COATI NG | NSPECTI ON BACKGROUND OF THE | NVENTION (1) Field of the Invention
5 This invention relates to inspection of thermal barrier coatings, and
nore particularly to inspection of coatings on turbine conponents. (2)
Description of the Related Art Gas turbine engine conponents (e.g.,

bl ades, vanes, 10 seals, conbust droAaTanel snsapdridee | i ke) are commonly

formed of nickel- or cobalt- er.al iLred operating
tenperatures often exceed thgﬁé%gggﬁﬁﬁe&faﬁﬁg@s&a% al one. Ther nal

barrier coatings (TBCs) are in common use on such conponents to permt

use at el evy gd temperatures. Various 15 coating Conpositions (e.g.,
ceramni cs) ané—v—g-he—ggagge%ﬁ—m&&ads (e.g., electron beam physi cal vapor
deposi tibn (EBPVDhis amth ¢ &iomR 2N 6a¥s deHOsh §diDi ol 8 tKPAWAma AL EXEIGY ary
nodern coati n% sgst emis applied to the superalloy substrate by an EB-PVD
techni que. AT &XBHD a'?”ﬂfi B ¢ FRETAGUSHELEMS nd1REES Lannef af P2 ki droat

| ayer (e.d. tuabiadecbmyordnt¥ CoCrAlY alloy or diffusion alum nide) atop
the substrate. Athermally insulating ceranmic top coat |ayer (e.g.,
zirconi a st asli Peackiphisa taf fhe RedapediAed atop the bondcoat. During
this deposition, gast - ] I ( e. al um na,
forms on the bondc(55a?@iz':aﬁr;%111€L %ér{%%\ggﬁgéb e?g\/\%en?e%{% 'rggngzi%?hggﬁ%sérl yi ng
portioniBf tSifelspofeierattehdaned syopndotite MHer)ceati ngsman by stibjrect otfo
potential def; - r el 0, bondcoat interface tends to
suf fer from%l%%tegepg’?a%?%gr(\s/ e%aer% %gf)%—‘g&r‘\qéi.oy:?u'che&éfggt SPTEAYRD Dbe

i nherent, ndempeeshores detfreacsxckedefbat pags iddteefirnehth€l Udyd id1onefl, a

gi ven conpo@%g&ma59£§§£§e£ﬁﬁegﬁf%%sf?EEEQPrAP 112 Tommon use on such

components to permit use at elevated temperatures. Various

15 coating compositions {e.g., ceramics) and various coating
methods (e.g., electron beam physical vapor deposition (EBPVD)
and plasma spray deposition) are known.

An exemplary modern coating system is applied to the
superalloy substrate by an EB-PVD technique. An exemplary

20 coating system includes a metallic bondcoat layer (e.g., an
overlay of NiCoCrAlY alloy or diffusion aluminide) atop the
substrate. A thermally insulating ceramic top coat layer
{e.g., zirconia stablized with yttria) is deposited atop the
bondcoat. During this deposition, a thermally grown oxide

25 layer (TGO}, e.g., alumina, forms on the bondcoat and
intervenes between the remaining underlying portion of the
bondcoat and the top coat.

The coatings are subject to potential defects. For
example, the TGO to bondcoat interface tends to suffer from

30 separations/delaminations. Such defects tend to be inherent,
so threshold degrees of defect may determine the utility of a
given component. Defects may also form during use.

Much of existing inspection involves destructive testing
used to approve or reject batches of components. Exemplary

35 destructive testing involves epoxy-mounting and sectioning a
1



Much of existing inspection involves destructive testing used to approve
or reject batches of conponents. Exenplary 35 destructive testing involves
epoxy-nmounting and sectioning a | conponent followed by m croscopic
exam nation. The TGO is a critical elenment. This may be viewed via
scanni ng el YRARENY Epdsevpe KSEN)cratcopdOOxxanitdgher.. TQealrzoyistandar ds

are used t Q. 2RRIQVE QL LEL €CH, E h_based upon visual 5
interpretation of the SE%AQ{I: n%}éls§1%5&§§3%ug Tve” test i g ¥afPefsCFFER many
general dr adbsiescons @8EMI saval,il@dx par highbar gediniyuesndihgsfoFdrer
includes the t royed co ents, the inaccuracy inherent in
batch sanpl i ng&%ﬁdggﬁggﬁés yolfe]te‘icgg%rplﬁ %‘?"Cﬁ%ﬂéﬁe@}%@, X¥66%210 di scl oses

an al t er mat eirsyestramtianvoh vo AgriooaFMgmafiea. pr e- couponed turbi ne bl ade
facsimle in |i elﬁeosftrcu ting an . act u%l bl ade. This may slightly reduce
the time spent, BOC - 46687 RotSHodi%eSSHERES f LHIAMAIeHesBR cABaWpacks
destructive ad et iing. vabibasgfadd i@nasCenetngise PEEMUFRIME i ncludes
nondest r uct i&g eval ugti on of limted coati n%? paranmeters. In one exanpl e,
the beam of i 05y PLsBFSEEO¥’A fsEpeRephe: cEramnaayacyati nhadenpagses

t her et hr oughvdwely eaeBlihg, Ty thhe FG0 Leuprgsces, ﬁ”?zatﬁaﬁ‘? gmitiegyd i ght
passes é@roggh the top coat to a sensor. 20 Characteristics of "the
n

flurore _’isr?dioégtseagt?%’é%niﬁec FYSTPO, 1%ephyitd eivaddnanihiati on voi ds are
associ at ed whididoaguaed rabbans g Linn be daleel 8d by 5 patent

6,072, 568 scl gses such inspection. There renains a substan Ta1%heed for
i mpr ovenent dgtuadsblade; nfhivdtay gldght BRI EFOSAVMARY tOfe ThiEe h MNVENH ON

AccordinglyUddayen%§p§ﬁ&r9£stgﬁ%ifaﬂ%gkgggaiSpf%ﬁ?gﬂﬁo%ff%gstructive
testing.

15 Laser fluorescence has been used for nondestructive
evaluation of limited coating parameters. In one example, the
beam of a ruby laser is shined on the ceramic top coat and
passes therethrough to reach the TGO. The TGO fluoresces and
the emitted light passes through the top coat to a sensor,

20 Characteristics of the fluroreccence indicate stress in the
TGO. Separation/delamination voids are associated with reduced
stress and can thus be detected. U.S. patent 6,072,568
discloses such inspection.

There remains a substantial need for improvement in

25 testing techniques.

BRIEF SUMMARY OF THE INVENTION
Accordingly, one aspect of the invention is a method for
inspecting a multi-layer coating on a substrate of a turbine
30 element airfoil. At each of a number of locations along the
airfoil, a number of frequencies of alternating current are
rassed through the airfoil. At least one impedan¢e paramcter
is measured. Based upon the measured impedance parameters, a

condition of the coating is determined.



inspecting a nulti-layer coating on a substrate of a turbine 30 el enent
airfoil. At each of a nunber of locations along the airfoil, a nunber of
frequencies of alternating current are passed through the airfoil. At

| east one i npedance paraneter is neasured. Based upon the neasured

i npedance par anefBescunrentomtinvt ipassothtbegle ot iglgdtsodeter bnethy e
current may .t hr h electralyte wetting the airfoil. The method
may det er ni ﬁgq'?%ﬁgknfe}gge%e ot° orrlneayo?ie?\érSFlglmF AT ENEE SERe O L 0BRT rRF AMRF Smay
identify or lelyaractértize amitdhg wnbhinayt heecopty RG ehabetveen: d heids
Substrate andtwﬁ ggati ng.., 5 The nmet hod may advant ageously be perfornmed in

situ with tie heC® 5 RECYPFBRAtLH HRUMBSRacRfnkhe THeatistdhod may

be perf6r nEthes Bt AbH NP RvHHRGeoQE 1L UBDI fier Bl 4Rt S Q0L hEith 1tdne

turbonmachi ne. . Anot her aspect of the invention is an Inspection
appar at us. THEPAPHaf BN hedpHatded spur cerpiondsdioerr 8he methodIneot bedes

for passing defioekbaesin LAVOUGH LNRuAbEL 0Lt -+ JIIR nARRALALLS JRY have means
for measuring the inpedance parameter and neans for detfermni ngethe
coati ng condiFPeAmaghiEneietai | s of one or nore enbodi nents of the invention

15 are set forthahBchie AGLOMDYUNING dhahnas, and Lhe description  bel ow

O her features, objects, and a nt ages I nven T be appar ent
from t hé0deSPPRrEatBA- aflte drpsinegss mapchdveomn tdreircleaons th0c2ErBR) Bhd

DESCR T NS B EANGR R Ry BobSefatbn e oo ST et o
al ternate viz@maghtastesy /haspeetnenfsyshe€sBuring the impedance parameter
and means for determining the coating condition.
The details of one or more embodiments of the invention
15 are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,

and from the claims.

20 BRIEF DESCRTPTION OF THE DRAWINGS

FIG. is a view of a coating test/inspection system.

FIG. is an alternate view of a test/inspection systemn.

1

FIG. 2 1s a sectional view of a coated item.
3

FIG. 4

is a circuit equivalent model of a coating.
25 FIG. 5 15 a graph of impedance and phase angle against
frequency for an exemplary coating,

Like reference numbers and designations in the varioug

drawings indicate like elemonto.



FIG 4 is a circuit equivalent nodel of a coating. FIG 5 i5 a graph of

i npedance and phase angl e against frequency for an exenplary coating.

Li ke reference nunbers and designations in the various draw ngs indicate
| i ke el ements. DETAILED DESCRI PTION FIG 1 shows an apparatus 20 for
testing/inspecting a coated it ePhBAIIEAPESCRIPDIOR el enent (e.g., a

t ur bi ne engi ne de, 2 The exenpl.ar ade 22 includes an airfoil 24 5
ext endi ng from al%lrIg()t 12%1)1%‘?5 }%plaftpfgra%uégb og%r 'tzﬁeps%ﬁ 9+H8PQ§FPF%F} has
| eadi ng and aqadiedi Agesdgesh 32 andutbiaepalanémy (QIARTSH EuaBins Ustd Ok

si des 36 andg .38, platform has a utboard portion 40 for_ formng an
i nboard boug)c}gr%f/ \-%/gfl ﬁeaex%r}éarfyl g’d&ﬁa?hggh}% Fhé™ arbradl efdi ne. A

nmount i ng Sporeixtemdi@gor rom aslerdantze4dcdappnasreanta@ltoy of £/ the ppder si de
of the platf.or ig for fixing the blade in a disk of the turbine engine.
In an exenpl SgbBar bR A1 IR &P ERdAIRY 2REERiTS G 324saparabied. The

exenpl ary systea®mu2@ hAal sdesian Jikkaedarcendnsd yzele %Qat%@rﬁoh‘?é ed, by
conductors 51 and 52 to a pair of electrodes 53 and™ 54. The first
el ectrode 5PYRPEE BOstaPRIatY foaf Seamingepcinhuie dbevadted/ with ah a

uncoat ed pordd@n fabwhBen PHEL R HMLhe TREBEEONL S REL &O%Ja‘éikg g&ﬁfzﬁ% ed
| ageously

with a coated portion of the ade and, theretore, 1s advan eou
provi ded%as oF ¥ aget rPay &F cdandds. cEhsraely | firpreltéet noderSdde nef udes a

standard r ef};ﬂraq:%‘%mehSCESPdPi)F%C ; lljlllgt ggag %‘1{0 péfs[kﬁlofe@geo]‘:vgb. t ubul ar

vessel 58 and contacting an e ol'yte in e vessel: “A'theck
val ve 62 is amsumeedInnan eienmlarengngbdiment yedselpda@ionhen she chendsl
valve 62 is Zcqorg\tx%ctcggt%'%t h the 25 coating, it establishes fluid
conmruni cati on between e

The exemplary system 20 includes an impedance analyzer 50

15 coupled by conductors 51 and 52 to a pair of electrodes 53 and
94. The first electrode 53 may be a standard reference
electrode contacted with an uncoated portion of the platform.
The second electrode 54 is contacted with a coated portion of
the blade and, therefore, is advantageously provided as a

20 wetting electrode. The wetting electrode 54 includes a
standard reference electrode 56 mounted in a proximal end of a
tubular vessel 58 and contacting an electrolyte 60 within the
vessel. A check valve 62 is mounted in a distal end of the
vessel 58. When the check valve 62 is contacted with the

25 coating, it establishes fluid communication between the
contact site and the interior of the vessel providing a small
wetting of the coated surface with the electrolyte and
providing an electrical path through the electrolyte from the
coating to the reference electrode 56.

30 FIG. 2 shows further details of the coating 70 on a
metallic substrate 72 of the blade. The blade has an outer
surface 74 atop which the coating layers are deposited. The
layers include a metallic bondcoat 76 atop the substrate
surface 74, an in situ formed TGO layer 78 atop the bondcoat,

3% and a ceramic topcoat 80 atop the TGO and having an external

4



contact site and the interior of the vessel providing a small wetting of
the coated surface wwth the electrolyte and providing an electrical path
through the electrolyte fromthe coating to the reference el ectrode 56.
30 FIG 2 shows further details of the coating 70 on a netallic substrate
72 of the blsdacehézZpl Geetdes n medieebetweaer ade B eattapdehbehathdectooat i ng

| ayers are q,qﬁqglcgegz Jhe tﬂ@yﬂt%l{%d Hgg fEY%ealéd ¢ hond og %ggﬁﬁ%%gaz he

substrate surface an In situ yert 78aES

35 and a cermt@ctopeomadecaattmrt héreTEDeandodka\d NG:nan adXbRpOSLd 4 surface
82. Cont act nmade bet (%1 f ctro € 54 and the surface 82 via the
wetting el ecl%ro yte 84! rec L1 et PEBFt R MNtact i s made between the

el ectrodé 53 and Ianaembseﬂtmcs&tte:dnsjurm@esy%&@i Aohe rsehgtrat épay S 1N a
| aboratory sett %% t he s stem 20 of FIG i ncl ude an envi ronrrent al
0

control char¥&r 50 2PFFEY Ié?m?ed}talcc?ﬁfléf‘ﬁ}nﬁh‘i”ﬂ%e%l%e ¥3Gdudi nfPX esti ng

and that conidmainiwgr tResbpA@pers ld%?nﬁf; teIPBEATANE cnRYMLEht ¥p1 DT €SSUr €,
and the like. The current |is provid )F/ a current anplifier 102 10

coupled to a‘ﬁ”ﬁ‘?b‘éd&ﬁ@@eé%ﬁ/z%fr tf(‘.T!rPeFfé URRastit ity Gpedangare pazndrether s.
The i npedance @nakhyizerufdni slss:gzthQJvel@ehOb?nél' S8 SentCUMLRIRAL  SYEH as a
i's

corrputer 106. The conputer results of the neasured paraneters
and perf@rm%‘é’llfge§°t BN HEReYafGfe a@@éﬁ???aﬂweﬁarndle@@alrllnat Lvpeqaroperti es

o he 1> Soptlaaasedrfl Iifed el U PALATRI LTS, AL QNS LNeRLeld cal

enpirical or hybrid nodels nay be use 0 determne coatin g prop e‘FStles
Such propert@Bspmept puehuge a rodprer ﬁﬁﬁcKﬁe@smnm@rt heypdesehoe, size,

and quant'tﬁééyiﬂsng?r£ﬁgt$ %FH#%E ara%8£g§ wﬂéiy r mr%ngi ggsbetmeen
| ayers (e.g., separations an a nati ons?) Ipé Y
determlne guantitative and qualitative properties of the
15 cecating based on the received parameters.

Various theoretical, empirical or hybrid models may be
used to determine coating properties. Such properties may
include the layer thicknesses and the presence, size, and
quantity of imperfections (e.g., voids within layers or

20 between lavers (e.g., separations and delaminations)). FIG. 4
shows a basic electric circuit model. From one end of the
circuit to the other, the resistance of the electrode 54 (FIG.
1) is shown as Rp in series with an electrolyte solution
resistance Rs. This, in turn, is in series with the parallel

25 combination of a topcoat resistance Rc and a topcoat
capacitance Cc. This, in turn, is in series with the parallel
combination of a TGO resistance Rp multiplied by a Warburg
coefficient Wo and a TGO capacitance C,. This ig, in turn, in
series with the parallel ¢oémbination of a resistance Re of the

340 interface between the superalloy and bondceat and an interface
capacitance Cj.

FIG. 5 shows an exemplary graph 120 of impedance [J
against frequency w. An exemplary impedance scale is 0-1500
Kohm/cm?. FIG. 5 further shows an exemplary graph 122 of phase

25 angle @ againat frequency. An exemplary phase angle scale ig O

5



shows a basic electric circuit nodel. Fromone end of the circuit to the
other, the resistance of the electrode 54 (FIG 1) is shown as Rp in
series with an electrolyte solution resistance R3. This, in turn, is in
series with the parallel 25 conbination of a topcoat resistance Rc and a
topcoat cap&ciBPencen Cehighmasrieli;n roughtyi shé nieerties wift bhé hempedaidee!
conbi nati on Qf,;.a . L esl $1ance Ro |tiplied by.a Wapburg . coefficient W
and a TGO cggaa(}:{i ¢ gg?ég C%ll éﬁcﬂ%ks&ies ,Ofirrﬁ“t uﬁjne, (iior(f A48t ‘ég %ﬁgﬁmﬁﬂ?@aﬁ&eal | el
conbi nati on tefilalp@sist amtie-aXA wef oithe, 301 niher flacet beh WeentHha SuRekabhoy

and bandcoat, .gnd_ an_i.nterface apacitancg CT. FIG 5 shows an exenplary
graph 120 ofl3?lnggdéﬂ%léé%tl‘éega?%§\c ??%q@en@?evx}oﬁﬁt%r?ﬁ &r P nmpEBIHRRCY

scal e i s50- Ph@Ge Anfbhnpeak .148 Gs Infictbese SHOWS ARd SNl M 1hARE 122

of phase angl err] against frequency. An exenplary phase angle scale is
0 5 to 800. hlqﬁgt %ng %%Y,pq?ao‘i?gl?ir&lﬁhﬁeﬁ’éc%ﬁdrﬁ dndikatinpedirfice Tpeak 130

is indicativecekiBi. ofhge tormtian ief ihheciimadance, taid Ja32 g indicative
of Rp. In the location of the transition 134 is indicative of "/Rc and Rc).
The | ocati off ‘EFLACHBWINRY RRISHHPS SERAIELANY? e pdakaldtyi of | mel Tatdne aof Co

and the | ocatieOB18Heaandi ddHQue ea IS lpdjgative
of Cc. The Igcati oﬁ 011:1 aggbail 144ﬁi%§3?g%?§%ﬁ8!§ aack%ng#ﬁsei%/e%{?dn%aa

el ectrodf ndyoBeSHEVBULEIR kR inASis ianpl Bayl e wasfd goskeveonsebrer t he bl ade

and i npedancR (@RRASHE COBM Snd erdlalysis of data 10 fromsuch nmultiple
positions may be used to even better determine coating properties. Less

environnent al | y &easrenyexbnrestts ligy cbet pet feai medtisnmagi bel per forness enbl ed

g0 el ATuPBL! 0h T ElePd P Ui hESLSon Ofk P AR AL pEPPLAL: AT
on an aircraft engine. Such testing may be used to determine
15 wear and other degradation parameters and determine remaining
life of the turbine element. Alternative tests may involve
contacting two probes with the coating. This may be
appropriate where convenient access to uncoated portions is

difficult. Relatively complex models could be used for such a

20 situation.

One or more embodiments of the present invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing from the

25 spirit and scope of the invention. For example, details of the
particular turbine elements, coatings, test conditions, and
examination criteria may influence the structure of the
inspection apparatus and implementation of the inspection

metheode ., Accordingly, other embodiments are within the scope

30  of the following claims.



15 wear and ot her degradation paraneters and determine remaining |ife of
the turbine elenent. Alternative tests may involve contacting two probes
with the coating. This may be appropriate where conveni ent access to
uncoated portions is difficult. Relatively conplex nodels could be used
for such a 20 situation. One or nore &H3ddiSnments of the present invention
have been ri;hed, .1 rtheless, it will be understood that various
nodificatioﬂ@éﬁhﬁgbglﬁa %gw%$hout departing fromthe 25 spirit and scope
of the invert. onA Fethedafpt ei nxpetcaiihyg af mtibei - pardrd evhainguchi ae

el enents, caatin test_conditions, and. exam nation criteria may

i nfl uence tt%? gf%%é?u? %fg??ugufﬁ%&ﬁe@??bﬂeaiﬁﬂﬁ%ﬂqﬂ§'aﬁ&eiﬁﬁFEﬁ%ntation of
t he i nspéct icempriistihgds. Accordi ngly, other enbodinents are within the
scope 30 of the follgw ng clai 6 CLALMS What is clainmed is: 1. A nethod
for inspecting a multi®fa %ﬁhcﬁéE% RGusALaty sebstisgusrsies g8s turbine
engi ne conponent altkenAel h@dcudreaanpri sing: for each of a plurality of
frequencies of alternating current: passing said current through the
conponent; and measuring B3S3EHst533Re CRABRYR N Puita BEe FomaARent O and

determining a condition ofmémqug,t a0 eWBEr Shd Sidatldel At aksr PASSHH
between first and second electrodes and wherein an conically conductive

liquid '€ applied at 98 85htRENT Poitpnddtiar peaste (Inetingst el ectrode. 15
2. The nethod of \pleakihlsRea QLR GREBLEILY B wRACH:1962a0R YLALILY of

| ocations al ong the conponent.
electrodes and wherein an ionically conductive liquid is

applied at a contact point of at least the first electrode.

i5 2. The method of claim 1 performed repeatedly for each of a

plurality of locations along the component.

3. The method of claim 2 wherein for each said location the
current is passed between said first electrode unigquely

20  positioned relative to said location and said second electrode

commenly positioned.

4, The method of claim 2 wherein for each said location the
current is passed between said first electrode uniquely
25 positioned relative to said location and said second uniquely

positioned relative to said location.

5. The method of claim 1 performed while the gas turbine
engine component is installed on a gas turbine engine.

30
6. The method ¢f ¢laim 1 wherein said determining comprises

determining a thickness of at least one layer of the coating.



3. The method of claim2 wherein for each said |location the current is
passed between said first el ectrode uniquely 20 positioned relative to
said | ocation and said second el ectrode conmonly positioned. 4. The

met hod of claim2 wherein for each said |ocation the current is passed
bet ween sai d-firShearechedbdd glirduelywhsrpsisdionddteenaninvge consamists

| ocati on an ! i . PPSLt ; lLative to said |.ocation.
5. The nethggggFggfgﬁﬁﬂg‘ggfggﬁhéénmgﬁ%e&ﬁﬁgggggrf%F%Fﬁgn é%%i?ﬁ?%ﬁﬁﬁ&gnent
is install eéndnthegasatindi ne engine. 30 6. The nethod of claim 1l wherein
said determ ning conprises determning a thickness of at |east one |ayer
of the coating. 7 7. The nmethod of claim 1l wherein said determ ning
conpri se8 dent Thygi mgtlod/aifd cliatihi i peefeardd ngroathat veea phersuhsirate
and the coat he net.,hod of cl rformed serjatimon a

oin a55 §r Ehe ain]l:ge

plurality &f gas FOFBi e BiinTe COBRPBRARNE bl 3§25 FRiBe renE i ne.

9. The method of claim 1l further conprising: approving or rejecting the gas
turbi ne engine c onent 10or;determning a remaining useful life of the
gas tyrbinegengiﬁggc%ﬁg%ﬁ%ﬁy{Cﬁ@}ﬁAlng?FéﬁF?(ﬁOWH{§ﬁéBEan a coated item
conprising; 15 ehppkovCig lor GRURLiAGgl RSt g AN H1385ARA 8L ERE M OGGS Rt

t est apgﬁratug to the item passing an alternating current between the

el ectrod®s, °*fhe current passing through at least: a ceramc layer; 20 a

metal lic substraketeamboiulfeatrmdyainhebyean tihgCokarhe Layer,And,d he

engine component,

10. A method for inspecting a ¢oated item comprising:
15 electrically coupling first and second electrodes of a
test apparatus to the item;
passing an alternating current between the electrodes,
the current passing through at least:
a ceramic layer;
20 a metallic substrate;
a bondcoat layer between the ceramic layer and the
metallic substrate; and
an additional layer between the bondcocat layer and
the ceramic layer; and
25 measuring an impedance parameter,
wherein said electrically coupling comprises applying
ionically conduc¢tive ligquid at a contact location between the

first electrode and the coated item.

30 11. The method of claim 10 wherein said electrically coupling
comprises applying ionically conductive liguid at a contact

location between the second electrode and the ceated 1tem.

12. The method of claim 10 wherein said liquid is applied

35 prior to contacting the item with the first electrode.

g



metal lic substrate; and an additional |ayer between the bondcoat |ayer and
the ceram c |ayer; and 25 neasuring an inpedance paraneter, wherein said
el ectrically coupling conprises applying ionically conductive liquid at a
contact |ocation between the first electrode and the coated item 30 11.
The nethod of claim 10 wherein said electrically coupling conprises
appl yi ng i oniscal C Y/ i.qui dna ontact _.l.ocation between the
second el ecEEodelrgﬁdﬁt e cooatteeé&aﬁ'%ﬁe?no %‘é?t}%%ﬂc?roe 10d of ¢Falth 10 Wher ei n
sai d |iquidimpedppleeper8&:tmn ¢io deteonivetd ng Aehehiarantari bt idef id St
el ectrode. 3. thod of claim10 further conprisin sing said
i npedance p?ﬁéﬁe?é?ﬁ?%? ot SFaTE %i"’?ec’%hg?eacst :%§f3it8'of'g‘éub%$‘ifad:et ween
an adj acént laweref théeaddisitaratle laybe, bandcaal cedaayer 1ai8e. addi ti onal
| ayer, and the ceramc layer. 14. A nethod for inspecting a nulti-I|ayer
coating on a substrate of a gas turbine engi ne conponent performed while
the gas turliidne engetieod ofRONeRipelcs1hfShath B -ORyv@ rJ@sat Uhgi K8 a2 10 engi ne,
t he met hod copprising: for each of a plurality of |ocationS along the
component : E‘I"‘g’lgtéﬁ%ﬁ of & UL PR+ R UAIRACES ST PEAE O BRefting e
current: pasSiengasatdrisiiid edtqitRdl QUARoLERE COMONgRleANdn 455 agHnl;ng at
| east one i npedance ﬁar ameter; and determning a condition of the
coati ng*V15  PRE et Ao dioihed &iPTASWAGF ei n the gas turbine engine
element has an aicbkobberk 1 1IALALY! ¥x OLod AGHOLI b Lne O AhNIL A NC
airfoil.

for each of a plurality of frequencies of

alternating current:
passing said current through the component; and
15 measuring at least one impedance parameter; and

determining a condition of the coating.

15. The method of claim 14 wherein the gas turbine engine

element has an airfoil and the plurality of locations are

20 along the airfoil.





