[®r%]. A/ACUUM VALVE CONTROL DEVI CE AND VACUUM VALVE The present Mh{RntG- G?tL’ A \
rel.ates to a vacuurh val ve control device and a vacuum val ve especilal ly for ™
use with sane. Usually, sewage discharged fromevery hone flows to a sewage
di sposal «pl ant by the action of natural flow However, in this natural

flow type sewage collection system .the constructi en of sewer pipes is
restricted by geography and the condition of ground, and further the drain
tends to be stopped up. For this reason, recently, attention has been given
to-a vacuunrtype sewage. col lection systemin which sewage di scharged from
every hone is forcibly transported by the action of vacuum This vacuum
type sewage col |l ection systemincludes: a vacuumvalve unit in which sewage
di scharged from each hone is :

1

VACUUM VALVE CONTROL DEVICE AND VACUUM VALVE

The present invention relates to a vacuum valve control

~dévice‘and'a vacuum valve especially for use with same.

Usvally, sewage discharged from every home fldws to a
sewage disposal plant by the action of natural flow. ' However,
in this natural flow type sewage collection system, the.
construction of sewer pipes is restricted by geography and the
co_nditj_on-of"grbﬁﬁd, and further the drain tends to be stopped
up For this;' :ﬁeason_, recently, attention has been given to a
. vacuum type s;ewage collection system in which sewage dischaxged

;-from' everx___',hc;mé .l.S forcihlly transported by Ei'ie action of
vacuum.'. ' - .

This wvacuum "type' sewage collection system includes: a
vacuum valve unit in which sewage discharged from each home is
stored when .'.Lt flows by the action of natural flow; and a

vacuum station by which sewage is collected from the vacuum

valve unit through a vacuum pipe.
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sstorgd with it flows by the action of the natural flow, and a vacuum
“station by whi ch sewage is collected fromthe vacuum val ve unit through a
vacuum pi pe. [er] 2 A vacuumvalve unit is disclosed, for exanple, in
U.S. Patent 5,069,243. The vacuumvalve unit disclosed in the above patent

I ncl udes: a suction pipe, one end of which-+s dipped in sewage in the
sewage tank; a vacuum val ve, the pipe-shaped conmuni cating portion of which
is connected with the other end of the suction pipe; and a vacuum di scharge
pi pe connected with the communicating portion, wherein this vacuum
dlscharge plpe '

: 2

A vacuum valve unit is discloseq, for example, in U.S.
Patent 5,069,243. The vacuum valve unit disclosed in the above
pateﬁt includes: a suction pipe, one end of which is dipped in
sewage in the sewage tank; a vacuum valve, the pipe-shapgd
communicating portion of which is connected with the othexr end
of the suction pipe; and a vacuum discharge pipe connected with
the communicating portion, wherein this vacuum discharge pipe
is connected with a vacuum pump disposed in a vgcuum station
through a wvacuum pipe. In the vacuum valve,.the pipe-shaped
communicating portion can be opened and cloéed when a valve
body disposed in the pipe-shaped communicat;ng portion is
operated. The vacuum pipe is maintained to be in 'a vacuum
condition at all times by the action of the vacuum pump through
the vacuum pipe. When a predetermined-amount of sewage is
éto;ed in the sewage tank, the valve body of the vacuum valve
is opened by a pressure difference between the vacuum in the
vacuum discharge pipe and the atmosphere, so that the pipe?
shaped comﬁunicating portion can be opened. Due to the
foregoing, the vacuum discharge pipe in a vacuum condition is
communicated with the suction pipe, so that sewage in tﬁe
sewagé tank is sucked into the vacuum discharge pipe by the
} action of vacuum, and transported to the vacuum station through

-the vacuum pipe.
Tﬁe valve body_disposed in the communicating portion of the
vacuum valve usually closes the communicating portion. When

the valve operating chamber is put into a vacuum condition, the




i¥s ‘corfnected with a vacuum punp di sposed in a vacuum station through a
vacuum pi pe. In the vacuum val ve, the pipe-shaped comuni cating portion can
be opened and cl osed when a val ve body di sposed in the pipe-shaped

comuni cating portion is operated. The vacuum pipe is nmaintained to be in
a vacuumcondition at all tinmes by the action of the vacuum punp through
t he vacuum pi pe. When a predeterm ned anount of sewage is stored in the

sewage tank, the valve body of the vacuumvalve is opened by a pressure

di f fierence betmeen the vacuum in the vacuum di scharge pi pe and the-

at nosphere, so that the pipe- shaped comruni cating portion can be opened.
Due to‘the foregding, the vacuum di scharge pipe in a vacuumcondition is
comuni cated with the suction pipe, so that sewage in the sewage tank is
sucked into the vacuum.di scharge pipe by the action of vacuum and
transported-to the vacuum station through

valve body is pulled so that the communicating portion can be
openad. The vacuum condition in the valve operating chamber is
controlled by the vacuum valve control device.
This vacuum valve control device is connected with a liquid
level detecting piﬁgi the lower end of which is dipped in the
N : sewage in the sewage tank. When the liquid level of sewage is
changed, the pressure in the liguid level detecting pipe is
chaﬁged, so that a liquid level detecting diaphragm provided in
the vacuum valve control device is resiliently deformed.  Due
to the deformation of the 1liquid detecting diaphragm, a
detecting valve for introducing Qacuum ihto the. vacuum valve
control device is operated. Therefore, vacuum is activated on
a changeover valve disposed in the vacuum control valve. Due
to the foregoing, the changeover valve can be changed over, so
thaé the §acuum discharge pipe is communicated with the valve
operating chamber of the vacuum.valve. Accordingly, this valve
operating chamber is put in a vacuum condition. When the valve
opérating chamber is put in a vacuum condition, the valve body
is pulled, and the communicating portion is opened.
As & result of the foregoing, the vacuum discharge pipe in
a vacuum condition is communicated with the suction pipe, so
" that the inside of the suction pipe is also put in a vacuum
condition. Accordingly, sewage ihfthe sewage tank is quickly
sucked into the suction pipe and vacuum discharge pipe. Then
the sewage is tranéported into a sewage collection tank in the

vacuum station through the vacuum pipe.
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t he vacuum pi pe. The val ve body. di sposed in the comunicating portion of

t he vacuum val ve usually cl oses the conmuni cating portion. Wen the val ve
operating chanber is put into a vacuumcondition, the °~ 3 valve body is
pull ed so that the comruni cating portion can be opened. The vacuum
condition in the val ve operating chanber i.s controlled by the vacuum val ve
control device. This vacuum val ve control device is connected with a |iquid

| evel detecting pipe,

the |l ower end of which is dipped in the sewage in the

sewage tank. When the liquid | evel of sewage is changed,: the pressure in

the liquid | evel detecting pipe is

A}

4

When sewage in the sewage tank is sucked in a moment, the
liquid level detecting diaphragm of the vacuum valve control
device gradually retuxrns to the originai condition. Due to the
foregoing, the operation of the detecting valve is released,
and the communication between the inside of the vacuum valve
control device and the vacuum di;charge pipe is intercepted,
and at the same time the atmosphere is introduced into the
vacuum valve control device. Then the changeover valve is
changed over, so that the atmosphere is introduced into the
valve operating chamber of the wvacuum valve.

According to above mentioneﬁ ,U.S. Patent 5,069,243, a
damping mechanism is provided, by which the ligquid  level
detecting diéphragm is prevented from being resiliently
deformed in ﬁhe case where sewage in the sewage tank is
discharged by the wvacuum discharge pipe and the resilient
deformation of the liquid level detecting diaphragm is
released. This damping diaphragm includes: a pressure
adjusting chamber provided between the liquid level detecting
pipe and the liquid le#el'detecting'diaphragm; and a damping
diaphragm provided bétween the pressure adjusting chamber énd
the liquid level detecting diaphragm.

A minute through-hole is formed on this damping diaphragm
so that the damping diaphragm is not deformed when the pressure
in the 1liquid level detecting pipe is grédually'increased.
Therefore, the dambing diaphragm is not resiliently deformed by

an increase of pressure in the liquid level detecting pipe in




¢hanged, so that a liquid | evel detecting diaphragm provided in the vacuum
val ve control device is resiliently deforned. Due to the deformation of
the |iquid detecting diaphragm a detecting valve for introducing a vacuum
into the vacuum val ve control device is operated. Therefore, vacuumis
activated on a changeover val ve di sposed in the vacuum control val ve. Due
to the foregoing, the changéover val ve can be changed over, so that the
vacuum di scharge pipe:is conmuni cated with the val ve operating chanber of

t he’ vacuum val ve. Accordingly, this val ve operating chanmber is put in a
vacuum condi ti on., Wen the val ve operating chanmber is put in a vacuum
conditi‘on, the valve body is pulled, and the communicating portion is
opened. As a result of the foregoing, the vacuum di scharge pipe in a vacuum
condition is comuni cated with the suction pipe, so that- the inside of the
suction pipe is also put in a vacuum 5

the case where sewage is stored in the sewage tank. On the
other hand, in the case where the quuid level detecting
diaphragm is resiliently deformed after sewage in the sewage
tank has been discharged and the resilient deformation of the
liquid level detecﬁiﬁé diaphragm has been released, the damping
diaphragm is resiliently éeformed, so that the communication
between the pressure adﬁusting chamber and the liquid level
detecting diaphragm is intercepted. As a result, the liquid
level detegting diaphragm is prevented from being resiliently
deformed. Therefore, there is no possibility that. the
detecting valve is activated agaiﬁ, aﬁd there is no possibility
that the vacuum valve is opened.

In the vacuum sewage collecting apparatus described above,
sewage in the sewage tank is sucked and discharged in a moment.
Therefore, the liguid level of the sewage tank is suddenly
lowered. As a result, the liquid level of the liquid level
detecting pipe is also lowered so that the pressure in the
liquid level detecting pipe is also suddenly lowered. However, .
as described. above, since the damping diaphragm is provided

- between the liquid level detecting pipe and the pressure
adjusting chamber, the pressure in the pressure adjusting
chamber is released only through a minute through-hole when the
pressuré in the liquid detecting pipe is lowered. Therefore,
it takes time to cancel the resilieﬁt deformation of the liguid

level detecting diaphragm. As a result, even when sewage in




condi ti’on. Accordingly, sewage in the sewage tank is quickly sucked into

t he suction pipe and vacuum di scharge pi pe. Then the sewage is transported
into a sewage collection tank in the vacuum station through the.vacuum

pi pe. When sewage in the sewage tank is sucked in a nmonment, the liquid
| evel detecting diaphragm of the vacuum val ve control device gradually
returns to the original condition. Due to the foregoing, the operation of
the detecting valve is rel eased, and the comuni cati on between the inside
of thé vacuum val ve control device and the vacuum di scharge pipe is

I ntercepted, and at the sane tinme the atnosphere is introduced into the
vacuum val ve control device. Then t he changeover valve is

- . 6 .
the sewage tank is discharged, an excessive amount of air is
sucked and the degree of vacuum is lowered.

Further, in the vacuum valve control device,  the vacuum
force introduced into the pressure control chamber is released
to the atmosphere E; a needle valve.

However, in the conventional vacuum type seﬁage collecting
system, as illustrated in Fig. 5, at a distant place from the
vacuum station 2 for collecting sewage into the sewage
cbllecting tank 1, the vacuum is lowered by the saw-tooth lift
4 provided in the vacuum pipe line 3. 'Therefore, in the case
of an opening time adjusting mecﬁanism having a needle wvalve
provided in the controller of a conventional vacuum valve, the
needle valves are respectively adjusted at adjacent and distant
places in such a manner thgt the opening time of a vacuum valve
located at a distant place is set longer éo that an air/liquid
ratio in the pipe line can be maintained in a range (disclosed
in Japanese Unexamined Patent Publication (Kokai) Hei-2-
292427). In the "case where the vacuum valves arxe
simultaneously opened, vacuum in the vacuum discharge pipe is
lowered. When this.condition fréquently~occurs, a sufficient
amount of air is not supplied into the vacuum pipe line, so
that a water plug grows in the lift portion, and the entire
system.is in trouble.

Furthermore, between an outer circumferential surface
provided in the ﬁousing of the vacuum valve and an inner

circumferential surface of the housing, a rolling diaphragm is

.‘2
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.changed over, so that the atnosphere is introduced into the valve operating
chanber of the vacuum val ve. According to above nentioned U.S. Patent

5,069, 243, a danpi ng nechanismis provided, by which the liquid |Ievel
detecting diaphragmis prevented frombeing resiliently defornmed in the
case where sewage in the sewage tank is discharged by the vacuum di scharge
pi pe and the resilient deformation of the liquid | evel detecting di aphragm
is rel eased. This danping . diaphragm includes: a pressure adjusting
chanber provi ded between the liquid | evel .detecting pipe and the |iquid

| evel detecting diaphragm and a danpi ng di aphragm provi ded between the
pressure adjusting chanber and the liquid | evel detecting diaphragm A

m nute' through-hole is forned on this danpi ng di aphragm so that the danping
di aphragmis not defor.med when the pressure

7 :
disposed, by which the valve operating chamber in the housing

is airtightly isolated. This rolling diaphragm is made of
resilient rubber, and bent between the outer circumferential
surface of the plunger and the inner circumferential surface of
the housing so tﬂgl the rolling diaphragm can be closely
brought into contact with.xhe outer circumferential surface of
the plunger and the inner circumferential surface of the

b housing. In the case where the plunger is slid by the action
~of wvacuum in the valve operating chamber in the housing, the
rolling diaphragm is deformed so that the bent portion is moved
in a sliding direction of the plunger. As described above,
while a volume in the valve operating chamber is not changed,
the plungexr cén be positively slid by the action of the rolling
diaphragm when vacuum is activated.

Usually, a portion close to the bent portidﬂ of the rolling
diaphragm is .not closely . contacted with the inner
circumferential surface of the housing, but the portion is

- contacted with the rolling diapﬁragnlwhich is closely contacted
with the outer circuﬁférential surface of the plunger. When
one portion of the rolling diaphragm is contacted with another
portion with pressure as. described above, there is a
possibility that the contacting portion is rubbed .and worn away
in the case where‘the contacting portion is moved in accordance
with the slidiné movement of the plunger. When the rolling
diaphragm is worn away, there is a possibility that

airtightness of the rolling diaphragm is deteriorated. When




jn the liquid level detecting pipe is gradually increased. Therefore, the
danpi ng di aphragmis not resiliently deformed by an increase of pressure in

the liquid level detecting pipe in t he case where semage is stored in
the sewage tank. On the other hand, in the case eqt cqdey el
detecting diaphragmis resiliently deformed after s TI wage tank
has been di scharged :and the resilient deformation o ve

det ecting di aphragm has been rel eased, the danping diaphragmis resiliently
def ormed, so that the communication between the pressure adjusting chanmber
and the liquid level detecting diaphragmgs intercepted. As a result, the
l'iquid | evel” detecting dlaphragn1|s prevent ed fronlbelng resiliently
airtightness he” rolling diaphragm Ais teriorated,
airtightness' of the valve operating chamber can not be
-mainﬁained, and the plunger can not be driven even when the
valve operating chamber is put in a vacuum condition.
Therefore, in’order to suppress the abrasion of the rolling
diaphragm, a method is put into practical use,. in which a
surface of the rolling diaphragm is coated with lubricant such
as silicon grease or silicon oil. However, the  -coated
lubricant permeates into the rolling diaphragm made of
resilient materiai, so that the effect of the lubricant can not

-be exerted over a long period of time. For this reason, the

rolling diaphragm must be replaced in a short period of time.

The present invention has been achieved in order to solve the above

problems. It is nn object of the present invention to provide
a vacuum valve control device by which the vncuum valve can be
quickly closed even after sewage in the sewage tank has been

discharged by the action of vacuum.
This object is solved by the vacuum valve control device of any one of
independent claims 1,3 or 5. Further advantageous features, aspects and

details of the vacuum valve control device are evident from the dependent

claims, the description and the drawings.

The invention according to a preferred aspect provides a vacuum valve

control device espeCLally
for a vacuum valve installed in a vacuum type sewage

collection system or a vacuum type chemicals transporfing
apparatus, the valve body of which is driven by a pressure
difference between vacuum and atmosphere. More particularly, .

The present invention also relates to a vacuum valve control device
for controlling vacuum used for opening and closing the valve

body.
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def or med. Therefore, there is no possibility that the detecting
valve is activated again, and there is no possibikLLy_LhaL—Lhe—¥aeuun1valve

i s opened. In the vacuum sewage col |l ecting apparatu S¢ d b Ve,
sewage in the sewage tank is sucked and discharged ?%fore
the liquid level of the sewage tank is suddenly Iome H , the
liquid level of the liquid I evel detecting pipe is aI that the
pressure in the liquid | evel detecting pipe is also suddenly | ower ed. .
However, as described .above, since thg danpi ng di aphragmis provided

bet ween the'liquid | evel detecting pip€ and the pressure adjusting chanber,

the pressure-if l?ean%rtﬁéﬁur%paﬁﬂwtcthpQ%éH@e{m:’eﬁti@Aeaﬁ@?eﬁl:le)’atthUQh a
m nut e t hrough-hol e when the pressure in the liquid detecting pipe is

| over ed. - Fenef vakve At dmkegroprigteccpniog| tinee inewidordmtcelefihmati on of
the IIqUIdthe vacuum in a vacuum discharge plpe so that an air/liquid
ratio in the pipe line can be maintained in a predetermined
range, and a " vacuum type liquid collecting/tiansporting

apparatus can be stably operated.
It is a further object of the present invention to provide

"a vacuum valve in which the rolling diaphragm for airtightly
separating the valve operating chamber can be stably used over

a long period of time. )
This object is solved by the vacdum valve according to any one of
independent claims 9, 11 or 13. Further advantageous features, aspects and
details of the invention are evident from the dependent claims, the

description and the drawings. _ _
The claims are intended to be understood as a first approach of defining

the invention in general terms.
According to a specific aspect of the present invention there is provided a

vacuum valve control device provided
in a vacuum valve which opens and closes with vacuum a pipe-

shaped connecting section for connecting a vacuum dischaxge
pipe in a vacuum condition with a suction pipe for sucking
liquid in a tank, said vacuum valve control device controlling
the opening and closing operatiods of said vacuum valve, said
vacuum valve control dévice comprising: liquid level detecting
pipe section, the inside pressure of which fluctuates in
accordance with the fluctuation of a liquid level in the tank;
a pressure adjusting chamber communicated with said liquid
level detecting pipe .section; a liguid level detecting
diaphragm resiliently deformed when the pressure in said
pressure adjusting chaﬁber,is activated on said diaphragm
through a communicating hole; a changeover valve changed over
by the action of vacuum so that vacuum or atmosphere can be
selectively supplied to said vacuum valve; a detection valve
for controlling tﬁe supply and stop of wvacuum to .said

changeover valve; a plunger for changing over said detection
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%evel,detecting di aphragm As a result, even when sewage in 6 the sewage

ank i s discharged, an excessive anount of air is sucked-and the degree of

vacuumis lowered. Further, in the vacuum val ve contr ol deyice, the vacuum
< !

at nosphere by a needl e val ve. However, in the convent

force introduced into the pressure control chanber iS}
sewage collecting system as illustrated in Fig. 5, al

the vacuum station- 2 for <collecting sewage into the sewage

collecting-tank 1, the vacuumis lowered by the sawtooth lift

in the vacuum pipe line 3. Therefore, in the case

10

valve being driven by the resilient deformation of said liquid
lével detecting diaphragm; and a damping .diaphragm disposed

between said ligquid level detecting pipe section and said

pressure adjusting chamber, said damping diaphragm having at
least one small through-hole so that said damping diaphragm is
not resiliently deformed when the pressure in said liquid level
detecting pipe section is gradually increased, said damping
diaphragm being resiliently deformed by the decompression of
the pressure adjusting chamber so that a communicating hole
formed between séid pressure adjusting chamber and said liquid
level &etecting diaphragm can.be closed, said damping diaphragm
beiﬁg capable Qf'réleasing the pressure from its peripheral
portion into the liquid level detecting pipe section when the
pressure in the pressure adjusting chamber is ‘suddenly

increased.

The present invention according to a further specific aspect

also provides a vacuum valve for
opening and closing a communicating section between a suction

pipe communicated with a tank, and a-“vacuum discharge pipe

communicated with a vacuum source, the vacuum valve comprising:

" ‘a valve body for opening and closing the communicating section;

a valve operating chamber for accommodating a plungef connected
with the valve body; a-closing force giving meéns for giving a
closing force to the valve body accommodated in the valve
operating chamber; and a controller fof giving an opening force
to the valve body by impressing a vacuum upon the valve
operating chamber, wherein the controller includes a changeover
valvé capable of changing over between a vacuum passage and an
atmospheric passage in the valve operating chambér, a liquid

level detecting diaphragm operated responding to a liquid level

4 provided
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;0f ap opening tinme adjusting nmechanismhaving a needle valve provided in
the controller of a conventional vacuum valve, the needl e valves are
respectively adjusted at adjacent and distant places in such a manner that
t he opening time of a vacuumvalve |ocated at a distant place is set |onger

~so that an alr#+rqurd‘Tat|o in the pipe line can be maintained in a
particul ar rang “Xhﬁﬁpanese Unexam ned Patent Publication

(Kokai) Hei-2- 2 case where the vacuum valves are
si mul t aneously op the vacudum di scharge pipe is |owered. Wen
this condition fr ccurs, a sufficient anpunt of air is not

supplied into the vacuun1p|pe I|ne, so that a water plug grows in the |ift
portion, and the entire systemis in trouble. Furthernore, between an outer
C|rcunferent|al surface provided in the housing of the vacuum val ve and an

I nner
- 11

in a tank, a pressure control chamber for giving a vacuum force
fo the changeover valve so that the wvacuum passage can be
connected with the valve operating chamber, a detecting valve
provided in the pressure control chamber, the detecting valve
being capable of iﬁgfoducing a vacuum force into the pressure
control chamber, a plunger directly driven by the liquid level
detecting diaphragm, the plunger being inserted into the
pressure control chamber.so”és to drive the detecting valve,
and an opening time adjusting wvalve to be opened so that a
vacuum force introduced into the pressure control chamber can
be released, wherein the opeﬁing time is automatically
controlled by vacuum in the vacuum discharge pipe.

-furthermore, aécordiné to another aspect the present invention, the
rolling diaﬁhragm is resilient so that it can be deformed in
accordance with the movement of the '‘plunger, .in which fhe
rolling diaphragm contains a lubricant so that the lﬁbricant
can ooze out from the surface of the rolling diaphragm.
Furthermore, the rolling diaphragm may include a large diameter
section formed at one end capable of coming into pressure
contact with the inner surface of the valve operating chamber
in a free condition before assembly, a small diameter sectidn

" formed at the other end capable of coming into pressure contact
with the outer surface of the plunger, and a tapered section
formed in the middle between these large and small diameter

sections.

The vacuum valve control device and the vacuum valve according the
invention can be used separately. However, according to a further aspect

of.the invention they are both used in the same system.
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“circunferential surface of the housing, a rolling diaphragmis [err]
di sposed, by which the valve operating chanber in the housing is airtightly
I sol at ed. This rolling diaphragmis nmade of resilient rubber, and bent
bet ween the outer circunferential surface of the plunger and the inner
circunferential surface of the housing so that the rolling diaphragmcan be
closely brought into contact with the outer circunferential surface of the
pl unger and the inner circunferential surface of the housing. In the case
where the plunger is slid by the action of-vacuumin the val ve operating
chanber in the housing, the rolling diaphragmis deforned so that the bent
portian is noved

12 :

In the vacuum valve control device of the present
invention, according to a specific aspect when the pressure in

the liquid level detecting pipe
is increased in accordance with an increase of the liquid level

in the tank, the pressure in the pressure adjusting chamber is
increased without™ resilient deformation of the damping
diaphragm, so that the liquid level detecting diaphragm is
resiliently deformed. Due to the resilient deformation of the
liguid level detecting diaphragm, the plunger is driven, and
the deﬁeqting_yalve is operated, and the changeover valve is
put in a vacuum condition. When the changeover valve is put in
a vacuum condition, the changeovér valve is operated, and the
inside of the vacuum valve is put in é vacuum condition, so
that the vacﬁum valve is :opened. As a result, the
communicating portion between the suction pipe in the tank and
the vacuum discharge pipe is opened, and the suction pipe is
put in a vacuum condition, so that sewage in the tank is
discharged through the suction pipe and the vacuum discharge
pipe by the action of -vacuum.

When the liquid level in the tank is lowered,.pressure in
the liquid level detectiﬁg pipe is-loweréd, and pressure in the
pressure adjusting chamber is quickly released through the
periphery of the damping diaphragm. Therefore, the resilient
deformation of the liquid level detection diaphragm is quickly
canceled. Due to the foregoing, the operation of the detecting
valve conducted bf the plunger is stoppéd, and the changeover

valve is operated so that the atmosphere can be introduced into
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Ln a sliding di

positively slid by the action of the rolling diaphragmwhen vacuumis

activated. Usually, a portion close to the bent portion of the rolling

di aphragm is
circunferentia

rection of the plunger. As described above, while a vol une
I n the val ve operating chanber is not changed, the plunger can be

not closely . contacted with the I nner
surface of the housing, but the portion is contacted

the rolling diaphragmwhich is closely contacted with the outer
surface of the plunger: Wen one portion of the rolling
di aphragmis contacted with another portion with pressure as descri bed
above, «there'is a possibility that the contacting portion is rubbed and
worn away in the case where the contacting portion is noved in accordance

circunferenti al

wi th the sliding novement of the plunger.
worn away, there is a possibility that

- 13
the vacuum valve, and then the vacuum.valve is closed by the
action of the introduced atmosphere.

When the liquid level detecting diaphragm is resiliently
deformed in the case where the resilient deformation of the
liguid level deteﬁfing diaphragm is canceled, the pressure
adjusting chamber is put in a decompressed condition, and the
damping diaphragm is resiliently deformed, so that +the
communiééting portion with the liquid level detecting diaphragm
is closed. Due to the foregoing, the liguid level detecting
diaﬁhragm can be prevented from being resiliently deformed.
Accorxdingly, there is no possibiiity that the detecting valve
is operated again. . .

~Furthermoré, when a valve lift of the opening time
adjusting valve is automatically controlléd in accordance with
the vacuum transmitted from the vacuum discharge pipé, (a) the
higher the vacuum is, the larger the valve lift of the opening
time adjusting valve is increased, so that the vacuum valve is
closad in a short period of time, and (b) the lower the vacuum
is, the smaller the valve lift of the opening time adjusting
valve is decreased, so that the vacuum valve is opened~over a
long period of timé. Due to the foregoing, an air/liquid ratio
in t@e pipe line can be maintained in a predetérmined range,
and the vacuum type ligquid collecting/transporting apparatus

can be stably operated.

W th

Wien the rolling diaphragmis

Moreover, according to a still further aspect of the present

invention, in the vacuum valve the
rolling diaphragm for separating the valve operating chamber in
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agirtightness of the rolling diaphragmis deteriorated.
airtightness of the rolling diaphragmis deteriorated,

When -8 -
airtightness of the

val ve operating chanber can not be maintained, and the pl unger can not be
driven even when the valve operating chanmber is put in a vacuum condition.
Therefore, in order to suppress the abrasion of the rolling diaphragm a
nmethod is put into practical use, in which a surf.ace of the rolling

di aphragmis coated with lubricant such as silicon grease or silicon oi
However, the coated®l ubricant perneates into the rolling di aphragm nade of
re5|I|ent material, so that the effect of thé lubricant can not be exerted
over a Iong perlod of time. For this reason, the rolling di aphragm nust be
replaced in a short perlod of time. SUMVARY OF THE- INVENTICN

14

the housing to be maintained wvacuum c.ontains a luﬁricant, so
that the lubricant successively oozes out from the surface of
the rolling diaphragm. The lubricant that has ocozed out from
the surface of the rolling diaphragm suppresses the abrasion of
the rolling diap)i'f;'gm in the case where a portion of th.e
diaphragm.close to the bent portion is fubbed when the pluhger
moves in the valve operating chamber. Furthermore, under a
free condition before assembly, one end portion of the rolling
diaphragm is made to be a large diameter portion, the other end
portion is made to be a small diameter portion, and the middle
portion.is made to be a tapered partioq._ Accordingly, when the
rolling diaphragm is wused, the folded surfaces. in the
intermediate benf portion of the xolling diaphrag@.are not
contacted &ith each other, so th&t abrasion is not caused by

rubbing.

Fig. 1 is a sectional view of the vacuum type sewage
collecting apparatus showing a using condition of - & vacuum ;
valve having '8 vacuum ; valve control device, acco;-ding to a first
embodiment of the present invention
invention;

Figs. 2A and 2B are longitudinal sectional view of the
vacuum valve;

Fig. 3 is a longitudinal sectional view showing an example
of the wvacuum val&e contral device.of the present invention

attached to the vacuum valve;
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It is:an object of the present invention to aneliorate one or nore

di sadvant ages of the prior art. According to one aspect of the present

i nvention there is provided a vacuum val ve control device for controlling
operation of a vacuum val ve by opening and cl osing a pi pe-shaped connecting
section connecting a vacuum di scharge pipe in a vacuumcondition with the
suction pipe for sucking liquid-like materials froma tank, said [err]

-9- vacuum val ve control device conprising: a liquid I'evel detecting pipe
whose inside pressure fluctuates in accordance with a liquid level in said
tank; a pressure adjusting chanber comrunicating with said liquid |evel
detectrng pipe; a freely novabl e diaphragmthat is not secured at its

peri pheral edge di sposed between said |iquid |evel

15
Fig. 4 is an enlarged sectional Qiew showing the primary
portion of the vacuum valve control device;
Fig. 5 is a view showing a model of the vacuum type sewage
collecting system; .
Fig. 6A is a séétional view showina the controller sectioncf

a first example of a third embodiment of the inventiony
Fig. 6B is ‘an enlarged sectional view showing the valve

portion of Fig. 6A;

Fig. 7A is another sectional showing the controller section
of a second example of the third embodiment;

Figs. 7B and 7C are views showing a model of a duckbill

-val&e;

Fig. 8A is another sectional view showing the controller
section of the-third example of the third ehbodiment of the invention;

Figs. 8B and 8C are views showing a model of a flexible,
conical orifice valve;

Fig. 9 is a view showing a.model of an exemplary opening
time adjusting valve of a second embodiment of the invention; and

Figs. 10a and;lOB are sectional views showing a condition
of the rolling diaphragm before and after the assembly of the

rolling diaphragm a;:cording to a fifth embodiment of “the invention.

First Embodiment

With reference to the accompanying drawingé,a a first
embodiment of the present invention will be explained as

follows.
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detecting pipe and said pressure adjusting chanber; a liquid |evel
detecting diaphragmresiliently deformable in response to a pressure
increase in said pressure adjusting chanber being transmtted thereto via a
t hrough-hol e; a detection valve controlled by deformation of said liquid

| evel detecting diaphragm a changeover valve controlled by said detection
val ve to selectively supply a vacuum pressure and an at nospheric pressure
to said valve, wherein said danping di aphragm has at |east -one small

t hrough- hol e so that said danpi ng di.aphragm does not resiliently deform
when the pressure in said liquid | evel detecting pipe is gradually

i ncreased, wherein said danping diaphragmresiliently defornms due to
deconpressi on of said pressure adjusting chanber to cl ose said through-
hol e, wherein said danpi ng di aphragm qui ckly rel eases the pressure around
the non- secured peripheral edge thereof to said I|qU|d | evel detecting
pi pe when the pressure in . [err] 16

Fig. 1 is a sectional view showing an outline of the vacuum
type sewage collecting apparatus to which a vacuum valve having
the vacuum valve controlling device of the présent invention is

i applied. This vacuum type sewage collecting apparatus 10 is
provided for colle""é.:.ing sewage discharged from every home by
the natural flow. When a predetermined amount of sewage has
been collected into a sewage tank 11 of the vacuum type sewage
collecting apparatus 10, the sewage is transported to a sewage
collecting tank in a vacuum sta-tion in which a vacuum pump is
installed. Sewage transported to the sewage collecting tank is
transported to a sewage disposal .plant by a pump.

A sewage inflow pipe 12 in which sewage flows from every
home or other sewage creating unit by the natural flow is

connected with the sewage tank 1l .
of the vacuum type sewage collecting apparatus 10. 1In the

sewage tank 11, a suction pipe 13 is vertically disposed,
through which sewage stored in. the sewage tank 11 is sucked.
One of the ends of a pipe-shaped commuﬁicating section 28
incl'uding a valve‘b'ody 24 of a vacuum valve 15 is horizontally
connected wiﬁﬁ an upper end of this suction pipe 13. A vacuum
discharge pipe 14 is horizontally connected with the othex end
of t;.he communicating section 28. The communicating section 28
is opened and closed by the valve body 24 of the vacuum valve
15, wherein the wvalve body 24 is disposed inside the’
communicating section 28. - -

The wvacuum di;charge pipe 14 is connected to the vacuum

station through a wvacuum pipe. The inside of the wvacuum
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-~ 10-: said pressure adjusting chanber is rapidly increased to quickly close
as said liquid level in said tank reaches a substantially enpty condition.
According to anot her aspect of the present invention there is provided a
vacuum val ve havi ng a vacuum val ve control device for opening and closing a
communi cating section between a suction pipe conmunicating with a tank and
vacuum di scharge pi pe communicating with a vacuum source, said vacuum val ve
conprising: a valve body for opening and cl osing said comunicating
section; a valve operating chanber for accommodati ng a plunger connected

wi th said-val ve body; a closing force providing neans for providing a
closing force to said val ve body via said val ve operating chanber, wherein
said vacuum val ve control device selectively provides an opening force to
said val ve body via satd val ve operating chanber, said vacuum valve contro
device conprising: a liquid | evel detecting diaphragmwhich resiliently
deforns in response to a quuid | evel inl%aid tank; a second plunger
directly driven by said u | evel detecting dlaphragn1 a detecting val ve
bei ng drive byd&sh rs%@&ﬁaq’pﬁ GRY et LH BESHB IR RRERTE Maintained in

a vacuum condition at all times by the vacuum pump disposed in
the wvacuum station. Consequently, when the communicating
section 28 is opened, the vacuum discharge pipe 14 is
communicated with the suction pipe 13, so that sewage in the
sewage tank 11 is sucked into the suction pipe 13 and quickly
transported to the sewage collecting tank in the vacuum station
by the action of vacuum in the communicating section 28 and the
vacuum discharge pipe 14.

A liquid level detecting pipe 37 is vertically provided in
the sewage tank 11, and a lower end of the liquid level
detecting pipe_37 is dipped in the sewage stored in the sewage
tank 11. This liquid level detecting pipe 37 is communicated
with the inside of a vacuum valve control device 27 provided'in
the vacuum valve 15 thrdugh a flexible-hose 38. Therefore, a
change in pressure caused by .the fluctuation of the liquid
level in the sewage tank 11 can be’ transmitted to the vacuum
valve control device 27. The vacuum valve control déevice 27
controls the vacuum iﬁ a valve operating chamber 25 in fhe
vacuum valve 15 in accordance witﬁ a change in the liquid level
of sewage in the sewage tank 11 detected by the liquid level
detecting pipe 37.

The inside of the vacuum discharge pipe 14 is communicated
with the vacuum valve control device 27 through a flexible hose
41, so that the vacuum condition -in.the vacuum discharge pipe
14 is transmitted to the wvacuum valve control device 27.

- —
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chanber maintaining a vacuum pressure froma vacuum passage applied thereto
when said detecting valve is driven by said second plunger and naintaining
an atnospheric [err] pressure from an at nospheric passage applied _
thereto when said detecting valve is not driven by said second plunger; a
changeover val ve which operates to connect a vacuum pressure from said
vacuum passage to said val ve operati ng chanber when said pressure contro
chanmber maintains a vacuum pressure, thereby providing said opening force
upon said val ve body; and an opening tine adjusting valve for variably
rel easing a,vacuumforce introduced into said pressure control chanber,
sai d openlng time adjusting. valve having an air hole for rel easing said
vacuum and bei ng conpressively defornmed to change the section area of said
air hole so that an opening tinme for said vacuum val ve can be controll ed
according to the varying pressure of sajd pressure control chanber.
Further, an atmosphere communicating pipe 43 is Cqmmunicated
with the vacuum valve control device 27 through a flexible hose
44. An upper end of this atmosphere communicating pipe 43 is
open to the atmospheric pressure on the ground surface.
Accordingly, atmdgﬁhere introduced from the atmosphere
communicating pipe 43 is introduced to the inside of the vacuum
valve control device 27 through the flexible hose 44. This -
atmosphere communicating pipe 43 is also communicated with the
valve operating chamber 25 of the vacuum valve 15 through a
flexible hose 46.

Figs. 2A ‘and 2B are longitudinal sectional views of the
vacuum valve 135. This wvacuum wvalve 15 includes:. a first
cylindrical housing 21 integrated with the communicating
section 28 in which the valve body 24 is provided, wherein the
first cylindrical housing 21 is communicated with the inside of
the communicating section-28; and a second cylindrical housing
22 connected with the upper portion of the first housing 21
through a band cramp 23. In this case, the first housing 21 is
disposed forming an angle of 45° with respect to the
communicating section 28 which is Horizontally disposed. The
inside of the first housing 21 is divided into an upper and a
lower portion by a bulkhead 2la,” and the valve operating
chamber 25 is disposed on the upperuéide of this bulkhead 21a.

A valve xod 29 penetrates the Génter of the bulkhead 21a,

and thevalve body 24 for opening and .closing the communicating

section 28 is attached to the lowerjend of this wvalve rod 29.
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Accorditng to still another aspect of the present invention there is

<provided a vacuum val ve havi ng a vacuum val ve contro

devi ce for

by openi ng

and cl osing a conmmuni cating section between a suction pipe communicating
with a tank and a vacuum di scharge pi pe comruni cating with a vacuum source,
sai d vacuum val ve conprising: a valve body for opening and closing said
conmuni cating section; a valve operating chanber for accommodating a

pl unger connected with said valve body;

a closing force providing neans for

providing a closing force to said val ve--body via said val ve ‘operating

12 - chambér,. wherein said vacuum val ve contro

device for selectively

provi des an opening force to said valve body via said val ve operating

chanber,

sai d vacuum val ve contro
det ecting di aphragm which resiliently deforns in response to a liquid |level

device conprising: a liquid |eve

in said tank; a second plunger directly driven by said |iquid

19

The upper end of the valve rod 29 is disposed in the valve
operating chamber 25, and attached to the bottom surface of a
cyliﬁdrical_plunger 30, the upper surface of which is open.

This plunger 30 is slidably provided in the valve operating

-

chamber 25, and pushed by a pushing spring 26 provided in the
valve operating chamber 25 so that the valve body 24 can close
the communicating section 28.

A resilient rolling diaphragm 31 is provided between the

first and second housings 21, 22, This rolling diaphragm 31 is
fixed under the condition that the periphery of the rolling
diaphragm 31 is placed between the first and .second housings
21, 22. Afporﬁion close to the outer periphery of the rolling
closely comes

diaphragm 31 into contact with the inner

circumfe;ential surface of the second housing 22. Further, a
central side portion of the rolling diaphragm 31 close to the
inner side of a portion coming into contact with the inner
circumferential surface of the second housing 22 is bent by an
angle of 360°. A portion close to the inside of the bent
portion cloéély comes into contact with the side surfacé of the
plunger 30, and further-a central portion on the inside of that
portion closeiy comes into contact with the bottom surface of
the plunger 30. The valve rod 29 penetrates the center of the
rolling diaphragm 31 covering the bottom surface of the plunger
30. | ' '

The vacuum valve control device 27 of the present -invention

is disposed at .an upper end of the second housing 22. This
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|.evel detecting diaphragm a detecting valve being driven by said second
plunger; a pressure control chanber maintaining a vacuum pressure froma
vacuum passage applied thereto when said detecting valve is driven by said
second plunger and mai ntai ning an atnospheric pressure from an atnospheric
passage applied thereto when said detecting valve is not driven by said
second plunger; a changeover valve which operates to connect a vacuum
pressure from said vacuum passage to sai.d val ve operating chanber when said
pressure control chanber nmintains a vacuum'pressure; thereby providing
sai d opening. force upon said valve body; and an opening tinme adjusting

val ve for releasing a vacuumforce introduced into said pressure control
chanber, the opening tine of said opening tinme adjusting val ve being
automatically controlled in accordance with a degree of vacuumin said
vacuum di scharge pipe. [err] 20

vacuum valve control device 27 is engééed and connected with
the upper end of the second housing 22 through a band cramp 36.
This ‘'vacuum valve control device 27 is operated as follqws.
When an amount of sewage in the sewage tank 11 is increased and
the pressure in thé liquid level detecting pipe 37 is raised,
the valve operating chamber 25 is put in a vacuum condition,
and the plunger 30 is pushed and the valve body is pulled
against a force of the spring 26 so.that the valve body can
open the-communicating secticon 28. When the valve body 24 is
pulled, the cbmmunicating section 28 is opened, and then the
vacuum dischargé pipe 14 and the suction pipe 13 are put in a
' commﬁnicating condition., Therefore, sewage in the sewage tank

11 is transported through the vacuum discharge pipe 14 by the
action of vacuum activated in the vacuum discharge pi;éﬂl4.

Fig. 3is a longitudinal sectional view of the vacuum valve
control device 27. This vacuum wvalve control device 27
includes a casing composed of five parts or cases, which are the first
case 51.to the fifth case 55. The first case 51 to'the fifth
case 55 are sequentially disposed from the upside, and
integrated into one body with bolts.. Usually, the fourth case
54 is engaged with an upper end of the second housing 22 of the
vacuum valve .15 and fastened by a band cramp 36 (shown in
Figs. 2A and 2B).

A liguid detecting pipe section 56 is mounted on an upper
surface of the upﬁermost first case 51, and the flexible hose 38

connected with the liquid level detecting pipe 37 is attached
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-13 - According to yet another aspect of the present invention there is
provi ded a vacuum val ve control device for controlling operation of a
vacuum val ve by opening and cl osi ng a pi pe-shaped connecting secti on which
connects a vacuum di scharge pipe in a vacuum condition with a suction pipe
for sucking liquid-like materials froma tank, said vacuum val ve contro
device conprising: a liquid | evel detecting pi pe whose inside pressure
fluctuates in accordance with a liquid level in said tank; a pressure
adj usting chanber communicating with-said liquid | evel detecting pipe; a
free-standi‘ng. danpi ng di aphragm di sposed between said |iquid |evel
detecting pi pe and said pressure adjusting chanber, said danpi ng di aphragm
bei ng situated w thout attachnment upon.a support portion-such that a groove
is formed around the periphery of said support portion .to quickly rel ease
the pressure - wthin the pressure adjusting chanber around the peripheral
edge of the danping di aphragm and to quigh[y cl ose the danping di aphragmin
response to a decrease of the pressure inside said |liquid |evel detecting
pi pe; a |iquid F8vEle déERtd tRYSHiIGSRFELIA BEPhFOrELPt i%nt 131 AEPRREALFN
response to a PLessihe IRGhEASHd bipd dection 58 is integrated with the

third case 53, and the flexibler hose 44 connected with an

atmospheric communicating pipe 43 is connected with the

atmospheric pressure connecting pipe section 58. Consequently,

the pressure inside the atmospheric pressure connecting pipe

section 58 is the same as the atmospheric pressure. A vacuum

connecting pipe section 57 is integrated with the third case

53, and the flexible hose 41 commﬁnicated with the vacuum

discharge pipe 14 is connected with the vacuum connecting pipe

section 57. Consequently, the inside of the vacuum connecting

pipe section 57.is put in a vacuum condition in the same manner

as the vacuum discharge pipe 14. Further, a communicating pipe

section 93 is integrated with the lowermost fifth case 55 in

such a manner that the communicating pipe section 93 protrudes

downward from the fifth case 55, and the communicating pipe

section 93 is communicated with the valve operating chamber 25

in the second housing 22. n

An upper prgésurizing chamber 81, which is open downwaxrd,

is provided.bn a lower surface of the uppermost first case 51.
An opening portion of this upper pressurizing chamber 81 is
airtightly covered with a liquid level detecting diaphragm 60
disposed between the first case 51 and the lower second case
52. A lower decompressing chamber 82, which is open upward, is

formed in an upper portion of the second case 52. An opening

of this lower decompressing chamber 82 is covered with the
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pressure adjusting chanber; a detection valve controlled by deformation of
said liquid |level detecting diaphragm and a changeover val ve bei ng
controlled by said detection [err] -14- valve to selectively apply a
vacuum pressure and an atnospheric pressure to said vacuum val ve.
DESCRI PTI ON OF. THE PREFERRED EMBCDI MENTS Fig. 1 is a sectional view of the
vacuum t ype sewage col | ecti ng apparatus showi ng a vacuum val ve having a
vacuum val ve control device, according to a first embodi nent of t he present
invention; Figs. 2A and 2B are |ongitudinal sectional views of the vacuum
valve; Fig. .3 is a Iongltudlnal sectional view showi ng an exanple of the
vacuum val ve

ligquid level detecting diaphragm 60. Consequently,:the liquid
level detecting diaphragm 60 isolates the upper préssurizing
chamﬁer 81 from the lower decompressing chamber 82.

The lower decompressing chamber 82 in the second case 52 is

covered with a lower surface section 52a, and a through-hole 94
is vertically formed in this lower surface section 52a. This
through-hole 94 is communicated witﬁ a communicating passage
53c which is communicated with the étmospheric pressure
connecting pipe section 58 provided in the third case 53,
wherein the communicating passage_53c makes a right angle with
the atmospheric pressure connecting - pipe section 58.
Accordingly, the lower decompressing chamber 82 is communicated
with the atmosbheric pressure connecting pipe section Sé.

The third case 53 disposed under the second case 52 is
provided with a pressure cdntrol chamber 83 which is open
upward to the upper central portion. BAn upper decompressing
chamber 84 isolated by the bulkhead 53a,is provided under this

= preésure control chamber 83. This upper decompressing chamber
84 is open downward, and the opening is airtightly covered with
a valve driving diaphragm 70 disposed between the thifh and
fourth cases 53, 54. A lower decompressing chamber 85, which
is open upward, is provided at the center of the upper surface
of the fourth case 54. An opening of this lower decémpressing
chamber 85 is airtightly coverea with the IQalve driving
diaphragm 70. Consequently, the valve driving diaphragm 70

airtightly isolates the upper preésurizing chamber 84 from the
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;contyol deyice of the present invention attached to the vacuun1vafve;
15 Fig, 4 is an enl arged secti onal

[err]

view showi ng the primary portion of the

vacuum val ve control device; Fig. 5 is a view showing a nodel of a vacuum

type sewage collecting system Fig. 6A is a sectiona

controller section of a first exanple of a third enbodi nent of the

i nventi on.

. Fig. 6B is an enlarged sectional
of Fig. 6A; Fig. 7A is another sectianal

23

lower decompressing chamber 85. A suction chamber 86, which is-
isolated from the lower pressurizing chamber 85 by the bulkhead
54a, 'is formed at a lower central portion of the fourth case
S4. This suction chamber 86 is open downward, and its opening
is covered with tﬁéﬂlowermost fifth case 55. This suction
chamber 86 is communicated with a communicating pipe section 93
communicated with the valve operating chambeér 25 of the vacuum
valve 15.

A pressure adjusting chamber 102 open upward is provided on
an upper side surface of the first case 51. Fig. 4 is an
enlarged sectional view of the préssure adjusting chamber 102.
An annular groove 111 is formed in the periphery of the opening
on the upper surface of the pressure adjusting chamber 102,
wherein an approoriate gap is formed between the annular groove
111 and the inner circumferential surface of the opening. An
annular support portion 112 protruding upward is provided
between the groove 111 and the inner circumferential surface of
the opening in such a manner that the annular support portion
112 covers all the circumference of the opéning. An outer
oircumferential portion of the disk-shaped damping diaphragm 59
is put on and supported by the support portion 112. An outer
periphery of the damping diaphragm 59 is dlsposed on the groove
111 while all the circumference is put on the groove 111.

The liquid level detecting pipé section 56 is oisposed at
an uppex portion or the pressure adjusting chamber 102. At one

end of this liquid detecting pipe section 56, a flange SSé is
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iof atsecond exanple of the third enbodinent; Figs. 7B and 7C are vi ews
showi ng a nodel of a duckbill valve; Fig. 8A is another sectional view
showi ng the controller section of the third exanple of the third enbodi nent
of the invention; Figs. 8B and 8C are views showi ng a nodel of a flexible.
conical orifice valve; Fig. 9 is a view showi ng a.nodel of an exenplary
opening tinme adjusting valve of a second enbodi nent of the invention; and
Figs. 10A .and | OB are sectional views., showing the rolling dlaphragn1before
and after the assenbly of the rolling di-aphragm according to a fifth

enbodi nent of the invention. First Enbodi nent Wth reference to the
acconpanyi ng drawi ngs, a first enbodi nent of the present invention will be
expl ai ned as

24

providedr This flange 56a is mounted‘on the first case 51 in
such a manner that the flange 56a covers the opening on the
upper surface of the pressure adjusting chamber 102. A cutout
portion 56b surrounding the annular groove 111 is formed in the
flange 56a so that’ an approprlate gap can be formed between the‘
cutout portion 56b and the upper surface of the damplng
diaphragm 5%. Accordingly, the damping diaphragm 59 is opposed
to the inside of the cutout portion 56b, and its outer
periphery is not fixed but it is simply put on the supbort
portion 112.

~ The flexible hose 38 (shown in figs. 2A and 28)“i§ connected
with the liquid level detecting pipe section 56, and the liquid
level detecting pipe 37 dipped in sewage in the sewage tank is
communicated with the flexible hose 38.

A valve seat 101 opposed to thé end opening of the liquid
level detecting pipe section 56 is provided in the pressure
adjusting chamber 102 in such a manner that the valve seat 101
is protruded so that it can approach the liquid level detecting
pipe section 56. A communicating hole 103 for communicating
the pressure adjusting chamber 102 with the uéper pressurizing
chamber B8l, is vertically provided nn the valve seat 101l. The
inner diameter of this conmunicating hole 103 is cdnstant.

One through—nole 59a, the diameter of which is minute, is
formed on the damping diaphragn 59 so that the damping
diaphragm 59 can-not be deformed when the pressure in the

liguid detecting pipe section 56 is gently increased. This
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fiol lows. [err] 16 Fig. 1 is a sectional view showing an outline of the
vacuum type sewage coll ecting apparatus to which a vacuum val ve having the
vacuum val ve controlling device of the present invention is applied. This
vacuum type sewage collecting apparatus 10 is provided for collecting
sewage di scharged fromevery hone by a natural flow. Wen a predetem ned
anount of sewage has been collected into a sewage tank 11 of the” vacuum
type sewage col |l ecting apparatus 10, the sewage is transported to a sewage -
collecting tank in a vacuum station in which a vacuum punp is

25 i

through-hole 59a is formed at a positién located outside of the
end - suxface opening of the communicating hole 103. The
diameter of this through-hole 59a is sufficiently smaller than
that of the opening of the liquid level detecting pipe section
56, further the diﬁketer of the through-hole 59a is smaller
than that of the communicating hole 103 of the valve seat 101.
i Preferably, a diameter of the through-hole 5%a is determined in
such a manner that area of the through-hole is less than 1/8 of
the cross-section of the communicating hole 103, that is, the
diameter of the through-hole 59a is not more than 0.4 (mm}, and
preferably the diameter of the through—hole 59a is about 0.3
[mm]. In the case where the pressure in the liquid level
detecting pipe.section 56 is increased by a gradual increase of
the level of sewage flowing into the sewage tank 11, the
aforementioned damping diaphragm 59 is not resiliently deformed
since the pressure is released to the pressure adjustiﬁg

chamber 102 through the minute through-hole 59a.
= ' On the other hand, when the pressure in the pressure
adjusting chamber 102 is reduced, the damping diaphragm 59
comes into contact with the upper surface of the valve seat 101
‘as illustrated by a two-dotted chain line in Fig. 4, so that
the communicating hole 103 in the valve seat 101 is airtightly
closed by a portion of the damping diaphragm 59 where the

though-hole 59a is not formed.

In the case wﬁere the pressure in the pressure adjusting

chamber 102 is increased, a gap is formed between the support
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;installed. Sewage transported to the sewage collecting tank is transported
to a sewage disposal plant by a punp. A sewage inflow pipe.12 in which
sewage flows fromevery home or other sewage creating unit by the natural
flowis connected with the sewage tank 11 of the vacuumtype sewage
col l ecting apparatus 10. 1In the sewage tank 11, a suction pipe 13 is
vertically disposed, through which sewage stored in. the sewage tank 11 is
sucked. One of the ends of a pipe-shaped communicating section 28 including
a valve body 24 of a vacuumvalve 15 is horizontally connected with an
upper end of this suction pipe 13. A vacuumdi scharge pipe 14 is

hori zantal |l y connected with the other end of the conmunicating section 28.
The conmuni cating section 28 is opened and cl osed by the val ve body 24 of
t he vacuum val ve 15, wherein the valve body 24 is disposed inside the.

26
portion 112 and the outer periphery of £he damping diaphragm 59
placed on the support portion 112. Therefore, the pressure in
the pressure adjusting chamber 102 is released through the gap.

A push button 64 for manually operating the wvacuum valve
control device 27 is provided in the center of the tupper
surface of the first case 51. This push button 64 is provided
with a plunger 61 which penetrates a through-hole 51b formed in
the center- of the upper surface of the first case 51. This
plungexr 61 is slidably supported in the through-hole 51b. This
plunger 61 is pushed upward by a pﬁshing spring 63, and covered
with a resilient cover 62. Wﬁen this push button 64 is
pressed, the plunger 61 is lowered resisting the pushing force
-of the push sﬁring 63, so that the center of the liquid level
detecting diaphragm 60 is pushed downward, and the liquid level
detecting diaphragm 60 is resiliently deformed.

The liquid level detecting diaphragm 60 is disposed between
the upper pressurizing chamber 81 in the first case 51 and the
lower decompressing chamber 82 in the second case 52, and at
the center of the liquid level detecting diaphragm 60, a
plunger 65 is provided, which vert;cally penetrates the lower
decompressing chamber 82. This plunger 65 penetrates the
center of the lower surface 52a of the second case 52 disposed
at a lower position of the lower decompressing -chamber 82.
Then the plunger 65 enters the ﬁressure cantrol chamber 83
formed in the thifd case 53. A pushlspring 66 is engaged with

the plunger 65 in a region between the lower surface 52a and
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s
communi cating section 28. The vacuum di scharge pipe 14 is connected to the
vacuum st ation t hrough a vacuum pi pe. The inside of the vacuum [err]
17 di scharge pipe 14 and that of the vacuum pi pe are maintained in a vacuum
condition at all times by the vacuum punp di sposed in the vacuum stati on.
Consequently, when the communicating section 28 is opened, the vacuum
di scharge pipe 14 is comunicated with the suction pipe 13, so that sewage
in the sewage tank 11 i.s sucked into the suction pipe 13 and quickly .
transported to the sewage collecting tank in the vacuum station '

27

the liquid level detecting diaphragm Eo. By the push spring
66, the plunger 65 and the liquid level detecting diaphragm 60
are pushed upward. An O-ring 67 engaging with the plunger 65
that has entered.the pressure adjusting chamber 83, is attached
onto a lowexr surfaagiof the lower surface portion 52a. By the
action af this O-ring, a boundary between the plunger 65 and
the pressure control chamber 83 is sealed.

A communicating passage 57a for communicating the pressure
control chamber 83 with the vacuum connecting pipe section 57
is provided in the third case 53 in which the pressure control
chamber 83 is provided. A verticél communicating passage 53b,
tﬁe upper end' of which is communicated with the wvacuum
connecting pipe section 57, is provided in the third case 53.
Further, this communicating passage 53b is communicated with
the communicating passage 54b vertically'penetrating the fourth
case 54. This communicating passage 54b is communicated with
a suction passage 87 horizontally provided in the lowermost
fifth case 55. =

An opening portion of the communicating passage 57a
communicated with_the vacuum connecting pipe section 57 in the
third case 53, is formed in the pressure control chamber 83.
This opening portion is opened and closed by the detecting’
valve 68 disposed in the pressure control chamber 83. In this
embodiment, a snap-action-valve is used for the detecting valve
68. The snap—action—valve includes: a leaf spfing coming into

contact with the plunger 65 when the plunger 65 is lowered; and
U —
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by the action of vacuumin the comuni cating section 28 and the vacuum

di scharge pipe 14. Aliquid |evel detecting pipe 37 is vertically provided
in the sewage tank 11, and a lower end of the liquid | evel detecting pipe
37 is dipped in the sewage stored in the sewaqge tank 11. This liquid |evel
detecting pipe 37 communicates with the inside of a vacuum valve contro
device 27 provided in the vacuum val ve 15 through a fl exi bl e hose 38.
Therefore, a change in pressure caused by.the fluctuation of the liquid
level in the sewage tank 11 can be transnitted to the vacuum val ve contro
device 27. The vacuum val ve control device 27 controls the vacuumin a

val ve eperating chanber 25 in the vacuumvalve 15 in accordance with a
change in the liquid level of sewage in the sewage tank 11 detected by the
l'iquid Ievel det ecti ng 'pi pe 37.
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a tongue piece attached to an end of.the leaf spring so that
the tongue piece can close an opening of the communicating
passdge 57a'by the pushing force of this leaf spring. When the
plunger 65 is lowered and contacted with the leaf spring, the
tongue piece is ‘oved upward so that the opening of the
communicating passage 57a can be opened. Due to the foregoing,
the pressure control chamber 83 is communicated with the vacuum
connecting pipe section 57 through the communicating passage
57a.

‘ In the third Ease 53 in which the pressure control chamber
83 is provided, a communicatin§ passage is formed, which
communicates ;he pressure control chamber 83 with the lower
decompressing chamber 82 in the second- case 52 above the
pressure control qhémber 83, and a needlé valve 74 is disposed
in this passage. This needle valve 74 adjusts an amount of air
flowing into the pressure .control chamber 83 when the
atmosphere is introduced into the lower decompressing chamber

= 82, Consequently, a period of time in which the atmosphere is
introduced into the pressure control chamber 83 is adjusted by
the needle valve 74. )

The pressure control chamber 83 is isolated from the upper
decompressing chamber 84 disposed below the pressure control
chamber 83, by the bulkhead 53a of the third case 53. At the
center of the bulkhead 53a, a communicating hole 88 is-
vertically formed, which communicates the pressure control
chamber 83 with the upper decompressing- chamber 84. 1In the
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The i’'nsi de of the vacuum di scharge pipe 14 communicates with the vacuum
val ve control device 27 through a flexible hose 41, so that the vacuum
condition in the vacuum di scharge pipe 14 is transmtted to the vacuum

val ve control device 27. [err] Further, an atnosphere comruni cating pipe
43 comuni cates with the vacuum val ve control device 27 through a flexible
hose 44. An upper end of this atnosphere conmmunicating pipe 43 is open to
t he atnospheric pressure on the ground surface. Accordingly, at nosphere

i ntroduced from the atnosphere comrunicating pipe 43 i's'introduced to
the inside of the vacuum valve control device 27 through the flexible hose
44. This

: 29

upper decompressing chamber 84, a pusﬁ spring 69 is provided,
which presses downward the valve -driving diaphragm 70 for
separating the upper decompressing.chamber 84 from the lower
pressurizing chamber 85 disposed below the upper decompressing
chamber 84. A rﬁé—shaped changéover valve 71 vertiéally
penetrating the lower pressurizing chamber 85 is attached at
the center of the lower surface of the valve driving diaphragm
70.

Bulkhead : S54a isolates the lower pressurizing chambexr 85
from the suction chamber 86 which are respectively provided in
the fourth case 54, and the chanéeover valve 71 penetrates a
through~hole formed in this bulkhead 54a in the fourth case 54,
wherein a gap is formed between the chéngeover valve 71 and the
through-hole formed in this bulkhead 54a. A valve body 7la is
attached to a lower end of the changeover valve 71 which is
disposed in the suction chamber 86. A valve seat 72 is
provided in the through-hole of the bulkhead 54a through which
the changeover valve 71 is penetrated, and the valve body 7la -
engages with the valve seat 72 so as to close the through-hole
when the valve body 71la is move&upward. In bulkhead 55a
disposed in a lower portion of the suction chamber 86 in the
fifth case 55, a through-~hole is formed, which communicates the
suction chamber 86 with the suction passage 87 horizontally
provided below the suction chamber 86. In this through-hole,

a valve seat 73 ié provided, with which the valve body 7la is
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at nosphere comuni cati ng pi pe 43 al so communi cates with the val ve

operating chanber 25 of the vacuum valve 15 through a flexible hose 4
2A and 2B are |ongitudinal sectional viiews of the vacuum val ve

Thi s vacuum val ve 15 includes: a first cylindrical housing 21 integrated
W th the conmmunicating section 28 in which the valve body 24 is provided,
wherein the first cylindrical housing 21 comuni cates with the insi
t he communi cating section-28; and a second cylindrical housing 22 con
“With the upper portion of the first housing 21 through a band cranmp 23. In

Fi gs.

this case,

W th

respect

the first housing 21 is disposed to form an angle of |

to the communicating section 28, which is horizontal

6.
15.

de of
nect ed

err]
y

di sposed. The inside of the first housing 21 is divided into an upper and a
| ower portion by a bul khead 21a, and the val ve operating

30
engaged so as to close the through-hole when the valve body 71a
is lowered.

In the fourth case 54 in which the lower pressurizing
chamber 85 is provided, a communicating passage 54c, one end of
which is communicagga with the lower pressurizing chamber 85,
is formed. The other end of this communicéting-passage S54c is
communicated with the lower end of a communicating passage 92
vertically provided in the third case 53 disposed above the
fourth case 54. The upper end of this communicating passage 92
is communicated with the'atmospheric pressure eonnecting pipe
section 58. Accordingly, when thé atmosphére is introduced to
the atmospheric pressure connecting pipe section 58, the
atmosphere is introduced into the lower pressurizing chamber 85
through the communicating passages 92 and 54c. -

The vacuum valve 15 having the construction described-&bove
is operated as follows. The vacuum connecting pipe section 57
in the vacuum valve control device 27 is communicated with the
vacuum discharge pipe 14. Thexé€fore, the inside of the vacuum
connecting pipe section 57 is maintained in a vacuum condition.
Wheﬁ an amount of sewage in the sewage tank 11 is gradually
increased and the pressure in the liquid level detecting pipe
37, the lower end of which is dipped in the sewage, is
gradually increased under the aforementioned condition, the
pressure in the ligquid level‘detecting pipe sectioﬁ 56 of the
vacuum valve cont?ol dévice'27 communicated. with the liquid

level detecting pipe 37 through the flexible hose 38, is
I
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chanber 25 is disposed on the upper. side of this bul khead 21a. A valve rod
29 penetrates the center of the bul khead 2la, and thevalve body 24 for
openi ng and cl osing the comunicating section 28 is attached to the | ower
end of this valve rod 29. [err] - 19 - The upper end of the valve rod 29
I's disposed in the val ve operating chanber 25, and attached to the_bottom
surface of a cylindrical plunger 30, the upper surface of which is open.
This plunger 30 is sldidably provided in the val ve operating chanber 25, and
pushed by a push spring 26 provided in the valve operating chanber 25 so
that the valve pody 24 can close the comunicating section 28. Aresilient
rolling diaphragm 31 (as shown in Fig. 10b) is provided between the

31

gradually increased. Due to the foregéing, the pressure in the
pressure adjusting chamber 102 is graduglly increased through
the minute through-hole 59a formed on the damping diaphragm 59
covering the opening of the liquid lével detecting pipe section
56. At this time, the damping diaphfégm 59 is not resiliently
deformed, so that the communicating hole 103 of the valve seat
101 is not closed. Accordingly, when the pressure in the
pressure adjusting chamber 102 is graduwally increased, the
pressure in the upper pressurizing chamber 81 is gradually
increased which communicates with the pressure adjusting
chamber 102 through the communiéating hole 103 of the wvalve
seat 101.

When the préssure in £he upper pressurizing chamber 81 is
gradually increased, thé liquid level detecting diaphragm 60 is
gradually deformed downward in the manner of resilience. The
lower decompressing chamber 82 disposed below the liquid level
detecting diapﬁragm 60 is commﬁnicated with the atmospheric
pressure connecting pipe section 58 through the through-hole 94
and the communicating passage 53c. Further this atmospheric
pressure connecﬁing pipe section 58 is communicated with the
atmosphere communicating pipe 43 through the flexible hose 44.
Therefore, when the liquid level detecting diaphragm 60 is
gradually deformed downward in the manner of resilience, air in
the lower decompressing chamber 82 is discharged. ‘Due to the
foregoing, the ﬁlunger 65 attached to the liquid level

detecting diaphragm 60 is moved downward.
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firstt and second housings 21, 22. This rolling diaphragm 31 is fixed under
the condition that the periphery of the rolling diaphragm 31 is placed
between the first and second housings 21, 22. A portion close to the outer
peri phery of the rolling diaphragm 31 comes into close contact with the

I nner circunferential surface of the second housing 22. Further, a central
side portion of the rolling diaphragm 31 close to the inner side of a
portion coming into contact with the inner circunferential surface of the
second housing 22, bent by an angle of [err]. A portion close to the inside
of the bent portlon conmes into close contact with the side surface of the
pl unger 30, and further a central portion on the inside of that portion
comes into close contact with the bottom surface of the plunger 30. The

val ve rod 29 penetrates the center of the rolling diaphragm 31 covering the
bottom surface of the plunger 30. The vacuum val ve control .device 27 of the
present invention is disposed at an uppe#2end of t he second housing 22.

This [err], When the plunger 65 is moved downward, the detecting valve

63 provided in the pressure control:chamber 83 is pushed by the
plunger 65, so that an opening of the communicating passage 57a
located in the pressure control chamber 83 is opened. Due to
the foregoing, thé:bressure control chamber 83 is put in a
vacuum condition through the communicating passage 57a which
has been put in a vacuum condition. When the pressure control
chamber 83 isi put in a vacuum condition, the upper
decompressing chamber 84 disposed belaw the bulkhead 53a is
also put in a vacuum condition through the communicatiﬁg hole
88 formed in the bulkhead 53a.' The lower pressurizing chambexr
85 disposed below the upper decompressing chamber 84 through
the wvalve driving diaphragm 70 is communicated with the
atmospheric pressure connecting pipe section 58 through the

_ communicating passages 54c and 92, so that the lower
pressurizing chamber 85 is open to the jatmospherez
Accordingly, the valve driving diaphragm 70 is resiliently
defofmed upward resisting the push spring 69 when the pressure
in the upper dgéompressing chamber 84 is reduced.

When the valve driving diaphragm 70 is resiliently'deformed
upward, the changeover valve 71 attached to this valve driving
diaphragm 70 is moved upﬁard, so that the wvalve body 71a
attached to a lower end of thé changeover valve 71 opens the
valve seat 73 provided in a ioﬁer portion of the suction
chamber 86, aﬁd a£ the same time the valve body 71a closes the

valve seat 72 provided in an upper portion of the suction
§
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*20 vdcuum val ve control device 27 is engaged and connected with the upper
end of the second housing 22 through a band cranp ,36. This vacuum val ve
control device 27 is operated as follows. Wen the amount of sewage in the
sewage tank 11 is increased and the pressure in the liquid |evel detecting
pipe 37 is raised, the valve operating chanber 25 is put in a vacuum
condition, plunger 30 is pushed, and the val ve body is pulled
against a force of the spring 26, so that the valve body can open the
conmuni cating section 28. Wien the valve body 24 is pulled, the

conmmuni cati.ng section 28 is opened, and then the vacuum di scharge pi pe 14
and the suction pipe 13 are put in a conmunicating condition. Therefore,

sewage in the sewage tank

33

chamber 86. Under the condition described above, the suction
chamber 86 is communicated with the suction passage 87 through
the lower valve seat 73, and the suction chamber 86 is put in
a vacuum condition being affeéted by the vacuum condition in
the suction passageﬁé7 communicated with the vacuum connecting
pipe section 57 through the communicating passages 54b and 53b.
The communicating pipe section 93 communicated with this
suction chamber 86 is also put in a vacuum condition. Due to
the foregoing, the valve operating chamber 25 of the vacuum
valve 15 communicated with the communicating pipe section 93 is
put in a vacuum condition.

When the valve operating chamber 25 in the vacuum valve 15
is put in a vacuum condition,_tﬁe plunger 30 is pulled up
resisting the pushing force of the push spring 26. Therefore,
the valve body 24 connected with this ‘plunger 30 through the
valve rod 29 is moved upward. .As a result, the communicating
section 28 is put in an open condition, and the wvacuum
discharge pipe 14 and the suction pipé 13 are communicated with
each other through the communicating section 28, and sewage in
the sewage tank 11 is sucked into the suction pipe 13 by the
action of vacuum in the vacuum dischargé pipe 14. Sewage in
the sewage tank 11 is sucked into the'suctibn pipe 13 in a
moment, and further sucked into the vacuum discharge pipe 14
through the communicating section'28. After that,'sewage is

~collected to the sewage collection tank through the vacuum pipe

which has been put in a vacuum condition.
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11 is’transported t hrough the vacuum di scharge pipe 14 by the action of
vacuum activated in the vacuum di scharge pipe 14. Fig. 3 is a |ongitudinal

secti onal
control

S,

vi ew of the vacuum val ve control device 27. Thi s vacuum val ve
device 27 includes a casing conposed of five parts or case

which are the first case 51 to the fifth case 55. The first case 51 to the
fifth case 55 are sequentially disposed fromthe top to the bottan,

integrated into one body with bolts. - Usually, the fourth case 54 is
engaged with an upper end of the second holsing 22 of the vacuum val ve
and fastened by.a band cranp 36 (shown in Figs. 2A and 2B). Aliquid
det ecting pipe section 56 is nounted on an upper surface of the uppernost
first case 51, and the flexible hose 38 connected mnth t he I|qU|d | evel
detectlng pi pe 37 is attached [err]

34

When sewage in the sewage tank 11 is discharged in a
moment, pressure in the liqﬁid level detecting pipe 37 is
guickly lowered, and pressure in the liquid level detecting
pipe section 56 is also quickly lowered. Due to the foregoing,
the damping dlaphragm 59 in the pressure adjusting chamber 102
is sucked into the liquid level detecting pipe section 56.
Since the outer periphery of the damping diaphragm 59 is not
fixed to the support portion 112 disposed around the pressure
adjusting chambexr 102 but the outexr periphery of.tpe damping
diaphragm 59 is placed and supported by the support portion
112, a gap is formed between thié support portion 112 and the
damping diaphragm 59, and pressure in the pressure adjusting
chambex 102 is.quickly released to the ligquid level detecting
pipe section 56.

Since the pressure adjusting chamber 102 is communicated

‘with the upper pressurizing chamber 81 through the

communicating hole 103, air in the upper pressurizing chamber
81 is &lso quickly discharged into the liguid level detecting
pipe section 56 through the pressure adjusting chamber 102.
Due to the forgoing , the liquid level detecting diaphragm 60
that has been resiliently deformed downward is returned to its
initial condition. |

Since the lower decompressing chamber 82 disposed below the
liquid level detecting diaphragm 60 is open to the atmosphere
through the }oné atmosphere communicating pipe .43, the

atmosphere does not flow into the lower decompressing chamber

and

15
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21 to the liquid | evel detecting pipe section 56. An atnospheric pressure

connecting pipe section 58 is integrated with the third

case 53, and the

flexible hose 44, connected with an atnospheric conmuni cating pipe 43, is
connected with the atnospheric pressure connecting pipe section 58.

Consequently, the pressure inside the atnpspheric pressure connecting pipe

section 58 is the sane as the atnospheric 'Ihlis@ﬁ&UHSBeéh

Replagedlm connect i ng

pi pe section 57 is integrated with the thlr the flexible hose
41 communi cating with the vacuun1discharge nected with the
y,

vacuum connect i ng pi pe section 57. Consequen

connecti ng

35
82 through £he atmosphere communicating ﬁipe 43. Héye%ér, air
in the upper pressurizing chamber 81 disposed above the liquid
level detecting diaphragm 59 quickly flows out to the liquid
level detecting pipe section 56 through the damping diaphragm
60 when the pressuréﬂin the liquid level detecting pipe section
56 is quickly reduced. Therefore, the liquid level detecting
diaphragm 60 that has been resiliently deformed is quickly and

smoothly returned to its initial condition.

Aftexr the resilient deformation of the liquid 1level.

detecting diaphragm 60 has been quickly canceled by the action
of air flowing out from the peripﬁery of the damping diapﬁragm
59, the plunger 65 attached to the lower surface of the liguid
le%el detecting diaphragm 60 is moved upward. Then the
detecting valve 68 pushed by the plunger 65 returns to its
initial condition, and the detecting’ valve 68 closes the
communicating passaée 57a éommunicated with the wvacuum
connecting pipe section 57. Due to the foregoing, the
commﬁnicating condition between the pressure control chambexr 83
and the vacuum connecting pipe section 57 in a vacuum condition
is shut off. )

At this time, the pfessure control chamber 83 is in a
vacﬁum ‘coridition, however, fhis vacuum condition can be
canceled after a small time lag when the atmosphere flowing

into.the lower decompressing chamber 82 from the atmosphere

connecting pipe section 58 through the communicating passage

de of the vacuum

- 35 -
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Pi pe section 57 is put in a vacuumcondition in the same nanner as the
vacuum di scharge pipe 14. Further, a comrunicating pipe section 93 is
integrated with the |owernost fifth case 55 in such a manner that the
comuni cating pi pe section 93 protrudes downward fromthe fifth case 55,
and the comuni cating pipe section 93 communi cates wth the valve
operating chamber 25 in the second housing 22. - An upper pressurizing
chanber 81, which is open downward, i's provided on a | ower surface of the
uppernost first case 51. An opening portion of this upper pressurizing
chanber 81 «s airtightly covered. wth a liquid | evel detecting di aphragm 60
di sposed between the first case 51 and the | ower second case 52. A | ower
deconpressi ng chanber 82, which opens wupward, is formed in an upper
portion of the second case 52. An opening of this |ower deconpressing
chanber 82 i's covered with the 36 -

53¢ and through-hole 94, gradually flows into the pressure
control chamber 83 through the needle valve 74.
Whén the vacuum condition of the pressure control chamber
83 is canceled, the vacuum condition of the upper decompressing
chambexr 84 communiééted with the pressure control chamber 83
through the communicating hole 88 is also canceled, and the
valve driving diaphragm 70 is pushed downward by the push
spring 69, so that the upward resilient ﬁeformation of the
valve driving diaphragm 70 is canceled. Due to the foregoing,
the changeover valve 71 attached to the valve driving diaphragm
70 is moved downward, and the v&lve'body-71a attached to the
lower end opens the valve seat 72 on the upper side, and at the
same time, c}oées the valve seat 73 on the lower side. As a
result, the communicating pipe section 93_communicafed with the
valve operating cﬁamber 25 of. the- vacuum wvalve 15 is
communicated with the atmosphere connecting pipe section 58
through the suction chamber 86, the lower pressurizing chamber
85 disposed above the suction chamber, and the communiéating
| passages S54a and 92. Therefore, the atmosphere in the
atmosphere connecting pipe section 58 is introduced into the
communicating pipe section 93. Due to the foregoing, the
vacuum condition in the valve operating chamber 25 of the
vacuum valve 15 is canceled, and the plunger 30 of the vacuum
valve 15 is moved downward by the pushing force of the push
spring 26, so tha£ the vélve body 24 closes the communicating

section 28.
e

Sheet Has Been Re; laced

T

R



[err]’ 22 liquid level detecting diaphragm 60.. Consequently, the liquid

| evel detecting diaphragm 60 isol ates the upper pressurizing chanber 81
fromthe | ower deconpressing chanber 82. The | ower deconpressing chanber 82
in the second case 52 is covered with a | ower surface section 52a, and a
through-hole 94 is wvertically fornmed in this |lower surface section 52a.
Thi's through-hole 94 communicates Wi th a conmuni cati ng passage 53c
which in turn communicates with the atnospheric pressure connecting pipe
section 58 provided in‘the third case 53, wherein the conmunicating passage

53c makes a right angle with

37

The vacuum condition of the communicating pipe section 93
communicated with the valve operating chamber 25 is canceled by
the a;tmosphere introduced into the lower pressurizing chamber
85 from the atmosphe_re connectj.ing pipe section 58 through the
communicating passége 92. The atmosphere connecting pipe
section 58 is also connected with the lower decompressing
section 82 through the communicating passage 53c extending
upward and the through-hole 94. As the volume of the valve
operating chamber 25 of the vacuum valve 15 is large,
a large amount of atmosphere flows into the valve operating
chamber 25 through the communicating pipe section 93.
Accoxdingly, there is a possibility that the pressure of the
lower decompressing chamber 82 is reduced, which is
communicated with the atmosphere connecting pipe section 58.
through the communicating passage 53c and the through-hole 94.
In the case where the pressure in the lowér decompressing
chamber 82 is reduced, the liquid level detecting diaphragm 60
is sucked downward and defokrmed a little, so that the'pres_sure
in the upper pressurizing chamber 81 is also reduced. Due to
the foregoing, the pressu;:e adjusting chamber 102 communicated
through the communicating hole 103 is decompressed. The minute
through-hoie 59a . formed on the damping diaphragm 59 covering
the pressﬁre adjusting chamber 102, however, has a diameter of which

is sufficiently smaller than that

of the communicating hole 103 formed in the va.lve seat 101.

Accordingly, the damping diaphragm 59 is resiliently deformed
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the datnospheric pressure connecting pipe section 58. Accordingly,
comuni cates with the atnospheric pressure
connecting pipe section 58. The third case 53 di sposed under the second

case.- 52 is provided with a pressure contr ol

| ower deconpressing chanber 82

t he

chanber 83 which is open upward

to the upper central portion. An upper deconpressing chanber 84 isol ated

by the bul khead 53a is provided under this pressure control "chanber 83.
Thi s upper deconpressi ng chanber 84 opens downward,

and the opening is

airtightly covered with-a valve driving di aphragm 70 di sposed between the
third and fourth cases 53, 54. A | ower deconpressing chanber 85, which is
I's provided at the center of the.upper surface of the fourth

open upward,
case 54. An opening of this |ower deconpressing chanber 85 is airtightly
covered with the valve ‘driving dlaphragn170 Consequently, the valve

driving di aphragm 70 :

: 38

downward by the action of deéomﬁréssion in the pressure
adjusting chamber 102. Due to the foregoing, a portion of the
damping diaphragm 59 where the through-hole 59a.is not formed,
closely comes into contact with an upper surface of the valve
seat 101, so that “an opening on the upper surface of the
communicating hole 103 is clased. As a result, air in the
pressure adjusting chamber 102 does not flow into the upper
pressurizing chamber 81 through the communicating hole 103.
Therefore, the liquid level detecting diaphragm 60 can be
prevented from being resiliently deformed downward. Due to the
foregoing, the plunger 65 can be pievented from moving downward
and coming into contact- with +the detecting valve 68.
Thexefore, the'valve body 24 of the -vacuum valve 15 can be
pfevented from re-opening the commuanatingfsggtion 28.

Second Embodiment

In the vacuum valve contrbl.deviqe of the first embodiment,
the needle valvé adjusts the amount of air by adjusting the gap
between the outer cylinder and the needle. The gap of the
needle valve that can provide an optimal opening time of the
vacuum valve is ektremely small. Therefore, if the vacuum
valve is.repeatedly operated for a long period of time, dust,
moisture and the like are introduced from outside, gradually
narrowing the small gap. As a result, the gap is varied so as
to increase the opening time, leaving the vacuum valve open in

the worst case.
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dirtightly isolates the upper pressurizing chamber 84 fromthe [err] -
23 - | ower deconpressing chanber 85. A suction chanber 86, which is

i solated fromthe | ower pressurizing chanber 85 by the bul khead 54a, is
formed at a | ower central portion of the fourth case 54. This suction
chanber 86 opens downward, and iits opening is covered with the | owernost
fifth case 55. This suction chanber 86 conmunicates with a conmmuni cati ng
pi pe section 93, which in turn comunicates with the val ve operating .
chanber 25 of the vacuum valve 15. A pressure adjusting chanber 102 which
opens upwatd .i s provided on an upper side surface of the first case 51.
Fig.' 4 is an enlarged sectional view of the pressure adjusting chanber 102.
An annul ar groove 111 is forned in the periphery of the

39
Accoxding to the seéond embodiment, a cylindrical elastic
body is used as the opening time adjusting valve instead of a
conventional gap adjusting needle valve, so that the sectional

area of the air hole that can provide a relatively large air

. e

passage can be made variable by compression. The other
elements are similaxr to those of the first embodiment.
: Therefore, even with a repeated operation of the vacuum valve
over a long period of time, dust, moisture and the like can
pass through the valve, so that the initially set opening time
of the vacuum valve can be.maintained stably over a long period
- of time.

An air release valve 74& which is an opening time adjusting
valve, is pravided on the upper chamber 83 of the third case
53. The air release valve .741 is designed so that the
atmosphere is gradually introduced'Qia an air hole 74A thereof
(Fig. 9). The air release valve 74 is formed of a thick,
cylindrical elastic body such as rubber oxr thermoplastic
elastomer. The inner diameter portion of the air release valve
74 constitutes the air hole 74A. An opening portion 74¢B of the
air hole 74A i; formed on an end of the thick-walled portion.
The sectional area of the air hole 74A can be varied by
adjusting the degree of compression axially applied to the air
hole 74A by an opening time adjusting screw 10?. The air
release valve 74Iis used in the foilowing way. When the vacuum
of the vacuum discharge pipe 14 is high, the opening time

adjusting screw 102' is loosened to increase the sectional area

e
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openi ng on the upper surface of the pressure adjusting chanber 102, wherein
an appropriate gap is fornmed between the annul ar groove 111 and the inner
circunferential surface of the opening. An annul ar support portion 112
protrudi ng upward is provi ded between the groove 111 and the inner
circunferential surface of the opening in such a manner that the annul ar
support portion 112 covers all the circunference of the opening. An outer
circunferential portion of the disk-shaped danpi ng di aphragm 59 is put on
and supported by the support portion 112. ‘An outer periphery of the danping
di aphragm 59°i s di sposed over the groove 111 while the remaining
circunf'erence is di sposed over support 112 and pressure adjusting chanber
102. The liquid level detecting pipe section 56 is disposed over the
pressure adjusting chanber 102. At one end of this liquid detecting pipe
section 56, 'a flange 56a is provided. This flange 56a is nounted on the
first case 51 in such a manner that the 40 ange 56a covers the opening on
the upper surfase wfe bhe PSRSIURCoACERISHLRYrehazReraldR. 74\ seuttast pag ti on
56b surrounding the annul ar groove 111 is forned in the flange 56a so that
an appropri at e eepisartige eHihedvrarReed veHeanche slecrpafed oAnSeteRnthe he

vacuum of the vacuum discharge pipe 14 is low, the opening time
adjusting screw 102'is tightened to decrease the sectional area
of the air hole 74Kﬁof the air release valve 74 so“Ehatlthe
opening time of the vacuum valve can be increased.

Third Embodiment -

A third embodiment of the present invention will be
explained as follows.

According to the third embodiment, an opening time
adjusting valve which is automatiéally conﬁrolled is provided.
The other elements are similar to' those of the first
embodiment. - .

(Example 1)

As éhown in Figs. 6A and 6B, a diaphragm 202 is attached to
the needle valve 74, which is balanced between the pushing
force of 2 spring 203 i : and the vacuum in the vacuum discharge
pipe 14 communicated with a passage 95, so that the needle
valve 74 is displaced to an appropriate position. When the
degree 6f vacuum in the vacuum discharge pipe 14 is high, Ehe
valve lift of the needle valve 74 is increased, and when the
degree of vacuum is low, the lift of the needle valve 74 is
decreased.

According to this first example, the followiﬁg mode of
operation can be provided. When the valve lift of the needle

valve 74, which is used as an opening time adjusting valve, is
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Upper ' surface of the danpi ng di aphragm 59. Accordi ngly, the danping
di aphragm 59 is opposed to the inside of the cutout portion 56b, and its
outer periphery is not fixed but it is sinply placed on the support portion
112. [err] - 24- The flexible hose 38 (shown in Figs. 2A and 2B) is
connected with the liquid I evel detecting pipe section 56, and the liquid.
| evel detecting pipe 37 dipped in the sewage of the sewage tank
comuni cates with the flexible hose 38. A valve seat 101 (shown in Fig. 4)
opposed to the end opening of the liquid|evel detecting pipe section 56 is
provided in the pressure adjusting chanber 102 in such a manner that the
val ve seat 101 protrudes to approach the liquid |evel -detecting pipe
section 56. A conmunicating hole 103 for comrunicating the pressure
adj usting

41

automgtically controlled in accordance with the wvacuum
transmitted from the vacuum discharge pipe 14, (a) the higher
the vacuum is, the larger the valve lift of the needle valve 74
is increased, so that the vacuum valve 15 is closed in a short
period of time, ahg*(b) the lower the vacuum is, the smaller
the valve 1ift of the needle valve 74 is decreased, so that the
vacuum valve is opened over a long period of time. Due to the
foregoing, an air/iiquid ratio in the pipe line can be
maintained in a predetermined range, and the vacuum type liguid
collecting/transporting apparatus can be stably operated.
(Example 2) ‘

The second example is disﬁinguished from the first example
in that a needle Va%ye 110 and a ﬁuckbill valve 120 are used as
opening time adjusting valves provided in the controller
section 27 as shown in Figs. 72-7C. The other elements are
similar to those of the first.example.

The needle wvalve 110 and the &uckbill valve - 120 are
provided in the passage 193 communicated with the inside and
outside of the upper chamber 83 (pressure control chamber) of
a tﬁird case 53. In this embodiment, the duckbill valve 120 is
provided in the passage 193 farther than the needle valve 110.
The duckbill valve 120 may, however, be provided in the passage
193 closer to the upper chamber 83 than the needle valve 110.

The needle valve 110 is adjusted so as to spirally move

back and forth with respect to the valve seat provided within
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«chanber

102 with the upper pressurizing chanber 81,

Is vertically provided

on the valve seat 101. The inner dianeter of this comunicating hole 103 is
fi xed. One through-hole 59a, the dianeter of which is mnute, is formed on
t he danpi ng di aphragm 59 so that the danping di aphragm 59 can not be
def ormed when the pressure in the |liquid detecting pipe section 56 is

gently increased. This [err]
| ocat ed outside of the end surface opening of the communicating hole

25 through-hole 59a is fornmed at a position

103.

‘The di ameter of this through-hole 59a is sufficiently smal | er than that of

the opening,of the liquid level detecting pipe section 56. In addition,

dianeter of the through-hole 59a is smaller
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the passage 193. The needle valve 110 is useﬁ'by appropriately
adjusting the gap with respect to the valve seat.

The duckbill valve 120 can adjust the valve lift with a
vacuum force in the upper chamber 83 being applied to the outer
surface of a bill Ifi thereof. When the wvacuum force is high,
the valve lift of the duckbill valve 120 is increased due to a
large pressure difference between the atmosphexric pressure
exerted upon the innex surféce of the bill 121 and the high
negativé pressure exerted upon the outer surface of the bill
121, and when the vacuum force is low, the valve lift of the
duckbill wvalve 120 is decreaseﬁ due to a small pressure
difference between the atmospheric pressuré exerted .upon the
inner surface.of the bill 121 and the low negative pressure
exerted upon the outer surface of the bill 121.

According to the second example, when the valve 1lift of the
duckbiilivalve 120, which is used as aﬁ opening time adjusting
valve, is automatically controlled in accorxdance with the.
vacuum force in the chamber 83, in other words, the vacuum
transmitted from the vacuumﬂaischafge pipe 14, (a) the higger
fhe vacuum is, the larger the valve lift of the duckbill valve
120 is increased, so that the vacuum valve 15 is closed in a
short period of time, and (b) the lower the vacuum is, the
smallex tﬁe valve lift of the duckbill valve 120 is decreased,
so that the vacuum valve is opened over a long period of time.

Due to the foregoing, an air/liquid ratio in the pipe.line can

t he
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‘than 't hat of the comrunicating hole 103 of the valve seat 101. Preferably,
a dianmeter of the through-hole 59a is determ ned in such a manner that area
of the through-hole is less than 1/8 of the cross-section of the
communi cating hole 103. That is, the dianmeter of the through-hole 59a may
be not nore than 0.4 [mm], and preferably the dianeter of the through-hole
59a may be -about 0.3 [nmj. If the pressure in the liquid |evel
detecting pipe section 56 is increased by a gradual increase of the |evel
of sewage flowing into the sewage tank 11, the aforenentioned danping
di aphragm 59 is _not resiliently defornmed since the pressure is released to
the preessure adjusting chanber 102 through the m nute through-hole 59a. On
the other hand, if the pressure in the pressure adjusting chanber 102 is
reduced, the danplng di aphragm 59 cones into contact with the upper surface
of the valve seat 101 43
be maintained in a predetermined range, and the vacuum type
liquid collecting apparatus can be stably operated.
(Example 3)

The third example is distinguished from the first example
in that both a needle valve 110 and a flexible conical orifice
! valve 130 are used as opening time adjusting valves provided in
the controller section 27 as shown in Figs. 8A-8C. The other
elements are similar to those of the first example.

The needle valve 110 and the orifice valve 130 are provided
in the passage 193 communicated with the inside and outside of
the upper chamber 83 (pressure control chamber) of the third
case 53. In this embodiment, the orifice valve 130 is provided
at an openiné\of the passage 193 to the chamber 83. . The
orifice valve 130 ﬁay, however, be provided in the passage 193
farther from the chamber 83 than the needle valve 110.

Similarly to the second embodiment, the needle valve 110 is
adjusted so as to spirally move back and forth with respect to
the valve seat provided in the passage 193. The needle valve
"110 is used by appropriately adjusting the gap with respect to
the valve seat.

The orifice valve 130 is formed of a flexible elastic body
such as rubber and elastomer, and is designed so that the valve
lift can be adjusted with a vacuum force in the chamber 83
appiied to the outer surface of the cone. When the wvacuum

force is high, the valve lift of the orifice valve 130 is

resiliently increased due to a large pressure difference
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ras ililustrated by a two-dotted chain line in Fig. 4, so that the
comuni cating hole 103 in the valve seat 101 is airtightly closed by a
portion of the danping diaphragm59. If the pressure in the pressure.
adj usting chanber 102 is increased, a gap is forned between the support
[err] 26 portion 112 and the outer periphery of the danping di aphragm 59
pl aced on the support portion 112. Therefore, the pressure in the pressure
adj usting chanber 102 is rel eased through the gap. Referring to Fig. 3, a
push button 64 for manually operating the-vacuum val ve control device 27 is
_provided in.the center of the upper
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between the atmospheric pressure exertéd upon the inner surface
of the cone and the high negative'pressure exerted upon the
outer surface of the cone, and when the vacuum force is low,
the valve lift of the orifice valve 130 is resilieﬁtly
decreased due to “A small pressure difference between the
atmospheric pressure exerted upon the inner surface of the cone
and the low negative pressure exerted upon the outer surface of
the cone.

According to third exqmple, when the wvalve lift of the
orifice valve 130, which is used as an opening time adjusting
valve, is automatically controlied in accordance with the
vacuum force in the chamber 83, in other words,for the vacuum’
trénsmitted ffom'the vacuum dischargé pipe 14, (a) the higher .
the vacuum is, the larger the valve lift of the orifice valve
130 is increased, so that the vacuum valve 15 is closed in a
short period of time, and (b). the lower the vacuum is, the
smaller the valve lift of the orifice valve 130 is decreased,
so that tﬁe vacuum valve is opened over a lbﬁg period of time.
Due to the foregoing, an air/liquid ratio in the pipe line can
be maintained in a predetermined range, and the vacuum type
liquid collecting apparatus can be stably operated.

Fourth Embodiment

In the vacuum valve control device of the invention, preferably a
resilient rolling diaphragm 31 is provided between the first
and second housings 21, 22. The valve operating chamber in the

housing is airtightly isolated by the rolling diaphragm. This
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'surfdce of the first case 51. This push button 64 is provided with a

pl unger 61 which penetrates a through-hole 51b fornmed in the center of the
upper surface of the first case 51. This plunger 61 is slidably supported
in the through-hole 51b. This plunger 61 is pushed upward by a pushing
spring 63, and covered with a resilient cover 62. . Wen this push button
64 is pressed, the plunger 61 is lowered to resist the pushing force of the
push spring 63, so that the center of the liquid | evel detecting diaphragm
60 i s pushed downward and is thereby resiliently defermed. The liquid

| evel detecting di aphragm 60 is di sposed between the upper pressurizing
chanber 81 i'n the first case 51 and the | ower deconpressing chanber 82 in
the second case 52. At the center of the liquid |evel detecting di aphragm
60, a plunger 65 is provided, which vertically penetrates the | ower
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rolling diaphragm is made of resilient rubber, and bent between
the outer circumferential surface of the plunger and the inner
circﬁmferential surface of the housing so that the rolling
diaphragm can be clgsely.brought into contact with the outer
circumferential éé;face of. the plunger and the inner
circumferential surface of the housing. In the case where the
... plunger is slid by the action of vacuum in the valve operating
chamber in the housing, the rolling diaphragm is deformed so
that the bent portion is moved in a sliding direction of the
plunger. As described above, while a volume in the valve
operating chamber is not changed, the plunger can be positively
slid by the action of the rolling diaphragm when vacuum is
activated.

Usually, a portion close to the bent portion of the rolling
diaphragm is not <closely contacted with the Jinner
circumferential suxface of the housing, but the portion is
contacted with the rolling diaphragm which is closely contacted
with the outer circumferential surface of the plunger. When
one portion of the rolling diaphragm is contacted with another

. portion with pressure as described above, there is a
possibility that the contacting portion is rubbed and worn away
in the case where the contacting portion is moved in accordance
with the sliding movement of the plunger. When'the rolling
diaphragm is worn away, there is a possibility that
airtightness of the rolling diaphragm is deteriorated. When

airtighthess of the rolling diaphragm isw.défefibrated;“
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» decompr essi ng chanber 82. Thi s plunger 65 penetrates the center of the
| oner surface 52a of the second case 52 disposed at.a | ower
| ower deconpressing chanber 82. The plunger 65 is disposed within the

chanber 83 forned in the third case 53. A push spring 66

I's engaged with the plunger 65 in a region between the | ower surface 52a

27 - the liquid | evel detecting diaphragm 60. The pl unger

detecting di aphragm 60-are pushed upward by the push

that has entered the

pressure contr ol

and [err]

and the liquid |evel
spring 66. An Oring 67 engaged with the plunger 65,
pressure -adjusti ng chanber 83, is attached onto a | ower surface of the

| ower surface portion 52a. By the action of this Oring, a boundary
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airtightness of the valve operating chamber can not be
maintained, and the plunger can not be driven even when the
valve operating chamber is put in a vacuum condition.

Therefore, in order to suppress the abrasion of the rolling

diaphragm, a method is put into practical use, in which a

‘surface of the rolling diaphragm is coated with lubricant_such

as silicon grease or silicon oil. Howevér, the coated
lubrican; permeates into the rolling diaphragm made of
resilient material, so that the effect of the lubxricant can not
be exerted over a long period of time. For this reason, the
rolling diaphragm must be replaced in a short period of time.

The plunger diéposed in the housing is connected with a
valve rod. This valve rod is inserted into a through-hole
formed in the housing. A valve body is attached to an epd of
the valve rod located outside of the housiﬁq. A shaft seal
comes into pressure contact with the valve rod so that the
valve rod can.slide in an airtight condition with respect to

the through-hole. This shaft seal is also made of resilient

substance such as rubber. Therefore, when the shaft seal

slides along the valve rod, it is worn away, and ai:fighgggss
is deteriorated with the lapse of time.

For this reason, a surface of the shaft seal is coated with
lubricant in the same manner as that of the rolling diaphragm.
However, the coatgd lubricant pefmeates into the shaft seal
made of resilient material. Accordingly, there is a

possibility that the shaft seal does not function in a short

position of the

65



‘ bet ween the plunger 65 and the pressure control chanber 83 is sealed. A
conmmuni cati ng passage 57a for communi cating the pressure control chanber 83
wi th the vacuum connecting pipe section 57 is provided in the third case 53
in which the pressure control chanmber 83 is provided. A vertica
communi cati ng passage 53b, the upper end of which communicates with the
vacuum connecti ng pi pe section 57, is provided in the third case 53. '
Further, this communicating passage 53b communi cates wi th the communicating
passage 54b vertically .penetrating the fourth case 54. This conmunicating
passage 54b. communi cates with a suction passage 87 horizontally provided in
the I owernost fifth case 55. An opening portion of the comrunicating
passage 57a, comuni cating Wwith the vacuum connecting pi pe section 57 in
the third case 53, is fornmed in the pressure control chanber- 83. This
openi ng portion is opened and cl osed by Ehe detecting val ve 68 disposed in
the pressure control chanber 83. In thi & enbodi nent, a snap-actien-valve is

used for the detgelidd tiabve H8ice Thte SRaPe aeah 0lsA (Gtd Ndntdes wiy eaf
spring comng into contact with the plunger 65 when the plunger 65 is
| ower ed; and sewage flowing in the communicating section, lubricant coated

on the surface of the shaft seal is xemoved by sewage.
Consequently, there is a possibility that the effect of
lubricant on the“shaft seal is exerted only in a shorter period
of time than that of the rolling diaphragm.

Accorxding to the fourth embodiment of the invention, the
rolling diaphragm 31 airtightly_i;olates the valve operatiﬁé
chamber 25 in tﬁ$ first housing 21 and the second housings 22.
When the valve oéerating chamber 25 located above the rolling
diaphragm 31 is put in a vacuum Eondition, the plunger 30 is
moved upward by the action of wvacuum. At this time, in
accordance with the movement of the plunger 30, the rolling

! diaphragm 31 is successively peeled off from the outer
circumferential surface of the plunger 30 with which the
rolling diaphragm 31 has come.into contact, and at the same
time the rolling diaphragm 31 successively comes into contact
with the inner circumferential surface of the second housing
22,

This rolling diaphragm 31 is made of rubber into which
lubricant such as éilicon 0il, silicon grease and DOP
(dioctylphthalate)' is .kneaded in the process of forming.
Therefore, the‘lubricant kneaded into rubber gradually oozes

' out from the surface. Accordingly, from the surface of the

rolling diaphragm 31, lubricant oozes out at all times.



i[err} 28 a tongue piece attached to an end of the leaf spring so that
the tongue piece can close an opening of the conmunicating passage 57a by

t he pushing force of this leaf spring. Wien the plunger 65 is | owered and
contacted with the | eaf spring, the tongue piece is noved upward so that

t he communi cati ng passage 57a can be opened. Due to the foregoing, the
pressure control chanber 83 is comunicated with the vacuum connecting pi pe
section 57 through the. comuni cating: passage 57a I.n the:third case 53 in.
whi ch the pressure cont kol chanber T
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Furthermoré, a shéft seal 3é=-;£r tightly coming into
pressure contact with the outerlcircumferential surface of the
valvé rod 29 is provided around the through-hole of the
bulkhead 2la through which the valve rod 29 is penetrated.. In
the same manner as“;hat of the shaft seal 32 described before,
this shaft seal 32 is made of rubber into which lubricant such
as silicon o0il, silicon grease and DOP (dioctylphthalate) is
kneaded in the process of forming. Therefore, the lubricant
kneaded into xrubber gradually oozes out from the surface.
Accordingly, from the surface of.the shaft seal 32, lubricant
oozes out at all times. The other elements are similar to
those of the first embodiment.

Due to the foregoing, the valve operating chamber 25 above
the rolling diaphragm 31 of the vacuum valve 15 is put in a
vacuum condition. When the atmosphere is introduced into a
lower portion of the rolling diaphragm 31 at this time, the
plunger 30 is slid upward resisting a force of the push spring
26. In accordance with this upward sliding motion of the
plunger 30, as illustrated in Fig. 2B, the bent portion of the
rolling diaphraéﬁ 31 is successively moved upward, and a
portion in which the rolling diaphragm 31 closely coming into
contact with the outer circumferential surface of the plunger
30. is successively peeled off from the upper portion, and at
the same time the rolling diaphragm 31 closely comes into
contact with the inner circumferential surface of the second

housing 22 upward. As described above, the wvalve operating
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+83 i3 provided, a comrunicating passage is forned, which conmunicates the
pressure control chanber 83 with the |ower deconpressing chanber 82 in the
second case 52 above the pressure control chanber 83, and a needl e val ve
74 is disposed in this passage. This needl e valve 74 adjusts the anmount of
air flowng into the pressure control chanber 83 when the atnosphere is

I ntroduced into the | ower deconpressing chanber 82. Consequently, a period
of time in which the atnosphere is -introduced into the pressure control
chanber 83 is adjusted by the needle valve 74. The pressure control chanber
83 is isolated fromthe upper deconpressing chanber 84 di sposed bel ow t he
pressure control chanber 83, by the bul khead 53a of the third case 53. At
the center of the bul khead 53a, a communicating hole 88 is vertlcally
forned mhlch comuni cates the pressure control
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chamber 25 above the rdlling diaphragm 30 maintains its
airtight condition while its volume is not changed, and is
guickly put in a vacuum condition.

At this time, in accordance with the ‘movement of the
plunger 30, the bént portion of the rolling diaphragm 31 is
changed. Since lubricant oozes out from the surface of the
rolling diaphragm 31 at all times, even if th? opposed bent
portions come into pressure contact with each other, the
abrasion of the bent portion can be suppressed. At the same
time, the abrasion of the rolling diaphragm 31 which comes into
contact with the outer circumferential surface of the plunger
30 and the innér circumferential surface of the second housing
22 can be preﬁented by the lubricant. Therefore, the xolling
diaphragm 31 cah be stably used over a long period of time.

When the plunger 30 is moved upward, the valve rod 29
connected with the plunger 30 is slid in an airtight condition
in which the valve rod 29 comes into pressure contact with the
shaft seal 32. Therefore, the valve body 24 connected with a =
lower end of the valve rod 29 is moved upward. As a result,
the communicating section 28 is put‘in an open condition.
Since the vacuum discharge pipe 14 is in a vacuum condition,

“the suction pipe 13 is also decompressed through the
communicating section 28, so thét sewage is sucked into the
suction pipe 13. Sewage sucked into the suction pipe 13 is
transported from fhe communicéting section 28 to the vacuum
discharge section 14, and collected into the collection tank.
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‘chanber 83 with the upper deconpressing chanber 84. In the [err] 29
upper deconpressi ng chanber 84, a push spring 69 is . provided, which presses
downward the val ve driving diaphragm70 for separating the upper
deconpressi ng chanber 84 fromthe | ower pressurizing chanber 85 dlsposed
bel ow t he upper deconpressi ng chanber 84. A rod-shaped changeover val ve
71 vertically penetrating the | ower pressurizing chanber 85 is attached at
the center of the | ower surface of the valve driving di aphragm 70. Bul khead
54a isolates the | ower pressurizing chanbéer 85

50 ' :

_ Lubricant oozes out at all times from the surface of the
shaft seal 32 which comes into pressure contact witﬂ the valve
rod 29 in an airtight condition. Therefore, abrasion of the
shaft seal 32 can be suppressed when the valve rod 29 slides on
the shaft seal 32. B

When sewage is discharged into the sewage tank 11 as
described above, pressure in the liquid level detectihg pipe 37
is reduced. Due to the foregoing, pressure in the vacuum valve
control device 27 is lowered, and the atmosphere is introduced
into the vacuum valve control device 27 through the atmosphere
communicating pipe 43 and hose‘44. The atﬁosphere introduced
into the vacuum valve control device 27 is introduced into the
valve operating chémber 25 through the communicating port 93,
so that the vacuum condition in the valve operating chamber 25
is canceled. Due to the foregoing, the plunger 30 of the
vacuum valve 15 is moved downward by a force of the push spring
26, and the valve rod 29 élides while the shaft seal 32 comes
into pressure contact with the*valve rod 29 under an air tight
condition. In this wéy, the wvalve body 24 closes the
communicating section 28.

At this time, a portion of the folling diaphragm 31 which
closely comes into contact with the inner eircumferential
surface of the second housing 22, is successively peeled off
from the upper pqrtion, so that.thé bent portion is moved

downward, and the rolling diaphragm 31 successively comes into
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‘fromthe suction chanber 86, both of which are respectively provided in the
fourth case 54. The changeover valve 71 penetrates a .through-hole forned
in this bul khead 54a in the fourth case 54, wherein a gap is forned between
t he changeover valve 71 and the through-hole formed in this bul khead 54a. A
val ve body 7l1a is attached to a | ower end of the changeover valve 71 which
I s disposed in the suction chanber 86. A valve seat 72 is provided in the
t hrough- hol e of the bul khead 54a t hrough which the changeover valve 71 is
penetrated, and the valve body 71a engages with the valve seat 72 so as to
cl ose the through-hol e when the val ve body 71a is noved upward. In
bul khéad 55a di sposed in a | ower portion of the suction chanber 86 in the
fifth case 55, a through-hole is fornmed, which communi cates the suction
chanmber 86 with the suction passage 87 horizontally provi ded- bel ow t he
suction chanmber 86.. In this through-hsie,

contact with the outer circumferentiai surface of the plunger
30 from the lower side to the upper side.

Since lubricant oozes out from the surfaces of the shaft
seal 32 and the rblling diaphragm 31 in this case, abrasion on
the surfaces can be” prevented.

Fifth Embodiment

Furtherxmore, as illustrated in Figs. 2aA, 2B, 10A and 10B,
the vacuum valve 15 includes a roliing diaphragm 31 made of
rubber-like xresilient substance such as natural rubber and
elastomer which is providéd between the valve operating chamber
25 and the plunger 30. As illustrated in Fig. 10A, the rolling
diaphragm 31 is formed into a cylindrical shape having a
bottom, and ifs. opening flange poxrtion 31A is interposed
between the connecting portions of both housings 21, 22, and
its b;ttom portion 31B is fixed to the plunger 30. One end
portion of the xolling diaphragm 31 is capable of coming into
pressure contact with the inner surface of the housing 22
composing thé valve operating chamber 25, and the other end
portion is cap;ble of coming into pressure contact with the
outer surface of the plunger 30. - )

Due to the consttuction described above, when the plunger
30 is vertically moved under the balance of the spring force of
the spring 26 and the vacuum applied to the valve operating
' chamber 25 so that the valve body é4 is opened and éldsed, one

end portion of the rolling diaphragm 31.comes into pressure

_contact with the inner surface of the housing 22 composing the
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@a valve seat 73 is provided, with which the valve body 71la is [err] 30
engaged so as to close the through-hole when the valve body 7l1a is | owered.
In the fourth case 54 in which the 1ower pressurizing chanber 85 is

provi ded, a conmmuni cati ng passage 54c, one end of which conmmuni cat es
with the | ower pressurizing chanber 85, isn-forned. The other end of this
conmmuni cati ng passage 54c ccmmuni cates with the lower end of a

comuni cati ng passage 92 vertically provided in the third case 53 di sposed
abo%e the fourth case 54. The upper end of ‘this communi cating passage 92
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valve operating chamber 25, and under the condition that an
intermediate portion of the rolling diaphragm 31 is folded
back, the other end portion comes into pressure contact with
the outer surface of the plunger 30. Under the aforementioned
condition, the roiiing diaphragm 31 4is vertically moved
together with the plunger 30. At this time, the rolling
diaphragm 31 is moved as if the intermediate folded portion
between one end and the other end were rolled.

However, in this embodiment, under a free condition of the
rolling diaphragm 31 before it is assembled, one end portion
capable.of coming into piessure céntact with the inner surféce
of the housing 22 composing the valve operating chamber 25 is
made to be a iarge diameter portion_32A, and the other end
portion capable of coming into pressure contact with the outer
surface of the plungér 30 is made to ‘be a small diameter
portion 32B, and the intermediate portion between 32A and 32B
is made to-fe a tapered portion 32C. Due to the foregoing, as
described later in detail, the bent inside surfaces of the
intermediate folded portion are prevented from coming into

= contact with each other, so that the abrasion caused wheﬁ the
surfaces are rubbed can be prevented.

According to the above mentioned fifth embodiment, in a
free condition before the assembly of the rolling diaphragm 31,
one end portion is made to be a large diameter port16;=32A, and
the qther end poréion is made to be a small diameter portion,

and the intermediate portion is made to be a tapered portion

——————————
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‘commini cat es

connecting pi pe section 58,

wi th the atnospheric pressure connecting pipe section 58.
Accordi ngly, when the atnosphere is introduced to the atnobspheric pressure

t he atnosphere is introduced into the | ower
pressuri zi ng chanber 85 through the conmunicati ng passages 92 and 54c.
vacuum val ve 15 having the construction described- above operates as

The

foll ows. The vacoum connecting pi pe section 57 in the vacuum val ve control

devi ce 27

conmuni cat es

wi th the vacuum di scharge pipe. 14. Therefore, the

i nside of the vacuum connecting pipe section 57 is maintained in a vacuum
condi t.ion. Wen an anount of sewage in the sewage tank 11 is gradually

I ncreased and the pressure in the liquid | evel detecting pipe 37, the
end of which is dipped in the sewage,
af orenenti oned condi ti on,

section 56 of the 53

32C. Accordingly, the bent inside surf;ces of the intermediate
folded portion are prevented from comiﬁg into contact with each
other when the vacuum valve is used, so that the abrasion
caused when the surfaces are rubbed can be prevented.
Furthexmore, eﬁg; when the valve 15 is repeatedly opened
and closed, abrasion of the £blling diaphragm 31 is not caused,
so that the opening and closing stability of the valve 15 can
be maintained over a long period of time. Moreover, a
replacing period of the rolling diaphragm 31 can be extended,
and the labor réquifed for maintenance can be greatly reduced.
In the vacuum valve 15 described above, in the case where
the housing 22 is assembled under the condition that the
rolling diaphrégm 31 is attached to the p{unger 30, it is
necessary to coat a iubricant on the rolling diaphragm 31 for
making the assembl& work easy, because'thezsliding resistance
of the <rubber-like resilient. body composing the rolling
diaphragm 31 is high. Instead of coating the rolling diaphfagm
31 with lubricant, a lubricant such as silicon oil may be
previously kneaded into the rolling diaphragm in the process of
forming, and the rubber-like resilient body from which the
lubricant bleeds out may be used for the rolling diaphragm 31.
As describgd'in the above embodiments, in the vacuum valve
control device of the preseﬁt invention, resilient deformation
of the liquid level detecting diaﬁhragm is quickly canceled.

Therefore, it is possible to quickly return the vacuum valve

is gradual ly increased under the
the pressure in the liquid | evel detecting pipe’

| ower
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‘vacutim val ve control device 27 communicating with the liwgid | eve
detecting pipe 37 through the flexible hose 38,-is [err] - 31 gradually
increased. Due to the foregoing, the pressure in the pressure adjusting
chanber 102 is gradually increased through the m nute through-hole 59a
formed on the danpi ng di aphragm 59 covering the opening of the liquid |evel
detecting pipe section 56. At this tinme, the danping diaphragm59 is not
resiliently deformed, so that the communicating hole 103 of the val ve seat
101 is not cl osed. Accordi ngly, when the pressure in the pressure
adj-usting chanber 102 is gradually increased, the

54 :

from an open condition to a ciosed condition, and the smooth
operation of the entire system can be guaranteed.
Furthermore, according to the present invention, the vacuum
valve can be opened at an. appropriate opening time in
accordance with vabﬂhm pressure in the vacuum discharge pipe,
~and a ratio of air to liquid in the pipe line can be maintained
in a predetermined range. Therefore, the vacuum type liquid
collecting/transporting apparatus can be stably operated.
Moreover, according to the present invention, in the vacuum
valve, the valve opening and closing stability can be
maintained ovef a long period of éime, and the labor necessary

for maintenance can be greatly reduced.

The invention accoxding to a prefered aspect provides a vacuum
valve 15 includes: a pressure control chamber 83 for giving a
vacuum' force to a valve body 71 capable of connecting a valve
operating chamber 25 with a vacuum passage; a detecting valve
68 capable of introducing a vacuum force into the pressure
control chamber 83; a plunger 65 directly driven by a liguid
detecting diaphraam 60, ‘wherein the plungexr 65 drives the
detecting valve 68; and an opening time adjusting valve 74
which is opened so that the vacuum introduced into the pressure
control chamber 83 can be released, wherein the opening time is
automatically controlled by the vacuum in the vacuum discharge
pipe 14. Furthermore, when the inside of a -liquid level
detecting pipe section 56 is quickly decompressed, pressure in
a pressure adjusting chamber 102 is quickly released through a
gap formed between a damping diaphragm 59 and supporting
section 112, The pressure adjusting chamber 102 is
communicated with_an ﬁppér éressurizing chémbef 81 through a
communicating hole 103.° Therefore, when the pressure adjusting
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‘pressure in the upper pressurizing chanber 81, which communicates with the
pressure adjusting chanber 102 through the comuni cating hole 103 of the
val ve seat 101, is gradually increased. Wen the pressure in the upper
pressuri zing chanber 81 is gradually increased, the liquid | evel detecting
di aphragm 60 is gradually deformed downward in the manner of resilience.
The | ower deconpressing chanber 82 di sposed below the liquid |level detecti
di aphragm 60 conmuni cat es - W th the atnospheric pressure connecting
pi pe -section 58 through the through-hol-e 94 and the commini cating passage
53c. Further this atnospheric pressure connecting pipe section 58 is
comuni cated with the atnosphere comuni cating pi pe 43 through the flexible
hose 44. Therefore, when the liquid |level detecting diaphragm60 is
gradual |y defornmed downward in the nma r of resilience, air.in

chamber 102 is quickly decompressed, the upper pressurizing

chamber 81 is also quickly decompressed. Due to the foregoing,
resilient deformation of a liquid level detecting diaphragm 60
is quickly cancelled, and the pushing action conducted by a
plunger 65 on a detecting valve 68 is released.



~

t he | bwer deconpressing chanber 82 is discharged. Due to the foregoing,
the plunger 65 attached to the liquid I|evel detecting diaphragm 60
is nmoved downward. [err] 32 When the plunger 65 is noved downward, the
detecting valve 68 provided in the pressure control chanber 83 is pushed by
t he plunger 65, so that an:opening of the comruni cating passage 57a | ocated
In the pressure control chanbter 83 is opened. Due to the foregoing, the
pressure control chanber. 83 is put -in & vacuum condition through the
comuni cati ng passage 57a which has been"put i'n" a 'vacuum condi ti on. Wen
the pressure control :

ﬂmSMﬂHmB&mRﬂ

(]

1. A vacuum valve control device (27) for controlling opening

and closing operations of a vacuum valve (15) which opens

and closes by vacuum a pipe-shaped connecting section (28)

. for connecting a vacuum discharge pipe (14) in a vacuum
. condition with a suction pipe (13) for sucking.liquid from
a tank (11), said vacuum valve " control device (27)

comprising:
a liquid level detecting pipe (36), inside pressure of
which fluctuates in accordance with ‘a liquid level in the
tank (11);

a pressure adjusting chamber (102) communicated with said

liquid level detecting pipe (56);

a liquid level detecting diaphragm (60) resiliently
deformed when the pressure in said pressure adjusting
chamber (102) is activated on said diaphragm (60) through a
communicating hole (103); ‘

a changeover valve (71) changed over by'an action of vacuum
so as to selectively supply vacuum Or atmbsphere to said

-vacuum valve (15);

a detection valve (68) for controlling supply and stop of
vacuum to said changeover valve (71); and

a piunger (65)for changing over said detection wvalve (68)
being driven by the resilient deformation of said liquid

level detecting diaphragm (60);

CHARACTERIZED IN THAT

[ THIS SHEET 1S BEEN
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chambetr 83 is

chanber 85 is

put in a vacuum condition, the upper deconpressing
chanber 84 di sposed bel ow the bul khead 53a is also put in a vacuum .
condition through the comunicating hole 88 forned in the bul khead 53a. The
| ower pressurizing chanber 85 di sposed bel ow t he upper deconpressing
chanber 84 through the valve driving diaphragm 70 conmmuni cat es
t he atnmospheric pressure connecting pipe section 58 through the
conmmuni cating passages :-54c and .92,. so that the |ower pressurizing
open to the atnosphere. AccordingLyf_mLheayaLMe__ﬁ__

wi th

driving di aphragm 70 is resiliently deformed upward re5|st|n h push
spring 69 when the pressure in the upper deconpreSS|ng h“ﬁ
reduced. \Wen the valve driving diaphragm 70 is resilien

upward, the changeover valve 71 attached to this valve d gn170

i's nmoved upwar d,

so that the val ve body 71a

57

a damping diaphragm (59)is disposed between said 1liquid
level detecting pipe section (56) and said pressure
adjusting chamber (102), and said damping diaphragm (59)
has at least one small through;hole {59a) so that said
danping diaphragm (59) is not resiliently deformed when the
pressure in said liguid level detecting pipe section (56)
is gradually increased, said damping diaphragm (102) being
resiliently deformed by the decompression of the presser
adjusting chamber (102) so that a communicating hole (103)
formed between said pressure adjusting chamber (102) and
said liquid level detecting diaphragm (60) is closed, said
damping diaphragm (102) being capable of releasing the
pressure from its peripheral portion into the liquid level
detecting pipe (56) when the pressure in the pressure
adjusting chamber (102) is quickly increased.

A vacuum valve control device as claimed in claim 1,

CHARACTERIZED IN THAT

a diameter of said through-hole (59%a) is determined in such
a manner that area of said throuéh—hole ig less than 1/8 of
said cross-section of the communicating hole (103).

A vacuum valve control device (27) especially according to
any one of the preceding claims, for. controlling opening
and closing operations of a vacuum valve (15) which opens
and closes a communicating section (28) between a suction
pipe (13) communicated with a tank (11), and a vacuum
discharge pipe (14) communicated with a vacuum source, said

vacuum valve (15) comprising:

a valve body (24) for ©opening and closing said

communicating section (28);

* c L L} S *
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‘attached to a | ower end of the changeover valve 71 opens the valve seat 73
provided in a |lower portion of the suction chanber 86, and at the sane tine
the val ve body 71a closes the valve seat 72 provided in an upper portion of
the suction [err] 33 chanber 86. Under the condition described above,

t he suction chanber 86 conmunicates with the suction passage 87 through
the I ower valve seat 73, and the suction chanber 86 is put -in a vacuum
condition heing affected by the vacuum-condition in the suction passage 87
comuni cated with the vacuum connecting pi'pe section 57 through the

communi cati ng passages 54b and 53b. -
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a valve operating chamber (25) for accommodating a plunger
(30) connected with said valve body (24);

a closing force giving means (26) for giving a closing
force to said valve body (24) accommodated in said valve

operating chamber (25); and

a controller (27) for giving an opening force to said valve
body (24) by impressing a vacuum upon said valve operating
chamber (25), said vacuum valve control device comprising:

a changeover valve (71)being capable of changing over
between a vacuum passage (57;53b;54b,87) and an atmospheric
passage (58;92;54c) in the valve operation chamber (25);

a liquid level detecting diaphragm (60) operated responding
to a liquid level in a tank (11);

a pressure control chamber (83) for giving a wvacuum force
to said changeover valve (71) so that the vacuum passage is
connected with the valve operating chamber (25); ) )

a detecting valve (68) provided. in said pressure control
chamber (83), said detecting valve (68) being capable of
introducing a vacuum force into said pressure control
chamber (83);

a plunger (65) directly driven by said 1liquid level
detecting diaphragm (60), said plunger (65) being inserted
into said pressure control chamber (83) so as to drive said

detecting valve (68); and

.
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The cbmmuni cating pi pe section 93 comunicated with this suction chanber 86
Is also put in a vacuumcondition. Due to the foregoing, .the valve
operating chanber 25 of the vacuum valve 15 comrunicated with the

comuni cating pipe section 93 is put in a vacuum condition. Wen the val ve
operating chanber 25 in the vacuumvalve 15 is put in a vacuum condition,
the plunger 30 is pulled up to resist-.the pushing force of the push spring
26. Therefore, the valve body 24 connected with this -plunger 30 through.
the valve rod 29 is noved upward. As a result, the comunjcating section

28 is put im an open condition, and the vacuum di schar§és s Bepn Replackdhe
suction pipe 13 comuni cate wth each other through t g
section 28, and sewage in the sewage tank 11 is sucked int

pi pe 13 by phe action of vacuumin the vacuum di scharge pipe 14. Sewage in

59

an opening time adjhsting valve (74;74’)for releasing a
vacuum force introduced into said pressure control chamber
(83);

CHARACTERIZED IN THAT

said opeﬁing time adjusting valve (74') has an air hole for
releasing the vacuum, and being compressively deformed to
change the sectional area of said air hole so that an
opening time of said vacuum valve can be controlled.

4. A vacuum valve control device as claimed in claim 3,

CHARACTERIZED IN THAT

said opening time adjusting wvalve is formed of a
cylindrical elastic body.

5. A vacuum valve control device (27) especially according to
any one of the preceding claims, for controlling opening
and closing operations of a vacuum valve (15) which opens
and closes a communicating section (28) between a suction

- pipe (13) communicated with a tank (11), and a vacuum
discharge pipe (14) communicated with a wvacuum source, said

vacuum valve (15) comprising:

a valve Dbody (24) for opening and closing said
communicating section (28);

a valve operating chamber (25) for accommodating a plunger
{30) connected with said valve body (24);

a closing force giving means (26) for giving a closing

force to said valve body (24) accommodated in said valve
operating chamber (25); and

* c L M S * :
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the s'ewage tank 11 is sucked into the suction pipe 13 in a brief period,
and further sucked into the vacuum di scharge pipe 14 through the
comuni cating section 28. After that, sewage is collected to the sewage
col l ection tank through the vacuum pi pe which has been put in a vacuum
condition. [err] 34 \Wen sewage in the sewage tank 11 is discharged in a
nonent, pressure in the liquid | evel detecting pipe 37 is quickly | owered,
and pressure in the liquid | evel detect.ing pipe section 56 is also quickly .
| owered. ‘-Due to the foregoing, the danpi ng di aphragm 59—in-the pressure
adj usting chanber 102
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a controller (2?) for giving an opening force to said valve
body by impressing a vacuum upon said valve operating
chamber (25), said vacuum valve control device comprising:

a changeover valve (71) being capable of changing over
between & vacuum passage and an atmospheric passage in the

valve operation chamber (25);

a liguid level detecting diaphragm (60) operated respondlng
to a liquid level in a tank (11);

a pressure control chamber (83) for giving a vacuum force
to said changeover valve (71) so that the vacuum passage is
connected with the valve operating chamber (25);

a detecting valve (68) provided in said pressure control

chamber (83), said detecting wvalve (68) being chpable of

introducing a wvacuum force into said pressure control
P chamber (83);

a plunger (65) directly driven by said 1liquid level
detecting diaphragm (60), said plunger (65) being inserted-
into said pressure control chamber (83) so as to drive said
detecting valve (68); and .

an opening time adjusting valve (74) for releasing a vacuum
force introduced into said pressure control chamber (83);

CHARACTERIZED IN THAT
the opening time of said opening time adjusting valve (74)

being automatically controlled in accordance with a degree

of vacuum in said vacuum discharge pipe.

RRRR OO0 ARV | e
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is stcked toward the liquid | evel detecting pipe section 56. Since the
outer periphery of the danping di aphragm59 is not fixed to the support
portion 112 di sposed around the pressure adjusting chanmber 102 but the

out er periphery of the danping diaphragm 59 is placed and supported by the
support portion 112, a gap is fornmed between this support portion 112 and
the danpi ng di aphragm 59, and pressure in the pressure adjusting chanber
102 is quickly released to the liquid |evel detecting pipe sectlon 56.
Since the pressure adjusting chamber 102- - comunic upper
pressurizing chanmber 81 through' the comunicating 4 |Sﬁee€-ﬁ§,Beé¥il{eph&dt he
upper pressurizing chanber 81 is also quickly discharge ui d

| evel detecting pipe section 56 through the pressure ad EM\LM“ m'Hm 102.
Due to the foregoing, the liquid | evel detecting diaphr

61

6. A vacuum valve control device as claimed in claim 5,
CHARACTERIZED IN THAT

said opening time adjusting valve (74) comprises a needle
valve (110) with a diaphragm provided in a passage
communicated with the inside and outside of said pressure
control chamber (83), a wvalve lift of said needle wvalve
(110) being adjustable by applying vacuum pressure from
said vacuum discharge pipe to said diaphragm, the valve
lift. of said needle valve being increased when the vacuum
pressure is high, and the valve lift of said needle valve
being decreased when the vacuum pressure is low.

7. A vacuum valve control device as claimed in claim 5 or 6,
CHARACTERIZED IN THAT

said opening time adjusting valve (74} comprises a duckbill

valve (120) provided in a passage communicated with the

inside and outside of said pressure control chamber, a

valve lift of said duckbill valve (120) being adjustable by

applying vacuum pressure from a side of said pressure

~control chamber to a bill (121) outer surface of said

N duckbill valve (120), the valve lift of said duckbill valve

(120) being increased when the vacuum pressure is high, and

the valve lift of said duckbill valve (120) being- decreased
when the vacuum pressure is low.

8. A vacuum valve control device as claimed in claim 5 or 6,
CHARACTERIZED IN THAT

said opening time adjusting valve (74) comprises an orifice
valve (130) provided in a passage communicated with the

e ——
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that has been resiliently deforned downward is returned to its initial
condition. Since the | ower deconpressing chanber 82 di sposed bel ow t he
liquid | evel detecting diaphragm 60 is open to the atnosphere through the
| ong atnosphere conmmunicating pipe 43, the atnosphere does not flow
into the | ower deconpressing chanber [err] 35 82 through the atnosphere
communi cating pi pe 43. However, air in the upper pressurizing chanber 81
di.sposed above the liquid | evel detecting diaphragm 59 quickly flows out to

the liquid |level detecting pipe section 56 through the—danrptrg—di-aphragm

This Sheet Has Been Replaced
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inside and outside of said pressure contrel chamber (83), a
valve lift of said orifice valve (130) being adjustable by
applying vacuum pressure from a side of said pressure
control chamber (83) to an outer surface of said orifice
valve (130), the valve 1lift of said orifice valve being
increased when the vacuum pressure is high, and the valve
lift of said orifice wvalve being decreased when the véﬁuum

pressure is low.

9. A vacuum valve (15) especially for use with a vacuum valve
control device of any one of ‘the preceding claims

comprising:

a housing (22,23) having a valve operating chamber (25)-in
which vacuum is activated;

a plunger (30) slidably provided in said housing (22,23);
and ' '

a rolling (31) diaphragm provided between an outer
circumferential surfacejbf said plunger (30) and an inner
circumferential surface of said housing (22) so that said
valve operating chamber (25) in’  said housing can be
isolated in an airtight condition, said rolling diaphragm
(31) being resilient, so that it cdn be defoxrmed in
accordance with the movement of said plunger (30),

CHARACTERIZED IN THAT
said rolling diaphragm (31) contains a Jlubricant so that
said lubricant can ooze out from the surface of said

rolling diaphragm.

- 10. A vacuum valve as claimed in claim 9,

* c L L] S * .
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60 whén the pressure in the liquid | evel detecting pipe section 56 is
qui ckly reduced. Therefore, the liquid | evel detecting di aphragm 60 that
has been resiliently defornmed is quickly and snoothly returned to its
initial condition. After the resilient deformation of the liquid |evel
detecting di aphragm 60 has been quickly canceled by the action of air
flowing out fromthe periphery of the danping diaphragm 59, the plunger 65
attached to the lower surface of the liquid | evel detecting di aphragm60 is
nmoved upwar d. Then " the detecting valve ‘68 pushed by the pluriger 65
returns to its initial condition, and the detecting wvatve 68 cl0ses The
communi cating passage S7a conmunicating with the vag @twgﬁ&d

pi pe section 57. Due to the foregoing, the connu i on
bet ween the pressure control chanber 83 and t he vacuunlc%"“‘ “
section 57 in a vacuum condition

63
CHARACTERIZED IN THAT

said rolling diaphragm (31) is made of rubber into which
lubricant - one of silicon o0il, silicon grease and DOP
(dioctylphthalate) is kneaded in the process of forming,
whereby the lubricant kneaded into rubber gradually oozes

out from the surface at all times.

11. A vacuum valve (15) especially according to claim 9 or 10
and preferably for use with a vacuum valve control device

according to any one of claims 1 to 8 comprising: -

a housing (22,23) having a valve operating chamber (25) in
which vacuum is activated;

a plunger (30) slidably provided in said housing (22);

a valve rod’ (29}, one end of which is connected with said
plunger (30), and the other end of which is positioned
outside said housing (22,23} so that said valve rod (29)
penetrates said housing, said end of said valve rod (29)
positioned outside said housing being..connected with a
valve body (24); and

a resilient shaft seal (32) coming into pressure contact
with said valve rod (29) so that a boundary between said
housing (22,23) and said valve rod (29) can be airtightly

sealed,
CHARACTERIZED IN THAT

said shaft seal (32) contains a lubricant so that said
lubricant can ooze out from the surface of said shaft seal
(32).
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“is shut off. At this time, the pressure control chanber 83 is in a vacuum
condition. However, this vacuum condition can be canceled after a
small tinme |ag when the atnosphere flowing into the | ower deconpressing
chanber 82 fromthe atnosphere connecting pipe section 58 through the
communi cati ng passage [err] 36 53c and through-hole 94, gradually flows
into the pressure control chanber 83 through the needle valve 74. Wen the
vacuum condition of the pressure control chanber 83 is cancel ed, the vacuum
condition of the upper deconpressing ' —
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12. A vacuum valve as claimed in claim 11,

CHARACTERIZED IN THAT

said shaft seal (32) is made of rubber into which lubricant
one of silicon oil,’ silicon grease and Dop
(dioctylphthalate) is kneaded in the process of forming,
whereby the lubricant kneaded into rubber gradually oozes
out from the surface at all times.

13. A vacuum valve especially according to any one of claims 9
to 12 and preferably for use with a wvacuum valve control
device according to any one of claims 1 to 8, for opening
and closing a communicating section (28) between a suction
pipe (13) communicated with a tank (11), and a vacuum
discharge pipe (14) communicated with a vacuum source, said
vacuum valve (15) comprising:

a valve body - (24) for opening and closing said
communicating section (28);

a plunger (30) connected with said valve body (24);

a valve operating chamber (25) for accommodating said

plunger (30); -

a rolling diaphragm (31) provided between said valve
operating chamber (25) and said plunger (30),

in which one end of said rolling diaphragm (31) comes into
pressure contact with an inner surface (22) of said valve
operating chamber (25), and the other end comes into
pressure contact with an outer surface of said plunger
(30);
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‘chanber 84 communicating with the pressure control chanber 83 through the
comuni cating hole 88 is al so cancel ed, and the val ve driving di aphragm 70
i s pushed downward by the push spring 69, so that the upward resilient

def ormati on of the valve driving diaphragm 70 is cancel ed. Due to the
foregoi ng, the changeover valve 71 attached to the valve driving di aphragm
70 i s noved downward, and the val ve body 71a attached to the | ower end
opens the valve seat 72 on the upper side, and at the same tinme, closes the
~valve seat 73 on the [ower side. As a resuTt; t he conmuni cati ng pi pe
section 93 which already communi cates with the val ve operating chanber 25
of the- vacuum val ve 15 comuni cates with the atnosphere connecting pipe
section 58 through the suction chanber 86, the | ower pressurizing chanber
85 di sposed above the suction chanber, and the communi cating passages 54a
and 92: Therefore, the atnosphere in the

} 65

a closing force giving means (26) for giving a closing
force to said valve body (24), said closing force giving
means (26) being provided in said valve operating chamber
(25); and | )

a controller (27) for giving an opening force to said valve
body (24) by impressing a vacuum upon said valve operating
chamber (25),

CHARACTERIZED IN THAT

said xolling diaphragm (31) includes a large diameter
section (32A) formed at one end capable of coming into
pressure contact with the inner surface (22) of said valve
operating chambex (25) in a free condition before assembly,
a small diameter section (32B) formed at the other end
capable of coming into pressure contact with the outer
surface of said plunger (30), and a tapered section (32C)
formed in the middle between these large and small diameter

sections.
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<at mospher e connecting pipe section 58 is introduced into the communicating
pi pe section 93. Due to the foregoing, the vacuumcondition in the valve
operating chanber 25 of the vacuum valve 15 is cancel ed, and the plunger 30
of the vacuumvalve 15 is noved downward by the pushing force of the push
spring 26, so that the valve body 24 closes the comunicating section 28.
[err] 37 The vacuum condition of the dW i Has Been®elacpe section 93
camuni c. ating with the val ve operating cj ncel ed by the

at nosphere introduced into the | ower pres ' r

66

ABSTRACT

A vacuum valve (15) includes: a pressure control chamber (83)
for giving a vacuum force to a valve body (71) capable of
connecting a valve operating chamber (25) with a vacuum
passage; a detecting valve (68) capable of introducing a vacuum
force into the pressure control chamber (83); a plunger (65)
directly driven by a liquid detecting diaphragm (60), wherein
the plunger (65) drives the detecting walve (68); and an
opening time adjusting valve (74) which is opened so that the
vacuum introduced into the pressure control chamber (83) can be
released, wherein the opening time is automatically controlled
by the vacuum in the vacuum discharge pipe (14). Furthermore,
when the inside of a liquid level detecting pipe section (56)
is quickly decompressed, pressure in a pressure adjusting
chamber (102) is quickly released through a gap formed between
a damping diaphragm (59) and supporting section (112). The
pressure adjusting chamber (102) is communicated with an upper
pressurizing chamber (81) through a communicating hole (103).
Therefore, when the pressure adjusting chamber (102) is quickly
decompressed, the upper pressurizing chamber (81) is also
quickly decompressed. Due to the foregoing, resilient
deformation of a liquid level detecting diaphragm (60) is
quickly cancelled, and the pushing action conducted by a
plunger (65) on a detecting valve (68) is released.
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88 from the atnosphere sgonnecting pipe section 58 through the comunicating

passage 92. The at nosphere connecting pipe section 58 is al so connected
with the | ower deconpressing section 82 through the comunicating passage
53c extending upward and the through-hole 94. As the volunme of the

val ve operating chanber 25 of the vacugpQalve 15 is large, a |arge anount
of at nosphere flows into the valve operating chanber 25 through the
communi cati‘ng pipe section 93. Accordingly, there is a possibility that
the pressure of the |lower deconpressing chanber 82 is reduced, which
communi cates wth the atnosphere connecting pipe section 58 through the
communi cati ng passage 53c and the through-hole 94. In the case where the
pressure in the | ower deconpressing chanber 82 is reduced, the liquid |evel
detecting di aphragm 60 i s sucked do e angydeforned a little, so that
the pressure W?u;?[;' (?
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in the upper pressurizi.ng chanber 81 is also reduced. Due to the f or egoi ng,
the pressure adjusting thanmber 102 communi cating through the communicating
hole 103 is deconpressed. Though a ninute through-hole 59a fornmed on the
danpi ng di aphragm 59 covering the pressure adjusting chamber 102,

has a dianeter of which is sufficientlysaller than that of the

comuni cating hole 103 forned in the valve seat 101. Accordingly, the
‘danpi fig di aphragm 59 is resiliently deforned [err] 38 downward by the
action of deconpression in the pressure adjusting chanber 102. Due to the
foregoi ng, a portion of the

5

T 9’
® . U
m
-~
- ~
N 3
= Vo)
m L e
. o N ~
o~
N O
N\ -Sqrn
N
\\\ P ~N S o)
\\\ < g
N o~

2A
//

™ /
A\
: /
’

‘ /G.
/,
4
/
e ]

N

\\ \
49
24

15
41
29




.danpi hg di aphragm 59 where the through-hole 59a is not.formed, comes into
cl ose contact with ‘an upper surface of the valve seat 101, so that an
openi ng on the upper surface of the communicating hole 103 is cl osed. As
aresult, air in the pressure adjusting chanber 102 does not flow into the
upper pressurizing chanber 81 through gpg comuni cating hole 103.

Therefore, the liquid | evel detecting 01 aphragm 60 can be prevented from
being resiliently deforned dowward. Due to the foregoing, the plunger 65
can be prevented from novi ng downward and coming into contact wth the
detecting valve 68. Therefore, the valve body 24 of the vacuum valve 15 can
be prevented fromre-opening the communicating section 28. Second

Enbodi nent I n the vacuum val ve control device of the first enbodi nent, the
needl e val ve adjusts the anount of air by adjusting the_gapg
I~

L\

24

28
S \\\\\\

>




. between the outer cylinder and the needl e. The gap of.:the needl e val ve
“that can provide an optinal opening tinme of the vacuumvalve is extrenely
smal | . Therefore, if the vacuumvalve is repeatedly operated for a | ong
period of time, dust, noisture and the like are introduced from outsi de,
gradual ly narrowing the small gap. Asfg/9esult, the gap is varied so as to
I ncrease the opening tinme, |eaving the vacuumval ve open in the worst case.
[err] 39 According to the second enbodi ment, a cylindrical elastic body
Is used as the opening tinme adjusting valve instead of a
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conventional gap adjusting needle valve, so that the sectional area of the
air hole that can provide a relatively large air passage can be made

vari abl e by conpression. The other elenents are simlar to those of the
first enbodi nent. Therefore, even with a repeated operation of the vacuum
val ve over a long period of tinme, dust /@pisture and the |ike can pass

t hrough the valve, So that the initiaIPy set opening tine of the vacuum
val ve can be maintained stably over a long period of tinme. An air rel ease
valve 74, which is an opening tine st i ng ,val ve, i s provided on the
upper chanber 83 of the third case QGG Thelgir rel ease valve 74 is
designed so that the atnosphere is gradually introduced via an air hole
74A thereof (Fig. 9). The air release valve 74 is formed of a thick
cylindrical elastic body such as rueytr oT rmopl astic

—~~56

56b
NS

JN |
\_
ANANNNNN

[ O " A S ST B N A S A S S S SN S S S A A A W A 4 <

N oA~ D\‘m
] 1\&
102 103 . | —

101




-

zelasfoner. The inner dj-aneter portion of the air rel ease valve 74
constitutes the air hote¢ 74A. An opening portion 74B of“the air hole 74A is
formed on an end of the thick-walled portion. The sectional area of the air
hol e 74A can be varied by adjusting the degree of conpression axially
applied to the air hole 74A by an opeg/g time adjusting screw 102. The

air release valve 74 is used in-the fgllLqowi ng way. Wen the vacuum of the
vacuum di scharge pipe 14 is high, thf9 nin me adj usting screw 102 is
| oosened to increase the sectional atea™* 40 %f the air 156 74A of the
air release valve 74 so that the opening tig? of the (qagQydm val ve can be
decreased, and when the 62 63 101 59
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vacuum of the vacuum di-scharge pipe 14 is low, the openi.ng tine adjusting
screw 102 is tightened to decrease the .sectional area of the air hole 74A
of the air release valve 74 so that the opening tine of the vacuum val ve
can be increased. Third Enbodi nent A third enbodi nent of the present
invention will be explained as follows.7According to the third enbodi nent,
an opening tine adjusting valve which is automatically controlled is _

- provided. The other elenents are simlar to those of the first enbodi nent.

(Exanple 1) As shown in Figs. 6A and a di ragm 202 is attached to the

needl e valve 74, which is bal anced ﬁ@en t pushing force of a spring
203 and the vacuumin the vacuum di sChar ge
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.pi pe 14 communi cati ng w.th a passage 95, so that the needle valve 74 is

di spl aced to an appropfiate position. When t he degree of vacuumin the
vacuum di scharge pipe 14 is high, the valve lift of the needle valve 74 is
i ncreased, and when the degree of vacuumis low, the |ift of the needle
valve 74 is decreased. According to thgggfirst exanple, the follow ng node
of operation can be provided. Wien the valve lift of the needl e valve 74,
which is used as an opening tinme adj H=Ng val e, is [err] - 41
automatically controlled in accoy e \47 the vacuum
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A%
~transnmitted fromthe vacuum di scharge pipe 14, (a) the. higher the vacuum
is, the larger the valve lift of the needle valve 74 i-s increased, so that
t he vacuum valve 15 is closed in a short period of time, and (b) the | ower
the vacuumis, the smaller the valve lift of the needle valve 74 is
decreased, so that the vacuum valve ig/@pened over a |ong period of tinme.
Due to the foregoing, an air/liquid ratio in the pipe |ine can be
mai ntai ned in a predeterm ned range,JggZ3the v@cuum type liquid
.-collecting/transporting apparatus ca st ably operated. (Exanple 2) The
second exanple is distinguished from g le in that a needle
val ve 110 and a duckbill valve 120 ar ? ing timé adjusting

ghown in Figs. 7A-7C. The

QE‘igxanqbﬁ

7 95

FIG. 10A

318 .

Tl A A A A S A A

~— eSS

31A

w
>

O.
//;_




The needle valve 110 and the duckbill valve 120 are provided in the passage
193 conmuni cating the inside and out side of the. upper., tranbal TPre :
control chamber) of a third case 53. In this i
120 is provided_in the passage 193 farther tha "é A Qggcll'" 1
duckbi | | val ve. be provided i tHe"pa 193¢l a5 ,
t he upper chant Sl TheET! Eé’ﬁ\é dl e val ve 119 :57pHan f}e’edﬂ“g;g@akv*g fiifd%l_s |
adj usted so as | ack and forzi’ ﬁ({hﬂ*ﬁ‘*r esplEESto PHEEFEIve
seat provided within [err] 42 the passagé 193. The needl e valyg B€7 1
used by appropriately DATE OF RECEIPT .coovevirrenens

35
82 through fhe atmosphere communicating éipe 43, HQweQer, air
in the upper pressurizing chamber 81 disposed above the liquid
level detecting diaphragm_59 quickly flows out to the liquid
level detecting pipe section 56 through the damping diaphragm
60 when the pressuréain the liquid level detecting pipe section
Lyj 56 is quickly reduced. Therefore, the liquid level detécting
diaphragm 60 that has been resiliently deformed is quickly and
smoothly réturned to its initial condition.

After the resilient deformation of the liquid 1level-
detecting d}aphragm 60 has been quickly canceled by the action
of air flowing out from the peripﬁery of the damping diapﬁragm
59, khe plunger 65 aétached to the lower surface of the liquid
level detecting diaphragm 60 is moved upward. Then the
detecting valve 68 pushed by the plunger 65 returns to its
initial condition, and the detecting wvalve 68 closes the
communicating passage 57a communicated with the vacuum

— connecting pipe section 57. Due to the foregoing, the
communicating condition betwesn the-pressure control chamber 83
and the vacuum connecting pipe section 57 in a vacuum condition
is shut off. . )

At this time, the pressute control chamber 83 is in a
vacuum cordition, however, this vacuum condition can be
canceled after a small time lag when the atmosphere flowing
into the lower decompressing chamber 82 from the-atmosphere

connecting pipe section 58 through the communicating passage

-
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.adjwusting the .gap with respect to the valve seat. The duckbill valve 120
can adjust the valve lift with a vacuumfoice in the upper chanber 83 being
applled to the outer surface of a bill 121 thereof. Wen the vacuum force
is high, the valve lift of the duckbill valve 120 is increased due to a
| arge pressure difference between the atnospheric pressure exerted upon the
i nner surface of the bill 121 and the high negative pressure exerted upon
the outer surface of the bill. 121, and when the vacuumforce is low, the
valve lift of the duckbill valve 120 is decreased due to a small pressure
di fference between the atnospheric pressureégxerted upon the inner surface
of the bill 121 and the | ow negative pressure exerted upon the outer
surface of the bill 121. According to the second exanple, when the valve
lift of the duckbill valve 120, which is used as an opening tinme adjusting

VACUUM VALVE CONTROL DEVICE AND VACUUM VALVE

ABSTRACT

A vacuum valve (15) includes: a pressure control chamber (83)
for giving a wvacuum force to a valve body (71) capable of
connecting a valve operating chamber (25) with a vacuum
passage; a deiectinq valve (68) capable of introducing a vacuum

N force into the pressure control chamber (83); a plunger (65)
directly driven by a liquid detecting diaphragm (60)} wherein
the plunger (65) drives the detecting wvalve (68); and an
opening time adjusting valve (74) which is opened so that the
vacuum introduced into the pressure control chamber (83) can be
released, wherein the opening time is automatically controlled ;
by the wvacuum in the wvacuum discharge pipe (1l4). Furthermore,
when the inside of a liquid level detecting pipe section (56)
is quicKly decompressed, éressure in a pressure adjusting
chamber (102} is quickly released through a gap formed between
a damping diaphragm (59) and supporting section (112). The
pressure adjusting chamber (102) is communicated with an upper
pressurizing chamber (81) through a communicating hole (103).
Therefore, when the pressure adjusting chambexr (102) is gquickly

\./ decompressed, the upper pressurizing chamber (81) is also
quickly decompressed. Due to the foregoing, resilient
deformatioﬁ; of .a liquid level detecting diaphragm (60) is
quickly cancelled, and the pushing action conducted by a
pluhger (65) on a detecting valve (68) is released.

Fig. 3
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valve,, is automatically controlled in accordance with the vacuumforce in

t fe*ciramber 83. In ot her words, for the vacuumtransmtted vacpum
‘di scharge pipe 14, (a) the higher the vacuumis, 4 QT a/ 4
afvellh

of the duckbill valve 120 is increased, so that

closed in a short period of tine, .and (b) the | owe he vacuun1|s, t he
smal l er the valve-lift of the duckbill valve 120 is decreased, so that the
vacuum val ve is opened for a long period of tinme. Due to the foregoing, an
air/liquid ratio in the pipeline can [err] 43 be maintained in a

predeterm ned range, and the vacuum type

1

VACUUM VALVE CONTROL DEVICE AND VACUUM VALVE.

The present invention relates to a vacuum valve control

device and a vacuum valve especially for use with same.

¥

Usua;ly, sewage discharged from every home fléws to a
sewage disposal plant by the action of natural flow. However,
in this natural flow type sewage collection system, the.
construction of sewer pipes is restricted by geography and the
i ' condition of ground, and further the drain tends to be stopped
l upi; Foxr this reasony recently, attention has been given to a
i vaciza—type sewage collection system in which sewage disgharged

from every home is forcibly transported by E'ir'ié action of
vacuum. -
This vacuum type sewage collection system includes: a
vacuum valve unit in which sewage discharged from each home is
stored with it flows by the action of the natural flow; and a

vacuum station by which sewage is collected from the vacuum

valve unit through.a vacuum pipe. : - .
REPLACEMENT SHEET
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|IqUId col | ecting apparatus can be stably operated. (Exanple 3) The third
exanplé‘ls di stinguished fromthe first exanple in that both a needle val ve
110 and a flexible conical orifice valve 130 are used as opening tine

adj usting val ves provided in the controller section 27 as shown in Figs.
8A-8C. The other elenents are simlar to those of the first exanple. The
needl e valve 110 and the orifice valve 130 are provided in the passage 193
comuni cated with the inside and outside of the upper chanmber 83 (pressure
contyol chamber) of the third case 53. In this enbodiment, the orifice
val ve 130 is. provided at an opening of the passage 193 to t he chanber 83.
.. The orifice valve 130 may, however, .be provided in the passage 193
farther fromthe chanber 83 than the needle valve 110. Simlarly to the
second enbodi nent, the needl e valve 110 is

3 _ :
valve body is pulled so that the communicating portion can be
opened. ‘The vacuum condition in the valve operafing chamber- is
contfolled by the vacuum valve control device.

This vacuum valve control device is connected with a liguid
level detecting piﬁgt the lower end of which is dipped in the
se%?ge in the sewage tank. When the liquid level of sewage is
changed, the pressure in the liquid level detecting pipe is
changed, so that a liquid level detecting diaphragm provided in
the vacuum valve control device is resiliently deformed. Due
to the deformation of the liquid detecting diaphragm, a
detecting valve for introducing a vacuum into the vacuum valve
contréi-égfieé is oéeréted. Therefore, vacuum is activated on
a changeover valve disposed in the vacuum control valve. Due
to the foregoing, the changeover valve can be changed over, so
that the Qaéuum discharge pipe is communicated with the valve
operating chamber of the vacuum.valve. Accordingly, this valve
opéraEing chamber is put in a vacuum condition. When the valve

operating chamber is put in a vacuum condition, the valve body
is pulled, and the communicating portion is opened. !

As d result of the foregoing, the vacuum discharge pipe in
a vacuum condition is communicated with the suction pipe, so
that the inside oﬁ the suction pipe is also put in a vacuum
condition. Accoxdingly, sewage ih the sewage tank is quickly

sucked into the suction pipe and vacuum discharge pipe. Then

the sewage is transported into a sewage collection tank in the

vacuum station through the vacuum pipe.

REPLACEMENT SHERT
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adj; usted so as to spirally nove back and forth with respect to the valve
seat provi ded in the passage 193. The needl e valve 110 is used by
appropriately adjusting the gap with respect to the valve seat. The orifice
valve 130 is formed of a flexible elastic body such as rubber and

el astonmer, and is designed so that the valve |lift can be adjusted with a
vacuum force in the chanber 83 applied to the outer surface of the cone.
When the vacuum force is high, the valve |ift of the orifice valve 130 is
resiliently increased.due to a |arge pressure difference 44 between the
at nospheric pressure exerted upon the inner surface

6

the sewage tank is discharged, an excessive émount of air'is
sucked and the degree of vacuum is lowered. |

Further, in the vacuum valve control device, the vacuum
force introduced into the pressure control chamber is released
to the atmosphere By a needle valve.
é However, in the conventional vacuum type sewage collecting -
system, as illustrated in Fig. 5, at a distant place from the
vacuum station 2 for collecting sewage into the sewage
collecting -tank 1, the vacuum is lowered by the saw-tooth lift
4 provided in the vacuum pipe line 3. .Therefore, in the case
of an opening time adjusting mechanism having a needle valve
provided in the controller of a conventional vacuum valve, the
needle valves are respectively adjusted at adja;ent and distant
places in such a manner thgt the opening time of a vacuum valve
located at a distant place is set longer so that an air/liquid
gatio in the pipe line can be maintained in a particular range
(T’Elosed in Japanese Unexamined Patent Publlcatlon {Kokai) He1-2-
292427). In the case where the vacuum valves are
simultaneously opened, vacuum in the vacuum discharge pipe is
lowered. When this condition frequently‘occurs, a sufficient
amount of air is not supplied into the vacuum pipe line, so
that a water plug grows in the lift portion, and the entire
system is in trouble.

Furthermore, between an outer circumferential surface
provided in the housing of the vacuum valéé and an innerx

circumferential surface of the housing, a lling diaphragm-is
"" W AL :-1-1
#1341 A A 1T rw-lﬂ
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oﬂ the cone and the high negative pressure exerted upon the outer surface
of' the'cone, and when the vacuumforce is low, the valve Ilift of the
orifice valve 130 is resiliently decreased due to a small pressure

di fference between the atnospheric pressure exerted upon the inner surface
of the cone and the | ow negative pressure exerted upon the outer surface of
the cone. According to third exanpl e, when the valve lift of the orifice
val ve 130, which is used as an opening tine adjusting val ve,

aut omat | C;ﬁh Shufe8'bF %é ﬂﬂl(n{x% d?a@‘ﬁ?{ﬁgﬁr{&edé‘héﬁa glrﬁgrﬁﬂé@ Jrhg Qzaiv@ & ?atﬁ%a”ber

83, ransm om t he. vacuum

pi pe 14) bbP BarlhS6E ndaliflainéd A ind piddper kﬁ{ A& bel &l@ve‘ﬁaév%ﬁ wihen! the ﬁhofvaNée

orifice valve 130 is increased, so that the vacuum valve 15 is sed in a
short perdpeﬁhtﬁigdhaﬁiberarpixtﬁxbhvahhﬁnb@maoﬂ.he vacuumis, the

Therefore, in order to suppress the abrasion of the rolling diaphragm, a method is

i)ut into practical use, in which a surface of the rolling diaphragm is coated with
Iubricant such as silicon grease or silicon oil. However, the coated lubricant permeates
into the rolling diaphragm made of resilient material, so that the effect of the lubricant
can not be exerted over a long period of time. For this reason, the rolling diaphragm
must be replaced in a short period of time.
SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.
¢+ According to one aspecf of the present invention there is provided a vacuum valve
control device for controlling operation of a vacuum valve by opening and closing a
pipe-shaped connecting section connecting a vacuum discharge pipe in a ?acuum

condition with the suction pipe for sucking liquid-like materials from a tank, said

[ SRS SRR
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smal l er the valve lift of the orifice valve 130 is decreased, so that the
vacuum'val ve i s opened over a long period of time. Due to the foregoing,

air/liquid ratio in the pipe line can be maintained in a predeterm ned

range,

and the vacuumtype liquid collecting apparatus can be stably

operated. Fourth Enbodi nent In the vacuum val ve control device of the
I nvention, preferably a resilient roll i'r?g’ di aphragm 31 i s provi ded between

the first and second housings 21, 22. The val ve operating chanber

housing i g, Gt VAL | bntrsP ket Bipkfifag’ Oh! riqia HRP HeiBihg PieS whbtd Jinside 4°

pressure fluctuates in accordance with a liquid level in said tank; a pressure adjusting
chamber communicating with said liquid level detecting pipe; a freely movable
diaphragm that is not secured at its peripheral edge disposed between said liquid level
detecting pipe and said pressure adjusting chamber; a liquid level detecting diaphragm
resiliently deformable in response to a pressure increase. in said pressure adjusting
chamber being transmitted thereto via a through-hole; a detection valve controlled by
deformation of said liquid level detecting diaphragm; a éhangeover valve controlled By
said detection valve to selectively supply a vacuum pressure and an atmospheric pressure
to said valve, wherein said damping diaphragm has at least one small through-hole so
that said damping diaphragm does not resiliently deform when the pressure in said liquid
level detecting pipe is gradually increased, ‘wherein said damping diaphragm resiliently
deforms due to decompression of said pressure adjusting chamber to close said through-
hole, wheréin said damping diaphragm quickly releases the pressure around the non-

secured peripheral edge thereof to said liquid level detecting pipe when the pressure in

22 DEC 97 |
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roll'ing diaphragmis made of resilient rubber, and bent between the outer
circunf'erential surface of the plunger and the inner circunferenti al

surface of the housing so that the rolling diaphragm can brought into
cl ose cont act with the outer circunferential- surface of the plunger
and the inner circunferential surface of the housing. In the case-where

the plunger is slid by the action of valliomin the valve oper ati ng chanber

i n the housi ng,

i's nmoved
a vol une

posi ti Vel yy glid thnRMeddh®s aGkbsntallyldbey Bbddis. di aphragm when a vacuum i s

I'n e val ating chahnér 1s not changed, the unger can

activated. Usually, a portion close to the bent portion of the rolling
di aphragm i gccéiding tochmsitdryaspectnéfomi gdesentviriventiont there is prowided a vacuum

valve baving a vacuum valve control device for opening and closing a communicating
section between a suction pipe communicating with a tank and vacuum discharge pipe
communicating with a vacuum source, said vacuum valve comprising: a valve body for
opening and closing said communicating section; a valve operating chamber for
accommodating a plunger connected with said valve body; a closing force providing
means for providing a closing force to said valve body via said valve operating chamber,
wherein said vacuum valvé control device selectively provides an opening force to said
valve body via said valve operating chamber, said vacuum valve control device
comprising: a liquid level detecting diaphragm which resiliently deforms in response to
a liquid level in said tank; a second plunger directly driven by said liquid level detecting
diaphragm; a detecting valve being drive by said second plunger; a pressure control
chamber maintaining a vacuum pressure from a vacuum passage applied thereto when

said detecting valve is driven by said second plunger and maintaining an atmospheric

REPLACEMENT SHEET
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the rolling diaphragmis deforned so that the bent portion
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circunferential surface of the housing, but the portion is contacted with
the rolling diaphragm which is closely contacted with the outer
circunferential surface of the plunger. Wen one portion of the rolling
di aphragmis contacted with another portion with pressure as descri bed
above, there is a possibility that thq_gpptacting portion is rubbed and
worn away in the case where the contacting portion is noved in accordance
with the sliding novenent of the plunger. When the rolling diaphragm is

worn  awgitessubd) Bofh ah atmésphBAS Pabiabeé tapplidd"deredd el Rhidcdste@ingt ivd & hding

di aphragmis deteriorated. Wen arrtightness of the rolling diaphragm

i's det erdriventt®dsaid secbmd plunger; a changeover valve which operates to connect a vacuum
pressure from said vacuum passage to said valve operating chamber when said pressure
control chamber maintains a vacuum pressure, thereby providing said opening fbrce
upon said valve body; and an opening time adjusting valve for variably releasing a
vacuum force introduced into said pressure control chamber, said opening time adjusting
valve having an air hole for releasing said vacuum and being compressively deformed to
change the section area of said air hole so that an opening time for said vacuum valve
can be controlled according to the varying pressure of said pressure control chamber.

According to still another aspect of the present invention there is provided a

vacuum valve having a vacuum valve control device for by opening and closing a
communicating section between a suction pipe communicating with a tank and a vacuum
discharge pipe_communi,cating with a vacuum source, said vacuum valve comprising: a
valve body for opening and closing said communicating section; a valve operating
chamber for accommodating a plunger connected with said valve body; a closing force

providing means for providing a closing force to said valve body via said valve operating




airtightness of the valve operating chanber can not be naintained,
and the pl unger can not be driven even when the val ve operating chanber is
put in a vacuum condition. Therefore, in order to suppress the abrasion of
the rolling diaphragm a method is put into practical use, in which a
surface of the rolling diaphragmis coajed with lubricant such as silicon
grease or silicon oil. However, tiHe coated lubricant perneates into
the rolling diaphragm made of resilient material, so that the effect of the

| ubri cantchaaBerlGkhd¥EinSaRd VacGhugY emva cbRREl RS idedr @éleéﬁv@py provitfes i @ehﬁ@son
the rolling di aphragm nust be replaced in a short period of tine.

pl unger dbfdeoweshid Valveebdigusiangid valvewpetiag chimberq siidl vautimdvalvel hbﬁtrmal ve
rod is inserted into a through-hole fornmed 1n the housing. A valve body is

at t ached devicencamptisifig:t he liquiid deved dietenting etiaphwagm dehioh resiliertiyu defogms i
shaft Sea::lesponse to a liquid level in said tank; a second plunger directly driven by said liquid
level detecting diaphragm; a detecting valve being driven by said second plunger; a
pressure control chamber maintaining a vacuum pressure from a vacuum passage applied
thereto when said detecting valve is driven by said second plunger and maintaining an
atmospheric pressure from an atmospheric passage applied thereto when said detecting
valve is not driven by said second_plunger; a changeover valve which operates to connect
a vacuum pressure from said vacuum passage to said valve operating chamber when said
pressure control chamber maintains a vacuum pressure, thereby providing said opening
force upon said valve body; and an opening time adjusting valve for releasing a vacuum
force introduced into said pressure control chamber, the opening time of said opening

time adjusting valve being automatically controlled in accordance with a degree of

vacuum in said vacuum discharge pipe.

v
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comes |nto pressure contact wwth the valve rod so that the valve rod can

slide i'n an airtight condition with respect to the through-hole. This shaft
seal is also nade of resilient substance such as rubber. Ther ef ore, when
the shaft seal slides along the valve rod, it is worn away, and
airtightness is deteriorated with the |apse of tinme. For this reason, a

surface of the shaft seal is coated with lfubricant in the same manner as
that of the rolling diaphragm However,

the shaft seajco@idig & yef @mbibef rHspedifeéteﬂieabresent NoGRIoA MHake s ﬁrb?iﬁ@d ds

possibility that the shaft seal does not function in a shart

vacuum valve control device for controlling operation of a vacuum valve by opening and
closing a pipe-shaped connecting section which connects a vacuum discharge pipe in a
vacuum condition with a suction pipe for sucking liQuid-like materials from a tank, said
vacuum valve control device comprising: a liquid level detecting pipe whose inside
pressure fluctnates in accordance with a liquid level in said tank; a pressure adjusting
chamber communicating with said liquid level detecting pipe; a free-standing damping
diaphragm disposed between said liquid level detecting pipe and said pressure adjusting
chamber, said damping diaphragm being situated without attachment upon a support
portion such that a groove is formed around the periphery of said support portion to
quickly release the pressure within the pressure adjusting chamber around the peripheral
edge of the damping diaphragm and to quickly close the damping diaphragm in response

to a decrease of the pressure inside said liquid level detecting pipe; a liquid level

detecting diaphragm being resiliently deformed in response to a pressure increase in said -

pressure adjusting chamber; a detection valve controlled by deformation of said liquid

level detecting diaphragm; and a changeover valve being controlled by said detection

22 DEC 57
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perjod of time. Since the shaft seal comes into contact with sewage flow ng
in the communi cating section, lubricant coated on the surface of the shaft
seal is renoved by sewage. Consequently, there is a possibility that the
effect of lubricant on the shaft seal is exerted only in a shorter period
of time than that of the rolling diaphragm According to the fourth

enbodi nent of the invention, the rolling diaphragm 31 airtightly isolates

t he val ve operating chanber 25 in the first housing 21 and the second
housi ngs 2alve\th seletctineely apply aoyaenani prgssotecaridean s2mospherit pessinewo shidevacotimi ng
di aphragm 31 is put in a vacuum condition, the plunger, 30 is noved upward
by the actV@b®. of vacuum At this time, in accordance wth the novenent of
the plunger 30, the rolling diaphragm 31 is successively peeled off from
the outer circunferential surface of the plunger 30 with which the

Fig. 1 is a sectional view of the vacuum type sewage collecting apparatus showing
a vacuum valve having a vacuum valve control device, according to a first embodiment
of the present invention;

Figs. 2A and 2B are longitudinal sectional views of the vacuum valve;

Fig. 3 is a longitudinal sectional view showing an exairiple of the vacuum valve

control device of the present invention attached to the vacuum valve;

22pEC %57
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rolling'di aphragm 31 has conme into contact, and at the same tinme the

rol'l i ng* di aphragm 31 successively cones into contact with the inner
circunferential surface of the second housing 22. This rolling diaphragm 31
i's made of rubber into which lubricant such as silicon oil, silicon grease
and DOP (dioctyl phthalate) is kneaded in the process of formng.
Therefore, the lubricant kneaded into rubber gradually oozes out fromthe
surface. Accordingly, fromthe surface of the rolling diaphragm 31,

| ubri cant oozes out at all tines. 48 Furthernore, a shaft seal 32 air
tightly comng into

15
Fig. 4 is an eniarged sectional Qiew showing the primary
portion of the vacuum valve control device;
Fig. 5 is a view showing a model of a vacuum type sewage
colleéting sysfem; '
Fig. 6A is a séétional view showinag the controller sectionof

a first example of a third embodiment of the inventionj
- Fig. 6B is an enlarged sectional view showing the valve

portion of Fig. 6A;
Fig. 7A is another sectional showing the controller section

of a second example of the third embodiment;
Figs. 7B and 7C are views showing a model of a duckbill

. valve;
Fig. 8A is another sectional view showing the controller

section of the third example of the third embodiment of the invention;
Figs. 8B and 8C are views showing a model of a flexible,

conical orifice valve;

Fig. 9 is a view showing a.model of an exemplary opening

&= - . .
tife.adjusting valve of a second embodiment of the invention; and

" Figs. 10A and 10B are sectional views showing
the rolling diaphragm before and after the assembly of the

rolling diaphragm a;:cord.'mg to a £ifth embodiment of “the invention.

First Embodiment

With reference to the accompanying drawingé,- a first
embodiment of the presen:t invention will be explained as

follows.
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 pressure contact with the outer circunferential surface of the valve rod 29
Li's provided around the through-hole of the bul khead 21a through which the
valve rod 29 is penetrated. In the sane manner as that of the shaft seal 32
descri bed before, this shaft seal 32 is nade of rubber into which |ubricant
such as silicon oil, silicon grease and DOP (dioctyl phthalate) is kneaded
in the process of formng. Therefore, the |ubricant kneaded into rubber
gradual |y oozes out fromthe surface. Accordingly, fromthe surface of the-
shaft seal 32, lubricant oozes out at all tinmes. The ot her elenents are
simlar to those of the first enbodinment. Due to the foregoing, the valve
oper at-i ng chanber 25 above the rolling di aphragm 31 of the vacuum val ve 15
is put in a vacuumcondition. Wen the atnosphere is introduced into a

| ower portion of the rolling diaphragm 31 at this time, the

16
Fig. 1 is a sectional view showing an outline of the vacuum
type sewage collecting apparatus to which a vécuum valve having
the Vécuum valve controlling deviée of the present invention is
) applied. This vacuum type sewage collecting apparatus 10 is
provided for collégéing sewage discharged from every home by
tural flow. When a predetermined amount of sewage has

been collected into a sewage tank 11 of the vacyum type sewage
collecting apparatus 10, the sewage is transported to a sewage
collecting tank in a vacuum station in which a vacuum pump is
installed. Sewage transported to the sewage collecting tank is

transported to a sewage disposal.plant by a pump.

A sewage inflow pipe 12 in which sewaqe flows from every
home or other- sewage creatlng unit by the natural flow is

© connected with the sewage tank 11 .
of the vacuum type sewage collecting apparatus 10. 1In the

sewage tank 11, a suction pipe 13 is vertically disposed,
through which sewage stored in. the sewage tank 11 is sucked.
On;;ei-the ends of a pipe—shapéd communicating section 28
inéIuding a valve body 24 of a vacuum valve 15 is horizontally
connected with an upper end of this suction pipe 13. A vacuum
discharge pipe 14 is horizontally connected with thg other end
of the communicating section 28. The communicating section 28
is opened and closed by the valve body 24 of the vacuum valve
15, wherein the valve body 24 is disposed inside the
communicating section 28. -

The vacuum diécharge pipe 14 is connectead to the vacuum

station through & vacuun pipe. Tre inside of the wvacuum
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plunger:- 30 is slid upward resisting a force of the push spring 26. In
accordance with this upward sliding notion of the plunger 30, as
illustrated in Fig. 2B, the bent portion of the rolling diaphragm31 is
successi vely noved upward, and a portion in which the rolling diaphragm 31
closely comng into contact with the outer circunferential surface of the
pl unger 30 is successively peeled off fromthe upper portion, and-at the
same tinme the rolling diaphragm 31 closely cones into contact with the

i nner circunferential surface of the second housing 22 upward. As

descri bed above, the valve operatlng 49 chanber 25 above the rolling
di aphragm 30 mai'ntains its

17
.discharge pipe 14 and that of the vacuum pipe are maintained in
a vacuum condition at all times by the vécuum pump disposed.in
the wvacuum station. Consequently, when the communicating
section 28 is opened, the vacuum discharge pipe 14 is
- communicated with the suction pipe 13, so that sewage in the
seégge tank 11 is sucked into the suction pipe 13 and guickly
transported to the sewage collecting tank in the vacuum station
by the action of vacuum in the communicating section 28 and the
vacuum discharge pipe 14.

A liquid level detecting pipe 37 is vertically provided in
the sewage tank 11, and a lower end of the 1liquid %evel
detecting pipe.37 is dipped in the sewage stored in the séwaqe
tank 11. This liquid level detecting pipe 37: canmunicates
with the inside of a vacuum valve control device 27 provided in
the vacuum valve 15 through a 'flexible-hose 38. Therefore, a
cﬁ%nge in pressure caused b?.the fluctuation of the liguid
lé;ét“in the sewage tank 11 can be' transmitted to the wacuum

= valve control device 27. The vacuum valve control de#ice 27
controls the vacuum in a valve operating chamber 25. in the
vacuum valve 15 in accordance witg a change in the liguid level
of sewage in the sewage tank 11 detected by the liquid level
detecting pipe 37.

The inside of the vacuum discharge pipe 14 communicates
with the vacuum valve control device 27 through a flexible hose
41, so that the vacuum condition -in the vacuum discharge pipe

14 is transmitted to the vacuum valve control device 27.

;
2 2 DEC 1957 ;




airrtight condition while its volume is not changed, and is quickly put in a
vacuum'condition. At this time, in accordance with the novenent of the '
pl unger 30, the bent portion of the rolling diaphragm 31 is changed.

Since lubricant oozes out fromthe surface of the rolling diaphragm 31 at
all times, even if the opposed bent portions cone into pressure contact
with each other, the abrasion of the bent portion can be suppressed. At the
sanme tinme, the abrasion of the rolling diaphragm 31 which conmes into
contact with the outer -circunferential surface of the plunger 30 and the

i nner circunferential surface of the second housing 22 can be prevented by
the lubricant. Therefore, the rolling di aphragm 31 can be stably used over
a long period of tine. Wen the plunger 30 is noved upward, the valve rod
29 connected with the plunger 30 is slid in an airtight condition

18

Further, an atmosphere communicating i:ipe 43 comunicates
with the vacuum Qalve control device 27 through a flexible hose
44. 'An upper end of this atmosphere communicating pipe 43 is
open to the atmospheric pressure on the ground surface.
Accordingly, atmd'gghere introduced from the atmosphere
com'inﬁnicating pipe 43 is introduced to the inside of the vacuum
val\}e control device 27 through the flexible' hose 44. This -
atmosphere communicating pipe 43 also commmicates with the
valve o;_:-.erating chamber 25 of the vacuum valve 15 thrﬂough a
flexible hose 46.

Figs. 2A and 2B are longitticiinal sectional views of the
vacuum valve 15, This vacuum valve 15 includes:. .a first
cylindﬁ:ical hc.msing 21 integrated with the .communicating
section 28 in which the valve body 24 is pro_vidéd,_ wherein the
first cylindrical housing 21 communicates x;rith the inside of
thg communicating section-28; and ai.' second cylindrical housing
22.:‘_.!;tmnected wi.th the upper portion of the first housing 21
thr;:ugh a band cramp 23. In this case; the first housing 21 is
. disposed to form an angle of 45° with respect to the
cormnmica.ting section 28, which is Horizontally disposed. The
inside of the first housing 21 is divided into an upper and a
lower portion by a bulkhead 21a,ﬂ and the va}ve operating
chamber 25 is disposed on the upper.side of this bulkhead 2la.

A valve rod 29 penetrates the é:i_anter of the bu_lkhead 2la,
and ;:heValVe body 2-4 for opening anci"' closing the communicating

section 28 is attached to the lower end of this wvalve rod 29.




in, mhlch the valve rod 29 comes into pressure contact with the shaft sea
32! Therefore, the valve body 24 connected with a | ower end of the val ve
rod 29 is noved upward. As a result, the conmunicating section 28 is put
in an open condition. Since the vacuum'di scharge pipe 14 is in a vacuum

condition, the suction pipe 13 is also d$§onpressed t hrough t he

comuni cating section 28, so that sewage 7S sucked into the suction pipe
13. Sewage sucked into the suction pipe 13 is transported fromthe
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surface of attdeBed to the bottom surface of a cylindrical plunger 30, the upper surface of which is
open. This plunger 30 is slidably provided in the valve operating chamber 25, and
pushed by a push spring 26 provided in the valve operating chamber 25 so that the valve
body 24 can close the communicating section 28. ,
A resilient .rolling diaphragm 31 (as shown in Fig. | 10b) is provided between the
first and second housings!Zl, 22. This rolling diaphragm 31 is fixed under the condition .
that the periphery of the rolling diaphragm 31 is placed between the first and second
housings 21, 22. A portion close to the outer periphery of the rolling diaphragm 31
comes intg close contact with the inner circumferential surface of the second housing 22.
Further, a central side portion of the rolling diaphragm 31 close to the inner side of a
portion coming into contact with the inner circumferential surface of the second housing
22, bent by an angle of 360°. A portion close to the inside of the bent portion comes
into close contact with the side surface of the plunger 30, and further a central portion
on the inside of that portion comes into close contact with the bottom surface of the
_plunger 30. The valve rod 29 penetrateshthe center of the rolling diaphragm 31 covering.
the bottom surface of the plunger 30.
The, vacuum valve control device 27 of the present invention is disposed at an

upper eﬂd%ﬁhe second housing 22. This




shaft *seal 32 which comes into pressure contact with the valve rod 29 in an
alrtlght condition. Therefore, abrasion of the shaft seal 32 can be
suppressed when the valve rod 29 slides on the shaft seal 32. Wien sewage
is discharged into the sewage tank 11 &as descri bed above, pressure in the
liquid | evel detecting pipe 37 is reduced. Due to the foregoing, pressure

I n the vacuum val ve control device 27 is |owered, and the atnosphere is

i ntroduced into the vacuum val ve control device 27 through the atnosphere
comuni cati ng pi pe 43 and hose 44. The atnpbsphere introduced into the
vacuum val ve .,control device 27 is introduced into the val ve operating
chanber”25 through the communicating port 93, so that the vacuum condition

in the val ve operating chanber 25 is cancel ed. Due to the foregoing, the
pl unger 30. of the vacuum val ve 15 i s noved downward by a force of thé push

sprlng o 20

| vacuum valve control device 27 is engéﬁed and connected with
the upper end of the second housing 22 through a band cramp 36.
This ‘vacuum valve control device 27 is operated as follows.
When ths amount of sewage in the sewage tank 11 is increased and
the pressure in thé"ﬁiquid level detecting pipe 37 is raised,
tﬁg valve operating chamber 25 is put in a wvacuum condition,
thg plunger 30 is pushed, and the valve body is pulled
against a force of the spring 26, so that the wvalve body can
open the communicating section 28. When the valve body 24 is
pulled, the cbmmunicating section 28 is opened, and then the
vacuum dischargé pipe 14 and the suction pipe 13 are put in a

' commﬁnicating condition. Therefore, sewage in the sewage tank
11 is transported through the vacuum discharge pipe 14 by the
action of vacuum activated in the vacuum discharge pipe 14.

Fig. 3 is a longitudinal sectional view of the vacuum valve
control device 27. This vacuum valve control device 27
J.n_g]_gges a casing composed of five pa.rts or cases, which are the first
case 51 to the fifth case 55. The first case 51 to.the'fifth
case 55 are seguentially disposed from the top to the bottom, and:
integrated into one body with bolts. Usually, the fourth case
54 is engaged with an upper end of the second housing 22 of the
vacuum valve .15 and fastened by a band cramp 36 (shown in
Figs. 2A and 2B).
A liquid detecting pipe section 56 is mounted on an upper

surface of the upéermost first case 51, -and the flexible hose 38

connected with the liquid level detecting pipe 37 is attached
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26; and'the valve rod 29 slides while the shaft seal 32 cones into pressure
contact ‘with the valve rod 29 under an air tight condition. In this
way, the valve body 24 closes the conmunicating section 28. At this
time, a portion of the rolling diaphragm 31 which closely conmes into
contact with the inner circunferential surface of the second housing 22, is
successively peeled off fromthe upper portion, so that the bent portion is
noved downward, and the rolling di aphragm 31 successively conmes into 51
contact with the outer circunferential .surface of the plunger 30 fromthe

| ower side'ta the upper side.

21 )
to the liquid level detecting pipe section 56. An atmospheric

pressure connecting pipe section 58 is integrated with the
thirci case 53, and The flexible- hose 44, connected with an
atmosphexric communicating pipe 43, is connected with the
atmospheric pressu;:-e connecting pipe section 58. Consequently,
thé pressure inside the atmospheric pressure connecting pipe
section 58 is the same as the atmospher_ic pressure. A vacuum
connecting pipe section 57 is integrated with the third case
53, and the flexible hose 41 communicating with the vacuum
discharge pipe 14 is connected wi@:h the vacuum connecting pipe
section 57. Consequently, the inside of the vacuum connecting
pipe section 57 is put in a vacuum condition in the same manner
. as the vacuum discharge pipe 14. Further, a communicating pipe
-section 93 is integrated with the lowermost fifth case 55 in
such a manner that the communicating 'pi}'?e section 93 protrudes
.dqwnward from the fifth case 55, and t.he communicating pipe
seqﬁ‘o‘h'% conmmicates with the valve operating chamber 25
in the second housing 22. - -
An upper prgésurizing chamber 81, which is open downwaxrd,
is provided _on a lower surface of the uppermost first case 51.
An opening portion of this upper pressurizing chamber 81 is
airtightly covered with a liquid level detecting diaphragm 60
disposed between the first case 51 and the lower second case
52. A lower decompressing chamber 82, which opens upward, is
formed in an uppexr portion of the second-case 52. An opening

of this lower decompressing chamber 82 is covered with the
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Singe l'ubricant oozes out fromthe surfaces of the shaft seal 32 and the
rol ling diaphragm 31 in this case, abrasion on the surfaces can be
prevented. Fifth Enbodi nent Furthernore, as illustrated in Figs. 2A, 2B,
10A and |1 OB, the vacuum valve 15 includes a rolling diaphragm 31 nmade of
rubber-like resilient substance such as natural rubber and el astoner which
is provided between the val ve operating chanmber 25 and the plunger 30. As
illustrated in Fig. I0A the rolling diaphragm31 is forned into a
cylindrical shape having a bottom and its-opening flange portion 31Ais
i nt er posed between the connecting portions of both housings 21, 22, and its
bottom portion 31B is fixed to the plunger 30. One end portion of the
roll'ing diaphragm 31 is capable of comng into pressure contact with the

I nner surface of the housing 22

_ 22
liquid level detecting diaphragm 60. Consequently, the ligquid
level detecting diaphragm 60 isolates the cpper préssurizing
chamﬁer 81 from the lower decompressing chamber 82.

The lower decompressing chamber 82 in the second case 52 is

covered with a lower surface section 52a, and a through-hole 94
isgvertically formed in this lower surface section 52a. This
through-hole 94 communicates with a communicating passage
53c which in turn comunicates with the -atmospheric pressure
connecting pipe section 58 provided in che third case 53,
wherein the communicating passage.53c makes a right angle with
thé atmospheric pfessure connecting pipe section 58.
Accordingly, the lower decompressing chamber 82 communicates
with the atmoséheric pressure connecting éipe section Sé.

The thirxd case 53 disposed under the second case 52 is
provided with a pressure control chamber 83 which is open
upward to the uPper central portion. An upper decompressing
chamber 84 isolated by the bulkhead 53a is provided under this
pressure control chamber 83. This upper decompressing chamber
84 opens downward, and the opening is airtightly covered with
a valve driving diaphragm 70 disposed between the thifh and
fourth cases 53, 54. A lower decompressing chamber 85, which
is open upward, is provided at the center of the upper surface
of the fourth case 54. An opening of this lower deccmpressing
chamber 85 is airtightly coverec with the valve driving
diaphragm 70. Consequently, the valve driving diaphraéﬁ 70

airtightly isolates the upper pressurizing chamber 84 from the
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cqnposi ng the val ve operating chamber 25, and the other end portion is
capabl e of comng into pressure contact with the outer surface of the

pl unger 30. Due to the construction descri bed above, when the plunger 30 is
vertically noved under the bal ance of the spring force of the spring 26 and
the vacuum applied to the valve operating chanber 25 so that the valve body
24 i s opened and cl osed, one end portion of the rolling diaphragm 31 cones
into pressure contact with the inner surface of the housing 22 conposing

t he 52 lowaéry Gecopepredsinpgcluinstep 85, 23 switidn Whddbei 86, adidh isi R6latddafromNthe

I nternmedi ate portion of the rolling diaphragm 31 is fol ded
lower pressurizing chamber 85 by the bulkhead 54a, is formed at a lower central portion
of the fourth case 54. This suction chamber 86 opens downward, and its opening is
covered with the lowermost fifth case 55. This suction chamber 86 communicates with a
communicating pipe section 93, which in turn communicates with the valve operating
chamber 25 of the vacuum valve 15. |

A pressure adjusting chamber 102 which opens upward is provided on an upper
side surface of the first case 51. Fig. 4 is an enlarged sectional view of the pressure
adjusting chamber 102. An annular groove 111 is formed in the periphery of the
opening %n the upper surface of the pressure adjusting chamber 102, wherein an
appropriate gap is formed between the annular groove 111 and the inner circumferential
surface of the opening. An annular support portion 112 protruding upward is provided
between the groove 111 and the inner circumferential sﬁrface of the opening in such a
manner that the annular support portion 112 covers all the circumference of the opening.
An outer circumferential portion of the disk-shaped damping diaphragm 59 is put on and
supported by the support portion 112. An outer periphery of the damping diaphragm 59
is disposed over the groove 111 while the remaining circumfereme is disposed over
support 112 and pressure adjusting chamber 102.

Theskiquid level detecting pipe section 56 is disposed over the pressure adjusting
chamber 102. At one end of this liquid detecting pipe section 56, a flange 56a is
provided. This flange 56a is mounted on the first case 51 in such a manner that the
flange 56a covers the opening on the upper surface of the pressure adjusting chamber
102. A cutout portion 56b surrounding the annular groove 111 is formed in the flange
56a so that an appropriate gap can be formed between the cutout portion 56b and the
upper surface of the damping diaphragm 59. Accordingly, the damping diaphragm 59 is
opposed to the inside of the cutout portion 56b, and its outer periphery is not fixed but it

is simply placed on the support portion 112,
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back; " the other end portion comes into pressure contact with the outer
surface of the plunger 30. Under the aforenentioned condition, the rolling
di aphragm 31 is vertically noved together with the plunger 30. At this
time, the rolling diaphragm 31 is noved as if the internedi ate fol ded
portion between one end and the other eng were rolled. However, in this
enbodi nent, under a free condition of the rolling diaphragm 31 before it is
assenbl ed, one end portion capable of comng into pressure contact with the
i nner surface Hie fitxblechose 3§ (ADwanimFigs.2A ahe 283 lisy eommeeted twittythe Haqidk teveb i s
made to be a large dianmeter portion 32A, and the other end portion capable
of coni ng detacting pipss saction $ht and the kiquid fevebdetecting pipe 3¢ dippadhia the sewage 60 i s
made to be a snmall diameter portion 32B, and the internediate portion

bet ween 321pe s¢Mageripnk sompmaicates yethothe flexiblehess 38 on 32C. Due to the

: :
Oregoing. 8s A valve seat 101 (shown in Fig. 4) opposed to the end opening of the liquid level

detecting pipe section 56 is provided in the pressure adjustigg chamber 102 in such a
manner that the valve seat 101 protrudes to approach the liquid level detectinhg pipe
section 56. A communicating hole 103 for communicating the pressure adjusting
chamber 102 with the upper pressurizing chamber 81, is vertically provided on the valve
seat 101. The inner diameter of this communicating hole 103 is fixed.

Oné%hrough-hole 59a, the diameter of which is minute, is formed on the damping
diaphragm 59 so that the damping diaphragm 59 can not be deformed when the pressure

in the liquid détecting pipe section 56 is gently increased. This
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described later in detail, the bent inside surfaces of the internediate

f ol ded ‘portion are prevented fromcomng into contact wth each other, -so
that the abrasion caused when the surfaces are rubbed can be prevented
According to the above nentioned fifth enbodinment, in a free condition
before the assenbly of the rolling diaphragm 31, one end portion is nmade to
be a large dianeter portion 32A, and the other end portion is made to be a
smal | dianmeter portion, and the internediate portion is nmade to be a
tapered portion 53 32C. Accordingly, the bent inside surfaces of the
internmediate folded portion are prevented fromcomng into contact with
each -

25

through-hole 59a is formed at a positic;n located outside of the
end - s_urface opening of the communicating hole 103. The
diameter of this through-hole 59a is sufficiently smaller than
that of the opening of the liquid level detecting pipe section 56.
In addition, the diameter of the through-hole 59a is smaller
t)‘g‘n that of the communicating hole 103 of the valve seat 101.
; Pr;ferably, a diametexr of the through-hole 59a is determined in
such a manner that area of the through-hole is less than 1/8 of
the cross-section of the communicating hole 103. That is, the
diameter\of the through—hole‘SQa_may be not more than 0.4 [mm], and
preferably the diameter of the t.hroug.h—hole 59a may be about 0.3
(mm]. If the preesure in the liquid level |
detecting pipe.sectiori 56 is increased by a gradual increase of
the level of sewage £flowing into the sewage tank 11, the'
aforementioned damping diaphragm 59 is not resiliently deformed
since the pressure is released to the pressure adjustlng
chmerr 102 through the mJ.nute through—hole 5%a.
On the other hand, -if the pressure in the pressure
adjusting chambexr 102 is reduced, the damping diaphragm 59
comes into contact with the upper surface of the valve seat 101
‘as illustrated by a two-dotted chain line in F.ig. 4, so that
the communicating hole 103 in the valve seat 101 is airtightly

closed by a portion of the damping diaphragm 59.

If the pressure in the pressure adjusting

chamber 102 is increased, a gap is formed between the support
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ot her ~when t he vacuum val ve is used, so that the abrasion caused when the
surfaces are rubbed can be prevented. Furthernore, even when the valve 15
is repeatedly opened and cl osed, abrasion of the rolling diaphragm31 is
not caused, so that the opening and closing stability of the valve 15 can
be maintained over a long period of tine. Mor eover, a replacing period
of the rolling diaphragm 31 can be extended, and the | abor required for

mai nt enance can be greatly reduced. in the vacuum valve 15 described above,
in the case where the housing 22 is assenbl ed under the condition that the
rolling diaphragm 31 is attached to the plunger 30, it is necessary to coat
a lubricant on the rolling di aphragm 31 for naking the assenbly work easy,
because the sliding resistance of the rubber-like resilient body conposing
the rolling diaphragm 3% is high. Instead of coating the rolling diaphragm

26
portion 112 and the outer periphery of £he damping diaphragm 59
placed on the support portion 112. Therefore, the pressuré in
the p'-ressure adjusting chamber 102 is released through the gap.

Referring to Fig. 3, a push button 64 for manually operating the
vacuum valve control device 27 is provided in the center of the upper
S%Fface of the first case 51. This push button 64 is provided
wiéh a plunger 61 which penetrates a through-~hole 51b formed in
the centexr- of the upper surface of the first case 51. This
plunger 61 is slidably supported in the through-hole 51b. This
plunger 61 is pushed upward by a pushing spring 63, and covered
with a xesilient cover 62. When this push button 64 is

pressed, the plunger 61 is lowered to resist thé'pushigg. force
of the pus_h' s.pring 63, so that the center of the 1iquid levél
detecting diaphragm 60 is pushed downwardf andg o
| is thefeby resiliently déformed.

The liquid level d'etecting diaphragm 60 is disposed between
thg;upper pressurizing chamber.81.in the first case 51 and the
lq&er decompressing chamber 82 in tﬁe second case 52. At
the center of the liquid level detecting diaphragm 60, a
plunger 65 is provided, which vertically penetrates the lower
decompréssing chamber 82. This plunger 65 penetrates the
center of the lower surface 52a of the second case 52 disposed
at a lower position of the lower decompressing chamber 82.
The plunger 65 is disposed within the pressure control chamber 83 -
formed in the thifd case 53. A push spring 66 is engaged with

the plunger 65 in a region between the lower surface 52a and




31, with lubricant, a lubricant such as silicon oil may be previously
kneaded into the rolling diaphragmin the process of formng, and the
rubber-1like resilient body fromwhich the |ubricant bl eeds out nmay be used
for the rolling diaphragm 31. As described in the above enbodi nents, in the
vacuum val ve control device of the presept invention, resilient deformation
of the liquid |evel detecting diaphragmis quickly canceled. Therefore, it
is possible to quickly return the vacuum val ve 54 from an open condition

to a cl osate digniti levendetadtihgt digplaapat 40. O The Plurper G5 dndethe Niguid 16 Hewttapn be
guaranteed. Furthernore, according to the present invention, the vacuum
' diaphragm 60 are pushed upward by the push spring 66. An O-ring 67 engaged with the
plunger 65, that has entered the pressure adjusting chamber 83, is attached onto a lower
surface of the lower surface portion 52a. By the actionl of this O-ring, a boundary
between the plunger 65 and the pressure control chamber 83 is sealed.

A communicating passage $7a for communicating the pressure control chamber 83
with the vacuum connecting pipe section 57 is provided in the third case 53 in which the
pressure control chamber 83 is provided. A vertical communicating passage 53b, the
‘upper encl of which communicates with the vacuum connecting pipe section 57, is
provided%in the third case 53. Further, this communicating passage 53b communicates
with the communicating passage 54b vertically penetrating the fourth case 54. This

‘communicating passage 54b communicates with a suction passage 87 horizontally
provided in the lowermost fifth c;ase 55.

An opening portion of the communicating passage 57a, con}municaﬁng with the
vacuum connecting pipe section 57 in the third case 53, is formed in the pressure control
chamber 83. This opening portion is opened and closed by thé detecting valve 68
disposed in the pressure control chamber 83. In this embodiment, a snap-action-valve is
used for the detecting valve 68. The snap-action-valve includes: a leaf spring coming

into contaet-with the plunger 65 when the plunger 65 is lowered; and




val ve’ can be opened at an appropriate opening tinme in accordance W th
vacuun1pressure in the vacuum di scharge pipe, and a ratio of air to l'i quid
in the pipe line can be maintained in a predeternined range. Therefore, the
vacuum type liquid collecting/transporting apparatus can be stably
operated. Mreover, according to-the present invention, in the vacuum
val ve, the val ve opening and closing stability can be nalntalned over a
| ong period of time, and the |l abor necessary for naintenance can be greatly
reduced. The invention according to a prefered aspect prOV|des a vacuum
val ve 15 includes: a pressure control chanber 83 for giving a vacuum force
to a valve body 71 capable of connecting a val ve operating chanber 25 with
a vacuum passage; a detecting val ve 68 capabl e of introducing a vacuum
force into the pressure-control chanber 83; a plunger 65 directly driven by
aliquid .
28

a tongue piece attached to an end of the leaf spring so that

the tongue piece can close an opening of the communicating

passdge 57a by the pushing force of this leaf spring. When the

plunger 65 is lowered and contacted with the leaf spring, the

tongue piece is ‘Toved upward so that the

cemmunicating passage 57a can be opened. Due to the foregoing,

the pressure control chamber 83 is communicated with the vacuum

connecting pipe section 57 through the communicating passage

57a.

In the third case 53 in which the pressure control chamber
83 is provided, a communicatin.g passage is formed, which
communicates the pressure control chamber 83 with the .lower
decompressing chamber 82 in the second- case 52 above the
pressure control chamber 83, and a needle valve 74 is disposed
in this passage. This needle valve 74 adjusts the amount of air
flowing into the pressure .control chamber 83 when the
gtfiosphere is introduced into the lower decompressing chamber
82. Consequently, a perioﬁ of time in which the atmosphere is
introduced into the pressure control chamber 83 is adjusted by
the needle valve 74. )

The pressure control chamber 83 is isolated from the upper
decompressing chamber 84 disposed below the pressure control
chamber 83, by the bulkhead 53a of the third case 53. At the
center of the bulkhead 53a, a communicating hole 88 is

vertically formed, which communicates the pressure control

chamber 83 with the upper decompressing chamber 84. In the
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-detecting di aphragm 60, wherein the plunger 65 drives the detecting valve
68; and an opening tinme adjusting valve 74 which is opened so that the
vacuum i ntroduced into the pressure control chanber 83 can be rel eased,
wherein the opening tinme is automatically controlled by the vacuumin the
vacuum di scharge pipe 14. Furthernore, when the inside of a liquid

| evel detecting pipe section 56 is quickly deconpressed, pressure in a
pressure adjusting chanber 102 is quickly released through a gap forned
bet ween a danpi ng di aphragm 59 and supporting section 112.- The
pressure adjusting chanber 102 is conmunicated with an upper
pressufi zi ng chanber 81 through a conmunicating hole 103. Therefore, when
the pressure adjusting

29
upper decompressing chamber 84, a pusﬁ spring 69 is provided,
which presses downward the valve driving diaphragm 70 £for
separéting the upper decompressing chamber 84 from the lower
pressurizing chaﬁber 85 disposed below the upper decompressing
chamber 84. A f6a~shaped changeover wvalve 71 vertieally
p%getrating the lower pressurizing chaﬁber_BS is attached at
thé center of the lower surface of the valve drivisg diaphragm
70.
Bulkhead ; S54a isolates the lowexr pressurizing chamber 85
from the suction chamber 86, both of which are respectively /Provided in

the fourth case 54, The chanéeover'valve 71 penetrates a
through~hole formed in this bulkhead 54a in the fourth case 54,
wherein a gap is formed between the changeover valve 71 and the
through:hole formed in this bulkhead S54a. A valve body 71a is
attached to a lower end of the changeover valve 71 which is
disposed in the -suction chamber 86. A valve seat 72 is
prewdided in the through-hole of the bulkhead S4a through which
the changeover valve 71 is penetrated, and the valve body 7la
engages with the valve seat 72 so as to close the through-hole
when the valve body 7la is move&upward. In " bulkhead 55a
disposed in a lower portion of the suction chamber 86 in the
fifth case 55, a through-hole is formed, which communicates the
suction chamber 86 with the suction passage 87 horizontally
provided below the suction chamber B86. 1In this through-hole,

a valve seat 73 ié provided, with which the valve body 71a is
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. 55 chanber 102 is quickly deconpressed, the upper pressurizing chamber 81
~i's al so quickly deconpressed. Due to the foregoing, resilient deformation
of a liquid level detecting diaphragm60 is quickly cancelled, and the
pushi ng action conducted by a plunger 65 on a detecting valve 68 is
rel eased. - 56 - CLAIMs 1. A vacuum valve control device for
controlling operation of a vacuumvalve by opening and closing a
pi pe- shaped connecting section connecting a vacuum di scharge pipe in a
vacuum condition with the suction pipe for sucking liquid-like materials
froma tank, said vacuumvalve control device conprising: '

30
i engaged so as to close the through-hole when the valve body 71a
is lowered.
In the fourth case 54 in which the lower pressurizing
chamber 85 is provided, a communicating passage 54c, one end of
~ which’ communicates with the lower pressurizing chambexr 85,
is—formed. The other end of this communicating passage 54c
cdmlunicates with the lower end of a communicating passage 92
vertically provided in the third case 53 disposed above the
fourth case 54. The upper end of this communicating passage 92
cammmicates with the atmospheric pressure r;onnecting pipe
section 58. Accoxrdingly, when th;e,atmosphére is introduced to
the atmospheric pressure connecting pipe section 58, the
atmosphere is j:ntroducéd into the lower pressurizing chamber 85
through the communicating passages 92 and 54c. .
The vacuum valve 15 having the construction described dbove
operates as follows. The vacuum connecting pipe section 57
¥n"€he ‘'vacuum valve control devicé 27 camunicates with the
vacuum discharge pipe 14. Therefore, the inside of the vacuum
connecting pipe section 57 is maintained in a vacuum condition.
When an améur;t of sewage in the sewage tank 11 is gradually
increased and the pressure in the liquid level detecting pipe
37, the lower end of which is dipped in the sewage, is
gradually increased under the aforementioned condition, the
pressure in the liquid level detecting pipe sectiox.'l 56 of the
vacuum valve cont-rol device 27 comunicating with the liguid

level detecting pipe 37 through the flexible hose 38, is
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adiqui-d level detecting pipe whose inside pressure fluctuates in
accordance with a liquid level in said tank; a pressure adjusting chanber
comunicating with said liquid | evel detecting pipe; a freely novable

di aphragmthat is not secured at its peripheral edge di sposed between said
liquid | evel detecting pipe and said pressure adjusting chanber; a liquid
| evel detecting diaphragmresiliently deformable in response to a pressure
increase in said pressure adjusting chanber being transnmtted thereto via a
t hrough-hol e; a detection valve controlled by deformation of said liquid

| evel detecting diaphragm a changeover valve controlled by said detection
val ve -to sel ectively supply a vacuum pressure and an atnospheric pressure
to said val ve, wherein said danpi ng di aphragm has at |east one snall

t hrough-hol e so that said danpi ng di aphragm does not resiliently deform
when the pressure in said liquid |evel detecting pipe is gradually

I ncreased, wherein said-danping diaphra6%1resiliently deforns due to

deconpr essi on éﬂadﬁgifb increased. Due to the foreqgoing, the pressure in the
pressure adjusting chamber 102 is gradually increased through
the miﬁute through-hole 59%a formed on the damping diaphragm 59
covering the opening of the liquid level detecting pipe'section
56. At this time, the damping diaphfégm 59 is not resiliently
deformed, so that the communicating hole 103 of the valve seat
101 is not closed. Accordingly, when the pressure in the
pressure adjusting chamber 102 is gradually increased, the
pressure in the upper pressurizing chamber 81,
which communicates with +the pressure adjusting
chambexr 102 through the communiéating hole 103 of the wvalve
seat 101, is gradually incre_ased.

When the préssure in ihe upper pressurizing chambexr 81 is
gradually increased, thé liquid level detecting diaphragm 60 is
gradually deformed downward in the mannexr of resilience. The
lower decompressing chamber 82 disposed below the liquid level
deteeting diaphragm 60 communicates with the atmospheric
pressure connecting pipe section 58 through the through-hole 94
and the communicating passage 53c. Further this atmospheric
pressure connecting pipe section Sa_is communicated with the
atmosphere communicating pipe 43 through the flexible hose 44.
Therefore, when the liquid level detecting diaphragm 60 is
gradually deformed downward in the manner of resilience, air in
the lower decompressing chamber 82 is discharged. Due to the
foregoing, the élunger 65 attached to the liquid level

detecting diaphragm 60 is moved downward.




‘piessure adj usting chamber to close said through-hole, wherein said danping
di aphragm qui ckly rel eases the pressure around the non- secured peripheral
edge thereof to said liquid |evel detecting pipe when the pressure in said
pressure adjusting chanber is rapidly increased to quickly close as said
liquid level in said tank reaches a substantially enpty condition. [err]

- 57 - 2. A vacuumvalve control device as clainmed in claim1, wherein a
di aneter of said through-hole is determned in such a nanner that the area
of said through-hole is less than 1/8 of a cross-section of said

t hrough-hol e. 3, A vacuum val ve having a vacuum val ve control device for
openi rg and cl osing a comuni cating section between a suction pipe

comuni cating with a tank and

- 32

When the plunger 65 is moved dowﬁwérd, the detecting valve
68 provided in the pressure control chamber 83 is pushed by the
plungér 65, so that an opening of the communicating passage 57a
located in the pressure control chamber 83 is opened. Due to
the foregoing, thé“bressure control chamber 83 is put in a
vacuum condition through the communicating passage 57a which
has been put in a vacuum condition. When the pressure control
chamber 83 is put in a vacuum condition, the upper
decompressing chamber 84 disposed beldw the hulkhead 53a is
also put in a vacuum condition through the communicatiﬁg hole
88 formed in the bulkhead 53a.. The lower pressurizing chamber
85 disposed below the upper decompressing chamber 84 through
the valve driving diaphragm 70  communicates :with the
atmospheric pressure connecting pipe section 58 through the

. communicating passages 54c and 92, so that the lower
pressurizing chamber 85 is open to the .atmosphere: N
‘Aceordingly, the valve driving diéphragm 70 is resiliently
defofmed upward resisting the push spring 69 when the pressure
in the upper decompressing chamber 84 is reduced.

When the valve driving diaphragm 70 is resiliently deformed
upward, the changeover valve 71 attached td this valve driving
diaphragm 70 is moved upward, so that the valve body 7la
attached to a lower end of the changeover valve 71 opens the
valve seat 73 provided in a lower portion of the suction

chamber 86, and at the same time the valve body 71a closes the

valve seat 72 provided in an upper portion of the suction




vacuum di scharge pipe comunicating wth a vacuum source, said vacuum val ve
conprising: a valve body for opening and cl osing said conmunicati ng
section; a valve operating chanmber for accomopdati ng a plunger connected

wi th said val ve body; a closing force providing nmeans for providing a.
closing force to said val ve body via said val ve operating chanber, wherein
sai d vacuum val ve control device selectively provides an opening force to
said val ve body via said val ve operating chanber, said vacuum val ve contro
device conprising: a liquid | evel detecting diaphragmwhich resiliently
deforns i'n response to a liquid level in said tank; a second pl unger
directly driven by said liquid | evel -detecting diaphragm a detecting valve
being drive by said second plunger; a pressure control chanber rmaintaining
a vacuum pressure from-a vacuum passage ,

33

chamber 86. Under the condition described above, the suction
chamber 86 : communicates with the suction passage 87 throdéh
the lower valve seat 73, and the suction chamber 86 is put:in
a vacuum condition being affected by the vacuum condition in
the suction passageﬂé7 communicated with the vacuum connecting
pipé section 57 through the communicating passages 54b and 53b.
The communicating pipe section 93 communicated with this
suction chamber 86 is also put in a vacuum condition. Due to
the foregoing, the valve operating chamber 25 of the vacuum
valve 15 communicated with the communicating pipe section 93 is
put in a vacuum condition.

When the valve operating chamber 25 in the vacuum valve 15
is put in a vacuum condition, the plunger 30 is pulled up
to resist the pushing force of the push spring 26. Therefore,
the valvé body 24 connected with this plunger 30 through the
valve rod 29 is moved-upward. .Aé_a result, the éommunicating

"section 28 is put in aﬁ open condition, and the wvacuum
discharge pipe 14 and the suction pipe 13 comunicate . with
each other through the communicating section 28, and sewage in
the sewage tank 11 is sucked into the suction pipe 13 by the
action of wvacuum in-the vacuum discharge pipe 14. Sewage in
the sewage tank 11 is sucked into the suction pipe 13 in a
brief period, and further sucked into the vacuum discharge pipe 14
through the communicating section 28. After that, sewage is
collected to the sewage collection tank through tﬂé vacuum pipe

which has been put in a vacuum condition.
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applied thereto when said detecting valve is driven by said second plunger
and mai ntai ning an atnospheric pressure froman atnospheric passage applied
thereto when said detecting valve is not driven by said second plunger; a
changeover val ve which operates to conhect a vacuum pressure from said
vacuum passage to said valve operating chanber when said pressure contro
chanber maintains a vacuum pressure, thereby providing said opening force
upon said val ve body; and - 58 - an opening tine adjusting valve for
vari ably rel easing a vacuum force introduced into said pressure contro
chanber, sakd opening tinme adjusting valve having an air hole for rel easing
sai d Vacuun1and bei ng conpressively deforned to change the section area of
said air hole so that an opening tinme for said vacuum val ve can be
control l ed according to the varying pressure of said pressure control
chanber . 34

When sewage in the sewage tank 11 is discharged in a
moment, pressure in the liquid level detecting pipe 37 . is
quickiy lowered, and pressure in the liquid level detecting
pipe section 56 is also quickly lowered. Due to the foregoing,
the damping diaphréé% 59 in the pressure adjusting chamber 102

s sucked toward the liquid level detecting pipe section 56.
Since the outer periphery of the damping diaphragm 53 is not
fixed to the support portion 112 disposed around the pressure
adjusting chamber 102 but the outer periphery of.the damping
diaphragm 5% is placed and supported by the support portion
112, a gap is formed between thie support portion 112 and the
damping diaphragm 59, and pressure in the pressure adjusting
chamber 102 is quickly released to the liguid .level detecting
pipe section 56.

Since the pressure adjusting chamber 102 commnicates -
with the upper ©pressurizing chamber 81 through the
communicating hole 103, air in the upper pressurizing'chambér
81 is also quickly discharged into the liquid level detecting "
pipe section 56 through the pressure adjusting chamber 1.02.
Due to the foregoing, the liquid level detecting diaphragm 60
that has been resiliently deformed downward is returned to its
initial condition.

Since the lower decompressing chamber 82 disposed below the
liguid level detecting diaphragm 60 is open to the atmosphere
through the }oné atmosphere communicating pipe .43, the -

atmosphere cdoes not flow into the lower decompressing chamber




4. +A ‘vacuum val ve control device as clained in claim3, wherein said

opening tinme adjusting valve is forned of a cylindrical elastic body.
vacuum val ve havi ng a vacuum val ve control device for by opening and
cl osing a conmuni cating section between a suction pipe communicating with a
t.ank and a vacuum di scharge pi pe comruni cating with a vacuum source,
vacuum val ve conprising: a valve body for opening and closing said

comuni cating section; a valve operating chanber for accomobdating a

pl unger connected with said val ve body;
providing a closing force to said val ve body via said val ve operating
wherei n said vacuum val ve contro

chamber ,

an opening force to said valve body via said val ve .operating chanber
vacuum val ve control device conprising: a liquid |level detecting di aphragm
which resiliently deforms in response to %g iquid '

82 through the atmosphere communicating éipe 43. H&wefer, air
in the gppei pressurizing chamber 81 disposed above the liquid
level detecting diaphragm 59 quickly flows out to the liquid
level detecting pipe section 56 through ﬁhe damping diaphragm

60 when the pressuré in the liquid level detecting pipe section

56 is quickly reduced. Therefore,.the liquid level detecting

diaphragm 60 that has been resiliently deformed is guickly and
smoothly réturned to its initial condition.

After the resilient deformation of the 1liquid- level.
detecting diaphragm 60 has been quickly canceled by the action
of air flowing out from the peripﬁery of the damping diapﬁragm
59, the plunger 65 attached to the lower surface of the liquid
leéel detecting diaphragm 60 is moved upward. - Then the
detecting valve 68 pushed by the plunger 65 returns to its
initial condition, and the detecting" valve 68 closes the
communicating passage 57a communicating with the wvacuum
connecting pipe section 57. Due to the foregoing, the
communicating condition between the‘pressure control chamber 83
and the vacuum connecting pipe section 57 in a vacuum condition
is shut off. )

At this time, the pressure control chamber 83 is in a
vacuum cordition . waeVer, this wvacuum condition can be
canceled after a small time lag when the atmosphere flowing
into the lowef decompressing chamher 82 from the.atmosphere

connecting pipe section 58 through the communicating passage
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tevel "in said tank; a second plunger directly driven by said liquid |evel
detecting di aphragm a detecting valve being driven by said second plunger;
a pressure control chamber nmintaining a vacuum pressure froma vacuum
passage applied thereto when said detecting valve is driven by said second
pl unger and mai ntai ning an atnospheric pressure from an atnospheric passage
applied thereto when said detecting valve is not driven by said second :
pl unger; a changeover val ve which operates to connect a vacuum pressure
from said vacuum passage to said val ve operating chanber when said pressure
control charber. maintains a vacuum pressure, thereby providing said opening
force~upon said val ve body; and an opening tine adjusting valve for

rel easing a vacuum force introduced into said pressure control chanber, the
opening tine of said opening tine adjusting valve being
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53c and-through-hole 94, gradually élows into the pressure
control chamber 83 through the needle valve 74.

Wh;n the vacuum conditioh of the pressure control chamber
83 is canceled, the vacuum condition of the upper decompressing
chamber 84 communicating with the pressure control chamber 83
through the communicating hole 88 is also canceled, and the
valve driving diaphragm 70 is pushed downward by the-push
spring 69, so that the upward xresilient deformation of the
valve driving diaphragm 70 is canceled. Due to the foregoing,
the changeover valve 71 attached to the valve driving diaphragm
70 is moved downward, and the v&lve'body 71a attached to the
lower end opens the valve seat 72 on the upper side, and at the
same time, c}o%es the valve seat 73 on the lower side. As a

result,. the communicating pipe section 93 which already communicates with the
. valve operating chanber '25”-of the- vacuum valve 15

comunicates with the atmosphere connecting pipe section 58
thfough the suction chamber 86, the lower pressurizing chambex
85 disposed aboie the suction chamber, and the communicating
passages 54a and 92. Therefore, the atmosphere in the
atmosphere connecting pipe sectiqn 58 is introduced into the
communicating pipe secticn 93. Due to the foregoing, the
vacuum condition in the valve operating chamber 25 of the
vacuum valve 15 is canceled, and the plungexr 30 of the wvacuum
valve 15 is moved downwerd by the pushing force of the push
spring 26, so tha% the vélve body 2¢ closes the communicating

section 28.




~autommtically controlled in accordance with a degree of vacuum in said
‘vacuum di scharge pipe. 6. A vacuum valve control device as clained in
claim5, wherein said opening.tine adjusting valve conprises a needl e val ve
havi ng a di aphragm provided in a passage connecting the inside and outside
of the pressure control chanber, wherein a valve |ift of said needle valve
bei ng adj ustabl e by applyi ng vacuum pressure from sai d vacuum di schar ge

pi pe to said di aphragm and wherein the valve lift of said needle valve

bei ng i ncreased when the vacuum pressure is high, and the

valve lift of

sai d needl e val ve being decreased when the vacuum pressure is low 7. A
vacuum val ve control device as clained in claimb5, wherein said opening

time adj usting val ve conprises: a duckbill valve provided
connecting the inside and outside of said pressure control

i n a passage
chanber, a val ve

lift of said duckbill valve being adjustable by applying vacuum pressure
froma side of said pressure control cBanber to an outer surface of said
duckbi |l valve, the valve lift of said duckbill valve belngglncreased when

t he vacuum The vacuum condition of the communicating pipe

ction

comunicating with the valve operating chamber 25 is canceled by
the a'tmosphere introduced into the lower pressurizing chamber
85 from the atmosphere connecting pipe section 58 through the
communicating passc:_\ge 9?. The atmosphere connecting pipe
section 58 is also connected with the lower decompressing
section 82 through the communicating passage 53c extending
upward and the 'thrpugh—hole 94. As the volume o'f the valve
operating chamber 25 of the vacuunm valve 15 is larxge,
a large aﬁount of atmosphere _flqws into the valve operating
chamber 25 through the communicating pipex section 93.
Accordingly, there is a possibility that the éiessure of th(_—"T
lower decompressing chamber 82 is reduced, which
comunicates with the atmosphere connecting pipe section 58
throﬁgh the communicating passage 53c and the through-hole 94.
In the case where the pressure in the lowér decompressing
chamber 82 is reduced, the liquid level detecting diaphragm 60
is sucked dov}nward and deformed a 'little, so that the’pressure
in the upper pressurizing chambér 81 is also reduced. Due to
the .:Eoregoing, the pressu;‘e adjusting chamber 102 communicating
through the communicating hole 103 is decompressed. Though a minute
through—ho.le 59a . formed on the damping diaphragm 59 covering
the pressﬁre adjusting chamber 102, has a diameter of which
is suf'ficiently smaller than that
of the communicatiﬁg hole 103 formed in the va.lve seat 101.

accordingly, the damping diaphragm 5% is resiliently c;_leformed
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. pressure is high, and the valve lift of said duckbill valve being decreased

‘when the vacuum pressure is low. 8. A vacuum valve control device as
clained in claim5, wherein said opening tine adjusting val ve conpri ses:
orifice valve provided in a passage connecting the inside and outside of
said pressure control chanber, wherein a valve lift of said orifice valve
bei ng adj ustabl e by applying vacuum pressure froma side of said pressure
chanber. to an outer [err] - 60 - surface of said orifice valve,.
the valve lift of said orifice valve being increased when the vacuum

contr ol

an

pressure is high, and the valve lift of said orifice valve being decreased
when 't he vacuum pressure i s | ow

o 38

downward by the action of decompression in the pressure

" adjusting chamber 102. Due to the foregoing, a portion of the

damping diaphragm 59 where the through-hole 59a_is not formed,
comes intc close contact with an upper surface of the valve
seat 101, so that an opening on the upper surface of the
cbmmunicating hole 103 is closed. As a result, air in the
pressure adjusting chamber 102 does not flow into the upper
pressurizing chambér 81 through the communicating hole 103.
Therefore, the liquid level detecting diaphragm 60 can be
prevented from being resiliently deformed downward. Due to the
foregoing, the plunger 65 can be pievented from moving downward
and coming into contact- with the detecting wvalve 68.
Therefore, the-valve body 24 of the -vacuum valve 15 can be
prévented from re-opening the communLEatingfsggtion 28.

Second Embodiment

In the vacuum valve control.deviqe of the first embodiment,
the needle valve adjusts the amounf of air by adjusting the gap
between the outer cylinder and the needle; The gap of the
needle valve that can provide an optimal opening time of the
vacuum valve is extremely small. Therefore, if the wvacuum
valve is repeatedly operated for a long period of time, dust,
moisture and the like are introduced from outside, gradually
ﬁarrowing the small gap. As a result, the gap is varied so as
to increase the opening time, leaving the vacuum valve open in

the worst case.
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9.' A'vacuum val ve control device for controlllng operation of a vacuum
val ve by opening and cl osing a pi pe- shaped connecting section which
connects a vacuum di scharge pipe in a vacuumcondition with a suction pipe
for sucking liquid-like materials froma tank, said vacuum valve contro
device conprising: a liquid |evel detecting pipe whose inside pressure
fluctuates in accordance with a liquid level in said tank; a pressure
adj usting chanber communicating with said liquid | evel detecting pipe; a
free-standi ng danpi ng di aphragm di sposed between said |iquid |evel
detecting pipe and said pressure adjusting chanber, said danping di aphragm
bei ng sttuated w thout attachnment upon a support portion such that a groove
is formed around the periphery of said support portion to quickly rel ease
the pressure within the pressure adjusting chanber around the peripheral
edge of the danping di aphragm and to quickly close the danpi'ng di aphragm
in response to a decrease of the pressurgginside,said liquid |evel
detecting pipe; g 'chéluéf!: IiMe! 78818 1ha0a fl 3RNLA0E DI 748 Sh! LROL | the
deforned in response t

. openlng tlme of the vacuum valve can be decreased, and when.the

vacuum of the vacuum discharge pipe 14 is low, the opening time
adjusting screw 102' is tightened to decrease the sectional area
of the air hole 7&K$of the air release valve 74' so ‘Fhat the
opening time of the vacuum valve can be increased.

Third Embodiment

A third embodiment of the present invention will be
explained as follows.

According to the third embodiment, an opening time
adjusting valve which is automatieally controlled is provided.
The other elements are similar to those of the firs%
embodiment. ' |
(Example 1)

As shown in Figs. 6A and 6B, a diaphragm 202 is attached to
the needle valve 74, which is balanced between the pushing
force of a spring 203 i : and the vacuum in thé vacuum discharge
pipe 14 communicating with a passage 95, so that the needle
valve 74 is displaced to an appropriate position. When the
degree of vacuum in the vacuum discharge pipe 14 is high, ‘the
valve lift of the needle valve 74 is increased, and when the
degree of vacuum is low, the lift of the needle valve 74 is
decreased.

According to this first example, the follqwieg mode of
operation can be provided. When the valve 1ift of the needle

valve 74, which is used as an opening time adjusting valve, is
VOB ACTRA
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pressure increase in said pressure adjusting chanber; a detection valve
controlled by deformation of said liquid | evel detecting diaphragm and a
changeover val ve being controlled by said detection-valve to selectively
apply a vacuum pressure and an atnosphéeric pressure to said vacuum val ve.
10. A vacuumval ve control device as clained in claim9, wherein said free-
st andi ng danpi ng di aphragm said support portion, and said groove forned
around the periphery of said support portion have an annul ar shape. [err]

- 61 - 11. A vacuumvalve control device as clainmed in claim9 wherein said
free- standi ng dappi ng dlaphragn1further conprises one or nore

t hr ough-.hol es, .

41 :

automgtically controlled in accordance with the vacuum
transmitted from the vacuum discharge pipe 14, (a) the higher
the vacuum is, the larger the valve lift of the needle valve 74
is increased, so that the vacuum valve 15 is closed in a short
period of time, aﬁa$(b) the lower the vacuum is, the smallex
the valve 1lift of the needle valve 74 is decreased, so that the
vacuum valve is opened over a long period of time. Due to the
foregoing, an air/iiquid ratio in the pipe line can be
maintained in a predetermined range, and the vacuﬁﬁ type liquid
collecting/transporting apparatus can be stably operated.
(Example 2) .

The second example is distinguished from the first example
in that a needle'va%ye 110 and a duckbill valve.120 are used as
opening time adjusting valves provided in the controller
section 27 as shown in Figs. JA-7C. The other elements are

- similar to those of the first.example. %
The needle valve 110 and -phe Auckbill valve 120 are
provided m the passage 193 communicati.hg.the inside and
outside oflthe upper chamber 83 (pressure control chamber) ofn
a tﬁird case 53. In this embodiment, the duckbill wvalve 120 is
provided in the passage'193 farther than the neédle valve 110.
The duckbill valve 120 may, however, be provided in the passage
193 closer to the upper chamber 83 than the needle valve 110.
The needle valve 110 is adjusted so as to spirally move

back and forth with respéﬁt to the valve seat provided within




wherein said through-holes prevent resilient deformation of said danping
«di aphragm when the pressure in said liquid | evel detecting pipe is
gradual ly increased, wherein said danping di aphragmresiliently deforns by
deconpression of said pressure adjusting chanber to close said
t hrough- hol e, wherein said danpi ng di aphragmrel eases the pressure fromits
peripheral portion to the liquid | evel detecting pipe when the pressure in
the pressure adjusting chanber increases substantially. 12. A vacuum val ve
conprising: a housing having a val ve operating chanber in which a vacuumis
activated; a plunger slidably provided in said housing;, and a
self-lubricating rolling di aphragm provi ded bet ween an outer
circunferential surface of said plunger and an inner circunferenti al
surface of said housing so that said val ve operating chanber in said
housi ng can. be isolated in an airtight condition, said rolling di aphragm
being resilient so that it can be deford®d in accordance with the novenent
of said plunger . : .
the passage 193. The needle valve 110 is used by appropriately
adjusting the gap with respect to the valve seat.

The duckbill wvalve 120 can adjust the wvalve lift with a
vacuum force in the upper chamber 83 being applied to the outer
surface of a bill 121 thereof. When the vacuum force is high,
the valve lift of the duckbill valve 120 is increased due to a
large pressuré difference between the atmospheric pressure
exerted upon the inner surface of the bill 121 and the high
negativé pressure exerted upon the outer surface of the bill:
121, and when the vacuum forxrce is low, the valve lift of the
duckbill wvalve 120 is decreaseﬁ due to a small pressure
difference between the atmosphexic pressuré exerted ;upon the
inner surface of the bill 121 and the low negative pfessure
exerted upon the outer surface of the bill 121.

Accorxding to.the second example, when the valve lift oﬁ the
duckbillavalve 120, which is used as ‘an opening time adjusting
valve, is automaticaily' controlled in accordance with the
vacuum force in the chamber 83. In other words, for the vacuum

]
transmitted from the vacuum discharge pipe 14, (a) the higher -
the vacuum is, the larger the valve lift of the duckbill valve
120 is increased, so that the vacuum valve 15 is closed in a
short period of time, and (b) the lower the vacuum is, the
smaller the valve lift of the duckbill valve 120 is decreased,

so that the vacuum valve is opened for a long period of time.

Due to the foregoing, an éir/liquid rzatio in the pipe.line can
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wherein said rolling diaphragmcontains a lubricant which is excreted onto
an ext érnal surface of said rolling diaphragmfroman interior of said
roll'ing diaphragm 13. A vacuumvalve as claimed in claim12, wherein said
rolling diaphragmis made of rubber and wherein one of silicon oil, silicon
grease and DOP is kneaded into the rubber as a |ubricant during the process
of form ng, whereby the |ubricant 'kneaded into the rubber is gradually
excreted onto the external surface of the rolling diaphragm 14. A vacuum
val ve conprising: a housing having a val ve operating chanber in which a
vacuumis activated; a plunger slidably provided in said housing; [err]

- 62 - -a valve rod, one end of which-is connected with said plunger, and

t he ot her end of

44

between the atmospheric pressuxe exertéd upon the inner surface
of the cone and the high negative pressure exerted upon .the
outef surface of the cone, and when the vacuum force is low,
the valve lift of the orifice valve 130 is resiliently
decreased due to'égé'small pressure difference between the
atmospheric pressure exerted upon the inner surface of the cone
and the low negative pressure exerted upon the outer surface of
the cone.

Accoxding to thixrd exémple, when the valve lift of the
orifice valve 130, which is used as an opening time adjusting
valve, is automatically controlied in accordance with the
vacuum force in the chamber 83, for (the vacuum
trénsmitted from the vacuum discharge pipe 14) (a) the higher
the vacuum is, the larger the valve lift of tﬁe orifice valve
130 is increased, so that the vacuum valve 15 is closed in a
short period of time, and (b). the lower the vacuum is, the
smaller the valve lift of the orifice valve 130 is decreased,
so that tﬁe vacuum valve is opened over a lbng period of time.
Due to the foregoing, an air/liquid ratio in the pipe line can
be maintained in a predetermined range, and the vacuum type
liquid collecting apparatus can be stably operated.

Fourth Embodiment

In the wvacuum valve control device' of the invention, preferably a
resilient rolling diaphragm 31 is'provided between the first
and second housings 21, 22. The valve operating chamber in the

housing is airtightly isolated by the rolling diaphragm. This
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whi ch-is positioned outside said housing so that said valve rod penetrates
sai d hou5|ng wherein the end of said valve rod positioned outside said
housing is connected with a valve body; and a self-| ubfj
shaft seal coming into pressure contact with said valv
boundary between said housing and said valve rod can
wherein said shaft seal contains a |ubricant which isje)c
external surface of said shaft seal froman interior
15. A vacuumvalve as clained in claim 14, wherein sajd

of rubber and wherein one of silicon oil, siliicon grease and DOP I

into the rubber -as a | ubricant during the process of for -

| ubri cant kneaded into the rubber is gradually excreted onto the external
surface of the shaft seal. 16. A vacuum valve for opening and closing a
comuni cating section between a suction pipe conmunicated with a tank, and
a vacuum di scharge pi pe comuni cated with a vacuum source, said vacuum

val ve conprising: a valve body for openiﬁﬁSand ¢l osing said comunicating

section; rolling diaphragm is made of resilient rubber, and bent between

the outer circumferential surface of the plunger and the inner

circumferential surface of the housing so that the rolling

diaphiagm can brought into close contact with the outer
i . - circumferential surface of the plunger and the inner

circumferential surface of the housing. In the case where the
.. plunger is slid by the action of vacuum in the valve operating
chamber in the housing, the rolling diaphragm is deformed so
that the bent portion is moved in a sliding direction of the
plunger. As described above, while a volume in the valve
. operating chamber is not changed, the plunger can be positively
slid by the action of the rolling diaphragm when a.vacuum is
actlvated. _ o
Usually, a portion close to the bent portion of the rolling
diaphragm is not closely contacted with the inner
circumferential surface of the housing, but the portion is
contacted with the rolling diaphragm which is closely contacted
with thé outer circumferentiai surface of the plunger. When
one portion of the rolling diaphragm is contacted with another
portion with pressure as described above, there 1is a
possibility that the contacting portion is rubbed and worn away
in the case where the contacting portion is moved in accordance
with the sliding movement of the plunger. When the rolling
‘diaphragm is worn away, there is a possibility that
airtightness of the rolling diaphragm is deteriorated. Vhen

airtighthess of the rolling diaphragm is défefiorated,



a plunger connected with said valve body; a valve operating chanber for
accomodating said plunger; a rolling diaphragm provi ded between sai d val ve
operating chanber and said plunger, wherein a first end of said rolling

di aphragm cones into pressure contact with an inner surface of said valve
operating chanber, and a second end of §$gg rol I'i ng di aphragm cones into
pressure contact with an outer surface of said plunger wherein in a
condition prior to assenbly, said rolling diaphragmincludes a |arge

di aneter section formed at said first gﬁgmmﬁning into pressure contact with
the inner surface of said valve operating chanber, a small dianeter section

formed at sai dlsecAnvhcann: £ ogntroltdevicerfor controllifi@ operation of a vacuum valve

by opening and closing a pipe-shaped connecting section connecting a vacuum discharge
pipe in a vacuum condition with the suction pipe for sucking liquid-like materials from a
tank, said vacuum valve control device comprising:

a liquid. level detecting pipe whose inside pressure ﬂuctuates in accordance with a
liquid level in said tank;

a pressure adjusting chamber communicating with said liquid level detecting pipe;

a freely movable diaphragm that is not secured at its peripheral edge disposed
between said liquid level detecting pipe and said pressure adjusting chamber;

a liquid level detecting diaphragm resiliently deformable in response to a pressure
increase in said pressure adjusting chamber being transmitted thereto via a through-hole;

a detection valve controlled by deformation of said liquid level detecting
diaphragm;

a changeover valve controlled by said detection valve to selectively supply a
vacuum pressure and an atmospheric pressure to said valve,

wherein said damping diaphragm has at least one small through-hole so that said
damping diaphragm does not resiliently deform when the pressure in said liquid level
detecting pipe is gradually increased, '

wherein said damping diaphragm resiliently deforms due to decompression of said
pressure adjusting chamber to close said through-hole,

wherein said damping diaphragm quickly releases the pressure arouhd the non-
secured peripheral edge 'thereof to said liquid level detecting pipe when the pressure in
said pressure adjusting chamber is rapidly increased to quickly close as said liquid level

in said tank reaches a substantially empty condition.
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pressure contact with the outer surface of said plunger, and a tapered
séct!oh formed between said | arge and snall dianeter sections; neans for
providing a closing force to said valve body, said neans being provided in
sai d val ve operating chanber; and a controller for providing an opening
force to said valve body by creating a .?cuun1in sai d val ve chanber. 64
12. A vacuumvalve as clained in claini%lj CHARACTERI ZED | N THAT sai d shaft
seal (32) is made of rubber into which lubricant one of silicon oil,

3; ' con. ng?r edse A idum VAR Eatinf ViBd b Blahad il Slalti 228ARdiA aldiBmBlep 6ESS
said through-hole is determined in such a manner that the area of said through-hole is
less than 1/8 of a cross-section of said through-hole.

3. A vacuum valve having a vacuum valve control device for opening and
closing a communicating section between a suction pipe communicating with a tank and
vacuum discharge pipe communicating with a vacuum source, said vacuum valve
comprising:

a valve body for opening and closing said communicating section;

a valve operating chamber for accommodating a plunger connected with said valve
body; _

a closing force providing means for providing a closing force to said valve body
via said valve operating chamber,

wherein said vacuum valve control device selectively provides an opening force to
said valve body via said valve operating chamber, said vacuum valve control device
comprising:

a liquid level detecting diaphragm which resiliently deforms in response to a liquid
level in said tank;

a second plunger directly driven by said liquid level detecting diaphragm;

‘a detecting valve being drive by said second plunger;

_a pressure control chamber maintaining a vacuum pressure from a vacuum passage
applied thereto when said detecting valve is driven by said second plunger and
maintaining an atmosphéric pressure from an atmospheric passage applied thereto when
said detecting valve is not driven by said second plunger; l.

a changeover valve Which operates to connect a vacuum pressure from said vacuum

~ passage to said valve operating chamber when said pressure control chamber maintains a

vacuum pressure, thereby providing said opening force upon said valve body; and
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wher eby the |ubricant kneaded into rubber gradually oozes out fromthe
surface at all tines. 13. A vacuum val ve especially according to any one of
claims 9 to 12 and preferably for use with a vacuum val ve control device
according to any one of clainms 1 to 8, for opening and closing a

communi cating section (28) between a suc%%on pi pe (13) comrunicated with a-
tank (11), and a vacuum di scharge pi pe (12) comunicated with a vacuum
source, said vacuumvalve (15) conprising: a valve body (24) for

opening and & @périfg tivw deﬁﬁ%lﬁ@fdr”&rﬁﬁ&t teMhsing®d vadiuBl m@ﬁ%:§§@)§?d

connected with said val ve body a val ve “operating chanber (2
accomodat infg ssid ipiesshreng@mitrof dhdmbet, &4itl lopating itiaihadigstingValvePhaNAg 86 alichioreen

sard val Vefor releasing said vacuum and being compressively deformed to change the section area

of said air hole so _that an opening time for said vacuum valve can be controlled
according to the varying pressure of said pressure control chamber.

4.  A.vacuum valve control device as claimed in claim 3, wherein said '(')pening
time adjusting valve is formed of a cylindrical elastic body. |

5. A vacuum valve having a vacuum valve control device for by opening and
closing a communicating section between a suction pipe communicating with a tank and
a vacuum discharge pipe communicating with a vacuum source, said vacuum valve
cqmprising:

a valve body for opening and closing said communicating section;

a valve operating chamber for accommodating a plunger connected with said valve
body;

a closing force providing means for providing a closing force to said valve body
via said valve operating chamber,

wherein said vacuum valve control device for selectively provides an opening force
to said valve body via said valve operating chamber, said vacuum valve control device
comprising: |

a liquid level detecting diaphragm which resiliently deforms in response to a liquid
level in said tank;

a second plunger directly driven by said liquid level detecting diaphragm;

a detecting valve being driven by said second plunger;

a pressure control chamber maintaining a vacuum pressure from a vacuum passage
applied thereto when said detecting valve is driven by said second plunger and
maintaining an atmospheric pressure from an atmospheric passage applied thereto when

said detecting valve is not driven by said second plunger;
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operating chamber (25) and said plunger (30), in which one end of said
rol1ing di aphragm (31) conmes into pressure contact with an inner surface
(22) of said valve operating chanber (25), and the other end cones.into
pressure contact with an outer surface of said plunger (30); [err] 65
cl osi.ng force giving nmeans (26) for givi%g a closing force to said val ve
body (24), said closing force giving means (26) being provided in said
val ve operating chanber (25); and '

a changeover valve which operates to connect a vacuum pressure from said vacuum

passage to said valve operating chamber when said pressure control chamber maintains a
vacuum pressure, thereby providing said opening force upon said valve body; and

an opening time adjusting valve for releasing a vacuum force introduced into said
pressure control chamber, the opening time of said opening time adjusting valve being
automatically - controlled in accordance with a degree of vacuum in said vacuum
discharge pipe.

6. A vacuum valve control device as claimed in claim 5, wherein said opening-
time adjusting valve comprises a needle valve having a diaphragm provided in a passage
connecting the inside and outside of the pressure control chamber, wherein a valve lift of
said needle valve being adjustable by applying vacuum pressure from said vacuum
discharge pipe to said diaphragm, and wherein the valve lift of said needle valve being
increased when the vacuum pressure is high, and the valve lift of said needle valve being
decreased when the vacuum pressure is low.

7. A vacuum valve control device as claimed in claim 5, wherein said opening
time adjusting valve comprises:

a duckbill valve provided in a passage connecting the inside and outside of said
pressure control chamber, a valve lift of said duckbill valve being adjustable by applying
vacuum pressure from a side of said pressure control chamber to an outer surface of said
duckbill valve, the iralve lift of said duckbill valve being increaséd when the vacuum
pressure is high, and the valve lift 6f said dﬁckbill valve being decreased when the
vacuum pressure is low.

8. A vacuum valve control device as claimed in claim 5, wherein said opening
time adjusting valve comprises:

an orifice valve provided in a passage connecting the inside and outside of said
pressure control chamber, wherein a val\}e lift of said orifice valve being adjustable by

applying vacuum pressure from a side of said pressure control chamber to an outer

REPLACE
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a.control |l er (27) for giving an opening force to said val ve body (24) by

i npressing a vacuum upon sai d val ve operating chanber (25), CHARACTERI ZED
IN THAT said rolling diaphragm (31) includes a l|arge dianmeter section
(32A) fornmed at one end capable of comng into pressure contact with the

i nner surface (22) of said valve operating chanber (25) in a free condition
before assenbly, a small dianeter section (32B) fornmed at the other end
capabl-e of coming into pressure contact with the outer surface of said

pl unger (&itfaceafhaitl brifiey edlve ahié valve (if%0P)saidobrilek vdlvé Beingiisidb el ¥naahe
these | arge and snmall dianmeter sections. [err] [err]
vacuum pressure is high, and the valve lift of said orifice valve being decreased when the
vacuum pressure is low. ‘

9. A vacuum valve control device for controlling operation of a vacuum valve
by opening and closing a pipe-shaped connecting section which connects a vacuum
discharge pipe in a vacuum condition with a suction pipe for suckiilg licjﬁid-like
materials from a tank, said vacuum valve control device comprising:

a liquid level detecting pipe whose inside pressure fluctuates in accordance with a
liquid level in said tank; __

a pressure adjusting charhber communicating with said liquid level detecting pipe;

a free-standing damping diaphragm disposed between said liquid level detecting
pipe and said pressure adjusting chamber, said damping diaphragm being situated
without attachment upon a support portion such that a groove is formed around the

 periphery of said support portion to quickly release the pressure within the pressure
adjusting chamber around the peripheral edge of the damping diaphragm and to quickly

: close the damping diaphragm in response to a decrease of the pressure inside said liquid
level detecting pipe;

a liquid level detecting diaphragm being resiliently deformed in response to a
pressure increase in said pressure adjusting chaniber;

a detection valve controlled by deformation of said liquid level detecting
diaphragm; and

a changeover valve being controlled by said detection valve to selectively apply a
vacuum pressure and an atmospheric pressure to said vacuum valve.

10. A vacuum valve control device as claimed in claim 9, wherein said free-
standing damping diaphragm, said support portioh, and said groove formed around the

periphery of said support portion have an annular shape.
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11. A vacuum valve control device as claimed in claim 9 wherein said free-
standing damping diaphragm further comprises one or more through-holes,

wherein said through-holes prevent resilient deformation of said damping
diaphragm when the pressure in said liquid level detecting pipe is gradually increased,

wherein said damping diaphragm resiliently deforms by decompression of said
pressure adjusting chamber to close said through-hole,

wherein said damping diaphragm releases the pressure from its peripheral portion
to the liquid level detecting pipe when the pressure in the pressure adjusting chamber
increases substantially.

12. A vacuum valve comj:rising:

a housing having a valve operating chamber in which a vacuum is activated;

a plunger slidably provided in said housing; and

a self-lubricating rolling diaphragm provided between an outer circumferential
~ surface of said plunger and an inner circumferential surface of said housing so that said
valve operating chamber in said housing can be isolated in an airtight condition, said
rolling diaphragm being resilient so that it can be deformed in accordance with the
movement of said plunger,

wherein said rolling diaphragm contains a lubricant’ which is excreted onto an
external surface of said rolling diaphragm from an interior of said rolling diaphragm.

13. A vacuum valve as claimed in claim 12, wherein said rolling diaphragm is
made of rubber and wherein one of silicon oil, silicon grease and DOP is kneaded into
the rubber as a lubricant during the process of forming, whereby the lubricant kneaded
into the rubber is gradually excreted onto the external surface of the rolling diaphragm.

14. A vacuum valve comprising:

a housing having a valve operating chamber in which a vacuum is activated;

a plunger slidably provided in said housing;
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a valve rod, one end of which is connected with said plunger, and the other end of
which is positioned outside said housing so that said valve rod penetrates said housing,
wherein the end of said valve rod positioned outside said housing is connected with a
valve body; and _

a self-lubricating resilient shaft seal coming into pressure contact with said valve
rod so that a boundary between said housing and said valve rod can be airtightly sealed,

wherein said shaft seal contains a lubricant which is excreted onto an external
surface of said shaft seal from an interior of said shaft seal. |

15. A vacuum valve as claimed in claim 14, wherein said shaft seal is made of
rubber and wherein one of silicon oil, silicon grease and DOP is kneaded into the rubber
as a lubricani: during the process of forming, whereby the lubricant kneaded into the
rubber is gradually excreted onto the external surface of the shaft seal.

16. A vacuum valve for opening and closing a communicating section between a
suction pipe comn}unicated with a tank, and a vacuum discharge pipe communicated with
a vacuum source, said vacuum valve comprising:

a valve bod):' for opening and closing said communicating section;

a plunger connected with said valve body;

a valve operating chamber for accommodating said plunger;

a rolling diaphragm provided between said valve operating chamber and said
plunger,

wherein a first end of said rolling diaphragm comes into pressure contact with an
inner surface of said valve operating chamber, and a second end of said rolling
diaphragm comes into pressure contact with an outer surface of said plunger wherein in a
condition prior to assembly, said rolling diapbragm includes a large diameter section
formed at said first end coming into pressure contact with the inner surface of said valve

operating chamber, a small diameter section formed at said second end coming into
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pressure contact with the outer surface of said plunger, and a tapered section formed

between said large and small diameter sections;

means for providing a closing force to said valve body, said means being provided

in said valve operating chamber; and

a controller for providing an opening force to said valve body by creating a

vacuum in said valve chamber.
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VACUUM VALVE CONTROL DEVICE AND VACUUM VALVE

ABSTRACT

A vacuum valve (15) includes: a pressure control chamber (83)
for giving a vacuum force to a valve body (71) capable of
connecting a valve operating chamber (25) with a vacuum
passage; a de{:ecting valve (68) capable of introducing a vacuum
force into the pressure control chamber (83); a plunger (65)
directly driven by a liquid detecting diaphragm (60), wherein
the plunger (65) drives the detecting wvalve (68); and an
opening time adjusting valve (74) which is opened so that the
vacuum introduced into the pressure control chamber (83) can be
released, wherein the opening time is automatically controlled
by the wvacuum in the wvacuum discharge pipe (14). Furthermore,
when the inside of a 1iquid' ljevel detecting pipe section (56)
is quickly decompressed, pressure in a pressure adjusting
chamber (102) is quickly released through a gap formed between
a damping diaphragm (59) and supporting séction (112). The
pressure adjusting chamber (102) is communicated with an upper
pressurizing chamber (81) through a communicating hole (103).
Therefore, when the pressure adjusting chamber (102) is quickly
decompressed, the upper pressurizing chamber (81) is also
quickly decompressed. Due to the foregoing, resilient
deformatiod; of a 1ligquid 1level detecting diaphragm (60) is
guickly cancélled, and the pushing action conducted by a

plunger (65) on a detecting valve (68) is released.

Fig. 3




