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(54)
in swash plate compressor

(57)  Avariable-capacity swash plate compressor (1)
comprising a shaft (9) passing through a crank chamber
(8) and rotatably supported at a housing (7), a swash
plate (22) that includes an opening through which the
shaft (9) is inserted, is disposed in the crank chamber (8)
and rotates synchronously with rotation of the shaft (9),
pistons (18), each held at a circumferential edge of the
swash plate (22), which slides reciprocally in a cylinder
bore (17) as the swash plate (22) rotates, and shoes (24),
disposed between one of the two side surfaces of the
swash plate (22) and an engaging portion of the piston
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Swash plate compressor and surface treatment method for treating surface of swash plate

(18) which slides in contact against both the swash plate
(22) and the piston (18).

The swash plate (22) is constituted of an iron-based
material.

The sliding contact surfaces of the swash plate (22)
that slide in contact against shoes (24) undergo a gas
soft-nitriding process, a removal process executed after
the soft-nitriding process in order to remove a nitride-
containing compound layer while retaining a hardened
layer having been formed through the soft-nitriding proc-
ess, and a coating process executed after the removal
process to form a coating constituted of a solid lubricant.

Fig. 1
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Description

[0001] The present invention relates to a swash plate
compressor that includes shoes which slide in contact
against each piston caused to move reciprocally as a
swash plate rotates, and against the swash plate, assur-
ing better wear and abrasion resistance and better slide-
ability for the swash plate and the shoes. The present
invention also relates to a surface treatment method that
may be adopted when treating a surface of the swash
plate of such a swash plate compressor.

[0002] A swash plate compressor, utilized in a wide
range of applications as a coolant compressor in an au-
tomotive air-conditioner and the like, typically
comprises : (a) a shaft passing through a crank chamber
and rotatably supported at a housing, (b) a swash plate
that includes an opening through which the shaft is in-
serted, is disposed in the crank chamber and rotates syn-
chronously with rotation of the shaft, (c) pistons, each
held at a circumferential edge of the swash plate and
caused to slide reciprocally through a cylinder bore
formed at the housing as the swash plate rotates and (d)
shoes, each disposed between one of two side surfaces
of the swash plate and an engaging portion of the piston
to slide in contact against both the swash plate and the
piston.

[0003] Suchaswash plate compressor, with the swash
plate thereof caused to rotate at high speed under a con-
siderable load, needs to assure good slideability for the
swash plate and the shoes. In other words, itis necessary
that requirements pertaining to various characteristics be
fulfilled, including a high level of lubricity so as to allow
the swash plate and the shoes to slide in contact against
each other smoothly, outstanding wear and abrasion re-
sistance so as to ensure that the swash plate and the
shoes do not wear out easily and superior anti-seizure
characteristics so that the swash plate and the shoes do
not seize up. As a means for fulfilling these requirements,
the sliding contact surfaces of the swash plate and the
shoes may be hardened or a coating constituted of a
solid lubricant may be formed at the sliding contact sur-
face of either the swash plate or the shoe.

[0004] While the swash plate may be hardened
through a quenching process, the quenching tempera-
ture is bound to be high and thus, there is a concern that
the swash plate may become warped.

[0005] As a viable alternative to the quenching proc-
ess, a soft-nitriding process through which the sliding
contact surfaces can be hardened at a temperature lower
than the quenching temperature is executed. More spe-
cifically, there is a variable-capacity swash plate com-
pressor known in the related art, comprising a rotating
member fixed to a rotating shaft, which rotates as one
with the rotating shaft, a swash plate tiltably supported
at the rotating shaft and linked to the rotating member
via a link mechanism. This latest rotates as one with the
rotating member as the rotating member rotates and pis-
tons each linked with the swash plate via shoes engaged
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in a relative rotation over sliding contact surfaces of the
swash plate. The swash plate reciprocates linearly in a
cylinder bore as the swash plate rotates, with a projecting
portion that constitutes part of the link mechanism, dis-
posed at the swash plate.

[0006] The Japanese Laid Open Patent Publication
No. H 10-196531 describes such a variable-capacity
swash plate compressor wherein the swash plate and
the projecting portion have undergone a surface treat-
ment process executed by adopting either a gas nitro-
sulfurizing treatment method or an electroless nickel-
phosphor-boron plating treatment method.

[0007] The Japanese Laid Open Patent Publication
No. 2003-42061 describes, as a specific example of an
application in which a coating process is executed to form
a solid lubricant coating, a swash plate compressor, com-
prising a rotating shaft, a swash plate supported with a
tilt by the rotating shaft, a housing that rotatably supports
the rotating shaft while disallowing displacement of the
rotating shaft along the axial direction and includes cyl-
inder bores formed at a position decentered from and
substantially parallel to the rotating shaft, pistons that
each includes a head portion slidably fitted in the cylinder
bore and an engaging portion astride a circumferential
edge portion of the swash plate and is caused to move
reciprocally as the swash plate rotates and shoes, each
disposed between one of the two side surfaces of the
swash plate and the engaging portion of the piston to
slide in contact with both the swash plate and the piston.
Besides, the swash plate is constituted of an iron-based
material with a lubricant coating formed at least at sliding
contact surfaces thereof that slide in contact against the
shoes and that the shoes are nitrified shoes with at least
part thereof constituted of an iron-based material and at
least sliding contact surface thereof located toward the
swash plate, which slides in contact against the swash
plate, having undergone a soft nitriding process.

[0008] As the nitriding process is executed while man-
ufacturing the variable capacity swash plate compressor
disclosed in the Japanese Laid Open Patent Publication
No. H10-196531, a nitride-containing compound layer is
formed at the sliding contact surfaces of the swash plate,
raising the hardness of the swash plate sliding contact
surface relative to that of the sliding contact surface of
each shoe. This gives rise to a concern that as the shoes
slide in contact against the swash plate, it may become
damaged. In addition, as the sliding contact surfaces of
the swash plate, the hardness of which has risen through
the nitriding process, is finished with a lathe, the service
life of the tool bit may be shortened.

[0009] As the swash plate and the shoes slide in con-
tact against each other, the lubricant coating formed at
the sliding contact surfaces of the swash plate in the var-
iable-capacity swash plate compressor disclosed in the
Japanese Laid Open Patent Publication No. 2003-42061
is bound to be ground off, resulting in the formation of a
dent. As the swash plate and the shoes continue sliding
against each other with the lubricant coating dented as
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described above, both the swash plate and the shoes
will be damaged and eventually, they may no longer be
able to slide in contact against each other smoothly.
[0010] In more specific terms, while the swash plate
compressor is assembled with each shoe mounted with
its surface assuming a mirror surface state with hardly
any roughness, the swash plate is mounted with its sur-
face in a coarser state compared to the shoe surfaces.
If the hardness of the swash plate is higher than each
shoe with the swash plate and the shoes assuming dif-
ferent surface conditions, as described above, the swash
plate is bound to damage the surface of the shoes and
as they continue to slide in contact against each other,
the scarred surface of each shoe will then scar the swash
plate and the lubricant coating will flake off, which will
ultimately result in poorer slideability and hastening of
wear at the swash plate and the shoes.

[0011] A primary object of the present invention having
been achieved by addressing the issues discussed
above, is to provide a swash plate compressor assuring
better wear and abrasion resistance and better slideabil-
ity for the swash plate and the shoes and also to provide
a surface treatment method that may be adopted when
treating the surface of the swash plate of such a swash
plate compressor.

[0012] The swash plate compressor according to the
present invention comprises a shaft passing through a
crank chamber and rotatably supported at a housing, a
swash plate that includes an opening through which the
shaft is inserted, is disposed in the crank chamber and
rotates synchronously with rotation of the shaft, pistons,
each held at a circumferential edge of the swash plate,
which slides reciprocally in a cylinder bore formed at the
housing as the swash plate rotates, and shoes, each dis-
posed between one of the two side surfaces of the swash
plate and an engaging portion of the piston to slide in
contact against both the swash plate and the piston, char-
acterized in that the swash plate is constituted of an iron-
based material and that sliding contact surfaces of the
swash plate that slide in contact against said shoes un-
dergoes a finish machining process, a gas soft-nitriding
process executed as a hardening treatment process fol-
lowing the finish machining process, a removal process
executed after the soft-nitriding process in order to re-
move a nitride-containing compound layer while retaining
a hardened layer having been formed through the soft-
nitriding process, and a coating process executed after
the removal process to form a coating constituted of a
solid lubricant on the sliding contact surfaces.

[0013] Through the removal process executed to re-
move the nitride-containing compound layer with the
hardness thereof higher than that of the each shoe while
retaining the hardened layer having been formed through
the nitriding process, it is ensured that the shoes do not
become damaged. At the same time, with the retained
hardened layer, a sufficient level of hardness is assured
to achieve a satisfactory degree of wear and abrasion
resistance. In addition, the presence of the solid lubricant
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coating formed at the sliding contact surfaces assure bet-
ter slideability for the swash plate and the shoes.
[0014] The swash plate compressor is further charac-
terized in that the shoes will have undergone a heat hard-
ening treatment process and that the hardness of the
swash plate will have been lowered relative to the hard-
ness of each shoe through the removal process.

[0015] With the hardness of the each shoe raised
through the heat hardening treatment process and the
hardness of the swash plate lowered relative to that of
each shoe through the removal process, the wear and
abrasion resistance of both the shoes and the swash
plate can be improved while ensuring that the shoes are
reliably protected.

[0016] Itis desirable that a shot blast process be exe-
cuted as the removal process.

[0017] The solid lubricant is caused penetrate into
minute recesses and projections formed at the sliding
contact surfaces of the swash plate through the shot blast
process, so as to further increase the adhesive strength
of the lubricant coating through an anchoring effect.
[0018] Furthermore, it is desirable that the solid lubri-
cant be a fluororesin.

[0019] The hardened layer formed at the sliding con-
tact surfaces of the swash plate assumes a high level of
affinity with a fluororesin and thus, a better lubricating
effect and a higher level of hardness will be achieved at
the same time. In other words, even if the layer consti-
tuted of solid lubricant partially peels off, a condition in
which the hardened layer, having been formed through
the soft-nitriding process, is mixed in the lubricating layer
in a microscopic view will be assumed, thereby achieving
both the lubricating effect and the anti-wear effect, which
ultimately makes it possible to prevent the swash plate
and the shoes from seizing.

[0020] In addition, it is desirable that the surface treat-
ment method to be adopted when treating a surface of a
swash plate in a swash plate compressor comprising a
shaft passing through a crank chamber and rotatably
supported at a housing, the swash plate that includes an
opening through which the shaft is inserted, is disposed
in the crank chamber and rotates synchronously with ro-
tation of the shaft, pistons, each held at a circumferential
edge of the swash plate, which slides reciprocally in a
cylinder bore formed at the housing as the swash plate
rotates, and shoes, each disposed between one of the
two side surfaces of the swash plate and an engaging
portion of the piston to slide in contact against both the
swash plate and the piston, with the swash plate consti-
tuted of an iron-based material comprise a step in which
a finish machining process is executed to finish sliding
contact surfaces of the swash plate to slide in contact
against said shoes, a step in which a soft-nitriding proc-
ess is executed on the sliding contact surfaces having
undergone the finish machining process, a step in which
aremoval process is executed on the sliding contact sur-
faces having undergone the soft-nitriding process so as
to remove a nitride-containing compound while retaining
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a hardened layer, having been formed through the soft-
nitriding process, and a step in which a coating process
is executed on the sliding contact surfaces having un-
dergone the removal process so as to form a coating
constituted of a solid lubricant.

[0021] By executing the finish machining process step
prior to the soft-nitriding process step, the swash plate
can be machined in a state in which its hardness is low
and thus the machinability of the swash plate is improved.
Furthermore, by executing the finish machining process
prior to the soft-nitriding process, the need to execute a
nitride-preventing process is eliminated, making it pos-
sible to lower the manufacturing cost.

[0022] Itis desirable that a shotblast process be exe-
cuted as the removal process.

[0023] According to the present invention described
above, after the sliding contact surfaces of the swash
plate that slides in contact with the shoes undergoes the
soft-nitriding process, a removal process is executed to
remove the nitride-containing compound while retaining
the hardened layer, having been formed through the soft-
nitriding process and then, following the removal proc-
ess, a coating process is executed to form a solid lubri-
cant coating. As a result, better wear and abrasion re-
sistance and better slideability are assured for the swash
plate and the shoes, making it possible to effectively pre-
vent seizure.

[0024] In addition, by raising the hardness of each
shoe through a heat hardening treatment process and
also adjusting the hardness of the swash plate to a level
lower than that of each shoe, the wear and abrasion re-
sistance of both the shoes and the swash plate can be
improved since the shoes are not subjected to any risk
of damage.

[0025] Furthermore, the anchoring effect achieved
through the shotblast process prevents the self-lubricat-
ing material from peeling off.

[0026] Moreover, by using a self-lubricating material
constituted of a fluororesin, which demonstrates a high
level of affinity with the hardened layer constituted of the
nitride-containing compound, better lubrication and
greater hardness can be achieved.

[0027] In addition, through the soft-nitriding process
executed after the finish machining process, an improve-
ment in the machinability is achieved, which, in turn,
lengthens the cycles over which wear-out tools must be
replaced, thus making it possible to keep down the pro-
duction costs. Furthermore, since the need to execute
an additional process such as nitride-preventing process
is eliminated, the manufacturing cost can be further re-
duced.

[Brief description of the drawings]

[0028] FIG. 1isadiagram showing the structure adopt-
ed in a swash plate compressor.

[0029] FIG. 2 is an enlarged view of a sliding contact
surface of the swash plate that slides in contact against
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shoes.

[0030] FIG. 3is a graph of the hardness of the swash
plate in the swash type compressor.

[0031] FIG. 4 presents a flowchart of manufacturing
processes through which the swash plate in the swash
plate compressor is manufactured.

[Description of embodiment]

[0032] The following is a description of the swash plate
compressor according to the present invention, given in
reference to the drawings.

[0033] As shown in FIG. 1, a variable capacity swash
plate compressor 1 according to the present invention
includes a cylinder block 2, a rear head 4 mounted on
the rear side (on the right side in the figure) of the cylinder
block 2 via a valve plate 3, and a front head 5 mounted
so as to close off the front side (the left side in the figure)
of the cylinder block 2. The front head 5, the cylinder
block 2, the valve plate 3 and the rear head 4, fastened
together along the axial direction with fastening bolts 6,
together constitute a housing 7 that houses the entire
compressor.

[0034] In acrank chamber 8 defined by the front head
5 and the cylinder block 2, a shaft 9, one end of which
projects out from the front head 5, is housed. A relay
member 11 mounted along the axial direction with a bolt
10 is fixed to the portion of the shaft 9 projecting out of
the front head 5, and a drive pulley 12, which is rotatably
fitted over an end of the front head 5 and linked to the
vehicle engine via a belt, is fastened to the relay member
11 via locking means such as screws. The one end of
the shaft 9 is sealed via a seal member 13 disposed be-
tween the one end of the shaft 9 and the front head 5 so
as to assure a high level of airtightness between the one
end and the front head 5. The one end of the shaft 9 is
also rotatably supported by a radial bearing 14, whereas
the other end of the shaft 9 is rotatably supported by a
radial bearing 15 housed inside the cylinder block 2.
[0035] Atthe cylinderblock 2, a through hole 16, where
the radial bearing 15 is housed, and a plurality of cylinder
bores 17, set over equal intervals on the circumference
of a circle centered on the through hole 16, are formed.
Each piston 18 is inserted in each cylinder bore 17 so as
to be allowed to reciprocally slide in the cylinder bore 17.
The piston 18, formed as a hollow member, includes a
head portion 18a to be inserted into the cylinder bore 17
connected along the axial direction to an engaging por-
tion 18b to project out into the crank chamber.

[0036] Athrustflange 19, which is to rotate as one with
the shaft 9 is fixed to the shaft 9 within the crank chamber
8. This thrust flange 19 is rotatably supported at the front
head 5 via a thrust bearing 20 so as to be allowed to
rotate freely relative to the front head 5 and the swash
plate 22 is linked to the thrust flange 19 via a link member
21. The swash plate 22, mounted tiltably to allow a tilting
motion centered on a hinge ball 23 disposed on the shaft
9, rotates as one with the thrust flange 19 by syncing with



7 EP 2 458 212 A2 8

the rotation of the thrust flange 19. The circumferential
edge portion of the swash plate 22 is held at the engaging
portion 18b of each piston 18 via a pair of shoes 24 dis-
posed at the front and rear sides of the swash plate 22.
[0037] Thus, as the shaft 9 rotates, the swash plate 22
also rotates, the rotating motion of the swash plate 32 is
converted to linear reciprocal motion of the pistons 18
via the shoes 24 and, as a result, the volumetric capacity
of a compression space formed between the piston 18
and the valve plate 3 inside each cylinder bore changes.
[0038] At the valve plate 3, a suction hole 25 and a
discharge hole 26 are formed in correspondence to each
cylinder bore 17, whereas a suction chamber 27 where
a working fluid to be supplied into the compression spac-
es is stored and a discharge chamber 28 where the work-
ing fluid discharged from the compression spaces is
stored are defined at the rear head 4. The suction cham-
ber 27, formed in a central area of the rear head 4, is in
communication with a suction port 29 communicating
with the outlet side of an evaporator and is also allowed
to communicate with the compression spaces via the
suction holes 25 formed at the valve plate 3. In addition,
the discharge chamber 28, formed continuously around
the suction chamber 27, is in communication with a dis-
charge port communicating with the intake side of the
condenser (not shown) and is also allowed to communi-
cate with the compression spaces via the discharge holes
26 formed at the valve plate 3. The suction holes 25 are
each opened or closed with a suction valve 30 disposed
at an end surface of the valve plate 3 located on the front
side, whereas the discharge holes 26 are each opened
or closed with a discharge valve 31 disposed at an end
surface of the valve plate 3 located on the rear side.
[0039] AsshowninFIG.1andFIG.2, the shoes 24 are
each formed in a spherical crown shape and include a
piston-side sliding contact surface 32, which achieves a
convex spherical contour and slides in contact against a
piston 18, and a swash plate side sliding contact surface
33, which is a flat surface and slides in contact against
the swash plate 22. The pair of shoes 24, are each slid-
ably held at the piston-side sliding contact surface 32
thereof so as to slide in contact against the concave
spherical surfaces of a piston 18. The swash plate side
sliding contact surfaces 33 of the shoes 24 slide in contact
with the swash plate 22 at sliding contact surfaces 34 ,
35 located on the both sides of the outer portion of the
swash plate 22. That is, the outer portion of the swash
plate is sandwiched between the pair of shoes 24.
[0040] The shoe 24 is manufactured by forging a raw
part from a blank made of bearing steel such as SUJ2,
hardening (quenching) the raw part in a hardening treat-
ment process and then polishing the sliding contact sur-
faces. Through the hardening process, their hardness is
raised to approximately 850 Hv.

[0041] At the swash plate 22, a hardened layer 36 is
formed at both the sliding contact surfaces 34, 35 that
slide in contact against the shoes 24. A lubricant coating
37 constituted of a self-lubricating material is formed over
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the surface of the hardened layer 36. It is to be noted that
FIG. 2 shows the hardened layer 36 and the lubricant
coating 37 with their thicknesses exaggerated so as to
provide a clear illustration.

[0042] The hardened layer 36 is constituted with a dif-
fusion layer formed by removing the nitride-containing
compound layer having been formed at the outermost
surface through a gas soft-nitriding process. More spe-
cifically, it is constituted with a layer formed with nitrogen
atoms having entered and dissolved between atoms
forming a ferrite metal crystal lattice in the forged iron
material used to constitute the swash plate or a layer
formed by depositing a dispersed nitride of an added el-
ement onto a parent phase with nitrogen dissolved there-
in.

[0043] The sliding contact surfaces 34 and 35 undergo
the gas soft-nitriding process executed by diffusing a ni-
trogen gas through an ammonia gas atmosphere at ap-
proximately 500 to 600°C so as to form a nitride-contain-
ing compound layer (with a thickness of approximately
0.01 mm) over their outermost surfaces and to form a
hardened layer 36 underneath the nitride-containing
compound layer. As FIG. 3 indicates, the hardness of the
nitride-containing compound layer at approximately 1000
Hv is higher than the hardness of the swash plate side
sliding contact surface 33 of each shoe 24 and thus, as
the shoe 24 slides in contact against the swash plate 22
at high speed, the swash plate side sliding contact sur-
face 33 of the shoe 24 may become scarred. For this
reason, the sliding contact surfaces 34 and 35 are formed
so as to expose the hardened layer 36 with a hardness
of approximately 600 Hv located directly underneath the
compound layer by removing only the nitride-containing
compound layer. Consequently, a sufficient level of hard-
ness (550 Hv or higher), required to assure satisfactory
wear and abrasion tolerance, is achieved while keeping
the hardness lower than that of the swash plate side slid-
ing contact surface 33 of each shoe 24.

[0044] In addition, it is desirable to form the lubricant
coating 37 by using a solid lubricant constituted of a fluor-
oresin so as to assure a high level of affinity with the
hardened layer 36. Such a fluororesin may be, for in-
stance, polytetrafluoroethylene (tetra fluororesin: PTFE),
polychloro trifluoroethylene (trifluororesin: PCTFE, CT-
FE), polyvinylidene fluoride (PVDF), polyvinyl fluoride
(PVF), perfluoroalchoxy fluororesin (PFA), tetrafluor-
oethylene - hexafluoride propylene copolymer (FEP),
ethylene - tetrafluoroethylene copolymer (ETFE), ethyl-
ene-chlorotrifluoroethylene copolymer (ECTFE) or the
like.

[0045] The swash plate 22 is formed by machining an
iron-based cast material such as FCD 600. In more spe-
cific terms, it is manufactured through the steps shown
in FIG. 4.

[0046] Namely, A rough machining process by using
a lathe is executed (S101) so as to form the rough part
of the swash plate 22 having been molded through cast-
ing into a shape closer to the ultimate shape. Then, the
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sliding contact surfaces 34 and 35 to slide in contact
against the shoes 24 undergo a finish machining process
(S102) by using a lathe so as to further improve the di-
mensional accuracy. In addition, a gas soft-nitriding proc-
essis executed (S103) so as to harden the sliding contact
surfaces, and then a shotblast process is executed
(S104) in order to remove the nitride-containing com-
pound having been formed through the gas soft-nitriding
process. Subsequently, a fluororesin coating process is
executed (S105) so as to form a lubricant coating 37 at
the sliding contact surfaces 34 and 35.

[0047] Itistobe noted thatthrough the fluororesin coat-
ing process executed in step S105 following the shot blast
process in step S104, the fluororesin is caused to pene-
trate the minute recesses formed at the sliding contact
surfaces 34, 35 through the shot blast process. As a re-
sult, an effect commonly referred to as an anchoring ef-
fect, whereby the lubricant coating 37 formed with the
fluororesin adheres more securely to the sliding contact
surfaces 34, 35 having undergone the shot blast process,
is achieved. Consequently, peeling of the lubricant coat-
ing 37 is prevented more reliably.

[0048] In addition, even if the lubricant coating 37 par-
tially peels off as the swash plate 22 slides in contact
against the shoes, the high level of affinity between the
hardened layer 36 and the lubricant coating 37 allows
thefluororesin, having entered the recesses as described
above, to be mixed into the hardened layer 36 at a mi-
croscopic level, making it possible to achieve improve-
ment in both lubrication and hardness.

[0049] Furthermore, by executing the finish machining
process in step S102 prior to the soft-nitriding process
executed in step S103, any damage that may be induced
at the tool bit of the lathe is minimized, so as to lengthen
the cycles over which the tool bit needs to be replaced.

[Explanation of reference numerals]

[0050]

1 swash plate compressor
2 cylinder block

7 housing

8 crank chamber

9 shaft

17 cylinder bore

18 piston

22 swash plate

24 shoe
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34,35 sliding contact surface (swash plate)
36 hardened layer

37 lubricant coating

Claims

1. A swash plate compressor, comprising : a shaft
passing through a crank chamber and rotatably sup-
ported at a housing; a swash plate that includes an
opening through which said shaft is inserted, is dis-
posed in said crank chamber and rotates synchro-
nously with rotation of said shaft; pistons, each held
at a circumferential edge of said swash plate, which
slides reciprocally in a cylinder bore formed at said
housing as said swash plate rotates; and shoes,
each disposed between one of two side surfaces of
said swash plate and an engaging portion of said
piston to slide in contact against both said swash
plate and said piston, characterized in that :

- the said swash plate is constituted of an iron-
based material; and

- the sliding contact surfaces of said swash plate
that slide in contact against said shoes under-
goes a finish machining process, a gas soft-ni-
triding process executed as a hardening treat-
ment process following said finish machining
process, a removal process executed after said
soft-nitriding process in order to remove a ni-
tride-containing compound layer while retaining
a hardened layer having been formed through
said soft-nitriding process, and a coating proc-
ess executed after said removal process to form
a coating constituted of a solid lubricant on the
each sliding contact surface.

2. A swash plate compressor according to claim 1,
characterized in that:

-the said shoes will have undergone aheat hard-
ening treatment process; and

- the hardness of said swash plate is brought
down through said removal process to a level
lower than the hardness of each shoe.

3. A swash plate compressor according to claim 1 or
2, characterized in that a shotblast process is ex-
ecuted as said removal process.

4. A swash the compressor according to any one of
claims 1 through 3, characterized in that the said
solid lubricant is a fluororesin.

5. A surface treatment method adopted when treating
a surface of a swash plate in a swash plate compres-
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sor constituted with a shaft passing through a crank
chamber and rotatably supported at a housing, a
swash plate that includes an opening through which
said shaft is inserted is disposed in said crank cham-
ber and rotates synchronously with said shaft, pis-
tons, each held at a circumferential edge of said
swash plate, which slides reciprocally in a cylinder
bore formed at said housing as said swash plate ro-
tates, and shoes, each disposed between one of two
side surfaces of said swash plate and an engaging
portion of said piston to slide in contact against both
said swash plate and said piston, with said swash
plate formed by using an iron-based material, char-
acterized in that :

- a step in which a finish machining process is
executed to finish sliding contact surfaces of
said swash plate to slide in contact against said
shoes;

- a step in which a soft-nitriding process is exe-
cuted on said sliding contact surfaces having
undergone said finish machining process;

- a step in which a removal process is executed
on said sliding contact surfaces having under-
gone said soft-nitriding process so as to remove
a nitride-containing compound while retaining a
hardened layer, having been formed through
said soft-nitriding process; and

- a step in which a coating process is executed
on said each sliding contact surface having un-
dergone said removal process so as to form a
coating constituted of a solid lubricant.

A surface treatment method adopted when treating
asurface of a swash plate in a swash plate compres-
sor according to claim 5, characterized in that a
shotblast process is executed as said removal proc-
ess.
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Fig. 2
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Fig. 4
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