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TITLE 

" Fluid Flow Control Valve " 

S The present invention is related to a check valve for 

insertion into a fluid, liquid or gas, flow line. 

'i'he conventional line check valve body has a valve 

operation space with which an inlet passage and outlet 

10 passage are in communication. A valve disk is mounted 

at a valve seat formed at the opening mouth of the 

inlet passage in such a manner that the valve disk is 

allowed to slide to~be rested on and move away from 

the valve seat, with the valve disk beinq biassed to 

15 its valve seat by spring means usually a coil 

spring. 

However, such conventional line check valves have a 

small 'area for receiving the operating pressure. So 

20 in a case where the inlet volume or the inlet pressure 

to the inlet passage is small, the valve may not 

operate effectively and reliably. 

:i. 
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Additionally, adjustment of the spring may be required 

and this is difficult with an enclosed spring. 

The area of the sealing portion and the area of the 

5 differential pressure receiving portion are almost the 

same. If the area of the sealing portion is big, the 

valve has good responsiveness but sealing capacity may 

be compromised. 

10 Sliding of the valve body, under the influence of a 

coil spring tends to generate abrasive powder. In 

addition, since the number of parts employed in the 

valve operation space is great, the internal structure 

is complicated and fluid residues such as gas residues 

15 may be qenerated. Therefore, the conventional line 

check.valve is not suitable for fluid transportation 

lines of the manufacturing devices of semiconductors 

and pluu:maceuticals, etc. , or vacuum lines of vacuum 

apparatuses which require a higher clean degree. 

20 

Further, when the differential pressure surpasses the 

resisting force of the springs, ·the fluids start to 

flow. When the fluids start to flow, differential 

pressure drops and the valves close due to the 
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resistinq force of the sprinqs . As a result, the 

so-called chatterinq phenomenon occurs. 

The present invention, in view of the disadvantages of 

5 the conventional valves, functionally separates the 

area for receiving the differential pressure and the 

area of the sealinq portion and dispenses with 

springs. 

10 The objective of the invention is to overcome the 

above disadvantages. 

The line check valve of the present invention which 

solves these· problems comprises a valve body, a 

15 confined valve operation space provided in the valve 

body and enclosed by an upstream side wall surf ace in 

which an inlet · passaqe has an opening mouth and a 

downstream side wall. surface in which an outlet 

passage has an opening mouth, a ring shaped static 

20 seal surface on the upstream side. wall surface, a 

diaphragm which has a mavable seal positioned opposite 

the static seal surface, and a seal rinq secured to 

the static seal surface or the movable seal. 
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The cantral unit or the circumference unit of the 

diaphragm is fixed on the upstream side wall surface 

or the downstream side wall surface. 

5 If the central part of the diaphragm is secured to the 

wall surface, the movable seal is provided at the 

circumferential part of the diaphragm and the opening 

mouth of the inlet passage is positioned on the inner 

side of the static seal surface on the upstream side 

LO wall surface. 

If the circumferential part of the diaphragm is 

secured to the wall surface, the diaphragm is in the 

ring shape and is provided with the movable seal at 

15 the centre thereof, with the opening mouth of the 

inlet passage being positioned on the outer side of 

the static seal surface. 

20 

If a fluid flows into the inlet 

differential pressure of both sides of 

passage, the 

the diaphragm 

deforms the diaphragm, thereby separating the movable 

seal from the static seal surface. As a result, the 

two passages are connected with each other and the 
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fluid flows from the inlet passage to the outlet 

passage. 

If a reverse flow occurs in the outlet passage, the 

5 dif f ferential pressure of both sides of the diaphragm 

deforms the diaphragm reversely to the case above 

mencioned, thereby putting the movable seal in pressed 

contact with the static seal surface via the seal 

ring. As a result, the_two passages are disconnected 

LO by the contact of one seal member with the seal ring 

secured to the other seal member, thereby inhibiting a 

reversed flow from the outlet passage to the inlet 

passage. 

15 The present invention will.now be described by way of 

example and with reference to the accompanying 

draswings wherein:-

20 

F iqures l and 

embodiment of 

2 are sectional views of a first 

the line check valve according to the 

present invention respectively in the open and closed 

condition and 
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Figure 3 is a sectional view showing another 

embodiment of the invention in the open condition. 

The line check valve of this embodiment comprises a 

5 valve body , a diaphragm 2 mounted in said valve body 

l and sealing ring 3 mounted on said diaphragm 2. 

An inlet passage la and outlet passage lb are formed 

in alignment through valve body 1. Within the central 

10 portion of the valve body 1, a space 6 for valve 

operation surrounded by the upstream side wall surface 

4 and downstream side wall surface S has been 

provided on the upstream side wall surface 4, a 

circular reverse pressure receiving surface 4a and a 

15 ring-shaped static seal surface 4b positioned on the 

circumferential side thereof are provided. The 

reverse pressure receiving surface 4a and the static 

seal surface 4b constitute a continuous, flat surface 

which extends in a direction rectangularly relative to 

20 the inlet passage la. The inlet passage la has an 

opening mouth 7 on the reverse pressure receiving 

surface 4a. On the downstream side wall surface 5 are 

provided a first and second normal pressure receiving 

surfaces Sa and Sb which are positioned opposite the 
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reverse pressure receiving surface 4a and the static 

seal surface 4b respectively. The first normal 

pressure_ receiving surface Sa is a conical surface 

with its top located near and opposite the centre of 

5 the reverse pressure receiving surface 4a. The second 

normal pressure receiving surface Sb is a flat, ring 

shaped surf ace and extends in a direction 

rectangularly relative to the outlet passaqe lb. The 

second no:cntal pressure receiving surface Sb has an 

lO opening mouth 8 of the outlet passaqe lb. 

· The diaphragm 2 comprises a circular body 2a made of a 

thin metal sheet and a metal ring-shaped movable seal 

2b secured to the circumference of the body 2a and is 

15 placed in a valve operation space 6 with its centre 

being fixed. That is, welding and securing of the 

centre of the circular body 2a onto the top of the 

first normal pressure receiving surface Sa makes it 

possible for the diapl\ragm 2 to be deformed so that 

20 the movable seal 2b can be moved back and forth inan 

axis line direction rectangularly relative to the 

static seal surface 4b. The diaphragm effectively 

pivots about the annulus of its secureinent to its 

supporting wall. The diaphragm is non-resilient 
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having no inherent bias either to the open or closed 

position; it pivots or hinges as described in response 

to fluid flow. This deformation is generated by a 

difference between the pressures which act on the two 

5 sides of. the diaphragm 2. In the state where the 

difference in the pressure does not exist (which state 

is referred to as "nonload state" hereinafter), the 

diaphragm 2 is retained in the original, non-deformed 

flat shape. The circular body 2a· is preferably as thin 

10 as possible to improve responsiveness. Even if the 

circular body 2a is reduced to the minimum thickness, 

the overall rigidity is sufficiently maintained thanks 

to the existence of the movable seal 2b. The central, 

welded part of the circular body 2a is raised to form 

15 a tube in order to avoid concentration of a curve 

stress to the welded part. 

The seal ring 3 is ring-shaped and is made of a mater­

ial such as rubber, plastic and the like, which has an 

20 elasticity greater than a certain level and is forced, 

under pressure, into and retained in the dovetail 

shaped ring groove 2c formed on the movable seal 2b.The 
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deformation of the diaphram 2 makes the seal ring 3 

contact and move away from the static seal surface 4b. 

In the nonload state where the diaphram 2 is 

kept in the original non-deformed flat shape, the seal 

ring 3 is in contact with, but not pressed against 

the static seal surface 4b. Hence, the seal ring 3 

does not seal a space between the static seal furface 
' 

4b and the movable seal 2b of the diaphram 2. There-

fore, since the seal ring 3 is in close contact with 

the static seal surf ace 4b only when the reverse 

flow occurs, there is no fear that the seal ring 3 may 

adhere to the static seal surface 4b even if the seal 

ring 3. is made of ru.bber or the likes. The seal ring 

3 may be molded into the ring shape and fitted in the 

ring groove Zc or may. be cast into the ring groove 2c. 

Or the seal ring 3 can be fixed on the movable seal Zb 

by using adhesives. The last method is not applicable 

in a case where melting-out of volatile solvent gives 

an undesirable effect. 

A f ixinq ring (not shown) made of a steel wire or the 

like may be imbedded inside the· seal ring 3. 

In the line check valve structured as mentioned above, 

.if a fluid flows into the inlet passage la, the circular 
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body 2a of the diaphram 2 is deformed in the direction 

of the first normal pressure receiving surface Sa by a 

difference between the pressure acting on the surface 

of the diaphram 2 facing the inlet passage la and the 

pressure on the surface facing the outlet passage lb.· 

This separates the seal ring 3 from the static seal 

surface 4b. .::\.s a result, the two passages la and lb 

are connected, thereby allowing the fluid to flow from 

the inlet passage la to the outlet passage lb (see Fig. 

1). !t depends on the flow rate of the fluid how much 

the seal =ing is distanced from the static seal surface 

4b. 

Even if the inflow volume or inflow pressure in the 

inlet passage la is small and the difference between 

the pressure acting on the surface of the diaphram 2 

facing the inlet passage la and the pressure on the 

other surf ace facing the outlet passage lb is small, the 

seal ring 3 is separated. fran the static surface 4b without fail 

since the pressures act on.the almost entire surfaces 

except for the fixed central part} ·of the diaphram 2 

havi~g a great surface area and the seal ring 3 is 

provided on the diaphram 2 having no spring force. On 

the other hand, if the flow rate is great or an impact 

pressure is generated, the circular body 2a and the 

movable seal 2b of the diaphram 2 are engaged with the 
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first: and second pressure receiving surfaces Sa, Sb. 

As a result, a further deformation of the diaphram 2 

is ~revented, thereby stopping an excessive load from 

acting on the diaphram 2. 

T~at is to say, in a case where the flow rate or the 

=iuid ?ressure is within a certain range, the diaphram 

2 is deformed to form between the seal ring 3 and the 

st:atic seal surface 4b a space the extent of which 

cor=esponds ~o how much the flow rate is. However, if 

~he =~~w rate or fluid pressure exceeds the above 

:nent..:.c~ed range, no defor:nation_greater t!'l.an a certain 

extent: occurs. 

When the fluid flows reversely, the circular body 2a of 

the diaphram 2 is deformed in the direction of the 

reverse pressure receving surf ace 4a by a difference 

between the ?ressure acting on the surf ace facing the 

inlet passage la and the pressure on the surface facing 

the outlet ?assage lb, thereby causing the seal ring 3 
.. pr~SS~ d 

to be i~tact with the static seal surface 4b. As a 

result, the space between the circumference of the 

diaphram.2 and the static seal surface 4b is closed and 

sealed by the seal =;ng 3 and, hence, the inlet and 

outlet passages la and lb are disconnected, thereby 

preventing the reverse flow from t!'l.e outlet 
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?assage lb tj t~e inlet ?assage la (see ... . 
r !.g. 2) • 

~· . .ten .:.= =!":e C.i!!erence between t!'le pressur; acti:iq on 

~ne s~r=ace o: the diaphram faci:?.g the inlet passage 

la and t~e ?ressure on the surface facing the outlet 
re.~e ·, 11 i "".7 

?assaqe ~~ is small, the great ?ressu?e'Yarea makes it 

?Ossi=le :o= ~he seal ring 3 to have a suff icent 

seal~~g C~?aci~7 with the result that the superior 

seali~g e::ac~ is demonstrated. On the other hand, i= 

:.::; =-~·1e::-se :=::-essure acti:ig on .the diaphram 2 is 

~=·:::ess.:..·:~ ~= a~ i:npac~ ?ressure occurs, t!'le circular 
. - 2 • . . . . . 
::oc.~· a == ~=-.e c.i.apnr.am :.s engaged with the reverse 

4a and, as a =esult, a 

=~=~~er =efo=~acion thereof is stopped, thereby 

?reve~~i~g an excessive load from acting on the 

diaphra~ l. Accordingly, the pressure resistance 

pe=:cr~ance is remarkably improved. 

3y the way, a very small valve operation space 6 in 

cor..municacion with the passages la and lb is enough 

as long as it permits the deformation of the diaphram 

6 therei~ and only the diaphram equipped with the seal 

ring 3 is installed in the valve operation space 6. 

As a =esul~, no spots likely to trap fluid residues 
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such as gas residues are formed in the valve 

operation space 6. 

The line check valve according to the present invention 

is not limited to the embodiment mentioned above, and 

can be modified appropriately vithin the range not 

exceeding the fundamental principles of the present 

invention. 

=or example, as shown in Fig. 3, it is possible to fix 

~he c~=c'.l..~ferential part of the diaphram 2 to the wall 

sur:aces ~ and 5, and ~ount the movable seal 2b at the 

central part thereof. 

That is to say, according to the check valve shown in 

Fig. 3, ti1e circular body 2a is formed in a ~ing shape, 

a seal ring .. 2 · b, i.e .. a tube shaped movable seal is 

welded to the central ?art of the circular body 2a and 

and the seal ring 3 is fixed to the static seal 

surface 4b. The inlet passage la has the opening 

mouth 7 on the outer side of the static seal surface 

In Fig. 3, a numeral 9 designates a stainless-steel.~ fixing 

ring embedded inside the seal ring 3. The seal ring 3 

~ay be formed with the fixing ring placed inside. As 

a result, the seal ring 3 is fixed inside the ring 

groove 2c and is not allowed to pop out. 
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As explained above, the check valve of the present 

invention functionally separates the diameter of the 

seal ring and the differential pressure receiving 

area and has a great area on which the fluid pressure 

acts for the operation of the movable seal. In 

addition, it does not employ any springs. As a result, 

the check exhibits an excellent operational accuracy 

and responsiveness and is capable of always 

demonstrating a superior function without occurrence 

of t~e chattering phenomenon. 

Further, since the diaphragm has some flexibility, 

the position of the diaphragm can be automatically 

corrected even if it is initially displaced. As a 

result, ·the movable seal closely adheres to the seal 

ring. If the excessively big fluid pressure in the 

norcal direction is applied, the diaphragm is 

engaged with and supported by the first normal 

pressure receiving surface. If the excessively big 

reverse pressure is applied, the movable seal 

squeezes and deforms the seal ring, and is engaged 

with and supported by the upper stream side wall 

surface. As a result, the deformation of the 

disphragm and the damages to the seal ring are 

i;>revented. 
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Since no abrasion powder is produced and the spots for 

~=a;?inq t~e fluid residues such as qas residues are 

.,..lr~::all~· eliminated, this line check valve can be 

suJ.~ibl;· employed in the fluid transportation line of 

~::e sam~=onduc~or ~anufacturing device, the vacuum line 

:: -:::~ •:.;c~um apparacus and the likes all requi:ing a 

...... .. -­
··-~·· ~eq::ee 

- , ot: c ... eanness . 

Addi~~o~ally, since ~his valve does not car:y t~e 

spri~gs ~hie~ need ajustment of the pullinq (or pushinq) 

=orce ~nd ~as a simple structure, it excels in 

assembli~g and operacion and the performance.does not 

change even if the direction in which the valve is 

installed is altered. 
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CLAIMS 

1. A check valve comprising a valve body ( 1), a valve 

operation space ( 6) provided in the valve body ( 1) and 

5 enclosed by an upstream surface ( 4) into which an 

inlet passage (la) opens and a downstream surface (S) 

with an opening for an outlet passage ( lb) , a 

ring-shaped static seal (4b) provided on the upstream 

surf ace ( 4) , a diaphragm ( 2) secured to one of the 

10 surfaces (4) or (5) and which has a seal (2b) movable 

with it positioned opposite the static seal surface 

( 4b) , and a sealing rinq ( 3) beinq secured the movable 

seal ( 2b J or the static seal surface ( 4b) , the 

arrangement ·being that when fluid flows in the inlet 

15 passage the diaphragm is ~ to separate the seal 

(2b) from surface (4b) whilst reverse flow presses the 

seal ( 2b) against the surface ( 4b) • 

2. _A check valve according to Claim 1 wherein 

20 the diaphragm has the central part secured to either 

surface ( 4) or ( 5) and the movable seal ( 2b) is 

positioned adjacent the periphery. 

-·--·-··--- -----

1ilifUf1ilillf 
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3. A check valve according to Claim l wherein 

the diaphragm (2) has the circumferential part secured 

to either surface (4) or (S) and the movable seal (2b) 

is positioned in the centre thereof. 

------------


