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(67)  Thereis provided a displacement machine com-
prising a cylindrical guide member; a reciprocating mem-
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Description
Technical Field

[0001] The present disclosure relates to a displace-
ment machine and more specifically relates to a low-vi-
bration displacement machine configured such that a pis-
ton has a swinging motion along with a reciprocating mo-
tion.

Background

[0002] A proposeddisplacement machine(positive dis-
placement machine) includes a reciprocating member
provided with two pistons guided by a cylindrical guide
member and with a pair of first arm portions arranged
symmetrically from a center of these two pistons in a
direction perpendicular to a center axis of the cylindrical
guide member; a pair of shaft members arranged sym-
metrically such as to be perpendicular to the center axis
of the cylindrical guide member; a pair of second arm
portions mounted to the respective shaft members at po-
sitions displaced from rotation axes of the respective
shaft members to hold the respective first arm portions;
and a pair of working chambers configured to have
changes in volume by reciprocating motion of the two
pistons, and is configured to cause the reciprocating
member to have a reciprocating motion along with a
swinging motion (as described in, for example, Patent
Literature 1). Fig. 17 is a configuration diagramillustrating
the schematic configuration of a displacement machine
920 of a prior art. For the purpose of comparison with a
displacement machine 20 according to a first embodi-
ment of the present disclosure described later, the dis-
placement machine 920 of the prior art has a similar con-
figuration.

[0003] The displacement machine (positive displace-
ment machine) 920 of the prior art is configured as a
compressor to boost the pressure of a gas that serves
as a working fluid. As illustrated, the displacement ma-
chine 920 includes a pair of cylindrical guide members
930a and 930b having a center axis in a vertical direction
inthedrawing (ina Y axis direction); areciprocating mem-
ber 940 provided with a pair of pistons 942a and 942b
that are guided by these cylindrical guide members 30a
and 30b to reciprocate inthe vertical directionin the draw-
ing (in the Y axis direction) and to swing about the center
axis of the cylindrical guide members 930a and 930b
(about a Y axis); a pair of shaft members 950a and 950b
placed in the middle of the cylindrical guide members
930a and 930b and arranged to have rotation axes that
are straight lines (a Z axis) perpendicular to the center
axis of the cylindrical guide members 930a and 930b; a
pair of working chambers 962a and 962b having volumes
changed accompanied with a reciprocating motion of the
pistons 942a and 942b; a pair of high pressure chambers
966a and 966b placed adjacent to the working chambers
962a and 962b across partition walls 965a and 965b; a
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pair of motors 970a and 970b respectively mounted to
the pair of shaft members 950a and 950b; and a case
922 configured to place these components therein.
[0004] The reciprocating member 940 has a mounting
portion 941 that is provided in the middle of the recipro-
catingmember 940 and thatincludes a through hole 941a
formed to be perpendicular to the center axis of the cy-
lindrical guide members 930a and 930b (the Y axis). A
pair of first arm portions 944a and 944b formed in a co-
lumnar shape are tightly inserted in the through hole 941a
of the mounting portion 941. The mounting portion 941
and the pair of first arm portions 944a and 944b are
mounted and fixed by a pin member 946, which is insert-
ed at an intersection between the center axis of the cy-
lindrical guide members 930a and 930b (the Y axis) and
a center axis of the first arm portions 944a and 944b such
as to be perpendicular to both the center axes. Outer
circumference spherical portions 945a and 945b having
spherical centers P1a and P1b on the arm axes are
formed at or are mounted and fixed to respective ends
of the first arm portions 944a and 944b.

[0005] The pistons 942aand 942b have fluid flow paths
963a and 963b that are formed to supply a working fluid
to the working chambers 962a and 962b. Inlet valves
964a and 964b are mounted to the fluid flow paths 963a
and 963b, such as to be opened when the pressures in
the working chambers 962a and 962b become lower than
the pressure in a working fluid space 960 provided be-
tween the pistons 942a and 942b. Discharge valves 967a
and 967b are mounted to the partition walls 965a and
965b provided between the working chambers 962a and
962b and the high pressure chambers 966a and 966b,
such as to be opened when the pressures in the working
chambers 962a and 962b become higher than the pres-
sures in the high pressure chambers 966a and 966b.
Outlet pipes 968a and 968b are mounted to the high pres-
sure chambers 966a and 966b. Additionally, a non-illus-
trated inlet pipe is mounted to the case 922 such as to
communicate with the working fluid space 960. Accord-
ingly, the working fluid flows from the inlet pipe into the
working fluid space 960, is supplied through the fluid flow
paths 963a and 963b and the inlet valves 964a and 964b
to the working chambers 962a and 962b by the recipro-
cating motion of the pistons 942a and 942b, flows through
the discharge valves 967a and 967b into the high pres-
sure chambers 66a and 966b, and flows out from the
outlet pipes 968a and 968b.

[0006] The shaftmembers 950aand 950b are support-
ed to be rotatable by ball bearings 951a, 951b, 952a and
952b. A pair of second arm portions 954a and 954b are
mounted to respective one ends (reciprocating member
940-side ends) of the shaft members 950a and 950b at
positions displaced from the rotation axes of the shaft
members 950a and 950b, such as to support the firstarm
portions 944a and 944b of the reciprocating member 940.
These second arm portions 954a and 954b are formed
as inner circumference cylindrical members having a
center axis that is an axis parallel to the rotation axes of
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the shaft members 950a and 950b, and are configured
to place the outer circumference spherical portions 945a
and 945b of the first arm portions 944a and 944b slidably
in the inner circumference cylinders thereof. Driving the
shaftmembers 950a and 950b to rotate reversely relative
to each other causes the second arm portions 954a and
954b to rotate reversely relative to each other. This caus-
es the outer circumference spherical portions 945a and
945b of the first arm portions 944a and 944b to revolve
accompanied with slight reciprocating motion in an axial
direction of the shaft members 950a and 950b and caus-
es the reciprocating member 940 to have a reciprocating
motion accompanied with a swinging motion. Fig. 18 is
a diagram illustrating the state of the reciprocating mem-
ber 940 that has a reciprocating motion accompanied
with a swinging motion. Fig. 19 is a diagram illustrating
the reciprocating member 940 that has the reciprocating
motion accompanied with the swinging motion viewed
from the top in Fig. 17. Figs. 18(a) to 18(e) and Figs.
19(a) to 19(e) illustrate a variation in the state when the
shaft members 950a and 950b are rotated by every 90
degrees from the state that the reciprocating member
940 is located in the center of the reciprocating motion.
Asillustrated, the reciprocating member 940 has a recip-
rocating motion of an amplitude 2¢ having a top dead
center shown in Fig. 18(b) and a bottom dead center
shown in Fig. 18(d), along with a counterclockwise swing-
ing motion of a swing half amplitude angle 8max shown
in Figs. 19(a) and 19(e) and a clockwise swinging motion
of the swing half amplitude angle 8max shown in Fig.
19(c). In Fig. 18, the outer circumference spherical por-
tion 945a on the front side revolves counterclockwise,
while the outer circumference spherical portion 945b on
the rear side revolves clockwise. This causes the shaft
member 950a to rotate counterclockwise, while causing
the shaft member 950b to rotate clockwise.

[0007] A pair of main weight balances 958a and 958b
are mounted to respective one ends of the shaft members
950a and 950b such that the direction of centrifugal force
thereof is a direction opposite to the direction of centrif-
ugal force of the second arm portions 954a and 954b. A
pair of sub weight balances 959a and 959b are mounted
to the respective other ends (ends on the sides opposite
to the reciprocating member 940) of the shaft members
950a and 950b such that the direction of centrifugal force
thereof is a direction opposite to the direction of centrif-
ugal force of the main weight balances 958a and 958b.
[0008] The displacement machine 920 of the prior art
can reduce generation of excitation forces other than the
torque about the Y axis to zero, out of the inertial forces
in the directions of three axes (X axis, Y axis and Z axis)
in the Cartesian Coordinates System and torques about
the three axes generated by the inertial forces.
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[0009] PTL1: JP 2016-017513A
Summary
[0010] The displacement machine 920 described

above is, however, likely to have a large frictional resist-
ance and even become inoperative, due to a slight man-
ufacturing error. When there is a slight misalignment be-
tween the rotation axis of the shaft member 950a and
the rotation axis of the shaft member 950b due to a man-
ufacturing error, for example, when there is a misalign-
ment in the Y axis direction shown in Fig. 17 or when
there is a misalignment in an X axis direction perpendic-
ular to the Y axis and the Z axis shown in Fig. 17, this
misalignment is likely to incline the center axis of the re-
ciprocating member 940 or deviate the center axis of the
reciprocating member 940 from the common center axis
of the cylindrical guide members 930a and 930b. This
increases the frictional resistance between the pistons
942a and 942b and the cylindrical guide members 930a
and 930b and may even cause the displacement ma-
chine 920 to become inoperative depending on the in-
creased degree of the frictional resistance. Such mal-
function is caused by not only an error in assembling the
shaft member 950a and the shaft member 950b but a
manufacturing error such as displacements of the second
arm portions of the shaft members 950a and 950b.
[0011] A main object of a displacement machine of the
present disclosure is to smoothly operate even in the
event of, for example, a misalignment between rotation
axes of a pair of shaft members or a manufacturing error
such as displacements of second arm portions.

[0012] The displacement machine of the present dis-
closure is implemented by aspects described below, in
order to achieve the main object described above.
[0013] According to one aspect of the present disclo-
sure, there is provided a displacement machine compris-
ing a cylindrical guide member in a cylindrical shape; a
reciprocating member provided with a piston portion that
is guided by an inner circumferential surface of the cy-
lindrical guide member to have a reciprocating motion in
a center axis direction of the cylindrical guide member
and a swinging motion about a center axis of the cylin-
drical guide member; a pair of first arm portions mounted
to the reciprocating member to be perpendicular to the
center axis of the cylindrical guide member and to be
symmetric with respect to the center axis; a pair of shaft
members arranged to be perpendicular to the center axis
of the cylindrical guide member and to be symmetric with
respect to the center axis; a pair of second arm portions
mounted to the pair of shaft members such as to respec-
tively support the pair of first arm portions at positions
displaced from rotation axes of the pair of shaft members;
and a working chamber configured to have a change in
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volume accompanied with the reciprocating motion of the
piston portion. The pair of firstarm portions and the piston
portion are mounted such that an angle between a center
axis of the pair of first arm portions and a center axis of
the piston portion is displaceable by a predetermined
small angle from 90 degrees and that the pair of first arm
portions are movable in parallel by a predetermined small
distance in a direction perpendicular to the center axis
of the piston portion.

[0014] Inthe displacementmachine (positive displace-
ment machine) of this aspect, the pair of first arm portions
and the piston portion are mounted such that the angle
between the center axis of the pair of first arm portions
and the center axis of the piston portion is displaceable
by the predetermined small angle from 90 degrees and
that the pair of first arm portions are movable in parallel
by the predetermined small distance in the direction per-
pendicular to the center axis of the piston portion.
[0015] It is here assumed that the pair of shaft mem-
bers have a slight misalignment between a rotation axis
of one shaft member and a rotation axis of the other shaft
member in the center axis direction of the cylindrical
guide member, due to, for example, a manufacturing er-
ror or an assembling error. In this case, the pair of first
arm portions are inclined by a slight angle from an angle
perpendicular to the center axis of the cylindrical guide
member (90 degrees), due to the misalignment between
the rotation axis of one shaft member and the rotation
axis of the other shaft member. In the displacement ma-
chine of this aspect, however, the pair of first arm portions
and the piston portion are mounted such that the angle
between the center axis of the pair of first arm portions
and the center axis of the piston portion is displaceable
by the predetermined small angle from 90 degrees. This
configuration accordingly allows for such an inclination.
Even when there is a slight misalignment between the
rotation axis of one shaft member and the rotation axis
of the other shaft member, this configuration suppresses
the reciprocating member from being inclined to the cent-
er axis of the cylindrical guide member.

[0016] Itisalsoassumed thatthe pair of shaftmembers
have a slight misalignment between the rotation axis of
one shaft member and the rotation axis of the other shaft
member in a direction that is perpendicular to the center
axis of the cylindrical guide member and that is perpen-
dicular to the rotation axes of the pair of shaft members,
due to, for example, a manufacturing error or an assem-
bling error. In this case, the pair of firstarm portions slight-
ly move in parallel in the direction perpendicular to the
center axis of the cylindrical guide member, due to the
misalignment between the rotation axis of one shaft
member and the rotation axis of the other shaft member.
In the displacement machine of this aspect, however, the
pair of first arm portions and the piston portion are mount-
ed such that the pair of first arm portions are movable in
parallel by the predetermined small distance in the direc-
tion perpendicular to the center axis of the piston portion.
This configuration accordingly allows for such parallel
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motion. Even when there is a slight misalignment be-
tween the rotation axis of one shaft member and the ro-
tation axis of the other shaft member, this configuration
suppresses the reciprocating member from being devi-
ated in a radial direction from the center axis of the cy-
lindrical guide member.

[0017] Even in the case of a manufacturing error or an
assembling error arising in the pair of shaft members,
the displacement machine of this aspect accordingly sup-
presses the reciprocating member from being inclined to
or deviated from the center axis of the cylindrical guide
member. As a result, this configuration avoids a potential
trouble (anincrease in frictional resistance orinoperative)
caused by the inclination or the deviation of the recipro-
cating member to or from the center axis of the cylindrical
guide member.

[0018] The displacementmachine according to this as-
pect of the present disclosure may be configured as a
machine (for example, an engine) that causes the recip-
rocating member to have a reciprocating motion and a
swinging motion by supply of a pressure fluid to the work-
ing chamber and thereby generates a rotational driving
force in the pair of shaft members or may be configured
as a machine (for example, a compressor) that causes
the reciprocating member to have a reciprocating motion
and a swinging motion by supply of a rotational driving
force to the pair of shaft members and thereby causes a
change in volume of the working chamber. In these ma-
chines, for example, the piston portion may include two
pistons arranged symmetrically across the pair of first
arm portions, and two working chambers may be provid-
ed respectively corresponding to the two pistons. In an-
other example, the piston portion may include only one
piston, and only one working chamber may be provided.
[0019] In the displacement machine of the above as-
pect, the pair of first arm portions may be formed from
columnar members. The piston portion may have a
through hole that is formed to have a diameter larger than
a diameter of the pair of first arm portions. The pair of
first arm portions may be inserted through the through
hole of the piston portion and may be mounted by a pin
member, which penetrates an intersection between the
center axis of the pair of first arm portions and the center
axis of the piston portion in a direction perpendicular to
both the center axes, such as to be slidable in an axial
direction of the pin member. This configuration enables
the pair of first arm portions to be mounted to the piston
portion such that the angle between the center axis of
the pair of first arm portions and the center axis of the
piston portion are displaceable by the predetermined
small angle from 90 degrees and that the pair of first arm
portions are movable in parallel by the predetermined
small distance in the direction perpendicular to the center
axis of the piston portion.

[0020] The displacement machine of the above aspect
may further comprise a mounting member configured to
mount the pair of first arm portions and the piston portion.
The mounting member may cause the piston portion to
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be mounted at a first mounting position for mounting the
piston portion such that the pair of first arm portions are
movable in parallel by the predetermined small distance
in the direction perpendicular to the center axis of the
piston portion and may cause the pair of first arm portions
to be mounted at a second mounting position for mount-
ing the pair of first arm portions such that the center axis
of the pair of first arm portions is swingable. This config-
uration also allows the pair of first arm portions to be
inclined by a small angle from the angle perpendicular
to the center axis of the cylindrical guide member (90
degrees) and allows the pair of first arm portions to slight-
ly move in parallel in the direction perpendicular to the
center axis of the cylindrical guide member. Even in the
case of a manufacturing error or an assembling error
arising in the pair of shaft members, this configuration
suppresses the reciprocating member from being in-
clined to or deviated from the center axis of the cylindrical
guide member. In the displacement machine of this as-
pect, the mounting member may cause the piston portion
to be mounted at the first mounting position by a first pin
member having a rotation axis that is an axis parallel to
the pair of first arm portions and may cause the pair of
first arm portions to be mounted at the second mounting
position by a second pin member having an axis in a
direction perpendicular to the center axis of the pair of
firstarm portions and the center axis of the piston portion.
[0021] The displacement machine of the above aspect
may further comprise a control mechanism that is a
mechanism configured to revolve relative to the pair of
shaft members in synchronism with the pair of second
arm portions and rotate accompanied with revolving, to
restrict any slight motion of the pair of first arm portions
in any direction other than a center axis direction of the
reciprocating member when the reciprocating member
is located at a top dead center and a bottom dead center,
and to restrict any slight motion of the pair of first arm
portions in any direction other than a direction perpen-
dicular to the center axis of the reciprocating member
when the reciprocating member is located at points hav-
ing a phase different by 90 degrees from the top dead
center and from the bottom dead center. In the displace-
ment machine of this aspect, when the reciprocating
member is located at the top dead center and the bottom
dead center, the pair of first arm portions are allowed to
slightly move in the center axis direction of the recipro-
cating member. In the case where one of the pair of first
arm portions slightly moves in one direction along the
center axis direction of the reciprocating member and the
other of the pair of first arm portions slightly moves in the
other direction along the center axis direction of the re-
ciprocating member, this configuration thus allows the
pair of first arm portions to be inclined by a small angle
from the angle perpendicular to the center axis of the
cylindrical guide member (90 degrees). When the recip-
rocating member is located at the points having the phase
different by 90 degrees from the top dead center and
from the bottom dead center, the pair of first arm portions
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are allowed to slightly move in the direction perpendicular
to the center axis of the reciprocating member. This con-
figuration thus allows the pair of first arm portions to
slightly move in parallel in the direction perpendicular to
the center axis of the cylindrical guide member. The dis-
placement machine of this aspect restricts any slight mo-
tion in any of the other directions. Whether the recipro-
cating member is located at the top dead center and the
bottom dead center or is located at the points having the
phase different by 90 degrees from the top dead center
and from the bottom dead center, this configuration re-
stricts rotating motion of the pair of shaft members in an
identical direction. Accordingly, even when a slightly ex-
cessive clearance or the like occurs in a mechanism that
allows the pair of first arm portions to be slightly inclined
by a small angle from the angle perpendicular to the cent-
er axis of the cylindrical guide member (90 degrees) and
that allows the pair of first arm portions to slightly move
in parallel in the direction perpendicular to the center axis
of the cylindrical guide member, this configuration sup-
presses the occurrence of backlash caused by such an
excessive clearance. In the displacement machine of this
aspect, the control mechanism may comprise a pair of
revolving members that are mounted to the pair of first
arm portions such as to be rotatable about the center
axis of the pair of first arm portions, that are mounted to
the pair of second arm portions, and that include a pair
of convexes formed to be protruded in the center axis
direction of the reciprocating member when the recipro-
cating member is located at the top dead center and the
bottom dead center; and a sliding member that is config-
ured to hold the pair of convexes of the pair of revolving
members such as to allow the pair of convexes to move
in a convex direction and that is mounted to the recipro-
cating member such as to be rotatable and slidable.

[0022] The displacement machine of the above aspect
may further comprise a gear mechanism linked with the
pair of shaft members such as to synchronously reverse
the pair of shaft members. Even when a slightly excessive
clearance or the like occurs in a mechanism that allows
the pair of first arm portions to be slightly inclined by a
small angle from the angle perpendicular to the center
axis of the cylindrical guide member (90 degrees) and
that allows the pair of first arm portions to slightly move
in parallelin the direction perpendicular to the center axis
of the cylindrical guide member, this configuration sup-
presses the occurrence of backlash caused by such an
excessive clearance. In the displacement machine of this
aspect, the gear mechanism may comprise a pair of first
bevel gears mounted to the pair of second arm portions,
and a second bevel gear provided to have a rotation axis
thatis an axis perpendicular to the center axis of the pair
of shaft members and configured to engage with the pair
of first bevel gears. This configuration enables a power
applied to one of the pair of shaft members to be distrib-
uted to the other of the pair of shaft members. Accord-
ingly, this enables a motor, a generator or the like to be
mounted to only one of the pair of shaft members. Fur-
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thermore, in the displacement machine of this aspect,
the second bevel gear may comprise a pair of bevel gears
having a rotation axis that is an axis perpendicular to the
center axis of the reciprocating member.

Brief Description of Drawings
[0023]

Fig. 1is a configuration diagramiillustrating the sche-
matic configuration of a displacement machine 20
according to a first embodiment of the present dis-
closure;

Fig. 2 is a partial enlarged view illustrating a part
where a pair of first arm portions 44a and 44b are
mounted to a mounting portion 41;

Fig. 3 is a configuration diagramiillustrating the sche-
matic configuration of a displacement machine 120
according to a second embodiment of the present
disclosure;

Fig. 4 is a diagram illustrating a mounting structure
part of a pair of arm members 144a and 144b in an
XY plane shown in Fig. 3;

Fig. 5is a configuration diagramiillustrating the sche-
matic configuration of a displacement machine 220
according to a third embodiment of the present dis-
closure;

Fig. 6 is an enlarged view illustrating a part including
an arm member 244a shown in Fig. 5;

Fig. 7 is an exploded perspective view illustrating a
pair of revolving members 290a and 290b and com-
ponents used for a mounting structure to a pair of
second arm portions 254a and 254b;

Fig. 8 is a sectional view illustrating a section in an
A-A plane shown in Fig. 6;

Fig. 9 is a sectional view illustrating a section in a B-
B plane shown in Fig. 6;

Fig. 10 is a partial configuration diagram illustrating
the schematic configuration of a part involved in
mounting a pair of convexes 293a and 293b formed
in a tubular portion 291 to a mounting portion 241;
Fig. 11 is a diagram illustrating members around a
pair of first arm portions 244a and 244b in an XZ
plane when a reciprocating member 240 is located
atpoints having a phase differentby 90 degrees from
a top dead center and from a bottom dead center;
Fig. 12 is a configuration diagram illustrating the
schematic configuration of a displacement machine
320 according to a modification;

Fig. 13 is a configuration diagram illustrating the
schematic configuration of a displacement machine
420 according to a fourth embodiment of the present
disclosure;

Fig. 14 is a diagram illustrating members around a
pair of first arm portions 444a and 444b and a pair
of second arm portions 454a and 454b in an XZ plane
when a reciprocating member 440 is located at
points having a phase different by 90 degrees from
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a top dead center and from a bottom dead center;
Fig. 15 is a configuration diagram illustrating the
schematic configuration of a displacement machine
520 according to a modification;

Fig. 16 is a diagram illustrating members around a
pair of first arm portions 444a and 444b and a pair
of second arm portions 454aand 454bin an XZ plane
when a reciprocating member 440 is located at
points having a phase different by 90 degrees from
a top dead center and from a bottom dead center in
the displacement machine 520 of the modification;
Fig. 17 is a configuration diagram illustrating the
schematic configuration of a displacement machine
920 of a prior art;

Fig. 18 is a diagram illustrating the state of a recip-
rocating member 940 that has areciprocating motion
accompanied with a swinging motion; and

Fig. 19 is a diagram illustrating the reciprocating
member 940 that has the reciprocating motion ac-
companied with the swinging motion viewed from
the top in Fig. 17.

Description of Embodiments

[0024] The following describes the aspects of the
present disclosure with reference to some embodiments.
[0025] Fig. 1is a configuration diagram illustrating the
schematic configuration of a displacement machine (pos-
itive displacement machine) 20 according to a first em-
bodiment of the present disclosure. The displacement
machine 20 of the first embodiment is configured as a
compressor to boost the pressure of a gas that serves
as a working fluid. As illustrated, the displacement ma-
chine 20 of the first embodiment includes a pair of cylin-
drical guide members 30a and 30b having a center axis
in a vertical direction in the drawing (in a Y axis direction);
areciprocating member 40 provided with a pair of pistons
42a and 42b that are guided by these cylindrical guide
members 30a and 30b to reciprocate in the vertical di-
rection inthe drawing (inthe Y axis direction) and to swing
about the common center axis of the cylindrical guide
members 30a and 30b (about a Y axis); a pair of shaft
members 50a and 50b placed in the middle of the cylin-
drical guide members 30a and 30b and arranged to have
rotation axes that are straight lines (a Z axis) perpendic-
ular to the center axis of the cylindrical guide members
30a and 30b; a pair of working chambers 62a and 62b
having volumes changed accompanied with a recipro-
cating motion of the pistons 42a and 42b; a pair of high
pressure chambers 66a and 66b placed adjacent to the
working chambers 62a and 62b across partition walls
65a and 65b; a pair of motors 70a and 70b respectively
mounted to the pair of shaft members 50a and 50b; and
a case 22 configured to place these components therein.
According to the first embodiment, an axis that is per-
pendicular to an intersection between the Y axis and the
Z axis is referred to as an X axis. The same applies to a
second and subsequent embodiments.
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[0026] The reciprocating member40 includes amount-
ing portion 41 formed in the center thereof such that a
pair of first arm portions 44a and 44b are mounted to the
mounting portion41. Fig. 2 is an enlarged view illustrating
a part where the pair of first arm portions 44a and 44b
are mounted to the mounting portion 41. The mounting
portion 41 has a through hole 41a that is formed perpen-
dicularly to the common center axis of the cylindrical
guide members 30a and 30b (the Y axis). The through
hole 41a is formed to have a diameter slightly larger than
the diameters of the pair of first arm portions 44a and
44b. The pair of first arm portions 44a and 44b formed
in a cylindrical shape are inserted into this through hole
41a across slight clearances. The mounting portion 41
and the pair of firstarm portions 44a and 44b are mounted
by a pin member 46, which is inserted at an intersection
between the common center axis of the cylindrical guide
members 30a and 30b (the Y axis) and a center axis of
the pair of first arm portions 44a and 44b in a direction
perpendicular to both the center axes, such as to be sl-
idable in an axial direction of the pin member 46 and to
be rotatable about an axis of the pin member 46. Outer
circumference spherical portions 45a and 45b having
spherical centers P1a and P1b on the arm axes are
formed at or are mounted and fixed to respective ends
of the first arm portions 44a and 44b.

[0027] The pistons 42a and 42b have fluid flow paths
63a and 63b that are formed to supply a working fluid to
the working chambers 62a and 62b. Inlet valves 64a and
64b are mounted to the fluid flow paths 63a and 63b,
such as to be opened when the pressures in the working
chambers 62a and 62b become lower than the pressure
in a working fluid space 60 provided between the pistons
42aand 42b. Discharge valves 67a and 67b are mounted
to the partition walls 65a and 65b provided between the
working chambers 62a and 62b and the high pressure
chambers 66a and 66b, such as to be opened when the
pressures in the working chambers 62a and 62b become
higher than the pressures in the high pressure chambers
66a and 66b. Outlet pipes 68a and 68b are mounted to
the high pressure chambers 66a and 66b. Additionally,
anon-illustrated inlet pipe is mounted to the case 22 such
as to communicate with the working fluid space 60. Ac-
cordingly, the working fluid flows from the inlet pipe into
the working fluid space 60, is supplied through the fluid
flow paths 63a and 63b and the inlet valves 64a and 64b
to the working chambers 62a and 62b by the reciprocat-
ing motion of the pistons 42a and 42b, flows through the
discharge valves 67a and 67b into the high pressure
chambers 66a and 66b, and flows out from the outlet
pipes 68a and 68b.

[0028] The shaft members 50a and 50b are supported
to be rotatable by ball bearings 51a, 51b, 52a and 52b.
A pair of second arm portions 54a and 54b are mounted
to respective one ends (reciprocating member 40-side
ends) of the shaft members 50a and 50b at positions
displaced from the rotation axes of the shaft members
50a and 50b, such as to support the first arm portions
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44a and 44b of the reciprocating member 40. These sec-
ond arm portions 54a and 54b are formed as inner cir-
cumference cylindrical members having a center axis
that is an axis parallel to the rotation axes of the shaft
members 50a and 50b, and are configured to place the
outer circumference spherical portions 45a and 45b of
the first arm portions 44a and 44b slidably in the inner
circumference cylinders thereof. Driving the shaft mem-
bers 50a and 50b to rotate reversely relative to each other
causes the second arm portions 54a and 54b to rotate
reversely relative to each other. This causes the outer
circumference spherical portions 45a and 45b of the first
arm portions 44a and 44b to revolve accompanied with
slightreciprocating motion in an axial direction of the shaft
members 50a and 50b and causes the reciprocating
member 40 to have a reciprocating motion accompanied
with a swinging motion. Like the reciprocating member
940 of the displacement machine 920 of the prior art, the
reciprocating member 40 has a reciprocating motion of
an amplitude 2¢ having a top dead center shown in Fig.
18(b) and abottom dead center shownin Fig. 18(d), along
with a counterclockwise swinging motion of a swing half
amplitude angle 6max shown in Figs. 19(a) and 19(e)
and a clockwise swinging motion of the swing half am-
plitude angle 8max shown in Fig. 19(c). In Fig. 18, the
outer circumference spherical portion 45a on the front
side revolves counterclockwise, while the outer circum-
ference spherical portion 45b on the rear side revolves
clockwise. This causes the shaft member 50a to rotate
counterclockwise, while causing the shaft member 50b
to rotate clockwise.

[0029] A pair of main weight balances 58a and 58b are
mounted to respective one ends of the shaft members
50a and 50b such that the direction of centrifugal force
thereof is a direction opposite to the direction of centrif-
ugal force of the second arm portions 54a and 54b. A
pair of sub weight balances 59a and 59b are mounted to
the respective other ends (ends on the sides opposite to
the reciprocating member 40) of the shaft members 50a
and 50b such that the direction of centrifugal force thereof
is a direction opposite to the direction of centrifugal force
of the main weight balances 58a and 58b.

[0030] Like the displacement machine 920 of the prior
art illustrated in Fig. 17 and described above, the dis-
placement machine 20 of the first embodiment having
the above configuration can reduce generation of exci-
tation forces other than the torque about the Y axis to
zero, out of the inertial forces in the directions of three
axes (X axis, Y axis and Z axis) in the Cartesian Coordi-
nates System and torques about the three axes gener-
ated by the inertial forces.

[0031] Inthe displacement machine 20 of the first em-
bodiment, it is here assumed that there is a slight mis-
alignment between the second arm portions 54a and 54b
inthe Y-axis direction showninFig. 1, due to, forexample,
a misalignment between the rotation axis of the shaft
member 50a and the rotation axis of the shaft member
50b or a manufacturing error such as displacements of
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second arm portions. In this case, the pair of first arm
portions 44a and 44b are inclined by a small angle to a
perpendicular angle (90 degrees) that is perpendicular
to the center axis of the reciprocating member 40 as
shown by broken lines in Fig. 2. The through hole 41a of
the mounting portion 41 is, however, formed in the recip-
rocating member 40 to have the diameter slightly larger
than the diameters of the pair of first arm portions 44a
and 44b. This configuration provides small spaces be-
tween the through hole 41a and the pair of first arm por-
tions 44a and 44b and thereby allows the pair of first arm
portions 44a and 44b to be inclined by a small angle to
the perpendicular angle (90 degrees). Accordingly, even
when there is a slight misalignment between the second
arm portions 54a and 54b in the Y-axis direction shown
in Fig. 1 due to, for example, a misalignment between
the rotation axis of the shaft member 50a and the rotation
axis of the shaft member 50b or a manufacturing error
such as displacements of second arm portions, this con-
figuration suppresses the reciprocating member 40 from
beinginclined to the common center axis of the cylindrical
guide members 30a and 30b.

[0032] In the displacement machine 20 of the first em-
bodiment, it is also assumed that there is a slight differ-
ence between absolute values of positions of the second
arm portions 54a and 54b in an X axis direction perpen-
dicularto a YZ plane shown in Fig. 1, due to, for example,
a misalignment between the rotation axis of the shaft
member 50a and the rotation axis of the shaft member
50b or a manufacturing error such as displacements of
second arm portions. In this case, the pair of first arm
portions 44a and 44b slightly move in parallel in a per-
pendicular direction that is perpendicular to the center
axis of the reciprocating member 40 (in the axial direction
of the pin member 46). The through hole 41a of the
mounting portion 41 is, however, formed in the recipro-
cating member 40 to have the diameter slightly larger
than the diameters of the pair of first arm portions 44a
and44b, and the pin member 46 is mounted to be slidable
in the axial direction. This configuration allows the pair
of first arm portions 44a and 44b to slightly move in the
perpendicular direction. Accordingly, even when there is
a slight difference between the absolute values of the
positions of the second arm portions 54a and 54b in the
X axis direction shown in Fig. 1 due to, for example, a
misalignment between the rotation axis of the shaft mem-
ber 50a and the rotation axis of the shaft member 50b or
a manufacturing error such as displacements of second
arm portions, this configuration suppresses the recipro-
cating member 40 from moving in parallel and being de-
viated from the common center axis of the cylindrical
guide members 30a and 30b.

[0033] Actually, the deviation from the normal position-
al relationship between the second arm portions 54a and
54b described above is caused by a misalignment in the
Y axis direction simultaneously with a misalignment in
the X axis direction shown in Fig. 1. In this case, the
combination of the operation against the misalignment
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in the Y axis direction described above with the operation
againstthe misalignmentin the X axis direction described
above can deal with the deviation. In the displacement
machine 20 of the first embodiment, the reciprocating
member 40 is accordingly neither inclined to nor deviated
from the common center axis of the cylindrical guide
members 30a and 30b. According to the first embodi-
ment, the diameter of the through hole 41a is designed
to such a dimension that enables the slight amount of
inclination and the slight amount of parallel translation of
the first arm portions 44a and 44b to be sufficiently ab-
sorbed.

[0034] Inthe displacement machine 20 of the first em-
bodiment described above, the reciprocating member 40
has the mounting portion 41 that is formed in the center
thereof and that is provided with the through hole 41a
formed to have the diameter slightly larger than the di-
ameters of the pair of first arm portions 44a and 44b. The
first arm portions 44a and 44b are inserted into the
through hole 41a across the slight clearances. The
mounting portion 41 and the pair of first arm portions 44a
and 44b are mounted by the pin member 46 having the
axis that is perpendicular to both the center axis of the
reciprocating member 40 and the center axis of the pair
of first arm portions 44a and 44b at the intersection be-
tween these center axes, such as to be slidable in the
axial direction of the pin member 46 and to be rotatable
about the axis of the pin member 46. Even in the event
of a misalignment between the rotation axis of the shaft
member 50a and the rotation axis of the shaft member
50b or a difference between the displacements of second
arm portions, this configuration suppresses the recipro-
cating member 40 from being inclined to or deviated from
the common center axis of the cylindrical guide members
30a and 30b. As a result, this configuration avoids a po-
tential trouble (an increase in frictional resistance or in-
operative) caused by the inclination or the deviation of
the reciprocating member 40 to or from the common cent-
er axis of the cylindrical guide members 30a and 30b.
[0035] The following describes a displacement ma-
chine 120 according to a second embodiment of the
present disclosure. Fig. 3 is a configuration diagram il-
lustrating the schematic configuration of the displace-
ment machine 120 according to the second embodiment
of the present disclosure. Like the displacement machine
20 of the first embodiment, the displacement machine
120 of the second embodiment is configured as a com-
pressor to boost the pressure of a gas that serves as a
working fluid. The displacement machine 120 of the sec-
ond embodiment has a configuration similar to the con-
figuration of the displacement machine 20 of the firstem-
bodiment, except a different mounting structure of a pair
of arm members 144a and 144b and omission of the cy-
lindrical guide member 30b, the piston 42b, the working
chamber 62b, the fluid flow path 63b, the inlet valve 64b,
the partition wall 65b, the high pressure chamber 66b,
the discharge valve 67 and the outlet pipe 68b that are
provided in the displacement machine 20 of the first em-
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bodiment and that are placed in the lower part of Fig. 1.
For ease of explanation, like components of the displace-
ment machine 120 of the second embodiment to the com-
ponents of the displacement machine 20 of the first em-
bodiment are expressed by like reference signs, and their
description is omitted. The following mainly describes the
mounting structure of the pair of arm members 144a and
144b in the displacement machine 120 of the second
embodiment.

[0036] Fig. 4 is adiagramillustrating a mounting struc-
ture part of the pair of arm members 144a and 144b in
an XY plane shown in Fig. 3. The displacement machine
120 of the second embodiment has a mounting member
180 including: a first mounting portion 180a configured
to cause a reciprocating member 140 to pass there-
through and mounted to the reciprocating member 140;
and a second mounting portion 180b configured to cause
an arm mounting portion for the pair of arm members
144a and 144b to be mounted thereto. The first mounting
portion 180a of the mounting member 180 has a pair of
through holes 182 that are formed to be parallel to a cent-
er axis of the pair of arm members 144a and 144b. The
reciprocating member 140 has a through hole 140a that
is formed to be aligned with the pair of through holes 182.
The mounting member 180 or more specifically the first
mounting portion 180a thereof is mounted to the recip-
rocating member 140 by a pin member 183 inserted in
the pair of through holes 182 and the through hole 140a
of the reciprocating member 140 such as to be rotatable
about an axis of the pin member 183. This configuration
causes the mounting member 180 to be swung about the
axis of the pin member 183.

[0037] The second mounting portion 180b of the
mounting member 180 is provided with a pair of mounting
arm portions 184a and 184b that are formed to be ex-
tended downward in Fig. 4. The pair of mounting arm
portions 184a and 184b are provided with a pair of
through holes 185a and 185b that are formed to be skew
to the pin member 183 and to be extended in a direction
perpendicular to the pin member 183. The arm mounting
portion 144 for the pair of arm members 144a and 144b
is, on the other hand, formed in an approximately rectan-
gular sectional shape and has a through hole 144c
formed to cause the reciprocating member 140 to pass
therethrough and a pair of through holes 144d and 144e
formed to be aligned with the pair of through holes 185a
and 185b. The pair of mounting arm portions 184a and
184b are arranged to hold the arm mounting portion 144
therebetween, such that the pair of through holes 185a
and 185b formed in the pair of mounting arm portions
184a and 184b are aligned with the pair of through holes
144d and 144e formed in the arm mounting portion 144.
Pin members 186a and 186b are respectively inserted
into the pair of through holes 185a and 185b and the pair
of through holes 144d and 144e. The pair of arm mem-
bers 144aand 144b are mounted to the second mounting
portion 180b of the mounting member 180, such as to be
rotatable about respective axes of the pin members 186a
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and 186b and to keep slight clearances from bottoms
184c of the pair of mounting arm portions 184a and 184b.
This configuration enables the pair of arm members 144a
and 144b to be slightly rotated about the respective axes
of the pair of pin members 186a and 186b.

[0038] Inthe displacement machine 120 of the second
embodiment, itis here assumed that there is a slight mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50bina Y
axis direction shown in Fig. 3, due to, for example, a
manufacturing error or an assembling error. In this case,
the pair of first arm portions 144a and 141a are inclined
by a small angle to an angle (90 degrees) perpendicular
to a center axis of the reciprocating member 140, due to
the misalignment between the rotation axis of the shaft
member 50a and the rotation axis of the shaft member
50b. The pair of arm members 144a and 144b are, how-
ever, mounted to the second mounting portion 180b,
such as to be rotatable about the respective axes of the
pin members 186a and 186b and to keep the slight clear-
ances from the bottoms 184c of the pair of mounting arm
portions 184a and 184b. This configuration enables the
pair of arm members 144a and 144b to be slightly rotated
about the respective axes of the pair of pin members
186a and 186b. Accordingly, even when the pair of first
arm portions 144a and 144b are slightly inclined due to,
forexample, the slight misalignment between the rotation
axis of the shaft member 50a and the rotation axis of the
shaft member 50b in the Y axis direction shown in Fig.
3, this configuration suppresses the reciprocating mem-
ber 140 from being inclined to the center axis of the cy-
lindrical guide member 30a.

[0039] Inthe displacement machine 120 of the second
embodiment, itis also assumed that there is a slight mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50b in an
X axis direction orthogonal to a YZ plane shown in Fig.
3, due to, for example, a manufacturing error or an as-
sembling error. In this case, the pair of first arm portions
144a and 141a slightly move in parallel in a direction
perpendicular to the center axis of the reciprocating
member 140, due to the misalignment between the rota-
tion axis of the shaft member 50a and the rotation axis
of the shaft member 50b. The mounting member 180 or
more specifically the first mounting portion 180a thereof
is, however, mounted to the reciprocating member 140
by the pin member 183 inserted in the pair of through
holes 182 and the through hole 140a of the reciprocating
member 140 such as to be rotatable about the axis of
the pin member 183. This configuration causes the pair
of first arm portions 144a and 141a to be swung about
the axis of the pin member 183. A small extent of such
swinging motion may be regarded as parallel translation
of the pair of first arm portions 144a and 141a in an axial
direction of the pin members 186a and 186b. This ac-
cordingly allows the pair of first arm portions 144a and
141a to slightly move in the direction perpendicular to
the center axis of the reciprocating member 140. Accord-
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ingly, even when there is a slight misalignment between
the rotation axis of the shaft member 50a and the rotation
axis of the shaft member 50b in the X axis direction shown
in Fig. 3, this configuration suppresses the reciprocating
member 140 from being deviated from the center axis of
the cylindrical guide member 30a.

[0040] Actually, the deviation from the normal position-
al relationship between the second arm portions 54a and
54b described above is caused by a misalignment in the
Y axis direction simultaneously with a misalignment in
the X axis direction shown in Fig. 3. In this case, the
combination of the operation against the misalignment
in the Y axis direction described above with the operation
againstthe misalignmentin the X axis direction described
above can deal with the deviation. In the displacement
machine 120 of the second embodiment, the reciprocat-
ing member 140 is accordingly neither inclined to nor
deviated from the center axis of the cylindrical guide
member 30a. According to the second embodiment, the
clearance between the arm mounting portion 144 and
the bottoms 184c of the pair of mounting arm portions
184a and 184b and the clearance between the recipro-
cating member 140 and the through hole 144c are de-
signed to such dimensions that enable the slight amount
of inclination and the slight amount of parallel translation
of the first arm portions 144a and 144b to be sufficiently
absorbed.

[0041] Inthe displacement machine 120 of the second
embodiment described above, the mounting member
180 or more specifically the first mounting portion 180a
thereof is mounted to the reciprocating member 140 by
the pin member 183 inserted in the pair of through holes
182 and the through hole 140a of the reciprocating mem-
ber 140 such as to be rotatable about the axis of the pin
member 183. The pair of arm members 144a and 144b
are mounted to the second mounting portion 180b, such
as to be rotatable about the respective axes of the pin
members 186a and 186b and to keep the slight clear-
ances from the bottoms 184c of the pair of mounting arm
portions 184a and 184b. Even in the event of a misalign-
ment between the rotation axis of the shaft member 50a
and the rotation axis of the shaft member 50b or a differ-
ence between the displacements of second arm portions,
this configuration suppresses the reciprocating member
140 from being inclined to or deviated from the center
axis of the cylindrical guide member 30a. As a result, this
configuration avoids a potential trouble (an increase in
frictional resistance or inoperative) caused by the incli-
nation or the deviation of the reciprocating member 140
to or from the center axis of the cylindrical guide member
30a.

[0042] The following describes a displacement ma-
chine 220 according to a third embodiment of the present
disclosure.

[0043] Fig. 5 is a configuration diagram illustrating the
schematic configuration of the displacement machine
220 according to the third embodiment of the present
disclosure. Like the displacement machine 20 of the first
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embodiment, the displacement machine 220 of the third
embodiment is configured as a compressor to boost the
pressure of a gas that serves as a working fluid. The
displacement machine 220 of the third embodiment has
a configuration similar to the configuration of the dis-
placement machine 20 of the first embodiment, except a
different mounting structure of a pair of arm members
244a and 244b and a different mounting structure of the
pair of arm members 244a and 244b to a pair of second
arm portions 254a and 254b. For ease of explanation,
like components of the displacement machine 220 of the
third embodiment to the components of the displacement
machine 20 of the first embodiment are expressed by
like reference signs, and their description is omitted. The
following mainly describes the mounting structure of the
pair of arm members 244a and 244b and the mounting
structure of the pair of arm members 244a and 244b to
the pair of second arm portions 254a and 254b in the
displacement machine 220 of the third embodiment.
[0044] In the displacement machine 220 of the third
embodiment, the pair of arm members 244a and 244b
respectively have a pair of shaft members 280a and 280b
and a pair of revolving members 290a and 290b. The
pair of shaft members 280a and 280b are inserted into
an inner circumference cylindrical surface 241a of a
mounting portion 241. The pair of arm members 244a
and 244b are mounted to the mounting portion 241 in a
center thereof by a pin member 246 having an axis in a
direction perpendicular to a center axis of a reciprocating
member 240 and to a center axis of the pair of shaft mem-
bers 280a and 280b, such as to be slidable in an axial
direction of the pin member 246 and to be rotatable about
the axis of the pin member 246. Fig. 6 is an enlarged
view illustrating a part including the arm member 244a
shown in Fig. 5. Fig. 7 is an exploded perspective view
illustrating the pair of revolving members 290a and 290b
and components used for the mounting structure to the
pair of second arm portions 254a and 254b. Fig. 8 is a
sectional view illustrating a section in an A-A plane shown
in Fig. 6.

[0045] As shown in Fig. 6, the pair of shaft members
280a and 280b are formed in a columnar shape having
a small-diameter leading end and are inserted into the
revolving members 290a and 290b formed in a hollow
cylindrical shape such as to be slidable in an axial direc-
tion of the revolving members 290a and 290b and to be
rotatable about an axis of the revolving members 290a
and 290b. As shown in Fig. 6 and Fig. 7, the revolving
member 290a or 290b has a tubular portion 291 in a
hollow cylindrical shape and an outer circumference
spherical portion 292 formed at an end of the tubular
portion 291. A pair of convexes 293a and 293b are
formed at positions away from each other at an interval
of 180 degrees on the outer side of the tubular portion
291 at an opposite end that is opposite to an end where
the outer circumference spherical portion 292 is formed.
The outer circumference spherical portion 292 is held to
be slidable by a pair of inner circumference spherical
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members 295a and 295b that are splitin a plane parallel
to an axial direction of the tubular portion 291. A through
hole 295c¢ is formed in the inner circumference spherical
member 295b, and a pin member 296 is fit in this through
hole 295c. As shown in Fig. 8, the pin member 296 is
protruded from the inner circumference spherical mem-
ber 295b to be engaged with a groove of the second arm
portion 254a, so that the inner circumference spherical
members 295a and 295b are mounted to the second arm
portion 254ato be not rotatable. The inner circumference
spherical members 295a and 295b are held between a
step and a retaining ring and are thereby mounted to the
second arm portion 254a such as to be not slidable in
the axial direction. Like the pair of second arm portions
254a and 254b, this configuration causes the pair of re-
volving members 290a and 290b to revolve about the
rotation axes of the pair of shaft members 50a and 50b
accompanied with rotation of the pair of shaft members
50a and 50b and to have one rotating motion relative to
one revolving motion.

[0046] As shown in Fig. 7, the outer circumference
spherical portion 292 has a groove 292a that is formed
in the axial direction along an outer circumferential sur-
face thereof, and a slider 294 is fit in the groove 292a to
slide along the groove 292a. The slider 294 has a through
hole 294a formed in a center thereof. A small-diameter
pin portion at a leading end of the pin member 296 is fit
in this through hole 294a, so that the pin member 296 is
fixed to be notmovable relative to the inner circumference
spherical member 295b. This configuration allows the
revolving members 290a and 290b to have a rotating
motion in a direction of the groove 292a relative to the
pair of inner circumference spherical members 295a and
295b by means of the groove 292a and the slider 294
and a rotating motion about a center axis of the pin mem-
ber 296.

[0047] Fig. 9is a sectional view illustrating a section in
a B-B plane shown in Fig. 6. Fig. 10 is a partial configu-
ration diagram illustrating the schematic configuration of
a part involved in mounting the pair of convexes 293a
and 293b formed in the tubular portion 291 to the mount-
ing portion 241. As illustrated, the pair of convexes 293a
and 293b formed at the end of the tubular portion 291 of
the revolving member 290a or 290b are held between a
pair of semiring members 297a and 297b and are mount-
ed to the mounting portion 241 to be rotatable about an
axis thereof. The pair of semiring members 297a and
297b are formed to have diameters on an inner circum-
ference side that are slightly larger than a diameter of
the tubular portion 291. The pair of semiring members
297a and 297b have recesses 298a and 298b formed in
contact regions with the pair of convexes 293a and 293b,
and the pair of convexes 293a and 293b are fit in the
recesses 298a and 298b. This configuration allows the
revolving members 290a and 290b to slightly move in a
direction passing through the pair of convexes 293a and
293b (a vertical direction in Fig. 9) but not to move in any
different directions.
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[0048] In the displacement machine 220 of the third
embodiment, the revolving members 290a and 290b are
mounted such that the pair of convexes 293a and 293b
face in a direction of the center axis of the reciprocating
member 240 (a Y axis direction in Fig. 5) when the re-
ciprocating member 240 is located at a top dead center
and a bottom dead center, as shown in Fig. 5. When the
reciprocating member 240 is located at points having a
phase different by 90 degrees from the top dead center
and from the bottom dead center by the rotating motion
of the revolving members 290a and 290b along with the
shaft members 50a and 50b, the pair of convexes 293a
and 293b face in a direction perpendicular to the center
axis of the reciprocating member 240. Accordingly, when
the reciprocating member 240 is located at the top dead
center and the bottom dead center, the pair of arm mem-
bers 244a and 244b are allowed to slightly move in the
direction of the center axis of the reciprocating member
240 (the Y axis direction in Fig. 5). As described above,
the pair of arm members 244a and 244b are mounted in
the center by the pin member 246 to be rotatable about
the X axis. One of the pair of arm members 244a and
244b slightly moves in one direction out of the direction
of the center axis of the reciprocating member 240 (for
example, an upward direction in Fig. 5), whereas the oth-
er of the pair of arm members 244a and 244b slightly
moves in the other direction out of the direction of the
center axis of the reciprocating member 240 (for exam-
ple, a downward direction in Fig. 5). Accordingly, the pair
of arm members 244a and 244b are slightly rotatable
about the axis of the pin member 246.

[0049] In the displacement machine 220 of the third
embodiment, itis here assumed that there is a slight mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50b in the
Y axis direction shown in Fig. 5, due to, for example, a
manufacturing error or an assembling error. In this case,
the pair of first arm portions 244a and 244a are inclined
by a small angle to a perpendicular angle (90 degrees)
thatis perpendicular to the center axis of the reciprocating
member 240, due to the misalignment between the rota-
tion axis of the shaft member 50a and the rotation axis
of the shaft member 50b, as described above with refer-
ence to Fig. 2. The pair of arm members 244a and 244b
are, however, slightly rotatable about the axis of the pin
member 246. This configuration allows the pair of first
arm portions 244a and 244a to be inclined by a small
angle to the perpendicular angle (90 degrees). Accord-
ingly, even when there is a slight misalignment between
the rotation axis of the shaft member 50a and the rotation
axis of the shaft member 50bin the Y axis direction shown
in Fig. 5, this configuration suppresses the reciprocating
member 240 from being inclined to the common center
axis of the cylindrical guide members 30a and 30b.
[0050] Fig.11isadiagramillustratingmembers around
the pair of first arm portions 244a and 244b in an XZ
plane when the reciprocating member 240 is located at
the points having the phase different by 90 degrees from
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the top dead center and from the bottom dead center.
When the reciprocating member 240 is located at the
points having the phase different by 90 degrees from the
top dead center and from the bottom dead center, the
pair of convexes 293a and 293b face in the direction per-
pendicular to the center axis of the reciprocating member
240 (direction parallel to the ZX plane). This configuration
allows the pair of arm members 244a and 244b to slightly
move in parallel in the direction passing through the pair
of convexes 293a and 293b. The pair of arm members
244a and 244b face in a direction having a certain angle
to a Z axis in the ZX plane. The revolving members 290a
and 290b are mounted to the pair of shaft members 280a
and 280b to be slidable in the axial direction and to be
rotatable about the axis. This configuration allows the
pair of arm members 244a and 244b to slightly move in
parallel in an X axis direction in the ZX plane.

[0051] In the displacement machine 220 of the third
embodiment, itis also assumed that there is a slight mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50b in the
X axis direction orthogonal to a YZ plane shown in Fig.
5, due to, for example, a manufacturing error or an as-
sembling error. In this case, the pair of first arm portions
244a and 244a slightly move in parallel in the direction
perpendicular to the center axis of the reciprocating
member 240, due to the misalignment between the rota-
tion axis of the shaft member 50a and the rotation axis
of the shaft member 50b. In the displacement machine
220 of the third embodiment, the pair of arm members
244a and 244b are allowed to slightly move in parallel in
the X axis direction in the ZX plane. This configuration
thus allows for such parallel motion. Accordingly, even
when there is a slight misalignment between the rotation
axis of the shaft member 50a and the rotation axis of the
shaft member 50b in the X axis direction shown in Fig.
5, this configuration suppresses the reciprocating mem-
ber 240 from moving in parallel and being deviated from
the center axis of the cylindrical guide members 30a and
30b.

[0052] In the displacement machine 220 of the third
embodiment described above, when the reciprocating
member 240 is located at the top dead center and the
bottom dead center, the pair of arm members 244a and
244b are allowed to slightly rotate about the axis of the
pin member 246. When the reciprocating member 240
is located at the points having the phase different by 90
degrees from the top dead center and from the bottom
dead center, the pair of arm members 244a and 244b
are allowed to slightly move in parallel in the X axis di-
rection in the ZX plane. Even in the event of a misalign-
ment between the rotation axis of the shaft member 50a
and the rotation axis of the shaft member 50b or a differ-
ence between the displacements of second arm portions,
this configuration suppresses the reciprocating member
240 from being inclined to or deviated from the common
center axis of the cylindrical guide members 30a and
30b. As aresult, this configuration avoids a potential trou-
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ble (an increase in frictional resistance or inoperative)
caused by the inclination or the deviation of the recipro-
cating member 40 to or from the common center axis of
the cylindrical guide members 30a and 30b.

[0053] Furthermore, in the displacement machine 220
of the third embodiment, when the reciprocating member
240 is located at the top dead center and the bottom dead
center, the pair of convexes 293a and 293b of the pair
of revolving members 290a and 290b face in the same
direction as the center axis of the reciprocating member
240. This configuration restricts the motion of the pair of
first arm portions 244a and 244b relative to the recipro-
cating member 240 in the axial direction of the pin mem-
ber 246. When the reciprocating member 240 is located
at the points having the phase different by 90 degrees
from the top dead center and from the bottom dead cent-
er, the pair of convexes 293a and 293b of the pair of
revolving members 290a and 290b face in the direction
perpendicular to the center axis of the reciprocating
member 240. This configuration restricts the rotations of
the pair of first arm portions 244a and 244b about the
axis of the pin member 246. Accordingly, whether the
reciprocating member 240 is located at the top dead cent-
er and the bottom dead center or is located at the points
having the phase different by 90 degrees from the top
dead center and from the bottom dead center, this con-
figuration restricts the rotating motion of the pair of shaft
members 50a and 50b in an identical direction. Even
when there is a slightly excessive clearance between the
tubular portion 291 provided with the pair of convexes
293a and 293b and the pair of semiring members 297a
and 297b, this configuration suppresses the occurrence
of backlash. The structure of mounting the pair of revolv-
ing members 290a and 290b to the pair of second arm
portions 254a and 254b such as to both revolve and ro-
tate and of holding the pair of convexes 293a and 293b
between the pair of semiring members 297a and 297b
and mounting the pair of convexes 293a and 293b to the
mounting portion 241 such as to face in the direction of
the center axis of the reciprocating member 240 when
the reciprocating member 240 is located at the top dead
center and the bottom dead center serves as a mecha-
nism of restricting the rotating motion of the pair of shaft
members 50a and 50b in the identical direction, in other
words, a mechanism of reversely rotating the pair of shaft
members 50a and 50b in synchronism with each other.
[0054] In the displacement machine 220 of the third
embodiment, the pair of revolving members 290a and
290b are mounted to the mounting portion 241 such that
the pair of convexes 293a and 293b held between the
pair of semiring members 297a and 297b face in the axial
direction of the reciprocating member 240 when the re-
ciprocating member 240 is located at the top dead center
and the bottom dead center. The requirement is, howev-
er, that the reciprocating member 240 is allowed to slight-
ly move in the axial direction of the reciprocating member
240 but has difficulty in moving in the other directions
when the reciprocating member 240 is located at the top
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dead center and the bottom dead center. Any mechanism
that fulfills this requirement may be employed. For ex-
ample, one modification may not use the semiring mem-
bers 297a and 297b but may be configured to use re-
volving members including mounting regions that have
outer circumferences formed in an elliptical sectional
shape and that are to be mounted to the mounting portion
241, and to mount the revolving members such that minor
radii of the mounting regions of the revolving members
face in the axial direction of the reciprocating member
240 when the reciprocating member 240 is located at the
top dead center and the bottom dead center. Another
modification may be configured to use revolving mem-
bers including mounting regions that are formed to have
an outer circumference diameter smaller than the inner
diameter of the inner circumference cylindrical surface
241a of the mounting portion 241 and that are to be
mounted to the mounting portion 241, and to cause the
outer circumferences of the mounting regions of the re-
volving members to be eccentric in a direction perpen-
dicular to the axial direction of the reciprocating member
240 and to be close to the inner circumference cylindrical
surface 241a when the reciprocating member 240 is lo-
cated at the top dead center and the bottom dead center.
[0055] Fig. 12is a configuration diagram illustrating the
schematic configuration of a displacement machine 320
as a modification of the displacement machine 120 of the
second embodiment and the displacement machine 220
of the third embodiment. The displacement machine 320
of the modification is configured by combining the mount-
ing structure of the first mounting portion 180a in the dis-
placement machine 120 of the second embodiment with
the mounting structure of the pair of arm members 244a
and 244b in the displacement machine 220 of the third
embodiment. For ease of explanation, like components
of the displacement machine 320 of the modification to
the components of the displacement machine 120 of the
second embodiment or the components of the displace-
ment machine 220 of the third embodiment are ex-
pressed by like reference signs, and their description is
omitted.

[0056] In the displacement machine 320 of the modi-
fication, a reciprocating member 340 is formed in an ap-
proximately cylindrical shape and is arranged to slide in
the cylindrical guide member 30a. The reciprocating
member 340 has through holes 340a and 340b that are
formed in a direction perpendicular to a center axis of the
reciprocating member 340. A mounting member 341 has
a through hole 341a that is formed to be aligned with the
through holes 340a and 340b. The mounting member
341 is mounted to the reciprocating member 340 to be
rotatable by inserting a pin member 383 into the through
holes 340a and 340b of the reciprocating member 340
aligned with the through hole 341a. The mounting struc-
ture of this mounting member 341 to the reciprocating
member 340 corresponds to the mounting structure of
the first mounting portion 180a in the displacement ma-
chine 120 of the second embodiment.
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[0057] A pair of first arm portions 244a and 244b have
a pair of shaft members 280a and 280b and a pair of
revolving members 290a and 290b, which are both ro-
tatable, like the third embodiment. The pair of revolving
members 290a and 290b are respectively held between
steps and retaining rings of the shaft members 280a and
280b. This configuration restricts a sliding motion of the
pair of revolving members 290a and 290b in an axial
direction. The pair of shaft members 280a and 280b are
mounted to the mounting member 341 by a pin member
246 having an axis in adirection perpendicular to a center
axis of the reciprocating member 340 and a center axis
of the pair of shaft members 280a and 280b, such as to
be rotatable about the axis of the pin member 246. The
pair of revolving members 290a and 290b are mounted
to a pair of second arm portions 254a and 254b such as
to be not rotatable by engagement of pin members 296
with grooves of the second arm portions 254a and 254b
in the state that an outer circumference spherical portion
292 formed on one end of each of the revolving members
290a and 290b is held by a pair of inner circumference
spherical members 295a and 295b to be slidable. This
modification does not restrict a motion of the inner cir-
cumference spherical members 295a and 295b in an ax-
ial direction relative to the second arm portions 254a and
254b. The pair of revolving members 290a and 290b are
mounted to inner circumference cylindrical surfaces 340c
and 340d formed in the reciprocating member 340 in the
state that a pair of convexes 293a and 293b formed on
the other end of each of the revolving members 290a and
290b are held by and between a pair of semiring mem-
bers 297a and 297b. The mounting structure of the pair
of shaft members 280a and 280b to the mounting mem-
ber 341, the mounting structure of the pair of revolving
members 290a and 290b to the pair of second arm por-
tions 254a and 254b and the mounting structure of the
pair of revolving members 290a and 290b to the recip-
rocating member 340 correspond to the mounting struc-
ture of the pair of arm members 244a and 244b in the
displacement machine 220 of the third embodiment.

[0058] The displacement machine 320 of this modifi-
cation has the mounting structure corresponding to the
mounting structure of the first mounting portion 180a in
the displacement machine 120 of the second embodi-
ment and the mounting structure corresponding to the
mounting structure of the pair of arm members 244a and
244b in the displacement machine 220 of the third em-
bodiment as described above. Accordingly, the displace-
ment machine 320 of the modification has advantageous
effects similar to the advantage effects achieved by the
mounting structure of the first mounting portion 180a in
the displacement machine 120 of the second embodi-
ment and the advantageous effects achieved by the
mounting structure of the pair of arm members 244a and
244b in the displacement machine 220 of the third em-
bodiment. More specifically, the displacement machine
320 of the modification has the advantageous effects of
suppressing the reciprocating member 340 from being
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inclined to or deviated from the center axis of the cylin-
drical guide member 30a and avoiding a potential trouble
(an increase in frictional resistance or inoperative)
caused by the inclination or the deviation of the recipro-
cating member 340 to or from the center axis of the cy-
lindrical guide member 30a, even in the event of a mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50b or a
difference between the displacements of second arm
portions, as well as the advantageous effects of sup-
pressing the occurrence of backlash.

[0059] The following describes a displacement ma-
chine 420 according to a fourth embodiment of the
present disclosure. Fig. 13 is a configuration diagram il-
lustrating the schematic configuration of the displace-
ment machine 420 according to the fourth embodiment
of the present disclosure. Like the displacement machine
20 of the first embodiment, the displacement machine
420 of the fourth embodiment is configured as a com-
pressor to boost the pressure of a gas that serves as a
working fluid. For ease of explanation, like components
of the displacement machine 420 of the fourth embodi-
ment to the components of the displacement machine 20
of the first embodiment are expressed by like reference
signs, and their description is omitted. Fig. 14 isadiagram
illustrating members around a pair of first arm portions
444a and 444b and a pair of second arm portions 454a
and 454b in an XZ plane when a reciprocating member
440 is located at points having a phase different by 90
degrees from a top dead center and from a bottom dead
center.

[0060] Asinthe displacementmachine 320 ofthe mod-
ification, in the displacement machine 420 of the fourth
embodiment, the reciprocating member 440 is formed in
an approximately cylindrical shape and is arranged to
slide ina cylindrical guide member 30a. The reciprocating
member 440 is mounted to a mounting member 441 such
as to be rotatable by insertion of a pin member 483 into
through holes 440a and 440b formed in the reciprocating
member 440 and a through hole 441a formed in the
mounting member 441. This configuration enables the
mounting member 441 to swing about an axis of the pin
member 483.

[0061] Asinthe displacement machine 320 of the mod-
ification, in the displacement machine 420 of the fourth
embodiment, the pair of first arm portions 444a and 444b
include a pair of shaft members 480a and 480b and a
pair of revolving members 490a and 490b. The pair of
shaftmembers 480a and 480b are mounted to the mount-
ing member 441 by a pin member 446 having an axis in
a direction perpendicular to a center axis of the recipro-
cating member 440 and a center axis of the pair of shaft
members 480a and 480b, such as to be slidable in an
axial direction of the pin member 446 and to be rotatable
about an axis of the pin member 446. This configuration
enables the pair of first arm portions 444a and 444b to
move in the axial direction of the pin member 446 and to
rotate about the axis of the pin member 446.
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[0062] In the displacement machine 420 of the fourth
embodiment, a pair of inner circumference spherical
members are mounted to second arm portions 454a and
454b to be slidable in an axial direction of the second
arm portions 454a and 454b in the state that outer cir-
cumference spherical portions formed at respective one
ends of the pair of revolving members 490a and 490b in
the pair of first arm portions 444a and 444b are held to
be slidable by the inner circumference spherical mem-
bers. A pair of convexes are, however, not formed at
respective other ends of the pair of revolving members
490a and 490b in the pair of first arm portions 444a and
444b. These other ends are not mounted to the recipro-
cating member 440 or to the mounting member 441.
[0063] Like the displacement machine 320 of the mod-
ification, these mechanisms cause the displacement ma-
chine 420 of the fourth embodiment to suppress the re-
ciprocating member 440 from being inclined to or devi-
ated from the center axis of the cylindrical guide member
30a and to avoid a potential trouble (an increase in fric-
tional resistance orinoperative) caused by the inclination
or the deviation of the reciprocating member 440 to or
from the center axis of the cylindrical guide member 303,
even in the event of a misalignment between the rotation
axis of the shaft member 50a and the rotation axis of the
shaft member 50b or a difference between the displace-
ments of second arm portions.

[0064] In the displacement machine 420 of the fourth
embodiment, a pair of first bevel gears 472a and 472b
that are coaxial with the center axis of the pair of shaft
members 50a and 50b are mounted to the pair of second
arm portions 454a and 454b and a pair of main weight
balances 58a and 58b, which are mounted to the pair of
shaft members 50a and 50b, by a plurality of bolts 473a
and 473b. The pair of first bevel gears 472a and 472b
engage with a second bevel gear 474 that is axially sup-
ported by a ball bearing 476 mounted to a bottom face
of a case 22 by a bolt 477. Accordingly, the first bevel
gear 472a and the first bevel gear 472b synchronously
rotate in opposite directions. In other words, agear mech-
anism configured by the pair of first bevel gears 472a
and 472b and the second bevel gear 474 serves as a
mechanism of synchronously reversing the pair of shaft
members 50a and 50b. This configuration suppresses
the occurrence of backlash due to the swinging motion
of the mounting member 441 and the rotating motion of
the pair of first arm portions 444a and 444b about the
axis of the pin member 446.

[0065] In the displacement machine 420 of the fourth
embodiment, no motor is mounted to the shaft member
50b, whereas a motor 70a is mounted to the shaft mem-
ber 50a. The gear mechanism configured by the pair of
first bevel gears 472a and 472b and the second bevel
gear 474 serves to transmit the power of the motor 70a
to the shaft member 50b as a power of rotation in the
opposite direction. It is accordingly not necessary to
mount a motor to the shaft member 50b.

[0066] Asinthe displacement machine 320 of the mod-
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ification, in the displacement machine 420 of the fourth
embodiment described above, the mounting member
441 is mounted to the reciprocating member 440 such
as to be swingable about the axis of the pin member 483.
The pair of first arm portions 444a and 444b are mounted
to the mounting member 441 such as to be rotatable
about the axis of the pin member 446. This configuration
suppresses the reciprocating member 440 from being
inclined to or deviated from the center axis of the cylin-
drical guide member 30a and avoids a potential trouble
(an increase in frictional resistance or inoperative)
caused by the inclination or the deviation of the recipro-
cating member 440 to or from the center axis of the cy-
lindrical guide member 30a, even in the event of a mis-
alignment between the rotation axis of the shaft member
50a and the rotation axis of the shaft member 50b or a
difference between the displacements of second arm
portions. Furthermore, the pair of first bevel gears 472a
and 472b and the second bevel gear 474 are provided
to configure the gear mechanism of synchronously re-
versing the pair of shaft members 50a and 50b. This con-
figuration suppresses the occurrence of backlash. The
gear mechanism configured by the pair of first bevel
gears 472a and 472b and the second bevel gear 474
serves to transmit the power of the motor 70a to the shaft
member 50b as a power of rotation in the opposite direc-
tion. It is accordingly not necessary to mount a motor to
the shaft member 50b.

[0067] In the displacement machine 420 of the fourth
embodiment, the second bevel gear 474 provided to en-
gage with the pair of first bevel gears 472a and 472b is
axially supported by the ball bearing 476 mounted to the
bottom face of the case 22. Asin a displacement machine
520 of a modification illustrated in Fig. 15 and Fig. 16,
however, a pair of second bevel gears 474a and 474b
may be provided to be opposed to and engage with a
pair of first bevel gears 472a and 472b. Fig. 15 is a con-
figuration diagram illustrating the schematic configura-
tion of the displacement machine 520 of the modification.
Fig. 16 is a diagram illustrating members around a pair
of first arm portions 444a and 444b and a pair of second
arm portions 454a and 454b in an XZ plane when a re-
ciprocating member 440 is located at points having a
phase different by 90 degrees from a top dead center
and from a bottom dead center in the displacement ma-
chine 520 of the modification. In the displacement ma-
chine 520 of the modification, the pair of second bevel
gears 474a and 474b are arranged to have a rotation
axis (in an X axis direction in Fig. 16) that is an axis per-
pendicular to a center axis of the reciprocating member
440 and a center axis of a pair of shaft members 50a and
50b. The pair of second bevel gears 474a and 474b are
fixed to inner rings of ball bearings 476a and 476b by
nuts 477a and 477b and are axially supported via the ball
bearings 476a and 476b by a fixation member 479 mount-
ed to a case 22 to engage with the pair of first bevel gears
472a and 472b. As in the displacement machine 420 of
the fourth embodiment, in the displacement machine 520

10

15

20

25

30

35

40

45

50

55

15

of the modification, the gear mechanism configured by
the pair of firstbevel gears 472a and 472b and the second
bevel gears 474a and 474b serves as a mechanism of
synchronously reversing the pair of shaft members 50a
and 50b. This configuration accordingly suppresses the
occurrence of backlash caused by the swinging motion
of the mounting member 441 and the rotating motion of
the pair of first arm portions 444a and 444b about the
axis of the pin member 446.

[0068] The foregoing describes some aspects of the
present disclosure as the configurations of the displace-
ment machines 20, 120, 220, 320, 420 and 520 of the
first to the fourth embodiments and the modifications.
Any other configuration may, however, be employed, as
long as the pair of first arm portions and the reciprocating
member (piston portion) are mounted such that the angle
between the center axis of the pair of first arm portions
and the center axis of the reciprocating member (piston
portion) is displaceable by a small angle from 90 degrees
and that the pair of first arm portions are movable in par-
allel by a small distance in a direction perpendicular to
the center axis of the reciprocating member (piston por-
tion).

[0069] Some aspects of the present disclosure are de-
scribed above with reference to the embodiments. The
present disclosure is, however, not limited to these em-
bodiments but may be implemented by a variety of other
aspects within the scope of the present disclosure.

Industrial Applicability

[0070] The presentdisclosure is applicable to the man-
ufacturing industry of displacement machine and the like.

Claims
1. A displacement machine, comprising:

a cylindrical guide member in a cylindrical
shape;

a reciprocating member provided with a piston
portion that is guided by an inner circumferential
surface of the cylindrical guide member to have
a reciprocating motion in a center axis direction
of the cylindrical guide member and a swinging
motion about a center axis of the cylindrical
guide member;

a pair of first arm portions mounted to the recip-
rocating memberto be perpendicular to the cent-
er axis of the cylindrical guide member and to
be symmetric with respect to the center axis;

a pair of shaft members arranged to be perpen-
dicular to the center axis of the cylindrical guide
member and to be symmetric with respect to the
center axis;

a pair of second arm portions mounted to the
pair of shaft members such as to respectively



29 EP 3 748 160 A1 30

support the pair of first arm portions at positions
displaced from rotation axes of the pair of shaft
members; and

aworking chamber configured to have a change
in volume accompanied with the reciprocating
motion of the piston portion, wherein

the pair of first arm portions and the piston por-
tion are mounted such that an angle between a
center axis of the pair of first arm portions and
acenter axis of the piston portion is displaceable
by a predetermined small angle from 90 degrees
and that the pair of firstarm portions are movable
in parallel by a predetermined small distance in
a direction perpendicular to the center axis of
the piston portion.

The displacement machine according to claim 1,
wherein the pair of first arm portions are formed from
columnar members,

the piston portion has a through hole that is formed
to have a diameter larger than a diameter of the pair
of first arm portions, and

the pair of first arm portions are inserted through the
through hole of the piston portion and are mounted
by a pin member, which penetrates an intersection
between the center axis of the pair of first arm por-
tions and the center axis of the piston portion in a
direction perpendicular to both the center axes, such
as to be slidable in an axial direction of the pin mem-
ber.

The displacement machine according to either claim
1 or claim 2, further comprising:

amountingmember configured to mount the pair
of first arm portions and the piston portion,
wherein

the mounting member causes the piston portion
to be mounted at a first mounting position for
mounting the piston portion such that the pair of
first arm portions are movable in parallel by the
predetermined small distance in the direction
perpendicular to the center axis of the piston por-
tion and causes the pair of first arm portions to
be mounted at a second mounting position for
mounting the pair of first arm portions such that
the center axis of the pair of first arm portions is
swingable.

The displacement machine according to claim 3,

wherein the mounting member causes the piston
portion to be mounted at the first mounting position
by a first pin member having a rotation axis that is
an axis parallel to the pair of first arm portions and
causes the pair of first arm portions to be mounted
at the second mounting position by a second pin
member having an axis in a direction perpendicular
to the center axis of the pair of first arm portions and
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the center axis of the piston portion.

The displacement machine according to any one of
claims 1 to 4, further comprising:

a control mechanism thatis a mechanism configured
to revolve relative to the pair of shaft members in
synchronism with the pair of second arm portions
and rotate accompanied with revolving, to restrict
any slight motion of the pair of first arm portions in
any direction other than a center axis direction of the
reciprocating member when the reciprocating mem-
berislocated at a top dead center and a bottom dead
center, and to restrict any slight motion of the pair of
first arm portions in any direction other than a direc-
tion perpendicular to the center axis of the recipro-
cating member when the reciprocating member is
located at points having a phase different by 90 de-
grees from the top dead center and from the bottom
dead center.

The displacement machine according to claim 5,
wherein the control mechanism comprises a pair of
revolving members that are mounted to the pair of
first arm portions such as to be rotatable about the
center axis of the pair of first arm portions, that are
mounted to the pair of second arm portions, and that
include a pair of convexes formed to be protruded in
the center axis direction of the reciprocating member
when the reciprocating member is located at the top
dead center and the bottom dead center; and a slid-
ing member that is configured to hold the pair of con-
vexes of the pair of revolving members such as to
allow the pair of convexes to move in a convex di-
rection and that is mounted to the reciprocating
member such as to be rotatable and slidable.

The displacement machine according to any one of
claims 1 to 4, further comprising:

a gear mechanism linked with the pair of shaft mem-
bers such as to synchronously reverse the pair of
shaft members.

The displacement machine according to claim 7,
wherein the gear mechanism comprises a pair of first
bevel gears mounted to the pair of second arm por-
tions, and a second bevel gear provided to have a
rotation axis that is an axis perpendicular to the cent-
er axis of the pair of shaft members and configured
to engage with the pair of first bevel gears.

The displacement machine according to claim 8,
wherein the second bevel gear comprises a pair of
bevel gears having a rotation axis that is an axis per-
pendicular to the center axis of the reciprocating
member.



EP 3 748 160 A1

B2S

B6S

gs9 989

q/9 _ 999 gzg
av9 .
ot
9g9 \
3 LY
elLg Ov : qzy ELv 4dls
eQ/ egg q0¢g @ \nwm q0L qz2s
|
_ VANNN
/[ /
% G
|
i ’
N
X —— 968

L Ol

17



EP 3 748 160 A1

41a

44b

FIG. 2

18

41

—— 46

442



EP 3 748 160 A1

eZ¢S

el g _ \
eQ/ egg : 9cs
NN :
// _ m
2 _ 4 N
OV L — !
| 908 |
g8 P.._w._w_. _ Q._Vw_.ﬂwm_
! _ -
1\ N~ \
[
N— 965
\ N
g/vﬁ\ | =y— - _
eQg
evvloglL S0v L
€81
Z81L q .
\ e08 L NT ezt m MVHH_
eg9
0ocltL egg oo ezo9
ey9 e/9 eg9

19



EP 3 748 160 A1

20



EP 3 748 160 A1

ecs

9cs

7 <
265 —§
e /
ﬁm\\Vm\A : doez 408z 90S
momw eogz Lve Jﬂuw\
A mm@ _ _ ez

\ _ . 09
eZ9

02z /
g9 V9. + 299
A B89

N 96¢

G "Old

21



EP 3 748 160 A1

24434
280b 290a
291292
295a
N A
§ : 254a
246 N\
[ ]
A\
f 282b
<A 595b

290a, 290b

22



EP 3 748 160 A1

292

293a
\\\
_— 241
| 280
297b [T 241a
[ 291
™~ 297a
NNNANY
293b
293a
298b / 20843
297b ——— \E::E'If L ———— 2972
O\/\ 2091

23



EP 3 748 160 A1

a6¢S

eQg q0¢

B6G

L1 "Old

24



EP 3 748 160 A1

LG i qLs
ezg e0L egg @ qa8s qo0L azs
\#; 2. \ /\// /;
_ /
: /
!
|
qgeeg 19Y¢ POVE
e/6¢ oowm““ /
7= L= N
i
N2 !
°6s Ak W A T | qes
\ u o/ /» |
% \ A % N\
B0G
e e A ( 9062 9082
€62 M , 4
epogzeo6g, LvE g 1™—~o0ve avvyz
———elye—] |
ey mwm\ W/
2 qove .
e0v e \ S~ eQgge N —1 GHH_
e0¢ ]
\ ez
ego
0ze eg9 B ez9
ey9 /9 ¢ eS80

A

25



EP 3 748 160 A1

eOL

egg

]
°8g mNDV\ \ qclLVv qgg

qLg

/[

B6G

BE9
eg9 .
ey QBL9 4 eg

A

299
9

9cS

N\
\ ///
q90S
q06F% 908¥ Avevy
—
O._w._wn._w._w._w
q0vv
ecvy

ec9

N — 968

el Ol

26



EP 3 748 160 A1

I

HIRP

acLvy

. /
2% z/%v-f_‘b..&\\ (s

AN RN
Q..\..:.%? ' %

avvv

m|\J 968
067 908V

N

i
_
NS -
N A
eg6g 4 ov¥ -

BYvv

27



EP 3 748 160 A1

ecs

BOL

eLg

ecLy

BELY :
eg8g !

eyLY OVP

Q€LY

\

QcLy qLg

/

ra

e6g

/ eod

: © _
! _
. _ A 'N— aes
i S N :
|
N /ﬁﬁ/,/y memﬁg
e e
22 epai oo¥ 200Y G067 2087 voi
SYVY vy Arv i
mwwwnuu N ovy
v gL ‘oI
20T dov
e0g
I ecvy
eed _ oo
g9 N
ey9€/l9 fmwo

agg azs
./
N\
/

28



EP 3 748 160 A1

e6S

6LV ay/Lv
WLY [qz,y VTP

Qosv 908y

e0S

N

96S

ez/v VA
]
mwm eC /LY ,
\
! A\ 2
e0g81 eO6Y b 9t v
Y ey /v
m##._wmhh# x 29/ ¥ qelv

9L "Old

29



EP 3 748 160 A1

ecgsS6

2

ovré

eLS6

€0L6

€856 \00€6

Z=

656

/

9v6

L6

qzve° V6 alse
agse q0.6 qzs6

4

X
s X
o
P . S

\\mnom

96

AN

\

2996
AEB896

"¢¥%096 L1 OId

30



EP 3 748 160 A1

950a, 950b

P — o = f— - C—

31




10

15

20

25

30

35

40

45

50

55

EP 3 748 160 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2019/002342

A.  CLASSIFICATION OF SUBJECT MATTER
Int. Cl. F04B39/00(2006.01)i, F04B27/04(2006.01)i, F04B35/01(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int. Cl. F04B39/00, F04B27/04, F04B35/01

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2019
Registered utility model specifications of Japan 1996-2019
Published registered utility model applications of Japan 1994-2019

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2004-360611 A (HITACHI, LTD.) 24 December 2004, 1-9
paragraph [0015], fig. 1 (Family: none)

A JP 2005-42568 A (HITACHI, LTD.) 17 February 2005, 1-9
paragraph [0012], fig. 1 (Family: none)

A Microfilm of the specification and drawings 1-9
annexed to the request of Japanese Utility Model
Application No. 176203/1977 (Laid-open No.
102711/1979) (GASTEC CORPORATION) 19 July 1979,
description, page 7, line 19 to page 8, line 2,
fig. 2 (Family: none)

X L]
M Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
(o be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y” document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“Q”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
08.04.2019 16.04.2019
Name and mailing address of the ISA/ Authorized officer
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,
Tokyo 100-8915, Japan Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

32



10

15

20

25

30

35

40

45

50

55

EP 3 748 160 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2019/002342

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Microfilm of the specification and drawings
annexed to the request of Japanese Utility Model
Application No. 198652/1982 (Laid-open No.
100980/1984) (HINO MOTORS, LTD.) 07 July 1984,
fig. 2, 3 (Family: none)

1-9

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

33




EP 3 748 160 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2016017513 A[0009]

34



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

