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generally r thod for laser drilling a structure having a
cavity, the net hg@obcl uding steps related to filling the cavity with a
bl ocking material to protect the interjor of the cavity fromthe |aser
beam More particularly, this invention relates to a nethod for disposing
bl ocki ng mat erMETHQD iIFOR RERHCING VVOID MOLUMESHIN CAVITIESRORLASEROI ds in
t he bl ocking material. BACKGROUND OF THE I NVENTION Airfoils for gas turbine
engi nes are disposed in a flowpath foQRi/H-r'Ni%g medi um gases. Exanpl es of
such airfoils are turbine blades and turbine vanes. is The airfoils are
bat hed in hot gases as the gases are flowed through the engine. Cooling air
is flowed tTeRCHMNIGALSRIERP on the interior of the airfoil under operative
conditions to keep the tenperature of the airfoil) such as a turbine vane
or turbine bl adéhisMnvientiongenerally eelbfiesi tosa methaddidrilaser thikingi a fadidcturay
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exhausted cooling air provides transpiration coo as the air passwé%re
t hr ough t heparticulagdidtiis inventiohiretptes td aametHad fofr dispdsing dockimeg nidierial in

exterior as,the air is di.scharged fromthe ajrfoil. The filmof cooling air
orovi a8 o BerAVEY SRR hesfoumaion O RS e Blockieg KRR ated um
gasses. The cooling air holes are snmall and nmay have dianeters that are in
a range of eleven to seventeen mls (.011-.017 inches). The holes are
drilled i n BASCKIBROUNDAIF THE éMVUENTIONar e contoured to i nsure adequate
cooling of the airfoil. 30 One way to drill the holes uses a |aser to

di rect a beam ofAid@ilfef@measdurhine angines &e cdispesed in e fipwrragh |for merking
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wall into an interior cavity, the |aser beam may strike adjacent structure
on the ot heFosligg air is flowed though passages on the interior of the airfoil under

operative conditions to keep the temperature of the airfoil, such as a turbine
vane or turbine blade, within acceptable limits.

In addition, the airfoil may have cooling air holes extending from the

20 interior to the exterior of the airfoil. The cooling air holes duct cooling air from
passages on the interior of the airfoil through the hot walls to the exterior. The
exhausted cooling air provides transpiration cooling as the air passes through
the wall and film cooling with a film of cooling air on the exterior as the air is
discharged from the airfoil. The film of cooling air provides a barrier between the

25 airfoil and the hot, working medium gasses.

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.

30 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
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S of t he .cavity causi ng unacceptabl e damage to the airfoil. Accor &éb)r/&
‘bl ocking material may be disposed in the cavity to block the |aser ZJ 002
fromstriking walls bounding the cavity after the beam penetrates through
the airfoil wall. One approach is to |eave disposed within the airfoil the
ceram c casting core around which the blade is poured during the
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f1 ow ng viscous material. These air bubbles result fromnot flow ng 2ekipig0
-epoxy resin into the | eading edge region to elimnate the voids. In
addition, the structural design of the airfoil may cause the airfoil to
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met hod for disposing a hardenabl e bl ocking material in a shaped cavit
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the present 1 nventio the nmethod for "di sposing hardenable material 1n a
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has been for : S,Si¢RG : t i . f.eatk i S
i sposi ng a0l 4Bl PHESHOR 1 IR AR Starcl. The R FEND EHHR ne
the | aser besftoipdyesimplyepoarad thdatsiaxiptmsheraiddil.t NEheg@pory rebin zaat redm

vacuum pressure causes a sufficient quantity of gas to escape such that 3o
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structure within the leading edge passage.
30 Accordingly, scientists and engineers working under the direction of

Applicants’ Assignee have sought to develop a method for disposing fluid



BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1 is a side el evation view of a tadthil
rairfoil of the turbine vane type is with part of the flow directing portion
of the airfoil broken away and sectioned to show the interior of the

airfoil. Fi . : ' ' td, gkl :
Vane shoun LI TRETENA SRAHENaVES SHegdfe Ay s g IR RG] UGt
airfoil andpfiam aecfoiinsudhctiizhshé dinjd xtenalcincinecleatiirgaede ity idirsdrasaedi n
a blocking material. 20 Fig. 3 is a view taken along the lines 2-2 of Fig.
1. Fig. 4 iw&\oelﬂd@@n@sc\mlgmm the cavituiibat Wowid) ceHse | unasseptablefdamage 30

with portio Lefoll br . e or clarity. Fig. 5 is an
enl ar ged Vi %%U§{Ufé%§°8ﬁdﬁ&“h8fé’%¥ﬁ§?ﬂé'%%%é‘ﬁmo DESCRI PTI ON OF THE
INVENTIGN Fig. 1 is a side elevation view of an airfoil for a gas turbine
engi ne as represented by stator vane 10 for such an engine. The term
airfoil inclSMMARYHEINVENTIAGN on turbine bl ades and turbine vanes and

refers to all portions o he turbine blade and, the stator vane including
their flow di recfFyding Ioa Prefenb In¥&bioRs aaW&tnﬂfffqr Isgasing a hardenqhle;
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has a trai F?l?\)gk@%@aﬁglﬁa%%ﬁ%&@ﬁ réi ?%Bbg(g?gcﬁggmﬁﬁ %?15 g@? g#ﬁ%é&leﬁ
the spanw seriklingahtdug. thé regash aithedgsckee inandex? 1) expardiag theaoliwngadfithe
fonivard of the trailing edge region. The | eading edge region has a | eading
edge 2414hi ¥APREY gAgdNit 98?%1 mﬂt%réa'dprfe&eim?nofr HepPpref gaspoutiefither

h fl j t) 2 ' ' 4 Aand
has 2, 1.0 Bhagg i SUPERRRLZR MU RN O8RS IS HRG BEIoR St A",

and a pressusmpréstivgitie @Mmainimg teappddogas irfteapdckantd pERUhe violdewadtl thar e
joined at the |eading edge 24 and the trailing edge 18 io |leaving a cavity

34 for cool pagkedias thedpaiesal isthardeeedeen. The airfoil 10 has a first
el BBk s Wb et | B Lo BB TR e
suction;$i degymbresting ik frAspdd 888 iHGude JaMmd theltdngsarbiifedrigre8éure or both
of the external atmosphere to vary the volume of the trapped gas.
In accordance with one detailed embodiment of the present invention, the
method for disposing hardenable material in a shaped cavity includes forming a
vent passage adjacent the region in which a pocket of gases might form,
20 expanding any gases in the pocket until at least a portion of the trapped gases
are in flow communication with the vent passage, and allowing a portion of the
expanded gases to escape through the vent passage.
A primary feature of the present method is the expansion of the volume of
the trapped gas by adjusting the pressure of the environment acting on the gas.
25 Another feature is the step of drilling the cooling air hole which takes place
through a region from which the gas has been forced out by compressing the gas.
Still another feature is disposing a vent passage in close proximity to the location
through which the laser beam penetrates such that expansion of the gas at the
partial vacuum pressure causes a sufficient quantity of gas to escape such that
30 the pressure on the gas as the blocking material is hardened moves the volume

of gas away from the line of penetration of the laser beam.



passage 38 for cooling air therebetween. The first passage extendp]apgmy se
inis.the | eading edge region 22. During the process of fabrication,
cooling air holes 42 are drilled by appropriate neans. The cooling air

hol es extend thr L I i i or: of 1 j i, J4n.the
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t hrough the | eadi ng edge re%i onin a partially 20 formed airfoil. Fig. 2is
a cross- sedepimngl ohthevargeleatheb hetd owids framptsapped pgs finthedletkinginateoal by

correspondi , inish airfoil, 10 sh in Fig.. 1. A part of .the
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holes 42 drilled in the 2s | eading edge region. The airfoil has a second
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38 into a fir.st spanwi se region 4 d second spany, . se region ,48. The
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extend 6 2,augf?28h?,2 t hrough the first wal %o EI ace the first passage in
f1 ow colfmurf¢Hig Ing qRREalion whirh awaidy sca PRPPEANE! MOTKINGAVIDD SHfR
second pass,ﬂgpe(rgag_ the area of a single inpingenent hole typically exceeds
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twenty to on 1) and may be as high as one-hundred to one (100:1 ).
The size of the inpingenent hole is about s sixty (60) mls high by about

twenty (20) 4 A ﬁﬁ‘q’ r the size of the filmcooling hole
. Afirst o@*%g%at tﬂgﬁoéﬁe[?ﬁﬁé‘m%and a second opening 62 at the
inner end 14 of fiae 1aisr 4 Qide BleRafior Wow BF @NKirBiASSAABI 10t the AHLIREWEREGHE ON
with the exterior of the airfoil. A cover 63 extends over the second

openi ngl3 o ¥¢th paiof dbe fliowydiceatinggortion fofidineseéfoil brokenl away modrsctionat t64
inthe fluid,state . fﬁIShOWdis sed in the | eading edge region 22. Bubbles
of gas are tYRUHER BIFTNS MG AINRY of the airfoil with bl ocking material .
The bubbl es are [ ihCaf [ bl e
56) the gas bubbl & G and Fhe Eue R oF PRy Teed st hotte SRRWRI <
in fluid corfiignil artially hrakegeawantd ghow thasntesior mfithai aieoil mamdpiin lschematic
second pass 54 through the,.i npingenent hol es 56 _dependi ng on the
orientati onag??h'f’ﬁeﬁ‘ﬁ R FP.CGREQQEFHQB'PF,OL'?%G@% blﬁﬁg@&dga%ﬁ@'-t he second

passage,general | yid)@v,g_d‘%gw tg;@mwd@hgqme\ygg otfl;n?g_e?(t erior of the airfoil

through the first "opening 58 at the outer end 12 and ‘the second opening 62
at the inner endFigt.4 ioweoross sestjpnalsviev takéacalongi theulires 83 fobriigf Gr withe

as 20 as bl ockin terial in fluid formis flowed during filling into the
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romth wal

wal'l, and is spac spanw se e secon . The fluid bl ocking
material mght fill to this level leaving a region of restricted
circulation R for gas abgve the hole. The in?i ngenment hole 2s places a
porti on2bf t[HETQé'eéﬁcpﬁﬁﬁﬁﬁTmpﬁ THE DEEN lQﬁt he region Rin gas

Fig. 1 is a side elevation view of an airfoil for a gas turbine engine as
represented by stator vane 10 for such an engine. The term airfoil includes
without limitation turbine blades and turbine vanes and refers to all portions of
the turbine blade and the stator vane including their flow directing surfaces,

30  platforms and buttresses.



comuni cation with the second passage but does not extend to the r e QI 20y
+Fig, 3 is a view fromabove of the first outer end 12 of the airfoil 10

t aken al ong t he Thaairfgil dasfarFiogteriendilg. and andinpeg.ersl $Aowlbaeirfoil has a
relationship to th I e 12. of first dam,74.(sho { . phant om an
Fg 1 and tiaig PagR teBlon” ngfindin Relinglad b it anidhds i PRcemanvise
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material to these locations. The dams and the barriers cooperate with the
first side dPeSREBNWISS EFECHP-form a bowl 86 to receive and funnel the fluid
toward the first eni-fHg. [ 4 [ [ r QU
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of focused coherent Iig{,ht. The | aser beaminpacts the exterior of the
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| aser beam burns_through the wall formng a breakout hole on the interior
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center line L, e. line of the Laser beamis,sho ~s, ext.endi n ross the
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the airfoil or, depending on the orientation of the cooling air hofe, the
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absor bs and di ssi pates,the ener f .the bea Hol es. may . be drilled or
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the airboil fosmeidsgideikd in a fixture for holding the airfoil that tilts the
inner end of the airfoil rearwardly about five degrees omthe

2) fr ,
vertical. 30 In fH@ $4% & HPF§SesH veoM@f @ Bartigh ofr Pﬁ%i%”di forrpgd e 1Pn

Fig. 2, the fi ] E.i i reegi @n | i~ack:
cavity havi nébrﬁ%.%pecfi?ﬁﬁ@gfé@gsﬂn%h%aza 'k%gdfggp @ggllﬁﬁ'g?'ai% éorfggtliéz)ogﬂhallly he
| eadi ng edgeforegidaairfoll ris beaskbn hWway itoshogetmeneadivigesdded ragiordithg diddinve As
the first passage and the sec,ondé%assage 54 nust provide both_an inlet for
t he bl ocki ngShewern 1964 thegaigieildqas 'FQiqutrréﬂyI?e‘éocgﬁ@e%'r&‘P'%%é% illeg &y thes

the airf,il. f 1l ow Mals) (Al i\n t

passage au alEIRE e 1PePhe Y Sl Heda e inkfha " 2% BRERERY
first enviroohemlivise tedividanttesfirgt spameist passagd 38snfd a $irstespanivisereadion 46
second environnment, and third environnment) is used to refer to the gas

whi ch sur rouffid & $REosd: aNYYiserediaR 48i rfoi | during at |east a portion of a

Thol udes a_gas. ol ot WoneS E dbRtntertol, WAl oo celtiRa, EGdEES rffihe
argon, or nepadinpestidgel 2at an@ frsHReafrsBiwall BB. OTheetRredintBHal Oball &tends

present invention, the gas in the first environment is air at a first
pressur 80P 1bahween the sidewelp &8aBdrleaving arpecdnd passagesS4extaring spanwise

Squar o i nch BHEGEdl o (58T RRSSte 38 1A Tt P BE it Hored RO KRR
equal to roomtenperature. Roomtenperature typically lies in a range of
about seventy (70) degrees Fahrenheit to eighty (80) degrees

6



Fahrenheit. One material which was found acceptabl e for bl ocking rraggr/'wélmnz
is a curable Zo fluid epoxy resin and fluid curing agent. The m xture is
cur ed pr i or i johet filst Wl @PBIERY 198 fir SMEbdsddRer Ak CRARRAaBA Q)

4320, Houston, Texas, offers t ias resiln a}g EF%%eRes?\h 8 ?@@}Sa}]ﬂ_gn%%ﬁﬁe” ng
agent i s EPlseCoRE passagg. AdentatiildOthentreri &fl theEprandvimdasageptar the akat dfea

resin and the curing agent, are m xed togethey. The curing agent is a | ow
vi scosity c&t‘%ﬁﬁ?\)@,p erprle tﬁf?ﬁ?@hﬁ?@e?‘% é’ée"ﬁ)ﬁ @s‘?'\?e(gcbia)gﬁﬂﬁdnah@e as

general coaty; ) b i ; {t
Ctventy- 11 veigaas die hEBEeo b (g AP P Hhe Sl A GAhe AT oS SR}

about t hr ee sixtpyS@nailschigh byt ditmait awdnty3(200 0nils, WR) ane nd 139k s thaanithet $ige of

viscosity of the resin is about five hundred to seven hundred (500-700)

centi poi se. AR £palingd Holq ne A Hist PREMNNG &Fi Rlytheydnteraend denphd pseged e

has a 30 vi ch%ﬂl hat i.nat : ) e i

range of about ﬁg 6? % @?&gfﬁgeﬁiﬁtﬁhamoﬁg?%ggzﬁg ?@?’9”%57%@)% in'idw
centi poi se tapradanicatibhrwith ftherexienelr efl thS40@dil.ceat tp@irse3 dXtémds loyepabéi Ny
t he nol asses-1ike m xture of epoxy resin and curing agent into the first
passage, theaeenHSPaNRY tm&%alftge@pﬁglruwrmamuf,a eand s installing
covers at selected | ions of the airfoll, For anple. the.nethod .

i ncl udes® f or ni ngS‘t ngg%\%@l r%gEeral 6t4h'8 tﬁﬁtf aeﬂﬁeo'? %&Wﬁﬁgpsﬁéﬁ@m?e?@ng

adj acent theedgter $é%i@ﬁem.ngsé|§ble§ dfhgay/ A€ trdsbe P dLphgeRllifY GAPREY ARSIl with
alum numtape to the sides of the airfoil. The tape Torns a dam 74 on the

sucti on si deblagkingamategiabn Theeoyhtdss areesisowie infschematiodastiionras repneserae
satisfactory al.um numtape Ls [0 available as A um num Foil G_ass ot.h
Tape. part WA SoBUBBIE 5, I, 383 bRBIC o it Ber 683, Einbig 2 hgdns Bt
Falls, New Y 0 e h@ht:H i S~ akeut i ght
(318) of an ﬁ%ﬁggbg@% Ig.'heaggér)tgi oqu (])ﬂlﬁ{j hngg}rﬁggie?ﬁ% %ﬁai Sééf;.Hj grtlz)gn?ht étshe
first openi ngpomibeicstiohovith e settved papsane§d thtoudivttat impiagewicet heist 66

t he vane. The net hod ingnleud,es bl ockj ng t hese other openings if is

necessary. andhe nientation ofdhgaidoit oAsiheesdly the Bt paspage saddha
ssary. U ar’'um . . e St

Che 'second” SlorEPR;S8hy HepBKa, Aalt i [BrirhHibaon I A8, SRpfor B e,

t he dans andairfoil dhtdughstheofirdt ppesingeSdiat tHe bbter Enac k2 rgrdnthiccsecind” epertiag a

hei ght H2 abgve the 20 openjng. The height H2 is |ess than the height Hl of
the dam and 8%8t g inper endpifit HBW@W’@[&?&H”?Pf ﬂ?gﬁedaﬁrqqﬁtl'ﬂ“ fsmy ﬁﬁ’é%h‘? 88Ri ng

materi al,fl o ' j i i kSt
The- bl otki ngSrEi ke PRIGRI HALRARFRTE (RALhRidl RubDinte e s RBRUReale,
i n pockets iand irtothedirst passmgefroml therseabndglassagbe Rdrugstamiphe? thd fgpatiohght
be applied to prqvide a barrier at the second openi n(]; after the bl ocking

materi al wasOf IMRIBAEMENbNPIR5B2 inRl@Spslsioalhe. senpnd walli N s spacachspanwisguch

becatse tne oy ESSR0N B In sl PiogRERAEREER BSrHL I tye dVR fRape™a "
reaches the wygien o fedtfictedeciriuldtiin R fdhpas bl g the tidle. pTherimpingahentndle al

30 anounts of the blocking material flowing into the first passage. io0 12
~u~ 20a25 EnoRlgres | aiiperiivrodtithyg sanoed; mgions thatxisdcloseshia the regiom R in gas

substanti al | ! i Do bl ] t f.airsfoil i it o the
vacuum oven. Xﬁ’ﬁﬁ@’?“"ﬁ"g’”ﬂ%ﬁmé %%%qﬁa#gékib%gtdégggﬁt:%H(’?P %ttﬁzh%?%é}gr‘l@ i's
about equal to tlggt3 e asnentfram dbboe RAthe fiFstuagerendy 2t drether ffbpUD kkeah
of filled airfoils. s The airfoil filled with blocking material is disposed

in a vacuum apeg thaJineg &3 Fdad!.ehid. Aozt Aig. ¢f show the relatienstia te dmperiarur e
T2 and a secgn ress P forma partial_ vacu r per od .of ut
Cuenty (20) PBR A MES8RM (R RERLeE et REASIEBIRE! FRES el e
first prgssuggeti¥h §i¥RIFIRe BifoiRt ABSRO®NIIA FG.C3 Ss8¢ord dhRe76 bhshe pressure
environment. The second pressure 10 is typically | ess than one hundred and
twenty-five §$idesypf The airféibfades, tHeefiesttdamn apotaver s arkbroere 8dakktengssover
psia). The tenperature T2 of the atnobsphere at the partial vacuumis about
roomtenperature. The tenperature T2 in alternate enbodi nents of the

i nvention mght increase above the tenperature Tl as |ong as hardeni ng of
the bl ocking material is not increased by7an anount that would is capture
air bubbles in the | eading edge region as the air is evacuated fromthe

bl ocking material into the second environment. A tenperature T2 higher than
the tenperature T1 m ght be advantageous in situations where the viscosity
of the blocking nmaterial decreases with tenperature. The nethod i ncl udes
orienting the airfoil such that buoyant forces act on 20 the bubbl es of gas
trapped in the blocking material. In the enbodi mrent shown, the vane is a
free standing structure supported by its inner end and nay be placed in the

Al 1 o S

is



30 38 is urged by buoyant forces fromthe first passage into the sek &rdb 2007
‘passage 54. -This expanded bubbl e joins other expanded bubbl es di sposed in
the second cehain AdRer OPEnRRESPYEB2AR theea%nat@d%cmh@'ﬁ éfuﬁuhdaﬁlo&i?ﬂg
bubbl e 73, flow upwardly i n the 'second passage, es urge t

bl ocki ng ratealesial to thessvideations heTta demsparss Ay bahiers gloapeeatienyitin geetingt
hol es 56 exte di bet he seco sage and.t he f rst . passage. .

B ocki g maSRe S e BitB ST rrRbewl o 6 iecelie 2 funielthe Reich EwasAdae dis!
fromthe firé?e sage t hrough the inpingenent holes into the second
passage increasing the effect of the bubbles passing through the second

passage fnd ur gi ifgg.Misea bfasskseutionaliiow thriugH the diifols shpasdadey. Abldig the
di sposing the airfoil filled with blocking material in the partial vacuum

of the secontN&hdi4 dhremethadhel diilingia C@@'!ﬂ@eﬁo\ﬁl 4% ab“@ﬁt I@W@Qrﬁfi@h?é’t of the
d d
6 SPEEC c ES SUPBOR R AL S SISO 08 Bl

typi cal | y aitheaéxteribeohibeadidfoi T3 which is greater than the tenperature T2.
For exanple, the terrperature used with this particular m xture of epox

resin and curi ng FAgefhtshowsdleredatiorship pkgilasembeam tOdbREemflOfngflt@ﬁtr%/CBIMO

L1 o DR R 8.7
Fahrenhei t . Thoilagdr bedmgs @evemARBENE répﬁe@ént@dtmﬁ BEMEE iRE 12bAYTthEVaser

hundred and fifty (250) degrees Fahr'enheit. The m xture of epoxy resin and
curing agent beamhigaghes thﬁlletetf@nmérthe widoil, athgelaser baboubutnsetrgugt2the wall

i t t t th t d
Mo bved by ririie BTEaRRI SIS GroRtiRtesiel o Tnéiidl® ooe, 3 ¥ RS ortgrleser
hours at rooaeamnaeé@ﬁeasnamhahmat@rm Ereﬁﬁéﬂhﬁetd? tﬁérlééérybééthq?té?‘ﬁ)wn

m xture of epoxy resin and curing agent. An alternate enbodi ment o
present lsnveeaxteoding ghtossstheafirst hualssageé}ﬂ td strikenhthes firgdwall 36sas hif blocksw,

th t f flow. the b Ki t to, th .
First onviroRFHA2KETH DRt PirseRl, ATeBal il e BelldseE 8t Sbr Aka Be SHBNPer
appr 0ach WoUlR NS an Aot R BRIt 16 BrigheRE by ¥ EhSII & HAEPREN Y ©

that the heat 1 n the wax ten as it is
vane. The st ipemial walpivsthegledding etibedegiant dirless biockéngp nhteriali almsurbstand

woul d be carr,j ed t in a vacuum oven artial cuum at an el evat.ed
t eﬁper ature fjlﬁ %J)S lu'll*% eﬂﬁv@ynaytr@ngealfﬂeq?&@g rB?;' ES %q?}l;’g%r Rartighy dg l\éfjdmo
filled wyth waxfitdd W of f hhtbdth%né()ltfzﬁ&”ﬁ'/%ﬂ ihQhisCHIdIGN Whgsd ﬁcﬂég rh% resultzlrtauc

~0l ~~~ place at a tenperature ower than the ™t enperature
pressure P3 maﬂplngohit@tmﬁotIManosﬂquuvmainbe Bifdilo solidify the wax A

bl ocki ng-mat er | alAGRARINGH oo grom QdoP s her cofing | 9k Seien 425 reqires |
R
region R's SBB&‘#@) '5' BlocKin ”H\af%} ?d?’\segt Mo ashi E?ﬂja&a?f: % 1Gcati jon OLat

Al t hough the na iIs n stoo enpirica a sugges

the foll owi ngookmgial Hotes I therlegding. edge regigrosThislieclides bhenf@@tmaiﬁoﬁlmo
trap a bubble of gas which is coextensive in spanwi se height wth the
hei ght BSof W& neéeeehtom SpHEse0i igcking meatefial $uq=h had thenp kmgd@@tertgel may

material in Egeﬂé\ﬁ%ﬁ’qg é rs%@%@ rﬁ%&@? f}gg&&#.ﬂomnﬁ‘tﬂe %?1 tRE irst

appr oxi mat el y one ore decr BASEs

ext er nal pre@eyseg@fastdmheeﬁmn Tmcsltwlth@ramt isodlisposednog fikiige Tt RoIdMg
This, in turn, decreases the pressure on the trapped gas in the bubble.  The

i deal - gas | athgaiioibkat diltsdae lrarmfrend phtheoairisil rteﬁew \eabou five degigas &)
the environ rature of the bl ocking material on the vol unme of
the is trapﬁ@%%&ﬁ%e i deal -gas law states that pV = nRT where V =

vol ume ofy n nol es|nohe partially formed condition of the airfoil 10 shown in Fig. 2, the first

passage 38 in the leading edge region 22 is a blind cavity having no exit holes



gas; p = absolute pressure; T = absolute tenperature; and R = a unil dehUb iz
‘constant whose val ue depends only on the units used. Gases at a pressure of
a few at nosybeslmgrai bisleal 43) e s nsadieg estigedeediohor Ireta@adiegid fpingement
cal cul ations. 20 _The ideal -gas | aw suggests that decreasing the external
pressure by 'Rl9%e6 sxtediag PW?%‘@%U@% PRghage @ndrihesieeond(FRsBRIER4 Mmust

| ess than o L ve. r i | J I | d
i ncrease | n%\?g{\gﬁg&gﬁ %ﬂgwI%t‘;‘@ﬁ%ﬁe(%%oggfr(qlﬁéﬁrgﬁa%%gﬁ%eénoéﬁf Eé"l tz&%'&%@d @Péég

i mpi ngenent drothesntbioridhiendelfdile woul d expand spanwi sely to a spanw se
height B2 in the_second portion of the passage. 2~ The new spanw se hei ght
B2 with % he partThe sier @hfowing blaskingobmaterial o4 Bito thersecond atassagb &t and

i hei,ght B, .. | npi t h bsent. f the airfoil_ |
A R g Rt e B OB
in flow comiupoghiviPbntehl? (stighead GFdt BnvonihtaksbiShd 'enoﬁgﬁﬁ%?\'t,”gné Keird
pressure to 30 pressure P2 allows the trapped gas to expand to t'he

i npi ngenent emlirenieant)isi uded to refartedite gas widchs sgwadndaite dxdedoadoiecdirfor

adjacent to the regjon, R The 13 12 A ~....1 " buoyant forces acting on
PR f T appeq DIl ST IPRShasPORIR Gl AUY PHPBIASTAE Anhiemen@irensl baken

and intg, th C " e i i l hi s
conti nugos u%{ﬁe ?ﬁg tggis‘%%gb%%éﬁeg%ae% H.'gytéetrjl@?tfgﬁ?'%‘flgtghéefh%esg?%%q%e 'P-k{us
at the reducddmpsasis aseargan, ohmany dpesdfgasmisybbdreastirl | extends s for the

sanme spanwi se height B, but many nol ecul es of air have escaped. D sposing
the airfoil fillBH Qe heRbadwe®itn @f ntieerprasent, InYRNUAR, r heergds oAndhe Histt he

hei ot "o a5 el 9E oL ftet WFafture 371, ARG, A T UBRERRER . PR e

trapped gas gresklredPs b an@dsphari@ipreddersd, approkinidtelyoicetceRdammiserémitesths
forms a void of height B3. However, the shrunken void is not aligned with

the driI§i ngP@HNAs Pebf Sqyrre| s absalte dil 4thdrstdlolandy the rfirebltempReatiurg J&

ol 6 and { neRARspeRT G GlgEr eriatiafib. ko] BRI WY IHHER o

hardeni ng strgpgdoes abogte sehenol(Pop d¥greds Babrenbeitntd egighty2 (B0 ddsrees
tenperature T2. The volunme increase is small is (approxinmately a two to

t hreef ol d i ical¥geBeitn vol ume depending on the tenperature of the gas in the

rossute Lo a oi ST Parefe SR Gedondy 40EeniaBlh pr Bk HRRGELE gR0HNe" "¢

renmovi ngo t hefjdid apRKY ré@iﬁ-an‘&sfllﬁdr&.ﬁ?m?tag{édﬁe Thesmixtirea durs® prion&s tHeNdENiAg Pt
the void formed by the bubble and the 1aser beam does not strike the 20

wal | . Thi s neperationaphelidehersicahpompanyoPapyBax 48RP njorstoar Takaswnftems this

vex base | BORLHRCTONRERD SLERaNs, The SuFbd=teP B CARECL e e

to keep the 3P40 hintétial dEOAIMAOEe! ETS 6PMHELEbSIP ah8ARE IRMPE AdeHt rbnikagden
the wax. For 2s such a bl ocking -material) both the pressure and tenperature

of 't he seconi@gethert hiThe eurng egaehissadow viscesitjucerative, wpplicableftypicelly to
trapped_gas durin he .evacuati on and har denj rocess. The hardenin

pr ocesszg s C ﬂbq%?%élog)yﬁguqri\ @e_f’ﬁ@qrcé’ét'ﬁgﬁri x}t\{}&@q raﬁggpnq esﬁﬁ'ﬁa?'_g%( %Qa
at nospher e pa@@_@@geFém*enhert_taw&htghlrve(&%b duytess | denfighaid)! the3QiskBYity GANRat -

Once the hardening process is cofnplete, 'the blocking material maintains its
shape by reasuningfgentis aboehtiede thsusarahte sbothtivsand d3000-6,000) cedtipoige Au~
i [ ... Th jni i I i
te? :c ect ag‘? | engn e %/Psrc%SIty of the resin is about fivé’ %[J%rcelg ol sé/verneﬁbr?ér%t(sb&fdaf
centipoise. The mixture of the resin and curing agent at room temperature has a

30 viscosity that approximates that of molasses, and may lie in a range of about



pressure but it is believed that wax-like material would work eqqag Aus mm! | -
. The nethod includes the step of drilling cooling air holes through the

ext er nal walskvefteehehandfed landnfiftyt {1& S0¢ackmigpoéskgdo caboty thairtg-fatr Sugidred her
| ocations s as may be required. This step is carried out using conventional
| aser drill (PPALAMIPYIRS. Thereafter, the interior of the airfoil is

cleaned of the bﬂ’@&“o”@oﬂﬁr‘igﬁfH@ho@é’ss@Eﬂ@eQﬂiﬁﬂga@: %&{y' resth 8ndi icminﬁtag[egta

environnent having air, sSuch as an oven he “environne

t enper at ur e imtb thu rfireepassage ethd IndBidd irdudes fommiRghtrenhkints 7i41e76pany
resin i s vaporized | eavi % at nost sone fine particles which ma¥ pass
t hr ough % he RYallinggcayars 1| ¥iected locationsopf Hie @ISl p&ar xamigea thrresthed ow

st ze. “The wAbePUet gAY Fuk BLathe FRE AT chl e PRR S TR SR °
any oxi di zedh@dirét speRfin@B8r Fhe \aieYand ifymedasy Bppiyire anﬁﬁb@tta{akao/me
advant age of the present invention is the reduced cost of fabricating the

ai rfoi |l whi ctideseithesaiffodmTing tagedfotns ekdarg 7vedretheasuctiarcsiddasnd dam feegni re
ext ensive Lpul ation of f airfoil, in many direct.ions to renpve trapped

gas bubbl egqaftmeﬁﬁ%rfaﬁ@ef %Hr] s9n$\n9§ttngrv%ar#%egéahﬁi%8fpéy@%B‘m%r}?_p?§Qt he
reduced,q evelyaibble 84 Aimffiah HaNIGRRSSORIEITapanphquinber 200607 Ifrétriient he

filling 20 operation which results fromusing an epoxy resin and curing
agent at rodnct ddpdcGafiray. Skeet, iRnosiak/RaltsadNew Y orkd 2080 eI Thef heigbt Hf cof theae

br “Che cost 49835 BPSLLERASIOTBAIRIE 8 2 MEG EOVRITEIPOREN SEIHERRGUIMER | ng
the drillin ' : W& R t ' ; ' bl
cont 1 gur at 1 o G 7R frst BRERR! T UptaliFias Angt bBChUSTe) B % fiE BlteA"! ©
materi al by drehtafnthd hvanel r f Dhé method éhcludéedblibekipngr tiiasee odrc bpeaipgsi fes

nost) if not all, of the blocking material. Any fine particles of powder
left beh$ nd RRGESSARY. | JNRaSHBE AWEYNYMrtERg iBUrsakiorpingcervar sy @t theessecond

Crtoil. Al Y Lo k ih
o ARg . S The R L BB ARG RBERDA ot o 6 e
skilled in tdsondipddsagelsd. v 1 2 AUG ?~e~~ various changes in the form

and detail thereof may be made w t hout deﬁarti ng fromthe spirit and scope
of the clained i Blesndmateuiakisipougedintednhe powigormad by Abes and into the

second passage until the blocking material reaches a height H2 above the

20 opening. The height H2 is less than the height H1 of the dam and typically is
about one-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

25 tape might be applied to provide a barrier at the second opening after the

blocking material was flowed into the second passage. This would ensure that

as much air as possible was driven out of the second passage but is time

consuming because the airfoil must be manipulated and cleaned of any resin

that reaches the exterior of the airfoil. This would occur prior to substantial

30  amounts of the blocking material flowing into the first passage.
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| 12A
1. A nethod for disposing a fluid, hardenable nmaterial in a structurze U 2002

"havi ng a shaped cavity prior to laser drilling through structure adjacent
the cavity, the structure having an internal configuration which causes the

fluid materi al f d havi

gas to escape fromdt Tl Fekiol ahiRdl i MY emPanet & ¢f HhubRizmraly ”
material i nicanttiMedanifiiind theanbit! 15dtclg Y ialirs) 58 m aMioBhedv SRR Inovenf "l"l'ﬁfs
pressure P, and a first tenperature T~, the f , hardenabl e materi

bei ng di spodkelameurtef §me filing adratcmaf the @Jo‘okéus abogfasqual tpaine tiedd spddimded
I n the cavi e hard e materia |ngthe structure filled
with the fI&P{%pgﬁé?ﬂd’@ﬁ%mgb)ﬁ&eeﬁ”eéﬂoulsrpaéé@8@6’?1‘?955 Fonment having a gas at
a second tenper t I

xtont that [r apuBUBlr s s ed pRRIENRACHA i Hhidsd it & WaEhm By

| ess than tlmaving atsquoesisemdrdimeritral aix paadsemridengssraturet T2 apeick @lecond
causi ng the vol une I%% trgeﬂ(‘gas in said is pocket to becone |arger than the
pocket and fREREIWE arte fef lanBa'f“@hMB@d-"Qafgr gurerigd PEQbB%RféQntﬁr(ao) H igws

ot C2 ) JB0r il OPRE! HborkdBISLAD 97 i€ ML 8 ArERC Rl G W& aMe ] "Y'

buoyant forces’ acting on sai e cavi urges said g

first openi ritypicalydiatmospimeia bmsealfd)ej‘f thdirstt emmrtaumerftl | Thesl sbtbrh*d foregslire
har denabl e nater. al |n a third environnent at third pressure P3 which is

gr eat er 1 haris tyrRicabe %8 1hassene dupgredang twe@ébérf'é@ kil 32l Tper thad iflespriBano

har d h

expand 1 romdut pPE e &iq.Rar AR TOK REEEI & 8T e GREE el
portion w | Ipstigepgchuranst so@aidny temperlrd. heT i eamparatand )T 2Mie aiehdtae

hi gher pressure P3 acting on the blocking material conpresses any bubbles

remai ni ng tcﬁm‘é@ldlm?rﬁﬁ@f 1€ nventian vioight Increase abe\de el tashperaturg Thiasrloay i n
th t th f the |i

| aser - beam (3¢ DRISEERG 85 e blacke Mol Meh HiResed bV ian aounf et b e
30 bl ocks ng dapterd Q||r Uu'lﬂb@é§?pih% r@aandgaé@gze PEFBh R PSP eVBAGABR AR Ahe

damage to the structure. 2. The nethod for disposing a
fluid, hardenagkiag rma@riazhuntonthe saqonctt em\ercrmnemg A tempesatucaviz highferthanm 1

sher el < BB gl Ers oo i APt SR e e ALt n
a shaped Ca"thbbl@éklﬁé%éfbﬁawﬁl@drééébst@ﬁh@érﬁéé#ﬁt&e'?z is a partial vacuum
The method includes orienting the airfoil such that buoyant forces act on
20 the bubbles of gas trapped in the blocking material. In the embodiment shown,
the 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
25 engage the underside of the outer end of the vane platform. This avoids the
need for special fixturing , speeding handling of the vanes and reducing handling
costs.
The partial vacuum causes the air bubble 68 to expand, increasing the
buoyant forces acting on the bubble. An expanded bubble in the first passage
30 38 is urged by buoyant forces from the first passage into the second passage 54.

This expanded bubble joins other expanded bubbles disposed in the second

11



4. The nmethod for disposing a fluid, hardenable material in a strucl Z”AQGZUUZ
. having a shaped cavity of claim1 wherein the pressure Pz is a parti al
vacuum i o ‘pasghge.mésHbe expanded pobbleg, auth asdhe taibben2B) owripavardly inthe
structure having,a shaped,cayi of cl ai,m erein the pressure PZ is a
parti al vacﬁﬁﬁ?'g? pfsﬁﬁggsﬂ?ee\ﬁugg’?st Hege éfb%ﬁ)ﬁ&gﬂ‘fég Hﬁ%‘ﬁf‘éh?‘éﬁ@w WAt \ner fikph
Torr. 6. Th Farl 1180 0Sd i | |

Struct ur e Do rec gt ARy eht e Sy o Bl b Bepond
partial vacpassage andribsdustepdssaget MBlockibguhatenied hrgett #vo ainel fitsteydsgabe we

Torr. 7. The nethod for disposing a fluid, hardenable material in a
struct urfe hAWiHE'Rs Loresalr @gﬁﬂ tf‘?%?‘ F?ﬁséﬁﬁﬁltﬂ%@?\e‘%ﬁ Inpengasaeidelesiedber e

T2 of the g j | ' r ich
greater than rRACPaNSaTal T e nogte BT ne b dtids bETRES it pcbre
har denabl e msag@anhmrgir@ mafd Bloeking\rhadiutn Fhamesl fiepak¥agé claim 7
wherein the bl ocking material is a wax based material having a nelting
poi nt above t he Aftesdispegiparthewidoilfilleg withsblprligngdnateriabin the pantial 2acuum o
the structu

ae 9. Th hod f di Jluid . hard l. ial i
a structurercﬁam? ﬁ&cangﬁé”@téfagmm‘pe'cﬁ%@m%‘? %’hé‘:ogk'ﬁ‘gtarh@%g%g6?619%%0%%a'ln '
tenper ajqur e glghiRf ehligotrmgnt. N THE third enﬁiranﬁ\gﬁt #282%, LRe0da QR rﬁ?@ﬁ?u’]‘ellia@ at

a tenperature which is approximtely the sane as the tenperature T,.

The net hod fwhichiiis pgreatey thanl nedyedrnd pnedsiuse R2.erThé das s bipicallyuaie #ta@i ng
a s shaped gavity of I m.9 wherein the cond tenper re_TZ of the gas
"t he. SecorBMBRAEEdenAST: ' REH B era i dSTPR e Gad oersapl 06
environment gpeatie AU witd Afis! GARRIRY thikturklor Ep8xPEOR%APURNEPARY @
fluid, hardenable material 1 n a structure having a shaped cavity of claim

10 wherein t(E® QN R&sing8h&tresinabnd sSERRCEIRE YCurés) Mgent 3140 nmateribi) db insa
m xed at room tenmperature and thec{)eafter flﬁwed i Bto the airfoil w thout
-Hye 422

f urt her Fheat'PRES f_zabqq'#etw&maerq Ang; teady LideOreRs Fahaemheihil dweal
in a struct YigdpayidHl Seventy-five (275) 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.

20  This is followed by a curing time in a fourth environment of about forty-eight
hours at room temperature and atmospheric 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
25 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 the wax
keeps the wax molten as it is flowed into the vane. The step of disposing the

filled airfoil in @ second environment would be carried out in a vacuum oven in a
partial vacuum at an elevated temperature to keep the wax molten. The step of

30  disposing the airfoil filled with wax in the third environment for curing would take

12



shaped cavity of claim1 wherein the third pressure Ps of the gas ilrl Al
‘third 15 environnent is at a pressure which is approximately the sane as

h
the pressur®/§e gt atigBIREralsre ddlowsitean the tempaiatuea heRnhAt ai RBEsHTRgPA
fluid, hard ' ' | h d it f clai
12" wher o - SE0Y B TBMEF biin R BeR 0RO el P 0 06 et r onrrent. and

the pressure P, Afpémmlgasdoénﬁape dfithe tpresentr MBIRDA o&dies AN IIRY aRICRSSWIR -
14. The method for disposi a tluid, hardenable material in a structure

n

havi ng a shapeckioavnatgrigk tha?éiavelre@fms@frretdngedMirrculati@mpwcm as dhazegiontRe
as of the third z nviJonnent is at a temperature which i reater,  than
'? he tgan'pseratﬁmo(‘-ﬁvnTﬁ aﬁg' p#o%ﬂr%(?boﬁmha} FhieH rg apélﬁﬁ L'f?ef'c 'Qorgt g@‘ﬁﬁPB@thH@
mat erial . 1%heHotnerR f0Aol WelldLsBOSdHY, Srhpiricdr dBRY @egg@é@ 8t e 3bildwing
structure having a shaped cavity of claim14 wherein e material 1's an

epoxy resin cocdrs lrethi9regia? Rus poesible famplee aegioe R $o tlap s bubblegftgespehiashur e
for the resi.n of about fwo-hundred and _fift% %{2&_8) d?%ees Fahrenheit. 16.
The net hod fBICOGKENTHE SPFNWISE)haightawit the h & &F the ragion,Rctldisrosiagi ng
a s shaped I fe: Li ' 8 rd i l; "yl I rm
into the st ?ﬁ%t%mﬂ)éﬂ%&m@ éﬂ\gkﬁihﬁ%%ﬁ% ! e‘r?%eére;dtoﬂrdze%%W?weaggsﬁ r%?&{rge

third enviromnient is sess thah eamsrorinatelywioneh huadiezs |nidhaweintysfivee| (126D Torr,
tenperature of the material to solidi f%/ the material. io 17. The method for
di sposing a daqieasehifiaiextennal pressvieapl the gasdn dee @NIrRETenY o8 Wa%‘@éklng

Caacont 1o TRER IHEIT " 4RGRSBY e pRsslfe b PRE R oA YRS T S bl ' °
openi ng and an exyparided-§ad Rve pfevidesd Begatavapprosimatidrebeite efiectsdfaiteéure

forcing part of the gas out of the pocket includes flowi ng that part of the
gas through eftbeasirongiest eeditempesaiiee af theddeckiag peaterishonthe velupishef et o

ok ng b adroiioed BEBDRTA A (CALTTAL A AR A9 ALCAC. AL AL ALNEG Y_LK(w
k op} The ideal-gas law states that pV = nRT where V = volume of n moles of
gas; p = 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.
20  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) 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
j expand spanwisely to a spanwise height B, in the second portion of the passage.
25 The new spanwise height B, with the partial vacuum would be about six (6) times
greater than the spanwise height B;.

Impingement holes are not absent from the airfoil. In fact, there are
impingement cooling air holes which place the first passage in flow
communication with the exterior of the airfoil. Decreasing the pressure to

30  pressure P, allows the trapped gas to expand to the impingement hole 56a which

is closest to the second wall 44 and which is adjacent to the region R. The

13
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"10% & () - 18kbetatiPe OF th&Ha¥ik 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

20  wall.

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

25 such a blocking material, both the pressure and temperature of the second and

third environments act to reduce the volume of the trapped gas during the
evacuation and hardening process.

The hardening process is completed by curing the resin mixture at room
temperature and atmosphere pressure for forty-eight (48) hours in a fourth

30 environment. Once the hardening process is complete, the blocking material

maintains its shape by reason of its increased resistance to differences in

14
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the environment to a temperature of thirteen hundred (1,300) degrees

10 Fahrenheit. The 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.

15 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

20  operation which results 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.

25 Still another advantage is the removal of the blocking material by heating the
airfoil to an elevated temperature which vaporizes most, if not all, of the blocking
material. Any fine particles of powder left behind are easily washed away during
further processing of the airfoil.

Although this invention has been shown and described with respect to the

30  detail embodiments thereof, it will be understood by those skilled in the art that
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expanding the gas in the pocket causing the volume of the gas in said
15 pocket to become larger than the pocket and forcing part of the trapped
gas out of the pocket and into gas communication with the opening,
including
orienting the structure such that buoyant forces acting on
said gas in the cavity urges said gas toward said first opening;
20 disposing thereafter the structure filled with fluid, hardenable material in a
third environment at a third pressure P; which is greater than the second

pressure P, for a predetermined period of time to harden the blocking material;

wherein any pocket of gas in the cavity will expand from the pressure P, against
25 the lower pressure P, and at least a portion will escape from the cavity through
the opening; and, wherein the higher pressure P; acting on the blocking material
compresses any bubbles remaining to reduce the size of a void in the hardened
blocking material in the cavity such that the void in the cavity forms out of the line
of the laser beam in the cavity to such an extent that during laser drilling the
30  blocking material intercepts the laser beam to prevent unacceptable damage to

the structure.

17



10 1088} dEMK/ " 109 $10% & ()- "10% & ()-Y "10% & ()- 10% & ()- |2 AUGZN
- 10% & ()-S:$10% & ()-JTAENN " 10% , $10% & ()- S% " 10% & () - L$$10% & () -
@10% & ()-$10% & ()-3"10% & ()-TFdE: / 10° 10" :10% & ()-A4$10% & ()-
1310% & ()- 1 10% & ()-10!10% & ()-Y.110% & () - Sgj kxY: / 10B: 10%8& () -
10988 () - 910%B&' () - 3" 10%8&' () - YI00B&' ()-s10%8& ()- M 10" ki meoni

10% & 19% & 9 9
108(2/\7 ij)EnN/é)l% %'gﬁlo%\é&ﬂ?%dfe?rg&kgos@ é’f%{gw%ﬁﬁ(e}l_@%&n@enéf)lﬂ@&r&&turé?)&vmg

y10% & () - arstEpdd Tavityailoid () whesiooshe (Jas in 1bes &st) -setont g&aid -third

310% & () - 10% & () -
6& () er?vi?o%rrggnts is air.

5 3. The method for disposing a fluid, hardenable material in a structure having a

shaped cavity of claim 2 wherein the pressure P is a partial vacuum.

4. The method for disposing a fluid, hardenable material in a structure having a

shaped cavity of claim 1 wherein the pressure P2 is a partial vacuum.

10 5. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity 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 for disposing a fluid, hardenable material in a structure having a
15 shaped cavity 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 for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 1 wherein the second temperature T, of the gas in the

20  second environment is at a temperature which is greater than the temperature T;.

8. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 7 wherein the blocking material is a wax based material
having a melting point above the first temperature Ty and is flowed in molten form

25 into the structure..

9. The method for disposing a fluid, hardenable material in a structure having a

shaped cavity of claim 1 wherein the second temperature T, of the gas in the
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second environment and the temperature T, of the gas in the first environment
are each about room temperature.

11. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 10 wherein the blocking material is an epoxy resin material

10 which is mixed at room temperature and thereafter flowed into the airfoil without
further heating.

12. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 1 wherein the third pressure P; of the gas in the third

15 environment is at a pressure which is approximately the same as the pressure P,
of the first environment.

13. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 12 wherein the third pressure P; of the gas in the third
20 environment and the pressure Py of the gas of the first environment are ambient

pressure.

14. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 1 wherein the third temperature T, of the gas of the third
25 environment is at a temperature which is greater than the temperature T,

and provides a hardening temperature for the blocking material.

15. The method for disposing a fluid, hardenable material in a structure having a

shaped cavity of claim 14 wherein the material is an epoxy resin and the
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structure and wherein the third temperature T3 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.

10 17. The method for disposing a fluid, hardenable material in a structure having a
shaped cavity of claim 1 wherein the opening is a first opening and a vent hole is
adjacent to the first cavity and is in gas communication with the first opening and
an expanded bubble from the cavity and wherein the step of forcing part of the
gas out of the pocket includes flowing that part of the gas through the vent hole

15 to enable at least a portion of the bubble to escape from the first cavity through
the vent hole.
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