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(54) FLUID COUPLING

(57) To provide a fluid coupling that reduces the load
on the main body of the fluid coupling so as to improve
the durability. A fluid coupling (1) disposed in a pressure
container (5) includes: a main body (2) having a
through-passage (22) that is communicated with the
pressure container (5) and allows flow of fluid; and a re-
ceiving member (6) disposed in the pressure container
(5) to support this main body (2). The main body (2) has:
an engaging portion (2o) that is formed on one side of
the through-passage (22) and is disposed to be engaged

inside the pressure container (5); and a conical surface
(2j) formed on another side. The receiving member (6)
has: a receiving portion (6b, 6c) having a tapered surface
6c with a groove angle identical to that of the conical
surface (2j); and a circulation passage (6e, 6d) commu-
nicated with the other side of the through-passage (22).
The conical surface (2j) of the main body (2) abuts on
the tapered surface 6c of the receiving member (6) such
that the receiving member (6) supports the main body (2).
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Description

BACKGROUND

1. Field of the Invention

[0001] The present invention relates to a fluid coupling
usable for a check valve, in particular, to a fluid coupling
appropriate for ultrahigh pressure.

2. Description of the Related Art

[0002] Conventionally, there is known, for example, a
pump disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2006-509171 (FIG. 2) as a non-
return valve (check valve) used in an ultrahigh-pressure
generating apparatus for very high pressure fluid. A non-
return valve element 14 of the check valve includes, in
its center portion, a flange portion whose diameter ex-
pands rapidly. The non-return valve element 14 is com-
bined with a pump housing 35 by being sandwiched, and
has a poppet 19 approximately in a cylindrical shape.
[0003] The non-return valve element constituting the
conventional check valve is secured to the pump housing
while its flange portion is sandwiched. Accordingly, the
stress concentrates on the rapidly expanded portion of
the cross-sectional surface. This stress becomes a ten-
sile stress. Accordingly, a problem has arisen in that the
conventional valve seat causes cracking starting from
the stress concentration part and is likely to be damaged.
[0004] A similar problem has occurred in a fluid cou-
pling, which couples a pipe to the pressure container, as
a common problem. In particular, a high pressure con-
tainer at high pressure or a high pressure container at
high pressure amplitude and frequency has caused a
problem where the main body of the coupling is likely to
be damaged.
[0005] A suction valve or a discharge valve has caused
a problem where the valve element repeats to open and
close the valve and thus the valve seat surface is likely
to be damaged. When the valve seat surface is once
damaged so as to cause leakage of fluid from the dam-
aged part, the leaked fluid causes wear of the valve seat
surface or the valve element due to the fast flow rate of
the leaked fluid. Additionally, a problem has arisen in that
the leakage of the fluid causes cavitation in the upper
stream of the valve so as to damage the flow passage
inside the non-return valve element.
[0006] The present invention has been made in view
of the above-described circumstances, and it is an object
of the present invention to provide a fluid coupling that
reduces the load on the main body of the fluid coupling
so as to improve the durability.

SUMMARY

[0007] To solve the above-described problem, a fluid
coupling according to the present invention, a fluid cou-

pling is disposed in a pressure container. The fluid cou-
pling includes: a main body having a through-passage
that is communicated with the pressure container and
allows flow of fluid; and a receiving member disposed in
the pressure container to support the main body. The
main body has: an engaging portion that is formed on
one side of the through-passage and disposed to be en-
gaged inside the pressure container; and a conical sur-
face formed on another side. The receiving member has:
a receiving portion having a tapered surface with a groove
angle identical to a groove angle of the conical surface;
and a circulation passage communicated with the other
side of the through-passage. The conical surface of the
main body abuts on the tapered surface of the receiving
member such that the receiving member supports the
main body.
[0008] According to the fluid coupling, the pressure in-
side the pressure container acts on the main body from
one direction side, and the receiving member receives
the force multiplied by the cross-sectional area of the
portion inserted into the pressure container of the main
body. With this configuration, in the fluid coupling, the
conical surface of the main body and the tapered surface
of the receiving portion have the identical groove angles.
Accordingly, the force by the pressure inside the pressure
container is received by the entire tapered surface of the
receiving member. As its reaction, the receiving member
applies the force, which is perpendicular to the conical
surface of the main body and uniform, to the main body
from the peripheral area toward the center portion. On
the other hand, the through-passage is affected by the
pressure identical to that inside the pressure container.
The pressure applied to the inside of the through-pas-
sage pushes out the main body from the center to the
radially outer peripheral direction. The force acting from
the outer peripheral portion and the force acting from the
inside cause an approximately uniform compressive
stress acting on the entire main body. The fluid coupling
has no portion where the cross-sectional surface of the
main body expands rapidly. This reduces the occurrence
of the stress concentration.
[0009] The following configuration is preferred. The
main body has an enlarged diameter portion between
the engaging portion and the conical surface. The en-
larged diameter portion is radially enlarged relative to the
engaging portion.
[0010] This configuration does not cause contact be-
tween the enlarged diameter portion and the inner sur-
face of the pressure container. The main body receives
the force obtained by a product of the pressure inside
the pressure container and the cross-sectional area of
the pressure container. This force acts from the tapered
portion of the main body via the tapered surface of the
receiving member in the direction for removing the re-
ceiving member from the pressure container, that is, to
the other side. The receiving member is combined with
the pressure container using a combining force larger
than this force. In the case where the fluid pressure inside
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the pressure container is significantly high, this combin-
ing force can be a force to the extent that can deform the
main body. The enlarged diameter portion is not in con-
tact with the inner surface of the pressure container. Ac-
cordingly, the combining force between the receiving
member and the pressure container does not act on the
main body. Accordingly, in the fluid coupling, only the
internal stress generated by the fluid pressure acts on
the main body. This improves the durability of the main
body.
[0011] The following configuration is preferred. The en-
gaging portion includes: a first cylinder portion internally
fitted to an inner surface of the pressure container; a
packing installation portion having a diameter smaller
than a diameter of the first cylinder portion; and a packing
disposed in the packing installation portion.
[0012] With this configuration, the main body can be
assembled by internally fitting the first cylinder portion,
which is formed on the suction port side, to the inner
surface of the pressure container, so as to cause the
state where the main body and the inner surface of the
pressure container are coaxially disposed. In the main
body, the packing installation portion, which has a diam-
eter smaller than that of the first cylinder portion and in-
serted into the inner surface of the pressure container,
is formed on the suction port side, so as to allow disposing
the packing in the packing installation portion. Accord-
ingly, in the center portion of the main body on the dis-
charge side of the portion where the packing installation
portion of the main body is formed, the pressure by the
ultrahigh-pressure fluid internally accumulated in the
pressure container is stopped by the packing so as not
to act. The ultrahigh-pressure fluid inside the pressure
container is blocked by the packing. The cross-sectional
area in contact with the ultrahigh-pressure fluid corre-
sponds to the outer diameter of the packing, that is, the
inner diameter of the pressure container. The ultrahigh-
pressure fluid does not act on the enlarged diameter por-
tion of the main body having a cross-sectional area larger
than the inner diameter of the pressure container. This
allows reducing the forward force by the pressure re-
ceived by the main body. This force acts on the receiving
member so as to allow reducing the force for combining
the receiving member.
[0013] The following configuration is preferred. The
main body has a second cylinder portion in a forward end
portion on the other side of the main body. The receiving
member has a housing portion to which the second cyl-
inder portion is fitted by insertion, and uses the housing
portion to restrict the second cylinder portion so as to
support the main body.
[0014] With this configuration, in the fluid coupling, the
second cylinder portion of the main body is fitted to the
housing portion of the receiving member so as to allow
disposing the main body and the receiving member in
accurate positions. The main body and the receiving
member are accurately disposed such that the point of
action of the resultant force of the forces that the main

body receives from the receiving member coincides with
the point of action of the force that the main body receives
from the pressured fluid. In the fluid coupling, the accu-
rate coincidence of the point of action causes the action
that more uniformly distributes the compressive stress
acting on the inside of the main body so as to improve
the durability of the main body.
[0015] The following configuration is preferred. The
pressure container is a cylinder of a piston pump. The
main body has: a supply port for supplying the fluid; and
a suction port on one side, for discharging the fluid sup-
plied from the supply port into the cylinder. The through-
passage has: an inflow port on the one side, for causing
inflow of the fluid pressured inside the cylinder; and a
discharge port on the other side, for discharging the fluid.
The through-passage includes a suction valve disposed
in the suction port and a discharge valve disposed in the
discharge port.
[0016] With this configuration, the fluid coupling can
be applied to a check valve used for the cylinder of the
piston pump.
[0017] The following configuration is preferred. The
main body includes: a valve seat of the suction valve
formed on the one side of the main body; and a valve
seat of the discharge valve formed on the other side of
the main body.
[0018] With this configuration, the main body includes
the valve seat. This allows forming a fluid coupling as a
check valve that has a simple structure and high dura-
bility.
[0019] The following configuration is preferred. The
discharge valve includes: a discharge valve element hav-
ing a flat valve portion; and a discharge-valve-body guid-
ing portion slidably supporting the discharge valve ele-
ment. The suction valve includes a suction valve element
having a flat valve portion; and a suction-valve-body guid-
ing portion slidably supporting the suction valve element.
The discharge valve and the suction valve have respec-
tive planar valve seat surfaces.
[0020] With this configuration, the discharge valve el-
ement is supported by the discharge-valve-body guiding
portion, and the suction valve element is supported by
the suction-valve-body guiding portion. Accordingly, the
discharge valve element and the suction valve element
stably slide to open and close the valves. The valve el-
ement is formed such that the flat valve portion has a
thinned thickness to be likely to warp. This allows improv-
ing the close contact property to have close contact with
the valve seat surface formed by the planar surface.
[0021] The following configuration is preferred. The flat
valve portions of the suction valve element and the dis-
charge valve element are formed having respective thick-
nesses equal to or more than 15% and equal to or less
than 45% of outer diameters of the flat valve portions.
[0022] With this configuration, the flat valve portions of
the suction valve and the discharge valve are formed by
flat valves formed in thin flat plate shapes having respec-
tive thicknesses equal to or more than 15% and equal to
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or less than 45% of the outer diameters of the flat valve
portions, and abut on the valve seat surfaces formed by
planar surfaces in the main body. The flat valve portion
has a valve thickness thinner than that of a conventional
valve element, and thus the valve element is likely to
deform along the shape of the valve seat. This allows
increasing the close contact property of the valve element
to the valve seat. As a result, the flat valve portion of the
valve element is in close contact with the valve seat sur-
face. This allows preventing the leakage from the valve
element also in the case where the valve seat starts to
wear. Additionally, the valve seat surface becomes less
likely to be damaged, so as to prolong the life of the main
body.
[0023] The fluid coupling according to the present in-
vention allows improving the durability. Accordingly, this
fluid coupling can be appropriately used for, in particular,
a pressure container used in a region of high pressure
(350 to 700 MPa).

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Non-limiting and non-exhaustive embodiments
of the present embodiments are described with reference
to the following FIGURES, wherein like reference signs
refer to like parts throughout the various views unless
otherwise specified.

Fig. 1 is a schematic cross-sectional view illustrating
one example of a check valve according to an em-
bodiment of the present invention.
Fig. 2 is an enlarged cross-sectional view of the main
part of the check valve illustrated in Fig. 1.
Fig. 3A is an enlarged cross-sectional view of the
main part illustrating a closed state of the suction
valve.
Fig. 3B is an enlarged cross-sectional view of the
main part illustrating an open state of the suction
valve.
Fig. 4A is an enlarged cross-sectional view of the
main part illustrating a closed state of a discharge
valve.
Fig. 4B is an enlarged cross-sectional view of the
main part illustrating an open state of the discharge
valve.
Fig. 5A is an enlarged cross-sectional view illustrat-
ing a suction valve element.
Fig. 5B is an enlarged cross-sectional view illustrat-
ing a discharge valve element.

DETAILED DESCRIPTION

[0025] The following describes a check valve as a fluid
coupling according to an embodiment of the present in-
vention with reference to the accompanying drawings.
For convenience of explanation, in a check valve 1, one
side (a suction side) where a suction valve 3 is disposed
is referred to as a rear side as necessary, and another

side (a discharge side) where a discharge valve 4 is dis-
posed is referred to as a front side as necessary.
[0026] The check valve 1, which is disposed in a cyl-
inder 5 of a piston pump as a pressure container, in-
cludes: a valve seat 2, which is a main body having a
discharge flow passage 22 (a through-passage) that is
communicated with the cylinder 5 and allows flow of fluid;
and a flange member 6, which is a receiving member
disposed in the cylinder 5 to support the valve seat 2.
The valve seat 2 has: an engaging portion 2o that is
formed on the rear side of the discharge flow passage
22, which is the through-passage, and is disposed to be
engaged inside the cylinder 5; and a tapered portion 2j,
which is a conical surface formed on the front side. The
flange member 6 has: a tapered surface 6c, which is a
receiving portion having an inclination as a groove angle,
identical to that of the tapered portion 2j; and a discharge-
valve installation portion 6d (a housing portion), which is
a circulation passage communicated with the front side
of the discharge flow passage 22; and a female thread
portion 6e. In the flange member 6, the tapered portion
2j of the valve seat 2 abuts on the tapered surface 6c of
the flange member 6 such that the flange member 6 sup-
ports the valve seat 2.
[0027] The valve seat 2 includes a large-diameter por-
tion 2a, which is an enlarged diameter portion between
the engaging portion 2o and the tapered portion 2j (the
conical surface). The enlarged diameter portion is radially
enlarged relative to the engaging portion 2o.
[0028] The engaging portion 2o includes : a suction-
side middle-diameter portion 2b (a first cylinder portion)
internally fitted to the inner surface of the cylinder 5; a
packing installation portion 2g having a diameter smaller
than that of the first cylinder portion; and a packing P
disposed in this packing installation portion 2g.
[0029] The valve seat 2 has a discharge-side middle-
diameter portion 2d, which is a second cylinder portion,
in a forward end portion on its front side. The flange mem-
ber 6 has the discharge-valve installation portion 6d to
which the discharge-side middle-diameter portion 2d is
fitted by insertion, and uses the discharge-valve instal-
lation portion 6d to restrict the discharge-side middle-
diameter portion 2d so as to support the valve seat 2.
[0030] The valve seat 2 has a supply port 21a for sup-
plying the fluid; and a suction port 21b on the rear side
for, discharging the fluid supplied from the supply port
21a into the cylinder 5.
[0031] The discharge flow passage 22 (the through-
passage) has: an inflow port 22a on the rear side (one
side) for causing inflow of the fluid pressured inside the
cylinder 5; and a discharge port 22b on the front side (the
other side) for discharging the fluid. The suction valve 3
is disposed in the suction port 21b. The discharge valve
4 is disposed in the discharge port 22b.
[0032] The valve seat 2 includes: a suction valve seat
2h formed on its rear side; and a discharge valve seat
2n formed on its front side.
[0033] The discharge valve 4 includes: a discharge
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valve element 41 having a flat valve portion 41a; and a
discharge-valve-body guiding portion 43a slidably sup-
porting the discharge valve element 41. The suction valve
3 includes: a suction valve element 31 having a flat valve
portion 31a; and a suction-side small-diameter portion
2c, which is a suction-valve-body guiding portion slidably
supporting the suction valve element 31. The discharge
valve seat 2n and the suction valve seat 2h have respec-
tive planar seating surfaces.
[0034] The flat valve portions of the suction valve ele-
ment 31 and the discharge valve element 41 are formed
to have respective thicknesses t equal to or more than
15% and equal to or less than 45% of the outer diameters
of the flat valve portions 31a and 41a.
[0035] An inlet 1a is disposed on the outer peripheral
side of the flange member 6, and couples to a fluid supply
unit, which supplies fluid to the check valve 1 via a control
valve (not illustrated), via a pipe. An outlet 1b is commu-
nicated with a supply destination to which a high-pres-
sure fluid is supplied.

<Main Body (Valve Seat)>

[0036] As illustrated in Fig. 2, the valve seat 2 is a mem-
ber that has: a supply flow passage 21, which causes
flow of the fluid from the outer peripheral portion toward
the suction port 21b formed on the one side (suction side);
and the discharge flow passage 22 (the through-pas-
sage), which causes flow of the fluid from the inflow port
22a toward the discharge port 22b formed on the other
side (the discharge side). The valve seat 2 includes the
suction valve 3, which opens and closes the suction port
21b, disposed on the rear side; and the discharge valve
4, which opens and closes the discharge port 22b, dis-
posed on the front side.
[0037] The valve seat 2 has: the large-diameter portion
2a (the enlarged diameter portion), which is formed in
the center outer peripheral portion; a cross-section en-
larged portion 2f, the engaging portion 2o, and the suc-
tion-side small-diameter portion 2c, which are formed on
the rear side of the large-diameter portion 2a; and the
tapered portion 2j, the discharge-side middle-diameter
portion 2d (the second cylinder portion) and a discharge-
side small-diameter portion 2e, which are formed on the
front side of the large-diameter portion 2a. The entire
valve seat 2 is formed in an approximately shogi-piece
shape (an approximately pear shape).
[0038] On the suction side of the valve seat 2, the
cross-section enlarged portion 2f, which is formed be-
tween the large-diameter portion 2a and the suction-side
middle-diameter portion 2b, the engaging portion 2o,
which is formed continuously with the rear side of the
cross-section enlarged portion 2f, the suction valve seat
2h, which is formed continuously with the rear side of the
engaging portion 2o, and a spring receiving portion 2i,
which is formed in the rear end portion of the suction-
side small-diameter portion 2c, are formed.
[0039] On the discharge side of the valve seat 2, the

tapered portion 2j, which is formed between the large-
diameter portion 2a and the discharge-side middle-diam-
eter portion 2d, a stepped surface 2k, which is formed
continuously with the front side of the discharge-side mid-
dle-diameter portion 2d, a reduced diameter portion 2m,
which is formed in the shaft-center-side base end portion
of the stepped surface 2k, and the discharge valve seat
2n, which is formed on the front end surface of the dis-
charge-side small-diameter portion 2e, are formed.
[0040] The valve seat 2 intervenes between the cylin-
der 5 (the pressure container) and the flange member 6
in the state where the suction-side middle-diameter por-
tion 2b (the first cylinder portion) on the suction side is
internally fitted to the inner wall of a cylinder chamber 5a
while the large-diameter portion 2a, the tapered portion
2j, and the discharge-side middle-diameter portion 2d on
the discharge side are internally fitted to a through-hole
6a.
[0041] The supply flow passage 21 is a flow passage
for feeding the fluid supplied to the inlet 1a of the check
valve 1 to the suction port 21b through the inside of the
valve seat 2. The supply flow passage 21 extends from
the supply port 21a, which is formed on the outer periph-
eral surface of the large-diameter portion 2a of the valve
seat 2, toward the shaft center direction, then is folded
or bent in an L-shape on the near side in the vicinity of
the discharge flow passage 22, and formed along the
discharge flow passage 22 toward the suction port 21b
of the suction valve seat 2h.
[0042] The supply port 21a is disposed in communica-
tion with the inlet 1a of the flange member 6, and is cou-
pled to a fluid supply source (not illustrated) by a tube
and similar member via the flange member 6 and the
inlet 1a.
[0043] As illustrated in Figs. 3A and 3B, the suction
port 21b is disposed in an opened state in the cylinder
chamber 5a inside the cylinder 5. Movement in the front-
rear direction (the arrow i and j directions) of a plunger 7
(see Fig. 1) causes the suction valve element 31 to move
backward and forward (in the arrow h and g directions)
against the spring force of a valve spring 32 so as to open
and close the valve.
[0044] As illustrated in Fig. 2, the discharge flow pas-
sage 22 (the through-passage) is a flow passage for feed-
ing the fluid inside the cylinder chamber 5a to the dis-
charge port 22b. The discharge flow passage 22 is
formed in a straight line from the inflow port 22a in the
center of the rear end portion of the valve seat 2, along
the axis center line, toward the discharge port 22b in the
center of the forward end portion of the valve seat 2.
[0045] The inflow port 22a is an opening portion into
which the fluid pressured by the plunger 7 (see Fig. 1)
inside the cylinder chamber 5a is fed, and is formed in
the rear end of the suction-side small-diameter portion
2c in a cylindrical shape to be opened toward the cylinder
chamber 5a inside the cylinder 5.
[0046] The discharge port 22b is an opening portion
from which the fluid fed into the discharge flow passage
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22 from the inflow port 22a by the plunger 7 (see Fig. 1)
is discharged. The discharge port 22b is disposed in the
state opened toward the space inside a valve-body hous-
ing portion 44a of a valve-body housing member 44, and
is opened and closed by the discharge valve element 41.
In the peripheral edge portion of the discharge port 22b,
the discharge valve seat 2n of the discharge valve 4 is
formed.
[0047] The large-diameter portion 2a (the enlarged di-
ameter portion) is a cylinder portion having the largest
outer diameter in the valve seat 2, and is formed in the
center portion of the valve seat 2 in the axial direction.
The large-diameter portion 2a is formed between the en-
gaging portion 2o (the small-diameter portion) and the
tapered portion 2j (the conical surface) to be radially en-
larged relative to the engaging portion 2o. In the front-
rear direction of the supply port 21a formed in the large-
diameter portion 2a, a sealing member O disposed in the
flange member 6 is installed in the abutting state.
[0048] The cross-section enlarged portion 2f is a por-
tion formed in a taper shape whose cross-sectional sur-
face is gradually radially enlarged toward the discharge-
side direction from the front end of the suction-side mid-
dle-diameter portion 2b to the rear end of the large-di-
ameter portion 2a, and is formed on the rear side of the
valve seat 2. In a cross-sectional view, the cross-section
enlarged portion 2f is formed such that its outer diameter
does not expand or is not reduced rapidly, so as to reduce
the stress concentration. Between the cross-section en-
larged portion 2f and the end surface of the cylinder 5
adjacent to the rear side of the cross-section enlarged
portion 2f, a clearance S is formed by disposing a cutout
part 5c of the cylinder 5.
[0049] In the cross-section enlarged portion 2f, the
presence of the clearance S eliminates the fastening
force of fastening bolts B to the valve seat 2 from a front
end surface 5b of the cylinder 5 when the flange member
6 is fastened with the fastening bolts B to a housing (not
illustrated) via the valve seat 2 and the cylinder 5.
[0050] The engaging portion 2o is the portion where a
part of the suction side of the valve seat 2 is inserted into
the cylinder 5, and includes the suction-side middle-di-
ameter portion 2b (the first cylinder portion), the packing
installation portion 2g, and the packing P. The length of
the engaging portion 2o is formed longer than the depth
of the insertion of the engaging portion 2o into the cylinder
5.
[0051] The suction-side middle-diameter portion 2b is
a cylindrically-shaped portion internally fitted to the inner
surface of the cylinder chamber 5a, and is formed con-
tinuously with the rear side of the cross-section enlarged
portion 2f.
[0052] The packing installation portion 2g is a portion
on which the packing P externally fitted to the valve seat
2, and is formed continuously with a stepped shape slight-
ly smaller than the thickness of the packing P on the rear
side of the suction-side middle-diameter portion 2b. In
other words, the packing installation portion 2g is formed

on the front side (the suction port side) of the cylinder 5.
[0053] The valve seat 2 (the main body) can be as-
sembled by internally fitting the suction-side middle-di-
ameter portion 2b, which is formed on the suction port
side, to the inner surface of the cylinder 5, so as to cause
the state where the valve seat 2 and the inner surface of
the cylinder 5 (the pressure container) are coaxially dis-
posed. In the valve seat 2, the packing installation portion
2g, which has a diameter smaller than that of the suction-
side middle-diameter portion 2b and inserted into the in-
ner surface of the cylinder 5, is formed on the suction
port side, so as to allow disposing the packing P in the
packing installation portion 2g. Accordingly, in the center
portion of the valve seat 2 on the discharge side of the
portion where the packing installation portion 2g of the
valve seat 2 is formed, the pressure by the ultrahigh-
pressure fluid internally accumulated in the cylinder 5 is
stopped by the packing P so as not to act.
[0054] The discharge-side middle-diameter portion 2d
(the second cylinder portion) is a cylindrical portion where
the discharge valve 4 is disposed from the base end por-
tion of the tapered portion 2j on the reduced diameter
side and that is formed toward the front side. The dis-
charge-side middle-diameter portion 2d is internally fitted
to the discharge-valve installation portion 6d formed in-
side the through-hole 6a of the flange member 6.
[0055] In the check valve 1, the discharge-side middle-
diameter portion 2d (the cylinder portion) of the valve
seat 2 (the main body) is fitted to the discharge-valve
installation portion 6d (the housing portion) of the flange
member 6 (the receiving member) so as to allow dispos-
ing the valve seat 2 and the flange member 6 in accurate
positions. The valve seat 2 and the flange member 6 are
accurately disposed such that the point of action of the
resultant force of the forces that the valve seat 2 receives
from the flange member 6 coincides with the point of ac-
tion of the force that the valve seat 2 receives from the
pressured fluid. In the check valve 1, the accurate coin-
cidence of the points of action causes the action that
more uniformly distributes the compressive stress acting
on the inside of the valve seat 2 so as to improve the
durability of the valve seat 2.
[0056] The stepped surface 2k is a portion formed flat
from the front end of the discharge-side middle-diameter
portion 2d toward the shaft center direction. The rear end
surface of the valve-body housing member 44 in a cylin-
drical shape is disposed to face this stepped surface 2k.
[0057] The reduced diameter portion 2m is a portion
formed in a taper shape from the shaft-center-side base
end portion of the stepped surface 2k to the rear end of
the discharge-side small-diameter portion 2e. On the re-
duced diameter portion 2m, the rear end of the valve-
body housing member 44 is installed in the abutting state.
[0058] The discharge-side small-diameter portion 2e
is a portion in a cylindrical shape to which the rear end
portion of the valve-body housing member 44 is exter-
nally fitted, and is formed from the front end of the reduced
diameter portion 2m to the peripheral edge of the dis-
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charge valve seat 2n.

<Flange Member>

[0059] As illustrated in Fig. 1, the flange member 6 (a
valve-seat receiving member, the receiving member) is
a supporting member that holds the valve seat 2, where
the suction-side middle-diameter portion 2b is internally
fitted to the forward end portion inside the cylinder cham-
ber 5a, from the inner surface side on the front side. In
the flange member 6, the through-hole 6a is formed. The
through-hole 6a includes the receiving portion, which
houses the large-diameter portion 2a and the tapered
portion 2j of the valve seat 2 on the axis center line, and
the circulation passage. Additionally, bolt insertion holes
6g, which allow insertion of the fastening bolts B for fas-
tening the flange member 6 to the housing (not illustrat-
ed), are formed. Here, the "circulation passage" in the
appended claims means the flow passage in communi-
cation with the front side of the discharge flow passage
22 (the through-passage).
[0060] As illustrated in Fig. 2, the valve seat 2, the
valve-body housing member 44, and a coupling member
8 are coaxially inserted into the circulation passage. In
the through-hole 6a, a stepped surface 6f, a valve-seat
internally disposing portion 6b (the receiving portion), the
tapered surface 6c (the receiving portion), the discharge-
valve installation portion 6d, and the female thread por-
tion 6e are formed. The stepped surface 6f is disposed
abutting on the inserted front end surface 5b of the cyl-
inder 5. To the valve-seat internally disposing portion 6b,
the large-diameter portion 2a of the valve seat 2 is inter-
nally fitted. The tapered surface 6c is disposed to face
and fit the tapered portion 2j. To the discharge-valve in-
stallation portion 6d, the valve-body housing member 44
forming the outer peripheral portion of the discharge
valve 4 is inserted. To the female thread portion 6e, the
coupling member 8 is secured.
[0061] Here, the "receiving portion" described in the
appended claims includes the valve-seat internally dis-
posing portion 6b and the tapered surface 6c.
[0062] The coupling member 8 is a supporting member
that has a male thread portion 8a screwed to the female
thread portion 6e so as to obstruct the forward end portion
side of the valve-body housing member 44. In the cou-
pling member 8, the male thread portion 8a, which is
formed in the outer peripheral portion, a coupling hole
8b, which forms the outlet 1b of the flow passage formed
on the axis line, and a female thread portion 8c, which is
formed on the opening end side inside the coupling hole
8b, are formed. To the female thread portion 8c, a cou-
pling tool is screwed.

<Housing>

[0063] The housing (not illustrated) is a member that
houses the cylinder 5 and to which the flange member 6
is fastened, and is, for example, formed by a pump hous-

ing such as a high pressure pump.

<Cylinder>

[0064] As illustrated in Fig. 1, the cylinder 5 (the pres-
sure container) is a cylindrically-shaped member that
forms the cylinder chamber 5a to which the plunger 7 is
inserted movably forward and backward, and is internally
disposed in the housing (not illustrated). The cylinder 5
has the cylinder chamber 5a on the shaft center portion
side, and has the cutout part 5c on the shaft center portion
side of the front end surface 5b. In the forward end portion
of the cylinder 5, the front end surface 5b abuts on the
stepped surface 6f of the flange member 6.

<Plunger>

[0065] As illustrated in Fig. 1, the plunger 7 is a member
that reciprocates using an oil pressure or similar pres-
sure. The plunger 7 achieves the function of a plunger
pump, which moves backward to suction the suction
valve element 31 against the valve spring 32 and to suc-
tion the fluid inside the supply flow passage 21 into the
cylinder chamber 5a and which moves forward to press
the fluid inside the cylinder chamber 5a so as to feed the
fluid from the inflow port 22a into the discharge flow pas-
sage 22.

<Suction Valve>

[0066] As illustrated in Figs. 3A and 3B, the suction
valve 3 is a valve that opens and closes the suction port
21b. The suction valve 3 is formed by a normally closed
valve that includes: the suction port 21b; the suction valve
seat 2h, which is formed on the peripheral edge of the
suction port 21b; the suction valve element 31, which
obstructs the suction port 21b; the valve spring 32, which
biases the suction valve element 31 to the valve closing
side; the suction-side small-diameter portion 2c (the
valve-body guiding portion), which supports the suction
valve element 31 and the valve spring 32; and the spring
receiving portion 2i of the valve spring 32.
[0067] The suction valve element 31 is formed of an
annular plate material that is disposed to be biased by
the valve spring 32 and obstruct the suction port 21b,
and closes and opens the suction port 21b. The suction
valve 3 opens when the fluid supplied to the supply flow
passage 21 presses the suction valve element 31 to the
rear-side direction using the force equal to or more than
the spring force of the valve spring 32, and closes when
the fluid supplied to the supply flow passage 21 presses
the suction valve element 31 to the front-side direction
using a force less than the spring force of the valve spring
32. The suction valve element 31 has the flat valve portion
31a abutting on the valve seat surface, and is disposed
slidably along the suction-side small-diameter portion 2c
(a valve-body guiding portion) supporting this suction
valve element 31. As illustrated in Figs. 5A and 5B, the
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flat valve portions 31a and 41a of the suction valve ele-
ment 31 and the discharge valve element 41 described
later are formed to have respective thicknesses t equal
to or more than 15% and equal to or less than 45% of
the outer diameters of the flat valve portions 31a and
41a, and are formed of, for example, stainless steel
formed thinner than the conventional valve element.
[0068] As illustrated in Fig. 3A, the valve spring 32 is
a spring member that constantly presses the suction
valve element 31 in the valve-closing direction (the arrow
g direction) using a preliminarily set spring force, and is
formed of a helical compression spring.
[0069] The suction valve seat 2h is a portion where a
valve seat is formed. The valve seat includes the suction
port 21b and the suction valve element 31, which opens
and closes the suction port 21b. The suction valve seat
2h is formed by the planar surface formed in a radial
fashion around this suction-side small-diameter portion
2c from the front-end-side base end portion of the suc-
tion-side small-diameter portion 2c toward the outer pe-
riphery.
[0070] The suction-side small-diameter portion 2c (the
suction-valve-body guiding portion) is a portion that tel-
escopically supports and guides the valve spring 32 of
the suction valve 3, and is formed having a diameter
smaller than the outer diameter of the suction-side mid-
dle-diameter portion 2b and the inner diameter of the
valve spring 32. The suction-side small-diameter portion
2c is formed of a cylindrical-shaped protrusion disposed
to protrude from the suction valve seat 2h toward the rear
side, and includes the discharge flow passage 22 formed
inside and the spring receiving portion 2i formed in the
outer rear end portion.
[0071] The spring receiving portion 2i is a portion that
receives the rear end of the valve spring 32 formed of a
helical compression spring, and is formed, for example,
in an annular shape (a flange shape) formed integrally
with the rear end portion of the suction-side small-diam-
eter portion 2c. Here, the spring receiving portion 2i only
needs to achieve a function that receives the valve spring
32, and may be a member that is mountable on the suc-
tion-side small-diameter portion 2c, for example, a re-
taining ring separate to the valve seat 2.

<Discharge Valve>

[0072] As illustrated in Fig. 2, the discharge valve 4 is
a valve that opens and closes the discharge port 22b of
the valve seat 2. The discharge valve 4 includes: the
discharge valve seat 2n, which is formed in the peripheral
edge portion of the discharge port 22b; the discharge
valve element 41, which opens and closes the discharge
port 22b; a valve spring 42, which causes the discharge
valve element 41 to abut on the discharge valve seat 2n
so as to close the discharge port 22b; a valve-body sup-
porting member 43, which supports the discharge valve
element 41; and the valve-body housing member 44,
which houses the discharge valve element 41, the valve

spring 42, and the valve-body supporting member 43.
[0073] As illustrated in Figs. 4A and 4B, the discharge
valve element 41 is formed of a bar-attached flat valve
that includes the flat valve portion 41a in a flat circular
plate shape and a rod-shaped portion 41b disposed to
protrude in the flat valve portion 41a, and is formed of,
for example, stainless steel.
[0074] The flat valve portion 41a is formed in a circular
flat plate shape having a thin plate thickness, and is the
portion that abuts on the valve seat surface to close the
discharge port 22b. The discharge valve seat 2n is
formed by the planar surface formed on the front end
surface of the valve seat 2.
[0075] The rod-shaped portion 41b is slidably inserted
into the valve-body supporting member 43 having the
discharge-valve-body guiding portion 43a, which is
formed in a pipe shape to support the discharge valve
element 41.
[0076] The valve spring 42 is a spring member for
pressing the flat valve portion 41a against the discharge
valve seat 2n, and is formed of a helical compression
spring. The valve spring 42 is telescopically and freely
fitted to the discharge-valve-body guiding portion 43a,
and has the rear end supported by the discharge valve
element 41 while having the front end supported by a
spring receiving portion 43b formed on the discharge side
(the front side) of the discharge-valve-body guiding por-
tion 43a.
[0077] The valve-body supporting member 43 is a
member that achieves: a function that supports the dis-
charge valve element 41; a function that supports the
valve spring 42; and the function of a flow passage to
discharge the fluid inside the valve-body housing portion
44a from the outlet 1b. In the valve-body supporting mem-
ber 43, the discharge-valve-body guiding portion 43a,
the spring receiving portion 43b, a shaft center hole 43c,
which is formed by penetration in the axial direction, and
a lateral hole 43d penetrated perpendicularly to this shaft
center hole 43c, are formed.
[0078] The valve spring 42 is externally fitted to the
outer side of the discharge-valve-body guiding portion
43a, and the rod-shaped portion 41b of the discharge
valve element 41 is inserted into the shaft center hole
43c to be housed in the valve-body housing portion 44a
of the valve-body housing member 44.
[0079] As illustrated in Figs. 4A and 4B, the discharge-
valve-body guiding portion 43a is a cylindrical portion ex-
tending from the center of the rear end portion of the
spring receiving portion 43b toward the rear-side direc-
tion. The discharge-valve-body guiding portion 43a sup-
ports the rod-shaped portion 41b movably forward and
backward inside this the discharge-valve-body guiding
portion 43a (in the shaft center hole 43c), and telescop-
ically supports the valve spring 42 in the front-rear direc-
tion outside the discharge-valve-body guiding portion
43a.
[0080] The spring receiving portion 43b is a portion that
is integrally formed with the front end side of the dis-
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charge-valve-body guiding portion 43a while having an
outer diameter larger than the outer diameter of the dis-
charge-valve-body guiding portion 43a and that supports
the valve spring 42. In the spring receiving portion 43b,
the shaft center hole 43c and the lateral hole 43d forming
the flow passage of the fluid are formed. The spring re-
ceiving portion 43b is biased by the valve spring 42 and
disposed in the state pressed to the rear end surface of
a housing-member flow passage portion 44b of the valve-
body housing member 44.
[0081] Here, the spring receiving portion 43b can be
formed on the rear end surface of the housing-member
flow passage portion 44b.
[0082] The shaft center hole 43c is formed from the
rear end surface to the front end surface of the valve-
body supporting member 43 along the shaft center. The
shaft center hole 43c has a rear side forming a supporting
portion inserted into the rod-shaped portion 41b and has
a front side forming a flow passage that causes flow of
the fluid inside the lateral hole 43d to the housing-mem-
ber flow passage portion 44b.
[0083] The lateral hole 43d is a flow passage formed
from the outer peripheral portion on one side of the spring
receiving portion 43b through the shaft center hole 43c
to the outer peripheral portion on the other side, and is
formed to feed a flow of the fluid inside the valve-body
housing portion 44a to the shaft center hole 43c.
[0084] As illustrated in Fig. 2, the valve-body housing
member 44 is a pipe-shaped member that includes: the
valve-body housing portion 44a having the space formed
to house the discharge valve 4 inside; and the housing-
member flow passage portion 44b where a flow passage
is formed. The valve-body housing member 44 may be
formed by a member where the valve-body housing por-
tion 44a and the housing-member flow passage portion
44b are integrated, but the valve-body housing portion
44a and the housing-member flow passage portion 44b
are preferred to be formed as mutually independent
members.
[0085] The valve-body housing member 44 is internally
disposed in the discharge-valve installation portion 6d
(the housing portion) of the flange member 6, has the
rear end into which the discharge-side small-diameter
portion 2e of the outer periphery of the discharge valve
seat 2n is internally fitted in the state where the rear end
abuts on the reduced diameter portion 2m, and has the
front side in the state abutting on the coupling member 8.
[0086] The housing-member flow passage portion 44b
has a cylindrical shape where a flow passage 44e is
formed. Through the flow passage 44e, the fluid inside
the valve-body housing portion 44a passes toward the
outlet 1b. A flow-passage inlet 44c is communicated with
the shaft center hole 43c. A flow-passage outlet 44d may
be formed in a taper shape expanded to the front side.
The front-side end surface of the housing-member flow
passage portion 44b abuts on the rear-side end surface
of the coupling member 8.

<Action>

[0087] The following describes the action of the check
valve according to the embodiment of the present inven-
tion with reference to the accompanying drawings.
[0088] When the reciprocating plunger 7 moves in the
rear-side direction (the arrow i direction in Fig. 1), as il-
lustrated in Fig. 3B, the plunger 7 opens the suction valve
element 31 of the suction valve 3 and suctions the fluid
inside the supply flow passage 21 to the cylinder chamber
5a side. At this time, the pressures of the fluids inside
the supply flow passage 21, inside the cylinder chamber
5a, and inside the discharge flow passage 22 are, for
example, 0.4 MPa.
[0089] The fluid inside the supply flow passage 21 is
suctioned by the plunger 7 so as to flow to the direction
(the arrow b direction) of the cylinder chamber 5a, and
presses the suction valve element 31 closing the suction
port 21b against the valve spring 32 rearward (in the ar-
row h direction) so as to open the suction valve element
31. The annular suction valve element 31 is freely fitted
to the suction-side small-diameter portion 2c (the valve-
body guiding portion) together with the valve spring 32
to be guided, and thus stably slides along the suction-
side small-diameter portion 2c so as to open and close
the valve. That is, the movement of the flat valve portion
31a becomes stable.
[0090] The suction valve element 31 decreases in ri-
gidity due to thinning of the thickness of the flat valve
portion 31a, but increases in close contact property to
the suction valve seat 2h formed by the planar surface
due to occurrence of warping in the flat valve portion 31a
by the pressure difference. The suction valve seat 2h
gradually wears due to opening and closing of the suction
valve element 31. However, despite the wear of the suc-
tion valve seat 2h, the high close contact property of the
flat valve portion 31a to the suction valve seat 2h allows
preventing leakage from the suction valve 3.
[0091] When the plunger 7 (see Fig. 1) moves rear-
ward, as illustrated in Fig. 4A, the discharge valve 4 is
closed in the state where the flat valve portion 41a of the
discharge valve element 41 is pressed against the dis-
charge valve seat 2n by the spring force of the valve
spring 42. At this time, the pressure of the fluid inside the
discharge flow passage 22 is, for example, 0.4 MPa. The
pressure of the fluid inside the valve-body housing por-
tion 44a is, for example, 500 MPa.
[0092] When the plunger 7 moves in the front-side di-
rection (the arrow j direction in Fig. 1), the plunger 7 press-
es the fluid inside the cylinder chamber 5a in the front-
side direction to close the suction port 21b and causes,
as illustrated in Fig. 3A, flow of the fluid inside the cylinder
chamber 5a in the direction (the arrow c direction) inside
the discharge flow passage 22. At this time, the pressure
of the fluid inside the supply flow passage 21 is, for ex-
ample, 0.4 MPa. The pressure of the fluid inside the dis-
charge flow passage 22 is, for example, 500 MPa.
[0093] The fluid inside the cylinder chamber 5a flows
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from the inflow port 22a into the discharge flow passage
22, as illustrated in Fig. 4B, presses the flat valve portion
41a of the discharge valve element 41 against the valve
spring 42 forward (in the arrow m direction) so as to open
the discharge valve element 41, and flows into the valve-
body housing portion 44a. Then, the fluid passes from
the inside of the valve-body housing portion 44a through
the lateral hole 43d and the shaft center hole 43c of the
valve-body supporting member 43, a flow passage 44e
of a housing-member flow passage portion 44b, and the
coupling hole 8b of the coupling member 8 illustrated in
Fig. 2, and comes out from the outlet 1b.
[0094] As illustrated in Fig. 4B, when the discharge
valve 4 opens, the discharge valve element 41 where the
rod-shaped portion 41b is inserted into the discharge-
valve-body guiding portion 43a of the valve-body sup-
porting member 43 slides and the valve spring 42 is also
compressed while being supported by the discharge-
valve-body guiding portion 43a. At this time, the pres-
sures of the fluids inside the discharge flow passage 22
and inside the valve-body housing portion 44a are, for
example, 500 MPa.
[0095] The discharge valve element 41 stably slides
along the discharge-valve-body guiding portion 43a to
open and close the valve.
[0096] The discharge valve element 41 decreases in
rigidity due to thinning of the thickness of the flat valve
portion 41a, but increases in close contact property to
the discharge valve seat 2n formed by the planar surface
due to occurrence of warping in the flat valve portion 41a
by the pressure difference. The discharge valve seat 2n
gradually wears due to opening and closing of the dis-
charge valve element 41. However, despite the wear of
the discharge valve seat 2n, the high close contact prop-
erty of the flat valve portion 41a to the discharge valve
seat 2n allows preventing leakage from the discharge
valve 4.
[0097] In the suction valve element 31 and the dis-
charge valve element 41 of the check valve 1 according
to the embodiment, the thicknesses of the flat valve por-
tions 31a and 41a are thinned. As a result of experiment,
the valve element having a conventional thickness be-
came unable to provide the sealing property at a repeat
count of 1.5 3 105 and became unusable. In contrast,
the flat valve portions 31a and 41a according to the
present invention prolonged the sealing property up to a
repeat count of 1 3 106.
[0098] As illustrated in Fig. 4B, when the plunger 7
moves in the front-side direction (the arrow j direction in
Fig. 1), the pressure inside the cylinder chamber 5a of
the cylinder 5 (the pressure container) acts on the valve
seat 2 (the main body). The tapered portion 2j (the conical
surface) of the valve seat 2 and the tapered surface 6c
of the receiving portion of the flange member 6 have iden-
tical groove angles. Accordingly, a force F1 by the pres-
sure inside the cylinder chamber 5a is received by the
entire surface of the tapered surface 6c of the flange
member 6. As its reaction, the flange member 6 applies

a force F2, which is perpendicular to the tapered portion
2j of the valve seat 2 and uniform, to the valve seat 2
from the peripheral area toward the center portion.
[0099] On the other hand, the discharge flow passage
22 is affected by the pressure identical to that of the cyl-
inder chamber 5a. The pressure applied to the discharge
flow passage 22 pushes out the valve seat 2 from the
center to the radially outer peripheral direction. The force
acting from the outer peripheral portion and the force
acting from the inside cause an approximately uniform
compressive stress acting on the entire valve seat 2.
[0100] In the valve seat 2, the reduced diameter portion
2m is formed to be inclined between the stepped surface
2k and the discharge-side small-diameter portion 2e. Ac-
cordingly, there is no portion where the cross-sectional
surface of the valve seat 2 expands rapidly. This reduces
the occurrence of the stress concentration so as to allow
reducing the occurrence of cracking and breakage.
[0101] The valve seat 2 resolves the occurrence of the
tensile stress on the root of the flanged portion, thus pro-
longing the product lifetime.
[0102] In the check valve 1, the thicknesses t of the flat
valve portions 31a and 41a of the suction valve element
31 and the discharge valve element 41 are formed to be
equal to or more than 15% and equal to or less than 45%
of the outer diameters of the flat valve portions 31a and
41a. Accordingly, the suction valve element 31 and the
discharge valve element 41 decrease in the thicknesses
to the extent that allows the deformation while keeping
the strength so as to reduce the rigidity, thus abutting on
the suction valve seat 2h and the discharge valve seat
2n while warping. This allows providing a valve element
in an appropriate shape having improved close contact
property.

[First Modification]

[0103] The present invention is not limited to the fore-
going embodiment, and can be changed and modified in
various forms within the scope and the spirit of the
present invention, and those changed and modified
forms are also included in the present invention.
[0104] The check valve 1 described in the above-de-
scribed embodiment is a valve appropriate for an ultra-
high-pressure generating apparatus such as a high pres-
sure pump. However, the installation location is not par-
ticularly limited insofar as the installation location is a
portion where the suction valve 3 and the discharge valve
4 can be installed.
[0105] Here, while in the above-described embodi-
ment the fluid coupling as the check valve 1 has been
described, the present invention can be generally used
for a fluid coupling of a pressure container that includes
the spinning-top shaped valve seat 2 having the dis-
charge flow passage 22 (the through-passage) and the
flanged flange member 6 (the receiving member).
[0106] For example, instead of the cylinder 5, the pres-
sure container may be used while the suction valve 3 or
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the discharge valve 4 is removed. In the case where the
discharge valve 4 is removed, the valve-body housing
member 44 and the housing-member flow passage por-
tion 44b may also be removed. In the case where the
suction valve 3 is removed, the supply flow passage 21
is also removed. The discharge flow passage 22 in the
above-described embodiment is used as a passage for
fluid between the pressure container and the outside.
[0107] This fluid coupling is appropriate particularly for
a pressure container sealing the fluid at significantly high
pressure or a pressure container at high pressure ampli-
tude and frequency.
[0108] The claim set as filed in the original application
is repeated now as clauses in order to preserve all the
subject matter of the original application in the present
divisional application.

Clause 1: A fluid coupling disposed in a pressure
container, the fluid coupling comprising:

a main body having a through-passage that is
communicated with the pressure container and
allows flow of fluid; and
a receiving member disposed in the pressure
container to support the main body,
wherein the main body has: an engaging portion
that is formed on one side of the through-pas-
sage and disposed to be engaged inside the
pressure container; and a conical surface
formed on another side,
the receiving member has: a receiving portion
having a tapered surface with a groove angle
identical to a groove angle of the conical surface;
and a circulation passage communicated with
the other side of the through-passage, and
the conical surface of the main body abuts on
the tapered surface of the receiving member
such that the receiving member supports the
main body.

Clause 2: The fluid coupling according to clause 1,
wherein
the main body has an enlarged diameter portion be-
tween the engaging portion and the conical surface,
the enlarged diameter portion being radially en-
larged relative to the engaging portion.

Clause 3: The fluid coupling according to clause 2,
wherein
the engaging portion includes:

a first cylinder portion internally fitted to an inner
surface of the pressure container;
a packing installation portion having a diameter
smaller than a diameter of the first cylinder por-
tion; and
a packing disposed in the packing installation
portion.

Clause 4: The fluid coupling according to any one of
clauses 1 to 3, wherein
the main body has a second cylinder portion in a
forward end portion on the other side of the main
body, and
the receiving member has a housing portion to which
the second cylinder portion is fitted by insertion, and
uses the housing portion to restrict the second cyl-
inder portion so as to support the main body.

Clause 5: The fluid coupling according to any one of
clauses 1 to 4, wherein
the pressure container is a cylinder of a piston pump,
the main body has: a supply port for supplying the
fluid; and a suction port on one side, for discharging
the fluid supplied from the supply port into the cylin-
der,
the through-passage has: an inflow port on the one
side, for causing inflow of the fluid pressured inside
the cylinder; and a discharge port on the other side,
for discharging the fluid, and
the through-passage includes:

a suction valve disposed in the suction port; and
a discharge valve disposed in the discharge
port.

Clause 6: The fluid coupling according to clause 5,
wherein the main body includes:

a valve seat of the suction valve formed on the
one side of the main body; and
a valve seat of the discharge valve formed on
the other side of the main body.

Clause 7: The fluid coupling according to clauses 5
or 6, wherein
the discharge valve includes: a discharge valve el-
ement having a flat valve portion; and a discharge-
valve-body guiding portion slidably supporting the
discharge valve element,
the suction valve includes: a suction valve element
having a flat valve portion; and a suction-valve-body
guiding portion slidably supporting the suction valve
element, and
the discharge valve and the suction valve have re-
spective planar valve seat surfaces.

Clause 8: The fluid coupling according to clause 6
or 7, wherein
the flat valve portions of the suction valve element
and the discharge valve element are formed having
respective thicknesses equal to or more than 15%
and equal to or less than 45% of outer diameters of
the flat valve portions.
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Claims

1. A piston pump comprising:

a cylinder (5) having a cylinder chamber (5a)
and a cutout part (5c) on the front end of the
cylinder (5);
a valve seat (2) disposed in the cylinder, the
valve seat having:

a suction-side middle diameter portion (2b)
internally fitted to the inner surface of the
cylinder chamber (5a);
a reduced diameter portion (2m) formed in
a taper shape, the reduced diameter portion
(2m) disposed in a front side of the valve
seat (2);
a large diameter portion (2a) disposed be-
tween the suction-side middle diameter por-
tion (2b) and the reduced diameter portion
(2m);
a tapered portion (2j) formed between the
large diameter portion (2a) and the dis-
charge-side middle diameter portion (2b);
a cross-section enlarged portion (2f) formed
between the large-diameter portion (2a)
and the suction-side middle-diameter por-
tion (2b), the cross-section enlarged portion
(2f) disposed in the cutout part (5c) with a
clearance (S);
a discharge flow passage (22) having a in-
flow port (22a) on a rear side of the valve
seat (2) and a discharge port (22b) on a front
end of the reduced diameter portion (2m);
a suction flow passage (21) having a supply
port (21a) and a suction port (21b) on a rear
side of the valve seat (2) ;

a flange member (6) configured to hold the valve
seat (2); the flange member including a through
hole (6a) disposed in the flange member (6), the
through hole (6a) having:

a valve-seat internally disposing portion
(6b) configured to fit the large-diameter por-
tion (2a);
a tapered surface (6c) configured to fit the
tapered portion (2j); and
a discharge-valve installation portion (6d);

a discharge valve (4) disposed on the discharge
port (22b), the discharge valve (4) having a valve
body housing member (44) being pipe-shaped,
the valve body housing member (44) internally
disposed in the discharge-valve installation por-
tion (6d), the valve body housing member (44)
having a rear end configured to abut on the re-
duced diameter portion (2m);

a suction valve (3) disposed on the suction port
(21b); and
a packing (P) disposed on a rear side of the suc-
tion-side middle-diameter portion (2b).

2. A piston pump according to claim 1, further compris-
ing:

a discharge-side middle diameter portion (2d)
disposed in a forward end portion of the valve;
and wherein
the reduced diameter portion (2m) is disposed
in a front end of the discharge-side middle di-
ameter portion (2d), and
the discharge-side middle diameter portion (2d)
is internally fitted to the discharge-valve instal-
lation portion (6d).

3. A piston pump according to claim 1 or claim 2, where-
in the discharge valve (4) has:

a discharge valve seat (2n) formed on the front
end surface of the reduced diameter portion
(2m);
a discharge valve element (41) being formed of
a bar-attached flat valve; and
a valve spring (42) configured to press the dis-
charge valve (4) to discharge valve seat (2n).

4. A piston pump according to claim 1 or claim 2, where-
in the suction valve (3) has:

a suction valve seat (2h) formed on the periph-
eral edge of the suction port (21b);
a suction valve element (31);
a valve spring (32);
a suction side small-diameter portion(2c) con-
figured to support the suction valve element
(31); and the valve spring (32) .
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