (distance r) and angular
disposition (angle phiz) of the center of gravity Cg of
the coupling ring 130 relative to a point C on the
reference line with the scroll members in the
'refer_ence position which is required to induce a
30 desired moderating moment to moderate the first scroll
| ' maximum tipping moment is determined based on the mass
of the coupling ring 130; and engaging the first and
second scroll members with the coupling with center of
gravity Cg disposed at the angle phi; and the distance
35 - r by disposing the extension members 120 on a line EE



application of the same nethodol ogy so that maxi numtipping nonment upon
the scroll nmenbers can be determ ned and the desired noderating nonent

for noderating the nmaxi mum determnined tipping nonent .of 10 t he sciel.
menbers nmay Iikemﬁse be produced byrzelectlve positioning of the
coupling center V|t with the scroll nbers in_the reference
position. As %ﬁuﬁﬂ? é&ﬂe%“d]FQﬁu}ler k§¥estybsngPd 98 a line

ad?iht i onal hd| KK aite ﬂl‘ﬁsm][eélp&thOPf@ﬂeb@kéﬁppl tivel ﬂaxiﬂnm ?Qj.g;iim?hlso,

ei t her nec.anl suc n adhesive. Aldterna ivel e

addi ti onal y ‘be g?g géﬁ y at g?ﬂg t| of %ﬂﬁﬁ The
asynmet r i cal I qus*pm ammmqma;mermgmm toppinghmoRént actseniszr of
gravityscg of faidie %@@éﬁg&:@r@&e ehet hEeE:BHB' i 8850130 m era'ﬂ;ff the

noderating nonent gener ~couplii ng ver,” the
det er ni nati on a@PIHeakign| af fm tsaﬂﬁ eebhedakedyit sof that rmsnwnr] i s

acconpl i shed bmﬂeiﬁcgmﬂbﬁentheubbﬂpl ﬁﬁe25scrollrm'iﬁ!i\{betr% be:awerséme and
t he crankangl e, 05|t1on of . rovid

at ti p [ ng g g g
addi ti onal ma ined ¢ FRg 1§8d§Fa h gng‘ﬁ‘?‘&? Bos&?’?on
phi[err] and ohod@m:emgfthe\ udae:ﬂmume detserminéd’ pﬂ.pﬂmng momedtsisfd

d ' K t
that chhanci ngihe FOTat oBFmasns, ey ot Lffuide. M5 Strdiuced PIBRLE0 . s
20 by opti mi susgled:'areeremos)itxmmUmf ngthe0: coupt ing decontmderoiu ng

moment  whi ch @P&\Ffﬁfswﬂfh reldCescrbl ShdmberdTREr tRB! féMéch°’5

nonment represents substantial inprovement in.the 28 a

addi ti onal cormb?l%%nare required in the .
' As shown in F:Lgures 1 and 7, one or more o/
15 additional discrete masses m, 140 may be applied to the

coupling 130, either mechanically such as by welding.
or adhesive. Alternatively the additional mass may be
provided integrally at the time of manufacture. The
asymmetrically disposed additional mass 140 moves the

20 center of gravity Cg off the axial centerline of the
coupling 130 and alters the moderating moment
generated by the coupling 130. However, the
determination of the angular positioning and amount of
the mass m, is accompllshed by determining the tipping

25 ‘moment to be overcome and the crankangle position of
that tipping moment, and providing the additional mass
m, on the coupling ring 130 at an“angular position phi,
and distance b from the line C so as to produce the
desired moderating moment. ' '

30 Those skilled in the art will recognise that
enhanc:.ng the nutat:.onal stablllty of the co-rotating
scroll apparatus 20 by optunlslng placement of the
' coupllng 130 to prov1de a moderating moment which
moderates, or reduces, t_he scroll member net tipping

35 ~ moment represénts a substantial ‘improvement in the



scrol|l apparatus 20 so that a sinple construction can be obtained together
with high operating reliability. Furthernore, the initial cost and

operat’i ng expense is 5 therefore mnimsed. Mreover, the scroll
apparatus provided is suitable for an inexpens2¥.in mass production, and
In use, is relatively, npl Lant susceptible to damage. .
Furthernore, the rmdaezﬁg'ti ng%PrDarr%é]n %‘?’%@%dég“_‘Bg"Fﬁ‘é-"caﬁﬂ i’ﬁ@%’%ﬁ@eé’"t Hehe o
required axial biasi rRffokkappartakusg20 rse ehat e $inple owistmesttion can

between the tip scrolhe s s %éﬁ%ﬁ%éﬂ‘%tﬁ%&aﬁ :ﬁéﬁé‘b%?]ﬁty.

respectively, which in turn reduces’ the power co I'on Of° tthe 'SCro
apparatus 20 for a giEMFFherRerey thednitialgcoss and aperatingfexpeanseris

and lighter ngors 4Gheddtcdd HESDREESEA. t NEbPEBVEYr,a thdD Y118 apparatus
I 'mprovenent which reduces, fhe i,nitial, C(z_'sgt and i nproves the oyeral]

efficiency of the scr®HV r dfus SHFLaRG  hOFORB, LPEFREQFLVRe Hesdasfed
enbodi ment is a scrolprapustidns aAdudef wWsel0 is relatieélygcoripldants \HWiEm

applications, it wl be |y preci d th t f eat ur eg ,of
the scroll apparatus l'laorte u?ieig gggﬁggﬁ a%%l [ §§#§%§s of ?%Le'rgg?m?ﬁfi’.onzihe
scrol | apparatus 20, modguating menent puyesvidedsby theutoupl iingveeduces the

engi nes, anfy Ot hetg 'r? a2@ah! GAld r}% PoiBel i %dhﬁﬁh Ve?ﬁmtugﬂ the
perf ormance and reduction of expense. Nbdifications fo the gre erre
enbodi ments of the sdFIERIRALNMIBILSI PFEIRCINE P (SFRHos 7238 (&Y and

the art within the saue aifd the enhd piatest 8odhd@W 02, rdspdctively, Which

CLAIMS: 1. A CO_rOtJ’firgli(:)trl]x@:ll %‘g{iglclesa & aﬁol%fzserg o8 rl;égl{lg‘glon of the scroll

N ' apparatus 20 for a given capacity, permitting the use
15 of smaller and lighter motors 40. In all respects,
| . therefore, a substantial improvement which reduces the
initial cost and improves the overall efficiency of
the scroll apparatus 20. Furthermore, although the
described embodiment is a scroll apparatus 20 useful
20 'in refrigeration system applications, it will be
undoubtedly appreciated that the features of the
scroll apparatus are useful in all appiications of the
co-rotational scroll apparatus 20, including pumps,
expanders, fluiad driven engines, and other
25 ‘applications, with like improvement in performance and
reduction of expense. .
' Modifications to the preferred embodiments of the
subject invention will be apparent to those skilled in
the art within the scope of the claims that follow:



menber conprising a first scroll end plate, a first scroll
|II||m"]u)|“ﬂ| I"jM“Ig a first 5 upst andi ng involute portion disposed on said
first scriol I* end plate, and a drive shaft disposed on said first scroll \eHd:
plate, sai d first scroll menber havinggep axis of rotation and being
subj ect, in uggagMst:he apparatus, to a tipping nonent about said axis,10
of rotation which tipping nonent varies according. to the angl e of rotatlon
of said first scroll menber; a second scroll| nenber- conprising a second

scroll end pl dte, & c@emt@tsmrd]l sorad 1 rappmha'lglsa cs:mmnthimi andi ng -
invol ute porti on digSRaSt Uk ﬁ&g,?gp %g? risi fﬂ'g g_upl aa«il sai d

second scroll nenber having an axi on an I n use
of the apparafh¥, Pbaketi phi Rdresmeserabbutvrag dlagiludmhgr oaatﬂmt/vhl ch -

ti ppi ng nonmenyps&and@s cga%mtéoﬁclﬁ | g atj.on S
seggndgcroll p n%c ﬁﬂ?n lgréoaénés)a tgrn C%%%FI ?\f;‘gl sard first

scrol | member S ﬁﬁ'&?'%aleﬂ'ds&]t?rﬁ?'scﬁﬁla )4 Sgif-'ﬂ disprerd mmamaiski ng
posi tioned sofdssto gepullle, end yhmtef, t balappﬁiﬁstls,scr?blpr Qa1 ned

der at f nut at L opal sta ity of, said scroll
rzrg erat! ggpar aggl‘%gy ?'(rat?ucréﬁgé:ﬁ r&g"%%k%’n‘?‘? uﬁﬂa g?l? e 4B M58 pping .
monent to whi ©f Shel apparafusef toniad tippding mmbartsabcmlsqaaﬂ aXkisand.
means 1por 1ot gl R tad b 'vélﬁtcﬁ%%é:.ﬁ?”ﬁ?@ﬁen@ var§8 0Ll P’Qﬁ?{@t ¥ as set

forth in claiml, wherein posi |on 0 scrol |

members at whiFBR 8Bgde Pf Fotaien af Grdd Liral sopalk neankeriniti al
contact to define a skesad sdﬂbalhﬂemblé?r i&'ﬁf@q sdenfbaloman. a

center of gr'aVI a’ OJT Sa' d Coue%on%g scrol:l.C wrap SJ.ncludlng a second v
_upstand:.ng 1nvolute portlon dlsposed on said second |
i5 | scroll end plate, sa1d second scrcll member having an
axis of rotation and beJ.ng subject in use of the
apparatus, . to a t;pplng moment- ab_out__ said axis of
rotation th'.ch tipping moment varies 'according to the
angle of rotatJ.on of saJ.d second scroll member, _
.20 _ a coupllng means for coupllng saJ.d first scroll
member and said second scroll member, said coupling
means being positioned so as to provide + in use of the
apparatus, a predetermined moderating moment for
_ . enhancing the . nutational stabllJ.ty of sald scroll
25 o apparatus by reduc:.ng the magm.tude of the maximum _
-said tipping moment to wh:.ch at least one of said ~/
scroll members is subjecteqd; and o
~means for. rotat:.ng sa:.d flrst scroll member.

2. Scroll apparatus as set forth in claim 1, wherein
30 at an angular position of the scroll members at which
said first and second scroll wraps make initial
contact to define a closed radially outermost chamber
therebetween, a center of gravity of said coupling




30. neans h angul ar position relative to a point on a
ref erence Iamﬂﬂgﬂ“mml‘“mgh said axes of rotation. 3. Scrol | apparat us
as-set¥ fort <Cl al swherein 5 said center of gravity is radially
di sposed at a predeterm ned di'stance froma c&@erline of the scroll

apparatus. 4. Scr Q&éar@Qﬁrsatau§r@&e§§?m§.ﬂéﬁhah8u‘i£@ nﬁ%&ltfo rreglaWé e

said coupling nmeans conprises a generall

provided with an & A IV%%J%QQWG rraeuch sachragqels
apparatus as set fordth sotatdénn 4, wherein said additional mass has a
predet er mi ned angul ar position relative to a point on said reference line.
15 6. A co-rotational scroll apparatus conprising: a hernetic shel
having a suction pressureqoull @pgaratumiaa sbmgfarsucihwuﬁ:eszsuméﬂdiixﬂ

a first scrold nenb S ai (o] ortlon aid first
scrol | merrberé havi ngsraal E’:‘&%‘E@rﬂ rgt gg' riH'IW 25 %@ 2 ALEPOBER, Rt Ry
i ncluding a first umpnedrterninaddistanag |fm¢ndaspesberbnneamﬂ tfhe sterodilol |
end plate, and a<mw%?§§gg{ﬁsdlsposed on said first scroll end plate, said
first scroll menber Deing subject in use of the apparatus to a tipping 25
nonent about the axis of said drive shaft which tipping nonent varies as

the first scroll menper rsg:wéEs,apparessuyl aicrsdtl fas&theindd:wmeﬂ I gaiad
suction pressure portlon said, econd crol nber havi, n

scroll end plate, YBETRIN F3i sc?%‘l‘? ]'Waﬁ“?arfﬁu&"ﬁ‘gnﬁ se%orﬁfnerasﬁy

upst andi ng 16wol ut esymmeetrical ring provided with an asymmetrically
- disposed additional mass.

5. Scroll apparatus as set forth in claim 4, wherein
said additional mass has a predetermined angular
position relative to a point on said reference line.

15 6. A co-rotatiqhal scroll apparatus comprising:
a hermetic shell having a suction pressure
portion for containing a suction pressure fluid;
a first scroll member disposed in said suction
pressure portion, said first scroll member having a
20 first scroll end plate, a first scroll wrap including
a first upstanding involute portion disposed on said
first scroll end plate, and a drive shaft disposed on
said first scroll end plate, said first scroll member
being subject in use of the apparatus to a tipping
25 moment about the axis of said drive shaft which
tipping moment varies as the first scroll member
rotates; '
a second scroll memberrdisposed in said suction
pressure portion, said second scroll member having a
30 ‘'second scroll end -plateg a. second scroll wrap
including a second upstanding involute portion



ﬂn * di sposed on said second scroll end plate, and an i
l““ “ " lu on said second scroll end plate, said second scrol
béi ng stubj%ect® in use of the apparatus tQ a tipping nonent about the axi

*

said 5

idl er shaft whi.ch tipping nt varies as the second s

menber 1ot at eg; LA gaaassa%ne{rg&a yeﬁ&”ﬁ?ié €9, sid dd 53 &iF

nmenber and sai d Second scrol , sal cou
such that at

cl osed

neans belng pos

S -
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dl er
nmenber

croll
roll
iti oned

Shafd dlsp?ﬁﬁﬂn%ﬂ 5%%@t?ﬁﬁ°8¢ §&F81§cﬁﬁﬂ RayRger Sadid whi ch
said first andgewot@dsaedollll wémper Mbed g huabeeentmt use defi Rhe 2
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radi al | out nDst chanber there a genter of
of the coupli 8 ¥e§8§| ’ﬁg
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ravity
to 15

a poi nts on a relercshafd |wlaqmsxsnpm.rt<jnmmgﬁnt hariespex ithe @dcondf said

drive and |d|

%ggggé jn use of the apparatus, a noder
nonent whi ch eﬁhanceéa% & nitarl ongl stablllty of said scroll appar
acting in oppositi creurline neanfer @irivingyu cowp king sais fg-nedhent of

at |east one qfor3aid fehSbl: 'EHPCLA1ATCHEAQ E%qtlabwmﬁefpor diep said

i dler shaft

ating
atus by

in said suction portion of said hernetic shell; and neans for

rotating sai d SMRANGafMeanss beingy P°SSEF-8F‘Pdap§‘&‘FBt ushas & @Rrth in
clai mip wher @ingndldr GR¥iicH off Bdild Vroid heudedd Rk rmﬁnm daigadial ly

di sposed at a
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shafts.
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8.

S=filrie appar atotosedset radiaklyn cloaterhosther eihamssm

coupl i ng Meang.y %:}{:Hgﬁti%rﬁ 98NeLdnter SHETRGELGRy O tRE [P INHRY

with an asymretr
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means has a predetermlned angular pOSItlon relative to
a point on a ‘reference 1line passing through the
respective axis of said drlve;and idler shafts to

produce, in use of the apparatus, a moderating noment .

which enhances the nutational stability of said scroll
apparatus by acting in opposition to and thereby
reducing the tipping moment of at least one of said
scroll members, : '
means for rotatably supportlng said idler shaft
in said suction portion of said hermetic shell; and
. means for rotating said drive shaft.

7. Scroll apparatus as set forth in claim 6, wherein
the center of gravity of 'said coupling means is
radially disposed at a predetermined distance from a
centerline which 'is parallel to and equidistant
between the respective axis of said drive and idler
shafts.

8. Scroll apparatus as set forth in claim 7, wherein

- said coupling meanS'éomprises a generally.symmetrical

coupling ring provided with an asymmetrically disposed

aral |l el
dler 30

i ded
o’/

&

.



* CLMS * : Scrol|l apparatus as set forth in
clajm 8§, mhereq “ Hﬂ nass has a predeterm ned angul ar position
reFatfve ta a pot ntc on sai s erence line. 5 10. Scroll apparatus as

set forth in claim9, wherein said addltlonalggzes I s disposed at a

predet er.nined dista
forth in claim8, 9

10 mechani cal |y applled to said coupling ring. 12. Scrol

ne@ai€o6nhati gaggnterline Scrol |l apparatus as set

or 10, wherein said additional mass is a discrete nmss
apparatus as

set forth in claim 8.9 oScEdllVdsLiratediss ed_iﬁ AR 1Kaé§aiﬁ 8 NLAOLAL 5

sai d coupling ring

refrigeration stem for circulatin 5
refrigerant in cl ose%gfl'%o AHnF L Mass ¢ t 8m PERYeTerRined &ﬁﬂ)‘éﬁ%’ér

for condensing refr
receiving liquid 20

|Emsanionorelqu1defbona polntpanssaﬂddeféﬁeﬁeé line.

refrigerant fromsaid condenser and expanding the

refrigerant; an evaporator for receiving the refrigerant fromsaid
expansi on dev®ce andl@vap3fEel hARPRratYs iafe et forthaporclaim 9amh®521n

a conpressor for recgiyva nsdamelaﬁail G tid raﬁgasesvaeo aateﬂedsgi?%ﬂﬁﬁéd ng

the refrigerant, anﬂ%fendlng he refrigerant to

conpressor conpris
portion for contain

_ 10
%
15
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he condens
stapee bron §ﬁ%¢l°ﬁ%§?ﬁblﬁesuctlon pressure 30

i ng a suction pressure fluid;

11. Scroll apparatus as set forth in claim 8, 9 or
10, wherein said additional mass is a discrete mass
mechanically applied to said coupling ring. |

12. Scroll apparatus as set forth in claim 8, 9 or
10, wherein said additional mass is integral to said
coupling ring.

13. A refrigeration system for circulating
refrigerant in closed loop connection, said system
comprising: '

a condenser for condensing refrigerant to liquiad
form; '

an expansion device for receiving 1liquid

refrigerant from said condenser and expanding the
refrigerant; .
an evaporator for receiving the refrigerant from

said expansion device and evaporating the refrigerant

to vapor form; and

a compressor for receiving the refrigerant from

the evaporator, compressing the refrigerant, and
sending the refrigerant to the condenser, said
compressor comprising:

a hermetic shell having a suction pressure
portion for containing a suction pressure fluid;

-----



fi menber di sposed in said suction pressure portion, said first .
”“ﬁﬂj‘“ﬂi“ﬂﬂm“taw ng a first scroll end plate, a first scroll wap ' '
* st upstanding involute portion disposed on said 5 . fl"Hgt‘f’
scroll end plate, and a drive shaft ha %@ an axi s of rotation and bei ng

di sposed on said flf 550 oL 8¢ meﬂﬁo%r éfé;&’oéécf Sin SCLou JSIRAAG, DL NG,

subject in use of t apparatus to a- bou s of
rotation whi cﬁrteisﬁb‘?-'ﬁg Hﬁﬁ@ﬂnrlosald f‘}é'ﬁtess%ollhelmmbgk’ bBavang reenber

rotates; a se@@.&éts%eldnrrmwat@osaecfﬂﬁtsaddi-oaucwx@b amw&doortlon
sai d second scrg Tra]nber in gond scroll _end "plate, second -
scroll  wap Pndi*Fd &P%Fa’g%’d&%dmm ‘PﬁﬁdpﬂﬁthHVGF-ﬁPQSeﬁoPﬁ (ﬁi‘lﬂ") -
di sposed on s&iitsteauyblkrond pldtpl, atand wddnrwedénafshh‘akrm@vlaw an axis
of rotation an ei n ed o [ | end i d second
scrol | menber ag‘é'g g g]oe%t%%' g‘ g%a fbe[l%'gc ‘Bg%ﬁé?g g%gp%‘}d" ment
about said axerdfl rendt iphate, t teaizd firsy dSGrotlhafmem\hel:h Helmg ng

nonent varies g3, Ofge SEEO t aC

drivingly coup sa| fi rstsgc%ﬁ%e&rﬂgﬁfial deggt, g SCro rrerrber
said coupl i ngaﬁa@a’% saifdg aripofy Fetatden whigh ippingomoment position

of sai@ scrol kP Eeas dhaV¥ gkt adkdlY Sembsk sestEkser ol | wraps nake
initial contact to defi n cl OSfﬂ rad aI I .out erHDst chanper therebetween,

a center of gravity (fl‘ect §pﬁsﬁ &8 ER3Hh &PHRN ar
position rel apressuren mmtm;om,n ﬁ):.d secandeéereﬂnd;emlemberp&mnm tahr ough

the respecti ves | na Ofﬁ‘ﬁ‘?ﬂ dr%I ongﬁga%gl er shgf#}gn&o RIS %Lil e erating

moment whi ch éniances nut abi. I|ty of saird scro ratus- by
acting in oppddiclugingd and second upstanding involute portlon "~/

15 disposed on said second scroll end plate, and an idler
shaft having-an axis of rotation and being disposed on
said second scroll end plate, said second scroll
member being subject in use of the apparatus to a
tipping moment about said axis of rotation of the

20 - idler shaft which tipping'moment'varies as the second

' scroll member rotates; C

coupling means for drivingly coupling said first
scroll meﬁber and said second scroll member, said
coupling means being disposed such that at an angular

25 position of said scroll members at which said first
and second scroll wraps make initial contact to define
a closed radially outermost chanmber therebetween, a

-center of gravity of the coupling means has a
predetermined angular position relative to a point on

30 a reference line passing thrdugh the respective axis
of said drive and idler shafts to produce a moderating
moment which enhances the nutational stability of said
scroll apparatus. by actinq- in" opposition to and
thereby reducing the magnitude'pf the maximum said

35 tipping moment acting 6n a selected one of said scroll



t her eby reducin

actjng

means” f or r.otatabl y¢suppdtti®ng*said idler shaft in said suction portion of
said hernetic shell; and means for rotating sa&d first scroll drive shaft.
5 14. A netho ancing the nutational ‘stability of a

co-rotational scro

scrol |

each being subject, i swfa bubbfoRNISERLYR: of 08141 ROFRELID cne11lOURE!
about the respective axis of rotation th ,?_tﬁe_ne od co e -
steps of: determining forMeAns &pr rf@ting siad & EAgst aenpdi sdrhve rsha fttim

menber whi ch

on‘a set SONRIMRIIRIREEAR < ™ ™SR e L M8 Pnvers,

| "apparatus having a first scroll menber and a second
are imeams cforavihgtehdygempportiagd sedrblid renbsiaft

er eo nprising

said tipping moment to which that scroll menber is subject and a rotational

posi ti on:of

occurs;
with a

and é%gagin
coupling, sa

t he nonent 20 d sai d lJn to ocaj i of _its,
centre of gravity rQQ%@%%?séﬁéin%&iﬁ%%%@PLp%ﬁggﬁﬁhe %HB?%. ﬁﬁﬁgghd%r%s in
clai med in claim 14, inte¥leavwing hengagemerit dets@id nsayoldr membersecreagh

said scroll nenbers

menber

i's subject a

t |} t which id Xi tippi t
d4ai & Aeod BEErabeise” 2ng baFAELORB R SAPbE Chefoor

| @l cxptytatoldra hgaticdlo apharatiug hatvidgr angiset deredl

BOMEPRBIERE | PBANGSEOBRN kred aflatRelliat 5 a tipgfiig)!

nd a Totational position qgf said other scroll nenber a

which said mb&i num tROPARYE APt thecEpePegkdve axis of rotation thereof
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the method comprising the steps of:

determining for at least one of said scroll
members the maximum said tipping moment to which that
scroll member is subject and a rotational position of
"that scroll - member at which said maximum tipping
moment occurs; and

engaging said first scroll member and said second
scroll member with a coupling, said coupling being
disposed such that during said use, the moment
produced by said coupling due to the location of its
centre of gravity reduces said maximum tipping moment.

15. A method as claimed in claim 14, including the
steps of determining for the other of said scroll
members the maximum tipping moment to which that
scroll member is subject and a rotational position of
said other scroll member at which said maximum tipping
moment occurs; and

determining the maximum determined tipping moment
of said scroll members, wherein in said step of
engaging said first and second scroll members with a
coupling, the coupling is disposed such that said
moment produced by the coupling reduces said maximum
determined tipping moment.



maxi mnum determ ned ti ppi ng nonent of said scroll nenbers_
II i“L step of 30 engagi ng said first and second scroll
oupling, the coupling is disposed such that said npnent\a/?

produced by the coupling reduces said n@Swm determni ned tipping nonent.

M 16. A nethod of enhanC|n% t he nutati onal Stabl|lt%%8 a : a
co rotational *&rol® PfseRBanrdng Bheyantatienal ehakilebtw of i dler

scrol | nenber a s?od-ndrumrﬁfr 0chrlaﬂllbleapbatahgsanhaifh.ggabﬂUtdm&h :c t
rotates 5 o thr cl e, of angul ar I onsg and I ngc a first
i nvol ut e scrolﬁc’iﬂ@;q“%‘g‘?e{ﬁ&ﬂ%ra%@r §* r‘f“e‘?ﬁiﬁ %&# %ﬁ whi ch
it rotates thmmnpikamdmbgrlhawﬁngn@maaxxmsabomhswhudmlmﬂlmhtqpessecond
i nvol ute scrol [ | gav a t i rst
sor ol I S ap, SiFORh & LPEEL B2 LRGTHRRREIR ol Unkf tncrudflld! 4121
bei ng subjectAﬁkﬁsﬁmﬁﬁﬂﬁ#%ﬁ$oﬁcePlihBraspaﬁéﬂésh@i%?|ﬁ§ﬂﬂiﬁ|ﬂ@ﬂh¢pplng
nmoment  about tﬂaaszpaﬁt Ia\sassawo@w ﬁh%hr Oittiittéﬂaéé§r%frou‘§%' ds 414 hod

conpri sing the st eps etermnin erence_position of
said scroll 9% V\Tﬁ‘%‘ﬁl%l &%%P%daga dﬁ'lfaﬂ&t"r a?é‘: m a
first chanber,ndmmte nseo bl - weapt ihountdeeheilv&m:;smujdgmr‘aermtﬂne

I nsta neous .l h d.sck o subj ect
at eag] sai d %om fﬁgeé’m%ﬁl P &ﬁie%%‘?&f FE e {@?e‘h?éécroll
menber the ma>ami1msefldsal@llemstsmiwldeomsmbepplbe}ngmsnbse&nd ducingigul ar
position of t%a}é&@ién "BELAnd e&gﬁaxst&e Y da " eRERREGWRPSLEppInghen sai d

maxi mum ti ppi nonent
moment -about the respectlve sald. axls of rotation

. thereof, said method.comprlslngwthe_steps of: o/

v

15 . determining a refererice position of said scroll
members at which said first and second scroll wraps
form a first chamber; : . '

determining at least for-thé idler scroll member,
the'instantaneous-tippinq'momenﬁ:td-which said scroll

20 member is subject:at'each“said“éngulariposition:_

determinirig at least for: the idler scroll member
the maximum of said instantanecus tipping moments and
the angular position of the scroll member relative to
said reference position when sald maximum tipping

25  moment occurs; . '

determining . for said"reference'"positioh an
7angu1ar position relative to a point on a reference
1ine-passing'through-the respedtivé“axis of rotation
of said drlven and idler scroll members at which to

30 position a mass for producing a moderatlng moment for
counteracting at ‘least said maximum tipping moment to
which said idler scroll membér is sﬁbjéct;'and

engaging said driven scroll member and said idler
scroll member with a coupling - means having a
38 predetermined mass  such that 'at said" reference



.....

giéterrﬁ ni ng‘ ,fl“,"”ﬂl"l"l""luflmﬂance position an angul ar pos.i t_;.on 'rel ati-ve

to a point on a refaremcesline passing through the respective axis of
rcﬁ%&%on of said driven and idlér scroll ne at which to 30
position a fmass for producing’a noderating nmdnent for counteracting at

| east sai d maxi num pophctgnnofethe t Scrdl T mabers | £ certied 'off’@ﬂ"aeﬁ.t}ﬁof
subj ect; and engagi saj Lyen || nber, _and said,_idler .scrol

menber with a coggfio ngg“%gﬁg ﬁl‘%\%ﬁrslg ¥ 3 1spo_s.e§r Bkt ePitAed2nliar
such that at saiBosistencxedativeostaianpofiintherswaid reférescealinster
of gravity of .the EQHPbi:B&ucﬁﬁ@”§aé&sm?§é§99§ﬂ9_ mh néaﬁgr'ﬂwg.gaégfat’on
position relative to_a point onsaid reference Fine For proéu inY sard
moder ati ng nBnent d8fi ReopRPAFREHSS . of the apparatus. 17. The net hod
as set forth in claim 16, including the further steps of: determ ning the

| nst ant aneous ti ppi nopent _t Ich said driven . ,crall, menber i s_subject
at each 10 sai Sgang &r "ﬁ%&v‘\:’a S0 ﬁ%?egﬂf% nd ﬁ%‘%i}ﬁjm phedyding
i nst ant aneous ti ppi thenmfaekhert stepscbhftthe dri ven scroll nenber is subject

ond the anouar s 100kt el O S oA o,

reference position when said ) Xi-mum t1 ppi ng _
met-hod as set forthwhichl sakdicdpviven scrolddimgmher isr shbjestembfeach

determ ningygor sai daiQf 8hEAERrPRSLLEEIBNaN angul ar position relative to ‘a
poi nt on said reference I i0e at which osi,tion an 20 addi ti onal

I t to ) .
mass on sai d coupling fofeFPEB&BLRY LB dERXIMR nehe®aid gingtantanecus
co-rotational scrol tipppagaimomehts R® cAEWH Nthe driven scroll member is
\/ subject and the angular position of the driven scroll
member relative to said reference position when said

15 maximum tipping moment occurs.

18. The method as set forth in claim 16 or 17,
including the further step of determining for said
reference position an anguiar position relative to a
point on said reference line at which to position an

20 - additional mass on said coupling for producing a
moderating moment.

19. A co-rotational scroll apparatus having coupling:
means coupling first and second scroll members thereof
— for concurrent rotation about parallel spaced axes,
25 the mass of the coupiing being disposed such that it
produces a moment opposing the respective tipping
moment about the respective said axis of at least one
of the scroll members at a c¢rankangle where said
tipping moment is a maximum. '

30 - 20. A co-rotational scroll apparatus substantially as
herein described with reference to Figs. 1, 3, 4 and



99 - v -
L] L X J A [

] iifgst and ‘'second scroll nenbers thereof for concurrent
Fgﬁm“mmmmﬂ“ Il'el spaced axes, 25 - - the mass of the coupling bJ
di sposed 'su®#h fhat it produces a nonent opposing the respective tipping
nonent about the respective said axis oBHt | east one of the scroll nenbers

at a crankangl e said ti isa maxi mum 30 - 20. A
co-rotational fc?\,% h%pi%‘i%‘{'?é‘&ﬁ%%?gﬁ?‘fﬁ‘?? as herein described with
reference to Figs. 1, 3, 4 and 7 of the acconpanying draw ngs. 21. A

met hod of ~couply N9 £ Gidefy o@@huéﬁﬁ%l c@%@éiﬁﬂg?@@{éﬂ' el € "

described with reference to th
substantially as herein described w1th reference to

the accompanying drawings.




