;e3e6L"6T6}U.. . o0 ~tooa METHOD OF LASER DRI LLI NG AN Al RFO L TECHNI CAL

FI ELD This inve mjon relates to a nethod for laser drilling an airfoil

whi chyp i sposing nmaterial in passages of the airfoil AR ARkI ng
«a |as$“\\\“mwmﬁm striking the interior once the cooling air ho@ZﬂAg‘mm
drilled tRhgopwegh the wall of the airfoil. Mre particularly, this invention
relates to a nethod for. disposing material in passages in the airfoil,
such as a | eadi ng edge passage through an adjacent passage which is in flow
conmuni cation with the | eadi ng edge passage. BACKGROUND OF THE | NVENTI ON
Airfoils for gas tur WEEH&{(},}QgFebA ER BRIRING AN AARFQlwpat h for wor ki ng
medi um gases. Exanpl es of such airfoils are turbine blades and turbine
vanes. The airfoils are bathed in hot gases as the gases are fl owed through
the engrpeHNicall pgEr@r is 15 flowed though passages on the interior of the
airfoil under operative conditions to keep the tenperature of the airfoil,
such as a t Jihid myentioe relateutdemethicddier lasamdmnlling capriddiewhiah insludes

additio the airfaoil.my_have ling.air .holes extending fromthe.

ot ar | oftspRRReahaefiel EP¥anHtes 5 afe et e IR Peat E8REEEinguon  ng
ai r fromdasesgesnaNteocddivig &iF Bbieols @iliddeireudih ehé war euge simeilhanomal | s
to the exterior. The exhausted cooling air provides transpiration cooling

as the &PrtigyaryeshisArvriiontnetatomta agnethedifpl disposing Wiateriad inipasseges ol i ng
ool ng 08 PAIEHELLE] 283 b 30ng dadsedie Bi8EGn 4T ReBEnPbietos it iz ing °

medi um glassesimmanicitien adibl thedeading kdgepagsaegenal | and nmay have di anmeters
that are in a range of eleven to seventeen nmls (.011-.017 inches). The
hol ¥ are drilled in pre determined patterns and are contoured to insure

adequat %&@RH%@UN b'?eTﬁErlﬁgiElNTl way to drill the holes uses a laser to

direct a beam coherent "energy at the exterior of the airfoil. The

inltlenSfe rﬁdiamogg_fclﬁrrgzlm mhtﬁnéaﬁ@:]ndseamd dﬁsﬁsm&hraﬁﬂgb/payramrmmmgﬁgai@nthe
wall of the airfoil, avi ng, behind a hole which provi des a satisfactory
condui t %ﬁsccﬁaqam&&e%lpf SUkAriods e Lirbmelagen @NdHERINE aPgsh tecaiFioHs oi |
wal | int i i [ t Eradeam | | a : ture
on the oét}ﬁgjr%trgél%g{tb)&%%?éc%%tlhtey&%aé&;ﬁﬁgﬂ unaccr{efg%j%@}uéé %g]ﬁaﬂ’ggé ?gemgtagﬂgf oil.
Accas di rfgwed tHonugki pessegesrdnathenimerize of tHesgide diridertdperative cpntitionsdok t he

| aser beam from strikin | I's. bounding th avity after the beam _ .

penet r at ptWPott?ﬂWefﬁQe’r%io P”’E%'l suchHIs %Bﬂﬁtﬂﬁ:ﬁ%% ar durting &lafe puidia

Wi thint e%iéﬂlﬁ\i}nitfshe ceram c casting core around which the blade is
uring the

pour ed manuf acturi ng process. The ceram c core provides a
sui t abl e bl otrkaddjtiomttbeizitfoil May hayeaooting @irchales sxbsetiug fitohy tHeointetanted by

Il Kk | eachi ng. t ' . Thi h is d ibed in U S. Patent
6o Do B AR s SN 5 oqaing MBREBECR G e, 47 Goum, Bessads 1 ¢
and 2§t r o intdEer¥eIhe diFfBil Bir@EEA &S Abt WARs EPIHR &itbAbr. CTALIdXaRERYdtling

initial inspection of the interior of the airfoil. The ceram c material may
al so be @r pfovides trenspieationcosliog asHbe aimpassgsahrougtl the wak addifllinecholing
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film of cooling air provides a barrier between the airfoil and the hot, working medium
gasses.

25 The cooling air holes are small and may have diameters that are in a range of
eleven to seventeen mils (.011-017 inches). The holes are drilled in pre-
determined patterns and are contoured to insure adequate cooling of the airfoil.

One way to drill the holes uses a laser to direct a beam of coherent energy at

the exterior of the airfoil. The intense radiation from the laser beam burns through

AT

*166166%



_Anot her exanple of a blocking material is wax or a wax-Ilike nategia@maéﬂi
material is nelted so that it nay easily flowinto interior pass 3 h
as the | eadi ng edge passage of the airfoil. The tenperature of the nolten
-material above its nelting point, may exceed two hundred and fifty degrees
Fahrenheit (250). The 20 nolten materhal may be poured or injected into the
cavity or nmay even be sprayed or painted on the surface to be protected.
However, the nolten material may severely scald personnel working with the
material. In addition, the wax may extend between two cl osely adjacent

cool i ngnhaifallstltee aﬁmletmcﬁsmﬁarat hélbewmcm ptovidésa salisaatdry wokeult fier | aser
beam as the second hole is drille nmelt as the fi rst\lggole is drilled

by 2s t¢aslingsair. Heathe A bgamsegn%traﬂea?dhwghdhﬁ] aiofl realhiplo ks Ider@s y| ¢
th t he, | b t
i o5t ek aRvpi trehasathay SR bt PR ARSI, S Bl e B e eaghent 1Y

havi ng EA&siNg UHacdepiamsle daRYadgeCRUhet Airfbine ARtsAdindly, alsiotlklagmat@ndl h'rdyebe S
drilled because the beam after it penetrates through the wall at the

second Hispesedrdy tee raavily ttaeblpek dhe dasaxzawaraffr@rﬁestgbln@. Wels lbounding; thvr 2003

3 One wax dditive to avoid form ng
voi ds i gaﬂly %ﬁﬁsbgg?ﬁ%%%%grnﬁgéﬁgbdf%@”q‘lyés“gued to Corfe and Stroud,
entitled "Ladws aParoachris wumeadiispmbd\mtthmdhe)‘alﬁaﬂ;eme Perdrhicraastingrecater f e, a
PTFE ( pol tetr f | voroet hyl ene e nater n_a_wax
base. | TRESorwPich B et 1 Souted Rurnadie Mt earS REPSERR s Bedic
materi a ter, f d ge S sl

diffi cu%?@gﬁ‘g@%%% aglspg ébl@ bl%&i‘( ﬁgnh‘?ﬂeer%deagﬁ% éée;fgg]elt Scadggagegﬁgs?dr% ntly
connect iremoved |byg/vélhhnowatlemhlmg ttachmq:aaeext‘r@rs epprsta hie dggcribed.inlW.S.s a

! mpi ngo AT 22. B A RPACEring TabsyRlades st R nrRlel¥ (G g

adj acentgy Rﬁﬁsaﬂgwemefm ?e?e%@f&ftﬁé%&?&sﬂa& é@stn@spmeﬂ&emum mQ;sedta@ﬁel ving

cooling alr Wwhi to the | eading edge passage. Accordingly,
per sonnelf thedntedar ef the ylrtmlurThhe:enmhtCemaMtaérfmw ajse bﬁedlffﬁuﬁtmd'pé‘mvﬁg and

mani pul ate the ai avod bl es t di ng edge
passage orgei e Salpdar hle? seRrBe, JRaddiom ok it i8nt 2valie A cposy
resif 'Srelﬂ@r%hode%séswftﬁéfélr'fdll WH@hahéi dduiretedrifiindict thé abslind BR HORSXY resin
is disposed in the airfoil by sinply pouring the resin into the airfoil.

The epoxy re8nethes exampie of te hisekmgumatericd lpm@s on@ sdt-likenmaterialr dheo
personn g resijn i s further ocessed, to _harden the fluid, 6 and
ause | hethALIo A 57 uRal T atosilly BE TS Fliers HrsapebesHEk Sl oned
in US. lé’éﬂlﬂgteo@e Pe3add of thie\wmyal, . Thé‘@erﬁﬁéﬂdmﬂesofﬂﬁerrﬁbﬂ‘ém Wedtdridl Sses
conpared to nolten wax and has difficulty in flow ng_throug I

connect i HgMphingnpidt, eyt exsceeditweitsindsed end filly degrees Eliahr@nnheﬁidIZ{rSrglJ aiThe
bubbjes L&Rgh I’n%tér?él Wlé)pbg b8ﬁ}<éd1(9r |Rfét<:?erd ‘No {hré géJntQ%rC \'/eenS be sprayed or
painted on the surface to be protected. However, the molten material may severely

scald personnel working with the material. In addition, the wax may extend between

two closely adjacent cooling air holes. The wax adjacent the first hole, which blocks

the laser beam as the second hole is drilled, may melt as the first hole is drilled by

25 the laser beam. This causes a void to form in the wax. As a result, the energy
from the laser beam at the second hole may not be sufficiently dissipated by the

wax as it passes through the portion of the passage having the void. Damage may

occur to the airfoil as the second hole is drilled because the beam, after it

penetrates through the wall at the second hole, may strike the interior wall of the
30 airfoil.



as the | eadi ng edge passage) and in passages which are bl ocked by the in
“flow ng viscous material. These air bubbles result fromnot flow ng enough
epoxy resin into is the | eading edge region to elimnate the voi ds(7IMAR 2003
.addition, the structural design of the airfoil may cause the airfoil to
trap an air bubble with structure mﬁtgin t he | eadi ng edge passage.
Accordingly, scientists and engi neers”wor ki ng under the direction of
Applicants' Assignee have sought to devel op a nethod for disposing fluid

bl ocking 30 material in a structure having a shaped cavity such as the

| eadi ng edgnd war-lkertflothing materialahiciooses itiveito eMeidiforminaneeidei al is

forced into the | eadi edge [ as t he bl.ocki erial. s, fl dinto
the ai rf%ﬂ*“%ﬁ?d\ﬂ&%i%%?tﬁa‘iﬁ%%éjﬁ' AR5Aen 068 %eggbé‘éeﬁ{mqezdve% s:légn, a
met hod faggrrigl SMREHAID APHOReNEL M@t eakad Orimimyioh 18 Godieal a tHTHE (pudytagenent
holes in a | eadi ng edge passage of an airfoil prior n&g@d‘gl I‘l_:l nﬁ; cooling air
hol es t ducrretpyigs@lwaxke mpserial is dispeRpa N BI WX PRS- (7 Br EihglRs gwoid

dj t L: : . j it h
o b adnB ARy Bk Y DiRfosiEAA FAURRDBATHERNIGIRY drl SReadifg adbel [, |
a parti gasgsagy as particudrphdificiitelas adniehairfolis unBiter thédegrding esigeppassader ough
t he passages to force bl ocking material: fromthe s%con% @aslggﬁgle into the
| eadi ng RARgRO cegneFtiandiinhiabrication withdhe axterieredf theraigetlo b FHEP N A « he

present ddueeaid BRssdddoiBi'109e LAY URLrafYexSeER b hél hBfiefiterThHoRéd al

f or med a m xture of epoxy resin-and a curing agen roomis

t enper atwihiehipiace the paissége lin igasacoremunicatior iwith aat adjgcant psssagesnplreat ur e.
I n accordance with one detail ed enhbodinent of the present .nEt.h(}F ecﬂ ugh
f1uilfl mi 39IBFENRASIRIR @IS 3% RD QReNIRY Y SGEIY IR PO Y WRICsis #]9wq gf’the
ai rf oi | stneS|ea8IRGBdJE DS SaRIVALCBINGIE FRirBdHHel Phust dRefUN@tpddrahéihbiesh
airfoils spend at a reduced pressure to limt the length of tine the epoxy
resi n anohatarial rig thgeintet aopening andc tianiptlatepttieorirfail th syoid bybbles in theire in
a reduced a ere nvi%ment. I n accordance with one detail ed

t
embodi mefi %%Rfs q‘ﬁ@&%’i ° R#E3BPocki ng material hardens in an
environnent Ay AbtRePBESRDACR ¥WRbAlsd 8 rBaSahG adeh@Nsiidie a@_réﬁ%m%qfesme

partial vacuumto decrease the volune of any trapped gas in the bl ocking
mat €5 al wiiakpigsdispasiedninrtherairfail i sifluid stata Jriienepgxyf tsiniis disbosad ipibgent

et Bl b Si5EP Pl 8D et Ry 1R a0 S0 e B ng
mat er i al tdripdriatiire dn@lrpBseR R StaIdiRg iHaaarP pdrabaselt hate egafgeféswissm
passage to the | eading edge passage of the airfoil. Another feature of the
present PrRA8sSRG 0 heraamctherfidd and causeatil thbecame a aene sglid reaterigl similar
to the PTFE wax mentioned in U.S. Patent 5, 049,722, However, the resin is
20 relatively viscous compared to molten wax and has difficulty in flowing through small
connecting passages on the interior of the airfoil.
As a result, air bubbles tend to form in blocking material in blind cavities, such
as the leading edge passage, and in passages which are blocked by the in flowing
viscous material. These air bubbles result from not flowing enough epoxy resin into
25 the leading edge region to eliminate the voids. In addition, the structural design of
the airfoil may cause the airfoil to trap an air bubble with structure within the leading
edge passage.
Accordingly, scientists and engineers working under the direction of
Applicants’ Assignee have sought to develop a method for disposing fluid blocking

30 material in a structure having a shaped cavity such as the leading edge of an airfoil



0 7 MAR 2003 5 carried out which conpresses the vol une of an% qﬂﬁgggs of
“gas nolecules remaining in the blacking material. Still anot lr ure of
one enbodi nent of the present invention is the |evel of tenperature of the
.blocking material flowed into the airfoil. Another feature of the present
invention is the step of removing theyblocking material s by heating the
bl ocking material to an el evated tenperature to vaporize the bl ocking
material. A principal advantage of the present invention is the speed at
which airfoils may be filled with a blocking material which results from
forcing the blocking material into the | eading edge region of the airfoi

t hr oughgseritati tAB1 fRAE FRAtkriBOIsCRred Ritd ehe i|@adifly ddqROEalily hehe asbckifg
performng the drilling function which results fromthe ease of handling

t he ai r materdalfis flowadwtonheREtkl ng mat eri al and avoi di ng scraped parts or
parts needing rework which results fromforcing enough bl ocking nmaterial at
roomtenperature into the | eadi ng edge regi on. Another principal advantage
of the BEAMARY OFRINVEMTIONt he health and safety of personnel using the

met hod by avoiding is the possibility of scal ding, of personnel handling
bl ocki ng” nat A¢Gosdingrlg themresery inyentian @ 'B‘ﬁ”lﬂdo@fiqﬁﬁp‘?%@%?’i?%qk'%merr@sul ts

from usypg, 5!pgt}rggﬁfdﬁﬁép!@}irqélrﬁ'ﬁgléﬁﬁdﬂé‘%ﬁirﬁ] odQ0 PRk SIREECAM BtdiRBridre

bl ocki ng eri I'''ng operati anot her advant age of
t he preedtllingceolingairitoléh trespassagedncludes 1) flewih® bldokngrenatariallintaf t er

' i1 i heat | he filled airfoil af
OO o ek, SR T 0 Plshi bl e L6 Pl
DESCRI PE%@A#% %Pﬁ&r“g\f NPIddidg te rockiny H‘%t&*ié?}’@,{ priing efridl nuebpdiaal

airfoil ne vane type wth part o e fl'ow directing portion of
t he 1ai r fachurb vdliem ircregsemnthes ealuimenefdtheogash eacapinghiéreughe thep pagsageseto

irfoil, Fig. 2. ' | _vj f th hal Ly f d st at
vane snithe boBiigS el Tt ng; Seeanch pySear JihiheBrif PSS et
ai rfoil yeadyhime lﬁg%—hbﬁt g@]_gg_i on, the presence of gas bubbl es disposed in
9

a blocking material. Fig. Is a view taken along the lines 2-2 of Fig. 1.

0 7 MAR 2003 Imaregrdance with tbequesentdnyerian Wewalareindudeyfioning adedd 3- 3
S 1o an Mo aBREARREP8Y drof rMelihior SR Y Bt OF | MG aE R Kl i
| NVENTI @nbegaturk inf thesdideil # & ahvipghméstihef isai redmfteiriperaturé gas turbine
engine as In accordance with one detailed embodiment of the present method, enough
fluid mixture is mixed for the airfoils such that the time of filling the airfoils is
approximately equal to the amount of time that the filled airfoils spend at a reduced
pressure to limit the length of time the epoxy resin and curing agent are interacting

20  prior to disposing the mixture in a reduced atmasphere environment.

In accordance with one detailed embodiment of the invention, the blocking
material hardens in an environment having a pressure which is greater than the
pressure of the partial vacuum to decrease the volume of any trapped gas in the
blocking material disposed within the airfoil.

25 A primary feature of the present invention is the step of forming gas bubbles
having increased volume through use of a partial vacuum, with the expanded
bubbles forcing blocking material in fluid form through impingement holes that
connect a second passage to the leading edge passage of the airfoil. Another

feature of the present invention is the pressure at which the hardening step is



represented by stator vane 10 for such an engine. The termairfoil includes
without limtation turbine blades and turbine vanes and ref er@] MAR 4003
portions of the turbine blade and the stator vane including their flow
-directing surfaces) platforns and io buttresses. The airfoil has an outer
end 12 and an inner end 14. The airfoil has a trailing edge region 16
having a trailing edge 18 which extenés in the spanwi se direction. A

| eadi ng edge region 22 is spaced chordw sely forward of the trailing edge
region. The | eadi ng edge region has a | eadi ng edge 24 which extends in the
spanwi se is direction. The airfoil 10 further has a fIOMFdirecting surface
26 whi ch extends hetween the inner end &4 and the ute&ﬁg l12. The.

f | ow di FBEIadRMIVIHNER CAMPrRISESARE YOMa HIAMSPARKELS P! 985 iRy L¥Tginng

si dewal |; [ S [ | n t he

| eadi ng egﬁe 1 %%ﬂgﬁ?faﬁﬁ”%“é@%}gwmegc?ﬂg gﬂgg@m@{tg%ﬂ gt? ?gerﬁ@éol i ng
air di sprmﬂﬁonhertbbéew&lmi tefﬁberaiuneroﬁ thellgobking anaterisd flpw&dr into theabirfadi

d f t f th
cadi ng AnsgRerdRatifh ot e Biesial pvelanHane efth R FRETEE 461 Bl el B "and
the gressuméat _?C\ﬂlé’aﬁléc I9rlg hRAid1 %0 anf dlEPateBAETPERER {PVasEHd the BibEking

t her ebet ween. first passage extends spanw se in 2s the | eading edge

regi on 2natebaki ng the process of fabrication, cooling air holes 42 are
drilled by appr j | i . hol.es e

sidewal Is to l? ﬁ@R?fﬁ?L?Fg?ﬁgéetq;fgﬁ%i(b??%élrﬁ%\?éritwg 1%@ %ﬁ%aeufr@%‘?gﬁd&%d in
ot her reagapbe fillediwith abldokirlg mawnashmm)resmfrbm mrcupgsuaagﬂaoamgmtatemalf | ow

communi cat1on with the exterior of .the airfoil ouhthel adi ﬁ_'ec;e
regi on |'Ht°a“'ﬁdP?¢'é.‘9I%fjgeoﬁeﬂEH‘ ‘A{thf"(ﬁ"ﬁo” threugh RiR '2 hajes. sﬂ‘g’o

f
corr Do cldifiane 18 B clst Bt BEHbfT ?Q’{'@ﬁ‘f&g@k*'?‘%‘@'%@”s Birh the ease.
partial | gf hamdiing toier émidnlsﬁﬁletirwiﬁerblonbm;g trtatsmmivmmm@vbﬁhdg r&g:rmb}‘e paetgl am of
th foi | in Fig. 2, .th fil d t I i
s 455 reaT R o oyl hod Pl S25ku Sbelh AR bR,
| nt er nal (gipddrattte SRESIHE rnaaeiﬁgr e&%§ ehRndi VASIhER®riricisdl S@REMESE dragRRge

38 into a first spanw se reqgi a second spanwi se region 48. The
airfoil peeseatiryention éb ihetteeaikbnl am$afewofma@m@mm@smﬁmd Phaveiding ng

Thec 6" pap b8 Adha/R nerdChnel Siptling SRS MU pnd A ABE "o°"
adj acent with BlB&kihg nedtefabwhRA r%%ults’%frahuuﬁhgta/ﬂgfd eﬁwwmrahdh%rqénéﬁat

ext end througr;‘h the first wall to place the first lgassa ge in flow
comuni c&9M0 emperatweefoséh@mqumgsmgt@na)\durmgtth@;ﬁ mgngp@atlan 1318l anetber end

sccand pasaaace e Pelindinlio 1€ Sie Belncdt ol b PhecPatRAER .

cover 63 atst emglemmroftthe dritlirgeparation by HeatingahetfiledaEbil 2@t dFilling to a
manuf act ur e. | ocking material 64 in the fluid state is shown disposed in

t he 128aditpPerayarerwiyravaporizes s biacking guateridle trapped during filling of
the airfoil with blocking material. The bubbles are shown in schenmatic

fashi on as re resent ed lgo)y the gas 20 bubble 66, the gas bubble 68 and the
gas bubbl 5Rf§ DERCRIRHON,QFR MHG% always in fluid comunication and

generally in vmth S con S t hr ou t he.

i npi ngenent hﬁ@f%@%@&%’ﬁ@%ﬁ'%”h lfrg r@ﬂ Oi?ﬁ Hé(%éﬁer Y@qqpyp'gswﬁh
resul t, tpartfdfriaé floasaractirgotiba &Qﬁ@@ﬂ@iﬁ@ﬁ@% g®agrad b‘eé‘tﬁj{'%df {oP¥how
comuni cation with the exterior of the airfoil through the first opening 58

at tHé Zsthﬁméﬂﬂcémﬂﬂl@aﬁﬁﬁ)d the second opening 62 at the inner end 14.

ot v 8l | nt PR 1B PR SEBREoN 78 b8 IRt Bh¥ada and

into the Fig.st panteiggerokearawdie t¢ epewdthrariaris. of e @XPdIPAd, ihechesrticon
of inpingenent hole 56a is closest to the second wall, and i S spaced

spanwi se f3shiAn, e peassRge\kiges bukbles| disppssddeid bigeking material.
Fig. 3 is a view taken along the lines 2-2 of Fig. 1.



30 material mght fill to this level leaving a region of restricted
‘circulation Rfor gas 0 7 MAR Z003 s above the hole. The inpi ngehMiR 06b! e
pl aces a portion of the second region that is closest to the region Rin
gas comruni cation with the second passage but does not extend to the region
R Fig. 3is a view from above of the6first outer end 12 of the airfoil 10
taken s along the lines 3-3 of Fig. 1. Fig. 1 and Fig. 3 show the
relationship to the outer end 12 of a first dam 74 (shown in phantom on
Fig. 1 and in full on Fig. 3) on the suction side of the airfoil. As shown
in Fig. 3, a second dam 78 on the pressure side of the airfoil faces the
first dam A cover or a barrier 84 extends over certain other openings 78,
82 in the aifig.o#lista dsbss lsectiendl| vawofakehuglongl beklines PaB el Hig.-t3 Wt hese

| ocations.,. The .dans. the barriers gcooperate with the first side of the
airfoil pPES'_‘JPSrC@}e B‘&@‘qqﬁ%“%a?’@&bﬁ{%’ RS inel the fluid tovard the first
openi ng. Fi Grig4s isSarfefia Gieaidfagbrtish@Fidirough the airfoil shown in Fig.

2 along the lines 4-4. e method of drilling a cooling hole 42 at the
| eadi ng edge 24 of the airfoil enploys a | aser beam of focused coherent

i ght. ' t ' yor of the airfoil. Fig. 4 shows
thehsrel ﬁ%@-ﬁ%"gﬁ@'rmﬁ %%téhﬁ"% m%’g*g@f‘eri or of the airfoil and to the
first passageig39 @&l Bidet BRvAGS 856w0bf dni difondiok he gesoturbinediengimd @as42.

The | aser beamis schematically represented by the center . line L. As the
| aser  beaRfacaAiaty SIRLON vAGr 1 Glor SLCh 8 &g | hettrem aideit insbidRssitheut

t hr ough I : | i i | 1.
The | T nd PR RS Bl WPb R itos S retBis Pl oo o e UFoffe L
The |i neblade tamel thes statdre same Sncludimg theire fiow ndjreatings surfaces, | platforms sage 38
to strili?e éhe first wall 36 as if blocking material were not present.

Al t & natfWEBSSeSt he | aser beam may strike the exterior wall of the airfoil

or) dependi ”@h@%ir‘f’cﬂ@w%’s érﬁ@&ﬁrinégﬂae% ah8%nARRe! & 347 THY SirfdhiNfasf & tediling

internal wall 1nt e region. Unless blocking materi al

absor bs edge thgian pathavinge teaiingyedgé 18hwhicbaxtends imstheasparnvideiditestioor
partially. drilled into t first |1 or. into th teriot wall in this
Fegi on. Aiating &gt Thelo 22 1 fPAcRISRPEBHERY oM ANe FETING FIER PR cuor k
of the arhéabhdinddyedidtiidry hashe 168ding kdife 98I WHIER EBiEEIS AP ItheBpinwisel e 42
requi res disposing a 30 blocking nmaterial in regions of the airfoil

adj déent dirg@iqnecat i on of cooling air holes in 9 the | eading edge region.

Thi s i ncl udesrrarliggh 1B%HAG: Bak'Phbw direihg SLFEREDs WRich extends between
the inner end 14 and the outer end 12. The flow-directing surface includes a
suction sidewall 28 and a pressure sidewall 32. The suction sidewall and pressure
sidewall are joined at the leading edge 24 and the trailing edge 18 leaving a cavity

20 34 for cooling air disposed therebetween.

The airfoil 10 has a first internal wall 36 disposed in the cavity 34. The first
wall 36 is spaced chordwise from the leading edge 24. The first wall extends
between the suction sidewall 28 and the pressure sidewall 32 leaving a first
passage 38 for cooling air therebetween. The first passage extends spanwise in

25 the leading edge region 22. During the process of fabrication, cooling air holes 42
are drilled by appropriate means. The cooling air holes extend through the
sidewalls to the interior of the airfoil in the leading edge region and in other regions
of the airfoil (not shown). The first passage is not in flow communication with the

exterior of the airfoil through the leading edge region in a partially formed airfoil.



source of bl ocking material such that the blocking material nmay be flowed
"into the second passage 54 of the airfoil and thence into the fi nst MEeERRYe

38 of the airfoil. Typically, the airfoil is disposed in a fixture for
.holding the airfoil that tilts the inner s end of the airfoil rearwardly
about five degrees (5) fromthe vertigal. In the partially fornmed condition

of the airfoil 10 shown in Fig. 2, the first passage 38 in the | eadi ng edge
region 22 is a blind cavity having no exit holes (cooling air holes 42) in
the | eadi ng edge region. Instead, the inpingenment holes 56 extending
between the first passage and the second passage 54 nust provide io bath an

inlet for thighbi RCki crossmbetioradl Vi 370a partori of faopaitiatipfeemgdssigopn @ he
interior of the airfoil. The step of flow ng bl ocking material 64 into the

second pRIceseading hiha fisisbed; ziffeil 1 10 shewatiNphigs dge APary Bf ¢he IRAMalkes

| ace i I LSk FSITER 1 i iehir St
gnvi roh@éﬁ??légé%ﬁ%%ﬁw ro\'ﬁlm!.r%g%g}fgﬁﬁiléra%wi‘i%gggmeghﬁﬁf?h??ﬁggd %so refer
to the gaswvmiindhgslr theuairoilt deesexbelyebhavé ddotingiaif diolesddRi drjjleat in dast a

ass | ISR A0S R ShEFEh ek SciReeBoTieRa Rl &7 EHRAUS sHBHvSch as
argon, ¢4 thhEWﬁﬁ@mﬁéé’?ﬁsstaﬁg fito &'first Q}%ﬂ‘%}?@e FIHI84 48BN d QfseEBfﬁfir ot

present 1 nvention, gas Irst environnent 1's 20 air at a
pr essur apiwmedegiohi48t tenperature T1. The first pressure Pl is

at nospheri c pressute, roximately fo en_an even-tenth unds per
square inch 8t le“{%%?? %&Hﬁs‘te%%JWﬁLgﬁiﬂpéfegecf?ﬁécf‘&‘Fﬁ?&"T3“%8%? YBmately
equal t @dgeo LAATREM HHE FirsRAAM 362 "IRIeAIHIFcCirtarPial dldily exte8s ivktweeAnge of
about seventy (70) degrees Fahrenheit to eighty (80) degrees Fahrenheit. 2s

Onelorat sidewallsis; 132gavingum decend paasage béextarsing spanwiseradiacent ta thar abl e

ari 111 ng eaapB A8 & ke Shilfo B8R ne S Bed i by Mg R s
of fers tpiace tesfirstgsassBEd! iRefown cBAfmurtication Wth ber serrpassage. ERA ficdiRE
Curing Agent 3140 material. Equal volune parts of the resin and the curing

agent arePaminged ablie plder end 1Pand asepgnd epanindSaat e WeE 68t elithet i ve,
appl i cahl; i , i f, i QR al
coati ngsainal HacEing sLaf dERLHEs h AR mnlcallt-TIE (% W, SR
(twapt y-dirfoid. (RTpvde §Bomdendnbver ke secdrit: opesiogstot yealf thehepeningndurdgent i s
about three tthﬁ“lgsand to six thousand (3, 000-6,000) centipoise and the

vi scosi tNBHIECHEEr esin is about five hundred to seven hundred (500-700)

centi poi se. N}ﬂoéﬂigé HeRe® & ihlBe "ﬂtﬁﬁiéﬂaﬁé“f% é}\ws Sggas&m rPihe 1IBARIHEERSE at ure

has a viscosity th appr oxi mat es t of nol a: andl may tie I'n a range
of aboutregiore22eeBuhblesrefdgasdre itfappedidadng ddling pbitke aidoihivitn biddking - f our

hundr ed 400 nt,i poi,se. Prjor to ur i t he nol asses-1ike m xture' of
cpoxy r cSRTeHEhq TH P APIE ar Shve R IBRETALE BHSeRgs r e SRR SY RcPeRies
formpng bisbidas thé, gabbabslel 68taHd tHOghS KidHRs F2at THe!l fet Eb%slsagétwﬁ@ of
the airfoil. For exanple, the nethod includes formng the bow 86 at the
out er endwstystinduidaermmunisaboniandgengraltein gasheommusication with the second
passage 54 through the impingement holes 56 depending on the orientation of the
airfoil. As a result, the first passage and the second passage generally have flow
communication with the exterior of the airfoil through the first opening 58 at the
25 outer end 12 and the second opening 62 at the inner end 14. However, regions of
reduced circulation form for the gas as blocking material in fiuid form is flowed
during filling into the second passage and into the first passage from the second
passage. For example, the location of impingement hole 56a is closest to the
second wall, and is spaced spanwise from the second wall. The fiuid blocking

30 material might fill to this level leaving a region of restricted circulation R for gas



.opening 58 of the vane and is farnmed by applying alunlnun10? gqgﬁthe si des
of the airfoil. The tape fornms a dam 74 on the suction side and dam 76 on
the pressure side of the end of the vane. One satisfactory alum numtape is
-avai lable as is Alum num Foil dass Coth Tape, Part Nunber 2925-7, from
Furors Inc., 14 McCaffrey Street) Hoogick Falls, New York 12090. The hei ght
Hl of the tape is about three-eighths (318) of an inch above the portion of
the airfoil which is adjacent to the first opening. The airfoil has other
openings 78, 82 at the outer end of the vane. The nethod includes bl ocking

E ESS&8225{@,5’%?&%22Sf@éém%ﬁ?g%z&%t%@%Bﬁciggewéﬁn%?h”% el Bar iR s
fl al i
ow “gci%'s%{ﬂh’lﬂ%?géﬁp'@@g&%gohﬁﬁnﬁﬁ?lﬁﬂ%‘ ﬁ%”‘gé‘co% B2 gb'uw deRE&idtal is

poured I'nt Into the seco d passage unti l
the bl oekiend touheregibn Reaches a hei ght H2 above the opening. The height H2

| th the h ht HL of th t [l bout f th
(318 or " an Fiac. 1S/ iie NBmoaRpYR ohilid Arst outphead; 12 o (S Heeb Nl FRetage 5
g.r]? §0Pt ﬁ]éﬁqetl'fé fitds @@5@%3@ Fy‘el Bha %4 g sﬁ%ﬁnﬁfHea}elét"@%%rQQéihé%@lt‘eras t he

Irst environ pockets™in the second gassa ge.
Al t er natendel3 of aHferstidami Tmnshca\pemml'gﬂntomeoraﬁm i t@nddngrdwndeiga 3p&nriner at

t he second .open fter,the,bl ockin f

cocond. PcuSREUAH B4 Bl cag sRawrE B Shasre il G QBRI VRIS,
2003 11 4@ of tHe/ BIRfcAUaces thid Arst IR d APESer @R Dbbrrie? 84 sRtendsver _grthipcause
the airfoil must be manlzpul ated and cl eaned of any resin that reaches the

eﬁt eri orotoer Oh@nlagﬁﬁl(ﬁ 182 imthe absaildtaoblogk theiflaw f%&ﬂ)@ﬂ%ﬁ’l‘m%m%ﬁ%@}n% of
bl od®i ndNRRe JFRAIENES' The HAGS onf, el béiriers, RpoBERAEIin T IRHORGE ¢f the

filling aikeil mefdrmb@bchl 86 t@reﬁd‘e@dd and)finm@! thuma:!hawarmemrst/epemfﬁgus t he

anount of tipme filling a batch of the airfaoils is about e to the tine
spent in thergaA Isaf cressuBRetianal Nievwo Eoughdne 2Tl 8ROwR i dsa%a?wq the The

airfoll fidd 8% Ve me P rillAu®s ' Boling h%'uéaésadmenle%dwgcgagaoz@arw' ng a

io secon envi ronmen alr at “a secon erature T2 an second

pressur ealFrblltamﬁloysraéaqmrtteam offacused (:mi'neranpmhtodTbe |adas teanmvimpacts 208 t o
thirty (32&) H}’n Tge second pressure P2 is less than the first pressure
P1 (Pypi EXPriQr oLe AL i ¢ pressure) of the first environment. The second

pressure is ty@iLahbws kies e Jéh@ﬁ‘srﬁg%f Bqﬁgéreﬁeé}ﬁ(iottﬁ\@'é&béﬁdr\éﬁ thd &poillang t hat

is, less than about two and one ) psia). The tenperature T2 of
the at rml;pti‘@r &satoasslagq)aﬁtdmlngvmwme&e abdutlmgof@m @@h@grarm 42ZheThe

terrperat 21N, altern te enbodi of, th nventj on, m,gh ease
bove s ntieBr Beahli s Rt SR SsEr R nl e, soplehfR by ad il tadd R, ¢
not incr wﬁshbﬁe&ﬁteﬁﬁﬁ@ﬂﬁhé ARrfoilveng Cbs@ﬁlﬁe‘éfrebatrrs bl ie she Waliermerdang
edge region as the air is evacuated from the bl ocki ng material into the

secofd 2breakeut HaleAD. the lﬂamérofittbee»«afb Hihghiine OhStrikenef thenjasest beam Ts

ot or | ol CALSRERE SRR e Sl A% o TnEARe o IR, Bh BREALL shbu g hE°
airfoil sucdsstthafirdiypaesage Bartoatrikectheditst Wall BBkY ¢ dicvkirtpmatsrid R@stel ibtt he
bl ocking material. In the enbodi nent shown, the 2s vane Is a free standing

st ruct ur @resanboritermatiyely: the laser beam may s,ﬁalye e exterion wall ehéhe girfrihPoven

i ch- caSeRefARo R AR briefiaBh e rECkdorBr R ARIE, i Bl RGeS Bpf ke

Oncezssuclfedding dtige hegion. DAlgss WlodMridhatdridl absordy iy arelbREIEULhBR)Y of
undersi de of the outer end of the vane platform This avoids the need for

speci al the&bgamg Holep gk bai Wdlelﬁiaﬁﬁpiaﬁg’illdfdl’d”ﬁéi e dbe ditat wadluer injoh&ad! i ng
CoSts.  gxfic? WalMMtH9P8gion. These holes may result in scrapping of the airfoil or

costly rework of the airfoil.
Accordingly, the method of drilling the cooling air hole 42 requires disposing a
30 blocking material in regions of the airfoil adjacent the location of cooling air holes in



_The partial vacuum causes the air bubble 68 to expand, increasi rﬁg‘]MﬁMﬂM
buoyant forces acting on the bubble. An expanded bubble in the first
passage 38 is urged by buoyant forces fromthe first passage into the
.second passage 54. Thi s expanded bubbl e joins ot her expanded bubbl es

di sposed in the second passage. s As jhe expanded bubbl es, such as the
bubble 73, flow upwardly in the second passage, the bubbles urge the

bl ocking nmaterial to flowinto the first passage through the inpingenent

hol es 56 extendi ng between the second passage and the first passage.

Bl ocking material urged into the first passage in turn helps force air from

the first passage through the inpingenent holes into the second passage
i ncr eastheglepRingepdgR regent h@h'ﬁu‘ﬂﬁlué@srﬁé%"“ﬁ@ 8- BifGH 1@1&'%%‘3&8%% and
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envi r ongegdnd péissagierS4bf thel diHed andttheht® tritd nge finstepassiages3&iok rhmenlfonln a

third environnment. The third envirgnnment has a gas ressure P3
whi ch i 3ypisal, éaf:@rfcelh@rnlﬁmsesdemﬁxm&ruwdm % 8rrgRenalbifs fechine i

at te r g\gﬁ,ﬁg T2. For exanpl e,
the%t errplggraéjtqlm%gﬁsggd W db’%@wﬁ& g{gé{g (%%3{%?2@% gﬁggy resin and curing
agent ( EPON lRemeanSHy émrmechndnﬁﬁbn @fRBeCairfioil gl Agbawn3it4 Bigred ethieafijsti s i n
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degrees Fahrenheit. The m xture of epoxy resin and curing_ agent is held in

this tefSeexendinarbatyeen dhe 55%&a&5ﬁﬁﬁt%ﬂd(tﬁ’9)5€?ﬁ°ﬁ9t%%35@89t$ﬁ FYst PBOYIdfi nut es
caugi Ng 4 re t f
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at nosphqmeﬂoaefme@ﬁume to finally cure the m xture of epoxy resin and
curing agent. An alternate enbodi nent sent inyention mght use

oot har - ot cThATSteRiGh (0@ PloGHING etteRelad dnd 6 Seep e paseade

bl ocki n kil n TS v FERRR t be
carri edq(r)]u %t"l'tg tRFgﬁgtr btggsrﬁnﬁfgtéﬁyaeﬁ%o éesrplgﬁ%)rga%: fe éﬁ\g use %x I'n the
mol t en steame“eaxtvirenmientin (slcbv as efirst earpinoament séeand lemvireament sodt thérdavax

keepsthe wax nolten as wed into the vane., K The step of di spasing
07 R SHIBITENEh S g8 latratfr foofe nt Wriatt STt ot sbing BERSE 1 e
out in aguifg!HMeY¥ea poRich BP4 istel aN@¢ditHB pies3lreehRY dmPetRReoRiAL ak0o keep
the wax nolten. The stms)eof di sposing the airfoil filled with wax i'n the

third enVhe termeigast aic! a@amm@a uplcé mnlacdesiof g sirgipdype of ators, susker

than the_tenperature f%& g sure P3 s which is higher than the
pressure&'i’?r Ry QBMW \}p?%‘é s, “‘gh??ﬁt!m ar advantage of the present

met hod occur $n bAe feHHddﬂﬁeﬁlrdf' thé ??eé@n‘t hws)é'nﬂéﬁ' e gaati ﬁrthélrrétf@iwﬂaﬁw%nﬁ fgi ons
of reduced circulation such he region R 'shown in Fig. 2 and shown in an

enl @0 gedaii @vaifirstrprpssere Rit aodgeh ﬁrstetemmﬁamér i.s T finetl prassdes floel,

| dat ts that the f in th
pobs! bl capi R HEETR Re reito MaieY RiRAE a8 SYiinrnbl RounBd e anbre " &
spanw sejrfefi Qmouyt/et(mvhssua)abgatth& fipét teRperadir® s BppldxfRagiyeqtietodiddnei |

filled wth bl ocki ng material in the second environnent at” a pressure which
is | ess taraperature. oom temperature typically lies in a range of about seventy (70)

degrees Fahrenheit to eighty (80) degrees Fahrenheit.

25 One material which was found acceptable for blocking material is a curable
fluid epoxy resin and fluid curing agent. The mixture is cured prior to the drilling
operation. Shell Chemical Company, P.O. Box 4320, Houston, Texas, offers this
resin as EPON Resin 815 resin. The curing agent is EPI-CURE Curing Agent 3140
material. Equal volume parts of the resin and the curing agent are mixed together.

30 The curing agent is a low viscosity curative, applicable typically to adhesive flooring



~approxi mately one hundred and twenty-five ( 125) Torr, decreases the
externs! pressure of the gas in the environment on the bl ocki ng madr MAR 2003
This, in turn, is decreases the pressure on the trapped gas in the bubble.
- The ideal-gas | aw provi des a good approxi mati on of the effect of pressure
of the environnent and tenperature ofiht he bl ocking material on the vol une
of the trapped bubble. The ideal -gas PaM/states that pV = nRT where V =
volunme of n noles of gas; p 20 = absolute pressure; T = absolute

t enper at ur e; and R = a uni versal constant whose val ue depends only on the

nits use a pr ure o at nospher I
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that deg{RA8LMaEb tisa e r%eaéermg%armdowlsaofsm@tarth@f csiinkg (dgenmis eabaut
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is small (approximatefy a two to 20 threefold i ncrease in vol une dependi ng
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Blocking material is poured into the bowl formed by the dams and into the

second passage until the blocking material reaches a height H2 above the opening.
The height H2 is less than the height H1 of the dam and typically is about one-
25  fourth (1/4) of an inch.

As the blocking material flows into the second passage 54 and into the first
passage 38, the blocking material traps gas, such as the air of the first environment,
in pockets in the second passage. Alternatively, the aluminum tape might be
applied to pravide a barrier at the second opening after the blocking material was

30  flowed into the second passage. This would ensure that as much air as possible



2s This nmethod nmay al so be applied to any blocking material which is fluid
in formand hardened. For exanple, a blocking naterial which has a wax base
is evacuated in the second environnent at an el evated tenperature h9 m%(ﬂ
the wax in fluid formand then cooled to roomtenperature to hardeh'’t )
wax. For such a blocking material, bo the pressure and tenperature of the
second and third 0 7 MAR 2003 15 envVironnents act to reduce the vol une of
the trapped gas during the evacuation and hardeni ng process. The hardeni ng
process is conpleted by curing the resin mxture at roomtenperature and

at MSPNELE BRRSHILof Mo 0N BLOtlad 88 1AM b ning UddausBMhBoAmRN! .
once the hardeni ng process is conp gete, {he bl ocki ng teriral maintains its
shape bynustamomarfipulated acd edemted efiasyamsn tlatdiddcbeentbesextarianiof dhe

pressure,  The oxy resin is particularly resistant .to any effect  of
pr essur MRk iﬁﬁf’ s‘}’/%gl%‘?}?é’d RI tt%é%b?t?f%éa‘nﬁwgﬁ %8de%8§‘kngem?é?rl‘§} vel | .
The et '?l%@iﬁ%tc?’@?esﬁr%hgaﬁa'qé. of drilling cooling air holes through the

[ of the alrtoi

external io il into the |eading edge cavity and at such
ot her | ocat i Bneugtsfluid\bldeking materal is Tixed se Hpatiisisaik substadially gsinsggmed

i.onal | i|Ling .t.echni . .t hej '
Soron it dMinc Bdtedbalan Skt By Aadtte, PRVESUA Rus o ke Bl sinofiht &S
fifth enihé gt batch g wer airfdils s aboaih eguah to dhd timatspegt tihaherpartiahment

to a tenperature of thirteen hundred (1,300) degrees Fahrenheit. The is
epoxy r SEACHUMsbY, Hisopreyisys haleh alfilled sigals.some fine particles which may pass
t hrough the |k { Thi S }.S: ] r, fl ow
test on the gﬁgf" (')r?[?l @Léde\ﬂgh?’goctkﬁgq rﬁ? L%'aiégo{j@ﬁgg%ﬂ” Eﬁ{afecg[@r@gao hé\gbgpat abl e
si zeo Theeosatenvirbamenesf aif kbasesand tenperatgk Thendiardemondgrdssurel RR tar ry
any oxidj zed particles of resin away . f any su art.icl exi st . An
advant ag@"™fa PREIZH VESHHD fPha R8P @%M@W@@&?{&&'f‘yg@& IBPYESt i B t he
airfoll uhignd bR B Q8 1486 Nalt eORldk NEkedBLAT Ikl (WiicydagmoBhefigaui 1 e
extensive nmani pulation of the airfoil iIn ny directions to renove trapped
gas bubbpressuie) tof Bhe fiasttervincogent Addehsscoadverassige isrtypicellenessdthaamenes t he

duced ' f.. ' I i ' i ' th
i1 ng Bosse o MRl e PR I8 ah B8 OF B bk reltia B '
agens at psigpmMTheneaiperatufe TANGtheratmd¥phéost the pdrtal eaclunefis @estit feomt he
process which results fromavoiding costs associ ated with scrapped airfoils

or the clpmperatiecitetemparaturewd i alpranter embsdiprents akdhe evartivag@ighdur i ng
LD O PP 4 e LAY TR RSl s R Gl ypaget o'
(r)rat7 euA gl ggg éﬁt&?@éSé@D by heh ahidueit lthatowanldetsptaie @it BabSIeatiHr BeWaiagihg/ aBgei zes
region as the air is evacuated from the blocking material into the second
20 environment. A temperature T2 higher than the temperature T1 might be
advantageous in situations where the viscosity of the blocking material decreases
with temperature.
The method includes orienting the airfoil such that buoyant forces act on the
bubbles of gas trapped in the blocking material. In the embodiment shown, the
25 vane is a free standing structure supported by its inner end and may be placed in
the vacuum oven without further support. Alternatively, the vane is disposed in a
fixture which cants the second end of the vane rearwardly about five (5) degrees.
Once such fixture has a pair of parallel rods which each engage the underside of
the outer end of the vane platform. This avoids the need for special fixturing ,

30  speeding handling of the vanes and reducing handling costs.



16 nost, if not all, of the blocking material. Any fine partigl.’em‘@mom/vder
| eft behind are easily washed away during further processing of

airfoil. Although this invention has been shown and described with respect
.to the detail enbodinments thereof, it will be understood by those skilled
in the art that s various changes in the formand detail thereof may be

made w t hout departing fromthe spiritt and scope of the clained invention.

What is clainmed is: ~ 7 MAR 2003 17 Clainms: 1. A method of drilling a
cooling hole into the interior of an airfoil by neans of a |aser, the
airfoil including an outer end, an inner end, a trailing edge region having

atrailing edge, a |leading edge region having a | eading edge, the airfoil
further inclThdi pertial yacuumncauskswiha ainBubbler 88sta exppaEnANtreaRinghthe e

 oined at the | . " L ) I . . .
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After disposing the airfoil filled with blocking material in the partial vacuum of

the second environment, the airfoil filled with blocking material is disposed in a third

environment. The third environment has a gas at a third pressure P3 which is
15 greater than the second pressure P2. The gas is typically air at a temperature T3
which is greater than the temperature T2. For example, the temperature used with
this particular mixture of epoxy resin and curing agent (EPON Resin 815 resin and
EPI-CURE Curing Agent 3140 material) is in a range of about two hundred and
twenty-five (225) degrees Fahrenheit to two hundred and seventy-five (275)
20  degrees Fahrenheit. Typically the environment is at a temperature of about two
hundred and fifty (250) degrees Fahrenheit. The mixture of epoxy resin and curing
agent is held in this temperature range for about twenty (20) minutes to thirty (30)
minutes causing the mixture to harden. This is followed by a curing time in a fourth
environment of about forty-eight hours at room temperature and atmospheric
25 pressure to finally cure the mixture of epoxy resin and curing agent. An alternate
embodiment of the present invention might use another material such as wax. In
such a case, the step of flowing the blocking material into the second passage in a
first environment might be carried out at a higher temperature. Another approach
would use wax in the molten state at such an elevated temperature that the heat in

30 the wax keeps the wax molten as it is flowed into the vane. The step of disposing



‘that blocking material may be flowed into the second passage; flow ng

bl ocking material into the second passage in a first environnent H}a}/Mﬁ&Zﬂiﬁ
gas at a first pressure Pl and a first tenperature T, and 0 7 MAR 2003 1g
-thence into the first passage, the blocking nmaterial being disposed in at

| east one of said passages such that j3 traps gas in the passage; disposing
the airfoil filled with the blocking material in a second environnent
having a gas at a partial vacuum at a second tenperature T2 and a second
pressure P2 which is | ess than about one-hundred and twenty five Torr and
which is less than the first pressure P, which includes orienting the
airfoil a first position such that buoyant forces acting on at |east one
expandi e féed B "E’HI'@ agasendrravEepment weulgae sanifdeowtintEheadyyR PVeA L 4ge
into th ' n
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passi ng thraough the secgond passage_ur.ge .the, bl ocki.n er.i t into
Phe f 1 sbiopR8d igatiar Sl ehs rediiin ddarbos FBapd JrE B dhacBeiah
second pgsRAYM FiRd 2t Shdwn irPas Rt gedNRIVEINFIY. B¢ KARSoUEH Bid shenorgeth | nt o
the first passage forces gas fromthe first passage through the inpingenment
hol es i niﬁon@thwegexmﬁaostpadsag'@,irmhda)atwgaaﬁwt that Hggrf@rlowmsgewspg #i$ i ng

on tl'(;' € bée%%ﬁjl.nﬁ i?B(BgiéJlglfoF %@;e‘a?o%eﬁ to tr%p7a B@%Igg}%aﬁ%hich is coextensive in
spanwise height with the height B of the region R. Disposing the airfoil filled with
blocking material in the second environment at a pressure which is less than
approximately one hundred and twenty-five (125) Torr, decreases the external
pressure of the gas in the environment on the blocking material. This, in turn,

15 decreases the pressure on the trapped gas in the bubble.

The ideal-gas law provides a good approximation of the effect of pressure of
the environment and temperature of the blocking material on the volume of the
trapped bubble.

The ideal-gas law states that pV = nRT where V = volume of n moles of gas; p

20 = absolute pressure; T = absolute temperature; and R = a universal constant whose
value depends only on the units used. Gases at a pressure of a few atmosphere
may usually be considered ideal for engineering calculations. The ideal-gas law
suggests that decreasing the external pressure by a factor of six (from seven
hundred and sixty (760) Torr to less than one hundred and twenty-five (125) Torr)

25 will result in a sixfold increase in volume of the trapped gas. In the absence of the
array of impingement holes 56, the bubble would expand spanwisely to a spanwise
height B, in the second portion of the passage. The new spanwise height B, with

the partial vacuum would be about six (6) times greater than the spanwise height
B:.



any bubbles remaining to reduce the size of voids in the hardened ﬁgﬁﬁébﬁf
material; and, wherein the bl ocking naterial absorbs energy fron1p A
beam at the drilling |ocation and bl ocks the beam from danmagi ng t he
interior of the airfoil. 2. The nethod of drilling a cooling hole into the
interior of an airfoil of claim1l mhehgin the gas in the first, second and
third environnents is air. 3. The nethbd of drilling a cooling hole into
the interior of an airfoil of claim2 wherein the pressure P2 is a parti al
vacuum 4. The nethod of drilling a cooling hole into the interior of an
airfoil of claim1 wherein the pressure P2 is a partial vacuum 5. The

net hod of dnmpingeehent ciesies ngreheloe absent tihemi teeraidoil.of Imnfaat,r frire afe cl ai m
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the third pressure P3 causes the volume of the gas to decrease to a spanwise

height B, and ta less than a sixth of its original volume. Thus, the trapped gas still
displaces a small portion of the blocking material and forms a void of height Bi.

15 However, the shrunken void is not aligned with the drilling axis L of the laser beam
for the cooling air hole 42a which extends through the leading edge of the airfoil
between the impingement hole and the second wall 44. Heating the blocking
material during the hardening step does cause the volume of the gas to increase
above the temperature T2. The volume increase is small (approximately a two to

20  threefold increase in volume depending on the temperature of the gas in the
bubble) compared to the decrease in volume that results from decreasing the
pressure to a sixth (1/6) of its normal value during the process of removing the
trapped gas. As a result, the laser beam L does not intercept the void formed by
the bubble and the laser beam does not strike the wall.

25 This method may also be applied to any blocking material which is fluid in
form and hardened. For example, a blocking material which has a wax base is
evacuated in the second environment at an elevated temperature to keep the wax in
fluid form and then cooled to room temperature to harden the wax. For such a

blocking material, both the pressure and temperature of the second and third



and the tenperature Tl of the gas in the first environment are each about
‘roomtenperature. 11. The nethod of drilling a cooling hole into the
interior of an airfoil of claim 10 wherein the the blocking material is an
_epoxy resin material which is mixed at roomtenperature and ther eaf 0t MAR 1003
flowed into the airfoil wthout furthgr heating. 12. The nmethod of drilling
a cooling hole into the interior of an airfoil of of claiml1l wherein the
third pressure P3 of the gas in the third environnment is at a pressure
which is approximately the same as the pressure P, of the first

envi ronment . 0 7 MAR 2003 21 13. The nethod of drilling a cooling hole

into the interior of an airfoil of claim 12 wherein the t%rd restsure P3
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first eguihk ] i ent pressure. 14. The nethod of drilling a
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communi cation with the second 0 7 MR 2003 22 region is the inpi ngberrent
hol e cl osest Theraafter.s&eoitere of theagirtell i§ clegned ot e bleskinacmaderial by

ci reul at ;o 39RY GiddiBinPHfth BRARARENHAVIAY bir! U A£Lah BdehCah@ hEkYAg the
environment to a temperature of thirteen hundred (1,300) degrees Fahrenheit. The

15 epoxy resin is vaporized leaving at most some fine particles which may pass
through the cooling air holes. This is followed by performing a water flow test on
the airfoil to ensure that the cooling air holes are of acceptable size. The water flow
test flows water through the airfoil and would carry any oxidized particles of resin
away if any such particles exist.

20 An advantage of the present invention is the reduced cost of fabricating the
airfoil which results from using a blocking material which does not require extensive
manipulation of the airfoil in many directions to remove trapped gas bubbles with
buoyant forces. Another advantage in one embodiment is the reduced level of risk
of scalding personnel handling the airfoil during the filling operation which results

25 from using an epoxy resin and curing agent at room temperature. Another
advantage is the level of cost for the process which results from avoiding costs
associated with scrapped airfoils or the costs associated with reworking airfoils
which may be damaged during the drilling operation but which are reworked to bring
them into acceptable configuration. Still another advantage is the removal of the

30 blocking material by heating the airfoil to an elevated temperature which vaporizes



_the blocking material; and, wherein remaining voids in the bl ocking
material resulting fromtrapped gas in the region of reduced circulation in
the first passage not responding to buoyant farces at the filling pl2daR7260]
-P1 are reduced by first expanding the volune of gas in the regi on agai nst
the pressure P2 until the expanded bupble of gas fromthe region is in flow
communi cation with the inpingenent hol'e adjacent to the chordw se second
wal | causing at |least a portion of the gas bubble to escape fromthe region
R of the first passage through the second passage. 18. The net hod of
drilling a cooling hole into the interior of an airfoil of claim1l wherein
the nmethod of flow ng bl ocking material into the second passage incl udes
form ng a dam about one end of the airfoil about the opening in the airfoi
whi ch emehdisndtaall, af tred bllotkidg radterial. t Ay fioe padicles of hewder feft belidd arent to

the first ﬁ)oenirgeq1 and filli ﬂ@_‘the damto af%.ecoggiahei ght HZ above the
) h

openi ngeé\f\i cHasEq ey fjH%lﬂg .hejga_roqqﬁlqga? § AFOUrilling a cooling hole
into the Intmmcs%hqh;sanhv%hﬁaﬁlﬂas%e&% %hawxf?aﬁmre%bﬁbwwgpeé% 1S tRef 1 1St
opening and the aifoil has a second opening at the second end in flow

comuni detdilbembodimariie thermofdit el Sy andemstadt byi thosaeskitbch it tioé &t dodtng

bl ocki ng_material intq,the secgn sage. i ncl udes bl ocki ng the. second
opert ng Va0 ehEamsin o St ShA eifPERRS! mag b3 HAse Y8R Sepaink O hoo
of dril khegpidit 6AQIstoe BPtHR ¢8imed ifQehtigrer i or of an airfoil of claim19
wherein the second opening is blocked prior to flow ng the bl ocking
material i nt\Whehis ¢lgimad iSassage but after a porion of the blocking naterial
is flowed into the second passage. 21. The nmethod of drilling a cooling
hole into the interior of an airfoil of claim219 wherein the second opening
is blocked prior to flowing the blocking material into the second passage.
o' ~a~ 20a~ 24 22. A nmethod of drilling a cooling hole into the interior of
an airfoil by neans of a |aser, the airfoil including an outer end, an
inner end, a trailing edge region having a trailing edge) a | eading edge
region having a | eading edge, the airfoil further including a suction
sidewal | and a pressure sidewall which are joined at the | eading and the
trailing edge leaving a cavity for cooling gas di sposed therein, the
airfoil further including a first wall spaced chordw se fromthe | eading
edge and extendi ng between the sidewalls |eaving a first passage extending
spanwi sely in the | eading edge region which is not in flow comunication
with the exterior of the airfoil through the | eading edge region prior to
di sposing the blocking material in the | eading edge region, the airfoi
including a second internal wall extending chordwi se to divide the first
spanwi se passage into a first spanw se region and a second spanwi se region
the airtoil having a third internal wall spaced chordw se fromthe | eading
edge and extendi ng between the sidewalls | eaving a second passage extending
spanwi sely adjacent to the first passage which is in flow conmuni cation
with the first passage through a plurality inpingenent of holes in the

first wall, one of the holes in flow conmunication with the second region
bei ng cl osest to the second wall leaving a region R of restricted
circul ati on above the hole when the airfoil is oriented to receive the

bl ocking material, the first passage being in flow comrunication with the
second passage through the inpingenent holes as blocking material is flowed

into the airfoil, the second passage and thus the first passage being in
fl ow comuni cation with the exterior of the airfoil through a first opening
at the outer end and a second opening at the inner end, conprising: 07

MAR 2003 25 A orienting the airfoil with respect to a source of bl ocking
mat eri al such that blocking material nay be flowed into the second passage;
B. flow ng blocking material into the second passage in a 1=Irst

envi ronnent having a gas at a first pressure P, and a first tenperature T~
and thence into the first passage, the bl ocking material being disposed in
at | east one of said passages such that it traps gas in the passage which
includes Bl. form ng a dam about one end of the airfoil about the first
opening in the airfoil which extends for a height H which is about

t hree-ei ghths of an inch above the portion of the airfoil adjacent to the
first opening, the step including applying alum numtape to the sides of
the airfoil to formthe dam B2. bl ocking the second opening at the second
end of the airfoil with alum numtape prior to flow ng the bl ocking
material into the first passage, B3. slow ng blocking material into the
opening and filling the damto a second hei ght Hz above the opening which
is less than H,; C disposing the airfoil filled with the bl ocking materi al



second environnent having a gas at a partial vacuum at a second tenperature
Tz and a second pressure Pz which is | ess than about one-hundred and
twenty-five Torr and which is less than the first pressure P, mh0¢h4 0

i ncl udes 26 Cl. orienting the airfoil such that buoyant forces actlgg on
at | east one expandi ng gas bubbl e urgeq- t he expandi ng gas bubble in the
first passage into the second passage and urge the gas bubble in the second
passage toward the first opening; D. disposing thereafter the airfoi

filled with blacking material in a third environnent having a gas at a
third presﬁ b% P, which is greater than the second pressure P2; E. heating
the airfoi |rled with blocking material at the third pressure P3 for a

predeterm er rden the bl. ock t drilling
B bol et hrlod e pailing; Ehglrts BRedRRuhSTmBHST o1 R 30r ket 51 °f he
airfoil in the |eadi ng edge region with ene g'y froma |l aser beam wherein
expandi ng 3@peN. & Pl inHUding dhghitenrNd &JRa p%&%z?g'éa'urr‘%@dﬂﬁée%'ﬁjﬁckl ng
material to flowinto the first passage through the inpingement holes

ext endi ng N&¥inge2Halling eslgeon deashing agee Braion havingrseagingsedse. thder ei n

bl ocking material urged into the first passage forces gas fromthe first
passage t haidoibfurthiee inchydimg arsetiomsidewall mnd a presserosidewall sdnifhy amend, wher ei n
remai ning voids in the blocking material resulting fromtrapped pockets of

gas in thdohedst talkadeg dref thearitifedgs feavinday aaNityf far eesliraf gagie filling
pressure Pl are reduced by first expanding the volume of gas in the pocket

agai nst t*’tﬂsﬁ&%&Hé@WQhé‘%ﬁdll mﬂﬁeﬁaﬁemﬁ% RES RN SpacBaThbrdwigef | ow
comuni cation with the | npingenent hole adj acent to the chordw se second

07 AR 20f5n o Wakinci i 894 BehARSlochyldh IR alIRaTR® BN o to eccae

fromthe region I'rst pass secon assage;; and,

any bubbl deseRR EneRTRE ez i 3?%@*1@%@9%“3@%%'@2 %éb@'arfﬁo bl ocki ng

mat eri al ; and, mhereln t he bl ockin naterlﬁ@ 2 rbs fromthe | aser
beam at t @WPP'P?W vk ahe ShteHﬁHO @toit fheo ef‘PB ?§'he
interior of the airfoil. 23. In a nmethod for drilling a coollng hol e by a

| aser i nt oPriardoidiapesingrtheflacking eatariay ireithgdeading dgerrepionotha aiEfcilype whi ch
i ncl udes di sposing a viscous blocking material in a | eading edge passage of

the ai rf oi includirgug becord intexhaltwalh fandrihavirgeatitd imtdreal wall epated drilling the
hol es) the i nprovenent which conprises: flow ng blocking material into an

adj acent p@ﬁﬁ'&@%aqmn kY RalfRy é@@éﬁkﬂeﬂ@ﬁ&m@%ﬁ@g&) tHd §iBBvagsgas in the
passages and, displacing the blocking material by placing the airfoil in a

parti al vaguypl ool aeh yagﬁggeéﬁegg%gp%m%ﬁ GARCEACRRaR L bskbe 20 T o

t hrough the passages seco Sage into

e o3 O ERYSI il Bl e A e ORE B2 Pl s a1
) A As Al[mplﬁgezn?gntlo_f\évoles 1\r/1\(the first wall, the first passage being in flow

communication with the second passage through the impingement holes as

blocking material is flowed into the airfoil, the second passage and thus the

first passage being in flow communication with the exterior of the airfoil

through a first opening at the outer end, comprising:

orienting the airfoil with respect to a source of blocking material such
that biocking material may be flowed into the second passage;

flowing blocking material into the second passage in a first

environment having a gas at a first pressure P, and a first temperature T; and
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surface of the airfoil in the leading edge region with energy from a laser

beam;

wherein expanding bubbles passing through the second passage urge the
blocking material to flow into the first passage through the impingement holes
extending between the second passage and the first passage; wherein
blocking material urged into the first passage forces gas from the first
passage through the impingement holes into the second passage; and,

wherein the higher pressure P acting on the blocking material compresses
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beam at the drilling location and blocks the beam from damaging the interior
of the airfoil.

2. The method of drilling a cooling hole into the interior of an airfoil of

claim 1 wherein the gas in the first, second and third environments is air.

3. The method of drilling a cooling hole into the interior of an airfoil of claim 2

wherein the pressure P, is a partial vacuum.

4. The method of drilling a cooling hole into the interior of an-airfoil of claim 1

wherein the pressure P, is a partial vacuum,

5. The methad of drilling a cooling hole into the interior of an airfoil of claim 3

wherein the pressure P:is a partial vacuum at a pressure less than about

one-hundred and twenty-five Torr.

6. The method of drilling a cooling hole into the interior of an airfoil of claim 4

wherein the pressure P:is a partial vacuum at a pressure less than about

one-hundred and twenty-five Torr.

7. The method of drilling a cooling hole into the interior of an airfoil of claim 1
wherein the second temperature T, of the gas in the second environment is at

a temperature which is greater than the temperature T;.
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9. The method of drilling a coaling hole into the interior of an airfoil of claim 1
wherein the second temperature T of the gas in the second environment is at

a temperature which is approximately the same as the temperature T;,

10. The method of drilling a cooling hole into the interior of an airfoil of claim
9 wherein the second temperature T, of the gas in the second environment
and the temperature T, of the gas in the first environment are each about

room temperature.

11. The method of drilling a cooling hole into the interior of an airfoil of claim
10 wherein the the blocking material is an epoxy resin material which is mixed
at room temperature and thereafter flowed into the airfoil without further

heating.

12. The method of drilling a cooling hole into the interior of an airfoil of of
claim 1 wherein the third pressure P; of the gas in the third environment is at

a pressure which is approximately the same as the pressure P of the first

environment.
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14, The method of drilling a coaling hole into the interior of an airfoil of claim
1 wherein the third temperature T of the gas of the third environment is at a
temperature which is greater than the temperature T

and provides a hardening temperature for the blocking material.

15. The method of drilling a cooling hole into the interior of an airfoil of claim
14 wherein the material is an epoxy resin and the temperature is the setting

temperature for the resin of about two-hundred and fifty (250) degrees

Fahrenheit.

16. The method of drilling a cooling hole into the interior of an airfoil of claim
1 wherein the material is flowed in molten form into the strucure and wherein
the third temperature T, of the gas of the third environment is at a

temperature which is less than the melting temperature of the material to

solidify the material.

17. The method of drilling a coaling hole into the interior of an airfoil of claim
1 wherein the second wall extends chordwise to divide the first spanwise
passage into a first spanwise region and a second spanwise region, and

wherein one of the impingement holes in flow communication with the second
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uudYNC 1O%n)'educed by first expanding the volume of gas in the region against the
pressure P2 until the expanded bubble of gas from the region is in flow
communication with the impingement hole adjacent to the chordwise second

wall causing at least a portion of the gas bubble to escape from the region R

of the first passage through the second passage.

18. The method of drilling a cooling hole into the interior of an airfoil of claim
1 wherein the method of flowing blocking material into the second passage
includes forming a dam about ane end of the airfail about the opening in the
airfoil which extends for a height H; above the portion of the airfoil adjacent to
the first opening and filling the dam to a second height H, above the opening

which is less than H;,

19. The method of drilling a cooling hole into the interior of an airfoil of claim
18 wherein the opening is a first opening and the aifoil has a second opening
at the second end in flow communication with the second passage and
wherein the method of flowing blocking material into the second passage

includes blocking the second opening at the second end of the airfoil.
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19 wherein the second opening is blocked prior to flowing the blocking

material into the second passage.
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of a laser, the airfoil including an outer end, an inner end, a trailing edge
region having a trailing edge, a leading edgs region having a leading edge,
the airfoil further including a suction sidewall and a pressure sidewall which
are joined at the leading and the trailing edge leaving a cavity for cooling gas
disposed therein, the airfail further including a first wall spaced chordwise
from the leading edge and extending between the sidewalls leaving a first
passage extending spanwisely in the leading edge region which is not in flow
communication with the exterior of the airfoil through the leading edge region
prior to disposing the blocking material in the leading edge region, the airfoil
including a second internal wall extending chordwise to divide the first
spanwise passage into a first spanwise region and a second spanwise
region, the airfoil having a third internal wall spaced chordwise from the
leading edge and extending between the sidewalls leaving a second passage
extending spanwisely adjacent to the first passage which is in flow
communication with the first passage through a plurality impingement of holes
in the first wall, one of the holes in flow communication with the second
region being closest to the second wall leaving a region R of restricted
circulation above the hole when the airfoil is oriented to receive the blocking
material, the first passage being in flow communication with the second
passage through the impingement holes as blocking material is flowed into
the airfoil, the second passage and thus the first passage being in flow
communication with the exterior of the airfoil through a first opening at the

outer end and a second opening at the inner end, comprising:
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such that blocking material may be flowed into the second passage;,
B. flowing blocking material into the second passage in a first
environment having a gas at a first pressure P, and a first temperature
T, and thence into the first passage, the blocking material being
disposed in at least one of said passages such that it traps gas in the
passage which includes
B1. forming a dam about one end of the airfoil about
the first opening in the airfoil which extends for a height
H; which is about three-eighths of an inch above the
portion of the airfoil adjacent to the first opening, the step
including applying aluminum tape to the sides of the
airfoil to form the dam,
B2. blocking the second opening at the second end of
the airfoil with aluminum tape prior to flowing the blocking
material into the first passage,
B3. flowing blocking material into the opening and
filling the dam to a second height H, above the opening
which is less than H;.
C. disposing the airfoil filled with the blocking material in a
second environment having a gas at a partial vacuum at a
second temperature T, and a second pressure P; which is less

than about one-hundred and twenty-five Torr and which is less

than the first pressure P, which includes
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on at least one expanding gas bubble urge the
expanding gas bubble in the first passage into the
second passage and urge the gas bubble in the second
passage toward the first opening;
D. disposing thereafter the airfoil filled with blocking material

in a third environment having a gas at a third pressure P3 which is

greater than the second pressure Py;

E. heating the airfoil filled with blocking material at the third
pressure P; for a predetermined period of time ta harden the blocking
material;

F. drilling a hole through the leading edge region by
impacting the surface of the airfoil in the leading edge region with

energy from a laser beam;

wherein expanding bubbles passing through the second passage urge the
blocking material to flow into the first passage through the impingement holes
extending between the second passage and the first passage; wherein
blocking material urged into the first passage forces gas from the first
passage through the impingement holes into the second passage; and,
wherein remaining voids in the blocking material resulting from trapped
pockets of gas in the first passage not responding to buoyant forces at the
filling pressure P1 are reduced by first expanding the volume of gas in the
pocket against the pressure P2 until the expanded bubble of gas is in flow

communication with the impingement hole adjacent to the chordwise second
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of the first passage through the second passage;; and, wherein the higher

pressure P acting on the blocking material compresses any bubbles
remaining to reduce the size of voids in the hardened blocking material, and,
wherein the blocking material absorbs energy from the laser beam at the

drilling lacation and blocks the beam from damaging the interior of the airfail.

23. In a method for drilling a cooling hole by a laser into the interior of the
leading edge of an airoil of the type which includes disposing a viscous
blocking material in a leading edge passage of the airfoil through a plurality
of impingement holes prior to drilling the holes, the improvement which
comprises:

flowing blocking material into an adjacent passage and into the leading
edge passage, trapping gas in the passages; and,

displacing the blocking material by placing the airfoil in a partial
vacuum to increase the volume of the gas escaping from the airfoil through
the passages to force blocking material in the second passage into the

leading edge region through the impingement holes.



