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 caletctkersgveral d1QutsicsBIS conBeksi® cdmpaehts idmgst hi s
ﬁJJ%E,_the stra(ﬂﬁiggmigaégyz%%i%ggﬁe%anks. Electromagnetic 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.

i




1 14 January 2005 Further, the cost of | abor required to performthese
tasks can be high. Accordingly, a need exists for a nethod and apparatus
for performng eddy current inspection of interior sutfad@8usrycéhpbex
structures without disassenbling the structures. SUVWARY OF THE | NVENTI ON
According to one aspect of the present invention, there is provided a
nmet hod of inspecting a preselected area of an electrically conductive

conponent to _determ whet her _f] aws are present therein, the nethod
Comr ot gt CpEREERE [ nOaRL, 15 TP Bag et brD BPRart LRt Pordg a
plurality of eddybeunighRi Betd:SiiafggngednkbBdaBdxi&fd ayo®©N thecHHINM@ENt over

the preselected area, each of the plurality of eddg current coils being
| ocated at a 2PPBRHRTEY niifed FSIPrBR G tIHHY t O TARPRy dBsPetico®ackfof the

coils is positheped,at anpregdeter npped Logatd.on id the, pieseagled area of
t he conponent when the elenent is nounted thereto; attaching a conduit to

t he conponent disastsgeriing ah¢ edfdruchurpe. eddy current el ement for
sel ectively connecting the eddy current elenent to renote eddy current

i nspection equipRERY (of Rheagingifg | ead through the conduit; energizing
the elenment to generate alternating magnetic fields proximate the

conponent thereby inducing eddy currents in the conponent; detecting with
each of the plurality oficecording n the ehenemspantel eftritdal Brgralt

Oe e oY, BATESEIEr VLRSI )y oL e paar et B
si gnal detectedebylected area of an electrically conductive component to
determine whether flaws 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

2




each of the plurality of coils in the elenment to a reference signal to
determ ne whether the detected signal is different than the reference

si gnal thereby indicating 2 14 January 2005 presence ofl4a JBR&®TYn 20Re
conponent at a particular location within the conponent generally
corresponding to the predeterm ned | ocation of the coil being conpared.
According to anot her aspect of the present invention, there is provided an
i nspection apparatus for detecting flaws in a preselected area of an
electrically RE6880EEI WVE conpbiieht Int W eapparaPrRtcofpr i &i Mgrtacukatbstrat e

sized and shaped.tor,coyeningihbe prssalact &d,.,2n¢3 gor&@%&m%n%’ the

substrate-including an adhesive for attaching the substrate tothe
conponent overtheheregeesmlisctetiocrtean afidtize prdidabyieddyerpareént el ement
conprising a plurality of eddy current coils nounted on the substrate, the

plurality of coils bein r d.Jjn ay _si.zed d .shaped_for
covering at |least a porg¥%ﬁgggg§tﬁg p%gggféétéﬁggﬁga ?% &%Fec?g? %“E in the
conponent and invenditmer ntherd his | poatideds 0f irdwpelchavs; apparacusef &rrence

eddy current e] enment nounted on the substrate adjacent the rimary eddy
current el emefdt® FSFl%%tgf?ﬁsngmaaré:frt?lsgﬁ‘é'étecii%%ai %%r?%sﬁbﬁﬂ?ﬁgc%ya
portion of thecenpenest wWdehbnt]| awhe ACgopig:d 0 anwiiieringspect of the

present invention, there is provided in conbination an electricall
conduct i ve corfp8fibRtthavt At afnar 4288t edPEd PILTIHEpEREI é’ﬁesah%Ft@é%ar at us

for detecting iflbawssi fnd oot 8dcd eanll ratBe; SOMRARGNL, LBS. ARRAT at us
conprising a substrate nounted
_ for attaching the substrate to the component over the

preselected area; and a primary eddy current element
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




on the conmponent over the area selected for inspection; a primary eddy
current el enment nounted on the substrate over at |east a portion of the
sel ected area for detecting flaws in the area, the prﬁﬁaﬁgnéééy &8PPent
el ement conprising a plurality of eddy current coils arranged in a
presel ected pattern, each of the plurality of eddy current coils being 3
14 January 2005 located 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 coffoh&ft 2&elfe REFFE™I TS pRRII PR A B1§ efBP RS e iRy

current el enerinhafOWH-Bd 3N tHhessuRstrat g, Adjiagelt athe YrdBE¥ ey current
el enment for . obtaining a reference signal corresponding to a portion of

t he conponent WWicekd0R fimwdher Repaf eaf urtds ofcomhengittes st erhventivh wil |

be in part a -and i a jnt.e t Ln . CRI PTI ON
OF THE DRAW NQGS%EES‘FJ%% &3 R rg%;frf%%tn%%yg%g scp%ge?\l?eé%%’t ?&thngg%‘gﬁi% havi ng
i nspecti on appd&eatussiofatichedpaesentthel pyvemioreddyi gurkrts edehenntfal evati on
of inspecti on'ob%grfaggt us offetrggc resent, invention:, 3a. 14 Januar%bZO 5 Fig.
3 is a schematTE shol ny THE TRSPettI BN APppaFRTE "IndCar BEHoHEE $Y om eddy
current equi pregrt chbaporentc aipomentslaaging no flaws; Fig. 4 is a schematic
showi ng the apparatus and 5 response for a conponent having a snmall flaw,
'and 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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Fig. 5is a schematic show ng the apparatus and response for a conponent
haying a | arger flaw. Correspondi ng reference characters indicate
correspondi ng parts throughout the several views of thé? f6nd2&¥i RS>

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring now to the
drawings. and in particular to Fig. 1, a.electrically conductive conponent
such as a portion of a bul khead used to forman aircraft fuel tank is 15
general ly designated by the reference nunber 10. The conponent 10 is
conventional in all respects and will not be described in further detail.
As further illustrated Eigh R gisla isspwetion stmppagatis (igepecal by

desi gnat ed by L s, doupt ed o] ne for detecti.ng flaws
(e.g., a cracl?ij%fét?% a p%egg%%%%d%%P glag%gy o‘#ﬁrfrk]?gtcg%%meerﬁ%. fﬂ?tﬁough
only a snull cpopohent diavimg vonpbment 10 is covered by the apparatus 12
in Fig. 1, those skilled in the art will appreciate that the apparatus my
be positioned over eachg; rist.i ca i.an : m%% r. those
portions which are pamli%gulgarl%ygs%%lgéempétql%l gﬂzogaggi%re. l%tra%:ﬁgr?n he
entire cdhponersecpdlse diont lrosempordritodavihgch small ifdspecandl e by eddy
current inspection) may be covered by 4 14 January 2005 the apparatus 12
wi t hout departing fromgihe scope,o : pr L nMent i strated
in Fig. 2, the apparat uygéag ?ﬁc?u;‘ace%&%}:sl&bgtﬁrsg%réé 20 sidze rgﬁgss%uljé%ed f.or
covering the 5epPeRsd ded SPERCTIB tohaviRd commigeat £18v. Al t hough t he

Corresponding reference characters indicate

iu) : corresponding 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 all respects 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




substrate may have other sizes and shapes without departing fromthe scope
of ,the present invention, the substrate 20 of the preferred enbodi ment is
rectangul ar, having a width of about 12.5 nmand a | eddt HagtaaoaP0%12. 5
mm Further, 10 al though the substrate nmay be nmade of other materials

wi t hout departing fromthe scope of the present invention, the substrate
20 of the preferred enbodinent is a sheet of Kapton tape has an adhesive
backi ng for attaching the substrate to the conponent 10 over the

presel ected area 16. 15 Kapton is a U S. federally registered trademark of

E. 1. du PorthedepMapbtiis et {oifanyiephrihdi Agionhdal el &f the
Alternatively, a separate adhesive tape (not shown) may be used to attach

the substrat #TE6°8b theeHdfBonent 10. A primary eddy current el ement,
generally 20 designated by 22, conprising several eddy current coils 24 is
-mounted on the substrate 201(0Etgatd). 1A1thnyghzothﬂka apphestuandzpat t er ns

of primary cail 4 nayig? used MAthou artln romthe sco of the
present |nver+tnic§Héest?1e St gloeﬁéﬁ? dgfghtaﬁ’g %‘éFe??‘é‘?flé‘ﬁbganent has
an 25 arg ay ere@@ﬂ_éﬁtéd)rﬂﬁéh bys niie thewscoapoent swont al1thBgght Bree

overl apping ¢ Is each. t hou ot her coiI s zes shﬁges na¥8be used

wi t hout depa ﬁ@r???nﬂ%¥ a¥e FPTT SLERR ke ?ﬁe§rﬂﬁ§ PbrleREZERTES t he

coi | s of the foaf enéeﬁbowmzdiumnbréseﬁecimuhaﬁ, fieey | S ket boof about
0.75 mm 30 and a_l ength of about _ 42.5 mm Thus he el enent 22 of the
preferred enﬁSdFH‘érﬁrqfser§ Sle GrEAd Wt & d F%?taélﬂ’éﬁi”ngh%‘fl@ Pav3dRlary 2005

|l east a porticgnapbut he .pr esehegted aigd &6 dwmretaot sfhaws Furgnthe
E;ﬁponent F%&%ggaghtEgecgugztgitgnd;?”%éwﬂgég é?eother 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 preselécted 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 ‘array 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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preferred enbodi nent are overl apped by a distance of about 7.5 nm Al though
the coils may be nade of other materials 5 and by other processes w thout
departing fromthe scope of the present invention, théddandagy £2RE>
preferred enbodinent are copper and are etched in the substrate by a
conventional photolithographic process. As further illustrated in Fig. 2, a
reference . 10 eddy current elenent 26 conprising eddy current coils 28 is
nount ed on the substrate 20 bel ow the | owernost row of primary eddy
current coils 24. As will be appreciated by those skilled in the art,

si nce both theegwti mapyredoy oft wheeptesdlemtetl 22eankh tHoe deedet eficavseddy

current el ement t}% 26ma£r? stpacgd gﬂeq:m Eﬁg conponent 10 t'hef strate 20,
these el ements are Spaced Trom the conponent by <a BT ambraf ;ﬁ qual and
const ant di st@anderfedeenbddigmerithack ness:lappeliebg ubstisaktare &f tdmawgh ot her

nunbers and tterns reference cqils be .used wi.t hout departing 20
fromthe scopgﬁéf "Phe %ite‘rboé“ﬁ?‘ Fﬁ%eﬁﬁﬁagnfm’?ﬁ%‘e FEFE, 3h @ heg| Qﬁ’é?ﬁlagg of the
preferred enhodi pnbrhes pysreseparal gtbutCdepar g Eichi 6HEds @RS oF

reference areg 30 (Fig. 1) .of the conponent ., ]0 |ocated outside the area
sel ected for © ensé’%&glgi}ﬁ lé?“'ﬂ"é]foé’r'ablr@‘,e t FE1F&f ePncElR e%%?fttderfﬁdi s 25

posi tioned sGuibodohitat Nsré dogipeteand Hiegrabhedrirspendubgtrite dypartion of
t he conponent 10 witho fl .. Aternativel it is envisioned that the
primary coi l scoﬂ'e\‘q/}:ré‘?n%]; @E%ﬁé&h?ﬁa@l&ﬁoﬁggﬁuci ng a nominal signal and
that coil can be used as a reference coil. Thus, under 30 sone
ci rcunst ances the ref exenferehaneilllusyabed| doatrdd. i2nsiederdfieerenekect ed
%LFa 1616ath%%w&hggrggééié¥%éghtiEE gomprising eddy current coils 28
‘ 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
inspection 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.




14 January 2005 Instrunentation |eads 32 are connected to each primry
“coi | 24 and each reference coil 28 as shown in Fig. 2. These |leads 32 are
bundl ed and fed through a protective tube or conduit 34 Headiesy £80an

el ectrical connector 36 5 positioned for access by technicians to
selectively connect the primary el enent 22 and reference elenent 26 to
conventional eddy current equi pnment (generally designated by 40 in Fig.

3). Although the tube 34 nay have other configurations w thout departing
fromthe scope of the 10 present invention, in one preferred enbodi nent the
tube is a cylindrical tnsérbaentmtiaom oldals diZanateercapheabedit tS gach

Furt her, althoughmgth%%iqe? S eg%kagg'g tgp tyP%H§4 to t he .cogponent may
be used wit houP ™ dBPaF t9Rg 7 oMt he Scope o t ha  prds &t STATeA 6A%-in one
enbodi nent t he2t ubthése 12bdatiachedbtodldie andnpedettronghha pratietabire

conventi onal adhesive. Hol e d/,or. .grooyes _or ot her, openings may b
formed in Iom/gPESSgrrS%ﬁéﬂéi %g ﬁﬁgdg8ﬁpéﬁeﬁP Tge??Fl cSﬁﬁgaﬁFﬁgtﬁé t ube
34. Further, thesebitned fbheadadse B¢ temhhikdaneat@dedethbiveIlsuicbahkber

conventional sealant to 20 g{event %gntaninate fron1gg%$ring t he tube and
component  10. 88 I PT¥E ¥heP LT s 2&nv B ored TR opRti™HE nd§ bk for ned
in the side of cbheefitthmal4etigy peoviate: asfigsmehor (§bgerd19808e82gnétedi | | be

' iated by, th skilled_ int 25 th t 12 d i bed
Above rmy be WSEA30 4% FéPect ) n pRSEPREEChRr BIPE0001 VEh BFGR(SFRT |y

conductive coapapgfiratQohd dethout ndephetbrey Ehoms the. Goopa @rackne4) are
present. First an eddy current elenent 22 is ermanent |y nounted on the
ggpponenﬁolo OQE?S?Qﬁalnventlon, in one preferred embodiment the tube is
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




30 presel ected area 16. When the preselected area is tested, conventional
eddy ‘current equi pnent 40 is connected to the 7 14 January 2005 el enent 22
using the connector 36. The equi pnent 40 energizes thé4ellemsrey22008
generate alternating magnetic fields proxi mte the conponent 10 thereby
i nducing eddy currents in the conmponent. As will be understood by those 5
skilled in the art, the elenent 22 detects an electrical signal generated
by a secondary magnetic field formed proxinate the conponent 10 by the
eddy currents. The detected electrical signal is conpared to a reference
- signal to deteneheet Weet hesiridhetlet eohadcisdgnak. i s e diefihépesatit t han t he
reference signal. Such di fferenc i ndi cat es thﬁ resence of a flaw 14 in
the component SPEFIREST | TR (FLMEHC AZFFQ, SFCHA e GLF PEIRC Ui THOBSEAE ¢ he
el ectrical signahgsrpeekvrskdythidecpipdrmint Q@ | hdr@eby. .indueihs 43dy44) are
equal to the reference_sigpals received_15 the reference coils 28. Thus,

b
“when the i npe@YREERLF Thithes TR YHpar &8 V%iirﬁ?i §58R2 &Y {h8Sfef er ence
coils 28 on axe01&e@sponehdtas Sy AGwehtt be edeyctdirarendlectqdcprent 40,
the difference is zero. Likew se, when the inpedance of coil 44 is
conpared to tKéINRhpSERREREEE OHe 20SPEPRIFNE MBS 28toR1A £6FMBS pondi ng
di splay 48 of pt-BeiRgey €HET eBhpSAiDNEBOt b§0 tHeheedly fQIORGR .S Z€hO.
However, when a flaw such as,a crack 14 grows to a_length as shown in Fig.
4, the displ afesecpdnelsactrifal eftedh PmETRRCEdp e n TESEFER2E and

coils 28. Singgghle |E€NItdet2embhet NEnddraw degs natr&xisand sdadal the coil

44, the corresponding display 48 displays a null reading. As the
$;) 10 different than the reference signal. Such a” difference
kN

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.



crack grows |onger as shown in Fig. 5, displays 46 and 48 both show a
di fference in inpedance between the respective coils. Thus, the | ocation
and the length of any flaws may 30 be detected using tAé dppararud092 and
met hod descri bed above. 8 14 January 2005 Wen introduci ng el enents of the
present invention or the preferred enbodi nent(s) thereof, the articles
"a", "an", "the" and "said" are intended to nmean that there are one or
nore of the elenents. The terns "conprising”, "including"” and "having" are
intended to be inclusive and nean that there nmay be additional elenents
ot her than the |isted veanenirsroAacyay i oaﬂ;emémrsgeSOtoultdebepredEn'tn t he
above constructions w thout tin 0 he scope of the 10 _jnvention,
it is intenddBVERRC PrnaéltfeerpES%?ré}f%je F%%%h%e%b%\se EI%%’EGFC?fptlB €or shown
in the acconpanyégs drawi ngar, Shahd" hend nsaspr eaﬁ@I ﬁStédde!dSH:baheme and not
inalimti ng seng 9 14 January 2005 gLAi'l 1 i nspecting a
presel ected P8k GPECER 2BfeRPFi 85I POTe oRAUERFVE E‘Bﬁ’ﬁBﬁen ) H@F‘B?m ne
whet her sf | anscompi RNt ihbei@iny" e Makkosy € aomy |i5i‘ltlw1deﬁefﬂalﬂ@nt ly
nounting an edd¥ current_ el erre%ﬁ conprising a p|c!{ll‘a|l of edd current
coi |'s arrangdBCHFRIF Y B8P3 Wit OnBR BY et Pieds slepe ’EF’ar ea,
each .of sai depetindidr thef 1edekvd IRt scoil s being | ocated at a

As various changes could be made in the above

constructions without départing from t-he scope of the

) .10 | invention, it is intended that all wmatter contained in the
above description or shown in the accompanying drawings-

shall be interpreted as illustrative and not in a limiting

sense.




predeterm ned position within the array so that each of said coils is
positioned at a predeterm ned location in the preselected area of the
conponent when the element is nmounted thereto; attachildgJdangsnduef o the
conponent; attaching a lead to the eddy current elenent for selectively
connecting the eddy current element to renpte eddy current inspection
equi pnent; threading the |ead through the conduit; energizing the el enent
to generate alternatlng magnetic fields prOX|nate t he conponent thereby

i nduci ng eddyC eiftents in the conponent; detecting with each of said
plurality of coils in the elenent an electrical signal generated by a
secondary magnetic fiehd Aonembpboxineiading eoppenarictby &hea eddyn

currents induc t and conparjing the electrical signha

det ected by egiﬁcg%% 4¥;chﬁ P%ﬁﬁ%%/?ﬂmpng??g ?% 1B BRelbe A Er ence
~signal to deters peeshet hberdhe detentesbsigrpkibsngti fferent than the

ref erence signal there i ndi ca |ng ﬁﬁesence of a flaw in the conponent at

a particular |ocation Fﬁ???%ﬁ¥ BREM gEhersddy CBFF&¥pordisiE o t he

predeterninedcohpﬁf&ﬂﬁylaﬁpHMHelEﬂy|ob6¢duy'Qﬁﬁn%hEdcoilsﬁﬁfEHﬂ@@d as st

forth in claiml wherein: 10 14 January 2005 the edd urrent ele IS
pernan;ntly hﬁﬁﬁ?%dOBntﬂFh§OFBﬁ% q%n?“%%f%ﬁ% PhHe® GheftePs SBSQEPEd for

a period of epedatilonalitye eFernmily |icurerarqiaddsafeimg hbsgatddodanf a
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




operation; the electrical signal detected by each of said plurality of
coils in the elenent is conpared to the reference signal after the period
of operation. 3. A nethod as set forth in claim1 furtH& Jaguippni 08P t he
steps of: formng an opening in the conponent adapted for receiving the
conduit; and positioning the conduit in the opening. 4. A nethod as set
forth in claim1 further conprising the step of sealing the conduit to

prevent contam nates frqm passing therethrough. 5. |Inspection a rat us
for detecting flaws in at%epregégl %%ree eﬁaretetﬁm%?tqalr? é’leéE‘???%%]M 37‘08828%&‘? ve
conponent, saittheappapahest Cloafpidesitag: campubsiit ate Giazedeandoshapedrfel

covering the porfesel ec%ed area of the conponent, said substrate including

an adhesi ve for attac %%ng the substrate to the conponent over the

presel ected area; and a il natgmeddy isurdmitgiekenemte@onphé Sigekgiad of
plurality of eo%%a%tilglgent coils nounted on the substrate, said plurality
of coils being arranged in an array sized and shaped for covering at |east
a portion of the presel edteeceleaatedctd dapesl feawstédi bhe ceehpaentaind to

determ ne the _Jlocations .of the flaws; . and reference eddy current. el enent
nmount ed on t hé)lusrégébfatoefoaﬁfégsént“} heé r | ﬁ'g?nﬁlené_’ddfiscu??“@%re& efnt %r

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




11 14 January 2005 obtaining a reference signal corresponding to a portion
of the conponent without flaws. 6. In conbination, an electrically
conductive conponent having an area selected for i nspddt Panuany 2RPPar at us
for detecting flaws in the selected area of the conponent, said apparatus
conprising: a substrate nounted on the conponent over the area selected
for -inspection; a prinmary eddy current element nounted on the substrate
over at | east portl on_of the sel ect ed.area for etecti fl in the
area, said prlo%’araf/nlen y2 CUFF et el BITERE C8ﬁﬁ?f%?Ihdgm§ pi° r% 6’1“ &ddy
current coil s ther an@adlentnwatmwseile@rsed pattern, each of said plurality of
eddy current coils being |located at a predeterm ned position on the
substrate so that each of said coils is positioned at a predeterm ned

| ocation in the area of é.heIconpomenihtsekecteed ofiectrhsdact i @nnd@cﬂriv@
reference edd rre ement rmunted on_t sub rate_adjacent the
primary eddy Zﬁ(ﬁgen‘f%l gr?gﬁtngfoan oBt &f ni ngfect é’ﬁce EIK: %%lon and
correspondi ng appaaapmtfcm O¢tedthaqgc ofipomerin vuriehoutlefclta\z!/s arEa Af the
combi nation as, rth claim6 wherein. the reference eddy current
el enent is posi ?‘?one o&g%gaappa%aécruésn%%m FS4T8F the component 1ocat ed
out side the area 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, 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




selected for inspection. 8 A conbination as set forth in claim®6 wherein:
each coil within the plurality of coils of the primary eddy current el enent
is spaced fromthe component by a substantially constadrft Jdirg@ance0and t he
reference eddy current element is spaced from the conponent by the

di stance. 12 14 January 2005 9. A conbination as set forth in claim®6
wherein the substrate is adhesively bonded to the conponent over the area
sel ected for inspecti on.g 10. A ¢cg ;iurfat'io%n as seg_tfoc'g in.cl aiinﬁ f6urther
conprising an el ectrical” ‘conhect o mbunted R the- compdnedf forat™

sel ectivel y comseeinngh¢ heupstinmey ieddyhesivent baldedent tther enmpenaaddy
current inspection i . conbinati.on as set forth in claim6
wherein said %F&rgaFﬁg;grgegeggéﬁg%ﬁ&gﬁt BFTER the primary eddy current
el ement are nounted on the substrate over substantially all of the

sel ected area. 12. A coridi-nathi ogomkimstionor eh i set| afont® fiort bhbzim 6
conprising:. a j.t n_th onent ; | ead ext endi

t hrough t he cof%ggﬁ%lfffgﬁggﬁgﬂleggd?ﬁ %6;&?%%&21' e%%r%l%%ftgrx gngjluélg fivé)lnyq:qle
connect i ng t hecegdyerurfcaniseleteimmmity tonnenvirg éddyprimamnteddys pectdanan

equi prrent. 123, NETHGR ANRGAEPARATS, ECR, | NERECTL NG SRMRRMEITS ABSTRACT CF

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.

12a




A nmethod of inspecting a preselected area (16) of an electrically
conductive conponent (10) to determine whether flaws (14) are present. The
met hod i ncludes the steps of permanently mounting an eddy284Prdnt8Penent
(22) on the conponent (10) over the preselected area (16) and energi zing
the elenment (22) to generate alternating nmnagnetic fields proxinmate the
conponent (10). An electrical signal generated by a secondary nmagnetic
field forned proxi nate the conponent (10) is detected using the el enent
(22) and the detected electrical signal is conpared to a reference signa
t o determ ne whet hemetraendee AFARATUGNEOR | BISHELCENE NCOMHMARNTRe 1 ef er ence
signal. Differences indicate the presence of a flaw (14) in the conponent
(10). Inspection apparatus (12) for performng this nethod is also

di scl osed. ABSTRACT OF THE DISCLOSURE

A method of ingpecting a preselected area (16) of
an electrically conductive component (10) to determine
whether flaws (14) are present. The method includes the
steps of permanently mounting an eddy current element (22)

5 on the component (10) over the preselected area (16) and

N | energizing the element (22) to generate alternating
magnetic fields proximate the component (10} . An
electrical signal generated by a secondary magnetic field
formed proximate the component (10) is detected using the

10 element (22) and the detected electrical signal is compared
to a reference signal to determine whether the detected
signal is different than the reference signal. Differences

indicate the presence of a flaw (14) in the component (10).

Inspection apparatus (12) for performing this method is

15 also disclosed.

Fig. 1



