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(54) DISPLACEMENT MACHINE

(67)  Second arm portions 54a and 54b formed as
inner peripheral cylindrical surfaces about a center axis
thatis an axis parallel to a rotation axis of shaft members
50a and 50b are configured to support first arm portions
44a and 44b, such that centers of sphere P1a and P1b
of outer peripheral spherical portions 45a and 45b mount-
ed to the first arm portions 44a and 44b are constrained
on a center axis of the second arm portions 54a and 54b.
Even when a swing piece amplitude angle (maximum
swing angle) is increased by decreasing the arm length

of the first arm portions 44a and 44b or when the swing
piece amplitude angle (maximum swing angle) is in-
creased with an increase in piston stroke by decreasing
the diameter (bore diameter) of pistons 42a and 42b, this
configuration reduces a vibration torque of vibrating the
periphery, compared with a prior art positive displace-
ment machine. This accordingly provides a lower vibra-
tion-type positive displacement machine of the small size
and the high efficiency.
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Description
Technical Field

[0001] The present disclosure relates to a positive displacement machine and more specifically a low vibration-type
positive displacement machine configured such that pistons are reciprocated while swinging.

Background Art

[0002] A proposed configuration of this type of positive displacement machine includes a reciprocating member in-
cluding two pistons guided by a guide cylindrical member and a pair of first arm portions arranged symmetrically in a
direction perpendicular to a center axis of the guide cylindrical member from the middle of the two pistons; a pair of shaft
members arranged symmetrically to be perpendicular to the center axis of the guide cylindrical member; a pair of second
arm portions mounted to the shaft members at positions deviated from rotation axes of the respective shaft members
to hold the respective first arm portions; and a pair of working chambers configured to have a change in volume by the
reciprocating motion of the two pistons, where in the reciprocating member is configured to be reciprocated with a swing
motion (as shown in, for example, Patent Literature 1). Fig. 19 is a configuration diagram illustrating the schematic
configuration of a prior art positive displacement machine 920. Fig. 20 is a diagram illustrating part of a reciprocating
member 940 and shaft members 950a and 950b during swing motion viewed downward in Fig. 19. Fig. 21 is a diagram
illustrating part of the reciprocating member 940 and the shaft members 950a and 950b during swing motion viewed
leftward in Fig. 19. For the purpose of comparison with a positive displacement machine 20 according to one embodiment
of the disclosure described later, the prior art positive displacement machine 920 has a similar configuration to that of
the positive displacement machine 20 of the embodiment, except a support structure to support first arm portions 944a
and 944b by second arm portions 954a and 954b.

[0003] As shown in Fig. 19, the prior art positive displacement machine 920 includes a guide cylindrical member 930
in a cylindrical shape having a center axis extended in a vertical direction (Y-axis direction) in the drawing, a reciprocating
member 940 configured such that a pair of pistons 942a and 942b are guided by this guide cylindrical member 930 to
be reciprocated in the vertical direction (Y-axis direction) in the drawing while swinging around a center axis (Y axis) of
the guide cylindrical member 930, a pair of shaft members 950a and 950b arranged to have a rotation axis placed on
a straight line (Z axis) perpendicular to the center axis of the guide cylindrical member 930 at the center of the guide
cylindrical member 930, a pair of working chambers 962a and 962b configured to change their volumes by the recipro-
cating motion of the pistons 942a and 942b, a pair of high pressure chambers 966a and 966b connected with the working
chambers 962a and 962b by means of discharge valves 967a and 967b, and a pair of motors 970a and 970b respectively
mounted to the pair of shaft members 950a and 950b. A pair of first arm portions 944a and 944b are mounted in the
center of the reciprocating member 940 to be perpendicular to the center axis of the guide cylindrical member 930 and
to be symmetrical about the center axis. A pair of second arm portions 954a and 954b configured to support the first
arm portions 944a and 944b are mounted at positions deviated from their rotation axes on respective one ends (recip-
rocating member 940-side ends) of the shaft members 950a and 950b. A pair of main weight balances 958a and 958b
are also mounted on the respective one ends of the shaft members 950a and 950b such that the direction of the centrifugal
force is opposite to the second arm positions 954a and 954b. A pair of sub-weight balances 959a and 959b are mounted
on respective other ends of the shaft members 950a and 950b (opposite ends opposite to the reciprocating member
940-side ends) such that the direction of the centrifugal force is opposite to the direction of the main weight balances
958a and 958b.

[0004] As shown in Fig. 20, outer peripheral spherical portions 945a and 945b are mounted to the first arm portions
944a and 944b to be movable in a direction of their arm axis. The second arm portions 954a and 954b are formed to
have inner peripheral spherical surfaces in an approximately cylindrical shape, and the outer peripheral spherical portions
945a and 945b of the first arm portions 944a and 944b are held as a spherical pair by the inner peripheral spherical
surfaces. This support structure causes the shaft members 950a and 950b to be driven and rotated reversely relative
to each other and accordingly causes the second arm portions 954a and 954b to be rotated reversely relative to each
other. This causes the outer peripheral spherical portions 945a and 945b of the first arm portions 944a and 944b to have
precise circle motion accompanied with relative motion in the axial direction relative to the arm portions. This leads to
swing motion and reciprocating motion of the reciprocating member 940.

[0005] Fluid flow paths 963a and 963b are formed in the pistons 942a and 942b to supply the working fluid to the
working chambers 962a and 962b. Suction valves 964a and 964b are mounted to the fluid flow paths 963a and 963b
and are opened when the pressure in the working chambers 962a and 962b becomes lower than the pressure in a
working fluid space 960 between the pistons 942a and 942b. Discharge valves 967a and 967b are mounted to partition
walls 965a and 965b placed between the working chambers 962a and 962b and the high pressure chambers 966a and
966b and are opened when the pressure in the working chambers 962a and 962b becomes higher than the pressure
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in the high pressure chambers 966a and 966b. Outlet pipes 968a and 968b are mounted to the high pressure chambers
966a and 966b. Additionally, a non-illustrated inlet pipe arranged to communicate with the working fluid space 960 is
mounted to a casing 922. Accordingly the working fluid flows from the inlet pipe into the working fluid space 960, is
supplied to the working chambers 962a and 962b via the fluid flow paths 963a and 963b and the suction valves 964a
and 964b by the reciprocating motion of the pistons 942a and 942b, subsequently flows into the high pressure chambers
966a an 966b via the discharge valves 967a and 967b and flows out from the outlet pipes 968a and 968b.

[0006] In this prior art positive displacement machine 920, an inertial force Fpy is generated in a direction of the center
axis (Y-axis direction) of the reciprocating member 940, accompanied with reciprocating motion of the reciprocating
member 940. This inertial force Fpy may be completely eliminated by a Y-axis direction component Fsy of an overall
centrifugal force Fs by the second arm portions 954a and 954b, the main balance weights 958a and 958b and the sub-
weight balances 959a and 959b mounted to the shaft members 950a and 950b. When the shaft members 950a and
950b are rotated reversely, a components Fsx in a perpendicular direction (X-axis direction) perpendicular to the direction
of reciprocating motion of the centrifugal force has a reverse sign. These components are thus cancelled out between
the shaft members 950a and 950b rotating reversely to each other and are completely eliminated. In the prior art positive
displacement machine 920, as described above, the motions of the respective component members and the forces
applied between the respective component members are symmetrical with respect to the center axis of the reciprocating
member 940. This arrangement causes no inertial force in the direction of the rotation axis (Z-axis direction) of the shaft
members 950a and 950b by the motions of the respective movable members, no torque about the Z axis by the inertial
force and no torque about the X axis by the inertial force. The prior art positive displacement machine 920 accordingly
causes no vibration force other than the torque about the Y axis to be generated among the inertial forces in the directions
of three axes (X axis, Y axis and Z axis) in a rectangular coordinate system and the torques about the three axes by the
inertial forces. The torque about the Y axis may be mostly eliminated by adjusting the size of the main balance weights
958a and 958b and the size of the sub-balance weights 959a and 959b. As a result, the prior art positive displacement
machine 920 has an extremely small vibration force to the periphery.

Citation List

Patent Literature

[0007] PTL 1: JP H09-92275A (Figs. 7 to 11)
Summary

[0008] In the prior art positive displacement machine 920, the arm length of the first arm portions 944a and 944b may
be decreased to decrease the bending moment at the bases of the first arm portions 944a and 944b, and the couple of
forces by X-axis direction components of the centrifugal forces of the main weight balances 958a and 958b may be
reduced to downsize the sub-weight balances 959a and 959b. This, however, increases the maximum swing angle
(swing piece amplitude angle) of the reciprocating member 940. In the prior art positive displacement machine 920, the
diameter of the pistons 942a and 942b (bore diameter of a cylinder) may be decreased to decrease the bearing load
and thereby reduce the mechanical friction loss, and the gap volume (volume of the working chambers 962a and 962b
at the top dead center) may be decreased to reduce the amount of the working fluid that remains and re-expanded and
thereby increase the volumetric efficiency. This, however, increases the stroke in the reciprocating motion of the recip-
rocating member 940 and increases the maximum swing angle (swing piece amplitude angle) of the reciprocating
member 940. An increase in the maximum swing angle (swing piece amplitude angle) increases the torque about the
Y axis that is less likely to be completely eliminated and thereby vibrates the periphery.

[0009] A main object of the disclosure is to provide a lower vibration-type positive displacement machine.

[0010] In order to achieve the main object described above, the positive displacement machine of the disclosure may
be implemented by various aspects described below.

[0011] The present disclosure is directed to a positive displacement machine. The positive displacement machine
includes

a guide cylindrical member formed in a cylindrical shape,

a reciprocating member including a piston portion configured to be guided by an inner peripheral surface of the guide
cylindrical member to be reciprocated in a direction of a center axis of the guide cylindrical member while swinging about
the center axis, and a pair of first arm portions mounted to the piston portion to be perpendicular to the center axis of
the guide cylindrical member and to be symmetrical with respect to the center axis,

a pair of shaft members arranged to be perpendicular to the center axis of the guide cylindrical member and to be
symmetrical with respect to the center axis,

a pair of second arm portions mounted to the pair of shaft members, such as to respectively support the pair of first arm
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portions at positions deviated from rotation axes of the pair of shaft members,

and a working chamber configured to have a change in volume accompanied with a reciprocating motion of the piston
portion. The second arm portion supports the first arm portion such that a predetermined specific point in the first arm
portion is constrained in a movable manner on an axis parallel to the rotation axis of the shaft member.

[0012] In the positive displacement machine of this aspect, the first arm portion is supported by the second arm portion
such that the predetermined specific point in the first arm portion is constrained in a movable manner on the axis parallel
to the rotation axis of the shaft member. This provides the lower vibration-type positive displacement machine. The
expression of "constrained in a movable manner on the axis" means that only the motion on the axis is allowed. The
positive displacement machine of this aspect may be provided as a machine (for example, an engine) of producing a
rotational driving force in the pair of shaft members by the reciprocating motion and the swing motion of the reciprocating
member, which is caused by supplying a pressure fluid to the working chamber. The positive displacement machine of
this aspect may also be provided as a machine (for example, a compressor) of producing a change in the volume of the
working chamber by the reciprocating motion and the swing motion of the reciprocating member, which is caused by
supplying a rotational driving force to the pair of shaft members. In these cases, the piston portion may include two
pistons arranged symmetrically across the pair of first arm portions, and two working chambers may be provided corre-
sponding to the two pistons.

[0013] In such a positive displacement machine of the present disclosure, the first arm portion may include an outer
peripheral spherical portion having a center of sphere as the specific point and the second arm portion may include an
inner peripheral cylindrical portion that is arranged on the axis parallel to the rotation axis of the shaft member and is
configured to hold the outer peripheral spherical portion in a slidable manner.

[0014] In the positive displacement machine of the present disclosure, the first arm portion may include an outer
peripheral spherical portion having a center of sphere as the specific point, and the second arm portion may include an
inner peripheral spherical portion that is configured to hold the outer peripheral spherical portion and to move on the
axis parallel to the rotation axis of the shaft member. This configuration causes the outer peripheral spherical portion to
be held by the inner peripheral spherical portion and accordingly allows for transmission of forces between the first arm
portion and the second arm portion by surface contact. In the positive displacement machine of the present disclosure
of this embodiment, the inner peripheral spherical portion may be formed to have an outer peripheral cylindrical surface,
and the second arm portion may include an inner peripheral cylindrical portion that is configured to hold the inner
peripheral spherical portion such as to be movable on the axis parallel to the rotation axis of the shaft member. This
configuration enables the outer peripheral spherical portion to be smoothly rotated about the axis parallel to the rotation
axis of the shaft member, accompanied with the reciprocating motion and the swing motion of the reciprocating member
and thereby reduces the mechanical friction loss.

[0015] In the positive displacement machine of the present disclosure of the embodiment in which the inner peripheral
cylindrical portion of the second arm portion holds the inner peripheral spherical portion, the inner peripheral spherical
portion may be formed such that an inner circumferential side of the shaft member about the rotation axis is farther away
from the first arm portion than an outer circumferential side, and the inner peripheral cylindrical portion may be configured
to hold the inner peripheral spherical portion such as to be not rotatable about the axis parallel to the rotation axis of the
shaft member. This configuration suppresses the first arm portion from coming into contact with and interfering with the
inner circumferential side of the inner peripheral spherical portion of the second arm portion about the rotation axis of
the shaft at the maximum swing angle (swing piece amplitude angle) of the reciprocating member and thereby further
increases the maximum swing angle (swing piece amplitude angle) of the reciprocating member. In this aspect, an end
face of the inner peripheral spherical portion may be formed as an inclined surface that is inclined to the rotation axis of
the shaft member.

[0016] In the positive displacement machine of the present disclosure of the embodiment in which the first arm portion
includes an outer peripheral spherical portion, the outer peripheral spherical portion may be supported such as to be
rotatable about the center axis of the first arm portion and to be not movable in a direction of the center axis. This
configuration enables the outer peripheral spherical portion to be smoothly rotated about the center axis of the first arm
portion, accompanied with the reciprocating motion and the swing motion of the reciprocating member and thereby
reduces the mechanical friction loss.

[0017] In the positive displacement machine of the present disclosure, the first arm portion may include an inner
peripheral spherical portion having a center of sphere as the specific point, and the second arm portion may include an
outer peripheral spherical portion that is held by the inner peripheral spherical portion and is configured to be movable
on the axis parallel to the rotation axis of the shaft member. In this case, the inner peripheral spherical portion may be
supported to be rotatable about the center axis of the first arm portion and to be not movable in a direction of the center
axis. This configuration enables the inner peripheral spherical portion to be smoothly rotated about the center axis of
the first arm portion, accompanied with the reciprocating motion and the swing motion of the reciprocating member and
thereby reduces the mechanical friction loss.

[0018] Further, in the positive displacement machine of the present disclosure, the second arm portion may be formed
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as an inner peripheral cylindrical surface, and the first arm portion may include an approximately barrel-shaped hinge
portion having two planes that are perpendicular to a direction of reciprocating motion of the reciprocating member, and
a sliding portion configured to come into contact with the two planes of the hinge portion in a slidable manner and come
into contact with the inner peripheral cylindrical surface of the second arm portion in a slidable manner and integrated
with the hinge portion by a pin provided at a center axis of the hinge portion.

Brief Description of Drawings
[0019]

Fig. 1 is a configuration diagram illustrating the schematic configuration of a positive displacement machine 20
according to one embodiment of the disclosure;

Figs. 2(a) to 2(e) are diagrams illustrating the state of a reciprocating member 40 during reciprocating motion with
swing motion;

Figs. 3 (a) to 3(e) are diagrams illustrating the reciprocating member 40 during reciprocating motion with swing
motion viewed downward in Fig. 1;

Figs. 4 (a) and 4(b) are enlarged diagrams illustrating a first arm portion 44a and a second arm portion 54a of the
reciprocating member 40 during reciprocating motion with swing motion;

Fig. 5 is a diagram illustrating part of the reciprocating member 40 and shaft members 50a and 50b during recipro-
cating motion with swing motion viewed downward in Fig. 1;

Fig. 6 is a diagram illustrating part of the reciprocating member 40 and the shaft members 50a and 50b during swing
motion viewed leftward in Fig. 1;

Fig. 7 is graphs showing relations of a dimensionless swing torque and a dimensionless vibration torque to a rotational
angle 0 of the shaft members 50a and 50b at a swing piece amplitude angle equal to 15 degrees in the positive
displacement machine 20 of the embodiment;

Fig. 8 is graphs showing relations of the dimensionless swing torque and the dimensionless vibration torque to the
rotational angle 6 of the shaft members 50a and 50b at the swing piece amplitude angle equal to 25 degrees in the
positive displacement machine 20 of the embodiment;

Fig. 9 is graphs showing relations of the dimensionless swing torque and the dimensionless vibration torque to a
rotational angle 6 of shaft members 950a and 950b at the swing piece amplitude angle equal to 15 degrees in a
prior art positive displacement machine 920;

Fig. 10 is graphs showing relations of the dimensionless swing torque and the dimensionless vibration torque to the
rotational angle 0 of the shaft members 950a and 950b at the swing piece amplitude angle equal to 25 degrees in
the prior art positive displacement machine 920;

Figs. 11(a) and 11(b) are enlarged diagrams illustrating a support structure of a first arm portion 144a by a second
arm portion 54a in a positive displacement machine of a first modification;

Figs. 12(a) and 12(b) are enlarged diagrams illustrating a support structure of a first arm portion 44a by a second
arm portion 154a in a positive displacement machine of a second modification;

Figs. 13(a) and 13(b) are enlarged diagrams illustrating a support structure of a first arm portion 144a by a second
arm portion 154a in a positive displacement machine of a third modification;

Figs. 14(a) and 14(b) are enlarged diagrams illustrating a support structure of a first arm portion 144a by a second
arm portion 254a in a positive displacement machine of a fourth modification;

Figs. 15(a) and 15(b) are enlarged diagrams illustrating a support structure of a first arm portion 344a by a second
arm portion 354a in a positive displacement machine of a fifth modification;

Figs. 16(a) and 16(b) are enlarged diagrams illustrating a support structure of a first arm portion 444a by a second
arm portion 354a in a positive displacement machine of a sixth modification;

Figs. 17(a) and 17(b) are enlarged diagrams illustrating a support structure of a first arm portion 544a by a second
arm portion 554a in a positive displacement machine of a seventh modification;

Fig. 18 is a sectional view illustrating an A-A section of Fig. 17;

Fig. 19 is a configuration diagram illustrating the schematic configuration of the prior art positive displacement
machine 920;

Fig. 20 is a diagram illustrating a configuration of supporting first arm portions 944a and 944b by second arm portions
954a and 954b; and

Fig. 21 is a diagram illustrating part of a reciprocating member 940 and shaft members 950a and 950b during swing
motion viewed leftward in Fig. 19.
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Description of Embodiments

[0020] The following describes some aspects of the disclosure with reference to an embodiment.

[0021] Fig. 1is a configuration diagram illustrating the schematic configuration of a positive displacement machine 20
according to one embodiment of the disclosure. The positive displacement machine 20 of the embodiment is configured
as a compressor to increase the pressure of a gas serving as a working fluid. As illustrated, the positive displacement
machine 20 includes a guide cylindrical member 30 in a cylindrical shape having a center axis extended in a vertical
direction (Y-axis direction) in the drawing, a reciprocating member 40 configured such that a pair of pistons 42a and 42b
are guided by this guide cylindrical member 30 to be reciprocated in the vertical direction (Y-axis direction) in the drawing
while swinging around a center axis (Y axis) of the guide cylindrical member 30, a pair of shaft members 50a and 50b
arranged to be rotated about a rotation axis that is a straight line (Z axis) perpendicular to the center axis of the guide
cylindrical member 30 at the center of the guide cylindrical member 30, a pair of working chambers 62a and 62b configured
to change their volumes by the reciprocating motion of the pistons 42a and 42b, a pair of high pressure chambers 66a
and 66b arranged 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 casing 22 configured to place the
foregoing components.

[0022] A pair of first arm portions 44a and 44b are mounted in the center of the reciprocating member 40 to be
perpendicular to the center axis (Y axis) of the guide cylindrical member 30 and to be symmetrical about the center axis.
Outer peripheral spherical portions 45a and 45b having centers of sphere P1a and P1b on respective arm axes are
formed at or attached and fixed to respective ends of the first arm portions 44a and 44b.

[0023] Fluid flow paths 63a and 63b are formed in the pistons 42a and 42b to supply the working fluid to the working
chambers 62a and 62b. Suction valves 64a and 64b are mounted to the fluid flow paths 63a and 63b and are opened
when the pressure in the working chambers 62a and 62b becomes lower than the pressure in a working fluid space 60
between the pistons 42a and 42b. Discharge valves 67a and 67b are mounted to the partition walls 65a and 65b placed
between the working chambers 62a and 62b and the high pressure chambers 66a and 66b and are opened when the
pressure in the working chambers 62a and 62b becomes higher than the pressure in the high pressure chambers 66a
and 66b. Outlet pipes 68a and 68b are mounted to the high pressure chambers 66a and 66b. Additionally, a non-
illustrated inlet pipe arranged to communicate with the working fluid space 60 is mounted to the casing 22. Accordingly
the working fluid flows from the inlet pipe into the working fluid space 60, is supplied to the working chambers 62a and
62b via the fluid flow paths 63a and 63b and the suction valves 64a and 64b by the reciprocating motion of the pistons
42a and 42b, subsequently flows into the high pressure chambers 66a an 66b via the discharge valves 67a and 67b
and flows out from the outlet pipes 68a and 68b.

[0024] The shaft members 50a and 50b are supported to be rotatable by means of ball bearings 51a, 51b, 52a and
52b. A pair of second arm portions 54a and 54b are mounted at positions deviated from their rotation axes on respective
one ends (reciprocating member 40-side ends) to support the first arm portions 44a and 44b of the reciprocating member
40. The second arm portions 54a and 54b are provided as inner peripheral cylindrical members having a center axis
that is an axis parallel to the rotation axis of the shaft members 50a and 50b and are configured such that the outer
peripheral spherical portions 45a and 45b of the first arm portions 44a and 44b are placed in their inner peripheral
cylinders in a slidable manner. When the shaft members 50a and 50b are driven and rotated reversely relative to each
other, the second arm portions 54a and 54b are also rotated reversely relative to each other. The outer peripheral
spherical portions 45a and 45b of the first arm portions 44a and 44b then revolve with a slight reciprocating motion of
the shaft members 50a and 50b in the axial direction, so that the reciprocating member 40 is reciprocated with swinging.
Figs. 2(a) to 2(e) are diagrams illustrating the state of the reciprocating member 40 during reciprocating motion with
swing motion. Figs. 3 (a) to 3 (e) are diagrams illustrating the reciprocating member 40 during reciprocating motion with
swing motion viewed downward in Fig. 1. Figs. 2 (a) to 2 (e) and Figs. 3 (a) to 3 (e) illustrate changes in the state of the
reciprocating member 40 by every 90 degree rotation of the shaft members 50a and 50b from the location at the center
of the reciprocating motion. As illustrated, the reciprocating member 40 is reciprocated with an amplitude 2¢ between a
top dead center shown in Fig. 2(b) and a bottom dead center shown in Fig. 2(d), while swinging with a counterclockwise
swing piece amplitude angle 6max shown in Figs. 3 (a) and 3(e) and a clockwise swing piece amplitude angle 6max
shown in Fig. 3 (c). In Figs. 2 (a) to 2 (e), the outer peripheral spherical portion 45a on the front side is revolved
counterclockwise, while the outer peripheral spherical portion 45b on the rear side is revolved clockwise. As illustrated,
accompanied with this revolution, the shaft member 50a is rotated counterclockwise, while the shaft member 50b is
rotated clockwise.

[0025] Figs. 4(a)and 4(b) are enlarged diagrams illustrating the first arm portion 44a and the second arm portion 54a
of the reciprocating member 40 during reciprocating motion with swing motion. Fig. 4 (a) illustrates the state at the top
dead center (swing angle of 0 degree) viewed from the same direction as Fig. 1. Fig. 4(b) illustrates the state at the
maximum swing angle (swing piece amplitude angle 6max) viewed downward in Fig. 1. As illustrated, the outer peripheral
spherical portion 45a mounted to the first arm portion 44a is slid relative to the inner peripheral cylindrical surface of the
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second arm portion 55a by the swing motion to be moved by AL in the axial direction of the second arm portion 54a. In
this state, the center of sphere P1a of the outer peripheral spherical portion 45a is constrained on the axis of the second
arm portion 54a. According to this embodiment, the centers of sphere P1a and P1b are also called "specific points P1a
and P1b".

[0026] A pair of main weight balances 58a and 58b are mounted on respective one ends of the shaft members 50a
and 50b such that the direction of their centrifugal force is opposite to the direction of the second arm portions 54a and
54b. A pair of sub-weight balances 59a and 59b are mounted on respective other ends of the shaft members 50a and
50b (opposite ends opposite to the reciprocating member 40-sides) such that the direction of their centrifugal force is
opposite to the direction of the main weight balances 58a and 58b.

[0027] Like the above prior art positive displacement machine 920 illustrated in Fig. 19, the positive displacement
machine 20 of the embodiment having the above configuration causes no vibration force other than the torque about
the Y axis to be generated among the inertial forces in the directions of three axes (X axis, Y axis and Z axis) in a
rectangular coordinate system and the torques about the three axes by the inertial forces. The following describes
comparison between the positive displacement machine 20 of the embodiment and the prior art positive displacement
machine 920 with regard to the torque about the Y axis.

[0028] Fig. 5 is a diagram illustrating part of the reciprocating member 40 and the shaft members 50a and 50b during
swing motion viewed downward in Fig. 1. Fig. 6 is a diagram illustrating part of the reciprocating member 40 and the
shaft members 50a and 50b during swing motion viewed leftward in Fig. 1. When Ip1 denotes a moment of inertia about
the Y axis of the reciprocating member 40 and ap1 denotes an angular acceleration by the swing motion, a torque Np1
about the Y axis by the inertial force in the swing motion about the Y axis of the reciprocating member 40 of the positive
displacement machine 20 is expressed by Equation (1) given below:

[Math. 1]

Npl = ~Iplxapl (1)

[0029] When 11 (shown in Fig. 5) denotes a distance from the center axis of the reciprocating member 40 to the center
of sphere P1a or P1b (specific point P1a or P1b) of the outer peripheral spherical portion 45a or 45b of the first arm
portion 44a or 44b, r1 (shown in Fig. 6) denotes an amount of deviation between the rotation axis of the shaft member
50a or 50b and a center axis La or Lb of the inner peripheral cylindrical surface of the second arm portion 54a or 54b,
and 6 denotes a rotational angle of the shaft member 50a or 50b, an X coordinate x1 of the center axis La is expressed
by Equation (2) given below. The X coordinate x1 in this Equation (2) also indicates an X coordinate of the specific point
P1a. Based on Figs. 3(a) to 3 (e), a swing angle 0p1 is expressed by Equation (3) given below. A swing piece amplitude
angle 6max1 in the swing motion of the reciprocating member 40 is expressed by Equation (4) given below using Equation
(3). Equation (5) is obtained by substituting Equation (4) into Equation (3):

[Math. 2]

xl =rlXcos@ (2)

r1 X cos 6

Bpl = sin”j(—%’“) = sin | [--—-WTTWW} (3)

rl

-Trr;sinﬁmaxl (4)

Opt = sin ( sin @ max1 X cos 8 ) (5)

[0030] With regard to the inertial force, an X-axis direction component Fsx of an overall centrifugal force Fs of the
shaft members 50a and 50b is cancelled out by the shaft members 50a and 50b that are rotated in the reverse directions.
Due to the difference of the working position in the Z-axis direction, however, the centrifugal forces serve as a couple
of forces, so that a torque about the Y axis remains. The main weight balances 58a and 58b are mounted to the shaft
members 50a and 50b such that the direction of their centrifugal force is opposite to the direction of the second arm
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portions 54a and 54b. The sub-weight balances 59a and 59b are mounted to the shaft members 50a and 50b such that
the direction of their centrifugal force is identical with the direction of the second arm portions 54a and 54b. Among the
centrifugal forces generated by the respective portions, the centrifugal force by the main weight balances 58a and 58b
is dominant. The direction of the centrifugal force Fs is accordingly equal to the direction of the centrifugal force of the
main weight balances 58a and 58b. When o denotes a rotational angular velocity of the shaft members 50a and 50b
and mr denotes a constant, the X-axis direction component Fsx of the centrifugal force Fs is expressed by Equation (6)
given below. The X-axis direction component Fsx acts at the positions of Z-axis coordinates Imr and -Imr, so that the
torque about the Y axis is expressed by Equation (7) given below. The two constants Imr and mr may be regulated
independently of each other to any arbitrary values by adjusting two variables indicating the sizes of the main weight
balances 58a and 58b and the sub-weight balances 59a and 59b. When the shaft members 50a and 50b are rotated at
a constant speed, the rotational angular velocity o is also given as a constant. In this state, the torque Ns is expressed
by a cosine function of the rotational angle 6 of the shaft members 50a and 50b and has only a rotational primary
component.

[Math. 3]

Fsx = —mr+* w? Xcos 8 (6)

Ns = —2lmr mr-w? X cos B (7

[0031] The angular acceleration a.p1 by the swing motion is obtained by second order differentiation of the swing angle
0p1 with respect to time tand may thus be expressed by Equation (8) given below by using 6= wt. Equation (9) is obtained
by substituting Equation (8) into Equation (1). Equations (10) and (11) are obtained by substituting Equation (5) into
Equation (9) with regard to the swing piece amplitude angle 6émax1 equal to 15 degrees (0.263rad) and 25 degrees
(0.436 rad) and performing Fourier series expansion of a dimensionless swing torque Np1* that is obtained by division
by Ip1-w2 and normalization. Fourth and subsequent terms on the right sides of Equations (10) and (11) have negligibly
small coefficients and are thus omitted.

[Math. 4]
_ d9p1_ , d%@p1
apl= —p— =Wl — ®
d%6 p1
- 2
Npl =-lplw T (9)

Np1*(15deg) = 0.26102cos 8 + 0.00675c0s3 6 + 0.00015c0s58 +:-- (10)

Np1#(25deg) = 0.43270cos 8 + 0.03148cos3 6 + 0.00192cos56 + -+ (11)

[0032] Withregard to the coefficients of the respective terms on the right sides of Equations (10) and (11), the rotational
primary component of the shaft members 50a and 50b corresponding to the first term is dominant in the torque Np1
about the Y axis by the inertial force generated by the swing motion of the reciprocating member 40. The rotational
primary component is, however, cancelled out and eliminated by a torque about the Y axis by the centrifugal force of a
shaft member by adjusting the constants Imr and mr in Equations (6) and (7). Accordingly the higher-order terms that
are the second and subsequent terms on the right sides of Equations (10) and (11) remain as components of vibrating
the periphery.

[0033] In the prior art positive displacement machine 920 (shown in Figs. 19, 20 and 21), when Ip2 denotes a moment
of inertia about the Y axis of the reciprocating member 940 and ap2 denotes an angular acceleration by the swing
motion, a torque Np2 about the Y axis by the inertial force in the swing motion about the Y axis is expressed by Equation
(12) given below.

[Math. 5]
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Np2 = ~Ip2xop2 (12)

[0034] When r2 (shown in Fig. 21) denotes an amount of deviation of a center of sphere P2a of the outer peripheral
spherical portion 945a that is supported as a spherical pair by the second arm portion 954a from the rotation axis of the
shaft member 950a, an X-axis coordinate x2 of the center of sphere P2a is expressed by Equation (13) given below.
When 12 (shown in Fig. 20) denotes a Z-axis coordinate of the center of sphere P2a, a swing angle 6p2 is expressed
by Equation (14) given below:

[Math. 6]

x2 =r2 X cos B (13)

Bp2-= taﬁ1(~)|(—zg—} = taﬁ%igj%i@} (14)

[0035] The angular acceleration a.p2 by the swing motion is obtained by second order differentiation of the swing angle
0p2 with respect to time t and may thus be expressed by Equation (15) given below by using 6= ot. Equation (16) is
obtained by substituting Equation (15) into Equation (12).

Math. 7]
2 2
_ d 9p2 _ 2 d 9p2
ap2 gt2 = W —j“é“f“““ (15)
2
d“0 p2
Np2 = -lp2w’—————  (16)

[0036] A swing piece amplitude angle ®max2 in the swing motion of the reciprocating member 940 is expressed by
Equation (17) based on Equation (14). Equation (18) is obtained by substituting Equation (17) into Equation (14). Equa-
tions (19) and (20) are obtained by substituting Equation (18) into Equation (16) with regard to the swing piece amplitude
angle 6max2 equal to 15 degrees (0.263rad) and 25 degrees (0.436 rad) and performing Fourier series expansion of a
dimensionless swing torque Np2* that is obtained by division by Ip-®2 and normalization. Fourth and subsequent terms
on the right sides of Equations (19) and (20) have negligibly small coefficients and are thus omitted.

[Math. 8]

% =tanOmax2 (17)

p2 = tan | ( tan 6 max2 X cos 9) (18)
Np2*(15deg) = 0.26328cos 8 — 0.01368cos3 8 + 0.00039cos56 +--- (19)

Np2*x(25deg) = 0.44334cos 8 — 0.06532c0s3 6 + 0.00534cos5 8+ -+ (20)

[0037] In the prior art positive displacement machine 920, with regard to the coefficients of the respective terms on
the right sides of Equations (19) and (20), the rotational primary component of the shaft member 950a and 950b corre-
sponding to the first term is dominant in the torque Np2 about the Y axis by the inertial force generated by the swing
motion of the reciprocating member 940. The rotational primary component is, however, cancelled out and eliminated
by a torque about the Y axis by the centrifugal force of a shaft member by adjusting the constants Imr and mr in Equations
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(6) and (7). Accordingly the higher-order terms that are the second and subsequent terms on the right sides of Equations
(19) and (20) remain as components of vibrating the periphery.

[0038] According to comparison between the second and subsequent terms on the right sides of Equations (10) and
(11) with regard to the positive displacement machine 20 of the embodiment and the second and subsequent terms on
the right sides of Equations (19) and (20) with regard to the prior art positive displacement machine 920, the positive
displacement machine 20 of the embodiment has the smaller coefficients, irrespective of the swing piece amplitude
angle 6max. Accordingly the positive placement machine 20 of the embodiment has the smaller vibration torque of
vibrating the periphery, compared with the prior art positive displacement machine 920.

[0039] Figs. 7 and 8 are graphs showing relations of a dimensionless swing torque and a dimensionless vibration
torque to the rotational angle 6 of the shaft members 50a and 50b at the swing piece amplitude angle equal to 15 degrees
and 25 degrees in the positive displacement machine 20 of the embodiment. Figs. 9 and 10 are graphs showing relations
of a dimensionless swing torque and a dimensionless vibration torque to the rotational angle 6 of the shaft members
950aand 950b atthe swing piece amplitude angle equal to 15 degrees and 25 degrees in the prior art positive displacement
machine 920. In the respective graphs, a broken-line curve of the dimensionless swing torque shows a cosine curve of
the rotational primary component. In the respective graphs, the dimensionless vibration torque is accordingly provided
as a difference between the swing torque and the rotational primary component. Comparison between Fig. 7 and Fig.
9 and comparison between Fig. 8 and 10 show that the the positive displacement machine 20 of the embodiment has
the smaller vibration torque than the prior art positive displacement machine 920.

[0040] In the positive displacement machine 20 of the embodiment described above, the second arm portions 54a
and 54b formed as inner peripheral cylindrical surfaces about the center axis that is the axis parallel to the rotation axis
of the shaft members 50a and 50b are configured to support the first arm portions 44a and 44b such that the centers of
sphere P1a and P1b of the outer peripheral spherical portions 45a and 45b mounted to the first arm portions 44a and
44b are constrained on the center axis of the second arm portions 54a and 54b. This configuration reduces the vibration
torque of vibrating the periphery, compared with the prior art positive displacement machine 920. As a result, even when
the swing piece amplitude angle (maximum swing angle) is increased by decreasing the arm length of the first arm
portions 44a and 44b or when the swing piece amplitude angle (maximum swing angle) is increased with an increase
in piston stroke by decreasing the diameter (bore diameter) of the pistons 42a and 42b, this configuration reduces the
vibration torque, compared with the prior art positive displacement machine 920. This accordingly allows for downsizing
of the positive displacement machine 20 and increases the efficiency of the positive displacement machine 20. This
results in providing the lower vibration-type positive displacement machine of the smaller size and the higher efficiency.
[0041] In the positive displacement machine 20 of the embodiment, the outer peripheral spherical portions 45a and
45b are formed at or attached and fixed to the first arm portions 44a and 44b. As illustrated in a first modification of Figs.
11 (a) and 11 (b), an outer peripheral spherical portion 145a may be held by a first arm portion 144a to be rotatable
about an arm axis. Fig. 11 (a) illustrates the state at the top dead center (swing angle of 0 degree) viewed from the same
direction as Fig. 1. Fig. 11 (b) illustrates the state at the maximum swing angle (swing piece amplitude angle Omax)
viewed downward in Fig. 1. In this modification, as illustrated, an attachment portion of the first arm portion 144a to
which the outer peripheral spherical portion 145a is attached may be formed in a cylindrical shape about an arm axis
as the center axis, and an inner peripheral surface of the outer peripheral spherical portion 145a may be formed in a
cylindrical shape. A roller 146a may be placed between the outer peripheral spherical portion 145a and the first arm
portion 144a to make the outer peripheral spherical portion 145a rotatable about the arm axis. Thrust washers 147a and
148a may be mounted on respective end faces in the direction of the arm axis of the outer peripheral spherical portion
145a, so as to restrict the motion of the outer peripheral spherical portion 145a in the direction of the arm axis. This
configuration provides a rolling pair at the line contact between the outer peripheral spherical portion 145a and an inner
peripheral surface of a second arm portion 54a and thereby improves the durability and reduces the mechanical friction
loss.

[0042] In the positive displacement machine 20 of the embodiment, the outer peripheral spherical portions 45a and
45b of the first arm portions 44a and 44b are held in a slidable manner by the second arm portions 54a and 54b formed
as the inner peripheral cylindrical surfaces. As illustrated in a second modification of Figs. 12 (a) and 12 (b), an outer
peripheral spherical portion 45a of a first arm portion 44a may be supported by a second arm portion 154a via an inner
peripheral spherical portion 155a. Fig. 12 (a) illustrates the state at the top dead center (swing angle of 0 degree) viewed
from the same direction as Fig. 1. Fig. 12(b) illustrates the state at the maximum swing angle (swing piece amplitude
angle 6max) viewed downward in Fig. 1. In this modification, an outer peripheral cylindrical surface of the inner peripheral
spherical portion 155a may be held by an inner peripheral cylindrical surface of the second arm portion 154a to be
slidable in the circumferential direction and in the direction of the arm axis, and the outer peripheral spherical portion
45a of the first arm portion 44a may be held as a spherical pair by the inner peripheral spherical portion 155a. This
configuration causes the outer peripheral spherical portion 45a to be held by the inner peripheral spherical portion 155a
and allows for transmission of forces between the first arm portion 44a and the second arm portion 154a by surface
contact. This improves the durability in the support structure. Combination of the configuration of the second modification
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with the configuration of the first modification describes above provides a third modification shown in Figs. 13(a) and
13(b). Fig. 13(a) illustrates the state at the top dead center (swing angle of 0 degree) viewed from the same direction
as Fig. 1. Fig. 13 (b) illustrates the state at the maximum swing angle (swing piece amplitude angle 6max) viewed
downward in Fig. 1. The configuration of the third modification provided as the combination of the first modification and
the second modification further reduces the mechanical friction loss and further improves the durability in the support
structure.

[0043] In the second modification of Figs. 12(a) and 12(b) and in the third modification of Figs. 13(a) and 13(b), the
first arm portion 44a-side end face or the first arm portion 144a-side end face of the inner peripheral spherical portion
155a is formed to be parallel to a plane perpendicular to the rotation axis of the shaft member 50a. As illustrated in a
fourth modification of Figs. 14 (a) and 14 (b), an end face of an inner peripheral spherical portion 255a may be formed
as an inclined surface that is inclined to the rotation axis of a shaft member 50a such that an inner circumferential side
of the inner peripheral spherical portion 255a about the rotation axis of the shaft member 50a is farther away from a first
arm portion 144a than its outer circumferential side. Fig. 14(a) illustrates the state at the top dead center (swing angle
of 0 degree) viewed from the same direction as Fig. 1. Fig. 14 (b) illustrates the state at the maximum swing angle (swing
piece amplitude angle 6max) viewed downward in Fig. 1. In the fourth modification, the inner peripheral spherical portion
255a may be mounted to an inner peripheral cylindrical surface of a second arm portion 254a such as to be movable in
the axial direction relative to the inner peripheral cylindrical surface but to be not rotatable about the center axis. Such
mounting may be achieved by, for example, spline fitting in which the inner peripheral cylindrical surface and the inner
peripheral spherical portion 255a are slidable in the axial direction. The configuration that the end face of the inner
peripheral spherical portion 255a is formed as the inclined surface suppresses the first arm portion 144a from coming
into contact with and interfering with the inner circumferential side of the inner peripheral spherical portion 255a about
the rotation axis of the shaft member 50a at the maximum swing angle (swing piece amplitude angle) and allows for a
greater maximum swing angle of the reciprocating member 40. In the fourth modification, the end face of the inner
peripheral spherical portion 255a is formed as the inclined surface. According to a further modification, only a part of
the end face of the inner peripheral spherical portion 255a that comes into contact with and interferes with the first arm
portion 44a by the swing motion may be formed to be away from the first arm portion 44a. In the fourth modification, a
first arm portion 144a-side end face of the inner peripheral cylindrical surface of the second arm portion 254a is formed
as an inclined surface like the end face of the inner peripheral spherical portion 255a. According to a further modification,
the first arm portion 144a-side end face of the inner peripheral cylindrical surface of the second arm portion 254a may
be formed to be parallel to the plane perpendicular to the rotation axis of the shaft member 50a.

[0044] In the positive displacement machine 20 of the embodiment, the outer peripheral spherical portions 45a and
45b are formed at or attached and fixed to the first arm portions 44a and 44b. As illustrated in a fifth modification of Figs.
15 (a) and 15 (b), an outer peripheral spherical portion 355a may be mounted to a second arm portion 354a. Fig. 15(a)
illustrates the state at the top dead center (swing angle of 0 degree) viewed from the same direction as Fig. 1. Fig. 15
(b) illustrates the state at the maximum swing angle (swing piece amplitude angle 6max) viewed downward in Fig. 1. In
this modification, the second arm portion 354a may be provided as an outer peripheral cylindrical surface, and an inner
peripheral cylindrical surface of the outer peripheral spherical portion 355a may be held by the second arm portion 354a
such as to be slidable in the direction of the arm axis of the second arm portion 354a. An inner peripheral spherical
portion 346a configured to rotatably hold the outer peripheral spherical portion 355a may be mounted to the second arm
portion 354a by a mounting member 345a such as to be not movable in the direction of the arm axis of a first arm portion
344a. In this fifth modification, the center of sphere P1a (specific point P1a) is constrained on the axis parallel to the
rotation axis of the shaft member 5043, i.e., constrained in a rotatable manner on the center axis of the second arm portion
354a. The fifth modification accordingly provides the similar advantageous effects to those of the positive displacement
machine 20 of the embodiment. As illustrated in a sixth modification of Figs. 16(a) and 16(b), an inner peripheral spherical
portion 446a of a first arm portion 444a may be formed to have an outer peripheral cylindrical surface. A roller 447a may
be placed between the outer peripheral surface of the inner peripheral spherical portion 446a and an inner peripheral
surface of a mounting member 445a such that the inner peripheral spherical portion 446a is rotatable about the arm
axis of the first arm portion 444a. Fig. 16(a) illustrates the state at the top dead center (swing angle of 0 degree) viewed
from the same direction as Fig. 1. Fig. 16 (b) illustrates the state at the maximum swing angle (swing piece amplitude
angle 6max) viewed downward in Fig. 1.

[0045] In the positive displacement machine 20 of the embodiment, the outer peripheral spherical portions 45a and
45b are formed at or attached and fixed to the first arm portions 44a and 44b and are held to be slidable by the inner
peripheral cylindrical surfaces of the second arm portions 54a and 54b. As illustrated in a seventh modification of Figs.
17(a) and 17(b), outer peripheral spherical portions may be omitted. Fig. 17 (a) illustrates the state at the top dead center
(swing angle of 0 degree) viewed from the same direction as Fig. 1. Fig. 17 (b) illustrates the state at the maximum
swing angle (swing piece amplitude angle 8max) viewed downward in Fig. 1. Fig. 18 is a sectional view illustrating an
A-A section of Fig. 17 (a). In the seventh modification, a second arm portion 554a may be formed as an inner peripheral
cylindrical surface. An approximately barrel-shaped hinge portion 545a having two planes perpendicular to the direction
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of the reciprocating motion of the reciprocating member 40 (vertical direction in Fig. 1 and vertical direction in Fig. 17(a))
may be formed at or attached and fixed to a first arm portion 544a. The first arm portion 544a may include a cylindrical
member 548a in a cylindrical shape arranged to be slidable relative to the inner peripheral cylindrical surface of the
second arm portion 554a, and a pair of sliding members 546a integrated with the cylindrical member 548a and arranged
to come into contact with the two planes of the hinge portion 545a in a slidable manner. The pair of sliding members
546a may be swung relative to the hinge portion 545a about a pin 547a arranged to pass through the center axis of the
hinge portion 545 and may be supported at the respective ends by a pair of retaining rings 549a such as to be not
movable relative to the cylindrical member 548a in the direction of the center axis of the cylindrical member 548a. In the
support structure of this seventh modification, the hinge portion 545a formed at or attached and fixed to the first arm
portion 544a may be swung relative to the cylindrical member 548a about the pin 547a as the swing axis. The cylindrical
member 485a may be configured to be slidable about the arm axis relative to the inner peripheral cylindrical surface of
the second arm portion 554a. A specific point P1a at the center of the hinge portion 545a (center of the pin 547a) is
accordingly constrained in a movable manner on the axis parallel to the rotation axis of the shaft member 50a (on the
center axis of the second arm portion 554a). This configuration causes the first arm portion 544a to be rotatable and
swingable relative to the second arm portion 554a. Like the positive displacement machine 20 of the embodiment, this
configuration enables the first arm portion 544a to be revolved by the reciprocating motion with the swing motion of the
reciprocating member 40, while being held by the second arm portion 554a. The seventh modification accordingly
provides the similar advantageous effects to those of the positive displacement machine 20 of the embodiment.
[0046] As described in the respective modifications, any support structure may be employed to support the first arm
portion by the second arm portion as long as the support structure causes a predetermined specific point of the first arm
portion to be constrained in a rotatable manner on an axis parallel to the rotation axis of the shaft member.

[0047] Any of the positive displacement machine 20 of the embodiment and its modifications is provided as a machine
(compressor) of producing changes in the volumes of the working chambers 62a and 62b by the reciprocating motion
and the swing motion of the reciprocating member 40, which is caused by driving and rotating the shaft members 50a
and 50b in the reverse directions by the pair of motors 70a and 70b mounted to the pair of shaft members 50a and 50b.
Any of the positive displacement machine 20 of the embodiment and its modifications may, however, be provided as a
machine (engine) of producing the rotational driving force in the pair of shaft members 50a and 50b by the reciprocating
motion and the swing motion of the reciprocating member 40, which is caused by supplying a pressure fluid to the
working chambers 62a and 62b.

[0048] The positive displacement machine 20 of the embodiment and its modifications respectively include the pair
of pistons 42a and 42b and the pair of working chambers 62a and 62b, but may include a single piston and a single
working chamber.

[0049] The aspect of the disclosure is described above with reference to the embodiment. The disclosure is, however,
not limited to the above embodiment but various modifications and variations may be made to the embodiment without
departing from the scope of the disclosure.

Industrial Applicability

[0050] The presentdisclosure is applicable in, for example, manufacturing industries of positive displacement machine.

Claims
1. A positive displacement machine, comprising:

a guide cylindrical member formed in a cylindrical shape;

a reciprocating member comprising a piston portion configured to be guided by an inner peripheral surface of
the guide cylindrical member to be reciprocated in a direction of a center axis of the guide cylindrical member
while swinging about the center axis; and a pair of first arm portions mounted to the piston portion to be per-
pendicular to the center axis of the guide cylindrical member and to be symmetrical with respect to the center axis;
a pair of shaft members arranged to be perpendicular to the center axis of the guide cylindrical member and to
be symmetrical with respect to the center axis;

a pair of second arm portions mounted to the pair of shaft members, such as to respectively support the pair
of first arm portions at positions deviated from rotation axes of the pair of shaft members; and

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

the second arm portion supports the first arm portion such that a predetermined specific point in the first arm
portion is constrained in a movable manner on an axis parallel to the rotation axis of the shaft member.
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The positive displacement machine according to claim 1,

wherein the first arm portion includes an outer peripheral spherical portion having a center of sphere as the specific
point, and

the second arm portion includes an inner peripheral cylindrical portion that is arranged on the axis parallel to the
rotation axis of the shaft member and is configured to hold the outer peripheral spherical portion in a slidable manner.

The positive displacement machine according to claim 1,

wherein the first arm portion includes an outer peripheral spherical portion having a center of sphere as the specific
point, and

the second arm portion includes an inner peripheral spherical portion that is configured to hold the outer peripheral
spherical portion and to move on the axis parallel to the rotation axis of the shaft member.

The positive displacement machine according to claim 3,

wherein the inner peripheral spherical portion is formed to have an outer peripheral cylindrical surface, and

the second arm portion includes an inner peripheral cylindrical portion that is configured to hold the inner peripheral
spherical portion such as to be movable on the axis parallel to the rotation axis of the shaft member.

The positive displacement machine according to claim 4,

wherein the inner peripheral spherical portion is formed such that an inner circumferential side of the shaft member
about the rotation axis is farther away from the first arm portion than an outer circumferential side, and

the inner peripheral cylindrical portion is configured to hold the inner peripheral spherical portion such as to be not
rotatable about the axis parallel to the rotation axis of the shaft member.

The positive displacement machine according to any one of claims 2 to 5,
wherein the outer peripheral spherical portion is supported such as to be rotatable about the center axis of the first
arm portion and to be not movable in a direction of the center axis.

The positive displacement machine according to claim 1,

wherein the first arm portion includes an inner peripheral spherical portion having a center of sphere as the specific
point, and

the second arm portion includes an outer peripheral spherical portion that is held by the inner peripheral spherical
portion and is configured to be movable on the axis parallel to the rotation axis of the shaft member.

The positive displacement machine according to claim 7,
wherein the inner peripheral spherical portion is supported to be rotatable about the center axis of the first arm
portion and to be not movable in a direction of the center axis.

The positive displacement machine according to claim 1,

wherein the second arm portion is formed as an inner peripheral cylindrical surface, and

the first arm portion includes an approximately barrel-shaped hinge portion having two planes that are perpendicular
to a direction of reciprocating motion of the reciprocating member, and a sliding portion configured to come into
contact with the two planes of the hinge portion in a slidable manner and come into contact with the inner peripheral
cylindrical surface of the second arm portion in a slidable manner and integrated with the hinge portion by a pin
provided at a center axis of the hinge portion.

The positive displacement machine according to any one of claims 1 to 9,

wherein the piston portion comprises two pistons arranged symmetrically across the pair of first arm portions, and
two working chambers are provided corresponding to the two pistons.
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FIG. 4
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FIG. 9
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FIG. 20
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