;e3elL,j, 6TLWA WD 02/ 2109C Title PCT/ AU0O1/ 00739 METHOD AND APPARATUS FOR

MONI TORI NG THE | NTEGRI TY OF COVPONENTS AND STRUCTURES Field of the

| nvent i onwlhe/pemsent i nvention is for a nmethod and appar atgisA@r00739
nonitoring the integrity of a 10 conponent or structure, in particular,

t hough not exclusively by nonitoring a prefsure state that can be

mai ntai ned wthin cavities either inherentty provided or specifically
formed in the conmponent or structure. Background of the Invention 15 The
present invention has its genesis fromconsideration of the problens faced
by aircraft designers in nonitoring the iategrity of sandw ched structures
typically encountered around splices and BHE “outs in fusel ages; and,
substantially holl ow conponents as encountered in conposite structures such
as flaps, doors, panels and the 20 like; and, attenpting to prevent the

i ngress of noi SMEEHOD ANDIAPPARATUS'TRORMONITOQRING [THE INTERGRITY ORI es
and conponents are difficult to examne for the detection of cracking,
corrosi ondand di sbondi ng. FurQQWQméNPr%'ﬁBWWRESi ngress of noisture
arising for various reasons including: capillary action and the
substantially hollow nature of the structures, particularly those 25 nade
from conposi tKeldwfehd Mventioaxposure to tenperature extrenes; exposure to

| ar ge anbi ent™ pressure vari ati ons; exposure to environments of high

hum dity and precipitation. WO 02/ 21096 2 PCT/ AU01/ 00739 Apart from

corrosion in tallic.struct.ur.e ess isture can.l ead

ser! ous. st r ucknapsenf inyERiii N e Bt A fpherlls PR Bty 8P et
caused bygt h s it
rooses. | SoHhb drRAURIDD: b, %‘?%%%%‘%%‘25‘2@%‘%@%@%?’5&3“@

ai rcraft desistptethat cdit bemaintahed witlip cavitiesnaithiet imheregtly provided or spedéfically
application d can pe used, for exanple, to nonitor the adhesive bonds
such as bet weemn & FRMPENeRLOLMIUSIES hnar i ne or heat resistant tiles on a
spacecraft. 10 Summary of the Invention It is an object of the present
invention to provide a method and apparatus for nonitoring the integrity of

a conponent @ackpround of the Ihventiona further object to prevent the ingress of
noi sturellsnto t he said conmponent or structure.

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 fuselages; 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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15 For ease of description fromhereinafter, including the clains, the term
"structure" is used as a reference to a structure or conponent. According
to a firswoapmaaets of the present invention there is provi ded/aombipod of 20
nonitoring the integrity of a structure disposed in an environnment
containing a fluid at an anbient pressure,,said structure having at |east
one internal cavity, said nethod includi ng2 at |l east the steps of providing
a source of a first fluid at a first pressure greater than said anbient
pressure; 25 Apaxtfrom coamiosiontin metedlic structuce thet ingress 6ff moidtucercam leadctatserousni t h

sai d source; and jtori fqr a.change in a steady state rate of jnflow

of said firssubeiyral Hewssuanss dlshongiog dud %@rogwwﬁgﬁw\ww byrthe e¥olisi y, the
said first flpids : | lgu%&, %ﬂ% stant with respect to
30 said anbi elnt 6?@@%@?3% %g%"gdl 9 éﬂ(; A@f%&?% I n one enbodi nent,
said nonitoring step includes coupling a high fluid flow i npedance in

series between said at | east one cavity and said source, to create a steady
state dif Per dMfqomrsesheabqyeprohlempang nobihg exelusive demainof gicraftydesignersai d
source, and i tord.ng f.or chan in i cady state.differential
oressur e. - pr ot ARgHf mBrol A By AR P ERRRn MR pf e Kiiicefnle

sai d first prgafnitr tHeGdHekde SIS kit of Betivebh ARdchBIcARSI Ui a dlibariiRV& hehi Ch
is sufficiently greater than said anbi ent pressure to overcone hygroscopic
force and capesistamtytilescon ®spaceeraftnot sufficient to be detrinmental to the

integrity of said structure. 10 Preferably, said step of providing said
source of first fluid conprises providing a source of a first gas.

Pr ef er ablpy, %ﬂ ﬁ;%?ﬂ?éln%xﬁ%ﬁndi ng said first gas includes providing a
noi sture tra ource and said at |east one cavity to dry
said gas prior to flowwng into said at |east one cavity. Preferably, when

said structure, i ncludes_two or nore internal, cavifies, said placing step
i ncl udes one Ibis aB(S’LbJF"BPf‘%’SPreﬁF‘gdWF@t‘Q‘aF%P‘PWE Pﬁ%ﬁtﬁ‘lda%dtqpﬁémﬂﬁ fo mppjtoring

conmmuni cat i oy, W ; ' i Rlacl [, caviti i ¢ d
comuni cat i o%ﬁ#%rﬁ?g@g@uﬁ%%ﬁ{?rnﬁg%'tlggr?gqﬁgﬂgrr@ié(f? F?eﬁ%{'éng g?edhg%%% <|tﬁlori ng
step i ncl udespoistafeintt the saidompbiendbr grdctuze.d marker in fluid communi cation
with said source; and 25 nonitoring said structure for traces of said fluid
mar ker. PPeferably said fluid nmarker includes a dye indicating |iquid or

gas.

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.



In a further alternate enbodi nent said step of nonitoring for a change in
steady state 30 inflow includes: providing a supply of a detectable gas in
fluid conmeupabdson Wi th said source; WO 02/ 21096 4 prowicdiAgpiaothet ecti ng
means for said gas; and PCT/ AU01/ 00739 nonitoring for a change in a steady
state rate of seepage of said gas fromsaid structure. According to a
further aspect of the present invention there is provi ded a net hod of
nonitoring the integrity of a structure disposed in an environnment

cont ai ni ng a Ihlone émbbdiment,shidanonitoring Stepdnclsdds donpliriprahigh chuidiflowy impedanteps
of formng a sealed cavity,in said structure; providing a source of a first
fluid at a fiipgerigshetweancsaid atdeast onerpavity andsaihsnuess, toreregie asteadyestats) aci ng

" said at |easty, Vi ' i i cat | i £ said. s .

roni t or i ng- 1 PSR ks bebudthitaly WY B o B g P et BN i or
, fluid into sa ¢hafige/iniskid skéadyrseitedidetentigipressafecp of form ng said seal ed
cavity includes formng a recess or depression in or on said structure and

formi ng adseal across said recess or depression. According to a further

aspect of th esent Jnyentd on .there i oyi ded thod for nonitoring
Che 1 nt egr i {PrEP G SR PGB e s T e A s St hre Rhae RGPS | U
at 20 an anmbig@pingRhiASHel (esstiRtd 4t adbvel Ghithds HEFtndY gRARE tHahQaidlanibightOr nor e
conponents which are coupl ed together, said conmponents juxtaposed relative
to each ot herpressum to@vercomehiygtoscopic foneef and eapitlaryrastion b netwufficiersdp beent to
a surface of at,least atll?o,t her, Onﬁiﬁgq sai d conponents to formrespective

adj acent sur fdgirimentalito thesintegritee MR ng the steps of 25 form ng one

or nore vities between one or nore of said adjacent surface pairs;
providing a source of a first fluid and a first pressure greater than said

anbi ent  pr es Ppeferabpyl, 38idxgepf previding s4id sodres of first fividtdoatprises providihg a source
comuni cation with said source to produce at | east one source pressure
cavity; and 36 afisptigasy i ng for a change in a steady state rate of inflow of
said first fluid into said at | east one source pressure cavity.

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/ 21 096 PCT/ AU01/ 00739 Preferably said nethod further includes the
step of placing alternate ones of said cavities in fluid conmunication with
sai d anbiwigtoz2pi®@ssure to produce adjacent interspersed SOWCIEAYIREBYr €
cavities and anbient pressure cavities. 5 Preferably said nethod further

I ncludes the step of placing a noisture trap in series connection between
sai d anbi ent pressure cavities and said erfi ronment or a source of said
anbi ent pressure. 10 Preferably, said nonitoring step includes coupling a
high fluid fl ow i mredidinga detecting meanbfor sxid gasaamdl sour ce pressure cavities
and said source, to create, a steady state differeptial pressure_between

sai d source pressJpeniforngfora change i seady state rate, ew&éﬁﬁlagaﬁﬁpméa ange
"in said stea e differential pressure. 15 In an alternate enbodi nent,
said nmonitoring step includes providing a supply of a fluid marker in fluid
_ communication with said first fluid source and nonitoring said structure
for traces of said fluid marker. Preferably, when said conponents of said
structure arAccorlipg taja fusther aspectiof the prespat inyention thern issprogided p mathask ¢for at e a

I f | i Lal b id . adj . ' . saidfl. '
Crep. i not udedn Bkt Bt I Robfieh B 238 b iR BnBhriinigB R g & T 0
Preferably wharagbientDrestieOsid methdd Snchitliiy 81 stepgef:her by mechani cal

fasteners, said formng step includes providing a seal about said adjacent
surface pairs to fformingad seaksl cauity in said dtmrctueesn sai d adj acent surface pairs.

According to a further, aspect of, the present invention there i, pvi ded an
obar at us 1 or - on BTG & 10T AT a g IHGR Siitst PRERHR SouPLBas sl bR
envi r onmggt g)q‘%kgﬁjeni ng a fluid at an anbient pressure, said structure

| edst on

havi ng at & internal cavity, said apparatus 30 including at |east:
a source of a firgladihgisald at least bhe cdvitp e faid congnwtitation twithsaibsotirceyizindnt
pressure, WO 02/21096 s PCT/ AU01/ 00739 a communi cation channel for
provi ding fluid caneritaringfoemchangeingsteady staterateef inflow ol said first|flid intene

cavity; and 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  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 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.



nonitoring neans for nonitoring for a change in a steady state rate of
inflow of said first fluid through said channel into said at | east one

i nternal ©»ayodyme9sd | N one enbodi ment, said nonitoring nmeansci/Rgdided» a hi gh
fluid flow i npedance disposed in said comruni cati on channel in series
between said at | east one cavity and said source, said high fluid fl ow

i npedance creating a steady state di fferendi al pressure between said at

| east one cavity and said source, and transducer neans coupled across 10
said high fluid flow i npedance for nonitoring for a change in said steady

state differeptjal pressure., Preferab aid first, pressure is sufficjiently

_greater thanelg'ﬁfeﬂab@lﬁﬁ‘fl me‘kﬂde@g qrém?lgé%\;ﬁq: gﬁhﬁ%lﬁlﬁﬁfﬁg@é‘ﬁﬂﬁt@ opgs Rfsaid avities
capil lary act:,.Gp,: U‘ﬁ;ﬂﬂ’?}‘i j, 61 : i t.Q: . i rity
of said str uclk‘l gfrﬁé&) re ercagéli/{vgglgzga# (rBlsétﬁ?P &E%"gé f@}gﬁ‘%caesa ajaé?lg?@rggg%&gai d

, appar at us f urgohfve presstiredasities amd anbiest présaprel cacidiesd bet ween said source 20

and said at |east one cavity to dry said gas prior to flowng into said at

| east onedcavity. In an alternate enbodi ment, said nonitoring means

i ncludes a flyl rkar | ni. i W, L h id source fqr narking said
Structure at HEPEG ARd pieheE G b ookl of Biading B cipes Han R BEHED oigh
sai d struct ur@nhéctioaibétvdenishiduiiidnt preasud6 eavifles whdis@identitbAment oraR6Gice of t he
present invention there is provided a nethod of inhibiting the ingress of a
target fl uid saidtambientpressiees e di sposed in an environnent containing said
target fluid at an anbient pressure, said structure having at |east one
internal cavity, said nethod including the steps of 30 providing a source
of a firgp flptfirdbly 3afd heditdiing SRHRcIEISER l'ﬁé"ﬂ? £ Ay ASWIR Eetiss
and W O 02/21056 % P(d,T?AUOU 307 9 provi glﬁlrs]gl:] a Fu?‘gmcommnpécdaaﬁson paltssh
bet ween sai d tetwéenssaid somece préssunezhvities/andysafd soireentd csedtela stoadycstate idiffdrentidd| v

said nmethod further includes the step of nonitoring for a change in a
steady st at e Rressuredretwesn sgid soprce pressyre cayities andcsajdoyregoand menitaxingfoppe

i nternal Cav'cﬁﬁin%ﬁrsg stéa%?'s!aiet«.?xh‘{mghii&lrb?es’ﬁx@' toring of the integrity of
said structure. According to a rturther “aspect of the present invention

there is provided an apparatus for preventing the ingress of a target fluid
into a structure disposed in an environnent containing said target fluid at

an anbi edf prlagsaiternategmbodiment:saidompaitaring sigp ineludes psawidingtassupply of afluig

id tus. inclydi.ng at | t: f.a first. flud at .g first
o essar o or edvakerndfid SofhunERin wih B S lig Suoe B mapilolind sl eSS o
channel S f or fof @Xdedlof saill fluidmakeruni cati on 15

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;



20 25 30 between said source and said at |east one cavity. Brief
Description of the Drawings Figure 1 is a schematic representation of a
first enmbwad ozenbtesof the present invention; Figure 2 is a $TTe@1/06739
representation of an apparatus in accordance with a further enbodi nent of
the present invention for nonitoring the pressure state of cavities within
a structure and hence the integrity of theéd structure; Fi gure 3is a
schematic representation of a further enbodi ment of the present invention;
Figure 4a is a schasoaimunicationehamehfar providing fluid ¢onernuodtioni beeméenchid he
present invention; Figure 4b is a,schepatic representation of a further
_enbodi ment  ofSOcE apd said At lepst PBGIEVERN 419 gure 5a is a schematic

representation of IROJi%hhz%p ?g’g%ﬁgﬂéh&%ﬁhﬁﬁ% ﬁl%m%i?gtﬁ?%‘a%m%wg&' of

t he present invention s I gur varra

, confi gurat i oRajdffirkRuid fixeagER cahnéliigtersaide least I iRtémal E84tyPCT/ AUO1/ 00739
8 Figure 6 is a schematic representation of a three-layer sandw ch

structuredto which an enbodi nent of the present invention is applied:

Fi 6a i i at i.on of .th f] ' f th di ment , of Fi
6 O gure b 1R oh8 enbainent sai MioriBfibk AGRL bEAR o hEE DAY TRt ou nen
of Figure 6; dhipdYdtin Saidcotnili¥iBh cRarin@PinaeALY Ritwedh safd 4t 1643t 6ne &wgy and

sandwi ch structure to which an enmbodi nent of the invention is applied,
Fi gure 8a i s saidsohesrpsaichigh fuidsRow impedancy creatingrassteady ptate diffierbntialpressnrect ur e

to which an enbodi rent of the present ipvention is |ied; Figure 8b is a
schematic re&%@ﬁﬁaﬁia&%agfonﬁ °€Yfﬁ'e@‘-%| uLcenang W&S&EWW@%PWWS 10 a
further oqi gt ' j ' Led. LQure 9 shows
2 bartl y T ocrriadith Bd i RAER EiBRNRE fof a Rlge M saidacy il 7, 0, PO
Descri pti on différestidPpedssureed Enbodi ments 15 20 25 Figure 1 illustrates
schematically, one enbodi nent of a nethod and apparatus of the present
invention for preventing the ingress of a fluid F into a structure 10. The

structure 10 ?ﬁ%ffga}’y %;% ﬁ}s{JbJ,%sgﬁ}J fég ﬁgerngi?%??ager? ﬂ{,,#oﬁlé J]ﬁlﬂ@nt%?s?ﬁﬁeﬁg

conposite st I'ST Provi € purpose ustrating
the princi pl @veRbmehypbscopid fordef andlkapillaredttion But ndl Sufficient tobetdeti@®mbiatal on
outer skin 12 and a plurality of internal cavities 1l4a, 14b and 1l4c

(her ei nal§ er thentagrityiof said sirugber al as "cavities 14"). The actual geonetry
of the cavities | 4 is a function of the type of structure 10. Cavities 1l4a

are illustrative of a structure 10 having internal cavities of a random
configurati O'P%eﬁ?aﬁi}xéaféﬁfkﬂ'ﬁuiﬁriéeahﬁ.UStrati ve of a structure 10 having a
honeyconb or cellul’ar-type core;“and cavities 14c are illustrative of a

structure 10 having a foamcore. The structure 10 is disposed in an
T Uct Ur o 10 PPeObs S ARaratt e RS A BRI B R bR PRASRE 4000
bo.  he ofdan ot efd s Rest oGl e S Badprch & Mbwink info i e BRI, 0V
30 WO 02/ 2109G 9
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



PCT/ AU01/ 00739 Apparatus 18 in accordance with an enbodi nent of the present
invention acts to prevent or at least mnimse the ingress of the fluid F
into the wtoectiowee 10. The apparatus 18 includes a pressurreTsOur@e7390 for
providing a first fluid such as, air or an inert gas at a pressure higher
than the pressure of the fluid F. A communication channel in the form5 of
a conduit 22 provides fluid comruni cati on between the source 20 and one or
more of the internal cavities 14 of the structure 10. If it is the case
that the cavities Bravigings fluid communiratipn path betyyeen sidyat leastiongiintewngl ¢avity
fluid connunic%;i nwWth each other, then in order for the gas of source 20
_to be in f 1 ui GBI €ati on with the cavities 14, the conduit 22 need only
extend into the structure 10 to a point where it pierces the skin 12. 10

Further, although not illustrated, a plurality of conduits 22 can be
. provi ded bet weferatihesaid methodF0rtherdnelhdesdbe step of moditoringdfora change in & bteady

cavities 14 are naot [ nh nutuyal, fluid.co ni,cafion with each, other, or are
arranged in ssé%fFEge Pg&?@f’g’ ‘ﬁr%a’é‘rtjﬂ'ﬁ‘ptg'flgﬂ’ﬂgg‘ﬂeﬁﬁfﬁqt@ﬁ ?’Hﬂngleﬁaﬂl%fhe&?mar atus 18
can i ncl ude On: i i tained within the skin
e Co e aeiLing Biimtiorfh gﬁgﬁﬁt@g%ﬁeﬂﬁﬁgﬁgﬁ ding I 5 fluid

communi cati on between the gas of the source 20 and the cavities 14.
Alternately small perforati ons can be made between the internal cavities 14

to all ow fl uifccosdipgin & sperdof thergaeahinvamtion therg is prpvided ap pppasatus for

achi eved usi a iy gﬁﬁraa@}é . i . greater
than the preggﬁfeéllugéﬁ{ lﬂg‘g (a |cLﬂE@'{1nt1§%L%§&éﬁO%§$°sgﬂs at clr%ir?lgggture_ or a
dynani ¢ foes sishtainifi@s#é tdrget ARV &Hn dnitierit PEsOES, safd sthudiuie Iavif & 1edi€osa Vi ti es
14. More particularly, the pressure of source 20 is arranged to be

sufficient tdniomal evie, said apnacasps includingat dgast: capi | | ary action to prevent

moi sture ingress into th ryctur Q. but is not suffi.cient to be

et ri ment al t ot he TR ARueidfuid i Gt Bdbspreettirer Bn peid pbBics! BreSfreiomd sed
that if the skin Ilgeio nfthéEdrtinBhikaticPHaRAP iR p}&iéih%mid:co?ﬂﬁuﬁé&tfbnqoes not
contain any faults or does not develop any faults throughout the |ife of

t he struct ur cefweeniseid sohreefahd sald Bt lehstene cavitynent 16 cannot enter the
structurj 10. However, in practice, for a variety of reasons including the
effects ¢ materi al perneability, 30 dynam c | oading, |ocalised inpact
damage, practg.s J 1 s he manufacture WO 02/ 21096 10

PCT/ AU01/ 007 & Des Iohth Fa Sthe use of fasteners to fabricate the
structure it is often the case that the skin 12 is, or in tine becones,
pernmeable to the fluid F. Figure 2 illustrates an apparatus 18a that all ows
for the nonithigwad of tifhas¢hematiorepreseptationofy ﬁ@&?WbP@Q‘enmféhﬂPWe t he
integrity of iﬁ%ﬁ%ure 10a., The apparatus 18a includes a fluid source 20
and a conduit a serving a simlar function as conduit 22 in the

enbodi menp demggead in iEhgwemaﬁcﬁﬂﬁedeﬂﬁﬁbﬁﬁﬂwaxsﬁnmrﬂﬂch Rgthdefarthier 26
for monitoring the inflow of fluid fromthe source 20 into the cavities 14.
The nonitoring device Zbodimen efithgrpresent invention Sersmonitoringtthe pressusestate of

Appl i cation No. PCT/ AU94/.00325 10 (WO 94/ 27130),.the contents of which is
i ncor por ated herein py_%@"%ﬁb@fﬂe e %eng%glg? ﬁ?@&?ﬁ%ﬁ@%e bei ng
that a const aipuBOSi ¢ i siheklaiS MpEseRRHORBE d ErEPLAKRHmEA STTROpeIAT S of

the present invention, whereas in’International Application .
PCT/ AU94/ 00348veptin:04/ 27130) a constant vacuum source is enpl oyed. The

noni t ori deyi ce ,26 mpnitqrs f.or a chapge in.the st St rat'e of

"0 ow 0B | FUBHEARr . ol # ARRBHIF ERPtersMAH oD of il Sbtimhet otthe pigpest

enbodi ment t hgodmpht oring device 26 includes a high fluid flow inpedance 28
di sposed in series in the conduit 22a between the source 20 and the
cavities 14. FigneeHdbgh fit aschehlativreprgsentatiore of8fupthef embdlimentofiihe present very

|l ong length qf small bore duct which allows a mnuscule flow of fluid.

Al ternativel yBvei{@nihi gh fluid fl ow i npedance 28 coul d conprise a perneabl e

" material 20 Si : ' b AN :

Fat es. ¢ hr ough Pis 3T At BSRmAR st el A RREh el Wikl
flowis g0 the m ni mumanhkatbodimiendef thetpesseridnisntion iy sppliedti gi tal flow nmeters.
As an exanple, a duct having a bore of |ess than 0.3mmand a |ength in
excess of 3 rigwedband ivayenationaf the eonfigiration akthe embgdisent of BigireSaacr oss
its 25 length would have a flow of approximately 2-3 micro litres/ mnute.
Bearing in mnd that sensitivity of the device increases at an exponenti al
rate as zero is approached and, if desired the magni tude of the high fluid
fl ow i npedance can be extended towards infinity, extrenely small flow rates
can be detected.




WO 02/ 21096 11 PCT/ AU01/ 00739 Cenerally, the magnitude of the high fluid

fl ow i npedance should be sufficiently high as to produce significant
pressure swoge/A0960SS the hi gh i npedance in response to m nuSEAUA /oW

t hrough the high inpedance. S Measuring neans in the formof a differenti al
pressure transducer 30 is coupled across the inpedance 28. The transducer
30 is coupled across the inpedance 28 by fBuid connecting ducts 32, and
coupled to an anplifier and display 34 by electrical conductors 36.

Al t er nat i vel yFigutes di f f isracschématiqrepresentationrofa siree-dayeBsandwigh stnicture toswhithe

i npedance 28 may be in the form of non-el ectrjcal indicator where
~electrical circuitry i S%gpbﬁmg@f&%p@gcn%emwslaa&fedg he skin 12 of the
structure 10ag; omnme : ' rg?m, j oimBitt i nikjal start
up of the appgl?g%u% 18a€%?‘{1a§r§té&;wo{tpgg{é c‘%g’?’e;r@??rél@%l C g’&e"?@f{?@% g’[e rate

. of seepage ofFigltei6b t hr Bucfartherdatintion dithe sonfigatation of @ emboditientof Figue 6;
change in the 15 perneabpility of the skin 12/structure 10a, there wll be a
correspondi ngFiguerkease is@ schamatireprgsentationofia fourtlnyersandwich stoueturs éo whishce

20 into the structure 10a, .Thi. i 1d.. b nit.ored. gnd detected by the
noni toring device 26. Am{%?%dﬁegpﬁtkecg‘fﬁwnd? arflﬁﬁeg’ enbodi ment coul d be an
aircraft doorpigileda ai is@/seRomaAitteprSentdtiof of dRtiFbé- G ersandwidhishde@re @Riwlich

pressure above anbient. 20 Figure depi cts_an enbodi nent of the present
apparatus and nmet hod whamenabnsiiinent af shespresentiinvention iobpplied; i si ng anechoi c

tiles 38 adhegred tQ the hull 40, of a submari.ne. fillet of elastoneri,c
orout 45 s JIEHE e ABBIEPaTHBICTEp RO Of A SHERIaYET R ch SRR toPCh

t hat cavijg es 50 are cr : .adj acent tiles
38 or, unI?er grout 48 bi?&m@g%&?ﬁgéﬁggiﬁgégeﬁnfgﬁgg&ﬁtapﬁgéaég’j&jdécent
surface of tHeigimeld 40.shows agartly seetioried obliqueviewlofd faxther cavity dreangeent.
apparatus 18b. The apparatus 18b is simlar to the apparatus 18a depicted
in Figure 2 and encloses a nonitoring device 26b which includes conduit 22b
t hat provi desgégiiéﬁub c mg@&g .é}‘éhgf‘ﬁllﬂbg(ﬂfn‘éﬁ n the cavities 50 30 and a
fluid source Mw& via a series connected high
fluid flow i npedance 28. Differential pressure transducer 30 is coupled

across the WO 02/21096 12 PCT/ AU01/ 00739 jnpedance 28 via ducts 32. An
anpl i fi erlSandFiguted| illysteessshematirally, angembodineant o4 methodiand epeasatus efithe

d 36 i des. a di spl ay. of d dj f i al
Coross the | rABERnYERish ot BRYAHfng we RSN ofd BLB0PHE T 8rEg 1D IBE
pressure regulidbiie PRis¥iGitious sttchire nfde up fﬁo?@th&mwésltof%%&paﬁwmet&@&d

i npedance 28 and the source 20. The regulator 52 i§ also pressure
ref erenced t dsptoyidedmeralydonthe purpose bfillustratingtthe principles eftambodieents bfthei n

B
f 2 iAavd t ; t :
rom sourge 2fU,andd4¢ Witintdrdbfetted R a‘%ﬁ%’ﬁi BVGhviRoMe 'fgﬁf ngx%ag getthéty of ©

As anbi ent water pressure varies wth the syste

particul ar t hthe cavitigselidds aF@nction of Cheatppeoft struckyreaf. cCavlitiesvidla\ard fllastpativeofine of
the gas fromsource, 20 deljvered to the cayities_50.,In operatjon, the

moni tori ng dSHVERr® hagping, infsroal Soyiiesofba rag o icoufignration cavitiespldbaser e
differential ; | i i ect | ani " r
pressure. 15 @ﬁ%t&?i%% gg??%%&%?ﬁ%é%gh E{tﬁgﬁa@'ﬁgfé@\%{yggggﬁehg'm {j)? Eﬁlﬁé@{tﬁ es
38 is facili taxé Hihisteative 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



nmonitoring the differential pressure across the high inpedance 28 for any
increase resulting frommnuscule air seepage fromany of the cavities 50
gi vi ng anwloa2nagasi ng of any di sbond of a tile 38 or danmagedmddigogoout 48.
The i mm nence of disbonding and water ingress would be inmedi ately obvi ous
due to arise in pressure differential 20 across the inpedance 28 and
detected by the transducer 30. Loss of a t91e 38 would result in a dramatic
rise in differential pressure. The nonitoring device 26b can al so be

provi ded wi t hApparatas L8 ireduicerdan¢eawith ad ernbedimemicafahe pregéht inveatibroavtdriogirevent s

of flow of air fromthe source 20 to allow for sone damage_t ol erance, and
mai nt ai n posiQtiay keagrainimise thy iperess ofdhe flyid K into thgstructure Kb Theapparatusl &t

" pressure of t. ' ' [ woul d
Vary oi gni f1 danies fBlite s I it o Frsbhtd b B3, ot o kg 86 O

. the hull, it_ﬁ?@ééu&qﬁgmmvﬁfeﬁswéMpﬁhmF.i Aedmindhiédtiof chaMRl il the form
vertically tiered |layers which are nonitored separately to ensure that the

pressure &f tdfa cgnduit@d pravidesdlyidicoramunieaticarbegvesnihe sour¢d 2Gammione@irmare obnl y

lightl b h nbi j h i h
ot event | ng_ exeierpilarigh 180 RE AR { JeR s bEdRe et 6 iRt can be
achi eved by stn’ﬁguszf@%@%ﬁ dirdcfiy-dt MR R ARiPERYhEhiBELich WRR 4R other thtd'

portion of conduit 22b between the soufce 20 and regul ator 52 and having a
plurality of ordefbrthegas 6€somazet(ftoddiimfuidrcomminicationiwith the aadtiesoldpthed t o

i dentical arrange ts of high fluiqd flow i npedance 28, trapnsducer .30, _and
ambi ent presmgmwé?my?j t_encgmm struckyre; 10} tg &noint yiere i pieress theotkin 42 rent

of the prgse i ' ' . . FinSis
corponent's o il SRhbh AR Rl At bf dnfuite s CATRGLER Sckpt e
parti cul arl y,soufte 26taht ¢hestrachde 10.sHpaevernif thie qavities 04 areasbt infebhabuidd an

aircraft. The conponents 56, 58 and 60 are fastened together by rivets 62
whi ch pass 1Commuueptiongyihseagh other peareiarranged in seateshlayers osgroups, i 60. Each

rivet 62 ha head 64 that i | it .

1 att ened t o riacation maft oipbaratut 18 basideliab 88 6P R Elferisfolafis 4
head rivets aioftafded Wit t sk EDiNatcdmihuiioatd vithahélcoidu@i2? thaebppovidngy bol t
fasteners could be substituted. 15 Sandwi ch conponents generally have a

| ayer of 1& sefuideommunication betweorthe gesiofithe seureei2Qandithe cayities 14 mpatelyent

i d fretting. To facilitate th i si on. of ' t hi
rrangenent  (ariordigns e fomate Steerife Bieale it 14 Bp A Bl Ane 1 ayer
68 is provi d%PQ%M@ﬁBnQRéTPBE%Eﬁ.ﬁﬁsﬁa fé%x%-ob&bg"ﬂcﬁfévécf‘ﬁ‘siﬁfﬁia@&? that

woul d ordinarily exist between conponents 58 and 60 at |east partially
renmoved | eaving a gas 20 perneable gap 70 there between. In accordance with

oo e SRR e 30 ar B g o b s o il B
shoul d alyyo t}ﬁ%ﬁs@éi&%? stggg%reagw og%_ay\%fg& pfesédratsg%?gﬁre%ﬁﬁe Rbresh yet s 62

and adj acent surtface o onent aratus “18c, cl osing nitoring

devi ce 26c¢ i HluidFrintotthelcdvitiéshial. Muretparticilaklys theprashwre iof gourbe20 fstaagngddtoof
the structure 10c¢c, .25 The nonitoring device 26c¢ includes a conduit 22c
| eadi ng to a Ysauigient tg pygreems Bygrascopicdpree and sapillay aptigybtomeenbmoistiye

i ot ay 34 viiBORfShtg e e AR GRE sfoloe &M pG aliR SR RIeEDAIR A

pressure trargpgoees 180 coupl ed across the i npedance 28 may be in the form
of a non-electrical indicator where electrical circuitry is not desirable.
30 W 0202/ 21096 14 PCT/ AU01/ 00739 The pressure source 20c of this

nmbodi toi [ f.the .ai ft ' f i . ot h 1 h
pedance. 26 1A PSE Rt R, e Simifa i Aispinlly Foocrfigefie fpigdhad e

and has associqak Rt ddnf® iy faulélbcdiek Rt &'vél%g ady BAits gdEshoud tHeflifoft@Ck 100
was to formin the internedi ate conponent 53 about the rivet 62, a fluid

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 permeability,

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



seepage flow path (indicated by small black flow indicating arrow heads)
can be created around the rivet 62 and head 64 to the outside high altitude
at nospher wag62/21e&%soci ated with white pressure indicating aaexuhaees, due
to the crack 100 and subsequent | oosening of the fastening. The resulting
increase of the inflow of air into cavity 82 10 through the inpedance 28
w Il be detected by the transducer 30 as 4 change in differential pressure
t hus providing an indication of the crack 100 in conponent 58. In an

al ternat e enofdirnaute Ids pi theade ofifastenprs to fabricathithestrpetmee itis dféh tiecase that
monitoring the integrity,of structure 10c conprises_a conpliant container
.76 of a flui dh‘hﬂ?‘ﬂi 159 H”é@e;c%’?}‘qsiﬁﬁﬂnﬂa ?tgﬁ?ml?-dye, or detectabl e gas,
which is coupled by conduit 22" vice conduit 22c to the cavity 72. As with
the previously described enbodinent, if a crack 10D were to develop in the

. conmponent 58 Rifat 2dHstrates dnGipphvatus il 8 thaballovisfor thewhdditobinig df tHePresslirersbat& er
fromthe contal ner 76 through conduit 22', cavity 72, the crack 100 and

around ri vet ofgavitiesskband hence theduteatityof struaiuisHdpe Thyppparatys tiainpludesse t he

et bot Lon of T Eod 2 a4 Sorth 228 Kb e & ARIEIRMAR S P ATIngiE o ¢ e
crack in the cafbaaRMER depidted W PlzubdPadd fitctconBbdRig d momitdringliedice 28iGCt i on can

be by nmeans of visual inspection of the structure. The appearance of the
dye say ar oumspnitoring thelinfibwaofifluidfromahé sougest 2hinicathe gavities 6 The midmétoring

exi stence of a crack.. en_a detectable gas is used as . th rker h as
ol um gas. ABHEE 06 AHipsaRan gt dstiony BdueRRama Appenie BPALBa03gC
escape of thw@ t sohlibs FASE f M&eNas
sone inhé?ent pe?%zm)f%,ca%ﬁgﬁgymcﬁlgg{co ocourlééelygigll\l tv{e@ﬁg/ﬁéftfegktq%&fqlq’gw of
t he gas t hr owgbstartive slifferencerteinigthata constam(positive ) pressaegsouest is employed it f or

a change in the steady ate condition. On the other hand, 30 if. the
structure iseﬁ&’?éﬁm‘i’\tﬁ?féFPFF&?RIf‘%‘@Pﬂ?‘bVﬁ’ﬁ?@ﬁﬁl@?“?‘fﬂ?@*ﬁﬁﬁ‘!ﬂa@?nﬁ%n one is

required to x ﬁ urse is

{he same as RO LoPHeo2S (PR ERSTO0 R el PRI de FRPRYRL B8 car ance

of a signifi qmﬁtoﬁﬁmgasﬂwzdhfd‘nﬂmrmi #¢hadge ihthe ‘sﬂ&@dgfmﬁtb'frzﬁé ohinflepnstfhtids 26c¢

i ndi cat i ng a flow where Br eviously no flow existed. However, because of the
y

sensitivildy drom the sppige20iintedhreavitiesddi bethiembadiment)the monitering devieerdfd i s
likely to.b fouly ] .0 | i.ndi cat or.

Tocation of ides et pldnedy BSGAREE difhonedth 8ot A Hirdlit A2 bisen 1 o

to which embgg fRRIeR0dnd'thE caVihaqa! The hiH fhad ﬂ%W”Enﬁﬁdﬁ{SEgbiasﬁagef%ﬂaﬂl igure 5a,

a portion of a structure 10d conprises two conponents 0 fastened Z
0 toget her bygompristssa &2y logdengtivef smalbbare dugt witiclealiovsa méatusade flowtaf£luid,

facing adj ac surfaces .of, conppnent s .56 d 60, A cavity 72 is fornmed by
seal i g tho. disravelSs e stgh. AR iskdancs 28 cnli qomeifes « phisableznatdinly
struct ur 99l OdydrSasimeretiiopysOf an aircraft fusel age containing cabin
pressure CP and 1s dispdsed in an environnent of a fluid F* being anbi ent
ai r pressur e Tatgain ayhapprédiatiomenf tHéBow rdtesthrdugh dlie POE/AHI94400326 WO O4RA103We 15
moni tored by connecting, the cavi 72 via a.conduit 22d to a nonitoring
appar atus 264°¥F% %mwge%eatsp% ¥ &%%tﬁ%mBP%#‘PWé%Gé@Eﬂeﬁé‘é{ CHEF® n
above. As thﬂisgg&l’ﬂwlﬂ etsD AsHn exhuh} fé’ﬁ@ct%%%%b&?éﬁlﬁgs% S by the
flurd F, any epage of gas fromthe cavity t hrough conponent w il be

to the outsi tengllincexcess@f3anétrds'and bxpebiencing an aid predburé dopdfRORPRsdrassdayTENt
of Figure_ 5a, shown in Figure 5b, the apparatus 26c coul d be connected
bet ween 2fe dength would haye afiew of approgimatelydsd ierp ditigs/minute.c 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.



In this exanple, cavity 72 becones a conduit for pressure source in form of
cabin 25 pressure (CP) in the event of a through flaw devel oping in
conponent w@Poz2iwes arrangenment is further discussed in Fi gigf@gu@mosddd 6b
following. In Figure 6, the structure 10e is very simlar to the structure
| Oc in Figure 4a. However the structure 10e is now fornmed with two
cavities,72s and 72n. The cavity 72s is fddned 30 between nutual | y adj acent
faces of conponents 56 and 58 of the structure 10e. The cavity 72s is in
fluid comuniGererally, theemagbide bf the highi fluid flow ippedance shanddibe sufficientlChigh WO
02/ 21096 16 PCT/ AUO1/ 00739 via nonitoring apparatus 26e of |ike structure
and funct i on 8540 Rrogduee signilicanhpeessuredeon-actoss jhedigh papadance iprespaneadpst s

" between conp ' i @ﬁg fluid conmunication with fluid
pressure ref %@ﬁ%@gﬁg‘wﬁrgﬁgm}éi%ﬁe vfﬂru%ﬁ'rrent FA. This now 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
envi ronnefit RMeastriog greansintbe érm of@ differgntial pressurgitiansducors3( is eouplediagrassh

f 20, h d . 22 d devi 26 ity J72S,
crack 101 calhe JRence ik, TiEsfAtheet F0iszatn 88 prbSbS nfefes A bn i
“environnent %hnwgiggt%%ﬁ 35%&&11@%;1@0 Mith;?l?ﬁer%&%léiofag 633 zéé‘%“?ﬂ obit efbrpe

comuni cated vi a 22N to a simlar apparatus t nce to
an at nospher i36. pXlessatively, dieadifferentidl pressure sransdusérdOncoupleiaguossethé ampedhncb e

enpl oynment of_nonifori apparatus .26x i.s pasically the sapge arrangenent as
shown i n Fi gi#8cnaybe ‘P{fggﬁ‘?fﬁg qgrelegirical &T‘g%‘fb"e‘ﬁyﬁ%/elieﬁmfé CHSRIEYdP nbhe

i ntegritygof g ent 60. A crack or flaw 102 devel oping in conponent 60
15 communi cating cabin pressure CP (source 20e) with cavity 72n woul d

produce a pressure drop, due to seepage flow (small arrow heads and dots),
across the fluid inpedance of the apparatus 18x to the outside

envi r onment alAssuming thatfhe skindiof thesirgciyess | Qaches seme degree eCinherentrermpghilits us
26 ld b Ly, b d j t.at int als t t

cont § muous. s@Reb RSBt B ARRSaHari {ia P itrte A Mol M GME e Be
shown in Fi gye&afbbf ﬂﬁid&ﬁrc?ﬁ‘gﬁ lafld fiam\Re sthRnir@N04.t Ifthéry i cHaapdinRear at us 26e

and 26x in response to a flaw 1l O 1 occurring in conmponent _8. Seepage
f 1 ow fr o capetmeabilitytof thagkin 12/structire (00 there will berp corespoading increase in/they

O T N TR S R A
woul d share gﬁkgrg @@Md’eté&ém#tﬁém tBfing &Jikﬂéeﬁgﬂﬁé&g@fc‘a@ﬁ ¥f thighe

series flow emi1s shown By small artow course, if a
crack devel opatbodimen wpuiddetanatcritrdoot, flap, dileeom and thetdikesuppliedreeitt nitrogert, no
such problemwould arise. Figure 7 depicts a further sandw ch structure 10f
havi ng four I%?BF‘Z?“HF*‘E%M%‘”%; 57, 58 30 and 60 connected together by
rivets 63, Layer 57 conprises two abutted sheets. Structure 1 O is once
again a portion of an aircraft fuselage containing cabin pressure CP WO
02/21096 17 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



PCTI AUO1 /00739 and is disposed in an environnment of a fluid being anbi ent
air pressure at high altitude. The nethod of nonitoring the integrity of

st ruct ur ewk®é2/21005l udes formng cavities 72s that are in flpaavo1/00739
comuni cation, via conduits 22s, with the pressure source CP of a
nonitoring apparatus of the type described herein above typically 26c¢c to
26x and formng cavities 72n that are in f12ui d conmuni cation via conduits
22n with the environnental ambient pressure F', with cavities 72n

i nt er sper sed impedame 28axa ducts32 2An aifiplifier andriisplayrd4 donpledun thedransdudeh 80
integrity of conmponent 6Q of FEigures Sa,and 6a could simlarly be applied
_to Figure 7. %gﬁpgxsa'ecos uqi@rﬁﬁétpgmagqslﬁ@ﬁgw ot Pressure Attereatial | on
Thi s enbodi | 0l ' I eets 56,
55 and 60 1 oriaeys P BidiBitesf, ThEhiiEhbintubtly 03 ReR I Rch gt RsRICE °
As expl ai ned regulatek 52 iwhichi ie dispesedih dwdi condiit P2pbetivech the impedance Z8and thei s
common for such structures to incorporate a |ayer of sealant material 68
bet ween adj adentceNedihe regulaton 3 /is alsgPressureyeferenred toghesurpuading apmespbeate, 15
corrosion and_fyr.etting of the sheets 5 58 0 out the rivets 62. |In the
or esent enbodP i pasee VeiekFersin St Hith gRCnpationdt Hd ofspiafel il el ur o
10g invol ves jhieRing @rowphdddo\Ga 8 duét5a. R lrégillateBs DRbMBARs REpRE/TRE oPfHelphs Of
sheets. However areas of seal ant 68 are nmintained about the rivets 6Z to
mai nt ai n t he framsouroe 20 at asubstaitiallypconstant level abévet the watee ptessiBé, ASambianti 60,

and al so to form boundary, seals, for,the cayjties,72. .2Q The reppved seal ant
0B o1 bduces. (HGLTISHDE VaHs? Pitb deptD th syetene 350 i BArGule [hg FAgRIpRor o2, 1

conmuni cgpi 0 ' b o acoe
o aced il | GOl buyBaRcRy Vi (ObeSire SOME R BOmELAR, 20 BN D (R el
descri bed abdfe Ihopemtion,ithermonitérirg devived6batubilizdewith aeelativelfFconstaas 6 and 7.
The renoval of the sealant 68 to produce the cavities 72 is ideally

achi eved dur ipiessuseditferential aeropsihe high impedance imespectiveof thepraliensvaatethg nasks
on the sheet%%sgme% and 60 to prevent the depositing of sealant 68 in

sel ected regi5 . After the sealant |ayer 68 has been applied and the masks
renoved, the structure 10g is pulled together by fastening with rivets 62.

Figure 8b depicts a structure 10h which differs fromthat depicted in
Fi gure 845by Thedn®grifyrmpritaring of the asdbesivebonglingiefithe tilss 38 s Boilitated ber at el y

o 36 e B s A By (e

PCT/ AU01/ 007 38 frhinhi$cRleCaly deepRR ffotm ardy6f the eATRESS (08 I%ﬁﬁé'waﬂﬁn 0
can be forned mﬁgﬁnolm means itr)%%udi ng but not Iirri({)éelé ?o, chem ca

ml1ing. The ofany disbend’af atile 38er damagmitoithe giout 48. cBmnimminendewd disbohdiag
const ant pressare sqQurce b$/ 1igndui ta, tﬁ)i cal of 22c to, 22x in J nmgnner
descri bed herd8fl vaigrdygressvould be framedigtelsf oRiens dug To a rigg inprssute qifferentigh ¢ her
5 vari at hgn ts Iob | I ' ' j iigh t he
cour ce- 200( R Bk g tict 28 ind eGR4 BP R RN D TR BE & Bl Awiplla

secti oned oblresplicin\a deamatic rsefin diffezentinl pressune. cThewmbhitoringrdewize 26B pars plso be |
g in which pre-fornmed el astoperic, self adh&snipve filmg%gs 110 _are 10

sandwihcheddbmoééwwithéagdweta bypess ph therimpedance 38 tg.allow highrates o Wiolfletsl
62. T i o _
Savi Ui os" 55> tritorf Wldubde ANBRSw T s o UaRRRE WlkrilocBafub @il "1 11 P! €

conveni ence, présswedrotettin fé2thasavitiess0.as thick lines. By interspersing the
connections of the cavities 72 with both atnospheric pressure reference and

with cabf pressure interconnected to the 15 nonitoring apparatus typical
f 26c to 26e, of ' I t hat ot heet f
56 or 60, berty ARl e ek TR R alneB Bl 46 0Tl o RBRE Bl §7°
" This is i nporaANighficaltidth tﬁé’tﬁ? ﬁrma%nﬁhgwerqfn to 3 Bbifydfithe Kull, i by B¢ af t

fusel ages that "have occurred in e past asS cracks were fnot readily
_ visible. By mecessaryiggtdup theatiles39inte saversl aetticallyt tigred layensovhieh areinonitorgd
sequentially, to the three cayities sh ei t her. sid f each riyvet 62,
conf >hnat i on SEPargR @FBW?\“@?&&PE‘FSQ‘(‘:’Q,O?% %éﬁ?ﬂiﬁeﬁgo spilieglﬁﬁgﬁOHPé’fi' tion
can be agfie i We St Jveiedh : b i di tional
r ef erencgf3 tﬁgﬂgﬁg%ﬁlﬁf}}&@ g‘i;dr ected ?gnﬁﬁggs?gzgﬁggﬁogﬁﬁﬁeﬁtﬁgﬂgs i onal
Appl i cati on Ipoevedling\eitetsOfBitive prddseré i UpRd grovps ofitikkoEhisicandieachieredby cr ack
detection. 25 Now that the enbodi nents of the present invention have been
described in detail it will be apparent to those skilled in the rel evant
arts that nunerous nodifications and variations may be nade w t hout
departing fromthe broad inventive concepts. For exanple, a noisture trap
can be provided between the source 20 and i npedance 28, when the source 20
is a gas source to dry the gas prior to flowing into the structure 10) 30

o o o o o o o 4




WO 02/ 21096 19 PCT/ AU01/00739 having a plurality of internal cavities that
are sealed fromeach other, enbodinents of the invention include formng
comuni cawio/pedshs i n the conposite material between the powWweunab73o
cavities. All such nodifications and variations are deenmed to be within the
scope of the present 5 invention the nature of which is to be determ ned
fromthe above description and the appendéa clains. 10 15 20 WO 02/ 21096
20 The Clains Defining The Invention are as follows: PCT/AU01/00739 1. A
met hod of norprovidinga mixefold irethe ipdstionfof @osduit 2Iblbeenebntho soice 20 @l regulator
environment 5 containing a fluid at an anbi ent pressure, said structure

! Juid )
havi ng at | eakandhavingalpalityafiregujators2pagh faedingifrom theimaniteld andequplede
" steps of proyjdi fa ' ' u er
Than sai d- aniy SRR A8RHpRer] ofhigh A dow pding® 28, bRjsdBE R Ty Hn
conmmuni catiop,rasmrsmﬁcsgm,rce; and 10 nonitoring for a change in a steady
state rate of inflow of said first fluid i.nto said at | east one internal
cavity. 25 The nethod according to claim 1l wherein, said first fluid source

5 he. medHBtre A8 iy o R Aot efpt 5t iecinadefe Ho%dlioh ShafiFd 1P gL,
i ncl udes couplgeREnpriling fhrbé sdrfipdreiy 56W@thﬁh%&rédsﬁ?leﬁ%%ﬁmvﬁéﬁd. at

| east one cavity and said source, to Create a steady ate differential
pressur e bet weastrution. Moré particulanly, thastiucjurai fc isgiad of aypressurizedfusatagetofranng

o o e ST htonpo S S5k r e GG y SombR oa
first flypd . ' Wyt ' S i [ | [ St
preasure 1l SAHhEE pBies S pomek i lheRofinRiibl 5638 HiPG. Elch iy 87k d s
pressure to qlatfsite Aashwith dsecopiponémtrisand adlatiensd thil 6§ abad oppositderid that sits
sufficient to be detrinental _to the 25 integrity of said structure. 5. The
met hod accor @mnthe cempenentéll Hpsichagdrivets arpshownrasieaiexamplgibut squag head rivets
provi di ng sai,dy38u5 b3fe shddndhs bt 6k B3 Providing a source of a

first gas.

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 18c, enclosing monitoring
device 26c¢ 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



W O 02/ 21096 21 PCT/ AU01/ 00739 6. The nethod according to claim5 wherein,
said step of providing said first gas includes providing a noisture trap
bet ween swic2aorece and said at | east one cavity to dry saci/ged/risor to
flowng into said at | east one cavity. 5 7. The nethod according to any one
of claims 1 to 6 wherein, when said structure includes two or nore internal
cavities, said placing step includes one d# both of (a) placing said
internal cavities in fluid communication with each other; and {b) placing
sai d cavi ti esThepréssuiecsoumer20n iof this embodimintsiacabis pressure of theRirciafiewlneh Feeds

according to claj qr 2. .wherein, sgid ni foring step includes: providing
~a supply of a}nfqalmrya%l}mmpggaqcﬁﬁ,aﬁ@g)e E%@it‘??%%{”rﬁ?%“&’@&ﬂrk :8%3nd

nonitori ng Saiceh» : i L4 er. 15 9. The net hod
according to c@aﬁlnagﬁ\%\ﬂgesrsg%%?pgéas?lg%??dt}lé%ﬁlﬁm Cie(ral’*g’c]f%g%s a dye indicating

liquid or gas. 10. The nethod according to claim1l or 2 wherein, said step
of nonitoring for a change in steady state inflow includes: 20 Frovi ding a

suppl é of Sa dépsrackpl® ‘Qj%pstoif?pn inthe lxggqqﬁgpﬁt%ggmmem Y8aboxt thegiyet €2;a fluid
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net hod of noNiréwid the rivers2 dndeiad 64 tdthe dutsideUtigh dlbtude afncsphiete P 2dksociated
environnment containing a fluid at an anbi ent pressure, said nethod

i ncl udi ng t hewith white ptessuse indicating srawdeadsa due tp theicragk 406 andisbsequentor ovi di ng
f g first fluid at. t t.ex than, said Lent
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sai d Sourlg)e/; tﬁﬂﬂgh the%&a&%é%ﬁviﬂ%e%g%ém/tﬂ@ﬂﬁﬁdwBO%h%ﬂaﬂé‘érina. change

in a steady state rate"of inflow of said first fluid into sald cavity. 12.
The met hod addiffer@ntial pressare dhus prdvidingraniindicatnd ' thesgrackf 1 Gloindomponaitd8seal ed
5 cavity includes formng a recess or depression in or on said structure
and formng a seal across said recess or depression.

In an alternate embodiment depicted in Figure 4b, the apparatus 18' for monitoring the

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
22c¢ to the cavity 72. As with the previously 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 s 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  to the 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



13. A method for nmonitoring the integrity of a structure disposed in an
envi ronnent containing a fluid at an anbient pressure, said structure being
an ensenbw® @f216960 or 10 nore conponents which are coupl edcmgaijerss said
conponents j uxtaposed relative to each other in a manner so that a surface
of one conponent is adjacent to a surface qf at |east another one of said
conponents to formrespective adjacent surlPace pairs, said nmethod including
the steps of formng one or nore cavities between one or nore of said

adj acent sur ffac thepppearance of prsipnifibantpressure differenfialaacfdss te rhonitoting appaatis r st
pressure greater, than sajd arrgi ent pressure; placjng at | east one of said
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. cavity. 14 The usefubiita sscondaady Rell asarcindicatod 3f the iécatien ofwhlaml ng the step of

pl acing alternate ones of said cavities in fluid communi cation with said
anbi ent pPessure to produce adj acent interspersed source pressure cavities

and anbi ent pt.essu Vitl @S, 25.d5 . The, ho ccording t.o cl|ai.m 14
further. | nol (IEWS orieteplet yudfton¥ 3t sAnaoiefy FE)cies BREReR idadieblodeiec:  on
bet ween sai d;ﬁ@ﬂéhﬁﬁber&fcﬁ%‘&ﬂ'b@aﬁ@%d!ies and sai d environnment or a source of
sai d anbi ent pressure. 30 16 . The nmethod according to any one of clainms 13

to 15 wherein , said nonitoring step includes coupling a high fluid flow
I npedance in selies . between said sour WD, 02/ 21096 23 AU0Q1/ 0073
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nonitoring for a change I n sai tate ferential pressu 5 17.
The met hod acutfacksod compementso§teandf 60c | Acanity172 it dorired \blyesealing the gapl70withtaor i ng
step includes providi a supply . of a fluid marker in flyid comyunication
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a layer of adfapfp antbiestiair presauiRait high altitude. The integrity of the structure 10d can be

15 monitored 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)



a layer of sealing material between said adjacent surface pairs, said
formng step includes formng said cavities in said adhesive or sealing

| ayer. 19wolhei1ewst hod according to any one of clains 13 t eci/avhi@omson

, Where said 15 conponents are coupl ed together by nechani cal fasteners,
said formng step includes providing a seal about said adjacent surface
pairs to formsaid cavities between said déj acent surface pairs. 20. An
apparatus for nonitoring the integrity of a structure disposed in an 20
envi ronnent odaimenitorigg apgakatus2Geiofdike atritenetangd fiaxsionas described abovet.uThe
having at | east one internal_ cavit sai d apparatus including at |least: a
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fluid through said channel into said at |least one internal cavity. 21. The
appar at us Sac cistwiéemghe oavities 72s20d F2e othienthax directlydaitheoutside pdrenmentFudes a
high fluid flpw inpedance, djsposed.in..said channel in series between said
ot least one SR epmpoteny o6 Aiaded e 35ty O TRNPah ol Tb S iBE Alee
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cavity and sal égﬁﬁlgé?san% transaucer V§Dr02/21096ﬁ§4 BETT A1 00739
means coupl edoaly mssids aintbspheric ‘ehvirehridntal”’ pressueRte for nonitoring for a

change in said steady state differential pressure, 22. The apparatus
according to claim20 or 21 wherein, said first pressure is sufficiently

greater tihan | | r I r f | <
capil |l ar ylrbact“i?%‘%ﬂgtq{épir}%?éusrgf | CT gg{n'é@.(\)lﬁ‘ég c@e% ri %ﬂad&ﬁ&?@dt?ﬁé&f%%ﬁ@?t y of
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wherein, said first fluid is a gas., 10 24, The apparatus _according to an
one of cl ai meshewntin Figyire 62 anghthe emplaymentomegifosing appesatis 26% dsbasisali thgeen

“Ato sard o PRserangdhens 5F SevalE R s, e BirbofOl i BimRidiin it mtiloEd
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with said source for" marking said structure at |ocations where said fluid
per meat esl5f r coonmmindcatingi cabintpressungCRs Gsource 20e)owith eavity 72niwpuldhptioducefent .

pressure drop, due to seepage flow (small arrow heads and dots), across the fluid

impedance of the apparatus 18x to the outside environmental F#, 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 having four layers or sheets 56, 57, 58
30 and 60 connected together by rivets 62. Layer 57 comprises two abutted sheets.

Structure 10f is once again a portion of an aircraft fuselage containing cabin pressure CP



26. A nmethod of inhibiting the ingress of a target fluid into a structure
di sposed in an 20 environnent containing said target fluid at an anbi ent
pressur e, wikpddh18d¢ uct ure having at | east one internal cavigymas@iod7aset hod
including the steps of providing a source of a first fluid at a first
pressure greater than said anbient pressure; and providing a fluid
conmuni cation path between said at | east dde internal cavity 25 and said
source. 27 The nmethod according to claim26 further including the step of
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fluid into said at | east one internal cavity thereby facilitating the
noni t ori ng of Therfaethpd efmoniforing the integrity of stiicture 30f incipdes fopmingpawities, 72s

- PCT/ AU01/ 007 . A rat us .for .nrevent i A ' ess_ of et
fluid into = Beae i fudapRsBiGabh iECAGR: 220 bt int RRERR sree b BE Y ooy

Cfluid at an afbhitingRippaatisf teaiypt ddstrilsddeteil abovedypitallyeZeeito 268 and't er nal
cavity, said apparatus including at |east: a source of a first fluid at a

first predsurformingzavities A2mthebard imfluideomnpmication aja conduits 22mewith theor e

communt Cat i 0 ARk Aol e}, W oGS TR 80 BEEE B s,

. An9e. AnL. AHI5 . £6y ; . | : S A 9. A

0 Al 59, A Lr s erehginct € moniitile oloteeffe oA Dpr S T i sa e

zupkf a[ V] ca] cbaldcsihiafly b¢ epglicd]te Eigned J.ca] cRa] cRa] ca] ca] ca] ca] ca] ca] ca] ca] c”

a] ca]ca] ca]ca]c”alU calcaUcalc”aljJcalUca R 1
0S#H[ 7} C' & wr mhc”~Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]

bl ba o0 ARkl PRI AR ARG SR b GCHh Y T IR R G LE L

] ca] ca] ca] ca]astiuetire hdfecomprised of three sheets 56, 58 and 60 formed as a sandwich

—

Frrr-mang gagss# ${vgl gb] X ] ca] cal ¢"aj ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cepstmctian cagpied togpthey byativet§ 62 Uhe sxplainpd i relation tosthopmbadinment ' (p(
(\) _)***+

+rh+] +me—++. FPicted in Figus f3qit is common fpr sc siactpres 1o eempprals £ IaXprofiseRant o) ca
]42 31552g%ggégg]gxg%ggales%aa&eﬁ%mm@hw&. CPeday ¢t a8Galypidatis phovided td pfeventl 11132 4

; =t =>?9?18) x woirgsisupad fretingadf @te]Asha?ts a6.c¥8) éﬁmqtdfq rivety 64| lndhepiesant ca) ca] cal
SRR TG %%@%@M%%Ms%%%&%@%“ﬁ
R e N M T B B A AR R R R IR AR

ca] ca] ca] ca] ceilant]68dre aldjmtaihedipbom} theriveisc2] to mjaisthinathe filnctigrc ofl mimimizing Yazaaa
Ucce ef ffff

f hgj | "
jdjjkrllm %@f@fgﬁ&f eheets) 0a PR And S0 candalyacte; form bayndancsepls fot-the cayities Ta) cau
y e + : .
1ot ot nePt VPG S DOV EARCE potds AR AL TIRLER) BARA S BB o) ca
] ca] ca] ca] cajcommalicatibaatited prejsued soatceaIndeed altephte ahvitipc 73 fanteghdcedlis a! xkyy
zizzL{||}}8~~WLNSI | w nhc”Y] c] ] ca] ca] ca] ca] ca] ca] ca] ca] cgeca].ca ca] ca] cal] ca
] ca] ca] ca] caJfiid eemmaication With the-gtmasphereand with the sapree asesprbad-above Iy gl gb\ W
| 6o b ob] on OOk e BB R e KRR SRl LR R R FALs R 1 s
ﬂ( g]s,\c/ al] ca] qg phodate tHewalitint 92)sGadatilachik et diingahé sdmahaninciFlikeadtarhaé a] ca! >
eo;

e o oo
a] ]ca] g] al ¢ L] c ]dﬁ‘ é‘;l;!f‘@g‘f E‘Jéf"é‘g] ?A’f% hjeéhéﬂﬁﬁ%ﬁgﬁﬁg%ﬁ?&]a@hﬁ@?@éﬁ {!Jﬁfcligéf‘é‘h]’@a] c L]
* ca] ca] ca] ca! KWidwnue 10f yopdirY Yidefrt gfmwfﬂ filativath 2] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU| ca] caU] ca] ca] ca] ca] cal >zi 37<?" ~{vql f
a\ W] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

o (A Eiaien P Hepislgsipture 10K which difffs rbintiat depictdt in Figure Ba by e

30 inclusion of recesses or depressions 80 deliberately formed in the surface of the sheets
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56, 58 and 60 in the regions where the sealant 68 is removed. This provides larger,
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pads 110 comprise shapes cut and assembled so as to define multiple cavities 72 when

sandwiched between the plates 56 and 60. For drawing convenience, the cavities 72 as
shown as thick lines. By interspersing the connections of the cavities 72 with both
atmospheric pressure reference and with cabin pressure interconnected to the

15 monitoring apparatus typical of 26¢c to 26e of previous examples, cracks that may transit
a sheet surface 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
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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;
placing said at least one cavity in fluid communication with said source; and
10 monitoring for a change in a steady state rate of inflow of said first fluid into

said at least one internal cavity.

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

substantially constant with respect to said ambient pressure.

15
3. The method according to claim 1 or 2 wherein , said monitoring step includes
coupling a high fluid flow impedance in series between said at least one cavity and said
source, to create a steady state differential pressure between said at least one cavity and
said source, and monitoring for a change in said steady state differential pressure.

20

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

25  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.
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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

said cavities in fluid communication with said source.

10 8. The method according to claim 1 or 2 wherein, said monitoring step includes:

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

and
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; and,
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5 cavity includes forming a recess or depression in or on said structure and forming a seal

across said recess or depression.

13. A method for monitoring the integrity of a structure disposed in an environment
containing a fluid at an ambient pressure, said structure being an ensemble of two or
10  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:
forming one or more cavities between one or more of said adjacent surface pairs;
15 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
monitoring for a change in a steady state rate of inflow of said first fluid into

20  said at least one source pressure cavity.

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.
25

15.  The method according to claim 14 further including the step of placing a

moisture trap in series connection between said ambient pressure cavities and said

environment or a source of said ambient pressure.

30 16. The method according to any one of claims 13 to 15 wherein , said monitoring

step includes coupling a high fluid flow impedance in series between said source
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state differential pressure.

5 17. The method according to any one of claims 13 to 15 wherein, 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.

18.  The method according to any one of claims 13 to 17 wherein , when said
10 components of said structure are coupled together by a layer of 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.

19.  The method according to any one of claims 13 to 17 wherein ,where said
15 components are coupled together by mechanical fasteners, said forming step includes
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
20 environment containing a 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;
a communication channel for providing fluid communication between said
source and said at least one cavity; and
25 monitoring means for monitoring for a change in a steady state rate of inflow of

said first fluid through said channel into said at least one internal cavity.

21.  The apparatus according to claim 20 wherein, said monitoring means includes a
high fluid flow impedance disposed in said channel in series between said at least one
30 cavity and said source, said high fluid flow impedance creating a steady state

differential pressure between said at least one cavity and said source, and transducer
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5 sufficiently greater than said ambient pressure to overcome hygroscopic 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
gas.

10
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.

15 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.

26. A method of inhibiting the ingress of a target fluid into a structure disposed in an
20  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
providing a fluid communication path between said at least one internal cavity

25 and said source.

27  The method according to claim 26 further including the step of monitoring for a
change in a steady state rate of inflow of said first fluid into said at least one internal
cavity thereby facilitating the monitoring of the integrity of said structure.

30
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