
SWASH PLATE TYPE COMPRESSOR    BACKGROUND OF THE INVENTION    1.Field of
the Invention      The present invention relates to a swash plate type
compressor and, more particularly, to improved lubricating  performance of
the sliding contact surfaces of a swash  plate and a shoe of the
compressor.    2.Description of the Related Art      Hitherto, swash plate
type compressors have been used  as an apparatus for compressing
refrigerant gas in  automotive climate control systems. Such swash plate
type  compressors are equipped with a cylinder block assembly  which has a
plurality of cylinder bores provided parallel  to a drive shaft; a swash
plate secured to the drive shaft  so as to be rotated by the drive shaft in
the cylinder  block assembly; pistons slidably fitted to reciprocate in
the cylinder bores to compress the refrigerant gas; and  shoes which are
provided between the pistons and the swash  plate which reciprocate the
pistons in response to the  rotation of the swash plate.      In the above
swash plate type compressor, high load  and high sliding speed regularly
act on the -sliding  contact surfaces of the swash plate and the shoes.
Accordingly the sliding contact surfaces of the swash 



-2-   plate and the shoes are apt to become dry due to  insufficient
supply  of  lubricating  oil.   This  poses  a  problem especially where
aluminum or an aluminum alloy is  used as the base metal of the swash plate
because of its  light weight.      To solve this problem, as disclosed in
Japanese  Patent Application Laid-open No. 60-22080, at least the  swash
plate or the shoes employ aluminum or an aluminum  alloy as the base metal
with the sliding contact surface  thereof coated with an alloy which
contains molybdenum  disulfide (MoS2) as the main component.  Another
solution  has been proposed in Japanese Patent Application Laid-open  No.
2-130272, in which the surface of the swash plate is  plated with an alloy,
in which tin is the main component,  to form a surface treating layer.
In the former solution, although the solid lubricant  layer, containing
molybdenum disulfide as the main  component, exhibits good lubricating
performance, it has  such shortcomings as poor wear resistance and a short
service life.      The latter solution provides a high degree of  hardness
and accordingly good wear resistance; however, it  is disadvantageous in
that the lubricating performance is  



not as high as that of the former solution.
-3-    SUMMARY OF THE INVENTION       The present invention has been made
with a view  toward solving the problems with the prior art described
above, and it is an object of the invention to improve the  lubricating
performance of the sliding contact surfaces of  a swash plate and a shoe
and to maintain the improved  lubricating performance for a long period of
time.       To this end, according to the present invention,  there is
provided a swash plate type compressor equipped  with: a cylinder block
assembly which has a plurality of  cylinder bores provided parallel to a
drive shaft; the  drive shaft rotatably held in the cylinder block
assembly;  a swash plate which is rotatably disposed to the drive  shaft in
the cylinder block assembly; pistons slidably  disposed in the cylinder
bores; and shoes which are  slidably provided between the pistons and the
swash plate,  which reciprocate the pistons in response to the rotation  of
the swash plate; wherein the swash plate and the shoes  are in sliding
contact, a sliding contact surface of the  swash plate or the shoes being
covered with a plating  layer composed of tin or an alloy containing tin as
the  main component, and the plating layer being covered with a  coating
layer composed of molybdenum disulfide as the main 



component which surves as a solid lubricant layer.      The plating layer
composed of tin or an alloy                                 -4-
containing tin as the main component refers to an alloy  plating layer in
which the weight of tin is the greatest  among  the  other  alloy
components.   The  coating  layer  composed of molybdenum disulfide as the
main component  refers to an alloy coating layer in which the weight of
molybdenum disulfide is the greatest among the contained  components,
except for a binder.     With this arrangement, the coating layer, which
serves as solid lubricant layer, is formed on the surface  of  the  swash
plate  on  the  shoes  which  make  sliding  contact,  so  that  good
lubricating  performance  can  be  achieved.  The coating layer has the
shortcoming of poor  wear resistance;  hence,  it is possible that the
coating  layer may wear or peel after an extended period of use  because of
the high sliding contact load applied when the  pistons  reach  their  top
dead  centers.    However,  the  plating  layer  is applied  under  the
coating  layer;  the  plating  layer  exhibits  high  wear  resistance,
and  the  plating layer and the molybdenum disulfide in the coating  layer
have good affinity.   Further,  the sliding contact  surfaces of the swash
plate and the shoes are periodically  



subjected to high and low sliding contact load.   Hence,  when the sliding
contact load decreases intermittently,  frictional heat causes the coating
layer to flow to the  portion which has worn or peeled.   Thus, the portion
of                                       -5-   the plating layer which has
been exposed due to wearing or  peeling, is re-covered and repaired by the
coating layer  as a solid lubricant layer.       As set forth above,
whenever the sliding contact load  decreases, the coating layer is
repaired, permitting high  lubricating performance to be maintained for a
long period  of time.      Thus, providing the coating layer mainly
composed of  molybdenum disulfide on the plating layer composed of tin  or
the alloy, which contains tin as the main component,  improves  its
adhesion  to  the  base  metal.   The coating  layer also has a
self-repairing function.   This enables  long lasting high lubricating
performance.       In a preferred form of the invention, the swash plate
is made of aluminum or an aluminum alloy, and the sliding  contact surface
of the swash plate is provided with the  plating layer as a surface
treating layer.      With this arrangement, the adhesion between the
plating layer and the base metal is improved and the  service life of the
plating layer is extended, thus 



enabling high lubricating performance to be maintained for  a longer period
of time.       In another preferred form of the invention, the  aforesaid
surface of the swash plate is arranged so that  primary  crystal  silicon
particles  are  exposed.    The                                   -6-
plating layer composed of tin or an alloy containing tin  as the main
component is provided as the surface treating  layer on the exposed surface
of the swash plate.      With this arrangement, adhesion between the
plating  layer and the base metal is further improved, allowing  high
lubricating performance to be maintained for an even  longer period of
time.       In another preferred form of the invention, the  coating layer
on the plating layer contains graphite as an  additional component.
With this arrangement, the coating layer provides  better lubrication
between the surface of the swash plate  and the shoes than a coating layer
which, excepting for a  binder, is composed only of molybdenum disulfide.
BRIEF DESCRIPTION OF THE DRAWINGS      The above and other objects,
features and advantages  of the present invention will become apaparent
from the  



ensuing description of preferred embodiments of the  present invention in
conjunction with the accompanying  drawings wherein:      Fig. 1 is a
sectional view illustrating the entire  structure of a swash plate type
compressor having double-  headed pistons according to an embodiment of the
present  invention;                                     -7-      Fig. 2 is
a schematic sectional view showing an  essential section of the present
invention, namely, the  surface of the swash plate main body, wherein the
swash  plate is provided with a plating layer and also a coating  layer,
the coating layer being formed on the plating  layer; and      Fig. 3 is a
schematic chart showing a comparison in  lubricating performance between a
swash plate provided  with the plating layer and the coating layer of the
present invention shown in Fig. 2 and plates provided with  conventional
surface layers.    DESCRIPTION OF THE PREFERRED EMBODIMENTS      A swash
plate type compressor having double-headed  pistons which is an embodiment
of the present invention  will now be described in conjunction with Fig. 1
to Fig.  3. 



Fig. 1 is a general sectional view showing the swash  plate  type
compressor  having   double-headed  pistons  according  to the  embodiment.
In the  drawing,  a drive  shaft 5 is rotatably journaled via bearings 6, 7
in a  cylinder block assembly 4.  A swash plate 8 is connected  and secured
to the drive shaft 5, and thrust bearings 9  are disposed at the front and
rear of the swash plate 8.  The cylinder block assembly 4 is provided with
five                                    -8-  cylinder bores 10 normally
formed at equal intervals of 72  degrees; double-headed pistons 11 are
axially slidably  fitted in the respective cylinder bores 10. The front end
opening of the cylinder block assembly 4 is closed by a  valve plate 12 and
a front housing 13, and the rear end  opening thereof is closed by a valve
plate 14 and a rear  housing 15.       A  recessed  section  11a  for
receiving  the  outer  periphery of the swash plate 8 is formed at the
center of  each double-headed piston  11; sockets  11b are formed on  the
axially opposed surfaces of each recessed section 11a.    Hemispherical
shoes 16 are in sliding contact with the  sliding contact surface of the
swash plate 8 so that the  double-headed pistons 11 are reciprocated as the
swash  plate 8 rotates. This construction is basically the same  as that of
a typical conventional swash plate type 



compressor having double-headed pistons.       In this embodiment, the
shoes employ a ferrous metal  such as stainless steel as a base metal. The
swash plate  8 employs aluminum or an aluminum alloy as a base metal;  for
example, an Al-Si-Cu-Mg type alloy or an aluminum  alloy which does not
contain Si may be used as a base  metal. It is preferable, however, to use
an Al-Zr alloy  which contains primary crystal silicon in the form of hard
coarse particles; Al-Zr alloy features a high content of
silicon, namely, about 13 to about 30 percent by weight,  which is higher
than that of a eutectic composition, and  has primary crystal silicon in
its matrix.       In this embodiment, a sliding contact surface 18 of  the
swash plate 8 which is in sliding contact with the  shoes  16 is configured
as described below.  As shown in  the sectional view in Fig. 2, the swash
plate 8 is formed  so that a plating layer 21 composed of tin or an alloy
containing  tin  as  the  main  component  is  formed  as  a  surface
treating layer on the surface of a swash plate  main body 20 which employs,
as the base metal thereof, an  Al-Zr alloy containing 17 percent by weight
of silicon,  and a coating layer 22 mainly composed of molybdenum
disulfide is formed as a solid lubricant layer on the  



plating  layer  21.    Preferably,  the  coating  layer  22  contains
graphite as an additional component to improve  lubricating performance.
To form the foregoing plating layer, the surface of  the swash plate 8 is
polished for finish, and primary  crystal silicon particles 20a scattered
in the base metal  of the swash plate main body 20 are arranged so that
they  project from the surface and are exposed, then a publicly  known
tinning process is performed. This further improves  the adhesion between
the plating layer 21 and the swash  plate main body 20.
- 10 -       The plating layer 21 is comprised of tin and a metal  selected
from among zinc, lead, and indium; hence, the  plating layer 21 enables the
frictional coefficient to be  kept low and permits higher hardness than a
plating layer  composed only of tin, thus leading to high wear  resistance.
In the composition described above, the sliding  contact surfaces of the
swash plate 8 and the shoes 16 are  subjected to maximum sliding contact
load when the pistons  11 are at their top dead centers, while they are
subjected  to minimum sliding contact load when the pistons 11 are at
their bottom dead centers.      Accordingly, with extended use of the swash
plate 



type compressor, the wear resistance of the coating layer  22 deteriorates
and the coating layer 22 wears or peels  when the pistons 11 are at the top
dead centers, and this  causes the plating layer 21 to be exposed on the
surface.      The adhesion of the plating layer 21 with the base  metal,
however, is stronger than that of the coating  layer, and the plating layer
21 has higher hardness and  higher wear resistance; therefore, the plating
layer 21  does not wear or peel. In addition, the coating layer 22
exhibits good affinity for the plating layer 21. Further,  the shoes 16 are
disposed at equal intervals, e.g. at 72-  degree  intervals   in   this
embodiment,  along   the            circumference around the axis of the
drive shaft 5; hence,  the  sliding  contact  load does  not  act  on  the
sliding  contact surface when moving between the shoes  16.  For  this
reason, while the sliding contact load is not being  applied to a shoe 16,
the coating layer composed primarily  of molybdenum disulfide is melted by
residual frictional  heat and flows to a worn or peeled portion of the
coating  layer 22 to re-cover the exposed plating layer 21 thereby
repairing the coating layer 22.       Thus, according to the embodiment,
high lubricating  performance of the sliding contact surfaces of the swash



plate 8 and the shoes 16 is maintained for a long period  of time.
Fig.  3   shows   the  comparison   in  lubricating  performance between a
coating A in which an alloy coating  layer  employing  molybdenum
disulfide  as  the  chief  component is formed directly on the surface of a
base  metal,   e.g.  a proposal  disclosed  in  Japanese  Patent
Application Laid-open No. 60-22080, a coating B in which  an alloy plating
layer employing tin as the chief  component is formed directly on the
surface of a base  metal, e.g. a proposal disclosed in Japanese Patent
Application Laid-open No. 2-130272, and a coating C which  is according to
the present invention.      In the case of a coating A, high lubricating
- 12 -  performance is observed at the beginning, but afterward  the
performance  suddenly   deteriorates   due   to   the  occurrence of
wearing or peeling because of poor wear  resistance. In the case of coating
B, no marked change is  observed in lubricating performance after an
extended  period of time since coating B has good adhesion to the  base
metal and provides high wear resistance; however,  coating B per se does
not have very good lubricating  performance.  In  contrast  to the
conventional  publicly  known coatings A and B, coating C, according to the



embodiment indicated by the chain line in Fig. 3, provides  high
lubricating performance imparted by the coating layer  22 since the coating
layer 22 develops no wearing or  peeling in the early stage of use. When
coating C starts  to wear or peel during an extended period of use, it
shows  slight deterioration in lubricating performance; however,  the
repairing action of the coating layer 22 described  above makes it possible
to maintain high lubricating  performance for a long time afterward.
The foregoing plating layer 21 and the coating layer  22 may be formed on
the sliding contact surfaces of the  shoes 16 rather than on the surface of
the swash plate  main body 20.  In this case, the sliding contact surfaces
of the shoes 16 are constantly subjected to a sliding  contact load;
however, since the pistons 11 make one round
- 13 -   trip  between  the  top  dead  center  and  the  bottom  dead
center when the swash plate 8 makes one turn, the sliding  contact load
constantly changes, allowing the repairing  function of the coating layer
22 to be implemented when  the sliding contact load is low.      In
general, the swash plate 8 is formed using  aluminum or an aluminum alloy,
and the shoes 16 are  fabricated  using  stainless  steel  or  an  other
ferrous  metal. Accordingly, forming the plating layer 21 and the 



coating layer 22 on the surface of the swash plate 8  provides good
adhesion between the plating layer 21 and  the base metal which is superior
to that between the  plating layer and the shoes 16 made of steel or other
ferrous metal.  This  provides  high wear resistance and  makes it possible
to maintain high lubricating performance  for longer period of time.
In the aforementiond embodiment, the plating layer 21  and the coating
layer 22 have been formed on the entire  surface of the swash plate main
body 20; however, the  plating layer 21 and the coating layer 22 may be
formed on  the entire surfaces of the shoes 16 as described above, or  they
may be formed partially on the sliding contact  surface of the swash plate
8 or the shoes 16.      Although the present invention has been described
in  connection with the preferred embodiments, the invention
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- 14 -  is not limited thereto.   For example,  this invention is  not
restricted to a swash plate type compressor having  double-headed pistons.
This invention is also applicable  to a swash plate type of variable
displacement compressor  having  single-headed  pistons.       It  will
be  easily  



understood by those of ordinary skill in the art that  variations and
modifications can be easily made within the  scope and spirit of this
invention as defined by the  appended claims.            WHAT IS CLAIMED
IS:         1. A swash plate type compressor comprising:       a cylinder
block assembly which has a plurality of  cylinder bores provided in
parallel to a drive shaft;      said drive shaft rotatably held in said
cylinder  block assembly;      a swash plate which is rotatably disposed to
said  drive shaft in said cylinder block assembly;      pistons slidably
disposed in said cylinder bores;  and      shoes which are slidably
provided between said  pistons and said swash plate, which reciprocate said
pistons in response to the rotation of said swash plate;  wherein;
said swash plate and said shoes come in sliding  contact, and a sliding
contact surface of either said  swash plate or said shoes is covered with a
plating layer  composed of tin or an alloy containing tin as the main
component , as a surface treating layer, and said plating 



layer is covered by a coating layer containing molybdenum  disulfide as the
main component which serves as a solid  lubricant layer.        2. A swash
plate type compressor according to Claim
-16-   1, wherein said swash plate is made of aluminum or an  aluminum
alloy, and said sliding contact surface of said  swash plate is provided
with said plating layer, as said  surface treating layer.        3. A swash
plate type compressor according to Claim  2, wherein the surface of said
swash plate is arranged so  that primary crystal silicon particles are
exposed, and  said plating layer is provided as said surface treating
layer on said exposed surface of said swash plate.        4. A swash plate
type compressor according to Claim  1, wherein the coating layer containing
graphite as an  additional component.    


