SPECI FI CATI ON
[Title of Invention] CHECK VALVE
[ TECHNI CAL FI ELD]
[ 0001]

The present invention relates to a foot valve
structure, and relates to a lift-type check val ve.
[ BACKGROUND ART]

[ 0002]

There are known check valves that allow fluid in
pipes to pass in one direction. There are various types
of check valves that are classified according to
operation aspects of val ve bodi es.

O these, lift check valves have a structure in
whi ch the valve body linearly reciprocates in a direction
toward or away froma val ve seat, and therefore a quick
cl osing operation is possible. |In particular, Snolensky
type lift check valves include a spring body so that they
can suitably reduce water hammer generation.

[ 0003]

Pat ent Docunent 1 discloses a Y-shaped check val ve
that is straight pipe joint type and oblique lift type.
The check val ve includes a val ve body and a spring body
that biases the valve body toward the val ve seat side in
a direction to push the val ve body down.

Wth respect to the direction of straight |ine
connecting the inflow port and the outflow port, the

val ve body of the check valve is lifted obliquely upward



by the fluid flowng in the forward direction to be in an
open state, and, when the val ve body receives the fluid
flowng in the opposite direction, it is pushed down by
the spring body and is noved obliquely downward to be in
a closed state.

[ Cl TATI ON LI ST]

[ PATENT DOCUMENT]

[ 0004]

[ Patent Docunent 1] US Patent Application Publication No.
2005/ 0062000

[ SUMVARY OF THE | NVENTI ON]

[ PROBLEM TO BE SOLVED BY THE | NVENTI ON|

[ 0005]

As descri bed above, when the fluid flows in the
forward direction, the check valve disclosed in Patent
Docunent 1 |lifts the valve body obliquely upward with
respect to the direction of straight Iine connecting the
i nflow port and outflow port, and therefore the fluid
pressure in the flow path is apt to be uneven. This may
generate a vortex in a part of the flow path and may
i ncrease pressure | oss.

[ 0006]

The present invention is designed with respect to
t he above probl ens, and provides a check val ve capabl e of
reduci ng pressure |loss that occurs when a fluid flows

t her et hr ough.



MEANS FOR SOLVI NG THE PROBLEM
[ 0007]

According to the present invention, there is
provi ded a check val ve of straight pipe joint type and
oblique lift type, which check valve includes: a valve
seat; a noving body that can linearly reciprocate between
a closed state in which it closely contacts with the
val ve seat and an open state in which it is separated
fromthe valve seat; a primary flow path | ocated on an
upstream si de of the noving body; and a secondary fl ow
path | ocated on a downstream si de of the noving body,
wherei n the noving body includes a val ve body supported
by the valve seat in the closed state, and a val ve shaft
extending fromthe val ve body; and the valve seat is
formed so that it straddles a center line of a connection
flow path that connects the respective connection parts
to connect to other pipe bodies to be connected, in a
cross section including the center |ine therein.
[ EFFECT OF THE | NVENTI ON|
[ 0008]

According to the present invention, there can be
provi ded a check val ve capabl e of reducing the pressure

| oss that occurs when a fluid flows therethrough.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0009]



[Fig. 1] Fig. 1 is a perspective view show ng an externa
appearance of a check valve 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 side view of the check valve
according to the first enbodi nent seen fromthe inflow
pat h si de.

[Fig. 5] Fig. 5 is an explanatory diagram showi ng a
dynam c pressure distribution in a flow path when a fluid
fl ows through the check val ve according to the first
enbodi nent .

[Fig. 6] Fig. 6 is a longitudinal cross-sectional view
show ng an open state of a check valve according to a
second enbodi nent .

[Fig. 7] Fig. 7 is a longitudinal cross-sectional view
showi ng an open state of a check valve according to a
third enbodi nent.

[Fig. 8 Fig. 8 is a perspective view show ng a novi ng
body according to the third enbodi nent.

[Fig. 9] Fig. 9 is a schematic |ongitudinal cross-
sectional view showi ng a closed state of a check val ve

according to a fourth enbodi nent.



[ DESCRI PTI ON OF EMBODI MENTS]
[ 0010]

Enbodi ments of the present invention is described
bel ow with reference to the draw ngs.

Note that the enbodi nents descri bed bel ow are nerely
exanples for facilitating the understandi ng of the
present invention and do not |limt the present invention.
That is, the shapes, sizes, arrangenents and the |ike of
t he nenbers descri bed bel ow can be changed and i nproved
wi t hout departing fromthe spirit of the present
i nvention, and the present invention naturally includes
equi val ents thereof.

Further, in all the drawi ngs, the sanme or simlar
conmponents are denoted by the sane or simlar reference
nuneral s and signs, and the duplicated description wl]l
not be repeat ed.

[ 0011]

In the present specification, description my be
made by defining a vertical direction, but this is set
for the sake of convenience in order to explain the
relative relationship of the conponents, and whi ch does
not specify directions in which the product according to
the present invention is manufactured or used.

| deal Iy, the vertically upward direction is upward
and the vertically downward direction is downward, but
this does not limt the installation state of a check

valve. "Up and down" related to the check valve is



di rections perpendicular to the connection flow path
direction that is the direction of the flow path to which
t he check valve is connected. O these directions, the
direction in which a noving body separates froma val ve
body is upward, and the direction in which a noving body
Is close to the val ve body is downward.

[0012]

<<Fi rst Enbodi nent >>

<Qutline of the check valve according to this
enbodi nment >

First, outline of a check valve 1 according to this
enbodi nent is described mainly with reference to Figs. 1
and 2. Fig. 1 is a perspective view showi ng an externa
appearance of a check valve 1 according to a first
enbodi nent of the present invention, and Fig. 2 is a
| ongi tudi nal cross-sectional view showing a closed state
of the check valve 1 according to the first enbodi nent.
Here, a cross section including the axis of a valve shaft
7 is referred to as a longitudinal cross section.

As shown in Figs. 1 and 2, the check valve 1
according to this enbodinment is a straight pipe joint
type and oblique lift type. The check valve 1 includes a
val ve seat 12a, a noving body 2, a primary flow path
(inflow path 12c), and a secondary flow path (outfl ow
path 12d). The noving body 2 can linearly reciprocate
between a closed state in which it closely contacts with

the val ve seat 12a and an open state in which it is



separated fromthe val ve seat 12a. The primary flow path
(inflow path 12c) is |located on the upstream side of the
nmovi ng body 2. The secondary flow path (outflow path
12d) is located on the downstream side of the noving body
2.

The novi ng body 2 includes a valve body 6 supported
by a valve seat in a closed state, and a val ve shaft 7
extending fromthe val ve body 6.

The val ve seat 12a is formed such that it straddles
the center line CL of a connection flow path that extends
linearly including the primary flow path (inflow path
12c) and the secondary flow path (outflow path 12d) in a
cross section including the center line CL thereon.

[ 0013]

The "straight pipe joint type" is the type of the
pipe joint that is connected to other pipes and has the
outflow direction on extension of the inflow direction.

The "oblique lift type" is the type in which the
val ve body operates obliquely with respect to the
straight line connecting the inflow direction and the
outflow direction, and the valve body is lifted by the
fl uid.

In this enbodi ment, connection parts that connect to
ot her pipes are collar parts 13 and 14 and are fl anges,
but the present invention is not limted to such a
configuration, and the connection parts nmay be any that

can be connected to other pipes. For exanple, the



connection parts may be a part forned by a ferrule
connection or a part formed by a screw connecti on.

I n other words, "the valve seat 12a straddles the
center line CL" neans that the center |ine CL passes
t hrough the openi ng defined by the val ve seat 12a, and a
part of the valve seat 12a is below the center |ine CL,
and the other part is above the center line CL.

Note that the valve seat 12a may be forned to
straddle the center line in any one of cross sections
i ncluding the center line CL.

[ 0014]

According to the above configuration, the valve seat
12a is formed to straddle the center line CL of the
connection flow path. Therefore, when valve body 6 is
opened, the fluid can easily flow linearly, and turbul ent
flow (vortex flow) can be reduced, as conpared with the
val ve seat that is forned not to straddle the center line
CL but to be |ocated on one side. This can reduce the
pressure | oss of the check valve 1 that occurs when the
fluid fl ows therethrough.

[ 0015]

<Configuration of each part>

Next, the configuration of each part configuring the
check valve 1 according to the first enbodinment is
descri bed below with reference to Figs. 3 to 5 in
addition to Figs. 1 and 2. Fig. 3 is a |ongitudina

cross-sectional view show ng an open state of the check



valve 1 according to the first enbodinent, and Fig. 4 is
a side view of the check valve 1 according to the first
enbodi nent as seen fromthe inflow path 12c side. Fig. 5
is an explanatory di agram whi ch shows a dynam c pressure
distribution in the flow path when flowing the fluid into
the check valve 1 according to the first enbodi nent.
Here, Fig. 5 is an explanatory diagram where a val ve body
upper part 6b, a packing 8, a valve casing 12, a spring
body 20 and the like are omtted and other configurations
of the check valve 1 are shown in a sinplified manner to
mainly illustrate the dynam c pressure distribution.
[ 0016]

The check valve 1 according to this enbodi ment is of
straight pipe joint type and oblique lift type as
descri bed above, and has the noving body 2 including the
val ve body 6 that linearly and floatingly reciprocates in
the direction of approaching or separating fromthe valve
seat 12a. |In particular, the check valve 1 includes the
i nflow path 12c and the outfl ow path 12d havi ng the sane
center line CL. The noving body 2 floatingly
reciprocates in a direction inclined to the center |ine
CL, specifically, in a directiontilted to the outfl ow
path 12d si de.

The fluid whose backflow is restricted by the check
valve 1 is a liquid such as water or a gas such as air.

[ 0017]



- 10 -

In the closed state shown in Fig. 2, the val ve body
6 is biased by the spring body 20 to be pressed agai nst
the val ve seat 12a, and the check valve 1 of this
enbodi nent is generally called as a Snol ensky type.
Therefore, due to the biasing force of the spring body 20,
the check valve 1 causes the valve body 6 to cone into
contact with the valve seat 12a to quickly close the flow
path at the nonent when the flow of fluid turns into a
backflow in which the fluid flows froma secondary side
to a primary side. As a result, the check valve 1 can
prevent backfl ow, reduce occurrence of water hamrer, and
enhance the certainty of the closed state (water stop
per f or mance).

However, the check valve 1 is not limted to the
configuration in which it includes the spring body 20 to
press the valve body 6 against the valve seat 12a. For
exanpl e, the configuration may be such that the val ve
body 6 is pressed against the valve seat 12a by the dead
wei ght of the noving body 2 alone, or by the dead wei ght
of the noving body 2 and the | oad applied fromthe danper
mechani sm by the val ve shaft 7 and the gui de tube 4
descri bed bel ow.

[ 0018]

For exanple, the check valve 1 of this enbodi nent
can be used as a generally-called foot valve on the
primary side of a lifting punp (not shown in the

drawi ngs), so that it can favorably prevent falling of



water in the punp pipe due to the high certainty of water
st op.
[0019]

The check valve 1 is provided in a flow path for
passing a liquid or a gas (fluid). As shown in Fig. 3,
when the differential pressure between the primary side
and the secondary side of the valve body 6 exceeds a
predet erm ned m ni num operating pressure (cracking
pressure), the valve body 6 is in the open state to all ow
the fluid to flow \Wen the differential pressure
between the primary side and the secondary side of the
val ve body 6 becones negative or becones equal to or
| ower than a m ni mum operating pressure, as shown in Fig.
2, the valve body 6 is in the closed state to bl ock the
flui d passing therethrough.

Note that the valve body 6 need not necessarily be
configured to be in the fully open state shown in Fig. 3
if a desired anmount of area for the fluid passing
t her et hrough can be obtained. Although the valve body 6
Is shown in the fully open state in Fig. 3, the opening
degree of the valve body 6 changes depending on the fl ow
rate due to the mass of the noving body 2 and the
restoring force of the spring body 20.

[ 0020]

The check valve 1 includes a noving body 2, a valve

casing 12, a guide cap 3, and a spring body 20. The

val ve casing 12 accommpdates at |east a part of the



nmovi ng body 2 on the opposite side of the valve body 6.
The guide cap 3 has a guide tube 4 and is attached to the
val ve casing 12. The spring body 20 is provided between
the val ve body 6 and the guide cap 3 to bias the valve
body 6 toward the primary flow path side. That is, the
check valve 1 in the present specification refers to the
entire pipe joint including the valve body 6 and the Iike
t herei n.

[ 0021]

(About val ve casing and joint part)

A joint part 9 extends substantially linearly to
formthe inflow path 12c and the outflow path 12d. The
val ve casing 12 according to this enbodinent is
integrally formed with the joint part 9 by the | ost wax
manuf acturi ng net hod, and branches from and intersects
with the joint part 9. The valve casing 12 and the val ve
shaft 7 described bel ow extend obliquely toward the
outflow path 12d side in a direction intersecting wth
the flow path direction of the primary flow path (inflow
path 12c) and the secondary flow path (outflow path 12d).
[ 0022]

The joint part 9 is integrally formed with a collar
part 13 on the upstreamside (prinmary side) and a collar
part 14 on the downstream side (secondary side). These
collar parts are fixed to pipes (not shown in the
drawi ngs) by using tightening tools (not shown in the

drawi ngs) such as bolts and nuts. As shown in Fig. 1,
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the inflow path 12c side of the valve casing 12 (joint
part 9) according to this enbodi nent has a flat nmount 15
formed thereon to attach a suction pipe (not shown in the
drawi ngs) connected to a suction punp (not shown in the
drawi ngs). The nmount 15 is forned with an opening for
deconpression 15a that penetrates to the inside of the
primary flow path side of the valve casing 12.

[ 0023]

The operator can operate the suction punp to draw
the fluid fromthe suction pipe toward the opening for
deconpression 15a to make a negative pressure on the
upstream si de of the valve body 6 to fill with the fluid
thereon. 1In addition, if a configuration in which a
pressure sensor is attached to the opening for
deconpression 15a is enpl oyed, the operator also can
check the pressure state inside the valve casing 12 to
check whether the inside of the valve casing 12 is filled
with fluid.

A guide cap 3 described below is renovably attached
on the termnation of the portion in the valve casing 12
that extends in a direction intersecting with the center
line CL of the inflow path 12c and the outfl ow path 12d.
[ 0024]

(About val ve seat)

As shown in Fig. 2 and descri bed above, the valve

seat 12a is forned so that it straddles the center line

CL of the connection flow path connecting the respective



connection parts (collar parts 13 and 14) for connecting
to the other pipe bodies to be connected, in a cross-
sectional view including the center [ine CL.

Further, the valve seat 12a is formed so that a part
of the inner wall of the valve casing 12 projects over
the entire circunference toward the flow path side (to
narrow the inflow path 12c). The seat surface of the
val ve seat 12a is forned in an annul ar shape and extends
perpendi cularly to the reciprocating direction of the
nmovi ng body 2. That is, the valve seat 12a extends in a
direction intersecting with the flow path direction of
the inflow path 12c and the outflow path 12d, and the
extending direction of the valve shaft 7 and the valve
casing 12.

[ 0025]

An annul ar groove 12h is forned on the outer
peri phery of the valve seat 12a. The annul ar groove 12h
is formed to be recessed toward the inflow path 12c side
(the side away fromthe noving body 2) with respect to
the seat surface of the valve seat 12a. The annul ar
groove 12h Iimts the area of the valve seat 12a with
whi ch the val ve body 6 of the noving body 2 is in contact
to enable the valve body 6 to easily closely contact with
t he val ve seat 12a.

[ 0026]
The val ve seat 12a extends in a direction

intersecting with the flow path direction of the primary
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flow path (inflow path 12c) and the secondary flow path
(outflow path 12d) and the extending direction of the
val ve shaft 7.

A downstreamside protruding part 12f that protrudes
toward the center line CL is provided in the | ower
portion of the inner wall surface that forns a secondary
flow path (outflow path 12d) on the downstream si de of
the val ve seat 12a. Here, "protruding toward the center
line CL side" refers to protruding nore toward the center
line CL side than the main wall surface of the inner wal
surface of the joint part 9 (the inner wall surface
linearly continuous fromthe collar parts 13 and 14).
That is, as shown in Fig. 9, though the downstream side
protruding part is fornmed continuously fromthe val ve
seat, it protrudes (fromthe nmain wall surface).

In this enbodi nent, the downstream side protruding
part 12f shown in Fig. 2 has a configuration such that
the joint part 9 that defines the outflow path 12d has a
thi cker portion in the | ower portion, and the inner wal
surface of thicker portion protrudes toward the center
l'ine CL.

Then, the anmount of protrusion of the downstream
side protruding part 12f gradually decreases toward the
downstream si de.

[ 0027]
In other words, the flow path cross-sectional area

on the downstream si de of the val ve seat 12a does not
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| ocally and sharply change. In the check valve 1
according to this enbodi nent, anong the portions form ng
the outflow path 12d, the downstream si de protrudi ng part
12f less protrudes toward the center line CL side of the
flow path than the portion close to the center line CL
side in the valve seat 12a, and is on extension of this
portion in the valve seat 12a. Then, the downstream side
protrudi ng part 12f protrudes toward the inner side of
the flow path such that it defines the downstreamside
outer periphery of the annular groove 12h, and then it
gradual |y spreads toward the outer peripheral surface
side as it further cones toward the downstream side.

[ 0028]

For exanple, in the check valve shown in Fig. 2 and
so forth of the specification of US Patent Application
Publ i cati on No. 2005/0062000, the flow path cross-
sectional area on the downstream side of the val ve seat
sharply expands. Therefore, a vortex is generated due to
the difference in the dynam c pressure of the fluid
flow ng into the expanded portion on the downstream side.

In this enbodi ment, the flow path cross-sectiona
area of the outflow path 12d in the vicinity of the valve
seat 12a is constant or gradually changes toward the
downstream side. This can reduce the vortex generation
due to the rapid expansion of the flow path cross-
sectional area on the secondary side beyond the val ve

seat 12a.



[ 0029]

In addition, an upstreamside protruding part 12i
that protrudes toward the center line side is provided in
an upper portion of the inner wall surface that forns the
primary flow path (inflow path 12c) on the upstream side
of the valve seat 12a.

More specifically, the upstreamside protrudi ng part
12i protrudes obliquely dowward toward the downstream
si de.

Then, the anmount of protrusion of the upstreamside
protrudi ng part 12i gradually increases toward the
downst ream si de.

[ 0030]

For exanple, in the check valve shown in Fig. 2 and
so forth of the specification of US Patent Application
Publ i cati on No. 2005/0062000, the upstream side
protrudi ng part 12i of this enbodinent is not provided on
the upstream side of the valve seat, and the primary fl ow
path is directed obliquely upward. Therefore, the fluid
flow ng toward the downstream si de through the opening of
t he val ve body neanders significantly.

On the other hand, in this enbodinment, a part of the
fluid flowing in fromthe inflow path 12c cones into
contact with the upstreamside protruding part 12i, so
that the upstreamside protruding part 12i can form an
obl i quely downward flow. This enables the fluid that

needs to be directed obliquely upward to push up the
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val ve body 6 by the opening of the valve seat 12a part to
flow linearly through the inflow path 12c and the outfl ow
path 12d, and this can reduce the pressure |o0ss.

[ 0031]

The upstream side protruding part 12i does not
protrude up to the center line CL. For exanple, in the
| ongi tudi nal cross section shown in Fig. 3, the upstream
side protruding part 12i according to this enbodi nent
protrudes fromthe upper wall surface by 1/3 (i ncluding
approximately 1/3) of the inflow side flow path w dth.

According to the above configuration, as shown in
Fig. 4, a part of the fluid can easily flow linearly from
the inflow path 12c along the center line CL, and the
pressure | oss can be reduced.

[ 0032]
(About novi ng body)

The novi ng body 2 reciprocates inside the valve
casing 12 to nove the valve body 6 close to and away from
the val ve seat 12a between the primary flow path and the
secondary flow path. Thereby, the noving body 2 prevents
t he backfl ow whil e adjusting the opening anount of the
val ve body 6 according to the flow rate.

The noving body 2 is mainly configured with a val ve
shaft 7, a valve body 6, and a water stop part (packing
8). The valve shaft 7 extends in the reciprocation
direction. The valve body 6 is provided at the | ower

side end of the valve shaft 7. The water stop portion
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(packing 8) is attached to the valve body 6 that is in
contact with the valve seat 12a in the closed state.
[ 0033]

As shown in Fig. 3, the valve shaft 7 is
accommodated in the guide tube 4 described belowto
reci procate the noving body 2 so that the noving body 2
does not deviate in the direction perpendicular to the
axial direction of the valve shaft 7. The valve shaft 7
is formed in a rod shape and conti nuously extends from
the central portion of the upper surface of the valve
body 6.

[ 0034]

The val ve body 6 and the val ve shaft 7 are nade of
stainless steel, but nay be nade of a corrosion-resistant
synthetic resin material such as polyvinyl chloride. In
the closed state shown in Fig. 2 and the open state shown
in Fig. 3, the spring body 20 nounted around the val ve
shaft 7 elastically biases the upper surface of the valve
body 6 (val ve body upper part 6b).

[ 0035]

The val ve body 6 includes a val ve body | ower part 6a
and a val ve body upper part 6b.

The val ve body upper part 6b extends in a direction
intersecting with the flow path direction of the inflow
path 12c and the outflow path 12d and the extendi ng

direction of the valve shaft 7 and the val ve casing 12.
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The val ve body upper part 6b has a collar 6¢c that is
larger in the radial direction than the val ve body | ower
part 6a with the valve shaft 7 in the center. In this
enbodi nent, the end of the valve body upper part 6b
itself is the collar 6c.

The | ower end of the collar 6¢c is below the center
line CL in the closed state shown in Fig. 3, and noves to
a position above the center line CL at a certain position
in the open state shown in Fig. 2.

[ 0036]

According to the above configuration, the collar 6c¢c
noves to a position above the center Iine CL when the
position changes fromthe closed state to a certain
position in the open state. As a result, the anmount of
fluid that flows |inearly can be increased.

[ 0037]

In this enbodinent, the |ower end of the packing 8
descri bed below is | ocated below the | ower end of the
col lar 6c.

However, there may be a configuration such that the
di aneter of the collar 6¢c is larger than that of the
packing 8, or the valve casing 12 is nore inclined, and
thereby the I ower end of the collar 6c¢ is |ocated bel ow
the | ower end of the packing 8.

In this case, if the lower end of the collar 6c¢c is
configured to nove to a position above the center line CL

at a certain position in the open state, the | ower end of



the packing 8 al so noves to a position above the center
line CL. As a result, the anount of fluid that linearly
fl ows through the check valve 1 can be increased.

[ 0038]

Furt her, when the noving body 2 reciprocates, the
val ve body upper part 6b is in sliding contact with the
inner wall 12b of the valve casing 12 to have a function
of guiding the novenent of the noving body 2, so that the
| oner end side of the noving body 2 does not deviate in
the direction perpendicular to the axial direction of the
val ve shaft 7.

That is, the end of the val ve body upper part 6b on
the side of the inflow path 12c is arranged to be capable
of sliding contact with the inner wall 12b of the val ve
casing 12 when the val ve body 6 is opened.

[ 0039]

The inner wall 12b of the valve casing 12 with which
t he val ve body upper part 6b is in sliding contact is not
limted to the flat one, and al so includes the one having
a rib-shaped one such as a guide rib 12g protrudi ng from
t he surroundi ngs, which is added thereon, in a part of
the inner wall 12b.

In this enbodi ment, the val ve body upper part 6b is
arranged to be capable of sliding contact with the four
guide ribs 12g that protrude into the valve casing 12 and
extend along the longitudinal direction of the valve

casing 12.



According to the above configuration, the end of the
val ve body upper part 6b on the side of the inflow path
12c is arranged to be capable of sliding contact with the
inner wall 12b of the valve casing 12. Thereby, the
devi ati on of the valve body upper part 6b can be reduced
by the val ve casing 12.

[ 0040]

Further, the valve body upper part 6b is pushed by a
nut 11 on the upper surface to have a function as a
washer that evenly supports the packing 8 in the pl ane
di rection between the val ve body | ower part 6a. An
i nsertion hole 6g through which the valve shaft 7 is
inserted is forned at the center of the valve body upper
part 6b, and penetrates in the thickness direction of the
val ve body upper part 6b.

[ 0041]

The val ve body | ower part 6a includes a planar upper
surface having the valve shaft 7 continuously fornmed in
the central portion thereof and the other surface having
a partial spherical shape.

More specifically, the valve body | ower part 6a has
a partial spherical surface on the outer surface facing
the flow path. 1In particular, as shown in Fig. 4, the
partial spherical surface of the valve body | ower part 6a
Is disposed at a position where the fluid flow ng
linearly in the flow path direction fromthe inflow path

12c cones into contact with the partial spherical surface.
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Al so after the fluid flowwng fromthe inflow path
12c comes into contact with the valve body 6 (val ve body
| ower part 6a) to push up the noving body 2 (val ve body
6) upward fromthe valve seat 12a, the fluid fl ows
t hrough the check valve 1 while the fluid is in contact
with the partial spherical surface side of the valve body
| ower part 6a. This allows the valve body 36 to |ess
obstruct the flow of the fluid, and the velocity of the
fluid to be | ess reduced. Therefore, the fluid can pass
therethrough with a |l ow head |loss (friction resistance).
[ 0042]

The | ower portion of the valve shaft 7 and the val ve
body | ower part 6a, and the val ve body upper part 6b are
configured by assenbling separate nenbers.

However, the configuration is not limted to this.
If the packing 8 is flexible and can be attached to the
val ve body 6 by deform ng the packing 8, the valve body
| oner part 6a and the val ve body upper part 6b do not
necessarily have to be configured with separate nenbers.
[ 0043]

The water stop part (packing 8) is a nmenber that is
pressed by the val ve body 6 (val ve body upper part 6b)
and the valve seat 12a in the closed state of the check
valve 1 to stop water at the valve seat 12a, and is
di sposed between the val ve body | ower part 6a and the
val ve body upper part 6b (collar 6¢c). The packing 8 is

formed in an annul ar shape having a central hole



penetrating through the thickness direction.

Specifically, the packing 8 has the central hol e passed

t hrough the valve shaft 7, and is di sposed between the

val ve body | ower part 6a and the val ve body upper part 6b.

A part of the packing 8 is below the center line CL
when it is in the closed state shown in Fig. 3, and the
entire packing 8 noves above the center line CL at a
certain position in the open state shown in Fig. 2.

According to the above configuration, change from
the closed state to a certain position in the open state
all ows the packing 8 to | ess obstruct the flow passing
through the center line CL to reduce the pressure | oss.

[ 0044]

The above "a certain position in the open state" is
preferably a position where the valve body 6 is in an
open state at a standard flow rate.

For exanple, this position is a position in which
the check valve 1 (valve body 6) is open at 70% w th
respect to the fully open state (70% of the nmaxi mum
openi ng degree of the check valve 1).

Such a configuration allows the packing 8 at a
standard flow rate to | ess obstruct the flowin the
vicinity of the center Iine CL at which the flow speed is
the fastest to prevent the pressure | oss fromincreasing.
[ 0045]

The check valve 1 further includes the nut 11 that

presses the val ve body upper part 6b fromthe other side
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(upper side) toward the val ve body | ower part 6a side.
The nut 11 has an elastically deformable friction ring to
have a | oosening prevention function. Here, the nut 11
only needs to have a | oosening prevention function and is
not limted to the one having a friction ring. For
exanple, it may be configured wth a double nut (not
shown in the drawings). Specifically, one of the double
nuts may have a wedge-shaped projection, and the other
nut may be fornmed with a groove having a correspondi ng
shape to receive the projection

[ 0046]

(About gui de cap)

As shown in Fig. 2, the guide cap 3 is renovably
attached to the valve casing 12 to seal the upper side of
the val ve body 6 and to guide the reciprocating novenent
of the noving body 2. The guide cap 3 is configured with
a gui de tube 4 and a disk-shaped top plate part 5
integrally formed on the upper end of the guide tube 4.

The top plate part 5 has a ferrule flange 5e shown
in Fig. 2 at its edge and is renovably fastened to the
ferrule flange 5e by a ferrule joint (not shown in the
drawi ngs) such that the gasket 16 is sandw ched between
the ferrule flange 12e forned on the upper end of the
val ve casing 12.

[ 0047]
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A guide tube 4 is provided obliquely dowward (on
the primary flow path side) substantially at the center
of the top plate part 5.

The gui de tube 4 guides the sliding of the valve
shaft 7 of the valve body 6 on its inner surface, extends
fromthe top plate part 5 obliquely dowmward to the valve
seat 12a side to guide the valve shaft 7 connected to the
val ve body 6 to enable the valve body 6 to reciprocate.

[ 0048]

<Dynam c pressure distribution>

Next, a dynam c pressure distribution based on a
fluid analysis assunming that a fluid (water) flows
t hrough the check valve 1 is described below wth
reference to Fig. 5. Fig. 5 is an explanatory diagram
showi ng a dynam c pressure distribution in the flow path
when a fluid is caused to flow through the check valve 1
according to the first enbodi nent, and show ng the fl ow
of fluid and dynam c pressure distribution at a fl ow
vel ocity of about 4 ms on the inflow side and a fl ow
rate of about 4800 L/mn (val ve openi ng degree: 50% .
Here, in Fig. 5, the darker the color (the higher the dot
density), the higher the dynam c pressure.

[ 0049]

As shown in Fig. 5, through the flow path including
where the fluid passes between the val ve seat 12a and the
val ve body 6, the main flow with high dynam c pressure

(dynam c pressure DPl) extends substantially parallel to



the flow path direction without going to the bottom side
of the flow path. Further, it can be seen that the
vortex Winduced by the main fl ow does not encroach to
the center side of the flow path, and its range is snall.

Therefore, the diffusion and separation of the fluid was

small, the head | oss was about 2.8 m and the pressure
| oss can be reduced to a small |evel.
[ 0050]

<<Second Enbodi nent >>
Next, a check valve 1X according to a second
enbodi nent i s described below mainly with reference to
Fig. 6. The check valve 1X is installed to a pipe having
a larger dianeter than the check valve 1. Fig. 6 is a
| ongi tudi nal cross-sectional view showi ng an open state
of the check valve 1X according to the second enbodi nent.
Not e that regarding the check valve 1X, the
description of the configuration comon to the check
valve 1 according to the first enbodinment will not be
r epeat ed.
[ 0051]
The check valve 1X according to this enbodi nent
I ncl udes a noving body 32. The noving body 32 includes a
val ve shaft 37 and a valve body 36 integrally fornmed with
a lower end of the valve shaft 37. The valve body 36
i ncl udes a val ve body | ower part 36a and a val ve body

upper part 36b.
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The val ve body lower part 36a is formed in a parti al
spheri cal shape having a hollow part 36d.

More specifically, the valve body |ower part 36a has
a partial spherical surface on the outer surface on the
side facing the flow path, and has a shape synmmetrica
with respect to the center line CL, and is di sposed
i nsi de the check val ve 1.

[ 0052]

According to the above configuration, the valve body
| oner part 36a has the hollow part 36d, which favorably
i nproves the responsiveness to changes in the flow rate.
At the sanme time, it is formed in a partial spherica
shape, which can reduce the flow resistance and the
pressure | oss.

[ 0053]

The val ve body | ower part 36a include a snal
di aneter part 36h having an annul ar shape at a portion in
contact with the val ve body upper part 36b.

An opening 36i connected to the hollow part 36d is
formed in the small dianmeter part 36h.

The packing 8 is fitted in a recess 36e forned
ontside the outer periphery of the small dianeter part
36h, and between the val ve body upper part 36b and the
val ve body | ower part 36a.

More specifically, the recess 36e is fornmed by
overl apping of a |lower surface of the val ve body upper

part 36b and a portion having an L-shaped cross section.



- 29 -

The L-shaped cross section is formed by a part of the
upper surface of the valve body |ower part 36a, in which
the part of the upper surface is continuous fromthe
peri pheral surface of the small dianeter part 36h.

[ 0054]

In the direction perpendicular to the axial
direction of the valve shaft 37, the maxi num di aneter of
the hollow part 36d is forned to be |arger than that of
t he opening 36i.

The hollow part 36d is forned in the val ve body
| ower part 36a, so that the weight of the noving body 32
can be reduced. The valve body 36 including the holl ow
part 36d is formed in mrror symetry with respect to an
i magi nary plane that includes the axial directions of the
flow path direction and the valve shaft 37 therein. Wth
this formation, when the fluid flows in the flow path
direction, it is possible to prevent the valve body 36
from being deviated by the force applied fromthe fluid
to the valve body 36, and to stabilize the flow of the
fl uid.

[ 0055]
<<Thi rd Enbodi nent >>

Next, the check valve 1Y according to a third
enbodi nent i s described below mainly with reference to
Figs. 7 and 8. Fig. 7 is a longitudinal cross-sectiona
vi ew showi ng an open state of the check valve 1Y

according to the third enbodinent, and Fig. 8 is a
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per spective view showi ng a noving body 52 according to
the third enbodi nent.

Note that, in the check valve 1Y, the description of
the configuration common to the check valve 1 according
to the first enbodi nent or the check val ve 1X according
to the second enbodinent will not be repeated. For
exanpl e, the guide cap according to the check valve 1Y is
common to that of the first and second enbodi nents except
for the size, so the description thereof will not be
r epeat ed.

[ 0056]

The check valve 1Y nmainly includes a noving body 52
and a val ve casing 62 that houses the noving body 52.

The noving body 52 is mainly configured with a round rod-
shaped val ve shaft 57 extending in the reciprocation
direction, a valve body 56 provided at a | ower side end
of the valve shaft 57, and a packing 8 attached to the
val ve body 56.

The val ve body 56 is configured with a val ve body
| ower part 56a integrally forned at the | ower side
(primary flow path side) end of the valve shaft 57 and a
val ve body upper part 56b nounted on the val ve body | ower
part 56a.

[ 0057]

The val ve body | ower part 56a has an outer surface

formed in a partial spherical surface, and has two fl at

surface parts 56f at positions apart by 180 degrees from
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each other with the axial in the center. The two fl at
surface parts 56f rise in parallel to reciprocating
direction of the noving body 52, and extends parallel to
each ot her.

The two flat surface parts 56f provided can increase
the area of an edge part 56k descri bed bel ow as conpared
with that without the flat surface parts 56f. This can
i ncrease the load of the fluid that pushes up the val ve
body 56 as conpared with that of the fluid that pushes up
the spherical part, and can nake the begi nning of the
flow of fluid snooth.

[ 0058]

Further, a female screw part is forned at the center
of the valve body | ower part 56a, and is threadedly
engaged with a male screw part forned at the | ower end of
t he val ve shaft 57.

As shown in Fig. 7, inthe initial state, even if
the flat surface part 56f is inclined wwth respect to the
flow path direction, the valve body 56 rotates together
with the valve shaft when the fluid flows into the check
val ve 1Y and pushes the noving body 52 upward to flowto
t he downstream si de.

In other words, the flat surface part 56f receives
the dynam c pressure of the fluid, and the posture of the
novi ng body 52 is automatically adjusted into the
direction parallel to the flow path direction. In this

way, the pressure |loss of the valve body 56 is reduced.
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The val ve body | ower part 56a has a facing part 56j
and an edge part 56k. The facing part 56 is forned at a
position where a part of the facing part 56 faces a
smal | dianmeter part 56h of the val ve body upper part 56Db.
The edge part 56k is forned radially outward of the
facing part 56 and clanps a packing 8 between the val ve
body | ower part 56a and the val ve body upper part 56b.

[ 0060]

Further, a hollow part 56d and an opening 56i that
is connected to the hollow part 56d and faces the val ve
body upper part 56b are forned in the val ve body | ower
part 56a.

The facing part 56j defines the upper portion of the
hol | ow part 56d on the radially outward of the val ve body
| ower part 56a. The above opening 56i is formed in the
central part in the radial direction of the facing part
56j .

The edge part 56k has a function of clanping the
packi ng 8 between the edge part 56k and the val ve body
upper part 56b, and is fornmed thicker than the facing
part 56j. In this way, the edge part 56k is forned
thicker than the facing part 56j. This can increase the
vol une of the hollow part 56d while stably holding the
packing 8 to which a repeated inpact |load is applied from
the val ve seat 62a provided in the val ve casing 62 by

repeat ed opening and closing of the val ve body 56.



[ 0061]

As shown in Fig. 8, a spring seat surface 56e
recessed downward (primary flow path side) froma
radially outward portion is forned on a radially inward
portion in the other side surface (upper surface) of the
val ve body upper part 56b.

[ 0062]
<<Fourt h Enbodi nent >>

Next, a check valve 1Z according to a fourth
enbodi nent is described mainly with reference to Fig. 9.
Fig. 9 is a schematic |ongitudinal cross-sectional view
showi ng a closed state of the check valve 1Z according to
the fourth enbodinent. Here, in Fig. 9, the spring body
20 is not shown.

[ 0063]

The val ve shaft 77 included in the check valve 1Z
according to this enbodi nrent has a hol |l ow space 77a and
Is formed in a tubul ar shape. The valve shaft 77 is
gui ded by a guide rod 74 inserted into a holl ow space 77a
in the valve shaft 77 to be capable of reciprocating.
That is, the valve shaft 77 slides on the outer surface
of the guide rod 74 with the inner surface facing the
hol | ow space 77a to be guided in the reciprocating
direction by the guide rod 74.

According to the above configuration, the valve

shaft 77 is guided by the guide rod 74, so that a val ve
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body 76 connected to the valve shaft 77 is guided in the
reci procating direction.
[ 0064]

In particular, a hollow part 76d that is continuous
with the holl ow space 77a of the valve shaft 77 is forned
i nside the valve body 76 according to this enbodi nent.

According to the above configuration, the holl ow
space 77a of the valve shaft 77 and the hollow part 76d
of the valve body 76 are continuously fornmed, so that the
novi ng body 72 including the valve shaft 77 and the val ve
body 76 can be reduced in weight, and the responsiveness
to changes in the flow rate can be inproved.

[ 0065]

Al t hough the respective enbodi nents have been
descri bed above with reference to the drawi ngs, these are
nerely exanples of the present invention, and various
configurations other than the above may be enpl oyed.

The check valve of the present invention and the
vari ous conponents of the reciprocating nenber
configuring the check val ve need not be independent of
each other. There may be all owabl e cases such that a
plurality of conponents is fornmed as a single nenber, one
conmponent is forned out of a plurality of nenbers, one
conmponent is a part of another conponent, or a part of
one conponent overlaps with a part of another conponent.

[ 0066]
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Thi s enbodi nent includes the follow ng techni cal
I deas.

(1) A check valve of straight pipe joint type and
oblique lift type, the check valve including:

a val ve seat;

a novi ng body capable of linearly reciprocating
between a cl osed state in which the noving body is in
cl ose contact with the val ve seat and an open state in
whi ch the noving body is separated fromthe val ve seat;

a primary flow path | ocated on an upstream si de of
t he novi ng body; and

a secondary flow path | ocated on a downstream si de
of the noving body, wherein

t he novi ng body i ncl udes

a val ve body supported by the valve seat in the
cl osed state, and

a val ve shaft extending fromthe val ve body, and

the valve seat is forned to straddle the center |line

of the connection flow path that linearly extends
including the primary flow path and the secondary fl ow
path in a cross section including the center |ine thereon.
(2) The check valve according to (1), wherein

t he novi ng body further includes a water stop part
that is in contact with the valve seat in the closed
state, and

a part of the water stop part is |ocated bel ow the

center line in the closed state, and the entire water
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stop part noves to a position above the center line at a
certain position in the open state.
(3) The check valve according to (1) or (2) wherein

t he val ve body includes a val ve body | ower part and
a val ve body upper part,

t he val ve body upper part has a collar that is
larger in a radial direction than the val ve body | ower
part, with the valve shaft in the center, and

the Iower end of the collar is |ocated bel ow the
center line in the closed state and noves to a position
above the center line at a certain position in the open
state.

(4) The check valve according to (2) or (3), wherein a
certain position in the open state is a position of 70%
with respect to the fully open state.

(5) The check val ve according to (3), wherein the valve
body |l ower part is forned in a partial spherical shape
having a holl ow part.

(6) The check val ve according to any one of (1) to (5),
wherein

a downstreamsi de protruding part that protrudes
toward the center line side is provided in a | ower
portion of the inner wall surface that forns the
secondary flow path on the downstream side of the val ve

seat, and
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an amount of protrusion of the downstream side
protrudi ng part gradually decreases toward the downstream
si de.
(7) The check val ve according to any one of (1) to (6),
wher ei n

an upstreamside protruding part that protrudes
toward the center line side is provided on an upper
portion of the inner wall surface that forns the primary
fl ow path on the upstream side of the valve seat, and

an anmount of protrusion of the upstreamside
protrudi ng part gradually increases toward the downstream
si de.
(8) The check valve according to (7), wherein the
upstreamsi de protruding part protrudes |ess than the
center |ine.
(9) The check val ve according to any one of (1) to (8),
wher ei n

the check valve further includes a valve casing for
accommodating at |east a part of the noving body on the
opposite side to the val ve body,

t he val ve body includes a val ve body | ower part and
a val ve body upper part,

t he val ve shaft and the val ve casing extend
obliquely toward a side of the secondary flow path in a
direction intersecting with a flow path direction of the

primary flow path and the secondary fl ow pat h,
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the valve seat and the val ve body upper part extend
in a direction intersecting with the flow path direction
of the primary flow path and the secondary fl ow path, and
the extending direction of the valve shaft and the val ve
casi ng, and

an end of a side of the primary flow path in the
val ve body upper part is arranged to be capabl e of
sliding contact wwth the inner wall of the valve casing
when the val ve body is opened.
(10) The check val ve according to any one of (1) to (9),
wher ei n

t he val ve shaft has a holl ow space, is forned in a
tubul ar shape, and is guided to be capabl e of
reci procating by a guide rod inserted into the holl ow
space in the valve shaft.
(11) The check val ve according to (10), wherein a holl ow
part continuous with the holl ow space of the val ve shaft
is fornmed in the val ve body.
[ REFERENCE SI GNS LI ST]
[ 0067]
1, 1X, 1Y, 1Zcheck val ve
2 nmovi ng body
3 gui de cap (cap)
4 gui de tube
5 top plate part

5e ferrule flange

6 val ve body



11
12
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6a val ve body | ower part
6b val ve body upper part
6C col I ar

69 i nsertion hole

val ve shaft

packi ng (water stop portion)
joint part

nut

val ve casing

12a val ve seat

12b i nner wal |

12c inflow path (primary flow path)
12d outfl ow path (secondary fl ow pat h)
12e ferrule flange

12f downstream si de protruding part
129 gui de ribs

12h annul ar groove

12i upstream si de protrudi ng part

13, 14 coll ar part

15

16
20
32

nmount

15a openi ng for deconpression
gasket

spring body

novi ng body

36 val ve body

36a val ve body | ower part

36b val ve body upper part
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52
56

57
62

72
73
74
76

77

36d hol | ow part

36e recess

36h smal | dianmeter part
36i openi ng

val ve shaft
nmovi ng body

val ve body

56a val ve body | ower part
56b val ve body upper part
56d hol | ow part

56e spring seat surface
56f flat surface part

56h smal | dianeter part
56i openi ng

56 facing part

56k edge part

val ve shaft

val ve casing

62a val ve seat
nmovi ng body

gui de cap

gui de rod

val ve body

76a val ve body | ower part
76b val ve body upper part
76d hol | ow part

val ve shaft
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77a hol | ow space
center line
dynam c pressure

vort ex
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CLAI M5

[Caim1l]

A check val ve of straight pipe joint type and
oblique lift type, the check val ve conpri sing:

a val ve seat;

a novi ng body capable of linearly reciprocating
between a closed state in which the noving body is in
cl ose contact with the val ve seat and an open state in
whi ch the noving body is separated fromthe val ve seat;

a primary flow path | ocated on an upstream si de of
t he novi ng body; and

a secondary flow path | ocated on a downstream si de
of the novi ng body,

wher ei n:

t he novi ng body i ncl udes

a val ve body supported by the valve seat in the
cl osed state, and
a val ve shaft extending fromthe val ve body; and

the valve seat is forned to straddle the center line
of the connection flow path that linearly extends
including the primary flow path and the secondary fl ow
path in a cross section including the center |ine thereon.
[Caim?2]

The check val ve according to claim1, wherein

the noving body further conprises a water stop part
that is in contact with the valve seat in the closed

state, and
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a part of the water stop part is |ocated bel ow the
center line in the closed state, and the entire water
stop part noves to a position above the center line at a
certain position in the open state.

[Caim 3]

The check val ve according to claiml or 2, wherein

t he val ve body conprises a val ve body | ower part and
a val ve body upper part,

t he val ve body upper part has a collar that is
larger in a radial direction than the val ve body | ower
part, with the valve shaft in the center, and

the Iower end of the collar is |ocated bel ow the
center line in the closed state and noves to a position
above the center line at a certain position in the open
state.

[ Cai m 4]

The check val ve according to claim2 or 3, wherein a
certain position in the open state is a position of 70%
with respect to the fully open state.

[ Caimb5]

The check val ve according to claim 3, wherein the
val ve body lower part is forned in a partial spherica
shape having a hol |l ow part.

[ C ai m 6]
The check val ve according to any one of clains 1 to

5, wherein



a downstreamside protruding part that protrudes
toward the center line side is provided in a | ower
portion of the inner wall surface that forns the
secondary flow path on the downstream side of the val ve
seat, and

an amount of protrusion of the downstream side
protrudi ng part gradually decreases toward the downstream
si de.

[Claim7]

The check val ve according to any one of clains 1 to
6,
wher ei n

an upstreamside protruding part that protrudes
toward the center line side is provided on an upper
portion of the inner wall surface that forns the primary
fl ow path on the upstream si de of the valve seat, and

an anmount of protrusion of the upstreamside
protrudi ng part gradually increases toward the downstream
si de.

[Caim 8]

The check val ve according to claim7, wherein the
upstream si de protrudi ng part protrudes |ess than the
center |ine.

[Claim9]
The check val ve according to any one of clains 1 to

8, wherein
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the check valve further conprises a valve casing for
accommodating at |east a part of the noving body on the
opposite side to the val ve body,

t he val ve body includes a val ve body | ower part and
a val ve body upper part,

the val ve shaft and the val ve casi ng extend
obliquely toward a side of the secondary flow path in a
direction intersecting with a flow path direction of the
primary flow path and the secondary fl ow pat h,

the valve seat and the val ve body upper part extend
in a direction intersecting with the flow path direction
of the primary flow path and the secondary fl ow path, and
the extending direction of the valve shaft and the val ve
casi ng, and

an end of a side of the primary flow path in the
val ve body upper part is arranged to be capabl e of
sliding contact wwth the inner wall of the valve casing

when the val ve body is opened.



