PA- 0023980- SG VACUUM DEGASSI NG LASER- BLOCKI NG MATERI AL SYSTEM AND
PROCESS BACKGROUND [ 0001] The present disclosure relates to | aser

drilling of conponents, particularly, 5although not exclusively t he
| aser-drilling of holes in hollow gas turbine engine conponents
[ 0002] Laser-drilling of holes such as filmcooling hol es i ntPé-0023980-5G

i nternal passageways of airfoil conponents such as turbine blades is
ef f ecti ve. VAIUMDBGASSING LASERVBL.QCRISG MATPRDAKSUSTEMMND PROCESS
into the opposite side of the internal passageway to avoi d damage
thereto. Even mnor damage to internal surfaces result in scrapped
conponents fromthe production or 10overhaul processes. SUMVARY

[ 0003] A nethod of injecting | asepaAkliogkioinNpaterial into a workpi ece
according to one disclosed non-limting embodi ment of the present

di sclosure [(ﬂﬁh]‘ldesl“ h@l ﬁ'@éeﬂg dﬁcMerg 9&1%@ th Baser érlﬁﬂ q{fc&o Hents Cpt'artlculally,

envi ronrrent connecting a |laser-blocking materi al I nl et connecti1 on

ands ou c&lﬁﬁ%{‘%%ﬁis%%ﬁt&em%r- %Ekaﬁﬁc‘ﬁes 1§1"fl%ll8\%%5?%[519@%1{6%&3&%&&&

an at par uum WI e enclosed®envir
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the wor] cpiece to the at | east partial yacuum such that air bubbl es

in t hedIriodefompogeRts fyCcigt dribte Bladesels RifsaRE- ardde 28t 5aHoPwEV U be
wor kpi ece through the | aser-bl ocking material outlet connection.

[ 0004] blecked fipm Klatlingriptodhereprosise sidp ef therivigaiahpaseadswdy treavoid dereage thereto.
wor | cpiece is an airfoiL [0005]1In a further enbodi nent of any of the

f or egoEmen srmpwdiamept &, intdreal wortkees eewltiis serappaidedomponents from the production or

10 overhaul processes.

SUMMARY
[0003] A method of injecting laser-blocking material into a workpiece according to
one disclosed non-limiting embodiment of the present disclosure includes placing a workpiece in
[5 an enclosed environment, connecting a laser-blocking material inlet connection and outlet
connection to the workpiece, subjecting the workpiece to an at least partial vacoum within the
enclosed environment and communicating a molten laser-blocking material into the workpiece
through the laser-blocking material inlet connection while subjecting the workpiece to the at
least partial vacuum such that air bubbles in the laser-blocking material are expanded and
20  transported out of workpiece through the laser-blocking material outlet connection.
[0004] In a further embodiment of the foregoing embodiment, the workpiece is an
airfoil.
[0005] In a further embodiment of any of the foregoing embodiments, the workpiece

is a blade.



PA- 0023980- SG [ 0006] I n a further enbodi ment of any of the foregoing
enbodi nents, the workpiece is a H gh Pressure Turbine blade. [0007]In
a further enbodi nent of any of the foregoing enbodi nents, the nethod
includes deternmining that the nolten | aser-blocking material wthin
the workpiece is air bubble 5 free and shutting down the fl| ®a-@23980-SG
| aser-bl ocking material once the nolten | aser-bl ocking materi al

wi thin the WOKPi eqg 4l fﬁrtﬁérrenmﬂgg&e%t Bf ofithe f‘o@@glo?]r%glt ﬁ'élgtgltil?}l(\—ﬁﬁs Qe workpﬁege

additionally thereto, the foregoi ng emdodi ment ardeni ng

| aser - bl pg 'hrigesrag%(tﬁe[ruirﬁhe llragel aser drilling the airfoil. In the

alternative or itrtonalTy thereto, the foregoing enbodi ment

i ncl udes remving the dened J.aser-bl ocki material . fromthe |aser
ar 1 Fedai ¢ POUFT %1 O GoRBh R ot tAeRcsicid atgBe SBHOPH bafiSipise By heiiod
non-1im Elié]gg enbadj mept of the present .disclosure includes an,

encl os & lsy AFtgimame thydhe polieq Lsergocking malghpkyitkiadhe warkpicgds air bubble
connection to communi cate a | aser-blocking material into the

wor kpi éee apflt hntiing sdaprethe Sewdofelrvsrridenking matetiah anesu theemoliem fasert blogking
to comuni cate the | aser-blocking material fromthe workpiece within
sai d enctegbwithinvthe ovoxeritceais aihmibhter fkgpi. elmethe sltsubjectreslditmnally ttereto, the
| east partial 15 vacuumw thin the encl osed environnent such that the
par t i aforegudng emesdiareds imiludeb Hablctimgi e tiher-brsking bhaekilnghd akear dislling nhe
the air bubbles are transported out of the workpiece. [0009]1n a

f ur t hepirfb odithe AlterRfiive e afi@iﬁi@ﬂzﬁ%?lﬁe&i@?% fORRbingldMbol A8EH 1RIRRK k&foving

material is an epoxy resin. [001 n a further enbodi nent of any of

the fopReRidifeLHRAM) atbiffl flAPEE lastUlAGE material is a vax.

[0011] In a further enbodi ment of any of the foregoi ng enbodi nents,

t h?owor Kpi ef()%(lg]s an @’_’ysrtgn? ialcc‘:ordﬁ@' t%ogn%%l%g'd%'s%losed non-limiting embodiment of the
present disclosure includes an enclosed environment operable to contain a workpiece, an inlet
connection to communicate a laser-blocking material into the workpiece within said enclosed
environment and an outlet connection to communicate the laser-blocking material from the
workpiece within said enclosed environment as the workpiece is subjected to an at least partial

15 vacuum within the enclosed environment such that the partial vacuum expands air bubbles in the
laser-blocking material and the air bubbles are transported out of the workpiece.
[0009] In a further embodiment of the foregoing embodiment, the laser-blocking
material is an epoxy resin.
[0010] In a further embodiment of any of the foregoing embodiments, the laser-
20  blocking material is a wax.

[0011] In a further embodiment of any of the foregoing embodiments, the workpiece

is an airfoil.



[0012] I n a further enbodi mnent of any of the foregoi ng enbodi nents,

t he 'workpiece is a blade. [0013]1n a further enbodi nent of any of the
f oregoi ng enbodi nents, the workpiece is a H gh Pressure Turbine

bl ade. 5[ 0014] A wor kpi ece according to anot her disclosed non-limting
enbodi mrent of the present disclosure includes a hardened, ai rPAJIBIIBESC
free, laser-blocking material within a passageway of the workpiece.

[0015] I n a femther 1grreAhdRAboIMdnNE 48 STRE RBe EhbRIthentd, MBe workpiece
| aser- bl ocking material is an epoxy resin. 10[0016]In a further

enbodi reni,@f any of the foregoing enbodi nents, the |aser- blocking
material 1s a wax. [0017]1n a further enbodi nent of any of the

foregoing e | me , rkpi e i S arrfoil. [0018]]n .
further onbilitbne T i PRORIAE S, neline s IS i wapipices
i ne bl ade. BRI EF DESCRI PTI ON OF THE DRAW NGS

15is a.H gh,Pressure Tur
[OOIQ]V%ﬁﬁS@Qﬂ?EQ?Jﬁggn lfle-hecome apparent to those skilled in the
art fromthe 20 follow ng detail ed description of the disclosed
non2 1 i mi t i nf%tthodihiRtkpiees aceraing fg snether discdesshpapimites erabedimert of the
description can be briefly described as foll ows:
present disclosure includes a hardened, air bubble free, laser-blocking material within a
passageway of the workpiece.
[0015] In a further embodiment of the foregoing embodiment, the laser-blocking
material is an epoxy resin.
10 [0016] In a further embodiment of any of the foregoing embodiments, the laser-
blocking material is a wax.
[0017] In a further embodiment of any of the foregoing embodiments, the workpiece
is an airfoil.

[0018] In a further embodiment of any of the foregoing embodiments, the workpiece

15  is a High Pressure Turbine blade.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] Various features will become apparent to those skilled in the art from the
20  following detailed description of the disclosed non-limiting embodiment. The drawings that
accompany the detailed description can be briefly described as follows:
[0020] Figure 1 is a schematic cross-section of a gas turbine engine;

[06021] Figure 2 is a side elevation, cross sectional view of an airfoil,



[0020] Figure 1 is a schematic cross-section of a gas turbine engine;
[0021]Figure 2 is a side elevation, cross sectional view of an

airfoil; PA- 0023980-SG [0022] Figure 3 is a cross-sectiona
view of the airfoil shown in FIG 2 taken along the line 3-3;
[ 0023] PA-0023980-SG

[0022] Figure 3 is a cross-sectional view of the airfoil shown in FIG. 2 taken along
the line 3-3;

[0023] Figure 4 is an expanded view of the leading edge of the airfoil shown in FIG.

5 [0024] Figure 5 is a schematic block diagram of a system to fill an airfoil with the
laser-blocking material;
[0025] Figure 6 is a block diagram of a process to fill an airfoil with the laser-

blocking material.

10 DETAILED DESCRIPTION
[0026] Figure 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbofan that generally incorporates a fan section 22,
a compressor section 24, a combustor section 26 and a turbine section 28. Alternative engines
might include an augmentor section (not shown) among other systems or features. The fan
I5  section 22 drives air along a bypass flowpath while the compressor section 24 drives air along a
core flowpath for compression and communication into the combustor section 26 then expansion
through the furbine section 28. Although depicted as a turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be understood that the concepts described herein
are not limited to use with turbofans as the teachings may be applied to other types of turbine
20 engines such as a three-spool (plus fan) engine wherein an intermediate spool includes an
intermediate pressure compressor (IPC) between the LPC and HPC and an intermediate pressure

turbine (IPT) between the HPT and LPT.



Figure 4 is an expanded view of the |eading edge of the airfoil shown

in FIG 3 5 [0024] Figure 5 is a schematic bl ock diagram of

a systemto fill an airfoil with the |aser-blocking material;

[0025] Figure 6 is a block diagramof a process to fill an airfoi

with the laser- blocking material. PA-0023980-SG

[0027] The engine 20 generally includes a low spool 30 and a high spool 32 mounted
for rotation about an engine central longitudinal axis A relative to an engine static structure 36
via several bearing structures 38. The low spool 30 generally includes an inner shaft 40 that
interconnects a fan 42, a low pressure compressor 44 (“LPC”) and a low pressure turbine 46

5 (“LPT”). The inner shaft 40 drives the fan 42 through a geared architecture 48 to drive the fan
42 at a lower speed than the low spool 30.

[0028] The high spool 32 includes an outer shaft 50 that interconnects a high pressure
compressor 52 (“HPC”) and high pressure turbine 54 (“HPT”). A combustor 56 is arranged
between the high pressure compressor 52 and the high pressure turbine 54. The inner shaft 40

10 and the outer shaft 50 are concentric and rotate about the engine central longitudinal axis A
which is collinear with their longitudinal axes.

[0029] Core airflow is compressed by the low pressure compressor 44 then the high
pressure compressor 52, mixed with the fuel and burned in the combustor 56, then expanded
over the high pressure turbine 54 and the low pressure turbine 46. The turbines 54, 46

15  rotationally drive the respective low spool 30 and high spool 32 in response to the expansion.

[0030] With reference to Figure 2, an exemplary workpiece 60, e.g., a rotor blade
from the HPT 54 of the gas turbine engine 20. It should be understood that although a particular
component type is illustrated in the disclosed non-limiting embodiment, other components with
internal passageway will also benefit herefrom. The workpiece 60 in this example generally

20 includes a root section 62, a platform section 64 and an airfoil section 66. The airfoil section 66
is defined by an outer wall 68 between a leading edge 70 and a trailing edge 72. The trailing
edge 72 is spaced chordwise from the leading edge 70. The outer wall 68 defines a generally

concave shaped portion forming a pressure side 68P and a generally convex shaped portion



10DETAI LED DESCRI PTI ON [ 0026] Figure 1 schematically illustrates a gas
turbi ne engine 20. The gas turbine engine 20 is disclosed herein as a
t wo- spool turbofan that generally incorporates a fan section 22, a
conpressor section 24, a conbustor section 26 and a turbine section
28. Alternative engines mght include an augnentor section (rgt0023980-5G
shown) anong ot her systens or features. The fan 15 section 22 drives
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film cooling holes adjacent the leading edge 70, as represented by the holes 88, may extend from

the leading edge passageway 76 in the leading edge region through outer wall 68.
[0032] With reference to Figure 4, one method to form the holes 88 is to laser drill
each hole with a laser beam - as schematically represented by the laser beam L - from the
15  exterior of the outer wall 68. As also schematically shown, a laser-blocking material 90 such as
a wax composition, epoxy resin or other hardenable materials is disposed in one or more
passageways such as the impingement passageway 76 to attenuate the intensity of the laser
beam. The laser-blocking material ensures that the laser beam does not inadvertently injure
structure that faces the cooling air hole as the laser beam breaks through the outer wall 68 during

20  the laser drilling process.

[0033] With reference to Figure 5, a system 100 to fill the workpiece 60 with the

laser-blocking material 90 generally includes a source 102 of laser-blocking material 90 an inlet

connection 104, a pump 106, an outlet connection 108, an enclosed environment (illustrated



bet ween the high pressure conpressor 52 and the high pressure turbine
54. 'The inner shaft 40 10and the outer shaft 50 are concentric and
rotate about the engine central longitudinal axis A which is

collinear with their |ongitudinal axes. [0029] Core airflowis
conpressed by the | ow pressure conpressor 44 then the high Hr@&g¥de-8c
conpressor 52, mxed with the fuel and burned in the conbustor 56,
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turbine 46. The turbines 54, 46 1l5rotationally drive the respective
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[00301 Wth reflerence to Figure 2, an exenplary workpi ece

r ot or PT 54 of the gas turbine engine 20. It should
DBl B

be unders ough a particul ar conmponent type is

illustrated he .di scl osed non-limting enbodi nent, other )
conponent s W @ﬁf i nt rFQFI%B‘?g‘?é'B'BQ\%B?tV\ﬁIPI ¥ é’lzg% 1 EREHT lan‘ﬁé‘;]’é‘?clt MgvorkRisce
wor | .cpiece 60 in this exanple generally 20 .includes a root section
62,°a PP dP foYafeB Y RAsE 4vagHEm ant hgj infes icpnrestien 4Pt @rd theneutlst cpggection 108
section 66 is defined by an outer wall 68 between a | eadi ng edge 70
and a temimupisgteaighe the2workhisce pQithiongh ggucipsed envippavent tHbTdal se theriolet
the | eadi ng edge 70. The outer wall 68 defines a generally concave
shaped cpoetion §bemd g eutlst esmgeceors il 3 cGB8Ruaitate avige ner pdskageways 86-86. It
shaped portion PA-0023980-SG form ng a suction side 68S (Figure 3).
The outleuldved dppb&isted @athe SdarRohiTRtidn 00 dddahPbatick Osrhes@it 108Nnéddd Rirdus
tip 74 of the airfoil section 66. The workpi ece 60 includes a
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by a | eadi ng edge passageway 76 and supply passageways 80, 82, 84, 86
Whigh gRYiqRetk Gidaddnp eyl ior® Gt or 3

86 extend'into t%e énterf%?ﬁg?ﬂ%&gﬁgﬁﬁ#g@ﬁﬁ%égﬁ?@ﬁﬁ%%ﬁ%%ﬁ%%%?gﬁgsofﬁhe
extend“kp{§%gg@ntine or other nonlinear fashion. It should be
apprecia gd that the passageway arrangenent is nerely explanatory and

t hat variou ssageways, nmpy Al ternatively or additionall e

provi ded. [B’(gg%] Wtqﬁer%ﬁ“gg@ﬂ&z RSTaETSy e PUIP o149 gp IfF‘Ecg}loﬁg/ Oil%nrlhérﬂ’&losed
i mpi ngenent holes, as represented by the hole 76P, connect the

| eadi n§PRgRepat Pty tgcats, thenlasqrdlenkig matgdal ¥yfrem the goygre A02 freo the
supply passageway 78 to receive cooling air fromthe root section 62.
A plur ypl‘WCeféOftKwoméleﬂ intry chonesBora dPherthput ¢fethe eendkmierectiythotgh thesoutlet
represented by the holes 88, may extend fromthe | eadi ng edge
passagewagctitd §08. thent eanHimgtiredgebadageronthe kowudH 12 incdudenalproddssor 1124, a
[0032] Wth reference to Figure 4, one nethod to formthe holes 88 is
to | asekemdry [1I2Baekl holittenhid 182¢.asElie parBisor a325cheyati 481 type of known

represented by the |laser beamL - fromthe
microprocessor having desired performance characteristics. The memory 112B may be any
computer readable medium which stores the data and control algorithms described herein. The
interface 112C facilitates communication with other systems such as measurement subsystem
20  sensors, and/or as other subsystems.
[0036] With reference to Figure 6, a process according to one disclosed non-limiting

embodiment is illustrated in block diagram form. The workpiece 60 is subjected to vacuum or

partial vacuum within the enclosed environment 110 while the laser-blocking material 90 is



15 exterior of the outer wall 68. As also schematically shown, a

| aser-bl ocking material 90 such as a wax conposition, epoxy resin or
ot her hardenable materials is disposed in one or nore passageways

such as the inpingenent passageway 76 to attenuate the intensity of
the | aser beam The |aser-blocking material ensures that the R4@3980-3G
beam does not inadvertently injure structure that faces the cooling

ai r holfewag dubesH afedr A8 6T Ble§aks évtﬂd\;\?'ég bhelAGH S1eE£60, Bk 10 Sor@ihihPg only,
20t he | aser drl%llng process. [00%3] th reference to Figure 5, a
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110) and a control 112 | houl d be a ciated that the system 100
s schdgtPiednhs Mot 90 o SEP e asbro-ohe Gty ThIBHERT eIy Tobeive the
subsyst ens y alternativelg or. additionally be provided. [0034] The
encP os daverivaseohlvelipe matsrins9Qsolang pxtleveisanoddedherstiBpushy t he

worl cpiece 5 60 to a vacuumor partial vacuum The inlet connection
104 and t hell937] et InioaMedkd workpge 60 infirst Waded inilterentloscdmavirpirees 160 and
t hrough the encl osed environnent 110. That is, the inlet connection
104 anthetihlet camnk@iondOrdned buthst cdfi@cianitisnire adremcvted thetdie (sepsiay ey Bow of
76-86. It should be appreciated that the inlet connection 104 and the
out | et lssenleckin®mattdidl 90| theteconahbrittBed Mtkichakedosptle 88 ag tel wdrltpieee 60
nmounted to or within the encl osed environnent 110 to receive the 10

wor kpi ecibROted A6l vRLANI Sy SITHL AL IR MU Ef31dsBE eRRRNRent ™IS THALBERAR or
passageways of the workpi ece 60. [0035] The control 112 operates the
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m croprocessor havi ng desired performance characteristics. The nenory
112B rrﬁ?nsseﬂ%swt@é v erkpiess 98 Brhale fae vasmmrergtarial opewm prelesad snvirpaument
control algorithns described herein. The interface 112C facilitates

communpagndome winthibblep ér fasilisate theirsttashpars  AedeGiherferit/as (BY yseaastant) shows
20sensors, and/or as other subsystens. [0036]Wth reference to Figure
6, 12 pthet dssizodfche hindubblcomil] giave vbse thenmldsédreviitogment 110 is depressurized

and eventually all the air bubbles are flowed out of the workpiece 60. That is, depressurization

facilitates removal of air bubbles from the laser-blocking material 90 within the relatively small,
complex, and closely spaced internal cavities.

[0038] Once an adequate flow has been provided in response to a predetermined

20  time, measurement of the molten laser-blocking material 90 or other determinant which assures

air bubble free molten laser-blocking material 90 (step 206), the flow is shut down (step 208) and

the laser-blocking material 90 is allowed to harden (step 210). The workpiece 60 is then



enbodinent is illustrated in block diagramform The workpiece 60 is
subjected to vacuumor partial vacuumw thin the encl osed environnent
110 while the laser-blocking material 90 is PA-0023980-SG fl owed

t hrough one or nore of the passageways of the workpiece 60. That is,
for exanple only, passageways 80, 82 are in comrunication w tHA-Q0A80-5G
inl et connection 104 for the | aser-blocking material 90 and

passageuayeddtom 8 @lBokdert ANV WIFLA) eenhdeP Gl @idh2ek). Edn -
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wor kpi ece 60 is subjected to vacuumor partial vacuumw thin the

enc? os &ered 9¥ thegravipiecelofvhivh facilieiey miedatively rpnid evele tigcuum expands any
air bubbles in the |aser-blocking material 90 and transports the air
bubbl es out [@H0} he Iinhokidi teomdeBtopd ity rd@ave. pokitiond! Hemswsocldss, "foiverd," "aft,"
wor kpi ece 60 is subjected to a running flow of |aser-Dbl ocking

mat er i &hppe)" t"ovens Unbovarly "talaw, b ubbit@s”, ditec and itlsd &Ré laye bethngference to the
transported out of the workpiece 60 while the vacuum or parti al
vacuumeingdl] ep&eticiavitindgenie ¥RaRAsd tiRfilBhdt bR Ybhi®Sed Ahéragiellintighe
their transport. Boyle-Charles' |aw (PV = constant) shows 15 that

the size of |golag) ai it HLBRIRUNMESlo0 'ﬁ%\f\’li}e@ﬁa@er&m@ el ﬁgntﬁ?\ébfé?%\;\'gﬂflg or

110 is depressurized and eventually all the air bubbles afe
oufq of ' j S i zat i facllitat
e A T S e e
relatiyel.y . small. ¢ | ex, anpd ¢l ose ed  internal cavjties.
{6038 S8 Ptpontl FBersemeAh SERRR! B0 RGSG A RhaBrEEobY Hangements
predeteﬁ 'neg gQ %ine, measur enent of the nolten | aser-bl ocking
mat er i i 8F°8 "GP det er mi nant which assures air bubble free nolten
| aser - bl ocking material 90 (step 206), the flowis shut_down (step
208) and t h@og%]ser Altheesi pgrtigele step| seaeences atel g tdesaribediernd( slrimed, it
210). The workpiece 60 is then PA-0023980-SG renoved fromthe
envi r osheikt bel nglesteasipthati ypst thesnbe perferndiin lapy ofdst,e3op@ai4) .or Thmbined unless
har dened | aser -

15  otherwise indicated and will still benefit from the present disclosure.

[0043] The foregoing description is exemplary rather than defined by the limitations
within. Various non-limiting embodiments are disclosed herein, however, one of ordinary skill
in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be understood that

20  within the scope of the appended claims, the disclosure may be practiced other than as
specifically described. For that reason the appended claims should be studied to determine true

scope and content.



bl ocking material 90 may then be renoved fromthe laser drilled

wor kpi ece 60 (step 216). [ 0039] The air bubble free nolten

| aser-bl ocking material 90 reduces process turn- back. Vacuum
degassing of the nolten |aser-blocking material 90 also facilitates
an increase fill bspeed of the workpiece 60 which facilitatesP/al023980-5G
relatively rapid cycle tine. [0040]1t should be understood that
relative positional terns such as "foicwg$ "aft,” "upper,” "lower,"
"above," "below, " "bottonm', "top", and the like are with reference to
the normal epgkatdanahattitude of the vehicle and should not be
considered otherwse limting. [0041]1t should be understood that

| i ke reference nunerals identify corresponding or 10 simlar

el enents throughout the several draw ngs. It should al so be

under stood that although..a particular co nent arrangenent iS.,

dr'scl osed i e Ao GaEE e ibRieid AR it b ARaER R Comw Fpe:
benefit herefi-om | 0042()]é¢|,thqugh particul ar step sequences are

shown, descri bedP!agifg 2 dosknigss n pp enclosed giroamset under st ood that st eps
may be perforned in any order, separated or conbi ned unl ess

150t her wi se i ndi exmedingridlasgriblocking| matgréa) éiflpt connentivn land putést gpmnection to the
di scl osure. [0043] The foregoing description is exenplary rather than
defined by whekplidcai tati ons within. Various non-linmting enbodi nents
are discl osed herein, however, one of ordinary skill in the art would
recogni ze that vsaibjetsg nhdivdrkgitdcors aAngl Madti @t Neactim!| Whih 0f éf®sed
above teachings will fall within the scope of the appended clains. It
i's thereforei®nkentifger stood that 20 within the scope of the
appended cl ai ns, the disclosure nay be practiced other than as

spegi fically desgiRefcarfigra MBRln fa@&ﬁﬂ&l&%ﬁt@ﬂ?ﬂqg}dtb@lv@drﬂi‘}ie&hﬁi‘ﬂu@htfﬁe

studied to determne true scope and contert.

laser-blocking material inlet connection while subjecting the workpiece to the at least
partial vacuum such that air bubbles in the laser-blocking material are expanded and

transported out of workpiece through the laser-blocking material outlet connection.

15 2. The method as recited in claim 1, wherein the workpiece is an airfoil.

3. The method as recited in claim 1, wherein the workpiece is a blade.

4, The method as recited in claim 1, wherein the workpiece is a High Pressure
20 Turbine blade.

5. The method as recited in claim 1, further comprising:

10



PA- 0023980- SG CLAI M5 What is clained is: 1. A nethod of injecting
| aser - bl ocking material into a workpiece conprising: 5placing a

wor kpi ece in an encl osed environnent; connecting a
| aser - bl ocking material inlet connection and outlet connection to the
wor | cpi ece; subj ecting the workpi ece to an at | east parRA-@R3980-SG

vacuum wi t hin the encl osed environnment; and 10conmuni cating a nolten

| aser - bl ocki ng naétemhialng! thAOths RELINRNERE-SRekih R R ththil aReHokbREKiNG:

material inlet connection while subjecting the workpiece to the at

| east parti@LbM@gquﬁguch that air bubbles in the |aser-Dbl ocking

mat eri al are expanded and transported out of workpiece through the
onnec od.as .rec

| aser - bl ocki ng riak oufl C ion., 152. The neth jted
ot aim 1 wher St ot Hont BREE Pl Rine gfiprial Snliind SR 4ok Toing
recited in claimil,. wherein the workpjece is a blade. 4. The nethod

as recited Pﬁ&%ELWH@Tfﬁ%H8WQFﬁePﬁ@”ﬂ@b%ﬁﬁ@ce is a H gh Pressure
20Tur bi ne bl ade. 5. The nmethod as recited in claim1, farther
conprising: PA-0023980- SG

6. The method as recited in claim 3, further comprising:

hardening the laser-blocking material; and

laser drilling the airfoil.

10 7. The method as recited in clatm 6, further comprising

removing the hardened laser-blocking material from the laser drilled airfoil.

15

11



determning that the nolten | aser-bl ocking material within the

wor kpi ece is air bubble free; and shutting down the flow of

| aser-bl ocking nmaterial once the nolten | aser-blocking materi al

within the workpiece is air bubble free. 5 6. The nmethod as recited in
claimb5, further conprising: hardening the | aser-bl ocking natR-§0a3980-5G
and laser drilling the airfoil. 107.The nmethod as recited in claim®é,
further conprising renoving the hardened | aser-blocking material from
the laser digilled @kichObémprisify: A system conprising: an enclosed

envi ronnment operable to cont ain a workpi ece; an inlet
connection to copmuni terial.jinto the

wor | cpi ece S5within sa&gEl oseg %}%La:%?égﬁ%g% a%%rﬁbw&@ an outl et
connection to commlcae he | aser- cki.n rial fr .
wor kpi ece wi ¢ hi n sén%f%’ﬁ% 3}8@&0 T AN WA IR S—
subpected to.an at fal gartl al vacuumw thin the encl osed
envPronment "4 H‘rrga{dn%{ltc FECYHPRIEAt % uum expands air bubbles in the

| aser - bl ocki ng mat eri aI and the air bubbles are transported out of

the 10wor kpi ece. an QutlphConnestienmtasconupiniende ithe drssr-logkinghmatsrinl ey the
| aser - bl ocking material is an epoxy resin. 1510. The system as recited
in clai m8, watkiasenvitdhen shid asdese lcovikemmentrag theivadrkpisceais wabjected to an at least

partial vacuum within the enclosed environment such that the partial vacuum expands air

bubbles in the laser-blocking material and the air bubbles are transported out of the

10 workpiece.
9. The system as recited in claim 8, wherein said laser-blocking material is an epoxy
resin.

15 10.  The system as recited in claim 8, wherein said laser-blocking material is a wax.
11. The system as recited in claim 8, wherein the workpiece is an airfoil.
12. The system as recited in claim 8, wherein the workpiece is a blade.

20
13. The system as recited in claim 8, wherein the workpiece is a High Pressure
Turbine blade.

12



11. The systemas recited in claim8, wherein the worlcpiece is an
airfoil. 12. The systemas recited in claim8, wherein the worlcpiece
s a blade. 20 13. The systemas recited in claim8, wherein the

wor kpi ece is a High Pressure Turbine blade. 14. A workpi ece,

conpri si ng: a hardened, air bubble free, |aser-blocki ngPA-0023980-5G
material within a passageway of the workpiece. 5 15. The

| aser-bl ocking naterial as recited in claim15, wherein said

| aser - bl ockijag W@éﬂkﬁﬂecé SoPrigROXY resin. 16. The laser-bl ocking
material as recited in claim 15 wherein said | aser-bl ocking

10material is a 8 i
claim 15 wherein safd ned a p%g%a?%r gér%%ﬁ@?ga%%keg%%%%ﬁgc Igl%slaée%y JF the
material as rekl ted in cI aim15 wherein said worlcpiece is a High
Pressure Turbi He Bl ade.

5

15.  The laser-blocking material as recited in claim 15, wherein said laser-blocking
material is an epoxy resin.
16.  The laser-blocking material as recited in claim 15 wherein said laser-blocking

10 material is a wax.
17.  The laser-blocking material as recited in claim 15 wherein said workpiece is an
airfoil.

15 18.  The laser-blocking material as recited in claim 15 wherein said workpiece is a

High Pressure Turbine blade.

13



