14 January 2005 METHOD AND APPARATUS FOR | NSPECTI NG COVPONENTS BACKGROUND
CF2THE | NVENTI ON The present invention relates generally to eddy current

i nspection, and nore particularly to conponents havi ng4perpuaent PY0affi xed
eddy current elenents. Eddy current inspection is comonly used to 5
detect flaws in electrically conductive conponents such as al um num
aircraft fuel tanks. Electromagnetic induction is wused in this type of

i nspection to induce eddy currents in the conponent being inspected.
Generally, a probe having one or nore coils is used to generate

Comonent | vihen- 1 1RE0R, A% FERRATIR! PRERSEIERER RIS, of cday

currents is altered. The altered eddy currents produce changes in a
secondary magnetic field which are detected by the probe. The probe
gener at es an BMEEIRAWR| OFi Fial INENMEONesponse to the al tered secondary
magnetic field. The anplitude and phase of the electrical signal is

general |y proportionagget prédéntsizreatibherdlads fenBE8YiPUS Yednt i Oned,
a probe having one or, nore coils was used in the past to perform'the
i nspecti ons. SUFIERE proBEChASpoditli SREE Rarhiewtanly the sompersntisei ng

i nspected. Ushdgirdy RPe@REnéR:1 NI kel NEQYY QurSHhE AChSntLs COMPONENt s such
as bul kheads formng fuel tanks inside aircraft wngs required di sassenbly

of the structure to pQ #tion t he probe adiacent t he surface. Dependi ng
upon 25 the conpl exit yEOFY t FETEEPhc e Cht s 8T ™IHYpelsEdn toand

‘reassenbby cafedeakerseveral dleersicsBMS conaeksi s cdn?@vﬁ@ﬁts fdHg@st hi s
ﬁJJ%E,_the stra(ﬂﬁiggmlgaégyz%%l%3£&‘%anis%4 é%gyéggéaégg%ic induction is
used in this type of inspection to induce eddy currents in
the component being inspected. Generally, a probe having
one or more coils is used to generate alternating magnetic
io fields which induce the eddy currents in the component.
When flaws are present in the component, the flow of eddy
currents is altered. The altered eddy currents produce
changes in a secondary magnetic field which are detected by
the probe. The probe generates an electrical signal in
15 response to the altered secondary magnetic Field. The
amplitude and phase of the electrical signal is generally

») proportionate to the size of the flaw.

As previously mentioned, a probe having one or

more coils was used in the past to perform the inspections.

20 The probe was positioned adjacent to the surface being
inspected. Using a probe to inspect interior surfaces of
components such as bulkheads forming fuel tanks inside
"aircraft wings required disassembly of the structure to
position the probe adjacent the surface. Depending upon

25 the complexity of the structure, disassembly, inspection
and reassembly can take several hours, days, weeks or

longer. During this time, the structure is unavailable.
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Further, the cost of l|abor required to performthese tasks can be high.
Accordingly, a need exists for a nethod and apparatus for perform ng eddy
current inspection of interior surfaces of conplex stﬁ&cﬁéﬁé§rﬁjgﬂggt

di sassenbling the structures. SUMVARY OF THE | NVENTI ON According to one
aspect of the present invention, there is provided a nethod of inspecting
a preselected area of an electrically conductive conponent to determ ne

whet her flaws ar resent therein, .the nmethod, conprising: pernanently
mounting an eddy CBUHT At SPERERT LESHHEFAFHES T GPATPEY ieseddy “Edr r ent
coil s arrange@annbanhighl ayc&srditgy1goNponesl evestd heopreset@ciednar ea,

each of the plurality of eddy current coils being | ocated at a
pr edet er ni ned 2pBaF#FHN Witthi PRI B PAy UM hfurggeh of nepecticy | €5 s

posi tioned at ;acpreset erginedekocabicon Lontng. pPraselected arga pfict he
conponent when the elenment is mnmounted thereto; attaching a conduit to the

conponent ; atifsehserpldnbeblle to-nusdusdsly current el enent for selectively
connecting the eddy current element to renote eddy current inspection

equi pnent ; th@g@ﬁﬁ@g(ﬁ$%ﬂhe§§bEﬁfybﬁugh the conduit; energizing the el enent
to generate alternating magnetic fields proximte the conponent thereby

i nduci ng eddy currents in the conponent; detecting with each of the
plurality of coils in thecetditant am ebeetriaerbctsi gfal Yenermtednby a

secondary magnetic field_fornme Rr OXI. e the conponent, by the eddy
currents i nduégge%tymtnhe tré?reerre%& pa{:r?glc%grirpaar i rﬁ%&}%e el ect 85?1%(-1 gAal
detected by eaehebicticdheaptarat idny eabcenides liyncbheuediererbmpenant kef erence

signal to determ ne whether the detected signal is different than the

reference si giaFe ey shGtcatialg Are present therein, the method

comprising: permanently mounting an eddy current element
comprising a plurality of eddy current coils arranged in an
array on the component over the preselected area, each of
the plurality of eddy current coils being located at a
predetermined position within the array so that each of the
colls is positicned at a predetermined location in the
preselected area of the component when the element is
mounted thereto; attaching a conduit to the component;
~attaching a lead to the eddy current element for
selectively connecting the eddy current element to remote
eddy current inspection eguipment; threading the lead
through the conduit; energizing the element to generate
alternating magnetic fields proximate the component thereby
inducing eddy currents in the component; detecting with
each of the plurality of coils in the element an electrical
signal generated by a secondary magnetic field formed
proximate the component by the eddy currents induced by the
element; and comparing the electrical signal detected by
each of the plurality of coils in the element to a
reference signal to determine whether the detected signal

is different than the reference signal thereby indicating
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14 January 2005 presence of a flaw in the conponent at a particular

| ocation within the conponent generally corresponding to the predeterm ned
| ocation of the coil being conpared. According to anot Hér Jadyeety ¢ 0fhe
present invention, there is provided an inspection apparatus for

detecting flaws in a preselected area of an electrically conductive
conponent, the apparatus conprising: a substrate sized and shaped for
covering the preselected area of the conponent, the substrate including an
adhesi ve for PIEE&RRE NP hé stlist r aPe the t FEMBORPIONeAt oveParhécular

presel ected argp,.apd %igﬁiﬁa%ﬂeeggﬁ{%%ﬂtené%rgér%g& t cofi?gpﬁéf.rﬁdéﬁ%l 3troal ity of

plurality - of eddy current coils nounted on ubstrat e,
coi | s bei ng arth@ngeddétremminedr tagatsionedfabltk strdpedeiny coweredg at | east a
portion of the preselected area to detect flaws in the conponent and to

determine the |ocations Qf. the Iqﬁﬁ;aggghérr%&ﬁrggceofeq%% C ££§§32elenent
nounted on the substrate agjace t the ‘primary g y current e enent f or
obt ai ni ng a remeeenten, stigmad Corpespakd g tingpapalbhonppirdthes ceamponent
w thout flaws Accordiﬁg?to.another aigect of the resen# i nvent.i on,

there i s provid&8<T iPEohbfatitot &Fe8FERErTeatis? Lhntict SetTtfident

havi ng an areacsgheeted f donpdsRae!i onhaandagppadaids Eokpdatiagti ng flaws
in the selected area of _the conponent, the apparatus conprising a
substrate nourftBdtrate t AéZednpbRePaBier fPRe CAVEAIRE| EBEed PERLFFHSCt i ON;

a_ primary eddyogupkephe CLARALIDUME L. SURSHIALS QKCLandlsecast a

portion of the selected area for detecting flaws 1in the area, the prinmary
eddy current dlognexittachnpoi sieg subgfinatal ity btheeddypouenentoveoi Ithear ranged

ibgi ﬁgprese' ecled e PALLE! N 826N Qfy the pLULAl) tY Q) eddy Gurrent, G ls
comprising a plurality of eddy current cocils mounted on the
substrate, the plurality of c¢oils being arranged in an
array sized and shaped for covering at least a portion of
the preselected area to detect flaws in the component and
.to determine the locations of the flaws; and a reference
eddy current element mounted on the substrate adjacent the
primary eddy current element £for obtaining a reference

signal corresponding to a portion of the component without

flaws.

According to another aspect of the present
invention, there is provided in combination an electrically
conductive component having an area selected for inspection
and apparatus for detecting flaws in the selected area of
the component, the apparatus comprising a substrate mounted
on the component over the area selected for inspection; a
primary eddy current element mounted on the substrate over
at least a portion of the selected area for detecting flaws
in the area, the primary eddy current element comprising a

- plurality of eddy current coils arranged in a preselected

pattern, each of the plurality of eddy current coils being

3




3 14 January 2005 | ocated at a predeterm ned position on the substrate so

that each of the coils is positioned at a predetermined |location in the

area of the conponent selected for inspection; and a réf dPENEEYeddP>

current el ement nounted on the substrate adjacent the primary eddy current

el ement for obtaining a reference signal corresponding to a portion of

t he conponent without flaws. Qther features of the present invention wll

be in part apparent and in part pointed out hereinafter. BRI EF DESCRI PTI ON

OF THE DRAW NGSEtgd £4 & & erdﬁﬁﬁgﬂf%?? BRF Lt i bR aSURYmRSSFent© havi ng

i nspection appaaat Usicaf dehend esants 1NVveNiitaBheki At A igkcRebELRin&] evation

of inspection_apparatus of the present invention; 3a 14 January 2005 Fig.

3 is a schematlic€a§hewi ng t H&ei ngpeet i oh Hgpacarnenard seiespehseidt om eddy

current  equi PHERbebolof SATROBEAL MR BN AS: o Fliflnhubin e SGflEMRL I C

show ng the appar at us and 5 response for a conponent having a snall flaw,

and Fig. 5 is tdesechesmtdte shouceny: tthe appaaeat usidgndurrespeiseeforfaer

conmponent havi’orﬁgaan:lLar errf aw. Corlrer{s)ﬁondi ng rengTrnen%e characters jindicate

corr espondi ng part & ThrodghSit " the” t&Ver SCTo PR OFR% A€ 215°Hr it noggs.

DETAI LED DESCRIRT k&b &dentHR PREFERRERs EMBODI MENT Referring now to the

drawings. and in particular to Fig. 1, a.electrically conductive conponent

.such as a . . .
, Other features of the present invention will be

in part apparent and in part pointed out hereinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a fragmentary perspective of a
component having inspection apparatus of the present

invention;

Fig. 2 1s a front elevation of inspection

apparatus of the present invention;
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portion of a bul khead used to forman aircraft fuel tank is 15 generally
desi gnated by the reference nunber 10. The conponent 10 i.s conventional in
all respects and will not be described in further detadl JaAgaryr £REP
illustrated -in Fig. 1, inspection apparatus (generally designated by 12)
is mounted on the 20 conponent 10 for detecting flaws (e.g., a crack 14) in
a preselected area 16 of the conponent. Although only a small portion of
t he conponent 10 is covered by the apparatus 12 in Fig. 1, those skilled
inthe art will appreciate that the apparatus may be positioned over each
25 critical portion of Rime cdnponentsdremahidse ghomtingnghehiiclspeatéon
particul arly I t ntire co nent 10 (or
“those portion%g%ﬁ?gﬁ %fﬁnighggggﬁﬁﬁiéfgh Q§%§(%§$F@%tgqUI é%qpﬁﬁf fray be
covered by 4 témjanemt \hPOOY nhefhpparatus 12 without departing fromthe
scope of the present invention. As illustrated in Fig 2, the apparatus 12
i ncludes a substrate 2 zgd for sel ected
area 16 of the corrponeﬁ?t]§J '} AFt%oug §§¥§ te na %h§€§&§t%é§ si zes
and shapds mnEhenpn@%ﬁ@ntﬁngomp¢mﬂnqIh@vsugp@ gifaltlhélpwesamd i nvention, the
substrate 20 of the preferred enbodi ment is rectangular, having a width

of about 12.5 nm and a gigngih;ef 2 abomdnatl2. éhmngwﬁéﬁ%{ atd &Ltg&?ﬁgh the
substrate nay be nmade of other naterlals w t hout departlng Fron1t e scope
of the presenFSFRORIR ifOF, @ FRBPFIBN havéng (e ofandes fleVerred enmbodinent is
a sheet of Kapton tape has an adhesi ve backing for attaching the

substrate to the cormow&eégowﬁrgth@ﬂyr@a@becmraeEérAtS iR@id@Rton is a

Q;ﬁ federally regi stered trademark of E.
torrésponding parts throughout the several views of the

10 drawings.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings and in particular

to Fig. 1, a_ electrically conductive component such as a
portion of a bulkhead used to form an aircraft fuel tank is

15 generally designated by the reference .number 10. The
component 10 is conventional in éll fespects and will not

be described in further detail.

As further illustrated -in Fig. 1, inspection

l;) apparatus (generally designated by 12) is mounted on the
20 = component 10 for detecting flaws (e.g., a crack 14} in a
preselected area 16 of the component. Although only a

small portion of the component 10 is covered by the
apparatus 12 in Fig. 1, those sgkilled in the art will

appreciate that the apparatus may be positioned over each

25 critical portion of the component or those portions which
are particularly susceptible to failure. Further, the
entire component 10 (or those portions which are

inspectible by eddy current inspection} may be covered by




du Pont de Nenours and Conpany of W/l m ngton, Delaware. Alternatively, a
separ at e adhesive tape (not shown) may be wused to attach the substrate 20
to the conmponent 10. A prinary eddy current el enment, géderariyry2g005

desi gnated by 22, conprising several eddy current coils 24 is nounted on
the substrate 20.(Fig. 2). Al though other nunbers and patterns of primary
coils 24 may be used w thout departing fromthe scope of the present
invention, the primary elenent 22 of the preferred enbodi mrent has an 25
array of coils fornmed by nine rows of coils containing three overl apping
coils each. Alichepghratherizoidtishresiepandishapasn e ha-dpeedwichhout
departing fromthe scope of the present invention, each of the coils of
the preferred®reSABbdIMEHIL 9 1 ect angul ar, having a width of about 0.75 mm
30 and a length of about 42.5 nm Thus, the el enent 22 of the preferred
~enbodi nent is sized and;shamadtf@te¢ouarimggat25 thelamppavatd¥)Si1keast a

portion of the 2sel ect ed ar ea to det ec in the conpopent.
o ther t he ‘OSIHESS 4% | HHEAHH CRoDoF SEHG S5 SPEPFRITRRLATFE She

over | apped bxpx@sduswmeaﬁéa abeubr7.thenmompbhéotighot he ehbeghaynbe nmade of
ot her materi al 5 and by ot her processes w thout dep rt| fromthe scope
of the preséﬁgsFﬁ%%ﬁangﬁPaY%e Qﬂ%q §16F° Qﬁg Bgﬁﬁ%ﬁr AreAtYar e
copper and arfgot ehedsddpd a;uutésb&ahenbynareneeaﬂentﬁ@@ibsl@;&@t;el pbhographi c
process. As further |IIustrated in a rzwﬁrence 10 eddy current

el ement 26 c&ipFPeiriFieddy cﬁW?%Q&m?ﬂﬁ S E%CF%P Ght B2 6HY Re WadbRt rate 20

bel ow the | owgr EBSEt rAWsOtm BhENBIYerREABY of UABRIY 1801 ESmed. MStwel| be
Qﬁpre0|atedn€§ those skilled in the art, since both the primry eddy
cur r entl @l endAtho9e BN GhEhSUPSEERERC FRXIRP HiFenPt e SRRt materials

without departing from the scope of the present invention,

the substrate 20 of the preferred embodiment is a sheet of
Kapton tape has an adhesive backing for attaching .the
gsubstrate Lo the component 10 over the preselected area 16.
15 Kapton is a U.S. federally registered trademark of E. I.
du Pont de Nemourgs and Company of Wilmington, Delaware.
Alternatively, a separate édhesive'tape {not shown) may be

used to attach the substrate 20 to the component 10.

A primary eddy current element, generally

20 designated by 22, comprising several eddf curreht coils 24
;:) iz mounted on the substrate 20 (Fig. 2). Although other
numbers and patterns of primary coils 24 may be used
without departing from the scope of the present invention,

the primary element 22 of the breferred embodiment has an

25 ‘erray of coils formed by nine rows of coils containing
three overlapping coils each. Although other coil sizes

and shapes may be used without departing from the scope of

the present invention, each of the coils of the preferred
embodiment is rectangular, having a width of about 0.75 mm

30 and a length of about 42.%5 mm. Thus, the element 22 of the

preferred embodiment is sized and shaped for covering at
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15 26 are spaced fromthe conponent 10 by the substrate 20, these elenents
are spaced fromthe conponent by a substantially equal and constant
distance (i.e., the thickness of the substrate). Al thddgadtRey rifSers
and patterns of reference coils may be used w thout departing 20 fromthe
scope of the present invention, the reference elenent 26 of the preferred
enbodi nent. has two separated coils 28 positioned over a reference area 30
(Fig. 1) of the conmponent 10 |ocated outside the area selected for
i nspection 16. Preferably, the reference elenent 26 is 25 positioned so it
obtai ns a reflkrastce pbgn'admm:ﬁrt@sppmﬁeigacttea argmrld wo detebe Lawsonent 10
w t hout fl aws ¢ Lt e&gact)lé/ rhlciS egw Si 0 hat thfé_l er MBL Y ,C coils 24
may be scanned for S Corl produ0| ng & nom SI gnaﬂ1 | PHat™ &8 can be
used as a r eferefreeedoethbodimest aﬂdemvé&ﬂa@peﬁ by r& Wigttaneesof hebduef er ence
el ement may be | ocate nsi he selected area 16_rather than qutside of
e 14 Danugry 308 HHU Pk A Ge B PSIRe ooF (TS BACED ke
primary soil a4 abtsrdoea@h pzﬁfcﬁarseﬁeewtmdutzaegarsheywﬂom Ehg. sco’i:e 'Blﬂese | eads
32 are bundleq and fed thr oug cFr otective ube or condui t gadl ng to !
an el ectri cal*onkEEFEFt3615 f)’&'é’i °f 0F°4tEes8F by e c i eaﬁ’f? '
sel ecti vel yI cgnm&edd Ginent hererddppey ah@rm:mt eza??@dldrt efrer eﬁﬁgtﬂdgﬁdw a26 to
conventional e urr ui.p enera esi gnate y 40 in Fig.
S Al hough HEREDENSH BHRFHIVESSEHARLE BIRFESEN at Lons. w thout _depar t *g
fromthe scope of the 10 present invention, in one preferred enbodi ment the
tube is a cylindricalas ubertmm nijl lasteated dnamiger 20f aaheafierenom
F ther, alth hother ttachln thetube 34 to the copgponent may
st nATRYGEREF TR e G A8 Satpiiry ety Guede® ol 008

is mounted on the substrate 20 below the lowermost row of

primary eddy current coils 24. As will be appreciated by

those skilled in the art, since both the primary eddy
current element 22 and the reference eddy current element
15 26 are spaced from the component 10 by the substrate 20,

these elements are spaced from the component by a

substantially equal and constant distance (i.e., the
thickness of the substrate). Although other numbers and

patterns of reference coils may be used without departing

20 from the scope of the present invention, the reference

element 26 of the preferred embodiment has two separated

3~) coils 28 positioned over a reference area 30 (Fig. 1) of

the component 10 located outside the area selected for

inspecticon 16. Preferablyf the reference element 26 is

25 positioned so it obtains a reference signal corresponding
to a portion of the component 10 without flaws.

',Alternatively, it is envisioned that the primary coils 24

may be scanned for a coil producing a nominal signal and

that coil can be used as a reference coil. Thus, under

20 some circumstances the reference element may be located

inside the selected area 16 rather than outside of it.




of the present invention, in one enbodinent the tube is 15 attached to the
“conponent with a suitable conventional adhesive. Holes and/or grooves or

ot her openings may be formed in | ow stress regions of léhda2eeapenél>10 to
accomodat e the tube 34. Further, the ends of the tube 34 nmay be seal ed
with a suitable conventional sealant to 20 prevent contam nates from
entering the tube and conponent 10. Still further, it is envisioned that
openings may be formed in the side of the tube 34 to provide access for
the leads 32. As will be appreciated by those skilled in the 25 art, the
apparatus 12 described dmsveuvmaytdieiarsekadso inspectccanprese! est edchrea 16

(e 0 o orackDaeER el gt Gnd IRATRRLrondsd of Tl A e SCr g o 5ipe

(e.g., a crackPiz ar%f%upresen

per manent | y noant ethese flkeds @pamenbuddl &y emdt fied Athronehed qaickdcaiea 16.

When t he presehggted area L% ;%S ed conventional eddy current equipnent
u

40 i's connect edUPs Phe A% 795885 8| 8Refit SS9 1N FOPRECEShnSEt or 36.
The equi psent ABsieherdi z6s ddvesel bpetdclRd diangenerilecei taynabhageragnet i c

component - As. KHFI e Hier SLOW by Sonoskis CHI4TRag rAHERET 261 ko el arent
f22 deéI ects an et)ﬁﬁéﬂri]&i‘caial &ng?hig:emtr fécﬁﬂplﬂ%n& $§§1®éldﬂflt miamgh%@e{i SI d
- formed proxi e the cqonpon e y _currents. e  detecte

el ectrical sigﬁﬁl4%5180%ﬁ fe s1to gl?é?gggngge EPBRaf? t 2% eheYS AeSHhet her
the detected stgngalgurationdi Wiieheat departbegr ekenenne sicepal orfSughe a
difference indicates the Eresence of a f%am/%f %g éhe conRonent 10. As
i1} ust ratt@d i nPEFEERE IVERHOR Afis OBPePHrETERA emoodiment the tube ie

a cylindrical tube having an outer diameter of about 5 mm.

Further, although other means of attaching the tube 34 to

the component may be used without departing from the scope

of the present invention, in one embodiment the tube is

15 attached to the component with a suitable conventional

adhesive. Holes and/or grooves or other openings may be

formed in low stress regions of the component 10 to

accommodate the tube 34. Further, the ends‘of the tube 34

may be sealed with a suitable conventional sealant to

20 prevent contaﬁinates from entering the tube and component

10. 8till further, it is envisioned that openings ﬁay be

:) formed in the side of the tube 34 to provide access for the
leads 32.

As will be appreciated by those gkilled in the

25 art, the apparatus 12 described above may be used to
. inspect a preselected area 16 of an electrically conductive
component 10 to determine whether flaws (e.g., a crack 14)

are present. First an eddy current element 22 1is
permanently mounted on the component 10 over the

30 preselected area 16. When the preselected area is tested,

conventional eddy current eguipment 40 is connected to the




the electrical signals received by the primary coils (e.g., coils 42, 44)
are equal to the reference signals received 15 by the reference coils 28.
Thus, when the inpedance of coil 42 is conpared to thelidndedaree £ 0Bhe
reference coils 28 on a correspondi ng display 46 of the eddy current
equi pnment 40, the difference is zero. Likew se, when the inpedance of coi
44 is conpared to the. inpedance of the 20 reference coils 28 on a
correspondi ng di splay 48 of the eddy current equi pnent 40, the difference
is zero. However, when a flaw such as a crack 14 grows to a length as
- shown in Fig. edenthe dizsph@ihgibeishowsnaedidf eeence Tie enpégasce bet ween
coil 42 and coils 28. Since the |length 25 of the gaM/does not extend under
the coil 44, CRETILETT LSPorfdisNG b §g| 5 FFFAS 5@ SHORYIS MEERCHIC As the
crack grows |.grgessaprsROMatd Ntid geomportingpliay sc Hrepd idBuchagh egbow a
di fference in i npedance between the respective.  coils. Thus, the | ocation
~and the |engt FUSFeRRy ¥4 FEYPHF He défe¥itl RisiRge ﬁ'éo‘ﬁgd%'r §¢12 and
met hod descri kedile®oye. tife i) animy 120@ht Venakpédduai ng Jreieals of the
present invention_or the Ereferred enbodinent%s% t her eof , %he articles
"a", "an", "tRé9nahd IeBgracedr HYi M eREEAEV N BRI HA ChEIS dPE™BHe or
nore of the eleARMhSte THRet @bRBone KOG s?](ngt'he "edtB) UelieEntand "hAyi ng" are
intended to be inclusive and nmean that there may be additional el enents
ot her than théerpeted elerbhtel A8igarl od8 GPIRGEEIc AR d® b&SHEYERFR t he

above Constr%?hgﬂs ¥4 t hiterdenar tierHaromehbe geopaf tiendd ipyention,
it is intended that all matter contained in the above description or shown

ity the aktonpgafferce at;,ﬁxq:f'gsthe reference signal. Such a difference
:}\ .
indicates the presence of a flaw 14 in the component 10.

As illustrated in Fig. 3, if no flaws are present
the electrical signals received by the primary cecils (e.g.,
coils 42, 44) are equal to the reference signals received

15 by the reference coils 28. Thus, when the impedance of

coil 42 is compéred to the impedance of the reference coils

28 on a corresponding display 46 of the eddy current

equipment 40, the difference is zero. Likewise, when the

impedance of coil 44 is compared to the impedance of the

20 reference coils 28 on a corresponding display 48 of the

7 eddy current equipment 40, the difference is zero.

2m) ‘ However, when a flaw such as a crack 14 grows to a length
as shown in Fig. 4, the display 46 shows a difference in

impedance between coil 42 and coils 28. Since the length

25 of the flaw does not extend under the coil 44, the
corresponding display 48 displays a null reading. As the

crack grows longer as shown in Fig. 5, displays 46 and 48

both show a difference in impedance between the respective

coils. Thus, the location and the length of any flaws may

30 be detected using the apparatus 12 and method described

above.



shall, be interpreted as illustrative and not in alimting sense. 9 14
January 2005 CLAIMS: 1. A nethod of inspecting a preselected area of an
electrically conductive conponent to determi ne whet her 1 d@guagveBPésent
therein, the nmethod conprising: permanently nounting an eddy current
el ement conprising a plurality of eddy current coils arranged in an array
on the conponent over the preselected area, each of said plurality of eddy
current coils being |ocated at a predeterm ned position within the array
so that each of said coils is positioned at a predeterm ned |ocation in
the presel ected areaWwient heircodonéng weeamédies el effentthes mprestad
thereto; attaching. a conduit to_the conponent: attachi a lead 1o the eddy
current el enghf *Fot" sé’lrectfk??/eP§eg%ﬂﬂ%ﬁfﬁgoé%%enetd%§ cEﬁ?’é‘Fﬂfe'el Eé‘r%nt to
remote eddyastféBd idispeahront el pRnt satir eage npntdividdead twbagugh t he
condui t energi Zi nﬂ the elenment to genergt e al tir nati ng nggneti c fields
proxi mat e t hERRbnpBRERt 2FRePBBY OF nBHEF nGTelly SLEPFRGEs i APEhESEBFmonent ;
dlet ecti r5g| Wi _t'bonegaaﬁl :fbiﬁi‘g"sai"gnghwﬂ’nd't )angrf v@@iiSg" Nard hifel_t@lngafantoalge _
el ectrical signal generated by secondar nmagnetic fie ormed proxi mate
t he corrponeni‘gf)%/“?’hée é’b’% TR ttg'ﬁtts tpﬁﬁ%c‘\é@’ b’ffgtfl‘éd’é:l’@%}t elgmpantHnpari ng
the el ectri catrist in deketisted\eleaehts0f said plurality of coils in the
element to a reference signal to determne whether the detected signal is
different than the rgference,signaholherstya NS Ga1d N, PEESNES,OF 2

constructions without départing from the scope of the
) .10 invention, it is intended that all matter contained in the

above description or shown in the accompanying drawings

shall be interpreted as illustrative and not in a limiting

sense.




flaw in the conponent at a particular location within the conponent
generally corresponding to the predeterm ned |ocation of the coil being
conpared. 2. A nmethod as set forth in claimi1 wherein: 1#0J83u3aNuaPP 52005
the eddy current elenent is permanently nounted on the conmponent before

t he conponent is operated for a period of operation; the elenent is

energi zed after the period of operation; the electrical signal detected by
each of said lurality of coils in the elenent is conpared to the
reference si gﬁgfu%ﬁier the period of operation. 3. A nethod as set forth in
claiml1 further conprising the steps of: form ng an opening in the
conponent adapted for neceiwétipd be mﬂm&ttihgaadpp@fd]Ieicﬁ@'tin@réaheaﬂfaﬂduith
in the opening, 4. A nethod as set forth in claim1 furthe conpr.i sing the
step of seali %&e‘fﬁlélccagﬁguicfma CHr& SPORBRE ah? ndt B PE T PasE ngf 1avs

-t her et hrough. abe prsqect tharepparatusefiosd demeeisngyfl aws in a presel ected
area of an electrically conductive conponent, said apparatus conprising: a

substrate sized and shaB&H"#67 'ddveFPHETtHE pHesdi¥dt eGUAFRAT ofShamEnt
conponent, saktdmstbsingate dlvehidt ngof addadhasireatf epias t achim@dt ke an
substrate to the_ co _on?lnt over_the ‘Freserllect egl %H?’:a; and a pri r’rﬁry eddy
current el eneREEEONBFi $Pfig BPRIHH al PYSF of*edbf T US<ERt @6PRs RBGRt &8 on
t he substratesaisaipduphbi@a) i by cfddgoidigrkaikngdnsangeachg NlefhtEr syt Skhzed
and predetermined position within the array so that each of said
ceils is positioned at a predetermined location in the
preselected area of the component when the element is mounted
thereto;
attaching a conduit to the component;
attaching a lead to the eddy current element for
selectively connecting the eddy current element to remote
eddy current inspection equipment;
threading the lead through the conduit;
energizing the element td generate alternating
magnetic fields proximate the component thereby inducing eddy
currents in the component;
detecting with each of said plurality of coils in
the element an electrical szignal generated by a secondary
magnetic field formed proximate the component by the eddy
currents induced by the element; and
comparing the electrical signal detected by each
of said plurality of coils in the element to a reference
signal to determine whether the detected signal is different
than the reference signal thereby indicating presence of a
flaw in the component at a particular location within the
component generally corresponding to the predetermined

location of the coil being compared.

2. A method as set forth in claim 1 wherein:

10




shaped for covering at |east a portion of the preselected area to detect
flaws in the conponent and to determne the |locations of the flaws; and a
reference eddy current elenent nounted on the substratld atfraceimt A0S
primary eddy current elenment for 11 14 January 2005 obtaining a
reference signal corresponding to a portion of the conponent w thout
flaws. 6. In conbination, an electrically conductive conponent having an

| ected for inspection.and a ratus for, detecting flaws in_the
2rele2cfgd area of the pcotrﬂ)eoﬁgﬁy c%’é)?eg%aﬁtptﬁ?%?thslscé’ﬁﬁwg? Y FOUTREE AR e

nount ed on t heclconpompentnoVviesfdike tirceaompehertt eik faferdafepecbi08; parpsd mary
eddy current eolfergen'g:a punt ed on the substrate over at |east a portion of
the sel ected arearfor —detecti ng flaws in the area, said primary eddy
current elenent conpri ditlrg alghantal ity @fereddydcurftent ebél oearibangetl in
a presel ected at ta%ggh_each of said plurality of eddy current coils being
| ocated at a p edétern ned position on the substrate so that each of said
coils is positioned at ahepredetteinuhedilgaeat idenetted hByare@ahofoft h€aid
component sel eqted, 9T dNSRELL 0N, A0YeA LELRLANCE Cady, CUIL LNt el ent
mounted on th

reference signal after the period of operation.

3. A method as set forth in c¢laim 1 further
comprising the steps of:
| forming an opening in the component adapted for
receiving the conduit; and

positioning the conduit in the opening.

4. A method as set forth in claim 1 further
comprising the step of sealing the conduit to prevent

contaminates from passing therethrough.

5. Inspection apparatus for detecting flaws in a

preselected area of an electrically conductive component,
said apparatus comprisings:

a substrate sized and shaped for covering the
preselected area of the component, said substrate including
an adhesive for attaching the substrate to the component over
the preselected area; and

a primary eddy current element comprising a
'plurality of eddy current coils mounted on the substrate,
said plurality of coils being arranged in an array sized and
shaped for covering at least a portion ¢f the preselected
area to detect flaws in the component and to determine the
locations of the flaws; and

a reference eddy current element mounted on the

substrate adjacent the primary eddy current element for

11



substrate adjacent the primary eddy current elenent for obtaining a
reference signal corresponding to a portion of the conponent w thout
flaws. 7. A conbination as set forth in claim6 wherei a4 YRaug&ier8Aée eddy
current elenent is positioned over a reference area of the conponent

| ocated outside the area selected for inspection. 8 A conbination as set
forth in claim6 wherein: each coil wthin the plurality of coils of the
primary eddy o q:ra:eL:ngnelaenllan% ris sepac.ed romthe conponent by a
substantial |y Constant di STance ““and ¥'Re FEFEF BT 8yt rRmt @fefént i s
spaced from tthe conporeent whyhdlre diassance. 12 14 January 2005 9. A
conbination as set forth in claim6 wherein the substrate is adhesively
bonded to the conponent over the area selected for inspection. 10. A
conbi nation as set forth.i nIgl atenkGnatiuot herarcorpecsthepldly ekeatiti¢iciale

connect or noung nth conponent for selectively connecting the primry
eddy current %é)ﬁg?rlg%?étglarvelr%}t)eaélddﬁrgﬁrr%%fe?trﬁagpegftcﬁronlélaﬁ?%%e?ﬂ. a%fi A
conbi nati on aspsetafwyt fior ndetaitmry filkeseiin saied pilwcakdt wreh eddycheurr ent
coils in the pripar eddy ,current el enent, are nounted on the substrate

& }g%;/g%ﬁ’l ST 9t AP ES ¥ S E4 912, A conbination as set
forth in claim6 further scomprdts mgunaed onduhe nompdrechtopveheticomeaent ;
and a | ead e“s%ﬂ@&?&i tg&&oygg%%&%o%qnduit fromthe eddy current elenent for
sel ectively connéciing the current elenent to renpte eddy current
i nspection equi pnent. a primary eddy current element mounted on the

. Om .
over substantia

substrate over at least a portion of the selected area for
detecting flaws in the area, said primary eddy current
element comprising a plurality of eddy current coils arranged
in a preselected pattern, each of said plurality of eddy
current coils being located at a predetermined position on
the substrate so that each of said coils is positioned at a
-predetermined location in the area of the component selected
for inspection; and

a reference eddy current element mounted on the
substrate adjacent the primary eddy current element for
obtaining a reference signal corresponding to a portion of

the component without flaws.

7. A combination as set forth in claim 6 wherein
the reference eddy current element 1is positioned over a
reference area of the component located outside the area

selected for inspection.

8. A combination as set forth in claim 6 wherein:

each coil within the plurality of coils of the
primary eddy current element is spaced from the component by
a substantially constant distance; and

the reference eddy current element is spaced from

the component by the distance.

12




12a METHOD AND APPARATUS FOR | NSPECTI NG COMPONENTS ABSTRACT OF THE

DI SCLOSURE A net hod of inspecting a preselected area (16) of an

el ectrically conductive conponent (10) to determine whiét Wenuprang0094) are
present. The method includes the steps of permanently nounting an eddy .
current elenment (22) on the conponent (10) over the preselected area (16)
and energizing the elenent (22) to generate alternating nagnetic fields

proxi mate the conponent 10) | ectrical _signal generated b
secondary nagnetic fiel forne§°B§6§?%é¥% e g%ﬁpd%?%ﬁ'(iﬁ) yaﬂ%tected

using the eIem@nteéﬂzyhanduw$ﬁrawetaetedhebfmﬁkj(hﬂnd@ﬂgmalths compmﬁemi to a

reference sig t e e r the d .ected signal is different
t han t he refe?&LceQE? £F Eﬁ?&gféﬁggélns%%zéﬁ?e the presence of a flaw

(14) in the conponent (10). | nspection apparatus (12) for performng this
method is also disclosdd. & combination as set forth in claim 6

further comprising an electrical connector mounted on the
component for selectively connecting the primary eddy current

element to remote eddy current inspection equipment.

11. A combination as set forth in claim &
wherein said plurality of eddy current coils in the primary
eddy current element are mounted on the substrate over

substantially all of the selected area.

12. A combination as set forth in claim 6
further comprising:

a condult mounted on the component; and

a lead extending through the conduit from the eddy
current element for selectively connecting the eddy current

element to remote eddy current inspection equipment.
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