WO 02/21096 Title PCT/AU01/ 00739 8 March 2005 METHOD AND APPARATUS FOR
MONI TORI NG THE | NTEGRI TY OF 5 COVPONENTS AND STRUCTURES Fi el d of the

| nventi on $§ﬁé{9resent invention is for a method and apparatus for

nonitori n@ }Oﬁfegrity of a 10 conponent or structure, RQT/pe0100301 ar,

t hough not exclusively by nonitoring a pressure state thatg s@AH2005

mai ntai ned wthin cavities either inherently provided or specifically
formed in the conmponent or structure. Background of the Invention 15 The
present invention has its genesis from consideration of the pr aced
by aircraft designers in nonitoring the integrity of: sajmmmﬁmmmﬂ\w
structures typically encountered around Tmei ces and cut - ages;
.and, substantially hollow conponents as €fiftountered in conposilgws*
structures such as flaps, doors, panels and the 20 like; and, attenpting to

prevent the ingress of noisture into such structures and conponents. These
structures and MEPRABANBAPRARATIIN FORMONTORING THE ENVEGRITYOOF of

cracki ng, gorrosion and di sbo g)l M t hey_are prone to the ingress
of noi stursg arising for vari@ 9299 m%ﬂﬁlﬁn‘ | lary action and
the substantially hollow nature of the structures, particularly those 25
made from conposite materials; exposure to tenperature extrenes; exposure

to | arge anbilbgld oftesInyestiomri ati ons; exposure to environments of high
hum dity and precipitation.

The present invention is for a method and apparatus for monitoring the integrity of a
10 component or structure, in particular, though not exclusively by monitoring a pressure
state that can be maintained within cavities either inherently provided or specifically

formed in the component or structure.

Background of the Invention

15
The present invention has its genesis from consideration of the problems faced by
aircraft designers in monitoring the integrity of: sandwiched structures typically
encountered around splices and cut-outs in fusclages; and, substantially hollow
components as encountered in composite structures such as flaps, doors, panels and the
20  like; and, attempting to prevent the ingress of moisture into such structures and
components. These structures and components are difficult to examine for the detection
of cracking, corrosion and disbonding, Further they are prone to the ingress of moisture
arising for various reasons including;
capillary action and the substantially hollow nature of the structures, particularly those
25 made from composite materials;
exposure to temperature extremes;
exposure to large ambient pressure variations;

exposure to environments of high humidity and precipitation.
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WO 02/ 21096 PCT/ AU01/ 00739 8 March 2005 2 Apart fromcorrosion in netallic
structure, the ingress of noisture can lead to serious structural flaws
such as di sbondi ng due to progressive danage caused by the cyclic

i ntrusi onW§¥ 0¥38%nni sture fol | owed by expansion as it freeperAUbI/NI3COUr SE
the above problens are not the exclusive donmain of aircrafg pdesi 3pess.
Structural integrity nonitoring has very V\Jgde application and can be used,
for exanple, to nonitor the adhesive bonds such as between anechoic tiles
on a submarine or heat resistant tiles on spacecraft. 10 Summary of the
| nvention It !ﬁBafbﬁO@lb]Oé@SlOoﬂnm&llmmme,lﬁwmyﬂsanfmlmmwmkadtmhusi and

apparatus for | t t he..i,nteqri of a co nent or ucture

a further obj Sg(?f %!%"’e‘&&?k a5 ¢jsbq progﬁq;plg ag‘h?%“?‘%é" éxglcachc
conponent Or  igfefidl6 b the molstiRY ofBREd B eAlAbH BY lidkebdsom her ei naf ter,
including the clainms, the term"structu use as a reference to a
structure or component. According to a first aspect of the present

i nvention _the i s provjded met hod of .20 npnitoring the integrity of a
struct ur edi s@&wq the abpvepso anmtm&ﬁme&clnswg dempin ofirgraft designotsi e nt

pressure, sail e r nal caV|t d hod
i ncl udi ng at %%'ﬁ%@&@éﬁ@&nﬁ% ' %1 %Wﬁ%ﬂ fpd ?fnfl?er ? e’a
first pressunen@miel e adhésivesinds éuwaer&tetwe% ‘ﬁ.ﬁédlhb%tll@@m?'a%b Quﬁé‘bﬁwa{

| east one cavity in fluid conmmunication with said source,; nmoni t ori ng
for a changeremt&ltétlmyamaacmﬁate of inflow of said fi rst fI uid into
said at | east one internal cavity. Preferably, the said first fluid source
pressure is substantially constant with respect to 30 said amnbient

pressur e 10 WOSA#ingaY 9F the Invention

It is an object of the present invention to provide a method and apparatus for monitoring
the integrity of a component or structure. It is a further object to prevent the ingress of
moisture into the said component or structure.

15
For ease of description from hereinafter, including the claims, the term “structure” is

used as a reference to a structure or component,

According to a first aspect of the present invention there is provided a method of
.20 monitoring the integrity of a structure disposed in an environment containing a fluid at
an ambient pressure, said structure having at least one internal cavity, said method
including at least the steps of:
providing a source of a first fluid at a first pressure greater than said ambient
pressure;
25 placing said at least one cavity in fluid communication with said source; and
monitoring for a change in a steady state rate of inflow of said first fluid into

said at least one internal cavity.

Preferably, the said first fluid source pressure is substantially constant with respect to

30 said ambient pressure.



3 PCT/ AU01/ 00739 8 March 2005 In one enbodi nent, said nonitoring step

I ncl udes coupling a high fluid flow inpedance in series between said at

| east one w@\ghhypogNd said source, to create a steady state differential
pressure betweén said at |east one cavity and said source, PSREAUSHAIBSr i ng
for a change in said steady state differential pressure. B iaehepeds v,
said step of providing said first fluid soyce at said first pressure

i ncludes setting said first pressure at a level which is sufficiently

h ' ' s .0 . h iq f d
Cror 1 Tary act TEohe cHitidilent, B AR Grhd sy BRRET ciblhg 3 Buedlovvinarsdnnce o
sai d struct ur én setids Betofeen a4l ¥t leastiode éa}ﬁg 4 sRId Yk, g chddtda P@Hycsgat? f first

fluid conprises providing a source o first gas.” Pretera alrd step
of providing difeserttial pressyae bétwetnishid atdeast bk cuyitp and it sowrcs, 2AB micniBEhYERD
sai d source and, said at, .| east one,cavif{y to dry said gas prior to flow ng
into said at2FRenge %ﬁ%dé‘é‘fﬁw@teﬁlﬁ?@@im&ssmen sai d structure includes
two or norg internal cavities, said placing step includes one or both of
(a) placing said internal cavities in fluid communication with 20 each
other; and (bPrefdrably midsteplofprovidimssaldifidst Miid s6@EUNdaiPtitsP ProdiurNindRidds
source. In an aLteragiihe enbodi nent, said nonitoring step includes:

provi di ng a sifH8salt tiest pressute ata kewel whick issnfficieptyngreatertthamsaid arhbisat d

source; and ' ' ' ure for aces, of said fluid marker.
Preferably sgﬁ g ? | uﬁogwr?gb% Ege?iygﬁcﬁdggtorge ﬂ&ﬂg°@%wcﬁﬁ°ﬁgb‘ltiﬂ&&%ﬁiﬁwn§a§e In a
further alterdatimestabothebitégrityofisaid SRuchire/ONi toring for a change in steady
state 30 inflow includes: providing a supply of a detectable gas in fluid

conmuni cald on with said source;
Preferably, said step of providing said source of first fluid comprises j)roviding a source
of a first gas.

Preferably, said step of providing said first gas includes providing a moisture trap
15 between said source and said at least one cavity to dry said gas prior to flowing into said

at least one cavity.

Preferably, when said structure includes two or more internal cavities, said placing step
includes one or both of (a) placing said internal cavities in fluid communication with

20  each other; and (b) placing said cavities in fluid communication with said source.

In an alternate embodiment, said monitoring step includes:

providing a supply of a fluid marker in fluid communication with said source;
and

25 monitoring said structure for traces of said fluid marker.
Preferably said fluid marker includes a dye indicating liquid or gas.
In a further alternate embodiment said step of monitoring for a change in steady state

30 inflow includes:

providing a supply of a detectable gas in fluid communication with said source;



WO 02/ 21096 PCT/ AUOCL/ 00739 8 March 2005 4 providing a detecting nmeans for
said gas; and nonitoring for a change in a steady state rate of seepage of
said gas fromsaid structure. 5 According to a further aspect of the
present i W8 there is provided a nmethod of nonitori RCT/ABIWIMgrity
of a structure disposed in an environnent containing a flugqath 2pesanbi ent
pressure, said nethod including the steps Qf. formng a sealed cavity in
said structure; providing a source of a first fluid at a first pressure
greater than said anbjgent 10 pressure; placing said at |east one cavity in
fluid conmuni cat i oProxiding & detgeting neans forfald gaspand ori ng for a change in a

steady state rate gf ink f ' i oy ' Vity. 15

Preferably said stglgdg&#%ﬁ%gﬁgé‘?g?ﬁgss{eeg )é%}hcg%@ge%ﬁ%qseﬁéﬁgﬁa%sﬁéﬂbsaéd

recess or deffefigeon in or on said structure and formng a seal across
said recess or depression. According to a further aspect of the present
I nvention there is provided a nethod for nonitoring the integrity of a
structure _di sposed in a nvi ron containing a flyid at, 20 an, anbj ent .
pressur e, dsaidceoF W&E%Pg“rﬁﬁrﬁﬂ’eﬁtrﬁn R RrERAnG inyendopthere ‘?rBFOe‘!‘q?éﬁﬁB‘F@‘Pﬁ%f whi ch
are coupled t , 9%.98 B iktare) RA% ' : . in
a manner soltﬁ ag&gig’stgﬁmgc ?Pgne com:()lo ent |y§éﬁg%e¥?%ﬁ%ﬁ§gﬁt§%§g%f at

| east anot heran amisientfpressurd, saidrmethedtiscluding diestepsofiect i ve adj acent surface
pairs, said nmethod, includin the steps of: 25 form ng one or nore cavities
between one or norfryingsasepledpayityin sadd structirenai rs:  providing a source of

ol acing ai | cast GRBvEAIRRRNR ATk 4 REpREN AFRATRhn o BB |

source tQ0 prpeedsae;at | east one source pressure cavity; and

placing said at least one cavity in fluid communication with said source; and,
monitoring for a change in a steady state rate of inflow of said first fluid into

said cavity.

15  Preferably said step of forming said sealed cavity includes forming a recess or

depression in or on said structure and forming a seal across said recess or depression.

According to a further aspect of the present invention there is provided a method for
monitoring the integrity of a structure disposed in an environment containing a fluid at
20  anambient pressure, said structure being an ensemble of two or more components
which are coupled together, said components juxtaposed relative to each other in a
manner so that a surface of one component is adjacent to a surface of at least another
one of said components to form respective adjacent surface pairs, said method including
the steps of:
25 forming one or more cavities between one or more of said adjacent surface pairs;
providing a source of a first fluid and a first pressure greater than said ambient
pressure;
placing at least one of said cavities in fluid communication with said source to
produce at least one source pressure cavity; and
30 monitoring for a change in a steady state rate of inflow of said first fluid into

said at least one source pressure cavity.



30 nonitoring for a change in a steady state rate of inflow of said first
fluid into said at | east one source pressure cavity. W 02/21096
PCT/AUOl/ﬁQ;@ﬁ 0? March 2005 5 Preferably said nethod further includes the
step of platt¥y’@ ternate ones of said cavities in fluid BHMHES on

wi th said anbient pressure to produce adjacent interspersegMabei! 2005
pressure cavities and anbient pressure cavikties. 5 Preferably said method
further includes the step of placing a noisture trap in series connection
bet ween said anbi ent pressure cavities and said environment or a source of
sai d anbi ent pressure. 10 Preferably, said nonitoring step includes
coupling a hipreferably daidlmdthédReMeriacluties the Eﬂeﬁ%fplla@ih%ﬁﬁé}n&t@'oﬂ fishidayitie
.pressure cavities and said source, to create a Steady state differentia
pressure bet viedhid gommuwisation with ssidrambient iptassire toprodudieddjaoent deterspersed
nmonitoring for a chaﬁgﬁmég.s%hg sﬁead state differential pressure. 15 In
.an al t er nat e SSHIFSATRISHIC cavliies apg,HPPIGRE BIESSURCS3VItAS| udes provi ding a supply
of a fluig marker in fluid comunication with said first fluid source and
nmonitoring said structure for traces of said fluid marker. Preferably,
when sai d corRrefeeatily saitl nsethall fattherdncludes the stes ofplhéing b RN raP¥n Serledyer Of
20 adhesive, or incorporate a |layer of sealing material between said

adj acent sur feanaeqtionibstween spid ambhient pressure gavities andsaidienvinonmgens ef &l sourvé of es
in said adhesjy, ..sealing |layer. Preferably where said conponents are
coupl ed toge%h@ﬁ“g@cﬁgg's I'tal fasteners, said formng step includes
provi ding a seal about said adjacent surface pairs to formsaid 25
cavities between said adjacent surface pairs. According to a further aspect

of 't he pdBsefreferably;ispisimenitoringistepindudeseduplingadigh fuidSldvoimpedemdietinisenes t he
integrity of ,a structure disposed i.n an enyjronnment containjng.a,fluid at
an bl ent _pPRORtRE e R et (e Brereii et aifteeipl
sai d appar at eesafirel betetid safll dlurce PAethire cavities and said source, and monitoring for a

change in said steady state differential pressure.

15 Inan alternate embodiment, said monitoring step includes providing a supply of a fluid
marker in fluid communication with said first fluid source and monitoring said structure
for traces of said fluid marker.

Preferably, when said components of said structure, are coupled together by a layer of
20  adhesive, or incorporate a layer of sealing material between said adjacent surface pairs,

said forming step includes forming said cavities in said adhesive or sealing layer.

Preferably where said components are coupled together by mechanical fasteners, said
forming step includes providing a seal about said adjacent surface pairs to form said
25 cavities between said adjacent surface pairs.

According to a further aspect of the present invention there is provided an apparatus for
monitoring the integrity of a structure disposed in an environment containing a fluid at
an ambient pressure, said structure having at least one internal cavity, said apparatus

30 including at least:

a source of a first fluid at a first pressure greater than said ambient pressure;



a source of a first fluid at a first pressure greater than said anbient
pressure; WD 02/21096 PCT/ AU01/ 00739 8 March 2005 6 a communi cation
channel for providing fluid communi cati on between said source and said at
| east onevﬂhgypﬂﬂiand monitoring nmeans for nonitoring for BCUAEAYE7BN a
steady state rate of inflowof said first fluid through saM@rema92 into
said at | east one internal cavity. 5 In ong enbodi nent, said nonitoring
means includes a high fluid flow i npedance™ di sposed in said conmuni cation
channel in series between said at |east one cavity and, said source, said
high fluid flow i @W@Wlﬁrﬂre&@w@mdéommbwmwéure
bet ween said t V] I d source, and transducer neans
Borcs a2 A b S

coupl ed across sai i npedance for nonitoring for a

change in said stengiitérinheans frmeriidring! foPs gﬁ@g&h&&ﬁﬁﬁb% 8finfloly 4651

pressure is sufficiently greater than said anbi ént pressure to overcone
hygr oscopi ¢ fseidfirshflui ugh said channelintdosaid atdeast oid intdrmadcavity.be det ri ment al
to 15 thg integrity of said structure. Preferably said first fluid is a
gas. Pref&rably said apparatus further includes a noisture trap | ocated

bet ween. sai d Qe efbodiindtf) it thshitlink ficshs HiFudse high thild B BkAaEES PTiOf
to flowng into sard at |east one cavity. In an alternate e 'ment, said
moni t or i ng malispesedin satbmmidication chakel i series between said htdeastohcavifydingour ce
for marking sajd structure ti'dt cations where said fluid perneates from
said cavity tsmdo%?(g}FF"s%ﬁ“gf“gP%H %@Be‘fa&%“@mgmﬁ%hsm@f&mwpmgw@ a
further aspe t | ' e | ' net of

i byt g 1ot ent A8 dtidaSeste chAFHA QM S ad P cpioen kel EblapcKss o
envi ronntdt  seidigh fluiddicveimpedaicedbr ouiterimg ford chafides kaid kRAGYState Sai d

e
structure having at |least one internal cavity, said nmethod including the
steps of: differential pressure.

Preferably said first pressure is sufficiently greater than said ambient pressure to
overcome hygroscopic force and capillary action but not sufficient to be detrimental to
15  the integrity of said structure.

Preferably said first fluid is a gas.

Preferably said apparatus further includes a moisture trap located between said source

20  and said at least one cavity to dry said gas prior to flowing into said at least one cavity.

In an alternate embodiment, said monitoring means includes a fluid marker in
communication with said source for marking said structure at locations where said fluid
permeates from said cavity through said structure to said environment.

25
According to a further aspect of the present invention there is provided a method of
inhibiting the ingress of a target fluid into a structure disposed in an environment
containing said target fluid at an ambient pressure, said structure having at least one
internal cavity, said method including the steps of:

30 providing a source of a first fluid at a first pressure greater than said ambient

pressure; and



30 providing a source of a first fluid at a first pressure greater than
said anbient pressure; and WO 02121096 PCT/ AUO /00739 8 March 2005 7
providing a fluid conmuni cati on path between said at | east one internal
cavity an¥WOB{24ource. Preferably said nethod further i nBCTAB81/0M2 st ep
of nonitoring for a change in a steady 5 state rate of infd emred 2008 d
first fluid into said at |east one internaly cavity thereby facilitating the
nonitoring of the integrity of said structure. According to a further
aspect of the presept..invemqi.on there is vi ded ap, apparatus for
preventing the i ngﬁ’gé‘gd‘é}g aﬁ*“ﬂ@?%‘f‘“?ﬁﬂ%&ﬁ} t‘é{e%"tqalf’cﬁtﬂ ast epesinlemal cavityan
envi ronment 1QngegHabiickld said target fluid at an anbient pressure, said
structure having at | east one internal cavity, said apparatus including at
[east: a source of a first fluid at a first pressure greater than said

ni catign channels for providing

anbi ent pressyfe, d ,pne. .o re, commu harn )
fluid comuni g’zr;?f%ﬁ{} S&Ef %@‘éﬂé éga‘&f %ﬁld%ﬂla Aep ohmeniteringfos a changedme stegdy 15

Brief Descki pty . s ' 4 S.a schematic representation of
afirst e od%%#%? %E%‘ngyexéae]ﬁfst ﬁpﬁ:/{éﬁtsﬁlgrﬁlefg 9ae JntFm cqvg%ﬁ emati c
represent ati otfacilitafing dBRRbHEE bth8 ERGEHABE idkthindef UT Lher  embodi ment of
the present invention for nonitoring the pressure state of cavities within

a structure and hence the integrity of the structure; Figure 3 is a
schemati c representat.i o f a further enbodi nent of the present invention;
25 Figure 4a ¥ Iag’(,gﬁg ' erpgﬁp{e%tgﬁ?mewﬁwpnt&oq frefeproxidsd an Apparatys fome
present i nvepidventing'thditiglesd Bf A farget aliGHR!d SrucRibd GiSFotbaid AlehroRmbat t her
embodi nent of the present
\ 10 containing said target fluid at an ambient pressure, said structure having at least one
internal cavity, said apparatus including at least;
a source of a first fluid at a first pressure greater than said ambient pressure; and
one or more communication channels for providing fluid communication
between said source and said at least one cavity.
15

Brief Description of the Drawings

Figure 1 is a schematic representation of a first embodiment of the present
invention;

20 Figure2 is a schematic representation of an apparatus in accordance with a further
embodiment of the present invention for monitoring the pressure state of
cavities within a structure and hence the integrify of the structure;

Figure 3 is a schematic representation of a further embodiment of the present
invention; |

25 Figureda is a schematic representation of a further embodiment of the pres‘ent

invention;

Figure 4b is a schematic representation of a further embodiment of the present
invention;

Figure 5a  is a schematic representation of a two-layer sandwich structure to which

30 an embodiment of the present invention is applied;

Figure 5b is a variation of the configuration of the embodiment of Figure 5a;



I nvention; Figure 5a is a schematic representation of a two-layer sandw ch
structure to which 30 an enbodi nent of the present invention is applied;
Figure 5b is a variation of the configuration of the enbodi nent of Figure
5a; WO 02MABMHOY PCT/ AUO / 00739 8 March 2005 Figure 6 i SPEI/AUDKOUEIY C
representation of a three-layer sandwi ch structure to whi c§ mz28h €ilggdi nment
of the present invention is applied; Figurg 6a is a variation of the
configuration of the enmbodi nent of Figure 6; Figure 6b is a further
variation of fhe configuratjon of the enbodi ment of Figure 6; 5 Figure 7
i s a schemat i HEREH esenisaschamagic rgprespntationynsia thrgedasiet andwichstncture to wiiich h

an enbodi ment of the inyentd on IS lied: Figure 8a i schemati c
representation of a thrée/'bélpl&%ﬂqéwegta Brﬁs@fpwg’ﬁtﬁﬁnelstaBpMch an enbodi ment
of the presenpiguRveaNt i OR al variafioh éafle confiHrAi ' g&j\ﬁ, |£G .

repr esent ation.g‘én;:é a three-"lfiuét1 er s?ﬁ%lvc\ngch st roﬁl&f{'ﬁl?eeéi?o ?@%dﬁi%ugaf urt her
enmbodi nent of Fighes Gbr eseisa ivarigtion of the porifiguirationaf tie anbelifent lod Pizuze 6;
partly se§ti %led lique view of a further %avi ty arrangenent. Detail ed
Descri pti 6n of 8t pr ef@ﬁﬁ@l&nﬁz‘ﬁdﬂi”ﬁmoﬁm efQprlayer sandwigh ptaciure to which
schematical |y, one enmbag] itﬁént%fﬁ%tigg&ﬁ?ﬂqs%ﬁﬁﬂaat us of the present

a tlul

I nvention for preventing the ingress o mto a structure 10. The

structure 10 Figure 8&i ct iis a@tirenmticwerodentation ©f & thréé-yef suh@®idhysaastuff to which
conposite structure and is provided nmerely for the purpose of illustrating
the principles of enmbocinathodimentiof the presgahinventionisappliedyct ure 10 has an

outer skin 132, pl ur al it f interpal cavities 14a, ,20,14b and 14¢
(herei naf t er 2Frl§‘1ﬂ‘ gI8 ?ed tlggrs#eézgﬁ&r%qrcsgg&%gggﬁ #bé?'%xe’)m%héwﬁa{e t@é@%@h ry
of “the davities 14 is @fulthHeidmbvdiéntiofthd proRnOinvertiongs H{;ﬁieli?and,caVi ties l4a
are illustrative of a structure 10 having internal cavities of a random
confi gurati ofigwadi t i eshowspa pawly seetioned ohliquecview ofa further cavity ar@npementg a
honeyconb or cellular-type core; and cavities l1l4c

Detailed Description of the Preferred Embodiments

15 Figure 1 illustrates schematically, one embodiment of a method and apparatus of the
present invention for preventing the ingress of a fluid F into a structure 10. The
structure 10 is a fictitious structure made up from three types of composite structure and
is provided merely for the purpose of illustrating the principles of embodiments of the
invention. ?he structure 10 has an outer skin 12 and a plurality of internal cavities 142,

20  14b and 14c (hereinafter referred to in general as “cavities 14”). The actual geometry of
the cavities 14 is a function of the type of structure 10. Cavities 14a are illustrative of a
structure 10 having internal cavities of a random configuration; cavities 14b are
illustrative of a structure 10 having a honeycomb or cellular-type core; and cavities 14c
are illustrative of a structure 10 having a foam core,

25
The structure 10 is disposed in an environment 16 containing fluid F at an ambient
pressure that acts on the structure 10. For example, the environment 16 may be the
atmosphere at 4000 metres above sea level, where the fluid F is air; or the environment
16 may be the ocean at depth of 100 metres in which case the fluid F is sea water,

30



are illustrative of a structure 10 having a foamcore. 25 The structure 10
I's disposed in an environnent 16 containing fluid F at an anbi ent pressure
t hat act SZ‘W 2922%structure 10. For exanple, the environnent 16 mai{ be

at mospher & A} 0 netres above sea |evel, where the flui FE/ALILPPY or the
environment 16 maybe the ocean at depth of 100 nmetres in SuteEsh 2008 he
fluid Fis sea water. 30 WD 02/ 21096 PCT/ Ag01l/ 00739 8 March 2005 9
Apparatus 18 in accordance with an enbodi nent of the present i nvention acts

to prevent o F.into the
structure 10. 9‘2% apgé @c@t%@gw&@%ﬂgﬁgo%}tggﬂh? Br°§ r"&vrfnﬁﬁn °8§t°;ﬂf%‘<FPH. ng
a first flui obrsaurdztsterﬁ:mmis'etnéu@&sbaﬁﬂteMFﬁ{toﬂmes%eﬁféJr@ 'Th@étf‘p’ the
.pressure of the fluid F. A comunication channel in the form a condui t

22 provides flndndemmmemmﬂo)ﬁnpmmmgmﬁmﬂumesuzﬂaam&mmm aea of
t he internal cavrt es, 14 of .t he stru I,S I he case, that the

_cavities 14 dites EternglE‘?Erﬂéa-“l@eQFeés‘gPP &@Jﬁy%d‘%@?ﬁ@mw linythe
b 11 . Qb deRafiEa pRivides Mg EohuirinicRdieshiln O SouiEaPind3 38 rﬁgﬁtﬁ’%oﬂf

extend into ttheusemuwauimsmomeamem1mettesthtecasea¢hsﬁﬁe&mue%hurbf12 10
Further, although not illustrated, plurality of conduits 22 can be

provi ded bet VirEpturent0 af§@ﬂr¢!@°ﬂ!) Oéﬁldlfﬁﬁb’ ig fluicceammunicationovidveach otlfer, tthen in

v anged i Saiora s gaf ¥t dibrec ad fobe i AR Rntinicio wifh BaEAGRs Lrsfs’? atus
18 can incl u%n@tuezpﬁeemrrsyeﬂbh@iut@me%&uaefeqlmb%p%ﬂuvﬂe%ﬁbie?&s We Hnnlf he

skin 12 that conmunicate wth the conduit 22 thereby providing

conmuni cd0i oFusthenelthoughamay iltusgatedhaplumlitycef @aduits @2 m be provideesbetwieen the

Al t t el | b bet. th t | t

14 ol Low #PMen 20 B teaefRd 10 HaPevaet fecavites 14 arsapt FmuBaliife be -
achi eved usi %ﬁuﬁnﬂxﬂ’é‘hﬁfmvﬁhﬁe&ﬁ%&%ﬁ?&t@%ﬁﬁ%&ﬂ%%&&d’lg};@%&g@g@% @ be greater

than the pressure of fluird F (which be elth pressure or
a dynani ¢ pr essununjcation pathtof apparatn il 8 chreinclude essomhore galleries or conduits 24
contained within the skin 12 that communicate with the conduit 22 thereby providing
15 fluid communication between the gas of the source 20 and the cavities 14. Alternately

small perforations can be made between the internal cavities 14 to allow fluid

communication there between. This may for example be achieved using a laser.

The pressure of source 20 is arranged to be greater than the pressure of fluid F (which

20  may be either a static pressure or a dynamic pressure) so as to prevent the ingress of
fluid F into the cavities 14. More particularly, the pressure of source 20 is arranged to
be sufficient to overcome hygroscopic force and capillary action to prevent moisture
ingress into the structure 10 but is not sufficient to be detrimental to the integrity of the
structure 10:

25 .
Itis to be recognised that if the skin 12 is absolutely impermeable to fluid F and such
does not contain any faults or does not develop any faults throughout the life of the
structure 10 then the fluid F of environment 16 cannot enter the structure 10. However,
in practice, for a variety of reasons including the effects of material petmeability,

30 dynamic loading, localised impact damage, practical imperfections in the manufacture



fluid Finto the cavities 14. Mre particularly, the pressure of source 20
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fasteners to fabricate the structure it is often the case that the skin 12

is, or intine becones, perneable to the fluid F. Figure 2 illustrates an
appar at us 18&igura ilnsteases ancappamtus 8a thaballows for thelmomtoring of thesuressure statef
cavities 14 and hence, the inteqgr.i . Of ruyct ure Ca. ., The_ ap tus 18a
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into the caviembedinieht d@pictedimFiguré hand nleeréannedifhgi esmbnitethgadevice @t foi scl osed
in International Application No, PCT/AU94/00325 10 (WD 94/27130), .the
contents of WAnitering theiadowaf{luiditrom, the spusce 2{bintasthe cayitiesHh dhe mpnitoring
substantive dif: ; ' . bl ¢ eis
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enpl oyed. The .  nonjtaqring device 26 nonitors for a change in the steady
state rate ofubstantiygd erF‘F‘-'Gﬁl?mﬁE}h‘Ftra(ﬁ?PFtﬁ’ét (eritive) pressurs spurgeds employedin 14.
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I npedance 28 disposed 1n series 1n conduit 22a betwe e source 20
and the cavi POCT$AU94/00B25 (WOM94/271430) & benstanbPRtiancsdurs? iPempRiyed The

monitoring device 26 monitors for a change in the steady state rate of inflow of fluid

-

15  from the source 20 into the cavities 14. In this embodiment the monitoring device 26
includes a high fluid flow impedance 28 disposed in series in the conduit 22a between
the source 20 and the cavities 14. The high fluid flow impedance 28 preferably
comprises a very long length of small bore duct which allows a minuscule flow of fluid.
Alternatively, the high fluid flow impedance 28 could comprise a permeable material

20  such as sintered glass.

To gain an appreciation of the flow rates through the PCT/AU94/00325 (WO 94/27130)
device, the maximum rate of flow is at the minimum that can be detected by current
digital flow meters. As an example, a duct having a bore of less than 0.3mm and a
length in excess of 3 metres and experiencing an air pressure drop of 20kPa across its.

25  length would have a flow of approximately 2-3 micro litres/minute. Bearing in mind
that sensitivity of the device increases at an exponential rate as zero is approached and,
if desired the magnitude of the high fluid flow impedance can be extended towards
infinity, extremely small flow rates can be detected.



conprises a very long length of small bore duct which allows a m nuscul e
flow of fluid. Alternatively, the high fluid fl ow i npedance 28 could
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fl ow i npedance should be sufficiently high as to produce significant
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30 is coupled across the inpedance 28 by uid connecting duct’s 32, and
coupl ed t o arconmgsitingiducts 33 dand opppl&# t@Bdn hyplﬂmand drsplaydérhghulﬁomm c@fductors

Al ternati vel ifferentj, ssure transducer 30 coupl ed across the
i npedance é%ﬂ{l%ﬁ’éa F ERP Lrﬂ PEPSHYE trap 3g)aﬂ°“l’ P@'&F e {pedance
el ectrical ci of t he
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start upl0f idesirabdwar at us 18a, there will be a characteristic steady state

rate of seepage of fluid through and fromthe structure | OCa. If there is
a change in the 15 perneability of the skin 12/structure 1 Oa, there wll

be a corresp

Sour ce 20° 1 niasuihe BeY (O En 1 of 1€ syfhbie s Haf ol idhred Siloherti Do BRI,

t he noni t ori afecinitial staftfup of thqﬁppmtusalmal theretwill'be@fchhtak®ristic steady state rate of
seepage of fluid through and from the structure 10a, If there is a change in the

15 permeability of the skin 12/structure 10a, there will be a corresponding increase in the
rate of inflow of the fluid from the source 20 into the structure 10a. This will be
monitored and detected by the monitoring device 26, A typical application of this
embodiment could be an aircraft door, flap, aileron, and the like supplied with nitrogen
at a pressure above ambient.

20
Figure 3 depicts an embodiment of the present apparatus and method when applied to a
structure 10bcomprising anechoic tiles 38 adhered to the.hull 40 of a submarine,

A fillet of elastomeric grout 48 is deposited about the periphery of each tile in a manner

25  so that cavities 50 are created underneath the grout 48 between adjacent tiles 38 or,
under grout 48 between the edge of a tile 38 and the adjacent surface of the hull 40, The
cavities 50 are coupled to a monitoring apparatus 18b. The apparatus 18b is similar to
the apparatus 18a depicted in Figure 2 and encloses a monitoring device 26b which
includes conduit 22b that provides a fluid communication path between the cavities 50

30 and a fluid source 20b (in this example a gas source) via a series connected high fluid
flow impedance 28. Differential pressure transducer 30 is coupled across the
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18b, and in particular the regulator 52, is 10 a nam cally vary the
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operation, the nonitari device 26b.stabilizes with rel atively constant
pressure di f PESEHEA erﬁf@g{)g‘émﬁsﬁ&ﬁ'ﬁgﬁmp geltegpsciyeehtbe ambienp wateie anbi ent
wat er  press pfddsure.

15  The integrity monitoring of the adhesive bonding of the tiles 38 is facilitated by
monitoring the differential pressure across the high impedance 28 for any increase
resulting from minuscule air seepage from any of the cavities 50 giving ample warning
of any disbond of a tile 38 or damage to the grout 48. The imminence of disbonding
and water ingress would be immediately obvious due to a rise in pressure differential

20  across the impedance 28 and detected by the transducer 30. Loss of a tile 38 would
result in a dramatic rise in differential pressure. The monitoring device 26b can also be
provided with an adjustable bypass of the impedance 28 to allow high rates of flow of
air from the source 20 to allow for some damage tolerance and maintain positive
pressure protection for the cavities 50.

25
As ambient pressure of the sea water F* surrounding the hull 40 of the submarine would
vary significantly from the top of the conning tower fin to the belly of the hull, it may be
necessary to group the tiles 38 into several vertically tiered layers which are monitored
scparately to ensure that the pressure of the gas supplied to a particular group of tiles

30  remains only slightly above the ambient pressure acting on those tiles thereby

preventing excess positive pressure in upper groups of tiles. This can be achieved by
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structure | Cc conprisi ngw hree conponents 56, 58 and 60 which are coupl ed
in a sandwi clthatssBushiwith e compprent 46 and aflaitened taihés aftanopposite dnddhatisigs par t

O 2PLESSU" RSH: LISEhAIEER A el 9EA b enb of ATBRAGAL BuRBund Fesl bkl 27
and possibly bolt fasteners could be substituted.

15 Sandwich components generally have a layer of a sealant material between each
fastened layer partly to prevent corrosion and fretting. To facilitate the provision of a
cavity, this arrangement is modified in the present embodiment such that a sealant layer
68 is provided between components 56 and 58 only, with the sealant that would
ordinarily exist between components 58 and 60 at least partially removed leaving a gas

20 permeable gap 70 there between. In accordance with the present embodiment the gap
70 can be formed into a cavity 72 by providing a perimeter seal 74 about the perimeter
of gap 70. Sealant 75 should also be employed sparingly around the flattened end 66 of
rivets 62 and adjacent surface of component 60. Apparatus 18¢c, enclosing monitoring
device 26¢ is connected to the cavity 72 for monitoring the integrity of the structure 10c,

25  The monitoring device 26¢ includes a conduit 22¢ leading to a parallel connection of
high fluid flow impedance 28 and pressure transducer 30. The transducer 30 is coupled
to an amplifier and display 34 via electrical conductors 36, Alternatively, the
differential pressure transducer 30 coupled across the impedance 28 may be in the form
of a non-electrical indicator where electrical circuitry is not desirable.

30



10 through holes 71 fornmed in the conmponents 56,58 and 60. Each rivet 62
has a head 64 that sits flush with the conponent 56 and a flattened tai

66 at an opposite end that sits on the conponent 60. Flush head rivets are
shown as WO &®24f4¢l e but round head rivets and possibly bob¢T/ABS@NBY S
could be substituted. 15 Sandw ch conponents generally haWﬁ&éﬁ%?éﬁb of a
seal ant material between each fastened Iaﬁﬁr partly to pr ?osi on
and fretting. To facilitate the provision a cavity, this arrangenent is
nodified in the present enbodi nent such that a sealant |layer 68 is
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t he i npedance 28gand t he transducer 30. T%g cabin pressurg%ﬁ%gﬁalé]ked as
"CP" and has differentiad predsyse €uis previdingiandndicationloff the axackolOthinadmposent 58.a cr ack
100 was to formin the internedi ate conponent 58 about the rivet 62, a
fluid seepage flow path (indicated by small black flow indicating arrow

heads) can ben gh 8RéRate e@bSUMENt Bé‘%iédeél?ﬂ Figaredy] diaphadithsi® fof aoRitbrirgiheni 9N

al titude atnosphere F*, associate
integrity of structure 10c comprises a compliant container 76 of a fluid marker such as a

15  liquid or gaseous dye, or detectable gas, which is coupled by conduit 22' vice conduit
22¢ to the cavity 72. As with the previbusly described embodiment, if a crack 100 were
to develop in the component 58 that extends to the rivet 62, there will be a flow of
marker from the container 76 through conduit 22', cavity 72, the crack 100 and around
rivet 62 to Seep to the outside atmosphere. This arises because the compliant container

20 76 is also subject to cabin pressure CP. The detection of dye or gas about the rivet 62

provides an indication of the crack in the component 58,

When the fluid marker is a liquid, detection can be by means of visual inspection of the
structure. The appearance of the dye say around the head of a rivet 62 is potentially due
25 tothe existence of a crack., When a detectable gas is used as the marker, such as
helium, gas monitoring and detecting equipment is required to detect the escape of the
gas from the structure. In the case where the structure has some inherent permeability,
there will be of course a steady state flow of the gas through the structure in which case
one is required to monitor for a change in the steady state condition. On the other hand,
30  if the structure is after initial manufacture absolutely impermeable, then one is required

to detect for any presence of the gas marker. This of course is the same as monitoring



with white pressure indicating arrow heads, due to the crack 100 and
subsequent | oosening of the fastening. The resulting increase of the
inflow of air into cavity 72 10 through the inpedance 28 will be detected
by the tr¥RMB3EYS 30 as a change in differential pressur @THIHIBIEYI di ng
an indication of the crack 100 in conponent 58. In an altegghéh @ppsdi nent
depicted in Figure 4b, the apparatus 18 fi@r nonitoring the integrity of
structure 10c conprises a conpliant container 76 of a fluid marker such as
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of a significa pr eéssure ere across e noni‘tor1 ng apparatus 26c¢

i ndi cating afiiselaige shathining cabiropieisyreOP hhdiy désposdddd an lfvieotiient BES AvideF‘of t he
sensitivity of the fluid inpedance device 26¢, the fluid marker nethod is

more |ikely beingigmbient pifiprespurs akhigh alfitnde. (Hielintagrityofithantergtuse 105 cantbe
locationyof g, fidWa by connecting the cavity 72 via a conduit 22d to a monitoring apparatus 26d
similar to 26¢ of Figure 4a of the type described herein above.

As the cavity 72 in the structure 10d is completely enveloped by the fluid F, any
seepage of gas from the cavity 72 through component 56 will be to the outside

20  environment FA,

In a variation of the above arrangement of Figure 5a, shown in Figure 5b, the apparatus
26¢ could be connected between the cavity 72 and the outside atmospheric pressure FA,
In this example, cavity 72 becomes a conduit for pressure source in form of cabin

25  pressure (CP) in the event of a through flaw developing in component 60. This

arrangement is further discussed in Figures 6a and 6b following.

In Figure 6, the structure 10e is very similar to the structure 10c in Figure 4a. However
the structure 10e is now formed with two cavities,72s and 72n. The cavity 72s is formed
30 between mutually adjacent faces of components 56 and 58 of the structure 10e. The

cavity 72s is in fluid communication via conduit 22s with the pressure source 20e (CP)



5 Figures 5-7 depict variations of "sandw ch" structures to which

enbodi nents of the present invention can be applied. In Figure 5a, a
portion of a structure 10d conprises two conponents 56 and 60 fastened 10
t oget her BYOPIRMP& 62. A gas perneable gap 70 exists bet wepOT/AULLIGITSYY
facing adjacent surfaces of conponents 56 and 60. A cavity g/gyich dgugred by
sealing the gap 70 with a perinmeter seal /4. Simlar to Figure 4a, the
structure | Od is a portion of an ai reraf t10 f usel age contai ni ng cabin
pressure CP and is disposed in an environment of a fluid F being anbient
air pressure amammgwrmgtapp@ra@ls 26trof like: stycture/anglf funétionstsr destribedd dbo@l. Tha be
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cavities,72s and 72n. The cavity 72s is forned 30 between nutually adjacent
faces of conponents 56 and 58 of the structure 10e. The cavity 72s is in
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same arrangement as shown in Figure 5a. The purpose of this arrangement is to monitor
the integrity of component 60. A crack or flaw 102 developing in component 60

15  communicating cabin pressure CP (source 20¢) with cavity 72n would produce a
pressure drop, due to seepage flow (small arrow heads and dots), across the fluid
impedance of the apparatt#_ 18x to the outside environmental FA, If this feature was
desired, the connection of apparatus 26x could be normally bypassed or carried out at
intervals to prevent a continuous series connection of two monitoring devices 26e and

20  26x (as shown in Figure 6b) which would halve the sensitivity of both apparatus 26e
and 26x in response to a flaw 101 occurring in component 58. Seepage flow from
cavity 72s through a crack (101) in component 58, into cavity 72n, would have to pass
through the two high fluid impedances in series of monitor 26e and 26x and the two
associated differential pressure sensors would share the pressure drop resulting in halved

25  sensitivity. The series flow problem is shown by small arrow heads and dots. Of
course, if a crack developed in component 56 direct to the outside environmental F*, no

such problem would arise.

Figure 7 depicts a further sandwich structure 10f havfng four layers or sheets 56, 57, 58
30 and 60 connected together by rivets 62. Layer 57 comprisc§ two abutted sheets.
Structure 10f is once again a portion of an aircraft fuselage containing cabin pressure CP




allows for the detection of a crack 101 in the internedi ate conponent 58
that extends 5 between the cavities 72s and 72n other than directly to the
outside environment F' through conponent 56. A dotted trail shows the flow
pat h froWgr@RE¥6e source 20e, through duct 22s and devi BETAROI/0WAYi ty
72s, crack 101 cavity 72n, duct 22n and thence to the out&MdectaRo@Spheric
"environnental " pressure F. 10 As a furthf,- measure, cavity 72n could be
comuni cated via duct 22n to a simlar apparatus to 26e (26x) and thence

to an atnospherjc, pressure reference F'  This is , shown in Figure 6a and
the enpl oyrefhd b dispospd y anepvirepmentof 8 fngd being pmbientair pressyee at titude.

arr angenent ' L . .1 D Al HdaS tO
arrangement ThesAaRt S mBHRARE MEwelRE SLERPLE N MASRERTIRG 14, O,
conponent 60 tHd® afedifTliid edrhimdlicaidH, Rialofdsits 22s GRith BR\PrésSuré @Burec¥CPbfaavi ty
72n woul d produce a pressure drop, due to seepage flow (small arrow heads
and dots), atwomitoringeppdratingof thatyndaksozibed herain abopeitypically 26« ta26xtdnd out si de
“environneptal, F., If thi

s, feature, was, desired, the copnecgfion. of apparatus
S6x coul cb be Tarmiing P e acinarein1Rd pormRubation v cvits 228 b 88 cvant a

conti nUOUS Sgfs i A ' i | : as
shown in Fi ggé‘g §E§ V\jgnli CHI%B%SLE%VF%% %%diggggglﬁx#r%é %%Qﬁg?%qé%%gr&g?%sg 26e
and 26x i n r Fhparasgentent fdrimonitbfiig dedmtegrityeficompomgnd 6@ of Fiptres Seapdige | ow
from cavity 72s fhrough a (f'rquk ( 10? I n conponent 58, into cavity 72n,
woul d have t 6oydsimilar igghto Kighrer gh f1 ui d i npedances in series of

noni tor 26e and 26x and the two associated differential pressure sensors
woul d share the pressure drop resulting in halved 25 sensitivity. The

series fl®w Pigui 8ai¢sicts adivthed ¥mbodientofithyvinvestith, s eabsdimédt is agplicdao | f
a crack devel oped in conponent 56 direct to the outside environnental F",
no such prodsenstisl0g compsised of thige sheptsfify 58 and A0 farmed @s a sandwisleh structure

| O having e r t , b8 n . cqnnect ed & oget her
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material 68 between adjacent sheets. The layer 68 is typically provided to prevent
15  corrosion and fretting of the sheets 56, 58, 60 about the rivets 62. In the present

embodiment, the step of providing cavities 72 within the structure 10g involves

removing sections of the sealant 68 between adjacent pairs of sheets. However areas of
sealant 68 are maintained about the rivets 62 to maintain the function of minimizing
fretting of the sheets 56, 58, and 60, and also to form boundary seals for the cavities 72.

20 The removed sealant 68 produces the sealed cavities 72 which can be placed in fluid
communication with a pressure source. Indeed alternate cavities 72 can be placed in
fluid communication with the atmosphere and with the source as described above in
relation to the embodiments depicted in Figures 6 and 7. The removal of the sealant 68
to produce the cavities 72 is ideally achieved during the construction-of the structure

25  10g by placing masks on the sheets 56, 58 and 60 to prevent the depositing of sealant 68
in selected regions, After the sealant layer 68 has been applied and the masks removed,
the structure 10g is pulled togeth‘ef by fastening with rivets 62,

Figure 8b depicts a structure 10h which differs from that depicted in Figure 8a by the
30 inclusion of recesses or depressions 80 deliberately formed in the surface of the sheets
56, 58 and 60 in the regions where the sealant 68 is removed. This provides larger,




and is disposed in an environnment of a fluid being anbient air pressure at
high altitude. The nethod of nonitoring the integrity of structure 10f
includes formng cavities 72s that are in fluid communication, via

condui ts 2%%9”%&?% the pressure source CP of a nonitori ngPEPRNAHNI of the
type described herein above typically 26c to 26x and 5 forrg mghr&@eodses 72n
that are in fluid conmunication via conduif§ 22n with the environnenta
anbient pressure F', with cavities 72n interspersed between cavities 72s.
The arrangenent for, ponitoring the integrity of conponent 60 of Figures 5a

and 6a coul dneteHafinHe gavilies2n| Thegeeessesiog depressions@Oman be Sorgzeddyany kaown

and b e RRVAS M ; A oy ! .

structure | oineahindluathe Byt (KRG Ro, hanloaPREGE TR AR Bl ead be placaflin 1,

const ructi on fhdd pbeehunR@gbéh#ithA)cohstuat freddare s0Grc@ by cohdae t&{icﬂ%’f@hé {0 the -
S

enbodi nent depicted in Figure 4a, it is comon for such Structures to
i ncor por at e 4n thg/manner desszibedhhereinsabore il rebgioh do Rigures#di 7 c@fitoussedp nfurthidre

| ayer 68 i.s typigall rovi ded 1.0 pr.event .15 corrosi on and fretting of the

Shaet s 565 saARREoRMARAE e icahips pikced I eemphacuian wihisone 2D (R

step of pro“aﬁ&'@ﬂe&xﬁﬂibﬁﬂ;ggss%%twthi n the structure | QOg involves renoving
e

sections of the seal ant ween adj acent pairs of sheets. However areas
of sealant 68 are nmintained about the rivets 62 to maintain the function
of mnimzing, fretting of the sheets 56, 58, and 60, and also to form

boundary sealt4gyrs 9 shpws a pastlyiseetioned obliquendewofe furthes stuctire iaghefoudwftap t he
e oo o Rl N o
ressur o sourPace T LA AR0RnE QRS0 ol athesf BT bR 11032 | [ 5

connuni cd0i osandwichéd teetwienshpdte 56 and 60 wWhidh 4rb Eastensd fogether gﬁﬁ%t’s gzdTapOve in
relation to th fnbodi nments depicted in Figures 6 and 7. e renoval of the

seal ant 68 # mﬁsﬁéh@&%ﬂ‘tiﬂf@é agsemble Mtpﬁeﬁ@eﬂm@m @RYiﬂq;Qtht@n
i . ' . A 56, 58
o 60 ro pr EsfedSebkiendbe piaibs 56 Ha 88, Foriuie TORIRIR e HF BRI 4 o

the seal ant kkowh aSthidkAineb B iMtefRperSihgafhe cohfectiBider thESRNEEE 72 wiREbSth Uct ure
| Og is pulled together by fastening wth rivets 62. Figure 8b depicts a

structure | @megpheric pressien referensmand awithi cqhin pressureinférgonmectdd tdthet he 30

i ncl usi op. of _recesses or .depressi 8Q deli berately formed in the surface

of the shbet ERBEEREE SnimHoBPRalofolti s A6het BREIoDs FrAPHIER PERks Ba Ty R cd.

Thi's provi deg shédt @fiface 56 or 60, before breaking through the either sheet, may be detected early.
This is important because of the zipper effect of rapid failure in aircraft fuselages that

have occurred in the past as cracks were not readily visible. By reversing the cabin
pressure/ambient pressure relationship sequentially, to the three cavities shown either
20  side of each rivet 62, confirmation of the growth of a crack, by recording a second
interception can be achieved to aid the elimination of false positives. For additional
reference, the examiner is directed to the specification International Application No
PCT/AU94/00325 (WO 94/27130) which shows disclosure of crack detection.

25 Now that the embodiments of the present invention have been described in detail it will
be apparent to those skilled in the relevant arts that numerous modifications and
variations may be made without departing from the broad inventive concepts. For
example, a moisture trap can be provided between the source 20 and impedance 28,
when the source 20 is a gas source to dry the gas prior to flowing into the structure 10.

30  Additionally, the source 20 can be a source of an inert gas. Further, anti corrosion agents
can be induced into the defined cavities. When the structure 10 is a composite material



WD 02/ 21096 PCT/ AU01/00739 8 March 2005 18 nore definite cavities 72. The
recesses or depressions 80 can be forned by any known neans incl udi ng but
not limted to, chemcal mlling. The cavities 72 can be placed in fluid
comuni ca¥OPR2M%h a constant pressure source by conduits RGIARM00E® 22¢ to
22x in the manner described herein above in relation to F garels 20657. O
course in a further 5 variation alternatejgavities 72 can be placed in
comuni cation with the source 20 (CP) and the anbient pressure F'. Figure

9 sh ! ' .00 Y] h in the.f
of “Tap opl t aviheybuaRiSt BRI s ke Sre ol ot back et ibioai el Br) 07 ™
pads 110 ar e tHdinventibh iablade R inipesdnahi@itdiontatiidn 8 M gobitematefilitednssh

together by rivets 62. The pads 110 conprise shapes cut and assenbled so
"as to definethintarpalsavities.t i es 72 when sandwi ched between the plates 56
and 60. For draw CORvVeni enc fhe cavities, 72 as, .shown as thick |ines.
By intersper gtlﬁﬂwgﬂ%“ﬁﬁﬁﬁl?gf F‘@fﬁ?‘@‘po’ﬂﬁh"é’e desmed @ﬁaeﬁlﬂwxg s5epe-of the pESSeMer i ¢
pressure s ef gvafin fikhatict Or Gt s /R RRiAdN 5 BUIBEVE deckiptidifantiThe

noni toring apparatus typical o 6Cc to 26e of previous exanptes, cracks
that may traappendedchimet surface 56 or 60, before breaking through the
either sheet, may be detected early. This is inportant because of the

zi pper effect of rapid failure in aircraft fusel ages that have occurred in
t he past as cracks were not readily visible. By reversing the cabin
pressure/ anbi ent pressure relationship sequentially, to the three cavities
shown either 20 side of each rivet 62, confirmation of the growh of a
crack, b{ recording a second interception can be achieved to aid the
eliimi nat1®n of false positives. For additional reference, the exaniner is
directed to the specification International Application No PCT/AU94/00325
(WD 94/ 27130) which shows disclosure of crack detection. 25 Now that the
enbodi nents of the present invention have been described in detail it wll
be apparent to those skilled in the relevant arts that numerous

nodi fications and variations may be nade w thout departing fromthe broad
i nventive concepts. For exanple, a noisture trap can be provi ded between
t he source 20 and i npedance 28,

15

20



when the source 20 is a gas source to dry the gas prior to flowng into the
structure 10. 30 Additionally, the source 20 can be a source of an inert
gas. Further, anti corrosion agents can be induced into the defined
cavities. Wien the structure 10 is a conposite material WO 02/ 8Mgxush 2005
PCT/ AU01/ 00739 8 March 2005 19 having a plurality of internal cavities
that are sealed fromeach other, enbodi ne20s of the invention include
form ng conmuni cation paths in the conposite nmaterial between the internal
cavities. Al lTleuChimpDefiniagThe isreatich marak &liowss are deened to be within the
scope of the present 5 invention the nature of which is to be determ ned
fromthe above description and the appended clains. 10 15 20 8 March 2005
20 The d ai ns; Def i gi it ; . 0, sl t hod of
roni tor i ng 1 he | nedo G SHERE ok BlcrRRr uyBlte di el S orment
contai ning a fl ui ccoatairing arflniceattanpressi pesssuae)i sdidsstrib@kalif/ itpPatilagt ade | east
one 5 int %r nal cavity, sai.d nethod including at | east the steps of,
provi di ng>a sour centsfnal cayitys gaid methedgpclyding ptleass thestensetyr eat er t han sai d
anbi ent pressure; ac] J i i id ¢ ni_cation
w th said source \Hrgblgﬁ{g%gﬁpdfe ﬁi)lglg 1r%tﬁ§§§ ?%pﬁﬁg%\é%&%:{eo rgae%]{%aglseﬁgglél 1% g
bet ween sai d messheast one cavity and said 10 source to provide a m nuscul e
inflow of fluid to said at |east one, cavity when said cavity is not
absol utel y i nper meifAIRS said,at gesh PR Favify 1n Guidcompmypeation vythssaiheppresve a rat e
im;] sal g M nu isrg%ﬁ RuidHdvP nHdai@ Gnnddiéih sbHithl Bhth@inQaiPl e olet@SHy Aisaid

10 source to provide a minuscule inflow of fluid to said at least one cavity when said cavity

is not absolutely impermeable; and
monitoring for a change in a steady state rate of said minuscule inflow of said

first fluid into said at least one internal cavity.

15 2. The method according to claim 1 wherein, said first fluid source pressure is

substantially constant with respect to said ambient pressure.

3. The method according to claim 1 or 2 wherein , said monitoring step includes
monitoring for a change in steady state differential pressure between said at least one

20  cavity and said source.

4, The method according to any one of claims 1 to 3 wherein , said step of
providing said first fluid source at said first pressure includes setting said first pressure
at a level which is sufficiently greater than said ambient pressure to overcome

25  hygroscopic force and capillary action, but not sufficient to be detrimental to the

integrity of said structure.

5. The method according to any one of claims 1 to 4 wherein, said step of

providing said source of first fluid comprises providing a source of a first gas.
30



15 2. The nmethod according to claim1l wherein, said first fluid source
pressure is substantially constant with respect to said anbient pressure.
3. The nmethod according to claiml or 2 wherein, said m)nitorigl stg&o 5
includes nonitoring for a change in steady state differential 3? £8,200
bet ween said at | east one 20 cavity and said source. 4. The net hod
according to any one of clains | to 3 wheléin, said step of providing said
first fluid source at said first pressure includes setting said first
pressure at @ | evBie mbthotatcording fd daiens Wwhegirg siid steplodpraaditlg sambifiesigas
pressure to o,vergorre 25. hygroscopic force and capillary action, but not
sufficient tdMHEIGFRIPYIHINgAMOSHIrG ap bstweenysaid sousse andisaidst laast anesavisy toThe
met hod accor dj : : i wogeein, said step of

provi di ng sa?dépgiggggeﬂ%?ﬂ??lrog{mﬂnﬁé %ﬁ%(&)tr%%é)sltérés prtg'vi ding a source of a
first gas. 30 8 March 2005 21 6. The nethod according to claim5 wherein,
said step_of providin aid first gas inc¢ludes providing a noisture trap
bet ween sai d {s)ourcﬂ‘eé'ﬁﬁfﬁg%l?‘ifogilw oAy OGHQ%EIQWSt &/P"cﬁ""hﬁ#eyl’ ddiep sydstrpetigsr ¢ o

flowing into iﬁélléﬂlesq{volcﬁ%%re AREmGIRAY ftks, sﬁid%laclﬁ?_stﬁ?fr{c} ee@s&%x%o@lgof @) any one

of claimse 1 to 6 wherein, when said structure ~1nc S two or nor

i nternal caviplacsg sadinderphlaaiviigs &t Bwdicommidéstion withreatiostheg iind ) plaeimci ng
said internal cavities |n fluid comruni.cation with each other; and (b)

pl acing sai oFaEg‘iﬁvit}eéénhH‘dfqomnaJ‘E%‘?ﬂh’Y‘ﬁ’aia}dosf?uﬁﬁeth sai d source. 10 8. The
met hod according to claim1l or 2 wherein, said nonitoring step includes:
providing a supply of a fluid marker in fluid comunication with said
source; dfd nbni t cFhiengetbad decotding towlant bor 2 whews, cdid smindtofing isdp dmalkdes. 15

9. The nethod accordi. to cl ai erein, said fluid nmarker includes a
dye indicating | iIHBYIH 8 SQ’BBS’ O?G.Eh“%@a %@“‘Q&BB‘FH‘“I‘F@“PBW&}‘&S?M SPUESE: 2

wherein, saidgypgtep of nonitoring for a

monitoring said structure for traces of said fluid marker.

15 9. The method according to claim 8 wherein, said fluid marker includes a dye

indicating liquid or gas.

10. The method according to claim 1 or 2 wherein, said step of monitoring for a
change in steady state inflow includes:
20 providing a supply of a detectable gas in fluid communication with said source;
providing a detecting means for said gas; and
monitoring for a change in a steady state rate of seepage of said gas from said

structure.

25 11, A method of monitoring the integrity of a structure disposed in an environment
containing a fluid at an ambient pressure, said method including the steps of:
forming a sealed cavity in said structure;
providing a source of a first fluid at a first pressure greater than said ambient
pressure;
30 placing said at least one cavity in fluid communication with said source via a

high fluid flow impedance connected in series between said at least one cavity and said



change in steady state inflow includes: 20 providing a supply of a
detectable gas in fluid comunication with said source; providing a
detecting neans for said gas; and nonitoring for a change in a %aeggy %ate
rate of seepage of said gas fromsaid structure. 25 11. A met fo%arsh 20
nonitoring the integrity of a structure disposed in an environnment
containing a fluid at an anbi ent pressure22said nethod including the steps
of: formng a sealed cavity in said structure; providing a source of a
first fluid abousefto petvigeremsusenlgirfmest fldido siid a leisbbﬁeﬁéavitgmﬁlsﬁiﬂ;ca%

pl aci ng said at | east ?ne cavity in fluid conmunication with said source
via a high f‘FBPTcPeDFP Y FpRsameee:@fnect ed in series between said at | east
one cavity and sai i l.nuscul e i nf] ow of
fluid to said at |‘g3’§%&[g‘r gﬂﬁégﬁﬁgﬁ%ﬁ%@%&&‘%ﬁ% {’)f\faﬂ‘ue%’%‘r‘%g%“q% ‘*ﬁ?fleﬁai}i

i nper neabl e; fasdfluidumbtseidicagitf.or a change in a steady state rate of said

m nuscul e .inflow of said first fluid into said cavity. 5 12. The net hod
according”to claim 1l wherein, said step of formng said sealed cavity

i ncl udes fornmyng L0 4 - OR.:Sal » 2 and formng
2 seal acr oot var B aeasd AicoNHRE RATHATLE SpBeiph g el o RIS B0 T
the integrityawity snchides &irmieg alicspsoe deprassion iarv onsaidstructumamiddbmiing agedll ui d
at an ambi ent pressyre, said structure being an ensenble of two or nore
conmponent s WHCEHS §#'8 IEGE P eEPtSYe% her, sai d conponents j uxtaposed rel ative
to each other in a manner so that a surface of one conponent is adjacent
to a surface of at |east another one of said conponents to formrespective
adj acent 19ur fldce pAimsthod &randibtonvg Mtwediniegatyusfiasyruttnee disgpsed of an émirhmgnone
or nore cavitie .bet\é\%en one or,.nmore of sajd adg' acent surface pairs;

containing a Iluid at an ambient pressure, said structure being an ensemble of two or
more components which are coupled together, said components juxtaposed relative to
each other in a manner so that a surface of one component is adjacent to a surface of at
least another one of said components to form respective adjacent surface pairs, said
15  method including the steps of:
forming one or more cavities between one or more of said adjacent surface pairs;
providing a source of a first fluid and a first pressure greater than said ambient
pressure;
placing at least one of said cavities in fluid communication with said source to
20  produce at least one source pressure cavity via a high fluid flow impedance connected in
series between said at least one cavity and said source to provide a minuscule inflow of
fluid to said at least one cavity when said cavity is not absolutely impermeable; and
monitoring for a change in a steady state rate of said minuscule inflow of said
first fluid into said at least one source pressure cavity.
25
14. The method according to claim 13 further including the step of placing
alternate ones of said cavities in fluid communication with said ambient pressure to

produce adjacent interspersed source pressure cavities and ambient pressure cavities.



providing a source of a first fluid and a first pressure greater than said
anbi ent pressure; placing at |east one of said cavities in fluid

comuni cation with said source to 20 produce at |east one SOUN@ lpheéz)ﬁsre
cavity via a high fluid flow i npedance connected in series be LAY at
| east one cavity and said source to provide a mnuscule inflow of fluid to
said at |east one cavity when said cavity2Ps not absol utely inperneable;
and nmonitoring for a change in a steady state rate of said m nuscule inflow
of said firskS. fl ulke method gedodling td daist 14ofiethsomcludingr testepef piacitgya 25 14.
The met hod according to cl.aim 13 further including the step . of placjng

al ternate onéEOIS?uresgf‘%mcsﬁwﬁ ?Oélge?t}?"fqeh‘?[?fnéﬁ'r‘?\ﬂﬁ'ﬂ?@gtpfﬁﬁurﬁﬁc?ﬂugsam Rithi ent

pressure to dwiREhaenaRaacaRt of Mi®hSBRIBAEsHAUr Ce pressure cavities and
anbi ent pressure cavities. 8 March 2005 23 15. The nethod according to

claim14 further including the step of placing a noisture trap in series
connection between.said i ent ,pressure cavities.and said, enyvironment or
a source gf glaﬁl\ﬁ a |_éﬂ?tﬁ€$§‘§“s(ﬁ?h_ .g?%?r%o.ne'l‘ﬁé"l%f EN‘P g%ﬁ’g?rﬁmﬁjw_c%‘oﬁwl%e of
claims 13 to sleZw WPRES Mofifdrfhg TR ERInkBth st&dd§Riad GifdHRsal RBsLRY t}c'i\geécnosraicf"
change in steady state differential pressuré between said at |east one
cavity and seitdeastonesasity antbsaidbairleast ok somhes net hod according to any one of

claims 13 to 15 wherein, said nonitoring 10 step includes providing a
supply of a fluid marker in fluid conmunication with said first fluid

source and no.t orfig &hed %Eéd#@fh? k@arfyodnetdfaf@fis 0F t 88 hhbret, GailRideBorind 8-
The met hod accordi ng to any one of clainms 13 to 17 wherein, when said
¢

conponentld ofstepaingludes previding aasupplysd sl thid meger inefluig eommunjeation withciaskfinste

or incorporatg . i erial between, sai d.adjacent surface
pairs, said ftgl}“r}n%lgcés%%&lolﬁﬁ&fﬁn%gsgls %qrggfr%n} engorgréfﬁ R ﬁﬁuécgmiaﬂ(e&ai d adhesive
or sealing layer. 19. The nethod according to any one of clains 13 to 17
wherei n where said comt)lonents are coupl ed toget her by nechani cal

fasteners, saild folfhs Hef qd @ﬁcqrﬁ@gaqggy one of claims 13 to 17 wherein , when said

components of said structure are coupled together by a layer of adhesive, or incorporate
15  alayer of sealing material between said adjacent surface pairs, said forming step

includes forming said cavities in said adhesive or sealing layer.

19.  The method according to any one of claims 13 to 17 wherein ,where said
components are coupled together by mechanical fasteners, said forming step includes
20  providing a seal about said adjacent surface pairs to form said cavities between said

adjacent surface pairs.

20.  An apparatus for monitoring the integrity of a structure disposed in an
environment containing a fluid at an ambient pressure, said structure having at least one
25  internal cavity, said apparatus including at least:

a source of a first fluid at a first pressure greater than said ambient pressure;

a communication channel for providing fluid communication between said
source and said at least one cavity said channel including a high fluid flow impedance
connected in series between said at least one cavity and said source to provide a

30  minuscule inflow of fluid to said at least one cavity when said cavity is not absolutely

impermeable; and



20 providing a seal about said adjacent surface pairs to formsaid cavities
bet ween said adjacent surface pairs. 20. An apparatus for nonitoring the
integrity of a structure disposed in an environnment containi ngpﬁ fh?g at
an anbi ent pressure, said structure having at |east one 25 intSradichelYPiy,
sai d apparatus including at least: a source of a first fluid at a first
pressure greater than said anbient pressulé; a communication channel for
provi ding fluid conmunication between said source and said at |east one
cavity sai d channehonituringdhemgs formatitokingifel £ dhangd MRededsttatC AR GRRD i N
series between, said at |east, one cavity and said source to provide a 30

m nuscul e i nfPBRSBYe Migwp tsaldsfnaﬁﬁfiafi thrgugh sajthehaapeliintp saidea legs enedatermay i s
not absol utelc)éviti,'nperneabl e; and 8 March 2005 24 nonitoring neans for
nonitoring for a change in a steady state rate of said mnuscule inflow of
said first fluid through said channel into said at |east one internal
cavity. 5_21._ The paratus accqrding to_claim?20 wherein, said nonitoring
means” i ncPuded- a APPAGEIS ACHRIGING @ Blapn 28 varFedk ssahMgnKeing measdnglpgas

i npedance for | i i : FEf |

pressr e betvaan LEF el (Bplef agkaeRaThian IAEAGN i BpalAcdlor tEI BB for o
appar at us accheogeig steady btaterdifférential Pteswire betiween said dt Fehstohe padticiamd sakl
sufficiently greater than said anbient pressure to overcome hygroscopic
force and captary action but not sufficient to be detrinental to the
integrity of said structure. 23.The apparatus according to an one of clains
20 to 22 wherein, said first fluid is a 15gas. 24.The apparatus accordi ng
to an ondOof 22 ai nEheZPppaatiBihiciardingde ciaime R0 dir At wherain, sdidrfesttpregsuleds at ed

bet ween said squr.ce, and sat t one cavitgrcto %rygr said gas prior to

flowi ng i nto ¥ iqiently greater, h%hgag%%qe;%g;t prggsure to overcome oscopic force and

capillary action but not sufficient to be detrimental to the integrity of said structure.

23.  The apparatus according to an one of claims 20 to 22 wherein, said first fluid is a

15 gas.

24.  The apparatus according to an one of claims 20 to 23 further including a
moisture trap located between said source and said at least one cavity to dry said gas
prior to flowing into said at least one cavity.

20
25.  The apparatus according to claim 20 wherein , said monitoring means includes a
fluid marker in communication with said source for marking said structure at locations

where said fluid permeates from said cavity through said structure to said environment.

25  26. A method of inhibiting the ingress of a target fluid into a structure disposed in an
environment containing said target fluid at an ambient pressure, said structure having at
least one internal cavity, said method including the steps of:

providing a source of a first fluid at a first pressure greater than said ambient

pressure; and



25. The apparatus according to claim20 wherein, said nonitoring neans
includes a fluid marker in comunication with said source for marking said
structure at locations where said fluid perneates from said chj[&% blabgugh
said structure to said environment. 25 26. A nethod of inhibiting the
ingress of a target fluid into a structure disposed in an environnent
containing said target fluid at an anbi en3pressure, said structure having
at least one internal cavity, said nethod including the steps of:

provi di ng a sour ceproyidigfa flwd chmuiugicatiompdth bstwepn eaid at kagronatmernahavitgai d
anbi ent ressure,. and 8. March 2005 2 royi.di,ng .a fl uid communi cati on path
ot ween sai d b SFISA00Cg JiA ¢ T8 ROMeEiEd Mg uif JoATpedRise copmites Birayt

connect ed hi ghfiblv@iduld @WaldReANGR heitpr ovi de a m nuscule inflow of fluid
52

to said at | east one cavity. 7. The met hod according to claim26 further
including the step of nonitoring for a change in a steady state rate of

sai d m nuscul.g i nfl.ow o aid first fluid. into said at | east one .internal
cavity th reb@ “f act 9 W%&‘P%@c“t‘)ﬁgn%‘il?‘m#éﬂ@r@ﬁ ingluding; W step\pf gronitgrigg for a

structure. 2&hafif iARAMAY Yetd @fe JHsGMERMLAGI AW IS FirQimAd }rﬁ% 8RY af lokrd

into a structure disposed 10 in an environnment containing sald target
fluid at an amgiietatnapeaystysherebysfarititating tlot moritdring af gheaintdgeigsof saiestivotuee.nal
cavity, said apparatus including at |least: a source of a first fluid at a
first pressure greater than said anbient pressure; one or nore

comuni cat i orpg;hanAgbgparatiis o Prdvetirg the tighless QIAWIb& dluiPThto B EEYRER didboskd
source and said at |east one cavity, said channels having a high fluid flow

15 i npeddfice i8@nRaLIramngnt cartpingg soist targehfluidiaamambieakpressuee, saidistriiggsreand
said source t,0 .proyide a.mnuscule flow of said first, fluid into said at

| east one cavl v%r%sa?Yefgt. o1k "ﬁtg{rﬁg&av&lf %‘ﬁ?RPSF*ﬁt?fgln&Hglnﬁﬁi gﬁfti ty of a structure
di sposed in an envi §oard¥RsTia firStOMlidbid Afht prebdudd Sredder Mian 8ATRaBlerP pRESUMEE, Sai d
structure conprising an abutnment 20 between two structural el enments and

having at |east orRicionmarpgemeapiceijon ehannelp ir peoviding iflvid ¢ammunicstianhe
abut ment, sal t»ggegllﬁggh[ SoQPRTand s of fé%g%ﬁa@%%&ﬁ{ éai&”aﬁ’a‘é{ﬁlgtlsgﬁgl%g%%‘i'grt?ﬁui‘afﬂo%v

first fluid a pressure greater t sai
15  impedance connected in series between said at least one cavities and said source to

provide a minuscule flow of said first fluid into said at least one cavities.

29, A method of monitoring the integrity of a structure disposed in an environment
containing a fluid at an ambient pressure, said structure comprising an abutment

20  between two structural elements and having at least one internal cavity in fluid
communication with the abutment, said method comprising the steps of:

providing a source of a first fluid at a first pressure greater than said ambient
pressure;
placing said at least one cavity in fluid communication with said source;

25 coupling a high fluid flow impedance in series between said at least one cavity
and said source, said impedance being sufficiently high to create a pressure differential
between said at least one cavity and said source resulting from a breach in one of the
structural elements adjacent the abutment in fluid communication with the cavity;

allowing said pressure differential to stabilise to form a steady state pressure

30  differential between said source and said at least one cavity; and

monitoring for a change in said steady state differential pressure.



pressure; placing said at |east one cavity in fluid communication with said
source; 25 coupling a high fluid flow i npedance in series between said at

| east one cavity and said source, said inpedance being SUfficgiﬂP%¥2%§§h
to create a pressure differential between said at |east one cavity an

said source resulting froma breach in one of the structural elenents

adj acent the abutnent in fluid comuni cat26n with the cavity; allow ng said
pressure differential to stabilise to forma steady state pressure 30
differential between said source and said at | east one cavity; and

nonitoring f a change.in said stead ate differential pressure. 8 March
2005 26 30. Tile me dﬁetHB‘éﬁ?C&F‘ﬂﬂg %"o‘ﬁ%‘?‘hﬁﬁ"%@‘?%é@}lgiﬁﬁt g WURGErRIESSpIeyS d

sour ce pressUBsthftial SWBAstAR I le¥pePRdShRNmMbAthrésRECt to said ambi ent
pressure. 5 31. The nethod according to claim?29 or 30 wherein, when said

structure includes tw or nore internal cavities, said placing step

i ncl udes @ne g@ar bot,h of | aci s.ai internal cavities in fluid
comuni cat’i orf Wi tﬁf‘}gﬁﬁthéﬁﬂ%cg,rﬁg%g)gc(l%‘fn %Ef %rcﬁb'ﬁggﬁndwg%ﬁ"?&uthe inqlydes
conmmuni cat i onwaidriméidiittemaldabRies, 1Qidracidd Sepichds 35S BHINOE (a9 phBMHeQRR Of
clainms 29-31 wherein, said step of nonitoring for a change in stegdy state

i nfl ow i ncl udaternabeamities ingluid eammbyicationawidle cashtaslire agdéb)iplacing saitl cavities in
comuni cat i orhv%/ith sai d 1orlljrctg; .15 Iprovi ding a detecting neans for said
gas; and, norlPOFPRGUPERUGN Wil s3I SOWTE "t eady state rate of seepage of said
gas fromsaid structure. 33. A nethod of nonitoring the integrity of a
structure disposed in an environment 20 containing a fluid at an anbient
pressur e,!0saj - st rthemethod aepording Hgarvdtonpéégkalmw-é?mmg saifgteptof] east one

j oi ner joini .he. at her., the structure having at
| east one inpg?lﬁa?ln?afsif %@#ﬁépfﬁiggﬁ ggar?r%r%qu%’g’gﬁ %lggeswith the at | east two
el enments and the joiner, said nmethod conprising the steps of. 25 providing

a source of a first fluid at a first pressure greater than said anbi ent
pressure; providing a supply of a detectable gas in fluid communication with said source;

15 providing a detecting means for said gas; and,
monitoring for a change in a steady state rate of seepage of said gas from said structure.
33. A method of monitoring the integrity of a structure disposed in an environment
20  containing a fluid at an ambient pressure, said structure comprising at least two elements
and at least one joiner joining the at least two elements together, the structure having at
least one internal cavity in fluid communication with the at least two elements and the

joiner, said method comprising the steps of:

25 providing a source of a first fluid at a first pressure greater than said ambient

pressure;
placing said at least one cavity in fluid communication with said source;

30 coupling a high fluid flow impedance in series between said at least one cavity

and said source, said impedance being sufficiently high to create a pressure differential



placing said at | east one cavity in fluid conmmunication with said source;
30 coupling a high fluid flow i npedance in series between said at | east one
cavity and said source, said inpedance being sufficiently hi gghio ﬁr age a
pressure differential 8 March 2005 27 between said at |east on Ay t@ nd
said source resulting froma breach in at | east one of the at |east two

el ements and the joiner in fluid comunicdfion with the cavity; allow ng
said pressure differential to stabilise to forma steady state pressure 5
differential Ueewesnesaidsailehssanercaeitpmt sid sbuade reqdsitg from adRwadhyin aBlest one of
monitoring for a change jn said steady state differential pressure. 34. The
net hod accorch‘T']@t least & o plsments apd dhedpiries iy fluid cpmmunication withithecqyitissure i s
10 substantially constant with respect to said anbient pressure. 35. The
met hod according to claim33 or 34, wherein said step of providing said
first fluid sourcdloatingsdidipfessuse dififeeensialte stabdisa deformeat dteady stsd prefsurst
pressure at a,level, ich is  sufficientl reater .than said anbi ent
pressure to cﬂ}tf?r@B%\ggWB&’SWErcFﬁP %aléﬁéleg%oﬁ%lﬁq"llqyalwd’acti on, but not
sufficient to be detrinmental to the integrity of said structure. 36. The
met hod according to any one of clains 33-35, wherein when said structure

i ncl udes two or nomenitaringrfned cleage tn @gd stealyditade dicferemtish mpssurec| udes one or
both of (a) placing said internal cavities in fluid conmnication with
each other; and, (b) placing 20 said cavities in fluid comunication with

said source. 34, The method according to claim 33, wherein said first fluid source pressure is

10 substantially constant with respect to said ambient pressure.

35.  The method according to claim 33 or 34, wherein said step of providing said first
fluid source at said first pressure includes setting said first pressure at a level which is
sufficiently greater than said ambient pressure to overcome hygroscopic force and

15  capillary action, but not sufficient to be detrimental to the integrity of said structure.

36. The method according to any one of claims 33-35, wherein when said structure
includes two or more internal cavities, said placing step includes one or both of (a)
placing said internal cavities in fluid communication with each other; and, (b) placing

20  said cavities in fluid communication with said source.



