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DECLARATION IN SUPPORT OF A CONVENTION
: APPLICATION FOR A PATENT

In support of the convention application made for a patent for an invention
entitled: MWobble Plate Type Compressor

I, Masayoshi Ushikubo, of c/o Sanden Corporation, 20 Kotobuki-cho,
Isesaki-shi, Gunma, 372 Japan, do solemnly and sincerely declare as follows:

TO:

I am authorised by Sanden Corporation, the applicant for the patent, to
make this declaration on its behalf.

The basic application as defined by Section 141 of the Act was made in
Japan on 20 July 1987 by Sanden Corporation.

Kiyoshi Terauchi, of 8-14 Heiwa-cho, Isesaki-shi, Gunma, 372 Japan;
Shigemi Shimizu, of 425 Higashiarai, Sakai-machi, Sawa-gun, Gunma,
370-01, Japan; and Hidehiko Shimizu, of 308 Nishi-Kokubu, Gunma-machi,
Gunma-gun, Gunma, 370-35, Japan are the actual inventors of the
invention and the facts upon which the applicant is entitled to make the
application are as follows:

The said applicant is the assignee of the actual inventors.

The basic application referred to in paragraph 2 of this Declaraton was
the first application made in a Convention country in respect of the
invention the subject of the application.
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International Patent Classification(s)
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(21) Application No. : 19260/8. (22) Appiication Date : 21.07.88
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(31) Number (32) Date (33) Country
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(71) Applicant(s)
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(72) Inventor(s)
KIYOSHI TERAUCHI; SHIGEMI SHIMIZU; HIDEHIKO SHIMIZU

(74) Attorney or Agent "
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(56) Prior Art Documents
US 4042309

(57) Claim

1. A refrigerant compressor in which pistons are reciprocated
within respective cylinders by a wobble plate member driven by an inclined
rotor member secured on an irner end of a drive shaft, said wobble piate
member being adjacently disposed relative to and relatively rotatably borne
on an inclining surface of said rotor member, an anti-friction thrust
bearing assembly being mounted between said inclining surface of said
inclined rotor member and an end surface of said wobble plate member facing
said inclining surface of said inclined rotor member, said anti-friction
thrust bearing assembly comprising first and -econd annular race mem*2ars
and an annular rolling element cage assembly, said first annular race
member being disposed on said end surface of said wobble plate member, and
said second annular race member being disposed on said inclining surface of
said inclined rotor member, characterized by: securing means for fixedly
disposing said first annular race on said end surface of said wobble plate
member, said securing means including: an annular recess formed in said end
surface of said wobbie plate member for receiving said first annular race
member; a plurality of small cut-out portions formed in the peripheral
surface of said first annular race member; and a plurality of radial
projections formed in said surface of said wobble plate member, each of
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said radial projections being positicned adjacent to, and firmly engaging,
a respective cne of said plurality of cut-out portions to prevent radial
movement of said first annular race member.
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TECHNICAL FIELD

This invention relates to a refrigerant compressor, and more
particularly, to a wobble plate type refrigevant cepressor in which pistons
are reciprocated by a wobble plate driven by a rotor which is secured on a
drive shaft.
BACKGROUND OF THE INVENTION

In a wobble plate type compressor of the kind described in U.S. Patent
No. 4,042,309, the rotor is wedge-shaped and is sandwiched between the
wobble plate and a front plate of the compressor which rotatably supports
the drive shaft. The wobble plate compressor is small in volume and is

suitable for an automotive air conditioning system.

The compressor shown in the above-identified U.S. patent is provided
with two anti-friction thrust bearing assemblies having a pair of annular
race members and a rolling element cage assembly sandwiched between the
annular race members. One of the thrust bearing assemblies is disposad
between the front end plate of the compressor housing and the rotor to take
up thrust load on the rotor, and the other bearing assembly is disposed
between the rotor and the wobble plate. As a result, frictionless driving
of the wobble plate is provided.

A plurality of radial projections is formed on the surface of the
annular race members and the projections are received in a plurality of
depressions formed in the front end plate, the rotor and the wobble plate,
which 1imit the radial movement of the annular race members. When thus
positioned, a small radial gap exists between each annular race member and
each depression so that appropriate play is provided between the race
member and the supporting structure, i.e., the rotor, wobble plate and
front end plate.

Typically in a wobble plate type compressor, a rotation-preventing
mechanism for converting the rotating motion of the rotor to wobbling motion
of the wobble plate is provided in the form of an angular motion converting
mechanism. However, it is difficult with these kinds of motion converting
mechanisms to obtain an angular motion conversion with perfectly regular
angular velocity. Thus, when the drive shaft rotates at high speeds, a
fluctuating torque occurs which tends to cause radial vibration of the
wobble plate. This fluctuating torque is increased by the fluctuating
torque which results from compressing refrigerant gas. MWhen the fluctuating
torque exceeds a certain value, the wobble plate begins a radial vikiation,
the amplitude of which is determined by the amount of play in the rotation-
preventing mechanism.
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In the above-mentioned compressor (shown in U.S. Patent 4,042,309),
the annular race member disposed on the wobble plate will also begin to
vibrate radially with the radial vibration of the wobble plate. As a
result, and because only a small radial gap will normally exist between the
annular race member and the wobble plate, the radial projections formed in
the annular race member collide with the depressions formed in the wobble
plate. Thus, after several hours of operation, a radial projection of the
annular race member, which is made of steel, may thrust through a side wall
of the depression of the wobble plate, which is made of aluminum alloy, or
the radial projection may be broken, causing serious damage to the wobble
plate and bearing assembly. In addition, the noise that results from the
collision between the radial projection and the depression is not
negligible.

These problems become more noticeable depending upon the extent to
which the rotation-preventing mechanism achieves angular motion conversion
with irregular angular velocity. In this regard, use of a rotation-
preventing mechanism which includes a guide rail element disposed in the
compressor housing and a slider element slidably disposed onto the guide
rail element (such as shown in U.S. Patent 3,552,886) will result in more
irregula- angular velocity than a rotation-preventing mechanism which
includes a pair of intermeshing gear-like elements (also shown in U.S.
Patent 3,552,886.) Yet, the former rotation-preventing mechanism is
necessary for a wobble plate type variable displacement compressor of the
type shown in U.S. Patent 4,073,603. For this reason, solving the above-
mentioned problems becomes particularly important.

SUMMARY OF THE INVENTION

It is a primary object of this invention to provide a wobble plate
type compressor with an impoved arrangement of the anti-friction thrust
bearing assembly between the rotor member and the wobble plate member which
prevents damage to the bearing assembly and wobble plate, and which also
prevents noise caused oy the rotating motion of the race member.

According to this invention, a refrigerant wobble plate type
compressor includes pistons which are reciprocated within respective
cylinders by a wobble plate member. The wobble plate member is adjacently
disposed relative to and relatively rotatably borne on an inclining surface
of an inclined rotor member. The inclined rotor member is secured on an
inner end of a drive shaft. First and second end plates are mounted on one
end and an opposite end of a compressor housing respectively. The first
end plate comprises inlet and outlet ports, and defines discharge and
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sucticn chambers. The drive shaft is rotatably borne in the second end
plate and extends from the exterior to the interior of the compressor
housing. A first anti-friction thrust bearing assembly is mounted between
an inner end surface of the second end plate and an opposite end of the
inclining surface of the inclined rotor member. A second anti-friction
thrust bearing assembly is mounted between the inclining surface of the
inclined rotor member and an end surface of the wobble plate member facing
the inclining surface of the inclined rotor member. The second
anti-friction thrust bearing assembly comprises first and second annular
race members and an annular rolling element cage assembly. The first
annular race member is fixedly disposed on the end surface of the wobble
plate member, and the second annular race member is disposed on the
inclining surface of the inclined rotcr member.

This invention in a further form provides a method for fixedly
disposing an annular race member of an anti-friction thrust bearing
assembly on an end surface of a wobble plate member of a refrigerant
compressor comprising the steps of:

forming an annular recess in said end surface of said wobble plate
member for receiving said annular race member;

forming a plurality of cut-out portions in the peripheral surface of
the annuiar race member;

forming a plurality of radial projections in said surface of said
wobble plate member; and

positioning each of said radial projections adjacent, and firmly
engaging, a respective one of said plurality of cut-out portions to prevent
circumferential movement of said annular race member.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical longitudinal sectional view of a wobble plate
type compressor in accordance with one embodiment of this invention.

Figure 2 is a plan view of the first annular race member of the
second anti-friction thrust bearing assembly.

Figure 3 is a plan view of the first annular rage member shown in
Figure 2 secured to one end surface of the wobble piate by caulking.

Figure 4 is a perspective illustration of the first annular race
member shown in Figure 2.
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Figure 5 is a perspective illustration taken along 1ine I-I of Figure
3 in which the intermeshing gear-like elements are omitted.

Figure 6 is a partial sectional view illustrating the caulking
process for securing the first annular race member to the end surface of
the wobble plate.

Figure 7 is a vertical longitudinal sectional view of a variable
displacement wobble plate type compressor in accordance with another
embodiment of this invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, a refrigerant compressor comprises a housing
10 having a cylinder block 11 at one end thereof and a hollow portion 12 at
the other end. Hollow portion 12 mounts a front end plate 13 by means of
screws (not shown). Cylinder block 11 mounts a rear end plate 14 and a
valve plate 15 by means of bolts 16.

Cylinder block 11 is formed with a plurality of cylinders 17, in
which pistons 18 are slidably positioned.

A wedge-shaped rotor 21 and a wobble plate 31 are disposed within
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hollow portion 12. MWedge-shaped rotor 21 is secured on a drive shaft 19
which is borne by a journal bearing 41 disposed within a center opening 131
of front end plate 13. Thus, wedge-shaped rotor 21 is rotated by rotation
of drive shaft 19.

Wobble plate 31 is connected with pistons 18 by connecting rods 32

and is adjacently disposed on an inclining surface of wedge-shaped rotor 21.

A rotation-preventing mechanism 33, compising a pair of intermeshing gear-
like elements 33a, 33b and a ball element 33c, maintains wobbling motion of
wobble plate 31. Thus, pistons 18, are reciprocated within cylinders 17 by
the rotation of drive shaft 19.

A suction chamber 141 and a discharge chamber 142 are defined by a
partition wall 143 axially projected from an inner surface of rear end
plate 14. An inlet port 141a communicating between suction chamber 141 and
an external fluid circuit (not shown) and an outlet port 142a communicating
between discharge chamber 142 and the external circuit are formed in rear
end plate 14.

Valve plate 15 is provided with a plurality of valved suction ports
151 connected between suction chamber 141 and respective cylinders 17, and
a plurality of valved discharge ports 152 connected between discharge
chamber 142 and respective cylinders 17. Suitable reed valves for suction
port 151 and discharge port 152 are described in U.S. Patent 4,011,029
issued by Shimizu. Gaskets 153 and 154 are place between cylinder block 11
and an inner surface of valve plate 15, and between an outer surface of
valve plate 15 and rear end plate 14, respectively, to seal the mating
surfaces of valve plate 15 and cylinder block 11 and rear end plate 14.

A first anti-friction thrust bearing assembly 51 is mounted within a
first annular space 61 which is defined by a first annular recess 62 formed
in one end of the inclining surface of wedge-shaped rotor 21, and a second
annular recess 63 formed in an inner surface of front end plate 13. First
anti-friction thrust bearing assembly 51 comprises first and second annular
race members 52, 53 which are disposed within first and second annular
recesses 62, 63 respectively, and an annular needle roller cage assembly 54
sandwiched between first and second annular race members 52, 53.

A second anti-friction thrust bearing assembly 71 is mounted within a
second annular space 81 which is defined by a third annular recess 82
formed in ar end surface of wobble plate 31 facing the inclining surface of
wedge-shaped rotor 21, and a fourth annular recess 83 formed in the
inclining surface of wedge-shaned rotor 21. Second anti-friction thrust
bearing assembly 71 comprises third and fourth annular race members 72, 73
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disposed within third and fourth annular recesses 82, 83 respectively and an
annular needle roller cage assembly 74 sandwiched between third and fourth
annular race members 72, 73.

Referring to Figures 2 to 6, the structure of third annular race
member 72 of second anti-friction thrust bearing assembly 71 and the method
of fixedly securing the race member to the end surface of wobble plate 31
are shown.

As shown in the figures, a method for fixedly securing annular race
member 72 to the end surface of wobble plate 31 comprises the following
steps:

Step 1: Forming an annular recess 82, having an inner diameter
slightly smaller than the inner diameter of annular race member 72, in the
end surface of wobble plate 31 facing the inclining surface of wedge-shaped
rotor 21. An annular convex portion 34, having an outer diameter slightly
smaller than the inner diameter of annular race member 72, will also be
formed in the surface of wobble plate 31 as a result of forming recess 82.

Step 2: Forming a plurality of semi-circular cut-out portions 35
located along the inner peripheral surface of annular race member 72 at
radially regular intervals.

Step 3: Disposing annular race member 72 on annular recess 82.

Step 4: Simultaneously forming a plurality of radial projections 35,
located adjacent semi-circular cut-out portions 35, in annular convex
portion 34.

In step 4, a tool 37 for caulking compries an annular ring member 371
and a plurality of blade members 372 which axially project from annular
ring member 371 at radially regular intervals. Caulking tool 37 is
controlled to move in the direction of an arrow 38, shown in Figure 6, and
thrusts into annular convex portion 34 to form radial projections 36, each
of which firmly engages an adjacent semi-circular cut-off portion 35. As a
result, annular race member 72 is firmly secured to the end surface of
wobble plate 31. Indents 39 are also formed in annular convex portion 34
as a result of forming radial projections 36.

By thus securing annular race member 72 to the wobble plate, the
problems associated with radial vibration of annular race member 72,
described above, are prevented.

Referring to Figure 7, another embodiment of this invention is shown.
In this embodiment, the present securing structure is applied to a variable
displacement wobble plate type compressor tiich includes a rotation-
preventing mechanism comprising a quide rail element 91 disposed in a

SBR/TGK/1230P -6-




housing 10 and a slider element 92 slidably disposed onto guide rail
element 91.

Though in the described embodiments, the securing structure is
located along the inner peripheral surface of annular race member 72, it
should be understood that the securing structure can also be adapted for
the outer peripheral surface of the annular race member. It is also
possible to provide similar securing structure for annular race members 73,
52 and 53.

This invention has been descriled in detail in connection with the
prefered embodiments. These embodiments, however, are merely for example
only and the invention is not restricted thereto. It will be easily
understood by those skilled in the art that other variations and
modifications can easily be made within the scope of this invention as
defined by the apended claims.
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The claims defining the invention are as follows:

1. A refrigerant compressor in which pistons are reciprocated
within respective cylinders by a wobble plate member driven by an inclined
rotor member secured on an inner end of a drive shaft, said wobble plate
member being adjacently disposed relative to and relatively rotatably borne
on anh inclining surface of said rotor member, an anti-friction thrust
bearing assembly being mounted between said inclining surface of said
inclined rotor member and an end surface of said wobble plate member facing
said inclining surface of said inclined rotor member, said anti-friction
thrust bearing assembly comprising first and second annular race members
and an annular rolling element cage assembly, said first annular race
member being disposed on said end surface of said wobble plate member, and
said second annular race member being disposed on said inclining surface of
said inclined rotor member, characterized by: securing means for fixedly
disposing said first annular race on said end surface of said wobble plate
member, said securing means including: an annular recess formed in said end
surface of said wobble plate member for receiving said first annular race
member; a plurality of small cut-out portions formed in the peripheral
surface of said first annular race member; and a plurality of radial
projections formed in said surface of said wobble plate member, each of
said radial projections being positioned adjacent to, and firmly engaging,
a respective one of said plurality of cut-out portions to prevent radial
movement of said first annular race member.

2. The refrigerant compressor of claim 1 wherein said cut-out
portions are positioned along the inner peripheral surface of said first
annular race member.

3. The refrigerant compressor of claim 1 wherein the configuration
of each of said cut-out portions is semi-circular.

4, The refrigerant compressor of claim 1 wherein at least three
cut-out portions are positioned along the peripheral surface of said first
annular race member.

5. The refrigerant compressor of claim 1 wherein said cut-out
portions are positioned at circumferentially regular intervals along the
peripheral surface of said first annular race member.

6. A method for fixedly disposing an annular race member of an
anti-friction thrust bearing assembly on an end surface of a wobble plate
member of a refrigerant compressor comprising the steps of:
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forming an annular recess in said end surface of said wobble plate
member for receiving said annular race member;

forming a plurality of cut-out portions in the peripheral surface of
the annular race member;

forming a plurality of radial projections in said surface of said
wobble plate member; and

positioning each of said radial projections adjacent, and firmly
engaging, a respective one of said plurality of cut-out portions to prevent
circumferential movement of said annular race member.

7. The method of claim 6 wherein said cut-out portions are formed
in the inner peripheral surface of said annular race member.

8. The method of claim 6 wherein each of said cut-out portions is
formed in a semi-circular configuration.

9. The method of claim 6 wherein at Teast three cut-out portions
are formed in the peripheral surface of said annular race member.

10. The method of claim 9 wherein said cut-out portions are formed
at circumferentially regular intervals.

11. The method of claim 6 furthsr comprising the step of forming an
annular recess in said end surface of said wobble plate member for
receiving said annular race member.

12. The method of claim 6 wherein said cut-out portions are secured
to said end surface of said wobble plate member by caulking.

13. A refrigerant compressor substantially as described herein with
reference to and as illustrated by Figures 1 to 6 or Figure 7 of the
accompanying drawings.

14. A method as defined in claim 6 and substantially as defined
herein with reference to Figures 1 to 6 of the accompanying drawings.

DATED this SEVENTH day of NOVEMBER 1990
Sanden Corporation

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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