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2230053 1 ( SCROLL APPARATUS This i nvent z&s
generally - pertains to scroll apparatus and specifitcally to scr 0053
apparatus having involute scroll wap elenents conformed to provide 5 +:
enhanced, extended final cornpression and inptroved discharge flow in the(
scrol|l apparatus. A typical scroll apgééghzsebm% two parallel, planar

end pl ate nenbers capable of relativ ating m)verrent Each

of these planar nmenbers Buis 1mr%nti@nedgamenablynayerhugsal to i sckodd an
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el enents, cooperate to i ne urality ne con
t her ebet ween a pl urdallsquame oﬁ’ikmbetls tiwn%kencby appaxatusl el enents and the

scroll end plate nmember -E'E%SLGSE?%{IH E?Pa%gt s %ngiaggg Ego%%ailj'ﬁl

cl ockwi se or counter-cl ock se or on o0 e or
- of increasing or d&dangr epd @iate (Renkaxs Qamahl:¢0¢f n@b@tavesorbital.

function as an equ.p%gr ﬁ}{q) he r

operation of such a rdta SC !Fﬁapeggat ugs!a %re%é% &Lgée?glfn Fﬁﬁé?s
U.S. PatenlONurmber ig0ifitigsd Wh@d?SCIﬂéYuﬂ-@t@gmlwh inciudsrar dnvdluteei n
by reference. Wen gudriidt a@Pare"’ltelxh%dts %%é’éaﬁélﬁ%cwrﬁﬁé%ﬁg%a%écﬁgége

port or aperture is provided In at |east r ers
(preferably known #anaFr gremkey. adTheenknyolutenis gepgr@rllamaoﬁ espiralve

i nv%éut e menber. Agdif iFd¥OinterieadingtkhdRleheMY #ith the involute on

the other respective planar member. The interleaving

15 involutes, also known variously as scrolls , involute
elements, or wrap - elements, cobperate to define a
plurality of moving line contacts forming therebetwéen
a plurality of chambers bounded by the scroll elements
and the scroll end plate members. These chambers,

20 depending upon the clockwise or .counter-clockwise
orbital motion of the orbiting member, are of
increasing or decreasing volume to cause the scroll
apparatus to function as an expander or compressor.

_The general principles and basic operation of such a
n 25 scroll apparatus if more fully set forth in U.S. (
- Patent Number 801, 182, the disclosure of which is
incorporafed herein by reference.
'When a scroll apparatus is used as a compresscor,
a discharge port or aperture is provided in at least

30 one of the planar members (preferably known as end
plates) adjacent the inner tips of the respective
involute member. As the involute scroll elements move



2 through the orbital notion, two final conpressi'on chanbers are forned

I mredi ately adjacent the inner tip portions of the elenents, which

di scharge into the dlscharge port chanber of. the scroll el enents when the 5
tips seRarate fromthe inner surface of the posing scroll elenents. The
rate at which the tips separate fromthe scrg? elements limts the rate at

whi ch’ conpr essed f|tl_.ﬁpo.&€ﬂ ftlh‘%’]‘/e Poreﬁle ;‘%@ﬂl’ncorm,roesgigglclpémésgpoéhe

di scharge port. |sp05|t|on Sl ze
t he di scharge port chamers ARs mqmmgdéa&%nmapeaﬁdtam teeer tip

“inner tip of ther i NE b?“# eeggﬁgﬁegsl fg tafééh$d%éh§nto the

- satisfactory operat on of a scro appar at us. | Sposi ti and si zi ng of
“the 15. “di schardfsgharge iprxhghanhen efthe sngopéu elepentia| ¢ren Hehe

i nner tips sgparat e [5oMheradhaseh $HEC Rk Riltco Y LI RMIAY

. Whi ch di scharge begi as wel |l as the anount of ti
' discharge, while thecxokl elemerts scFhe geaterat|virich the tips tsrpawateum

(flow capacity of thg ghpasgl uécroifprég.g?nrenq:'sspf?xgﬂ:gntﬁ@d B NGeoTuhlen

di scharge port can Cause excesslve pressure b
conpr essi on chanberemeWESﬁe@aﬁluxdeGéntWéoﬁééﬁam(ﬁﬂesﬁknﬂkﬁ¢9mﬁr?$ﬁﬂ°n

material used in tUSF%§%?%§UESIeHe &1é8ﬁ?f§¥0bu£€ 25 el enent s. In

this event, the in enents can de m or even separate fromthe end
pl ate, rendkwlng t he scrﬂheraﬁpaeatu§h¢no@b$§9$ét1°nFu$¥®erﬁ%?% ¢fie the

interaction of the § t s
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crucial to providin scharge tinme fromthe final
conpr essi on chanberand ;agiaeent atheuinrenntipfe ctb%tr%%ﬂiﬁﬁ%g?ohPVW%%Bﬁt

undity 1initing the fé&éﬁtéylgfc£D€lé£iO£$ BR@2E At YSfactory operation of

a scroll apparatus. The disposition and sizing of the

15 dlscharge port, in conjunct:.on with the point at which
' the inner tips separate from the adjacent scroll
eleménts, sets the point at which discharge begins and

ends as well as the amount of time available for

_ discharge, while the size of the discharge port limits

20 the maximum flow capacity of the apparatus. Improper
dispositién and sizing of the discharge port can cause
excessive pressure build-up in the final qompreSSion
chambers, Which can exceed the mechanical strength of

the material used in the construction of the involute

25 elements. In this event, the involute elements can
deform or even separate from the end plate, rendering

the scroll apparatus inoperable. Furthermore, the
interaction of the inner tips of the respective
involute éléments is crucial to providing sufficient

30 | diScharge time from the final compression chambers to
permit adequate and efficient compression without

unduly limiting the capacity of the scroll apparatus.



I3 Attenpts have been nmade to overcone these f)robi ens. It is not -
unconmon to provide a secondary flow path fromthe final conpression
_charrbers to the discharge chanber. Typically this secondary flow patli:5

is in the formof a "dummy" discharge port which is a recess or bli hdzhole

in the end plate not having the actual §charge port.  However,
this "dumry" dischar i r | tional recrsro nachrnrng

- step during nanufact Lf?g?elﬁﬁé%eaélgﬁé t%@egos %cij% to o?v hee lﬁ%roﬁ‘ :

appar at us. Furpdutshems, t0t idumor’ uliconimrgeteastowidy aesdeonaaryrrpr ove

the initial disc e flow h nlrrp tng di sch flo ughout

the tinme of di sé@r‘gepaﬁﬁ S%ﬁ‘ét £he| ?z’i %P&e%ﬁéﬁ Shidiihers to éﬁ |

i nvolute scrol Idlszilmmge schawbeme uwﬁoadd}atthmdeedpaaeyt flloﬁbathnner

tip. An anpl e dj fi a [ Pat ent Nunber 047,137, ~
whi ch tedthes a glag gﬁ p%s?' 9% BT an YREER £8p with

a linear 20 a pmaesm omljmamd htorlseimthre end plate netl hatvihgether ol |
i nvol ut e The
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-connecting ci rcrdi’solmmgqaorpontr réhaikreisk caintrmidrtaboﬂﬂ preei.sment of

nvolute of a comemtied iefih R Tnd RlrtE B, AEAEIAE RS, 168
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wap in s n a e dis rtou
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discharge flow rather than improving dlscharge flow U

throughout the time of discharge. _
Alternatively, the inner wall surface of the
15 involute scroll elements may be modified at and
adjaceni: to the inner tip.
An example of such a modification is U.S. Patent
Number 4,547,137, which teaches a modified inner tip
structufe comprised of an inner tip with a linear
20 - portion adjacent thereto on the inner wall of the
scroll involute.  The 1linear inner wall portion
extends a given distance along the inner wall before
rejoining the inner wall involute surface by a
connecting circular arc portion. The bulk of the wrap \.,J
25 ~element of the scroll is comprised of an inner and '
outer wall surface defining an involute of a constant
thickness. This patent further teaches that the
discharge port should be disposed through the end
plate. supporting the scroll wrap in such a manner that
- 30 the ‘discharge port undercuts at least a portion of -i_:he_
basé of the wrap element. - This approach tends* to
weaken the wrap element even though the invclute
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mbgken the wap el enent even though the involute 4 scroll el enent
t hi ckness is increased because the nechanical connection area between the
wrap el egent and the end plate of the scroll is decreased. Also, this
approaciyprovides only lim.ted di scharge chamber 5 fl ow due to the
relatively small vol une between the |inear involute inner wall surfaces.
Alternatively, the sexelltelement wshickngsge hwdiincreaggbackacanse ther

tip by providing an i 0 e hkCl ' Wl h aAk1d 10
havi ng a. decreasi ngn‘n %@%ﬁﬁ%éeie?g%ﬁ?t? Ef‘cl?%eésagr%%%ﬂeﬂll%vgfu eréllnér?‘e%?/val I
surface tendi ng tovand the endoblateoafethgaliscralill 4 desneasad.ed Also,

t her ebet ween when ' . ' . | T a n&i& |
wrap el ement. Thi S%’Sﬁ?%ﬂ%‘%ﬁ%%%ﬁ%ﬁﬁﬁ%@d read:tt?céejséﬂat e :
el ement stringth £ioW duer sasdhe irelatively i shallyvedungi betyegne the t he
fluid pressure durifg(pal GOIBEESELg: wh1lSsdfisBhgct Of the subj ect

a e a

i nvention. to enable east Sonme o ove-nentioned problenms 20 _
to be avoi'ded. The invendlterpabively, ather oinvabpte adnnexorifrlki ngy e

first scrol’l elene i ped br u i i QYO ; | |g
el enent having a f%%‘?fg#sg& aa¥?%ﬁ;el{r: \?\"/g']el &gﬁﬁ}gcgg%x? nh?%glfa ?g% aatmf ia?ﬁ
inner tip portion, pertiénr<if i aneringle tenbdng i ivtadithe awraPst bRt

200, 8 $E00ng ol 1 S50l WARe 9 Cya BicanUabapRl! chudgiens s
portion 30 andtsai dnviodatepoinnemnwadlcigunfiage aten@dbpgi §eward the
involute outer wall surface as measured therebetween
— } . when proceeding from the outer tip to the inner tip of
the wrap element. This approach, however, _undesirabl'y
15 reduces the element strength ahd increases its
~ susceptibility to failure due to the fluid pressure
during final compression.
"It is an object of the subject invention to
enable at least some of the above-x_nentio‘ned problems
20  to be avoided.
The invention provides a scroll apparatus
comprising: | _ | _
a first scroll element defined by a first
_upstandin_g involute scroll wrap element having a first
25 ‘inner wall surféce extending from a first inner tip
portion, éaid first inner wall surface including a
first point and a second point defined thereon, said
fifs_t inner wall surface further defined by an arcuate
_portio_n extending between said first inner tip portion
" 30  and said first point and a circular arc portion
extending from said first point to _sa_id second point;

a second scroll defined by a second. upstanding



Extending fromsaid first point to said second point; a sécond scrol
defined by a second upstandi ng S involute scroll wap elenent for
interl eaving engagenent with said first involute scroll wap el ement,i/said
'second involute scroll wap el enment. |nclud5ng a second inner wall suifsace
extending from5 a second inner tip portlon said second i nner wall

surface includi nghfoihts! RRLAIANduRapeoRoROhE! Rl Nedneliebgging oI d

second inner wall surface further defined by an arcuate portion &%fendi i ng
from sai d secon®engr@geneny pﬁ%?honsﬁbdsafurﬁtrs@nﬁelﬁteloscrOIIthurepn and

a circular arc pofémoRe SXIRH NGebbfd Shdolihtal 6‘ilt Qﬁfa Onaigméﬁ’td

second point therein, t he arrangenent being such t second
scroll orbits V\nit-lll\cl‘é@-'péﬁt a; gesand finner sall |su=s%a@es@sbmdimefromp

_portion epngages é”sEEY: 9 ik CEEQ :i:g:ﬁﬁdn 15saida skldodl | r V@hh

surface fromsaid secon p0|nt to first’ poi nt thereon e salﬁ first
i nner tip porti csueface: incdudinderyagdrstn painthgandna mcmsi peidtsecond

nner val| surf aggeihom seherashoNIsROAN sb8oRd! ihhbs! PRIR! Lhergad

“during a portion o nventi1on al so 1 nc
scrol | .appar at usteptirer sdafingd byr an anguste poxhion exbending §yoma

first upstandi nggd fiyol r%}‘ W%Qpelﬁé??‘e&o salgl %hi&t % |tr S?oh_mt_ol ute

scroll wap el enment includlng |rst outer wal sur.f ace i nner
wal | sur¥@ce anm¥¢¢8tam¢1rﬂarﬂmq§1m Breh P°§'é=ild>rf IeP@Ftenldﬁ-Mr fyam saidf ace

including a firsg upé%fﬁ'@ éhéf&&ﬂdtd?oéﬁiddéébaﬁd bBeheoenesaifl, f LRS!

I nner wal | surface
arrangement being such that when sa1d second scroll. QJ

orbits w:.th_respect to said first scro],l,\ said second .
inner tip portion engages in moving line contact said
15 first inner viall surfaoe from said second point’ to
said first point thereon wh:Lle said first inner tip
port:.on simultaneously engages in moving line contact
said second inner wall surface from said second point
to said first point thereon during a portion -of. said
20 orbit. o | o |
The invention also includes a scroll appara{:ns
comprising: | '
a first scroll element defined by a f:l.rst
_upstanding J.nvolute scroll wrap element, said first \J
25 involute scroll wrap element including a first outer -
wall surface, a first inner"'wall surfece and a first
‘inner tip portion, said first inner wall surface
including a first point and a second point defined
thereon, said first inner wall surface further
30 defining. a first portion = beginning adjacent said
first inner tip 'po:.:'tion and extending to said first
point while diverging from said first outer_& wall
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30 defining a first portion begi nni ng adj acent said first inner tip
portion and extending to sard first point while diverging fromsaid first
outer weat | 6 surface to define a portion of said first involute scroll
vvrap el gpent having an increasing thickness fgomthe first inner tip
portion to said first point, said first inner wall surface defining a

circular arc 5 spefhcen wt@éﬁm &r gordich fof Skafa Hirgt sthdoyetand
poi nt while convergi ng &Igvvard sai flra; outer wall ,surface to dﬁfi e a
portion of said firSEEPhYolWHAP sRIEPeNly [P VEiNshedl ARGERRSINGCE ﬁ@?ﬂﬁss
“thickness from sai detbmsthaofiirstoifnnes ‘Bﬁpopdrﬁﬂbﬂttosﬁaﬁdffiﬁﬁtlﬁoint,
inner wall surface ef n VO uée extendin froin sai d

Lotond paint: o tocgaidotipstoinlar VA nL  suehags SSe EALAT B dieRlaE ate

involut'e ssroll pot@lon ekteRding fomisdid Iﬁa\sm@omrtgagesama s&tdbhd
said first involute,l scrol | ’d{)ﬂ {_’ sai,d .second i.nvol Utﬁ
ir

scrol | wrap el enent PPAR ua’lhﬂ’&ea RVGHRY ' Satfaldrsk MR VA
wal | surface, and astg€asd lﬂa:neuefirpe par gorticii 6f seagad fivety mirblute

f | udi f d d def d
econd.imer wel | csPralh Forprfeints Wee B ABerBartP chickRAPR EE0E 2

adj acent sai d secongaianegidst ﬁeihton:dandaeat eetiond tpoiaty fsaid pirst
t hereon whil e diver |n from ald second o% gl: wal | surface t defi'nﬁuée

portion of 3did sec nV('ﬂ 3CQyr aPS25NINT & o ASHOMAYI HEVR

i ncreasi ng thi CkneS&xtéthhqafﬂoﬁeeamd saaehdt pping; sal d first point
t hereon, said second inner wal lragefl ni | rcul ar grt I on_ext endi 39

from said first point th8reRFF sAF ement ae by a secon
: upstandlng involute scroll wrap - element for

interleaving engagement with said first involute

15 scroll wrap element, said second involute scroll wrap
element iricluding a second outer wall surface, a

. second inn.er' wall surface, and a second inner tip
portion, said second inner wall surface including a

first point and a second point defined_theréon, said

'20, . | second inner wall surface further defining a first
portion beginning adjacent said second inner tip
portion and extendihg to said first point thereon

while diverging from sai.d second outer wall surface to

define a portion of said second involute scroll wrap

25 element havihg an incréasing thickness from said
second inner tip to said f'irst. point thereon, said

se_dond inner wall defining a circular arc portion
extending from said first point thereon to said second

_ poinﬁ thereon while converging toward said second
30 outer wall surface to define a portion of said second
involute scroll wrap. element Ihaving a decreasing
thickness from said first point thereon to said second



poi nt thereon while converging toward said second 30 : ~ outer wall

surface to define a portion of said second involute scroll vrap el enent _
havi ng a decreasing thickness fromsaid first point thereon to said second .
7 point thereon, said second inner wall surface defining a second i nk# ute
extending from said second point thereon, The arrangenent being such that
when said first scyoll orbits with respect ,to said_second 5 .scroll

sai d second i nn&°inY, thanedy é‘?g‘e?gé?qp%dr’rﬁﬂ’ﬁ& FRhe SBRface definings

i nner wal | surf agesbeenusaimychowsdegeeAtiingerfam t Sasai Gddord point

t hereon while said first inner ti;)émwtion si,mul t an oushg eq&gges I n_novi ng
line contact sai'PeRRYhd FhferdnEANgamENt bedngr fueh  Hhata e cedid poi nt
thereon to said first RErE11 hesrapitsluniing a rieeplec®n eb S3afdorHeééondhe '
invention also includes a refrigeration sysiemfor circulating -
refrigeraht in IR o0& nﬁ&&‘f’?@n ARRSEorpiR sPAFtipn engages §n

condenser for ' ConsteiYey M iddtict sdi@ Ifidgtd ihaed wall sexPassi PPomVal ve
for receiving liguid refrigerant fromsaid copdenser and, expandi ng the

n
refrigerant; 20 Said seconq Peinh thekeon okorered \F St BRIt Brereerant
from said expapsind sedlderisBd Dwee! Alipg IpokBiohel si881€ahecadtiya
scrol|l apparatus as defiped in the |ast- or. the |last -but _ope recedi ng
paragraph for SRERFSKF P ROEVINg %&%nﬂ%ﬂta‘?’éf??g‘%r%ﬂ?‘m@rmega‘i’ﬂll
evapor atyyy and SPFEES SEPEm! B8idekecgadaploint) tHdrdn €dadaid Neirst

I nvention nmay be  well . R - L
y point thereon during a portio_n of said orbit.

The invention also inc¢ludes a refrigeration u
system for cirdlilating refrigerant in closed loop
connection and comprising: o

15 o a éondensér_ for condensing tefrigerént to liquid
form; o S
~ an  expansion valve for receiving liquid
refrigerant from said condenser and expanding the
| refrigerént; | | '
20  an evaporator for recéivirig liquid : refrigerént
' from said 'expansion" valve and evaporating the
refrigerant; and ' - |

a scroll apparatus as defined in the last or the
last but one preceding 'pa'ragraph' for receiving: \J

25 ex'pande'd refrigerant from éaid_ evapdrator ‘and
compressing the refrigerant. ' .

In order that the invention may  be we_il

undérstood, an embodiment thereof, which is given by

“way of example only, will now be described with

30 reference to. the a".c_compénying drawings, in which: o
Figure 1 shows a cross-sectional view' of a scroll

compressor;



under st ood, an enbodi nent thereof, which is given by 'way of exanple only;
wi || now be described with 30 . "reference to.the acconpanyi ng draw ngs,
in which® Figure 1 shows a cross-sectional view of a scroll conpressor;
Figure A,shows a cross-secti-onal view of the gcroll conpressor of Figure 1
as taken through section line 2-2; Figure 3 illustrates the first

interfitting 5 scr olpigulredus € showd Ust ré%:td%%-téé‘éfi%‘iﬁld y%ﬁr fdé tieRg
scroll; Figures 5 through g, i ncl usi ve, show enlarged view of the involute
scrol |- el enents of FE€°§&rGPWPIBSS°r OEofFRER Ok aF tmkemr Shroughygersion
positions of the scnghle ©=bi.t; Figure 9 is a graphic representation of the
di scharge flow area available in cog&arable scrol | apparatus enbodyi ng the
subj ect i nvention and nofigyre 3 cildustrgtese &hej efirsbveintenfithdng
Figure 10 issa schegakbbgirepresentation of a suitable refrigeration system
enpl oyi ng the scroll conpressor of Figure 1. A scroll apparatus formng an
embodi ment .of the 20 1gubPect 3 krakesi theesecondy interéithing
by reference nunerakcg@ias shown in Figure 1.  For sinplicity of
description, the scroll apparatus 20 is described as a hernetical

encl osed conpressi on appdiguyes $ui thsPEghsfbci ﬂnse&usyveiorshqyéeeniérgadzs

refrigerant conpregigy df! €héehihv8eLtl! YYEL elie §1 @ the éﬁgoll

scrol | apparatus 20 wll interchangeably be referred to as t
conpr essor 58 or compressor of Figure in various positions of the

.scroll orbit; -

Figure 9 is a graphic representation of the
discharge flow area available in comparable scroll
'apparatus embodying the subject invention and not

15 embodying'the subject. invention; and

Figure 10 is a schematic representation of a
éuitable refrigeration system'employing.the scroll
compressor of Figure 1. : _ '

A scroll apparatus forming an embodiment of the

20 subject invention is generally represented by
reference numeral 20 as shown in Figure 1. For
simplicity of description, the scroll apparatus 20 is
described as a hermetically enclosed compression
_apparatus' suitable specifically for use as a

25 refrigerant compressor in a :efrigeration system.
Therefore, the scroll = apparatus 20 will
'interchangeably be referred to as the compressor 20 or
the refrigerant compressor 20. It is to be understood
that such a scroll apparatus 20 would alsoc be suitable

‘30 as an expansion device or in other fluid compression
or pumping uses, that it need not be hermetically
encldsed, and that this description should therefore



the refrigerant conpressor 20. It is to be understood that such afsgﬁol

“apparatus 20 wo

uld also be suitable 30 . as an ‘expansi on devi ce or

in

other fluid conpression or punping uses, that it need not be herneticdl |y
hat this description should_ therefore. 9 be taken aggf

encl osed, and t
exenplifying th
as limting. Th
i ncl udes an-upp

e preferred enbodi nent of t Re subj ect invention rather
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i's di sposed on tprrtienn2acandl thed lowWwere pra-ttiamh 22yt @03 the uvpper '
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smedms tae peldments. enbodi nent, as shown in Figure 25
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first_scroli end plate 24 having a centrally located

aperture defining a discharge  port 26. A planar

e

| at e

o

' second scroll end plate 28 is disposed in a parallel

15

20

25

30

spaced relationship with'respect'to the first scroll
end plate 24. A first upstanding vortical wrap or

involute scroll wrap element 30 is disposed on the

first scroll end plate 24 and a second upstanding

vortical wrap or involute screoll wrap element 32 is
dispoéed on the second scroll end plate 28 such that
the respective involute wraps are interleaving
engagement defining a plurality of pockets hairing
volume decreasing toward the centre of the réspectiﬁe
wraps. '

. In the preferred embodiment, as shown in Figure
1, the first scroll end plate .24 is fixed and the
second scroll end plate 28.iS'ariven in an orbiting,
Inon—rotating ménner with respect to the first scroll
end plate 24. It is to be understood that the subject
invention would work equally wellWinla'coirotatinq
scroll apparatus, wherein the first scroll end plate
24 is rotated concurrently with the second scroll end

£



non-rotating manner with respect to the first scroll énd plate 24. It is'to
be understood that the subject invention would work equally well in a -
co-rotats.ng 30 scrol | apparatus, wherein the first scroll end plate 24
is rotatgd concurrently with the second scrolioend 10 plate 28 about
paral | el, non-concentric axes to achieve the desired relative orbital
notion between the Pdgtecti2Be aboytl patajlefllss. nGarecacentrtice axes! | toype
appar at us oper at €s Vi DG4 I ts qof. fluid fromone regi on
ot one prossure to Aceye IP ad:PEd BLUMRICE Tkl Aot SN, Bafupea
pockets of fluid &he despestiye schrolilntend gdatesg.cooperation of the

I nvolute waps 30 and 324 ' h arall el es_defined by the end 10
pl ates 24 and 28 of the #e%g"tﬁ\é%[qi&\#é ggfgoﬁ%%.‘ﬁlﬂg:%egggggﬁ&u&PéFFag'ﬁﬁ ¥at e
28 is orbited with meviag sealedepbicketssofolflluidd fpbat eng4regtioheast oheo
nmovi ng |ines of con e b ere Lve_involute -
scrolls 30 and 32, %%%agislu% ﬁgﬁgﬁ%%cgéwﬁg tafi-_ Jb%‘ﬁﬁ%%ﬁeﬁg PRESEHES-

pl ates 24 and 28 of Thiee sespedt i peckets! |ef arfluid sud adefisfed hby the
respective invol ute;sgrohl A . d . t a% d
pocket i-s noved t.owrfi;i“l e?%ga‘ﬁ%%@al ?/’%%%%ﬁ'%g‘n%g ct;'?&%t gv?éﬁ‘\@gﬁupgaaga § af’ﬁe
scrol |- apparatus 203@pecretwsen ntke paralklbedbr plsnes, defithedebyt ttheseehdd

pocket is ed towgr e JSadi.al | Yo odke n f r jve ijyo e
wr aps, t_hemg'ér ol | 2@%%?‘ r?? uszr 42%%%%?% ée% %ﬁgdg%(?%ﬁr%égeo?%re%&%ans%nj.t'm?he
fixed scroll end pl seecodd borciddr endr pdateo285is orbdteddwitherkspasti to

: gs'@%&m 0 2 di selar g8 AESsUEs POLhOpIAESAa ? SO UL 638 UhSving

. lines of contract are generated between the respective

involute scrolls 30 and 32, creatihg a sealed pockei:

15 ~ bounded by the end plates 24 and 28 of the respective

' . scrolls and the surfaces of the respective ixivolute

scroll wrap elements 30 and 32. ‘When the é’eéled

pocket is moved toward the radially inner ends of the

involute wraps, the scroll apparatus 20 operates in

20 comp:eséion, and when the sealed pocket is moved

toward the radially outer ends of the respective

: i’l_-fvolute wi'aps, the scroll apparatus 20 operates in
decompression or expansion. |

The fixed scroll end plate 24 f.urther serves to

divide the hérmetic shell 22 into a discharge pressure

portioii 36 and a suction pressure portion 38. It is

to -be understood that the division of the hermetic

shell 22"into the discharge pressure portion 36 and

the 's.uction pressure portion 38 could be accomplished

30 - in the rotary compressor by other means such .as an

' independent barrier member, and that the use of the

fixed scroll end plate 24 for this purpose is not to



'to be understood that the division of the hermetic shell 22 into the.
di scharge pressure portion 36 and the suction pressure portion 38 coul d be

. acconpl i shed 30 in the rotary conpressor by other nmeans such as . an
i ndependent barrier nenber, and that the Eie of the fixed scroll endig ate
24 for this purpose is not to be taken™as limting. A suction

ti 40 d : i L. t
cuction pressur PohoFHkER” a5 PARLIRET N BUERIERS dSeci Al 4o i
connection 42 i providedeta @dmdrtp\suction prsissive grefixrirgeraret rtad rilger ant

from the di schar r R IFRH fa Id g agie scroll
apparatus 20 is gr F@ggis %n [ r% rna é){brfecét p’lefcw or [ spggeét}' H}te'hi n the
suction pressurandora |®iaseﬁamet eonhectdonc &hel$ pRovided &Ioeatemicwdo

not or 50 ncl Ud?ﬁs%fa p%sggg_.ea }gtfgggg @ dﬂ. ﬁ s&@été‘i

t hrough t5he r ot of an extension ower
a reservoir of @meswrﬂpqmm &6 ol tltﬁvehemst:m slmllbfZZhe shaft

extension 56a is a cegpt ISR oi |

58 to flow upward th?‘(glue[:]h an |1n%é4rpna: gosrlé062]'svv|dtqr(h}L ih”?c?rl Ve sehmilf 56

‘The oil thus forededtayicmedtom 50gdisposedtmhhinbuue Brctidn m::amm:rfaces

"subject to frlﬁém 1‘@1'{ h:w ég
|

shaft 20 n bearing pper %rlves ft mai n"bearing

drive si®&ft beamortg:sr a%'lmgp@ema stakofr 5ﬁeandka6150mc514+s MNtdrcted to
the hernetic sh E:tbq{ eqni g :ﬂﬂ:q: st e sary
to support the or |t| ng SC:FBH end g‘.gSa&&g E 84, 3;%41 Caq'?

mot or 50, conpoextensdfont h§6ant at SDtanleWaa:' stendctextehdu.ngupmtm rag] thb
not or 50

reservoir of oil 58. Dlsposed at the lower distal end

of the shaft-exten51on 56a is a centrifugal oil pump

15 60 operative to cause oil 58 to flow upward through'en'

internal bore 62 within the drive shaft 56. The oil

~thus forced upward through the internal bore 62

lubricetes surfaces subject to friction within the

compressor system 20 such as the lower drive shaft

20 " main bearing 64 and upper'drive shaft main bearingiss.

The drive shaft bearlngs are supported 1n ‘a framework

66 which is attached to the hermetic shell 22 and

includes other bearings and structure necessary to
'support the orbiting scroll end plate 28. \J

25 - The oil pump 60, motor 50, components of the

motor 50 and the structure for supporting the motor 50

and the orbltlng scroll end plate 28 are not disclosed

in detail, as they are believed to be generally well

known and understood in the art. It is understood,

30 for example, that oil pump 60 would be equaily

 suitable if a gear-type or similar pump were employed

in lieu of a oehtrifugal-type pump. Also, it may be

ng into

18YShETI 20 2UCN Ry Wit duy drive



and' t he orbiting scroll end plate-28‘are hot'discloséﬁ iﬁ detail , as 't hey
are believed to be generally well known and understood in the art. "1t is
under st eod, 30 for exanple, that oil punp 60 would be equally
suitabl®sif a gear-type or simlar punp were,gnployed in lieu of a
centrifugal -type punp. Also, it may be 12 "desirable to provide a thrust
bearing or to Confi&ggf%éﬁf'ff@gﬁ%@gfdQGatEhfﬂgé At G P r : on
the orbiting scroll end pla?e 28, for ensurin qgaéé#%n e§€?€€ﬁﬁoéft§§%ﬁg
scrol | end plate 28th&ifragewerk 66 to caupee £ pregsyre: Ko actvensthet
56 includes a crankgdRi 8Nk PePoti a8Ka Phiare £ CEfl iéﬁ% 3 54 :
relative to the |ong)tudi n%l axi s of tﬁ%fadri v%é:'sha 1: ltkaﬁ.{]ér rslc'< Eﬁ s
rotatably di sposed 9F t¥he erbibinggsguoih endvphatei ak FBialdKWeral ly, the
swing 10 g link 76 preyidgsped edd Hf Yerk@ "800t shhpkagy t t,the
crank pin to the orbiting scrgFf 28§%y é%ans‘o gagrfbgﬁgygg ggggg at. o
extends fromthe or@fankg’@RITINPR PPARK tRIN HE2 KIRRETIGD 1Y AiFpesaR.

Al ternatively, a pbigdeivd! eske cﬂgﬂé d I Y i ovd ash
~conpliance may be usedglenv?i eu of the Smgﬁ?%ﬁixj'sméff The -dégta%ilﬁt' of
“operation.:and. consThectarankof piadi 28| ylgomntakably nligeesed swishin t3pe
apparatus are di SC'Q%%Piﬁé‘ péﬁli?Pgt Eﬂ&n&‘“ﬁ%ﬂc 3,,5Q24,&§;eﬁﬂﬁr ecw.nﬁﬁl,éy

~well known'to those led in The art. The radially CQTTR| I ant _
mechani sm 030swi ng }mk 7% cosp¥idess ai trrdiakher SompldgnfentiBiaged Bham

‘coupling arrangementodigte SRAN i N1k ©tbNdind NorbIbing NdcrenY l2e?

' relationship to I xed scroll

plate 28 orbits in fixed angul ar
end plate 24. The means of a drive stub 28a that_ extends from the.

orbiting scroll. 28 opposite-the second involute wrap
_ 32. Alternatively, a slider block mechanism for
15 providing radial compliance may be used in lieu of the

swing 1link 76. The details of . operation and

construction of radially compliant linkages in scroll-

type apparatus are disclosed in U.S. Patent Number

3,924,977 and are generally well known to those
20 skilled in the art.

The radially compliant mechanism of swing link 76
cooperatés with ‘a generally conventional Oldham
coupling arrangement (not shown) to insure that the

o § -orbiting scroll end plate 28 orbits in fixed angular
25 relationship to the fixed scroll end plate 24. The
Oldham coupling is believed to be generally known in
the art, but is disclosed in more detail in U.S.
Patent Number 4,522,575, the disclosure of which is
incorporated by reference herein.
30 .~ Turning now to Figures 2 through 8, inclusive,
| the modified involute form of the radially inner ends
of the respective'scroll wraps is'disclosed'in more



‘a dham coupling is believed to be generally known*i'n the art, but is".
disclosed in nore detail in U S Patent Nunber 4,522;575, the disclosure of
,Wwhich is incorporated by reference herein. 30 Turning now to
Figures 2 through 8, inclusive, the ITDdIfI]Sd involute formof the radigally
“inner ends of the respective scroll waps™s disclosed in nore 13
detail. Each of jyvolute scroll wap elenments 30 and 32 define an outer

wal | surface 132, an inner wall surface 134, and an inner tip portion 136.
The inner 5 - wal |Eaﬂhf@fcé:h1%4mmlwte|s<suobb|wap\e>1gtnm@emmmu nt B

defi ned thereon W t@ef‘:.dﬁ(%rﬁﬂl egu@{xc Q%iil %rl%% Xilﬁ‘ldl Qg 43;41%&A to

poi nt B through an connecting arc’ porti on ends
frompoint A toS&tl-]ﬁﬂcﬂi 143t i rangd an pinnex i bip mmora et The inner2.

"The i nnerr wal | fac J}i?écéurlﬁerhaém'tahdffr@ttﬂbi ?\ne%ngogprﬁé&% wal |

portion 142 exten rompoint Bto e outer scroll wap 32.
The scroll wrapmrtt'efﬁ n@gfanednsmmeqrhwdatese Tirgslaveaxch@artiohi nner

|1 f 1 t | ent

o ot o eendtil 1 rom polit ALES WBLhLSH AR Syl on

Figure 3 and 4 deidan the A sposhecbingf arneporrmon V40 esthenstse ﬂm| n an

unnodi fied scro t 0 S ly be
6401‘94?3 e “Rg3 1R LR i%e%”@i? %oi:'#:lglq 6 afH rfév\zgﬁ

seen that the connécting arc-portion rem 138 3t ]
surfacelD32 frod2poi nTha2 imnex; Wnble&ymfgcmelztmftntherTmblukbssoaol I

wrap 32 therebetyygens f,qgei:h%r&&f‘esaéforpoﬁaﬂn pott £31 e Lale R AW Nt A

to point B tends |nto
from po:.nt B to the outer end of ‘the scroll wrap 32. U

The scroll wrap 32 deflnes_ a constant thickness T1

between the third inner wall surface portion 142 and
15 . the outer .wall surface 132 equivalent to that of an
| unmodified scroll involute wrap. '

The dashed line seen in Figure 3 and 4 denote the
disposition of the inner wall surface 134 in an'
unmodified scroll wrap between points A2 and B. It

20 can clearly be seen that the connecting arc portibn
140 diverges from the outer wall surface 132 from
'po:Lnt A2 to ‘A, increasing the thickness T of the
- scroll wrap 32 therebetween, and that the arc portJ.on _

138 extending from point A to peint B tends into or -

25 converges to the thickness T1 of the unmodified scroll '
wrap at point B, causing a substantial increase in the
thickness and strength of the scroll wrap 32 between
the points A2 and B. _ _ _
The generation of the involute scroll - wrap
30 - elements 30 and 32 are detailed in Figures 3 and 4
with respect to an (X,Y) coordinate axis diagram,
wherein the following variables are assumed to be



25 converges to the thickness Tl of the unnodi fi'ed scroll wap at ,
poi nt B, causing a substantial increase in the thi ckness and strength of
the scrotl wrap 32 between the points A2 and B. The generation of the

i nvol ut &/ scroll  wap 30 el ements 30 ah#l 32 are detailed in Figures 3
and 4 with respect to an (X Y) coordinate axis diagram wherein the

fol | owi ng vari abl e €Al nsBnpdhey radius 19f cgemerafgon Hpondwhichs the

generation upon WhijgR,dhifed Wé‘t& Waiad S ﬂ@ﬁS%Rdleao%E@Qe( [secrarﬂto)ax{gl%

start angle which defines_ the beginning point for generation of
involute wap as miukghedef tnes hEhﬁe@@lqimm% point ;ex; gPHﬁerQ-Pér a3)

which is measured qlgekh9B1iEaMup NEEAokaE R Erbl! tdré'ﬁégstﬁvéaﬁaent

fromthe radius of generation circle setting the end point of e 1 nvolute

nodi fi cati o of t ha@Xkhi EHI ihia)i mhl%eiaoneamug[eé} ﬁwmsm fromthe an
-angl e defined as el & ax.ls %b?chétiﬁﬁéo@ééﬁgé}%a&dh? t‘ﬁéﬂ"ﬂaﬁl%

|det ermi ne the poi nt whi ch the thickness of "the nodified I nvolute wap
‘may be set, Again, QQ greeratiennstigeisasebbingFithe cend aeint safwthe

respective scrolls jiydiifts ansaPPstat P6n 15f the V&ﬁﬁ?é@épﬁﬁbeni:@ona“ arl@$ Y)
axis to facilitate an understanding of the subje I nvention hose

skilled in the art RHY m r@amgwhich Ha adiahan angdie defined asemeaswred) or

32 can be ggyer at e¢ipaapldd nﬁréﬁ'etﬁaph@@'a'ﬁ% ROSAkiy et8r aaeeshing \@aléles
for the (x,y) 20 coor di nat es. be apparent to those skilled

the art that the acnq;a}txﬁaqmcw’@ﬁ @W%%%mi«ﬁ&ﬁ%mﬂmq
differ based on then@y Gy Bd'&set.

N\ ' Agaln, it should be noted that both Figures 3 and
4 show the respective scrolls in the same position
15 with respect to an (X,¥Y) axis to facilitate an
' understanding of the subject invention. Those skilled
in the art will recognise that either involute scroll
element 30 or 32 can be generated by setting the
appropriate positive or negative vaiues for the (x%,v)
20 -coordinates.

; It will be apparent to those skilled in the art
that the actual values selected for the foregoing
variables will differ based on the size of the

_ apparatus in which the respective scroll elements 30

-/ 25 and 32 are to be used. For example, PHI'ZERO (20) may
be in the range of 15 degrees to 75 degrees or even
more, with a larger PHI ZERO (ad) permitting the use
of a larger discharge pdrt 26. While the larger

discharge port 26 permits more rapid discharge flow,- |

30 howev'er,. the linear measurement of the scroll wrap
elements 30 and 32 must be increased to maintain a
given pressure ratio. Therefore, it is desirable to



apparat us in which the respectlve scrol | eI errents 30 25 . .and 32 age to
be used.  For exanple, PH ZERO ([err]0) may be in the range of 15 deégrees

‘to 75 degrees or even nore, with a larger PH ZERO ([err]O0) permtting the -
di scharge port 26. V\hilb5t he | arger discharge port w®

use of a larger

permts nore rapid discharge flow "however, the |jnear neasurenent

of the scroll wmaximise & @WW%@%PWbEaFHGFeé@@@ dncreaseithe given
AiHHR Y ort dzdlesirable to 15 maxi m se the di scharge

pressure ratio.

fl ow rather than- |ncrease t he di scharge port size. Referring now in

particul ar to Fi gure REfermng Aew ipopasticular e figureadrud HHI
generation Ry i $¥Ro (ao)salt%&&eanaqet aaa ahfaaﬂugl.yf

det erm ned. The

centre aP the Os@m nﬁPe thatpthg nyqlufe | wrap é;‘%%’iFtB%:@Fl S a |ine

t hrough the 0, 0 g

éﬁé@a@i&ﬂtkéolé‘t s

radi us eneratlon i s, drawn about t XY axl s W th a

rRitde. aofli’é Sradfuflog HehBratién? il Hi¥Wn |abdk

taken fromthe PHI ()&[err]3 line which infersects the involute wap at

point B. At poi fihes,

t hi ckness T1 of

point B to the outer en
angl e PH m ([ e@]%cae¥

0 t axdRnwithom tGRNEYR oAkt Eher Ay § coprdimate.

A pur rgvgldgt)e i ddlected & %E?ﬂ%ne”’% qrﬂmé%:ﬂﬁ:\%l"sﬂl?é‘t from

A second

Ainake RFRFHIENS AT, GEHRS AN 3 mmﬁ S 0, 0

he scroll el enent

coordi nglge of t kel s tHENSHA! Ison(&z)rcifneaﬂﬁiént IRHsddte tive L 2ken
therefromto intersect the.involute wap at point E 20 near the.inner

end. At point

Envelite, Wrami &k ne’intBof Ale PRdaits iBed the Jrhiakness is

selected such t g £H@ | sned AR rwkapNisNe1t N ehaeenibkndds @1 Yot R rd

15

involute scroll wrap element 30 and 32 is constant
from point_ B to the outer end of the scroll element 30
and 32. " '

A second angle PHI m (em) is selected to define

a second line through the 0,0 coordinate of the radius
of generation circle, and -a tangent line is taken

therefrom to intersect the involute wrap at point E

20

25

30

~ near the inner end. At point E, a second thickness Tm

of the modified involute wrap is selected such that Tm
is greater than the thickness Ti.. Finally, a third

point A2 is determined by definihg an inner tip radius

I so that 2I _is substantially eqtial to a thickness T1.
The (x,y') location of point A is determined
according to the following formulae:

= [[(Rg x @3) - T1 /2 - R1] x cos @3] +
(R1 x cos (23 - 6§)] - (Rg x sin e3)

Yy - [[Rl1 - Rg x @3) + T1 /2 X sin @3] -~
Rl x sin (e3 - 8)] - (Rg x sin 23)

v

a



point A2 is determned by defining an inner tip radius I,so that 2l is. :
substantially equal to a thi'ckness T1. 25 The (x,y) location of
point A *is determ ned according to the following formulae: x = [[(Rg X
[err]3)“%sT1 /2 - R1] x cos [err]3] + [RL x &8s ([err]3 - [err])] - (Rg x
sin[err]3) y - [[RL - Rg x [err]3).+ T1,/2 x sin [err]3] - 30 .

RL X sin ([err]3-[err])]ﬂ‘-e,_( HeF » )sii"PS%%wn ﬂafSTPé’-&%,F) ig o deterpiged
point E is determ nasbaeditigli tw the (5l Iaking ferimurgay ae: x = [[(Rg x
[err]m + T1 /2 - Tm x cos [err]n] - (Rg x sin [err]m 5 y =
[[-Rg x [err]m) - T1 /2- Tnm x sinem - (Rg x cos [err]m Construction

| ines are then defined f,fem[pp%mj ¥ d9) peitt /2 ahdedy GINgBE NBmE t O poi nt
A2, and the normal bisectors of, these Jines A-E and E-A2 define a 10

poi nt P1 about which an arcuat e(lﬁ)r’fi A A2 is fitted to connect the
sub-arc A-B to the inner tip portion of the involute wap. The arcuatée

portion-A- E-A2 is tangent to the inner tgp portion radius | at the point
A2. It sho® d be noted ¥ Fatl[R9 1% ae 151 /2 3 TGk HP19h A E-A2 s

preferably fornmed as a circular(sf 6 dds ) alternatively be fornmed as a
portion of an involute generated about an alternative Rg or angle of
generation PH ZERO ([err]0). The involute scroll wap in Figure 4 is an 20

al ternative enbodi nent doridteridtidnitiEndsinre thei de fined E¥ond Poam od
about the sanme angl.e of

conparison. The i vk uP@gg ?:ﬁaféo aggil"ﬁ‘ZFEi?R%Q’cé'[eerEr }8‘2 gfggrépgﬁae?'ggﬁﬁﬂd'%
I nner . 1 normal bisectors of these lines A-E and E-A2 define a
N\ 10 - point Pl about which an arcuate portion A-E-A2 is
fitted to connect the sub-arc A-B to the inner tip

portion of the involute wrép. The arcuate portion A-

E-A2 is tangent to the inner tip portion radius I at

~the point A2. It should be noted that, while the

15 . arcuate portion A~-E-A2 is preferably formed as a
circular arc, it may alternatively be formed aé_a_

portion of an involute generated about an alternative

Rg or éngle of generation PHI-ZEko (20) .

The involute scroll wrap in Figure 4 is an

20 - alternative embodiment of the involute wrap of Figure

_ 3, shown generated about the same angle of generation
(7 _ . PHI ZERO (o0) for ease of comparison. The involute
scroll wrap in Figure 4 is generated beyond the inner

tip portion 136 as described above for the involute

25 _ sdroll wrap in Figure 3. However, the innér tip

radius I is provided on an inner tip portion adjoining

point A2 and a point A3, where A3 is removed by  a

planar surface 137 of width S which is tangent to the
inner tip portion 136 at point'A3 and normal to the



'tip portion 136 as descri bed above for the involutg 25 scroll wap in
Fi gure 3. However, the inner tip radius | is provided on an‘inner tip
portion adjoining point A2 and a point A3, where A3 is renoved by a planar
surface 137 of width S which is tangent tgythe inner tip portion 136\3&
point A3 and normal to the 17 outer wall surface 132. Also, the arc

portion 140 in phterewaadi gaata&aylbe.genefsat,_edhhya&el pekitignan4al iarnative

270 porti on oxt EAAPnGBPOTineRt | HAY, ke (9EnATaRRIADY HRLSFEANT| 88 i the

art will recognaaeei-hatmbe angier rof | geneiraition NPHI tZPREOr(40)N Ry al so
be varied in other ernative enbodi ments wi.t hout mater,iall a_ffectingt_he
Al Hion,ekggndi

subj ect inventi gﬁnegﬁ eV\?PIa]JF?f)“?‘ét%@) nyelyte ang Perkion,e
generatign PHI BEB@eéhelﬂdiQQtswaedanat a2 i dpnbseakkinled hirsctheél arSLO and

e s SrSh) FRRBEALE FRaETRheY LACCorhRE Y A2, Mndkl Fu v
generally in pbrgibas map ahsougﬂse &arifed in Sulth@i:'l p"a&deﬁrhalta&eers f

<

and orbi ting, rBERBALREBEY WHARR AAGELA T (REERTELDY| thaCARRIERY hat

sone di nensi onaintehtéonncand i lleslso \M‘mmylmat heneuhhg(ue loEvent i on

h 20 Fi 4 fi [t l.ut I
orap ol ent o sgensasion Byl 2B8an(E%) neTd s e Jddiihislo i Bodfy o
[err]. It will bBereppseciat athd hak a@veﬁudhx daff@dswns apparitust @oi al |y

ater the subj ot VIYSIL Ben’the foregoinkalbd¥hSelve MEn2alibkid oo ol !

32 has noved to® \‘)

The .operatlon ‘of the preferred embodiment is

depicted generally in Flgures 5 through 8.

15 Subscripted characters f and o are used in conjunction
with the reference numerals to indicate fixed and
orbiting, respectively. Those skilled in the art will
recognise that some dimensional differences may fesult

when applylng the subject invention as shown in

20 Figures 3 and 4 as ‘fixed or orblting involute scroll
wrap elements 30 and 32, For example, 6, will not
'neceSsarily equal §,. It will be appreciated that any

such differences do not materially alter the subject

~ invention. - |

25 ' In Figure 5, the orbltlng scroll 32 has moved to
‘a position such that the inner tip portion 136, engages

the arc portion 138, and the inner tip portion 136, of

the fixed scroll 30 engages the arc portion 138, at

 point B,. Compression of the fluid in chambers 120a

30 and 120b is taking.place,'as it_wocld in a scroll

apparatus having an unmodified scroll profile.
In Figure 6, the orbiting scroll 32 has moved to



a position such that the inner tip portion [err] engages the arc portion
138f and the inner tip portion [err] of the fixed scroll 30 engages the arc
portionserr] at point [err]. Conpression of the fluid in chanbers 120a 30
and 120%,is taking place, as it would in a sggol| apparatus having an
unnodi fied scroll profile. In Figure 6, the orbiting scroll 32 has noved to

18 an intermedi atea@ﬁiéi@ﬂnedﬁ@f@“ﬁésiﬂ@oﬁtcl BEdduds tger hrenpdriidnsir e
|

t hi cker than the unno led involute T1, the inner tip portions [err] and

[err] remain in novidfy Andeld8atars thigkemEhaih ey wagsdbiek igvolnte

portions [err] an,dq{qrr{hecq%éwi@%t BeregpREsesSign £ia f hky Fehainedd n
- the conpression chanbers 120a and 120b. In Figure 7, the orbiting scroll 32
“can be seen to hav@awingl 1bne EEBERFSH Wifkdh §hmit oPPRSedspespPrFElye arc

inner tips [gerr] andaidls 3/ $3, AndPMiza], | cBALEANLAG! tWe! RoupeJstSRRCide
~arc portions [err] "and [err] at” points [err] and [err]. Because of this

. conti nui ng movi ng 18w orebeined hdnpdheo FAIPTeSRION FRRBECFSH 1272 And
conpr essi on .chanmbergg20a and 120b is extended, as the 15 fluid in the
conpressi on chanbers 120a and 120b is not yet able to vent past the inner
tip-portions 136a and 138b Figure Ui sthergebpbing2gcrallcdtpsaisfie S9p™

scrol | apparatus ergy Qi’é.'r'xp movadi £6ed §SEQ£E.OW g8chneabit! &he tdspective
conpressi on 20 chanbers 120a and 120b woul d begin to cQ ni cate th

the di scharkg® port ixeesn t birssddfengndnd 3fosPEiConikBARIRG RigS SR taghce

the moving |ine coniag RRkWerssbaerisped V{soi:amsﬁst-i:pw,orémnas[a%r rdt and

[err] with the inner wall surfaces [err] and [err] would be |, \

_ - . points A, and A,. Because of is continuing moving

~ line contact, the period of final compression in the
é'ompre:ssion chambers 120a and 120b is extended, as the

15 fiuid in the compression chambers 120a and 120b is not
yet able to vent past the inner tip portions 136a and
136b to the discharge port 26.

By comparison, in a scroll apparatus employing

unmodified scroll wrap involutes, the compression

20 " chambers 120a and 120b would begin to communicate with

the discharge port 26 after assuming the position

shown in Figure 5, since the moving line contact

between the respectivé inner tip portions 136, and 136,

" with the inner wall surfaces 134, and 134, would be

- 25 . broken at or in the immediate vicinity of points B, and
Be.

Finally, in Figure 8 it can be seen that the
moving line contact is broken as the orbiting scroll
wrap continues in its orbit beyond the points A, and

- 30 A,. At this point, the orbiting _scrbll wrap 32 is
| moving away from the fixed scroll wrap 30, permitting
fluid to discharge from the compression chamber 120a



"25 broken at or in the irrrredi'até-vici;nit'y of p'oi".ntst- [err] and ferr-].
Finally, in Figure 8 it can be seen that the nmoving |line contact is broken
as the orbiting scroll wap continues inits orbit beyond the points_ferr]
~and 30 Af. At this point, the orbitijgg scroll wap 32 is novi ngwaway
fromthe fixed scroll wap 30, permtting fluid to discharge fromthe '
conpressi on chardmfougitaa pbtt hasegh pa paird argemDatREd domprédeion
conpr essi on cha‘rkg_ge)ar 120h i&ou&g’g a port area Db. As the orbiting, scroll :
wrap 32 noves a BRegm 13 1 Fheem r%!ﬂmﬁ:a%r%%-,m?heﬁ%s‘i}é%t?%ﬂ:mr tip
portions [err] aukdEr r&pesd movesadwa?e'ﬁ'ohhﬁtﬁ@rﬁﬂ:@@ d&¥d11 apeaperr].
It will be noted that the thickness of the scroll waps 30 and 32 decreases
from the points %br b FRGIE R JP0ET) Tip PeFFiongoldfiamnsd 1316 a¥Si ting
scrol | weap 32 pasfdferitiecié ©L619% 11462Rn30 1308, 2CePt wiEl QOO NESELQN |
portions [err] 10 and 140, the connecting portions [err] and [err]
tend also to drdﬂ’%?hﬁr Shifknessc oL | Bhe oSS s- [ ¥FRPSal [ 8Pd .33
Therefore, the eset£es of£émDehangoPAtEendstboaRpCARASR VESYALAPI gbY as
the orbiting scrqoll wap 32 rmveg,ﬁast thi points [err] and Jerr], This
rapid increase f hat asi?P?h%_rBf‘ ¢Rdr §ETALa¥TRR 2 d ROFSHS hS ¥egi d
- di scharge of thescxmx e«sﬁﬁ Bbuiad jhcefit! the orrssSt Don Chareebas 1140, and
120b. Figure 9 generally shows the availability of the discharge area Da as

conpar ed® o0 one 94 1140.+t HERPoFPPNDECEING POTEIANS 4P ANt el 4Ps cFRRGe port

26 during the ordiido @o idioprdtdy Trdicpld itneR itipapsetabhsanBe] adnd
havi ng nodi fi ed .invol ute wrggs as des&rl b}?d above as conpared to_that of a
scrol | appar at uL3Bsvi n’ﬁhere re, the discharge area Da and Db tends to - v

increase very rapidly as. the orbitin_g scroll wrap 32
_ moves past the points A, and A,. This rapid increase
15 in the discharge areas Da | and Db pernmits a rapid
discharge of the compressed fluid from the compté_ssion
chambers 120a and 120b. |

Figure 9 generally shows the availability of the
discharge area Da as compared to one half of the port
20 area defined by the discharge port 26 during the orbit
' of the orbiting scroll wrap in a scroll apparatus
having mo_dified involute wraps as described above as

" compared to that of a scroll apparatus having

unmodified involute .wraps for an apparatus of \J

25 _ arbitrary capacity. The area of the discharge port 26
' is fixed, but is blocked par‘_Eially_ at certain angles

of rotation by the'o'rbiting'- scroll wrap 32, reducing

the area available to permit discharged fluid £low.

The angle of rotation is taken with respect to the

30 point - at which porting begins.: Because of the
relatively slow opening of the dis’charge area Da
between the inner tip portions of the involutes in a

1



an apparatus of 25'% ' arbitrary.’

.
unnodi fied involute waps for

.capacity. The area of the discharge port 26 is fixed, but is blocked
partial |y at certain angles of rotation by the orbiting scroll wap 32,
reducin he area available to permt discharged fluid flow. The angle of
rotation is taken wth respect to the 30 poi nt at which porting
begi ns. Because sgfrolilh@pparatiuse hya vsilngw amp emmod idffi eidh s cticddh atrap ,ariea

Da between the inner ti rii ' t i tes in a _,2Q.scroll,..
apparatus having an 1&nﬁ’§(}%ﬁ_ gggér;%rsg;y gnsasgx‘lg%a?sao?ﬁ%‘ﬁs%e’%g&fr )?rlp&tlng
8_rovihde a recess inscreoldr bmap\ngi:rplatsvrapreedpphdiﬁgc?far'eagoad'smfah:@d he
i scharge port int rold, wr.ap.to crease.,the, flow rLom
t he conpression cha%g;esxllergoéﬁg t#‘}é(e&as%%?jgg BEPP 28 199F§3Re ablGe f1oW
de;cscri bed eniSodi mentfronmt the ucompressipnt cnmmbel:lcb 1LD0s teectlse. dAsehiatrall e
refrigeration syste 0 Jpncor RQr at,i.ng sgr . aratus. 20 is .. .
schemati cally depi C?GO%Q:I niélj‘l) a‘lt'—q%u?%gﬁﬁ. %e%;ﬁrg.%p teé?ﬁ%%“?ﬂtr'cufﬁt &8
refrigerant in closaneocessamyndst iprovdmre ithisomedessl of a condenser 202
for condensing refri gera?t %lg I%%gig %grn% gﬁ.gxp%on \ﬁ Ve %04 ;grti
receiving liquid refrige AR F? Shf - tBnRtant e %?q? dilﬁ'ﬁ tRE ng
refrigerant, an 15 the smrayldr sipparifud 020riseschegatiqalllyr depigeedntin
fromsaid expansi on d e ratl t ref.ci gerant., . .
refrigerant )i@orrpr essr'\é'%% ?%r' rég‘g'%v%B{gt&%?pgﬁgeg‘%&é’gir’%%% ?}gr’%%%?&td in.
evaporator 206 and ciusedsdoop tbaneetippeandt isvdmmmrised tdf ar ebndgasent
20 I's recircul gd t he denser -IQ gvi ew F.qurgs 2 .
Chrough 8. 1t wi il BE2aphoF etPb ATt SRPFigaPrhe) e hidabid ot an
nodi 1 ed : ‘expansion valve 204 for receiving liquid refrigerant
from said condenser and expanding the refrigerant, an
- 15 evaporator 206 for receiving liquid refrigerant from
~ said expansion valve and evaporating the refrigerant,
and the refrigerant compressor 20 for receiving
expanded refrigerant from said evaporator 206 and
compressing the refrigerant, whereupon the refrig'erant
.20 is recirculated to the condenser 202.
In reviewing Figures 2 through 8, it will ‘be
apparent to those skilled in the art that the modified -
scroll profiles as shown in Figure 3 and Figure 4
could be applied in various combinations. It is
25 feasible to use the involute wrap depicted in Figure
3 as either the orbiting screoll wrap 32 or as the
‘fixed involute wrap 30 in combination with the
involute wrap depicted in Figure 4 as ‘the
corresponding involute wrap 30 or 32. It would be
- 30 equally feasible to employ the scroll profile. of
Figure 3 on both the orbiting invelute wrap 32 and the
fixed involute wrap 30 or to use ‘the involute wrap



:scroll profiles as showmn in Figure 3 and Figure 4 dourd‘bé_appried I n
various conbi nati ons. It is 25 feasible to use the involute wap -
depi cted in Figure 3 as either the orbiting scroll wrap 32 or as the.fjxed .
involute wap 30 in conmbination with the gavolute wap depicted i
" Figure 4 as the corresponding involute wap 30 or 32. It would be 30

equal | y feasi bl sliomerm'i ayzgvhse s¢rohl bpthf the #fixedoumrolue b&td”p t3e
orbiting invol ut ﬁd the fixed |gvol ut e vvra£‘e30 or tp use the
gﬁ OFRIELGHr 12VBHUDBt WEIR fidced | kFol B e MSH 30

i nvol ute wap
and the orbiti ngea:sti\mJeJtta: vemployp2the ‘sérbnabﬁefﬁ.iésblfl Figarem ¥ t he

30 and B O %L RE ST 1 orbERIE Ene B Txga. Jhvennts shiap A8 nd e ap
of unnodsfi ed pmfa o2 it ikt dmonam‘eompcszanﬁ €ohtELrENeIth N IRLBIENT S
over 2ol | SPPELaL s PPl oGE ok 01 BB oI TG Brel ey From.
i | lustrated errb@i'lfma“ﬂerm‘y theprovensnts sesrt ‘sﬁrbnﬂ.e@m\tlalW§QfaﬁHlon ap
el ements with modified_inner wall vol u |ons acent to the 1 nner
‘tip of each of Ry gt (ﬁé] ?&%ﬁgﬁi %h that each of the
scroll wap el erre_ntsm:am the aboue dtnerill Lbeposéeﬁnthat ngagﬁmﬂtlw th
L' por 8Pon' and ABRAEATIR, SOERERY nEen I dakdakad | ReBaREneEk < hEn Haw ol ut o
for defining a mﬂvﬂuﬂ&dn/nisctwoedntnﬁlezvxﬁgthermlhpweh@mﬁﬂeméﬁtb20
?hgl [ﬁ\ljl)?lrjt :r gf W onﬁa%] Oldm..% e%alwgl nnr.]r?{'ox\a'l:e por Jr.grpiglaéjageorié Itoon ani)
- the inner tip of each- of-the-respectlve scroll wrap :
eleménts and that each of the scroll Wrap elements has
15 an inner tip,portibn for engagement with the other
respective'scrolli an intermediate portion adjacent to
the inner tip portion and extehding along the inner
wall of the wrap element involute for defining a
‘relatively thickened portion of the wrap element, and
20 a circular arc portion. adjoining said inner wall -
intermediate portion and the involute of the inner
wall. ~ Furthermore, it will be understood that the
circular arc portion tends out of the inner wall of
the wrap element to define an increasing thickness of
25 ' the wrap element when proceeding from-the outer end of
~the circular arc: portion to the inner end of the
circular arc portion. It will also be appreciated
that in operation, final compression chambers are
defined during a portion of the scroll orbit by the
30 engagement of the respective inner tips with the
circular arc portion of the inner wall surface of the
‘other respective scroll wrap element so that the final



. ! g o R N * ’

wal | . Furthermore, it will be understood that the circular, arc portion
tends out of the inner wall of the wap elenent to define an increasing

t hi ckness of 25 the wap el ement when proceeding fromthe outer end of
t’he ci r@l ar arc portlon to the inner end of a2ghe circular arc portion. It
will also be appreciated that in operation, final conpression chambers are
defined during a pcudnmsvémﬂnep@moldl Dsbletxﬁandém 30 Also, edgagngenth@f

therespectlvelnne S witht eC|rc arc f the in
surface of the oth § 1 Borkiod | S ¥pdl SRR Orhls ' sl 5,

conpressi on peri Od_aﬂ:é:rxt@adpﬂesswdx5othduaueghhhgedlfaawara;@apcsrﬁcmsést he
scroll orbit inmrediate] afqté_'r Co essgion E e flpow area

i ncreases rapidly tfeﬁ‘?ﬂé%}? TSR 1§3PB‘IuI eFEﬁBﬁl ﬁ'@?n i janer tips ;g
the circul ars arc pairid ofite diwcelax cardtpopvidnsseen that the Subj ect

I nvention provirdes substantia inprovenent oyer the_pr of
di scharge pressure, po ‘ﬁé?ﬁﬁ) X’(,?r atsFﬁBpe*‘g?E é‘k?/ %%Foll

10 appar at us hinwée 561 Obk:oeh.aaentsnhﬁtatgiafbnimpzeveiiént vwlelr the
therefore reduce the size of the scroll agﬁ ﬁéus re

capacity, and in t B¥LOF hHandfact8FFfy FE’PP ogggsg%lf "re"glﬁzf
apparatus. It wl |ccﬁ’a§1ﬂn;b€id§h®l edridhabpetbatingr cafficiéncy oft hac ksvxssl bf

MR Sy L RN PR S R M S v S
failure due to the Tre:bélamma.l tiverist ore o reduneonthae sizeol 6f wthps Serabll
s2. 1t will also be noled 20 requitd§'edP G1OLALRL Ly ! Nind oo EGFR
N~ the manufacturing ahd material costs for a scroll
apparatus. It will also be noted that the increased
- 15 thickness of the scroll wraps 30 and 32 adjacent the
inner tip portions 156 and 136 also provides a scroll
.apparatus of greater reliability with leés likelihood
of failure due to the mechanical loads imposed upon
~ the scroll wraps 30 and 32. It will also be noted
20 that the elimination of the requirement for a recess
in the orbiting scroll wrap end plate to aid the
discharge flow will further increase the strength of
the orbiting scroll end plate and renders unnecessary
o the machining operation for forming such a recess as
25 - well. It will be appreciated additionally that the
subject invention provides a relatively inexpensive
means for obtaining these substantial advantages over
the prior art. '
Modifications to the preferred embodiment of the
30 subject invention will be apparent to those skilled in
the art within the scope of the claims that follow -

hereinbelow.



_;'i n the orbiting scroll wap end plate to aid thé-di-'@Cha:,r-ge' flow.w I

.further increase the strength of the orbiting. scroll end pl'ate ‘and renders

; unnecessary t he machining operation for formng such a recess as 25 .
well. I't will be appreciated additionallysthat the subject inventi ot
provides a relatively inexpensive neans for obtaining these substanti al
advant ages over dj jor art. Mdifications to the preferred enbodi nent of
t he 30 subj ect 1nvention will be apparent to those skilled in the art
w thin the scope of the clainms that follow hereinbel ow. 23 CLAIMS: 1.

- A scrol |l apparatys ccmpgéﬂ,n;g:agpéfégﬁssgéﬂb{-igiﬁ??nt defined by a first
upstandi ng involute scrol] wap elenent having a_first 5 I nner wal |

surface extending frot 3595t $FFREL ¢ iﬂ%*goréegiﬂ’ﬁdf i Pt @annBirskl |
surface includi %@t&ﬁdfﬁ? PRV Lt sEroRA AP elemddit RaGihgcacPirsfai d

first inner wall, surface_turther defined by an_arcuate portion extending
bet ween -&ai d fi ridinenneall; gurface, extending from g finsy inex iR a

circular arc porgd &} eediiag firde sehfeti W1 0kiF£h8eSdint 1By KOI Nt;

a second scroll “defined py a second upstandi,ng i nvolute scroll wap
element for i frFeRPHAtAPdgBNERCONG PRinGdefined thergepytaidcrol |
wap 15 el et irfridy WeAQORRhrifave ghetherOlkerihed BycaRMriuatadi ng a

second inner wall surface extending froma second innper tip, portion, said
second i nner wal/ROXtien @xtending Reptvaen s ichfirstndnpeycEiRPPBEHEN

defined g hereomng S@ada seqeRt poIRt 4fd! a S¢itkRAar arc portion
' extending from said first point to said second point; gJ
a second scroll defined by:a second upstanding
~involute scroll"wrap _element for interleaving -
engagement with said first involute scroll wrap
15 element, said second involute scroll wrap element
including a second inner wall surface extending from
a second inner-tip'portion, said second ‘inner wall .
sﬁrface including a first point and a second point
defined thereon, said second inner wall surface
26 further defined by an arcuate portion extending from
said seéond inner tip portion'to-éaid first point
 thereon and a circular arc portion extending from said
first point thereon to said second point ﬁherein, the | ;“i_
arrangement being such that when said second scroll
25 orbits with respect to said first scroll, said second
' ~ inner tip portion engageslin-moving line contact said
first inner wall surface from' said second point to
- said first point thereon while said first inner tip
portion simultaneously engages in moving line cqntact".
30 . said second inner wall surface from said second point
to said first point thereon duriné-a'portion of said

* € L W 0§ % @



20 further defined by an arcuate portlon ext endi ng frbn¥sald second
inner tip portion to said first point thereon and a circul ar arc portion
extendipg fromsaid first point thereon to said second point therein, the
arfangehgnt bei ng such that when said secondagcroll 25 orbits mjth
respect to said first scroll, said second inner tip portion engages in
nmovi ng line contactegei€,first inner wall surface fromsaid second point to
said first point thereon while said first inner tip portion sinultaneously
“engages in noving |ine contact 30 said second inner wall surface from

sai d second point tg, saig fédxsdlpohpbai-aeueorwursjew ﬂo?ﬁhtiﬂﬂ eflainl d1,
24 orbit. 2. A scroll 8para s as set ., forth inc erein sa

first inner tip por¥hgmed s f3rsty chﬂ?rar%l?Jomrg}%vfzﬁﬂpﬂ@eﬁen?r e

di sposed in 5 éﬂtduiai'STaM apoﬁtmfenhavang A ssceehtrapddsposedasinet
forth in claim1 or re|n sal d econﬁ inner tip portionis :
‘characterize® by a F?%@aﬁ 55FtWBﬁpaﬂi8FﬁP g an outer wall of sai-d second

involute scroll wap elenent and a circular arc 10 portTon having a

centre disposed in said wa id circular arc po j Qi nin
i nner mallpsurface And sﬁlﬂg?Piga?PBﬂ??EBﬁ.aﬁ.segﬁ£ 5%3%3?%5355 et

forth in claiml, 2wﬁér81n\ﬁbsmi§b<95nd &aﬁiezompspbﬂtabnuﬁsecmacberized 15
circular arc. 5. A scrall ap aratus as set,forth in claim1l..2 0 .
wherein at | east onEYsél d-’-&’reﬁl'g ﬁ?%lﬁﬁngﬁﬂl ghEe5oME L © % éa:.g\
scrol | apparatus assééénﬁoihholﬁtéﬂycﬁwﬁi(ﬁraﬁnblement and a circular arc
10 portion hav1ng a centre disposed in said wrap, said
~ circular arc portion adjoining sa;d inner wall surface

and said linear portion.

4. A scroll apparatus as set forth in claim 1, 2 or
3, wherein at least one said arcuate portion is a
15 circular arc.

5. A scroll apparatus as set forth in claim 1, 2 or
- 3, wherein at least one said arcuate portion is an

involute portion.

6. A scroll apparatus as set forth in any one of the

20 preceding claims, wherein said first scroll further
| includes an outer involute wall surface extending from

said first inner tip portion for defining a thickness

of said firsf scroll between said inner wall surface

and said outer wall surface, and said second scroll

25 | .further includea: an outer involute wall surface
. extending from said second inner tip portion for
defining a thickness of said second scroll between

* [ L M S *



© 20 preceding clainms, wherein said first scrol":furthef ingludes an
outer involute wall surface extending fromsaid fit'st inner tip portion for
-defining a thickness of said first scroll between sai d inner wal surf ace

and said outer wall surface, and said se@nd scroll 25 - further }.J’

I ncludes an outer involute wall surface extending from_said second inner
tip portion fors#idi inngravehlcRuESICe andi gaddcongescvall sarfase. 25
said inner wall surface and said outer wall surface. 7. A scroll

apparatus as set forth in claim6, wherein said first scroll _thickness
i ncreases from %ai d Ai BEr9khePPPASAEYS: | 3R (SPtsaferkhr sinpslin 6,

- thereon and de%ﬁéﬁéinf rs%rﬂdsafﬂrétr%fcrmmttﬁbékﬁéést Qrﬁﬁ‘é&sﬁoﬁgoﬂo' nt
t hereon, and said second scroll thickness increases fromsaid second inner

tip portion to Said irst pdnper: neiRoportdancEeastaid r Sired dpeing: point

thereon g0 sai depgredf #94decréases £rom said Tiddt ﬁ%ﬁ%awéré%nséb forth
I n any one of theygrecedl ng clainms, wherein said scroll apparatus further

i ncl udes a not ofad@esananpd opRdpte Eherepn, orNdhi srLdr MecandnBRreldor
driving said S%Hiékﬁé&@ﬂxéré&sé&%'ééﬁd)féaéoﬂd 'I%h'e%”tlﬁ%ort%oﬂ A

'scrol | apparatus conprising ~first: scroll elenent defined

first upstandi n§°| ﬁﬂéﬂutfé-rﬁﬁ cﬂ’q’lmf‘ aphereadnands fefreasss |mu§é1§crol I
wrap el ement ing ggoﬁn{:' tAbrabhetoVahliasdebana paﬁﬁ:rst i nner wal |
surface and aflrs Inner tip portion, said first inner wall

surface including a first point and a second point defined thereon, said

flrst 1gger valg, suraaséroyt!dgpartad 48 det Ifortdi dly onde@inEhay __
: preceding cla:.ms_, wher_e:.n _said scroll apparatus o/
further includes a motor operably connected to one of "
said scroll eléme_nts for driving said scroll elements

in respective orbital motion.

15 9. A scroil apparatus comprising; - _ _
a first scroll element defined by a first
upstanding involute scroll wrap elemeht said first
J.nvolute scroll wrap element J.nclud:l.ng a fJ.rst outer

wall surface, a first inner wall surface and a first
20 inner tip portion, saiad first inner wall surface
including a first point and a second point defined o
thereon, said first inner wall surface further v_
defining a first portion beginning adjacent said

first _inner tip pdrtion ‘and extending to said first

25 point while diverging from. sa_id' first outer wall
surface to define a portion of said first involute |

scroll wrap element having an increasing thickness.

from the first inne_i: tip portion to said first point,
said first inner wall surface defini_ng_ a circular arc -

* c L M s *
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fi'rs’t i-nner tip portion and extending to said fi rst: 25, - poi nt whi l e
diverging fromsaid first outer wall surface to definé a portion of said
fi,rst imwolute scroll wrap el enent having an increasing thickness fromthe
first ikger tip portion to said first point, s d first inner wall surface
defining a circular arc 26 portion extending fromsaid first point to
sai d second poi nt wportiomestenddngoteon said first puirt twisaiguskbaoad O
define a portion of said first involute.scroll w.ap elenent havi a
‘decr easi ng thi cknes °3P '@ﬁ_e CYEE9 Pt %BHFFP F3 i %%%oﬂ'dgg'ﬁi wall
said first inner wahrfase ftasedefithieniargportisrceld saida of st exheadiute
fromsaid second point; second,scroll, el enent defined b .second
upstanding  invol utsgrolchEPP elﬁ?ﬁBL hayingf éjeq:r&as]}@la/t?ucfcmq £X6Rng
engagement 6 th saadd ffinsst podatuteoseadd sgecdn®! potnat, Ssdil Segesd
I nvol ute scroll wap_el enent_Jjncl udigg a s g%nd .outer wall su fage, ﬁ
second i nner wal | sg’f‘f‘g e, a SREBAGSI nAEFHH%0 | FECWFd LB¥eAYte
i nner. wal | surface iextlending Frbm said SectindPaintgnd a second poi nt
defined thereon, said second inner wall ﬁurface furéhgg dgfi ning a first

} B+ oRe

portion beginning adj aceft S8FaN<de RPHhn&LSMENYo ndP¥xPen§LFENE
said first point thepstandinge diineodute freordlild seeapd odlement! | for
surface to efine a portion of said segond inyQlute scrol,l ap .
clement havily an | TBEEAIARYIAA o PHGSTERBIE S HITTscBBiT | RAERY: | ArvHLake,
first point thereonscgaild wapnelenent,wshiddekiconaginvelucel 8cxrald weapi on
extendi ng from sai dFéi rst _poi ntl,tégereon to sai d second 25

{ | nt
the{eon while conve ERENEWENGLEA RIsk ofgCOnd outer wall surface, a

second inner wall surface, and a second inner tip
portion, said second inner wall surface including a
15 first point and a second point defined thereon, said
second inner wall surface further defining a first
portion beginning adjacent said second inner tip
portion and extending to said first point thereon
while diverg’ing'. from said second outer wall surface to
20 define a portion of said second involute scroll wrap
element having an increasing thickness from said
second inner tip to said first point thefeon, said
second inner wall defining a circular arc portion
extending from said first point thereon to said second
25 peint thereon while converging toward said second
outer wall surface to define a portion of said second
invoiute scroll wrap element having a decreasing
thickness from said first point thereon to said second
point thereon, said second inner wall surface defining
30 a second involute extending from said second point
thereon, the arrangement being such that when said
first scroll orbits with respect to said second

———
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Jouter wall surface to define a portlon of sald $econd iinvo Iute scroll wrap
. el ement having a decreasing thickness fromsaid fi'rst point thereon to said
second point thereon, said second inner wall surface deflnlng 30  ~a
second invol ute extending from sai d secongypoi nt thereon, the arrangegknt
bei ng such that when said first scroll orbits with respect to said second

27 scroll, sai asTnd isaid bepoRar t ifne£ngales portioy NénghgesCoph act
sai d flrst inner waJl surface fro sal %econd ol nt t?ireon to said first-
poi nt t her eon WRTENG, e cqng §Frrﬁ? nEekkage sfrom

“engages i n novingaid nsecsnd 8§61ﬁﬁiﬁxéﬁ£mdt¢ rﬁw:tdvmifsetxséme théresni d
second poi nt thereg f to sa d_tLir oi nt ereon urlng ortion of said
orbit. 10. A sdfptie 56&?& G%rﬁ n?%rt B nPEFEtARg S ARPUS WY first

and Islecorwl scr ol gngdque nif;xs :@d;]\eni@ :lline @bﬁmeohamaséwﬁmtid&:éﬁa{zénll A
scrol |l apparatus as_set fort claim ein said scro

appar at us f ur t heFa5HRFS gEEon %%Grsﬁﬁgpab iegnﬁggr&?"t Fomaid EFstscrol | .
el ements for dripeilk Sthék&ei Adir Bhg¢n@Npértiiohespesaidcopptal 15 _
motion. 12. A refrigeration system for circulating refrigerant in

-cl osed | oop connection and conprising: a condenser for condensing

refrigerant - to ljowi daf @c#ol20 apparatus s %&anﬁbﬁﬂh \&ai velaiimore,
recei ving I|qU|d refrlg nt_fromsaid conde ser qb andlgg t he

refrigerant; anW¥ of1¥8 ela\ﬂq'ngsFFaH d $HIyePafiPePtdm &L d
expansi am val ve ﬁ@b&a/@d)omta Wekhétic shell.

11. A scroll appératus as set forth in claim 9 or 10, /

wherein said scroll apparatus further includes a motor

operably connected to one of said scroll elements for

driving said scroll elements in respective orbital
15 - motion.

' 12. A refrigeration  system  for circulating
refrigerant in closed loop cdnnection and comprisiné:-
a condenser for'condensing'refrigerant to liquiad
form; |
20 . an expansion valve for receiving liquid
refrigerant from said condenser and expandingj the (W
refrigerant;
an evaporator for receiving liquid refrigerant
o from said expansion valve and evéporating the
25 refrigerant;_and '
' a scroll apparatus as set forth in'any one of the
preceding claims for receiving expanded refrigerant
from said evaporator and compressing the refrigerant.

I L



25 | refrigerant; and a scroll apparatus as set "forth in any one of the
preceding clains for receivi‘ng expanded refrigerant from said evaporator
andf conpressing the refrigerant. - 28 13. A scroll apparatus substantially:
as her Rihbefore described with reference .to 2&e acconpanyi ng draw ngs.

13. A sqroll apparatus substantially as hefeinbefore
described with reference to the ?éCéompanying drawings.
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