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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates in general to a fluid
displacement device. More particularly, it relates to an
improved scroll-type fluid displacement device which
achieves a high built-in volume ratio without compromis-
ing other optimum design parameters. This invention
also relates to a "semi-compliant" mechanism for main-
taining the desired operative relationship between the
scroll members of a scroll-type fluid displacement
device.

[0002] Scroll-type fluid displacement devices are
well-known in the art. For example, U.S. Pat. No.
801,182 to Creux discloses a scroll device including two
scroll members each having a circular end plate and a
spiroidal or involute scroll element. These scroll ele-
ments have identical spiral geometries and are interfit at
an angular and radial offset to create a plurality of line
contacts between their spiral curved surfaces. Thus, the
interfit scroll elements seal off and define at least one
pair of fluid pockets. By orbiting one scroll element rela-
tive to the other, the line contacts are shifted along the
spiral curved surfaces, thereby changing the volume of
the fluid pockets. This volume increases or decreases
depending upon the direction of the scroll elements' rel-
ative orbital motion, and thus, the device may be used to
compress or expand fluids.

[0003] Referring to FIGS. 1a-1d, the general opera-
tion of conventional scroll compressor will now be
described. FIGS. 1a-1d schematically illustrate the rela-
tive movement of interfitting spiral-shaped scroll ele-
ments, 1 and 2, to compress a fluid. The scroll
elements, 1 and 2, are angularly and radially offset and
intertit with one another. FIG. 1a shows that the outer
terminal end of each scroll element is in contact with the
other scroll element, i.e., suction has just been com-
pleted, and a symmetrical pair of fluid pockets A1 and
A2 have just been formed.

[0004] Each of FIGS. 1b-1d shows the position of
the scroll elements at a particular drive shaft crank
angle which is advanced from the angle shown in the
preceding figure. As the crank angle advances, the fluid
pockets, A1 and A2, shift angularly and radially towards
the center of the interfitting scroll elements with the vol-
ume of each fluid pocket A1 and A2 being gradually
reduced. Fluid pockets A1 and A2 merge together at the
center portion A as the crank angle passes from the
state shown in FIG. 1c to the state shown in FIG. 1d.
The volume of the connected single pocket is further
reduced by an additional drive shaft revolution. During
the relative orbital motion of the scroll elements, outer
spaces, which are shown as open in FIGS. 1b and 1d,
change to form new sealed off fluid pockets in which the
next volume of fluid to be compressed is enclosed
(FIGS. 1c and 1a show these states).

[0005] FIG. 2 diagrammatically illustrates the com-
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pression cycle that takes place in one of the fluid pock-
ets, A1 or A2, as it converges toward the center portion
A. FIG. 2 also illustrates the relationship between fluid
pressure and volume in the fluid pocket.

[0006] The compression cycle begins (FIG. 1a)
when the fluid pockets are sealed. In FIG. 1a, the suc-
tion phase has just finished. The fluid pressure in one of
the fluid pockets in the suction phase is shown at point
Hin FIG. 2.

[0007] The volume of the pocket at point H is the
displacement, V. The volume of the fluid pocket is con-
tinuously reduced and the fluid is continuously com-
pressed as the scroll element is rotated to a certain
crank angle. This state is shown by point L in FIG. 2.
The volume (V| ) of the pocket at state L is defined as
the final compression pocket volume. Immediately after
passing point L, the fluid pockets, A1 and A2, are con-
nected to one another and simultaneously connected to
the central volume A which is filled with undischarged
high pressure fluid.

[0008] The ratio of the suction pocket volume, Vg,
to the final compression pocket volume, V|, is defined
as the built-in volume ratio, Ry. The ratio of the pressure
(P,) at state L to the pressure (Py) at state H is defined
as the pressure ratio.

[0009] Referring back to FIG. 2, as the crank angle
passes state L, the fluid in the connected fluid pockets,
i.e. the central volume A, will undergo one of the follow-
ing three processes:

1) Ideal compression: The ideal compression proc-
ess occurs when the fluid pressure (P44) in the cen-
tral volume A, equals the pressure in the final
compression pocket P . The fluid discharges with-
out pressure change as shown by the line L-L in
FIG. 2. In this process the built-in volume ratio of
the scroll members perfectly matches the operating
condition, and hence, high energy efficiency is
achieved in the compression process.

2) Overcompression: In this case, the fluid pressure
(Pp) in the final compression pocket at point L is
higher than the pressure in the central volume Pgj.
As the crank angle passes point L, the fluid in the
final compression pocket suddenly expands into the
central volume and reduces its pressure until it
equals Py, as shown by point M in FIG. 2. The
shadowed triangle LMO represents the energy loss
due to overcompression.

3) Undercompression: In this case P_is lower than
the discharge pressure Py3. As the crank angle
passes point L, the fluid in the central volume rap-
idly expands into the final compression pockets,
and the fluid pressure in the final compression
pockets P|_rises instantly to P43 as shown by point
N in FIG. 2. The fluid in the final compression
pocket then discharges at line N-N. The shadowed
triangle LNT represents the energy loss due to
undercompression.



3 EP 0 742 869 B1 4

[0010] In order to achieve high energy efficiency, it
is very important that the built-in volume ratio be
designed as close to the ideal compression process as
possible. Different applications require different built-in
volume ratios to realize their respective ideal compres-
sion process. For example, a heat pump would require
a ratio of about 4, an air compressor would require a
ratio of about 5 and a low temperature refrigeration sys-
tem would require a high ratio of about 10 or even
higher. However, most conventional scroll devices can-
not achieve these ratios. For example, in U. S. Patent
No. 3,884,599, the spiral elements of the scroll mem-
bers span more than two but less than three full turns.
Thus, the built-in volume ratio for this type of design is
only about 2.5.

[0011] U.S. Patent No. 4,477,238 discloses one
method for achieving a high pressure ratio in a scroll-
type displacement device by leaving the built-in volume
ratio unchanged and placing a discharge valve, for
instance, a reed valve, at the discharge port. Although
this approach reduces energy loss, the valve is vulnera-
ble to breakdown, and therefore, it increases the failure
rate substantially. It also raises the noise level due to the
vibration and impacting action of the valve.

[0012] Another approach to the problem is to
increase the number of the turns in the spiral-shaped
scroll elements. FIGS. 15 and 16 of U.S. Pat. No.
801,182 disclose one example of this approach. The
scroll elements span approximately four full turns, and
the built-in volume ratio can reach higher than three.
Further increase in the number of turns, however, will
increase machining costs and machining precision
requirements. Increasing the number of turns may also
be extremely impractical due to displacement require-
ments or space limitations.

[0013] The optimum number of turns for a scroll ele-
ment is greater than two but less than three. With the
optimum number of turns, the suction and discharge
areas are always separated by at least one sealed off
pocket. This is important in order to reduce the unde-
sired leakage flow of both mass and heat between the
two areas.

[0014] U.S. Patent No. 3,989,422 discloses a
method of constructing spiral-shaped scroll elements
having a high built-in volume ratio and the optimum
number of turns. According to this method, the first turn
of the scroll element is designed in a conventional man-
ner. In order to reduce the volume of the final compres-
sion pocket, and thus increase the built-in volume ratio,
the scroll element suddenly and dramatically reduces its
radius of curvature by moving the center of its generat-
ing circle toward one side. This method has serious
shortcomings. As the central portion of the scroll ele-
ment moves towards one side of its end plate, greater
forces and moments are created due to the increased
distance between the location where the compression
forces act and the center of the end plate during its
orbiting motion. To balance these forces and moments,
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the '422 patent provides a structure with multiple pairs
of scroll elements in which the forces and moments can-
cel each other out. However, this structure increases
machining time, machining precision requirements and
material costs due to the complex structure and
increased number of the scroll elements. Furthermore,
the larger space requirements of the complex multiple
scroll structure make it geometrically impractical to
implement.

[0015] US 3874827A, on which is based the pream-
ble of claim 1, describes a scroll compressor with a spe-
cial design of the scroll elements which influences the
built in pressure ratio.

[0016] There are currently three approaches to
maintaining an operative relationship between the scroll
members in the "axial" direction (as measured linearly
along the center axes of the scroll elements). These
approaches may be referred to as "constant gap," "axi-
ally compliant," and "semi-compliant."

[0017] The constant gap approach was used in
early devices as shown in U.S. Patent No. 801,482 to
Creux. In this approach, the relationship between the
scroll members in the axial direction remains
unchanged after the device is assembled. The tips of
either scroll member do not contact the base of the
opposing scroll member during normal operation. In
order to maintain proper gaps between the scroll mem-
bers and at the same time achieve high efficiency,
extremely precise machining is required. Another more
serious shortcoming of this approach is its inability to
handle abnormal situations. If there are contaminants or
incompressible fluid between the scroll members, or if
the scroll members come into contact with each other
due to excessive thermal growth, the scroll members
could be damaged by galling.

[0018] To overcome the shortcomings of the con-
stant gap approach, various types of axially compliant
schemes have been developed. These schemes can be
categorized as two types: "tip-seal" and "fully axially
compliant.”

[0019] The tip-seal scheme is shown in FIG. 10,
and a further example is disclosed in U.S. Patent No.
3,994,636 to McCullough et al. As illustrated in FIG. 10,
a groove 501 is made in the middle of the tips of two
scroll members, 502 and 503. A seal element 504 is
loosely fitted in the groove 501 and urged by mechani-
cal and/or hydraulic forces (not shown) into contact with
the base 505 of the other scroll member, thus keeping
fluid from leaking across the spiral scroll elements, 502
and 503, in the radial direction. However, the tip seal
method inherently includes tangential leakage pas-
sages, as shown by lines A-A and B-B in FIG. 10, which
reduce the compression efficiency. Other shortcomings
of the tip seal method include friction power loss and the
gradual deterioration of sealing effectiveness due to the
seal elements wearing out.

[0020] In a fully axially compliant scheme, the scroll
members maintain tip-base contact by mechanical or
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hydraulic forces, thereby sealing off the fluid pockets
regardless of the pressure in the scroll device. U.S. Pat-
ent No. 3,600,114 to Devorak et al. discloses a scroll
machine in which at least one of the scroll members is
subject to axial forces, mechanical and/or hydraulic, to
maintain two scroll members in sealed contact. In the
114 patent, fluid at discharge pressure is introduced to
exert a bias force on the back of the end plate of scroll
members. U.S. Patent No. 3,884,599 to Young et al. dis-
closes a fully axially compliant design in which the orbit-
ing scroll is axially subject to a hydraulic urging force at
the discharge pressure. U.S. Patent No. 4,357,132 to
Kousokabe discloses a scroll machine in which fluid at
an intermediate pressure is used to urge the orbiting
scroll member against the fixed scroll member. U.S. Pat-
ent No. 4,216,661 to Tojo discloses a fully axially com-
pliant scheme in which fluid external to the machine
acts on the back of the orbiting scroll member to provide
an axial bias. U.S. Patent No. 4,611,975 to Blain dis-
closes a fully axially compliant scheme in which an
annular chamber formed at the interface of the scroll
members is connected to a relatively low pressure
source to "suck" the two scroll members together. U.S.
Patent No. 4,496,296 to Arai discloses a fully axially
complaint scheme in which two pressure chambers are
formed at the back of the orbiting scroll member. These
pressure chambers are connected to the compression
pockets at an intermediate pressure and to the central
volume at the discharge pressure. This scheme main-
tains radial sealing of the scroll members over a wide
operating range. U.S. Patents Nos. 4,767,293 and
4,877,382, both to Caillat et al., disclose a fully axially
compliant scheme in which a non-orbiting scroll mem-
ber with resilient mounting means is urged toward the
orbiting scroll member by gas at an intermediate and/or
discharge pressure.

[0021] The fully axially compliant schemes have
several shortcomings. For example, the gas pressure
used in these schemes is often derived from the com-
pression pockets and/or the discharge chamber, and
thus, may vary in accordance with changes in the oper-
ating conditions, i.e., the suction and discharge pres-
sure. However, these changes are not always
proportional to the separating forces acting on the tips
and bases of the scroll members. Thus, as a design
compromise, if the bias force is sufficient for a range of
operating conditions about a particular point, it would
not be enough to maintain stable operation at low suc-
tion pressure and low discharge pressure. On the other
hand, the same bias force would be excessive for oper-
ating conditions at high suction pressure and high dis-
charge pressure.

[0022] Another shortcoming of the fully axially com-
pliant scheme is that the power loss due to friction
between the contacting surfaces is not negligible. For
operating conditions at high suction pressure and high
discharge pressure, excessive hydraulic urging forces
result in large friction power loss and serious wear,

10

15

20

25

30

35

40

45

50

55

sometimes even causing damage due to tip-base gall-
ing.

[0023] Still another shortcoming of the fully axially
compliant scheme is that the tip-base contact results in
vibration and noise.

[0024] U.S. Patent No. 4,958,993 to Fujio discloses
a third approach to maintaining gaps between scroll
members. This approach may be referred to as "semi-
compliant" since the gaps between the scroll members
in the axial direction may be enlarged by moving one
scroll member away from the other.

[0025] The '993 patent teaches that the orbiting
scroll member should be made movable in the axial
direction, rather than the non-orbiting scroll member.
This is done to keep the number of moving parts to a
minimum since the orbiting scroll member is already
movable and the non-orbiting scroll member is already
stationary. Moving parts are a source of unwanted
vibration and noise. Also, the orbiting scroll member is
typically lighter than the non-orbiting scroll member, and
thus the response time of the orbiting scroll member is
quicker due to its smaller inertia.

[0026] There are several problems with the semi-
compliant scheme taught by the '993 patent. For exam-
ple, the potential for tipping the orbiting scroll member is
greatly increased by making it movable in the axial
direction. As seen in Figure 3 of this application, the
orbiting scroll member is subject to a driving force, Fg,
acting on the middle of driving pin boss 53, and to a
reaction force, Fg, from the compressed gas acting on
the middle of the vane 51. These two forces are perpen-
dicular to the axis, S1-S1, and form a moment which
tends to tip the orbiting scroll member 50 and cause it to
wobble as it orbits. The '993 patent teaches a range of
movements (orbiting and axial) for the orbiting scroll
member which makes it extremely difficult to balance
the forces and moments acting on the scroll member
and thereby prevent it from tipping. If the '993 patent's
orbiting scroll member tips, it creates the same
unwanted noise vibration and leakage that the '993
design was intended to avoid.

[0027] The present invention provides a new
method of designing the scroll elements of a scroll-type
fluid displacement device. Under the present invention,
the design requirements for displacement, high built-in
volume ratio and optimum number of turns are all satis-
fied. The present invention also provides an improved
semi-compliant biasing scheme in which the potential
for tipping is eliminated, thereby significantly reducing
the amount of unwanted noise, vibration and leakage.

SUMMARY OF THE INVENTION

[0028] The present invention provides a scroll-type
displacement apparatus as set out in claim 1 and a
method of designing the scroll elements of a scroll-type
fluid displacement apparatus as set out in claim 11.

[0029] The present invention provides a novel con-
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struction for the scroll elements of a scroll-type dis-
placement device wherein the scroll elements have the
desired built-in volume ratio, displacement and number
of turns, without causing significant unbalanced forces
and moments or dramatically increasing of the complex-
ity of the scroll elements.

[0030] In addition, the scroll elements may have
either identical or non-identical basic geometric config-
urations.

[0031] The method for designing a scroll-type posi-
tive displacement apparatus provides a high built-in vol-
ume ratio, the optimum number of turns, and the
necessary displacement, without the aforementioned
shortcomings and limitations of known designs.

[0032] In one embodiment, the present invention
also provides a scroll-type fluid displacement device in
which, under application of an extraordinary load typi-
cally caused by incompressible fluid, jamming of con-
taminants, or tip-base contact due to abnormal or
excessive deformation of the scroll elements the non-
orbiting or fixed scroll member yields axially in order to
protect the device. Further, under normal operation, the
axial gaps between the tips and bases of the scroll
members are maintained and hydrodynamically sealed
off. Thus, the present invention eliminates the detrimen-
tal effects of friction power loss, vibration, noise and
wear caused by frictional contact between the tips and
bases of the scroll members.

[0033] In order to implement these and other fea-
tures, the disclosed embodiment of the present inven-
tion provides a scroll-type fluid displacement device,
which includes a housing having a fluid inlet port and a
fluid outlet port. A first scroll member has an end plate
from which a first scroll element extends axially into the
interior of the housing. A second scroll member also
has an end plate from which a second scroll element
extends axially. The second scroll member is movably
disposed for non-rotative orbital movement relative to
the first scroll member.

[0034] The first and second scroll elements interfit
at an angular and radial offset to create a plurality of line
contacts which define at least one pair of sealed fluid
pockets. Drive means is operatively connected to the
scroll members to effect their relative orbiting motion
while preventing their relative rotation, thus causing the
fluid pockets to change volume.

[0035] The disclosed embodiments of the present
invention provide a novel method for designing the geo-
metric configurations of the internal and external sur-
faces of both scroll elements to achieve the desired
displacement, built-in volume ratio and number of turns.
The principles of the method are described as follows:

1) The curvature of the outer portion of a first scroll
element is designed in any conventional manner
such that the desired displacement is satisfied;

2) The curvature of the inner portion of the first
scroll element is also designed in any conventional
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manner such that the desired built-in volume ratio is
satisfied;

3) The outer and the inner portions of the first scroll
element are linked smoothly with an intermediate
portion having a curvature that is chosen to satisfy
the desired number of turns; and

4) A second scroll element is designed by deriving
the mathematical conjugate of the first scroll ele-
ment. The second scroll element is interfit with the
first scroll element at an angular and radial offset.

[0036] The present invention is disclosed in con-
nection with an air compressor in which the vane thick-
ness and involute generating circle of both the outer and
inner portions of the scroll elements are the same. The
outer and inner portions of the scroll elements are con-
structed in a conventional manner to satisfy a given dis-
placement and built-in volume ratio. They are then
linked by an intermediate portion which has derivatives
of zeroth and first order that are equal to the derivatives
of the outer and inner portions at the junctions. The geo-
metric configuration of the intermediate portion is cho-
sen so that the optimum number of turns is achieved.
Thus, continuous and smooth walls of spiral-shaped
scroll elements are formed by respective outer, interme-
diate and inner portions, which provide the desired dis-
placement, the desired built-in volume ratio and the
optimum number of turns.

[0037] In a conventional scroll compressor, the
scroll elements are made of involute curves. For a pair
of scroll elements, the involute curves are geometrically
identical and are developed from the same generating
circle. In the first embodiment of the present invention,
however, each scroll element includes several portions
of involute curves which are developed from different
generating circles, and yet, the two scroll elements
remain identical in terms of geometric configurations
and substantially convergent to the center of the end
plate. In the second embodiment, the two scroll ele-
ments are geometrically different from each other. The
first and the second embodiments are identified below
as "identical" and "non-identical."

[0038] In another aspect of the present invention,
the scroll-type fluid displacement device includes
means for providing mechanical forces for urging two
scroll members together in an axial operative relation-
ship. At the same time, the potential for tipping the scroll
members is eliminated and constant gaps are main-
tained between the extreme ends or tips of one scroll
member and the base of the other scroll member.
[0039] In another aspect of the present invention, a
scroll-type fluid displacement device includes means for
providing hydraulic forces for urging two scroll members
together in an axial operative relationship. At the same
time, the potential for tipping the scroll members is elim-
inated and constant gaps are maintained between the
tips of one scroll member and the base of the other
scroll member.
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[0040] In another aspect of the present invention, a
scroll-type fluid displacement device includes a first
non-orbiting scroll member which is movable in the axial
direction. A second scroll member orbits about an axis,
but is fixed linearly along this axis. The first and second
scroll members are interfit, and the first scroll member is
movably biased against the second scroll member such
that the first scroll member will yield axially under suffi-
cient force.

[0041] In yet another aspect of the present inven-
tion, the above-described scroll-type fluid displacement
device includes a stabilizing mechanism for maintaining
the first scroll member perpendicular to the axis of its
scroll element, but movable along this axis in the rear-
ward direction. At the same time, constant gaps are
maintained between the extreme ends or tips of one
scroll member and the base of the other scroll member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The invention will be better understood when
considered in view of the following detailed description
which makes reference to the annexed drawings in
which:

FIGS. 1a-1d are schematic views illustrating the rel-
ative orbital movement of the scroll elements in a
conventional scroll compressor;

FIG. 2 is a pressure-volume diagram illustrating the
compression cycle, including ideal compression,
undercompression and overcompression;

FIG. 3 illustrates the forces and moments acting on
the orbiting scroll element;

FIG. 4 illustrates a cross section of a scroll-type air
compressor constructed in accord with the present
invention;

FIG. 5 illustrates a top cross-section view of a first
embodiment of the present invention in which the
scroll elements are substantially identical;

FIGS. 6a and 6b illustrate top cross-section views
of a second embodiment of the present invention in
which the scroll elements are substantially non-
identical;

FIG. 7 illustrates a conventional scroll element from
which the first and second embodiments of the
invention are developed;

FIG. 8 illustrates the interfitting scroll elements of
the first embodiment; and

FIG. 9 illustrates the interfitting scroll elements of
the second embodiment.

FIG. 10 illustrates a typical structure for a conven-
tional tip seal;

FIGS. 11a and 11b illustrate cross section and top
views of a first embodiment of the axial semi-com-
pliant mechanism of the present invention;

FIGS. 12a and 12b illustrate cross section and top
views of a second embodiment of the axial semi-
compliant mechanism of the present invention;
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FIGS. 13a and 13b illustrate cross section and top
views of a third embodiment of the axial semi-com-
pliant mechanism of the present invention; and

FIG. 14 illustrates a cross section and top view of a
scroll-type air compressor with a semi-compliant
scheme in which a gas, at discharge pressure, acts
on the rear side of the first scroll member to provide
an axial biasing force.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

[0043] Referring to FIG. 4, a scroll-type air com-
pressor designed in accordance with the present inven-
tion is shown. The compressor unit 10 includes a main
housing 20 and a compressor shell 21 having a front
end plate 22 and a cup-shaped casing 23. The front
plate 22 is attached to the compressor shell 21 in a
known manner (e.g. welding). The shell 21 and casing
23 are attached to the main housing 20, also in a con-
ventional manner (e.g. welding or bolting). The main
housing 20 holds a main journal bearing 30. A main
shaft 40 is rotatably supported by bearing 30 and
rotates along its axis S1-S1 when driven by an electric
motor or engine (not shown). A sealing element 41
seals the shaft 40 to prevent lubricant and air inside the
shell from escaping. A drive pin 42 extrudes from the
rear end of main shaft 40, and the central axis of drive
pin, S2-S2, is offset from the main shaft axis, S1-S1, by
a distance equal to the orbiting radius R, of the second
scroll element. The orbiting radius is the radius of the
orbiting circle which is traversed by the second scroll
member 50 as it orbits relative to the first scroll member
60.

[0044] The first scroll member 60 has an end plate
61 from which a scroll element 62 extends. The first
scroll member 60 is attached to the main housing 20 in
a manner which may be referred to as "semi-compliant.”
Using this method of attachment, the first scroll member
60 is perpendicular to the axis S1-S1 and spring biased
(by spring 70) against a surface 24 of the main housing
20. This assures that appropriate gaps, 65, are main-
tained between the tips of the scroll elements of one
scroll member and the base of the end plate of the other
scroll member.

[0045] These gaps should be wide enough to pre-
vent the tips and bases of the scroll members from con-
tacting each other after taking into consideration the
manufacturing tolerances and thermal growth of the
scroll elements during normal operation. On the other
hand, the gaps must also be small enough to be sealed
off hydrodynamically by a film of lubricant during normal
operation. When an abnormal situation arises, such as
the presence of contaminants or incompressible liquids
between the scroll members, or when there is abnormal
thermal growth of the scroll elements, the first scroll
member yields axially (as measured linearly along the
center axes of the scroll elements) against the urging
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force of the spring bias 70 to prevent damage. This
arrangement is referred to as "semi-compliant" and is
more fully described later in this application.

[0046] In addition to the circular end plate 61 and
scroll element 62, the first scroll member 60 includes a
reinforcing sleeve 63 and ribs 64. The first scroll mem-
ber 60 is capable of making an excursion rearward in
the axial direction. The scroll element 62 is affixed to
and extends from the front end surface of the end plate
61, and the reinforcing sleeve 63 and ribs 64 extend
from the rear surface of the end plate 61.

[0047] The second scroll member 50 includes a cir-
cular end plate 51, a scroll element 52 affixed to and
extending from the rear surface of the end plate 51, and
an orbiting bearing boss 53 affixed to and extending
from the front surface of the end plate 51.

[0048] Scroll elements 52 and 62 are interfit at a
180 degree angular offset, and at a radial offset having
an orbiting radius R,,. At least one pair of sealed off fluid
pockets is thereby defined between scroll elements 52
and 62, and end plates 51 and 61. The second scroll
member 50 is connected to a driving pin 42 (through a
driving pin bearing 43) and a rotation preventing oldham
ring 80. The second scroll member 50 is driven in an
orbital motion at the orbiting radius R, by rotation of the
drive shaft 40 to thereby compress fluid. The working
fluid enters the compressor 10 from the inlet port 91,
and is then compressed by the scroll members and dis-
charged through discharge hole 92, passage way 93,
chamber 94 and discharge port 95. The discharge gas
is sealed off from chamber 96 by the bearing surface 54
between the pin bearing 43 and the pin bearing boss
53, and by a seal element 44. The discharge gas acts
on the bottom surface 45 of the boss 53 to reduce the
axial thrust force from the compressed fluid in the com-
pression pockets during operation. Counterweights 97
and 98 balance the centrifugal force acting on the sec-
ond scroll member 50 due to its orbiting motion.

[0049] Referring to FIGS. 5, 6a and 6b, the geomet-
ric configurations of the scroll elements will now be
described.

[0050] In the first embodiment of the present inven-
tion, the scroll elements of the two scroll members have
substantially identical configurations. An example of
one such scroll element is shown in FIG. 5. The design
parameters of the first embodiment are as follows: dis-
placement V= 0,213 liters (13 cubic inches) per revolu-
tion per suction pocket; built-in volume ratio Ry= 5.6; the
radius of the base generating circle (a circle from which
the internal and external involute surfaces of the scroll
element are developed) Ry= 3,638 mm (0.14324 inch);
the height of the spiral element h= 50,8 mm (2.0 inch);
and the orbiting radius R,= 5,08 mm (0.2 inch).

[0051] The wall surfaces of the scroll elements of
the first embodiment are designed as follows:

1) Design a conventional spiral-shaped scroll ele-
ment with the aforementioned design parameters.
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The resulting scroll element, as shown in FIG. 7,
consists of approximately four complete turns and
meets the above-described displacement and built-
in volume ratio requirements. The starting and end-
ing involute angles of the external wall surface of
the scroll element are 224 degrees and 1663
degrees respectively. The center of the generating
circle is at point O. This scroll element is defined as
the base spiral element and its generating circle is
defined as the base generating circle.

2) Select arcade surfaces EF4E,, 1G4ly, EsF5E,
and 1,G,l3 from the base spiral element shown in
FIG. 7. These arcs are selected to satisfy the
desired displacement and built-in volume ratio. In
the first embodiment, the outer external surface
EF4E5 spans an involute angle of 540 degree. The
inner external surface E3FoE4 spans an involute
angle of 179 degree. The outer internal surface
IG4l4 and the inner internal surface 1,G,l3 span an
involute angles of 360 and 359 degrees, respec-
tively. A complete turn of the outer portion of the
spiral element shown in FIG. 7 is selected for both
scroll elements of the first embodiment, hence, the
displacement of the first embodiment is the same
as the design shown in FIG. 7. However, for the
inner portion of the scroll element, the selected
external surface spans less than a complete turn.
Consequently, the volume of final sealed compres-
sion pocket, and thus, the built-in volume ratio of the
first embodiment, will be slightly different from the
base design shown in Figure 7. This will be taken
care of later.

3) Link the external and the internal surfaces of the
inner and outer portions of the scroll element. An
intermediate involute arcade surface spans 360
degree of involute angle from E, to E; with the
radius of the generating circle calculated as follows:

Rg (= (E,E4)/ (2m) = 2R (1)

wherein Ry and Ry are the radii of generating cir-
cles centered at O and O4, respectively as shown in
FIG. 5. The generating circles O and O share the
same tangents at end points E, and E; of the exter-
nal surfaces, respectively. Similarly, to link the inter-
nal surfaces of the inner and outer portions of the
spiral element of the first embodiment, an interme-
diate involute arcade surface spans 360 degree of
involute angle from I to I, with the radius of the
generating circle calculated as follows:

Ry = (141,)/(2m) = 2'Rg 2)

where Ry and Ry, are the radii of generating circles
centered at O and O,, respectively as shown in
FIG. 5. The generating circles O and O, share the
same tangents at end points 14 and I, of the internal
surfaces, respectively. Thus, the actual number of
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turns in the final scroll design shown in FIG. 5
includes one complete turn in the outer portion,
plus the less than one complete turn in the inner
portion, plus the one complete turn from the inter-
mediate portion. Accordingly, the actual number of
turns (approximately 3) is at least about one full
turn less than the initial number of turns (approxi-
mately 4) given by the conventional spiral-shaped
scroll element (shown in FIG. 7) that was generated
as the first step in the design process. Due to the
introduction of the intermediate portion of the scroll
elements, the volume of the final sealed compres-
sion pocket for the scroll element shown in FIG. 7 is
slightly larger than the volume of the final sealed
compression pocket for the scroll element shown in
FIG. 5. To compensate for this difference, one can
increase the starting involute angle of the inner por-
tion of the scroll element in the first embodiment or
relocate the discharge hole such that the volume of
final sealed compression pocket increases. Often,
however, the change in the built-in volume ratio is
insignificant, and thus modification is unnecessary.
4) Design a scroll element that is mating conjugate
to the scroll element shown in FIG. 5. Deriving a
conjugate of a curved surface is a well known
manipulation, and thus it is not necessary to recite
the details of this procedure here. The terms "mat-
ing conjugate" are used to indicate the whatever
conjugate is derived must be such that the requisite
line contacts (and containment pockets) are estab-
lished and maintained when the scroll elements are
interfit and orbited with respect to each other. In the
first embodiment, the conjugate is identical to the
original. The two "identical" scroll elements are
shown together in FIG. 8.

[0052] The second embodiment of the present
invention is described herein as "non-identical" and
shown in FIGS. 6a and 6b. The general design specifi-
cations are the same as the first embodiment. However,
for the second embodiment, the second scroll element
has uniform wall thickness, as shown in FIG. 6a. In com-
parison to the first embodiment, it is lighter in weight,
and therefore causes less centrifugal force during its
orbiting motion.

[0053] The scroll element shown in FIG. 6a consists
of three spiral portions. Both inner and outer portions
are approximately a full turn of spiral wall taken directly
from the conventional scroll element shown in FIG 7.
More specifically, in FIG. 6a, the external surface of the
inner portion, KyL,K3, spans from a starting involute
angle of 224 degrees to an ending angle of 583 degrees
with a generating circle radius of 3,638 mm (0.14324
inch). The external surface of the outer portion, KLKj,
spans from a starting involute angle of 1303 degrees to
the ending angle of 1663 degrees, with the same gener-
ating circle radius. The external surface of the interme-
diate portion, the involute surface K,L{K4, whose
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generating circle radius is

Rgs= (K4K5) /(2m) = 2*Rg (3)
smoothly and continuously links the inner and the outer
portions of the external surfaces of the spiral wall. The
internal surface of the scroll element shown in FIG. 6a is
parallel to its external surface, and the wall thickness (t)
is approximately 0.2 inch. The scroll element shown in
FIG. 6b is the mating conjugate of the scroll element
shown in FIG. 6a, but they are not identical.
[0054] The external surface of the second scroll
element shown in FIG. 6b consists of three portions of
spiral curves, i.e., MPMy, M,P4M3 and M3P,My. The
outer and inner surfaces MPM, and M3P,M, are invo-
lute with a generating circle radius Rg = 3,638 mm
(0.14324 inch). These surfaces span from a starting
involute angle of 224 degrees to an ending angle of 403
degrees for the inner portion, and from a starting invo-
lute angle of 1123 degrees to an ending angle of 1663
degrees for the outer portion. The intermediate portion
M,P4Mj3 is an involute of the generating circle radius
Rga = MM/ (2'm) = 2°R g 4).
The internal surface of the scroll element shown in FIG.
6b also consists of three portions, NQN4, N1Q4N, and
N>Q,N4. The inner and outer portions span from a start-
ing involute angle of 224 degrees to an ending angle of
763 degrees for the inner portion, and from a starting
involute angle of 1483 degrees to an ending angle of
1663 degrees for the outer portion, respectively. The
intermediate portion of the internal surface N{QN,
continuously and smoothly links the inner and the outer
portions and shares the same generating circle with the
intermediate portion of the external surface.
[0055] FIG. 9 shows the two non-identical scroll ele-
ments interfit with each other during operation. Because
of the intermediate portion, the volumes of the suction
pockets and the final sealed compression pockets are
slightly different from the specifications. It is easy to
adjust this by slightly changing the spanning involute
angle of the outer and/or inner portions of the internal
and the external surfaces of the scroll elements. Due to
the non-identical nature of the two scroll elements, the
volumes of the pair of compression pockets, A1 and A2,
as shown in FIG. 9, differ from each other by a small
amount which is not significant in most applications.
The same situation happens to the volumes of the final
compression pockets and the built-in volume ratios. To
compensate for these differences, one can adjust the
starting involute angle of the inner portion of the scroll
element. Often, the deviation of the built-in volume ratio
from the original specifications is not significant, and an
adjustment is unnecessary.
[0056] Referring to FIGS. 11-13, three embodi-
ments of a semi-compliant mechanism made according
to the present invention will now be described.
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[0057] For the first embodiment, as shown in FIGS.
11a and 11b, the outer peripheral surface 160 of the end
plate 61 of the first scroll member 60 has three equally
spaced flat edges 161. Three positioning blocks 162
form a stabilizing mechanism which prevents the first
scroll member from "tipping." The blocks 162 are affixed
to the main housing 20 by bolts 163. The blocks 162 fit
tightly against the flat edges 161 of the end plate 61
such that the scroll member 60 remains perpendicular
to the axis S1-S1, but can make axial excursions rear-
ward under the guidance of blocks 162. The term "axial"
is used herein to refer to linear movement along a par-
ticular axis, as opposed to rotational movement around
a particular axis. The first scroll member 60 is urged by
springs 70 towards the second scroll member 50 until it
is stopped by the surface 24 of the main housing 20.
This assures appropriate gaps 165 between the tip of
one scroll member and the base of the other scroll
member.

[0058] The second scroll member 50 is also stabi-
lized to prevent it from tipping. The stabilization mecha-
nism for the second scroll member 50 is provided by the
housing 20 which acts as a thrust bearing on one side
of the end plate, and by the large gas pressure in the
space between the scroll members, 50, 60.

[0059] The gaps 165 must be sufficiently large to
insure that there is no tip-base contact during normal
operation. On the other hand, the gaps 165 must be suf-
ficiently small that the leakage flow of the working fluid
through the gaps is either insignificant in comparison to
the fluid displaced or can be totally sealed off by lubri-
cant film formed between the tips and bases of the scroll
members during normal operation. As an example, a
cast iron scroll compressor having a height in the axial
direction of 2 inches would, under the disclosed design,
call for a gap 165 of 0,076 mm (.0030 inches) under
cold conditions. When the separating force acting on the
front side of the first scroll member 60 exceeds the urg-
ing force of the spring bias, typically due to abnormal
operating conditions, the first scroll member 60 makes
an axial excursion rearward until it is stopped by the lim-
iting lip 164 of the positioning blocks 162.

[0060] FIG. 12a and 12b illustrate a second embod-
iment of the present invention. The first scroll member
60 is stabilized and affixed to the main housing 20 by
three stabilizing pins 261, which prevent the first scroll
member 60 from rotating or "tipping." The first scroll
member 60 is urged by springs 70 towards the second
scroll member 50 until it is stopped by the surface 24 of
the main housing 20. This assures appropriate gaps
265 between the tip of one scroll member and the base
of the other scroll member. When the separating force
acting on the front side of the first scroll member 60
exceeds the urging force of the spring bias, the first
scroll member 60 will make an axial excursion rearward
until it is stopped by the limiting lip 264 of the positioning
blocks 262. The blocks 262 are secured to the main
housing 20 by bolts 263.
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[0061] FIGS. 13a and 13b illustrate a third embodi-
ment of the present invention. Three elastic positioning
plates 361 are affixed to stabilizing blocks 362 by bolts
363. The blocks 362 are affixed to the main housing 20
by bolts 366. The plates 361 have slots 367, which
tightly hold the ribs 64 of the first scroll member 60 to
stabilize the first scroll member 60 and prevent it from
rotating or tipping in a plane perpendicular to the axis
S1-S1, but allowing it to make an axial excursion rear-
ward due to the elasticity of the plates 361. The stabiliz-
ing blocks 362 tightly hold the first scroll member 60 at
the edge 367 to prevent the first scroll member 60 from
"tipping." The first scroll member 60 is urged by springs
70 towards the second scroll member 50 until it is
stopped by the surface 24 of the main housing 20. This
assures appropriate gaps 365 between the tip of one
scroll member and the base of the other scroll member.
When the separating force acting on the front side of the
first scroll member 60 exceeds the urging force of the
spring bias, the first scroll member 60 makes an axial
excursion rearward until it is stopped by the limiting lip
364 of the stabilizing blocks 362.

[0062] FIG. 14 shows a cross section of a fourth
embodiment of the present invention. The basic operat-
ing principles of this embodiment are the same as the
device shown in FIG. 4. In this embodiment, however, a
discharge gas is employed to provide the axial biasing
force. Thus, FIG. 14 illustrates a modified version of the
compressor shown in FIG. 4, and these modifications
are discussed below.

[0063] As shown in FIG. 14, air enters compressor
10 through inlet port 491, and is then compressed by
the scroll members, 50 and 60, and discharged through
discharge hole 493 and discharge port 495. Discharge
gas is sealed off in a discharge chamber 496 by O-ring
497, and by providing close tolerance between sleeve
63 and lid 498. The sleeve 63 and lid 498 also provide
an additional stabilization mechanism for the scroll
members, 50, 60. Discharge port 495 is welded to lid
498 which is bolted to casing 23. Discharge gas exerts
bias force on the rear surface 499 of sleeve 63. The
area of surface 499 is chosen so that the bias force
slightly exceeds the separating force acting on the front
surface of the first scroll member 60 during normal oper-
ation. The first scroll member 60 is thus urged towards
the second scroll member 50 and is stopped by surface
24 of the main housing 20 to ensure appropriate gaps
465 between the tips and bases of the two scroll mem-
bers 50, 60. The stabilizing pins 466 prevent the first
scroll member 60 from rotating in the plane perpendicu-
lar to the axis S;-S; and also prevent it from "tipping.”
When abnormal operating conditions occur, such as
those described previously herein, the first scroll mem-
ber 60 yields rearward in the axial direction against the
bias force until it is stopped by lip 464.

[0064] While the above-described embodiments of
the invention are preferred, those skilled in this art will
recognize modifications of structure, arrangement,
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composition and the like which do not part from the true
scope of the invention. The invention is defined by the
appended claims, and all devices and/or methods that
come within the meaning of the claims, either literally or
by equivalents, are intended to be embraced therein.

Claims
1. A scroll-type displacement apparatus comprising:

a first scroll element (62) having a first internal
face and a first external face;

a second scroll element (62) having a second
internal face and a second external face;

said first scroll element (62) and said second
scroll element (52) positioned relative to one
another such that they meet at line contacts
along said first internal face, said first external
face, said second internal face, and said sec-
ond external face;

said line contacts moving along said first inter-
nal face, said first external face, said second
internal face, and said second external face
when said first and second scroll elements
(62,52) are moved relative to each other;
working surfaces on said first and second scroll
elements (62,52) defined by the area traversed
by said line contacts as said first and second
scroll elements (62,52) are moved relative to
each other;

said working surfaces of said first internal face
and said second external face forming part of a
first fluid pocket;

said working surfaces of said first external face
and said second internal face forming part of a
second fluid pocket; characterised in that

each of said working surfaces comprises more
than one curve, said more than one curve each
having a generating circle which has a radius
and a centre, the generating circles having
common tangents at the end points of said
more than one curve of the working surfaces,
said more than one curve portion converging
toward a central point;

one of said curves on each of said working sur-
faces converges toward said central point such
that, if said one of said curves were continued
to said central point, said one of said curves
would provide an initial number of turns; and
another of said curves on each of said working
surfaces has a generating circle which has a
radius chosen so that said first scroll element
has an actual number of turns that is at least
about one turn less than said initial number of
turns.

2. The apparatus of claim 1 further comprising a bias-
ing mechanism for establishing gaps between said
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10.

11.

first and second scroll members (62,52) in the axial
direction.

The apparatus of claim 2 wherein said biasing
mechanism allows said first scroll member (62) to
yield away from said second scroll member (52)
under a separating force generated by abnormal
operating conditions.

The apparatus of claim 1 further comprising:

a first stabilising mechanism for preventing said
first scroll member (62) from tipping; and

a second stabilising mechanism for preventing
said second scroll member (52) from tipping.

The apparatus of claim 1 having a built-in volume
ratio greater than 2.5.

The apparatus of claim 1 wherein said another of
said curves comprises a predetermined curvature
chosen to satisfy the desired displacement of the
apparatus.

The apparatus of claim 1 wherein said each of said
working surfaces further comprises a third curve
having a predetermined curvature chosen to satisfy
a desired built-in volume ratio of the apparatus.

The apparatus of claim 7 wherein the desired built-
in volume ratio comprises greater than 2.5.

The apparatus of claim 1 wherein said actual
number of turns is less than about four.

The apparatus of claim 1 wherein said curves are
involute spirals.

A method of designing the scroll elements of a
scroll-type fluid displacement apparatus, the steps
comprising:

a) designing a first scroll element (62) having
an internal working surface with a first internal
portion and a second internal portion, and fur-
ther having an external working surface with a
first external portion and a second external por-
tion;

b) designing a second scroll element (52) hav-
ing an external working surface conjugate to
said first scroll element's (62) internal working
surface, and further having an internal working
surface conjugate to said first scroll element's
(62) external working surface, said first scroll
element (62) and said second scroll element
(52) meeting at line contacts when said first
and second scroll elements (62,52) are posi-
tioned relative to one another, said line con-
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tacts moving along said working surfaces when
said first and second scroll elements (62,52)
are moved relative to each other, said working
surfaces defined by the area traversed by said
line contacts as said first and second scroll ele-
ments (62,52) are moved relative to each other,
said internal working surface of said first scroll
element (62) and said external working surface
of said second scroll element (52) forming part
of a first fluid pocket, said external working sur-
face of said first scroll element (62) and said
internal surface of said second scroll element
(52) forming part of a second fluid pocket;
characterised by:

c) designing each of said working surfaces
such that it comprises more than one curve,
said more than one curve each having a gener-
ating circle which has a radius and a centre, the
generating circles having common tangents at
the end points of said more than one curve of
the working surfaces, said more than one curve
each converging toward a central point;

d) designing said each of said first portions to
have one of said more than one curves which,
if said first portion were continued to said cen-
tral point, would provide an initial number of
turns; and

e) designing each of said second portions to
have another of said more than one curves
chosen to provide actual number of turns that is
at least about one turn less than said initial
number of turns.

The method of claim 11 further comprising the step
of:

f) designing each of said first portions such that
its predetermined curvature satisfies a desired
displacement of the apparatus.

The method of claim 11 further comprising the step
of:

g) designing a third portion of each of said
working surfaces to have a predetermined cur-
vature that satisfies a desired built-in volume
ratio of the apparatus.

The method of claim 13 wherein the desired built-in
volume ratio comprises greater than about 2.5.

The method of claim 11 wherein said actual number
of turns comprises less than about four turns.

The method of claim 11 wherein said curvatures
are involute spirals.

The method of claim 13 wherein each of said sec-

10

15

20

25

30

35

40

45

50

55

11

ond portions is smoothly linked with one of said first
portions and one of said third portions.

Patentanspriiche

Schnecken-Verdrangervorrichtung, die umfaf3t:

ein erstes Schneckenelement (62) mit einer
ersten Innenflache und einer ersten Auf3enfla-
che;

ein zweites Schneckenelement (62) mit einer
zweiten Innenflache und einer zweiten Aul3en-
flache;

wobei das erste Schneckenelement (62) und
das zweite Schneckenelement (52) so zuein-
ander angeordnet sind, daR sie sich an Linien-
kontakten entlang der ersten Innenflache, der
ersten AuRenflache, der zweiten Innenflache
und der zweiten AuRenflache treffen;

wobei die Linienkontakte sich an der ersten
Innenflache, der ersten AuRenflache, der zwei-
ten Innenflache und der zweiten AuRenflache
entlangbewegen, wenn das erste und das
zweite Schneckenelement (62, 52) zueinander
bewegt werden;

Arbeitsflachen an dem ersten und dem zweiten
Schneckenelement (62, 52), die durch den
Bereich gebildet werden, den die Linienkon-
takte durchlaufen, wenn das erste und das
zweite Schneckenelement (62, 52) zueinander
bewegt werden;

wobei die Arbeitsflachen der ersten Innenfla-
che und der zweiten Innenflache einen Teil
eines ersten Fluidhohlraums bilden;

wobei die Arbeitsflachen der ersten Aul3enfla-
che und der zweiten Innenflache einen Teil
eines zweiten Fluidhohlraums bilden; dadurch
gekennzeichnet, dal: jede der Arbeitsflachen
mehr als eine Kurve umfafdt, wobei die mehr
als eine Kurve jeweils einen erzeugenden Kreis
mit einem Radius und einem Mittelpunkt auf-
weist und die erzeugenden Kreise gemein-
same Tangenten an den Endpunkten der mehr
als einen Kurve der Arbeitsflachen aufweisen,
und die mehr als ein Kurvenabschnitte auf
einen mittleren Punkt zu aufeinanderzulaufen;

eine der Kurven an jeder der Arbeitsflachen so
auf den mittleren Punkt zulauft, daf}, wenn die
eine der Kurven zu dem mittleren Punkt fortge-
setzt wirde, die eine der Kurven eine Aus-
gangsanzahl von Windungen bilden wirde;
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und

eine andere der Kurven an jeder der Arbeitsfla-
chen einen erzeugenden Kreis aufweist, des-
sen Radius so gewahlt ist, dall das erste
Schneckenelement eine tatsachliche Anzahl
von Windungen hat, die wenigstens ungeféhr
eine Windung geringer ist als die Anfangszahl
der Windungen.

Vorrichtung nach Anspruch 1, die des weiteren
einen Drickmechanismus umfaf3t, mit dem Zwi-
schenrdaume zwischen dem ersten und dem zwei-
ten Schneckenteil (62, 52) in der axialen Richtung
hergestellt werden.

Vorrichtung nach Anspruch 2, wobei der Driickme-
chanismus es dem ersten Schneckenteil (62)
ermdglicht, sich aufgrund einer Trennkraft, die
durch abnormale Betriebsbedingungen erzeugt
wird, nachgebend von dem zweiten Schneckenteil
(52) weg zu bewegen.

Vorrichtung nach Anspruch 1, die des weiteren
umfaldt:

einen ersten Stabilisierungsmechanismus, der
verhindert, dal} das erste Schneckenteil (62)
kippt; und

einen zweiten Stabilisierungsmechanismus,
der verhindert, dal® das zweite Schneckenteil
(52) kippt.

Vorrichtung nach Anspruch 1, die ein Eigen-Volu-
menverhaltnis von mehr als 2,5 aufweist.

Vorrichtung nach Anspruch 1, wobei die andere der
Kurven eine vorgegebene Krimmung umfalt, die
so ausgewahlt wird, dal} sie die gewilinschte Ver-
drangung der Vorrichtung erméglicht.

Vorrichtung nach Anspruch 1, wobei jede der
Arbeitsflachen des weiteren eine dritte Kurve mit
einer vorgegebenen Kriimmung umfal3t, die so aus-
gewahlt wird, dal ein gewilinschtes Eigen-Volu-
menverhaltnis der Vorrichtung gewahrleistet ist.

Vorrichtung nach Anspruch 7, wobei das
gewunschte Eigen-Volumenverhaltnis mehr als 2,5
betragt.

Vorrichtung nach Anspruch 1, wobei die tatsachli-
che Anzahl von Windungen weniger als ungefahr 4
betragt.

Vorrichtung nach Anspruch 1, wobei die Kurven
Evolventspiralen sind.
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11. Verfahren zum Konstruieren der Schneckenele-

mente einer Schnecken-Fluidverdrangervorrich-
tung, wobei die Schritte umfassen:

a) Konstruieren eines ersten Schneckenele-
mentes (62) mit einer Innenarbeitsflache mit
einem ersten Innenabschnitt und einem zwei-
ten Innenabschnitt, das des weiteren eine
Aufdenarbeitsflache mit einem ersten Aulien-
abschnitt und einem zweiten Auflenabschnitt
aufweist:

b) Konstruieren eines zweiten Schneckenele-
mentes (52) mit einer AuRenarbeitsflache kon-
jugiert zu der Innenarbeitsflache des ersten
Schneckenelementes (62), und das des weite-
ren eine Innenarbeitsflache konjugiert zu der
AulRenarbeitsflache des ersten Schneckenele-
mentes (62) aufweist, wobei sich das erste
Schneckenelement (62) und das zweite
Schneckenelement (52) an Linienkontakten
treffen, wenn das erste und das zweite Schnek-
kenelement (62, 52) zueinander in Position
gebracht werden, und wobei sich die Linien-
kontakte an den Arbeitsflichen entlangbewe-
gen, wenn das erste und das zweite
Schneckenelement (62, 52) zueinander
bewegt werden, und die Arbeitsflachen durch
den Bereich definiert werden, den die Linien-
kontakte durchlaufen, wenn das erste und das
zweite Schneckenelement (62, 52) zueinander
bewegt werden, wobei die Innenarbeitsflache
des ersten Schneckenelementes (62) und die
AuRenarbeitsfliche des zweiten Schnecken-
elementes (52) einen Teil eines ersten Fluid-
hohlraums bilden und die AuRenarbeitsflache
des ersten Schneckenelementes (62) und die
Innenflache des zweiten Schneckenelementes
(52) einen Teil eines zweiten Fluidhohlraums
bilden;

gekennzeichnet durch:

¢) Konstruieren jeder der Arbeitsflachen so,
daB sie mehr als eine Kurve umfafit, wobei die
mehr als eine Kurve jeweils einen erzeugenden
Kreis mit einem Radius und mit einem Mittel-
punkt aufweist und die erzeugenden Kreise
gemeinsame Tangenten an den Endpunkten
der mehr als einen Kurve der Arbeitsflachen
aufweisen, und wobei die mehr als eine Kurve
jeweils auf einen mittleren Punkt zulauft;

d) Konstruieren jedes der ersten Abschnitte so,
daR er eine der mehr als einen Kurven auf-
weist, die, wenn der erste Abschnitt zu dem
mittleren Punkt zu fortgesetzt wiirde, eine
Anfangsanzahl von Windungen bilden wirde;
und
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e) Konstruieren jedes der zweiten Abschnitte
so, dald er eine weitere der mehr als einen Kur-
ven aufweist, die so ausgewahlt wird, dal sie
eine tatsachliche Anzahl von Windungen bil-
det, die wenigstens ungeféhr eine Windung
geringer ist als die Anfangszahl von Windun-
gen.

Verfahren nach Anspruch 11, das des weiteren den
folgenden Schritt umfalit:

f) Konstruieren jedes der ersten Abschnitte so,
dall seine vorgegebene Kriimmung eine
gewlnschte Verschiebung der Vorrichtung
gewahrleistet.

Verfahren nach Anspruch 11, das des weiteren den
folgenden Schritt umfalit:

g) Konstruieren eines dritten Abschnitts jeder
der Arbeitsflachen so, daR er eine vorgege-
bene Kriimmung aufweist, die ein gewiinsch-
tes Eigen-Volumenverhaltnis der Vorrichtung
gewahrleistet.

Verfahren nach Anspruch 13, wobei das
gewunschte Eigen-Volumenverhéltnis mehr als 2,5
betragt.

Verfahren nach Anspruch 11, wobei die tatsachli-
che Anzahl von Windungen weniger als ungefahr
vier Windungen betragt.

Verfahren nach Anspruch 11, wobei die Krimmun-
gen Evolventspiralen sind.

Verfahren nach Anspruch 13, wobei jeder der zwei-
ten Abschnitte stetig mit einem der ersten
Abschnitte und einem der dritten Abschnitte ver-
bunden ist.

Revendications

1.

Dispositif de déplacement de fluide du type a volu-
tes comportant :

un premier élément on volute (62) ayant une
premiére face intérieure et une premiére face
extérieure,

un second élément en volute (52) ayant une
seconde face intérieure et une seconde face
extérieure,

ledit premier élément on volute (62) et ledit
second élément on volute (52) étant position-
nés I'un par rapport a l'autre de telle sorte qu'ils
se rejoignent au niveau de contacts on ligne le
long de ladite premiére face intérieure, ladite
premiére face extérieure, ladite seconde face
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intérieure, et ladite seconde face extérieure,

lesdits contacts on ligne se déplagant le long
de ladite premiére face intérieure, de ladite pre-
miére face extérieure, de ladite seconde face
intérieure, et de ladite seconde face extérieure
lorsque lesdits premiers et seconds éléments
on volute (62, 52) sont déplacés I'un par rap-
port a l'autre,

des surfaces actives situées sur lesdits pre-
miers et seconds éléments on volute (62, 52)
définis par la surface traversée par lesdits con-
tacts on ligne lorsque lesdits premiers et
seconds éléments on volute (62, 52) sont
déplacés I'un par rapport a l'autre,

lesdites surfaces actives de ladite premiére
face intérieure et de ladite seconde face exté-
rieure formant une partie d'une premiére poche
de fluide,

lesdites surfaces actives de ladite premiere
face extérieure et de ladite seconde face inté-
rieure formant une partie d'une seconde poche
de fluide, caractérisé on ce que

chacune desdites surfaces actives comporte
plus d'une courbe, lesdites plus d'une courbe
ayant chacune un cercle générateur qui a un
rayon et un centre, les cercles générateurs
ayant des tangentes communes aux points
d'extrémité desdites plus d'une courbe des sur-
faces actives, lesdites plus d'une partie de
courbe convergeant vers un point central,

une premiére desdites courbes de chacune
des surfaces actives converge vers ledit point
central de telle sorte que, si ladite premiére
desdites courbes était poursuivie jusqu'audit
point central, ladite premiére desdites courbes
fournirait un nombre initial de spires, et

une autre desdites courbes situées sur cha-
cune desdites surfaces actives a un cercle
générateur qui a un rayon choisi de sorte que
ledit premier élément en volute a un nombre de
spires réel qui est d'au moins environ une spire
plus petit que ledit nombre de spires initial.

Dispositif selon la revendication 1, comportant de
plus un mécanisme de rappel pour établir des
espaces entre lesdits premiers et seconds élé-
ments en volute (62, 52) dans la direction axiale.

Dispositif selon la revendication 2, dans lequel ledit
mécanisme de rappel permet audit premier élé-
ment en volute (62) de s'éloigner par déformation
dudit second élément en volute (52) sous une force
de séparation produite par des conditions de fonc-
tionnement anormale.

Dispositif selon la revendication 1 comportant de
plus :
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un premier mécanisme de stabilisation pour
empécher ledit premier élément en volute (62)
de basculer, et

un second mécanisme de stabilisation pour
empécher ledit second élément en volute (52)
de basculer.

Dispositif selon la revendication 1 ayant un rapport
de volume incorporé plus grand que 2,5.

Dispositif selon la revendication 1, dans lequel
ladite autre desdites courbes a une courbure pré-
déterminée choisie pour satisfaire au déplacement
voulu du dispositif.

Dispositif selon la revendication 1, dans lequel cha-
cune desdites surfaces actives comporte de plus
une troisieme courbe ayant une courbure prédéter-
minée choisie pour satisfaire a un rapport de
volume incorporé voulu du dispositif.

Dispositif selon la revendication 7, dans lequel le
rapport de volume incorporé voulu est plus grand
que 2,5.

Dispositif selon la revendication 1, dans lequel ledit
nombre réel de spires est plus petit qu'environ qua-
tre.

Dispositif selon la revendication 1, dans lequel les-
dites courbes sont des spirales involutées.

Procédé pour concevoir les éléments on volute d'un
dispositif de déplacement de fluide du type a volu-
tes, comportant les étapes consistant a :

a) concevoir un premier élément en volute (62)
ayant une surface active intérieure munie d'une
premiere partie intérieure et d'une seconde
partie intérieure, et ayant de plus une surface
active extérieure ayant une premiére partie
extérieure et une seconde partie extérieure,

b) concevoir un second élément on volute (52)
ayant une surface active conjuguée de ladite
surface active extérieure du premier élément
en volute (62) et ayant de plus une surface
active intérieure conjuguée de ladite surface
active extérieure dudit premier élément en
volute (62), ledit premier élément en volute (62)
et ledit second élément en volute (52) se rejoi-
gnant au niveau de contacts en ligne lorsque
lesdits premier et second éléments en volute
(62, 52) sont positionnés l'un par rapport a
l'autre, lesdits contacts on ligne se déplagant le
long desdites surfaces actives lorsque lesdits
premier et second éléments en volute (62, 52)
sont déplacés I'un par rapport a l'autre, lesdites
surfaces actives étant définies par la surface
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traversées par lesdits contacts en ligne lorsque
lesdits premier et second éléments on volute
(62, 52) sont déplacés I'un par rapport a l'autre,
ladite surface active intérieure dudit premier
élément on volute (62) et ladite surface active
extérieure dudit second élément en volute (52)
formant une partie d'une premiere poche de
fluide, ladite surface active extérieure dudit pre-
mier élément on volute (62) et ladite surface
intérieure dudit second élément en volute (52)
formant une partie d'une seconde poche de
fluide,

caractérisé en ce qu'il consiste a :

¢) concevoir chacune desdites surfaces actives
de telle sorte qu'elles comportent plus d'une
courbe, lesdites plus d'une courbe ayant cha-
cune un cercle générateur qui a un rayon et un
centre, les cercles générateurs ayant des tan-
gentes communes au niveau des points
d'extrémité desdites plus d'une courbe des sur-
faces actives, lesdites plus d'une courbe con-
vergeant chacune vers un point central,

d) concevoir ladite chacune desdites premieres
parties pour qu'elle ait une premiére desdites
plus d'une courbe qui, si ladite premiére partie
était poursuivie jusqu'audit point central, fourni-
rait un nombre initial de spires, et

e) concevoir chacune desdites secondes par-
ties pour qu'elles aient une autre desdites plus
d'une courbe choisie pour fournir un nombre
réel de spires qui est d'au moins environ une
spire plus petit que ledit nombre de spires ini-
tial.

Procédé selon la revendication 11, comportant de
plus I'étape consistant a :

f) concevoir chacune desdites premiéres par-
ties de telle sorte que sa courbure prédétermi-
née satisfasse a un déplacement voulu du
dispositif.

Procédé selon la revendication 11, comportant de

plus I'étape consistant a : g) concevoir une troi-
siétme partie de chacune desdites surfaces
actives pour qu'elle ait une courbure prédéter-
minée qui satisfait a un rapport de volume
incorporé voulu du dispositif.

Procédé selon la revendication 13, dans lequel le
rapport de volume incorporé voulu est plus grand
qu'environ 2,5.

Procédé selon la revendication 11, dans lequel ledit
nombre réel de spires est plus petit qu'environ 4
spires.
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Procédé selon la revendication 11, dans lequel les-
dites courbures sont des spirales involutées.

Procédé selon la revendication 13, dans lequel cha-
cune desdites secondes parties est reliee de
maniére douce a une desdites premiéres parties et
une desdites troisiemes parties.
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