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(54) SWASH PLATE OF SWASH PLATE TYPE COMPRESSOR

(57) A swash plate (15) of a swash plate type com-
pressor includes a slide-contact film (32, 33) having a
metal layer, which is formed on a slide-contact surface
(152, 153), which slide-contacts shoes (18), through sin-
tering, and a resin layer (322, 332), which is formed on

the metal layer. By using the metal layer, which is formed
through sintering, the bonding of the resin layer and the
metal layer is guaranteed, deficiencies such as cracking
of a slide film and seizure are prevented, and the slide-
contact characteristic relative to the shoes is improved.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a swash plate
type compressor, and more particularly, to a swash plate
having a surface, which contacts shoes, with a slide-
contact film formed thereon in a swash plate type com-
pressor that transmits the rotational force of the swash
plate to pistons by means of shoes to reciprocally move
the pistons.

[BACKGROUND ART]

[0002] As disclosed in Japanese Laid-Open Patent
Publication No. 2-267371, pistons of a swash plate type
compressor are reciprocally moved by the rotating ac-
tion of a swash plate, which rotates integrally with a ro-
tary shaft. Shoes are arranged between the peripheral
portion of the swash plate and the pistons. The rotational
force of the swash plate is transmitted to the pistons by
means of the shoes. The shoes, which are made of a
steel material, contact the rotating swash plate. Thus,
the slide-contact portion between the shoes and the
swash plate may wear out, and seizure may occur be-
tween the shoes and the swash plate. The slide-contact
characteristic of the swash plate with respect to the
shoes must therefore be improved. Japanese Laid-
Open Patent Publication No. 2-267371 discloses a
swash plate having a metal layer formed on the surface
of the swash plate that comes into contact with the
shoes. The metal layer is formed by sintering or spraying
a copper bearing alloy.
[0003] However, the metal layer, which is formed by
spraying the copper bearing alloy, may result in the oc-
currence of deficiencies, such as cracking of the slide-
contact film or seizure. Accordingly, Japanese Laid-
Open Patent Publication No. 2-267371 discloses a
swash plate having a resin layer, which includes a solid
lubricant, formed on the metal layer by spraying copper.
Further, the formation of a plating layer on the metal lay-
er has been proposed in the prior art. The resin layer,
which is formed by means of spraying, or the plating lay-
er contribute to preventing cracking of the slide-contact
film or seizure but do not obtain desirable results from
the viewpoint of slide-contact (sliding) characteristic
with respect to the shoes.

[DISCLOSURE OF THE INVENTION]

[0004] It is an object of the present invention to pro-
vide a swash plate of a swash plate type compressor
that prevents the occurrence of deficiencies, such as
cracking of the slide-contact film or seizure, while im-
proving the slide-contact characteristic with respect to
the shoes.
[0005] A first perspective of the present invention pro-
vides a swash plate of a swash plate type compressor

that transmits the rotating force of the swash plate,
which rotates integrally with a rotary shaft, to a piston
by means of a shoe to reciprocally move the piston. The
swash plate rotates while contact occurs between the
shoe and a slide-contact surface. The swash plate in-
cludes a slide-contact film having a metal layer, which
is formed on the slide-contact surface of the swash plate
through sintering, and a resin layer or a plating layer,
which is formed on the metal layer.
[0006] A second perspective of the present invention
provides a swash plate type compressor including a ro-
tary shaft, a swash plate rotated integrally with the rotary
shaft, a shoe that contacts a slide-contact surface of the
swash plate when the swash plate rotates, and a piston
connected to swash plate by means of the shoe. The
swash plate includes a slide-contact film having a metal
layer, which is formed on the slide-contact surface of the
swash plate through sintering, and a resin layer or a plat-
ing layer, which is formed on the metal layer.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0007]

Fig. 1(a) is a cross-sectional side view of a swash
plate type compressor according to an embodiment
of the present invention, and Fig. 1(b) is an enlarged
cross-sectional view showing the main portion of
the compressor of Fig. 1(a).

Fig. 2(a) is a front view showing a swash plate hav-
ing a surface on which a metal layer is partially
formed, and Fig. 2(b) is a front view showing the
swash plate with a resin layer formed on the surface
of the metal layer.

Fig. 3 is a side view showing an apparatus for form-
ing the metal layer.

[BEST MODE OF CARRYING OUT THE INVENTION]

[0008] A variable displacement compressor accord-
ing to an embodiment of the present invention will now
be discussed with reference to Figs. 1 to 3.
[0009] Fig. 1(a) shows the internal structure of the var-
iable displacement compressor. The variable displace-
ment compressor includes a front housing 12, which de-
fines a control pressure chamber 121, and a cylinder
block 11. A rotary shaft 13 is supported in the housings
11, 12. The rotary shaft 13 is rotated by drive force,
which is transmitted from an external drive source (e.g.,
vehicle engine). A circular rotary support 14 is secured
to the rotary shaft 13 to support a circular swash plate
15 so that the swash plate 15 is slidable and inclinable
in the axial direction of the rotary shaft 13.
[0010] A support body 151 is formed integrally with
the swash plate 15, which is made of a steel material.
Guide pins 16 are attached to the support body 151. The
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guide pins 16 are slidably fitted in guide holes 141, which
are formed in the rotary support 14. The swash plate 15
is inclinable in the axial direction of the rotary shaft 13
and integrally rotatable with the rotary shaft 13 by the
cooperation between the guide holes 141 and the guide
pins 16. The inclination of the swash plate 15 is guided
by the slide-guide relationship between the guide holes
141 and the guide pins 16, and the slide support function
of the rotary shaft 13.
[0011] The inclination angle of the swash plate 15 is
changed by controlling the pressure of the control pres-
sure chamber 121. As the pressure in the control pres-
sure chamber 121 increases, the inclination angle of the
swash plate 15 decreases. As the pressure in the control
pressure chamber 121 decreases, the inclination angle
of the swash plate 15 increases. Refrigerant flows from
the control pressure chamber 121 via a pressure releas-
ing passage, which is not shown, to a suction chamber
191, which is formed in a rear housing 19. Further, re-
frigerant is supplied from a discharge chamber 192,
which is formed in the rear housing 19, to the control
pressure chamber 121 via a pressure supply passage,
which is not shown.
[0012] A displacement control valve 25 is arranged in
the pressure supply passage. The flow rate of the refrig-
erant supplied from the discharge chamber 192 to the
control pressure chamber 121 is controlled by the dis-
placement control valve 25. When the flow rate of the
refrigerant supplied from the discharge chamber 192 to
the control pressure chamber 121 increases, the pres-
sure in the control pressure chamber 121 increases.
When the flow rate of the refrigerant supplied from the
discharge chamber 192 to the control pressure chamber
121 decreases, the pressure in the control pressure
chamber 121 decreases. Accordingly, the inclination an-
gle of the swash plate 15 is controlled by the displace-
ment control valve 25.
[0013] The maximum inclination angle of the swash
plate 15 is determined by the contact between the
swash plate 15 and the rotary support 14. The minimum
inclination angle of the swash plate 15 is determined by
the contact between a snap ring 24 on the rotary shaft
13 and the swash plate 15.
[0014] A plurality of cylinder bores 111 (only two
shown in Fig. 1(a)) are arranged about the rotary shaft
13 in the cylinder block 11. A piston 17 is retained in
each cylinder bore 111. A holding portion 171 is formed
in one end of the piston 17. A pair of opposed spherical
recess portions 172, 173 are formed in the holding por-
tion 171. As shown in Fig. 1(b), semispherical shoes 18
are held in the recess portions 172, 173 not to be spilled
therefrom.
[0015] The rotating action of the swash plate 15,
which rotates integrally with the rotary shaft 13, is con-
verted to the forward and rearward reciprocating action
of the piston 17 by the semispherical shoes 18 to move
the piston 17 forward and rearward in the cylinder bore
111. The pair of shoes 18 are made of a steel material

and slidably contact slide-contact surfaces 30, 31 of the
swash plate 15.
[0016] The reciprocating movement of the pistons 17
(movement from the right to the left, as viewed in Fig. 1
(a)) causes the refrigerant in the suction chamber 191
to open suction valves 211, which are formed in a valve
formation plate 21, and flow into the cylinder bores 111
through suction ports 201, which are formed in a valve
plate 20. The reciprocating movement of the pistons 17
(movement from the left to the right, as viewed in Fig. 1
(a)) causes the refrigerant that entered the cylinder
bores 111 to open discharge valves 221, which are
formed in a valve formation plate 22, and flow into the
discharge chamber 192 through discharge ports 202,
which are formed in the valve plate 20. The discharge
valves 221 contact retainers 231, which are formed on
a retainer formation plate 23, so that its opened degree
is restricted.
[0017] The discharge chamber 192 and the suction
chamber 191 are connected to each other by an external
refrigerant circuit 26. The refrigerant sent to the external
refrigerant circuit 26 from the discharge chamber 192
flows through a condenser 27, an expansion valve 28,
and an evaporator 29 and returns to the suction cham-
ber 191.
[0018] As shown in Figs. 1(a) and 1(b), slide-contact
films 32, 33 are formed on a front surface 152 and a rear
surface 153 of the peripheral portion of the swash plate
15. The slide-contact film 32 has a double-layer struc-
ture comprising a metal layer 321, which is formed,
through sintering, on the front surface (slide-contact sur-
face) 152 that has a slide-contact section corresponding
with the shoes 18, and a resin layer 322, which is formed
on the metal layer 321. The slide-contact film 33 has a
double-layer structure comprising a metal layer 331,
which is formed, through sintering, on the rear surface
(slide-contact surface) 153 that has a slide-contact sec-
tion corresponding with the shoes 18, and a resin layer
332, which is formed on the metal layer 331.
[0019] The metal layers 321, 331 respectively formed
on the front surface 152 and the rear surface 153, which
originally are the surfaces of substrate of the swash
plate 15, are formed from a copper material. The resin
layer 322 is made of a material obtained by dispersing
a solid lubricant in resin. In the present embodiment,
molybdenum disulfide and graphite are used as the solid
lubricant, and thermosetting polyamide imide is used as
the resin.
[0020] The metal layers 321, 331 are formed using the
apparatus shown in Fig. 3. The swash plate 15 is at-
tached to a rotary holding mechanism 35, which is ro-
tated by a motor 34 in the direction of arrow Q1. Fine
copper particles are deposited on the front surface 152
of the peripheral portion of the swash plate 15, which is
attached to the rotary holding mechanism 35, to form a
layer that is greater than or equal to a predetermined
thickness.
[0021] In Fig. 2(a), S1 denotes the layer of fine parti-
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cles deposited on the front surface 152. A roller 37,
which is attached to an output shaft 361 of the motor 36,
is moved reciprocally in directions of arrow Q2 (vertical
direction) by a space maintaining mechanism 38. The
roller 37 has the form of a truncated cone. The roller 37
is arranged so that its rotating axis extends through the
swash plate 15 near the center P of the swash plate 15
and the minimum space between the conical surface of
the roller 37 and the front surface 152 of the swash plate
15 is equal to the predetermined thickness. The motors
34, 36 are synchronously rotated, and the roller 37 rolls
along the front surface 152 of the swash plate 15 in the
circumferential direction of the swash plate 15 without
being relatively displaced. That is, the layer of copper
particles on the front surface 152 is pressed by the roller
37 so that it has the predetermined thickness. The layer
of copper particles having the predetermined thickness
is sintered in an oxygen-free state to form the metal layer
321. The thickness adjustment by the roller 37 and the
sintering treatment is also performed on the rear surface
153 of the swash plate 15 to form the metal layer 331.
[0022] Then, a fluid resin coating, which includes a
solid lubricant, is applied to the surface of the metal lay-
ers 321, 331. In Fig. 2(b), S2 denotes a coating film of
the resin coating. After drying the coating film S2, the
coating film S2 is baked and hardened at 200°C to
300°C to form the resin layers 322, 332.
[0023] The variable displacement compressor has
the advantages described below.

(1) Layers of copper metal particles are formed on
the front and rear surfaces 152, 153 of the swash
plate 15, and the layers are sintered to form intend-
ed surface with fine pits and lands in the surfaces
of the metal layers 321, 331. The fluid resin coating,
which includes a solid lubricant, enters the pits of
the surface. Accordingly, the contact area of the
metal layers 321, 331 relative to the resin coating
of the sintered surface is greater than the contact
area of a surface that does not have the pits and
lands relative to the resin coating. That is, the bond-
ing capacity of the resin coating relative to the sur-
face of the metal layers 321, 331 is high. The state
of the pits and lands in the surface of the metal lay-
ers 321, 331 is affected by the particle diameter of
the metal particles. However, the sintered surface
of the metal layers 321, 331, in which the particle
diameter of the metal particles is optimally set, has
a pit and land state that is preferable as a bonding
subject surface of resin.

Accordingly, the bonding of the resin layers
322, 332 to the metal layers 321, 331, which are
formed through sintering, is guaranteed. This ob-
tains the slide-contact films 32, 33, which have su-
perior slide-contact characteristic with respect to
the shoes 18.

(2) The layer thickness of the metal layers 321, 331

is set at about 60µm to 70µm. The layer thickness
is obtained by adjusting the thickness of the copper
particle layers, which are formed on the front and
rear surfaces 152, 153, to the desired layer thick-
ness of the metal layers 321, 331. The thickness of
the copper particle layers is set by adjusting the po-
sition of the rollers 37 relative to the front and rear
surfaces 152, 153 of the swash plate 15. Such ad-
justment of the position of roller 37 is simple. Ac-
cordingly, the desired layer thickness of the metal
layers 321, 333 is easily obtained.

(3) Since the metal layers 321, 331 have the desired
layer thickness subsequent to sintering, the metal
layers 321, 331 do not have to be ground to obtain
the desired thickness. The elimination of the grind-
ing process of the metal layers 321, 331 facilitates
the procedure for forming the slide-contact films 32,
33.

(4) Even when the sintered surfaces of the metal
layers 321, 331 are ground, the bonding capacity of
the resin coatings relative to the ground surface is
high. This is because fine pores are formed in the
metal layers 321, 331, and fine pits are produced in
the ground surface when grinding the surfaces of
the metal layers 321, 331. The fluid resin coating,
which includes a solid lubricant, enters the fine pits
and increases the contact area of the ground sur-
faces of the metal layers 321, 331 relative to the
resin coating.

(5) In comparison with a metal layer formed through
spraying, the thickness of the resin layer is uniform
when applied on the sintered metal layers 321, 331.
A metal layer, which is formed through spraying,
has relatively large pores. When such large pores
are exposed from the surface of the metal layer, the
thickness of the coating layer of the resin coating is
not uniform, and the formation of a slide-contact film
having a uniform coating thickness becomes diffi-
cult.

(6) The swash plate 15 and the shoes 18 are both
made of steel materials. Thus, if the shoes 18 were
to come into direct slide-contact with the front and
rear surfaces 152, 153, seizure would occur at an
early stage. The same type of materials is an inad-
equate combination from the viewpoint of seizure
when they come into contact with each other. Even
if the shoes 18 come into direct contact with the met-
al layers 321, 331, since the metal layers 321, 331
are made of a copper material, which differs from
the material of the shoes 18, seizure is prevented
from occurring at an early stage.

(7) A mixture of solid lubricant and resin is effective
for improving the slide-contact characteristic of a
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slide-contact film, which includes a metal layer. Par-
ticularly, the mixture of molybdenum disulfide,
graphite, and polyamide imide is extremely effective
for improving the contact characteristic of the slide-
contact films 32, 33.

(8) The front and rear surfaces 152, 153 of the
swash plate 15 are flat and are thus preferable for
uniformly depositing the layers of metal particles
with the desired thickness.

[0024] The present invention may be embodied in the
following forms without departing from the scope of the
present invention.
[0025] The resin layers may be altered to plating lay-
ers. The same effects as advantage (1) in the above em-
bodiment guarantees the bonding of the metal layers
321, 331, which are formed through sintering, with the
plating layers. For example, a nickel plating or a cobalt
plating may be given as the types of plating, and elec-
troplating, chemical plating, or electroless plating may
be given as the types of plating processes. In this case,
if a composite plating, which disperses a solid lubricant
in the plating, is formed, the slide-contact characteristic
between a swash plate and shoes is further improved.
[0026] In addition to molybdenum disulfide and graph-
ite, which are discussed above, tungsten disulfide, bo-
ron nitride, antimony oxide, indium, tin, and so forth may
be used as the solid lubricant.
[0027] A double-layer structure including a first metal
layer, which has a relative small particle diameter, and
a second metal layer, which has a relatively large parti-
cle diameter, may be formed, and a resin layer may be
formed on the second metal layer to form a slide-contact
film. The fine pits and lands in the surface of the second
metal layer increase the bonding capacity of a resin lay-
er. The metal layers of such double-layer structure is
obtained by depositing metal particles having a relative-
ly small particle diameter on the peripheral surface of
the swash plate to a predetermined thickness to form a
first deposit layer, then depositing metal particles having
a relatively large particle diameter on the first deposit
layer to a predetermined thickness to form a second de-
posit layer, and then sintering the first and second de-
posit layers. The sintering simultaneously forms two
metal layers.
[0028] An aluminum material may be formed for the
metal layers.
[0029] When forming the metal layers of the double-
layer structure with aluminum that includes silicon, it is
preferred that the silicon content of the first metal layer,
which is formed on the surface of the swash plate, be
small and that the silicon content of the second metal
layer, to which a resin layer is applied, be large. When
the silicon content is small, the bonding strength of the
first metal layer with respect to the surface of the swash
plate is large. When the silicon content is increased, the
contact characteristic of the second metal layer, to which

the resin layer is applied, is improved.
[0030] The present invention may be applied to a
swash plate made of an aluminum material to reduce
weight.
[0031] The present invention may be applied to a
swash plate of a fixed displacement swash plate type
compressor.

Claims

1. A swash plate (15) of a swash plate type compres-
sor that transmits the rotating force of the swash
plate, which rotates integrally with a rotary shaft
(13), to a piston (17) by means of a shoe (18) to
reciprocally move the piston, wherein the swash
plate rotates while slide-contact occurs between the
shoe and a slide-contact surface (152, 153), the
swash plate comprising:

a slide-contact film including a metal layer (321,
331), which is formed on the slide-contact sur-
face of the swash plate through sintering, and
a resin layer (322, 332) or a plating layer, which
is formed on the metal layer.

2. The swash plate according to claim 1, wherein the
metal layer is made of a copper material or an alu-
minum material.

3. The swash plate according to claim 1 or 2, wherein
the resin layer or the plating layer includes a solid
lubricant.

4. The swash plate according to any one of claims 1
to 3, wherein the metal layer has a surface that is
not ground, and the resin layer or the plating layer
is formed on the surface.

5. The swash plate according to any one of claims 1
to 4, wherein the swash plate is made of a steel ma-
terial.

6. A swash plate type compressor including:

a rotary shaft (13);
a swash plate (15) rotated integrally with the ro-
tary shaft;
a shoe (18) that slidably contacts a slide-con-
tact surface of the swash plate (15) when the
swash plate rotates; and
a piston (17) connected to swash plate by
means of the shoe, the swash plate comprising:

a slide-contact film including a metal layer
(321, 331), which is formed on the slide-
contact surface of the swash plate through
sintering, and a resin layer (322, 332) or a
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plating layer, which is formed on the metal
layer.

7. The swash plate type compressor according to
claim 6, wherein the metal layer is made of a copper
material or an aluminum material.

8. The swash plate type compressor according to
claim 6 or 7, wherein the resin layer or the plating
layer includes a solid lubricant.
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