‘., e3el Ld26TI].. Technical Field This invention relates to nethods and
appar atu i i on of components, nore particularly) to nethods and
; apparatu;mmmmmmmmmmmﬁ eddy current technol ogy. Background Eddy current
probes ar en used for non-destructive evaluation of 1o criti%?I
component s i N°PRE aer ospace and power generation industries. Many 6#”Lﬂ@ge
critical conponents nust endure extre y high stresses in the course
operation. In the gas turbine engine industry, increases in thrust to
wei ght ratios 'and increases in rat) i i i even
greater durabili tWTBiC&QME A@%ﬁsmmmﬁwﬁéﬁ@@ary to
detect even small flaws in 15 order to ensure the durability of the
conponent. For exanple, a rotor disk for a gas turbine engine nust have its

entire surface iTechsicdl®ikeldn order to detect the presence of defects. An

inability to detect flaws of a certain size can prevepnt production of

hi gher perfor mance arﬂ“#ﬂﬂ@t&%ﬁﬂéﬁeﬁf‘?%ﬂﬁﬂ%%%@%fBBWPWH@fsurfaces on
these criticgl ¢ . r / ke regul ar
shapes, 1i. e.Eg coc%p%gg‘ggégnnéé{e&’%}mp%ﬁl?hté% e?ﬁisea@gﬁgﬁ%ﬁfﬁ@m%%d% i nspect.
An eddy current dquhehttethilegl |y i ncludes a driver coil and a receiver coil.
When provided with an electrical excitation current, the driver coil
generates an alternating el ectromagnetic magnetic field that results in a
magnetic field i]gac?ﬁi?&n?orrponent under inspection, which in turn results in
an eddy current wtHin the conponent. The eddy current in the conmponent
results in a el ectr onBddyxdurrensprobed are oftere asedfornonsdéstuotiveevaluatien vfr coi |,

detected by conmercial instrugentation. As,the probe passgs over, an
anomal y, e.glo) acrmcs\,mpoaer&m@seﬁqospacmdeowergseae@ngwgumrm 8y, in

t he conponent, t I j f dsE8t lting in
a different si gndzialFii W t Qian"%t gﬁ%@%@%@@g@ﬁq&e@%l@ﬂﬁ%e I su? etcégt&gd by the
i nstrument at i on. operationt iIh ¢he gasctorbinerengine irddstty) increasesinthrugt tonveghtyratios r ent
probe include 5.the sensifivity of its response) and the uniformity of its

response as neasHiddacreasesin duration bebween insperiions réquire sver _S“'G?erle@bﬁ‘l%lS’e,

referred to herej i 1A Si,t:L Wi i ettt b énasrn'lia‘ﬂ ure that
i ndi cates the capa i??%le{)&%ﬂ?e&bsrraogg ¥td§%§ée‘{egcb ?fdavvs (l‘%F a paﬂﬁwéu ar size.
For a probe 1% berdestsf efisufeche durabifityl ofahé amponent. Fos éxanmple; axofdridiskdbt a

sensitivity to detect flaw, sizes of (interest, Uniformty is an o indication

of the useful wi8astuebineenging st havsityratireyriges inspested;in ordes te deteetdhe i vi ¢y

at all points ac %& dth 4f; r&'kﬁigvﬁzy edge is
typically | ower {’%gﬁwgtg ?fl e %’er@relrn L@mgéggé ﬁto@mﬁse&?w abl'e f%‘?s’{%&
application. A gpeduetionsfitigher perdibrimanceardf theretcompatitivel pradudté) Moreote,

i nspects a w der are&aat one tine, .referred to as wider field coverage,

enabl ing a nore H&shHacssonshese potical somponegts ofigRiheys FHrves, camarss andior

i ndi cation oj5th 0, oql{ggq,f iR IR by havi ng
conpl ex georrée%rigrs%éﬁgjc‘)?k Egﬁfgl éeonﬁ g’égé havi hglmgggner S.L‘H%?/?)i&%a ;8/.9{‘% e-edge
is the only partinspect.ne probe that can be positioned near a corner. If the

probe has |low sensitiyity at its edqges,. the probe wll not be ahle t
detect a flaw near th é%p}’l&“.re"é(?r é@'?@&d%ﬁ‘l‘ at“r%%?ﬂ‘&ﬁ“é‘c?oﬁ?"‘?%?’r"@ t

probes havi ng suwgl 8&BWith Y ; A ol 2 Gl . i have
had very small probe pg?‘grrent ShX%EDSctEQ%leggigatﬁfg c{d&g@bﬂferﬁg‘gcc&m%;m%?use of
probes wit h suchakernatingsdlentrontagneficonagngtic field ¢lmat essulthin 4 magnetio ficklds ta
required for inspection, Eyen with fully,automted scanni ng systeps, the

i nspection of®a SPHBPREDt B?QIFF “E?P%%‘%UY’L'@KH fpry zesults 19,20 éb“?r&#w@u&hes to

the narrow usef UL:meS'ﬁéﬁt. The éady ¢ eﬂtﬁ%hfeicﬁ}ngoﬁé?ﬁ’%sﬂﬁ?in dﬁe)éle&éb?%ﬁétg@l !

probes. Eddy current probes capabl I nspecting a w ar

conponent, i. e. signalcr réspehsk, eithizrthe esceinercdilndetactedSby bommetnial, conmmonl y
referred to as w,de field edd urrent probes) are w der than an Qrdi nary
eddy current prolstrumentatian. \K%lso‘gﬁp 5\PA: S%°Y%é“ﬂ9%gyvﬁ-8-hagﬁﬂaﬁrérd' frEftace
area to thereby inspect a wider 30 surface area on the conponent. However,
as aresult of the greater wiwdth and surface area, present day w de field
eddy current probes have insufficient ~V 2 4J UIl 2002

*166166*




"3 sensitivity for inspection of many critical conponents in aerospace and
power generation industries. Furthernore nost wide field eddy current

.. probes do not provide a sufficiently uniformresponse, the sensitjvi tE/ {
the probe decreases excessively near the edges. As such, they ard hdt \2\@ I
adapted to inspecting 5 surfaces with Sorrpl ex geonetries, e.g., those

havi ng corners. U S. patent nos. 5,4427286 to Sutton, Jr: et al., and
5,262,722 to Hedengren et al. disclose eddy current probes having eddy

current probe elenents di sposed within thin. nmulti-|layer structures. The
driver and tHBO‘FPgE'QB!?,éP ﬂéﬁ"@’"&ﬂ%ﬁ%sé‘& %W%ﬁﬂ%ﬁ tl}eae?\éyglqr;ptttﬁgre ¥ructure.
Such probes fgﬁp‘re i i IRPRELVALNO e naiRITBL &SPy DUt T hey
of ten have | nglm\fi\%ilr?agem rg‘%l%fea]ngs’?!tuihei ty, le. g., | 0\)‘\:/ Si gnaf@étto noiyse ratio.

Anot her type thé imstidsnentatioent probe is referred to as an electric current

perturbation probe, In _a perturbation_.probe).the dyjver core axi.s,is
per pendi cul ar to t'ﬁ\.¥°t°9 \Fe yé“&?(f‘%.”ﬂ??‘%“ﬁ%?@é“ﬂ&%&’%‘g@ﬂ%

ecel ver TROngL gl i RISl 48 B URIIBOERS Fapbhlid gy edluci ng

t he sensi t’l vi receiver to surface noise t oes not represent a
defect. Sone different poiats afomg theaidth of the pestiey referpedatocheteinmras wnifoamitpce noi se
than others. Perturbation probes typicall rovi de hi.gh sensitivity but do
not provi de WPRRSItIVItY s g@eameﬁ}aémﬂilﬁpeaa%fp@eablll qfﬁgﬁ)@'&?m conpl ex
geonetries. 2 i 7 PSR JHdse RECTI ON
EDDY CURRF~VT8?$§?3%§}§W%W3? Eg‘%hlar Ié-%é\?i ew o& %? ggr esswl-r{l:&' a ;[%gitg‘l"’\[/ﬂe

Nondest r uct i vewiMmve safficient senditivityGp deaalOv Sizeddf iffereshBUiEIityROBE US| NG

LI MFOR~1~1 ROTATTNG D| RECTI ONEDDY CURRENT") Koygma ef al,, Yol. 16)

di scl ose Yhe ingication o FPEE@%"E&P%P%B@%&M&PS‘ g%"e hé sam®, o5 current
tester and pr : i L i i efiply Uit pr obe
enpl oys a dri %gugig%%! %gg‘éﬁéﬁ%gﬂd@g%%ﬁ% SI d%ae)ﬁﬂ\{/h{"{whatt V\%-&??ret hogonal
wi ndi ngs, andisaypieallydéwer thareatvthe centérsind Insay neit be kuitablesfor tteapplidatibnt he probe
generates a | arge armugb/ of d.afﬁ& on a flaw w th njnimal ngjise. However)

thi's probe doASrRUEr Usell widthensfiae meqap that thePrebeingpectssh Widst 8562 gljapt ed t o
i nspecting 3o XoTle] i = : t No.
5,483,160 to eﬁé)@\l'?’:‘)réfet g?“ I sgﬁggéo‘éerﬁ%’%P@gﬁﬁgé?&ﬁ@%gﬂéﬂng a driver
coil and ose inspentior, Unifgrmityois also pa iddicakian oftheasefuiness ofithe pbeforer coil s
w th axes perpendicular to that, of the driver_ cojl. Th g_lerturbati on coils
each have a f n§pecting GemppRents having samplex geomet ¢ thoge haying ohe head.

The perturbat | (o] 5 =0 f i %hﬁ& i j of
novenent of ngl@gﬁféq ﬁﬁf% ﬂtlé(;&%grlrgi)%‘gg%) t aﬁﬂﬁ@Lﬁ%E% géeﬁ%&;drtr‘egﬁsi on

per pendi cul ar near aciormsri Ifxthe pfobethaelomniensitivity atlits edges the/probeowilbmpbeent ) .
However, this probe is not a wde field probe nor is it likely to have

sui tabl e sens® IFW(E?w?td‘r 8¢ Bear the GEMRL (i ng critical conponents. 10 SUMMARY
OF THE | NTI ON A j: St | ' ' ; n eddy
current g}( gbe t hat q‘ﬁéa&s?‘ugfgg%fqgee%@?f ?‘?ft y yét’%’?gbﬁg“s“?aé&eé@sm'gg%ﬁ on
fiel d. Anot heuseinjinspectafg & fotordisksteve hadverysmalh probetetenmntsy ege 0:080addy

current probe for .use in inspecting conponents having a conpl.ex geonetry.
15 Accordi ng to_é’ég_“i“?%ie% W‘% “%PEP‘W@CW’%@@‘H&' Méﬁ"i’%‘ﬁ 8’54%6‘8‘59”@% r ent
probe for uSe dvimd SRPEdst PRBs RRRGEcriol Even Witk il RRomited Bitfling' ONY 2

scan path relative to the object, es a driver ving a collF with an
ef f ecti ve coi Isysiemns the inspedtio ef a $isgle nopoadisk ngrréntlyrtakes oneri@hhourfidud engt h

bei ng the di m[%n ion in a gjre hi.on substﬁﬁé‘i al lX paé%IFI el qi,o the scanning
pat h, and 2 ur (RIS REROM et 3R, o oSt Eold 6 Vrodas: BEMeseamall RIOBSS; | axi s
oriented substanti iddy_cﬁﬁéﬂeﬁl?%e% léhﬁdbéé%ig{i)ﬁctﬂfé 2'fideGPdd ord é&ﬁ,s&ni\_élﬁt coi |

axis, the receiver having a | ength, , and a thickness, the’length
bei ng the di miesivode field coecrage; eretknownp Such prbes, commontycrefenreddo psivide t he
wi dt h havi ng ] ngnsi on magni t ude ,subst anti g) | reater that of the

l ength. 25 Ac %&E‘iﬁﬁé cugent ‘ggll"ﬁnﬁe ae%‘éégaw Q"ﬁJ@ r EHP“FW\%&?Q- g‘ﬁ?at%fn eddy
current probe LdYh ! i .a.S noved
al ong a scan ggltaﬁl ﬁgﬁgﬁk\l}gde(?%ﬁﬁtem%g?grc%a?ﬁ?Ieﬁg@eg{egebé'?ﬁ?gé&ﬂglekﬁg a coil
wi th an efidectsudacecaved omthiecomipbrentr Hoovevéraas aigesalt b thgtgpeaterdvidthvdndt h, t he
| engt h bei ng the, di nension i %m?i rﬁcti on substantially parallel to the
scanni ng pat h,Suffage "E'B*}»Ipr?f&%ti‘ﬂ@j ticidieddy areshprabes haveagutiicieshd f ur t her
includes a receiver having a coil with a coil axis 24 .~1tl | 2002 5
oriented substantially perpendicular to the driver coil effective coil
axis, the receiver having a length, a width) and a thickness, the length
being the dinension in the direction parallel to the scanning path) where
t he magni tude of a distance between said receiver and at | east one of said
edges is less than 0.125 tinmes the 5 width of said driver. According to a

Y b1 oy . L, N 1 o .




" an eddy current probe having a driver having a coil with an effective coil
axis, the driver having a length and a wdth, the |length being the

<~dinension in a 1o direction substantially parallel to the scanning path,
and further having a receiver having a coil with a coil axis oriengé&dUL 2002
substantially perpendicular to the dri yer coil effective coil axis, the
receiver having a length, a width) and=a thickness, the |l ength being the
dinmension in the direction parallel to the scanning path, the w dth having
a di nensi on magni tude substantially greater than that of the |length, 15 and

further incl uSensitiysyfergnsneetionefimany qrigical comppRents HALEAPRce 3ng POWSHg t he scan

path, wherein : [ e gﬁyﬁ A i

i ndi cative of e %%%&bﬁppgﬁs{&? ﬁllbt e ggjeg&d?&%%tﬁ%%rﬁﬁﬁgl udes
presenting saipgovididy sufficiemlytunifogn aésporsecthe densitivity of teqprobéiderseases of t he
present invention) a nethod for 20 inspecting an O%jgepﬁqti al ong .a scan path
relative to tI§scessively nearitheedgsesAp serk; Hiew grefiet gl adapted to,ins havi ng a

driver havicng il L Ve, CRI ki cdrilgs dr i ver having a

| engt h and’a ﬁ%%ﬁe&@%ﬁ&gﬁ% tzte'%'é&llgk‘.'unen on in a direction

substantial |y paral(.gl pitentinds. 5442,28619 Suttoh, Jr! étal.cand 5,062,722talr i ver havi ng

w dt hwi se opposite edges, and further having a.,recejver havi Sg a coil with
%

a coil 25 axi $lesengnenstialsdiscieserediy Fagens prohes having eddy; UrreALPIOPE ver coi |
T e . ) )
Thi ckness) *t ne il ibiifed SRARNRY MBI Srickilld Mindattef bt uMedher

scanni ng pat h,are/ispeset o adjageiit layes in thestrictura nSuchprobesane well ddaptediover and
at least one of sald edges is less than 0.125 tipes thﬁ%ﬂth of .said
driver, an@ fJnspeeting spmplercaeometresgbut theynfiep have legy,than, SePsERt ant i al |y
al ong. t he scan, pa : j eddy current probe produces an 2 4 JUL
2002 6 el ectr?eég‘r fo&sﬁﬁﬁifﬁ(ﬁ%@??ve of the presence of flaws in the object;
and further incl udeAngthergps ofeddg aundert lpestieris reférref wraslanfelestriccaindne ddy

current probe. Although eddy current prabes havi ng perpendicul arly oriented
driver and recReruehationiprobex dn a pertubationsprobe, the. deiyar car axieis PeTPSALicYAr probes)
are known) untg| .l . . I : | e could
provi de a wi deéoiﬂﬁgge\é‘%ltv#%%o\é?%gggh\}‘mg?%Rggfiggﬁpfeeg@eens| ?%’H‘gygg g{éé gadwg{r) use in
aerospace gnd the droeyahagheticfielt) thereby thidating et sehsitiviecstithgrécbiwergodt h rel ati ve
to the length, of an eddy current probe) to provide a wde field of

. ) !
cover age typi cBirfage peisethatdoes ngt eepgpsentiacdefact. Spmegpatesials,for ¢xampleyr adati on in

sensitivity a Lf ] r t i f. 1 pr obe.
However, it hﬁ%gﬁéﬁﬁq%#ﬁgpﬁ%@ﬁé’n e&'ecﬁ‘%@“@&%@%@%@?@&r bati on
type, it is popvidedighsehditivigase db hot protide wide field coverhge/sndiave héts | ength, to

provide a wider field, of coverage, without resulting in an excessive
degr adat i on i nadapied;tojinspesting,complex gepmetfies.such a probe is useful for

exampl e | npg NSpect | gyl b6l GVBRIRSF PROBECHPA IRSLAANG: DIRECTRAVE! al on

i ndustries. 15 Furthernore, the conventiona m regardi ng perturbation
probes has beeBEDDYaCURRENT (Kbymha ettud. Review of Rrogredsdn Shagntifativent | y gr eat er

than the width of the receiyer in order to ge a s i ¢l ent uni form
magnetic fi el cNandestruetive kve ’96r’.’°1-T45édi4455&e§{]%a}6ﬁe4 M%{’ E%Ig;‘P R&éEr ecei ver
is no nore tha 1 } EDD ﬂﬁk%ﬁ"’t i1 onal
perturbation ppjgglgg ave po(@g@fgg@?{ﬁ%ﬁ% nearyacg elrr wd &’é‘%agtgdges,
thereby |imtial, Kdaleld) disckfselonstypt bf perturbitivnrpralse tefdrsedito asaseddy obj ects
havi ng conpl ex geonetri es, wever) it has, been determ ned that the

recei ver cah eSYESH testerand prgbsempoyingcsiipiating disetiofy eddy curient, othe rigkessi vel y
decreasing the i L : i j . var. Wth a
recei ver near fﬁ§'°&n95tgmm&s@t"é‘gg§“g?%ﬁé’ r%?}ndaaﬁﬂggﬁtsl{}%oa e o}‘gneti c 25
field under thevindings amla pdnicekecreceiveyr Ehuishikaw enali dissloses thatahe probe wi dt hwi se
edges of the probe. Such a probe_is useful for exanple fqQr inspecting

conponent s havBERFIAEH lagge aynt of data on pflawrwitirmmimalmorse. dfowever, thiaw NGS 30
FIG 1 Ais a i i f. j: ! . disk.for a gas
turbi ne engi nef’% dégg g‘%&’;%ﬂ?? gﬁ‘!‘ﬁgg"%yé&g%%%?‘g‘f%‘ ?%Jpgéﬂor@%p%g% di ment of
t he 7 2 40J complkR@eometeisent invention, in conbination with a sinplified
schematic representation of an interface instrunent and a processor for
receiving and eval uating signals received fromthe eddy current probe; FIG
1Bis an illustration of the eddy current probe and rotor disk of FIG




"s |A wth the eddy current probe positioned to i nspect the rotor disk;
FIG 2A is a perspective view of the eddy current probe elenent of FTG 1
A, FIG 2B is another perspective view of the eddy current probe el enent of
FIG 1 A 1o FIG 2Cis an exploded end view of the eddy current mﬂﬂf@
elenment of FIG 1 A, FIG 2D is an engf)ded pl an vi ew of the eddg C Wt
probe elenent of FIG |A FIG 2Eis expl oded side view of the driver
core and the receiver of ~ 5 the eddy current probe elenent of FIG 1 A
FIG 3 is a graph illustrating the magnitude of a response froma
conventional eddy &LSrRatentNaBat83d6Ano Guiliver efiakl distlgse atmultitsenson prabea gr aph

il lustrating {he sinulate nitude of a.response . fraoma.w de.field eddy
current probe ‘Gn%ﬁgg?’?ri ﬂ(ﬁ‘f‘ngg"ﬂg'f more, &2, fauf, °r%'??a§°_5cn¢sab#r§$7'?§trati ng
the magni tude f&is With b3 Perfen@ulbP® RAITEhOdriver Goil.| Thé PerhRBRIIASRIIE O an
artificial defect; FIG '6°1s a graph illustrating the nmagnitude of a

response fromeachcave arfiat shapt andiaie nountedmin gdjasint facetsiof aiprobe hedda| Theef ect :
FIG 7 is a graph, il lustrati t he. magni t ude .of .a sign fromt pr obe of
05 FI G aSi 5 pRRaRoails dieonetr Fimengon giele 0 dRpRohgR maye Rt o0 ve
view of an ed idR(QRh& efdietlaP

enbodi nent of %%‘%%L&%{agg%tno? i vgg{lt?(%?tﬁll:ggpg% 'S aﬁigﬁgfﬁperqpecﬁve vi ew of
t he eddy cur r directioncdfanaiesennof probétefative 1o cagnpdiie®). $loweyver; thisprobeded end

view of the eddy cutr robe el.exent qf Fl A ..8 2.4 JUL 2002 FIG 8D
i s an expl oded© P&H‘E‘?/E‘gé\/pg?betnﬁé‘sé‘ﬁﬁ%?%@ﬁ%ﬁf“?ﬁpgﬁnﬁ“gﬂé‘?f UM F G 8A; FIG
8E is an expl %@?Qctﬁig%?it%ﬁledﬂn&fon&ﬁﬁ driver core and the receiver of the eddy
current probe elfement of FIG 8A; 5 FIG 9A is a perspective view of an

eddy curraat probe el ement probe according to a third enbodi nent of the
present invention; FIG 9B i 0 r | l,ew of the eddy current
probe el enment of FIG 9A; FI é@@?ﬁ@%ﬁm e receiver of the eddy
current probe el eﬂemo%igctg{féﬂgf\;eﬂﬁnvgdt@niﬂa provide ah d8dy &it¥énPhrobe eddy

current probe el enent
that has good sensitivity yet provides a wide inspection field.

Another object of the present invention is to provide an eddy current
probe for use in inspecting components having a complex geometry.

15 According to a first aspect of the present invention, an eddy current
probe for use in inspecting an object, where the probe is moved along a scan
path relative to the object, includes a driver having a coil with an effective coil
axis, the driver having a length and a width, the length being the dimension in a
direction substantially paraliel to the scanning path, and further includes a

20 receiver having a coil with a coil axis oriented substantially perpendicular to the
driver coil effective coil axis, the receiver having a length, a width, and a
thickness, the length being the dimension in the direction parallel to the scanning
path, the width having a dimension magnitude substantially greater that of the
length.

25 According to a second aspect of the present invention, an eddy current
probe for use in inspecting an object, where the probe is moved along a scan
path relative to the object, includes a driver having a coil with an effective coil
axis, the driver having a length and a width, the length being the dimension in a
direction substantially parallel to the scanning path, the coil having widthwise

30  opposite edges, and further includes a receiver having a coil with a coil axis



FIG 9E is an exploded side view of the driver core and the receiver of the
eddy current probe elenent of FIG 9A;, FIG 10A is a perspective view of an
.eddy current probe el enent probe 1s according to a fourth enbodi ment of the
present invention; and FIG 10B is another perspective view of the eddy
current probe element of FIG 1 OA BE%{ MODE EMBODI MENT FOR CARRYUBNGI0LT
THE | NVENTI ON 20 The present invention-ts disclosed with respect to a best
node enbodi nent for use in an inspection systemfor inspecting the surface
of an object , e.g., arotor disk for a gas turbine engine, as illustrated)
in FIG |A Reriested sustansially pernendicylag toshe diivescail effective el axigthe yst em 20 for

i nspecting an_qbjegt.. e.q. r.ot i . 0 : I ihe (not
shown), 25 i nerd agwggganft@,uar\r%gﬁ[. “%‘?gg"e'g‘é}?,g"gh"ql erb%.lgég& %?%nd;nt 32,
and a processgpthéfirectioff pasilléliitodhéscaningipath Wiere thewmifgniradé bbadisanend a di sk
portion 44 with a common | ongi tudi nal axis 48. The hub and the disk

portions 40, betweensaidreceivercandsp leagimne of said edgasiglessthan,0435 imes 8. The eddy
current pré)bem%glecgg‘%iggs a housing 60, a probe elenent 62, 30 and an
el ectrical” co p ﬂ “he housi ng 60 has an end 66 with an outer 9214

~ a ~ 2002 SurfaCEA@Zordﬁ@t@aQﬁVdispe&%ftﬁ‘fe%ﬂbﬁeﬂimmtﬂfaﬂﬁpri ses a
driver 70, a receiver 72, and a pair of shields 74. The receiver has a

maj or out er sinspestiag as objertcalonsobican pathaelativetorthe ebjeets ingludesprovidingt y 68 such
that maj or outer, surface 7 f.the.receiver 72.1.81S i gkl y. flush with
the outer sur ?%S%dsyﬁﬂcﬂne?rﬁge Eﬁgﬂ%dg\!&?ﬂﬁéﬁégéﬂ hﬁ‘hﬁgﬁﬁﬁuﬁﬁé‘ %‘rsbbe el enent
in the cavitythedrivePhftiig &/ Rngth)aad a vidthgthe 1ehgliDBeingthe dihersioninfal on tape, is
typically provided over the probe el enent 62 and the outer surface 67 of
the housi 4@ edigeationisubstantialy parallel ko theiseanning path, and fusther having)fa reepiveshj ect .

Referring nowto FIG. 2 t he driver ' oil 82. 1o
The coil 82 hgé"“éﬁ ﬁ%f!gf%ffogfgwo gi“ﬁég“'@%ﬁé"ﬁ"@‘g‘a‘f %ﬁ‘ﬁ&eﬁgﬂ%ore 80)

and two end teémm:tise&ﬁla:as%,-ttheiwqaymgru&%mmau@aﬁdattﬁauies@a;ehaw ng a
plurality of windings 96, two end term nals 98, 100. One end term nal 98 of

the receiver leogth tging the dimensionlin thealirection pasalleltocthe searning path, she end

term nal 88 of. driv coil 82, .thereby establishing,.a c n _term nal
102 15 Rt or Mgt Raghe § meion magnichdl fbsiinfly Bheatst hatErea SR RAet L e
driver andsregfd fifthef Richide£indvilf theldddy eliférit/prétl substamiblly @long@hd fani Nt er f ace
instrument 32 via the electrical connector and a plurality 104 of

el ectrical copatcwbersin the eddieeurrent probe produrescsinealectrical signal tndicative of 105
electrically nnect thesinterface inst.r nt. 32.to the.processor 36. 20
Ref erri ng now OPIEYeRce ﬁgf,la%%méfﬁ% e@drﬁﬂﬁeﬁ'ﬂ%‘f‘{fﬁ pﬁ?ﬂ?"ﬂ%}%@rﬁ%ﬁ ositions
the eddy curr epfremtrsihnal. 28 adj acent to a surface on the rotor disk 24, e.g.,
the surface 56 of the disk portion 44, to facilitate inspection of the

surface. The mani puyigorsting toc fourth nepectef the preser énveatign, @umethed fosr obe 28 such
that the npj or er ¢ t LYEeR 72. fae .t he surface
56 to be [ rllrésggéct.néﬁ %Pjﬁ%gagg %n{aé‘tqqg‘n'rera giglf ﬁ @aetoééec??\%%'e‘%? \ﬁggn c')é a surface
portion 106) dileddy byreénd prsbettaving adrivertingingraasilvithgn éffyctive coll sis, sur f ace 76
of the receiver 72, referred to herein as a scan surface 106, The interface

i nstrunent 32 the érivesdaving a length and;a width; the length being shedimension indcci t at i on

signal that r t S| G L . e, dri. I . The
magnetic fiel ?%ﬁ%g%ﬂg%g@?&ﬁ}agg&g t@ur&é’%ﬁgbﬁﬁt%g %gf;télgﬁ'n&ﬁrﬁfagg\ 106. The
charact eri st i agidthiwisespposicd/edpes, aad furtiep hiving A rediver hading a 4oil whthla ¢df102
characteristics, of, the scan surface 106, e. whet her the surface 106 has

any defect’. s asieated substantially perperdialario she drivier caibeffactive caibaxis; then

el ectrical si - [alg) k B 1l Is i . The

el ectrical si S’Ea“’ﬁ%g‘é‘q'c‘%g?‘%“ré.?‘gtrai@?@tg‘{dc%wéﬁr g‘? ger{ﬁﬂfﬁénﬁ(i@g ??‘{6+nsﬁ%|'e eddy
current. The rinthediteation p4ralié] ts thr\wodnningvisath, twitrethe ynaguitidy of adisthtcel N a pat h
116, referred to herejn as a scanning path, 116, generall éggral lel to the

surface 56 of hehuesnsaig reegivar and\at lepst ope ehsaidiedges isdessit tmesdiepat h 116, .
i h ! i | k . d i h
25 U Syl 55 O e ng SIS e

di sk, resulting 1n a cunulative sc t‘zoyapair of
dotted |imes Isubstaritily alonguhescah path, Whéreinable 8ddyf caérentprobé prdddeds ah22.




" The interface instrunent 32 nonitors the electrical signal within the
receiver coil 92 and provides, to the processor 36, electrical signals

i ndi cative of the characteristics of the electrical signal within the coi
92. The processor 36 processes the signals to determ ne whet her gﬂﬁﬁ

i ndi cate the presence of defects i5 inghe scan surface 106 and V2007, ¢
scan surface 120. Referring again nom/éo FIG 2A) the eddy current probe
el enent 62 is of the type commonly referred to as an electric current

perturbation probe. The driver coil 82 has an effective axis 124. The
ef fective axi electricali signabindicativernfiths presenceofflawsdingheiphiectopnd fugther of the coi |

maanoti 0of  of Mobges Plesenitd P s gt REmRRiaIRGY cbRTHRE OF LN
receiver, resultinqlfhoQgh eddyWufreit prbbestidding peefidichlady oridited daesahdc fiel d
agh eddy P g pBefidiculasty

125 produced by the driver i's preferably substantially uniformin the
vicinity of t heseiveredilaxes, irgrelestricourrentparivgbationgirekes, are kapwn; yntil sane

i tati , . g. i m tao that, of [,G,. 2A. ,th f ect, .Goi | i 124
5 55" aubsbanfPB ftyvasdioh Hegkeed it herbihtiof Rrode ul S5k SuE | Lovever)
for a coil hamgectmmmn%mwgemgr &8N RF LR aefdsPace add@pipoweescr i bed

herei nbel ow with respect to a third enbodinment (FIGS. 9A-9E) the effective
coi | axis nay generaties indusides,iIn¢reasing the width relative tothelengthepfaneddyi | 92 has a
coil axis 126 oriente ubstaptiall erpendicul ar Lo _t driver.coil axis
T4, The per peHGPRArGPe 3B PG e S Sl T R Dl Lo DA YEGH | xes
124, 126 deCOWRHRSP ekdSsivedeédratifion inlsknsitivityland unifdRiity bf REpdnsE acresy e ¢ fiel d
125 of the driver, thereby nmaking the probe I ess sensitive to the surface
mor phol ogytoof witith afsheprobentioweversit des baen derRonined thay forcan electtic irrenB, t he
driver and the recei.ver coils 82 2. each have,respective w.dths 128) 130,
engths. 132, PEFSICAEN PRk HeRssable 18 np Epethe Sadfi R AR FolatVe s et

wi dt hwi se OPP%TF&A&‘@Q%&ﬁQId of tdverdge, Wh&&%ﬁiﬁﬂg’infaﬂrex%ecwrem probes,
the width 128, 130 is defined herein as the dinmension perpendicular to the
direction of tdegradation paemsitivity or Thiferntutyn\Sech & probedik usefulfor examphe i nensi on
parallel to the ditection of the wdth 122 (FlG 1B of.thedcumJI ative scan
Surface 120 ( ARESCHAgCrtical compogenys injasiospace pulpRust EeRecRtiondndyses o

di mensi on paral | el p@tHeRRord the ebhventistal M&%oﬁﬁ%@arﬁﬁlhfbeﬂtﬁﬁ:gatﬁﬂb?ob%@ﬂé/se”“ on
makes the I'ength perpendicular to the directionh of the wdth 122 (FIG 1B)
of the cunul atbieer that the widtlf aftbe ddver mitisthe d@)ificantly goeater dbarcthe width of f i r st

aspect of the present jinvention, the receiver .Z2 has a w.,di.h 130 di nensi on
Chat i s. subst 4N FEFVGT IR0 GRIATRIF ARG LY, i Im IBageHE AEICAHUSTIEF or abl y
at |east 1.25 fidiRs ’Ifr§di€i@rﬁﬂ§,|'{h§9¢icﬁﬁ o?ﬁ:el?lé&Weﬁﬁ @3&24):‘15{}1&1 £hdihds thatver age.

I ncreasing the wdth 130 reldtive to the [engt , of an eddy current
probe, to prowifdbe driverddsfaresult todditianakpentpebatippipcatiels haveepadrisensitivity

Poaover s 10 hoieapnelt Yiaiaise adges Hreseby igntiog thef aeefil wack phlhed BBIBUPba f on
type of eddy GHégee\bbjeit@Reing dontlex geohfRfifds D HowWever, a8 Beh aéigngﬁéat h 130

relative to the lengfth 134, "W thout resulting in an excessivV egradati on
in sensitivitythatthenéceiventanextend nearcs wislthwissiedgernftthe drdver mdthoit s in a

general ly proportional ,decr.ease in the sensitivity the recei.ver) but an
increase in w BEREES ‘F&eﬂf'f'% °#%bﬂﬁ%°f3ﬁswﬁsvetﬁ&8f‘£%(§§f the TEERiNErt | v | ty
than that resulithiCretdienear thd iRAwRe edgd éFahé 8feErAind 34uitabllé afiigicr ecei ver
72 may be 25 adapted to provide a wide scan width 122 (FIG 1 B) to

facilitate2s rieldvndesihe receiver, theegie graaten sersitivityinedrghe wildthwise edgesiofg

i tabl Pgivity., JJhe width to.l th ratdio. shoul d be ch t 0 best
ui t the appi i AR SHAE &bt s oot foE iPping soRSAE Mg, | ust

| arge enough tgmplabhéontetisy. t abl e number of windings on the receiver. For
exanpl e, in one enbodi nent, the width 130 and | ength 134 of the 30 receiver *
72 are about 0.150 and 0. 056 inches respectively, for a ratio of about 12

BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1A is a combination of a perspective view of a rotor disk for a gas

turbine engine and an eddy current probe according to a first embodiment of the



24 J UL 2002 2.5:1. In another enbodi nent, the width 130 and | ength 134
of the receiver 72 are about 0.500 and 0.056 inches respectively, for a
.ratio of about 9:1. In accordance with a second aspect of the present
i nvention, the distance between the receiver 72 and at | east one a} t he
w dt hwi se opposite edges 140) 5 144 is,less than 0.125 tinmes the £ di LG
of the driver 70) thereby providing thg probe el enment 62 with greater
sensitivity near the wi dthw se periphery of the driver than possible with

i | ectri t. durbati bes. ..Lh ti |, wisd
Fegar di ng_ per  ur BiEteTb R o FaBOIaGen BiHBA STHRUCS aCRmEBsrBrEnation Pher 70
must be S'gn'f'cfrpﬁn{é{'fagémeﬁt%ﬁat Sceld g 6r rekeilifi§ ahd Edilvating isigndl9 _Or der to

generate a sufficlent rm magnetic field under the receiver 72. As a
result traditi ongdceiged fromithe eddy qurrebeprobeive poor sensitivity near their

w dt hwi se edges 140, 144. wever, L.t h been det er m ned, t hat ..t he ei ver
72 can extend near a h@tﬁﬁé@“@ﬁ&@“‘i’h@@%&&%ﬂm@@ F&'é‘?f%f%‘fﬂ '
excessively Cr @RSy i 1 ; 5@%% fel isunder the
receiver. Wt tﬁg,?ggg?é\g@%ﬁg@g&%ﬂtsﬁfgﬁ% t seﬁlgégg’lrg%#l he driver 70
and a suitabl e nmagnet FEGf2Aisch perspectivedew ef thieveddy curinent prote eleraent of FIG.
sensitivity near ge w dt hwi se edge of the probe. Greater sensitivity near
t he edge facilitafes i nspection of conponents having conpl ex geonetri es,
e.g.) discontinuities ; F g,gn.g i 24
(FIG 1 ). The recei vg?GbOjrBe?s?f“gEﬁ/E& en“o’lg&#vodrﬁen%ad«g ge 1 6‘6@%9@5&@3‘
driver to the ot F&G. bAlge 144 of the driver, to provide maxi mum sensitivity
at both edges 140, 144_qf_dtiver , Jhoywever this is not required.
Progressi ve itfpr ovemsﬁ?ai ?’fg M’s‘?"?‘z\%ﬂ 9“4,1%5?' %&Peeﬁ’é‘g cﬁgﬁntlféglgbtﬂ%%d’fby

meki ng the di stapgg, p&t ween the receiver 72 and the edge progressively
smal ler, thus a distance of 0.0313 tinmes the width 128 of the driver

provi des greater sensFIGV2Dys arcexpldded plan vimigef the addypcuttent probe eleimenit 6625
times the width ﬁ% ?Lﬂthe driver. The receiver coil preferably has a
pancake - like s e,;“*defined herein as having width and | ength di nensi ons
130) 134 that are MICHIE!9R1EIn (BRIIeH BRe W IIRS drifer TBFArATh fb@eip{y"@f
receiver coil preferably has only one layer of wndings, I.e.) the

t hi ckness 138s0f thdeddyenmentproboelemert o FBGt bAt i al | y equal to the 3o

t hi ckness of a w ndin 6, .wherejn the wipndings 96 are arranged in a

spiral. The nunber of qﬂ?’na?%graptéﬂwtgﬁgég??agﬂ“{dﬁ@ Pé??@@n’t?fn@%éut 5to

about 15, prefer%}‘ﬁe“ﬁdaﬂgﬁj&’g&gé’&été aﬁ‘gx‘lﬁt:iail@ef ’here is preferably a
. I nc th,

gap 146) e.g.) of about O sinw Inthe mddle of the spiral.
Such a receiver resul tHG 4 isa graph dlustzatingghe gimulatdd maegritutie of & yespdise froncei ver

coil 92 preferably Ggo i ses 50 gauge coppet re.w th an enanel
i nsul ati on, alth%&aegﬁ@%&’f’%ﬂgp&&ﬁ& egificabAefeth or nmay be used. The
i npedance of jphe receipger 5'i§a§bﬁEhﬂﬁnHr¥ti h@m&%&&%@hﬁﬁr&h Ite probéeldfNCy

t
of 2 mega Hertz (N>lu). Al tholUgh inpedances of greater an 50 ohns are
typi cal |y desir edIGol Adn despomse taan adificabdéfessy of an eddy current probe) an

i npedance 10 to 20 oh es_not esent signifjcant problemfor an
electric current pert [ﬁﬁg i%Eﬁpb@f“ﬂifh"%ﬁeﬂﬁ‘gﬂ&tﬂwgﬁf&‘%@wﬁ?@&i ver
includes a core Qoptéfitiohdliéddy chrPént PrSHERb @n artifRlal @oRGNet i c material, that

provi des the receiver wth an i npedance of sonewhat hi gher magnitude. In
this enbodi nent, the dIGydris agraph@ustrating the magpipwdeasf asignatfromdbe probblobck.
The t hi ckness 15 LG. 2E) of the cqre 8§0.is preferably relatively small,
whi ch has t he®ef ?Felglgmr’%%ﬂﬁ?eﬁa @ﬁgﬁ{ﬂ?&;ﬁf%ﬁde of the inpedance of the
driver so 15 that it neG, I8Q ishQeRpedtive VRAVSLANIRAAY Cufrbitiprétie didifert Prstiev e -
However, a small thickness does not prevent the driver {rom providing a
sui t abl e magnet i cackpuding tolaseoorsl embmditnent of thetpinesenir inventionas a t hi ckness of
| ess than 0.1 inches, f.erably. | ess than 0.05.inches, nore preferabl
0°095 i nehes. The thi AR Bandther Rebimecig irbon 8 ea turedh Fothe paent of
about .001 S inchgg, gWhen using the probe to 2o inspect an aerospace
conponent, the electrical excitation signal, provided by the interface

i nstrument t o3t he dri VEIKG. &6 is an eyploded dnd virve ofithe eddyeurrent probeictenwat ofi a
range of about 1 t.0 about 6 MHz, usually around 5 Mz. The | ength of
the driver is pre 'gﬁ’r’y about the sane as that of the receiver although
any suitable length may be used. 25 In the best node enbodi nent the driver
core 80 conprises a ferrite material, however the core 80 nmay conprise any
suitable material including plastic and air. The driver coil preferably
conpri ses 44 gauge copper wire with an enanel insulation) although any

suitabl e electrical conductor may be used. There is preferably no gap
bet ween adj acent w ndings 84. The nunber of



“ 30 windings 84 is preferably in a range fromabout 15 to about 40, although
a nunber range of about 20 to 30, e.g., 25, is nore preferred. 14 2 4 J U
| 2002 The driver 70 aad the receiver 72 are fabricated separately and then
affi xed together. As~the driver coil 82 is wound around the core 80, a
smal | amount of adhesive is placed betgpen wi ndi ngs 84 to keep L@ | 'Zﬂgngs
together. The receiver coil 92 is preferably forned atop a stic ? Hl r)
surface, 3 e.g. a planar surface having double sided tape stuck to it (not
shown). As the coil_92 is fornmed, a small anount of adhesjve, e.g., an
epoxy that cures i FIGh8Diis s exnloded plan Wews|of theeddy cumrent nrake clementafs 96. The
sticky surfac?gée s the windings in place until the adhesive cures. \Wen

t he adhesive i uately cured, the coil 92 is renpoved fromthe sticky
surface, and aflj xqGt 8EGd14n &plodRa side vieaw bf theé deiyer®d indthedesdiwdr bf anount  of
adhesi ve pl aced between the driver and the receiver coils 82, 92. The

shi el ds 74 whithtredslysumentprpbe clementsef FIGE 8Asite material, may be affnced to

t he probe el enent ns of as .adhesiy, 40...an epoxy that cures in
about 5 nindutes. Fﬁ%gﬁ%a?aspeﬁc@ye&e&?@ §8gﬂ?8ﬂ£r8%é$@e'§fm? e parts of
the eddy 15 cugdiing!t6 ¥RAkd ErfibodifenCef the piederit diVERfdy, used for evaluating an
eddy exrrre~at probe include the uniformty of its response, as neasured at
di fferent points alEfg9Btsanathierpesipecting view bftheredfly currentiprobecelernent of
uniformty, a[ﬁgt B&sensitivity of its response, which nay be expressed as
a signal to ndi'Se tio representing a ratio between 20 the peak to peak
signal anplitude angd be iWarsp ﬁ%@%ﬁ'ﬂ%&%ei‘z&mﬁé(ed&'&ﬁen%éﬂeﬁiew I's a
qualitative nmeasure that indi.cates the capability of the probe to detect
flaws of aopardfilIGl 9A; si ze. For a probe to be useful for an application, it

must have sufficie sitiyjty to.detect flaw sizes of i est .
Uniformity is an imgﬁ‘éﬁs&d"‘%{%%g&‘a&yWr&qﬁpﬂ?betq?Fé“WBEﬁé-i'%bes do not
have the sane 2s seﬁ? R\l | : Qb [RRe 1 . pr obe.
The sensitivity at t ébgdggxfgﬁl?%isé%%%%r thfal%&gtm@ﬁie&ggér{#erﬁand may
not be suit ablthe eddy turfentpribeeltinentof FIGy9aqt er useful width, in effect
nmeans that the probe inspects a wder area at, one tine) referred to as

wi der field cover agtO.dRAUS 2 PETspectiye viewof an eddy current; probreelement probg formity

Is also ang nddc%@ltcﬁ%qfohﬁﬁ e%ﬁ&ﬁﬂeﬂféﬁ&ggr&% iﬁ&eﬂaﬁn'fﬁﬁ 30 i nspecting
conponent s "havi ng~c I"'ex geonetri es or "exanpl e thdse havi ng corners.
Typically, the edgeFiG 10Bds andtiierjRiipectiveliéw pf tHeeddy ahrret prétee dl@medti oned
is 24 J UL 2002 near a corner. If the probe has low sensitivity at its
edges, the pro®FI@ 1PAhot be able to detect a flaw near the corner.
Referring nowto FIGS. 3, 4) 5, graphs 160, 164, 168 respectively have
curves 172, 176, 180 illustrating the uniformty of the response for each
of three differ BESTEMODE EMBODIMENEFORC ARRYING OUT THEINVENHION def ect
in atitaniumsurface. Curve 172 (FIG 3) represents the response from an
eddy currezt probe The piieséntiraehticr isklistlosad with resgeit t6 dibestnhods obe)

traditionally used, to itnspec;t critical conpagnents i,n the aerospace and
power gener at i FRPQAIMERL TP wse in an inspertion system forgpspecting; the surf: ag a width

of only 0.060 } €S,g | . LEM] : pt be havi ng
sui tabl e si gna?ﬁ]tgég'%iﬁ"séero?grﬁlo. %%8%%89 p@{gq%“%rgg%@é’ggﬁg %‘ﬁ‘e response
froma comercially akl abl e, w field eddy wren robe ing a wdth
of about 0.s2 i ncheRCIeEHigAOW - 1A, ag puto @s’@?ﬂ"‘g&?'ﬁ%}'s&é%ggke fromthe
eddy current pighRtihg ak objefl &gl AdoRIFRIML 2IERE a Bhs fulin® BSRH nol i on,
having a w dth géaab%ut g 151gi ncﬁes. Curvesa%z (F?Gﬁg}),(ﬂfB d(%ﬁ)G S) 15
represent 2&t umcludesspoeddyurrent probel28, antintefageiinstaintent B2,Gind4) proegasersent s a
simul ated resp to t fect, Th | 1iptical-shaped defect,, produced by
el ectrical di sg‘ﬂ °Fpég'?ﬁk%%r@a3( @F\?ﬁ)“,% H?E‘g@h&g%“dé“ %gk P%W@s“d@é*g? 0. 02

i nches | ong, i edmmoh hgithBRASHRYS. Th ' i @ﬁm nd '
0. 0019 inches w de,0 i egﬁh the di rrens%gﬁb ?‘?\dﬁﬁtg sgirbpgtiﬁsgﬁ), gﬁ?g‘én ICSTSZI’ to

t he scan pat h. S2d6Rhatrconiverghat avomes58L72 (FIG 3), 176 (FIG 4), 180 (FIG
s) has a pair of dotted lines 184 (FIG 3), 188 (FIG 4), 192 (FIG 5),
that identify the nageedditdeureent plobe 28 ToMPFiSesathoubiag 6004 Prdbeelepstaps2, ~of the
correspondi ng probe and another pair of dotted lines 196 (FIG 3), 200
(FIG 4), 304 and @ elegtrical gannectns 6di Thethousing 6@ hasansgndiGéewith apontee wher e t he
magni tude is at | east s0% of the peak




25 magni tude. Curve 172 (FIG 3) indicates that the traditional eddy
current probe provides a nagnitude of at |east s0% of the peak magnitude
»for .050 inches of the 0.06 inch wide probe, i.e.) 80% of the probe w dth.
Curve 176 (FIG 4) indicates that the commercially available wide field
eddy current probe provides a magnitudg of at |east s0%of the peak UL 2002
magni tude for .30 inches of the 0.52 3@ inch w de probe, i.e., 58%of the
probe width. Curve 180 (FIG 5) indicates that the eddy current probe in a

referred enbodi nent__of the prese i nyention 24 1 UL,2 16 provides
g magni t ude of s’é&‘é&s’c“dmvg?'gghﬁﬁg er?iﬁ??ﬂ“f 9%18"?‘3?5".31‘435“'2&@16&5 8f t he
0.151 inch Wi deeddtveb9?, dnd% pairféi%hitidst7ae The@Bskiver Hhdla mhjb+outdrRerfasdis, cur r ent

probe of the present invention provides a nmore uniformresponse than that
of the eddy curThemproter cémert6adits inside the,cavity 68 isuchaibabmpjor outen surfasedp
generation s indqustries. .additip t he be of th sent inyention
provi des a m)ré’? 'PS‘F‘W?’rgwggaﬁtﬁmﬂ’t'gbw%ﬁ?ﬁa?‘gf’rmcgézpfﬁﬁlegdﬁd’g field
probe. Furtger &P httllil?YrB BRmieht ilife SivRY A pRACRNE BRI, | S not
as w de as tgherﬁgéoIr?r‘la*}lesrﬁ‘glI al r\yhaval ane W del fiel &ﬂg’r oge, Ol. 1%% I n%es
conpared to 0. 3R004iablethickaT ¢flonlrapd, is typicallyepropided everatie pribeciement 62and he
present invention has a w dth of about 0,50 inches and a r(-i:,rspo se that is
nearly as uni f SherPutshsurface 6J Of thefousingiead to,help prgvept & B Ipgythech wi de
probe. Thus, syg a@e&fﬂ@%bfeét as wide as the widest cormmercially avail able
eddy current probe ancf more uni fonmin response. Referring nowto FIGS. 6,

7 hs 208, 212, tivel . s i th
Si SBZP tS 0 noi se rat :lggtgﬁ%ghx\é%%s@?\égéfH{e\écﬁ%ﬁés%grggg&égscgﬁ %gg‘;d;l%’oi/éeb? frgm
the traditipnal TiRbil mdkarﬁlmﬁli@l&wiﬁtﬂiégm, dispbstidareindthe Gote 8O &Ad tvand t he

eddy current probe in a preferred enbodi nent of the present invention,

havi ng a wi dt h end temsainals 86,1881 Theregaivari72astomprivesca egib®ihaving a\pluaity off i 0 of

t he response from. he_traditional. ed rrent probe i:5.9.03 1. The signal
to 20 noise r at VEdimgs ?ﬂdFﬁE@“ﬁBgy’th 'QW'@JF‘?@H?I%&Q{SE" ‘E?Felf’?fecoﬂr esent
I nvention s i}é)fsimafzaugelécﬁﬁ‘caﬂgéamﬁweaeabneem)&nahat 8% ofhE ARVLr doflvent i on
is not only wiwder and nore uniformin response, It Is also has a greater

si gnal to noi se82,ahérebyt éxtablishing & comimbneeralinatddy. current probe used to
inspect critical conmponents in the aerospace and power generation

i ndustries.jsThese at Refehitighizaintd HIG. 1A, fhelcbfimdnl teihidsl 102mdithe/othyr t 0 enabl e

detection, without generating false calls, of smaller size flaws) and at
the sane time réuesand respiver teoninals $6, 10 elegtricallyrcopnect e the interfaest her

enbodi ments, even greatgr .productivity inprovenents. can, be achi eved. The

i mensi ons and. EREAER 2 ik elStnkl comp i SAETBNAieL 864 PERREAT T ¢ ne
first enbodi mengordiiciofe RAGEE Plus et caPESAubRF I Telbdtribdng cBARRE 30
enbodi ments descri bed bel ow. 17 2 4 J UL 2002 FIGS. 8A-8E) 9A- 9E,

10A- 10E i | | ust r thedntgtfagedngsnument B2 ¢i¢ therpracessortdée present invention. Ire each

of these enbodi nents, the core has a shape different than that of the first
embodi ment , 2however ) Refearingrqwte BIG.dB, 4n @utomated maripulatas §netshews) pr obes i n

each of these e i S hal .y the sa as scrib above
wth respect t oPPORIRE pady e BHACAPE 2R atilodn fo 8 RpEpri P RotgRi e 200T
current probe 283 akeQirficd 96 0Pt digCsuitor 19ad ifidhtateThspebBoPsBRE MirfdcaVent i on
conprises a driver 270, and a receiver 272 with a major outer surface 276.

The driver 270 dbapanipulater (pohshopd) orents thei dddy garreminrobe28 swh2hdtake a

| i f w ndi 284). di d h 2 d d
Cermnal & 266, Jois O s TEOT 56 2ABHEA e QRaif iAot i opel”
plurality obhsw Réperded, 2PKis oH@ﬂat}?d]ﬂfaEiﬁfa‘f@sﬂﬁJp‘éct_?&igof ﬁﬂﬂfacﬁ)g&tﬁﬂqog,er m nal 298

of the receiver coil 292 is preferably electrically connected to one end
term nal 288 of dirp@lyderipesite, e@., undémeathithe mbjpr esten istiifadei T6gpfahe eaeiver 1261 i nal
302. The probe is.adapted .to be noved a a scapnin ath 316 al.ong the -
~5 surface of aﬁesfS‘Bf‘g&.erF’Haf‘ﬁis. ﬁi&:?yheﬂﬂg’r@f’? Rt pigvides; the
shape of a sem 1§ ge'd@ivér c&h&,tah'eﬁéﬁﬁiﬁex%ﬁgtiéfii&alMr&ﬁ“§ 8% hegfeic 8Ald' S
preferably relatively small, ‘preferably about 0015 1 nches. In one
enmbodi ment, t he from thehdnivencdih82: Kilesmagyietit field trings alout ahedéeeyrrgnt @f the abl y

| ess than 0..05 i nches ef.erabl y .abo 20 0.015 i nches. The outer
di ameter of #he sm%ﬁasggéifﬁ%ma?%éms ‘ﬁf%%&&%ﬁﬁ"é’é‘? depegd @pitheer coi |l 282

has an effective axis 324, as determ ned by observing a magnetic field 325
resulting froma current through the coil 282. The receiver coil 292 has a
coil axis 326 oriented substantially perpendicular to the driver coil




“axis 324. 25 Referring nowto FIG SB, the driver and the receiver coils
each have respective wdths 328, 330, |engths 332, 334, and thicknesses

., 336) 338. The driver coil 282 has w dt hwi se opposite edges 340, 344. As is
customary for eddy current probes, the width 328) 330 is defined herein as
t he di nension perpendicular to the dirgction of the scan path 316. h
332, 334 is defined 30 herein as the di@rensi on parallel to the éf(’e’bfﬂ&& of
the scan path 316. The length of the driver is preferably a little greater
than that of the receiver to provide a ?~~J UL 2D02 v UL LUU 18 nore
uni f or m magnet tharidtedisticsiofithe stanesurface 106 re,g. avhétberghe surface 106 had anyl engt h may

be used. The thickne 3 of the driver i er gbl,y abput. 0. 050, i nches.
There is pref efglsty- iigagfwenéwgswwgﬁf{g@ﬁtﬁlﬁéﬂé i gehy in the
m ddl e of the ' - t he ' il . gigﬂ'g ith a first
and a second ag%ég‘?&%'?fs‘ﬁhg’ gﬁtgglgh%lﬁécﬁi&g*nhlg% '{l#]d;el%gfééelillv r E\hggsm a wdth

di mensi on t hat ch&ractedistics odmmehgurita maehr thosesof the eddysougtent. di nensi on,
preferably at least 1.25 tipes jts Iength so .as to provide a wider field of

coverage: ahd the dilbemangpuiaterwehshown) maves the,eddy gurrent probe ingpath ;¢ e

wi dt hwi se opposi : Asch EIH t hiallB%o tesufadd h of the
to driver, t he?gﬁée%?%g?%ﬁ%ll}%é pro Jéfana%‘r}lig’%%f'ejgenm ??w ty r?g%r t he
periphery of tI36 ofthe/@tortdisky Aotheippblse mbvds afung\a seanning pathrlil6, ic scanstie
perturbation probes. There is_typically no gap between, adj acent, w ndi ngs

alngng_ the radi anrigce disestly appasite.cs-8.opndemeath, ihan the sotor digh, resylpg o2 | nI sone
t t s A J
Che radal by | CHERIGYE scaBld fetiEe 120 UifedvPRBal SEUGRRY hidk 14} (2he0 O 010

the core. Tbe rufARBILivekcinhédbuihce has Pwidtknadly in a range from about 30 to

40, e.g., 33. FIGS. 8C) 8D, 8E, provide additional views of the parts of
the eddy current el SFherinterface instaiment 3@ anitars the electricalsignghwithimthe i r ent

probe 362 according to.ga,20,thik i t i_pyvent |
conprises a dr i%“q’é’fﬁ‘}3%%8&‘1"%}%?-9@38?9%589%%°?&8f5‘§§§‘§'%@‘9§$@4%e
recei ver has a th@tiiracterisfics S£thk 3fettrizdbsignhl itHini the £oiB92 OTROpivcksz6E36 core 3
80 and coil 3 82. The coi |s3 82 has a p%nural i tny_ of lV\,i ndi ngs 384, di sposed
around t he cor eré@3sesaheisignals tondeterming whether3h¢y indigate thepresence of defegy 2
conprises a_coil 392 havi.n plurality of windin 396, two 25 end
termnals 368, ‘ﬂé‘_ﬁﬁs‘:ﬁ’lé‘"@r‘l’g lggm#ﬁ'é‘?’“léé‘ée W"tsﬁ‘fgi‘ﬁ‘gégi ver coil 392 is
preferably el ect i CatdfimzRRaRIBW oFIBNOACHR dify Gug: pAdbt dimdrd 204 bt !
coil 382, thereby establishing a cormon term nal 402. "The probe i s adapted
to be noved al chetypesommuntyrefexted td BS an lelentyictduerestperturbation paobeolfhect . | n

cyl i cal " Snelper oo 4 B anrefo i, S oo e 124 8 RBarderan 1 ace
of the recel veradyiiriy dpfafenitistthouil &7 bEilﬂg sibstiially pratd1 99ehe - .

per pendi cul ar to the 2 4 J U 12002 scan path, an eby facilitates
scanni ng of20c urprevary dirkcteomsof thidmagretic fieldd BI, Rih&viciiity affth¢ mejoc onter 380 i s

preferably relatiyely small, e.g. bouf .032 inches. af her_suitabl e
shape and si ze %ﬁ%ge ﬁ@?FgFé'ﬁceb‘@’:dé%&m em f quirent @B‘P%hégéc?f €2.a @ffective
axis 424, as d ks } R 6 i : §1tl“f5' froma
current througﬁ&lﬁ{{gtl(e:gﬂd%gﬁaﬂ%ur%gé% ver gsto‘lirﬁfeg%ay gs a‘%@i al;(dl?gl 426
ori ented subst atheivididity gfeheraeiverul Bor 4 coit hevimdy windings of hll thefsemei ve axi s 424.
Referring now to FIG 9B, the driver and the receiver coils _each have

respective wi dtPEenMatipn, e.gg similan ¢g that gBBIG. 24y thegffectivg eotbaxis124ds 436, 438.
The 1o dri ' ' | I 4 j shown).
A’ 5 cust oo y Ubstaifidly | ichdeft bith ¥ BRAPBIGH B SRR ey B0 ford\l 210N

herein as the dhavingswindings bpedritus oriefitations; bg., d doiladescribed hefelbeldoewithat h
416. Length 432) 434 is defined herein as the dinension parallel to the

direction of thtespechte pahird embndinment (FIGRy A -2BDtherefleptiveofl s may gtef er abl y
about 0.058 | ncp&ﬁcid%_ H’@“ﬁ%‘%@ﬁ‘%ﬁ ggig.efggééi | ;ngccgf@% ﬁﬁkﬁg co?l'agds’u%for?e?? t 0.025

inches in width, I'n t e recelver col 92. In
accordance wi t hsibsfantidlly pefgendicaRe ed theairivecéoilixis 109, TiRSeRpenditulpt i on, the
receiver has a width dinension that is substantially larger than its length
di mensi on, P ef erienfatjonsef the dever angd seaeivergoil axes 13khgk26 degouples the pecgiverie a

wi der field 20 of coverage; and the distance between the receiver and at

| east one of the




" wi dt hwi se opposite edges 440, 444 is less than 0.125 tinmes the width of the
driver, thereby providing the probe with greater sensitivity near the

. periphery of the driver than possible with previous electric current
perturbation probes. There is typically no gap between adjacent w ndi ngs
384 of the driver 2s core 380. The nu r of windings 384 is prefer gmi n
a range from about 15 to about 40, althaough a nunber range of about to
30, e.qg., 25, is nore preferred. FIGS. 9C, 9D, 9E, provide additional views
of the parts of the eddy current elenment 362. Referring nowto FIG 10A, an

eddy current pfronctheomgneticofield 135 ofthe dgiver; thereby makingiihawrebedessispasitivecsent

I nvention conpri ges drive 70, receirver 472 d a pair of shields
474. The recei £fb§‘°ﬁ3&“"§'H‘éﬁpi}?f‘l’&&Pgﬁws%!’?‘t&'é‘i"i%!’“f%@j 20 2 4 J U 12002
driver 470 conpri seReferfif) fow SO FRRDE;Rhé drivet and B re6diVer48ils BRAD22eaBh ur al i ty
of wi ndi ngs 484, disposed around the core 480, and two end term nals 486,

488. The recei have sgectivepidthe2’ 130, lengtepl 320134 pnd thicknessestl360138ni ndi ngs
496, two end termnals 4 50Q0,.,.One end .terymn f .the receiwver coil
492" 15" pr of Sr a5 CBVECH K2R ARG APBASECPBRG T4 d Hhc AT OIS S { he
driver coil 48244y biGfénprobes,ahé width 198,2130Q5 0 hel herdin 'y the@imendida Probe is
adapted to be noved al ong a scanning path 516 al o;gﬁthe surface of an

obj ect. |n thi pempendicalartotthe tirectidniof¢he scan pathdd 6h Thisscopmengionunakies thec onpound

t . This, | ts, | he,. maj t t [
havi ng - 1o comutirmemaesish e redotiie bied 17 Bt by otihe ' V¢!
per pendi cul ar tcﬁmhﬂ?gﬁgéﬂ sifhée IWG.hﬁﬁ)(?%étﬁ%ﬁ,' 1331i6 deffried Heréid adthe

conmpound curved sur . The radius 450 (FI 9E) of the core 380 is
pref er abl y 10 el dimemsion panalel to the directminafithe €3& pathdiés Thisgonyertion rsakes abl e

X0 5o, a5 adERERETPIGUEEr B iredion ohipewiatk 122 O aBSSrReur i ng 11 om

a current throg:glthu @e%'mﬁ%lzﬂ@f}??ﬁj.ver coil 492 has a coil axis 526
trally perpend cular

ori ent ed subst ant C tothe driver coil effective axis 524.

Referring now to Fl Gn ad¢étsdarichevithd first aspect dfithe present invention, tie reeeiveriVav e

respective wdths 528, 530, |lengths 532, 534, and thicknesses 536, 538. The

20 driver coil hags vidth 130 slimepsion thatis substangiallylargen thandts ength 134 cust orary
e

; dd _ . _ ; . ,
i mensi on far p RS prefdeily t fehe £ 2 ek IS0 s REpBRIE MR SR,
534 is defi ned dfebeéragersIntheasifig tRrwiden] IereRtiVeto the 1éngth 184, @€ an eddyof t he

scan path 516. There Is prefer_ably.aé@f 546, e.g., of about 0.025 inches
in width, in tfamenterobe,de provadozwids field obgoverage tyrically sesubsin a significant

accordance with first .and a second aspect of t.he presgnt invention, the
receiver has a aﬂ’\‘ﬁg/&r ﬁxﬁsﬂﬁﬁg?%ﬁ&?'ﬁgtm f?sgﬁﬁ%?"b ?mgﬂ Yy gﬁnév&yerl, htgﬁs #’fesd | ength
di mensi on, pr efdeterlineddhat!f8P&H eldctA® clifréR pefthibaliGEPB of eddScurfenPpfobedie a

wi der field of coverage; and the distance between the receiver and at | east

one of the 280 \# Bessibleto ingrgessithe width 430 sel@tivesa ghe length d34; withow reslting nes
the wdth of the 21 2 4. .JU . 2002 driver, thegeby providing.the probe with
greater sensit i'{}fi?f/x??éﬂye g%a(}f 'PPHH%W ¥ty o umfoml}/ty. An increase in nengﬁl

134 results in a generally proportional decrease in the sensitivity of the receiver,

but an increase in width 130 results in a much smaller decrease in sensitivity than
that resulting from an increase in the length 134. Thus the receiver 72 may be

25  adapted to provide a wide scan width 122 (FIG. 1B) to facilitate a reduction in
the inspection time while still providing suitable sensitivity. The width to length
ratio should be chosen to best suit the application. The length 134 of the receiver
72 is preferably just large enough to enable a suitable number of windings on the
receiver. For example, in one embodiment, the width 130 and length 134 of the

30  receiver 72 are about 0.150 and 0.056 inches respectively, for a ratio of about



the driver than possible with previous electric current perturbation
probes. There is typically no gap between adjacent w ndi ngs 484 of the
.driver core 480. The number of windings 484 is preferably in a range from
about 15 to about 40, although a nunber range of about 20 to 30) e.g., 25)
is nore preferred. It should be unders{pod that although the best?2 énldi 2002
enbodi nent incorporates the first and e second aspects of the present
invention, this is not required. Thus, a probe may incorporate only the

first aspect or only the second aspect or. a conpjnati f. the first and
second aspects?-%tﬁ’rﬂ\‘?ﬁl“éﬁmgpgmep th%@?%ﬁ@‘@#‘a@ﬁi@%%ﬁ“ﬁri nting
the scan path | | ' ' s greater
surface di rrens?"[(;én&(‘))ﬁl ?'ﬁgééﬁ%é@ﬁﬁk@%&s@?&%}ygFl({er?‘qn%*rlgl,aflg%m{gkt?glul d al so be
under st ood t hat alt igagdorddnee pithaesetondaspedtiofthe presking iriverstéah, et distarepect to
enbodi nents di sclosing drivers and receivers &\H ng, particul ar shapes and

h
di mensi ons, t hbetyesn &ha rereiverni asd atigpstpneof thewidtlyvise opposite edgesidOr ecei ver s

of any shapgs : Ohi ' . . ' : oy a
i ver +havi by 44 EIeSERE 13 ik pENGHAR Fos GFBE i Glr % MER G e BRnE TR, 2
driver 270 in Iprébe elérent)s2 wititgreateesembitieity e itirowhitinwise perypliendsfithel - 1 i ke
shape core (simlar to the shape of the driver core 380 in FIGS, 9A-9E) or

a rectangul ar $mxpethap pessible with previqustelestrigmiseentpertyrhation prebesedhe 20 80 in

FI GS 2A- 2E), el . Vel col as so
mike the coi 1 ASnEniohdl SRR FoESraRL herf Bl RLRES 1l Bedthe\ie 66 138 °° DD
driver coil. Wgyfhiee ddver 7o nustbé significantlpigreateribidn theevidthastahe Reeiver ihh
reference to various enbodi nents, this description is not neant to be

construed ilf a arderitpiganerate aswiffinientlyunifarm magneticdield under theaieceiver 72. As

nodi fications qf e _above. enbodi ment ) || . i 1] l L rents
of the. nvent i driesdlf IREREtaL BERRER B B it Bots ARG héef ik SRS
reference to thidgedPRC4PITOWevert it RadHeehl BORFhiINEW tHat 18 refiiver T2Icah eRiend Ne

i nvention, as recCited in the clains appended hereto. It is therefore

cont enpl at ed t inear a widthwise edgel140, d#dof thel driven V@ withoyt axgedsivelydlecreasing ons or
30 enbodi nents as fall .within the.true sco of the | ntion. 2 4 JU
2002 22 What | 4hE ey g the mpgmen B ViIEE e Sepeiyes, WK T sefelier 37 2edF et
probe for uge 'tﬂemﬂ%kgﬂg%aﬂhg%eﬂl’m Miﬁfﬁi&ﬂ@n&?&% field JRa&49hé! ong a

scan path relative to th ject, the probe conprising: a driver having a
coil with an efreesiverythereds greater s¢nsitivityt ndar the widthwisegdge bfthgtpnokend a wi dt h,
said | ength bei t he dipension in,a difection substanti al Ir}/ ;? arallel to
the scanning paPiratessepsiivity nganthe edgs facilitates inspectign of components hawing,  ent ed
substantial |y pgj doliefies! .65 oIt s ds (L LA YE(F1QL. 1) B e s3I d
receiver having a’length, a wdth, and a thickness, sald [engt el ng the
di mensi on i n t hetahidiskc24 @IGp ). dhk eéceiver preferatiyextends foamlone edgel14@ of the havi ng

a dinmension substantially greater than 1o that of, said | ength, 2. The probe
of claim 1 Wherdiver tofhg ofietedes %aah @eepwetq Rroxide maximum seesitiyityal ¢ s
length. 15 3. T ‘ f ' ' ' | : ' be is at

| east 2.5 ti rrestrtﬁ!tl g&&g%‘t@ hﬁt&dﬁ%r zgg'{gge(??ﬁgsgls ﬁétclpea?ulgérdé??léégg receiver

I s di sposed betimpeovenient ingensitivinitas an edgérdar ®e achieved by making the distance

between the receiver 72 and the edge progressively smaller, thus a distance of

0.0313 times the width 128 of the driver provides greater sensitivity near the
25  edge than a distance of 0.0625 times the width 128 of the driver.

The receiver coil preferably has a pancake - like shape, defined herein as
having width and length dimensions 130, 134 that are much greater than the
thickness dimension 138. The receiver coil preferably has only one layer of
windings, i.e., the thickness 138 of the receiver coil is substantially equal to the

30 thickness of a winding 96, wherein the windings 96 are arranged in a spiral. The

number of windings is preferably in the range of about 5 to about 15, preferably



20 5. . The probe of claim1 wherein said receiver has a pancake-|ike
shape. 6. The probe of claim 1l wherein said receiver coil has a nunber of
wi ndings in a range of fromabout 5 to about 15. 25 7. The probe of claim1l
" wherein said receiver coil has a gap of about 0.025 inches. Qel'gﬂ % of
claiml wherein said driver has a helglt | ess than 0.1 |nches

2002 24 9. The probe of claim1l wherei# said coil of said driver has

wi dt hwi se opposite edges and the nmagnitude of the di stance between the
receiver and at | east one of said edges is less than 0.125 tinmes the width
of said dri vesboutl D0. ‘IIlherqas pteferably algap 144, exgcofabous 8025 dnghes meldEh,m driver

has w dt hwi se,s @ e edge nd the ma |tudeo he dIS ce between
the receiver Hfg t tsp'(S% §3$h§5?°ewga tﬁ‘?’l@? ﬁ‘h 5 ti mes the

wi dth of sai O.Lxeﬂixh\‘ﬁ - THelrecd¥& cBll gbgréféraﬁfy%m is¥d ST Sauy e%Bbﬂer‘%fgﬁtle sai d

probe is at least I.25 tines its sai d receiVer having a
pancake- i ke ahmamel msulatione akthough any)slhtablnnleugnal comduetorghayhensedigs in a

range of fro about .5 to _agbout .15, saj ver, havj hei ht Iess than .1
Dehes . artl Shicimedeics of UPrver s Balal BRI 20 Sy aca AemenS o

driver. 12 & Sgﬂ.@j %lpﬁ{ s hthsird VEr has

w dt hwi se 1s oppos?pe g'(% es a% a‘}!u mgaﬁl t‘%ﬁgﬁ ehté!ﬁgl staw;]ncse bet ween the
recei ver and qpxch.lhaé&sued]ﬁ)rcm‘dmrahcbdmewesoﬂmssidylcaneﬂ ptdlSe annes the width
of said driver. claim1l whergin sai of said driver
s i dt ot SoriRSARSELId te%&ﬁm&d&cw@m&mﬂaﬁw Pl oeaneledi ween | he
recei ver and l%lﬁ? &{;ﬁg f 1 ?’mﬁ" I mes the
wi dth of said rlvgb. éttl 9'pro e of ¢C alﬁﬁ%t\i;\ﬁé"l?rcgipﬁﬁggllg reccégll;ver has a

nmaj or out gy Scorhprising\fériexamplelasferiomagndtiz nedteriat Cthatprovides the rédeiverwithh
direction. 15. The probe of claim1l wherein said receiver has a mgjor outer

surface with %“@@mtcﬁﬁﬁmawwm%mﬂﬂt‘!ﬂ?r ved ,contour in the width

direction. 16. An o ' i j ect, where
the probe is noved a sneg%g’dgxgé“ﬁ%gpﬁv{ clroééj E%E%%%gare}g?w pr obe
conprising: bldck métthi%ﬁﬁh%s 250 gFIGy. may5fhﬂ\¢bfhgsmxs0paefemmytﬂelaﬁ0elﬁmt ive coil
axis) said driver hawe@%a | ength and a width, said |ength belng the

e

di mensi on i n whighiheg themifest ofse nmewmq@m@mnwwﬁhnd@vepaoh sai d

coil of s ver t h e_edge nd s a_receiver
having a Chi 1 g ey ESIoNdc I e c i RRESLIE reREr BB ASPEE oy Lo sai o
driver coil effi€iessiddes bl pravért thesd%lwlérﬁﬁ AEPréOidingl/duidble mapnetidiseld I dt h,
and a thickness, said |l ength being the dlnen5|on in the direction paraIIeI

to the scanni ngegabwmﬂMet W@rmmsofleasmm@ahmehesem&nblxau d

recei ver and t of said S Le t han about
0.125 tines t%& Q‘&“?&"&r e rggqe(yrﬁlﬁagsvobi%mgﬁ r"giﬁg'ﬁ? Eﬁ'ﬁi%"’l‘ﬁ wher ei n
the magni t udetifpesivlodd erhbBetiReRas YERR .G01S 1ﬁ&%€'“ﬁfeu%@ﬂg‘i‘l§e (d8&to One of said
edges is less than about 0.0625 tines the wdth of sai ver. 15 18. The
probe of @¢ai mspebt\nhaemspacsaompome,ltheclectslcdlexpwmxl signalypeovidédebythg ect  and
said driver. 19. .The

wh d
pancake- | i ke UHcrpce “?8’“"‘?% WBSE"WW@I er%ﬁ&ﬂ&@“:ﬁé&?‘ﬁ gi‘\/ir coi l
has a number SinggfdbelR! IRz tdatbut MR, Usubly fRoBRPY Mz, "PheABMh of e 21 The

probe of claim I6 wherein said receiver col as a gap ot abadut
driver is preferably about the same as that of the receiver although any suitable

-
-

length may be used.

25 In the best mode embodiment the driver core 80 comprises a ferrite
material, however the core 80 méy comprise any suitable material including
plastic and air. The driver coil preferably comprises 44 gauge copper wire with
an enamel insulation, although any suitable electrical conductor may be used.
There is preferably no gap between adjacent windings 84. The number of

30  windings 84 is preferably in a range from about 15 to about 40, although a

number range of about 20 to 30, e.g., 25, is more preferred.



“inches. 22. The probe of claim 16 wherein said driver has a height |ess
than 0.1 25 inches. 23. The probe of claim 16 wherein said receiver has a

. pancake-1i ke shape) said receiver coil having a nunber of windings in a
range of fromabout 5 to Z 4 ~u~ zoot 26 about 15, said driver having a
hei ght less than .1 inches, and said rgfei ver being di sposed bet véeiiL 2002
obj ect and said driver. 24. The probe claim 16 wherein said receiver has
a major outer surface 5 with a substantially curved contour in the width
direction. 25. The probe of claim 16 wherein said receiver has a ngjor
outer surface wit The dswérstOoandithe receivend anefabrinatedseparateliand thea he wi dt h

Lo the Lo onpEed artherosis ERRETILR Syhd R S0 KB C L obe
having a dri é‘?h‘*@‘fﬁf‘?ﬂ‘ﬁv ﬁﬁ'piacl‘ﬂ bdtwash Sirldifgsig¥to kekp thRXviadingsi d dri ver

having a | en sald length being the dinension in a direction
subst anti al | yogethier! The réceiveheoib¥isrpireferaplyt formedhatop 3 sticky; phinag suiface, ng a

coil with a coll axis oriepted suhstantjally perpendicuylar . tq said driver
coil effebti ¢8 apianapgyriace mﬁﬁw@dmﬁwﬁa&ﬁm Pwa‘)-w?\aﬁ‘llﬁ and a

t hi ckness, sgj i t | ' Iy t | [ el to the
scanni ng pat %bﬁigg?%@wlg@ﬁa %‘i%"g& g?%ﬁ%?%rﬁ%h%ﬁ%@r#?%lcg&é%%@g& t han
that of sai dSlmingtes, ishiaced betweenaheiwardings@6r (Thetstickyohurface ke¢psithe al | y al ong

t he scan path, wherein said eddy current be. prqduces an el ectri cal
signal i ndi c3indigguin place uptibthe adhesiye ooy ﬂ‘ﬁhﬁéggﬂ"édﬂ&oﬂﬁﬁte resenting

said electri S| r: ' Q{r& 'ﬂﬁ%d J t hod of
claim 26 furt%ﬁi'eerd’ g%%?i%i‘%ﬁ@eegsﬁ%g‘gmgguﬁl orelé’:’%asal éﬁ&&@ﬁ:egf si gnal
f rom sai do eddyil §2byaiéan 6HH emalhamoanafatheivedqlaed betwdenth@drives anddi cati ve
of said signal fromsaid eddy current _Zéob,e' ang@grocessj ng sai d generated

el ectrical sitegeeceiversails 82, 93.nEhe shields M which peefeablycomprise afersitehj ect . 2
4 ~u~ zooz 27 _28. A neth f hnspgct | ' .a_scan_pat h
relative to Hé%@ﬂﬁegﬁg“%%SBP%&ﬁ%%ﬁ&%%éfﬁ%‘g’%ﬁﬁe’e"&iy urrent
probe havi ng epogly thé€Eureifi dbduf's aftnltesd t h an effective coil axis, said
driver having 5 a length and a wwdth) said | ength being the dinension in a

di recti on subst antHIGS. 2Cp2PaRE cprovide additional viewscpfithe partssefithe eddy  of sai d
driver haying w di hw s pposite ~8~~ a receiver having a coil with a coil
axis ori g\fﬁt eg’_"glfﬁgaﬁ‘ﬂf‘?‘ ty perpendicular to said driver coil effective
coi | axi's, said repgh ferd iy bR evahiridy W dhdy oty prduiidiss, sai d

| ength being the dinmension in the direction parallel” to the scanning path,
wher e t he naghe unifirmity of itdirsspanses abmeasuced atalifferentprints alongdhewidtkaft one of

i is, | han 0. 125 ti he w dth of saj '
sal d edges | Syl eoe! Rlrek b harcih B Snikiafiey! s ind Seriily S ¥ Rsponse,

which may be expressed as a signal to noise ratio representing a ratio between

20  the peak to peak signal amplitude and the worst case peak to peak noise.
Sensitivity is a qualitative measure that indicates the capability of the probe to
detect flaws of a particular size. For a probe to be useful for an application, it
must have sufficient sensitivity to detect flaw sizes of interest. Uniformity is an
indication of the useful width of the probe. Probes do not have the same

25  sensitivity at all points across the width of the probe. The sensitivity at the edge
is typically lower than at the center and may not be suitable for the application.
A greater useful width, in effect means that the probe inspects a wider area at
one time, referred to as wider field coverage, enabling a more rapid overall
inspection. Uniformity is also an indication of the usefulness of the probe for

30 inspecting components having complex geometries, for example those having

corners. Typically, the edge is the only part of the probe that can be positioned



novi ng sai d eddy current probe substantially along the scan path, wherein
sai d, eddy current probe produces an electrical signal indicative of the 15
.presence of flaws in the object; and presenting said electrical signal from
sai d eddy current probe. 29. The nethod of claim 28 further conprising the
step of nonitoring said electrical sigag] fromsaid eddy current Er@ﬁ nd
generating electrical signals indicati of said signal from sai 44é §W
current probe; and processing said 20 generated electrical signals to
determ ne the presence of defects in the_ object.
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the 0.06 inch wide probe, i.e., 80% of the probe width. Curve 176 (FIG. 4)

indicates that the commercially available wide field eddy current probe provides
a magnitude of at least 50% of the peak magnitude for .30 inches of the 0.52
30 inch wide probe, i.e., 58% of the probe width. Curve 180 (FIG. 5) indicates that

the eddy current probe in a preferred embodiment of the present invention
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3 10% ()-: 10%& ¢ 151 ek wds 61)05;,%%:, Ytk PHE EtEo:be width. Thus, the eddy current
probe of the present invention provides a more uniform respon'se than that of the
eddy current probe traditionally used in aerospace and power generation

s industries. In addition, the probe of the present invention provides a more
uniform response than the commercially available wide field probe.
Furthermore, although the probe in one preferred embodiment is not as wide as
the commercially available wide field probe, 0.151 inches compared to 0.52
inches, a probe in another preferred embodiment of the present invention has a

10  width of about 0.50 inches and a response that is nearly as uniform, on a
percentage basis, as that of the 0.151 inch wide probe. Thus, such a probe is as
wide as the widest commercially available eddy current probe and more uniform
in response.
Referring now to FIGS. 6, 7 graphs 208, 212, respectively have curves
15 216, 220, illustrating the signal to noise ratio of the response, to the defect
described above, from the traditional eddy current probe, having a width of 0.06
inches, and the eddy current probe in a preferred embodiment of the present
invention, having a width of about 0.151, respectively. The signal to noise ratio
of the response from the traditional eddy current probe is 9.3:1. The signal to
20  noise ratio of the response for the eddy current probe of the present invention is
17.0:1. Thus, the eddy current probe of the present invention is not only wider
and more uniform in response, it is also has a greater signal to noise ratio than
the traditional eddy current probe used to inspect critical components in the
aerospace and power generation industries. These attributes result in better flaw
25  sensitivity to enable detection, without generating false calls, of smaller size
flaws, and at the same time reduce inspection time by a factor of three. In other
embodiments, even greater productivity improvements can be achieved.
The dimensions and the relationships described above in accordance with
the first embodiment of the present invention carry forward to the other

30 embodiments described below.
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present invention. In each of these embodiments, the core has a shape different
than that of the first embodiment, however, the operation of an:d the interfacing
to the probes in each of these embodiments is substantially the same as described

5 above with respect to the first embodiment.

Referring now to FIG. 8A, an eddy current probe 262 according to a
second embodiment of the present invention comprises a driver 270, and a
receiver 272 with a major outer surface 276. The driver 270 comprises a core
280 and coil 282. The coil 282 has a plurality of windings 284, disposed around

10 the core 280, and two end terminals 286, 288. The receiver 272 comprises a coil

292 having a plurality of windings 296, two end terminals 298, 300. One end
terminal 298 of the receiver coil 292 is preferably electrically connected to one
end terminal 288 of the driver coil 282, thereby establishing a common terminal

302. The probe is adapted to be moved along a scanning path 316 along the
15  surface of an object.

In this embodiment, the driver core 280 has the shape of a semi-torroid.
The thickness 350 (FIG. 8D) of the core 280 is preferably relatively small,
preferably about .0015 inches. In one embodiment, the core has a thickness of
less than 0.1 inches, preferably less than 0.05 inches, more preferably about

20  0.015 inches. The outer diameter of the core is preferably about 0.080 inches.

The driver coil 282 has an effective axis 324, as determined by observing
a magnetic field 325 resulting from a current through the coil 282, The receiver
coil 292 has a coil axis 326 oriented substantially perpendicular to the driver coil
axis 324,

25 Referring now to FIG. 8B, the driver and the receiver coils each have
respective widths 328, 330, lengths 332, 334, and thicknesses 336, 338. The
driver coil 282 has widthwise opposite edges 340, 344. As is customary for
eddy current probes, the width 328, 330 is defined herein as the dimension
perpendicular to the direction of the scan path 316. Length 332, 334 is defined

30  herein as the dimension parallel to the direction of the scan path 316. The length

of the driver is preferably a little greater than that of the receiver to provide a
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be used. The thxckness 336 of the dnver is preferably about 0.050 inches. There
is preferably a gap 346, e.g., of about 0.025 inches in width, in the middle of the
spiral of the receiver coil 292.

5 In accordance with a first and a second aspect of the present invention,
the receiver has a width dimension that is substantially larger than its length
dimension, preferably at least 1.25 times its length so as to provide a wider field
of coverage; and the distance between the receiver and at least one of the
widthwise opposite edges 140, 144 is less than 0.125 times the width of the

10  driver, thereby providing the probe with greater sensitivity near the periphery of
the driver than possible with previous electric current perturbation probes.
There is typically no gap between adjacent windings along the radially
inner diameter of the driver core 280. However, in some embodiments, it may
be desirable to have a gap between the windings along the radially inner diameter
15 of'the core, e.g., at the midlength point on the core. The number of windings is
preferably in a range from about 30 to 40, e.g., 33.
FIGS. 8C, 8D, 8E, provide additional views of the parts of the eddy
current element 262. .
Referring now to FIG. 9A, an eddy current probe 362 according to a
20  third embodiment of the present invention comprises a driver 370, a receiver
372, and a pair of shields 374. The receiver has a major outer surface 376. The
driver 370 comprises a core 380 and coil 382. The coil 382 has a plurality of
windings 384, disposed around the core 380, and two end terminals 386, 388.
The receiver 372 comprises a coil 392 having a plurality of windings 396, two
25 end terminals 398, 400. One end terminal 398 of the receiver coil 392 is
preferably electrically connected to one end terminal 388 of the driver coil 382,
thereby establishing a common terminal 402. The probe is adapted to be moved

along a scanning path 416 along the surface of an object.

In this embodiment, the driver core 380 has a substantially semi-

30  cylindrical shape (D-like). This shape results in the major outer surface of the

receiver having a curved contour in the width direction, i.e., perpendicular to the
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106 (FIG. 9E) of the core 380 is preferably relatlvely small, e.g., about .032 inches.

Any other suitable shape and size core may also be used.

The driver coil 382 has an effective axis 424, as determined by observing

s amagnetic field 425 resulting from a current through the coil 382. The receiver

coil 392 has a coil axis 426 oriented substantially perpendicular to the driver coil
effective axis 424.

Referring now to FIG. 9B, the driver and the receiver coils each have

respective widths 428, 430, lengths 432, 434, and thicknesses 436, 438. The

10  driver coil 382 has widthwise opposite edges 440, 444 (not shown). Asis
customary for eddy current probes, the width 428, 430 is defined herein as the
dimension perpendicular to the direction of the scan path 416. Length 432, 434
is defined herein as the dimension parallel to the direction of the scan path 416.
The length 432 of the driver is preferably about 0.058 inches. There is

15  preferably a gap 446, e.g., of about 0.025 inches in width, in the middle of the
spiral of the receiver coil 392.

In accordance with a first and a second aspect of the present invention,
the receiver has a width dimension that is substantially larger than its length
dimension, preferably at least 1.25 times its length so as to provide a wider field

20 of coverage; and the distance between the receiver and at least one of the
widthwise opposite edges 440, 444 is less than 0.125 times the width of the
driver, thereby providing the probe with greater sensitivity near the periphery of
the driver than possible with previous electric current perturbation probes.

There is typically no gap between adjacent windings 384 of the driver

25  core 380. The number of windings 384 is preferably in a range from about 15 to
about 40, although a number range of about 20 to 30, e.g., 25, is more preferred.

FIGS. 9C, 9D, 9E, provide additional views of the parts of the eddy
current element 362.

Referring now to FIG. 10A, an eddy current probe 462 according to a

30 fourth embodiment of the present invention comprises a driver 470, a receiver

472, and a pair of shields 474. The receiver has a major outer surface 476. The



10G 10G 9109%G& ()-3 2109%G& ()-1109%G& ()- *10%G& () - UUUS\MWMWIENDC
10b109@& ()- 1092Z& ()-9109@& ()- 109@Z& ()- 109@Z& () -
. Y@LOYZE () - WBXXXYeYYJEnbC 10b109&Z& ()-° 109&Z& ()- &109%&& ()- 109%&Z& ()- @
109Z& () -, L109%Z& () - YZN[[J\\\ dEnbC  10b, / - 109Z& () -
-5100&Z8& ()- & 10%&Z& ()-(z 10%&Z& ()-!10%Z& ()-, 10%&Z& ()- \A MM%?@ZUDZ
10bS&10% () -, 10%3& ()-3 10Z 10Z 1076910%& ()- 210%& ()- 010
AD u adEbC  10b&10%G& ()-°S 10%& ()- f10%& ()- S10%GK! () Y

R e e ]
52 10%& () - OlQufiiiigh 484, dlépute drband e 6&% 48D; and two end terminals 486, 488.
The receiver 472 comprises a coil 492 having a plurality of win;:lings 496, two
end terminals 498, 500. One end terminal 498 of the receiver coil 492 is
5  preferably electrically connected to one end terminal 488 of the driver coil 482,
thereby establishing a common terminal 502. The probe is adapted to be moved
along a scanning path 516 along the surface of an object.

In this embodiment, the driver core 480 has a shape with a compound
curvature. This shape results in the major outer surface of the receiver having a
10 compound curved contour in the width direction, i.e., perpendicular to the scan
path, and thereby facilitates scanning of compound curved surface. The radius
450 (FIG. 9E) of the core 380 is preferably relatively small, e.g., about .032

inches. Any other suitable shape and size core may also be used.

The driver coil 482 has an effective axis 524, as determined by observing

15 a magnetic field 525 resulting from a current through the coil 482. The receiver

coil 492 has a coil axis 526 oriented .substantially perpendicular to the driver coil
effective axis 524.

Referring now to FIG. 10B, the driver and the receiver coils each have

respective widths 528, 530, lengths 532, 534, and thicknesses 536, 538. The
20  driver coil 482 has widthwise opposite edges 540, 544. As is customary for

eddy current probes, the width 528, 530 is defined herein as the dimension

perpendicular to the direction of the scan path 516. Length 532, 534 is defined

herein as the dimension parallel to the direction of the scan path 516. There is

preferably a gap 546, e.g., of about 0.025 inches in width, in the middle of the
25  spiral of the receiver coil 492.

In accordance with a first and a second aspect of the present invention,
the receiver has a width dimension that is substantially larger than its length
dimension, preferably at least 1.25 times its length so as to provide a wider field
of coverage; and the distance between the receiver and at least one of the

30  widthwise opposite edges 540, 544 is less than 0.125 times the width of the
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There is typically no gap between adjacent windings 484 of the driver
core 480. The number of windings 484 is preferably in a range from about 15 to

5 about 40, although a number range of about 20 to 30, e.g., 25, is more preferred.

It should be understood that although the best mode embodiment
incorporates the first and the second aspects of the present invention, this is not
required. Thus, a probe may incorporate only the first aspect or only the second
aspect or a combination of the first and second aspects. Optimum sensitivity is

10 typically achieved by orienting the scan path in a direction parallel to the
direction of the greater surface dimension of the expected defect.

Furthermore, it should also be understood that although the present
invention is disclosed with respect to embodiments disclosing drivers and
receivers having particular shapes and dimensions, the present invention may be

15  used with drivers and receivers of any shapes and dimensions. For example,
other embodiments may employ a driver having a semi-torroidal-like shape
(similar to the shape of the driver 270 in FIGS. 8A-E), and a receiver having a
semi-cylindrical-like shape core (similar to the shape of the driver core 380 in
FIGS. 9A-9E) or a rectangular shape core (similar to the shape of the driver core

20 80 in FIGS 2A-2E), wherein the receiver coils are wound around the core so as
so make the coil axis substantially perpendicular to the effective axis of the driver
coil.

While the particular invention has been described with reference to
various embodiments, this description is not meant to be construed in a limiting

25  sense. It is understood that various modifications of the above embodiments, as
well as additional embodiments of the invention, will be apparent to persons
skilled in the art upon reference to this description, without departing from the
spirit of the invention, as recited in the claims appended hereto. It is therefore
contemplated that the appended claims will cover any such modifications or

30 embodiments as fall within the true scope of the invention.
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moved along a scan path relative to the object, the probe comprising:

a driver having a coil with an effective coil axis, said driver having a
length and a width, said length being the dimension in a direction substantially

5 parallel to the scanning path; and

a receiver having a coil with a coil axis oriented substantially
perpendicular to said driver coil effective coil axis, said receiver having a length,
a width, and a thickness, said length being the dimension in the direction parallel
to the scanning path, said width having a dimension substantially greater than

10 that of said length.

2, The probe of claim 1 wherein said width of said probe is at least 1.25

times its length.

15 3. The probe of claim 1 wherein said width of said probe is at least 2.5
times its length.
4, The probe of claim 1 wherein said receiver is disposed between the

object and said driver.
20 5. - The probe of claim 1 wherein said receiver has a pancake-like shape.

6. The probe of claim 1 wherein said receiver coil has a number of windings

in a range of from about 5 to about 15.

25 1 The probe of claim 1 wherein said receiver coil has a gap of about 0.025

inches.

8. The probe of claim 1 wherein said driver has a height less than 0.1 inches.
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9. The probe of claim 1 wherein said coil of said driver has widthwise

opposite edges and the magnitude of the distance between the receiver and at

least one of said edges is less than 0.125 times the width of said driver.

10.  The probe of claim 1 wherein said coil of said driver has widthwise
5  opposite edges and the magnitude of the distance between the receiver and at
least one of said edges is less than 0.0625 times the width of said driver.

11.  The probe of claim 1 wherein said width of said probe is at least 1.25
times its length, said receiver having a pancake-like shape, said receiver coil

10  having a number of windings in a range of from about 5 to about 15, said driver
having a height less than .1 inches, and said receiver being disposed between the
object and said driver.

12.  The probe of claim 11 wherein said coil of said driver has widthwise
15  opposite edges and the magnitude of the distance between the receiver and at
least one of said edges is less than 0.125 times the width of said driver.

13.  The probe of claim 11 wherein said coil of said driver has widthwise
opposite edges and the magnitude of the distance between the receiver and at
20 least one of said edges is less than 0.0625 times the width of said driver.

14.  The probe of claim 1 wherein said receiver has a major outer surface with

a substantially curved contour in the width direction.

15.  The probe of claim 1 wherein said receiver has a major outer surface with

25  a substantially compound curved contour in the width direction.

16.  An eddy current probe for use in inspecting an object, where the probe is

moved along a scan path relative to the object, the probe comprising:
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a driver having a coil with an effective coil axis, said driver having a
length and a width, said length being the dimension in a direction substantially
parallel to the scanning path, said coil of said driver having widthwise opposite
edges; and

5 a receiver having a coil with a coil axis oriented substantially
perpendicular to said driver coil effective coil axis, said receiver having a length,
a width, and a thickness, said length being the dimension in the direction parallel
to the scanning path, where the magnitude of a distance between said receiver
and at least one of said edges is substantially less than about 0.125 times the
10  width of said driver.

17.  The probe of claim 16 wherein the magnitude of the distance between the
receiver and at least one of said edges is less than about 0.0625 times the width

of said driver.

15 18.  The probe of claim 16 wherein said receiver is disposed between the

object and said driver.
19.  The probe of claim 16 wherein said receiver has a pancake-like shape.

20.  The probe of claim 16 wherein said receiver coil has a number of

20  windings in a range of from about 5 to about 15.

21.  The probe of claim 16 wherein said receiver coil has a gap of about 0.025
inches.

22.  The probe of claim 16 wherein said driver has a height less than 0.1
25 inches.

23.  The probe of claim 16 wherein said receiver has a pancake-like shape,

said receiver coil having a number of windings in a range of from about 5 to
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25.  The probe of claim 16 wherein said receiver has a major outer surface

with a substantially compound curved contour in the width direction.

26. A method for inspecting an object along a scan path relative to the

10  object, the method comprising:

providing an eddy current probe having
a driver having a coil with an effective coil axis, said driver having

a length and a width, said length being the dimension in a direction substantially
parallel to the scanning path, and

15 a receiver having a coil with a coil axis oriented substantially
perpendicular to said driver coil effective coil axis, said receiver having a length,
a width, and a thickness, said length being the dimension in the direction parallel
to the scanning path, said width having a dimension substantially greater than
that of said length;

20 moving said eddy current probe substantially along the scan path,
wherein said eddy current probe produces an electrical signal indicative of the
presence of flaws in the object; and

presenting said electrical signal from said eddy current probe.

25 27 The method of claim 26 further comprising the step of monitoring said
electrical signal from said eddy current probe and generating electrical signals
indicative of said signal from said eddy current probe; and processing said

generated electrical signals to determine the presence of defects in the object.
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5 alength and a width, said length being the dimension in a direction substantially
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parallel to the scanning path, said coil of said driver having widthwise opposite
edges,
a receiver having a coil with a coil axis oriented substantially

perpendicular to said driver coil effective coil axis, said receiver having a length,
10 awidth, and a thickness, said length being the dimension in the direction parallel

to the scanning path, where the magnitude of a distance between said receiver

and at least one of said edges is less than 0.125 times the width of said driver;

moving said eddy current probe substantially along the scan path,

wherein said eddy current probe produces an electrical signal indicative of the

15  presence of flaws in the object; and

presenting said electrical signal from said eddy current probe.

29. The method of claim 28 further comprising the step of monitoring said
electrical signal from said eddy current probe and generating electrical signals
indicative of said signal from said eddy current probe; and processing said

20  generated electrical signals to determine the presence of defects in the object.



