Date of Filing PF14 : 3 Novenber 2004 Title 5 SYSTEM=ANE >
DETECTI ON AND PROPAGATI ON MEASUREMENT OF FLAWS | N A COVPENBSPRER=ZSTRUCTURE
Field of wphalshawenti on The present invention relates to arsysittesmesg net hod
for.use in the continuous 10 nonitoring of the structural integrity of a
conmponent or structure and in particular for nonitoring the integrity of a
structure or conponent to provide an early indication and |ocation of an

i npending flaw such as a fault or crack and to nonitor the growth of the
fault or crack . 15 Background of the Invent| on A very inportant function of
desi gn and mai ntenance; engineers is tolignitor for, locate and assess the
initial location of surface faults or cracks that devel op in structures or
conmponents under static or dynam c |oads and subsequently determ ne the

| i kely 20 propagation f or crack.

Exanpl es where the mﬁ%ﬁgwolf%?u%ig?epmﬁg y?i‘ %‘?g{% may be critical
i ncl ude on WAND BROPAGHATEON MEAGUHIERMENT OIMELBWSE EN OCOMPONENTGOR t he
hull of a ship and the boiler of a nuclear power plant. Oten, the

moni torithg is by visual inspection SARUCHER&er it will be appreciated
that when faults or cracks initially develop they are often extrenely small
25 and inperceptible to the eye. Alternately, the faults or cracks nay arise
i n structurpesldéfthepipamppnts that are physically difficult or indeed

i npossi bl e Toacctess. A Systemto neasure mcroscopic crack growh rate
Faust have high sensitivity. [International Application No PCT/A1J94/ 00325
(WD 94/ 2713 in the. name of Tulip : O Bay djscloses a nonitoring, apparatus
that can belbRsEIFSEY HNEREN felpes s“"-‘ ?f’lf*r“d@k@di ethd foguugeatre thsr canténuoust ur e.

The noRigt or I u tlaII copstant vacuum
sour ce connfggfﬁég |%n @gg?gﬁsﬁé\ﬁg %ﬁgﬁ hé’ %ﬁ a%@ggtr@e %E)rﬁ C%PMM‘F & Dat e
of Filing Phbditoringdhdintesriierof %Q@*ﬂicture or component to provide an early indication and

location of an impending flaw such as a fault or crack and to monitor the growth of the

fault or crack .

15  Background of the Invention

A very important function of design and maintenance engineers is to monitor for, locate
and assess the initial location of surface faults or cracks that develop in structures or
components under static or dynamic loads and subsequently defermine the likely
20  propagation path and rate of growth of the fault or crack. Examples where the
monitoring of surface faults and cracks may be critical include on wing sections of
aircraft; turbine blades on jet engines, the huil of a ship and the boiler of a nuclear
power plant. Often, the monitoring is by visval inspection only. However it will be
appreciated that when faults or cracks initially develop they are often exiremely smz;il
25  and imperceptible to the eyc. Alfernately, the faults or cracks may arise in structures or

components that are physically difficult or indeed impossible to access.

A system to measure microscopic crack growth rate must have high sensitivity.

International Application No PCT/AUS4/00325 (WO 94/27130) in the name of Tulip
30  Bay discloses a moniforing apparaius that can be used io detect faulis or cracks in the

surface of a structure. The monitoring apparatus described includes a substantially

constant vacuum source connected in scries with a high impedance to fluid flow device



WO 01184142 P(.' T! AU01190504 that in turn is connected ReeB EIRgPRI4 mpre

m nuscul e flaw sensing cavities forned on the surface ofNevermhen2i0dre. A

di f f er ent wal oymrersure; transducer is connected across the gi-gRusismgdance to
fluid flow device to nonitor the vacuum state of the m nuscule flaw sensing
cavity or cavities relative to the constant vacuum source. Accordingly, if
there 5 is a change in vacuumcondition in the cavities which can arise from
the formati on and propagation of a crack, -the change is detected by the
transducer. Wth this nmethod, cracks of a |length down to 250 m cron have
been det ect €t irskurg is conmestednvithy agtommosomimscdé {lam sen@ilk Ravities doymed on

at nospheric reference. Upon ini(ﬁé‘al I.ndi cation, mnuyscule increase in crack
gr owt h. cant}ﬁeguﬁré’ﬁ%efc BEUCHRE A ?FF%U%P“%*HE“ Hrassasgr 13emeeicd geroppihediglvd ar e

suited for 1,10 . LI QL ; I hed 1n.the. af onenent i oned
I nternati ongﬁ ﬁ%d%{:g’i é%?ﬁ] 6@%&%‘11%9?(%9%%@%@4%%3%&) Q%gad ?’tl}gr}ﬁl 3’}!58%5“

clai ms ear| yerglmacdavitetop ehiites Rltivk &s ke cohfantSQBRIrh siirky, meorlafr%w,iip flebdy tO
carry out the proposed tasks. This arises because in Certle, 15 the whole
vacuum $yst s eluingeran vacuem grnditionfin dhe ¢avities evfs¢mepncaise tfioratie formaidoamd

Lo The b e RO i B B Bl B GG St
20kPa_bel OweraBkdTBB RNEALH doSheloeIRemIREFhhR: BnUREL y}mgls?g bl onsBlf LA | e

use of high vacuum tates the use of [ow perneabi

limts practiwed obpllyi 20&Pa bolowZ@mbkblicHc Befitretd\O 1P SidadGhdRasod, Reinashednt age

that the flaw sensing cavity is, to a Iar&gmj extent, isolated fromt he
vacuum sour HTeapRl 18 giackh groattlh cen b detedi¢ch USmbediments ufethei presad pleyideyand 5

Summary, of thg l.nvent.| Qbj ect,s,.of the.present jnventi.an,ngl ude: to

o ovi a2 S <{pefherh At Rt R g o B PR TR aF e prmerdpied
conponent 1t RyRhAYbMAasiliceBéd.y 1 ndication and |ocation of an inpending fault
or crack; and, to nonitor the gromh, of the fault or crack.. 30 For ease of

description fromhereinafter, including the clains, the term"structure" is

used as a referenc a_.structure or conponent, Date of Filing PF14 : 3
Novernber Zoégrt{eein (?Jf% 91,145,915) and (LS 4_,1@9,90%8 claims early crack detection b%t lacks the

sensitivity and practicality to carry out the proposed tasks. This arises because in Oertle,
15  the whole vacoum system volume forms part of a flaw sensing cavity and therefore
relatively high vacuum must be employed in order to provide some sensitivity to the
method. This becomes obvious if a constant vacuum source of only 20kPa below
atmospheric reference were to be used by Oertle.  Further, the use of high vacuum
dictates the use of low permeability materials which limits practical application.
20
Tulip Bay (WO 94/27130) has the advantage that the flaw sensing cavity is, to a large
extent, isolated from the vacuuin source and can therefore be of minuscule volumetric

capacity.

25  Summary of the Invention

Objects of the present invention include: to provide a system and method for continuons
monitoring of a structure or component to provide an early indication and location of an
impending fault or crack; and, to monitor the growth of the fault or crack..

30 |
For ease of description from herzinafter, including the claims, the term “structure” is

used as a reference to a structure or component.



WD 0/ /84102 PCTI 2WO1100604 3 According to the present i mthere is
provi ded a systemfor use in the continuous nonitoring &F%4
i ntegritywofoisiglzructure, said systemincluding at | east: &m/&lasiosneric
sensor pad having a first structure engaging surface and an 5 opposite
surface, said first structure engagi ng surface provided with a set of at

| east one first channels which, when said first structure engaging surface
is sealingly engaged with said structure -forma correspondi ng set of at

| east one first cavities; first fluid conmunication nmeans for providing
fluid communi cati on between said set of at |east one first channels and a
constant vacuum souyce; and 10 isol ation neans,for isq]ating each of said
first cavi tipé’s“’?cﬁ oF I PEFSEY ARTARHIRRRCSRIS RIPYiHed 4 SYSters ek Wistin Jhi cRnseNs ce.
Preferably ' : N < i L £S5 (MRANS. ¢ ' ' a variation
in the vaczﬁdrlr?t gg’%\i%h? ?ngfﬁggp %/ﬁe:adrt\t"’f t%ﬂié%ﬁtst ant’"ég{:%'g%ms%gwggggggéagtai d first
cavities, is In eneclesiiinetiorenisor pad dusipsortinsastrionit: N@fpabing| 146R6e aadset of

at | east one second channels formed on said first structure engagi ng

surface Whi @RPOsHESHITacH srid firs slraeirfcamgaging swiice pervdesyily e deifiat leaf ehe
structure, forma correspondi ng.set of at |east. one second cavities; 20

sai d secondﬁgﬁaw S WhiG Q’B@P?gl‘ﬁf'{% S&ﬂ? frer (Meagng SHHACR & seafinely £ngagedng
fluid comupjigahidRntRA) FokPh c&&&,ﬁbﬁdiﬁgs&'of'me&;%ﬁyﬁfs@@éﬁ&é&- bet ween sai d
second cavities and an at nbosphere or ehvironnent at a presstre different to
sai d constant vadusinihsduwcoruidétiBnehemaioy ps@iding ifhad connmunidationi owesans
includes a third chapnnel provided in said first surface, said third channel
bei ng in fI &¥ Selorhad retone St ghannelsaed agpngant Fagyung souredjaandel s and with said

const anf . vacuum i . r nat.e iyent.sald first fluid,
corrrrunin%%ti on rregérgl%g nl%ﬁé? éﬁ'gfégoqé&%zftﬁl gﬁ%}f ?/F%fbcpﬁ%g&é'mﬁ%% Tlud comgpanication
provi di ng f kyihGakiomrsasicatngh shatyween respective first channels and the
constant vacuum source. Date of Filing PF14 : 3 Novenber 2004 NYOH1/ S-1102

PCT/ Au i 100504
Preferably said system further includes means for monitoring for a variation in the

vacuum condition between the constant vacuum source and said first cavities.

15
In one embodiment, said sensor pad far_iher inchudes:
a set of at least one second channels formed on said first structure engaging
surface which, when said first surface is sealingly engaged with said structure, form a
corresponding set of at least one second cavities;
20 said second channels intersperse with said first channels; and,

a second fluid communication means for providing fluid communication
between said second cavities and an atmosphere or environment at a pressure different

to said constant vacuum source.

25  Preferably said first communication means includes a third channel provided in said
first surface, said third channel being in fluid comumunication wifh each of said first

. channels and with said constant vacuum source,

In an alternate embodiment said first fluid communication means includes a plurality of
30  conduits, one of each providing {luid communication between respective first channels

and the constant vacuum source.



4 Preferably said second communi cation means incl udes agefiifingPidannel

provided in the. first surface, said fourth channel beihyovembed 004
communi catilogh/SMieh each of said second channels and said gtyRenhgsg or
environment . 5 Preferably a said sensor pad is transparent or at |east
translucent. Preferably the systemfurther includes a supply of a dye
indicating liquid in fluid comunication with said second channels to
provide a visual indication of the |ocatdon of a flaw. 10 In an alternate
enbodi nent sai d second fluid communi cati on neans conprises an opening in

each of sai Brefaraldy seidzseemidscaniraenipnpvi mems ks oI cE@irePProklaygfhd he
pad to saig Et rrgf}scgher en ioﬁlonmggt,. 15 _Preferably said isolation means

i ncl udes medfsSH ’aﬁ’fﬂe@“ﬁ‘é 8nce DH9e daflidsammymicivapeith fach dfsaidtseoms! above
each or sel gghf : I i .and/. second channels, to seal said
first and/or se%%%@%ﬁ&;?\tne gﬂcarégf?\ﬁs?% é’ggtructure and fluidly isolate said
first and/or second cavities fromsaid vacuum source. 20 Preferably said _
isolating neans is adapted to individually and/or sequentially isolate said
cavi ti e® soPiekuablypsaidssriop pad) inlrinspirentairat kasiittinsiscane i sol ated from said
vacuum source. Preferably said isolating neans is programmabl e so that the
sequence of isolating said 25 cavities can be varied, In one enbodi nent,

sai d nss f oprefePMlY RO st ' a | j# f, agt uat ons . parted on
or in said pad ab%ve g%cﬁﬁ?‘fuhggr: ﬁggﬁghﬁgu@ %olr’"i ép(g'leyiinﬁﬁaﬁ% gg“’(”iuig'eﬁ}“idngl y
def or m sai ccovtaumiedtiongeitlnsdid t SRe1at dhaatdlé & pradiiPLsignRHdC88h Of AftiHalRLS ar e
electrically aetEnagneti cally, hydraulically, pneumatically, or nechanically
oper at ed. ofedlBf. il ng PF14 : 3 Novenber 2004 %/O 81/ 84102

1°C1{11}1101/ 00504 Preferably said first communication means includes a duct
formed™on a second surface of said pad opposite said first surface and

respective [RoiealtérahReembimehidsAadeBsRY (1did Gommunication means comprises an
opening in each of said first channels that provides fiuid communication through the pad

to said atmosphere environment.

15  Preferably said isolation means includes means for applying force to said pad ai
respective locations above each or selected ones of said first and/or second channels, to
seal said first and/or second channels against the structure and fluidly isolate said first

and/or second cavities from said vacuum: source,

20  Preferably said isolating means is adapied to individually and/or sequentially isolate
said cavities so that progressively all of said cavities are isolated from said vacuum

spurce,

Preferably said isolating means is programmable so that the sequence of isolating said

25 cavities can be varied.

In one embodiment, said means for applying force includes a plurality of actuators
supported on or in said pad above cach of said chanzels for applying force to sealingly
deform said channel against the siructure.

30
Preferably said actuators are electrically, magneticalty, hydraulically, pneumatically, or
mechanically operated.



flui d comunication between said first channels and saiRteuéding B4 :sai d

i sol ati on means 5 includes nmeans for applying a fluid isbNaember X084 ce at
respect i vOltogatzons to obstruct said duct, to fluidly iqqh@&gnﬁﬁhﬁcted
ones of said first channels from said vacuum source. Preferably sai
isolating neans is adapted to individually and or sequentially isolate said
cavities so that progressively all of said cavities are isolated fromsaid
vacuum 10 source. Preferably said isolati ng neans i s programabl e so that

t he sequence of isolating said cavities can be varied. !5 In one

enbodi nment, said neans for applying forest: includes a plurality of

actuators uppar.ted.,on or in said pad ahove each of said |engths for
~appl yi ng fof‘i?@ggtay§@fdo‘ﬂﬁta‘ﬁm?%um§fééﬂq R 1adpdem dut Prawdrasspensdind gufiannel

agai nst the . . ai uaiors,; are electrically, .

magnet i cal I?/i,séaﬁyy‘@r aJﬁa %Igﬁ’%sc?ﬁ%?!é%%ﬁag%?% ‘,’&%"F holgy ﬂ@&qﬁﬂis@lﬂ@ %‘b‘@ij’&ged. In
~a further efitiddomeninication Uotwien 418 faphutiidts dhafsuld dhel, 28U BHODUPGFedC! Udes
a pair of mnuscule pinch rollers disposed on opposite sides of said duct

for sealSi ngingludesgennsofor applyingda dluid issintionifdroe at uespesiower loeations po edeesai vel y
isolate said.first apnel s in, 25 comuni,cation with said length fromsaid
vacuum sour %J dqni, tgﬁ@{‘ﬂ% POE#%%?&?%W@%& pleanegls SepshBaid Mepuany soura.

i solation force includes a noveable seal disposed in said duct for sealing
a length. of said duct fromsaid vacuum source and neans for noving said

seal al ong Brefesabdyistidtisolpimpmesss ieddapleduiodhilividaliptad 30 wakditily Horgbannel s

in comunicatjon wth said | ength of said duct fromsaid vacuum” source.
Date of Fi |ﬁardg°¢>ﬁi1% so that RepgEsbEly20b 40 vodoavgied 0 iCoRGDI0HOAabminn a
still &Hrt hg%b{c%nbodi ment, said channels extend in a radial direction.
According to e present invention there is also provided a nethod for
continuously nonitoring the integrity of a structure, :said nethod
including ant |east the steps of : 5 providing a sensor pad baying a first
structure dhglmibigsaid isolatiogantie pppsigtanmshie adet thdecqhbnctofSsulhmgesdp ovi ded
with a, set of. at |east, gne first channels; sealingly engaging said first
surface of CHUCSEHRHVANER with the structure so than

15 In one embodiment, said means for applying force includes a plurality of actuators
supporfed on or in said pad above each of said lengths for applying force to said pad to

sealingly deform said corresponding channel against the structure.

Preferably said actuators are electricaily, magnetically, hydraulically, pneumatically, or

20  mechanically operated.

In a further embodiment, said means for applying a fluid isolation force includes a pair
of minuscule pinch rollers disposed on opposite sides of said duct for sealing a length of
said duct from said vacuum source to progressively isolate said first channels in

25  communication with said lengih from said vacuum source,

In another embodiment, said means for applying a fluid isolation force includes a
moveable seal disposed in said duct for sealing a length of said duct from said vacuum
source and means for moving said scal along said duct to progressively fluidly isolate
30  said first channels in communication with said lengih of said duct from said vacuum

SOUrce.
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said channels together with the structure form a corre: - of first
cavities; coupling said first cavities to a constant vaed e, 10
nonltorlngINHBJHmchange i n vacuum condi tion between said qay;gl@@mgﬁd sai d
constant vacuum source; and isolating each of said first cavities from said
constant vacuum source. In one enbodi nent, the step of isolating each of
said first cavities includes venting said 15 first cavities to the

at mosphere or surrounding environment. -Aécording to the present invention
there is also provided a nethod for continuously nonitoring the integrity
of a struct imastll Baihér embodichenhcliddhagelstexivad i a thlalshregttorof : providing a
sensor pad having a first structure engagi ng surface and an opposite 20
surface, the first surface provided with a. set of at least first channels

and a set of nne el s j.sol at ed
fromand int ergésrgg'%aﬁ) q{}ﬁ sal ﬁ@g%éé{;ﬁ; R lcshzg%(?\g quéégeigh ﬁlwa%f] éﬁ‘fﬁ? aid
first surfagenibritdehedpREly dladsthRidrd)Saiditth BéI iRl - H?éasﬁlﬁb Qe §§P“ne| S

together with the structure forma corresponding set” of first an 'second 25
cavitiess coupli H@V@Ehn@l afsensar ped\pvings: fiest atrwmttmgagmg(surfmeMrmasﬂ@upl i ng

o essur o or SGEEEHE 5N GPERS P GISATE 8 SHAE 4 e 408 Bk ShURE:  moni tor 10 fo
a_change the vackusenndihi:op HLSSR: A o b sShsof B4 bR 02 23)

vacuum sour ce; g each of sard first

vacuum sour gxid c!%helseégelﬁndr iwith (REdtéucture Sorhoy enrR@ porkRfid s(OF il 8418

PCT/ A1101/ 00-504 Preferably said step of isolating said cavities i ncl udes

i ndi vi dual | y andcebiosseidd rﬁtyeaml%waﬂtqwmgtasbva@nmawwe,s so that progressively
all of stﬁld caV|t|e re.sol gtedfromsald v,ac%f sour ¢ 9. Pref(?rably

sai d méthod furtwgpl? (e PUH: Tpgrasuiy sondivgp PR Cafticpand sa

transl ucent cor@BhEVvdcttim BBuRkehad®! Y said method further includes the step of
placing a supply of a dye indicating liquid in fluid comunication with

sai d second chaniselating eaqhraf\shiddirst cavisiuafromndidominbtant vacuum source.

St ant

In one embodiment, the step of isolating each of said first cavities includes venting said

15  first cavities to the atmosphere or surrounding epvironment.

According to the present invention there is also provided a method for continuously
monitoring the integrity of a structure, said method including at least the steps of:
providing a sensor pad having a first structure engaging surface and an opposite
20  surface, the first surface provided with a set of at Ieast first channels and a set of at Jeast
one second channels, said first channels isolated from and interspersed with said second
channels;
sealingly engaging said first surface of the sensor pad to the structure so that said
channels together with the structute form a corresponding set of first and second
25  cavities;
coupling said first cavities to a constant vacuum source;
coupling said second cavities to an almosphere or environment at a different
pressure or vacuum condition to said constant vacuum source;
monitoring for a change the vacuum condition between said first cavities and
30  said vacuum source; and

isolating each of said first cavities from said constant vacuum source.



10 of the |

of the present invention w |l now be described by way of2

ocation of a flaw. Brief Description of the DEfENBRPEAHOdI ment s

' roly

15

w th refenenggsfne the acconpanying drawi ngs in which: Fi gl,stjehf,‘]m;ﬁﬁml an

view of a first structure engagi ng surface of a sensor pad

the a first enbodi nent of a systemand nethod for the detection of a

devel opi ng

flawin the structure, 20 Figure 2 shows a portion of a sect

I ncorporated in

i on

t hough the sensor pad depicted in Figure?l- Figure 3 shows an oblique view

t he sensor

pad depicted in Figure | Figure 4 shows a section though a

portion of Phdersblyssaid pted efejsolating shid davities dndiudosi inbivatualipning! scgaeitaiiyng

means Figure 5 shows, a schematic form of the sensor pad depicte

in Figure 1

‘with 25 | Halegngyaid sayitiestsontgat sesresdealy ol offsal eavities ar delated fios aaidl an
view of a fiw;%;lms%oh ture engagi ng surface of a sensor pad incorporated in
netho

the system
7 is an obl

determ ning crack growh rate and including a magnified insert;
i s a scHemPiefereblpwaidimethed feihenincivdds Snming sanl FadgdmarGspaontar ttedsiinen

an “configured for determning crack gromh rate; Fi
i que view of the sensor pad shown in Figure 6 configured for

gure

30 Figure 8

actuating neans, for sequential isolation of connections fromthe vacuum
mg m Date of Filing PF14 : 3 Novenber 2004 W? 01184102 PO
| A UOL100504 Figure 9 is a sectional view of a pad simlar to the one
illustrated in Figures 6 & 7 showing integral isolating means conpri si

plurality oPrcfighblatsaidanétbod ﬁaizieﬂ@xleuzdegexfe@w@n@qﬂdcﬁfgnpﬂ%[ygofc&awﬁid%aﬁagj

noni toring

structure,

for determning crack growmh rate; Figure is a plan vie

ng a.
nst a
of a

first struclignd iefgihtoramunicstionewith sidd sevvsd chpadis topraddé bgisvelindicationt an
integral, isolating.meaps.for determning crack gromh rate; Figure 11 i
do off B TR

obl i qu

integral isolating neats;

views of a

15

20

25

30

8hd

portion of the
Brief Description of the Drawings

Embodiments of the present invention will now be described by way of example only

with reference to the accompanying diawings in which:

Figure 1 is a plan view of a first structure engaging surface of a sensor pad
incorporated in the a first embodiment of a system and method for the detection of a
developing flaw in the structure; |

Figure 2 shows a portion of a section though the sensor pad depicted in Figure 1

Figure 3 shows an oblique view the sensor pad depicted in Figure 1

Figure 4 shows a section though a portion of the sensor pad depicted in Figure 1
with a channel isolating means

Figure 5 shows a schematic form of the sensor pad depicted in Figure 1 with
liquid dye indicating the location of a flaw;

Figure 6 is a plan view of a first structure engaging surface of a sensor pad
incorporated in the system and miethod configured for determining crack growih rate;

Figure 7 is an ebliqué view of the sensor pad shown in Figure 6 configured for
determining crack growth rate and including a magnified insert;

Figure 8 is a schematic view of the sensor pad shown in Figure 6 connected to an
actuating means for sequential isolation of connections from the vacuum monitoring

system.

S an

$Wpad shown in Figure 10 including parts of an
Fi gures 12a and 12b show wi dt hwi se cut section



sensor pad of Figure 11 depicting progressive function%ti ng
nmeans of Figure 3.0 11; Figure 13 is a view of a porti N%’@P%—sensor pad
of Fi gur eg ok ot 2 above showi ng a | engthw se cut secti orpdihsomghsishe fluid
i solating rmeans of Figs. | 1. 12a & 12b; Figures 14 & 15 show mechani cal
drive configurations for the isolating neans 15 - shown in Figures 11, 12 &
13; Figure 16 is a simlar viewto figure 13 show ng an alternative

i sol ating neans; Figure 17 shows a corpkete system based on the enbodi nent
of Figure 16. Figure 18 shows a plan view of a first structure engagi ng

surface of a senppird Rt d Rttiglaborment z puksimilar fovthe ohailswated ireBigutas 6 &
determne the strain field around the fastener, 20 giggur_e 19 shows, al
sectional v7ehowing hdcgralnisolating auens fUmprising & pPhpplity cof afudtors toy peptingly

f ast h Fi 2 ! 1 abl.i i ey t . Fi . 18
o 36 Dot al | Sefomactrrporans oftner S refRe e Ehebht Rl BRALBRRl eRRfin el 05 0
1- 4, asystem &gﬁﬂtﬂwg% Vidk df%eﬁﬂz,ﬂsﬁf&mr& REGAShY sUPRit Pl se@isort il &

integrity of a s cture 14 to detect the appearance of a flaw includes a
sensor pad dénfighasd (o guitad imagraldsolmiiigmeasigadptamining tack gidvtameicn second
opposite surface 20. The first surface 18 is provided w Lh a set of first
channel s 22 and Higgea 1bis aebhapecwgiiel the sgnsogpa {BORR 4 Tagge 4 ,lﬂéﬁld&ge
represented as lines in;the.main portion of Figure 1 because their w dths
and separ at P?f??‘ifé‘ﬁ%tggta%lshﬁgn%jln&g‘%’of 250 micron. A part magnification is

i ncl uded as det apjoufisi RaFIMEUI B 3hdw Widthinist &l BcdRalieng. of DpbRick of tild NY
PF14 ; 3 Novenber 2004 W) 01/84102 |1'('/Al.101/00504 The first channels 22
are i sol at eskrsoopadafdigure &t sippictiad pwgrbssivedusemord thhisnlating mrans ofABigeteown i n
Figures 2 and 4, when the surface 18 of the pad 16 is sealingly engaged to
surfaceét®2 &% structure 14 the first channels 22 and second channel s 24

together vith tNRigili] 306 %{v%ﬁ%{gﬁ@ﬂﬁbﬁ obdnd QLB BRPGCHIgNRsot & PF ablie 11 st

and second cavitl irst flul nication neans I n the

forma of a gHywiflg @haiptiehisStut debtion gholid] e3fluidaibslating seasiof Fige. 10 tles:
Fi gure 3) pagh\‘/;l des fluid comuni cation between the first channels
Figures 14 & 15 show mcchanical drive configurations for the isolating means
15 - shown in Figures 11, 12 &13;
Figure 16 is a similar view to figure 13 showing an alternative isolating means;
Figure 17 shows a compiete system based on the embodiment of Figure 16.
Figure 18 shﬁws a plan view of a first structure engaging surface of a sensor pad
for placement over a rivet fastener head to determine the sirain field around the fastener,
20 Figure 19 shows a sectional view of the sensor pad of figure 18 applied over a
rivet fastener head .

Figure 20 shows an oblique view of the sensor pad of Figs. 18 & 19

Detailed Description of Preferred Embodiments

25
As depicted in Figures 1 - 4, a system 10 (Figure 3} for use in continuously monitoring
the integrity of a structure 14 to detect the appearance of a flaw includes a sensor pad 16 -
having a first structure engaging surface 18 and a second opposite surface 20. The first
surface 18 is provided with a sef of first channels 22 and a sct of second channels 24.

30  The channels 22, 24 are represented as lines in the main portion of Figure 1 because
their widths and separation can be of the order of 250 micron. A part magnification is

included as detail A in Figure 1 to clarify this feature.



22/first cavities 26 and a constant vacuum source: 101 D‘aﬁﬂo ';':.}“Zﬁ?g{ i ng

apparatus 100, of the type described in the aforenentiogne teérnat i onal
Appl i cat i Qp ¢Ngs19PCT/ AUB4/ 00325 (WO 94/ 27130) the content s pfy;avii kol S

i ncor por at eé herein by way 10 of reference. (Accordingly the channels

22/ cavities 26, can be termed as "vacuum channel s/cavities.) A second
fluid communication nmeans in the formof a fourth channel 34, through hole
35 and conduit 36 provides fluid comuni gati on between the second channels
24/ second cavities 28 and an atnosphere environnent of a different pressure
or vacuum cPigfitst eRardnelst Iearednsitad frovasndimagered. willl thessetdrel disancielRd. 15
24/ cavities 28 can be ternmed as "atnospheric" channel s/cavities.) Isolation

means in t hés slawn of Figuss dregdrd, sthep iiwparizg: [&ebibeingd 16 igseqigelyragarpddoi n t he

'system 10 for.individually si,sel atl th I I ot I AN vities 26
Yom the  vaelam < Shragm iRk B4 0BuhiR an b hesSBRPRRaRy bl i S
made of an Ot baltive TS PR R 38 d sbodnllicaviaBP PO hAER. RUShes
an the surfﬁigg‘%o o} %grgzl%gﬂff%%s%alﬁi‘ﬁgl yodefor?n tﬁe porct‘inon of pad 16 at
| ocati oy 21fievflnidapntmitcdticnngedne igthe fofm af & Hamindlan®d 36athreughd®le 31,rantthi s

way, the channe|l 22/cavity 26_is isolated fromconmgmupicatiqgn. with the
channel 308 gemsluitoid(reter 3euand) pﬁwsdqsgf@mfbeféanmﬁwav@hge%@ﬁm Gstrhanngls1. As

expl ai ned i 5. great ef ai el ow, . 1 I

Fepost 1 onet? BB SRS PR g B D R TP o8 o Pg TREE 0, of

22/ cavi ti espgb @Pe C ofeaBribeghai elhe30 afRerh@ifioned U dhleynatiofsll ahepRéatighoUNo
isolate the cavities fromthe vacuum source. Assune, the conduit 32 is now

con nﬁct e ]9 t BCB/W/@%&ZS@V @r%&?dﬂﬁ%sthi @o?tetﬁtﬁ of whech3y Lm‘omqg/e%gm/mc)%;\@m( \t?\le) d
in the afore tioned Internatiqgna Lcati.on 3Q P 4 5..(
041 27130) . SHEISTIHTE: o (PRETABEH QELDTE0 PHEGRs bHembeck RIS BYr FERET
protsure tronmASelVilifr Abdtnd B cnRiiniGHBRERs W AATomT of b’ SREY' 7

01/84102 PGiliahsél-3401HbQbRAC BE sadroedtiedt povRies Mulkcdm@bnicafudweenl®d 1 ui d

flow nmeans so as to nonitor any change in the vacuum condition between the
vacuum sour gseont thinnpls 2Adcoond tavitidseE thae pimpheavinviresmeng . ofi 4 diffesenick or

fault 40 (Sgr%sve\;ﬂrel or Er'agyurxg c%}uix on emttlole dc%yigtar%pvﬁcﬂtu%hgowce. (Thus the channcls

15  24/cavities 28 can be termed as “aimospheric” channels/cavities.)

Isolation means in the form of a plunger or probe 38 (sce Figure 4) is included in the

system 10 for individually isolating the first channels 22/first cavities 26 from the

vacuum source. In this embodiment the entirety of the pad 16 is made of an elastomeric
20  material.

The probe 38 in this embodiment pushes on the surface 20 of pad 16 to sealingly deform

the portion of pad 16 at location 21 over an underlying length of a channel 22/cavity 26.

In this way, the channel 22/cavity 26 is isolated from communication with the channel

30 and conduit 32 and thus isolated fiom the vacoum source 101, As explained in
25  greater detail below, the probe 38 can be moved or repositioned above and/or along the

length of each of the channels 22/cavities 26 or common channel 30 to individually

isolate or group isolate the cavities from the vacuum source. '

Assume, the conduit 32 is now connccied to a monitoring apparatus 100, (Figure 3) of

. the type described in the aforementioned International Application No

30 PCT/AU94/00325 (WO 94/27130).

The monitoring apparatus 100 includes the vacuum source 101 coupled in series with a

high fluid flow impedance 102 and a differential pressure transducer 103 that is



structure 14 and open onto the surface 12 and propagat ateofllmPH,
fluid 5 comuni cation path between one of the channels 2
adj acent s¢banpgl, 24/ cavity 28 there will be a change in VX I
condition of the channel 22/cavity 26 in question. This %Egﬁﬁg)qﬁgméet ected
by the nonitoring apparatus 100 thereby providing an indication as to the
initial formation of the crack or fault 40. 10 However, this nerely provides
an indication that the crack or fault -4Ggexi sts sonewhere wthin the area
of the pad 16, To nore specifically |ocate the position of the fault or
crack 40 t h@nhentdidrog thehih, inipadddee 10D MOfiow nRRss #Bas 5 n?dii?do}ﬁﬁy& he
surface 20, sequentially_at points above al ong common channel channel"" 30 to
det ermi ne tRdhe ypquust senditiem E@IWCQIE thehwscugmorearne aidl the ahanm fhdicaéimatied ,
channel 22..,,.}the.nmagyi tude of ,1-5.t he rce applied by the probe 38 is

suf fici ent ZtEangggF%gl Lﬂd]alcéﬁkeﬂr{ ¢ é{%iﬁwgfﬁ%@# 2‘% wezg 40 klvelppdnstheuct ur e
14 to ther seali 4t 9 rkggg by, (W n /i ng hi, s
force, the?eﬁx}?@?{%gitcﬁgdng%g&?n thgg%ea I%igfm%ﬁgrd%%z}t?%?i %%Qggéﬁa?tﬁulghen
the crask eommiwnitdiof@atdeswentonndeid dhanmels 2¥cndticsi 26 dnkahGdpesFIEREARY | ON
with the particular channels 22/cavities 26 or channel 22/cavity 26.
However , fravie 28 thege 3l ba agdange ke vassumraondition sfithei chanieh @R kavied 26y t he

nonitoring: u i.gat.ion of the force he, probg 38 then
a portion olﬁap%éi%é'r %ﬁ%@n@%ﬁlﬁ%ﬁ{?dﬁyg th? DRBLTRLR @kl) th?fﬁ‘?k’ai’”ﬁ' B8t hin
the now i SohakdidaRRrasio it Bmién bewi 8fack BApIRUpchannel s 22/ cavi des 26

or 22/ cavity 26. 25 The probe 38 can be in the formas depicted in Figure 4
so as to isolate only a single individual channel 22 at any one tine.

Al t er nat el the isolati,ng nmeans can be formed to sequentially isolate each
of t he% haﬁﬁ@ﬁ"‘é’% éhslé ST%QY%BO‘Bi?ﬁg?ﬂégémwgg‘éh? ciagk Br taglt 40coxistssopmevlise t he
channel s 22.: ‘ SGHL.i . th r obe. .38 i,s;appl.ied to

t he vacuum%%]ﬂ%grtlﬂéﬁnaségg’gﬁge%ﬁ ?@sﬁééﬂ &gms&géggaqllytig%ﬁ%ﬁ}ecpoﬁglq?n‘?@hgt ‘4 OF hat
essenti al | yrachel(s dreeisefatiag tmeman, hethcaklai by 33PR! teythe
"at nospheric" channeliS Zzl{f/%ar?/i ties Zé. OCI ear O, i?pi@m‘?gnﬁ E&;ﬁ:f%%@%el% 3
November 2@tauenizlyl aBpoons RBTVeAaloNg 1 x00BEn tharhe! phanbel 38 tb sded@plihedhd o a

portion of a}‘fgcqc:? 3[9311%191 ﬁfﬂl%ﬁaslcqu%gtia E}[m oﬁé‘ ?l{el rc%trga ncrﬂgzlmel 22, The magnitude of
15  the force applied by the probe 3% is sufficient to sealingly flatten the channels 30 or 22
against the structure 14 to thereby seal the corresponding cavity 26. If, upon applying
this force, there is no change in the reading of the monitoring apparatus then the crack or
fault 40 docs not underlie or is pot in fluid communication with the particular channels
22/cavities 26 or channel 22/cavity 26. However, when there is a change in the vacoum
20  condition indicated by the monitering apparatus upon the application of the force by the
probe 38 then a portion of the crack or fault 40 is disposed beneath or contained within
the now isolated portion of that particular channel channels 22/cavities 26 or 22/cavity
26.

25  The probe 38 can be in the form as depicted in Figure 4 so as to isolate only a single
individual channel 22 at any one time. Alternately, the isolating means can be formed
to sequentially isolate each of the channels 22 so as to progressively seal each and

every one of the channels 22,

30 In the above described method, the probe 38 is applied to the vacuum channels
22/cavities 26. However it should be understood that essentially the same effect can be

achieved by applying the probe to the “atmospheric” channel 24/cavities 28. Clearly, if



24/ cavity 28 at a location between a crack 40 and the flddeeffiliopBhidel 34 (and
assuming that the crack 40 is also in fluid comuni cati dhoygnber 2084adj acent

"vacuum' whennaley 22/ recess 26) then the nonitoring appar Ml i ndicate
a change in the vacuum 5 condition because there is now ngt(@‘é%é“é’”ﬁo t he
at nosphere. By progressive isolation wth a probe 38, the |location of a
flaw 40 can be determ ned. Instead of, or in addition to, use of a probe 38,
a dye can be used to visually indicate-tjwe - location of a flaw. This is
illustrated in Figure 5 which shows a plan view of a 10 transparent sensor

pad 16 radether poba 38r Brapdicent DpotibANT He 9A E'ﬁakﬁﬁéaﬁlana&tgﬁgﬂ]%t& t he
or SC

surface 12. M I.s shown schematically, because of the pro %i not ed
above.  Upofa8tlcid 8 location beiweena: suppft and thoffoarth chaninel 3 Gindl ds&uﬁﬁ%m ed

in fluid c i&%ﬂrg@ l%naga -cgannel s 24/ ctavi ti, %s 28 via conduit 36, fNoles
35 and channel “SATEATRE P05t G Congmcaton pih ameadiasent (“ersunm”achannel

subst ant i al 2Yrdeadst 3G)UERA BBCABRIRIHE N : ek 4Q hecause of the high
fluidi rrpedange tshe )lérack 40 pref{gﬁ?igﬁ%gn{s@l%}gﬁ&&%p%@ae ) tﬁﬁe"aﬁﬁnﬁr

passage Sof esinditioni hesaymedhendiingow noi isakabe tnthe@hb@hers | | the
crack 40. Figures 6 - ﬁ@i || ustrgte howgt he enbod?r}?ent Wgﬁﬁgklg%%ée%ﬂlalnﬂ& can
be used forWipaPrehss S the loomion o p Algatitenn be defvtrained. f1 aw or crack 40 in the
event that a fault or crack has been detected or is known to exist. In this
nmet hod, an alternative pad 16a is at a |location disposed so that the crack

40 extends Ihstead 6f)er ROgRlitGRoOhsel e RASt %O apPehd Sseli 3o t\rféaal&fﬁﬁ?c%ﬁt@% on

with the surroundi ng at mosphere. The pad 16a i S construc t he

channel s 2Jecation o & Hlawdi Thigizlilatned iatigaeds cande shews a\éﬂvlﬁntﬂé@%ha hol es
& 8. Further

31 a tqQ.25 respective conduits 32a as shown in Figures 6, 7, .
t he spgg in THY Se’&%?érﬁ’ﬁ‘gﬂé @ﬁé%’&f"bﬁﬁ’@gﬁaﬁgi  Ganslurenicmatekiabatisetebtalda can
be confi gurgdcdrticknor ¢ leSherlofind nveni.ence.in neasuring,cyack
growt h rat gﬁp (Sjue ct 0 thgﬁggg;le;ﬁés?laeﬁdﬁah%%&g?e OT&E‘()B%?&M gﬁs BIF%tgql 3&%‘1@-
cracki ng. di geteetidh icf a fbanavipplvoltl t e of jingl 8d uchyr agj ng.;gurface
of the sensor pad 16a show n t@é@ghannel S 22ﬁa, th%i r tslétdecgg ggi g’crqgléged
spaci ng, a8 Gatiop Y ehparcls déiematies VhyiavonduihBGuglies 3 &sd SHandel 340 t he
conduits 33a.(Fi . Date of Fil.ing PFl4 : 3 Novenber 2004 WO 01153102
" CT/ A( 1011(2)’3‘365J ﬁﬁjgglﬁ‘?@ Yramis igfo ‘E)%rwﬁ‘tjhfé‘-' i Bestepiiellychaltsrupeadnesantetiegn | n
Figurei$ anmsk gheNsi)l Bause of the high fiuid impedance the crack 40 presents to the dye
compared to the prior passage of air. Thus providing a visual indication of the location

of the crack 40.

Figures 6 - 8 illustrate how the embodiment of a system 10a can be used for tracking the
20  propagation of a fault flaw or crack 40 in the event that a fault or crack has been
detected or is known to exist. In this method, an aiternative pad 16a is at a location
disposed so that the crack 40 extends from the edge 152 of the pad 16a and thus is in
communication with the surrounding atmosphere. The pad 16a is constructed with only
the channels 22a and with individual alternate end connection via through holes 31a to
25  respective conduits 32a .as shown in Figures 6, 7, & 8. Further the spacing of the
channels 22a progressing from the erack at edge 15a can be configured to increase, This

is for convenience in measuring erack growih rate, due to the accelerating rate of

propagation of fatigue cracking.

30  Figure 6 is a plan view of the first structure engaging surface of the sensor pad 16a
showing the channels 22a, their stepped increased spacing, and their individual

connection, via through holes 314, {0 the conduits 32a (Figure 73,



‘conduits 32a and a crack 40a. An additional part nagni %he regi on
of the crack 40a is included and shown as detail 13. 5 ergQ a
schemati ¢, \i t he sensor pad | 6a shove in Figures 6 ang.’/ ted to
an act uatq‘méﬁ)lé%@% ating neans :i8a for sequential controll g‘lghlrém?@@lﬂg@i on of

connections channels 22a fromthe vacuum nonitoring system 100. The

I solating nmeans 38a is in the formof a switch or nultiplexer and
selectively controls fluid comruni cati.on10. bet ween the conduits 32a (and

t hus channel s 22a) and the system 100, or nore particularly the vacuum
source 101 of the system 100. The sequential isolating or neans 38a may be
rotary, linear, or as desired otherw se, and operates by selectively

cl osi ng f | UFigureoisian oatiqenvibwtofeidn scorod wiad J 68 Zacendntifiguredt enthsbow the 101.

Simlar fluid switching devjces haye been used. in .the_.past .for _individual
connect i on esmdpégﬁfzal@dﬁoqrﬁﬁ(gioﬂ W%hmﬁﬁéﬂ@%ﬂm% of therraing afite csackni ch
wher e expengi v.e. | e \ \ r wth the present device, the isolating
nmeans 38a a lﬁ&@@“??@@ﬁ“&“ﬁ:@%@‘a shoul d be as volunetrically snmall as
practicaple to reduce tinme |ag and hence inprove sensitivity of the system
14a. 20 Assune that the fault or crack 40a extends to the edge 15a of the

pad 16a butFigas hista schematiy vipagdtieasanson pidekfasbown he Figures 6 atd 7 senmshotednel s
ar.at us etect anglnschange

22a. In this situation, ;the nonitQri a il 1. not, det.

o oA BHing sk PERE | TH5 107 850k R alivelnls ispiPLieR oh aneey

r opagat ed | : kit - faul t
b ook actfphdls 20 fioh B viABRFLRIRGH, Sty I00.L] Tho toladigindtieBed n
appar at us 2fhe 19emWf b sigitchcdr thttigibanomd sclvasubimesmnds thad.coMtmbdicaiohi e,
the intersected channel  22a can be isolated fromthe constant vacuum source
by sonii® f obatwedn itwicanduily Fasalpod thuhechanuintlse) 384 Be owistep f100i @r more
comruni cati on,.bet n the correspondi condui t a...and the vacuum source
101 Opt | orBHSHIAY Tk PG MRE 10581 dpeaviel WantLE Sabdifah ARl 3R Y
dc- coupl ed fe0Mm IRACHYAGH YRR Tk & LR %¥§¥eﬁ%@&%%§@h&%ﬁéﬁm§ fdpasapere. 3

0 This isolation/venting can’occuf automatically upon the detéction of a

pr edet er m n¢dsing Atiddonunuiicatioh detwaen eomdindiZt izod theAvacommepiveat 01 eSimfmck

| oop exists in that an_  electrical sw tching nmeans, incorporated in a

moni t ori ng BRidcumtchingdences ysve brap 9sesah tb&r@sbfimFmdnﬂ%wRﬁpan@cms ofidognber

2004 Wl)s 011/3081141!551’1 2wind tunnels to pressure transducers which where expensive in the past.
However with the present device, the isolating means 38a and associated condvits 32a
should be as volumetrically smali as practicable {0 reduce time lag and hence improve
sensitivity of the system 10a.

20 Assume that the fault or crack 40a extends to the edgé 15a of the pad 16a but has not yet
propagated to intersect the first of the channels 22a. In this situation, the monitoring
apparatus will not detect any change in vacuum condition thus indicating that the fault
or crack has not propagated to the first of the channels 22a. In time, if and when the
fault or crack 40 propagates to the first of the channeis 22a, the monitoring apparatus

25 100 will detect the change in vacuum condition. At this time, the intersected channel
22a can be isolated from the constant vacuum source by some form of isolating means,
the isolator 38a closing fluid communication between the corresponding conduit 32a
and the vacuum source 101. Optionally, if desired, once isolated the channel 22a can be
totally de-coupled from the vacuumn monitoring system and vented to the atmosphere.

30  This isolation/venting can occer automatically upon the deiection of a predetermined

variation in the vacuum condition. A convesdent feed back loop exists in that an

electrical switching means incorporated in a monitoring circuit 104 of system 100 can



PCT?At1 0l 00504 11 13 be used to drive a miniature redSE¥EHsRESs of ectric
notor or simlar actuating neans incorporated in the i sbi = to
sequentiaxlvb)énghﬁa%e conduits 32a until a fall in differentigls@anigasyre due
to the resultant fluid isolation occurs and parks the isolating means in
the new position. Alternatively, a predeterm ned stepper notor! 5

m cr opr ocessor progranmed arrangenent may be enpl oyed Once the first of the
i ntersected channel s 22a has been isol ateg and/ or de-coupl ed, the
nonitoring apparatus 100 returns to a steady state reading until the crack

or fault 402}3 ng@poag,?,l}cg% "?&8&%% t@hgt?&fﬁﬁvé H@ctﬂg)fﬁot&ggykﬁmifap%@ﬂgﬂi%zéﬁﬁné n

this way the propag e crack can be very accur

recorded. Alis@rpd¥ted UANhe dsalbtor SYxhatel Rauskally clpiobendiisas:s el ai faliFgure 4
‘along the effected vacuum channel 22a upon the detection of the crack

i nt er sect i ndifferendial ipeasswst dpedo theneeslivei thuish isolativh @cturs end gqenlisothe ganlating of
the crack 40 with,the vacuum channel ,22a can be pi npointed thus all ow pg
accurate d&WRBEi Bh B¢ PRE BPYPYGat i OHCTBATYF b A MECTICIENnGs, SpRFY ®etor 5 | n
fatigue tes A ' t JE, aﬁ irent has shown t he net hod
to reco%d @%&gﬁe%ggg%gir atedc%%bélgﬁé{]ﬁ%m etrﬁ?s(ﬂof 0, 5nm | ength

I ncrements. As yet the lower |imts have not been determ ned, 20 Figure 9
depicts a further enbodi nent of the systemin which the isolating means 38b

is magnet i ek gheofiest af the. inteesepled channelssHlaghas deemisakdedanl/eiodmedupleg, ghe
plurality of actuators 60,which are enbedded in.pad i6h. 'The actuators 60
are In the TOMIPLES feret W00 e g.mﬁﬁgS@%{»&fﬁl(&ﬂf%ﬂé@boa?@@ f?f%ub udes
a dynanic : POLSE vals B 54y x e
capabl e of n?ggg;%aetﬁésal orﬁj}t&ﬁe porti gﬁié %ﬁgﬁ% a25m(§f lfhewz}é{t: Egatpgégﬁ@o_ The
act uat or8 6a timacrrelt cabeareey adfcutdtdy o giisd, iby rpodiag an Aotaimdimeiny, by
50 157 t“ei%zagé R M R M Lé‘iéf&g‘é%?&?q%iéé’eaﬁ@heg a B ng.
60 is force ) g ] YR ; AuWRiEY K8 ng
channel 22aeakdoffle cALLAMLATIRANCRRERRSE APIQLGACH (RN caN, b
provided to - CONtT oIt Re ITDI?I on an p05|§3| g 67 “TA&avh %\'ng YR PEY 5o as
to isolate bithedrackl with3e YRkAbSadtialihd 328 Can Be plipolREd 1hRS aBERAMRBuraldat € Of

Filing PF14 3 November 2004
depiction of the propagation path of the crack or fault 40,

15
In fatigue tests to date, opticai conflirmation measurement has shown the method to
record extremely accurate crack length markers of 0.5mm lengih increments. As yet the

lower limits have not been deterinined.

20  Figure 9 depicis a further embodiment of the -system in which the isolating means 38b is
magnetically operated. Here, ibe isolation means 38b comprises a plurality of actuators
60 which arc embedded in pad 16b. The actuators 60 are in the form of magnetic
phungers. The isolation means 38b also includes a dynamic magnet 62 that is mounted
in a support (not shown) so as to be capable of movement along the portion above each

25  of the actuators 60. The actuators 60 and magnel 62 are of the same magnetic pole.
Accordingly, by sliding the dynamic magnet 62 over a particular actuator 60, the
actuator 60 is forced in a downward direction sealingly compressing the underlying
channel 22a/cavity 26, A programmabie stepper motor (not shown) can be provided to
contro| the motion and position of the dynamic magnct 62 so as to isolate the channels

30  22afcavities 26 in any desired sequence.



Date of Filing P14 ;
WO 011&4102 - "14 ['t"f t:1.U01/ 00504 Figures 10 - 14 depy&kemp@rpenents of a
further enbodi nent of the system This enbodinent includes a sensor pad 16c¢c
having a phyiakjsky of first channels 22c only that are sgagegy@Rdsds by
progressively increasing distances fromedge 15c of the pad to 5 opposite
edge 17c. The end of each channel s 22c adj acent |ongitudi nal edge 19c of the
pad is provided with respective through holes 31 c¢c. Through hol es 31c
comuni cate w th first communi cati on neans-which, in this enbodinent, is in
the formof a duct 30c (comunal duct) fornmed integrally with the pad 16¢
and extendi ng al ong the opposite or back side 20c of the pad | 6¢c, The
communal duct 30c is placed in fluid 10 comunication with a system 100 of
the type depigirexdi0 r- i4 glepiet Lomporantt ef pr Buthde cidbodhent eftheisgstinon Thét ween
t he channel s 22¢ and. a, constant vacuum source % The duct 30c in this
enbodi nent smbedimsatinchides a sensprpad K bavinggt plogidy ablirst &m@&ﬁ@e eniythpy
I solating the ¢ el C g ' 1 11.e 4 fr.omd he vacuum 15
source. The sﬁqgé}fﬁ%ﬁhégr%&%%n@niﬁﬁéé%g% g@@é‘ﬁfﬁ%ﬁn@)ﬁe rléf;loélr@]e d‘}sposed
on oppos4 t eppsdsilesdQf 1 1derisad o3 Qach Soiankis 226 hiaedne thnbRESHA ddfe appbFeag to
the rollers to cause them to travel along the duct 30c piiching the duct
30c shut t hpadiepmeried With tdspectioe dimosgh doleks éiigt R Hrdughf hdlee3 bucemBfieichihi nd
the rollers 50 |s effectively isolated, fromthe vacuum source 101.

Accor di ngl y WEHRdirghromapnicaion g hifhe in Wiscsnivadin:ents s it torn oha dugindflen 20 L
x via respef:{g@%ﬁuﬁ&f 'dﬁlétﬁénn%a%@%%h?%&1?ﬂ-!egiaﬁdl6fcfaﬂﬂ“e&1&ﬁdi\égg#ﬂgl@atﬁ§%rgggﬁi 21. 'n

this way, I'sol a g neans c’can pradgressively 1so

channel s 22gr fhaghn didee 20¥ asfuthy pairiee. FAhgus@nhdndedicttincone Emeédmﬂ_ and
structure of inparting torque to the rollers 50. In this 25 enbodinent,
each ofi@ hecommuniseiorbwith ¢ sustemdRBa! tiee tipé depittbd & Kigure dvwi asdo phmfide BGidwhi ch

are driven by either si ngl e tor .and gearbox or by two arate notors
(not shown) *° Wﬂq‘;ﬁ‘%@g@@t{hg C%ﬂnﬁ{slzgf’ﬁﬁ‘?ﬁcﬁ‘?%%v%‘%@%ﬁﬁ for the
rollers 50. In this enbodiment, a worm screw 90 neshes with respective ring
gears 91 forned at adjacent axial ends of 30 the rollers 50, the worm screw
90 bei ng coiiht eltct 30a ifi |thisi rhbodimicnte alsh abtm8 Garthif el Rolatitg Mdasis Bicvesy by a
mot or (not shown % Date of Filing PF14 : 3 Novenber 2004

conirollably isolating the channels 22¢ (and associated cavities 24¢) from the vacuum

15  source. The isolating means 38c includes a pair of pinch rellers 50 disposed on opposite
sides of the duct 30c. Counier direcled torque is applied to the rollers 50 to cause them
to travel along the duct 30c pinching the duct 30c shut therebetween. As this oceurs, a
length L1 of the duct 30c behind the rollers 50 is effectively isolated from the vacuum
source 101, Accordingly the channels 22¢ which are in communication with the length
20 L. viarespective holes 31c are also isolated from the vacoum source 101. In this way,
the isolating means 38c can progressively isolate all of the channels 22¢ from the

vacuum source,

Figure 14 depicts one method and structure of imparting torque to the rollers 50. In this
25  embodiment, each of the rollers 50 is atiached to a flexible wire drive shaft 80 which are

driven by either a single motor and gearbox or by two separate motors (not shown),

Figure 15 depicts an alternate drive arrangement for the rollers 50. In this embodiment,
a worm screw 90 meshes with respective ring gears 91 formed at adjacent axial ends of
30  the rollers 50, the worm screw 98 being coupled to a flexible drive shaft 80 which in

turn is driven by a motor (not shown),



4V( 01/34102 PCF!' Atlt1./Q0504 _. 15 - Figure 16 depict
of the isolating neans 38d. In this enbodi nent, the iscore
i ncl udes wospsenecal seal 93 and neans in the formof a o w 90 for
noving the seal 93 along the duct 30d. The seal 93 seal smgimé’?@%‘ﬂﬂ of the
duct 30d fromthe vacuum source of the system 100. In this. regard the
system 100 5 communi cates with an end of the duct 30d on a side of the seal
93 opposite the worm screw 90. The dr.i e s inmparted to the worm screw 90
froma notor (not shown) via a flexibléwire drive shaft 80. It will be

o o0 oL ok Lemseohels oSS S P SHOLI B PR

associ ated cavities” 26, communi ca

sour ce. Thdhavisohting mecans G84 éhdiudeapssphiscanadal 85 QRY ptBs iEi: f 30d.
3.0 Wiile the SQ?%%QB .S depicted ag a spheri cal seals?nﬂ}{cﬁlsgﬁgggﬁ%nt,

ot her. shap&&™¥t g e serd A3 along thegdichd0d. cBile shildp sealshi lbh@h Didihe

- rounded for | s_envisaged. ..t hat t enpodi nent 38d with the worm
screw 90 ar‘?g@{sg%(fﬁgjgl M’? h‘f‘g?g S@P’F‘%dﬁs ’ﬁﬁﬁggnqﬁgyr%e&&s- reand thptsystamf Hifm an
engi nees i Ngop@iuica®ls Wi = : [ typically only a
nom nal O. S?mm 105 Isn‘vﬁlgg&ﬁlégﬁ‘lb? ﬁjégg%gﬁp grég }ﬁ\%ﬂ%g&# |9§)898¥§{€'\,\§%P YHafting,

a m ni at ur gcrewdbt Thendnitvd isdmpattetiorthe wvnh GtewSIEROA s MBI r(ﬁot%heﬁflﬁgﬂ%d
m croproce r_simlar actuating neans, controlled by the

o arran e’maﬂt 8 I

al arm ci r cHHERIOH WirR #halb 8P ndt wilshermpramishihnt i scalrBnaffootivgy peals taf t he

i solating pRaRs 2 Laure 17 .shows an, exanpl e of a conpl ete

system | 0d usi nlgS t eﬁ#ﬂ?g?@cﬁ%@c&%éﬁgéﬁmw WW@%@%?@*&%L&M&M

means; 37dvaouunt §oures. TRE WRsrP8rels oot 185 fd & ; i aft 80

which is |ongitudinally splined to allow rﬁeﬁﬁgﬁéﬁ{ﬁ-t&gy‘éﬁd%@iéﬁ@

El ect r}%al Wislketheissalstpisl depititdoast hephosicairsealOinubiz cnstaaditaén) 6th9OshpBelarn 25
I n response to

o B T oo B o
Shown, et U (ISPl Py PR LYY TR, |
sensed. bymmapriictaobest 0ftion fromondetivineddfs pbifit bESEANEQhe BBreSIARL Bh& 304 is
typically only a nominal 0.5mm.
15
In each of the examples driven by flexible wire siza:ﬁiﬁg, a miniature reduction drive
clectric motor, stepper motor/ progranimed microprocessor arrangement, or similar
actuating means, controlled by the alarm circuit of the monitoring system 100 form the
remaining part of the isolating means 38c and 38d
20
Figure 17 shows an example of a compleic system 10d using the isolating means 38d of
ﬁgm*e 16 and an actuating means 374d including; reduction drive electric motor 70 o
drive shaft 80 which is longitudinally splined to allow free length-ways
movement.Electrical power is supplied to the motor 70 via conductors 99, and an
25  clectrical source of the vacuum monitoring system 100, in response to adverse vacuum

sensed via condnit 32d,

A crack 40d in subsirate 14d is shown advancing under the pad 16d.  As it
progressively infercepts cach cavity 76d, a rise in differential pressure, to a
30  predetermined value, is sensed by monitor 100 via conduit 32d. In response, an electric
current is communicated via conductors 99 to reduction drive electric motor 70. The

motor drives the shaft 80/ propelling the screw 90/ and seal 63 through the communal



Date of Filing PF14 :
current is communicated via conductors 99 to reduction df yMemBte9b4 1 C not or
70. The notor drives the shaft 80/ propelling the screw 90/ and seal 93
t hrough t nal Date of Filing PF14 3 Novenber 2004 )1/.84. ,02
PC TI AU C?ti]slugf(a 04 t duct 30d to a next isolati ng positipﬁ%@éﬁﬁﬁing in a
fall in differential pressure, below the predeterm ned value, and is sensed
by the vacuum nonitoring system 100 resulting in termnation of electrical
current to the notor 70, 1 a this manner,, accurate crack growth narkers can
be conbined with fatigue hrs or cycles to predict propagation rates. 5

Fi gures 18, ,1 . t o _a flaw.produced . .by.pl ast i el at her than
angact ual %‘F"ié@ag‘f é%%t%&@&%\l%ﬁghg ‘lz,aﬁrl]t%}% 18\%7 tgﬁ ! }ﬂ}lﬁggﬁlaﬁrrc#ﬁ%ﬁ:gi%\“ begi ng
surface 18epRficionsiand Yhlubashd i Qerk8@ blyQhe RAAKBIBIOhItOMRY sytdit 160 rERdlfNEr head
to determne the strain field around” the fastener. |t Has a radi al

conf i gur at i teamifatiomofickeiibalronote 10 A mbtoh 78, dertis manoen aewirito nrack growthndui t

32e via a thrqugh hqgle -31lc., Eyrther, it has interspersed ,atnospheric
channel s 2 AB3REHT R e £OBMEL v “Fgl&}@fépr%wif’sstwgﬁde%pmp@aatmr@gesese to

at rmsphef’ri c conduits 36e, 15 Figure 19 shows a view of the sensor pad 16e of
figure I8 sectioned through the line A- "A" and placed over a simlar
section t hrPiggfesal 8 il 9eind fMsichnetc Heae Hddudd by dasRNadd GHEPARNE dd8al 20
Figure 20 shows an oblique view of the. senor pad 16e placed on the surface
12e of the cradhponent | 4e.. The circunference of the underlying head of
rivet 92e is shown lightly in phantom The conduit 32e is connected to the
vacuum noni tori ng system 100, not shown. A segnent of the circunference in
heavy phant | FQry ' 3 t th i vat 92e
and tho. ad; Dpu e s £ pRARALE O AT thlcire LALBICGRGRE 18E TP o sdisds 8 °T0

This ig0as Be fsylicenfencbeatd dvearfagbmsthcad ftd deteinink MBe BhAN fidd @Rbudd e
fasteni ng. Leakage _fl ow between the vacuum cavity 22e/26e and at nospheric

cavity 24clasigaer s Iydps @ sl eenhgustipe pibyecuwa vhanuelsnd ot agcemsosm 100.

By connection to a conduit 32¢ via a through hole 3le. Further, it has interspersed

atmospheric channels 24e communicated at their outer ends via through holes 35¢ to
atmospheric conduits 36e.

15
Figure 19 shows a view of the sensor pad 16e of figure 18 sectioned through the Kne A-
“A” and placed over a simiiar section through a rivet fastener head 92e and fastencd

component 14e.

20  Figure 20 shows an oblique view of the sensor pad 16¢ placed on the surface 12¢ of the
component 14e.. The circumference of the underlying head of rivet 92 is shown lightly
in phantom. The conduit 32¢ is connected to the vacuum monitoring system 100, not
shown. A segment of the circumference in heavy phaniom, 41e, is a separation of the
interface between the rivet 92¢ and the adjacent portion of the hole in component 14¢

25  (sce also Figure 19, This is as a result of elastic or plastic flow in the materiai of the
fastening. Leakage flow between the vacuum cavity 22e/26e and atmospheric cavity
24c/28¢ is detected and measured by the vacuum mionitoring systeﬁl 100. By
selectively isolating ducts 36e the separation 41e of the interface in the fastening can be
determined. Thus the system gives the first indication of yield. This is normally a

30  difficult task especially if pre-stressing of the fastening has been carried out.

Now that embodiments of the deviee and method for menitering the condition of a



sel ectively isolating ducts 36e the separation 4le of tlatedfhilingPlide in t he
fastening can be determned. Thus the system gives the iNpwmbemfDéati on of
yield. Thiwpaimsnermally a 3 0 difficult task especially if pre-stressing of
the fastening has been carried out. Now that enbodiments olfc"{‘?ﬁgﬂ-‘él’év‘ﬁce and
met hod for nmonitoring the condition of a Date of Filing PF14 : 3 Novenber
2004 WO It 1184102 t TVAU0110050 17 surface have been described in detail it
will be apparent to those skilled in thei el evant arts that numerous
nodi fications and variations may be made W t hout departing from the basic
inventive cengaRtifve bdEddRa8h, : of any shape to _accommodate or
suit the appli %]ati on at haﬁg[.)&ﬁfqggaﬂﬂlgﬂﬁRgﬁﬁ%}réﬁﬁﬁgﬁégﬂ@gwthZ@lev@ﬁd, &
220, 24, 24erts haBGunBAws MaHfiandn3 4L e 4RRt ¢l.e0as.hel the. surface 18
only of theHPal? 16, 16a, 16b, 16c, 16c, 1GCe, %ﬁzﬁ%é‘?@?ﬁ% i | ar -
channel s cah*a%t BETiye pepcepts. t héhe wpasibeensder §fags Aapdio 4dBmARLRG,t hat
condition of the surtace of

th id I Tkl t I it the

Bt T R e G
t f 30,506 .SLyuotures and m tigylarl nbe .0

oo B oo OO o MR ARG SEAL S acTR, B

made from an el astoneri c adhési ve or <Seal an

descri bed i Hoahibeh 16hel Ghabltehs HakeR?2airmbaV ikingsis he
application of a force either directly on the chaﬁﬁ%ﬁ?%zg?ggﬂ?(g§9iﬁl?es 26,
(eg. Fi gur¥Posiie seyacs 200l ﬁﬁﬁaﬁi ﬁt‘lsﬂiwﬂlg(wkbpﬁisgmeﬁmﬁlt&mo%ﬂ)f ﬂlﬂnifdlr%g
communi cat i j 2 Sal nnel s and cavities. However in an alternate
enbodi nent ,&{ﬁﬁ@%}c}-@% S‘%?gg_ﬂg&lﬂ;&:ﬁg g sauches. danbigiregardithe seidtpade

depi ct ed i ncahi lgufoeded aspSrt W Chhnd! 154 f [ .acted upon external ly by
a conpressive force, cah each be p%ﬁgg%gﬁlﬁ%hgeg ‘?ﬁt'B?Waﬁ’a%'%ﬁ ganeby

act uat &8 e madadeoin an elastonienig adiicsivelov sialgt kleerfdl.ui d communi cation path with
the vacuum source. It is envisaged that other enbodi nents can be
constructed in which each 2 0 of the channels 22& 22a is provided with its

O o e LS S g 0 305,705
RoPects of doalt na vt Ch ot miee RN DRl IR O AR »
Al such rrrdeP%ﬁ%ﬁ I or an donduitsatledne Figgesifes Mjtih MildebmribRlativg Wi be
ObVI OU$5 T O (B channels and cavities. However in an alternate embodiment, the pad 16 &16a can
be provided with conduits of the type depicted in Figures 7 & 8 which, instead of being
acted upon externally by a compressive force, can each be provided with an internal
separately actuatable valve for opening or closing the fluid commmunication path with the
vacuum source. It is envisaged that other embodiments can be constructed in which each
20 of the channels 22& 22a is provided with its own internal valve that can be separately
controlled to open and close communication between the channel 22& 22a and the
channel 30. The application of micro clecironic machines will improve the practical

aspects of dealing with the miniature scale of the isolating means.

25  All such modifications and variations together with others that would be obvious toa
person of ordinary skill in the ast are deemed to be within the scope of the present

invention the nature of which s to be determined by the above description and appended

claims..
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person of ordinary skill in the art are deened to be oL :pe of the

present invention the nature of which is to be determ above
descripti f]:! ppended clains.. Date of Filing PF14 : Vi , 2004
WO 01/ SNG85RHET A . PCTIAIT O i 10050t 1. AsystemfgiéTll}geﬁ{mﬁ%th
continuous nonitoring of the structural integrity of a structure, said
systemincluding at |east an el astoneric sensor pad having a first structure
engagi ng surface and an opposite surface, said first structure engagi ng
surface provided with a set of at |east e first channels which, when said
first strucgure engaging surface is sealingly engaged wth said structure,
forma corr g&ﬂﬁdi ng set of at least one first cavities; first fluid
comuni cati on neans for providing fluid communi cation between 1-0 said set
of at |east one first channels and a constant vacuum source; and isolation
neans for isol at Angseacforofsesaithe tombtuonawidnitegng oothd Htnicturaloiimegite ff izon
with said constant vacuum source. 2 A systemaccording to chic. f further
i ncl udi ng nﬁﬁﬁﬁ“&&ﬁl@fﬁ’ﬁieﬂbﬂph‘élﬁg@rkéﬁ 15 variation in the vacuum condl tion
bet ween t he constani yacuum sour ce d sai irst. caviti.es stem

as ug ban giﬁt

accordi iy to cl afhmCiSEIPSSHaF% R g h iyt HIEEES PRRSING FOT Eﬁa?ﬂ a'mset of
at | east on agne

surface whi gpﬁﬁgﬁvﬁﬁﬁggl d f#ur%é%tﬁgﬂq?fggggl?@ glergtié ﬁg”‘?kgﬁgggfégﬂw th sai
structure, fint channekowhizhpwhei sgidshitt efuctre|agsging serfseciondalieply tangsgedsai d

second channgls jntersperse with said first channels; and, a second fluid
comuni cat i WHh Ed §Euetgre, Hrog ﬂ?’??gi’ql}%gcﬁcéﬁhﬁd%s@:%q iRt cyitisieen sai d second

cavities and an @, Ll diff ent 25 to
sai d const ant va@%’g%ﬁlg‘g%?] ﬁﬂgé% qéc?“rvgi ﬁ@?@g&gﬁmg%é qegl‘f%'sl | to
3 wher eign Ss’hﬁcﬂscftbfﬁttlcaﬁ@mmt@%%aﬂ@@%ndtﬂﬁ'vuéiﬁﬁms"%m?&' rfdchannel provi ded

in said first surface, said third
isolation means for isolati ing cach of said first cavities from fluid communication

with said constant vacuum sourcs,

2 A system according to claim } further including means for monitoring for a
15  variation in the vacuum condition between the constant vacuum source and said first

cavities.

3. A sysiem according to claim 1 or 2 wherein said sensor pad further includes:
a set of at least one second chunnels formed on said first structure engaging
20  surface which, when said first surface is sealingly engaged with said structure, form a
corresponding set of af least one second cavities:
said second channels intersperse with said first channels; and,
a second fluid communication means for providing fluid communication
between said second cavities and an atmosphere or environment at a pressure different

25  to said constant vacuum source.

4 A system according {o any one of claims { to 3 wherein said first
communication means includes a third channe! provided in said first surface, said third
channel being in fluid communication with each of said first channels and with said

30 constant vacuum source,

5 A system according to uny one of claims i t¢ 3 wherein said first fluid



channel being in fluid comunication with each of said RigeitilipgRRkel s and
with said 30 constant vacuum source, S A system accor di Agovenbenddtdne of
clains | rein said first fluid Date of Filing PFl1 4. . venber 2004
Vm)011841&3)%g¥?§1.1C&Am803 _ 19 ... conmunication neans i%%k35£@m§4
plurality of conduits., one of each providing fluid comunication between
respective first channels and di e constant vacuum source. 6 A system
according to any one of clainms | to 5 whegein said second 5 conmunication
means includes a foul channel provided in"the first surface, said fourth
channel bei i i ggyﬂQg._Li i . .. sai.d cond annel s. and
said at m)sg e?@n%?mgﬂ\?% r onne%‘?&'”foﬁh}sﬁf}gstp é%a%cgiéig{mdi(%’é’ ?fzg%c yPYSﬁ@m(gf gidai ns |
to 5 wher ei Boaaindica@eobdwbdriicehecdivO ied aRACRahE @R JIRARS GOWRE k&@Se.an openi ng
in each of said second channels that provides fluid conmmunication through
the pad to said atnosphere environnent. 8 A system according to any one of
claims | to wherein said s nso%dgad S %;ﬁns_arent or at | east

‘translucent.® 35 S}i&@’?s?@ﬁ{ REdPapRy 4% € utt Her® wWhercimi sw Seeandpl y of

a dye indi catd sohdr O g i TURM, At 4 Q0: W ' nd.channel s to
P ovi de a v enanicalifttintarsincild @ATTLANGE! BRI bln® B sEAGR G R
accordi ng tchaanyl beiag dh Mlidicommudiceipnwihihaiaoh Sdi id s@ond | dBniEeARSd shiac! udes
means for applying force to said pad at respective |ocations above each or
sel ect ed ond@&nasphasaprervitesmenind/ or second channel's, to seal said first

and/ or second channels against the structure and fluidly isolate said first
and/ or second cavities from said vacuumsource. 25 1 | A system accordi ng
to any one of cl al tdm abooinkNG ShNosabf dafbal g WRaRH L BUAR! Akl ©

i ndi vidual ly and/or sequentially IsSolate sald cavities so that progréssively
all  ofiGsai chmmuiicatém arcens somptied fir epesiag dnvack wh sbdise@nd3haddelA thatst em

according to anp %ne of claing | _to | 1 wherein said isolating nmeans is
provides fluid communication tiwongh the pad {o said atmosphere environment.

g A system according to any one of claims 1 to 6 wherein said sensor pad is
transparent or at least translucen:.

i5
9 A system according to claim 7 further including a supply of a dye indicating
liguid in fluid communication with said second channels ic provide a visual indication

of the location of a flaw.

20 10 A system according to any onc of claims I to 9 wherein said isolation means
includes means for applying ferce i zaid pad at respective locations above each or
selected ones of said first and/or second channels, to seal said first and/or second
channels against the structure and fluidly isolate said first and/or second cavities from
said vacuum source,

25
1l A system according to any one of claims 1 to 10 wherein said isolating means is
adapted to individually and/or sequentially isolaie said cavities so that progressively all

of said cavilies are isolated from said vacuum source.

30 12 A system according to any onc of claims 1 to 11 wherein said isolating means is

programmable so that the sequence of isolating said cavities can be varied,



programabl e so that the sequence of isolating said caviiteediimaffde vari ed.
Date of Filing PF1 4 3 Novenber 2004 WD 01/84102 | PCTf A&tdraimr 2004 13 A
system ac#w)r(qj,sgﬂ,zto any one of claims 10 to 12 wherein said neans for
applying force includes a plurality of  actuators supportdd BAYSYYS# sai d
pad above each of said channels for applying force to sealingly deformsaid
channel s against the structure. 5 14 A system according to any one of
claine 1 to 9 wherein said first commnjgation nmeans includes a duct formed
on a second surface of said pad opposite said first surface and respective

hol es formegzin ga%t@@cgoggrgiﬁig%n& O{jﬁg fr CORIMNLCAL | PRyn8h GED n?seg]'Pg f%?! r st

channel s and said ct, and said | ation means 1| ncl udes means

appl yi ng a &pplyidgifent dndledesfagplomiigt of eepens bupgottod 8hiodns shid pRASIHLYE bagai d
duct, to flujdly .isolate selected ones of said first channels fromsaid
vacuum sour E’!é.sa@Sdﬂn%ﬁ)%tf@’inﬂﬁE]é'Bﬁgdf%@f f® sedliight daiophesadd rechaswdilsl ageiasts teor
applying a ;M i solation force includes a pair of mnuscule pinch rollers
di sposed on oppoSite sides of 15 said duct for sealing a length of said duct
from saigd vacuum source to progressively isolate said first channels in
comuni cator with said I ength fromsaid vacuum source. 16 A system according
to claim4 Jher efnsysiend meconding ot appl yangifachims di  icsdl awhaeinf @pige firgc! udes
a noveabl e seal disposed in said duct for sealing a length of said 20 duct
from sai d vVEEHBHUS eaggn & Fu5F Frmost 9B asupendswiaiace pbeaid pad eppesite t o
progressi v ' [ S Al B npel s in. co ication wth said
| engt h of egsagc} {é}sgucta\é? 'ﬁ%ﬂcgg‘%géggg]lﬁ%%@%%ﬁ?%@ﬁﬁﬁ%ﬂé‘f%%&@%‘?ﬁ‘?ﬂ@@usI y
noni t ori ng bdtwedmiabd) firdt th@ine® Hrsit dice, ang bl BBLEGImesns IndRIdRY W dndk,, east
the steps of providing a sensor pad having a first structure engaging

surf acd%anc® pifnid isolation, forcetné réspraivesueatiane ipoimtivde daididubt, ao Fhiidlef  at

| east one fi st channels: sealingly en ing.,said first surface of the
sensor pad % I3t SF%%@PP‘EFC?%P@ lgﬁig‘il%’éffeig&g@ S%@H'&H‘F’r@ll &Wget her with the
structure forma corresponding set of first cavities; 30 coupling said first

cavities to a constant vacuum source; nonitoring for a change in vacuum
condi tion bt weeh syateth eendrdingsioacidins diddwheresit asil means for applying a fluid

isolation force includes a pair of minuscule pinch roliers disposed on opposite sides of
15  said duct for sealing a length of said duct from said vacuum source to progressively

isolate said first channels in comniunication with said length from said vacuum source.

16 A system according to claim !4 wherein said means for applying a fluid
isolation force includes a moveable seal ilisposed in said duct for sealing a length of said
20  duct from said vacuum source and means for moving said seal along said duct to
progressively fluidly isolate said first channels in communication with said length of

said duct from said vacuum source.

17 A method for continuously monitoring the integrity of a structure, said method
25  including at least the steps of:
praviding a sensor pad having a first structure engaging surface and opposite surface,
the first surface provided with a set of at least one first channels;
sealingly engaging said first surface of the sensor pad with the structure so that said
channels together with the structure form a corresponding set of first cavities;
30 coupling said first cavities to a constant vacuum source:
monitoring for.a change in vacuwm condition between said cavities and said constant

vacuum source; and



vacuum source; and Date of Filing PF14 : 3 Novenber 200730 .' 154102
PCT/ AUD3100S0A 21 Isol ating each of said first cavities fron onst ant,

vacuum soyinGhimssly;S A nethod according to claimi1l wherein [,I(J(]e ‘%ﬁ'ﬁilﬂf
i sol ati ng each 0_1g said first cavities includes venting sai’ “}l rst cavities

to the atnosphere or surrounding 5 environnent. 19. A nethod for
continuously nonitoring the integrity of a structure, said nethod including
at |least the steps of, providing a sensaqr, pad having a first structure
engagi ng surface and an opposite 3-0 surface, the first surface provided
with a set of, at |east, fi,rst channgls and a set of at | east one second
channel s, s%f)li‘%f‘g F%C?’ qﬁ%ﬁﬁﬁﬁ?@"“"@ﬁﬁ E?’é‘d’ SR AR HYR FUBES sed with said
second channels; sealingly engaging said first surface of the sensor pad to
the structure so that said channels together with the structure forma
correspondi i§ seA roéthéd aciordingicseaiond? wierdavictsi@sof ©oMpht Bechsal Shid Grst
cavities to a_constant vacuum source; coupling said second cavities to an

at mospher e €AViligsy inchiies nveniing asad f fisst eprvitiosr s ghe eatosphgseups comeindiog t o
sai d coqsstant .vacuum source; nonitoring for a change the vacuum condition
bet ween sai T Fe¥ cavities and 20 said vacuum source; and isol ati ng each
of said first cavities fromsaid constant vacuum source. 20 A nethod
according to claim9 wherein said step of isolating said cavities includes
i ndi vi dual | ¥9.andAgecibehfdr sbhtynvcrd )l anduiigriegile: iomerity & astrutingd, spidagehssi vel y
all of 25 sa{gﬁ, cavi]ti es are isolated fromsaid vacuum source. 21 A nethod
accor di ng t¥ckdingat legst the stows ¢fyr ¢ her i ncl uding forning said pad of a

transparent or t C Rl & et cording to claim?2l
further includir l‘atg@%*és"te %E'S%f%g |h2a‘g+’ﬁé‘3‘§%%rﬁ’6@§‘p§‘%é&g§‘g§§€%%ﬁ(gﬂl f’%"sﬁ“r‘ qui d
in fluixd cogmape,ehd fikNsudfabdp@aiddd $AGQNSE 6NANAL! Srst ShanhOl¢ A8 Fset Y SUBRst
indication of the location of a flaw.
one second channels, said first channels isolated from and interspersed with said second
channels;
sealingly engaging said first surfzce of the seasor pad to the structure so that said
channels together with the structure furm & comesponding set of first and second
15  cavities;
coupling said first cavities to a constant vacuum source;
coupling said second cavities i an atmosphere or environment at a different
pressure or vacuum condition to said constant vacuumn source; _
monitoring for a change the vacuum condition between said first cavities and

20  said vacuum source; and

isolating each of said firsi cavitics from said constant vacuum source.

20 A method according to claim ;9 wherein said step of isolating said cavities
includes individually and sequentially isolating said cavitics so that progressively all of

25  said cavities are isolated from said vacuum source.

21 A method according to ciaims 14 or 20 furﬂlervincluding forming said pad of a

transparent or translucent material.

30 22, A method according to elaim 21 further including the step of placing a supply of
a dye indicating liquid in fluid commuisication with said second channels to provide a

visual indication of the location of a flaw,



