WD 98/ 54560 PCT/ 1 B98/ 00309 METHOD AND
APPARATUS FOR LEAK TESTING Field of invention The present invention is

generi cal | ted on a technique for |eak testing close | d
contaihe?g§9§ﬁg$gby the 5 filling material conprises at Ieggﬁ%%ﬁ%hhkguid
conponent. Background Leak testing techniques according to which cl osed
containers are introduced in a test cavity which, after having sealingly
been closed, is lowered in pressure byla-suctioning punp are 10 known. |If
the container is not |eaking, then once a predeter- mned pressure has been
reached in the test cavity and thus in the surrounding of a container to be
tested, this pressurMETHAD BNDAPRARATIS EﬁBiW@@%@%‘ant . 1If aleak is
provided in an area of the container, wherein air is entrapped, a flow of
air 15gp9uf 30h £ Rey et @ber wll lead to a rise of the surrounding
pressure. aleak 1S present in the area of the container where filling
good is entrapped, the question whether such leak will lead to a

si gni f Thenpressatofinventsion cimdiegepieatlyedireciedelon derewtariqun t he
kind of filling goad as its viscps:.2Q it whet her sol i articles are
pr esentOFn1ERE G35 IHP g‘gifbs%‘%d?n%bg?‘%ggy?ogﬁafﬁgrﬁar @’Z‘r?é?g’}gft}ishe | eak.

Di 1¢f er 293 13R8f ABANES; RVERSELHEs kKAWL 26HHT Al ghY dd@ihifor&kS at such
product-fi d containers, Trrespective whether the leak i's present in an

air entrapping container area or in a 25 container area covered with

fillinBagiogoudee such approach which is the topic of the co-pending
Eur opean patent applica- tion EP-A-0 791 814 and the US patent application
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are introduced in a test cavity which, after having sealingly

been closed, is lowered in pressure by a suctioning pump are

10 known. If the container is not leaking, then once a predeter-
mined pressure has been reached in the test cavity and thus in
the surrounding of a container to be tested, this pressure will
be kept substantially constant. If a leak is provided in an
area of the container, wherein air is entrapped, a flow of air

15 out of the container will lead to a rise of the surrounding
pressure. If a leak is present in the area of the container
where filling good is entrapped, the question whether such leak
will lead to a significant rise of the surrounding pressure is
largely dependent on the kind of filling good as of its viscos-

20 ity, whether solid particles are present in the f£illing good

and, obviously, on the largeness of the leak.

Different approaches have become known to accurately detect
leaks at such product-filled containers, irrespective whether
the leak is present in an air entrapping container area or in a
25 container area covered with £illing good. One such approach
which is the topic of the co-pending European patent applica-
tion EP-A-0 791 814 and the US patent application No. 08/862

993 proposes to provide an impedance measurement, specifically



-2- a resistance neasurenent, just adjacent to the outer wall of the

contai ner by neans of an el ectrode arrangenent: As soon as |liquid energes
froma leak it will contact a respective pair of inpedance neasuring

el ectrodes g8rlséeead to a significant change 5 of i npedancePoEaBiy@dodbhet ween
such el ectfrodes. Neverthel ess, such an approach necessitates considerable
addi - tional expenditure with respect to provision of the inpedance
nmeasuring arrangenment in each test cav¥ty, especially of a nulti-cavity
in-1ine inspection machine and does not enable de- 10 tection of very snal

| eaks fapebekewnele @l dlnihtandids¥ aehyaladepesdent Hue®CQRlAi NF shape
and kind of filling good. Object of the Tnvention It is a prinmary object of

t he prehentontadmeixoibit cepney iake an | ebdageodesarmehyedeand Agparadnisas whi ch

may be_appl.ied to a 15 very |arge scale of different containers and of
differ éhﬂﬁf‘-fil PSS S FFHRR aprltﬁﬁ’%e’ot H1}LaSPrbRBt cBnpBARRCL IS &FihShg
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et nod- ERATERSE: Rt e ies il P8RRI bRLE STl S g
el ect r o6 Ampedahite herasampdd tiveeandsudh cdlébtsodekow for very econom c
testing. It is still further an object of the present invention to pro-

vi de such nethqod and apparatus which have a short neasuring cy- cle_ and
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| east g?g c os??é%) arﬁ%ﬁ%ﬁedl con%%%er, gﬁegg%y the CSE- the &%&)ﬁﬁ 4%0
PCT/ | BR84BAZARg Zrrangement in each test cavity, especially of a
multi-cavity in-line inspection machine and does not enable de-
10 tection of very small leaks far below of one micron and largely

independent from container shape and kind of filling good.

Obiject of the invention

It is a primary object of the present invention to provide a
leakage test method and apparatus, which may be applied to a

15 very large scale of different containers and of different fill-
ing goods, provided at least one component thereof being lig-

uid.

It is a further object of the present invention to provide such
method and apparatus which are rather inexpensive with respect
20 to electronic and further equipment, and which thus allow for

very economic testing.

It is still further an object of the present invention to pro-
vide such method and apparatus which have a short measuring cy-

cle and nevertheless a very high measuring accuracy.

25 Summary of the invention

These objects are realised by the testing method for leak test-

ing at least one closed and filled container, whereby the con-



tent of the container conprises at |east one liquid conponent and wherein a
pressure difference is applied across at |least a part of the wall of the
cont ai negyybyeepart is to be leak tested and wherein the appRhbswhopsessure
difference-is directed 5 towards the surroundi ng of the container and
wherein further the pressure in the surrounding of the container is
nonitored as a | eak indicative signal-whi€h is characterised by the fact
that the pressure difference is established by |owering the pressure in the
surrounding of. the contai,ner at |east to g %0 val ue mﬁich ccords to the
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of the surrounding - lead to evaporation of the |liquid as sqgon as the
sur r oungeRgepr ansy Mhexaidhddg (aPRL}RA IPERESULRed i fhptepgggd s dixected
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an unl egkénpreegiaiendn tWeisurtagnding ppESsheecontainest iGavicnd tearddii ni ng
the con- tainer, once vapour pressure of the possibly leaking liquidis

r eachedaBegedkakad nsHiqaf ive erignat uvhieht dehrhayacteripesk e shinFaqt has
been noped, that by such a techni que |eak 3 tL.on,of ntainers wth
a very %g?ﬁeggﬁeé’?ﬁﬁﬁ%’fe f‘%’f%ﬂ% &b?%d}su%gggﬁg;l/sg‘ggurgté ;Ve%gm;?er of med and
that | egkgsdlirll 45 HhdsurEMindiDNg 60 €n2cbathlifea’ atragewst &y a
detectable. Further, it has been noted that the volune of the test cavity

i s uncrvailvel which macdnds Heo | tvenvapeurephasgure ofhébenas leasl 98154560
PCT/lngéggiggcomponent of the f£filling product of the container to be

tested.

The present invention departs from the recognition that if a
container is leaking and ligquid is drawn by the lower surround-
15 ing pressure to its outside this will - at a constant volume of
the surrounding - lead to evaporation of the liquid as soon as
the surrounding pressure reaches its vapour pressure. This
leads to a significant change in surrounding pressure compared
with the surrounding pressure which would establish at the same

20 measuring conditions but with an unleaking container.

Monitoring the pressure in a test cavity containing the con-
tainer, once vapour pressure of the possibly leaking liquid is
reached reveals as being a very accurate technigque for leak
testing. It has been noted that by such a technique leak detec-
25 tion of containers with a very large spectrum of £illing prod-

ucts may accurately be performed and that leaks at present mo-

ment down to 0.02 um are accurately detectable.

Further, it has been noted that the volume of the test cavity

is uncritical, so that by the inventive technique it becomes



-4- possible to simultaneously test batches of containers, thereby
accurately detecting if one container of such a container batch is | eaking.
As soon as _the pressure surrounding a | eaking container is low 5 ered with
r espect t%‘?is’?@“ﬁ%ﬁt erior pressure, some of the liquid is sudGTdREHOGAY of
the container and as soon as the surround- ing pressure reaches vapour
pressure it starts to evaporate. As at,a_constant volunme of the surroundi ng
area of the container evaporation of tﬁe liquid |l eads to increase of
pressure and the 10 punp | owering the surroundi ng pressure nmust now renove
vapour pofsstild d itopui sl o arse ous Ty caes t nbascheseofs cony aigied@e spaebgei al |y
after the surrounding pressure of the container becones |ower than the said
vapour 3GCaEaNedY NRFSEHIEsE PRrej copraines, PEJsHEhpRoFamE adinas ptch

abi l'i ti;es juhhgh may evacuate the sur- 15 rounding of the container to be

tested to a signmficantly | ower value than said vapour pressure, nanely by
at least two, pref- erably even by at |east three decades. As a

| eak- sagniskiceanrts pries seires simee geunmayuhdingt acledkdags contad n@ire iaf pwssi bl y
several |iquid conmponents of the filling 20 good starts to evaporate - in
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conponeént e several Tiqurd conponents which s e hig

the prdagupirefsuite eddclhemdragoat phessopeaiBestartiseast dvagdrmite?d aapour
pressure val ue. Although and as well known vapour pressure is a function of
t enper &tufe GARERANE Velwme et bkhedsunrayediizgi arseneic &hss aonfaineheat

the sucLaunding of JPS6oni Blien 10.8:PL8IPhEreallEE MBI HPLRE 1O
10 pump lowering the surrounding pressure must now remove vapour
of the liquid too, significant measurements may be done espe-
cially after the surrounding pressure of the container becomes
lower than the said vapour pressure. Nevertheless, it is pre-
ferred to provide pumping abilities which may evacuate the sur-
15 rounding of the container to be tested to a significantly lower

value than said vapour pressure, namely by at least two, pref-

erably even by at least three decades.

As a leak-significant pressure change may be detected as scon
as one of possibly sevefal liquid components of the filling

20 good starts to evaporate - in the case the content of the con-
tainer contains more than one liquid component - it is recom-
mended to select the vapour pressure of that component of the
several liquid components which is the higher and to lower the
pressure of the surrounding of the container at least to that

25 vapour pressure value.

Although and as well known vapour pressure is a function of
temperature and thus it might be advantageous in some cases
e.g. to heat the surrounding of the container to a predeter-

mined temperature so as to settle the relevant vapour pressure
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predeterm ned liquid, the inventive nmethod and apparatus becones

signific H%shﬁﬁs conplex if the test is performed at roon}gﬁﬁgﬁh@%gre,
and t hus @ vapour pressure to be at |east reached is considered at "room

tenperature, i.e. around 20[err]C 5 Further, a very accurate |eak
detection beconmes possible if the surrognding pressure of the container is
nmeasured at two subse- quent points in time, whereby we understand under
"point" that interval of time necessary for accurately neasuring the pre-
vai | i ng fpress prredatidatmingd i 1iqeidbstheat éhyeptdyiebime thwd eald sepidrdeak
detection by applying the punpjng action of ,the_ evacuatin u to the

sur r oun®eRy tsl'?eg‘b’cﬁ&%ﬁ“h'g}y aiﬂg? heR™B eﬁeé§urtihﬁ_gtﬁ?é; Eeétﬁ?’?r?@rme‘i at
sur r oundiag, ARSI PEESSIME BhhET chePUREBLE! palltdd IdB bk 108581
measuring of t surroundi ng pressure at Two specific points in tine allows
to use teadhadstiy aaresilderemdsat etoan aempbeatmre ,vdl.ee arburm@n20eCt orm

the difference of the second val ue nmeasured with respect to the reference
value. There is thereby realised a gre sure difference neasure-_ ne

| nt
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as an electric si after hav- 1ng neasured the second pressure
val ue, aueidtd @geitnes | infoimed bréveby weeuhdesisteandianddr |1psint edihand
the second value. The PCT patent application No. WX04/05991 with its US

count er inF@xvaNp. oS- e  necessagyofoys 3cgHEd ted vt Measielnd e af¥eas 25
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of f set - COl Irence meas- urene a preferre
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realising the inventive apparatus, that pressure difference neasuring

t echni qramendap-hgosparawndingecfistbe voataimnes, ante LY/ P5I08as8rring

respect!ﬁ% resulting surrounding absolute pressure after a predeter-

mined time span, the said measuring of the surrounding pressure
at two specific points in time allows to use the first value

15 measured as a reference value and then to form the difference
of the second value measured with respect to the reference
value. There is thereby realised a pressure difference measure-
ment instead of an absolute pressure measurement. More specifi-
cally, the first pressure signal which is measured at the first

20 point in time is stored as an electric signal, then, after hav-
ing measured the second pressure value, a difference is formed

between the first value (still stored) and the second value.

The PCT patent application No. W094/05991 with its US counter-
part No. US Pat. 5 239 859, assigned to the same applicant as
25 the present invention, describes a method and apparatus for
very accurately offset-compensated pressure difference meas-
urement. In a preferred mode of operating the method according
to the present invention as well as of realising the inventive
apparatus, that pressure difference measuring technique and ap-

30 paratus are used. Therefore, the W094/05991 or the respective
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patent No. 5 239 859 are fully incorporated by reference in this present

di scl osure, although, and as will be seen nbst im portant features are
speci fi cA¥PY8/BERribed also in this pres- ent applicati on. PETBBSM3 it i s
| argely uncritical how big the surrounding volune of a test cavity for the
container is, with respect to the vol-_une of the container to be tested,
the inventive method and ap- paratus r&veals to have a further signi ficant
advantage: If the wall of the at |east one container to be tested wth- 10

st andsukhpapleess W, & i3y g Heé WeeD1¢0NhabPpobrhfbar BY rRfRYertid 6in
(normal |y anmbi ent pressure) and | owered surrounding pres- sure, such a
cont ai kbdsnpyresiani dirclogurriucalichpughe apdt agavily ber seeg most im-

surroundin I |y _irrespective.ho | g,such.container ,is wi,th respect to
t he teEPrégyFt3g£§§%ﬁ%rﬁiéH%P?%%E%C%i§¥gﬂF§c£&§ﬁaaF sPn&PCQﬁ*ﬁ1Rﬁe ‘eakage
will i ghentippaliedta gl ned. Therefore, one and the sane test cavity may be
used for a large nunber of differently sized and different-vol une

cont ai ners. Tth results in a fur;hgr advantage in that batches of nore
t héh oBecaween idf iF Marxdelicrteribhcalnhey, bagytbe surreondigducwlime one

test cavity, formng .the surrounding and al: thou one_singl e nt ai ner
occupyP _gaortf!efta c_sar%ﬁlﬁy p ?%etﬁ?%g%? 2R oV &y aY’f"gga\yﬂetgFe\cf&I ﬁ‘l?e%q}fn ‘atrurate
| eak i QgieCalfl @maNddntigi kit acd e i £ 6VEA, OBhY 9RGeAt iLBE mRRil GRIH algers
is |l eaking into the surroundi ng at nosphere. 25 A further significant

advant pgeagfust hevmadserto i mvent 2 ofurshebesfighlifiicagt Sdwemnitmes:t he fill ed
containers are not conpletely filled, but there is sonme anmount of air

entr apged. 0 115 1010594, CON & Dere L] 2L 9k b PLESENN clle il sen of

10 stands the pressure difference between container internal pres-
sure (normally ambient pressure) and lowered surrounding pres-
sure, such a container may simply be introduced in the test
cavity forming the surrounding, largely irrespective how big
such container is with respect to the test cavity. Neverthe-

15 1less, a highly accurate indication of leakage will inventively
be gained. Therefore, one and the same test cavity may be used
for a large number of differently sized and different-volume
containers. This results in a further advantage in that batches
of more than one, even of a multitude of containers, may be in-

20 troduced in one test cavity forming the surrounding and al-
though one single container occupying only a small percentage
of the overall cavity volume, an accurate leak indication will

be detected if even only one of the batch-containers is leaking

into the surrounding atmosphere.

25 A further significant advantage of the present invention is the

following:

Sometimes the filled containers are not completely filled, but
there is some amount of air entrapped in the closed container.

If a leak is present in that area of such a container, which is
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adj acent to entrapped air or gas, by lowering the surroundi ng pressure,
such air W éd/;s486 suctioned through the | eak out of the conpairAgésnod¥d h the
pressure of- the entrapped air in the container becom ng progressively

| ower, there will also start 5 vaporisation of the Iiquid conponent wthin

the container and such vapour will alsp leave through the | eak. Both,
nanely first the air |eaving through the | eak, then vapour | eaving through
the leak, will enlarge the surrounding pressure so that a leak in an

ent r appéilagentr &§ entefanRd vk PHeFa | PY| tanerdngothy enarganidinge
surroundi n ressur I 8. 40 I Si L, d r as ik the | eak was
int hepFFagP%eCOﬁtuecn aclor\e;e‘?le a%%aglg?t?{'%ég%oﬁﬁglgﬁéir{ %}gﬁ j‘e‘i%u?,uetbyo%r operly

settingpa bbnesieled valith fitie | Soksset€CHE oBhacentdapgetio diflte ismainest
still toler- ated pressure change in the surrounding, it beconmes uncritical
15 whebheriseeh Hesgning (pregresaivehy alpwebvekBgreomidilnal sy aitawt at a

cont ent - cover ed ,cont ai ner ea..Lf one and the _sane _leak at an

o 1 oV PEGFOFARiEE Gif iR CEuidi ROPEPRgRs Poth bR er BItALR e | n
the supfeundisiGust Ran 1 hel $&need ke WPohgnoener akaxl.f pithiiatfhety a | iqui d-
20 covered coOntainer area, it is such a pressure change which will govern

set ti nfiebta the esholearsing tbrdegbcthehdedl; Sheonvapgurerldasyimaky or
not. If, inversely, one an h%aiams leak in a | iaui d- covered area woul d
C

resul t thyoxgdntife lefies St @'_'égf’_nt fieS8aF POlftd Hy ITGF S £ e ¥n an
ai r- cogt agled jyal tféﬁﬁfdtgfﬂ bbghsnagai BnkhebntMBiHes! JessiiLs ch@nge
whi ch gov- erns the threshold setting for detecting | eaking/not |eaking
carg ai aechande ardtiai merrounéingepressuker, gél.g .| ¢akyidioweramgsaidt he
pressure, as if the leak was in the liquid content covered area
of the container wall. Thus, by properly setting a threshold
value for leak detection according to the smallest still toler-
ated pressure change in the surrounding, it becomes uncritical

15 whether such leak is present at an air-covered container area

or at a content-covered container area.

If one and the same leak at an air-entrapped area of the con-
tainer leads to a smaller pressure change in the surrounding,
than the same leak would generate if situated at a liquid-

20 covered container area, it is such a pressure change which will
govern setting of a threshold value to detect whether a con-
tainer is leaky or not. If, inversely, one and the same leak in
a liquid-covered area would result in a smaller pressure change
in the surrounding than such leak in an air-contacted wall

25 area, then it is again that smaller pressure change which gov-
erns the threshold setting for detecting leaking/not leaking

containers.

If a container under test is largely leaky, lowering of the
surrounding pressure should be stopped as soon as such leaking

30 is detected so as to prevent the content of the container to



surroundi ng pressure should be stopped as soon as such leaking 30 is
detected so as to prevent the content of the container to WO 98/ 54560
PCT/ 1 B98/ 00309 8- spoil the interior of the test cavity or, generally
spoken, t¥@°/G#3%8undi ng of the contai ner and possibly even RGRABIYAGSONG ar -
rangenment nore than absolutely necessary. This is realised ei- ther by

noni toring whether the punping action results in a pre- 5 determ ned

| owering of surrounding pressure or ot r one may detect spreading of
content of the container into its surround- ing by neans of an inpedance,

t her ebygg£f a¥d! ¥n Cok-€8kFS a mMeasMh [ rroundi ng t he
containé?fjust ad- ?ZEE?? ?g Fﬁ% 3§%F of th codté%ﬁ%?gaﬁl hg$%€?3’b§£e
test ed. supreuding efathsedobyapnevi dindg perssalkent restken af i@ng@ABMthgi Arsai d
adj a- cent surroundi ng gnd aLI round at |east that part of the con- tainer
Lo be CARIRICRE BOBM KEAP| PPERUESIYeRECTPAA OIS dmereabisedt ebned (o

Its out , r a - « W ri by. such
cont entt,q{?fggsd‘}lv n%élgﬁﬁttgﬁ% ?%Sg%@%lﬂ?%d_ éla?:ltl\?g ig‘ncpée}"‘g)alﬁcfegc ange Wh cR¥®af t er
having degsruiiied t bodweringsed barsbapdig Rpafe Ha5S WE hewesE NGndt mide
surrounding of the container. This latter technique of rapidly detecting

| ar ge 198H&Ct SRFRA(IRGJOEsBRBEEREY of o thenCoamtainaihainte tits sereewndy to

ly & t et ' ' hei | ls. | d t
Sl and ciy B RS 67 a8 MhDeHARARE iR RIS it eang ! ¢ ™
ar r angatmnde figaswpetant eifeaRLr SURROURBLNRE df AU Contd Bk Al PAs: tHg-i nner

wal | of the test cavity, which snugly fits with the at |east one container.
If suchiacftaifertie valdsofethescentadmenhwhiidy da tho thettestedy Thigly

115 1% SNAPR sL8VS) PRLGEE: AgC QR LIUNS AR Wik Jial it &) ned, betugen the

cent surrounding and all around at least that part of the con-

tainer to be tested. As soon as filling content of the con-
tainer is suctioned to its outer wall, the electrode arrange-
ment will be bridged by such content, leading abruptly to an

15 indicative impedance change which, after having been detected,
is used to stop further pressure lowering at the surrounding of

the container.

This latter technique of rapidly detecting large leaks is ap-
plied especially to containers where it is necessary to snugly
20 encapsulate them in the test cavity because their walls would
not stand the pressure difference applied. In such a case the
electrode arrangement for impedance measurement may be incorpo-
rated along the inner wall of the test cavity, which snugly
fits with the at least one container. If such container is to
25 Dbe tested and therefore the test cavity snugly fits its shape,
nevertheless a continuous volume is maintained between the
outer wall of the container and the wall of the test cavity for
defining the surrounding of the container by providing a sus-
taining grid or mesh inlay or preferably by roughening the in-

30 terior wall of the test cavity so that a multitude of micro-



outer wall of the container and the wall of the test cavity for defining
the surrounding of the container by providing a sus- taining grid or nesh

inlay or £ |y by roughening the in- 30 terior wall of cavity
so t hat gaég%f#ﬁgde of nicro- WO 98/ 54560 pciBod fibo

PCT/ 1 B98/ 00309 -9- enbossnents of the test cavity wall sustain the
container wall and prevent it fron1fur5hgr outward bow ng due to the
applied pressure difference. Thereby, the intercomuni cating space be-
tween such enbossnents defines for the surrounding space of the 5

cont ai embos@reEmtidicoforhai testi cavitgswatdvsugtadef thengdmrainer swilbund-

I ng, has been detected_as beinghleaky It rrobabl e that such test cavity

it is

will bangomraNentt ebt bEremnEusEheRecREHRZ AN BPWL ngo fienEC Tihs arRERedavi ty
is cle f1er LAEr heem , ' Vive -
evacua? ?%%Sglrft odriﬁ]fﬁisﬁﬁéé\?\ﬂq %Egﬂﬁruﬁﬁ?ngﬁ%& pFnre era yniiestééo%%nk?ebe It
by heatiwe@rOlsuth cafbobsmentst esentecfivrqthe, strgoundimdaenpace fbfisbhag
gas. |f the inventive nmethod or apparatus is applied for in-line testing
corfi ai gen&adMLAhus two or nore of the inventive ne- 15 thods and of the

respective apparatus are operated in parallel on a set of containers and

f h t Qi ' t t .y t ' st
vty R G L EntE £F STLEE! BabTL,oHee SIS | P REIGLRES

at theipgxt HERABEEN0dEYE6LCedbis beikgpleakPl,y itusisnpridiadbly ctigatlusiioly 20
which the other cavities are in tgstingdcondition for cleaning and
r econditeisdnigay it wibbabeycenhaminahesd byawiome afutihfercontaireptsposed in

sonme cases tqQ aggelerate squeezing-qu f liquid, if I S by

rochan O ot 2Ty | FECUar T oF I8 EanpaekiAta ity oL "o hETEAky,

| @l Ya LRSS Ifemoved, be it by evacuation and/or flushing with a
flushing gas, preferably nitrogen, be it by heating or by com-
bining these techniques, e.g. by a heated flushing gas.

If the inventive method or-apparatus is applied for in-line
testing containers and thus two or more of the inventive me-

15 thods and of the respective apparatus are operated in parallel
on a set of containers and one of such containers is detected
to be leaky, then the respective test cavity defining for its
surrounding is not anymore filled with a container at the next
measuring cycle, but is kept empty, using that cycle during

20 which the other cavities are in testing condition for cleaning
and reconditioning the probably contaminated cavity. Further,
it is proposed in some cases to accelerate squeezing-out of
ligquid, if a leak is present, by mechanically biasing the wall
of the container inwardly, thus rising its interior pressure

25 over atmospheric pressure.

To fulfil the object, the‘present invention proposes a leak
testing apparatus for leak testing at least one closed and
filled container, whereby the content of the container com-

priseS"at_léaét one liquid component, which comprises at least



25 over atnospheric pressure. To fulfil the object, the present invention
proposes a |l eak testing apparatus for |leak testing at | east one closed and
filled container, whereby the content of the container com prises at |east
one |iqui WOSHSMH¥ent, which conprises at |east WO 98/ 545B0T/1B98/08309
PCT/ 1 B98/ 00309 - 10 - one sealingly closable test cavity and at | east one
evacuation punp operationally connected to the test cavity and further at

| east one pressure sensor operationaTI§006nnected to the test cavity,

wher eby the evacuation punp is selected so as to be 5 able to punp the test

cavity 4e ageafﬁﬁgtlyaeq%am%s tese Uavits, |4 cooponeg) o 0k yLRgatqRRLAI ner

content, approx. roomtem perature and the pressure sensor I's a vacuum
pr essurpuspnsperapiechaildlyl vonneptiesi ngp dthd dasdt acdriapni asén§orthkeagac
Preferred enbodi nents of the inventive nethod and i nventive a 10 paratus

are cl at?RICi AREHBTEEFERGeRENEPE APeratotone i W%C‘B%dr'égpgéﬁi ¥&5F. The
[ ti h : f< fi in th
I nven 'éﬁv%, OQhQQQb?pEﬁEaE%cwlgﬂexﬁ (ﬁﬁ Zi(?: ys@feﬁ%@bﬂéi gg kBeflel N the

cl ai s 65. Thefeby, it nust out t s-of Ieak

t esi ngalple stal pemnpcoheakeets cavtiecypnesatt lenmntvasounkesesbupassifbk®et 0
perma- 15 nently nonitor tightness of huge tank plants, as for gasoline,
gases etdquid gomBRNERS; ﬁ’foF%@t [COBE ATRS RSt h A RBYOHenBdF - TRPPn G SEn

al-ar m ?%E%{:%@é 2N A %r!e%@lﬁ :els g e ‘é.ﬁsl tf%ﬁn}?{rﬁ’i@%@éh?@ ggn\%@?ﬁ 20

figure resent invention w now a escrib
t he helprofetablyesompetisigias peCilldaitand pifayi atssr egdrggam pl es of

realising the present invention. Such figures show Fig. 1: qualitatively
t he dependency of vapour pressure fromtenperature of a Liquid;
Preferred embodiments of the inventive method and inventive ap-
10 paratus are claimed in the dependent claims 2 to 44 and 45 to
63 respectively. The inventive method and apparatus may pref-
erably be used as defined in the claims 64 and 65. Thereby, it
must be pointed out that besides of leak testing of smaller
containers, the present invention makes it possible to perma-
15 nently monitor tightness of huge tank plants, as for gasoline,

gases etc., e.g. on train or street transports, thereby gener-

ating an alarm signal as soon as a leak is detected.

Short description of the fidqures

The present invention will now additionally be described with
20 the help of figures showing specific and today preferred exam-

ples of realising the present invention. Such figures show:

Fig. 1: qualitatively the dependency of vapour pressure from

temperature of a liquid;

Fig. 2: schematically an inventive test apparatus operating
25 according to the inventive method;
Fig. 3: qualitatively the time course of the pressure of the

surrounding of a container to be inventively tested



Fig. 2: schematically an inventive test apparatus operating 25

according to the inventive nethod; Fig. 3: qualitatively the tine course
of the pr@souisgssdf the surrounding of a container to be i nvangissloysobest ed
WD 98/ 54560 PCT/ 1 B98/ 00309 - 11 for
expl aining the inventive nethod and apparatus op- eration; Fig. 4: in a
functional block diagrama preferred-feim-of re- alisation of an

i nventively operated inventive test 5 apparatus; Fig. 5: as a

functional block diagrama preferred formof re- alisation of the
eval uating el ect r barcesplaaninge fthe ilpwepparamathnd fapdi agpanatiaverti ve
net hod; Fig. 6: s%genatically batch operation of an inventive appara- 10
tus; Fig. 7: scfig %Pgally a test cavity for testing flexible wall
containers; Fig. 8: in a perspective view one half of a test cavity for
inventiwegy sesting hhFeaceiohnalnelods didmiah,a reféfred: form of re-
schematically a double-wall tank directly used to performthe inventive
net hod with an i nedheptdorppi- anatipyvessigeep appxaled ahrveekkigetepty. 10:
schematically a preferred sealing at a test cavity of the inventive
apparatus; 20 Fi g®PRTE35®11c: show the pressure courses on testing cycles,
whereat the containers or nmedical application blisters are either largely
grlbevenrygt%lzar 08ky al €akichd oE10 b1k .d gy ea ot yf 8rsaal Eoktalef( keg-
, or are to
) alisation of the evaluating electronic at an inven-

tive apparatus performing the inventive method;

Fig. 6: schematically batch operation of an inventive appara-
10 tus;
Fig. 7: schematically a test cavity for testing flexible wall
containers;
Fig. 8: in a perspective view one half of a test cavity for

inventively testing three containers as a batch;

15 Fig. 9: schematically a double-wall tank directly used to
perform the inventive method with an inventive appa-

ratus so as to survey tank leakage;

Fig. 10: schematically a preferred sealing at a test cavity of

the inventive apparatus;

20 PFig. 1lla to 1llc:
show the pressure courses on testing cycles, whereat
the containers or medical application blisters are
either largely or even very largely leaking (Fig.
1la), or have only a small leak (Fig. 11b), or are to
25 be considered unleaky (Fig. 1lc¢). The tests are per-

formed with test cavities according to fig. 8 without



25 be considered unleaky (Fig. 11c). The tests are per- forned
wWth test cavities according to fig. 8 w thout WO 98/ 54560

PCT/ 1 B98/ 00309, - 12 - inpedance neasurenent and thus w thout electrodes 32,
34. Fig. WG I8/5436% gnal flow functional block di agram of th@cgflﬁ?ﬁ/

fied preferred enbodi nrent of an evaluation unit for operating the |nventive

met hod at an inventive appa- ratus; Fi.g. 13 In a pressure versus tine
diagramthe statistical variation of essure courses neasured at unl eaky
10 containers or at test cavities void of any contain- ers,

Fig. 14 in a siimpdddrast fnsodiosnmnd| ek/ @hﬂgahlf:hamdbaa'z:%%@e%@z of
the inventive apparatus operating according to preferred node of the

i nventive net hod34-hereby 15 form ng a dynam c reference val ue
for leak testing by neans of a subsequently updated averaging; Fig. 15 in
a sinplified signal versus tine diagramqualita- tively the preferred

i nvent ipMg Mathod ;a gmrﬂdw)%m@ﬁap%%cﬁ aiebeakeds RYRNH 14 -
appar at us, whereby 2 dynam cal |y updat éd reference val'ues are

forsred for |eak ifdedt igrefaicnl dngodiltent aofi apl effaddasigmalnit for
flow functional bl ock dhgg %$1shomn a further greferred node of operation
of the inventive 9RaURidRhEresRerkys Bethad phyam ivyessive appa-
appar at us, where@;gaéinan1cally updat ed average sig- nal is forned as the
basis for a reference value to be conpared with a pressure difference
si gnal eval u-

Fig. 13 in a pressure versus time diagram the statistical

variation of pressure courses measured at unleaky
10 containers or at test cavities void of any contain-

ers,

Fig. 14 in a simplified functional block/signal flow diagram
a part of the inventive apparatus operating according
to preferred mode of the inventive method, thereby
15 forming a dynamic reference value for leak testing by

means of a subsequently updated averaging;

Fig. 15 in a simplified signal versus time diagram qualita-
tively the preferred inventive method and accordingly
operation of a preferred inventive apparatus, whereby

20 dynamically updated reference values are formed for

leak identification;

Fig. 16 a simplified signal flow/functional block diagram
showing a further preferred mode of operation of the
inventive method and respectively of the inventive

25 apparatus, wherein a dynamically updated average sig-
nal is formed as the basis for a reference value to
be compared with a pressure difference signal evalu-

ated during container testing;



ated during container testing; WD 98/ 54560
PCT/1B98/ 00309 - 13 - Fig. 17 in arbitrary unit over the tinme axis

pressure_neas- _urenents at subsequently operated test cavi%ies of an
i nventi v&AIEPt us with nultiple cavities to show dynani c PGpaETEI%Y° an

average signal, whereon refer- 5 ence val ues for conparison are
based, |leading to | eakage identificatign; Fig. 18 inasinplified
schematic representation, a test caVl]$§Y'according to the present

i nvention, which is piv- oted during testing; 10 Fig. 19 the effect of

pi voti pgqt hg A estiCawrit ReePRNY deti EhelBinl higsl phakisved auaidon of a
| eak Wwth re- spect to filling product; Fig. 20 in asinplified
functional di agr amementissiath sxfbsequenblyt pparataddtedt| cakittdemldbran e

the i ti 15, , t . Tl the i, ti t hod.
N TG 1 thero ATVRREY AR ERCTED DB P Y AORE FLE

plerr](T) in the W QYA 5diSof eARCLRE UE§eUbagham, fheddPdRlfRL M ned
tenperature T[err[ a li1quid starts to evaporate when the respective vapour

pressure p[err] iendeadiatks Abowecodhparvaponr a2 bpesessuleaddurgsad he
material is liquid, belowthe material is gaseous. According to fig. 2 an

i nventive appar athRaRFRHrIW|RELEIEREICTYity 1 with a sealingly closable
cover 3. A vacuum punp 5 connected to the test cavity 1 which nay be a drag

punp Ok 23 g 1ot i,ﬁf@%@ﬁ%v&ﬂémaesre Pepedbhiusiion PYM Mt &4l bo
vacuum puanp as a turbo ecul ar punp. This depends on the de- gree of
vacuum whi ch shalitypeacsdadinghed théhpresantt gntenkien, which is piv-

oted during testing;

10 Fig. 19 the effect of pivoting the test cavity according to
fig. 18 on the relative location of a leak with re-

spect to filling product;

Fig. 20 in a simplified functional diagram provision of a
calibration standard leak to calibrate the inventive

1s apparatus as performing the inventive method.

In fig. 1 there is qgualitatively shown the course of vapour
pressure p.(T) in the pressure versus temperature diagram. At a
predetermined temperature T, a liquid starts to evaporate when
the respective vapour pressure py, 18 reached. Above the vapour
20 pressure course the material is liquid, below the material is

gaseous.

According to fig. 2 an inventive apparatus comprises a test
cavity 1 with a sealingly closable cover 3. A vacuum pump 5
connected to the test cavity 1 which may be a drag pump or a

25 rotational piston valve pump or a diffusion pump or a turbo
vacuum pump as a turbo molecular pump. This depends on the de-
gree of vacuum which shall be established within cavity 1. Fur-

ther, there is provided a vacuum pressure sensor 7 as e.g. a



ther, there is provided a vacuum pressure sensor 7 as e.g. a WD 98/ 54560
PCT/ 1 B98/ 00309 - 14 - Pirani sensor, which neasures the pressure prevailing
in the test cavity 1. At |east one closed container 9, which is filled at

| east toVWEOM4E% ent with a filling product containing at PEIEBIHME0Y i quid
conponent is introduced through opened cover 3 5 into the test cavity 1
which is then sealingly closed. By starting operation of vacuum punp 5 the
surroundi ng of con- tainer 9 and thishe internediate volune V of test
cavity and container 9 is lowered. According to fig. 3 starting at anbi ent

pressup£rpher Ebnkbe ,PiaSchl hedtfrdd Vb UFBeYsiiSel 9\.9@&,%@1%93 %%tu%?m to

the value p[err] which accords to the vapour pressure of thé I1qu
conponeastwealityt Rs At |lieagtgootk oflosed conmbaneer9s, | whishads shidlled o

sel ect a yacuum punp 5 whi.ch enables to, evacuate the test cavity 1 down to
a pres3tre@fitcho §oqE Ieéﬁsetntoﬂéft}br%f&i%}?gt%°§H&t15:°é\‘/:€&nrﬂ‘-’ea;freferred

three 9§g eantaomg&i@%a@%nvap@!{s pizg?foag{:sdpkﬁ%}lggj oga%eld Whgkcopntent

of the tfilling product. The test is preferably per room
t edperphtivethe. eesat cavignypear athireh Tiof thénuse2DieyllyColldsetidhe By qui d

content is water then the vapour pressure pgerr] of water at room
t enperBf¥Feirg SPeIBSHICHLEMYACWNY PYMPhenthe PrREFeMPEd D 9f SAe an

evacuay u [ [ I t t cavity . t

10[ er ?‘}égﬁgr . gII)F i&mgh%nttg}eﬁgr&pér%?n %gﬁygn&?%gﬁteegtsggagi\éﬁt}: ft aﬁ'é"\af'ﬁﬁg% nad rel a-
tivel yeohgatiinea! 0 ik ilowerted .eaky, then qualitatively the pres- 25 sure in
volume Vwill follow the course (a) according to fig. 3 dowmn to the nore or

| ess constant val ue of pressure,, which may, be reached By that type of
vacuunﬁ‘-‘ﬁﬁ‘ﬁfdﬂﬁgt £a &390 f31 gHhaxtng at ambient pressure p, the pres-

10 sure in volume V is lowered at least down to the value p, which
accords to the vapour pressure of the liquid component within
the £filling good of the container 9. It is advisable to select
a vacuum pump 5 which enables to evacuate the test cavity 1
down to a pressure which is at least one, preferably two and

15 even more preferred three decades lower than the wvapour pres-

sure p, of the liquid content of the filling product.

The test is preferably performed at room temperature, i.e. at a
temperature T of about 20°C. If the liquid content is water
then the vapour pressure p, of water at room temperature is

20 about 20 mbar and it then is preferred to provide an evacuation
pump 5 which is able to evacuate the test cavity to about 107

mbar.

If the container provided in the test cavity 1 having a rela-
tively rigid wall 11 is not leaky, then qualitatively the pres-
!5 sure in volume V will follow the course (a) according to fig. 3
down to the more or less constant value of pressure, which may
be reached by that type of vacuum pump installed. If, on the
other hand, the container 9 is leaky as schematically shown in

fig. 2 e.g. at locatiocn 13, then a small amount 14 of liquid



ot her hand, the container 9 is |eaky as schematically shown in fig. 2 e.qg.
at location 13, then a small anmount 14 of liquid WO 98/ 54560

PCT/ 1 B98 zto- conponent of the filling good will be dsawy gh the
| eak 13 @ﬁ?gggﬁ?%e container 9 and as soon as the pressureq%revg%pﬁﬂg in

the vol une V becones p[err] starts to evaporate into the volune V. As
qualitatively shown in fig. 3 this Iga?% to a pressure 5 versus tinme course
according to (b), i.e. evaporation of e liquid leads to a pressure rise
in volune V, counteracting the action of the vacuum punp 5. The vacuum punp

5wl dompbrentt eof none Afllllingngdod wWid lvagowdrdwn fthabhiyhacheetea Macuum
| evel according to course (a). If the leak is situated at an area _of 10
the coMuli mfr BPHEPREALREE s eAlfaFfe$Ods 35 §hey PYegpury prefajling

evacuati, oyl YOI g f Bebbnbl! Bl L€20CLOLBUCLLONAY Aiindlll 0l $0Rme
cont ai Aer, agal n count eracting tHe operation of Tvac-  uum punp s, én-the

| qui dvcomsenjuai ibabicenyasRewmd it IHicgt @ ttlils eVepas ate W bheBsuhe

contai ner and vapour will be suc- 15 tioned out of leak 13'. This, too,

wi 1§ | srsus £ ireseonrse| aecprdiasidu® Ublcount®r RYapgrahdopr efsthe cour se

whi ch |l d be followed if_just_air .had to . b d_b . 5. B
moane ORGRE RS B naoPre i Rhe . G T bt RonteE R TR R
noni t orRE: i SFXRSF | PRAt Gabaus sl st.hathd argalom ipumpOs gependadt eb hhe

anount of volunme Vin a test cavity a signifi- cant difference of pressure
accor dimnye ;ddict touaidy the yapouy) tof finplly iachibevaed watvumaleivied span

[err] of a few seconds %one t t&re seconds), and, at_a l.eak smaller than 1
m cr on A RTETRS 1T COVRESpBlsue G AT Dot HotRES| Rk phaRd o . 25
| epky GO alderaDgéPJs 0finabauL19Ng PIERSMHHSIECadS. i Heasyres ERNLS were
performed with water as liquid content.
then evacuation of volume V will first lead to suctioning air
out of the container, again counteracting the operation of wvac-
uum pump 5, then the ligquid content within container 9 will
start to evaporate within the container and vapour will be suc-
15 tioned out of leak 13'. This, too, will lead to a pressure rise

in volume V, counteracting the pressure course which would be

followed if just air had to be removed by vacuum pump 5.

By means of the vacuum sensor 7 the course of pressure in the

volume V is monitored. Experiments have shown that largely in-
20 dependent of the amount of volume V in a test cavity a signifi-

cant difference of pressure according to the courses (a) and

(b) of fig. 3 is reached after a time span t of a few seconds

(one to three seconds) and at a leak smaller than 1 micron

(0,02 um), the pressure difference between a leaky and an un-
25 leaky container being of about one pressure decade. Measure-

ments were performed with water as liquid content.

Although it is absolutely possible to measure the absolute
pressure in volume V, e.g. after the time span t to detect
leakage of the container a pressure difference measurement is

30 preferred, as will first be explained with the help of fig. 4.



Al though it is absolutely possible to nmeasure the absolute pressure in
volume V, e.qg. after the tinme span [err] to detect |eakage of the container
a pressure difference nmeasurenment is 30 preferred, as will first be

expl ai ned¥QP¥B¢6he help of fig. 4. WO 98/ 54560 PCT/IB98/00309
PCT/ 1 B98/ 00309 - 16 - Back to fig. 2 the pressure sensor 7 is operationally
connected to an evaluating unit 15, whereat especially |eak indicative

t hreshol d val ues are preset, as schehé¥§cally shown by neans of a
presetting unit 17. The output of the evaluation unit 15 is a 5 two-state

si gnal gRal Gad iy | eakyLar pPRksl;8K¥enBer0rding i fd '04'%§§ QULRHELQE the
vacuum sensor 7 isS input to a storage unit 19, contro e a timng

cont r oltcsiagnavalwatingasnithafnt whalrents lempeadial i Tedk Sindicatdlirag to
fig. 3 this is perforned at a first point in time tJerr]. At. a second point
in 10 HMRSholtofyNgSt TP §resets, aphs R G bnSRYeR g% mRrRS19fand

the outp d OF {73r @nco d J£0 RS RAALT Y { 8
differteang}ere%%n’%%éﬁlgﬁt 2%, V\Elhghgggggﬁ:atotefs)%n out pjl'}%(g%il'%lrrxla %\Elg gcszcgrds
W th t heoHsassie esthadr fndécAtpngl leagy dr MHotA feskfper, nost preferred
realisation of the evaluation elec- tronic is shown in fig. 5. The output

signal of sensor 7 is ,in- put to a conversion unit 121, which conprises, as
an i npRCREHT &P abdoghetPs BRGPRE OLodis (VACHIN SCRFPT ohedS hyngut

di gi tal erter Qfs 1 he t st.age
121 is tfote% f%‘%é flggg%cgbérrg%%%?g%{%% ;2;‘91%%1%%% PRt 2 %%%ﬁg% 52
recei ves didtemidtyi¢dkloushoimsivjaakbwiteh sensaicokdiihe oot Pid. o8 thes

difference aq;lifier unit 123, according to the difference unit 21 of fig.
4, act dsoparfertedrabnpl FLreE BRiRt1AD Sdme dut pht & sRiTcsd mody in

Sufgri@%§§¥1§gcgg§i£8 Lgsfig. 3 t,, the output of the storage unit 19

and the output of the sensor 7 are connected to respective in-
puts of a difference forming unit 21, which generates an output
signal which accords with the pressure difference A p of fig.

3.

15 A further, most preferred realisation of the evaluation elec-
tronic is shown in fig. 5. The output signal of sensor 7 is in-
put to a conversion unit 121, which comprises, as an input
stage, an analogue to digital converter 1l2la, followed by a
digital to analogue converter 121b. The output of the converter

20 stage 121 is fed to a difference amplifier unit 123, which ad-
ditionally receives directly the output signal from sensor 7.
The ocutput of the difference amplifier unit 123, according to
the difference unit 21 of fig. 4, acts on a further amplifier
unit 125, the output of which being superimposed at 128 to its

25 input via storage unit 127. The input of the storage unit 127
is fed from the output of unit 125. A timer unit 129 time con-
trols the arrangement. For storing a first pressure value from
sensor 7, according to fig. 3 at time tl, the timer unit 129
enables a conversion cycle at unit 121, so that a reconverted

30 analogue output signal el, appears at the output. Simultane-



25 input via storage unit 127. The input of the storage unit 127 is fed
fromthe output of unit 125. Atinmer unit 129 tinme con- trols the

arrangeneﬁégwgg% storing a first pressure val ue frontsensorPZTﬂﬁﬁﬁB&glng to
fig. 3 at tinme t the timer unit 129 enabl es a conversion cycle at unit

121, so that a reconverted 30 anal ogue out put signal el[err] appears at the
output. Si mul t ane- WO 98/54560  _ .., _

PCT/ 1 B98/ 00309 - 17 - ously, the substantially sane signal fromsensor 7 is
applied as signal el to the second input of unit 123. Thus, at the out- put

of uni bubldy, ahzersulségmetisbhbyl damppedignaieVRfdhaidssori M ﬂgngbﬁllléd
zero-offset signal will appear at the output of unit 5 125, which signal is

storedaﬁnﬁﬂﬁﬁ (ﬁﬁrﬁPtﬁh¢ qeqonénaspe@ O et i¥Bhg Thwas, 128. the bute t2
Nno conyversi r ered t the un 21 o that there a rs at .the

i nput gfltarrp ]ll‘g% % S?‘?nﬁt %‘ 6‘}"57 FHEE T « gg?ﬁ’%rggtagﬁsﬁret}éﬁ' ling
at t2 geﬁerfarlora sﬂe?ag;e-dﬁﬂset hslghaneeblme%we%f«ael@%MI&tﬂtﬁﬁé BECuni®
valllng at t[err] Further, the zero offset S|gnal whi ch was stored In unit

125 i slg§pemhm15e@mah wfseoredrrpenm rsg:cm:gxmlurmtthav t @pabéed biyng
si gnal he .out put. fietr un| 125 is zero- offset ensated. This
al | ows tgevé: IR Wt }rggptétén’éﬁ?eo PP S T et et ggﬁﬁegcéﬁr di ng
to figend uhfltt heronai oAt updete! 8phedds %é e 4 5 eampﬂ@ agcord-
ing to fig. 3course(c) the pressuré prevailing int urreVoP“the

t est caeidt giremtly hizwem| slsnscbro'ﬁh the [pegismure wilwp- pmmihgnghatvaguum

punp 5 a dlg;erent course. % Si gy 20 be detected, e.g
conparPHG'a lﬁﬁﬁﬁﬁwlﬁotn? ?nsF rES PESSSYR %ﬁnw§+§%aya§fp§§nsor 7

Wi nfth avah qq?tgera‘e ned whneshal d Mal Uge £00Ls 880YNL 4304 LhiSHER T &shold

ue i s not reached
in unit 127 is superimposed as a offset-compensating signal so

that the resulting signal at the output of amplifier unit 125

is zerxo-offset compensated.

This allows a very accurate measurement of pressure difference

15 Ap according to fig. 3.

If the container under test has a large leak, then, and accord-
ing to fig. 3 course (c) the pressure prevailing in the volume
V of the test cavity 1 will have just from the beginning of op-
erating the vacuum pump 5 a different course. This may easily
20 Dbe detected, e.g. by comparing at a previous point in time t,
the output signal of sensor 7 with a predetermined threshold
value (not shown), and if such threshold value is not reached
by the actual pressure, the effect of the vacuum pump 5 on test
cavity 1 is disabled. This to avoid that, with a larger leak, a
25 huge amount of content of the container is suctioned intc the

test cavity and contaminates that cavity.

As was mentioned, the proposed method accurately functions
largely independently from the volume V between test cavity 1

and the at least one container to be tested. This allows, ac-



by the actual pressure, the effect of the vacuum punp 5 on test cavity 1 is
di sabled. This to avoid that, with a |arger |eak, a 25 huge anount of
content of the container is suctioned into the test cavity and contam nates
t hat cavMOP8/54860has nentioned, the proposed nethod accur at EC¥/IBABI%NS

| argely i ndependently fromthe volune V between test cavity 1 and the at

| east one container to be tested. This allows, ac- WO 98/ 54560

PCT/ 1 B98/ 00309 - 18 - cording to fig. ¥ 1o si mul t aneously test batches 9
of con- tainers 9, thereby naintaining accuracy of detecting whether one or

nore t Bapaeng o tHigy CN! aldes Sme1 t8AKouBYYt Beke bhe Al dhads deggetion
accuracy is not critical with respect to 5 difference volune V leads to the

possi bthingref 9pr dhieliehy oreinesintagi apctrhoy afindetigamdngiwiktherent |y
shaped and differ- ent-volune_containers,9 to he_ tested therein. |If the

wal | oPRg E’5n_t“9rr’?ert AP ¢ Kf S Fa§ORERIRELRani 5Ky WY Stend Hhe _
pressugg toaging &a‘tm&%;a%c@@écyt lﬂgnnoﬂn@rﬁiélzgls eﬂeagtfe%}éa? SpgWn i n
f ch snugly

ig. 7, atest cavity 1' with cover 3 1s provided whi its with
t h& shdapéfefrenive cliwman e Beaddetebyheppobsibidity?@f aerocscitbinmy i okl y
shown in fig. 7, prevent that_ by effect of the evacuation the walls of the

con- tBRAEr CAVE Y A EPKE R iToheltvdet 85t AeLfRreRtda shePathandfidtesavity
and t%%??ﬁ?ﬁ&é{)%éﬂ@iﬁ&é%rt?gaiagsaés‘éghu eYelgt ween container and test

cavi t el ng evacuated according to the invention. Such
protrusions 20 may be realised by a nesh or grid inlay or, and preferably,
by nmechfinthal Wwalllougheniawontdinenneo el kesktettheagyavictty meschdridally

m cr o- enbossnents sustain the 20 wall of the container, thereby |eaving a
cont i nWa&EstRAE stﬂ%fcé’%%sﬁl‘b?%n%o%‘.hng of approx. 1 bar, then, "and as

10 schematically shown in fig. 7, a test cavity 1' with cover 3!
is provided which snugly fits with the shape of the container
9. Thereby, protrusions 20, as schematically shown in fig. 7,
prevent that by effect of the evacuation the walls of the con-
tainer are firmly suctioned on to the inner wall of the test

15 cavity and thus make sure that there remains a volume V between
container and test cavity wall for being evacuated according to
the invention. Such protrusions 20 may be realised by a mesh or
grid inlay or, and preferably, by mechanically roughening the
inner wall of the cavity, so that micro-embossments sustain the

20 wall of the container, thereby leaving a continuous interspace

as volume V.

As shown in dashed line in fig. 7 it might further be advanta-
geous, e.g. when closing the cover 3 or 3' of the cavity, to
mechanically bias a part of the container's wall inwardly,

25 thereby increasing the inner pressure of the container 9 and
additionally pressing liquid component of the £illing product

out of a leak if such a leak is existent.

According to f£ig. 9 the method and apparatus according to the

present invention may be used to monitor huge tanks with re-



As shown in dashed line in fig. 7 it mght further be advanta- geous, e.g.
when cl osing the cover 3 or 3" of the cavity, to nechanicalk¥ bi as a part
of the cHRWITE" s wall inwardly, 25 thereby increasing th&GIARS 08P %Lssure
of the container 9 and additionally pressing |iquid conponent of the

filling product out of a leak if such a leak is existent. According to fig.
9 the method and apparatus accordi ng 8 the present invention may be used
to nmonitor huge tanks with re- WO 98/ 54560
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i ng tiwdlDessanélpoihthhase indldrs weA Iperd cim@dahyousengwhha i2%-. trydedi ate

vol une of the two walls, as volune V according to fig. 2. Such a techni que
S

my belrgpprigataegs pfr bokksrese sl ls FairevEarepdsbyr usdnchifde in-
statiqnar nk_p. t O+l 0r._gasoldi-ne. f 14, here is .sho one
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i ngentf e, appasatHSaotethhgenut) ma3oBAidisBidd @9gasror samids RIstdLa
containers for nedical ap- pliance. The containers nmay have flexible walls
as t heoxt esaikavehjclesnogl fom twgehdtatieprry Thark pdangsther- shdier an-

ot her technjque to rapidly detect whether one of the containers has a |arge
| eak. FHEFe™AFe provi ded i npedance neasurement 15 el ectrodes 32 and 34
integrated in the wall of the cavity 1 and nutually electrically isol ated.

They afe £pgnest eHek@ 3B isHRAT A hLIE Diederabt¥scr eshsicynae g@asiyi ng

unit 35. If by apply- ing a vacuumto the test cavity, preferably with a

r oughemiydinat eheoinwentiviel meitdrcarid [in mp chmventive spparased tm tiereait - 20

SR e(%oﬁ€§3§gggagge59wgglbﬂjgﬁgif;éggégig ggﬁgggggrgyfgg medical ap-
pliance. The containers may have flexible walls as the test
cavity 1 snugly fits their shape. There is further shown an-
other technique to rapidly detect whether one of the containers
has a large leak. There are provided impedance measurement

15 electrodes 32 and 34 integrated in the wall of the cavity 1 and

mutually electrically isolated. They are connected to an imped-
ance or, preferably, resistance measuring unit 35. If by apply-
ing a vacuum to the test cavity, preferably with a roughened
interior wall, liquid f£illing content is suctioned to the out-

20 side of the container wall, this is quickly detected by an
abrupt change of impedance meaéured between the electrodes 32

and 34. The output of the impedance measuring unit 35 disables

(not shown) further evacuation of the test cavity 1.

Once a test cavity has been spoiled by outpouring filling good
25 of a leaking container it is cleaned, either by cleaning
evacuation and/or pouring with a gas, preferably with nitrogen,
and/or by heating. In fig. 8 there is shown a feeding line for
a flushing or cleaning gas, contrecllably fed from a gas tank 37
to a contaminated test cavity 1, which gas preferably is nitro-

30 gen.



abrupt change of inpedance neasured between the el ectrodes 32 and 34. The
out put of the inpedance neasuring unit 35 disables (not shown) further
evacuat i ogofsshbi test cavity 1. Once a test cavity has beepcspgislogshoby -

out pouri ng f||||ng good 25 of a |eaking container it is cleaned, either by
cl eani ng evacuation and/or pouring with a gas, preferably with nitrogen,
and/ or by heating. In fig. 8 there is show a feeding line for a flushing
or cleaning gas, controllably fed froma gas tank 37 to a contam nated test
cavity 1, which gas preferably is nitro- 30 gen. WO 98/ 54560
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sealingly gut one pon t he ot er to conplete a test cavity 1 according to
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pr esent inventlon S espeC|aIIy suited due to its short 5 measuring cycle,
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carousel, which are automati- cally |loaded with containers to be tested
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testing technique. If one of tq? cont ai ners iested |n uch caV|ty is 10

det &ct SHCRBUBET G EFLG &P Hh F RAR pRRE 1 VBIBEIY t § setngt FEVeralisesh th a
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the measuring cycle on a next s contai ners. Mean e cavity kept
unl oadedal 3yc L eauded wmthnbnhEmmebedtoebéheesbydeuaomaEMQNnandhmmzgas

flushing and/or 15 heatjng. Obviously, there nust be realised a good
vacuum EPBHEYS&a BNt WikkGh REBE ) cFiubFanecyslyn Ehe. descaibep timg
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10 detected to be leaky, then the respective cavity is not re-
loaded with a further container afterwards, but this cavity is
maintained empty during the measuring cycle on a next set of
containers. Meanwhile, the cavity kept unloaded is cleaned, as
was described, either by evacuation and/or gas flushing and/or

15 heating.

Obviously, there must be realised a good vacuum~-tight sealing
between a cover 3 or 3' of the test cavity and the main body of
the test cavity 1 or between the two halves la of test cavity
according to fig. 8. This is realised preferably by providing
20 at least a pair of parallel seals 28 as of concentric O seals
and by separately pumping an intermediate space 29 between such
seals, as shown in fig. 10. If the container to be tested con-
tains a filling product with more than one specific liquid com-
ponent, the vapour pressure of that component is gelected for
25 leak detection which has the highest vapour pressure, i.e.
which component starts to evaporate at relatively highest pres-
sure. Thereby, viscosity has to be considered too, i.e. a com-
ponent is to be selected for defining the vapour pressure,
which component is liquid enough to penetrate smallest leaks.

0 By evacuating the test cavity down to a pressure which is sig-



according to fig. 8. This is realised preferably by providing 20 at | east a
pair of parallel seals 28 as of concentric O seals and by separat el
purpi ng aQ ARk di at e space 29 between such seals, as shodFHABFPE 10.

If the container to be tested con- tains a filling product with nore than
one specific liquid com ponent, the vapour pressure of that conponent is
sel ected for 25 | eak detection which h the hi ghest vapour pressure, i.e.

whi ch conponent starts to evaporate at relatively highest pres- sure.
Ther eby, ;\¢l; | Nase c [ | n§ i be
sel ect eal 3?'%3%‘1%i ng t%\gtﬂ\gﬁrﬁog?ép?ggggfie?’%\?ﬁ:sgﬁ‘ec%ﬁ%%\ﬁ%fp%%?qé?gggnough
t 0 peneneate isnmdld@stes aaksriBic®8y whdchaviappurheressHurrawalvdons t8 de
pressure which is_sig- WO 98/ 54560
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be consipieied, £ VERSUSohtEBCaN SE3ATJPIEAMALL ULl Ple! QuLhe
in- 5 ventive method and wth an inventive apparatus, bothin pre- ferred
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tlerr] ewvatwiiars offigt esiceypavity 103 by neans of the punping arrangenent
105. This is shown in fig. 12 by the 15 evacuation start signal

EVST/t[err]. After a fixed predeterm ned anount of tine AT of e.g. 0.75
These figures shall be discussed in connection with fig. 12,

10 which shows a preferred monitoring and control unit according

to units 15, 17 of fig. 2.

According to fig. 1la the timing unit 201 of fig. 12 initiates
at time t,, evacuation of a test cavity 103 by means of the
pumping arrangement 105. This is shown in fig. 12 by the

15 evacuation start signal EVST/t,,.

After a fixed predetermined amount of time AT of e.g. 0.75
sec. the output signal of the pressure sensor within test cav-
ity 103 (not shown in fig. 12), A,, becomes compared with a
first reference signal preset at a presetting source 107,

20 RFVGL. To this target, comparator unit 1039 is enabled by timer
unit 201 at t,, + AT.

If after time span AT the actual monitored pressure according
to electric signal A; of fig. 12 has not reached the value of
RFVGL according to course I of fig. 1la, this means that a very
25 large leak VGL is present. This is detected at comparator 109
generating the output signal A,,,. If according to the charac-
teristics shown in the block 109 of fig. 12 the output signal

of this comparator unit 108 enabled at t,, = t,, + AT is e.qg.



sec. the output signal of the pressure sensor within test cav- ity 103 (not
shown in fig. 12), Alerr], becones conpared with a first reference signa
preset atwg gafses@tting source 107, 20 RFVG.. To this target p-¢RERModfoCr -
unit 109 is enabled by tiner unit 201 at t[err] + AT. If after time span AT
t he actual nonitored pressure according to electric signal Alerr] of fig.
12 has not reached the value of RFVA agcarding to course | of fig. 1lla,
this means that a very 25 large leak VG is present. This is detected at
conparator_ 109 generating the output signal Alerr]. If according to the
char ac-stkklsatca Baghn lewetlherxﬁm@n_m presegce 10ft he VoL, ptthisi dmal of

o5/ 5a5g0 bt e Bhb Wb BIERE Ve (Ol "radiBhrprinatasteo ik sre siii)
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output. If the pressure prevailing in the surrounding of the contalner 103

under teavity, ehagnrehehedsendaWnogsddisre facdnde ahdvel0RSVELr efceioriding
Ievg RFVGL accori;n%FS t.o course Il of fI$ 1lla, the VA output signal is
not > gerte? -CRLEFS Fife & aithe Y&k utl%‘&Eu?i‘%ﬂéé &f PRE WeReIignal
pref- epahky stops the evacuatlon cycl e because contam nation of the vacuum
punp 105 may have occurred or m ght occur due to the 10 very |arge | eak of

t he contai ner under test. As shown by the course Il of fig. 1la as VA does
not ocAs wihtuhei empdeinedudsitgr t oeoirremee abnehe VELE sdgnille pirlerf -At

the time tJerr]. the nit 201 dis es ng arrangenent 105 and
i econeraiike LB@P& bRy BV RGH AT TR, 58 Ca R EARE RO RALS Ogh SfEReL03.
Furt herya &b iR ptiftb! 1891 n@2RS% CRIMBAL® o Mhight loct8rMaLEN B Tt Ner

ref erence val ue RPGL s |'ed, generate
10 wvery large leak of the container under test.

As shown by the course II of fig. 1lla as VGL does not occur
evacuation continues up to a further moment of time t,,. At the
time t,; the timer unit 201 disables pumping arrangement 105
and disconnects as by a valve 106 the pumping arrangement from
15 chamber 103. Further, timer unit 201 enables comparator unit
111, to which a further reference value RFGL is led, generated
by a reference signal source 113. If at t,, the pressure pre-
vailing in the surrounding of the test cavity has not reached
RFGL then comparator unit 111 generates an output signal GL in-
20 dicating that the container under test has a large leak. Here
again, and as will be further explained later on, some reac-
tions are taken with respect to further operation of the test-

ing system.

If either the signals VGL or GL are initiated by the respective
)5 comparators 109, 111, the timer unit 201 is principally reset
because the testing has been completed and the quality of the
instantaneously tested container established has been identi-
fied. This is schematically shown if fig. 12 by the signal

RS,,,.- If not reset, shortly after t,, the value A; (t,,) of the



by a reference signal source 113. If at t[err] the pressure pre- vailing in
the surrounding of the test cavity has not reached RFG. t hen conparator
unit 111 _ge es an output signal G. in- 20 dicating that i ner
under-tegg?ﬁgggg | arge | eak. Here again, and as will be fu#? er expPained

| ater on, sone reac- tions are taken with respect to further operation of
the test- ing system If either the_skgpq[s VG or G are initiated by the
respective 25 conparators 109, 111, the tiner unit 201 is principally reset
because the testing has been conpleted and the quality of the

i nst anpaageuHey grestLll Dept fh nehe esthizbbuskddtchast hten delntdinefied. This is
schematically shown if fig. 12 by the signal RS[err]. If not reset, shortly
after skered tive ay Hafkdin@reT SEPEinp) upitt 447 THS d¥itpMmsef the
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surroundi ng of the contaj ner under .test. After a presettable test cycle
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represented in"10 fig. 12 by switching unit 123. This pressure difference
DP is tratitcmldy ishidren bpnpaist 3Rlueift £626 drfabltdie pressurapdaffereasei ng

time Tlerr]. By nmeans of % further referencge %g%ge source 127 ghﬁ r.ef erence
val ue bﬂ?ﬁf— ite RRERUEhBL cBRpAr Atdr H:T‘niecva%?oa. & i T I T BRTBRPF aPfed™ at er,
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rererence val ue lerr to
fed to a further comparator unit 125 enabled at the lapse of
testing time T,. By means of a further reference value source
127 the reference value DPREF is fed to the comparator unit
125. As will be explained later, the value of DPREF may con-
15 trollably be varied in time and/or a reference value ¢, to

which DPREF is referred to may also controllably be varied in

time.

If DP at time t,, + T; is larger than the reference value DPREF,
then a signal FL is generated at unit 125, indicating presence
20 of a fine leak FL in the container under test. This according
to the situation as shown in fig. 11b. If DP does not reach
DPREF, then the container is considered unleaky as none of the
signals VGL, GL and FL have been generated. This according to

fig. 1llc.

25 If the VGL signal is generated according to fig. 12, the
evacuation pump 105 is immediately disconnected from any test-
ing chamber 103 it is connected to, be it a single chamber or
be it in an in-line processing where one pump 105 is parallel
connected to a multitude of testing chambers 103, from all such

30 chambers. This because at a very large leak the vacuum pump 105



which DPREF is referred to may al so controllably be varied in tine. If DP
at tinme t[lerr] + T[err] is larger than the reference value DPREF, then a
signal FL, 4 erated at unit 125, indicating presence 20 fine | eak
FL in thémk§ﬁ$§?her under test. This according to the situgFﬁéﬁﬁg@g hown in
fig. 11b. If DP does not reach DPREF, then the container is considered

unl eaky as none of the signals VA, _ 4an FL have been generated. This
according to fig. 1lc. 25 If the VA "Signal is generated according to fig.
12, the evacuation punp 105 is i mediately di sconnected fromany test- ing
chanbetodDd havesbeennevintcntimatikal iy dlesakhe cbateat 6F BRei konr an
in-1ine processing where one punp 105 is parallel connected to a nultitude
of testdHCEhafbeF8erePy ffoRRALWRRNY PPrseHatBecEQ. PTAVidscfgyseugh & very
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con- tihaesnel brt bbeehpries talagnldiiee| te PObsd hkRahbe Pt O¥bdecheinseC ke rcase a
redundant punpi ng arrangement which may be connected to the one or the nore
t h&n okedt ewhengashihisePeasddohtgantaninated fhgstwaumpanat Rergogsi-bl y
contam nated first i rrange- nment is reconditioned. In a nmultiple
chanbel® -f?ngeggggﬁggcgg%'enl as e.g. in a car- ousel testing plant with
a multitude of testing chanbers, oc- currence of the signal G. indicating a
| ar ge 1gak malcppiel khamkRralisp Tk acssi Ienceyotenheasi gngl. Eh andiagat i ng
for a fine leak | eads preferably to disabling or "bypassing" that chanber

wi th tewsebakestdngapdents Wkl & ekt bendy) efippesbingi chambersinecs to be

teSteqhxﬁ@gﬁ gso%h%h%tg%ﬁn%Ba e@%.lé%éﬁﬁélaof§£gglﬂgak and possibly

10 also the occurrence of the signal FL indicating for a fine leak
leads preferably to disabling or "bypassing" that chamber with
the leaky container from further being supplied with containers
to be tested, whereas the other chambers are still operating
and performing tests on newly supplied containers. This bypass

15 of a testing chamber, whereat a container has been identified
as heavily or even slightly leaking, is performed so as not to
influence further testing results at that chamber which
wouldn't thus be representative anymore due to content of the

leaky container having possibly contaminated that chamber.

20 This bypassed chamber is reconditioned during further testing

cycles at the other chambers.

Reconditioning may be done by heating that chamber, flushing it
by a liquid and/or a gas, especially by a heater gas. Whether
or not that chamber has been properly reconditioned is checked

5 by having it tested as if it was filled with a container to be
tested. Thereby, the condition of proper reconditioning is in-
dicated if DP according to fig; 12 at that empty chamber does
e.g. not reach DPREF or an appropriately set "Empty Chamber DP-
REF"-value (ECDP-REF).



and performng tests on newWy supplied containers. This bypass 15 of a
testing chanber, whereat a contai ner has been identified as heavily or even
slightl ywioaaldsedd, 1S perforned so as not to influence furt per/1Besto300

resul ts at” that chanber which wouldn't thus be representative anynore due
to content of the |eaky container having possibly contam nated that
chanber. 20 This bypassed chanber is. rgggonditioned during further testing
cycles at the other chanbers. Reconditioning nay be done by heating that
chanmber, flushing it by a liquid and/or a gas, especially by a heater gas.
Wiet heSugh ESDR-REV dtairiee precevbded propedspiidchiils BSn&de sledtked 5 by

R

per=recon roning I's I n- ed’l

accor djRgrbedect ivi? ¥ rdhahc€MPhyuebatbel td0aS iy Ghdodhdeehs DBREF or an
appropriately set "Enpty Chanber DP- REF" -val ue ( ECDP- REF). WO 98/ 54560
PCT/ | B8bpe30Feccziilit Bomim&ECDP- REV may be provi ded by nmeasuring DP[err] at
the clean, enpty test chanbers and by storing these neasuring val ues

DP[err] _ as respective refergnce Lues L testing, t.he chanbers qn _proper
FecondiBRen PR IES ViR EFEkisy 1A% Re Al tin T 105, Feodayoeg tRat
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the referencé pressure difference value DPREF may be very critical and may
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surroundi_ng tenperature, i sture of anbient_ai,r, 10 sli cont am npati on
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set for utnost accu-
10 slight contamination of pump etc., may influence the prevailing

pressure course and lead to false results if these critical
reference levels and especially DPREF are set for utmost accu-

racy.

In fig. 13 there is guantitatively shown the pressure course

15 according to the courses of fig. 1lla to 1llc¢, but measured at
test cavities void of containers. At t,; there occur statisti-
cally distributed slightly different pressure values. Thus, be-
fore beginningrtesting of containers at a multiple test cavity
plant, the unfilled, tightly closed test cavities are tested

20 according to fig. 13 to establish an average (RFGL),. The value
of RFGL as used at the comparator 111 of fig. 12 or as used ac-
cording to the figures 1lla to 11lc is found in that an offset
value ARFGL is added to (RFGL),. It must be pointed out that
ambient parameters as temperature, humidity of ambient air etc.

25 may be considered constant during the calibrating cycle per-
formed at the empty and conditioned test cavities and leading
to the measuring results according to fig. 13. Nevertheless,
during ongoing time as during on-line testing, these disturbing

parameters may slowly change and may vary (RFGL),.



racy. In fig. 13 there is quantitatively shown the pressure course 15
according to the courses of fig. 1la to 1llc, but neasured at test cavities

voi d of ' s. At t[err] there occur statisti- cally distributed
slightlygﬁﬁggégggt pressure val ues. Thus, be- fore begi nni G ERPRY of

containers at a nultiple test cavity plant, the unfilled, tightly closed
test cavities are tested 20 accordirgk#é)jig. 13 to establish an average
(RFQA.)[err]. The value of RFG. as used at the comparator 111 of fig. 12 or
as used ac- cording to the figures 11la to 11c is found in that an of fset
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not heavily ) eaky con- tainers are averaged, The output average result

si gnal w&(’?&br@‘%‘)tm O%RI%_‘-’)'[ ert %’Pt fY%ﬁ'l%%, 1BUEIDSr i gsgi'ndll? © ¥3FYdue to
vary- 10 ing anbient paraneters. To the output average resulf Alerr] and

accor di-R§ Pt mRYaReberSet TARFBE PYLRYFecdVerREes &afUlf 45 and

according to fig. 13 the offset ARFGL is added, the result of

that addition is a dymamically varying reference value RFGL,

which is applied to comparator unit 111 of fig. 12. This dy-

namically varying reference value RFGL is shown in fig. 15,
15 starting from an initial setting, as e.g. found as was ex-

plained with the help measurements at empty test cavities 103.

As may clearly be seen now from fig. 15, the average pressure

value 45 (t,;) is now the basis for also referring DPREF to.
Therefore, and as shown in fig. 12, the difference pressure

20 reference value DPREF is not referred to an absoclute static

value as ¢,, but is referred to 45.

An even further improvement of accuracy is reached as will now
be described, which may be realised separately or additionally
to realising a dynamic RFGL and based thereon a dynamic upper
5  limit of DPREF. Thereby and according to fig. 16 at the end of
the time span T, the actual pressure difference DP is led to an
averaging unit 135 whenever the output signal FL indicates that

the container under test is unleaky. The output signal of unit

135 which accords to an average pressure difference signallﬁﬁ



that addition is a dynamcally varying reference value RFA, which is
applied to conparator unit 111 of fig. 12. This dy- namcally varying

ref er enceao/adlsd€oRFGL i s shown in fig. 15, 15 starting fromPST/iBAY/eA30Y
setting, as e.g. found as was ex- plained with the hel p neasurenments at
enpty test cavities 103. As may clearly be seen now fromfig. 15, the
average pressure value Alerr] (t[err])271s - now the basis for also referring
DPREF to. Therefore, and as shown in fig. 12, the difference pressure 20

reference value DPREF_ is not referred to.an ahsol tatic value a err],
but isaVéFéBFgaqu@rA[té'{';]l%t e‘()e'he?ﬁrFﬁg}eﬁmﬁiﬁlé’qﬁéqeﬁesto%%c%yr%%?/uﬁlg Lerrl

reache s wl | e ' - WhI b i

ddi 11 BRAY 1 70 TABNTE AR e 0 e T DR SRS R P2, 8 oper
25 i nmyhief 1BPREFE fhler edy. and according to fig. 16 at the end of the tine
span T[err] the actual pressure difference DP is led to an averagi ng unit
135 whenever the output_signal FL indicates that the nt ai ner under test
i s unl barkinphdastk AR Eignal S of WHRKFEAESS afh LT HSRH (sjb? PR a¥efaBe

pressure dif e Sl I 8/.545 . .

PCH | B§§F%S§R%%f%g%/n€r%%dageg\?etg hgil%agt% cr%r%léﬁe c@%laeg?r? 11'cl)?f 1sn(gt by an
amount rADR1 tide dLBiHerdtel €811 Pebhgwits od tas sDRREfr=é gIRPREPP,i eich & uni t
127 of fig. 12. Looking back on fig. 15, whereat, as discussed before, a
con- SdysavtcadIREVaiyiey ehsckpphlye DRREFoc DI 2GTeF&yPdgtoP

results, gs schematjicall hown with a S REL rlwat N
dynani VEFARSAEIRA R J Je%%usléf‘ﬁg Bﬁﬁéﬁe’:\%%r%/i ﬁgr{ éaygcor%ill'ﬁ% %%C%/la}r)fa'gf Pons of
di st ur Qi;FPRanpeters, influencing such pressure difference. 10 It is
clear that provision of a dynami cally varying (DPREF),

10 It is clear that provision of a dynamically varying (DPREF),

signal according to that representation in fig. 15 could be re-

alised without providing a dynamically varying base value 45,

in referring (DPREF), to a stable, constant value ¢., as shown

in fig. 12 in dashed representation instead of referring to a

15 dynamically varying A5 value.

It is evident that preferably the evaluations of the output
signal A, of the one or more than one test cavities is per-
formed digitally, i.e. after analogue to digital conversion of

the output signal of the respective sensor or sensors.

20 In fig. 17 there is shown over the time axis and in arbitrary
units the actual pressure difference values DP measured succes-
gively at a multitude of test cavities of an in-line testing

plant. According to fig. 16 the calculated average pressure

difference DP is shown and the offset ADP finally leading to

25 (DPREF), according to fig. 15 or 16. As may clearly be seen,

the average DP and thus (DPREF), vary in time and along suc-
cessive testing, whereby pressure difference values as at A,

which are higher than the instantaneously prevailing (DPREF).,
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signal according to that representation in fig. 15 could be re- alised
w t hout providing a dynam cally varying base value A5, in referring

( DPREF) [ er, stabl e, constant value [err], as shown in f] &b' .
dashed reﬁ&égé/%f%?i on instead of referring to a 15 dynam cd’ld"gm@é 1{)929 A5
value. It is evident that preferably the evaluations of the output signal
Alerr] of the one or nore than one testzgavities Is per- fornmed digitally,

i.e. after analogue to digital conversi®h of the output signal of the
respective sensor or sensors. 20 In fig. 17 there is shown over the tine

measur o S R AEFEERY i By RERBRHIG TR T v aRa e P 2o

nmeasured succes- Ively a

testing sl tmeA9ELEHEADst Arbi uel@d hRak3 _faa:&faq%e&\éer&gf‘of&ﬁ? WS fig.
difference DP is shown and the offset ADP finally leading to 2

(DPREF) fé&x] according to fig. 15 or 16. As may clearly be seen, the
average DP and thus (DPREF)[err] vary in tine and al ong suc- cessive
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t he inst aneously prevai I''ng

PCT/ 4 BOY/eRI3QhvitP resudtdi shegandatt -Wnkh da@SRECIEDO d HrdBd AR AdE
averaged DP, as such neasurenents are due to | eaky containers according to
fig. llpurher ek syieadaventt hestest asf ea gcombaieset ingshisusspeently, 5
test cavity results in a Leaksindjcation faqr a _predeterm ned nunber, of
subsequEich dRat SevEeg LEnFLES: PBS=atk Shroitiy b P S R (4 s

al so bypassediddafast B8hthRShhRE4ARE 2% AQAKISReL 135, C&m.@rﬁéﬂﬁdr L as
| eaky itself, thus being re- conditioned. Such a test cavity is ITkely to
have beeerndtittioned 10Snahed Hesktnganityedsi igkedyt itwgshaate |lmpdty comtamber s
or ig nated during succeeding testings at leaky containers oxr is
likely not to be tight, which will be recognised during recon-
ditioning and testing on proper reconditioning too, as was de-

scribed above.

Further, and as was already mentioned, for some containers to
15 Dbe tested and especially for some f£illing products it is advis-
able to heat the test cavities to a predetermined temperature
which is preferably controlled at each test cavity, e.g. by a
negative feedback temperature control. Thereby, the tempera-
ture-dependent evaporation pressure of the £illing product is
20 set within a predetermined pressure range. Such heating is
thereby preferably accomplished in a pre-heating cygle before
the actual testing cycle according the figures 1lla to 1llc is

performed.

As was mentioned above, a leak in a container will be identi-
25 fied irrespective of the fact whether such leak is in an area
of container's wall exposed to entrapped air within the con-
tainer or to the filling product. Nevertheless, for some £ill-
ing goods as e.g. with particulate content in liquid, there

might occur differences with respect to time a respective pres-



likely not to be tight, which will be recognised during recon- ditioning
and testing on proper reconditioning too, as was de- scribed above.

Furt her ,wand/saseowas al ready nentioned, for some contai nersPCO/IRB/930% est ed
and especially for sone filling products it is advis- able to heat the test
cavities to a predeterm ned tenperature which is preferably controlled at
each test cavity, e.g. by a negative R8edback tenperature control. Thereby,
t he tenpera- ture-dependent evaporation pressure of the filling product is

20 set withip_a predeterm ned pressuyre range. Such heating is . .thereby
o ef crNS SLELABPRERe R LOR dihdhs M EerBIDRoPE FHE SORAL AR i ng
CyCle\ﬂ%ﬁ%fdthtthe figures l1lla to 11c is perfornmed. As was nentioned
above, a Teak In a container will be identi- 25 fied irrespective of the

fact whether such leak is in an area of container's wall exposed to
ent r aprssiraf ore), t Bnd Glse sohenatdgrllyrshownhanf £i0i.nd 8pr dduatay be ad-

Nevert hel ess, for sone fill- in oods as . e.g. with particulate content in
li qui Visdete tfgRP™M5c SRASSR ftf%%%%‘é’séﬁli Fhergg&&’? ltglet SRY S Fe TR ve

prgs- /3%36Q0r ¢ tainer to be tested 9 to be RiehdBR8/ 00309 -
29§- s%?‘éy\%ggerenceogevéeofsoﬁ nan hee surroundi ng of the contai ner under

test. Theseisre,.gandcaomgdiatetd day | woshbingi hhei §est8 cavitimes b0hd-
visable in some cases to provide the one or the several test 5 cavities
103 f dpivpbabdft Wisdr neFARCh & ) BLYSt pBXHSVALRRd AFlySsTs gy a rota-

acconplish . I n st Ltiges 3 £RVO | S 0 a
pi vot ta&?rslgg g%]/{éf gglrilqvtoléngr\#éz}eeaﬁ )r?'ot]éggc%(lé o%gl aé)% i sf Ejfﬁloﬁx‘%h rfe@b%/é,hllré(;aﬁfﬁ%%fand
from tHher REASSUEE TRAIOIcan ity N soicindefromani heattinagard-famgremeheast ng

arrangenent at . _

10 such a test cavity etc. may be led through the driving axis
140. The cavity 1, 103 is preferably not rotated, but is ro-
tatably oscillated as shown by *¢ in fig. 18. By this tech-
nique, and as schematically shown in fig. 19, a leak L is moved
into air and into liquid contact, so that testing will consider

15 vaporising of liquid content whenever it occurs, be it in the

position according to fig. 19a or in the position according to

fig. 19b.

Proper functioning of the testing apparatus and calibration of
the evaluation unit, be it a one-chamber tester or a at multi-
20 ple-chamber testing plant as for in-line testing, is further
preferably accomplished with the help of a standard leakage ar-
rangement which is preferably mounted on the test plant, so
that recalibration and/or overall testing of the plant may be
accomplished whenever desired. The arrangement of such a stan-

25 dard or calibration leak arrangement is shown in fig. 20.

According to fig. 20 there is provided in the line from a test
cavity, as 103 according to fig. 12, to the vacuum pump 105 a
needle valve 142, which is adjustable but which preferably is

preset not variable by the user of the plant on a predetermined



10 such a test cavity etc. may be led through the driving axis 140. The
cavity 1, 103 is preferably not rotated, but is ro- tatably oscillated as

shown by [ e in fig. 18. By this tech- nique, and as sch |y shown
in fig. @Eélﬂsgd;k L is noved into air and into liquid con?g%%[hgg(@ {(Qn
testing will consider 15 vaporising of liquid content whenever it occurs,
be it in the position according to figzgl9a or in the position according to
fig. 19b. Proper functioning of the testing apparatus and calibration of
the evaluation unit, be it a one-chanber tester or a at nmulti- 20

pl e- chdmisdsageestalue pl ¥he BBef veedie vadvieestdizng thes Xind hes yhelesainy
acconpl i she rangenent which is

ﬁo th the helg f a standar, Ieaka e ar-
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testing)of fgﬂefﬁxaé& \Fﬁﬁ’hbéléﬁ?c?fm'd' %%%M%eave; r%gers% g U{@ LAengs gent

of such & stan- dard or calibration leak arra
20. Acoaildiendi4® tfheg r@@erheie iLa 4p mawyi (ll:@daldy\tmml)nepzfémmé@at 'maél ty,
as 103 according to fig to the vacyum punp 105 a needl e val ve 142,

whith Peeddisustabie Jo%té%.éﬂ ﬁpshe@ama}qes thads dto b tiakied| watsT t0f user

E’fcrf B3RO0 bt SFLE BofEhrpse Y " Somnection i of 1@ Mhe 1o

t he va(buumlmmrd%amsumopmpt 2dstobat |oqud «a@wwouuewhmw psgf er a-
bly is filled with distilled water. Via a pressurising |ine and val ve 146
t he re?érl\l"ﬁtrlrﬂlpl?ﬁﬁ/s%lﬁﬂ?ﬁ@{laﬁﬁytﬁeeéﬁfﬁrséﬂ-thmb B vidyevia set
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reservghb/g¥1égéiectlon line and/or vacuum pump. For a plant with a
multitude of testing cavities such a calibration arrangement
with needle valve 142 may centrally be provided and connected
in parallel to all chambers 103, as in such a plant preferably

15 there is provided one central pumping arrangement 105 acting in

parallel on all the chambers or cavities provided. Alterna- |

tively such a calibration arrangement may be provided sepa-

rately for each of the chambers 103 provided.

It has been recognised that by applying the described technique
20 of leak testing by lowering the surrounding pressure of a con-
tainer under test below vapour pressure of a liquid component
of its content, it is mostly not necessary to additionally pro-
vide resistance measurements, as was explained with the help of
fig. 8, so that, at the respective test chambers, the electrode
5 arrangements and measurement units may be omitted, which sig-
nificantly reduces costs for the overall plant and its complex-
ity. The invention is especially suited for testing vials or
blisters, especially for medical appliances, in-line with their
production by checking every singly vial or blister. If and as

0 schematically shown in fig. 6 a multitude of containers 9 are



line and valve 146 a |l eak of different and varying extent may 10 be

sinmul ated without liquid penetrating and spoiling chanber and/or connection
| i ne andigrogiadggum punp. For a plant with a nultitude of teeTABIB/03Si ties
such a calfi bration arrangenent with needle valve 142 may centrally be

provi ded and connected in parallel to all chanbers 103, as in such a plant
preferably 15 there is provided one_cegntral punping arrangenent 105 acting
in parallel on all the chanbers or cavities provided. Alterna- tively such
a calibration arrangenment nmay be provided sepa- rately for each of the
chambenecifdipadivdédnked kegafdmy ez ofPrBedl 8kt OBy SHFY PingaHa@in-
described techni que 20.0of | eak jtesting. i t I i essure
of a<ﬁﬁﬁ't%§ﬂ§F9Xn88th§sP m%ﬁm?ﬁﬁéﬁ§gfé%:%%r§g%fan%%&%%gngé%%bﬁéﬁi of
its coptent, bt 1baxMekkingot necessary to additionally pro- vide

resi stance neasurenents, as was explained with the help of fig. 8, so that,
at the respective test chanbers, the el ectrode 25 arrangenents and
measureheint thei tavenyive oetthost andiapparagtusi fpcERL] Pq#@d&%”é?s s tenf or
the overall plant and its conplex- ity. The_jnventi [ iall ui t ed
foP test¥RgteraiBgorYliet ére - %‘Biél"l Yot 5PSme |c:% gfip??%%%ggn%ﬁsq i ne
with their 9N shy SECheRE ever Ye 85 Nghiinvbakeel. iHiY Gleadd and as 0
schema |%aFF§Bg%%w%qiﬁg¥ig. 6 a nul%itude of containers 9 are WO

08/ 5458 in-line plant with a multitude of testpcavimd®=0030® - with
mechani cally linked together to forma set of suchhpf cq:tain- ers, clearly
such a24%et & 9-c8FS o B RAEINEST neFourt Kerd- PEFE (S YR Y est i ng.
Wth the inventive nethod and apparatus as for blisters the en- 5 tire
testing cycle, -i.e. fromt[err] to the end of T[err] according to the
figures 11 is perfornmed in less than 2 sec. This | eads at



an in-line plant with a nultitude of test cavities, e.g. with 24, e.g.
arranged on a carousel, to a very high throughput. Cains: 1. A net hod
of leak testi at least one closed and filled container, whereby the

cont ent 6P *¥3 sgocont ainer conprises at 5 |east one |iqui FCESHIFRER and
wherein a pressure difference is applied across at |east a part of the wall

of the ' ' part is to be %egted, said pressure difference

bei ng Hm]h%m!i”ﬂmmhe i nsi de of safd contai ner towards the surround-

i ng of onmal Rer~and wherein the pressure in said sur- 10 rounding is
nonitored as a leak indicative signal, character- ised by the fact that
said pressure difference is established by |owering said pressure | I d
surrounding at least to a value according to vapour rﬁﬁ$qﬁggmﬂﬂsa86ﬂé

| east G ®Fqui d conponent and that said | owering is |per ORpEd, =l
substantially up 15 to nonitoring said pressure as el '
signal,. 2. t | ai r ' b f h aid
pressulr‘e i#sﬂ%ﬁr?ggng%%g ?ég}%\?gf%g: ?‘o(gwa/ggrﬂd?ge pér/]ééés]%rleﬁ\/%l %%f{%\ﬁgch i's
| ower ddigtaixeesl, vaheyebpr eRsueenkert! dfeasiid Wontu tlier abbypbysak heast
three decades. 20 3. The nmethod of one of clains 1 or 2, wherein nore
t han dfash pre tbmpbédcrpPmpongnssamd whrrsist & irespyre hdifberenpat isai d

vapour_ _pr-essure i he..hi vapour,. pr ur f.the va- pou ressures of
sai d ﬁp%l_elaes#l %?A%S%%ng‘én%%%@ 7. %anﬁgfre%heo§%l e BFec 3#‘@Bﬁef:0 3,
char aghigrdis sk Py iBetdSpefl aektbliat swaid dasdsife B £ OEPBRACA LE 2R di -
tenperature. 5. The nmethod of one of clains 1 to 4, characterised by the
fact wemterditowpredsutbengurronoding i daikdlcininrer vandi ghenalinj s

nitqr. fter. r hi ng.said. Vv . _r re.. C as
o t%ﬁgjﬁkéggurgagn sglaasgrr% Qi g‘?ﬁ“ﬁéﬁltored as a leak indica-

10 tive signal, characterised by the fact that said pressure dif-
ference is established by lowering said pressure in said sur-
rounding at least to a value according to vapour pressure of

said at least one ligquid component.

2. The method of claim 1, characterised by the fact that said
15 pressure in said surrounding is lowered towards a pressure
value which is lower than said vapour pressure by at least two,

preferably by at least three decades.

3. The method of one of claims 1 or 2, wherein more than one
liquid component is present, characterised by the fact that
0 said vapour pressure is the higher vapour pressure of the wva-

pour pressures of said at least two compeonents.

4. The method of one of claims 1 to 3, characterised by the

fact that said test is performed at room temperature.

5. The method of one of claims 1 to 4, characterised by the
i fact that said pressure monitored as said leak indicative sig-

nal is monitored after reaching said vapour pressure.
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¥\ﬁe9?r{9t5ﬁ(5)goof one Jllluljjllu\l“ﬂ”l!"ull characteri sed E?T{ Ihggf‘gﬁig??)'?gai 3§ai-d6.

pressurgygwum4sey ed is sanpled at a first point in time, reXU/XBEIBQOIN a
first pressure nmeasuring signal and is sanpled at a second, subsequent
point intime, resulting in a 5 second pressure neasuring signal and that
a pressure difference fornmed by sai-d3Bwo- pressure neasuring signals is
eval uated as leak indicative signal. 7. The net hod of claimé6,

characteri sed by the step of ner-,ating said first and second neasuring
si gnabs asTg?eE‘FFi‘Egl oF %?egrP%es? %:Hﬁlss?'oF?na'sgﬁ’&qaicrtﬁr‘ssl%d?ya‘fh?east up

to Saf?cé?ﬁhgengaﬁﬁ MrddbdtdBnoi t ord €1 8868RG1¥a d@idN 6 At Doint ,
characterised by the“"step of providing a pressure neasuring sensor In said
sur r oimdt igeandregpdrtairioonal |y £ineecpragssaied vearmsoring sigrml noodsisf a
dif- 15 ference formng unit at said first point, in tinme, generating a
zero BAMREEASAGNA SRGIKYeRUBFYAERE BOLPHt 18 Jridie off SBHHRF f 2Refice

fQrm A ' | L.gn n [ - nf.f set
2t sap Bclla prtten SRS Rg, SLGRRY ShidlnainG, SHTMRIRAL L0eeghandl! 20
of f setogi8Baby 22id two Hrres@ihodmehsarinal silaialrs G4 evaludmeedcaeri sed
by the step of providing a pressure neasuring sensor in said surround- ing
and cbephr ingiced ioia kg™ ynal of said sensor with one or nore than one
predet erm ned signal values. 10. The method of one of clainms 6 to 9,

charagteri en, of s ' Ld f9 K ¢m@ | [ by
meansL;Of a%ggnggétlth%gluéj% ocQ'“F 1 gl téa1 %%%\%grgf%??gg#aﬁ% or %c%éré;g?éi n %{: sai d
firstapohgt said iffrst and second measuring signals as electrical

.0 signals, and storing said first signal at least up to said sec-

ond point in time.

8. The method of claim 6 or 7, characterised by the step of
providing a pressure measuring sensor in said surrounding and
operationally connecting said sensor to both inputs of a dif-
15 ference forming unit at said first point in time, generating a
zero offset signal dependent from the output signal of said
difference forming unit, storing said zero offset signal and
compensating zero-offset at said signal difference of said two

measuring signals by said stored zero offset signal.

20 9. The method of one of claims 6 to 8, characterised by the
step of providing a pressure measuring sensor in said surround-
ing and comparing the output signal of said sensor with one or

more than one predetermined signal values.

10. The method of one of claims 6 to 9, characterised by the
25 step of storing said first measuring signal by means of an ana-
logue to digital converter, enable for conversion at said first

point in time.
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WO 98/ 54560 PCT/ 1 B98/ 00309 - 34 - 11. The
“‘ he st

met hod of claim 10, “ﬂg!ﬂmﬁulg ep of re- converting the digital
out put SH%?a| of sal I*gi - tal converter into_an analog
si gnal . thod of one of claims 1 to 11, further cERPAPENES t he
step of sinultaneously testing a batch of said containers as one container.
13. The nmethod of one of clains 1 to_ further conprising the step of
perform ng an i npedance neasurenent at~or at |east adjacent to said part of
said wall in said surrounding, pref- 10 erably a resistance neasurement

wi th D@iand miwhhetifodrofli shaihl 10g thatraetdrdwrid ngy AihsSadePresspee in
said surrounding by the result of said inpedance neasurenent. 14. The

met hod cenvsrt Big cthe n@lglFéllgutE’N&r sdomal af Wpihamaleged peodiging a
test c |ty mnth e hapber f. a1k ting the outer shape of said
at lea one alne$£t§h%?e§na e'>a/1|n| g at | east at said part a

r esi dual volune to be | ow ered I n pressure and between said part and the

wal | ofizsai driestetitvdtyf dhe dHechatimed 10fccona offudthe® doh®riding
characterised by the 20_step of providing a test cavity for said at |east

oned cothe BL4RY ofapimuitaneavrly demsting & datch «f sxbdbeentagners-
cantly Iarcg1 é&ggﬂ iﬂg vol unme of said container. 16. The nethod of one of
cl ai ns & aractérised by the step of providing a test cavity for
sai d contalner and cleaning 25 at |least said test cavity after a contalner

ther ei n3has Meemelehedt ot ofel 8gkbnaimsaind td @) MRS FSHbLLEREgD
evacuat- ing said cavity and/or by flushing with a gas, preferably %
ni t rogdheariier of pesfPrying an impedance measurement at or at least

adjacent to said part of said wall in said surrounding, pref-
10 erably a resistance measurement with DC and enabling or disa-
bling further lowering of said pressure in said surrounding by

the result of said impedance measurement.

14. The method of one of claims 1 to 13, characterised by the
step of providing a test cavity with a test chamber snugly fit-
15 ting the outer shape of said at least one container, thereby
maintaining at least at said part a residual volume to be low-
ered in pressure and between said part and the wall of said

test cavity.

15. The method of one of claims 1 to 13, characterised by the
20 step of providing a test cavity for said at least one con-
tainer, said test cavity defining for a test chamber signifi-

cantly larger than the volume of said container.

16. The method of one of claims 1 to 15, characterised by the
step of providing a test cavity for said container and cleaning
25 at least said test cavity after a container therein has been
detected as leaking, said cleaning being performed by evacuat-
ing said cavity and/or by flushing with a gas, preferably by

nitrogen and/or by heating.



of one of clains 1 jmg’uu‘ﬂjm‘a‘gum ed by the step of in-line testing a
series okogaisgséoont di S I et Of test cavities and fuPClmaBssooag i Si ng
the step of disabling testing in a test cavity for at |east one testing
cycle if the 5 container previously tested therein has turned out to be

| eaky. 18. The nethod of one clains-13%0-17, further conprising the step of
i ncreasing internal pressure of said at | east one con- tainer by
mechanical I,y bi asi,ng.at .| east rt, of .its | i,n- wardly. 10 19. The
et h037df (ﬁ}ee &es%kf%ﬁ nef 19%5 ?g, g?&"mgt 4 ézgs\t,ﬂdnedb%ﬁ?c?ﬁrx:?ﬁ,é RhefF&en sai d
one CQARRYE is- WBhe teSBRGCHEEESAG DB il et atMatlathng $aikd of
surrounding to less than 20 nbar, preferably to approx. 10[err] nbar. 20.
The nitelsdd asfvidniesfanflafurtherocogprigimethogtesi of disabdisgeps of -
initiati | owering sajd pressure with_a predeterm ned suc- tioning. power;
" denaing hid S FaF eBVERR ePeL ity TR B ORF EORAASHEEE St Hitach A
figst dyrﬁfiﬁkf‘éf"ﬂeé‘vféﬁﬁyréegﬁkﬁe tihi2 2 iR S urdda oufl E‘Sdﬁte' Teaky. .

di sabling further [owering of said pressure; - nonitoring a change of said
pressure nonitored during a fur- ther predetermned tinme and identifying a
smal | Ussak Tire methed dEpendeatadmst e textloht hirtthed cbmpyésing Whe

98/ 54560 . o CT/J B98/ 00309 - 36 - 21. The
met hofT6P e TICTTAFHRI11RES582 L1 @rrtef‘?éur@orﬁfi %?Hg at least one con-

tainer by mechanically biasing at least a part of its wall in-

WD 98/ 54560 |F PCT/ 1 B98/ 00309 -35 - 17. The net hod

wardly.

10 19. The method of one of claims 1 to 18, for at least one con-
tainer, wherein said one component is water, characterised by
the step of evacuating said surrounding to less than 20 mbar,

preferably to approx. 107? mbar.

20. The method of one of claims 1 to 19, further comprising

15 the steps of

- initiating lowering said pressure with a predetermined suc-

tioning power;

- identifying for a large leak if said pressure monitored does
not reach a first predetermined pressure value in a predeter-

20 mined time;
- disabling further lowering of said pressure;

- monitoring a change of said pressure monitored during a fur-
ther predetermined time and identifying a small leak or no

leak dependent on the extent of said change.



the step of |oweri i uring a predetermned tinme and at a
predet erm ned suct :-@I[i Qmmﬂyﬂm The nmethod of one of clains 1 to 21,
| S e step establishing a naxinun1thhgiaﬁ%ﬁ)(ﬁlue for
g

further conpr ng

said pre ngﬁh%@hitored to be reached after a predeterm ne

| owering and di sabling a punping arrangenent from /| owering said pressure of
said surrounding if said pressure npnktored does not reach said nmaxi mum
threshold value at said predetermned 10 tinme. 23. The nethod of claim 22,
sai d di sabling conprising discon- necting said punping arrangenent from

sai d 21 r ouride nrgetBdd Slieonet bdd cdfaimisai M3, 20 ur flethepnpompriigihe step
of switching said surrounding to a further_pupping arrangenment for 15

per f orthAfi S EeR uBS e 4 BVWRE PG B sk MURP TYKS SUDINg TR ePHRRBATDLNgAe tdmec| ai s
lto furthe LS| t €NS: .ding said surrounding within
a tes%£%%V| ny%F8§§P &Eﬁgggggfxgﬁgﬁggﬁi5¥%g¥£énd di sabling said test
cavity for at least one further testing cycle if a |l eaky container is 20
det ectzzl. i nrisai detkotl ©fvbhg. oZ6.clBisgret tosl 2f, ciarthed, cobuprheing
conprising the step of re- conditioning said test_cavity during said at

| efist ©R £8P A§ eFtRPlishingha WaHgwnrtRYeshedd, valkenérPrcEapd sing the

- » | rer | o
Bbfgi %r%n%‘?% gﬁ%?gaﬁgﬁn é:_roe%%”%%%eﬁta 5288 P08mRheoR Y £02S

PCT/ | BOS4&OBAY9 and7disablitke arphhgsigf <bodmgefent UELXBAr 16WERE NG Baikhe
step of checking whether said test cavity is properly reconditioned by
per f orpFeRpvne dofegRide stiraguadisg ol f esaid uregsunpt ponibprad does

not reach said maximum threshold value at said predetermined

10 time.

23. The method of claim 22, said disabling comprising discon-

necting said pumping arrangement from said surrounding.

24. The method of claim 23, further comprising the step of
switching said surrounding to a further pumping arrangement for

15 performing a subsequent leak testing cycle.

25. The method of one of claims 1 to 24, further comprising
the steps of providing said surrounding within a test cavity
for said at least one container and disabling said test cavity
for at least one further testing cycle if a leaky container is

20 detected in said test cavity.

26. The method of claim 25, further comprising the step of re-
conditioning said test cavity during said at least one testing

cycle.

27. The method of claim 26, further comprising the step of
5 performing said reconditioning by at least one of heating, gas

purging and liquid purging.



contai ner to be tested. ‘ '\m Hm‘g‘ﬁm of one of claims 1 to 28, further
conprising the steps of‘ L soiynal derived fromsaid pressure
nonitore i | east bne" threshold value to identify lea it ion
of said ¢ t9gjlg‘r‘1€5tro and deriving said at |east one threshold 52?}32 drbg?% sai d
pressure nonitored at a test cavity 10 defining for said surrounding and
void of such container. 30. The nmethod,gf one of clainms 1 to 29, further
conprising the step of nonitoring said pressure at at | east one predeter-
m ned nonment after starting said | owering, conparing a signal derived from
sai d prassureheomethoddodt claiith [Zédeheartheredeompribingenhewisitem dihr eshol d
val ue for identi féiﬁ]@ggl eak-condition of said container, enabling a further

si gnal RBFHEAIf ¥ Td 5visk SRS RATOF 1S t BY 8BRSV A§6@NM T anrd by
S ! o RUgANR . aget A
urtnher éf@gﬁlﬁfxégfksaﬁﬁn lﬂarﬂ:ertsesg{llg%’%% Q/aigsttzggt't %a%@:k:%l é%%%%eéﬁ'#}g Rthe

reveal £an un- y contal ner eriving sal resh
re- 20 comttainérsabdbavaseagery. 31. The nethod of claim 30, wherein said
signal derived fromsaid pressure nonitored at said predeterm ned nonent is

a dif- ference signal to a signal derjved fromsaid pressure nonitored at a
fur Bher2dr edERer BEEBEGFePRe 2f Frimsthe Rt RBd SPrERerorcERKifingt o 31,

furéh b8 a8 RIS L0 31
con- ¢ oSBT EERRECSf, SenpRRn-t, B MAGDD SLel PR <ROR BaTk SRRdRbadl o e

testi ngnéhitokrddt @Sthcay teaw brd Clrésho®d @alueorsediietitiFa Yefeagace
| eak arrangenent. WO 98/ 54560 L. )

PCT/ | BoSpR@3bdon 9§ §a3-31. crt- e RRA deniving, spaft pEr leaal ieneg t he
step of . prowhdh B0 8Tl "SR ks |SALAEEMSHERL.RY A US e ALy

10 defining for said surrounding and void of such container.

30. The method of one of claims 1 to 29, further comprising
the step of monitoring said pressure at at least one predeter-
mined moment after starting said lowering, comparing a signal
derived from said pressure monitored at said predetermined mo-
15 ment with a threshold value for identifying leak-condition of
said container, enabling a further signal derived from said
pressure monitored to be averaged with such further signals for
containers previously tested if said identifying reveals an un-
leaky container and deriving said threshold wvalue from the re-

20 sult of said averaging.

31. The method of claim 30, wherein said signal derived from
sald pressure monitored at said predetermined moment is a dif-
ference signal to a signal derived from said pressure monitored

at a further predetermined moment.

25 32. The method of one of claims 1 to 31, further comprising
the step of providing at least one test cavity for said con-
tainer and calibrating said pressure monitored by performing
said leak testing at said test cavity void of container and

connected to a reference leak arrangement.



a reservoir containi g |ng control |l ably pres- surisable. 5
34. The net hod of cl gﬁmﬁ“‘“ “‘H\‘“ voir containing dis- tilled water.

35. The nethod of cl f umt hér tonprising the step of controlllng sai d
r ef er enc¥OP¥E%nd pressure to prevent liquid to | eak therBFVHWARS to-
enabl e vapour of said liquid to tran- 10 sit therethrough. 36. The nethod
of one of clains 1 to 35, further I sing the step of providing said
surrounding in a test cavity and sdbgB%uently perform ng said | eak testing
with said test cavity on different of said containers, thereby disabling

sai d ggst FheCadthod ramdiyides2 | eshiogekf c&mb@i'éﬁ.r@o'?:trfé N&e
identified therein for a predeterm ned nunber of subsequent tests. 37. The

met hogrovidiagoisadidhirafarencgoleakr amangsnpntsbryg a meesilep \GHlveatd ng
sai d surroundin dur| said t t|n redeter erature 20 38.
The nt BT e SRS A bLavia; Ay B g Sty Lt dste o1
perfoggkggagl@pstlng operation for |dent|fy|ng | arger | eaks of said at

| east one container, previously to per- formng said nethod for |eak
testing. 39. The met hod of one of claims 1 to 38, further conprising 20 the
stiep ¥f.i nThiewettémd f gk e33 of ssifdressraoiar sontadsiaty alig-est
cavit#éilﬁther converting said pressure noni- tored in each of said test

cavi t Yectri cal si gnal and WO 98/ 54560
PCT/ 1 B98/ 00309 - 39 - generating at |east one reference electrical signal

by | o088l i N@LeAkmd RS B clidimai s, t e§kthay botprigihPitHOH@ess. 40. The
nmet hod of one of the clains 1 to 39, conprising the

controlling said reference leak and pressure to prevent liquid

to leak therefrom and to enable wvapour of said liquid to tran-

L0 sit therethrough.

36. The method of one of claims 1 to 35, further comprising
the step of providing said surrounding in a test cavity and
subsequently performing said leak testing with said test cavity
on different of said containers, thereby disabling said test

.5 cavity from further testing if a leaky container was identified

therein for a predetermined number of subsequent tests.

37. The method of one of claims 1 to 36, further comprising
the step of heating said surrounding during said testing to a

predetermined temperature.

0 38. The method of one of claims 1 to 37, further comprising
the step of performing a testing operation for identifying
larger leaks of said at least one container, previously to per-

forming said method for leak testing.

39. The method of one of claims 1 to 38, further comprising
5 the step of in-line testing a series of said containers in a
set of test cavities, thereby converting said pressure moni-

tored in each of said test cavities in an electrical signal and



steps of providing a I es each defining for one 5 of said
surroundi ngs and m)mﬁm“ﬂﬂllﬂmﬂlmmml;ure in said sur- roundings at at

| east oqﬁogrggﬁﬁernineﬁ fomreént "after* starting | owering sai dcpk §R i N

sai d respecPlve surroundi ngs, conparing, respectively, a signal derived
fromsaid pressure nonitored at said respective predeterm ned nonent with a
conmpn 10 threshold value for idenLiggiag | eak condition of containers in
said test cavities, enabling a further signal derived fromsaid pressure
respec- tively nonitored to be averaged with such further signals gen-

er at eygrenavisgyatf least otentidfisrance vebdost aicahl siynadnbyldowertitey and
deriving, said common. threshold value fromthe result of said averaging. 41.
The nethdd BYSRPYFH 2B, SRS &SP HFA G Ve pett reetpigexsved from sai d

pressure nonitored at said predetermned no- nent is a difference signal

wWthr e Lgn i €sfiecti velyz§ro ' e
noni toﬁg g%héao?ﬁtr:tﬁﬁgr akpgg%e-vﬁgé%% n(fad rmrrejhteé 4%?' Tﬁgﬁlﬁggﬁg%%z?ﬁ(r)ene of

cl ai mestiaps 26f BHofridihgr ac ey i Npdthecatipied eachndiefiiaringg faad briest
cavity disabled fromtest- ing and re-enabling said test cavity for testing
af Per ettt - SYETORRIANSS. a&% TR YREIRE 1| RFRSERTe dix B B si ng

the step 9%- form pg;8ai.d oq%@ 'gﬂ! -? % t of t. ng, gas
f I ushi'ng, :{'qgléd fr:l ushllng.s O%%O Aé.d e]p(gn% %S‘h% gg?af"%%%i Sft-'girt len[bg
conpr ilowerihg saef pheshbedld i weidearesgedt iest sagybundinge,operly
recondi tioned by performng said | eak testing at said test cavity void of
said at | east one container. . . .
comparing, respectively, a signal derived from said pressure
monitored at said respective predetermined moment with a common
10 threshold value for identifying leak condition of containers in

said test cavities,

enabling a further signal derived from said pressure respec-
tively monitored to be averaged with such further signals gen-
erated previously if said identifying revedls an unlaky con-

15 tainer and deriving said common threshold value from the result

of said averaging.

41. The method of claim 40, wherein said signal respectively

derived from said pressure monitored at said predetermined mo-

ment is a difference signal with respect to a signal derived
20 respectively from said pressure monitored at a further prede-

termined moment.

42. The method of one of claims 17, 25, 36 further comprising
the step of reconditioning said test cavity disabled from test-
ing and re-enabling said test cavity for testing after recondi-

25 tioning.

43, The method of claim 42, further comprising the step of
performing said reconditioning by at least one of heating, gas

filushing, liguid f£lushing.



5 45. A leak testing apparatus for |eak testing at |east one closed and
filled container, Wrﬁu M Hl!tmﬂl‘ of the con- tainer conprises at |east
one |iquid conmponent!'} i - at least one sealingly closable test
cavity WQp8/F4566t one evacuati on punp operationally connedi<8dIBO#0682 d 10
test cavitfy - at |east one pressure sensor operationally connected to said

test cavity characterised by the facts that - said evacyation,purp,-IS
sel ected so as to punp said test cav405 ity down to %Page gﬁﬁygggun
pressure of said component ap- prox. at room tenperaturé’s §at O piess ot

SonSrha. S SnkCGUURdN S5 R SENREY  err LABEC R RIANHETHA [ITDG AT !

enabl rng evacuation of sai'd cavl a pressare I s at

| east chabtivigpaiietter sPEIEE Gaditybsbapiiople wRddoriBneistdd Py said
pressure sensor a |eak indicative signal. 46. The apparatus of claim 45,
char apesfpzadngy said tigak thrsting daevasidt testpemyity atcidkast smidof a

drag vacuum punp,. a_ _Ri.ston valve vacuum punp, a diffusion punp, a turbo
vacuufh deaS%n{)g.%‘%foD%ael%ep‘\bar atus according to claim45 or 46, wherein
sai d sensor conprises a Pirani sensor. 48. The apparatus of one of clains

A% t 0447, phaeak @fdsttithd Yapidt s NBod LeAkNGedlingORe Aldamtaldne
connecting the output of WO 98/ 54560
PCT/ | BY8sed3end £illedeprlenieert owharebyptheotcosdientamfarthaiscerner at i ng

nce pressucre w.thin said test. cavi t]}/isbfgg'reached

ZtlFgggﬁgg%fgk%éﬁg%%gﬁﬁ%is east ~ong~Tiquid component and comp

- at least one sealingly closable test cavity

- at least one evacuation pump operationally connected to said

L0 test cavity

- at least one pressure sensor operationally connected to said

test cavity
characterised by the facts that

- said evacuation pump is selected so as to pump said test cav-
B ity down to at least vapour pressure of said component ap-

prox. at room temperature
- said pressure sensor is a vacuum pressure sensor.

46. The apparatus of claim 45, characterised by the fact that
said evacuation pump is at least one of a drag wvacuum pump, a

0 piston valve vacuum pump, a diffusion pump, a turbo vacuum

pump .

47. The apparatus according to claim 45 or 46, wherein said

sensoxr comprises a Pirani sensor.

48. The apparatus of one of claims 45 to 47, characterised by

5 comprising a timing unit operationally connecting the output of
This Sheet Has Been Replaced
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49. The appar at us accordlll*‘m,c“lmum,m"m,‘i' ms 45 to 48, said ev;;mhrm

bei ng selected so as to be ablé t® punp said test cavity down to a pressure
at | eastvsymddser than said va- pour pressure by one, pref &-ABP/ 0‘*{Owo
decades or even nore preferred by three decades. 50. The apparatus of one
of clainms 45 to 49, characterised by conprising a storage unit
operationally connected to the outputtlof- said sensor and a difference

form ng unit, one input thereof being operationally connected to the output

of said,storage unit, the second.i her e bei ng qper.ational |
conneditd FS_"’%I%‘” out (St %‘%é%‘%?dg ge%é)%{i, &gg ir%'ftr‘f& L%%%te oagcell’r%ﬁ_ iao?\i_a?%%
conneghaidariRe Il PWndd $PeSesLa8SWE tALnA shiilStdit Mavit{ i RBst O the
i nput of said storage unit and operationally connecting at a second point

i n ti reathedo@tpliteasft ssa il svapoge pressuyesyiadugne i nput of said
di fference formng unit and the output of said sensor to said other input

of said difference formng 20 unit. 51. The _appar.atus, of clajm50

char aégeri &g‘& E*?Pjﬁ%‘{sr r#‘?f@ofu 89 eﬁ%b??ﬁgoga:ggadﬂ‘@r a0 &?al‘;aéc'orﬁ%{ﬁli on of
sai d QUEEﬁtathoﬁﬁd\Qnﬁ%@ﬂﬁtheﬁééQeat gbage ¥R healdfle S Cb\ﬁ@ﬁsé’éiéas
detected a pressure wthin said test cavity reaching said vapour pres- 25

sure. teat Tayiappaiewnistofa cpress8feontsleashamactldiesdthdyy said w&er age
[ onverter, said timng unit being

unit conprising an anal ogue to digital

oper aPP&?aH%%&%&% : tmﬁeg%%%)@igi gﬁf &R FRCAIFFUC DR SRSl ogue to
digit 0

Pﬁllgggﬁ%%(%& g“ﬁztk-‘r%g‘?%%éggbar atus of one of the clains 45 to 52,

characterised by said timng unit operationally connecting at said first
50. The apparatus of one of claims 45 to 49, characterised by

) comprising a storage unit coperationally connected to the output
of said sensor and a difference forming unit, one input thereof
being operationally connected to the output of said storage
unit, the second input thereof being operationally connected to
the output of said sensor, a timing unit operationally connect-

15 ing the output of said sensor at a first point in time to the
input of said storage unit and operationally connecting at a
second point in time the output of said storage unit to said
one input of said difference forming unit and the output of
said sensor to said other input of said difference forming

20 unit.

51. The apparatus of claim 50, characterised by said timing
unit enabling said operational connection of said output of
said sensor to said storage unit after said sensor has detected
a pressure within said test cavity reaching said vapour pres-

25 sure.

52. The apparatus of claim 50 or 51, characterised by said
storage unit comprising an analogue to digital converter, said
timing unit being operationally connected to the conversion

control input of said analogue to digital converter.



point in tinme the out f ' to both inputs of said difference
formng unit and furtﬂﬁ“ﬁ*‘!ﬁz ﬂﬂ;ﬂm(a further 5 storage unit
operational ly connect A « of said dif- ference formng unit and

bei ng ervabbed4sad said first point in tinme, the output of SRETABIHPPAZ,
storage unit being operation- ally connected with the output of said
difference formng unit at said second point in tine. 10 54. The apparatus
of claimb52, characterised by a digi#&l‘to anal ogue converter operationally
connected to the output of said analogue to digital converter, the out put

of saggl di ghtabpba AR HANVSE tEhe DEL NInOPLE aLL0B3 | sai d
di fference formp%)g unit. 5 55. The ap%ar atus of one o?'cllég%%é%i%trﬁ%eéﬁ,
wher eby saiid testingawintiyt g ishapal syugbynéctinggasaediat fliaast one

cont ai ner and cqnpri ingﬂsqustai ning reans at its inner wall to maintain a

free BPARE BBt hdBfF Pt i tREInFERARF BRJPPRE dAPULS ofaispidest

cavi ty1 PRELRR FRLMIRS NEIRD YN AL End £VB) *ompl138naThe 0RAIA! uS of
claimb , characterise by at Teast one pal of npe afce measuring

elbect spdeagei uhiit spetatauriallyotennected to fhei opegatcefmeadd idigg-unit,
preferably to _a resis- tance neasuring unit, the output thereof sw tchingly
enabl FAEeRAE APIIEIMohFHidr ARG ReiRJtrahled ki 8atdsLigsl BPIRE fdans 25

ofs'?mva at LR PR s 5 h@xggg a ong; of pehalyme t 6,
char?& efgi'sgg b)‘/3 sé’?ﬁ' test a%:la%i y e?%gégéfg éeﬁ%ﬁghb_tg(ll)'g ecé’f}e\%gtgto east
two, PLe{etabhpcteRMitic diaisetpheteh shigabdfeerbaceefdrming unit
PCT/ 1 B98/ 00309 WO 98/ 54560 - 43 - 58. The apparatus of one of clainms 45 to
57, catr8atdr peseney point in time.
.0 54. The apparatus of claim 52, characterised by a digital to
analogue converter operationally connected to the output of
said analogue to digital converter, the output of said digital

to analogue converter being operationally connected to said

difference forming unit.

5 55. The apparatus of one of claims 45 to 54, wherein said test
cavity has a shape snugly fitting said at least one container
and comprising sustaining means at its inner wall to maintain a
free space between the wall of said container and the wall of

said test cavity once the volume therebetween is lowered.

0 56. The apparatus of claim 55, characterised by at least one
pair of impedance measuring electrodes within said cavity, con-
nected to an impedance measuring unit, preferably to a resis-
tance measuring unit, the output thereof switchingly enabling

and disabling further evacuation of said test cavity by means

wn

of said evacuation pump.

57. The apparatus of one of claims 45 to 56, characterised by
said test cavity being large enough to receive at least two,

preferably a multi-container batch of said containers.



said test cavity being significantly larger than said container and thus
being apt to flexibly ' '& |y shaped and different vol une

cont ai ne .9854§&. The Hmmmmﬂl ﬂmﬁmof clainms 45 to 58, whamagi@hd sed by
sai d cav%&& onprising & renmovall escover and at | east a pair of seals
around the openi ng opened by said cover, the space be- tween said tw seals
bei ng punped. 60. The apparatus of ones®f-clains 45 to 59 for in-line test-
10 ing a nultitude of containers, characterised by a set of said test

cavities to which a respective nunber of containers is fed for testing,
f urt heP8conpBhiss iARPAGHI YD OFedRe 05 platast 48 t&t5Tavvhagraeteyised by with

at | east .on t al t t t | reviqusly, tested in
ai doRB G Py Betfiy EELATFIIRRC Y 1RO Mol S8 SRtk paRbE of
one of agliaitHus bdindlapt UtdhELekIBRK Yeddigaaldil fmste By CkBApLAJagas | i ne
abutting into said cavity and being connected to a cleaning gas tank,

pr ef er dbf\ffeasmtaivPlymgy FPREBEBAYS20 62. The apparatus according to one of
claims 45 to 61, com prising a nultitude of test cavities, arranged on a
cargousel f i n- 11 K _fesiinge-C lLner.s. .63.- he apparatus of. one of
thegcl g’?r’ns ﬁ%’et o%@f}e%%‘?n%r?éiﬁ}éé-ggnegég %at‘ii%ort\:%urﬁ%’ vﬁl?%ig%?é?’éé??do 4
pressupaisl @atitypebmp2bsing Sardmevalilal icvdiNidndWprichsg a phikeast
one conparator unit, one input thereof being opera- tionally connected to
sai d asepdastarmngrighe uppeniggaPrened byweadgl 3u5emr, the space be-
PCT/ 1 B98/ 00309 -

: ¢ her eof bei i onal |
connecEEETh S rd) Fante PREGSNBHINTS e unie; o oo

60. The apparatus of one of claims 45 tc 59 for in-line test-

10 ing a multitude of containers, characterised by a set of said
test cavities to which a respective number of containers is fed
for testing, further comprising control means to prevent a test
cavity being filled with at least one container to be tested
once the container previously tested in said one test cavity

15 has been detected as leaking.

61. The apparatus of one of claims 45 to €0, further compris-
ing at least one cleaning gas line abutting into said cavity
and being connected to a cleaning gas tank, preferably contain-

ing nitrogen.

20 62. The apparatus according to one of claims 45 to 61, com-
prising a multitude of test cavities, arranged on a carrousel

for in-line leak testing containers.
63. The apparatus of one of the claims 45 to 62, comprising

~ an evaluation unit with at least one pressure signal input,

25 said evaluation unit comprising

- at least one comparator unit, one input thereof being cpera-

tionally connected to said at least one pressure signal in-



- an averaging unit controll abl oEerEtionally connected to said input; 5

e AR O Lo

i d operational connection of said
i nput angosekasaveragi ig Gnit; - the output of said aver aFREB0F09
controlling said control- lable threshold unit. 10 64. The use of the
nmet hod according to one of clains 1 to 44 or of the apparatus according to
at least one of clains 45 to 63 for %%k testing blisters, vials, nedical
application con- tainers, foodstuff or beverage containers, tanks. 65. The

use of t thag, r gl t f.ckai : r,of the arat us
accordin %¥§eone 6?5§ agh 459?§P§39f3§k%g?5 %g%?ﬁééfég??ﬁﬁg¥§h eﬁfgﬁfs for
| eakage. a controllable threshold wvalue unit;

-~ an averaging unit controllably operationally connected to

said input;
5 - said evaluation unit generating a leak-identifying signal;

- said leak-identifying signal controlling said operational

connection of said input and said averaging unit;

- the output of said averaging unit controlling said control-

lable threshold unit.

10 64. The use of the method according to one of claims 1 to 44
or of the apparatus according to at least one of claims 45 to
63 for leak testing blisters, wvials, medical application con-

tainers, foodstuff or beverage containers, tanks.

65. The use of the method according to one of claims 1 to 44
L5 or of the apparatus according to one of claims 45 to 63 for

permanently testing tank plants for leakage.



