;e3e& '\ #X#P&6: &T&b. , Method for Disposing a Laser Blocking Material on
the Interior of an Airfoil This application clainms benefit fromU § 3
Provi sional Application Serial No. 601209176 fil ed on Novenber 28 M%S?go '
CROSS- REFERENCE TO RELATED, AP # Tl ON, D 6 NVAY 783 3,.This application

rel ates to copending U. 5{;5’6‘306 iPBASING\B LaELMBIBBYMR entitled "Mt hod of

Laser Drilling an Airfoil fnatbiaPsh thent@ridridfarehitdit; No. (EH 10226) s
entitled method for Redu0| ng Void Volunes in Cavities for Laser Drilling",

by Jeffrey D. Flis et al.; No. (EH 10239A) entltled "Met hod and Materi al

for Proce n onent for ser inin te Il,Lp Lanm et
S%—E%BMQEH?'W t? Pl\%ﬂbﬁ’déﬁ' llﬁi@é‘@@%%ﬁ Idhﬁfat erial in
an A rf0| I50/1@g1ﬁlm[eﬁ&pwveﬁ,be}@rodagggt al.; No. (EH 10241 ) entitled
"Method for to Orlentlng an AiTtoil for Processi ng and for Form ng a Mask

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

"Fixture f ) ] ocking A ;n an Airfoil", by Gordon
M Reed et e’aﬁ&gpﬁ%gwsﬁs%ﬁ@ A%Eﬁ%‘ﬁg@ invention relates to a
nmet hod fOWIﬂS%@pMdI@n'r@S&és'ﬂcb@@ﬂSérﬁtﬂnw 8! Applidations: Na (EH!1l0089) eamtldcdng ai r

holes with a |aser into an airfoil having internal is es _for cooling
ai r. More patopeof kassr Diileg s Aoail, 4.‘?% B Efig ef gk 'ﬁ @21982ﬁhser

bl ocki ng gkl @het?w@d?fgﬁ'ﬁlé‘n?!ﬁxéex%(gto %h%ﬂ \hﬁ‘é@fort?_%%ﬂ]bhﬂmﬁ“w king the

interior as the eis he I nternal passage rough a wall of

t he ai rf oi JeffrBAOKEROENDI. ONoTHEH 02BN entitted fMelrodiand Yderialfési ne engi nes
are di spo n_.a flaw path wor k 20_nedi . I of such
B rtoi to drweedsie RChTBRbEN: s LARREMAEN TR B FRstin FERIT £t Rt hea fn
hot gases M8, (tmmgaee;semt%d‘4wcbrtmm@¢@hgu_aee:eewcnmg Matdriahth anhr is flowed
t hough passages on_ the interior of the a under

3
oper ati ve i |-tQYcﬁ;|'§”Qt6P'R%reB dordapatsbi %lbtrjf%""dp%"'ﬂéeﬁ"‘l‘?%lmet%@ﬁ‘cfﬂr as a
turbin Va@ﬁeﬂﬁnd HA u‘?@il mraﬂ%ce#lh&'aﬂd%ﬂe&rrﬁpb% M'agk ¥Sr thkhiggEH byon

airfoi have coo air extendin he interior to
exterior oStarﬂﬂ,y A H'drtk dat aITrmdcrdoI (%16245)mﬂltékedafe<tsnwfbr Dhmmas have

nenes) | Thestiafiband oRaiEfAPE A ARG B bHRRIG R A and are cont our ed
to

DESCRIPTION

TECHNICAL FIELD

This invention relates to a method for disposing laser blocking material
prior to drilling cooling air holes with a laser into an airfoil having internal

15 passages far cooling air. More particularly, the method includes steps for

disposing laser blocking material in the cavity for blocking a laser beam from
striking the interior as the hole is drilled to the internal passage through a wall
of the airfoil.

BACKGROUND OF THE INVENTION
Airfoils for gas turbine engines are disposed in a flow path for working
20  medium gases. Examples of such airfoils are turbine blades and turbine
vanes. The airfoils are bathed in hot gases as the gases are flowed through

the engine. Cooling air is flowed though passages on the interior of the airfoil

AR I

*166166* *(I00N02*



ensure adequate cooling of the airfoil. The cooling air holes duct cooling
air from passages on the interior of the airfoil through theﬁﬁcMAYv'lBﬂls to
the exterior. The cooling air provides io transpiration cooling as the air

passes through the |1 and, after the air~is, discharged.fromthe airfoil,
P ovi des. 1 PGoRRTRHGE spiitiant 14 oo e Erisrange 2EIE Ag0n. S48 35 B of
cooling ai furBireWdiRSotUpShe IPAdD Qlittae Beéditallieniniid, and the hot, working
medi um gasses. One way to drill the holes uses a |laser to direct a beam of

coherent is endn@gddition, e aikiodmay have coeling @if bples emending diesetheadi at i on

hol e wni chiipeavr G0 2y ol A 8o e il A iBe o el FBTRE [acer -
beam pgnet hai@gidrhéterd thdt ge # brahde vhblevent® seventebemiky (GaMIGY7, the |aser
beam may stri ke adéacent structure on the other side of the cavity causing

unaccept abitchg@ahagee helasrreilediin progemravned pattsrnsAnstriegpiewredital my
be di sposed .L.n t Lty . | aser beam from striking walls
boundi ng t ggg%?vﬁiﬁ%{% 8¥O|frﬁﬁs8t®§%"g§ﬁet rates through the airfoil wall. One
approach is to TreaysoltigsaioBeRs\uchtoolifteainfroimpdsdayesaer tie intetiasbf ng core

around which the blade is poured during the manufacturing gr,ocess. T-he 2s
cerani c cot®e pirelitayich thainohmads ko Sraexgriaat Ehe POIINGEIr PEPUARE core is

subseguent : | ' ) [ oach is
descr i fod anEPERKEDecUntEas g Bad KRR AH ERpERS. arleh e SRRECEC,

i ssued to Gissharged GomfthetdirfaihprStides film eoalngewith thiémpofesiennéhef the core
after castin revents initial inspection of .the interior .qQf. the airfoil.
The cer am EXRAREr (18P 0@ Ghepoling i HEOdAPT PrTIes Beir e aile! eRd 5ol i ng
air hol es apbe wirkldgeAedium gedédd.on, the core is not available for use with
the airfoil during repair processes which may require redrilling of the

cool i ng air hol@8e waydeHbH! thrdplaseusas A lases ik diigctrmbering®f Gohegit or a
wax- | i ke =1 [ LB e t i ' £ into
orer il peniger nEB SR Sryfe alsfou Mo g el rABlatioh {8t R Hoef Heafl ' Ot

t he airfoi burifhhroegpreavall ef tHe dilfeil nekviag behire) a &loleawbioh prosidesld | ng

ol ten mat SPI SRRy BRI GHOBYE Rind DeI Ap G e PROB NS BERHAT S may
even be sprAySowal irftdiantiBlron chiigy, 34 fAeP bbamPRay strike adjacent structure
on the other side of the cavity causing unacceptable damage to the airfoil.

20 Accordingly, blocking material may be disposed in the cavity to block the laser
beam from striking walls bounding the cavity after the beam penetrates
through the airfoil wall.

One approach is to leave disposed within the airfoil the ceramic casting
core around which the blade is poured during the manufacturing process. The

25 ceramic core provides a suitable blocking material. The ceramic core is
subsequently removed by well known leaching techniques. This approach is
described in U.S. Patent 5,222,617 entitled “Drilling Turbine Blades" issued to
Gregore, Griffith and Stroud. However, the presence of the core after casting
prevents initial inspection of the interior of the airfoil. The ceramic material

30 may also be difficult to remove once the cooling air holes are drilled. In
addition, the core is not available for use with the airfoil during repair
processes which may require redrilling of the cooling air holes.

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
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s protected. However, the nolten material may severely scald pers&ﬁr‘@” 1008
working with the material. Mreover, the operation is time consumng if
such material is poured by hand into the airfoil. In addition, the wax nmay

t end bet t | | dj t _.coqli ir holes.. Th dj t th
Firet hol o, et BEE0rEPRE0P AL BEA J00 AEPel RO PLoRr ||| od, mmy
melt as to rhaRribl BBSVARS %élﬁanFit)ilnk,?ﬁapéxéé@i Vs BUnGBNd ity d6gleeds a void

to formin fihe wax. As a resu e energy fromthe | aser” beam at the

second hol dahugnheit (H0°suilhe sneltan patkriad inpet el pbyrachly tard &5 injectpdsses

t hrough the rtion.of the passage havi t he voi d, Danpge occur to the
airfoil as '?ﬁ)ce)lhge%ﬁﬁ KoY gge%sglsp@egg%ﬁgteph@ %‘(?asfﬂ?‘%lettgﬁyq t penetrates
t hroughs t heyrpeddtedit Hoveveeapa ndieabioridiaysidvdsalytdeald péebhael wal | of the
airfoil. One wax-like blocking material which uses an additive to avoid

formi ng voiveyking wits dhe swederial. Migeopar, dhe opetlignis Aime ensning ifGeate and
S d ' 3 ier. i.al . A : illing." |
Cor for o prealefihis R ead e BT IE Rftolal! AABLORA Al HRY fieidsed i n a
wax base. mtoﬁgein;mgﬁldé?éipadm@hdcdmmgfmrﬁ@kisorrh@fwamad;zceai Biedsng such

material on t f a | eadi ng edge passage s, particularly

i1 cal t fhstesuhenglesks e ISeartisaems s (N aabod Baas ShbedcBondashls
connectq on tﬂgrﬂr&gﬁlé%bﬁﬁéd By tH4 Fa@eFﬁ@a@X.t is Bhudds & 08I fofthlin ﬁ‘\éf s a
blind or dead end passage prior to the drilling operation except for small
i mpi ngenmentwénal As antdsolt, theserergh éropatiealgeer begdst 2se coovmah hoket ap noitt h an

adj acent passagge.. The adj.ace ssage al so has, an ogpeni ng for receiving
cool 1 ng. ol PaRTER LY cieugsien pvRE Weaen hposton paudR i PaciodiafifE )
personnel mudsaganefind theP@id. Tien ey dBeLptd Me diffoll Be thelsetosdBBjeng and
mani pul ate the airfoil to avoid bubbles in the material in the |eading edge

passage. sdSdrilled bggavpetheippamastien ik pepetigiesdhipngkithg walkalthe $6ANAs " an
epoxy hesi mol%&b.sﬁk {r%QH’?eEFerWAtI)Itct?Qhé‘iafrfd?li.l ina fluid state. The epoxy
y sinp

resin is disposed’in the airforl y pouring the resin into the
airfoil. The ep®ng wasilikeibtocking materiz mpechatise eanddpyede avoidtoamiigig

hazard to personnel. The .e y Si.n | t.her ogessed harden t he
fluid and CRIGEHN '3%55:?&'8%%”53@9”*%6‘29’%? 55t s ECFEANY Siploi o sinilar
to the PTFEeMARdTeAEEOBEHidrMaleffal Aad MHthed G142séPByillifeeyeCorfehg resin is
relatively viscous conpared to nolten wax and has difficulty in flow ng

mp . L has 2
t hrough sndf TFEdRAWtetrafyopeetbrigas) waxtike malesnl isrdisposageng wasibases ~ |t
may be,par t+ WL i ; i fall sy i : ial on
(o nelr ol PAEE s oy Ellihe' Brian 81 {gifl, Db ME ARE keI BB O | 00
no connect iiotergurdf adebdingi exige passage s phdicelarbrditicuty fort $wmaiaifailsl. . 1t is a

ot ngenent OHigrate IR Brft #3abd heS of ool P BRI iRERRM Bean o
adj acent pas@eger oflthe AdbiRCRNE abHRddYelcakish sAgeqRRNitdthd drillingcei vi ng

cooling air which is flowed to the |eading edge passage. Accordingly,
per sonnel nRR{rabign exgeplfopsmalimeingsmeant hedeeWhigh RIACE Hee PAPAISIPeHSg and

. " et ol . . . . | ) q
passagd and mmifebion Jifh B AdecePPaESadd TP SURICBN! Boscdbe Mo raRAMD e
mat eri al doesertiiay éort teeeaihvpooalng af whigdhnig fleasidl tp the headidg legghesmssaget he
terial t t t t hat ' th terial. Anat . h i
o use & t MARGR PRI HACEPUiR Pt caomply cedr frepian SatgiaandieitPhg | aser
| ight. Thi Sog@Mihgasll manpufettssedirion tdaSoidialisiiés th hedmafetial ssied to Ma and

Pinder entitled "Laser Drilling of Conponents”. A 20 particul ar advant age
of this nedieafinsedgmpassagdrits | ght when contacted by the |aser |ight.

Moni t or,j,ng t he Id e tion of
t he | assgr beam a“d’ég#t ne&ﬁé{!s%?érgggﬁn{%?e%%saé hr oﬁgﬁ%%ﬁe@g%%%%ﬁggﬁ ace al l owi ng
a feedback rmivt,nehichds dspesad irethshwtfbitin afluitbstatdieThaepoxpeesinisms drilled a

through hole, In addition, the viscosity of the nedium so 2s that the
medi um may dispase Eatheeighil Py rSMRY RAMEINSEAR GBSIPHPIOUGR irteib Ine SPexY

resin is at room temperature and poses no scalding hazard to personnel. The
epoxy resin is further processed to harden the fiuid and cause it to become a
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| ower the viscosity of the nmediumso that the nediumflows readpﬁW%\zgqj an
i nner surface of the conponent. The thixotropic nmedium nmay be renoved by
contacting the mediumw th a flushing agent which requires both additional

mani pul at i : i i addi t j,gnal materi al
o i bt naneBredREmERIRR SRl e BIER Vet BRItk PRI, 140, 127
entitled "Le4&xv2BaHowsvelRtheresih'is relativaly Viscus cuthpaned omsitenag aagpr oach
uses an injectable barrier material which is a conposition selected from
the group doasHEiGuly inflowing theeuatuypp FERNSAINGRF A0S BBy NERIOT Hhd

hexf | uor Oprtﬂgyéir?c?iﬁ -4 0 6 MAY 2003 and a second copol yner having a

pol ytetraf | uoroethyl ene backbone and a | east one fluorinated al koxy side
group. Fhe material Itsngpbegdriculany diéffcedt in sbme diefoilate disposefsuche

conponent. The materjal 1s subsequently steanmed out of the conponent after
filling andMpigsi ogipe iRtagoR B2 leading e 4 BAIRAGS. Jdeen the lqading §Q99 S

possi ble t al, Jd, n : | [ as b

heat i ng. t hd SaPE T 1 g it 2 i B AR Fd SRSHBH PRI 1
However, t he gblotlot dead esd phssageprsan torthaidrillingapexation exceptrfer atmais and
may result .in.form ngrhqarm‘ul f1 ui g@ whi ch nust be scrubbed fri?mthe
product s of MHURGIEENERCIEE ML, P'@F’@ 7 RGSTIRE PrBRACYE MU AR i nto the
at nosphgr e. adij@cé*ﬂ%d@%épépmh@aé‘d}aéﬁt PAgYEge BisH Has é’r@bS@hiné,f@ﬁ?edb?@n?m itled
“Laser Barrier Material and Method" 'issued to Turner. Turner uses finely

di vi ded cr yeealingi aiewhiohes iflavesie thedsasing edge ppesagre Asedrdinghyr ot her et al

be. 1 nt roduckdpnbe TS qateRFdets e mBRER 5T aRa0h e TRet P RE b ng i ¢ a
i | meae et oo 5 7
ggg})gggps wWoRi3a9s %nfh@antm@atsith%@trf%'ﬁ%\/%% @Hﬁ?gb?—\é’gl"@'ﬁées‘tﬁﬁve sought to

devel ops mat RiatéH doBBHIREShe %@daﬂ%ﬁ%ﬁﬁﬁefﬂe HRERINBdAskEattPHE Ng

material on the interior of zo airfoils whlchlar.e suitable for use in mass
product i on ogéerialite ademperairee ihat sepoidas tbadpatesat.enove wit hout form ng
noxi ous fluids qr. ] b 1 . rations.
SUMMARY OF | NVE%‘HO%%O?Q%E’nE’mé%Q? gifvatdbic W%’ﬁﬁ@%@dﬂg?ﬁg e

recogni t i onmiaterials éortdisperpioigylassrdighthe Mhisssrproactp i sodik clissser indé &P atpnbvi de a
significant vant age in 2s nas roduct i on, operatj ons d that certain
tool i ng and4{%§§t‘{]%'g5%9t%w P&hdleﬁ e@ﬁ@?&r{ﬁfséf ﬁll””’lﬂroﬂgﬂ@poﬁﬁf‘gﬁi dts in
Mass PheduchafityPHuibh@Rs drtnSRARUINE that il effls Thne ARBANGM SctSHYY RE
airfoils. In addition, cértain polyners have an advantageous effect on the
magni t ude ofaseolighis Maritesng the tightrefiecthd fisinv the agmpanent meyialoswal |
passages to 1 hi I phioll i rom

di sposi ng tﬁé{éﬁ’géﬁﬂ?}ﬂ@!aﬁ&{ ﬁéaéiré(rasftg'%llggéﬁdb%hn%\%grlgtﬁczuﬁﬁegr%%%Q}d; omthe
airfoil. |nsadacd albowingl=feedbatlecortrd tadeapdrntime whetiversonmdtithe tasexpi d

processi ng duri the r val operatjion of the nmaterij al heating the

Tt or al -t BEmdtss ddied Moyl el anesidlian. MerVRepEbAg B MEalisn SR ow t he
nel tingsmat fdtghe hedM@hirh&) by ReFAR_IMFOIRS tNRRYIFNBErdYH RRkIedo at a
hi gher tenperature in a vvaK t hat does not form harnful products of

conbust i on. Igverdhaivirgosity ehbegnedien so thatihe srediamiiawibteadily aWes@si ng

| aser bl ocki ri [,Nteriar I il 1 Rcl r

thi nni ng & IiEssuBRRER! flp Slbifent” v BleFoeRtnPeldf ol BERARIERI . .
that is gresabatactihgthe eredidndvipr @ 8astiing iaggnt Waidhaseuirbks bokh agditenet i al to
an extent that ,causes di tional she%r t hi gni gg as %Mhe rrgterial fl(i)ws

t hr ough t he MFRYPHEPN 8 mpergitiand the aclive §anIg of 2dFBARAIFEBIE R of ¢ he
pr esentsygi NV@RbItRE cohip@nBRE hod 10 includes disposing a polyolefin materi al

in a chanber and transferring energy to the material until the tenperature
of the material is grAvaatber approathteshdwmint UdS.deajests, 1RQHThaeliteq 300F)
prior to flow.n he rial.into t interior of the airfoil. In

Becor dance vETPHER BT BEHAT imount IGRToVRE e ey sg TSP SR gy —s
to the | aseinjbtiadld BarigRhRiteRAl WHICH 1508 8oMPBSItioa ddnecteat@m ahe bhagygh an

i nj ection nDIdlng machi ne and further includes transferring heat to the
mat eri al an@O8RisHRY B atfiie qapolmer of tetrefiugreeihylentearny hewllugreprerydenal in
the injection nolding machine. I n accordance with another enbodi ment of the
present invention, the 20 step of form nd-the charge of |aser bl ocking
material includes formng a charge which is slightly larger than the
internal volune of the airfoil. A primary feature of the present invention
is form ng the charge of |aser blocking nmaterial using a material that has
a shear thinning characteristic that is greater than zero. Another feature
of the present invention is the step of 2s passing the |aser bl ocking
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30 A primary advantage of the present invention is the speed at w‘@z‘m@aser
bl ocking material can be disposed on interior of the airfoil Wnp lts
from supplying the | aser blocking material in a way that causes the
viscosity of the material to suddenly decrease as a result of shear

Uhinni ng. ARGIHSRCIRA SPRAWEST BIYIRG 4 PRGN yORe YIEns PREKPTR ARGAI whi ch
resul ts 1 o pleipainMaSIBLPERR Goup, Trfe MAG PR AIChY fbeRnia smal |
cavities in the gi rfolinla of a syleze tﬁg}flpcoul ru;gt ufr)i)ptk{e airﬁrﬁ?]oi% bg shear

t hi nni ng t hiee irdseer of thekiongparenér The raaterial isasbssquentusframed cutedflthe

Coeedt wi c RO C LIRS LA IR oAU SPAadd RIGRIT LT 1y
processj ng ppskiieio RndGd the MBlepial M amorbqiagﬁr@ﬂaéﬁ@nlm_ d3WPhehtyy hundred

degrees Fahrenheit (500F) and is nmade possible by decreasing the viscosity
of the | asdhe prajeialtg arveryrhigh tamperagireshe@poting e matedaladiawe @it thehat

avoi ds the need to.decrease vj.scosity by heating the |aser bl ogcking

e al s oTodins Bt SR EORRLS S AL A MR e BB BB aonei ¢
(500F) whi gbrmmlehdriguldividPivhichdndstfid selubbte fﬁbihﬁl%@ﬁfdzfuc% oeriod of tine.
The foregoing and other features and advantages of the present invention

wi || beconEombustigphafeistreleasingtne pipdusls af slondwstigndetodhea&dmgespbeispt i on of
the inyention and as,dj i t. d g [Nels)

r o ni. B e Deoc BT RREROE s shbUlb L 8 Palerlt 7SR ABTRANERD, ., |
full of a cbapenBatier ddutbrialsarahMethidddiissuecef todl droet. Tomediuspesinety | aser

bl ocking material in the caonponent; and, in phantom  of ortion of a
source of | ‘é‘gﬁgl‘i’ﬂfﬁ?ﬂ,”ﬂ%%g&”i%‘:}‘ asiﬂﬂj_“é@ O‘Wﬁ giat“?'d?f q%.grdqnﬁ.bal Ri ne.
Fig.1 Aishigh %ge gleaMalil ARbIe %ﬂ%ﬁoo%%lﬁéé aigh m&ﬁh@ﬁomes?umﬁé& beshown in

20 Fig.1. Fig. i's a cfoss-sectional viewof the airfoil shown in Fig. 1A
t aken al ongntrodudddhiod thesnter®r of ariognpanent bgippuringi e by makingfit amasteove of

or oken' Sy FEWelst By RglC ind Rel e N Ry B ghg R LBl ic v ow

of part of withhwawdre for the injection nolding machine and part of the tool
showmn in Fig. 1, which has a pair of nmask nmenbers. Fig. 3Ais alternate
enmbodi ment  of aT%raPioMﬁ a6tf”QtWétﬁF@@p'%éﬁﬁnﬁ‘ﬁtsﬁ@fe@ﬂ”gﬁWH@“%ERg%rrber S

formed in Rﬁétﬁaﬁé&uéﬁbg\gpﬁ%amtgf\@@fg%%wam heRYagesio ﬂ?éteﬁaﬁ' at f or m of

the airfoil shown | 1g. 4 1S perspéctive vie rom bel ow of a
sprue pl at ensthods, and Beygices famdispoging Laser blarkhgvwaterts) DnRing.interios oh

perspective .view from bel gw pf. an _alternate odi nent .of the sprue plate
Chown T Fia ol ol RebBuom Pof Vi R sTol R SR RiBhe S0 ¥ e
fashi on, a reeivelyesdB towb hidvefvitiout forntliag MesreS. flUfdgor wWithSuteparesraiegt i ve
view of the tool shown in Fig. 1 installed on an s apparatus for orienting
the airfoi IS8Yef® @R FREIUTHILRGBNIES of | aser bl ocking material and shows a
sprue plate and a sprue plate hol der which has been nodified slightly to
engage the apparatus. Fig.7 is a graphical representation of the shear
t hi nni ng char acS&NVIBARY Q7 INVENKEIN pol yet hyl ene pol ymer and shows
viscosity in Pascal 'Q['?ucsolrrl\ggnt?osn 2 in part predicated on the recognition that certain
polymers when used to block laser beams, provide a significant advantage in
25 mass production operations and that certain tooling and fixtures may be used
with such material or other materials in mass production operations to speed
the filling of components such as airfoils. In addition, certain 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 resuit
30 from disposing the material in the airfoil and removing the material from the
airfoil. In addition, these materials adapt themselves well to rapid processing

during the removal operation of the material by heating the materials to their
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io function of shear rate in reciprocal seconds. Detailed Descri[)q)t Mg\nng
the Invention Fig.1 is a partial perspective view of a conponent, as
represented by an airfoil 10 for a gas turbine engine. Fig. 1 also shows a

tool 12 foraifly $Reeidland pbRt & althw e RRITR] Miatetal 88 phARIY RiseEpOangl t he
conponent. The tool has a cavity 13 in which airfoils are disposed

repetiti veltiervap@idnagtheematerisl sép highes tampeesties insa wey thel dees Nl t hough
the airfoil j ot or e term"airfoil" includes other
c_orrponentsf%%ﬁﬁgnw&%)%cﬁseﬂ%@S‘gﬂﬁ}bces such as stator vanes. Fig.1lAis a
side el evation g&@F8irgae!theprésefit @Wwedtiohhg nicthéd fdN cﬂ@';@os’lﬁ? tBydr Mocking

manuf acture. The rotor blade has a first end, as represented by the root

14, a Pl athatareépPndhd inteserceian ainigil ingludesshersibivaingadarertileeki®y The

airfoil 20 . er Q 1,6 ] i : i i se. An
aer odynam "ng"‘?ﬁ‘?ﬂ?g‘g‘geagﬁiea%ﬁiné‘ﬁ@g%@%&%ﬁ%%vadaﬁg g&@ﬁ?’i ‘ﬁ%@gf@%@‘,@am C

| eadi ng edgessdgngitid Riser BREKgIhEleNal iyavbxieay tidteauses paghiapes for
cooling air as represented by the | eadi ng edge pass&qe 26 and passages 28,
30, 32, 343%ﬁrdh'n@bﬂge$ﬁithetm6{ﬂjﬁlf'ﬂWSRW@HQBfth@HBeﬁ*%‘”t rihg|aidil. The passages

28, 30, 32, andnZs.c3tqedetiih bAE 2shBEt ofh8 erﬁﬁnJé?ﬁoh?ﬁ@rg%chf and often

oy
extend in serpentine ?ashi on as reEresent ec?lr‘g{/ t he passage g.1 Bis a
cross Hectinohales i sposigka poblutefthwingteral ong chhmber aedraBsierBngferférgy td A

The airfoi) has, flow directin ur f s, as.represented by the suctjon

surf ace o1 08 Breseb Ll he fomadiiie APe i CR orager B tore BLadted o,
Each so of 4éd1eee FuréAeas(3B0P eS8 MONVIRY thd marBridithitberdimnerigdsethko the
trailing edge and extend spanw se between the platform 16 and the tip 18.

8 4 6 arwil2003 A plurality of internal inpingenent holes, as
represented b h 8, . t I i . j he

| enting cage e SpEct il AP0 BRsehh bwkhaeh Ife SHIF QPR RaRT R eletgl

i npi nglgslmntlto thellaiera:ﬂteclorhg mm;édialﬂhfledemﬁahal_wg tree htaﬂer%ﬂﬁ%&:/%haargggecttdmﬁt is
typi ca e than fort mls (that js, s = =, i nches,
wher o A | sTOING RN Bt rfes Teides (anainsah oAk dhe BTaterial #o e) . I n
sone appl i gaddrRisthetmstehial %Stréﬁéfehé‘ﬂ@rg?_tbwé Aidkdrfal Gh BRI ctioRdholding ess
than thirty (30) mls. Aplurality of Tilmcooling holes adjacent the

| eadi ng ed@@chime. as represented by the holes 46, extend fromthe

I npi ngenment passa I ' j ' of the
rotor bl ade. toﬁléﬁe quﬁge\%&’i Y%]nﬁiabf‘g?%r%bg"d‘&@&kg& tﬁ %rénﬁgﬁ%&tq Hgé(éﬁﬁmqé%ol i ng

BOl e éLlﬁo :c Sstep cﬁrfbdnhing hie bﬁhl}?@‘%ﬂlhs@ t?la_@fmg ln@eniallaﬁclu_ees wglnhgda dztyargbeZIGas i;
eamL, fromthe exterjor of the airfojil to the |eading edge passage :
shown in FYVB'C'}‘ 'B_Saaﬁt?y Wr%%‘ﬁgﬁﬂﬂfﬂ%'m%@?, yalume itB?PAl,QO'E | aser bl ocking
material 52 is ql\Eﬁﬁ%@@fédﬁur‘e@,th@%é&t%ti@ﬁ%&ﬁﬁ'ﬂ@@tﬁ’e BRArgesY 188ert he

conponent for attenuating the is intensity of the |aser beam™ The |aser
bl ocki ng nbloekinglmalesial esinglramateiial that bhasizeshaatdbinning charpgtesis§ctttiar e
that faces [ i t gals h the wall
of the. 1 or 830N dre AoHel Gelreiolins PESEel FRRLTER T ARG 1) "rens

for suppl ypagsihlthdlasek blugkimatrasisaial under pressweithsoughsorifeesaoarduse by part
of an injection-noldi nP machj ne 54, | ni cat.ion with the

. , ds jn flow 20 co

Lool 12, ASbeiaingieg F DAITBAIET ioh HINNRE' feAtrG @b Ui p GseBhIMENEaRABINE of bei ng
a source OE&eg{ &S| e'lééé?r(rjbl&%lé?ﬁ h'ilﬂer’i@ttﬁfdugh atrPinﬁ]élﬁioﬁ'rﬁBFairﬁg such as
transfer nmoldind machi nes and plastic extrusi on nachi nes.

machine which causes shear thinning of the material as the material proceeds

to the nozzle of the laser injection machine.

30 A primary advantage of the present invention is the speed at which laser

blocking material can be disposed on interior of the airfoil which results from

supplying the laser blocking material in a way that causes the viscosity of the

material to suddenly decrease as a result of shear thinning. Another advantage

is the integrity of the filled airfoil which results from avoiding large pressure
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The tool 12 includes a fixture 56 for engaging the rotor blade and0fiMAYi20
- the rotor blade with | aser blocking material. The term"filling" neans to
di spose 2s or supply the material and includes partially filling or
conpl et el yy:fei J 0@ I ok i re . pl ate
62 and sprdégérlp Hg?% 'ﬁ%ﬁ“@@r‘a"g@eﬁ'ﬂgt&ésﬁ&é cgé gg‘% “gﬁg:ﬁ%ﬁﬁgﬁ?%ghﬁzaggg?bl ocki ng
mat eri al et simebe thinnngcttb |44 [Hpclkdag phabralaasdt ppsees thraigh thel steall The

i njection noldi ng machi ne has a Ea@’bl e 66 for recei v'éng) the tool and a 30
housi ng 68§aAVHiRS HYPBETRIANAGR CLISHERRAN IRVEMEN 1§ ARG @eSSINGSPEREE housi ng
| s movabl qyhan e 6 deeRedding b EGSRREN tifle theeRtol By BROLERIMEXCT L 8

predeterm ned force on the tool”and on the rotor bla T ousi ng has a

chanbes 72asenrbloekieg viatgrial atHamperatdrest iebaden fiveoblndredrdegeeésal 52 (shown
in_9 Y Sschenmatic fashi The vol of. the charge i

i Ghily IEANIERNeih G st Fiase RRTSe by FoCrRAa 16 D GRCoy alang: rf o |

whi ch i s r|§§€r' Mb@ﬂn@{ﬁ%téﬁéﬁhr&! K tﬁﬁhﬁ’{g‘telan Jﬂ%mﬁ%@%idzghé?\%@ti‘ées the

| aser bl ocking nate from a passage (not shown) I ch has di spose
t her ei n sdoaleoneastsviomsdity Shyoestirfgotiheflasaribigeking hatérkaldo téinpetatagesmat eri al

into the chanber,. A pi.ston 75 is dis din. G er fo rivi t he
| aser bl odRp oAt PN eTiniEed Bereed Hetrauant g hoBbingneke e Sfflee
pl at e. joOneadigielit3d Aehakforagiiriog dfeimd.hi s purpose is the Mdel 70 Injection
Mol di ng Machi ne_avail able fromthe Mni-Jector Machinery Corp., Newbury,

Chi 0. Anot her nHihfaiegeing endribepiasaiwies aadiagvaptagss ofdhemeesaifo Pl ast ar
Tl -90&2 i nj I J I Is f | Al G th h
Toyo of AByentcyIttonts ARESaBBaRfn A e Bl il = 09r | Lous

spree pl atadedwiptien o6 theihvéhigort and atdiscussed egdalustrgted irethe such as by bolts
(not shown), to the hqusi.ng 68 of the injection nolding machine 54. The
spree plat W%Ty'%graé{‘” e tail slot 76. The spree plate 62 is slidably
engages the spree plate holder through the dovetail slot and has tapered
edges 77 which cooperate with the dovetail slot to retain the spree plate.
The spree Briaf Pesgdppantofddramiegsassage 65 for receiving the | aser bl ocking

ol Th ' _ _ A . i hi
"0 F1 o communi B 5 PRRPRR IS TsBURTHEr dpofipohely sty A AMIRg J0°™ "
t hr ough t Heol fwotdispbsofg laber blockingendéteddkinibe compareblt;eand; irndhastoahlof wi t h

respect to the. housing 68 t he injection. nolding machine 54. The t ool
base 8 | PRI 4 FosPeaLlant PRk TLE R ch T2 80 aaptien PRISR bl o 66,
The base ipaadmet ed by | ocating dowels or locating pins (not shown) for
this purpose to precisely engage the table at the sanme 2s |ocation each
time that the fFigihis @ siderlevatiand cepsst sastipas) vewad dloe @irfall SHowmid t ool base
i's adj;j%stafpl e1through the table with respect to the housing. The tool

es a

inclu sk 78. The mask has a pair of mask nmenbers, as represented by
the first mask FRignthBris @Zrasslstbiéores vimwdoithelaireinbeowsdn Fidhd Arddennenber s

each have aaloﬁartfwgﬁr?és ?B-{Beg}:l@%e EA?d by the first surface 86

Fig. 2 is a view from above of Fig. 1 with portions of the tool and
injection molding machine either broken away for clarity or shown in phantom.
25 Fig. 3 is an exploded view of part of a nozzle for the injection molding
machine and part of the tool shown inFig. 1, which has a pair of mask
members.
Fig. 3A is alternate embodiment of a portion of the tool shown in Fig. 3A
showing mask members formed in part of fairly rigid material which engages
30 the platform of the airfoil shown in Fig. 3.
Fig. 4 is perspective view from below of a sprue plate shown in Fig. 1
and Fig. 3.



30 of the first mask nenber and the second surface 88 of the seccuﬁmﬁqﬂg}

- menber. The surfaces each conformto the exterior of the airfoil he mask
menbers are formed of elastoneric material such as roomtenperature

vul cani zed (RT% rubber. One satjsfactory elastonmer is material is RTV 668
“io 0 6 MAY 08358 apeevRactive visve PRl belowiaf an alterpaie embodstal El ectric
Conpany, T r sed jaws as
represent \e{ﬁé%yﬁglaft%\gg?wﬁzn% 4a$1%{;"¥@% rgleég%n Javsaaégéar\c{zs cL\l‘/'?@w'qengages an

associ at ecbmrn&aiecsfarshlﬁaee s3] minbarwhichifingintthe rededs. menber into a faying
relationship w érﬂﬁg airfoil 10, For exar‘r‘g}li,nei3 t he second !aw 94 engages
t he second mas K igefie PeuSPasive yisw Phihesos Wraile Fig. fliiRgglied opad base of

t he toql d | H8Sil @it 5 pect to
ot h 1 Re’ KR e B B et Nk B Do 1 ons
the spree mpéiariel and cbodsregsprueiptaterandsaspne plate molder whichcies beérse faci ng
reference surface & 8!:' vides, in conbination wwth the spree plate and the

spree pl atBoife E’r%’%@a&e W&yaRﬂer%'iU%m ng the rotor bI ade with the

i njection nol di Q’Fb%{ 94 are
capabl e of rel aF?gve mgﬂé‘ﬁé\% ?@g 'ae'lcw:ltd?% eac r%x‘nﬂfﬁ ait;%\‘@hg\ﬁ%r by the
phant om | |awha$earrpd¥ye;h§tlenetp@lymersand alvrows visousibl e W\astdal rSmpadi; as@ t he second
jaw from the closfeg1 % shown .in fuél to an open position shown in
phant dth  FHECUXES ‘? WA 4lnr{§gip506i§é,5pcg@ %ui des for such nmovement di sposed
on each side of the jaw as represented by the guides 98 and the gui des
102. The first jaw 92 has a first guide rail 104 which slidably 20 engages
the first Detail erDWrMOQS’f thﬁémrqrrtsqnj aw has a second guide rail 106

whi ch slidably 2 I such
relative noveneﬁpg'agﬁf)éﬂ%] geé \F@h%ﬁy@%@?éné@b? RA}E%@SB%&&’@%P i oned
above, theideitdfdoy a\gaprtonbnmmenglhe Figf draisw shows Baoel 85 fdradispasiag ang t he
mask 78 with r ect to the e injectio machi.ne. This
foat ur o >4aReBBER0 redeliBon iRl i eoBbEsnn’ | Hib it Hond S0 sel y to
its closed @Pﬁwmcﬂrbwfa]ﬁearboc%pcbée‘d (EPRELIVERRS, 6% aﬂENéH&hthhb%\lﬁonfsr om t he
open position to tire closed position, as represented by the arm 108 and

| ever 1512 arediladi SMihswetwihe irilshpwTisea eates blgdpltbeterm adail” iaclpidest poi nt

First ) aw QCLaPRA e, B 06 ciBSlhg SR, a8 ol Vel °h Be. 101

enabl i ng t he opregaubrs asndeaejevﬁatyorrcenseyeeotnonahsmw ofitheatiotor lbdeld0i nt o t he

oo 6T bR T o 888 Rl S5 Bhek B Wbl o
hydraul i c a4 rApaeBRAYS, Aid BRSBaAd erd, aﬂééﬁ-bgéﬁeatb‘;hhéﬁhd?’f@' The dnfbil eys, or
springs. Flg 2 is a view from above of W th portions of the tool 12
and t W i aITen GeroRYNGIMg Ieating ﬁé%ﬁ@k\ewchﬁxtfmiﬁ fraWisar My, Fig. 2 shows
the s rel I nd to the
passage 6o SRRRyPiralifd ehde %4 P sRRed RbRhEE SR S ABbindtidCC Ldant s
the spree |phding ¢dpe. eTlee mefdllhﬁaspm plmallrtybedahtles:br pgssmgeearﬁoabobhrmratrhe

nozzle 70 of the i ti no dln machi ne. e | ate. ha i rst

S de 114 remIaesmen S GRirRen Hag it sags PacbiRsaeRs 2k APage s Faces
spanwi se aygihidx@nd fiftoligh S fiot BF ﬂfi&erdtﬁr Elaéeon‘?\eaéds‘éQQQQQ@' BDOB2 i dnd first
direction along a spanwi Se axis S. shown in Fig. 2, ‘the spanvm se axis S

i s the2sst agkientgndi into e intesiog ﬁbmmoéer kiade podOften @tiend i1 serpeNkde. The
first surf to engage the nozzle (shown in
Fig. 3) an%(é orm aPeggg é“é%ouyﬁﬁ{%?%ﬁgé@%gé 65 for receiving the pressurized
bl ocki ng mat eri Big.12 $s 3keogsassdignalbdelwvdaken alaondevisgatanigahe lihe TBy1B of

di h i d | h bl h
or  ow Sor g Ror T8 STpU e fow 6 dhd Bifddsta MebditeabpheeidBon ng
formed by §heaRasieRiSidNalP?2 add ,thé”ﬁréeéuw@urrfé’éé sigk dri@déwhipa4 by, These

passages adapt the root to receive t | aser bl ocking nmaterial fromthe
i nj ect $oon ablhesagunfachs axtendoeTnwartiy Eom;jthey lexding edge to diag traflingsedgown i n

phant om Thnd Ie?&’eenrd r}panwme between the platform 16 and the tip 18.



an end portion 112a (shown in phanton) which engages the first jaw. The
lever has an adjustable link 112b which allows for adjustnent of tp ﬁ ,_?
of the lever. The second jaw 94 (shown in phantor‘r) is spaced fromthe |rst

ypi ol by sl BBl EnRE Fhilbigkelh FORS. PR2EEsEenl By i 48, o

thirty ml®nhet2helealdR édg‘ehﬁés)sag@%|n3he5’reé’dln§>éﬂb@¢‘6 oMivA thear tial l'y
broken away, showi ng part of the tool 12 and part of the nozzle 70 of the

i nj ection SIWP‘:M WI@GWQ%@FWON%QW ddle impingrraent ineles ara of el sizehe fixture

nol dor 64,218 h8RLa R RE I ARs Bk Ber et Bl AR ARG IR A1, °

ext ends tf[brptlghutme @mmmgslwaewwwm«atarrﬁ tsphek phdPds G7e péhmeterzzl e is
pressed acgl nsﬁn the first surface 116 the first side 114 by bolts (not
shown) whi®¥@NgEe)t Ha SHHPZ?%O'&@HO%rtB%?‘M%@aV(S@E?r?el'r‘y draylic digmadep) ate 62
has a sec €

06 v 2008 STESY INfRLEY rls° PR B RO ¥ M Sob% RS R i -

bl ock 124 lézhcdiugte‘dw 2 askepredentdd by tspholed @Qmmefrcbmdhenrhplrtgelnmtpl at e.
The locatin

A f t f 12 ich f i th
T ot o bsBP 25 e osiRa sHES sedthin TR Bxiagon of frackriyers: 10 1 n the
operatjyve s congd kh&Wn id %y hBCAhé %yqusﬁfm ﬁ@mrm@oerngﬁhaetﬁ lsatlto deat is

softer than the tip of the airfoil to avoi Jécsarra Ing the tip of
airfoil. The hotzwvilt arEser beavmreaswepr@dapt@bsbm%lasewtseam;te#nongtrm% to

gty 1 natiey e AN Bee Alnd 2R passion B0 AL BB ARG cat 6

t he secondn rsea&nm@besmohmr 1A09|la§éa$ﬁ3c5@1d1ﬁ@t@éi6l2f19@1%pb3§d iTltee first
mask menber 82 and second nask nenber 84 rest on the surface 132. The tool

base has deP@PEIGIHT PRIPILRN BRItNHRIBe companead far atteswating 419 oundi ng the
bo“°”ﬂ5°f B%sh?aﬁtﬁé} s%PBb’éPnonTHEg ts@?bio‘&fi Eh;rﬂgteﬂa‘?%ﬁsdéé thﬂ\ﬁe'l&&ﬁ/' ng

bl ock dlspose I'n the circul ar o ein ase to precise | ocat e
t he bl ock sfanmelpesirat injurehstrestprecthat tactelaéhe sovling abdote a$ thehlaskr keame. | n

et or ence WERFRTOLER the el o e kBT RBR e P B RREATA voul d wse ¢ he
base reference Asishewn nﬁmﬂomebhssowwag tAdelceRivgndateriskungeber 128 has

a second openi ng 138 which conforns an aerodynam c edge of . the airfoil)
such as t HECPBA® A§ 'eRERSePIELPY DBt G N AnPEaT- m%‘a@géﬁé%geﬁéﬂ@'ﬁé!ﬂ‘!&

over| aps télﬁm‘n%ﬁ%dj%n‘%ﬁ%ﬁ%ftoroh? Ht&%&te%‘&u%ﬁéﬁt%‘é‘crﬁ inQ: ¥l g 42 and

the pressure si e alr I S engagenent ail e mask in
suppor t i ngmashkinpasipabiohigeinpe eaurceemf peassttizedriaser Mm@mat@a‘rmm

relative on 0 the ther and foil. In an
alternate %ﬁBi&PﬁQ&S r?ri?ée"nlag 6%("‘"@\?%?%&%8{? t&%\%énﬁ&‘?ﬁé%nl y the
trailing edge 2¢hetodihe |ab|rufd@sla i@ 5e3ﬁsrle$\g@g|rﬁy therrotdrevl eadadd mgimg of the
fixture shown in Fig.3 having a mask 78a. The mask 78a has a first mask

member 82ahgraty Kadewithiasw Heskes netarialThbe feen B0 fmoaneta disregcwi th a
pl i ant, matgr éLﬁip mf”hé Rt AR ﬁahgéﬁgﬁrtf&f tﬂm?\gadrr&%?lgélete?}'ﬁhn %hélb\éc;ber 78b,

i n conbi nati a reasonab I gl suppo rial
type used The fiktuee irndadeng blalsecﬁB sprLie Hath62rask apew@p?at@hslc@r@drﬁ on of the

first reference s ce 1 t en es a anw se fLa rface 17 on
t he airf oi P2SSRYCs é#b%ﬁﬁ SUPR '%%L{ﬁ%agﬁr *?‘Qg‘f'ﬂa r‘%ﬁ@f'ﬁ@%’a %@‘@ﬁgﬁﬁ'& ° BPHS or m
16a of theplatd bl lsprddiplatéihbriee is simlar to the spanwi se facing surface
of the second end or tip 18 of the airfoil in that the -13
The injection molding machine has a table 66 for receiving the tool and a
30 housing 68 that has a nozzle 70 as shown in Fig. 3 and Fig. 3A. The housing is
movable in the direction M with respect to the tool 12 and can exert a
predetermined force on the tool and on the rotor blade. The housing has a

chamber 72 for receiving a charge 74 of laser blocking material 52 (shown in



0 6 MAY 2003 surface 16a is adapted to engage the first reference Uﬁﬁﬂ’{:@@}
| ocating block 124 to position the airfoil in the spanwi se directi g
4 is a perspective view from bel ow of the spree plate 62. The second

spanwi se fagi ce. 1l aAl The nd surface . ' s faces

shanw se 1OREREREESRBRY TH ARk of HE gtpady Suctifiiarest Sie T HrintEnsha s de
120 has a\lﬁl@ﬁn@(‘dﬂtﬁélrﬂtéﬁor\"@ﬂtﬁa a@r’ﬁén?@ﬁﬁch‘@réé&vuﬁ@%a&%@ld&ﬁg‘ Pateidli stance
D which is about sixty (60) mls. The projection extends around the passage

65 to provide allwaha@bepériraecives mﬁ)laselthlecwgsa@t@nanﬂn@nmppsﬁageon further
has a thir t hat,. .anot her_(sec refere ~0 surface
hot 2 hoeiop ShaRREwhich MBS e Bl dats PRE Pl 16%ind ot 4
surface {spedasersfathg tdtasarngtd Blead-antiers W pres) 7h asdigpssadin e f aci ng
area A2 which is less than the area Al (A2<Al ). The area A2 provides a

seal i ng ar@w@napersdeadrivingrtae dases tlorkingmaterial in passage hihraugithace 144

curface TGS S TR AT She alBE O R A BE g iR e o e
roughness NadeEzs injection Mofdiad Machineayailablestofn@Be Mint-UectonMerhirasy Teasur ed
I n accordance with theégﬁocedures set forth in specification "ANSI B46_1 -

1985 Sur f de@ PTeNEWPHY. £0ip) ABrothanmaashine Wikg Daarrevan siisfactpryiadiels
Instityte S Hj ot or 20

bl ade Has o T o G B Bl Tt GARe HHRRA 7% o sh
with a surGene i’r'mutgjgmé*ssobifmrrmTidameChaElmthloabrdukrN.ﬂ éﬂOﬁ;Bld twenty five
(125) mecro inc The ree,plate h dtothe
i njection machi}fga SEBWH '5?0%3 S tﬁi‘fﬂfg r(ﬁf%fotﬁﬁﬁﬁ@q£$é ée&r ptate 62
is fixed tjoirdae sdsh sBRebdIsAhet bl@d)\dﬁ)r t@h@h@@émg@B%ﬂtl@é u@échwn #ewisg for
fixing the hoI der_to_the plate. In the enbodi nent shown, fastening neans

(not shownaghige %eTagrse@Jqoplat%hwéeaeas e:::lqvmaﬂélqtr?@ NesSRTyeaBals 62 he

t
L ect o0 TRlhen AR g A B0L IHRPIR B IhE LRIt Spree
pl ate and taperewedyes 70 wifich beopenate:wnbm(a?)domahlstm taretapr thesgaueoget her

tight h, tof th bl ocki terial
[ rom t he pSkaBn 8P B STR0SY RGN tihBSrRLEceY I ‘RRehIGENB TS downver dly
on the spriggcRhgifatefiafleThéPaubide plates e Enfthbabpriof fReinjistishefomRmyds

(100 Ibf). This pushes the other side of the spree plate against the
airfoil tdnpehinedndion ceramunirationt vt hedpasseges 78 B8, a%d%wame,xtend

20  through the root 14 of the turbine blade 10.

The table is adjustable with respect to the housing 68 of the injection
molding machine 54. The tool base 58 is located in predetermined fashion with
respect to the table 66. The base is adapted by locating dowels or locating
pins (not shown) for this purpose to precisely engage the table at the same

25  location each time that the fixture is instalied on the table. Accordingly, the too!
base is adjustable through the table with respect to the housing.

The tool includes a mask 78. The mask has a pair of mask members, as
represented by the first mask member 82 and the second mask member 84.
The mask members each have a surface, as represented by the first surface 86

30  of the first mask member and the second surface 88 of the second mask
member. The surfaces each conform to the exterior of the airfoil. The mask
members are formed of elastomeric material such as room temperature
vulcanized (RTV) rubber. One satisfactory elastomer is material is RTV 668

-10-



0 6 MAY 2003 area Al and the root of the airfoil). The force F is06 MAY 2003
transmtted through the airfoil and presses the airfoil tip (second end)
agai nst the block 124, trapping the airfoil spanw se between the bl ock and
the SpreeEPAs?ﬁSr%erlbrr‘n%Bn | é\?‘d{jl%teefr@r‘ﬂq Q'G@?@ral @@trf&%ér‘ngﬁﬂ}/gﬂfatéﬁcﬁﬁs agai nst
the spree s plate an t Torce wou d urge the spree e agai nst the
root 14 (dcond end) of the airfoil. Again, thls forms a seal between the

spree plate ang,t e afirgoil t the second spanpwi se facing reference surface
144 of the spr @eBPa't UtRGIchisescbpalr RS CRRARECHALS, 5 FETE TSR By (BB ock
surface 1 r f Sedt f the
rotor bl aﬁ&tio at thg %&%ﬁfgé\& gﬁce%aéfr(?) @@édé%r?iﬁﬁgt%&l njdudpgs as the

i nject$ onrrramkderr@ﬁ rﬁaﬂ:tmr mxegnpgélssmsﬁ%emblef mtd: aefgalnlgsrelatilmasbllpomm thander
operative %Pq & surl g@{erlal @lts th no | e

pressure 8% gr ?(’faéﬁﬂeh rePdaN ST Pagedtu ?esqcl‘?@ H?f%r and a

t enper at uga, ca‘e@@@utthé l@é@@n@wfser&e@qgrtﬁ%a@@m@wou thé%@Ebnd;ewal g. 5is

an alternate enbodi mrent 62b he spree plate shown in Fig.4. The spree
pl at e 62bprevides asafesence ﬁm‘m%@ withaeppeat t@p@ﬂytfwla@wam §8fartdntotthe

Ci ba- Gei gy, Cor par.ation 7 Avenue...East Lansi M chi

48823- 603 AL et dRrgpel B3¢ TR e SRR o s ko ar8oB0oMar dener
This ¢ ofee ZJ@mD\fVItm@l@hbﬁdW@e@élﬁ@lré‘flerérﬁfe dUrtade0sratidag,  ock 124. 20

The spree plate 62b showmn in Fig. 5 has a recess 146 for receiving the root
14 of t hecpobiatisnaith thespiueddsle angsthe spsue piaie halderia pregise waxddpt s t he

spree pla t

pol yt et ra%ﬁ% g ﬁr?t@ﬁgla\é%a '”P@%r@%‘% rﬁ'ﬂﬁ r§¥gﬁﬁ§to‘i{?ﬁﬁg tlr]lﬁ'g'engpl ate and

agai nst theeraitocmr bI ade by the injection nol d| ng machi ne. The

Dl otki ng i or (0P GG FRE Baceal? waeitn e tanauth ERe BPoad® of or

bl ade s | no@i. XDSBWEBY thé PRaBRM lihss RbPIL, tihe afst gawré Aovable Wil | ong and
one-half of an inch wide with an openin suitable for f|OWI ng the bl ocking

mat eri al TIRLA fe thersecasd Jﬁwefrantlﬂ@.close sdign Tonat by Wil daeerardn for t he
| I t end
seal is ][“56% ‘@Jowﬁ"flﬁgﬂ} ﬁé%g&%@gg Ja§%4mé§5#§mofad§‘és¥’erp gh encency

to cold h| S nmat I n sheet st, Inc,
One Connemo\xﬁumerﬁbrdls'px)smm pagh eie didhe jJay, smyrepdodshtdd OY. thelguatqsl%t is a

P ceea ! Ae e Ries 104 OTnBRtiod 92 s frel obidd LB SegblT o Do ey

for i npectengagkbesss filst pekiolguithiseds. alhe ittt v hab REsddtnecgion raiph 06 ng
machi ne 54. One_nethod for orienting a new airfoil with respect to the

i njection whieh slidably epgages th@eS%ﬁqnﬂd?a'rsofr&yd%1Q%p%'tt@mat)\é?ly WC}"I ed s using
the tool glaﬂ@%cﬁdeﬁﬁént%@ﬂt bé atcﬁoﬁﬁyg’{@d B)hgrhc;af&rm% F%@H?g@m§§@eﬁﬁ8ﬁéae and

to install ool 1 n an~apparatus 4 as he appar at us
has a tablaboﬂzéﬁthe&seuolndrjanDrbhdesebﬂmb aefé&rshcsmfater%tﬂmelooatlegﬂln@maaw di ng

machi ne. ab e h cat the tool in a
or edet o ot rshach i e s Bt (hstioR aidba edtine [l Teslle  ne. |

| ocat iBg mbat B8 4epivatéPpRRsddd PR dttohbaw pstatnd pradisettdddclosba | ocating
bl ock engages the tip of the airfoil with the first reference surface. The

conbi nat i G¥S8Pthe tool 12 and table 158 locate the | ocating block in a
known post {1 0n id focf FRRERL hEaRERARARRGINSIEHR fERnE DR skl gecond

end) of the airfoll 1s positioned w't ect to the apparatus. Airfoils
of differdne clasegtposiian, @asebgesamtmhlny)ﬂmmm it 08 eind Ievert Ut2mieshahi®nyi ng t he
bl ock to g h%lw%c% aV| h&arm! |§ SRoFecpaeb&n a pivot point 113. As the arm pivots
30 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,
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The apparatus has a vertical nenber 154 having a groove 158. The a&par af us
has a laterally extending plate 164. The plate has a verti cal sdb&) A 1064
whi ch slidably engages the 'groove. The plate is integrally attached to the

means 20 SR N e R e e B B

pl ate is aslahtied, polleysgageptimgs.spree plate hol der 64 to | ocate the spree

pl ate hol der apd spree plate 62 precisely jn the spanwi se direction with
respect to thepfg- §§F %‘ég\é{ﬁméb@t@ﬁ)ﬁg&-ﬂZ‘G‘t%POW%‘SI daeite) W 8rkthghd with

t he sane ' b | S rf i anw se
directi Onfﬁ&@h%ﬁl@l@péﬂ%&b?@e&gg@@gﬁ%ﬁf;@?%ﬁ%vf@g,2' gshuc %@Oa spree plate
el emrernt , sdlatidreshipngf theerosmridede! 8tte tite spiughtlatect21and to theopassage 65 he spree

| at | t he devi id t t [ ti f th t
(17t orBREHogR ypwiee 1GpHBhdte B PBIS + I PeReASecerarie e FBpr oo

plate el epripd t@f&eﬁx}@th@é}!r@@s@%z@oeoléél@nﬁMeﬁﬁlﬁhﬁﬁQﬁé PdzPK APofih@ Spree
plate 62 shown in Fig. 6. The advantage of using the spree plate and the
spree pl atngediiondeelding enadbiriecellse apiugtplalg hasca it sidepl 34 banipigdeefirsts that it

r epr oduce he. e ment of, .spree plate | he operative condition to the
i ioil aneregsedlnE a8 o Rufidol b faids G Mae BB oM N et hod
for ofg entdtogblabie inittié BpbratileWohlitiodSReCHrst @irddlioni A1b8E bi sPanmsslakig nmachi ne
54 includes formng the fixture so that it has the cavity 13. The cavity
adapt s t he- Asahene iNd-ige2dhespanavise axis Sivsrthe staskinging et thegghordwisss t he
mask 78 f i I 1fofl & i C i,t].on, he net hod
i ncl udes ?%?t?n‘é}%g&lt‘ﬁg rérg)&? '%ﬂr‘e E%ététg]ﬁﬁggﬁ ﬁétaglﬁﬁsoﬁ%déﬁmgg) l?tﬁé udes the
steps of éngagetheanozrzle (stsowmin Biy. 8) ahdifdbrnparseababadti tbhe passdge®dsoonal |y
equi valent to.t hﬁhai rfoil. wh is to be filled, at |east over that region

Lch
of the cof¥SANe %Hbeﬁggz?qi.bf%m Mal& @ nati vel y, an actual airfoil m ght

be used for thﬁ*he%%sagé%%rhéﬁ & PaFNGdAI8n aaBg0! Bis&ﬁ@rgﬁ?’iﬁe\’, the plate 164
~0 of the apparatus and the sprue plate 114 are adjusted to orient the

sprue pl aPEessurined bigekitg matarid indptheretor bladeH®.  Theoayevorrritipawidae and to
the first . J: i d
i ngl uldrez %gépﬁeﬁ%qﬁ ﬁ@wc’:%)r eﬁ%’é‘% S\aé@ﬁ V%'Egtﬁsegﬁl’gggﬁb%gﬁd} ﬁﬁeep g|.gra?telg'nraéeé;gr ence

surface sB6h32he4 irt the root efhthatrotor iade. hd heseeaseagbe adpputhepioat ® and t he
core to the fi rﬁ{ﬁrefeéenﬁ.e surface is the .l s.sarrekﬂa in the operative
condi t i on!®°R¢E la5a" Plee 'Gaégat&”éE(SQ'i“rf edNIRELeN 1Y Qé‘i‘?%‘n?-p fluid form
in theycavity ¥Beanstjal obNtheltdsl MRILERAN IrPphEteeN. TR RVeRUIIRf ARGt Ory
material is an elastonmeric material such as room tenperature, vul cani zed

mat eri al a0ANcRPECRS 1Red8hewB N Phantoameraich @ngeges ehechrhiaw. THe As shown
in Fig. 2 i ] : j i £e Of
spanw se ’eex\{eg‘rﬁlg%r%nség?%gt\\%{ggg Ié@p?‘le%é]ggﬁf@mdyﬁfﬁgﬁj gsf'ﬁgetegﬂﬁigna%ﬁb and the
grooves lttalevar6lhe Beeonddw 8¢ (shveniimbhéhions is spacedi&sen tveofinsbaw Thi s
material hardens to formstrips.on fhe nmask, The strips are represented by
Uhe st 11 pby £raR! 573 i EnORATgHER claredGeaBles. Tua0ob s DR SRR L r st | an
2s andst henalif b hBBEdimEPE R Mk Ghare RESHE il 8 HiRPYaR (1083 datBb of the
second jaw. The strips extend in the grooves and engage the jaws in a

chor dwi seirfiéstti on substantially perpendicular to the surfaces of the

jaws. After the. ri t.he,: 1 i ncl udes
cutting the m?@ﬁ%ﬁsﬁ%’?gé‘gpg?&%é’v’&ééﬁte@wg%%fgﬁ{ﬂrynsgg?j\?vr (o |o§fﬁ% forma
si ngl e 3otealrtd agd pertefithie acnrle 70 efdhe irjektiorsmaklng ethaning &d. Javettionh | i nes
i1 a two- . piece sk .I's sired. The parti | i ne enghl es renpval, of the
core and i“’?@é‘ﬁ?ﬁ&]‘%f}&(}f@&% .ailwapgqxturpﬁr.I H‘ée?) rtQPPl?/%Secgadﬁ‘Pistﬂwelpﬁat?he
embodisgeniaos bAwing Bphidiolafs hbier BA! Uiratdrli0pratdhRIdER s BbbfiRg sigle of
the airfoil to divide the masking nmenber into the pair of mask nenbers -m

0 6 MAY 200 B%zI840 axterdst tbrevsghethentpsdiime i $ fo engage ke beruggRrtea®le to

have nore n.a,par of mask. er T t hat
each part |T&%6\??% é%(érgﬁagd Sg?m”gﬁb&‘t {lu%t CSgEI% F%gﬁgigrﬁﬁ%ﬁl:e% Sﬁee? ﬁgtbfyl%nbg‘{gl y

manuf act Ur(ﬁ@t gidvf/r@)i thcﬁfljrge ehbede tdnd sj_msé( plate bdgutkert hEhé kpmeoplabd ocki ng
material out of the holes 46 of s the airfoll to such an _extent that the

materi al fddRanasecradside 1Pthaving a3RPASEPBWITHERCHIT BYifACE b2t he | aser

drilling operation. This is inmportant in those cases where a repaired
airfoil is being redrilled or a newy nBrrufactured airfoil is being
reworked and the airfoil already has sone cooling holes 46 fornmed in the
surface of the airfoil. io The jaws 92, 94 of the tool are novable relative

to each other. The nethod of orienting the airfoil by form ng the mask
i ncludes spacing the jaws one fromthe other by the gap Gin the cl osed
position. (The gap Gis the distance that the jaws are spaced in the

T N o e o o M



satisfactory material is beeswax. Alternatively, the jaws m ght beEpacHf
apart by a gap GL which is greater than the gap G This m ght be achi eved
during the step of formng the mask by not fully closing the jaws. This

[ts i th t | th of ,th bei i ght t h th
Storar wiath dreiiteoeadh idhab{ & Bten B o fasneiid By S e 2hn  nder
oper ati ve(jlgeamnd bRItk), WHith [einceedganisy RE@AENENGE playerhefiotatirge on the

maski ng menber. The sanme effect mg_gt be achieved by adjusting the | ength
of the | ebckiidhasaviest refesenessuTaces 126 giichiacas e the/sranwisgi ng an

W th a gag el ehd it bider el To KT A0 1940 g VebelES hat e
jaws age spadridnaiie lobitirdislookris Gkmedtd sSbictfaf tiay sidr tanwas tipedf at
about one eighth of an inch (125 mls). The gagﬁGl for the tool in the

cl osed podhe piiPilita ayeil damadingdhe tireef the airfollf b0 secapd mMAskMeMhas IS for t he

the secondCPaby aifercuaaiid 528 (Srehln Feibo POt ARIART, s o8 Ienor aw se
faci ng relegatingeblsck lsamestab(asauglyinside] tendsweadrmask mensderB4vahd respect

tothe lo asi ng hol e 134 because both are fixed. The |ocating hole
posi ti ons NeiR$ NigrSECONHAW HRaale Hif BReRNd MAsk MAMPYF -t he first reference

surfa 126. T IO RS i riRSdm i mask
msrrbeﬁg 82, 84 igﬁpgér‘l%asg%htaﬁe jawoltgoq?g\lfgﬁ%hg?i S éﬁ‘é’%@% %@%3 known

r el at i onsisepond ntaskespmber 84 rebteorathef sifadent3z hTee ¢y deseliesfa testatingf er ence
surface) an airfoil tqo the refere surface, on the second jaw 96;
and, the BT 43R <BHP Pre iedeienRe strRES I5P B bR iEr 8P i BN R 3Bt ona  aw
and the basgitiohirigitheflbadtingenianid 12hemee bbatmiblotk s diepbsedin thaeciaripar at us
to the housing s Asmall |ateral adjustnment m ght be required, for

62.
exanpl e, RIQ Wethggepkhasedodyraiselydacatgdpe inckyfsnatenal withgespedddp thd as
d t : ; . t
ol ot 1nshol Tl ingdfe P17 Hh SUER R SRR ROAR IR pASY TbAFRETE P,
appar at us nierobemhéaving thd érstresfierérscet Siafaant26ofior eegpgimgshetipaafjthetzatidie t o t he

| at i hi {n.th tive_i ition. Certain th | asti
Dol yror s RAGVOH B B b betp £ Rioh S a4 TR IBSIHEPERE | aser bl ocking

material 52 on ftesddin@irhsk Rlembtd 128 R4s Alsadénd dpanmgl 18e8alhRAUAL I Ng the
intensity of the |laser beam These characteristics provide advant ages

during fi ISPNIYIMENS aft penodgamic edee af ieorirfoihisushas iedpading asdfadd 8es 1s
the | dor 07 SldThg ap ErEf sk hiert SEP R o A 1R Bl of P RILRIETP
only car bem otd thg duolyemsidee ae theopleastiecsige Ugmithe agtdiesTtiar nl ess
products o cEOTRIGE Sk MRYSLLOR Slpponfnd BhEpbEloHT 1A AT ¥ nd e
' members are moved relative one to the other and moved into engagement with
the airfoil. In an alternate embodiment, the mask might overlap both edges or.
25  only the trailing edge 24 of the airfoil.

Fig. 3A is an alternate embodiment of the fixture shown in Fig.3 having a
mask 78a. The mask 78a has a first mask member 82a and a second mask
member 84a. The mask 78a may be formed with a pliant material at the faying
surfaces of the airfoil, such as a liner 78b, in combination with a reasonably

30 rigid support 78c of material of the type used for the locating block 124. Each
mask member has a portion of the first reference surface 126a that engages a
spanwise facing surface 17 on the airfoil. As shown, the spanwise facing
surface 17 is on the platform 16a of the airfoil. The surface is similar to the

spanwise facing surface of the second end or tip 18 of the airfoil in that the

-13-



pol yner also has a Melt Flow I ndex which is greater than about fift{6(MAY)2003
which 20 promotes flow The thernoplastic polymer is partially anmorphous;
but it is also partially crystalline such that the crystal lini ty |s greater

than forg to diff h f :
Beper i meptUoFE 60 e B B8 AHEaORh A g rerBeractol 2Ener sRye SRR T Iy - rhe
term” pOld?b@:flbﬁih@éﬁfdlhﬁtrW@éﬁ)aﬁwﬂsérdufeféwﬁ of the pol yol efins such ~S ZS

"pol ypropyl ene pol yet hyl ene etc. include their copolé/mars and
honopol yners. Fidrd iSappispect vreview inemuxdow ioh 8 sprow rlatesti.y Tpel yet hyl ene

(1~ 10k SRAg BPaYSeRB B el orididn plhd had b sech® dackeor

| ow densfdoeshariisy kg damairb@b b doinabe Bpet s e2dhditfiarRnThaeetsner al
Pol ymer Division of Ashland Chem cal Cogﬁany and is manufactured by the Dow

Cheni cal sc@mpas Rl RIPigEHON Mdehwhjah ex inine §p@@¢V55§td1§ﬂC§ﬁ@ ehas a specific
3
Phree. deSPEHACDWNERTTB0 Sidl6¥) R TERtIRRIS Breso b ana 1 ve

(éOS) uspagsag’eEGSttalpdwl ddle arboul'ﬁled ﬁbrﬁ;é@ﬁaﬂ@ﬁl&?ﬁmaaggeﬁheqﬂbje‘oobhh in
ASTM D- 1 ntitle Fl ow Rat es of The astics Ext rusi on

Pl ast orre?%ﬁ"ef%wél‘itm‘f%wrf%%‘} hajprevigeshano SF (sapoad Bé/?éqr}ﬁﬂ ene by

f1 owyag @uH?E@%t%c&{ r’mﬁe%f a"nl)lﬁseoguré/&%rn %Pgh@%guﬁﬁgﬁé' aFGU P RifPd through
a known orifice at ture of one hun and 's ninety degrees

Cel si us éwgacy garmbndmjmnmasé teihgfefatemect sunfacandas exdpeenyi e fabireglt hs

Ki | ograns ndition E of the ASTM st andard.

Thi s pol § Eé"ﬁ@%é’ﬁ'é'ghéévp ﬁq@‘lg'g%egg %‘ﬂé{(ﬁ%cgg‘k of seventy five and two tenths

percent (75.2%he @re‘élmpfo@*dé@éﬂuéum@érm&u’sﬁw@et&mssgsr@efplm% hundr ed
pounds per square inch (75500 psi), a tensile strength at break of io

el even hdh8rtbld sydras 1géhavinmine deer\q i%@”ﬂﬁpﬁn&’r*ﬁf tacnghegferencer engt h at

I f
otona Foo RS BRErRRe thiRh ARETRRFD S ShBolTFRchFE BT Wi 70 o) gne
poi nt tmudegeemﬁﬁm%maas@nﬁ@neﬁb ofaabmn&mwﬁdeedGahmmrwamfps‘ ase
t housandt hs in i.le i st this
Sty T aB RS apESPEReh hdBS ot e FatrBdnaretTiteot AN, ont v
three ang4em_tHsSufses TesturadRNBBId frdmi3ng Aimeridih KEtibhaleSthagRRIAt Ure s
thirty six degrees Fahrenheit (36F) and the Vicat Softening tenperature is
two hundirsitaledshandng enqrsyremenisads enieyetageiom)theimeary 3hedspiry ner of

et hyl,geney,

degy 5 LR (s Egface Aay iR ARG RsRERLnY 11 BERIERFIMERYERL (he
mat er i al avurfacegioeigbpess fihish Roabalstutisine lyaxked afddwepéciive C1d)avity i s

| ess tha e. d may be even | ess than ninety five hundredths because it
lies in 'F%’ﬁ@ of about ei ghty four hundredths to ninety seven hundredths

(.84 to .97) Sitewpitetpifteaitigaey Eﬁnfég'rélgféttacﬂ'iedhéﬁh@1ryébtrd>rYnﬁkﬂ1hwém| ecul ar
wei ght whi ch is greater than one thousan is formed of only

car bon aﬁu0hmrb)g@$termg Vtﬂaétsl gfdanging. a§h©§P9~Iﬁ @lﬁ‘ﬁﬂ BAds fixes {et®y| ene,

I t I | ed
it 28 herspie PR HoREP B gfs Qo el A AR A e Aol O P ur e
at | ow slmwtfe dﬂmiab brmmjméatlgﬁtsmlfagteafngmegpgkw@tthanmrgedhea@am t he
Vi scosi t t teri a reci t ecreas an ecrease as
mich as yﬂ'ﬁ”@)‘%‘i@c@‘h{m "?(35@03’5‘%#‘%8\?@9'0 @‘@%”ﬁﬁﬂ% ?g'ﬂﬁ faa&gﬁ?%g e usi ng
the injeghé @Ertﬁ@bl@'té‘ﬁol@a?h dg@s tfh@rsﬁrﬂb %cétéwwtaha@yla@wotbh@%kﬂg TRtprial is

|

that the machine itsel hr oug pressure it -ZO = p6MAY1003 exerts,
causes s hbgpp@mtwm eRpcitfory, flae pm%wlﬁ&ﬁ @rmcéﬂm nerzle §Otadho Hgeiany | ene

r eachj,ng Sadit Loygh the
novs '8 FehahE AE Bhe e HRRR HBNEE o0 (HoRA fenltofRISE e BEE 9 ) (2 s
of the ailageriblodiing material from the passage 65. The housing of the injection

machine pushes downwardly on the sprue plate holder 62 with a force F of
about one hundred pounds (100 Ibf). This pushes the other side of the sprue

plate against the airfoil to form a seal (at the interface between the reduced
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s Like Melt Flow Index, the shear thinning characteristic is an e@ @Iﬁfﬁbj y

defined paraneter, critically influenced by the physical properti A

nol ecul ar structure of the polyner and the conditions of neasurenent. It is

determ ned by usi n(ﬂﬁa capillary rheoneter but the paraneter is not conmonly
|

avai | abl @8 hapefharectaf thg pircdhpEhaferred igiensrided fuough dae sifol

scienti stg,d L r it i of the
par aet o] BrR3Es BPSRRAD (RS Shal ARREE I AR e W passages.
Fig. 7 i saidotjspaiwvisel betepertesbiick@mddhetdpeus plede. t hi nni ng characteristic

for Dowl ex 2503 pol yet hyl en terial as determ ned over range of shear
rates at a tenpéhelfea e’inEP Ba{iniedpzz H"%\%ﬁ%ﬁ/agﬁ'\‘ﬂéﬁﬁ’@g‘?@%

Fahr enhei ti5i i \ i , LKLlary
Rheomst orP HesaGERTIoRS VRN L ainess ias IRE el R (RBbRGS Y.

preci pi t cersd)yofth@airéoil. i Agdinathisfatme acdeabetwedn thee $proddateRastile Seconds
(500 PaS) .at.a shear rate of .twent P r second to vz?l ue of less than two
hundr ed PHIBAR! BecsrRand sswies oo terereraliiars id4d thRgPLRBEknd per
second (28QP&a@ebt This represents a decrease of nore than fifty percent

(50% froma nolasses like liquid at the |ower shear rate to a water |ike
liquid as the Aar@rtionet] thwslocdtinguiginck Barface fl 86 I(first referencersurtsseisch

e 1 or Rferieh USRS of FltRraii®s LORAARE (e SPEBIPI AR RS Dostnges
in the aiinfured astthe injestasmowding achiy Besecgthd Siefol @igeist ted Biotk.

experience a smaller shear rate. However, as the polyner flows through the
next smalVadecprerativeepnditians.dhe pressusired snateriphexitsitheInozglectge, t he
materi al %Eﬁ%i [ i r rate.
The mat err':‘\‘g%gl\fm'%l 0 ef%é?%}gﬁ%%&%%jgjé}g@ gg?%?isﬁt"ﬁ{@gé?t%ggﬁggt rgﬁgw Il nore
easi |y fltempgdnainugoh abbuistimedd hundredaleghsed Rehramheiti(a00TH)ows out of the

airfoil, the pressure on the materjal t eratures of the materi al
Papi a1y decr enbged 16 20 R EHRAUTPE] B2 LML LR S 45 ST Tous
i ncrease g 4/iT$He0srlg A 63 isThieved of & pepddia tWé{}%ff??EloWawiﬂatﬂérfo' . -21

0 6 MAY 2003 Accordingly, shear thinning is very in filling nodern
ai rfoi | s figmHhe 4dba-Geigy Kiargonatioas 48N 7 2awmAvpoue | Bastiliansing, iMishignt he

charge 74 T [ [WaJ=Tot [ {401 i 1 S i n

per cent (%ﬁ%ﬁ%&b %ére erﬂ%%ﬁgfﬁasﬁj%ﬁ%& ?%t%drléael IJe\?'cﬂ E’mrr@gﬁ;ﬁ %%ded/ﬁ?ﬁé&te' to be
filled toTkisssioee exapipé ef biduitailg méteribbforshe tdoating blduks124| une of materi al
must be forced_into the ai &oi , for%ed hrough t he &”foil,. and, to sonme
extentd. forced!BRSPB PR G2b SBPWNILFEhares et Wh [arTPRevEe e

ai rfoil. /198 thé RetoPBlRIel aFhdesbsHAUE Seddl isGHEBE 147 SAAh biapiiCihet hat the
materi al does run through the airfoil to unwanted | ocations on the airfoil
surface. Sugaiatediwduto receivesa pelplatid@pgraathyeag sepli thy rapidly after

i njection [ j : ' i i,ng the
filling o%@?%ét“itagk’864étw1%”%i@re?%'?WQ‘%I)’]g&c‘ﬁ%&%ﬁr%‘l tg‘fe %pﬁge ?L%?%é‘& %@ﬁﬁ%t pol ymer
:‘ sf for ceﬂthenb@rijﬂmad@ggdlae atje(amnenbrdimjhmchrm sm@pglgﬁtaéluotdmmyl@lmeut

i fteen hundre ounds per__square i n¢ 1500psj) and at  a tenperature at
about Zor | SF4EAN PRRTB 52 oL Aer e MeuEBLoBak e 2L 8SdR) - There. i s
a decr easgaddhgtl SRS theliub Pidts M HAIMEEDIadB Nt SHPEHBLEIESNOthd he
material are exBected to range between two hundred and fifty and five

hundr ed aseplfie BpgUibgee taurthshefentielong(@Boee-hgi @F pnfineh wida withtast i al s i n
t he polyo .0 fanly. IS al - ' t.n_f LR vi scosity
t hr ough thééﬂgﬂgfsgﬂ%g% fPE%ﬁ@ﬁh%%?% @%&%@é&%\tﬁ tgeéé@\r,\bef\é“gé%”lrf\&go Vi scosity
andlthe s@el&rsattils'famdr)]nygnamuisifwﬂ@e éelalti@erliedﬂml ic;ﬁgmcfmTafﬂh@f@matyerial n oned .
application,.using the Dow ex 2503 materij al, e p t en s _extrude
at a pt esglg_fcg‘ f@ﬁs%ivﬁ%éfﬁ‘\é\‘hﬁ‘%&%}’&&ﬁ@h?ﬁr T@&@ﬁ&ﬁ&gw}&%@w ﬁhqe_ﬁto an
airfol | heyhig, ReEEas) RIDAE CohRBSIAR DM, BUIKLGHINEwdIerIB) o801 ch vas
| ess than forty (40) mls.  In sone applications, the passages may have a 2s
hydr aul i c4d0anetasplashisch pracdsessoft Daponthieftop® @@jerisdd 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 especially
restricted regions of the airfoil such as the |eading edge or the trailing

edge region of the airfoil. In these regions, pedestals and small dianeter
hol es retard novenent of the -15.



30 material into cavities into which holes extending to the surface 303
. drilled. Nevertheless, these airfoils were successfully filled, i B @@& (
because of the shear thinni ng characteristic of the |laser bl ocki ng mat eri al

inthe airfoil pressure of
about two thouTshaén g%&u% rid e?é %538 ﬂ?gﬁ%ﬁr@&%@@%\ﬂg %Hr?(ﬂlcﬁé R@BOOpsi ) with
a tenper atspectdd angenactiiee ifa m}elaangmrlbmmgmaténat&sduhrmm and forty

degr ees Fahrenhelt 540 t hat in the r e of about four hundred
oot cos. HARCEARGIAINNG Memns B Gtk Haats R GTBEUNB oK BETA VUSOF 1o 5008

Pol ypr 0p)fb@ﬁéct"f@?hé‘irﬁ@cﬂb?ﬁ%a\éﬁﬂh@ %Otﬂgt fl@é‘l'rffoﬁs ﬁfﬁyﬁtﬁ% ké(}}étﬁ,ﬁ,er}), ures and at

tenperatures above | ting point. During f the“arrfoil, the
ai r f oisl |u§|mtg ﬁpﬁo@etﬂQnThledlrerhsiEp?Sto/\netMtheHé\ertaek1h@oneﬂrieemec}aﬁe @84 ur ged

t th the f \ 2,..94. As d, th
?gg: gsor Pﬁrés F‘@ bt %?éh’f’” %QPIQEﬁ H%?g% a3\ %8 ,l{)qéﬂg gc@@%ﬁ?@é‘(@ﬁg%sg‘?nsf er enge
bet ween ttBSlegﬂSB @uﬁf"@r tbhR Q@ﬁe@ﬁ shwh 5 e | bRii rH fHe, exper nal

pressure to t air 0|I bIoc s the los aser |ng mat eri al
whi ch ni dablegzassiocatingiginst(het srh@/m)dwlmebﬂmcajestm t@aimaqfredaterrame‘dou | to

vl | of  vREENEAEe Paietin” Thedine Jde By RIR KRR Bk Y (20)

m | s)j0agadrstiornied hﬁaclbba @ldchelzhu githIbeaﬁm@ BloRR|erRfd pzéqu@tmﬁ@rﬁe al flows
is through the airfaoil | aser bl ocking material flows g}slckly into the

i nterior &ffol wethathembstlrefamche sirfagerglhog C@v@mai@mféaeémpi anlaig | ess
than one- {Bé‘f&cﬁ 1P Iégﬁﬁmgﬁ%ﬁ? W?Q(P( gﬂqs Sor it ré%%%?@?hh&r@%r}a:t&' ar

advantage 1s t rela ow rre erat ur
result, tsmemarnmm 186(pamnchenda) affthé lmefcﬁbsmosftumnledlvatrswslpet:hwthet absor bs
heat fromthe

eri.al w thout increasin n te n, amount whi ch
Tmkes harRHAEGS FATTEls of SRray a3 B8l et Cibmodatiindtie i handi o t he
ai rf ojsl s @fatr@rnd {He! btagkm é%l&@(f?avh@gj‘d%uﬂébl‘é‘ﬁé‘ghﬂ ght gl oves. Even though
the material 1oses heat to the adjacent nmetal 1n the airfoil 2s the

material conti Hespparaushasavertical member 13bbavinp@groonat!58edber e t he

i SPOST 1 S0 b SARRY o BBl Ny R bithe 188) TG!SR o QbrapotiBbGt |

occurs rapidly as mat e heat to the air 0|I aresult, the
ai rfoil ctéy whah éielamm/@rmbagmsahe@md>ma'ﬂn@plaweswlmgrbn)shakcmﬂ enthew t hout

concern abo t the te uefying. so Anot her ant a f t he bl ocki ng
o tert o Veltrlsipelriandyrcatene ilhissorst Pahad e i BT AP UV merss o | ons
for emsy d>fr§mtrigoaam m; ef tﬂé'e'nﬂt%iiulﬂ?én{ mo\b:asmé é@a@ﬂ@@rpﬂa@h@t the |aser
has penetr at ed through to the bl ock |ng materi al . For xanpl e, one way of

i nspect i ngdaptraite engagakie spiug Rlale halde Bhl lopgte the wrmvlazgdr@l%%ren drilled
th h t t hi
i o it $Bhle Hatd OF pEBSdl In e B BT WAR bciSectf aatifsl 2. | Ten

response on contact resilient
pol yet hyl efieremae euirfake aQGGﬁnpatcmdxtmg bﬁdnk armhwibtthe samei nelatmmstiphtive agai nst

a hard coppone such as teria t he,.l aser bl ocking s
mat eri al sf'rF{]r(?\f\%rﬁnFﬁlerf?ﬁ% 'rlllg:]% SH%‘“@?J%H"QF\“@?% E\eh ergli¥tial i nspection
of thg ho,{;@n@ﬁ’@ws t he presence of polyethylene, thereby confirmng the

exi stence of a through hole. )
A device, such as a sprue plate element, simulating the sprue plate 62

might be used in place of the sprue plate as long as the device provides the
correct orientation of the root (first end)14 of the airfoil to the first reference
surface. The sprue plate element and the sprue plate are each represented by

30  the sprue plate 62 shown in Fig. 6. The advantage of using the sprue plate and
the sprue plate holder or a device simulating the sprue plate holder is that it
reproduces the engagement of sprue plate in the operative condition to the
airfoil and to the other parts of the tool.
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During the drilling of a hole with the |aser beamL, the coherent 0B8MMIKN
of the | aser beam vaporizes a wall, of the airfoil, such as the suction
wal |l 42 or io pressure wall 44, to forma cooling air hole 46. As the |aser
beam breaks . tTheonstRol e ddhtingnheharfdin @Wittreapetthe tA idjettion t he | aser
beam stri kes the polyolefin (polyethyl ene) material disposed on the

i nterior BP!@RE NARGHIRE P4 'W‘H@d%fwm"& the fbtaceshhatilteas e ¢avitgdd i cul arl y
effective e I he wal | s
on the i nt Beia R AREpEE ARuIrP 6T o SRMANRT TR nle B St T

under st oodf thet mask P8lforesegadihgthd hnefoamymeab;benanw cohdttibe. pol yol efi ns hel ps
this process. It is also believed that the sgem fic heat and nelting point
of the pol yet hyhemeetned dn@udestarming tha mapkr Bifehesgaging the iyl kife

i medi at e formof a

l'i quid, u%&Jc{%ﬁﬁg%&%ﬂé’bﬁogﬂr{dgﬁEPgé;%%ﬁﬁg%%lrff@f |on ‘ﬁ%‘kﬁg? yet hyl ene 2o

gas is foummnmrdzwwmﬂt tbytdetagﬁmwlalcmmbe Ifnbé@ atiizbstreveritat with the
no oxygen bei n% g}eo&’fl ed by the material (since the materlaﬁ itself is
formed of "&HPY OF eymich gapagehine mask AlSMAlveHe anAGtae) ¥obs sooty
par ti ¢l esmidiia,Pliasdorthe LB, VARSY GiSBGIAGHELM BitRoicaviy ARERAERMe4 O the
| aser beamto such an extent that it apparently does not” 'degrade th

abi i 1g/ opf theeawra&@eando@@rﬁnrgefpiaie$,1ﬁ4tafe agjudted kg ooent the hwle. plaatﬁ

and. 1t P Fengbiudo 0 Brte FRRT et e pHAN B4 s B I PR e T nser

to | eave gughesn2benenuiiddmitg tﬂb@fCKEmQTﬁfs fnBghdaoheluaiesard) thepéor‘ép' atter
fromnolten wall material of the airfoil being sucked into the hole. 30

Expcdri mehebyesit ihe sniye slate andahe Tinslvefesaacs saaes Rueh that tha sdentatipal (

bl ock i ked hol
'n”ono r ug! §EEEREd0 ! sBud PEtchnd 1 SrBRB R W re e R8s o G0
to | ess t bametanindeeaperativik0égndifidn.s decr eases t he need for revvork of the

airfoil and pr t en di,s n, of _cool | th i shed

article. -24 C}m%éﬁ di@ﬁgdﬁ% S‘E%%mga%/ﬁ}?ts'g@% %tr%é r]oﬂ)‘t" ?ﬁ(}l"@ﬁé in |aser
drilling kcavipel8enddilbaimetHewateralits haldeti fOns satisfattdrpendtedarisradi ati on
that takes place for an increnmental thickness of pol yet hyl ene material. It

i s bel i evEHPRErs Materig)iseieheas 100K arRErabirRey Yl ﬁﬁ@'é?ﬂé‘l‘%teﬂébﬂv@'tﬂb %l ocki ng
| aser radiat i s relatively high crystallinity
of polyol 'g?l%egﬁbv\g&th tﬁ;es@%r}éérgjt glrer&ﬁ:@CBR‘ %Hg percent (40% and for the Dow ex
pol yettyl ene netseshioatn lngﬁgaﬂethetfmmamgét gng &re eatoridbi@sy) 94 eachhavel d eved

t hat pol yolefins are e to other pol rs because o he |t Fl ow
| ndex wh PR pautse RSB o) e Sos TenraSTHER I PR REORte e 7 i LHEH o

suf fi ci entahy the oS 1dnt 76he 'HWI@@slqhgmﬁatteheEﬂ@Jfls iris ehedd gedoveg. mat eri al
o are not _conpl et el )ﬁgmelted by the | aser beam a result, I1n song

drilling dpés mateyial ﬁd%ttﬁdﬁquanaﬁﬁrlempg&%maﬁ&séfheeﬁepgw%%ﬁaeﬂm
t I f
expe“e”C%? Eﬁ%ﬁ?ﬁaﬂﬁg@@.cwgép%hébgr ac§'1bi'4% 1%b%?tﬁéﬁPstp* mpls orm

a clean exrt kscatter of the al

mat er i2al . and the sm'qmima 182 bowinibh rwgwge the beoqyelsyloltet, it ﬁGbmiltlhe spoond s of
other s p | ess t han abo five. ent % by

vel ght *of e TGRHIPS TG HENG Tt Srasiias Ao s ReHDe IneF The SeaemRg: . deyr ade
t he perford%&ﬁ@n@ﬁbét'éﬁtlﬁﬂﬂ_rpf p‘éﬁtl‘&u%‘ﬂ%ﬂﬁéé‘t%ad&sﬁ thB j ﬁwl ronmental risk on
burnout of the materi al dition of these other ¥marstothe

pol yol efin, or Mt%ﬁhamt@rlaiﬁmrde@s dh@@tﬁpsofdprmtﬂ@ehherm@%k glinglgdene

t her nopl a i of ornmed
of only CZC‘PE@‘#"@*%“E&%“%Meﬁ?@@%&@ef‘g&%ﬁ”%fﬁ@%&@%&@hﬁ%&@%é% r enoval
of | aser Ihantikg hige itet @ne plecafrask ishdedireties tapeadtiing liees nratwtepiemé oil. One

met hod of bl acki | heat |
DT ookl ng. BRSO SIPAIRE, 117A PATIRALNS GREDER PEINel B e efgeind BREMOToh  abou

thirteen hH@(y@@ iniBORbLrARGr &pRitlorr enhei t. A particul ar advantage of the
pol yolefin famly and particularly polyethylene is the polynmer breaks

In the embodiment shown in Fig. 8, two parting lines are made on either

side of the airfoil to divide the masking member into the pair of mask members
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down to forma highly conbustible gas which is very cl ean burning. EM:N 1
carbon and hydrogen of the pol yet hyl ene conbi ne with oxygen fromt% 100
conbusti on at nosphere to form carbon di oxi de and water vapor. This | eaves

behind a gergy sg eﬁt‘e?:?ﬁleaérﬁ SMilehfitt MR;‘F? b@%sﬁrﬁﬂ#éi t'benafv‘érrtnB? it}aw geessing to
remove contam nants fromthe interior of the arrforl. I'n addition,
scr ubber pdioefl masbwiargbérar nfhd mgak sesmbesnarehmut such that ezpbrzartiog liaee not

requi red provided significant ox n i resent to.c | et e nbust the
| aser bl SCRPHG REVESTRIe S0as Y iee DU TAlY mangeRteSiso B des t ne
advant agesribl&9thdmusR o bRcktBdaddfitiofdhg frltaentout ohiHe hbleseaste or to

mani pul ate the bl ades. In addition, the polyolefins have a relatively | ow

mel ting tibapsdrait tor sychpan extent Hiatyhe matpoalydassynadflew. todecating surfaessl i s
heat ed t hi gher .t ture. s t t he . pol yet hyl by burning th
ol yet hy it FHE o TBTAGH Shlinhuoerlil ThicS sBBodEh O FPSe 88588 L he bl ade
instead GQih&@N répHird éiﬁoﬁ@@élﬁg@@@'ril@oa&rea HEWR Yn8HufaRt R EBifHI RSSUr €s on

the airfoil. Finally, the polyethylene has a resiliency characteristic
prior to baingireyorkestard thevairfoihgireadehaasome absliog inolgsof6 beimed iddheect ed

under 1o The | ene material expands prior to nelting as it is
heat ed dﬁsgirhagc%t?{gR%éﬁ%%t operati on. Expansion of the solid polyethyl ene

mat erjoal causethé [mava1a2 €34 af thedodedrermpvatiid rolpéne tygeach ottier. aihef oi | may
even all ow terial to extrudfe sQ that al| _f?rc%gs generated by thermal
= K ingly

h .
expansi orf”%&hqe% %’E’Pgéhe S eyt _?”é{?'%me_c'ﬂ"éﬁ k199 BIe JAME airfoil .
The rel atdr\’éafrkﬁmttlﬁ'erbt}g?t Wtr@‘ 4 @lﬁ'thé@nésédsp@sﬁt?om%h@eéépfeta%qhé0 an extent

that woul d cause har restdual stresses in the airforl or failure of the
ai rfoil diisiamgetthet therjaesareppacad inthelapesadiie ¢canditidru)y Wolayenaf be provi ded

at arelatiyvely | .t enper at ur, 0_speed. handl i ar i gher, t enper at ur es
to decr eﬁé@?%@%ﬁ'ﬂd%isﬁgsgg%Fg'ﬁ%erggwe[Jﬁgs{lgrﬂfﬂgﬁggapzé'dg-lgg FHBIIdE'?ﬂangr adeut he
per f orsnangateifal sBaIsahk ol @i tisd (dsB&f ahddkiid miaterfB e fludifofth! wgh t he

i nvention has been shown and described with respect to detail ed enbodi nents

thereof, Jatisidanumpteriahirhaadx hltepatieelkithpiaus mMdhtke gpacehapatari ous
changes gy borsp @NGf1en i reib s TRIgaYIc oK fiBRREL s d/carBilig SPI ri
06 Y 2003 W C 1. A

and scope ‘of “the clained invention - _ ' . | ai m
met hod f dheditep @& faiging s mask diined fuitt desiap tomjawse Thisdesdits ipfthgl ~

airfoil, I Vi ~ el a

hydr aul i Clggbﬁgﬂ]‘gbéﬁ J\)I\];nt?gﬁl‘% ?&éé%@ﬁg@ Qte(é&?ﬂ?ﬂgpglggt%%@wﬁéﬁg?fqggrrpri si ng:
formmg acahgrigeh@bpeasioe dohditiohndrhsjbesi wider bperdtve corglitéears willtthemni ng
ch:~racteristic that is greater than zero and treat, i

pol yner {®¥efbd %?diiﬁf'?"@%rlﬁbﬂ oA eI CRyRIT BgeRawNe mﬁﬁbézr?hégg&%%ms and
(40 per o B o L R W A RRES 108 B ol ng ¢ he
| aser bl otRisrmgightibedoale hyreraptolyingoan abjsstaige linkd12b eo thabthierjgwseoveaser
oL ocking LBt OB Chioeb ST Wi oA bt Gl tes e
25  adjusted so that the jaws are spaced apart by the gap G1. One satisfactory
gap G1 was set at about'one eighth of an inch (125 mils). The gap G1 for the
tool in the closed position in one embodiment was about four times of the gap
G for the tool in the operative condition.
A particular advantage of the tool 12 is the second jaw 94 which does
30 not move. That jaw and the second chordwise facing reference surface 96
have a predetermined relationship with respect to the locating hole 134
because both are fixed. The locating hole positions, in turn, the locating block
124 having the first reference surface 126. These known relationships cause

the mask 78 and its mask members 82, 84 which engage the jaw to have a
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nozzle fromthe chanber of material such that at |east a portion ofUWA‘(W
mat eri al experiences shear thinning prior to the material entering the
airfoil; transferring energy to the |aser blocking material to raise the

t enper at ure of tg;ﬁipl aser bl ockin terial above the neltin oi nt of the

material PPPYR EEUOREN RV LD FeSPeER e TOh &Y PR CHORIES N HE SRETSMRy t he
| aser bl OGBdeBLE iHeuir bl 18178 RFeMIRe!dIffacE RS s%eﬁrngp;wo% 2hgaid i nn' ng

as the materia rougktl sal d passage having a aul'i’t dianeter that
i s | ess tlanfoif and he @sknd sz sphuerpate htsoughhihens expnoffjatvhen driitechbase

decr eases e viscosity of the |aser b|ocki material as the .materi al
rows ¢ hr udie Lars Sptdadine RrardthEeapRo he sBPalti Sl i hoReMB e s or o

di f f er gnt imbmal| 9aterd| RRjRGEADRIGRbRGIREA, fohexamps, iiRthabgetdlvel Nteri or
and wherein the decreaSe in viscosity frompressure through shear thinning

decr eases conditiopedependiag cadbe siaesefgan (185 ¢arapaneg toHbe Igapes, 181 ocki ng
material . 2. -fme 1 t hod of di %S?‘Si ngi?a | aser PI ockén q@teri alt. I n an
airfoil ofrisris et Mess crpeRe e RayS 3re porfRrtrsuiobnhibda e Psftivebl ocking
materi al icaglu@es THUEDESRS RllaBomiis IH M apRaillird makhg) gRearbsk idfirt is a
single polyolefin or mxture of polyolefins. - 27 0 6 MAY 2003 0 "I ~h~a
r~net t ~od s@MRIPEYRIYiansily adiuséablelotia semadedtipashiprasdn the operativef cl ai m 2
~~. h%ei Q;oﬁw@ﬁ'oﬁt ep of disposing blocking material in the chanber includes
di sposing a po\ yol efin selected fromthe group consisting of |inear |ow
density , r_~ol y@drigih ¢nerniddla¥c} polyraeidvhaansharaclevisyies ilictneid(ihDPE) , hi gh
density s pol yet hyl ene DPE) , poly. yl ene, (PP wherein the step of
transferr |Cﬁ§)° é&ﬁ llagexg !HI_,QC ‘Qgégatﬁﬁgéﬁé)ﬁ@ tﬁ%i'ﬁ?ri' I&ﬁg?%@rﬁhﬁdq d at ur e
of the ”atiﬁra'tt@huémwgf‘tﬂeeiﬁ&‘?{s%l&f%é"ﬁi‘sﬁhbéémgr : %rcﬁé@&eh?ﬁ@@?m ed
degrees Fahrenhert {300 F? 4. The method of disposing a I|aser blocking

mat eri al iadvantagesfdiringofling anddiiling af éhe airted veitres lafertarahadeantages ener gy

i ncl udes i_.ng,.t mat eri al . through an. inj.ection | di n chi ne which
step fiar MR et MR e M e M e il R e B g 't e
material tigsérislosking nenefigcdniprides aritieemoplastib pbhenerfohddalf ghlygposi ng a
| aser blocking material in _an airfoil of claim1l wherein the step of

flowi ng net@EPeRRNHAyEregrs. al he BiermpplastiaLomeGrrgiashamiass PrRdIdhe

airfoil hawy ; | : i it undr ed
ohd 11ty SLEomBIERRGBLIGS of hAnbRMRFARHNG BuRRIAS flo Aidial b Lot ¢ 5

500F) 6. Twymet alsa hafs alMsiidsiowgndex whigh isl pektenthamakoutdifty ¢(pOAwHEh f 0i | of
ol ai m 2 WISERIed SRR BErh8EBLAZRb et 18 pERiaR] dntBRoBLISINNG g er i @
partially crystalline such that the crystallinity is greater than forty percent (40%)
to diffuse the beam of radiation from the laser. -
Experiments have been performed using members of the polyolefin
family. The term “polyolefin” and the particular forms of the polyolefins such as
25 “"polypropylene”, “polyethylene”, etc. include their copolymers and
homopolymers. For example, these include linear low density polyethylene
(LLDPE), low density polyethylene (LDPE), high density polyethylene (HDPE),
polypropylene (PP).
One satisfactory material is a linear, low-density polyethylene available
30 as Dowlex 2503 from the General Polymer Division of Ashland Chemical
Company and is manufactured by the Dow Chemical Company, Midiand,
Michigan 48674. This polyethylene has a specific gravity of nine hundred and
thirty seven thousandths (.9370) at twenty three degrees Celsius (23°C) and a

Melt Flow Index of one hundred and five (105) using the standard of
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deternining the internal volunme of the airfoil and formng a chardk MAWU%
avoli.rme that is greater than the internal volunme of the airfoil. 7. The
nmet hod of disposing a | aser blocking material in an airfoil of claim®6

wher ei n trheadirehfdink sbufokiRah AREMIPA2BBID SMtitfRCTIoWw Rdideoext erior of the
.airfoil for orienting the airfoil during processing and wherein the step

of fornmi rldweam@éasgles by diiuséon Blastergeter ¢ el &1 owiindex &8 desetmipedticeh i s
aherei n e TS RYEnBEHarnb aal R b B B e airti B30 Fop | 2

i ncl udes rhinové penb@aﬁbugll QGkfidven OB &ted tetiperdturens creriidre@@hgnot f1 ow ng
| aser bl ocking nateriel to | ocat i ng surtaces on the airfoil used during

procedsi Miney dagsees Celsiys (1903€) and under a load of about two and sixteen

-y NG 5 AR B AE T2 AR Uhidh B SHohFR R e AR T2 A A1 2. A

Ff e. AaF
} xsni d_Z]stadhdatc al]mebc btralaad had anletarigatibaalt badsid of saleedy) fivé eaticabceal ca] ca
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] ca] ca] cd ng%“eal %‘é%aé‘é’}%’?i% Eeéi %}'EE’] ﬁﬂ#ﬁelﬂﬁﬁ@%ﬁ -ﬁ"el ”gJ he :
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a]ca]ca]ca]ca]ca caJ ca] ca] ca ca}ca cal] ca] ca] ca] ca]caJca] ca] ca! ~d*l ~"y* _abc| g
gghdj 7no.dsgege fahrenheii(@8 L’ one-hundred and twenty five thousandths
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Polyolefins suchas polypropylene polyethylene polybutylene
polyisoprene have the advantage of shear thinning coupled with their relatively
good Melt Flow Index. The Melt Flow index is measured at low shear
conditions. As shearing of the polyethylene increases, the viscosity of the
30 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

laser blocking material is that the machine itself and through the pressure it
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Fig. 7 is a graphical representation of the shear thinning characteristic
for Dowlex 2503 polyethylene material as determined over a range of shear
rates at a temperature of three hundred and seventy-five degrees Fahrenheit

15 (375°F) by Applicant's Assignee. ASTM D3835, Capillary Rheometer Test was
used.

As shown in Fig. 7, the viscosity decreases precipitously from an initial
value of about five hundred Pascal Seconds (500 PaS) at a shear rate of
twenty per second to a value of less than two hundred Pascal Seconds (200

20 Pa9) at a shear rate of two thousand per second (2000/sec). This represents
a decrease of more than fifty percent (50%) from a molasses like liquid at the
lower shear rate to a water like liquid as the material flows through the airfoil at
shear rates much smaller than the shear rate of two-thousand per second
(2000/sec).

25 As the material is flowed from small passages in the airfoil to large
passages in the airfoil, the viscosity will increase as the polymer chains
experience a smaller shear rate. However, as the polymer flows through the
next smaller cross-sectional area, such as at the trailing edge, the material will
once again shear thin because of the increased shear rate. The material will

30  experience a decrease in viscosity and then will more easily flow througn th
smaller area. As the material flows out of the airfoil, the pressure on the
material and temperatures of the material rapidly decreases, causing the
material to experience a precipitous increase in viscosity and not flow to
locating surfaces on the airfoil.
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material does run through the airfoil to unwanted locations on the airfoil
surface. As mentioned, it must solidify in place fairly rapidly after injection as it
10 flows into, through and out of the airfoil.

During the filling operation of the airfoil 10, for example, the
thermoplastic polymer is forced into the blade at an extrusion pressure greater
than about fifteen hundred pounds per square inch (1500psi) and at a
temperature at about or greater than three hundred degrees Fahrenheit

15 (300°F). Thereis a decrease in viscosity due to temperature. The
temperatures of the material are expected to range between two hundred and
fifty and five hundred and forty degrees Fahrenheit (250°F — 540°F) for most
materials in the polyolefin family. This allows the material to flow with low
viscosity through the airfoil with the temperature causing a decrease in

20 viscosit)) and the shear thinning causing a further decrease in viscosity.

In one application using the Dowlex 2503 material, the polyethylene was
extruded at a pressure of sixteen hundred pounds per square inch (1600psi)
into an airfoil having passages and orifices having a hydraulic diameter which
was less than forty (40) mils. In some applications, the passages may have a

25  hydraulic diameter which is less than thirty (30) and even less than twenty five
(25) mils. ltis expected that as the polyethylene is flowed through the airfoil
passages, further shear thinning takes place in the especially restricted regions
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

30  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
trials, the material was injected at a pressure of about two thousand pounds per
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airfoil to unwanted locations on the airfoil. The mask members also reinforce
the thin wall of the airfoil (which in some cases may be as small as twenty (20)
mils) against deflection as the high pressure polyethylene material flows
15 through the airfoil.

The laser blocking material flows quickly into the interior of the airfoil,
with filling of even complex shapes taking less than one-minute and some
cases about thirty (30) seconds. A particular advantage is the relatively low
melting temperature of the material. As a result, the thermal capacitance of the

20 airfoil is such that it absorbs heat from the material without increasing in
temperature by an amount which makes handling difficult. In some trials,
operators were able to handle the airfoils after filling with bare hands or with
light gloves.

Even though the material loses heat to the adjacent metal in the airfoil, -

25 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
new location even with shaking and without concern about the material
liquefying.

30 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

material. For example, one way of inspecting a hole to make sure the hole has
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20

25

30

through the wall on the mtenor of the alrfon the laser beam strikes the
polyolefin (polyethylene) material disposed on the interior of the airfoil.

The polyolefin blocking material is particularly effective at preventing the
laser beam from unacceptably damaging the walls on the interior of the airfail.
Although the phenomenon in not well understood, it is believed that the
crystallinity of the polyolefins helps this process. It is also believed that the
specific heat and melting point of the polyethylene is such that a small portion
of the polyethylene immediately forms a fluid, either in gaseous form or in the
form of a liquid, upon being struck by the laser beam. If gas, the polyethylene
gas is formed of carbon and hydrogen, a combustible 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
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 wilhout blocking
of the hole as a result of splatter from molten wall material of the airfoil being
sucked into the hole.

Experimantal 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

and promotes even distribution of cooling air in the finished article.
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conventional wax fill is possible, which also helps form a clean exit hole with

minimal blocking by backscatter of the airfoil material.
It is possible to combine with the polyolefin small amounts of other
5 polymers. One example is less than about five percent (5%) by weight of the
other polymers as long as the other polymers do not degrade the performance
of the polyolefin and do not pose an environmental risk on burnout of the
material.
The addition of these other polymers to the polyolefin, or even additional
0 amounts of other material to the thermoplastic polymer, is a concern because
thermoplastic polymers formed of only carbon and hydrogen provide a
significant advantage during removal of laser blocking material after the holes
are drilled in the airfoil. One method of removing the laser blocking material is
to heat the laser blocking material until it burns. One satisfactory temperature —
5 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
atmosphere to form carbon dioxide and water vapor. This leaves behind a very
0 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
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Finally, the polyethylene has a resiliency characteristic prior to melting

that allows the material to deform upon being deflected under load. The

10  polyethylene material expands prior to melting as it is heated during the
burnout operation. Expansion of the solid polyethylene material causes the
material to deform, and openings in the airfoil may even allow the material to
extrude so that all forces generated by thermal expansion of the material are
not transmitted to the walls of the airfoil. The relatively thin walls of the airfoil

15 are not deflected to an extent that would cause harmful residual stresses in the
airfoil or failure of the airfoil during the burnout operation. In addition, burnout
may be provided at a relatively low temperature to speed handling or at higher
temperatures to decrease processing time as long as the temperature does not
degrade the performance of the alloy from which the airfoil is made.

20 Although the invention has been shown and described with respect to
detailed embodiments thereof, it should be understood by those skilied in the
art that various changes in form and detail may be made without departing from

the spirit and scope of the claimed invention
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10 10% (p)oljgnE r]T%OF%‘eg)of only carbon and hydrogen which is partially amorphous and
partially crystalline such that the crystallinity is greater than forty (40) percent
to diffuse the beam of radiation from the laser;
disposing the laser blocking material in a chamber having a
10 nozzle;
flowing the laser blocking material into the airfoil from the
chamber which includes the steps of,
forcing a portion of the laser blocking material through a
nozzle from the chamber of material such that at least a portion of
15 the material experiences shear thinning prior to the material
entering the airfoil;
transferring energy to the laser blocking material to raise
the temperature of the laser blocking material above the melting
point of the material prior to the material entering the airfoil;
20 pressurizing the laser blocking material to a pressure that causes
additional shear thinning as the material flows through said passage having a
hydraulic diameter that is less than forty (40) mils;
wherein shear thinning of the material decreases the viscosity of the laser
blocking material as the material flows through small passages in the airfoil,
25  decreasing the pressure differential along the passage and between the
exterior and the interior and wherein the decrease in viscosity from pressure
through shear thinning decreases the need to decrease viscosity by heating the

laser blocking material.

2. The method of disposing a laser blocking material in an airfoil of claim 1
wherein the step of forming a charge of laser blocking material includes
disposing a blocking material in the chamber that is a single pelyotefin or

mixture of polyolefins.
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5

polyethylene (HDPE), polypropylene (PP) and wherein the step of transferring

energy to the laser blocking material raises the temperature of the material to a

temperature which is greater than three hundred degrees Fahrenheit (300° F).

4, The method of disposing a laser blocking material in an airfoil of claim 1
wherein the step of transferring energy includes passing the material through
an injection molding machine which step further includes transferring heat to

the material and shearing the material to transfer energy to the material.

5 The method of disposing a laser blocking material in an airfoil of claim 1
wherein the step of flowing material into the airfoil includes flowing material into
the airfoil having a temperature in a temperature range of about two hundred

and fifty degrees Fahrenheit (250°F) to five hundred degrees Fahrenheit (-
500°F). "

6. The method of disposing a laser blocking material in an airfoil of claim 2
wherein the step of forming the charge of laser blocking material includes
determining the internal volume of the airfoil and forming a charge having a

volume that is greater than the internal volume of the airfail.

7. The method of disposing a laser blocking material in an airfoil of claim 6
wherein the airfoil further has locating surfaces on the exterior of the airfoil for
orienting the airfoil during processing and wherein the step of forming a charge
includes forming a charge having a volume which is about five percent larger
than the internal volume of the airfoil and wherein the step of forming iaser
blocking material into the airfoil includes flowing laser blocking material out of
the airfoil but not flowing laser blocking material to locating surfaces on the

airfoil used during processing of the airfoil.
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