SCROLLE-TYPE KLU D DI SPLACEMENT MACHI NE The present invention relates to
fluid di spl acenent apparatus and nore. particularly to a scroll-type
machi ne especially adapted for conpressing gaSeous fluids and h&Wi9g§>? C

i nproved (i.e. greater) volune/pressure ratio characteristics. Cenerally fi
speakingg“a\scroll apparatus conprises two spiral scroll waps of simlar f
configyrati on each nounted on a separate and plate to define a scrol

_menber . : ﬂmo scroll menbers are interfitted together 15 with one of the
scrol | ps\being rotationally displaced 180 degrieés 2- fromthe other.
The appaxatug operates by orbiting one scroll nmenber (the "orbiting"

scroll ne ry with respect to the other scroll nmenber (the "fixed" scrol
menber) to nake noving line contacts between the flanks of the respective

wr aps defining noving isolated crescent-shaped 5 - pockets or chanbers of
fluid. The spirals are commonly forned as involutes of a circlé, and

ideally there is no relative rotation between the scroll nenbers during
operation, i.e., the notion is purely curvilinear translation (i.e. no
rotation of any line in the body). The fluid pockets carry the fluid to be
handl ed froma first zone in the 10 scroll apparatus where a fluid inlet

is provided, to a second zone in the apparatus where a fluid outlet is

provi ded. The volune of a seal ed pocket progressively changes as it noves
fromthe first zone to the second zone. At any one instant in tinme there .
will be at |east one peir of seal ed pockets, and when there are several <:.
pairs of sealed pockets at 15 one time, each_pair wll have different

volunmes. In a conpressor the second zone i § &t —a hi gher pressure than the
first’ zone and i s physical located centrally in_the a%paratus the first

zone being | ocated at the LS¥PERELUID: DIRRLACEMENT MACHINE 5| |y, the
greater the arcuate length of the scroll wap the 20 greater the possible
total reduction in the volume of a pocket as it '

The present invention relates to fluid displacement apparatus and
more particularly to a scroll-type machine espaﬁhlly adapted for
compressing 'gaseous fluids and bhaving improved (i.e. greater)
vnluny@taﬂumre:ztiochannﬂamhﬂiés.- ' ('

Generally speaking, a scroll apparatus comprises two spiral scroll

wrape of similar configuration each mounted on a separate end plate to
define a scroll member. The two scroll members are interfitted together
15 with one of the scroll wraps being rotationally displaced 180 degrees



noves t.o--the second zone (i.e. the greater the possible volune ratio); a
the greater the volune ratio the greater the pressure ratio of the mach
Two - types of contacts define the fluid pockets fornmed between the 25
scroII menbers: © axially extending tangential |ine contacts between
Spira faces of the waps caused by radjal fatces ("flank sealing"), and

ar ea contacts caused by axial forces between the pl ane qupasurfaces (the

"tips") of each V\rﬁﬂrmaﬂeﬁ t%ebpp&etmlma@tm arbifring gone. scxRll hpegher

ef ficiency, good sg@F Q&bgg% #{“ eved fy%hbm ﬁ-,os of 3_cont act

In a conventi onal ol eﬁﬁ?%/ tﬁee TS 8550 i

i nvol utes of a ci rg{b 8Rdn fLaBia g%emerﬂgvjh?ai E@s Hetween the
tween t 0

relative rotation he scrol he concept -type

appar at us has -beenglanrewoff tie sapcﬂvmﬁ;sadetﬂmg hmngrmmazaisemthaum
di stinct advantages. For exa scroll machi nes have high isentropic
and vol unetri c5efP¢Q!ﬁe§ﬁc9¢ L) nef oflaide| Mww%mqe Semmonlyhfqmednas

conpr essors becausPhEsSdE AGHEeths Ff ré&%er% i Hhotesatie re‘ze*e“-gm be%
pi stons, connecti nQTer Oéiﬁ:oliomeﬂ;e‘is) dpr S fm%ﬁ ak.e., g'.h‘i by

direction with sinultaneous conpression’ n plural opposed pockets t ere are

I ess pressure- Cr eatwar¥ildnban !t translatichl (il .€R.ldi Fotatates Oofl aingt linehdwe the ghody) .
reliability and durability because of the relative few noving parts

utiLV zed, the rel amevél‘!iém%cﬁmoﬁ!enﬂ}éﬁe#ﬂ be dapdled fnomea §é¥§5’-| ¥‘§1e ¥mbhe
an inherent 15_ for ness fluid c n f  the i t ant
areas of desi gr]ro rféﬁ ‘%B%H'}‘ﬁ‘é @o%g‘égn ei)ﬁ &%}ll%ﬁﬁe t’(?séd zone in
preventrng relativ gEqtea A ¥
respect to one anot er t he m)?i;é popu ar ?pproaches resi des I N ?%

use of an O dham cpackét rgogmsﬁelyed%gedam‘smermhs frdn theofivst Okdneatd the
fixed port ion of the a?par atus. An

zone. At any one instant in time there will be at least one pair
of sealed pockets, and when there are several pairs of sealed pockets at
15 one time, each pair will have different volumes, In a compressor the
" second zone is at a higher pressure than the first zone and is
physically located centrally in the apparatus, the first zone being

: located at the outer ‘periphery of the apparatus.-
' Generally, ' the. greater the arcuate length of t:he scroll wrap the

20 g’i:éater the possible total reduction in the volime o__f a pocket as' it
" moves to i:he' second zone - (i.e. the greater the possible volume ratio);
R ' _ and the greater the volume ratio the greater the pressure ratic of the

Two types of contacts deﬁ.ne the fluid pockets formed between the

125 gcroll members: - axially extending tangential line contacts between
the sp:iral faces of the wraps caused by radial forces ("flank seal.ing"‘) .

and area contacts caused by axial forces between the plane edge surfaces

- (the "tips®) of each wrap and the opposite end plate ("tip sealing”).

For high efficiency, good sealing must_ be achieved for both types of



A dham'coupling typically conprises an O dham ri ng and:two sets of key

menbers _or slider blocks. The A dhamring is fornmed on one side thereof

W't p rogves which are at right angles to a simlar grooves fornmed on the
ot hier, thereof. One set of key nmenbers is connected to a 25 surfacg Bf
the\orysing scrol.l and is disposed in the grooves on one side of the" & A

f/ng, while the other set of key nenbers is fixed to either the™v"

crol | mm-na@mmmq#qglanarqu emppesser (dhes Hmegin ohieh dhet he

ot her side.of the Od |ng The dha rocajes -j,n.a. notion
parallel to tYeF§ r?f(?v |‘nﬁrﬁcﬁ§q %P‘Enoéa‘qg ’egﬁngeiﬂ?‘f{ﬁ?ﬁeh?tf%

the fixed scr |m0£e198.%' ebeql,ggg,am {49 .thus acts as a neans for
controlling (|ﬁ£e. preventl ng angul ar rotation of the orbiting scroll
relative to the fihecdomteptoiof.a scidlb-tybat aptarhtus Kasl Béden' Riowhfoessame nEiRBI Ne
of this construction. 5 There are ot her know devi ous for controlling

rel ative r afnbas WWS?‘I% mgeﬁultliﬁre expnples

control 11 ng. 183REh i afve |18 ?’?&F?ﬁé’f i RS e g

for exenpl aryneuame&ﬁwm BRT D EdiredigH t%&%ea[déﬁr%h mbﬁxhey_ ¢

assuned to be controlled by an O ham coupling or sini devi ce
provi des pur eareurquiiktere sand ahcrei vibratitn dred chawe manyt banpresavks becduse t they nor €,
for S|rrpI|C|téof descrlptlon the scroll wap contours will be assunmed to =

be 15 invol ut @ ne¥ vge JAFge Eeciprecating ofrrts ne- dilstens, dconnecting: £adsvi si qyy
Subet ant | 4101 k) b P o PR, AR A P 1 2 2&2%%5&%%%&%
TS et Mo AR ittt RS0 00 88 bt e
di anetrical l yvibnamns meguithn aathines - @lacentend! wmhmeSﬁghe rebiabflityis aadl v
the startl ng gutl U, Of. because of the relative few moving parts utilized, the
'zelative_ low velocity of movement between the scrolls, and an inherent
15 forgiveness to fluid contamination. _ _

One of the important areas of 'désign‘ in a scroll machine concerns
the technique used for preventing relative angular ménent between the -
scrolls as they'ocbit with -respect to .one another. . a\e of the’ more

. “popular approaches: resides :in the use -of an Oldxam coupl:.ng ope:ative
.20 :between t:he ocbiting scroll: and a fixed- portion of - the: apmratus.- -An. '
Oléham coupling typically camprises an Oldham ring and two sets of key |
members or elider blocks, The Oldham ring is formed on one side thereof %

with grooves which are at right angles to a. similar grooves formed on |

' the other side thereof. One set of key members is connected to a

25 surface of the orbiting scroll and is disposed in the grooves on one
side of the Oldham ring, while the other set of key members is fixed to
either the fixed scroll or the machine housing and is disposed in the
-grooves. on the other side of the Oldham ring. - The Oldham rihg

reciprocates in a motion parallel to the grooves containing the set of



a machine design).. Furthernore, because |less wap length is required for N
gi ven vol une/pressure ratio it is possible to provide conpressors wth h\\
I arger di scharge ports, thereby significantly inproving 25 comressor@m;,
efflcﬂ.ency The present invention acconplishes this in an extrenely s
rrannMy altering the wap tip and end plate <onfigurations to provide for
an axi al reduction in the vol.ume of the seal ed pocket's as they nove to the
second zone, in deyihemberst dizede to cthec fitxednsirolh |cunkiousing:ct Then Oldhanheouplifigal
di rection. -5- Additional advant ages and features of the pesent

i nvention will bdbusnack A & eans $oF  FRpteqling, (dm- E’e%’&?‘?ﬁ?] SRINAY fqtation

appended cl ai ns tak 0 C dr ngﬁ: B F
DESCRI PTION OF T &5&\#@%%&1 E%Mlﬁ‘;eb%g g‘%aig%g?%ogpperg\égec Ive \%EW
of the inside surg 885136 ehamPa mhciine & alis dRBRRIcEiongThOdyi Ng t he
principles of the present invention, the nomally interengagi ng scroll

menber s bei ng: separ atthere are Mhmmmsfoa érobioliling pelakiive Eotatien of
is a diagram of ‘the geonetry of_ the resent i nvent | on. 10 "Fl gures 3

through 9 are tréﬁ%e%ct%s“i HERS:

machi ne enbodyln > DI 1.0CELD ol pQver ads| LUST LS .
mechanismin a plaraltty of angular p ' rgure 10 I's a
graph illustrati mmmlm w&eﬁad&eaa:ﬁeétmhw@ Béth
crank angle. Figure 11 is a fragnentary sectional view of a second

embedi ment of thmm|mmefcmm¢eganmmyemm |Rotati.on dontrodkingt o

line x-x in Fi urel Figure 12 is gmentar sectional view of the

second enbodi %F’SFIH% ke (preant inyentiony apd ff exdmplary
equi valent to | i 'i:%:%s&s'&e '88H0S hechaniem disclosed herein will be assumed to be

- controlled by an Oldham coupling or similar device which provides pure

curvilinear relative motion between the scrolls. FPurthermore, for
- - simplicity of description the scroll wrap contours will be assumed to be
15 involutes of 2 circle. o | _

- '.Ihe: present invention resides in the provision of a mnigue scroll

'-manbef design ‘which is capable of providing éubstantially larger

_ _ o .volme/ptessure ratios for a given wrap length and mmber of wraps than
s\/ © .those: possible in a- cmventimal scroll-type madune ' ’nns is very '

N 20 advantageous.-;-because.. it results in .a mx:d: more . _dian_etri@lly compact

machine for a given volume/pressure ratio (usixally_ the starting point of

a machine design). Furthermore, because less wrap length is reguired

7]

for a given volume/rressure ratio it is possible to provide campressors |
with much larger discharge ports, thereby sig_niﬁcantly improving
- 25 compressor efficiency.' The present invention accamplishes this in an
extremely simple manner by altering the wrap tip and end ﬁlate
- configurations to provide for an axial reduction in the volume of the
sealed pockets as they move to the second zone, in addition to the
eomentioxm volume reduction in the radial direction.



Figure 13 is a fragnentary sectional view of the second embodi ment of the
scrol | members taken generally along a line equivalent to line z-z in

Fi gure 25 Figure 14 is a fragnmentary sectional view of a third
embodi/fes) of the scroll menbers taken generally along a line eqU|vaIenLH£o
line K~ i/ Pigure 1. Figure 15 is a fraghenatary sectional view of" thejge.

t hi rd eghyodi nent Ea'lahdrggb ﬁgﬁﬁ 2l éﬁ,@

equi vaLent to line- E{@gi i gure Esgﬁl;%w Is. a: ﬁgg'ﬁééﬁ'?gﬁl
sectional vi e&é&et&ﬁni@trﬂr@nﬁdlsﬁﬁ&;mﬁ adueriyion Imﬂﬁﬂheappeh&aamm s
generally along a |ine equivalent to line x-x in Figure 1. The principles
of the presentakeny/imecbriwmekion sith ithe Hcempanyingdrawingg. scrol | -t ype nachines
and therefore because such machines are well known only the scroll nenbers

t hensel ves arm RLGSaNt application. The way in which
t hey are cont arned 10 fromrotation, driven, etc.. may

al'l be in agcordaﬁf@:&ni Iaskiluﬂcaéarist veReded! 6 Rile tifefdeOmingades bh1@r € i S
illustrated an orbiting sroll nenber “and a fixed scroll "menber 12.
Normal |y the paioldf raewrbil smembersnt Miad the hprineiples ofr thet pfesent

purposes of illustration they_are 15 shown in F| ure 1 ene as_a book”_ '
woul d be opendfventifny, the npgially interengaging ;scrpl} Mﬁf&d‘ﬁ?aﬂe%? '

Scroll .nmenber ! g_p! Hggﬁ %ﬂﬁ §p| ral wap 14 which extends '
outvvardly'froﬁ}fohe cen ral’%?(lctgg%)fi mechi ne and has a roll angle of at =
| east 1080 degreepiguréi 2¢:is3a'diagéan of €¢ Yeduetty? of/thi Ojeatioal the
I nner and outer flank surfaces (900 roll angle degrees) are used, but 3

Wraps are F@qw I eBidures: 3s thrcugh Guace dralndverse eéctitms dbhrangh othe- MPS of ap and :

t he inside flank of the inper one- half vvra are not
scroll-type machine embody of the present inventiocn,

*s-ﬁ >

- i1lustrating the mechanism in a .plurality of angular positions,
respectively. | o
Pigure 10 is a grath illustrating the volime of the sealed chambers
15 as a function of crank angle.
Pigure 11 is a fragueritary sectional view of a second embodiment of
the scroll members taken generally along a line eguivalent to line x-x -
'in?igurel. e : ' | |
Figurelzlsafragnenta:ysectiomlvienofthesecondanbodimt u
20" of the scroll members taken generally along a line eqmvalent to line
~ y=y in Pigure 1. _ ) |
' Pigure 13 is a fragnem:ary sectional view of the second embodiment
of the scroll members taken generally along a line equivalent to line
z-z in Figure 1. |
25 Pigure 14 is a fragh‘ef:taty sectional view of a third embodiment of
* the scroll members taken ' generally along a2 line a;uivalent to line x-x
in Piqure 1.
‘Pigure 15 is a.'fragnaiﬁry sectional view of the third embodiment
of the scroll members taken generally along a line eguivalent to line



functiomal. Wwap 14 is of uniformradial thickness with

raeh\al ly outer

flank_t hereof being uniformly radially spaced fran th 5 opposed
radi al I\y inner flaik thereof which it faces. An end Dl -1 s /di sposed at
‘the axially out'er edge of wap 14 for closing the open© e _bétween the.
oppgsed fl anks thereof. End pl ate 16_has" outer en I ng surface 18
di sposed between sai d opposed flanks of wap 14 for the outer
arcuat e portlonY'Yhié‘r An i nner end seali ng surface 20 (shown with

shading) is disposegy PEIE ﬁ?ﬁﬁgﬂrf ¢ 9fa Ha& iiﬂg.gr
arcuate portion thereo Bot h on’ se e seal 1 ng surfaccgﬂée are at an

per pendi cul ar t o dfhehed soPsllli idnbers taket igenerallly attih 2cAlihe) poaivalane td81ine
bei ng di sposed axially outwardly from inner end sealing surface 20.
Quter and inner & idcBigure lsurfaces 18 and 20 are interconnected by a
circular cylindrical transition surface 22 fornmed about an axis of
.curvature parall eI to the nmachi ne axis and having a radius equal to

()

one-hal f the r.aghs raOiapeRMaePposed flanks of the
wap. This radius 1s

e machine. Tip sealing

suffaces. are di sposeehenpdincipius adf menpc&emdqavemahwuammélsamm
outer tip sealing surface 24 disposed along the outer arcuate portion of

the wap, and an ﬂhn&rmmaﬂmmmomw%m m@ﬂ@& lagei weldr
arcuate portion of the wWr bo of . the t seal in sur ein
fl\a) and per pendi®® gﬁe'\?@é‘ﬂ %beofflgb Gﬁfeirllﬁ a r"g

24 being di spose ICQHI y r"g{r&i ﬁHHtE& a!ﬁﬂ
outer and inner th seal | g surﬁcjeﬁs are ea?conn%ed' by a cCi rc':%%a‘r

cylindrical- tirtafzbii potatibhpcariveR, 20te f Quyedmbautmrhwotaaﬂ&e with VRriowhe
di sposed parallel to the machine axis and having a radius equal to one-half

the radial thick®ebneiples.he wr ap. The axes of curvature of transition

surfaces 22 and 28 a?‘gfdlif%()sed Pag&)trmil mit{: raeteg frombeach ot her

about the nachine ax
member 10 and a fixed scroll member 12. Nommally the scroll members are

Aintermeshed with one another. but for purposes of illustration they are
15 shown in Pigure 1 opened up as a book would be opened, in order to see
the details of the configuration thereof. '
B Scroll "member ~ 10 includes ~a continuous spiral 'ﬁr_ap ‘14 .which
extends outwardly. fram the -central- axis of rﬂxe-inad;ine and has a roll
' angle of at least 1080 degrees, (i.e. 3 wraps). Only 2-1/2'wraps on
20 each of the inner and outer flank surfaces (%00 roll angle degrees) are
used, but 3 wrapes are required because the outside flank of the outer
one-half wrap and the inside flank of the inner ane-half wrap are not
functional. Wrap 14 is of uniform radial thickness with the radially
outer flank thereof bemg uniformly radially spaced fram the adjacent

- 25 opposed radially inner flank therecf which it faces.
An end plate 16 is disposed at the axially outer edge of wrap 14
for closing the open space between the opposed flanks thereof, End
plate 16 has an outer end sealing surface 18 disposed between said

43



the surfaces are of equal axial height. 25 Scrol ' menmber 12 inclu

conti nuous Spl

ral wap 32 which is mrror image to wap 14.' An end pl

34 Ks-9) sposed at the axi ally outer edge of wap 32 for closing the op

space /bet ween
sealA surfac

t he opposed flanks thereof. End plate 34 has an outer end
e 36 di sposed between sai-d 7opposed flanks of wap 32°for

out drcuat e -8- portion there ner end eaI 3
(s ith shaﬁ‘ﬂ‘?@d ghﬂf%pageéf‘% rl'lhﬁe n@"’ﬁf ﬁ?’f%gBZif
t he ner arcu $Sqgeds %gah
surfaces are f perpﬁ’ﬁ?cg{ar to e%h@%ﬁm?' uter end

seal ing surfac
seal ing surfac

&:e%w JEXeis € GE oweap | ;u oo anelliynerf axouatd gortioe rthersbf .
e. Quter and inner end sealing surfaces 36 and 38 are

des
ate
en

W

or

i nt er connect edBotbyofs thieseulend aeslingdpurfagest axnsiflatnand perpepdicular te dheed

about an axi s

‘radi us equals t’g‘ﬁg’g \H/g{q:u're a{rﬁgl?’;g%ﬁﬁ@&t"‘g?ﬁ'ﬁg’é’ﬁ ﬁ@ﬁa;“ﬁéﬁ?ﬁ?gvbﬁ’gﬁg

fl anks of the
i nner edge of

gg | S firfacdl Spose
W ap corrprl sing an outer t| p seal i ng surface 42 d| spos

al ong the out egealingabirfRcds | Tand 20 evintprconnstted biyrweirdular sphindriral

surface 44 dis

posed al ong the inner arcuate portion of the wap, both o

the tip 15 seatiangitionfauctaren?d nfprmed t abowt &b ARiEHaf Wﬁ%ﬂﬁé’-ﬂa&ﬂl

Fom the. i nnor M “%@ﬂe&vﬁﬁ" A 408" s o SERRSHE (7 TS

surfaces ar
46 forned abou
20 and havi ng
As before, the
approxi mately

ig;,sg&p w tr adils $8UAl=8
R an axl s o?ﬁéurvatu | sposed paralc‘ﬁ:h? teﬁlt%'hie machi ne a

the achital eadius o the madtdhé, t he radi al thickness of the w
axes of curvature. of surfaces 40 and 46 are disposed
180Tigegealing Srxfiscesicare odiappeathon the [mEialdy hinper

‘menmber 34 is al so 9, RO iq.ng with a é:,enseaﬂngy a2Eaesy disposed along the outer

15

20 .

arcuate portion of the wrap, and an inner tip sealing surface . 26

disposed along the inner arcuate portion of the wrap, both of the tip

sealing surfaces being flat and perpendicular to the machine axis,

ed
f
y

ce
Xi s

ap.

ol I

with outer tip sealing sutfaee 24 being disposed axially inwardly fram

inner tip sealing surface 26. 'me outer .and inner t'.i.p eealing surfaces

are  interconnected by a circular cylmdncal ' transition surface 28
£formed about ‘an axis: of -curvature disposed parallel to. the machine axis

and having a radius equal to cne-half the radial thickness of the wrap.

The axes of curvature of transition surfaces 22 and 28 are disposed

- approximately 180 degrees fram. each other about the machine axis, and

25

the surfaces are of equal axial height.
Scroll member 12 includes continuous spiral wrap 32 which is

mirror image to wrap 14. An end plate 34 is disposed at the axially

outer edge of wrap 32 . for closing the open space between the opposed
flanks thereof, End plate 34 has an outer end sealing surface 36
disposed between said opposed flanks of wrap 32 for the outer arcuate

-
T



centraly located recess 48 which is similar in shape to and al i gns Akt
di scharge port 30 in order to facilitate the discharge of conpressed i d.
O bi t&}g scroll menber 10 is nounted in fh& “usual manner  (not .shown)
for circul ar or jottion tileresfentAnvirnsr endsealingt sutfaced 38cr (shtwneitheshagng)
with wap 14 intermeshing with wap 32 so that (&2 the radially outer
flank of one of i sbetwesn the orosed faankeRf veap 32 £0r | PR 1pnes ALCIALe; he

Hhe
th f th , i, [ f 24 L_i.nal .
outer “end seal EHR; thefstee Andh, Ml @ Gidee S6 Gaip] sills EICTEER
engages inner engaSaebindfcdut f 86¢ tBS: mAhind kSs, twikh SRRkl REA Behlageuttace

sealingly engages ‘outer end sealing surface 18, (e) inner tip sealing

surface 44 seaFibegbg/dB;gagiaaxiﬂmmdl}eeﬁdnngheudhme-eﬁ Hel) ingysunfisice .c al
surface 28 sea

i ngly engages cylindrical surface_40 10 during a ortion
of said " orbi tzﬂ“g?ﬁ)vﬂémn,etaﬂ@yﬂing surfaces|3¢ apd 38 are n&¥y &

engages cyl ndri cgl rf 2. duri rtj f i bj V. :
v_\/nea_r eby the rel aéfﬁégﬁr%ﬁﬁéﬁri%e%%ﬁtg* %‘%?%f%sc‘r%gl nbLeﬁrogLf c%rﬁ;&r{ggéafl ed
fluid pockets OfcupiRUEESphradiel CEANEHe CnadRingToaxiB UrANGNIRL E- ralitus equal to
Illustrated in Figure 2 Is the basic geonetry of a typical scroll in

acrctor‘dance Wi t h one+talfrehe aralialnspacei etweenhsaidi adjacehB0 opposelic flanks of the
gengrating circle of the involute which defines the wap profile, 102 is
the involute &P ¥a#Pc| e 100 which defines the outer flank surface of the -

wap and 104 is th [ l.ut e L rc 1&2 ]X\Qlilc fi he ion f l.ank
surface of the ergBP %Siﬁ%ﬂ ﬁngag#e %‘l%ag am 1 trg}?%ee%%s '%Ptélyﬁﬁ e .
scrol | nenber  Gjrkp Ub@Tcafiprisilf A dutdr’ &1} bbd1$Rg sbt¥abd (S a2&hcfl fhe
shown. In order to obtain uniformconpression in the pockets of each
pair of pocket s cnber accuate s poftionir ofit the wodp,t &l an dnsert tip) sealihgsasfachold d
be located on p rallel lLines which are tan%ient to the base
disposed along the inner arcuate portion of the wrap, both of the tip
- 15 sealing surfaces being flat and perpendicular to the machine axis,
with the outer tip sealing surface being disposed axially imwardly fram
the irmner tip sealing surface. The outer and inner tip sealing surfaces
- are interconnected by a circular cylindrical transition - surface 46
- formed about an axis of curvature disposed parallel to the machine axis
20 and -_haviﬁg. -a radius equal to one-half the radial thickness :of the wrap.
As before, the axes of curvature of surfaces 40 and 46 are disposed

relatigefy | arge di scharge port 30 through which fluid conpressed by the 25
conpressor may be discharged. Scroll nenber 16 is provided vm'th

approximately 180 degrees fram each other about the machine axis.
Scroll member 34 is also provided with a centrmy located
. _ relatively large discharge port 30 through which fluid campressed by the
| 25 Compressor may be discharged. Scroll member 16 is provided with a
centrally located recess 48 which is similar in shape to and aligns with
discharge port 30 in order to facilitate the discharge of compressed
fluid, | | | S
Orbiting scroll member 10 is mounted in the uswal manner (not

Ry



generating circle. Thus, the axis 105 of curvature of transition
syrface 22 is disposed on a tangent 106 to base circle 100, and the axis
107 of~gurvature of transition surface 28 is disposed on tangent 108 of
base c& e 100. Tangents 106 and 108 musy be parallel to one another, Q}
may pe dlsposed at any point in the wap,” provided that the first

trangi i

N SUrghows Ot el rellai Vet h anctreibng © At i J réapeteiC €6 ) £ixedS s&aneast
360 rees fromthe outer active end of the wap. As will be seen, this is
" necessary to imoberel2, with awxap| (14c Hatemegiing| with wwiap b2 |ﬁp@lhatdtﬁll nthe he

suction portlon of .the. c e se d transitjon .5 surfac cent.e

(bet ween the 52t q“ﬁﬁ‘y%ﬂkaeg f‘GFJet"B%V e§ o4
degrees furth %éAx

bet ween the adj acen posedoﬁg ?tﬂ% tﬂ wrap, and |s gg? posed

in the m ddl_e seafinghye msTbﬂ:eH @aléewmgsuktaaesshqu)e mowﬁseaning

inflection and the edges thereof are tangent to the 10 wap flank surfaces
they int er sectsurface 2f gealinglyengages: et @éaﬂqﬂh@g Ma%ﬂﬁe (ar mrehig/ it

is essential th t he scrol e[s -be the mrror of ope a

rotated 180 d %g %@ggg@ﬂi Y, ENGRgPR  pRRer prﬂ‘ﬂe g Sg ? ¥
Qperation of t aEaﬂ?g &f Bégg{’ﬁ‘?e / rh”%'?ﬁi?l&f&g :
- understood by re err€ “Efagurg; % wth a o
reference to 20, ecyl@:d:ibil macbasvseamﬁigng@kgidtat dyllindei¢a0| | surfdice 40 "

interengagig in the manner illustrated with the orhiting scroll nenber ("2
nmoving in a cldvciag s pertiamonf) said cmhi#ﬂormbbh andspdg) teylindritaked

scrol|l nenber, the orbit having a dia equal |stance 20 bef ween
The opposed. f ARG sea#a?} Srbees BFEnaFcal irsacs, 47 Gucdng ) 2
14 is orbitin kWbSRnE] L éﬂ!’-ﬁ% t Wb t pe;*w&gn e%ayg ap
32. Figure 3 %ﬁiowsazf‘ e corrpresgor aft tﬁgﬂ etlgr%siﬁf'he 1rst 3%% egrees
of crank r ot atgcpéLl Imﬂbeﬁffdrhs?»mgrﬂﬁﬁ Oimaéhstat

> fng
orbiting scroll with respect to the fixed scroll. 25 Durlng this period,
the outer w ayslime thesehetmedn.om a seal -of f position -

15 Illustrated in Pigure 2 is the basic geametry of a typical scroll
in accordance with the ptesent invention, wherein 100 is the base
“generating circle of the involute which defines the wrap profile, 102 is
' the involute of - circlelbOwhid:defimsﬂleouterﬂ.anksurfaceof the
wrap and 104 is the involute of circle 100 which defines the imner flamk
20 s_urface of the; wr.ap. . :Assum.ng the ' diagram mmt:ates--the orbiti_ng

- scroll member, cxtcular cylindrical transition surfaces 22 and 28 are
ghom. In order to obtain unifom compression in the pockets of each
pair of pockets the centers of curvature of the transition surfaces
ghould be located on parallel lines which are tangent to the base -

- generating circle. ‘Thus, 1_:h'e axis 105 of ' curvature of transition
surface 22 is disposed on a tangent 106 to base circle -ioo, and t:bé axis
107 of curvature of transition surface 28 is disposed on tangent 108 of
base circle 100, .'mngents 106 and 108 must be perallel to cne another,

25

but may be disposed at any point in the wrap, provided that the first



(S|mlar to that shown in Figure 3) to a fuIIy open position (simlar t g ,\
t hat shown in-Figure 4) and then back to the seal-off position actual £,
shown ‘Rn Figure 3, and in so doing have input two full charges of s
gas, jndicated at 200 and 202. At this point, all of the suction\ gas

in tRet "tall" chanbers, i.e. the chanbe'rleAX'r ally di sposed between outer

and seal iNg SUT f AgRReskE o Mirfie dHEd (hdtiberOttle 1A WRHIBGS siELARBER! | 00, at

charges 200 and 202 nove to the positions shown in Figure 4, wherein part
of each charge i sldast5 360 c degriebs c Erarb cthea naiten active quelr of the wragh cArawid bes
in the "short" chanber, i.e. the chanber dis osed axially between jinner and
seal i ng surfaces 58$Rafhisds necessgy (tosipsugs f'&é 9ok Fpid will be

‘nthe tali chanoiie Sigen b8 et pRcE The AL pEC AR Qiflelche

apparatus to thﬁ £\@2hdd Ofentod OieCtD Me&ﬁaﬁm%w%é@a@e%béo

the position own in Figure at 900 degrees. At this point_in tinme the
entirety of char gappr@tibately mzaegseemfuﬂthexshﬁmn theaeri: of the Wrap. hixig, 105 is
t herefore, been conpressed not only radiall (o in the nornmal : rranner “but al so
axially by virtuedisposade t prbweqm, cthey cark RFpesed Elpnks of H“aﬁelgm

boi g equal . Ther BUpoity A leeslet 1l Spe piameC Y oo e Lot B

than that. whi ch viQiyethd W%”ﬁﬁ&ﬁ&?@nﬂ&h&h%ﬁé@m& Sof\edrd Aahgeit &ﬂuﬁé
axi\a¥ height. The 900 degree position shown in Figure 6 is the earliest

point at 20 why cirapt [f2anidsarfaces)theyy interseckn biyionder ko takhiespmoodt ealing,
il lustrated, however, the configuration is sudh that discharge does not
take place unti| 28 beigpcsfficiensy, At (i%. emsentiabn thath St i mppberssbe th

w aps sealingly D5 amRbe RAF abitic,, eyl Tho dedfedsipue ' MEF iyt @?ﬁ%

25  chanbers ar es@Pgrtper j_gt&hggﬁggge port 30, such as shown 180 degrees
| ater at 1125 degrees in Figure 8, and discharge continues an additional
*  Operation of the scroll machine of the present invention may be

" 15 best understood by referring to Figures 3  through 9, with additional
' reference to Figure 10. It must be visualized that the scrolls are
interengaged in the manner illustrated with the orbiting scroll - member
moving in a clockwise (as shcwn)_ circular orbit with respect to the
fixed scroll member, the orbit having a diameter equal to the distance
' 5p  between the opposed flanks - o:E a WEaP." Wiﬂx'.-:eference'--té Figures 3-9, |
orbiting wrap 14 is orbiting in a cloc'kwisé_ Ciréular motion ﬁm respect _
to fixed wrap 32. Pigure 3 shovs the campressor after completing the
first 360 ' degrees of crank rotation, i.e. a full 360 degrees of orbital
. movement of the orbiting scroll with respect to the fixed scroll.
o5 During this period, the outer wraps have moved fram a seal-off position

{(similar to that shown in Figure 3) to a fully open position (similar
‘to that shown in Figure 4) and then back to the seal-off position
actually shown in Figure 3, and in 80 doing have input two full charges
of suction gas, indicated at 200 and 202. At this point, all of the



180-degree§ until the 1305 degree position shown in Figure 9, when the
inner tips of waps again seal one another. An apparatus constructed in
accor e Wth the principles of the -12- present invention wll have.
' ¢ sepl ing throughout its full, cycle of operation. The adjacent _ .
the respective scroll nenbersS %iarl ngly engage one  anot he;;,{nz.
ént i couetiomngasr | isasim otiehc*tabl® ng:anbgrsand..endﬁieahmhgrs saxifadhes,”

and tke espectlve transition 5 surfaces engage one another in the manner

whi ch can be \Hi§BeHes Aaiwesn avter and 3&1#{#@5 duri ng the first

ucti on seal “of | DHRGRLHA S dﬁﬁsﬁ%ﬁ%ﬁ?ﬁ% st 49185, m2C aee g

of the transi ticntheS Yiced€idhs | BhowtOlin Pidile f4, Citidkein Bart! 6F chéd Cﬁaﬂge
10 Ther eafter starting at 360 degrees and continuing up until 900 degrees,

. there is a omhleebiiainawert&d anorher chantgecti reacha chaiget i iscl in | theg8shoat?
chanber to a relatively mal| short chanber as_best seen in Figures 4, 5 and.

6. The respectary adsey | She sthamber disposed Axially hetwpencineer ngnd cpesling t he

Eia?\lf\/regn?)SggGgeég?’rgees and&%éb ﬁeeg}&%ure?hﬁ %5&5%%%%‘: %ﬁ O{J%ere ?

is no . sealingoRidA0NEEHavinde with of @tRPC ghatind ra&%ﬂ:yowwﬁfﬁ%ﬁm@ut
during that particular portion of the cycle Ieakage across the

transition ar dallsdaubetq._ | Anetlege 180t \Jegrees\Wf| etkahkcabﬂaj:ian ztakeshatiyes

that are 2& ressed at_the same rate. 20 Consequently,  even thoughiy
there is to;the pogitiga shgyn éﬂfﬁ@?’@']éy and mek, esr 180s gegreesg

with 720 degr 5 h t n su es are alin
engagnent for E‘iﬁ“ﬁ’o %‘%’Ir,eg? Ui é‘)f ‘} Bél(? see?‘éaéﬂggfﬁ ﬁg‘“&O’H’
degr ee pOSltIQﬁnﬁh%@&&.tEtﬂl&edﬁr 2dd1&f|d W'ik'ﬂ:”tﬂé“&a&@t&faﬁﬁ&sOf i
charges is in the short chanbers 25 (as shown), and the transition sur aces
t her ef or e havdane, Mefc@'orbeehmmmtem cadiallye i dthe normal manner,.

but also axially by virtue of the fact that the short chambers have less

15 height in the axial direction than & the tall chambers (all other

things being egual, There is thus a volume reduction aqhie_ved which is

.greai_:ex than that which would h_ave been achieved if the chambers were

. all of equal axial height.

e 900 degree positicn shown in Figwre 6 is the earliest point at
20 which the discharge cycle can begin. In the apparatus illustrated, U
however , the cdnfigu;:at_ion' is -s_ud'x that disdlar_ge_d:e_s-npt take place |
until 45 degrees J.ater,' at the position shown in Figure 7. - Discharge
begins at the last position in which the inner tips of the wraps
sealingly engage one another. As the crank rotates further, the .
25 chambers are opened to discharge port 30, such as shown 180 degrees
later at 1125 degrées in Figure 8, and discharge continues an additional
180 degrees until the 1305 degree position shown in FPigure 9, when the
inner tips of wrape again seal cne another. o
~ a0 apparatus - constructed in accordance with the principles of the

- L



Figure 110: graphically illustrates what is happening In the apparatus.
In tha Flgure the ordinate represents chanber volume and the abSC|ssa
represénts crank angle. For the first 360 degrees (one - 13- '
revol,ution) of rotation of the crank, fronlg int ato point c, the
cycla&Uakes ‘pl ace until conplete suction Se off is reached at poi

There shoul d be L1L.on z he t e

wr ap. Thereaf;e&%ﬁ%&}o i°on r%s%%rlt ’éi%% &Qgéggogﬁg 3
in Figure 10, if ofhgy idd.at Qﬁe\/\/ﬂaﬁéﬂifﬂ‘dnkﬂ fof ahe Aedp&R Vel Barol haasebe
tall chanber end sealing surfaces the conpression |line would be from point
c to point g. Onsediddnglyhecengagendene fanokizerc tmthe souvenhitmhabr mgines) | wsbhden the -
designed with fl at end pI ates coplanar with the short chanber end seal.ing
surfaces, conprB8&ing 0&59!9 urtaces) o\ 3pd hthe | SREPRGRITR pEraREitHop,

B?I ntAldt ggﬂ;hglh'? canaﬁ g#p%t m%e L&’gﬁeﬂ)ﬂfgdeswe e%%&gjg&gfﬁ%

point c'), in thendapadngs enmdwme,cmmfsw £ir8t" BHE BiRjrees lof NHRRAtIOA
t he short chanber starts at point ¢ and continues for 1-3/2 revolutions to

S

point 15 d, at o6y depckizn. takesh oplgie t ntilcythiece i §s s fiulin, suckione xesadt-aity
pur poses, as a strai ht I|ne |n Figure 1Q, in_an actual nmachine it would
propably be sli gfe %t hEPEHeR neE | P‘?s"}b‘ﬂ%sﬁb?e sealiggyiof the

C RCher O Peeat s %B%Pr ans?*‘@e to“P"h BT P XY iy

hand, if desi rf@'ubé‘z@ﬂﬁ vmﬂa@ssawaegzées.mmﬁm@t&mmm%ees,
embodi ment, there is another 45 degrees of radial conpression fromd to e,

at 945 degrees, whérehis 8 cowpreseion ofitthe/flutd charge rfiren 2crelatively hdargeaptall
Cont i nues Tran t FABRG 59 SoUACESIE AN Siqtl, ety 5 Be i o R B nt

.f" The mprovema@t éhem\éo'ééﬂﬁe&f&é Mﬁg‘chﬁﬁégug&l@l&o gmgégg one

another fram the Figure 3 (360 degree) position to the Figure 4 (540

|5 degree) position. Between 540 degrees and 720 degrees (Figures 4 and 5,

respectively) there is no sealing engagement of the respective

- transition surfaces, but during that particular portion of the éycle

" lepkage .actoss._ ‘the transition area .is merely leal_'age': between two

. identimlly--sized-'d:'arges ~that are hemg -caupte_ssed:at': the same rate.

o Consequently, ‘even though -there is mixing there is no loss of
efficiency.  Thereafter, starting with 720 degrees (Figure 5), the
“ ' - transition surfaces are in sealing engagement for the next 180 degrees

_ wmntil ﬂxe--abp:ratm reaches the 900 degree position shown in Figure 6.

¢ i : At that position the entirety of both charges is in the short chambers

| 25 (as shown), and the transition surfaces theiefore have no bearing on the
charges being considered. _

Figure 10 graghically illustrates what is happening in the

- apparatus. - In that Figure the ordinate represents chamber volume and

the abscissa represents crank angle. For the first 360 degrees (one



present. machine is very evident from Figure 10, wherein can be seen that a
convent i onal machi ne having m ni numwap |ength would, after the sane

hu degrees of craink rotation, end up with a chanber vol une 14-
ha poi nt g value, whereas a nachine incorporating the -present

I nVie 0 would have a final volune nuchissoaller, i. e. the value at p

. d; “n bot h magchi,nes hes uid

takem’into theF ' gp?‘?‘ °{ ﬁgear%{'%mﬁéqngéﬁi%f ht heébogéngn@ansft i on
surface can begyafdy agh ?ﬂ& aideid claivbe BRtIBA Heh T-RIEE 16 FaldEat L O
establ i sh what ever. ssure ratio is desired for the application under

consi derati on. poiﬁurbhelma‘edmmana postidnsition izenes oduring athe yfirst S6@ps
or transition zones to pernit even greater or nore gradual i ncreases,in
the vol ume/ pr edaguees rofi | aetiveswigR.| |[Fberqattsty| bﬁﬁsﬁ’i

skilled in the art. A mac con t

princi pl es ofmpﬁﬁ?'&sems ﬁ\%‘ht% Wg éve ?émg%?%gn%p%f%t Ve cr%nk .

- angle of 1260 gagr %ﬁ"e@ﬁhﬁthﬂ&xaﬁe taDNEchaBiO| &tid Ofeadings UGurfites Oteand -
one- hal f. revolﬁ% ons of Cconpression, and one revol ution of discharge. To 15

acconpl i sh t hi Gmpeessbai 2inecaoiliderbe ifrans pointessar point og.halrethe othernbandef
2-1/2 active waps (which is 3 wraps total). The |IIustrat|ve m h| e shown:
_in the drawi nifs thes canpresaerthadnericinally been s deniopestpvith t&fore

has a total an ar_cran spI acwen 13 @B?ﬂf

therefore alsog"é ‘E‘&E % é'a'%'eré’su%g%{"ﬁerell&t'he %sanglé\_,«-_
bet ween' t wg :Qf&e l.ir@"'fb.l 8N td poifed (Kukoeie! tatalt he
base generatl ng circle and paSSI ng throug the first point, and a line
tangent to thevdlane ofeintake Ehgidowoutd oniy deptiesvolgne atdigh m&moﬁm DI nt .
Al though the invention has been disclosed in exerrpl aré]form I n

connecti on wi t ptaxtsdaten - by pthep@ilac ift idepited & &Fnﬂ?@ﬂ"pﬁ )n'giB the; ké
deV| ce for givi rgetruelcgiw | Qea; er‘@tchorha&m%gw% Q%L&g to the short

chamber starts at point c and continues for 1-1/2 revolutions to point

15 d, at 900 degrees. Although this cycle is shown, for exemplary
 purposes, as a straight line in Figure 10, in an actual machine it would
probably be slightly curved. At that point it is possible to begin
'.-'disd'narge because there has been. a camplete cang:ession ‘and seal-off |
 with all of the_.-flmd. being ‘transferred to the ghort dlaml_:er. On i:he c

u

20 other hand, if desired, continued camression is possible. In the
present enbodiment, there is. another 45 degrees -ecE':. radial compression
fram d to e, at 945 degrees, which is the point at which the inner ends
of the wraps move out of sealing engagement and the discharge qrcle
begins. Disdxarge continues fran the end of canpression at e for one .

25 rewolution to point £. <
The improvement in the volube ratio and Kence pressure ratio of the
present machine is very evident fram Figure 10, wherein can be seen that -
a conventional machine having minimun wrap length would, after the same
nunber of *deg'réés of crank rotation, end up with a chamber volume



proflles "whi ch are the invol utes ‘of a circle, it will be readily
appremated by those skilled in the art that the invention is readj \\
capabl e of nodification for use with other types of scroll-type deviA .
For exanple devi ces incorporating the link ge_nechani sms and nodilfie
scrol‘rvprofﬂes of the aforenentioned copending applications are a
suitabl e for adapthavingn 20f pdine @r embod, heveas | »machind lincorporating tthe ipresentt
are di scussed above in connectl on W|th .this enbodi mant are  uti I ized 5 to
apply the inventi matlery in9+ they valye at

Hhaadhpelime
1 sposed  per pendPiE §&§8%% RS sPidhone B Trof PEER e

for 180 degrees OE&@CEﬁﬁb'ﬁn:o thd Slachbot!| DRiaR1pe i 0okl t Reidh® of . the.
adjacent wap flanks in all such parallel 10 planes. [If the scroll or bi t

is circular and % lteansitionnsurfadentan be r vaxitesi o inb cicosmiandeh i the knevh mﬂmttml
than this is the shape of the proflle of each transition surface (i

constant radius) PFipchpless ko sntabldsh whateyer pressure | matioy|isn Aesjc edh(mgi,éhe

L feed oot b o sbln AT i BB i gBROR: 1o " AR i

Figures 11, 12 an &:%liﬁf of BREPe bl YXransi LIV 2éidk bl *beﬁni'to%dﬁdgﬁéh%@*&rm&(e
fillet, sudh as shown in Figures 14, 15 and 16. Qther configurations are:
equal Iy possi bl e. gtédual hdnareases | in nthie cvolums/pressure t twhios; as Iwikl bed readily
reNative. rotatign between_the scroll_ menbers, then this shape nust be

cal cul ated 20 Hdt PEFReciated By those gkillednin E‘éﬁﬁt-t ouch. (and seal) for 180

not be of the. sam nagli?%%%‘)p"?ﬁ*%“@%‘a {2 b Bhol ISR 47 gf#%?ﬁve?a’n*’s?e@*g

(just like a cone pp@gint Untértict Cwi Havel raCLHiﬁ!mﬁ\deﬁéﬁﬁe e ldF€1260
di scharge port is shown as being circular, it can be 25 of any esired
shape ban convent idegreles cr consisting hofev ene bevutsien odf suiokigmoonet randof orekkialf
present invention it can-be nmade much | arger than those possible in
conventional scr oFFYQLPEOngy OFi (FEREQeEFioR, o RPN Opf oskiyPRution of discharge. To

15 aecm\plishﬁxis,asnotedearlie:, it is necessary to haveanunmmcf. :

2-1/2 active wzaps (which is 3 wraps total), The illustrative machine.

ghown in the drawings has an additional 45 degrees of compression and

~ therefore has a - total ‘angular ' crank displacenent of 1305 deé_rees;_

o The wrap is ‘therefore also 45 degrees lcnger.

| 20 Bs. used herein, the "roll angle" between two points onawrap is

the angle between a line tangent to the base generating circle and |

passmgﬁxroughthefitstpou.nt and a line tangent to the base
generating circle and passing throuch the second point. '

. _ Although the invention has been disclosed in exemplary form in

25 connection with a scroll-type machine utilizing an Oldham coupling or

- like device for giving true curvilinear motion, and wraps having

profiles which are the involutes of a circle, it will be readily

appreciated by those skilled in the'art that the invention is readily

capable of mod:lf_iatien for use with other types of scroll-type devices.



ratiro. . - 16 - CLAIMS 1. An orbiting scroll conpressor having first and

second-ipt erneshed scroll nenbers in which a fluid is conpressed by _

di s nt ina direction parallel to a plane perpendicular to the axis

of novenent, neans 5 bei ng. provided in said conpressor for

caugin oncurrent additional conpressiom®f.said fluid by displacing |g_§ni

a di Ai on- parallel to- said axis. 2; . An orbiting scroII conpressor h
Ien

clainmed in cI er '
(A) ‘an end pl % %%’pelgr aing%b from a&%irs?d axi s
general I'y per pepdiinCyrotite8 i Ci:h&“‘if&!éh&ioﬁéﬂ &mw&@&@d& sai d

end plate; (C neans on said end plate defining a generally 15 flat first
surface di sposatbbke\ﬁeem&m&dmnﬁ@ef Rﬁeutwiamtbm.a f Thet sqmer crigerial t he

arcuate Iength thereof and neans on sai d _en | at e, deflnlng _
general |y fl atthd éb%p 'Pi’ég _ B&H‘"ﬁ?for

a second porgi -' (E) sai d
first and se%gﬁ}pgi&faces respe(':"%’l ve%{] *é I ng |n spaced parafl el pl anes

di sposed per pendi qué aphtdngO phrts] 4t I fle SdnEitidn zonds HASH RS Bimpl nchadyed
in claim2, wherein said spiral wap has flanks which are configured as the?
25 i nvol ute ofehapesi inchll perallelAptanesr eﬁsmsedspemmm réhe, maghineei n

said first and second surfaces gr (euéaoéerﬁ)d ft3¥ 180 degrees of each orbit. They &

should also be tangent to the adjacent wrap flanks in all such parallel W
io planes. If the scroll arbit is circular and there is no relative =

rotation between the scroll manbers than. tbis is the shape of the

pofile of each transition .gnrfaqe (i.e. of constant ra_dits;)_ in all such

Planes (e.g. a clrcular cylinder); hovever, it need not be of the same

radius in each such plane. For example, the transition surfaces could
15 be conical in configuration, such as shown in Pigures 11, 12 and 13, or

generally cylindrical with a roumnded champher or fillet, such as shown

in Pigures 14, 15 and 16. Other configurations are eqmlly possible,

If the orbit is not circular or there is limited feigtive -':otatiOn .

- between - the scroll members, then this mape must' be calculated

20 mﬂ:enatically 0 that the perts touch. (and seal) for 180 degrees of

: each orbit.. The proper dnape for a g:.ven madu.ne, hwever, need not be
of the same nagmtude 1n each of the aforesaid pa:allel planes (just
like a cone can sd:stitute for a circtﬂ.a.r qlinder) . |

-Although the d:scharge port is shown as being circular, it can be |
25 of any desired ahape based on conventional criteria; however, because of
t:he gecmetry of the pcesent invention it can be made mch larger than
those possible in conventional scroll-type machines for a given pressure

LEEY )

rati.o._




Internmedi ate transition surface. 5. A coanessor .as.. clalned +ﬂ cIa|n14
wherein 30 the profile of said transition suff.ace has mmja radi_us

curvature i'n planes perpendicular to said flrﬂﬂu npre
claimed in claim$S wherein 35 said transition figgr

. whchxus.. =17 - -cylindrical about an axis dlsposed parallel to sg t
axis. 7.7 A conpressor as clained in claim5, wherein said transition
surface is conical in configuration. 5= 16 = 8. A conpressor as
clainmed in claim?5, further conpr|5|ngcgaxggnded fillet at the intersection
of said transition surface and on Sard 11 rst or second surfaces. 9. A

conpressor as cl ai med i tecl aif® ®rhf P@lﬁcfells&PHPFPFF@F PQVHP%pBEE%Fat
the intersectiand afecoaid intarweshed sa:rrfoaaemendeﬁ:bemoehleutwafIH:yd digposed

of said first f 0 | ai ip.claimb,
wherein Sald|%§ﬂé%(§%%(;? é%?ﬁ?ﬁcg%ﬁgéaﬁédggﬁqiégé pg?géggg%eg 45 360
degr ees al ong Rlianeaparpendioudar ¢o tthe axis plfonrbheabumevemutofmeam@l

wap. 11. 5 A QRIRIETIVvided id wRdd %oﬁn'p%b@b%r ‘f’BQrEEHsiﬁbdc%é@rP@ﬁt an
active length of_ at | east 900 de% ees rol 2

0
corfpr essor as d4itharad, OmRLesSs °Wh8ﬁéﬁﬁ1§afg“éQcBdeéﬁP%QEé“9siH|%%d%ed
radl al | y i nwardilne otfi ceniph fallsl tor fsadd axis.

& N Co 2. . An orbiting scroll compressor as claimed in
-{wj ‘claim 1, wherein said first scroll member comprises:
10 (A) an end plate;

(B) a spiral wrap extending outwardiy from a
first axis generally perpendicular to said end plate, said
wrap being attached to said end plate;

: (C). means on said end plate defining a generally
15 flat first surface disposed between the flanks of said wrap
for a first portion of the arcuate length thereof; and -

(D) means on said end plate defining a generally
flat second surface disposed between the flanks of said
wrap ‘for a second portion of the arcuate length thereof;

20 - - (E) said first and second surfaces respectively
o lying in spaced parallel planes disposed_perpendiculaflylto
NV --a;sald first axis. - _ |
' - 3. A compressor as clalmed in c1a1m 2, wherein
said epiral wrap has flanks which are conflgured as the
25 involute of a circle. o
4. A compressor as claimed in claim 2, wherein
said first and second surfaces are joined by an
intermediate transition surface. |
5. . A compressor as claimed in claim 4, wherein
30 the profile of said transition surface has a constant
| radius of curvature in planes perpend1cu1ar to said first
axis. o ,
' 6. A compressor as claimed in ¢laim 5, wherein
35 said transition surface has a configuration which is



13. A conpressor as cl n cIa|n112 mherern sai d second surface IS
di.sposed- furHMB i“lﬁ“ %‘pZS general pl ane of said end plate than-is
sard st s ressor as clained in claim2, further

co iZig neanhs defrnrng a drscharge port centrally through said end -
pl at 5. A conpressor as clainmed in claim2, further 30 conprising \,f P
nea ¢fining a recess centrally of said end plate in one of said o

surfces. 16. A conpressor as claidmdg in claim2, wherein said first and

second surfaces are oined by an jnternedi afe co e transrtron urface.
35 cylingzical ahMitedlbaxis ALARAREY PaTElil, toABLS; F1585s g

first and SHegpnd surfaces are joi ned by ‘an |nterned|ate coni cal transrtron'

surface. 18. A conpr.Fssor acsomgﬁa%g%ebdr |4)$ %13&@&7];:%‘1 qhnst hﬁsgeg\gﬁr axi s

of said conical surfadce i's pa to sal rst axis.
conpr essorsaisd cizansikion gufiace ishaanircadaiip qonfiguzatiepend surfaces

are jogned by an intgrnedi ddnppdddul ig@lclidined tin0R13 at;efutrlaﬁer
i ntersection of said trans rface th S8 id first an second
surfaces HRARRIISINGH L@qw&%‘f&s@ t'o\r,¥h°2d‘ Er&ﬁ‘r‘ﬁ‘é’?sr‘# 8848 ainmed in
claim 19, Wﬁnomeswv&ace)famhrdxe:Wﬁ rairiid fligsdr oirosegondai d transition #
surface is é;gé%é to said first axis.. 21. A.conpressor as clained in .
claim1 or Wher ei n sai d second scroII menber conprises: (A a -
generally flat end fate;A (BMRFeRAIRI2sSwHR Badkdd Fdad Rar éﬂ’?rﬁi&m a ¥
: 10 said fillet is disposed at the intersection of said ' WG
' transition surface and the most outwardly disposed of sald
first or second surfaces.'
10. A compressor as - clalmed in claim 5, whereln
said last-mentioned axls is located at least approxlmately
15 360 degrees along the angular extent of the wrap from the
outer end of sald wrap. : ' _
©11. A compressor as claimed in claim 2, wherein
sald wrap has an active length of at least 900 degrees roll
angle. ' ' C '
20 12, & compressor"aS'claimed in claim 2, wherein
said second surface is dlsposed radlally 1nwardly of sald
first surface. ' ' '
13. A compressor as claimed in claim 12, wherein ot
_ said second surface is disposed further away from the
25 general plane of said end plate than is said first surface.
l4. A compressor as claimed in claim 2, further -
comprising means defining a dlscharge port centrally =
through said end plate. S 2
15. A compresSor'as claimed in claim 2, further -
30 comprising means defining a recess centrally of said end
‘plate in‘one of said surfaces.
16. A compressor as claimed in claim 2, wherein
.said first and second surfaces are joined by an
intermediate concave transition surface. _
35 o 17. A compressor as claimed in claim 2, wherein



first axis generally perpendicular to said enﬂ‘p%a%e-saLg_!£EB‘?eing
attached al ong one axial edge to said end plat ’A\
on the axially opposite edge of sai d wap defi m I””Ey surfa g
extending for. a’first portion of the arcuate |en WNHL
meanshen sai'd axi ally opposite edge of said wap def|n| g% 9econd t|
surface extending for a second 25 portion of the arcuate |length of said
wrap; (E) said first and second tip suxfh8es respectlvely Iylng i n spaced
parallel plan | d r u [ 22. A

conpr essor asgg g §98§% aR? EEQ%&S %EEkXC&Q cﬁ splr mmap of the
second scroIIlnﬁﬁﬁéﬁdha§efFaﬁkga%hFéﬁna%§1@@n$¢§ﬁﬁQ§i as the involute of a

circle. 23. A conpressoygas gl abﬂpelesgoslasnei’éu@éd 22 JNEEINY SN rldimst
and second tlggsurfagsg are |j ernggéale transitli qQn surface

35 Aree8r et PRLeAl rHETERdH o arA Sl o 88 e

profile oB safdrstaagisi.on surface has a constant radius of curvature |n

pl anes perpendi cul ar tojgaidaf LSt 855§y %é'cl £ i C|‘ﬁll

cIa|n124 wherein 5 said transition surfacé has a con guratlon Mhléh
cyliindrical af8d@ AAr&%i andi Speced parfaces 2xesitkped Mt akis. 26. A

corr_pr_elssor as 1ﬁl:étﬁ(ﬁtdiaﬁecbﬁlﬂhaﬂlcﬁ\mefﬁai;51ﬁﬂbtd gurfidd ) Qihesulrfacedi S
contcal In Co ura : : : as, I
clgi m 24 fur?ﬂt?rss 2Pe; R 82 BuhERast F1on SUTEARR Wikt e ik o ot

« - second surfaces having a radius in cross-section.

-20. A compressor as claimed in claim 19, wherein
the axis of said cylindrical portion of said transition
surface is parallel to said first axls.

21, A compressor as claimed in claim 1 or 2,

15 wherein said second scroll member comprises:
- (A) a generally flat end plate;

(B) a spiral wrap extending outwardly from a
first axis generally perpendicular to said end plate, said
wrap being attached along one axial edge to.said end plate;

20 - (C) means on the axially opposite edge;of said
‘wrap defining a first tip surface extending for a first
o ‘portion of the arcuate length of said wrap; and
&%j ' S (D) _means on ‘said axially opp031te edge of said .
- wrap deflnlng a second tip surface extendlng for a second
25 portion of the arcuate length of said wrap;
- - (E) said first and second tlp_sutfaces
’ respectively lying in spaced parallel planes disposed
perpendicularly to said first axis.
22. A compressor as claimed in c1a1m 21, wherein

o

30 said spiral wrap of the second scroll member has fianks
which are configured as the involute of a circle.

23. A compressor as claimed in claim 21 or 22,
wherein said first and second tip'surfaces-are.joiﬁed by an
intefmediate transition surface. _

35 - 24. A compressor as claimed in claim 23, wherein



tran5|t|on surface and one L!ﬂaid first or second tip surfaces. 28. A

coupr essQr mﬁmlu m‘lﬂ 27, wherein 15 said fillet is disposed at
the iMfteg neCtI

tion surface and the nost inwardly di sposed
rst of sécond t|p surfaces, 29. A conpressor as clairmed in any .
Al s 21 to 28, wherein said |ast-nmentioned axis is located at Zﬂé_;“v

| 4 endzgf azld wrap. 30. A coppressor as cIalned in any one' of

o alns tao rein sai ap. qf .the second scroll _nme has an
active | endthe @refile 556% d’é@%?é??&l F“éﬁan 188 ' cBREREhe' 3. A
conpr esor &iﬁsr&ﬂiduruﬁtmr@ndnoblahasnpeipehd13&1amhepesaidafdrsecond t|p
surface is dlggosed radially inwardly of said first tip surface. 32. A
COnpressorﬁﬁscﬂaJned in claim31l, wherein said_second tip_surface is

di sposed nearer to t 5 gedecempI®ssiosnasoclaimgdein SLadi® RAanwhereind

EIZFS]E UH ﬁefé%:{)&npcﬁas%){n& %Hﬁt%swasas Q%E@drbﬂzéﬂ%’wﬁﬂ&?oﬁsd ai rr?s 21ht 0
ans erinn e (0] centr, rou |
sai d end pre¥kindgica @é%(ﬂx‘és%&lsg" g g@llgeﬁn 59 sﬁ/ﬁg gﬁﬁ gal d

- first and sseisnd tlp surfaces are joined by an |nterned|ate concave *
transition surface.. A SHIIAR: 33 ShARA 18 Shail 24, wRebehn sal d™
first and second tlp surface re Jol. an 1 nternmedi ate conical Yy

transition sakd kransition surface 3§ QRnéGﬁﬂré§sGPn§§98FéF&€B'|n claim35, *
wher ei m § he center axa, ofa SPonpr&¥¥otalass Wllkdaed SnpualimeR4t,0fazitter "

compr151ng a rounded fillet at the intersection of said
transition surface and one of said first or second tip
surfaces. R _ |
28. A compressor as claimed in claim 27, wherein
15 said fillet is disposed at the intersection of said
transition surface and the most inwardly disposed of said
first or second tip surfaces. _
29. A compressor as clalmed in any one of clalms
21 to 28, wherein said last-mentioned axis is located at
20 1least approximately 360 degrees along the angular extent of
" the wrap from the outer end of said wrap. R
30. A compressor as claimed in any_cne'bf-claims

21 to 29, wherein said wrap of the ‘second scroll member has -
~an active length of at least 900 degrees roll angle. )
25 31. A compresor as claimed in any one. of claims
21 to 30, wherein said second tip surface is dlsposed ;
radially inwardly of said flrst tip surface. C -
32. A compressor ‘as claimed in claim 31, wherein '

" said second tip surface is disposed nearer to the general
30 'plane of said end plate than is said first tip surface.
'33. A compressor as claimed in any one of claims
21 to 32, further COmprisiné means:defining a discharge
port centrally through said end plate.
_ 34. A compressor as claimed in claim 21, wherein
35 said first and second tip surfaces are joined by an



first axi-s. 37. A conpressor as clained i reln sald f' 7\\
- and second ‘tip surfaces are joined by an 10 l'indri \/
transition surface, the intersection of sai ‘mm@!mkmgm“ace Wit h s e
first and second surfaces having a radius, | esectison* 38. A
conﬁhessor as clained in claim37, wherein the axis of said transition
surface is parallel to said 15 flrst axis. 39. A conpressor as clained in
claim1, wherein said first. scroll nerb@0 eonprises-.a spiral wap di sposed

on an end p'Eﬂﬁ%efﬁﬂé&é%ﬂ“ﬁﬂ%d%%%oEka?EQQQBnaE§SSQBEpr'S'”9 a spi.ral wap

di sposed on an end plate, said scrol nber s |nternesh|ng w th one
- anot her and bei ng novabi® ofbiCOMPLE SHOLh a8 §dadmedo ipnelaast By wheteinmn
axis, said ensajd of Prstheind) séiconds @d psehgFaceabiry §oiakdebyt anone anot her

and substantlall e ndi cul.ar. 4t i d.,axis Ld _spiral waps being
configured so-t ’inpe({ Ei:eas R %«?lrr%\’/rl %5%&3%8"5%5&3& 25 of progressively

changi ng ¥ol ue is for & béd wempresisorwaspsclaimed dhacdeimn3fel wheréinng
caused by theug,_r Nt e MOMAEYE Ya i3RicnWcaRS sW'rTchEeiQeﬁhrLQlQi'et@ngémr
and further c r|S|:ﬁ%yolune rati o enhanci ng neans on at | east one of said
end plates r axi al distance between 30 said plates in an area
mhge sai d novi ng chanm. | & dompresdoroasachaimedniaf claeémd2spl ekenein

cY. , therehy, ¢ fart her vals Ln_sal Vi 92 hanber in
addition to t a<9oik§§vﬁggyggﬁﬁég %lgn%g%%%gggeh? $°q"g§ b apg relative to
one’ anot il . Brtermediate cyzlandrAcgénMewortlag shzfaece,i hhel ai m 39,

wher ein éﬂtérsect1on of said transition surface with said first and
_ second surfaces hav1ng a radius in cross-section.

38. A compressor as claimed in claim 37, wherein
the axis of said transition surface is parallel to said.
15 first axis. -

39, A compressor as claimed in claim 1, wherein
said first scroll member comprises a spiral wrap disposed
on an end blate; said second scroll member also comprising
a spiral wrap disposed on an end plate, said scroll members

20 ‘intermeshing with one another and being movable orbitally
with respect to one another about an axis, said end plates
o _ being disposed substantially parallel to one another and
3&/ | substantially'perpendicular to said akis; said spiral wraps
| being configured so that at least one moving séaled_chamber
25 of progressively changing volume is formed between said
wraps, said change in volume being caused by the orbital .
movement of said wraps with respect to one another; and
further comprising volume ratio enhancing means on at least
one of said end plates reducing the axial distance between
" 30 said plates in an area where said moving chambér is
disposed for a portion of the displacement cycie, thereby
causing a further volume change in said moving chamber in
addition to that otherwise caused by the movement of said

wraps relative to one another. .
35 40. A compressor as claimed in claim 39, wherein



said spiral waps on said first and second-sé+e++—ﬁﬁﬁbers~are—nirror inages
orre @O ke ot her. 41. A conpressor as c]al ereln each of
sai dy has an active length of at |east m&l“ ol angle. 42.

A comrp or as claimed in claim39, wherein plates are
provid Aith said volune ratio enhanci ng means. A conpressor ,ﬂqﬁﬂﬁ'“
cl ai n claim39, wherein 10 sai volune ratlo enhanC|ng nmeans |s not

~operative during the initial portlon o sai d di spl acenent cycle. 44: A
conpr essorsaid cspd nel whaRs 0m Boid it randhisecmidumenoddi deabeasci ng

nmeans is nN9te qggf@& vg,,;ggs td¥se fdf sghe?t‘&:};gqg.r ees of reI at i ve orbital
-movenent of sal crol | nenbers in eac Iace cle

orbiting scroll conp?:gSS(ﬁ‘ YR e PR aof'r“} gy & 1(9}) dat ghere%n
subst ant i aéagh asf hea bd nined s dmahasa:mamrhm_tll’errg%h‘}eraefncaa: tlceasrtd9@9 o

|Ilustgategeé£5ég r GEF OIRAW! N9 dr awi ngs.

42. A compressor as claimed in claim 39, wherein
both of said end plates are prov1ded with said volume ratio
enhancing means. , _ o _ o

43. A compressor.as claimed in claim 39, wherein

10 said volume ratio enhanc1ng;means is not operative during

- the initial portion of said displacement cycle.

44. A'compressor as claimed in claim 39, wherein
said volume ratio enhancing means is not operative for the
first 360 degrees of relative orbital movement of said

15 scroll members in each displacement cycle._

45. An orbiting scroll compressor constructed

and arranged to operate sﬁbstantiallﬁ as hereinbefore
“described with reference to amd as illustrated im the
accompanying drawings. - '

o .
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