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TITLE OF THE INVENTION
SHUTOFF-QPENING DEVICES AND FLUID CONTROL

AFPARATUS COMPRISING SUCH DEVICES /

BACKGROUND OF THE INVENTION

-The. present rnvention relates tqmgputoff-opening
devices comprlsingla valve main body and - plural;ty
of_valve actuators and fluid control apparetus
comprising such devices.

The terms front, rear, upper, lower, right and
left are herein used based on FIG. 2; the right-hand
side, the 1e£t-hand side, the upper side and lower
side of the drawing are referred to as front rear,
upper and 1ower, respectively, and the terms right
and left are used'fer_the device as it is viewed
from the behix_'xd rewerd the :Eront. The_ device niay be

used with the front-rear relationship as reversed,

1 or the upper and lower side thereof positioned as

# the left and right sides.

Shutoff-opening devices are already known which
comprise a rectengular parallelepipedel va_lve main
body, aqd a plurality of valve actua_tars’ . s_ueh_ a
device is disposed at. each of rhe inlet side and the

outlet side of a massflow controller or like cbn;
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' troller to provide a fluid control apparatus for use

{ in semiconductor manufacturing equipment.

FIG. 17 eshows a conventional shutoff-opening

'ﬁ device 61. The device 61 comprises & rectangular

5* parallelepipedal valve main body 63, and th:ae valve

actuators 64 65, 66 mountad .on the upper surface of

‘- the main body and arranged side by side

10

f ;'_ This Sheet H:

longitudinally thereof (in the front-reafl
di:ectian). The valve maig body'és is fo?med with 5-
main channel 67 extending from the rear end.face bf_'
the body 63 nearly to the front-end valve actuato: 
64, ;nd three subchannsls 68{ 69, 70 qommunicating

with the main channel 67 via the actuators 64, 65,

- 66, respectiveiy. The upper surface of the valve

body 63 is flat and psrallel to the lower surface

‘thereof. The actuators 64, 65, 66 are mdunted on

the flat surface, as spaced apart by equal

ﬁistances. |

When a fluid flows from the main channel 67 into
the firet,subohannel.ss, thg dead volume (stggnapt
portion of fluid) of the device 61 is_only short
channels 7i 72 connecting the maiﬁ channel 67 to
the second and third actuators. 65 66. When the .‘

fluid flows from the mein channel 67 into the second

Hllll!l Wi
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 channel 69, the dead volume is the short channel 72

interconnecting the main channel 67 and the third

§ valve actuator 66, and front end portions 67a, 67b
1 of the main channel 67 positioned between the first
{ valve actuator 64 and the second valve actuator 65.

'“Further-when the -fluid- flows fromwthe main. ::hannel.._~

e Sn e ot e et

67 into the third subchannel 70, the dead volume is

§ the short channel 71 interconnecting the main

channel 67 and the second valve actuator 65, the
main channel front end portions 67a, 67b positioned
between the first and second valve actuators 64, 65,

and an intermediate portion 67c of the main channel

67 positipned between the second and third actuators

] 65, 66.

With the shutoff-opening devices and fluid
control devices for use in semiconductor
menufacturing equipment, it is criticel to diminish

the dead volume which reduces the purity of the

3 process gas. It is also required that these gevices

be reduced in content volﬁme, entire volume and
weighf, wheraas the'cqnvegtional_deviceg.still
remain to be imp:oved in the;e poiﬁts.

SUMMARY OF THE INVENTION

An object of the present invention is to provide

Thls Sheet Has Been Rei
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4 shutoff-opening devices which are diminished in dead

i volume, volume and weight as compared with

Jr.device comprlsing a generally rectangular N

10

|} conventional devices and to provide fluid control

devices comprising such shutoff-opening devices.

The present invention provides a shutoff-opening

parallelapipedal valve main hody, and a plurality of
channel on-off.valve actuators mounted_on an upper
surface.of the valve main body and arranged side hy
gide longitudinally thereof, the vélve main body
being internally formed with a main chaﬁngl |

extending from a rear end face of the main hody or a

: rear end portion lower surface of the main body

neariy to the valve actuator at a front end of the

57 main body, and with a plurality of subchannels

communicating with the main channel via the

respective valve actuators, the shutoff-opening

- device being characterized in that the surface of

20

the valve main body includes a slanting face
extending forwardly downward and having_thé front-
end valve ;ctdator ﬁounted'thérgpn.

The forwardly downward ;nclination qf ths_
slanting face is preferably 15 degrees to 60

degrees,_moré preferably 20 degrees to 45 degrees.

\'\

- This Sheet Has Been R

LT

P.

7



T 19973& 652%, 108408 Benemd ' No. 5619

»~

5

20

. If the inclination is small, the advantage resulring

from this feature is small, whereas if the
inclination is great, the front-end valve actuator

becomes forwardly projected beyond the front end of

the valve main body, increasing the possibility of

the 1nclination should be wzthin the preferred range

i_ described in view of the size of the valve actuators

and the size of the fluid control apparatus to be
provided by such shutoff-opening devices.

With the shutoff-opening device of the'present

" invention, the upper surface of the valve main body

is in the form of a slenting face extending
forwardly ccwnward et the porticn thereof having the
front-end velve actuator mounted thereon. This
reduces the volume cf the front upber ccrtion cf_the
valve main bedy, the front-to-rear lepgrh of the
front portion thereof, and the contenr'volume,_
volume and weight of the shutoff—opening device. -
The main channel includes a frcnt end portion
positioned between the front-end valve actuator and

the valve actuator immediately ad;acent thereto
which portion accounts for a major portion of the

dead volume of the shutoff-opening device. This

_—
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main channel front end portion diminishes with the
reduction in the length of front portion of the

valve main body, consequently decreasing the dead

| volume of the shutoff-opening device.

The shutoff-opening device is provided, for

;. example, at each of the inlet side and the-outietﬁ_

side of a massflow controller or like controller to

i constitute a fluid control device for use in

- semiconductor manufacturing aguipment,

Among the subchannels of each shutoff-opening

1 device.in this case, it is desired_to'use the

3 subchannel reémotest from_the controller for the

process gas and to use the subchannel adjacent to
this subschannel for a purge ges. _The de;d'volume
during the flow of thé p:écess ges is then limited
to a short channel or shorf channels-connecting the

main channel to the other.valva'actuator or

! actuators toward the resr, with the result that the

gas rehaining upon changing over the process gasnto

other gas can be removed within a short period of
time.
A suitable number of fluid control devices of

the type described are used for providing a fluid

control apparatus. It is desired in this case that.

_—
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the valve main bodies of the shutoff-opening devices

be equal in front-to-rear length irrespective of the

- number of valve actuators. The first valve

- tooperate,. .. ... .......... ..

actuators of the shutoff-opening devices are then
aligned, rendering the shutoff-opening devices easy
' Preferably; the subchannel included in the

subchannels of each shutoff-opening device and

‘} communicating with the main channel via the front-

end valve actuator has an opening formed in a front
end face or lower surface of the valve main body,
the other subchannel or sﬁbchannels hgyg an opening
in the lower surface of the valve main body, and
piping :qr the other suhchannal or subqhannels is
provided undei thé main body. The piping means can
then-be in a flat arrangement under the valve main
bedy, éqmpacting the control apparatus in its
antirety_and_assuring thg piping portion_of :
facilitated maintenance. |
.'BRIEF DESCRIPTION.OF.THE.DRAWINGS

F16. 1 is a parspectivé viqw_éﬁoﬁingla first
embodiment of'shutofffopening device of the
invention;

FIG. 2 is a view in longitudinal section of the

//_._..
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same;
FIG. 3 is a pefspective view showing a first

a fluid control device_of the
invention;
FIG. 4 is a viev in longitudinal section of the

AT A e s e Y o A A puats s St gs & A,

FIG. S'is'a perspective view shoﬁing a sécond' 

embodiment of shutoff-opening device of the
invention;
a perspective view'éhowing a second

FIG. 6 is

embodiment of £fluid control device of the invention:'

FIG. 7 is a view Iin longitudinal section showing
2 third embodiment of éhutpff-opening.device of the
inﬁentian:

FI1G. S ig a view in longitudinal_sgcf;qn showing
8 fqurth embodiment of shutoff-opening device.of the
invention;

FIG. 9 is a plan view ;ﬁowing an embodiment
comprising a plurality of shutoff¥§pening devices of

the invention;

FIG. 10 is a plan view showing another

embodiment comprising a plurality of shufoff-opening

~devices of the invention;

FIG. 11 is a perspective view showing a fifth
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embodiment of shutoff-opening device of the
invention:
FI1G. 12 is a view in longitudinai section of the
same; o

FIG. 13 is a perspective view showing a £luid

comprising[shutoff-opening:deviceé according to the
fifth embodiment; |

FIG; 14 is a view in longitudinal gection of the
same; |

FIG. 15 is a perspective view showing a gixth -

embodiment of shutoff-opening device of the

_'invention.

FIG. 16 is a view in 1ongitudinal section of the
same; and N o _ .

FIG 17 is a view in longitudinel section showing
a convantional shutoff-opening device.

DBSCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the inventign will be described
below Withireference to the drawings.

FIGS. 1 and 2 show a first embodiment of
shutoff-opening device 1 of the invention. As shown
in FIGS 3 and 4, the shutoff-opening device 1 is

disposed at the inlet side and the outlet side of a

Thls Sheet Has Been Replac
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- massflow controller 2 to provide a fluid control

{

device 10.

With reference to FIGS. 1 and 2, the shutoff-

" opening device 1 comprises a generally rectangular

- {£ront-end),. second. ( intermediste)_and third (resr-

parallelepipedal valve main body 3, and first

end) channél opening-closing valve actuatdré 4, 5,

6. The valve main body 8 is internally formed with

- a main channel 21 extending straight from the rear

10

end face of the main boéy 3 nearly to the location

of the front-end valve actuator 4 longitudinally of

- the hody, and first (front-end), second

(intarmediate) and third (rear-end)'subchannels 22,

15

20

23, 24 communicating with the main channsl 21 via
the valve aotuatcrg 4, 5, 6, respect;vglyf The
subchannels 23, 24 communicating with the main
chann31'21_via the respective second and third valvé
actuators 5, 6 are'ﬁositioned immediately ;ﬁ thé B
rear of respective sho:t_channels 25, 26 extending
from the main channel 21 to the-;econd and third
valve actuators 5, 6, whereas'these.subchénngl’23,
24 are shown in broken lines as shiftéd leftward
£rom the acfual locations (tﬁéhsame Aélhe;ainafter).

The valve main body 3 is integral with a

Il

[
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blocklike extension 7 extgnding from a right wall 3¢

of the portion thereof having the actuators 4, S, 6

 attached thereto. The extension 7 is formed with

the second and third subchannels 23, 24 and serves
as a screw fastening portion.

" The uppar surface of the valve main body 3.

' includes a*maunt-face 3a in the form of a slanting

face extending forwardly downward for mounting the

front-end actuator 4 thereon. The remaining portion

of the upper surface, i.e., a mount fsce 3b for the
" second end third actuators 5, 6,Iis flat and

~ parallel to the 1gwe; surface of the body 1.

The valvg actuators 4, 5, 6 sre attached to the
mount faces 3a,_3b perpendicnlar thereto. Tng valve
mnin body 3 has a cavity 18 for inserting the first
actuator 4, and cavities 19 for inserting the
respective second and third actuators 5, 53 The
cavify 18 has a smallgr_depth.than the cavities 19.
Accordingly, the first actuator 4 is shortér_than
the other actuators 5,_5. The valve”agtuntors can

be of the same length for insertion into cavities of

the same depth. The first and third actuators 4, 6

are of the normally closed type, and the second

actuator 5 of the normally open type. .

]
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The main channel 21 extends from the rear end

face of the main body 3 to a location close to the

¢+ front end face thereof. The firast subchannel 22 has

: & an opening in the front end face of the body 3. The

A

_

front end face of the main body 3 is provided with a

- & pressure fegu;ator or the like to the first

subchannel 22. The second and third subchannels 23,

24 extend through the extension 7 of the main body 3

§ and each have an opening in the lower surface of the

body 3. | |

With reference to FIG. 2, the dead volume of the
device 1 is only the short channels 25, 26
connecting the main channel 21 to thg’respective
second and third.valﬁe sctuators 5, 6 when a flu;d
flows from_the_main channel 21 into_the first

subchannel 22. When the fluid flows from the main

| channel 21 into the second subchannel 23, the dead

volume is the'shortichannel 26'connecting thé'main

channel 21 to the th;rd actuator 6, and front end

' portions 2la, 21b of the main channel 21 which are

pasitionéd between the first and second actuators 4,
5, forming an obtuse angle. When the £luid flows

from the main chanmel 21 into the third_subcpAnnel

This Sheet Has B
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24, the dead volume is the short channel 25

- [ connecting the main channel 21 to the second

" actuator 5, the main channel front end portions 2la,

21b positioned between the first and second

actuators 4, 5, and an intermediata porion 21c of

---the»main channel 21 positioned hetween the. second

and th;rd actuatcrs 5, 6.

With the shutoff-opening device 1 described, the

 first actuator mount face 3a included in the upper

10

15

surfece of the valve main body 3 is made equal in
area to the first actuator mount face 63a of the |
conventional shutoff-opening device 61 shown in FIG.
17. Accordingly, the volume of the frbﬁt upper
portion of the valve main'bpdyls and the front-to-
rear.length of the front poftion of the body are
made smaller than in the conventional shutoff- |
obening device 61 by an amount attributable to the
formation of the forwardly downward slanting face
serving as the mount face 3a, cdnsequently_

diminishing the cohtent volume, overall volume and

weight of the shutoff-opening device 1. Suppose the

length of the first valve actuator mourit face 63a of

the conventional shutoff-opening device 61 is L, and

the inclination of the slanting face is 0. The

heet Has Been Replaced
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'f% shutoff-opening'device 1 i# reduced by L(l-cos 6) in
B front-to-rear length, and by L’ x cos © x sin 0 + 2
in verticsl section. With respect to the dead
volume, the combined volume of the obtuse angle

5§ forming front end portions 2la, 21b of the main

of the front end portions 67a, 67b of the main

channel 67 of the conventional shutoff-cpening

3'1 device 61 owing to tﬁe reduction in the'length of
10. the valve main body 3, whereby the dead volume of
the entire shutoff-opening device 1 is also
diminished. As the inclination.;ncregseef_the front
end portion 21a extending spraight from the portion
21c of the main channel 21 diminishes with an
15; increase in ihe length of the bent front end portion
21b. lHowever, the diminution of the overall dead
volume increasas with an increase in the
incliﬁation. |
FIGS. 3 and 4 show a fiuid control device, which
20 comprises a massflow_controllér 2, and the spufoff-
{ opening device 1 installed at each of the inlet side
(left side in FIG. 4) end the outlet side (right
side in FIG. 4). The-shutoff-opening device 1 shown
| in FIGS. 1 and 2 is mounted on the inlet side with
\
This Sheet Has
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1 their front and rear ends reversed.

With the shutoff-opening device 1 at the inlet

i side, the first subchannel 22 remotest from the

massflow controller 2 is used for the inflow of

10

'procass gas, the second subchannel 23 adjacent to

the third subchannel 24 closest to the controller 2
- for evacuation. w;th'thé shutoff-opéning device 1
_at the outlet side, the first subchannel 22 remotest

frqm the controller 2 is to communicate with a

| procass chamber, and the second subchannel 23 with

15

an exhaust gas duct to serxve as a purge port.

~ An upper channel block 11 h;ving a chgnne; lia
opeﬁed at its lower surface_is_p:ovided_in a
ﬁrojecting ma;ner_at_the lower end of each of the

1n1et'and outlet sides of the massflow controller 2.

. A lower channel. block 12 is disposed beneath the

20

block 11. The lower and upper channel blocks 12, 11
- are fastened fogether by fwo controller-inatallihg
screws 13 screwed into the upper block 11 from
aboie. The lower block 12 is formed with a channel
12a for holding the channel lla of the upper block
11 in communication with the main chennel 21 of the

valve main body 3. The lower block 12 is fastened

This Sheet Has Been R.
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'16_ _
to the valve main body 3 with device installing

screws 14 driven in-through the lower block 12.

{ Piping channel blocks 15, 16 for the respective

second and third subchannels 23, 24 are fastened to

the extension 7 with piping installing screws 17

driven in through the extension 7 from_ébove,: The . .

third subchannel 24 of the inlet-side shutoff-

" opening device 1 and the third subchannel 24 of the

outlet-side shutoff-opening device 1 are connected
to a Vaduuﬁ pump (not showﬁ) afte: theié piping
cbannel blbcks 15, 15 are inter;onnedtgd hy § pipe
27.. A fitting 28 is attached to the lower side of
the block 16 for the second subchannel 23. The
fittihg 28 has a pipe joint poitian wﬁicn is
positioned at a lower level than_the evacuation pipe
27. The purge gas_piping is,therefofe unlikely to
interfere3with the evecuation pipe 27._ When_the
£luid control device 10 is to be igstélled, the
massflow controller 2 and the_shutoff-opening
devices 1 are mounted on the upper surface of a base
plate 29 witﬁ th§ pip;ng channel blocks 15, 16
positioned beneath the lower surface of the base
plate 29 as shown in FIG. 4. |

If the massflow controller 2 of the fluid

|

||II|II Ml
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control device 10 malfunctions, the controllér 2 is
removable upward for replacement by removing the
controller installing screws 13. Further if the
shutoff-opening device 1 fails, the device 1 can be

5 removed upward for replacement by removing the

0 VSR N et A S SVt ml it e}l fr L

mM.,devieeﬁinstglling;gcrewg.14mandwxhe?pigingmm_mm“mw'
installing screws'17.;. -
When the process gas flows through'the £luid_
control device described, the dead volume is limited
10 only to the short channels-zs, 26 connecting each’
| main-qhannel 21 to fhe corresponding second and
:hird valve actuators_s, 6.”
~ FIG. 5 shows a second emhodimgnt qf_shutofff
opéping device_al of the infentiqn. The'shutpgf-
15 opening device 31 is provided at each of the inlet
side and outlet side pf a massflow controller 2 to
‘constitute a £luid control device 40 as seen in FIG.
6. This shutoff-opening device 31 is different from
the shutoff-opening device 1 of the first embodiment
20 in that a first'éubchannel 32 has an opening_in_ths
lower surface of a valve main body 33._ Throughout
the drawings.showing the first and second
embodiments, like parts are designated by like

reference numerals and symbols and will not be

This Sheet Has Been Re[ilaced
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described repeatedly hereinafter. With reference to

FIG. 5, the fitting 9 at the front end of the valve

main body 3 shown in FIG. 1 is removed, and the mein

body 33 has a blooklike extension 34, which is

formed with the first suhchannel 32 which has an

oﬁeningiin the ‘lower surface of the valve mainﬂhQ§Y,Wh_“Wvﬁm_rqu"; 

in addition to the second and third subchannels 23,
24. As seen in FIG. 6, the extension 34 has
connected thereto a piping qhannel block 35

communicating with the first subchannel 32, in

~addition to the piping channel blocks 15, 16 in

communication with the respective second and third

subchannels 23, 24. A fitting 36 provided under

this piping channel block 35 has a pipe joint, which -

is positioned at a level intermediate between the
evacuation pipe 27 and the fitting'zsiaommupicéting

with the second subchannel 23. _Acco:dingly, the

‘process gas plping is unlikely to interfere with the

purge gas piping or the evacuation pipe 27.
Although the shutoff-opening devices 1 shown in
FIGS. 1, 2 and 5 have three valve actuators 4, 5, 6,

two sctuators ere used vhen there is no need for the

- evacuation subchannel 24. In this case, the third

valve actuator 6§ is of coufse eliminated with the

_—
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front-to-rear'length.of the valve main body
shortened, whereas FIG. 7 shows a valve main body 43
which has the same length as the foregoing
embodiments but which is formed with neither of the
5 cavity 19 for inserting the third actuator 6 and the

. ... ewaguation subchannel 24.

M e G A 4 e e Y e e T ek S s . e e aa

FIG..7 shows a shutdff-opaning device 41, Wﬁibh -

comprises a generally rectangulat parallelepipedal

valve main body 43, and first (front-end) and second
10 valve actuators 4, S mounted on the upper surface of
the main'body 43 and arranged~side by side '
long;tudinally_thergof (front-rear d;reatipn)._ Thg
main body 43 is intgfnally formed with a main
channel 21 extending from the rear end face of the
15 body 43 to a location near the front end thereof,

+ and first (front-end) and second subchsnnels 22, 23
aﬁépted to communicate with the main chennel 21 |
under the control of fhe re;pective:actuafors 4,_5.
The upper surface of'the_valve main body 43 ;ncludes

20 a mount face 43a in fhe form of a slanting face |
extending forwardiy downward and havihgithe'front-'
side first actuator 4 houﬁtéd thereon. The other
porfion of the surface, i.e., mounit face 43b, is

flat and parallel to the lower éurface of the body

This Sheet Has Been Rerlaced
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' 43. The flat face 43b has such an area that two

valve actuators can be mounted thereon. The front

half of the flat face 43b has the second actuator 5

. mounted thereon.

'10_ _

A pressure sensor can be mounted on the portion

of the shutoff-opening device shown in FIG. 7 at the

portion from which the third acfuator 6 is removed_ :

as shown in FIG. 8. With reference to.FIG. 8, a
shutoff-opening device 51 thus adapted comprises a

generally rectangular parallelepipedal valve msin

. body 53, and first (front-end) and second valve

actuators 4, 5 mounted on the upper surface of the

{ main body 53 and arranged side by side

_1ongitudinally thereof (front-rear dlrectiqn). -The
main body 53 is internally formed with a main
channel 21 extending from the rear end face of the
body 53 to0. a 1ocation near the front end thereof

and first (frontfend) and second subchannels 22, 23
édapted to communicate with_the main channel 21
under the control of the respective éctuators 4, 5.
The upper surface of the valve maiﬁ body 53 includes
& mount face 53a in the form of a slanting face
extending forwardly downward and héving the front-

end first actuator 4 mounted thereon. The other

This Sheet Has Been
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portion of the surface, i.e., mount face 53b, is
flat and parallel to the lower surface of the body
53. The flat face 53b has such an area that two
valve actuators can be mounted thereon. The front

half of the flat face 53b has fhe_second actuator 5

'-;moﬂnted*thereon;*'Thevrear'half~portion*is=£brmed;m

10

15

20

with a thresded bore 54 fqr mdﬁnting a pressure .
gensor. The valve main body 53 is provided at its
front end with a fittihglss which is externally
_threaded. | _ _ | | |

- The fluid control devices 10, 40 shown in FIGS.
3, 4 and 6 are used in a su;tahle_comylnat;on to
.proéiﬁe a fluild contiol_;pparatuslfqr_use in
fabricafinglsemiconducto:s. FIG.lQ”shows_an example
of such fluid control apparatus. With reference to
the drewing, the £lutd control device 40 including
shutoff-openiﬁg devices 31 each having two valve
actuators 4, s is disposed in parallel to the £luid
contxol device ld including shutoff-opening devices
1 each having three valve actuatoré 4, 5, 6 without
no spacing formed between the two devices 40, 10.
Although not shown, another similaf fluid control
device can be disposed in parallel to these deviées

10, 40 without being spaced apart therefrom.
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Thus £luid control apparatus can be provided

'f wherein these fluid control devices 10, 40 are in a

15

20

planar or flat arrangement, with the first actuators

4 of the shutoff-opening devices 1, 31, as well as

the second actuators 5 thereof, arranged in

méans 151”16; 27, 28 for the second and third

subchannels 23 24 are provided under a base plate

- (rear side of the drawing) without incressing the

‘width of the. overall control apparatus. These

piping portions 15, 16, 27, 28 are easy to maintain
and appear neat.

According to the arrangement shown in FIG;'Q,
the same shutoff-opening devices 1 or 31 aré
disposed at the inlet side and the outlet side of
each massflow controllexr 2, and the extehsions 7, 8
Qf the valve main bodies 3, 33 are prqvided at left
on the inlet side and at right on the outlet side.
On the other hand; FIG. 10 shows a £luid éontrpl
apparatus wherein.extensions_46, 47 of valve bodies
44, 45 at the inlet side and the extensions 7, 8 of
the valve bodies 1, 31 at the outlet side are
similarly arranged at right. These inlet-side valve

main bodies 44, 45 are available, for example,

This Sheet Has Been Replaced
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- merely by changing the position of tha extension 7
. on the right side.as shown in FIG. 1 to the left
 side and casusing the main channel 21 to communicate

E with the channels in the interior of the extension

j 7. With this arrangement, the second and third

(2 R s o

subchannels. 23, 24 are all made .to communiqa;e;w;;hﬂl_;,“i
openings in the underside, while the openings are
'al; ﬁcsitions& at the right side of the valye m#in :
bodies, consaqﬁently assuring facilitated piping.
10 work. |
" When the shutéff-opening devices 1, 31, 41, 51
~ according to the fi;st to fourth embodiﬁents are to
be used, lower channel blocks 12 are nsceésarj for
connecting the massflow cohtrpller 2 té the shutoff-
15 open;ng devices 1, 31, 51 as shown in FiG. 3 or 6.
The lower channel block 12 is_faétaned to the valve
main bodf 5 w;th_the device inétalling_screws 14

driven in through the lower block 12 horizontally.

In remobing_the shutofﬁ-opening device ;, 31, 41 or
51! these screws 14 and piping installing screws 17
need to be removed, whereas the femoval of the
device installing screws 14 requires a very

cumbersome procedure in the case where many control

devices 10, 40, or 20, 50 have béen assembled as

This Sheet H.
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'arranged in parallel into a £luid control epparatus

(see FIG. 9 or 10). |
Two embodiments will be described below which
ensure facilitated removal of the shutoff-opening

devices.

TS S

shutoff-openmng device of the invention. This

shutoff-opening device 101 has the same construction

as the shutoff-opening_device 31 of the seacond
embodiment shown in FIG; 5 exceﬁt that a main
b@apnel 121 has no opening in a :e;:'and face 103c
but comﬁuniﬁates with an opening formed in fhe lower
surface of a valve main body lqs.by way of a _.
downwerd channel 122 p:ovided.in_the'hody 103.

Throughout the drawings showing the first,

second and the following embodiments,-like parts are

designated by like :eference'numerals or symbols and

will not be described repeatedly.

With reference to FIGS. 1l and 12, the valve
main body 103 is internally formed with the above-

ment;oned main channel 12} which gxtends_from a

‘portion close to the rear end of the body 103 nearly

to the front end thereof, and first (front-end),

sécond (intermediate) and third (rear-end)

|

2T
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subchannels 32, 23, 24 communicating with the main
channel 121 via respective valve actuatars 4, 5, 6.
The main channel 121 has the downward channel 122,
which axtends.straight from the fear end of the

channel 121 downward and has an opening in the lower

‘surface rear end portion of the body 103.'” R

The subchannels 32, 23 24 extend through a

blocklike extension 34 of the valve main body 103

and are open at the lower surface of the body 103.

The upper surface of the valve main body 103

includes a mount face 103a which is in the form of a

slanting face extending forwardly_downward and
having the f:ont-end.first valvq actuator 4. The
other portion of the surface is a ‘mount face 103b
for the other two second and third valve actuators
5, 6. |
With reference to FIG. 12, the dead volume of
the shutoff-openin§ device 101 is only the short
qhannels 25, 26 connecting the main chan#el 121 to

the respective second and third valve actuators 5, 6

: when a fluid flows from the main channel 121 intp

the first subchannel 32. When the fluid flows from
the main channel 121 into the second subchannel 23,

the dead volume is the short channel 26 connecting

\
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the main channel 121 to the third actuator 6,_aﬁd
front end portions 12la, 121b of the méin channel
121 which are positioned between the first and
second actuators 4, 5, forming an obtuse angle.

When the fluid flows from the main channel 121 into

" the third subchannel 24, the dead volume is the

short channel 25 connecting the main channel 121 to

the second actuator 5, the main channel front end

‘portions 121a, 121b positioned between the first and

second actuators 4, 5, and ﬁn intermediate portion
121c of the main channel 121_positioned between the
secbpd and third actuators 5, 6. |

FIGS. 13 and 14 shqw a fluid control device 140
comprises two shutoff-opening devices 101. The
dev;ce 140 shown in FIG. 13 is characterizad in that
unlike the fluid control device 10 shown in FIG. 3,

the device 140 hasdnn lower channel blocks 12 and

therefore none of the device install;ng screws 14

hofizontally driven through the blocks 12. Each
channel block 11 joined to a messflow controller 2
has a channel lls, which has a lower opening and is

held in communication with the downward chennel 122

by a pipe fitting 123 below the velve main body 103.

In this way, the space under the valve main body

28
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103 is used for piﬁing not only for the first,
second and third subchaﬁnels 32, 23, 24 but also for
the ﬁain.channel 121, whereby the devices, such as
the massflow controller 2 and shutoff-opening
5§ devices 101, which are mounted on the upper side of
a base plate.zg are complefely .separated. from the |
. piping means, such as channel blocks 15, 16 35,
f;ttings 28, 36 and pipe 27, which are: arranged
under the plate 29. If the massflow controller 2 of
10 the fluid contrdl device 140 malfunctions, the
qontrollgr 2 is removable upward for replacement.by'
rémpving.the contréller ipstalling screwsllaf _-
Further if the shutoff-opening device 101 fails, the
devicellol can be removed upward ior replacemgnt by
15 .removing the piping installing screws ;7-and the
piping installing screws 17. The piping portion can
then be in a flat arrangemgnt-under the valve'main
body, compacting the control apparatus in its_'
entirety.and assuring the component devices and the
20 piping means of greatly facilitated mainténange.'
FIGS. 15 and_ls.shoh a sixth embod;mént of
shutoff-oﬁening device of the invention. This
shutoff-qpening device 131 is.similar to the

shutoff«opening device 101 of fifth émbodiment shown
- '
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in fIGS. 11 and 12 in that the main channel 121 has
no opening in a rear end face 133c but communicates
with an opening formed.in the lowex surface of a
valve main body 133 via a downward channel 132

formed in the body 133. The shutoff-cpening device

131.4iffers from the device 101 in thet the downward

channel 132 extends from an intermediste poftion_of.

the main channel 121 (between the second and third

actuators 5, 6) to the opening in the lower surface '

of the valve main body 133 through a blocklike
extension 34 of the body 133. The shutoff-copening
device 131 provides a fluid control device, which

has the same feature as the fluid control device 140

shown in FIGS. 13 and 14.

_Incidentally, shutoff-opening devices 1, 31, 41,
51, 101, 131 may of course be attached to devices
other than the massflow coni:ro;ler_zf and are of

course usable for passing liquids instead of gases.

i

|
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What is claimed is:

i. A shutoff-opening device comprising a
generally fectangular parallelepipedal valve main
body, and a plurality of channel on-off valve

5 ﬁactuators mounted on an upper surface of the valve

- main body and-erranged side by side longitudinally .. .. ..

theredf, the valve m;ih Sody Eeing internally formed
with & main channel extending from a rear end face
of the main Sody or a rear end portion lower surface

10 of the main body nearly to the valve actuator at a
front end of the main body, and with a plurality of
subchannels commqnicating withithe maih channel via
the respactive valvs actugtqrs,_thg_shutoff-openihg
device being characterizgdﬁin that the su;faqe of

15 the valve main body includg; a slanting face
extgnding forwardly éownwagd and héving thé frpnt-
end valve actuator ﬁountgd thereon.

2. A fluid control device comprising a shutof£-

opgning.device aé defined in claim 1 and dispbsed at

20 each of an inlet side and en outlet side of a
cqntroller for_regulating the pressure or flow rate
of fluids. 

3. A fluid control apparatus characteiized in

that the apparatus comprises fluid control devices

— "
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as defined in claimlz and arranged side by side, the
valve main bodies of the shufoff-cpening devices
being equal in front-to-rear length irrespective of
the number of valve actﬁators.
4. A fluid control epparatus as defined in claim
3 whidh is characterized 1n.fhat the subchannel

included in the subchannels of each shutoff-opening

device and communicating with the main chsnnel via

the front-end valve actuator has an.opening'fdrmed
in a front end face or lower surface of the valve
main body, the other subchanﬁel'or subchannels

having an opening in the lowér_surface of the valve

main body, piping for said_other sﬁbchannel or

subchannals being provided below the main body.

."\
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