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Description

Field Of The Invention

[0001] The present invention relates to an apparatus
for generating compressed fluid. More specifically, the
invention relates to a swash plate compressor that main-
tains a fixed angle while minimizing the number of bear-
ing assemblies required.

Background Of The Invention

[0002] Swash plate compressors are generally known
in the art. These compressors typically employ a cylin-
der block with a plurality of piston channels mounted on
a drive shaft. A plurality of pistons are slidably disposed
in the piston channels and are coupled to a swash plate
that is also mounted on the drive shaft. In accordance
with the rotation of the drive shaft, the swash plate piv-
ots, causing reciprocal motion of the pistons within the
piston channels, thereby alternately creating suction
and compression strokes.

[0003] These compressors employ a variety of mech-
anisms that utilize the rotational force of the drive shaft
to make the swash plate pivot, such as an actuating as-
sembly with a slanted surface underneath the swash
plate, as disclosed in U.S. Patent No. 6,439,857 to Koe-
Izer and assigned to the assignee of the present appli-
cation, an assembly of rotating and non-rotating plates,
as disclosed in U.S. Patent No. 5,626,463 to Kimura,
and a rotatable cylinder block, as disclosed in U.S. Pat-
ent No. 5,394,698 to Takagi.

[0004] As the swash plate pivots, the pistons recipro-
cate within the piston channels of the cylinder block, al-
ternately drawing fluid to be compressed into the chan-
nels and subsequently compressing and discharging
the fluid. In this way, the rotational force of the shaft is
converted into axial motion of the pistons, enabling the
pistons to alternately perform the functions of suction
and compression, and thus, fluid is first drawn into a pis-
ton channel and is subsequently compressed and dis-
charged from the piston channel.

[0005] One problem with these swash plate compres-
sors, however, is that they are typically difficult and ex-
pensive to manufacture, for several reasons. First, be-
cause the drive shaft on which the swash plate is mount-
ed rotates, and because the swash plate is connected
to pistons which are disposed in the piston channels in
the cylinder block, the compressor typically requires a
somewhat complex assembly to accommodate these
competing interests of rotation and non-rotation. Even
if an advantageous bearing assembly such as that dis-
closed in U.S. Patent No. 6,439,857 to Koelzer is uti-
lized, one must still employ an actuating mechanism as
disclosed therein in order for the swash plate to function
properly.

[0006] Moreover, due to the nature and function of a
compressor swash plate, the swash plate assembly

10

15

20

25

30

35

40

45

50

55

necessarily experiences both radial and axial loads as
a result of the simultaneous rotational motion of the
swash plate and axial motion of the pistons. Accordingly,
it is necessary for these assemblies to employ both ra-
dial bearings and thrust bearings, such as the design
disclosed in U.S. Patent Application US 2001/0008607
(Richter).

[0007] What is desired, therefore, is a swash plate
compressor that is inexpensive to manufacture. What is
further desired is a swash plate compressor that is easy
to assemble. What is also desired is a swash plate com-
pressor that minimizes the amount of bearings required.

Summary Of The Invention

[0008] Accordingly, itis an object of the presentinven-
tion to provide a swash plate compressor that is not
complex.

[0009] Itis a further object of the present invention to
provide a swash plate compressor that does not require
an actuating mechanism for the swash plate.

[0010] Itis yet another object of the present invention
to provide a swash plate compressor that does not re-
quire separate radial and thrust bearings.

[0011] Inorderto overcome the deficiencies of the pri-
or art and to achieve at least some of the objects and
advantages listed, the invention comprises a compres-
sor as defined in independent claim 1. The compressor
included a housing, a shaft disposed in the housing, the
shaft having a longitudinal axis, an inner swash plate
portion attached to the shaft at a fixed angle relative to
the longitudinal axis of the shaft, an outer swash plate
portion coupled to the inner swash plate portion, and a
bearing assembly by which the outer swash plate por-
tion is coupled to the inner swash plate portion, wherein
the bearing assembly is adapted to accommodate both
the radial load and the axial load of the swash plate por-
tions.

[0012] Inanother embodiment, the invention compris-
es a compressor including a housing, a shaft disposed
in the housing, the shaft having a longitudinal axis, a
swash plate coupled to the shaft at a fixed angle relative
to the longitudinal axis of the shaft, and a bearing as-
sembly by which the swash plate is coupled to the shaft,
wherein the bearing assembly is adapted to accommo-
date both the radial load and the axial load of the swash
plate.

[0013] Inyetanother embodiment, the invention com-
prises a compressor including a housing having at least
one piston channel, a shaft disposed in the housing, a
swash plate coupled to the shaft, at least one piston dis-
posed in the at least one piston channel and movable
therein, wherein the swash plate is coupled to the at
least one piston and inclined at an angle relative to the
direction of motion thereof, and a bearing assembly by
which the swash plate is coupled to the shaft, such that
the angle at which the swash plate is inclined relative to
the direction of motion of the at least one piston remains
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fixed as the shaft rotates, wherein the bearing assembly
is adapted to accommodate both the radial load and the
axial load of the swash plate.

[0014] Instillanother embodiment, the invention com-
prises a compressor including a housing, a shaft dis-
posed in the housing, the shaft having a longitudinal ax-
is, an inner swash plate portion attached to the shaft at
a fixed angle relative to the longitudinal axis of the shaft,
an outer swash plate portion coupled to the inner swash
plate portion, and an angular contact bearing by which
the outer swash plate portion is coupled to the inner
swash plate portion.

[0015] Inyetanother embodiment, the invention com-
prises a compressor including a housing, a shaft dis-
posed in the housing, the shaft having a longitudinal ax-
is, a swash plate coupled to the shaft at a fixed angle
relative to the longitudinal axis of the shaft, and an an-
gular contact bearing by which the swash plate is cou-
pled to the shaft.

Brief Description Of The Drawings

[0016] Figure 1 is an isometric view of a swash plate
compressor in accordance with the invention.

[0017] Figure 2 is a cross-sectional side view of the
compressor of Figure 1.

[0018] Figure 3 is a cross-sectional side view of an-
other embodiment of the compressor of Figure 1.
[0019] Figure 4 is anisometric view of the swash plate
assembly of the compressor of Figure 3.

[0020] Figure 5 is another cut-away, cross-sectional
side view of one embodiment of the shaft and swash
plate of the compressor of Figure 1.

[0021] Figure 6ais a partial cross-sectional, isometric
view of a standard radial bearing.

[0022] Figure 6bis a partial cross-sectional, isometric
view of an angular contact bearing of the swash plate of
the compressor of Figure 1.

[0023] Figure 7 is an exposed side view of the ball
bearing of Figure 6b.

[0024] Figure 8 is a partial cross-sectional, isometric
view of a tapered roller bearing used in some embodi-
ments of the swash plate of the compressor of Figure 1.
[0025] Figure 9is a cross-sectional side view of a four
point contact bearing used in some embodiments of the
swash plate of the compressor of Figure 1.

[0026] Figure 10a is a cross-sectional side view of a
tandem duplex-bearing used in some embodiments of
the swash plate of the compressor of Figure 1.

[0027] Figure 10b is a cross-sectional side view of a
face-to-face duplex-bearing used in some embodiments
of the swash plate of the compressor of Figure 1.
[0028] Figure 10c is a cross-sectional side view of a
back-to-back duplex-bearing used in some embodi-
ments of the swash plate of the compressor of Figure 1.
[0029] Figure 10d is a cross-sectional side view of a
double row angular contact bearing used in some em-
bodiments of the swash plate of the compressor of Fig-
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ure 1.

[0030] Figure 10e is a cross-sectional side view of a
shielded type of the double row angular contact bearing
of Figure 10d.

[0031] Figure 10f is a cross-sectional side view of a
sealed type of the double row angular contact bearing
of Figure 10d.

Detailed Description Of The Drawings

[0032] The basic components of one embodiment of
a swash plate compressor 10 in accordance with the in-
vention are illustrated in Figure 1. As used in the de-
scription, the terms "top," "bottom," "above," "below,"
"over," "under," "on top," "underneath," "up," "down,"
"upper," "lower," "front," "rear," "forward" and "back" re-
fer to the objects referenced when in the orientation il-
lustrated in the drawings, which orientation is not nec-
essary for achieving the objects of the invention.
[0033] Typically, the compressor 10 includes a main
body 12, a rear mounting cover 14, and a front mounting
flange 16. When in use, the compressor 10 is installed
on a vehicle, such as an over-the-road truck, and gen-
erates compressed air for the vehicle's pressure sys-
tem, which typically includes a tank (not shown) that
supplies the compressed air to various accessories,
such as, for example, the brake system. This production
of the compressed air begins by receiving air, which may
or may not be delivered from a turbocharger (not
shown), in response to a reduction of the air pressure
in the air system to or below a reference pressure.
Though, in the embodiment described herein, the fluid
is air, in certain other embodiments, the fluid may com-
prises any of various gases, liquids, or mixtures thereof.
[0034] The basic components of one embodiment of
the main body 12 of the compressor 10 are illustrated
in Figure 2. The main body 12 includes a swash plate
housing 20 defining a swash plate chamber 22 therein,
and a stationary cylinder block 26 mounted to the hous-
ing 20. A drive shaft 40 extends through both the hous-
ing 20 and the cylinder block 26 and is rotatable therein.
A swash plate 24 is disposed in the swash plate cham-
ber 22 and mounted on the shaft 40. A plurality of pistons
30 are coupled to the swash plate 24, and the cylinder
block 26 has a plurality of piston channels 32 that re-
ceive the pistons 30. The pistons 30 are reciprocally dis-
placeable within the piston channels 32 in order to pro-
duce suction and compression strokes.

[0035] Each piston 30 has a face 31 for contacting the
air to be compressed. Accordingly, a compression
chamber 34 is formed from the space in the piston chan-
nel 32 to which the piston face 31 is exposed. The com-
pression chamber 34, which is in fluid communication
with the air system, both receives air to be compressed
and discharges air after compressing it. Accordingly, the
air pressure in the compression chamber 34 corre-
sponds to the air pressure in the air system, thereby en-
suring a state of pressure equilibrium for the compressor
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10, as is further explained below.

[0036] Typically, the main body 12 of the compressor
10 further includes a compressor head 18 mounted ad-
jacent to the cylinder block 26. The compressor head
has an inlet channel 80 and an outlet channel 82 that
are both in communication with the compression cham-
bers 34. In order to regulate the entry of uncompressed
air from the inlet channel 80, and the discharge of com-
pressed air to the outlet channel 82, and to prevent the
back-feeding of this air, the compressor 10 is typically
provided with a plurality of inlet and outlet valves 84, 85.
The valves 84, 85, which are often one-way reed or pop-
pet valves, allow air to flow along a path from a high-
pressure area to a low-pressure area, and are typically
part of the compressor head 18, or are created using
valve plates 86, 87 disposed between the compressor
head 18 and the cylinder block 26.

[0037] In some embodiments, the compressor head
18 is provided with inlet and outlet ports, 90, 92, which
are in fluid communication with the inlet and outlet chan-
nels 80, 82, respectively. Accordingly, air may be drawn
in through the inlet port 90, into the inlet channel 80 and
past the inlet valves 84, to the compression chambers
34 where it can be compressed. Similarly, once air is
compressed and discharged from the compression
chambers 34 through the outlet valves 85 and into the
outlet channel 82, the air may be directed to the air sys-
tem via the outlet port 92.

[0038] In other embodiments, however, as shown in
Figure 3, the swash plate housing 20 is provided with
an inlet port 91, thereby eliminating the need for an inlet
port in the compressor head 18. In these embodiments,
air enters the swash plate chamber 22, cooling any
bearings that may be found therein, and is communicat-
ed to the inlet channel 80 via a passageway 93.

[0039] In certain advantageous embodiments, as il-
lustrated in Figures 3-4, the swash plate 24 has an outer
part 42 and inner part 44, wherein the outer part 42 is
coupled to the inner part 44 via a bearing 46. The inner
part 44 is mounted on the shaft 40 with a series of pins
48, such that the inner part 44 rotates with the shaft 40.
As the shaft 40 rotates, the bearing 46 permits the outer
part 42 of the swash plate 24 to be restrained as the
inner part 44 rotates with the shaft 40. Accordingly, the
outer part 42, the pistons 30, and the cylinder block 26
can all be non-rotating. With this arrangement, the shaft
40 can continue to rotate even when the compressor 10
is not compressing air and the pistons 30 are idle. As a
consequence, accessories coupled to the shaft 40, such
as, for example, a fuel pump (not shown), continue to
function.

[0040] Incertain embodiments, in order to prevent the
outer part 42 from rotating, the swash plate 24 receives
a radially extending stopper 49 that engages an axial
groove of the housing 20, as shown in Figure 4. In other
embodiments, as shown in Figure 2, a gimbal arm 100
may be used to prevent the outer part 42 from rotating.
[0041] Refering again to Figures 2-3, in order to facil-
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itate the reciprocal motion of the pistons 30 within the
piston channels 32, the entire swash plate 24 remains
inclined at a fixed angle 140 with respect to the longitu-
dinal axis 39 of the shaft 40. Because the angle 140 is
fixed, the inclined plane of the swash plate 24 rotates
as the shaft 40 rotates. In this way, the rotational motion
of swash plate 24 about the shaft 40 causes reciprocal
displacement of the pistons 30 parallel to the axis 39 of
the shaft 40.

[0042] To permit this reciprocal displacement, the pis-
tons 30 are coupled to the swash plate 24 via a bearing.
In the embodiment described herein, the outer part 42
of the swash plate 24 includes a plurality of ball links,
each of which is comprised of a swash plate rod 52 and
a ball element 54. In certain embodiments, the rods 52,
which are typically spaced angularly equidistantly from
one another along an outer periphery of the swash plate
24 and extend radially therefrom, are bolts having a
thread on one end, which is screwed into the swash
plate 24, and a nut 58 on the opposite end.

[0043] The ball element 54 has a spherical outer sur-
face for slidably engaging a flange 62 of a piston rod 60,
which extends parallel to the rotating shaft 40. Accord-
ingly, as the plane of inclination of the swash plate 24
rotates, and the position of the flange 62 changes rela-
tive to the plane perpendicular to the longitudinal axis
39 of the drive shaft 40, the cooperating surfaces of the
ball element 54 and flange 62 slide relative to one an-
other. Such relative displacement allows the piston rod
60 and ball element 54 to move axially together, while
the ball element 54 rotates within the flange 62 in re-
sponse to the rotating angle of inclination of the swash
plate 24. Though the cooperating surfaces of the ball
element 54 and flange 62 are depicted as annular, in
certain embodiments, other shapes that move synchro-
nously while being angularly displaced relative to one
another may be used. Alternatively, in other embodi-
ments, the bearing by which the pistons 30 are coupled
to the swash plate 24 may take other forms.

[0044] As explained above, in certain advantageous
embodiments, and outer swash plate part 42 is coupled
to aninner swash plate part 44 via a bearing 46, and the
inner swash plate part 44, in turn, is attached to the shaft
40 at an angle 140 relative to the longitudinal axis 39 of
the shaft 40 that remains fixed. Accordingly, while the
bearing 46 enables the outer part 42 to not rotate along
with inner part 44 and shaft 40, the angle of inclination
of the outer part 42 will rotate along with the angle of
inclination of the inner part 44. In this way, the pistons
30 are displaced back and forth within the piston chan-
nels 32, thereby generating suction and compression
strokes.

[0045] For example, the inner part 44 may be con-
nected to the shaft 40 by a plurality of fasteners, such
as pins 48, such that the inner part 44 remains at a fixed
angle with respect to the longitudinal axis 39 of the shaft
40. In other embodiments, the inner part 44 may be oth-
erwise fixedly attached to the shaft 40, such as by weld-



7 EP 1 577 552 A2 8

ing the inner part 44 to the shaft 40, or by manufacturing
the shaft 40 such that the inner part 44 is integrally
formed therewith.

[0046] In other advantageous embodiments, as illus-
trated in Figure 5, the swash plate 24 may consist of a
single, non-rotating part 45 that is directly coupled to a
shaft 41 in such a way that it does not rotate with the
shaft 41. This may be accomplished, for example, by
providing a shaft 40 having a race 43 integrally formed
therein, and by employing a bearing assembly such as
bearing 46.

[0047] In order to eliminate the need for a separate
thrust bearing, the bearing 46 is a bearing adapted to
accommodate not only the radial load resulting from the
rotation of the shaft 40 relative to at least a portion of
the swash plate 24, but also the axial load resulting from
the sliding motion of the pistons 30 within the piston
channels 32. In certain advantageous embodiments,
this bearing comprises an angular contact bearing. As
can be seen by comparing Figure 6a (which depicts a
standard radial bearing) with Figure 6b (which depicts
an angular contact bearing), an angular contact bearing,
unlike a standard radial bearing, allows the ball 110 to
ride high on the edge of one of the raceways.

[0048] As illustrated in Figures 6B-7, this is accom-
plished by using raceways where one of the shoulders
112 is higher than the other shoulder 114, the higher
shoulder 112 of the first raceway 120 being located at
the opposite end from the higher shoulder 116 of the
second raceway 122. As a result, instead of the ball 110
contacting the raceway 120 at an angle directly perpen-
dicular to the longitudinal axis 39 of the shaft 40, the ball
110 will contact the raceway 120 at an angle 126, there-
by enabling the bearing 46 to absorb more axial load.
This angle of contact 126 is typically 15, 30, or 40 de-
grees from the normal angle of contact of a standard
radial bearing, but does not necessarily have to be one
of these specific angles.

[0049] In other embodiments, however, the bearing
46 may comprise any other bearing adapted to accom-
modate both the axial and radial loads of the compres-
sor 10. For example, as illustrated in Figure 8, the bear-
ing 46 may comprise a tapered roller bearing. In other
embodiments, where just a little more axial load accom-
modation is needed, a four point contact bearing, as
shown in Figure 9, may be used.

[0050] In certain advantageous embodiments, the
bearing assembly contains multiple angular contact
bearings side by side, commonly referred to as a duplex
bearing. For example, in some embodiments, the bear-
ing assembly may comprise a tandem duplex bearing,
as shown in Figure 10a. In these embodiments, two an-
gular contact bearings that are facing the same direction
are positioned adjacent each other in order to increase
the level of axial load that the bearing assembly is able
to accommodate.

[0051] In other embodiments where the bearing as-
sembly includes a duplex bearing—such as those
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where axial loads exist in two directions—two angular
contact bearings may be positioned adjacent each other
such the bearings are facing in opposite directions.
These arrangements serve to offset opposing axial
loads, and would be useful, for example, in double-act-
ing or two-step piston compressors. In certain embodi-
ments, as shown in Figure 10b, a face-to-face duplex
bearing is employed, which allows for a larger misalign-
ment angle. In other embodiments, as shown in Figure
10c, a back-to-back duplex bearing is employed, which
provides greater rigidity.

[0052] In some embodiments, a double row angular
contact bearing is employed, as shown in Figure 10d.
In these embodiments, two rows of angular contact
bearings are arranged with shoulders positioned similar
to that of a back-to-back duplex bearing, but the inner
and outer rings 130, 132 are each a single piece that
spans both rows of balls.

[0053] In some of these embodiments, the bearings
are shielded, as illustrated in Figure 10e. In these bear-
ings, shields 134, which, in some cases, are made of
steel, are placed at either end of the bearing in order to
keep foreign materials from entering the bearing. In oth-
er embodiments, the bearings are sealed, as illustrated
in Figure 10f. In these embodiments, seals 136 are
placed at either end of the bearing in order to both keep
out foreign materials and keep in any grease thatis used
in the bearing.

[0054] It should be understood that the foregoing is
illustrative and not limiting, and that obvious modifica-
tions may be made by those skilled in the art without
departing from the spirit of the invention. Accordingly,
reference should be made primarily to the accompany-
ing claims, rather than the foregoing specification, to de-
termine the scope of the invention.

Claims
1. A compressor, comprising:

a housing;

a shaftdisposed in said housing, said shaft hav-
ing a longitudinal axis;

an inner swash plate portion attached to said
shaft at a fixed angle relative to the longitudinal
axis of said shaft;

an outer swash plate portion coupled to said in-
ner swash plate portion; and

a bearing assembly by which said outer swash
plate portion is coupled to said inner swash
plate portion;

wherein said bearing assembly is adapted to
accommodate both the radial load and the axial

load of the swash plate portions.

2. The compressor of claim 1, characterized in that
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said inner swash plate portion is integrally formed
with said shaft.

The compressor of claim 1 or 2, characterized in
that

said housing has at least one piston channel;

said compressor further includes at least one
piston disposed in said at least one piston channel
and movable therein;

said outer swash plate portion is coupled to
said at least one piston and inclined at an angle rel-
ative to the direction of motion thereof; and

said bearing assembly is designed and ar-
ranged such that the angle at which said outer
swash plate portion is inclined relative to the direc-
tion of motion of the at least one piston remains
fixed as said shaft rotates.

The compressor of one of claims 1 to 3, character-
ized in that said bearing assembly includes an an-
gular contact bearing, a duplex bearing, a tandem
duplex bearing, a back-to-back duplex bearing, a
face-to-face duplex bearing, a double row angular
contact bearing, a shielded double row bearing, a
sealed double row bearing, a four-point contact
bearing, or a tapered roller bearing.
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