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Material in an Airfoil This appli M‘M
Provi si onal Application Serial . filed on Novenber 20, 1998.

CROSS- REFERENCE TO RELATED APPLI CATI |jcation relates to
copending U.S. Applicati Re! %Dsmﬁl'l@é@&}”ﬁgﬂ“l'@d "Met hod, of Laser
Drilling an Airfoil™, by Jeffr@aviddalfhiah Rirf@li-: No. (EH 10226) s entitled
met hod for "Reducing V0| d Volumes in Cavities for Laser Drilli ng"; by
Jeffrey DO Flis et al.; No. (EH 10239A) entitled "Method and Material for

Processing. a Conpanen r by Faster |I| Lanm et al.

No. (EH ?85‘4%%@@%@&@ I\Rﬁ'}?z‘g rpwbﬁg 3%8&51’1@% ‘C%ﬁ‘% Nﬁt erial in an
A rfoil " poppodpraardbn Reedntfer2; 1098, (EH- 10241 ) entitl ed "Met hod for
Orlentlng to an Airfoil for Processing and for Forming a Mask for the

Airfoil", by Stanley J. Funk et al.; and No. (EH—10245) entitled "Fixture

for Dispg foil") by Gordon M Reed
et al. péé%%#%ﬁ&%w%g&?%gpph@gﬁ@%n rel ;t eg to a tool for
use in dT&mapplg:dtmeeldbéchogemrﬁrh@U al Apphmhdns Ber {BHmMotp4) &sdtled

machi ni n 0l |, hav ~.5 al, p or cooling
. Nor IR el FaSn e Bbol Y e U S Ay Nt Dok g 2Ser

bl ocki ng ehRligy Indéthbarér 'tfﬂz@dmg% @gﬁﬁvaref#nésorn OLeaks e (ther rmnmﬁq'abyf rom
flowing out of the airfoil to undesirable |locations on the air

BACKGRClJNBﬁCFy DHEis KYENTNON B +1f02i384.) feutlllgdiéMeUTdﬁ aed Majenelfoar e di sposed
inaflo

for rkin di,um s, of ch airfoils are
t ur bi ne rgﬁ%%“@ﬂd’ &Drrngpﬁ\gngg)r gﬁlsaﬁﬁxgu%g gglFFqbst%rre ﬁatLﬁ‘an 4ot gases
as the QWS(E%QO%QMHHU tmahoah@r nts@'o@ \@rimgciahg MAefibpwesh t hough
passages on the inferior of the airfoil under operative conditions to keep

e
t he t enpeidpilt, ®&yoEotdes Mi RfB@ldIel ause. @ldoﬂéﬂbanwlaﬁh"ri\éekb\pdtfer Priestipgade,
W thi 13 AGHER rﬂm for lF‘rg&ésSsmg and for Forming a Mask for the Airfoil”, by Stanley J.

Funk et al.; and No. (EH-10245) entilled "Fixture for Disposing a Laser Blocking
Material in an Airffoil”, by Gordon M. Reed et al..

DESCRIPTION
TECHNICAL FIELD
This invention relates to a lool for use in disposing laser blocking
material prior o performing laser machining operations on an airfoil having
15 internal passages for cooling air. More particularly, the tool includes members
for flowing laser blocking malerial into the passages and for blocking the

material fiom flowing out of the airfoil to undesirable localions on the airfoil.

BACKGROUND OF THE INVENTION
Airfoils for gas turbine engines are disposed in a flow path for working
medium gases. Examples of such airfoils are lurbine blades and lurbine
20 vanes, The airfoils are bathed in hot gases as the gases are flowed through
the engine. Cooling air is flowed though passages on the interior of the airfoil
under operative condilions to keep the temperature of the airfoil, such as a
turbine vane or turbine blade, within acceptable limits.
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0 6 MAY 20D3 In addition, the airfoil may have cooling air holes @ﬁiﬁggm@g
fromthe interior to the exterior of the airfoil. The cooling air re
smal | and nmay have dianeters that are in a range of el even to seventeen

andar e cont oulbCRSeD, tetale M uAlecc bk niPs BREAGHENRE 2% 01 g

ai r hol es gtarior ¢othe agtedior of trenaifaik.s Ipeooling &k Hosatcosmall ahbiena r f oi |
through the hot walls to the exterior. The cooli ng@ai r . .praovides

t r anspi r athaue digpiaters thet ereina rangssefealevean uggventrenailp (81d-04fter the air
i s dischar; r i L J i i i | air on
the 1o extipise: ThEfed e rled B dprmlist FARAS o d Bl B

airfoij anshdure dugquatedtdaling ofetbe wifglasses. One way to drill the holes uses
a laser to direct a heam of coherent , energy at the exterior of the

airfoil. The i ADhefPling@irfie'en dUEbrRAIRE Arfs@n NRssA0BE PAINE INtBUYHC he wal |
of the airgaqil: - i J W Vi i jsfactory
condui t fotﬁngcédgﬂl ﬁg&é@?’ #&Aﬁb{\&gﬁ? gjgtlgr% %ﬁ}pmﬁ Jr:%?@gaat%éroo&gtést he airfoil
wal | i nt o faanspitadionaooting issythe tHirepdszes thioegmthewalltarid @ftad}recaints st ruct ure
on the other side qf the cavity causi ungccept,abl e danmage o the airfoil.
Accor di ngl ?CIB?r@@QSWF}é?@ e E@ﬁ%ﬂ& %‘ﬁﬁ@@dﬁ‘:ﬁmatrﬁ@ O?é\'fl%’}/&leo bl ock the
laser \peangfteABt. SThé KiMOr wBbl _Qi?';')?&}i@@s b hRrevbdtwehtige alrith JiRANe
penetrates 20 through the airfoil wall. One approach is to |eave di sposed
wi t hi n t hehetli woskingtnhedigey gatisescast i ng core around which the bl ade is

St abl e bl ockiGl HaY & A hé AR st B FLeQ R iedien ePheithoved by
vel | knowneh@gghitnige bREMdr @R 85 aiffoils TheRheAsh ragialisn fleptihdlader hedinS.
Patent 5,222,617 entitled "Drilling Turbine Bl ades" issued tq G egore,

Giffith aRdSthernsh thewlbe! theririplh deaee behindrhelsrihigh PEpvides fi ng
prevent s | diddratiohfenthlit R cBbidd &ir! Asahe MsehbelahPphéirates thrblighdfé am ¢

material may also’ ItTficu to renove once the cooling air holes are
drilled. |araidvalliotg anlirdedor eavity, thet lagerbéarbireay eirikesasdjadert stroetuse r f oi |

U L1 OBy By 905G TR A S B9 S Bl 179
mat eri al . Abeomirigly, bckisg metedd rmay beatispdsetey teasaliy fd ishock thelaset er i or

passages, such as the |eadi ng edge passage of the airfoil. The tenperature
of the. mol PEAMHERBSIHINGNGE Hauding hefgvivefier thehean PEBEIEIRS hundred and

fifty.degrgss w4\Y 2003 Fahrenheit (250). The nolten material may
be poured Eﬁ Hgﬁgqeo?ﬁioﬁj ected into the cavity or may even be sprayed or

pai nt ed on the Gue Bppmach iHéo [paveatspasedhwittindne atrfodl thelceeamieegastingl nay

Tt e cofdnr ARG EblieBds Pebred AT HE Hahuast R gobat e R I
addi tion, téenwexor@praidend sorbbeaiodkivg fladsedly Thd caraniic coelisng air

hol es. The wax adjacent the first hole, which blocks the |aser beam as the
second hol 8ubsequantly samoxgg byevell kRowm leaching teghniaues. dihis PRRIOBEN the | aser

beam ,Ihi Sgﬁé‘é}?@é%i"f\U.@.@él@ratfﬂﬁgbbwté?ﬁu&@xDri@ﬁgaf\{J iﬂé!élad%é‘ﬁsﬁ.lr?d@’ from
the | aser beam at the secon ol'e may not ~o be“sufficiently dissipated by
the wax asQGregpms Sxiffithrarali§iioutie Hoovaviearihefpresencepeidbageraatieneasting voi d.

Damage may occur to.the air.foil ond is drilled ause the

beam aftePr?‘fer}S%métﬁ'éﬂs&eq'HP&ﬁgﬁe& %? S?ﬁh%?ii]qalg%ggc%?{anﬂ%@tgﬁéy strike

the interi giawakb pefditfiealtad Fépble oRbe th@soblingeaibherisidare dimedr il whi ch uses
an additive to avoid form ng is voids is discussed in U S. Patent
d

5, 049, 722, adgiigadtheccaade nahavatatiriter usatwith de aifgd duriparepaf Material And
Met hod,,Of i ’ r . t uor oet hyl ene)
Nexhod T bt Bt 5. el BT ey hal
Another example of a 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 the molten

material above its melting point, may exceed two hundred and fifty degrees
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The PTFE hel ps avoid the formation of voids. D sposing such material on the
interior of a |eading edge passage is particularly difficult for0$pmp20[]3
airfoils. 20 Oten the | eadi ng edge passage has no connection during
fabrication with the exterior of the airfoil. It is a blind or dead end
passage pratyenbeit {220 iTheimeltepeetariahmakke pourest by hand or injeet§Enent hol es
whi ch pl i Fgl})élai i 1 i passage. The
adj acent qgg)s@aégce&@?zg %”sa‘éﬁ'@ﬁ(eéﬁ g f%raﬁérlg%g%r? ﬁﬁoﬁeﬁgﬁr which is

fl owed t qorotectédationevedgbepasitargmate?ial Avposalianglyyscapibpemsoneel nust

full I , ial i he i . Q i ' i | h
o o RSB ke o Aoeid ey AR 2 el ! o L he
anot her  GRBIHRE I pSurkd Béflﬁ‘ar?d W@ﬁe&ﬁa‘@ﬂlem addU6A. B ik ﬁ"%gl@’xtéﬁ@' n, which

is disposed in the airf In a state. The epoxy reSin Is 3U di sposed

i n the aibdteeentdwosilogpdly apfacenhgoaling aiekolesi fdihe waeadjackot the filsk epoxy
resinis.,at ro t eratyre and poses no scalding hazard to rsonnel. The
epoxy 1 ediale; EREhTRGRS Biedese ket 8 e deron, B0k g NERd e4 qealPE "To - becon
a nore sqhkdirSBAEiRbrifedby Me lef BT HiRiYRYUEENE VBRES fohmh $he Pat ent 5,
049, 722. However, the resin is relatively viscous conpared to nolten wax

and -3 \was Maw ol thesengroyifom the lieser beanrg) theseaghd bate may gaehect i ng

the. inter] ot irfoil. | i lhy . .difficult
Poc e 4 PP Bl B e e B P e L o e
passage. fadsegetsin@al ngdedgensgedmayageuhasthecaifonasthe edcond hok
fabrication with the exterior of the airfoil. It is a blind or dead end
passage peidilegdacausathe beagy. aperhpepetraiesdpioushrthewall ot theisesenrEnt hol es

whi ch pl acget he pﬁﬁ@@gﬁe e AR SWSICSMHE LGRSl on Wi th an adj acent passage. The
adj acent pas’sagg al'so has an openi ng Taor feceiving cooling air which is

fl owed to theQreadardikeddecking smigrial Addich dses by addiivedn svoitkforming

careful ly ur the nolte rigl. | inlet,.openin ni pul ate the
S rotn sl et YT Fke A a0h 202, St BB LRelBns tage. and
mani pul aténtitfee) 'viakbPBhridt Mxeridl ARe Mho@0fQzsef DYiirds. I Cerfeakeri al does
have t he advant aPe of being easily renoved b}& heating the material to a

t enper at uf EFEHROWelpiiuc eathylenelwiexrikg matesiahisqlisresashiprawen haset o use a
et . . . . y ' . . ' Bood
Thi 5 appr b AL FelpBUvE MR foffiidTELPUsias, cifiodig R8T hMena gl ine SN

entitl ed ihtexierof&r iebbingoedde asgageds psiticukerlyaditficolilfar sade @ifeite of thi s

di i hat, . i- its |ight wh tacted. by th Light.,Nonitori
The. P9ght ORERGE Jesiins Brioe 3ssids Bre D ey eaioyahgto (T EaipBME hEhe | aser
beam as téeliabof tHee@ ol RaK S BIiRH K dleatihdSieesddeiHdras ehaldlimngng a

f eedback control to determ ne whether or not the laser beamhas drilled a
t hrough heperatiph exgapt fos smallHepinasseaitinples which plaee the Ba8S$ags INtgas nedi um

may be de ) f i A i . e

Vi }s/cosi ty&% ecgr{r}ebéll ﬁ{%ﬁéﬁ%ﬁéﬁﬁgh%' mﬁ?%gh‘geﬁgéé%%ﬁeg%%wgﬁ éflsq i nner
surIac;a_ ocbp?ﬂr\:'agdommed. emgt céfd)ie}g{dai'rwptchdpiﬂomt V\Ethre]rlmdirbgedgHm&sdb thag%d' y I
contactin e, um w a us age ch requir.e 0 addi ti ona
ol 351 et OB bR RS R N A e e Tt B 3ar TBLal rmt o &
into the geamARYHd MARPUNRE tREBIAAHD dveichdyes th HeSmataie i tHe 140, 127
entitled 30 "Laser Barrier Material" issued to Stroud and Corse. This

approach @ENGHAJGMPEESAAR-e barrier material which is a conposition
Fotraf | uor oot R EHL BRSPS Bils i qOaRC R ES B0 ehoxt having =
pol yt et r afdsimmrekichy$ eispobead kb thecaidoilliraa fleasstatmeThé eppkynae®d il koxy si de
gr ougb ThSiSE%ESé iiﬁ’j1 Ithei girfgﬂ%ryes?mg[y 50“}%%%%3 r;a&tnolnt_od'the airfoil. The epoxy

resin is at room temperature and poses no scalding hazard to personnel. The

epoxy resin is further processed to harden the fluid and cause it to become a

more solid material similar to the PTFE wax mentioned in U.S. Patent 5,

049,722. However, the resin is relatively viscous compared to molten wax and
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0 6 MAY 2003 the interior of the conponent. The material is subseqp:gr%lg\szpm
steaned out of the conponent after filling and |laser drilling the .
turbine blades. It is likely possible to renove the naterial in a nore
passi ve fashion such as by heating the material to a very high tenperature
t o vapor i r@stditficutly v flawingHoveighr smaheosnentingurassages sodhe datetiasof on wi | |
contain fluori atons and may result in formng harnful fluids which nust
be scrubbeﬁ 16'2 the products of conbustion before rel easing the products
of combustion into Wﬂﬁ’a b &y &iﬁﬂfuhﬁrﬁ s@ﬁ@é’iﬂ%hs lcﬁdn%b@g\é‘suehu S. Patent
5,767,482 entitled ' Laser arr| er Nat erial and Method" issued to Turner.

Tur ner uséBrateriabpy theindenordef Lagingedgapasrmger | Qften thenleadlingoedaan chl ori de

it Ry phaRpaolEE feSRiecTat Al doSn i I eRBle B RRRCRen: by

pouring oflis byblimakbrdedd erfd pastayenpridt teahe drifind dpdirgidn egcdpt forlmasal t is
renoved by washing the conponent with water. ~s The above art

not wi t hst AM@ingement kales whichaplgce the ﬁe&ﬁ‘saega/mrga&@mmercaﬂlﬁ@ with @@t i on of
| t d
PO o aposidcyrt BE8s B C TR iedif pUSYENE B 4 PbBen BB TR P e “ar e

suitabl e fcmrohugeamwhmﬁﬁeﬂovveduouh@ma@n&gedge)ﬁas@agb ahecordingly,vel y easy to
renove wthout form ng noxi ous fluids or w thout performng 20 several time
consulfi ng R%%?’é!’t‘?dﬂ%s CgrRiVARPOEE-theNveRa areterialdnitng inel eprening pd part

predi cat eq, g Q‘?&Q%nttb ol BEbLIES rffHR RS HER [rtneNEly duHQE‘éH p bl ock

| aser beam; row a signifticant advantage I n nmass produ n operations
and t hat q=assage armlahangpuéme tihe =iripilde ava;dﬂbwefosedtlm ohvaidsh Tinet ervi al or

comonent Snetc! sBeRFEPe M€ i aln R ARy hnoREi pudiedivhen, "

advant ageansterid esh t@rﬂpél‘tﬂuf@gﬁl Laeisrifs therregteriaransm tted fromt he
bl ocking material in snmall passages to the thin walls of the airfoil which

force® result ﬁn@m%%@@%'&tﬁésﬁeﬁ ErixadronigmegiurithatRAMRIRES enovi ng t he
mat eri al frhag H‘&fcﬁ'cﬁé;&ér%ugg Igsélq@hﬁ AL éﬁééﬁ@s&%é@és@d%ﬁ@‘s phggpel ves
well to raprd processing t he va

operation of the material by
heating t h4a8?rﬁtz‘eir4| iasiged o Maeand Pmder gnlltdmzi ‘Hedser ﬁlylllmg oftCoropahénts’.t Ae

melting mate rtial esc a Y 2003, t hen, vapori zi ng
The mater PATG0as oy Siiape dt e FRde s ivat e Habl Whed CRBtactey hYASE f ¢
product s QESQIOIV@MSMOQHOW'?@W nbmgeﬂébtéaﬁom ﬁ‘{%eé@mbﬁr\{éﬂtmﬁﬁalléwt ool for

di sposing a | aser blocking material in an airfoil includes a |ocating

surf ad® f o¥etentieyphipet/nserdpearsias tha lases baganireaksdhraughi the s@s@ntur t her
i ncl udes %&Pﬁﬂé Qﬁ:‘ov.ﬁgaafeee n%cl?éomlfo ABIRRIiSe Wﬁb’r‘r{br%‘%‘? MR [l he exterior
rfolrl, the sk nme

of the ai ers each haV|ng a faylng sur ace adjacent t he
airfoil irbadm hassdr&llekieajtmomgm tiolen Incadlddmnsthmmematytofdhetmedlam$@| | in the

chordw se cti and t o _seal e ow lre surfa es agai nst
the. di scndngbita mERLER may b Eaprezben vaar i ind Hsi e S oBRna RS EE TR P oI

I'n accor dageer thé blS@Bﬁt}ﬁmﬁ@'rﬂ’@&hm éé‘ﬁwmm&i@ﬂﬁﬁw@rr‘éaﬂﬂy avet aed to each
other in the operative ‘condition. |In accordance with the present invention,

t he | dtat i NGesariaceobing comperants dhedbixotrepia meguim maly kaiFgraeead @i ch

engage sp r f

spanwi se to %tégiﬂ)'x EeE a?‘g*d (')1|§ I\'\}?t:%né pﬁ %fgﬁ\%\ﬁnf;\gﬁ&ﬁ r%b{uréb%tha{a@dlﬁé?ﬁ%e surfaces
havi ng a passiméatiar ofthsctoanmpment pnddke mickes flowingkefrag ditidres insdterialt o t he
airfoil. In a&cor dance VYIth one enbodi nent of the present invention, the

pair of into The componen
Another approach is shown in U.S. patent 5,140,127 entitled
30 “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 first copolymer of {etrafluoroethylene and hexfluoropropylene
and a second copolymer having a polytetrafiuoroethylene backbone and a

least one fluorinated alkoxy side group. The material is poured or injected into
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surfaces are spanwi sely facing surfaces and engage opposite ends of the 20
airfoil. In accordance with one embodi ment of the present invent)pgay LE\@
mask menber's are formed of elastomeric material which exerts a conpr ive
force on e iftRI P Eorfpbhett. iRl MIEiRERuchly IEEAHERBGEohEN one
det ai | ed enbodi nent, one of the mask nmenbers zs has an openi ng whi ch

conf or s t@oraporaemtoaﬁméﬂﬁng mﬂ;@sef drilling &ihe hollow durbinenlladask ltielikedy overl aps

he ed d d h f.oi | k
menber S ar OSRVEd0/EIaYP Y TURRREHN G Hafe PRSIV IASAURLEAt iF PR R G 11 0f |

I'n accor daﬂ*féem‘é/letrfbl 8 Vep) ﬁighqgnﬁi@é’t@tm\f/apdrﬁ% the%hateRial. UHBNedeP@hé Of so
opposed jaws, each engagi'ng a mask for urging the mask nenbers into
a fayifg rpﬂoaiuCtmememmczrhbwﬁ@namﬂfoontaln ﬂt:loolneatmm)dndmy r&ShHat ipaws are
novabl e re atlve to one&a Q@eflx t he ot her

Dot oo o o el bing heufiE g w R mitel Be Rarude. PESRERRY 00s ) e one

embodi ment eoﬁb@stfédbé'fo?e 'rélééﬂﬂ@%hé‘phﬁi&'[s Bpéorﬂﬁﬁétidrﬂ@\t@fheeéth%Mbré orce on
t he novabl e jaw and the novabl e jaw has a pair of ide ralls spaced

| ateral |y one from tAr@tI@emprmcMs shavaalst V %rf@g@i 5 ﬁ§7f482eeﬂtjt@ﬂ! In one

detailed e , i urvilinear
cavi ty i n wheh Bebher MRl i e O, eReT e R MRSt R et < he
jaws each biidedacrysialinef mgteriay escinbs sbdient enidride dsamt)s of yihenehdtal mw rection
nearly perpendicular to the curvilinear surface boundin the cavi ty, each

groove rec¥highirednsimally siaplenanst Bessrsss? RigbrimelNeo Ro¥ucialb@addek menber to
engage t he; f i t he
ek The. TRCREEEd (B 1 BGE of 4 BB oy RERIFACE) miakiaTl i )
nenber s ar withotatat bad hnaelctmgent dhelsaltas hamovethby haashirepther @omgoreentef er ence
surface for gN | ng the airfoil in the spanwi se direction. Still another
feature is 5 novi ng one mask menber into engagement with the

airfoijk. In 0nq@@@@é@mhotw;h%wmh?ogmémrswdﬁ@ efghtitiers QloridAgesadr j aws one
of which is fixed, Another feature of one of the mask nenbers is an open| ng

whi ch adapthe <tiln%ctmqfo‘i\nplrpane\/&ﬁal@{gﬁ%ha\éeeﬁwmweve@@énakerm airfoil.
one parti CH%&H?M d&ies f%?ﬂagtp%% q&ﬁss ﬂ{% @nSP&ff‘ m?erch?“%f t he JaWS
e positron,

are novabl e ween an open an ose and t menber has
a length I\/alrfoﬁstvtfmclmpwsmnbleW@Tu%sunmsmamﬂuedorabpagaudme ahdaetl on of

t | of t k f t h to th I d t I th Mc and
o Such t nERUYRD I A OV B Bk ioBBES PHOR MHaS o SAY Rt PRARTORG | ength

i n theocl ogedeRPsiel WhsMhind\opeidiidhy. advant age of the present invention is
t he processing speed which results fromrepeatedly |l ocating airfoil after

airfoil in the sanme |ocation 2s such that a source of pressurized |aser
bl ocking material may repetitively have flow comruni cation with the
airfoils. Another advantage is the processing speed which results from

bl ocki ng the | a&'dMl\MBh'KDﬁgNHEﬂ\éTrION fromflowi ng to | ocati ng surfaces on

the airfoil prior t rillin era ons |d| then tQ renove the
bl ocki ng materi al f?g?ﬁsﬂrﬁ’c%‘ggpe gre&;e%pg tﬁglrﬁ??% P?qcflcegﬁg{ her so
advant age ipglyhher spiSESSed b el@@ﬁqbsdﬁlbebnfsegmmeé:«?nm@aﬁtrwvbhegeam of the
tool froman open to a closed position and froma closed to an open

posi tion t &asssriodughien peerslienapnt dhalcestain ipoligpramst Pdurgsanpy bedsesd. |n
one embodi W?t'?mtsu%gfe‘f%nﬁﬁgﬁ]ér?‘nétgﬁal'snﬁ %éé é(ro%ct‘icn?oﬁérraft@bg \}Méf‘ltghgﬁreesm ts

fromthe elastoneri ¢ nmat ressed 1 nt 0 engagenen
ai rf oids by tlee tillingradlcbegboarntsnguch as aln'oﬂs In addition, certa:n polymers have an

advantageous effect on the magnitude of forces transmitted from the blocking
material in small passages to the thin walls of the airfoil which forces result
from disposing the material in the airfoil and removing the material from the
airfoil. In addition, these materials adapt themselves well to rapid processing
30 during the removal operation of the material by heating the materials to their

fairly low melting point to allow the melting material to partially escape and
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0 6 MAY 2003 which allows venting gases fromthe airfoil to flow along fl ow
paths that extend between the el astoneric material and the ai rf(ﬁil Y-In@ﬁ
foregoi ng features and advantages of the present invention wll t?e'% nor e
apparent in light of the follow ng detail ed description of the s invention

and the accHfInvVgRoTFing e meseriadeal afhigherdemperauremn owayithgsdeegnotl i s
perspectivefa/rhgw ﬂ.erufl Hd&f{ s & 8&%’ such as an airfoil; of a tool for
B ockt5 Tt %}FBl n

di sposi ng | aser ng eri e conmponent; and, in phantom of a

portion of a soukarding tagies phéseiimentidhes téd! forstispogifg @akal Ifetkiag

nol ding machine. jo Fig,1A is a side elevation, cross sectional view of the
airfoi | shdlaterial in gn giroil ipclydes agogaling syriace loeengeeiag the @lrfakinthe airfoil
shown iR Fi : 1 = o i .S a
view fr gm a%g\'?év '%f HE%Q%%'\?Q?&%HMQ@% éﬁ%e@i\g@g Eargn‘lac!lr c}fsrﬁlaﬁh( ec rrll%enrjs

mol di ng macttiiok centdrar tcothekexterdovenf the mirfdilathd maek nsdrmbers eaghlaadioga Fig. 3
Is an explq a, nozzle for the injection nolding machi ne

ded view of part of a nc f | € I
and part ofl@YiRg %gceéfgwmr\h?c?@foﬂlm t*omw&ﬂa'keé@@&amt%ﬁs%m@vmrs.
Fig. 3A is ghkternat: ' = ' : ' ig. 3A
20" show ng ik ShaoARBRALRRREe HreBa? e serl SrdPidge b TERMErding
engages t hesylatesS@gainsdt thddisshefgs of Hboking inmatéiigl.to 3eldeted sdrfasepen dipect i ve
view from bel.oyw of a sprue plate shown in Fig. 1 and Fig. 3. Fig. 5is a
per spec?i véUPw f rom bel ow of an alternate embodi ment of 2s the sprue

plate shown in Hntcchrdadengitd ohe @@fsodifen tREMaskanémbeyvard nbijofed oded
fashion, a seal nenber which fits in the recess.
to each other in the operative condition.

In accordance with the present invention, the locating surface and

another surface form a pair of surfaces which engage spanwisely spaced

15  portions of the airfoil that are spaced spanwise to trap the airfoil in the
spanwise direction, one of the surfaces having a passage for discharging
pressurized blocking material into the airfoil.

In accordance with one embodiment of the present invention, the pair of
surfaces are spanwisely facing surfaces and engage opposite ends of the

20  airfoil.”

In accordance with one embodiment of the present invention, the mask
members are formed of elastomeric material which exerts a compressive force
on the exterior of a flow directing surface.

In accordance with one detailed embodiment, one of the mask members

25 has an opening which conforms to an aerodynamic edge of the airfoil and the
mask member overlaps the edge on either side to support and position the
airfoil as the mask members are moved relative to each other into engagement
with the airfoil.

In accordance with one detailed embodiment, the tool includes a pair of

30 opposed jaws, each engaging a mask member for urging the mask members
into a faying relationship with the airfoil.

In one embodiment, the jaws are movable relative to each other, with
one jaw being fixed and the other being movable in response to an external
force.



Fig. 6 is a perspective view of the tool shown in Fig. 1 instal lhgdvpmogn
apparatus for orienting the airfoil with respect to a source of |aser
bl ocki ng material and shovvs a sprue plate and a sprue plate hol der which

h b 3 dified ht t.h Y 2003
Fra. 7 1o o or aprnepmpapata e pETR3RGLHEE o1B0E r‘?’ﬁ?ﬁ?ﬂ'ﬁ@%ﬁ’%ﬁm N stic
for a |ireade BI‘?'W@HB(/'aSTteaRPérYWe rﬂB@atﬁ@?ﬁW h‘é'sségel'r UileHans @pasegonds as
a function of shear rate |n reci procal séconds ed Description of the

| nvent i onatdrgliyons freanpthe dthler pdichpsliceblyeendage bk faedoawponent as
represented by irfoil 10.for as t.ur al so shows
a tool 12 for '@l%g&ﬁ §GF§%°£J““B" ﬁdvsdﬁtg?.cﬁ%seg’%’qsﬁ@ ‘g‘é’?qlar of the
CO”DOBentcuerﬁeéP@éwf}aﬁ whi€RW di¥pdsed theWhbGhasi riephbeisar € di sposed
repetitively as, one’after another) the airfoils are filled. Al though the
airfoil shown insone embodinentdthe jaws eachhayerd pair of gmﬂvaaecmlchmterworrponent S

haV|ngrowd|r ctin surfa es suclh as_st QL ? rg is a side
o evati orf A UEST AR SRER e per S oy i it S uf act ur e.
The rot Orb&irﬁﬂﬁg lmc@wfyl edth @mbvear@cé@mgeé sitfredhizh ﬁrb@u@@@troﬁrmhea

pl atfornl6, and a second end, as represented by the tip 18. The airfoil has
an aer ody@REeCialed MASKMEHRET 20 enBAgs hex@iORNE. spanwi se. An aer odynani c

(131 s, ioe Ryt 9Rasaf S elesent pOON D0 RE R ok gl 40, edoe

I es or assages r1or cooling alr as

r epr esenteair bf mask meadeny dge @ﬂbé@g&rﬁ&h@ﬂdaﬂaﬁms%b nd, 32, 34
whi ch extend through the root of the rotaqr blade. The passages 28, 30, 32,

and 34 ex@tarhedere %%@e.qihehﬁaotbﬁr tasdLIedt Grreliranee sHUaet {engadiigl i n
ser pent i ng el b Eéené&[&nbysﬁuhgn REER3RIEAs adBwibBmbRING 2 cf 0SS

sectional view tgﬂ WI se a | ne B-1 B'of Fig
ai rfoil hee fask rderr@@rnmg engeeavent W&b th@gmledn@d\ewnbwmmﬂh@n surface

d I 4 __.Each of
t heselour PRELBMaatA BEY oL PRaBHr s ot B iEnd e dugRbfBhandd a Thg cdge
d extengn ketovaleerstib firey Whildh t$mearf 118 oved I lit
SP i ﬁ?e?nalélpﬁpnanErswgntmﬁo?iasl %nlﬂp;ﬁg r‘:g:asent Famg) taﬁt)A]e ‘hgll e fg%’ a@r?ﬁeg': at Ihey
| eadi ng eBEOYRITUERIGS Of Wecﬂéfolle!ih?’g@p@aﬁfé' a,ree@%u/ iferh qaqd EBI y passage
28 for copldspen@hbers'&fgadBl & ¥ 8% RbPaBike IWEbn Hrrdhandndave a

hydraullc diameter that is typically less than forty (40) nils (that is, Dh
= 4Ai | P =closed ipostien, ant dremask snareerdnasa dengthdio il tezeperPpositionas

hyar a0l | crapaniacrorASeS et Gt SRl Bt e peBaph 1R BT TREBR of 111 m

cool i ng hpd:ﬁﬁonaéhafaelléhgtl'hmc-éhd MB sGchiYat2B8 3erhdgthdh tige eplgre pdgitioadMo is

represented b he |l es 46, extend frgmt i npi ngenent passage 26 in the
| eadi ng e%rg?@t T ?Bﬂh?épﬂ%@'%meeql?%ﬁd BPSHPR Mt or bl ade. As shown in Fig.1
B, one way of hQp niébc\s/érbﬂﬁe'dré@emwerﬁ]@n'.§tﬁ cbgbg heydegl e with a
Iaser beam as repre ente the I'aser beam L fro xterior of the

airfoil twhtdhwerelse&alrrnm ephgeterdy mgting @irfollsaftarairoil im the@am@lcm(tionn

sche ic_ fas ninkFag.lA a/l r i terial i sed in
the’  har Rt A Adubh B Bréts Pen Sk BiotRle e liRh e Pt e kAl T hg the
i nt ensi t yflel doembLipalion oAt thékefdiks xndiheckdvimtagd Brthelpreossyieg that the
| aser beam does not injure structure that faces the cooli nﬂpalr hol e as the

| aser beafiP®eA Bhidkrestis Hoghbloskingdhe laser dircking satesial fromyfipving e
drilling proeRgSuriAtesBAMRE afHdil ot to @ﬁmﬂa d ?at%%%pwbl'?dgwé e R&asrtd ng

mat eri al under pressure, as represented art of an injection-nolding
machi ne 5&empge the blogWinganaieniatliendhose tch:aﬁlhes poet tOlQTllllmmt%hilham@héqu val ent

et 065 LALNAGE ) dREE0EG RBY Gl RRNG b ATy Ble ALRSGHRE 7o | aser

bl ock
tool from an open to a closed position and from a closed to an open position to

insert and remove zirfoils as the airfoils are processed. In one embodiment, an
advantage is the integrity of the airfoil which results from the elastomeric

material being pressed into engagement with the airfoil by a controlled amount
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is airfoil such as transfer nolding nmachines and plastic extrusi 05 Y 2003
machi nes. The tool 12 includes a fixture 56 for engaging the roto Bowéd@
and filling the rotor blade with |aser blocking material. The term

"filling" to di |y the mpterial and inclyd iall
1111 ng AEORPPUEIPTRG ReRY TOAB I 2iel afiawd Grallevingiis bl aleid « ')
sprue pl acpwben AR efddtetfeRt MAenal 4IRS thedirfsil 20 passage 65 for supplying the

| aser bl ocking material extends through the spree plate and spree plate
hol der. The i njhetdregoinglféatuwesantiadeaniages of Hisl present imventioewWill ng t he t ool

and a houysj 6 at. _has.a nozzle 7 S .sh o id.. nd. Fig. 3A. The
housi ng :ﬁsecﬁg]\?aﬁ\oigiaﬁp?ﬁe@tdﬁ] ﬂé@&qfﬁﬁeﬁgl%wlﬁg g‘é’g%lggtd%[sgnpﬁ%ﬁpgme 12 and can
exert sa Zﬁvé}ﬂw\eémmgl@@d‘n%mi@dﬁmnggol and on the rotor blade. The
housi ng has a chanber 72 for receiving a charge 74 of |aser bl ocking

material 52 (shown in schematic fashion). The volunme of the charge is

slightly éﬁé‘gﬁésanspﬁ}eﬂﬁ b.rbtvﬁ[g;&%l volunme of the interior of the airfoil

whi ch is Tecelrving aser cking material. The chanber 72 receives the

| aser bl ocki ngrignt ¢¢ petspetive aicpeingal ef 82ofripainephauth ahas bifuils oflasposed
therein screw neans  (not shown) for forcing the laser blocking materi al

i nto t he tepkRpEISPOAINg lasenblpsking ragtepakiadhe sompenentiassh in ehagianiaig t he

| aser bl 1 ter i : dHgs Bus] spree

pl at e. moagbgg?){‘s aagfd&‘?’?e&'ié%ﬁzj or"%sw}agg r%’%&ose I 59?@%&%&@\&%% nj ection
Mol di ng Maathine. avail able fromthe Mni-Jector Machinery - ~o 0 6 MAY
2003 Corp., ur Ohj 0. .Anot her _machi ne i.ch S proven satisfactory is
Che 0y0 Pl astHB. T} s SiPRaaN ) SHIGP ARV 136 B TARSWTH o ¢ e

H tachi Grgup through Toyo of America, 16 Chapin, Pinebrook NJ 07053. As
shown in Frg.1 the spree plate holder 64 of the tool 12 is integrally s

j oi ned, such d39gbyBH®RtgosHsectinawiew eltherrirfeibslkewg IBBidHT1A tekennj ect i on
mol di ng j - € l,at e hol der has a dove tail slot 76. The
spree pl gg“@ﬁﬁﬁ%@ﬁ?%%ﬁ égAt' he spree plate hol der through the dovetail
sl ot and has tREipeRdaslaadge$ron’ abbve bf Eigopewitt pomionk dof iiee toletndi | sl ot to
retain the spree plate. The spree, plate has,  part of the passage,K 65 for
Fecol Wi ng oo seBRMEnaPaaR S on BNV ALY 268NPNBde STER Bhanber 72
of the injectipig BB dhrkpiBed Newid! paltf £AGFUE Ferahk MjeBlibh nidigingassages
28, 30, 32, 34 which extend through the root 14 of the turbine blade 10.
The t abl engshingjanst part of e tpol ekpwr in Fig. fIhwhighukasng Ped offmesle i nj ecti on

nol di ng rmgmg% 3.54. The tool base 58 is |located in predeterm ned fashion
with is respect™to the table 66. The base is adapted by | ocating dowels or
| ocati ng pi ns EigoBASbaweindte enbudimpnt ¢fas pottionpafebnée tebl\yshengagerigh8At abl e at

the sane |.ocation each tine that the fi ure.i,s installed. on the table.
A ortl PG drasioinepiRals famike (nvarbphiaiy neidm e kel whies shgabeseancet o

t he housitpg.pldierni 8Plhd BFbHERSWA iFFRK 3(8. The mask has a pair of mask
menbers, as 20 represented by the first mask nenber 82 and the second nmask

menber 84. TheFigndks peranachve yisy tiamdelow i feasrue platecshavwein leig. by t he
first suré&cgi ﬁ% of the first mask nenber and the second surface 88 of the
second naSk e The surfaces each conformto the exterior of the
airfoil. The nBigk Srisrlygarspedtef vewdbnobekivast amettemat@ieetbadimentbf as room

! errpezrsat utrh% 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.
Fig. 6 is a perspective view of the tool shown in Fig. 1 installed on an
apparalus for orienting the airfoil with respect to a source of laser blocking
material and shows a sprue plate and a sprue plate holder which has been

30  modified slightly to engage the apparatus.



2s vul cani zed (RTV) rubber. One satisfactory elastoner is materi M ZWV
e68 El astoneric material available fromthe General Electric Corr@l ﬁ
Waterford, NY. The tool further includes a pair of opposed jaws as

represented by the first jaw 92 and .the second jaw.94. Each [aw engages an
heoci at ed mmal 186 AEPniEE) DIt ISy PG S SR e 2 T IO ayi ng
rel ati onshy jhedriddlydiRyl8he bdlymerland-&hovex digBb Sty ihPastar 8Bondvadd engages
the second mask nenber 84. Because the second’jaw is fixed to the base of
t he tool , fumdicseefosiiegr aatepnaetipeacahseedrsisence surface 96 with respect to

both the housing 68 and to the second mask nenber 84. The housing positions
the spree plate. Accordingly, 0 6 MAY 2003 the second jawwith its

chor dwi se Deaileg D&k aiee of thié BhRMicivi des, in combination with the sprue
pl ate and the sprue plate holder, a precise way of aligning the rotor bl ade

with the injecthiagnd igd pRrtigl Perspectivediew il aspnpenantas rgresented byanhe j aws

92, 94_are. e of relative novenen i th respect each other. As
shown By AHIOb AL merh fuBlne S T8 hatld TS B TR 2t HiPelindid) « bopect
to the seqiu Bl_@&kiﬁ%%ﬁtéh@l & PRaftaRieP of iHcshguentn The tool Rasa capry
position shown in phantom The second éaw 94 has a pair of guides for such

novenent diSsipoxfeigh @irfeiscaresdisrosed repetifvaly assonegitersanatber, Bye eieilgui des 98
t dth ¥ i F St B ' i e La whi ch
S'i qabl y ShOTHEE° Atope e Blfch' s 135 RAGAade I et ShrdiPina gl 10 S0
gui de r ai loti®6corhpoherstsidabig/flemdageting berfsmsouthps statdr venedes 102.

Al t tively, rel at, \ t m ght | ish ' bot h
v, Mhs ront | GHEd A5 BerIRV R BEGHERS RS UBaLVABCo B PR BRARS Sur f ace. 96

for |ocatiquginghRanBietdrs. TheNotdt KISSPRES aliPst &R, RRYSpREcPlted B thdidit i on
nol di ng machi ne. This feature mcghtdbe replicated provided the second jaw
és

returns prideiasgatiorné tandh sseen taoreprasented by thetipudesTheainoilf or

novi ng the j 0 er i thon .t sition, as
represent Z‘éS%F%LOQP%ﬁ%%%M%z@%PQm&}égﬁg%gﬁ?g‘g %hoé‘/\fﬁ. in Fig.1l. The
armis pi\eeredysdmicttrailing gdge RAiivEpadel chsrdiviee faom the \eelrsdyraantibe open,
noved position, the lever pulls the fj rs% jaw 92 and the first. mask nenber
82 awdy freRYNEEISS: otheRIAEE NBS RNRIIMET ERUISHP RRTROES TPRERUNE #enove or

insert a ra%tr‘érpr@éé]’ﬂ@dibgttﬁeqéﬁjiﬁﬁféeﬁgp%%‘éé‘% ERAkRIss8des SBNSH, Fedqces for
the neans for noving the jaw m ght "be actuated by elecCtrical, 2s pneumatic

or hydr aulwhichextengetneowgh the oot bhiiegatorddadet Ohe pageages28m30, 32, apdl | eys,
or spring (o PRI Vil i i / j of the tool
T2 and 1 et SREEE T 08 erd EBR AR g e ol ey e ies: %
shows t he fashiahiasvepresarited bg thopassdygea®® 10 to the sprue plate 62 and to
t he passage 65 so f endi ng spanwi se through the, sprue plate. , Ih ssage
adapt B0t he. spr UISIE S Piosaee R ey BEEEhar i BER R e B TBBFT r o
the nozzl gid01Af TiHeeaiHBil Bak el MR HhESurRERS s reP?@séﬁé@'%yﬁlH@%@cth&? a first
side 114 having a first spanwi se facing surface 116. The Surface 116 faces

spanwi se ENERCErYde Pheidewadrbandithe preshiercopistasei side eoaidiewadid4 Each i r st
direction d?ltﬂé'ge @uﬁgé‘&’\%ﬁgn@%éw.&\r&@/ from the leading edge to the trailing edge

and extend spanwise between the platform 16 and the tip 18.

25 A plurality of internal impingement holes, as represented by the hole 48,
connect the leading edge passage 26 in the leading edge region with the
supply passage 28 for cooling air. The impingement holes are of small size
and have a hydraulic diameter that is typically less than forty (40) mils (that is,
Dy, = 4Ai/ P =.040 inches, where A is the area of the hole and P is the perimeter

30 of the hole). In some applications, the holes may have a hydraulic diameter
that is less than thirty (30) mils. A plurality of film cooling holes adjacent the



0 6 MAY 2003 S. As shown in Fig. 2, the spanwise axis S is the stacking

| ine of the chordw se sections of the rotor blade. The first surfa‘fgwgnm

adapts the sprue plate to engage the nozzle (shown in Fig. 3) and

seal about the passa%e 65 for receivi nqlt he gressurl zed bl ocking material.
®es 4

s The pas$aGSI6R<2aaRALPEREPE PDIE exteBR &0G e MRINGeBEBLr i zed
bl ocki ng, gglén g’ﬁa% i feBRid, g’érgqle mqﬂﬂ‘? cf]ﬁe)ﬁe e%@n%fﬁﬂé"r&%?%ﬂéaé of the

passage i ow conmmuni c openi ng” for y the passages

28, 30, 32, 34AsrsHdwen irolig. 18, drfmawayobbforbilragime flireswlipgsadgds iadagtilt he
root tor e%ethelaser bl ocki n rraterl%z mtheln ectiop nol ding
machi ne. le with gilasefpesi .7 apsesgied by the lageshearhl JremtBe  The Iever

112 has a@ﬁf’e%rB?(rEﬁ 81%03!%%%% %%@b%l g‘%]éﬁag%d"“h%@h%ﬂﬁhaj g H*Beaﬁdrsi Je aw.

The | ever has an adj ustab for ment of
| engt h of irt fchdmeates fasﬁrrm indeigrich, jaa!msérzlbbshogmmatanph%tsodnsposedamamed from

the first by a sna Gin th erative dcondl ion. This ga
< typ! caldetBe PE%sned oh apelengb e eroppendol SiraiR ey i ve oo
thirty m lrﬁenﬁy & the-195% bécﬁiﬂe%e lEéef,’r bj cRnﬁ ?rfét@?%l'é?%%ﬁeé’ir%‘f"thé)ﬁésbr all'y

br oken away) show ng part the to part of nozzle 70 of the
injecti onbaam:ldmﬁ nablhl]mie S&lectuTematdetes tlitel m&iﬂlﬂgtawehmleﬂslhe |88er bEean fi xture

i ncludes the to S Iate Z0.62 nd the sprue plate

ol dord 64 Preats B el pbhePliiuBad uGuaR g erfB0 priebrat e 70 ext ends
through the opewidibwr th £ig. €868 fhuUPBIIR) PPleali6ciirg mElerifiasvdes i s pressed
against the first surface 116 of the fi rst side 114 by bolts (not shown)

whi ch ur geresfrace (Rprasentspyeast af @ inkplionenoldmamashine pf.deén 82Whas a
second si @8@@% RaNo iR tﬁ&?&&qf%@’}%? dé@gbéa\lggf@%&ﬁﬁiﬁﬁudg%nThe fixture

56 al so inc menber, “as répresente ocat|XQ bl ock),
which is spténe sa;aalvle&ﬂ n‘enrugrasbercgpmftmep&a’tzed |aber blocking myatbtiekto theé4 has a

first refer nceci’B ? f1 \/\/8 ces tg?b‘)é EIWISG directi on and which
engagés t RE'Q agiapgfer ;i '89|m"=l 'Pﬁs?ﬂgp ICEVSIPIRAPRINGS. The

| ocating bl ock The toel M2 thdides mﬁk@rré &b fbhéﬁgagﬁngmé fitof PradetdiR fillimg of 30
the airfoil to avoid danmag m&ﬁ%e tip of airfoil. The second nask

menber i s thRispoeblase with jaser mgnr@amwl tB\er ese Vilingheesingdr disPagt eri al .

As_shown, o?'égphgﬁﬁ%rﬁ ePbPEKd | i t;g%g %l@%hﬁé‘ﬂ%é{mg @??u r{g}@eﬁﬂ&& d ”aSk

menber 84 "an secon e~ secon

MAY 2003 Tine ﬁxmmle |balmie§& base éassprﬁa@mtéw arﬁwepmermateﬂaﬁﬁeme@r 82 and
second mask nenber. 84 rest. on the surface 13 he t ool  bas as a |locating
ol o £81 RAISBODE5A0F sHER RGNS e okt Bietsial SR RN BrrTHe hol e
for positippitenthd SrubfabiHdadd ock 124. The locating block is disposed in
the circular s hole in the tool base to precisely |ocate the bl ock of

materi al with riégpaiactiop neeldindoppchinsdasta tabie BExerieseiving Hie 9ot erdiat e

embodi ”engng %E@ éé’ﬂ*atﬁ’%%"a} ﬂléﬂ{!é 78%d {lﬁwﬁﬁ’lﬁg P%Wd 88 Fireh L,Ls%irsence

surface 1 engagi ng ipo uId use ase
r ef er ence nsavdtde @ tt%dr’remidnm/lsrvmquspeet toTthe tselctthdndrask exerttzer 128 has a

d 138 h t d dge th foil
o 48 | REesHns Lstes 53 167 [aana oy BRIl H P oc ThA NRHSRORARAr over | apt
the | eadi r@afelag 70f for '?‘@céﬂnhéod éhé? Wté’f 158 @H&ilh@ﬂ'\aﬁéﬁﬁl B s@f&ﬂrr{ e

pressure side 44 of the air hi s engagenent aids
suppor t i ngchamatisdeshion).nghe wgluam? pbihe chargads ﬁlmlyd@rm@ert@aram lﬂtﬁi@ﬁ'

relative %‘Furkg J hr?e %Qr%r c?que Wcﬁﬂfvh%]’m(fs ?é&ﬁ\qﬁg%é Ia‘@eP IBlocklng material.

The chamber 72 receives the laser blocking material from a passage
30 (not shown) which has disposed therein screw means (not shown) for forcing
the laser blocking material into the chamber. A piston 75 is disposed in the
chamber for driving the laser blocking material in passage 65 through the
housing to the sprue plate. One satisfactory machine for this purpose is the
Mode! 70 Injection Molding Machine available from the Mini-Jector Machinery
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is the airfoil. In an alternate enbodi nent, the mask m ght overlap both
edges or only the trailing edge 24 of the airfoil. Fig. 3A1is annggiﬁrgﬂmp
enbodi ment of the fixture shown in Fig.3 having a mask 78a. The 9 a
has a first mask menber 82a and a second mask nenber 84a. The nmask 78a may
be formed §orh. Algyyhum: Ohie ebneatheamachiner Whichdaspreven saksfagpryt isdhai r f oi | |

such as a ki.nen i i i 1 . (o]t rt 78c of
mtor ral - of CUREIESIr T 0B ATRIRAb bk acHiFESRBRAN ke BHARTL L 1%\ 0
a portion GroupehfdughtTayef sirARmercs ure 8hepib? Pindthadk NUEYPSS. a spanwi se

facing surface 17 on the airfoil. As shown, the sganmnse facing surface 17
is on the platfésshaw iy Fighk 1he spale plateaolder $4 ekthestog] i 1sinte@atine 2s

spanwi sg fagi f rokd t: i j i N chat
t he surfacgﬁqéégt s?u't‘&rha a%)( gélt% @?Oéﬁsg‘g’% ’ttﬁgﬂ?:hr()g%fnge e?@hgénﬁﬁg%ﬁ grﬁilcllhg ating
bl ock 124 traghirss 6401THehsprae plaie lholdertHas = pgaveraiesioli 768 cThesprue gatsl6?s a

perspective, yiew from bel ow of the sprue plate'62, The second spanw se
facing sur FQM!?@QI@%S% gP'&g pigte "‘Fﬂ%e@@ h§rgayetalksiot g&cgga panw se

toward theg i [ el It i@de 120 has
a projecti onFSgIréeiEZj %%%gﬁi7e\g?%ﬂ?§% PE@%L\M @p@%&#j sv%‘éélinsrl%tctlt6 f‘rgﬁcﬁgﬂgt?g g?\ce D whi ch
i s about splatg. (6@ sprie platehaspasi efdhe paserge flJorraseiving the lpassage 65 to
provi de_ a unded ri r about the passage. .The.pr.qjectiqgn further has a
Phira” Sur s BRERRAERGATT 186, 2ehn ianes 10 208mep varibR e by MoldiEs
2003 surf ag@adHidd ir AGR SohimbMeafaalih e phabSsddsors, f3w, 32NgaeHIEh blenai rfoi | .
The third surface (second spanwi se facing reference surface) has a spanw se
faci ng ar el rapglinhe Foets14 eklvettudrine hledgrdh A1 (A2<Al1 ). The area A2

provi des a seal i X . t I .S third
surface 144 hav:-rrrill%t% hgealgﬁégé&igﬂ)lg ?gg:%%ggg%gtﬁv&nge gcﬁn%é r@fé@grnﬁ e-(!:;{G:!grs‘urface)
has a surf awddingmnabhinerSdesprontbohdase 58 is tamatdd imporiedatermimadsfasivanwih

f h t of .about. sjxty t 6 i i nch
rmasur G | BOShEC o e Bl bR TRe hassd2aorbiscly tocafig S el athird o ans
B46. 1 - 198msHoh %ﬁ@wﬁ??@hrqhi%"ptﬁié@éé fPpcidefieh gy iR thb R athBé isaf

Standards 10 Institute show ng neasurenents as an average fromthe nean.

The rotor' 9@ ereh tine thatdbe fixhuie igingtalied amthedrbles pherardigotyo the faohe
machi ne figj ‘WM I f Q) t one hundred and
twenty fi Ve@aﬁgé%m‘us?}]a%%’gﬁ@%@ﬂé@é’ g@grﬂggb%]t’la{tggh%gf)ggﬁ564 is integrally
attached to t he Tihg ot includeschinask 78. silehmask yasfeasaienf mgskwserabers, lasndi ng.
The spree plate 62 | i xed to the spre | gt.e hol der by a set sgrew or
other " dvi Cedtesprfadiniie et idehdreBor Fa Bl 38pAT mEskTndabaERH shown,
fasteni ng MpeNHhabkpherfbOVBadh 198/ d HeuFaEE et SsmbddiBy 8 fifsdwaridcéd BS
housing 68 of the injection nolding nmachine 54 and the spree plate hol der

urges the &pirafifst maskuprencgr pnddhe sseontheumace B8 ofthe secans MAsk oper at i ve
condi ti on, éﬁeﬁbéPr?ﬁﬁghﬁE&é‘ﬁgg‘g Eﬁnf’&%%%g Px Eiotpggi(en%iﬁgh'ﬂ% FF%%Q' ne are

pressed to er'tig enoug orma sea 1 0ss | aser
bl ocki ng mamtembats &rediorbd o atestgae66 malbgalsuchi asyoom temeperajget i on nmachi ne

pushes downwar dl e ree_pl at older 62 with a force ~about one
hundr od podiBenzshlT by ruBbf OBl sideer tPalSidE &1l bl are
agai nst t hg|aétohfdric matdri Budisbtakrofrthet Genéral BldcateCbripapgnWAIerforfluced
area Al and the root of the airfoil). The force Fis transmtted through

the airfoi INdnd presses the airfoil tip (second end) against the block 124,

t i the ai ‘ i -t | : o
Al tornate. enbodi Tenioo! IR SSorEes s 3R <l oBe 8ed e [FRRBEREMME o1 o an
that forcefinsiybw 90 ged theseurekjapl @4.eCaghijawengbges antastdcieteroagkend) of

the airfoil. Agai his fornms a seal between the spre | ate and .t he
ai rfoi Poat PHE §é§8né4 MG Ne B RFyMeSIRG diioed ﬂffga@iatfwkm WHRENG pr ee

plate and thigoil 90! For exOnfpidAie $8E88nd 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,
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As mentioned, the locating block surface 126 (first reference Ey&g@g) S
softer than the tip of the rotor blade so that the tip 18 of

bl ade is not injured as the injection nolding machine presses the airfoil
agai nst the bl ock. Under operative conditions, the pressurized material
exits the e sesoad jaw wilhritschargwise f@bmreﬁren@@ﬁurﬁawauiﬁmnfds per square

h (1600 h
(300F). gc%nselp@{‘%wﬁﬁ??{g?%e”é Btanfay Sebg feloes Pt B R 8 choun |
in Fig. 4 @@r@k@ttﬂa@@mthahémﬁje@ﬁbrpfnom: hERARE W@ aid fil _
avai l abl e fromt e G ba-Geigy Corporation., 4917 Dawn Avenue, East Lansing,

M chi gan | ®Pe88%@1.5691. The material is suppl I ed as R4036 resin with an

R1500 har dener. a  t ocating
bl ock 134, The SHTEESTIR S EAbIE b ol B8y ot FlibTesdddad feh

recei ving tdieer. 0As shdwhfbyt the preinembinedan Figie, thedizstdalas nfovetaé withr f ace 147
whi ch adapts the spree plate 62b to receive a pol%/t etrafl uoroet hyl ene seal.

The is pol yeepeelitpdoe secand iavefroauine dospdjpesitiony Rbowyn iy éilkistan pRER pr ee

porytet r af Fa a1 RyPEndTEBEn BT Tae ohdi [l GEb.Pa PLEL ORaBRIT B,

bl ocki ng W&hwembnaasposé@enmﬁm aﬁth‘erjem é@eempseﬁtemlwmetgmdé@geot or
bl ade. In one enbodi ment, the seal is about three fourths of Iﬁga | ong and

one- hallf ofénshthengyidas d82wi e st isw $pbas ﬁgflrgww%r@l 194 whighws
bl k h { i al
Por Ctheds aateldts thB st gifr Q8% bR bt A3 s ?ﬁ%@aﬁe&‘éﬁg'@é{la

t endency t ovlichdlifibbly. en‘@agssrﬂae eecarhd pair pf guud&ed O2n Adthoetiviety, subly
I nt erpl ast,

I nt er pl ast reLat'é(eHPBE%@SB t:ﬁ??g% %rnljtp\é/%mﬁ rI pd ﬁﬁlbfotl}ga Jeﬁ‘? %rﬂ‘p ¢ 64rlrg;1/-

sae used i magde, M@esend jaiv @rrdv&iﬁsl the r@ferré@dé sdlrﬂacw od foraoestitig the raask
machi ne for_inj ect i ng | aser bl ocki ngmmaterl al, such as the_injection

mol di ngSmachi wihsespestdotee housingof dhe iniestieg rROKiNG mIRERIeL This feakESpect to
th t |l ed
e o ot BTRS VepfoSBoRBtgbh e SLELR) el BRIPRBEREV BN LT o0

and 30 to ipoditdh. the tool in an apparat us 154 as shown in Fig. 6. The
apparatus has a ection

ol di ng. machi ne. TARASSIRIES BeeBt Jbr eV HeBS it Mo ouh BRSTRRE et he
E ﬁg' | i)ga?i ﬁh@%?iémggﬁggt? &é;sﬂltldg@@é?éhtédb? théerhalgeand e ebas2 neéchdmisrhool has
20  shown in Fig.1. The arm is pivoted about a pivot point 113. As the arm pivots
to the open, moved position, the lever pulls the first jaw 92 and the first mask
member 82 away from the rotor blade 10 enabling the operator to rapidly
remove or insert a rotor blade into the second masking member 84. Other
devices for the means for moving the jaw might be actuated by electrical,
25  pneumatic or hydraulic arrangements or mechanical actuators such as chains,
pulleys, or springs.
Fig. 2 is a view from above of Fig. 1 with portions of the tool 12 and the
injection molding machine broken 54 away for clarity. Fig. 2 shows the
relationship of the rotor blade 10 to the sprue plate 62 and to the passage 65
30 exiending 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

-12-



0 6 MAY 2003 positioning the |locating block 124. The |ocating bﬂrlrgcmngggages
the tip of the airfoil with the first reference surface. The conbi nation of
the tool 12 and table 158 |l ocate the locating block in a known position
with respect to the apparatus so that the tip 18 (second end) of the

ai rfoil S Ascsawnitellign2t the sspodise eaist Bidés theagipakiag line ohithd ohdrawise

di ff | h il d d i he fi h i he bl k
fo a bl oseoliany At fe ol biade " TEPIRR surse D)o:adanis MR HIRR B2  nerber -
154 havi gg agertﬁ@h%z%%lshg\nﬁ iﬁmﬁrsgw@ BAf aPse A taBoat ihe sadsapdiariop! ate 164.

The plate has a vertical support”™ 164 which slidably engages the groove. The
pl at e i sreeridiggdhepressuwizhddlockinghealerialerti cal support and is adjustable

Wi th respect t he vertical nmenber by .ne f ocki clanp 166. In the
errbod% ment shm‘?)p?ﬁ‘?@ggﬁﬁﬁ BL15510Y Bgﬂ@ngﬁip@éﬁﬁcbagaﬁgéethe spree plate
hol der 64réssUreatifotineg pittegainht BeheldieNadnto s Mheaartcw pofidnisfasésel y in

the spanwi se direction With respect to the first reference surface 126 of
t he | ocafiag§2@e b flavdcammunierticnawih the aperngRepnedby $he passagest28.ef er ence

stch s 20s3Ped” DR ARG BLURTIOG AR, [PPSRt B It e be uceu
i n pl acereteitdens e bRJoRIy m&térqu&StHelﬁiﬂLed;ﬁuhmlprr@vrhéetsintehe correct
orientation of_the root éflrst end)14 of the airfoil_to the first reference

20 suPface. THd&HisEiEWPA0EINE WebAZ InsR0oVAN pPRBEND| Abe leves tdZdmas
represen W b F . ntg@e of using
t he spretég‘(:)?'g%&ﬂﬁ’fﬂ%e@rbg@%ﬁ%}a@ 0 %&hﬁ@f@%&}ﬁ%??ﬂ%ﬁl gtq‘%ng the spree
pl at e hollelar has amatjustable pnlodd2b whitte abowga frerredjostotfent pf te ljehgtieof n t he
operative condition to the airfpil and to the other parts,of.the tool. 2s
The. et nda e o B AdtngounE 94 (hanf s Brid) Bugice 8o 1 FlstEat Fon

nol di ng mRchbrellhp Gah Wee spéativerbddtecdridiion, €THSiIe dapdt tygicsIinssrhae cavity
13. The cavity adapts the fixture to receive the el astoneric mask nmenbers
82, 84 ofendie angsembgdingntdsinssithgn twentifivedpithirty roie(.88er a8$%e conditi on.
The net hg, H&él udes formng the mask 78 for engaging the airfoil. This so
i ncludes the steps of formng a core having an airfoil portion which is

di mensi onal | y Fegu3sabe explodethaew| pdrtially brdkeh davway, showing peadf the | east

over that ion.,of t core jch. en es the k. 1 ennative an

act ual ait?{’ﬁﬁ aﬂ%?{‘%3“8@8&4%@%‘3%5%@%?%%%@”%%@gﬁ%g"gt hfé"ecé?}/)’e in the
cavity) tihelugéatite ifdrob6! MpeaBR@edhttdas thd fol bRE€E8PLR sprigplatee adj ust ed
to orient_the spree plate with respect to the airfoil, to the fixed

17
secor | &% @nd taREPIee plade pldsr Bdef liectRibe flatealdarasan creningctks- ng bl ock
124. Thi C HEeSs i ‘?f% [ e and the
first re]‘srer{r%ﬁ(?:%ggzp%ace su%éﬁp@a% e dﬁ?éﬁ?gﬁe‘gﬁ%g?ttf?kﬁgﬁ@{)#@aﬁoé%.he sprue
pl at e and'heheozaie és presshd ageairst thefirst enctaceuritaefdhedirstride 184y kaltsi n t he
operative _cpndition, . The t hod_i ncl udes di sposing, a ki n rial in
CPur a t onne Monh Baish ot he A et Srve A Rap RinEr "THE MArA Rt
sat i sf actgX hadratsicoal side #20 AhAPgUBEdchdEi=IWisd fadind safac®qnRt enper at ur e,
vul cani zed material avail able as R668 fromthe General Electric Conpany. io

As sBéwn in Fithe ixtuieebmlsainc|udsepmgmbarnas sarsaentesbyoa blagkn Afave a pair

of spanw i % 174b and
he o1 oou Se TIOR8 oBR BB R 1Y Shit® B P Meingles. This
mat eri al Hacklél4 has d inshreferere sumfacke 26askich Theesinrthpsspanevisepr esent ed by
the strips 178a, 178p. which en t.he grooves 174a, 174b of the first jaw
< and’ Rl Wi brsgeann e e iadbe BB TS e eV a 76b of the
second | andltits. SThé Rﬁaﬁﬁ?%‘@bk’ i3 foMfedbPa YiReABthANBAETEr MBarh &WStip Bf @
chordwi se direction ,substantial I¥ perpendicular to the surfaces of the

j aws.30Af tiBp aimiell i wrid slemagineg the lip hetha apotf The Fesens f1eek magmbesisi ncl udes
cutting t i . pal d 1 dir I tpforma
singl e Zog}gagl?;a%r‘%gfl'%gbﬁéhgbo{@ t&rgggeﬁ%géé%{o?&gtgﬁétggg%rﬁ%\tlsvb8§'2r@\Ieng l i nes
i f a two-lopatugebloekks hestddgputsnuginéside)tthegetone neaskidhembee Bdvarid of t he
core and ir]sertion of the al rﬁ{l\g_‘il In the operative condition. In the
enbodi nert€'BB <R SEFONE IGW catadhientgconddnesi@emi&. nade on either side of
the airfoil to divide the nasking nmenber into the pair of mask nenbers zs
82, 84. In alternate enbodinents, it mght be desirable to have nore than a
pair of mask menbers. The mask nenbers ?'qe cut such that each parting line
extends between the cooling air holes &f "the final | y manufactured airfoil.
This enables the nask to block the flow of bl ocking material out of the
hol es 46 of the airfoil to such an extent that the material does not flow
to locating surfaces 30 on the airfoil for the laser drilling operation.
This is inportant in those cases where a repaired airfoil is being
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0 6 MAY 2003 The jaws 92, 94 of the tool are novable relative to each
other. The method of orienting the airfoil by formng the mask g ﬁl@i
spacing the jaws one fromthe other by the gap Gin the closed p05|
(The gap Gis the distance that the jaws are spaced in the operatlve

condition.) A | alkstos §Sﬁ1§|8d1'cﬁga ﬁﬁ’t‘f@% 4p2; dhgifsplgvask marke B4 ABdj aws to
fill the gas%cﬁn Iﬂﬂ ﬂ'thé%ﬁh?cé heomatd t%@l%zf‘s%‘ %E 16&5tigOf
maski ng nmateri a orm e satisfactory nmateria eeswax.

Al t er nat i vdige 1BI4€ar]cbavbaere géferérecespatae titbournding thmpotBimvdiitod hote fpreat er

by not 1 ur 1P e keafnabiotkri -t iocali bl s Snaser I Madiulior & ne
mask beisng 15d|b $hiHe/ 109 é&@fgﬂg fl}‘%cb?é%%lo&ﬁ of Mafdridl hﬁtrﬁ%\ébéﬁt tbné he

operative condition. e ] a operative conditions wl en exert a
pr edet er m rted! basabf tbafe fixturee IorartaiternatelemIgodmmme,rtheTbel tmmmcg"rit &etthei ght

be achi eved by adjusti t.he I th of .the er whi ch ves W Thi s
m oht be. adREMbET Bmey g Sk eE G SuTECs 128 ettty e iR AR AR ove s
to the ful |éhd3I~8§%du§é)ﬁIetbé§e Mdféfende SRR E%'IBSthﬁth@éoﬁu@dsée condi tion but
are adjusted so that the jaws are space apart e gap GlL. One
satisfactory gapTI@smd;mashtmembem ImeaeIaQSﬂdmndfommlrIgﬁcBBMtk@ mls). The
gap Gl for in_the,closed 03| i on. out four
O s ot i el 5P SEREFERTE RaBRRL S Bl SR BRNK |eRR N 876,22 %
particul ar tag\uibitgEhesetbsd hstazdk rAémber bh@rlé@ﬂh@dea@m%g\wﬂheml not

nove. That jaw and the second chordw se facing reference surface 96 have a

pr edet er mi r@Hbek) heisiedinn 5ida 44 apddhe eressyre ﬁ@el‘b"caﬂhﬁgalﬁﬁ'll eThi$4 because
both are fléﬁ,?!a I A ock
124 having t e%t aqa?‘er{réeﬁgg%rﬁ??@%e "i@%ﬁdﬁeg?ﬁ Wrefkgt%?ghés]ﬂ?%g cause
2s t he maskmethbensl are saveskehdivbane t82he 8thestarchmengd geotemgagamenb withve a

known rel at ons es the airfoil. (whi e e first
ofor ene- <hPrCEP e ek podoiriSrlie Grsk SHEEE Sy TEEHcE fde Yooond
] aw 96; andonlpluee ghllihgiddgal bhe@gsiit o the sprue plate 62 through the
second jaw and the base of the fixture and thence through the table of the

apparatus to theFidodéiin@neaiteraatecnabedimenhobing frddiaughawnin higghhapeg a
required, f I eyl si ze of
gap Gl as c@%ﬁﬁ@ t-l?))et W@sk")@a&%@t%h%ﬁ?ﬁé&'}ﬂhﬁfb@ ﬁgge com%g%%nt g{%%gve t he
correct relmendest4a. iThetrhaslop8a atayize twndict widma pliams matérial atéhafayimghi p i n
t he apparatus.fro or very
casi 1y D AR e REdl St EE A Trsidhp o el ST ST F R BBNGI ¢! on
Certai n t hefigidpuppoHcr gaodielcsiahavibheaiiss asée forsthie ¢Scatngibloek 424N Edichposi ng
the laser blocking material 52 on the interior of the rotor blade 12 and in

at t enuat i ngMeak Memeashas agortier of hedirstyelsrenes suEach d2eatbal @19a8es# ovi de
advant ages %dvﬂgeffééhg%gﬂ%g 197dd h'e"é?rf&[ hB&rdln # déeﬁ%ﬁvﬁs fa&ﬁ r and

advant ages ['ater as ing material 1S renove romthe ai f0|I, For
exanpl e, thsurfasel7 H oc kheglatfetrartical ofdbeqarrfcslesTIaae sdmréaa:mpl sigilactopibley nmer

formed of only car on and h dr en. The ther reat es
har 1 658 pr SUATRYSC TEIBH SLERLE e B seArcrOnEe ¢ ATk BRI B8 bor nout
of the matesidce T6 iPadysTRY t@leﬁga@em@rMIéfeEWIMf lebataty bcyreat er
than about fifty (50) which i)rom)tes flow The thernoplastic polymer is

partially a%@%b%theoﬁwoilﬂn he spavipacirealiony crystal line such chat the
crystallinity i SE? Q%%Ipér@?@ Y GidwRRIG B Iov& 6g9@e §;9ru9 Iét\é Lige beam of

radi ation fromt | aser periments ave een or rre usi ng nenbers
of the pol yee@indwspmwnsg fadhg sudane’lﬁalh)aelaefanea @thhIaesepandlsc:cﬂaae forns of

th | h | | ene”.. "pol yet h | t hei
Copol yridh s s SoRarS tnfo B PO Blfdledn WieobE e g iofnethe Feaibns  ty
pol yet hyl eneld(eLub‘IEés alp?weeﬁaﬁ Higy \m&wew@y&henetﬁéwﬁwnsslo%cd@rﬁlel ty

pol yet hyI ene H ypropyl ene (PP) _One satisfactory material is a
li near, tféﬁisqec VYJUP'SIe‘I ﬁWlérﬁéXIﬁ\((%@)I rabs-e ThE PHRIGLERN eRIeRAE csavRthEeener al
Pol D| Do
CoL YT D vbaka ks tEkans; Sleteel (EhAEISNs s ARAUDAC THE SHBiAe, POV

gravity of furtteerthasca Eﬂrcﬁﬂﬂ‘fa?t% 144 tHay preNdds dhethen(sddond) réldrdhceat twenty
three degrees Celsius (23C) and a Melt Flow I ndex of one hundred and five
(105) using the standard of neasurenent .ggt forth in ASTM D 1238- 82
entitled "Fl ow Rates of Thernoplastics by Extrusion Plastoneter.” Melt Fl ow
Index is determned for this polyethylene by flow ng a nunber of grans of
the polyner during a ten



30 nminute period through a known orifice at a tenperature of ong ghadgRd
and ninety degrees Celsius (190C) and under a | oad of about two and sixteen
hundredt hs Kil ograns (2.16 kg) which correspond to condition E of the ASTM

standard. This ﬁ%{){et hyl ene has an el ongation at break of . s vent% five and
two tent h8UPRGRERT3Ces indhe spapyiseiEactinpder eraasing feeaiffpils iNe ttkdusand

five -20 1 r@orlé;;%% I e, d Bsi), a
tensile s%?@%‘g‘? %}P%gﬁgb%@%@é en urqggesgﬁ;g)g%n%sé %g aé\g%g?gmﬁ?ch (1100
psi) and aLdaeAsiwm'clstsrIeegiﬁlﬁieratheyéﬁlrebdﬂmmdzw)t housand and tenf pound;s per
square inc 2010 psi).. The, notched, | zod i npact strength is fort ive
hﬂndredt hs (.(43%’9 eéi)/%&ryoél%ﬁa ﬁ%fﬂmg Fr&8 Cﬁ&é@?@%@ﬁpérﬁ%‘ﬁp'@gﬁa. 2F) at
one- hundr ¢fe 3Ry "sv}ﬁaéé/p]ﬁh \ﬁ%v&@[%%aé?éé ) @Féaé@sbém%% fégihglreferéhéa . The

tensile inpact strength is siXty two and four tenths (62.40 ft-Ib.| per

squar e i nshace) ssvesurfacefivishaodrespondiegttb s sheootbevachine dinksbi witlf 23. 2F) .
The brittle tenperature 4s thirty six degrees, Fahre it. (36F) and the

Vi cat. Sof PEHPFEIGUTHIEsS AR mePSUiARSH RGBT Sy THEF (o dR5TLEENEs Sanr ennei ¢
(212F) . | indaBufed MPAEOTBENGS Wik ibé ﬁftﬁze@'&?’e@ét%ﬁh% spécifieatioer ‘aNgles over
five hundred and seventy two degree Fahrenheit or three hundred degrees

Cel si us ( B#8H or1 986(RyrfaceeT exduiea’iavicilablelfrane theadenaticgn| Natianah Standsrds gases.

hunar S8 il lowRs TesSBreER A BealB ot B Rt ol P et s <o
ni nety seppitictglsediase hadihgt #fini8i copleepbiding e adhremeaenhiok finidH wits. |t has

a fairly high nolecular weight which is greater than one thousand (1000j
and is foPridtfase reHshnessy hysh Ef?dofrah%@@ﬁ.hmér%ﬁaﬁtwgnww dg5) -

pol ypr opy L&8% ineALY et hyl ene, pol ybutyl ene) pol yi soprene have the advantage
of shear thinning coupled with their relatively 20 good Melt Flow I ndex.
The Melt Fl ow [Theesprue piatadoidat 6t islinwgetiiyattacbadite thaimjeciongneehtingg of t he

pol yet hyl i_nGre s) the viscosity of_th ter recini sly

decr eigesggﬁta aﬁgv %%@e[@@eggs% ngﬁwgr i?qei/g%@cpz%&eaé%%ﬁordqééﬁﬁ greater
amount s) é\ﬁr@jFI@lﬂé ROkIeP by WS Gekdie o Bt tdeditertar fiking thadbldee td the i nj ecti ng
the 2s laser blocking material is that the machine [tself an&| t hr ough t he

pressure Platgxdn the ephediaeriFhgwn MSANRG NBeaRHOIRSHEWDRTIHEERRTHR to t he
pol yet hyl f i : WA oldih e Rl i } asses
Phrough’ « Bee CERTE! @ftckifa $1SRBGKIn 0 GiHe Fea iAol g aiRes ! an?

i nternal passpouesplate hdldenurdesithe spruesplaté kpwhtdly agbinst ihedeszzle K. dmear

hi ni Ceti e rical £ _ ~riticall

ni 1 uehoeTBDBEHENGRGEueh. Bk SaPERER A figridREle O T R Flecuhy ' fe

pol _ylrr:sr amlahdee @ﬁmﬂibdsisedSo@éthﬁfEﬁghtr@@@h.toIftbrnhs sdﬁﬂ&rbionkdh@%osgsjl\fﬂr&g ;003
t t t ~. .

aval | abl & 355 Heiing Hesetal Tl e Rpsrag R Se TaR AoHF BORtE Miseihie

sci enti st g, n@'ﬂ)&%ﬁﬁ&é%@‘éﬁl?% tﬁ@%gﬁ%iﬁl%'fb hBRief BRUWifPA Kérke® of he

paranmeter, for exanp or I'i ng conponents having very narrow passages.
Fig. 7 isabogtaphihvabdredpowsdnti®iibh). dhig pestesdhe athemside@f heaspiteeri stic s

for ex, 2503 pol.yeth e material det,er.m ned, ov of shear
ot es 2t bR RRaER e BHHTHR R Plac R BB BT B5RIEE0 B anhei «
(375F) by afpalpicand e s opreairbB M iBf6e FGamidnsaiyedtirongt tie diefoll was
used. As shown in Fig. '(?pilthe vi scosity decreases precipitously from an

initial z&@Ngaprgsses theairfoil tipdeeerntheed) againgithesiasid 366 €at a shear
rsgggngfs E%&i}’sﬁgﬁwégmeé@tﬁe KRkKendftht 8pfud e t wo hundred Pascal
In an alternate embodiment, the nozzle might press against the sprue
30  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.
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PaS) at a shear rate of two thousand per second (20001sec). TBitsMWNeliflesent s
a decrease of nore than fifty percent (50% froma nolasses like liquid at
the lower shear rate to a water like liquid as the material flows through

the airfoil atalsmeliRRkd HeadcBidbIRERIsLAECE A28 (fifke réfefaice Alrface is
t wo-t housand per second (20001Isec). As the material is flowed from small

aassages $aftaribamihd tp lof the 1cdergelage sedieidhenipt Hkohihefrotor blade isnglcosi ty

wi Il increase,as ,fhe .polynmer chains,experience a_snaller rate.
Fovever . BLTER S BP BRI BIuiq FEine RiesSEe Tuer A 8PS Rect | onal
area, suclhnasr 8peralife cbaditibAs, 1REFresdiiciRisterial exitd theditieleagpan shear thin
because of the increased shear rate. The material wl| experience a

decr edise preseuecolsahaut sideembrndied paunds peasiquard inel (1BPSwsH and mal | er
area. As the material fl out of the airfojl, .the sure on the

mator i o P ElieLebputEed hadies i Fahranne\deBhTies. causing the 2s
material to expgy 5G9GH ePife! PhbHMhNELE S thd BprvieSAaR! 62 sEBnMet flow to
| ocating surfacés on the airfoil. Accordingly, shear thinning is very

hel pful ihigi4.I Thengprueduale Gk isdoirsedhit & hasdenedbiver Ran ¢pexy @vaigbls2.

Typi cal | of 4he ch f material-inj iAto.t
HPtenl TroliBe ChEe 8 QlfoflRhage? S AyBhke el Cdiha Mihidaas
interpal 48820066091, the maferial Is dupphed bis|R40Bg @sanditharcRMBOeherddrdri ng of
that volune. This volune of material nust be forced into the airfoil,

forced thfbigds onnee@mnlgiof,awﬁaplqm?@?iﬁf%ih@mqatiﬂ@rt&@% bed- of the ai rL oi |
surfi orent vi staeepii et hBia S A e Bl e o BRGRUARLR 1 o T

unwant ed tout dii gfritbe ootor biadal. rTiw teces@has a sékl GuNBYe 2Q03visichfaatapts the
mentioned, it r[ust 0 idifi/ in %{&qe f ai rIX ra idly fter injection as it
flows intePreH's regatvesd P %ﬁﬂPPEﬁ‘qt.ylﬁﬂ ISRt h&®filling operation of
the aiy f opbiyldlrafi@foNABRE Seal RaUrbBGLERIN aghinst PRl 3raE pisteladaghihet 0 t he
bl ade at an extrusion pressure greater than about fifteen hundred pounds
per squar $€ Rer plagebydhe inieeticn maldirgmaching: eThe palydeifafBiorgeibylese t han

t hree hun e . f I . i A Viscosity
due to tergr%@ﬁja ugﬁess%l@apé%ggfg%aélgggﬁ la{s%@ﬁ@#ler@ @Fgegrfrgé%ex ef(p'ltéed to range
bet ween t passagelé® froanthe sgruyg pdatd 16 tverdionblized. bnoné entbpdiregnedise Fahr enhei t

(250F - 540F), for st ~o terials in the | yolefin famly. This allows
e mat or Papl 5 GEPHDRTRR FTTREUNGR B 974 APETEH o e BPh PARF WA the
t enpesat UpBefindSSuldbRe AP ADRARFINEDINEIGSS RidtrianstottAe rebesr thehdiasi.ng causi ng
a further decrease in viscosity In one application using the Dow ex 2503
mat eri al , Oneesgisizaenynaiesiahios tag sealds dneahagiqal gsade deen®imeledal hundr ed
pounds pe i L) 1S A Nk bl I ; and
orifices %Qﬁgéia&wgﬁ%ﬁg%éar}%t@rdo ﬁ%\ﬁ T‘P1|srﬁ1%'lér|$]"?é’b&gucﬂ)€c§§13§?e%t
form by Interplast, Inc., One Connecticut Drive, Burlington, New Jersey 08016-
4101. Interplast is a processor of Dupont Teflon® material.
25 The fixture 56 may be used in the process for orienting airfoil 10 with
respect to any machine for injecting laser blocking material, such as the
injection molding machine 54. One method for orienting a new airfoil with
respect to the injection machine so that like airfoils may be repetitively filled
using the tool 12. The first step is to remove the tool 12 from the machine and
30 toinstall 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
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was |l ess than forty (40} mls. In some applications, the passaggymaihave
a hydraulic dianeter which is less than thirty (30) and even | ess than
twenty five (25) mls. It is expected that as the polyethylene is flowed
through the airfoil passages, further shear thinning takes place in the

especi al | yP‘P%B‘P'ﬂ'P@ﬂ@%I'QC@QPEr%O%Wﬁ The legatinginlodyenoagesithe tired{dhBg edge or
the trail 'Qf?foﬂ@ﬂﬁ" gh;%%rrg{‘re‘f’%ehbg sﬁhraf:é?' 'The'd?)rﬁtﬂﬁét?or{ ﬁfgfh%rlﬁol PedRgtabie and

smal | di anet er novement the material 1nto cavities Into
whi ch hol e$5&mm@|lh‘eglot:aum@blcmunhadenmrepdsmd:rh edth rilepecittbd¢he appatdiese

airfoils were succ ssfu because of the shear thinning
characteri g@ﬂ&atdhe &9 Jé§é?”‘i’)@8€’wh n%?@iﬂ isapositipnadwith resnact ?‘? W%t her 2s
trials,sth rd a r I nﬂﬁ?ﬂ'é

pounds pergggﬁtggjeélhl gg@é@qwﬁ%m@t%ﬁgﬁg?ure 0 (h rrat eri aI chat
was | ess tdaanglngéhmbmmclaatﬂdck bavipgaesyitsbie Reilghtnheit (540F) and that was
in the range of_about ur hundr e ees Fahrenheit to ab i ve hundred
degr ees Fahrenhgﬁ? a@@g U?S‘ag(ﬁﬁ—? C%dﬂ B‘%@bi}ggﬁ@viﬂ&a Ay ‘l&]e[h good
results at aéﬁaﬁa‘uﬁ@ has aﬂé@%@r&&eﬁ@ﬂ?fﬁlatba@er'ﬁﬁé’{)@% ﬁQQ‘éevérﬁ&al@%beﬂg
point. Durin Illng f thé airfoi the airfoil is disposed in the mask

78 with th&b (gl engags tr@zlgr@pg@dT@gmla@tnsuMeg@allyfa&anheq totee first

2 ust 60 SPRRI §hmg and s STINERR RSO ec o Tublar ey B PUdfeeiE: voen

the gap G and lé&m%d@n@lmé’ heh RSEMPBARRIE sAPRIN tr@a;@pfér@msa;btaw@ssure to
the airfoil which blocks the | oss of |aser bloc ﬂwmaterl al which m ght

pass t hr ougHapted tpiesgage e SPre @'@ter Beller 6f te rl@ceée efpruedlatekelded
| ocat Il of
e rroi PSR EbEOEh pdbeo TR TEIBRIRa BRI R Cpeig DS | ©

agai nst deféfemnwmm&aceh@&mfghepommrtdoﬁolayétvhmNaaesamrm mlatadnghiptes t hr ough
t he airfoil‘h. f f ser blgf: 8m&1ter| (Jé rg'C| into.the interior of
the ai M oi ') Wit FF'PIANPrig"61-Cd e EBApYsS rﬁ\§@8 aﬁéﬁl ROPYAIVEhan

one- m nut ecanditisanme i o cases about thirty (30) seconds A particular
advantage is the relatively low nelting tenperature of the material. As a

result, the t heﬁﬂ@l%p‘é@ht%@épw plgte alepent) simallalingihersprue plalgSer bs heat
fromt he t bs
"RIiSht B¢ hi e p bbd ipbiack E 162 SHAG ,51?@ rﬁ{%@ IR ghi

makes hand In sone tria ors were abeto handl e t he
airfoils atogect Dmd?rntagompt hebraoé ( ﬂﬂamn;d)d# ammmammwgm firgt oefegendven t hough

bont i niGe SuripRgv TnReRrud Prard Bl AGER wbtble ihié BEe Bpbh PonreshRBSTRl £ on
of | aser blthwkp:m@ pratest2 showSoh Flh. 16 CRité advaritagbef eingrthelspase prate aagi dl y
as the mat i al Ioses heat to the airfo airfoil can

then be nolRiSPryePIaE hlden %rc%fj%'l‘feesv’@Hla\}\ff‘Sﬁﬁ% ﬁam%ﬂa%ﬁo‘agf ket Boncer n
about the r%rdb%\/\}n Cﬁﬁé{dé?ﬁent’%’f%b‘?@é PP AN{HROS S EtIT D BBk I& tharat eri al

is the resiliency

airfoil and to the other parts of the tool.

25 The method for orienting the airfoil 10 with respect to the injection
molding machine 54 includes forming the fixture so that it has the cavity 13.
The cavity adapis the fixture to receive the elastomeric mask members 82, 84
of the mask 78 for engaging the airfoil in the operative condition.

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

30  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
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denonstrates in solid form This allows for easy inspection of holes
drilled by the laser to ensure that the | aser has penetrated through to the
bl ocking 2s material. For exanple, one vi-~ay of inspecting a hole to nake
sure the hoJis Ba8cR8BMnkHdieth iy Ml dBRARYI040E NG 156 FfQirkferdrie © Pr obe
t hr ough the'ﬁorl eBS\nath a tamril'\?\cngre. The w rg@hﬁb%ps gt@?pfégrreﬁtr response
on cont act swifate t1RE andbiellvealinggubglei BYl dhis mathed iatiudss dappmvgethetamrehe

tact that it | d h i nst ha d t h th terial.
I'n many cabESYeRhEY SHLP ARlGAdIge SEsTaiPIh SHAeH pudbinat fis oRRRSiEN e <o
such an exbeiHe tdtdito\he 4plud PIBRESNA Bk Sdrelthendifle réfRPYfcd ARTRIEEEAEE Of

pol yet hyl ene, thereby confirmng the existence of a through hole. During
the dri$li sgmefasirhiblecoparative: tenditiyer beam L, the coherent radiation of the

e 58 205 efolibbua eidfheed Aokl E0ePR A6 BT s The
| aser beamchyigpks dndraMeding e watdriaP b hBRIehNi@hd 8&tisThclohe nititédalis ant he

| aser beam strikes the polyolefin (polyethylene) material disposed on the
i nterior oflastemariematerialTuehms penetamparpberi vgcanized imaterisl axalableul ar | y

effective i rom unaccept abl y damagi ng t he
wal | s on t%g %ﬁﬁ?ﬁpﬂgfé%}ﬁ%ﬁg#@ﬁq egilgﬁh%ugh t he phenonenon in not well
under st@od, it irs sredwreveRigl Dathetfinst janydt ahd tHe §dcarid felveopebylohalers hel ps

this process, It is also believed that the specific heat and nelti 21% poi nt
of the pol PairEfispRaViIse exleRdipgaroavemas reRsesenited byrthegsopas 64w d)

i mredi at el ' i Hkherd i j of a
i quid, up%ﬂﬁgélg‘r%gg%sulﬂc&abavpﬁé ﬂHg&g?@ﬁ@QﬁatFﬁél&ﬂa@s lrﬁ%ifﬁ)%éy@c{o&%ggne gas

i s forned dhiceabenieldadddnsdiodgen stripscomthesiniabk.e Thiexdttipe prébrdprasdriiedhe no
oxygen bein upplie terial ince the ongterial itself is fornmed
of only caPBIRE BHPEIHDJIRP WHH: endoes 028 e VS rae: oftoer LRI Il £ ol es.
The pl asma =04 thE&triRPP82Z aB2BAlKiek fé)’\bﬁ?@ the gfdovBS RFBRNY 76 of iR s&sid 1s
beamto such an extent that it apparently does not degrade the ability of

the | aser RAmMINE Hiips gxtepddn the oroavgs @ndiengags|tee jaws udichPeWyisehe f1 ui d

does not a : I I in fact, noves
into the h(@ﬁgeg%rbjgyrgég@ﬁﬁgr%égﬁte h@%g%hk?pj yé)%‘#ﬁétk%eswgg%%d | eave a cl ean
hol e wi t hout bl ddiarnige afatéhia Hantdengdhea stepsaflformihgshb ahd s 78 iroluded t en wal |
material of the airtoil bei .20 _sucked into the hole. riment al

ri i ng ogelitia Beahasa Bialfnn eiie bcradiite SRefiom b lbhagbas

conpl egpon Tp@ﬂirid’*ﬁhé‘ff'a' dneBicBl Pl igesitBE oP 86 Pk Mtdssifl ahRlbepidce one run
decreased from about fifty percent to sixty percent (50%to 60%. to |ess
than ten pénasinis qesieyl. Theirertieg fieasagblessemeral eldherca erddnsertiensl r f oi |

2s and proppd %ﬁfcﬁl\’uﬁQhé‘bgéfeili%téoﬁaitﬂw cooling air in the finished article.
th l'yet hy e i

Anot her advant age of pol ye ene in laser drilling is believed to be
t he anount of dilftleseovodimemtesHosgein Figdd dwogrartinglinealees madecen £iheran

i ncrenent al . { hi ckness . ol hyl ene material.., It is.believed that it is
orontor 't nsideat (eGP lo APk ThE SR Rt dutelthe Haind, mEsE maTENs i o
may be ki nigad 840 [hhermte ehddvabiitshitdRight e dakiramblty HveRAbNhahiars whi ch
is greater than forty percent (40% and for the Dow ex polyethyl ene

material , pedRianashmenshersy Therpast Meaudrs are clssu) m?@@chrp@{ﬁrpmliw efins
f I - ich i
areater ¢ napidhAbREh B8 BRS AR FERES B fpafy e Gt SBT MR o
such that tdmablew the masinta blbek thed fibweoé bldokingkinaterimhbet ofthe-12des 46 & MAY
2003 t t el | t,ed he | b lt, i
ari 111 ng ogar STENS Sirhaurtieanae it wersel Aags Pot vy 6e b ifhc®™
exper i gpcewripiendriePiorans isyealdrinmy dodrdtidrs PEISSE Phortatiia thedeseaded) ps form
a clean exit hole with m ninal blocking by backscatter of the airfoil

mat eri al . IWhare perpdaiedeife! shaing eedilled o eenply yorryfaatusad@irfelhisunt s of

of the ot bR KB Be A1aFBRel AP Sab helf BRI i BelE O

per f or mancesufacehsf thebifdilefi n and do not pose an environnental risk on
burnout of the material.
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io The addition of these other polynmers to the polyolefin, or even
addi tional anmpunts of other material to the thernoplastic polyngg MASIH
concern because thernoplastic polyners forned of only carbon and hydr ogen

d ficant b t |
oo “Ehe horee. U5 MY 20 PRl AR ST SRt A oot PG s he
| aser bl OCK'h@deFPéﬁfrieﬁitm%;ﬂhé%lr‘f&l lﬁ'},ﬁﬁirmﬁrgtgtHeﬂﬁgék McReddshéeb i eﬁjbmﬂdnt” it

burns. One sati sfactor enperature i s out thirteen hundred (I300F)
degr ees Famrenfiemthemtpar by the aap &dindhe aigsedfpasiornpolTel gdn & isdne | y and

particul arl I ne i.s_the polyner bre ksd tofo ighly
conbusti bl fya‘%g‘céﬁﬁ%‘rﬁkgda%?&e éPa‘g%& %ﬂﬁﬁlorp&ra ™eeC ch'\ﬁ}tﬂ) ﬁglarogen of the
pol yet hyl enfokmid hitReditis drepnges belweer i jaReho il gap @t mRERhsIdfg o form
carbon di oxide and water vapor. This |eaves behind a very clean airtoil

t hat does rbétarigseals thammrewnﬁémmg oﬁmas@nﬁg/@awmlmﬂu@rfpanfmﬂthe

trom the b RCBeRaleriEh B TP Be ke BB be Sedftaln i <

present to noapjapt@h wid atdrehbnses ghp G kThig n‘rghebe@k:hie‘aieaaidrbﬁg bur nout
2s provides the advantage of not having to flow additignal solvents into
the bl ade dhet%eﬂ@ﬁf%m'%@ the mask ibyded fullyclasing theigws: hEhisse§etein h§ have a

;Ielr at : le%'y 'Eeate pgm&thgrrﬁggr»@@g@sngﬁg gFéQté’rrtHénttﬁé’l gty ,aw As the

to renove t e po yet ene by
bur ni ng t hecawiliyyirtthy bperstivelvengdionetThd jams umieirx;)pﬁoatmeobonniumrmmlldmen

Chternal preditpdeeifemieg ey dior Tome al ek G B bfy | The Shie Elfeet
resi i ency GRanaR! aitietdebPabRking IElhibldof h@é le@blr L

def orm upon_bei ng defl ected under g ene material expands
prior to nelhipngighsbetdone byegvébnquamgdmmeb@@km B spilvatZAhedaws mhena

N gegg]E 'Ol‘r%“m tEﬁQ@’?ﬁbﬁ&o%d }Bgm Alith ?g:a}Seé W{hee“cg% af iye b&kﬂﬁé‘H%ﬁ?a tde material

I ngs ealr oW t material to
extrude so adi]at;leail 30 h‘h@rt Mjagﬁsrweaﬁpadeb;anahdrmﬂde gem@risine ehtisfhetomat er i al

are not transm.ted to,t he ai.rfoi The.rel ative thin wal |l s
o e ai 1 roar it §hs sPopl St Rack vt S AbkB it 25 f ) bR et o ol
residual stipe$Fethe éloéétﬁp&nﬁérﬁ)id o8 ehdddiientolad Bso@ﬂ foliptimedusfithg gtabe

bur nout oper ation. In addition, burngut may be provided at a relatively | ow

t enper at ur eGtiBr Hireta9! el onejative g@ndiigher t enperatures to decrease
f
8][ Ofﬁzsia Inlgog/l P?O%Spvd]rﬁélﬂaraﬁd\}é?ﬁaéglgfﬂeaﬁw efgot‘ﬁ% %%BHQE%%NHEE ornence

e airfo I's ma thelnventlon has
been shown mtdndescﬂ'hlaemvwxamdhthreswmd thoordetsse ﬂaenhgenetmdnoelsudatméseof it

shoul d be under st oo t hose kl| at varl changes in
Form and dtaid SESIHEIMEGS HIARBEPadlhrsPRGTIo bR PrREH R Bd scope. of
the cl ai nedpédtieyd b&A-arefixed. The locating hole positions, in turn, the locating block

124 having the first reference surface 126. These known relationships cause
25 the mask 78 and its mask members 82, 84 which engage the jaw to have a
known relationship with respect to the airfoil (which engages the first reference
surface) and the airfoil to the reference surface on the second jaw 96; and, 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.
30 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 fro making the mask is the

-19 -



p 6 MAY 20U3 W claim 1, A tool for disposing a | aser bl ockim@mjal in
an airfoil, the airfoil having surfaces which face in the spa
direction and which include a first end having a passage for receiving the

di reot | , ving a passage for receivit
Che 111 SRt QR o BT e By el O PPl 8 e ving

mask, thedndittam e including a first spanwi se reference surface which faces
in the spanw s irection and ich is adapted,tp. .en a ,spanwi se facing
surface bon & heSaRAINGREIEPIRabaY SREs Bavs ARG RUE T IHBek havi ng. a
first ma ng [ r ' e 1 irg g of the
airfoil ﬁs, a g%é;%\ébﬂg?%k@gnég%ﬁﬁ% E’Q tg iﬁl}rgpgﬁgh\ﬁﬁircthdr?%n%?%%to t he
surt ase oh atepuating thid intensityedf the asef beam. sPese cwradiedskiccprayide ace and

h k nb ition,. irfail i o) h k nb
{he =k JRIOEL BOSL L oMua AL Al QRS ST e e e B L L
mat eri al Iéfér%%'tﬁﬁtb“r’&cldirgfgtd&é’r‘iﬁ idHAed frbini tRE oil. hF?ra%%dcn%lb; the The tool

for disposing a |aser Ing material 1n an airfoi claim1l1 wherein
t he tool laser ldoskingmibtedékecemprisesua thermoplastiogdlymehfermpdmofiosdy di recti on

which is adapted to engage_ the second.end,of the airfoil to tr t he

B rioil iGFPRR SOPNG T T haoPESIFReWTEe! CRale e er g ot or

bl ockiong drmEEbRdte icBnbusBbh (Pite Riatdt|atitiAg MRt bf the madsrialNahea Sprue
plate which is adapted to be integrally jorned to a source of pressurized

| aser bl CNYHgr AtRodiased Mathklowt Indexavhigly iseorpatar dhgragbeudiitydSOnwhiet er ence
surface f .ng enfi I Ll J he sprue
ol 'at o hadtQTELEE 50 THEelinBbizR 08 pBlyriciTe BHleRy amABfou AR 8 fea "0

f | ow conmantially crystalling siechoihet did orgstabinidy is greatert thanHerty paraemt ¢(40%qser

bl ocki ng Hrrg{.@ri al. . 2a 0.6. . VAY 2(?D3 4. The tool for disposing a | aser
bl ocki .ngt idyseine bea of radiglion Hp”bllhﬁi Y- wherein the tool has a base

whi chysi s adapt pehdriindsts ReatibnbéioriRengihg herib&eWr ke pblylarsur i zed

| aser bl ocking material and wherein the base has the first “spanw se

r ef er encdamilyf alde tesm “palyoleft” andrtheipepissiargoens gk the poiyelrfing sHelt @si al in
an airfoid LMl « i he . fi. . i rmed of

el ast orer ipgwr%§éﬂlé§% ! %G9E‘r‘?f‘§f[%t”t§d|e‘§db§‘99§g@§f %Hgﬂnaegé?ﬁgl ocking materi al
in an ai rhanbpolynarai Fot exbmpis, thédeeinsiedenithesm idw dentibr polgethgtemed of an

el ast oner erial, 7. The tool f J,SPOSi | aser. hl ocki terial
in an ai r%ﬂ% liQi’YQPPr?'ly pr&wfqpea@thsglg&fggﬁalyggfydat e zl\’-.lﬁ% 5 is

for meg ofp@?p,@p@gr@'@rp)p materi al and wherein the surface of the nmask
menber overlaps an aerodynam c edge of the airfoil to engage the surface of
the airfoil onOBPtsetiFfasieny reaterinkis edieardowtensiydiolyalpylane gysilalfea | aser
bl ocki ng t@peigk gb@s #3nMH 8khed P%h%é}‘lﬁﬁv}@ﬁtgrf &t RsﬁlQﬁ?dee?ﬁicQPSk menber i s
formed of an elastoneric nmaterial and is novable to a first, open position
and to a Gempadycnusietharagdativoed bytter Bow €Chemidal Conmeesty, Midizexd, has a | engt h

posi {1 on Misisen $85842 PPl aetrrBYieoR g8 REPy e VST BREH S e

di r ecfsi onhaty SBYEHRRLSBAGNSNTFTON al Weerfty BFEaMRIgréedBeRIIAI2PRETBhd &
conpressive force on the airfoil "in the second cl osed position. 9. The tool

for di spodieid lawlladex obpoe kiungradaeng five (109) axsing thegitandard@fai m 1 whi ch
further i b I ! I RE ith respect to a
pr edet er mﬁ%éggfegg%?ti Jgﬁ?@%ﬁimggggiga 2a3\#16é \f)\%g‘r@?(#l)q?h{gl Fgélgglgwof mat eri al has
t he firstTheanuplasticshe EarasioaRidstiometdri’c MdlElesy indek edsteamimeskfodi rect i on

L SBY S Bs W SR0Aef At PP et abfog TEL o0t o oL
long I ul\%\e(s anbggméqierio@%mwm@ kAowhoFice df HasMmpbrRURDof dhd Rendrleershd se - 29
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
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di rection which bounds the cavity and which engages the first pPer,
and a second jaw opposed to the first jaw, the second jaw having a second s
surface facing in the chordw se direction which bounds the cavity and which

engages t iy e |, f.ar.dl i r bl ocking
mater al  TRrRESRRERE bef SRE e ol (R A leREi SRR Peaf 8l < o
first operel@es hupdrddopaursiomerdaiaes pdhid$00 ipsi) ealdanteraildistreatitoat of
novenent) and wherein the second jaw is fixed to the fixture. 12. The t ool
for di spodi®lg &f twadbpusAnstRNG EmpRerdsapen sauare £igh @01 Ogrsile | Themateh@her ei n
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20 good Melt Flow Index. The Melt Flow Index is measured at low shear
conditions. As shearing of the polyethylene increases, the viscosity of the
material precipitously decreases and may decrease as much as fifty percent
(50%)or even greater amounts.

An advantage of using the injection molding machine for injecting the

25  laser blocking material is that the machine itself and through the pressure it
exerts, causes shear thinning of the polyethylene prior to the polyethylene
reaching the chamber 12, causes shear thinning as it passes through the
nozzle 70 and causes shear thinning, if required, in the internal passages of the
airfoil 10.

30 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. Itis

determined by using a capillary rheometer but the parameter is not commonly
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was less than forty (40) mils. In some applications, the passages may have a
hydraulic diameter which is less than thirty (30) and even less than twenty five
(25) mils. It is expected that as the polyethylene is flowed through the airfoil
passages, further shear thinning takes place in the especially restricted regions
20  of the airfoil such as the leading edge or the trailing edge region of the airfoil. In
these regions, pedestals and small diameter holes retard movement of the
material into cavities into which holes extending to the surface are drilled.
Nevertheless, these airfoils were successfully filled, in part, because of the
shear thinning characteristic of the laser blocking material in the airfoil. In other
25  trials, the material was injected at a pressure of about two thousand pounds per
square inch (2000psi) with a temperature of the material that was less than five
hundred and forty degrees Fahrenheit (540°F) and that was in the range of
about four hundred degrees Fahrenheit to about five hundred degrees
Fahrenheit (400°F to 500°F). Polypropylene was also used with good results at
30  similar pressures and at temperatures above its melting point.
During filling of the airfoil, the airfoil is disposed in the 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
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10%re/ () - W}) IAAABUNt which makes handling difficult. In some trials,
operators were able to handle the airfoils after filling with bare hands or with
15 light gloves.

Even though the material loses heat to the adjacent metal in the airfoil,
the material continues to flow until it fills those areas that require the disposition
of laser blocking material. Solidification of the material occurs rapidly as the
material loses heat to the airfoil. As a result, the airfoil can then be moved to a

20  new location even with shaking and without concern about the material
liquefying.

Another advantage of the blocking material is the resiliency which it
demonstrates in solid form. This allows for easy inspection of holes drilled by
the laser to ensure that the laser has penetrated through to the blocking

25  material. For example, one way of inspecling a hole to make sure the hole has
been drilled through the wall of the airfoil, is to probe through the hole with a
thin wire. The wire exhibits a different response on contact with the resilient
polyethylene material as compared to the contact that it would have against a
hard component, such as the material. In many cases, the laser blocking

30 material has flowed into the hole to such an extent that visual inspection of the
hole shows the presence of polyethylene, thereby confirming the existence of a
through hole.

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
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7" al aaadE&S |@ngggf g@mn(a)nd Ijﬁimggr),_a(combustuble mixture, but with the no
oxygen being supplied by the material (since the material itself is formed of only

carbon and hydrogen). This avoids the formation of sooty particles.
The plasma of the vaporized polyethylene is transparent to the laser
15 beam to such an extent that it apparently does not degrade the ability of the
laser beam to finish the drilling of the hole. In addition, the fluid does not
appear to degrade the formation of the hole and, in fact, moves into the hole
and may enhance the ability of the laser to leave a clean hole without blocking
of the hole as a result of splatter from molten wall material of the airfoil being
20  sucked into the hole.

Experimental drilling operations have shown a marked decrease in wall
blockage at completion of the drilling operation. The percent blocked holes in
one run decreased from about fifty percent to sixty percent (50% to 60%) to
less than ten percent (10%). This decreases the need for rework of the airfoil

25 and promotes even distribution of cooling air in the finished article.

Another advantage of the polyethylene in laser drilling is believed to be
the amount of diffusion of the laser radiation that takes place for an incremental
thickness of polyethylene material. 1t is believed that it is greater than many
other materials used for blocking laser radiation. This may be linked to the

30 relatively high crystallinity of polyolefins which is greater than forty percent
(40%) and for the Dowlex polyethylene material, greater than sixty percent
(60%). ltis believed that polyolefins are preferable to other polymers because
of the Melt Flow Index which is greater than fifty (50) and the melting point

which is sufficiently high such that the large quantities of laser blocking material
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()- F‘V@WO‘V%(rhoplastlc 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 blocking material is
15 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 particularly 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
20 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. In addition, scrubbers for removing harmful
gasses from the burnout operation are not required provided significant oxygen
is present to completely combust the laser blocking material. Finally, burnout
25  provides the advantage of not having to flow additional solvents into the blade
or to manipulate the blades.

In addition, the polyolefins have a relatively low melting temperature,
particularly the polyethylenes. As the airfoil is heated to a higher temperature
to remove the polyethylene by burning the polyethylene, the polyethylene melts

30  and runs out of orifices in the blade instead of continuing to expand and place
unwanted internal pressures on the airfoil.

Finally, the polyethylene has a resiliency characteristic prior to melting
that allows the material to deform upon being deflected under load. The

polyethylene material expands prior to melting as it is heated during the
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and which is adapted to engage a spanwise facing surface on the airfoil;

a mask disposed in the cavity, the mask having
a first mask member having a surface which conforms-to
10 the surface of the airfoil and,
a second mask member having a surface which conforms
to the surface of the airfoil;
wherein the first spanwise reference surface and the mask member position an
airfoil inserted between the mask members to receive laser blocking material
15 and block the flow of laser blocking material to selected locations during filling
of the airfoil.

2. The tool for disposing a laser blocking material in an airfoil of claim 1
wherein the tool has a second reference surface facing in the spanwise
direction which is adapted to engage the second end of the airfoil to trap the
airfoil in the spanwise direction.

3. The tool for disposing a laser blocking material in an airfoil of claim 2
wherein the tool has a sprue plate which is adapted to be integrally joined to a
source of pressurized laser blocking material; wherein the sprue plate has the
second reference surface for engaging the first end of the airfoil; and, wherein

5 the sprue plate has a passage for laser blocking material which is adapted to
be in flow communication in the operative condition with the source of laser
blocking material.
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5, The tool for disposing a laser biocking material in an airfoil of claim 1

wherein the first mask member is formed of elastomeric material.

6. The tool for disposing a laser blocking material in an airfoil of claim 1
wherein the second mask member is formed of an elastomeric material.

7. The tool for disposing a laser blocking material in an airfoil of claim 1’

wherein at least one of said mask members is formed of an elastomeric

material and wherein the surface of the mask member overlaps an

aerodynamic edge of the airfoil to engage the surface of the airfoil on either
5 side of the edge.

8. The tool for disposing a laser blocking material in an airfoil of claim 5
wherein the first mask member is formed of an elastomeric material and is
movablé to a first, open position and to a second closed position, wherein the
first mask member has a length Mo in the first open position and a length Mc in
5 the second, closed position which is less than the length Mo (Mo>Mc) as
measured in the direction of movement and wherein the elastomeric material

exerts a compressive force on the airfoil in the second closed position.

9. The tool for disposing a laser blocking material in an airfoil of claim 1
which further includes a block of material which is positioned with respect to a
predetermined location on the base, and wherein the block of material has the
first spanwise reference surface which faces in the spanwise direction and is

5 adapted to engage the second end of the airfoil.

10.  The tool for disposing a laser blocking material in an airfoil of claim 1

which further includes a first jaw having a first surface facing in the chordwise
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5  surface facing in the chordwise direction which bounds the cavity and which

engages the second mask member.

11.  The tool for disposing a laser blocking material in an airfoil of claim 10
wherein the first jaw is movable from a first open position to a second closed

position along a direction of movement, and wherein the second jaw is fixed to
the fixture.

12.  The tool for disposing a laser blocking material in an airfoil of claim 11
wherein at least one of said mask members is formed of an elastomeric
material and wherein the surface of the mask member overlaps an
aerodynamic edge of the airfoil to engage the surface of the airfoil on either

5 side of the edge.

13.  Atool for disposing a laser blocking material in an airfoil, the airfoil
having a first end having a passage for receiving the blocking material and a
second end spaced in the spanwise direction from the first end, which
comprises:
5 a fixture having a cavity for receiving a mask, the fixture including
' ‘abase,

a base reference surface facing in the spanwise direction, the
base reference surface being positioned with respect to a predetermined
location on the base,

10 a block of material which engages the base reference surface, the
block of material having a first spanwise reference surface which faces
in the spanwise direction and which is adapted to engage the second
end of the tool,

a first jaw first movable from a open position along a direction of

15 movement, to a second, closed position the first jaw having a first
chordwise facing surface which bounds the cavity, the jaw having a first
spanwise extending groove and a second spanwise extending groove,
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chordwise reference surface facing in the chordwnse direction which
bounds the cavity, the jaw having a first spanwise extending groove and
a second spanwise extending groove, each groove extending in a
chordwise direction substantially perpendicular to the surface of the

25 second jaw,

a first guide rail and a second guide rail extending parallel to the
direction of movement for the first jaw, the guide rails being spaced
apart, each guide rail being attached to one said jaws and slidably
engaging the other jaw,

30 a member engaging the first jaw for exerting a force on the ﬂrst
jaw to move the jaw between the first, open position and the second,
closed position; and
a mask disposed in the cavity, the mask having

a first mask member which engages the first jaw, the first mask

35 member having a first strip which engages the first groove and a second

. strip which engages the second groove, the first mask member having a
surface which conforms to the surface of the airfoil, the first mask
member having an opening which adapts to the mask member to be
disposed about the block of the fixture in the closed position, and,

40 a second mask member which engages the second jaw, the
second mask member having a first strip which engages the first groove
and a second strip which engages the second groove, the second mask
member having a first opening which adapts the mask member to
receive the block, the second mask member having a surface which

45 conforms 1o the surface of the airfoil, the surface overlapping an
aerodynamic edge of the airfoil to engage the surface on either side of
the edge;

wherein the first jaw is movable between the first position and the second
position to disengage the first mask member and to provide access to the

50  airfoil; wherein the block of material and the second mask member position an

airfoil inserted into the second mask member as the first mask member is
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14.  The tool for disposing a laser blocking material in an airfoil of claim 13
wherein the tool has a second reference surface facing in the spanwise
direction which is adapted to engage the second end of the airfoil to trap the

airfoil in the spanwise direction.

15.  The tool for disposing a laser blocking material in an airfoil of claim 14
wherein the tool has a sprue plate which is adapted to be integrally joined to a
source of pressurized laser blocking material, wherein the sprue plate has the
second reference surface for engaging the first end of the airfoil; and, wherein

5 the sprue plate has a passage for laser blocking material which is adapted to
be in flow communication in the operative condition with the source of laser
blocking material.

16.  The tool for disposing a laser blocking material in an airfoil of claim 13
wherein the first mask member is formed of an elastomeric material and has a
length Mo in the first open position and a length Mc in the second, closed
position which is less than the length Mo (Mo>Mc) and wherein the elastomeric

5 material exerts a compressive force on the airfoil in the second closed position.

17.  The tool for disposing a laser blocking material in an airfoil of claim 16

wherein the second mask member is formed of elastomeric material. .
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