| NSPECTI ON METHOD AND SYSTEM USI NG MULTI FREQUENCY
PHASE ANALYSI S BACKGROUND The invention rel ates
generally to inspection techniques and nore
particularly to a nmethod and system for perform ng
subsurface defect inspections using a nultifrequency
phase anal ysis eddy current technique. A nunber of

di fferent non-destructive inspection techniques have
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- cannot detect flaws in the region of approximately 1.5mm or less near the surface of

the material of the part to be inspected. This region is commonly referred to as the
“UT blind zone.”

~ In order to overcome the disadvantages of UT inspection and to add flexibility to the
manufacturing process, 0.050 inches (or about 1.27 mm) material is added to the final
part configuration. However, the addition of this material generally increases the

manufacturing cost due to material waste and production time.

On the other hand, eddy current inspection techniques are capable of detecting surface
and near surface defects because the electromagnetic encrgy is concentrated in a

shallow zone at the surface. However, these techniques typically exhibit a poor signai
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to noise ratio (SNR) for small flaws under the surface
due to an "el ectromagnetic skin effect,” which limts
the penetration of eddy currents into the materi al
under test. The pulsed eddy current techni que

i nvol ves eddy current responses over a broad frequency
spectrum However, the pul sed eddy current technique
typically requires conplicated signal processing
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eddy currents is provided. The method includes applying a number of multifrequency
signals to an eddy current probe and generating a number of multifrequency response
signals from the multifrequency signals. The multifrequéncy response signals are
included in a multifrequency response dataset. The method further comprises
identifying a reference dataset that includes at least two frequency response signals.
The reference dataset is a subset of the multifrequency response dataset, and the at
least two frequency signals comprise distinct frequency ranges. Then, the method
further includes mixing the at least two frequency response signals to determine a

number of processing parameters and applying the processing parameters to the
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2 multifrequency response signal dataset to generate a
noi se-filtered dataset. The nethod further includes
perform ng a phase analysis on the noise-filtered
dataset. In a third enbodi ment, an inspection system
is provided. The systemincludes an eddy current
probe, an eddy current instrunment and a processor. The
eddy current probe is configured to induce eddy
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Fig. 1 is an illustration of an exemplary inspection system for performing subsurface

defect inspections, in accordance with the present technique;

Fig. 2 is an illustration of the inspection by a probe through a coated surface in an

exemplary inspection part using eddy currents;

Fig. 3 is an illustration of the application of multifrequency excitation signals to a

probe for inspection of an exemplary inspection part;

Fig. 4 is an exemplary flowchart including exemplary logic for performing eddy
current subsurface defect inspections using multifrequency phase analysis, in

accordance with the present technique;




representing subsurface defects; Fig. 6 depicts inmages
generated as a result of the application of a single
freqguency eddy current on the exenplary inspection
part illustrated in Fig. 5; Fig. 7 depicts inages
generated as a result of the application of a

~mul tifrequency phase analysis on the exenplary

inspection part illustrated in Fig. 5; and Fig 8 is
of the det ction u cr k
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current probe 12 to generate a number of multifrequency response signals.

In certain embodiments, an eddy current inspection of the inspection part 18 may be
automated by mounting the inspection part 18 and the eddy current probe 12 onto a
multi-axis computer numerically controlled scanner 20. The scanner 20 may be
typically configured for a three orthogonal translation axis movement of the probe 12,
along the three axes X, Y, Z, with rotational motion around one or more of the three
translation axes as required for the particular inspection part 18. The probe, therefore,
may be accurately positioned relative to the inspection part 18 and moved along with

all the required degrees of freedom in accordance with the software conventionally
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processing unit, such as processor 16. The processor
16 is configured to analyze the nultifrequency
response signals from the eddy current instrunment 14.
In accordance with a particul ar enbodi nent of the
present technique, and as will be described in greater
detail below, the processor is configured to perform
a mul tifrequency phase analysis to detect subsurface
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inspection part 18. As w111 be apprec1ated by those skilled in the art, eddy current
techniques are based on the principle of electromagnetic induction. Eddy currents are
induced within the material under inspection by alternating magnetic fields created in
the coil of an eddy current probe when the probe is moved into proximity with the
material under test. Changes in the flow of eddy currents are caused by the presence
of a discontinuity or a crack in the inspection part. The altered eddy currents produce
a secondary field, which is received by an eddy current probe coil or by other type of

sensors in the eddy current probe, which converts the altered secondary magnetic field
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sensors in the eddy current probe, which converts the
al tered secondary magnetic field 5 neasurenent to an
el ectrical output, which nay be subsequently recorded
on a strip chart. Flaws or defects may be indicated
if the electrical signal exceeds a predeterm ned

vol tage threshol d. An eddy current nachi ne operator
may then infer the size of flaws fromthe signals

recorded on & %F Vagt or t devj ce ofﬁ{
meggEeTasRt tpag elogiical g & ey O Bpeahitly Ferdtied Pog stio
chf. Meatust be UEREY n@ayc bE afnidRAted BN&cS elcdtrital B &ame e&@éeds a
i nspection of an exénplary inspection part. t houg

preﬂr:tgnnmecih sfelst,agev\tbre@h@lgl Asy eddsheurfant qeshioe @peratas angy f«lﬂgré pfer
h I t
the s?? %t?ééﬂgsujferﬁrgstﬂgg I%Xl ?(%r&e(ﬂatmRﬁ‘lfe es?r}ﬁ? %ﬂﬁ*{ or Ei\tgut démcF of the
systngl f2 represent two eddy current fr equenci es for
perforning a two-frequency eddy current inspection of

e, i nspection l nspect.i rt 18 further
Fis P oD griineet B ot Sault R G aebh s to o
pro%e’ff&Okhgg'éeﬁ& of at 1ﬁ§%ﬁ1§pe&tﬁm5uxﬁ URIth&UpR BEH hediweRddy

mul t'i frequency e currents on the 1 nspection
curpfentt frequengiess thn tm@egferfédamm isf egndlbyer anplicaidgnia ueider

h
o B3 R Rl 5 PP b S SR sy smen
frequivBciat! fdr derfoaiRpcy tvedfiyquetey eddy @h@ﬁgmwpdcﬁpm bate 1nspection
information is used to _reduce undesired nal s,

parg haHisgedting pard 8 rfadhes ipghades aglefest e prack %65 13 cprggmcgavith
emﬁgdﬁn‘:h@na‘f Vﬁ S}ﬁ%ﬁeﬁf R ﬂet ?né t&tiba! @fenﬁﬂillﬁ'&%leﬁ@ @ddy

manner e descri reater detail
curFénts. o thesmapr:oam mpttarepultd mv\thh aeneratmm ofl dtf@armt emgnau@e and

| o for performn rrent su urf ef ect ..
phasp e el SEaR i Sl ke S ies o AR RAGEA Thibfhation
pro®fdea fb?ﬁtﬁ& shulvi fdyubh 4809 T8RN MG W HE %hadeﬁnﬁiﬁﬁtlcﬁpls used to

mul tifrequency excitation signals are applied to_an

 reduerd yindesired raigals tﬁ@hweu theudesired| jenalirtp atise ratiogpnd provide
add1ﬂ§rﬁ?%§sw nnpa%o}x ‘to ?du&%tff%ﬁ% %?Ills rﬂ'fl tfnf'ﬂfu?equa%n\%l HETORNBE in
sighal’s

ner a uriber requencl es

gemee&ﬂﬁlbabudhe gener ati on of the nultifrequency
response signals, nay be sel ected based on t he nunber

of, undesire oise features to elim
Figod, 15 S0 e lam darRurt. o SxPoeBht e, & pafprming eddy
curfcht €&ihee R MBEfcOfindpb QIS NGBS InBItATRBERY phase analysis, in

accordance with the present technique. In step 50, multifrequency excitation signals

are applied to an eddy current probe to induce eddy currents in an inspection part. In
step 52, multifrequency response signals are generated. The number of frequencies
needed for the generation of the multifrequency response signals, may be selected
based on the number of undesired noise features to eliminate. In a particular
embodiment of the present invention, the selected number of frequencies is greater
than the number of undesired noise features to eliminate with an assumption that, a
flaw in the sample under test and any non-relevant indications to be suppressed do not
cause the same phase and magnitude change in the eddy current signal at different

frequencies, or alternatively, the eddy current probe response in X-Y plots at different
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than the nunber of undesired noise features to
elimnate with an assunption that, a flawin the
sanpl e under test and any non-rel evant indications to
be suppressed do not cause the sane phase and

magni tude change in the eddy current signal at
different frequencies, or alternatively, the eddy
current probe response in X-Y plots at different 6
frequencies are not collinear after a phase an
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where fl andf2 represent two exenplary eddy current
frequencies for_a twd-frequency eddy current
517 s

ki Brl Qe x2(t) represent the eddy current

response signals corresponding to the frequencies fi
and f2 past.tj.on RoLLoe) .t d(,t epresents the
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magnitude of flaw in the response signal, Xy(f) represents the magnitude of undesired
noise features in the response signal, k4(f) represents a coefficient reflecting a change
in tﬁe magnitude in the response signal, kn(7) represents a coefficient reflecting the
change in the noise in the response signal, Z84(f) represents the phase angle of the
flaw in the response signal, Z60,(f) represents the phase angle of undesired noise
features in the response signal, Afy(f) represents the phase change of the flaw in the
response signal and A,(#) represents the phase change of the undesired noise feature
- in the response signal. In one embodiment, the two frequencies, fi and f; are selected
such that AGy()-A6.(f) is in a range from about 135° to about 225°. In a particular
- embodiment, the two frequencies £ and f are selected, such that Agh()-AGy() = 180",
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flaw in the response signal, LO (t) represents the
phase angl e of undesired noise features in the
~response signal, AQd(t) represents the phase change of
the flaw in the response signal and AO (t) represents
t he phase change of the undesired noise feature in
the response signal. In one enbodi nent, the two
frequencies, fi and f2 are selected such that
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e response
® ?E%?’S‘Pﬁx“‘é < rétb‘%‘?gﬂ%wﬁy E ST 2 (5

f¥2 xﬁ )= AL XXAGLD Z(l@ﬂ()t-)\&,bﬁ)d(kx@)mw(%t@)) tk,, (t)X (3§<t )Le
n(t) (3) Wien DOd(t) = LB"(t) q't) and kd(t)
(t) = k(t), x2(t) becones k(t)xl( ) with a phase

WhentAt(pr, AG) 5= d6hdid kdp) + ép(#)esdqﬁt),sxﬂ(d) é)ecomes Kx{f) with a

_ pth% . 5# wrff{‘jlﬂss X‘é’%‘h@? gﬁ'%s%{q s% ¥ht8 gelfé’ﬁ =glrl%§? t?i‘gts ?no N&&ay

curitht RfspehsB MRSEYNEk @t difRdra@itifRiquerlciesS o BBIliaeh AdicA R Hhase dugle
time_shift operation may al so be perforned on at

rottionsin e embedimentsed tiatrcshift eppwtion mavgen Be parfermedon at
r is then obtained as shown in
hw%agg @£¥Tﬁ§§§8ﬂ%§d%% Q%%%ng the first frequency

response signal froma rotated and scal ed second
A mixed frequency response signal is then obtained as shown in equation (4) by

subtracting the first frequency response signal from a rotated and scaled second
frequency response signal. As shown below, the rotated second frequency response
signal x’; (f) is scaled by the coefficient 1/k,(f) on both sides and subtracted by the

frequency response signal x;(¢) to obtain a mixed signal xy2(2).

Mixing f, and f,: F(t) = %' O/ k() - F()

id?; X, (026400 + 00, (1)~ A0, ()~ X (£6,()
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frequency response signal. As shown bel ow, the rotated
second frequency response signal x'2 (t) is scaled by
the coefficient 1/kn(t) on both sides and subtracted
by the frequency response signal xi(t) to obtain a

m xed signal x12(t). Mxingfi and f2:
xi2(t)=i2"(tt)lk"(t)-ij(t) r kd (t) Xd (t)L(Cd (t) +d
8d (t) -Aen (t))- X d (t)Led (t) k,, (t) (4) 8 As can

be seen, wi.th,the rotatjon.and scali 0 t
s i B8 SPeae ol o Mt B RRuREPpiin B SBRCRANERT: B G s
elinfiHated  AFREHRNAN tifflefh iy BlRINaUpRtionS AS a@Sul 6f Bb réthon and
rotation and scaling operation, a noise-filtered

scajing gBVTatEons B gaise-filteradanenonsesienah iceneist adrhasest e s progssing
par&%%%%ﬁ alﬁ rg%{\}%'%ﬂg ﬁlﬁ? El%rcggs mlﬁlﬂhl’%ﬁipé Rsfefia, Wh%ﬂeﬁﬁerﬁ’s undesired

resi presents undesire nol se"teatures

noisefeatueestinthef tvedfirzpuencyrresgpastssprml g afitrghe afitieg opération.
m xi ng operation. In step 58, the processing
ar ers obtained from,st.e 6 are ied..to. the ..
in §5% Fehe ey Brtemedy LlpBRy Bou i, P6 Bin Spubd 10 IR cntir
mugERYL G Gedpdnad gidl Qlﬁtaﬁél:)gehéi*aﬁ@ B9Teqhtich @ lt(S generate a noise-
filtered dataset. As will be appreC|ated t hose

filterrql dptaseti dstll @rqpprch@drfésfhpﬁeaﬁkﬂ ledondle at, th@ ggsigant noise-

ﬁltgr@@ %ﬁﬁget %8@5&599& ?éali] taféx)c? %Jg?gﬂé}}( Lo gbﬁ‘%{t‘:}/ ‘é‘;t&e g g%ﬁ%& Signal

unﬂﬂgnnﬁmde |nfornat|on and phase information are
produced fromthe noise- filtered dataset. Further, in

this step, phase .anal ysi s i s per.forned e _noi se-
In steh G g e BRET i S bl dpup it fm g Bbise-
ﬁlt&@a i%aBial FGAPOREMs §tep,S4 PRARSHalydR i§ HcpRAfitd b ithy noise-
he data from the phase anaIyS|s contains information

ﬁltemd datasetewhengi anhotfses islaprlted, todhel hprizanital copmngapati to rippress

|
n01§iep%(§:n‘r§{t{\rf]é?gghor(‘ia{ h%(élgdtgé %hlasae Zfal Q%fﬁqlé&g%lﬁé %ﬁlllatltoﬁ correlated
with hﬁf}ﬁfﬁ%ﬁﬁlﬁlﬁ%ﬁ&fdgs gdri(gflgl’liz?;diescﬁﬂ&d{tibh (t(t) #ed%@:: (fdl?ﬁ cﬂltlx)j Asheill
be FRRECTHIRRY Ehoé‘h lled ipthe ary, Wﬁ%fége La#a’ea{ﬂrfsdiﬁ(ﬁr&m? (Abq(r)
0 RS, B PR e v
x{FPpréseits AS (law Widnal fwitto Wi eyideshee featnnd noiss eiﬁmhdited In

robe position while scanni ng over. t he
-accglggm:q vrs)ﬂt}{i Rae embodlment the pr}lase g(t) and its rotation%\%(t) with frequency

are functions of the probe position while scanning over the flaw. As a result, the
residual between the noise terms in equations (1) and (2) is substantially reduced but
not necessarily zero at different positions or time (¢) after multi-frequency mixing, and
therefore the mixed signal retains desired flaw signals and provides an improved

signal to noise ratio.

The technique for performing subsurface or blind zone defect inspections using the
multifrequency phase analysis technique developed in accordance with the present
technique enhances the signal to noise ratio and improves the near surface detectibn in
deeper locations within the part to be inspected. In addition, the above technique can

be used for a wide variety of applications, including, but not limited to, detecting
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resi dual between the noise terns in equations (1) and
(2) is substantially reduced but not necessarily zero
at different positions or time (t) after

mul ti-frequency m xing, and therefore the m xed
signal retains desired flaw signals and provi des an
inproved signal to noise ratio. The technique for
perform ng subsurface or blind zone defect inspections

defiits ol ol Wieatib shER ety B deitofidhoor B8 HsfiSs of te
weRGYHBE EsndubngSin§itationsdn ﬁ@ét@&nfeﬂﬂlh@ﬁnﬁﬁdsdcﬁ'@ﬁ ,Qwes tbérd with a
near surface detection in deeper locations within the

weptrepistapt ﬁ@tliflﬁst@’Pébe inspeckigriaf tb% part fhas teols eonduetssivgthout

il SRR, Y B B 3 o,

meagirihg, deﬂatﬁ @i thesblira d(ﬁfeemt sillewn wéipreethe Hlimdozmgh asitin tahmnge
t hi ckness of .th nducting inspections

be‘i‘”ﬁe’&gg)t(i)éoﬁ%‘ihﬁ fqr@il’\%‘g%t sdl c‘ﬂmg a seal tooth with a
wear - r esi stant coating, where the i nspection of the

AsRAlItbd ' @préRat GEbE St GkiBed M iHeOAH, the etﬁBUdlﬂﬁnﬁsh@d ap 11cat1ons
conductive coatlng. The above t echni gue can al so

illugtratgd pod deseribed abayg veillftzpically include ob be perfoERed b}happmpnate

B 5 B 5 8, PRGBS B g g SRR

progpirhigaivildl cbmphkmaehssik\gl cbfedxelcﬂtab]’eeuﬁirﬁqtlohh dor implementing

rrents appI| LI lustrated an .
losiFaL tchedt tigg ccpn mnga 1pq) 11} A SRR -TERslaple st for
usdby 8PRY &ﬂ.!hb&ioﬁ w8 e ?Q!eﬁ-b&&ﬁes yStBmAth i QI 8RRPE process and

conputer or hardware electroni cs. Such progranmm ng
exemutelth@nu’pmtmsa l'isting of executable instructions for
i npl'enenting |ogical functions. The listing can be

o i SRRAeR o e A e, R o TERAE Bl 3 s

that 4o’ dopven, sRire.CRatmaichte, @mgﬁte ﬁ-&ismlmttfanqidrouhs instrctions.
the context. of t he, pr esent t echni que, the
The, sRpRRISF -rPrsaRieoMmediveY FfmbP Ao RlFCliRilfs? TagRetic A9 optical, an

ele&%ﬁ%}guc,%tr%%ﬁ&gﬁ%%% ﬁa@ﬁaraﬂlﬁ ORARRUEL, A ﬂﬁﬁ?n{gle,gﬁut non-

rt’ the inst e conputer rea .
extmestiventist arf doenpmteretalableomedipyma cangndide an @lectipal carinection

(elftopCh FUnE G 1ot Hireden bUISHh Ghmblieh e RO LR, o
ran@bmCRERY trﬁémé@qM)e(rH@emys 2 Gadl-bil§ Inkigbr TR ONBCnidgaatic),

connecti on
an erasable programmable read-only memory (EPROM or Flash memory) (magnetic),

an optical fiber (optical), and a portable compact disc read-only memory (CDROM)
(optical). Note that the computer readable medium may comprise paper or another
suitable medium upon which the instructions are printed. For instance, the
instructions can be electronically captured via optical scanning of the paper or other
medium, then compiled, interpreted or otherwise processed in a suitable manner if

necessary, and then stored in a computer memory.
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(el ectronic) having one or nore wires, a portable
conputer diskette (nagnetic), a random access nenory
(RAM (nmagnetic), a read-only nmenory (ROM) (nagnetic),
an erasabl e progranmabl e read-only nmenory ( EPROM or

Fl ash nmenory) (nmagnetic), an optical fiber (optical),
and a portabl e conpact disc read-only nenory (CDROV)
(optical). Note that the conputer readable nmedi um may

rise ar. sujtaple i um upan whi ch
T B EE BE B Bling SsPifce, & bR e TRltel hespiprt Usfok e
mulfbdueaiéy pitse aadlyde tehfighe @wclbaéd Hereiapik \iekkr Villastrated in the
optical scanning of the paper or other nedium then

lbﬁﬁﬁgpéﬁ*nnﬂﬁ%@ﬁWEW@d or otherw se processed in a
sui tabl e manner if necessary, and then stored in a

]§)@§W§#L g menory. 10 The technique for performng
su sur?gce or blind zone defect inspections using the

mul tifrequency phase anal ysis techni que discl osed
Ashdesesitredi herdinr mhldifrefiidngy tphaseeahal yristwias appbied tavidetget subsurface

f%u nf?nl]éta%g 1§ plﬁla%ecﬁonEXANPILﬁESS%agel Crlpsd Eere){émplary

ysi'sewas” app

' ms‘puamrﬁaapamtﬁﬁﬁagca Surberadt BoleRipadsyntingsaldsinfane defsds. The
[ ustration of an-exenplary inspecti

. Fig. 5is an_il]
inspation R0 fabgicatod QRdantym g raterial snd Sempripgs 2 top p ate 32
f e
iHased pef S000ERE Sy, TRARREHERRGS Al o e 30
of tapefrr A" IR5/64, zm"pwﬁé'ssusn"amlnaoou@d onabebgttan ef 8. top

plaf 3wl 2156 of Hgar inch ihwoeRbgly. The Bat Batidh holos are
0. MO*lﬁ%@igﬁﬁ drlmhtckﬁeé@qt&fqm & pikes, ke FRIADDSBLto OV 0'Nardd the

acing of half an inch between them The flat bottom
ﬂah ttsgn ples 3@ arzdocated #)-GHY" to PHISOT henerthethe top siface ef thefop
plPé range from 0.050" to 0.10" and the flat
o om hol es 36 are | ocated at 0.010" to 0.060"
beneath the top surface of the top plate 32. Fig. 6
Figlépdepids image sgegﬁa‘edaiseﬂrmslt af ties apriticatiort bfa single frequency

co BB, SR ATt 59 oS e Rk ey

ity LA 500 S5 AP o g
mSpmlpec lti voars. obiservedh thab b¥dHzegnyensional M@umbhmarngr@tectlon
capa }I{t)? c?ruﬂp sEe‘r’:lsSot;l ﬂgtogc%todrgthofets,l Sich are 0.060" or deeper (shown in
image 39). For flat bottom holes that are 0.010" deep, the detection of flaws using
ultrasound proves to be inadequate (shown in image 38), compared to an eddy current
inspection at 1IMHz (shown in image 40). The eddy current inspection with an
absolute probe can barely detect a 0.023” flat bottom hole at a depth of 0.0507, even
with a probe diameter of Smm (shown in image 41). As will be appreciated by those
skilled in the art, the detection of subsurface defects may be based on a number of
factors such as the particular frequency range that is applied to the inspection part, the
probe size and the probe sensitivity. A lower frequency and larger probe is generally
capable of deeper penetrations within the part to be examined. A higher frequency
yields a better eddy current sensitivity and a lower frequency yields a lower eddy
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capability for all sizes of flat bottom holes, which
are 0.060" or deeper (shown in image 39). For flat
bottom hol es that are 0.010" deep, the detection of
flaws using ultrasound proves to be inadequate (shown
in image 38), conpared to an eddy current inspection
at 1vHz (shown in inmage 40). The eddy current
inspection with an absolute probe can barely detect a

0.023" flat bottom hole at a_.depth of 50", e
curgg (1oapoBi b MRS T S (BRGU A% aizgeiny Fif6chgn the
sen%ﬂvity@ﬁd?e@@lhﬁ@ﬁat ed by those skilled in the art, the
detection of subsurface defects may be based on a

_nunber of factors such as the articul ar frequency
Fig: dndpiethamages gapprateddast d remlt ofndepplientiopaett a mufiéfrequency

ph{% Oﬁﬁ fsz(?n leg\%}ﬁ WH& gc?iﬁﬁ'ﬁa!rtv ﬂméfrflt?dl IHV\ﬁr bI 5 & multi-

requency an pro € I'S ‘genera cap
freglepe edcnmwﬁenaé\ram’aaommf Hierpatthmdpmintpectiot &vae perfonveed. usihg a
ur.ren

i r frequenc ields a bette
progeﬁg St 1t Gameist. ERRRRRents @&f&éﬂ&@ﬂ%ﬁ%g%@eanﬁpsw Ry e
n€1'é§ 300183 AAE €00 Rz NBESA' 6n tﬁehé’on%lhét?veof)mb&ﬁes of the
robe al so has an effect on the sensitivity a

inspestioh updrbntheFierrespontiing ckin idenifest ORekHe e@dagog kHz was
result ,of appl.d £ahi 0 f ifr S
oL 0 LR BT Whlh' EEL e, IRCE e
0~0. ?SUT‘LQT the. daﬁtlﬂglftthe bflﬁ@quwcmq&ms@?iﬂfaatceemm thentwo
of t epart under | nspection_ wa ertorne usi n a
freqyicapie responsan fos Y dER%'eP? A Wélrg AL o be
apd &}r@%&} E%@é\gﬁé PoiRh byttt Snfigkes fHeGHHGDCI RS Qfﬁov'éowehzs that

ased on t e conductive roperties of

AQA(i}S PEE{A inpAthge ftve abOtlitrBSp@dﬂ abowy 23K 1. Tide pmlenaﬂ nﬁ@ﬁmzcs
kHz and 200 kHz was_ approxi mately 0.036" 18
theraixpd signaldpn Equaiee ) c S0EPibEr neiee feaees ithip fee 9‘%"11@

phe%é diftGefi@PisNshind-ne Reiffs 290%r tJNhe R Pﬁ?@e %ﬁftﬁé g’?&g gets

etween the two frequency responses a tlaw
relaliwplyhsuppreSsed50As aay e ficthec obstred, the fignal dp motsei e émyhe
rees whi ch substan%)jates the criteria, stat

8 d
ol e@ienon red] FMRORGR TG $4 O TRISIEYY jcomprnelt e s is

1mﬂr696& &P@d}edltg u%a dsQuR RO gl e liEliibfes Q00T (GRowiRit iHaze42)
the m xed signal "in E atlon? For ot her noise

or 508tz eshowh imimagerd)50he signdrte HOtsn aatiqpindbe M4 phase dmage
4 SEL bR R RS e DA TR ARSy b
' the @Lbf%e l%étﬁﬁtxoﬁ bEresl Giddhagiafy@osponaits withmillidrequency mixing, in
contrast to the phase images 42 and 43 generated with the single frequency eddy
- currents 200 kHz or 500 kHz as shown in Fig. 7. It was also observed that at a depth
of 50 mil, a 500 kHz eddy current has a poor sensitivity for those flat bottom holes. It
was further observed that with a frequency 200 kHz, deeper penetration renders better
detection at a depth of 50 mil than at 500 kHz. As may be observed from Fig. 7, the
multifrequency phase analysis technique developed in accordance with the present
invention reduces overall noise due to material variation and other noise. It was also
observed that the smallest 0.016" flat bottom hole under a depth of 50mils was
detectable in Fig. 7, using the multifrequency phase analysis technique.
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mul ti-frequency real conponent inmage 44 or imaginary
conponent image 45 is inproved conpared to inmages run
at single frequencies, 200 kHz (shown in inmage 42) or
500 kHz (shown in imge 43). The signal to noise ratio
in the MFPA phase image 46 shown in Fig. 7 is
i nproved because further phase discrimnation is
obt ai ned, after the noise reduction of real and
. I n - c ing,..|
Fig S 28 MpGRRE"GNAE Mo b6 b ubGRED Shock Iy B opbiplary
inspéeionipag] asifig eqltdfrgemgdhasccanaleizt Re2Odhck amerral 8D6hdezan

as shown in Fig. 7. |t was als bserved that at a
ex%@am {ng?ecg@n ﬂi’fgq' %Etj?s’@@c? Wméﬁgﬂgﬁip}”éﬁp image gepgaied as a
restife BF kil éﬁpii)fatfdﬁroftang?e fleglenRP LA RAIE On thd iI?S on part 47.

further observed tl ~wth a frequency 200 , deeper
Refseenst muticond 49eshdws sinbistage igenateted @t iaoesult ofithgegpplicasionsdf a
il than at_ 500 kHz. na e obseryved fromFig. 7
moff ey Bhegraliel o s FbedieptpRP B Yc i AL bialasrtigh dhe
sighd] t8GRWedAN6 &n \thed MAPREimARSEN]s inlphy R dsOddni; ®Sthe single
overall noise due to material variation and other
freqrepereddyicuignt image48.obser ved that the smallest 0.016"
flat bottom hol e under a depth of 50m|s was
WHIR! &0} akkGin' Reaftrés of :f:[hzelJ %}dg%ﬁti&sﬂ‘ fal! *bEérf Flﬁ%ﬂ%ﬂ%&ymﬂhé?‘s%ﬁbed

anal ySi s techni que. ; iIs an | [

ustration o
hereing neey endificatiofis and diswges wdkocauadk thase akilled emheaary. 1t is,
I aspectj on par.t Si mul tifreguency .phase anal ysi.s.
theediiy b0 ndiitpag b U pendad Ty ARGRId BRI FLHT such

moBfichtior3ehe CRitpes AR athidl heIhRWBirR bf tHEEARentiBREr at ed as
a result of the application of a single frequency
eddy current on the inspection part 47. Reference
numeral 49 shows an i nage generated as a result of the
application of a nulti-frequency phase anal ysis on
the inspection part 47. As may be observed, the
signal to noise ratio in the MFPA image 49 is inproved
as conpared to the single frequency eddy current
image 48. While only certain features of the invention
have been illustrated and described herein, many
nodi fi cations and changes will occur to those skilled
inthe art. It is, therefore, to be understood that
t he appended clains are intended to cover all such
nodi fications and changes as fall within the true
spirit of the invention. 13
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CLAIMS 1. A nethod for inspecting a part, the method
conprising: applying a plurality of nmultifrequency
excitation signals to a probe to generate a plurality
of multifrequency response signals for the part being
i nspected; and performng a nultifrequency phase
analysis on the nultifrequency response signals to
i nspect a subsurface of the part. 2. The method of
claim1, conprising selecting a plurality of
frequencies for the multifrequency signals such that
AQd(t) - AO0O(t) is in a range fromabout 135 to about
CLAI®IS wherein A d(t) is a phase change of a flaw
response, and wherein AOO(t) is the phase change of a
noi se feature. 3. .The method qgf claim1 or.2, wherein
per for m ﬁg“fftﬁ%d i [RSPPSHg AAEly 31%%%@%311 CATRRTIdEs
conprises: identifying a reference dataset, wherein
the ref efgage daaaRly GQABRIRESRY ek&f$ion sighls to a probe to
frequency response signals, and wherein the at_I|east
geneyate Arpderabitycyt mukifisaemncy sesponsessigenkp farghe pars gt inspected;
requency ranges; mxing the at |east two frequency
response signals to determne a plurality of
processi ng paraneters; and applying the processing
par perfdrminge & analtifrodquenty phasenmalysss@o tisemsitdieghemtstragonse
.t enerate nai se-filtered dataset. 4. The nethod of
mg@ﬁ%&ﬁP@F”Wh%%@W%“@&éﬂ“ﬁ*“Qhe frequency response
signals conprises a real conponent and an inmagi nary
componenthe mkthoWREICRIM McympHsihf Selddtingl p16#ality\OX frequencies
frequency response signals conprises rotating the
for pheaswliffequency simalsoneh that A(Oncp A(Op ons eange diroan abaug 135°

. The nmethad of claim4, further_ conprising scali.n
to sbfut f?éaml@aﬂﬁ AT 3 paseicbants of TV FRRgi el Wherein AGH()
istﬁé’ﬂ%@@%g@ﬁf@hoik@?cﬁﬁu&ne frequency response signal

and per

rmng a tinme-shift operation on at |east one

of the frequency response signals.
3. The method of claim 1 or 2, wherein performing the multifrequency

phase analysis comprises:

identifying a reference dataset, wherein the reference dataset comprises at least
two frequency response signals, and wherein the at least two frequency response

signals comprise distinct frequency ranges;

mixing the at least two frequency response signals to determine a plurality of

processing parameters; and

applying the processing parameters to a multifrequency response signal dataset

to generate a noise-filtered dataset.

4. The method of claim 3, wherein each of the frequency response signals
comprises a real component and an imaginary component, and wherein mixing the at
- least two frequency response signals comprises rotating the phase of at least one
frequency response signal.
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6. The method of claim4 or 5, further conprising
mnimzing a residual corresponding to the processing
paraneters, wherein the residuals represent undesired
noi se features in the at |east two frequency response
signals. 7. The method of clains 4 to 6, wherein
m xi ng the at |east two frequency response signals
conprises subtracting a first frequency response
siggal f t I second. fr e
930 B Al £ RO RSP e
and wedling rthe onggingy rompeném rofian geast PiAfequeRbR raspoiseGiErtahend
oi se-filtered dataset, erein the phase anal ysis
PeifERIPg & ngz?ﬁatfsPPﬁrﬁgon P deast o the fremneartrosrage sigeals.
informati on associated with the noise filtered
dat gset . TRe mtHHRAI dTQ%aifnO4 oP ST fuBthS élﬂnp?&bﬂ%‘ﬁﬁﬁ&i&eﬁ e&ldual
i nspections using eddy currents, the nethod
corgespprding tagthe apsessingpasampétersaivherginghe nesidualsrrepresant yndesired

noify BRBR D PR AGP BN SBRNEEE! Gl S T om 1 ne

plurality of multifrequency signals, wherein the
pl ufal i t Yhomethol toif Clagnué neg, wies¢inmsiringshgmdbast swefrequency
' se dat aset ;

included in a.nultj frequency respon
rosp R P1ERY RS PLPAEUE fIck rdb s Fospas S fomya rotted
and KARH sbodad IHGRMRD E¥pofiRIRMASE Signals, wherein the
reference free dataSet is a subset of the

mul tifrequency response dataset, and wherein the at
| ea8t t wbhe methedrfyclaimsnnte 7c buiber sempiiising performing a phase
e 21 Xl t t I ..

o SEHPAPFATARS Bl R e A s ISP Gt
phase dafsmatigh pad anegdtude ihformpbry iadgcidil plith e hyisoffiltered

t%r ocessing paraneters to the nultifrequency response
datajehnal dataset to generate a noise-filtered i mage

dat aset; and perform ng a phase analysis on the

noi ge- fi At ge@dd ot Ffbrming Cubfficd SRELE lifdhesiohks qrgindgu eddy

conprising: an eddy current probe configured to in
curesaithy theumetieadd coniprisingsart, f or

applying a plurality of multifrequency signals to an eddy current probe;

generating a plurality of multifrequency response signals from the
plurality of multifrequency signals, wherein the plurality of multifrequency response

signals are included in a multifrequency response dataset;

identifying a reference free dataset comprising at least two frequency
response signals, wherein the reference free dataset is a subset of the multifrequency
response dataset, and wherein the at least two frequency signals comprise distinct

frequency ranges;

mixing the at least two frequency response signals to determine a plurality of

processing parameters;
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performng an inspection of the part; an eddy current
i-nstrunent coupled to the eddy current probe, wherein
the eddy current instrunent is configured to apply a
plurality of multifrequency excitation signals to the
eddy current probe to generate a plurality of

mul ti frequency response signals; and a processor
configured to analyze the multifrequency response

signals. fromth eddy current instrument . b

per PORNTRG RGP ALY P eeHes St [RdTS SutHqpepsyuisangpe
sighal GabR&UD gaf@ateta nblie-MRFdd imapea&hdet;tdng processor is

further configured to: identify a reference dataset,

wherein the reference dat aset ownriéfseat | east two
f r equencyPerspEIEsPhapenalysis opfhe ppes-Eiltaref datasgh | east

two frequency response signals conprise distinct

freggency; gﬁén%?sgén;%ﬁ{sidgeast two frequency

response signals to determne a plurality of
processi ng paraneters; and apply the processing

par ameddy scureent prafict panfiggradntoy indusp sidde @nght| indapestetfor
p_eltf(?rmigge a5 {néﬁgcti%n %ﬂh%%'altti Itered dataset. 16

an eddy current instrument coupled to the eddy current probe, wherein the
eddy current instrument is configured to apply a plurality of multifrequency excitation
signals to the eddy current probe to generate a plurality of multifrequency response

signals; and

a processor configured to analyze the multifrequency response signals from the
eddy current instrument by performing a multifrequency phase analysis, to inspect a

subsurface of the part, wherein the processor is further configured to:

identify a reference dataset, wherein the reference dataset comprises at
least two frequency response signals, and wherein the at least two frequency response

signals comprise distinct frequency ranges;

mix the at least two frequency response signals to determine a plurality

of processing parameters; and

apply the processing parameters to a multifrequency response signal dataset to

generate a noise-filtered dataset.
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