FKOEI 0903PCT DESCRI PTI ON OPENI NG CLOSI NG DEVI CE TECHNI CAL FI ELD The
present invention relates to an opening/closing device used in a flow
passage such as a sewage system BACKGROUND ART Eﬁ@}@ﬂﬁ;@yp@(@l osi ng
device used in a flow passage such as a sewage system has conventional ly
been known (refer to Patent Docunent 1 (Japanese Patent Application

Lai d- Open No. 2004-300895)), for exanple). This opening/closing device dans
the fl ow passage while a val ve DESCRE¥BDIONhen, garbage is accumul at ed
downstreamin the flow passage. If the water level in the flow passage
exceeds a predeterm ned water |level due to a rainfall or the like, the

val ve is brought into an open state, water flows to the downstream of the
fl ow passage, and the accGRENMING/GAOHNG LHAVEEES | own away. 1 n ot her
words, the flow passage can be cl eaned. It should be noted that a
float is used to detect whether the water |evel of the fl ow passage exceeds
the predeterm ned water level or not (refer to FIG 1 of Patent Docunent
1), for exanple).

TECHNICAL FIELD

The present invention relates to an opening/closing device used in a

flow passage such as a sewage system.

BACKGROUND ART

An opening/closing device used in a flow passage such as a sewage
system has conventionally been known (refer to Patent Document 1
(Japanese Patent Application Laid-Open No. 2004-300895)), for example).
This opening/closing device dams the flow passage while a valve is closed.
Then, garbage is accumulated downstream in the flow passage. Ifthe water
level in the flow passage exceeds a predetermined water level due to a
rainfall or the like, the valve is brought into an open state, water flows to the
downstream of the flow passage, and the accumulated garbage can be flown

away. In other words, the flow passage can be cleaned.
It should be noted that a float is used to detect whether the water
level of the flow passage exceeds the predetermined water level or not (refer

to FIG. 1 of Patent Document 1), for example).

Moreover, there 1s known such a configuration that frame columns



Mor eover, there is known such a configuration that franme col ums
FKCEI 0903PCT are erected on left and right sides of the valve, |ock

mechani sns are used to lock the valve to the |left and F@ﬁlﬁg’@'ﬁ%’fm ums
so as to prevent the valve fromopening (refer to FIGS. an of  Pat ent

Docunment 1), for exanple). In this case, the float and the | ock nechani sns
are operationally associated with each other, and if the water level in the

fl ow pasgrogrecgAche tefo andxightsidebaf phedalws, lbdlethetbhAisrh€4ed uséd@o | ock by
the | ock mechanismis released, resulting in the valve opening. The |eft

and ri ghliock sh& vabehtntlsnkefaard cightefrhat vdltmrsashaoth ekeventahderalve

simul taneously release the lock in the | ock nechani sns respectively

provi dedfrom epeningfefendorFl§k$. 5 ramde6 of| Ratest Document 1), ifer euamipde). known
that, if_the water |evel decreases while the valve is opened, the valve is
r et ur nedlnt thisiase) hecloat and thy lecksmechanisms are ppetionallycasspeiaged

Docunent 1), for exanple)..In this case, there is provided such a

conf i gur Wit er ipd ¥ the "b%tﬁéi%‘feidnﬁbe & BpsSaRE teaeheseeexcegds he state

in which.th | i . DI R HE | NVENTI ON . Ho ,
Lhero | othsyBRAdaLerTatsed "Btk e Ehrthe o i ok raP QiR isrelen iyt t he

i is |ar df th | IS | h t ate, dth | th
ol ose by sHRER 1Byl el benbe, " THACIAE ARGt R cmed et RS | i gn.
It is th f i .1 he i i 3 |
from ol oleBled FRICIAACONRL ih ViRt o5 ShulANBAI kA R AR MBI 1, o
flow pasgapendchatiidhb rB&Htively provided on the left and right frame columns.

It is further known that, if the water level decreases while the valve
is opened, the valve is returned to the closed state by a spring (refer to FIG. 1
of Patent Document 1), for example). In this case, there is provided such a
configuration that the force generated by the spring increases in the state in

which the valve is open.

DISCLOSURE OF THE INVENTION

However, there is provided such a configuration that the force
generated by the spring is large if the valve is in the open state, and the
valve may thus close by chance even if the water level of the flow passage is

still high.

It is therefore an object of the present invention to prevent the valve
from closing if the valve is in the open state, and the water level of the flow

passage is still high.



FKCEI 0903PCT According to the present invention, an opening/closing
device includes: a gate that receives a flow of a fluid in an upright

state, and can fall toward a downstream side of the flegoRshaddrst force
generation unit that generates a force for bringing the gate into the
upright state, wherein the first force generation unit generates a force
insufficient for bringing the gate into the upright state if the gate is in
a fallen stateccapdingerter ahes paededitcéngatition,i ent (Efﬁa'nihgﬂclt&ii dédcgate into
the upright state if the gate is in a state tilted by an angle equal to or
| ess t hamchidusedente thatarceivgh a. flow of a flviddnradi wgright stae} dnd cawfisil r uct ed
openi ng/ cl osi ng device, a gate receives a flow of a fluid in an upright
state, awardm tlawinstrenm dide efothesflowaandiadfrssfforceegéneration dmitshat or ce
generation unit generates a force for bringing the gate into the upright
state. TeRnerptes afprceciogdmangimeorhe gnte tachgt egrlahg state, iwkarein shent f or
bringing.th ate intqQ the upright state if the. gate is.in a fallen state,
and geneﬁ’é‘itzglgcﬁ geé’reé%tl%f“ff%g%‘fgmﬁ%? a&??%g}?ﬁb&%@l é)rmﬁlagtti?s g#62i ght

tate if. th te.i.s i . t ilted b I |t th
oot el RREGER: LA L Salh i S RD 8% Cag UBbel RSk R b e
t ] [ he. |l 1 FQtati haf {, d
o “the. r1REsTR bR RREbRe R oo B B e R BB LA @0 bl o
shaft: {Hfe@than EABle/audi%o bhilsls e pENAEALLAMN Hikfe Y be arranged at
position separated by a predeterm ned [ engt romthAe gate rotation

shaft; and a di stance between a |ine connecting between the one end of the
first force generation unit and the other end of the first force generation

unit and a cend@brding’ @ ahle0bh@é dohst:eRt&] r@%ﬁiﬁ%@lo‘éﬂﬁé tdeifcet he gg@ge is in
the fallen state may be shorter than a di stance between a |ine connecting

bet ween ideeiveseaeflowobf thefldidr $h Anr aprightiedtaté, oandntan afudl ttbeasd her end of
the first force generation unit and the center of FKCElI0903PCT rotation of
t he gat edownstream silabf thé flome dhfiest foreegenatadion tnitt gechelbgtemm forgée equal
to or less than the predetern ned angle. . _

for bringing the gate into the upright state. The first force generation unit

generates a force insufficient for bringing the gate into the upright state if

the gate is in a fallen state, and generates a force sufficient for bringing the

gate into the upright state if the gate is in a state tilted by an angle equal to

or less than a predetermined angle.

According to the opening/closing device of the present invention, the
gate can fall about a gate rotation shaft; one end of the first force generation
unit may be fixed above the gate rotation shaft; the other end of the first
force generation unit may be arranged at a position separated by a
predetermined length from the gate rotation shaft; and a distance between a
line connecting between the one end of the first force generation unit and the
other end of the first force generation unit and a center of rotation of the gate
rotation shaft if the gate is in the fallen state may be shorter than a distance
between a line connecting between the one end of the first force generation

unit and the other end of the first force generation unit and the center of



According to the opening/closing device of the present invention, the first
force generation unit may include a spring fixed to the one end of the
first force generation unit. Accordi ng to the OPEQOERI®YOBPEITNg device
of the present invention, the first force generation unit nmay include a
link fixed to the other end of the first force generation unit, and coupl ed
to the spring According to the present invention, the

openi ng/rotaigomgf thee gate natptioncshafe ibthsegatedisfior z starentttad ibynamainikld hat
generates a_force sufficient for starting to bring the gate into the

upri ght estugd go pr lessdhgattheiprefleterminediangle.st ate, and the water level of a
fl ow passage through which the fluid flows is equal to or less than a
predet erm ned water |evel. Accordi ng to the opening/closing device
of the present, i nvention, the gate can fall ahout a gate rotation shaft;
one end of thé"%%"cdgﬁﬂ tp dhe Spgatpg/slosme deyiee ﬁ’gﬁﬁﬁ@r??%dnﬁ%‘aﬁnt gat e
rotation.shaft. and the other end qgf ,the second forc eneratjopn unit may
be. ar r aryen toiee S43en BFn HlE el faduds RopRBacbid i b BBR M FE B t ne ot o
rotati ony shaf fue eneratiof G&Q ding to the opening/closing device of the
present ‘Tnventl gn, the®'second force generation unit may include a spring
fixed to one of one end of the second force generation unit and/or the

ot her end of the second force generation unit. FKOElI0903PCT

According to tQiBoRAARRItEGhE! penilc/fRYIELdSFick BE tRE E;%@é‘etnt' iRveAtibANthoNe end
of the first force generation unit may be fixed above the gate rotation
shaft; tfhetdbkergaidatibnti€tfhagtinéluideea dienkefigbd @b thei dthaR\endeoftkanged at
a position separated by a predeternmined length fromthe gate rotation
shaft; st $dreogenbedti@ennit, hindeoapivibrt ihegsgréhgveen t he one end of the
second force generation unit and the other end of the second force
generation unit and a center of rotation of the gate rotation shaft if the
gate is in the fallen state may be | onger than a distance between a |ine
connecti ng betAgserdingeoothe prasest inNenfipnsthe gperingidlesiagi dgviemimayand t he
other end of the first force generation unit and the center_of raqtation of
the gat dnehids Mﬁcgrﬁﬁfqrcrefgqméagaﬁ auig that ggeerafes o faycqsufficient for

starting to bring the gate into the upright state if the gate is in the fallen

state, and the water level of a flow passage through which the fluid flows is

equal to or less than a predetermined water level.

According to the opening/closing device of the present invention, the
gate can fall about a gate rotation shaft; one end of the second force
generation unit may be fixed above the gate rotation shaft; and the other end
of the second force generation unit may be arranged at a position separated

by a predetermined length from the gate rotation shaft.

According to the opening/closing device of the present invention, the
second force generation unit may include a spring fixed to one of one end of
the second force generation unit and/or the other end of the second force

generation unit.



According to the opening/closing device of the present invention, the
spring constant of a spring of the first force generation unit may be

| arger than the spring constant of a spring of the secpPROE®oDZPYEMEr ati on
uni t. BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. 1(a) to 1(c) include
di agrans descri bing an overview of an operation if an opening/cl osing
device 1 according to an enbodi ment of the present invention is provided in
sewers 100U, Howobrdiagdoddeapening/hlosiveg devicevéthebresentiewentiaipohé s | ow
(FIG 1(a) a diagramif the water |evel of the sewer 100U is increasing
(FIG 1(ad of ahmﬁaswcsrgemmtéonmmtmsebel@m abpve fthe gaferotiidan r eaches
or excee \A%@ed term ned | evel Cé)Fl G 100(c)); FIG 2 is a

per spectﬁi’ﬁft Wiher end ofgdei tdores sgpara io%uqlt(mﬁYet’esﬁléla@gPﬁ attd ch t he
gate 10 is.standin i ght FIG .3 tive view of ]

openi ng/Rﬂsbfé?‘P\SeB%‘% %‘grb P%Fdételﬁkmﬁdlogﬁgﬁ%%"fﬂg ﬁ%ﬁaﬁ%m%’c%%h%?’ % he gate
10); distance between a line connecting between the one end of the second force
generation unit and the other end of the second force generation unit and a
center of rotation of the gate rotation shaft if the gate is in the fallen state
may be longer than a distance between a line connecting between the one
end of the first force generation unit and the other end of the first force
generation unit and the center of rotation of the gate rotation shaft if the

gate is in the fallen state.

According to the opening/closing device of the present invention, the
spring constant of a spring of the first force generation unit may be larger

than the spring constant of a spring of the second force generation unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) to 1(c) include diagrams describing an overview of an
operation if an opening/closing device 1 according to an embodiment of the
present invention is provided in sewers 100U, 100L, a diagram if the water
level of the sewer 100U is low (FIG. 1(a)), a diagram if the water level of the
sewer 100U is increasing (FIG. 1(b)), and a diagram after the water level of
the sewer 100U reaches or exceeds a predetermined level (FIG. 100(c));

FIG. 2 is a perspective view of the opening/closing device 1 (in a state
in which the gate 10 is standing upright);

FIG. 3 is a perspective view of the opening/closing device 1 (in a



FIGS. 4(a) and 4(b) include a drawing of the opening/closing device 1
viewed fromthe upstreamside (FIG 4(a)), and a draw ng of the

openi ng/ cl osing device 1 viewed fromthe downstream si gg, ]jé'-i 0 );

FIGS. 5(a) and 5(b) are side views of the opening/closing devicé 1, and are
a left side view (FIG 5(a)) and a right side view (FIG 5(b)) fromthe

upstream st andpoi nt ; FIG 6 is an enlarged front view of a
nei ghborfatled dvfwni biats of thegate pd)evention unit 44 of the opening/cl osing
devi ce 1; FIG 7 is a plan view transparently show ng nei ghbor hoods

of fall prever®IGH 44a) asd 2dh), in2biderhidrewine ofj the oféning/dosindidegiaept i ght ;
FIG 8 is a right side view of the opening/closing device 1 fromthe

upst r earviewgddpramt the upstreatersidevéFIGdet@dedaby W Ldvavangt v seevage Wi s
| ow; FIG 9 is aright side view of the opening/closing device 1 if
t he wat edpemang/closimdevige Byviewed from tbﬁélomge@m\ﬁidﬂzgﬂé:segb))and exceeds

the top end of iyst float 18, but the second float 16 i.s approximately
above the wat &fﬁ\éﬁ) %‘th‘:’hg 35‘"8\/%‘6%"\%”30 the opepme/elesing deviggyhiard de vi ew

Cevage VIEnE IEReRde iRy IO Ga), wd JF i Tite e UG BB B the) 21 g "
11 is a%ﬁ&#ﬁirﬁ%@arwﬁ%ﬁt;\“ ew of a nei ghborhood of the surfacing prevention

unit 44 e openi ¢losing device 1 if the surfacing prevention unit 44
rotates; FIG. 6 is an enlarged front view of a neighborhood of the surfacing

prevention unit 44 of the opening/closing device 1;

FIG. 7 is a plan view transparently showing neighborhoods of fall
prevention units 20a, 20b while the gate 10 is standing upright;

FIG. 8 1s a right side view of the opening/closing device 1 from the
upstream standpoint if the water level (denoted by W.L.) of the sewage W is
low;

FIG. 9 is a right side view of the opening/closing device 1 if the water
level (denoted by W.L.) of the sewage W increases, and exceeds the top end of
the first float 18, but the second float 16 is approximately above the water
level of the sewage W,

FIG. 10 is a right side view of the opening/closing device 1 if the
water level (denoted by W.L.) of the sewage W increases further, and the
second float 16 surfaces;

FIG. 11 is an enlarged front view of a neighborhood of the surfacing
prevention unit 44 of the opening/closing device 1 if the surfacing prevention
unit 44 rotates;

FIG. 12 is a plan view transparently viewing neighborhoods of the
fall prevention units 20a, 20b while the gate 10 is fallen down;

FIG. 13 is a drawing of the opening/closing device 1 viewed from the

downstream side, transparently shows the common rotation shaft 28, and



FIG 12 is a plan view transparently view ng nei ghborhoods of the fall
prevention units 20a, 20b while the gate 10 is fallen down; FIG 13
is a drawi ng of the opening/closing device 1 viewed frPBPROBDRIDSPTSE r eam
side, transparently shows the common rotation shaft 28, and FKOCElI 0903PCT
further shows the first release action unit (rotation unit 29b and
descendi ng portion 24b), the second release action unit (rotation unit 29a
and desdamthergshesrs thenfirstapleaseeaction umig (potetiont uwih A9hi asd dedrenddsg t he
first support release unit 22b, and the second support release unit 22a;
FIG 14 wt@nri?gwﬁ dhge soeand orelease @sEionngInit obiotationey uait 129 tand t he
sewage has {lown toward the dofg/gi?t ream si de; . FIGS. 15(a) and 15(b)
are si delSFCERRINGS p?ﬁéorbﬁé@isnéh%l R Ryeveridon wits 20ky42Qa,1the divph) | en
down, and are all eft si view (FI G 1&3(5%2) and.a right gi de view (FIG
15(b)) FTEROFhE G MRY MDY ARgdderecond su Oﬁlreé‘%asfé?'&} 2280 16(b) are side
vi ews of the Cﬁ%ﬂi C I . J- vf the.gate 10 i,s slightly raised,
and are a |eft SI'(]129(/SI %%?%}E?%ﬂg‘é)é%\g)# dalﬁd)pgnP?%ﬁﬁsg}%gemc%\& ?é?’éth‘iG( b))
from t heednsle WA SHRARBIWATd the downstream side;
FIGS. 15(a) and 15(b) are side views of the opening/closing device 1 if
the gate 10 is fallen down, and are a left side view (FIG. 15(a)) and a right
side view (FIG. 15(b)) from the upstream standpoint;
FIGS. 16(a) and 16(b) are side views of the opening/closing device 1 if
the gate 10 is slightly raised, and are a left side view (FIG. 16(a)) and a right
side view (FIG. 16(b)) from the upstream standpoint;
FIGS. 17(a) and 17(b) are side views of the opening/closing device 1 if
the gate 10 is further raised, and are a left side view (FIG. 17(a)) and a right
side view (FIG. 17(b)) from the upstream standpoint; and
FIGS. 18(a) and 18(b) are side views of the opening/closing device 1 if
the gate 10 stands upright, and are a left side view (FIG. 18(a)) and a right

side view (FIG. 18(b)) from the upstream standpoint.

BEST MODE FOR CARRYING OUT THE INVENTION

FIGS. 1(a) to 1{c) include diagrams describing an overview of an
operation if an opening/closing device 1 according to an embodiment of the
present invention is provided in sewers 100U, 100L, a diagram if the water
level of the sewer 100U is low (FIG. 1(a)), a diagram if the water level of the
sewer 100U is increasing (FIG. 1(b)), and a diagram after the water level of

the sewer 100U reaches or exceeds a predetermined level (FIG. 100(c)).



FIGS. 17(a) and 17(b) are side views of the opening/closing device 1 if the
gate 10 is further raised, and are a left side view (FIG 17(a)) and a
right side view (FIG 17(b)) fromthe upstream st andpoFROEBRYH3PCT Fl GS.
18(a) and 18(b) are side views of the opening/closing device 1 if the gate
10 stands upright, and are a left side view (FIG 18(a)) and a right side
view (FIG 18(b)) fromthe upstream standpoi nt. BEST MODE FOR CARRYI NG QUT
THE | NVENTo@h a gate 10rifeBe openjng/cosing) dévicd Lde shvwyy atterdesgpdrteintg an
overvi ew of an operation if an_opening/closing device 1 according to an
enbodi nedfttheropenengelosmg devige htare wmi tqsirm/FHga- 1) ded@r s 100U, 100L, a
diagramif the water level of the sewer 100U is low (FIG 1(a)), a diagram
if the water | evel of the sewer 100U is increasing (FIG 1(b)), and a
ceeds a

di f h I f th 100U h

AR TR S TR AR TR
open 191648 RS, RLAH, P ARGy, SRR ASALT B BB S
I d i | )04 h
oot ed SN VORHEARS Lgpr 10911 Rig SIS A0t00E chERTAEA BRH0R.

sewer 10%@3% hbe sREWR' Wﬂxﬁgtwhbépw%l Bf TRORRL S WHH .,,ggsirﬁaf.? 3)@?,% The

wat er | evel a sewage ow ng 1 n the sewer 100 I S-usua (refer

to FIG 1¢60)is uNallpilswoesRsit8FIC.hEaDat ©nl bhisSoceAsith, HEK'EQ{H 1664&84g, and
receives the sewage W(a type of fluid) flow ng through the sewer 10015.

The sewage uptightisbete, dadredeivys the sg@hge W (a ayisk bHhBuid Wageing/theeaghot fl ow
in the sewer 100L on the downstream side. Garbage G is then accunulated in
t he sewethel®Bker 100U. The sewage W is then dammed by the gate 10, and the

sewage W does not flow in the sewer 100L on the downstream side.

Garbage G is then accumulated in the sewer 100L.

On this occasion, the water level of the sewage W flowing in the
sewer 100U increases due to a rainfall or the like (refer to FIG. 1(b)). Then,
if the water level of the sewer 100U reaches or exceeds the predetermined
level (refer to FIG. 1(b)), the gate 10 falls down, and the sewage W flows from
the sewer 100U to the sewer 100L. As a result, the garbage G accumulated

in the sewer 100L is flown away, and the sewer 100L can be cleaned.

FIG. 2 is a perspective view of the opening/closing device 1 (in a state
in which the gate 10 is standing upright). FIG. 3 is a perspective view of the
opening/closing device 1 (in a fallen down state of the gate 10). FIGS. 4(a)
and 4(b) include a drawing of the opening/closing device 1 viewed from the
upstream side (FIG. 4(a)), and a drawing of the opening/closing device 1

viewed from the downstream side (FIG. 4(b)).

The opening/closing device 1 includes the gate 10, frame columns 12a,



On this occasion, the water |evel of the sewage Wflowing in the sewer 100U
increases due to a rainfall or the like (refer to FIG 1(b)). Then, if the
wat er | evel of the sewer 10015 reaches or exceeds the pKefeigpoapox | evel
(refer to FIG 1(b)), the gate 10 falls down, and the sewage Wflows from
the sewer 100U to the sewer 100L. As a result, the garbage G accunulated in
the sewer 100L is flown away, and the sewer 100L can be cl eaned.

FI G 2 iEhagwmttgneportieni2ena platehkt, apfarsit dlpiat [18s arsgcated; float 16,(d float st ate in
which the gate 10 is standing upright). FIG 3 is a perspective view of the
openi ng/psrhgOdavbeidom fularyms 32, @ dogewfloat dnsenst 3¢he agaveperofloa| Gs.

4(a) and 4(b), j,ncl ude drawi hg of the opening/closing device 1 viewed from
t he upstlpéé‘fﬁ?s‘hgea 1833 @ﬁc%{%\)%f; aFWSPENSCRINAEEF 3Bha shiseensigndrlaray devi ce
1 viewed, fromthe d streamside (FIG 4(b)). The opening/closing device 1
i ncl udes4d’l’i'é"%]g%?gatfg’\,ﬁr']frarre colums 12a, FKOEI 0903PCT 12b, a bottom
portion 12c, a plate 14, a first float 18, a second float 16, a fl oat
support 30, a bottomfulcrum 32, a lower float insert 34L, an upper fl oat

T 0, R RSP O ARTRIN e S BARERSAR,

40, and a pla ol umms

12a, 12 t i : t i ed at
the bot tonEite 10Zal thoSalehf pdftiof 1o hral A THENC AN of Bfc BRI B

14. The gt & AUthee phmesllpRdyve@by RRe WRARY 14 0%@*%31'1:@ 19 Aedivag 4 T ght
(refer to FIGS. 2). However, if the water level of the water flow

i ncr easatamatHe whtef flost whilleadtah8irgndptight $edonto FIGS! 216 Howbaeg.ift he gate
10 falls toward the downstream side, and the fluid such as the sewage W

fl ows daleswatanieyebbBthe ovdte® fl@Y .increases, and sheufirbtbfoatol @diridhélie t he | ef t
side is the upstreamside, and the right side is the downstream side in

FI GS. 2,segoud loak/hesmidace, i thej gateskl falls towmard hke slomuistienngyrsade,tarels of t he
first float_ 18 and the second float 16 are smaller than the specific

gravi ty & flyd suchias thei sevagecWollews dowinstresae (xaferytarB1Gedkst andi ng upri ght .
Moreover, the first float 18 and the second float 16 are arranged on the
upstream side of the gate 10. Further, the second float 16 is arranged

above the fi r%tc S lO(ljlﬁi b%Sﬁoted that the left side is the upstream side, and the
right side is the downstream side in FIGS. 2, and 3. Moreover, it is
assumed that the specific gravities of the first float 18 and the second float
16 are smaller than the specific gravity of the fluid which the gate 10 is
receiving while standing upright. Moreover, the first float 18 and the
second float 16 are arranged on the upstream side of the gate 10. Further,

the second float 16 is arranged above the first float 18.

It should be noted that the float support 30 is arranged below the
first float 18 and is fixed to the frame column 12b. The lower float insert
34L is fixed to the bottom fulcrum 32 of the float support 30. The lower
float insert 34L extends in the vertical direction, and is inserted into the first
float 18 from the bottom. The first float 18 can move up and down along the
lower float insert 34L.. The upper float insert 34U passes through the

second float 16, and is inserted into the first float 18 from the top. The



It should be noted that the float support 30 is arranged below the first
float 18 and is fixed to the frane colum 12b. The |l ower float insert 34L
is fixed to the bottom fulcrum 32 of the float support FROEIGs®3IP®Y®Rr fl oat
insert 34L extends in the vertical direction, and is inserted into the
first float 18 fromthe bottom The first float 18 can nove up and down
along the lower float insert 34L. The upper float insert 34U passes through
t he secoitspensign memhexn B8 is asembey fonsuspansling the finspdloat 81 wiere he t op.

The FKCEI 0903PCT. suspensi Qn mber 38 is a nenber for suspending the first
float 18hehupeey floaginsprt ﬁééﬁﬁ* Asxad: tabe; torr iflsgumg 3pntherept.t uTke um 36

Suepens; BROPBPORRERper 15 f55%ke i ot thel fame 6oluims 18D DY the ALERCTSHER Lpper
IET G e
Shoat 1 130 RSEEond UndPURCLARSRIGH pfithlih SURENAL HR-TERRR GERe O ot o
to FIG aS%OEV‘\}(F?.r ?%’fﬁl’@ﬂ ©)If the ﬁrgté gl’g‘a§ @fﬁﬁjfﬁspfﬁggkhglﬁgﬁgiiége%# Sipwn in

FIG 4( ater be descri referring to he plate 50
i's fixedlkd a@cémis, ¥ind fiee ELHEGON YIBMbBEP 38 rotates FhGt tId Shsp¥bigh b) are

side views of the opening/closing device 1, and are a | eft side view (FIG

5(a)) anfhl@uih g0tsothde the eop fultiam BeradcehdordfbretdPEGT €afos banaip@eNt . FI G
6 is an enlarged front view of a neighborhood of the surfacing prevention

unit 44 of the opening/closing device 1. FIG 7 is a plan view
transparently showi ng nei ghborhoods of fall prevention units 20a, 20b while
the gate 10 i A suafedtimg prevegtion unit 44 ShvwvwpanFAG. cd(ediwil deterclee 1
includes, in_addition to the conponents as described above, the fall

pr event i ascribed sefeaping o' 1GS 15 p8d 6support rel ease unit 22b, a second
support rel ease unit 22a, the surfacing prevention unit 44, a second-fl oat
support beam 41, a surfacing-prevention release unit 42, a gate rotation

or i ons’ 24b, DHEPIA PP S AR PGB Ch ERE AP HP-(second force
generation unit) 52b, a link 54, and rotation bodies 56a, 56b.
FIGS. 5(a) and 5(b) are side views of the opening/closing device 1, and
are a left side view (FIG. 5(a)) and a right side view (FIG. 5(b)) from the
upstream standpoint. FIG. 6 is an enlarged front view of a neighborhood of
the surfacing prevention unit 44 of the opening/closing device 1. FIG. 7is a
plan view transparently showing neighborhoods of fall prevention units 20a,

20b while the gate 10 is standing upright.

The opening/closing device 1 includes, in addition to the components
as described above, the fall prevention units 20b, 20a, a first support release
unit 22b, a second support release unit 22a, the surfacing prevention unit 44,
a second-float support beam 41, a surfacing-prevention release unit 42, a
gate rotation shaft 26, a common rotation shaft 28, rotation units 29b, 29a,
descending portions 24b, 24a, a first spring 52a, a second spring (second

force generation unit) 52b, a link 54, and rotation bodies 56a, 56b.
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FKCEI 0903PCT The gate 10 can fall about the hollow gate rotation
shaft 26 (refer to FIG 13) as a center of rotation (rotational axis). The
gate 10 in the fallen state is shown by dotted |ines i and (b).
Referring to FIG 7, the fall prevention units 20b, ZOEKQ%E%?%%aCt with
a surface 10a on the downstream si de, thereby exerting forces against the
water flow on the gate 10. In other words, the fall prevention units 20b,
20a support the surface 10a on the downstream side of the gate 10. The fall
prevention units 20b, 20a prevent the gate 10 fromfalling toward the
downst r eam si déhébgateubpoanifal] abloat ghe dhollow Fae fahtioprshadn®é drefemté 20b is
arranged_on trxs right side, and the fall prevention unit 20a is arranged on
the | ef t FEGdt3hasaiceyter efwatationdzetasionad jages). The gatRef®in the falderF| G 7,
the first suppqrt release unit 22b_and & e second support release unit 22a
are synmdats 5hawn brelokied eer W FIGP 8w andlbdved from the upstream side
(and al so viewed fromthe downstream side). The first support rel ease unit
22b, by pulling the fall prevention unit 20b toward the outside of the

water flow (fl (right. s in H.G 7). .detaches.a point at which the
Fai T prevent | dipterpe SOEEL % ¢hE Al BredpidS I 208 25 Ricoh colbaghr e 10,
t her eby easi S r.t e . he. fal reventipn unit
20b (re f\éfthnt %%H]%c& ?%’1&9 P}% tdotvv?xstlet&?n gfﬁe, tﬂigl(g%' éxertlng %orges agamsP
the water flow on the gate 10. In other words, the fall prevention units 20b,
20a support the surface 10a on the downstream side of the gate 10. The fall
prevention units 20b, 20a prevent the gate 10 from falling toward the
downstream side by supporting the gate 10. The fall prevention unit 20b is

arranged on the right side, and the fall prevention unit 20a is arranged on

the left side viewing from the upstream side.

Referring to FIG. 7, the first support release unit 22b and the second
support release unit 22a are symmetrical in the horizontal direction viewed

from the upstream side (and also viewed from the downstream side).

The first support release unit 22b, by pulling the fall prevention unit
20b toward the outside of the water flow (flow) (right side in FIG. 7),
detaches a point at which the fall prevention unit 20b is in contact with the
gate 10 from the gate 10, thereby releasing the support for the gate 10 by the
fall prevention unit 20b (refer to FIG. 12).

The second support release unit 22a, by pulling the fall prevention
unit 20a toward the outside of the water flow (flow) (left side in FIG. 7),
detaches a point at which the fall prevention unit 20a is in contact with the

gate 10 from the gate 10, thereby releasing the support for the gate 10 by the

11



The second support release unit 22a, by pulling the fall prevention unit
20a toward the outside of the water flow (flow) (left side in FIG 7),
detaches a point at which the fall prevention unit ZOaMEmmp(ﬁpt Wi th
the gate 10 fromthe gate 10, thereby releasing the support for the gate 10
by the FKCEIO0903PCT fall prevention unit 20a (refer to FIG 12).

The surfacing-prevention release unit 42, the surfacing prevention unit 44,
and the fllbpreveationamat20adeefer corFiGe182).ew for the sake of illustration in
FIG 5(a). Further, the link 58 (shown in FIG 15(a)) is also omtted from

the viewin FIG 5(a), and the first spring 52 is illustrated so as to be
fixed to the rotation unit 56a. . The surfacing ?revention unit 44
prevents the flhesuriagie pevensiansielease magit 42, the smefaving mgeventioG. 6, the

surfacin revention unit 44_jincludes an gbutting portion 44b, a fixing
portion ‘gﬂg Eﬁné‘néi tBe aplake 5P e gmulted irom the wmiewafut thegsaks ofon 44b

merber  SHSFRROREL SHH REpoRERER Ahpdin feﬁ'l%’h&?ﬁé%sﬁﬁiéﬁé@h%ﬁ@%gfegéi .
: : . 4 . !

asconds. "PREGRERT FBY Ve 0P PG BT add the ficed BEBE SRR BPRRERT &0 o5e

suspensi Qn, &Eoﬁge?dtﬁﬁoﬂ%ﬁ??lg)%a. However, the suspension nenber 38 abuts

agai nst the abutting portion and the first float 18 thus cannot
surface.

The surfacing prevention unit 44 prevents the first float 18 from

surfacing.

Referring to FIG. 6, the surfacing prevention unit 44 includes an

abutting portion 44b, a fixing portion 44a, and a rotatable portion 44c.

The abutting portion 44b is located above the suspension member 38,
and abuts against the suspension member 38 if an ascending portion (a
portion of the suspension member 38 directly below the abutting portion 44b)
of the suspension member 38 ascends. If the first float 18 surfaces, the
ascending portion of the suspension member 38 also ascends. However, the
suspension member 38 abuts against the abutting portion 44b, and the first

float 18 thus cannot surface.

The fixing portion 44a fixes the abutting portion 44b to a portion
which is stationary with respect to the flow (plate 50, for example). It
should be noted that the abutting portion 44b can rotate about the fixing
portion 44a. It should be noted that the configuration that the fixing

portion 44a is fixed to the plate 50 is not illustrated in other drawings.

12



The fixing portion 44a fixes the abutting portion 44b to a portion which is
stationary with respect to the flow (plate 50, for exanple). It should be
noted that the abutting portion 44b can rotate about tREQEINOOGPOIIti on
44a. 1t should be noted that the configuration that the fixing portion 44a
is fixed to the plate 50 is not illustrated in other draw ngs.

FKCEI 0903PCT The rotatable portion 44c is |ocated approximtely as
hi gh as the fibliengotadakblecpordinm 44ads dacatedt aperoxbmatelyhes fiigh g for ti on
44a. . It should be noted that the_abutting portion 44b and the

r ot at abli#Xipgmortan Mg, apd caniebrigakeutiths fedes p@raen,ﬂand the abutting
portion 44b rotates about the fixing portion 44a by an angle by which the
rotatable portion 44c rotates about the fixing portion 44a. The

d-fl s, fi .the fr I 12b h
Fulorum asa (AbRBRuld, BENRLEd i thé BN BotiS dabrard Mharougabie h
d- f| Q@ : L t at e.about ;the ful crum 4la, T
Surt nei i BbaCHRPRES REALE Sl rf%srﬁ} GLREoHb 5 Péué%ﬁ%"@er@anr%‘%bag abl ye':] 0
) . . . ! ‘ t
ot oarotfsPaidts G Hink Mo BREORA 0 ah SHERODY DEAR the WBEABICT DT he

second fdpglonlficdtdReeDout IBe $REPE PottidRlaagupport beam 41 rotates about
the ful crum 4la, and the connection point 41b ascends. Then, the

surfacing-prevention rel ease unit (drive unit) 42 ascends, and pushes the
rotatable portion 44c upward, and the rotatable portion 44c rotates about
t he fixing porRfheosecédd-floblisuppuit bergm pIIr iisi fixe bt heofrem ef dobimabIReat he
suspensi on menber 38 gef er to FIG 11), and nothing is present for
prevent ithg fulerymrdliaofrefdr td&@16usPensdosuprbeth8Secomddloat 16, BBheow t he
abutting portion 44b from ascendi ng. The surfacing-prevention rel ease unit
(drive wecend4at ehppetsdeans 4d|canrrgtatecabantrthadutayuof 41he second float 16,
the prevention of the surfacing of the first float 18 by the surfacing
prevention unit 44. The common rotation shaft 28 is arranged inside the

hol | ow gate . . . . . .
g The surfacing-prevention release unit (drive unit) 42 is connected

rotatably to a connection point 41b of the second-float support beam 41
(arranged on the upstream side with respect to the fulcrum 41a) (refer to FIG.
8). If the second float 16 surfaces, the second-float support beam 41 rotates
about the fulcrum 41a, and the connection point 41b ascends. Then, the
surfacing-prevention release unit (drive unit) 42 ascends, and pushes the
rotatable portion 44c upward, and the rotatable portion 44c rotates about the
fixing portion 44a. The abutting portion 44b moves from above the
suspension member 38 (refer to FIG. 11), and nothing is present for
preventing the portion of the suspension member 38 immediately below the
abutting portion 44b from ascending. The surfacing-prevention release unit
(drive unit) 42 releases, resulting from surfacing of the second float 16, the

prevention of the surfacing of the first float 18 by the surfacing prevention

unit 44.

The common rotation shaft 28 is arranged inside the hollow gate

13



FKCEI 0903PCT rotation shaft 26, and extends in the sane direction as the
gate rotation shaft 26 referring to FIG 13. Rotation units 29b, 29a
are fixed to the common rotation shaft 28, and rotat e RKROERIOSOBP(ITNe commoDn
rotation shaft 28. For exanple, if the rotation unit 29b rotates, the
common rotation shaft 28 rotates according to the rotation. If the conmon
rotation shaft 28 rotates, the rotation unit 29a rotates. The |ink
54 is coehdieerdhaft 26sandeedaudsdn the shmesdigpetion ars thenigate 368tataomnd i s
connected at a nei ghborhgod 54b of the other end to the rotation unit 29b.
The des %@rﬁ@ﬂlpgﬁofiﬁ}-i@-rot atably fixed to an end (on the opposite
side of the nei ghborhood 54b of the other end) of rotation unit 29b. If the
rotation unit 29b rotates clockwise in FIG 5(b), the descending portion

5, SRR s o o B R AN B T,
(e S o ST ERSE Pl S8 PEISRRTERRT 8
por 1 on A8BlaTSSEPIR 4 Afer BANAN iAo LLALEE OB LRI EL S, (1)

i s rot atghl ixed q td | . oNn unit
29a rot a@gsrﬁg%ﬂ&ﬁerifﬁg%%m@gg? %B%%tg&l %?%1? %%tgﬁgstc 8§§gg%a-o£n s{litﬁota%%ée)
cl ockw s@ta@gation in FIG 5(b)), the

The link 54 is connected at its one end 54a to the suspension member
38, and is connected at a neighborhood 54b of the other end to the rotation

unit 29b.

The descending portion 24b is rotatably fixed to an end (on the
opposite side of the neighborhood 54b of the other end) of rotation unit 29b.
If the rotation unit 29b rotates clockwise in FIG. 5(b), the descending portion

24b descends accordingly.

It should be noted that the descending portion 24b is coupled to the
suspension member 38 via the link 54 and the rotation unit 29b. As the
ascending portion of the suspension member 38 (the portion of the
suspension member 38 immediately below the abutting portion 44b) ascends,
the rotation unit 29b rotates clockwise in FIG. 5(b), and the descending

portion 24b descends.

The descending portion 24b is rotatably fixed to the end of the
rotation unit 29a. The rotation unit 29a rotates counterclockwise in FIG.

5(a) (which corresponds to the clockwise rotation in FIG. 5(b)), the

14



FKCEI 0903PCT descendi ng portion 24a descends accordingly. The
rotation unit 29b and the descending portion 24b forma first rel ease
action unit. The first release action unit causes the FESO®EIDdORRCAOrti on
24b to descend while rotating (rotating clockwise in FIG 5(b)) the conmon
rotation shaft 28 by the rotation unit 29b, thereby pulling the first
support release unit 22b to activate the first support release unit 22b.
Ref er ri igseandingporgon i24a daseendsagnosdinglisl ease unit 22b is in a shape bent
approximately by the right angle, is coupled to the descendi ng portion 24b
at a horizontal portion thereof, is coupled to the fall prevention unit 20b

21,2, Port on GLend, b, Yerk ) b ARCACaT oLt Aol he poriop bent by
d d,_th by. pul | i. h i I i 22 he. fi

desoend LIERN RS0 ‘DIE ot Sy BE e RS B e Rt

Pl 02 ohobly B QUEONLCOM sty ERHE ARG A oMl SR "
descendigghHoh trbf%&i&f‘éhiﬁ[}igé By $RE 9Bthtid BaRE2 d;%h%ggﬁﬁfgﬁlggﬂéé tl%‘?gtrgtfcond

rel ease action unit, as t conmobn rotation s es

count er Ghapkw ﬁ@&ﬁﬁ@zz%&@&a@h@tﬁ&ﬁ%ﬂ' ﬁ{blﬁ}jt beléd8e LAIPSHS L0 cause the

descendi ng portion a to descend, thereby pulling the second support
rel ease unit 22a, resulting in the activation of the second support rel ease
unit 22a. Referring to FIG 13, the second support release unit 22a
is in a shape Redatrimgppos 6XGraBetlye Byst higpporgreleanglunmit 28bdeuplaechdpe t he
descendi ng

bent approximately by the right angle, is coupled to the descending portion

24b at a horizontal portion thereof, is coupled to the fall prevention unit 20b

at a portion extending vertically, and can rotate about the portion bent by the

right angle.

Thus, if the descending portion 24b is caused to descend, thereby
pulling the first support release unit 22b, the first support release unit 22b
rotates counterclockwise in FIG. 13, thereby pulling the fall prevention unit

20b, resulting in the activation of the first support release unit 22b.

The rotation unit 29a and the descending portion 24a form a second
release action unit. In the second release action unit, as the common
rotation shaft 28 rotates (rotates counterclockwise in FIG. 5(a)), the rotation
unit 29a rotates to cause the descending portion 24a to descend, thereby
pulling the second support release unit 22a, resulting in the activation of the

second support release unit 22a.

Referring to FIG. 13, the second support release unit 22a is in a

shape bent approximately by the right angle, is coupled to the descending
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FKOEI 0903PCT portion 24a at a horizontal portion thereof, is coupled to the
fall-prevention portion 20a at a portion extending vertically, and can
rotate about the portion bent by the right angle. FKOEW®03P T he
descendi ng portion 24a is caused to descend, thereby pulling the second
support release unit 22a, the second support release unit 22a rotates
clockwise in FIG 13, thereby pulling the fall prevention unit 20a,

resul ti mertiantZa acaihaizomtabportien teerend isupppled teetlenfadl-préentivm

It should be noted that the first release action unit (rotation unit 29b
and desd@§HPRg %r%ﬁ 8npoutinn sxdendiags vedihllyelasuk sancrotate wationt thet at i on

unit 29a and ortigon 24a) are symetrical in horizontal
di rect i APTHPB H E’V&h‘?tq”é" cif‘*eam side (and also viewed fromthe

downst ream si de) . A description will later be given of the first
spring 52a, the second spring (second force generation unit) 52b, and the

A descr i pt i on MY Tl sssGr il 21?01&%255%1@%%@& he?q%ixd% IR he gate
10 af ter Jlﬂﬁg“ﬁ‘?ﬂh%@cdrmsgﬁ}?ﬁéﬁ re[ %%%Al?.g S\I}é}fee eve t l%gé Ofaétt C\/el S

enbodi m? e prese I HVent i on
usual |y do@Wotates clockwise in FIG. 183, thereby pulling the fall prevention unit 20a,

resulting in the activation of the second support release unit 22a.

It should be noted that the first release action unit (rotation unit 29b
and descending portion 24b) and the second release action unit (rotation unit
29a and descending portion 24a) are symmetrical in horizontal direction

viewed from the upstream side (and also viewed from the downstream side).

A description will later be given of the first spring 52a, the second
spring (second force generation unit) 52b, and the rotation bodies 56a, 56b

referring to FIGS. 15(a), (b) and the like.

A description will now be given of an operation (until the fall of the
gate 10 after the water increases from a low level to a high level) of the

embodiment of the present invention.
The water level of the sewage W is usually low.

FIG. 8 is a right side view of the opening/closing device 1 from the
upstream standpoint if the water level (denoted by W.L.) of the sewage W is
low. Referring to FIG. 8, if the water level (denoted by W.L.) of the sewage

W is low, the gate 10 is supported by the falling-prevention units 20b, 20a,
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FIG 8 is aright side view of the opening/closing device 1 fromthe
upstream standpoint if the water | evel (denoted by WL.) of the sewage Wis
low. Referring to FIG 8, if the water |evel (denoted pPROWIROY3PLT he
sewage Wis low, the gate 10 is supported by the falling-prevention units
20b, 20a, FKCEIO0903PCT and is thus remains upright as described referring
to FIGS. 5 (a), (b). Then, the water |evel of the sewage Wi ncreases
due to andaisrthalslrenrainfaplighd as describe&ir&ferpinigstoadF IG§H (29j (49. vi ew of the
opening/closing device 1 if the water level (denoted by WL.) of the sewage
Wi ncreases, and exceeds the top end of the first float 18, but the second
float 16 is approxitely above the water |evel of the sewage W It should
be noted that L&, ab%@e&m; v f ithersepmee W inereassd due f gragmfallor  The
first fltglgtl 18 is subnerged in the sewage W the specific gravity of the
first fl ikeg i s smaller than the specific gravity of the sewage W the
first float 18 should thus surface, and the top end of the first float 18
shoul d exceed the wat er | evel of the sevvage W However, the first float 18

coes 108 ! 398, 0 bt L0 bPn BB 450 I B BREG: L 0
suspensiyg 1&35&5%%%@%% O§%v%§eg\l’§t1r%£s P BB L PG B 30

ends. mever ring I ng por Ion I'S arranged

above t Rife SHSR §TU3 OB, HRITOGle SRondSIcht! 6| Enppf‘déﬁﬂxdtélyt BoRUBRERSON Member

38 tries to rotate about the suspension fulcrum 40, the suspension nember

38 abut Jepdaifithb sbWagawt t Itdhddd beGibtéd bhapflte dedreatinPpaiteoradyb fdir t her,
resulting in pr eventl ng the suspension nenber 38 fromrotating, and the

first flomittedBidBES. #0t surface accordingly.

The first float 18 is submerged in the sewage W, the specific gravity
of the first float 18 is smaller than the specific gravity of the sewage W, the
first float 18 should thus surface, and the top end of the first float 18 should
exceed the water level of the sewage W. However, the first float 18 does not

surface.

If the first float 18 surfaces, the upper float insert 34U also ascends,
and the suspension member 38 rotates about the suspension fulcrum 40
(clockwise in FIG. 9) so that the top fulcrum 36 ascends. However, referring
to FIG. 6, the abutting portion 44b is arranged above the suspension member
38. As a result, even if the suspension member 38 tries to rotate about the
suspension fulcrum 40, the suspension member 38 abuts against the
abutting portion 44b, and cannot rotate any further, resulting in preventing
the suspension member 38 from rotating, and the first float 18 does not

surface accordingly.

Then, the water level of the sewage W increases further.
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Then, the water |evel of the sewage Wincreases further. FKOElI 0903PCT

FIG 10 is a right side view of the opening/closing device 1 if the water

| evel (denoted by WL.) of the sewage Wincreases furthROE®R3PoeE second
float 16 surfaces. It should be noted that the gate rotation shaft 26 is
omtted in FIG 10. The second float 16 is forned of the sanme
material as the first float 18, and the outer dianeters thereof are the
sanme. However, the second float 16 is thinner in the vertical direction
conpared with the first float 18. Thus, the second float 16 is |ighter than
the first flodfICLgl0 Thissrighirside hdewi of the opevmedclpsing: daGice sl pathe al | y
subnerged in the ends to surface quickly FIG 11 is

ewa

an enl aryaters legpk ?‘h'@gﬁ‘&fb}’a“ﬁé oobh sewase Wh’élcﬂﬁﬁeﬁcfuﬁgh% @ndnthon unit

44 of the o osi.ng de | if the syrfacing preventlon nit 44

rot at es. Secohd Hon f%t rfagesondt ‘b‘;lf“i%npgedpé’@t ti‘lel gatg ekaige ghalt 46e sewage
and surfa t he second fl oat support beam 41 rotates about the

fuI crum ﬁfé?l%%‘i‘dﬂ’t%@gcﬁ%necti on point 41b ascends. Then, the

surfacing-prevention rel ease unit (drive unit) 42 ascends, and pushes the
rotatable portion 44c upward, and the rotatable portion 44c rotates about

Suspensi on menas ST A1 3 K BPEhS QEmCIRAPRNER ol (T ERPHGSL e
bbut t ?ng%é‘?{a?%‘%qﬁ‘%??%%%%ﬁéﬁ R R R TR Fo BB ot 16
i's totalleisthnRé9RtHdWdriRab @WRBEon compared with the first ﬂoat 18. Thus,

the second float 16 is lighter than the first float 18. This means that if the

second float 16 is partially submerged in the sewage W, it tends to surface

quickly.

FIG. 11 is an enlarged front view of a neighborhood of the surfacing
prevention unit 44 of the opening/closing device 1 if the surfacing prevention

unit 44 rotates.

If the second float 16 is partially submerged in the sewage W, and
surfaces quickly, the second-float support beam 41 rotates about the fulcrum
41a, and the connection point 41b ascends. Then, the surfacing-prevention
release unit (drive unit) 42 ascends, and pushes the rotatable portion 44c
upward, and the rotatable portion 44c rotates about the fixing portion 44a.
The abutting portion 44b moves from above the suspension member 38 (refer
to FIG. 11), and nothing is present for preventing the portion of the
suspension member 38 immediately below the abutting portion 44b from

ascending.

On this occasion, the first float 18 is totally submerged in the sewage
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FKOEI 0903PCT W and is receiving a | arge buoyant force, and the first float
18 tends to surface quickly. As a result, suspension member 38 rotates
about the suspension fulcrum40 (clockwi se in FIG 10)FKOE1090315W t he
link 54 ascends, thereby descending the descending portion 24b while the
rotation unit 29b is rotating the common rotation shaft 28 (cl ockw se in
FIG 10). If the descending portion 24b is caused to descend, thereby

pul I'i ng Whenfli issrecetppgra largechseyami forzebandhehef firstt floapdr tendsl &mse unit
22b rotates counterclockwise in FIG 13, thereby pulling the fall

pr event iaufagei guirddy. rAsuftyesylt, isuspenaioni veamber ¢I8 wrhtates rahowuppor t
release unit 22b. The fall preventiaon un| 20b is thus detached fromthe
gate 10 S(qsgpgepmpé'ulqrgn gQ)(clockmse indfl&. 1B. i s a drawi ng of the

openi ng/ cl osing device 1 viewed fromthe downstream side, transparently
shows the common rotation shaft 28, and further shows the first rel ease

f:t :eSQe“QLE.é sk £7 pigkas %%%&ﬁ?tt desﬁsaﬁ%éc%%gi’%‘”%Bez‘l%;reé:?%ﬁf?f"gﬂe d
2 2

tﬁe !sggoén)‘f e\éﬁlg%oﬁ? EQ attgéle A ?85213 r%%a&hrgstthl Sg(?ﬁﬁ“’@oﬁﬁ@ﬁapo?lg? it 825 haf ? r]28

rotat es (e R0k SRt TR A%ho JERNE s A0S GO PR Lol ar Of 2t s

counter WI se In 5(a), scen t her eby

pul I'ing &Q?el%ﬁﬁﬁﬂﬁlgs%?@%ét Eﬁbg G reldide @Rt Z?d“qhb%s%%ﬁ@(@@%tsrfl@%é rel ease

unit 22a rotates clockwise in FIG 13, thereby pulling t prevention
uni t 20aunik eg2M tioBStesN chidgteRElobkwideOin OFIG el 35 egipidbs UpaRidg theepgp unit
22a. The fall prevention unit 20a is thus det ached fromthe gate 10 (refer
to FI G prédyentibiQHi020BP¢dsulting in the activation of the first support release

unit 22b. The fall prevention unit 20b is thus detached from the gate 10

(refer to FIG. 12).

FIG. 13 is a drawing of the opening/closing device 1 viewed from the
downstream side, transparently shows the common rotation shaft 28, and
further shows the first release action unit (rotation unit 29b and descending
portion 24b), the second release action unit (rotation unit 29a and
descending portion 24a), the falling prevention units 20b, 20a, the first

support release unit 22b, and the second support release unit 22a.

If the common rotation shaft 28 rotates (clockwise in FIG. 10), then
the common rotation shaft 28 rotates counterclockwise in FIG. 5(a), the
descending portion 24a descends, thereby pulling the second support release
unit 22a, and the second support release unit 22a rotates clockwise in FIG.
13, thereby pulling the fall prevention unit 20a, resulting in the activation of
the second support release unit 22a. The fall prevention unit 20a is thus

detached from the gate 10 (refer to FIG. 12).
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In this way, the surfacing of the first float 18 ("surfacing" does not
necessarily requires the exposure of the top end fromthe water surface,
and al so i ncludes a novenent of the top end toward the e)
activates the first support release unit 22b and the sggg% (E@%gggf rel ease
unit 22a. FIG 12 is a plan view transparently view ng nei ghborhoods
of the fall prevention units 20a, 20b while the gate 10 is fallen down. The
fall preventidn thistvweay?Qhe 2Eadinyoftthenfirse! fagels (riFfidigg0dbes 48t and the
gate 10 thus falls down toward the downstream side by the water pressure of
t he sewangeeWvarily requires@he bkposure of ghet topi el fioewthé wdter epgfacaigded osi ng
device 1 after the sewage Whas flown toward the downstreamside. If the
wat er | ealep ingudes aangeameet ofithentopbend towartitld walter secfape) ddtoamted 6 by t he
flow of the sewage Wtoward the downstream side and the like, the first
f1oat 18hgdist sUBPOWHineleasedrtit #gbamd the sespnd svnpprickeledse weit&Paage W As a
result, the suspension nenber 38 returns to the horizontal position.

Mor eover, the second float 16 descends, the connection point 41b descends,
and the surfa 44 returns.to.the ori on for

pressing the ?Jg%eﬁf%%n%ﬁg‘é‘rue% '3(938%?“*11% Vﬁ‘ﬁ“%??lgh_b%fﬂgcl’qgggﬁé ng to
;Eﬁn\if‘;&%u”ﬁ%’vﬁ@hg&gg@% OB 20 W3EE B, oBHE gt bnlfamy o L'tﬁ%: i esces
6) ¢ and e ol R 20 A have Dot SERAC hAR o€ AW 1A-ERY ME e O 11

e ool onl foupll tERGRD UGS reif st EAChO G REP YD gD 42

r
rotates accordingly, and does not press the s CT nenber
38 any rikagerWfer to FIG 11), and the first float 18 starts surfacing
quickly (the first float 18 has already been subnerged, and a | arge buoyant
force is acting on the first float 18). As a result, the suspension nenber
38 rotate cl ockwi se about the fulcrum 40 of the suspension nmenber 38 in
FIG 10, the IRItk 134isas cegldsside omewliofghy  opehéng/cloairigdevioe t1 2Bér tlod at es
cl ockwi se, the_descending portion 24b descends, thereby pulling the first
support sestages¥ (haist flowp tovedust the dovaisttsym side. f &f ithe restent leynl ami t 20b
is pulled, and the support for the fgate 10 i s rel eased.

decreased below the bottom end of the second float 16 by the flow of the

sewage W toward the downstream side and the like, the first float 18

descends while floating on the water surface of the sewage W. As a result,

the suspension member 38 returns to the horizontal position. Moreover, the

second float 16 descends, the connection point 41b descends, and the

surfacing prevention unit 44 returns to the original position for pressing the

suspension member 38 (refer to FIG. 6).

According to the embodiment of the present invention, even if the
first float 18 is submerged in the sewage W, the float prevention portion 44
still presses the suspension member 38 until the second float 16 surfaces

(refer to FIG. 6), and the first float 18 thus cannot surface.

On this occasion, if the second float 16 surfaces quickly, the surfacing

prevention unit 44 rotates accordingly, and does not press the suspension
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Si mul t aneously, the clockw se rotation of the rotation unit 29b in FIG 10
causes the common rotation shaft 28 to rotate, the rotation unit 29a
rotates (counterclockwise in FIG 5(a)), the descendi ngKoyRI090aPLi@
descends, thereby pulling the second support release unit 22a (refer to
FIG 13), the fall prevention unit 20a is pulled, and the support for the
gate 10 is rel eased. Mdreover, the transm ssion of the power by neans of

t he pul |ambes 36ermesf inorel(rafer pr FEGi pl)e ahdrtheHerss float 1 8nearts saufyeiig rel ease
for the gate 10 by the fall-down prevention units 20a, 20b. On this
occasi orffuigkly (the first fleat 18chassalepady epn lsupmergeds ahé askargé bubgastipport by
the fall, preventjon unjt 20b_for thelgate 10 is thus carried out quickly,
and t he fg58eeisastingon ﬁﬁ%ﬁqﬁi feat 18 |Ayawasulintheypiespension membpredVer

the. comiiatectiageie abort b Tolaium gl e craappoRoSRPmbES s dnged
et or 1 ngl GHECTHEY 3 et AbibBoRelf e rorahidh, S50 2R wptefes Hagkeier ot at | on
Vor cover % ALTERNE (FAPRRT24b0abiEoSE T, mirthhe S Bt sometet of c e
e st andeneeopioRzs (I8E ONLSE 10% Chf D fod et Bl Fob B RS AP PELS

of the fghewuppostfd® tHE @a8a30Ss released. FI GS. 15(a) and 15(b) are side views
of the opening/closing device 1 if the gate 10 is fallen down, and are a

| eft side view (FIG 15(a)) and a right side view (FIG 15(b)) fromthe
upstream st andpoi nt. The opening/closing device 1 includes the first spring
52a, the secofitnalinnagudlsabendodkwice rgenrsf the robation B2k 29 Fi@k 54, and
rotation bodies 56a, 56b as described before. Mreover, the opening/closing
devi ce 110 gahseiethe ltemimol 98ation shaft Peto ovtatieomhbaditetionait 55a ar e
fixed to the gzate rotation shaft 26, and rotate along with the gate
r ot at i ortoéatgstcaumterclockwise in FIG. 5(a)), the descending portion 24a descends,

thereby pulling the second support release unit 22a (refer to FIG. 13), the fall

prevention unit 20a is pulled, and the support for the gate 10 is released.

Moreover, the transmission of the power by means of the pulling is beneficial

in principle for the simultaneous support release for the gate 10 by the

fall-down prevention units 20a, 20b.

On this occasion, the first float 18 ascends quickly, the release of the
support by the fall prevention unit 20b for the gate 10 is thus carried out

quickly, and the gate 10 can thus quickly fall down, and open.

Moreover, though the fall prevention units 20a, 20b are connected
with each other by the common rotation shaft 28, the common rotation shaft
28 1s arranged inside the hollow gate rotation shaft 26, the sewage W is
prohibited from entering the inside of the gate rotation shaft 26, and the

common rotation shaft 28 is not thus exposed to the sewage W.
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A first force generation unit is constructed by the first spring 52a and
the link 58. The first spring 52a is fixed to one end 52a-1 of the first
force generation unit. The link 58 is fixed to the ot hEKOI®993R t he
first force generation unit, and is coupled to the first spring 52a.

The one end 52a-1 of the first force generation unit is fixed above the
gate rotation shaft 26. The other end 58a of the first force generation
unit is fixedMereower, thesmesingelppirgsdevigad accoadmentetheembopiaént on
separ at e(% By a predeternmned lepgth from (the center of) the gate rotation
shaft 26t thR PEesRaYt IR¥eREON &y eonfigureddorrstunn tmthposkate da whichthe gate h t he

gate rotg{ion shaft 26,.the distance (pred rm ned | ength) between the

ot her en@ %&aBBI‘I%BPY‘gPE ta?‘ieG rt %’éﬁé&’a‘??ﬁ)ﬁhfﬁﬂ dowpandg aw vaterelevel) the
gate ro%g.t 'hoz]r?shaft 26 (%oes not change. FKOEI 0903PCT The first
spring S24N§AI0N BRRAABE 4EGF@SCFequired for the gate 10 returning to the
state of standing upright. It should be noted that the first spring 52a
generates a force which is not sufficient for the gate 10 returning to the

state of st ang’;lgﬂ?@géggﬁﬁ% ilg(bt) hGe %E&% ieldd th%g%Pﬁlrggfoglng%%\?i%% ?h_ten down.

Referring to I stance bet ween con t ween

the one t‘h@d%a'-:tgalb R 21188 ddws! ah@'a66 DRIFEERLe! ﬂ@v#(ﬂ‘lq.aﬂﬂab%ﬂﬂ‘i%h nd 58a
S (0] 1

of the fir force generation unit and the center e gate rofation

shaft 26Gide @ige<PUGN1BM)) Grdnh@hbailitheth Ranepsiandi %le%péﬂiﬂ%/cfdsﬁ{@t he
center of the gate rotation shaft 26 to the I1ne connecting between the one

end 52a-deviced 1t eclotéerthendirstBapring Say tthef sédd@dgapEngO (desond fobee fal | en
state. As a result, the torque for rotating the gate rotation shaft 26

cl ockwi senepatioiGunit(a8b, ithedivdt 54, and robatidw bodiaselfd,r58b hodeberibgl ng t he
gate 10 into the state of standing upright is not sufficient. The
second fhefere. gdbeneaventheepening/tlosiog davicesbinludepthalink2¥B8.f i xed both to
one end 526-1 of the second force generation unit and the other end 52b-2
of the second force generation unit. It is conceived that the second spring

t
52b is fixed the ane end 52Qh-1_(or the qther end 52b-2), a link is
connected to t ’Eﬂtﬁ@Pné?Pgh%szgg% %é‘? afe %etoeﬂtf gate. notatigrshafe 26econd
spring 52b, i onpected. to the |ink. The one end 52b-1 of the second
force gearﬁéir’écftf‘g%aﬁﬁgtwqé t&e@geég{g\l}boqﬂéafbgpe rotation shaft 26. The ot her
end 52b-2 of the second force generation unit is fixed to the rotation body
56b, and is arranged at a position separated by a predetermned | ength from

(the center of t elalE I ({ the

rotation body %%tﬁﬁfg%t%sﬂ e\%?hh?ﬁ‘é? %@s?x&c&%@%ﬁ%?ﬁéﬂ%%@ﬁng %’\é@%& ds({ ance

(pr edet eghii 1l 5RENTHB)fiRGIWBRIE 592 is fixed to one end 52a-1 of the first force
generation unit. The link 58 is fixed to the other end 58a of the first force

generation unit, and is coupled to the first spring 52a.

The one end 52a-1 of the first force generation unit is fixed above the
gate rotation shaft 26. The other end 58a of the first force generation unit is
fixed to the rotation body 56a, and is arranged at a position separated by a
predetermined length from (the center of) the gate rotation shaft 26. In
other words, even if the rotation body 56a rotates with the gate rotation
shaft 26, the distance (predetermined length) between the other end 58a of

the first force generation unit and (the center of) the gate rotation shaft 26

does not change.
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FKCEI 0903PCT ot her end 52b-2 of the second force generation unit and (the
genter of)lthe gate rotation shaft 26 does not change. A di stance D2
etween a |line connecting between the one end 52b-1 of force
generation unit and the other end 52b-2 of the secondl?%?ggggg%gggtion uni t
and the center of rotation of the gate rotation shaft 26 (corresponding to
the length of a perpendicular line fromthe center of the gate rotation
shaft 26 to the line connecting between the one end 52b-1 and the other end
52b-2) is shorter than the distance Dl in the state in which the gate 10 is
fall en down. MHbeefiest, sphagss2angerspaiery a5 fyce srdquyst fohahet batef il0st spring
52a (smaller in spring constant), and the torque for the countercl ockw se
rot at i ometurningto thg byate of shanding upright. THéshoudd pe moted thatuthe rst
configuration as generating a force sufficient for starting to bring the
g?t e 10SPrNG A3ecsensrpigt a doree sviighdgjnes spfficienklar thegate Yresnninge | engt h
of contracting the,second spring 52b if the water |evel of the, f] ow passage
t hr ough Woriheiatseof stnaling dlRzg g f:h%v%aqesmezybafrh the gate dgois fallens

d i d . i i
Efﬁff ?E?&ﬁwﬁfo | %ﬁ?li?réefac}lﬁﬁsﬁé?t”%b%&éﬁééi&?b%?%ef”ﬁéa Jo et oo (¢
1 1 { i il i .
econa: erVRYEcoR okl 208 P 380 O Ud OB o
t A j . i
s rs 1 op R APPSR BB (e Uleor LPERO e B D 2P0
sl'ightl h%?t‘% (&5%6{/&?)09.3{1% g@thﬁe%th%@(agﬁre@eﬁdﬂc@m 1ifte Grovh 38e ey Of the

openi ng/ cl osl ng ce 11 FKOEI"0903P
of the gate rotation shaft 26 to the line connecting between the one end 52a-1

and the other end 58a) is short if the gate 10 is in the fallen state. As a
result, the torque for rotating the gate rotation shaft 26 clockwise in FIG.
15(a) is small, and the force required for bringing the gate 10 into the state of

standing upright is not sufficient.

The second force generation unit includes the second spring 52b fixed
both to one end 52b-1 of the second force generation unit and the other end
52b-2 of the second force generation unit. It is conceived that the second
spring 52b is fixed to the one end 52b-1 (or the other end 52b-2), a link is
connected to the other end 52b-2 (or the one end 52b-1), and the second

spring 52b is connected to the link.

The one end 52b-1 of the second force generation unit is fixed above
the gate rotation shaft 26. The other end 52b-2 of the second force
generation unit is fixed to the rotation body 56b, and is arranged at a
position separated by a predetermined length from (the center of) the gate
rotation shaft 26. In other words, even if the rotation body 56b rotates with

the gate rotation shaft 26, the distance (predetermined length) between the
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the gate 10 is slightly raised, and are a left side view (FIG 16(a)) and a
right side view (FIG 16(b)) fromthe upstream standpoint. Referring
to FIG 16(a), a distance between the |ine connecting PFROERYOBPEONE end
52a-1 of the first force generation unit and the other end 58a of the first
force generation unit and the center of the gate rotation shaft 26 is still
short if the gate 10 is slightly raised. The torque generated by the first
spri ng S#her endr3biiafthensecgnd doraest aem@mtbmunitzahctﬁdtﬂwérﬁer (ofotlge for
raising the gate 10) s still snmall. Referring to FIG 16(b), a

di st ance2atetraeatipn slalt 28<dqes odchiengebet ween the one end 52b-1 of the
second force generation unit and the other end 52b-2 of the second force
generation unit and the center of the gate rotation shaft 26 is still |ong

if th ate 10, i N |y raised.,. Therefor.e, .the torqgue gene d by the
!secong gpri ng Aslgf?tglé‘lfegbgt%‘ﬁ“f?&%t%é"’ﬁa‘foé‘qefifl&gibﬁiiv"?ﬁﬁf ez‘?ﬁ%%&%@ﬁ& o)ékwi se

o2l Yoy e gets s S t

107" The Hathe’ SPpITORES ePRbfeion ohft %n'elt&%ﬁnf%%ned;haﬁ%e{;?hefl'rsgg%qoﬂidefeﬁs

2 . ther 7T s y . LA

Cert o (BFEH Bl afidh W Bt the pddied BPrSBLGIE U edle BERET-RRR a0, Br e
Hel f | . ] i bet

the | netauRniin o the lonefl ST/ PREARICUSY 1 Bbm Bhd SHE°6E HE 1oL 2000,

uni t andzdtBaofdthe skt FPed tHe line cohhsétihLbebwseN ehalonerdbib-anghd he

center of the gate rotation shaft 26 is long if the gate 10 is tilted at a
pr edet erthiengtenogl 52bt2) iokherter EKOEIROA3@hce D1 in the state in which the

gate 10 is fallen down. However, the second spring 52b is longer than the

first spring 52a (smaller in spring constant), and the torque for the

counterclockwise rotation in FIG. 15(b) is small.

There is provided such a configuration as generating a force
sufficient for starting to bring the gate 10 into the upright state by adjusting
the distance D2 and the length of contracting the second spring 52b if the
water level of the flow passage through which the fluid (sewage W) flows is
equal to or less than a predetermined water level. The configuration does
not generate a force sufficient for starting to bring the gate 10 into the
upright state even if the water level of the flow passage is still high due to

the force of the second spring 52b being too large.

Then, if the water level becomes equal to or less than a
predetermined water level, the gate rotation shaft 26 is rotated by the

contractile force of the second spring 52b, thereby slightly raising the gate
10.

FIGS. 16(a) and 16(b) are side views of the opening/closing device 1 if

24



words, the distance DI between the |ine connecting between the one end
52a-1 of the first force generation unit and the other end 58a of the first
force generation unit and the center of the gate rotatFrOBimaoBpeTin the
state in which the gate 10 is fallen down (refer to FIG 15(a)) is shorter
than the distance D3. This holds true for a case in which the gate 10 is
tilted at an angle |l ess than the predeterm ned angle (the gate 10 stands
nmor e uprthghgate H8ris ishghtl raistdaphd aieer kfoside vidve (FIGs166&P) and addghgener at es
a force sufficient for bringing the gate 10 into the state of standing

upri ght side view (kG 16ib))drom| thedipstream sbahdpdisss t han the predet er mi ned
angle. In other words, the torque generated by the first spring 52a for
rotating the gate rotation shaft 26 cl ockwi se (torque for raising the gate
10) is sufficiently large_for_bringing the gate 10 intoq the state of

standi ng upri giaterring to” ek 16 kgat gistpege petwpen gthy dingcenpedtiR@n t he

g LT S e

i .26 i : 10 i
Furt ner e 88,97 {Re B Els 80 efpBali Rl Tob B8 ARt av iy "sp | °
‘ . . orel .
ot si ng TEEOZEIE ) A PINHOP S T fe AR BSEA OB SIBRES 1o (e
upri ght Rt 3he- first spring 593 fohBtGtatBN tA8( o%aﬁbﬂeﬁﬁldfg"% Aocidds

t
openi ng/ cl osing device 1 If the gate 10 s@aﬁ?; upright, and are a?eft si de

Vi ew (FlGorql(f} kaisk he kol 10)/id@ti @WallFl G 18(b)) fromthe upstream
standpoint. Referring to FIG 18(a), the torque generated by the first

spring 52a FKOEI0903PCT for rotating the gate rotation shaft 26 clockw se
s targe Referring to FIG. 16(b), a distance between the line connecting
between the one end 52b-1 of the second force generation unit and the other
end 52b-2 of the second force generation unit and the center of the gate
rotation shaft 26 is still long if the gate 10 is slightly raised. Therefore, the
torque generated by the second spring 52b for rotating the gate rotation

shaft 26 counterclockwise (torque for raising the gate 10) is still sufficient for

raising the gate 10.
The gate 10 further rises.

FIGS. 17(a) and 17(b) are side views of the opening/closing device 1 if
the gate 10 is further raised, and are a left side view (FIG. 17(a)) and a right

side view (FIG. 17(b)) from the upstream standpoint.

Referring to FIG. 17(a), a distance D3 between the line connecting
between the one end 52a-1 of the first force generation unit and the other
end 58a of the first force generation unit and the center of the gate rotation

shaft 26 is long if the gate 10 is tilted at a predetermined angle. In other
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Referring to FIG 18(b), the gate rotation shaft 26 is present on the line
connecting between the one end 5213-1 of the second force generation unit
and the other end 52b-2 of the second force generati onFRDEIoGR3®PCEe torque
generated by the second spring 52b for rotating the gate rotation shaft 26
countercl ockwi se i s approximately zero. According to the enbodi nent
of the present invention, if the gate 10 is fallen down (refer to FIG
15(a)), vhuds dhqudistrncer Bilebetiweenhthe ilinet coprdchigpgsbetwenn tige tone ¢iad ge
spring constant far bringing the gate 10 into the state of standing upright
i s smal | 92334 @fthe figstfozeq gererasion wnit andithe ojherend 58amhitbe Sigshfpreé t he
water level of. the flo assa Mor eover, the first

spring S3EPeyaHER ML an %e'gieﬁf'i‘q?ésgrﬁlaltﬁ gjpg%ﬁ?lhéhﬁét £@andheestate imto t he
eas t hakbidoan Bali dPrraem dret(reed ta 1) abtaydaorimian dhes
Fur  her - Afarted g, SRERRD sita I a it ipay Bieh, Pt REchletiron ne vt er
than  he IREdstEmMaR e dehcterilicd bl (1R butd B0 FERY BrdterpnfiRng no

gate 10 {0 ih NRIGE APl gtanefong m&@%@&ﬁ?g@fg&ﬁ%ﬁ%&i gggﬁf@@ whi ch

is configured to generate the force suffici ring the

gate 10 duffieiehbdos bairgiag theande N uitol @ statEHPELARRRCIp At YBtde AN
openi ng/ cl osi ng devi ce conpri sing:
gate 10 is tilted at an angle less than the predetermined angle. In other
words, the torque generated by the first spring 52a for rotating the gate
rotation shaft 26 clockwise (torque for raising the gate 10) is sufficiently

large for bringing the gate 10 into the state of standing upright.

Referring to FIG. 17(b), a distance between the line connecting
between the one end 52b-1 of the second force generation unit and the other
end 52b-2 of the second force generation unit and the center of the gate
rotation shaft 26 becomes rather short if the gate 10 is further raised.
Therefore, the torque generated by the second spring 52b for rotating the
gate rotation shaft 26 counterclockwise (torque for raising the gate 10)

slightly decreases.

The gate 10 finally returns to the upright state.

FIGS. 18(a) and 18(b) are side views of the opening/closing device 1 if
the gate 10 stands upright, and are a left side view (FIG. 18(a)) and a right

side view (FIG. 18(b)) from the upstream standpoint.

Referring to FIG. 18(a), the torque generated by the first spring 52a
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a gate that receives a flowof a fluid in an upright state, and can fall
toward a downstream side of the flow, and a first force generation

unit that generates a force for bringing the gate int OFK%I‘@%??@T st at e,
wherein the first force generation unit generates a force i1 nsufficient for

bringing the gate into the upright state if the gate is in a fallen state,
and generates a force sufficient for bringing the gate into the upright

st at e i ffor betaghtgetliesgate ratstion ehhftl 2IGcloblywise iangtge. equal to or less than a
predeterm ned angle. 2. The opening/cl osing device according to claim1,
wherein: the gate can fall about a gate rotation shaft; one end of
the first force generation unit is fixed above the gate rotation shaft;
the ot her end Refexmeg o FG.1I6H bk thergatatiotatiomishafts26is anegeditam theositi on
separated by a predetermned length fromthe gate rotation shaft; and

a di st arldke pamgstingpeatveen thesaeendP sl pethe serondferesrgensrating Wit st f or ce
generation, unit and t other .end of the first force generation unit and a
center dind g‘?%l?ﬂ’&ﬁ’f ‘i‘ff‘i}gi‘%g %{Eher ?ﬁ"&flfiofgr"sen&?lferlafmtnh'én afBditgeitarqyd fal | en

[ h di l i t] b th
end of cerarerriedt by JFE sBoind RPRG DahiIET APRELTAL ot RALe RtACHn SHATTIG ot 1 or ce
gener atic%.@m‘é@ﬂcioc?(%sé pse ﬁa’{&g& &Il rZ%Egti on of the gate rotation shaft if
N A State T e 6y 3

the gate 1S i n-angl e equal to or less than the
predet erm ned angl e.

According to the embodiment of the present invention, if the gate 10
is fallen down (refer to FIG. 15(a)), the torque generated by the first spring
52a having the large spring constant for bringing the gate 10 into the state of
standing upright is small, and it is possible to prevent the gate 10 from

closing if the water level of the flow passage is still high.

Moreover, the first spring 52a generates a force sufficient for bringing
the gate 10 into the state of standing upright if the gate 10 is tilted at an
angle equal to or less than the predetermined angle (refer to FIG. 17(a)).

Thus, it is possible to bring the gate 10 into the state of standing upright.

Further, if the gate 10 is fallen down (refer to FIG. 15(b)), and the
water level of the flow passage through which the fluid (sewage W) flows is
lower than the predetermined water level, it is possible to start bringing the
gate 10 into the state of standing upright by the second spring 52b which is
configured to generate the force sufficient for starting to bring the gate 10

into the state of standing upright.
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3. The opening/cl osing device according to claim?2, wherein the first force
generation unit includes a spring fixed to the one end of the first force

generation unit. 4. The opening/cl osing device accor dEng)ER)c?gjg,@i 3,
wherein the first force generation unit includes a lin I xed to the other

end of the first force generation unit, and coupled to the spring. 5. The
openi ng/ cl osi ng device according to claim1, conprising a second force
generation unit that generates a fOLAdMSufficient for starting to bring the
gate into the upright state if the gate is in the fallen state, and the
water |evel of a flow passage through which the fluid flows is equal to or
| ess than a predeterm ned water |evel. 6. The opening/closing device
accordi n to dAmpresing/tlesiagilevideecogaprisingn fal | about a gate rotation
shaft; one end of the second force generation unit is fixed above
the gate rotatd Satesthitireceiygs a flow of gfluisk Hean arpyight state, andbern fall ce
generation unit .is arranged a osition separated by a predeterm ned
length fYOSHAE I‘?ed%‘é{flétr%{na?‘gﬁr?%éﬁ%?]lo.“” &Pt The openi ng/ cl osi ng device
according to claimg, wherein.the Sﬁggnd forqﬂg gen rati.on, unit inﬁl udes a
spring fixed thUSHeBe SROSEAIOR A LAt BeRerateT Actoyeth 0nPringing e and/ or
t he ot he . force generation unit. 8. The opening/closing
devi ce a%actgpglt(ﬁéghe%{o}&ggg?% ,e, wherein: one end of the first force generation
unit is fixed ghoven tHE M2t force generation unit generates a force insufficient

for bringing the gate into the upright state if the gate is in a fallen state, and

generates a force sufficient for bringing the gate into the upright state if the

gate 1s in a state tilted by an angle equal to or less than a predetermined

angle.

2. The opening/closing device according to claim 1, wherein:

the gate can fall about a gate rotation shaft;

one end of the first force generation unit is fixed above the gate
rotation shaft;

the other end of the first force generation unit is arranged at a
position separated by a predetermined length from the gate rotation shaft;
and

a distance between a line connecting between the one end of the first
force generation unit and the other end of the first force generation unit and
a center of rotation of the gate rotation shaft if the gate is in the fallen state
is shorter than a distance between a line connecting between the one end of
the first force generation unit and the other end of the first force generation
unit and the center of rotation of the gate rotation shaft if the gate is in a

state tilted by an angle equal to or less than the predetermined angle.
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FKOEI 0903PCT rotation shaft; the other end of the first force
generation unit is arranged at a position separated by a predeterm ned
length fromthe gate rotation shaft; a di st anceFE&XRE9093RAT ne
connecting between the one end of the second force generation unit and the
ot her end of the second force generation unit and a center of rotation of
the gate rotation shaft if the gate is in the fallen state is |aonger than a
di st ance3-bet wld¥e arening/dlesingcdeviee veeatdang ttaeclame dnwhereinhthe ifirgt f or ce

generatipon unit and the other, end of the first force geperation unit and
the centiBFoeoReNsaRHOPHPIS AngIHEC & PHie Bred o dharane gng A RSt ©7F% ¢ he
fallen state...9. The opening/cl osing device according to claim5, wherein
the spriSfelRHIR MM of 5 spring of the first force generation unit is

| arger than the spring constant of a spring of the second force generation
unit.

4, The opening/closing device according to claim 3, wherein the first
force generation unit includes a link fixed to the other end of the first force

generation unit, and coupled to the spring.

5. The opening/closing device according to claim 1, comprising a second
force generation unit that generates a force sufficient for starting to bring
the gate into the upright state if the gate is in the fallen state, and the water
level of a flow passage through which the fluid flows is equal to or less than a

predetermined water level.

6. The opening/closing device according to claim 5, wherein:

the gate can fall about a gate rotation shaft;

one end of the second force generation unit is fixed above the gate
rotation shaft; and

the other end of the second force generation unit is arranged at a

position separated by a predetermined length from the gate rotation shaft.

7. The opening/closing device according to claim 6, wherein the second
force generation unit includes a spring fixed to one of one end of the second
force generation unit and/or the other end of the second force generation

unit.

8. The opening/closing device according to claim 7, wherein:

one end of the first force generation unit is fixed above the gate
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rotation shaft;

the other end of the first force generation unit is arranged at a
position separated by a predetermined length from the gate rotation shaft;

a distance between a line connecting between the one end of the
second force generation unit and the other end of the second force generation
unit and a center of rotation of the gate rotation shaft if the gate is in the
fallen state is longer than a distance between a line connecting between the
one end of the first force generation unit and the other end of the first force
generation unit and the center of rotation of the gate rotation shaft if the

gate is in the fallen state.
9. The opening/closing device according to claim 5, wherein the spring

constant of a spring of the first force generation unit is larger than the spring

constant of a spring of the second force generation unit.
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