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[0005] For these reasons, it has been common practice in the gas industry to leak test gas

packages, such as conventional high-pressure cylinders, e.g., by methods in which the sealed

high-pressure vessel, or a portion thereof having joints or seams susceptible to leakage, is
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[0010] The present invention relates to apparatus and process for leak-testing of vessels

employed for storage and dispensing of fluids, or of other articles required to be leak-tight in

use,
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vacuum therein, and (ii) have a | eak-testing fluid
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[0025] The present invention relates to apparatus and process for leak-testing of vessels

employed for storage and dispensing of fluids, includirg vessels that are used for holding gases,

as well as vessels that are used for holding pressurized liquids, and vessels that are used for
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enpl oyed for storage and di spensing of fl uids,
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gas, whereupon the CPU 60 transmts a signal in line
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[0049] FIG 2 is a schematic view of a | eak detection
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effer:th Qo Lifedt hd ﬂ!:te&(ﬁ-ctkér&@telléa% se§s‘éca{ﬁd 3320\5& é"’@&rf@sﬁwdmg output of

ra2|n sol deri ng,. bondi ng
PresgRss H"a”fﬁ’is"é’ﬁ? ofihg léq#et?%mg g é tP"eYaﬁ‘i“ﬁh‘?“V%WPton 148 of

[003BPNAUTE cakhbout ﬂkﬂéaﬁﬂésﬁﬁg n&had ih kiRRYRert BAFIG. $ uamg aleld¥dicated

t nt f .
vao QUG o U B Iop o TG0 T HEC e IA G el g fow
relaGnsttip by g en Besieatyl wacwalhgome d6d. BEhanglehaniumglumy is actuated, the
gas Ecmteg{s lo?ﬁx% %gerkop v&urﬁco ﬁ%ﬁ'ﬂﬂe Qﬁmberq{ougﬁéjﬁlﬁ\%es\%th%ﬁWo establish
|nterconnec{ ng

a vaemrt coaqhtyornn ﬁuoasré@mm!@se, asovelluahthem@wt FOwd tharewith.

[005"7? NNefhe 1ERALBltor 1BS 1%5]1 ar ﬁ&ﬁ b behrdn @to (ﬁ%ﬂh&@l%ltnrbn
| eak det ect or 154. | e det ect or

a any
at the poing By whieky, fhe pUﬁang Oﬁ B Rhagbgrdor§ingn! 1&&;5%. 3 %eleyteq‘ Brr-'ssure
Ievez) RE., |l@|ﬁn|ﬁr tremé hcﬁ@ggaﬁl atngzéndt_;rlﬁmlr asembtively, mh&akllgﬁ@ﬁ;lr Sanbbe
I N -t est e e et ect qr can
g B B AR R A 2V G B A, T Sl & PrT A G
pumpidg t vacuymi igeelnthe thakwdettator Vscectuaind foresdderas ohputadogrelative of the
[ redet erm ned vacuum pressure,
presgﬁce))r #)QE%B ?tﬁ%’l?&é t%gr&%%agct ion capability of the device.
100518h t hlnsthmrmgemmésmwakn Biéx @ctho vacreny phmp 464 isdeingd, vie signal
tranQMEgibnde\m6§ht% A BREeshAH i@ rLi 460y TRY @PUakh ReifRsIly is

fromt
coupled to leak detector 154 by signal transmission line 162. The CPU can be of any suitable
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interior volume 116 of the housing and flowing it
t hrough the conduit 146 for discharge to the anbi ent
WOIMG9%E8MTent of the system After the chanber B(UIS2AQ5/007027

and conduit 146 have been evacuated to a predeterm ned

typp!' &S Sfof eexaxhﬁle dep@eial Ofurgodd 3fbdrhhMatd dohBuki akncroprocessor
ted, to sense and responsively

pro gﬂ Ec]sae logic conzflfc)ﬁer efc
%r oY & correlative of the presence or
[003%s e nAegap padkhge llléé:kthawhlam disgas& inrthd feriviaalithid 116 of chamber

hou%f;I 'l {0n %’E&t %a? Eacic{]é% cXﬁgr?ngg.l, Qﬁh@&a I)e sh nge% rgc%%v %a nfack 0reglon

ernati| ve
120ftg which awtné@?wﬁ'ge had asss@blarla% eThqj@wedmde@SWﬁJbumm ipolngs, a

flovBéhtrof JaBle tHhah & nfdnhidlR REBaMBIUAEe] VR velBs orbﬁﬁﬂlatlvely, the valve
nviyr

st ahl.i shed i
s SR b3 e S BT r Ol D SR Sy U o ot
congohdevicemreiiigct orgnigf benddsing of hevdlveaherdilne det ect or
ere ns d vide a corres
100t T B2 pERREoPHE 18K R, G R PAEHF e gt ook
detdctor ghsdfor/wlichutiie systeir io affestive to[sSOBS Bieselice qrabseyceolﬁ ta I¢ak drom the

vesgefa %&ax‘h?g inBdad RhhaA lxhﬂatiolﬂehy% C%Et? %&fge n,Heffim, 1n eH CEHJHI;})%I&I,

dedi ca vacuump ess mis arrane

arsipg, ghosplge, gifpapbaion ﬁeﬁh’gﬁ%bommtrlplﬁor@swpt@an, Ak qpisiine. The leak
detdcfk @hs 6366 For Resting e Gk ipithddorlifiE vdstel WRE WHaibP Ui BhylHhropriate

OPLRE T B For e 1R aY Ll SRouEr A B

contginteth thrthewessebin ds tatnkliistbndad vsacuum condi ti on i n such

[OOF ﬂéfg\‘moio?]é’ %ing%ejn??f)ﬁvﬁ e%ei?ﬁlaé [Bgc & @stegﬁ 1li'u‘slt§at§r8# Rh&%h and
deseribed mdfh rrefanenagadn Fife 2 rthearrgeetl 11 Sisdfilled withiaclgid detactiomgasne.g.,
heh@Fn ﬁtgﬁtaglg 's ra@ﬁosmh@ Brelsth@, 2 4SRx AP prburt Be: rﬁ&k@ 'gpﬁém alio(l)lt

housi n X ds a sel ected pressure | evel
300;tp plout 0 P‘H@ %R?D%ql“‘i"’f@ ingh gaugh{@sighndui t 146.

[006L] er maé lvHs@élYltIStah& filgak w:iﬁitﬂféCfeﬂ{ teQMB dag ist Mﬁd&t@dn ;m Bolsing
r e Wi cle me, pro at .after a
cnegbdat o et duie SOt i tebareR i P ycEines Pay artcr padie
16 bfaldcharetee bdusing il B and taretie tH6t mtipa predetbemined weskyortits reached. The
n .
el QA0 T34 e bl b D6 R SRR ? B B 'S Poug agaror
diffpgigg thpughtde Wdé@@ﬁhﬂdmew@w 154 j oi ned, via signal
[oogsf(,;nsmn%éthg BobdriGnkfifte 118 dPﬂ%QEFa@J:ce%%ﬁﬁé‘eh{‘%e%nﬂuﬁstrfned

ti1 onal IS COU
FIGy@tig e*taﬁu*atefea TPV ?fgwwhew aaq‘*s;rfh@gfroah priqr rtrele&le@stmgh@e dswof

senﬁﬁaﬂtyhﬁat%fas aﬁgue§ pribrodd REWY Blectiad syfsRins @XihRdd ALA At the

det%ggg ra? 6@9 %l?gl g;lf}?ﬂ%n\gﬂqsg}ﬁen g‘PI&J to%ggxéjspgcg\gc%yaglcreased in

magdicdenge., &)].8 magnisilowhNs dmedhigheo thanl therletedtion lititcthatds achievable

when%a!léqgtxléi‘i?co%duc?:e.laaxggt%\I amb Qﬁye%{n 13}41 &SPE 11 Ipﬁesgxac E Zg E

[00643]g| 0 s 220t emmmd; in an e}mhxemewvaonnwhm aﬁreameas pressive,ywhere

I
heh?n%zxs be {;beusg L.sv e ﬁg%%éﬁgﬁ%ﬁ@gﬁl \{%&g]cdtf @%ttg% clg?crlfoécpw U.S. Pfatent
5 St&ﬁézfi,v@aéeg!e Fietecéqf can fietpqh daakage (oply te Aavely an iee w@qcpf aéeyéﬁm o

starfie ahﬁ&{:ﬂéﬁ@—c@seh’ @sl:a\a&r@sﬁn@%a{c.&n&t beind vBMBRB o aht ¥f gas at
acuat abl e CPU or other control device to effect

St TR AL PBBTHe 6 ATIOEng SECK Fradipne | spieis gsee =

1.0ve&B&llitdedc).PBY PREesS, 10 syéthiR akdandhdd@s the PesdhBinvVERIBA, atilking a
any suitable type of |eak
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detector gas for which the systemis effective to

sense presence or absence of a leak fromthe vessel.
wererspvessi ncl ude, wi thout l[imtation, hydrogeRCT/US2006/007027

oxygen, helium nitrogen, anmonia, arsine, phosphine,

vacuGinl ﬁﬂ:ﬁgenbﬁtr afl kald Gdtdeeyr ivild, hl@h QB the it iEiBe gas, can readlly

C ori aThe et ect or
sl 3l 98 e RO &l [yl R Siin SR Gieien it evay -
five bedetsfof em,gmaﬂp npypYesient it \tipesensitivity 0 theleakt dezctimrepstars by dhre
appaRathsSnf Qrte'th\ég lo¥ e ipfes & BREntHE, Om adfi#R6n, IRSapPhratl BRI method of the

mat er i al at is contalned the 'vessel in Its nornal
invep R eFstll &1 S{goeeh SePHIGH e e B DB Fdepied that wil be
suscOidlead %@glelﬁﬁhctléwag&maﬁqmehi udst r at | vel y shown and
scrjibed wi,th re n vessel
1004377} ol ety A e PREPERs i gientp ey PRy i
predixtivé abﬂt;e irsthpahility rodqplifrveselp memmllde]y taﬂevﬁel!x»p pkRmpticdeakage
in lape';' ﬁssés "’(ireSSell thafthal 2 DEET 16 te£t£ ZE %)8 ﬁ txgeQ}%(as a
er square |nc Vessel
founﬂlts baﬂq rep |npmeﬂw§85vefteh dpw&pll & iny Stﬂe thaéhaélfa@te%ﬂed
qualitf astsmﬁnda@ﬂ@ﬂtsne ldémﬁmne &4.uch-|\79§ely&Qh’élmmnﬂ@fﬁmh@%ﬂd/or
fed to wit

frominterior,vo
gas T <. (1A SRR HOUE Kh = 219 T o6 fath £° DFCLeIGRg Y ‘g
conyzhishel alviesting, pecass Uiy drs belewahe detechibe limbalf dletceﬂ:\teotﬂonal
tech%)‘ﬁldfe, %1'& su%u&gemelf f&%tlgﬁg% cﬁn‘é’mégﬁ ?ﬁ%rgiﬂ(‘;'rezls? ﬁl gﬁ@r the
shlpm@ntdﬁom the} gactay tofithe eaﬁsuwd exessgr cmnmq @9@3}1 rrﬁ@bsemet
dispBRHS] A 1& ARt & drﬁ‘u&nh SoRgenl 'irﬁﬁllaﬁfon eh&td AUERHAion,
as illustrated in FIG 2 is evacuated to renove
thergeh YIRS ¢ gases therefromprior to | eak testing, the

[0066)SS GbncfBifSit hhy bdel detaa;tmémaﬁatwoaagté@dad RAd Ebﬂmdd’ri tHaf—‘ﬁszfest
detection sy

ki 1078 01O CR T S e S B dat 1B Pt Ta Beett
not fmmakﬂy ihﬁmfaﬁ dmaaamekeﬁl«sdﬂ the ifieldr dasedingly) simag)the teteksipn Bmis of

the ?;}f)arattus éﬂ%%%f mQ'ellitic))FEx% vﬁﬂ:‘g%ﬂ%@éﬁ&%&ﬁ n@reﬂﬁ(gnetg 'iﬂog)erbf the

I'S acnl eva testin
prioccarh (’dmb,eﬂceﬂsupm leghaslatsl eft x HR\standsrrhasmesphgricae myssbh anppigtus and

methdds? 81l entlod Qﬁ@as@%e@ct SRkl &XA "'Ti‘ljle?eby Uﬁm@fbaﬂ;‘mlcl%ﬁkﬁng
envi ronnent at tnDS heri ¢ ressure, r el um

the incidapre e"tf'da’o"a‘fsh‘é ‘ﬁ%‘éé‘ﬁﬁ‘ i3 enfije‘@%‘yf R5en &“‘5‘@%%@% S‘B‘Fbl’F e

pressyfped ghesgvitded in U S Pat ent 5, 518 528, a | eak

o0 ook 80,55 58 GRERALIY e LS L0 S e

emp(lcsrmmdra:tednae lralsagh @weleth@tdrs egnlﬁ@nﬂbgba}cnw Lhm crf comfehtmnal leak

detefc@én goa&&S %5@ oElioR & RleE PRl ant BREDGR 3 Wit learhges
con

Itions; atnDsp eric cc/sec =

only] dgmtorfiBnleveljof &y weo‘»)tandvs? aimopRhericse/seq. hEnegyesens invptipn thus

achid®ds la@%m@f;ant Qﬁaﬂl‘é GSEOArt bymsask |d§t5btxoh1 Ealp'atblﬂﬂy maoa tﬂé\ealwéhtmnan
| eak det ect.or hel i

Qe T PEA Y S g RSP RHarYSPe o THS Biosen] AR PR i
pas:i/iew ®hlS rafeScritedion s adcepta:ib@ onreﬁttli)n dafloid abmaspepiodicsad bedt a

d
vaiyedp & R FREF iprePy it b RESSk el REk b PR, Y RG
rangepyf &romt! usi 0 stndarst dm@pmfnc{cdsc br s #hY smndaeiratmqspherlc nc/sec In
2 5RO L@ Birach{fhe gs%m%m% 3 fe HEAROH a¥ingt BERdAY R1TbY Aty

sen Itivity | e vessels to be
atmpqg;qucpfﬁgdoﬂ ﬁdf) Wmdprd@@nosphenc cc/sec For fluid dispensing vessels of the

types described in aforementioned U.S. Patents 5,518,528, 6,101,816 and 6,089,027, the
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susceptible to problematic | eakage in subsequent use.
[ 0065] The apparatus and nethod of the present

WO WeE3PBn t her eby unexpectedly achi eve a pr edi(@{¥S2806/007027
utility, inthe ability to identify vessels that are

discibdule§! of W@cmﬁyﬂﬁ&epﬁ%&m heseih Qﬁk@&?enben i @Heﬁr ertiffies, an
Vessel s thai have been Ieafk t.este

{
apProfgials epp AT ue bR emediment H‘bedgveaw i} iﬁﬁ@ %‘%‘gﬁé atmospheric-
cc/sdc,e@lkc}f i acleroivatvark €asprovitarodiasairape thatlkaks iwill hbtalevelop in
subseqfu?nt %?nsg({rt %%1&& %}%%or Ias%sgrdragt%e %aﬂ{egﬁngﬁy@é EJS x}eé]m&}cscﬁlg Et}%ﬁ? ?esults
in rejeptivnfof ¥esels th@} Wik be hnprqpﬂemlwﬁ%k-ffg?a@ spgh| subsgquert. trafpos, storage
and/G L€ UNBt ance | s due to the fact that many | eaks are

not detected t he conventi oq akl | eak-testi ng becau
l006?1hey SRR N R A MR S R
embbdhaénn biqhemvebitibn a:uazhpteckﬂor mma’lay:d $akeddstinged kaljipk vessels.
net.hel ncr t
o0dBp"5 o RS SRR o/ 5] 298 Sugh FEHL. L #foniiel Bhe %%b'i'w t
autom@wmﬁu teak gesrameiiple | vefsds, @db@@@ﬂ?@r@t myfltisysesals fepig ¢ assmléy 1240,

mchﬁl??saesgﬂﬁﬁtmﬁ BMWJ@H BA'whieh RnARiRed®R %rxbﬁﬁ@ixﬁ(ﬁtzél QBcuum
ects s i bration, thernal cycling

chal[ﬂ@gé?é? 2@,@@9,&2}23,224 ad 328¢ Tbee%xﬁpqﬂte%l @n‘%‘f‘?}’é‘&d PPI almo’uve structure
214 COHTEN 855 6l egaﬁpxec Yiriherciaeiadet thialts, aRBitémdible hehkag ain of btker

w85 B b AR 30 550 KM St e
210 cientbe ctrabiked itk thaisection indieatddibg huow Acipioriet viagiugn, h09$lmm2§0{ he
[OOﬂﬁt eofﬂe%cduhmo'ﬁﬁ ﬂsotl&%d@s%%asééﬁe 24 %aﬂﬁé eh&\gp&{ ZJOnﬁerem,

vention are substanti al ly increased in relation
on wiighs e mrulti-yrssebtesbssanrtly 2{0iepseoRPhseriEnt |t 4R Agesiatian éFO ge
vacﬁbn%o&éﬂxg&sst andard at nospheric-cc/sec, the apparat us
t he ention can eas|
e

of
0o, (o S b el S, e e%ﬁ‘ﬂ%%ﬁei*}ee%? el e
asseimblyi2d@deadef with @b ees$etsak be leak-towsis Sheh loddang niagbe carried out in a
mm‘@ale%{og‘%tsehyorg 8’5@%& {nb&gr as suitable for pressurized

as ser n general, the nethod and
[00'@bpar laﬁu% 1lbﬁtra¢lwéy Howsaessd R2dnyingnvavedicaisseibiy236 attached

to tﬁe’%t:l@i’ﬁﬁofttﬁe Q@s&e@rdplﬂﬁ ihsBAeans cheaaba vhdiah Bafber 218 (in the
ificantly bel ow those of conventional |eak

1 gn
d"eﬁf@f‘@’@t‘:?‘%bhﬁﬁ’r‘”’o‘%}ches Current |eak detection
[oo13gch nTKbUﬁiﬁItll-\lfessblh&staa’sﬁenﬂﬂ)eZ Hbineortecemtetigeht iscmkfiges! ol

mta%g‘ﬁﬁ%%‘ﬁ‘él t#? g is rgtfl % &o perFHt an olp%rgtgxh Srtlc?aﬁ\%g n}%chine (P%t shown) to insert
a vasshipesseszed witly ivkK- tesialgtﬂ\aﬁmmw@:a@h iof thehrespagtive bylmdtlsﬁl [vecukm
chaf{fiE HelePRicfl ARFPI rhmtl.bgéséfwstta&%msgw@ Aol 16 R ehdi e

at nospheri c-cc/ sec.

250hy dlearmetive Aiyeatre 8H pret e ercloste ISpssslgc? pafor example Wa%l@ure of a

doof kel dafdr R@ﬁ)béﬂ%@ﬁ@%@l&@'e OThef eﬂd:l@éfﬁe‘ t% 19ﬁunfﬂe&l Bélvn to vacuum
Cont ai n% rOdUCtS to

v A G BB U GE PP T BE1E Ik 4t G Bl R oo
has Grtéplrdl fphﬁdmg ea;gabl,htya ot/ alterreatively ¢@r nddig@aldf bl rmogamsl ofkthd @achum

pumfg:%@g%{ﬁeg 10 émusn?gs eﬁlgéllgtg)%é%(e) f?g? Xén n@ls CFmboé ?u@rqa{%xg vacuum
punpdss Asfcantkollva bye canayl plweaommlt GePWNl 78 thabimayemitst copire) ignalso
vacéu%n% W&%?B%QBEHHPTS%Q égllcst o1l x 10'9 standard

heri'c-cc/ sec pensi ng vessel s of
[00%he t WMbes theevrerympdmp R6Ahey epwwed énelpcUis, 2ppEpRFHe Jacuum

congﬁtléﬁg ﬂ@%@usu% 250 JealdT 1RNEssEs A8Fn Addstedt PEARS ?llxrﬁ&bl,re@éh Athe

hereby are incorporated herein by reference in
thelr entireties, an
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appropriate pass/fail value in one enbodi nent of the

invention is 1 x 10' 8 standard at nosphericcc/ sec,
wohowlhsssa detection val ue that provi des goodPCT/US2006/007027

assurance that |eaks will not develop in subsequent

cyhﬁdhaem S@Qﬁﬂh chagdbers agfg 288)d2Q 022 3B, anlal gk iy HabE@detanmId do%i‘s fhét
[ est ts,in [

amt%%efd m ? F]eg[ed Ct tF ltbrt]xgt Irc%lg{drel %i]agxb?re\g 18+ s 8Bene$|fo§ 618 heak-
test giliths egoiated vasghparh vaguoreagebeantilon! obe. viLQos gjambirsas
mairtained u$ CHRMBInkiof, %HJ @ﬁﬁ&%ﬁ&f M rePbctRe bR thaRh bof SYSEER

accaord |ng to anot her enbodi ment  of the i nvention, as

vacupiapthenthe ausiag 4 9 ad werled R ek &6y of nul tiple

[0078E S S € ¥ thid &@69& th'Ehﬁudufgajﬁo ey ealdirDnsuByGiiRE GOOshsROWR ofher
structli\lggethagﬁjré{:t%\é]:y n%s;agt%s eglfh 0 lga vacuuhyﬁhﬁrgbeegs%é ?uﬁt dC ?{bclmgs tlh? Qel§sels
ther¢im ssquentidbribpihy v&LON teistronditionn g a support 212 of

[007%1 sk- bl!llhl% ﬂeoéxgbsum&’\\lgéugﬁ drs o %@H Qﬁa%@ v@ssé eﬁlé ?e%k Gfatector 264 is

i ndri cuum chanber s 224
actugip b3 46° Ok 78, Pt toBh srggaln%ae?ﬁwsd 691&5 l%lf .deféctm 264 in
tranSthiEsiEliE 8682t hctunibihg lbaﬁ&étecﬁ&fpr@éﬂ;l’fm e further include

k h t
o0l ocRa RIS B ot oo BBl o riaigghip 1
motiyy stnieiucd 2 1¢ he sipnal tmmsssremneﬂé%t assenbly 210 can be
foo78] ASbfintclrale} Goftich g&&ﬁaﬁank ?\Q'c‘iﬁl & RcREEOYE AnshBUR

e vacuum usi ng 00701 The vacuum housi n

250
assemybyl 2180 Hn e@%@t'@g emCéoszs 85 after pagh &f e yprypm chapppers 216, 218,
2201 1301 £4"hnd @1!5 Mﬁﬁn@dﬂwﬁm@ prdsliided V&ES5.6 Dndeahid astady bt wss2id @ be

e 501Gh geeoBt I g GrasoRs 130y e PRGN PR sloruf atd Foall
houmaguﬂmhﬂwhm a?bgla@5ﬂhp vhdvemmubi26¢ esprip doestthagskaiye §502d0
samIpls%e%xon %erem clau Qiew%heg E%er‘cﬁlgdrggl \la&ﬁ]lﬁ] éh%ﬁl[)&dto C%é%n/acuum

carried aut o
congigieris saltabbrfmtleeét teptings avith ﬂ[@(ﬁﬂ-ﬁﬁfonﬂlr@ﬂbsactumﬂwstb? lsek deidotpr 264

otﬁ:ﬂ@l\é@eaﬁdéf&%?%nseg%gy \ehmeﬁoam!ewsssa@aﬁig@ﬁ&enbl y 236

tached to the nec of .the vessel
[0079& ser telis; mEger e ﬂ’a‘ieinc%?f’w‘%/ Atk ﬁa??ﬁ’é‘}ateé 1t8 'W?Fet‘ﬁ%““m

conBlitibrR Gh it Velseitheina teak tdotyd aidrtedetds} any| IEMRaga]eveiindn a highly efficient

d mul ti-vessel test assenbly 210 in one enbodinent is
an 6%‘?"1“8%8’8”Wth a rotatabl e carousel that is rotated

[0080) peFIG. ¢ isasciEpatiatiow obr ledkoktttivg systeotacemzdingtotons ¢rahvediment
of {hg prégénec‘r hveﬁ’t]go\ﬁes§ﬁé 1l%@a§eﬁufeélgt@§|]n¥“ shdiend @"f’éf BRIt Bichnibbls

respectlve C i nd rlca vacuum
ncle«w@ember heysing B14seircmscribing ﬁgenclpwé intgriot Yolupes & betvayflange

elerRh RN RWY¥r Ad HppeSerds MAd Mussk. TR l@wErQﬂd 6Bd ﬁlﬁlbihgixs%&ﬂldm/by a
t he m)tlve structur 214 nd t e es%‘(%alure S I’

Rang, Sysgp> g npiHgie Wpperciians e (Pven Tavsy SRS TRgpancal
fastﬂiﬁfﬁb.’ﬂﬁ afd 330hiatertiteaygrsach flEhges.eMoé oppar fangh 8 ofssughuasgeedbly

wof B G B o B RE RSN BB, an
adveiedgeatshyr is vdie sameesize ek trulopienfanga3abisoiasyto fenilitate mating and
eng@%eﬁn%ﬁtr}g(fhéﬁeha%g%q (ﬂﬂio E!ﬂgl{k@lagswlb@y AREBisPlnstP FeA Y Y

join usi ng by evacuation [ine 262.
conrqmed ri the intepioraNofEet3 16 ofile glgxmgmhousmg 314, having a neck 320 to which

is joined a valve head 322, joined in turn to the vacunm head 317 to form a leak-tight fitting

through which the interior volume of the vessel 318 can be evacuated by vacuum pumping.
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punp 260 is controlled by a central processor unit

(CPU) 170 that transmts control signals to vacuum
woumw/08885by nmeans of signal transm ssion |inerPdTAIS2006/007027

[0074] When the vacuum punp 260 has operated to effect

[oosuhe alap.ewmr i@k ecoltidibibdiioR A6 et ¢r@aab¢rrhotlmg hws,gggvﬁm 366

inturn i .
condiif 8k SHEARERR Rkl Rirhree 36! St o g oune
fluid2sb8rce 289 mag A2 a vastl anchnR@@r helying shecleakettsting dlbldeat appreprinte
presgup@tso RheSt 1%5&}5@5 t@% u'\tEth vﬁlﬁxﬂé ?fk o?ttt%tcﬁadlﬂér ﬁdugm S'f4 '8 the

cyl'i ndri cal ened eakt est
interyr velp@e wik &?%tf@wewég isak i “V&‘E‘G‘&ﬁf‘}f l’{éﬁ%ﬂé? bgfptgddor

1eakaighm@tgher vacuum chanbers are nmint ai ned in seal ed

nd| ach of t resp ect vVes ) |n
oo s Bl 215 S0k <O o DS oo sy
mataimcbngagaple wiith dlangs 3BG ak thatdhd riespgetive @@r@i caF(bF sechred in position by
scre@%ﬁ%@han‘cgﬁaﬁ@% afwana 8h MBYoGRNtai n a suction head

shown) or ot her strudcture that selectjvel
100 hgag’@éhee%?@ae wrembhengluting nppeiiangsei3d apdilowerflingg g6, the upper
gm@s @&t bighsior 3$25§e&1réchﬁé’r@tb NTRSSHHERIehsidn 32 tePminkSs MACIAHED

ondi ti,on 0076 expo vacuum
thatefrmeia K Gpect P o Blealey THEE G neota ok opY Bisgrptgement
the sesfictiiMeeithngs df hies ;@Iﬁiﬂ:x&ﬂﬁon oyl @nadnbmok fenggrasembly 344. This
flankd as@érli@é%%%g SembdhnilaRP i RIRE' B 2 SBifbehddndl ANRAISRE Rbwn
0 actuate etecti on process.
manp@ov %} bA2 eole\aiannm oF biGinterconpdsting Imlj anghyruh pssemiliss, o i per
‘ appﬂoﬁéﬁﬁlﬁ&{nf@awsnmgsgsloﬁt: Ionshl p to rmt ive st ruct ure 214 by
[0084ht o g R PEREIPD P42 1] rfB’HPght %&dgx 33 Wi e anE

head 317 byawhitiadhe véshe 3 pesia ehdmbgr 22Qan bd evatuard, ey AatiaifieOmore fully

dese@%J osure 250 after each of the vacuum chanbers 216,
DYE- 220, 222, 224 and 226 is Filled with a

(0085} es silind oediit/3§ siblts opPprite enchiora shedffapgaastsinblycidd dd secured oa

ternln%ﬁ1 l§ectn§r§§@d stch aE PR S}aﬁ scﬁ&ﬁn? %B@m 2 3P usel J?@ne@ﬁéxcal

actuates the closure and ousi ng

fastefigrs- tﬂ@ﬂeraa% g §%°fvfé’é‘éﬂktrﬁ4;§l}ﬁ‘ﬁ“‘?@6 “? 8 fznerpth ?fow aakly
eng@RAIOFIK & c&ﬁ&mib:hta@' f&ag@?ﬂ tﬁ@pdrﬁ@dtdhﬂoﬁ b %l{&b}cﬂiﬁﬂingd flange
C Il nari ca acu 0 Crea
asseplyachh Stk ales e Ye raan gl TRa b € i brtonor
otheGiFsk kowa waniesntelgy baa taliat ¢langp, brl‘hy ihteradnnekting bdliomd Ridssoblies,

etector senses any gas |eakage fromthe
orlgmeragj%él ngkprgest ed. [0079] In this manner, the system

[0086Hh own Thepor exfengon 352 dvieqypiad with degk deipsins 854 aEheggk detector 354
maﬁm@h dly Qﬁl?abfé nygehﬁavmgse*‘aﬁldetbaioﬂ gaﬂasmty fol Bk Qdk-23nd s that is
etect” a eevent in a highly efficient and
PmsF’é‘pﬁ‘@lu?ff%ﬂt@‘"ﬁéﬁar\%éeﬁte .[0080] FIG 4 is a schematic view
(0087} a freakakdrtceof 35ﬂ&at§b€5¢oﬁiﬁu&6&ﬂfddlkrﬁl&ed & thaet }ﬁk‘rﬂﬁdhﬁm‘nty

i nvention.

th t tr t
o 8 b BRPE ST R e el DA b T pand
vachmugessgre At diatrigrtbaleakodetebiiongapabilignad] thxs@dlce nlnethus modm dheUenl
dete%%lip n‘ﬁg %g\gcer[l]atéd_rtﬁ gbgﬁg %L»Wﬁu@ a’@ ?t 3 IIS %%Qacﬁggé %Esoﬁ' m Wﬁtgﬁgr

usi ng housi n
volugye of the|vassegl@nd Bevangbik ghrquglethe: Hespry valppend ma%g@mad 317deiesd
lea{ AP R REPacARThRE RNEIMREIMERPARNGBE to the ambient environment of

the system. After the vessel and conduit 346 have been evacuated to a predetermined pressure,

and sufficient volume of leak-testing fluid has been flowed into the chamber housing 314 from
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fasteners 328 and 330 interconnecting such flanges.

The upper flange 324 of such assenbly nay be brazed,
worb@ad3o3sol dered or otherw se secured to the eg@mser6/007027

housi ng 314, and advantageously is of a sane size as

the doliRe BEWRY lide! 336 g@uﬁg%ﬁve 9 b%ﬁlgtoﬁenﬁ ahd HdtécBbe capabilit) bf dadeak

ment  of suc form:t
defeﬁ@%%%m}?& R 162 B‘P ﬁ?@ﬁ%&? L uefe%'sf’@}P"ng“F%"e&g He &repage or
absenee df the ldakitestingmas momdmuﬁﬂﬁﬁwa{nmtlhén bhwesipbbeitpasedng 314,

[ooéﬁf“” nlg]te‘?naﬂ%fyk t}%%@ss&%%e%@ach JQ%Qesﬂng’ & ¥ &R]Q%ddec?{ga%ed

to the Vacuum
vacqu@amlm gidtafiey e pyigble wmu@ﬁemhhaé ﬁe@WétaP'ﬁb@rm dlpe iptstierms the
vesself cdnhﬁm%ﬁﬁ&ﬁlf tl?eJlgﬁt dé%@topf%ftli%vﬁalbﬂ{ ﬁdheb%sétéﬁﬁtéﬁgﬁ is teffecte:d s0
ol ne I N oW CO | QN (0]
that B AR F AT SPEAF a0 ProF e por FoR P OHR U AT AT e S
of tiedeakttedlingab inghe3MiBridrivequemrenviiosment sithe veseB64  of

[OOE!rrgak '?oe %‘f&t {h%: H'Qalrg-test r%ﬁnétl%ﬂifn hl@%%&éﬁgoff I} Ié' 9 | a[%l{%s‘t"% ﬁ’lﬁé is

vesse
flowfeg! umt@i ﬂ@t hoappg Bt frem ssoyyee 3&iuindine $66.t %aﬂiesqﬂbed abotve. ox)bétm éhe
vac&u@h llﬂﬁp isNfcBfate@) th¥ Qad! UBhteddkOofOthe ﬁxﬂ&no@ RaRie rof A %55@ 33@- 4re

i nterior volunme wth enviro
W‘thdéﬂéﬁ’w 9 %%ﬂtb} %‘gﬁ Yerypmcondifion i seshry e, é‘%‘@%@é IweF 8 % C‘E“Q‘é'{ ¥
cm$mﬂmbe@mTtlghtness [0082] The chanber housing 314 at
[Ol)én,; t ab quear%lg 5%%?334% s&%t?m%%e%%rﬁ g%ngbce%g%e{%n) l;.l%h'l?iﬂcaﬁy gxm on
at thegoine et Which the awgedovonel tb‘evemb intedior Yolungroi¢ldy @seldgted pressure
1eve[fe Gf d;gw?wp %ﬂﬁqmgseﬁélsfaﬂ@ LRRGH ﬁzs%%ﬁ&%@% 168 dé&%‘x‘v@an

| ange assenbly i ncl udi ng ugp I ange
be targed ofhig aF@W@F"ef"ﬂ@r?g‘é’ClS Hge Prog@My ?t aﬁFra?n@ eﬁ&%‘“%ij R?B?‘% of
punﬁalﬂg&@ $dciim $42l, Be Gddk Qeledidray £hated meomer dn e eiieRivedF Zhe

te d th
pressit s 2 PHOBE B ke BB BN SRh 6 By rhi e
[00%1] r anteheatapgdrivet shewpadl G the leakipetingduid dowrcpdidtis joined, via
sngr?rtjra%gﬁlgs%?l 1l QFisC 9@9&4&% é)t g;h%ur{lé @Egzﬂﬂ)s SI%QJ@IPMJ ﬁ&éddltgnélﬁl

assenb ni ca I nterl ock

is ceupled mﬁak&q@mr&rﬂ by ﬁémwr@émﬁmme rée CPH can b be q§9ﬂYasmtable

typ&£Ohd abr CxafiPle 8T gé?l}éral P rﬂ?@?&rﬂrﬁ%leb@bﬁlp@&d fidfoprocessor,
assenbl jes, or .in ger a proP% ? E manner . 0084! The
Pm%rawabéws'ﬁs%w”gmgm r BRBESY" PRIBIEIE RAGEY Bascoxkace

witld86yclitit? phogyaa dtiiobeaghi@dated naynenwhi @ lexdnipde, the Slo@lcoBb8valve

169]9 Eﬁ?l & ?eé%o%%‘lge %er\] c%ﬁt&ﬁé%i}aq %‘a{tr{?% somﬁ ﬂ;@r g jl‘gxﬂhg ?l[utd qp&lﬁjensed o
dppxbm howsingridtefigromivmied 16 irmtgetr@sdsmﬁswanap@r St uespast to

oth%gte@sloﬁ'%'fgaﬂ?ésm&%%cbm 348, such as by wel ding,

g, derin bondi ng, or use of nechanica
[0092st ey yessel e m@mwﬂ the; dsak iestineamey by cxeindlyi @p@abto any

suithdid mmtne%ﬁ dbtEbtR g&i B8t th@§ystb1§ iTEeaRk Yo RAGIEEARL & abichdt
a compl i ment aré | ange of tg@ﬁgort ext eg3| on 352,

of 3 jak g}yythedr,ef,ﬁpl xgnglqsalﬁayéieag [ipyitagiep, hyefpesp: Pf‘%ﬁ?@’ chelium,

nitr&fes,edfithoniad lax%me C{:ﬂxﬁsphiﬂe nalakea Btbr&alriﬂjaomd&t BorbiD alchidride) actylene,
[ ot her

conventl gn [ . a
and B T g g ST R R P o iR oy be
of @y spmriyriaesypepand ma)obehée sap:epﬁsoqzrraltamglvnurdﬁ@rent from, the gas or
other material that is contained in the vessel in its normal intended use.
[0093] In one embodiment of the operation of the system illustratively shown and

described with reference to FIG. 4, the vessel 318 is exposed to a leak detection gas, e.g.,
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[0086] The port extension 352 is coupled with | eak
detector 354. The | eak detector 354 may be of any

weuidsassst ype, having | eak detection capabili PgTfuse006/007027
the | eak-testing gas that is present in the vessels

helivRe hﬁﬂltﬂb&%’ﬁp&ﬁﬁbﬁ)ﬂenc[p%ﬁlﬂ asl} ﬂaleexlaﬁ% tpﬁ‘.@s‘hﬁt% 8 FanBodk ffoRabhe

ted and arranged s has the capability
300 P@P"‘f ?ébgﬁﬁ?ﬁ??%eés%fﬁﬁ“ @a'{ﬁﬁg‘?ﬂﬁ)n pressure | evel s and
[0094] i ) ThpoesselCGNB dnitialy isoplpted dethe hmsmngdhanaxeumm 48 QSWdﬁo the

vacu?l%thg%t jlggt %Q @all'ﬁi}%lé(il gﬁko%gl'{e V%EQ, c aI%th Exyhog{m tt?xen is ?Ylecf" 16'a

tec or ﬁH
desingd) psend oxith theteakytesting fluid fiomippuresy ey atdu valye §6% thep mlqsme The

vacuumtp%b Qi thé Qdad rastea& 35k Qhe\ﬁs?' &&lated Rl withdayw | %hi frBrh rtmgdamr
vessel, val ve head .3 vacuum

"0'”{“&3& theivgtieh Yo 8 Pf%‘%‘e%\ Jﬁ?lﬁg‘da"e b?rfaa"E’%S‘n dﬂiet'e%@e"%}“
therdtp&Cik astpeedt to sdnheg A Ndaka inte the ivessdl B Mowink, ahdier diff@sirgthrough
con ttgg()rtofth g %%gécgl 3 Eld conduit 346 have been evacuat ed
etermne pressure, and sufficient volune of
[0095¢ak Smtthmg:ssm isievhctrterl th ecaové htoweptieriorgases theeefiomapriveto leak

testl%g@l&?%f?ﬁéndsltfvrtg)ﬁnﬁs Elgéh'é&:ﬁno? %le’a@dét&%ﬁ(ﬁx S?Qén;)%lgrnm @d VA@

det ection capa

a regyifs 1B ti%?ctlms igig of (adealy testing aperpten i mrePSéé Hb'ﬁ%ﬂ“!ﬁlé‘if’yre'a“"e to

the qfe@EbAGRniBRat Q4 HcRigVabl e ledlt feMtig @fcofidited NS @AGRNMnvironment
absence of the |leak-testing gas in the vacuum

at APRPAFTEPRENTSi n t he vessel being tested. [0088]

[0098] t er Tt dppaehtys arddh@etineissfethe imyntioe agv aesulto€ dudholiigh smbitivity

enaty e S et o TR Ol e s B BT P B Bl oo Pl

[0097@ t hBheiappagatisand okthode thegssset, m\@mrmlﬂmebmme@nemﬂlytahfaeve a

predic ??éﬂxtﬁtg}d ﬁf‘iﬂé)a(blltt])pto 1&%’(1{3{/ Q%Hmhhtrhrél ?t g gﬁ%l@ﬁ;h&rledk%e

etector t an sense
in latpn sep MewFle @aﬁﬂa&@?% @ﬂ@ﬁqﬁ@cﬂy YT sorwmlﬁvaé {ak test rpgthods and

fourdS BB Gk Bke hERMERAKHeR Abvedg IGRS il e FBIR, 4 RlePaOKas (RGHHED

qualﬁg\ésiglrlrgrg:gg %&?&gﬁmﬂ Xr}edf{g_]?(lﬁ éucixygﬁsé%?tgl% r'gq%éagtﬂrmg faCIPty and/or

gas it ake.t @tk icirgunistatedis idne td thesfatt ihat maﬂﬁlkaldsmrfsndtgje@dléd by dm

conventlilonglele'ﬁ?\étdést{nn {Jecgli%e %gg darea%ﬁlg\s Stﬁ’J 'ngcq?r? tﬂ?x\’t of l'h% mnﬁong
as con

techmquae bmtouch\mtrmpéy malltlwbagstemeﬂiel@i gftegriecregpe mlmmmddt: efter the

smpﬁ%ﬁtamm She Buckye Ot rmec &@Qhﬁie@ nveks@l de'x%'ih:dgn Bﬁ{ehﬁ I fo¥ cgmsgaf,em

as_the conduit coup her ew t
dispyiine] f@alto ﬂ'é%eé’éel“b?a“ﬁ!%ati% %‘%&? aaﬁ* P’afﬁ'&élﬁ%#f%té éHcht?é vibration,
thenamrcgmggc&ct o automatically turn on at the point at

(003 caenouB £ Besolren Beiped i pamresiy e ] A manites
leakﬁgetlﬁl itHe fhdiRy Wesls sile, 3Ai8h Brieks dandud 10 BSQﬁdard%tmes‘plha’ld-MEéql, ,do
not gorrélga/l ler%é(ntlfd s?tdg(e:ctté?all’erlga%g mgoe%’ crlngg ?cp nrglbn sin 5 eggrl:?hgn wa]is of
the muratos:landfmepmdpf theinventiomerg aubsﬂa@mé}' mcxlemed inedktlmié@ thoteef the
prlolr at, et hith lEeﬁia&:r 1% &q ;@1’@; 8%&3}6‘: attﬁc%[nﬂeﬁl: @ttlée}{ ethcogp Srg’t@s and

resence or abseénce | eak-tes %@%
meththoéthﬁ fiwvenjien gag|easily GEI‘EPHUCP nfuf'iff’éeaéfﬁfls’ 9mgtw@\'mﬂeprﬁwng

the frlcfdencd of ttRRAY leR@kn tvBREIE AGt hhwi Hevidasty %@e@@{abﬁ&i hsObunasle for
via signal, transm ssion |line 368, to central

Presg g PRYCuni t (CPU) 360. The CPU 360 additionally is
coupl ed to | eak detector 354 by signal transm ssion
line 362. The CPU can be of any suitable
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type, as for exanple a general purpose progranmabl e
conputer, m croprocessor, programrable | ogic

wWeae098%®r, etc. for carrying out the | eak-t eBET/H§R006/007027
operation in accordance with a cycle time program or

[0099]n Otlneéené?]t QH@%@O&T%RE%FM&?J oﬁmnBJes%nt Iﬁ}r&@nt{ok 0&% usefully

cont rol esponsive to t
emp@vwmde@éwve F%%%Ev%thsme Slg@ﬁ‘tah%)t bql%tmmfcfom@nvonal leak

dete¢liof pEFI6RBest Cuirtae 1@k ash&ion hahhﬁquag il A &k k@b @b bRt i’e&@ges

| ntroll jal . mann ect
onty s S RIS 6 7 oo S alrrmn OBk e ohesp i St s
achieves 8 gpnifi @nt zpimrp@) wiethe af bytilsdeak detketibe sapalility trelgw e conventlonal
deteg?%qnlnp bt Y xei((poacteﬁ)EiarE me?dl hesiblt /P! §nd YR npfnvc!m%@:l)( lperml’ts the

et ector whi ¢ esstemlse fective
passfghlgak i?Feé?é‘ES’HE'éf"é FCCSIB%'@F'I erereﬁftloa of feif conigigneherodustsde pe at a

valuEKﬁi@ht@lﬂe taRgd apgfopriasé fohﬂéﬁpeinﬁd’ﬁbrbdikts‘b@ing GygifiegeR, a value ina

ranggI %[ %?{'g:l xagr S%nraardn§${j§%r1&éc/seggo ?q i atgrﬁjiage P‘lacggl'leng cc/sec In

a speaifixt enhberieentathe peshifadirvialie may hea vabekin dednge bhifony 4 s 108 etdndard
atm% g}'{en;: %§/§éc o & h@‘ ? lzt'frfagrd ta{nw%}{éﬁcs g‘césgz ¥ Jr] @m\[l %%ggsm éé?eémxm

ropriate

typeame@rlh%& iy éﬂgsﬁmemfor\@# Hrﬁ Fﬁf@éw ftlﬁé% 55108, 16 apd 6,089,037, the
discl¥8ir&y bBlwhichalereb$ 260 Mcadpbtedd ihBrefnhy YE&ERE ih rthdut enth&ieBdn

de 9 t
aPDGR AR SR G BOURERCT DS PPEPY Bilyt 100 S g femospteric
ce/séte sdich lixedldandctitn vahfeaha peoeideogdet &sutﬁncetﬂ% legiessgidlInoBddfelbs in
subsec)l(lf%?tstgalglsg)tog s@or%ga%nd/glr%%1 e%d & ﬂlegg’g‘e tm?é 9 notrl$ résﬁ’i@?we%alt it results

BF1C press
in reirciersefivesseln ﬂat widlrbg @pmprfatelyrﬁaéstf@a in @%sqbsﬁqmbm@smos}orage
andBPeRds per square inch gauge (psig). [0094] The vessel
318 initially i s placed in the hou5|n nbeyr. 314 and
10008011 BioRegipha T2t st ey 16k SeEon G 8 gt 7 any

suitdtlle inhi@ery @RB @b for ﬁmmlbﬁm&taﬂ@ﬁ leen) aissurtd dfl et dewctor

cahlg;%tzfmr ed@%\);ctgpvgeré re%eﬁsee the%al%fat’hg éasna%;]zoln%olged (r:c%lr'gteslgaﬁlcrrate
so thitghd lalk dedetecrpbe 3Guratelyeralibratediby weferente tthpreip. t N@rvaﬂwt h@

caln@r@t‘isoél fs08%d Of gé BhR5ye8, rto XrQJ.ulé e RS 1eh ée\ft%xsi% eprop\‘i%fylcalﬁarated

erm ned vacuum | evel Is reac
fOTﬂ‘éQeéWb‘FaKS’SECthﬁ@P@%FWBn is actuated to sense gas

moio@pk ageyill i @piea@ted/@&smwu oX8n ArkaBYdniest id WEicR the Shdulim %uxnf and

h con to the ak det r 354
leak RGBT (s BRI (18 ab JmEH R Y EAREctat b B hump
assegﬁ:ﬁyesS tHoen af IRMN Pr deparate deak aladectbreatdi vagyunt pemp osrsponénts can

Sensi tiyi sa.plagued prior art |eak detection
a]temat' beemé%gdqﬁle gl‘ As a result, the detection

I0010i2]‘n t FI§ES iskeeschemalic tee@tsqnwgoro@fear lgak| tesing eystemcaceqadingtoj another
emt{aégxﬂﬂhttdf die ’mvreﬁ{oﬁtak ¥ ﬁfe@ for BRoARLAEHK 1 Q0ng 6frﬂu'it1p§<a|'\@§sells S

I evab testing is conducted. in
[00103h; e fbe é‘ﬁle.qe@ﬁr?én%ysfsw "é’pn%‘%%é‘i‘ 0P Seifs. thf[ G@@B'}*ty to
autolkd@caMp PadkatestS maKiple MREBR aif inklesi £1\iRilti-vead! ast asseisiyl 410,

. . h t hl .

e e B A B0 Bl P chamoes
416) aakzmgazzlzmzs inS496 L Eint supsoet. 413 BaSEteddnen ragjva statcts: 4 Advhich
may, c{g%?&% (?e fl}r@]gr i%l? ] etrr]z}ckI nve?tteﬁ(ﬂne “r{lﬁ{ %Iaﬁ'ﬁ%%ﬁ’%}: gg!)&{ated

LAY predictive ot
mom\dequt\fry(nwemwh én Fipae Spbp wllnck dleymulthveges) tehtapgsembly 410 can be

ranBIL 2P ln(%ﬁ'éacﬁlje&iok %&%@tg(?by arrow A, into the housing 450.
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in later use. Vessels that have been | eak test ed by
cur1rently conventional |eak test nethods and dto

WORREHR | r ee nonet hel ess often devel op | eaks® T(U #46/007027
field, a fact that has frustrated quality assurance

[0018f Or THe ﬁo@sm@@otmahmemdna@smmbs ﬁéi&% a\éﬁﬁa%lﬁ|t420 &%ﬁhh&q which

the nyv acltturl ng élygllttr %sean /sor : anﬂgt & eing 450,
BHHREEL EH AETTEY JUETPE°Y A ‘?q& % ¥ranyaip inte techoyying
Thermobsirgetict@utieby vaduem heah 490, witehaik jdiee ke Vet aad leﬁe@sw:ﬁ@n
lme%‘f“x'vh@xre &@ mmpteh%ﬁggka%%g uzltédrﬂ) %Llugﬁle L%%urg? Vle %y ac 1on of

techni g such extrenely sma
the ﬁmﬂ% ugg%i Bf PP Jigpcda@ae dhe Yacyrgy and lede dqecmem lingrd92. The
vacifultl A0BAk dEie@idh lilesoh FCARNYinddfto thB EaR HASHYN i UESSSLd with
l connauﬁlng mat eri al for subsequent dispensing, due to
eak gl etar (08t transportation, storage and installation
[00105F eCPSorSMCllseugstransllaﬂeatlmto) nhe vivewmdlousinec H50ghe @tulti-vessel test

t

asse[‘ngﬁ(pr esse % ggl‘: %ﬁe vésge @%e P Qstgle S% ﬁo%h?r?gem%}é ecarlned ?uﬁ ina
medcﬁﬁmVﬁdﬂ”ﬁWWHm§W@@d"Mﬁﬁth |s Iess than 1 x 10' 8

[ooﬁ)ts]ﬁn dﬁfcﬁ s emda@é‘upa? EHva‘s @ Qés&fl? 832 H0ing Qbalmeg@&kémﬂwsfaﬁ&hed
el d. Accordi si'nce the

o RER (PO 17 HEES 251 b HEBoTE0 el S 5 Rh PDETHE (ot og igeson

inditatadebgtatrom Bar € subst anti al | y | ncr eased | nrelation to

oS bl B Pl B B BB
rotaiabld careushighat af rotah:é tq mexn a1 QpeRratonor lefabml n)achiet @ot shewmmho insert
a vesgemnw @acﬂ) gﬁéﬁ@ ?eipectn;el%? uEPi}fal QEMFS' Qﬁie} %ugﬁi %ﬁfng atﬁé R \E%el

i nci dence of I n vessel

test gpsgpply fdP o B@élﬁtea u‘&‘P Fhreueedosage ‘ESlec)’dB? @O‘I*‘(?r“’ﬁ?té@é‘di’ﬁl and dhe
enclg@be HCiedled, %s[f@ﬂ%&}nplenb}gaﬁﬁfeabf a ldb&, BReh 6 ofBtldmember of the

R I ST e R T
to treiegelosurecin by feedbideciio t:dlmﬂiﬁngﬂomnwﬁ Iblve498| thdreha land the vessels
are go%hﬁc etdl & %e%&{u&%w&O a%' te %g{uu&%ﬂbx qsexlcﬁ.i%{efi ump the ves els
niques I n are 8 tec % & f
dowg dQwacaem femed, tpyéwps qfftheyat;@uq_l(pu@p 46QGined t@ vacuum and leak detectlon

line a§m%ﬁﬁ§ﬁfg|4@0 Qiﬁﬂﬁ%ﬁ}‘acuép@ﬁ lnﬁér 4%’53 ellthik W&%@Heﬁpthte BABum pump 460
hj eves a si ce in by its | eak

s oiielied Boh ceeaﬁ}afﬁ?qe?sw m&éFBW ﬂ‘?ethfttdﬁwh&s .carm’ Sigeisdieppghm
purpi460 by méanﬂ.oﬁ(slg]]l ‘trafidnfidaida link zHIlzrms pheric-cc/sec. The
o057 ol P40 58T 5BR Ll e Py e
condjthont inithreryesselsin bdumg 45, each of thie vassvla finuerni im teated in thedsgective
cyl.ﬁoa{eg%haa,po@mﬂaumt@ot&zt4asar§aa§@' fic products being

@g e.g., avalue in a range of from1 x 10'7
10099k davrwgébwawsrwa@emsoée glvgn single yessel, the lealy dyteptor 464 is

actudde pth@ (3] qu $8Ca ctnﬁroa s@ﬁeﬁcﬁafnbrﬁltt&ﬁ’&p@lienﬁm detbdd® 464 in
value in a range of from1l x

ai l
tra“%“‘“’f’"d’t“’éﬁ%?"d‘md?tgg‘é ﬂ?ﬁlé?‘?t"t?t"a’d’/r%‘é? to 1 x 10"9 standard
[00E DO S ph etowa-it EIG &¢ the [EPU ﬁdyuﬂsa& @i copddisih leanthotling edistioddhip to
fhe t escri ed i n ntioned U S. Patents
mm'ge %%%2@4%5' 'bai RIS 3"184 9,027, the disclosures of
[00:4] chBhéielmegated cpmmb nqmngeautes‘dthh €1P&) qan Iby artedtet ©riceslate the
asseHsg' 4flgrgrlﬂ%{h5 @Jak&ﬁ?n SPioARPIA REL2LS, o?ﬂ'%%{‘ninidg s 4%&"4‘1'? 436‘ 42,

e 1 nvention
424 ap RS pn Bliddvth/a psesaurizedhvesshl. iQcathel e'fts@@hly offivessgls trebet pakttested

is reRbRY iBS e ARRMe A5G WAk LachiBRE the SRKRe Mdl alRQbr @@Y&Ls 45(5!
subsequent transport, storage and/or use, and

sane tinme is not so restrictive that it results
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in rejection of vessels that will be appropriately
| eak-free in such subsequent transport, storage and

WO34/094%9100] I n operation of the FIG 4 syst& /1155@6/007027
| eak detector can be calibrated in any suitable

and MR&EBlosurs i!schle@&rvlﬁpfeal@'?éﬁﬂg |eRiab¥orR s&ﬁ’ée‘ aabidORes @RS o

a source detector cali ratlon gas 1 n a

sctug s A, PP 00 BRe B ayestsioat B CHERRUBLITg, 1o crat
vacumiorrondilidne shitable thr ddak tdstrgkfoll@tisg wiich hé@PU takteatdsaiieak detector
rate ference
I T e
[0013h| olpettis e er wstemashowhin FISal6 entommatsa b Smpose vacuum
condHRE O frie at;@é%eﬁ%iaa@ feet&eahdft@aete%ué?@%usg@tevéne %ka ﬂﬁﬁ@ %%ﬁcent
d&‘ger ation. [001 I't will be appreciated ' eu
and Fprogdicidle MANKB vent i n whi ch t he vacuum purrp and I eak
[001d3} echovill deeappecisted itelathe hppaman@nanid nt)cﬂlg:i’dafbfetﬁe invemtiod yay be

utnh%ﬁ%élf regfe'égégtag atﬁﬂglr %M%E?Fec { orer%l,S Sgka n \%g'sels ht?\[\g]conpcunment

dev'é@nqs@aﬁ@hmsstmmtam leakrtightngsg &l upe. be enpl oyed i n the

[004pt eme A0 ank e Resi oF 1R Iﬁ@mﬁm&e farthed Elfu@éa%t»%m RRrefle
testi n%ﬂ\ﬁc stem accor [ n t o anot her enbodi nent

to t%folfqgvéng el’f%ﬂ’?’ %gotéca iy pYOFAYtlisting the scope of the

inventaibut ekt a3dlhefrativa lof bl’@|eﬁlb&fﬁﬁﬁle bisthe nVEMiOBin akpevificepfslication

therdt ection system 400 shown in FIG 5 provides the
capability to automatically leak test multiple

[00MBk seBxamplerld | ncl udes a nulti-vessel test assenbly

100440 !nB&aLdJﬂklﬂﬂx ol LRRRNE o?f%%s?f o n%rVAbkalnh@énﬂg n -

whi ch a series of i cal
Da“h‘irg’ C"hé’éA) E?_‘E'”e‘h%’&b)éﬁa folloging H’ﬁ%edgrﬂpport 412 is nounted
[oo?ml ?hmstw dF ikl Bel 6B whldhemthiéani ulfrm'lycf@ns amsmhﬁ The leak
urt her C ical arm
ERERE R R S e
vacifing Ulthe leak detd:]:yor\xducmhted byeswitlhing the meia@bwerasdgleasdtetimblthe “ONY
posif?. BE LAHIRLBE B héh @gﬁtagag Pgﬁﬁg'm?_ﬂaﬁ APLEALEH Ptn BLEAH s

into the housing 4 ousing 4
Se'ﬁcﬁ@rau@és an encl osure 438 having a support 440

[oonbpr eWhen tﬂ@ 19 iddick BRcdily cnfﬁsﬁf%@&tm{ @ﬁﬁnd@:ﬁlﬁﬁmh Yrotdires,
%E‘oses uhs uent_to its trarfm atlondllgmt

an 3 Gble Mtereeron' aﬂ*ﬂ@"%ﬁwﬁt&naﬂ%yl A destippeandd e\)saé&ﬂﬁwtﬂbdawlay

willdfiRtate\iRiesdy forsTeptnighealt thn@pmmmuyralﬁmkoh Bakprekeddas inith awésne

[Oﬂié?fi ’mg: mbeo% tgst ?rt o% t#x R llum\ie Sc’igteg’(o Ciéa??{l?lgct %\r/PS,CU qgss t's,t(t;,)el

acuu i61 Of
bellpvesi lime th tbglmpumshd lﬁakeesneﬂmban ﬂkvéeakajetmjcmxawdbmbawlth a certified

hehgﬁteglgltale%m 'a@ﬁlb g%l leapg MAGHHY %ﬂ.‘a i”l ﬁl@lfesptﬁgrﬁ&tr h@% tfleil&ﬁ

is als6 join totelea tection |Ine
teSt&@‘éed%?P&{*@d with | eak detector 464. {00105] Prior to

[001b61| ngAﬁJr@m.hgthe@est afaﬂbsrh@m \ﬁ@%gumaMbisaange theOcycleMBution on
s | gaded with t

I est assenb he
the %@fgleﬁ*éﬁ 163 Seéelpéeé‘fggtt‘é Ht@& ‘h%‘él?ﬂlb‘i’rocﬁ fhraten ey %erc%fme?ssw
pump dbwi of the syatamahe heﬂxutn&éﬁtngﬂ; ob&fve& eirthe &?dak a¢tectoe dispiay) nvefter a

stabka rga%%gls }n%/ed th haal%er ca 1b ngolfm }ézkstgg é?afi %hs a%%{mmet*dﬁtg b% w1t
5% af3he sifted df:élﬁ@dasaé;étatloras*\ﬂet cmllbramqmsué theebanitet, thewydlé button otathe

leakRREBISE pr%s"s@d ol ntthete s et 3"tmospheric pressure. The flange bolts on

the chamber then are loosened and the chamber flange is removed. Next, the helium certified

leak standard is removed from the chamber, and the leak valve is closed.
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i ndi cated by arrow B). (00107] The nulti-vessel test
assenbly 410 in one enbodinent is configured with a
woab@toakdse carousel that is rotated to permt &aT/US2006/007027

operator or |oading nmachine (not shown) to insert a

[oompselTuenmn&aq&kq@stﬁg Qhdn€iS RBAFdUCKE d0kdiftelkd @R! following test
anbers. After such filling, the nmulti-vessel test

Procg€¥®nbly 410 is translated into the encl osure 450 by
[00X22E nBttp JePsbsutet the eylhlid, to don dested ewitinllooRIIGeofi 190%adtrekigh

. . r e
purelh. AR R P e o e R e Erag e
the {fef ?PBF‘é&ﬂartgést ing gas from source 494 thereof, as

[00120] ne§te§ 0: Iiuteeie IR lﬂsﬁcﬁﬁooybdépife%@ thé r@cl@‘gﬁutton on the leak
val ve 498 therei

et Bledea Hetets O 18 Bractrdte, PRy Ak b PG Sl icient

vacwaicis naclpd ifiqy ldak testtiguat ed t o punp the vessels down to

uu v
00FAF55 88k BB R R PR o L e
fOTWPbe'WWélg@QId@ﬁd?tﬂizéﬂ line 462. In this enbodiment, the

[00123F UURGe urr@bée%tﬂﬁesnﬁgmueo&ﬂ ttﬁéi 1ealY b?vfélﬁrﬂ{gn@i{k RERREIBHLY. A
ans S, contro n
he‘%étﬁa%h Bl (R4 0Lk 1 RO lsecis GARIOCiEt 21Tk Bepagh o test

reswltAi2xt tp ﬂ@]s&&] nifitentestebonviac eilindep Lnpravel Has oplieteafaiciht Rak
testh &eCBe Feté‘éte@gg\rt% és%to? FV Tgs g Ve%g@?ér 14 OJ,E ed ri)ﬁ pl't]e%sx{) e&s %Hae

butﬁom on helenle@qwm anddhepal seaooid tegtdf pedbraw@eﬁrbeﬂom If the Sylmdaofal!s to
mee‘ﬂn% leaﬁ%ﬂt @(ﬁ\ﬁlreﬁlxgr@s orl ROLO b Erle Qi ntdgem ﬁ]‘e@@@ s behoved from

a given single vessel, the |eak detector 464
the?"éo%‘ieﬂ*é%"éaylb‘?er% he CPU 470, by a control signal

[00126RNS Bieh t5e Wpbi© cdnli]ﬂetioﬁ‘ K tidebaCdhedk #b4kak fest mﬁﬂ»eﬂ' 1S S/eéd by
line 46

conpeirfy g SRBR OF Wbk ks BB 1S b B B Gemoved and
anoreuplistdr iestec ont roI ling relationship to notive

00 uckursiél4 by signal transmission line 474. [00111]
L gﬂt ?Ss rrF‘pnet egrated control arrangenent the CPU can be

100181 u at‘\e\@l%emmrawém%ﬁr & cornsctasio anicptel BMi1AR heliupdeak detector.
ThQMRGEA HeGiin SHEHARUAE cADR raﬁtsdafo a@@fithuffledk e 8ASIBCHHIt of 1

X ‘?)r"é%“’lﬁ%‘is‘%@g%%é%‘%?d“@%&t@ E‘Fwa“ Z@?@%P' l"“lBﬁ‘t ef@g@&bg sphiectine
the feed Knette 8 v@tluh ﬁndr deprisgil thenahple Eredied find i@ céietedith the SRldder,
so tﬁég}ye%tn dr% #(llm%er i %% eﬁtr%% %que \?a?ﬂﬂe%gﬁ‘ﬂ[% E)llh E}é E&?@g{] thlle subject
to afviaglugh, helionngewois intredutedlin agpmtroflédemannérdo GRiousdfogential thabv@sts or
thréall YRS Wﬂpe)ﬂégaltvgvpéﬁ%ng%‘s ﬁéaqlovv@as skt &eltégt Mh‘i The

encl osur e to create vacuum conditions suit

vacpigp in féakyltnégftc{rw in il ey Sijough ey leglh itessmnd dhey %t%@ctf A
medsexakthsl RdIRM sBEnghOF ehitdy. t'i'h@%trdn@t‘ﬂ of ety cBlEbeRliNEd 5 QIR Satcd MDY

corffes FERAAER 7 REPobyfE oL o SRTEIGE < fo0 S ok pec

valtezoimppesiareda acsuredcondi ti ons on the vessel being | eak
tested and to detect any | eakage event, in a highly
ef ficient and reprodu0|ble nanner [00113] It will be
appreci at ed t hatINDRETRboE ARPL BBIT¥t hod of the
i nvention may be

[00129]  While the invention has been has been described herein in reference to specific

aspects, features and illustrative embodiments of the invention, it will be appreciated that the
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utilized in respect of any structures, structural
nmenbers, packagi ng, vessels, fluid containnent
wdevispesy3set c. that nmust maintai n | eak-ti ght ne®eTius2006/007027
use. [00114] The advantages and features of the
utlht% 3y ﬁl@ txﬁx@ﬂloﬂ ri€ndt Limshﬁrﬁteéi |ﬂuU Eattﬂeﬁﬁ)ﬁéhdﬂ\ﬂtci Khdfdﬂicﬁ?l{;ﬁﬁﬁﬁndn%rous

{]% exanp dS l'? ”peu COI’]S*E ruq af
other, Y\ar’é’f‘ﬂ"s \/\Sﬁ?fi' 19 "Pu% a{t‘ﬁ'éat‘% 8'880 GPEtH & M TREFS APeplEves ©
thosd' &t d@ihar@skilllih tietfiedd bivtke pfesadn mvanibnchasadmin thé distiesure herein.

I nventjo | [
corrsiiely e ool B g sePRRRLFR iifted Bttty it
interBE1SAQ, a@mcv_adlzgalm @a}riatlm,en@f(cmqw and gfernativesmppigrentspyithin
1ms¢ﬁ¥¥m pé:arrled out by the follow ng procedure.

00117]" A system of the type shown schenatically in
FIG 2 is enployed. The | eak detector is an Al catel
ASM 142 helium | eak detector which displays |eak rate
and system vacuum The |eak detector is actuated by
switching the main power toggle switch to the "ON
position. The |l eak detector will then automatically
begin start-up checks and then performa
self-calibration. [00118] When the | eak detector
successfully conpletes start-up and calibration

procedures, an audi ble nmessage wi Il announce the
systemis ready for testing and the | eak detector
display will indicate, "Ready for Testing". At this

point the cycle button is depressed to initiate a
test. [00119] The inboard test port of the heliuml eak
detector is connected by a stainless steel bellows
line to the inlet of the |leak test chanber. The | eak
detector is calibrated with a certified heliumleak
rate using a calibrated | eak standard that is seal ed
in the test chanber after the leak test valve is
opened. [00120] After sealing the test chanber with
the test chanber flange, the "cycle" button on the

Al catel ASM 142 is depressed to initiate the chanber
calibration test. After successful punp down of the
system the heliumreading is observed on the |eak
detector display. After a stable reading is achieved,
the chanber calibration |leak test reading is
deternmined to be within 5% of the stated certified
calibration. After calibration of the chanber, the
cycle button on the | eak detector is pressed to vent
the | eak chanber to atnospheric pressure. The fl ange
bolts on the chanber then are | oosened and the chanber
flange is renoved. Next, the heliumcertified |eak
standard is renoved fromthe chanber, and the |eak
valve is closed.[00121] The cylinder |eak testing then
is conducted according to the follow ng test
procedure: 100122] Step 1: Pressurize the cylinder to
be tested with 300 PSI G of 100% ultra-high purity
helium Place the heliumfilled cylinder to be tested
into the | eak test chanber and sea
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the inlet opening flange. [00123] Step 2: Initiate the

| eak test cycle by depressing the "cycle" button
WOAR/98BR det ector. The | eak detector will prSQEQ@ZWENO“n7

punp down the |eak test chanber until a sufficient

vacuumis reached for leak testing. [00124] Step 3:

After the |eak detectorcggmmgnces hel i um | eak

detection wait five mnutes for the hel i um signal to

bi | 0125 t t.h t yd
1. A[ngteilri for I -tclsp UHEAR. aktbc ! rchV Ot(gj %Plgﬁe =1 Etl 11&9 ryb\a @s-lcgnﬁctmg
regigi ghmlof gcr éet@revnetﬂhadi leﬁkﬁi ShrotuglioheSarnﬁaito 4 fostential $eak-expression
regifip BSindeheR, id s@i%m Jiaek eeﬁig flufSeld {ﬂ%&ikiﬁneni%tbgttﬁe

he serial nupber on the cylinder
ﬂu1<i fongaginecrogipm glcthe ﬁ%ipieea tfﬁiéimi eatenltbéérfangtd faugstalishing a vacuum

envii@in@at £ the pbRnfidD &ai@@;ﬁﬁesﬁén ﬁgtt’n@ b@bd artidlé)@nd 51 &Blt) @Jtec'to? arranged

ess t utton on the
o oo R he 196 Fudiiedon iy ireaito detemine
fluib kehlopethrongh hhatidyl i nder fails to nmeet the | eak test
requi renents on the second test, the cylinder is
rejected and is renoved fromthe lot of accept abl e
2. Tée pystetnedt slaing bohewin th wasuen assybly inelngss en p\oenatabletchantien akd
a vaeliee KuripBupI @Ak sdi®SaciaBBRmbE:s vent ed by depressing
the "cycle" button on the | eak detector. The cylinder
may be safely renoved and anot her cylinder tested.
3. The ey of Elamrp) vehe2in thOHiA8]n vle inalideed flaldptiinig al d&ereinhe
S etector
ﬂui%_g&@a%ﬁrggt rg%]l&’? 0%?19{“?13%‘%2‘3'? 4\/{‘ LJS 'illp %trq,a]éje of ngﬁlﬁg —ret gining wc.'{nii
andttiee potenfiali leakrerpression regian qféiieemqlemcluimatse@hd walt smic@ ofgaid
fluidiRsSfke When gas is introduced into the unit. The unit
obtai ns the sanple by subjecting the feed line to a
vacuum and drawing in the sanple. The feed line is
4. ThOsyRRMLHaitn0l, Wh&eif WelaR@RIcomsded A Tlid doRRingiRftiveRelCY | | nder
is subjected to the vacuum capability of 1 x 10 6
torr. Wiile subject to a vacuum heliumagas is
5. Thasystpohnd edin h veherorthe Bhitl echtairamenevessebinsiades atlisaspok et jodt,
i pt ' on the external
%mbgﬁﬁggaLgf§Sﬁ%@éghﬁggﬁﬁh&g%ﬁgﬁggg%égr the test area).
The vacuumin the cylinder draws in the heliumthrough
6. ”EhB Yoydt@mkf Sbies, withth i QeditUstingIBli@ G Msidd1df KB 3R &talnbifent
eliunistrength of entry. The strength of entry can be
VeS¥uated to a leak rate. By controlling the helium gas
exposure to the valve, a specific |eak rate can be

1 SR S SES RSB HRIBBTE: SHFRTTr R b spnien

vesighs been has been described herein in reference to

specific aspects, features and illustrative
nbodi nents of the invention, it wll appreci at ed

8. Tth%tﬁtewwéeiﬁlm }, fupthesringluing aporsipl Prewssiosurii@puniwfftg theil¢pk detegtor

and BitdingEb Bput@shiBHY e lAk-BREhgeNconpasses nunerous ot her
vari ations, nodifications and alternative enbodi nents,
as W |l suggest thenselves to

9. The system of claim 1, wherein the leak-testing fluid comprises a fluid selected from the

group cousisting of hydrogen, oxygen, helium, nitrogen, ammonia, arsine, phosphine, silane,

boron trifluoride, boron trichloride, acetylene, and chlorine.
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those of ordinary skill in the field of the present
based on the disclosure herein.
wo @gﬁg@éondl ngly, the invention as herei naf t eFCHPEIOREY7027
is intended to be broadly construed and interpreted,

10. e é.y@t’él'nl&lcﬁﬁn & WhefdiChe Yeak-tedireOMS comtkes iaGkd ere%teél@,gm the
alternatl %gy@pnts wWthinits spirit and

growpé 8ﬁguﬁﬁg &em for | eak-testing an article
required to be f|UId | eak-tight in use at a

tyi ne fluid
e OB L 2O B LB B col SRl SO
| eak- expressi on reglon of the artlcle sai d system
12. TRNPEters bNhid 1| Rdeid @8 lchin@stilz W chRbiled Kyafpaf. | nement by
the fl uid- contactlng region of the article, a vacuum
assenbly arranged for establishing a vacuum
13. @hevappamatoe of clait 1t vberpiottignitikaletebtenlias deal Heassion sensidigiyofor efid
leak! tgﬁlngmn'd% @ald g*ﬂzgun‘ril e)vﬁr?lfmﬂ'xﬂlﬁﬁs Qf ?arn (%T [ dlq)ettg Gt 107"
resence or absence of the |eak- |ng ui Ae
ﬂm@%ée%Wﬂéﬁviﬁﬁﬁhent to deternine f|UId | eakage t hrough
the article. 2. The systemof claim1l, wherein the
cuum ass |y ipcludes an evacuat abl e chanber, and a
14, J B 1 B p B gtk o 152 PeeE R B Vingior said
leakTilegting Yfistdeim sofd vatuamnendironskeer atris blew art 1€1 gardBrduSBospheric-
cG/Si?(]ncludes a fluid-retaining wall wherein the
‘uid-contacting region of the article includes a
first wall surface of said fluid- retaining wal I, and
15. ﬁ“ﬁkedppag&t@guf'cﬁlm i %ﬁkng@m EhRiBbrafed nean.tg,i, % ;ﬁé St &es.
i ncludes a second wall surface of sai etalnlng
wall. 4. The systemof claim1l, wherein the artlcle
16. aaamsﬁa&as o didihl 40 a@gtd fod TBMEmPORSERE leak-testiApe oS MEkigIA R4
& I?v4 ]mhereln the fluid contai nnent vessel includes
conﬁP”F% &%¥ne of a joint, seam and coupling, as at
| east part of sald fluid contacting region. 6. The
17. THEHR oy T regb AR PUeIRE (SRl Mo hokichs b
artidg. ¢l aim 4, wherein the leak-testing fluid is outS|de
of the fluid contalnnent vessel . 8. The system of

aiml, further inclu a central essor uynit
16, gt N e e SRUBT  arpi 8 ThE St paperats
compeising dnevahiathiechhabede -ad@&ﬂ tongntaid a vasse fitlyswigina leefk-tedtxag fluid,a
vacx\M?rregé/?ferg ékhrr%ggli %al}x{mﬁa%%svn eMcHatg)tle c%nrp]gﬁ: chesgi%hsh vacu%m therein,

roup consi's
and @xgaly detectdrddingdrin ﬂwdtcmlgetncatxanwﬂmha evaaua@bh@harpﬂm snphpnetwe
to n‘é’tel:talgzﬁmgeb@fr fkk- tEJtlh% | fr&jn‘? rtheb%sgf‘mw gl gl Pét&ﬁ?e chamber when
acetyl ene, and orine.10. The systemo aim1,
P““Wﬁ‘éﬁioé‘i“r?ytﬂ??é’a?‘@'aléyst‘%tl ng fluid conprises a fluid
sel ected fromthe group consisting of helium and

1. bR a ot [ anioy iee atPner H0%% fhiestg S ek

testiof Auidatbpperdv@ospheanic plessutecak-t esting fluid conpri ses
hydr ogen.

20. The apparatus of claim 18, wherein the evacuatable chamber is closed by flange assemblies
at respective ends thereof, and said flange assemblies comprise removable flanges for accessing

interior volume of the evacuatable chamber.
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13. The apparatus of claiml, wherein the |eak
detector has | eak detection sensitivity for said | eak

WQ 29603 | uid i n said vacuum envi ronrrent t hatPGEUS2§0¢007027
range of from1l x 10"7 to 1 x 10 " standard

21. ﬂe‘mﬂgﬁi bf Clﬁiﬁ'[ 86 Grherkth thd Q@ac@a%@r&‘hﬁlﬁer%d et detector are

i.n the | eak detector det ecti on

cou H’% yid 9‘?"’["9“‘?‘8?0’5%’ 3 elopgre CP%dé’t" |“i?§eb1‘tlwﬁ?“d in said vacuum

environnent that is belom11 X 10 7 standard

[ f

22. %‘ﬁé"%ﬁ,@,htgg g?ﬁcon Whe(r)efnaglgous Ia[ngﬁlfi & Sa% ‘fa“%HEﬂ %ysﬁfne
integgted in Ff@éeakﬂﬁecmrhe appar at us of cI ai m 4, ar ranged for

cont enpor aneous | eak-testing of nmultiple fluid

ont ai nment. ves 17. The apparatus of claim1,

23 4h% ngays Phs i% dterelfothe degk dptecten HY GRUUR,Fste| @S separate
companehts fHors onfanstherd articl e. 18. Apparatus for

| eak-testing a vessel enployed for dispensing of

fluid, said apparatus conprising an evacuatabl e
24. Ehecaprbrsriusaefpiaine d 8.1 wheraintha leak detectos senprises the slaowint lsystem as an
mteérﬁ@d%sse%w thél 15f cloh'sltrqae@an\‘ﬂ @E&h‘ééﬁ 19 ¥1§ fnﬁ‘ﬁg 1‘35 Eﬁaﬂﬁglekﬂaﬁgmwn

down t he "evacuat abl e chanber to”establish vacuum
to vequEm grgssure dryeloand ik uppst ashievipe f@reﬁféermlwdfwawal pressure in the
evadBtHBIRha@bdr] Rfuatda ldak e tiaVapdbaiasH te: 1edxatieasr. and
operative to detect |eakage of |eak-testing fluid from
the vessel into the evacuatabl e chanber when punped
25. Trewnpausofidaivel@uirthe yshgising i Sentralfpeocappramitbdipted fo ctuatk the
leak:hglectgr% E&grrdarﬁ:g Wﬂﬁ MB% QJ é rzlm gltvmléhod@texf ao;;r%c{e{e r#\'h&%eh(l;heof

vessel a Iea testin super‘at nmo
pumpw&&mc@m iﬁwe! byriae sgspiam srstean 615 leak fetertemis agipiedetorpraviie an
outpBVREHANVBBE Fresth@bh Siserics othIsAdedlg fitiange assenblies at
respective ends thereof, and said flange assenblies
conpri se renovabl e flanges for accessing interior
26. Vi appeeat@f of tchaém &8 xdw@inahd @ntedh arsbesor 24it cohyeisa ppnad psmpoask

' Rhe and the | eak
progle o Aol P A RS KRR o
el ongat e conduit therebetmeen 22. The apparatus of

27. ChRiafPates MRGHE 118 hiRr iR RKing %tsgé?édowfeséepé‘dn%%% etk testmg

vacuun1systen1as integrated in the | eak detector.
fluidyfpdhegypryptableghagberc| aj m 18, wherein the | eak detector
and vacuum system are separate conponents from one

not her T t cl 18,. wh
T 25 ARRLE: K Bk B st b et from
the gmu;egamismg afSmelngery dxigen, h&humonmbgemchmmommdaraner ahopeliine,
it ocldke Q1T b1 &gﬂw@tﬁ EnCRRAMRRFndoWn to vacuum
ressure | eve on achleV|ng a predeterm ned
vacuum pressure in the evacuatabl e chanber, actuate a
29. TiRakparh@ls @EE1LiBND7CARAM thk feXi-Rdtink B Ic@.ﬁlknss’s%ﬁ@ﬁ or. 25.
The appar at us of claim 18, further conprising a
central processor unit adapted to actuate the
30. The apparatus of claim 27, wherein the vessel contains leak-testing fluid at pressure in a

range of from 300 to 2000 psig.
31. The apparatus of claim 18, wherein the leak detector has leak detection sensitivity under the

established vacuum that is in a range of from 1 x 107 to 1 x 10" standard atmospheric-cc/sec.
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| eak detector in accordance with a cycle tinme program

in which after a predeterm ned period of punpin
WOHR A Fevel by the vacuum system the |eak ggg&@ggm/oomn

is actuated to provide an output correl ative of

32, pl“h@ 2fakus O cﬁ*ﬂf‘ﬁ{]%i%{n thd Rall (fe%t'o; ﬁa%tléa‘ﬁgie{el:t%@ensﬁ@lty Iﬂﬁr

par at us of erein the central processor
the Eﬁ‘ﬂb{whe%v?ﬁv%@gt inbedprnbr A1 %ﬁ%%@@oi?ﬁif&r%?ﬁam e

comput er, m croprocessor, or programmable |ogic

ntroller arat.us. of im further .
3. 0 G o &l B0% BBRET B o bmid Pk e g
vesfefsui d, in the evacuatabl e chanber. 28. The appar at us
of clain127, wherein the | eak-testing fluid conprises
a fluid selected fromthe group consisting o
34. Theiprpayaths ofglaim h whewin Iu‘fhlplwe@ﬁﬂggéeﬁilspawﬁmﬁe&cma}wmatabie
chaPB&s Pdfining said bvlagliatble RRHNCBr s A infultbddbinble arrBOr on
trichloride, acetylene, and chlorine. 29. The
apparatus of claim 27, wherein the |eak-testing fluid
35. Goegppirstesofleéim Sdnfurer coﬂiheslmmtaﬂ precesdor gritddapt@ifor control of
t heui d at
S e e R e T
apparatus of claim 18, wherein the |eak detector has

36.| Apkirafietrac tem@ﬂasﬁﬁg g1 drfiold te)qmwade Ibet i}_lﬁd-?%tt anliss f@fhpmsmg an
rom LX

eval et il dp Catah e, @i i Foncnch b 0 bl 1 i

confies avieak-gistingt fhdd,| ® akcudmt systtroraniasged | te glomgedosait the revacuatable

cnafB% Sy APl ol B ROBENAF YA Bl it
the gpasuataple chagber @nd pppratige th@tea? leakagrelion or theayale eeppeiclernd deaks-
testtr%@llﬁi‘dtlﬁ§ tueragac%abm&amlr %hé(ﬁﬁ&ﬁédsdowgﬁy thERgudRRAkA, us of
cl/aim 33, wherein nultiple vessels are disposed in
sel ectively evacuat abl e chanbers defining said

37. Q\Vxﬂéthtﬁitcﬂi Naﬁte@ﬁi@ﬁb@fsel&&p&ymfoi dispefbaigiof fluiay doﬂx)bnm@ntro‘ﬂhﬂng

a l?#g d lﬂ%? ﬁxe va t %ealu}gotile ?eak-festbqg &ds {nntge ves&e(? 3 osmg the

seapyt stseairtoaaadlumaed nemkrirgdeabageof the keletostiieg Migidifionethe vessel.
predeterm ned cycle. 36. Apparatus for |eak- testing an
article required to be fluid-tight in use, conprisin

38. Anmethadcof eelglspting emartiple reduitrd fr iedluiddeakdightin ﬁsetqﬁéﬂa'ﬂwréqc ng

regton {0 rc& @Q@Wﬂuuﬂ Meakdple th}o&@ﬂ&haﬁrw@ k€a CfJGtBif\tialﬂ @ak-Sxpression
rr.a
reatgh ghG Ao Mt bt an Bang ¢ RERBE TR 96 ool e

fluitt herteking regionl obthé artile,dsthigishiog a yaaiume dnviranthéntiatdthe potential leak-

expresyggJ {(],kl%r?t s 6;3(\'{;1 *LPE'H %\%g}égk‘%ﬁér%FS%F%%SHGHQE{&%%SH% fluid in

theamcwum Ie@mﬂmmakde@smmn §uifl lagkage thrrugh thhertide.acuat abl e
chanber whe*n punped down by the vacuum system 37. A
nmet hod of | eak-testing a vessel enployed for

39.dhe pethed ¢f glaist 3% wherein tf@éﬁﬁhcgmm@eﬁ wdowa,ly iV g

Ieak testing f|UId into the vessel, seallng t he

ak-testi.n idin the vessel 03|n seal ed
4058 Gt 5t s i e D SR i, PR R, i SO a
cornexdilin, s@si dAntgr Wallsudace bk flfie supplp eskel. 38. A mst hod of
| eak-testing an article required to be fluid

| eak-tight in use at a fluid-contacting
41. An a pparatus for leak-testing an article required to be fluid-tight in use, including: a

chamber adapted to contain the article in an arrangement in which the article confines a
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region thereof, to determne fluid | eakage through the
article to a potentlal | eak- expression region of
WOLMHPBS sai d net hod conprising hol ding a Ie3§Tﬂ%%g¥W6m27
fluid in confinement by the fluid-contacting region of
vactiling, aad the €hafbetsil abhk—&hin@gluﬁ 1mewmrlenaim :roctﬁbrmak—te@ﬁngtﬂ?ﬁd is
pre%g{ 1% a{) Banerlllrrgeg :)riC(re 0 g agtg%ox% 0 { Qr? clg keqiugegtt? H% peak.ught
in fiseid dacwm tsméem acanged onssiaplishmeeum ¢oofinhdt tor the meicke] aidda leak
detéc@ﬁ!f(ﬁ:% u‘i hﬁx@ légrhmﬁth@atlé‘r[ At e vaclEm cIBﬁ\em {hg Qrtigfe aﬁ!i @ﬁemtwe

he art |ceco ri ses a supp
to C\?@gtéwageaﬁle*rﬁ%m&ﬂwﬂ o e V%?P‘ﬁ‘i‘ Frgiged %@raétrcﬂf t he

flui d-contacting reglon of the article conprises a
n surface of the fluid
42. Cﬁ) %ﬁyg}a{ug fclz?m%?lqlef&nn the %cl? savesse 0 | eak-test | ng an
artlcle required to be f|UId tight in use, including:
43.3016 BRAIRRE oAIARUE dyHeRiCRAANYSs h D& sAbSdyh&l N an
arrangenent in which the article confines avacuum and
the chanber has a | eak-testing fluid introduced
44 t'ne gpiatatus 8Ocldilall , Wieeke thestidldig abhvd ghubtBrepr esent in an
envi ronnent surrounding at |east a portion of the
article required to be feak-tight in use; a vacuum
45.Shhe pnaragus od nigl4 b, ovhersinahd kealktestiag fluich cooprisene Guidseledial from
c tQfudh Ol .
e e PR bl B, REIEE ik MR, Bl rsing, phogphine,
silag, Jorgp Biflyeridpebores tidilaside, apeddengpad eifloringak - t esti ng 1 ui d
into the vacuun1conf|ned by the article. 42. The
ar at artjcle is
o6 R St o cipfn it ek flegvcs s i deglopstns g for s
lealatesting eiditist & ivessgelof fampanehio.1 44" sTdin&ardl pip@sphkritSceéc.
claim4 1, wherein the article is a valve structure.
45. The apparatus of claim4l, wherein the
47.| g Rpreels ohglaifm 4]} whesgntheilegk detectdr |hes leakssteetion sehsitivigyor beid
lea@fcQIAR IGARRE R1EI0E 1 XT10MUEHIAE Bhos N IEec.NEN T UM
ni trogen, ammoni a, arsine, phosphine, silane, boron
trifluoride, boron trichloride, acetylene, and
48.Clthk appatatis ofldaim Hieranppa for tahsenpbratdoas BakddstinybRatidiigle irfides.
| eak detector has | eak detection sensitivity for said
|l eak testing fluid that is in a range of from1l x |07
49.tThe Brpafa@us 1oF ofpim ddlaardnged fos@hempoasoissledk-tesfing off maltiple fluid
sOf claim4l, wherein the | eak detector has
Ieak detection sensitivity for said leak testing fluid
that is below 1 x 10'7 standard atnospheri c-cc/ sec.

50.4h ap-EElﬁtuﬁﬁ&afeﬁétb‘ﬁmea sl Bngloyked 8¢ H@&Q:ﬂﬁk f)pﬂuld mcludm a
ora eous, | eak-testing of multiple artic %
chaaﬁ% agaggeg Ugmtal'n avessel Ilixpmg va hﬁ%‘ﬂ’ apg ii) have a leak-testmg fluid
be memxempteeran,emusatll@&kesﬁ@mumg podseriidl &d @vRorinledti Ghrrounding the
vesge?{?nétg% Eel]%gér 1\{ 9§:§1§n ?ystem aarraha‘rcl.d ?OD ep fa [)!aytll? lvfagug\ml lr(? EI LeSt | I’c]lga
lealad@wamrbeangadi écptﬂ@dl ttomn(un)catmo n‘tléu the gessab bawlg Yaawinn grerein, and

opeYﬁgé"fd'&tEa?eraﬁdeofl@ﬁqes{lhéﬁth&]f'ﬂ%qheavegsgﬁk testing fluid be

I ntroduced therein, so't | eak-testing fluid is
present in an environnent surrounding the vessel in

51. tﬁh@etﬁ&?d?@éﬁkatesﬁng\/aa\ié%ﬂéxﬁn\fog&?ﬁ} aigﬂemw £, &dpRkthg @Jacdahe,;

valeum [ he vessel | eak detector arranged
the Y3 P SR TREAAT B DisEAS e vepebesaposiig iereplsfaettiip 2 ek
testtng €] dhd niAddring leakage of the leak-testing fluid into the vessel.
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operative to detect |eakage of |eak-testing quid into
the vessel. 51. A nethod of |eak-testing a ves

WO2RM9838d f or di spensing of fluid, conpr|S|ngPCT“EZMMMOﬂn7
evacuating the vessel to establlsh vacuum t her ei n,
sealing t he vessel exposi ng the seal ed vessel to a

| t n [i | eakage of . the
52, ’l%@l& tlnc,?]ad £ Udlber?lrh Sqtﬁ%ﬁ-%ﬁ{pgg@g coggngem duidiselpcied o the
grog;p acprmstgrg ofiibiérogsinnotyaen, helake; bigrsganngmbnia, Girsire/TpHoki@, Hlane,

borbh #ifori8] BFdn@lchi QN alddflerdl AW B &RRST StI Ng of hydrogen,
oxygen, hel ium nitrogen, amonia, arsine, phosphi ne,

si | ane, boron trlfluorlde boron trichl ori de,
53.athe igthed X, clan 31 GﬁHefélri tﬁ@teal&ﬁeasuﬁh@ hd¥BéaR Aeke@on Sn&tiRyat is in

ﬂ k det ect
a“$g§%$P|vﬁiy te lgﬁagﬁkgﬂﬁﬂﬁéinﬁfc$?oﬁ1icxl28 '7to 1 X

10 " standard at nospheric-cc/sec. 54. The net hod of

54.Ct@ infBined of WRET Al Wndle tﬂquilﬁ MEH% hﬂqiﬂ%étfélog ser{sxtlv@/a that is

det ectjon sen3|f|V|ty th

belay hﬁé% htandard @W%@Enc—cc/sec
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