CLEAN ROOM SYSTEM This invention relates to a neth§§l£5aﬁéﬁﬁg}§?ﬂ§ for

i@ providing a nulti-purpose flexible clean room by which a clean room¢fo
desired extent having clean zones of desired degrees of cleanliness ca
constructed in an existing building qu-ckly and conveniently; and to a
bui |l di ng conprising such a clean room construction. The construction of
i ndustrial clean roons and clean tunnels (both inclusive are generally
called clean roons in this specification) is required in industries of
sem conductors, fine chem cals, precision nmachines, etc. However, in the

space within the industrial clean roomw || usually exist working zones
thL§ a high degree of cleanline k i §g gd non-wor ki ng zones where
a high degree of cleanliness is ch as those for workers to

nove, for installation of attached facilities and other marginal spaces.
These wor ki ng and non-working zones differing fromeach other in the degree
of cleanliness of air are forned according to the | ayout of operation for
carrying out productive activities in the clean roomby installing properly

many air treating equéraﬁgn&nt,eﬁtﬁaﬁw%lmg&gg; Fer am?éézxyo% i"éfné%é’ré’ﬂﬁ’s

exhaust of clean air and controlling _ Hovever ,
vertical |am ner fsOunSovesing 8amu1te flegimentfdan AGdMBY wHiel system

cl ean roons produced the nost nunerously heretofore were soneti nes
difficult a clean room of a desired extent having clean zones of desired
degrees of cleanliness can be constructed in an existing building
gw} quickly and conveniently; and to a building comprising such a
clean room construction.

The construction of industrial clean rooms and
clean tunnels (both inclusive afe Qenerally called clean
rooms in this specification) is required in industries
of semiconductors, fine chemicals, precision machines,
etc. However, in the space within the industrial clean
rooﬁ will usually exist working zones where a high
_degree of cleanliness ié reqhired and non-working zones

- where a high degree of cleanliness is not required, such

¢

as those for workers to move, for installation of
attached facilities and other marginal spaces. These
working and non-working zones differing from each other
in the degree of cleanliness of air ére formed according
to the layqut of operation for carrying out productive
ac?ivities in the clean room by installing properly many
air treafing'equipmént for carrying out properly the

supply and exhaust of clean air and controlling flows of



0/sat1sfy versatilely the actual demands of- builders. For exanple, a
proBtlction 1ine which has hereto- fore required no clean roomnay require a
cl'gan room as high quality products are required, or a snall-scale elean’ .
room may be required near the existing pjoduction line so that the line is
obliged to be renpdelled for performng ‘only inportant processes in the
cl ean room The subject of the highest priority in such a case would be

t hat I t ' . | i thi
(hat o cl ean roan' Gt WIAAR ofltElaseid BeecoRLidghedoN " o
wi t hout Chang'cf}ﬂil ﬁ’r&{iﬁ%ﬁﬁﬁﬁ | Vark 1122 aii’:%k’:k? S@#s%xﬁd&fﬁ}f{ gléé&ﬂé PEEBEuaEd

wor ki ng met hod. S construction requent sired that the

stringency of ti nidsRamhunFBEAly M fdestdrsel wetedsanepidesoat esibaiebj ect
and the clean zone having a specially high degree of cleanliness can be

provi ded only 4 sat el rddtilely tiife SPe®al Naéhends eep bagldetsvever,
even if the prior well-known vertical |amnar flow system clean room
structure or hori zontRdr |eatanysle f | ®Vprsydiceticn ebine owlichr hasuheraas-

i ntended to cope with such actual demands of builders, it could not satisfy
t hese denands.foffe |meduicresl are alkear usoon asay srevm e pa cobaeansuohmk aswn
structures fromcoping with said demands, the -3- fundanmental one is
that a pl ural inhghofauadkiker Prednces i gre required; ndngat swatdnsealeed f 1 ows
of clean air

clean room may be required near the existihg production
line so that the line is obliged to be remodelied for w
performihg only important processes in the clean room. '
The subject of the highest priority in such a case would o
be that a clean room to achieve sucH an object should
be constructed within a short period of time without
stopping the present operation if possible and without
changing SUbstantially the layout of productive
equipment and working method. In this construction it
is frequently desired that the stringency ©f the clean
room can be freely selected according to the object and
the clean zone having a specially high degree of \‘;
cleanliness can be provided only in a local portion of
the space in the cleah room. However, even if the prior
well-known vertical laminar £low system clean room
structure or horizontal laminar flow systém clean room
structure was ihtendéd to cope with'such actﬁal demands
of builders, it could not satisfy these demands.

While there are various reasons whidh prevent such

known structures from coping with said demahds, the



are’ keqw red to be installed on the floor of an existing building accordi g
to the design standards of the side of the clean roomto be forned. The
reason is tthat, for exanple, to control the air flow and separate the wo
i ng zones from the non-wor ki ng zones having different degrees of
cleanliness, partition walls and posts & & provided, wall nenbers for
surrounding and installing air treating equipnment are reqU|red to be

e | nstr o ESRGETRRE &) P8, Ot HERo UL, A IPRSFE &% 1 il et
t t| {s HEPA filt 1 h
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supply air plenumare requi re pr epare respect Ive

the floor or epitiles RAGER fﬂﬁ di

Particularly i nlt he n\?‘:”(Ja‘rt [ czfldw]wgmt?; ow S e cel I“ﬁgﬂg%\r,?ice and
the floor surbgcendr iedd TRTRETD vl ¥ormed .S OH-Ié Hed¥¥d £N0cREE 2 fok Nl et
port and in the horizontal |am nar systema certain wall surface’ provi des

an air outl et examipland ticheoido1s WheAC @ iPFISHRE dri Sséhrdtd ©the fwerk-
provides an air inlet port so that the ceiling surface and the fl oor
surface or thdngalziones ffaces thee nos-wea-kiagy t2oress donsing W Efiferent -4-
certain relation to each other. This al so nmakes the

degrees of cleanliness, partition walls and posts are

provided, wall members for surrounding and installing

~ air treating equipment are required to be installed in a
L predetermined relation to each other, and a part or all

of the instruments of the. air treating equipment
including fans, air inlet ports, air outlet ports,
ducts, HEPA filters, heat exchangers, etc., are required
structurally to be installed in a predetermined relation
to each other between the ceiling and the floor.
Further, an exhaust plenum and a supply air plenum are
required to be newly prepared respectively beneath the

N

floor or on the back of wall and on the back of ceiling
or wall. Particularly in the vertical laminar flow
system the ceiling surface and the floor surface provide
respectively an air outlet port and an air inlet port
and in the horizontal laminar system a certain wall
surface provides an air outlet port and the wall surface
opposed to said wall surface provides an air inlet port
so that the ceiling surface and the-floor surface or

the wall surfaces themselves had to be constituted in a



qﬁg;gtivé space of the clean roomextrenely narrower and the change,
Qﬁig?sion and contraction in the layout further difficult. Particularly

onte the air treating equi pment has been installed, the expansion and
contraction of the space of the clean roomand the changes in the clean
zones within the clean roomcould not be 4asily carried out. Accordingly it-
IS not too nmuch to say that the prior clean roomcould not be constructed
wi t hout once renoving the production |ine and production machinery fromthe
cl ean room spacertaime rledeatddn e et @theyr. t HBhis lalso metddys ithe he
productive activity. Despite an extensive search of the prior art, the

appl i cant coul @ffectiygr spgices ofattihef giemy zoom @ ® MATIONEE Nng a /-
hi gh quality clean roomw t hout renoving production nmachinery fromthe

site; nor of a3 |thfy BRI SFPIANRAT SRG SRYTAGE IP iR Hee bRy At
i haust. . pl d Ly, ai I th i ke. .
cmbodi ment of | A tpEs e AR, SRS {p £ RS e B R ch
can cope with A rHi Qu gelg%%qls i‘H 1.%%1! erstﬁ@i aSﬁJsC:{Brpr.xﬁ{ cl ean roons
\%‘F’* Fur 15 y AL eﬁ& pr oper#y a

could not cope er, one can Creat'e easi nd freely a

desi red | CE aviet] LY e :
esired scal e lpal 490 rbfarthei fspéﬁf’&iizn'cf}% R dH r}.‘é’o% diteg&movi ng

operating production machinery, , . execute e construction of
said flexible JdRaiyes0aN WHe 122 YdndieWihiH thdEcBan room could

- not be easily carried out.

Accordingly it is not too much to say that the | \/
prior clean room could not be constructed without once
removing the production line and production machinery o/
from the clean room space to be formed in a factory or
the like élready in the productive activity. Despite an
extensive éearch of the prior art, the applicant could
not learn of a satisfactory system capable of forming a
high quality clean room without removing production
machinery from the site; nor of a ceiling outlet and
inlet 'system clean room that did not require an exhaust .
plenum and a supply air plenum or the like. ~

An embodiment of the present invention provides a
flexible clean room which can cope with any various
demands of builders which such prior clean rooms could
not cope with, Further, one can create easily, properly

and freely a desired scale clean room in an



a | owycost. Also, the present invention, enables on€ to construct at wll
cl ean room of a desired extent having clean zones of different degrees of
cl ean iness ‘ranging from d ass 100 to C ass 100, 000 according to the Uni
States Federal Standard 209b even wi thout any provision of partition wal
The® above- nenti oned degree -of cleanlinesssofF Cass 100 specified in the
United States Federal Standard 209b neans a particle count not to exceed
100 particles per one cubic feet of a size 0.5 pmor |arger and the degree
of cleanliness eki€rang b0@LGG0gnNwakboatpaemovliegcoprratdngt predustdon

100, 600 particles g one cubic feet of a size 0.5..umor |arger. According
to the present PAGRARPEN.i AfoABYaspand theegepytpr@hEdéenatnnpheanopf
providing in an eX|s% buil ding a clean rqoom suitable for _praviding clean
zones of differ&ftdd b?géglﬁfC&PganFPﬂ@s§1F&Han§hPF6nPEFé§§ efotiBecPhss

100, 000 accordi ng (o} Ehe Uni id St s Feder Stangard 209b, the nethod
conpri si ng: forﬁ1ﬁé 85|Finé 88ra OPESFFH|t1P3§8 A8Pswith a floor and

|1 | l.at ed f t.h t_ at h d |
Conprising a ﬁir?‘z%’ﬁfe%e o 5 Gonanilan Bt B anged fo provide a
mlLipli city of cigghapguh 0B ELENS oI LkDER S URSLIALI abh¥abNEoRaRTes

predet er mi ned uration and di nmensio Sing sa
openi ngs by ”Eaaﬁfféréﬁ§p8€§f¥€s08f|bﬂgaﬁhﬁﬂﬁgEsrﬁﬂﬁﬁﬁbt?QoﬁeﬁQ¥§Q|100

to Class '100,000 according to the United States Federal

W Standard 209b even without any provision of partition
walls. The above-mentioned degree of cleanliness of

-/ Class 100 specified in the United States Federal
Standard 209b means a particle count not to exceed 100

- particles per one cubic feet of a size 0.5 um or larger
and the degree of cleanliness of Class 100,000 means a
particle count not to exceed 100,000 particles per one
cubic feet of a gize 0.5 uym or larger.

According to the preseht invention in one aspect
there is provided a method of providing in an existing
Euilding a clean room suitable for providing clean zones
of different degrees of cleanliness ranging from class
100 to class 100,000 according to the United States
Federal Standard 209b, the method comprising: forming a
ceiling so as to delimit together with a floor and walls
an enclosed space isolated from the ambient atmosphere,
said ceiling cpmprising a horizontal array of ceiling
bars arranged to provide a multiplicity of rectanguiar

openings having substantially the same predetermined



gon, each el enent having a base area adapted to close a said opening;
rel ements being selected fromblind panels, return air inlet port .
Mi s, and fan filter units, each fan filter unit having a built-in-fan and -
HEPA filter; and providing air treating equi pnent for supplying clean air
into said enclosed space and withdrawing arr fromthe enclosed space in an_.
anount subst antdeomfigucatiespardl ndimenshenanpustosing| eaddai openipgsedy
thereto, said equi pnent conprising an air conditioner installed outside the
encl osed spaceresuppb§ aiesperdd vieeasikingngbementsoannnpcied weaosiably
conditioner with the fan filter units for introducing air conditioned by .
the air condi tte@eeonnt eaghchleannti bagingnet baper arser sdadticsh tonedasd ng g
t he encl osed space; return air duct nmeans coupled to tge reéurn air inlet

port units for2c8ftly MPREREpateidgedepeptsmhsidientetetted piran, bling
ol ; g C duct ) ’ :
part of said dFFReE S nePEEFF RO T i itk Bnd 5 tUBF CBa oURTr FaR,[ 14 ter
ti d | pt fdilat L b t I bl
the vari ous ooyt g ol ERR e di s Llhiy WIS MEPE HANL A FRRIMAY
positions and e leghld n e a z S&46idRos g
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formed by the effect o e celling surfacCe exhaling an aling air owWs

aS_s?ciat ed Witdupha §PRg ci1éadilaied URids ¥Hidetdh@sked Nkplad¥r land
uni ts.

withdrawing air from the enclosed space in an amount
-substéntially corresponding to the amount of. clean air Q
supplied thereto, said equipment comprisihg an air
conditioner installed outside the enclosed space; supply o’
air duct means arranged to communicate the air
conditioner wit_h the fan filter units for introducing air
conditioned by the air conditioner into each fan filter
unit for introduction. thence into the enclosed space;
return air duct means coupled to the return air inlet
port units for conveying air paséing out from the.
enclosed space via the inlet port units, said return air -
duct means being arranged for conveying part of said air
to the air conditioner and part of said air, via a
connecting duct, into each fan filter unit; the numbers
and positions of the various ce'lling elements being
selected in accordance with the desired positions and
degrees of cleanliness of the clean zones; said =zones

being formed by the effect of the ceiling surface

exhaling and inhaling air flows associated with the fan



In. a’ s(eco'nd aspect the invention provides apparatus for use in providing in_
an_existing building a clean room suitable for providing clean zones of =
di fferent dégrees of cleanliness ranging fromclass 100 to 100, 000
according to the United States Federal Standard 209b, conprising a ceiling_*
assenbly for use together with a floor and Watls in delimting an encl osed

space isol ated §fppekhgn2ebi gRg %m;)hsis,ém@ §8L~U{191%§S€"b' y

conprising an array of celling bars arranged to provide a miltiplicity of

rectangul ar openi ngs hayhngasupséanld abkyp ddie SEHE pf&@'?h%&rﬂﬁ‘e%rovides

configuration and dinensions; and a nultiplicity of ceiling el enents

wheregby all of appapptusngeraneeclinsgaidadignchiel eieakibeing sdapuedgt @ be
supported renovably so as to close an opening, the el enents bei ng sel ected
fromblind panetiteamnet goemi rsuitedbleor founi provanitifign dikhar wbintes edch
fan filter unit having a built-in fan and HEPA filter; the apparatus
further includihffenent r degneesi mrfercleanbiyess r rdogtingeadfiron oclasaplliong
the output of the air conditioner to the fan filter units; and return air
duct neans for tBupt?PgCPR tREcandimgett portthainiUing ted dhwtesngFedpoendi on

of the air to the air ﬁo&d['} loner and the remainder to the fan filter
units. The df &BRABFAY t UCORRTHHENE nPentPOALR8si g PRIV h Rt NEG

detai | A o careTbBREECRr e 18 TEPRcerA KRt BiBafebLaLELRg, g7 Saclosed”
space isolated from the ambient atmosphere, said ceiling
L/‘ assembly comprising an array of ceiling bars arranged to
provide a multiplicity of rectangular openings having
substantially the same predetermined configuration and
dimensions; &and a multiplicity of ceiling elements
whereby all of the openings are closeable, each element
being adapted to be supported removably so~as to close an
opening, the elements being selected from blind panels,
return air inlet port uhits. and fan filter units, each
fan filter unit having a built-in fan and HEPA filfer;
the apparatug further including an air conditioner;
supply air duct means for coupling the output of the air
conditioner to the fan filter units; and return air duct
means for coupling to the air inlet port units for

conveying a portion of the air to the air conditioner and

the remainder to the fan filter units.



fceiling surface exhaling turbulent flow systemclean roomfroma

i poi nt of the classifying concept of the clean rooms. Since the air
ports for sucking forcibly air fromthe roon1space to the outside -
are’ prow ded on the ceiling surface and thkegwall and floor surfaces may not
have any air inlet port, the clean roomcan be said to be quite abnornal :
conpared with the prior art ceiling surface exhaling turbulent flow system
clean roons. The concept of having both the clean air outlet and inlet
ports in the ceiling i $heuidis tEgu tiste t featuradodf theceimvenglomuaesiges

cl ean room form ng technol ogy. The clean room according to the invention .
can be suitabl ynappie edetbofli dlags ¢ergitriatingedhezonkeamavongd and ghhis
degree of cleanliness, for exanple, |C production, -9- biochem stry,

food producti oMild he desprdded hanrimafitenddn detatkat ment, assenbl age of
preci sion machine, etc. However, it has been believed that a turbulent flow
system clean roomw || be Unable to provide a clean room of higher degree

f cleanli | h th f h ields: th
Che ver (i car T am Ak 1HE ey S8 B A TR Lot S5 Be “BRT P
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[ ninal i ng. yat e & SRR T TRE SRR TP P SRR
exanpl e, A Pel 300 Skddufda 1954k -epE{thV‘QP' €hBOCTRls M FYRGF led Wl pd 3KE- PRI T

flow wll
clean rooms. Since the air inlet ports for sucking

forcibly air from the room space to the outside are k:;
provided on the ceiling surface and the wall and floor
surfaces may not have any air inlet port, the clean ropm‘uJ
can be said to be quite abnormal compared with the prior

art ceiling surface exhaling turbulent flow system clean
rooms. The concept of having both the clean air outlet

and inlet ports in the ceiling is quite against the trend

of recent high quality clean room forming technology.

The clean room according to the invention can be suitably

applied to fields requiring clean zones having a high

degree of cleanliness, for example, IC production,



prodUdi In the chanber to diffuse dust; and a short circuit fromthe ;oo

ceiling surface outlet port to the ceiling surface inlet port will be 0 \
formed, hindering provision of clean zones having a hi gh degree of
cl eanli ness. Thus, the clean roomaccording to the invention which provi
cl ean zones having a high degree of cleanl igness by the turbulent flow

system enploying a ceiling surface exhaling and inhaling systemis a quite

new type of C'@f&bﬁ&@ﬂ%ﬂ%?ﬁ?ﬁ%fé&u&'ﬁ@nCOPXSQF %nggcﬁg?g?%ﬁct{ghgy

provi sion of the new type o clean roon{ as w prove

test exanpl es,médic@rer POSEMIREL, bYaddemsiiget b¥eprbtibiahi pAcRinkhe
phengienon that the inlet port for forcibly wthdrawng air fromthe

encl osed spaceefd odHGwSver, | Niethad rb&ak 'Sel i OPéd tRWag HO0Sition very cl ose
to this inlet port, -10- without substantially giving any effect on the

tendency of aiturbulemt f£lowhesygia®.clean room willAbél 8aAbLEOELI or ned
according to the invention may structurally differ fromprior ones in that
-- it does notpxeixien icléean haoam aof exbghet @egnee) efdcieanlynass pl enum
Prior industrial clean roonms, with few exceptions, can be. said to be of an
air circul ati ontongtwiich urhe \Wwradress poHvteebnbkbgw thetheser £ieldsa t he
back of wall w th the exhaust-plenum fromwhich a bl ower sucks air to
di scharge it tdheRe sthplvyertical ckaminar t itowasksbeémwaleanr roeinl i ng.
According to the-jnvention, _
(having planar inlet ports in the floor) has been widely
U  developed . In addition, when the ceiling surface
inhaling system is employed in the turbulent flow
S system clean room for example, a person skilled in the
art would normally expect that take-up air flow will be
produced in the chamber to diffuse dust; and a short
circuit from the ceiling surface outlet port to the
ceiling surface inlet port will be formed, hindering
provision of clean zones having a high degree of cleanliness.
Thus, the clean room according to the invention which
provides clean zones having a high degree of
cleanliness by the turbulent flow system employing a
ceiling surface exhaling and inhaling system is a quite
new type of clean room which shatters such conventional
concepts, This provision of the new type of the clean
room, as will be later proved by test examples, is made
- possible by the effective utilization of the phenomenon that
the inlet port for forcibly withdrawing air from

the enclosed space produces an inlet air current

only in a position very close to this inlet port,



"sadh plenuns as constituted of construction materials need not be provided
‘;o’, he backs of inlet port-surface and HEPA filter surface, and the inlet
g7t and outlet port in the ceiling are constituted as termnal units @hich
can be connected to a duct in any selective installation positions. The
i nvention enables a clean zone having a gecessary degree of cleanliness te
be fornmed in a--- necessary position evefi“if production-machines exist in
t he space during construction. - The assenbly of the ceiling bars according
to the present invention may enpl oy special nodular ceiling frames for the
attachnment Jfithsih Subskantiakly vpivingaany-efifectpont thei tenderdcyl i nd
-panels to the ceiling frames. Ducts for formng air supply pipe paths\ge
pi ped by uti9f ARy GHERH: 13tk a8Racend | oads ef the so-formed ceiling
structure and equi pnent. installed in the ceiling space are all supported
by suspension from beafs GLeBReTPPRE formese AGRIAING JRUEPS n one type of
enbodi nent, ,a ceiling nodule has a plurality of the -small openings; and a

necessary cEPYPREIGReoYStychuepldy dififes kiomgprinreores inrthater s of the

nodul es to each other, As, apother .enbodi - nent, hars .havi ng a predeterm ned

Ien;t hsi n atte ?3?nn8Fr§8PFgﬁnﬁ&§l§é( g’t?lm?ecaf%d et:’%‘%f%raﬁtﬂl fl'g" 04)’1 ogonal to
idDb t . i . R The f
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to close thgePPERLAPL 26R8, can be said to be of an air circulation--

.

structure which is provided below the floor--or on the
back 6f wall with the exhaust -plenum from which ;,blower
sucks air to discharge it to the supply-air plenum on k;J
the back of wall or ceiling. According to the invention,
such plenums as constituted of construction materials —
need not be provided on the backs of inlet port surface and —
HEPA filter surface, and the inlet port and outlet port
in the ceiling are constituted as terminal units which
can be connected to a duct in any sélective installation T
positions.
i _ The invention enables a clean zone having a . kij
necessary degree of cleanliness to be formed in a-

necessary position even if production machines exist

- in the 'space during construction.

The assembly of the ceiling bars accarding to the present
invention may employ special modular ceiling frames for the attachment T
of modular fan filter units, air -inlet port units and blind panels to
~- the ceiling frames. Ducts for forming air.supply pipe paths are piped-
by utilizing the ceiling space, and loads of the so=formed ceiling

Structure and equipment installed in the ceiling space are all



of the small rectangul ar openings. -The | ower surface of the casing is opepy
ahd tthis opening of the casing is closed by the HEPA filter. The upper f
strface of ‘the casing has a duct connecting tube, and the fan is attachef
in a space within the casing between the upper surface of the casing and
. the HEPA filter. The height of the casing gan be as |ow as only 30-40cm
The inlet port unit nay be a box having the | ower surface open and adapted

to close the anespaw: & oy BudbénsiBh | ££6R ! BOMME %6r OPREI Iige of PHEChEd
board is preferably suspended across this opening of the [ower surface of

the box. A duniidimgdiodyg. t Ube dise PEPye deEl @fibddEmePLra See{ peg of the
box._, The height of the box can be as low as only 10-30 cm Wen clean air
i's blown intomdidukndiasea phacelity of 1Zhe shelhidpemimysi famdl Hy t he HEPA
filter of each fan filter unit and the air blow ng power is shared by the
fan of each f APdessany wriling area iMefermedshy commectsngenecessady at a
pressure sonmewhat hi gher than the anbient pressure . Air fromthe encl osed
space is gener¥iMRers Rk the qredules e rachrother| cAs mpothes tempediT om
the encl osed space to the anpi ent atnpsphere) through the air inlet port
units in the d‘g%f}‘%-nd?ars RABNRS 3 \predetsunined 1endkh dinta jeep@incul arly

pr oduced exisaf.in t.he enclq;ed space, air in that zone may be dij scharged
to irection may be connected to other bars orthogonal to

said bars to form a necessary ceiling_area of a
necessary length.
The fan filter unit may comprise a HEPA filter and a
W fan built in a casing adapted to close the opening area
of the small rectangular openings. The lower surface of
the casing is open and this opening of the casing is
closed by the HEPA filter. The upper surface of the
casing has a dﬁct connecting tube, and the fan is attached
in a space within the casing between the upper surface
of the casing and the HEPA filter. The height of the
casing can be as low as only 30-40cm. The inlet port'
-/ unit may be a box having the lower surface open and
adapted to close the opening area of the small
rectangular openings. A punched ‘board is préferably
suspended across this opening of the lower surface of
the box. A duct connecting tube is provided on the
upper surface of the box. The height of the box can be
as low as only 10-30 cm.

When clean air is blown into the enclosed space,



Atside of the systemthrough a separate route by a fan. The fan
units and the air inlet port units can be regarded as term nal

S of air treating equi pnent. Any nunbers of them can be nounted-<at ahy
positions of the ceiling. To each fan filter unit can be supplied _ t,
circulating air directly (i.e., not thrdUgHZdh air conditioner) fromany 4%
of the air inlet port units. That is, each termnal of the blowoff side is
connected to atheeair dmepufifhedt ebyi thes HEPRh&illtleat ofi @achhrfamgh a duct
(this duct is called a connecting duct in this specification). Thus, the
connecting ducfEslter| updtrandi tbe bByrablowisg powemuiisesharedey tdies at
the outlet side. In this respect, the clean roomaccording to the inventi'Qy
differs nuch ffam afseagh £aRvéaltemamndttean roonsThe englosed @Rag&] with
exhaust and supply air plenuns to treat circulating air integrally. In
enbodi ments of iBhBaiRtaAned;Yn 2 BISSILe pgepewbat hiohes thap dhe he
respective fan ter units and the, suction of the air_inlet port unit can .

fil
al so be provid@ﬂbbﬁthBrﬁﬁﬁﬁFeof thsefFARsthe epclosed $RAE® &F a supply
air fan in the air_c I tioner. may not substantially participate in the
punpi ng of ajrg?QEfﬁfﬂg cIé@ﬁFq?ﬁ## nd €$§c§§Etion of air fromthe clean
room The supp aLt . f Le_t.h WA I td r..nas ely.to supply
O e SuPPEy bl 2aking"EndieaBIY LAGR I ed Shda
' space to the ambient atmosphere) through the air

=

inlet port units in the ceiling. However, when a zone -
in which dust is particularly produced exists ih the ~
enclosed space, air in that zone may be discharged to w
the outside of the system through a separate route by a
fan.

. The fan filter units
and the air inlet port units can be regarded as terminal
units of air treating equipment. - Any numbers of them can
be mounted at any positions of the ceiling. To
each fan filter unit can be supplied circulating air
directly (i.e;, not through an air conditioner) from k_/
any of the air inlet port units. That is, each terminal
of the blow-off side is connected to at least one of the
terminals of the inlet side through a duct (this duct
is called a connecting duct in this specification);
Thus, the connecting ducts will be required by at least
the number of terminals at the outlet side. In this

respect, the clean room according to the invention

differs much from most of conventional clean rooms



the ‘ar conditioner to the fan filter units. The duct for supplying the ¢ e
conditioned air to each fan filter unit is called a main supply air duct i
t hiss speci fii cati on. Sonme enbodi nents of this invention will now be
descti'bed with reference to the acconpanying drawings, in which: Fig. 1 is
a sthematic ‘1 ongitudi nal sectional view.ofjshe whole system for explaining
notions of air in a clean roomaccording to an enbodi nent of ‘the present
i nvention; Fi gpr@vidednwith aexghsaust eand hsupplyaapar plehuimbetoysremtof Fig.
1, Fig. 3 is a schematic longitudinal sectional view show ng a |ayout of
the clean roon¢epeupatingudingiategrallly. siinglesbadimentd fortdre imven—4 s
a schematic plan view show ng an assenblg of the ceiling bars of the clean
room syst em sh&w®Mirn g 153 PufRedh 1BoRYi $he §RNE6Ofpdul es of ceiling
frames; Fig. 5 is a schematic_side view show ng an exanple of wall portion
of the clean rbdfh S§SPeativevhannfiltersunity. apdj thensustirge@fsthenatic
pl an vi ew show pg t{he nodul e shown in Fi%. 4: Fi%.,7 is. a S$Penatic si de
vi ew showi ng t%ﬁg inlet port unit can also be provided by the power of
these fans. Thus the power of a supply air fan in
the air conditioner may not substantially participate in
the pumping of air into the clean room_ and the suction of
air from the clean room. The supply air fan in the air
conditioner has merely to supply air conditioned by
W, the air conditioner to the fan filter units. The duct

for supplying the conditioned air to each fan filter

unit is called a main supply air duct in this

specification.

Some embodiments of this invention will now be
described with reference to the accompanying drawings,

in which:

Fig. 1 is a schematic longitudinal sectional view
of the whole system for explaining motions of air in a
clean room according to an embodiment of the present
invention;

Fig. 2 is an enlarged view showing a part of the
system of Fig. 1;

Fig. 3 is a schematic 1ongitﬁdinal sectional view

showing a layout of the clean room equipment using a



\
".Izes_of Fig. 6, on which a fan filter unit, a return air inlet port unit

and a blind panel are attached; Fig. 8 is an enlarged view showi ng a part

of the nodule shown in Fig. 7; Fig. 9 is a schematic |ongitudinal séctional
vi ew showi ng an exanple of constructing a clean roomfornmed with clean N
zones according to the invention when the necessary clean zones are .
intended to be fornmed in a building wherein volum nous productive machi nes,
exist; Fig. 10 is a perspective view shewég-a cl ean room system
constructed according to another enbodi nent of the invention; Fig. 11 is a

partial ‘perspgeti kew rred bar for constituting the ceiling ..
bar accordingggébgﬁegkgvgﬁbggﬁ?Bﬁggf 15 - Fig. 12 is a plan view showi ng s

part of the ceiling p@afs £optd tdbikshd ¢ 06N p18n COIBWNBhbAANGf ahars in Fig.
11; Fig. 13(a) is a perspective view show ng an exanpl e of connection of

bars thenmsel wssdnblly ®f kthe Fidbiliid)bass copatheatleafit rodml syseemof the
bar showing the relationship between the bar and hanging bolt; Figs. 14, 15

and 16 are satowimain @iz \3 ,ewhidiovedigsietsi o8 D6 modudesi o§ ceddinigons on
the positions shown in A, B and C of Fig. 12;
frames;
Fig. 5 is a schematic side view showing an
example of wall portion of the clean room system shown
in Fig. 3; B -
Fig. 6 is an”enlarged schematic plan view showing \‘/
the module shown in Fig. 4: Q;)
Fig. 7 is a schematic side view showing the
module of Fig. 6, on which a fan filter unit, a return
air inlet port unit and a blind panel are attached;
Fig. 8 is an enlarged view showing a part of the
module shown in Fig. 7:
Fig. 9 is a schematic longitudinal sectional view
showing an example of constructing a clean room formed
with clean zones according to the invention when the &“/
neceséary clean zones are intended to be formed in a
building wherein voluminous productive machines exist;
Fig. 10 is a pérspective view.showing a clean
room system constructed according to another embodiment
of the invention;
Fig. 11 is a partial perspective view of a
preferred bar for constituting the ceiling bar according

to the invention;



Fi.g.” {7(a) is a schematic sectional view show ng the condition of ceiling ~
el enments attached to the ceiling bars constituted fromthe bars in Fig. @ ’
Fig. 17(b) s an enlarged view of a part of the ceiling elenent of Fig. ‘
17(a); Fig. 18 is a viewfor illustratin n exanpl e of the mounting

rel.ation of the ceiling elenents to opéthg§'of the ceiling bars; Figs. 19

and 20 are respectively a plan view and a side view show ng an exanple of a

fan filter unit; Fig.F2d. iR aiscaiepbanCviewt sRoRlingi awpakewbBgthse nounting
relation of the fan filter unit to the bar; Fig. 22 is a side view show ng

t he conditi on cdikingrvers i condioktavedefter thet bembanatibheofubars Eng. 23

Is @ partially cut-away perspective view show ng an exanple of a return air
inlet port uniBig. 11; 16 - Fig. 24 is a schematic |ongitudinal sectional

vi ew showi ng a nodification of the enbodi nent showmn in Fig. 10, and

particul arly showi ng Bigexbhia: &8 a perspechiveaaviewgsbowipgupn exampde
ceiling structure, Fig. 25 is a partially cut-away perspective view show ng

an exanpl e of ¥hecannast ot Rars, thewselvigst ént Féginkénti on provi ded

with various facilities; Fig. 26 is a perspective_ view show ng_the external
appear ance of the d<£Hﬂrcﬁ#k%bs%%n@aE%BFHP%gS?St%HBainvghFWo £,588 for

vari ous neasur.enent.s descri.bed : .
bar showing the relationship between the bar and hanging

bolt;

. Figs. 14, 15 and 16 are sectional plan views showing
\\) details of connecting conditions on the positions shown
in A, B and C of Fig. 12;

Fig. 17(a) is a schematic sectional view showing
the condition of ceiling elements attached to the ceiling
bars constituted from the bars in Fig. 1l1;

Fig. 17(b) is an enlarged view of a part of the
ceiling element of Fig. 17(a);

Fig. 18 is a view for illustrating an example of
the mounting relation of the ceiling elements to openings
\): of the ceiling bars;

Figs. 19 and 20 are respectively a plan view and
a side view showing an example of a fan filter unit;

Fig., 21 is a schematic sectional view showing the
mounting relation of the fan filter unit to the bar;

Fig. 22 is a side view showing the condition of a
connecting box connected to the fan filter unit;

Fig. 23 is a partially cut-away perspective view

showing an example of a return air inlet port unit;



tRis specification; Fig. 27 is a view of an instrunent arrangenent

t'em show ng the connecting rel ationship between various instrunents and
menbers of the air treating equipnent of the clean roomin Fig. 26;* Fig.” 28°
is a plan view showi ng an arrangenent of 16he ceiling elenents in the No. &
nmeasurenent of air flow pattern in this specification; Figs. 29 and 30 are .
views showing the air flow patterns obtained fromthe nmeasurement; Fig. 31
is a plan view showwﬁg.aﬁ4ansamgenﬂmemidlﬂbngaﬂudqpaaesnntzbna&the No. 2
measurenent of the air flow pattern in this specification; Fig. 32 is a
vi ew showi ngviiew showiingwap moddficattizimef fohenenkodinent csirown g, 33 is
a plan view show ng an arrangenent of the ceiling elenents in the recovenui
measur ement 8f£9rhd¥. andjpar larly shoaing s exampis oS eikation;

Figs. 34, 35 ,and 36 are views of Chanﬂg? with time in the degree of
cl eanl i ness, 18HoRPRGIPRe SEERFHE S OF Fh et iR RETYFYPTY7 is a plan view

h t th | I t th
weasur ement of the. 8agro@Zof oL W%@?ﬁ”%%?@%éﬁé%ﬁw Ve 38 i s

grygﬁggﬁggrnPﬂogléhan ee%%h%l@ m% éh é%%ﬁf§%ﬁ”s§ééég”'éE%E&&{héhe
to the invention provided with various facilities;

Fig. 26 is a perspective view showing the
external appearance of the clean room system according
to the invention used for various measurements described
in this specification;

Fig. 27 is a view of an instrument arrangement
system showing the connecting relationship between
various instruments and members of the air treating
equipment of the clean room in Fig. 26;

Fig. 28 is a plan vigw showing an arrangement of
the ceiling elements in the No. 1 measurement of air

. flow pattern in this specification;

Figs. 29 and 30 are views showing the air flow \_/
patterns obtained from the measurement;

Fig. 31 is a plan view showing an arrangement of
the ceiling elements in the No. 2 - measurement of the
air flow pattern in this specification;

Fig. 32 is a view showing the air flow pattern
obtained from the measurement;

Fig. 33 is a plan view showing an arrangement of

the ceiling elements in the recovery measurement of the



Fig:"9 s a plan view show ng anot her arrangenent of the ceiling el enents

degree of cleanliness in the arrangenent in Fig. 39; Figs.

“u
IR

in the mesurenent; Fig. 40 is a view showing a change with tinme in the c
41 and 42 ar

pl arf vi ews showi ng ot her arrangenents of the ceiling elenments in the
nmeasurenment; Fig. 43 is a view showing & difange with tine in the degree of
cleanliness in the arrangenent in Figs. 41 and 42; Fig. 44 is a plan view
showi ng an ar r@&@geseends ot16881 e85 NEIn L RRBNEPeangibAeibASt tOOIs in a fine
particle take-up test in this specification; Fig. 45 is a sectional view of
the-arrangement of topigsas3¥|e3®dahd Bbeader ¢eewsnogf chahgesi withe same
test_in Fig. 44; Fig. 46 is a view of a change with tinme in the degree of
cl eanl i ness shoimeigima tksuliégnée aofonleahlenaspl, eshbwihg sheereesitsand
-18- Fig. 47 is. a view of a change with time in the degree of cleanliness
showi ng a resuwf titetmeasvrementt. Fig. 1 is a schematic view for
illustrating the principles of air flow and tenperature-humdity

adj ustment. The cl eanFi@endAcitdrdi planoview showingoanbarsaggemeng of
turbulent flow systemclean roomof ceiling outlet and ceiling inlet type.
As shown in Fikhe 1cehtingdehementshinpthgegempayahivenmeafureBenéwod| ean

room space 1 is forned

the degree of cleanliness in this specification;

Fig. 38 is a view showing a change with time in

the degree of cleanliness in the arrangement in Fig. 37;

~ Fig. 39 is a plan view showing another
W arrangement of the ceiling elements in the mesurement;
Fig. 40 is a view showing a change with time in
the degree of cleanliness in the arrangement in Fig. 39;
Figs. 41 and 42 are plan views showing other
arrangements of the ceiling elements in the measuremeht;
Fig. 43 is a view showing a change with time in
the degree of cleanliness in the arrangement in Figs. 41
and 42;
\\) Fig. 44 is a plan view showing an arrangement of

the ceiling elements and the test tools in a fine

particle take-up test in this specification;

Fig. 45 is a sectional view of the arrangement of

tools as viewed in the direction of arrow in the same

test in Fig. 44;

Fig. 46 is a view of a change with time in the

degree of cleanliness showing a result of a

example of the same test; and

control



£

desired area is formed newly at the desiiged position in the existing

bui |l di ng substantially only by providing the new ceiling assenbly, except
for the work of nmounting wall materials. This neans that it is .
substantially unnecessary to prepare an exhaust pl.enum under the floor and

on the back of wdfigantlréspeevied wofaresfcivangs iwikh nhithends &Shet desriesor

to build the clean room The ceiling of the clean room space 1 forned
accordi ng tof theeamdnrsprekoringta pesehe obwtkei $RRY Sefffi-ch ext ends
hori zontally, leaving a ceiling space ahove it

in_th - 19 - interi
the existing bui I5#&g. 1t 1&ny2pATREBAL LG Yﬁ%wlzgf??ﬁgikl‘é?ériaﬁélt"gq Ieé'fh‘%r
fabricated, f it I tS.3 ' built-in,HEPA f.i.l d f
PR a1 et o e ThTns: ShoBRr, fipy Ak NPt e bya ety enssRhepl,

Above the

return air ‘duct

Lo udl 1@*.& e bt isQ e/ 'Lzagt%%' ecbed torbe s ifs RIeide laard

the room space 1.

2 in Fig.

e RIRRCD NESE TR TS i i
. M b BobHl ferffafaf™ fo VR Vefikepiilnh, "oRtaRa Tt o

system according to the invention as shown in Fi

] _Gyilding;substantially all the equipnent for treating air is installed
ohhg/ specially provided ceiling 2 and in the space thereabove.
room havi ng cl ean zones of the desired degree of cleanliness and the -

The cl ean

;;/
of

an

ng
on

g.

1, the exhaldioiof ¢hear aypd.Nt oakh@nboeamispapegl and ddevidiedi 88 dhedi r

fromthe

present invention, when a new clean room space 1 is formed
in a building substaﬁtially all the equipment for treating
air is installed on a specially provided ceiling 2 and in
the space thereabove. The clean room having clean zones of
the desired degree of cleanliness and the desired area is
formed newly at the desired position in the existing
building substantially only by providing the new ceiling
assembly, except for the work of mounting wall materials.
This_ﬁeans that it is substantially unnecessary to prepare
an exhaust plenum under the floor and on the back of wall.
and remove and transfer various machines on the floor to
build the clean room.

The ceiling of the clean room space 1 formed according
to the invention consists of the new ceiling 2 which extends

horizontally, leaving a ceiling space above it in the

\)



roomgpace 1 are carried out in principle on the ceiling surface. Ref er ri g
to the notions of air, first, a part of the return air fromthe main re
duct 6 and the open air are i ntroduced into the air conditioner 7 by a
in tthe air conditioner 7. The air conditioned therein is caused to flow
respective fan filter units 3 through the;gain supply air duct 5. In the

enbodi nent shown in Fig. 1, the nain supply air duct 5 is connected to each

o e el 20 a8lng SRRt A S sy Bl

return duct i 'S connect e return air in

the main rety o dugt 1‘?:9 Buse s"t%‘i'i fcﬁ gﬂ |t & §d3 £aiF ¢ifgduced the

ai I’\\_j)ndl tione by t eTalr conditloner a par return alr

sucked in th%nrﬁtsur;;n edich h'&lveitng‘)%r tt:nH.’l'tLS.mAf HE-B)? ?:'hrtéﬁ MPWEdAthg - 20

- the roomspace 1 by driving t e fan filter unit 3

after being AUREhR® EIFOUGNed b%&%r Lﬁ’lflttshQ Fd'i%sfé ldfi et el rhesd

horizontally in the fan filter unit 3. the other hand, the air in the

room space 1 liatestudetailileagugh hb@véetﬁéncéhﬂlh '@t port units 4 provided
on the surface of the ceiling 2, and caused to flow through the main return

duct 6, partlayet dnist@aldied O Riik SUplé adlt laudths raiRiddrdipasssri 0 the
fan filter units 3 directly. Exhaust air fromthe roomspace 1 is

exhaust ed t oatilre dmat:siede oh Eie spaddibionean Exlnuslsd ainslfhlldd ch is
provi ded outside the system An anount _
. above the ceiling 2 in Fig. 1. The air conditioner 7 is
L selected to be suited for the load
- on the room space 1. In the system according to the
ij invention as shéwn in Fig. 1, the exhaling of clean air
into the room space 1 and the inhaling of air from the
room space 1 are carried out in principle on the céiling
surface. Referring to the motions of air, first, a part
of the return air from the main retuﬁn duct 6 and the
open air are introduced into the air conditioner.7 by
a fan in the air conditioner 7. The
air conditioned therein is caused to flow to respective
\~/ fan filter units 3 through the main supply air duct 5.
In the embodiment shown in Fig. 1, the main supply air
duct 5 is connected to each fan filter unit 3 through a
branch supply duct 8 to which a branch return duct 9
is connected such as to introduce a part of the return
air in the maip return duct 6. Thus, fo eéch fan filter
unit 3 are introduced the air conditibned by the air
"conditioner 7 and a part of the return air sucked in the

‘return air inlet port units 4. The air is blown into



fu&,correspondlng to the exhaust air is taken in fromoutside to the air
o}ydltloner 7. Adjustnent of the tenperature and humdity of the air blown

to the room1 are carried out by adjusting the proportions of the air
‘supplied fromthe air conditioner 7 and #pe return air fromthe main retuin
duct 6. As shown in Fig. 2, the adjustne I's carried out by controlling
danpers 11 and 12 respectively nounted on the branch supply duct 8 for -
suppl yi ng t hthei roowm epekef anbfi Brdvimg ttI@ fimh t he brairithe efamn duct 9.
These danpers 11 and 12 may be of manual When a hi gh accuracy
tenperature fdlternvniti 3 pégerr beina Elglfi{)lﬁderfém@-lgfb qskayer@¥ omagneti ¢
danpers which can_be automatically control|led by neans of a_thernostat.
Thus, the teﬁﬁér§Faﬁef&h§eﬁuﬁﬁaﬁﬁfh6§1ﬂﬂ?¥ﬂanﬁk%Vl#Q(ﬁﬁ%ﬁiﬂﬂf%&##?#ter
unit 3 can be |nd|V|duaIIﬁ&adJusted -_The nnst characteristic

points in thPBitade aPB £R&t ORRER Pﬁ@dalﬁhﬁwﬁﬁﬁrﬁf FRAR FRAGHstal | ed

in the ceilin the cei 1s forned hori zont al | us end ng ceiling
bars forned &gtﬁuﬁkﬁquQFP hthﬁrE&@uﬁ&HQﬁqu&P¥ﬁﬁn§%ﬁﬁl |ngs havi ng

coi 1 ng el enBRPYIaRA PO EhecBEPAGSEn ot PR %1181” o A ”\85 Bet2ians. of
the ceiling glggeghas agﬁoaﬁgnaaaa Lag RIS IIAN ©f Lh dosig bl gap zones

and the degree of C i ness, each cerling e ng a base area
conditioner 7, while the remainder passes to the fan filter

unifé 3 directly. Exhaust air from the room space 1 ‘
is exhausted_to the outside of the system by an exhaust \-/
fan 10, which is provided outside the system. An amount )
of air corresponding to the exhaust air is taken

in from outside to the air conditioner 7.

Adjustment of the temperature and humidity of the air

blown into the room 1 are carried out by adjusting the
proportions of the air supplied from the air conditioner

7 and the return air from the main return duct 6. As

shown in Fig. 2, the adjustment is carried qut by |

controlling démpers 1l and 12 respectively mounted on k,/
the branch supply duct 8 for supplying the air to each

fan filter unit 3 and the branch. return duct 9. These
dampers 11 and 12 may be of manual typef When a high

accuracy temperature adjustment is required, it is

preferable to use electro-magnetic dampers which can be
automatieally controiled by means of a thermostat.

Thus, the temperature and humidity of the air blown from

each fan filter unit 3 can be individually adjusted.



adapfed;to cl ose each of the openings so as to close each opening by eac
ceiling element. The ceiling elenment is selected fromthe group consisti
of a blind Panel, a return air inlet port unit and a fan filter unit hav

a built-in fan and HEPA filter. The encloaqd space havi ng a necessary

capacity is fornmed of the new ceiling and“%al’|l nembers on the floor, and

the air treati

encl osed space (substgﬂéiﬁggg &gg%ggagg%%gggnéggggg.i gﬁhgagggg Wirlel be

particul arly descri be

s

ng equi pnment required for operation is disposed outside the

sonme pre nts of t

cl ean room system

wi th-reference Eﬂb{hﬁhgﬁawhggﬁirlErﬁaEEﬁbféﬁﬁqPﬁ@BQdﬁ@eath%lﬁPﬁ Glhegmel OOM

syst\gm accor di

ng to the invention the cerling i's constructed o

prefabricated sgeelengPithe€Scef1 TRYULS FBYmREOVYIRo zanital 19 shisipRnd-
openings in a grid pattern, with A openings (for exanple, 3-5 openings)

one - 22- diirgtteDlingdbBrepesined «with axpiprality oFeprede) in the

in

orthogonal direction. Thus, the necessary nunbers of square nodul es each A

X B rectangul artepreimed sraceangallatroopenihigsuhaviing thel isamehdimepszion

desired area.

t he openings are used. This enbodinent is illustrated in Figs. 10 to 25.

This enbodinent is illustrated in Figs. 3 to 9. In another
preferred enbodim@&nty memavablyofsuppostingapgetthenopegingspaft dhe bargefi ne

In any case, theeibimig elements, while selecting the numbers and the

mounting positions of the ceiling elements according to
the position of the desired clean zones and the degree
of cleanliness, each ceiling element having a base area
adapted to close each of the openings so as to cloée
each opening by each ceiling element. The ceiling
element is selected from the group consisting of a
blind panel, a return air inlet port unit and a fan
filter unit having a built-in fan and HEPA filter. The
enclosed space having a necessary capacity is formed of
the new ceiling and wall members on the floor, and the
air treating equipment required for operation is
disposed outside the enclosed space (substantially in
the ceiling space). |

Hereinafter will be particularly described some
preferred embodiments of the clean room system with
reference to the drawings.

‘In a preferred embodiment of the clean room
system according to the invention the ceiling is
constructed of prefabricated square modules. A module
may provide an array of like openings in a grid pattern,

with A openings (for example, 3-5 openings) in one



“We ceiling (total load of bars and ceiling elements) and the | oad of

e/ hir conditioner and ducts di sposed above the ceiling can be suspended

. beans or the like provided in the existing building by nmeans *ofs ~
hangi ng nmetal |i c menbers. If the stremg@d~of beans or the like in the -
bui |l ding woul d be insufficient, poles should be erected fromthe floor to
make up for the insufficient strength. By neans of such a hanging ceiling
systemthere can-freely be forned various clean zones suited for the )
production line. Fig. 3 shows sonewhat illustratively a | ongitudinal
section of the clean roomin operation formed according to one_enbodi nent..
In Fig. 3, trEizestion.ande B operines| d4RT /FAURLY 'h%d°BPnén§PSrd-I“i t W

of square nodul es 13 havin | anar extenpt as ihomm in Fgg. ..In this

4
23 onbodi menttR ¢F ERogonaY,directiony  aFBufethes FESCIFATY PR 5o St
h f il ) As i Fig. 6, i h |
25 h plural 199pare ongafiss el &Koxi B TRt The, drenipet B ER (oon
| i ght i ' | i | s. t |
e aoh ot hertd BPRECIRE ARICEL:PYaRI MUy Y oL VBB LRAT AL O L AAGANS

each haVingiﬂhﬁ%ﬁ@%%p@rgg'illd@%ﬁ%te&mgﬂ FifRe 1P ¢go@ul espp13ndehed he

enbodi.ment shown on F'g. 6 are used and arranged adj acent each other, 9 x
16 = 144 openjféife+&df onpBdiR¥ntheaRansray ardpd®saarslawed AnFied grid

Fig. 3 shows an air )

pattern to define the openings are used. This embodiment

is illustrated in Figs. 10 to 25. In any case, the load &‘i
of the ceiling {(total load of bars and ceiling elements)

and the load of the air conditioner and ducts disposed \;J
above the ceiling can be suspended from beams or the like
provided in the existing building by means of hanging
metallic members. If the strength of beams or_the like

in the buildi#g would be insufficient, poles should be
"erected from the floor to make up for the insufficient
strength. By means of such a hanging ceiling systenm

there can freely be formed various clean zones suited for

the production line. | ' \./

Fig. 3 shows somewhat illustratively a longitudinal
section of the clean room in operation formed according
to one embodiment. In Fig. 3, the ceiling frame 2 of the
clean room is formed of a plqrality of square modules 13

having a planar extent as shbwn in Fig. 4. 1In this



condi'tigonér 7 which takes charge of air conditioning |oad for the region

covereq* by the
each nodul e '13
3, return air i
t he-area of an
utilizing exist
exanpl e, hangin

adj acent 4 x 4 = 16 nodules 13. On the square openings of
are mounted ceiling elenents selected fromfan filter unit

nlet port units 4 and blind-panels 17 each adapted to close

openi ng. Each nodule 13 is suSpended fromthe ceiling by

i ng beans 23 (shown in Fig. 3) in the existing building. For

g netallic nmenbers -24 24 shown in Figs. 5 and 7 are

suspended from the beans 23 and connected to the corners of the respective

nmodul es 13 to h
met a4i ¢ nenber
hangi ng | engt h.
can freely wal k
hanging, it ¢
the existing be
posts 26 as sho
15, 16 ext endi ng
3,4,17 are noun
opening is clos
being freely se

ang each nodule 13 at the four corners. The hanging
enbpodises tcaf bBigr elbly Yadf ult ed 16 témuespesbdudeshdiy are
| f a suspended stage 25 (shown in Fig. 5) on which worker
adg acspte £ afdt weEReF hd oc a7 ga 2 saH@ rehc aiidaife 28TeA .t hels
an be conveni enté y . utilized also in maintenance. | f

AMOWN atR SUTF1 ci%nt 18t redglh h P S at Spe Aradt Bratdhyyaf
Wshlgitacke WRBAAISBEK, indi SEPBERE 5 M 47 i
S SOGSECRRENE® ORENL 05t LUemRELAS g ooy
Feenetand@CoRtBo3dnlad tHE dATH' egleHlésl €€ Pig. 6 shows one
module 13 formed with 9 square openings each having an
equal area. Thus, when the 16 modules 13 in the
embodiment shown on Fig. 6 are used and arranged adjacent
each other, 9 x 16 = 144 openings are formed by the bars
15 and 16 as shown in Fig. 4, Fig. 3 shows an air
conditioner 7 -which takes charge of air conditioning load
for the region covered by the adjacent 4 x 4 = 16 modules
13. On the square openings of each module 13 are mounted
ceiling elements selected from fan filter units 3, return
air inlet port units 4 and blind panels 17 each adapted
to close the area of an opening.

Each module 13 1is suspended from the ceiling by
tztiiizing existing beams 23 (shown in Fig. 3) in the

existing building. For example, hanging metallic members

S
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cti-on shown in Fig. 3, nodule (a) has one return air inlet port unit 4

ovi ded for exhaust, an exhaust duct |eading to an exhaust fan 10 outsi'de
the °~ 25- system and one fan filter umrigy4 3 The other openings of the -
nodul e (a) are covered with blind panels 17. Simlarly, one return air
inlet port unit 4 is in the nodule. (b) and other openings are covered wth
the blind panels 17. The nodule (c) is provided with two fan filter
units 3 and ot her openings are covered with the blind panels 17; and the
nodule (d) is provided with one fan filter unit 3 and one return air inlet
port unit 4 afd shpep dpefiifgs Br 8ndoVerds Ruspeied) fngp jhifeikeams 33
-facilitate the alteratiog of the nmounting and_ position of each. ceil

é%ﬁq%

el ement on suBRAoFBAPRGECdedON T R8I CPAGSERe TESRRAH YR RUAERE 1 an
openi ng. Thi s _repovabl e nountd IS, achi geved_nerel utti ceiling
el enent on th’é°.og§ﬁign§.a.°h Il—noorduerl%ar% eﬁ,ub | |E|: fo?rs#éle‘/s%g%p'ti o'fr}ge gfgxpﬁa&%)l i nd
panel 17, 1aMybihlqliNhbnBeddd 581 Wabai bah 6L RUIdetyn! baguliRdal &fs o one
nodul e 13 shown in Fig. 6. packing, for exanple soft neoprene gasket
29, is placedpggpbhe Rerthel? ARdgiBgadengthl. Usis af ashspdnded 4L dpspest
to. the fan filter unit 3 in Fig. 8 and the nounting is achi eved by
| ocating the {enwewnedgesFog.t %) bbandhizhel wdrkerst kaninfiéeByowadkonis hi s
gasket 29. The gasket is conpressed by the weight of the

formed between the ceiling 2 and the beans _23 in the

eéé%éaﬁLiness and positions to be cleaned. = For exanple, referring to the

hanging, it can be conveniently utilized also in u
.maintehance. If the existing beams lack sufficient
strength.-use can be made of removable posts 26 as shown \.}
in_Fig._7;

When the modules are mounted, with the bars 15,16
extending horizontally beneath a ceiling space, the
ceiling elements 3,4,17 are mounted on respective
openings of the modules such that each opening is closed
by an element, the numbers and locations of the elements
being freely selected, according to the desired degree of
cleanliness and positions to be cleaned. For example, \'/
referring to the section shown in Fig. 3, module (a) has
one return air inlet port unit 4 provided for exhaust, an

exhaust duct leading to an exhaust fan 10 outside the



el emert 17,3 or 4, so that a satisfactory seal can be provided between the _
roon1space 1 and the ceiling space. For the walls to isolate the room spaees ‘' ./
1 from t e anbi ent atmosphere may be utilized a portion of the wall g

the existing building. However, as shown TB5Fig. 5, unit wall nmaterial s
having the width corre- sponding to the size of the nodule 13 are

preferably prefabricated and installed to formthe necessary room space

area. The air conditioner 7 in the enbodi nent of Fig. 3 takes charge of the
air conditioning load for the clean roomspace 1 forned under an area (for

h dj d t he di [ f
e DO T AL PO 4 IR AL
i's provided on téhéOQToé-@lea“F rl:éx'/'?%iﬁ a%s%uci’l§§‘had1mﬁtah‘ee|ﬂ_pl ri7

return air duct 6 are prowd |nt e cel

and 2, the bramghhiiaURp! Yosldchra@uand 45 Qh@@%h gSHELr Gnduciys %sa&% the
connected to each fan filter unit 3 so that the air flow, tenperature and
humi dity are adjodilesd @s) 0esdrbbRer WobBnifger apee covelrie@ whithAithd | 91Bnd
purified by the HEPA filters 20 of the fan filter units 3 are blown into

t he worki ng zopendls 4anfd (BThehomndudeFi {c) 3 ifsor pezafiped anickd urtwoer £ 4m
the non-working zone (C). The clean zones may have di fferent degrees
of cleanliness fildlerexempte, 3a ateyjrethef obeadhigsesreofcevasedl wdoh athe

specified in the United States Federal
bllnd panels 17; and the module (d) is provided with one

; fan filter unit 3 and one return air inlet port unit 4§
and other oﬁenings are covered with the blind panels 17.
ot To facilitate the alteration of the mounting and
position of each'ceiling element on such openings; each
ceiling eleﬁent is removably mounted.to an opening. This
removable mounting is achieved merely by putting each
ceiling element on the opening. For example..Fig. 7
shows sections of the blind panel 17, fan filter unit 3
and return air inlet port unit 4 mounted on one hodule 13
shown in Fig. 6. A packing, for example eoft neoprene
W, gasket 29, is placed on the bars 15 and 16 as is
illustrated only with respect to the fan filter unit 3 in
Fig. 8 and the.mounting is achieved by locating the lower
edges of the blind panel 17 or the units 3 6r 4 on this
gasket 29. The gasket'is compressedlby the weight of the
element 17,3 or 4, so that a satisfactory seal can be
provided between the room space 1 and the ceiling space.

For the walls to isolate the room space 1 from



Qéggkdﬁrd 209b wi Il be obtained for the working zone (A -27- and that of

ss 100 as specified in the sane standard will be obtained for the
working zone (B). A degree of cleanliness of Class 10,000 will be obtain&d
for the non-working zone (C). The degree gf. cl eanliness can be further ’
I nproved by providing eye lids 21 suspended fromthe fan filter units 3 in _

the seotion ! 94K MG YkiodilibrONEsy (B G064 {la EsbeEablyop phurality

of adjacent fan f Zone requrring a

hi gh degree OQaﬁhe%Q|Eﬂ@“éxﬂgg'ﬁbtﬁﬁfid f"”ﬁ?&%b% dg%dgﬁgwﬁclnof Fig.

3, aclean zone simlar to. a clean tunnel Tan y arranging in a

row a nul tipl irgigly 50f viditacRnt fit ddidBg miﬁg?»tﬁé/emamuaarféere are nQy
t unnel - defi ni ng wal I's. While the return air inlet port unit 4 is preferably

attached to tBpoadinign@ddahd Bife oF egndiieduls 1Near@nprec&iagigone, the
nunber of said units 4 does not necessarily coincide with that of the fan

filter units Prefablkicatadyamtimdtdlbedron Hirh hehel netesdaty | Bodesi r ed,
it may readily be done by additionally constructing simlar clean room or
roons accordi sgate &rea.nvention in contiguity to the existing clean
roomas shown in Fig. 3 by dotted lines. . Also contraction of the area of
t he cl ean room can b@h@agury sl t Foner 97 sinvishe rerihbditnentt obf Fige 3
rel ative arrange-

takes charge of the air condltlonlng load for the clean

room space 1 formed under an area (for example, about

100m2) in which the 16 adjacent modules 13 (the k_}

dimension of each module is 2.5m x 2.5m for example) are

provided. The air conditioner 7 is provided on'a roof

19, and the main supply air duct 5 and the main return

air duct 6 are prov1ded in the ceiling. Also, as shown

in Figs. 1 and 2, the branch supply ducts 8 and the

branch return ducu59 are connected to each fan filter

unit 3 so that the air flow, temperature and humidity

are adjusted as described with reference to Fig. 1.

Air flows purified by the HEPA filters 20 of the fan
filter units 3 are blown into the working zones (A) and (B) shown in
Fig. 3 for example and further to the non-worklng zone
(C). The clean zones may have different degrees of
cleanliness, for example, a degree of clean;iness_of
Class 1,000 as epecified in the United States Federal

Standard 209b will be obtained for the working zone (A)



ment ¢of the clean room according to the invention and production facilities" <
requiting the clean room In a - 28 - factory are installed productiafn X-.
machi nes 30' and 31, for exanple a |large apparatus 30 for bottling quuvfggﬁ
chericals, a large apparatus 31 for taking up foil and others. Wen the

clean zones are required to be forned onfty¥7in stations of processes for
filling chemcals into the bottles and taking up foil even if the whole

| ar ge appar agdd hbath@f HassdPq rps mpesiéied obmthesanestandred havi ng
t he desired degrees of cleanliness can be freely forned at_any desired

| ocations i n¥ifd B§ OhLAIneE AW dde Farelngaene oB) THerdewee afich
' t tisfj b ti th Il s 32 tq includ

onl'y what 1 cGIFPBICRERS B Chtaes Ty Q0L Yo 25 At fRneihe Fi g o
and installing the fan filter its,.3 near the clean zones. Fig. ,10 sho
an exanpl e oPSPRECHIGRT 50 (ot iR UEGHRE CLCHUHPGES SRME

nmbodi t ' i QL4 hn, thi | e di i i I
cbod Tent Ol okt NGV Wy WGSBSy {0 20 JEARARGS ALY 0U!Y
plural ity of {QaCRRR0Ps 12t Urlilid [0 SHOIE un FRLRMG WY ddi-
necessary nunpbers of openings wth rated di nension wth a specia ram ng

constructionjggl Leded (A)2fan/Eyn in this specification hereinafter and
attaching to these openings renovably the prefabricated ceiling el enents

Preferably a plurality of adjacent fan filter units 3 are
‘provided in fhe working zone requiring a high degree of
~ ‘cleanliness. While this is shown in the
. module (c) of Fig. 3, a clean zone similar to a clean
A tunnel can be formed by arranging in a row a multiplicity of
adjacent fan filter units 3 even though there are no tunnel-defining
walls. While the return air inlet port unit 4 is
preferably attached to the ceiling bar ih the area which
is the non-working zone, the number of said units 4 does
nof necessarily coincide with that of the fan filter
units 3. If enlargement of the area of the clean room
\»} is desired, it may readily be done by additionally
constructing similar clean room or rooms according to
‘the invention in contiguity to the existing clean
room as shown in Fig. 3 by dotted lines. Also
contraction of the area of the clean room can be easily
done. |
' Fig. 9 shows an embodiment of the relative arrange-
ment of the clean room according to the invention_and

production facilities requiring the clean room. 1In a



@| ®cted fromthe group consisting of the fan filter unit 3, air inlet port
) 4 and blind panel 17 each having the rated dinension. In the exanple
shown, the - 29 - six fan filter units 3, four air inlet port units 4
and the blind panel 17 are attached to thggother openings. For the air .
conditioner is used a separate type air conditioner conprising cooperating

i ng. A vaRPOSERd) a58 LoshPdet Lo S 0 Jondied o) TR Dht ofoBage -
The anbi ont _aPASEBAE: 2 daxges spRieatel 0,30, SRR QL due ped o0 Lo

floor 33 and {hgmilal sQa%eIlagﬁed%gggt&(% %L[fscifldlet%o]?ﬂﬁltépfﬂfiio ably .

introducing the air fromthe i'nsi e ‘encl osed space.

The exhal ing g@hnkhs.Cl GRRnAitheRd dalif A0 11 HeddifdddWY b foRhEa ! |
carried out fromthe new ceiling to provide the function of the clean room

In Fig. 10, tenilftiadétatlibnsiidf Grivdddseddy dia itylatHehadd1daintbo the
respective fan filter units 3, the nmain supply air duct 5 is provided on

t he approxi mataky bottilesl apd ttakingf upheEoiaw il i1H) el WHsre hLabgel vy air
ducts 8 are provided fromthe main supply air duct 5 to the respective fan
filter units appalratust are amiot dmctluded fior theppddaary rtdwm Ai thes uckeanby t he .
air inlet port units 4 to the _
zones having the desired degrees of cleanliness can be
freely formed at any desired locations in the building
according to thé invention. Therefore{such requirements \,J
can be satisfied by mounting the walls 32 so as to
include only what require the clean zones in the room
space 1 as shown in Fig. 9 ;nd installing the fan filter
units 3 near the clean zones.

Fig. 10 shows an example of the clean room system
as a whole according to another embodiment of the
invention. In this example differing from ones
previously described, instead of the system using the
modules prefabricated with a plurality of openings, a g—/
new ceiling is formed by forming only the necessary
numbers of openings with rated dimension with a special
framing construction called a T-bar system in this
specification hereinafter and attaching to these
openings removébly the prefabricated ceiling elements
selected from the group consisting of the fan filter

unit 3, air inlet port unit 4 and blind panel 17 each

having the rated dimension. In the example shown, the



respegtive fan filter units 3 are installed and an air circulating returBes
duct 6b for circulating the air to the indoor half 7a is provided in op€,o
these return air ducts 6a. The return air ducts 6a are the connect-
i ng‘ducts which can introduce the indoor air taken in at |east one of 5
air inlet port units to the respective fad2frlter units without passing the
air through the air conditioner. Figs. 11 to 18 are expl anatory

i |l ustrations SgX than Ebilitery wnditscdnstfioun iadg dpdiedmprant aenite 4-ard
system using special, bars. Fig.. 11 shows the representative formof the bar
35 used. As sHditn BlindPamednilly aren@tfaches dondihe otdier QreRIRGS - shel |

hli
pl &t e 36, flanges 37a and 37h, extending horizontally fromthe | ower edge of
the shell pl a&g’rt 6%?0tar?'rsi°(?é’§h§ﬁ6°"§rhd'l SRetoR B¢ 9Pt £he upper

edge of the vertical. shell plate.36. And the .box 38 js fqr on.the top
Woh o st sgonditiRbE e tin G FobRe Rk O A A Btk the ver i1 cal
| i ne passing t:hr cent f 1 I, pl-ate 3 Vi Wﬁg in the
section ort ho%%r?%%q?g%[l%é |e°g’r%§’|r tt(lg’(?i ﬁgﬁooé%q‘rflgétff)g%. %ﬁ%e%fnojlergtl ng | ength of

the flanges 3 oahgl D PRAISCHailal S (2'hrohilied (NCe 51 CH 110 i s

| onger than that o ox 38 projecting fromthe vertical I1ne.

Preferably, thadif the icuted’ BRgeOLF R neW o iR el ltidate 36,
fl anges 37a and 3

enclosed c¢lean room space is isolated

from the ambient atmosphere in the
~ building. As shown in the drawing, the floor 33 and
the wall panel 34 do not have air inlet pbrts for
forcibly introducing the air from the inside to the
outside of the enclosed space. The exhaling of the
clean air and the.inhaling of the.indoor air are all
carried out from the new ceiling to provide the function
of the clean room. Ih Fig. 10, to introduce the air
conditioned by the indoor half 7a into the respective
fan filter units 3, the main supply air duct 5 is
\v; provided on the approximately central portion of the new
ceiling and branch supply air ducts 8 are p:ovided
from the main supply air duct 5 to.the respective fan
filter units 3. The return air ducts 6a for supplying
the air sucked by the air inlet port units 4 to the
respective fan filter units 3 are installed and an air
circulating return duct 6b for circulating the air to
the indoor-half 7a is provided in one of these return

air dhcts 6a. The return air ducts 6a are the connect-



~béx 38. For exanple, the integral article is an al um num extruded

Sdsfpe. As will be described later, the slit 39 forned in the upper surface
of- the hollow box 38 is used for nounting the | ower end of a hangi ng bol t
when the ceiling bar forned by the conbinaf an of - 31 - these bars 35 .

I S suspended fromthe beans or the |like of the building. Fig. 12 shows an
exanpl e of the jGR} ldutdd MiRcH feathi Gt ddisee baié BRicéLe S£0ADESKReN 0int €
sanme plane orthogonally to each other at predetermned intervals to form
checker-li ke ofedstgomadE vhe regid himlsath okt tremsios. td heheli regpectivé each
openi ng may be 600mm 1200mm when it is nmeasured between the centers of the
bars 35 for exdan EilRefeumnits twithvaxtagpssrdiing ofhe heibarbr@sght tike sadti oQ
Ain Fig. 12 for exanple is nmade as shown in Fig. 13(a). That is, an end of
one bar 35(a) E@mddiddmerd.ng the end face perpendicular to the |ongi-
tudinal direction) is butted against the mddle portion of the other bar
35(b) in the sane pl afd9sBy khite bkft 3ugy exmlanarrvfilluskeat Byrs .98 37b
.of one bar 35(a) contact the outer edge of one flange 37a -of the other bar

35(b). The cont&& SSdrltingh BAY ISR HitdiRe S¥S R | eakire Hhe thiePar:r by

Gondi (1 on of DAVFHH $eind BHRCITLRARG 40 are used for Tixing o the -

shell plates 36 of bo%&é?”fit@£é¥¥”¥ﬂ§igg££g¥g§¥§iive'form of the bar
35 used. As shown in the drawing, the bar 35 consists
of a vertical shell plate 36, flanges 37a and 37b : h‘)
extending horizontally from the lower edge of the shell
plate to both sides and a hollow box 38 connected to the e’/
upper edge of the vertical.shell plate 36. And the box
38 is formed on the top with a slit 39. The bar 35 is
symmetrical left and right about the vertical line
passing through the center of the shell plate 35 as
viewed in the section orthogonal to.the longitudinal
direction. The projecting length of the flanges 37a and
37b projecting left and right from the vertiéal line is
longer than that of the box 38 projecting from the
vertical line, Préferably, the bar 35 is formed of
metal, with'integral shell plate 36, flanges 37a and 37b
and box 38. For example, the integral article is an
aluminum extruded shape. As will be described later,
the slit 39 formed in the upper surface of the hollow
box 38 is used for mounting the lower end of a hanging

bolt when the ceiling bar formed by the combination of



41-congisting of bolts and nuts. Fig. 14 shows this condition as viewed in_ .
the sectional plan view which clarifies the angle nenbers 40 provided at, \
both corners. Also; in addition to these angle nenbers 40 is used a <
rei-hforcing nmenber 42 at the bar 35(b) side in fastening the connecting

menbers 41. Simlar connection relation- ship is shown in Fig. 15

32 -
Wi th respect to the section B of Fig. 12 gﬁd—in Fig. 16 with respect to the
section C of FiResabarg 3heipubuspended: Esamotheybramsr sr35hgr diker #Ed t he
checker-1i ke qﬁﬁgiqgf $f t he sane configuration having a rectangul ar area
surrounded by RUtidiRgyes of the flanges 37a and 37b of each bar 35. In

th f thi e, f b 5 i tutes. a nmodul
roviding a orid arr A8t DpcRinge. SenBarpls 6F BhpscpElifgnERann hom i ne
b the | jke of building, by th f hanging bolts 44 h

o Fo 13(5) VAol e Mard) 39, o0, LORRtRBal e RRR PSoRLBRSAa ue i1 ves

the slit 39 f%ff@?%g&;l%i(’%ue&eéaéﬂfééﬁsr“a nepBQ¥ePErRlnblC1RBErdR1 s ThE!

is, as shown in to prevent the bo rom droppl ng ou%sof t he

slit 39, a nUttd’fﬁ:‘éﬁNiageélt@r-diﬁﬁ@tsgehi‘f)ggr eh ﬁnpabggpﬂygﬁg Qhmbhe slit 39

is fitted onto the |ower end of the bolt 44 and slidably noved to a
predet er m ned Phsdrs Loh f r oMhé h@ikeAs 2bnt BE BAEN3BpbAihBemaYi be 3800kinle

being fitted onto the bolt 44.
1200mm when it is measured between the centers of the
bars 35 for example. Referring to the assembly of the
~ bars 35, the section A in Fig. 12 for example is made as
shown.in Fig. 13(a). That is, an énd of one bar 35(a)
(an end having the end face perpehdicular to the longi-
tﬁdinal direction) is butted against the middle portion
of the other bar 35(b) in the same plane. By this
butting, the ends of flangés 37a ahd 37b of one bar
35(a) contact the outer edge'of one flange 37a of the
other bar 35(b). Thé contact portion will be.prevented
from leakage of the air by subsequently applying a tape
\;j or the like fhereon. To fix this confacting condition
of both bars, angle members 40 are used for f£ixing to
thé.shell plates 36 of both bars by connecting members
41 consisting of bolts and nuts. Fig. 14 shows this
condition as viewed in the sectional plan view which
clarifies the angle members 40 provided at both corners.
Also; in addition to these angle members 40 is used a.
reinforcing member 42 at the bar 35(b) side in fastening

the connecting members 41. Similar connection relation-



\f?(a) shows the ceiling elenents attached to the array formed by
assenbly of the T-bars. As shown in the drawi ng, on the flanges 37a and
V'of the bars 35 are nmounted the outer edges having the sane rated = :
di mensi on of the blind panels 17, fan fil 8@ -unit - 33 - 3 having a
built-in fan 46 and HEPA filter 20 and air inlet port unit 4 through .
gaskets 47. Thgngpsket shéwnf Ah ®HYIPIIS, withd reipdd e doghe NBeiet Don NBOpr ene
rubber, and beforehand bonded to the |ower surface of the. outer peripheral
edge of each coeffl Fag.ellgnand tim Fagn d6carittnumspeptiadio | thersdct IdmsC when
each ceiling elenent is nounted on the flanges 37a and 37b, the rubber is _
conpressed by olfePigi.gi2.of the nenber to conplete the attachnment under tQS/
satisfactory seal ed condition. Since this attachnent is renovable, the
position of the ceili By thenbuts camnestiiore|of @nglydbrsi3dd amg bformeds
nore particularly the fan filter unit 3 attached to the bar 35. Fig. 18
shows a sel ect Eheeghagkerofl ikee openings afetdit Same KIREHIFIHEOBpeni ngs

of the bar array forned as shown in Fig. 19 and 20 are a plan
view and a si dBaViBd, ar EEGEETSPAF, qﬂ%ﬁmﬁﬂfﬁ???§%4|q¥ b PeteHhi @h9eSin be

r ef er abl sed_in.th ract of th nvent o In t lter unit
ltohe. HEPA 1¥| :Jt ePflzﬁth%I]r o1 ! %g §I‘flt§/\§ eif ctf%g{}?ar a%élr%llf'? e‘l’%u‘? Iped
casing 50 haV|g§ %nk%W%&am%ﬁm'H%‘%Eé%&'é%‘%é?f ?yconstltutes a module

as providing a grid array of openings. The array of

bars is suspended from the beams or the like of the _ W,

building, by the use of hanging bolts 44 as shown in
Fig. 13(a). In this case the lower end of the hanging \_)

bolts 44 utilizes the slif 39 formed in the'upper
surface of the box 38 of the bar 35. That is, as shown
in Fig. 13(b), to prevent the bolt 44 from dropping out
of the slit 39; a nut 45 having the diameter larger than
the width of the slit 39 is fitted onto the lower end of
thé bolt_44 and slidably moved to a predetermined
position from the end of the bar 35 in the slit 39 while
being fitted onto the bolt 44.

- Fig. 17(a) shows the'ceiling elemehts éttached to
the  array formed by the assembly of the T-ﬁars.
As shown in the drawing, on the fiangeé 37a and.37b of
the bars 35 are mounted the outer edges having the same

rated dimension of the blind panels 17, fan filter unit



the fi{ter. A fan having two discharge ports 51 and 52 is housed in the

upper casing space of the HEPA filter 20. A cylindrical opening tube 54 i -
nounted on the central portion of the upper surface 53 of the casing 50.

fan case 56 and a notor 57 are installed such that the center of a fan
runner 55 - -34 - coincides with the teABer of the tube 54. Reference
nunmer al 58 deshfnates a plate for supporting the notor 57 and the fan case

56, and is secut PYPT 1 Ripbr— W rfan & Gand, HERM A1l te Rl 2Rdsaihe
orminal bed arPARAEAAE S CoRROIHRARTRF thE: persorerakeEall:of the
o voner sb. 2 Seittd 206y AVEI TGl Yo ' A dpnd PR ERE "
space. The ai r N AR A b FEhe 1 Blor Wi B ot (Lo PhrRES "0
casi ng side mlﬂeﬂ%él}mwr&éw é@lﬁ i %&egﬂé{%%{‘gm t he

opening in the 'l ower surface of the unit thi _ 20. Fig.
21 shows the relgHt Gl hejdeeraddial an Trdd erwhkH testl dd€1ingar 35
connected thereto. Al so, Fig. 22 shows an exanple of a connecting box 60
for connecting dMemehtct s tmfounted ah fild eflandds 3¥a MY i IMS) yrHEscri bed,
since the air fromthe air inlet _

' rubber is compressed by the weight of the member to

complete the attachment under the satisfactory sealed
\*j condition. Since this attachment is removable, the
K%/ position of the ceiling elements can be freely changed.
- Fig. 17(b) shows more particularly the fan filter unit 3
attached to the bar 35. Eig. 18 shows a selected
example of the ceiling elements attached to the openings
of the bar array formed as shown in Fig. 12.
Figs. 19 and 20 are a plan view and a side view,
respectively, showing a fan filter
unit which can be preferably used in the practice of the
&\) | invention. In the fan filter unit, the HEPA filter 20
is housed horizontally in a reCtahgular-parallelopiped
casing 50 having a lower opening which is closed by
the filter. A fan having two
discharge ports 51 and 52 is housed in the upper casing
space of the HEPA filter 20. A cylindrical opening tube
54 is mounted on the central portion of the upper

surface 53 of the casing 50. A fan case 56 and a motor

57 are installed such that the center of a fan runner 55



_;uﬁits and the air conditioner is supplied to the fan filter units by
tﬁE' pnnection of the ducts, the connecting box 60 having connecting ports
aHd 62 | eading to each duct is nounted on said tube 54. Danpers 63 ‘and
64 for adjusting the air amount taken in-f3emthe connecting ports 61 and
62 are nounted on the connecting box. Fig. 23 is a cut-away perspective

view show ng ancoincidfs  wEkATRhE 8bnkBE 8k'thl eLbBOSK . UnResthisHzatan be .
preferably used according to the present i1nvention. The air inlet port unit

conprises a rechanerhersabaakighapesed pRELEUFERCBuEpBRtANng YhelWotHiort
tubes 66 and 67 are nounted on the upper surface 65 of the casing and a

- punched board 687 exh@ntihe a€anS8ak8e56peanagisnsebarbaved thefl apperfo eachl s/
of tubes 66 and 67 are connected through the connecting boxes 69 a
connecti ng ductsaerfaeet 88 sachheh&aniti nhgr cnoss ahd dnduide odntdet achtieo
the air conditioner. Danpers 70 are nounted on the connecting boxes 69.

The danpers 70 %hd tRefemepecesnBBezad 58 désigpateanacppowgrbexnpplyf the fan
filter units are all ‘adjusted nanually with respect to the opening. The
manual adj ust nebermingl bed ap@enumegahpéisa gaskat mopatednphny th&rried out
fromthe inside of the clean roomby renoving the blind panel nounted
removabl y on t hee®beherglnedget € ghApepsningsdn wEbe LRwWeresuEfGFCar

When the motor 57 is driven to rotate the fan runner 55,

the air is sucked from the tube 54 side and discharged
laterally from the discharge ports 51 and 52 at both ' Q_J
sides into the casing space. The air discharged into
the casing changes its direction at the casing side wall
and fléws'downward to be blﬁwn out downward from the
opening in the lower surface of the unit through the
HEPA filter 20. Fig. 21 shows the relationship between
the fan filter unit and the T-bar 35 connected thereto.
_Also, Fig. 22 shows an example of a connecting box 60
for connecting two ducts to the fan filter unit. As
previously described, since the air from the air inlet
port units and the air conditioner is suppliea to the
fan filter units by the connection of the ducts, the
connecting box 60 having connecting ports 61 and 62
leading to each duct is mounted on said tube 54.

Dampers 63 and 64 for adjusting the air amount taken in
from the connecting ports 61 and 62 aie_mounted oh the
connecting box.

Fig. 23 is a cut-away perspective view showing an



opening is formed by the T-bar system even the fan filter unit, air inle .~
port ynit and blind panel each having area somewhat |arger than that of t Sﬁ%
opening can be lifted on the upper side of the opening fromthe | ower sidex

t hereof by slanting the short side of thggﬁ%qpits to the long side of the
opening. Figs. 24 and 25 shows an exanple of a ceiling hanging structure
constituting a ceiling structure with the T-bar system according to the
present invent e¥@mple of3ghe pdan i@ tc panth gkt yhigh 9an kg med by
constituting the ceiling bar according to the present invention and

attachi ng the PEPEEEGPYeseds acsonddnghdn e rRussend |inkpnkioRt urSust
bevhgri zontal | y ,hel.d.and the whql e | oad .t hereof nust be supported

reasonabl y. ThGeT pPFE BSOS MRS SR SeR S RRAFIPHERR. 24 and 25 are
used. Fig. 24 is_a.side view showi ng the hangin rs 7 uspended

appr oxi mat el y RSFP%g‘ﬁg’&q?eﬂr SHPRE SR i A9 B‘égﬁ’gﬁé:’: i W?he factory and

the T-bar susp t he gi r a of |

metallic nenbergg‘g%g ftkg’@sshg’%m%?lﬁ E?S_al%%s?not@et%da% %}%aurgg%%%are
parallel to ea h C [ rse .t Bl b ﬁ%Eﬁ) [ necessary
nunber s thereof%rsf rgrgm%lthﬁe@t%ggrrn?%T eah sllél ng rre%ba |c%r?€né‘1}gcrés&§154 can adj ust

freely the horaeeokal ithe @penlitiglikRithdy AWBLUrEsdP0S I T adi sl Ng
| engt h adj usting devices. Further, in the enbodi nent of the present

tubes 66 and 67 are connected through the connecting
, boxes 69 a connecting duct connected to the fan filter
&*j unit and a duct connected to the air conditioner.
Dampers 70 are mounted on the connecting boxes 69. The
dampers 70 and the dampers 63 and 64 of the connecting
boxes of the fan filter units are all adjusted manually
with respect to the opening. The manual
adjustment of the  dampers can be
simply carried out from the inside of the clean room by
removing the blind panel mounted removably on the
opening near the dampers. Also, when the rectangular
K‘) opening is formed by the T-bar system, even the fan
filter'unit, air inlet port unit and blind panel each
having area somewhat lafger than that of the opening
"can be lifted on the upper side of the opening from the
lower side thereof by slanting the short side of these
units to the long side of the opening.
Figs. 24 ahd_zs'shows an example of a ceiling
hanging structure constituting a ceiling structure with

the T-bar system according to the present invention.



veat on shown in Fig. 24 the main supply air duct 5, branch main supply
’ﬂ? gucts 8, return air duct 6a (connecting duct for introducing the air
f\Woglsthe air inlet port units 4 to the fan filter units 3 w thout passfng
the air through the air conditioner 7a)'a@§(ﬂrculating return air duct 6b -
are interconnected in relation to each other simlarly to these in Fig. 10. .

However, in thﬁﬁgggﬁg%gggﬂliﬂ§d§¥gﬁﬁ%hrgu§k E%ﬁgédﬂﬂp”é%HLéf¥u irfdthe

having a partic ding pr ctive machine I'n tThe room and extends
above - 37 eeibﬁnﬁebafngcetafaaaa foPane prdidichifrbd 0 ddaampeni ng of
the ceiling bar so that the exhausf is exhausted to the outdoors through a.

duct 77" by thgrexbrusy tB8 ¢0i11hg RaRGlent® RaS tHe dpderthgh megled on V'

adapted to cl ose the opening 79. The exhaust duct is connected to both
ends of the theeiybngi perd8tatet Maspabel holizcivaldnptivl@ dwmiisiiesl to the
outside of the system by the exhaust fan 10 is taken fromthe outside of

t he system i ntehbhe Lodadothemebf7must blee saippoxdredi tremsyndblyn dfers ai r
duct 86. In Fig. 24, the outdoor half 7b is installed on the ground outside
the buil ding. preferablyhbasghbodi bers JBowhawn FHing Fixhs ardd el 2Ardnris
facilities, such as a vinyl curtain 80, a distributing board 81, an air
shower box 82,used.waFig.834f&F ansidecvdew ishoming the hansingRarvHox 82

is provided. Reference nuneral 84.desi%nates,a core nenber
5 suspended approximately horizontally from the

existing beams 23-in.the factory and the T-bar suspended
from the hanging bars 75 by means of the hanging k_)
metallic members 44. As shown in Fig. 25, the hanging
bars 75 ﬁhich are parallel to each other can disperse -’
the ‘load by suspénding the necessary numbers thereof
from the beams. The hanging metallic members 44 can
adjust freely the horizontaiity of the T-bar system by
interposing a hanging length adjusting devices.
Further, in the embodiment of the present
invention shown in Fig. 24 the main sqpply air duct 5,
branch main supply air ducts 8, retprn air @uct 6a |
(éonnecting duct for introducing the air from_the air
inlet port units 4 to the fan filte: units_3 without
passing the air through the air conditioner 7a) and
circulating return air duct 6b are interconnected in
relation to each other similarly to these in Fig. 10.
However, in this embodiment an exhaust duct 77 is
provided for a zone having a particle shedding

- productive machine 76 in the room and extends above



for uplifting electric'wires or the like anong these nmenbers to bring it
the ceiling. Some preferable enbodinents of the clean room system accordl
to the present i nventi on have been described. As shown in these

enbodi ments, the configu- ration of the @i3¥7ftowin the clean room

according to the invention is different fromthat of prior high degree
clean roons. Al so, singe the exhaust glenun1for pl anar suction on the floor

surface or thetF?kEeéﬁHnghEhEBBEPy aP “ﬁﬂeﬂﬁnﬁFGPcﬁPQnéP BRSWORER RS t he

ceiling face.are not used,. the d in the ar

nﬁgi;sarlly doﬂBt eFR&r 188 RaF FﬂetH35e§§3r§x RUSH 23n§§h€§ﬁt%§ Fgrged in
t

hor &1 nat ter byChEreurdterbosEbRBh HCARMECTTR pRCHLR HERAAR J8RT00T,
Fig. 26 is a pTﬁéogéﬁéﬁdﬁéthQ §ﬂ8“&99e§281$£§§9050335§§%9rQ'”%l% the

I nvention used e neasurenents er nal of "Che 8l e clean
roomis 2800mpé HeéAhhgx 3980mm of wi dth X 7640mm of length. As
previ ously descri bed, the cl ean room has the fan filter units 3 and the air

inlet port unif9.4, anghéhexHEHKLNEuBYMREr SoARECEAALLOBBLE! oHlscREcan be
freely changed. Also plates 90 are renovably provided in equal intervals

at- the | ower pohéienreobghhpipel ¥s 6potheopafblhasaebaakdameuindcti ng the

fl oor surface).
exhausted to the outside of the system by the exhaust
fan 10 is taken from the outside of the system into the

% indoor part 7a of the air conditioner by an open air duct 86. In Fig.

24, the outdoor half 7b is installed on the ground outside the

building. Also, in the embodiment shown in Fig. 25 are

used various facilities, sueh as a vinyl curtain 80, a

distributing board 81, an air shower box 82, and walls 83 |

for an anteroom in which the air-shower box 82 is
provided. Reference numeral 84 designates a core member
for uplifting electric wires or the like among these
members to bring it to the ceiling.

Q_; Some preferable embodiments of the clean room
system according to the present invention have been
described. As shown in these embodiments, the configu-
ration of the air flow in the clean room according to
the invention is different from that of prior high
degree clean rooms. Also, since the exhaust plenum for
planar suction on the floor surface or the like and the

supply air plenum for planar blow-out on the ceiling



The afr inlet port units may be attached to the openings fromwhich the
kAl es 90 have been renoved, so that the experinent of sucking downward can
é%gberforned for conmparison. Fig. 27 shows a systemof air treating™ = )
pment of facilities in Fig. 26. In theggeference nunerals in the :
drawi ng, the sanme nunerals as that used in Figs. 1 to 25 designate the
menbers each havin% the sanme neaning.,as that in Figs. 1 to 25. The indoor .
part 7a of thB8UEEACEoATS: POtemsed pthE Rididadh h Ere@Ft MBBater 94 with

a controll abl e heatinqlgp rbtan hunidifiq¥ 5 with a controll abl e
humi di fyi ng aPEFSRSPR g%é’ IR To Y TR MGSSSRRY a heat exchanger

out door et 1 GAPSR ZBEEs" ekl bl Fopl 3 bl oS AL T 1 1P
S a1 ow dEPEREsy OF, peerene HelrFobmd® SEMBRIMBA. it of
low pattern egeripreely by (el ihvertin i) Sodudh FRL IRt OfRTd the
air inlet porguehi &Sqgthekslklisnt.rated in Fig. 28 are arranged on the ceiling
bar and operated with 0.35m s of blown out wnd velocity fromeach fan
filter unit 3, 0.30mFigaf 26eiilsi n@ | Pidt oMikd tafiny dlfowied thé inl et
Por' clean room according to the invention used for the
measurementS. The external size o£ the whole clean room - )
is 2800mm of height x 3980mm of width X 7640mm of "J
length. As previously described, the clean room has the
fan filter units 3 and the air inlet port units 4, and
the working numbers and locations of_which can be freely
changed. Also, plates 90 are removably provided in
equal intervals at the lower portion of the walls
(portion of base-board contacting the floor surface),
The air inlet port units may be attached to the openings
from which the plates 90 have been removed, so that the
experiment of sucking downward can be performed for L_/
comparison. Fig. 27 shows a system of air treating
equipment of facilities in Fig. 26. In the reference
numerals in the drawing, the same numerals as that used
in Figs. 1 to 25 designate the members each having the
same meaning as that in Figs. 1 to 25. The indoor part
7a of the air conditioner is provided with an electric heater 94 with

a controllable heating power, and a humidifier 95 with a

controllable humidifying action in



unist 4¢and 20 tines/hour of ventilation. Fig. 29 shows the air flow pattern —_
in the section of the equipnent as viewed in the direction of arrowin Fi o@
28." Thé& air~flow pattern was photographically observed through snoke from
snoKe generating nozzles 99 di sposed right %el ow the ceiling structure. For
conparison, the plates 90 of the baseboar F{ see Fi g. 26) were renoved and

t he openi ng 100 of the baseboard was connected to the main return duct 6

t hrough a duct ad&id idre toy @ Fiditened2 sl &t deameesrchdregeran®3 conditi on as

said one except for the air inlet port units 4 closed on the ceiling

surface. Fig. J@vaporafpr fgpfpnmHngithe refnpigerating eycke chetveqne air
flow;patterns in Figs. 29 and 30 resenbl e each other astonishingly. . That

is, the air fldksekk and jthe, Quideer dpldf (dh-ed AFahe R t9_t okhehe

air inlet ports. This may he caused by a phenonenon that the fl ow sgﬁgd of

inlet air flowiRRRcdpied? has & canattp@h 989 dhe Attpt Py RMien
the inlet air f | .S kept t ir inlet t th h hand,
even when the B KRS 1 o REASE<Rnsy TPihane 1 eF DEREhor 25t ne

degree of the ed..reduction . is remarkably slower than that of the inlet
air flow and t?\a(['-:iq:r gfalccﬁp#eéﬁ%qbﬁs'om-out air flowis long. Thus, an air

fl ow pattern subst qggdsqlé%mdas i giirorffd‘pﬁ;atqgg}!yval |. suction systens

can be obtai ned evemr by the
(effect of positions of air inlet ports on air flow

- pattern)
~ Fig. 29 shows the air flow pattern under the
steady state in which the fan filter units 3 and the air
inlet port units 4 illustrated in Fig. 28 are arranged
on fhe céiling bar and opefated with 0.35m/s of blown
out wind velocity from each fan filter unit 3, 0.30m/s
of ceiling inlet wind velocity to each air inlet port
unit 4 and 20 times/hour 6f ventilation. Fig. 29 shows
the air flow'patterh in the section of the equipment as
viewed in the direction of arrow in Fig. 28. The air
ihj fiow pattern was photogréphically observed through smoke
from smoke generating nozzles 99 disposed right below
the ceiling structure.
| For comparison, the plates 90 of the baseboard

(see Fig. 26) were removed and the opening 100 of the
baseboard was connected to the main return duct 6
through a duéf. And the equipment was operated under
the same condition as said one except for the air inlet

port units 4 closed on the ceiling surface. Fig. 30



'l'i hg surface outlet and inlet systemclean roomaccording to the

rention. Measurenent No. 2 of air flow pattern (short circuit) Fig. 32
'ows the result of neasurenent in which the fan filter units 3 andsthe-air -

inlet port units 4 are arranged as shown #8 Fig. 31 and the air flow

pattern under the steady state is neasured by the nethod simlar to said

O e A LBt n ut R s krBoant Pation This "

one when the
0.30n's of i
result shows

to the fan filter units

t hat eveﬂhéf %ﬁeffgﬁh%gkgérggrinup%gg 42§rgnar§anged adj acent

ere t

rt-circurt 1s nmost |ikely

to occur asf¥8§%hﬁibF%Qch3éthe£h&sﬁbﬁiéhihéiy't TRalOlish’ eHdCRAr ThaRvg
air inlet port units 4 on the ceiling is suckéd only the air

right bel ow SEAbw pdStdrnand hHE Sb'mBERVEAELHELEE bethanpbklitabneniolfs 3
into the roomwith the long reach irrespective of the presence
of adj acent aithe ¥ Polétupbitsd avHisohagf bectadsbii biecal phenhomenohl ow.
Measur enent of degree of recovered cleanliness The fan filter units 3 and
the air inlet yhat the tfldwaspeedrafiginlets abhowilow prgdudddandarhéhe

is, into the

i's bl own out

equi pnent is

operated with 61.1 tines/hour of design ventilation. The

interior of theircorlés pore is reduced abruptly when the inlet air

flow is kept away from the air inlet port. On the other
hand, even when the blown-out air flow is kept away from
the blown-out port, the degree of the speed feduction is
remarkably slower than that of the inlet air flow and
the reach of the blown;out air flow-is long. Thus, an
air flow pattern substantially same as the prior floor

and wall suction systems can be obtained even by the

. ceiling surface outlet and inlet system clean room

according to the invention.

Measurement No. 2 of air flow pattern

(short circuit)

Fig. 32 shows the result of measurement in which
the fan filter units 3 and thg air inlet port units 4
are arranged as shown in Fig. 31 and the air flow
pattern under the steady state is measured by the method
similar to said éne when the equipment is operated with
0.35m/s of blown-out wind vglocity, 0.30m/s of inlet-
wind velocity and 40 times/hour of ventilafion. This
result shows that even if the air inlet port units 4 are

arranged adjacent to the fan filter units 3 where the

-

»



contani nated with snoke of tobacco before the operation to about a degree
of cleanljness of Cass 1,000,000. And how the degree of cleanliness is g
recovered after the beginning'of operation is nmeasured in the copl anar
positions A, B and C, these portions being iocated as shown in Fig. 33 and

| m above the floor. The degree of cleanl indds™in each position is measured

by a commercially avail able particle counter (No. 247 made by LI oicho Co.,
Ltd.) and. a chehpeetwtincuiteisnmost Hékedy b©b6 clcearl i nessshowaadn Fdg.tion

is continuously recorded. Fig. 34 shows the result of neasurement in the

poi nt~ A, Fig. %%vthEh?e§HP¥toF1ﬁEBéEreﬁenﬁtiarpﬁécpéhntTBasndsFigntsﬁ t hat

in de point C _The fornula Ce[err] in Figs. 34 to 36 gives the nunmber of

- 42 - tines.ofPSeRiT| 4P{Bh Rort | whike #oPRuthe eeilipgsiscaneksdr el

(particles/ft %% i n,the, begi if of 3._neasurenent, Co the, dust
concentration } ?rTlﬁirfgﬁg Q? 8wtﬁ§lﬁa§§é5§ #i n8nds tBe PAE BLGWANPRE of
operation and | taken fromthe.beginnin f.0,_ operation to the
bgginning of r%%u%#%o%%gff%ggeﬁug?lg%ngeﬁ§rg#Pgﬂ.g?ﬁelagargggofoepeanliness
shown by the ' [ ' | S, Leprese d I rithm c scale
and itsyvalueq%gﬁﬁgég%nggg%gé?ﬂgﬁ %?r%€8é§ﬁ$§§dggﬁgﬁéspgéﬁgggg g%andard
209b. adjacent air inlet port units 4 and not affected by the

' inlet air flow.

Measurement of degree of recovered cleanliness

U

The fan filter units 3 and the air inlet port
N units 4 are arranged as shown in Fig. 33 and the
equipment is operated with ﬁl.l times/hour of design
ventilation. The interior of the room is once
contaminated with smoke of tobacco before the operation
to about a degree. of cleanliness of Class 1,000,000.
And how the degree of cleanliness is recovered after the
beginnihg of operation is measured in the coplanar
positions A, B and C, these portions being located as
K\j ) shown in Fig. 33 and 1lm above the floor. The degree of
cieanliness in each position is measured by a
commercially available particle counter (No. 247 made by
Lloicho Co., Ltd.) and a change with time in the degree
of cleanliness at each position is continuously
recorded. Fig. 34 shows the résult of measurement in
the point A, Fig. 35 the result of measurement in the
point B and Fig. 36 that in the point C. The formula

-n(t-to)

C=Co-e in Figs. 34 to 36 gives the number of



fee of cleanliness in the point C where air flow stagnation is

3t | i kely reaches the stable state in about 12 i nutes and the nuither of
times of ventilation in this point is 6Q {otimes/hour which is not so much -
different fromthe design one. That is, even in position where the air flow.

IS consi derede{ﬁ?ég%%%g?{g%é??ogl gan &%O[Eh%c%%&ﬂiu&% t% ti@ed \éent ion is

mai ntai ned th nmes of veéen atl on SO 't hat "dust” does not

oep [10ati ng ddnddigtph866: (pdB1636QVELS ) 33CRER HAGSGHeet e

points A and B I n about the "stagnati on o air flow which

bl ocks the puridigatmenef €brths Babtf CRtenthaltich (PR ildled)EtPoi | i NG\
inlet clean roomaccording to the present invention doés net actually take

pl ace the phengirenine tHatt t bBe NPEBSRgES tlimdEaferv el baldigming lo¥duced by

the short-circuit and - 43 - the stagnation zones are I ncreased.

Conpar ati ve nessertbsn ahd degr eReot imketakiene £ obh@ heabelginndngieift s 3 and

the air inlet port units 4 are 'arranged as shown in Fig. 37 and the cl ean

roomis operateperaidion tbhe sherbeghdntingn ofs redaictdiont o€ hevidust v

descri bed neasurenent No. 1 of air flow pattern. Two workers wearing

wor ki ng uni f orecencengxhtioni onThel degreposift icdeaniinesmsd shiowno byt def | oor

in Fig. 37, and said particle counter is set in the planer
ordinate in Figs. 34 to 36 is represented by logarithmic
scale and its value corresponds to that of the United
States Federal Standard 209b. k.J

The following is found from the results of Figs.

34 to 36. The recovery of degree of cleanliness in the
point C where air flow stagnation is most likely
reaches the stable state in about 12 minutes and the
number of times of ventilation in this point is 60.5
times/hour which is not so much different from the
design one. That is, even in position where the air
flow is considered to stagnate in the clean room
according to the_invention is maintained the high number
of times of ventilation so that dust does not keep
floating in that place. The recovery reaches the steady
state at points A and B in about 9 minutes, and the
stagnation of the air flow which blocks the purification
of air is not found. That is, even in the ceiling inlet
clean room according to the present invention does not

- actually take place the phenomenon that the number of

times of ventilation is reduced by the short-circuit and



positien which is shown by [err] in Fig. 37 and is | mabove the floor so
that the _stationary workers operate the clean roomuntil the degree of
cl eanliness® neasured by the particle counter reaches about C ass 100. \WeR %
t he "degree of cleanliness reaches the C asg31Q00, both workers begin to step
for-emtting dust fromthe bodies and the working unifornms. The degree of
cleanliness is kept neasuring at the position [err]. Also, for conparison

, the degree ofthd csragmetiontzfmes]are Wpaseasddby the sane nethod as said

one except for that all air inlet port units 4 of the ceiling are cl osed

and the main returrfenparakive cneasnrement t bf odgbreecoft clearlinessopeni ngs
frohkmthh the plates 90 in the base-boards_are renoved at four positions

as shown in Fig. 37. THhergan| filterineitsndasndetbatainr éntébwporh Fig.

38. The neasurenent is carried out simlarly to said one except for that

the arrangenentbfts b 3L 3rryapged as ﬂhpwnuhptFBQana7t%@daF£eiﬁl@@nport

unit 4 is changed as, shown in Fig._ 39 d the degree of cleanliness is
nmeasured in th ﬁﬁﬂn%%(ﬁP?ﬁﬁﬂWﬁgbgndT5r€$e ?ﬁm?iﬁgn§9?1°§h%srEE%Ft°5ftPﬁe

ti In Fig. 40.. Furth th t 1 i ed t
S larly to SE ALY e ceiotd e Eharapealciient o ok FLAVI {1 tor
its 3 dth g ' 4] | lgs. 41 d
B e e
stationarily at positions (a) and (b) on the floor in

Fig. 37, and said particle counter is set in the planer
position which is shown by @ in Fig. 37 and is 1m
s above the floor so that the stationary workers operate
) the clean room until the degree of cleanliness measured
by the particle counter re5ches about Class 100. When
the degree of cleanliness reaches the-Class 100, both
workers begin to step for emitting dust from the bodies
and the working uniforms.. The degree of cleanliness is
kept measuring at the position @ . Also, for
comparison , the degree of cleanliness at C) is
Kﬁ) ' measured by the same method as said one except for that
all air inlet port units 4 of the ceiling are closed
and the main return ducts 6 are connected through duct
to the four openings from which the plates 90 in the
base-boards are removed at four positions as shown in
Fig. 37. The results of these measurements are shown in
Fig. 38.
The measurement is carried out similarly to said

one except for that the arrangement of the fan filter



| ssmreasured in the position shown by [err] in these drawings. The result
@jﬁ.he nmeasurenent is shown in Fig. 43. The results of neasurenents in
FEBE.- 38, 40 and 43 show that while the ceiling inlet.systemdifferg +~ =
sonewhat fromthe baseboard inlet systemimedi ately after the begi nning of:
generation of dust, the degrees of cleanliggess in the respective neasuring .
positions reach the steady states having approximately sane |evels in both
systens afterunit| dagndgsthenadss inTiedt pozt tind tddgrice cifandeshrts relsewmhi ch
is sane as that in the baseboard inlet systemis attained even by the
ceiling inletiByEigm 38c8ndi Khet degmee pfefleanldnessugs ReaswieRk-ing ™
takes place. Fine particle take-gg Qﬁit The fan filter units 3 and the ah&d'

inlet port unfFhe Bositigp, shown winy Fig.g3%4 Ihe Fefwkte abithe

pl aced on a desk as shown.,in Fig. 45 (sectign as viewed in the direction of
arrow in Fig.mﬁﬁfprﬁp§PFdé50858g“16? %&86 ﬁ%g. 44) is mounted on the plate
out si do of the room FREERE anGRbc BB SRS & SABES bt SHLIH Hhe
Posi tion 15 ngsared pherikOle Eor TRATTLES BryB Bl YL b B ¢ can
roomis oper agedltdpdghitBe3SaHE ¢ARIALrOTndktigort WKiAS as dasekddiEd

as shown in Figs. 41 and 42 and the degree of cleanliness

is measured in the position shown by C) in these drawings.

The result of the measurement is shown in Fig; 43, \*4

- The results of measurements in Figs. 38, 40 and

43 show that while the ceiling inlet system differs

somewhat from the baseboard inlet system immediately

after the beginning of generation of dust, the degrees

of cleanliness in the respecfive measuring positions

.reach the steady states having approximately same levels

in both systems after at least 8 minutes. That is, the

degree of cleanliness which is same as that in the

baseboard inlet system is attained even by the ceiling L_)

inlet system according to the invention although some

time-lag takes place.

Fine particle take-up test

The fan filter units 3 and the air inlet port
units 4 are arranged as shown in Fig. 44 and a plate 101
is placed on a desk as shown in Fig., 45 (section as
viewed in the direction of arrow in Fig., 44). A slide

cover 102 (see Fig. 44) is mounted on the plate 101, and



reference to Fig. 33 and a worker enters the clean roomw th an enpty pl ate=_ .
101. The worker exits the clean roomafter about 5 m nutes |eaving the _
plate T01" emmpty,i.e. without putting dusting materials for test in the “ -
pl ate 101. After the clean roomis operated until the degree of cleanliness

appr oaches zero count, the slide cover 10 s operated fromthe outdoors to
be renoved fromthe plate 101. The result of neasuring the degree of

cl eanl i ness ddapthal 1S tbd SOV | firdth Sthdbp1dtE 10TEFPOMNEREf 15 minutes
in Fig. 46 is one at which the slide cover 102 is renoved by the operation

fromthe outdtorisie DFtHNYG tesi : in Ttige dogs eeended | RaAhEPESSAI proBasur ed
simyarly to said control test except for that the worker enters the room
bringi ng fi lddais isdtesimfthe qagit Bonri shoms b Bat @rawsiypahdi Bhehe plate
101 and | eaves the roomwith the plate 101 being covered with the slide
cover 102. Tegness 9f ofeanldnessigin lekhilepesition| tanhéassréd bipis test is
shown in Fi%. 47. The tinme point of 15 mnutes in Fig. 47 is one at which

t he - 46 theg|Rard ichgecommt e ¥Q4wved by the operation fromthe
outdoors. The following is found from the results of Figs. 46 and 47.

Wil e the val ue of @ETFshastyr he FkeamerRom nif gpezFted nwsderiat in

Fig. 46 will_,represent t contam nation due to the_taking-up of dustin
na?erials the %ame cond%ilon of air flow as that descriggdpwith g

reference to Fig. 33 and a worker enters the clean room

, with an empty blate 101. The worker exits the.clean

~ room after about 5 minutes leaving the plate 101

§¥y _ empty,i.e. without putting dusting materials for test in
the plate 101. After the clean room is operated until
the degree of cleanliness approaches zero count, the
slide cover 102 is operated froﬁ the outdoors to be.
removed from the plate 10l. The result of measurihg the
degree of cleanliness in the test is shown in Fig..46.
The time point of 15 minutes in Fig. 46 is one at which
the slide cover 102 is removed by the operation frbm.the
| K\) outdoors.

Dusting test: The degree of cleanliness is
measured similarly to said control test excepf for that
the worker enters the room bringing fine particles of
average 8 microns of Kanto loam put in the plate 101 and
leaves the room with the plafe 101 being covered with
the.slide cover 102. The result of measuring the degree
of cleanlines in this test is shown in Fig. 47. The

time point of 15 minutes in Fig. 47 is one at which the



fot test, the contami nation is reached to about a degree of cleanliness of
Eass 3000 in the tine point of 15 minutes in Fig. 47 at which the slide
r is renoved (in Fig. 46, the contam nation i.s reached to about*a'~ *
egree of cleanliness of Class 1,000 ir #be-sane tinme point), and returned:
to zero count after 1 mnute. That is, even if light and fine particles for.

test are expgaggepgopggwﬁgﬁ EgowehpgﬁﬁppgpqEQQQH% a'tigﬁ £l ticles are

taken up by the air oes not ace. ove nentloned results
of neasur enepigadbessufficient to dispel reasonable doubts of the skilled
in the art whether or not the exhaling air nmakes short- circuit when the

inlet port is on theneifbiN@wdng d4SiEouhd T i%ﬁ@bfés@ﬂgsuaﬁof‘ib&tak@
up in addition to questions of the skilled in the art whether or not the

rising air flewahakey.pl ang1eo thiesvallne E itHDAesblt fOHW méAEubBéagnati on
zone of the air flow takes place in the room nore blast anount is required

to provide t mentaim @dgred7omithwanhatesn Rie. dGtwiDl i Seprévéntt dhee
expanded to the whole room partial lamnar flowis - 47 - difficult to
provi de and rbetgalinagiop toet e ithe takiowmref deseihqrmatierialss
considered that the system has the properties found because the air flow
sucked into €z &estintbe gontaminetiom tise owached hes abewetarively high
speed | ust degree of cleanliness of Class 3000 in the time point of

15 minutes in Fig. 47 at which the slide cover is

removed (in Fig. 46, the éontamination is réached to &_j

about a degree of cleanliness of Class 1,000 in the same

time point), and returned to zero count after 1 minute. “‘d

That is, even if light and fine partiéles for test are

exposed to the air flow the phenomenon that the fine

particles are takeﬁ up by the air flow does not take

place.

The above mentioned results of measurements are

sufficient to dispel reasonable doubts of the skilled in

the art whether or not the exhaling air makes sho;t- -

circuit when the inlet port is on the ceiling and dust

on the work table and floor is taken up in addition to

questions of the skilled in the art whefher or not the

rising air flow takes place to disturb the indoor air

flow, the stagnation ;one of the air flow takes place

in the room, more blast amount is required to providg

the same degree of cleanliness, the dusting is liable to

be expanded to the whole room, partial laminar £flow is



near- the-air inlet port units, and already does not have such speed as D
affects_the indoor air flow pattern even at a slight distance fromthe .i%ji_~
inlet portunits 4. In the normal operating condition, the inlet air flow=""
i s not detected even in a position spacqg‘@pqyt 10-20 cmfromthe air inlet
porFt units. On the other hand, the blown-'out air flow fromthe fan filter
units reaches_the floor and gives a |arge effect to-the air_flow pattern in
the clean rodhAEfifplt £ AL ArhehovEEing Up 18O JERE LA™LNBEN zones
can be at wil]_ formed by select- [ng properly the |ogatjops, and nunbers of
the fan filtcklUhigees is eqlaz@qé.c Lﬂ'ﬂ\ S\ _s:ﬁere& Fié?ﬁo&%(?f provi di ng

i nhgp existi i1 di I : i 0 ovi di ng cl ean zones of

"Gy Qi ]E’AJCEP the gilbdrtile %é@?& Sd Syl

di fferent degrees o ean S rangl ng Tromclass 100 to class 100, 000

according to ¢he M4 tedbwttidded el nd adarg, ¥Aob, the nethod

conprising: formng a ceiling so as to-delimt together with a floor and

wal s an ’enclé)élegi &Pﬁﬁse dr A &b 11 {0 l?éé"ea m%melgtW%E%?%d pf‘gé;/‘?de

ceiling conprising a horizontal array of celling bars arra

a multiplicityeHf ¢ReIANOU e ONSSEN0En1EY] "dnd URBESAEY 2abYs! Bt SAEDe
predeterm ned configuration and di nensions; closing said openings by neans
of respectivesch | 4 et LITRIE e S P EfndSFP VALY YE1HRI paBtefACBvehenent

at a slight distance from the air
inlet port units 4. In the normal operating condition,
the inlet air flow is not detected even in a position

spaced about 10-20 cm from the air inlet

port units. On the other hand, the

blown-out air'flow from the-fan filter unifs reaches the
floor and gives a large effect to the air flow pattern
in the clean room. Thus,'according to the invention,
the desired clean zones can be at will formed by select-
ing properly the locations and numbers of the fan filter

units 3.



haytng ‘a base area adapted to close a said opening; said el enents being
gerhacted fromblind panels, return air inlet port units, and fan filter

.. each fan filter unit having a built-in fan:and HEPA filter; ahda* ¥
prOV|d|ng air treating equi prent for supplé&Qg clean air into sai d encl osed:
space and withdrawing air fromthe encl ose pace i n an anount .
substantlalchquupgpqpqgng to the anobunt of clean air supplied thereto,

sai d eqU|pnent—coﬁpTTsrﬂ© an air conditioner installed outside the enclosed
space; supply air quct LG o St R6E 289C P o iANE N £ bR Ebasaalmgccmﬁiamgr

with the fan filter units I ntroducing air conditioned by the air

condi tioner i %h@:;@@%&@%ht&su upbt pebviiBihedealdsdn AdHu o f NdOFEBBent \..r
encl osed space; - 49 return air duct neans coupled to the return air i
i nl et port unidegreds ColveyisgnadiheRasstaggdhg ffioh t BRagsC| DBEI topackaysa
the inlet port units, said return air duct neans being arranged for

conveyi ng par t.0&f, 00 d azicortdinighetai rtheontng tederS takk pafFedeiradai Standaridi a
a connecting duct, into each fan filter unit; the nunbers and positions of
the various c@09bng thenmethdski ngrpeisingd ifiermiow danceidiime t e dssi ted
positions and degrees of cleanliness of the clean zones; said zones being
formed by thededfamdtt cfogeher| wigh aurfloar camd Wﬁélan(!nl g ioRedi $PPFBWS
associated with the fan filter units and return air inlet port units,

A net hod accofditbatsd| finfm \ihe ciaPhhenfkal P§WPF6&' d&@itg t |°ﬁg”c1'1’ég

encl osed Spac%odm%rr:l.%tinhgavg ﬁorlzontal array of ceiling bars arranged to

provide a nultiplicity of rectang_ular openings having u
substantially ‘the same predetermined configuration and
dimensions; closing _sa_id opgnings by means of respective\‘fg
ceiling eiements supported r'emovabl_y thereon, each element
having a base area adapted to close a said opening; said
-elements being selected from blind panels, return air inlet
port units, and fan filter units, each fan filter unit
having a built-in fan and HEPA filter; and providing air
treating equipment for supplying clean air into said
enclosed space and withdrawing air from the enclosed space .
in an amount substantially: corresponding to the amount of
clean air supplied thereto, said equipment comprising an
air conditioner installed outside the encloéed space;
supply air duct means arranged to communicate the air
conditioner with the fan filter units for introducing air
conditioned by the .air conditioner into each fan filter

unit for introduction thence into the enclosed space;

_

By



i nl'et 'ports for forcibly sucking air out of the enclosed space. 3. A

met.hod ;a¢gaording to claiml1l or 2 as applied to an existing building .

cont ai ni ng wor ki ng machi nes, said ceiling being installed above them 4.

A nethod according to any preceding- 49atmincluding a step of

adj usti ng t heeRLPRO d 10 du df @éényaééeﬂléarngghgh%e"t%w 333 Fiﬂ{{é FERDS
an filter

to the air conditioner and via the connecting duct to respective .
units. 5.  doiRsh@drofcdivasiti it ¢ AL U0 S Udmnidaldne Bss sesegd bed

and exenplified herein with reference to the draw ngs. 6. Appar at us or
use i n providiagthe amksdt sporg Gnitsingaszdcred8arhoadrsdulcaD e driy being
pr owxdi ng cl ean zones of different degrees of cleanliness ranging from

class 100 toare®ri®edactordi agnveytimg Upidrtd Stfat eaildedaial Sbaneciee d 2209b,
conprising a ceiling assenbly for use together with a floor and walls in
del im ting aficBAdtdsagrsperd pestatofd $abdn eiie,amiieere abnpephdng duit,
ceiling assenbly conpri si n% an array of ceiling bars arranged to provide a
mul ti plicit yiBEOr 88chn§@mat idden wid thakhey rgnteng PP siiitd ongeef the
predet erm ned_confi gur at'i on and dimensjions; and a multiplicity of ceiling
el enents wheY8BYCHEI C§F "HE pLements Bpeirgselnrted ciph agcordanaseiwigh
adapted to b upporied.removahly so as to close ap opening, the elenents
bei ng sel _ectglagf rdgerﬁlb??%d_pﬁzfﬁglq "o el _ndeﬁgrreler'f’l e?Ppé’ﬁle g‘t”é",s_sanﬁff drhe
filter un'tsclegﬁcgo %@J'A&fﬁ H@héshﬁékﬂﬂ %ormed by the effect of the

; ceiling surface exhaling and inhaling air flows associated

~ with the fan filter units and return air inlet port units.

iw/ 2. A method according to claim ; wherein the walls
and floor delimiting the enclosed space do not have air
inle; ports for forcibly sucking air out of the enclosed
space.

3. A method according to claim 1 or'2 as applied to
an existing building containing working machines, said
ceiling being installed above then.

4, A method according to any preceding claim
K¥) including a step of adjusting the proportions of air passed

. through the return air duct means to the air conditioner

and via the connecting duct to respective fan filter units.

5. A method of providing a clean room substantially

as described and exemplified herein with referénce to the
drawings.

6. Apparatus for use in providing in an existing

building a clean room suitable for providing clean zones of

* € L N 0§ %



bui ht-i{n fan

t

and HEPA filter; the apparatus further including an air
supply air duct nmeans for coupling the output of the air

conditioner and the remainder to the fan filter units. 7. Appar at us

according to

control neans, for adjusting_the proportiqns, of air passing_through the air
condi t1 oner O dPPECIAEIRIINE fian Eher dinifnd cStates Egdsrtels Sariahiag

to claim®6 or
nodul es each
according to

bars connecte

¢ifferenthdegraeshefy alnanlinesp cranging fremugdess 109 dw

conditi oner; e _
c ioner to the fan filter units; and return air duct means for EouplTing
air inlet port units for conveying- &@osrtion of the air to the air *

wherein the ceili bl i | tiplicity of -
U1 P RBPE-RIPE: B PBIL0E SaRERPAGaror usesposagher Al o

I ne” sald openings. par € I'n provi

0 an existing-Bul | dhao @l €80T 0BToDRL PR Ablek 25 ATl RdoaEELRE Y

with reference to an

as il'lustrated inthe acconpanyin aw ngs.

bui | di ng conpgéipPiis Bng! 8AN d1QUY CONSELYELhEN DHHC et FEh HEES tBPRIRLYR a

according to

any of clainms 6-10 and/or was provided by a nmethod accordi ng

to any of cl ah@Btdpbicity of rectangular openings having substantially

the same predetermined configuration and dimensions; and.a
multiplicity of ceiling elements whereby all of the
6penings are closeable, each eiement being adapted to be

supported removably so as to close an opening, the elements

ﬁi?%xm d%n(&r Ja s ghn é%&?ﬁ%@@%ﬁﬁs%ﬁg};&%egf”gékﬁgs fso%i%ldﬁg

/

being selected from blind panels, return air inlet port\*hv

ﬁnits, and fan filter units,. each fan filter unit having a
built-ih' fan and HEPA filter; the apparatus further
including an air conditioner; supply air duct means for
coupling the output of the air conditioner to the fan
filter units; and return air duct means for coupling to the
air inlet port units for conveying a portion of the air to
the air conditioner and the remainder to the fan filter
units.

7. Apparatus according to claim 6 wherein the return
air duct means includes air flow control means for
adjusting the proportions of air passing through the air
conditioher and directly to the fan filter units.

8. Apparatus according to claim 6 or 7 wherein the

-ceiling assembly comprises a multiplicity of modules each

providing a multiplicity of openings.

_
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g, Apparatus according to claim 6 or 7 wherein the

ceiling assembly comprises a grid of bars connected to
define said openings.

10. Apparatus for use in prov“iding in an existing
building a clean room, substantially as herein described
with reference to and as illustrated in the accompanying
drawings.

11. A building comprising a clean room construction
which includes apparatus according to any of claims 6-10
and/or was provided by a method according to any of claims

1-5.
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