1 AN APPARATUS AND A METHOD OF DETERM NI NG THE PRESENCE OF AN ALUM NA
LAYER ON A SURFACE OF A COVPONENT The present invention relates to an
apparatus and a nethod of 5 determ ning the presence of an alum na

| ayer on a surface of a conponent, and pagticularly relates to an
apparatus and a nethod of determining the presence of an alunina

layer on a SURIESPARATISANBRWMIETAOH Of SETERIANING PHEPREBENCE OF
a gas turbi ne engi NANwAL OMINAcL AYER-ONA SUREACEH SIFA COMRONENTONS

are provided with protective coatings to inhibit corrosion of the
components. One family of protective coatings uses alumnising to
forman al um ni unfid fggréélgﬁi | AdeRiort NIsEE T &5 ea9f abb&rﬁf@é@é’rﬁkggé’ n¥thBd of

coatings may be sinp al um ni de coatings, platinum alum ni

coat i ngs,5 chialainaimng thei priesence aof engdummssiayec on aburace dbacompaorgst, and

etc. These alum niymrich .coatin 5 produce, a pr ctive |ayer of
S unina, - PRI RRR 0 HRath R BRI ielhg B redence of
gas turbi ne sngiuptinangydrispgslefcsd of ahpakturbiak & 05PPBARBAS fheds@mple a
been provided with the alum niumrich coating and alum na | ayer on

al | those sdHfiR@Slade afurkigevpee Oha enRisiPUSRTPERC®oat i ng and
alum na | ayer. T'@orﬁﬁﬁﬁ?ﬂ&; ??%hggs Wbl %‘?@Hen%rﬁ&? afd s?}bzggtﬁdl l{{in Hibsive
o] he ga ed

al um na coat ed comnpohents S "t ur bi fe "engli ne "uses
tint". ACJ heanditions" aconovides eolithaprotgctivee cvatingsetat intdeiyr easdgign tdfethe

C1ohni ng. § G UORRIRLR  CBPalaIY EhaTelRnqRings ises, ANBENERU © o on
and 1 nspect i gnidignCRIPROgMg BN 1AYSurkRe dTtAB RMkrdht! 8% BSaindd My be

is that it is tinme consumng and requires nmany processes before o
i nspect i on reaypke aldmidandoadiogs c plationentalighingte xoakiegs, thraMiuis aluminide

I ndi vi dual | y_inspect ed. by an, operatar king the inspecti.on process. ..

hi ghl y subj GSELDES Needrarngliinie el feverteon SUBRATD o tPatngs
a novel @appairatiuge afolkltiv@idyed ophleiar m ning the presence of an

alum na | ayer on a surface of a conponent which reduces, preferably

overcomes, the abbvealwstniughaad@epinengcated components of the gas turbine ‘engine
are inspected to check that the components have been provided with the

aluminium rich coating and alumina layer on all those surfaces which require the
aluminium rich coating and alumina layer. The current method of inspecting the
20 aluminium and alumina coated components of the gas turbine engine uses a
‘heat tint". A “heat tint" comprises cleaning the component, degreasing the
component, cleaning the component, grit blasting the component, cleaning the
component, placing the component in a furnace for 1 hour and inspecting the
component by eye.
25 A problem with the *heat tint” is that it is time consuming and requires
many processes before the inspection may be made and each component given
a “heat tint" is individually inspected by an operator making the inspection
process highly subjective.
Accordingly the present invention seeks to provide a novel apparatus and
30 method of determining the presence of an alumina layer on a surface of a
component which reduces, preferably overcomes, the above mentioned

problems.



2 Accordingly the present invention provides an apparatus for
determ ning the presence of an alum na |layer on a surface of a
conponent, an alum nium containing | ayer being arranged on the
surface of the conponent and an alum na | @er being arranged on the
al um nium containing | ayer, the apparatus 5 conprising nmeans to

directly illum naigcsdmidhy B6epRiseht ‘?ﬂfg?ﬁﬁﬁor}%ro\gidteg é@%?ﬁ%feﬁﬂs 3br Getr%rlnining

suitabl e wavel ength to prioduce excitatio ectron roma nor
ener gy st at etheoprgsenghaf amahyyinstlayer on asyrfate wf reacompbhent warf atteninium

of the conmponent. .nean 0. detect radigtion.emitted at a particular .
wavel engt b oo ol BNEr bevar il e gt e e B raihepd ' Fieina
nor mal ener ggyst abeing N adByigablu®nnahd 0 afinhiien SUbARGANGT IdyRe the apparatus
conponent, means to anal yse the radiation emtted by el ectrons

revertingd f reffPHENGingeRAs ndirggtivstidminate a serfaes whle eorepeperttwitte radiation

any al um na rf 0 . ] e
t hi ckness ofﬁﬁéng"f‘%@%ﬁ?@P tt?i’és@”%n%%ﬁ'hﬁ og%‘iqec&!g&ngﬁﬁlﬁcaen%rfm@he@ergy
conponent arstatee@na Higheoomenyg dthie dedrgyr aiuntida tdn thenestad of e component,
alumna at the at | one@gol nt on the 15 surface of the con‘gonent
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with a predeDEfii® nfé’g StFﬁ‘“ék St NiRAnal & RAEEUPoiWAvelRNgtheby electrons
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at | east one point on the s e conponent ['s
Preferably tdrethesnsiace entiley semplosentdnaans o emalysed they radiation emitted by

reverting frgmithe higher ener tate to the norpal. ener state in, .
any al um na %6%5??% ﬁ%&gﬁ?g j&cgn gﬁetsfﬂgh%ro%%rﬁgﬁtafesg‘gﬂ?%ﬁ&@%%{ gnergy state in
det ermi ne t hanyt BluBkiRg Th e §ieacd YMHRAcEhpandhtUbaldteimple PRI thickn88s of the
the surface of the conponent and the neans to conpare the determ ned

t hi ckness ofaluménaplmt leastsoas mahgeen toe coifsse oft the dempenemeand means to

t hi ckness at t ; lof j Nt t he f f

component wi SREcTS: baseeHed hikogts BBy AEnE & IEES Sje ol on the
pl ur al i tys ofsuidacpafithe compdnens withac pragletdrivinsd imekrads dfalgeiiz0st thht point
t he thickness cg?oal gm’ na_at each of the plurality of points on_the
surface of tHetNGAPGREHO! the samrongst & gecide If the fhigtnasspfyalugingahine at
to anal yse t radi atq ! - fromthe

hi gher enerdeggtt(grﬁeaélgpp ﬂ%%@ﬁgf@é@%@@?@@tﬁ%gé{r‘éfag‘i"l% na on the
surface of the cdfplerebty itse ameangetb temalisieeiting nadidtont ntkedssy oflectrons

the 30 al um na_at ﬁach oi,nt, on the Sﬁaréf gcg of the conlpon?nt .and the .
means to corff4PEPIHETHANE MYHIPRHPYE Rig O Hre PREMA| ey StatedP Aflygdldmina
to compaje tdietiiebaratd of thdicokiientls 8AaRgPOItHRBMiRg thEthRkReSS of the
the conponent with a predeterm ned thicknesS of alumna at that point

on the surfzlemgia eha plaraivhpbpeints oo thesiudece fof tthe cohipdnest andfthe means
alum na . SR BB AU AERRLs b ARG i lBoses i pompare e
of the conpafestminedathickinges dtoeadh Wwiithat glutdigy Sardowete eh thBesurface of the
conponent with ultraviolet radiation, ) )
component with a predetermined thickness of alumina at each of the plurality of
25 points on the surface of the component to decide if the thickness of alumina at
each of the plurality of points on the surface of the component is satisfactory.
Preferably the means to analyse the radiation emitted by electrons
reverting from the higher energy state to the normal energy state in any alumina
on the surface of the component is arranged to determine the thickness of the
30 alumina at each point on the surface of the component and the means to
compare the determined thickness of the alumina is arranged to compare the
determined thickness at each point on the surface of the component with a

predetermined thickness of alumina at that point on the surface of the



5 radiation in the blue region and/or radiation in the green region

of the radiation spectrum Preferably the nmeans to illum nate the
surface of the conponent is arranged to illumnate the surface of the
conponent with radiation at wavel ength of 3488nm 505nm 514nm or

530nm Preferably the nmeans to detect radiation is arranged to detect
radiation at ccﬁnﬁ@ﬂé‘ﬁﬁ@%&i&% ifﬁcﬁgQﬁ?ckﬁe&ggpg?unﬁhgfa‘?:sa%l%prétheorerhéTgﬂﬂgce of
to illumnate the surtace of the conponent "w th radiati'on conpriSes

at | east onetheiagmpeentts satisfacidey.or at | east one | aser. Preferably

the neans to detegt .radiatjion conprjs ac ra. Preferably the _
camera is a CCD gigrr?é‘?rggblr _t”&e @%gaﬁ?eﬁg'.m'ﬂ?éfn&%b? q%e oﬁetgﬁscp@ponent Is
anal yse and Seafiged t€ AMMAInGRS tie REFBEEaYF FRNBMBEne fitR! @RhVioldiSadiation,
means to illunminate the surface of the is conponent conprises a

pl ur al i t y5 ofradiajien ierhethlHg ragiedesndipr sadieiipn m the graeayregiound théreadiation

canera. Pref t band-pass filter. Preferabl .
the at | eastr’ed(’)%ltgJ Uﬁ.g%egé?hgﬁlﬁ/?tﬁgg%ﬁfegaé?ﬁé@ﬁgﬂafeeir}]e §H8‘89%££§E‘Fi‘%°{'é99”>égt IS
bl ue filter,arangsd foailluolirgdte fthé serfacs of tihesrpaasst With r&adiatbh @b wavelength
bl ocks red light. Preferably the apparatus conprises a radiation

tight encl osUArtS8E 4RO HEURL 0PN uRTefatably the wwensde defeatradiation is
conponent | Saﬁriggé?ﬂn@g%%t@?% Hﬁﬂd?'?étea %vﬁ%&?ﬁ@agg%%a@%ﬁnrﬁ ?’refe{ably the

conponent an um nate t he “conponén
and t he hearrseans detibuninséelithe isonfage eofatheacgradonentt With | raghtiohi grhprises at

encl osure. Alternatively, fthe aratus conprises a bqrqgscope to
1T um nat e dRasar ANt Smie. SBRS: fle OE dARruIR BoseThirR@dbntne means to
invention algQedt RiddRH @orﬁglfifk%'aoéarﬁ'&%.ermé?é%lﬁ B BEARPASE a2t CP camera

al um na | ayer on a surface a conponent, an al'um ni um cont ai ni ng
| ayer bei ng @ra &Mfed aainerae Rigfdrably tbe meenstmporlyse andcoampatkweimpises a

compri o1 ng tRuSGHEEoRputds TR BRI Ttk 1, D Flete PR.GENERE ot the
conponents widdmp@tsratdompridesaaspluk=aip} f WaHEkaNGhG diodes aftfRyed in an array

excitation of electrons froma_normal energy state to a higher energfy
state in any@'aHigi e Genere. suPrefeskly thee Capigsandas, a fed band-pgys filter,

detecting rwe?érhg@hﬁﬁ'@ Lt Rdstbnd I@gtéﬁiwn@{ ﬂ?ﬁ@%%ﬁﬂt@e@‘ug%ogf—g%%QﬁHer, a

reverting fromt I gher energy 0 e norna ner

any al um na hiue filher, sardliadott fittheocashorguaiss filter whichchloaketeysligid. t he
radi ation emtted_by. electrons reverting fromthe, higher 5 ener

state to the norﬁf&@@?ﬁ&h%t@P@r?tHseﬁ%ﬁ%% ﬁefa_aﬁ“t'f) e“@ﬁrqré?é%s”gé gngkthe
componenty t AndgtLhdninnihBee e skAgss Rithé RInAdHBN3s %trraﬁ‘l%;ebelﬁsﬁluﬁ{i}?ate an
poi nt on the surface of the conponent, d) conparing the

det ermi ned textewaksyiade oheatampoerenitandibeanedmmtt illomingteithe surfachef the

surface of tc%?nézé)nrgl)w?naenné tf% trﬂegnéj 15 dceettgcr:tm.ra%ef&ignhia%( naer?asng%fd ?nl %Wc.‘e rIllag@;}[mt tight
enclosure. Alternatively, the apparatus comprises a boroscope to illuminate an
internal surface of the component.

25 The present invention also provides a method of determining the
presence of an alumina layer on a surface of a component, an aluminium
containing layer being arranged on the surface of the component and an alumina
layer being arranged on the aluminium containing layer, the method comprising
the steps of:-

30 a) directly illuminating a surface of a component with radiation at a
suitable wavelength to produce excitation of electrons from a normal energy

state to a higher energy state in any alumina on the surface of the component,



10 at that point on the surface of the conponent to decide if the

t hi ckness of alumna at the at |east one point on the surface of the
conponent is satisfactory. Preferably step c) conprises

anal ysing the radiation enmitted by electrgns reverting fromthe

hi gher energy state to the normal energy state in any alum na on the

surface of the cosmpaBRRinkOrARLESM até%@%ttgi Egﬂﬁﬁ%r%aﬁagﬂgﬂhg?‘ggélggﬁons
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t he conponent,iw hgslet &b SHSH DRSS ] : : ' .
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of the radiation %%bgf%teﬁrﬁfc@n%ﬁéésté\ﬁaliﬁﬁé R PadBUEH RRGHEd Iy %tectrons
30nm P e I engt
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conpri se andlQRRHYGHE dstRiarNeR) thiskpgssaob e ghdningoaipaaeh of the plurality of
Preferably r ghi ' ) t 4 [ [

array around TS e, Sty i8R cohbrent WS HEALHARAES iBas of
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short -pass f an ultr vifotlhet fil %yecr)f or. a sh
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20 of the component is satisfactory.

Preferably step ¢) comprises analysing the radiation emitted by electrons
reverting from the higher energy state to the normal energy state in any alumina
on the surface of the component to determine the thickness of the alumina at
each point on the surface of the component and step d) comprises comparing

25 the determined thickness of the alumina at each point on the surface of the
component with a predetermined thickness of alumina at that point on the
surface of the component to decide if the thickness of alumina at each point on
the surface of the component is satisfactory.

Preferably the suitable wavelength is ultraviolet radiation, radiation in the

30 blue region and/or radiation in the green region of the radiation spectrum.
Preferably the suitable wavelength is 488nm, 505nm, 514nm or 530nm.
Preferably the particular wavelength is 892nm to 696nm. Preferably step a)

comprises illuminating the surface of the component with radiation from at least



Preferably the method conprises placing the conponent in a radiation

10 tight enclosure and illumnating an external surface of the
conponent. Alternatively, the nethod conprises inserting a boroscope
into the conponent and illum nating an internal surface of the

conponent. Preferably the conponent is a conponent of a gas turbine

engi ne. Pr ef@lﬁ@h#bﬂ éﬁﬁtlﬁ?'ﬂ?&ﬁl@% rhdiafor Wobh B¢ | cf"{‘%eol%s@ t Wr@l‘e'??oly step b)

vane. 15Preferably the alumna [ ayer Is arranged on an al
cont ai ni ng | eoraprigss datec@ognad@m:n with a carﬁem‘ ePaebfeyai:ilhéhalammarauma CCD

t ai ni I ' i d um,al umi |de | &
11 con alurkiTgE $8 GATE L eletaiRie PLIEH NP &) ferrie aralybing
| ayer, whereanid C§mpaﬁhg|u,sw@b®b§"sdﬁaléoﬁ'@f%rn@r‘efé}agfy é‘bﬁfﬁ&lﬁty%‘?‘ﬁgl@@emlt’fmg
cobalt, C is chromum Al iIs alumniumand Y is ytt

present i hveHPAShaiF PIrapgeadn @nf@nrasyaa@wrﬁhﬁe@nwam@r&ﬁera@%at’r@ @mrtehhas

e e P EERmED0 RO ko DSl one o s e -

conponent hayeag sﬁlnrta{baws filter| ayule fikef iapuigavoles file€ 608 ShBeGdseTHer which

ayer on s ddABSHERAkoor ding fo the present |nvention. Flgure 3 s

i ow l'ooking T ¢ hg el 68 B BEmBHsch bl et & [uidion

cross-sect i dightt eneMstte oagh dupvnatiren @i exeomgosentce of the component.
Alternatively, the method comprises inserting a boroscope into the component
and illuminating an internal surface of the component.

Preferably the component is a component of a gas turbine engine.

Preferably the component is a turbine biade or a turbine vane.

15 Preferably the alumina layer is arranged on an aluminium containing layer
on the component.

Preferably the aluminium containing layer is an aluminide layer, a
platinum aluminide layer, a silicon aluminide layer, a chromium aluminide layer
or a MCrAlY layer, where M is nickel, cobalt or a combination of nickel and

20 cobalt, Cris chromium, Al is aluminium and Y is yttrium.

The present invention will be more fully described by way of example with
reference to the accompanying drawings, in which:-

Figure 1 is a partially cut-away view of a turbofan gas turbine engine
showing a component having an alumina layer.

25 Figure 2 is a cross-sectional view through an apparatus for determining
the presence of an alumina layer on a component according to the present
invention.

Figure 3 is a view looking in the direction of arrow A in figure 2.

Figure 4 is a view looking in the direction of arrow B in figure 2.

30 Figure 5 is a cross-sectional view through a portion of a component
showing the alumina layer.

A turbofan gas turbine engine 10, as shown in figure 1, comprises in flow

series an inlet 12, a fan section 14, a compressor section 16, a combustion



showi ng the al um na | ayer. A turbofan gas turbine engine 10, as
shown in figure 1, conprises in flow series an inlet 12, a fan

section 14, a conpressor section 16, a conbustion 6 section 18, a

turbi ne section 20 and an exhaust 22. Thegfan section 14 conprises a
fan (not shown). The conpressor section 16 conprises in flow series

an i nt er medi Mol 185 W fUBHP'SBRAGE 40 UndRAMBINANG 220! GlicP 1P Wcfion 14
conpressor (not shown). The turbine section 20 conprises in ow

seri es a hi gtpmpriggsessiane (natrdhiaven)25 Thancempesssedisatbemrids samgrises in flow
turbine (not_shown) .apd a |l qw pressure turbine ot, shown). The

| ow pressur e?%ft?ﬁb?ﬁé”f]%w}aiﬁ‘ SRS fFTVRESRE 1(";‘5}} %‘%W’% F*?"?’s"i higtypressure
the inter medicthgreBEES it @hbWh! MReltBiriie 388 20 cBhipYi8et e flow series a high-
i nternmedi ate-pressure conpressor via a second shaft "and the

hi gh- pr essuressiing hebips 28, anriniegeedicte-gresasire Hortingnpt ebgwnk and a low-

Carpr see o A2 BRE a8 Oe! oo T T RS ER0HNS PG e o

ci rcunf er entfaal Jiy = fiesteshafadhalihiermetisne grassexs eobing i$ Wrizinged' ot @ive the
bl ades 28. A %Irur lity of nozzle guide vanes 24 are arranged upstream

of the turbiA EHERrgsRige2eompresspe cia bsegasesshafbandhihe high-pressure
combusti on o : i . -

Curbine cas, SMGDSIE BOCHTS drite heRid P FastILEamp ks VP Hiitd shat 30
t ur bi ne T®t orheblhaglepreSune eutriogi 2fe compriises pr birbiciel dascc 8] iwticiBddres a
i nhibit corrgsi of the turbine rotor blades 28 as shown jn figure

5. The prot e[g't'ﬁa\(ﬁg’ Egaﬁ"iCHa‘ng?r\tr'ﬁﬁy bSé?aaeQirﬁ@fazlya%teﬁ%ab{e%fsaﬁmg?ur ine rotor
pl ati num al wWhddse8COoAL bk b Wi B! ' ki

al um ni de coating or a %O&I\i}g&p@?g%gﬁnﬁg% %g?gﬁtﬁﬂﬁ%bﬁ?ggﬁ1Lﬁ‘)cs§rkbeghf?f‘the
iron or a cdrlim@roleon bbademys toudirect hot gasds froesihectambustion Section 18 onto

h ' Al j LI i ' .Th - al ymi. ni :
cont ai ni ng. st R B BERS o aisrdlt e 250t rib et ety the
| ayer ofiml ugibwges36. The protective coating 34 may be applied only on

those surfaces of_the turbine rotor blade 28 subject to corrosion,
for exanpl e the ZHeRubise: fajer BIBSEr M are REgvidrd Ayl  dotastivegoating 34 to

surface of qpgpAr %ﬁor‘?f?ftﬁ% gg{)g%zgin%tﬁp%éé r%?’ast QRoRhal (ﬁﬁlme 5 The

portion 31, the s portion e cooll passages W tRIrn the

t ur bi ne rot qroteictive c2ating il prayt leeta sinpleatumpidst coatindea gildtiraine alurainide
different regiogns of the surface.af the turbine r.otorﬁilljade 28, for
exanpl e t he C%ragf‘gcﬁ FOTIBM RUBUNIEE ePREING, OF 43 eSitigon [lUEYdR Fqating or a

portion 29 andrBY EQRKiRY, HEMPRribn g‘ébékﬁxrol?lleoﬂhf&ﬁﬁﬁ%t%r?g&]%‘ﬁy two or

i

protective coating 34 on the surface of the cooling passages

shank porti dnoEsof tithee etarnepisr Cr éncl3dmicms Ahist albmimiusn pndlYdstyttviem. These
coating. 7 .. In order to determne the presence of the alumna ..
36 and henc@ TP R DY PerG5aer Alal R TehGratias. Brodiicd a protdetive
conponent 28agst ePpalRhihEd B0 Tae sludydivencdatiig’ 85 riaj %&apﬁlié&ﬁ@ﬁlg dl'énose
apparatus 40 for determ ning the presence of an al um na layer 36 on a
conponent 28uriacgs & the b seler Hadeie28 suhisct descorrosion, for example the

25 protective coating 34 may be applied to the surface of one or more of the aerofoil
portion 29, the platform portion 31, the shank portion 33 and the cooling
passages within the turbine rotor blade 28. The protective coating 34 may be
different at different regions of the surface of the turbine rotor blade 28, for
example the protective coating 34 on the surface of the aerofoil portion 29 and

30 the platform portion 31 may be different to the protective coating 34 on the
surface of the cooling passages and shank portion 33. The root portion 35 does

not have a protective coating.



5 nmeans 42 to illumnate a surface of the conponent 28, with
radi ation at a suitable wavelength to produce excitation of electrons
froma normal energy state to a higher energy state in any alum na 36
on the surface of the conponent 28. The apparatus 40 conprises neans
44 to detect radiation emtted at a particul ar wavel ength by

el ectrons revertiRgdofdedMd BBtdine the e8NS %tfe(héoalhhﬁn&%d"%:nﬁg ence the

energy state in any alumna 36 on the surface of the conpone
The appar at udluainigonpeh sestingddsor @ surfaceabf/a eonmeonendi2 avmpparatusdi0 as

by el ectrons ertikng fr he hi gh ener st to the norpal
energy stat esﬁoﬁfy%%yh%l%ﬁﬁi%ga %és Hﬁeahg@u?‘?pa%ét"@fﬁﬁ ﬁq-f RSB @gplpgence
determ ne thef drhakiniaadagdr 3denal BNPanaHt 28, . 4 AABINLRRoPBIadk, BAmprises
the surface of the conponent 28 and the apgg atus 15 40 al so

conpri ses® neAR3NAEH4 doclhidnatet Aeswitacer f Hbel eamprIRIEs28f wWitheradiatiomat a

36 at the atgl: M%E% (¥ ] P) S §: o) nt 28 with

a predetern‘isndé %ﬁ]i C ntlas tlgftoa '[J&an]u%g %’%ﬁsph%ft é%@?ﬁﬁg’gﬂ&ﬁh% rgoﬁp}aéceéwergy
of the conpasietet to28highedekdsy sthtd meathaltkiies $6afin dlelslirfrce3sF the dofihonent
at | east one i on the sgd ace of the conponent 28 is

t
sati sfact or y? '(2)0_ appRFRiuR GOaHAISFESTEABS rfutatddecteradiatian pynitted at a
el ect rons_ 1 qyatikia WARIBrghS b SBEFoRDRABIA fibf 1R hRRGRRNERY ERRE ® the

state in any alumna 36 on th rtace of t conmpone
arrangedlL @ o &l eyt $tate M akynaksnioé 3then Heusinfece36f the conpbenalti2By The

Compar 6.t ho SELPHEICORPERRESASHT TR analeRana 5P lah Afed Hpiagrons

conpar e the doéring fred thBiHidmassnaby eafb 10fthd ABrRbLEM gl staE RUARM Aumi
on the surface ofg]the conponent 2853\;\&th a predeterm ne g/t hi ck’nesdg O?mlna

al umi na 36 aib eade serfaer opthe eemponent Fbiodeteoninertbeshickaess of theralumina
t 2 ide | i f i f th
ouranity or'tha: A Besh orratdf o e STRRE o I Telifiotut g "B 1R abBSratus

sati sf act®r y0 HSheomeaitsesd tndansaddl Yo ecdnieareateatdetstneined t hibkPigss of the
el ectrons revertin h? hi gher energy state to the normal energy

f t
state in anyl4Mi %Q 338“%@%?@'3"5‘?]?5? ReBt 6f R Ridhe cnpeRe2s with a
arranged to gelefiinied Qﬁckﬁ%&‘%gséluméné ki %%Pj)é}%@%%boﬁféc@uﬂgb@t%fethe

on the surface of the conponent 28 and the neans conpare t
det erm ned tdomegoresd 25 ta Hecide uhiheathBtkniess af rdurg i 80 at dnp ait dedst@ne point

determ ned thi ckness at ch _poi nt the syrface of the conponent 28
with a predeqrbti%ﬁ‘i G?h?fgﬁﬂgg Qﬂ“egfgﬁi'%ﬁat agloy-hat point on the

surface nf the compomeahs® foartiiydddthd fadidiRnldthiEtenasSel@birahs B RAIRP from

at each point on the 5 surface of the conponent 28 is satisfactory.
As shown i n the diigheneraysstaie tadbasnarmal energyistatatia ame abuminacas e the

t he conpone i i inate the surface of the
conponent Z%R'vr\% t% R §%§§%tac{&gﬁ%a'{e%\}\aivéeﬁgnégﬁpg§€ %bs%%?ﬁr_ml‘ﬂ_% aﬂ'g(:ki‘fstc’oc’f the
iITum nate taieminer Bacs Dblurbkty asfrisinenin 26 vuifbcd aditid commPRBE R8esd the
at least one light emtting diode 48. The ) )
mearnis 46 to compare the determined thickness of the alumina 36 is arranged to
25 compare the determined thickness at each of the plurality of points on the
surface of the component 28 with a predetermined thickness of alumina 36 at
each of the plurality of points on the surface of the component 28 to decide if the
thickness of alumina 36 at each of the plurality of points on the surface of the
component 28 is satisfactory.
30 The means 46 to analyse the radiation emitted by electrons reverting from
the higher energy state to the normal energy state in any alumina 36 on the
surface of the component 28 may be arranged to determine the thickness of the

alumina 36 at each point on the surface of the component 28 and the means 46



10 at least one light emtting diode may be a cyan high intensity
light emtting diode. The cyan light emtting diodes emt a |ot of
radi ati on over the whole of the green and bl ue region, and produce a
peak at 505nm but emt little radiation ign the red region. It may be
possible to use at |least one |aser emtting radiation at a suitable

vavel engt h ag sd1BpSreCiHcRdbRANFRIY PiknBss eathOhilhRal 3 e%t ?ﬁgﬁ%‘%de gl? compare

di odes. 15 The neans 44 to detect radiation Is arrang
radi ati on atthg deieenivedtthickhessaheach pobd mm thEhsirfasenst the domphetent 8 with

radi ati on copprli .camer.a and the canera.i .canmera or

camera. As sﬁmaéﬁr%fmc (o af%'”ﬁlgﬁaﬁsti ?‘?%Jf%"ﬂiﬁﬂ_ttﬁ@ﬁLf'%%’go the
di odes 48 arsorapowdaess itd @dti@s lifivhe THekddsayf afurhin@hse el d4dMBoint on the
di odes 48 is arranged around the canera 44. The particular array 20

of |ight enii4fasg ¢itbacomnesigBiissatisfaelone LEDs 48 arranged in an

outer ring aroun r 4 i | A~QL D LEDs 4
arranged in an i%\%?ﬁ?ﬁﬁgﬁg 83%??%%%&@%9@%8#%4%3? '%ﬁ%‘?&%lﬁy&%‘e Sf( the
LEDs 48 may dmmpomzht I8és aampyed4d Hasirmte abe banthopasititid tb@bonbaced with
over the lens of the canera 44 tq allow radiation of the fluorescent

wavel engt h, '698tion-at.w ngth f 20enihet e MEAnS o iRy HUmmiedhe sugfaee of the
one |ight emdrhpdleriliZedRitASaliation &ﬁgﬂ%ﬁ%@ﬁéa&%ﬁ% n;%hltfgfﬁigﬁ'g%%e A% The

the radiation source to renmove any r conmpone
fl uor esceht atdeasteng ight Emittiqgpdiode isayibe aocyani Isigh irtenaidy hghtoemittirghtiiode.

I 5 dth ans.42 to, illumnate the surface of the
Comonent SaTaewan BaTEani Y elciins atE at So it aySranprulieas o thngreen
conponent 2&ranglubhegi@anad4tolied bl peEknatsnshie biwefnai@ﬁttl@fraalgﬁop in the red

conponent 28 and the neans 44 to detect radiation are arrang n
| i ght tight "edi®nes il ea0beThessiplgaicatiae atoleasirpnesiasen emittingatddiatin at a

o 200 0 SNgeld b B O30 WSS9 TR S s
pi ece of15| Uttemeant dtedétabt Rbliatiorgis sreaigeid e, detbttvaaictioanstas davelength

graduat ed neytral densi filter is placed on the surface of the
f1 uor escent 9%&931%1[0 g?é%’?ﬂ net@iennstdbta detest rashation eamnpEses 8lGamerAeand

appar at Us maje CaMRIrLSE ACBPY BSGRRE of Q (FMGEE”CQ $a2hd LA fiégrire:s];iafngnd 3

of the 5 conponent so that an alumna layer and al um ni um con
coating on tthe plutdiynal lightr émitngfdiedesodB iang gyesgmgeinadt lirrayt h&he array of
Pref erab

e ot gL eEs MR SF e asnund e i PR TR af ey

20 of light emitting diodes 48 comprises twelve LEDs 48 arranged in an outer ring

around the camera 44 and six, eight, or more, LEDs 48 arranged in an inner ring

around the camera. Other suitable arrays of LEDs 48 may be used. The

camera 44 has a red band-pass filter placed over the lens of the camera 44 to

allow radiation of the fluorescent wavelength, 695nm +/- 5nm, to pass there-

25 through. The at least one light emitting diode 48 has a green short-pass filter

placed over the radiation source to remove any residual component of the
fluorescent wavelength.

The apparatus 40 comprises a radiation tight enclosure 50 and the means

42 to illuminate the surface of the component 28 is arranged to illuminate an

30 external surface of the component 28 and the means 42 to illuminate the surface

of the component 28 and the means 44 to detect radiation are arranged in the

light tight enclosure 50. The apparatus 40 comprises a worktable 52 arranged in

the light tight enclosure 50 and the component 28 to be inspected is placed upon



10l n operation, in order to determne if a conponent 28 has
sufficient thickness of an alum na |ayer 36 and hence a sufficient

t hi ckness of a protective coating 34, the conponent 28 is placed on
the worktable 52 in the light tight enclosure 50. The light emtting
diodes 48 illum nate the surface of the conponent 28 with radiation

at a wavel englehyefkiabRus> 5:9%‘5‘6%%% Plléea ?ec%‘loﬂﬁugleetsﬁgﬁtg n{sﬁlgrb]éat 5PN g.

at a wavel ength of 692nmto 6 a el éctrons rever
from t he hi gtapphitee il & standard gt ated nautrazlrda'rg;ytysmat & @acéd on the surface
radi ation at

f K., |
actual |y cover éﬁ%%%ég%ﬂf ngt?gﬁﬁ?l ﬁﬁ@g%@“%p‘; & pe @ '\ggvte a&@%netwq'% the

i mges of t BILRC eyl cHMPrise® Yordkc fbefll%hﬁnét%daﬁflﬁ?errnal gSurface of th
i1 um natioﬁ@ﬁthe ||dth lIgﬁntl ng di oé%? 48 20 and the ace o the

anal yses % hec@tippnentnggdiatonn tiemang tayee aoid alhmlnl@tnp@netalrlnlg cmsatlng on the
h .
o nat e BTReHtafe o ctoffoosEaRoc iR, e 3tk Safl b g may be

density fil tiaspgrtou] des a calibration for direct conparison between

two different conig\?g?ents or direct conparison between exposures taken
under different |R&grabdsthg magns+48 & anglyse and compare comprises a personal

computer, PC.

10 In operation, in order to determine if a component 28 has sufficient
thickness of an alumina layer 36 and hence a sufficient thickness of a protective
coating 34, the component 28 is placed on the worktable 52 in the light tight
enclosure 50. The light emitting diodes 48 illuminate the surface of the
component 28 with radiation at a wavelength of about 505nm and the camera 44

15 detects radiation at a wavelength of 692nm to 696nm. In alumina electrons
reverting from the higher energy state to the normal energy state emit radiation
at a peak wavelength of 694nm, but the peak wavelength actually covers a
range of 692nm to 696nm. The camera 44 takes still images of the surface of
the component 28 before and after illumination by the light emitting diodes 48

20 and the PC 46 analyses the still images of the surface of the component 28
using image analysis software. The fluorescent material 54 is also illuminated by
the light emitting diodes 48 and the graduated neutral density filter provides a
calibration for direct comparison between two different components or direct
comparison between exposures taken under different levels of illumination. The

25 PC 46 determines from the images taken by the camera 44 the thickness of the
alumina 36 at all points on the surface of the component 28 and then compares
the measured thickness of the alumina 36 at all points on the surface of the
component 28 with predetermined thicknesses of alumina 36 at all points on the
surface of the component 28 to decide if the thickness of alumina 36 at all the

30 points on the surface of the component 28 is satisfactory. Thus, the PC
analyses each pixel of the image of the component 28, taken by the camera 44,
and measures the intensity of the fluorescence at each pixel of the image of the

component 28 and the intensity of the flucrescence at each pixel of the image of



25 PC 46 determ nes fromthe images taken by the canera 44 the

t hi ckness of the alumna 36 at all points on the surface of the
conponent 28 and then conpares the neasured thickness of the alum na
36 at all points on the surface of the coggonent 28 with

predet erm ned thicknesses of alumna 36 at all points on the surface

of the compopgniomiSoidht éd??ei%festtg‘?hé i Emsojgﬁ? glltfm?nga}?(z%rt%ér §ﬁh|at point

the 30 points on the surface of the com:;onent satl's
Thus, the POfatisd yeoparmoh 38.x el hofmehsureduackobss hef thenmphneing 38, at each
taken by the. . Ter.a 44, and neasur he i nt ensi of

, t he . _
f1 uor escencep‘g% RQIRY, o5 {is W??{ée'ﬁﬁ% e‘?o?omﬁﬁr%{)ry‘%pﬁe?f@dﬁﬁargﬁ%?q Hequired
i ntensity ofthidrpiebt WPTLARARRCSS 2k tRACKOIR ¥R th&fsutige idrage cgmﬁr%gﬁ 2?' The

conmponent 28 correlates to the thickness of the alumna |
that poi n oforepengigrfoisdhen dernetihevarsmsiuthe dbpposti& sesfaceof tiee cainponest 28

36 at each pj Lt on the conponent 28 is conpared to a
predet er m ne’é)ﬁr%é{cf&?%(gd t hi ckness of alumna 36 at that point on the

surface of the componADnies.36Meh TheoprABEe 28atifg t BN al MR O¥SHtaining
and the opposite surface of the conponent 28 is inspected. The

al umi na 36 oiPatRE. BbiBerswEacoal ithy sampanemt ABuid dbwriaatsdhglirectly by the
oo i oy EBEEHTG Sy ORI et WA Rl Sy 2
t he conpoherite8sédheércamnesteo irenenamecomings er egais)@naoptdf RS alubfina 36 on
| ayers, on t of the alum ng 36 on the protective coating 34,

al umi ni um C&ﬁgarﬂgeﬁgv%ggfzﬁ%gtt, aluminium cgntamlng coating.

If it is determined that the thickness of the alumina 36 and hence the
thickness of the protective coating 34, the aluminium containing coating, is
insufficient the component 28 may be coated with more of the aluminium

15 containing coating to increase the thickness of the protective coating 34 and
hence increase the thickness of the alumina 36.

Although the present invention has been described with reference to
illuminating the surface of the component with radiation at wavelength of 505nm,
in practice it is possible to use any wavelength shorter than the wavelength of

20 the radiation emitted by the electrons falling form the higher energy state to a
normal energy state in the alumina, e.g. less than a wavelength of 690nm to
700nm. Thus, it may be possible to use light emitting diodes emitting radiation
with ultraviolet wavelengths. In the case where one or more lasers are used,
e.g. when used with a boroscope, argon ion lasers with wavelengths of 514nm

25 and 488nm may be used, diode lasers with wavelengths of 530nm may be used,
ultraviolet, blue or green lasers with good intensity may be used. Thus the
suitable wavelength is ultraviolet radiation, radiation in the blue region and/or
radiation in the green region of the radiation spectrum.

Although the present invention has been described with reference to a

30 fixed bandpass filter in front of the camera, it is possible to use a tunable filter in
front of the camera. The advantage of using a tunable filter is that this allows
hyper spectral imaging in order to look for shifts in the peak wavelength of

emission of alumina. The shifts in the peak wavelength of emission of alumina



If it is determined that the thickness of the alum na 36 and hence
the thickness of the protective coating 34, the al um nium cont ai ni ng
coating, is insufficient the conponent 28 may be coated with nore of
the al um nium 15 containing coating to i ngfease the thickness of the
protective coating 34 and hence increase the thickness of the alumna

36. Al hlzouetd eaiRs eéreéﬁaddé\é‘%ﬁttﬁ@?traﬁs rpﬁfe”algﬁﬁﬁé ' B‘%‘E’eé’ffngrbhtanges in

referencet0|llumnat|ngt e surface o mponent W th ra
at wavel engtﬂﬁleoﬂe@@)mﬁelé?mgtbraﬁlem}esmm mfstl'@osturtmhe wouldsenablg the strain at

wavel ength s t he. way O the.r d| ation emfted by
the el ectron@ﬂ?aeﬁ\t pHSﬁLPBFMW%aﬁ' P%ﬁ%ﬂ E%béfj&f %aﬁdﬁﬁ?%(} ener gy
state in the al umigisough the pRS®nt hﬁ@nﬁoﬁ‘@u‘é%' 19 ReQéritRPAMheferBRRo the
Thus, it may be FOSSI ble to use Ilérht emtting diodes emtting

radi ati on5vm WS¢ Qf er dieehl shorhpassdiligris . fram effdeclighd athiding dinsles: itnmag be

| asers are ﬁ’%&% S| o n S

w th wavel engt 1b|§fﬂ)5f%% Eg \A%n@p%%&g%egéaggagﬁ g'%gjbaé%l a?g Eoﬁ'?iﬁ at
wavel engt hs Wévééﬁgmsrmb\béha&m:eleﬁgth dfitod eadiabiby ®eiig gerefed as€bock as
W th goodlnten5|ty used. Thus the suitable wavel ength is

ul travi ol et 'PHEM &S R‘RF‘S%?’%&%E"? 6ﬂd'?H°'i' Heths wavelsgoths being sieteclad atTituis, the
h
in the gr eeWllfe@%hgﬂggé%érél‘gluﬁaﬁﬁctﬁﬁlt% OIECHA N, %@%%@?g&ggﬁan%ﬁ‘@g&s red

i nvention has been erence to
filter imfrltglmntﬂybmese@nera it is possible to use a tunable filter

in f t of th Th ta f t bl it I .
that | ohi s ai | ous Tefvartage 21056 haRRad nvehlpg S el iRtk Bip is gerived
in the peak W%@”@érhp@ﬁemﬁﬁkwnam s thENBrsdr tisivdritidnhenBsiaX an

wavel ength of em ssion of alumna 11 are due to strains, or changes
in the strailRdication 1 wihethiensn Bhieioa enptioBanr@ henset A gheminium containing

G 1 eront pasnang i regit oAl TR A SR GubdRe bl Rhpmaning

Al t hought g hecaatiegent alm&ﬂﬁnrinOﬂcHﬂa@abﬂgnad@Seﬂumbﬁ:d layekrh Tieé qireseret ihoention
t he use of a green ng ass filter in front of the light emtting
di odes, it rEGUERS PHSTHNEE Sledning oy the IWEWQWEI@”Q&E&Q%”@%VW any grit

radi ation a td t

radi ati on bzcl)lﬁﬁ (?ﬁetglggg) ﬁrﬁoctﬁﬁb}é&ﬁupw as poss &Lﬁ@gop rﬁ%:e "fhe present
radi ation i nnvm‘éiqmaakkbwslgmmedhtenmg‘ metwbbledof Feusurfate cflthdaerons;bmtdrm in a
pass bl ue and yltraviol e Thus ter | ch ﬁ r?d
Poht may pendedPostiets yii Koot addeobeketes bl st s oo o
that quagy i ttAbIfNSrEeht infatdfibl ¥RSvd é%ér@ﬁc&m%ﬂﬁﬂén ‘WH‘PEéé’h %ngsurﬁ and

easily and the present invention enables an indication of whet
al umi na coatthisg aliawshehiest apomparisen upf doragesnitaker oasingg differgnie sexposure

on al thosepaﬁ'gr[n ?é:rgse\gq dﬁ%réﬁﬂﬂbrrn?naﬁ%% Ig\lleg] ni um cont ai ni ng

Although the present invention has been described with reference to the

component being a turbine blade, the component may be any component of a

25 gas turbine engine, e.g. a turbine vane, a combustor component or any other
component having an alumina layer.,

The alumina layer may be arranged on an aluminium containing coating

on the surface of the component. The aluminium containing coating may be an

aluminide layer, a piatinum aluminide layer, a silicon aluminide layer, a

30 chromium aluminide layer or a MCrAIY layer, where M is nickel, cobalt or a

combination of nickel and cobalt, Cr is chromium, Al is aluminium and Y is

yttrium.  Thus, the protective coating, the aluminium containing coating, is on



15 coating, or alumniumrich coating, and alum na | ayer. The present
invention requires only mniml cleaning of the conponent and does

not require any grit blasting of the conponent or placing of the
conponent in a furnace. The present inven{pon allows inspection of

t he whol e of the surface of the conponent in a single exposure to the
radi ation. Thed %r‘ﬁ%@tlﬁ ernSHtthélsﬁi%'&%'éfythE (lb tLRy ﬂqe nghntniHQ is on and
fluorescent material allows a reference to be ta en Wth eac

exposur e andformBs layeoes the Déﬁecm@mlwommalumgacmeMQjsba@g

A though t he pr o< STEHTENT el inyEbliouseh oen Tro el v Eefrence to

t he conponenhspeditg et whbliens the %@ﬁacé*&tﬁ@ﬂ@:@@@ﬁénﬂ&yma? a@t@Vnater be used
component of a 25 gas turbine engine, e.g. a turbine vane,

conbust or5 cdRPBRRGA! tee Wirpje et therslutassienpaniavien segion of arﬁQﬂTaOmwér
The alum na | ayer may be arranged on an al um ni um containi ng coating
on the surface of the conponent. The al um ni um contai ning coating may
be an alum nide |ayer, a platinumalumnide |ayer, a silicon

al um nide | ayer, a 30 chrom um alum nide |layer or a MCrAl'Y | ayer,
where Mis nickel, cobalt or a conbination of nickel and cobalt, Cr
is chromum Al is alumniumand Y is yttrium Thus, the protective
coating, the alum niumcontaining coating, is on 12 and forns a

| ayer on the surface of the conponent and the alumina is on and forns
a layer on the protective coating, the alum nium containing coating.
Al t hough the present invention has been described with reference to

i nspecting the whole of the surface of the conponent, it may
alternately be used 5 to inspect the whole of the surface of a
particul ar region of a conponent.



13 CLAIMS 1. A nethod of determ ning the presence of an alum na | ayer

on a surface of a conponent, an alum nium containing |ayer being

arranged on the surface of 5 the conponent and an alum na | ayer being

arranged on the alum nium containing |ayef3 the nmethod conprising the

steps of: - a) directly illumnating a surface of a conponent

with radi ati gpafiisa suitable wavel ength to produce excitation of

el ectrons froma nornmal energy state to a higher energy state in any

al um na on the surface of the conponent, 10 b) detecting radiation

emtted at partjcul ar velength by el ectrons, reverting fromthe

hi gher ener?y‘ sta}t‘\‘iH?tg'ofj\tq(%qe%‘?r P'ngn%?edi;"“%?%eeoﬁ?f‘ Qﬁ'&m'ﬁﬁﬂweffaorbﬂ syifgee of

surface of theocpqrPeMenin aluminiumCdorRARING idYer g éﬁ*aﬁ?é&rbr?fﬂé k8face of
0

by electrons, reverting fromthe hi gher energy state he nor nal N
energy stat ehen CaRiPoREmEi ARd oANt RBINGIGAT daver obeinge arengedp@merthet eluminium

determ ne t *Qii”ﬁ@%ﬁ%%emh%W‘%ﬁ‘tgﬁﬁg&?ﬁ%gf'pne point on the

surface of the co det er m ned

t hi ckness of the &l direoily diurhimatiag hmfa@@fm)idﬁlmpdmémewﬁh[]fa%ﬁ@cidﬁ at a
t he conponent . With a predeterm ned thickness of alum na at that point
on the surf t\.'\a"g#e SEEIB HenPradyicgeexiation efhelechpeg feys afnagrmal energy

alumna at t | |

Sati st act oy 50 EHler Sergrple Rlah Bultiia Bhgnkulidle S FREIFbohén
conpr i sek0 anal ysitngdetestingdicaiiatom emitteddatby pdriculoonsavaeegthi by éleohons
t he higher enerqgy state tq.the normal  ener state, in any alumna on

t he su?f ace r&veﬁ%g ffi%ﬂgtﬁﬁgHQh?foefb%%PFﬁ%ﬁgog'ﬁ% NPHPRkFRYYY staterp any alumina
al um na at arpthe alfdde efthBAlodtSormtt he surface of 25 the conponent

and step d) conprises conparing the determ ned thickness of the

alum na at each of) anysingtheiradiagpnminited lin elasirogariesedingf fromethe higher

o urality of ok AT REPPALeRERTT Rt i plilalirRle BRCPaCoatR,gr the

t hi cknesss ofcamhpunara tatdetaratinefthd Heciassalfithy affmipai ditt |@4sttdM point on the
surface of the conponent is satisfactory. 30 3. A nmethod as clained in
claim1 or QUifaseL iR CEMPA®EBh c) conprises anal ysing the radiation

emtted by el ect rgnmhSAEd Y dEIAMALHMIREE F1RE BYumina at the at least one
point on the surface of the component with a predetermined thickness of alumina
at that point on the surface of the component to decide if the thickness of
20 alumina at the at least one point on the surface of the component is satisfactory.
2. A method as claimed in claim 1 wherein step ¢) comprises analysing the
radiation emitted by electrons reverting from the higher energy state to the
normal energy state in any alumina on the surface of the component to
determine the thickness of the alumina at a plurality of points on the surface of
25 the component and step d) comprises comparing the determined thickness of
the alumina at each of the plurality of points on the surface of the component
with a predetermined thickness of alumina at each of the plurality of points on
the surface of the component to decide if the thickness of alumina at each of the
plurality of points on the surface of the component is satisfactory.
30 3. A method as claimed in claim 1 or claim 2 wherein step ¢) comprises
analysing the radiation emittad by electrons reverting from the higher energy
state to the normal energy state in any alumina on the surface of the component

to determine the thickness of the alumina at each point on the surface of the



state to the nornmal energy state in any alum na on the surface of the
conmponent to determi ne the thickness of the alumna at each point on
the surface of the 14 conponent and step d) conprises conparing the
determ ned thickness of the alum na at ea¢dh point on the surface of

t he conponent with a predeterm ned thickness of alum na at that point

on the surfagsmpbnémeas® Hwanen confporites! %bériﬁé‘?h%@e?é‘ﬂﬂﬁ?éd%icﬂhé’é@#@?the

at each point on the surface of the conponent satisfactory.
A et hod as @valimed@tigndd peint on theasurface of ¢haicenorieet evith Bheredetermined

sui t abl e wav s, ultraviglet radiation, .radiation in the blue . .
regi on of th@cﬁﬁgi‘t’gﬁfoarw@!f@c?# ﬁ}ﬁ?é)ro"%a%ﬂ § SHIfRGe Pﬁih%FBE}Pqn@ fgq]%lgplde if
the radiati othestreekrcss of alumind. af\etiehhesinBonctid BBfFat8 & Biecdmponent is
claim?2, claim3 or claim4 wherein the 10 suitable wavelength is

488nm 503nnfalsiadigYor 530nm 6. A method as claimed in any of
claims 1to p meA?g&then%égﬁ[?‘iJhgg'i@lrdénﬁl"?' gL bchlé?mté‘%vHe?Qﬁgth%fsuitab;e

692nm to 696nm almed' rn any of” clal ns
wher ei n st epvayelengtbr isseléravidietniacidtiong rhdietisnrih ahe Islfie tregichooP e Rddiation

with radiation fromat | east. one light i.s emtting di ode or radiation
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9. A nmethod as clained in claim erein step a) conprises
i || um nat@ ngstitableswarealesgtht ist488noo rigkimemt S Winnt or 80ami. on from a

plurality of,light emttjng diodes .20 _arranged in an array arqund a,.
canera. 10.5°A thrgghb?g @gaf:lﬁﬁﬂe$ﬂnaﬂ'§/y cﬁe% @?Qi“?ng rilot%l Vﬁh%'ﬁg} gﬁ“ﬁ Rafticular
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method as clai med\imeting &% claimpasn Bryoofoclaites dite € vehareirsiep2s) comprises
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turbine engié"ne. A method as claimed in any of claims 1 to 7 wherein step b) comprises
detecting radiation with a camera.
9. A method as claimed in claim 7 wherein step a) comprises illuminating the
surface of the component with radiation from a plurality of light emitting diodes
20 arranged in an array around a camera.
10. A method as claimed in any of claims 1 to 9 wherein the method
comprises placing the component in a radiation tight enclosure and illuminating
an external surface of the component.
11. A method as claimed in any of claims 1 to 9 wherein the method
25 comprises inserting a boroscope into the component and illuminating an internal
surface of the component.
12. A method as claimed in any of claims 1 to 11 wherein the component is a
component of a gas turbine engine.
13. A method as claimed in claim 12 wherein the component is a turbine
30 blade or a turbine vane.
14. A method as claimed in any of claims 1 to 13 wherein the aluminium
containing layer is an aluminide layer, a platinum aluminide layer, a silicon

aluminide layer, a chromium aluminide layer or a MCrAlY layer, where M is



13. A method as clained in claim12 wherein the conponent is a
turbine 30 blade or a turbine vane. 14. A nethod as clained in any
of clains 1 to 13 wherein the alum niumcontaining |layer is an

al um nide layer, a platinumalumnide |ayes, a silicon alum nide

| ayer, a chrom um alum nide |ayer or a MCrAlY | ayer, where Mis 15
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with ul travianetorediaid amansadi edrnpard thel Hetebhired ﬂﬂél@i@s@rﬁ/tﬁé alumma at
radiation in the %éeen regi.on of the radi ati on spectrum 17
appar at us adhe) gl lraat pRecPeintheast GrSld:’f%ienpﬁ@%ﬁ’émweﬁhéﬂlhén@eﬂ@f%ﬁlmed
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surface of the conponent wt ti

505nm 514nrthertlﬁf3~(mtss ol GaluinaaEiathet @ Iaask:lo@enpdiritnoantymeofsucfbeéntsf the
15 to 17 V\/nereln th S-f to detect radiation is arranged to detect
radi ati on at®“AREE é%agﬂs AHOMhe range of 692nmto 696nm 30 19. An

appar at ugg astg:! ai AledppBrainy & cigihdd® diainh 9 518h &M HdnidadsBanminate the
surface of the component is arranged to illuminate the surface of the component
with ultraviolet radiation, radiation in the blue region and/or radiation in the green
region of the radiation spectrum.
17.  An apparatus as claimed in claim 15 or claim 16 wherein the means to
25 illuminate the surface of the component is arranged to illuminate the surface of
the component with radiation at wavelength of 488nm, 505nm, 514nm or 530nm.
18.  An apparatus as claimed in any of claims 15 to 17 wherein the means to
detect radiation is arranged to detect radiation at a wavelength in the range of
692nm to 696nm.
30 19, An apparatus as claimed in any of claims 15 to 18 wherein the means to
illuminate the surface of the component with radiation comprises at least one

light emitting diode and at least one laser.



illumnate the surface of the conponent with radiation conprises at
| east one light emtting diode and at |east one laser. 16 20. An
apparatus as clained in any of clains 15 to 19 wherein the neans to
detect radiation conprises a canera. 216 An apparatus as cl ai ned
in claim19 wherein the means to illumnate the surface of the

conponent cop@ri SRR #ppRiratialdd Ylabhed i Bhy ficldimBol Fi e wirbM®RAmBans to
in an array around a canera. 22. An apparatus as clainmed in claim?20

wher ei n t he ¢elpet mdiplioracoraprispmacomesari | ter. 23. An apparatus as

lai med i . . . i ght A i ode . h
o Green short pasaAPELAS ddBafhed fif St My e Wedtf RS the
0 short passsurfddecof thki cimpbrekscanestidesghpluraig.of Aighappditia Wiodss arranged

claimed in any of clains 15 to 23 wherein the apparatus conprises a
radi ati on®t i'gifi" KRY BEHY 8 F8MG4@- means to illum nate the surface of

the conponengyis ,&ﬁra%ﬁﬁ%tuéf%alsi &léiHﬁBd’ﬁﬂtaﬁﬁﬁ‘zg 18R tfl-l%;‘%afrﬁér% Ris ggtsd band-

conponent and the neans to illumnate the surtace o e conpon

and the nmean@assdiltes. det ect radi ati on are arranged in the |ight tight
epetosur e, 250 Ay MOBAH BB BRTH HAATHo Sl e B e oone o
surface of témiteeyrBRIMRNbhas a green short-pass filter, a blue filter, an ultraviolet filter or a
10 short pass filter which blocks red light.
24.  An apparatus as claimed in any of claims 15 to 23 wherein the apparatus
comprises a radiation tight enclosure and the means to illuminate the surface of
the component is arranged to illuminate an external surface of the component
and the means to illuminate the surface of the component and the means to
15 detect radiation are arranged in the light tight enclosure.
25.  An apparatus as claimed in any of claims 15 to 23 wherein the apparatus

comprises a boroscope to illuminate an internal surface of the component.



