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(57) Abrege/Abstract:

In a pressure reducing valve, a valve mechanism Including a valve body that can be seated on a valve seat Is housed In a body and
a valve shaft portion which is coaxially connected to the valve body Is linked to a central part of a diaphragm. A diaphragm rod (85)
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(57) Abrege(suite)/Abstract(continued):
that integrally has a first retainer (83) abutting against one face of the diaphragm (16) is inserted through the central part of the

diaphragm (16); and at least a second retainer (84) Is sandwiched between the other face of the diaphragm (16) and an
engagement portion (89) which is formed by crimping one end portion of the diaphragm rod (85) on a spring chamber side,
thereby forming a diaphragm assembly (90) including at least the diaphragm (16), the second retainer (84), and the diaphragm rod
(85) that integrally has the first retainer (83). Further, the diaphragm rod (85) of the diaphragm assembly (90) is linked to the valve
shaft portion (34b). Accordingly, the productivity at the time of assembling the pressure reducing valve can be enhanced.
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ABSTRACT

In a pressure reducing valve, a valve mechanism including a valve body that can be
seated on a valve seat is housed in a body and a valve shaft portion which 1s coaxially

connected to the valve body is linked to a central part of a diaphragm. A diaphragm rod (85)

that integrally has a first retainer (83) abutting against one face of the diaphragm (16) is
inserted through the central part of the diaphragm (16); and at least a second retainer (84) 1S
sandwiched between the other face of the diaphragm (16) and an engagement portion (89)
which is formed by crimping one end portion of. the diaphragm rod (85) on a spring chamber
side, thereby forming a diaphragm assembly (90) including at least the diaphragm (16), the
second retainer (84), and the diaphragm rod (85) that integrally has the first retainer (83).
Further, the diaphragm rod (85) of the diaphragm assembly (90) is linked to the valve shaft
portion (34b). Accordingly, the productivity at the time of assembling the pressure reducing

valve can be enhanced.
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DESCRIPTION
TITLE OF INVENTION: PRESSURE REDUCING VALVE
TECHNICAL FIELD

[0001] The present invention relates to a pressure reducing valve in which, a valve

echanism including a valve body that can be seated on a valve seat which faces a valve

chamber communicating with a high pressure passage and which has a valve hole opening 1n
a central part is housed in a body, a valve shaft portion which 1s coaxially connected to the
valve body so as to extend through the valve hole is linked to a central part of a diaphragm
that has one face facing a pressure action chamber, imnto which fluid pressure on a downstream
side of the valve hole is guided, and the other face facing a spring chamber, and a spring
exhibiting a spring force that urges the diaphragm toward the side on which the volume of the
pressure action chamber 1s decreased 1s housed in the spring chamber.
BACKGROUND ART
[0002] A pressure reducing valve in which a valve shaft portion being coaxially connected to
a valve body of a valve mechanism housed in a body is linked to a central part of a diaphragm
1S known from Patent Document 1.

Patent Document 1: Japanese Patent Application Laid-open No. 2008-180312
DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
(0003} In the pressure reducing valve disclosed by Patent Document 1 above, the valve shaft
portion provided continuously on the valve body which 1s incorporated in the body is linked
to the central part of the diaphragm by placing the O ring, the first retainer, the diaphragm, the
second retainer, and the washer successively one after another on the valve shaft portion, and
then threadedly engaging and fastening the nut to the tip end portion of the valve shaft
portion. Accordingly, in a state in which the shaft valve portion 1s incorporated into the body
side, a work for fastening a nut needs to be performed, thereby deteriorating the workability.
[0004] The present invention has been accomplished in light of such circumstances, and it is
an object thereof to provide a pressure reducing valve that can enhance the productivity at the
time of assembling the pressure reducing valve.
MEANS FOR SOLVING THE PROBLEMS
[0005] In order to attain the above object, according to a first aspect of the present invention,

there is provided a pressure reducing valve in which, a valve mechanism including a valve
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body that can be seated on a valve seat which faces a valve chamber communicating with a
high pressure passage and which has a valve hole opening in a central part i$ housed 1in a

body, a valve shaft portion which 1s coaxially connected to the valve body so as to extend
through the valve hole 1s linked to a central part of a diaphragm that 1s actuated in accordfmce
with fluid pressure of a pressure action chamber, 1nto which fluid pressure on a downstream
side of the valve hole fs guided, characterized 1n that a diaphragm rod is linked to the central

part of the diaphragm, and the valve shaft portion and the diaphragm rod are linked by a

resilient engagement portion between an outer periphery of an insertion part and an inner
periphery of an imsertion hole, the insertion part being provided on one of the valve shaft
portion and the diaphragm rod so as to extend in an axial direction, the insertion hole being
provided on the other of the valve shaft portion and the diaphragm rod so as to permit
isertion of the insertion part therethrough.

[0006] Further, according to a second aspect of the present invention, there is provided a
pressure reducing valve 1n which, a valve mechanism including a valve body that can be
seated on a valve seat which faces a valve chamber communicating with a high pressure
passage and which has a valve hole opening in a central part is housed in a body, a valve shaft
portion which 15 coaxially connected to the valve body so as to extend through 'the valve hole
1s linked to a central part of a diaphragm that has one face facing a pressure action chamber,
into which fluid pressure on a downstream side of the valve hole is guided, and the other face
facing a spring chamber, and a spring exhibiting a spring force that urges the diaphragm
toward the side on which the volume of the pressure action chamber is decreased is housed in

the spring chamber, characterized in that a diaphragm rod that integrally has a sandwich

surtace facing the one face side of the diaphragm is inserted through the central part of the
diaphragm so as to sandwich a first retainer and an annular seal member between the one face
of the diaphragm and the sandwich surface, the first retainer abutting against the one face of
the diaphragm, the annular seal member being disposed between the first retainer and the
sandwich surface; and at least a second retainer is sandwiched between the other face of the
diaphragm and an engagement portion which is formed by crimping one end portion of the
diaphragm rod on the spring chamber side, thereby forming a diaphragm assembly including
at least the diaphragm rod, the seal member, the first retainer, the diaphragm, and the second

retainer, and the diaphragm rod of the diaphragm assembly is linked to the valve shaft portion.

, AMENDED SHEET



CA 02748702 2015-03-26

70488-396

diaphragm so as to sandwich a first retainer and an annular seal member between the one face
of the diaphragm and the sandwich surface, the first retainer abutting against the one face ot
the diaphragm, the annular seal member being disposed between the first retainer and the
sandwich surface; and at [east a second retainer is sandwiched between the other face of the
diaphragm and an engagement portion which is formed by crimping one end portion of the
diaphragm rod on the spring chamber side, thereby forming a diaphragm assembly including
at least the diaphragm rod, the seal member, the first retainer, the diaphragm, and the second
retainer, and the diaphragm rod of the diaphragm assembly is linked to the valve shaft portion.
[0007] According to a third aspect of the present invention, there is provided a pressure
reducing valve in which, a valve mechanism including a valve body that can be seated on a
valve seat which faces a valve chamber communicating with a high pressure passage and
which has a valve hole opening in a central part is housed in a body, a valve shaft portion
which is coaxially connected to the valve body so as to extend through the valve hole 1s
linked to a central part of a diaphragm that has one face facing a pressure action chamber, into
which fluid pressure on a downstream side of the valve hole is guided, and the other face
facing a spring chamber, and a spring exhibiting a spring force that urges the diaphragm
toward the side on which the volume of the pressure action chamber is decreased is housed in
the spring chamber, characterized in that a short cylindrical shaped rib forming a central hole
in a central part of the diaphragm is integrally provided with the one face of the diaphragm so

as to protrude therefrom; a diaphragm rod having a first sandwich surface, an annular second
sandwich surface, and a third sandwich surface is inserted through the central hole of the
diaphragm, the first sandwich surface sandwiching a first retainer between itself and the one
face of the diaphragm, the second sandwich surface being abutted by an end portion of the rib
at a position inward of the first retainer, the third sandwich surface being abutted by a second
retainer which sandwiches the rib between itself and the second sandwich surface and which
sandwiches the diaphragm and the first retainer between itself and the first sandwich surface;
and at least the second retainer is sandwiched between the third sandwich surface-and an
engagement portion which is formed by crimping one end portion of the diaphragm rod on the

¢~

spring chamber side, thereby forming a diaphragm assembly including at least the diaphragm
\ |
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rod, the first retainer, the diaphragm, and the second retainer, and the diaphragm rod of the
diaphragm assembly is linked to the valve shaft portion.

[0008] According to a fourth aspect of the present invention, in addition to the configuration
of any one of the first to third aspects, an insertion hole into which an insertion part provided
on one of the valve shaft portion and the diaphragm rod is inserted is provided on the other of
the valve shaft portion and the diaphragm rod, and the valve shaft portion and the d‘iaphragm
rod are linked by a resilient engagement portion between an outer periphery of the insertion
part and an inner periphery of the insertion hole.

[0009] According to a fifth aspect of the present invention, in addition to the configuration of
the fourth aspect, the resilient engagement portion comprises: ring-shaped engagement
channels provided respectively on the outer periphery of the insertion part and the inner
periphery of the insertion hole; and an engagement ring engaging with the engagement
channels so that the engagement ring can resiliently expand and contract in a radial direction.
10010] According to a sixth aspect of the present 'invention, 1n addition to the configuration
of the first or second aspect, the first retainer and the second retainer, which are each made of

metal, abut against each other directly or via a metal washer within a central hole which is

provided in the central part of the diaphragm so as to permit insertion of the diaphragm rod

therethrough.

[0011] According to a seventh a'SpCCtTOf the present invention, in addition to the first, second
or sixth aspect, a plate thickness of an inner peripheral edge part of the diaphragm is constant
in a natural state, and with respect to a gap b€tween the first and second retainers, é portion
with a minimum gap is positioned further outward in a radial direction of the diaphragm than
a portion with a maximum gap.

[0012] According to an eighth aspect of the present invention, in addition to the configuration
of the first, second, sixth or seven aspect, a channel having a substantially V-shaped cross-
section is formed on at least one of faces on the diaphragm side of the first retainer and the

second retainer so as to make part of the diaphragm bite into the channel.
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[0012a] According to another aspect of the present invention there is provided a pressure
reducing valve in which, a valve mechanism housed 1n a body, the valve mechanism including
a valve body adapted to be seated on a valve seat which faces a valve chamber
communicating with a high pressure passage and which has a valve hole opening in a central
part of the valve seat, a valve shaft portion which 1s coaxially connected to the valve body so
as to extend through the valve hole 1s linked to a central part of a diaphragm that has one face
facing a pressure action chamber, into which fluid pressure on a downstream side of the valve
hole 1s guided, and the other face facing a spring chamber, and a spring exhibiting a spring
force that urges the diaphragm toward the side on which the volume of the pressure action
chamber is decreased is housed in the spring chamber, wherein a diaphragm rod that integrally
has a sandwich surface facing the one face side of the diaphragm is inserted through the
central part of the diaphragm so as to sandwich a first retainer and an annular seal member
between the one face of the diaphragm and the sandwich surface, the first retainer abutting
against the one face of the diaphragm, the annular seal member being disposed between the
first retainer and the sandwich surface; and at least a second retainer 1s sandwiched between
the other face of the diaphragm and an engagement portion which is formed by crimping one
end portion of the diaphragm rod on the spring chamber side, thereby forming a diaphragm
assembly 1ncluding at least the diaphragm rod, the seal member, the first retainer, the

diaphragm, and the second retainer, and the diaphragm rod of the diaphragm assembly is
linked to the valve shaft portion.

[0012b] According to another aspect of the present invention there is provided a pressure

reducing valve in which, a valve mechanism housed in a body, the valve mechanism including
a valve body adapted to be seated on a valve seat which faces a valve chamber
communicating with a high pressure passage and which has a valve hole opening in a central

part of the valve seat, a valve shaft portion which is coaxially connected to the valve body so
as to extend through the valve hole is linked to a central part of a diaphragm that has one face
facing a pressure action chamber, into which fluid pressure on a downstream side of the valve
hole 1s guided, and the other face facing a spring chamber, and a spring exhibiting a spring
force that urges the diaphragm toward the side on which the volume of the pressure action

chamber 1s decreased is housed in the spring chamber, wherein a short cylindrical shaped rib
4a
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forming a central hole in a central part of the diaphragm 1s integrally provided with the one
face of the diaphragm so as to protrude therefrom; a diaphragm rod having a first sandwich
surface, an annular second sandwich surface, and a third sandwich surface 1s inserted through
the central hole of the diaphragm, the first sandwich surface sandwiching a first retainer
between itself and the one face of the diaphragm, the second sandwich surface being abutted
by an end portion of the rib at a position inward of the first retainer, the third sandwich surface
being abutted by a second retainer which sandwiches the rib between itself and the second
sandwich surface and which sandwiches the diaphragm and the first retainer between 1tself
and the first sandwich surface:; and at least the second retainer 1s sandwiched between the third
sandwich surface and an engagement portion which 1s formed by crimping one end portion of
the diaphragm rod on the spring chamber side, thereby forming a diaphragm assembly
including at least the diaphragm rod, the first retainer, the diaphragm, and the second retainer,

and the diaphragm rod of the diaphragm assembly 1s linked to the valve shaft portion.

|0012c] According to another aspect of the present invention there is provided a pressure
reducing valve in which, a valve mechanism housed 1n a body, the valve mechanism including
a valve body adapted to be seated on a valve seat which faces a valve chamber

communicating with a high pressure passage and which has a valve hole opening in a central
part of the valve seat, a valve shaft portion which is coaxially connected to the valve body so
as to extend through the valve hole 1s linked to a central part of a diaphragm that is actuated in
accordance with fluid pressure of a pressure action chamber, into which fluid pressure on a

downstream side of the valve hole 1s guided, wherein a diaphragm rod is linked to the central
part of the diaphragm, and the valve shaft portion and the diaphragm rod are linked by a
resilient engagement portion between an outer periphery of an insertion part and an inner
periphery of an insertion hole, the insertion part being provided on one of the valve shaft
portion and the diaphragm rod so as to extend in an axial direction, the insertion hole being

provided on the other of the valve shaft portion and the diaphragm rod so as to permit

insertion of the insertion part therethrough.

EFFECTS OF THE INVENTION

4b
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[0013] In accordance with the first aspect of the present invention, the diaphragm assembly
including at least the diaphragm, the second retainer, and the diaphragm rod that integrally
has the first retainer is formed by crimping one end portion of the diaphragm rod; and thereby
the diaphragm rod of the diaphragm assembly is linked to the valve shaft portion.
Accordingly, it is possible to enhance the productivity compared with conventional
attachment using a nut. Moreover, since the diaphragm rod can be held using a jig, a
crimping method can be employed, whereas in a method in which respective components are
stacked on a valve shaft portion as in a conventional method, since the valve shaft portion is
inéorporated into the body side, it is difficult to hold the valve shaft portion side using a jig; if
crimping is carried out in this state, the crimping pressure acts on components of the pressure
reducing, valve, and there is a possibility of the components being deformed.

[0014] Furthér, in accordance with the second aspect of the present invention, the diaphragm
assembly including at least the diaphragm rod, the seal member, the first retainer, the
diaphragm, and the second retainer is formed by crimping one end portion of the diaphragm
rod; and thereby the diaphragm rod of the diaphragm assembly is linked to the valve shaft
portion. Accordingly, it is possible to enhance the productivity compared with conventional
attachm-cnt using a nut. Moreover, since the diaphragm rod can be held using a jig, a
crimping method can be employed, whereas in a method in which respective components are
stacked on a valve shaft portion as in a conventional method, since the valve shaft portion is
incorporated into the body side, it is difficult to hold the valve shaft portion side using a jig; if
crimping is carried out in this state, the crimping pressure acts on components of the pressure
reducing valve, and there is a possibility of the components being deformed.

[0015] In accordance with the third aspect of the present invention, the diaphragm assembly
including at least the diaphragm rod, the first retainer, the diaphragm, and the second retainer
is formed by crimping one end portion of the diaphragm rod; and thereby the diaphragm rod
of the diaphragm assembly is linked to the valve shaft portion. Accordingly, it is possible to
enhance the productivity compared with conventional attachment using a nut. Moreover,
since th-c diaphragm rod can be held using a jig, a crimping method can be employed, whgreas..

in a method in which respective components are stacked on a valve shaft portion as n a
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second retainers can be set with high precision, and thereby high reliability for sealing

properties and resistance to coming out can be obtained. When the metal pieces do not abut
against each other, control of the compression ratio has to be carried out only by setting of the
crimping load, 1t is necessary to set the crimping load extremely precisely, and in order to find
out an appropriate crimping load it is necessary to carry out an incremental test, etc. in which
cnimping 1s carried out with various loads and the compression ratio i1s measured each time.

Moreover, the compression ratio cannot be directly measured after crimping. Therefore, In

AMENDED SHEET
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order to set an optimum crimping load, a large number of testing works and complicated
operations are required, thus causing an increase In development cost.

(0019] In accordance with the seventh aspect of the present invention, the sealing properties
between the diaphragm and the first and second retainers can be enhanced by compressing
with a relatively large load the diaphragm at the portion having the minimum gap. In
addition, when the load to pull toward the outward in the radial direction is applied on the
inner peripheral part of the diaphragm, it is necessary to compress the portion positioned more
radially inward than the minimum gap of the diaphragm in order to pass the portion having
the minimum gap between the first and second retainers. Accordingly, even if an inexpensive

flat diaphragm is used, the resistance to coming out of the diaphragrh can be improved.

[0020] In accordance with the eighth aspect of the present invention, a V-shaped channel
makes part of the diaphragm bite into the channel, thereby enhancing the sealing properties

and the load of the resistance to coming out of the diaphragm.

BRIEF DESCRIPTION OF DRAWINGS

[0021]

|[FIG. 1] FIG. 1 1s a longitudinal sectional view of a pressure reducing valve for LPG fuel,
which 1s also a sectional view taken along a line 1-1 in FIG. 2 (first embodiment).

[FIG. 2] FIG. 2 is a sectional view taken along a line 2-2 in FIG. 1 (first embodiment).

(FIG. 3] FIG. 3 is an enlarged view of a part shown by an arrow 3 in FIG. 1 (first

embodiment).

[F1G. 4] FIG. 4 is an exploded perspective view of a gas passage cover and a body (first
embodiment).

[FIG. 5] FIG. 5 is a sectional view taken along a line 5-5 in FIG. 1 (first embodiment).

|[FIG. 6] FIG. 6 is a perspective view of the body in a state in which a héated fluid cover isu
removed in order to show a heated fluid passage structure (first embodiment).

[FI1G. 7] FIG. 7 is a front view of the body in a state in which the gas passage cover is
removed (first embodiment).

| F1G. 8] FIG. 8 is an enlarged view of a part shown by an arrow 8 in FIG. 1 for showing a

linking structure of a diaphragm and a valve shaft part (first embodiment).

7
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[FIG. 9] FIG. 9 is a longitudinal sectional view showing a state when attaching a diaphragm

assembly (first embodiment).

[FIG. 10] FIG. 10 is an exploded longitudinal sectional view of a pressure reducing valve for
LPG fuel in a state when assembled (first embodiment).

[FIG. 11] FIG. 11 is a longitudinal sectional view showing a second embodiment and

corresponding to FIG. 9 (second embodiment).

[FIG. 12] FIG. 12 is a longitudinal sectional view showing a third embodiment and

corresponding to FIG. 9 (third embodiment).
BEST MODE FOR CARRYING OUT THE INVENTION

[0022] A mode for carrying out the present invention is explained below by reference to the

attached drawings.

EMBODIMENT 1

[0023] Embodiment 1 of the present invention is explained while referring to FIG. 1 to FIG.
10. First, in FIG. 1, a pressure reducing valve for LPG fuel is for reducing the pressure ot
LPG fuel and supplying it to an engine (not illustrated) and includes a valve mechanism 15
and a diaphragm 16 for making the valve mechanism 15 open and close.

[0024] The valve mechanism 15 is housed in a body 17; the body 17, a gas passage cover 18
secured to one face of the body 17, a heated fluid passage cover 19 secured to the other face
of the body 17, and a valve seat member 20 screwed into the body 17 form a valve housing
21, and the body 17, the gas passage cover 18, and the heated fluid passage cover 19 are
secured together by means of a plurality of bolts 22 and nuts 23.

[0025] Referring in addition to FIG. 2, the body 17 integrally has a ring-shaped outer
peripheral ring portion 17a, a central cylindrical portion 17b disposed in a central part of the
body 17 so that one end thereof is disposed further inward than one end face of the outer
peripheral ring portion 17a, a middle cylindrical portion 17c disposed between the outer
peripheral ring portion 17a and the central cylindrical portion 17b so that one end thereof i1s
disposed further inward than said one end face of the outer peripheral ring portion 17a, a first
annular linking plate portion 17d linking said one end of the middle cylindrical portion 17c

and a middle part of the outer peripheral ring portion 17a, and a second annular linking plate
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portion 17¢ linking the other end of the middle cylindrical portion 17c and the other end of
the central cylindrical portion 17b, the middle cylindrical portion 17c being formed so as to
increase in diameter in going toward said one end side thereof.

[0026] The valve seat fnember 20 1s formed in a cylindrical shape having at one end a collar
portion 20a protruding radially inward, and an annular valve seat 25 having a valve hole 24
opening in a central part 1s formed 1n the center of the collar portion 20a. The central
cylindrical portion 17b is provided coaxially with a bottomed valve chamber-forming hole 26
having one end opening on one face side of the body 17, the valve seat member 20 is fitted
into and fixed to the open end side of the valve chamber-forming hole 26 so as to be screwed
into a threaded hole part 27 provided on one end side of the valve chamber-forming hole 26,
and an O ring 28 1s fitted around the outer periphery of the other end part of the valve seat
member 20 so as to be 1n a resilient contact with the inner peﬁphery of the central cylindrical
portion 17b. A valve chamber 30 is thus formed within the central cylindrical portion 17b so
that 1ts outer periphery is defined by the inner periphery of the valve seat member 20 and the
inner periphery of the central cylindrical portion 17b, and the valve seat 25 is disposed so as
to face one end of the valve chamber 30. Moreover, the valve chamber 30 has a larger
internal diameter than the diameter of the valve seat 25 and is formed within the valve
housing 21 so that its side face follows a virtual circle having its center on an axis of the valve
hole 24.

[0027] A small diémeter cylindrical portion 17f is coaxially disposed within the central
cylindrical portion 17b so that one end thereof is disposed at a position spaced further inward
than the valve seat 25, and this small diameter cylindrical portion 17f is provided integrally
with the other end of the central cylindrical portion 17b. This small diameter cylindrical
portion 17f 1s coaxially provided with a bottomed guide hole 31 having an end part on the
opposite side to the valve chamber 30 as a closed end, and a housing hole 32 having a larger
diameter than the guide hole 31 and connected to the open end of the guide hole 31 via an
annular step 33.

[0028] A valve body 34 that can be seated on the valve seat 25 is formed by coaxially

connecting a cylindrical seat member having one end that can be seated on the valve seat 25
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and a shaft member that extends through a central part of the seat member, and is arranged so
as to have a large diameter portion 34a housed in the housing hole 32, a valve shaft portion
34b having a smaller diameter than the large diameter portion 34a, coaxially projecting trom
one end of the large diameter portion 34a, and extending through the valve hole 24, and a
guide portion 34c having a smaller diameter than the large diameter portion 34a, coaxially
projecting from the other end of the large diameter portion 34a, and being slidably fitted in the
guide hole 31.
[0029] In FIG. 3, an O ring 35, which is an annular seal member, is disposed between an
outer face of the large diameter portion 34a of the valve body 34 and an inner face of the
housing hole 32 so as to be fitted to the outer face of the large diameter portion 34a or the
inner face of the housing hole 32, and in Embodiment 1 the O ring 35, which is 1n resilient
sliding contact with the outer periphery of the large diameter portion 34a, is fitted to the inner
face of the housing hole 32. The external diameter of the guide portion 34c and an internal
diameter D1 of the guide hole 31 are smaller than a seal diameter D2 provided by the O ring
35, and the seal diameter D2 is set so as to be substantially the same as a seat diameter D3
provided by the valve seat 25.
[0030] The valve body 34 is linked to the diaphragm 16 via a linking structure, which is
described later, and is driven in the axial direction by means of the diaphragm 16, and 1n order
to enhance the ability of the valve body 34 to follow the operation of the diaphragm 16, a coil-
shaped spring 53 urging the valve body 34 toward the diaphragm 16 side is provided in a
compressed state between the large diameter portion 34a of the valve body 34 and the annular
step 33 in the body 17, and the set load of this spring 53 is set at a very small value that 1s
only sufficient to make the valve body 34 follow the diaphragm 16.
[0031] As shown in FIG. 2, an inlet side pipeline-connecting member 36 to which a pipeline
(not illustrated) for guiding ILPG fuel from a pressunzed tank 1s éonnected 1s mounted on a
side face of the body 17. Furthermore, provided in an outer peripheral part of the body 17 1s
an inlet passage 37 that has one end communicating with the inlet side pipeline-connecting
member 36 and extends in a substantially straight line. The other end of this inlet passage 37

is connected to a gas introduction passage 39 via a cut-off valve 38 mounted on the side face

10
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of the body 17, and the gas introduction passage 39 is provided in the body 17 so as to extend

in a straight line while providing communication between the cut-off valve 38 and the valve
chamber 30 in order to introduce LLPG fuel that is to be reduced in pressure to the valve
chamber 30.

[0032] In the meantime, the valve chamber 30 is formed within the valve housing 21 so that
its side face follows a virtual circle having its center on the axis of the valve hole 24, the gas
introduction passage 39 is provided in the body 17 so as to open in the valve chamber 30 in a
direction tangential to the virtual circle, and the end of the gas introduction passage 39
opening into the valve chamber 30 is disposed at a position spaced from the valve seat 25 1n
the axial direction.

[0033] Referring in addition to FIG. 4, a plurality of fins 40 and fins 41 are integrally and
projectingly provided with the outer face of the central cylindrical portion 17b and the inner
face of the middle cylindrical portion 17c in the body 17, and a gas passage channel 42
opening on one face side of the body 17 is formed by the outer face of the central cylindrical
portion 17b, the inner face of the middle cylindrical portion 17¢, and the fins 40 and fins 41;
covering this gas passage channel 42 with the gas passage cover 18 forms a gas passage 43
covering the valve mechanism 15 from its periphery, and the gas passage 43 is formed 1n a
curved labyrinth shape by the plurality of fins 40 and fins 41.

[0034] Moreover, the fins 40 and fins 41 are projectingly provided on two mutually opposing
wall faces, that is, an outer wall face of the central cylindrical portion 17b and an inner wall
face of the middle cylindrical portion 17c, so as to form part of.the gas passage channel 42,
and are projectingly provided on the outer wall face of the central cylindrical portion 17b and
the inner wall face of the middle cylindrical portion 17¢ so as to be disposed in turn in a main
flow direction 44 for LPG fuel from a start point PS to an end point PE of the gas passage 43
while being inclined so as to be oriented toward the upstream side relative to the main flow
direction 44.

[0035] Furthermore, base parts of the fins 40 and fins 41 are projectingly provided on the
outer wall face of the central cylindrical portion 17b and the mner wall face of the middle

cylindrical portion 17c while having curved portions 40a and curved portions 41a, and the
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base parts of the fins 40 and fins 41 are thereby provided integrally with the outer wall face of
the central cylindrical portion 17b and the inner wall face of the middle cylindrical portion
17¢ so as to be thicker than tip end parts.

[0036] The gas passage channel 42 is provided in the body 17 in an inclined manner so that
the distance between the pair of mutually opposing side walls of the gas passage channel 42, that
is, the outer wall of the central cylindrical portion 17b and the inner wall of fhe middle
cylindrical portion 17c, increases in going toward the gas passage cover 18 side, and the
pressure reducing valve for LPG fuel is, as shown in FIG. 1, mounted on the vehicle 1n an
attitude in which the axis of the valve mechanism 15 is horizontal.

[0037] In the meantime, the gas passage cover 18 integrally has a ring-shaped outer
peripheral flat plate portion 18a with an annular seal member 45 disposed between itself and
one face of the outer peripheral ring portion 17a of the body 17, an outside cylindrical portion
18b having one end part connected to the inner peripheral edge of the outer peripheral flat
plate portion 18a so that it fits into the outer peripheral nng portién 17a, a ring-shaped middle
flat plate portion 18c having its outer periphery connected to the other end of the outside
cylindrical portion 18b so that it is close to and faces the first annular linking plate portion
17d of the body 17, an inside cylindrical portion 18d having one end connected to the inner
periphery of the middle flat plate portion 18c and having one end of the central cylindrical
portion 17b in the body 17 fitted therein, and a disk-shaped central flat plate portion 18e

connected to the other end of the inside cylindrical portion 18d so as to face one end of the

central cylindrical portion 17b across a gap.

|0038] As shown in FIG. 4, the gas passage cover 18 has a projecting wall 46 that is provided
integrally so as to project from the inner face of the middle flat plate portion 18c. The
projecting wall 46 projects into the gas passage channel 42 so as to follow the inner wall of
the gas passage channel 42, that is, the outer wall face of the central cylindrical portion 17b
and the inner wall face of the middle cylindrical portion 17c. The gas passage cover 18 1s die-

molded, and the projecting wall 46 1s integrally molded during die-molding of the gas passage

cover 18.
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[0039] A pressure reducing chamber 48 communicating with the valve hole 24 1s formed
between the central flat plate portion 18¢ of the gas passage cover 18 and the central
cylindrical portion 17b of the body 17, and a cutout 50 is provided in the outer periphery of
one end part of the central cylindrical portion 17b, the cutout 50 forming between the gas
passage cover 18 and the central cylindrical portion 17b a through passage 49 for providing

communication between the pressure reducing chamber 48 and the gas passage 43. That is,

the start point PS of the gas passage 43 that is the end of the through passage 49 that opens to the
gas passage 43.

[0040] An exit side pipeline-connecting member 51 connecting a pipeline (not illustrated) for
guiding LPG fuel after reduction in pressure toward the engine side is mounted on a side face
of the body 17 so as to communicate with the gas passage 43 at the end point PE, which 1s set
so as to substantially correspond to the start point PS in the peripheral direction of the gas
passage 43, and a relief valve 52 is mounted on the side face of the body 17 at a position close
to the end point PE.

[0041] In the meantime, a large diameter back pressure chamber 55 is formed within the
central éylindrical portion 17b between the large diameter portioh 34a of the valve body 34
and the annular step 33 at the inner end of the housing hole 32 housing the large diameter
portion 34a, and a back pressure introduction passage 57 for introducing LPG fuel pressure on
the downstream side of the valve seat 25 to the large diameter back pressure chamber 55 1s
provided in the body 17 of the valve housing 21. Furthermore, a small diameter back pressure
chamber 56 is formed between the closed end of the guide hole 31 and the guide portion 34c.
As clearly shown in FIG. 5, a cutout 59 is provided in the outer face of the guide portion 34c
or the inner face of the guide hole 31. The cutout 59 forms a through passage 58 providing
communication between the large diameter back pressure chamber 55 and the small diameter
back pressure chamber 56 between the outer face of the guide portion 34c and the inner face
of the guide hole 31. In Embodiment 1 the cutout 59 that forms between itself and the inner
face of the guide hole 31 the through passage 58 providing communication between the large

diameter back pressure chamber 55 and the small diameter back pressure chamber 56 is

provided 1n the outer face of the guide portion 34¢ so as to extend in the axial direction.
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[0042] In the valve mechanism 15, LPG fuel flowing from the valve chamber 30 toward the
valve hole 24 side is heated by first heating means 60 provided in the valve housing 21. This
first heating means 60 is arranged so that heated fluid, for example, engine cooling water
heated by the engine, flows through a heated fluid passage 61 provided in the valve housing
21 so as to surround the valve chamber 30.

[0043] Referring in addition to FIG. 6, the heated fluid passage 61 is formed by covering a
heated fluid passage channel 62, which 1s provided in the body 17 so as to open on the other
face of the body 17, with the heated fluid passage cover 19 secured to the body 17 with an
annular seal member 63 disposed between itself and the outer peripheral ring portion 17a of
the body 17. The heated fluid passage channel 62 is formed so that the pair of wall faces on
which the fins 40 and fins 41 are projectingly provided in the gas passage 43 are covered by
the heated fluid passage 61, and part of the heated fluid passage 61 1s also formed within the
fins 40 and fins 41. Furthermore, the heated fluid passage 61 is formed so as to surround the
valve chamber 30 from the side opposite to the valve seat 25.

[0044] Moreover, an inlet tube 64 is mounted on the body 17 so as to communicate with the
heated fluid passage 61, and a pipeline (not illustrated) for guiding engine cooling water from
the engine is connected to the inlet tube 64. An outlet tube 65 for guiding out engine cooling
water from the heated fluid passage 61 is mounted on the body 17 so as to communicate with
the heated fluid passage 61. Engine cooling water introduced from the inlet tube 64 to the
heated fluid passage 61 flows across a range of substantially 360 degrees within the heated
tluid passage 61 as shown by broken line arrows in FIG. 2 and is guided out via the outlet
tube 65. Furthermore, mounted on the body 17 is a water temperature sensor 66 for detecting
the temperature of engine cooling water flowing through the heated fluid passage 61.

10045] LPG fuel flowing through the gas passage 43 is also heated by an electric heater 68,
which 1s second heating means. This electric heater 68 is disposed in the valve housing 21 in
an annular configuration so as to follow the gas passage 43. In Embodiment 1 the electric
heater 68 1s disposed on the outer face of the gas passage cover 18 so as to be housed in an
annular recess 69 formed between the outside cylindrical portion 18b and the inside

cylindrical portion 18d in the gas passage cover 18 and opening toward the side opposite to
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the body 17. The heated fluid passage 61 is provided in the valve housing 21 so that the gas
passage 43 is sandwiched between at least part thereof and the electric heater 68.

[0046] Referring in addition to FIG. 7, the electric heater 68 is held in a holder 72 while
being arranged by sandwiching a plurality of PTC elements 70 between electrodes 71, and
this holder 72 is housed in the recess 69. A wave washer 73 1s sandwiched between the gas
passage cover 18 and the nuts 23 securing together the body 17, the gas passage cover 18, and
the heated fluid passage cover 19 with the bolts 22, and abutting the wave washer 73 against
the holder 72 within the recess 69 allows the holder 72, that 1s, th.e electric heater 6&, to be
fixed to the outer face of the gas passage cover 18.

[0047] Moreover, the plurality of PTC elements 70 are disposed in an annular manner so as
to follow the gas passage 43, and the electric heater 68 is disposed on the outer face of the gas
passage cover 18 so that a section of the electric heater 68 that overlaps the gas passage 43
when viewed in the axial direction of the valve mechanism 15 is larger than a section that
does not overlap the gas passage 43.

[0048] Referring in addition to FIG. 8, the diaphragm 16 is formed from a disk-shaped rubber
plate having a constant plate thickness in the natural state for at least its peripheral part and
central part, and in Embodiment 1 the diaphragm 16 is formed in a disk shape in which the
plate thickness of the entirety is constant in the natural st;ate. The peripheral part of the
diaphragm 16 is held between a diaphragm flange 77 secured to the central flat plate portion
18¢ of the gas passage cover 18 by means of a plurality of bolts 76 and a bowl-shaped
diaphragm cover 78 connected to the diaphragm flange 77 by crimping. A pressure action
chamber 79 1s formed between the diaphragm flange 77 and the diaphragm 16 so that one face
of the diaphragm 16 faces the pressure action chamber 79. Pressure of the pressure reducing
chamber 48 is introduced into the pressure action chamber 79 via a pressure introduction hole
75 provided in the central flat plate portion 18e of the gas passage cover 18 and the diaphragm
flange 77. A spring chamber 80 is formed between the diaphragm 16 and the diaphragm
cover 78 so that the other face of the diaphragm 16 faces the spring chamber 80. A coil-

shaped first spring 81 and a coil-shaped second spring 82 for which the spring load 1s
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adjustable are provided in a compressed state between the diaphragm cover 78 and the
diaphragm 16.

|0049] The diaphragm cover 78 1s formed in a bowl shape by press forming of thin metal so
as to integrally have a bottomed cylindrical portion 78a, a collar portion 78b, and a cylindrical
tubular portion 78c. The bottomed cylindrical portion 78a has an end part on the side
opposite to the diaphragm 16 as a closed end. The collar portion 78b radially outwardly
extends from the open end of the bottomed Cylindrical portion 78a. The cylindrical tubular
portion 78c 1s provided so as to be connected to the outer periphery of the collar portion 78b
and extending toward the diaphragm flange 77 side.

[0050] In the meantime, the tubular portion 78c of the diaphragm cover 78 abuts against the
outer periphery of the diaphragm flange 77, and a tip end part of the tubular portion 78c is
crimped radially inwardly so as to form an engagement portion 78d that is engaged with the
outer periphery of the diaphragm flange 77. That is, the tubular portion 78c of the diaphragm
cover 78 1s fixed to the diaphragm flange 77 so as to hold the peripheral part of the diaphragm
16 1n a compressed state between the outer peripheral part of the diaphragm flange 77 and the
collar portion 78b.

[0051] A ring-shaped first retainer 83 abuts against a central part of a face of the diaphragm
16 facing the pressure action chamber 79, and a ring-shaped second retainer 84 abuts against a

central part of a face of the diaphragm 16 facing the spring chamber 80, the ring-shaped

second retainer 34 holding the central part of the diaphragm 16 between itself and the first
retainer 33.

[0052] The first retainer 83 is provided integrally with a diaphragm rod 85. This diaphragm
rod 85 integrally has a bottomed cylindrical portion 85a, the first retainer 83, and a shaft
portion 85b, the cylindrical portion 85a having a shape in which one end is closed and the
other end on the valve mechanism 15 side is open, the first retainer 83 protruding radially
outwardly from the closed end part of the bottomed cylindrical portion 85a, the shaft portion
85b being coaxially connected to the middle of the closed end part of the bottomed cylindrical

portion 85a. The shaft portion 85b, which has a smaller diameter than the bottomed
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cylindrical portion 85a, is inserted through a central hole 87 provided in the central part of the
diaphragm 16. . .

[0053] In FIG. 9, one. end part of the diaphragm rod 85 projecting toward the spring chamber
80 side, that is, one end part of the shaft portion 85b, is crimped by means of a crimping jig
88 and at least the second retainer 84 is held between an engagement portion 89 formed by
said crimping and said other face of the diaphragm 16. In Embodiment 1 the second retainer
84 and a spring-receiving member 86 are held between the engagement portion 89 and the
diaphragm 16.

[0054] Crimping one end of the diaphragm rod 85 forms a diaphragm assembly 90 that
includes the diaphragm rod 85 integrally having the first retainer 83, the diaphragm 16, the
second retainer 84, and the spring-receiving member 86.

10055] Moreover, the first and second retainers 83 and 84, which are each made of metal,
abut against each other directly or via a metal washer within the central hole 87 provided in
the central part of the diaphragm 16, and in Embodiment 1 part of the first retainer 83 1s
disposed within the central hole 87 and abuts directly against the second retainer 84.

[0056] Furthermore, the plate thickness of the inner peripheral edge part of the diaphragm 16
is constant in the natural state, and a face of the first retainer 83 facing the diaphragm 16 1s
formed inclined at an angle @ so as to approach the second retainer 84 1n going outward 1n
the radial direction of the diaphragm 16 so that, with respect to a gap between the first and
second retainers 83 and 84, a portion with a minimum gap 1s positioned further outward i the

radial direction of the diaphragm 16 than a portion with a maximum gap.

[0057] Moreover, formed in at least one of faces of the first retainer 83 and the second
retainer 84 on the diaphragm 16 side, in Embodiment 1 a face of the first retainer 83 on the
diaphragm 16 side, are a plurality of channels 91 having a substantially V-shaped cross-
section so as to make part of the diaphragm 16 bite into the channels.

10058] The bottomed cylindrical portion 85a of the diaphragm rod 85 1s axially movably
inserted into a through hole 97 provided in a central part of the diaphragm flange 77, and an O
ring 98 is fitted to the inner face of the through hole 97, the O ring 98 being in resilient sliding

contact with the outer face of the bottomed cylindrical portion 85a. Furthermore, a through
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hole 99 is provided in the central flat plate portion 18e of the gas passage cover 18 mounted
on the diaphragm flange 77 by means of the bolts 76, the bottomed cylindrical portion 85a
being inserted into the through hole 99 and the through hole 99 coaxially communicating with
the through hole 97. Moreover, an O ring 101 is disposed between the diaphragm flange 77
and the central flat plate portion 18e of the gas passage cover 18 so as to surround the
pressure introduction hole 75 and the through hole 97.

[0059] Referring to FIG. 1, the first spring 81 1S housed in the spring chamber 80 in a
compressed state between the second retainer 84 and the closed end of the bottomed
cylindrical portion 78a of the diaphragm cover 78. Furthermore, a support tube 92 is fixed to
“a central part at the closed end of the bottomed cylindrical portion 78a. An adjustment screw
93 is screwed into the support tube 92 so that one end thereof projects into the spring chamber
- 80, the adjustment screw 93 being operable so as to rotate from the exterior of the diaphragm
cover 78. The second spring 82 is provided in a compressed state between the spring-
receiving member 86 and a bottomed cylindrical spring-receiving member 94 covering the
support tube 92 while one end of the adjustment screw 93 abuts against a central part at the
closed end of the cylindrical spring-receiving member 94.

[0060] When assembling the pressure reducing valve, as shown in FIG. 10, a diaphragm
assemblage 96 that includes at least the diaphragm 16, the diaphragm cover 78 forming the
spring chamber 80 between itself and the diaphragm 16, the diaphragm flange 77 forming the
pressure action chamber 79 between itself and the diaphragm 16 and connected to the
diaphragm cover 78 so as to hold the peripheral part of the diaphragm 16 between itself and
the diaphragm cover 78, the first and second springs 81 and 82 disposed between the
diaphragm cover 78 and the diaphragm 16, and the diaphragm rod 85 linked to the central part
of the diaphragm 16 and inserted through the diaphragm flange 77 is prepared in advance. In
Embodiment 1, the diaphragm assembly 90 1s formed so as to include the diaphragm rod 85
integrally having the first retainer 83, the diaphragm 16, the second retainer 84, and the

spring-receiving member 86, and the diaphragm assemblage 96 is formed so as to include the

diaphragm assembly 90.
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[0061] On the other hand, a body assemblage 100 formed by housing at least the valve
mechanism 15 in the body 17 is prepared, and the pressure reducing valve 1s assembled by
attaching the diaphragm assemblage 96 and the body assemblage 100 to each other so that the
diaphragm flange 77 and the body 17, and the diaphragm rod 85 and the valve shait portion
34b are linked directly or via another member. In Embodiment 1, the gas passage cover 18 in
a state 1n which the electric heater 68 is attached thereto 1S mounted on the diaphragm flange
77 of the diaphragm assemblage 96 by means of the bolts 76, the gas passage cover 18 and the
heated fluid passage cover 19 are attached to the body 17 by means of the bolts 22 and the
nuts 23, and the valve shaft portion 34b of the valve mechanism 15 is coakially linked to the
diaphragm rod 85.

- [0062] An insertion part 103 is provided on one of the valve shaft portion 34b and the
diaphragm rod 85, in this embodiment the valve shaft portion 34b, and a bottomed insertion
hole 104 1s provided 1n the other of the valve shaft portion 34b and the diaphragm rod 85, in
- Embodiment 1 the diaphragm rod 85, the insertion part 103 being inserted into the insertion
hole 104. The valve shaft portion 34b and the diaphragm rod 85 are linked by means of a
resilient engagement portion 105 between the outer periphery of the insertion part 103 and the
inner periphery of the isertion hole 104.

[0063] A T-shaped engagement portion 109 is provided at the tip end of the valve shaft
portion 34b, and a T-shaped engagement channel 110 for engaging with the engagement
portion 109 1s provided in the insertion part 103; by engaging the engagement portion 109
with the engagement channel 110 the insertion pan 103 1s provided at the tip end of the valve
shaft portion 34b. Moreover, the insertion part 103 is formed by coaxially connecting a small
diameter portion 103a on the forward end side and a large diameter portion 103b on the rear
end side with a forward-facing annular step 103¢ formed therebetween.

[0064] On the other hand, the insertion hole 104 is coaxially provided in the bottomed
cylindrical portion 85a of the diaphragm rod 85, a small diameter hole part 104a and a large
diameter hole part 104b are coaxially connected so as to correspond to the stepped insertion
part 103, and an annular step 104c is formed between the small diameter hole part 104a and

the large diameter hole part 104b, the annular step 104c restricting an end of the insertion part
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103 inserted into the insertion hole 104 by abutting against the step 103c of the insertion part

103.

[0065] The resilient engagement portion 105 is formed from ring-shaped engagement
channels 106 and 107 provided respectively in the outer periphery of the small diameter
portion 103a of the insertion part 103 and in the inner periphery of the small diameter hole
'part 104a of the insertion hole 104, and a C-shaped engagement ring 108 engaging with both
the engagement channels 106 and 107 so that the engagement ring can resiliently expand and
contract in the radial direction.

[0066] Operations of Embodiment 1 are now explained. The valve body 34, which can be
seated on the valve seat 25 facing the valve chamber 30, 1s slidably fitted in the body 17 of the
valve housing 21 with the O ring 35 disposed between itself and the body 17; the large
diameter back pressure chamber 55 and the small diameter back pressure chamber 56, which
are isolated from the valve chamber 30 via the O ring 35, are formed within the body 17 so
that said other end side of the valve body 34 faces them; pressure of LPG fuel of the gas.
passage 43 on the downstream side of the valve seat 25 is introduced to the large diameter
back pressure chamber 55 and the small diameter back pressure chamber 56; and the guide
“hole 31, which has a smaller diameter than the seal diameter D2 for the valve body 34
provided by the O ring 35, is provided in the body 17 so that the guide portion 34c coaxially
provided on the valve body 34 is slidably fitted to the guide hole 31. For the above reasons,
even if the ratio of the guide diameter D1, which 1s the diameter of the guide hole 31 for
guiding the valve body 34, and the length of the sliding section of the valve body 34 (sliding
section length/guide diameter) 1s ensured so that the valve body 34 will not tilt and gall, since
. the guide hole 31 guiding the valve body 34 has a small diameter, the length of the sliding
section can be set short, and it is possible to reduce the dimensions of the pressure reducing
valve. Furthermore, even for a pressure reducing valve for LPG fuel for which it is necessary’

to set a large seat diameter, it 1S possible to make the guide portion 34c¢ small and reduce the

dimensions of the pressure reducing valve.
[0067] Furthermore, the guide hole 31, which is formed in a bottomed shape with an end part

opposite to the valve chamber 30 as a closed end, and the housing hole 32, which has a larger
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diameter than the guide hole 31 and communicates with the open end of the guide hole 31 via
the annular step 33, are coaxially provided in the body 17 ot the valve housing 21; the valve
body 34 includes the large diameter portion 34a, which is housed 1n the housing hole 32 with
the O ring 35 disposed between itself and the inner face of the housing hole 32 so as to form
the large diameter back pressure chamber 55 between itself and the annular step 33, and the
guide portion 34c, which is slidably fitted into the guide hole 31 while forming the small
diameter back pressure chamber 56 between itself and the closed end of the guide hole 31;
and pressure of LPG fuel of the gas passage 43 on the downstream side of the valve seat 25 1s
introduced to the large diameter back pressure chamber 55 and the small diameter back
pressure chamber 56. For the above reasons, the back pressure chamber formed from the
large diameter back pressure chamber 55 and the small diameter back pressure chamber 56
can be made compact overall.

[0068] Furthermore, since the back pressure introduction passage 57 for introducing pressure
of LPG fuel within the gas passage 43 to the large diameter back pressure chamber 55 is
provided 1n the body 17 of the valve housing 21, and the cutout 59, which forms in the outer
face of the guide portion 34c between itself and the inner face of the guide hole 31 the
through passage 58 for providing communication between the large diameter back pressure
chamber 55 and the small diameter back pressure chamber 56, is provided in the outer face of
the guide pqrtion 34c, it is possible by the simple structure of the cutout 59 being provided in
the outer face of the guide portion 34c to introduce fluid pressure on the downstream side of
the valve seat 25 to the small diameter back pressure chamber 56.

[0069] In the meantime, since the valve body 34 is also guided by the O ring 35 disposed
between the large diameter portion 34a and the body 17, and the O ring 35 and the guide hole
31 are positioned spaced from each other with the large diameter back pressure chamber 55
disposed therebetween, it is possible to suppress tilting of the valve body 34 more reljably.
[0070] In the meantime, since the valve chamber 30 of the valve mechanism 15 is formed in
the valve housing 21 so that its side face follows a virtual circle having its center on the axis
of the valve hole 24; the first heating means 60, which heats gas flowing from the gas valve

chamber 30 to the valve hole 24 side, is provided in the valve housing 21; and the gas
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introduction passage 39, which introduces LPG fuel that is to be reduced in pressure to the
valve chamber 30, is provided in the body 17 of the valve housing 21 so that it extends 1n a
straight line in a direction tangential to the virtual circle and opens 1n the valve chamber 30 at
a position spaced from the valve seat 25 in the axial direction. For the above reasons, LPG
fuel introduced from the gas introduction passage 39 into the valve chamber 30 flows toward
the valve hole 24 side while forming a swirl flow within the valve chamber 30, LPG fuel
flows toward the valve hole 24 side while reliably contacting the inner peripheral face of the
valve chamber 30 by virtue of centrifugal force generated by the swirl flow, and it 1s thus
possible to enhance the efficiency of heat transfer to LPG fuel in the valve chamber 30 as a
result of increased contact area of LPG fuel with the wall face of the valve chamber 30.

10071} Furthermore, since the valve chamber 30 is formed so as to have a larger internal
diameter than the diameter of the valve seat 25, flow of the liquid component of LPG fuel is
concentrated in a portion close to the wall face within the valve chamber 30 by virtue of
centrifugal force generated by the swirl flow within the valve chamber 30, flow of the gas
component of LPG tuel is concentrated in the central side of the valve chamber 30, and it is
thus possible to make the gas component of the LPG fuel flow preferentially toward the valve
hole 24 side.

[0072] Moreover, since the first heating means 60 is formed so that engine cooling water,
which 1s a heated fluid, flows through the heated fluid passage 61 provided in the valve
housing 21 so as to surround the valve chamber 30, it is possible to enhance the efficiency of
heat transfer to gas within the valve chamber 30 by effectively heating an inner peripheral
wall tace of the valve chamber 30, which has a circular cross section. Furthermore, the heated
fluid passage 61 is provided in the valve housing 21 while having a section surrounding the

valve chamber 30 from the side opposite to the valve seat 25, thereby further enhancing the

efficiency of heat transfer to LPG fuel within the valve chamber 30.

[0073] In the meantime, the valve housing 21 includes the body 17 and the valve seat
member 20 fixed to the body 17 while having the valve seat 25 and the valve hole 24, the
body 17 1s provided with the bottomed valve chamber-forming hole 26 opening on one face

thereof; the valve seat member 20 forming the valve chamber 30 in cooperation with the body
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17 1s fixed to the body 17 on the open end side of the valve chamber-tforming hole 26; the
heated fluid passage channel 62 surrounding the side face and bottom face of the valve
chamber-forming hole 26 is provided in the body 17 so as to open on the other face of the
body 17; and the heated fluid passage cover 19 forming the heated fluid passage 61 by
blocking the open end of the heated fluid passage channel 62 is secured to said other face of
the body 17. For the above reasons, 1t 1s possible to easily form the heated fluid passage 61
around the valve chamber-forming hole 26 provided in the Body 17 so as to form part of the
valve chamber 30.

|0074] The gas passage 43 formed within the valve housing 21 is curved in a labyrinth shape
by means of the plurality of fins 40 and fins 41 provided in the body 17 of the valve housing
21. Since the plurality of each of fins 40 and fins 41 are projectingly provided integrally with
the two wall faces that oppose each other so as to form part of the gas passage 43, that is, the
outer face of the central cylindrical portion 17b and the inner face of the middle cylindrical
portion 17c 1n the body 17 so as to be disposed in turn in the main flow direction 44 of LPG
fuel while being inclined so as to be oriented toward the upstream side relative to the main
flow direction 44 from the start point PS to the end point PE of the gas passage 43, it becomes
possible to increase the heat release area of each of the fins 40 and fins 41 by increasing the
length of the fins 40 and fins 41, which curve the gas passage 43 in a labyrinth shape, and it
also becomes possible to increase the flow path of LPG fuel within the gas passage 43, thus
further enhancing the efficiency of heat transfer to LPG fuel. Moreover, since the fins 40 and
fins 41 are oriented toward the upstream side relative to the main flow direction 44 of LPG
fuel from the start point PS to the end point PE of the gas passage 43, the liquid component,
which has high specific gravity in LPG fuel, is easily trapped by the base parts of the fins 40
and fins 41, thus suppressing the occurrence of a mixed gas-liquid state of the LPG fuel by
preferentially heating the liquid component.

[0075] Furthermore, since the base parts of the plurality of fins 40 and fins 41 are provided
mtegrally with the outer face of the central cylindrical portion 17b and the inner face of the

middle cylindrical portion 17c of the body 17 so as to be thicker than the tip end parts of the
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fins 40 and fins 41, it 1s possible to suppress cooling of the fins 40 and fins 41 themselves by
cool LPG fuel, thus contributing to an improvement of the heat transfer efficiency.

[0076] Moreover, since the two wall faces opposing each other so as to form part of the gas
passage 43 are covered by the first heating means 60, due to the presence of the heating
means 60 on both sides of the gas passage 43 the heat transfer efficiency can be further
enhanced.

|0077] Furthermore, since the first heating means 60 is formed so that engine cooling water
flows through the heated fluid passage 61 provided in the valve housing 21, and part of the
heated fluid passage 61 1s formed within the fins 40 and fins 41, engine cooling water can
enter the fins 40 and fins 41, thus further enhancing the heat transfer efficiency.

[0078] Moreover, the gas passage 43 is formed by covering the gas passage channel 42,
which 1s provided in the body 17 forming part of the valve housing 21 so as to open on one
face of the body 17, with the gas passage cover 18, which is secured to said one face of the
body 17 so as to form part of the valve housing 21; and the heated fluid passage 61 is formed
by covering the heated fluid passage channel 62, which is provided in the body 17 so as to
open on the other face of the body 17, with the heated fluid passage cover 19, which is
secured to the body 17 so as to form part of the valve housing 21. For the above reasons, it is
possible to easily form the gas passage 43 and the heated fluid passage 61.

[0079] Furthermore, the valve mechanism 15 for reducing the pressure of LPG fuel and
introducing it to the gas passage 43 is housed in the valve housing 21; the gas passage 43 is
provided in the valve housing 21 so that LPG fuel reduced in pressure by the valve
mechanism 15 flows therethrough; and the gas passage 43 is disposed so as to cover the valve
mechanism 15 from the periphery. For the above reasons, it is possible to incorporate a
heating device into a pressure reducing valve for reducing the pressure of LPG fuel in a
compact manner.

[0080] The projecting wall 46, which projects from the inner face of the gas passage cover 18
so as to project into the gas passage channel 42 while following the inner wall of the gas
passage channel 42, is provided integrally with the gas passage cover 18, which forms the gas

passage 43 by blocking the open end of the gas passage channel 42 provided so as to open
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said one face of the body 17. Accordingly, in a state in which the gas passage cover 18 is |
secured to the body 17 the projecting wall 46 following the inner wall of the gas passage channel

42 projects into the gas passage channel 42, which is curved in a labyrinth shape, it is thus
possible to prevent LPG fuel from taking a shortcut by passing between the body 17 and the
gas passage cover 18. Furthermore, since a seal member having a complicated shape is not
used, there is no cost of material for a seal member, and there is no additional step of
attaching a seal member.

[0081] Moreover, since the gas passage cover 18 is die-molded, and the projecting wall 46 is
integrally molded during die-molding, it is possible to keep the cost of molding of the
i)roj ecting wall 46 low.

[0082] Furthermore, the plurality of fins 40 and fins 41 for curving the gas passage channel
42 in a labyrinth shape are provided integrally with the body 17; the projecting wall 46 can
prevent LPG fuel from taking a shortcut by passing between the gas passage cover 18 and the
fins 40 and fins 41 for curving the gas passage channel 42 in a labyrinth shape; the contact
area between the body 17 and LPG fuel can be increased by the fins ‘40 and fins 41; and the
original function of the fins 40 and fins 41 can be exhibited fully. '

[0083] Moreover, since the electric heater 68 for heating LPG fuel flowing through the gas
passage 43 1s disposed on the outer face of the gas passage cover 18 outside the gas passage -
43, heat 1s transmitted from the electric heater 68 to LPG fuel of the gas passage 43 via the
gas passage cover 18, and since the heat release area i1s increased by the projecting wall 46,
the heat transfer efficiency can be enhanced.

[0084] The gas passage 43 is provided in the valve housing 21 so as to annularly surround the
valve mechanism 15, and the electric heater 68 is disposed in the valve housing 21 in an .
annular arrangement so as to follow the gas passage 43. Accordingly, it is possible to
enhance the etficiency of heat transfer from the electric heater 68 to LPG fuel while making
the gas passage 43 in an annular shapé to increase the passage length.

[0085] Moreover, since the electric heater 68 is disposed on the gas passage cover 18, which
is secured to the body 17 while forming the gas passage 43 between itself and the body 17, it

1s possible to dispose the electric heater 68 in the proximity of the gas passage 43, thus
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enhancing the heat transter efficiency. Furthermore, when the electric heater 68 is disposed
within the gas passage 43, if the gas passage 43 has a complicated passage shape, it is
necessary to make the shape of the electric heater 68 complicated so as to accord therewith,
and a structure for sealing the electric heater 68 1s also required. However, since the electric
heater 68 1s disposed on the outer face of the gas passage cover 18, not only is it easy to
arrange the electric heater 68, but it is also unnecessary to employ a seal member. Moreover,
forming the gas passage cover 18 from a thin plate enables transfer of heat to the interior of
the gas passage 43 to be accelerated.

[0086] Furthermore, since the electric heater 68 is disposed on the outer face of the gas
passage cover 18 so that a section that overlaps the gas passage 43 when viewed in the axial
direction of the valve mechanism 15 is larger than a section that does not overlap, it is
possible to enhance the efficiency of heat transfer from the electric heater 68 to LPG fuel
tlowing through the gas passage 43.

[0087] Moreover, the gas passage channel 42, which is provided in the body 17 so as to form
the gas passage 43, is provided in the body 17 while the opposite side walls thereof are
inclined so that a gap between the side walls increases in approaching the gas passage cover
18, and the valve housing 21 is mounted in the vehicle in an attitude in which the axial
direction of the valve mechanism 15 is horizontal. Accordingly, the liquid component of LPG
fuel flowing through the gas passage 43 is localized on the gas passage cover 18 side by
running along the side wall of the gas passage channel 42, and heat exchange with the gas
passage cover 13 is promoted, thereby heating and vaporization of the liquid component are
carried out preferentially.

[0088] Furthermore, since the heated fluid passage 61 is provided in the valve housing 21 so
as to be disposed along the gas passage 43 and sandwich the gas passage 43 between itself
and the electric heater 68 in at least part thereof, it is possible to quickly heat LPG fuel by
disposing the electric heater 68 in the proximity of the gas passage 43. In contrast thereto, if
the electric heater 68 is disposed so as to sandwich the heated fluid passage 61 between itself

and the gas passage 43, engine cooling water flowing through the heated fluid passage 61
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deprives the electric heater 68 of heat, and it is difficult to heat LPG fuel quickly by the

electric heater 68.

[0089] Furthermore, the outer peripheral edge of the diaphragm 16 linked to the valve shaft
portion 34b of the valve mechanism 15 is held by the diaphragm flange 77, which is a
member that is separate from the valve housing 21, and the diaphragm cover 78 connected to
the outer periphery of the diaphragm flange 77, and the electric heater 68 is disposed between
the diaphragm flange 77 and the valve housing 21 in the axial direction of the valve
mechanism 15. Accordingly, if the pressure-receiving area of the diaphragm 16 is increased
in order to suppress a change in control pressure in response to a change in the flow rate of
LPG fuel and improve pressure regulation performance, the electric heater 68 needs to be
disposed between the valve housing 21 and the diaphragm ﬂange. 77soas .to overlap the
diaphragm flange 77. However, forming the diaphragm tflange 77 from a member separate
from the valve housing 21 makes mounting of the electric heater 68 on the valve housing 21
easy.

[0090] Moreover, the electric heater 68 is formed while sandwiching the PTC elements 70
between the electrodes 71, and since the PTC elements 70 have self temperature-controlling
properties, it is easy to control the temperature of the electric heater 68 so that it is constant.
Furthermore, since the electric heater 68 is arranged in an annular manner so that the plurality
of PTC elements 70 follow the gas passage 43, it becomes possible to achieve an annular
arrangement for the electric heater 68 at low cost. That is, the production cost is high when
one PIC ciement is formed in an annular shape, whereas the use of a plurality of PTC
elements with a simplified shape is possible and the annular érrangement of the electric heater
638 can be achieved at low cost.

10091] The valve shaft portion 34b of the valve body 34 of the valve mechanism 15 housed
in the body 17 is linked to the central part of the diaphragm 16, one face thereof facing the
pressure action chamber 79 and the other face thereof facing the spring chamber 80; and the
spring chamber 80 houses the first and second springs 81 and 82 exhibiting a spring force that
urges the diaphragm 16 toward the side on which the volume of the pressure action chamber

79 1s decreased. The diaphragm rod 85 integrally having the first retainer 83 abutting against
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said one face of the diaphragm 16 is inserted through the central part of the diaphragm 16; at

least the second retainer 84, in Embodiment 1 the second retainer 84 and the spring-receiving
member 86, 1s hold between said other face of the diaphragm 16 and the engagement portion
89 which is formed by crimping one end of the diaphragm rod 85 on the spring chamber 80
side, thereby forming the diaphragm assembly 90, which includes the diaphragm rod 85
integrally having the first retainer 83, the diaphragm 16, the second retainer 84, and the
spring-receiving member 86. Accordingly, the diaphrégm rod 85 of the diaphragm assembly
90 1is linked to the valve shaft portion 34b, and thereby the productivity can be enhanced
compared with conventional attachment using a nut. Moreover, since the diaphragm rod 85
can be held using a jig, a crimping method can be employed, whereas in a method 1in which
respective components are stacked on a valve shaft as in a conventional method, since the
valve shaft 1s incorporated into the body side, it 1s difficult to hold the valve shaft side using a
1ig; if cimping 1s carried out in this state, the crimping pressure acts on components of the
pressure reducing valve, and there is a possibility of the components being deformed.

[0092] Furthermore, since the msertion part 103 1s provided on one of the valve shaft portion
34b and the diaphragm rod 85, that is, the valve shaft portion 34b and the insertion hole 104,
into which the insertion part 103 is inserted, is provided on the other of the valve shaft portion
34b and the diaphragm rod 85, that 1s, the diaphragm rod 85; and the valve shaft portion 34b
and the diaphragm rod 85 are linked by the resilient engagement portion 105 between the
outer periphery of the insertion part 103 and the inner periphery of the insertion hole 104.
Accordingly, the valve shaft portion 34b can be coaxially linked to the diaphragm rod 85 by a
simple operation of merely inserting the insertion part 103 into the insertion hole 104, and
assembly of the pressure reducing valve becomes easy.

[0093] Moreover, the resilient engagement portion 105 is formed from the ring-shaped
engagement channels 106 and 107, which are provided on the outer periphery of the insertion
part 103 and the inner periphery of the insertion hole 104 respectively, and the engagement
ring 108, which engages with both the engagement channels 106 and 107 so that the

engagement ring can resiliently expand and contract in the radial direction, and the valve shaft
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portion 34b and the diaphragm rod 85 can be quickly and strongly linked to each other by a

small and simple structure employing the engagement ring 108.

[0094] In the meantime, since the first and second retainers 83 and 84 are each made from
metal, and the first and second retainers 83 and 84 abut against each other directly or via a
metal washer within the central hole 87 provided in the central part of the diaphragm 16 tfor
the diaphragm rod 85 to be inserted through. Accordingly, even if the diaphragm 16 1s
degraded due to heat, etc. and the resilient force of the diaphragm 16 is weakened, the gap
between the first and second retainers 83 and 84 is not changed, and linking of the diaphragm
rod 85 to the central part of the diaphragm 16 is reliably maintained. Furthermore, in order to
ensure sealing properties and resistance to coming out between the diaphragm 16 and the first
and second retainers 83 and 84, it is necessary to set the dimension between the first and
second retainers 83 and 84 at an appropriate value and control the compression allowance for
the diaphragm 16 by the first and second retainers 83 and 84 at an appropriate value, and even
if crimping is employed, due to the metal pieées abutting against each other the gap between
the first and second retainers 83 and 84 can be set with high precision, and thereby high
reliability for sealing properties and resistance to coming out can be obtained. When the
metal pieces do not abut against each other, control of the compression ratio has to be carried
out only by setting of the crimping load, it is necessary to set the crimping load extremely
precisely, and in order to find out an appropriate crimping load 1t is necessary to carry out an
incremental test, etc. in which crimping is carried out with various loads and the compression
ratio is measured each time. Moreover, the compression ratio cannot be directly measured
after crimping. Therefore, in order to set an optimum crimping load, a large number of testing
work pieces and complicated operations are required, thus causing an increase 1n development
COSt.

[0095] Furthermore, the plate thickness of the inner peripheral edge part of the diaphragm 16
is constant in the natural state, and with regard to the gap between the first and second
retainers 83 and 84 a portion that has the minimum gap 1S positioned further outward in the
radial direction of the diaphragm 16 than a portion that has the maximum gap. Accordingly,

when a tensile load toward the outside 1n the radial direction acts on the inner penipheral part
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of the diaphragm 16, it is necessary for a portion of the diaphragm 16 that 1s present further
toward the inside in the radial direction than the portion having the minimum gap to be
compressed when passing through a section having the minimum gap between the first and
second retainers 83 and 84, and even when an inexpensive diaphragm 16 with a flat shape 1s
used, the load of the resistance to coming out of the diaphragm 16 can be improved.

[0096] Moreover, the plurality of channels 91 having a substantially V-shaped cross-section
are formed on at least one of the faces on the diaphragm 16 side of the first retainer 83 and the
second retainer 84, in Embodiment 1 the face of the first retainer 83 facing the diaphragm 16,
so as to make part of the diaphragm 16 bite into the channels. Accordingly, due to the V-
shaped channels 91 biting into part of the diaphragm 16, the sealing properties and the load of
the resistance to coming out of the diaphragm 16 can be enhanced.

0097} In the meantime, when assembling the pressure reducing valve, the diaphragm
assemblage 96, which includes at least the diaphragm 16, the diaphragm cover 78 forming the
spring chamber 80 between itself and the diaphragm 16, the diaphragm flange 77 connected to
the diaphragm cover 78 so as to form the pressure action chamber 79 between itself and the
diaphragm 16 and holding the peripheral part of the diaphragm 16 between itself and the
diaphragm cover 78, the first and second springs 81 and 82 disposed between the diaphragm
cover 78 and the diaphragm 16, and the diaphragm rod 85 linked to the central part of the
diaphragm 16 and inserted through the diaphragm flange 77 is prepared in advance; the body
assemblage 100, which is formed by housing at least the valve mechanism 15 in the body 17,
is prepared 1n advance; and the pressure reducing valve is assembled by attaching the
diaphragm assemblage 96 and the body assemblage 100 to each other by linking the
diaphragm tlange 77 and the body 17, and the diaphragm rod 85 and the valve shaft portion
34b directly or via another member. In this Embodiment 1, the gas passage cover 18 in a state
in which the electric heater 68 is attached thereto is mounted on the diaphragm flange 77 of
the diaphragm assemblage 96 by means of the bolts 76, the gas passage cover 18 and the
heated fluid passage cover 19 are attached to the body 17 by means of the bolts 22 and the

nuts 23, and the valve shaft portion 34b of the valve mechanism 15 is coaxially linked to the

diaphragm rod 8&5.
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[0098] There are therefore few restrictions when assembling the pressure reducing valve, and
it is possible to increase the degree of freedom in design and enhance productivity. That 1s,
the workability is enhanced by linking the diaphragm 16 and the diaphragm rod 85 to each
other independently of the valve shaft portion 34b, and the operation of sandwiching the
peripheral part of the diaphragm 16 between the diaphragm cover 78 and the diaphragm
flange 77 can be carried out in a state in which there are no restrictions in terms of space, thus
making it unnecessary to ensure wasteful space for positioning tools on the body 17 side and
thereby reducing the dimensions of the pressure reducing valve. Furthermore, an airtightness
test for the valve mechanism 15 is carried out on .the body assemblage 100 side, and an
airtightness test for the diaphragm 16 is carried out on the diaphragm assemblage 96 side, so
that inspection of the functions of the body assemblage 100 and the diaphragm assemblage 96
can be carried out separately, thereby improving reliability and making it easy to confirm the
state of attachment in each part. Moreover, a plurality of types of pressure reducing valves
having different control pressure while employing the body assemblage 100 in common may
be produced by preparing a plurality of types of diaphragm assemblages 96 by varying the
spring constant for the springs 81 and 82 in the diaphragm assemblage 96 or varying the area
of the diaphragm 16.

[0099] Furthermore, when preparing the diaphragm assemblage 96, the peripheral edge of the
opening of the diaphragm cover 78 press-formed in a bowl shape is crimped and connected to
the outer peripheral part of the diaphragm flange 77. Accordingly, use of a press-formed
product as the diaphragm cover 78 and employment of crimping for connection of the
diaphragm cover 78 to the diaphragm flange 77 enable the production cost to be decreased,
and crimping can be carried out easily without any restrictions in terms of space when
crimping. Moreover, compared with the conventional situation where the body 17 1s held,
since crimping may be carried out while holding the diaphragm flange 77, the crimping jig
can be small and simplified, thus enhancing the productivity.

EMBODIMENT 2

[0100] Embodiment 2 of the present invention will be explained while referring to FIG. 11.

A diaphragm rod 115 including a sandwich surface 115¢, which faces one face side of a
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diaphragm 16, sandwiches a first retainer 116 and an O ring 117 between the sandwich
surface 115¢ and said one face of the diaphragm 16, and is inserted through a central part of
the diaphragm 16. The first retainer 116 abuts against said one face of the diaphragm 16, and
the O ring 117, which is an annular seal member, is disposed between the first retainer 116
and the sandwich surface 115c.

(0101] This diaphragm rod 115 integrally has a bottomed cylindrical portion 115a and a shatt
portion 115b. The bottomed cylindrical portion 115a has a closed end so as to form a
bottomed insertion hole 104 for inserting an insertion part 103 on a valve shaft portion 34b
side (see Embodiment 1) thereinto to be resiliently engaged. The shaft portion 115b i1s
coaxially connected to the middle of the closed portion of one end of the bottomed cylindrical
portion 115a, has a smaller diameter than the bottomed cylindrical portion 115a, and is
inserted through a central hole 87 provided in the central part of the diaphragm 16. Further,
the annular sandwich surface 115¢ disposed on a circumference of a base part of the shait
portion 115b is formed on an outer surface of one end of the bottomed cylindrical part 115a.
[0102] One end of the diaphragm rod 115 inserted through the diaphragm 16, that is, one end
of the Shaft portion 115b is crimped by a crimping jig 88; and between the other face ot the
diaphragm 16 and an engagement portion 118 formed by the crimping, at least a second
retainer 84 is sandwiched. In Embodiment 2, the second retainer 84 and a spring-receiving
member 86 are sandwiched between the engagement portion 118 and the diaphragm 16.

[0103] Accordingly, by sandwiching the second retainer 84 and the spring-receiving member

86 between the other face of the diaphragm 16 and the engagement portion 118 formed by

crimping said one end of the diaphragm rod 115, a diaphragm assembly 120 including the
diaphragm rod 115, the O ring 117, the first retainer 116, the diaphragm 16, the second

retainer 84, and the spring-receiving member 86 is formed; and the diaphragm rod 115 of the
diaphragm assembly 120 is linked to the valve shaft portion 34b.

[0104] Also, with Embodiment 2, an effect similar to the above-described Embodiment 1 can
be attained. That is, the diaphragm assembly 120 including at least the diaphragm rod 115,
the O ring 117, the first retainer 116, the diaphragm 16, and the second retainer 84 1s formed

by crimping said one end of the diaphragm rod 115, and the diaphragm rod 115 of the
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diaphragm assembly 120 is linked to the valve shaft portion 34D, thereby enhancing the
productivity compared with conventional attachment using a nut.

EMB’ODIMENT 3

[0105] Embodiment 3 of the present invention will be explained 7while referring to FIG. 12.
On a central part of a diaphragm 121 which has one face facing a pressure action chamber 79
(see Embodiment 1), a short cylindrical shaped rib 121a forming a central hole 122 and
protruding from said one face of the diaphragm 121 is integrally provided. On the other hand,
the diaphragm rod 125 has annular first, second, and third sandwich surfaces 125e, 1251, and
125g, which face in a same direction. This diaphragm rod 125 is inserted through the central
part of the diaphragm 121 in such a way that: the first and second sandwich surfaces 125¢ and
125f face said one face side of the diaphragm 121; and an end of the rib 121a abuts against the
second sandwich surface 125f while sandwiching a first retainer 126 between the diaphragm
121 and the first sandwich surface 125e.

[0106] The diaphragm rod 125 integrally has: a large diameter shaft portion 125a forming
therein a bottomed insertion hole 104 for inserting an insertion part 103 on a valve shaft
portion 34b side (see Embodiments 1 and 2) thereinto to be resiliently engaged; a first middle
diameter shaft portion 125b having an outer periphery substantially corresponding to an outer
periphery of the rib 121a of the diaphragm 121 and formed to have a smaller diameter than
the large diameter shaft portion 125a; a second middle diameter shaft portion 125c that has an
outer periphery which can be fitted into the central hole 122 of the rib 121a and that 1S formed
to have a smaller diameter than the first middle shaft portion 125b; and a small diameter shatt
portion 125d formed to have a smaller diameter than the second middle diameter shaft portion
125c. An annular first sandwich surface 125e facing said one face of the diaphragm 121 1s
formed between the large diameter shaft portion 125a and the first middle diameter shait
portion 125b. An annular second sandwich surface 125f against which a tip end of the b
121a abuts is formed between the first and second middle diameter shaft portions 125b and
125c. An annular third sandwich surface 125g is formed between the second middle diameter
shaft portion 125¢ and the small diameter shaft portion 125d. Further, a length L in a shaft’s

direction of the second middle shaft portion 125c¢ is set so that 1t is slightly smaller than a
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length in the shaft’s direction of the rib 121a in the naturél state at the central part of the
diaphragm 121.

|0107] A ning-shaped first retainer 126 which has an inner diameter substantially
corresponding to an outer diameter of the first middle diameter shaft portion 125b is
sandwiched between said one face of the diaphragm 121 and the first sandwich surface 125e
of the diaphragm rod 125. One end part of the small diameter shaft part 125d of the
diaphragm rod 125 that inserts through the diaphragm 121 to protrude toward a spring
chamber 80 (see Embodiment 1) side is crimped by a crimping jig 88; and at least a second
retainer 84 1s sandwiched between the other face of the diaphragm 121 and an engagement
portion 128 formed by the crimping. In Embodiment 3, the second retainer 84 and a spring-
receiving member 86 are sandwiched between the engagement portion 128 and the diaphragm
121.

[0108] Accordingly, by sandwiching the second retainer 84 and the spring-receiving member
86 between the third sandwich surface 125g and the engagement portion 128 formed by
crimping said one end of the diaphragm rod 125, a diaphragm assembly 130 including the
diaphragm rod 125, the first retainer 126, the diaphragm 121, the second retainer 84, and the
spring-receiving member 86 is formed so that the rib 121a at the central part of the diaphragm
121 is sandwiched between the second retainer 84 and the second sandwich surface 125f of
the diaphragm rod 125 and the diaphragm 121 and the first retainer 126 are sandwiched

between the second retainer 84 and the first sandwich surface 125e of the diaphragm rod 125.

Furthermore, the diaphragm rod 125 of the diaphragm assembly 130 is linked to the valve
shaft portion 34b.

[0109] Also, with Embodiment 3, similar effects of the above-described Embodiments 1 and
2 can be attained. That is, the diaphragm assembly 130 including at least the diaphragm rod
125, the first retainer 126, the diaphragm 121, and the second retainer 84 is formed by
crimping said one end of the diaphragm rod 125, and the diaphragm rod 125 of this
diaphragm assembly 130 is linked to the valve shaft portion 34b, thereby enhancing the
productivity compared with conventional attachment using a nut. Furthermore, the rib 121a

at the central part of the diaphragm 121 is sandwiched between the second retainer 84 and the
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second sandwich surface 125f of the diaphragm rod 125, so that the seal member 117

necessary for Embodiment 2 becomes unnecessary.

[0110] A mode for carrying out the present invention is explained above, but the present

invention is not limited to the above-mentioned embodiments and may be modified 1 a

variety of ways as long as the modifications do not depart from the scope thereot.
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CLAIMS:

1. A pressure reducing valve in which,

a valve mechanism housed 1n a body, the valve mechanism including a valve
body adapted to be seated on a valve seat which faces a valve chamber communicating with a

high pressure passage and which has a valve hole opening in a central part of the valve seat,

a valve shaft portion which 1s coaxially connected to the valve body so as to
extend through the valve hole 1s linked to a central part of a diaphragm that has one face
facing a pressure action chamber, into which fluid pressure on a downstream side of the valve

hole 1s guided, and the other face facing a spring chamber, and

a spring exhibiting a spring force that urges the diaphragm toward the side on

which the volume of the pressure action chamber 1s decreased is housed in the spring

chamber,
wherein

a diaphragm rod that integrally has a sandwich surface facing the one face side
of the diaphragm is inserted through the central part of the diaphragm so as to sandwich a first
retainer and an annular seal member between the one face of the diaphragm and the sandwich
surface, the first retainer abutting against the one face of the diaphragm, the annular seal

member being disposed between the first retainer and the sandwich surface; and at least a
second retainer 1s sandwiched between the other face of the diaphragm and an engagement

portion which is formed by crimping one end portion of the diaphragm rod on the spring

chamber side, thereby forming a diaphragm assembly including at least the diaphragm rod, the

seal member, the first retainer, the diaphragm, and the second retainer, and

the diaphragm rod of the diaphragm assembly is linked to the valve shaft

portion.

2. A pressure reducing valve 1n which,
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a valve mechanism housed 1n a body, the valve mechanism including a valve
body adapted to be seated on a valve seat which faces a valve chamber communicating with a

high pressure passage and which has a valve hole opening 1n a central part of the valve seat,

a valve shaft portion which is coaxially connected to the valve body so as to
extend through the valve hole 1s linked to a central part of a diaphragm that has one face
facing a pressure action chamber, into which fluid pressure on a downstream side of the valve

hole 1s guided, and the other face facing a spring chamber, and

a spring exhibiting a spring force that urges the diaphragm toward the side on
which the volume of the pressure action chamber 1s decreased i1s housed 1n the spring

chamber,

wherein

a short cylindrical shaped rib forming a central hole 1n a central part of the
diaphragm is integrally provided with the one face of the diaphragm so as to protrude
therefrom; a diaphragm rod having a first sandwich surface, an annular second sandwich
surface, and a third sandwich surface 1s inserted through the central hole of the diaphragm, the
first sandwich surface sandwiching a first retainer between itself and the one face of the
diaphragm, the second sandwich surface being abutted by an end portion of the rib at a
position inward of the first retainer, the third sandwich surface being abutted by a second

retainer which sandwiches the rib between itself and the second sandwich surface and which

sandwiches the diaphragm and the first retainer between itself and the first sandwich surtface;
and at least the second retainer 1s sandwiched between the third sandwich surface and an
engagement portion which 1s formed by crimping one end portion of the diaphragm rod on the
spring chamber side, thereby forming a diaphragm assembly including at least the diaphragm

rod, the first retainer, the diaphragm, and the second retainer, and

the diaphragm rod of the diaphragm assembly 1s linked to the valve shaft

portion.

3. The pressure reducing valve according to Claim 1 or 2, wherein
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an 1nsertion hole into which an insertion part provided on one of the valve shaft

portion and the dtaphragm rod 1s inserted 1s provided on the other of the valve shaft portion
and the diaphragm rod, and

the valve shaft portion and the diaphragm rod are linked by a resilient
engagement portion between an outer periphery of the insertion part and an inner periphery of

the insertion hole.
4, The pressure reducing valve according to Claim 3, wherein
the resilient engagement portion comprises:

ring-shaped engagement channels provided respectively on the outer periphery

of the insertion part and the 1inner periphery of the insertion hole; and

an engagement ring engaging with the engagement channels so that the

engagement ring can resiliently expand and contract in a radial direction.

5. The pressure reducing valve according to Claim 1, wherein

the first retainer and the second retainer, which are each made of metal, abut
agamnst each other directly or via a metal washer within a central hole which is provided in the

central part of the diaphragm so as to permit insertion of the diaphragm rod therethrough.
6. The pressure reducing valve according to Claim 1 or 5, wherein

a plate thickness of an inner peripheral edge part of the diaphragm is constant

1n a natural state, and

with respect to a gap between the first and second retainers, a portion with a
minimum gap 1s positioned further outward in a radial direction of the diaphragm than a

portion with a maximum gap.

7. The pressure reducing valve according to Claim 1, 5 or 6, wherein

38



10

15

20

CA 02748702 2015-03-26

70488-396

a channel having a substantially V-shaped cross-section is formed on at least

one of faces on the diaphragm side of the first retainer and the second retainer so as to make

part of the diaphragm bite into the channel.
8. A pressure reducing valve in which,

a valve mechanism housed in a body, the valve mechanism including a valve
body adapted to be seated on a valve seat which faces a valve chamber communicating with a

high pressure passage and which has a valve hole opening in a central part of the valve seat,

a valve shaft portion which 1s coaxially connected to the valve body so as to
extend through the valve hole is linked to a central part of a diaphragm that is actuated in
accordance with fluid pressure of a pressure action chamber, into which fluid pressure on a

downstream side of the valve hole is guided,
wherein
a diaphragm rod is linked to the central part of the diaphragm, and

the valve shaft portion and the diaphragm rod are linked by a resilient
engagement portion between an outer periphery of an insertion part and an inner periphery of
an 1nsertion hole, the insertion part being provided on one of the valve shaft portion and the
diaphragm rod so as to extend in an axial direction, the insertion hole being provided on the
other of the valve shaft portion and the diaphragm rod so as to permit insertion of the insertion

part therethrough.

9. The pressure reducing valve according to Claim 8, wherein
the resilient engagement portion comprises:

ring-shaped engagement channels provided respectively on the outer periphery

of the insertion part and the inner periphery of the insertion hole; and
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an engagement ring engaging with the engagement channels so that the

engagement ring can resiliently expand and contract in a radial direction.
10. The pressure reducing valve according to Claim 8 or 9, wherein

the valve shaft portion is linked to the central part of the diaphragm that has
one face facing the pressure action chamber, into which fluid pressure on the downstream side

of the valve hole 1s guided, and the other face facing a spring chamber,

a spring exhibiting a spring force that urges the diaphragm toward the side on
which the volume of the pressure action chamber is decreased is housed in the spring

chamber,

the diaphragm rod that integrally has a first retainer abutting against the one
face of the diaphragm is inserted through the central part of the diaphragm; and at least a
second retainer is sandwiched between the other face of the diaphragm and an engagement
portion which is formed by crimping one end portion of the diaphragm rod on the spring
chamber side, thereby forming a diaphragm assembly including at least the diaphragm, the

second retainer, and the diaphragm rod that integrally has the first retainer, and

the diaphragm rod of the diaphragm assembly is linked to the valve shaft

portion.
11. The pressure reducing valve according to Claim 8 or 9, wherein

the valve shaft portion is linked to the central part of the diaphragm that has
one face facing the pressure action chamber, into which fluid pressure on the downstream side

of the valve hole 1s guided, and the other face facing a spring chamber,

a spring exhibiting a spring force that urges the diaphragm toward the side on
which the volume of the pressure action chamber 1s decreased 1s housed in the spring

chamber,
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the diaphragm rod that integrally has a sandwich surface facing the one face
side of the diaphragm is inserted through the central part of the diaphragm so as to sandwich a
first retainer and an annular seal member between the one face of the diaphragm and the
sandwich surface, the first retainer abutting against the one face of the diaphragm, the annular
seal member being disposed between the first retainer and the sandwich surtface; and at least a
second retainer is sandwiched between the other face of the diaphragm and an engagement
portion which is formed by crimping one end portion of the diaphragm rod on the spring
chamber side, thereby forming a diaphragm assembly including at least the diaphragm rod, the

seal member, the first retainer, the diaphragm, and the second retainer, and

the diaphragm rod of the diaphragm assembly is linked to the valve shaft

portion.

12. The pressure reducing valve according to Claim 8 or 9, wherein

the valve shaft portion is linked to the central part of the diaphragm that has

one face facing the pressure action chamber, into which fluid pressure on the downstream side

of the valve hole is guided, and the other face facing a spring chamber,

a spring exhibiting a spring force that urges the diaphragm toward the side on

which the volume of the pressure action chamber 1s decreased 1s housed 1n the spring

chamber,

a short cylindrical shaped rib forming a central hole in a central part of the
diaphragm i1s integrally provided with the one face of the diaphragm so as to protrude
therefrom; the diaphragm rod having a first sandwich surface, an annular second sandwich
surface, and a third sandwich surface is inserted through the central hole of the diaphragm, the
first sandwich surface sandwiching a first retainer between itselt and the one face of the
diaphragm, the second sandwich surface being abutted by an end portion of the rib at a
position inward of the first retainer, the third sandwich surface being abutted by a second

retainer which sandwiches the rib between itself and the second sandwich surface and which

sandwiches the diaphragm and the first retainer between itself and the first sandwich surface;
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and at least the second retainer 1s sandwiched between the third sandwich surface and an

engagement portion which is formed by crimping one end portion of the diaphragm rod on the
spring chamber side, thereby forming a diaphragm assembly including at least the diaphragm

rod, the first retainer, the diaphragm, and the second retainer, and

the diaphragm rod of the diaphragm assembly is linked to the valve shaft

portion.

13. The pressure reducing valve according to Claim 10 or 11, wherein

the first retainer and the second retainer, which are each made of metal, abut
against each other directly or via a metal washer within a central hole which is provided in the

central part of the diaphragm so as to permit insertion of the diaphragm rod therethrough.
14, The pressure reducing valve according to Claim 10, 11 or 13, wherein

a plate thickness of an inner peripheral edge part of the diaphragm is constant

In a natural state, and

with respect to a gap between the first and second retainers, a portion with a

minimum gap 1s positioned further outward in a radial direction of the diaphragm than a

portion with a maximum gap.
15. The pressure reducing valve according to Claim 10, 11, 13 or 14, wherein

a channel having a substantially V-shaped cross-section is formed on at least
one ot faces on the diaphragm side of the first retainer and the second retainer so as to make

part of the diaphragm bite into the channel.
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