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(57) A hollow piston has an end wall that receives
pressure in a cylinder bore of a compressor. A reinforc-
ing protrusion is formed on the inner end face of the end

Compressor piston and process for producing the compressor piston

wall. The contour of the protrusion, from the radially out-
side portion toward the radially inside portion, first ap-
proaches the outer end face and then departs from the
outer end face. Therefore, the piston is light and strong.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to compressor
pistons, and more specifically, to hollow pistons and a
process for producing hollow pistons.

[0002] A typical variable displacement compressor is
provided with a tilting swash plate, which is located in a
crank chamber, and pistons are connected to the swash
plate. The swash plate converts rotational motion of a
drive shaft into reciprocating motions of the pistons. The
inclination angle of the swash plate varies depending on
the pressure in the crank chamber. The inclination angle
of the swash plate governs the piston stroke and dis-
placement of the compressor.

[0003] Japanese Unexamined Patent Publication
Nos. Hei 10-281065, Hei 11- 294320 and Hei 11-107912
each disclose a hollow piston to be used in a compres-
sor. Hollow pistons are light and have small inertia forc-
es. Therefore, if hollow pistons are used in a variable
displacement compressor, they minimize their influence
on the swash plate's movement of changing the inclina-
tion angle, so that the displacement of the compressor
can be changed with good response.

[0004] The thinner the wall of the piston is, the lighter
the piston is. However, when a piston compresses re-
frigerant gas, the end wall of the piston head receives
the high pressure of the compressed refrigerant gas. A
typical piston has a flat head end wall, so that if the head
end wall is relatively thin, it cannot withstand the pres-
sure.

[0005] The pistondisclosed in Japanese Unexamined
Patent Publication No. Hei 10-281065, which is referred
to above, has a recess at the center of the head end
wall. When the piston is machined, a center pin of a ma-
chine tool is fitted in the reference recess. The machine
tool cuts the periphery of the piston while the piston ro-
tates around the a rotational axis.

[0006] The recess reduces the strength of the head
end wall of the piston. To improve the strength of the
head end wall, the thickness of the wall must be in-
creased. However, this increases the weight of the pis-
ton.

BRIEF SUMMARY OF THE INVENTION

[0007] Itis an objective of the presentinvention to pro-
vide a light and strong hollow piston and a process for
producing a hollow piston.

[0008] To achieve the above objective, the present in-
vention provides a hollow piston used in a compressor.
The piston has an end wall that receives the pressure
of a cylinder bore of the compressor. The end wall has
a substantially flat outer end face and an inner end face
that is opposite to the outer end face. The contour of the
inner end face, from the radially outside portion toward
the radially inside portion, first approaches the outer end
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face and then departs from the outer end face.

[0009] The present also provides another hollow pis-
ton used in a compressor. The piston is accommodated
in a cylinder bore of the compressor. The piston includes
an end wall that receives the pressure of the cylinder
bore. The end wall has a substantially flat outer end face
and an inner end face that is opposite to the outer end
face. A recess is formed in the outer end face. A protru-
sion is formed on the inner end face to reinforce the end
wall.

[0010] Further, the present invention may be applied
to a method for manufacturing a hollow piston used in
a compressor. The piston includes a head piece and a
body piece that is coupled to the head piece. The head
piece includes an end wall that receives the pressure of
a cylinder bore of the compressor and the body piece
includes the remainder of the piston. The end wall in-
cludes a substantially flat outer end face and an inner
end face that is opposite to the outer end face. The
method includes preparing a mold for forming the head
piece, wherein the mold is designed such that a tempo-
rary protrusion that is not present in the finished head
piece is formed on the inner end face, pouring molten
metal into the mold, pushing the temporary protrusion
before the molten metal solidifies to prevent formation
of shrinkage cavities and removing the protrusion after
the molten metal solidifies.

[0011] Otheraspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, il-
lustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE
DRAWING

[0012] The invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

Fig. 1 is an overall cross-sectional view of a com-
pressor according to a first embodiment of the
present invention;

Fig. 2 is a cross-sectional view of a piston incorpo-
rated into the compressor shown in Fig. 1;

Fig. 3 is a cross-sectional view taken along the line
3-3in Fig. 2;

Fig. 4 is a cross-sectional view taken along the line
4-4 in Fig. 2;

Fig. 5is a cross-sectional view of a piston according
to a second embodiment of the present invention;
Fig. 6 is a cross-sectional view of a piston according
to a third embodiment of the present invention;
Fig. 7 is a cross-sectional view of a piston according
to a fourth embodiment of the present invention;
Fig. 8 is a cross-sectional view taken along the line
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8-8 in Fig. 7;

Fig. 9(a) is a cross-sectional view of a piston ac-
cording to a fifth embodiment of the present inven-
tion;

Fig. 9(b) is a cross-sectional view taken along the
line 9(b)-9(b) in Fig. 9(a);

Fig. 10(a) is a cross-sectional view of a piston ac-
cording to a sixth embodiment of the present inven-
tion;

Fig. 10(b) is a cross-sectional view taken along the
line 10(b)-10(b) in Fig. 10(a);

Fig. 11(a) is a cross-sectional view of a piston ac-
cording to a seventh embodiment of the present in-
vention;

Fig. 11(b) is a cross-sectional view taken along the
line 11(b)-11(b) in Fig. 11(a);

Fig. 12(a) is a cross-sectional view of a piston ac-
cording to an eighth embodiment of the present in-
vention;

Fig. 12(b) is a cross-sectional view taken along the
line 12(b)-12(b) in Fig. 12(a);

Fig. 13(a) is a cross-sectional view of a piston ac-
cording to a ninth embodiment of the present inven-
tion;

Fig. 13(b) is a cross-sectional view taken along the
line 13(b)-13(b) in Fig. 13(a);

Fig. 14(a) is a cross-sectional view of a piston ac-
cording to a tenth embodiment of the present inven-
tion;

Fig. 14(b) is a cross-sectional view taken along the
line 14(b)-14(b) in Fig. 14(a);

Fig. 15(a) is a cross-sectional view of a piston ac-
cording to an eleventh embodiment of the present
invention;

Fig. 15(b) is a cross-sectional view taken along the
line 15(b)-15(b) in Fig. 15(a);

Fig. 16(a) is a cross-sectional view of a piston ac-
cording to a twelfth embodiment of the present in-
vention;

Fig. 16(b) is a cross-sectional view taken along the
line 16(b)-16(b) in Fig. 16(a);

Fig. 17(a) is a cross-sectional view of a piston ac-
cording to a thirteenth embodiment of the present
invention;

Fig. 17(b) is a cross-sectional view taken along the
line 17(b)-17(b) in Fig. 17(a);

Fig. 18(a) is a cross-sectional view of a piston ac-
cording to a fourteenth embodiment of the present
invention;

Fig. 18(b) is a cross-sectional view taken along the
line 18(b)-18(b) in Fig. 18(a);

Fig. 19 is a cross-sectional view of a piston accord-
ing to a fifteenth embodiment of the present inven-
tion;

Fig. 20 is a cross-sectional view taken along the line
20-20 in Fig. 19;

Fig. 21 is a cross-sectional view of a piston accord-
ing to a sixteenth embodiment of the present inven-
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tion;

Fig. 22 is a cross-sectional view taken along the line
22-22 in Fig. 21;

Fig. 23(a) is a cross-sectional view showing a state
where a molten metal is poured into a mold; and
Fig. 23(b) is a cross-sectional view for illustrating
how the protrusion is cut.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] The first embodiment will be described below
with reference to Figs. 1 to 4. As shown in Fig. 1, a var-
iable displacement compressor is provided with a cylin-
der block 11, a front housing member 12 connected to
the front end of the cylinder block 11 and a rear housing
member 19 connected to the rear end of the cylinder
block 11. The front housing member 12 defines a con-
trolled pressure chamber 121. The rear housing mem-
ber 19 defines a suction chamber 191 and a discharge
chamber 192.

[0014] Adrive shaft 13 is supported by the front hous-
ing member 12 and the cylinder block 11. The drive shaft
13 is driven by an external drive source, for example,
an engine. A rotary support 14 is located in the control-
led pressure chamber 121 and is fixed to the drive shaft
13. A drive plate, or swash plate 15, is located in the
controlled pressure chamber 121 and is supported by
the drive shaft 13. The swash plate 15 can slide along
the drive shaft 13 in the axial direction and can incline
with respect to a plane that is perpendicular to the axis
of the drive shaft 13.

[0015] A pair of guide pins 16 extend from the swash
plate 15 and are loosely fitted in a pair of guide holes
141, which are formed in the rotary support 14. A hinge
mechanism, which includes the guide pins 16 and the
guide holes 141, drives the swash plate 15 integrally
with the drive shaft 13. The hinge mechanism also per-
mits the swash plate 15 to slide and incline with respect
to the drive shaft 13.

[0016] The controlled pressure chamber 121 commu-
nicates with the suction chamber 191 through a bleed
passage (not shown). The discharge chamber 192 com-
municates with the controlled pressure chamber 121
through a supply passage (not shown). A displacement
control valve 25 is located in the supply passage. The
control valve 25 adjusts the flow rate of refrigerant gas
supplied from the discharge chamber 192 to the control-
led pressure chamber 121 to control the pressure in the
chamber 121. An increase in the quantity of the refrig-
erant gas supplied from the discharge chamber 192 to
the controlled pressure chamber 121 will increase the
pressure in the controlled pressure chamber 121. A de-
crease in the flow rate of the refrigerant gas supplied
from the discharge chamber 192 to the controlled pres-
sure chamber 121 will decrease the pressure in the con-
trolled pressure chamber 121. The inclination angle of
the swash plate 15 varies depending on the pressure in
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the controlled pressure chamber 121. Anincrease in the
pressure in the controlled pressure chamber 121 will de-
crease the inclination angle of the swash plate 15. A de-
crease in the pressure in the controlled pressure cham-
ber 121 will increase the inclination angle of the swash
plate 15.

[0017] As shown in Fig. 1, when the swash plate 15
abuts against the rotary support 14, the swash plate 15
is positioned at the maximum inclination angle position.
When the swash plate 15 abuts against a snap ring 24,
which is fitted on the drive shaft 13, the swash plate 15
is positioned at the minimum inclination angle position.
[0018] The cylinder block 11 contains a plurality of cyl-
inder bores 111 (only two cylinder bores are shown in
Fig. 1) arranged around the axis of the drive shaft 13.
Each cylinder bore 111 contains an aluminum piston 17.
Each piston 17 is connected to the swash plate 15
through a pair of shoes 18. The swash plate 15 converts
the rotational motion of the drive shaft 13 into recipro-
cating motion of the pistons 17. The inclination angle of
the swash plate 15 governs the strokes of the pistons
17 and the displacement of the compressor.

[0019] A port plate 20, a suction valve plate 21, a dis-
charge valve plate 22 and a retainer plate 23 are located
between the cylinder block 11 and the rear housing
member 19. Formed in the port plate 20 are suction
ports 201 and discharge ports 202 for the respective cyl-
inder bores 111. The suction valve plate 21 has suction
valve flaps 211 for the respective suction ports 201. The
discharge valve plate 22 has discharge valve flaps 221
for the respective discharge ports 202. The retainer
plate 23 has retainers 231 for the respective discharge
valve flaps 221.

[0020] When a piston 17 travels from top dead center
to bottom dead center, the refrigerant gas in the suction
chamber 191 flows through the suction port 201 and by
the suction valve flap 211 into the corresponding cylin-
derbore 111. When the piston 17 travels from the bottom
dead center to the top dead center, the refrigerant gas
is compressed in the corresponding cylinder bore 111,
and the compressed refrigerant gas is discharged
through the discharge port 202 and by the discharge
valve flap 221 into the discharge chamber 192. The trav-
el of the discharge valve flap 221 is limited by the retain-
er 231.

[0021] An external refrigerant circuit 26 connects the
discharge chamber 192 to the suction chamber 191.
The external refrigerant circuit 26 contains a condenser
27, an expansion valve 28 and an evaporator 29. The
refrigerant flowing from the discharge chamber 192 into
the external refrigerant circuit 26 flows through the con-
denser 27, the expansion valve 28 and the evaporator
29 into the suction chamber 191.

[0022] As shown in Figs. 2 and 3, each piston 17 in-
cludes a cavity 171. The piston 17 has a head piece 31
and a body piece 32, which are joined to one another.
The head piece 31 has a substantially flat head end wall
30 and an annular rim 35, which is formed on the rear
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side of the head end wall 30. The head end wall 30 re-
ceives the pressure in the corresponding cylinder bore
111. The body piece 32 includes a cylindrical wall 34,
which defines the cavity 171, and a skirt 33, which ex-
tends from the rear end of the cylindrical wall 34. The
skirt 33 has a pair of receiving recesses 331 for receiving
the shoes 18, respectively.

[0023] The annular rim 35 is fitted in the open end of
the cylindrical wall 34, and the head and body pieces 31
and 32 are welded to each other. The head piece 31
serves as a cap for closing the opening of the body piece
32. The inner wall surface 341 and outer wall surface
342 of the cylindrical wall 34 and the inner wall surface
351 and outer wall surface 352 of the annular rim 35 are
coaxial with the axis L of the piston 17.

[0024] The head end wall 30 has a flat outer end face
36, which faces and is parallel to the suction valve plate
21. A positioning recess 361, which is centered on the
axis L is formed on the outer end face 36. As described
in Japanese Unexamined Patent Publication No. Hei
10-281065 in the background section, the positioning
recess 361 is used to cooperate with a center pin of a
machine tool for cutting the outer surface of the piston
17. Also, when the piston 17 is incorporated into a cyl-
inder bore 111, a positioning jig engages with the posi-
tioning recess 361.

[0025] The head end wall 30 has an inner end face
37 facing the cavity 171. The inner end face 37 includes
an annular concave portion 371 and a convex portion
372, which is radially inside the concave portion 371.
The annular concave portion 371 and the convex portion
372 define a protrusion 50 for reinforcing the head end
wall 30.

[0026] Fig. 2 shows a cross-sectional view of the pis-
ton 17, which is cut along the plane S (see Fig. 4). An
outer arcuate line 373, which is shown in Fig. 2, is a
generatrix of the annular concave portion 371. That is,
the annular concave portion 371 is formed by rotating
the outer arcuate line 373 once around the axis L. An
inner arcuate line 374, which is shown in Fig. 2, is a gen-
eratrix of the convex portion 372. That is, the convex
portion 372 is formed by rotating the inner arcuate line
374 once around the axis L. The convex portion 372 is
a part of a sphere.

[0027] The radius of the outer arcuate line 373 is
smaller than that of the inner arcuate line 374. The outer
arcuate line 373 connects smoothly to the inner surface
351 of the annular rim 35. The inner arcuate line 374
smoothly meets the outer arcuate line 373. In other
words, the annular concave portion 371 smoothly meets
the inner wall surface 351 of the annular rim 35, and the
convex portion 372 smoothly meets the annular con-
cave portion 371. Both the annular concave portion 371
and the convex portion 372 are coaxial with the axis L.
[0028] Animaginary circle K, which is shown by a bro-
ken line, illustrates the boundary between the annular
concave portion 371 and the convex portion 372. The
annular concave portion 371 is radially outside imagi-
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nary circle K, and the convex portion 372 is radially in-
side the imaginary circle K. The convex portion 372 is
coaxial with the positioning recess 361. In other words,
the convex portion 372 is aligned axially with the posi-
tioning recess 361.

[0029] The first embodiment has the following advan-
tages.
[0030] The contour of the inner end face 37 of the

head end wall 30, from the inner wall surface 351 toward
the axis L, first approaches the outer end face 36 and
then departs from it. In other words, the annular concave
portion 371 smoothly joins to the inner wall surface 351
of the annular rim 35, and the convex portion 372
smoothly joins the annular concave portion 371. This
configuration prevents the concentration of stress be-
tween the inner end face 37 of the head end wall 30 and
the inner wall surface 351 of the annular rim 35.
[0031] The annular concave portion 371 and the con-
vex portion 372 define the protrusion 50. The protrusion
50 has a smooth surface to prevent local stress concen-
tration. The combination of the annular concave portion
371 and the convex portion 372 has an excellent stress
deconcentrating effect compared with a simple plate-
like head end wall and can reduce the quantity of the
material needed to form the head end wall 30 while pro-
viding the required strength. This contributes to reduc-
ing the weight of the piston 17.

[0032] The convex portion 372 is aligned axially with
the positioning recess 361. The center of the convex
portion 372, which is axially aligned with the positioning
recess 361, is farthest from the outer end face 36. In
other words, the convex portion 372 most effectively re-
inforces the portion of the head end wall 30 where the
positioning recess 361 is located. Thus, the wall around
the positioning recess 361 is strong. The convex portion
372 is formed in the portion of the head end wall 30 that
is to be reinforced most. This improves the strength and
reduces the weight of the head end wall 30.

[0033] The head piece 31 is formed by die casting,
cutting or press molding. When the head piece 31 and
the body piece 32 are separated from each other, the
inner end face 37 of the head end wall 30 is exposed.
Thus, the two part structure facilitates shaping of the in-
ner end face 37 of the head end wall 30.

[0034] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 5 mainly
in terms of the differences from the embodiment shown
in Figs. 1 to 4. In this embodiment, the head piece 31 is
fitted in the body piece 32 such that the head 31 is en-
tirely fitted within the cylindrical wall 34, as shown in Fig.
5.

[0035] A third embodiment of the present invention
will be described with reference to Fig. 6 mainly in terms
of the differences from the embodiment shown in Figs.
1 to 4. In this embodiment, a cylindrical rim 350 corre-
sponding to the cylindrical wall 34 in Fig. 2 is formed
integrally with the head piece 31, as shown in Fig. 6.
The body piece 32 has a peripheral rim 38, which is fitted
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in the open end of the annular rim 350.

[0036] A fourth embodiment of the present invention
will now be described with reference to Figs. 7 and 8
mainly in terms of the differences from the embodiment
shown in Figs. 1 to 4. As shown in Figs. 7 and 8, the
inner end face 37 of the head end wall 30 has a first
tapered face 375, which joins the inner wall surface 351
of the annular rim 35, a second tapered surface 376,
which is joined to the first tapered surface 375 and a flat
central surface 377, which is joined to the second ta-
pered surface 376. If the piston 17 is cut along the plane
S, the tapered surfaces 375 and 376 have linear profiles.
The closer a point on the first tapered surface 375 is to
the axis L, the closer that point is to the outer end face
36. The closer a point on the second tapered surface
376is to the axis L, the further that point is from the outer
end face 36.

[0037] Next, a fifth embodiment of the present inven-
tion will be described with reference to Figs. 9(a) and 9
(b) mainly in terms of the differences from the embodi-
ment shown in Figs. 1 to 4. In this embodiment, the head
piece 31 has a plate-like head end wall 40, as shown in
Figs. 9(a) and 9(b). The head end wall 40 has an inner
end face 41 that is planar and parallel to the outer end
face 36.

[0038] As shown in Fig. 9(b), the inner end face 41
has a plurality of integral reinforcing ribs 39 (six ribs in
this embodiment). The reinforcing ribs 39 extend radially
from the axis L and are arranged at 60° angular inter-
vals. Inner end portions 391 of the reinforcing ribs 39
are located at the axis L, and outer end portions 392 of
the reinforcing ribs 39 are connected to the inner wall
surface 351 of the annular rim 35. The inner end portions
391 are axially aligned with the positioning recess 361.
The rear face 393 of each reinforcing rib 39 is parallel
to the outer end face 36 of the head end wall 40. In other
words, the thickness of each reinforcing rib 39 (as meas-
ured in the direction of the axis L) is the same over its
entire length.

[0039] This embodiment has the following advantag-
es.

[0040] The reinforcing ribs 39 formed on the inner end
face 41 increase the surface area on the rear side of the
head end wall 30. This reduces stress concentration in
the head end wall 40 and limits the weight of the head
end wall 40 compared with the case where the thickness
of the head end wall is increased uniformly. Thus, the
head end wall 40 is strong and is lighter than a simple
plate-like head end wall.

[0041] The reinforcing ribs 39 reduces the concentra-
tion of stress in their longitudinal directions. The rein-
forcing ribs 39 extend radially from the axis L of the head
end wall 40. This reduces the concentration of stress in
the head end wall 40.

[0042] The connection of all the reinforcing ribs 39 to
the inner wall surface 351 of the annular rim 35 reduces
the concentration of stress between the annular rim 35
and the head end wall 40.
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[0043] Theinnerend portions 391 of all the reinforcing
ribs 39 are located at the axis L. This improves the
strength of the head end wall 40 around the axis L. Fur-
ther, the inner end portions 391 are aligned axially with
the positioning recess 361. This compensates for the
loss of strength in the head end wall 40 attributed to the
positioning recess 361.

[0044] The reinforcing ribs 39 are arranged around
the axis L at equiangularintervals. This reduces the con-
centration of circumferential stress in the head end wall
40.

[0045] The head piece 31 is formed by die casting,
cutting or press molding. The two-piece structure facili-
tates formation of the reinforcing ribs 39 on the inner
end face 41 of the head end wall 40.

[0046] A sixth embodiment of the present invention
will be described with reference to Figs. 10(a) and 10(b)
mainly in terms of the differences from the embodiment
shown in Figs. 9(a) and 9(b). In this embodiment, a plu-
rality of reinforcing ribs 42 are formed on the inner end
face 41 of the head end wall 40. Each reinforcing rib 42
extends not from the axis L but from a point offset from
the axis L and is connected to the inner wall surface 351
of the annular rim 35. The reinforcing ribs 42 are ar-
ranged around the axis L at equiangular intervals. The
inner end portions 421 of the reinforcing ribs 42 define
a rectangular box surrounding the axis L. The piston of
the sixth embodiment has the same advantages as that
of the embodiment shown in Figs. 9(a) and 9(b).
[0047] A seventh embodiment of the present inven-
tion will be described with reference to Figs. 11(a) and
11(b) mainly in terms of the differences from the embod-
iment shown in Figs. 9(a) and 9(b). The piston of this
embodiment is like that of the embodiment of Figs. 9(a)
and 9(b), except that only four reinforcing ribs 43 are
formed on the inner end face 41 of the head end wall 40
and that the ribs 43 are not connected to the inner wall
surface 351 of the annular rim 35.

[0048] An eighth embodiment of the present invention
will be described with reference to Figs. 12(a) and 12(b)
mainly in terms of the differences from the embodiment
shown in Figs. 9(a) and 9(b). In this embodiment, a pro-
trusion 44 is formed on the inner end face 41 of the head
end wall 40. The protrusion 44 is centered on the axis
L. The protrusion 44 corresponds only to the inner end
portions 391 of the reinforcing ribs 39 in Fig. 9(a). The
protrusion 44 has a substantially cylindrical shape. The
protrusion 44 is smoothly joined to the inner end face 41.
[0049] A ninth embodiment of the present invention
will be described with reference to Figs. 13(a) and 13(b)
mainly in terms of the differences from the embodiment
shown in Figs. 12(a) and 12(b). In this embodiment, a
protrusion 45 is formed on the inner end face 41 of the
head end wall 40. The protrusion 45 has a ring-like form
and is centered on the axis L.

[0050] A tenth embodiment of the present invention
will be described with reference to Figs. 14(a) and 14(b)
mainly in terms of the differences from the embodiment
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shown in Figs. 12(a) and 12(b). In this embodiment, the
protrusion 44 and four reinforcing ribs 46 are formed on
the inner end face 41 of the head end wall 40. The pro-
trusion 44 is substantially the same as that shown in Fig.
12(a). The reinforcing ribs 46 extend radially from the
protrusion 44 and are connected to the inner wall sur-
face 351 of the annular rim 35. The reinforcing ribs 46
are arranged around the axis L at equiangular intervals.
[0051] The protrusion 44 may be omitted to leave only
the reinforcing ribs 46.

[0052] An eleventh embodiment of the present inven-
tion will be described with reference to Figs. 15(a) and
15(b) mainly in terms of the differences from the embod-
iment shown in Figs. 12(a) and 12(b). This embodiment
is substantially the same as the embodiment shown in
Figs. 12(a) and 12(b), except that a plurality of reinforc-
ing ribs 47 are included. The reinforcing ribs 47 each
have a triangular plate-like form and are located in the
corner formed between the inner end face 41 of the head
end wall 40 and the inner wall surface 351 of the annular
rim 35. The reinforcing ribs 47 extend radially and are
arranged around the axis L at equiangular intervals.
[0053] The protrusion 44 may be omitted to leave only
the reinforcing ribs 47.

[0054] A twelfth embodiment of the present invention
will be described with reference to Figs. 16(a) and 16(b)
mainly in terms of the differences from the embodiment
shown in Figs. 15(a) and 15(b). This embodiment is dif-
ferent from that shown in Figs. 15(a) and 15(b) in that
the protrusion 44 is replaced with a plurality of reinforc-
ing ribs 48. The reinforcing ribs 48 each have a triangu-
lar plate-like form and extend radially from the axis L at
equiangular intervals.

[0055] The radially outer reinforcing ribs 47 may be
omitted to leave only the radially inner reinforcing ribs
48.

[0056] A thirteenth embodiment of the present inven-
tion will be described with reference to Figs. 17(a) and
17(b) mainly in terms of the differences from the embod-
iment shown in Figs. 9(a) and 9(b). This embodiment is
different from that shown in Figs. 9(a) and 9(b) in that
the top face of each reinforcing rib 49 is curved, and that
the number of the reinforcing ribs 49 is different from
that of the embodiment shown in Figs. 9(a) and 9(b).
The rear face 491 of each reinforcing rib 49 includes a
concave surface 492 and a convex surface 493. The
contour of the rear face 491, from the end of the inner
wall surface 351 toward the axis L, first approaches the
outer end face 36 and then departs from it.

[0057] A fourteenth embodiment of the present inven-
tion will be described with reference to Figs. 18(a) and
18(b) mainly in terms of the differences from the embod-
iment shown in Figs. 1to 4. This embodiment is different
from that shown in Figs. 1 to 4 in that the protrusion 50
has a flat end face. The protrusion 50 extends from an
annular concave surface 371, which smoothly joins the
inner wall surface 351 of the annular rim 35. An annular
convex surface 378 is smoothly joined to the concave
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portion 371, and a flat face 379 smoothly joins the an-
nular convex surface 378. The annular convex surface
378 is a part of a sphere. The closer a point on the an-
nular convex surface 378 is to the axis L, the further that
point is from the outer end face 36. The flat face 379 is
parallel to the outer end face 36.

[0058] A fifteenth embodiment of the present inven-
tion will be described with reference to Figs. 19 and 20
mainly in terms of the differences from the embodiment
shown in Figs. 1 to 4. This embodiment is substantially
the same as that shown in Figs. 1 to 4, except that a
plurality of reinforcing ribs 60 are included. The reinforc-
ing ribs 60 (four ribs in this embodiment) extend radially
from the axis L and are connected to the inner wall sur-
face 351 of the annular rim 35. The rear surface 601 of
each reinforcing rib 60 is parallel to the outer end face
36. The reinforcing ribs 60 further improve the strength
of the head end wall 30 compared with the embodiment
shown in Figs. 1 to 4.

[0059] A sixteenth embodiment of the present inven-
tion will be described with reference to Figs. 21 and 22
mainly in terms of the differences from the embodiment
shown in Figs. 19 and 20. This embodiment is substan-
tially the same as the embodiment shown in Figs. 19
and 20, except that reinforcing ribs 70 each have a
curved rear surface 701. The rear surface 701 is curved
to match the contour of the inner end face 37 of the head
end wall 30. In this embodiment, the quantity of material
necessary for forming the reinforcing ribs 70 is reduced
compared with the embodiment shown in Figs. 19 and
20.

[0060] Next, a process for producing the head piece
31 shown in Figs. 18(a) and 18(b) will be described with
reference to Figs. 23(a) and 23(b). Fig. 23(a) shows a
first mold 51 and a second mold 52, which are used for
casting the head piece 31. The first mold 51 has a por-
tion that does not conform to the shape of the inner end
face 37 of the head end wall 30. More specifically, the
first mold 51 is designed and formed such that it forms
an extra protrusion 54 on the inner end face 37. The
protrusion 54 is not present in the finished product. A
pushing rod 53 is fitted to the first mold 51 to move ax-
ially.

[0061] The molds 51 and 52 are mated with each oth-
er, and in this state molten metal, based on aluminum,
is poured into a casting space between the molds 51
and 52. Before the molten metal in the molds 51 and 52
solidifies, the pushing rod 53 is urged in the axial direc-
tion Q shown in Fig. 23(a). Thus, the molten metal
present in the portion corresponding to the extra protru-
sion 54 is pushed by the distal end of the pushing rod
53. This prevents formation of shrinkage cavities in a
workpiece 310, which results after solidification of the
molten metal.

[0062] After the molten metal is solidified, the work-
piece 310 is taken out from the molds 51 and 52. A re-
cess 541 matching the shape of the distal end of the
pushing rod 53 remains in the extra protrusion 54. Sub-
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sequently, as shown in Fig. 23(b), the extra protrusion
54 is removed by cutting with a cutting tool 55 such as
an end mill. The portion of the inner end face 37 from
which the extra protrusion 54 is removed forms the flat
face 379 (see Fig. 18(a)).

[0063] According to the above production process,
shrinkage cavities in the head piece 31 can be prevent-
ed. This improves the strength of the head piece 31.
[0064] The extra protrusion 54 may not be cut off com-
pletely. In this case, the remaining extra protrusion 54
serves as an annular reinforcing rib.

[0065] The following embodiments are within the
scope of the present invention.

[0066] In the embodiment shown in Figs. 1 to 4, the
curvature of the inner end face 37 of the head end wall
30 is not limited to the illustration but can be modified
suitably. Further, the inner end face 37 of the head end
wall 30 may be formed by a combination of curved sur-
faces and tapered surfaces. For example, a tapered sur-
face may be located between the annular concave por-
tion 371 and the inner wall surface 351 of the annular
rim 35, or a tapered surface may be located between
the annular groove-like surface 371 and the convex sur-
face 372.

[0067] In the embodiment shown in Figs. 1 to 4, the
convex portion 372 may not be a part of a spherical face
but may be of any type as long as it has a smooth curved
surface.

[0068] In the embodiment shown in Figs. 7 and 8, the
flat central surface 377 may be replaced with a conical
tapered surface 376 having an apex centered on the ax-
is L.

[0069] A recess may be formed on the flat central sur-
face 377 shown in Fig. 7 or on the flat face 379 shown
in Fig. 18(a).

[0070] The first piston member may be connected to
the second piston member using an adhesive.

[0071] The first piston member may be connected to
the second piston member by means of friction pres-
sure.

[0072] The first piston member may be connected to
the second piston member by means of press fitting.
[0073] In the piston in any of the foregoing embodi-
ments, a positioning recess 361 is formed on the outer
end face of the head end wall. However, the present in-
vention can be applied in those pistons that have no po-
sitioning recesses 361. Light and strong hollow pistons
can be obtained again in such cases.

[0074] Therefore, the present examples and embod-
iments are to be considered as illustrative and not re-
strictive, and the invention is not to be limited to the de-
tails given herein, but may be modified within the scope
or equivalence of the appended claims.

[0075] A hollow piston has an end wall that receives
pressure in a cylinder bore of a compressor. A reinforc-
ing protrusion is formed on the inner end face of the end
wall. The contour of the protrusion, from the radially out-
side portion toward the radially inside portion, first ap-



13 EP 1 143 143 A2

proaches the outer end face and then departs from the
outer end face. Therefore, the piston is light and strong.

Claims

A hollow piston used in a compressor, wherein the
piston has an end wall that receives the pressure of
a cylinder bore of the compressor, the end wall hav-
ing a substantially flat outer end face and an inner
end face that is opposite to the outer end face, the
piston being characterized in that :

the contour of the inner end face, from the ra-
dially outside portion toward the radially inside por-
tion, first approaches the outer end face and then
departs from the outer end face.

The piston according to claim 1 characterized in
that the inner end face includes an annular concave
surface, which is located about the axis of the pis-
ton, and a convex surface, wherein the convex sur-
face is located radially inside and is joined to the
annular concave surface.

The piston according to claim 2 characterized in
that the annular concave surface is a smooth
curved surface, and the cross section of the con-
cave surface is uniform over the entire circumfer-
ence about the axis of the piston.

The piston according to claim 3 characterized in
that the cross section of the annular concave sur-
face is arcuate.

The piston according to claim 2 characterized in
that the convex surface is a smooth curved surface,
and the cross section of the convex surface is uni-
form over the entire circumference about the axis
of the piston.

The piston according to claim 5 characterized in
that the cross section of the convex surface is ar-
cuate.

The piston according to any one of claims 1 to 6
characterized in that the convex surface is annular
about the axis of the piston, wherein the inner end
face includes a flat surface that joins to and is locat-
ed radially inside the annular convex surface.

The piston according to any one of claims 1 to 6
characterized in that the end wall includes a plu-
rality of ribs, wherein the ribs extend radially on the
inner end face and are arranged at equal angular
intervals.

The piston according to any one of claims 1 to 6
characterized by a head piece and a body piece
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that is coupled to the head piece, wherein the head
piece includes the end wall, and the body piece in-
cludes the remainder of the piston, and wherein,
when the head piece and the body piece are sepa-
rated, the inner end face is exposed.

A hollow piston used in a compressor, wherein the
piston has an end wall that receives the pressure of
a cylinder bore of the compressor, the end wall hav-
ing a substantially flat outer end face and an inner
end face that is opposite to the outer end face,
wherein a recess is formed in the outer end face,
the piston being characterized in that:

a protrusion is formed on the inner end face
to reinforce the end wall.

The piston according to claim 10 characterized in
that the protrusion is aligned axially with the recess.

The piston according to claim 10 characterized in
that the contour of the protrusion, from the radially
outside portion toward the radially inside portion,
first approaches the outer end face and then de-
parts from the outer end face.

The piston according to claim 12 characterized in
that the surface of the protrusion includes an annu-
lar concave surface, which is located about the axis
of the piston, and a convex surface, wherein the
convex surface is located radially inside and is
joined to the annular concave surface.

The piston according to claim 13 characterized in
that the convex surface is aligned axially with the
recess.

The piston according to claim 10 characterized in
that the protrusion is located on the axis of the pis-
ton.

The piston according to claim 10 characterized in
that the protrusion includes a plurality of ribs.

The piston according to claim 16 characterized in
that the ribs extend radially.

The piston according to claim 17 characterized in
that the ribs are arranged at equal angular intervals.

The piston according to any one of claims 10 to 18
characterized by a head piece and a body piece
that is coupled to the head piece, wherein the head
piece includes the end wall, and the body piece in-
cludes the remainder of the piston, and wherein,
when the head piece and the body piece are sepa-
rated, the inner end face is exposed.

A method for manufacturing a hollow piston used in
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a compressor, wherein the piston includes a head
piece and a body piece that is coupled to the head
piece, wherein the head piece includes an end wall
that receives the pressure of a cylinder bore of the
compressor and the body piece includes the re-
mainder of the piston, and wherein the end wall in-
cludes a substantially flat outer end face and an in-
ner end face that is opposite to the outer end face,
the method being

characterized by:

preparing a mold for forming the head piece,
wherein the mold is designed such that a tem-
porary protrusion that is not present in the fin-
ished head piece is formed on the inner end
face;

pouring molten metal into the mold;

pushing the temporary protrusion before the
molten metal solidifies to prevent formation of
shrinkage cavities; and

removing the protrusion after the molten metal
solidifies.

The method according to claim 20 characterized
in that preparing of a mold includes designing the
mold such that a reinforcing protrusion is formed on
the inner end face, wherein the temporary protru-
sion is formed on the reinforcing projection.
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