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satisfactory work efficiency of an assembly operation,
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two pump units (22 and 23); a valve unit (24) provided
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means (36) for fastening the pump units (22 and 23) to
each other such that the valve unit (24) is able to be held
by the pump units (22 and 23) therebetween.
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Description
Technical Field

[0001]
ratus.

The present invention relates to a pump appa-

Background Art

[0002] Fig. 14 is a perspective view showing a pump
apparatus 1 of a prior art. Fig. 15 is a front view showing
the pump apparatus 1. Fig. 16 is a side view showing the
pump apparatus 1. The pump apparatus 1 of Figs. 14 to
16 is shown in, for example, "Hydraulics and Pneumatics
October Extra Issue" (Japan Industrial Publishing Co.,
Ltd, published on October 5, 2000), Vol. 39, 12th. The
pump apparatus 1 is a combined pump apparatus called,
for example, a tandem pump in which two swash plate
type piston pumps are arranged axially. The pump ap-
paratus 1 includes two pump units 2 and 3 and a valve
unit 4. The pump units 2 and 3 include pump casings 5
and 6, respectively. In each of the pump casings 5 and
6, a cylinder block, a piston, a swash plate, etc. are ac-
commodated. The valve unit 4 includes a valve casing
7. In the valve casing 7, two valve plates are accommo-
dated, which are slidable relative to the cylinder blocks
of the pump units 2 and 3, respectively.

[0003] The pump unit 2 and the valve unit 4 are fas-
tened to each other by a plurality of, for example, four,
fastening bolts 10. Similarly, the pump unit 3 and the
valve unit 4 are fastened to each other by four fastening
bolts 10. Each fastening bolt 10 is threadedly engaged
with the valve unit 4 in a state in which a head portion of
the fastening bolt 10 engages with a flange portion of an
end portion on one side of each of the pump units 2 and
3, the side being opposite a side facing the valve unit 4.
An intermediate portion of each fastening bolt 10 is ex-
posed outside the pump casing 5 or 6.

Disclosure of the Invention
Problems to be Solved by the Invention

[0004] In the pump apparatus 1 of the prior art, the
axially intermediate portion of the fastening bolt 10 is ex-
posed outside the pump casing 5 or 6, so that noise is
emitted when the fastening bolt 10 resonates and oscil-
lates at a radio frequency with respect to an n-th frequen-
cy component of a fundamental frequency of each of the
pump units 2 or 3. Further, since the pump casing 5 or 6
is externally partially covered by the fastening bolt 10,
such covered portion may be painted insufficiently and
therefore rust.

[0005] Since the pump units 2 and 3 are separately
fastened to the valve unit 4 by the separate fastening
bolts 10, the number of the fastening bolts 10 to be used
becomeslarge, specifically, eight. Therefore, the number
of processed portions of the pump units 2 and 3 and the
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valve unit 4, such as screw holes used for fastening by
the fastening bolts 10, becomes large, and the produc-
tivity of components deteriorates. In addition, the number
of steps of fastening the pump units 2 and 3 and the valve
unit 4 by the fastening bolts 10 becomes large, so that
the work efficiency of an assembly operation is reduced.
[0006] An object of the present invention is to provide
a pump apparatus which realizes satisfactory productiv-
ity of components and satisfactory work efficiency of the
assembly operation.

[0007] Another object of the presentinvention is to pro-
vide a pump apparatus which can reduce the noise and
prevent the generation of the rust.

Means for Solving the Problems

[0008] The present invention provides a pump appa-
ratus comprising: two pump units; a valve unit provided
between the pump units; and a fastening means for fas-
tening the pump units to each other such that the valve
unit is able to be held by the pump units therebetween.
[0009] In accordance with the present invention, by
causing the pump units to be fastened to each other by
the fastening means, the valve unit provided between
the pump units is held by the pump units therebetween.
Thus, the number of the fastening means can be reduced
compared to the construction in which the pump units
are separately fastened to the valve unit. Therefore, it is
possible to reduce the number of processed portions of
the pump units and the valve unit, the processed portions
being used to fasten the pump units and the valve unit
by the fastening means, and the productivity of compo-
nents of the pump apparatus can be made satisfactory.
In addition, the number of steps of fastening the pump
units and the valve unit can be reduced, so that the work
efficiency of the assembly operation of the pump appa-
ratus can be made high.

[0010] Moreover, the fastening means may be provid-
ed so as to be inserted through the valve unit. In accord-
ance with this construction, the fastening means is ex-
ternally covered by the valve unit, so that the fastening
means is not exposed outside. Therefore, even if the fas-
tening means resonates and oscillates at aradio frequen-
cy with respect to the n-th frequency component of the
fundamental frequency of the pump unit, the emitting of
the noise generated due to the oscillation is prevented.
On this account, the noise of the pump apparatus can be
reduced. Moreover, since the fastening means does not
cover the pump units or the valve unit, a painting opera-
tion of the pump apparatus is easy, and the occurrence
of apainting failure can be prevented. Therefore, the gen-
eration of the rust caused by the painting failure can be
prevented.

[0011] Moreover, the pump apparatus may further
comprise a positioning means for positioning the pump
units and the valve unit.

[0012] In accordance with this construction, even in a
case where the valve unit is held by the pump units ther-
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ebetween, the pump units and the valve unit are posi-
tioned by the positioning means. With this, the pump ap-
paratus can be assembled easily without causing prob-
lems including malfunctions. The positioning means may
be comprised of: a positioning projection which projects
from a first end surface of the pump unit and a first end
surface of the valve unit; and an opening which is formed
on a second end surface and in which the positioning
projection fits.

Effects of the Invention

[0013] In accordance with the present invention, the
number of the fastening means for fastening the pump
units and the valve unit can be reduced. Therefore, since
the number of processed portions of the pump units and
the valve unit and the number of steps of the assembly
operation can be reduced, the productivity of compo-
nents of the pump apparatus and the work efficiency of
the assembly operation can be made high.

[0014] Moreover, in accordance with the present in-
vention, the fastening means is not exposed outside.
Therefore, even if the fastening means oscillates at a
radio frequency, the noise generated due to the oscilla-
tion is not emitted. Thus, the noise of the pump apparatus
can be reduced. In addition, since the fastening means
does not disturb the painting operation of the pump ap-
paratus, the painting failure is prevented. Therefore, the
generation of the rust of the pump apparatus is prevent-
ed.

[0015] Further, in accordance with the present inven-
tion, the pump units and the valve unit are positioned, so
thatthe pump apparatus can be easily assembled without
causing problems including malfunctions.

Brief Description of the Drawings
[0016]

[Fig. 1] Fig. 1 is a perspective view showing a pump
apparatus of one embodiment of the present inven-
tion.

[Fig. 2] Fig. 2 is a perspective view showing the pump
apparatus when viewed from a direction different
from that of Fig. 1.

[Fig. 3] Fig. 3 is a front view schematically showing
the pump apparatus.

[Fig. 4] Fig. 4 is a side view schematically showing
the pump apparatus.

[Fig. 5] Fig. 5 is a cross-sectional view showing a
first pump casing.

[Fig. 6] Fig. 6 is a side view showing the first pump
casing when viewed from a right side of Fig. 5.
[Fig. 7] Fig. 7 is a plane view showing the first pump
casing when viewed from an upper side of Fig. 5.
[Fig. 8] Fig. 8 is a cross-sectional view showing a
second pump casing.

[Fig. 9] Fig. 9 is a side view showing the second
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pump casing when viewed from a right side of Fig. 8.
[Fig. 10] Fig. 10 is a plane view showing the second
pump casing when viewed from an upper side of Fig.
8.

[Fig. 11] Fig. 11 is a front view showing a valve unit.
[Fig. 12] Fig. 12 is a side view showing the valve unit
when viewed from a left side of Fig. 11.

[Fig. 13] Fig. 13 is a side view showing the valve unit
when viewed from a right side of Fig. 11.

[Fig. 14] Fig. 14 is a perspective view showing a
pump apparatus of a prior art.

[Fig. 15] Fig. 15 is a front view showing the pump
apparatus.

[Fig. 16] Fig. 16 is a side view showing the pump
apparatus.

Best Mode for Carrying Out the Invention

[0017] Fig. 1 is a perspective view showing a pump
apparatus 21 of one embodiment of the present inven-
tion. Fig. 2 is a perspective view showing the pump ap-
paratus 21 when viewed from a direction different from
that of Fig. 1. Fig. 3 is a front view schematically showing
the pump apparatus 21. Fig. 4 is a side view schemati-
cally showing the pump apparatus 21. The pump appa-
ratus 21 is a pump apparatus mounted on, for example,
industrial machineries and construction machineries that
are mounting targets, and is a combined pump appara-
tus, called a tandem pump, in which two pump portions
are combined. The type of two pumps to be combined is
not especially limited, but may be a gear pump. In the
present embodiment, the pump is, for example, a swash
plate type piston pump. The swash plate type piston
pump may be afixed displacement pump, butis a variable
displacement pump in the present embodiment.

[0018] The pump apparatus 21 includes first and sec-
ond pump units 22 and 23 and a valve unit 24, and further
includes firstand second regulators 25 and 26. The pump
units 22 and 23 and the valve unit 24 are provided coax-
ially, and axes of the pump units 22 and 23 and the valve
unit 24 constitute an axis L21 of the pump apparatus 21.
The pump units 22 and 23 and the valve unit 24 are ar-
ranged along the axis L21 of the pump apparatus 21 so
as to be connected to each other such that the valve unit
24 is sandwiched by the pump units 22 and 23. The reg-
ulators 25 and 26 are respectively provided on top of the
pump unit 22 and on top of the pump unit 23 so as to be
respectively connected to the pump units 22 and 23.
[0019] The pump units 22 and 23 include first and sec-
ond pump casings 27 and 28, respectively. In each of
the pump casings 27 and 28, components, such as a
cylinder block, a piston, a swash plate, etc., are accom-
modated. The valve unit 24 includes a valve casing 30.
In the valve casing 30, two valve plates are accommo-
dated, which are slidable relative to the cylinder blocks
of the pump units 22 and 23, respectively. The valve cas-
ing 30 and the valve plates may be formed as a unitary
component or as separate components. The regulators
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25 and 26 include regulator casings 31 and 32, respec-
tively. In each of the regulator casings 31 and 32, a struc-
ture for causing the swash plate to tilt is accommodated.
[0020] The pump apparatus 21 includes a plurality of
fastening bolts 36 that are fastening means. In the
present embodiment, four fastening bolts 36 are used.
The pump units 22 and 23 and the valve unit 24 are fas-
tened to each other by the fastening bolts 36. The pump
units 22 and 24 are provided so as to be fastened to each
other by the fastening bolts 36 such that the accommo-
dated cylinder blocks, pistons, swash plates, etc. are sub-
stantially symmetrical to each other. Each fastening bolt
36 is provided to extend substantially in parallel with the
axis L21 of the pump apparatus 21. Since the valve unit
24 is provided between the pump units 22 and 23, it is
held by the pump units 22 and 23 therebetween. Thus,
the pump units 22 and 23 and the valve unit 24 are con-
nected to each other.

[0021] End portions of the fastening bolt 36 engage
with the pump casings 27 and 28, respectively, so that
the pump casings 27 and 28 are fastened to each other.
A structure of how each end portion of the fastening bolt
36 engages with the pump casing 27 or 28 is realized by,
for example, any one of constructions in which a head
portion of the fastening bolt 36 engages with the pump
casing 27 or 28, in which the fastening bolt 36 is thread-
edly engaged with the pump casing 27 or 28, and in which
a nut member which is threadedly engaged with the fas-
tening bolt 36 engages with the pump casing 27 or 28.
The fastening bolt 36 is provided so as to be inserted
through the valve unit 24, and an axially intermediate
portion between both end portions of the fastening bolt
36 is not exposed outside.

[0022] The pump apparatus 21 includes a positioning
means. The positioning means can position the pump
units 22 and 23 and the valve unit 24 regarding a direction
crossing the axis L21 of the pump apparatus 21 so as to
prevent relative displacements of the pump units 22 and
23 and the valve unit 24. The positioning means is not
an essential component, and for example, the relative
displacements may be prevented by frictional forces act-
ing between the pump units 22 and 23 and the valve
casing 24. In the present embodiment, the positioning
means is included. The specific construction of the posi-
tioning means is not limited, but may be any construction
as long as the positioning means can position the pump
units 22 and 23 and the valve unit 24 so as to prevent
the displacements.

[0023] The pump unit 22 includes a rotational shaft.
The rotational shaft is rotatably supported by the first
pump casing 27 via a bearing. The cylinder block is
splined to the rotational shaft or connected to the rota-
tional shaft by a key, and the rotational shaft and the
cylinder block are integrally rotatable. The cylinder block
is provided with a plurality of piston chambers, and pis-
tons fit in the piston chambers so as to be extendable
and retractable. The piston contacts, at one end portion
thereof projecting from the cylinder block, a supporting
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surface of the swash plate via a shoe so as to be dis-
placed along the supporting surface. The supporting sur-
face of the swash plate is inclined relative to a virtual flat
surface perpendicular to a rotational axis. The piston car-
ries out a reciprocating displacement that is extending
and retracting in accordance with the rotation of the cyl-
inder block.

[0024] Afirst valve plate that is one of the valve plates
provided in the valve unit 24 is provided with an inlet port
which is connected to, for example, a tank that is an oil
source storing hydraulic oil that is hydraulic fluid, and an
outlet portwhich is connected to, for example, an actuator
to which the hydraulic oil is supplied. The valve plate is
constructed such that the piston chamber in which the
piston in an extending stroke fits is connected to the inlet
port and the piston chamber in which the piston in a re-
tracting stroke fits is connected to the outlet port. There-
fore, when power is transferred from a power unit to the
rotational shaft to rotate the cylinder block, the hydraulic
oil is suctioned from the tank by the reciprocating dis-
placement of the piston so as to be supplied to the actu-
ator.

[0025] Thefirstregulator 25 can cause the swash plate
to tilt to change a tilt angle of the supporting surface of
the swash plate by controlling a servo mechanism pro-
vided in the first pump unit 22. With this, a pump capacity
can be changed. Thus, the first pump unit 22, the first
regulator 25 connected to the first pump unit 22, and
some components including the first valve plate of the
valve unit 24 constitute a first pump portion.

[0026] The second pump unit 23 has substantially the
same construction as the first pump unit 22, and the sec-
ond regulator 26 has substantially the same construction
as the first regulator 25. The second pump unit 23, the
second regulator 26 connected to the second pump unit
23 and some components including a second valve plate
that is another valve plate of the valve unit 24 constitute
a second pump portion. This second pump portion has
substantially the same construction as the first pump por-
tion constructed of the first pump unit 22, the regulator
25 connected to the first pump unit 22 and some com-
ponents including the first valve plate of the valve unit 24.
[0027] These pump portions have the same construc-
tion as each other except that only the first pump casing
27 of the first pump unit 22 is provided with a fixing flange
portion 58 to be attached to a body of the mounting target,
and the constructions of respective rotational shafts are
different from each other. The rotational shaft of the first
pump portion including the first pump unit 22 projects
from the first pump casing 27, and power is transferred
from a power unit to this rotational shaft. The rotational
shaft of the second pump portion including the second
pump unit 23 is connected, in the valve unit, to the rota-
tional shaft of the first pump portion including the first
pump unit 22. Therefore, these two pump portions oper-
ate in association with each other.

[0028] Fig.5is across-sectional view showing the first
pump casing 27. Fig. 6 is a side view showing the first
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pump casing 27 when viewed from a right side of Fig. 5.
Fig. 7 is a plane view showing the first pump casing 27
when viewed from an upper side of Fig. 5. The first pump
casing 27 has an accommodating space 44. In the ac-
commodating space 44, components including the rota-
tional shaft, the cylinder block, the pistons and the swash
plate are accommodated. The accommodating space 44
axially penetrates through the first pump casing 27. The
accommodating space 44 opens by an opening 48 at a
first side surface portion 45 that is a first axial end portion
of the first pump casing 27, and opens by an opening 49
at a second side surface portion 46 that is a second axial
end portion of the first pump casing 27, In addition, the
accommodating space 44 opens by an opening 50 at a
flat surface portion 47 that is an upper end portion of the
first pump casing 27.

[0029] Thefirstpump casing 27 includes onthe second
side surface portion 46 a plurality of connecting flange
portions 55 which are arranged so as to be spaced apart
from each other in a circumferential direction and project
radially outwardly. In the present embodiment, the first
pump casing 27 includes four connecting flange portions
55. Each connecting flange portion 55 has a fastening
screw hole 56 in which an internal thread is formed. An
axis L56 of each screw hole 56 is in parallel with an axis
L27 of the first pump casing 27. The axis L27 of the first
pump casing 27 is identical with the axis L21 of the pump
apparatus 21.

[0030] Moreover, the first pump casing 27 includes on
the first side surface portion 45 a plurality of, for example,
two, mounting and fixing flange portions 58 which project
radially outwardly. Each mounting and fixing flange por-
tion 58 has a fixing insertion through hole 59.

[0031] Fig.8isacross-sectional view showing the sec-
ond pump casing 28. Fig. 9 is a side view showing the
second pump casing 28 when viewed from a right side
of Fig. 8. Fig. 10 is a plane view showing the second
pump casing 28 when viewed from an upper side of Fig.
8. The second pump casing 28 has an accommodating
space 64. In the accommodating space 64, components
including the rotational shaft, the cylinder block, the pis-
tons and the swash plate are accommodated. The ac-
commodating space 64 axially penetrates through the
second pump casing 28. The accommodating space 64
opens by an opening 68 at a first side surface portion 65
that is a first axial end portion of the second pump casing
28, and opens by an opening 69 at a second side surface
portion 66 that is a second axial end portion of the second
pump casing 28. In addition, the accommodating space
64 opens by an opening 70 at a flat surface portion 67
that is an upper end portion of the second pump casing
28.

[0032] The second pump casing 28 includes on the
second side surface portion 66 a plurality of connecting
flange portions 75 which are arranged so as to be spaced
apart from each other in a circumferential direction and
project radially outwardly. In the present embodiment,
the second pump casing 28 includes four connecting
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flange portions 75. Each connecting flange portion 75
has an engaging hole 76. Each engaging hole 76 is com-
prised of a main hole portion 76a which is formed on the
second side surface portion 66 side in an axial direction
of the second pump casing 28 so as to have a small
diameter and a concave portion 76b which is formed on
the first side surface portion 65 side in the axial direction
of the second pump casing 28 so as to have a large di-
ameter. There is a step between an inner peripheral sur-
face of the main hole portion 76a and an inner peripheral
surface of the concave portion 76b. An axis L76 of each
engaging hole 76 is in parallel with an axis L28 of the
second pump casing 28. The axis L28 of the second
pump casing 28 is identical with the axis L21 of the pump
apparatus 21.

[0033] Fig. 11 is a front view showing the valve unit
24. Fig. 12 is a side view showing the valve unit 24 when
viewed from a left side of Fig. 11. Fig. 13 is a side view
showing the valve unit 24 when viewed from a right side
of Fig. 11. The valve casing 30 of the valve unit 24 ac-
commodates a valve block 80. The valve casing 30 and
the valve block 80 are formed integrally. Two valve plates
201 and 202 are fixed to the valve block 80 so as not to
be rotatable. In the valve casing 30, an accommodating
space 81 accommodating the valve block 80 opens at
an axial end portion 84 by an opening 86 and at an axial
end portion 85 by an opening 87.

[0034] The valve casing 30 of the valve unit 24 has a
plurality of, in the present embodiment, four, insertion
through holes 90. The insertion through holes 90 are
formed in an outer peripheral portion of the valve unit 24
S0 as to be spaced apart from each other in a circumfer-
ential direction. The insertion through hole 90 is a cylin-
drical hole. An axis L90 of each insertion through hole
90 is in parallel with an axis L24 of the valve unit 24. The
axis L24 of the valve unit 24 is identical with the axis L21
of the pump apparatus 21.

[0035] Referring to Figs. 1 to 13, the pump units 22
and 23 and the valve unit 24 are arranged such that the
axes of the pump casings 27 and 28 and the axis L24 of
the valve unit 24 coincide with each other, and the valve
unit 24 is sandwiched by the pump units 22 and 23. Which
surface of the valve unit 24 face which of the pump units
22 and 23 is not especially limited, but can be suitably
selected depending on the construction of the mounting
target and the rotational direction of the pump apparatus
21. Althoughiitis just one example, in the example shown
in Figs. 1 to 13, the first pump unit 22 is provided such
that the second side surface portion 46 faces the first
axial end portion 84 of the valve unit 24, and the second
pump unit 23 is provided such that the second side sur-
face portion 66 faces the second axial end portion 85 of
the valve unit 24. Further, the pump units 22 and 23 and
the valve unit 24 are arranged such that respective axes
L56 of the screw holes 56, their corresponding axes L76
of the engaging holes 76 and their corresponding axes
L90 of the insertion through holes 90 coincide with each
other so as to be placed coaxially. Thus, four holes are
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formed, each of which is formed by axially arranging and
connecting the screw hole 56, the insertion through hole
90 and the engaging hole 76 in this order.

[0036] The fastening bolt 36 has at its first axial end
portion, a screw portion 36a on which an external thread
is formed and at second axial end portion, a head portion
36b which projects radially outwardly. The fastening bolts
36 are respectively inserted into four holes, each formed
by the screw hole 56, the insertion through hole 90 and
the engaging hole 76, from the engaging hole 76 through
the insertion through hole 90 to the screw hole 56 such
that the screw portion 36a is located on the first pump
unit 22 side and the head portion 36b is located on the
second pump unit 23 side. The fastening bolts 36 are
provided such that: each head portion 36b fits in the con-
cave portion 76b of the engaging hole 76 so as to contact
a step surface of a boundary between the main hole por-
tion 76a and the concave portion 76b in a state where
the displacement of the fastening bolt 36 relative to the
second pump casing 28 in a direction perpendicular to
the axis of the fastening bolt 36 is prevented, thus en-
gaging with the second pump casing 28; and each screw
portion 36a is threaded into the screw hole 56 so as to
be fastened to the first pump casing 27.

[0037] Thus, the end portions 36a and 36b of the fas-
tening bolt 36 respectively engage with the pump casings
27 and 28, so that the pump casings 27 and 28 are fas-
tened to each other. The valve unit 24 is provided be-
tween the pump units 22 and 23 so as to be sandwiched
by the pump casings 27 and 28. Thus, the valve unit 24
is held by the pump units 22 and 23 therebetween. To
be specific, the valve casing 30 is held by the pump cas-
ings 27 and 28 therebetween. Therefore, the pump units
22 and 23 and the valve unit 24 are connected to each
other such that the valve unit 24 is sandwiched by the
pump units 22 and 23, and the pump units 22 and 23 are
fastened to each other.

[0038] In the present embodiment, as a positioning
means for positioning the pump units 22 and 23 and the
valve unit 24, projecting portions 33 and 34 and position-
ing pins 95 are provided.

[0039] The projecting portions 33 and 34, called pilot
portions, are respectively formed on the axial end por-
tions 84 and 85 of the valve casing 30 so as to project
axially. Moreover, the projecting portions 33 are formed
in an annular shape extending in a circumferential direc-
tion so as to respectively surround the openings 86 and
87 of the axial end portions 84 and 85 of the valve casing
30. Further, the projecting portions 33 and 34 are formed
coaxially with the axis L24 of the valve unit 24. In a state
where the pump units 22 and 23 and the valve unit 24
are arranged, the projecting portion 33 and 34 respec-
tively fit in the opening 49 and 69 of the second side
surface portions 46 and 66 of the pump casings 27 and
28 so as to be respectively supported from radially out-
wardly by inner peripheral surface portions 205 and 206
which respectively surround the openings 49 and 69.
Each of the openings 49 and 69 of the second side sur-
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face portions 46 and 66 of the pump casings 27 and 28
has a circular shape so as to be formed coaxially with
the axes L27 and L28 of the pump casings 27 and 28.
Therefore, by causing the projecting portions 33 and 34
to respectively fitin the openings 49 and 69 of the second
side surface portions 46 and 66 of the pump casings 27
and 28, the pump casings 27 and 28 and the valve casing
24 are positioned so as to be coaxial with each other.
[0040] The second side surface portion 46 of the pump
casing 27 and the second side surface portion 66 of the
pump casing 28 have bottomed fitting holes 100 and 101,
respectively. The valve casing 30 of the valve block 24
has a bottomed fitting hole 102 at the axial end portion
84 and a bottomed fitting hole 103 at the axial end portion
85. As described above, in a state where the pump units
22 and 23 and the valve unit 24 are placed coaxially, and
the screw holes 56, their corresponding insertion through
holes 90 and their corresponding engaging holes 76 are
placed coaxially, the fitting hole 100 of the first pump
casing and the fitting hole 102 of the first axial end portion
of the valve casing 30 are placed coaxially, and the fitting
hole 101 of the second pump casing and the fitting hole
103 of the second axial end portion of the valve casing
30 are placed coaxially.

[0041] One of the positioning pins 95 fits in the fitting
hole 100 of the first pump casing and the fitting hole 102
of the first axial end portion of the valve casing 30, and
another positioning pin 95 fits in the fitting hole 101 of
the second pump casing and the fitting hole 103 of the
second axial end portion of the valve casing 30. With this,
the valve unit 24 can be positioned relative to the pump
units 22 and 23 while preventing the displacement of the
valve unit 24 in a circumferential direction around the axis
L21 of the pump apparatus 21.

[0042] As in the present invention, in the construction
in which the valve unit 24 is held by the pump units 22
and 23 therebetween fastened to each other, so as to be
connected to the pump units 22 and 23, the pump units
22 and 23 are positioned regarding a direction crossing
the axis L21 of the pump apparatus 21 by four fastening
bolts 36 provided in a circumferential direction. The valve
unit 24 is positioned relative to the pump units 22 and 23
by the positioning means. Thus, the positioning is ac-
complished easily and highly precisely by using the pro-
jecting portions 33 and 34 and the positioning pins 95.
[0043] The fitting holes 102 and 103 of the valve unit
24 are placed at positions shifted from each other in a
direction perpendicular to the axis L24 of the valve unit
24. In other words, the fitting holes 102 and 103 of the
valve unit 24 are formed non-coaxially each other. In the
present embodiment, the fitting hole 102 of the first axial
end portion 84 side is formed at a position close to a
bottom surface portion and rear surface portion of the
valve unit 24, and the fitting hole 103 of the second axial
end portion 85 side is formed at a position close to the
bottom surface portion and front surface portion of the
valve unit 24. Therefore, the positioning pins 95 are pro-
vided so as to be shifted from each other in a direction
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perpendicular to the axis L21 of the pump apparatus 21,
thatis, the positioning pins 95 are provided non-coaxially.
[0044] The pump apparatus 21 is fixed to the body of
the mounting target by the mounting and fixing flange
portion 58 of the first pump unit 22. In this state, the pump
apparatus 21 is connected to the power unit provided in
the mounting target, so as to be driven to supply the hy-
draulic oil to the actuator of the mounting target.

[0045] Inaccordance with the present embodiment, by
causing the pump units 22 and 23 to be fastened to each
other by the fastening bolts 36, the valve unit 24 provided
between the pump units 22 and 23 is held by the pump
units 22 and 23 therebetween. Thus, the number of the
fastening bolts 36 can be reduced compared to the con-
struction in which the pump units 22 and 23 are sepa-
rately fastened to the valve unit 24. Therefore, it is pos-
sible to reduce the number of processed portions of the
pump units 22 and 23 and the valve unit 24, the processed
portions being used to fasten the pump units 22 and 23
and the valve unit 24 by the fastening bolts 36. Specifi-
cally, itis possible to reduce the number of portions where
the screw hole 56, the engaging hole 76 and the insertion
through hole 90 are formed. Therefore, the productivity
of components of the pump apparatus 21 can be made
satisfactory. In addition, the number of steps of fastening
the pump units 22 and 23 and the valve unit 24 can be
reduced, so that the work efficiency of the assembly op-
eration of the pump apparatus 21 can be made high.
[0046] Moreover, by causing the fastening bolts 36 to
be respectively inserted through the insertion through
holes 90 of the valve unit 24, the fastening bolts 36 are
externally covered by the valve unit 24, so that at least
the axially intermediate portion of the fastening bolt 36
is not exposed outside. Therefore, even if the fastening
bolt 36 resonates and oscillates at a radio frequency with
respect to the n-th frequency component of the funda-
mental frequency of the pump units 22 and 23, the emit-
ting of the noise generated due to the oscillation is pre-
vented. On this account, the noise of the pump apparatus
21 can be reduced. Moreover, since the fastening bolt
36 does not externally cover the pump unit 22 or 23 or
the valve unit 24, the painting operation of the pump ap-
paratus 21 including the pump units 22 and 23 and the
valve unit 24 is easy, and the occurrence of the painting
failure can be prevented. Therefore, the generation of
the rust caused by the painting failure can be prevented.
[0047] Moreover, even in a case where the valve unit
24 is held by the pump units 22 and 23 therebetween,
the pump units 22 and 23 and the valve unit 24 are po-
sitioned by the positioning means. With this, the pump
apparatus 21 can be assembled easily without causing
problems including malfunctions in such a manner that
the pump units 22 and 23 and the valve unit 24 are placed
surely coaxially.

[0048] The above-described embodiment is just an il-
lustration of the present invention, and the constructions
may be modified.
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Industrial Applicability

[0049] In accordance with the present invention, the
number of the fastening means for fastening the pump
units and the valve unit can be reduced, and the number
of processed portions of the pump units and the valve
unit and the number of steps of the assembly operation
can be reduced. Therefore, the present invention is use-
ful for so-called tandem pumps.

Claims
1. A pump apparatus comprising:

two pump units;

a valve unit provided between the pump units;
and

a fastening means for fastening the pump units
to each other such that the valve unit is able to
be held by the pump units therebetween.

2. The pump apparatus according to claim 1, wherein
the fastening means is provided so as to be inserted
through the valve unit.

3. The pump apparatus according to claim 1, further
comprising a positioning means for positioning the
pump units and the valve unit.

4. The pump apparatus according to claim 3, wherein
the positioning means is comprised of: a positioning
projection which projects from a first end surface of
the pump unit and a first end surface of the valve
unit; and an opening which is formed on a second
end surface and in which the positioning projection
fits.



EP 1947 332 Al

Fig. 1



EP 1947 332 Al

/21

31 32
N :
— 38

58

27

20/ t 36b

Fig. 2




EP 1947 332 Al

~8¢

€¢—

q9¢

pmmn\_.l

e S

\NN

\ | W/
r t TN
SRR R, cremmnn ioo,
] ]
t 1]
llllllllllllllllllll Seevmeadawal
TS ﬂgvl
r—.. rl - d 1
s~ \ _-
7 \
G6 00" leg
N S
1] 1
..... ! .—t

~8

- |.|l4|

-

!
9%

¥4

I_:NN

—

14

10






EP 1947 332 Al

7 0 2
oy R 1&.. ——
i 74
— vy
= o
/
L‘/27
— L
84—~ | |
>
/ Aj“./"g
45// , A — 46
// e

12



EP 1947 332 Al

13



EP 1947 332 Al

/ 21
55
47
[ —)
) LN 156
N
tsf~~-56
L7
50 -
- /
- 56
o)’ - 156
59\.‘1"_“[ 55
58/

14



EP 1947 332 Al

28
6( 70 4
r I —

/ /J vy
yay S
/ 206

-,

C A N

| ,~ 128
— -L
68 |
65’\/ 69

/“ /\66

64

Fig. 8

15



EP 1947 332 Al

16



EP 1947 332 Al

/28
67 | 15
[ —+

| | 76 6

ih‘" 2] “768

-L28

[---<L--76
H <t _[-/L76

i Zf 764

U_T~75

Fig. 10

17



EP 1947 332 Al

/24

/’—‘30 ‘

Fig. 11

18



EP 1947 332 Al

19



EP 1947 332 Al

Fig. 13

20



EP 1947 332 Al

Fig. 14

21



EP 1947 332 Al

22

el
1 I
Lp=d b ke I
O
o—
/‘f
O ‘
A : M
1 1 t .VI‘
11 (]
— o
<t [
f—\)— Ty
4 ', ] ] R
1" O
o | 1_
— ]
' ’
L=y ' romdy,
L'—ll 1 ! !
) S d HE Ny
L \\
)

195

Fig.



EP 1947 332 Al

Fig. 16



EP 1947 332 Al

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2006/315113

A. CLASSIFICATION OF SUBJECT MATTER
F04B23/04(2006.01)1i, F04B53/00(2006.01)1

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F04B23/04, F04B53/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Koho 1922-1996 Jitsuyo Shinan Torcku Kcho  1996-2006
Kokai Jitsuyo Shinan Koho 1971-2006 Toroku Jitsuyo Shinan Koho 1994-2006

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.
X Microfilm of the specification and drawings 1-2
Y annexed to the request of Japanese Utility 3-4

Model Application No. 83980/1987 (Laid-open
No. 193780/1988)

(Kawasaki Heavy Industries, Ltd.),

13 December, 1988 (13.12.88),

Description, page 8; Fig. 2

(Family: none)

Y JP 3209860 B2 (Kawasaki Heavy Industries, 3-4
Ltd.),
17 September, 2001 (17.09.01),
Fig. 1

& KR 166433 B

Further documents are listed in the continuation of Box C. EI See patent family annex.

* Special categories of cited documents: “T”  later document published after the intemational filing date or priority

“A”  document defining the general state of the art which is not considered  to date and not in conflict with the application but cited to understand
be of particular relevance the principle or theory underlying the invention

“E”  earlier application or patent but published on or after the international filing  “X”  document of particular relevance; the claimed invention cammot be
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
“0O”  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 the being obvious to a person skilled in the art
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
16 October, 2006 (16.10.06) 31 October, 2006 (31.10.06)
Name and mailing address of the ISA/ Authorized officer
Japanese Patent Office
Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

24



EP 1947 332 Al

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2006/315113

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. 30910/1990(Laid-open
No. 122276/1991)

(Toyoda Machine Works, Ltd.),

13 December, 1991 (13.12.91),

(Family: none)

1-4

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

25




EP 1947 332 Al
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.
Non-patent literature cited in the description
*  Hydraulics and Pneumatics October Extra Issue. Ja-

pan Industrial Publishing Co., Ltd, 05 October 2000,
vol. 39 [0002]

26



	bibliography
	description
	claims
	drawings
	search report

