METHOD FOR | NSPECTI NG A Tl TANI UM BASED COMPONENT FI ELD OF THE | NVENTI ON The
present invention generally relates to nmethods for inspecting titanium
based conmponents, such as the conponents of a gas turbine engine, after
engine operation. Mre particularly, this invention relates to an

i nspection nmethod for detecting the presence of alum num based materi al
deposited on titaniumbased gas turbine engine conponents. BACKGROUND OF
THE |1 NVENTI ON Ti tani um based materials are useful because of their
relatively |l ow weight and high strength over a wi de range of operating
tenperatures. Ti té‘ﬁﬁ@?ﬁ@ FOR ﬁ%ﬂﬂﬁ BYITONIEYI-BASEIHEOMPONEANT of choi ce
for high performance gas turbine engine conponents, such as the fan rotor,
fan bl ades, conpressor disk and conpressor blades. A w de range of

titani um al | oyEIELIe ORVEHE ANVENTIGDO of which confer a particul ar

conbi nati on of characteristics to the conmponent. For exanple, sone gas
tur bi ne conpressor bl ades are nmade of the commercially available Ti- 6Al-4V

alloy. The efficiengye. g S@@ﬁwtegﬁgjsgﬁwg{rlﬁir% Sitgng%ggg&qh%gkghrﬁo@a%-mqn t he

ability of the above titaniumb er engine co 0 conbi ne
air and produessed obmponentss sidngs the compencits opatgasvaybine loaginagsidrrenginguch

design flowpaths .can duce .engi.ne.performance and effici ency and thus gas
turbine engi n® Gy nlglr%‘ée R%gﬁgré}é’eﬁh%p'élﬁelﬁmyaﬁe ggsytogm wepaching mgthoth fenent s,

such as abr ad@éﬂé&inﬁﬁtﬁé PresbiteVH Humhu@RBhddd %it@ﬁal"ﬂeggsiféﬁrﬁf tiRHROBETHS o

reduce or control [eakage. For exanple, abradable Seals are used on the
shrouds of cogAstabBwrengnG companpantef fi ci ent operation of the engine by

m nim zing gas | eakage in the conpressor and turbine sections. Although
the engine is typically designed and manufactured to precise dinmensional
tol erances, CceBACKIGRGUNINOFTIEE IdVENDIQaNsi on of the rotating and

stationary nenbers nakes it difficult to achieve

Titanium-based materials are useful because of their relatively low weight
and high strength over a wide range of operating temperatures. Titanium or
titanium alloys often are the material of choice for high performance gas turbine
engine components, such as the fan rotor, fan blades, compressor disk and
compressor blades. A wide range of titanium alloys are available, each of which
confer a particular combination of characteristics to the component. For example,
some gas turbine compressor blades are made of the commercially available Ti-
6Al-4V alloy.

The efficiency of gas turbine engines is dependent, in part, on the ability of
the above titanium-based and other engine components to combine air and
products of combustion, to intended pathways. Leakage from such design
flowpaths can reduce engine performance and efficiency and thus gas turbine
engine designers have developed a variety of sealing arrangements, such as
abradable seals, to work in conjunction with other components to reduce or
control leakage. For example, abradable seals are used on the shrouds of
compressors to insure efficient operation of the engine by minimizing gas leakage
in the compressor and turbine sections. Although the engine is typically designed
and manufactured to precise dimensional tolerances, centrifugal and thermal

expansion of the rotating and stationary members makes it difficult to achieve



1 zero clearances. Thus, abradable seals often are enployed on surfaces of
the stationary nenber allow ng penetration of rotating blades into the
seal . Sone nodem gas turbine engines enploy titaniumalloy rotor blades and
an AlSi coated seal. During operation, the titaniumalloy bl ades may
contact and rub into casings or adjacent hardware coated with Al Si. The
condition of the blade after operation can vary depending on the severity
of the rub. Severe rubs may result in over heating of the blade tip with a
range of conditions varying froman associated color tint on the tip,
transf or mat i onz&$ clageanspsadd hus. pabradeblessaalscefigne arcoeraplpyedrat isurfacesf oft he bl ade

tip. However, i indications. fo | ades,.t hat, experienced
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may result in decreased engine perfornmance and efficiency. Thus, if a
bl ade rub is stepdceeld Dyime oreration. tedi@sumadioy blaseemay contacthandanbinte  and
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technique that 1dentifies {he presence of alum num based nmaterl al
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during engine operation is disclosed. T nprises | mersing
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to engi ne operati into an aci.d salutjign to.forman etc nt
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undesirable and may result in decreased engine performance and efficiency.
Thus, if 2 blade rub is suspected, all of the blades are removed from the engine
and replaced.

Accordingly, there exists a need for a nondestructive inspection technique
that identifies the presence of aluminum-based material deposited on titanium-
based components during engine operation. The present invention satisfies this

need.
BRIEF DESCRIPTION OF THE INVENTION

In one embodiment of the invention, a process for detecting an aluminum-
based material deposited onto a titanium-based gas turbine engine component
during engine operation is disclosed. The process comprises immersing at least a
portion of the titanium-based component, which has been subjected to engine
operation, into an acid solution to form an etched component, wherein the acid
solution comprises sodium fluoride, sulphuric acid and water. The process further
comprises removing the etched component from the solution and visually
inspecting the etched component for dark areas in contrast to light areas, the dark

areas indicating deposited aluminum-based material.



i nspecting the etched conponent for dark areas in contrast to |ight areas,
the dark areas indicating deposited al um numbased material. 2 In another
enbodi ment of the invention, a process for detecting an al um num based
materi al deposited onto a titani umbased gas turbine engine conponent
during engi ne operation, conprises inmersing, for between about 45 seconds
and about 3 mnutes, at least a portion of the titaniumbased conponent,

whi ch has been subjected to engine operation, into an acid solution to form
an etched conponent. The acid solution conprises, per liter: i) about 15
g/liter of sodi umlhl emrthetecmbodimgbbwef the igiéntiony aobresedspiier deteatrigd ahavi ng

a density of ahout 1.84: and.i.ii,) bal ance water. The process .further
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' deposited aluminum-based material.

In accordance with a further embodiment, a process for detecting an
aluminum-based material deposited onto a titanium-based gas turbine engine
component during engine operation comprises swab etching at least a portion of
the titanium-based component, which has been subjected to engine operation, with
an acid solution to form an etched component, the acid solution comprising i)
sodium fluoride, i1) sulphuric acid and iii} water. The process further comprises
visually inspecting the etched component for dark areas in contrast to light areas,
the dark areas indicating deposited aluminum-based material.

In accordance with further embodiments of the invention, calcium fluoride,
potassium fluoride or hydrofluoric acid may be substituted for the sodium fluoride

constituent.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows, at about 5x magnification, the condition of a blade that has

experienced tip rub with an AlSi coating during engine operation.

Figure 2 shows, at about 5x magnification, the condition of another blade that has

experienced tip rub with an AlSi coating during engine operation.



Figure 1 shows, at about 5x magnification, the condition of a blade that
has experienced tip rub with an AlSi coating during engi ne operation.
Figure 2 shows, at about 5x magnification, the condition of another bl ade
that has experienced tip rub with an AlLSi coating during engi ne operation.
3 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is useful in
the inspection of titanium based gas turbine engi ne conponents subjected
to engi ne operation. As used herein, the term"titani umbased"” includes
titanium alloys, as well as substantially pure titanium The foll ow ng
descri ption i SDPFAULER MENGRIPTEONr@HTE R INGENTIGNbi ne  engi ne conponents,
particularly blades, but it will be understood that the present invention
also is applicable to any titani um based substrate which may have

contacted an al um neHe BRS&M iFPdeh ak s 134 9 ﬁlﬁ,ﬁéc_tiaﬁr&i ﬁmﬁlﬂﬂaés%a "Bas

“al um num based" includes substantially pure alumnum as well as alum num
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a result of the blade tip contacting an alum num based coating, such as an
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The bl ade nmay be renoved € engine i nspection an W't h
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| east a portion of the blade requiring inspection, such as the blade tip,
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imersed, if dgsh bG8 subdidfccaci d sol ution may conprise sodium fluoride,
sul phuric acid and water. In one

In accordance with one embodiment of the present invention, a titanium-

based blade, which has been subjected to engine service, is inspected to determine
if an aluminum-based material has been deposited onto the component. Such
aluminum deposit may occur as a result of the blade tip contacting an aluminum-
based coating, such as an AlSi coating, of an abradable seal during a rub. An
aluminum deposit also may result from contact with aluminum-based hardware,
such as a shroud.

The blade may be removed from the engine for inspection and rinsed with
water prior to inspection. According to one aspect of the invention, at least a
portion of the blade requiring inspection, such as the blade tip, is immersed in an
acid solution. Alternatively, an entire component may be immersed, if desired.
The acid solution may comprise sodium fluoride, sulphuric acid and water. In one
embodiment, the solution comprises, per liter, about 5 to about 50 g sodium
fluoride, about 50 to about 100 g sulphuric acid, balance water. The duration of
the immersion time is dependent upon the concentration of the solution. For
example, with respect to the above, at least a portion of the blade may be
mmersed in the solution for between about 1 and about 5 minutes (for about 5 g
sodium fluoride) and about 25 seconds to about 1 minute (for about 50 g sodium
fluoride). Preferably, the solution comprises, per liter, about 15 g sodium

fluoride, about 75 g sulphuric acid having a density of about 1.84, balance water,



enbodi ment, the solution conprises, per liter, about 5 to about 50 g sodi um
fluoride, about 50 to about 100 g sul phuric acid, balance water. The
duration of the imersion tinme is dependent upon the concentration of the
solution. For exanple, with respect to the above, at |east a portion of
the blade may be imersed in the solution for between about 1 and about 5
m nutes (for about 5 g sodiumfluoride) and about 25 seconds to about 1

m nute (for about 50 g sodium fluoride). Preferably, the solution
conprises, per liter, about 15 g sodium fluoride, about 75 g sul phuric

aci d havi ng a adrib¢ cgmpineabisumnierg:4 intlag soheieonyr betwesn abebitdiese @nént is

immersed in the solution for,.between about, 45 seconds. an abaut 3 m, nutes.
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exposed component.

The acid solution composition is particularly effective at normal
temperatures between about 15°C and about 25°C. The solution also may be
agitated prior to and during immersion. If desired, the solution may be recharged
or replenished during use by adding further suitable amounts of the solution
constituents, particularly sodium fluoride, to maintain desired etching duration
times.

After immersion, the blade may be removed from the solution, washed
with water and air dried. The blade then may be visually inspected for the
appearance of dark areas, which indicate rubbed surfaces or surfaces of the blades
exposed to an aluminum-based material, such as AlSi coating. These dark areas
are in contrast to the areas of lighter appearance on the blade, which indicate non-
rubbed areas or areas of the blade that have not contacted the aluminum-based
material. The dark areas of contact may appear as black lines on the blades.
Visual inspection at a magnification of about 4x to about 25x, preferably about
10x, is particularly useful for inspection. Referring to FIGS. 1 and 2, shown are
tips of two titamum alloy blades which have contacted an AlSi seal coating during
engine operation. Upon application of the preferred process of the present
invention, a black line (indicated by arrows on FIGS. 1 and 2 at about 5x

magnification) was visible on each blade. Advantageously, if such a contrasting



After imersion, the blade may be renoved fromthe solution, washed wth
water and air dried. The blade then nay be visually inspected for the
appear ance of dark areas, which indicate rubbed surfaces or surfaces of the
bl ades exposed to an al um num based material, such as AlSi coating. These
dark areas are in contrast to the areas of |ighter appearance on the

bl ade, which indicate non- rubbed areas or areas of the blade that have not
contacted the alum numbased material. The dark areas of contact may
appear as black lines on the blades. Visual inspection at a nagnification
of about 4x todabkataa i3 5wt Slpwefemdtwllyla@(bhﬂ bladg xyayi ke phwvedciol apekationsatiul  f or
i nspection. Ref rr|n t o, Fl GS. and 2, shown are tips of two titanium

al I oy bl ades V\]lP1 ?}Sém%?ﬁr%?@fegd an A'S seal coati ng during engine
operation. Upon appAlt§I@1bﬂ1W1‘y qf mwﬁoﬂoaeefie@égs@@ tB&élﬁ@@éth@fblédE%d% fReAkine
invention, a black line ndi cat ed by arrows on GS. and 2 at about 5x
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duration corrpwatahlvmm}ocanlﬂl:aatapphed hahlﬂmmwfmnymdhwappﬂaetobhlaﬁi&stammay be
washed with water, aa/\/n ch ca(g}tae applied with the use of any suitable

appl i cat or such SREydeyfcg #nd spray device, and dried. An advantage of the
present invention i&nPid¥hidbdBrahBORdesk NHELHHR is! Pl%QFcHﬁ A nb Qg that
conprises mninmal steps and’is cost effective to npl ement. The I nspection

may be set up @apsctign atachniquex phan stomgirises whinfroalt stepe and is cost effective to

implement. The inspection may be set up easily and inexpensively, without the

need for special, complicated equipment. Moreover, operators also may be
readily trained in the inspection process.

Amnother advantage of the present invention is that the process removes less than
0.0001 inches (2.564 pm) from the surface of the componment. Thus, the
components will meet dimensional requirements after inspection and non-rubbed
components may be readily returned to service.

A further advantage of the present invention is that it employs an
uncomplicated etch immersion or swab etch technique, which may readily and
quickly reveal component rub or exposure to an aluminum-based material without
the requirement of further processing of the part for inspection.

While various embodiments are described herein, it will be appreciated from the
specification that various combinations of elements, variations or improvements
therein may be made by those skilled in the art, and are within the scope of the

invention.



need for special, conplicated equi pnent. Moreover, operators also may be
readily trained in the inspection process. Another advantage of the present
invention is that the process renoves |ess than 0.0001 inches (2.564 m
fromthe surface of the conponent. Thus, the conponents will neet

di mensi onal requirenents after inspection and non-rubbed conponents may be
readily returned to service. A further advantage of the present invention
is that it enploys an unconplicated etch i mersion or swab etch techni que,
which may readily and quickly reveal conponent rub or exposure to an

al um num basedChaAtMBi al wi thout the requirenent of further processing of
the part for inspection. Wile various enbodi nents are described herein, it
will be appreciated fromthe specification that various conbi nations of

el ements, varipti OnNg QoedsS P \RIBARS ant NEk&iuh- B@s)édbxﬁaﬂéﬁgled sh@Poftos ki | | ed
in the art, and are within the scope of the invention. AIMS 1. A
process for d et!temunh@asaﬁ gad turhing engizesenpeaterduging dagins pp@dn@ntcomarising
titani um basedtggaf b| ne engi ne component during engi ne operation,

conpri sing h 68?3% imrersing at | east a portion of the
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into an acid solution to ?orman etched _conponent, the acid solution
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deposi ted al umvatery based mat eri aI 2. The process of claim 1, wherein the

titani um based conponent a )
errf:movmg tﬁe etched component from the solution; and

visually inspecting the etched component for dark areas in contrast to light areas,

the dark areas indicating deposited aluminum-based material.

2. The process of claim 1, wherein the titanium-based component is a

titanium alloy blade.

3. The process of claim 1 or claim 2, wherein the etched component is

visually inspected at a magnification of about 4x to about 25x.

4, The process of any one of ¢laims 1 to 3, wherein at least a portion of the
component is immersed in an acid solution comprising, per liter 1) about 15 g/liter
of sodium fluoride; ii) about 75 gfliter of sulphuric acid having a density of about

1.84; and 1i1) balance water, for between about 45 seconds and about 3 minutes.

5. The process of any one of claims 1 to 3, wherein at least a portion of the
component is immersed in an acid solution comprising, per liter i} about 5 to
about 50 g/liter of sodium fluoride; ii) about 50 to about 100 g/liter of sulphuric

acid having a density of about 1.84; and iii) balance water.



titaniumall oy blade. 3. The process of claim1l or claim2, wherein the

et ched conponent is visually inspected at a magnification of about 4x to
about 25x. 4. The process of any one of clains 1 to 3, wherein at |east a
portion of the conponent is imrersed in an acid solution conprising, per
liter i) about 15 g/liter of sodiumfluoride; ii) about 75 g/liter of

sul phuric acid having a density of about 1.84; and iii) balance water, for
bet ween about 45 seconds and about 3 minutes. 5. The process of any one of
claims 1 to 3, wherein at |least a portion of the conponent is imersed in
an acid sol ution cohprossndor detecting en alymminoubasbd tmateddd oddpoSidedy bhtiot @r of
sodium fluoride; .ii) abput 50.to about 100 g/liter af sulghuric aci d
having a densit’ct?)mB]Fl"%?fﬁ aspuigmie e&ﬁﬂleiqowoﬁﬁﬁgﬁﬂﬁgﬁﬁﬁl@? OpeFalon, ROWPHYBE s f or
detecting an ahuglhuse based material deposited onto a titaniumbased gas
tur bi ne engi ne conponent during engine operation, conprising the steps of
i mrer si ng, for betvieerrsibguior etwser abely Bnstcablsindabpirnd neytegtat lleaake a
portion of the titanium based conponent ich.has been subjected t.o engine
bperatton, i ndstidi B F SBRGEY SRRBortienrtn "Gt eh B BEmhSILSY (hantitr g
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ii) about 75 g/liter of sulphuric acid having a density of about 1.84; and
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and
iii) balance water;
removing the etched component from the solution;
washing the etched component in water, followed by drying; and
visually inspecting the etched component under magnified conditions for

dark areas in contrast to light areas, the dark areas indicating deposited aluminum-

based material.
7. The process of claim 6, wherein the aluminum-based material is AlSi.
8. A process for detecting an aluminum-based material deposited onto a

titanium-based gas turbine engine component during engine operation, comprising
the steps of:

swab etching at least a portion of the titanium-based component, which
has been subjected to engine operation, with an acid solution to form an etched
component, the acid solution comprising sodium fluoride, sulphuric acid and
water; and

visually inspecting the etched component for dark areas in contrast to light

areas, the dark areas indicating deposited aluminum-based material.



based material. 7. The process of claim®6, wherein the al um num based
material is AISI. 8. A process for detecting an alum num based nateri al
deposited onto a titaniumbased gas turbine engine conponent during engine
operation, conprising the steps of: swab etching at | east a portion of the
titani um based conponent, which has been subjected to engi ne operation,
with an acid solution to forman etched conponent, the acid solution
conpri sing sodium fluoride, sulphuric acid and water; and visually

i nspecting the etched conmponent for dark areas in contrast to |light areas,
t he dar k areas9.i ndi Tlat ipnopese pdsclama &) umeruinmthasmhbrmtohhi@lstep&&npﬂm

process of claim@8, wherein the. b e h|n step co S sat urat.i,ng an
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process for detecting an alum num based naterial deposited onto a
titani um based gas turbi ne engine corrponent during engi ne operatl on,
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cal cium fluoride, potassiumfluoride or hydrofluoric acid, ii) sulphuric
acid and iii) thas@ps of:enovi ng the etched conponent from t he soI ution; and
visual ly inspectin A t, 1.0
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9 been subjected to engine operation, into an ac:1d solution to form an etched

component, the acid solution comprising i) calcium fluoride, potassium fluoride or
hydrofluoric acid, ii) sulphuric acid and iii) water;

removing the etched component from the solution; and

visually inspecting the etched component for dark areas in contrast to light

areas, the dark areas indicating deposited aluminum-based material.



