SPECI FI CATI ON
[Title of Invention] CHECK VALVE AND RECI PROCATI NG BODY
FOR CHECK VALVE
[ TECHNI CAL FI ELD]
[ 0001]

The present invention relates to the structure of a
foot valve, and relates to a lift type check valve and a
reci procating body for a check val ve.

[ BACKGROUND ART]
[ 0002]

A check val ve is known which causes a fluid in a
pi pe to pass through in one direction. There are various
types of check val ves which are classified based on the
operation node of a valve el enent.

O the check valves, the lift type check valve has a
structure where a valve elenent |linearly reciprocates in
a direction approaching or away froma val ve seat, thus
allowng a rapid closing operation. In particular, a
lift type check val ve of a snol ensky type includes a
spring and hence, it is possible to preferably suppress
the occurrence of water hammreri ng.

[ 0003]

Pat ent docunent 1 describes a lift type check val ve
whi ch includes a valve seat and a val ve el enent which
linearly reciprocally oscillates in a direction
approaching or away fromthe val ve seat, and where an

inflow direction of a fluid flowng in toward the val ve



seat and a passing direction, along which the fluid
passes through the valve elenment, intersect with each
other. To the valve elenent of this |lift type check
val ve, a deflecting surface is provided which causes a
fluid to be deflected fromthe inflow direction to the
passi ng direction.

[ Cl TATI ON LI ST]

[ PATENT DOCUNVENT]

[ 0004]

[ Pat ent docunent 1] International Publication No. WO
2013/ 180108

[ SUMVARY OF THE | NVENTI ON]

[ PROBLEM TO BE SOLVED BY THE | NVENTI ON]

[ 0005]

I ncidentally, the valve elenent of the check val ve
may be provided with a packing which causes the val ve
el ement to be brought into close contact with the val ve
seat when the check valve is in a closed state. The body
of the valve element is made of a netal material or the
like. On the other hand, the packing is nmade of a
material having elasticity, such as a rubber material.

In commercially available [ift type check val ves, by
taking into account the weight of the valve elenent, flow
speed, the tenperature of fluid, characteristics of the
fluid that the fluid is an organic solvent etc., a
material sufficiently excellent in durability is

generally selected also for the packing. In particular,



a packi ng has been sel ected where the deterioration of
wat er stoppi ng perfornmance can be suppressed in such a
state where a dynamc load, a thernmal |load froma fluid
or a chemical |load is applied.

Further, of the check val ves, an underwater-
installation-type foot valve is allowed to have a slight
amount of | eakage. However, for exanple, in a foot valve
which is installed above a water surface, the inportance
of increasing water stopping performance and durability
of the packing is particularly high.

| nventors of the present invention have consi dered
t hat water stopping performance of the packing and
durability of the packing can be increased by changi ng
the structure of check val ve.

[ 0006]

The present invention has been made in view of the
above-nenti oned problens, and the present invention
provi des a check val ve having the structure which can
i ncrease water stopping performance and durability of a
packi ng, and a reciprocating body for a check val ve.

[ MEANS FOR SOLVI NG THE PROBLEM
[ 0007]

According to the present invention, there is
provided a |ift type check valve including: a valve seat;
a reciprocating body which is allowed to linearly
reci procate between a closed position, where the

reci procating body is brought into close contact with the



val ve seat, and an open position, where the reciprocating
body is away fromthe valve seat; a primary flow passage
whi ch is positioned on an upstream side of the

reci procati ng body; a secondary flow passage which is
positioned on a downstream side of the reciprocating body,
and which intersects with the primary fl ow passage; and a
gui de cylinder which guides the reciprocating body such
that the reciprocating body is allowed to reciprocate,
wherei n the reciprocating body includes: a val ve el enent

i ncluding a deflecting surface which causes a fluid to be
defl ected fromthe primary fl ow passage side to the
secondary fl ow passage side in a state where the

reci procating body is in the open position, a valve shaft
extending fromthe valve el enent, and gui ded by the guide
cylinder so as to allow the reciprocating body to

reci procate, and a packing havi ng an annul ar shape which
is made of a material softer than the valve elenent, and
which is circularly brought into close contact with the
val ve seat in a state where the reciprocating body is in
the cl osed position, assumng the primary fl ow passage
side as one side, the valve elenment includes a base
portion di sposed on the other side, which is a side
opposite to the one side, and an extending portion
extending toward the one side fromthe base portion, the
base portion has, on the primary flow passage side, a

fl ange surface which supports the packing in a state

where the packing is exposed to the primary fl ow passage



side, the flange surface is fornmed |arger than the
extending portion in a direction perpendicular to an
axial direction of the valve shaft, and is fornmed such
that the flange surface is allowed to conme into contact
with the val ve seat via the packing, on an outer

peri phery of the extending portion, a recess is forned
which is recessed relative to other parts in the

di rection perpendicular to the axial direction of the
val ve shaft, and a portion of the packing is fitted in
t he recess.

[ 0008]

According to the present invention, there is also
provi ded a reciprocating body for a check valve, used in
alift type check valve which includes: a valve seat; a
reci procating body which is allowed to linearly
reci procate between a closed position, where the
reci procating body is brought into close contact with the
val ve seat, and an open position, where the reciprocating
body is away fromthe valve seat; a primary flow passage
which is positioned on an upstream side of the
reci procati ng body; a secondary flow passage which is
positioned on a downstream side of the reciprocating body,
and which intersects with the primary fl ow passage; and a
gui de cylinder which guides the reciprocating body such
that the reciprocating body is allowed to reciprocate,
the reciprocating body including: a val ve el enent

i ncluding a deflecting surface which causes a fluid to be



deflected fromthe primary fl ow passage side to the
secondary fl ow passage side in a state where the

reci procating body is in the open position; a valve shaft
extending fromthe valve el enent, and gui ded by the guide
cylinder so as to allow the reciprocating body to

reci procate; and a packi ng havi ng an annul ar shape whi ch
is made of a material softer than the valve el enent, and
which is circularly brought into close contact with the
val ve seat in a state where the reciprocating body is in
the cl osed position, wherein assumng the primary fl ow
passage side as one side, the valve elenent includes a
base portion di sposed on the other side, which is a side
opposite to the one side, and an extending portion
extending toward the one side fromthe base portion, the
base portion has, on the primary fl ow passage side, a

fl ange surface which supports the packing in a state
where the packing is exposed to the primary fl ow passage
side, the flange surface is fornmed |larger than the
extending portion in a direction perpendicular to an
axial direction of the valve shaft, and is forned such
that at |east a portion of the flange surface is allowed
to come into contact wwth the valve seat via the packing,
on an outer periphery of the extending portion, a recess
is formed which is recessed relative to other parts in
the direction perpendicular to the axial direction of the
val ve shaft, and a portion of the packing is fitted in

t he recess.



[ EFFECT OF THE | NVENTI ON]
[ 0009]

According to the present invention, it is possible
to provide a check valve and a reciprocating body for a
check val ve having the structure which can increase water
st oppi ng performance and durability of a packing.
[ BRI EF DESCRI PTI ON OF THE DRAW NGS}
[0010]
[Fig. 1] Fig. 1 is a perspective view show ng the
ext ernal appearance of a check val ve according to a first
enbodi nent of the present invention.
[Fig. 2] Fig. 2 is a longitudinal cross-sectional view
show ng a closed state of the check valve according to
the first enbodi nent.
[Fig. 3] Fig. 3 is a longitudinal cross-sectional view
showi ng an open state of the check valve according to the
first enbodi nent.
[Fig. 4 Fig. 4 is a perspective view show ng the upper
side of a reciprocating body which forns the check val ve
according to the first enbodi nent.
[Fig. 5] Fig. 5 is a perspective view show ng the bottom
side of the reciprocating body according to the first
enbodi nent .
[Fig. 6] Fig. 6 is a longitudinal cross-sectional view of
the reciprocating body according to the first enbodi nent.
[Fig. 7] Fig. 7 is a perspective view show ng the bottom

side of a guide cap according to the first enbodi nent.



[Fig. 8 Fig. 8 is a longitudinal cross-sectional view
showi ng a cl osed state of a check valve according to a
second enbodi nent of the present invention.

[Fig. 9] Fig. 9 is a perspective view show ng the bottom
side of a reciprocating body according to the second
enbodi nment .

[Fig. 10] Fig. 10 is a longitudinal cross-sectional view
of the reciprocating body according to the second

enbodi nent .

[Fig. 11] Fig. 11 is a longitudinal cross-sectional view
showi ng a cl osed state of a check valve according to a
third enbodi rent of the present invention.

[Fig. 12] Fig. 12 is a longitudinal cross-sectional view
showi ng an open state of the check valve according to the
third enbodi nent.

[Fig. 13] Fig. 13 is a perspective view show ng the upper
side of a reciprocating body which forns the check val ve
according to the third enbodi nent.

[Fig. 14] Fig. 14 is a view showing a state where a gui de
cylinder according to the third enbodi nent accommodates a
val ve shaft, wherein Fig. 14A is a cross-sectional view
show ng an Xl VA-XI VA cross section in Fig. 12, and Fig.
14B is a cross-sectional view showi ng an Xl VB- Xl VB cross
section in Fig. 12.

[Fig. 15] Fig. 15 is a view showing the flowof a fluid
and dynam c pressure distribution at a flow rate of 4600

L/ m n.



[Fig. 16] Fig. 16 is a view showing the flow of the fluid
and dynam c pressure distribution at a flow rate of 15400
L/ m n.

[Fig. 17] Fig. 17 is a view showing the flow of the fluid
and dynam c pressure distribution at a flow rate of 19000
L/ m n.

[Fig. 18] Fig. 18 is a longitudinal cross-sectional view
show ng a closed state of a check valve according to a
fourth enbodi nent.

[Fig. 19] Fig. 19 is an expl oded perspective view show ng
a reciprocating body according to a nodification.

[ DESCRI PTI ON OF EMBODI MENTS]

[0011]

Herei nafter, enbodi ments of the present invention
wi Il be described with reference to draw ngs.

Not e that enbodi ments described hereinafter nerely
forms one exanple for facilitating the understandi ng of
the present invention, and do not Iimt the present
invention. That is, it is needless to say that the shape,
size, arrangenent and the |ike of nenbers described
herei nafter may be nodified or inproved w thout departing
fromthe gist of the present invention, and the present
i nvention includes equival ents thereof.

Further, in all drawi ngs, simlar constitutional
el enents are given identical reference synbols, and the
same description will not be repeated. In this

specification, there may be a case where the description



- 10 -

Is made in a state where the vertical direction is
defined. The vertical direction is set for the sake of
conveni ence to describe the relative relationship between
constitutional elenents, and does not limt the direction
of a product according to the present invention during
manuf acture or in use.
[0012]
<<Fi rst enbodi nent>>
<Sunmary of check val ve according to this enbodi nent and
reci procating body used in check val ve>

First, the sunmary of a check valve 1 according to
this enbodi nent and a reciprocating body 2 will be
described mainly with reference to Fig. 1 to Fig. 3. Fig.
1 is a perspective view showi ng the external appearance
of the check valve 1 according to a first enbodi nent of
the present invention. Fig. 2 is a longitudinal cross-
sectional view showi ng a closed state of the check val ve
1. Fig. 3is a longitudinal cross-sectional view show ng
an open state of the check valve 1. A cross section
including the axis of a valve shaft 7 is referred to as a
| ongi tudi nal cross section.

The lift type check valve 1 according to this
enbodi nent includes a valve box 12 which has a val ve seat
12a shown in Fig. 2, and the reciprocating body 2 which
is allowed to linearly reciprocate as shown in Fig. 2 and
Fig. 3, and which cones into contact with and is

separated fromthe valve seat 12a. To be nore specific,



the reciprocating body 2 is configured such that the
reci procating body 2 is allowed to reciprocate within an
openi ng/ cl osi ng regi on defined by a cl osed position,
where the reciprocating body 2 is brought into close
contact with the valve seat 12a shown in Fig. 2, and an
open position, where the reciprocating body 2 is away
fromthe val ve seat 12a shown in Fig. 3.

The check valve 1 further includes a primary flow
passage which is positioned on the upstream side of the
reci procating body 2, a secondary flow passage which is
positioned on the downstream si de of the reciprocating
body 2, and which intersects with the primary flow
passage, and a guide cylinder 4 which guides the
reci procating body 2 such that the reciprocating body 2
is allowed to reciprocate.

[ 0013]

The reciprocating body 2 has, as shown in Fig. 2, a
val ve elenent 6 including a deflecting surface 10a, the
val ve shaft 7 guided by the guide cylinder 4 described
| ater, and a packing 8 having an annul ar shape which is
circularly brought into close contact with the val ve seat
12a in a state where the reciprocating body 2 is in a
cl osed position. The deflecting surface 10a is a surface
whi ch causes a fluid fromthe primary fl ow passage side
to be deflected to the secondary fl ow passage side when
the valve elenent 6 is in an open position. The valve

shaft 7 extends fromthe valve elenent 6, and is gui ded



by the guide cylinder 4 so as to allow the reciprocating
body 2 to reciprocate. The packing 8 is nmade of a
material softer than the valve el enent 6.

[ 0014]

Assum ng a primary fl ow passage side as one side
(bottom side), the valve elenent 6 includes a base
portion (a |arge dianeter portion 9a of a guide washer 9)
di sposed on the other side (upper side), which is the
side opposite to the one side, and an extending portion
21 extending toward the one side fromthe base portion
(the large dianeter portion 9a of the guide washer 9).

In this enbodi nent, the extending portion 21 refers to a
part which extends toward the bottom side fromthe | arge
di aneter portion 9a, and refers to the part which

i ncl udes a portion of the guide washer 9 and a defl ecting
portion 10, the guide washer 9 and the deflecting portion
10 being separate nenbers. Specifically, the extending
portion 21 refers to a part which includes a snmall

di aneter portion 9b of the guide washer 9, and the

defl ecting portion 10 integrally formed with the | ower
portion of the valve shaft 7, and inserted into the |arge
di aneter portion 9a.

The base portion (the large dianmeter portion 9a of
t he gui de washer 9) has, on the primary fl ow passage side,
a flange surface 9m whi ch supports the packing 8 in a
state where the packing 8 is exposed to the primary fl ow

passage si de.
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The flange surface 9mis forned |arger than the
extending portion 21 in the direction perpendicular to
the axial direction of the valve shaft 7. The flange
surface 9mis fornmed such that at |east a portion of the
flange surface 9mis allowed to cone into contact with
the val ve seat 12a via the packing 8.

On the outer periphery of the extending portion 21
(smal |l dianeter portion 9b), a recess 9c is formed which
is recessed relative to other parts (the upper portion of
the deflecting portion 10 di sposed bel ow the smal |
di aneter portion 9b) in the direction perpendicular to
the axial direction of the valve shaft 7, and a portion
of the packing 8 is fitted in the recess 9c.

[ 0015]

According to the check valve 1 having the above-
menti oned configuration, when the reciprocating body 2
reci procates, the base portion (the |arge dianeter
portion 9a of the guide washer 9) repeatedly conmes into
contact with the valve seat 12a via the packing 8 and
hence, it is possible to reduce an inpact applied to the
base portion (the |l arge dianeter portion 9a of the guide
washer 9).

In particular, a contact surface between the packing
8 and the valve seat 12a is perpendicular to a
reci procating direction of the reciprocating body 2 and
hence, even when the reciprocating body 2 (packing 8)

repeatedly cones into contact wwth the valve seat 12a, a



stress applied to the packing 8 can be dispersed fromthe
contact part symetrically with respect to the surface

di rection.

[ 0016]

Assune the case where the contact surface between
t he packing 8 and the valve seat 12a is parallel to the
defl ecting surface 10a (the case where the contact
surface obliquely intersects with the reciprocating
direction of the reciprocating body 2). In such a case,
t he conponent of force in a sliding direction with
respect to the flange surface 9m described later is
generated and hence, the packing 8 is easily defornmed in
a direction intersecting with the axial direction of the
reci procati ng body 2.

On the other hand, as described above, the contact
surface between the packing 8 and the valve seat 12a is
per pendi cul ar to the reciprocating direction of the
reci procating body 2 and hence, drag applied to the
packing 8 fromthe valve seat 12a can be dispersed from
the contact part symmetrically with respect to the
surface direction as a stress which is not significantly
one-sided in the surface direction of the packing 8.

That is, it is possible to suppress that the packing 8 is
defornmed in a one-sided manner in the surface direction
and hence, water stopping performance and durability of

t he packing 8 can be enhanced.
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Further, the packing 8 is fitted in the recess 9c on
the extending portion 21 (the small dianeter portion 9b,
the deflecting portion 10) and hence, even if a contact
| oad fromthe valve seat 12a is repeatedly applied to the
packing 8, it is possible to suppress the renoval of the
packing 8 fromthe reciprocating body 2. Accordingly,

t he packing 8 can be used for a long period of time, thus
I ncreasing durability.

[ 0017]

<Configurations of respective portions>

Next, the configurations of respective portions
whi ch formthe check valve 1 according to the first
enbodi nent will be described with reference to Fig. 4 to
Fig. 7 in addition to Fig. 1 to Fig. 3. Fig. 4is a
per spective view show ng the upper side of the
reci procating body 2 which fornms the check valve 1
according to the first enbodinent. Fig. 5is a
perspective view show ng the bottom side of the
reci procating body 2. Fig. 6 is a |longitudinal cross-
sectional view of the reciprocating body 2. Fig. 7is a
per spective view showi ng the bottom side of a guide cap 3
according to the first enbodi nent.

[ 0018]

The check valve 1 according to this enbodinent is a
lift type valve where the reciprocating body 2, including
the valve elenent 6, linearly reciprocally oscillates in

a direction approaching or away fromthe val ve seat 12a.
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A fluid where backflowis restricted by the check valve 1
is liquid, such as water, or a gas, such as air.

In the closed state shown in Fig. 2, the valve
elenent 6 is biased by a spring body 20, thus being
pressed agai nst the valve seat 12a. The check valve 1 of
this enbodinent is of a so-called snol ensky type.

Accordi ngly, at the nonent when the flow of a fluid
changes to a backflow, which flows fromthe secondary
side to the primary side, the valve elenent 6 of the
check valve 1 comes into contact with the valve seat 12a
due to a biasing force brought about by the spring body
20, thus rapidly closing the flow passage. Therefore,
the occurrence of water hammering can be suppressed by
preventing the backfl ow and hence, the certainty of the
cl osed state (water stopping performnce) can be

i ncr eased.

However, the check valve 1 is not limted to the
configuration which includes the spring body 20, and
presses the valve el enent 6 against the valve seat 12a.
For exanple, the check valve 1 may be configured such
that the valve elenent 6 is pressed agai nst the valve
seat 12a only by the dead wei ght of the reciprocating
body 2, or by the dead weight of the reciprocating body 2
and a |l oad applied froma danper nmechani smformed of the
val ve shaft 7 and the guide cylinder 4 described later.

[ 0019]



Further, the check valve 1 according to this
enbodi nent is an angle valve. Specifically, the check
valve 1 includes the primary flow passage, which is
positioned on the upstream side of a region where the
val ve el enent 6 reciprocates, and the secondary fl ow
passage which intersects with the primary fl ow passage
with the region where the valve el enent 6 reciprocates
I nt er posed t her ebet ween.

When the check valve 1 of this enbodinment is used on
the primary side of a lifting punp (not shown in the
drawi ng) as a so-called foot valve, the certainty of
stopping water is increased and hence, it is possible to
preferably prevent waterfall in a lifting pipe.

[ 0020]

The check valve 1 is provided to a flow passage
through which liquid or a gas (fluid) is caused to flow.
Wen a differential pressure between the prinmary side and
the secondary side of the valve el enent 6 exceeds a
predet erm ned m ni num operating pressure (cracking
pressure), the valve elenment 6 is brought into an open
state to cause a fluid to flow Wen the differentia
pressure between the prinmary side and the secondary side
of the valve el enent 6 becones negative or equal to or
| ess than the m ni num operating pressure, the valve
element 6 is brought into a closed state as shown in Fig.

1 to shut off the flow of the fl uid.
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Note that there may be al so a case where the
novenent of the valve elenent 6 is inhibited by the
pressure of residual air in a boss 5a of the guide cap 3
descri bed | ater and hence, provided that the desired
amount of flow area can be ensured, the valve elenent 6
I's not necessarily configured to be brought into a fully-
open state. Although Fig. 3 shows the fully-open state
of the valve elenent 6, the degree of opening of the
val ve el enent 6 varies corresponding to a flowrate
dependi ng on the mass of the reciprocating body 2 and the
restoring force of the spring body 20.

[ 0021]

The check valve 1 includes the reciprocating body 2,
t he val ve box 12 which has the valve seat 12a and
accommodat es the reciprocating body 2, a cap (guide cap
3) which has the guide cylinder 4 and is nounted on the
val ve box 12, and a biasing nenber (spring body 20) which
I's provided between the valve elenent 6 and the cap
(guide cap 3) to bias the valve elenent 6 toward the
primary fl ow passage side. That is, the check valve 1 in
this specification refers to the entire pipe joint which
I ncludes the valve elenment 6 and the |ike therein.

[ 0022]

The val ve box 12 according to this enbodinent is
integrally fornmed by |ost wax process, and is forned into
a substantially T shape as a whole. A flange portion 13

is integrally formed on the upstreamside (primry side)
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of the valve box 12, and a flange portion 14 is
integrally formed on the downstream side (secondary side)
of the valve box 12. The valve box 12 is fixed to pipes
(not shown in the draw ng) using fasteners (not shown in
the drawi ng), such as bolts and nuts. As shown in Fig. 1,
a flat nounting base 15 for nounting a suction pipe (not
shown in the drawi ng), connected to a suction punp (not
shown in the drawing), is forned on the val ve box 12
within a range fromthe | ower side surface of the T-
shaped part to the upper surface of the flange portion 13
on the center side. A pressure reducing port 15a, which
penetrates to the inside of the valve box 12 on the
primary fl ow passage side, is forned in the nounting base
15.

An operator operates the suction punp to draw a
fluid fromthe suction pipe toward the pressure reducing
port 15a so that the upstream side of the valve el enent 6
can be brought into a negative pressure, thus being
filled with a fluid. Note that by adopting the
configuration where a pressure sensor is nounted on the
pressure reducing port 15a, the operator can check
whet her or not the inside of the valve box 12 is filled
with a fluid by checking the state of a pressure in the
i nsi de of the val ve box 12.

Furthernmore, the guide cap 3 described later is
det achably attached to the extension of the valve box 12

in the flow direction on the upstream side.



[ 0023]

As shown in Fig. 2, a part of the valve box 12 which
Is on the extension of the |ower side of an outfl ow
passage 12d, and which overlaps with the inflow direction
of an inflow passage 12c forns the val ve seat 12a of the
check valve 1. The valve seat 12a is formed into a ring
shape which protrudes fromthe inner wall of the valve
box 12 to narrow the inflow passage 12c and extends
circularly.

[ 0024]

The reciprocating body 2 reciprocates in the inside
of the valve box 12 to cause the valve elenent 6 to be
close to and to be separated fromthe val ve seat 12a
between the primary fl ow passage and the secondary fl ow
passage, thus preventing backfl ow while adjusting the
anmount of opening of the valve elenent 6 corresponding to
a flowrate.

The reciprocating body 2 is mainly forned of the
val ve shaft 7 extending in a reciprocating direction, the
val ve elenent 6 provided to the | ower end portion of the
val ve shaft 7, and the packing 8 nounted on the valve
el ement 6 such that the packing 8 is allowed to cone into
contact with the valve seat 12a.

[ 0025]

As shown in Fig. 6, the valve shaft 7 is a nmenber

whi ch is accommpdated in the guide cylinder 4 described

| ater, thus causing the reciprocating body 2 to



reci procate such that the reciprocating body 2 is
prevented fromshifting in a direction perpendicular to
the axial direction of the valve shaft 7. The valve
shaft 7 is fornmed into a rod shape, and stands upri ght
fromthe upper surface of the valve elenent 6. Mst of
t he upper surface of the valve elenent 6 is orthogonal to
the axial direction of the valve shaft 7 (the vertica
direction in Fig. 6).
[ 0026]

The val ve shaft 7 has a small dianeter portion 7d,
an internedi ate diameter portion 7e, and a |arge dianeter
portion 7f in this order fromthe upper end toward the
| oner end which is connected to the deflecting portion 10.

The smal | dianmeter portion 7d is a part which is
accommodated in the guide cylinder 4 described |ater.

The internedi ate dianmeter portion 7e is a part which
I's made to pass through an insertion hole 9i of the guide
washer 9 described later, and is provided in the vicinity
of the Iower end of the valve shaft 7. A threaded
portion 7a is formed on the outer peripheral surface of a
portion above the internedi ate di ameter portion 7e. The
threaded portion 7a is a part with which a threaded
engagenent portion (female threads) 11b of a nut 11
described later is threadedly engaged.

A threaded portion 7g is fornmed on the outer
peri pheral surface of the large dianeter portion 7f. The

threaded portion 7g is a part with which a threaded



engagenent portion (female threads) 9 of the guide
washer 9 described l|ater is threadedly engaged.
[0027]

The val ve elenent 6 and the val ve shaft 7 are nade
of stainless steel. However, the valve elenent 6 and the
val ve shaft 7 may al so be nade of a synthetic resin
mat eri al having corrosion resistance, such as pol yvinyl
chloride, for exanple. 1In a closed state shown in Fig. 2
and an open state shown in Fig. 3, the spring body 20
fitted on the periphery of the valve shaft 7 elastically
bi ases the upper surface of the valve elenment 6 (the
gui de washer 9). As shown in Fig. 6, arelief hole 7h is
formed in the axial direction at the center of the upper
end portion of the valve shaft 7. Wth the formation of
the relief hole 7h, the relief hole 7h acts as an escape
space for a fluid when the valve shaft 7 is accomobdat ed
in the guide cylinder 4. Accordingly it is possible to
suppress that a pressure in the guide cylinder 4
i ncreases, thus interrupting the novenent of the
reci procati ng body 2.

[ 0028]

The valve elenment 6 is fornmed of the deflecting
portion 10 integrally formed with the end portion of the
val ve shaft 7 on the | ower side (primary flow passage
side), and the guide washer 9 nounted on the val ve shaft

7.
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The deflecting portion 10 has a function of causing
the flow of a fluid to be deflected fromthe primary fl ow
passage to the secondary fl ow passage intersecting with
the primary fl ow passage. The deflecting portion 10 has
the deflecting surface 10a, which is cut obliquely with
respect to the axial direction of the valve shaft 7, on
t he bottom surface.

The deflecting surface 10a is a flat surface which
is obliquely inclined with respect to the upper surface
of the deflecting portion 10. That is, the deflecting
portion 10 is formed such that the portion of the
defl ecting portion 10 in the vicinity of the secondary
fl ow passage is forned with a small wall thickness, and
the thickness of the deflecting portion 10 gradually
i ncreases as the deflecting portion 10 is away fromthe
secondary fl ow passage.

In this enbodi nent, "to cause a fluid to be
defl ected” refers to the configuration where conpared
wWth a case where a fluid collides with a surface which
is orthogonal to and opposedly faces the inflow direction,
the flowing direction of the fluid after the collision
with the deflecting surface directs nore in the direction
of the secondary flow passage. The deflecting surface
10a havi ng such a configuration causes the fluid to be
deflected in the passing direction, along which the val ve
el enent 6 passes, fromthe inflow direction, along which

the fluid flows toward the val ve seat 12a, and hence,



when the fluid passes through the valve elenent 6, it is
possi bl e to suppress the lowering of the speed of the
fluid. Accordingly, also in the lift type check valve 1
where the inflow direction to the valve seat 12a and the
passing direction along which the valve el enent 6 passes
intersect with each other, a fluid can be caused to flow
with low loss of head (friction resistance).

[ 0029]

The gui de washer 9 is brought into slide contact
with an inner wall 12b of the valve box 12 so as to
prevent the |lower end side of the reciprocating body 2
fromshifting in the direction perpendicular to the axia
direction of the valve shaft 7 when the reciprocating
body 2 reciprocates. Accordingly, the guide washer 9 has
a function of guiding the novenent of the reciprocating
body 2. Further, the guide washer 9 has an upper surface
pushed by the nut 11, thus having a function as a washer
whi ch supports the packing 8 uniformy in the surface
di recti on between the gui de washer 9 and the deflecting
portion 10.

The gui de washer 9 is, as shown in Fig. 6, nounted
on the periphery of the | ower end portion of the valve
shaft 7, and includes the |arge dianeter portion 9a on
t he upper side, and the small|l dianeter portion 9b, forned
concentrically wwth the |arge dianmeter portion 9a, on the
| oner side. At the center of the guide washer 9, the

insertion holes 9i, 9k are forned to penetrate in the
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wal | thickness direction. The insertion hole 9i is

di sposed at a part where the internedi ate di aneter
portion 7e of the valve shaft 7 is nmade to pass through
in a state where the valve shaft 7 is nounted on the
gui de washer 9. The insertion hole 9k is disposed at a
position which is | ower than and comuni cates with the
insertion hole 9i, and is disposed at a part where the
| arge di aneter portion 7f of the valve shaft 7 is nade to
pass through in a state where the valve shaft 7 is
nmount ed on the guide washer 9. At the | ower portion of
the inner peripheral surface formng the insertion hole
9i, the threaded engagenent portion (ferale threads) 9
is formed which is threadedly engaged with the threaded
portion 7g of the |arge dianeter portion 7f.

The | arge dianeter portion 9a of the guide washer 9
has an outer dianeter slightly smaller than the di aneter
of the inner wall 12b of the valve box 12 which extends
upward fromthe val ve seat 12a.

[ 0030]

The base portion of the valve elenent 6 (the |arge
di aneter portion 9a of the guide washer 9) has an annul ar
upper peripheral edge portion 9f which is forned to
protrude nore toward the distal end side (upper end side)
of the valve shaft 7 than other parts. The upper
peri pheral edge portion 9f is forned al ong the inner wal
12b of a part of the valve box 12 which acconmopdates the

reci procati ng body 2.
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As described above, according to the configuration
where the large dianeter portion 9a of the guide washer 9
I ncl udes the upper peripheral edge portion 9f, when the
reci procating body 2 reciprocates, the | arge dianeter
portion 9a of the guide washer 9 is brought into slide
contact wth the inner wall 12b of the valve box 12.
Accordingly, it is possible to suppress that the
reci procating body 2 is significantly shifted.
Specifically, the upper peripheral edge portion 9f of the
val ve elenent 6, which is the portion of the
reci procating body 2, is brought into slide contact with
the inner wall 12b and hence, it is possible to suppress
that the reciprocating body 2 oscillates in the direction
per pendi cular to the vertical direction (the axial
direction of the valve shaft 7).

Not e that provided that oscillation of the
reci procating body 2 can be suppressed, the upper
peri pheral edge portion 9f is not necessarily limted to
a portion formed into an annul ar shape. For exanple, the
upper peripheral edge portion 9f nmay be configured such
that a plurality of protrusions are disposed in an
annul ar shape at intervals.

[ 0031]

The base portion of the valve elenment 6 in this
enbodi nent refers to a part where the | arge di aneter
portion 9a of the guide washer 9 is present, and is a

part di sposed above a two-dot chain line in Fig. 6. The



extendi ng portion 21 of the valve elenent 6 corresponds
to a part which includes the snall diameter portion 9b of
t he gui de washer 9 and the deflecting portion 10, and

whi ch is disposed bel ow the two-dot chain line in Fig. 6.
[ 0032]

At a position on the upper side of the |arge
di aneter portion 9a of the guide washer 9, and on the
I nside of the upper peripheral edge portion 9f in the
radi al direction, an upper recessed portion 99 is forned
which is recessed downward (toward the primary fl ow
passage side) nore than the upper peripheral edge portion
9f . Further, at a position on the inside of the upper
recessed portion 99 in the radial direction, a spring
seat surface 9h is fornmed, which is recessed downward
(toward the primary fl ow passage side) nore than the
upper recessed portion 99. The spring seat surface 9h is
a seat surface which supports the lower end of the spring
body 20.

[ 0033]

As shown in Fig. 2, a flange-side recessed portion
9e whi ch accommbdat es the packing 8 described later is
formed on the flange surface 9mwhich is a surface on the
| ower side of the base portion (the |arge dianeter
portion 9a of the guide washer 9) of the valve el enent 6.
To be nore precise, the bottomsurface of the fl ange-side
recessed portion 9e fornms the flange surface 9m and the

fl ange-side recessed portion 9e is formed to be recessed
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upward nore than a bottom si de peripheral edge portion 9d
on the | ower surface of the guide washer 9.

In the direction perpendicular to the valve shaft 7,
the flange-side recessed portion 9e is fornmed with a size
whi ch allows the flange-side recessed portion 9e to
overlap with the valve seat 12a. The upper portion of
the packing 8 is accommpdated in the flange-side recessed
portion 9e.

As described above, at |east a portion of the
packing 8 is accommpdated in the flange-side recessed
portion 9e so that an operator can nount the val ve shaft
7 and the deflecting portion 10 on the guide washer 9 in
a state where the packing 8 is accommobdat ed and
positioned in the flange-side recessed portion 9e.

Accordi ngly, the guide washer 9 and the valve shaft 7 can
be easily assenbl ed such that the packing 8 is sandw ched
by the guide washer 9 and the deflecting portion 10.

[ 0034]

The smal | diameter portion 9b, which is shorter than
the outer dianeter of the deflecting portion 10 in the
radial direction, is formed so that the recess 9c is
formed on the outer periphery of the deflecting portion
10, form ng the extending portion 21, and the outer
peri phery of the small dianmeter portion 9b. This recess
9c is formed such that a part fornmed into an L shape in
cross section by the |lower surface of the | arge dianeter

portion 9a and the peripheral surface of the snmal
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di aneter portion 9b, continuously formed fromthe | ower
surface of the large dianeter portion 9a, and the fl at
upper surface of the deflecting portion 10 are nmade to
overlap with each other. It is sufficient to have the
recess 9c to an extent that the packing 8 can be fitted.
Accordi ngly, overl apping of such surfaces is not limted
to overl appi ng where the surfaces are brought into cl ose
contact, and a slight gap may be present as shown in Fig.
6.

In addition, the recess 9c, which is recessed on the
gui de washer 9 in the radial direction, and the fl ange-
side recessed portion 9e, which is recessed upward from
the bottom side peripheral edge portion 9d, are spatially
conti nuously forned. The outer dianeter of an annul ar
space fornmed by the recess 9c and the flange-side
recessed portion 9e is fornmed | arger than the outer
di aneter of the packing 8.

[ 0035]

The packing 8 is a nenber which is pressed by the
val ve elenment 6 and the val ve seat 12a when the check
valve 1 is in a closed state so as to stop water at the
val ve seat 12a. The packing 8 is di sposed between the
gui de washer 9 and the deflecting portion 10.

The packing 8 is, as shown in Fig. 6, forned into an
annul ar shape while having a center hole 8a which
penetrates in the thickness direction. In the direction

perpendi cular to the axial direction of the valve shaft 7,
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the center hole 8a is fornmed smaller than the dianeter of
the outer peripheral surface of the |arge dianeter
portion 9a of the guide washer 9 and the dianeter of the
defl ecting portion 10, and | arger than the dianmeter of
the small dianeter portion 9b of the guide washer 9.

The smal | dianeter portion 9b of the guide washer 9
is made to pass through the center hole 8a of the packing
8 and hence, the packing 8 is disposed on the periphery
of the small dianeter portion 9b.

[ 0036]

In particular, the packing 8 according to this
enbodi nent i s nade of rubber, thus having excell ent
deformability and being brought into close contact with
the val ve seat 12a. Accordingly, water can be preferably
st opped.

At least a portion of the packing 8 is positioned
behi nd the deflecting portion 10 when viewed in the
upward direction assum ng the reciprocating direction of
the reciprocating body 2 as the vertical direction.
Meanwhil e, all of the packing 8 is positioned behind the
gui de washer 9 when viewed in the downward direction.

[ 0037]

The packing 8 and the flange-side recessed portion
9e of the guide washer 9 nmay be additionally bonded (or
bonded by adhesi on) by an adhesive material, such as an
adhesi ve or a doubl e-sided tape. For the adhesive, a

wat er -resi stant synthetic adhesive, such as an acrylic
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enmul si on adhesi ve or an ethyl ene-vinyl acetate resin
emul si on adhesi ve, may be used, for exanple. Further,
for the doubl e-sided tape, a tape can be used where a
wat er -resi stant synt heti c-resin-based adhesive, such as
an acrylic adhesive, is applied by coating to both
surfaces of a sheet base material.

[ 0038]

As shown in Fig. 6, the packing 8 is sandw ched
bet ween the surface of the base portion (the |arge
di aneter portion 9a of the guide washer 9) on the primary
fl ow passage side and the portion of the extending
portion 21 (deflecting portion 10). The base portion
(the large dianeter portion 9a of the guide washer 9) and
the extending portion 21 (the |ower portion of the valve
shaft 7 and the deflecting portion 10) are formed by
assenbl i ng separate nenbers (the gui de washer 9, the
val ve shaft 7 and the deflecting portion 10).

As described above, the base portion and the
extending portion 21 are fornmed by assenbling the
separate nenbers (the guide washer 9, the valve shaft 7,
and the deflecting portion 10) and hence, the packing 8
can be easily disposed between the base portion and the
extendi ng portion 21. However, the configuration is not
limted to such a configuration. Provided that the
packing 8 has flexibility so that the packing 8 can be

nount ed on the valve elenent 6 by causing the packing 8
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to be deforned, the base portion and the extending
portion 21 are not necessarily forned of separate nenbers.
[ 0039]

In particular in this enbodi nent, separate nenbers
are threadedly engaged with each other so that the
packing 8 is sandw ched between these separate nenbers.

Specifically, the threaded portion 7g is formed on
the outer periphery of the |arge dianeter portion 7f
di sposed at the | ower portion of the valve shaft 7. On
the inner periphery of the ring-shaped small dianeter
portion 9b which extends downward fromthe center portion
of the large dianeter portion 9a of the guide washer 9,
the threaded engagenent portion 9j is forned which is
t hreadedly engaged with the threaded portion 7g.

[ 0040]

In a state where the packing 8 is disposed on the
fl ange-si de recessed portion 9e of the guide washer 9, an
operator causes the valve shaft 7 to pass through the
i nsertion hole 9i of the guide washer 9 fromthe distal
end, and causes the threaded engagenent portion 9] to be
t hreadedly engaged with the threaded portion 7g. Wth
such operations, the packing 8 is sandw ched between the
defl ecting portion 10, which is formed |larger than the
i nner di aneter of the packing 8 in the radial direction
and the flange-side recessed portion 9e.

The operator assenbles the valve shaft 7, which is

integrally formed with the deflecting portion 10 being a
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separate nenber, and the gui de washer 9 by thread
engagenent so that the packing 8 is sandw ched between
t he gui de washer 9 and the deflecting portion 10. Wth
such a configuration, even if the reciprocating body 2
reci procates, the coupled state between the extending
portion 21 (the |lower portion of the valve shaft 7 and
the deflecting portion 10) and the base portion (the

| arge di aneter portion 9a of the guide washer 9) can be
easi | y mai nt ai ned.

[ 0041]

The check valve 1 further includes a | ocking nmenber
(nut 11) which presses the base portion (the |arge
di ameter portion 9a of the guide washer 9) fromthe other
side (upper side) toward the extending portion 21 (the
| ower portion of the valve shaft 7 and the defl ecting
portion 10).

The base portion (the large dianmeter portion 9a of
the gui de washer 9) has, as described above, a first
insertion hole (insertion holes 9i, 9k) allow ng the
insertion of the valve shaft 7 at the center. The
insertion hole 9i is fornmed to penetrate the gui de washer
9 in the thickness direction. The valve shaft 7 has the
t hreaded portion 7a on the outer peripheral surface of a
portion on the other side (upper side) of the base
portion (the large dianeter portion 9a of the guide

washer 9) in a state where the guide washer 9 is nounted.
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The | ocki ng menber (nut 11) has a second insertion
hole (insertion hole 11a) allowi ng the insertion of the
val ve shaft 7, and has the threaded engagenent portion
11b, which is threadedly engaged with the threaded
portion 7a, on the inner peripheral surface of the second
insertion hole (insertion hole 11a).

[ 0042]

The nut 11 has an elastically deformable friction
ring, thus having a | ocking function. The check valve 1
i ncludes the nut 11, thus strengthening the coupling
bet ween the gui de washer 9 and the packing 8 and the
extending portion 21 (the |Iower portion of the valve
shaft 7 and the deflecting portion 10).

Note that it is sufficient that the nut 11 has a
| ocking function so that the nut 11 is not limted to a
nut having a friction ring. For exanple, the nut 11 may
be formed of a double nut (not shown in the draw ng).
Specifically, it is sufficient that one nut of the double
nut has a wedge-shaped protrusion, and the other nut has
a recessed groove fornmed with a shape which can receive
t he protrusion.

[ 0043]

Further, provided that the nut 11 can press the
gui de washer 9 toward the deflecting portion 10 so as to
prevent the guide washer 9 and the deflecting portion 10
from bei ng separated from each other, the nut 11 may have

ot her configurations. For exanple, the nut 11 may be
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formed of a conpression spring (not shown in the draw ng)
and a protrusion (not shown in the drawi ng) on the valve
shaft 7, the protrusion protruding outward fromthe val ve
shaft 7 in the radial direction. Specifically, by
causing the protrusion to hold one end portion of the
conpression spring, and by causing the other end portion
of the conpression spring to cone into contact with the
gui de washer 9, the guide washer 9 can be pressed toward
the deflecting portion 10.

[ 0044]

The guide cap 3 is, as shown in Fig. 2, a nenber
whi ch gui des the reciprocation of the reciprocating body
2 while being detachably attached to the valve box 12 to
seal the upper side of the valve elenent 6. The guide
cap 3 is, as shown in Fig. 2 and Fig. 7, forned of the
gui de cylinder 4 and a di sk-shaped top plate portion 5
integrally formed with the upper end of the guide
cyl i nder 4.

The top plate portion 5 has a ferrule flange 5e
shown in Fig. 2 at the end edge, and a seat surface 5f of
the ferrule flange 5e (see Fig. 7) is made to overl ap
with a ferrule flange 12e, which is forned at the upper
end portion of the valve box 12, via a gasket 16, and is
det achably fastened by a ferrule joint (not shown in the
drawing). Due to the ferrule joint, an operator can
manual |y renove or nount the guide cap 3 fromor on the

val ve box 12 without using a tool, such as a wench or a



- 36 -

driver, so that the valve elenent 6 and the spring body
20 can be easily cleaned or repl aced.
[ 0045]

At parts of the top plate portion 5 on the inner
side of the seat surface 5f of the ferrule flange 12e in
the radial direction, the part opposing the upper end
portion of the valve box 12, as shown in Fig. 2, two
setscrews 5c¢ are nounted in two nounting holes 5b. The
setscrews 5c are engaged with grooves forned on the upper
end portion of the valve box 12, thus restricting the
turning of the guide cap 3 with respect to the val ve box
12.

At substantially the center of the top plate portion
5, the guide cylinder 4 is erected toward the | ower side
(the primary fl ow passage side).

The guide cylinder 4 is a nenber which guides
sliding of the valve shaft 7 of the valve elenent 6 al ong
the inner surface of the guide cylinder 4. The guide
cylinder 4 extends fromthe top plate portion 5 toward
the | ower side which is the valve seat 12a side, and
gui des the val ve shaft 7 connected to the valve el enent 6
such that the valve elenent 6 is allowed to reciprocate.
[ 0046]

At the part of the guide cylinder 4 which
accommodat es the val ve shaft 7, two through holes 4f are

formed which penetrate in the direction intersecting with
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the axial direction of the valve shaft 7 on a plane which
i ncl udes the deflection direction.

As described above, the through holes 4f are forned
in the guide cylinder 4. Accordingly, at the tine of the
reci procation of the reciprocating body 2, a fluid which
I's present between the valve shaft 7 and the guide
cylinder 4 can be discharged to the outside of the guide
cylinder 4 through the through hol es 4f and hence, the
pressure in the inside of the guide cylinder 4 can be
equalized. That is, with the formation of the through
holes 4f, it is possible to prevent the guide cylinder 4
fromfunctioning as a danper and hence, the val ve el enent
6 can easily open.

[ 0047]

In particular, in this enbodi nent, the boss 5a,
whi ch protrudes upward fromthe top plate portion 5 of
the guide cap 3, is fornmed on the extension of the guide
cylinder 4. Further, the guide cap 3 is configured such
that the valve shaft 7 can be accommopdated in the boss 5a
inavicinity where the reciprocating body 2 assunes a
fully-open state. Further, a through hole is not forned
in the guide cap 3.

That is, the boss 5a functions as a danper when the
reci procating body 2 is elevated by an anount equal to or
nore than the predeterm ned anount, thus gently
preventing the reciprocating body 2 fromassum ng a

fully-open state.
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Al though the detail ed description will be made | ater
to suppress that the reciprocating body 2 assunes a
fully-open state and to control the flow of a fluid such
that the flow of the fluid is prevented from i npinging on
the corner of the valve box 12, it is preferable to
provi de an accommodati ng portion for the valve shaft 7
having no through hole, simlar to the boss 5a, and to
cause the accommodating portion to function as a danper.
Note that also in this case, provided that a part having
no through hole is provided to a portion of the guide
cylinder 4 above the through holes 4f, it is not
necessary to include the boss 5a protruding fromthe top
pl ate portion 5.
[ 0048]

The guide cylinder 4 has a | arge dianeter portion 4a
at the | ower end portion, and has a cylindrical standing
wal | 4b which protrudes fromthe peripheral edge of the
| arge di aneter portion 4a toward the valve el enent 6.
The standing wall 4b is fornmed at the position which
separates, in the direction perpendicular to the axia
direction of the valve shaft 7, an inlet 4d of the guide
cylinder 4, which accommpdates the valve shaft 7, and a
bi asi ng nmenber (the spring body 20).

The inlet 4d of the guide cylinder 4, which
accommodat es the val ve shaft 7, and the spring body 20

can be separated fromeach other by the standing wall 4b
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and hence, it is possible to suppress the entry of the
spring body 20 into the inlet 4d.
[ 0049]

As shown in Fig. 4, the valve shaft 7 in this
enbodi nent has, in the circunferential direction, four
pl anar portions 7b, which extend parallel to the axia
direction, thus having a non-circul ar transverse cross
section. In the same manner, as shown in Fig. 7, the
gui de cylinder 4 has, at |east at a portion thereof which
overlaps with the valve shaft 7 in the region where the
val ve shaft 7 reciprocates, in the circunferentia
direction as shown in Fig. 4, four planar portions 4g
whi ch extend parallel to the axial direction, thus having
a non-circular transverse cross section which corresponds
to the valve shaft 7. Wth such a configuration, the
val ve shaft 7 can nove forward and backward in the axia
direction without rotating with respect to the guide
cyl i nder 4.

[ 0050]

In the guide cylinder 4, an accommodati ng recessed
portion 4e, which acconmodates the | ocking nmenber (the
nut 11), is formed on the inner side of the standing wal
4b in the radial direction. The |ocking nenber (nut 11)
cones into contact with an accommodati on bottom surface
4c of the accommopdating recessed portion 4e in a state
where the reciprocating body 2 is in a fully-open

position. As described above, by causing the nut 11 to
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cone into contact with the accommpdati on bottom surface
4c of the acconmopdati ng recessed portion 4e provided to
the guide cylinder 4, the position of the reciprocating
body 2 in a fully-open state can be determ ned. Further,
in a state where the nut 11 is accommopdated in the
accommodati ng recessed portion 4e, vibrations of the nut
11 can be restricted by the accommbdati ng recessed
portion 4e.
[ 0051]
<<Second enbodi nent >>

Next, a check valve 1X according to a second
enbodi nrent will be described with reference to Fig. 8 to
Fig. 10. The check valve 1X is nounted on a pipe having
a larger dianeter than the check valve 1. Fig. 8 is a
| ongi tudi nal cross-sectional view show ng the cl osed
state of the check valve 1X according to the second
enbodi nent of the present invention. Fig. 9is a
per spective view showi ng the bottom side of a
reci procating body 32 according to the second enbodi nent.
Fig. 10 is a longitudinal cross-sectional view of the
reci procating body 32 according to the second enbodi nent.

Note that the description of the configuration of
the check valve 1X in common with that of the check val ve
1 according to the first enbodinent will not be repeated.
For exanple, a valve box, a packing 8 and a nut 11 of the

check valve 1X are in commpbn with those in the first



enbodi nent except for the sizes and hence, the
description of such nenbers will not be repeated.
[ 0052]

The check valve 1X mainly includes the reciprocating
body 32, and a guide cap 33 having a guide cylinder 34
whi ch gui des the reciprocating body 32 such that the
reci procating body 32 is allowed to reciprocate. The
reci procating body 32 is mainly formed of a val ve shaft
37 extending in a reciprocating direction, a valve
el enent 36 provided to the | ower end portion of the valve
shaft 37, and the packing 8 nounted on the val ve el enent
36.

The valve elenent 36 is fornmed of a deflecting
portion 40 integrally formed with the end portion of the
val ve shaft 37 on the lower side (primary fl ow passage
side), and a guide washer 39 which is nounted on the
defl ecting portion 40.

[ 0053]

The val ve shaft 37 has a small dianmeter portion 37d
and a large dianeter portion 37f in this order fromthe
upper end toward the | ower end which is connected to the
defl ecting portion 40.

The smal | dianeter portion 37d is a part
accommodat ed in the guide cylinder 34 described |ater.

The | arge dianeter portion 37f is a part where the
| ower portion of the large diameter portion 37f is nmade

to pass through an insertion hole 39i of the guide washer



39 described later. The large dianmeter portion 37f is
provided in the vicinity of the | ower end of the valve
shaft 37. A threaded portion 37a is fornmed on the outer
peri pheral surface of a portion above the | arge di aneter
portion 37f. The threaded portion 37a is a part with

whi ch a threaded engagenent portion (female threads) 11b
of the nut 11 is threadedly engaged.

[ 0054]

The gui de washer 39 has a |l arge dianeter portion 39a
and a small dianmeter portion 39b as shown in Fig. 10. On
the outer peripheral surface of the small dianeter
portion 39b, a threaded portion 39k is forned which is
threadedly engaged with a threaded engagenent portion 40h
of the deflecting portion 40 described |ater.

The gui de washer 39 is, as shown in Fig. 10, nounted
on the periphery of the | ower end portion of the valve
shaft 37, and includes the |large dianeter portion 39a on
t he upper side, and the snmall dianeter portion 39D,
formed concentrically with the |arge di aneter portion 39a,
on the |lower side. At the center of the guide washer 39,
the insertion hole 39i is fornmed to penetrate in the wal
t hi ckness direction. The insertion hole 39i is disposed
at a part where the large dianeter portion 37f of the
val ve shaft 37 is made to pass through in a state where
the valve shaft 37 is nounted on the gui de washer 39.

[ 0055]
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As shown in Fig. 9 and Fig. 10, at a part of an
extending portion 21 (deflecting portion 40) which is
all owed to conme into contact with the primary fl ow
passage side (lower surface) of the packing 8, a
protrusion (protrudi ng edge 40c) is formed which
protrudes relative to surroundings in the direction
intersecting with the axial direction of the valve shaft
37. Specifically, the protruding edge 40c is circularly
formed to protrude froma side wall 40b of the deflecting
portion 40 perpendicularly with respect to the axia
direction of the valve shaft 37.

As described above, with the formation of the
protrudi ng edge 40c on the extending portion 21, the
contact area between the extending portion 21 and the
packing 8 is expanded and hence, the packing 8 can be
easily kept on the upper side of the extending portion 21,
and the volune of the extending portion 21 can be reduced,
t hus suppressing an increase in weight.

[ 0056]

The base portion (the large dianmeter portion 39a of
t he gui de washer 39) and the extending portion 21 (the
| ower portion of the valve shaft 37 and the deflecting
portion 40) are integrally formed by assenbling separate
menbers (the deflecting portion 40 integrally forned with
the val ve shaft 37 and the guide washer 39). The
extendi ng portion 21 (deflecting portion 40) has a hol |l ow

portion 40f therein. At the part of the extending



portion 21 (deflecting portion 40) which opposes the base
portion (the large dianeter portion 39a of the guide
washer 39), an opening 40g communi cating with the hol | ow
portion 40f is fornmed which.

In the direction perpendicular to the axial
direction of the valve shaft 37, the maxi num di aneter of
the hollow portion 40f is formed |arger than the opening
40g. The deflecting portion 40 including the holl ow
portion 40f is fornmed mrror synmetrically with respect
to a virtual plane (longitudinal cross section in Fig. 10,
and a surface which corresponds to virtual plane P in Fig.
1) including the deflection direction of a fluid and the
axial direction of the valve shaft 37 in the plane.
[ 0057]

Note that the base portion of the valve el enent 36
in this enbodinment refers to a part where the | arge
di anmeter portion 39a of the guide washer 39 is present,
and is a part disposed above a two-dot chain line in Fig.
10. The extending portion 21 of the valve el enent 36
corresponds to a part which includes the small dianeter
portion 39b of the guide washer 39 and the defl ecting
portion 40, and which is disposed bel ow the two-dot chain
line in Fig. 10.
[ 0058]

Wth the formation of the hollow portion 40f in the
extendi ng portion 21 (deflecting portion 40), the weight

of the reciprocating body 32 can be reduced. The
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defl ecting portion 40 including the hollow portion 40f is
formed mrror symmetrically with respect to a virtua
pl ane including the deflection direction and the axia
direction of the valve shaft 37 in the plane. Wth such
a configuration, when a fluid flows in the deflection
direction, it is possible to suppress that the extending
portion 21 is shifted by a force applied fromthe fluid
to the extending portion 21 and hence, the flow of the
fluid can be stabilized.
[ 0059]

Further, on the inner peripheral surface of the
defl ecting portion 40 which forns the opening 40g, the
t hreaded engagenent portion (fermale threads) 40h is
formed which is threadedly engaged with the threaded
portion 39k of the small dianmeter portion 39b. That is,
the deflecting portion 40 is nounted on the outer
peri phery of the small dianmeter portion 39b of the guide
washer 39.

Further, on the upper side of the outer periphery of
a part in which the opening 40g is forned, the deflecting
portion 40 has a snall dianmeter portion 40d forned with a
smal |l er dianeter than the protrudi ng edge 40c di sposed
bel ow t he snal |l diameter portion 40d.
[ 0060]

The extending portion 21 (deflecting portion 40) has
the protrudi ng edge 40c having a | arge dianeter and the

smal | dianmeter portion 40d as descri bed above.
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Accordingly, as schematically shown by a two-dot chain
line in Fig. 10, the extending portion 21 has a recess
40e, which is a difference in length in the radia
di recti on between the protrudi ng edge 40c and the snal
di anmeter portion 40d, on the upper side. The recess 40e
IS, in the direction perpendicular to the axial direction
of the valve shaft 37, fornmed to be recessed relative to
the protrudi ng edge 40c of the deflecting portion 40, and
the portion of the packing 8 is fitted in the recess 40e.
This recess 40e is fornmed such that the [ower surface of
the large dianeter portion 39a and a part formed into an
L shape in cross section by the upper surface of the
protrudi ng edge 40c, which is continuously forned from
the peripheral surface of the small dianeter portion 40d,
are nade to overlap with each other. It is sufficient to
have the recess 40e to an extent that the packing 8 can
be fitted. Accordingly, overlapping of the surfaces is
not limted to overl appi ng where the surfaces are brought
into close contact, and a slight gap nmay be present as
shown in Fig. 10.

In addition, the recess 40e, which is recessed on
the deflecting portion 40 in the radial direction, and a
fl ange-side recessed portion 39e are spatially
conti nuously forned. The outer dianeter of an annul ar
space fornmed by the recess 40e and the flange-side
recessed portion 39e is forned |arger than the outer

di aneter of the packing 8.
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At the part of the guide cylinder 34 which
accommodat es the val ve shaft 37, four through hol es 34f
are fornmed which penetrate in the direction intersecting
with the axial direction of the valve shaft 37 on a pl ane
whi ch includes the deflection direction and a pl ane
per pendi cul ar to the plane. The guide cylinder 34 is a
cylinder for internediate flow rate. Accordingly, even
when a pressing force applied fromthe valve shaft 37 to
the inside of the guide cylinder 34 is |larger than a
pressing force applied fromthe valve shaft 7, due to the
formati on of the |arger nunber of through holes 34f, a
fluid can be easily released to the outside fromthe
i nside of the guide cylinder 34. Accordingly, the action
relating to the reciprocation of the reciprocating body
32 can be snoot hly perforned.

[ 0062]
<<Thi rd enbodi nent >>

Next, a check valve 1Y according to a third
enbodi nent will be described with reference to Fig. 11 to
Fig. 14. The check valve 1Y is nounted on a pipe for
high flow rate having a | arger dianeter than the check
val ve 1X nmounted on a pipe for internediate flow rate.
Fig. 11 is a longitudinal cross-sectional view show ng
the closed state of the check valve 1Y according to the
third enbodi nrent of the present invention. Fig. 12 is a

| ongi tudi nal cross-sectional view show ng the open state
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of the check valve 1Y. Fig. 13 is a perspective view
showi ng the upper side of a reciprocating body 52 which
forms the check valve 1Y. Fig. 14 is a view showing a
state where a guide cylinder 54 according to the third
enbodi nent accommodat es a val ve shaft 57, wherein Fig.
14A is a cross-sectional view show ng an Xl VA- Xl VA cross
section in Fig. 12, and Fig. 14B is a cross-sectional
vi ew showi ng an XIVB-XI VB cross section in Fig. 12.

Note that the description of the configuration of
t he check valve 1Y in conmon with the check valve 1
according to the first enmbodi nent or the check valve 1X
according to the second enbodi nent will not be repeated.
For exanple, a valve box, a packing 8 and a nut 11 of the
check valve 1Y are in common with those in the first
enbodi nent and the second enbodi nent except for the sizes
and hence, the description of such nmenbers will not be
r epeat ed.
[ 0063]

The check valve 1Y mainly includes the reciprocating
body 52 and a gui de cap 53 having the guide cylinder 54
whi ch gui des the reciprocating body 52 such that the
reci procating body 52 is allowed to reciprocate. The
reci procating body 52 is mainly forned of the valve shaft
57 extending in a reciprocating direction, a valve
el ement 56 provided at the | ower end portion of the valve
shaft 57, and the packing 8 nounted on the val ve el enent

56.
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The val ve elenent 56 is formed of a deflecting
portion 60 integrally formed with the end portion of the
val ve shaft 57 on the lower side (primary fl ow passage
side), and a guide washer 59 nmounted on the defl ecting
portion 60.

[ 0064]

In the val ve shaft 57, as shown in Fig. 13 and Fig.
14, a through hole 57c is forned which penetrates in the
direction intersecting with the axial direction of the
val ve shaft 57.

As descri be above, the through hole 57c is forned in
the valve shaft 57 so that a fluid is allowed to pass
t hrough the through hole 57c of the valve shaft 57
wher eby the hydraulic pressure around the valve shaft 57
can be equalized. Accordingly, it is possible to
suppress rattling of the reciprocating body 52 at the
tinme of reciprocation of the reciprocating body 52, thus
enabl ing the use of the check valve 1Y for a | ong period
of tinme. That is, durability of the check valve 1Y can
be increased. In addition, the weight of the valve shaft
57 can be reduced by an anount corresponding to the
formation of the through hole 57c and hence, drag agai nst
wat er flow can be reduced, thus |lowering the |oss of head.

In particular, the through hole 57c penetrates in
the direction perpendicular to a virtual plane (a

| ongi tudi nal cross section in Fig. 12, and a surface
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whi ch corresponds to the virtual plane Pin Fig. 1)
i ncluding the deflection direction in the plane.

As described above, with the formation of the
through hole 57c, it is possible to suppress that a fluid
passi ng through the through hole 57c of the valve shaft
57 affects the main stream of deflecting fluid.

[ 0065]

First through holes (through holes 54f) are forned
at a part of the guide cylinder 54 which accomodates the
val ve shaft 57. Assune the through hole 57c forned in
the val ve shaft 57 as descri bed above as a second through
hole. In such a case, the first through hol es (through
hol es 54f) and the second through hole (through hole 57c)
are forned so as to at |east partially overlap with each
other in a state where the portion of the valve shaft 57
i s acconmopdated in the guide cylinder 54.

Specifically, the through hole 57c of the valve
shaft 57 is forned | onger than the through hol e 54f of
the guide cylinder 54 in the axial direction. In the
state where the valve shaft 57 is noved upward so as to
open the valve el enent 56 by an anmount equal to or nore
than the predeterm ned anount, the through hol es 54f
overlap with the portion of the through hole 57c.

Wth such a configuration, also in the state where
the portion of the valve shaft 57 is accommpdated in the
gui de cylinder 54, it is possible to allowa fluid to

pass through the val ve shaft 57 and the guide cylinder 54
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t hrough the through holes 54f and the through hole 57c
and hence, the hydraulic pressure around the guide
cylinder 54 can be equalized. Accordingly, in the sane
manner as the above, it is possible to suppress rattling
of the reciprocating body 52 at the tine of reciprocation
of the reciprocating body 52 so that durability of the
check val ve 1Y can be increased.

[ 0066]

As shown in Fig. 14A, in the direction perpendi cul ar
to the axial direction, the width of the first through
hol e (through hole 54f) is larger than the width of the
second t hrough hole (through hole 57c).

The width of the through hole 54f is larger than the
wi dt h of the through hole 57c. Accordingly, over the
entire wdth of the through hole 54f, a fluid passing
t hrough the through holes 54f is caused to pass through
the through hole 57c so that the hydraulic pressure
around the guide cylinder 54 can be equali zed.
Accordingly, in the same manner as the above, it is
possible to suppress rattling of the reciprocating body
52 at the tinme of reciprocation of the reciprocating body
52 so that durability of the check valve 1Y can be
i ncr eased.

[ 0067]

As shown in Fig. 14B, at the respective parts of the

out er peripheral surface of the valve shaft 57 and the

I nner peripheral surface of the guide cylinder 54 which
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oppose each other in a state where the guide cylinder 54
accomodat es the val ve shaft 57, planar portions 54g, 57b
extending in the axial direction of the valve shaft 57
are respectively fornmed. That is, the planar portions
54g and the planar portions 57b are arranged paralle
(including substantially parallel) to each other.

Wth such a configuration, when the valve shaft 57
I's accomodated in the guide cylinder 54, the planar
portions 57b, which are present on the outer periphera
surface of the valve shaft 57, and the planar portions
54g, which are present on the inner peripheral surface of
the guide cylinder 54, are disposed at positions which
oppose each other and hence, it is possible to suppress
that the valve shaft 57 rotates with respect to the guide
cylinder 54. Accordingly, it is possible to suppress
that the position of the through hole 57c is displaced
fromthe direction perpendicular to a virtual plane
i ncluding the deflection direction in the plane.

[ 0068]

As shown in Fig. 13, at a position inside of an
upper peripheral edge portion 59f in the radial direction
on the surface (upper surface) of the base portion (a
| arge di aneter portion 59a of the guide washer 59) on the
ot her side, a the-other-side recessed portion (upper
recessed portion 59g) is forned which is recessed
downward (toward the primary flow passage side) nore than

t he upper peripheral edge portion 59f. On the upper
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recessed portion 59g, ribs 59m having a triangul ar shape
as viewed in a side view, are formed which are connected
to the inner side surface of the upper peripheral edge
portion 59f within a range fromthe top to the bottom
Wth the formation of the ribs 59m as described above, it
IS possible to increase rigidity of the guide washer 59
which is lowered due to the formati on of the upper
recessed portion 59g.

[ 0069]

The | ocki ng menmber (nut 11) is configured to cone
into contact with the guide cylinder 54 in a state where
the reciprocating body 52 is in a fully-open position.
The nut 11 cones into contact with the guide cylinder 54
as descri bed above and hence, the upper |imt position of
the reciprocating body 52 in a fully-open state can be
det er m ned.

[ 0070]
<Dynami c pressure distribution>

Next, dynam c pressure distributions at respective
flow rates when fluid is caused to flow through the check
valve 1Y will be described with reference to Fig. 15 to
Fig. 17. Fig. 15 is a view showng the flow of fluid and
dynam c pressure distribution at a flow rate of 4600
L/'mn (the degree of opening of the valve 21.9%. Fig.
16 is a view showng the flow of fluid and dynam c
pressure distribution at a flow rate of 15400 L/mn (the

degree of opening of the valve 73.4%. Fig. 17 is a view
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showi ng the flow of fluid and dynam c pressure
distribution at a flow rate of 19000 L/mn (the degree of
openi ng of the valve 100%. Note that in Fig. 15 to Fig.
17, darker color (the l|arger amount of dots) indicates
hi gher dynam c pressure.
[0071]

As shown in Fig. 15 wth respect to the flowrate
of 4600 L/m n (the degree of opening of the valve 21.9%,
a dynam c pressure DP1 reduces after a fluid passes
t hrough between the val ve seat 12a and the packing 8 of
the valve elenent 56. After the fluid passes through
bet ween the val ve seat 12a and the packing 8 fromthe
primary fl ow passage side, the flow passage rapidly
expands in the secondary fl ow passage. Accordingly, the
main streamof the fluid is diffused and peeled so that a
pressure loss is increased. Further, the fluid which
passes through between the val ve seat 12a and t he packing
8 forns the flow having a narrow wdth at an initia
stage of the passing action. A vortex Wis generated on
both sides of the flow and hence, a pressure loss is
i ncr eased.
[0072]

As shown in Fig. 16, with respect to the flowrate
of 15400 L/mn (the degree of opening of the valve 73.4%,
a dynam c pressure DP2 reduces after a fluid passes
t hrough between the val ve seat 12a and the packing 8 from

the primary fl ow passage side. However, the reduction
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rate of the dynam c pressure DP2 is suppressed at a | ow
| evel conmpared with the reduction rate of the dynam c
pressure DP1. Wth the above-nenti oned degree of opening
of the valve, the anmount of expansion of the flow passage
in the secondary fl ow passage becones snall after a fluid
passes through between the val ve seat 12a and the packing
8 fromthe primary fl ow passage side. Accordingly,
di ffusion and peeling of the main streamof the fluid are
suppressed so that a pressure loss is reduced. Further,
with the above-nenti oned degree of opening of the valve,
a fluid which passes through between the val ve seat 12a
and the packing 8 fornms the flow having a relatively
large wwdth at the initial stage of a passing action.
Accordi ngly, the generation of a |large vortex Wcan be
suppressed and hence, a pressure |oss can be suppressed
at a |low | evel
[ 0073]

As shown in Fig. 17, with respect to the flow rate
of 19000 L/mn (the degree of opening of the valve 100%,
a dynam c pressure DP3 is not substantially |lowered after
a fluid passes through between the val ve seat 12a and the
packing 8 fromthe primary fl ow passage si de. However, a
dynam c pressure DP4 in the vicinity of the deflecting
portion 60 is |lowered conpared with the dynam c pressure
DP3. The reason is as follows. Wth the nore anount of
a corner 61f of the inner wall of a valve box 61 exposed

to the flow passage for fluid, the deflecting portion 60
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is elevated nore and hence, the nore anount of fluid

i npi nges on the corner 61f. Accordingly, peeling occurs
on the fluid which inpinges on the corner 61f so that the
dynam c pressure DP3 is | ower than the dynam c pressure
DP4, thus causing a relatively high pressure | oss.

[ 0074]

By setting and selecting elasticity of the spring
body 20 and the wei ght of the reciprocating body 52
corresponding to the flowrate of a fluid which flows
t hrough the valve el enent 56, the degree of opening of
the valve is caused to fall within an appropriate range,
t hus suppressing a pressure loss at a | ow | evel .

[ 0075]
<<Fourth enbodi nent >>

Next, a check valve 1Z according to a fourth
enbodi nrent will be described with reference to Fig. 18.
Fig. 18 is a |longitudinal cross-sectional view show ng
the closed state of the check valve 1Z according to the
fourth enbodi nent. An arrow shown in Fig. 18 indicates
the direction of the flow of a fluid.

The check valve 1Z is configured to be nounted in a
gap between two pipes linearly arranged. The
configuration of a nenber accommobdated in a valve box 70
of the check valve 1Z according to this enbodinment is
substantially equal to the internal configuration of the
check valve 1X and hence, the description of the nenber

wi Il not be repeated.



[ 0076]

The check valve 1Z is mainly forned of a tee pipe
fitting 71 having the valve box 70, an inflow val ve
cylinder 72, an el bow 73 nounted on the inflow val ve
cylinder 72, an el bow 74 nounted on the tee pipe fitting
71 on the side where the fluid flows out, and fl ange
menbers 75, 76 nounted on end portions of el bows 73, 74.

The tee pipe fitting 71 is forned into a T shape.

At a linearly extending part of the tee pipe fitting 71,
a reciprocating body 32, which is allowed to reciprocate
parallel to the extending direction of the linearly
extending part, is disposed, and a guide cap 33 having a
gui de cylinder 34 extending in the extending direction
and ot her nenbers are di sposed.

The inflow valve cylinder 72 is fornmed into a
circular cylindrical shape, and is fixed along the inner
peri pheral surface of the tee pipe fitting 71 on the
primary fl ow passage side. An inner end surface 72b of
the inflow valve cylinder 72 which is positioned in the
tee pipe fitting 71 functions as a val ve seat 12a.

[ 0077]

One end of the elbow 73 is joined to an outer end
surface 72a of the inflow valve cylinder 72 by wel di ng,
and the other end of the elbow 73 is joined to the flange
menber 75 by wel di ng.

One end of the elbow 74 is joined to the outfl ow

side of the tee pipe fitting 71 by wel ding, and the other
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end of the elbow 74 is joined to the flange nenber 76 by
wel di ng.

The flange nenber 75 and the flange nmenber 76 are
fixed to pipes (not shown in the drawi ng) using fasteners
(not shown in the draw ng), such as bolts and nuts.

[ 0078]

Each of the elbow 73 and the el bow 74 has a bent
portion at |east at a portion thereof in the pipe |ength.
Thi s enbodi ment exenplifies a node where each of the
el bow 73 and the el bow 74 is substantially formed only of
a bent portion. However, the el bow 73 and the el bow 74
are not limted to such a configuration, and the el bow 73
and/or the el bow 74 may have a linear portion at the
portion thereof in the pipe Iength. The pipe |engths of
the el bow 73 and the elbow 74 refer to | engths of the
el bow 73 and the el bow 74 on the axes thereof.

[ 0079]

As shown in Fig. 18, a fluid which flows in fromthe
flange nenber 75 flows while being bent along the el bow
73, and snmoothly flows into the inflow valve cylinder 72
fromthe el bow 73 and pushes up the reciprocating body 32.
The fluid which is deflected by the deflecting portion 40
snoothly flows into the el bow 74 fromthe secondary fl ow
passage of the tee pipe fitting 71. Then, the fluid
fl ows while being bent along the el bow 74, and fl ows out

fromthe flange nmenber 76.
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In this enbodinment, the inflow direction of the
fl ange nmenber 75 and the outflow direction of the flange
menber 76 are coaxial with each other. That is, the
check valve 1Z in this enbodinent is of a straight type.
In other words, the elbow 73 and the el bow 74 are
connected to the tee pipe fitting 71 where a primary fl ow
passage and a secondary fl ow passage are di sposed
orthogonal to each other, thus having a function of
angl e-type check valve and the internal configuration of
the tee pipe fitting 71 so that the check valve 1Z of a
straight type is fornmed.

The angle, the size, or the length of the el bows 73,
74 may be desirably set corresponding to the arrangenent
and the size of a pipe to be nounted.

The check valve 1Z according to this enbodi nent has
been descri bed as a nenber which is formed by joining the
tee pipe fitting 71, the inflow valve cylinder 72, the
el bow 73, the el bow 74, and the flange nenbers 75, 76.
However, the present invention is not limted to such a
configuration. For exanple, the check valve 1Z may be a
menber where at |least a portion is integrally fornmed by
| ost wax process or other nethod, such as casting.

[ 0080]
<Modi fi cati on>

The reciprocating body in the above-nentioned
enbodi nents has been described as a nenber where the

val ve shaft and the deflecting portion are integrally
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formed. However, the present invention is not limted to
such a configuration. Next, a reciprocating body 82
according to the nodification will be described wth
reference to Fig. 19. Fig. 19 is an expl oded perspective
vi ew showi ng the reciprocating body 82 according to the
nmodi fication.

[ 0081]

The reciprocating body 82 is forned of a val ve shaft
87, a valve elenment 86, which is forned of a gui de washer
89 and a deflecting portion 90, and a packing 8 which is
sandwi ched by the gui de washer 89 and the defl ecting
portion 90.

The val ve shaft 87 has a threaded portion 87a at the
out er peripheral portion of the |lower end portion of the
val ve shaft 87. A through hole 87c is fornmed in side
surfaces of the valve shaft 87 in a penetrating manner.

The gui de washer 89 has an insertion hole 89i, which
penetrates in the thickness direction, at the center
portion, and a threaded engagenent portion 89j, which is
formed of female threads, is formed on the inner surface
of the insertion hole 89i. Further, a direction
I ndi cati ng groove 89k which indicates the deflection
direction by an arrow is fornmed on the upper surface of
t he gui de washer 89.

Wth the formation of the threaded engagenent
portion 89] as described above, the valve shaft 87 and

t he gui de washer 89 can be threadedly engaged with each
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ot her by a predeterm ned screw ng anmount. For exanpl e,
such a screwi ng anount is an anount where a direction

i ndi cated by the direction indicating groove 89k points a
di rection perpendicular to the direction along which the
t hrough hole 87c penetrates as viewed in a plan view.

The deflecting portion 90 is forned such that a
center portion 90a protrudes upward on the upper surface
of the deflecting portion 90, and the center portion 90a
has a threaded engagenent portion 90b which is a screw
hol e having female threads. Two ribs 90c are fornmed to
extend in the radial direction of the center portion 90a.

The reciprocating body 82 is assenbl ed such that the
threaded portion 87a is threadedly engaged with the
t hreaded engagenent portion 90b of the deflecting portion
90 in a state where the threaded portion 87a of the val ve
shaft 87 is threadedly engaged with the threaded
engagenent portion 89 of the guide washer 89, and the
packing 8 is disposed between the gui de washer 89 and the
defl ecting portion 90.

[ 0082]

Al t hough the respective enbodi nents have been
descri bed heretofore with reference to draw ngs, these
enbodi nents nerely form exanpl es of the present invention,
and various configurations other than the above may al so
be adopt ed.

It is not always necessary that the check val ve of

the present invention and respective constitutiona



- 62 -

el ements of the reciprocating nenber form ng the check
val ve are individually independent nenbers. It is
allonwed that a plurality of constitutional elenents are
fornmed as one nenber, one constitutional element is
formed of a plurality of nenbers, a certain
constitutional elenent forns a portion of another
constitutional elenent, a portion of a certain
constitutional elenent and a portion of another
constitutional elenent are the sane portion and the I|ike.
[ 0083]

Thi s enbodi ment i ncludes the follow ng technical
concept .

(1) AIlift type check valve conpri sing:

a val ve seat;

a reciprocating body which is allowed to linearly
reci procate between a closed position, where the
reci procating body is brought into close contact with the
val ve seat, and an open position, where the reciprocating
body is away fromthe val ve seat;

a primary fl ow passage which is positioned on an
upstream si de of the reciprocating body;

a secondary fl ow passage which is positioned on a
downstream si de of the reciprocating body, and which
intersects with the primary fl ow passage; and

a guide cylinder which guides the reciprocating body
such that the reciprocating body is allowed to

reci procate, wherein
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the reciprocating body incl udes:

a valve elenment including a deflecting surface which
causes a fluid to be deflected fromthe primary fl ow
passage side to the secondary fl ow passage side in a
state where the reciprocating body is in the open
posi tion,

a val ve shaft extending fromthe valve el enment, and
gui ded by the guide cylinder so as to allow the
reci procating body to reciprocate, and

a packi ng having an annul ar shape which is nade of a
material softer than the valve el enent, and which is
circularly brought into close contact with the val ve seat
in a state where the reciprocating body is in the cl osed
position,

assunm ng the primary fl ow passage side as one side,
the val ve el enent includes a base portion disposed on the
ot her side, which is a side opposite to the one side, and
an extending portion extending toward the one side from
t he base portion,

t he base portion has, on the prinmary fl ow passage
side, a flange surface which supports the packing in a
state where the packing is exposed to the primary fl ow
passage si de,

the flange surface is formed | arger than the
extending portion in a direction perpendicular to an

axial direction of the valve shaft, and is fornmed such
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that the flange surface is allowed to conme into contact
with the val ve seat via the packing,

on an outer periphery of the extending portion, a
recess is formed which is recessed relative to other
parts in the direction perpendicular to the axia
direction of the valve shaft, and a portion of the
packing is fitted in the recess.

(2) The check val ve according to (1), wherein

t he packing is sandwi ched between a surface of the
base portion on the primary fl ow passage side and a
portion of the extending portion, and

t he base portion and the extending portion are
formed by assenbling separate nenbers.

(3) The check val ve according to (2), wherein

the separate nenbers are threadedly engaged with
each other so that the packing is sandw ched between the
separ at e nenbers.
(4) The check val ve according to (3), further conprising
a | ocki ng nmenber which presses the base portion toward
the extending portion side fromthe other side, wherein

the base portion has a first insertion hole allow ng
i nsertion of the valve shaft,

t he val ve shaft has a threaded portion on an outer
peri pheral surface at a portion on the other side of the
base portion, and

t he | ocki ng nenber has a second insertion hole

allowm ng insertion of the valve shaft, and has a threaded
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engagenent portion, which is threadedly engaged with the
t hreaded portion, on an inner peripheral surface of the
second insertion hole.
(5) The check val ve according to (4), wherein

t he | ocki ng nmenber cones into contact with the guide
cylinder in a state where the reciprocating body is in a
fully-open position.
(6) The check val ve according to (5), wherein

an accommodati ng recessed portion, which
accommodat es the | ocking nenber, is formed on the guide
cyl i nder, and

t he | ocki ng nmenber cones into contact with an
accommodat i on bottom surface of the accommopdati ng
recessed portion in a state where the reciprocating body
is in a fully-open position.
(7) The check val ve according to any one of (2) to (6),
wher ei n

a flange-side recessed portion is forned on the
fl ange surface of the base portion,

in a direction perpendicular to the valve shaft, the
fl ange-side recessed portion is fornmed with a size which
all ows the flange-side recessed portion to overlap with
t he val ve seat, and

at least a portion of the packing is accomobdated in
the flange-side recessed portion.
(8) The check val ve according to any one of (1) to (7),

further conpri sing:
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a val ve box which has the val ve seat and
accommobdat es the reciprocati ng body;

a cap which has the guide cylinder and is nounted on
t he val ve box; and

a biasing nenber which is provided between the val ve
el ement and the cap to bias the valve elenent toward the
primary fl ow passage side, wherein

the guide cylinder has a standing wall which
protrudes froma peripheral edge of the guide cylinder
toward the val ve el enent side, and

the standing wall is formed at a position which
separates, in the direction perpendicular to the axia
direction of the valve shaft, an inlet of the guide
cylinder, which accommpdates the valve shaft, and the
bi asi ng nenber.
(9) The check val ve according to any one of (1) to (8),
wher ei n
at a part of the guide cylinder which accommpdates the
val ve shaft, a through hole is formed which penetrates in
a direction intersecting with the axial direction of the
val ve shaft.
(10) The check val ve according to any one of (1) to (9),
wher ei n

in the valve shaft, a through hole is formed which
penetrates in the direction intersecting wth the axia
direction of the valve shaft.

(11) The check val ve according to (10), wherein
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a first through hole is forned at the part of the
gui de cylinder which acconmodates the val ve shaft,

the through hole fornmed in the valve shaft is a
second t hrough hole, and

the first through hole and the second through hol e
are formed so as to at |least partially overlap with each
other in a state where a portion of the valve shaft is
accommodat ed in the guide cylinder.
(12) The check val ve according to (11), wherein

in a direction perpendicular to the axial direction,
a wdth of the first through hole is larger than a width
of the second through hole.
(13) The check val ve according to any one of (1) to (12),
wher ei n

in the valve shaft, a through hole is formed which
penetrates in a direction perpendicular to a virtua
pl ane including a deflection direction in the plane.
(14) The check val ve according to any one of (1) to (13),
wherein at a part of the extending portion which is
allowed to cone into contact with a primary fl ow passage
side of the packing, a protrusion is formed which
protrudes relative to surroundings in the direction
intersecting with the axial direction of the valve shaft.
(15) The check val ve according to any one of (1) to (14),
wher ei n

at respective parts of the outer peripheral surface

of the valve shaft and an inner peripheral surface of the
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gui de cylinder which oppose each other in a state where
t he gui de cylinder accommpdates the val ve shaft, planar
portions extending in the axial direction of the valve
shaft are respectively fornmed, and are arranged paralle
to each other
(16) The check val ve according to any one of (1) to (15),
wher ei n

t he base portion and the extending portion are
integrally formed by assenbling separate nenbers,

t he extending portion has a holl ow portion,

at a part of the extending portion which opposes the
base portion, an opening comrunicating with the holl ow
portion is forned,

a maxi mum di ameter of the hollow portion is forned
| arger than the opening in the direction perpendicular to
the axial direction of the valve shaft, and

t he extendi ng portion including the hollow portion
is formed mrror symmetrically with respect to a virtua
pl ane i ncluding the deflection direction of the fluid and
the axial direction of the valve shaft in the plane.
(17) The check val ve according to any one of (1) to (16),
further conprising a valve box which has the val ve seat
and accomodat es the reci procating body, wherein

t he base portion has a peripheral edge portion which
Is formed to protrude nore toward a distal end side of

the val ve shaft than other parts, and
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t he peripheral edge portion is formed al ong an inner
wal | of the valve box.

(18) The check val ve according to (17), wherein

on a surface of the base portion on the other side,
a the-other-side recessed portion which is recessed
relative to the peripheral edge portion is formed, and

aribis forned on the the-other-side recessed
portion.

(19) The check val ve according to (11), wherein the
second through hole is longer than the first through hole
in the axial direction of the valve shaft.

(20) A reciprocating body for a check valve, used in a
lift type check val ve which i ncl udes:

a val ve seat;

a reciprocating body which is allowed to linearly
reci procate between a closed position, where the
reci procating body is brought into close contact with the
val ve seat, and an open position, where the reciprocating
body is away fromthe val ve seat;

a primary fl ow passage which is positioned on an
upstream si de of the reciprocating body;

a secondary fl ow passage which is positioned on a
downstream si de of the reciprocating body, and which
intersects with the primary fl ow passage; and

a guide cylinder which guides the reciprocating body
such that the reciprocating body is allowed to

reci procate,
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t he reciprocating body conpri sing:

a valve elenment including a deflecting surface which
causes a fluid to be deflected fromthe primary fl ow
passage side to the secondary fl ow passage side in a
state where the reciprocating body is in the open
posi tion;

a val ve shaft extending fromthe valve el enment, and
gui ded by the guide cylinder so as to allow the
reci procating body to reciprocate; and

a packi ng having an annul ar shape which is nade of a
material softer than the valve el enent, and which is
circularly brought into close contact with the val ve seat
in a state where the reciprocating body is in the cl osed
position, wherein

assunmng the primary fl ow passage side as one side,
the val ve el enent includes a base portion disposed on the
ot her side, which is a side opposite to the one side, and
an extending portion extending toward the one side from
t he base portion,

t he base portion has, on the prinmary fl ow passage
side, a flange surface which supports the packing in a
state where the packing is exposed to the primary fl ow
passage si de,

the flange surface is formed | arger than the
extending portion in a direction perpendicular to an

axial direction of the valve shaft, and is fornmed such



that at |east a portion of the flange surface is allowed
to come into contact with the valve seat via the packing,

on an outer periphery of the extending portion, a
recess is forned which is recessed relative to other
parts in the direction perpendicular to the axia
direction of the valve shaft, and

a portion of the packing is fitted in the recess.

[ 0084]

This application clains priority based on Japanese
patent application No. 2018-044510 filed on March 12,
2018, and the entire disclosure of which is incorporated
herein by reference.
[ Ref erence Signs List]
[ 0085]
1, 1X, 1Y, 1Zcheck valve
2 reci procati ng body
3 gui de cap (cap)

4 gui de cylinder

da | arge di aneter portion

4b st andi ng wal

4c acconmodat i on bottom surface
4d I nl et

de accommodat i ng recessed portion
4f t hrough hol e

49 pl anar portion

5 top plate portion

5a boss



5b nmounting hol e
5C setscrew
5e ferrule flange
5f seat surface

6 val ve el enent

7 val ve shaft

7a t hreaded portion
7b pl anar portion
7d smal | diameter portion
7e I nternmedi ate di aneter portion
7f | arge di aneter portion
79 t hreaded portion
7h relief hole
8 packi ng
8a center hole

9 gui de washer

9a
9b
9c
9d
9e
of

edge portion)

99
9h
9i
9

| arge di aneter portion (base portion)
smal | dianmeter portion (extending portion)
recess

bott om si de peri pheral edge portion

fl ange-side recessed portion

upper peripheral edge portion (periphera

upper recessed portion
spring seat surface
insertion hole (first insertion hole)

t hreaded engagenent portion
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9k i nsertion hole (first insertion hole)
9m fl ange surface

10 defl ecting portion
10a defl ecting surface

11 nut (1 ocki ng nenber)
1lla i nsertion hole (second insertion hole)
11b t hreaded engagenent portion

12 val ve box

12a val ve seat

12b I nner wal |

12c i nfl ow passage (primary flow passage)
12d out f| ow passage (secondary fl ow passage)
12e ferrule fl ange

13, 14 flange portion
15 rnounting base
15a pressure reduci ng port
16 gasket
20 spring body
21 extending portion
32 reciprocating body
33 guide cap
34 gui de cyl i nder
34f t hrough hol e
36 valve el enent
37 val ve shaft
37a t hreaded portion

37d smal | diameter portion



52
53

56

37f
39
39a
39b
39e
39i
39k
40
40a
40b
40c
40d
40e
40f
409
40h

| arge di aneter portion

gui de washer

| arge di aneter portion (base portion)
smal | diameter portion

fl ange-side recessed portion

i nsertion hole

t hreaded portion

defl ecting portion (extending portion)
defl ecting surface

si de wal

protrudi ng edge (protrusion)

smal | diameter portion

recess

hol | ow portion

openi ng

t hr eaded engagenent portion

reci procating body

gui de cap

54 gui de cyl i nder
54f t hrough hole (first through hol e)
549 pl anar portion

val ve el enent

57
57b
S7¢c

59
59a

val ve shaft

pl anar portion

t hrough hol e (second through hol e)
gui de washer

| arge di aneter portion (base portion)
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59f upper peripheral edge portion (periphera
edge portion)
59¢g upper recessed portion (the-other-side
recessed portion)
50mrib
60 defl ecting portion
61 val ve box
61f cor ner
70 val ve box

71 tee pipe fitting

72 inflow val ve cylinder
72a outer end surface
72b i nner end surface (val ve seat)

73, 74 el bow

75, 76 fl ange nenber

82 reciprocating body

86 val ve el ement

87 valve shaft
87a t hreaded portion
87c t hrough hol e

89 gui de washer

89i i nsertion hole
89j t hreaded engagenent portion
89k direction indicating groove

90 deflecting portion
90a center portion

90b t hr eaded engagenent portion



90c rib
DP1, DP2, DP3, DP4 dynam c pressure
P virtual plane

w vort ex



CLAI M5
[Caim1l]

Alift type check val ve conpri sing:

a val ve seat;

a reciprocating body which is allowed to linearly
reci procate between a cl osed position, where the
reci procating body is brought into close contact with the
val ve seat, and an open position, where the reciprocating
body is away fromthe val ve seat;

a primary fl ow passage which is positioned on an
upstream si de of the reciprocating body;

a secondary fl ow passage which is positioned on a
downstream si de of the reciprocating body, and which
intersects with the primary fl ow passage; and

a guide cylinder which guides the reciprocating body
such that the reciprocating body is allowed to
reci procate, wherein

the reciprocating body includes:

a valve elenment including a deflecting surface which
causes a fluid to be deflected fromthe primary fl ow
passage side to the secondary fl ow passage side in a
state where the reciprocating body is in the open
position,

a val ve shaft extending fromthe val ve el enment, and
gui ded by the guide cylinder so as to allow the

reci procating body to reciprocate, and
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a packi ng having an annul ar shape which is nade of a
material softer than the valve el enent, and which is
circularly brought into close contact with the val ve seat
in a state where the reciprocating body is in the cl osed
posi tion,

assunm ng the primary fl ow passage side as one side,
the val ve el enent includes a base portion disposed on the
ot her side, which is a side opposite to the one side, and
an extendi ng portion extending toward the one side from
t he base portion,

t he base portion has, on the prinmary fl ow passage
side, a flange surface which supports the packing in a
state where the packing is exposed to the primary fl ow
passage si de,

the flange surface is fornmed | arger than the
extending portion in a direction perpendicular to an
axial direction of the valve shaft, and is forned such
that the flange surface is allowed to cone into contact
with the valve seat via the packing,

on an outer periphery of the extending portion, a
recess is formed which is recessed relative to other
parts in the direction perpendicular to the axia
direction of the valve shaft, and

a portion of the packing is fitted in the recess.
[Caim 2]

The check val ve according to claim1, wherein
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t he packing is sandw ched between a surface of the
base portion on the primary fl ow passage side and a
portion of the extending portion, and

t he base portion and the extending portion are
formed by assenbling separate nenbers.

[Caim 3]

The check val ve according to claim2, wherein

the separate nenbers are threadedly engaged with
each other so that the packing is sandw ched between the
separ at e nenbers.

[ C ai m 4]

The check val ve according to claim3, further
conprising a | ocking nmenber which presses the base
portion toward the extending portion side fromthe other
side, wherein

the base portion has a first insertion hole allow ng
Insertion of the valve shaft,

the valve shaft has a threaded portion on an outer
peri pheral surface at a portion on the other side of the
base portion, and

t he | ocki ng nenber has a second insertion hole
all owm ng insertion of the valve shaft, and has a threaded
engagenent portion, which is threadedly engaged with the
t hreaded portion, on an inner peripheral surface of the
second insertion hole.

[Clai mb5]
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The check val ve according to claim4, wherein the
| ocki ng menber comes into contact with the guide cylinder
in a state where the reciprocating body is in a fully-
open position.
[ C aim 6]

The check val ve according to claimb5, wherein

an accommodati ng recessed portion, which
accommodat es the | ocking nenber, is formed on the guide
cyl i nder, and

the | ocki ng nmenber conmes into contact with an
accomodat i on bottom surface of the acconmodati ng
recessed portion in a state where the reciprocating body
is in a fully-open position.
[Claim7]

The check val ve according to any one of clains 2 to
6, wherein a flange-side recessed portion is formed on
the flange surface of the base portion,

in a direction perpendicular to the valve shaft, the
fl ange-side recessed portion is formed with a size which
all ows the flange-side recessed portion to overlap with
t he val ve seat, and

at least a portion of the packing is accommodated in
the flange-side recessed portion.
[ Cl ai m 8]

The check val ve according to any one of clains 1 to

7, further conpri sing:
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a val ve box which has the val ve seat and
accommodat es the reciprocati ng body;

a cap which has the guide cylinder and is nounted on
t he val ve box; and

a biasing nenber which is provided between the val ve
el ement and the cap to bias the valve elenent toward the
primary fl ow passage side, wherein

the guide cylinder has a standing wall which
protrudes froma peripheral edge of the guide cylinder
toward the val ve el enent side, and

the standing wall is formed at a position which
separates, in the direction perpendicular to the axia
direction of the valve shaft, an inlet of the guide
cyl i nder, which accommpdates the valve shaft, and the
bi asi ng nenber.
[Claim9]

The check val ve according to any one of clains 1 to
8, wherein, at a part of the guide cylinder which
accommodat es the val ve shaft, a through hole is forned
whi ch penetrates in a direction intersecting with the
axi al direction of the valve shaft.
[ ai m 10]

The check val ve according to any one of clains 1 to
9, wherein, in the valve shaft, a through hole is forned
whi ch penetrates in the direction intersecting with the
axi al direction of the valve shaft.

[Caim1l1]
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The check val ve according to claim 10, wherein a
first through hole is formed at the part of the guide
cyl i nder which acconmmodates the val ve shaft,

the through hole fornmed in the valve shaft is a
second t hrough hol e, and

the first through hole and the second through hol e
are forned so as to at |east partially overlap with each
other in a state where a portion of the valve shaft is
accommodat ed i n the guide cylinder.

[Caim12]

The check val ve according to claim11l, wherein in a
direction perpendicular to the axial direction, a width
of the first through hole is larger than a width of the
second t hrough hol e.

[Caim13]

The check val ve according to any one of clains 1 to
12, wherein in the valve shaft, a through hole is forned
whi ch penetrates in a direction perpendicular to a
virtual plane including a deflection direction in the
pl ane.

[Cai m14]

The check val ve according to any one of clains 1 to
13, wherein at a part of the extending portion which is
all owed to come into contact with a primary fl ow passage
side of the packing, a protrusion is formed which
protrudes relative to surroundings in the direction

intersecting wwth the axial direction of the valve shaft.



[ ai m 15]

The check val ve according to any one of clains 1 to
14, wherein

at respective parts of the outer peripheral surface
of the valve shaft and an inner peripheral surface of the
gui de cylinder which oppose each other in a state where
t he gui de cylinder accommpdates the val ve shaft, planar
portions extending in the axial direction of the valve
shaft are respectively fornmed, and are arranged paralle
to each other
[Claim16]

The check val ve according to any one of clains 1 to
15, wherein the base portion and the extending portion
are integrally fornmed by assenbling separate nenbers,

t he extending portion has a holl ow portion,

at a part of the extending portion which opposes the
base portion, an opening communi cating with the hol | ow
portion is forned,

a maxi mum di ameter of the hollow portion is forned
| arger than the opening in the direction perpendicular to
the axial direction of the valve shaft, and

t he extending portion including the hollow portion
is formed mrror symmetrically with respect to a virtua
pl ane i ncluding the deflection direction of the fluid and
the axial direction of the valve shaft in the plane.

[Claim1l7]
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The check val ve according to any one of clains 1 to
16, further conprising a valve box which has the val ve
seat and accommobdat es the reciprocating body, wherein

t he base portion has a peripheral edge portion which
Is formed to protrude nore toward a distal end side of
the val ve shaft than other parts, and

t he peri pheral edge portion is formed al ong an i nner
wal | of the val ve box.
[Caim18]

The check val ve according to claim 17, wherein on a
surface of the base portion on the other side, a the-
ot her-side recessed portion which is recessed relative to
t he peripheral edge portion is formed, and

aribis formed on the the-other-side recessed
portion.
[Claim19]

A reciprocating body for a check valve, used in a
lift type check val ve which incl udes:

a val ve seat;

a reciprocating body which is allowed to linearly
reci procate between a closed position, where the
reci procating body is brought into close contact with the
val ve seat, and an open position, where the reciprocating
body is away fromthe val ve seat;

a primary fl ow passage which is positioned on an

upstream si de of the reciprocating body;
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a secondary fl ow passage which is positioned on a
downstream si de of the reciprocating body, and which
intersects with the primary fl ow passage; and

a gui de cylinder which guides the reciprocating body
such that the reciprocating body is allowed to
reci procate,

t he reciprocating body conpri sing:

a valve elenent including a deflecting surface which
causes a fluid to be deflected fromthe primary fl ow
passage side to the secondary flow passage side in a
state where the reciprocating body is in the open
position;

a valve shaft extending fromthe val ve el ement, and
gui ded by the guide cylinder so as to allow the
reci procating body to reciprocate; and

a packi ng having an annul ar shape which is nade of a
material softer than the valve el enent, and which is
circularly brought into close contact with the val ve seat
in a state where the reciprocating body is in the cl osed
posi tion, wherein

assumng the primary fl ow passage side as one side,
the val ve el enent includes a base portion disposed on the
ot her side, which is a side opposite to the one side, and
an extendi ng portion extending toward the one side from
t he base portion,

t he base portion has, on the primary fl ow passage

side, a flange surface which supports the packing in a
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state where the packing is exposed to the primary fl ow
passage si de,

the flange surface is formed | arger than the
extending portion in a direction perpendicular to an
axial direction of the valve shaft, and is forned such
that at |east a portion of the flange surface is allowed
to come into contact with the valve seat via the packing,

on an outer periphery of the extending portion, a
recess is formed which is recessed relative to other
parts in the direction perpendicular to the axia
direction of the valve shaft, and

a portion of the packing is fitted in the recess.



