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Material i rj‘. an Article Cross-Reference To Rel ated Applicati ons%g. ﬁgh@g?l
‘application relates to once copending U S. Applications: No. / ,
entitled "Method and Material for Processing a Conponent for Laser

Machi ni ng", by-, Methed amd Fixture fon Bispusing [RilleOMatarialGaGamAvticleS. Pat ent
6,177,038 Bl entitled "Method for Orienting an Airfoil for Processing and

for Forming a Mask for the Airfoil", by Gordon M Reed et al.; and No.
09/ 213, 593 tyads RSerdlideeTd Reldiés. chfiéhd | ed "Fixture for Disposing a
Laser Bl ocking terral 1n an rfoi y Gordon M Reed. et al.

Descri pti orp, 4 TectHis appliEatiirfrelatés I ofick BYpSHUIAYG U8 ?Ippﬁcéﬁbr%: Noxture for
di sposing a naterial on an airfoil or in an alrfoi or an axial flow

rotary nachl9213,503 enditled “‘Methed and Matetial for Roetessinga Componerit fand t he

material i | A ASSAHEES . | n L rfQil . whe e teri S
sol i difi esiggegm@%ﬁ"%f‘gr'%zggﬁ?éﬁhﬁipi‘@ﬁmﬁg aflrﬁr??r @ﬁ{éél:}ﬁ'%ﬂ‘é’ lﬁgssage 6F a
| aser beamHFatem 6177/038BI &stitledt ‘Méthod br OHentis &R Krei for FBeksdldg @ind ol e
is drilled through to the passage. The material is commonly refefred to as

"filler ndeeForMings MaskdekiheAipgll's by BordendVi Begd starandiNa. he :nteri or
. ot . o hia ’ erl
T xtur o f oS 13883 rtvf U patdht 6,188 dosdneiled eutliertor BHGRGGINY alliadtrlo, ' o™

passages i Blacking dateriakia aov Aifoilt by Gordunild, Reéd ebakr e the rel atively |arge

supply passages or the relatively small passages which provide conduits
fromthe supply passage to the interior or exterior of the airfoil.

Al t hough this invention was devel Opeﬁgé&ir{ti@ﬁ field of axial flowrotary

machi nes, this invention has applicartl other fields where a materi al
i s heated thechnjoalfFieldhe naterial and is flowed thereafter to the article

wh th el | ' he.article. K d.of. Th
"venti on 5 b ATHoIVeMGH FRtesd L nbretnl Hidiosia S melBhetat AR ool 8f pa
for wor ki nin aneidtfsiropapesxialfiowrdtas machineh Fid inditdrial # ReatedbNRulkpdes and
turbine vanes. The airfoils are bathed in hot gases as the gases dre

flowed t hr BigyMateralandinednatenial isdflowsshia passagesiin the aikiall whereghensi n

; ?gf'oﬁ’ 52?} gr‘fs’éiglrﬁael%tb)}igfﬁgegi tp;b?ﬁiélgrgf%féﬁ]rg@‘é, gicobihy fﬂéﬂ‘f’Sﬁte?ﬂ%rtﬁgp\é%sg%%rt ons.
a laser beam from striking the interior of the passage as a cooling air hole is
drilled through to the passage. The material is commonly referred to as "filler
material" or “blocking material” and is disposed on the interior or exterior of the
airfoil. More particularly, this invention relates to a fixture for disposing filler
material in passages in the airfoil, such as passages in a rotor blade or a stator

- vane, which are the relatively large supply passages or the relatively small

passages which provide conduits from the supply passage to the interior or
exterior of the airfoil. Although this invention was developed in the field of
axial flow rotary machines, this invention has application to other fields where
a material is heated to liquefy the material and is flowed thereafter to the article

where the material is disposed on or in the article.

Backaround Of The Invention

5.2 - Airfoils for gas turbine engines are disposed in a flow path for working
medium gases. Examples of such airfoils are turbine blades and turbine vanes.
The airfoils are bathed in hot gases as the gases are flowed through the
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rotor bl ades and the main supply passages for cooling air in a turbine vane
are larger in volune than the supply passages in a rotor blade. 5.3 The
cooling air is then flowed fromthese passages through the airfoil to
..,,:...keep the tenperature of the airfoil wthin acceptable Iimts:

Cool i ng ai enaieesCapling airiefewed dhougtemain supply pessages erthe interiorf oft he

Dot > TP g . . o "fi g
ol s, Tl aRfAHAd AR CSR IS, | SRS VAnks e Pl LIS RARY v e i1
a range of refoebiriescand thematresupply passddels fob Edolimg it a thishé WEndigrei S

flowed fromthe passages on the interior of the airfoil through the
cool i ng -ai rardeéY &VQ'H@‘Q%‘?"\EQNSS'PPW Rassagesinairetorbladesce of the airfoil.

[ var| g o TereadiRg dif RTASH HBWel A hédko Sosaded e o PSR AL 1 71

cool i ng wi keep tiie température ofithe ladrfaikwithincacceptablé limitsof -cool.ing-air - - - -~ -

provi des abatrier between the airfoil and. the hot, working nedium gasses.
5.4 The hopbggll’lgg@lrdptﬁﬁs@gsq f:pﬂﬁpaj@@@ F@@fgaﬁh%ﬁﬁ?ﬂaﬁe’fmaMt oured to

ensure ade | ' L [hd » : 4ses a

| aser to gﬁréggtca gﬁ%%g%ﬂoﬁfleécgf‘ée%&{a‘ﬂgrc]:glrlgWgﬂ%ﬂﬂgﬁd&%_oﬁlﬂ%&?ﬁ@gll.’ff oil.
The i nt ensbolesaresamahand onay have diameterstihabarenin a rangegof eleeemdd | of t he

airfoil, | ' i Lch.provi des sati.sfactory conduit for
cooling ai gé\YﬁﬁgmiﬁféaQQ‘}?—.@@ﬁcﬁgﬁgﬁg?@gg g i, loed fom the BRssagesion nt o an
interior cthe interiorief the affoibpsughhe éddlihg%iﬁ%lewm hét Wit t thePn the ot her
side of the cavity causing unacceptable danmage to the airfoil.

Accor di ngl §xterigr suface ofitiiecairgjl. Ebﬁcmlingiaérmrgweisﬁrans@iraﬁongmgﬁm Bsock t he
bonet r at ool passesiriGulf e wall 4h et (5 oif B dischdtbd o MEBHRY, < posed

Wi t hi 3 Ej hepvid film be?linywithafdmﬁaigon meﬁ] exteriotnThatilrhloficaeling gﬁe I's
pour e uring.the nuf gct.urin rocess. e .ceramnic core provides a
suitabl e bPr(?g’ﬁ%a ’é?fia%ﬁt‘.”e?ﬁghgéf '@%gleé*qtsm ng Mpdivm gassesoved by
wel | knowns YeactTha holésard QMRS in BreSdcieimhi | ' ' Pat ent
5,222,617 entitled "Drilling. T'Gﬂaﬁﬁi"e, BIRed pattbme gd ok Ebnidirel o, IR P
and St r oudensuwe Adaaguate eqalifg ef the airfeil.| One way tor diill thesholes asebladakeng

o L 1Bt g ot ) B v B S il T g o
of the ai riadidtionfnemtthenasertbaam burns thrégH tHe3wall bEtHEAITRA, BAVRIG @l when
heat ed ab%/gl':irl'lé $é ﬁagtv‘llhr}gh (r)clwq}:lesng%a?ié%%tegrytcmogduit for cooling air. As the laser
beam penetrates through the airfoil wall into an interior cavity, the laser beam
may strike adjacent structure on the other side of the cavity causing
unacceptable damage to the airfoil. Accordingly, blocking material may be
disposed in the cavity to block the laser beam from striking walls bounding the
cavity after the beam penetrates through the airfoil wall.
5.5 One approach is to leave disposed within the airfoil the ceramic casting
core around which the blade is poured during the manufacturing process. The
ceramic core provides a suitable blocking material. The ceramic core is
subsequently removed by well known leaching techniques. This approach is
described in U.S. Patent 5,222,617 entitled “Drilling Turbine Blades” issued to
Gregore, Griffith and Stroud
5.6  Another example of a filler material used for blocking material is wax or a
wax-like material. The material is melted so that it may easily flow into interior
passages, such as the leading edge passage of the airfoil. The temperature of
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hundred and fifty degrees Fahrenheit (2500). The nolten material may be
poured by hand or injected into the cavity or may even be sprayed or
painted on the surface to be protected. However, the nolten material may
severely scald personnel working with the material. Mreover, the

oper ati on itBeMmofen matariatwhen heated abewe dsinaelting peintmaay Byceethtwo nt o t he

foil. | ses an
i t1 ve ¢ qundhed SHaTRY Cuceds KarerneR (2500 1% FBER rielifl Pav 435" 55
i ssued to Qouted bymanﬂtamujécte@mm tl@lca\htq&mmﬁfléveﬂbeWr&]e@br ﬁéiﬂtéd?t hod Of
Laser Drillin Corfe, a PTEE (polytetr uor oet hyl ene) wax-1|i

material | Odhe ejtg be prolediad. | owqygr ﬁhﬁ@ﬂ'@%@%’@'@@ﬁéﬂ@'ﬁ%t i on of

' as an
bpoxy 1 estaald persBAheRioRaR] GAfiths fdtBrat Mdrddiek e dpfalion Rt T 0
resin is doppuUBENY lflsuchenaterléblslpdnryedbmbiayldpmmrmegamfdxe resin into Itgsng

[ [ ture 0Ses. no _sca
hazard o BoF comite example ofa Wax G BIOFKRG frtiuAl ihichaBes e sddEYeIEn ( he
fluid and _%%iiﬁfdrﬁnriq)v&%q’é@lsﬁussgﬁﬁt B, IFLtdR 50481729 Bstil 1b Tdriea g FE wax

mentioned in U. , However, the'resin s r
vi scous combeusd entitled l‘lzaser\lagmanmlaterm Amdfh‘/letlwct ©f Lasér Drilling.”t InrCorfe, smal |

s to use 2 eapoytetBrdhTiens] wkdidnaliel B qispokedn RErdiBEhg | aser
light. Thi S‘hen?iTB@Help§aviblﬂQN6%ati@nlbfsloufsﬂent 4,873,414 issued to M
and Pinder entitled "Laser Drilli n'g of Conponents". A particular advantage

of 'this meditim Slilangthenapprpagh issieiiseramasking mntsswfgas aprepoXyont act ed

b he | : | S etecting
t%et p?esgﬁgéé Ilc'):“gm?h '%mg&%agﬁntg@s#“qﬁgsf&'@ {eéggn g?’gar%ohxgﬂﬁgﬁfdg t he surface
of the art dispesaddn tlm:alrimhllbyrgmpﬂ;epwmgmemnmmtmtﬁmﬁoﬂcwmpd)@l to
determ ne _whet he eam has Iarl | | ed t hrough hole. In

addi tion, [§RNI]A '29891 P?I"B?rq? %P%ﬁ% RO geRlding:hagay 9@?&?@9(' h&hgedi um
through a gpésy eesuf. R furtheR brodedska ty Ihsm fhe Miid Lhe dﬁ@b%&%&% a he

medi um fl ows readily over "an inner surface of the conponent . Anot her
appr oach i B"Oiﬁéﬂhd matur lE‘ Slfm'ﬁétﬂ the, RIBE wax mentioned in UaS.elPat@aﬁr ier

ll\)/g rer :afl ma %;g:lsrg V\:hl c | s a coib r{éfa%gﬂ\&?g@f&é&ﬁﬁ es a BJ A st I ng

of . a -3 EHhasdHficulty in ﬂowmg through small connecting passages on the mtenor of the
airfoil.
5.9  Another approach is to use a thikotropic medium that includes material -
for dispersing laser Iighf. This approach is discussed in U.S. Patent 4,873,414
issued to Ma and Pinder entitled “Laser Drilling of Components”. A particular
advantage of this medium is that the dispersant material emits light when
contacted by the laser light. Monitoring the light provides a method of detecting
the presence of the laser beam as the laser beam breaks through the surface
of the article and controlling the beam by using a feedback control to determine
whether or not the laser beam has drilled a through hole. In addition, the
viscos'ity of the medium is decreased by forcing the medium through a nozzle
for lowering the viscosity of the medium so that the medium flows readily over
an inner surface of the component.
5.10 Another approach is shown in U.S. patent 5,140,127 entitled “Laser
Barrier Material” issued to Stroud and Corse. This approach uses an injectable
barrier material which is a composition selected from the group consisting of a
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first copolynmer of tetrafluoroethyl ene and hexfl uoropropyl ene and a second
copol yner having a pol ytetrafl uoroet hyl ene backbone and a | east one :
fluorinated al koxy side group. The material is poured or injected into the

interior of the c onent, 5.11 Anot her proach is shown in U S Patent
5, 767, 482 ﬂmtiqopsﬁ'%ra%fréetraﬁwpﬁmy?m é?ﬁ? gﬁ OREIRY ard @eeCcopdTur ner .
Tur ner use ' [\ ' ' hdm chl ori de
(salt), orégi)gwérﬁerﬁe\lilr ﬁfgﬁolﬁ %ﬂ@rbgﬁlﬁgﬁﬁyéﬂﬁg%ﬁghgossess a high
mel ti ng poflabrinaledtalkewy sideigroupdTheanaieriabistgorred oeinjectedfinte thenponent by

pouri ng or.qlié.rrak'rr\‘git a paste with water and injecting it. The salt is
removed by! Eﬂ'iﬂ#gt HE® ent with water. 5.12 The above art

not wi t hst agti N0 Arifth@ idrTbaCR sl 1PErS. pateht 576 7HE entifed dasgr i on of

Appl i cants Assi gnee e sought to develop material s, ds, and devi.ces
f or di sposBagrier Material andtMethad” issued to Tumnerar Turoeeuses finelydivided bl-ocki.ng .

a | aser beam the interior of airfoils.which.are useable for S

producti oncyﬁgﬁﬁ?? m@tegﬁllc’]sl{%a?s 59%9”1@'?{#@ ‘%qta,tqrv%tﬁ?r Eﬁ% ﬁagtﬁﬂ{’ﬁgpﬁf romthe
article w aRotHerARillyStableGnpcyseks & h GG PBEt OISRt AY Be-infrdliddd/ of
Invention 6.1 This invention is in part predicated on the recognition that

fixtures ulda theintaripuefareempionest byrpeuringor by aaking itenpastetwith watert y t he

‘material i . d ' ' : ' Lanifi oduction
advant ages By TipeHii e S8k RAEHRNeRRY B RG e EBrioBBht Wi Watbfy - oot d-
r]?fﬁrs to ranai ﬁ'getaitmvwmk ﬁbﬂ{liir;]rrstam{ing,_m:liémm 'ﬁndi en?mele% W@tylﬂhbﬁuntdbi‘anlsfer
of heat or oi n rk on e materjal, such. as forcing the materia
through a ﬁgéfﬁ@t'gﬂ&@m(ﬂ%m%swe B@Vﬁﬁwhtﬂ&deé!ﬁ@wg??rﬂﬁ: filling the
nteriors Ghefddsoahd dedicedor bispBemg £Mirifaterisl ororPaRBHticle, RhPsgal for
a laser beam This invention 1s also”in part predicated on the realization
t hat heat i rfgr blecking & laseribeiam oalthé interdorsefcaiifoils which aratuseiable fon naass

exterior surf LOr Ln rel atjiye | a internal volune of.an . article
may resul t%rﬂaﬁﬁowpgﬁ%ﬁsmc%%g‘%@?gﬁﬁIr&?ﬁ\jé]é{\ﬁ%?yf?m"?{]fé‘-’@r Bcle as
the filler a"melerwmom_cpérﬁ;rmmtf §9~Féréﬁﬁfhé;cohhuhﬁng’ibﬁérdﬁbﬁ§.i cated in part on
realizing that adhering a filler material to such an article may reduce or

avoid having the material pull away and, conconmtantly, may have a
beneficial effect when performing laser drilling operations on an article
such as an airfoil. This -4= EH 10435 invention is also predicated in part

on t he r eaSupaamyOf mventione airfoils, such as

6.1  This invention is in part predicated on the recognition that fixtures used
with polymer filler material that is heated to liquefy the material in mass

. production operations may provide significant production advantages by
reducing the time needed to fill articles. The term "heated" refers to raising the
temperature of the material whether by the transfer of heat or by doing work on
the material, such as forcing the material through a nozzle. These fixtures may
be used, for example, for filling the interiors of airfoils for gas turbine engines
with a blocking material for a laser beam. This invention is also in part
predicated on the realization that heating such filler material for disposing the
material on an exterior surface or in a relatively large internal volume of an
article may result in the material unacceptably pulling away from the article as
the filler material cools and contracts. It is also predicated in part on realizing
that adhering a filler material to such an article may reduce or avoid having the
material pull away and, concomitantly, may have a beneficial effect when
performing laser drilling operations on an article such as an airfoil. This
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stator vanes, may require fixtures that engage the stator vane with a
relatively soft material that resiliently deforns to accomobdate tol erance
variations at faying |ocations engaged by the fixture. This nmay occur
because the | ocation has not been finally machined until after the cooling
hol es ar e ihvientien is alsoipredicated inrpart onthel realization thatsome ahr@lls; such as

mat eri al bond so well to t s of nat er.i fixture
fromthe %‘6’ Ya'}Féy mﬂawpfﬁveﬁé%WQ%@eﬁ&%%y Sﬁﬁ @#‘@Ver i al
from the asf pdteridithat ré’s‘ﬂﬂéﬂt?g%mﬁn@{cﬁﬁcwrﬁﬁio@éie?téléranc@%haﬁdﬁhé ae

recogni tion that having an unheated supp Ir_%lpassage in a fixture for

recel vi ng anmgslmptwns]gngageébydm fixtuse. hisemay|occHrbeeauag e lpeatign ai r f oi |

et er i ai 1 026 PP bR PR e dnfl B B boolreChon? bl e

“Hduri ng 't hepfelicetat ion recbhizingptheffiller h‘ialehél maybafdiso well to the sofel so -
predi cated on the realization that the essure an injection neans may

apply to tmaterialthat separating theyixtHes freny oalrfpd;mysun?é‘@ge@hlw@ne&e t he
pl ug becayéﬁﬂ@, stcﬁ'ﬂmé ﬁfli?]ro %térfbl‘f’@H tfﬁ{%rf%ﬂe%‘ig ﬁwehﬂ&?%eéisg?réé\‘éatled in

constructi ne or rons” i'n del'r'very pres
t he differ pat@n thepeesgnition ltieatvieving ar unheatedsupplyl passage iva fixturé Gor

oh' 1 ohl 1 of iR Bnkislnbatih s hehlbd Bt Sl it oA AR G " P
on reali zi t he

| f f h |
plug of fitdspt .mlgqgﬁ th@'@ﬁﬁﬂ%iﬁ%s%?@|fﬁh§$l%W@ftHé‘?ﬂ1§F’n'fa‘?eﬂ'élfi§’V€ the plug.

Finally, it iIs ed in | the realization that flowing a snall
vol une of intersgpted forevemishort periods fof tithe such as oaeursrdusinghe sequieptial adher e

. to the wal of .the .pa .wiIL.rvi . | e r.esul i,n,a filled
airfoil ﬁ@?%oﬁ "F‘H'gt S‘ﬁ%g%\} éir%plg%%%i%&?%Feql?%f'ah%&#}pﬁe smal |

plug of flbie%surméﬁ mjébtunrsn@a?@&ﬁasdaﬁpwr@tthempﬁmatémmnateexouéd suppl y

enough heat to renelt the filler material _or_sqoften the filler materi al

provi ded th‘%{?lst'?ﬁ?q‘qq ioe‘ile?f'é’ch@rﬁ"!alg becayige phlimitationoin delivery BEﬁs&‘é'Eﬁu to the
foil that f I th
2t 11 61 ent TRSERERY e AdRIcEBh of e/ Fiaching hlimPOEROn dejively ERsSLIS! 1"
present i nwmnseu'by thef dlifet:em:a‘ iorpréssurerbpteeen rtwmtelﬁor amrhele’tderrbr of the .
t I ticle._includ f l.i ent th
articl o t TR ha bl iel SBodolshteo t e prdfsiamn PRl eRgd " 1
articl e anghat gebrRINGtHOSFAriwis€ fHgth o?ﬂi@édhéﬁhg of fh@%lhg%'f fi ﬂ@r”ﬁn@ferfélr '

providing a sealing surface for the nozzle and assa
mat eri al d@emgaseathe)prmumgemtq mg&thmglugu inally, Wr1$ @nedlga@d la

location t gk ofi$h8585RFatioh thiPAGAMGH BBl volume of cured or partially solidified

filler material which might adhere to the walls of the passage will provide

sed by

acceptable results in a filled airfoil providing that the volume of filler material in
which the small plug of filler material is disposed downstream of the passage
will supply enough heat to remelt the filler material or soften the filler material

. provided that the filler material flows to a region in or adjacent to the airfoil that
has a sufficient volume of new, heated filler material with sufficient thermal
capacitance to remelt the plug.
6.2 According to the present invention, a fixture for flowing a stream of
heated filler material to an article includes a tool member for resiliently
engaging the article to form a containment region for the filler material at the
article and includes a nozzle adaptor extending in the tool member for providing
a sealing surface for the nozzle and a passage for filler material downstream of
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region than to any point that is |ocated upstreamof the tool nenber. 6.3

I n accordance with one enbodi nent of the present invention, the article 1is
an an airfoil, such as a stator vane or rotor blade 6.4 In accordance with
one enbodi nent of the present attention, the fixture includes a sprue

e- pl at e whthehseslingrasfacerwhighlis at a legafiopdhatis nesser tedhpgontaiamente nozzi e

adaptor is_part .of spr ue. 1.0, cor ce, W detail ed
enbodi ment " 9é°'ﬂrﬂm ﬁgarﬁépﬁpfﬁ’aattﬁlo%afesdp@gﬁgeq?ﬂ%fﬂbe @%b%rﬁﬁ%nt region to

bl ock the §i3 | e geécrtiante Withrorro&inBedintdnt dfiike besdentRiv@ntionSthe arficle
accordance with one detajl ed enbodi nent, the nasking materi al  extends from

t he cont ai isr@man @irfeib sugh @s@ slalor\aneer rafonblagdut t he nozzl e adapt or ?nd
b h '
etween thg snozgl §c€d?8868é m@%ﬁ&&npggfr?%ﬁ%e gpes%nf‘a%h YiHERkrE ©

the present’ invention rs a ure Stream ol 'pressurized

~Fidl-er mat pchalesfa sprue platezwhichexiends katerally to brgégethe wohmemigeranidol- ... - ..

menber forped of softer rmteriq?l than the article for resiliently engaging
pag of &

the articihe nozzie Adaptogis SPrU@RI3enent region for receiving filler
i al i chid t [ : il
material  ghy chij oRpHAAES wWith ér%ﬁcljéctﬁﬁéd 'irpﬁlﬁlg Sglﬂﬁtsﬁéb'tngé riaffs!

another. feature I's a passage extends ol nenber for
f1 owi ng t hdisposedin thet eortainment regiendo biack tiverfiller mziterial fromtcoatadtiagt ure i s
a second nt}%r V\hellngél has a portion of the passage. The second nenber has
~a seali ngnﬁ:\?r QLRS- ongagi ng the nozzle which is formed of a harder

material t6@" t fifaétNianBIWith oneldtafedbiribddfiHENE B hiasRRY Matdralt he
contai nnent region than to any point . upstreamof the tool nenber. In one

enmbodi ment €xtgnde fiom the eontairspentiregionrand eiecuroterentiatiyabout thehnezgdet s t he -

2 sprue. pl Aok B KRBT P e e e SndBIGuBmper T ST enas Thto t ne
t ool menbed.7andAlprimanyfeattaiofithe prdsentinvehtion is a fixtine fedfidwingersiraamt he
ture I's an opening.ln.a portion of the

nozzle. In one enbodjpgent, a f h
sprue pl at‘éfO RIEEBYLAPAMRIGT H"ﬁteﬁ'ég%’@ 2 pperigdoaprartigggthe %UP%QHWB)?I-@-O' S

adapt or . 5} : | | | Sy duced ,
cost and qé‘?mﬁ%@é?ﬁgfd’ Bﬂﬁgﬁr F%%%ﬁ?ﬁfeg%@ﬁqt?ﬁﬁ&% g&ﬁ’g{e:s wth a
filler matatticke. Anothenfeaturezisea contaipneeritiregiondor rexeivieg fillecmatsrial

STy SRR 58 Bk B B Do A W 0o

passage which extends through the tool member for flowing the filler material to

the containment region. Another feature is a second member which has a

- portion of the passage. The second member has a sealing surface for
engaging the nozzle which is formed of a harder material than the tool member.
The sealing surface is nearer to the containment region than to any point
upstream of the tool member. In one embodiment, a feature is-an opening in
the tool member which adapts the tool member to receive the nozzle. In one |
embodiment, the second member is a sprue plate. The sprue plate has a
nozzle adaptor which extends into the tool mémber and has the sealing surface
which is adapted to receive the nozzle. In one embodiment, a feature is an
opening in a portion of the sprue plate through which a nozzle extends for
engaging the nozzle adaptor.
6.8 A primary advantage of the present invention is the reduced cost and
efficiency that results from repetitively filling articles with a filler material from a
nozzle using a fixture that resiliently accommodates tolerance variations in the
article with one material and has a harder sealing surface in close proximity to
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the article. Another advantage is the speed and cost of sequentially
filling airfoils through a fixture with an adhesive filler material by
avoi di ng bl ockages in a passage through the fixture that nust be renoved

1y by th | ' -
oo SRooherstmsaos s e et el SLATRaI DI, 3"
eate a
the. abi I 1 Greué Taichioh (s HfiE fith 3 St RE mu@Al pPavGRI bIgcicages 1av! no
glr (ra fs gln It ST aPaeéagefltherugh Wie?fiture?’gmt mgjstwmnmednnaaua%bmg‘& of t he
I nvention w i gh

det ai | ed deperater i rons emﬁeg |a§§gﬁ{?@et'ﬁéﬁ%8|8€[rﬁ§t 5429\‘%!858 \émsngBri ef
Descri pti OHnI‘Péq]PB%\é" iR dirfoi ﬁh@bh rJesu&s FORP DSMY o Reateladedive fillel o |

conmponent, “such 'as an air for dlsp03|ng | aser bl ocking
mat eri al- Imatéﬂalmdamnbjodmg materpﬁiandd’navmg th&aatwlﬂvttpdﬁp%ﬂtw&'!ééﬁli\@i of .

| aser bl oc mat.er | di hi 7.2 Fi o
is a side &1 ?%YP %@grdygyegta}:ﬁ 6%' \%@Wt kr?e) a: P?m Imighl)\r/]\g in Fi Iggl A
7.3 Fig. lghi STﬂe%Féb%ﬁ%fédt@r%%‘aﬁd @cwaiﬁagé‘s?oﬁhefmehemhnvention wilg. 1A

t aken alongthellnes 1 B of Fi I.S.a vjew from above
of Fig. 1 hecdxmpcmore)appaﬂant indight of ﬂlﬁ]@“ﬂ’"ﬂﬂﬂ&@?ﬁaﬂﬁgﬁ‘ﬁﬁﬁnﬁ@ﬂﬁ Bne either

br oken avva cl ar Pm 7.5 Fig. 3 is an exploded
vi ew of pa 95' '03%8}12'1%@%8%%’8'% &Cti n nmol ding nmachine and part of the
tool shown in Fig. 1, which has a pair of-mask nenbers. 7.6 Fig. 3Ais
al ternate enbodi nent of a portion of the tool shown in Fig. 3A show ng
mlis'ff m%e&%ﬁﬁﬂ;ﬂﬂﬂMﬁal rly rigid material which engages the
pl attorm o% 4 he r4 Ql | | I v I ew

& Fg%1 éﬁ@!é@é‘l‘lv'ﬁ\ﬁe\ﬁ lﬁfulﬁofg 03 ﬁenf’f shéhl%% é@ﬁiﬁdl ef A

from bel ow of a rue own in kg 7. Flg. 5is a
perspecti vmohfmdléposmgéasmmclmg matemaian éhe,-nompngnt, amﬂ in prartemu@fpl at e

Fashi on, zadiogion ataabui ofiasst e ReiidlenplHioh B hisiorBRLET . ¢ | o

a perspect}ﬁ%hméa.w of the tool shown in Fig. 1 installed on an

7.2  Fig.1A is a side elevation, cross sectional view of the airfoil shown in
Fig.1.

7.3  Fig. 1B is a cross-sectional view of the airfoil shown in Fig. 1A taken
along the lines 1B-1B of Fig. 1A. - '

7.4 Fig. 2 is a view from above of Fig. 1 with portions of the tool and
injection molding machine either broken away for clarity or shown in phantom.
7.5 Fig. 3 is an exploded view of part of a nozzle for the injection molding
machine and part of the tool shqwn in Fig. 1, which has a pair of mask

members.
7.6  Fig. 3A is alternate embodiment of a portion of the tool shown in Fig. 3A

showing mask members formed in part of fairly rigid material which engages
the platform of the airfoil shown in Fig. 3.

7.7  Fig. 4 is perspective view from below of a sprue plate shown in Fig. 1
and Fig. 3.

7.8 Fig. 5 is a perspective view from below of an alternate embodiment of
the sprue plate shown in Fig. 4 having a recess for a seal, and showing in
exploded fashion, a seal member which fits in the recess.
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apparatus for orienting the airfoil with respect to a source of |aser
bl ocking material and shows a sprue plate and a sprue plate hol der which
has been nodified slightly to engage the apparatus. 7.10 Fig. 7 is a
perspective view in exploded fashjon showing a portion of an -.alternate
embodi ment 768t Frig.18 ista perspestive viewpithe toakshawn i Frigr Adnstalledbb@ment of

embodi ment 2BPAtalds Rk i HRANER Feespef o ¥ Bl o Badt bEGRAGSs of i g

7. 7.12 Fi gnaténal andshews akprue platé androspriuerplate hdlder Which.-Has bégn 9 is a
cross-sectional view of an alternate enbodi nent of the fixture shown. in

Fig. 8 Det quéﬂﬁdﬁ@'rﬂyﬂpﬁﬂﬂaﬂﬁthﬁéppﬁﬁ%l on 8.1 Fi g 1is a partial

Gnoi ne.as. 7okt oLk, & felsgRLfrs BA B BRARR sriing Slch Ui

- di sposi ng- alténdaiteemtuidunent obhhecﬁxtuure sthwrmanngl il andwrhalternatd aser bl ocki ng.:.v e

material on the |nter r he conponent. The tool has a cavity 13 in
whi ch ai r BIRCdimept g @'ﬁcﬂgﬂ' Tepetitively as, one after another, the

airfoils agtelh1f' C%Cb ls-'g‘éros%f‘ée‘aloﬁélr\{lé\hlof ahr%ﬂ{éi'ﬁé’t% érH Sdifserit éﬁgﬁif xﬁﬁ‘%t or

vanes and nmponents having f directing sur aces. Ais a
si de el evashowndn &ig &takenalang theclineo8-& dfFigofor bl ade 10 during

manuf acture. Ji g. 7,kncl udes er ectlve stator vane 10v. The
rotor bl ad '1£ gﬂg' §}ﬁés§f'%r%?&/%%g ?/# 'gng 1 ogous struct ural _
features. Thg ap @B@cﬁdgaisécﬁéna&rwe\ﬂwféhlMné@remes&n@ntmm@fk&%I s by
using the sane reterence nunber and adding the reference letter "v" for

- features ofhewBiRFid.& vane. The rotor blade has: a first end 14, as
represented by the root, having a spanwi se facing surface 15; a platform
16 having a spanw se faci ng surface 17, and a second end 18, as

r epr esent eDet_ajleteresd‘._@tloni'af\thet_ln\tem@ anwi se facing surface 19. The rotor

bl ade has nam c .. | eadin 2 _whi ch extends spanw se. An

aer odynani gnlt f: I9 %QS g@@tl@pqrgpegtg g’&i"’ ohaparide. sychhas acompensmdar ¢

-l eadi ng ed Vigihe SRSW or

cool i ng ai ?%gg-ﬂr]gm?%?g {Hgd%%ﬁﬁsﬁt ?yléﬁ/a%"qﬁ i aqtgqu% andégggs!iges 28,
30, 32, 341amrcﬂ1spaslegca ﬁllermn@tbnakm Obl!itthefalFfell aucmeam lasles blagking bl ade.

The passaggs: a8 omthe Jfiteridr 3f the EthE8Rent” The 1801 hak &' ity 3 th\hich
 airfoils are disposed repetitively as, one after another, the airfoils are filled. The

-term “airfoil” includes turbine blades, stator vanes and other components

having flow directing surfaces.

8.2 Fig.1A is a side elevation cross sectional view of the rotor blade 10
during manufacture. Fig. 7 includes a perspective view of a_stator vane 10v.
The rotor blade 10 and the stator vanes 10v have analogous structural
features. The analogous features are described for each of the airfoils by
using the same reference number and adding the reference letter "v" for
features on the stator vane. The rotor blade has: a first end 14, as represented
by the root, having a spanwise facing surface 15; a platform 16 having a
spanwise facing surface 17; and a second end 18, as represented by the tip,
having a spanwise facing surface 19. The rotor blade has an aerodynamic
leading edge 22 which extends spanwise. An aerodynamic trailing edge 24 is
spaced chordwise from the aerodynamic leading edge. The airfoil has a
plurality of cavities or passages for cooling air as represented by the leading
edge passage 26 and passages 28, 30, 32, 34 which extend through the root of
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r ot or blade and often extend in serpentine fashion as represented by the
passage 32. 8.3 Fig.1 Bis a cross sectional view taken chordw se al ong the
line 1 B-1 Bof Fig. 1A The airfoil has flow directing surfaces, as
represented by the suction surface side; or sidewall 42 and the pressure

surface si dhe totos blaseal Thejpassages 2&30; Rsand dhextend e thalinterdoneftaey from

the | eadin en the

pl atform 12@%‘%@? awgﬂ%@%’ﬁﬂﬁgﬁqﬁ ntﬁ{étdf)?gﬁ?ﬁr% W'ﬁﬁp% glégnent hol es,

as represe gage 3g2he hole 48, connect the |eading edge passage 26 in the
e

P o OGS A S K A

| rrpl ngenen ol at is

typically | h f hes,

wher o A | s el The st i ow Hitebting S8Habés, as TepToctied By g Hetio e

sone appl i eatfaoesxdd bmldeWaﬂ 4t2taanmﬂueqares$urérswface siileoesidewalllvat. Each ess

0261 g et tham sitaces et Bomtyprdl ot R R di P v fRg bl
| npi ”ge”emand%&éﬁ@ gﬁwls'éBéiﬁebﬁ@ﬁ%ﬂ&ti%%ﬁG’Sﬂd%hﬁmhe exterior of the

rotor bl ade. \%ﬂ . 1A, one way of formng the filmcooling hole
46 is to dI8L4| rﬁhpluramy@fmtemnadummgemeehhpleasas sepresenteddothe hele|48s er

b Lb. The h I | | f

bl ade) i o SRENPEIEPIgdhy AR 2B Rt ein rabefedbhuMi e o 111 o
material | gupplygsERisage285ior eboliiy &ir. The iffipinrment Hblé@ér@bf $@ill sizBhe filler
material, as répresented by a | aser bl ocki nglemate I al IS disposed in

the | eadi ngnddwepebyd@@heudlamgtﬁrtthams epigal %s)th%hf@ﬁv (149) milst(thalids.i ng t he
intensity g& 4 4Ry/'PSYa0 ﬂﬁﬁe{ R ret)i‘ tct'ﬁ a%‘?tﬂﬁ{ hafe F.rlé ‘t'l’iéﬁeﬁﬁ’%‘tert he
e cooling alr hole as

| aser bea oes not injure's ruc ure aces
the | aser bgthe hole;.kln sm'lemjpllbataonarthe bblesrrnay bave ajhydiaullcidlamejet he

o o 0P oo oS0 P B B0 S sy ">
Fig. 1, ”eacfjé"‘qbd(lﬁ% yélﬁ?{bﬁ%b}&eh’t&?Wﬂ%H@b@%abxwﬂﬂ%omﬂhéﬁﬁbfrﬁenﬁnt

represente an injection-nolding nachine 54, is in
communi cat pessage BththQ laadlrrgzedgeueegmm the exteriociettherator bladeheat i ng t he

machines | A5 SRR FRLR Sne WR 38 RAmiF b fiof Sooilig ML HE I ElYZ s er
-9+ EH 104Rblebwith g Ialeﬁbéahl as répresbnted by thiel lasercivearn Lib, aTisé Avles! di ng
machi nes and pl asti
' drilled from the exterior of the airfoil (rotor blade) to the leading edge passage
26. Fig.1A and Fig.1B show a filler material in schematic fashion which is
disposed in the airfoil. The filler material, as represented by a laser blocking
material 52, is disposed in the leading edge passage on a portion of the
component for attenuating the intensity of the laser. The laser blocking
material 52 ensures that the laser beam does not injure structure that faces the
cooling air hole as the laser beam breaks through the wall of the rotor blade
during the drilling process. The filler material might be added for other
purposes, which might include blocking the deposit of a coating.
8.5 As shown in Fig.1, means for supplying the blocking material under
pressure, as represented by part of an injection-molding machine 54, is in flow
communication with the tool 12. The machine includes means for heating the
filler material (not shown), such as heating coils. Alternate equivalent

machines include any machine capable of being a source of pressurized laser
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extrusion machines. 8.6 The tool 12 includes a fixture 56 for engaging the

rotor blade and filling the rotor blade with | aser bl ocking material. The
term"filling" neans to dispose or supply the material on or to the
airfoil and includes partially filling the airfoil such as'a rotor bl ade

or stator' blonokingomaterjal éo theyairfoilisuch astteansfer molding'machinassard plasticudes a
base 58, sgkﬁe .§I ate 62 and sprue plate holder 64. A passage 65 for
suppl yi ng USIQDIPAGHIBCRi ng naterial extends through the sprue plate and

sprue pl at g @ol 4k 108l 12 Hefudey & fiktupe 58FbEeREadiRG mélﬂ:taaglaaetam flikg for

receiving the tool and a houmqr&g_ 68 that has a nozzle 70 as shown In Fig.
3 and Fi g. tierotohbladewsitmiases blogkingometerial.: The ermefillingn meansitoe dispgssct to

Fotor bl ade! SHEp Rl o AR ANHLAEH IS BERIF sl mBRGrST e
~rr-eceiving: §u§|4i'é&@r&ér-l@lﬁdé@?%tatbi'bla_kiér_tﬂ*qmﬁ;ﬂéliew fillieg thes Aivfuil. i Thesfktaratic -
fashion). The volune of the charge_is slightly larger than the internal

vol une of insdudes abase 58 spre @a%%? ngiSpEwe péw bekleyi6dy A passage pS

bl ocki i akh ' I ' i al
rom a pas CIgHPRying ik ERr BIERRY méferisFexloas thisiohRE sphuCPidd ol 01 ©
shown) f or spruecplate holder.| aser bl ocking material into the chanber 72. A ram .
| st [ [ d in,th nber. U ti djt| , th
b1 ston dri bds ¢ benigEHon BIdSTBeRane a2 PR FE IGPHNG BT ohaBA 2 he
passage 65hbbﬁi|ﬂ§9§'8 {hat hBe 'andile 70 ggk‘?xo;\gf rlﬁgj;ig.l SafdFlg, SAE THE hGlshd & Y

machi ne for t purpose is the M ction | di ng Machi ne
avai | abl e movablehin thierdirettion dd withaiespeettodbe togl 12nand oan exertiao.  Anot her

hi whi ch . i sf i h | Tl= 90
"o ect on RIAAIRE{PRe Sk eRrBRY bo fhe rabr b, ALSRHER WEICLET0y0 of
Anerica, lRoGSipgiHas £chambepF2fdr fetBiving & chafife 4 @fMasen biodking nidhérigipr ue
pl ate hol der 64 of the tool 12 is integrally HOI ned, such as by bolts (not
shown), t o52Kshewndn sghematic fashion)njthe Yeumenfdha gharge is slightly largee spr ue

Phet < orou erl B8 iRt 1R i o RikS| By cqarBgliegnonocs
whi ch coopblogkimgnainateridhe dovetail slot to retain the sprue plate. The
A TP L C My SR
- EH-10435  (not shown) which has disposed therein screw means (not shown) for forcing -~ -
the laser blocking material into the chamber 72. A ram or piston 75 is disposed
in the chamber. Under operative conditions, the piston drives the laser
blocking material in the housing portion of the passage 65 through the housing
to the sprue plate 62. One satisfactory machine for this purpose is the Model
70 Injection Molding Machine available from the Mini-Jector Machinery Corp.,
Newbury, Ohio. Another machine which has proven satisfactory is the Toyo
Plastar T1-90G2 injection molding machine available from the Hitachi Group
through Toyo of America, 16 Chapin, Pinebrook NJ 07053.
8.9  As shown in Fig.1, the sprue plate holder 64 of the tool 12 is integrally
joined, such as by bolts (not shown), tothe housing 68 of the injection molding
machine 54. The sprue plate holder has a dove tail slot 76. The sprue plate 62
- slidably engages the sprue plate holder through the dovetail slot and has
tapered edges 77 which cooperate with the dovetail slot to retain the sprue
plate. The sprue plate has part of the passage 65 for receiving the laser
blocking material. The passage places the chamber 72 of the injection molding
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machine in flow communi cation with the passages 28, 30, 32, 34 which extend
t hrough the root 14 of the turbine blade 10. 8.10 The table is adjustable
with respect to the housing 68 of the injection nolding machine 54. The
base 58 of the tool 12 is located in predeterm ned fashion with respect to
the tabl e @eachieirhfiow commusipatich withithe paissagendi 30,82, 3dckhichextgnts (not

shown) . for thi 0 Cis engage the table at-the;..- sane
| ocati on e%ﬁ”ﬂﬁr@g &ffﬂét%qﬂﬁ! %’%dq &t gl led on the table. Accordingly,
the tool 9 Cr\%%ﬁﬁé a@métab@%th Fésfbebﬁflgi mevnddsmges@mhé f(édlianhOUSl ng. -

8.11 The too has a pair of menbers, as
repr esent emdigilnghaaﬁhlnet54m'5|ke b§a©58 af the tepl tﬁd%@ﬁﬁdﬂﬂrﬂ@deﬁ@'ﬁﬁ@ed 84. The

of the fi1 A witiHeBafotine fibie b, R FRRElsCdumple) BF cdibla Qe BEF °°

member: - Theydahg3iag f(nﬁtﬁdmos‘mn)\‘f@rrtniistmrpb)eeQ«»qmaémsélyehgagetwee tdble lat thehe - mask . - ..

menbers are fornmed of elastoneric naterial such as roomterrperature

vul cani zedsemﬁlpcaM6ﬂCh@T@Mﬂ!ﬁ%t‘Eﬁ§ 'Bﬁ'@ﬂ?@ﬁ’ﬁr he $ablg: &GeardinglyrTy 668.

El ast omer i I t ,

Wat er.f or d, ﬁﬁ'%&@a?é @éaﬁ{sf’éﬂ@#ﬂrﬁ)ﬁ qgr I NC e@ ’S%gﬁrtbgﬁecﬁ)gggﬁ’% j aws as
represent gé.‘b}lkfﬂh@ tobl im:gxdesva Aiaski7@. tTre mkriﬂsm;panﬁﬁ{)nﬁskhnpmhem@es an
associ ated mas or u mas er int ayin

rel ati onshf@rﬁﬁ?ﬂtﬁ {hﬁ &fﬁbmas dnembgf ggﬂrﬁe@e SFFI@ Hﬁ? g e%gages
the second %a%%beéﬁa%@ﬁshﬁﬁcé%@féﬂ)rés"éﬁtéé b&'tﬁéﬁrét%dd&%e%e of

t he tool, t € Seco aw provides a reference surface W th respect to
both the hoﬂtl'le@sﬁa‘laskdnemhelnand the senandauface B8 of tlmmseqond maski ng

Faci ng r of BRIAEE o LPF s0tapro sRabconrt o h AT RS i Teb et e and
the sprue ﬁ’ué}h@ei&%:@erbrmédrbf@rambﬁunﬁtenal $ubhi axgrdone ternperatieade wi th t he
i njection nolding nmachi ne durlngt he fillin oper ati on. 13 The aws 92,

94 are cap¥HlcanizedrETRY)ifubban,Onesatisfactory elastemer is materialis .shown
D e I ol M by o

the second jaw own I n open position
shown in pMMitom The second Jaw 94 has a pair of gU| des for .such novenent

di d de, of .t te th 98, and th
gui s 1028-Fho Thertop! fes ndilée.A el S BPRS jar =5 P REPLIRLBY thed 'y |11

first jaw 92 and the second jaw 94. Each jaw engages an associated mask
member 82, 84 for urging the mask member into a faying relationship with the
airfoil 10. For example, the second jaw 94 engages the second mask member
84. Because the second jaw is fixed to the base of the tool, the second jaw
provides a reference surface 96 with respect to both the housing 68 and to the
second mask member 84. The housing positions the sprue plate. Accordingly,
the second jaw with its chordwise facing reference surface provides, in
combination with the sprue plate and the sprue plate holder, a precise way of

| aligning the rotor blade with the injection molding machine during the filling
operation.

8.13 The jaws 92, 94 are capable of relative movement with respect to each
other. As shown by the phantom lines in Fig.1, the first jaw is movable with
respect to the second jaw from the closed position shown in full to an open
position shown in phantom. The second jaw 94 has a pair of guides for such
movement disposed on each side of the jaw, as represented by the guides 98
and the guides 102. The first jaw 92 has a first guide rail 104 which slidably
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EH 10435 engages the first pair of guides 98. The first j aw has a second
guide rail 106 which slidably engages the second pair of guides 102.
Al ternatively, such relative novenent m ght be acconplished by noving both

jaws. As nentioned .above, {he secand.j rovides the refere rface 96
f olr d! ocat | #RgagRs hedirst nayr ng‘l’l'dﬁ@gegmqaegsfw h%?l?isl‘?é:gﬂ'[j%t"ﬁie ﬁiﬁe@#l on

nol di ng : @éér ) ' | Atepmatidray tsighsecond jaw
returns mﬂilc‘s)'gﬁhflﬁplfelé .cltggg@cgﬁgip?ﬁodz@gqéﬁ?%ft le i ncl udes maansJ for
movi ng t hegejl%tin foventené might-bepascamplished byt mevingdeeh jawsi Asdnentiened
represente y the arm 108 and.lever 112 nechani . | L The arm
i's pivot e RPNt SEEY J%va"iﬂ%&'e@}%rﬁgc%Fﬁﬁ%ﬁigﬂ\tggﬁ"ﬁ%ﬁjf)%gf?“noved
position, 7¢:a’idheeéépeg¢tbgﬁe%smgr@r&héwe&?oraméldihg niddtrie. & featarder 82
away fromthe roto ade 10 enabling the operator to rapidly renove or

i nsef't ‘a’ rimight be meplicatedprotideddbe second jaw getwmwecm!y & itfetlos

t he neans for..noving the jaw m ght be actuated by electrical, pneumatic or
hydraul i c %??'H%enents or nechani cal actuators such as chains, pulleys, or

springs. 83343 Frge tdoliificiades Avedisdor alawity thie jBws.frdmdhe bpenposition tof t he
tool 12 and the injection nolding nmachine br (geen 3&1 awaly for clarity. Fig.
2 shﬁvxs t Hive clesed pesitian pasfeprasentsd dy tbﬁa'ﬂ@f apd {ever 2 mephanisms > and
to the pas - 2X Walep | ?Wcﬂﬁtﬂg u

adapt s theai%'mgﬁzﬁ'g‘t tem?gd’ﬁg@ﬂ%%ﬁ%%‘?é Suri zé ﬁﬁcﬁ?%@h@?gjﬁfpgfg?ﬂge
]E he [IOZ_detoZﬂliéelthpéri} moVeﬂf positiom the Ileﬁetgaufliactlhe fiest ja ©2and thefirst masks a

I rst side aving a_first wi,se faci rface 116, Th f 116
faces s panmﬁwei\lﬁﬂ/a‘?’% bt §1e F‘gggﬂ’]'_ag?é]@ee'i‘qpq%ﬂ?{% F?@FQ‘P(,@’ E%’r@yts :J(r)n a?ﬁ a
first direghé 8t Eﬁ%ga‘? FOt8r¥Iade iRes the second nidking imenfibar 84, Othee spanw se

axis Sis the stacki I ne of the chordwi se sections of the rotor blade.
The first devicesforthée means formeviegthejaw mightthe actgtegeby alectioall e (shown

or s | 2 RIETeRs Ay Pyl Bifdrgelking 8F pithahival BEruatSie Suthibh line, 1
for di schap@lieys, bheprimggssuri zed bl ocking material into:the rotor blade 10.
openi ng. {ch8d big. 2t axdsw s ahve GLEI0.gbwl porfpinal PedbobT2 Rd the or
P oot v BRSRBATHCRIERRNIS o BRs4 fyaf i i) 4 e ki 10 mater o
' relationship of the rotor blade 10 to the sprue plate 62 and to the passage 65 -
extending spanwise through the sprue plate. The passage adapts the sprue
-plate to receive the pressurized blocking material from the nozzle 70 of the

injection molding machine. The sprue plate has a first side 114 having a first
spanwise facing surface 116. The surface 116 faces spanwise away from the

rotor blade in the operative condition in a first direction along a spanwise axis

S. As shown in Fig. 2, the spanwise axis S is the stacking line of the chordwise
sections of the rotor blade. The first surface 116 adapts the sprue plate to

engage the nozzle (shown in Fig. 3) and form a seal about the passage 65 for
receiving the pressurized blocking material.

8.16 The passage 65 has a narrow portion 118 for discharging the

pressurized blocking material into the rotor blade 10. The narrow portion of the
passage is in flow communication with the opening formed by the passages 28,

30, 32, 34 in the root of the rotor blade. These passages adapt the root to

receive the laser blocking material from the injection molding machine.
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EH 10435 8.17 The first jaw 92 of the tool 12 is shown in phantom The
| ever 112 has an end portion 112a (shown in phanton) which engages the
first jaw. The Iever has an adjustable link 112b which allows for

onant o i & Upadde o feof itoe 8 sfon IRERAMOE The Gtk .

cl osed condist [ 0 nt is
cLos than%h m%ﬁrytﬁeoﬁﬁpgzl 1msh§mxﬁ ;mahtdm)swmch e@%@ﬂ%ﬂ@?&fffe 30

an expl odeteverdas amadjustable lmbrtéabam@h almﬁ\tqt@dwtmem of the length ofi 2 and

0o Dt THR o RS A B e e PR, |1

the tool bage Sall emﬁufeebataﬁvé%loswcbddd&mprmsga@ewmbalbjrsrﬁéu The
_ sprue plate hol der” has an Open|n§h119 - The nozzl e

" openi ng ' 1 @9dtin opeembodiment jis lassihan twenty fivedotlisty rails 6085 es@¥Y- agai nst
the first E)ri(%rf ce 116 of the first side. 114 by bolts (not shown) which
urge the n &)and sprue plate together. The sprue plate 62 has a second

s: de 120I hg\nwgﬁg ?}bmexplpdemvwfpargalg bmk’gamf\‘yighoﬁur@piﬂh@ftheglturﬁ 56
asomcues*arre er r 4
which is SM&? %%ﬁﬁﬂﬁt'ﬂ?ﬂﬁlﬁﬁ?%‘#tﬁﬁ 'ﬂéﬁ?@ "QMh'ﬂﬁgibl k 18401 %as
a first Eﬁeﬁ@ﬁﬁ ﬁg ane ﬁ%f‘a Wﬁé%blf @a6§e¢ ﬂméh&uﬁéjsewﬁe fikkir8Ghéingesnd

e secon 0

whi ch engages or ti alrrfo the operative
condi ti on. thdtodl baseisdy the spiuei mlateﬁi’ceand)ﬂ!%mue@iatalhoﬂdm&i sTB@SpEue t han -

he tip of i rfqil d
mmok nenbePlate holdeythas &1 oReRings{RCD Y o8 70 Sepuas Faluh 4, ppering, °=< "
material . Aagqbeﬂgagbftﬁe lspeaé | lee BROOthe 5o Isstebed againgt the first de) the

second mask nenber 84 and hel ps the second jaw | ocate the second mask

me gber g sudace d 16qfithe fisst sw h34 by baltsi(petshaym) whishiurge therperzleanger 82
4 h ’

' ?gcat?ﬁ;onggf@ééegg%tggrbazﬁér& fer'Belﬁ{é\eeé%ltF}rB ace&%g'g %%%A Biia ngo?fo?n of

Ej'he hOIS fsecomspahwlrserfgcirr]iglewrfamt_ t1hzzgtbl |OCE 124. The I_ocaltl ng bl ock |hs

i sposed i e_cir ar i e tool base to Ci t

bl o6k of 18 dne e 56 gRoinlideRa mERher AR ERIPEEHBI A BIGK 127 an-

al ternate ?ﬁ'ﬁéTBIHok ). (Wifich 8 5paesPspariiite om fife sﬁ%eqﬁét&amewchhﬁ%f st

reference ce 126 for engaglng the tip of the airfoil and would use
t he base rblanie%hasjaffustsreiaencersuﬁace 126rwiiick facesdin the spanwise - :

direction and which engages the second end or tip 18 of the airfoil 10 in.the
operative condition. The locating block is formed of a material that is softer
than the tip of the airfoil to avoid damaging the tip of the airfoil. The second

. mask member is adapted by a first opening 128 to receive the block of material. = .
As shown, the locating block is nested (put snugly inside) the second mask
member 84 and helps the second jaw locate the second mask member.
8.20 The tool base 58 has a surface 132. The first mask member 82 and
second mask member 84 rest on the surface 132. The tool base has a locating
hole 134 and a base reference surface 136 bounding the bottom of the hole for
positioning the locating block 124. The locating block is disposed in the circular
hole in the tool base to precisely locate the block of material with respect to the
tool base of the fixture. In an alternate embodiment, the tool base might be the
member having the first reference surface 126 for engaging the tip of the airfoil
and would use the base reference surface 136 for this purpose.
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EH- 10435 8.21 The second mask nenber 128 has a second opening 138 which
confornms to an aerodynam c edge of the airfoil, such as the |eading edge 22
of the airfoil. The second mask nmenber overl aps the | eadi ng edge of the

airfoil th th t d
a: ngh . Tﬁ@go Ehﬁéggaﬁ ﬁ%@évﬁgf‘ﬁ&?i}%s@%%@%ﬁ@%@ §1 p05| Totnlhﬁg t he
airfoil as 6r’ﬂﬁrrﬁ§$d§ anraﬁm@yﬁarﬁrceedgw@nhé@mn vachie the l¢adingedge 22hof noved

i nto engagenent wit the airfoil. In an alternate enbo mask
m ght overimwltfoﬂhThega@sond mash memhertqvgrlapﬁgh% "1949&@3 Pﬂh‘ea?'?‘gﬂ 8.22

Fig. 3A s an ol hernake enhedbninl imalorkas,bidans of MEirl, Mt havi ng 2

mask 78a. nmber a and a second mask

menber 84aen§ AGernBfikaidS ahemaskanisupporing arid positioring the aifdikas tie maekf ayi ng
surfaces of The airfoil, such.as alin Oﬂhl{Etlon W t

Lleasgn?lzolélymann@era arg ppevad relativer om%theaq’tﬁef alpqagqu;gén
ocC
Qﬁaﬁ&& E Espanw Ser?ﬁbé’dlﬁférnrt tR8 rdsK t'h‘ﬂ%]ﬁct IgveHap Yot eages %w face .

126a t hat acl ng sdr ace 17 the airfoil shown,
t he spanwi gglyftheitrdlingsedde24 oﬁhealrfmni the platform 16a of the ai rf0|l The

R b B b, A e ak Tt bpobBramrs RESe ShoblTn RIS A1 o1 P
reference Qg s 'ﬂg@}g&g féé)ﬁks &:ﬁ?'st ﬁwasmﬁ@rﬁbmzah@n@ars‘ébbhdlmasme

spanwi se di rect ion perspective view from bel ow of the
sprue pl at mepiberTéda. B&ngﬁamﬁbeffaﬂﬂﬁ@%ﬂjra pliantmaterighat the fayng A .

Th d f f
Condi 1 on. SHHRCES GG Hiaph LD P hG T8, ih eBriidlr it & feBsbAgbIgPE ) | 1€
; IrogjméwctsIeoghevgfééu@ﬁséibﬁﬁﬁmuafm tipel us&bfouthesionatmg blyckm24s . Edtie

around the passage 65 to ro t
about dt he pmskagembenbapra)p@@pn?ﬂi the first refier I &%M@@g Sélsgﬁa»? r
provi des a ( f
i rect i on’ POPMSlssIaCRE Lkt £ G e afte; J*‘*‘i’trf'é‘ﬁc?“!“‘;%%ﬁ%'@“iﬂx e
facing ref euﬁacewus badhe phatform $$mnﬁ\thaealf‘fad| dbe smrfaaeAszsmlammt €| ess than

the area Al (A2<Al 8.24_The ea A2 I I
surface tosPé'éW%f)GE'nSI%"e qfﬁéetsﬁf:?'a‘? ¥ S\@@4§ﬁﬁ§lﬁiﬂﬁ' [nn@'ag? eéaeiz
(second spafuhes 168G Baaﬁ dtageHe Rstabfdrenca 1264 o ksatingibitck 124
corresponding to a snooth machi ne f| nish with a surface roughness Ra

reasur enento pésition the airfailinthe spanwise ditedtioni nches as™ measured in-
accor dance g4 h e, progedueedve Glew oM bdiBwthé ShAR piate 62NFhe

second spanwise facing surface 122 has an area A1. The second surface
faces spanwise toward the rotor blade in the operative condition. The second
side 120 has a projection 142 which extends in the spanwise direction a _
distance D which is about sixty (60) mils. The projecfion extends around the
passage 65 to provide a bounded perimeter about the passage. The prqjection
further has a third surface 144 that provides another (second) reference
surface that faces in the spanwise direction for engaging the airfoil. The third
surface (second spanwise facing reference surface) has a spanwise facing
area A2 which is less than the area A1 (A2<A1).

8.24 The area A2 provides a sealing area or seal surface to the sprue plate.
The third surface 144 havmg the area A2 (second spanwise facing reference
surface) has a surface fi nish correspondlng to a smooth machine finish with a
surface roughness Ra measurement of about sixty three (63) micro inches as

measured in accordance with the procedures set forth in specification “ANSI

. -14- .
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-14 EH 10435 B46.1 - 1985 Surface Texture" available fromthe Anmerican
Nati onal Standards Institute show ng neasurenents as an average fromthe
mean. The rotor blade has a surface having a finish corresponding to a

hundr od. ani4Gbm 1999 Suees TExrECaA M Bom e Amefisat pAtioRa! Siechbiter o
Is int egra'lh#aiéﬁ%wﬂ UReAdiftehidints hs @R 304 é\ﬁonwrehnéanbyrhfea,%&am ng means

or bondi ng e sprue late 62 1s fixed tot sprue plate holder by a set
screw or ottiade Hasiacsurfane Having g finish emrmondmg teca fipe swachine finish with

64 towar 0 B EARRRIGNGTRSG AnERd<s Af BRPYCHIS prateh S et e 4728 o ”spr ue

pl at e hol depicks fRhekhe sprue plate upwardly against the nozzle 70. In the
_operatlve condition, the sgue pl ate and the nozzle 70 of the injection
machirie ar 8.2 esEhaisprigenlate haldens4 amtagfauwaﬁ@@hﬁcht%@aunp@h@n oachire | oss

O corron YERHaS BRIGHE mEA R A5, 118 spros Pie BR S REA A i'e, |
force F of spﬂb@PIatQMIde£demreﬂ&>daﬁérdié\mefd?ﬁimg)ﬂmmdehm eher si de

of the sprue ate against the airfoi|l to form t the interface
bet ween thé”?t@ddﬂé'ae em@%dlmpnhﬂaowwaﬁmng)me@ﬁé?a q}gvﬁq urggdhe SPRYe F | s

UL I%}FOC \ﬁérﬂftﬂélhouﬁﬂ@ é8 Sf ﬁoﬁ'rﬁélagmgﬁ-lhl?hﬁé%lp g end)

agai nst th alr anw se ween the Iock and
t he sprue pblhaSpruéBpl%ﬁe holmn uagesetheasmuetﬂntélumardlytagalmtztheaozzlgmo plress

The root 191G BREt® G, theapeie piofa Shiiie Hoin70 ordfn iialidi oot woon

the sprue W\a’i’érﬁné%?e bi’ééseﬂ' tb?étHer ﬁghi Qﬁo@ﬁ%rﬁn@@éﬁl&@ HI@@& ﬂh@ Ib@é pfence
surface 144 of the sprue t he root. As nmentioned, the

| ocati ng bllasst bimkm mdgaal(fmmghe pessage 68. éﬁhefims;ng of thegniestionhan t he
Puohal ne it BLaes iRl ket Pk IBHE L i Al
bl'ock.  Unéboubpae diundfed podnds (100 IbfheThis pashes tarotiet sidecdf thélstpisué he
12 2 <A ot (ko RS b 00k
|8:I 384F| g’heég%?ﬁgrh@ay?g%%rg{gf)%ed gaﬁgl;l:dfgﬁe mﬁsdg*%ghgﬁﬁ%ma. | abl e |
and presses the airfoil tip (second end) against the block 124, trapping the
airfoil spanwise between the block and the sprue plate. _
8.26 In an alternate embodiment, the nozzle might press against the sprue
plate and that force would urge the sprue plate against the root 14 (second
- end) of the airfoil. Again, this forms a seal between the sprue plate and the
airfoil at the second spanwise facing reference surface 144 of the sprue plate
and the root.
8.27 As mentioned, the locating block surface 126 (first reference surface) is
softer than the tip of the rotor blade so that the tip 18 of the rotor blade is not
injured as the injection molding machine presses the airfoil against the block.
Under operative conditions, the pressurized material exits the nozzle at a
pressure of about sixteen hundred pounds per square inch (1600 psi) and a
temperature of about three hundred degrees Fahrenheit (300°F).
8.28 Fig. 5 is an alternate embodiment 62b of the sprue plate 62 shown in
Fig.4. The sprue plate 62b is formed of a hardened two part epoxy available
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-15 EH 10435 EH- 10435 fromthe Ci ba-Ceigy Corporation., 4917 Dawn Avenue,
East Lansing, M chigan 48823-5691. The material is supplied as R4036 resin
with an R1500 hardener. This is one exanple of a suitable material for the
| ocating block 124. 8.29 The sprue plate 62b shown in Fig. 5 has a recess
146 for r efrenvthegCibiaeGeigydCorporation. O 1oDeawnAverie, EBast Lansing, Mighigar eal

surface 147 | dapts the. sprue.nlate . '

a- pol ytetr é?%é—%@ﬁh%@a&rﬁ 'SD%'%@%%@?%??%@&@@ %@ Bélég Oslbaégerpgr. ur ged

tightly agghpsis dritfexdthpie dflzpéditadisiniaeéridlFor thehecatiigPblogk add. by t he _

I nj ection noldi r_;_?I machi ne. The pol ytetrafl uoroethylene seal has an opening
e

152 for pa82thg Thesnrde plate62bishoymintiig; 8 hagiaiegess d 46 fasEcelvingthe om t he

sprue plate_t r e- ' ‘ | t hree
fourths of “?qg’hi %Soféﬁfi bi%@éjhy\# ?%(fo&%nﬂlgri%%bﬁﬁaﬁﬁﬂaﬁ'ﬁ%gpée%ﬁgﬂg%i tabl e
+fior {1 ow ngphleeplateshb 1@ réteivs apolytetrafiidreethylgnecdedlhdhei rfoil . v oo s
One'satisfactory material for the seal is nmechanical %rea&e Tef |l on(r)

mat er i al privtetrafiuoraectivlenessaal Is wrgeddiahily @gainst the seiie Riateandegringt i s
rovided i f : i ; ' |

II%url I ngt on?hqs\éb\‘/ivgflglra tsjgyd{)otgéf@%kﬁﬁrgW‘F'R?éﬁg?ha{ggﬁg 3 9?' %@é@s’%ﬁ’ %I'Mﬁjepo nt

Tefl on(r) s_etl?na:\slabn o&ejﬁmﬁﬁﬁz fdrmssi:ag&ﬁerbgerﬂﬁqc]@ugfima’l_elﬁaiealmg)th&s for

orientin o] Wi respec an n | ecti

bl Gki g nRPEFAGR 65 Jath Ui SR Pnte o dns HtoRiafend RR smaoieR b8l c! 1o

for orient S?SI i8 aBbRit fHre& Iblrtd bﬁnc?wgﬁd ofelHilf dfarPchafideRatt as so that

like airfoils may be repetitively fille u3|_nﬁ_ the tool 12 is described as
fol | ows. Thpehingssuitablepfar flowing thedhlecking materiahipto theoipot péthesaifoile and to

install the tool,. _ N ' : t h

e el B0 BRI o BeC B e otprd il L "
machi ne. TapidheRaS afvety saraiittendemiy® dold flowh O mdteral is peavided fresheet 1 n
a predeterm ned rel atlonshl_p to the table. The base of the tool g % t he
| ocati ng h#are bgintemiaslo g, @ne @W'P%‘E‘Y%é%ﬁmni&'ﬁw Jersey 9 §t.§ng

bl ock er_lgg%i1r ﬁ‘?ﬁg‘ﬁéﬁo& f&&gerﬁb{: éﬁpgp%fs-h?ﬂmma&ﬁﬁalr ef erence surface. The |

conbi nati on ocate the [ocating block in a
known posi 8i3th Whelfixturesifotaytke used ingibarproossssior onienting airfoilb1Q dithsecond

end) of the airfoil is ositioned.with r ct to.the apparatus. Airfoils

of differeffSh ﬁ"\_ér'éa‘g‘é%? f°§ '“188@294?6855@%%% IRter ?'ﬁ%eascﬁ? gi ng the

bl ock to ajfd&idh Mmalding nfachind 88 ©ndwietitd for orienting a new airfoil with -
- respect to the injection machine so that like airfoils may be repetitively filled

using the tool 12 is described as follows: The first step is to remove the tool 12
from the machine and to install the tool in an apparatus 154 as shown in Fig. 6.
The apparatus has a table 156, similar to the table 66 shown for the injection
molding machine. The table has locating pins (not shown) which locate the tool
in a predetermined relationship to the table. The base of the tool has the
locating hole 134 for positioning the locating block 124. The locating block
engages the tip of the airfoil with the first reference surface. The combination
of the tool 12 and table 158 locate the locating block in a known position with
respect to the apparatus so that the tip 18 (second end) of the airfoil is
positioned with respect to the apparatus. Airfoils of different length are easily
accommodated in the fixture changing the block to a block having a suitable
height. |

8.31 The apparatus has a vertical member 154 having a groove 158. The
apparatus has a laterally extending plate 164. The plate has a vertical support
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8.31 The apparatus has a vertical nenber 154 having a groove 158. The
apparatus has a laterally extending plate 164. The plate has a vertical
support -16 EH 10435 166 which slidably engages the groove. The plate is
integrally attached to the vertical support and is adjustable with respect
to the verﬂ66aﬂhndnaiuhblsopngggestha)gro&veoJmed@Jatﬁ isriptegeally attached tertbedi nent

To 1 ocat o YRR, SURPos aft T ofyEERRE fin oRR A0 Toe UERRl HErRetSy A" °°

spanw se dbfﬁ%dl@@g wam) n68pmthé§mbbdnnﬁemtsahowmftleé eﬁparaius blate;s 126 of the
| ocating block and with the sane rel ationshi p: e first reference

surface i nadapteddarangegedhe sprieplate hplder 64 t@é‘é‘?ﬁi@ ithe speiplaieholdeg 30 A

devi ce, I m ght
be. used ; nal 3puck P B2RrBbEef 6 spayll difechign wif fpset &) Mete, ™ O
c_o.][ rect ofr. r@‘ét@fde@f llr%cet‘mﬁ bb!hbl Ibéaﬂrigfbleoklhi:é v:ljlfh tHesh amefrelatlohshiphe-e first
reference surface e sprue plate el epent, and the sprue pl.ate are each
repr ésent eH‘Q)'R}"Stf erwr[ﬁcstleth?se%\mei rqﬁ,tlgna@lniﬁ Eeaéﬁ’teage of using
t he sprue B ﬁ&ﬁ the sprue plate holder or a device sinmulating the ‘
sprue plate 8er Is that it reproduces the engagenent of sprue plate in
the operat B\32 céAndiévicersuch asha speue plate element psirhdatinghtive ?,muesplate G2e tool.

8.33 Th f h f
ol i ng. maEHSREe ed i Blfee o ghe e pgts os RREA RIS pIRUAST I L ovi 1y

13. The cayhb¥ @ﬁaﬁéﬁoﬁ BftHe polot [fitst End)aasif ke hlmuqbaﬁé firgtreferéRek nenber s

82, 84 of the mask 78 for engaging the airfoil in the operative condition.
8. 34 The nsuiface.i ibespeue plateelementandithe smue@laterage@aﬁg repeesgntebby . Thi s

i menas onal1s SRBBRIAeS7 STRNE S FIL S T HFarRBo8 o Siria i<rrde plgtefdhd >
over that th“easpme métetmﬂdepoleaubvmb mglzumg théspmblatéhb&ienésthaluty an
actual airfoil ht be used for. the c

th
cavi ty, "t hERIPHuEES the Sngagaraent . spive piindn euoreralie gondlionda tise” " 1"
adj ust ed thﬁl‘ﬁ%@ﬁ@O}ﬂéPﬁaﬁéﬁfﬁe%th respect to the airfoil, to the
fi xed second to the

Irst reference surface 126 on the
| ocati ng b8(33< The.méthiod for otientinghtheaidoil 10aith regpesttathednjestioneen t he

e e o g B AR R I b 80 4 b B B, 70
the same Freidavithadapwy thel fiduredottetéios the elastomeric mask members 82, 84 .

of the mask 78 for engaging the airfoil in the operative condition.

8.34 The method includes forming the mask 78 for engaging the airfoil. This

includes the steps of forming a core having an airfoil portion which is

dimensionally equivalent to the airfoil which is to be filled, at least over that

region of the core which engages the mask. Alternatively, an actual airfoil

might be used for the core. After disposing the core in the cavity, the plate 164

of the apparatus and the sprue plate 114 are adjusted to orient the sprue plate

with respect to the airfoil, to the fixed second jaw 94, and to the first reference

surface 126 on the locating block 124. This method includes trapping the core

between the sprue plate and the first reference surface such that the orientation

of the core to the sprue plate and the core to the first reference surface is the

same as in the operative condition.

8.35 The method includes disposing a masking material in fluid form in the

cavity 13 and allowing the material to harden. One satisfactory material is an
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8.35 The method includes disposing a masking material in fluid formin the
cavity 13 and allowng the material to harden. One satisfactory material is
an -17 EH 10435 el astoneric material such as roomtenperature, vulcanized
material available as R668 fromthe General Electric Oorrpa_n?/. 8.36 As
shown i n Felgstametit mdterialstclvasomoamternperatweovidicpaized malgrinl available pai r

of spanw se I n rQoves epLe ed by the grooves 174a, 174b and
t he groovegs%?fgﬁmgﬂg rﬁlaé%cﬁﬁ:o{?ﬁﬁ@%& flows into these grooves.

Thi s mat er galg hasddivwr i Fig! 2) fefirsSjan 92 AAd WS secdritbjavi 94 kachhave a
represented by the strips 178a, 178b which engaﬂf the grooves 174a, 174b

of the firpairjcfspanwise exiendinggroowsas 1epresented bydhgareoves 1ifaclédb 1764,

v in o AMDHAteoVeR 7R T7Rb: i FABRRG oAl APOAP RIS et ofeRRREE | 11

of thej-awghisSmaferid hardéritofotmrstips onithenmsk! Thessteps afe fepresentedhe nask - . .-

78 includes cutting the masking material in I .se_di ti '
{0 form a By 3P SUIRGSFA8ag TEPHITEN CROBHR i GIROVRRCK 4 TR0 0 BroCiaw
parting |i ' . i ; | | izt ' I
renmoval of Qﬁﬁéhégf@% \gﬂsc? él?r??g?t‘?’@gﬁlgp bégﬁgﬁ%Pr c\)'ie;ghflelnd%'t{f1 ﬂzbgg)glrﬂg%gsg&%’ =
coni L] o e SFhtwestshd i e granvensandergago hs jaws parchonence ar e

. side of .the airfaql | Vi e iaski ng menber into the
pair of madirection,sukstagtallyperpep '&Plaégﬂglees'@fﬂﬁ?&i‘?ﬂﬁ?égwgt n ght be :
desirabl e g@apger e nididialhar@éns, thé stEpssf ORTIPR the MASk TBIKclG@EPEr s are

cut such that. each parting line extends between the cooling air holes of
t he final | guttingthedasking matedal in ageneralyhspanwise idirestion to form asinglee 1 ow

f bl ocki | wrestiel _
Chat  tre naeariaines abie fiepp ik Ehstn of two ARl ik rAheiobe 707 ™
the | aser pidgklis@esheqr Theqartingline enablesaeimoval bhthehsure aresinsertiohaste a

repaired airfojl i.s being redrilled or a newy manufactured airfoil is
bei ng r ewothe:airieildn the operative copditioRdy has sonme cool i ng hol es 46 -for med -i-n

the surfagegf I;]ﬁ gﬁ}%ﬁngmentﬁseh@nTmeFib%ﬁWpa gﬂ? ﬁifgeg :&‘f? gﬁﬂ%eﬁ RitRRy abl e

relative to eac thod of “orientin formng the
mask i ncl uside cfitheiairfoit toedivigesthe onasking menhkerdntecthelpair obmgsls nembershe

c10520 POSkh' 82 1h WiSeshid eRtciybbRs, 1 ibRTGS gehBbub et mB R L, e
the jaws tpafridfimadiem@nibers. The maskihitdnbers are cut such that each.parting line
' extends between the cooling air holes of the finally manufactured airfoil. This
enables the mask to block the flow of blocking material out of the holes 46 of
the airfoil to such an extent that the material does not flow to locating surfaces
. on the airfoil for the laser drilling operation. This is important in those cases
where a repaired airfoil is being redrilled or a newly manufactured airfoil is
being reworked and the airfoil already has some cooling holes 46 formed in the
surface of the airfoil. .
8.39 The jaws 92, 94 of the tool are movable relative to each other. The
method of orienting the airfoil by forming the mask includes spacing the javys
one from the other by the gap G in the closed position. (The gap G is the
distance that the jaws are spaced in the operative condition.) A layer of
molding material is disposed between the jaws to fill the gap G. The molding
material seals the mold against the loss of masking material in fluid form. One
satisfactory material is beeswax. Alternatively, the jaws might be spaced apart
by a gap G1 which is greater than the gap G. This might be achieved during
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material seals the nold against the | oss of masking material in fluid form
One satisfactory material is beeswax. Alternatively, the jaws m ght be
spaced apart by a gap Gl which is greater than the gap G' This m ght be
achi eved during -1s EH 10435 the step of form ng the nmask by naqt fuIIy

cl osi ng t hthe siep. of‘lfbrmlrgeibelmésk hYﬂﬁEfU“YéE{Qéi"lQ thedﬁyﬁh%' ltsdB theei ng

slightly gteat t

condi t1 on. et englh it mall el St ferisrinarr e '?Kefh"W‘ed}@P?“? aive

predet er m padity I?tVthb 6Heréfﬁé3@or@dltléﬂﬂeThB?d\WSIgnderrhperatﬁbeoadmensf\m&men ni ght

be achi eved by adjusting the |length of the Iev es the Thi s
Begibarng lechoye

moht be ?leﬁeﬂm/pmﬁlermlngd Jovelaf (oseanane maskingom & $RMP
(0] e t
are adj 33(%9%@3 %%Q@Q’?’ ﬁeﬂ vbsV\ét Arbeﬁ'ggg'g%tﬁ dg&g&ps %hgigSvéé)ﬂﬁd“?wn but

~sati sf act omhis Bight®le dorse b?tenamoyubglan ad]astabwnk {120 thattthe j@gs mave) . The...o

Pabr i o tofhe Y giesepasion RN sGRP BHinde cDSEALNE GNP 8 5. 40 A
particul ar ;g ﬂj\ﬁﬁn g8 St hbgswﬁ%?%séécédsab%g wQﬁe@a iGY %é/%tﬁdh@t@é@ not

nove. That ) e secon W se cin erence surface have a
pr edet er ni geg GtMes set=itigbout ohe eightl of andneth 125d@d$) nbhegap QBforthecause

124 havi ng t29id the clossamasainan st apeoi it wak A fobt ingR 5P 8aP o
cause the(%‘%’?"{hé%éﬂﬁthéépéﬁhe"ﬁéﬁéﬂbﬁ 82, 84 which engage the jaw to have
a known re I onshi respect to the airfoil (which g@_?,ges the first

refe r9 gnce 8AN f &ega-rt@ulartadyaatagrecﬁﬂthe doelHz isdhe ﬁ@ﬁ%'%d 8y pﬁ o dpﬁﬁ second
aw and.
Jsecond ] aw Qﬁh{h?’ﬁeati%@éw %%é%cgﬁél@gbgdr@gﬂéeﬁ ge?%lr the ta Igg Ent]et he

?ppar at US| h@vé@@ﬂé@eteh mﬂné&relaﬂommﬂ)d bvnﬂha‘eeped:ttedheinoahng hulgnﬁ4be required,
or exanple, in e operative n n he, Si

as conpar e@e%U%%POHhBer‘XQ% glﬁaé' gﬁ'én%dﬁﬁ'fmeiﬂ%bﬁﬁé@g ?’F%cq(cor rect
rel ationshijpy 'Hawﬁqtr@ﬁ@mféﬁeme%dcems Tm@s,e kit Flbfbhelipdicause the
appar at us for mak e mask I's the sanme or very easily adjustable to the
same rel at thenntesk zﬁsand its oasipmembers 82; 84avhich engage thesjay torhave a

e L (T e e Sy
first part shff¥epand theairfildonne reféfzshce Slttackei on thecséconajap 961 ard, the .

airfoil and the mask to the sprue plate 62 through the second jaw and the base

of the fixture and thence through the table of the apparatus to the housing 62.

A small lateral adjustment might be required, for example, in the operative

condition, depending on the size of gap G1 as compared to the gap G, to

ensure that these components have the correct relationship in the operative

condition. Thus, this relationship in the apparatus for making the mask is the

same or very easily adjustable to the same relationship as in the operative

condition.

8.41 Fig. 7 is a perspective view of a portion of an alternate embodiment of

the fixture 54 shown in Fig. 1. The fixture is represented by a tool member 184

having a first part 148v and a second part 124v. The fixture is adapted to

engage an airfoil, as represented by the stator vane 10v.

8.42 The stator vane 10v has: a first end 14v, as represented by the outer

platform, having a first surface 15v facing spanwise outwardly and a second

surface 17v facing spanwise ihwardly. The stator vane has a second end 18v,
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engage an airfoil, as represented by the stator vane 1 Ov. 8.42 The stator
vane 10v has: a first end 14v, as represented by the outer platform
having a first surface 15v facing spanwi se outwardly and a second surface
17v facing spanwi se inwardly. The stator vane has a second end 18v, -19
EH 10435 aas regresertedday the inher platfermphaiting ergurfesei 1Ry facig SRaTwWisey f aci ng

cxtends. sPHATGY. biheBEion s a1 ackoy ARSI RERENde aB RO BeRagTy 0,0
I s spaced s;fé}ggﬁyb%@wééﬁmhé P&tﬁﬁh@dmﬁﬁémdwaﬂlﬁmﬁaﬁidgwg&m iSlspasedf oi |

10v has a plurality of cavities or openings for cooling air as represented
by the | eachorgwisejtroputhesarrodgnamicieading:edgs.i ng edge passage 28v. The

passages extend-thro h ir . ; ks :
~interior of eTbFe?t"g&Mg\ﬁgagﬁoabﬁﬁggﬁ#%i%@ﬁ%%@%%wf?\? ﬂ'ﬁ%%&'ﬁ% atform
~of - the st pipesymed bythe leagingdtyenassage 26viandsthedrailingietigepassageni cat i on
with the second end’and are part of the pass ?SV fo[' il Ser terial.
These spaﬂa\)il-sa'h_eenﬂsispﬂ@%%@daﬁhémi%ﬂh@eﬂr S/e'?‘@gﬁ" QWgEPlatiogy f'H@qs anw se
passages t oundi n
Phe vane Pieidhsrdng ¥atbPbdhe andifroughifie 880 Bhd 106, Girt Hlatrdh) dror ™ 7
di f f er encethd statgrneseurEhepassagest place thesfiisbend iniflowecogxmunication withe

t ) Statary Hopasegesi e S _ . .

;ﬁﬂ cces. "the saqaibend Bndiaye pagt afibe pameate Pou s el Baiphal e 18 anc
e pres

Press “éﬁ@ﬂs&ﬂ%ﬁ%ﬁ;ﬁﬁgés %rg ?%’M;bélly%ldch |drgehthzin theapanwisd passages end

rearwardly ) edgl_ the trailing edge and extend spanw se
bet ween t hshowhdn the eatovbladedy theowalisof thestatos vane boynding the venerhe st at or

vane is shown in a prefimnish | L rd o.fLngl . LRing of the
outer and PRARAISSH M"%ﬁ?\?%@%&@k&g%ilaofpfl{r%fet%ﬁglayiq' é%g'%gg |rl"1t he

cool i ng hopgsssuke betvideh tHe ptertramd thelextertartofthe statorwarie darimg.a plurality
of internal inpingenment cooling holes simlar to the cooling holes 48 for

‘the rotor fabriggionhi ch are adjacent to the | eading edge. The stator vane

Il al o oe nellifiphbb ol dfédiuSRMacs dOkaresdnsn tythelductibnoo! | no

hol es 46 in the rotor xtend fromthe interior to t
exterior ssuffacesidefortsidewall #8viandtthe pressuregurface sidewn sidewpil d4vl y ext end

L e o R o i o arebi Senrh 3 156 el 98 1 B Binor ™
' edge and extend spanwise between the outer platform 14v and the inner - )
platform 18v. .

8.45 The stator vane is shown in a preﬁnishéd condition prior to final .

machining of the outer and inner platforms 14v, 18v and prior to the drilling of
the cooling holes. Like the rotor blade, the stator vane will have a plurality of -
internal impingerent cooling holes similar to the cooling holes 48 for the rotor
blade which are adjacent to the leading edge. The stator vane will also have a
plurality of film cooling holes, like the film cooling holes 46 in the rotor blade,
which extend from the interior to the exterior surfaces of the airfoil. The cooling
holes will typically extend to the surface of the suction side, the pressure side
and the platforms. The cooling holes are of small size and have a hydraulic
diameter that is of the same order of magnitude as the rotor blade

8.46 The first part 148v of the tool member 184 acts as a seal member for the
first end 14v of the stator vane and is similar to the gasket 148 shown in Fig.
3A. The first part may be attached to a second member, such as a sprue plate
62v which is shown in Fig. 8, by fasteners (not shown) which are disposed in_
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dianeter that is of the sanme order of nmagnitude as the rotor blade 8.46 The
first part 148v of the tool nenber 184 acts as a seal nenber for the first
end 14v of the stator vane and is simlar to the gasket 148 shown in Fig.
3A. The first part may be attached to a second nenber, such as a sprue
plate 62vthetopenings $85wTherfirst part bas ey avgragmepanwisetlergthka Thech are

Cpana <o | BrgfhLais sested GarBHiaR A Hirablk stnddlirg thaf FafiMifhsliigy 18, e o 29°
structure Béljbéhtlﬁ léétﬁir%ﬁo?dﬁeneédﬁlﬁfd drgeehé firdtipart 148v agalhetrthe msteded to

urge the f 148v against the first end 14v of the stator vane. The
I engt h La érd néngxiftha a’@tOI't\Pﬂé"G ehig h?ﬂgﬁh Lads longsrHhanthedesath #ighel anges of

the stator_v t

e et oho spvdtie® dertdifh 1hRGed bf Bl A(d: VAHE SHUA bt R Rstf ekRAnsocal | on

_ll)_ﬁ tpe Sfrﬁl@n{ét ébé?\ﬁ%‘e Igbat?ﬂh ebé\imﬂhb sltiawwaﬂee lfheyﬁrsf tipam:?]s mfgedsagamst :3 4f7
e first part is formed of a materia ich js soft i t t

the st at orthgstator maaerhysthe; spree piate 64y mfﬂéﬁ “%d%‘;??éwlsﬁg)n OQEJ € '? (r)l al o

resili entlﬁrrszﬁgﬁage the first end of the stator vane under operative
condi tions Satisfactory material is a polyurethane elastonmer which is
parti cul arg§¥7suThelfirst pdrbls formed roéalmatamabwhm issaftenthian the reategialiof

REN: C: O THANE Pol t bl t Lt.d . Duxford,
Canbr i dge. E-stBaraigdeh | 1 restjeRcy 3 e Mrdeuataopts P HAMUS SRRlPAWY o col n
and a har d@ﬁ@é érﬁ@ﬁﬂaﬁénawth@éiawMetlhr&iéreﬁseaawadcdmﬁtﬁrsem@ cure in a

sui tabl e hardness of the material is sixty (60 5 Shore D under
ASTM Test satisfactory mmam alpalyurethianerelastomanisyhieh is partigularlyrsuitable y  our

vent -t  vo" estyenBihedlent e o6 1T i RERC OLTRRNR PO |

]Per {T\ nut ?Eltaétbrﬁéeavmhbtl@ﬁorrPthﬂcd IﬁdetDOﬂOI’d c{tasmb?dg? dlbdlambad’geshimliapt IS t he
irst part to acconmodate a ath or stream S. o iller npteri

bl ocki ng nHliter iThR)elagtomardpr Fixing & resiy anghahargener tog n&]?g“ %or( =
stream S 'élﬁgﬂg{i PeSihGndhardBRef {d &ireﬁﬁ%\ts&tﬂlglé mold p?ﬁé%af'dﬁ&stcﬁﬁhef i rst

end 14v of or vane | eavin I rst -contal nnent

r egi
t her ebet wenvatérial is etxl.!y (6 5t Bhorki Iuedenﬁﬁa'M JBS'GMetmdaDclﬂ%@letfbﬂﬂ regi on

necded 1 orlmaaderle sesnsit 4 IR Al ke Tod B3 Al SR bR 1 T 1

if) ﬁ% o n\rfrgﬂtélof\gﬂ'flgﬁ betitasIisRFed Bnd tw8Hty-NE(325) berssht (ASTIM tustdthed t he
D-638 at twenty (20) inches per minute) An opening 186 in the first part of the
tool member adapts the first part to accommodate a flowpath or stream S of
filler material (laser blocking material) to extend through the first part. The
flowpath or stream S is shown in Fig. 8. The first part 148v is spaced from the
first end 14v of the stator vane leaving a first containment region 188
therebetween for receiving the filler material 52. The containment region acts
as a plenum for distributing the filler (laser blocking) material to needed
locations on the stator vane including the ends 14v, 18v of the stator vane and
the passages 26v, 28v. The exploded view shows that the containment region
is bounded by at least one spanwise facing wall, as represented by the walls
190,192, and by at least one spanwise extending wall, as represented by the
wall 194
8.48 A layer of masklng material 196 may be disposed in the first contalnment

. region 188 to block the filler material 52 from contacting and adhering to the

spanwise facing wall 192. In the embodiment shown, the masking material
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I s bounded by at | east one spanwi se facing wall, as represented by the

wal s 190, 192, and by at | east one spanwi se extending wall, as represented
by the wall 194. 8.48 A |layer of masking naterial 196 nay be disposed in
the first containnment region 188 to block the filler material 52 from
cont act i ngdeesinaiexiend do blockithe fillgamaterial from pgntagting ad of the, spARWISEHodi nent

shown, the skin Lal s 4 he

11l er mareRpannB dah i fyeltelr sl Sutte 86 Tono daltiloy 7,

whit ch ils rmbgkhgﬁhutte&miﬂ an éla;swrﬁellfwn‘iatﬁﬂaléamhwudwﬁ tarhperatureaski ng ;
material is an elastoneric material such_as roomtenperature, vylcanize
rubber mat\dicanized subben materiakgvaiiahie asiRR6 F@%rﬁ‘ g’%mﬁ éeng@t&lg&gc
Conpany. 80681 yﬁ? second part 124v of the tool nenber: 184 acts.as a seal
menber for > onPaMWhe second end of the stator vane and is similar to the
-l'ocat i-ng b8 4ok ThRE sebomth partm Z4voof the tddlenembend8dacts as afssakmember fos _sanme
material as the first rt. .The second par be attache ‘3, second
menber, suld® %@H@ﬂ%ﬁﬁ@eé&a Véne iaé"géﬁ é\'mﬁ#’ﬁgéha ?O@Ttlngqu?ég {I g’l"l SheWh ot
shown) whi ar h'épéﬁt%ﬂ i i : iaf 8§ haphen

aver age sp@nh:v\'/g'sg' ﬁ.lengt Lg.ﬁhTrHe&ngﬂg?ﬁvﬁe is%ﬁésné;argltaed F?gﬁ??&tg a durabl e
struct ure sdwindcpart maybe altached to a second membeihisuch@sdhe dableGGwhigheded t o

urge the second part. agaj ngt .t he second t he,. I, I th
(7' ar sasiebiuer i Hgn T Pt et Gt Piisiafich e HisHlind Bragibeos "The
stator vaneggUthelgedbntparERa®an avefdgespanwwise ertgth LdgarisiengtieLbtisit or vane
by the table 66 of the injection machi ne which extends chordw se beyond

the secondsglacted tomravidea durable stigetiee that cap withstand the epelityeq such t hat

ti Nl [ 1
Posi| | oncy RARGtbhIcH foR eelibdoide 1€ BEEoRT por HElhstME solSR BRI BY 2 |
i ndl- ec\gt h maéth&ﬁwhlbeﬂr:q)mbﬁnhgfé abbdor&mﬂt:aan?h]emmeoﬁﬂ"re‘ Sy a iseon th'?h

S 0ose spanw s oca nm var e ol eranc varlpatl on In e
unf i ni sheceXendingglangese! tBe stHr kane sushinatdhe seeond PARMEbSUOET ' eng

18v of they éiﬁ%ﬂhe é"%@ﬁ‘ Vafid\ty thetaBRGE8f e Thitichiok MadHhte Whickextendsa third

cont ai nment™regi on t herebetween for receiving the filler material 52.
The third chordwiserbeyond the secand part.¢ Finglly olivelangthsilén Loraredi$e t he interi or

of the st al g Nang i ids hBfionS i hE fife Pat 1WE dnd 88ESHY pdft 240 Hate TNt

regi ons ac
S enough overall resiliency to-accept some compression and decrease in length. .

The decrease in length enables other portions of the parts to engage surfaces
on the ends whose spanwise location might vary due to tolerance variations in
the unfinished part.

8.50 The second part 124v is spaced from the second end 18v of the stator
vane leaving a second containment region 202 and a third containment region
204 therebetween for receiving the filler material 52. The third containment
region is in flow communication through the interior of the stator vane with the
second containment region. The containment regions act as plenums for
distributing the stream of filler material (laser blocking material) from the
passages 26v, 28v to needed locations on the stator vane, such as the fend of
stator vane. _

8.51 The exploded view shows that the containment regions 202,204 are
bounded by at least one spanwise facing wall, as represented by the walls
206,208, and by at least one spanwise extending wall, as represented by the
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distributing the streamof filler material (laser blocking material) from
the passages 26v, 28v to needed |ocations on the stator vane, such as the
end of stator vane. 8.51 The expl oded vi ew shows that the contai nment

i ons 202, bounded | i se.faci na. wal |
ar osent oMalh? Vhcauas of ARk Rater 209 e HERREc RS BARRILRONS  Snai ng
wall, as r‘iﬁdiﬁﬁ?@.ﬁﬁﬂ%r% tﬁ@iﬁis' it%#d‘f(?ﬁé’ﬁ(iﬁ%datéﬂa;in k% fifst paft. maski ng

mat erial 214%are disposed in the contal nme regions simlar to the

di sposi ti 08.58 WFigk8 isga omissrsextional view takensalopgrthe liges 8-8ofFigs 7i of an
cross-sectional view taken, alon he. l.i nes, 8-.8 of . FLg. -7 an alternate
enmbodi ment ﬁv@tﬁﬁf@%@mﬁm gﬂéa gﬁb’esfﬁg\‘}ﬁ?‘w ?’?‘B’m n #%n [ Hﬁgh'genbodi ment ,
the maski n@n’i%d%iegi, tﬁéhﬁ‘éﬁiﬁn@lﬁ\é?émbx!éﬁis%fﬁlé@(thé‘cdmétidfﬂnasﬂiﬁgfri al with

t he spanwi se extending walls 194, 212. ..These walls bound the contai nnment

regi-ors 188natedal witlh thexspamwiseiextendiag walls 9942332+ Hbesewalls haund theoay. of:~ - .

the tool nenmbegr. Fig. 8 i ' 0Oto

the fixt ur8°§fﬂ}%{“§Hg’%%?"?4 ﬁ?’mohg&rt@?ﬁfsﬁg%gﬁ?%&o?ﬁq L%e%éo%ﬁeﬁ?% t he

sprue pl at 4240 3f the'tbdl témbet.OPig. BRI shdWs thehrelationghip of flecnoZzle Y0dospr ue
pl ate holder 64 has a slot which adapts the, s e Iaieh | der to receive
the sprue hefistuse §dvagadrhaticulady trﬁﬁ@l@!ﬂﬂsﬁﬁ) S&QTF%MWU%@{%% t he
sprue pl at ol Th ) ' 0 nove
W th respe??e{%'dttﬁghgg‘%@ﬁgﬁlgt%qﬁgl c/i%%%orﬁ' ﬁfﬁ@éth 5;%@? ecttb%t%@%rﬁseispr ue

pl ate 62v. haba slotwhichhadapts tive sprieplate Il@entodrecaivedhelsprye plate andi er 222.
The streamof filler material S extends through th nozzl e, plu d

t hr ough th@aﬁirﬂ?%‘?%ﬁ’cr@r?Y@‘tmgaﬁeéﬁe\t'v\?dH@Vﬂmﬂ)Pﬁ%H’qqﬁﬁgﬁgﬁ?w%Blaquf"gpgﬁevane to
t he ends 1égm€%€fété’f1 idag stator vane. The nozzle plug is in heat transfer
conmmuni cati on conguctior_l along its length and by convection from the
charge of 8i53 eThesnazzieV0iis ahlestosvave withireapest to o spripinte Beldesapgl yi ng

ooty o2 W b oRBATb ik spTCRBREGRS, ThiPoREl s ompBTARY St
portion of atrhszAsp rriép292r Thelstreanof fllérahateniab 8 exteridsckbsougtpthe al ity
{111 6r at BoPaP Ring and troyaicibersis tedhe stagayans 10%enddudubhihag | n ¢ ho
o PR o BbETa AR Ond gy S Sigbf e Ve pIENE, e 1
t he nozzl etransfer commbnicatier byapaduptien along itshiength and by convection from
S the charge of filler material with a source of heat (not shown) for supplying heat

-to the filler material. The nozzle plug carrier is adapted by an opening 224 to

slidably engage the nozzle plug. The nozzle piug has a portion of the passage

65 for filler material which includes a plurality of inlet openings 226 for flowing

filler material to the stator vane. The filler material exerts a pressure force F

against the nozzle plug. In the engaged position shown in Fig. 8, the nozzle

plug carrier moves downwardly with respect to the nozzle plug allowing filler

material to flow through the nozzle plug. In the disengaged position shown in

Fig. 9, the nozzle plug carrier has moved upwardly and the nozzle plug has

moved further into the opening in response to the force F. This closes access

from the chamber to the inlet openings 226 in the nozzle plug.

8.54 As shown in Fig. 8, the sprue plate 62v has a nozzle adaptor 228 which

extends spanwise into the opening 186 in the first part 148v of the tool member

184. The sprue plate, which includes the nozzle adaptor, is not heated by the

injection machine except to the extent that heat is transferred to the sprue plate
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Fig. 9, the nozzle plug carrier has noved upwardly and the nozzl e plug has
noved further into the opening in response to the force F. This cl oses
access fromthe chanber to the inlet openings 226 in the nozzle plug. 8.54
As shown in Fig. 8, the sgruehglate 62v has a nozz| e adaptor 228 which

ext ends spanginezzie adapies by psief gntagtbetwaendtheinozzleplug anddthesgpruee t ool

menber 184, r . | ¢h includes the nozzle adaptor, is not
heat ed by h%‘g%%nﬁ?'gc#gtgﬂbﬁégﬁﬁ@ogxcept to the extent that heat is
transferre@.5® tF'i%m“slam ehlaiged viéwablelfeition af #ig) & zAs showntinFig8 andef
contact between the nozzle plug and the spree | ate as_the stator vane is

filled. 8.330.r8y 1B nozzleadantar 428 has asasliag rerR3% Fhgyseqlingsgurdatsn in
Fig. 8 and is B'ffist @p%nv&i%i@ﬁslﬁﬁé %&ﬁé&é‘%féh fates Qgé?\gics%%#gﬁoﬁ’r’fﬁeaﬁ&&%' The

sealing surtace 1s a anw se faclng s aces spanw se

avay from vaaedh thebperative dondition. FThersealing sarface of the ndime adaptang  sur f ace ...

o L he. "o asbels R srue Palpes shiaud o HoBd rlug 1 BT nbiie Widadert 0 28
nozzl e adaighrative Sdch< 6t the A48 YTH Glezl6 HABIR i6RirfldcPdna SUCh as

steel. This ' nmateria an the portion o part 148v of
the tool neelativelydard hdurablegmatarial rsuckt as steel. ihismateraltishacdenthanthel of

hoai ner. i Georisin8EReutstRT 4AHloF e toon Blbrbb 184 irE oBBhES kit ste¥irooor e
plug 218. §ahé. TR ardel matdidiciitha d8aliny bundece i8 rHofs suitablé eari #heei vi ng at

| east a portion of the nozzle plug 218. The nozzl e adaptor has a first
si de 236 as@ftar material Jorserlingzapainsthigh pressuserand enguling sepetiivet i on of the

passage 65 Bﬂf Wiﬂhltﬁé T{BE!EE’IE)B mi ch extends between the sides. The first
gomtack ! :

si de includes seal INng surrace 232. The first side has an opening for
t he passag@.5 Thetmoxidergdaptor2@B indladés atduce 237 lier reeeiving at ldasbé t he

nozzl e adaptor has a second 1 se facing surface 244. The secqnd

U ace. 24B0Niera B ARl P B oo BoZfis FHRPIN 1S 3 St Sl Bpa ande
condi t10n 38goRPSRIE238. PP dRzRfaddptor boiirids & BEHRINUIRAE paRshge ebi8r ©. 57
The portion of the passage 65 for filler material in the nozzle adaptor
228 has afilleransterial whichiextends petweenthe gideps Thedirst side ingludesithe to five .

spaced by SeeMiEbifecaRan T RE3 SR e A Dpeh P e PSR 8 5 F om the”
- cont ai nmenexiepdinthrough the fixture. The second side of the nozzle adaptor has a .
' second spanwise facing surface 244. The second surface 244 faces spanwise

toward the stator vane in the operative condition and bounds a portion of the
first containment region 188. |

8.57 The portion of the passage 65 for filler material in the nozzle adaptor 228
has a diameter D and a length L which:is less than or equal to five times the
diameter D of the passage. Thus, the sealing surface is closely spaced by a
length which is less than five times the diameter D from the containment region.
In particular embodiment shown, the stream of filler material will have a
diameter which is about equal to the diameter D and wherein the length L of the
passage in the second member is less than about one diameter D.

8.58 As mentioned earlier, the stream of filler material S in the nozzle adaptor
passage receives very little heat relative to the stream of filler material in the
nozzle plug. The séélihg surface 232 of the nozzle adaptor 228 has a
predetermined spanwise location in the stream S of filler material in the first
part 148v of the tool member 184. This predetermined location of the sealing
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In particul ar enbodi ment shdwn, the streamof filler material wll have a
di aneter which is about equal to the dianeter D and wherein the |l ength L of
the passage in the second rrenber is less than about one dianeter D. 8.58

As ti d | t fill t S t | dapt
paseage reduriage iy Bepranto the AR Epriaimmen edian Tt Tuar e sealing SrEace R or | ol
in the ”046'aﬁg ditsk u .%a?ﬁahnwtoauﬁfeﬂ%rizaadqh érhsodi%ﬁtghaﬁﬂpbpfh@% has

a predetermn spanw location in the streamS of filler material in
the first resnainderaf the sprue plate 62wnibbis results imthe rgiaéuelyeunheaéad lengthi on of

185 ¢han 1 460 GaPEtRGALI0 ind HoAE aeRrdt iR 14sd it the st Of hBatlercric:

and, in enhpsteMBNLSAAHE noklel MEhis I"édtﬁiel%(ihés? nivige RAGHELRI SfreldiRely Thi s
resul ts in the rel atlveléﬁunheat ed | ength u of material in the nozzle

"adapt or beiungieptedsfilleranatenial lrwgmnareﬁorhf@aa eeanstrygtion whigh hasdheffillar i n t he

Rgtzélr?al Tihl %’%ﬁggﬁﬁsaﬁé{o a con trHl?g on s\lf\)%ﬁch bﬁbﬂtbyﬁgﬁpﬂg%@%}%&;‘: er )

passage bomh@lmbmuemberentl re spanwi se length of the sprue plate and the

t ool menber.. 59 As shown, th nozzl e apt or 22 xtends into the tool
rorber 104 8.580ds SRAWRIRENOZZIR AApPEASS SxlaRes] CHBRLPERAI 226 and

is in fayi @.@% ,,@dm t P‘ﬁ@"
mechani cal Ic‘g‘ea out bé}d %Je"atn%@? hfu or Erﬂj;]zzgangg?gtgl; gg{;%‘ﬁg od| rlq t he
nozzl e ada;mbntactwgtitthbmoalmadapted Thlsrprexldesraagoed mechanicahsealmabautsuppor t
whi ch ext eﬁ’js throu fi rs#ﬁrg t 148y, of .t

nozzl e ada orlf1 3R 3 %ig&gdmﬂ; B‘epB??ﬁ ur Ppoéerwngsgsgt he

adapt or whlng bﬁédﬂrﬂam\ éﬁférhﬁlébtﬁwturé%wﬁg“a swpbhammeﬁ%mtrmrthroddlﬁwéozzl e
adaptor m onI I ncl ude_a support having a first side, a second side, a

portion of fSTeP%ﬂa &‘g@fﬁ'@\/ﬁ)ﬁ\d@ torrngagsl thediozzle adaptor.2Bhe sgpportmight o i s an

alternate T nozzl e
St or 528N080BT anoffert b b iorrie Sdticforin i e stafing sudce. i |
const r uct i anothBrermbodimer) thelvd¥zlechdapter tright drﬂyriwludb%d sappertdavirigpand t he
nozzl e adaptor .and is s dfromthe ozzl e ad I"A‘lawn a gap &

t hor ebet webFst Side.pecarbsiae @ POrtion OLiAR Rassage e sealing stslaeeng
material eygonds outwardly fromthe |ayer of masking materi aI 196 in the

first contalinnent region 188. As a result of filler material penetrating
into the g8$H0 Fig. 9 is an alternate embodiment 54vb of the fixture 54va shown in Fig.

8. The nozzle adaptor 228 extends into the tool member 184 as in the Fig. 8
construction. The first part 148v of the tool member 184 extends around the
nozzle adaptor and is spaced from the nozzle adaptor leaving a gap Gt
therebetween. [n this embodiment, an annular sleeve 248 of the masking
material extends outwardly from the layer of masking material 196 in the first
containment region 188. As a result of filler material penetrating into the gap
Gt, the opening 186 (interior surface) of the first paﬁ 148v is in faying contact
with masking material and the exterior surface 230 of the nozzle adaptor is in
faying contact with masking material. Under operative conditiohs, any filler
material which forces its way between the nozzle adaptor and the first part of
the fixture must necessarily contact masking material along one side of the
spanwise length of the filler material. Thus, a single layer of filler material may
contact either the nozzle adaptor 228 or the first part 148v but will not contact
both.
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G, the opening 186 (interior surface) of the first part 148v is in faying
contact wth masking nmaterial and the exterior surface 230 of the nozzle
adaptor is in faying contact with masking material. Under operative
conditions, any filler

i al ich f [ . b .th |
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| aser beam These characteristics provi advantages during filling and
drilling oPolyamides sidh as those thatareruseddoddrn ok (et adhesivess have bl.ocki ng

material is regoved fromthe airfaojl Pol yam.des ch. as those that are
Used. 1o 1 BpAl ARGt GREL Wi e el GVAET and HaPenduinist ek of u

Wi th the | si86r ehds! | Rfestadndsiiesedré domimaaRsustid inthélelsctiGhieSindlisey e
adhesi ves are commonly used in the electronics industry for potting and

encapsul at fafgotiing and encapsiigting glestropjcieasupenants. Hithpugh e palveastide|

contai ns agi.ge.:qar - Ri

combust: on P bns 2l ghowis CETREY. Ble AP B EE BRI of  ou e
need for spembastion Whidhumagrbd verdedtimoughtan omirery dirnase wenywitheattheur ni ng
| eavi ng behi nd_an acc¢eptably cl ean i nter] The yi scosi té/l? Ls accept abl e

with the DeeQHY SREGHA qﬂ@&“fﬂﬁéﬂeaﬁﬁ%ﬂt-sé\%@aﬁ!ﬁ!ﬂ%ﬁe%ﬁ? YRING 50)

£ nof . _ c . _
Cont | or adeAuirigbEhind s dckoptably icaRiheer The Wity IS dcedRab R,
(330) degrthesviseosityrifdess thedcabaid geves handredyanrdi ity (750)xentipoisematdounl
| i fi i ckl | i K . | h . hundr ed
deqr ees Faitvisifeathl Aedipaelrdiaffer had GEBRG Friichgeiiaii A BRfeRimgi o g
whi ch is dpsiptasetbsiowothred hbRdiedaid iy 330) egeees FaRfenbelt§dessi ng t he

pol yam de material. The material is injectable at E,r essures of from ei ght
hundred ( sdegrees Geptigrade)uhavs dhe matesallisuefies guicklywith aninengaggiien i s

within th !ﬁﬁ%ﬁ [ R ' ' éﬁ%}}l%}ﬁe ules in

t he rangeetc?r a OH?%O\?@W@%%%(&&%HMS%H?&%%%F?ﬁ(/e c') ree)ée}Jil 'E{Wﬁgéw 300)
degrees’ Faveryrdimilar to'sheartthinning whishs.discyesed belosv.st rong adhesi ve .bond t he
material erG%B E"x;tagrinm%}\?sl have' gger? f)erformed using the polyamide material. The

material is injectable at pressures of from eight hundred (800) to twelve

hundred (1200) pounds per square inch which is within the range of smaller
injection molding machines at temperatures in the range of about two hundred
and seventy-five to three hundred (275-300) degrees Fahrenheit. A particular
advantage is the strong adhesive bond the material forms with metal, such as
the material of the stator vane. This enables the adhesive material to stay in
place adjacent the site for drilling a hole with a laser even though the passage
adjacent the site may have a relatively large volume which exaggerates the
effects of contraction of the material on cooling. The contraction effects may
cause the material to otherwise pull away from the hole location as the material
solidifies. One satisfactory material is Hysol 7901 material, a polyamide hot
melt adhesive material, available from the Hysol Division (Hysol Engineering
Adhesives), The Dexter Corporation, One Dexter Drive, Seabrook, New
Hampshire.
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the material of the stator vane. This enables the adhesive material to stay
“in place adjacent the site for drilling a hole with a | aser even though
t he passage adjacent the site may have a relatively |large vol une which
exaggerates the effects of contraction of the material on cooling. The
contracti 0B.64 f MGreqxampieﬁaﬂmrrﬂod«m@matmaitmm%m puhermaeplastic om t he

hol e Iocatl as the sol i di.fies I

s 556 bRk el 35 abarh o hiiee o PARIGRARIRIDEEE L
fromthe "'E%H&Qhéhﬁle%@ drblG&s oRNsimietd eembastiisolMpe)maibiial Berhgr

Cor por at i on, Dexter Drive, Seabrook, New Ha shire. -26 EH- 10435 8. 64
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ol efin suc oI
"pol yet hyl é?ﬂiyp"o@h/[eneivn : ¥|ﬁ%‘? 9&%?@3 'p‘Fﬂf}/ ¥f8 %I mers. For

I
Genatty pol GICRPMARSIS? rortoaime 9““3%2’1“%‘“"@“*‘”'5“1 it g ien=o

pol ypr opyl (alrleDlPEP)IowazleifsnmIMhylemeéhBP )ringédeasﬁy polyethwﬂm (HPB®W) densi ty
pol yet hyl ene ava| Ilabl s Dow ex 2503 fromthe General Polyner Division of
Ashl and chBRl %ﬁbﬁi and is manufactured by the Dow Chemi cal Conpany,

M dl and, Maéﬂ m datfetdctonimateril ¥eh mméamommnsnty poliethylens avallablef ni ne

hundred and thirty seven thousandths 937Q). at t ree .degrees
Cel si us (23@P%§X35mqm¢h6\ﬁqup‘8y"@ﬁP'Wﬁﬁﬂr@gf%%ﬂé &/‘@"{'?&’5) usi ng

Rates of - FREmRI G I ERRiaciied 1/ he Do EhMEal CofiavE Mdlend, T "

ast onet er ndex is
det er m nedMichigah 48§70 This pylyettyléne hasaispgcificrgratity obhingrhumdred ande
pol ymer during a te mnutt

t enper at ur HRY SEMEN HpHRAAG! hsaﬁﬁéi’ ?ﬁ*@%ﬁ%&%’eég&%sﬁlﬁ@ @gc??ﬁﬂ‘a q.mder a
| oad of abgdit EieW RMASXxTIFOn@Hundred and five (105) using the standard of
' measurement set forth in ASTM D-1238-82 entitled “Flow Rates of

Thermoplastics by Extrusion Plastometer.” Melt Flow Index is determined for _-
this polyethylene by flowing a number of grams of the polymer during a ten
minute period through a known orifice at a temperature of one hundred and
ninety degrees Celsius (190°C) and under a load of about two and sixteen
hundredths Kilograms (2.16 kg) which correspond to condition E of the ASTM
standard. This polyethylene has an elongation at break of seventy five and two
tenths percent (75.2%), a flexural modulus of seventy five thousand five
hundred pounds per square inch (75500 psi), a tensile strength at break of
eleven hundred pounds per square inch (1100 psi) and a tensile strength at
yield of two thousand and ten pounds per square inch (201 0 psi). The notched
Izod impact strength is forty five hundredths (.45) at sixty eight point two
degrees Fahrenheit (68.2°F) at one-hundred and twenty five thousandths
0.1250 inches (ft-Ibs./in). The tensile impact strength is sixty two and four
tenths (62.40 ft-Ib./per square inch) at seventy three and two tenths degrees
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hundredt hs Kil ograns (2.16 kg) which correspond to condition E of the ASTM
standard. This pol yet hyl ene has an el ongati on at break of seventy five and
two tenths percent (75.2%, a flexural m)dul us of seventy five thousand
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gravity is |l ess than one and : even | ess than ninety five
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t b foofill | t
naos o Y Gt M g B b el SRR R, Sonoe O, Tttt |
(1900) an?Bl&Bf@rdllwleﬂrisl alldl‘yaspolygrowmé)m!mmené ;ﬁﬂymntgmieef |hns such as
(6] ro ene (0] ene ut Q 1 SO ne e t he, agdvant age
of shear t Hpmﬁq%ge%%batyfe@% thae of sbeak i 93 cgu&egwm TRiatveb The
Mel 't Fl ow hBQ&MélFFW eﬁg'ﬁ{e N@Wlﬁ&ﬁ%deﬁmbééﬁt%% ing of the

pol yet hyl enie I ncreases, VI SCOoSity o mat er | a? precipitously
decr eases oonditiags. dAsrs#mngwfﬂh&pobetHylénqum&asas*; the(\ﬁeeosny aefitbe greater

amount s. These..pol re | ess v scou than t he des o the
e o oMasnA RrbBipRnl g tenseity i Fruchag i PeeRh ' "
pol yam deS(sd%?tﬁré Imétermhdmttgf msé@owmémeweéyv:s@buﬂmt fiey in the

relatively sma assages of rotor blades. 8.69 An advantage of using the
i nj ection nehramtgesraart e inteder ofithedotardlade The pelyosfios mawcoRrtragtinapren t h

pol yol efi “ﬁtqnfaﬁtﬂx%ﬁ?ﬁe?o %v&%rﬂté’}%ése @Pﬁseh‘év ltot?ledRiél gatléﬁﬁtor{l that the

machine its exe ear |nn|ng
of the natthe =latively smailcpasbagembératat blades.hi ng the

8.69 An advantage of using the injection molding machine for mjectlng the
laser blocking material with polyolefins, and, possibly to a lesser extent with
polyamides, is that the machine itself and through the pressure it exerts,
causes shear thinning of the material, prior to the material reaching the
chamber 12 or containment region 188 causes shear thinning as it passes
through the nozzle 70 and certainly for the polyethylene, causes shear thinning,
if required, in the internal passages of the airfoil 10.

8.70 Like Melt Flow Index, the shear thinning characteristic is an empirically
defined parameter, critically influenced by the physical properties and
molecular structure of the polymer and the conditions of measurement. It is
determined by using a capillary rheometer but the parameter is not commonly
available for materials at all temperatures and pressures because scientists
and engineers have not focused on the criticality of the parameter, for example,
for filing components having very narrow passages. '
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chanber 12 or contai nnent region 188 causes shear thinning as it passes

t hrough the nozzle 70 and certainly for the polyethyl ene, causes shear
thinning, if required, in the internal passages of the airfoil 10. 8.70
Li ke Melt Flow I ndex, the shear thinning characteristic is an enpirically
defi ned paBattet és therhaierial isyflawed fiemcardalbpassagesipdhe airfolitedarag es and
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pol yam de, pblyanﬁdegbtonkmethemanenalr%@wﬂqwm@o upwanteshlosationssat i ons.

Accordi ngly, shear, thinni s i L] : | i ith
Macer " b otiecRETa.FhER Bihrig ety Réidtutih i inbbibiPafBie irduser’ © v
et /;eri al thﬁ@ﬁaﬁmﬂ,@ﬂwi?élm,-rhé eola?m;?}fthé}ahatgl?l. Vérmfgmte_ﬁialat ((]I 5%t0
% greater than the internal volune o e airfoi e filled, o

'ensurg conphiestedsinia thegigell isalhoutfiye faden Pﬁf“se’\%*%’ﬁe 1&%)&"13@“?" aﬁﬁé? be
forced intg.y | | | | tent,
for ced out TypAfal Jolirle of e BRES © BETINGD to ciuft foiplote ilg drtnstr?, Pt 20
yet, the mybkmiel Thissvolumecofsunaterial must beforesdiiptosthetairfoil forced thraugh i al

Aa: ment | ondie aftoil g, tsore ekt BeREovt ARG A &otdfe Sohidibie i 20°
it flows ;k))?iﬁé afrfSiloYsid P tidiimatéridl eustiiavel suffidlentX/isausity suchehéi thei ng

operation the airfoil 10, for exampl e, the . . L.
material does run through the airfoil to unwanted locations on the airfoil

surface. As mentioned, it must solidify in place fairly rapidly after injection as it

flows into, through and out of the airfoil.

8.72 During the filling operation of the airfoil 10, for example, the
thermoplastic polyethylene polymer is forced into the blade at an extrusion
pressure greater than about fifteen hundred pounds per square inch (1500psi)
and at a temperature at about or greater than three hundred degrees
Fahrenheit (300°F). There is a decrease in viscosity due to temperature. The
temperatures of the material are expected to range between two hundred and
fifty and five hundred and forty degrees Fahrenheit (250°F — 540°F) for most
materials in the polyolefin family. This allows the material to flow with low
viscosity'through the airfoil with the temperature causing a decrease in
viscosity and the shear thinning causing a further decrease in viscosity.
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t her nopl astic pol yethyl ene polynmer is forced into the blade at an extrusion
pressure greater than about fifteen hundred pounds per square inch (1
500psi) and at a tenperature at about or greater than three hundred
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the airfoil passages, further shear thinning takes place in the especially
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successful | ‘bl ed, r Pﬁ ?( shearla:l| n| n, char acteri stic
of the | as&hed M'%Cﬁﬁ%ﬁ%ﬁ“c QsKing Mgt !s In pthe :
mat eri al r ﬁ?%ﬂiﬂwﬁﬁ
square inc 2 23%%;@%%?\}‘@5Qﬁsﬁgeaﬁﬁrregggg?ﬁ\de&%g\gr| al that” was ess t han
f | ve hundsqnararidch (2000psiwitte a temipesatbee of tlmayerahthatrms leas than five r ange
about fo ndy £d rees f| ve ndred degrees .
Fahr enhei t't"d'l‘ifﬁg qd%ggpgeecbrggis)lfgﬁw@] M“Qﬂ@ Hﬁ fesul ts-at -

simlar pressutear ﬁﬁﬁd@d dé?jl"ééé %Hférﬂqeﬁqe%d&ﬁvé”ﬁhhdf& r@bs 3 74 During

filling of the airfoil shown in . , the airfoil 1s d posed.in the
mask 78 wi Fahrenbeitd4Q0 ri@tq@%%ﬁ)s %%{prenylengwaglao isedtwith gomﬂ oesultsyatt he

L4 SniEP B 3 Pt RS DB o e v
the gap @.74Thburing Killingdfthe il shevn &xFiRy. MAl, th amwdislpotséd intiga rfoil
whi ch bl ocks the | oss of | aser blocking material which mﬂg pass. t hr ough
the fl ow Mask 78 with the masking members 82,84 urged against the airfoil by the first
“and second jaws 92, 94. As mentioned, the table or the lever might be
adjusted slightly to accommodate any difference between the gap G and the
- gap G1. The mask members apply an external pressure to the airfoil which
blocks the loss of laser blocking material which might pass through the flow
directing surfaces of the airfoil to unwanted locations on the airfoil. The mask
members also reinforce the thin wall of the airfoil (which in some cases may be
as small as twenty (20) mils) against deflection as the high pressure
polyethylene material flows through the airfoil.
8.75 The laser blocking material flows quickly into the interior of the airfoil,
with filling of even complex shapes taking less than one-minute and some
cases about thirty (30) seconds. A particular advantage is the relatively low
melting temperature of the material. As a result, the thermal capacitance of the

airfoil is such that it absorbs heat from the material without increasing in
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directing surfaces of the airfoil to unwanted | ocations on the airfoil. The
mask nenbers also reinforce the thin wall of the airfoil (which in sone
cases may be as small as twenty (20) mls) against deflection as the high
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hole shows the presence of polyethylene, thereby confirming the existence of a
through hole. _

8.78 The polyamide material exhibits many of the favorable characteristics of
the polyethylene material. For example, the material flows readily when
heated, is resilient after hardening in the airfoil, and is workable at reasonable
temperatures and pressures.

8.79  During filling of the airfoil (stator vane) with a filler material such as the
| polyamide material, the airfoil is disposed in the fixture 54v or the fixture 54va.
The first end 14v of the stator vane engages the first part 148v of the tool
member 184 and the second end 18v engages the second part 124v. The first
part of the tool member is urged against the first end of the stator vane and the
second part of the tool member is urged against the second end of the stator
vane to block lsakage of the filler material between the stator vane and the tool
member. The nozzle plug engages the sealing surface 232 of the nozzle
adaptor 228 w}th a pressure that blocks the leakage of the filler (laser blocking)
material as the stream S of material flows through the passage 65. The
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8.79 During filling of the airfoil (stator vane) with a filler materi al
such as the polyamde material, the airfoil is disposed in the fixture 54v
or the fixture 54va. The first end 14v of the stator vane engages the

second’ par matevhl thenBows(s the GaRBIRONHESTS 188 A0 204 teWAISBAMG: « ne
first end ﬁé?ﬁ ?ﬁgfés &5ifthin rggﬂ{\%%d fﬁﬁﬁ%ﬂeﬂﬂﬁ*wﬂﬁ tﬁé‘@&ﬁﬁéﬁe}{arpaﬁfmer I'S

urged agai econd en e stator " vane to bloc age of the
filler matgggion foredizgiboting éillet material tothenassaciated end oftheistator Vare andz| e
pl ug engages the sealing surface 232 of the nozzle adaptor 228 with a

pressure ttﬁhﬂ"ecﬂ’mﬁgﬁgg"-l age of the filler (laser blocking) material

as the stroa SagimaRficHddind bakesiuoLRHalls stiengpeage sinafite - 31 EH 10435

material then flo contal nment regions , 202, 204.The walls
bound * eacpolyantite filemmateriat does agt pull- away:ffam the statenvanesuriacasseven

t ai ion for. distributing fill terjal tot i at ed end
of "the st athsuofidhe mpferiaf eatracts peiteasis o BOVEBNIERE may Ul Bu AV IERAE T "
adhesi ve bgidihstaticE8NThe/sodimide fillkimateral i8Miscals énoligh!te flowpdcatheal does

not pull -awayfromthe stator vane surfaces.: even though the material
contracts udefieor andbviscouseneugly tenet fiaw tounwantagd extariailogatiens.dupartances.

The pol yamde fill rial | | | nterior
and vi seoukSeannfthg TbBasE jn v EsSh AP 5EHP debasp it topeifturd," 20,
because of Atberdimgly cedarmiad maskeanay not\bé hequirsthas arkeraqired fonrdtenper at ur e.
Accor di nglg ext ernal masks._my t be required as are required for rotor

‘bl ades t ha raﬁ’_ﬁ§ that ?'@cﬂlmmiﬂbﬂpb/& Mhe. 8.81 A strong adhesive bond
bet ween t hg_sﬁl Ith‘gétr gahggivég?ﬁg@,?%% %ﬁ'ﬁ%ﬁfiﬁ' 52 Bhagkedodir om f.orm ng

on certain o surtaces o y the layers of masking
- materi al , mevbersistbieckesfeom fagsingamicertdinrofthe sudacasiof theitoobmember sone

experi nment s so.strong that the |aser hlockin [ C away from
the stat or%% tE? I?@??ﬁé‘? _'%H@t%r i B ??ﬁl%‘%xe%% @edpa&g?gd. _

Nonet hel espiockB8, i Bondtin SébEhetifienty wasiy sticiiy that e lageR bloeRig se
extendi ng surfaces of Iimted spanwi se extent, such as surface 194 In

fixture Samaieraliaame awaydrapihestalon vanegs the siatar vane and thesfiddteond si de
2o ! o WREeBeRA8 Ronghiéed e pRIEABEARRRILNG oEBBRAEA syt o0 o
of maski ngspatwiseadxt@rding Boefaces of limited spanwise extent, such as surface 194in- -

fixture 54v and the second Spanwise facing surface 244 on the second side .

238 of the nozzle adaptor. o

8.82 This strong adhesive bond is not a problérh even in the gap Gt of fixture

54vb because of the presence of the sleeve of masking material 248. The -

sleeve of masking material ensures that the strong bond only forms on one

spanwise surface of the filler material. This permits the filler material to

separate at this location without unacceptably disrupting the filler material on'

the stator vane. Separation may or may not acceptably occur in some

constructions where the filler material bonds with a strong adhesive bond on

both spanwise extending surfaces in the gap Gt. This might occur for an

element of filler material where the filler material is against the surface 130 on

the nozzle adaptoi'; and, at the same element of filler material, the filler material

is against the opening 186 in the tool member. A bond results with the

polyurethane material of the tool member 184 (first part 148v) which, in some

constructions, was greater than and is added to the bond of the filler material
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sl eeve of masking material ensures that the strong bond only forns on one
spanwi se surface of the filler material. This permts the filler materi al
to separate at this Iocatlon wi t hout unacceptably disrupting the filler

material on e sta na not _accept ab occur in
sone const"Yﬂb gﬁpatpﬁéo VPQ%W&@‘?( r%qtegg \[thgsglgs adhesi ve
bond on b@dﬁdﬁﬁﬁi"l’ﬂé@taﬁjﬁ\%’h@' ng surfaces in the gap G. This m ght occur

for an elenent of filler material where the filler material is against the

surface 138.8% Thecbond is notaipioblem imthe pertioniof thepessageédwherefthe| er

t | t.he t ool
eer a5l ot flerdiofElierighds BtoLGR he RE-AIR ARRtr 228, | it fhs *rurber
184 (first] th L‘;’é%‘ﬁhé’\bhlﬁéhtedfflléﬂﬂiéterié?@fe’d&bd%%a\m@%tlﬁf RexAe plln and
is added to e bond of the filler material -32 EH 10435 with the nozzle

“adapt or  t o eytendiwougtethe main pertios afdhe spaie P'étﬁaﬁ%\( agd throwghiraostygnd: with:o . -

the stator lmé?%mﬁﬁgﬁngﬁﬁﬁw Téufs?ﬁﬂteerfﬁ'sngéélj? b? H% rttbqnﬁgieﬁﬁeinﬁ o7zl e

passage 65 Stream 0 eri a
adapt or 228urface s Thig ineredsesahé lérigih of thémtreaﬁnaﬁtﬁﬂdr Miatéral Umttleatuel i's

d d by h I I tend th t f th
pr o, pl AhEtes n ratistaismolted fh baMee the Rpotis G of UTedRn, ol |, of
the f t
e {115t oy, 11 cARKETRFRInG fd 6236 Aar SR cching olifceoce
st ays nol t aearer tbdhediest containmest regior 188Ithamtp aflocsdtiondnithe strBanvatithe, t hi s
the f1rst DONEEIREENEF g traos bhglreR s e i BambrT: A2 1 the
pol yam de &ealiRy stifads maly ﬁehpracea wamhé%\amhtyttb%é@@htmt regiéna result,

the sealing surface may b | aced in close proximty to the contai nrent
regi on evenemﬂwghthfaetopbmemﬁefﬂéformed@ﬂmmﬁntanateaalihetu material that

accommodat Sécé]rﬂhf‘cfo%?% qié‘fa'n%é'v%'ﬁ%tlbﬁ% I theXtatc?vaugne- 8.84 In the

enbodi nent stator vanes, the spanw se extent of the
unheat ed . f Bl84er Imﬂ'teeelrrbbdlmemwowfouy’te statchrrmneshmqosmamemm«zﬁt ed:

L bt heas e Slelts Sl Shevihisi T o assitbe hebel g7 1"
unheat ed f p{gen aI'TBF&rs' éHy sélmﬁed fled rrﬁ‘élbﬂél 61513& tﬁé’!’bdrﬂoﬁ‘fﬁ'twé’ phb&Ege.t he |
diameter D may b | ow of heated fi1l terral throug at
portion of Exnerlmagﬁgealsmavwh@wn thata lemgth |er OIf tmgunheatedtﬂilar materigkess

~ than five fﬂaﬁssgltégfeldfh%ﬁptéﬁ to ngfvhltm?é Pifie di QHeiéPﬁﬂﬁéy block the flow of

heated filler material through that portion of the passage. It is believed that a

length Lfu that is less than five times the diameter D will prove satisfactory.
Experimental trials have shown that a length Lfu that is less than the diameter

D is satisfactory. Finally, this volume of material coupled with pressure and the

small amount heat needed to raise the temperature of the filler material to its

softening point énsures that the small plug of material does not interfere with

filling of the larger cavities of the stator vane.

8.85 During the drilling of a hole with the laser beam L, the coherent radiation

of the laser beam vaporizes a wall, of the airfoil, such as the suction wall 42 or
pressure wall 44, to form a cooling air hole 46. As the laser beam breaks

through the wall on the interior of the airfoil, the laser beam strikes the

polyolefin (polyethylene) or the polyamide material disposed on the interior of

the airfoil.
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Experinental trials have shown that a length Lfu that is | ess than the
dianeter D is satisfactory. Finally, this volune of material coupled with
pressure and the small anount heat needed to raise the tenmperature of the

filler matofbal 11 bbRoletIBIGEHIG b € BaHIcIarh edtis &t BRblertindng!

mat eri al doé€s n e wmt Ing o | arger cavities
stator vandasér l%ar@dromgmabeepiablyldalgagmgmmMsmtheUMrlbaeémelmEMI.L, t he

h f the | f .t irfoil,
Eﬁcﬁrié‘tthﬁ&%‘m@% eI Ingiad el ALso0a 1t 1§ Belieyeh thal et o ai
hol e 46. ity & 12BN BIchRk he eﬁé‘l‘lﬁ%“ﬂr‘bcb?@ n%hls%rbémea@ﬁmher of the

airfoil, th aser” beam ] ol'yolefin (polyethylene) or the
pol yani de rapeeificcheati amanetlingrpcnmteoﬂthe polysthydene israuich mabalsmalerHHn10435

8.-86..The oI | efin. blockin ti. [ effetlvea

prevent i ng Qﬁ Lyél?ylgré%fmﬁ]ega ﬁfafa% J&?@ %@"ﬁg}ﬂ STHS kh?he
interior offoffi@fa udmu |upon%élh?l$ﬂ'hck b9 tﬁém@am i fgagt theqbdlyem férn‘ét ood,
it is believed that the crystallinity of . pol yol ef'i ns | ps t

process. |tgasSuséom@ed)@f carbon anmhydrngen,s@@@Wﬂ&lbﬂ@awxﬁtﬂe, br'éﬂWlth@?)UDnt of

| mren ot of PRYGRA PG Biphlicdby fheMierih fihethe Mlatert il iEiohefiT onyy
|iquid, up@arben agdtiyd m%eﬁ)y THie aveide the formatiohfof gasty pénticlesl yet hyl ene  gas
|sforrred of carbon and stible mxture, but with the no

d
oxygen bei i8&upthe B@spip fﬁrggﬁé\?)@ﬂ?% pg&eﬂaée%@ transnarent totheilasers f or med
f~ onl
bar 1ol es. B 10 RHoN Kl RS hatt bpatal] Sobshot BEERd Metbifdithe ¢ (4
the | aser lasenbeam $ofinishrthe dritling ofrthe hiole. atnmddamn ythel flaid does detyr ade t he
bility of th b to finish the h | n_additi
the 110 @nbean s asgmiE e Bttt hahdle st RtaRt shofeniirsme Bl 1 O™
fact, ”DVe%ddﬁhﬁyféMah@é the aamwmhenagérqe léd\e alelddrt NolefwitHtuit bisdking ©

| eave a clean hol e wi thout bl ocki ng of the hole as a result of splatter
from nol t e®f Hag holesasairasulbef spiatter fremy molten wall negleriatiof theairfaib bathge. 8. 88
Experi nent ations have shown a marked decrease in wall

bl ockage a?’bgg%r%wtéqg%ﬂgrét he drilling. operation. The percent bl ocked

hol es in @&&8 r Expérimertakdriling opefations halve)shoanca marked desteasednaealt  (50%

- to 609 t | t han 't t 109 Thi d d f
rowork of _DiRekaBrasqomplgien B BirANG 9Bk a#08: s RercRnplokeH haFsdn: i n

the fini shepedyhiddcPeased from about f' ifty percent to sixty percent (50% to 60%) to .
Iess than ten percent (10%). This’ decreases the need for rework of the airfoil
and promotes even distribution of cooling air in the finished article.

8.89 The polyamide material has also prove satisfactory on these points even '
though it does not appear to have a significant crystalline structure. The -
polyamide material appears to be at least as good as the polyethylene material
in avoiding wall blockage. Although the phenomenon is not well understood, it
is believed that strong adhesive bond between the polyamide material and the
stator vane enables the filler material to decrease wall blockage by preventing
the formation of gaps between the filler material and the vane.

8.90 These gaps in some constructions using polyethylene may allow a smali
amount of debris from the drilling operation to fuse to the wall at a location '
adjaceni to the hole. Nevertheless, a satisfactory hole was formed using
polyethylenes in rotor blades. If the hole is unsatisfactory, it is believed that
use of the polyamide material with a rotor blade would have the advantages
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8.89 The polyam de material has al so prove satisfactory on these points
even though it does not appear to have a significant crystalline
structure. The polyanm de material appears to be at | east as good as the

P et Aieirassd aBge providgd el PisgGuty ShbeodHaneiits BHE hay el B-l oo
Lne pol yamhgeolidah She gadetages 5F oL poYHmREILRTIaI) cARbef babBhRGen! (o

decrease wal | age b F%eventl ng formati on of gaps between't he
filler natefthe paluethylana/ﬁl mategel mHesef dyilling isrbeliened do betthe@maeunt afsi ng

Gper at f on Ay B & aBer fretiop B! BB e ol B b Emictinf hickioR o

Nevert hel epslyethylehé pidtetial Mt ikWetieved thatitiegresien thard Marst ditnbefreridls' ot or
bl ades. If the hole is unsati sfactor it is believed that use of the

pol yani'de" Heed ferdplogking laserdgadiatipna l&mﬂyobmml@dmhadewgtyéygh 34 ) SE ST

EH 10435 d t

pol yol ef i ngﬁ%@ﬁﬁﬁ ?PBM?)I%FQ%% %a% %g@%ﬂ' 0 "@%ﬁ%ﬂﬂﬁ )?nglétg ri a?s.

ino_t her dadlzmww;gﬁoly@thyléwe p?itqﬂalpfgfeam maplwﬁy rplatwntz((so%) Ilasejethﬁv?dilt i Eg is
t t n the | aser r a akes

o ace for hAtRAYIRGI Ai° prerRhlete Gher B&vmrﬁyreeﬁ'ése@?&qauﬁf”ﬁkeW. s

bel d Ki

aser radi e bhih @%*@E*W?Pﬁﬁé U5 pRIE wiiEhs SOfcilhfly T 10 o

pol yol efi nblghqsunh fhat y'leelarge quaahtlésnmftlgsquebloelnng (rmmlabam rnmtrcdnhmetelgovwdex

I hyl t al t h
Phat “pol yoMBHERIE aedt BSaE, A48 Pesift i sisidilind,aeefations ArcarsiinalFi ow

I ndex whi cBuis@ cs?fr IQ@éreénérPﬁ'beQbﬁé Yhét%@(beﬁéﬁcéd‘ﬂsuﬁ@'ddn%nﬁ@héltdef $lsis
sufficiently _ hi such e quantities of |aser blocking

mat eri al apessible Malsemelps@mba n exit heleayithhainimahblockingsby ¢, i n sone
drilling ogg&@da%§ o?ﬂ'léa?ﬂoﬁl %hal pul se of |aser energy beyond t hat

experienced using conventl ona wax fill is possible, which also helps form
a cl ean exBi91holtds piossible tu mrhbimban’lhﬂte polyolkefin lsavall armounts dftsther r f oi |

material. 8.91 It i 0ossible to c e with the | efin, sma anDunts

o other BOMRIS Sraﬁexwalﬁ)\sée%% U O LA AR T

wei ght of pbir gbﬁ ésﬁ«édtﬁae atgnféaecietm'a Qﬂéd@rﬁfé pé&forntd rrééegrade

t he performanc of the yol efin and do not pose an environnental risk on

bur nout of of the polyolefi nand ® pot pose anlenvir@mmentaﬂ rieks endaursoubol theers to t he
pol yol ef i Nnatrial€V en addi ti onal

8.92 The addition of these other polymers to the polyolefin, or even additional
amounts of other material to the thermoplastic polymer, is a concern because
thermoplastic polymers formed of only carbon and hydrogen provide a
significant advantage during removal of laser blocking material after the holes
are drilled in the airfoil. One method of removing the laser bldcking material is
to heat the laser blocking material until it burns. One satisfactory temperature
is about thirteen hundred (1300°F) degrees Fahrenheit. A particular advantage
of the polyolefin family and particulérly polyethylene is the polymer breaks
down to form a highly combustible gas which is very clean burning. The carbon
and hydrogen of the polyethylene combine with oxygen from the combustion
atmosphere to form carbon dioxide and water vapor. This leaves behind a very
clean airfoil that does not require further processing to remove contaminants
from the interior of the airfoil. Scrubbers for removing harmful gases from the
burnout operation are not required provided significant oxygen is present to
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anounts of other material to the thernoplastic polynmer, is a concern
because thernoplastic polynmers formed of only carbon and hydrogen provide
a significant advantage during renoval of |aser blocking nmateri al

Faser” bl komgitaberabitgie e b materal Ball ifaitepFEBa R | T
burns._Oeaaglh8Ea%H ol a5 oW Sdlisn Zeklerkd ks e astiag (1a00

degr ees Faﬁrenhe ar advantage of the polyolefin famly and
parti cul armanmmlataﬂhpllﬂaéess t he pol yner breaks down to forma highly:

the pol yet Byontn eeifenctn ke Ielierevs rearebdniTosthe SPeBer:" o
form carbo Riéglear@ethe%w&hﬁénéép% th&Riifoil iRHERtedRNA MigHerteiperatupsn

airfoil that s not require further processing to renbve contam nants

from t he i taamove tite polyetiylens by baming ther polyethyleses thenpoliigthviene. geliss  rom .

present |t oandgliaeOuhEeficlf 1o BRdelffielh Y cafindng PRl stlipate

Finally, bunwahiewh%épﬁrésbaresa&vmﬁaﬁQIIOf not havi ng to flow additi onal
solvents into the blade or to mani pul ate t he bl ades. I n adﬁltlon t he

pol yol ef i n8.94avEingllyethe palyethylens has a res 'QW@@PES“C Bﬂ?’f tocmellingy t he
| yet hyl ' t
Phe” “pol yolie) ALRRs1HE rittblialto el BBl g astistied unBBPR, e 10 POV

and runs opblyethydend Merlalremlaadblpaideto rrmlltamjamit ls:beatedeurglgtb\eexpand and
pl ace unwanted. i nterpal pressures 8. 94 Fl naII
‘H&t al | ows

pol yet hyl eREMes operalign. ; sé‘l’fh?%l tRQ!y%BYISPet’BatﬁE?
the mat eri giatdifalds deromiRad Sﬁérﬂﬁ il il'féfélﬁéll ﬁi‘éiﬁévérpéﬂbw Tﬁ@ma@eﬂm%hyl ene

mat eri al expands prior to nel tlng as it 1s heated durin bur nout
oper at i on: efirpde so dhatodll foneessgeneraesi Iyyethgrmahexmswmf maégna e -

material to forn” I terial
1o, Coxt r uaotfafiiuei RSB he A, e fiavEY i SRugiortHe bitfoil™
materi al aafe nﬂpéleﬂéo?éditﬁ hh esttdr thatavowlt | causé Hanafudiresidubl stfdssesdhdhe vel vy
thin walls of the airfoil are not deflected to an ex&{f F'ﬂ&'hat woul d cause

har nf ul r edirfpilar falyreafdhe ajrfailduring thepyrngyt epgretien. oB; b¥IOUt qur i ng
the bur nouitr]a&p@% é];d\i?c‘flbd bla ?QIQ{I%Ig erN E%#ﬁg@kgturé‘ﬁys d¥&ndIingCordt Higher

relatively nperature to sp l'1.ng or hi gher “tenperatures to
" decr ease ptempersautmrgsttordecmﬂeop@cassmgélmaaa@mrmasmajbespereturedmsm the -

perf or mElncgegradtehtﬁe perP&f'n{a%%g] o\%hhe allctnyb F’roal h Fnc'hI thbsau%lp'% made.
" 8.95 Although the invention has been shown and described with respect to
detailed embodiments thereof, it should be understood by those skilled in the
art that various changes in form and detail may be made without departing from

the spirit and scope of the claimed invention.
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8.95 Al though the invention has been shown and described with respect to
det ai |l ed enbodi nents thereof, it should be understood by those skilled in
the art that various changes in formand detail may be nade wi thout
departing from .the spirit and scope of the clainmed invention. -36 EH 10435
W claim YYeE®Man article having an end and an openi ng whi ch extends
inwardly fromthe end and for nmeans for providing filler material which is
heated to |iquefy the material and is provided under pressure through a
nozzl e, a fli xt uFer anartidg havingsamgadfand an openiggavhich extendsfinwaedlyd fill er
materi al upder_an .. 5 erative_condition_fromthe aps. to the article,
and for no fomH\ﬁW?Haegwgéan%PfPM ing filletraterial {"T'Em'tc‘ltlf@a%@g'f% to the
article ungaen b heRerial 2 '50;9‘6' ' i | : t nmber
which is fg?Jrr% rtg? a ngtateér‘rlYﬁf sofq itdequ{ht?aer';%ée\émrEgt eri gﬁﬁ?ozﬁ’eﬁgﬁuﬁl e and
whi¢h i's shaviag & passagefos flowing.aistrgam- clbheated filex matejialindevanher ebet ween

t hrough_which the passa extends for, f | f] I t ool
menber %av?ﬂﬁrﬂwel‘%@'ogﬁéo@ﬁ? ﬂ%aﬁﬁoethg%&gb%ﬁ’ %rﬁgaif@w'%ﬁ)gt?eé%i ch
adapt st heof fildrihaterial frofi tHeambhiis endrogrticlecurfiet 0f inbperative congitiohder sai d
operative condition to block the.. filler material fromflow ng out of the

cont ai nmenWhidhye@mpPESesi | ocati on between the tool menber and the article,

d,. 15 Of i i j .
o onof St poBtoBP ke Wi R rolfRedior ¥ miieral ddtel hatt ing Mdehidfor
ext endi ng thepartidle earicdhwhittnds tspacedefndrar thenenth deavipg aa scomtainmestd rriegion Whi ch
oan . thesSpes - Ea WG RASRe00 BT T dlowing SISEFIAE ) then
means is afwtrﬁdﬁ%:%rr mﬂ;g gefidlebgt bAg! SisHdceNbendiipiabelit the tésgﬁﬁng?éwface

of the second ne OCk;_eg?‘ | eakage of the pressurized ]
mat er i al awhidheadaptsahedixtuiectosigsiliestly fengage thet of thes artidewindensaid he

D ook cakapedive; fandBRC o  Blogk! B Slebcrietiry Hord fodie f Bcto '
“member to gentathrhéiet regireatarivation Hedledn the fodl Membérandthe afticld)and, .
contai nnent region for distri bu“é]qq@fl | l'er material to the end of t

h
articl¥ and to ?@Cgﬂéﬂnﬂ@ﬁ)eﬁm f@afﬁffq{é"_’@@&iﬁ h@rdﬂi_rth%@@%i?m §€cond
menmber  hasyg, 't&lﬁ%bﬂfbé[rgm['-@ %bﬂ%@égn thd é?{iclé; Ict)lb](?rse'&hﬂrh@mﬁé? ERRnbiRfY

menber that 1S nearer nment reg
spanwise into the tool member and having a sealing surface which adapts the

second member to engage the nozzle under said operative condition;

20 wherein under said operative condition, the nozzle of the means is adapted to
be urged in faying contact against the sealing surface of the second member
for blocking leakage of the pressurized filler material as the stream of
pressurized filler material is flowed into the passage and the tool member is
adapted to be urged against the article to block leakage of the filler material

25  between the article and the tool member to bound the containment region and
form a plenum with the containment region for distributing filler material to the
end of the article and to the opening; and,

wherein the sealing surface of the second member has a location in the stream
30 of filler material in the tool member that is nearer to the containment region

than to any point upstream of the tool member such that in the operative

condition the spanWise length of filler material Lfu in the passage through the

N
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than to any point upstream of the tool nenber such that in the operative
condition the spanwi se |length of fill er material Lfu in the passage through
the -37 1 L1 reeeer reeer rren? 111 EH 10435 CL MS second

menber is less than the spanvmselenth Lh of fjll material.in the
portion of seeenchmembenisdesscthenthe sP%FWtﬁ?n'eFH@ft- thﬁ,frfﬁ@ ”ﬂLl"c’q'?er educes

the 35 Spaﬁgﬂgfoﬁ Jﬁﬁpgt&zkfeuth%i He'nhgrth@?ﬁthé'toél'?nér‘ﬁﬁe?ﬂﬁﬁ&ﬂféoﬂ%éﬁ‘tﬁé‘ the

second ne |nopera I ve con I n conparison to e spanvvl se

| engt h34 f hspafwise leagthniefuesfifiller materad in ﬂt&passagefthrm@hqtbwzs@onﬂu ch extends
a str.eam of, filler

th h the tool The fi.xt f |
ma'[ glrjlgal OF“Q!&%W%?MQ?H"? ﬁéﬂdlkjéﬁl lﬂJ'{ ggmgrprl§%¥41ﬁ1%z§%aqm§g fength &ffys i nt o
the tool TEARRLr metehiaPR iaf Bolorfof e fbizelckieh eahHdy hréui esape f or

filler materi I'n t e seco has a dianmeter D and a length L mhich
“i's | ess thaembeequal “to five-tinmes the’dicameter s D of the passage such.
that the sealing surface is closely spaced by a length which is less
than-five times the dianeter D fromthe containnent region. 3. The fixture

for flow ng a ﬁ’féﬁ:&ﬂ}é)forfﬂb\dlﬁﬁ a%@éh‘i of filRdr rfatatigl &f olied @i WhiRsin tisé r eam of

filler materlal In the nozzl e plug has a dianmeter which I s _about equal .to
t he di amet ponbmofdhmzzlmwhwb emrgdsnm&o the torkmesmberds 3 pertiae of&cond

menber is lLes e t

heated fi l PQF%ﬁ#@’i@ﬁg%mg& B%es%r@ f% a%naﬁ nozrzﬁ%gzoégquen H?Q% o at
| east two dignhéter  @hd allengitl mvlm&:lﬂsflewmaw arfexjual tmﬂveitlmesctheoﬂlameferl I
each airfoil having an end and an openi n% whi ch ext ends mwarFeﬁ/gFfromthe

end usihg 5)@.tiaemaessme.swghéh%ub@é@@'ms;s rfaesishgjosely spacgdhbyra Biler
material U meeeﬂ{aﬂweeuﬁﬁeqhé mmnéfegm i B BhtdiAmeh® rédiphoi |, whi ch

corrprlses rmn nment reglon by disposing a tool nber forrred
of ~ materi al softer than t he alrf0|l adj acent the end of the first airfoil

et o039, S eBlie. R gV piskam, B s altBrb| Skl A\dBM e "
surface f Oétréaﬁn mmé'r ﬁmaﬂénﬁﬁhc’lﬁé n@i&tlérplaé haBandiahretéowhichieabeut syual -
di sposing a nozzle ad aBtor in the tool nenber which has the sealing

sur f ace antp the diameter Daand Wbﬁfﬁlhyl%ﬂ%lﬂél's L theypassageivthe se¢gptor
member is less than about one diameter D.

4. A method for providing heated filler material under pressure through a
nozzle sequentially to at least two airfoils which includes a first airfoil and a
second airfoil, each airfoil having an end and an opening which extends
inwardly from the end using a fixture having a passage for flowing a stream of
5 filler material under an operative condition from the means to the airfoil, which
comprises:
forming a containment region by disposing a tool member formed of
material softer than the airfoil adjacent the end of the first airfoil and engaging
the end of the airfoil with a portion of the tool member and spacing the tool
10 member from end of the airfoil;
forming a sealing surface for the nozzle of harder material than the tool
member by disposing a nozzle adaptor in the tool member which has the
sealing surface and which includes forming a passage in the nozzle adaptor
for filler material which extends downstream from the sealing surface, and |
15 which includes disposing the passage at a location in the tool member which is
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for filler material which extends downstream fromthe sealing surface, and
15 which includes disposing the passage at a |ocation in the tool nenber
which is -38 111~1111111111 i111111111111111 EH 10435 C L M S spanw se
nearer to the containnment region than to, an g%nt upstream of t t ool
menber; di §paBwise neareriq the ?Pﬂtﬁ'é'"l%ﬁlregl'ﬁﬁﬁé? ?E}ﬁpglﬂté'ﬂ& CRLPANEe into
the tool EE%I’?ﬁ rhbgp engagi ng the nozzl e adaptor. wwth the nozzle in the
t ool menber; ow g a-streamof filler material through the nozzle
menber, t hr oughdisposing aavzalgdnithe tdul membeewhithpe)dendsispamwisedntodieai nrent
regi on; rermviﬁag bhe. first airfoil after filling which includes |eaving
behind a $QRIMEPECLength of filler material in the nozzle adaptor passage
and, ,25 engagi ' ' ht SRIB P vi di ng heat
to thezf%ortion ('??'gtaweaﬁntggz e Qﬁ%@t%é@%@ggﬂfgﬁﬁme to?liemtrgrgf'rber during
fill1ing and pri dowing aistieany of fillergnatenial throtugh the: nozale menber, threughnmat er i al
in the nmolten condition fromth ozzl e.af.ter the interval between
renovi ng t&l%ePP?%%Q%HW'BSM°ZQ§P§?@85FH§‘?&$%%PSWH‘%{W?%W: 30 forcing the
spanwi se | engt h rehobirlg t%_frfewﬁbnbﬁeﬂﬁmhgmmmaes le&¢ing behid aadapt or
fromthe nozzle adaptor with the nolten Tiller material fromthe nozzle;

wher ei n t hepapwissi leagtheoffiller snateriabnttae npezleadapierdiassagen ande spanwi se

|l ength__of the t | : | J.e spanwi se | ength of
the to8f menber é)'géq@?ﬁ%ﬁéﬁ%@eg%@%I%ﬁg;thgﬁﬁgg{zqerer' adapt or passage by

di sposing the Jpoviding kedtno tite pbriion ofethé dozaledvhiok 38 disposed irstiwe food
surface nearer to the _contai hnent rﬁ ioE t han éo,rﬁ 'fOi nt ,upjtlream of the
cont ai nmenMmersbebduring filing and priny tafi %ﬂd eseqgnd ajrfeit toproxideillefnger
pressure t : sl AL SRetheli Al filler
mat eri al i?\mc#gggis'ﬁttﬁgﬁ\ég% é?nd;{{r%@% ty%g'?c?\izz%e steg '@%ﬁ'?ﬁé‘gﬁﬁg a nozzle
adapt or i nremevingtherfiestoairfoil and ehgaging thesecogdaidpibue pl ate bet ween the

tool menb d.th f or. iding 5 filler. naterial X
bnd pod 1 ont ng RRG A TharstisE otk pbiet atechl iiRe BasPagRl 13 fB2HEL S
and ext endiggaptdierdin ke RoagiaridaptorWith tHeemiofteh fillenivateriz ibm tdadLzle; t he

met hod further includes urging the first part of the sprue plate against
the tool mwhesein the spepwiserlengdvbof uahgated filler material in the sRanwise le met hod

of provi di ugdd {dof ndMbEF fsdbdHBEE froRi RSttt 'SPRRWRR Bngftrdf thebol
member to the spanwise length of the nozzle adaptor passage by disposing the
35 nozzle in the tool member and locating the sealing surface nearer to the
containment region than to a point upstream of the containment region.

5. The method of providing filler material under pressure through a nozzle of
claim 4 wherein means for providing filler material includes the nozzle, and,
wherein the step of disposing a nozzle adaptor in the tool member includes
disposing a sprue plate between the tool member and the means for providing

5 filler material and subporting and positioning the nozzle adaptor from a first part
of the sprue plate and extending the nozzle adaptor into the tool member; and,
wherein the method further includes urging the first part of the sprue plate
against the tool member to urge the tool member against the airfoil.

6. The method of providing filler material under pressure through a nozzle of
claim 5 wherein the step of disposing the nozzle in the tool member includes
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claim5 wherein the step of disposing the nozzle in the tool nenber
i ncl udes EH 10435 111111111211121 Ol 12212 11 111l - 39 - * C di sposing
the nozzle in the nozzI e adaptor and spacing the nozzle chordwise fromthe

I daptor ove | east.; a 0 on O] e no 7. For an
7 o1 2 habisnasig o hozale i the sz ik Addntbr aad SBARES RS APdFE Fordvicen e ond
df h
and t.or mﬂ?ﬁ}fh@n%z\%ﬁgégﬁéfggbkﬁf Ieggﬁr ﬁfspﬁhwwajﬁémﬁh‘%f%hﬁ ﬁo‘ﬂ #gough a

nozzl e, ure sage oW Nng a stream o ler materi al
under sn operative condition fromthe neans to the airfoil, and for not

fl ] th t f th th foil
under an i fopoF G A% SRR 8 &Nk A 3b grsnIng-whic SISRIS EMHAR B | s
formed of ﬁné]ﬁﬁ@rahalfoﬁméa% fahafb\ﬁdiﬁg ﬁﬁéﬁhhtﬂnél’hndéhﬁrébb?@tﬂro@?lﬂaWh' chis

spaced from end [ eaving a containnent region therebetween rough
which -t he pezzlege fixkure hayinga passage fpriflowing arsttaam of fillerreatesial undenenber: -

he 10xt ur B Eperatys SatarT SRk e rREnERatia SR 450 fefot Sward b siops

oper at jye §@e&ht¢ﬁmetrmézéﬁ§|kfré:h%é imediis toethe diddil (RGP 4l Mdipetativet of . the
cont ai nnent g@on at a location between the tool nenber and the airfoil,

and, a sec@fmﬂl RMhichamRAiSESs: mat eri al which is harder than the portion of

20 the tool memaqeoy HidHoENARS ' BB H et SRATHaATAL etk e

spanwi se into menber an aving a sealing surfac s the
second nenthe airfmleagdgwhtdmemspated tfrumrtheaenld deawagl aeccmtaldnteeregwkmr ein

under said operative conditi nozzl e n adapted to 25
be urged |WQB é‘?awff &[’ hé@%‘hé’ie ?%@@ﬁﬁﬁ@%fﬂ’%\é‘ngf‘r enmaterd)ntherenber
for blac K'%? Iﬁvuﬁé;%tﬁbﬁ BhbZ&ddd bﬁfe endild abdut ettﬁél Fﬁé &} of

pressurl ze er mat er i owed into t passage an menber
is adapt eWthh adaptsgihe fdurenta resiiendlyréngaget thebend lof|thelaideil uthhsafd | | er

material Dbet enthe |rf Q nher .o _bgund the cop i nnment
regi on and°By Y gnﬂ 8Hu§?m}’@%ﬁ me @Fﬁ' ?el rf oftPV819 cﬁlétt bt ng - -
filler mat @dsntainrhéhtt ioreada tdcattiba batwéen therfudl hierhbér aﬁwtheﬂsufoﬂndnd wher ei n
the sealing surface of the second nenber has a | ocation in the stream of

filler material @is¢coRd memberipmred phimaterial which is bardesdhan Heeperion of egi on
35 thag, t oy Yol OEmbtS Whidenbabbs thaChirfiMRE sudohdt Atimibdt LR@ndRey ative

spanwise into the tool member and having a sealing surface which adapts the

second member to engage the nozzle under said operative condition;

wherein under said operative condition, the nozzle of the means is adapted to
25 be urged in faying contact against the sealing surface of the second member

for blocking leakage of the pressurized filler material as the stream of
pressurized filler material is flowed into the passage and the tool member is
adapted to be urged against the airfoil to block leakage of the filler material
between the airfoil and the tool member to bound the containment region and

30 form a plenum with the containment region for distributing filler material to the
end of the airfoil and to the opening; and,

wherein the sealing surface of the second member has a location in the stream
of filler material in the tool member that is nearer to the containment region

35  than to any point upstream of the tool member such that in the operative
condition the spanwise length Lfu of filler material in the passage through the
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condition the spanwise length Lfu of filler material in the passage through
the -40 1 11T 222222 F0RRED BREEE 1F 11l EH4A0435 * C L M'S second
menber is |less than the spanwise length Lfh of filler material in the
portion of the nozzle that extends throu

. ugh the tool nber i.ch reduces
the spanwseeond:meamberig Iess than the Sﬁﬁf‘\é’ﬁeaﬂﬁngﬁ‘ Uﬁé’fﬁﬂgé Hlj’éegt{\g] AR the

440 = e i . =l ) . .
Tength Lf nBORIET 91 eibzzle HAEERtenYS haich the SoditneBRR Wi edhicka e PRI o€
t hrough t hgpanwise leagihefu df filldhmateridl in the passagevthraugh therssmondf fill er

material of claim7, wherein the  portion of the ngzzle which e ds-into
the todd nEMRyBREN I thep@ﬁﬁfFr@HVQ)PO%ﬁ'ﬁ%’iﬂ gompagsoni: qusﬁé@'@éi or

Filler matag gl %Qtér{%ﬁrgﬁx%{t’ggrtﬁﬁ@%e%ié@ wﬁ'ibﬁf&{ég{d[%[%g | Htheegl N L whi ch

is less than or equa s the dianeter e passage such

~-that the semmbegr.surface-is cl:osely spaced by a.length-which is:|less than .-

five tinmes the dianeter D fromthe contai nment region. 9. The fixture for
flowing a streamof filler material of claim8 wherein the stream of
filler materigmdf %ﬁd?%ﬁ)i@ 8lsweahpsf Mled indaratiar ofdlainh 7| Whakantheaqual  to
the dianmeter D an erein the length L of the passage in the second
nmenber is pedion ditheatozate whishadendssintathestoobmennkeerris & pertion&f af | owi ng a

anda seconazeR® i eherzin i el ob rbiafin e SeipbdfiimBet e g
menber is gidetel © asdatiengthridwhitdy igiless thantar@quaktdfive ties thefdiarmbtarar t
whi ch receives the nozzle adaptor and which engages the first end of the

~ai rfoi |5 an® eftthemassage sbeh thalthg sealing guface IsfIPeely Shasge dYihengiecond end
of the air{m: ' ' i ' hS in flow

conmuni cat M‘Irllé'} %ﬂgﬁé\ﬂ*#ﬂ%@g@%ﬂgg\%@ﬂé@ﬁe %ﬁ E%ﬁ%ﬁﬁ'ﬁﬁk 8"5‘. on under

said operative condition. 11. The fixture for flowng a streamof filler

terial l_ai 0 inth irfpj [ . . . 12.,.The fixt
o 11 v nB- o The bdirertor fiowing 8 'streBr affiler riatdrial & hiny Bperklh thele ong "
FFFP}E][ : |S| Iétlrléaalhlttlﬁ fiiiﬁlilﬁliatléil‘lﬂll ill'q :llli‘e Zniaﬁﬂe pHigthas Rediametéwhizhds abbat equirit 10435

to the diameter D and wherein the length L of the passage in the second

member is less than about one diameter D.

10. The fixture for flowing a stream of filler material of claim 7 wherein the
airfoil has a first end and a second end which are connected by the opening,
wherein the second member is a nozzle adaptor and Wherein the tool member
has a first part which receives the nozzle adaptor and which engages the first

5 end of the airfoil and the tool member has a second part which engages the
second end of the airfoil and which has a second containment region which is
in flow communication through the opening with the first containment region
under said operative condition.

11. The fixture for flowing a stream of filler material of claim 10 wherein the
“airfoil is a stator vane.

12. The fixture for flowing a stream of filler material of claim 7 wherein the
second member is a sprue plate and the sprue plate has a nozzle adaptor
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S which extends into the tool nenber to formthe sealing surface which is
in close proximty to the containnment region. 5 13. The fixture for
flowwng a streamof filler material of claim@8 wherein the tool nenber has

at | east one spanw se faci n? wal | and at | east one spanwi se_  extendi ng wall
whi ch bounuhichextends inta the tool saerbestadformdheisealingsyrfaee whigh isrinal i s

di sposed in _a port.io f ' at _region to block filler 5 materi al
from cont aEIPFﬁgP' ﬁ:"@&%&#@"@ﬁ%@%@"ﬁ“-of the tool menber. 14. The
fixturesfor flowng a streamof filler material of claim 13 wherein the

maski ng material blocks filler material fromcontacting the spanw s
ext endi ng 13afhe fixture forflawipg @ sireasp of filles material o EW&WgPYQ'E%’W rial of

claim 13 | e | ' : he rial from
cont act | ngtEEbS et BBSL0RY < EBIE Rppa Fial S St RESt ohe BEnfREST T
stream of gkigndingwaltwhich béundsithe conthiaresni region anelwhereieatmaskisga nozzle
adaptor, wherein the nozzle adarﬁtor xt ends, i ntq. ,thet h)?ol nber and the
t ool nmenbemaigrialis disposaddn arrortien of %ﬁ%‘ﬂ?@ﬂ%ﬁdegpg pRIRCK IR cont act
wWth t n : f ] mof filler
material o c%’g?liﬂgﬁ\tﬁﬁé'gae@rq&ﬁ ngngg@os)r%tdﬁ Fr@rgb‘géf" {)fsm‘a@t%glzgezﬁ%%}gptor, wher ei n
the nozzl e adaptor extends into the tool nenber and the tool nenber

ext ends argund_t he. nozzl e_adaptor,.and .5 spaged fr the.n | apt or

| eaving a gg'_p eﬁ“‘é‘l"&f@f \f,!g\gH'Pg %sﬁfg?"ﬁﬂfﬁﬁﬁf{}%alfq?cﬁ'h&? r‘f‘_a%ege@ttﬁgam of
filler matgigskingohatdritil Blokks HNEF mdteﬁﬁﬁ‘rorﬁ%@htaw\rll\gﬂhéBpéhwfﬁé@déﬁdin_gn the.
contai nment region extends into the gap & and erein the gap G 1s
filled wi twallasking material. 19. For a stator vane having a first end, a
second end spaced spanwi se from the first end, and an openi ng which

extends between the ends, and for neans for providing filler materi al

whi ch is hegt edhedixtureuer slowing astreampof filled mdterdal ofclaim 18 whdrein the
a nozzle having a

nozz1 e pl uRekna e gpeS o) birck Hlef mateia Tl atartddod s8aPRHsa | owi ng o
stream of Qﬁ@hﬁﬁ\gf\jvéﬁ.er- mat eri al . .

16. The fixture for flowing a stream of filler material of claim 7 wherein the
second member is a nozzle adaptor, wherein the nozzle adaptor extends into,
the tool member and the tool member extends around the nozzle adaptor and
is in faying contact with the nozzle adaptor. '

17. The fixture f;:r flowing a stream of filler material of claim 7 wherein the
second member is a nozzle adaptor, wherein the nozzle adaptor extends into
the tool member and the tool member extends around the nozzle adaptor and
is spaced from the nozzle adaptor leaving a gap Gt therebetween.

18. The fixture for flowing a stream of filler material of claim 17 wherein the
masking material disposed in the containment region extends into the gap Gt
and wherein the gap Gt is filled with masking material.

19. For a stator vane having a first end, a second end spaced spanwise from
the first end, and an opening which extends between the ends, and for means
for providing filler material which is heated to liquefy the material and which is
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under an operative condition fromthe neans to the stator vane, which
conprises: A a tool nenber having a first part-which is fornmed-::of.-a.
material softer than the material of.. 10 the stator vane and which is
spaced fromthe first end | eaving a containment region therebetween

t hr ough whipsovided undes arrssiire thraugh acozziehayigg & nozzle piugdoithe statee t ool

menber havi ng._at ast_one fir sy f ext i out, £he t qol. nber
Wh oh 1 8cedang. o ReREB RS hfbans 1 RiTnd AistEah e ARS8 materalt o
- resilient| yndagapcoperative £6idifidn froRfthel mehfs 1 tHeostattraneh ddicksai d
operative condition to block the filler material fromflow ng out of the
cont ai nmenCONYAISE/- at a | ocati on between the tool nenber and the stator
vane, and, a -SgcC Lehiahs formed of a material softer than the
mat eri al of theﬁsggékgﬁﬁ\é/@r?gpgﬁgm ich is spaced fromthe second end 20
“l'eavi-ng a cont ai nmentg figtpart whiich éforn
for flowng filler, material, the too| nenber havin t _least ogne second
sur f acd%ext endi ng 1@ dtiator neane, andwhich: is,apase ff&'gstﬁﬁnﬁﬁsﬁee@pM'BQ a

direction and whi ?;Bnﬁﬂﬁﬂ?ibgg Eé@%{ﬁ Hﬁgﬁb&tﬁé&n 1hSth H.on idl’b’th‘é’}?é;&%]g%'ﬁd?ﬁgg”d

end of the stator vane un operative It1on
filler material ffonflowing fileromaterial; the tosinmembernhaviegiatneast ankeofisti on

R L

menber, which has dgetfioh iahdl aMidhea8apts’ thedfiglire %9 rasilientiyaenyBbé tnkestifagr der
than the portion of the tool nenber which engages the stiator vane and which

adapt s18he sprue ©ngdiaf the statgayane Hpdensaid apenalig cendition teblocktbe filler .

por t1 on_of the nofgtenef ST il Bl e i Aehaibilert JeBlatl 4, € op&fioh o
surffacg whi ch. f ac betwéén thmtcw] mmayarfdmsthmr%népand,ang | n the operative
condition, which has an o gnl ng for the passagf for receiving the

pressurized filler A _ISPPP L& IW'iiﬁlj‘Ll@lHﬁT_@F! o1 a maiferigl softefsthan ther i al |
and whi ch has thepgsgabihngr fhe'dtafo? vane ﬁﬂﬂ%‘id?\gistgﬂaadée%lﬁ thB!d¥ond end

20 leaving a containment region therebetween through which the

passage extends for flowing filler material, the tool member having at
least one second surface extending about the tool member which
faces in the spanwise direction and which adapts the fixture to
resiliently engage the second end of the stator vane under said
25 operative condition to block the filler material from flowing out of the
containment region at a location between the tool member and the
stator vane; '
B.a sbrue plate having a nozzle adaptor which extends spanwise into the
first part of the tool member, which has a sealing surface formed of
30 material which is harder than the portion of the tool member which
engages the stator vane and which adapts the sprue plate to engage the

nozzle under said operative condition, the nozzle adaptor including;

a duct for receiving at least a portion of the nozzle plug,

a first side having a first spanwise facing surface which faces
35 spanwise away frorri the stator vane in the operative condition, which
has an opening for the passage for receiving. the pressurized filler
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a second side having a second spanwi se facing surface which 40 faces
spanwi se toward the stator vane in the operative condition and which
bounds a portion of the containnent regi on; wherein a sprue plate hol der

has a sl ot which adapts the, spr ol der .to .re h pl ate
and has neans fma?ﬁ@vé\ﬁ'd. Q‘B\EHQ\?% ngeRyriace fog %ﬁ@ﬂ&["b ﬁ?p?‘ﬁgg | ate
and the sprue pbﬁ,ﬁe hol der; wherein in the installed condition the sprue

[

pl at e hol der fegrally attached to the nmeans for providing the filler
material and the nozal secmdosdesbamagea secondspapwise facing susfaseowhiche

or eesufd zod. bl otAReRgeRATRE JPWBLT the 8ol Yelte"th eSSl eidiion andt e

condi tion the SERM BEuhdsabdrin éf theonta@ibmentledion; t he nozzl e adapt or
passage is Lfu and the spanwi se length of filler material in the portion

c -of:t‘he’ nozzl e that exténds through the tool nmerber is Lfh; 55 wherein.in

the operativye conditi | . I | agal nst
the first \Q’ﬁ'& regp q%ugb&‘%{éﬁ“@gﬁ@?ﬁ%l’smg"s‘%@%ﬂé%é'ﬂ% H'ea?? (‘)‘(E)) mgnber S
urged agai psdeividhesssras platecarsf hadmeshstfor preventing rdlativk movekeagt of t he
filler material between the stator vane %?] yue tool nmenber by boundi ng
each of5 t heeWeearinesRTHe RIate I Ne sprde PRNRNIEL pl enum with the
containment region for distributing filler material to the associated end
of the stator vane and to the opening; and, wherein the sealing surface of
t he nozzl eméaginmntﬁamaalledomnddﬁon thetsprue piateholdss isintegrlallyratmmdital in

t he tool nber that is n ar t he cont ai rrent an t 0 poi nt
upst r eam of"& €3NS q)r ﬁ}ﬁ@f?rr’%@tﬁf"? anq] %80%?\& Rre&ge NS Wt e al

in the noz %ﬁlm#’élﬂ* eaﬁwaszﬂétadastd?q:fltwégpidmatéwlpmﬂam ahe filler

mat eri al t he nozzl e which reduces the spanw se |ength qu of
unheat ol fslream ofmresstaizedbloghpgmatgnaltt@ the@ss@geict i on whi ch has the
filler I lijlllj 111112.2 111,11 ,1 fl, EH10435 Ms 70 material passage
“extend through the entire spanw se Iength of the sprue plate and the tool

nmermber . 20whéhsinfunger tite bpérdtive\donditionthe epanvdse lengthr oﬁfdteematbrlar incl ai m
19, wherein the portion of the_nozzle i ch extends h %? the nmenber
is a portite @ﬁzzclﬁhédaﬁt?[ﬂaésﬁgﬁés Lijyandit ?Ff?é‘vﬁé%ieo{'@ pbfiller g 'a“n!ﬁ erial .

|0 Lhe Sechprbdm Emedftﬁéagazneqha%sﬁd&madgﬁtﬁ@w Phémb# gLihs | ess than or

equal to frv
‘55

wherein in the operative condition the first part of the tool member is urged
against the first end of the stator vane and the second part of the tool member
is urged against the second end of the stator vane to block leakage of the filler
material between the stator vane and the tool member by bounding each of the

60 containment regions and forming a plenum with the containment region for
distributing filler material to the associated end of the stator vane and to the
opening; and,

wherein the sealing surface of the nozzle adaptor has a location in the stream
65 of filler material in the tool member that is nearer to the containment region
than to any point upstream of the tool member which results in the length of
filler material in the nozzle adaptor passage Lfu being less than the length of
filler material Lfh in the nozzle which reduces the spanwise length Lfu of
unheated filler material in comparison to a construction which has the filler
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s D of the passage such that the sealing surface is closely spaced by a
|l ength which is less than five tines the dianeter D fromthe contai nnent
region. 21. The fixture for flowng a streamof filler material of claim?20

wh inth { f fill terjpal i h Dl h '
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20. The fixture for flowing a stream of filler material of claim 19, wherein the
portion of the nozzle which extends into the tool member is a portion of the

nozzle plug, wherein the passage for filler material in the second memberhas a - -..-.: .-

~ diameter D and a length L which is less than or equal to five times the diameter
5 D of the passage such that the sealing surface is closely spaced by a length
which is less than five times the diameter D from the containment region.

21. The fixture for flowing a stream of filler material of claim 20 wherein the
stream of filler material in the nozzle plug has a diameter which is about equal
to the diameter D and wherein the length L of the passage in the second

- member is less than about one diameter D.
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