2132276 SCROLL- TYPE MACHI NE The present invention relates to fluid

di spl aceqnt apparatus and nore particularly to an inproved scroll-type
machitheiespeci al | y adapted for conpressing gaseous fluids and_a aﬁi
nanuf%giﬁye thereof . A class of machines exists in the art ge gﬁé ﬁbmn ¢
as"sc " 5 apparatus for the displacenent of various types of fluids. ‘
Such appéaratus ny be conflgured as an expander, a displacenent engine, a
punp, a conpressor, etc. anu many features of the present invention are
applicable to any one of t hesSe machi nes. For purposes of illustration,
however, the disclosed enbodinents are in the formof a gaseous fluid 10
conpréssor. Ceneral ly speaking, a scroll apparatus conprises two spira
scrol | - 2 - waps of simlar _cqnfigdration each nmounted on a
separate end plate to define a scroll 'nenber. The two scroll nenbers are
interfitted together with one Gcrdif,-56&p8 MadiaRe being rotationally

di spl aced 180 fronrthe_other. e appararus operates by orbiting one
scroll nmenber (the 5 orbiting scroll") with respect to the other scrol
menber (the "fixed scroll') to make noving line contacts between the flanks

of the respecti ®enPegeentcinvenkirmgelakes 3o Slud g@éﬁﬁ#’éhﬁ&&aﬂﬁcﬂﬁ s of

[ eal Ty tnerBek et Rb0eER VR 4 holdrRd ARl e pSBef, e m%sﬁx%mﬁg
?gf;ff;g”of'an;zr?ﬁ%u?ﬁ&eﬁ%«%ﬁhﬁgﬁ. qﬁt ?*%ngpoéﬁﬁ%s carry tﬁe fiurd to

be. \hﬁndl ed froma clasess lof Zaithines kst rip) khe it generaldye idhomn fdsl*seroll”
5 apparatus for the displacement of  var‘>us types of fluids. Such

o/
apparatus may be configured as an expander, a displacement engine, a

Pmp, a compressor, etc., and many features of the present invention are
applicable to any one of these machines. For purposes of illustration,
however, the disclosed embodiments are in the form of a gasecus fluid

10 compressor. '
‘Generally speaking, a scroll apparatus comprises two spiral scroll




inlet is provided to a secorid zone in the apparatus where a fluid oyl
i s provi.ded.. The- vol unme of a sealed pocket changes as it noves 15
the fir'st zdne to the second zone. At any one instant in time there
be at |east—-one pair of seed pockets and when there are several pairs of
seal-¢d pockets at one time, each pair wi |l kage-different volunes. In a
conpressor t he second zone As at a_hi gher pressure than the flrsgq%one and

i s physically | ocaMEdpe ghtfiniiar ?‘H’ff "?G‘ “&bp‘%‘%‘?@sm t‘h@‘ﬂ‘ﬂfﬁ Ratgobhg
| ocated at the out rg Pgﬁ;- me p&g?
define the fluid poc %’tssi or e etween e scm] ers axi a %g%ther

ext endi ng tangenti aktd ione aomamwmwmemwmn?mwwwap&e
caused by radial forces ("flank sealing"), and area contacts caused by
axi al forces betwe®thefe g ﬁrR?PEERj'é’BsW&EE% '%Yt REbitipg sone GF’@&cmeép

t he opposite end_pl ]EEF?'[ | @IJI C o] d
must be achi eved® f(;rghgt#ﬁt fgpes of ~contacts, h%tv%/ever& %%gﬁ{)resent |nve£n

is primarily Concer-aedlm_)thofmkmaeﬁtg Ngne ¢dhtactd DetPbérdNe FLirKel of the
conpressor (i.e. one in which - - 3- the waps..are involutes of a circle)

gaod flank sealing tms wrapst defining (poving ri@PwP@ecﬂemtTﬁm@emstbﬁe

scrolls. Scroll deyl erally describ an, e P tent
Creux, U S. Patent "80 1&2{]‘;&7655 m@&éﬂ ’é‘!% sand

whi ch 5 disclose S%ﬂhﬁy ef €15 oS réfadivil Bt finCbétwenn BRE olb'%bers duzmg
1,376,291, 2,475,247, 2 404,100, 5. 800, 770, 5. 841, 080, 3 560 119,

3,600,114, 3, 8@8, 8@99:&&17#&44 the mi’BQM ZN&VEMW (i.e. no

4, 30747 535 and 4, 357 132
p' tion of any line :ln the body). The fluid poekets carry the fluid

to be handled from a :Ei:st zone in the scroll apparatus where a fluid

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

outletisprwided mevolmofasealgdpocketdmxgesasitmves

15 _franthefi:stzmetothesecondzm. Atanycneinstantintime

 there will be at least one pait of sealed pockets. and when there are

several pairs of sealed pockets at one time, each pair will have _.

dszet_ent vol.ume_s. In a _ccmpressor the second zone J4s at a higher

__ pressure than the first sone and is physically located centrally in the

20  apparatus, t:‘ne first zcne bein_g located at the outer ﬁeripheﬁy of the
S~ | apparatus; | | | |

N\ o  awo types of ccntacts define the fluid pockets formed between the

scroll members: axially extendmg tangential line contacts between

the spiral faces of the w:aps caused by radial forces ("flank sealing”),

. 25 ,lndareaeontactscausedbyaxialfo:cesbewmtheplaneedgewtfaces

o  (the “tipe") of each wrap and the omosite end plate ("tip sealing®).

| Por high efficiency, good sealing must be : hieved for both types of

contacts, hwever. tbe present invention is p:imruy concerned with

. flank sealing. In a enuvmtional scroll canpressory (i.e. one in which



spt of a scroll-type apparatus has thus been .known for sane 10

as been recogni zed as having distinct advantages., For exanple,
i nes have high isentropic and volunetric efficiency, and-hence
are rebatively small and |ightweight for a .given capacity. They-are quieter
and:‘nore vi bration free than many conEressors because they do not use |arge
~reciprocating parts (e.g. pistns, cdnAetting 15 rods, etc.), and because™™

all fluid flow,s in one direction.wt n S: CONpressipn i | ural
‘opposed pocket e KEAPE %ﬁeeq'\’?ggtﬁﬁr ggsﬂlr"g’éFqu‘@a Md’ﬁ'ﬁﬁg “%{)F ﬁﬁghl nes
~also tend to hguee BbGR FélhiRbi dothtion Detwiiih a8k lsctoiibecause of the relative
few nmoving parts utilized, ‘the relative |l.ow velocity of novenent. between

the scrolls, 20 arstreldl aevlieeeeate éewgm.griesc:ibedﬂhwndemym t® Creux| N
spite of this however, it is |eved t hat the reason g se .of scro |

machi nes of P FatERt Moy % Rppng B PeeEvBRk: SRR ?&B“‘iss'gﬁeause

of the diff s a&#r P{ﬁgu
seal i ng and u%’%"cﬁgmarl ng s .25 %‘e?’% e nor e él?}fal cul

areas of desi g2,478, u7sc2pl9l4,m(x;h| zeaosomse,r aswheaseohasmesuse.owm4,
preventing rel ative angul ar novenent -between the scrolls as they orbit with

respect to one3d@PdBhy 3.8k644hf (h884189% ﬁo’gﬂh@r"'aﬂépﬁeﬁ?ﬁeérﬁ% #angdn t he

use of an A dhﬁgb.;g#l ing operative between the orbiting scroll and a fixed
portion of the’ apparatus. . An. A dham coupling typically conprises an

O dham ring and tye ROt heaezan%smaﬂdem #hlid Béén kndiCEdy sbi@m 1 i ng

Is formed an one side thereof wth grooves  which are at right angles to a
simlar gr ob&e%oﬂﬂa@ﬁrbﬁetmizd a8 havine odistimpte lﬂ!ﬂ!ﬂeéskey Fotbexs+

s exangle, scroll machines Bave high ieentropic and volumetric efficiency, \_)
" and hence are relatively snall and lighuveight fot a given capacity.
They are quieter and more vibration free than many eunpzeseors because
they do not ‘use Jarge reciprocating perts (e.g. prletons, connecting
15 rods, etc.), and because all fluid flow is in one direction with
simultaneous compression in plur.el opposed pockets there are less
pressnre.-creeted vibtations. Such machines also tend to have high
: relisbility and durability because of the relative few moving parts
utilized, the relative low velocity of mevenent bebaeen the ecrclls,
20 and an isherent forgiveness to fluid contamination. In spite of this,
| however, it is believed that the ‘Teascn use of ecroll mchines of the
prior art has not hitherto beccme wide epreaé is because of the
difficulty of uenufectuting ‘such mchines, as well as inherent sealing

and unusual vearing ptoblene ' o |
25 One of the mo:e diffieult areas of'deeign in a scroll machine
| concerns the technique used for preventing relative angular movement
_betdeen the ec:ollses theyorbitvith:especttomemther meof
them:epopﬂuepproeches:esidesintheueeofanblm coupling
| operative between. the orbiting scroll and a fixed portion of the



i's f|X€d to ei't her t he flxed scrol I or the nachlne hou5|ng and is
in the grooves on the other side of the Odhamring. The A dham
recy procates in a notion parallel;to the gr ooyes containing 10 the set of
key nbers fixed to the flxed scroll or housing. The O dham coupling thus"

acts as a neans for_co e! g qp“:gﬂc Gl “923 .
orbiting scroll _.r_eﬁ? Q%J H‘%e Eﬂb/ onc %#’ ha s e Eﬂ‘?to :
be essential to thgosSgees VES ﬁﬁéﬁdwmm:momrwwlmsg:aslfomd on
apparatus. U.S. ‘Patent No. 121, 438 shows a 15 machine of this

construction. Unf MU%eﬂ%ﬁe@ !!i:@o!twuﬁ)ar\'hi@sﬂ{ﬁ 8k zﬂshg ml&a & Ansimilar
coupl ing possesses sever op na nt nce

di sadvant ages, pr i ¥ ytaﬁés %éﬁfeé 'S‘ ﬁ&?@% ofa&ﬁ r'fg | a o PERSES (
coupling. This | argenduedah af madeS of NGie® 3RATiMP 86Fd18 | and ™88 Udiapdeed | 10 thend
20 assenbly cost. The slider blocks.or key nembers in an O dham coupling

are also all sli digrgoves bnmnehaidy obvthe t):h!!uinerﬁgclh:lalxinls!al‘l:ixyﬁ others spt c¥fc key ng'
| ubrication and wearjn ens. . The reciprocating ring is. als

i'nherently | rrposmm’gof é" efthar. the e"%hé?‘méﬁ emg? gg.}sing and
controlling relatigg F{%E% &PF;GE BSE _
mul'tiple drives ro ita [ oth-scrolls a%?)&'glgﬁ?ter ent cent efs;s anlgj‘?l ke

concepts, however ,mwﬁuﬂe Eécit:uhﬁafescmml motity pahfilel @Megcoab@chumn@ny
Bp/t\he undeS| rable features of the O dham cougl I ng. The present invention
foaches the b dbeastiofokmyamerbersfixed to scroll or housing. The Oldham

coupling ﬂms acts as a means for cmtrouing (i.e. preventing) angular
xohat:i.m- cf the orbiting_scmn relative to the fixed scroll, a concept
that is believed to be essential to the successful functioning of a

conventional scroll apparatus. U.S. Patent No'.. 4,121,438 shows a
.15mdxineofthisconsttuction.' | |
T mfo:ttmtely, a scroil apparatus ‘utilizing an Oldham coupling
posaesses several assetbly, ope:ational, and maintenance disadvantages,
' pti.mar:llydue to the la:gemmberof;nrts thatmkeupthe ~coupling.
This large number of puts increases material, manufactut:lng, and
- 30 assembly cost. The slider blocks or key members in an Oldham coupling
" are ._aJ._'s'o all sliding within the grooves on the Oldham ring, thus |
presenting lubrication and wearing problems. The 'rEci'p:oatmg ring is
also inherently impossible to ‘balance. | | | -
There are other known devices. for controlling :elai:ive rotation of
. 25 . the scrolls, such as the use of mlt.iple drives rotating both scrolls
i - 'about different oenters, and like eoncepl:ss hwever, because of their
| - cunplexity these Qdevices alao have nny of the mdesiuble features of

the 0Oléham coupling
The present invention approaches the pzobiem -from a different



el dtive rotation,

The basrc concept of this |nvent|on resrdes in the usé of &
ghe orbiting scroll rotation controlling devi ce whi ch does not
“but sinply controls it at a reIat|Ver snmal |

: nagnr'.'u.d_e in ccmbination with techni ques for easily nodifying the 5

6f t he
of the.scrolls

enbodi nent s ar gy

scroll waps .to accormdate5 the limted relative rot ation .
whi ch occurs, in order. to maintain flank sealing contact
bet ween t he wr afizection.ccThit mwa ¢his dhvenhionr vesidesoin ¢betuse|ofi ag

S&V'méina{ﬁe‘déf%'rﬁe ox @mﬂsmrixr?éae b HR BB S eg o 10

Oferhty aﬂﬂyt s DRI GERE atfrely CF ank

and slider arrangerrent s.- A versr ons coupl'e”the or. | ting and f| xed

scrolls in a premikx mgnihuhb cimg cdmbinatidnn withntéchpigques £ot endlgtncdﬁypngsrmeons

as the orbiting scroll orbrts wth respect tg the fixed scroll. 15

orbiting scroBlComERuL: #f,the. SEFILY WERRR, to

VRatRtion
3y fli a shi ng "
a&%‘é‘guse 't 'Fewer parts ,|t I'S }ess expensrv% to R

manuf act ure ancheteeiiligte mpe.er'maeaaseefdue versitily of ahe rotstion|controrlingal SO
reduced td a m ni num because there are fewer 20 connecti-ons and in one .

overcones the

" this function.

Seslptive

enbodi ment becdevice pee diarlesad, meheénssmmwm?eﬂpemtémrmaﬁed

order 't accomiietes fis, ShEEEY il 3 2L Forte B FRlreAilst

scroll, the
_technrques for

al so provided.

15

Bréﬁ&llhedt@Vﬁf@ | folirdpat | 15RageR A w8 N8 kidnaD GRoNeALEE are
nodi fying the scroll- wap contours. -Both of them are very
easy to inpl emmpmummmfrﬂnmsﬁmmuéar they ofbiténonfand hem

i Th the of or eckined inckufeet s shylhemiad witids deithuibla i WhcelabgG (o

pcsitic.ns as the orbiting scroll orbits with: respect to the fixed

scroll.

!Ihe czbiting scroll rotaticn cmtrolling li.nkage of the present

- invention overcames. the afozesaid disadvanfages of known technigues for

20

acccmpliﬂxing this fmcticn._ Because 1t has fewer pnts it is less

expensive to mnufacture and is mch easier to ‘assenble. Lubrication

problems are also reduced to a minimum because there are fewer
connections and in one erbodiment because the connections are entirely
pivotal, rather than aliding '.Ihe anti-rotatim matber also ccnt:ains no
reciptocatimrm- o o o

In order to accaunc&te fc: the alight degree cf :ct:atim of the

_'o:biting sc:cll, the present 1nvention utilizes either one of two

25

mique tedmiques for md:lfying ﬁ;e ccron vrap contours. Both of them
are very easy to mplanent and pzovide highly efficient flank seali.ng

' (one of than ptovides thecteticclly per zct £lank eealings) vhen used in

ccmbination with the aforesaid 1inkage a::angements. A novel wrap
mch.’r_.ning method is also provided.

s



-6- The . corr‘i)ressor of t-he present invention al so enbodi es inproved drive ,

neans for. orbiting the scroll which is conpact, as well as being sinple to
manuf acture’ afnd assemble. This drive neans, two embodiments of . Chrare
di'scl osed, ~provi des the necessary contact. betmeen the 5 scroll . 3O
hav eff|C|ent wrap sealing while at the sang tine provides an a tonet’ c

unl oadi ng function in the event slugglng or the Iike occurs. Should a

non- conpressi bl e 1 ui dnbecsipededer | 8¢ %h?mrﬁm&hﬁarm " i@ghiavea Of
the- orbiting scroll wll autamatically decrease to permt this fluid to :
escape between t helrive ubana/\tapsthwmntmma whiich dsscqupacts uas well as heing

scrolls will sinply ride over ui d | his fupction is acconpl.ised
wi t hout extra parté“dfu W Es 4@115 kel ng‘ Ve means, &g, s

operation. The drige BiBbiaed S Hroi d¥st Bid nel #Qgeéouﬁé@@lﬁlﬂ@één '
beari ng, thereby redu0| ng t%e ax1 al ?lrght c?f tﬂe mac and | esseni r-lé:he
vibration. 15 5 scibEl wrapprteshave effidiientiwrapnsealingiwhdle matotipes sahe tine

i mproved t hrust beari ng arrangenent to acconmodate the axial | oadi ng of t he
orbiting scroll. B AR apkemticy urlerding S‘U‘Eﬁ’c"&gé"(ﬂhe-t e
rotating novenent f t bi t} crol l. | 8hifi 2 g C
provides the-oil sil}ppog?c“?(%r t ga‘IElJrl]AnE eegr esul ?‘%‘tgaa%éar‘}&e 9“ Qhe

provi des signifi cadinppesssrs the bwitmnzﬂaw of Othé Cdirbi €1ha | scBeXl W11 Dt edeit g caray d
is much | ess subject to harnful wear than conventionally used balls.

Bal | -type thrust (Aegreaggsto &%bl@ﬁﬂﬂ%@ efcepe between \the yacredd| wraps| tos an
or&gent bear P ndld SancSF asg AxpRpya hydrcter SRl L HRelY 21ge Plar suy
and easy to manuf ks . ANGhidS @RI is accomplished without extra parts, such as
| valves or the like, and is very smooth in operation. The drive means is
also nested within the upper crankshaft bearing, thereby reducing the
© axial height of the machine and lessening vibration. |
15 °© ‘The compressor of this invention also incotpﬁ:ates an mproved
thrust bearing arrangement to. accommodate the axial loading of the
orbiting scroll. The thrust bearing takes advantage of the inherent
" rotating movement of _the orb_iti.ng scroll to create a §queae fi_lm which
provides the oil support for the bearing. !hé resulting bearing
50 Provides significantly less friction than conventional needle bearings
‘and is much less subject to harmful wear than conventionally. used balls.
 Ball-type thrust bearings, especially those with relatively mall balls,
have such high point losding that they tend to wear excessively. The
- present bearing -is also reletively inexpensive, very sjmple in design
25 and easy to manufacture and assemble. _
| Additional advantages and features of the present invention will
become apparent from the subsequent desciiption and the appended claims
taken in conjunction with the accompanying drawings. |



Addi ti onal "advant ages and features of the present invention will becone
apparent _from the subsequent description and the appended cl ains t aken i*n

conj uncfi o with the acconpanyi ng draw ngs. - 7 BRIEF DESCRI PTI'ON OF THE
DRAW NGSy(Filgure 1 is a vertical sectional view through a refrigerant

conpres enbodylng the principles of the present invention; Figure 2 is a
parti al n vi'ew of the top of a portion of the conpressor illustrated inw.
Fi gure 1N Figure . 3'is a sectional view taken along line 3-3 in :

Figure 1; Figure 4 is a sectlonal view takgn along line 4-4 in Figure 1,
Figure 5 is a SeBRIERIDESCR 3 OFK 0¥ ;::-;';.w~ 5-5in Figure 4; Figure 6 is
a sectional vi ewtaken aI ong I|ne 6-6 in Fi gure 1; Figure 7 is a partial

sectional view t akenFigusRgl| ifeca WeFt#ﬁqzlw toned view fthgowgh @ irefrigerant
enl arged exagger %E"%g tin Liye e of Figure 6
showing it in-it %#% poét#ﬁﬁﬂ% %‘ %'& mlar to
Figure 8 but showi ngrigage dr ifée anpextsal plar s;iwloeaw 3P Sef ia0Bortleh of the

Figure 10 is a sectional viewtaken lang |line 10-10 in Figure 1, Figure 11
is a sectional vW@WéWﬁﬁel’imrelln n Firgure 1; Figure 12 is a

bott om pl an of crpll b 3.js a_to Ia'n
vi ew of IOt he Yi)%\/\évr %#ﬁf%a % T‘—':Egﬁr‘g“?4ﬂ"g%§vﬁb§9‘%’¥?ﬂf alro ltoo
Figure 4 showing a spﬁefg.ge{g)g(ﬂeag' %3_12913, Igga{gojﬁ, |Q,Q ﬁ‘oﬁéﬂhpé Lng nmean

~of the present invention; Figure 15 is a fragnentary hori zont sect i onal
vi ew showi ng a Figure 5 is a sectional view taken along line 5-5 in Pigure 4;

‘Pigure 6 is a sectional view taken along line 66 in Figure 1;

Figure 7 is a partial sectional view taken along line 7-7 in Figure
10 6 | o | o | |
Figure 8 is an 'enlaiged exaggerated illustration of the orbiting
drive means of Figure 6 showing it in its nommal driving position; |
Pigure 9 is a view similar to Figure 8 buﬁ ﬂnwing”the drive means .
in its unloaded position; |
15 Figure 10 is a sectional view taken along line 10-10 in Figure 1;
Figure 11 is a sectional view taken along line 11-11 in Figure 1;
Pigure 12 is a bottam plan view of the fixed upper scroll member;
Figure 13 is a top plan view of the lover orbiting scroll member;
Pigure 14 is a view similar to Figure 4 showing a second embodiment
20 of the rotation controlii.ng means of the present invention;
o Pigure 15 is a fra’gment_a'zy ‘horizontal sectional view showing a
~ third embodiment of the rotation controlling means of the present
invention; | : _ | | '
Figure 16 is a view similar to: Pigure 15 illustrating a fourth
25 embodiment of the rotation controlling means of the present invention;
Figure 17 is a fragmentary horizontal sectional view illustrating a
second embodiment of a drive means of the .present invention in its
normal driving condition; |

s

"‘w-J.



third enbodl hent- of the-rotdtion controlli ng. neans of the present : :

|nvent|on,_F|gure 16 is a viewsimlar to Figure 15 illustrating a fourth
25 enbodi nent *of the rotation controlling means of the present inventhory
Figure 17-i.s a fragmentary horizontal sectiopal viewillustrating a S&B d
enbodi ment of a drive neans of the present .invention in its nornal ri Hhg
condrti on; - 8 Figure 18 is a view,simlar to F| ure 15 biég

il lustrating the dri FaSHENS8 18 ‘aﬁiﬂn?%dt%gmﬁlé the,, rive

di agrammti c. |Ius‘?$mg Q'I"ﬁ gent of a pair of mati ng scroll

w aps enbodying t princi ples of e present 5-invention; Figures 20A,
20B, 21, 22 and 23 alﬁgﬁeam%a@ﬂﬁdﬁmﬁwﬁumummﬁpmmbfom
showi ng the nonencl ature used; and Figure 24 is a schematic view of an
appar at us whi ch deAr be JEing: JoFRlacvrare mhodving hihe RYinsiplesq off the, Present ont
invention. %férrlgg to Figure 1, there is illustrated an exenplary
refrigerant compr ssenbly'of the hernetic type enbodying the

principles .of the preggiresi20XF208,,R01, 22NGACIRfe Abalfranies oflithe geaubtyy bhithe a
hernmeti c encl osure consisting of an upper shell 10 and a |ower shell. 5 12
wel ded toget her ipresdnt imentionnshewing, thenomepclatpre needs tapdi he bot t om of | over

shel 112 are’a pl ur alyiby of, f1%) plfuns1° vl of 'l lpphieih When can be umed to

practice the machining method of the present invmtim.



The assenbly conprises a notor 18 dr|V|neg affixed to a crankshaft 20 *
which sin.turn drives a scroll-type conpressor 22 connected t.0 the upper end
t hereof,- an oil punp 24 being driven by the | ower end of crankshaft- 1o 20
to pyRyide lubrication to t he machi ne. Lom@r shell 12 has a sunmp  of
;T i ndi cated at 26. he m.
[ [ g housing 28 having a
‘bear 30 themau&;Lngmﬁtph ‘the. I ower -end’ of crankshaft -20 is 15
rotationally supported and Journaled and an upper bearlng hou3|ng '
a¥¥1ere|n

defining a bore 33RREFFkREfacFdgurede thezei ﬁﬁs’-@@%&ts

The bear i ng hodlf e € Bt Rl of e BiGlee E bt awﬁ*@aﬁf

t hr eaded faste}ﬁm \/\Hffthe(tﬁﬁée’t&einb&:&bﬁﬁpmé h&&@m&a@mﬁaﬁ‘wmwr 18
t her ebet ween ffixed to crankshaft 20 and di sposed within the central bore

of stator 40 i # hemetis enclosurrcomsisting of jan merrMbolos%mMGFomll n
design and operati he re sor asse upt ed, w |n | ower-
shel | 12 by ma B‘T%ﬁ“}ﬁﬁ*g?ﬁ?? e sf‘hgg B, ?‘5 H2 Pare

threadabl y 25 ¢ ﬁgﬁ&%ﬁ?ﬁ%ﬁ’abﬁﬁ&uﬂy@ FodlU 187 A oB VB0 ! s ghda, t NE

bott om of "I ower 12 1 n the manner best shown at 46. Leakage fromthe

shell is prever!hechds;ﬁﬂgampzﬂseara otarn8 4Bivingly afifixed ripasi crgnkshafto 0 er
surface of each rmuntl n ' -10- The conpressor er s&g
conprises an u@é‘r'h 96 ‘lfPI‘ SEEQMIZHPS (FOIPRPSED: %r%& CYREeF

gzmdj?gpigega://v:t I'n an ez:cégﬁ?ﬁréﬁy f)%éﬁll o%gg%re %I n ?ﬁd upper anu‘bd

of crankshafig 290. to phsvié@dubrication to the machine. Lower shell 12 has a sump of
" lubricating oil ther_ein. i'.he wper level of which is indicated at 26.

The motor-compressor assesbly comprises a lover bearing housing 28

having a bearing 30 therein in which the lower end of crankshaft 20 is

15 rotationally supported and journaled, and an upper bearing housing 32
defining a bore 33 having spaced sleeve bearings 34 and 36 disposed
therein which rotationally support and journal the upper end of
crankshaft 20. The bearing housings: are affixed to one another by means
of a plurality of threaded fasteners 38 which operate to clamp the \J

20 Btator 40 of motor 18 therebetween. Affized to crankshaft 20 and
 disposed vithin the central bore of stator 40 i5 a rotor 42. The motor
is in all respects conventional in design and operation. The motor
compressor assembly is mounted within lower shell 12 by means of a
‘plurality of mounting studs 44 (one shom) which are threadably

55 connected to lower bearing housing 28 and are bolted to the bottom of
lower shell 12 in the manner best shown at 46. Leakage fram the shell
is prevented by means of an O-ring 48 sealingly engaging the outer
surface of each mounting stud 44. '



"5 of hub 54 bas a recess 55. An upper counterweight 57 is provided on 3
crankshaft 20 adj.acent bore 56 to help bal ance the eccentricity of the
drive. The: crankshaft has a |ower counterweigbt 59 affixed adjacent the

| oner end.thereof to conplete the balancing system in accordance
known principl es. Fi xed scrol | nenber 50 |s | ocated an accuratel
pr eeet er mi ned di stance above pl anar .upper sut ate 58 of upper bear

housing 32 by nmans of ring 60, a 1o Yoy

means .of a plurality #?ﬁﬁé’@ L hes rshg’gé % %2%‘;,819@% ring 0
t herebet ween. Thenapaenocged &rbieagh seidld %ﬁ&omcwt@ f1a8)icker THACSES
64 disposed within a cup-like elenent 66 affixed to a nounting 15 ring

68 wel ded to the tapd apGowmeardly smrmoa:mmnmssmwm tappecoéntrically
not or - conpr essor assenbl I S upt e to the of e.. shell.

Al t hough only oneﬂ"gngbﬂﬁn“é'ngﬁbg? gfes‘@ﬁ c&‘ﬁte 'Eﬁ?g}‘%’% %v&@ end
Fixed scrol| negbey $fsCRUPhasCa recilis®¥ h hommmﬂﬁ ig

projects a spiral scroll wap 72. Scrol | me er 50 is provided 20 W|th a
central ly di sposauankshafitc20- adjapent borecBéir ge helpbaliance tﬁaﬂemmtinityaofmge

with a discharge chanber 76 di sposed at the u surface ther Chanber
76 is covered by &F "ﬂ‘&gﬂfé[ p@{‘ g ’p‘Sg

t her et hr ough and ' %n@a of, d6do @@g
bolted to the utpiper sur%ﬂce o# cro rre er by rrelﬁéns ot‘ ‘ﬁth

plurality of threagesh fRdhcipbéss 82Pixelie sdtol@C imekivrof50f |igvicehtedughacatitely O
Is .controlled by a conventional |eaf-type check valve 81 which is affixed
t bwval ve pl at e198 predesnpringd gistarce ahove HPPER Surfpceredh s o f Uper | \P@!!iB!S

Di schar ge fluid pmfﬁ% matn@& §3Qpa£ erri.ngesad m§01¥ib%11%'& &D%% 32 by
" means of a plutalityofstudsszwhich alsosemtoclampspaee: ring
60 therebetween. The upper end of each stud 62 projects into a nylon
. spacer 64 disposed within a cup-like element 66 affixed to a mounting
15 :ing 68 welded to the top of upper shell 10. In this manner the top of '
| the motor-campressor assembly is mounted to the “top of the shell.
Although only one is shown, a number of such conmections are provided.
 Pixed scroll member 50 camprises a planar tip seal surface 70 fram
. which ‘projects a epiral scroll wrap 72. Scroll member 50 is provided
30 with a centrally disposed Kidhey-shaped discharge opening 74
| communicating with a discharge chanber 76 disposed at the upper surface
thereof. Chanber 76 is covered by a suitably .gasketed valve plate 78
having ports 79 therethrough and being retained in place by means of -a
s . cylinder head 80 bolted to the upper surface of scroll member 50 by
N 25 Deans of a plurality of threaded fasteners 82. The direction of flow
:  through ports 79 is oontrolled by a conventional leaf-type check valve
| @ vhich is affixed to valve plate 78, along with the usual backer B3,
by means of a rivet B85, |
Discharge fluid passes t:an within cglinde: head 80 via an opening




84 in which is disposed one end of a di scharge tube 86. Tube -86 extends
over the top of the assently downwardly between the [atter and the shell to
a point where it exits fromthe shell in the normal nanner (not« shown)
Suctjongas\is introduced into the shell in the normal rranner 5 via a
fitting '%‘ ext endi ng through the wall of 1ﬂ|pper shell 10. The
mot or - cQnpi/essor  di scl osed herein is of the "low side" type with suctlonu

gas preseft inggha JReNlki @epcsl®lohe eRd oB W BORRSrge ! tuBRE8] CAdel BJemaflad Ne

| i ke. The gas enters conpressor 22 at the periphery of the scroll waps.
10 Or bi ti ngvercths toréafthcrpsmn Soqpivanddy behpens:balht@r sndfthesgheld0) from

- Which projects_ a spir roll 92 adapt e | i engage w.aps 72
upon rel ative 5?b zﬂ"gﬁ‘o it i%f 55%?\‘ %’h‘geﬁ‘s& Wfer to
formfluid pockghs i 1;,'{59 {rlePSaneiy %%%ﬁ%gé!ended
to seai ngly engage surface g%il? the T1xe scroll and the 15 tips of wap
72 are intengesid oasé€itting| $8 extendingsthrbughetlitOwaln dfhmpetbuhemg 10$cr!md The

central area of orbiting scroll 52 is provided with a kidney-sha
'HPW“% %d 92

recess 94 to fm 580F Qisglpsed hereip if ofc the (iqy sideh;

\%Speg??e%t ﬁn e roé’%‘ %’E ?é%gdfgo sﬁg%opem ng 4 an ecegggg4

are confi gurediike.prbyigle eibirs otinplessora 222 ati {theUlperitdbqni ¢fy thecsdrol Of
the adjacent wraps. Tip seal surfaces 70 and 90 should lie in parallel
pl anes which aweaggarallel to the pl anes |n whi ch the tips of both waps

b e ey o RRTR RS 2 ekt o . BB, B} B S0 B 2
gfjltl : f\gt 2a<rzll ?!sd}c‘){\&e]% ch f%ﬁ%ﬁ%ﬁﬁgﬂgrﬁiﬁuw& ng
.of the - 72 upon relative orbital movement of the scroll members in the usual
_ mamet.to fomm fluid pockets of decreasing volume. ‘The tips of wrap 92
are intended to sealingly engage surface 70 of the fized scroll and the
15 tips Of wrap 72 are intended to sealingly engage surface %0 cn the
orbiting scroll. The central area of orbiting scroll -52 is provided
 with a kidney-shaped recess 94 to facilitate the flov of discharge
fluid. Both wraps 72 and ‘92 are equally and uniformly tapered in
cross-section in order to maximize wrap strength at the root ﬁ:ereof
20 Discharge opening 74 and recess 94 are configured to provide maximum f£low
area without weakening tbe :oot of the adjacent wraps. Tip seal
surfaces 70 and 90 should lie in parallel planes which are parallel to .
the planes in which the tips of both wraps lie, and which are
perpendicular to the rotational axis of crankshaft.20.

25 X - - .
. The drive means of the present invention does not utilize a rigid
coupling between the crankshaft and the orbiting scroll, but instead is
one which will yield radially to permit autamatic unloading of the

campressor in the event of ingestion of an incanptessible £fluid or



corrpre_ss,or i'n  the event -of i ngestion of an i nconpressible fluid or .
m sal i gnnent of. the parts. The drive neans relies on centrifugal and

driving, forces to maintain-the flanks of the orbiting scroll in seal
contact wi.th ‘those of the fixed scroll. This is acconplished in a v ry
aX|§Mly conpact manner using an unl oader hub 100, as best illustrate 5

Figures 1 and 6-9. Hub 100 conprises an ouwteg <ircular cylindrical retainer
102 and aX|aIIy spaced i nner sl eeve bearings 104 and 106 i n which hub 54 of
the orbiting ~scRbmligment, of,he partsp.the deive meens, seligs: 0n; ooptrifipal midice

108 on the periphg Bar to
the axis of rotatlow E’ﬁ%cra%ﬁ%& %rlven surtace %@#I Vi ngl %Jlﬂg

engages ‘a conpl merbstagt f with Cihobe Bf the figescdrbfl. NMYibds edcbmpistiearin &&ent he
| atter surface bei g of greater width than the forrrer Bore 56 i s otherw se

of sufficient siz STREect t anser (wsing anyunkeaderchuby 100 as beptnillustratediimg
bet ween hub 100 apg rggrlkﬁga%‘tg 20. The 15 <center of rotation of the
crankshaft is i d and the center of the hub and orbiting scroII

is indicated at cs. Rggnliodn cihpiibed kababitd eRrtatd Neidd@cal0 reexaby €102

about the axis cc. This in turn causes hub 54, and hence orbiting scroll
menber 52, te orbmmymmxmﬂeeﬁ]ebe&rmsuvloﬂﬂtlﬂﬁ 15y whitch dfubt S4cof

orbi {1 19 561 ol | epbeteRR aclohr i "eled e EIEL Yo Tpud' S M ecsee
ol o sy et i (7
th feby creat eggt pacildel t to thpaxid of roeatianps the ickankshaft. Driven surface 108
drivingly engages a complementary flat driving surface 110 in the wall
of bore 56, the latter surface being of greater width than the former.
Bore 56 is otherwise of sufficient size and shape to permit limited
relative tangential sliding between hub 100 and crankshaft 20. The
15 Ccenter of rotation of the crankshaft is indicated at cc and the center
of the hub and orbiting scroll is indicated at cs. Rotation of
crankshaft 20 causes hub 100 to revolve about the axis cc. This in turn
causes hub 54, and hence orbiting scroll member 52, to orbit about the
axis cc. The radius of the orbit Of the orbiting scroll member is
A 20 d‘etetmined_by the gecmetry of the wrap profiles  (i.e. the engagement of
 the flanks of the wraps of the orbital scroll member with the flanks of
the wraps of the fixed scroll member). |
o In the event the vraps encounter a sBlug of incompressible " fluid,
o '. | '.the-‘fo:ces ‘thereby created tending to separate the wraps will be
25 . acconmodated by unloader hub 100 -sliding from the nommal driving
position shown in Pigures 6, 8 and 9 to the exaggerated position shown
in Pigure 9. This will permit the wraps to separate and pass over the
ﬂ.uid' slug, uheteupcn centfifuga‘;l_ force will cause the orbiting wrap to
move back into sealing engagement with the fixed wrap. .



- 25 -accommodat ed by unl oader hub 100 sl i di ng fromthe normal drivi.ng

positio own in Figures 6, 8 and 9 to the exaggerated posi,tion shown‘in
Fi gure’ s wll permt the waps to separate and pass over -the fluid
sl ug, M on centrifugal force will cause the orbiting wap t'o nove back
into’'s engagenment with the fixed wap. - 13- The axially nested ;}
relati of the parts minimzes. the aX|aI hei ght of the assenbly s

Furt her

the center bf ! ?rags{n'm thﬂu%g %quﬂ\l\ﬁ We&%&!&gearl ng oads

and bendi ng f opesht 26 thi AsSEBINKS WMirtherfidreyelit Pomiibe Iocheirgl thee upper
counterweight. rquired. It also elimnates a 5 cantilevered drive  bearing
at the top of Mf tvery wplcen MMHMM!@%M

pr esent inven ot u q ion of a dr|ve
‘means- whi ch. d‘aﬁr%@&%e{] '?% ? okt i Bh %Q{MS% ernmit -
automati c unl oggiinGeg Ofhe! liz& GEFTHHE SRAKtekwe: Phe a&tjﬁmldﬁﬂmssd bl e
fluid is encountered. This enbodi nent, st rat ed in horizontal secti on

in Figures 17 ecantil@eresondcivecs l&ldMnBShahe tap ¢hathieneranksbagter which
rotation cc)

e upper end.o is disposed an axial bore 114 of
the shape. |Ilg§‘f'ﬁ3'i g‘ Segigq]rl ant part . of Wmch i s aC|rcuIar
~cylindrical -surfac 1 %@5&1 El?ih sﬂd""w

nested a hub 116 hgﬁln prOJ ectlon 11 ?&ra | Us" equ to that of

surface 115. Hotbitiry &rive ameansowtiich wmuﬁlﬁwmmehimgbrbituvmtguamm er
axis cs) in which is journaled hub 54 of the orbiting scroll. Suitable <
bearings may b¥ehFtiildeamis autematic cmmloedingr of the compressor fmtbesvent an W/

~desired. As)fag, QfonGEie! BiudCABidtntited. hﬂmi‘ér QHARRE, 111ustrated in
horizontal section in Pigures 17 and 18, comprises a crankshaft 112
(baving a center of rotation cc) in the upper end of which is disposed
an axial bore 114 of Hue shape illustrated, the significant part of
vhich is a cizcular cylindrical surface 115 (having a center of radius

15 cp) in vhich is nested a hub 116 having a projection 117 of radius equal.
to that of surface 115. Bub 116 has a circular bore 118 _therethrough
(having a center axis cs) in which is journaled hub 54 of the orbiting
scroll. Suitsble bearings may be provided at the interface of bore 118
and hub 54 if desired. As can be seen, the gecmetry of the arrangement

20 is such that upon rotation of crankshaft 112 about axis cc centrifugal
force will normally maintain the respective parts in the positions shown |
in Pigure 17, with the orbiting radius being dictated by the geometry of
the scroll flanks, as afore’said. ‘When an uwnloading situation occurs,
bwever,hubnsanzotate about center @ to theposition shown in

25 _'Figure 18 ®o pemit the wrap flanks to separate to the utent necessary_
to pass the incampressible matter disposed therebetween.

The present invention solves the problem of coupling the scroll



20 is such that upon rotation of crankshaft 112 about axis cc centrlfugal
force wl| nornally maintain the respective perts in the positions shown in
Figure 7 with the orbiting radius being di ctated by the geometry of ‘

1,35}

scroll flanks, ‘as aforesaid. Wien an unl oading situation occurs, -howey,
hub 4,16’can rotate about center cp to the posij4g an shown in 25 Fi. gure
permt the wrap fIanks to separate to the extent necessary to pass the

i nconpr essi bl e mat gﬁ@tifﬁgg S&0t 4| Ny e

the problem of coup |ng the scroF@'E rre%eregéto con r%l %ie’patlve
rotation therebetwattue way. Inviheyenbodikstt of @igures)dcthsoush 130 (deec particdiareynt
of Figures 1 through 13 ésee pajgtlcul arly Fi gures 1, 4 and 5),- this is

acconpl i shed by pr tthishis acccaplished mmimupmm 120

orbiting scroll ne 1 S 1hid '
therethrough in v#@he #ﬂ&'&PI y }IL tci)’g %}gﬁg pI‘OJ ect Ion ﬂu%a.u e.
end of a sinple | I&kenaié’@ bézbemrpese:b&meaﬂ of whikhiss d ld!spommed
to any fixed part of the apparatus. In the embodi nent illustrated, link 126

is journalled ar mm%ézamtamﬂgfenoﬁingle Linkatli2hg msm@bmeo@ of
project into and a te at e th res e ot her f.ixed_sgroll
menber 50 ‘and upp %bgf Mhm% c74 a%ﬁ#é.xeqoméoé ?thusTl H&q‘&
is flat and slidi rabmfctmumatédae;ﬂdgats%p%uﬁuﬁacenofaﬁpesemlanmﬁp-
Link 126 is preferably as:long as possible (to mnimze the effect of the
fact that projectiexteriling widcatingyinm 228 awhidat prajecthéntot andnaccuratelynlogdate

| i\ng’ path) and shoul d operate. as cl.ose_.as, reasonably possible 15 to
perpendicular to It ﬁﬁ%ﬁ% rRROEhEr S sornll hé%éﬂ‘% pfaring -

orbiting scrol |16T%§£nga'3§ boﬁf‘e 1170%er Eacy OF sk 1B ‘islflgt(%ﬂg elidmgly rests

upon the flat upper eurface of. spacer ring 60.
' Link 126 is preferably as long as possible (to mininize the effect
of the fact that projection 124 will move in an arcuate rather than a
| straight 1ine path) and should operate as close as reasonably possible |
15 to perpendicular to an imeginary line extending between the center of
| the orbiting scroll member and bore 122. This very simple linkage
_'arrangenent replaces the cunpleu Oldham coupling used in known devices.
_ The small degree of reIative rotation between the scroll mlbers which
\/ o _ ) this linkage arrangement does permit is accurately controlled and is of
o | 20 a defined magnitude and nature 8o that it can be readily accomodated
| without sacrificing performance or efficiency, as will be described
lhereinbelcw. '
- The present inventicnalso abodies. other simple linkage
I ,azmgmtsmnasamemmngu:eslms. The embodiment of
. 25 Pigu:e 14 is alncst identical to that of Figures1 through 13 except
"  that the sinple link is relatively straight, as indicated at 130, and is
jcumaned at its fixed end to a projection 132 mounted upon a bracket
134 rigidly affixed to upper shell 10. The movable end of link 130 is




“arrangepeqt repl aces the conpl ex O dham coupling used in known devices. sThe
ae of relative rotation between the scroll - nenbers,.which this

smal |

| i nkagé A/ §ng
def i neq “fRghi t
sacrifi d pe
The preseént.

arr angemant S,

Figure 14 is aI

the sinple I|n
~journalled at
rigidly affixe
respects the

. enbodi nent s
' Ilnkage arrang
"bar of the |ingg
portion of the

second "bar" ofpivdmapbimkage the perigheryonf tisr prbitingkscrblil vandnthe! geomptriot

point at the p
the scroll.

the geonetric g
'scroll orbits,

from the fixed vhidothe! sdrbE f butits,’ L@’ the Eb.ﬁ:tixl'b&ﬂ' Db \tBé fRked Hgubtiire d
“bar". The enbodi nents of the rotation controlllng neans illustrated in

Flgures 15 and

A\..

enent does pernit is accurately controlled and is of 20 a
ude and nature so that it can be readi.| y.acconmodat ed wi t hout
rformance or-efficiency, - 5 W17 .be .described her.ei nbel ow.

I nvention also enbodles ot her- si nmpl € |inkage

sj@cmams@em|mn gamébeﬂmits remstewb |mdim 25

[ b e Vi o Bl Sl 00, Hed ] HEEEPRe N

| thesd lﬂﬂg@ﬂ&w Ctlh&ﬂz 1Y #Halarecsb W DinR&des!
d to upper -shell - 10. The novable end of [ink 130 is In al

The fiiesta Sbarfiaf thestinkage: isviink 126506330, ovhitk estendedifrap 2

134

rrst

ﬁﬁ#ef%%cq tbetgxr)tplt:}‘gk?seaﬁthes &B@h f_thesé

8 GRcind YHal% of 24he" 1inkdg WEBCW ﬁﬂgﬁuﬁ Ok bebbeeRd th
structure to the perlphé$y of the ofbiting scroll. The

erlgﬁe of the orbltlng croII and the onetrlc cent er

-of

Hkswhigh ween

aggﬂ%th?%Eﬁfﬁ g%é%#ﬁ?%c%*ﬁ&?ﬁ‘ 15??§C%ﬁ%g§€d¥ﬁbﬁ %?é%ds

vhichy extends Frogs %Mﬁmnﬁi tbﬂ# et 'b}p"eto the fﬁ-*ﬂﬂ pivot -

of the third ﬂum
Thecnbuﬁmans cf the rounﬂnn cuﬂ:dﬂdnguemus1Ihnmmnzd:n

. rnmues 15 and 16 are hoﬂ:of'ﬂmecnuﬂnand uihku- type. In the

15

20

25

enbodiment of Figure 15 projection 120 on o:biti.ng scroll menber 52 is

slidably disposed. a pin 138 which is mmted upen a bracket 140 vwhich is

rigidly affixed £o upper shell 10. In the atbodiment of Pigure 16,

.provided with a.nunauu'enzn&hg aﬂnnynzd glot 136 in which is

puuaﬂdailmlafodnuﬂ.sumllmsterszhmsaﬂﬂxaitMneu> a pin 142

which is slﬂ&t&y dﬁquaiuiﬂﬁnanrmﬁalh(exUzwﬁngtﬂommuad slot
144 in a btacket 146 uhich is affixed to ugper ahell 10. In both of

‘these last two erbodiments, rotatimofﬁ:eorbital ‘scroll menber is

prevented as a result of the 1nterengagement of pin 138 in alot 136 or
phtl&Zln:notl&L

.unnbezs is prevented by p&voting it about a aingle :eiativemy fixed
pivot point. 1he|:ﬂy'sﬂyufianu:duEEnswe heunnn the axnugemmts
_hsﬂntinthefmu%arlnmqpaunmmmmmBEMEshnuepmmt moves in a
slightly arcuate path whereas hatheimm'cmum:andlﬂ#&nra:nmgammts

Thus, ﬁaaxlfau: aﬂwdﬁumms the ﬂxatkn,tﬁ ﬂmzaﬂutxlscnnl

V)



15 enbodi ment of ‘Figure 15 projection 120 -on orbiting scroll nember 52 is
provided with a.radially extending enlongated slot 136 in which is slié _Iy
di sposed.. a pi'n 138 which is mounted upon a bracket 140 which is rigyapp’ -
affi xed to-upper shell 10. In the enbodi nent of - Figure 16, projecti(ofi;
of @rpifal scroll nenmber 52 has affixed thereto a pin 142 20 which i
slldably di sposed within a: radially extendlﬁg “elongated slot 144 in a

bracket 146 which {83 *‘ﬁ’ﬂ”& | 440. 3h N ab QB t,gi}%s kgst o
enbodi ments, rotation g% e or blofal SCF‘P’@ r:%n‘né}rl 'S pre\%nte Z!; a result

of the I nterengagasdtionf irpi thel Jbodineritotf Pifure15the findGinary 1inki beétiden Bt
Thus, in all four enbodi nents the rotation of the orbltal scroII menbers is

prevented by pi veirelg pivet poisttand dhegpeometris; jopatey of .
The only significant, diff ce we e g S
four.- bar” I'i nkage gﬁifg ﬁ% ?2‘ ﬁ%sg ng'lq’é%i v%fg%%vggel% ﬂﬁ# hﬁ{ |y arcuat e

pat h whereas i nst W,ank and sl-ider arrangenents -16- relative.
novenent of the pivot is in a straight-line path.. In addition, in the
enbodi nent of Figurée 15 the lmaginary tink between the single pivot point

and the geonetri c IBEHERSAZIPE. t he orbiting scroll varies as the scroll

orbits, whereas it is qgmghe t d| ts whildhe andl i Of
high thrust |oads, v\/fvl1£ are o@n@ ent %:I%arac eri Stl% F ?@réﬁ?ﬂm
machi nery, is an mcuﬁshchaﬁ Str6RCHichiheTR ) s [AnOdYeR Whi ¢HD hale prepanted ixAny

this field. Applicants have discovered that these thrust |oads can_be
efficiently handipseblens fig desigoers nip \Whiieh £ield.r chprlicaphs bave: digcayreed that

i nbal ance of t he %bl thnrqst sgmcasl magé)e ttigimtly handled using a bearing which’

10 relies on the inherent imbalance of the orbiting ecroll member to

o support the thrust lcad th;ougha squeeze filmmedunism. This bearing

has very lov friction, is very sinple in design, reguires only flat

finishing, has high stiffness, and because of the low relative speeds

" encountered has mell shear losses. It also transmits the thrust loads

15 directly to the frame of the apparatus (i.e. upper bearing housing 32).

As best shown in Pigirés 1, 10 and 11, the &mrﬁ ssenkly

comprises a relatively thin bearing 150 formed of Teflon L and lead

_ impregmted bronze, or other suitable bearing material, hav:i.ng opposed
-~ ' perallel flat faces slidably engaging on its lover side flat upper

20 surface 58 of @ez bearing housing 32 and .cn its upper side flat

surface 53 on orbiting scroll member 52. Relative movement between

bearing 150 and scroll member 52 is prevented by means of a pin IS2

wvhich projects - into both parts. There are no oil grooves on bearing

150, but instead upper surface 58 of housing 32 is provided with &wo

25 concentric grooves 154 and 156. Groove 156 is an oil supply groove and

is supplied oil via a plurality of passages 158 which commmicates

through housing 32 to bore 33 in the area of the space between Eleeve

‘bearings 34 and 36. Groove 154 is an oil drain groove which permits oil




.s'upport the thrust | oad through a squeeze film nechani sm This bear] n'g Jhas
very low friction, is very sinple in design, requires only flat: finishing,
has "hi gh sti ffpess, and because of the-low relative speeds encountered has

- smal | shear,’ | Qsses. It also transmits the thrust loads 15 directly to the
frame of pparatus (i.e. upper bearing housing 32). As best shown in. o
Figures 1, nd 11, the thrust bearing-akkerbly corrprl ses a rel ativel y>=
thin beari TRalP haick 87 tRE opliC etahkised Glf0AE MR housthyl 423¢ia a
| mpr egnat ed onze, or other suitable bearing materia havi ng opposed

paral l el flat fpauaﬂiwl Oﬂmmgﬁgb ngnomorddrs toovreduce) dﬁ Mpﬂm:oxbe
surface 58 of er bearin sin 32 and_on its_up d '
surface 53 on Q‘% Fgg?‘% ﬂ%‘ﬁo#n&# g%t bg%lri ng
150 and scroll ?p%g] Q;.gy,;? rgmaggi. RoPiche dxis BF irothtBéPbeCt S
into both part ere are no ol grog* earing 150, but instead upper

surface 58 ofs lcpaikisBaft3@.i s provided with two 25 concentric grooves 154

and 156. G oove 156 is. an oil supply groove and is supplled oil via a
plurality of passadtsissbelyeved &!ﬁm!‘g-f' am%ﬁﬁﬁ&ﬂ’“ﬁ use the inhenent e 33

in the area of EIS‘:ﬁMS | oV 4 is
an oil drain gr"%g%g&\?ﬁn EF'%Qﬁ%rmts o] o?‘:ﬁxe ral n bac"ﬁ3 a?%e §rpbjs'§% cas
e defined by dpaitebna :&Em/bﬂaawelmaixlt&méedoasesaeﬂsefﬁ& of 'the Be&ldhgt O

reduce oil carryover into the suction gas enterin the corrpressor

Surfaces 53 andt5s sperduldeterminad Jv eﬁhetvf@ﬁ@dn the grenksbat.cthue to
Funct ons. e SeS Rt 18 GPReEAe ot 4R i 2 A tfvavemaid VRlpctfy i dhe" ”gv
orbiting scrol |pa?l:°s w:lll &ruhettﬁis wave to t:ave:se the entire face of bearing 150
and surface 58 in a cirmlar ;ath at 3600 . A standard hyd:odwamic
bearing would not, it is believed, funcl:ion properly because there is
not sufficient :elatf'fe mvanent (i.e. high enough hngential velocity)
15 between the acrollandhousingbecanse it is only orbital movement of
:elatively am.u displacanemt. Because the bearing of the present
inventim utilizes a telatively luge flat ‘surface,  unit loading is
 relatively small and long bearing 1ife therefore possible.
The thrust loads encmmtered at ﬂ:e top of the orbiting scroll '
20 Wember are taken by the axial interengagenmt_ of the two scroll members;
specifically the ehgaganent of the wrap tipe on on_e scroll member with
the tip sealing sucface on the other scroll member. Pasteners 62 tend
to m:ge the ac:on menbers axiany together and the fluid pressures
generated by operation of the canpressor tends to nrge them apart. It
25 :I.s desirable to have lufficia:t axial force urging the scrolls together,
or maintaining then in a a:fficimﬂy close relationship, that good - tip
sealing is achieved. On the other hand, it is desirable to minimize
frictimandwearasmchaspossible. _ _
In the pﬁesent compressor  this | tip wear is ocontrolled by



creates.a rotary oil wave which traverses the entire face of the bearrng at
a speed determ.ned by the rotational speed of the crankshaft. Thus
the motor is‘Operating at 3600 rpmthe relative axial velocity of
will cause this.wave to traverse the entire face of bearing 150
surface 58 in a circular path at 3600 rp. ¥ standard hydr odynamn ¢ "b€ari ng
mourﬁ not, it is belreved function properly because there is not

suf fi ci ent relati b dnbr@sidy S BRGKIRS (RNER a2 ofV the C bhber viBp of

bet ween the scrol ousr ng because It 1s only orbital novenent. of
relatively snall eshhspiacnnanber, Besamutﬂmvbelarnggresflzw Pesinis well
I nvention wutilizes arelatrvelﬁ | arge flat surface, unit

| oad: :
relatively small Of ther S8 mo S pach Oa@h{]‘%‘lﬁss&t‘ Mads

encountered at th Q%ao uﬂin 10! b 20 el1R @F% %’EX

axi al mterengagmeﬁt{1 htmétev\o s%grééquénﬁers spegqﬁ cally the e gagre‘?r‘ent
of the wap ti mmmm&&lmtmﬁmﬁlmlupwfm cn Behe
ot her scroll nenber. Fasteners 62 tend to urge the scroll nenbers axially

t oget her and the #een dinprRigure c2.gaperoxinatelyy theclastilsn® of wraR 78 dhpele Buddy
tends to urge themapa 5 esir to have ffrcr axi.al .force
urging the gcrol | 9F gﬁ‘ hflecp‘E% “ﬁ‘ﬁfa‘i‘ﬁ?%%’ﬁeﬁfﬁ ﬁ“f‘?@r le?‘dcﬂ%’@
relationshi.p, thapeq9pd @B SRdddedl 8ol thaddVar surflie! 0 (&h&?fi : gbcrbi_l is

desirable to mnimze friction and wear as such as possi-ble
present c resubertsﬁr.smmlptiwwél issupplded to| thedintéxface vik3-a passage

Qﬂgm | ﬁlelrr%elr ncrea,&engl th | (r:]kags r_of th-ezﬂ%gciixéceﬂc I{'“he out er o‘aﬂ%‘ each

t he outer flank 0%3&&10%%89980%%0'%@”% i_-&nggt between sleeve
bearings 104 and 106 via a radial pessage 180 (Pigures 7 and 13). - The
outer end of passage 176 is plugged in the usual manner. As shown in
Pigure 13, approximately the last 1809 of wrap 92 is also of mch
'15 greater thickness than the remainder of the wrap, starting at 182 and
~ending at 184. In addition, this widened wrap portion is provided with
an ofl supply groove 185 which recéives oil from a passage 186
comunicating with passage 176. 'The use of these relatively wide
surfaces reduces unit loading in the axial direction and thereby reduces

20 tip wear.

‘Lubrication of the respective perts of the machine is accnplished
by using oil pump 24 which is mechanically driven by the crankshaft and
operates to pump oil under press&re fram the oil sup at the bottom of

' the shell, ind:.cated generally at 2oo, to all of the moving parts of the
25 mehine which :equi:e 1ub:icatia1. Oil pmp 24 may be of any suitable
type, in accordance with known ctite:ia, Mr, for examplary purposes

it is of the type shown in U.S. Letters Patent Nos. 4,331,420 or
4,331,421, the disclosures of which are incorporated herein by



. utilized in thé conpression cycle. This fact .is taken ~advantage of - in §
the comgressor of the present invention to control t|p wear. As can be
seen ip i ure 12, approximately the last 180[err] of wap 72 i.s of much
gr eat erf il Wkness than the rest of the mmap, starting at 170 and endi ng at
172. Th rface slidingly rides on surf 3ce 90 of orbiting scroll nenmber
52. Lubricating oil is supplied to the |&terface via a passage 10 174 in "

orbiting scrol lreferendecr The inhétcto ithe puip)is adicNRg & bod ro@ ahe Cutidtode -
passage 178 com‘rum cati ng W|th the space between sleeve bearings 104 and

106 via a radi ath® W%m 199} passage 204t extensiing ofp pihssage
176 is plugged Hi”ﬁh E' er. As shown in Figure 13, approximately
the | ast 180[err| of “wrap ?6; al so * ‘of "such 15 greater. thickness than
the remainder of thas bt sebR’ bh Pigqites 15% ansl 758k ppdt enkbés bd4 ON,

this widened wap portion is provided with an oil supply groove 185 which
recei ves oi| {5r eemunisateswithse transvense: Jpassagei 206 das shee ctatBshafthethse of

t hese rel ati vel sur.f ac uces unit ding .in the axial direction-
and t her eby k@g"‘z %ﬁgLMﬁtﬁﬁg‘F 'F% patending passagesf

“the machine i s ma@mheﬂnb&aym Gubed EHATHE Ag.wﬁg Suﬁﬁﬁgqgapg@' |
driven by the crankshaft and operates to punp oil u (I}’rdspressur he
oi | unp at the bbt pessegés 206canghld are plligged ¢nl the meusl | manndr . 20 Passage aizds of-

the nmoving parts of the 25, machine which require lubrication. Ol 24
may be of any sFfpicates, jath; g ragially, \extening - passnde c A2 which Plhaﬁem f or

S oy b 1gONEDe fsthenilieeid o0 S 34 Lo derk St 3] S AR o 4
by referenceof Tibricating 611 tundepupiesbirel ndpasahge Mo eddurdeskesNAtRW ISt
of generally radially extending passage 214 vhich comumicates with the
:i.nterface of surfaces 108 and 110 and a radially extending passage 216
- in hub 100 for placing the space bet:ween sleeve bea:ing 104 and 106 in
15 commnication with a supply of lz:brieeting oil under pressure.
ml_:riceti.ng oil is commnicated from the space between the outer pair of
sleeve bearings to the thrust bearing. via passage 158, as afotesaid, and
from the space between the inner pair of sleeve bearings to the mating

scroll tip surfaces via pessages 180, 178, 176, 174 and 186, as
20 aforesaid. ' | o
Because the lover counterveight 59 is disposed belos the liquid
level of the oil sump (due to the size of the countérweight required to
balance the rather large eccentric mass of the orbiting scroll),
provision is made to prevent the':o'tati.ng' counterweight from pumping oil
25 and therebg needlessly eonsume energy This is awomplished by forming
a recess 220 in lower bearing housi.ng 28 which closely approximates the
outside su:face of cmmte:weight 59 as it rotates. The outer periphery
of chamber 220 eamunicates with an oil outlet conduit 222 which
extends :adially oubwardly and thm uwardly between the housing and



the punp.in-ia a vertically extending oil pssage 204 extending up the
center ocrankshaft:20 As beat nean in Figures 1, 6 and 7, the upper
passage. 204’ 5'conmuni cates with a transverse passage 206 in the
crankshaft, the opposite ends of which conmunicate with vertlcally
extendlng passages 208 and 210. The radially outer end of passage. 20
t he upper ends of passages 208 and 210 are'pﬁ@gged I'n the usuaI manner .

Passage 208 co s%m EP‘“E‘E? ewﬁwg@,@h
pl aces the 10 space sl eev géeiarl ngs ?{Q% n comuni cation wth

a suply of lubri csst Iml ea\iseurdbrtopkemm Bﬂs&age: 220 Gria cootuit (220 einto
wth a general ly radially “extendi n&lpassage 214 which comruni cates with

the interface of s@ﬁf%@ﬁﬂ)&féhﬁ il ndIn P%{%F:PIEP’E% i AP gE 0d4 6

::grrmjlr)n g:-gtol L(r)]r pl t}cfl n 0 "ﬁp y q%&ﬁﬁ%rsllca% oi undMeséﬁ‘?e dJ[S :

Lubri cating oil swa&atadaferem iwih S B Codnf dﬁeoﬁmﬂf);‘w afd at
sl eeve bearings to the thrust bearing via passage 158, as aforesaid, and

fromthe space betthecothethend witdr a rohduit (226 whiche extends tpsabayeithe Jemel af oil
scrol | .tip.surfaces Vi as es 180, _.178 1 and 186, as 20

af oresai d. Becaus e % %%ﬁt%lﬁf @5&118 F'g’p'%s&)s b Mh? ﬂt&fjl d
| evel of the oil $0 ! GhdrCthdl Z@mitesdd?® 180 UthAled? ithltey PaHiitBig! Ghe.
bal ance the rather arge eccentri'c-mass of the orbitl ng scrol 1),

provision i s wade evacyatbarcof alheil tthertef rop., C Ecseraili ght. the oo uand baytan of 25
and 't her eby needl| essl consume energy. This is acconplished by formng a
opter W%R?%&H%

rrekc'/ess 220 i n | Hethe inaes Sleevs hepringsys the, kom of |the ande the
out si de surface- ofingp nt &\ egtgmg% m ogat Tt@g\t’%e%hepg*pa%g%igf

chamber 220 comrunicates W an_ oil et “condul
radially out war dl Mﬁ,&yemmpuarnlsy bet ween the housing and

Hrap Flank Contours
15 ~ Conventional scroll éanpr_essdrs havi.ng wrap  contours which are
| involutes of a circle require curvilinear translation between the fixed
and moving scrolls in order for nne-to-we flank contact to be
mantained. If the curvilineu anti—:otat;m deviee is replaoed with the
.11nkage of the present. invention, which allows glight pivoting of the
20 orbiting scroll, some means of mamtainjng f.lank line-to-line contact
" must be employed to maximize efficiency. ™Mo such techniques are
disclosed. The first is an involute shifting technique, and the second
is an involute modification vhich results in scroll flank profiles vhich
are not true involutes or are not involutes, of a circle. Flank leakage
25 distances (i.e. the distance between the mating scroll ‘wraps) are
extrenely imall vhen the first technique is used. The second technique
gives zero theoretical flank 1eekage- distances. |
' Generally speaking, scroll compressors utilize two or more spiral
wraps generated from the involute of a plane geametry and mounted on



Upon starting of the conpressor, the rotating of 3

counterwe{ght 59 will cause oil to be punped out of chanmber 220. via conduit
222 ¥ntg ¢hg sunp area of the shell. In order to permt thi.s evacuation of
oi I from-ahdnber 220, housing 28 is provided with a passage 224 which 5

commini cat®¥$ at one end with the centraklportion of chanber 220 and at the

other endMith Ngitiths 226ie MY ClanS¥dtSRSe t hg J OfpeOhdwain {1E
bot t om of the'sfjban%é.) giﬁ]t%ss con\(ljwl;ul t&;;'erm-ts Bfggléoalrigv\ﬁglf)édr oﬁeﬁglt’sér C %1&r!r.8jéir1
220when the conRpapsiizknéss arat thet tutal inhmbeeDYofparapst tdreg chboded Eoa@ied ithé) Of
all oil therefrom Excess oil at the top and bottom of 10 the inner s|eeve

bearings, the t@&gsied: NQuwetrde SisplaeensRtyr andg Prasipre fationsWhen dhe gerolitr ust
bearings is draipe _ 2 Vi 2. PURSa W W ap
Pl ank ‘ot our s JEE FoBRaS 180 Whf sEGRRE $B0GnK B RARCGRMBIRE s A fain, TV 20
contours whi Cls GoeketsVakelt 6rmed. 2 ITi rohkescr6X]ULS BadeUl 86 |moveadnt etal filebon
between the fixed and noving scrolls in order for line-to-line flank
contact to be nédransastien (npirotaidor ¢f \Anyi 3dee &t ther chody) withjrespest to the

replaced with the |linkage gf the present .inventi.on, which_all slight -
pivoting of the °§B‘r fﬁfﬁﬁe’i %&n Q’ﬁgﬁ’c egf)r?ée' MU n?ud'f"__"ﬁairlﬁ‘faﬂﬁ’\l,\%ﬁ“ﬁ gﬁﬁ
line-to-1ine conbater MBYSSutiira2iRkwir8Ckne CohBil BcES dBPrPACDRY the Taestish
techni ques are disclosed. -The first is an invol ute shi fti.ng techni que, and

the second is armfimtatione rihenfthers armmerei thanrB4(R werking sraps| |the|finid in
profiles which are not tr'u&i E%/C)l utes .or -are not .involutes. of a circle.

Fl ank | eakagd 025he Parkets i comPressed PE S¥RABGS: W theeBIiPR 15 BRI 1,

H2DS) 21 L i futy | S st Y08 asiiion
' (discounting involute surface irregularities). Because of the relatively |

long sealing line of the flanks and tips, small clearances can result in

substantially reduced efficiencies. Tip clearance management techﬁiques

15 are not. specifically the subject matter of this invention; flank

- ¢learance managém.ent téchniques are. | |

By way of background, and with reference to Figure 204, the

equatiohs that describe the 'sérou"invbipte”pr"o!‘ile's when the relative

 motion is gurvili'n'ear_' translation and the relative rotational

20 displacement _bebﬁeen the gér;ératihg (x;y)' axis of the scroll members is
180°, are: | S o "

R=C(1 + (Ar - MI/C)2) V2

Ar = Ac + PL/2 = Ap - arctan(Ap)

o Where: R is the distance from the center of the base
o circle to the point on the scroll profile

C is the base. gehe_rat.in_g ¢ircle radius - _ e
Ar is the roll angl_e _
T is the thickness of the scroll wrap



CGeneral | y. speaki ng, scroli co‘rrpr_essdrs utilize two or nore spiral wr,a_'s_,.
generated fromthe.involute of a plane geonetry and nounted on %
esi

- base -pl'ates:. . If a generating circle is used, its radius, the
wrap thickness and the total nunber of waps are chosen to give the Y
volugetric - displacement and pressure ratio. Wen the scrolls are
rotateéd 180{err] and brought together so that-thg flanks and tips touch, 5.

pockets are forned. If one scroll is made to nove In curvilinear
translation (no rotation of ¥ms &ilogici modifderhddsy) Twifoh senSpeat St oandh¥=Cofdrer
scroll, then these pockets aP&faemfd. and nove inwardly toward the center

or outwardly toward the scro o i Q ' i
Coration - "wen Thereare oit AR Bl e i il
the pockets will Sbe conpregshss sewwaaﬁm fand! Hexeibiram w6 the oint
curvilinear transl ation, umerfednsiderdtasrk sealing wll be obtained,

(di scounting involute surface irregularities). Because of the relatively °
long sealing line of the flaARdSAHE ROLPR; coordinate apglear ancescan result in

bstantially reduced gfffinGhc! P oSSR - |
15 “are not’ Specifi cor Rl tREma P uib o S Fps "RACGETRE by apEL LGNS

upjec I hven

flank clearange nag@gREesich a8 Cihei chuipTexaind. reDutiNGDy SdpeRsiVl JOINAS, coupding.t I
reference to Figure 20A, the equations that describe the scroll involute
profiles when tHhmueh| simpler sns: less costly device s therotatiem eontaolldng 1inkage

axits jof the scrol | SERBERE: deteriin arE s efrandan, Boeeghr.cafion 3 il )
Ar==Ac + Pi/2 : PRvotifd C6EN{rRP)orbiting scroll, which normally would cause the scroll
| flanks to separate or interfere and reduce  machine efficiency. By
changing the geometry of the wrap this clearance or interference can be
15 reduced ‘or eliminated. The present invention incorporates two novel
profile modifications, as follows: |

sShifting Technique
It has. been discovered ﬁ_zat édnventional involuteé of a circ.le ean

be used with the -aforeéaid -Iinkage' arrangement 'apd excellent flank

sealing characteristics obtained by merely forming the inside involute .
'.20 profile of a wrap flank on a different base circle center than the

.outside invclute profile of the same ﬁra_p flahk. The involute

profiles are jidentical, but the resulting 'wrap" varies in thickness

throughout its length. The basei circles of 'gi'ther or both inner and
_ outer flanks on either or both scrolls may be shifted. Thus there a;‘e
25 three possible cases: . | _
. ' (- shi_ﬂ:inﬁ the inner and outer profiles on oniy the fixed scroll;
| ' . o8 shifting the 71:_mer -n.nd outer profiles on ohly the

.orbif.ing scroll ' _
(3 shiff.ing the inner and outei- profiles on both scrolls.
30 Case No. 1, surprisingly, has been discovered to provide the bdest



'_'25 V\here Ris the distance fromthe center of the base c¢#rcle
to the p0| nt on the scroll profile Cis the base generating . C|rcle radi us

A EN| e roll angIeTls the thickness of the scroll -wap. .-22- Mis a

| ogt ifier; "M=1 for surface Sl1,,and NO for surface S2 Ac is the
Namery c Control Angle that is mcrem%%t ed or-it may be thought of as the
angl\e of/ t hgea1¢hg@NdndVt@Be - RONT ACkNE least acceptableOCONHS 1HCHUKAN onl he~

novi and fixed scroll at the peint under consideration. Ap is the poI ar

coor di nat e atiporetIcaly i niatysis; tit dasbeltieved thet |mmcmm;}upmti¢hﬁ:eubaktﬂe an
anti-rotation devi ce such sg t he: cggl ex and rel atively expensive--O dham

- coupling..A YM RfoH1d eTqyp| dptuesp me f2aaks gvencip Lase; No. 2, JrloP%?PFW
' troll d Q?;e
ﬁg\r/]\/e\r/gr ! glgl ovvs G%ISH axlpl v%yfpélg %?ﬁ'[ Iﬁgs\%r bz;???‘#gds%?'aifﬂ\%ﬁé@ nor rral I_y

woul d cause. lnesmted in fahaexkiggeritad foewancRigureOl9. | Ihes f 8 cadasge Noduce

machi ne effici encin By chz;q?gi ng the bgeomet ry of the wap this clearance
or interferefsBing UEic}.‘S"“laE el ther orditingiwrap sad wramige2 4pc dbeifixedvent i on

i ncor por at es Y ?ﬁq i cations, as follows:- Shifting
- Technique It hé\,\gﬁe%% | scover % ?I’convent i onal involutes of a circle
. can be used w t hiHehegeadeti$ o thhe | 11Rkae nedhidnd B Of ELhE p%astnexqaidnemn fdsank .

seal i ng characteristics obtained by nerely form ng the inside involute
1llustrated in Figure 21, where: o

10 ~ P = location of rotation oontrolling pivot point on orbiting S
- scroll (e.g. the axis of projection 124) \J '
cs. = location of the geometrio center ‘of the orbiting seroll -
ec = _ rotational axis of crankshaft _ ,
L=  distance from the geometric center of the orbiting scroll' to
| 15 ' point P (i.e. the length of the imaginary link formed by the
orbiting scroll).
Am = Relative angle between scrolls _
| B= angle from start of involute on orbiting base circle to the
| | .- pivot pin center (polar) o
20 "E= Eccentricity (radius of orbit of the orbiting scroll) )
| Ve Crankshaft angular velocity . s
To = Time - h -
St = .Inner flank profile ]

| 82 =' Outer flank profile

25 In order to design ‘the scrolls of the present invention, one first

- o ‘must design oonventionally shaped scrolls (such as uould be used with an
Oldham = coupling) to provide the proper displacement, pressure ratio, and

exit port geometry acoording to oonventional procedures. This results

- , in known values for the involute base oirele radivs C, the scroll



20 profileof awap flank-on a different base circle center than the

outsidée. involute profile of the same wap .flank. The " invol ut e
.profiles are- i dentical, but the resultlng wr ap varies in thick
t hroughout i'ts length. The base circles of either. ‘both i nnerA af

outer flanks on either or both scrolls may be shlfted Thus t here
t iree’ pOSSIb|e cases: (1) shifting the |nn%r and outer profiles o
the fixed scroll; (2)  shifting. the : nner and - outer profiles on

only the orbi scr t‘kﬁ# B ShtedNghrPateS! Oricefl Higsison
‘both scrolls. %’Lﬁ 'ﬁloL“él surprl 5| ngl Y, as been discovered to

provide the bgsle, oneSrtebs k8 choske @asmm Af ipointl clsitheivgtt pbing. of
This is based on theoretical analysi S; | S beI ieved that in act%
practice the | esheagebiking Borodld dThec e GgatEif | BNRE £ SF M se

*ngefh\émrl ;rgrgbmsﬁégg‘ge? %h%??ggeﬁ“fg%ugr'm I'n %%9 Thi S'EBalt gda

Case No. 1 machipgGphvenflHtCh 1 2BadE0 beS Tebé thunDilid albtirice Eran thergapmebix i s
the fixed wap and has all of the correction. The geonetry of the |inkage

mechani sm of t hecpul2 center tovthmputside of the | sg:tqiht a8 pivoti Foirt Pis ghEhe: |0
Te g the st omdngpidicat %s&@ ns&er o tepprg? B b, BeBlde' BB O |
Eﬂg ggglrr:alt Plgcsg(ran%er&ﬁ? t he orb| t| é)s(icfof)faﬁﬁ]ksm& éeuﬂ&;%?w;om
(i.e. the |engt ks mikes 4 comenizny defeﬂemﬁe)pmu bfort hpurposes of demonstration
-~ 1opivot: point P will be located there, althoughitcwldbe at any
_ location around the sc:oll pe:ighery. It should be appteciated that
length L represents the link formed by the orbiting scroll between the
center cs and pivot point P, The 1ine bewemecandcsis:efetredto
as the "line of centers®. | | ' '
15  As described above, ithasbeendiscoveredﬂntthereareammber
of basic linkage mechanisms which will accmplish the wjeCtive of
permitting only a small amount of controlled rotation between scrolls.
Because of ease of fabrication, lov cost, end easy lubrication, the
 four-bar linkage is the preferred approach. If length L is sufficiently
o " 0 1ong and the link is substantially perpendicular to the line extending
" between P and cc in Figure 21, the four-bar linkage motion beccmes
 similar to the crank and slider embodiment of Figure 16 since point P
moves in essentially a straight line and length L does not change. This
' qdaodiment is the:eEOté- the easiest to analyze. The other mecham.ams
25 disclosed will fonow a si.milar analysis with similar results.
The basic problem, looking at Figure 21, is that the orbiting
scroll will rotate through the ‘angle Am as the eccentric moves the
center of the orbiting scroll aroind the circle of the orbit with
eccentricity E. ‘These angular excursions result in a mismatch of



orbiting sc

o ———

roll). Am Rel ati ve angle bet ween scrolls B = angl € f
I nvol ute on orbiting base circle to the pivot pin_.center
Eccentricity (radius of orbit of the orbiting scrol.l):

- - Crankshaf ahgular velocity Tm= Tinme S1° I'nner flank profile S2

woul d De>dised wideB) Sérrbadadius

conventi onal
base circle radius -

of wraps of
| ocati on of
bet ween t he
manuf act-ur e,

preferably

and 13. Si-nce
f or ‘pur poses of aglesmess:r ati on 10 pivot point P will

al t hough it

ifl e 25 In order to design the scrolls of the present

romnt

(pol ar)
Cuter

one first nust design convemtd dnal | y shaped scrolls (such as""

scrol |

_ ﬁgwIsmiadeaasow/m:e:ﬁd&sfd@ém%ommon to
di spl acenent, pressure ratio, exit port .geonetry according to

prwadutdén sethi poings ubetveem thenoterolly oflanks,  rasuttie iln\dskut e

out%*“%ﬁ?fé@$ ’%@ﬁ@§“¥h|§nFs}ﬂﬁﬂ§ 'oaéfﬁggig°§ﬁfgﬁﬁég§93ﬁ%ber'.
PO gHon Rne! d3Burt 81%1&9&3:‘ bé&eéxheﬂﬂr t!c%l'ig s%?ir‘é?:lei wnibReurdhghance

geometrlc center cs and point Pi1s L. For

t hdependst aponcthe 1ink @eamtny tand &hé)ecmm\mnfmtauoﬂ.t could be |ess
than the distance from the geanetric scroll center to the outside of the

scroll if pivét poM?P“’F”ﬁsP W‘PWédiﬂ%%r"g|’dét’0\‘3"’cthb"“§cf1h5?‘%5hrré:ﬂbe”"tﬁﬁt°

It ‘t'\kl eﬁgex%gi@ngﬁgg{ of fe Mk&S sdoRt, B SAIU bel

er wap m

ﬂn % )
& convenl ent erence p0|nt
be Iocated t her e,

4

coul d be at any Iocatlon ar ound - the scroll periphery. It should
be appreC|ated t hat .

sin (Am) = E_gn%;:ml_

10 For small values of Am (which will be thefcase.ﬁerej“it'will.be assumed:

Am = sin CAm) = E_;l{nmm_ ('Ea'd:[ans) :

. Thgrefore, because the maximum angle the orbiting séroll rotates with

respect to the fixed scroll is at VIm = 90°:

An max = E/L (radians)

15 '
Looking at Figure 21,.Hhen the line of centers intersects position

the value of Am is 0°, _ Thu$;  there is zero relative angle between the

. scrolls at that point, which means there is no scroll surface mismatch

at that position. Hbueve:, as the line of centers moves to point b, the

value of Am increases to the value of Am max, resulting in the méximum

20 amount :of surface mismatch. If opé requires that the sealing points

with the-preSent linkage arrangement be” at the same points as with an

Oldham coupling. (i.e. with no relative rotation permitted), then the
profiles must be modified to permit this. What has been observed is

that at positiohs' a and c, there is 00 relative angle between the

25 scrolls and thus no radial correction required. At positions b and d,

where the relative angle between the scrolls is maximum, the radial

correction is maximm and eqbal to:

o/

4)



length L.represents the tink formed by the orbiting scroll between the .
center cs..and pi.vot point P. The line between cc and cs is referrgd tolas °
the "line of centers". 15 - As described above, it has been di d .

that there are a nunber of basic |inkage nmechani sns which will
the~obj ective of pernmitting only a Small anount of controlled rotation

bet ween scrolls. Because of ease of fabricati2fh-|low cost, and easy

| ubrication, the four-bar linkage is the, preferred oach. If length L is
sufficiently 20 long and the I’i%ﬁ‘ T.é‘%’?ﬁf‘ﬁhﬂ&ﬁim-‘ ®Bendi cul ar to the

| i ne extending bet Egugeﬁ ikl Bkd 280, o CaHa Bk inhin doR A 0. | G-
becones siml ar toﬂt? e cra%?ﬁ’c‘!i sli e#‘fe‘onbogfén%%t of Figure 16 si nce'poi nt
P noves in essenti gadiyd acorrectignt wililnisave ndmé dntgritediatin earrection hapmroximitely
enbodi ment is therefore the easiest to analyze. The other nmechanisnms 25
disclosed will fol P#W-&0%i nilar analysis with simlar results. |be basic
problem |ooking at Figure 21, is that the orbiting scroll will rotate
through the angl Am as the eccentri gedyBysvmae center- of the orbiting
scroll around the circle of the orbit wth eccentricity E. These angul ar

excursions result in oftwsswher theofincorreceéd sarolls arer fakc dbe positdomgeguiring
si mul t aneous .gap and .interference condition.to qQccur at the seal Bgl nts

between the scroMximm searzections  one,get of (fieal, Points, hag fgap gy a
The amount of gap | r{erey d ' \gaky O jﬁ}'én%- Ly
between the sc'roﬁﬂ-eése&r aggs,_ i?ﬁq?ﬁ%r&n’g?gﬁépn&@gon th]éu I nk 1y
'g,eQ{}Etry and the sh&l interfetergel at izeN. has beenAslisdtivexedP that/ cthesadigaps yandn
a straight line through the <center of the generating circle of the fixed
scrol'l, the vallfe értepfarpnces fap hesgergected by appropriately shifting the involute

profiles in a Girection nommal to a line through the scroll centers and
pivot point P when the scrolls are in their um:otated position.

If the correction or shifting is to be applied to only one scroll

wrap (Case Nos. 1 and 2) then the inner wrap profile is shifted in one

15 direction along thenomal line an amuntequal to R max in order to

close the gap and eliminate interference, and the cuter wrap profile is
shifted the same amount in the opposite direction for the same reason.
When all four flank profiles are corrected, (Case No. 3), then a
similar correction is made to both scroll wraps. Specifiallf, the
20 dnner profile of ocme scroll wrap is shifted in one direction along the
normal line to close up  the gap and eliminate interference, and the
outer profile of the same wrap is shifted in the other direction for the
same reason. ‘'The inner profile of the second scroll wrap is also
shifted, but in the opposite direction as the inner profile on the first
25 scroll wrap, and the outer profile is shifted in the opposite direction
" as the outer profile on the f£irst scroll wvrap. The amount of correction
to be applied to each of the wrap flanks under Case No. 3 is as follows:



as follows: sin (An) ="E sin(VIm) L 10 For small values of Am (which will _
be the case here) it will be assumed: Am= sin (Am =E sin(VTm (radians).
L Therefore, because the maxi mumangle the orbiting -scroll rotates wth
respect {ro .t he fixed scroll is at VIme 90[err]:- Anmax = E/L (radi ans) 15

Looki' ng{g¥}Bi gure 21, when the line-of centers intersects position a, the
val ue of\- is 00. Thus, there . is zero éel ative angl e between the '

scrolls 8t /that point, WhICh nmeans there | no scroll surface mi'snatch at

t hat p03|t|on Homevﬂngmme of cent eDEbitir QD Wpap nt b, the
val ue of Amincreases to the value of Am max, resulti n I n__ the maxi mum 20

amount  of  surf acQutawiEiagk ch donen Flankne r oqOuieeFlankat ing points
with the present | 39% arranqgmﬁ) - at ({ 9; (RESTE (199' Cmsx 7S with an
ore

A dham coupling e. Wwthn ive rotation permtted), hen the

profiles must kpereddX fibeatie proporpfsnn($/100)hofs corretiioh Bestré®eon obtseer odr i S
that at positions a and c¢, thereis 00 relative angle between the 25

scrolls and ti\tﬁafﬂb°$ athe| ﬁé@‘i’ré’é‘t"?bn""@ecﬂ!ﬂr@és themropogsbgqnwfoﬁ@ractén@ d,
where the el v RS he I | al
correction is-: rﬁé 8m ang"'equ gj‘ea& °1s % }%A nﬁ")r}% [n\i'%‘;’t)lg’??5 %Q

2(Pi)C = BOL |eBr#é@€i/&e£b Hh'@oﬂék- rﬁlﬁnl@f:f&.ﬁé?ixéboéér%ﬁ 'pl)cﬂs ﬁi%dcdﬁédtifbk{nto
correction,. the

the inner t‘lank of the orbiting seroll uill t.ot.al R max, as will the

combined correction to the inner ﬂank oi' the fixed scroll and the outer

10 flank of the orbitins scroll. . _ _

The result is one or a pair of scrolls having a wrap which is no
longer of uniform __thickness. Observe in Figure 19 that fixed scroll
wrap. .' 252, to which all eert;eet'ien hes been epplied., is the same.

_ thiekuess wherever it intersects the x axie; is of reduced thickness '

15 wherever it 'interse__cts the y axis below the x axis, end is of increased.

| _ thickness wherever it intersects the y .axis above the x axis. Thus, as
one eontinues imwardly along & corrected seroll the thickness changes )
_continually, having a maximum, minimum, or "nominal" value approximately
every 90°. The result fis that. the prot‘iles have a shape and position

20 during operation such that they come extremely .close to sealing at all -\,
the required points at the required times. _ |

As noted, the involute shiftins uethoci does produee @ small flank
clearance or interference.. The magnitude of this clearance or _
interi'erehce. depends .not_on_Iy on erank angle and basic scroll geometry,

25 but also on the ratio K, which is the ratio of modification added to the
fixed scroll divided by the total modification. Therefore, assuming
both scrolls are wmodified the same, if the total modification is added
to the fized scroll, K = 1; whereas, if the total modification is added
to the moving scroll, K = 0. Satisfactorily operating compressors !iave



radi al correction will have some intermediate correction approxif

equal to: 5 C (B&L)sin(VIm Thus, when _ :
uncorrected sCroIIs are at the position requiring maxi mun corriect | one
‘set of ‘seal points has a gap requiring a correction to close up, ereas
the ot her set of seal points actually has interference. It has been

di scovered-that these gaps and 10 interferen@ss-can be corrected by o
appropriately shifting the invol rofi a dir n C
T Re thr augh t he "SeR BAe 85 EERtes Saingi,5,0- 8y kel rclandfy CptPed R B |
their unrotated %}%mu?on Subledusft ‘iﬁHlest Wflevir, Ssm-mwﬂn Peler1f @bl itgdl to
only one scroll ap (Case Nos. 1 and th I nner wap profile is

shifted in one 1Ssmalliest@riarmn il cmgoudwwonmm Kl ae lanwhaneasntheclargéstt errd max
in order to close the gap_and eldnate interfeéerence, .and the qQuter wa

profile is shi ft@&“’t“hé"%’énﬁ = Roumbereis, & pegriy linear prlationship fhebweenc the o
reason. Wen aI_J1 tup 0 the A st Rl -%r%ﬁqorke&Eeﬁgohg@? ai\?r gatel Nty 2
pecitica

simlar correction is nmade to bot scroll 'wraps t he 20

inner profile of ity of sehllerthsn | gerd|li bt dthede Gakuedi metnoomhmgvsanes.
normal line to close up the gap and elimnate interference, and the outer
profile of the same \ﬁrxawemrsm L L] eﬂtqderPPR) then samecamount; PO gorngptioncneed et

e e e, B B B BB, 61 B o i
wrap, and the outiyr damﬂehﬁvmaesfvrfx edr dDrfeRENtO MM { Mhteifabés | O iR (fife
apBT1 cd {0 cacty clebine. ur b Séednitereiadahe Cavsiot rerrssnis ol Thkto For the -
applie 0 ea wr n ( : :
fixed outer and orbiting inner 'flanks, and K2 the K ratio for the fixed
inner and orbiting outer flanks. Thus, the optimum situation (all
correction on the fixed scroll) will 'oocur. when K1 = 1 and K2 = 1, which
| 4s the same as having K = 1. ' |
15 . Overall, the pote_ntial theoretical errors in the shifting method
come t‘rom' three different causes: o
(1) The sine error; .ciﬁe'to the approximation A = sin(d).
(2) The link arc "error. When the link length is sufficiently
iong. this error -becomes very small; pract.ical packaging,
U " 20 - Thowever, usually restric_ts this length. This error can be
| completely eliminated by using a crank and slider.
'(3) The choice of the surface to correct. By placing the shift
| entirely on the fixed scroll, this error is zero. By placing
the shift entirely on the moving scroll, this error has its
25 maximum value, since thcre is no known advantage to placing |
. | it on the moving scron, 11: should be placed on the fixed
scroll.
| It is believed, however.. that in practice 811 these errors are
sufficiently negligible that fhey will not adversely effect compressor



Fi xed Scroll” Wap . ; ‘Obiti n'g Scrol | Wap Quter Flank | nner

Flank ~ Quter Flank . Inner Flank (XO(Rmax) (Y) (Rmax)
(1-Y) ) . (1-X) (Rmax) where X is the proportion (% 100) of correction
. desire the outer flank of the -fixed scroll wap and Y is the
proport desired on "the inner flank of the fixed scroll wap. J
Thus, correction to the outer - flank of the fixed scroll plus the -
‘correction to the inner. flank of the orbiting scroll will total R max,
as will ‘the conbined correction to the 3%hmer flank of the fixed scroll
and the outer 10 flank of the orbiting scroll. The result is'one or a

pair of scroll ?W&Wﬁ%’ a wap which is.- no longer of uniform thickness.
‘Cbserve in Figure- 19 that fgm#wﬁ@mto which = all
correction has been applied, IS e sanme thickness wherever it
intersects the x Eiguse 22 sHows cduflenk cbﬂﬁackrbemed&hmtsvmedtand Hnsersect s
the y axis below the x axis, and is i ncreased thi ckness wherever it

. intersects the°5P1&§GEsﬁéﬂ'6bea'!dhenﬁ"%<l§ ma Hanlg cantagh detiee’ the yten v
al ong a corr eCLqutﬁg mnEP%HH fﬁe 5. ﬁﬁgp%&?@f'g%é rﬁﬂﬂnb% 6‘0;]%%@%

maxi mum m ni mum nom n appr oxi every result is i

that the proflkﬁﬁeﬁ&uepaaaﬁlmae(w,umpm béupRes3Or GkdniN Posfrasmt (Ad. sume t hat
they cone extrenely close to sealing at.all the required points at the
required ti raasﬂdmiml elatertal | Wab| st she f!qdﬁ@ het Rbd“m%@edpfm% a

ni t ude

: Il flank cl
zlmelar anczln ‘ Zr%‘egré’ﬁ é‘lﬂel nagﬁg?eugﬁﬁl §°n5‘ﬁ° eeé'ngﬁcgldﬁd hﬂis#’ﬁe“scrol I

geometry, 25 Eé&!erﬁin%@ t8Mbel i&?aéeﬁrh&c&u‘ﬁb'tﬁb fbﬂdvhﬁ ratio of nodification ~
added to the fixed scroll divided by the total nodification. .
Therefore, assuming both scrolls are nodified the same, if the total
nmodi fi cation i s adgledetiosDae® Hilheed scroll, K = 1; whereas, if the total
nmodi fication is added to t he movi ng scrol | , K 0. Satisfactorily
operating cOMpr esspeSz M@vVEK1(Am) Fixed Outer Scroll Surface
| ‘Doc = Ar + (K2 - 1}4m ‘Moving Outer Scroll Surface
Doc = Ar + K2(Am)- - T/C Fixed Inner Scroll Surface
Doc = Ar + (K1 = 1)Am - T/C Moving Inner Scroll Surface
Ar = Ac + B+ 5 (Pi/2 - Fixed Outer Seroll Surface
Ls  Ar =lc+B+5(P1)/2+ im Moving Outer Scroll Surface
Ar = Ac+B+ 3(Pi)/2 " Fixed Inner Scroll Surface
Ar .= Ac + B+ 3(P1)/2 + im  Moving Inner Scroll Surface w
Ap ='Ar - arctan{Doc)

For restraining link (ll-bar).

20 Am B Bb
"Bb = [see calculations in steps 3-5 of the Algorithm set
forth beloa] -

For restraining slider (crank and slider uith pin on scroll).
_ »> = arcsin([E/L)sin(Ac)) _
K1 = Modification amount added to fixed scroll outer flank

25 divided by total modification between fixed ouber and moving
inner flanks., :



-28- been nade and tested having K : O. 5, which was ori ginally believed to .
be opti num - Subsequent anal ysis, however, surprisingly revealed th X hé
smal | est_ érror-"is encountered when K = 1, whereas the |argest elf{_ iy
occurs when K'= 0. There is a nearly linear relationship between (thg’5
two $0 rthe Dbest wvalue for Kis 1. K my also have val ues greater than -
unity“or smaller than zero, but these values have no known advantages.
Furt hernore, as noted abOve the'sane anmount -o80cerrecti on need not be
applied to each scroll t eof ne U ctio there
different values of K f&® dﬁ k@:cﬁh{é E%’ip’%ﬁg 1 di:ﬁ:f.
machine. As used herein atlo represents atro for “gh
fixed outer and orbiting |nner ‘anks, ‘and . K2 the Kratio for the fixed
inner and orbiting owoers Dtmnhsiable Thus, the opti rrum ‘Si tuat i on (all
correction on the fixed scroll) occur. when K1 K%‘n whi ch
the sane as havi Rg K a A psTerank ‘“@fer &Mm“%*hét 13(?@&?? {.}P"G’i %P’tt chppping
errors in the shifting met hoPESRB AP&N%: t hree different causes: (‘1) The
sine error; due to the @pmﬂr}i PRith@) stArt of involutk o orbiting BEMe cdrel¥ to 2hé
error. Wen the link len upansuﬁtercmmiﬂ)y long this error becomes
very small; practical packagi however,. usually
restricts this |ength. Fhrad “%Pfch‘%&ﬁ“ﬂféﬁ@srﬁér‘&eel y elimnated by using
a crank and slider. (3) The C face to.correct. By placing
Bafhiets G AT W

t he Shlft entlrely on the 5 ®rror is zero. By pl aci ng the

shifft entirely qg the nMaiefgescRAO beginningl witheier Sich it Arts5025
rrax\i“'fmm val ue. Since ‘there is no known advantage to placi n)g
N¢ = number of wraps = (Ar to end of scroll - Pi/2) / 2(Pi)

Stop when Ac = 2 (PL) (M) + PUZ

In cartesian coordinates: _
X = C(1 + Doc?)1/2 cos(ar - érctan(D_oc))
15 Y = C(1 + Doe?)V/2 sin(ar - arctan(Doc)) -

In tmmericany controlled millihg machines, the cartesian equations must
be programmed to give po'sit.:ion coordinates. One possible Algorithm is as

follows:

1. If invoiute profile = inner surface then Ac = = B - 3(Pi)/2 + Au
If involute profile = outer surface then Ac = = B ~ 5(Pi)/2 + Au

20 2. If restraining slider (crank and slider with pin on scroll) is
: used then:

Am = arcsin((E/L)sin(Ac)]

Go to step T _ | _ ,
*3.. If restraining link (d-bar linkage) is used then

Xa = (Edcos(he + B + P1) | o

Ya = (E)sin(Ac + B + Pi)

Xgb = Xa + (L)cos(B + Pi)



it on the nDV|ng scroII it should be. placed on the fixed scroll# It
is. begligved, however, that in practice all these errors = are
i 0t |y negllglble that they will not adversely effect. conpressor -

29 - or mance. I nvolute Mdification Technicue Figure 22 shows a flank
etween the outer fixed and inner gr biting flanks, and Figure 23-
shows | ank contact between the outer o? iting and inner fixed flanks.

. These points ar qcckeﬁlmddm of \the ic¥ster TOPRYEdtSonp A2 KPigare 4§ C, T, L) and
conpressor crank- position o% The 5 additional nmaterial that nust

be added to orceﬂtﬁ"m@@éﬁ-

cont act between scrolls h been detz_e; gl ned to be In accordance with the
r

following: R= C(Rz= Ib(iﬁ[er-'ﬁﬁ} »1{¥2 HIs) + K (AY) . Fi xed Cuter
Scrol |l Surface Doc Ar + (K2 - 1)Am . Movi ng. Quter Scroll Surface
Doc Ar + K2(An')Yu- ﬂn{;-x«:/Az Fi xed | nner Scr oll Surface Doc = Ar+ (K1 -
HAm- T/C g'siroll Sur face Ar = Ac +B+5 (Pi)/2
Fi xed Quter 'Sﬂ'f‘f “Ar = Ac +B+5(P|)/2+Am Movi ng
. CQuter ScroII Surfpgq:eﬁz- Ac + B + 3(Pi )/2 3 Fi xed I nner Scrol l
" Surface Ar = Ac + B+ 3(Pi)/2 + Am . Myving Inner Scroll Surface Ap = Ar -
arct an( Dec) For restrailfii (Y9 + ¥ak >( 0 thexw po t2lstep 4 -~ Am = B - Bb
| Cc=2pt) -C | | |
F11 = -1 . |
104, Xum = Xc + Lik(cos(Co)) - - o’

If Xgb - Xum < O then go to step 5
F12 = -1 | B
5. Yu= (2% 4 L 13 /7 2082)(L10
Cb = (F11)(Fi2)arctan(Yu)
15 . Xb = Xc + Lik(cos(Ce + Cb))
b = Ye + Lik(sin(Cc + Cb))
Xgb = Xb |

Bb = arcf.an((lta Xb)/L)
) If!a-!b)Ot.hengqtosbepC
20 m=20p1) -B | JJ
6. Am=8- Bb

T. Ar = Ao+ B+ 5(PO/2 = PACLY) + Aa(L2) ]
Doc = Ar + KCAM(L3) + (K-1)(Am)(L2) - (r/cuu)'
R = C(1 + Doc? )1/2 | '
25, p= Ar - arctan(Doc) ,
X = ((Rcos(p) + [(TSn(APITDILY
= (R)stn(p) = [(Teos(AITT
8. Ac = Ac+ Al

ithenoenfer | of prrodeation 32l (Figre #dr  conti nuous |

=



'Bb = . [see calculatiens in steps 3-5. of t he Algorlthmset forth beI ovv].
For restraining slider -(crank and slider with pin on scroll): {err]
arcsi n(,[E/L]S| n(Ac)) KL = Mdification armount added to -fixed/.scroll
outer ©flank divided by total m)dlflcatlon between fixed outer afdf Vi
125 . inner flanks. - - 30 - K2 = Mbdification ampunt ad ed)t
flxed scroll ‘inner flank divided by total nodi fi cati on between fixed
and moving outer flanks. Doc = Dunmmy vari abl 325- - Ac. = "crank
angle", although it is better thought of as - EI ng i ncrenent ‘angle. B

= angle from st8rt IHAF HeR M) on PH3 thenngp 5%1§E‘Pc rcie to the pivot pin

center (polar). Cen = aﬂ| "l erating circle T t hi ckness of
scroll wap 10 10. “The gdnug%tig fe%lgnm ng with Ac such that Ar 0. Nw

= nunber of waps' (Ar to end of scroll - Pi/2)/ 2(Pi) Stop when-Ac = 2
(Pi)(Nw) + Pi/2 | NOMENCUARUREAn coordinates: X = C(1 +Doc[err] . )1/2 cos(Ar -
arctan(Doc)) 15 1 + r])[err] sin(Ar - arctan(Doc)) In
nunerically contr8i% EﬁF‘HF'TiF?C'& cﬁ%hl‘ s, the cartesian equations nust be
pr ogranmed to ggvg pggﬂe%ﬂggccqpa@ ARkES 01e p033| bl e AI gorithmis as

e

L = Distance between geometric ‘center of orbiting scroll and 1ink pin

center P
Ac = Happing angle. _
D K1 = Modification amount added to fixed scroll outer flank divided

: ‘by total modification between fixed outer and moving 1nner
- 10 flanks

K2 Hodification amount added to fixed scroll inner flank divided by
. total modification between fixed inner and moving outer flanks

R = Polar vector magnitude
"~ Ar = Roll angle _ S
15 Aro = Roll angle (Ar) on moving (orbiting) secroll
. Arf = Roll angle (Ar) on fixed scroll

-B = Angle from start ‘of involute on orbiting base circle to the pivot
' pin center (polar).

_ T ='Scro11.wrap thickness
.20 A = Increment angle (i.e., the-'ongle by which AC is incremented)

Au Truncation angle :ln Figure 20B (the angle from the x axis to a
line perpendicular to a line tangent to the base generating
circle and passing through the points of tangency of the

. physical inner end of a wrap and the involute curves from which

25 ~ its flanks were generated) _
~ T1= Tool radius | |
D = Distance between base circle centér and anchor pin oenter

‘Lik = Length of rotation controlling link (4-bar)

30 Surface: | M 12 13 I8 9T
Fixed inner 1 0 1 -1 -1



'foIIows 1. If i

Au | f

. 2. $t raini
t hen|

(4-b nkage)
Pl) = Xa +

- proj ectlon 124 ( Fpsged guthr YC =

Xc)l/ Az 5 Cc
step 4 Cc 2(p|)
then go to step
2(Az) (Lik) @0 =

5

10

: workpiece 300 is programed in the conventional manner to form the

nvol ut e profile = inner surface then Ac = .- B - 3(Pi)/2%+
ol ute profile = outer surface then Ac = - B - 5(P|)/2 + Au 20

ng slider- (crank and- slider with pin on scroil) is used

(L)cos(B + PI) . -31- Xc = coordinate of the center

o co@rdingte af the center of proj ection_
124 (Figure 4).Az =- ((XC_- Xa)[ERR] + (Yc -Ya)[err])[err] Yu = (Xa -
Moyingninrey Fl 1 =V TR 2 &)1 |f1(Ya-1- Yc) > 0 then go to

a arcsin[(E/L)sin(Ac)] Go to'step 7 25 . 3. If restraining link
is used then Xas E)cos(Ag £+ B+ Pi) Ya = (E)sin(Ac + B

Fll—l 4. = XC Lik( Cc)) 1f Xgb - Xum< 0O
. A TR i (e P

L[err]k[err] -Llerr]) /

(FI1)( FI 2) ar ctan(Yu)
Method of Manufacture

The present invention includes a'--very' simple and unique method oi‘_

manufacturing the fixed and orbiting scro_lis on a N.C. or similar
machine utilizing the aforesaid shifting technique. This method is
schematically illustrsted in Figure 24, Hhere- 300 is a workpiece to
be formed intc a scroll wrap, 302 is a fixture supporting workpiece

300 while it is being machined by a cutter 30'8 which could be an end
' nil—l. _ The machine uhich pcsitions cutter 30& with respect to

) inner and outer flank profiles (identical curves) from the common

15

base generating circle of the involute scroll. 'rhus, if the
workpiece is fixed in one position on the fixture for the entire

flank machining operation,‘ a conventional scroll wrap of uniform

- thickness will be generated, with both flanks being involutes of the

20

25

30

same base circle. .
.In the pr_actice of the present invention,. houever, the outer

flank of the wrap is machined uhen the workpiece i in the position

shown in which it is disposed against stop 308 and the inner flank
of the wrap is -chined when the workpiece is disposed against stop _

306, no other changes being lnade to the orientation of the workpiece.
The distance between stops 305 and 308 is equal to the total amount

.oi' shifting of the involute base genersting circle uhich is desired,

calcul-‘ed in accordance with the criteria set forth with respect to
the sforesaid shifting method, plus the overall dimension of the
workpiece between. the stops; i.e. the distance the workpiece moves:
from stop 308 to 306 is equal to the desired displacement of the base



15 - Xb =, Xc + Li k(cos(Cc + Cb) Yb = Ye + Lik(sin(Cc + Ch)) Xgb =
arctan((Xa - Xb)/L) If"Ya - Yb >0 then go to step 6 20" Bb

6. Am=, ‘Bb'7. Ar'= Ac + B + 5(Pi)/2 - Pi(L1) + Am(L2) Doe .
K(AM (.L3) + (K—l)(Arr)(LZ) - (T/IQ (L) R=C(1 + Doc[err] )1/ 2 25
--artan(Doc) X = ( (Rycos(p) + [(T1)si n(Ar)]TT)L4 Y = (R sln(p) - . :
[(TI)cos(Ar)TT8 Ac z AC+ A - -32-. 9.- 3uf-Ar = 2(pi)(Nw) + P1/2 then

'go to step 2 10. The procedure is conplete N’“IVEN A{EQR nt éiCeertectionty =
C(Pi) - T5C= gtinggctricled.c rTheli SAStTIPUROD; B e t ween geomi%< ic

center of orbiting scroll and lin eﬁirﬁ adteARined I\ﬁyp;thﬁgbﬁfﬁgP‘és
Modi fication anpwppliaddta eggh fﬂ?éﬁ%crol outer flank d| VI sF%s o6t gﬂ@l

modi fication between fixed r fagggtwltb@ 30 ovith respect
_ (reference pg:wt? o then an equal amount of

308. If the base position is centered,

5 correction will be applied to each flank.



K2 Modi fication amount added to fixed scroll inner flank divided by total
.nmodi'fication between fixed inner and noving outer flanks R = Polar vector
magni t ude Ar Roll angle 15 Aro = Roll angle (Ar) on noving (orbiting)
scrolAN\Af a Roll angle (Ar) on fixed scroll B = Angle fromstart of

[ @/ on orbiting base circle to the pivot pin center (polar). T = SR
ap thickness 20 A a Increnent angle (i.e., the angle by mhich‘AC_
¢gmented) Au = Truncation angle in Figure 20B (the angle fromthe x
axi s 0 a line perpendicular to a line tangent to the base generating
circle and passing through the points QB tangency of the physical inner end
of a wap and the involute curves from Wwhich 25 - its flanks were
generated) Tl =- Tool radius D a [} 5 ghge ypgf Wween base circle center and
anchor pin center Lik = Length of Totarton controlling [ink (4-bar) LOGC

- COEFFI CI ENTS: 30 Surface: o Li . L2 L3 L4 TT Fi xed inner
1 0 1 -1 -1 Fi xed outer 0 0 1 -1 1
Movi ng i nner 1. 1 A scroll-tiype nfachliine intlMdhingg oat €irst scréll 1

-0 1 1 Method of Manufacture 5 T :

member having a first spiral wrap; a éegond scroll
member having'a second spifal'wrap and being mounted.for_
movement with respect to said first scrbll member; said
5 second wrap being intermeshed with $aid first wrap with (‘)_
flank_séalihg between the wraps so that when said second
wrap is.moved-with respect to said firstlwrap along a
predetermined path fluid pogkets of progfessivély'changing'
volume are formed; and means for causing éaid-second wrap
10 to move along said predetermined path, including drive
‘means for causing a first point on said second scroll
member'to move in a generally circular ofbitallpath with
respect to said first scroll membér, and rotation |
controlling meéns for restfictingabﬁt not.prevehting-
15 rotational movemeht of said second scroll member'rélative k;i
to the first scroll member by limiting movemeﬁt of a second

point thereon,
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"The present invention includes a very sinple and uni que nethod of _
manuf acturing the .fixed and orbiting sc¢rolls on a N.C. or sinilar nachi
utilizing the aforesaid shifting technique. This nmethod is schematical/fy
illustrated in Figure 24, where 300 is a wordgpi~ece to |l o be forned i
scrQll wap, 302 is a fixture supporting workpiece 300 while it is bei -
machi ned by a cutter 204,Awkrell-typemichineaas ehaimed |in. claim Thewhesein moveméntch -
positions cutter 304 with respect to workpiece 300 .is g{ogramad in the

conventional nmannei EBRL% 8eaond jpoint, i 1imted R & sphstantiallyr ptraicht; dine Rty
curves) fromthe Cﬂ@gr%%%_tob%ﬁ AL P deftlerC! € of the involute scroll.
ece | i'xe

Thus, if the workpi I'n one position on the fixture for the
entire flank machi ning operation, a conventional scroll wap of uniform

t hi ckness wi || be generated, with both flanks being involutes of the sane
base circle. 20 ~ 3en B merollntype @aghinenas plaimed ingladR| Hnwhersia,eaid

the outer flank of .th 1s,.machi hed wh t he. workpj.ece i g .n_ the _
positi on shown isﬁ %ﬁ?‘ﬁgﬂgﬁ&f ?ﬂ’df’éﬁggseﬁééﬁﬁs asﬁ% @B@re%ﬁé ftch%n?rﬁ%?m
flank of the wap dggrdiBgdapned when the workpiece is di sposed against stop

306, no other changes being nade to the orientation of the workpiece. 25
The di stance between stops 306 and 308 |Is equal to the total anount .of

shifting of the involute base generating, circl ich i esjre
cal cul ated in accordarfee Hi%Rotéves i“\ag‘?jrnf §%t°9113¥1\$?‘ﬁ’% %ﬁgWerbggfrﬁiB e
aforesai d shiftingdR{BOG4nd 981 keI htcididrensi on of the workpiece -
be\tBJ\z\/een the stops; 1.¢€. 9he |stance£b¥’hefvxocr kpéngce moves 30 fromstop .
308 to0.306 is equal to the desired di spl acenent of the base - 34-

| 5. A scroll-?type ﬁach_ine as claimed in claim 2, wherein said

10 straight line path is a true straight line.

6. A scroll~type mechine 2s claimed in any ome of claims 1-5,
* wherein said first point is éisposed at the center of said second
spiral wrap.
7. A scroll-type machine as claimed in any one of claims 1-6,
15 wherein said second point is disposed radially outwardly of said second
R | spiral wrap. |

',8. Asctoll-typemchineasclaimedinanyméofclaims 1-7,
wherein each of said spiral wraps has an inner and outer. flank having
a profile which is the involute of a circle.

-
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generating circles. The distribution of the amount of correction appl i ed
to each flank is in turn determ ned by the base position (reference poi nt)
of cutti ng-tool 304 with respect to stops 306 and 308. |f.the base
~on is centered, then an equal anount of correction will be applied to
hi £} ank. -35- CLAI MS 1. -A3gcfoll-type machine including: ‘a
scrol | nmenber havi ng ‘a first |raI .wWrap; _a second scr.oll_ nenber "’

g a second spi¥al Av m M@M@%n@w%eéﬁém to

first scr eigg: sgid
first wap wth%gsﬂ%a?éng ween h\%gaa%s SO t n sa\ya‘;ﬂgcond

wap is. noved ?Idfﬂlerﬁ&ﬁﬁqrs e ﬁﬁbﬂm&ldfsi wgahe&gc&haﬁadet erm ned path
fluid pockets of progressively changing volune are formed; and nmeans for

causi.ng said second wap. 10 to nove al ong sai d pr edet erm ned pat h,

~including drive ne | flrst p ald Se ct ol

menber to nove in Zfb;e% a:yﬁ g g‘é Jéedld
first scroll megheey oﬁrmer@aaézb&mg%agowagerrﬁﬁaﬁméorpzém&rdf%m&ut not
preventing 15 rotational novenent of said second scroll nenber relative to

“the first scrol flanknio€r bbth Ioﬁnsaidgwmerﬁsntdisplmtefmd qhelcenterheﬁem
" generating shape oftheinvoluteptofileotﬂ:emrﬂankofthesame _

wrap.
11. A scroll~type machine as claimed in claim 9, wherein the
10 center of the géne:ati’ng shape of the involute profile of the outer
flank of one of said wraps is displaced fran the center of the
generating shape of the .involute profile of the inner flank of the same
wrap. - . -
"t
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- 36 - 2. A scrol | -type nachine as clained in claim1, wherein novenent
said second point s limted to a substantlally straight line path with
respect to sai'd first scroll nmember. 3. A scroll-type nachine as cl ai
claim?2, wherein said 5 straight line path. extends generally radially
regavd to said second spiral- wap.. 4. A” l‘? dtl-type machine as clai med in

claim2, ‘wherein saiqq q&&td,ﬁrﬁ Trhfked| natiial B, vhesdn mid
scrol |l -type machi ne as cﬁal claim 2 vvherel n said 10 strai ght line
path is a true stmmwmmumw|m sccall mukbes) atny
one of clains 1-5, wherein said first p0|nt I s di sposed_at the center of.

sai d second spi r aubesapgially & aingiscpoint pnd said: centerssare Aisplaged (fxgm, B of

e Seoond spi 1 Pl BAnEEIRY iR T *?fa"h&%@fas ﬁ%hé‘H”éW o

clainms 1-7, wher glaja Gdsgle wwWWaprmnwﬂm&mank
havi ng a proflle which 1s the involute of a circle. -37- 9.

scrol I -type nmachimesbexs chmwaﬁ*%fefﬁvlm‘-l 7, wher ei n each of
said spiral waps has an inner and outer flank having a proflle which is
the involute of a pI ane geometric shape. '10. A scroll-type nmachine as
claimed in claim m@erslameqpmawumn. whecein asid

gcantrtc mpu are circles of equal radius, said centers being

. displaced fram one another on esch aaid wrap by an amount egual to
10 BG/L, where:
. B = the ndaun of acbit;
c-mtmudmdh-matxwdrcu
L-mmkummumdﬂd
second mp to said second pm |
15 14, A scroll-type machine as c]_.aiméd in claim 4 or
any of claims 6 to 13 fwhen appendant thereto wherein
said fotétion controlling means coniprises a link ha\)ing

one portion pivotally connected to said second scroll
. member and another portion mounted for rotation about an
20 axis which is f:.xed with respect to said first scroll
N ' member, |

S
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-5 center of the generating shape of the involute profile of the outer

both of said waps is displaced fromthe center of the generating’
the involute profile of the inner flank of the same wap. 11. A
Ltype machine as clained in claim 9, wherein the 10 center of the
genery g shape of the i nvol ute profilesgof the outer flank of one of
waps is displaced fran the center of t he generatlng shape of the

involute profile oflihes AAcOrlriyes @aghine s‘éﬁémeﬂr&'b im 14g_whepeinp the

scrol | -type nmac € oS a |IQ ﬂ? \(/]gggé S t 'ﬁﬂ :
controlling rreagnuslgl S caoa%h i{%d 0 sard secon cr %%&e'g % rally
substantially gerpemEb@abOtsta afbdienic eard erais Tas1ng deriroadn Qaea
anot her substantially al-ong a line nornmal tg a |ine extendi ng between 5

sai d singl e. poi pivotdidcermection ofrsadd ldnk @mwmmm.d scrol |
menbers are not rotated relatlve to one another. 13. A scroll-type nmachine
.as claimed in claim12, wherein said geonetric shapes are circle of equal
radi us, said gcent bgi Lﬁ%leaﬁ‘éﬂ r ﬁﬁﬁg t S ap by
an anount equal togiéLO g‘\B L, where: n{e gncg chi‘l ﬁgmﬂp‘gﬁ??' %&e!\‘{
radi us of. md bpmtgbnenmtectigmcnf ckaidLl:nk he casd csevend rsoroll Meugaennﬁ r| C
center of said second wap to said second_point. 15 14. A scroll-type
_machi ne as cl ai Fégosed mmrﬁw%fﬁﬁ &P‘?PEGG"P%' 13 when appendant
t hereto wherein

17. A scroll-type machifie as cllaii'ned in claims 14, 15 or 16,
wherein said other portion of aaid link is mounted to said first scroll
10 menmber. ' '

' 18. A scroll—type machine as claimed in claims 14. 15 or 16,
wherein said uachine is disposed within a hermetic shell, and said
other portion of gaid link is mounted to said shell,

—_—
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said rotation _controlling neans conprises a link haVing'onF portion
pivotally connected to said second scroll nenber and another portion—
mounted fof rotation about an 20 axis which is fixed with respect tfrdand
first scroll nenber.  15. A scroll-type nachine as clained in clgim\l4, -
wherein the axis of said |ink extending between said |link portions \is
general |y perpendicular to a radi us of sai & gecend wap passing through -
sai d pivotal "tonnectio ofy sai d,l.Jnk t ai d segond scr ol nber 5
16. A scroll-type macmgﬁ‘e %?ﬁfi&]’m 'P%‘%Fa?‘mﬁufﬂ"gﬁnlgw W?e?}eitﬁg PReceding
connection of said ¢lalvs twbefedhdsBAC 20EhLEG] LohtrERIING" mbahs IbaeSiRs hadbdlba
outwardly of said second wap. 17. A scroll-type machine as clainmed In
clains 14, 15 or 16linksger dntercomnectdnd)amid aovingn scrfoll amegibdri ahd ias £imednsupgonto
said first scroll 10 nenber. 18. A scroll-type nachine as clainmed in clains
14, 15 or 16, wher FYEFS achine is di sposed within a hernetic shell, and
said other portion of said link is nmounted to said shell. .- 40 - 19 A
scroll -type machine as clained in any one of the preceding clainms wherein
said rotation consrolli2eg neauolletype inacising ds00lained ihi nddoagion 1

i nterconnecting mi Vi roll nmber an fixec r r re.
terconnecting d noy DeS s ‘r‘r’e;ang%n &ncgrgtnmged suppo Esesst.ugrtatl{k_eami

slider mechanism interconnecting said moving scroll member and a fixed
. support: structure.

21. A scroll-type machine as claimed in any one of the preceding

10 claim, further comprising a crankshaft driven for rotation about a

first axis, said crankshaft having a generally flat driving surface

lying in a plane perpendicular to a radius of and spaced from said

first axis. a drive element having a generally flat driven surface in

i driving éngagmt with said driving surface, and driven means on said

- 15 second scroll member pivotally commected to said drive element for

| rotation with respect ﬁxéreto about a second axis spaced fram said

first axis, vbereby rotation of said crankehaft causes said second axis

Y " on sald second scroll member to orbit relative to said first scroll
. member about Eaid first axis.
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20. A scroll-type machine as clainmed in cl aim1l wherein mid-rotation
control'ling-mms conprises a crank and slider mechani sminterconnecting said
novi ng crol I rrerrber and a fixed support structure 2_1 A scrol I -type

of an aced fr sajd f|r t drive havi n enerally flat
driven surface Pf?"ﬁ P#/ a’aéfg'@*req‘ﬁ? #sﬂﬁﬂ% cg" iven -
means on said 1g,3@ Wnﬁﬁf ghia EREPaha Religtatdde¥, CONNECt ed to said drive

~element for rotation vmt respect thereto ‘about ~a second axi s spaced from
said first axis, whereby rotation of said crankshaft causes said second

axis on Said second scroll nenber to orbit relative to said flrst scrol |
rrenber about mi d f|?33t 3, 8rroll1type meghing j: MH 19ipims) 23 1or 22, pherein) g

pI ane- gt} sglzd SAFTVI ng su#aceims%glfg&o%?a% al y par aﬁi%go% ang.‘:ﬂge

passi ng t hr oughegeht dai | ststrudibns eefittarile Spreddnts Asatd Getoridy BErdlBChénber as
claimed in clains 21 or 22, wherein 5 said drive elenent is free to slide

-an sai d drivi ngEem foldewing ita qompdeousse ob JoveRent.on tenporarily prevents -
sai d second scroll nenber fromfollowing its normal course of m)verrent 24.

A scrol | -type machine as claimed in clainms 21, 22 or 23,

24. A scroll-type machine as claimed in claims 21, 22 or 23,
_wherein said drive element is generally annular in cross-section. _ V

10 25. A gc:oll;type machine as claimed in claims 21, 22, 23 or 24,
vherein said drive element is g‘enerally cylindrical and said driven
_ surface is disposed on the outer periphery thereof.

_—_’/.
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wherein said-drive element is generally annul ar in cross-section. 10

25. A scroll-type nachine as clainmed in clai
sai-d dri ve el enent s general ly cylindrical
di sposed on the outer periphery thereof.

as chaj med: in any preceding claim wher ei n=
first flat sealing surface and a said spiral

ns 21, 22, 23 or 24, wherein

and said driven surface is \;,7
. -42- .26. A scroll-type nachif

said first scroll nmenber has
wrap has a first flat tip

surface, 5 s26 d aescrvdlstypel hachinetey chaimed S amydpfdcptimp allainy
surface and said second spiral wap has a second flat tip surface, said

second scrol | -‘menb®herB#ng nounted for novenent with respect to said first
scrol | menmber, said second wap being i ntermeshed with said first wap 10

so that when said second wap is noved with

respect to said first wap

al ong a predeterm ned pat heaill it BroL R Mdmit 1s & | LR £t Seal IS bikiEhéed bnd
portion of each said waps engage one another to form-fluid. pockets of

progressi vel y changi ng volaiseid spiral wrap has a first £la4i thpf surface,i p surface
seal i ngly engaging said second sealing surface and said second tip surface
seal i ngly engagi ng said first seallng surface to seal said pockets each of

d b d t t
sai d wraps beinggarranged ggq %&3 fentlér 285 a second flat %ena% . ?I}l?a&n

the outer termnal end portion there

oes not éengage the fl

ot her wap, said term nal amfddsaid second spiral wrap has a second flat tip surface,

x,.« . . said second scroll menber being mounted formwanentwith

. respect to said first scxoll member, |

gaid second ﬁ:ap_ being intermeshed with said first wrap
so that .when said second wrap is moved wii:h respect to
said first wrap along a predetermined path, the inner
and outer flanks of a substantial portion of each said
wraps engage one another to form fluid pockets of

said first tip surface sealingly engaging said second
. sealing surface and said second tip surface sealingly

. engaging said first séaling surface to seal said:

each of said wraps being arranged so that the out:s:.de
flankontheouterteminalendportiontheteofdoesnot

10 -
progressively changing volume,
. 15
pockets,
¢ ' 20

engage theflankof t:heotherwrap, gaid terminal end
portion of each sa2id wrap being substantially thicker in
the radial direction than the remainder thereof in

N A



. portion of each said wap being substantially thicker in the radial
direction than the renumi nder thereof in ~ - 43 - order to bear a
_dispro.-rtionately | arge share of the axial |oads on said scrott nenbers
-44- 2 A scrol |l -type machi ne -as cl ai 4B i-n cl ai m 26;. further conprising

an-oiA pply groove in one_of 's tip,surfac d ans_for Iylng
eto in order to r tf’a*’?l' df%%"&? 5{55 |°§e%

oi

claiyed/in clainms 26 or i&ﬁ? QP& ShetledgEans for supplylng

| ubridcating oil to at Ieast “one _ seallng surfaces in -an area where
it is engaged by a tip surface. A scrol |l -type machine as clained in
clains 26, 27 or 28 wherein at Ieast one of said term nal end portions
extends for approxinmately 180[err]. -45- 30. A scroll-type nachine as

clainmed in any of the preceding clai ms, further canpr|S|ng a fixed supporf
structure for supportlng sai d flrst scroII menber ;

UL



5 - . a thrust bearing operatively disposed between said.fixed .
support structure and said second scroll nenber, said thrust bearing
general | y annutar in plan and having a parallel flat uninterrupted
surface on the face thereof facing said fi gld_support structures; 1
and lybricating neans for supplying oil to the .interface between said
t hrust bearing and saidg fixeda.s - UG tv ate- 0l befi '

t her ebet ween, the resu t'an;g %lcﬁ?!@g% V\%Eﬁﬁggo%&sgﬁg g‘gc%%éﬂsgsrblélug%el
menber as it orbitcomptisling as @4l tsupplysgradvé iinsénes of Glald tipiznrfaces,s and) means
squeeze fil m phenonenon between said thrust bearing and said fixed support
structure. 31. A £ sHEplyipg ciltherete insorden tadedvee £qigkenso, wherein said
thrust bearing is fixed to said second scroll menber. . -46- 32. A

scroll -type machine as claimed in any of the preceding clains, further
conprising: a crankshadg, o sorol-toge fithiid 65 AR i® Elaind 284S, 2Rk G ther
cr.ankshaft having a cylindrical driving surface the axis of curvature of
which is parall e? coppeiging meanst forx supplyingr Jubsicakingcnil ifoatndeast cone ofishidh|

driven surface in drivin ngagenent with said, dri'vi ng, surface; .and driven
neans on said secoﬁig"@r%‘&%ﬁ%ﬁﬁ“ BrsR HheEe tcﬁn%ﬁ%”&é’ﬁfﬁ‘&?ﬁe |
el ement for rotation with respect thereto about 10 a third axis

spaced fromand parallel to said first axis, _
' '~ 29. A scroll~type machine as claimed in claims 26, 27 or 28

wherein at least one of said terminal end portions extends for

approximately 180°.

A



whereby rotation of said crankshaft causes said third axis .on said second
scrol I’ nenber to orbit relative to said first scroll nmenber about said
first g ) -47- 33. A scroll-type machi ne as claimed in claim32,
wher ef fr \ d dr|V|ng surface axis of curv%ture s spaced from said flrst

n ‘_ A\ scrol | -type machine as claiméd in clains 32 or 33, wherein saiid-

- drivi Bg{Yunface ax3e, OA sttoYIHtype machise aseclfimedninaany obi e prédeding -
| -type machine as clainmed in clains 32, 33 or 34, wherein sald
drivi nyg dr Fladms s Burthere sowpaiadng: common axi s- of curvature. 36. A
scrol | -Yype machine as clained in clains 32, 33, 34 or 35, wherein said
“first axis is spaced fromsaid axis-of_curvature a greater'lo di stance t han
fromsaid third axis. Bfixed | stirvidt@ré@epi Nne as clained in clains 32,

33, 34, 35 or 36, wherein said axis of curvature is spaced fromthe plane
of said first and third axes. 38 A scrol l-type machine as clainmed in

- claims 32, 33, 34, 35, 36 1 7 mhere n.said drive elenent is free to

‘rotate with respect t FUCRAE "W axi s of curvature in the .-
event an obstruction tenporarlly prevents said second scroll nenmber from
following its normal course of novenent.-39. A scroll-type machine as
clainmed in clkai ms 32- 3/ thrusit bedflinghoperiani veliyd difposed cletweeri sasd Fdnedal |y -

annul ar in Cross- section.
_ support structure and said second sm:oll manber,

said thrust bearing being generally annular in plan and
having a parallel flat uninterrupted bearing surface on
_ the face thereof facing said fixed support étructures;
10  amd | |

lubricating mams.ﬂx'mmphﬁngtnlim'um interface between
said thrust bearing and said fixed support structure to create
an oil film therebetween, ' -

the resultant miniscule wobbling of said second scroll

15 membey as it orbits with respect to said first scroll g,).
member causing a squeeze film thencmenon between said
thrust bearing and said fixed support structure.

31. A scroll-type machine as claimed in claim 30, whersin said .
thrust bearing is fixed to said second scroll member.
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-48- 40. A SCroII-type ITB.ChI ne as clainmed in any of -the preceding clains,
wherein: “fthe.profil.es of the inner and outer flanks of said first wr%%5
f

are each the involute of the same gener ating pl ane geonetric shape
center of said generating shape of the profile of said. outer flank{
firsg”wap being displaced fromthe center _ofgsaid generating shape
prof\“*le of -said inner 10 flank of said first wr ap. -49- 41.
A scrol | -type nmachine 325 CA acpeIi-tppamuchine aéd claimeds if dny. ¢ thieepreiceding
portion of .said second scroll nenber is adapted to orbit with respect to
said first scrol| ¢hadmsarfugther egpeiddagtt ricity E said-second scroll 5
menber having rotation controlling neans fixed thereto at a point P, each
of said scroll nembers including a scroll wap having inner and outer

surfaces based on a gener &t icBshkBhdre! Brsven £i9f rBEAiGY dbb& f20!tied Agis, saia
equations (cartesian.coordinates): 10 . X =C(1 + Doc[err] [err] cos(Ar

- _arctan(Doc)) Y= C(1 + Dscankshdftchavied @ fylindgicat dx@ﬂoe)_smeqﬁethﬂaxi%:(tbf
DOC[ err])ferr] Dgc = A +c|t%;aé@e of which is par. aﬂeitto sai fisrgé %les’_Surface

- a drive élenént-having a cylindrical driven surface in driving
engagement with said driving surface; and

driven means on said second scroll member pivotally connected
~ to mid drive element for rotation with regpéct thereto about
10 a third axis spaced fron and parallel to said first axis,
' whereby rotation of said crankshaft causes said third axis.on
said second scroll menber to orbit relat;ve to said first

scroll manber about said first axis.

_—
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15 . -Doc = Ar+ (K2 - 1)Am Second buter Scroll Surface Doc = Ar +
T/ C First Inner Scroll Surface Doc = Ar + (K1 - 1)Am - T/C '
ner Scroll Surface Ar = Ac + B+ 5 (Pi)/2 First ‘Quter Scroll
Ar =Ac + B+ 5 (Pi)/2 + Am Second Quter Scroll Surface 20 Ar
¥ 3(Pi)/2 First Inner Sc+04t Surface Ar =Ac +B + 3(Pi )/ 2 +Am
ner Scroll Surface Ap = - arctan(Doc) Am =.arcsin([FE L]
= Modi B3cath Garalivhype m 2o dlained {xrdaim 32: oheBn said
. flank d|V|ded tota cation bet en firs oute nd second. i nner
fl anks. "“géﬁ(ﬁ’# tSUETREEE R SEAXIBt | | nner
flank divi ded by tot al nodification betvveen first |nner and second outer.
- ~flanks. Doc = Dummy variable 5 Ac = mapping increnment angle. B = angle
- fromstart of invoBateaoscrolbitypengadhine asi claimed! in tcheinmgi 3Dbr (33 wherviar
(polar) C = radijus, of base generating circle T _= thickness of scroll
wap 10 E = & friving purface pxig ob curpiwafeth seRestdrm saidthisd asisorbiting
scroll and link pin center P Ac being increnented beginning with Ac such )
that Ar = 0. o : :

5 35. A scroll-type machine as ciaimed in claims 32, 33 or 34, '
wherein said driving and driven surfaces have a common axis of

curvature, -

36. A scroll-type machine as claimed in claims 32, 33, 34 or 35,
wherein said first axis is spaced fram said axis of curvature a greater

10 distance than fram said third axis.

37. A scroll-type machine as claimed in claims 32, 33, 34, 35 or
36, wherein said axis of curvature is spaced fram the plane of said
first and third axes. '

38.. A scroll~type machine as claimed in claims 32, 33, 34, 35, 36
15 or 37 wherein said drive element is free to rotate with respect to -
said crankshaft about said axis of curvature in the event an
obstruction temporarily prevents said second scroll member from
following its normal course of movement. ' |

39, A scroll-type machine as claimed in claims 32-37 or 38,
20 wherein said drive element is generally annular in cross—section.
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Nw = nunber -of waps = ((Ar to end of scroll - Pi/2) [/ 2(Pi) 15 Stoppi
when'Ac =2 (Pi)((NwW) + Pi/2. 42. A machine as clained in any om
clains 1.to 40 wherein a portion. of said second scroll nenber ad
orbit with respect to said first scroll member with an eccentri |
secqQnd scrol|l nenber having rotation controldg rg |ink 20 fixed theretfo at a
poi it P, each of said scroll nenmbers including a scroll wap aV| ng inner °

and outer surfaces bad@d énserojirkypatmachine a6l elaimadpia Ay oF Freeading
formed by an NC-type nachine operating in accordance with the fO||OWI ng
routine: - -51- f?amffg?trﬁ‘b‘l ute profile = inner surface then Ac = - B -
3(Pi)/2 + Au If involute profile = outer surface then Ac = - B - 5(Pi)/2 +

Au 5 2. Am = arcsin[(E/L)sin(Ac)] 3. Ar = Ac + B+ 5(Pi)/2 - Pi(LI) +
AT(L2) Doc = Ar + K(Am) (LS pofiles) ¢erMhq iajer ardTo@pt LONR o mid Sicet wiep

Do er Ar - arct R
LTI Sl nA )| B La ¥ = (% ) B my@ogmﬂ%e)%%wmmw 't

Ar = 2(pi)(Nw) + Pi/2 the&‘agg'to step 6. = The procedure is conplete

the center of said geherat:_lng shape of the profj.l_e of said.

_ ~ outer flank of said first wrap being displaced from the

\_ ' center of said generating shapé of the profile of said inner
10 flank of said first wrap. | o

= C L M 5 &



156 where: E = Eccentricity = C(Pi) - T C = Generating circle radius =

Di stance between geonmetric center of orbiting scroll and link pin center P
20 Ac = Mapping angle K1 = Modification amount added to first scroll outer
nk~givi ded by total nodification between first outer and second inner

flan = Modi fication anmount added to first scroll inner flank 25 -
di vi y total nodification betweep f4rst inner and second outer f1 anksw?
= ar vector magnitude Ar '= Roll-angle - 52.- Aro = Roll angle (Ar)

on second (orbitigy) screddoArftypeRaladendne as( ALhifal LhSAn§CoRE! 0B
Angle.fromstart of involute on orbiting base circle to the pivot pin
center (pol atlaimd 1 to A0 WHerwiap d Ipoxitiens ofi saidl secendnscespie (i.e.,
‘the argle by which ACis increnented) AU = Truncation angle the angle from
~the X axis tmember nis pedaptefl qd @rkid svithngespegbntot saifiefbast generating
10 ~circle and passing through the paints of .-tangency of the fhysi cal .

i nner end of S@refhremken Helth\ag @ceentricity E, said second scroll

5 member having rotation controlling means fixed thereto at
a point P, each of said scroll members including a scroll
wrap having inner and outer surfaces based on a generating

circle and defined by thé follohing. equations (cartesian

coordinates): | | . V
10 X=cC(1 + Doc2)1/2 cos(Ar - arctan{Doc))
Y =C(1 + Do,c:-z)v2 sin(Ar - arctan(Doc)
where: | |
R=C(1 + Docz)V.2 _
Doc = Ar + K1(Am) First Outer Scroll Surface
15 _l?o:: = Ar '+ (K2 - 1)Am_- " Second duter Scroll Surface
| Doc = Ar + K2(Am) - T/C First Inner Scroll Surface
Doc = Ar + (K1 - 1)Am - T/C Second Inner Scfoll Surfac_e \J
Ar = Ac + B + 5_(Pi)/2 . . First Outer Scroll Surface
Ar=Ac+B+5(Pi)/2+Am . Second Outer Scroll Surface
20 ~ Ar = Ac + B + 3(Pi)/2 First Inner Scroll Surface
Ar=Ac+ B+ 3(Pi)/2 +Am Second Inner Scroll Surface

Ap = Ar - arctan(Doc) '

Am = arcsin( [E/L]sin(ac))

: K1 = Modification amount addea-to first scroll outer
25 flank divided by total modification between first
outer and second inner flanks.

T



curves fromwhich its flanks vere generated. Tl = Tool radius D =

Di st dnce betveen base.circle center .and anchor pin 15 _ center 1 €
logic coeff|C|ents ‘are: Surface: - . Li L2, L3 L4 TT F{r '[J

I nner .. 1 o -1 -1. -1 First outer O 0 .1 = 1
. 20 "gecond i nner 1 1 0 1 -1 Second outer 0 1 0

1 1 43. A machine as clainmed in claim4l or 42, .furthéer conprising a

crank and slider |inkage operatively connected between said first scrol
menber and sai d second scroll 25 nenber to restrict relative rotation of
said scroll menbers to a linmted predeternined anount. - 53 - 44. A
scroll-type machi ne as claimed in any Qnggof. clains 1 to 4:0,. wherein a
portion of said second scroll nenber is agapted to orbit with respect to
said first scroll nmenber with an eccentricity E, said second scroll nmenber

5 having rotatken £opba0kk iR SR Mol X AlddiN e ¢ i¥tasBRbll Pnngach of
said scroll nenbers fmahlddaﬂql&eéqspldoﬁulamclaa\m@atuaaebe&ﬂéeﬁurefsﬁurfaces
based on a generatlngnﬁefCAﬁda§§bdhﬂlduxbﬂnfﬂdm&sfo | owi ng equati-ons
(cartesian coordinates): 10 . C(I + Doc[err])[err] cos(Ar -
arctan(Doc.)) Doc = Dummy varlable ' :

5 Ac = mapping 1ncrement angle..
| B = angle from start of involute on orbltlng base c1rcle
Kg} to the pivot pin center (polar) -
) C = radius of base generating circle.
T = thickness of scroll wrap |
10 E = C(Pi) - T |
5L = Distance between geometrlc center of orbltlng scroll
and link pin center P |
Aé-belng incremented beglnnlng with Ac such that Ar = O.
Nw = number of wraps = (Ar to end of scroll - P1/2) / 2(P1)
15 Stopping when Ac = 2 (Pi)(Nw) + Pi/2.
42, A machine.as claimed ih.any one of claims 1 to 40 .
s ~ wherein a portion of said séquiscxollrmmtﬁm adapted to orbit

with,fespect to said first scroll member with an eccentricity

E,said second scrdll'membéf having rotation contrelling link
20 fixed thereto at a poinﬁ P, each of said scroll members

including a scroll wrap haVing'inner'and'outer surfaces

‘based on.a generating ciicle andfbeing of-a_COntoﬁr formed

by an Nc-type_machihe operating in accordance with the

following routine:

-—
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Y= C 1+ -Doc[efr]--)[err] si n(Ar - ar'ctan(Doc))'-\)\here R= C(1 + _Doc

[efr] y=fegr] Doc = Ar + K1(AmM First outer scrol| surface 15
Doc # Ab~+ (K2 - 1(Am "Second outer scroll surface Doc =-Ar -+ K2( Am
- T/ First inner scroll.surface Doc = Ar- + (KL - 1)Am- T/ C Second
I nn surface Ar = Ac + B+ 5 (Pi)/2 First outer scroll —
surf = Ac + B+5 (Pi)/2 + Am Second outer scroII surface 20 Ar et
Ac + (Pi)/2 First inner S8rell surface Ar = Ac + B + 3(Pi)/2 +
- Am econd inner scroll surface Ap = Ar - arctan(Doc) to calcul ate Am.
(1) Xa (Efeos(RE 1ngplut¢)p§§f11e =/dnneEsunfase tth+AP|r ¥gB = Xa +
(L)cos(B + Pi) Xc = x coordinate of point P Yc y coordi nate of
. poi nt = ((XE(Plké?[ErQ? + (Yc - Ya)[err] ) [err] Yu = (Xa - Xc)/Az 5
: FCCE gagtianu) f} 1nvofute proglfe = (Qr sur ace _en chLeE g & = 2(p|).

5(pi)/2 + A .

5 2- Am

arcsin[(E/L)sin(Ac)]
3. Ar = Ac + B + 5(Pi)/2 - Pi(L1) + Am(LZ)

Doc = Ar + K(Am)(L3) + (K—1)(Am)(L2) - (T/C)(L1)

R = c(1 + Doc?)1/2 .
> | W,
p = Ar - arctan(Doc) i
10 X = ((R)cos(p) + [(T1)sin(Ar)]TTILA
¥ = (R)sin(p) - [(T1)cos(Ar)]TT
4. Ac = Ac + AL N
5.. If Ar = 2(pi)(Nw) + Pi/2.then Qozto Steplz
.6. The procedure is compiete X |
15 where:
E = Ecéentficify_= C(Pi) - T
c = Geneiatiﬁg circle radius
'L = Distance between geometric center of orbiting scroll \:}

and link pin center P
20 Ac = Mapping angle
K1 = Modification amount added to first scroll outer flank
- divided by total modification between first outer and
~ second inner flanks. _ o _ :
K2 = Modification amount added to first scroll inner flank
.25 divided by total modification between first inner and
. second outer flanks. :
R = Polar vector magnitude

Ar = Roll angle

’__—_______,____;__~
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10 (2) Xum = Xc + le(cos(Cb)) If ng - Xum < 0 then 'go to step 3 F12 0 - -1
(3) Yu-=-(Az[err] -+ Lik[err] -L[err]) / 2(Az)(Lik) Cb = !

(F11) (F12) arctan(Yu) 15 Xb = Xc + le(cos(CC + Ch)) Yb = Yc-+"f :
Li k(si-n(Cc + Cb)) ‘Xgb =Xb Bb = arctan((Xa --Xo)/L) 1f Ya -Yb > 0 then{g
stepi4 20 = 2(pi) - Bb (4) Am= B - Bb KL = Modification anount™
added‘to flrst scroII outer fl ank divided by total nodification between
first outer and. second inner flanks. 25 = Modification amount added to.
first scroll inner flank divided by total ydi fii cation between first inner
and second out g, §lajs1 R le ﬁaéégghg ( t.‘l.n PPLAS § Nerement
angle B = andie fromsta I'nvol ute on or ase C|rcle to the-
pi vot pl n cent g{pf ROIEYYL afigle—m%dl ea Q&:Qésscssrfratl ng circle 5T =
t hi.ckness of scroll wrap E .= Distance between geonetrlc
center of orbitsng S@mjle from start of 1nvolute on. orbltlng base circle
« to the prOt pin center (polar) _
5T = scroll wrap thickness
Ai = Increment angle (i. e.; the angle by whlch AC is-
incremented) _
Au = Truncation angle the.angle from the X axis to a line

perpendicular to a line tangent to the base generating

e

10 circle and passing through the points of tangency of
the physical inner end of a wrap and the involute
curves from which its flanks were generated.

" T1 = Tool radius | -
. D = Distance between base. c1rcle center and anchor pin

15 center

. where logic coefficients are:
Surface: = L1 L2 L3 L4 TT
First inner 10 1 -1 =1
‘Pirst outer .. 0O 0 .1 =1 1
20 Second imper - 1 1. -0 1 -1
.i,; ' Second outer o 1t o 1 1

43. 'A.machine as claimed in claim 41 or 42; further
compfiSing a crank and slidet linkage cperatively connected
between said first scroll member and said second scroll

25 member to restrict relative rotatlon of said scroll members

to a limited predetermlned amount.
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and link pin center P Ac belng |ncrenented beglnnlng m&th ‘Ac such that Ar =
0. 10 Nw = nunber of waps (Ar. to end of scroll - Pi/2) / 2(P|) Stopplng
when Ac =-2(Pi)( Nw) + Pi'/2. 45 A machi ne according to any .one of clains
O~ Wherein a portion of said second scroll nenber is adapted to orbit
with rhspest to said first scroll nmenber with an 15 eccentricity E, said.~
x| nmenber having rotation controlling link affixed thereto at ‘e
h of said scroll nenbers. isgcluding a scroll wap having inner.
and ouY e rf acad .basrdsonobl gEPPE ahaclging rad e laAithddeiing adly @neoBEOUr
formed Ny _4n NC-type nmachi ne operating in accordance 20 with the follomnng
~routine: 1.cliefimsnlokat 40prwhérein a rpertion fof saitkesetond sBrold(Pi)/2 +
Au If involute profile:= outer surface.then Ac = - B.- 5(Pi)/2 + Au 25 2.
Xa (E)co@@méer Bs+a@dppted O (@rkih(with respeqty to saivh firgghsergdl+ _
(L)cos(B + é Xc =.x coordinate of point P Yc coordinate of point P2 - .
2 ( REberxyith, #p e¢°€qﬁrlcﬁgs[¥wrﬂaﬁ [%ﬁ%%n455°r° YumembRE - Xc)/ Az

5 having rotation controlllng means flxed thereto at a point

P, each of_sald sc:oll members including e-scroll wrap
having inner and outer surfaces based on a generating circle

and deflned by the follow1ng equatlons (cartes;an

coordlnates). | . :'_.f: . - e
0 C(1 + Docz)v2 cos(Ar -_aretam(Doc))
| = cl1 + Doc y1/2 eln(Ar - arctan(Doc))
where: | B |
R = C(1 + Doc )1/2 )
Doc = Ar + K1{(Am) . Firet oﬁter séroLi surface
15 Doc = Ar + (kz - 1(Am i ~ Second outer scroll surface
Doe-=.Ar +IK2(Am)'-.T/¢_ - First.inhe;.scrol; surface
pec = Ar + (K1 - 1)Am - T/C Second Inner scroll su;face.f -
Ar = Ac + B +.5 (Pi)/3  First outer scroll surface. .-
Ar = Ac + B+ 5 (Pi)/2 + Am ISecond outer scroll surface d
20  Ar =Ac + B +‘3(Pi)/2 . -ﬁiist.inner scroll surface

Ar = Ac + B +u3(Pi)/2 + Am Second inner scroll surface
Ap = Ar - arctan(Doc)

to calculate Am:. .

.".

(1) Xa = (E)cos(Ac + B + Pi)

25 ~ Ya

(E)sin(Ac + B + Pi)

ng Xa + (L)cos(B + P1)

\\!\\l\}\\\\\k\\\l\\\\\!\\ W



Cc = arctan(Yu) Al =F12 = 1 If (Ya Yc) > 0 then go to step 3 Cc = 2(pi)
- Cc 10 FIIa—-l 3. Xun1— Xc + Lik(cos(Cc)) If Xgb - Xum> 0 then go to.
step 4 F12' = -1 4. * Yu = (Az[err]. + Lik[err] ~-L[err])/ 2(Az)(L|k) 1=~
Cb = (Fl I)(FlZ)arctan(Yu) Xb = Xc + Lik(cos(Cc + Cb)) Yb Yc .+ Lik -'-jﬁt
+. Cb)) ‘Xgb =Xb Bb = arctan((Xa - Xb)/L) 20 If Ya -Yb > go
to step-5 Bb =-2 (pi) - Bb 5. Avr B- Bb 6. Ar = Ac + B + 5(Pi)/ '
Pi(L1) + Am(L2) Doc = Ar + X(Am (L3) + (§41L(An)(L2) - (T/9(L1) 25 R =
C( 1 + Doc [err])[err] p Ar - arctan(DoC) X = ((Rcos (p) +/ :
(T sin(A )/TT)L4 ) 1E%£§F( ry/ TT 7. "Ac= AC + Al 8. If
Ar =.2(pi ) ( + x ﬁéﬁbgga%%aée 6 EAThe procedure i s conplete
= y coordinate of p01nt.P
Az = ((Xc - Xa)_ + LYc - Ya) )'5
: Yu = (Xa ~ Xc)/Az
5 Cc = arctan{Yu)
F11 = F12 = 1
~ If (Ya - Yc) >-0 then go.to step 2
U Cc = 2{pi) - Cc o
| - P11 = -1 B
10 (2) Xum = Xc + Lik(cos(Cc))
If Xgb - Xum < O then go to step 3
 F12 0 -1 L :
_ 2, ...2 .2 e
(3) Yu = (Az” + Lik" -L%) / 2(Aaz)(Lik)
Cb = (F11)(Fl2)arctan(Yu)
15 Xb = Xc + Lik(cos(Cc + b))
| Y = Yc + le(51n(Cc + Cb))
- Xgb = Xb »
— Bb = arctan((Xa - Xb)/L)

If Ya - ¥b > 0 then go to step 4
20 Bb = 2(pi) - Bb o
E : (4) Am = B - Bb
_ | K1 Modlflcatlen amount added to.flrst scroll outef flank
- : divided by total modification between first outer and
: ) second inner flanks.
25 K2 = Modification amount added to first seroll inner flank
divided by total modification between first inner and
second outer flanks.

Doc = Dummy variable

* ¢ L M s =



-Eccentricity = C(Pi) - T C = Generating circle radius L =
t ween geonetric center of orbiting scroll 10 and link pin

= Mapping .angl e KI = Modification anmount added-fo first scrol
di vi-ded by total nodification between first outer and second
. 15 K2 = Mdification anount added to first scroll inner .~

kd by total nodification between first inner and second outer ‘wf
= Pol ar vector nagnitudé‘A§5 = Roll angle 20 Aro = Roll angle -

H? Qg&?itin scroll Arf = Roll angle (Ar) on fixed scroll B
t ar PN, ANAEREMST o AR%h®1g base circle to the pivot pin

:-Anglé fro

sl T A 2 Ao e R B

the X axis to a line per ar to a liRe tangent to. the base generating

circle and passifgridi e P YdHTa¥linkaegergy of 30 ~ the physi cal
I nner end of a wap and the involute curvées fromwhich its flanks were
generated)5 T .= thickness of scroll wrap '
E =C(Pi) - T
. L = Distance between geometric center of orbiting scroll

and link pin center P
Ac being incremented beginning with Ac such that Ar = 0.

10 Nw = number of wraps = (Ar to end of scroll ~ Pi/2) / Z(Pi) <

Stopping when Ac = 2(Pi5(Nw) + Pi/2.

45. A'ﬁachine accofding to-anf.one of claims 1 to 40,
wherein a portion of said seéond_ scroll member 1s adapted to
orbit with respect to said firéf scroll member with an

15 eccentricity E, said sécond scroll-member'having rotation
controlling link affixed_theréto at a point P, each of said
scroll members includin§ a scrolllwrap having inﬁer and
outer surfaces based on a generating-circlé and.being of a
contour formed by an NC-type machine operating in accordance:

20 with the following routine:

1. If involute profile

= inner surface then Ac = -B -
3(Pi)/2 + Au |
If involute profile = outer surface then Ac = - B -

)

5(Pi)/2 + Au

25 2. Xa (E)cos(Ac + B + Pi)

Ya

(E)sin(Ac + B + Pi)

1) D

»



- 58 - TL = Tool radius D= Distance between base circle center and anchor
pin center Li'k = Length of rotation conrol ling link 5 where logic :

coefficients ate: Surface: _ Li L2 L3 L4 TT First inner
1 0 .1 -1 -1 First outer ' 0 o -1 -1 1 Second
i nnet_ ¢ . .1 1 0 1. -1 10 Second outer . 0 1 0)

1 1 46 A machi ne as claimed in claim44 or 45, further conpri
four-bar linkage operatively connected bggmeen said first scroll ne
said second scroll nenber to restrict tive rotation of said scro
nenbers 15 to a I| reQﬁLﬁLf%% t 47 . A met hod of

manuf acturing a sc Irt C %Jned in any one of claims 41 to

46, including the g %egsxogo Ehg{:ggof _{xp‘pq:r and cuter scroll-shaped -
flanks of a scroll Tran a mor prece usi a progranbl e macni ne, wherein the

profile of each 20ygl ank bgoggﬂﬁgggegkfééyﬁghg same pl ane geonetric shape,
sai d working steps conprising: (1) progranm ng the machine so that it wll

machi ne the inner agd=o¢{re £l RaksS of (vaid vy 1” based on said generating
shape ‘being at a fixed point with respect to-said workpiece; (2)
det er mi ni ng Bhe 25Ynefel¥ace ¥oi/Bzwhere said workpi ece shoul d be Iocated
relative to the cutting tool of said machine to nachine
Cc = arctan(Yu)
F11 = F12 = 1
\\_/ 1f (Ya - Yc) > 0 then go to step 3
| ' 2(p1) - Cc
10 : Fl1 = =1
3. ZXum = Xc + Lik(cos(Cc))

If-xgb - Xum > 0 then go'to step 4

Fl2 = -1
4. vu = (az? + pik? -1?) / 2(Az)(Lik)
15 Cb = (F11)(F12)arctan(Yu) _
_ Xb = Xc + Lik(éps(Cc + Cb))
- Yb = Yc + Lik(sin(Cc + Cb))
o Xgb = Xb |
. Bb = arctan((Xa - Xb)/L)
20 If Ya - Yb }.O'then go to sfep 5

Bb =-2 (pi) - Bb
5. Am =B - Bb _
6. Ar = Ac + B + 5(Pi)/2 - Pi(L1) + Am(L2)
~ Dpoc = Ar;+fK(Am)(L3) +.(K-i)(Am)(L2)'~ (T/C)(L1)

2,1/2.

25 C(1 + Doc”)

=
]

p = Ar - arctan(Doc)

L



59 said scroll flanks in accordance w:th sald program (3) p05|t|dn|ng said
mnrkplece relatlve to said cutting tool in a first position spaced from

f 1 ankpppf Sald 5 . scroll; and (4) positioning said-: mcrkplece relatlve to
sai d ng tool in a second posi tion and machining said workpi ece to form
the o v flank of said scroll; steps (3) ‘and (4) following steps (1) an

(2) andYbeing in any order. 48. A nmefhpd of manufacturing a scroll type 10

machine as clainmed in any one of clainms 41 to 46, including. the steps of
machi ni ng the |ape;(qmgc@%u%n ilqmbs)ggn@Agc[gT)L@s clainmed in claimA47,
wherein said second position is spaced fromsaid first: position, 49. A

met hod of manuf act=ur(iRIgia (99r ol || (TYpecdbarmbThi ne as clainmed in any one of
clainms 41 to 46, including the steps of nmachining the inner and outer

fl anks of a &crdd =adccHaidded in claim47, wherein said first position is.
spaced in one direction from said reference poi nt and said second position
is spaced fréom g dxr & &i@d )it +i RiZ8 thee gppbaiteemi?ection. 50. A

met hod of rﬁ§ uf act uring scrql | e machi ne as clained in any one of
claims 413046, hQNﬂﬁﬁﬁéaﬁthéssF8ﬁg §F€machi ni-ng the inner and outer
flanks of-a_scroll as clained in claim47, 48 or 49, wherein said first 25
and second;y $19%ns are substantially eqU|d|stant fromsaid reference

poi nt . 51f ﬁ\4“§JHE$H¥chEQULaER§EU”9 g scroll type

C = Generating circle-radius o _ | B
L = Distance between geometric center of orbiting scroll
10 and link pln center P

Ac = Mapplng angle

K1 = Modification amount added to first scroll outer flank
divided by total modification between first outer and
second inner flanks.

Modification amount added to first scroll inner flank .

15 K2 =
divided by total modification between flrst inner and
second outer flanxs.
R = Polar vector magnltude

Ar = Roll angle
20 Aro = Roll angle {(Ar) on.moving.(ofbiting) scroll
Arf = Roll angle (Ar) on fixed scroll

B = Angle from start of involute on orbiting base circle
to the pivot pin center {polar).

- T =-Scroll wrap thickness

.25 Ai = Increment angle (i.e., the angle by which AC is

1ncremented)
Au = Truncatlon angle (the angle from the X axis to a line

perpendicular to a line tangent to the base generating
: circle and pa551ng through the points of tangency of
- 30 . the physical inner .end of a wrap and the involute
' curves from which its flanks were generated).

_—
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machi ne as clainmed in any one of clains 41 to 46, including the steps of
nachlnlng the*inner*and outer flanks of a 30 scroll as clainmed in cLaim
47, wherein sai'd second position is at said reference point. 52. .
of nanufacturlng a scroll type machine as clained in any one of cl
to 4 includlng t he steps of machining the |nner and outer flanks\
scroll as clainmed in claim47, 48, 49, 50 or - - 60 - wherein said
geonetric shape is a circle. 53. A netho% of nanufacturlng a scroll type-
machine as clainmed in any'one of clains #8 fo 46, including the steps of

machi ni ng the Hﬂner ogmﬁr flanks of a5 scroll as clainmed in claim
47, 48, 49, 50, 51 or } &P8in said profiles are involutes of a circle.
54. A scroll.-type fm%ﬁﬁ‘&&n&@“ H& LRUp20d. é‘if@i@%&%z‘)%‘i{dafa% %tis%)%'ﬁt Pally
as herei nbefore desciil erence to and as 1 ustrate
acconpanyi ng 10 draw ngs. 55.. A nethod of manufacturing a scroll-type. ;
machi ne subst anfikakd y,e:ﬂgthebgl Bb&éﬁ[@nd@ﬁﬁfd)ppjhgmﬂﬂh]{ eference to the :
acconpanyi ng draw ngs.

5 where loglc coeff1c1ents are:.

Surface._ - L1 L2 L3 L4. TT
First inner : o1 o 1:_  -1 -1
\ First outer ' 0 0 1 ~1 1
" _ - | ‘ _
S - Second inner 1 1 0 1 <1
10 Second outer L 0 _l1 0 1 1.

46, -.A mach;lne._;serei-ll ae_- claimed in claim 44 or 45,'
further compriSing-atfour-bar linkage'operatively'connected
between eaid first scroll membef-and said.second scroll
member to resttict'reletive totatien.of said scroll members -

15 to a limited predetermined amount. |
| ..47°. A method.of manufacturing a scroll-type machine
: as claimed in any one of'ciaims 41 to 46, including the steps

of machining the inner and cuter scroll-shaped flanks of a scroll fram
a workpiece u51ng a progrannab&e machine, wherein the profile of each

20 flank is generated from the same plane geometric shape, said
worklng steps comprising: (1) programmlng the machine so
that it will machine the inner and.outer flanks of said
scroll based on said-generatihg shape being at a fixed
'point with :espeét_to.said norkpiece; (2) determining the

25 reference point wnere said'wOrkpieee-should be located

‘relative to the cutting tool of said machine to machine

OO O
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15

20

25

- 50 -
said scroll flanks in accordance with said program;
(3) positioning said workpiece relative to said cutting tool
in a first pdsition Spaped from said reference point and
machining said workpiece to form one of said flanks of said
scroll; and (4) positioning said werkpiece relative to said
cutting tool in a seéond'poSition and machining said
workpiece to form the other flank of said scroll; steps (3)
and (4) following steps (1) and (2) and being in any order.
- 48. A.méthod of manufacturing a scroll type.

machine as claimed in any one of claims 41 to 46, inciuding

the steps of machining the inner and outer flanks of a
scroll as claimed in claim 47, wherein said second position
is spaced from said first position. |

49. A method of manufacturing a scroll -type
machine as claimed in any one of claims_4l to 46, including

- the steps of méchining the inner and outer flanks of a

scroll as claimed in claim 47, wherein said first position
is spaced in one direction from said reference point and
said second position is spaced from said refence point in
the opposite direction. ' ' '

" ' 50. A method of manufacturing a scrold type
machine as claimed in any one of claims 41 to 46, including
the steps of machining the'inner'and'outet flanks of a
scroll as claimed in claim 47, 48 or 49, wherein said first

~and second positions are substantially equidistant from

- said reference point.

‘30

35

51. A method of manufacturing a scroll type
machine as claimed in any one of claims 41 to 46, including
the steps of machining the inner and outer flanks of a
scroll as claimed in claim 47, wherein said second position
is at said referencé point. |

52. A method of manufacturi~g a scroll type
machine as claimed in any one of claims 41 to-46; inc¢luding
the steps of machining the inner and outer flanks of a
scroll as claimed in claim 47, 48, 49, 50 or 51,

A
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wherein said geometric shape is a circle.

. 53. A method of ménufacturing a scroll tYpe'
machine as claimed in any one of claims 41 to 46, including
the steps of machining-the inner and outer flanks of a
scroll as claimed in claim 47, 48, 49, 50, 51 or 52, -

. wherein said profiles are involutes of a circle.

54. A scroll-type machine constructed and
arranged to operate substantially as hereinbefore described
with reference to and as illustrated in the accompanying
drawings.

55. A method of manufacturing a scroll-type
machine substantially as hereinbefore described with
referenc: to the accompanying drawings.
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