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[57] ABSTRACT 
A positive fluid displacement apparatus employing 
scroll members having inter?tting spiroidal wraps an 
gularly and radially offset such that as the spiral cen» 
ters experience an orbiting motion, they de?ne one or 
more moving ?uid pockets of variable volume. The 
zones of lowest and highest pressures are connected to 
?uid ports. Radial sealing is accomplished with mini 
mum wear by using a driving mechanism which pro 
vides a centripetal radial force adapted to oppose a 
fraction of the centrifugal force acting on the orbiting 
scroll member. The line contact sealing force between 
the wraps of the scroll members constitutes the sole 
radial constraining force. Coupling means which are 
separate from the driving means, and hence from the 
radial constraining means, are provided to maintain 
the desired angular relationship between scroll mem 
bers. Axial sealing is attained by withdrawing a por 
tion of fluid from the zone of highest pressure and 
using this high-pressure fluid to generate axial sealing 
forces. The apparatus may serve as a compressor, ex 
pander or pump. 

58 Claims, 41 Drawing Figures 
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SCROLL-TYPE POSITIVE FLUID DISPLACEMENT 
APPARATUS 

This invention relates to ?uid displacement appara 
tus and more particularly to apparatus for handling ?u 
ids to compress. expand or pump them. 
The need for gas compressors and expanders and for 

?uid pumps is well known and there are many different 
types of such apparatus. In these apparatus a working 
?uid is drawn into an inlet port and discharged through 
an outlet port at a higher pressure; and when the ?uid 
is a gas its volume may be reduced before delivery 
through the outlet port, in which case the apparatus 
serves as a compressor. If the working ?uid is a pressur 
ized gas when it is introduced and its volume is in 
creased, then the apparatus is an expansion engine ca 
pable of delivering mechanical energy and also if de 
sired of developing refrigeration. Finally, a ?uid may be 
introduced and withdrawn at different pressures but 
without any appreciable change in volume, in which 
case the apparatus serves as a fluid pump. 

In the following description of the ?uid displacement 
apparatus of this invention it will be convenient to refer 
to it, and to the prior art, as a compressor. However, it 
is to be understood that the apparatus of this invention 
may also be used as an expansion engine and as a pump 
and its use as such will be described for the various ap 
paratus embodiments. 

It is not necessary to discuss the prior art in detail as 
it pertains to such dynamic apparatus as centrifugal 
compressors and pumps, or as it pertains to the more 
commonly used positive-displacement devices of the 
vane, gear or other rotary types. However it is of inter 
est to note some of the features which characterize 
these general types of prior art apparatus as a basis for 
comparison with the ?uid displacement apparatus of 
this invention. 
Those pumps, compressors and blowers which may 

be termed “dynamic” apparatus must operate at high 
speeds to achieve large pressure ratios and they typi 
cally have efficiencies of less than 90% in terms of me 
chanical energy converted to ?ow and compressional 
energy. Apparatus of the dynamic type ?nd their widest 
application in large sizes in such applications as gas tur 
bine compressors, stationary power plant steam expan 
ders, and the like. 
The positive displacement pumps or compressors of 

the vane type have rubbing speeds proportional to the 
radius of the vanes and the vanes rub at varying angles. 
Furthermore, the vanes operate within a housing of 
?xed axial length so that any wear upon their ?at sur 
face ends will always act to increase the clearance, and 
hence, the blow-by or leakage of the apparatus. The 
positive-displacement pumps and compressors of the 
rotary type are typically constructed to have the rotat 
ing components movable between end plates, an ar 
rangement which demands close tolerances to reduce 
blow-by while permitting free rotation. Wear between 
the rotating components and end plates increases blow 
by, a fact which requires the adjustment of the spacings 
of the end plates through the use of screws and very 
precisely constructed gaskets in the form of shims. The 
gaskets, in turn, may not be able to withstand corrosive 
?uids or ?uids at extreme temperatures, e.g., cryogenic 
liquids or hot gases. Furthermore, these gaskets require 
precisely located edges to prevent injury by the moving 
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2 
vanes, a fact which adds to the delicacy of assembling 
the apparatus. 

In most industrial applications, particularly those of 
large scale, the ?uid pumps and compressors now being 
used are adequate for the uses for which they are em 
ployed. However, there remains a need for a simple, 
highly efficient apparatus, essentially unaffected by 
wear which can handle a wide range of ?uids and oper 
ate over a wide range of conditions to serve as a pump, 

compressor or expansion engine. The apparatus of this 
invention which meets these requirements is based on 
the use of scroll members, having wraps which make 
moving contacts to de?ne moving isolated volumes, 
called “pockets”, which carry the ?uid to be handled. 
The contacts which de?ne these pockets formed be 
tween scroll members are of two types: line contacts 
between spiral cylindrical surfaces, and area contacts 
between plane surfaces. The volume of a sealed pocket 
changes as it moves. At any one instant of time, there 
will be at least one sealed pocket. When there are sev 
eral sealed pockets at one instant of time, they will have 
different volumes, and in the case of a compressor, they 
will also have different pressures. 
There is known in the art a class of devices generally 

referred to as “scroll" pumps, compressors and engines 
wherein two inter?tting spiroidal or involute spiral ele 
ments of like pitch are mounted on separate end plates. 
These spirals are angularly and radially offset to 
contact one another along at least one pair of line 
contacts such as between spiral cylinders. The pair of 
line contacts will lie approximately upon one radius 
drawn outwardly from the central region of the scrolls. 
The ?uid volume so formed therefore extends all the 
way around the central region of the scrolls. In certain 
special cases the pocket or ?uid volume will not extend 
the full 360° but because of special porting arrange 
ments will subtend a smaller angle about the central re 
gion of the scrolls. The pockets de?ne ?uid volumes 
which vary with relative orbiting of the spiral centers 
while maintaining the same relative spiral angular ori 
entation. As the contact lines shift along the scroll sur 
faces, the pockets thus formed experience a change in 
volume. The resulting zones of lowest and highest pres 
sures are connected to ?uid ports. 
An early patent to Creux (US. Pat. No. 801,182) de 

scribes this general type of device. Among subsequent 
patents which have disclosed scroll compressors, and 
pumps are US. Pat. Nos. 1,376,29l , 2,809,779, 
2,841,089, 3,560,119, and 3,600,l l4 and British Pat. 
No. 486,192. 
Although the concept of a scroll-type apparatus has 

been known for some time and has been recognized as 
having some distinct advantages, the scroll-type appa 
ratus of the prior art has not been commercially suc 
cessful, primarily because of sealing, wearing and to 
some‘ extent porting problems which in turn have 
placed severe limitations on the efficiencies, operating 
life, and pressure ratios attainable. Thus in some of the 
prior art devices the apparatus components have had to 
be machined to accurate shapes and to be ?tted with 
very small tolerances to maintain axial sealing gaps suf 
ficiently low to achieve any useful pressure ratios. This 
is dif?cult to do and resembles the problem of con 
structing apparatus with a reciprocating piston without 
the use of sealing rings. In other prior art devices, radial 
sealing has been achieved through the use of more than 
one form of radial constraint, each being imposed by 
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separate apparatus components requiring precise inter 
balancing to attain efficient radial sealing. If during ex 
tended operation of such devices this interbalancing is 
disarranged by one component experiencing more 
wear, or by any other mechanism, the problem of wear 
of other components may grow progressively worse 
until satisfactory radial sealing is no longer possible. 

In place of ports, delivery of the compressed ?uid in 
a number of the prior art scroll apparatus has been 
made through the scroll passages, and compression ra 
tios have previously been limited to approximately the 
ratio of the radius to the outermost pocket to the radius 
to the innermost pocket at the moment fluid delivery 
begins, i.e., the moment the inner pocket opens. There 
fore, in the design of prior art scroll-type apparatus an 
other important approach to the obtaining of compres 
sion ratios greater than about two has been to construct 
the scrolls and their end plates to resemble very large 
?at pancakes. In contrast, the scroll apparatus of this 
invention possesses features making it possible to re 
duce the outside diameter of the scroll members while 
attaining desired compression ratios. Among such fea 
tures are wraps which are con?gured at their inner ends 
to delay delivery of ?uid into a receiver, wraps having 
a transition between a double scroll to a single scroll 
pattern, and special types of porting. 
The resulting solutions to the sealing, wearing and 

porting problems through these and other approaches 
have not been satisfactory. Thus in the prior art de 
vices, the inherent advantages of scroll-type apparatus 
(simplicity, high efficiency, ?exibility, reversibility, and 
the like) have not been attained and have, in fact, been 
usually outweighed by sealing, wearing and porting 
proglems. It would therefore be desirable to be able to 
construct scroll>type ?uid displacement devices which 
could realize the inherent advantages of this type of ap 
paratus and which could be essentially free of sealing, 
wearing and porting problems heretofore encountered. 

It is therefore a primary object of this invention to 
provide improved practical and useful ?uid~ 
displacement apparatus which may serve as compres 
sors, expanders or pumps. It is another object of this in 
vention to provide apparatus of the character described 
which are of the so-called scroll type and which achieve 
efficient axial and radial sealing over extended operat— 
ing periods. It is a further object to provide a fluid dis 
placement apparatus which is simple and relatively in 
expensive to construct, which has relatively few moving 
parts and a limited number of rubbing surfaces, and 
which experiences less friction and wear than other 
types of apparatus designed for the same purpose. Still 
another object is to provide such apparatus wherein 
wear is essentially self compensating. 
Another primary object of this invention is to provide 
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?uid displacement apparatus which, as a compressor or . 

an expansion engine, is capable of handling a wide vari» 
ety of ?uids over a large temperature range. Yet an 
other object of this invention is to provide a small, ver 
satile, compact and quiet compressor to achieve com> 
pression ratios up to about ten to supply compressed air 
for such uses as dentist’s drills, garage requirements. 
automobile air conditioner etc. Still another object is to 
provide an efficient, simple, liquid pump usable in hy 
draulic systems, and the like. Other objects of the in 
vention will in part be obvious and will in part be appar 
ent hereinafter. 
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The scroll apparatus of this invention incorporates a 

unique driving means which permits reducing the radial 
constraints within the apparatus to only those imposed 
by the moving line contacts between the surfaces of the 
wraps forming the fluid pockets. The unique driving 
means is characterized in part by including means to 
counteract a fraction of the centrifugal force on the 
moving scroll member with an inwardly directed radial 
(centripetal) force. There is thus provided a contact 
ing, i.e., radial sealing, force which minimizes wear and 
which is independent of the functioning of such other 
apparatus components as the means to maintain the de 
sired angular relationship between the scroll members 
and the axial sealing means. Axial sealing is preferably 
attained through pressurized ?uid withdrawn from the 
zone of highest pressure and a spring biased to exert a 
force on one of the scroll members to urge it against the 
other scroll member. 
An exemplary embodiment of the apparatus of this 

invention incorporates a unique scroll driver as the 
driving means. The scroll driver is fixed through bear 
ings to the main drive shaft while the moving scroll 
member is free to ?oat axially to respond to ?uid pres 
sure acting upon its outer surface to attain axial sealing. 
The scroll driver effects the orbiting of the movable 
scroll member by making a rolling line contact between 
its cylindrical surface and a drive surface associaated 
with the movable scroll. By maintaining the orbit radius 
of the scroll driver less than the orbit radius of the mov 
able scroll, the required opposing centripital force is 
provided in the driving means. 
Valved porting where required is provided in the 

?uid displacement apparatus of this invention to better 
control the ?ow of ?uid in and out. Valved porting gen 
erally need not be required for liquid pumps or for gas 
compressors and expanders wherein the pressure ratios 
are small or when a “pancake' geometry is acceptable. 
A wide range of scroll designs may be used to achieve 
a variety of desired results such as different compres 
sion ratios, control of fluid volume at the time of dis 
charge, overall size of the apparatus and the like. The 
apparatus of this invention is readily reversible from a 
compressor to an expansion engine and it is capable of 
handling a wide variety of ?uids over a wide tempera 
ture range. Many of the embodiments illustrated may 
also be used as pumps for liquids. 
The invention accordingly comprises the features of 

construction, combinations of elements, and arrange 
ment of parts which will be exempli?ed in the construc 
tions hereinafter set forth, and the scope of the inven 
tion will be indicated in the claims. 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow’ 
ing detailed description taken in connection with the 
accompanying drawings in which 
FIGS. 1-4 are diagrams of exemplary spiral wraps, 

one moving in a circular orbit with respect to the other, 
illustrating the manner in which a device incorporating 
such spiral members can achieve compression of a gas; 
FIG. 5 is a combination of a top plan view and two 

side elevational views of spiral member illustrating the 
principal forces to which the scroll is subjected; 
FIGS. 6A and 6B are diagrams showing forces in the 

radial-tangential plane which act upon a spiral member 
and illustrating the mechanism by which radial sealing 
forces are developed; 
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FIG. 7 is a cross section through the scroll driver and 
the moving and stationary scroll members illustrating 
the manner in which axial sealing is attained; 

FIG. 8 is a side elevation view, partly in cross section, 
of one embodiment of a compressor constructed in ac 
cordance with this invention; 
FIG. 9 is a cross section of the compressor of FIG. 8 

through the plane 9-9 of FIG. 8; 
FIGS. 10 and 11 are top planar and bottom planar 

views of the ?xed spiral member of the compressor of 
FIG. 8; 
FIG. 12 is a top planar view of the moving spiral 

member of the compressor of FIG. 8; 
FIGS. 13, 14 and 15 are top planar, cross sectional 

and end views of one embodiment of a coupling mem 
ber designed to prevent the relative angular motion of 
the scroll members during the orbiting of the movable 
scroll member; 
FIGS. 16 and 17 are top planar and bottom planar 

views of the frame of the compressor of FIG. 8; 
FIG. 18 is a cross section of the main shaft and bear 

ing spacer taken through plane 18-18 of FIG. 8', 
FIG. 19 is a cross section of the main shaft and bal 

ance weights taken through plane 19—l9 of FIG. 8; 
FIG. 20 is a partial side elevation view, partly in cross 

section, of another embodiment of a compressor con~ 
structed in accordance with this invention; 

FIG. 21 is a cross section of the compressor of FIG. 
20 through the plane 21-21 of FIG. 20; 
FIGS. 22 and 23 are top planar and cross sectional 

views of another embodiment of a coupling member 
such as used in the compressor of FIGS. 20 and 21; 
FIG. 24 is a cross section through the scroll members 

of an embodiment of a compressor constructed in ac 
cordance with this invention in which each scroll mem 
ber has two wraps; 
FIG. 25 is a cross section through the scroll members 

of an embodiment of a compressor constructed in ac 
cordance with this invention in which each scroll mem 
ber has two outer wraps which are transformed into sin 
gle inner wraps; 

FIg. 26 is a cross section through the scroll members 
of an embodiment of a compressor constructed in ac 
cordance with this invention in which the innermost 
ends of the wraps are con?gured to use a cross-shaped 

coupling; 
FIG. 27 is a perspective view of a cross-shaped cou 

pling. 
FIG. 28 is a perspective view of a portion of the in 

nermost end of a wrap of FIG. 26 showing the channel 
which engages one arm of the cross-shaped coupling; 

FIG. 29 is a cross section through the scroll members 
of an embodiment of a compressor constructed in ac 
cordance with this invention in which the wraps are 
con?gured to provide a modified porting arrangement; 
FIGS. 30 and 31 are perspective and cross section 

views of the coupling used in the apparatus embodi 
ment of FIG. 29; 
FIG. 32 is a cross section through the scroll members 

of an embodiment of a compressor constructed in ac 
cordance with this invention in which the wraps are cir 
cular arcs rather than involute spirals; 

FIG. 33 is a cross section through the scroll members 
of an embodiment of a compressor constructed in ac 
cordance with this invention in which the wraps are 
con?gured so that the clearance volume at the start of 
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6 
delivery of compressed gas is under control of a central 
port to attain intermittent porting; 
FIG. 34 is a cross section across plane 34—~34 of the 

apparatus of FIG. 33; 
FIGS. 35-37 are cross sections through the wraps of 

the scroll members of FIG. 33 ‘illustrating the operation 
of the apparatus; 

FIG. 38 is a cross sectional view of a compressor con 
structed in accordance with this invention in which the 
scroll members rotate on parallel axes; 
FIG. 39 is a cross section through the driving scroll 

of FIG. 38 taken through plane 39—39 of FIG. 38; and 
FIG. 40 is a side elevational view of a compressor 

constructed in accordance with this invention including 
housing, heat transfer means, etc. 
Before describing speci?c embodiments of the appa 

ratus of this invention, the principles of its operation 
may be discussed brie?y in order to understand the way 
in which positive fluid displacement is achieved. The 
scroll-type apparatus operates by moving a sealed 
pocket of ?uid taken from one region into another re 
gion which may be at a different pressure. If the fluid 
is moved from a lower to higher pressure region, the 
apparatus serves as a compressor; if from a higher to 
lower pressure region it serves as an expander; and if 
the ?uid volumes remain essentially constant, then the 
apparatus serves as a pump. 
The sealed pocket of ?uid is bounded by two parallel 

planes de?ned by end plates, and by two cylindrial sur 
faces defined by the involute of a circle or other suit 
ably curved con?guration. The scroll members are 
aligned on parallel axes. A sealed pocket moves along 
between these parallel planes as the two lines of 
contact between the cylindrical surfaces move. The 
lines of contact move because one cylindrical element, 
e.g., a scroll member, moves over the other. This may 
be accomplished by maintaining one scroll ?xed and 
orbiting the other scroll or by rotating both of the two 
scrolls on their parallel axes. In the detailed discussion 
which follows, it will be assumed for the sake of conve 
nience that the positive ?uid displacement apparatus is 
a compressor and that one scroll member is ?xed while 
the other scroll member orbits in a circular path. The 
embodiment in which both of the scroll members rotate 
on parallel axes is shown in FIG. 38. 
FIGS. 1-4 may be considered to be end views of a 

compressor wherein the end plates are removed and 
only the wraps of the scroll members are shown. In the 
descriptions which follow, the term “scroll member” 
will be used to designate the component which is com 
prised of both the end plate and the elements which de 
?ne the contacting surfaces making movable line 
contacts. The term “wrap" will be used to designate the 
elements making movable line contacts. These wraps 
have a configuration, e.g., an involute of a circle (invo 
lute spiral), arc of a circle, etc., and they have both 
height and thickness. The thickness may vary over the 
length of the wrap. 

In the diagrams of FIGS. 1-4, a stationary scroll 
member wrap 10 in the form of an involute spiral hav 
ing axis 11 and a movable scroll member wrap 12 in the 
form of another involute spiral of the same pitch as spi 
ral 10 and having axis 13 constitute the components 
which de?ne the moving sealed ?uid pocket 14 which 
is crosshatched for ease of identi?cation. The involute 
spirals l0 and 12 may be generated, for example, by 
wrapping a string around a reference circle having ra 
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dius R". The distance between corresponding points of 
adjacent wraps of each spiral is equal to the circumfer 
ence of the generating circle. This distance between 
corresponding points of adjacent wraps of any scroll 
member is also the pitch, P. As will be seen in FIG. 1, 
the two scroll members can be made to touch at a num 
ber of points, for example in FIG. 1, the points A, B, C 
and D. These points are, of course, the line contacts be 
tween the cylindrical surfaces previously described. It 
will be seen that line contacts C and D of FIG. 1 de?ne 
the cross-hatched pocket 14 being considered. These 
line contacts lie approximately on a single radius which 
is drawn through point 11, thus forming pocket 14 
which extends for approximately a single turn about the 
central region of the scrolls. Since the spiral wraps have 
height (normal to the plane of the drawings) the pocket 
becomes a ?uid volume which is decreased from FIG. 
1 to FIG. 4 as the movable scroll member is orbited 
around a circle 15 of radius (P/2)—t, where t is the 
thickness of the wrap. Since wrap 12 does not rotate as 
it orbits, the path traced out by the walls of wrap 12 
may be, in addition, represented as a circle 16. As illus 
trated in FIGS. 1-4, wrap 10 has a shape characterized 
by two congruent involute spirals 17 and 18 and wrap 
12 has a shape characterized by two congruent involute 
spirals 19 and 20. The thicknesses, t, of the spiral walls 
are shown to be identical, although this is not neces 
sary. As will be shown in the description below of FIGS. 
21, 24-26, 29, 32 and 33, the wraps may take a number 
of different con?gurations and may vary in the number 
of turns used. 
The end plate (not shown in FIGS. 1-4) to which sta 

tionary wrap 10 is fixed has a high-pressure ?uid port 
21 and as the moving wrap 12 is orbited the ?uid 
pocket 14 shifts counterclockwise and decreases in vol 
ume to increase the ?uid pressure. In FIG. 3, the ?uid 
volume is opened into port 21 to begin the discharge of 
high-pressure ?uid and this discharge of the high 
pressure ?uid is continued as shown in FIG. 4 until such 
time as the moving wrap has completed it orbit about 
circle 15 and is ready to seal off a new volume for com 
pression and delivery as shown in FIG. 1. 

If high-pressure ?uid is introduced into the ?uid port 
21, the movable scroll 12 will be driven to orbit in a 
clockwise direction under the force of the ?uid pres 
sure and will deliver mechanical energy in the form of 
rotary motion as it expands into ?uid pockets of in 
creasing volume. In such an arrangement the device is 
an expansion engine. 
Although this principle of the operation of scroll ap 

paratus has long been known as evidenced by the prior 
art, the attainment of practical scroll equipment in a 
form which would permit the use of such apparatus on 
a commercial scale has so far not been realized. The 
failure of prior art scroll equipment to attain its poten 
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tial has, at least in part, been due to problems of sealing - 
and wearing. More particularly, the scroll devices of 
the prior art, as far as is known, have not provided an 
efficient combination of continuous axial and radial 
sealing; and they have in many cases sought to impose 
radial constraints on the scroll members by mecha 
nisms other than the line contacts of the wraps them~ 
selves while using such mechanisms also to control an 
gular phase relationships between the scroll members. 
Failing to provide efficient continued axial and radial 
sealing can materially decrease the efficiency of the ap 
paratus to the point where it is no longer economical 

8 
to operate. Imposing radial constraints through means 
other than through the line contacts of the wraps of the 
scroll members eventually leads to the wearing of the 
contacting surfaces and then to leakage. Generally 
such wear will vary from surface to surface and will not 
be self-compensating, a fact which only serves to aggre 
vate the problem of wear with continued operation. 
Combining mechanisms to achieve a desired angular 
phase relationship between the scroll members with 
such means to impose radial constraints can add to the 
problem of wear so that extended operation becomes 
impractical. 

In the apparatus of this invention the disadvantages 
associated with scroll apparatus of the prior art are 
eliminated or minimized by limiting the radial displace 
ment constraints to only those imposed by the line 
contacts of the wraps themselves, by providing a drive 
force on the movable scroll which has an inwardly di~ 
rected radial component which opposes at least a frac 
tion of the centrifugal force acting on the movable 
scroll, and by providing coupling means to control the 
angular phase relationship of the two scroll members 
which function independently of any constraint impos 
ing means. The operation of the scroll apparatus re 
mains independent of any pressure events within the 
scroll; wear of the line contacts between the wraps of 
the scroll members is essentially self-compensating and 
hence efficient continued radial scaling is attained over 
extended periods of operation. Axial sealing is prefera 
bly accomplished by using gas from the highest pres 
sure zone of the apparatus in combination with a suit 
ably biased spring to continuously force the scroll 
members to make axial contact. 
To understand the problem of sealing a scroll-type 

apparatus and to describe the mechanism by which 
axial and radial sealing is achieved in the apparatus of 
this invention, it is helpful to examine the principal 
axial and radial forces acting upon a scroll member. 
Referring to FIG. 5, it can be shown that in the axial di 
rection, the total external axial force F, on a scroll pair 
is the sum of an involute contact sealing force and an 
internal gas load. Therefore, if an external force is pro 
vided which is always greater than the internal axial gas 
force, axial sealing is accomplished. In the apparatus of 
this invention, this desired condition is achieved by 
withdrawing ?uid from the highest pressure zone and 
using it to generate an axial sealing force substantially 
proportional to the highest pressure within the ?uid 
pockets. Referring to FIG. 5, there must then be a sur 
plus axial force acting upon the scroll which is directed 
along the arrow F“. This surplus force performs sealing 
of the edges of one scroll member against the other, 
and is opposed by a as force directed against the force 
F,, shown in FIG. 5. 
FIG. 7 illustrates one exemplary embodiment of an 

apparatus which attains continued axial sealin g through 
the use of gas withdrawn from the highest pressure 
zone of the apparatus supplemented by the use of a 
spring biased to force the scroll members toward axial 
sealing contact. In the embodiment of FIG. 7, which is 
a cross section through the scroll members and scroll 
driver, there is illustrated the use of a scroll driver 
along with a “?oating” movable scroll member to 
achieve continuous self-adjusting axial sealing. The 
wrap 10 forming the line-contacting surfaces of the sta 
tionary scroll member, generally indicated at 25, is in 
tegral with or affixed to a stationary scroll end plate 26 
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terminating around its peripheral edge in an annular 
housing 27 which has an annular sealing surface 28. 
The wrap 12 forming the line-contacting surfaces of the 
movable scroll member, generally indicated at 30, is 
integral with or affixed to a movable scroll end plate 
31, the peripheral sealing surface 32 of which is 
adapted to contact annular sealing surface 28 of sta 
tionary scroll member 25 to achieve axial sealing of the 
internal volume 33 de?ned between end plates 26 and 
31. It will be appreciated that rubbing contact must be 
completely and continually achieved between sealing 
surfaces 28 and 32 even as these surfaces experience 
wear during operation. Furthermore, and more impor 
tantly, the axial sealing force is used to force the end 
plates to make sealing contact with the end surfaces of 
the wraps of the opposing scroll member such as at 41 
and 42 to seal the pockets at these areas of contact. 
This desired axial sealing is attained through the use of 
a scroll driver, generally indicated at 35, in conjunction 
with movable scroll member 30 which is allowed to 
“?oat” under the in?uence of forces upon it. That is, 
movable scroll member 30 moves under the in?uence 
of the forces upon it until there is sufficient contact to 
seal the pockets. 
Movable scroll member 30 includes, in the embodi 

ment of FIG. 7, a scroll driver annular housing ring 36 
defining a cylindrical volume 37 in which scroll driver 
35 is located. Internally, annular ring 36 has a wall 38 
normal to the plane of end plate 31, an annular shoul 
der 39, and a pressure sealing surface 40 which is, in 
effect, the central external surface of the movable 
scroll member 30. The scroll driver 35 is generally con 
?gured as a piston, and in this embodiment, comprises 
a ring 45 having an internal annular shoulder 46 for 
seating a bearing 47 and a central closure plate 48, the 
external wall 49 of which faces the driving surface 40. 
The ring 45 of the scroll driver has a diameter, Dd, 
slightly less than the diameter, D,, of internal wall 38, 
thereby defining with it a clearance 50. The difference 
in diameters may be expressed as (D,—D¢)/D, and it 
may range from about 0.001 to about 02. Ring 45 is 
contoured to define a peripheral groove 51 suitable for 
positioning an elastomeric sealing ring 52 between the 
scroll driver and internal wall 38 of scroll driver hous 
ing ring 36. A preloading spring 53 is designed to exert 
an axial force on the movable scroll member at those 
times when the delivery pressure and hence the gas 
loading force is zero. Preloading spring 53 is positioned 
to contact annular shoulder 39 and the periphery of 
scroll driver end plate 48 thereby defining a shallow 
axial sealing ?uid volume 54 between the scroll driver 
end plate 48 and driving surface 40 of the movable 
scroll member. Some means. such as hole 44 in spring 
53, must be provided so that the spring does not adven 
titiously seal off volume 37 from 54, for these volumes 
must be in fluid communication at all times. A ?uid 
port 55 provides ?uid communication between the 
zone of highest fluid pressure in volume 33 and sealing 
volume 54. Scroll driver 35 is ?xed to driver shaft 56 
through bearing 47 and the mechanism by which it 
drives the movable scroll member 30 will be described 
below. 
Inasmuch as the movable scroll member 30 is not rig 

idly connected to the scroll driver it will be seen that 
it is free to move axially, i.e., to ?oat. By bleeding high 
pressure ?uid through port 55 into sealing volume 54, 
a force Fa which is essentially equal to the internal gas 
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10 
force is provided as the axial sealing force so long as the 
area of the force applying surface of the scroll driver is 
sufficiently large. In effect, the ?uid pressure within 
sealing volume 54 forces the movable scroll member 
away from the scroll driver and against the ?xed scroll 
member to achieve sealing between surfaces 28 and 32, 
as well as to effect sealing contact between the wrap 
edges and scroll member end plates. As these sealing 
surfaces wear, sealing contact is maintained because of 
the ability of the movable scroll member to ?oat under 
the force of the pressure of the ?uid in sealing volume 
54. In practice, it is desirable to bias the total end force 
F,I by means of spring 53 so that Fa does not go to zero 
even should the differential pressure in the system go 
to zero. Thus spring 53 provides an axial sealing force 
at start up and some additional axial sealing force dur 
ing operation. 
Whereas axial scaling is required to seal the end sur 

faces of the wrap edges to the end plate of the opposing 
scroll member, radial sealing is required to maintain a 
seal along the line contacts made by the cylindrical sur 
faces of the wraps of the scroll members as the movable 
scroll member is orbited (See for example points A, B, 
C and D of FIGS. 1-4 which illustrate the shifting posi 
tions of such line contacts). The principal forces which 
determine radial sealing of the scroll members are 
sketched out in simplified manner in FIG. 5 which deals 
with the forces on the moving scroll having a single 
wrap 12a affixed to an end plate 31a. As the scroll 
member is orbited about a path with radius R”, it expe 
riences a tangential force F, and a normal contacting 
force which is, of course, the centrifugal force, maFR", 
where m is the scroll member mass and w is its angular 
velocity. This centrifugal force is in excess of that 
which is required to attain efficient radial sealing, and 
the magnitude of such excess centrifugal force deter 
mines the extent of wear experienced by the contacting 
cylindrical surfaces of the wraps. In the apparatus of 
this invention, the driving means associated with the 
orbiting of the movable scroll member incorporates 
means to counteract, or oppose, a fraction of the cen 
trifugal force to provide a contacting force which is of 
a magnitude sufficient to attain effective radial sealing 
and at the same time is not conducive to excessive 
wear. Thus the driving means of the apparatus of this 
invention includes means to provide a centripetal radial 
force Fr to oppose a fraction of the centrifugal force 
acting upon the orbiting scroll member. This is in direct 
contrast to prior art teaching which discloses the use of 
an augmented centrifugal force to attain radial sealing 
(See for example British Speci?cation No. 486,192.) 

In the practice of this invention the actual fraction of 
centrifugal force which is counteracted by the centripe 
tal radial force applying means will depend upon sev 
eral factors which may be interrelated. The optimum 
balance between centrifugal force, which is never re 
duced to zero, and centripetal force can be determined 
for any scroll apparatus by consideration of such fac 
tors as the specific application for which the scroll ap 
paratus is used, the use or nonuse of lubricants, the ma 
terial from which the wraps are made, the speed of op 
eration, the desired life of the apparatus, and the like. 
For example, a compressor running dry will generally 
require that a greater fraction of the centrifugal force 
be opposed than one operating with a suitable lubri 
cant; and a compressor having wraps formed of materi 
als conducive to wear will require that a larger fraction 
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of the centrifugal force be opposed than one having 
wraps formed of materials which are not as subject to 
wear. In general, higher operational speeds and longer 
operational lives dictate that a greater fraction of the 
centrifugal force be opposed by a centripetal force. 

In conjunction with the providing of means to oppose 
a fraction of the centrifugal force on the orbiting scroll 
member, the apparatus of this invention is character 
ized by additional features which make it possible so to 
regulate the contacting force as to continuously main_ 
tain the radial sealing force between the scroll mem 
bers at a level consistent with minimum wear and mini 
mum ?uid leakage. One of these features is the limiting 
of the radial constraints within the scroll apparatus to 
the moving line contacts between the wraps. Thus these 
radial constraints, controlled solely through the cen 
tripetal force providing means, not only minimize wear 
but impart a ?exibility to the operation of the apparatus 
such that a great part of any wear that does occur is 
self-compensating. The limiting of the radial con 
straints to only the moving line contacts between the 
wraps is contrary to teaching in the prior art as exem 
pli?ed by US. Pat. No. 3,600,1l4. 
Another important feature of the apparatus of this 

invention is the use of a coupling means, adapted to 
maintain a ?xed angular relationship between the scroll 
members, which is separate and distinct from the driv 
ing means. By using such a coupling means in combina 
tion with the unique driving means of this invention, 
and by limiting the radial contraints to the moving line 
contacts between the cylindrical surfaces of the wraps, 
the apparatus of this invention overcomes, at least to a 
very large extent, the radial sealing and wear problems 
of the prior art apparatus. 

In the embodiments of the apparatus of this invention 
illustrated in FIGS. 7-40 the unique driving means, 
providing a centripetal force to oppose a fraction of the 
centrifugal force to give the desired contact force and 
radial sealing, is exempli?ed by a combination of 
means to de?ne a cylindrical drive surface associated 
with the movable scroll member and a scroll driver 
which de?nes a cylindrical driving surface adapted to 
orbit the movable scroll member through line contact 
with the drive surface. By choosing the orbit radius, 
R", of the movable scroll member to be greater than 
the orbit radius, Rod, of the scroll driver, the desired 
centripetal, inwardly directed radial force opposing a 
fraction of the centrifugal force is attained. 

In the embodiment of this invention using a movable 
scroll member which provides a cylindrical drive sur 
face in combination with a scroll driver which de?nes 
a cylindrical driving surface to provide the desired con 
tacting force, an important feature is that the diameter, 
Dd, ofthe scroll drive must be different from the diame 
ter, D_,, of the cylindrical drive surface. In FIG. 6A, 
which is, in essence, a cross section taken through 
plane 6A-6A of FIG. 7, the diameter, D, of the inter~ 
nal wall 38 which serves as the cylindrical drive surface 
is larger than the external diameter, D1, of the ring 45 
of scroll driver 35 which serves as the cylindrical driv 
ing surface. The difference between D, and D1 is 
greatly exaggerated in FIG. 6A better to illustrate the 
forces involved. Due to the difference in these diame 
ters, the scroll driver, represented in FIG. 6A by the 
ring 45, makes an essentially rolling line contact at L 
with the movable scroll member, represented in FIG. 
6A by internal wall 38. 
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The moving scroll is contained in the radial 

tangential plane by forces applied to the internal wall 
38 as shown in FIG. 6A. (For continuity of presenta 
tion, the center, C, of the movable scroll driving ring is 
assumed to contain the origin of the involute of the 
scroll member as well as the center of gravity of the 
movable scroll member.) These forces applied to the 
movable scroll member through wall 38 are seen to be 
the centrifugal force, mw2R,,,., and the tangential force 
F,. By making the orbit radius, Rod, of the scroll driver 
less than the orbit radius, R0,, of the movable scroll 
member there is developed a centripetal force which is 
an inwardly directed radial force F ,. The magnitude of 
F, is a function of the contact angle which in turn is a 
function of the difference in orbit radii R" and R“ as 
well as of the di?erence in diameters D, and D,,. Thus 
this contact angle 0 between the scroll driver and the 
movable scroll member can be expressed in terms of 
diameters and orbit radii as 

sin 0 = 2(R,,, — Rnr1)/(Dg - Dd) 

(la) 
For a given operational speed and fluid pressure, 6 is 
designed into the apparatus to provide an adequate, but 
not excessive, radial sealing force which is always less 
than the centrifugal force mw2Ro, on the orbiting scroll 
as discussed previously. 

It is also within the scope of this invention to con 
struct the movable scroll member, as illustrated some 
what diagrammatically in FIG. 68, to have a cylindrical 
drive surface 380, such as a shaft in place of the inter 
nal wall 38 of the annular ring housing and to use a 
scroll driver which de?nes an internal driving wall 450, 
having a diameter greater than the drive surface 380, 
in place of the external wall of the scroll driver piston. 
Thus, in this embodiment D, is greater than D,. How 
ever, R" remains greater than RM and the various 
forces which make up the contacting or radial sealing 
forces are comparable to the reverse situation as a 
comparison of FIG. 6A and FIG. 68 makes evident. In 
the arrangement of FIG. 6B the contact angle 6 is de 
fined as 

sin 0 = 2(Ro, — Rod)/(Dd — D8)‘ 

(lb) 
The geometry which regulates the radial sealing force 

also tends to reduce the effects of manufacturing errors 
and the wasting away of material through wear. If the 
full centrifugal force were exerted on the radial sealing 
lines, excessive scroll wear would result. For example 
in manufacturing the scroll driver, the orbit center 
might not precisely coincide with the scroll orbit cen 
ter; in such case 8 would have a component oscillating 
at the fundamental frequency to. By making the actual 
values of the numerator and denominator of equation 
(la) or (lb) some 10 times larger, for example, than 
the expected manufacturing error, there results less 
than 10% peak-to-peak a.c. component of radial seal 
ing force compared to its steady value. 
FIGS. 8-19 illustrate in detail a compressor con 

structed in accordance with this invention directly cou 
pled to an electric motor as a driving means. The driv 
ing means illustrated is that discussed in conjunction 
with FIGS. 5-7. FIGS. 8 and 9 clearly illustrate the ab 
sence of any radial constraining means other than the 
contacting forces developed along the line contacts of 
the wraps. A number of different embodiments of cou 






















