; e3et qt 6HTShh10 April, 2003 1 TITLE OF THE | NVENTI ON APPARATUS FOR AND
METHOD OF DESI GNI NG FLUI D CONTROL DEVI CES BACKGROUND OF THE | NVENTI ON 5 The
present invention relates to a designing appara si gni ng net hod

for use i Watall fluid control devices which are useful, for exanple,
for syst#"wmmm!ﬂmmmcati ng sem conductors. Fluid control devices are
al ready known re 10 obtained by connecting a plurality of fluid
control lers B*plurality of coupling menbers. Such a fluid con trol
device is designed by preparing a plan viiew (see FIG 7) of the actual
fluid control device with refer ence to a flowhart (see FIG 6) show ng
the conponent 15 fluid control fergsgaod capnervVERNsokther eof , then deter

m ning the coupling nenbers required for interconnecting these controllers

and thereafter prepari ndppadARis For AR MatHPlod e Ge and an estimate
of the device. Wth reference to FIG 6, indicated at 51, 52, 54, 20 55 are

on-of f valves, at 53 massflow QP! dRTRIIMEER T 56 check val ves, at 57
massfl ow neters (M-Ms), at 58 pressure sensors s), at 59 pressure
regul ators (RGs), at 60 filters, at 61 manual valves (HVs), and 62 con 10
April, 2003 2 necting piping between adjacent lines. In FIGS. 6 and 7, like
parts are designated by like reference nunerals 5l to 62. For exanple in
FIG 7, the pair of on-off \%%%E‘fnﬁ(% %E%I&Nded at the 5 inlet
(outlet) side of the massflow controller 53 are nounted on_a single block
63 (64) and® handl Bee aRT@seRhglBVeBEpeReRelaBrdckocdupeFHgling, aBBaAR
at t ached

tus and a designing method for use in designing fluid

control devices which are useful, for example, for
systems for fabricating semiconductors.
Fluid control devices are already known which are
10 obtained by connecting a plurality of fluid controllers
by a plurality of coupling members. Such a fluid con-
trol device is designed by preparing a plan view (see
FIG. 7) of the actual fluid control device with refer-
ence to a flowchart (see FIG. 6) showing the component
15 £fluid controllers and connections thereof, then deter-
mining the coupling members required for interconnecting
these controllers and thereafter preparing a list of
components of the device and an estimate of the device.
With reference to FIG. 6, indicated at 51, 52, 54,
20 55 are on-off valves, at 53 massflow controllers (MFCs),
at 56 check valves, at 57 massflow meters (MFMs), at 58
pressure sensors (PTs), at 59 pressure regulators (RGs),

at 60 filters, at 61 manual valves (HVs), and 62 con-
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respectively to the inlet side and outlet side of the massflow controller
53 to ensure facilitated connection 10 to bl ocks 63, 64 adlacent to the
controller. Thus, contrivances are added to the FIG 6 to show
the actual fluid control device. The two kinds of drawings will be
described in detail. Al though the fluid channels are apparent from 15 the
flowhart of FIG 6 which is provided by the custoner who is to use the
fluid control device, no consideration is given to the drawing as to the

si zes of the conponents or the spacings tween adj acent nenbers. On the
other hand, FIG 7 which is a plan view of the 20 fluid control device

prepared by tHQCQQﬁgngbiQB Bg%wgéﬁiﬁﬁgéggﬁ%eﬂﬁhﬁs§h0“5 the sizes of the

conponents and the SpacingS between t | acent nenbers, whereas the
drawing fails to #e sho hg fl % e t Rr P nts to
t he custoner, andE hg&géfkgrggho?fsh#gg 8 Sg%p%?F,H?83§H§% gbgggg?ggor
i nspect the devi.ce. Furthernore, h time and | abor are_r ired for
deterni ning  FEEREPPFEUPEPeEagI Phg Hefifer stPo BEBRE OF EidparinG % |i st
of conponents of the device and an estinatf thereof with 5 reference to
FIG 7, and tBReiprB&e@nresti NaoVe8d4r eO¢ely4ri RAyPEEVHERH BtotbEr rence
human errors. SUVMARY OF THE | NVENTI ON An obj ect of the present invention
is to provPdeinhesppariies)f sidgeofgifthargmpEsitdovosensrodéerces amech 10
makes it possible to prepare a flowhart apparently showi ng not only the
flui d channel mobotedl oo BheisgiesbdbckohPohérdt)s and hentdded asdat he spaci ngs
bet ween t he adjacent nenbers. Another object of the invention is to provide
an 15 appar at Bingoe dempgneng.f| Bldckoobuplidegw 685 66 akel atadahtdd t o
automatically prepare a three-di nensi onal
respectively to the inlet side and outlet side of the
massflow controller 53 to ensure facilitated connection
10 to blocks 63, 64 adjacent to the controller. Thus,
contrivances are added to the flowchart of FIG. 6 to
show the actual fluid control device.
The two kinds of drawings will be described in
detail. Although the £f1luid channels are apparent from
15 +the flowchart of FIG. 6 which is provided hy the
customer who is to use the fluid control device, no
consideration is given to the drawing as to the sizes of
the components or the spacings between adjacent members.
On the other hand, FIG. 7 which is a plan view of the
20 fluid control device prepared by the designer of the
device apparently shows the sizes of the components and
the spacings between the adjacent members, whereas the

drawing fails to clearly show the fluid channels through

the components to the customer, and the worker who is to



assenbly drawing of the fluid control device. Another object of the
invention is to provide an apparatus for designing fluid control devices

whi ch 20 assures reduced tinme and | abor in prep LY 3 of conmponent s
of the device and an estinmate thereof and which is adapted to elimnate the
human errors to be involved in the preparation procedures. Still another
object of the invention is to provide 10 A ~ril, Z003 4 a nethod of

designing fluid control devices with a remarkably inproved efficiency. The
present invention provides an apparatus kor designing by a progranmed
conputer a fluid control 5 device to be obtained by connecting a plurality

of fluid contgglidichdlon fHdpiadi ihladpitd | nGryiherford NenddR 2 fhIS

conpri sing sy nenory means for storing control s usable in
;Lﬁlcgl g(r)lgt r?: u?ﬁvc%%?\rne S anéﬁ%on?%ﬁg?lo é?%rﬁu{ %Fq elis}‘feerés&g?% r uctl on
Cont rol I ere. MRS TRt (1t ot TR It At Shed! and a
devi co 1 épfég%ﬁé%uqq?é‘?ﬁfb&%ﬂ%&“ R AT AL ST SR

fluid controllers are nonofunctional nenbers such as massfl ow controllers,
on-of f val¥eFefaranCs Y d5L0 prossARd FheyRBEAGRAUTeS | {RYRLVeRsa¥e ow 20
meters and pressure sensors; a unit of two nonofunctional nenbers (for
exanpl e, two wroffikelwesn rerrltdceurrgnte pmes ewcerhsor) as nount ed
on a single block; and the assenbly of a nonofunctional nenber (such as a
massfl ow controller) and a cBYNMARY OF THE INVENTION
An object of the present invention is to provide an
apparatus for designing fluid control devices which
10 makes it possible to prepare a flowchart apparently
showing not only the fluid channels but also the sizes
of components or members and the spacings between the
adjacent members.
Another object of the invention is to provide an
15 apparatus for designing fluid control devices which is
adapted to automatically prepare a three-dimensional
assembly drawing of the fluid control device.
Another object of the invention is to provide an
apparatus for designing fluid control devices which
20 assures reduced time and labor in preparing a list of
components of the device and an estimate thereof and
which is adapted to eliminate the human errors to be

involved in the preparation procedures.

Still another object of the invention is to provide



10 April, Q003 5 nmenber attached to each side of the nenber. Preferably,

the coupling nenber to be used is a so called bl aock coupling which is a
rectangul ar parall el epi pedal bl ock fornmed with i on fluid 5

channel , whereas couplings other than block couplings are usable insofar as
they are adapted to connect the fluid channels of fluid controllers. Fluid
control devices are obtained by connecting a plurality of fluid controllers
by a plurality of 10 coupling nmenbers. It is desirable to arrange the fluid
controllers at an upper stage and the coypling nenbers at a | ower stage. In
this case, the coupling nenbers of |ower stage are fastened to a base plate

of al um num §f ndithdd ks d<h greryse 1l @attrdl Wdh Lovk i ttera of upper 15

stage is fastened with screws to adjacent two of the coupling nenbers |ike

a bridge. TheEMalhIRrmfovelf effalidiy exanple, a controller, such as a
val ve, which 1s given-a JI'S designation 1s assigned a synbol mark

conprising the Jli i i 1.nd4§ cat | l gl d channel
and cont our therg%%f%géénrgggj’;r}‘gév}\?%{)% &{)ﬁc}d&lﬁﬁ%i%rﬁ%%az%ﬁﬁ S%(fcejsi ghati on
is given a syjmal rk .conprising an abbreviation acron uch as MC,
and an indica ef%lrgrgi\‘anq h%yp%)ﬁﬁo%%%%% TP LSTR o?nrﬂ‘h%@e%?g%fe cont our
10 April, Q003 6 is expressed jn 4 rnms of the size i | an VB§¥L I n the
case wher @ a FHTDI TP PR NS (FRIREFLRG R hey f VETHD | i d
channel or in length, the controller is handled as another fluid
control | er, tepptyallexsky m RFwrality bHycurh ine reerbeysbothemr k. Each
fluid controller is assigned a suitable item nunber, the item

apparatus comprising symbol mark memory means for

storing fluid controllers usable in fluid control
devices in terms of symbol marks representing the

10 functions, fluid channels and contours of the
controllers, instruction means for arranging the
combination of symbol marks of the fluid controllers for
use in the fluid control device to be designed, and a
flowchart preparing means for preparing a flowchart of

15 the fluid control device represented in symbol marks by
‘the instruction means.

Examples of fluid controllers are monofunctional
members such as massflow controllers, on-off valves,
check valves, pressure regulators, filters, massflow

20 meters and pressure sensors; a unit of two
monofunctional members (for example, two on-off valves,
or a filter and a pressure sensor) as mounted on a
single block:; and the assembly of a monofunctional

member (such as a massflow controller) and a coupling



nunber and the synbol mark thereof are used in a pair, and many such pairs
are stored in the synbol mark nenory neans. 10 The specifications of the
desired fluid control device are presented in t in FIG 6 by
t he process designer of the control functions of the device, while the
fabrication designer of the device inputs into the designing apparatus the
i tem nunber of each of the 15 controllers having the correspondi ng control
functions while giving consideration to various design factors, for
exanple, as to whether two on-off valvesgare to be conposed of two nenbers,
whet her two on-off valves are to be provided by a single nenber as a unit,

whet her two 20uaci AcoNta by oo Aok Os De | O SEROMERLEL. by wel ding a tube

thereto, or whether two adjacent valves are to be interconnected by a bl ock

coupling. Wien thg. fo Lopd gl 4CEsi § LHput, the
correspondi ng contro‘fEFlna Sgnborllé) &f< %I sp aeyed on th‘ggé{ losAprlé Z003 7

screen of the PPAE Bl S+ ng ltfﬂ)ﬁ% ?ﬁlégﬂ J(_jgs 9PEL+ %I‘éli(gé such synbol marks
0

to the screen SlUCCessT Ve Speti p05| I 'ONS prepare a flowchart.
Si nce the f|0m12£ﬁgt S %he f nct ons of the. co one 5. fluid
control l ers HRRAT %l?%:gp??%fabjg‘?\%% t%u?%mT%+%% g@%‘al
mar ks, the_functions, fluid chann HL and S|zes of the nenbers to be used in
the fluid Torfthapngey | BeeTeRs qqU h?$%s???e§hﬁﬁﬁp plefk SpyRlings
desi gni ng apparatus further 10 conprises controller data nmenory means for
storing data a%etesapke finsefabnds othey sargadfarted f ti @orBREEotheevi ces,
coupling nenber data nenory neans for storing data as to coupling nenbers
usabl e in fl ufutdnthamnebyi eesflebdptomgrokhdes. sel ecti ng neans for
selecting 15 fromthe coupling nenber data nenory neans the coupling
Fluid control devices are obtained by connecting a
plurality of fluid controllers by a plurality of
10 coupling members. It is desirable to arrange the fluid
controllers at an upper stage and the coupling members
at a lower stage. In this case, the coupling members of
lower stage are fastened to a base plate of aluminum or
the like with screws, and each fluid controller of upper
15 stage is fastened with screws to adjacent two of the
coupling members like a bridge.
The symbol mark is such that for example, a
controller, such as a valve, which is given a JIS
designation is assigned a symbol mark comprising the JIS
20 designation and an indication of the fluid channel and
contour thereof. The massflow controller which has no
JIS designation is given a symbol mark comprising an

abbreviation or acronym, such as MFC, and an indication

of the fluid channel and contour thereof. The contour



menbers required for connecting said plura]ity of fluid controllers with

reference to the flowhart prepared, and assenbly draw n repari ng neans
for retrieving three-dinensional data as to the_ﬂlﬂmﬁﬂaéﬂﬂizllers and 20

t he coupling nmenbers for use in the fluid control device to be designed
fromthe correspondi ng nenory neans and preparing a three-di nensional
assenbly drawi ng of the fluid control device to be designed. The data as to
the fluid controllers and the 10 April, Q03 8 coupling nenbers
essentially includes the three dinensiongl sizes of contours thereof
(maxi mum val ues of length, w dth and height of each of these conponents and

ot her required. v d; L h n- yi S| 5 id a | s

t hereof (I engf% %#&g%%:ﬁg?l hllt’dg%ﬁ%%n%y gﬁr{]" %%lgépgéi {)?%ﬁ %%é‘géchfgpgﬁlgng of
the channel froma reference val , and_further ipcludes i ghts, pressure
| oss and fIch?%ﬁeygﬁr?e?e?%ﬂEE°#§%5e€4P§%Fse Eﬂﬂlgh?ﬁetﬂgmgégesﬁﬂ%re a

bl ock coupling 10 having a_V-shaped channel is_to be used, the m ni num

di stance bet we@e pRhY iR Htuidcchapnel uPB EBnteREERr sthe BeNERPLI@BNNect ed
by the block coupling is obtained fromthe controller data nenory neans,
and differenti%iQ@Bdg$db¢%cﬁn@§h®¥iﬁb%l@sﬁgmﬁr@bie§onﬁhétih@rtﬁﬁ is
controllers can be found fromthe coupling nenber data nmenory neans on
condi ti on 3 hateférredupdipy ahdiuffebentrermeelthankt heEachi ilmidi st ance.
The different kinds are displayed on the screen, enabling the fabrication
desi gner to sedmttobhlsui iabdssigoedi agswhtdelgi Ytag A0mbensi teeaitem to

ot her specifications of the fluid control device; for exanple, there may be
a need to shofbftbet hen@venal syhbolt Matk therde¥i 6ee 0sed DrRed payrarise to

match the adjacent fluid controllers in position.
and many such pairs are stored in the symbol mark memory
means.

10 The specifications of the desired fluid control
device are presented in the form shown in FIG. 6 by the
process designer of the control functions of the device,
while the fabrication designer of the device inputs into
the designing apparatus the item number of each of the

15 controllers having the corresponding control functions

"while giving consideration to various design factors,
for example, as to whether two on-off valves are to be
composed of two members, whether two on-off valves are
to be provided by a single member as a unit, whether two

20 adjacent valves are to be interconnected by welding a
tube thereto, or whether two adjacent valves are to be
interconnected by a block coupling. When the item

number of a particular control device is input, the

corresponding controller symbol mark is displayed on the



10 April, 2003 9 In this way, the required fluid controllers are determ ned
one after another to select suitable coupling nggggrs, ﬁgeigby all the
menbers to be used in the fluid control device d. An assenbly
drawing of 5 the device can be obtained by naking these fluid controllers
and coupling nenbers three-di nensional using three-di nensional data stored
in the correspondi ng data nenory neans. The drawi ngs for use in fabricating
the fluid control device, list of the conponent nenbers and 10 estinate can

be automatically prepared with referencesto the assenbling drawi ng. The
i st of conmponent nenbers and the estimate thus obtained are free of the

om ssion of agrdEBeF e CApPisatiie. t OrRENERDr WOAKiSRdagis8fheras hi ghly
reliable docunents. 15 The present invention further provides a nethod of

desi gning b | i ! i bigi ned b
esi gni ng by %‘I%a ; { Ghafid %%ﬁ%@é%?ﬁ%ﬁé&é&@éﬁp{-@ ned by

connecting a urd control y a plurality of coupling

b , th t hogd, i di h t tor}] | | 20
isable | n {1 APEoi e PORLTERAETHS BRofted & HTSendtp, “PELhE: B8 C e
f ti , fluyjd | d t f t troll th t f
alrjp gnlgiozz they:lc%“ﬁ;‘? anngogp%lﬁr’ls s’%ﬁgo‘gg%gr%%eo S‘P‘%lg{]?rlr‘%‘agcr:glh?r‘ég’f‘é?gg‘?gr use
inthe fluid control device to be designed, and the 10 April, Q003 10
step of prepaftwt £IPERRhEPES dPut hal $P uble cbhtid| chrrnetsrapfesent ed by

the synbol marks. Since the flow chart thus prepared shows not only the
functions of ¢PRtAWADcHeexedf UbY %mb9b|m@¥158bu€h% ﬁtll%@t%%Sflﬁiul%hanna s
and cont-ours thereof by synbol

channels and sizes of the members to be used in the

fluid control device are all manifestly shown.
Preferably, the designing apparatus further

10 comprises controller data memory means for storing data
as to the fluid controllers usable in fluid control
devices, coupling member data memory means for storing
data as to coupling members usable in fluid control
devices, coupling member selecting means for selecting

15 from the coupling member data memory means the coupling
members required for connecting said plurality of fluid
controllers with reference to the flowchart prepared,
and assembly drawing preparing means for retrieving
three-dimensional data as to the fluid controllers and

20 the coupling members for use in the fluid control device
to be designed from the corresponding memory means and
preparing a three-dimensional assembly drawing of the
fluid control device to be designed.

The data as to the fluid controllers and the



mar ks, the functions, fluid channels and sizes of the nenbers to be used in
the fluid control device are all manifestly showB. Prﬁf r y, the

desi gning net hod further includes 10 the step oﬂ—sﬁBELngdﬁgeias to the
fluid controllers usable in fluid control devices, the step of storing data
as to coupling nenbers usable in fluid control devices, the step of

sel ecting the coupling nenbers required for connecting said plurality of
fluid 15 controllers with reference to the flowhart prepared, and the step

of retrieving three-dinensional data as go the fluid controllers and the
coupling nmenbers for use in the fluid control device to be designed and

preparing a ‘égielﬁﬁ:i%d%m ASRA{H 1 10F AL s ke fenpeb 20 control

device to be signed. The assenbly draw ng thus prepared nani festly shows

the fluid COMiladietlfe dikdd SLUId W Athd2dd M AmdBliftin JafiRSS S e 10

automatical ly prepare the draw ngs use I n ricating the device, |ist

of the conpo rclge r}{ %tq,ﬁgwﬁlcrhi !anqu,OeSir%J.ét @{Tb?eéc% acﬂfj ﬁééﬂo@nrpgcfarﬁrh@s dgyy ce

with referen aw ng, conseguentTy achieving a ¢ y 1 nproved
efficiency in designing the device. BR EE DESCRI PTI ON THE W NGS 5

Fl G 1T o Al SOk (RS AL O I AT T o Gibar at s
enbodyi ng the_ invention for designing fluid contral devices; FIG 2 is a

bl ock™ di agr ailkdHshiGhpnnels (Hhaqents Oferde? HphthLB1d ihanrehtdvh: 10

FIG 3 is a flowhart of a fluid control device, as converted fromthe
fl owchart of tHeGP@BiNiemoTeagniIRepared tehefchannehviBi® ch; FIG 4 is
a flowhart showi ng a procedure for preparing a flowhart;

reference value), and further includes weights, pressure

loss and flow rate as reference values.
For example in the case where a block coupling

10 having a V-shaped channel is to be used, the minimum
distance between openings of the two fluid controllers
to be interconnected by the block coupling is obtained
from the controller data memory means, and different
kinds of block couplings usable for connecting the

15 controllers can be found from the coupling member data
‘memory means on condition that the coupling should be
greater than the minimum distance. The different kinds
are displayed on the screen, enabling the fabrication
designer to select a suitable coupling while giwving

20 consideration to other specifications of the fluid
control device; for example, there may be a need to
shorten the overall length of the device, or a need may
arise to match the adjacent fluid controllers in

position.



15 FIG 5 is a three-dinensional view of the fluid control device which
view i s obtained based on the flowhart thus prepared;, FIG 6 is a
flowchart of a fluid control device which chartlﬁgéﬂlﬂuﬂﬂﬁﬂﬁby t he process
designer of the 20 device; and FIG 7 is a plan view show ng an exanpl e of
fluid control device corresponding to FIG 6. DESCRI PTI ON OF THE REFERRED
EVMBODI MENTS Enbodi nents of the invention will be described with 10 April,
Q03 12 reference to the drawi ngs. The invention provides an apparatus for

designing by a programred conputer a fluigd control device which is obtained
by connecting a plurality of fluid controllers 5 by a plurality of coupling

menbers. As showny ntHidsway, tHige heegvbred of 1 GPPerellersoapsi ses a main
control unit 1, nmenory unit 2, input-output control unit 3, input unit 4,

display unit faidhQUPWndMhEitSr JNSHBIOEY $Eidce HabtabPs edohpeiggn

symbol marks 7 10 representing the functions, fluid channels and contours
Of 11u1d ConGars WhEIEaLPe H5e el th gl sobadey g cfala © 2o
Coupl1 19 e Bt o0 ey oStk 8 oRRLLELodEH Carg, s 37
(o rum vl UG AT Gy BB R SRS B OFLBBCIRSHR SEHET T oquirod
val ues) and the plan-view size of _the fluid channel thereof (length 20 of
the fluid chafPRF-AhLTRHAREsFPIBHIRY BePeEDchPhge ot 1PERSEARAReFS+PEm a
reference value). FIG 2 is a functional block diagramof a system
conpri si ng t Hehrredimershppal adataosteredi iy che operpgsponding data
memory means. The drawings for use in fabricating the
fluid control device, list of the component members and
10 estimate can be automatically prepared with reference to
the assembling drawing. The list of component members
and the estimate thus obtained are free of the omission
of any member or errors due to manual work and usable as
highly reliable documents.
15 The present invention further provides a method of
- designing by a programmed computer a fluid control
device to be obtained by connecting a plurality of fluid
controllers by a plurality of coupling members, the
method including the step of storing fluid controllers
20 wusable in fluid control devices in terms of symbol marks
representing the functions, fluid channels and contours
of the controllers, the step of arranging the

combination of symbol marks of the fluid controllers for

use in the fluid control device to be designed, and the



illustrated, the designing system has eight functions, 10 April, Zz003 13

i.e., a JOB managenent function 11, flowchart prgEarigg fHEction 12, piping
assenbly drawi ng preparing function 13, piping rawi ng

preparing function 14, conponent |ist preparing function 15, estimte
preparing 5 function 16, master managenent function 17 and operation
managenent function 18. The JOB managenent function 11 perfornms JOH status
managenent 19 and versi on nanagenment 20. The status managenent 19

supervi ses the progress (status) of taskg 10 (JOH) including flowhart
preparation through preparation of an estinmate using JOH identifying keys

for custonmer geMoilPreiparSiiRe /i SldwchHa O &sfS tradTe Jandl rorberol and fl owcart
nunber. The task status includes three stages of "under study,"

" provi si onal 'gedfitel repiRiiiidE by aik Gl @ |y modified by the JOH

processing worker only, whereby the revision of tasks is supervised to
ensure executi on Qi dNGPTH RF Gt Ghus! PRI EHRRAGRIE YN 130

supervi ses the progress (version) of the i1ndividual tasks includi'ng the 20

preparati on i, d g, {1 aneharde NP ddiee Bl SPALA | b o {1 SSiat e 10 JOB

units, making possf%%e COﬂfIng{lon version, new registration,

duplicati regi stratiaon and deletion in J units.. The fl.owchart preparing
function B b ae Al sgmelsgad comiais shemmps B cuainad y
affixing the synbol marks of fluid controllers registfered in advance in the
synbol mark M3EKS, Jhg HHREHARS uf tuis Wrﬂf’el%ﬁ"’é%r?jaﬁe% i Fhd

positions with reference to the fabrication
members to be used in the fluid control device are all

manifestly shown.
Preferably, the designing method further includes
10 the step of storing data as to the fluid controllers
usable in fluid control devices, the step of storing
data as to coupling members usable in fluid control
devices, the step of selecting the coupling members
required for connecting said plurality of fluid
15 controllers with reference to the flowchart prepared,

- and the step of retrieving three-dimensional data as to
the fluid controllers and the coupling members for use
in the fluid control device to be designed and preparing
a three-dimensional assembly drawing of the fluid

20 control device to be designed.
The assembly drawing thus prepared manifestly shows
the fluid control device in its entirety and further
makes it possible to automatically prepare the drawings

for use in fabricating the device, list of the component



5 specifications presented by the process designer of the desired flow
control device. Incidentally, there are two ki nds, of {Iomcharts: a

fl omchart presented by the process designer of - trol device,
and a flowhart prepared by the designing apparatus of the 10 invention.
The fornmer will be referred to as the "original flowhart,” and the latter
nerely as "flowhart."” FIG 3 shows the flowhart. In FIG 3 and the
original flowhart of FIG 6, |like parts are designated 15 by I|ike
reference nunerals 51 to 62. The graphiclkynbols or character synbols
represent the nanes (functions) of fluid controllers. In FIG 3, the
broken-| i ne fuemmsrs nahd tstimeteactfiathsidesiod whehfreference rod|ehe as
they are seen from above (i.e., 20 plan-view sizes), and the spacings

bet ween the chrdwild £rSondequatit ptHchidw htd ual grvahtes. iiseovedngl y, the
frames can be registered with the contour lines of the conponents shown in
solid lines idefldierncy Fiitd&sighend ik déweserepresent fluid 10 April,
~~r003 15 channels, and the blank circles at the ends of each |ine

represents fluid channel g@ReR MESCRIPTION OFOTHEXdAWENGS G 3 shows that a
pair of on-off valves 51, 52 (54, 55) provided at the inlet (outlet) side

of a massfé ow 5 Cﬁ‘tg.l’oi|f§ §3df§§rﬁt%f§girg%eﬁ‘§%¢%§tﬁ%}éoﬁ%ﬁ64) and

handl ed as™ a si ngl'e conponent channel
extending framone of the on-off_ valves 51.(54 o the massflow controller
53 branches GHEITREE F | B CCRRARIETS | U HGEES Hhe DEREPCErofPEual ve 52
(55), 10 and that this P£gn h channel _is, opened laterally of the device

directly or VMSSLIRIRI LIV FCPRETOL | 48YLCPSt t her seen that bl ock couplings

65, 65 (FIG 7) arranged at the inlet and outlet sides of the massfl ow
FIG. 2 is a block diagram showing the functions of

the apparatus of the invention;

10 FIG. 3 is a flowchart of a fluid control device, as
converted from the flowchart of FIG. 6 by the designing
apparatus of the invention;

FIG. 4 is a flowchart showing a procedure for
preparing a flowchart;

15 FIG. 5 is a three-dimensional view of the fluid
control device which view is obtained based on the
flowchart thus prepared;

FIG. 6 is a flowchart of a fluid control device
which chart is provided by the process designer of the

20 device; and

FIG. 7 is a plan view showing an example of fluid
control device corresponding to FIG. 6.
DESCRIPTION OF THE REFERRED EMBODIMENTS

Embodiments of the invention will be daescribed with



controller 53 are indicated as contained in the overall 15 size of the
massfl ow controller 53. FIG 3 not only shows the fluid channels of the
fluid control device but also indicates the act r Sthe fluid
controllers and is a drawing which is free of both the drawback of FIG 6
and that of FIG 7. 20 FIG 4 shows a specific procedure for preparing a
flowchart. When the flowchart preparing function 12 is selected, a
controller menu is displayed on the screen (step 1). The fabrication

desi gner can sel ect valves, massflow cont2zollers or |like controllers one
after 10 April, 2003 16 another fromthe synbol mark file 7 in the menory
unit 2 by cl imdfiexprare tte tdoentdmawingsenu (step 2). The controller sel ected
is located at a desired point on the screen or at a suitable position based

on a reference 5@ Ninwdritlich FdFirdes Gt r@;&ﬁatljs)_rf@wdﬁ&ﬁgnm? Byi ng
the nouse (step 3). The plan-view sizes of the positioned controller and

anot her cont rpldedgathmee Ko MeELE Oa 8 Bui Bl EbsMEsh fdom sdeyhiahdigontrol | er
data file 8 inthe nmenory unit 2, and a suitable coupling 10 nenber

for
i nt er connect %&&ﬁg&ﬁf@ﬁé@eﬁ%ﬁ Proreti cplo¥ PRLAS IO LroM Lhe

coupl i ng menber step e con er and the coupling

nmenmber ar & atg opaztspisllcl{zill,eql%it:{lrgp e(%:l%!%?jrrggc(i@er“%?egge. W i h tﬁ%ﬁlfg ﬁ(#gw fi zes

t hereof to prc;@ tom psare 2110 art of "the fluid
control device (step.5). Steps 2 to 5 provide flowhart preparin ans and
are repeat ed ﬁ?ﬁﬁ?agd“é%ﬁﬁm‘ﬁ‘% %et%?ﬂ?ﬂ%‘és SEPRRIE TS (3t l%)c?%t’g? en. \en
this command is, given (step 6), a sequence of flow chart preparing steps is

conpl et ed. 20V¥e ¥4 JWRMREY WEbat e L PRUEPV R B FLIREIPL Wt Bub- unit (for

exanple, plotter) 6. The coupling nenber_ selecting step 4 described
input unit 4, display unit 5 and output unit 6. The

memory unit 2 has stored therein symbol marks 7
10 representing the functions, fluid channels and contours
of fluid controllers which can be used in fluid control
devices, data 8 as to the fluid controllers usable in
fluid control devices, and data 9 as to coupling members
which can be used in fluid control devices. The
15 controller data 8 and the coupling member data 9
, - comprise the three-dimensional size of contour of each
controller or coupling member (maximum values of length,
width and height of each and other required wvalues) and
the plan-view size of the fluid channel thereof (length
20 of the fluid channel and the position of each opening of
the channel from a reference value).
FIG. 2 is a functional block diagram of a system
comprising the designing apparatus of the invention. As

illustrated, the designing system has eight functions,



perforns the procedure that when the controller is disposed adjacent to

anot her controller already 10 April, Z003 17 positlﬁned ig pl ace, the

bl ock contours of the two controller are identi or respondi ng
coupling menber is selected. The coupling nenber is expressed, for exanple,
by an item nunber such as VL14, VL20 or 5 VL27 wherein the nunber
corresponds approximately to the opening-to-opening distance. Usually

di fferent kinds of coupling nmenbers are available for interconnecting the
two controllers. Wth consideration givemto other requirements, the
fabrication designer selects a 10 suitable nenber from anong these to
design the flija. contJOB mmvageEmeret fungctien pEl f of ewnclear €opreparihg Upon
the selection of the coupling nenber, the selected coupling nmenber is

aut omati cal | yrwlept L di 20] BOeig tasdditb TPNarahing phesdring shheddynbeen
positioned in 15 place, and the next controller Is automatically depicted

as positioned At ﬁfﬁiﬁ%hﬁébﬁﬁé‘éi&{ AP Bhg 85 &PaPIng NBukOEPbA NP4 MENMDEr . In
owchar

preparing the fl , the item nunbers Tn conbination with the synbo

marks are handlgthasneelist PRodesid9atinne:on 18e LLobas ordber s

mar ks of the nma l ow contr pressure regulators and f rs can be

sel ected ly.froma "gas nane-flo e" reLatipnship,nmatei x whigh is
orepared (b e e TR B dient E P R T SREREIORS 10
April, Q03 18 autonatjc II¥ grep es a piping assenbly drawi ng i n actual
size with refBIRPRLMeRt HFFRMETt by repl acing the synbol narks and

coupling menbers with_three
P g The JOB management function 11 performs JOB status

management 19 and version management 20. The status
management 19 supervises the progress (status) of tasks

10 (JOB) including flowchart preparation through
preparation of an estimate using JOB identifying keys
for customer item number, supervisor, process name and
number, and flowcart number. The task status includes
three stages of "under study," "provisional" and

15 "determined" and can be manually modified by the JOB
processing worker only, whereby the revision of tasks is
supervised to ensure execution of the work as desired.
The version management 20 supervises the progress
(version) of the individual tasks including the

20 preparation of the flowchart through the preparation of
the estimate in JOB units, making possible confirmation
of version, new registration, duplication registration
and deletion in JOB units.

The flowchart preparing function 12 prepares a



di mensi onal devices registered in advance, using MDT 5 function. The piping

assenbly drawi ng prepared is output to a plotter. The piEing assenbl y
drawi ng can be prepared only when the task stat r rt preparation

is "provisional"™ or "determ ned." The piping fabrication drawi ng preparing
function 14 10 automatically prepares a bird s-eye view 21, bottom part
arrangenent drawi ng 22, prefabricated piping draw ng 23, tapping draw ng
24, etc. by capturing the piping assenbly drawing. FIG 5 shows an exanpl e
of bird' s-eye view 21 which is obtained by subjecting the piping 15
assenbly drawi ng to hidden-line processing. Throughout FIGS. 3, 5, 6 and 7,
i ke parts arflaleshamiatleyl dycteseivelprafifbximgethéssyhboprepaksngft he
bird' s-eye view thus processed, parts are to remain unrenoved even if they

are partly orgwnd | yoete6EUervhibgisteredr £qUAACEANEE LhHathéhgyhbem nunbers
in conmbination wth the synbol marks given in the flowhart be indicated.

I'n addition tp tiherCOMPYi B8 PREDRERorJaSKELS2 DOh! She PEPESeANd el d joOiNnts
are shown in a plan viewin the drawihg 22. The prefabricated piping

draw ng 23 | Ssg?éc?f’@{%grﬁﬁﬁigﬁgewiyﬁ?ﬁéf’%}o%nc@% %r?edSEQEP?EQ@?EadraW ng

of the region 1nput e range o tom part arrangenen raw ng

22, 10 D@D 0L et 40000 LOgnBLAM by PORL | H 80005 HEBELERNOESche b

i ndi cated.™ Th apprng par ed-as WO I'ensi ona
drawi ng show onl e positions. of tappi for fasteni t he_coupling
nmenbers. The éé%%F%é %£°Yh%°? 53?nﬁe$b§?tioﬂgcfgeﬁg?i£ﬁ'fggeﬁﬁs?ﬁﬁing t he
base plate (sheet netal). The conponent |i st gre aring function 15 10

aut omat i cal | ytye Jphres af| fipwsharkar v dfibpwebapsnereserpadt 8y £h8m t he

fl owchart and the piping assenbly drawing. A conponent |ist of outside
product s onl yp¥ecess designer of the fluid control device, and a

flowchart prepared by the designing apparatus of the

10 invention. The former will be referred to as the
"original flowchart," and the latter merely as
"flowchart."

FIG. 3 shows the flowchart. In FIG. 3 and the
original flowchart of FIG. 6, like parts are designated

15 by like reference numerals 51 to 62. The graphic
symbols or character symbols represent the names
(functions) of fluid controllers. In FIG. 3, the
broken-line frames indicate the actual sizes of the
fluid controllers as they are seen from above (i.e.,

20 plan-view sizes), and the spacings between the
controllers are indicated in actual values.
Accordingly, the frames can be registered with the
contour lines of the components shown in solid lines in

FIG. 7. Further the thick lines represent fluid



prepared fromthe flowhart, and the |ist of all nenbers is prepared from
the piping assenbly drawing in a 15 required forgfé. !hg cggponent list can
be prepared fromthe flowchart only when the ta the fl owchart
is "provisional"” or "determ ned."” The header information of the conponent
list can be input manually, while it is nmade inpossible to nodify the
automatically 20 prepared portion thereof. The conponent |ist thus prepared
can be output to a printer. The estinate preparing function 16
automatically prepares estimates fromtHé flow chart and the pi ping
assenbly drawi ng, respectively. An approxi mate pronpt 10 April, Q003 20
estimate i s phopaeds.f o6 the blemhairclesd af ftae ieods &f eaghrdtidsr
conprehensive estinmate (see FIG 2, "ESTIMATE') fromthe piping assenbly
drawi ng. Thereppresentst & luidnohasselmapendagshd pordsdr.ed Foromxdnp s,
flowchart only when the task status for the flowhart is "provisional" or
"det er mi ned. F1ghe 3dahawserhiati &g plad rb & fadeed fif0 vdleesstailyatse q&a,be i nput
manual ly, while it is nade inpossible to nodify the automatically prepared

portion theregf. pHeierld Mt enehuhiRte ¥R AN 3Rl @ oW fdsdA dwe

printer. The master managenent function 17 effects overall naintenance,

whi | e thegoperati el 1AN3GeNERR! nlRGddRdnld REHAS 1R EE ah y esiri ng

operations, takes counterneasures agali nst troubl es, assures security and 15

f a . ! ey -
manages pr Og_:b]%?x‘\ale%r ad %n§1§'x:$g.%p%nfg%l?{énctat | Crg];f Olfst %lsg %@anﬁhué}%e%om f ol

I nterface ( s used in resent syste esi gni ng

CevioeS,  and S PR, RN R Wi LR A L e
;[ Ete Obgt tom pa%rst‘ls) q:%d t:thhee Ja%g%fo%n cgnt%:lgl rcreart I5C3alblryancg::?'xveesI %tn%.natéa Iaan view
fluid channel leading to the other on-off valve 52 (55),
10 and that this branch channel is opened laterally of the
device directly or via a check valve (56). It is
further seen that block couplings 65, 65 (FIG. 7)
arranged at the inlet and outlet sides of the massflow
controller 53 are indicated as contained in the overall
15 size of the massflow controller 53. FIG. 3 not only
shows the fluid channels of the fluid control device but
also indicates the actual sizes of the fluid controllers
and is a drawing which is free of both the drawback of
FIG. 6 and that of FIG. 7.
20 FIG. 4 shows a specific procedure for preparing a
flowchart. When the flowchart preparing function 12 is
selected, a controller menu is displayed on the screen

(step 1). The fabrication designer can select valves,

massflow controllers or like controllers one after



t hr ee- di nensi onal view, AutoCAD Mechani cal Desktop 2.0 is used as the basic
tool. Fabrication instructions, original flomchgrt, CEEEonent list and

nodi ficati ons of 10 April, Q03 21 such docu fromthe
process designer to the fabrication designer by e-mail. Delivery
specifications, design instructions, nodification instructions, CAD dat a,

pi pi ng assenbly drawing, piping 5 fabrication drawi ng, sheet netal draw ng,
estimates, etc. are sent fromthe fabrication designer to the process
designer also by e-mail. Information relb®ing to conponents or parts and
design is handled by Oracle DBMS (dat abase managenent system for common
use of the 10ArpREker fngm phe|sSypbol markywiile s’ clnj Bee nemory wpikpdar at us
for designing by a programmed conputer a fluid control device to be
obt ai ned by connekbiching @b uthéi cgnbfoller dnennt (steéprd) by Bhé plurality of
coupling nmenbers, the apparatus conprising synbol mark nmenory means for
storing flui ccowtitsDierrselsabéd ia Iotatedont ral ddevredspoint eonsthé

synbol marks representing the functions, fluid channels and contours of the

controllers, ideddniChs Oat NBaBSitOH18r pAELtNEN t BEsdd 68MRI patépangs synbol
marks of the fluid controllers for use in the fluid control device to be

desi gned, @nd,&fi QWEORI A PREPREELNGoBROE1EL! PELPEkANG1E, fHPWRBLAgOf the
fluid control” device represented in synbol nmarks by the instruction neans.

Lo o L SPAT SRR (e S5 D b0asL AL e LE oFUERET cOr i ses
) positioned controller and another controller adjacent
thereto are retrieved from the fluid controller data
file 8 in the memory unit 2, and a suitable coupling
10 member for interconnecting these controllers is
automatically selected from the coupling member data
file 9 (step 4). The controller and the coupling member '
are automatically arranged in accordance with the plan-
view sizes thereof to progressively automatically
15 prepare a flowchart of the fluid contreol device (step
5). Steps 2 to 5 provide flowchart preparing means and
are repeated until a command to terminate selection
(step 6) is given. When this command is given (step 6),
a sequence of flow chart preparing steps is completed.
20 The flowchart prepared is delivered by the output unit
(for example, plotter) 6.
The coupling member selecting step 4 described

performs the procedure that when the controller is

disposed adjacent to another controller already



storing data as to the fluid controllers usable in fluid control devices,

coupling nenber data nenory neans for storing datg as!fg ﬁgﬁpling menber s
usable in fluid 20 control devices, coupling ne g neans for

selecting fromthe coupling nmenber data nmenory neans the coupling nenbers
required for connecting said plurality of fluid controllers with reference
to the flowhart prepared, and assenbly draw ng preparing neans for 10
April, 2003 23 retrieving three-di nensional data as to the fluid
controllers and the coupling nenbers forllse in the fluid control device to
be designed fromthe correspondi ng nmenory neans and preparing a three 5

di mensi onal aseshbignedawnnglatet hthél| bidckoaontbudevofethe bwodesi gned. 3.
A desi gni ng apparatus according to claim2 which further conprises a
conmponent | i stoptepilenganeandehtl fpedpashdgaacbrséspbndbdngosenpiial t he
fluid control 10 device to be obtained, wth reference to the assenbly

drawi ng prepanéfibed. i getbgbeay a'PﬁérébU§lilﬁ§0ﬁ\QinB€rtQsCéﬂbﬂbaséfﬁl ch
further conprises estimte preparing neans for preparing a statenent of

estimates of {hg ék&hﬁléo”E&OSnd§¥éﬁenhﬁbé§ 88cAbLEI PEH4 Wit Bor skerence to
the assenbly draw ng prepared. 5. A method of designing by a programmed

comut et asfl yi g cpRbsel d%M?CﬁuﬁB?PesBPLéEPSQdeaﬁgggﬁgﬁb@glge@h gﬂg'ty of

fluid controllers Fura ity o coupTi ng menbers

i ncl udi ng the éeg?gf 8t8r|ngnflalgtggngrolbgrsﬁfsaglg eren%ukﬁ ganLr
ul

devices in tef syAb3 presentlng e func rons § cﬁannels

and cont.ours of t controllers t he ep.of _arrangi ng the conbi nati on of
cou Tgng members are avai&agl for angergonnect ng tge

two controllers. With consideration given to other
requirements, the fabrication designer selects a

10 suitable member from among these to design the fluid
control device meeting the performance requirement.
Upon the selection of the coupling member, the selected
coupling member is automatically depicted adjacent to
the controller which has already been positioned in

15 place, and the next controller is automatically depicted
as positioned at the other point of installation on the
coupling member.

In preparing the flowchart, the item numbers in

combination with the symbol marks are handled as serial

20 designations in the flowchart. The symbol marks of the
massflow controllers, pressure regulators and filters
can be selected only from a "gas name-flow rate"
relationship matrix which is prepared in advance.

The piping assembly drawing preparing function 13



10 April, Z003 24 synbol marks of the fluid controllers for use in the
fluid control device to be designed, and the step of ?re aring a flowhart
of the fluid control device represented by the é#hﬂﬂ!lnibgﬁ 56. A

desi gni ng net hod according to claYm5 i~hich further includes the step of
storing data as to ttie fluid controllers usable in fluid control devices,
the step of storing data as to coupling nenbers usable in fluid control

devi ces, the step of selecting the 10 coupling nenbers required for
connecting said plurality of fluid contrmBlers with reference to the
flowchart prepared, and the step of xetr~.eving three-dinensional data as
to the fluid sondmatieatlandréhberesoapbiping assbmbiyf drawdegi aint he fl ui d
control device to be 15 designed and preparing a three-di mensi onal assenbly
drawi ng of thactlal dsteatwokthdeeferehoebeodehegitdwcRard bgsirgplaging
apparatus according to claim1l wherein the data as to the fluid controllers

and the coupl thg mﬁélsmﬁﬁﬁénbh& E¥uplehydaembBest Wiea- ¢hreasi onal sizes
of contours therof and the plan-view sizes of the fluid channel s thereof.

cgjééfégjééftané? f?@%?hg? ?Qa]ca égfég caf gg?néfcéﬁg ré"Fbgfgg?Lg?Lg}
iﬁkg?‘l&’@&ﬁi} Eg’}*ﬁéjffg?ca] The. pipkhHYals *éa?xa?ca LapcAFERpEafod”

s ( e oy eareakcRbeal pibeRbES Eiﬁéii’%ﬁﬁ?}ﬁfsﬁ%& éﬁfé%jggafé&] bg
e oal opEs ]e SheBhis SRR EREl EALEALERE of iyl o) X cal cal cal e

Lﬂc“a]ca]ca]ca]ca]ca ca]ca]cal>@Bv$&R$ZTqulgb]XL]calca]cg]ca]ca]ca]ca]ca]c
a] ca] ca] ca] caPE@PeRpEAPRals 'provisional™ or ermined.
Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 5U&;
Q17J% {vql gb] X] ] Eaécriprahgafebriaptipoaficajing preparing function 14
Ul c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ?x"
X80 " T1l0 automatically prepares a bird's-eye view 21, bottom part
frervrrotd"""#{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
arrangement drawing 22, prefabricated piping drawing 23,
tapping drawing 24, etc. by capturing the piping
assembly drawing. FIG. 5 shows an example of bird's-eye
view 21 which is obtained by subjecting the piping
15 assembly drawing to hidden-line processing. Throughout
FIGS. 3, 5, 6 and 7, like parts are designated by like
reference numerals. In preparing the bird's-eye view
thus processed, parts are to remain unremoved even if
they are partly or wholly erased, while it is required
20 that the item numbers in combination with the symbol
marks given in the flowchart be indicated. In addition
to the coupling members, gaskets, bolts, pipes and weld

joints are shown in a plan view in the drawing 22. The

prefabricated piping drawing 23 is prepared as a three-
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The master management function 17 effects overall
maintenance, while the operation management function 18
performs backup and restoring operations, takes
countermeasures against troubles, assures security and
15 manages programs for transition to fabrication, etc.
Graphical User Interface (GUI) is used in the
present system for designing fluid control devices, and
the software used for 0OS is WindowsNT Server and
WindowsNT Workstation. To give the system the function
20 of automatically arranging the bottom parts and the
function of automatically developing a plan view into a
three-dimensional view, AutoCAD Mechanical Desktop 2.0

is used as the basic tool. Fabrication instructions,

original flowchart, component list and modifications of
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further comprises controller data memory means for
storing data as to the fluid controllers usable in fluid
control devices, coupling member data memory means for
storing data as to coupling members usable in fluid

20 control devices, coupling member selecting means for
selecting from the coupling member data memory means the
coupling members required for connecting said plurality
of fluid controllers with reference to the flowchart

prepared, and assembly drawing preparing means for
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/ 4. A designing apparatus according to claim 2 which

further comprises estimate preparing means for preparing
a statement of estimates of the fluid control device to
15 Dbe obtained, with reference to the assembly drawing
prepared.
5. A method of designing by a programmed computer a
fluid control device to be obtained by connecting a
plurality of fluid controllers by a plurality of
20 coupling members, the method including the step of
storing fluid controllers usable in fluid control
devices in terms of symbol marks representing the
functions, fluid channels and contours of the

controllers, the step of arranging the combination of
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further includes the step of storiﬂg data as to the
fluid controllers usable in fluid control devices, the
step of storing data as to coupling members usable in

, fluid control devices, the step of selecting the
10 coupling members required for connecting said plurality
of fluid controllers with reference to the flowchart
prepared, and the step of retrieving three-dimensional
data as to the fluid controllers and the coupling
members for use in the fluid control device to be

" 15 designed and preparing a three-dimensional assembly

drawing of the fluid control device to be designed.

7. A designing apparatus according to claim 1 wherein the data as to the fluid
controllers and the coupling members essentially includes the three-dimensional sizes

of contours therof and the plan-view sizes of the fluid channels thereof,



