MULTI-STEP CLEARANCE OF COATING

BACKGROUND

[0001] Gas turbine engines, such as those which powera#tirand industrial equipment,
employ a compressor to compress air that is draothe engine and a turbine to capture
energy associated with the combustion of a fuelraixture. Some gas turbine engine
components, such as blades and vanes of the tumbahede cooling holes in order to reduce
the temperature of the component during use/operatror example, film cooling holes may
be used to form a protective thin film of cool along an outer/exterior surface of a
component. Also, one or more protective coatingy itme applied to a substrate (e.g., base
metal) of the component to further shield the congm from the elevated temperatures in
the engine. Such coatings may include a thermaidoacoating, where the thermal barrier
coating frequently includes a bond coat and/ormdoat. The coatings typically include

metal or ceramic material.

[0002] During an original manufacture of the componentdbeling holes are machined into
the component following the application of the @ogds) to provide for a clean/uniform hole
through both the coating(s) and the substrate.. Eliustrates a flow chart of a method 200
for processing a component in accordance with tt@r @rt. During engine maintenance
procedures the coating(s) are stripped (block 208¢ or more inspections are performed
(block 208), repairs are provided to the compoiterny., the substrate) as needed (block 214),
the component (e.g., the substrate) is recoatetk220), and then the holes are reopened
(block 226). Block 226 is frequently performed lwihe use of a laser beam emitted by a
laser, where the laser beam is applied to the mg@d of block 220 as part of a single
application/stage with parameters of the lasewlasam (e.g., focal point, power, number of

shots/pulses, etc.) set in accordance with norsieidings.

[0003] The recoating of the component in block 220 may mamise the air flow through
the holes, reducing the benefit of the cooling tkgtrovided by those holes. For example,
the recoating of block 220 may incur variationgdgrms of a coating thickness that is applied
to a component (e.g., in terms of a first coatimgfist set of coatings applied to a first
instance of the component relative to a secondrapar second set of coatings applied to a
second instance of the component). In regions evliee coating is greater/thicker than a

threshold (where the threshold is associated withominal coating thickness), at least a



portion of the coating of block 220 may block/obstr some or all of a hole following
execution of block 226, thereby impeding or preirent flow of air through the hole. This
may be due to the laser beam power being lessishesquired to accommodate a “thick”
coating. Conversely, in regions where the coasngss/thinner than a threshold (where the
threshold is associated with a nominal coatingkiinss), execution of block 226 may result
in a laser beam of block 226 striking a portiomy(ean interior wall/surface) of the substrate.
The laser beam striking the substrate may havendetey to degrade the material of the

substrate, leading to premature component weayfati

[0004] Additionally, a portion of the coating(s) appligdblock 220 may chip/fray due to the
execution of the block 226 (e.g., due to the apgibm of the laser beam to a coating). This
chipping may be a result of a coating being expdset peak power of the laser beam in an
amount/time greater than a threshold. The chipgrayresult of a coating being subject to a
number of shots/pulses of the laser beam alongal fint of the laser beam in an amount
that exceeds a threshold.

BRIEF SUMMARY

[0005] The following presents a simplified summary in ord® provide a basic

understanding of some aspects of the disclosuhe simmary is not an extensive overview
of the disclosure. It is neither intended to idfgrikey or critical elements of the disclosure
nor to delineate the scope of the disclosure. fohewing summary merely presents some

concepts of the disclosure in a simplified formagzelude to the description below.

[0006] Aspects of the disclosure are directed to a methogbrocessing a component that

includes a substrate and a coating coupled toubstiate, the method comprising: applying a
laser beam to the coating in a first stage, the ftage characterized by a first number of
pulses of the laser beam and a first offset coomding to a focal point of the laser beam

coinciding with an exterior surface of the coatiagd applying the laser beam to the coating
in a second stage, the second stage characteryzadsécond number of pulses of the laser
beam and a second offset corresponding to the fumiat of the laser beam being located

within a span of the substrate. In some embodiméhe second offset corresponds to the
focal point of the laser beam being located belogvexterior surface by a threshold amount
relative to a total thickness of the coating ane #ubstrate. In some embodiments, the

threshold amount is within a range of 55% to 65%tlué total thickness. In some
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embodiments, the first number of pulses is diffefeom the second number of pulses. In
some embodiments, the second number of pulsesssitkan the first number of pulses. In
some embodiments, the laser beam is applied adtaafigle relative to the exterior surface of
the coating during the first stage and a secondeargative to the exterior surface of the
coating during the second stage. In some embodan#re first angle is the same as the
second angle. In some embodiments, executionedfingt stage and the second stage open a
first hole through the coating, the first hole cadxvith a first hole in the substrate. In some
embodiments, the method further comprises subseédo@pening the first hole through the
coating, translating the component, and subsedoemainslating the component, opening a

second hole through the coating, the second halgialowith a second hole in the substrate.

[0007] Aspects of the disclosure are directed to a systemprising: a component that
includes a substrate and a coating coupled toubstsite, the substrate including a first hole
through a thickness of the substrate, and a l&sdrapplies a laser beam to the coating to
open a second hole through the coating, the sevoledcoaxial with the first hole, where the
laser is configured to apply the laser beam toctheing in a first stage and a second stage,
the first stage characterized by a first numbeputes of the laser beam and a first offset
corresponding to a focal point of the laser beamaiding with an exterior surface of the
coating, and the second stage characterized bgamdeumber of pulses of the laser beam
and a second offset corresponding to the focaltpdithe laser beam being located within a
span of the substrate. In some embodiments, tendeoffset corresponds to the focal point
of the laser beam being located below the extsudiace by a threshold amount relative to a
total thickness of the coating and the substrétesome embodiments, the threshold amount
is within a range of 55% to 65% of the total thieks. In some embodiments, the first
number of pulses is different from the second nunabeulses. In some embodiments, the
second number of pulses is less than the first marobpulses. In some embodiments, the
laser beam is applied at an angle relative to xiberier surface of the coating during the first
stage and the second stage. In some embodimeatsybstrate includes a third hole through
the thickness of the substrate, the system furtieenprising: a fixture that translates the
component subsequent to the second hole being dpand the laser applies the laser beam
to open a fourth hole through the coating subseeethe fixture translating the component,
the fourth hole coaxial with the third hole. Inns® embodiments, the system further
comprises a processor, and a non-transitory statagiee having instructions stored thereon

that, when executed by the processor, cause thetaspply the laser beam to the coating.
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In some embodiments, the component is a turbinéeblaln some embodiments, the
component is a nozzle guide vane. In some embadanthe first number of pulses of the
laser beam and the second number of pulses ohflee beam are based on an identification

of the laser.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is illustrated by way ofneplke and not limited in the
accompanying figures in which like reference nurseiadicate similar elements. The

drawing figures are not necessarily drawn to sgaless specifically indicated otherwise.
[0009] FIG. 1 is a side cutaway illustration of a geanathine engine.

[0010] FIG. 2 illustrates a flow chart of a method for ggesing a component in accordance

with the prior art.

[0011] FIGS. 3A-3D illustrate a component at various ssagk processing in accordance

with aspects of this disclosure.

[0012] FIG. 4 illustrates a flow chart of a method for ggesing a component in accordance

with aspects of this disclosure.
[0013] FIG. 5 illustrates a computing system in accordamitie aspects of this disclosure.

[0014] FIG. 6 illustrates an application of a laser beana tcoating in accordance with the

prior art.

[0015] FIG. 7A illustrates a first application of a lagesram to a coating in accordance with

aspects of this disclosure.

[0016] FIG. 7B illustrates a second application of a laseam to a coating in accordance

with aspects of this disclosure.

[0017] FIG. 8 illustrates a component placed on a fixamd arranged to translate relative to

a laser in accordance with aspects of this disobosu

[0018] FIG. 8A illustrates a laser placed on a fixture amdhnged to translate relative to a

component in accordance with aspects of this discé



DETAILED DESCRIPTION

[0019] It is noted that various connections are set fogtween elements in the following
description and in the drawings (the contents oictvtare incorporated in this specification
by way of reference). It is noted that these catioes are general and, unless specified
otherwise, may be direct or indirect and that spiscification is not intended to be limiting in
this respect. A coupling between two or more m#itnay refer to a direct connection or an
indirect connection. An indirect connection magdrporate one or more intervening entities

or a space/gap between the entities that are loemmgjed to one another.

[0020] Aspects of the disclosure may be applied in conmeatith a gas turbine engine.
FIG. 1 is a side cutaway illustration of a geanadbine engine 10. This turbine engine 10
extends along an axial centerline 12 between atragms airflow inlet 14 and a downstream
airflow exhaust 16. The turbine engine 10 includéan section 18, a compressor section 19,
a combustor section 20 and a turbine section 2ie cbmpressor section 19 includes a low
pressure compressor (LPC) section 19A and a higbespre compressor (HPC) section 19B.
The turbine section 21 includes a high pressutartar(HPT) section 21A and a low pressure
turbine (LPT) section 21B.

[0021] The engine sections 18-21 are arranged sequerdialhg the centerline 12 within an
engine housing 22. Each of the engine sections9B3-21A and 21B includes a respective
rotor 24-28. Each of these rotors 24-28 includeplwality of rotor blades arranged
circumferentially around and connected to one oremespective rotor disks. The rotor
blades, for example, may be formed integral withmecchanically fastened, welded, brazed,

adhered and/or otherwise attached to the respeactioedisk(s).

[0022] The fan rotor 24 is connected to a gear train 80ekample, through a fan shaft 32.
The gear train 30 and the LPC rotor 25 are condetieand driven by the LPT rotor 28

through a low speed shaft 33. The HPC rotor 2®mnected to and driven by the HPT rotor
27 through a high speed shaft 34. The shafts 3@84otatably supported by a plurality of
bearings 36; e.g., rolling element and/or thrusaringgs. Each of these bearings 36 is
connected to the engine housing 22 by at leasstai®nary structure such as, for example,

an annular support strut.

[0023] As one skilled in the art would appreciate, in soemebodiments a fan drive gear

system (FDGS), which may be incorporated as pathefgear train 30, may be used to
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separate the rotation of the fan rotor 24 fromrtitation of the rotor 25 of the low pressure
compressor section 19A and the rotor 28 of the pressure turbine section 21B. For
example, such an FDGS may allow the fan rotor 2étate at a different (e.g., slower) speed

relative to the rotors 25 and 28.

[0024] During operation, air enters the turbine enginght@ugh the airflow inlet 14, and is
directed through the fan section 18 and into a gasepath 38 and a bypass gas path 40. The
air within the core gas path 38 may be referreaistbcore air”. The air within the bypass gas
path 40 may be referred to as “bypass air”. Thee @r is directed through the engine
sections 19-21, and exits the turbine engine 16utjn the airflow exhaust 16 to provide
forward engine thrust. Within the combustor settkd, fuel is injected into a combustion
chamber 42 and mixed with compressed core air.s Trel-core air mixture is ignited to
power the turbine engine 10. The bypass air isctixd through the bypass gas path 40 and
out of the turbine engine 10 through a bypass ®o#4lto provide additional forward engine
thrust. This additional forward engine thrust na&gount for a majority (e.g., more than 70
percent) of total engine thrust. Alternatively|edst some of the bypass air may be directed

out of the turbine engine 10 through a thrust reseto provide reverse engine thrust.

[0025] FIG. 1 represents one possible configuration foreagine 10. Aspects of the
disclosure may be applied in connection with otkervironments, including additional
configurations for gas turbine engines. Aspectstied disclosure may be applied in

connection with non-geared engines.

[0026] As described above, an engine may include one oe stouctures. For example, the
turbine section 21 may include one or more bladesvanes that may be used to
extract/capture energy associated with the comugtiovided by the combustor section 20.
Referring to FIG. 3A, a schematic depiction of,. gagblade 300a is shown. The blade 300a
may include a substrate 304. In some embodim#rgssubstrate 304 may include a metal,
such as for example nickel, steel, aluminum, e@ne or more coatings (represented by
coating 310), such as for example a bond coat aong aoat, may be applied/coupled to the
substrate 304. The coatings 310 may include omaare materials, such as for example a
ceramic material (e.g., yttria stabilized zircorm&)a metallic material (e.g., MCrAlY, where
M is frequently at least one of iron, cobalt, ockal, and X is an active element and stands

for at least one of yttrium, silicon, a rare eatbment, or hafnium).



[0027] A first hole 316a may be formed through the sulbst8®4. A second hole 316b may

be formed through the coating 310. The holes 3t®h316b may be arranged about an axis
A, e.g., the holes 316a and 316b may be co-axiik holes 316a and 316b may be used to
cool the blade 300a. For example, during engireraifpn the holes 316a and 316b may

provide a thin film of cooling air on an exteriouter surface 310a of the coating 310.

[0028] The holes 316a and 316b are shown in FIG. 3A amgberiented substantially
perpendicular to the substrate 304 and the co&ifly For example, the holes 316a and
316b are shown in FIG. 3A as being oriented at ragleaof approximately ninety degrees
relative to the superimposed horizontal referericection. A particular value for an angle
that is used for the holes 316a and 316b may bedbas one or more parameters of the blade
300a, such as for example a specification assaciatth the substrate 304 or the coating
310. Similarly, a size or dimension of the holéé&@and 316b may be based on one or more
parameters of the blade 300a. While the holes 3k 316b are shown as being

substantially cylindrical, other shapes/form-fasttor the holes 316a and 316b may be used.

[0029] The blade 300a shown in FIG. 3A may be indicatifean original equipment

manufacture (OEM), and the holes 316a and 316bbedgrmed in the blade 300a following
the application of the coating 310 to the substra®d. During engine maintenance
procedures, the blade 300a may be subject to fupifeeessing/reconditioning as described

below.

[0030] Referring to FIG. 4, a method 400 for processirg@nglitioning a component is
shown. The method 400 may be performed as pam @hgine maintenance procedure. The
method 400 is described below in conjunction with blade(s) shown in FIGS. 3A-3D for
ease in description and illustration. One will eggpate that the method 400 may be adapted
to accommodate other components (e.g., other hladees, nozzles, flaps, cases, liners,
etc.). While the blades 300a-300d are describdombas being separate blades (e.g., are
shown with distinct reference characters in FIGS.3B), one will appreciate that they may
represent the same blade at different points/stégsocessing/conditioning in accordance

with the execution of the method 400.

[0031] In block 406, a location of one or more holes, saslior example the holes 316a and
316b, may be identified. As part of block 406, apispecification of a location of a hole

may be consulted. The map/specification may bebéished during the original manufacture



of the blade 300a and may be particular to the iBpanstance of the blade 300a. For

example, the location of a hole may be specifieith waspect to a serial number (or other part
tracking identifier) of the blade 300a. In somebediments, the location of a hole may be
specified on the basis of a make/model numberebtade 300a. The location of a hole may
be based on an identification of one or more ofkatures of the blade 300a, such as for
example an external edge/surface of the blade 30@@&ome embodiments, a location of a
hole may be determined based on one or more snanogybrating one or more Sensors as
would be known to one of skill in the art. U.Stgy@ number 7,329,832 provides examples
of such scanning; the contents of U.S. patent nur[829,832 are incorporated herein by

way of reference.

[0032] In block 412, one or more coatings 310 may be resddwom the substrate 304. For
example, a toolset 340 may be applied to the Ii3@da (e.g., the coating 310) of FIG. 3A to
generate a substrate 304/blade 300b (see FIG. I8R)i$ substantially coat-free. For
example, in comparing FIG. 3A to FIG. 3B, the bl&8®b is substantially similar to the
blade 300a but does not include the coating 310e tdolset 340 may be operative on the
basis of one or more techniques, such as for exanmg® of a water-jet, sand-blasting, etc.
The toolset 340 may be operated manually. Thesébainay be operated on at least a
partially automated basis. To the extent thatdloéset 340 is automated, the toolset 340 may

include a system similar to the system 500 desdd@ow in conjunction with FIG. 5.

[0033] In block 418, the substrate 304/blade 300b of BB may be (re)coated to include a
coating 310’ in forming a blade 300c (see FIG. 3@)thickness T’ of the coating 310’ may
be substantially equal to a thickness T of theinga®10 (see FIG. 3A). In other words, the
coating performed in block 418 may substantiallstoes the coating on the substrate 304 to
the (original) thickness T of the coating 310. Hwer, as described above, a portion of the
coating 310’ (as reflected by reference characg€) 3n proximity to the hole 316a may
deviate from the corresponding portion of the awptB10 in terms of thickness. For
example, the coating 310’ may be substantiallykiriqe.g., may be thicker in an amount
greater than a threshold) than the coating 31datadion corresponding to the portion 320.

[0034] As shown in FIG. 3C, the coating 310’ in proximitythe hole 316a (as reflected by
the portion inside the circle 322) may at leastigby or completely block the hole 316a. As

used herein, a blocking of the hole 316a includdsast a partial or complete obstruction of



the hole 316a that precludes a flow of a fluid .(eag) through both the substrate 304 and the
coating 310'.

[0035] In block 424, the flow interfering portion 322 dfet coating 310’ may be removed to
generate a hole 316b’ through the coating 310t eéxample, in comparing FIG. 3C to FIG.
3D, in FIG. 3D a blade 300d may be formed via #maoval of the flow interfering portion

322 of the coating 310’. The removal of the flaweirfering portion 322 (inclusive of the
excess coating portion 320) may be facilitated ppliaation of a toolset 350 to the flow
interfering portion 322. The holes 316a and 316hYy be arranged about the axis ‘A’ in a
manner similar to the arrangement of the holes Z@h316b about the axis ‘A’ shown in
FIG. 3A.

[0036] In some embodiments the toolset 350 may corresportte toolset 340 shown in
FIG. 3A. In some embodiments, the toolset 350 malude a laser 360 that may be used to

remove the flow interfering portion 322.

[0037] In some embodiments, multiple applications of theldet 350 may be provided to
remove the flow interfering portion 322 in block#442For example, as part of block 424 the
toolset 350 (e.g., the laser 360) may be appliechuttiple (e.g., two) stages to remove the
flow interfering portion 322. These stages, ded@s blocks 424a and 424b in FIG. 4, are
discussed in further detail below.

[0038] In the first stage 424a, one or more parametetBeofoolset 350 (e.g., the laser 360)
may be adjusted (e.g., reduced/decreased) relatige conventional technique (e.g., block
226 of FIG. 2). For example, and referring to FB;a conventional technique results in a
laser 660 applying a beam 664 to the coating 3d@ere the beam 664 has a number of
pulses P (where the number of pulses may be refedeto a given amount of time) and
operates with a given power (e.g., amplitude/magieitM) at an offset Z (where the offset Z
is illustratively shown as being measured from plmént of emission from the beam 664
relative to the exterior surface 310a’ of the aog10’). However, the parameters P, M, and
Z just described in conjunction with the beam 66yrbe inadequate due to the presence of
the coating portion 320 (see FIG. 3C). For examiile parameters P, M, and Z may be
inadequate to completely remove the portion 320ickvimay result in at least a partial
blockage of the hole 316a of, e.g., FIG. 3D follogvthe execution of block 226 of FIG. 2.



[0039] In contrast to the scenario depicted in FIG. 6slaswvn in FIG. 7A (which may be
representative of operations-in/execution of thetfstage 424a of FIG. 4), a laser 360a
(which may be the same as the laser 360) may applam 764a to the coating 310’ (e.qg.,
the portion 320/322), where the beam 764a may tperathe basis of a number of pulses P’
(potentially in a given amount of time, which ambohtime may be the same as the amount
of time associated with the pulses P describedabogonjunction with FIG. 6) with a given
power (e.g., magnitude M), and at an offset Z’neCor more of the parameters P’, M’, and
Z' of FIG. 7A may be different from the respectigeunterpart parameters P, M, and Z of
FIG. 6. For example, the number of pulses P’ mayelss than the number of pulses P, the
power (e.g., magnitude M’) may be less than thegydw.g., magnitude M), and/or the offset
Z’ may be less than the offset Z. The offset Zymbe specified in terms of a focal length of
the beam 764a relative to the surface 310a’. kamgle, the offset Z' is shown in FIG. 7A
in terms of the merging of the beam 764a at a fpoait 764a’ coinciding with the surface
310a’.

[0040] Referring to FIG. 7B (which may be representativ@merations in/execution of the
second stage 424b of FIG. 4), the laser 360b (wimap be the same laser as laser 360 and/or
the laser 360a) may apply a beam 764b to the @p&til’ (e.g., the portion 320), where the
beam 764b may operate on the basis of a numbearlsépP” (potentially in a given amount
of time, which amount of time may be the same asattmount of time associated with the
pulses P described above in conjunction with FIGn@/or the amount of time associated
with the pulses P’ described above in conjunctioth WIG. 7A) with a given power (e.g.,
magnitude M”), and at an offset Z”. One or morethed parameters P”, M”, and Z” of FIG.
7B may be different from the respective counterparameters P, M, and Z of FIG. 6 and/or
the respective counterpart parameters P’, M’, ahdfZIG. 7A. The offset Z” may be
specified in terms of a focal length of the beamly®elative to the surface 310a’. For
example, the offset Z” is shown in FIG. 7B in teyraf the merging of the beam 764b at a
focal point 764b’ coinciding within the span/thiags of the substrate 304. As an illustrative
example, if the total thickness Ttot of the coatBi’ and the substrate 304 is as shown in
FIG. 7B, the focal point 764b’ may be located apprmtely 60% (+/- 5%) of the total

thickness Ttot below/interior to the surface 310a’.

[0041] Following the application of the beam 764b to tbhatng 310, the portion 320 may

be completely removed as shown in FIGS. 3D and 7B.
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[0042] Blocks of the method 400 may execute in an ordeseguence that is different from
what is shown in FIG. 4. For example, in some etitbents block 412 may execute prior to
block 406, as doing so may provide a greater ghtititidentify the hole(s) 316a in the first
instance without the obstruction presented by, ¢hg. coating(s) 310. One or more of the
blocks (or one or more portions thereof) of the hndt 400 may be optional in some
embodiments. In some embodiments, additional Isloakt shown in FIG. 4 may be

included.

[0043] While some of the examples described above redab@éning a hole in a coating of a
substrate of a component, one skilled in the ditapipreciate that a component may include
a substrate that includes multiple holes, such ¢habrresponding number of holes in a
coating may need to be opened. To facilitate opetine holes, the component may be
configured to move/translate relative to the lasEor example, and referring to FIG. 8, a
component is shown that includes a substrate 3hts holes 316a-1 and 316a-2 that are at
least partially blocked by coating 310’. To opée holes 316a-1 and 316a-2 via the laser
360, the component (e.g., the substrate 304) majdoed on a fixture 810. The fixture 810
may be configured to move the component in the zbotal reference direction
(illustratively, to the left in FIG. 8) once theating 310’ in proximity to the hole 316a-1 is
opened in order to open the coating 310’ in proiino the hole 316a-2. The movement of
the component (relative to the laser 360) by thdufe 810 may be based on a

mapping/specification of the (location of the) loB16a-1 and 316a-2.

[0044] FIG. 8 illustrates an embodiment where the fixi#8t€® moves the component to open
holes in the coating 310. FIG. 8A illustrates ambediment where a fixture 810’ is coupled

to the laser 360. The fixture 810’ may cause #sel 360 to move relative to the component
(e.g., the component may be kept stationary whiefixture 810’ translates the laser 360 to

open holes in the coating 310’).

[0045] Turning to FIG. 5, a computing system 500 that tp@yised in some embodiments is
shown. The system 500 may be used to perform ongoce portions of the method 400 of
FIG. 4 described above. At least a part of theesy500 may be included in the toolset 350
of FIG. 3C. For example, the system 500 may bel tigecontrol/regulate operation of the

laser 360 in some embodiments.
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[0046] The system 500 may include a processor 502 andnaonye508. The memory 508
may store instructions (e.g., instructions 514aj,ttvhen executed by the processor 502, may
cause the system 500 to perform one or more melibgidal acts, such as one or more of the
acts described herein. At least a portion of tteructions (e.g., instructions 514b) may be
stored on a computer-readable medium (CRM) 520h siscfor example a non-transitory
CRM. The instructions 514b of the CRM 520 may beduas an alternative to, or in addition
to, the use of the instructions 514a of the men¥@§. One or both of the memory 508 and
the CRM 520, taken individually or collectively, jnd&e referred to as a storage device.

Much like the CRM 520, the storage device may betnansitory in nature.

[0047] In some embodiments, the system 500 may includeoormaore input/output (I/O)
devices 526. The I/O devices 526 may provide gerfisce between the system 500 and one
or more other components or devices. The I/O @sviE26 may include one or more of a
graphical user interface (GUI), a display screerntpachscreen, a keyboard, a mouse, a
joystick, a pushbutton, a microphone, a speakérarsceiver, a laser, a drill, etc. The 1/0O
devices 526 may be used to output data in one oe rfaymats (e.g., a visual or audio

rendering).

[0048] The memory 508 may store data 534. The data 534imchude an identification of
one or more of: a type, material, or thickness adting that is used (see, e.g., FIG. 3A —
coating 310; FIG. 3C — coating 310’), a type or enial of a substrate that is used (see, e.g.,
FIG. 3A — substrate 304), a location of one or mwkes (see, e.g., FIG. 3A — hole 316a), a
type of laser that is used (see, e.g., FIG. 3Cserl&60), or an identification of the specific
laser 360 that is used. An identification of tipedfic laser 360 that is used may allow for a
removal of the flow interfering portion 322 of theating 310’ to take into account variations
between different instances of the laser 360 (eagiations in parameters associated with the
laser 360). Portions of the data 534 may be reyntdeated and accessible to the system

500 via an extranet or the internet of things.

[0049] The system 500 is illustrative. One skilled in @ will appreciate, based on a
review of this disclosure, that the implementatdrihe system 500 may be achieved via the

use of hardware, software, firmware, or any comtmnahereof.

[0050] Aspects of the disclosure may be used to remow/@a obstruction from one or

more cooling holes. Such an obstruction may ineglddr example, a coating that is applied
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during a recoating procedure. The cooling holesy rha cleared without having an
appreciable impact to a substrate of a componémtthis respect, a cooling hole size and
orientation may be controlled/regulated to conféona particular specification. This may be
contrasted with conventional techniques/procedtias would frequently result in one or
more of: hole blockage due to excess coating, isgila substrate (e.g., a wall of the
substrate) with a laser beam, or chipping of aiogatAspects of the disclosure may reduce
the energy, and hence heat, that is applied tonapooent (e.g., a coating), which may
minimize/reduce the likelihood of an occurrencetld coating chipping. Aspects of the
disclosure may extend component lifetime whilehst same time reducing the time/costs

associated with maintaining (e.g., recoating) apament.

[0051] Aspects of the disclosure have been describedrinst®f illustrative embodiments
thereof. Numerous other embodiments, modificati@msl variations within the scope and
spirit of the appended claims will occur to persoherdinary skill in the art from a review of
this disclosure. For example, one of ordinaryldkilthe art will appreciate that the steps
described in conjunction with the illustrative frgs may be performed in other than the
recited order, and that one or more steps illustrahay be optional in accordance with
aspects of the disclosure. One or more featuresritbed in connection with a first
embodiment may be combined with one or more featwk one or more additional

embodiments.
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What is claimed is:

1. A method for processing a component that indulsubstrate and a coating coupled to
the substrate, the method comprising:

applying a laser beam to the coating in a fiagest the first stage characterized by a
first number of pulses of the laser beam and &difset corresponding to a focal point of the
laser beam coinciding with an exterior surfacehefc¢oating; and

applying the laser beam to the coating in a sestange, the second stage
characterized by a second number of pulses ofiger beam and a second offset
corresponding to the focal point of the laser bé&&mg located within a span of the

substrate.
2. The method of claim 1, wherein the second bffeeresponds to the focal point of the
laser beam being located below the exterior suttigce threshold amount relative to a total

thickness of the coating and the substrate.

3. The method of claim 2, wherein the thresholdam is within a range of 55% to 65% of

the total thickness.

4. The method of claim 1, wherein the first numiiepulses is different from the second

number of pulses.

5. The method of claim 4, wherein the second nurabpulses is less than the first number

of pulses.

6. The method of claim 1, wherein the laser beaapplied at a first angle relative to the
exterior surface of the coating during the firsiget and a second angle relative to the exterior
surface of the coating during the second stage.

7. The method of claim 6, wherein the first angléhe same as the second angle.

8. The method of claim 1, wherein execution offtret stage and the second stage open a

first hole through the coating, the first hole ciaawith a first hole in the substrate.
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9. The method of claim 8, further comprising:

subsequent to opening the first hole through tdaicg, translating the component;
and

subsequent to translating the component, opengagand hole through the coating,

the second hole coaxial with a second hole in tihstsate.

10. A system comprising:

a component that includes a substrate and a goatupled to the substrate, the
substrate including a first hole through a thiclnefthe substrate; and

a laser that applies a laser beam to the coaiingen a second hole through the
coating, the second hole coaxial with the firsehol

wherein the laser is configured to apply the ldssm to the coating in a first stage
and a second stage, the first stage charactenzaditst number of pulses of the laser beam
and a first offset corresponding to a focal pointhe laser beam coinciding with an exterior
surface of the coating, and the second stage dbamed by a second number of pulses of
the laser beam and a second offset corresponditng tmcal point of the laser beam being

located within a span of the substrate.
11. The system of claim 10, wherein the seconskbiforresponds to the focal point of the
laser beam being located below the exterior suftigce threshold amount relative to a total

thickness of the coating and the substrate.

12. The system of claim 11, wherein the threshofdunt is within a range of 55% to 65%

of the total thickness.

13. The system of claim 10, wherein the first nemtf pulses is different from the second

number of pulses.

14. The system of claim 13, wherein the secondbauraf pulses is less than the first

number of pulses.

15. The system of claim 10, wherein the laser bisaapplied at an angle relative to the

exterior surface of the coating during the firsiget and the second stage.
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16. The system of claim 10, wherein the substreti@des a third hole through the thickness
of the substrate, the system further comprising:

a fixture that translates the component subsedueht second hole being opened;
and

the laser applies the laser beam to open a footththrough the coating subsequent

to the fixture translating the component, the foumble coaxial with the third hole.
17. The system of claim 10, further comprising:
a processor; and
a non-transitory storage device having instrudistored thereon that, when executed
by the processor, cause the laser to apply the b@sen to the coating.
18. The system of claim 10, wherein the compoiseatturbine blade.

19. The system of claim 10, wherein the compoigatnozzle guide vane.

20. The system of claim 10, wherein the first nemdf pulses of the laser beam and the

second number of pulses of the laser beam are lbasad identification of the laser.
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