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DESCRIPTION

Technical Field

[0001] The present invention relates to, in particular, a structure and method for fastening a
ball seat for a ball valve suitable for high-pressure fluid such as hydrogen, a trunnion-type ball
valve, and a hydrogen station using this valve.

Background Art

[0002] In piping equipment or the like in which high-pressure fluid such as hydrogen flows, a
trunnion-type ball valve for high pressure is used to reliably prevent leakage of the high-
pressure fluid. The ball valve of this type is normally provided to a structure in which a ball
valve body is supported in a rotatable body via a stem and a trunnion, a ball seat is attached
inside the body as being in a state of being held by a retainer member, and this ball seat is
attached in a close-contact state to the ball valve body via the retainer member and via a
spring force of a spring. Here, a portion between the retainer member and the body is sealed
by an O ring for sealing.

[0003] As a ball valve for high-pressure fluid as described above, a trunnion-type ball valve for
high pressure of PTL 1 is disclosed. This ball valve is suitable particularly for a valve for a
hydrogen station for a fuel-cell vehicle and, in view of the purpose of keeping hermeticity of a
valve seat with respect to high-pressure hydrogen over a long period of time to ensure
durability, is provided to a structure in which a metal-made ball seat, that is, a metal seat, is
attached for sealing with a ball.

[0004] On the other hand, as another technique for improving valve seat sealability of a ball
valve, a ball valve of PTL 2 is disclosed. In this ball valve, a resin-made ball seat, that is, a soft
seat, is provided for sealing with a ball. In this case, the structure is such that the resin-made
ball seat is fixed to a seat retainer and is pressed by a spring to a ball side.

[0005] In these ball valves for high-pressure fluid, it is required to improve hermeticity while
ensuring slidability between the ball and the seat side.

[0006] These ball valves are used as a shutoff valve in a dispenser in, for example, a
hydrogen station described in PTL 3. The shutoff valve is connected via a connection hose to a
filling nozzle as a region of filling a vehicle with hydrogen and is provided so that, with this
shutoff valve being opened and closed, hydrogen is supplied to a hydrogen tank of the vehicle
via the connection hose and the filling nozzle.

Citation List



DK/EP 3150886 T3

Patent Literatures

[0007]
PTL 1: International Publication No. 2013/129560
PTL 2: United States Patent No. 8490945

PTL 3: Japanese Patent Application Laid-Open No. 2012-237437

[0008] US 2 963 260 A discloses a self-regulating spring loaded valve seat having a tubular
slide with a rigid backing wall and a deformable inner wall capable of being bent over. A sealer
ring is press fitted into a groove. Thereafter the deformable wall is turned so as to clamp the
ring.

[0009] US 4 163 544 A discloses two seal rings mounted in a seal groove, wherein the seal
rings are secured in a seat to cause bending of a lip.

Summary of Invention

Technical Problem

[0010] When so-called ultrahigh-pressure fluid of 90 MPa or higher flows with respect to a ball
valve for high-pressure fluid, it is more difficult to ensure hermeticity between the ball and the
seat to prevent leakage. Moreover, since it is also required to ensure slidability, it is difficult for
the ball valve of the metal seat as in PTL 1 to uniformly exert complete sealing of high-
pressure fluid depending on the use state such as open/close frequency, and subtle leakage of
ultrahigh-pressure fluid may occur.

[0011] On the other hand, in the case of the ball valve of the soft seat as in PTL 2, the ball seat
is attached so as to fit in an attachment groove of the seat retainer, and the position of the ball
seat is not regulated in a pullout direction. Thus, when ultrahigh-pressure fluid of 90 MPa or
higher flows and the valve is operated from close to open, if even a little amount of fluid
infiltrates between the ball seat and the seat retainer, the ball seat is pushed out from the seat
retainer by this fluid pressure to cause positional misalignment and detachment, possibly
leading to leakage of ultrahigh-pressure fluid in the case of a valve close state. Thus, when the
ball valve for high pressure is used as a shutoff valve in a hydrogen station as in PTL 3, high-
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pressure hydrogen may leak from a secondary side, and this high-pressure hydrogen may
remain in the filling hose, thereby making it impossible to connect the filing nozzle to the
hydrogen tank of the vehicle. To solve this, it is required to perform work referred to as so-
called depressurization of extracting pressure from the filling hose. However, in view of
effective use of hydrogen and from efficiency in filling work, depressurization is not desirable.
Moreover, when the capacity of the filing hose is small, for example, on the order of
approximately 200 cc, if a little amount of high-pressure hydrogen is leaked from the shutoff
valve to the secondary side, hydrogen pressure tends to remain in the filing hose, and the
necessity for frequently performing depressurization arises.

[0012] The present invention has been developed to solve the above-described problems, and
its object is, in particular, to provide a trunnion-type ball valve and a hydrogen station using this
valve, the ball valve being suitable for high-pressure fluid, ensuring hermeticity and slidability
by seal by a soft seat, the ball seat being held in a retainer even when ultrahigh-pressure fluid
flows to prevent positional misalignment and detachment to keep high sealability when the
valve is closed.

Solution to Problem

[0013] To achieve the object described above, the invention according to claim 1 is provided.

[0014] A tapered surface tilted to a tip side is formed on each stepped part, and the swaging
edge part is closely contacted with and sealed to this tapered surface.

[0015] The embodiment according to claim 2 is directed to the ball valve with the structure for
fastening the ball seat for the ball valve, wherein the seat part is formed in a diameter-reduced
form, the holding part is formed in a thick form, and the holding part is formed so as to be
longer than the seat part.

[0016] The embodiment according to claim 3 is directed to the ball valve with the structure for
fastening the ball seat for the ball valve, wherein the annular seat body is formed of a PEEK
material, and a seal surface in contact with a ball surface is formed on a tip surface of the seat
part.

[0017] The embodiment according to claim 4 is directed to the ball valve with the structure for
fastening the ball seat for the ball valve, wherein the seat retainer is formed of a nickel base
alloy.

[0018] The invention according to claim 5 is directed to a hydrogen station using a ball valve in
which the ball valve is provided to a line which supplies hydrogen.

[0019] The invention according to claim 6 is directed to a hydrogen station comprising an
automatic trunnion-type ball valve arranged in a dispenser and opening and closing along with
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start and end of filling of hydrogen.

Advantageous Effects of Invention

[0020] From the invention according to claim 1, in particular, a ball valve suitable for high-
pressure fluid can be provided, and hermeticity and slidability are ensured by seal by a soft
seat. The holding part of the annular seat body is attached to the attachment groove of the
seat retainer, the swaging edge part of the seat retainer is swaged to the stepped part to be
closely contacted and fixed to cause the seat part to protrude more than a swaging position to
hold and fix the ball seat. With this, for example, even if ultrahigh-pressure fluid of a 98 MPa
class flows in a valve open state, it is possible to firmly hold the ball seat while preventing
positional misalignment or detachment from the retainer, and high sealability in a valve close
state can be reliably kept.

[0021] While the swaging part is closely contacted with and sealed to the tapered surface of
the stepped part, the ball seat is swaged and fixed to the seat retainer. With this, the swaging
position with respect to the seat retainer is accurately set. Furthermore, by swaging the
swaging edge part along the tapered surface, it is possible to accurately find out the shape and
dimension of the swaged region.

[0022] From the embodiment according to claim 2, the seat part, which is a seal portion with
the ball, is formed in a diameter-reduced form, and the holding part, which is a mount portion
to the seat retainer, is formed so as to be longer than the seat part while being formed in a
thick form. With this, even when high-pressure fluid flows, stiffness is ensured to prevent
deformation, and high sealability is kept to reliably prevent leakage of fluid.

[0023] From the embodiment according to claim 3, the annular seat body is formed of a PEEK
material, and the seal surface in contact with the ball surface is formed on the tip surface of the
seat part. With this, while sliding friction at the time of valve operation is decreased to improve
operability, sealability can also be ensured. Also, with increased slidability, durability of the ball
can be improved to also suppress deterioration.

[0024] From the embodiment according to claim 4, with the seat retainer formed of the nickel
base alloy, it has high strength even if it is thin, and is resistant to hydrogen embrittlement.
Furthermore, elongation characteristics required for swaging can be exerted.

[0025] If the seat retainer is positioned by using the tilted surface of the swaging jig, the
swaging edge part is closely contacted with and fixed to the tapered surface along the tapered
end face part to attach the ball seat to the seat retainer. With this, the ball seat can be
positioned and fixed while being centered with respect to the seat retainer. After attachment,
positional misalignment of the ball seat is prevented by the swaging edge part to reliably keep
high sealability also with respect to ultrahigh-pressure fluid.
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[0026] Valve seat sealability and durability are ensured by the metal seat mechanism on the
primary side, and leakage is reliably prevented by the soft seat mechanism of the ball seat
attached to the seat retainer on the secondary side.

[0027] While hermeticity and slidability at the time of operation are ensured to address mass
production, for example, even when ultrahigh-pressure fluid of a 98 MPa class flows, it is
possible to firmly hold the ball seat while preventing positional misalignment or detachment
from the retainer, and high sealability can be kept. Since the valve body is operated
automatically or manually to supply or stop a predetermined amount of hydrogen, the
predetermined amount of hydrogen can be supplied quickly with high efficiency, and work
called depressurization can also be reduced.

[0028] By adopting the metal seat mechanism on the primary side, seat detachment can be
prevented, and valve-seat sealability with durability can be obtained. Also, by adopting the soft
seat mechanism with the resin-made annular seat body closely contacted with and fixed to the
secondary side by swaging, the possibility of detachment of the seat can be prevented, and
valve seat sealability exerting high sealability can be obtained, and a hydrogen station with
reduced unnecessary depressurization can be obtained.

Brief Description of Drawings

[0029]

FIG. 1 is a partially cutout front view depicting a trunnion-type ball valve.

FIG. 2 is an enlarged sectional view of main parts of FIG. 1.

FIG. 3 is a longitudinally sectional view depicting a ball seat.

FIG. 4 is a sectional view depicting a state before swaging and fastening of the ball seat.
FIG. 5 is a sectional view depicting a state after swaging and fastening of the ball seat.

FIG. 6 is a block diagram depicting a hydrogen station.

Description of Embodiment

[0030] In the following, a case is described in detail based on the drawings in which an
embodiment of a structure for fastening a ball seat for a ball valve in the present invention is
applied to a trunnion-type ball valve. In FIG. 1, a trunnion-type valve for high-pressure fluid is
depicted, with a ball seat fixed by the structure for fastening the ball seat for the ball valve of
the present invention. In FIG. 2, an enlarged sectional view of main parts of Figure 1 is
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depicted. Here, high pressure in the present embodiment is equal to or higher than 35 MPa,
and 70 MPa to 105 MPa in piping equipment for a hydrogen station using a ball valve and,
specifically, high-pressure fluid of 90 MPa or higher called ultrahigh-pressure fluid is assumed.

[0031] In the drawing, inside a ball valve main body (hereinafter referred to as a valve main
body) 1, via a stem 2, a ball 3, which is a valve body, is rotatably provided. On both sides of
this ball 3, seat mechanisms 10 and 11 are arranged so as to be in seal contact with the ball 3.
The valve main body 1 is configured of a body 12, with cap members 13, 13 provided to a
primary side and a secondary side, respectively, of this body 12. Inside this body 12, the seat
mechanisms 10 and 11 are each provided.

[0032] The body 12 is formed in a substantially rectangular parallelepiped shape. Inside this
body 12, a shaft insertion hole 14 where the ball 3, the stem 2, and so forth are attached and
communication holes 15, 15 where the seat mechanism 10 and 11 can be arranged in a
direction crossing this shaft insertion hole 14 are each formed. To both sides of the body 12,
the cap members 13, 13 are screwed via a gasket 16.

[0033] On a body 12 side of the cap member 13, an attachment hole 17 is provided. On the
other side of this attachment hole 17, a female screw part 19 is formed. To this female screw
part 19, an outer joint 20 is provided connectably by screwing. The cap member 13 can be
integrated with the body 12 by bonding means such as adhesion, welding, or the like.

[0034] The seat mechanisms provided inside the body 12 are provided in different seat
structures between the primary side and the secondary side. The seat mechanism 10 on the
primary side is formed of a metal seat mechanism, and the seat mechanism 11 on the
secondary side is formed of a soft seat mechanism with a ball seat attached to a seat retainer.

[0035] The soft seat mechanism 11 on the secondary side has an annular seat body 21
forming a ball seat, a seat retainer 22, a spring member 23, a seal member 24, a backup ring
25, and a receiving member 26.

[0036] In FIG. 2 and FIG. 3, the annular seat body 21 is made of resin such as a PEEK
material having more strength than that of PTFE. In mid course of each of inner and outer
circumferential surfaces of this annular seat body 21, a stepped part 30 is provided. A seat part
31 is provided on a tip side (ball 3 side) of this stepped side 30, and a holding part 32 is
provided on a rear end side (seat retainer 22 side). On the stepped part 30, a tapered surface
33 tilted to the tip side is formed. On this tapered surface 33, a swaging edge part 34 of the
seat retainer 22, which will be described further below, is provided so as to be capable of
close-contact and sealing. The tapered surface 33 in the present embodiment is provided at an
angle of substantially 45° from a horizontal direction in the drawing.

[0037] The seat part 31 of the annular seat body 21 is formed in a diameter-reduced form, that
is, in a slightly thin form with respect to the holding part 32. Also, the holding part 32 is formed
in a thicker form than the seat part 31. Furthermore, the holding part 32 is formed longer than
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the seat part 31.

[0038] On a tip surface of the seat part 31, a seal surface 35 in contact with a ball surface 3a
of the ball 3 is formed. This seal surface 35 is processed in a recessed arc shape substantially
identical in shape to an abutting region of the ball surface 3a.

[0039] The seat retainer 22 depicted in FIG. 2 is formed of stainless steel or a nickel base alloy
(including, for example, Inconel (registered trademark), although not limited thereto) as a base
material, and is provided to arrange the annular seat body 21 at a predetermined position of
the ball 3 for press sealing. By using the nickel base alloy, in particular, Inconel (registered
trademark), it is possible to obtain a seat retainer with high strength even if it is thin, resistant
to hydrogen embrittlement and, furthermore, with elongation characteristics required for
swaging, which will be described further below. The seat retainer 22 has a diameter-expanded
part 40 disposed on a ball 3 side and a cylinder part 41 with its diameter reduced more than
this diameter-expanded part 40. On an inner side of the seat retainer 22, an inner flow channel
42 is formed.

[0040] At a tip of the diameter-expanded part 40 of the secondary-side seat retainer 22, a ring-
shaped swaging edge part 34 is provided on a tip side of each of an inner cylinder 43 and an
outer cylinder 44. An attachment groove 45 formed of these inner and outer cylinders 43 and
44 is formed at a forward side of the diameter-expanded part 40. The swaging edge part 34 in
the present embodiment is formed to be thin to a degree of approximately 25% to 30% of the
thickness of the inner and outer cylinders 43 and 44. In the attachment groove 45, the holding
part 32 of the annular seat body 21 is formed so as to be attachable. In a state in which the
holding part 32 is attached to the attachment groove 45, the swaging edge parts 34 of the
inner and outer cylinders 43 and 44 are swaged to the stepped part 30 for close-contact and
fixing. With this, the seat part 31 protrudes more than a swaging position, specifically, a tip of
the swaging edge part 34.

[0041] On the other hand, in the metal seat mechanism 10 on the primary side, a ball seat
portion is integrally formed with this seat retainer 22 by the same metal material, and a metal-
made seat part 46 is formed at the tip of its diameter-expanded part 40. In this manner, the
primary side of the ball 3 is sealed by the metal-made seat part 46. A seal surface 46a of this
metal-made seat part 46 is formed in an approximately same shape as the seal surface 35 of
the seat part 31 in the soft seat mechanism 11 on the secondary side.

[0042] The cylinder part 41 of the seat retainer 22 is formed with a single outer dimeter and in
a straight form. On its outer perimeter, the seal member 24 and the backup ring 25 are
attached. In this state, the seal member 24 and the backup ring 25 are inserted in the inner
perimeter of the attachment hole 17. With this, the seat retainer 22 is provided so as to be
movable in a flow channel direction with respect to the communication hole 15 and, when
moved, the outer peripheral side of the cylinder part 41 is sealed by the seal member 24.

[0043] The spring member 23 is formed of a plurality of disc springs, and is attached to the
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seat retainer 22 in the communication hole 15 via the receiving member 26. By the spring
member 23, a repulsive force in a ball 3 direction is provided to the seat retainer 22, and the
annular seat body 21 is pressed to the ball 3 with a predetermined pressure to be sealed. The
spring member 23 may be a spring other than disc springs, and a coil spring may be provided.
The receiving member 26 is formed in a ring form, is attached to an opening side of the
attachment hole 17, and is configured to receive a force from the spring member 23.

[0044] In FIG. 1, the seal member 24 is formed of a rubber-made O ring, and the backup ring
25 is formed of PTFE (polytetrafluoroethylene). Although the seal member 24 and the backup
ring 25 may be formed of different materials, in this case, a soft material with the same degree
as that of rubber and PTFE is preferably used for each, thereby, here, allowing attachment to
the attachment hole 17 while sealability is exerted. The seal member 24 is protected, with the
backup rings 25 arranged on both sides.

[0045] The ball 3 is formed with stainless steel as a base material, has a shaft part 47 on an
upper part side and a trunnion (lower stem) 48 on a lower part side, and is rotatably provided,
with the shaft part 47 and the lower stem 48 mounted via a bearing 49 attached to the shaft
insertion hole 14. By rotating and operating the ball 3 by the stem 2 and making a
communication hole 3b formed inside the ball 3 and the inner flow channel 42 of the seat
retainer 22 communicate to each other, a valve open state is produced.

[0046] In the shaft insertion hole 14, a washer 51 accommodating a gasket 50, a gland 52, a
bush 53, and a bearing 54 are disposed, in addition to the bearing 49. Via these, the stem 2 is
rotatably attached inside the body 12.

[0047] The washer 51 is formed in a substantially cylindrical form, with the gasket 50 sealing
the outer perimeter of the stem 2 attached to an inner side and with a seal O ring 55 and a
protection ring 56 attached to an outer side. The washer 51 is disposed on an upper part side
of the stem 2 via the bearing 54. With this, the stem 2 is rotatably provided with respect to the
gasket 50 and the gland 52.

[0048] The gland 52 is formed in a substantially cylindrical form, and a lower part thereof is
provided with a cylinder part 57 in which an upper part side of the washer 51 can fit. The gland
52 fits in a fitting recessed part 58 formed in an upper part of the body 12 to be mounted on
the upper part of the washer 51. In this case, the bush 53 is attached from above the gasket
50 and, with this bush 53 interposed between the washer 51 and the gland 52, the gasket 50 is
pressed in a lower surface direction of the washer 51 to improve sealability. With this structure,
leakage of high-pressure fluid in a direction of the shaft insertion hole 14 is prevented.

[0049] On an upper surface of the body 12, a cover 60 is mounted, and an actuator 61 is
incorporated in the valve main body 1 via this cover 60. An output shaft not depicted of the
actuator 61 is connected to the stem 2, and the ball 3 is provided so as to be automatically
operated by the actuator 61 via the stem 2.
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[0050] Note that while the primary side of the ball valve is taken as the metal seat mechanism
10 in the above embodiment, a soft seat mechanism may be provided also on this primary side
similarly as the secondary side.

[0051] Subsequently, operation in the above embodiment of the structure for fastening the ball
seat for the ball valve of the present invention is described.

[0052] In the ball seat fastening structure of the present invention, the stepped part 30 is
provided to the resin-made annular seat body 21, and the seat part 31 and the holding part 32
are each provided, the holding part 32 is attached to the attachment groove 45 provided at the
tip of the seat retainer 22, the swaging edge part 34 provided to the inner and outer cylinders
43 and 44 is swaged to the stepped part 30 for close-contact and fixing, and the annular seat
body 21 is fastened to the seat retainer 22 so that the seat part 31 protrudes more than this
swaging position, thereby allowing the position of the annular seat body 21 to be regulated by
the swaged region in a pullout direction to prevent positional misalignment and pullout. Thus,
when the valve main body 1 is provided to a flow channel in which ultrahigh-pressure fluid of
90 MPa or higher flows, the ultrahigh-pressure fluid is prevented from infiltrating into a gap
between the annular seat body 21 and the seat retainer 22 when the ball 3 is operated from
open to close, and subtle leakage to the secondary side is reliably prevented.

[0053] When the valve is closed in FIG. 2, if fluid pressure is applied to the ball 3, the valve
main body 1 exerts high sealability by a seal scheme called a double seal scheme. The double
seal scheme is a scheme of exerting a seal force by a force for crushing an initial crushing
margin of the seat part 31 by a spring force of the spring member 23 for close contact with the
ball 3 together with the seat retainer 22 and by a so-called autofrettage force to make the ball
3 and the seat part 31 in close contact with each other by a pressing force by fluid, and has a
characteristic of enhancing sealability by using the pressure by high-pressure fluid. On that
occasion, the autofrettage force can be increased by adjusting the width dimension of the seat
part 31 in a diameter direction.

[0054] Here, an outer diameter side of the annular seat body 21 makes close contact with the
seat retainer 22 to prevent the fluid from infiltrating into this outer diameter region from a cavity
side inside the valve main body 1, and the annular seat body 21 can be prevented from
popping up by the pressure from this cavity side. On the other hand, with an inner diameter
side of the annular seat body 21 making close contact with the seat retainer 22, the fluid is
prevented from infiltrating into this inner diameter region from a flow channel side, and the
annular seat body 21 can be prevented from popping up by the pressure from this flow
channel side.

[0055] Furthermore, with the seat part 31 protruding to the flow channel side more than the
swaging position, the swaging edge part 34 does not make contact with the ball 3 when this
seat part 31 and the ball 3 are sealed, and the swaging portion does not influence sealability of
the seat part 31 and the ball 3. In this case, the seat part 31 is formed in a diameter-reduced
form, and the holding part 32 is formed so as to be thicker than this seat part 31. Also, the
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holding part 32 is formed so as to be longer than the seat part 31. With this, stiffness on a
holding part 32 side is improved and, also with respect to high-pressure fluid, a tilt of the seat
part 31 and so forth are prevented to exert stable sealing performance, and operation
durability performance can be improved.

[0056] In the flow channel direction, with the swaging edge part 34 on an inner diameter side
being away from the ball 3 more than the swaging edge part 34 on an outer diameter side,
there is no possibility for the swaging edge part 34 on the inner diameter side to make contact
with the ball surface 3a, and the swaged region does not influence seal performance of the
seat part 31.

[0057] From these, when the above-described ball valve is used for a hydrogen station in
which high-pressure hydrogen flows, leakage from the secondary side is prevented to prevent
hydrogen from remaining in the flow channel for hydrogen filling, and connection of a nozzle
region for hydrogen filing to a hydrogen tank of a vehicle is easily made. Since
depressurization in the flow channel can be minimized to suppress discharge of hydrogen, a
hydrogen station excellent in cost reduction and also in view of ecology can be provided.

[0058] Next, a method for fastening the ball seat for the ball valve is described.

[0059] The above-described annular seat body 21 is fastened to the seat retainer 22 by a
swaging jig 70 depicted in FIG. 4 and FIG. 5. The swaging jig 70 has an upper-mold jig 71 and
a lower-mold jig 72, and the seat retainer 22 and the annular seat body 21 are attached
therebetween for swaging.

[0060] On a bottom surface side of the upper-mold jig 71, a tilted surface 73 for swaging each
swaging edge part 34 on the outer and inner periphery of the seat retainer 22 is provided at
each of inner and outer peripheral position. Between these tilted surfaces 73, 73, a space part
74 for avoiding a contact near the seat part 31 of the annular seat body 21 provisionally
attached to the seat retainer 22 is annularly formed. Each tilted surface 73 is provided at an
angle of substantially 45° from a perpendicular direction in the drawing. On each of an inner
peripheral side of the inner-peripheral-side tilted surface 73 and an outer peripheral side of the
outer-peripheral side tilted surface 73, a recess part 75 is formed in a cutout manner. In FIG.
4, a columnar projecting part 76 is formed at a center part of the bottom surface of the upper-
mold jig 71, and this columnar projecting part 76 is provided to have an outer diameter so as to
fitin the inner flow channel 42 of the seat retainer 22.

[0061] On the other hand, on an upper surface side of the lower-mold jig 72, an attachment
recessed part 80 is formed in which the diameter-expanded part 40 of the seat retainer 22 can
fit. Continuously to this attachment recessed part 80, a fit-in hole part 81 is formed in which the
cylinder part 41 can fit. To these attachment recessed part 80 and fit-in hole part 81, the seat
retainer 22 to which the annular seat body 21 is provisionally attached is attached in a
positioning state and, with the upper-mold jig 71 descending from the above, swaging is
performed.
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[0062] In FIG. 4, when swaging is performed, first, the seat retainer 22 with the annular seat
body 21 provisionally attached to the attachment groove 45 is attached to the lower-mold jig
72. Here, with the diameter-expanded part 40 fitting in the attachment recessed part 80 of the
lower-mold jig 72 and with the cylinder part 41 fitting in the fit-in hole part 81, the seat retainer
22 can be attached to the lower-mold jig 72 as being positioned in a centered state.

[0063] Subsequently, the upper-mold jig 71 is moved to descend with respect to the seat
retainer 22 attached to the lower-mold jig 72, and the tilted surface 73 of this upper-mold jig 71
is positioned by being caused to abut on a tapered end face part 82 formed at an angle of
substantially 45° continuously to the swaging edge part 34 of the seat retainer 22. With this
positioning, positional misalignment of the upper-mold jig 71 with respect to the lower-mold jig
72 is prevented via the seat retainer 22.

[0064] By causing the upper-mold jig 71 to descend, the swaging edge part 34 is swaged
along the tapered end face part 82 to be fixed to and in close contact with the tapered surface
33, and the annular seat body 21 is integrally fastened to the seat retainer 22. Only by causing
the upper-mold jig 71 to descend so that its tilted surface 73 abuts on the tapered end face
part 82 of the seat retainer 22, accuracy in swaging can be enhanced, for example, the
swaging edge part 34 of the seat retainer 22 can be extendedly provided at a substantially
same angle as that of the tapered end face part 82.

[0065] Also, only by being tilted, the swaging edge part 34 can be fixed to and in close contact
with the tapered surface 33 of the stepped part 30. Therefore, not only swaging is facilitated,
but also an area to which plastic deformation is applied by swaging near the swaging edge part
34 can be minimized.

[0066] Furthermore, with the tilted surface 73 of the upper-mold jig 71 abutting on the tapered
end face part 82 of the seat retainer 22, descent of the upper-mold jig 71 can be regulated,
and the swaging edge part 34 can be prevented from being excessively pressed.

[0067] Also, the tapered end face part 82 of the seat retainer 22 is formed so as to have its
angle substantially equal to the angle of the swaging edge part 34. With this, compared with
the case in which it is formed at a shallow angle (for example, 30°) for preventing a contact
with the upper-mold jig 71, the strength at the tip of the retainer can be ensured, the strength
of the swaging edge part 34 required for close-contact and fixing with the stepped part 30 of
the annular seat body 21 can be kept, and it is possible to prevent the ball seat from being
misaligned or detached due to deformation of the swaging edge part 34 even with high-
pressure fluid of 90 MPa or higher.

[0068] Furthermore, the swaging edge part 34 swaged at a substantially same angle as that of
the tapered end face part 82 of the seat retainer 22 and the tapered surface 33 of the stepped
part 30 of the annular seat body 21 have a substantially same angle, that is, are parallel to
each other. Thus, there is a merit of preventing an occurrence of a gap between the swaging
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edge part 34 and the tapered surface 33.

[0069] After this swaging, the seat retainer 22 having the annular seat body 21 swaged and
fixed thereto is removed from the swaging jig 70, a removal portion 31a indicated by cross
hatching at a tip side of the seat part 31 depicted in FIG. 5 is removed by curved surface
finishing, and the seal surface 35 is formed at a tip surface of the seat part 31.

[0070] Note that with swaging being made so that the swaging edge part 34 makes surface
contact with the tapered surface 33 of the stepped part 30 of the annular seat part 21, even if
variations in dimension are present at the time of swaging, this dimensional error can be
absorbed, and the swaging edge part 34 can be in close contact with and fixed to the stepped
part 30.

[0071] Furthermore, when the swaging edge part 34 is swaged to the stepped part 30 of the
annular seat body 21, by using wedge operation by the tapered surface 33 of the stepped part
30 or by the swaging edge part 34 tilted and extendedly provided at a substantially same angle
as that of the tapered end face part 82, when the swaging edge part 34 swages the stepped
part 30 in a manner that tends to press in a slightly axial direction, that is, a downward direction
of FIG. 5, the dimensional error at the time of swaging can be further absorbed, and close-
contact sealability of this component can be enhanced.

[0072] Furthermore, with the recess part 75 being formed in the upper-mold jig 71, a gap is
provided by this recess part 75 when the tilted surface 73 of the upper-mold jig 71 is caused to
abut on the tapered end face part 82. With this gap, a swaging force is prevented from being
transmitted from the tilted surface 73 to the entire swaging edge part 34, excessive
deformation of the swaging edge part 34 is prevented, and a close contact with the tapered
surface 33 can be achieved in a state of less distortion.

[0073] Furthermore, after deformation of the swaging edge part 34, a gap G is formed
between the tip side of this swaging edge part 34 and the seat part 31. With this gap G, while
the dimensional error of the swaging edge part 34 is tolerated, the tip of the swaging edge part
34 is prevented from making contact with the seat part 31, and the gap between the swaging
edge part 34 and the tapered surface 33 is closed to reliably prevent the fluid from infiltrating
from this portion.

[0074] When the seal surface 35 of the seat part 31 after swaging is processed, with the seat
part 31 protruding more than the stepped part 30, this seal surface 35 can be processed after
swaging. Therefore, the seal surface 35 does not receive an influence by swaging, and can be
prevented from being damaged.

[0075] Next, a hydrogen station using the above-described trunnion-type ball valve is
described.

[0076] In FIG. 6, a schematic view of a hydrogen station is depicted. The above-described



DK/EP 3150886 T3

trunnion-type ball valve for high pressure is provided to a line as depicted for supplying
hydrogen. The hydrogen station has a hydraulic accumulator 90, a compressor 91, a
dispenser 92, a precool heat exchanger 93, a quick joint 94, a filling hose 95, a filling nozzle
96, and a vehicle-mount tank 97, and these are provided to a high-pressure hydrogen supply
line 98.

[0077] Since the above-described trunnion-type ball valve has small pressure loss, with the
trunnion-type ball valve provided to the secondary side of the hydraulic accumulator 90, the
entire pressure loss is decreased, and therefore the trunnion-type ball valve is suitable for a
system of this type. As depicted in FIG. 6, as a trunnion-type ball valve, a manual valve 100 is
provided to a connection region of each unit of the hydrogen station, and an automatic valve
101 is provided on a primary side or a secondary side of each unit. With these manual valves
100 and automatic valves 101, opening and closing of a flow channel is controlled.

[0078] The inside of the hydraulic accumulator 90 is divided into a plurality of tanks, and the
valve 100 connecting each tank and the compressor 91 and the valve 100 connecting each
tank and the dispenser 92 are provided. By switching these valves 100, hydrogen is supplied
from a tank having reached a predetermined pressure to the dispenser 92. On the other hand,
a tank below a predetermined lower-limit value pressure is filled with hydrogen from the
compressor 91 until reaching the predetermined pressure.

[0079] The automatic valve 101 arranged inside the dispenser 92 is provided so as to be
opened and closed in accordance with start and end of filling of gaseous hydrogen. The filling
nozzle 96 is connected to the automatic valve 101 via the filling hose 95. The dispenser 92 is
provided with a depressurizing mechanism 103 having a shutoff valve 102. This depressurizing
mechanism 103 has a function of discharging, with the shutoff valve 102 being opened along
with the end of filling of hydrogen, hydrogen in the filling hose 95 to the air or a hydrogen
collection line substantially equivalent to atmospheric pressure. The automatic valve 101 is a
trunnion-type ball valve, with the metal seat mechanism 10 disposed on the primary side to
which hydrogen pressure from the hydraulic accumulator 90 or the like is always loaded and
the soft seat mechanism 11 with the resin-made annular seat body 21 closely contacted
therewith and fixed thereto by swaging disposed on the secondary side to which hydrogen
pressure and atmospheric pressure are alternately loaded along with filling and
depressurization of hydrogen.

[0080] In this hydrogen station supply line 98, hydrogen supply is controlled by a
predetermined program, and an appropriate amount of hydrogen is supplied in accordance
with a supply amount to a vehicle.

Industrial Applicability

[0081] The present invention is suitable for, in particular, piping equipment in which hydrogen
or the like of high-pressure fluid for use in a fuel cell flows. At least for a conduit in which high-
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pressure fluid flows, the present invention can exert excellent sealability and torque
performance, and is suitable, for example, for a ball valve for high pressure for use in locations
where various high-pressure fluids flow, such as a valve in a CNG (Compressed Natural Gas:
liquefied natural gas) station and a valve for pipeline.

Description of Reference Numerals

[0082]

1
valve main body

3

ball
3a

ball surface
10

metal seat mechanism
11

soft seat mechanism
21

annular seat body
22

seat retainer
30

stepped part
31

seat part
32

holding part
33

tapered surface
34

swaging edge part
35

seal surface
43

inner cylinder
44

outer cylinder
45

attachment groove
70

swaging jig
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73

tilted surface
82

tapered end face part
98

supply line
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PATENTKRAV
1. Kugleventil af taptypen til ultrahgjstryksfluid, hvor der er anbragt en metalsedemekanisme
(10) pa en primer side af kugleventilen, der har en struktur af taptypen, kendetegnet ved,
at der er anbragt et kuglesade pa den sekundare side, idet kuglesadet er fastgjort til en
sedeholder (22) ved hjelp af en fastggrelsesstruktur, hvilken kugleventil af taptypen omfatter:
et af harpiks fremstillet ringformet sedekorpus (21);
idet sedeholderen (22) er forsynet med en indre og en ydre cylinder (43, 44) med en
ringformet s@enksmedningskantdel (34), der er dannet pa en spids side af den indre og
den ydre cylinder (43, 44);
idet sedeholderen (22) har en fastggrelsesrille (45), som er dannet af den indre og den
ydre cylinder (43, 44);
idet det ringformede s@dekorpus (21) omfatter en trappeformet del (30), der er anbragt 1
midten af hver af den indre og den ydre perifere flade af sedekorpusset (21), og en
seededel (31), der er anbragt pa en spids side, og en fastholdelsesdel (32), der er anbragt
pa en bageste endeside af seedekorpusset (21);
en konisk flade (33), der er vippet til den spidse side og er dannet pa hver
trappeformede del (30);
idet fastholdelsesdelen (32) er fastgjort til fastggrelsesrillen (45), og senksmedningskantdelen
(34) af den indre og den ydre cylinder (43, 44) er i tet kontakt med og tetnet og fastgjort ved
seenksmedning til de koniske flader (33) med henblik pa at fa sededelen (31) til at rage mere

frem end en senksmedningsposition.

2. Kugleventil af taptypen ifglge krav 1, hvor sededelen (31) er dannet i en diameterreduceret
form, fastholdelsesdelen (32) er dannet 1 en tyk form, og fastholdelsesdelen (32) er dannet med

henblik pa at vere lengere end sededelen (31).

3. Kugleventil af taptypen ifglge et hvilket som helst af kravene 1 eller 2, hvor det ringformede
sedekorpus (21) er dannet af et PEEK-materiale, og en tetningsflade, som er i kontakt med en

kugleflade, er dannet pa en spids flade af seededelen (31).

4. Kugleventil af taptypen ifglge et hvilket som helst af kravene 1 til 3, hvor sedeholderen (22)

er dannet af en nikkelbasislegering.
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5. Hydrogenstation, hvor der anvendes en kugleventil ifglge krav 1, hvor kugleventilen er

anbragt i en ledning, som tilfgrer hydrogen.

6. Hydrogenstation, der omfatter en automatisk kugleventil af taptypen, som er anbragti en
aftapningsindretning og abner og lukker sammen med pabegyndelse og afslutning af
pafyldning af hydrogen, idet hydrogenstationen endvidere omfatter en pafyldningsdyse, der via
en pafyldningsslange er forbundet med den automatiske ventil, og en
trykformindskelsesmekanisme, som afgiver hydrogen i pafyldningsslangen ind i luft sammen
med afslutningen af pafyldningen af hydrogen, hvor den automatiske ventil har en
metalseedemekanisme (10), der er anbragt pa en primer side, som altid er belastet med
hydrogentryk fra en hydraulisk akkumulator eller lignende,
kendetegnet ved, at
den automatiske ventil har en blgd sedemekanisme (11) med en struktur til fastggrelse af et
kugleszde til en kugleventil til ultrahgjstryksfluid, idet kuglesadet er anbragt pa mindst den
sekundere side, der skiftevis belastes med hydrogentryk og atmosferisk tryk sammen med
pafyldning og trykformindskelse af hydrogen, hvilken struktur omfatter:
et af harpiks fremstillet ringformet sedekorpus (21);
en saedeholder (22), der er forsynet med en indre og en ydre cylinder (43, 44) med en
ringformet s@enksmedningskantdel (34), som er dannet pa en spids side af den indre og
den ydre cylinder (43, 44);
idet sedeholderen (22) har en fastggrelsesrille (45), som er dannet af den indre og den
ydre cylinder (43, 44);
idet det ringformede s@dekorpus (21) omfatter en trappeformet del (30), der er anbragt 1
midten af hver af den indre og den ydre perifere flade af s®dekorpusset (21), og en
seededel (31), der er anbragt pa en spids side, og en fastholdelsesdel (32), der er anbragt
pa en bageste endeside af seedekorpusset (21);
en konisk flade (33), der er vippet til den spidse side og er dannet pa hver
trappeformede del (30);
idet fastholdelsesdelen (32) er fastgjort til fastggrelsesrillen (45), og senksmedningskantdelen
(34) af den indre og den ydre cylinder (43, 44) er i tet kontakt med og tatnet og fastgjort ved
seenksmedning til de koniske flader (33) med henblik pa at fa sededelen (31) til at rage mere

frem end en senksmedningsposition.



DK/EP 3150886 T3

DRAWINGS
Fig. 1
53 5|6 55 61
{ \f\ J‘ \
g st ) |
1 B )

60—
o = I e,
50—-72 ) 54
12— /] SOETRL

49—
15 15 2
17 \ 25
L o NG
(7 - L 20
K
19 777
20 19
P \ 17 42 13
25 T T T T T T >—3a
24 23110| \ 48|3b |22 |26
1649 | 3 11 15

1



DK/EP 3150886 T3

€¢ G ¢ vE egy
Gl\ €V ¥y ¥1|0C IS OE 8F 0L 6y ¢¢ €I 91
I . ¥ [
7 N
Ly
NqJW/ N ~/
¢mJA//\ A4
NM! P
) /)
I v i ]
A
=1 i
¢l 91 ¢l 1¢ €€16V GE ¢© 9  of GL  €¢ gl

oY

Ll

Ly 14}

g '8



DK/EP 3150886 T3

Fig. 3
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