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article is a bondline, and nondestructively testing the coated article. Nondestructively
testing includes generating an eddy current in the coated article, measuring the eddy
current in the coated article, and evaluating a near-bondline region of the coated

article located adjacent to the bondline using the measured eddy current.

In another aspect, a system for testing an article having a thermal-spray coating
thereon is provided. The system includes a turntable having a thermally coated

substrate article positioned thereon, an eddy current probe operatively coupled to the
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substrate article positioned thereon, an eddy current
probe operatively coupled to the 2 substrate article,
the eddy current probe configured to generate an eddy
current within the coated substrate article and
measure the eddy current within the coated substrate
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DETAIL DESCRIPTION OF THE INVENTION

Figure 1 is a schematic illustration of a gas turbine engine 10 including a fan assembly
12 and a core engine 13 including a high pressure compressor 14, and a combustor 16.
Engine 10 also includes a high pressure turbine 18, a low pressure turbine 20, and a
booster 22, Fan assembly 12 includes an array of fan blades 24 extending radially
outward from a rotor disc 26. Engine 10 has an intake side 27 and an exhaust side 29.
In one embodiment, the gas turbine engine is a CF6-50 available from General
Electric Company, Cincinnati, Ohio. Fan assembly 12 and turbine 20 are coupled by
a first rotor shaft 31, and compressor 14 and turbine 18 are coupled by a second rotor

shaft 33.

- During operation, air flows axially through fan assembly 12, in a direction that is

substantially parallel to a central axis 34 extending through engine 10, and




conpressed air is supplied to high pressure conpressor
14. The highly conpressed air is delivered to
conmbustor 16. Airflow (not shown in Figure 1) from
conbustor 16 drives turbines 18 and 20, and turbine 20
drives fan assenbly 12 by way of shaft 31. Figure 2 is
a perspective view of an article 28 to be tested. In
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approximately 4.75.0% to approximately 5.50% columbium plus tantalum, from

approximately 2.8% to approximately 3.3% molybdenum, from approximately 0.65%
to approximately 1.15% titanium, from approximately 0.20% to approximately 0.80%
aluminum, approximately 1.0% percent cobalt, and a balance of iron totaling 100% by
weight. Small amounts of other elements such as carbon, manganese, silicon,
phosphorus, sulfur, boron, copper, lead, bismuth, and selenium may also be present.
These substrate articles and compositions are presented by way of examples of

preferred embodiments, and not by way of limitation.




These substrate articles and conpositions are

presented by way of exanples of preferred

enbodi ments, and not by way of limtation. 4 In one
enbodi nent, coating 40 is a thermal barrier coating
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a jpeialie sllsthesisoch as stationary seal 30, and a coating applied to the substrate,

such as coating 40. Figure 4 is a portion of system 50 shown in Figure 3. In the
exemplary embodiment, system 50 is an eddy current inspection system 50 that
includes a data acquisition/control system 52, and an eddy current probe 54 having a
cam 56. In the exemplary embodiment, eddy current probe 54 is a cam follower probe
configured to operate at approximately 500 kiloHertz. Eddy current probe 54 is
electrically coupled to data acquisition/control system 50 such that control/data
information can be transmitted to/from eddy current probe 54 and data

acquisition/control system 52. System 50 also includes a turntable 58 configured to




cam 56. In the exenplary enbodi nent, eddy current
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Drive coil 70 is a multiple turn solenoid that can be of generally rectangular
configuration surrounding sensor or sensors 72. Sensors 72 can be located inside or
outside as well as above or below drive coil 70. Rectangular drive coil 70 is used to
transmit a transient clectromagnetic flux into a metallic object under test such as
article 28 (shown in Figure 3). Memory 80 is intended to represent one or more
volatile and/or nonvolatile storage facilities not shown separately that are familiar to
those skilled in the art. Examples of such storage facilities often used with computer

78 include solid state memory (e.g., random access memory (RAM), read-only

memory (ROM), and flash memory), magnetic storage devices (e.g., floppy disks and




outside as well as above or below drive coil 70.
Rectangul ar drive coil 70 is used to transmt a
transient electronagnetic flux into a netallic object
under test such as article 28 (shown in Figure 3).
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. generated by one sensor 72 is considered for the remainder of this discussion, as a
- plurality of sensors 72 is not required to practice many configurations of the present
invention. Also, sensor 72 may produce either a voltage or a current indicative of the
‘pulsed eddy current. Therefore, "a measured eddy current," as used herein, includes
any measured representation of the eddy current, whether the representation is in the

form of a voltage, a current, or a digitized value.




si gnal ranging from approxi mately +500nV to
approxi mately -500nV in sensor or sensors 72 for a
particular article 28. In the exenplary enbodi nent,
only a signal generated by one sensor 72 is
consi dered for the remainder of this discussion, as a
plurality of sensors 72 is not required to practice
c&ﬁﬁﬂtep&%rfa% ﬁ@%&%s erestptlﬁseoa‘iﬁﬁj? wom {RV&END Qi wﬁhﬁ&wates a
sensor may produce either a voltage or a curren
digtided a!gnab refiresentativp dfsthd pdstd eddyr ewrrent Thwingf mrm@asm@ment

wHBER P Eecruuch: Btk s SR ERCt R Reth HsireAhidepl Pindow

cdnlitﬁerm%@ vesehbal 31 &ferithe piilsé beds. f Pérex@inpde, 1@ lsb@g &@onfigurations,
current or a itized value. 7 Conputer interface 76

the geearwrement WEBHsEINS agmammaf@m Kims afterthe ghlge ends. In other
t
oERFTROAENS el 7 LR, o FORERRRY PSR e

encl&n'pUtih'zing&. stbredt hegmnewpllmn)orgrﬂﬁbduonmnter 'IShparametenzes this
neas OM/ co ces very shortly affer the

RS SETR Sd SBp I L PL0B e e Eﬂm’}er?é least

oﬂ@ﬂé&gﬁ@ﬁ%ﬁyobljw%%eh?g A@%sépﬁ’ér@ﬁﬁ' ﬁ%@ésﬁre%%osj%&t%oﬁ is

pul se ends n other” conf |gurat|ons t he neasur enment
a physitelptopertn of ﬁ}@pﬂ@taﬂwmbﬁcy 1tgelh rwclaaa well tthickpnss, ermeability,

or Sty BAdOP a huSiety ek B AERMA R Y ool relationship

betpEdni e rﬂethlniartﬁaﬁa;t ahdIfigd $e@Borl @ucnh@s m&m&eﬂfs A @esult is then
determ ne at | east one measurement/obj ect propert
digplayed an dieplay 82 agdiopsaiedria maenomysi0cand/grsped gn aj Rantea (not
e [
ST e RRRP Lokl Wb ARy EmBMEERG e Blazsftithal s
- reaadddoat recopting detive & artdwored fsrdateresst , i .e., a phyS| cal
relati onship between the netallic obj ect and the

sensor,, suc n toff Aresult is t
T Rt <Oheh Ay e LR deieampeg sy bagtine rogion
6@1@%{3&@%@@@&9@ AmREhanicAl béMtPiwitl$ B@‘ﬂ@lahﬁnzitﬁﬁ), or exhibits a
ures for later use. In another enbodi ment, the

gwa bpngh @it ne delaminatipe dAs usedelecseis n@ardmdleree ggion 66
mél[l&* S 35’ f%grl%éaﬁ%;g to, U3 eﬂat%itoﬁ%%i ot éka‘}@@ frf ﬁé&ﬁ{k 40.

eva Ua t €rmne a near
Evabgiiog 1186Gnilsddegampianiag ecbre&mhd hicteptabilivp adritdrional Speifitally,
né h. no del ani_nat.ion),. Qr ex |ts netallurglcgl .
& n'{q&tp Higpse geqrgﬁl,e t1$ $}ﬁtem5 as described
L
prgkggﬁs;ybg{}git ] ngto?@&hﬁfglsg@t]pormis%qn‘g le QPHetbﬁmﬂ %dﬁdﬂdﬁﬁg fault

exa In coatl
region | Ghathiah gpchiles |ms:dhatdlasalgeﬂe1r hd)tltmg % theefe apprdmmately 0.020

1n8‘1cce atp%rbolxkﬂlg ch I(}S%gl cm) mp cE::llzttfhl %3' lvylierem the fault region is

approximately 1/32 of an inch (or cm )in width 94. At least one of computer 78 and

recording device 84 is then used to determine whether bondline fault region 66 is
within acceptable limits. Any bondline fault region which exceeds the predetermined

threshold is then evaluated to determine an actual size.

The above-described methods and system provide a cost-effective and reliable means
for facilitating determining near bondline faults in thermal spray coated articles.

Although the methods are described with respect to coating and testing an object that
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and referring to Figure 6, article 28 is dynamcally
tested using system 50 as descri bed previously
herein. In operation, system5.0. is capable of
determining a bondline fault region 66 that includes
a substantially flat bottom 90 that is approxi mately
0. 020 inches (approxinately 0.0508 cm in depth 92,

. [ faul Qxi e 1/32 .0of , an

im0, AoBfr e, GG Ger BRERE FEhGyd B gk 3 e

maethdds taCbE dbddofod auiaeecl 8Ravifig bhemplsesuttosudficer Fonexample, a
whet her bondline fault region 66 is wthin acceptable
digytah eddy C)Anwwawawwéwtemma%egmﬁ tQucasire fiecitrsandrfiepth of a

d

e e 30 Thi L Pt Btk may pisg o wsed

bath cass y girecesprendaenat doslt teiitenhineethandquiedd alicessimeant the
for aC|I|t tin detern1n|n ear dline f uIt

et Borais b bt B o cHeEePlEoy o ggrpEAc ey Ftilare to

de%érﬁnﬂ@ﬁ@ addRpebitist. hABESBRALY, hﬁng QkinDBI18Wer $r86¢ tAdisaounted
object that 8 includes an approximately cylindrica

orparehotic prmafagilitytes wRenurigs e pddy qureat wtamatlwély, pEchBgscam

foﬁ@Q'FP g)rd’b%efir I:@Jﬁ%dafot 'fé:liogv %¥ a{l)%toglay Cuhﬁié:ﬁiﬁw fHus enabling

tegtingxd mdewaﬁy@toénmbmtemencjesed to nmeasure the size and
depth of a near bondline fault in a turbine seal. The
met hods d rlbed reln a so be used both as.a
’ﬁnaﬂeys ot O R e SYSERRR pRggdoseribed

Atk @ $e a8tallg e §y§l%msta?@ﬁ8@ﬂ1ﬂn}fec§w ﬁ]\éeéﬂ)eﬁﬁtf:'eﬁ{b%dlrﬁé?ﬁs 8&scribed
an acceptance test on production hardware to

hegeinebw rashery goxaw@ptSa@p ¢achysystagdimay dreaitijzeduiwidengndently and

pr.obe tha unt.ed n a robotic a
sep @l bR er o BaEn e e TndAET Fall syt Bl Pin atso
beSiised n Edicbiaaion with bbwedyseidhenpohestonfi gured to fol | ow
any contour automatically, thus enabling testing a

“Xévt'h‘sde Y S egg%ggﬂggqféqgsg%e alrnf:{??llngfwf Vﬁrlesn Pﬁchﬁcs%b@i@ents
th§§ee sids€ 1ih BRE arf AN SrebdbniiR! & “. -thd Hiv Yi\%ﬁ‘rf&g zﬂ:ﬁt:ed with

[Tmted to the specifiC enbo I ments desc ereln

mbdificatamheithin dongpontent] scayfe cé"ahmclsmst em may be utilized

i ndependently and separately from other conponents

descri bed herein. Each system conponent can al so be

used in conbination with other system conponents.

Wil e the invention has been described in terns of

various specific enbodinents, those skilled in the
~art will recognize that the invention can be practiced

with




nodi fication wthin the spirit and scope of the
clainms. 9 CLAIMS: 1. A systemfor use in testing an
article having a thermal -spray coating thereon, said
system conprising: a turntable having a
thermal | y-coated substrate article positioned thereon;
an eddy current probe operatively coupled to said
CBUpsikrate article, said eddy current probe configured
to generate an eddy current within said coated
substrate article and to neasure the eddy current
Wi thin said coated substrate article; and a processor
configured to determ ne a near-bondline region of said

coat [ b -1 0 |.ne '
el AR S LSSHRCP AR 1, BRI i e,
said $ystefit edmprisingher ei n sai d eddy current probe

conprises a camfollower probe configured to translate

o) n .outer peripher f said coated sybstrate
a Ehriigide Baving g Thegingly Eosied subsirasR el RO ARFSIR: s
coated substrate article. 3. A systemin accordance
anddy dakhtrdbé UFérb@dfele OB toghi d suiiakale] £tidé,Baid €4ty @ffrent
to said camfollower probe, said robotic arm )
prebh epfigues toeperats apeeddy ramentc withinssaid enpled Ibpate erticle and

to Hhsi@ thd S| cRbrEntSAtn S@H‘o&&%& gﬁﬁfr RaARfe 3hgng an
outer periphery of salrd coate Substrate article in
accordance with said received instruction. 4. A system

a procagsop cdaigrediite ewnyinene nedr-hdvdlipe eegoh g saldatomed article

erej.n said., e current prob rises: a drive
g sdispep{ioabaiflls Gty B BBt i Bt s e sai o
drive coil in a pulsed manner to transmit a transient
2.el ecAr SRRANGH |decdribicet RithNCRid MBRAdrkinC s8] &Y SR probe
i nspection; and at | east one sensor operable to

coguriseae caguopavesphalcentigped se traaglato el an ertes/perithery of
i ' d i cl.g.. .
BSOS BEILISP do Bl g QAR iy i coned

sub@rdbe arfickyst em i n accordance with Caim4 wherein said
at | east one sensor is

3. A system in accordance with Claim 2 further comprising a robotic arm
coupled to said cam follower probe, said robotic arm configured to receive
instructions from a computer and to translate said cam follower probe along an outer

periphery of said coated substrate article in accordance with said received instruction.

4, A system in accordance with any one of the preceding claims, wherein said

eddy current probe comprises:
a drive coil;

a pulse generator operable to energize said drive coil in a pulsed manner to transmit a

transient electromagnetic flux to into a metallic object under inspection; and

at least one sensor operable to generate output signals representative of time varying
- eddy currents produced in said coated article substrate from said transient

electromagnetic flux.
10



configured to determ ne a near bond-line fault that is
| ess than approximately 0.03125 inches (approximately
0.07938 cm) in depth, and | ess than approxi mtely
0.020 inches (approximately 0.0508 cm) in width, 6. A
systemin accordance with Claim4 or 5 further
conprising a processor coupled to said at |east one

55ensar syafigh GOREEGERARY Wih CTE@S U RhéLR S48 RYtlcast 9Ra!sensor is
sentative of the tine-varying eddy currents

repre ¢ ] ]
c?@uqdi tageterminmasipapbendsting Bnlt teat dclepoivay approgingdtely 0.03125

. erm . I e u i
SRR IR D SR In€ 03 SiiThgey o0
inchésappryxiareel 9 0.0608 cp) @cwititng cl ai ms furt her

conprising a data acquisition/control system

configured to record an_o ut received fromsaid
6 oy A FEB IS AFGRGRce W S s SUALT CSMPEISHEL h PHsgesor
cApEedab shilQt REQGAaBF Rl SnfighRuedn said turntable is
configured to rotate while said eddy current probe is

generating an eddy current within said coated )
meAYE] thetantuy sigapls regresentatiyetof the Aimgoeniempddy Mirrapisaieyulting

ﬁQH%a@:&#Q@np{l?%ﬁ%gAa%gﬁ% Ajr8 wherein said coated

substrate ar risés a gas turbine engine

stationary seal. 10. A systemin accordance with Caim
d@emtine whetheranchsged outpub sigaale axicnéd a psddatenaired yhresinild.

conprises a netallic material thermally sprayed onto a

surfgce f said stationary se
7. system 1n accordance with “any

. 11 . .
&he 0% the preceding claims further
comprising a data acquisition/control system configured to record an output received

from said eddy current probe.

8. A system in accordance with any one of the preceding claims wherein said
turntable is configured to rotate while said eddy current probe is generating an eddy

current within said coated substrate article,

9. A system in accordance with any one of the preceding claims wherein said

coated substrate article comprises a gas turbine engine stationary seal.

10. A system in accordance with Claim 9 wherein said gas turbine engine
stationary seal comprises a metallic material thermally sprayed onto a surface of said

stationary seal.
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