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MEASUREMENT OF FLAWS IN A COVPONENT OR 5 STRUCTURE Fi el d of the Invention
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The prese\pbo%,@yﬁgtl on relates to a systemand nmethod for .gs@aidl/dobia
cont i nuous nonitoring of the structural integrity of a conponent or

structure and in particular for nonitoring the integrity of a structure or
conponent to provide an early indication and |ocation of an inpending flaw

iECEaiig?omem |;ml|t|||mﬁ\mlﬁbeﬁ?f’otn°A”‘32l ymporeant unet i on: GUAHGAIMIE "

S tor forTitlocate and assess the cobdddet 1 al
| ocati on of surféﬁ?e faults or cracks that develop in structures or
conponents under static or dynam c |oads and subsequently determ ne the

likely 2 0 propagati ongpSTRVMAAND METHQ)EFM'I‘HE DREECAYON or crack.

Exanpl es where the nmonitoring of surface faults and cracks mag be critical

NENEOR he

hul | ship and the boiler of a r plant. Oten, the

noni torlﬁg is by visual inspection mﬁ&@ﬁgr it wll be appreciated
that when faults or cracks initially develop they are often extrenely small
2 5 and inperceptible to the eye. Alternately, the faults or cracks may
arise in st Field ofithe Inientiemponent s that are physically difficult are indeed

i npossi ble to access. A systemto neasure mcroscopic crack growh rate
must have high sensitivity. International Application No PCT/ AU94/00325 (WD
94/ 27130) i Thé HResemiminvehtidnrblates © Basys@hsS ch@SBethad "B ivks®ih Nthe 2ENTOASWSS

that can be used to detect faults or cracks in the surface of a structure.
The nordi@ or mepitetingehithe stryewir iintegritynefl aieempenest pe steyeturaang ie pagicular foracuum

source connec e ' ' i.ope uji d_f.l ow.devi ce
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m nuscul e flouiGeetenithpending fla® such B84 fault dr h@a@lﬂﬁﬁd’o‘l@@n@ﬁto@ il grogit roﬁtheA
differential pressure transducer is connected across the high inpedance to
fluid fl ow Betioterack . moni tor the vacuum state of the ninuscule 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 t hg f oBasksreumdufdhnoedipat i on of a crack, the change is detected by
the transducer. Wih thi's nethod, cracks of a |length down to 250 m cron
have been detected using a constant vacuum source of onl y 20kPa bel ow
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provi de somne, sepsitivyit o the nethod. i s, becone us
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94/ 27130) ha@rtdmiedtd!ﬂ&mﬂﬁgd'amlmm ¢rh@ksfmmatly eteselng ﬂwvareyoﬂxes extrcmelyl smajle

extent, isolajed fro the vacuu 1(;4 %ﬁ&‘ﬂ?n erefore be, of nuscul e
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I nvention I B&hbtﬂﬁntsttﬂatﬁf@f!ﬁﬁﬁ:aﬂy 8%&&%%%6%95151@&0 §&REd, nuous noni toring
of a structure or conponent” to provide an early indication and | ocation of

«an inmpending fault or crack; and, to nonitor the growm h of the fault or

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

International Application No PCT/AU94/00325 (WO 94/27130) in the name of Tulip
30 Bay discloses a monitoring apparatus that can be used to detect faults or cracks in the
surface of a structure. The monitoring apparatus described includes a substantially

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



-30 Far ease of description fromhereinafter, including the clainms, the term
"structure" is used as a reference to a structure or conponent. WO
01/84102 WO%I/SFIGI/ AU01/ 00504 According to the present invegyd Qfuldisds€ 1S
provi ded a systemfor use in the continuous nonitoring of the structural
integrity of a structure, said systemincluding at |east: an el astoneric
sensor pad having a first structure engaging surface and an 5 opposite
surface, said first structure engagi ng-s@rface provided with a set of at

| east one first channels which, when said first structure engagi ng surface

i s seal i ngl thabhghmeds vérnectsdivdthsoneuart more, minusenle flowrseasipg navxags farmedfon-t

| east one first cavities; first,fluid, comunjcat,on.nme f oYL Gk
fluid comm‘ili‘PéH’EfP‘EﬁPfItfe%%%e'séi Qrgntia) pregyure fransdugerds ?C{%ﬂg?t%é%{ﬁ%e%g %aéglg a
constant v QU BluidRew @viceOlodtnbfffor @R Wacherh stfte!oft the dninasdulefflanai d

first cavities fromfluid communication with said constant vacuum source.
* Pref erabl y semsiigopsity or taviti¢saelative taithe sonstent vagwim seire. oAceajdingly, df there

variation inh the vacuum condi t,i.on .bet ween. t he .gonst d
Saidtide Eetangs i Ve gt RRdR S ites Jhici e Al R e BRG]
i ncl udes: agl%gﬁ%eﬁfonaéf 4 @Ak, SRThAREORUARATTEY thd Rinsdacepn Withcthisi msthod,
structure ehgag gtg surface which, when said first surface is seallqr;crgulaﬁn

i
engaged wi t tracks of atlength down 13250 micsen have beeni drieciad using 3¢ congiant v

second cavities; ' ond. channel s. | r At R Sal i

channel s; a?ﬂ}’fceaoé‘é‘ﬂg ?@kﬁ? §$‘C8WCB§WER3PE‘§E ?fgfneﬂéi aﬁg&é gratl%rrlggﬁcg‘?é{g n;n]hg?cglle
conmmuni cat i Rrelgd w&%aa&@'gﬂwawaﬁobec atbéted SEbediafentt b tHehpresemrdesive amhment
at a pressure different To said constant vacuum source. .2 Pf’rqefera.bl sai d

5
first adnmumetiodaoasuitedfor useovithuthe monitaringapnesatnedespribad;indhe afarementionsd ot
surface, satqq t hi.r d chlﬂnngl being in fluid comunication with each of said
first chann %rnﬁ“?f’a\]/\ﬁ 18P constant vacuum source. In an alternate
enbodi ment said first fluid comruni cation nmeans includes a plurality of 3 0

conduits, one of each providing fluid comunication betaeen,regtﬁqctkivtﬁ
first chann@esleind(WhHd,1d5: 46 hend (EHAA9.20R)caims eagycrgek datpetion byt lacks the

PCT/ AU01/ 00504..Pr.ef er . Sa ' ‘%Eé]ﬁ? W ourth
channel pr o%"a%’“w“f‘ EA&%&?@O gur g‘get?é)épagpégeﬁour ‘h Cﬁgﬁ&b@ﬁdggﬂgﬁ?ﬁnﬁ uid
communifat i gie whole RRABMOSyskeni dolarrofosins 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 vacuum 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 continuous
monitoring of a structure or component to provide an early indication and location of an
impending fault or crack; and, to monitor the g_rowth of the fault or crack..

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

used as a reference to a structure or component,



-channel s and said atnosphere or environnent. 5 Preferably a said sensor pad
is transparent or at |east translucent. Preferably the systemfurther

incl udes RodtRPoy Oof a dye indicating liquid in fluid compgy cadiigeshav th
sai d secon8 channels to provide a visual indication of the |ocation of a
flaw. to In an alternate enbodi nent said second fluid comuni cation neans
conprises an opening in each of said first channels that provides fluid
conmuni cation through the pad to said &t rBosphere environment. 15 Preferably
said isolation neans includes neans for applying force to said pad at
respective | ocations above each or selected ones of said first and/or
second channels,.to seal said first and/or second channel s .agai nst,-the
structure aArgcendingdoythe prssentdnvention therejs ﬁﬁ‘d‘ﬁ%‘fa%%?m O URF; 1p TR COntinnps;; ¢
vacuum sour gimitérifl BF ik %&aa{xaall gty SP4 Sfriditke RRANSstetn ﬁ’a@ﬁ:ﬁin%% Idst:

i ndi vi dual Iy and/ o% sequentially 1solate sald cavities so that

" progressivel y al hncflastathetic aerisor @ad dravings | firste striiotuns engaging ssinface sndrae.

ool at b s apepsite 35uchs i B8 sl EnBhiRE ithcs R Suflbich e TR TSt
for appl yi ngydt Qhafndld Whithe Swidn Maldl fikst sutire?Erigdding! surfabd ROSdafiflgl9 eriagdd

sai d pad above each of said channels for applél ng force to sealingl’y deform
sai d channewithgaidstuctuneg fotm a comespondiog Fetef ot laadt pne first candtiesat ors are
electrically, magnetjicall hydraul i cal | neymat L cal | or, chanical ly
oporated. o 0braAE8 cotiminitaBh mesmscih PRURE: LR, cobis ipifon berwech
communi cat Qﬂd??ﬁff%t 1636t ond §Rst@haiels dnidla Corlstant vc@h bt Uadgce of said pad
opposite sal Irst surface and respective holes fornmed in said pad

provi diby fluid tolationineeans for isndatingesack of shid firs cavitiesfmem $luichepremumicatian |

and said i sol.@ti %rreans 5 includes neans for applying a fluid isolation
force at regvb SRIA AONSEREYACHME SPWCE <t 1 uct sai d duct, to fluidly isolate

sel ected ones of said first channels fromsaid vacuum source. Preferably

said isolating neans is adapted to individually and or sequentially isolate
sai d cavit i Beefereblyheaid sysemefithoringludes ragans £pri monitpring forap varisiomie dhe r om

That the. SeotumBLeRton fef e iRl vidibulioult? o 33 D BRSO S0

enbodi npfit, said means for applying force includes a plurality of actuators
supported on or in said pad above each of said I engths for applying farce
to sai d padInenseabodigeyt, said sensospadfuriberivelydesdli ng channel agai nst the

t t . Pref i jcal i cal .
ydraul | oal Ly, pRauhel iE et 6he BIOh el Rithllt B cold STRARGLARE chdnaing
enmbodi ment, sgficd wikighSwhell said fikst isifface is!sealéhglys engdiged vithosatdbstiueedredfetman pai r

of m nuscule pinch rollers disposed on opposite sides of said duct for
sealing a | eprgesponding setpf gt lopstiong second gaviliesium sour ce to progressivel y

i sol at aid firgf; [ oKL 3 j ' ' sSaigd length fromsaid
vacuumezs(zur ce. | E&g%g?c{l}g?h%%dﬁﬁgsﬁ?%gﬁ?{ﬁ?r&e%%QCk%a%pp (gi ng a fluid

i sol ation force ians¢coetédsflaidnovmalshivation! mearsp fore gravidiagi fiuid ucdminonicatad i ng

a length of said duct fromsajd vacuum ) )
between said second cavities and an atmosphere or environment at a pressure different

=0

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 communication with 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 fluid communication between respective first channels

and the constant vacuum source.



~source and neans for noving said seal along said duct to progressively
fluidly isolate 3 o said first channels in comrunication with said | ength
of said I sai d vacuum source. WO 011 84102 PCT/ A 6 In
a still ?ﬁﬁoﬁ;es?ﬂg]nbodi ment, said channels extend in a radiL]gfy/ H@?tﬂiuon.
According to the present invention there is also provided a nmethod for
continuously nonitoring the integrity of a structure, said nethod including
at |east the steps of 5 providing a sersdr -pad having a first structure
engagi ng surface and opposite surface, the first surface provided with a
set of at | Prférablysaid sesdond tommehisaticeabansgholudesgefpurtly channdl providedsinrtheice
of the sensqr pad with the structyre so that said channgls together with
“the struct ufiEste ?ﬁeas%éa‘?‘gg‘p@ﬁ%i“?ig’e%tm&m eorpugaiqn Witk °E°3\f§fﬁa}ﬁ’gse§av
first cavi ticﬁ'ﬁn&ﬁaﬁd%ﬁﬂ%hﬁ%p YRGr efVisdtitene; - 10 nonitoring for a change in
vacuum condi tion between sanl:? cavities and said constant vacuum source; and
"isolating each of said first cavities fromsaid constant vacuum source. In

one enbodi ngnt, the st of igalating each of id first cavities includes
venting %argrefgaély,asqauf%wqrip@ ?%@?@fﬂ&?ﬂb@ﬁ%@%‘l@% roundi ng
environment. According to the present invention there is also provided a
nmet hod for continuously nonitoring the integrity of a structure, said

met hod i ncl Brkfergblyt theesystent fether dépdudses psupplyliofip dye éndicatingditpuid v im fludd
first structure en i ng,surface and an posi.te 2. o,Sutface, e, first
surface pr oW‘Bﬁ’éang{a‘ﬁ“ Spid,pecopd ¢ %{E’FISREBE Vi %Xﬁ'éarlénéfﬁ 1op (glépe chaé n

| east one s £84 channel s, said first channels isolated from and

interspersed with said second channels; sealingly engaging said first
surfacel®f the sensor pad to the.structure so that said channel s together

with the structure form orrespondi ng,sgt.,of first and second 2.5
cavities; cdlff ﬂ?rgeg? &m%gﬁgpen?ai%f isg@%gﬁgdcm;maty&wﬁvss 85?‘88?63 an
coupl i ng sajge3RE R Eheh BY bdid fifst CRarkRlshATREANIGITIRE cofliuhRAiBIHhréightthe pad
different pressure or vacuumcondition to said constant vacuum source;

nmoni t ori ng fopsaidhatodosphere emdronmentim condi ti on between said first cavities
and 3 0 said vacuum source; and isolating each of said first cavities from
sai d constant vacuum source. WO 01/84102 PCT/ AU01/00504 Preferably said
step ofyd soppdferaBlyS sdidl iaelution @feandGhelddsy megns Estuapplyingnforeecsisaid phd Yat
isolating said cavities so that progressively all of said cavities are

i sol at ed f r tespective locationsrbaygreaeh onsefgctsdanes of sajd ifigstapdfes geqondcharngln do udes

formng sai gea? ""sgidq{rsf’j1 and/S SRS Hanf1s taﬁﬁﬂ&' tHe g@&ct&%ta%ﬁifﬁlidly isolate said first

and/or second cavities from said vacuum source.

20  Preferably said isolating means is adapted to individually and/or sequentially isolate

said cavities so that progressively all of said cavities are isolated from said vacuum

source.

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 each of said channels for applying force to sealingly
deform said channel against the structure. |

30
Preferably said actuators are electrically, magnetically, hydraulically, pneumatically, or

mechanically operated.



-Preferably said nethod further includes the step of placing a supply of a
dye indicating liquid in fluid comunication with said second channels to
provi de i lsai ndication 10 of the location of a flaw. i ription
of the Dra‘gvévi()?i}g?ozEnbodi ments of the present invention wll lﬁ;{;['\{v‘g{l)oeﬁgggcri bed
by way of exanple only 15 with reference to the acconpanying draw ngs in
which: Figure 1 is a plan view of a first structure engagi ng surface of a
sensor pad incorporated in the a first -efbedi rent of a system and net hod
for the detection of a developing flawin the structure; 2 0 Figure 2 shows
a portion of a section though the sensor pad depicted in Figure 1 Figure 3

20217 on" hoblbb sl oSSR oSRL G Gt ot e o g g °
channel i Sobpéﬁ@ﬁamﬁ%ité;éaﬂ;&g%lt ?ulz‘iﬁg‘ﬁdd%eﬁﬁbmdlés forh8d Bf sald'gadSosidingoad

depicted in Figure I wt ye indicating the location of aTlaw,
“ Figure 6 i sfleidmommwiientionfbetwden said first chatuels andspad) dwes, andrseidtisolefiommeanss or

O ot o ol ribate For BpRlsGRE R oHud rclibiont et Atenieshioh AGrRptie pURtet, or ¢
6 conf i gur eghid Qlictd@tRiidy idlete SAARE] S MrRaidFirs: chRfhdl b dhiat/aBuiR §oinké.ed

insert; 3 0 Figure 8 is"a schematic view of the sensor pad shown in Figure
6 connected to an actuating nmeans for sequential isolation of connections

fromthe vaguum.onitori syst em, W\ [ 8410 CI/ AU01/ 00504, Fi gure 9
[ a sect | Rrerg et isalang RaceR s, st o TashdpthCdad oY AeeRei il s
7 showi ng i gfi@@hvitied 56 it ipagreRdfety aNGT datd Bavifedhrel igdlated fdm agidUfdcdam t O
seal ingly deform correspondi ng channel s agai nst a structure, for

det er ml@i ngsadwegek growth rate; Figure 10 is a plan view of a first
structure engaging surface of a sensor pad, 5 configured to suit an
integral isolating neans for determning crack growmh rate; Figure 11 is an
obl i que vi epteférabli %aﬁleiw@ﬁxllzg)ﬁiéa@i@\??ogranﬂmﬁ So fHat tHecdetaéned op doldingfsakh
integral isolating neans; Figures 12a and 12b show wi dthwi se cut section
views of a eaitiessande varied. sensor pad of Figure 11 depicting progressive
function of the isolating neans of Figure 10 | I; Figure 13 is a view of a
portion of the sensor pad of Figures 11 & 12 above showi ng a Lengthw se cut
sect i ong hr ughe efitdolliment] sakd hitahs fomnapplgingf fokdegincludes alplarafityl 8D actub@ws es
14 & 1 S show nechani cal drive confi glgrft i,(gi‘us for the isolating neans 15 ~
shown in Fi Stppeged op on in sgidpadphpye sadtsof said lengths far anplying force faysaid padto

based on (e URER TRt LA Rl R A AUV D S i ew ot e

first structure engaging surface of a sensor pad

Preferably said actuators are electrically, 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 length 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 seal along said duct to progressively fluidly isolate
30 said first channels in communication with said length of said duct from said vacuum

source.



-for placenment over a rivet fastener head to determne the strain field
around the fastener. 2 o Figure 19 shows a sectional view of the sensor pad
of figurgwbqnggﬂbied over a rivet fastener head . Figure Z-5K60¥003¢%
oblique view of the sensor pad of Figs. 18 & 19 Detail ed Description of
Preferred Enbodi nents 25 As depicted in Figures 1 - 4, a system 10 (Figure
3) for use in continuously nonitoring the integrity of a structure 14 to
detect the appearance of a flaw includes6a-sensor pad 16 having a first
structure engaging surface 18 and a second opposite surface 20. The first
surface 18 Irsa plilbfurtherlembodiment; said charinelssixtenti dm a gacdial 2prectian. a set of second
channels 24. 3 0 The channels 22, 24 are represented as lines in the main
“portion of Figure 1 because their w dths and separation can be of the order
of 250 micrag ox‘&.r%afot theseleht iveh@dh therd BCAlNs Pbvagedde ndithod for bohtifuglyl t 0
clarify this ?ea. re. WO 01/84102 _ g PCT/ AU01/ 00504 The first channels
22 are i sol soattofingthedntdgiitytaf & gtoroture, sald methpd includingrtdepshihestepeal: As shown

in Figures 2 and 4, .ywhen the surface 18_.of a i S ! aged
to surfate 12 of pgqvll#gg & 050 R havine g i ‘ghﬁéf“% %ﬁg%glﬁlg s@%ﬂ%%‘%ﬁ?s 24
together wi kliifidRethe fivstishifBe pravided Wath\a'set dfht Bt Orediriebhinets; set s of the

first and second cavities 26 and 28. A5 first fluid comunication neans in

the formof a thsealinglyaengegingGaid: finsbsusface of thezsensaspgd withothe sirectyre gor bk,
Fi 3 i Ui i cati £irst 5,22/ f rst
Gt t 1 ea 2608 hselssocihd WU s SRLGAR %) UEFHedpiahy sHlor PR URRYES T2 | (0

100, of the type ok darfirsticavites 3 & corvhimt vasuath doateef nat i onal Application
No PCT/ AU94/ 00325 ( 94/ 271 30) the contents of which is incorporated,
herein 1y way s namitoring doracahangeabc vaauupyPondition befwieer said cavitiey iapd sgide
can be terned as,"vacuund channel s/cavities.) A second fluid conmrunication
nmeans in th8°‘%8§}“r‘n ‘f“ugi?odﬁ?et’hanghannel 34, through hole 35 and conduit 36
provides fluid ceylatingGath efNsaibimeedvitidadrone s4id donsten Radunnsbhigecond cavi ti es
28 and an atnosphere environnment of a different pressure or vacuum
condition to the constant vacuum source. (Thus the channels 15 24/cavities

28 be t d " at ico. | Gavistd . i on- .
Che for i of 1O s BediRlshE TROGE 6isSIaRRDEack dFRMiy frioabiticl BoMideO DedtiGid 1
10 for 1sdi Yiegeavitivs foé atnddghdrd er Surfiindingaaviedramélt/ fi rst cavities 26 from

t he vacuum source. In this enbodinent the entirety of the pad 16 is nmade of
an elastoneric 2 0 material. The probe 3 8 in this enbodi nent pushes on the

surface 20 qf i : . ! : ion
31 over an s fo IR AER BchuGE el S0 BREHAATS Bheifidd AEAAnUAGH,
channel 22/ empitoying the iategsit) off & strdotme) satdwmethiod dndlwding atiledst thestephafinel 30
and conduit 32 .and . thus isol atggl f,romft he vacuum sourc%{;,%Ol. exp(%l @i ned
in 2 5 greater dereyidings sspsoripae hayigga fystetugiirg engaging upface and ALy ORROFEY
above / o, n igtd Gedak
comon ¢ anﬁ%ﬁ?&%og}cgﬂ?tnggﬁg?édﬁ*gﬁdggi SO é;{eéﬁf;'@ lgﬁ{rggﬂ%?iugaglagtégﬁ?’ﬁegegg{/i&t i es
from t he vaote secondchannelss saidirstchannelsrisolated fidm andhinterspersed mithdsaidsegond

nmoni toring apparatus 100, (Figure 3) of the type described in the
af or ement i oRB¥MCH er nati onal Application No 3 0 PCT/ AU94/ 00325 (WO

94/ 27130) . The mgg&ﬁ,{tg# g@ﬁggﬁé | (315t shi¥dcd SXGthe! S@iSof HiA tY AL dtficfuld S fat Shid

coupled in series w urd flow I npedance 102 and a differenti al
pressure tr ghathelsetogtt@r twitht thies structude oot 4 B0 orrespondimrCsetaeD firsy gmdasecond
connected across the high inpedance 102 fluid flow means so as to nonitor
any chatge CAVHIEE vacuum condition between the vacuum source and the vacuum
in the channels .%%ﬁ@i’rvgéai&ﬁrs@@aviﬂiéstaa%ﬁé%&t%cd@%dur&i? (shown in Figure 2)
were to develop in e structure 14 and open onto the surface 12 and
_propagate so as toouplingrsaidfsecond @avitinsrtorancatmospheseon epvirownent gha different

channel s 2 2/p?gs\é\|1rtel 0% %agl?urr?ggn 1 mOllat%] sgl%egcgnsfarﬁ?\r){]c%{xm source,

monitoring for a change the vacuum condition between said first cavities and

QO

-

30 said vacuum source; and

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



~24/cavity 28 there wll be a change in the vacuum condition of the channel
22/ cavity 26 in question. This change is detected by the nonitoring

appar at usywQQshfper eby providing an indication as to the i nidmborfg@ss@mti on
of the crack or fault 40. 10 However, this nerely provides an indication
that the crack or fault 40 exists sonewhere within the area of the pad 16.
To nore specifically locate the position of the fault or crack 40 the
isolating neans, in the formof probe 3 § i~s applied to the surface 20
sequential ly at points above al ong common channel channel 30 to determ ne
t he ai ~ect e8refera gloreaea:dz atephefhisolating realdacavjties) inelndes éndivitluallyeand: sequentialby .

coal ingly i el i St eRE Rrogfa iy iF o bR Ravies B Hplte O L coy

seal the copaqmBPsHlireey cavity 26. If, upon applying this force, there is no
change in the reading of the rmnitori ng apparatus then the crack or fault
" 40 does not underlie or is not in fl uid communi cation with the parti cul ar

change 1% 1 ey bl RIS g Rbd AR Bl bl sl ppRBY R {ShensPAClr LRk °

upon the apgiatdifal,i on of the force by the probe 3 8 then a portion of the
crack or fault 40 is disposed beneath or contained within the now isol ated
portion of that particular channel channels 22/cavities 26 or 22/cavity 26.

2 5 The pro C F

i sol ate onl ?Feégrggl%ﬁ%gi 1?1%%\0 f%@?ﬁr lﬁ)(ganne %gb 8fsﬁgfngon%lg fyeof% %tlgélﬁéﬁrég

t he isol at i figuiddafhuid admhfinfcatioe tvithasakispoend ch?dm;lslts q»kcsuide £ sishaldhdication
channel s 22 so as to progressively seal each and every one of the channels
22. 3 0L9n ehthedopntien@fadlaMoed met hod, the probe 38 is applied to the
vacuum channel s 22/cavities 26. However it should be understood that
essentially the sane effect can be achi eved by applying the probe to the
"at nospher i Brie€ Dasviiption 4f te\Diaiviges28. Clearly, if WD 01/84102

PCT/ AU01/ 00504 the probe 38 Is applied to a portion of the pad 16 to seal
an at nospheric channel 24/cavity 28 at a |ocation betmeen a crack 40 and

the fourth 4 r i
comuni cat i ﬁ%ﬁﬁﬁeﬁ%o@ﬂ& Hm\)’g@t&l{' v hgﬁngeél gl} rec Vﬂéé? i éll%;q]n‘gy
moni torisg sythaefeieite ¢ the accumpmanyingadravwingg im whichhe vacuum 5 cond| tion

because there is now no | eakage to the atnosphere. By progressive isolation
with a probe 38, the location of a flaw 40 can be determ ned. Instead of,

or in addition tey dlléq ?f rABR_oiBa fifst HRICARAS ehEaghiit SurbfRe \OFSH Hrisir pad

i ndi cate the Iocat on o aw. This 1s 1llustrated 1n Figure 5 whi

shows a pl aincorponated im thie mﬂlrstannﬂminncnt of ensystenpand pethradfer theodetection of a
transparent or tranﬁl uge terial attached to a the surface 12. It is
shown schendeyeloning Haydp he probl em of scal e noted above) Upon
detectigp of a f'ﬁéﬁre@sﬁb’@?h ordibn O a@ectiofthSughtRe Serisér [ R i@t@dhﬂFﬁ use 4
cormum%atl on with channels 24 /cavities 28 via conduit 36 b hol es and

channel 34. The d&jgué3shows sn dbliqus wewﬂletsmocaaddcmeted_’lilﬁaweslubstant| ally
hal ts upon encounteri 1.5 th r 40 becau of the h

i npedance the cr &33'“’9,8%59‘@%%? ‘°Pc5ﬁl‘? "cﬁﬂf ﬂﬁﬁ?é&“%l’? 8‘%’6 ‘%}“g iguebe of
air. Thus prai féHsne ivdlssidl nieasd cation of the location of the crack 40.
Figures 6 8 illustrate how the enbodi ment of a system 10a _can be used for

tracking the 2 o leu‘péﬁpvvérﬂ sthematigu farny ofkhe senser pad depicted in Figusg dWith hat

a fault Ja has el known to exist. In this nethod, an
alter na??ve(i 4 d_‘?'§ nﬁhgaet [gtg oﬁgégqgﬁag?‘g’posed so that the crack 40 extends
fromthe edge 15&1?1%&&61@ # pthnl Giawaslla tftstSstivenir® ebgaging sadicewt avsédsot Ipad
surroundi ng atnosphere. The pad 16a is constructed with only the channels

-22a and wi t indonpnreted imthe systemand snatheyd copfigured;fordejermining gtagh erRyythdatsy 4 to
25 _respectl ve C%"%#gt’f‘is%%bh %ﬂ%tbg gﬂsgi" fstﬁwwrzig lgigér Aﬁ:ﬁn?@%fcan be

spacing of the c ogreSS| ng rom e crac

-configured tdetermidiggerack givwah rate and cludingvembgiified imsemeasuri ng cr ack grovvth
rate, due to the accelerating rate of ropagatl of f té‘gug cracki nﬂ
Figure 80is a pl %SVPMB\S"}!W“FM%’YOQ Pﬁ%‘tSQFBadea\?é@i‘ﬁgl ¢ p seunegiediifgn

sensor pad Jag i@%%&gstf&es Qrﬁ{b‘flﬁolgt rouaﬁhﬁc th@%@lﬁlﬁ? 10t ufi'ng

and their connec VI a to t I1tsS 32a
(Figure 7). system.




WD 01/84102 - 12 PCT/ AU01/ 00504 Figure 7 is an oblique view of the sensor
pad 16a shown in Figure 6 and shows the conduits 32a and a crack 40a. An
addi ti onalyoRAlskiggagni fication of the region of the crack 4Qsigeidasiuded
and shown as detail B. 5 Figure 8 is a schematic view of the sensor pad 16a
shown in Figures 6 and 7 connected to an actuating isolating neans 3 8a for
sequential controllable isolation of connections channels 22a fromthe
vacuum noni tori ng system 100. The isol atBng nmeans 38a is in the formof a
switch or nultiplexer and selectively controls fluid comuni cation 10

bet ween t he condBiguee Bixa feationa Miew ehapadsimilapto) the ove illustratpd incRiguess 6 &
nore particularly the vacuum.source 101 of,.the st.em 100. The, seguenti al

i sol ating oj(l Sﬁ%‘gﬁg ’3”3%5’%&?0%% Jeeans comnisiie a(?i%&t‘tydgéﬁ? OBt We??%ﬁggfy and

oper at es byderein®edrrakpbidig eﬁsarmells falyakinst aCstiiotné, Fart detdinfpsihpverick grvHirite; 32a

and the vacuum sourcé 101. Simlar fluid sw tching devices have been used
“in the past for Figure/1Qisa plaoriiesstof arfinst structure epgaging surface ofjansenserpadh s t o

pressure transducer,s whi ch wher.e .expensj ve. i n.the .n with the
pr esent %dev‘foé’glfjg“{eﬁéo Rada lak slr}g%{ﬁtirpgsrgg&gﬁ‘f &a]csl‘%" J?'E?é%lﬂclé?g%ﬁ?{? étCBZa shoul d
be as vol unetri CRiguie $1d hn%sli@@@fewcamﬂae sefisof §/dd Ghowh B Figge A00inbRidieg

inprove sensitivity of the system 10a. 2 0 Assune that the fault or crack
40a ext endsparts ofian ietegral isolstingmearsy pad 16a but has not yet propagated to

intersect the fi f.4.h n L i ' e} . i i ng
apparatus wl |l ng@'ffgt lei@t ﬁédﬁ;i)ﬁ)c E@n‘ge%ﬁgﬂl\%%u%% %Striéﬂt tU feyg &hﬁ?@h@?@g?ﬁ\g
that the fagnborffadofFigurbas depictingqpeEasstd fufictidheoflithé fblatihg dancofFigates
22a. In tinme, if and en the fault or crack 40 propagates to the first of

the chdfnel b1;22a, the nonitoring apparatus 2 51 00 will detect the change
in vacuum condi ton, f'% id W Giedy' 48 E&J?i%n'dfttﬁé ESﬁBPﬂa&H??&%LesZ 3L abve

i solated fromthe®Constant” vacuum Source by sone torm of- |1 sol ati ng neans,
t he i sol at oghowfsg allagithaisé kui stctiomtirongtatheo Autdeisvlatng eencof Figsponizng
conduit 32a and the vacuum source 101. Optionally, if desired, once

i sol at ed thkhannel 22a can be totally de-coupled fromthe vacuum

noni toring syste Ve pt : : + Thies. | k i ng
can occur autonatica Ilf%pﬁsﬁoﬁveﬁ%%@‘{a?gﬁbg?g%ﬁ%f%@&é?rmﬂ%g%j‘ﬁ%%@é#% in
the vacgum shongi iniRigureAl Ld2wgd;ent feed back | oop exists in that an

el ectrical sw tchjng ans |ncorporated i mpnitoring circyif 104 of
system 100 can FW@E@HW‘“ Yigw ip ﬂ%@@ﬂ%@t Hzetxqpﬁjgmg\;geaéls,
mniature reductj ' I j ' 9B aBs
i ncorporated in F%grfg{)ﬁt“%rﬁ%ygl %g%g%g%eida %&gﬁg@d&ﬁ%@ﬁﬁ%s 3§a until a
fall in differenFigate P8 steswsraeplanieietooft afirst stenckure engdging sirfasoofa sensoopasur s

d ks t i | ati Y i t Lti .. Al ti
B edbt er mi it PLESRERNOVREE P B B Bt BinaBE et el P ooty e
el oyegh Once. t Neiglid 90 sitfwd §GeckiBhAIVISH of theddASihad o uieES BgRdIovel at o

and/ or -coupl ed,” the nonitoring apparatus 100 returns to a steady state
r eadi ng .unt rivettthsterer head or fault 40a propagates so to intersect the next

vacuum channel 22a. In this way.the pro ation 1 th t crack can be
very accurately f@&l&?ﬂ%ﬂ@wﬁw&?ﬁhﬂg}evﬁw %ﬁ‘?s‘?rs‘@ag?ﬁﬁj' %gr@epr obe 38 as
shown in Figure 4 along the effected vacuum channel 22a upon the detection
of the crack intersecting the channel 22a, the |ocation of the intersection
poi nt of t hPetailad Pes@iptionief PrefervedEmhodimentsel 22a can be pinpointed thus

al | ow nqq:,haccurate depiction of the propagation path of the crack or fault
40. 15 fatigue tests to date, optical confirmation nmeasurenent has shown
the method pg d&@@%ﬁg ﬁét{r@{'ﬁl ¥, aspaemtlo @aek 3) Sake inesnkiaisustf monfioming

S.

| ength increnmen ye e )
. 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 set of first channels 22 and a set 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.



lower limts have not been determned. 2 0O Figure 9 depicts a further
enbodi ment of the systemin which the isolating means 38b is magnetically

oper at ed. he i solation means 3 8b conprises a plur f tuat ors
60 which vgrﬁgﬁ@l 0edded in pad 16b. The actuators 60 are |na%¢1flxydg(0r%§@

magneti c plungers. The isolation neans 38b al so i ncludes a dynam c nagnet
62 that is nmounted in a support (not shown) so as to be capabl e of novenent
al ong the portion above each 2 5 of the &actuators 60. The actuators 60 and
magnet 62 are of the same nmagnetic pole.. Accordingly, by sliding the

dynani ¢ naghiet fifs? chamelsa2 D aret isalated frome andh irdersidsed: with st sexpnd chdwels 24or ced

22a) cai Uy BESORTRIEHARAAT S AP FERSE 1§ AbIeMOi0) s EPIEE SRBSFAR 1 o

control thes&gh%?@ gegﬁ#é dre! 14 (RO fifkk cﬁe{aﬁeﬁmmgedm%ﬁan&?s m%hexownﬁ%@t e

t he channel vities 26 1n any desired sequence. 01/ 84102 -
* 14 PCT/ AUGsbtrfaos 02/strirgfureclst fbém respdctiversetstof terfirstandtsscanid cavities 2hand 28. A

"o ur APt yitst R ol e oo e o af 2t ShaaBelPU Bfppblpord 31 et "0
progr essi V%xoﬂdw $REeRd Mgk %22)?§vuﬁés%.ﬁd @aﬁa«éﬁm@ﬁ beffeeRate Figst Thanisi t e

edge 17c. e end of "each channhels 22c_ adjacent |ongitudinal edge 19c of

the pad is 28/fist dadtied 2handes mmmgammmgmeri&laf agnonjtoring appatatusdifs o1 ¢

t th fi whi t hi
ha o e (b sodB R o e, O BeeRRRin ol ARREHIRD L 4 5"
and extendi PGT&WO@% GWW/ZTMO] th@%ﬁteﬁtsfiﬂ' whiéh i%fmétfiﬁo@%a HeBsin bihea

comunal duct 30c is placed in comuni cation wth a system 100 of

the tyn® deof refarenden KAgoordirgly dm@mnnelpaaxpaﬁ@es R6i eancbertarmicd 08 ‘yacwER e en
t he channel nd,.a constant ,vacuum soutce 101. T C 0

enbodi ment %Bﬁf/g?‘f’rgeﬁj)ar ?°°P%éﬁl“¥8f’5'ﬁ%a ﬁge%égftgg fé’gﬁt olngé‘pyf

i sol ating t&lﬁnﬁéleymnﬁh%ugﬁlﬁoleeyschﬂ%a&massgr@mstﬂm c@ffunidation bbveeachieim 15
source. The isolating neans 38c includes a pair of pinch rollers SO

di sposed onseopmbshannelsi 2fsecond canitieni2d asden agvosnhere enviwoment ob pflifferest

lied to th | | 50 to t
B1 Pchi ng. ¢ HESTRIES o5 raoun, SRS G, HECHrstiot Rl 3uiee, 'Ol {5k ctitints
the dugly 3024/9@“&6&!2%&He&éﬂn@dd%s%@gﬁéﬁ&@hmlycawﬁﬁhat ed fromthe vacuum

source 101. Accordingly the channels 22c which are in communication wth
the length 2 o L 1 via respective holes 31 c are aI so isolated fromthe

vacuum sour ively
i sol ate al Iﬁ’S‘a&?ﬁé&%ﬁﬁﬁ%g{k Pofgaaﬁ r%lgﬁ%‘lﬁs& acl%f’lt]%g our C%ﬁ@%) q%&gnia%gdggﬁ%t S
one net hod gyitbns t10UESr LihdividuallyTissibting tlieoﬁwuechmmddwezﬁfmétl cavities026 tfont fthe 2 5
enbodi nent, each of the rollers 50 is attache flexé@e W re drivye
shaft 80 whvassumysougme; Jathispmbpdiment the sptirghio od 16,i5 ads efpn elastomperic,,
separ a@?g ﬁ-@e?iag not shown). Figure 15 depicts an aI ternate drive

arrang he rollers SO. In this enbodinent, a worm screw 90 neshes
wi t h r especTheprobe 38 ig éds emBadimentmehed orpttip amdave 28dfpad d6ds scaimgly(ﬂdfbm

2 e L oS i el o o B
PCT/ A0/ Ooﬁpﬂ‘xg{{ﬁﬂ&'rtﬁ garﬂﬁpﬁfk i@fs 19&5&8%‘&9&:&3 Rhatibf VithSAk dhhrkiel

nmeans 38d I's”’ I ment |so ating means 38d incl'udes a spherical
seal 93 and30maad<onduit 138 dmr thus fiscdated frons treevacomf smureep V0 hg Ashexplaingd 4B

| the duct 3¢ | | thLlftdtOdf th
o b Beatst detail Ualnat.dhs pbe 3R wak ki mioved grreposfiontd St hgt Bidrg R ©
comuni cat eg, &{hggf é&ﬁ}f&ﬂﬂﬁf cHafifel§! leca{aﬁés 98 of c‘éhﬂﬁox%hérﬁ@l 363b ifSviRangi te

the worm scre drive Is inparted to the wormscrew 90 from a not or
-(not shown) iselate ar groepisolate thercevities fremghawacugm sourceni | | be appreciated t hat

th | 93 effect th h I 22d.and 26d
uh ch commuAEG thf SIRAEEA s o pRBRFER LS 6 2RiniRRCe APagatd B0, G 31 00
-self taps iy \A@ﬁaeal aé&nbb& IS me offorthtioRd.  Internlériat t Applicatibn 9No S

depicted'as _a spherical seal in this enbodiment, other shapes are possible
such as3a C?GIMIU%&OBM (WQo94/B7130dt with a rounded forward end. it |s

d that the enbod t
Chose o rcunot ainteragPREREs 1 inalided e Vool Ronfce 01 Bhulad i Sétieseh 8,
as the borepph floR $16% iMPeddnse t10RI &l aydiffetential peoburel tr&hsama- 103 that 1s




~15 In each of the exanples driven by flexible wire shafting, a mniature
reduction drive electric notor, stepper notor/ programed n croprocessor
ar r angemggh.o1Rliosi M| ar act uat i ng means, controlled by the@ahdyoesdscui t of
the nonitoring system 100 formthe remai ning part of the isolating neans
38c and 38d 20 Figure 17 shows an exanple of a conplete system 10d using
the isolating neans 3 8d of figure 16 and an actuating nmeans 37d i ncl udi ng;
reduction drive electric nmotor 70 to d¢fiMe shaft 80 which is longitudinally
splined to allow free | ength-ways novenent. El ectrical power is supplied to
t he notor 7ébmected acrdsscthe higttimpedantedi02 fluid Bbwanedns ad astnmonitqrfanywhangc uum

t t 100, d d duj t
320, A cr ack B gapRR spRdiiaE HRbiE, (S YRR SO TR, do SRR

it progr essZﬂ@detlésni@r Q? fat &a@!@%'? f&aY i40Y(sE&fn iR Fx%ﬁ‘é Hnwerel focd&RldpPin the
pressure, to a 3 0 predeterm ned value, is sensed by nonitor 100 via

' condui t 32cbtnlcturceMp@néereanoﬁbeﬁmmwfaGw}?eﬂndm;‘ommmm caatfedfqrtma fluid
conductaors 99 to rﬁdactl E drive eI fg %/ { gﬁ o(& dr
shaft 80 pr¥ye s o ot channeiiglen ‘8& apgan ¢

ves t.he
fhshannel
01/84102 - mcavﬁwmymm ehampe ﬁm&e vaciunt 6xiditiiPbfothe @Bares22/t4vity 26

resulting in a fall in differential essure, below the Bredeterm ned
val ue, and mwﬁmdﬂby chmemdqt@nwd]&nﬂmmm@rmg@pmtyed P Ehetehyi prgviding

term nation_of ctric ) r this manner, accurate
crack gr ovxﬁ‘ﬁ“ﬁﬂ'rc %a%tgﬁh% inﬂté'ém\ﬁ?ﬁ?fﬁé%(’d&gmh}#@ or cycles to predict
propagation rates. 5 Figures 18 19 and 20 relate to a flaw produced by
plastic yield rather than an actual crack Figure 18 shows a plan view of a

first storucHowevesniginerglysprovides an Sudieption that thaxragkaer fapit ﬂ@@xwrsomea@érfﬁe nt
Pastener 1 PithBohE B G108 bl 160 Mo sf iy Bodhed i g RoB 4 tnd Bl or

conmon conn@ﬁ@u 40 the isolatipdtichns3 3 thé don tofirpeoleh 38 dh appliedto ther frface A has
i nterspersed atnpspheric channels 24e communi cated at thel r outer ends via

t hr ough hol ssquasially patapeiptspakave calerg d apmmoneehanne] ¢hagnele3d do detarming theew of

t he sensor f e aced
over a a1 m RRelpfisl 2HER stteniily SR ub 4RUBH chificl 127 The pligp il S
conponary 1the forde Qppli@lbethaGrebos isamfiiditntqo seatingly fidttenithe slemaels J0ast 206

pl aced on the surface 12e of the conmponent 14e.. The C|rcu$£erence of the

under | yi ng #gainst ghe strugture 34 do therehyoieal the pormespandingicanity R, Thaipen saplyings e
|'s connecte ﬁl;%st f&r&et‘ﬁlei’%ﬁlﬁw&l nl%'gﬁrré] llag(ilﬁé %&‘ﬁ@lﬁ&ﬁmmﬂg ?:Q'QB{YE' F1eﬁ‘ {REQIR0Gy Of

the circunfeérence’in sepafation of the Int erface

bet ween t hefanltwetdo%aaoamtlerrllimaﬂjmc&nﬂmnarotmmnncdnonrvat}hﬂieqaartmummhmnm l4e
2 5 (see also Figure 19, Thlézls as%€I esult of elast,c l.astic flowin
e

the materi af2/eAvitigseG orghanme] #2/cauity WSW’bE’ frthsreige H\ Quaqupm

22e/ 266 QAnce GARRAANRIChEd Hhé o )ho%ﬂ G forlaPr tﬁéaﬁrﬁame%rbmm
vacuum nmoni toring syst em | ve [ sol ati'ng ducts 36e the
separation pxbbe 88 themen portion foﬁd& aracktdrefatﬁlaéo mdls;g)seéhemﬂdmoenmneddwtthS

the systemgives th n of ield.. This

difficult t WO@éﬁe@FeA‘: IP%I&P'F Ogﬂ@ P “E*ﬁenff‘%%?@m‘ﬁa‘"ﬁéagy %@éﬁV‘g’ar ned
out. Now th enbodi nents of the deV| ce and nethod for nonitoring the

condi tion of a WO 01/84102 - 17 PCT/ AU01/ 00504 surface have been

described in detail it will be apparent to those skllled in the reI evant

Gepart 145y 1 1BrPraRE s i LREPTE ot gfoeisRdn PR BhodS St chligd sinels

22 20n, 2ohRNBLR Calil 24 aﬁ”‘@“@“‘*ﬂ%ﬁ“m‘%é“*%g?“ oﬁﬁ?ﬁé‘i‘%ﬁ?‘e‘*““ S
.depi ct ed astobmqngntcailyt iiselamearca@f th’s cbmplsbm B ap 4] plogressiyaly seah eacheand 16c,
16c, 16d, & 6ea. Ho o a%;ar channel s can al so be fornmed on the
opposite sufYeEEans pe W@g; so that the said pads can simultaneously
-nmonitor the condition of the surface of adjacent adjoining structures. In

this regard, the said pads
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



can be forned as part of a bond between the structures and nore
particularly can be 1 o nade from an el astoneri c adhesive or seal ant

mat eri al . wgiRdaENt s are described in which the channel s p@&agdRooseavities
26 are sealed by the application of a force either directly on the channel s
22& 22a /cavities 26, (eg. Figures 4 & 9) or on conduits 32c (see Figures 7
& 20) in fluid comunication with 15 said channels and cavities. However in
an alternate enbodi nent, the pad 16 & 41 Ha tan be provided with conduits of
the type depicted in Figures 7 & 8 which, instead of being acted upon
external |y Emp probe 3§ issappliedftora portioarefcthe padel &t sealcan afmospheric nga;mnlal

pach i th ARk il oo BlewBBEL k0P 30 s B BhehAfplietod (RRTRMILERE 00
const r uct edthiaf térabk @acis alsolinofiuill Remdhmicatibs wWithkar djdoentPvavinge’dl chidringl i t s

own internal valve that can be separately control|ed to open, and cl ose
" conmuni cat i 3#rasess @éh thasethehmaniboring, apparatus, wall tindicats ot changsoin thee vacuum

appl i catd on_Qf 4.1 C e oni chi i i | G ects
o deal g ST Betafine bl E G RERBRIER 8 e aflBPRIE. B0 BrolrBSyeRaBTE
nmodi fi cat i oRgthaiptobe38,ahé fovatidnagel flver 40\bdn bealebedininddhat woul d be obvious to
a person of ordinary skill in the art are deened to be within the scope of

the present invention the nature of which is to be determ ned by the above

descri pti onpand ol ai 4 < s TR

PCT) AUDL/ 00LBEM SEIRTI BHABOR L Sse of o i 36, Kdficoan bl dsed Yl indioato the
structural loghtien iof ya flawa Thisuist illustratexiird Fipusé Snwihivd) stesbwig a glan edest .of % an
el astoneri c sensor pad havj a first structure engagi ng surface and an ~

~' oppdd] t etransppreabsensay pp 16 made fipmca tipusparakef trpsiicentmateprlattached Wia h a
set of at |gash,@ae1d1 f5h S&W%ﬁbﬁaﬁ%!l&%ﬁ?mfbﬁﬁé obleit bf %T&Y&té’& fbove.
y ge sai d st

engagi ng surrace is seallngly enga ucture, torma
cor r espondi Upon edetedtiont of enflawpre stipplgt 4L eofl hi kguid fdyestS fis wodpled nimudiuidit i on

means for providipg, flui, o] nipcation hetween, ] ai. d t of at | east
one first cwmga%“a%g@%#&mrﬁ%sﬁa conduit, 36 Holes 3 pushohapask ¥4 or
isolating e | ' ; hd ERSnde! hQtals At | j d
const ant vasitiars sunbdty g 198 hd bfice ML dikaGRMII PAIEA A entbhale 388 |
means fig nthei ¢rack 40 Because dfthedrighaifluad impedahee theccrack @O@npliesenta tdo¢iendy t he

constant vacuum source and said first_caviti,es. 3., A systemaccording to
C A m T or SOMPAROANthe ArieT SBse b, THRUNEYiE Tiaeel Idicaiibh Bithe fochdon
one second Sf‘ﬂ\@%ﬁlfcﬁﬂ)?rmd on said first structure engaging 2 0 surface

whi ch, when sai Irst surface is sealingly engaged with said structure,
forma corresponding set of at |east one second cavities; said second

h l's i LW th id first.ch | s; fluid,
communi cat | BIEAEH < MHistpie pvethn aBhAifea ot aateB e B L fordiAebing dh
cavi ti 65 angrophgdoRDsPRhslt HawCo cfaeR MW Ab ekt &b 4 Aull! o 4480 had beed O

sai d constant “vacuum source. 4 A system according to any one of clainms | to
3 wherei n sdétdcted osis kaowm ke cxisti om thisemethodycinualtesnagive hpadi 16& inatcd lgsatian ded

i idfirgt f i d third | . bei,ng.in fduid i cat i, i th
cach of sai Bispoiadsd s R etack M ueb B 8 SBEL S b Fad TBRRED fflsas T s
syst em accoggthRfinicationwithiRe SirrothdingBtrhospRerd. RN 68 3d cbristriictbd Withi dhly

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 crack at edge 15a can be configured to increase. This
is for convenience in measuring crack growth 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 31a, to the conduits 32a (Figure 7).
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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 channels 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 vacuum monitoring system and vented to the atmosphere.

30 This isolation/venting can occur automatically upon the detection of a predetermined
variation in the vacuum condition. A convenient feed back loop exists in that an

electrical switching means incorporated in a monitoring circuit 104 of system 100 can
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Figure 9 depicts a further embodiment of the system in which the isolating means 38b is
magnetically operated. Here, the isolation means 38b comprises a plurality of actuators
60 which are embedded in pad 16b. The actuators 60 are in the form of magnetic
plungers. 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 magnet 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 programmable stepper motor (not shown) can be provided to
control the motion and position of the dynamic magnet 62 so as to isolate the channels

30 22a/cavities 26 in any desired sequence,



-visual indication of the location of a flaw.

AF e AF e. AFs. AY" ?. A 2. As. ALR A e. AYs?. AYLe. AY e. A" e. AYsR AY . AFs. A" ?. An".
H{ upkf a\ @}lca]%cgﬂéa] ca] ca] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca Té% %lé"]Oﬁ"A“a] caj ca
] ca] ca] ca] c*aU] ca] caU] ca] ca] cRaU] cal] ca
Nz oi kUwP) m({vql gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca] cfa]calcaicalca! ("Q'Ua g v
%}!!3"{vpkfa\Wca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
;%;g]/g/g]/&g] i:a]hcit] ca] cal cagﬁ] ca]l\lcra]_'ca] cal 3" " C#] #] |

0 ** +N++ ch cal.calcalcalc
- ca] ca] ca] cafieargsc iy C'ai‘izﬂeB‘éP} Campaneits &5]9(: cnyaodinent of ‘gg]sg]%?']%%]:a C@L?a]

E)E)t 0 E)O lLlnlfké@éél\%%lgi 3?:1 88131]’3%] avx ga hty fﬁ Stc Zf fﬂcya(]hc ajca

*]ca] ca] ca] cm]ecsp]aced aﬁrcb]'qab&mﬁm& om}reas]nga]kstahces] axhcer]gea]icaéf4ﬁﬁ6peﬁi4ﬁ56D66
6877728X889|\/999 i

. <9<<<(3>>>0BPosife ga8aA for afheydofjeach channsls 224 pdiapent longitudingl edeg 19506 % 4] ca
| ca] cal cal Cg]gﬁﬂ Fiav iRl St Pdspadtiva thfb Wb Hotedl 18] CPhrsagH REEEAEE Shinhidnidate™SH _H

f HUHHI ml JJK
LNNOPP| wr mheAti\firstomhamiriedtioalmeins afhict, deihin¢mbidimprtaisiauaform df aajuct3ém] ca]

L e Al e e
P Xaa]baﬁ] %?1’% %geef g‘iecglﬁaﬂrﬁL xsn ??Mf@ fsaa] ca 3’13][ @gi{:a] La

] ca](ci] xlrla] caz}mm]m&]mm] wa]uaas}'staxhclé)pcrﬂ]th@]yqna]iep]:tcd]im Higued 359 astoqupdide fajda] ca
i "ky m

| noopxpp SRfrEaicatien batweemths shannsly niand evepant varn oWt tay cal cay ca]

;:(;1][ c?] ral;:g] ca] Eg] Ica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! 6y
Z ~~~bdp

G\| ] { vgkf " [ YheajuctBDc a]1dshld] embodiineat mks]ocﬁc]tma]mq oﬁ]tha]isnﬂtmg] mejrsaPajfon] ca)

223] pﬁ? L{: \%U% g%\‘]t@igagﬁ% lé%}i'e%é @;ﬁ %lg}xgea}» gg}:g gpcslnga qles 24c) from the vacuum

]#47?“61 cpd)| cgdied, CRlCiRd IS AbaR TR lifdhddl i Cotlpiichaaliéa o Al spadedaincopipesite WTK
w3| wr ngb] X] Fﬂdeaa@f:ﬂi]? dads] ¥g] @mrda}f@taql terfaaisapplied toethe xllcey St ocedusaithent ca] c

P eaLoe) )Gl i SthopL SRR Sl s PSRN Kt kg2

a] ca] ca] ca] ey I &P theldulct B0 BEHING Hid oikaaiCRetRbtwlE RbRitddcRdn ahe thdubal ca] C
a] ca] ca] ca] ca ca caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calJcal ca$] i fH-109%& (
)- T 109& ( ) s@gg_e) &c@rdmg phannels 22c which are in’communication withthe length

:';1(%00/;{ '§ véé) /%%%Alﬁi é&"é@ (‘i§12: fje Q]%}Sf’%ég fromm the Vachillt sohree Tod O Y uhid way,

aB*- 10%& , ﬁﬂeo%&laﬁh&ﬁheaﬁ%%—é’an( és§1‘v& %&olaje- alt F%Be (channels 226 Fidnd )the
$ 1100 ()- f109&' () - S10%&' OFF 10FF 10FF! t 8#10%F& ()- G | 4

(10%iu& () - Ya®nw gource.' | %

Figure 14 depicts one method and structure of imparting torque to the rollers 50. In this
25  embodiment, each of the rollers 50 is attached 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 90 being coupled to a flexible drive shaft 80 which in

turn is driven by a motor (not shown).
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communicates with an end of the duct 30d on a side of the seal 93 opposite the worm
screw 90. The drive is imparted to the worm screw 90 from a motor (not shown) via a
flexible wire drive shaft 80. It will be appreciated that the seal 93 effectively seals the
channels 22d and associated cavities 26d which communicate with length L1 from the
vacuum source. The worm screw 90 self taps its way along the inside of duct 30d.
10  While the seal 93 is depicted as a spherical seal in this embodiment, other shapes are
possible such as a cylindrical slug or billet with a rounded forward end. It is envisaged
that the embodiment 38d with the worm screw 90 and seal 93 in those circumstances
may be a best option from an engineering point of view as the bore of the duct 30d is

typically only a nominal 0.5mm.

15
In each of the examples driven by flexible wire shaftihg, a miniature reduction drive
electric motor, stepper motor/ programmed 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 complete systexh 10d using the isolating means 38d of
figure 16 and an actuating means 37d including; reduction drive electric motor 70 to
drivé 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 electrical source of the vacuum monitoring system 100, in response to adverse vacuum

sensed via conduit 32d.

A crack 40d in substrate 14d is shown advancing under the pad 16d.  As it
progressively intercepts each cavity 26d, 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 93 through the communal
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Figure 18 shows a plan view of a first structure engaging surface 18e of a sensor pad
10 16e for placement over a rivet fastener head to determine the strain field around the
fastener. It has a radial configuration of vacuum channels 22b with a common
connection to a conduit 32e via a through hole 3le. Further, it has interspersed
atmospheric channels 24e communicated at their outer ends via through holes 35e to
atmospheric conduits 36e.
15
Figure 19 shows a view of the sensor pad 16e of figure 18 sectioned through the line A-
“A” and placed over a similar section through a rivet fastener head 92e and fastened

component 14e.

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

25  (see also Figure 19, This is as a result of elastic or plastic flow in the material of the
fastening. Leakage flow between the vacuum cavity 22e/26e and atmospheric cavity
24e/28¢ is detected and measured by the vacuum monitoring systerh 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 device and method for monitoring the condition of a
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the basic inventive concepts.. The pad can be made of any shape to accommodate or
suit the application at hand. Also, the channels 22, 22a, 22b, 22¢, 22d, & 22e , 24, 24e,

5 30, 30c, 30d and 34 are depicted as being on the surface 18 only of the pad 16, 16a, 16b,
16¢, 16¢, 16c, 16d, &16ea. However similar channels can also be formed on the
opposite surface 20 of the pad so that the said pads can simultaneously monitor the
condition of the surface of adjacent adjoining structures. In this regard, the said pads
can be formed as part of a bond between the structures and more particularly can be

10 made from an elastomeric adhesive or sealant material.

Embodiments are described in which the channels 22& 22a /cavities 26 are sealed by
the application of a force either directly on the channels 22& 22a /cavities 26, (eg.
Figures 4 & 9) or on conduits 32¢ (see Figures 7 & 20) in fluid communication with
15 said 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 communication 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 electronic 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 to a
person of ordinary skill in the art are deemed to be within the scope of the present
invention the nature of which is to be determined by the above description and appended

claims..



- CCDDF\ FFaBmN/ ! 1094.! 109%&' () -/ 9$10%& ()-4y)! 10%& ()-' 10%& ()-"!10%& ()-F! y$10
%&' () - FGGPHQHRHSH Hf HUV7, : 109%&' () - 109& ()- 10** 10**

10%* 1 F@B&S$10% & () - F1! 109 () - f HUHHI M JJaBudFesbedi@od ) - Y
(10% ] & 8@’%{%@2()- 1100 ()f)s! 100 ()-()F" L10%& ()- Ika CrRbiffifiad )

LLNNA<uV7! ~&$109& ()-! ~Y$10988& ()-' 'yY$10% & ()-'!109& ()-f#109%& () -
, 109 () - NOPPPWQQQaB77 10, @! 109 ()- 9! 10%& () - 8#10%& ()- 410%& () -
Lt/ #109%& ()-ZS)! 10%& () - FQQQRQQ RVRRIN. s{g0%&’ ()-1 s!10%& ()-s! 10%& ()-
Y1098 () -, :10%& ()-" 10%&' ()- 10 10RrSS TATTUaBnN s! 10%

SI 1098 () - yaaud: () - s! 109& ()-,s! 10%& ()-10%& ()-!Y

3(10% } & () TO O VWV VABNN/ s! 10% & 109&' ()- "10%&' ()-L!s! 109%& () -

T ~#100& ()-1!109%& ()-s! 109& ()- !V\yV\XYYYQZaBnN/ s! 1098$10% () -

L4 10%& ()-933(1Q%& () - !/ $10Y89& | 10U, &
szzzzzz(z% b I(1o%4= 5&%%@ ? e '?‘609&3“@ °]t0‘€e fg'z‘%'@ integrity of a
- 10%& () - 9t§d&%&egaa1d£sieﬁmcm '1aa@f/a/#10%& 0- LI ()-8&ss10% & ()-

210% & () - sI'10% & ()-Y s!'10% & 1A | ___P aBbCs! 10% #10% & () - )
$10% & (5-"s! 10vA8 e(lqstrzmmcl@ens&r (p pd ey & Er§9 structure engaging surface and an

$109%& ()-P ;’%?9%1% %@9 g:asld Hsirddh Y & lding Siick Préviald with a set of at least one

,1°110% & (

Y 110% & \e 1 0%
g ()- 10t ﬁgf&)ﬁhﬂ*@w’i i, ol sl ddi e asiG0ds Gl Bk

| 43109 () - Withsaidstiugtvre, @m o cowesponding setofat lesst one figst cavities; 100& ()- 1Y
Z( 109 1'10%
2109 () ! 109 4)0, hIOBOM AR i@ s DG i Sobihibaton’ b O
|1|0y810%89 () sdid pét(cF@YAch& dnkfirstichddikls| afid (2) conStédt0HEininh sourcd; 08 () - 3($10%& () - |
m
isolation means for isolating each of said first cavities from fluid communication

with said constant vacuum source,

2 A system according to claim 1 further including means for monitoring for a
15 variation in the vacuum condition between the constant vacuum source and said first

cavities.

3. A system according to claim 1 or 2 wherein said sensor pad further includes:
a set of at least one second channels formed on said first structure engaging
20 surface which, when said first surface is sealingly engaged with said structure, form a
corresponding set of at 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 to any one of claims 1 to 3 wherein said first
communication means includes a third channel 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 any one of claims 1 to 3 wherein said first fluid
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'10% & ()~ channel being in fluid communication with each of said second channels and said

atmosphere or environment.

7 A system according to any one of claims 1 to 5 wherein said second fluid
10 communication means comprises an opening in each of said second channels that

provides fluid communication through the pad to said atmosphere environment.

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

15
9 A system according to claim 7 further including a supply of a dye indicating
liquid in fluid communication with said second channels to provide a visual indication

of the location of a flaw.

20 10 A system according to any one of claims 1 to 9 wherein said isolation means
includes means for applying force to said 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

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

of said cavities are isolated from said vacuum source.

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

programmable so that the sequence of isolating said cavities can be varied.
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14 A system according to any one of claims 1 to 9 wherein said first
communication means includes a duct formed on a second surface of said pad opposite
said first surface and respective holes formed in said pad providing fluid communication
between said first channels and said duct, and said isolation means includes means for

10 applying a fluid isolation force at respective locations to obstruct said duct, to fluidly

isolate selected ones of said first channels from said vacuum source.

15 A system according to claim 14 wherein said means for applying a fluid
isolation force includes a pair of minuscule pinch rollers 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 communication with said length from said vacuum source.

16 A system according to claim 14 wherein said means for applying a fluid
isolation force includes a moveable seal disposed 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:
providing 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 vacuum condition between said cavities and said constant

vacuum source; and
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providing a sensor pad having a first structure engaging surface and an opposite
10  surface, the first surface provided with a set of at least first channels and a set of at least
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 structure form a corresponding set of first and second
15 cavities;
coupling said first cavities to a constant vacuum source;
coupling said second cavities to an atmosphere 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
20 ’ said vacuum source; and

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

20 A method according to claim 19 wherein said step of isolating said cavities
includes individually and sequentially isolating said cavities so that progressively all of

25  said cavities are isolated from said vacuum source.

21 A method according to claims 19 or 20 further‘including forming said pad of a

transparent or translucent material.

30 22. A method according to claim 21 further including the step of placing a supply of
a dye indicating liquid in fluid communication yvith said second channels to provide a

visual indication of the location of a flaw.



