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(54) Reciprocating compressor

(57) A compressor comprising: a cylinder block
(30,31) containing a cylinder bore (41,42); a drive shaft
(39) rotatably supported by the cylinder block; a cam
(40,48) attached to the drive shaft to be rotatable inte-
grally therewith; a piston (1,43) housed in the cylinder
bore; and a shoe (7,44) having a spherical and flat slid-
ing surface and slidably interposed between the piston

and the cam; the piston being reciprocated via the shoe
as the cam is rotated; the piston being made of an alu-
minum or aluminum alloy matrix and having a receiving
portion (2,46) for slidably receiving the spherical surface
(8,47) of the shoe therein, characterized in that the shoe
is made of a ferrous metal matrix and a coating layer
containing tin as a major component is formed at the
receiving recess of the piston.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to a
compressor according to the preamble of claim 1.

BACKGROUND ART

[0002] A reciprocating compressor, for example, as
shown in Figure 10, is typically employed in air condi-
tioners for automobiles and the like. This compressor
has a pair of cylinder blocks 30 and 31 combined with
each other. A swash plate chamber 32 is defined be-
tween these cylinder blocks 30 and 31. Housings 35 and
36 are attached to the outer end faces of the cylinder
blocks 30 and 31 via valve plates 33 and 34, respective-
ly. An intake chamber 36 and a discharge chamber 37
are defined between the valve plate 33 and the housing
35 and also between the valve plate 34 and the housing
36.
[0003] The drive shaft 39 is rotatably supported in
these cylinder blocks 30 and 31. A swash plate 40 serv-
ing as a cam is fixed, in the swash plate chamber 32, to
the drive shaft 39. A plural pairs of cylinder bores 41 and
42 are defined in the cylinder blocks 30 and 31 around
the drive shaft 39. A double-headed piston 43 is housed
in each pair of cylinder bores 41 and 42. Shoes 44,
which serve as cam followers, are located between the
swash plate 40 and each piston 43. Each shoe 44 has
a sliding surface 45 that makes sliding contact with the
front face or rear face of the swash plate 40 and a spher-
ical surface 47 that makes sliding contact with a receiv-
ing recess 46 of the piston 43.
[0004] In the compressor described above, when the
swash plate 40 is rotated with the rotation of the drive
shaft 39, each piston 43 is reciprocated in the cylinder
bores 41, 42 via the shoes 44 under the action of the
swash plate 40. When the piston 43 is reciprocated, a
refrigerant gas is introduced from the intake chamber
37 to the cylinder bores 41 and 42 as each piston 43
moves from the top dead center to the bottom dead cent-
er. Then, the refrigerant gas introduced into the cylinder
bores 41 and 42 is compressed as the piston 43 moves
from the bottom dead center to the top dead center and
is discharged to the discharge chamber 38.
[0005] Generally, in order to increase the discharge
capacity of a compressor, increasing the size of the cyl-
inder bores 41 and 42 and increasing the sizes of the
pistons 43, swash plate 40 and shoes 44 is contemplat-
ed. The pistons 43 and the swash plate 40 are generally
made of a light aluminum alloy or the like. However,
these members, which are made of the same metallic
material, may seize. Accordingly, shoes 44 made of a
ferrous metal are located between the pistons 43 and
the swash plate 40 to prevent seizure between the pis-
tons 43 and the swash plate 40. However, since ferrous
metals have high specific gravity, the increase in the size

of the shoes 44 increases the total weight of the com-
pressor.
[0006] Assume that only the size of the pistons 43 and
that of the swash plate 40 are increased, without chang-
ing the size of the shoes 44, in order to increase the
discharge capacity. However, if the discharge capacity
is increased, the load applied by the pistons 43 via the
shoes 44 to the swash plate 40 is also increased. Ac-
cordingly, if the size of the shoes 44 remains un-
changed, the load applied per unit area of the spherical
surfaces 47 and that of the sliding surfaces 45 of the
shoes 44 is increased. Consequently, the sliding resist-
ance between the spherical surfaces 47 of the shoes 44
and the receiving recesses 46 defined in the pistons 43
and the sliding resistance between the sliding surfaces
45 of the shoes 44 and the swash plate 40 are in-
creased.
[0007] If the sliding resistance between the spherical
surfaces 47 of the shoes 44 and the receiving recesses
46 of the piston 43 is increased, the shoes 44 cannot
move smoothly along the inner surfaces of the shoe re-
taining recesses 46. The shoes are moved by the swash
plate 40 within the receiving recesses 46. If the shoes
cannot move smoothly, the load applied between the
sliding surfaces 45 of the shoes 44 and the swash plate
40 is increased, which further increase the sliding resist-
ance between the sliding surfaces 45 of the shoes 44
and the swash plate 40.
[0008] In the compressor described above, a refriger-
ant gas is introduced from an external refrigerant circuit
via the swash plate chamber 32 into the intake chamber
37. The refrigerant gas introduced into the swash plate
chamber 32 cools each part in the swash plate chamber
32 and also prevents pulsation caused by the introduc-
tion of the refrigerant into the cylinder bores 41 and 42.
However, R134a (CF3CH2F), which contains no chlo-
rine, is employed as the refrigerant gas. This gas does
not disrupt the stratospheric ozone layer. Chlorine is
used as an extreme-pressure additive. An "extreme-
pressure additive" is a substance that reacts with the
surface of a metal and forms a metallic compound film
to reduce frictional resistance.The refrigerant gas intro-
duced into the swash plate chamber 32 washes off, by
its own action, lubricant located on the surfaces of the
swash plate 40 and other parts, so that lubrication be-
tween the shoes 44 and the pistons 43 and swash plate
40 is not easily achieved. In such cases, if chlorine, serv-
ing as the extreme-pressure additive, is not present in
the refrigerant gas molecules, a great sliding resistance
exists.
[0009] Therefore, it is an objective of the present in-
vention to provide a reciprocating compressor that re-
duces the sliding resistance at the cam-piston joints.

DISCLOSURE OF THE INVENTION

[0010] The object is achieved by the features of claim
1. The compressor according to the present invention
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has cylinder blocks containing cylinder bores. A drive
shaft is rotatably supported in the cylinder blocks. A cam
is attached to the drive shaft to be rotatable integrally
therewith. A piston is slidably housed in the cylinder
bores. A cam follower is slidably held between the piston
and the cam. As the cam rotates, the piston is recipro-
cated via the cam follower. The piston is made of an alu-
minum or aluminum alloy matrix. The piston contains a
receiving portion for slidably receiving the cam follower
therein. A coating layer containing tin as a major com-
ponent is formed at the receiving portion of the piston.
[0011] Therefore, according to the present invention,
the coating layers formed at the receiving portions of the
pistons reduce sliding resistance between the receiving
portions of the pistons and the cam followers. Accord-
ingly, even if a shortage of a lubricant occurs in the com-
pressor, the cam followers can slide smoothly in the re-
ceiving portions of the pistons. Thus, the cam can move
the cam followers with a small force. Consequently, the
load acting between the cam followers and the cam can
be reduced to decrease sliding resistance between
them.
[0012] The compressor comprises: a cylinder block
containing a cylinder bore; a drive shaft rotatably sup-
ported in the cylinder block; a cam attached to the drive
shaft to be rotatable integrally therewith; a piston slida-
bly housed in the cylinder bore; and a cam follower sli-
dably interposed between the piston and the cam; the
piston being reciprocated via the cam follower as the
cam is rotated; the piston being made of an aluminum
or aluminum alloy matrix and having a receiving portion
for slidably receiving the cam follower therein, with a
coating layer containing tin as a major component being
formed at the receiving portion of t he piston.
[0013] Further, the cam follower may made of a fer-
rous metal matrix and have a first sliding portion slidably
retained in the piston and a second sliding portion to be
brought into slide contact with the cam; at least one of
the first sliding portion and the second sliding portion
having a coating layer containing tin as a major compo-
nent.
[0014] The compressor may comprise a piston having
an outer circumference to be brought into slide contact
with the inner circumference of the cylinder bore and the
coating layer is also formed on the outer circumference
of the piston.
[0015] The cam may have a sliding portion to be
brought into slide contact with the cam follower, with a
coating layer containing tin as a major component being
formed at the sliding portion.
[0016] The cam further may have to be brought into
slide contact with the second sliding portion of the cam
follower, with a coating layer containing tin as a major
component being formed at the sliding portion.
[0017] The mentioned coating layer may contain at
least one metal selected from the group consisting of
copper, nickel, zinc, lead and indium.
[0018] The cam follower may be a shoe having a

spherical surface and the receiving portion of the piston
is a recess which slidably receives the spherical surface
of the shoe therein.
[0019] The coating layer may contain one kind of solid
lubricant selected from the group consisting of a fluor-
oresin powder, a molybdenum disulfide powder, a car-
bon powder and a boron nitride powder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is an enlarged cross-sectional view of a
pertinent portion of a swash plate type compressor
according to a first embodiment of the present in-
vention;
Figure 2 is a perspective view showing a piston in
the first embodiment;
Figure 3 is an enlarged cross-sectional view of a
pertinent portion of the piston;
Figure 4 is a graph showing measurement results
of time until seizure that occurred with the first em-
bodiment;
Figure 5 is an enlarged cross-sectional view of a
pertinent portion of a swash-plate type compressor
according to a second embodiment of the invention;
Figure 6 is a graph showing measurement results
of time until seizure that occurred with the second
embodiment;
Figure 7 is a cross-sectional view showing a wave
cam type compressor according to another embod-
iment of the invention;
Figure 8 is an enlarged cross-sectional view of a
pertinent portion of a cam follower according to an-
other embodiment of the invention;
Figure 9 is an enlarged cross-sectional view of a
pertinent portion of a swash plate according to an-
other embodiment of the invention; and
Figure 10 is a cross-sectional view of a prior art
swash-plate type compressor.

BEST MODES FOR CARRYING OUT THE INVENTION

(First embodiment)

[0021] A swash plate type compressor according to a
first embodiment of the present invention will be de-
scribed below referring to Figure 1 to Figure 4. It should
be noted here that the mechanical construction of the
compressor of the first embodiment is substantially the
same as that of the compressor shown in Figure 10,
which was described with reference to the prior art.
Therefore, like or the same components as those in the
compressor shown in Figure 10 are affixed with the
same reference numbers, respectively, and a descrip-
tion of them will be omitted. Therefore, only differences
from the compressor shown in Figure 10 will be de-
scribed.
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[0022] As shown in Figures 1 to 3, the compressor ac-
cording to the first embodiment, unlike the compressor
shown in Figure 10, each piston 1 has a coating layer 6
containing tin as a major component formed over its en-
tire surface. Each piston 1 has a pair of receiving re-
cesses 2 which slidably receive spherical surfaces of
shoes 44.
[0023] The piston 1 consists of a main body 5 made
of an aluminum or aluminum alloy matrix and a coating
layer 6 formed over the entire surface of the main body
5. As the aluminum alloy, for example, an Al-Si alloy or
an Al-Si-Cu alloy can be suitably employed. The main
body 5 is preferably an aluminum alloy matrix containing
hard particles. Such aluminum alloy is typified by an alu-
minum-high silicon alloy. The aluminum-high silicon al-
loy contains about 10 to 30 % by weight of silicon. If the
aluminum-high silicon alloy has a silicon content not ex-
ceeding the level at which a eutectic mixture is formed,
the silicon can be present in the form of eutectic silicon
(i.e., the hard particles). In the first embodiment, the
main body 5 of the piston 1 is made of a matrix of alu-
minum-high silicon alloy 4 containing 12 % by weight of
silicon 3.
[0024] Incidentally, other materials containing hard
particles include, an Al-Mn intermetallic compound, an
Al-Si-Mn intermetallic compound, an Al-Fe-Mn interme-
tallic compound and an Al-Cr intermetallic compound,
and these materials may be used as the matrix of the
main body 5.
[0025] Further, in the first embodiment, the shoes 44
are made of SUJ2 material (a steel material for a high
carbon content chromium bearing) specified by JIS,
while the swash plate 40 is made of an aluminum-high
silicon alloy.
[0026] The pistons 1 to be employed in the compres-
sor of the first embodiment may be suitably selected, for
example, from Examples 1 to 9 having various type of
coating layers 6, respectively, as described below. Pis-
tons 1 of Examples 1 to 9 will be described one by one.
In Examples 1 to 9, the main bodies 5 of the pistons 1
are of the same structure, and the coating layers 6 have
different compositions.

(Example 1)

[0027] The piston 1 of Example 1 has a tin-copper eu-
tectoid plating layer as the coating layer 6. This coating
layer 6 is formed as follows. The entire main body 5 is
immersed in an aqueous solution containing 6 % by
weight of potassium stannate and 0.012 % by weight of
copper gluconate maintained at 60 to 80 DEG C is to
effect electroless plating on the surface of the main body
5. Subsequently, the main body 5 is taken out of the
aqueous solution and rinsed. Thus, a eutectoid plating
layer of tin and copper is formed as the coating layer 6
over the entire surface of the piston 1, including the re-
ceiving recesses 2, which contact the shoes 44. The
coating layer 6 contains 97 % by weight of tin and 3 %

by weight of copper and has a thickness of 1.2 µm.

(Example 2)

[0028] The piston 1 of Example 2 has a tin-nickel eu-
tectoid plating layer as the coating layer 6. Specifically,
a eutectoid plating layer of tin and nickel is formed as
the coating layer 6 over the entire surface of the piston
1 including the receiving recesses 2 by employing an
aqueous solution containing 6 % by weight of potassium
stannate and 0.005 % by weight of nickel chloride in the
same manner as in Example 1. The coating layer 6 con-
tains 98 % by weight of tin and 2 % by weight of nickel
and has a thickness of 1 µm.

(Example 3)

[0029] The piston 1 of Example 3 has a tin-zinc eu-
tectoid plating layer as the coating layer 6. Specifically,
a eutectoid plating layer of tin and zinc is formed as the
coating layer 6 over the entire surface of the piston 1
including the receiving recesses 2 by employing an
aqueous solution containing 6 % by weight of potassium
stannate and 0.005 % by weight of zinc sulfate in the
same manner as in Example 1. The coating layer 6 con-
tains 97 % by weight of tin and 3 % by weight of zinc
and has a thickness of 1 µm.

(Example 4)

[0030] The piston 1 of Example 4 has a tin-lead eu-
tectoid plating layer as the coating layer 6. Specifically,
a eutectoid plating layer of tin and lead is formed as the
coating layer 6 over the entire surface of the piston 1
including the receiving recesses 2 by employing an
aqueous solution containing 6 % by weight of potassium
stannate and 0.007 % by weight of lead sulfate in the
same manner as in Example 1. The coating layer 6 con-
tains 95 % by weight of tin and 5 % by weight of lead
and has a thickness of 2 µm.

(Example 5)

[0031] The piston 1 of Example 5 has a tin-indium eu-
tectoid plating layer as the coating layer 6. Specifically,
a eutectoid plating layer of tin and indium is formed as
the coating layer 6 over the entire surface of the piston
1 including the receiving recesses 2 by employing an
aqueous solution containing 6 % by weight of potassium
stannate and 0.005 % by weight of indium sulfate in the
same manner as in Example 1. The coating layer 6 con-
tains 97 % by weight of tin and 3 % by weight of indium
and has a thickness of 1µm.

(Example 6)

[0032] The piston 1 of Example 6 has a plating layer
containing only tin as the coating layer 6. Specifically, a
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plating layer of only tin is formed as the coating layer 6
over the entire surface of the piston 1 including the re-
ceiving recesses 2 by employing an aqueous solution
containing 6 % by weight of potassium stannate in the
same manner as in Example 1. The coating layer 6 has
a thickness of 1.5 µm.

(Example 7)

[0033] The piston 1 of Example 7 has, as the coating
layer 6, a tin-copper eutectoid plating layer containing a
fluororesin powder as a solid lubricant. Specifically, a
eutectoid plating layer of tin and copper containing a
fluororesin powder is formed as the coating layer 6 over
the entire surface of the piston 1 including the receiving
recesses 2 by employing an aqueous solution contain-
ing 6 % by weight of potassium stannate, 0.003 % by
weight of copper gluconate and 1.0 % by weight of a
fluororesin powder in the same manner as in Example
1. The coating layer 6 contains 99 % by weight of tin,
0.9 % by weight of copper and 0.1 % by weight of the
fluororesin powder and has a thickness of 1.4 µm.

(Example 8)

[0034] While the piston 1 of Example 8 has a tin-cop-
per eutectoid plating layer like the coating layer 6 in Ex-
ample I, the coating layer 6, which is formed by chemical
plating treatment in the same manner as in Example 1,
is subjected to heat treatment at a temperature of 150°
C for one hour.

(Example 9)

[0035] The piston 1 of Example 9 has a tin-copper-
zinc eutectoid plating layer as the coating layer 6. Spe-
cifically, a eutectoid plating layer of tin, copper and zinc
is formed as the coating layer 6 over the entire surface
of the piston 1, including the receiving recesses 2, by
employing an aqueous solution containing 6 % by
weight of potassium stannate, 0.003 % by weight of cop-
per gluconate and 0.003 % by weight of zinc sulfate in
the same manner as in Example 1. The coating layer 6
contains 97 % by weight of tin, 1.5 % by weight of copper
and 1.5 % by weight of zinc and has a thickness of 1.2
µm.
[0036] The present inventors performed the following
test so as to confirm anti-seizure performance of com-
pressors using the pistons 1 of Examples 1 to 9 respec-
tively. In this test, the time until seizure between the
swash plate 40 and the shoes 44 was measured while
each compressor, which was incorporated into an auto-
motive air conditioner, was operated under severe con-
ditions (where no lubricant is present in the compres-
sor). The compressors were operated in this test under
the following conditions; intake pressure: -0.5 kg/cm2,
discharge pressure: 3 kg/cm2, revolutions of the drive
shaft 39: 1000 rpm. Further, the shoes 44 were made of

an SUJ2 (JIS) material, and the swash plates 40 were
made of an aluminum-high silicon alloy. Further, in car-
rying out this test, a compressor using pistons made on-
ly of an aluminum-high silicon alloy 4 containing 12 %
by weight of silicon 3, i.e., pistons having no coating lay-
er 6, was provided as a comparative example and tested
in the same manner as described above.
[0037] Figure 4 is a graph showing the results of this
test. The test results shown in Figure 4 demonstrate that
seizure between the shoes 44 and the swash plates 40
takes much longer under severe use conditions in the
compressors employing the pistons 1 of Examples 1 to
9 having the coating layers 6 compared with the com-
pressor of the comparative example. In particular, the
compressor incorporated with the pistons 1 of Example
1, each having a tin-copper eutectoid plating layer as
the coating layer 6, shows the best anti-seizure perform-
ance.
[0038] As described above, in the first embodiment,
a coating layer 6 containing tin as a major component
is formed on the surface of each piston 1. Tin is a self-
lubricating substance. Accordingly, sliding resistance
between the receiving recesses 2 of the piston 1 and
the spherical surfaces 47 of the shoes 44 is reduced,
and even when there is a shortage of lubricant in the
compressor, the shoes 44 can move smoothly along the
inner surfaces of the receiving recesses 2. Accordingly,
the swash plate 40 can move the shoes 44 within the
receiving recesses 2 with a small force. As a result, the
load acting between the sliding surface 45 of each shoe
44 and the swash plate 40 is moderated to reduce slid-
ing resistance between the sliding surface 45 and the
swash plate 40. Therefore, when the discharge capacity
of a compressor is to be increased, even if the sizes of
the pistons 1 and of the swash plate 40 are increased
without increasing the size of the shoes 44, no problems
arise due to an increase in the sliding resistance.
[0039] The coating layer 6 is formed over the entire
surface of each piston 1. Accordingly, the sliding resist-
ance between the outer circumference of the piston 1
and the inner circumferences of the cylinder bores 41
and 42 is reduced to allow smooth movement of the pis-
ton in the cylinder bores 41 and 42.
[0040] By incorporating at least one metal selected
from copper, nickel, zinc, lead and indium in the coating
layer 6 that contains tin as the major component, not
only can the coating layer 6 be densified, but a hard me-
tallic compound can be dispersed throughout the coat-
ing layer 6 to reinforce it. This reduces the coefficient of
friction and abrasion resistance. For example, when
copper is incorporated into the coating layer 6 that con-
tains tin as the major component, the coating layer 6 is
densified and a hard tin-copper compound (Cu6Sn5) is
dispersed throughout the coating layer 6 to reinforce it.
[0041] The coating layer 6 is formed by means of
chemical plating. With this chemical plating method, a
eutectic mixture of tin and other metals, such as copper,
can be easily deposited, and a solid lubricant, such as
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a fluororesin powder, can be easily incorporated into the
coating layer 6.

(Second embodiment)

[0042] Next, a swash plate type compressor accord-
ing to a second embodiment of the invention will be de-
scribed referring to Figures 5 and 6. It should be noted
here that the mechanical constitution of the compressor
of the second embodiment is substantially the same as
that of the compressor shown in Figure 10 described
referring to the prior art. Therefore, like or the same com-
ponents as those in the compressor shown in Figure 10
are affixed with the same reference numbers respec-
tively, and description of them will be omitted. Therefore,
only the differences from the compressor shown in Fig-
ure 10 will be described.
[0043] As shown in Figure 5, the compressor accord-
ing to the second embodiment, unlike the compressor
shown in Figure 10, has shoes 7, each having a coating
layer 11, containing tin as a major component, formed
over its entire surface. The main body 12 of each shoe
7 is made of SUJ2 material as specified in JIS. The shoe
7 has a spherical surface 8 that slidably engages a re-
ceiving recess 46 of the piston 43 and a sliding surface
10, which makes sliding contact with the front face or
rear face of the swash plate 40. The spherical surface
8 of the shoe 7 has a spherical portion 9 having a radius
of curvature greater than that of the rest of the surface
8. An oil reservoir for storing a lubricant therein is de-
fined between this spherical portion 9 and each receiv-
ing recess 46 of the piston 43. The sliding surface 10 of
the shoe 7 is slightly tapered toward the periphery to
have a convex-like shape to permit easy entry of lubri-
cant into the clearance between the sliding surface 10
and the swash plate 40.
[0044] Further, in the second embodiment, both the
swash plate 40 and the pistons 43 are made of an alu-
minum-high silicon alloy.
[0045] In the compressor of the second embodiment,
suitable shoes 7 can be selected from those having var-
ious coating layers 11 as shown in the following Exam-
ples 1 to 9. The shoes 7 of Examples 1 to 9 will be de-
scribed one by one. The main bodies 12 of the shoes 7
of Examples 1 to 9 are all the same, and only the coating
layers 11 are different from one another.

(Example 1)

[0046] The shoe 7 of Example 1 has a tin-copper eu-
tectoid plating layer as the coating layer 11. This coating
layer 11 is formed as follows. The main body 12 of the
shoe 7 is immersed in an aqueous solution containing
6 % by weight of potassium stannate and 0.012 % by
weight of copper gluconate. In this state, the main body
12 is connected to a cathode, and a metal bar having a
high ionization tendency is used as an anode. When a
predetermined voltage is applied between these elec-

trodes using the thus prepared aqueous solution as an
electrolyte, tin and copper are separated out under elec-
trolytic action to adhere intimately to the surface of the
main body 12. Subsequently, the main body 12 is taken
out of the aqueous solution and rinsed. Thus, a eutec-
toid plating layer of tin and copper is formed as the coat-
ing layer 11 over the entire surface of the shoe 7.The
shoe 7 thus plated is then surface polished while taking
the clearance between the swash plate 40, with which
the shoe 7 is used, and the piston 43 into consideration
to have a uniform coating layer 11. The coating layer 11
contains 97 % by weight of tin and 3 % by weight of cop-
per and has a thickness of 1.2µm.

(Example 2)

[0047] The shoe 7 of Example 2 has a tin-nickel eu-
tectoid plating layer as the coating layer 11. Specifically,
a eutectoid plating layer of tin and nickel is formed as
the coating layer 11 over the entire surface of the shoe
7 by employing an aqueous solution containing 6 % by
weight of potassium stannate and 0.005 % by weight of
nickel chloride in the same manner as in Example 1. The
coating layer 11 contains 98 % by weight of tin and 2 %
by weight of nickel, and the thickness of the coating layer
11 is adjusted to 1 µm by surface polishing.

(Example 3)

[0048] The shoe 7 of Example 3 has a tin-zinc eutec-
toid plating layer as the coating layer 11. Specifically, a
eutectoid plating layer of tin and zinc is formed as the
coating layer 11 over the entire surface of the shoe 7 by
employing an aqueous solution containing 6 % by
weight of potassium stannate and 0.005 % by weight of
zinc sulfate in the same manner as in Example 1. The
coating layer 11 contains 97 % by weight of tin and 3 %
by weight of zinc, and the thickness of the coating layer
11 is adjusted to 1 µm by surface polishing.

(Example 4)

[0049] The shoe 7 of Example 4 has a tin-lead eutec-
toid plating layer as the coating layer 11. Specifically, a
eutectoid plating layer of tin and lead is formed as the
coating layer 11 over the entire surface of the shoe 7 by
employing an aqueous solution containing 6 % by
weight of potassium stannate and 0.007 % by weight of
lead sulfate in the same manner as in Example 1. The
coating layer 11 contains 95 % by weight of tin and 5 %
by weight of lead, and the thickness of the coating layer
11 is adjusted to 2 µm by surface polishing.

(Example 5)

[0050] The shoe 7 of Example 5 has a tin-indium eu-
tectoid plating layer as the coating layer 11. Specifically,
a eutectoid plating layer of tin and indium is formed as
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the coating layer 11 over the entire surface of the shoe
7 by employing an aqueous solution containing 6 % by
weight of potassium stannate and 0.005 % by weight of
indium sulfate in the same manner as in Example 1. The
coating layer 11 contains 97 % by weight of tin and 3 %
by weight of indium, and the thickness of the coating
layer 11 is adjusted to 1 µm by surface polishing.

(Example 6)

[0051] The shoe 7 of Example 6 has a plating layer
containing tin only as the coating layer 11. Specifically,
a plating layer of tin only is formed as the coating layer
11 over the entire surface of the shoe 7 by employing
an aqueous solution containing 6 % by weight of potas-
sium stannate in the same manner as in Example 1. The
thickness of the coating layer 11 is adjusted to 1.5 µm
by surface polishing.

(Example 7)

[0052] The shoe 7 of Example 7 has a tin-copper eu-
tectoid plating layer containing a molybdenum disulfide
powder as a solid lubricant as the coating layer 11. Spe-
cifically, a eutectoid plating layer of tin and zinc contain-
ing the molybdenum disulfide powder is formed as the
coating layer 11 over the entire surface of the shoe 7 by
employing an aqueous solution containing 6 % by
weight of potassium stannate, 0.003 % by weight of cop-
per gluconate and 1.0 % by weight of the molybdenum
disulfide powder in the same manner as in Example 1.
The coating layer 11 contains 99 % by weight of tin, 0.9
% by weight of copper and 0.1 % by weight of the mo-
lybdenum disulfide powder, and the thickness of the
coating layer 11 is adjusted to 1.4 µm by surface polish-
ing.

(Example 8)

[0053] While the shoe 7 of Example 8 has a tin-copper
eutectoid plating layer as the coating layer 11 like in Ex-
ample 1, the coating layer 11, which is formed by elec-
trolytic plating treatment and polished in the same man-
ner as in Example 1, is subjected to heat treatment at a
temperature of 150° C for one hour.

(Example 9)

[0054] The shoe 7 of Example 9 has a tin-copper-zinc
eutectoid plating layer as the coating layer 11. Specifi-
cally, a eutectoid plating layer of tin, copper and zinc is
formed as the coating layer 11 over the entire surface
of the shoe 7 by employing an aqueous solution con-
taining 6 % by weight of potassium stannate, 0.003 %
by weight of copper gluconate and 0.003 % by weight
of zinc sulfate in the same manner as in Example 1. The
coating layer 11 contains 97 % by weight of tin, 1.5 %
by weight of copper and 1.5 % by weight of zinc, and

the thickness of the coating layer 11 is adjusted to 1.2
µm by surface polishing.
[0055] The present inventors performed the following
test to confirm the anti-seizure performance of compres-
sors using the shoes 7 of Examples 1 to 9, respectively.
In this test, the time until seizure between the swash
plate 40 and the shoes 7 was measured while each com-
pressor, which was incorporated into an automotive air
conditioner, was operated under severe conditions
(where no lubricant is present in the compressor). The
compressors were operated continuously in this test un-
der the following conditions; intake pressure: -0.5 kg/
cm2, discharge pressure: 3 kg/cm2, revolutions of the
drive shaft 39: 1000 rpm. Further, the swash plates 40
and the pistons 43 of the compressors were made of an
aluminum-high silicon alloy.Further, in carrying out this
test, a compressor using shoes made of an SUJ2 ma-
terial only, i.e., shoes having no coating layer 11, was
provided as a comparative example and tested in the
same manner as described above.
[0056] Figure 6 is a graph showing the results of this
test. The test results shown in Figure 6 demonstrate that
seizure between the shoes 7 and the swash plates 40
takes much longer under severe use conditions in the
compressors employing the shoes 7 of Examples 1 to 9
having the coating layers 11 compared with the com-
pressor of the comparative example. In particular, the
compressor incorporated with the shoes 7 of Example
1, each having a tin-copper eutectoid plating layer as
the coating layer 11, shows the best anti-seizure per-
formance.
[0057] As described above, in the second embodi-
ment, a coating layer 11 containing tin as a major com-
ponent is formed on the surface of each shoe 7. Accord-
ingly, sliding resistance between the receiving recesses
46 of the piston 43 and the spherical surfaces 8 of the
shoes 7 is reduced, and the sliding resistance between
the swash plate 40 and the sliding surface 10 of the shoe
7 is reduced. Accordingly, even when there is a shortage
of lubricant in the compressor, smooth sliding of the
swash plate 40 and the pistons 43 can be guarantied at
the joints thereof to control sliding resistance at the
joints.
[0058] The shoes 44 can move smoothly along the in-
ner surfaces of the receiving recesses 46 under the ac-
tion of the coating layer 11 formed on the spherical sur-
faces 8. As a result, the load acting between the sliding
surface 10 of each shoe 7 and the swash plate 40 is
moderated to reduce sliding resistance between the
sliding surface 10 and the swash plate 40. The coating
layer 11 is also present on the sliding surface 10 of the
shoe 7, thus, the sliding resistance between the sliding
surface 10 and the swash plate 40 can be further re-
duced. Therefore, when the discharge capacity of a
compressor is to be increased, even if the sizes of the
pistons 43 and the swash plate 40 are increased without
changing the size of the shoes 7, no problems arise due
to an increase in the sliding resistance.
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[0059] Since tin not only exhibits excellent lubrication
properties but also prevents rust, the coating layer 11
that contains tin as the major component formed on the
surface of each shoe 7, which is made of a ferrous metal,
can protect the shoe 7 from rusting.
[0060] Effects brought about by incorporating at least
one metal selected from the group including copper to
the coating layer 11 that contains tin as the major com-
ponent are the same as in the first embodiment.
[0061] It should be understood that the present inven-
tion is not to be limited to the foregoing embodiments
but may be embodied as follows by changing the make-
up of the respective parts:
[0062] (1) In any of the first and second embodiments,
while the present invention is embodied in a double-
headed piston swash plate type compressor, the
present invention may be embodied, for example, in a
single-headed piston swash plate type compressor, a
variable volume type compressor, which can adjust dis-
charge volume by changing the tilt angle of the swash
plate, a wave cam type compressor as shown in Figure
7, or the like. Incidentally, in the wave cam type com-
pressor shown in Figure 7, like or the same components
as those in the compressor shown in Figure 10 are af-
fixed with the same reference numbers, respectively,
and description of them will be omitted.As shown in Fig-
ure 7, this wave cam type compressor has a wave cam
48 having a wavy cam surface in place of the swash
plate 40 in the compressor shown in Figure 1. The slid-
ing surface 45 of each shoe 44 is designed to make slid-
ing contact with the front cam surface or rear cam sur-
face of the wave cam 48.
[0063] In the wave cam type compressor described
above, each piston 43 is adapted to reciprocate twice
or more (twice in Figure 7) per revolution of the drive
shaft 39, and the shoes 44 are required to follow the
complicated cam surfaces as the cam surfaces produce
displacement. Accordingly, in wave cam type compres-
sors, compared with the swash plate type compressors,
the conditions between the shoes 44 and the pistons 43
and between the shoes 44 and the wave cam 48 are
more harsh. Accordingly, a reduction in the sliding re-
sistance occurring at the junction of the wave cam 48
and the pistons 43 is important so that the wave cam
type compressor can perform stable compression.
[0064] In the compressor shown in Figure 7, to reduce
sliding resistance occurring at the joints between the
wave cam 48 and the pistons 43, the pistons 43 may be
replaced with the pistons 1 as described in the foregoing
first embodiment, or the shoes 44 may be replaced with
the shoes 7 as described in the foregoing second em-
bodiment.
[0065] (2) While substantially hemispherical shoes 7
and 44 were employed as cam followers in the first em-
bodiment and the second embodiment, respectively,
these shoes 77 and 44 may be replaced with a structure
employing rollers. Otherwise, as shown in Figure 8,
each cam follower may consist of a slipper 13, which

makes sliding contact with the swash plate 40, and a
ball 14, which engages a recess 13a of the slipper 13.
The ball 14 is slidably engaged in the receiving recess
46 of the piston 43.Incidentally, in Figure 8, like or the
same components as those in the compressor shown in
Figure 10 are affixed with the same reference numbers,
respectively, and descriptions of them will be omitted. In
the construction shown in Figure 8, the pistons 43 may
be replaced with the pistons 1 as described in the fore-
going first embodiment, or the coating layer 11 as
formed on the shoe 7 in the foregoing second embodi-
ment may be formed on the slipper 13 or the ball 14 or
both.
[0066] The construction of the cam follower shown in
Figure 8 may be applied to the above-described wave
cam type compressor shown in Figure 7.
[0067] (3) In the first embodiment, a coating layer 15
that contains tin as the major component is formed on
each surface of the swash plate 40, which makes sliding
contact with the shoes 44, as shown in Figure 9. The
composition of the coating layer 15 may be the same as
that of the coating layer 6 of the piston 1. Thus, the slid-
ing resistance between the swash plate 40 and the
shoes 44 can be further reduced.
[0068] A coating layer containing tin as the major
component may be formed on the sliding surface 45 of
each shoe 44 instead of forming the coating layers 15
on each side of the swash plate 40. In other words, the
shoe 7 in the second embodiment may be given the
coating layer 11 only at the sliding surface 10, and such
shoes 7 may be employed as the shoes in the first em-
bodiment.
[0069] (4) In the first embodiment, the coating layer 6
may be formed only at the receiving recesses 2 of the
pistons 1.
[0070] (5) In the second embodiment, the coating lay-
er 11 may be formed on either the spherical surface 8
or the sliding surface 10 of each shoe 7. When the coat-
ing layer 11 is formed only on the spherical surface 8 of
the shoe 7, the coating layers 15 may be formed on each
side of the swash plate 40 as described in (3).When the
coating layer 11 is formed only on the sliding surface of
the shoe 7, the piston 1 in the first embodiment, i.e., the
piston 1 having the coating layer 6, may be employed.
[0071] (6) In the first embodiment, the surface of the
main body 5 of the piston 1 may be subjected to pre-
treatment such as alumite treatment, manganese phos-
phate treatment, zinc phosphate treatment or zinc plat-
ing treatment prior to formation of the coating layer 6 on
the main body 5. Thus, sliding resistance of the piston
1 with respect to the shoes 44 can further be reduced.
[0072] (7) In any of the foregoing embodiments, an
alumina ceramic (A1203) layer may be formed on the
sliding surface 10 of the main body 12 of each shoe 7
and the sliding surface 45 of each shoe 44.Thus, the
sliding resistance of the shoes with the swash plate 40
can further be reduced.
[0073] (8) In any of the foregoing embodiments, the
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ratio of tin to other metals also present in the coating
layer 6 or 11 may be suitably changed depending on the
desired performance of the compressor. For example,
when both tin and copper exist in the coating layer 6 or
11, the content of copper is desirably changed to within
the range of 0.1 % by weight to 50 % by weight. If the
content of copper is smaller than 0.1 % by weight, den-
sification and reinforcement of the coating layer 6 or 11
cannot be fully achieved, and the effect to be brought
about by incorporation of copper cannot be achieved. If
the content of copper is greater than 50 % by weight,
the self-lubricating action of tin cannot be fully achieved,
which results in increased sliding resistance.
[0074] (9) In any of the foregoing embodiments, the
fluororesin powder or the molybdenum disulfide powder
incorporated in the coating layer 6 or 11 as a solid lubri-
cant may be replaced with a carbon powder, a boron
nitride powder, or the like.
[0075] (10) In any of the foregoing embodiment, the
coating layer 6 or 11 may not be formed by means of
wet plating process such as electrolytic plating and
chemical plating but may be formed utilizing a CVD
method or a dry plating method such as vacuum depo-
sition, sputtering, ion plating and PVD. When the solid
lubricant described in (9) is incorporated into the coating
layer 6 or 11, a composite plating method may be em-
ployed.
[0076] (11) In any of the foregoing embodiments, the
thickness of the coating layer 6 or 11 may be suitably
adjusted in the range of 1 to 5 mu m. If the coating layer
6 or 11 has a thickness of smaller than 1 mu m, the co-
efficient of friction cannot be sufficiently reduced. If the
coating layer 6 or 11 has a thickness greater than 5 mu
m, a problem is likely to occur in the rigidity of the layer,
and the coating layer 6 or 11 may separate.

Claims

1. A compressor, comprising:

a cylinder block (30,31) containing a cylinder
bore (41,42);
a drive shaft (39) rotatably supported by the cyl-
inder block (30,31);
a cam (40,48) attached to the drive shaft (39)
to be rotatable integrally therewith;
a piston (1, 43) housed in the cylinder bore
(41,42); and
a shoe (7, 44) having a spherical and flat sliding
surfaces and slidably interposed between the
piston (1, 43) and the cam (40, 48);
the piston (1, 43) being reciprocated via the
shoe (44) as the cam (40,48) is rotated;
the piston (1, 43) being made of an aluminum
or aluminum alloy matrix and having a receiving
recess (2, 46) for slidably receiving the spheri-
cal surface (8, 47) of the shoe (7, 44) therein,

characterized in that
the shoe (7, 44) is made of a ferrous metal ma-
trix; and
a coating layer (6) containing tin as a major
component is formed at the receiving recess (2)
of the piston (1).

2. The compressor according to claim 1,
characterized in that
a coating layer is formed at both of spherical

and flat surfaces of the shoe (7).

3. The compressor according to Claim 1, wherein
the piston (1) has an outer circumference to be
brought into slide contact with an inner circumfer-
ence of the cylinder bore (41, 42), and the coating
layer (6) is also formed on the outer circumference
of the piston (1).

4. The compressor according to Claim 1, character-
ized in that a coating layer (6) is formed on the cam
(40, 48) that reduces a sliding resistance between
the cam (40, 48) and the shoe (7).

5. The compressor according to Claim 4, wherein the
coating layer (6, 11) of the cam (40, 48) contains tin
as its major component.

6. The compressor according to Claim 1 or 2, wherein
a thickness of the coating layer (6, 11) is in a range
of 1 to 5µm.

7. The compressor according to Claim 1 or 2, wherein
the coating layer (6, 11) contains at least one com-
ponent selected from a group consisting of copper,
nickel, zinc, lead and indium.

8. The compressor according to Claim 1 or 2, wherein
the coating layer (6, 11) contains one kind of solid
lubricant selected from a group consisting of a fluor-
oresin powder, a molybdenum disulfide powder, a
carbon powder and a boron nitride powder.

9. The compressor according to claim 1, wherein
tetrafluoroethane is used as a refrigerant gas.
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