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A Conponents for Laser Machining This appljcation claims benefit Trom

Provi sional Application Serial No. 601109, 176 fi I enber 20, 1998.
CROSS- REFERENCE TO RELATED APPLI CATION This appli ﬂ@% sto
copending U. S f Laser

\“\“%I ons No. (EH 10084) entitle

Drilling a W re é 1026) s entitled
met hod for CI Voi d "lﬂﬁgé ﬁﬁ%gaﬁ%rsbf%qeq_sdg Drilling", by
Jeffrey D. Flis" aI ; Noa CEMpdA okl #fbcHYRIdpd for Disposing a

| aser BI ocki ng Ivaterlal on the Interlor of an Airfoil™, by Gordon M Reed

et al.; No. (EH 10206) entitled "Tool for Disposing Laser Blocking Materi al
in an Ai rf qinig apbb’ca%h'dﬁélﬁ@@éné?t frde 0o, PlovidionalMpplicEibd @244 Noent it ed

"Method for Orienti n%an ~0 Airfoil for Processing and far Form ng a Mask
for the A £8/109,1p§ figichen dlovemb=mi@, 8981 .; and No. (EH 10245) entitled
"Fixture for D sposing a Laser Blocking [Material in an Airfoil", by Gordon

M Reed et al. DESCRI PTI ON TECHNI CAL FI ELD This invention relates to a
| aser bl ock'Cr}RJJSSt-FQEFEREmﬂEerDPRELAﬁEDI;aBELICm.ﬂfm)Ni ng a corrponent such as

an airfoil _having,.internal passages for co j S icularly,
e et hod s PRALAGrUBRe b sopmne - Solpeloricas; o (Ruachd) eyttef '
bl ocking a Mﬁﬁéd%@EH&&K@H‘!IﬁbrdnkAlﬁﬂll't*Hi,‘/JéFﬁ@{ DOFI3%: 3. hnbe%rzﬁ 1@&253 ed to
the cavity through a wal t he conponent hen drilling the hol e and

renovi ng tmtwaﬂeme@bdffﬂb'fﬁwem@@qu/Vom«}R@mtle}:forH@smmmgb\bw rfoils
f di
gases. exarey B FGE o Rt PAHTRA0) Brlicd WeBRkok RisdfHintl 888 s The

gb{) 1; oi Ihs armobmhlge‘daﬂe!mahom ttg@&&s?clasoﬁ%mAEﬁﬁlésb;aG@rcﬂdmmdiée‘a{]eleh No.O fi ]Ic\/AY
the en I owed t hou es on the interior o
Che ai rfof ItEHTAER0Bperiac oot fariBIFBRSNGA SR EE BIAIN G WRbIRATLAR AHOT nEY
airfoil, SUSHi&®pRet Pr ﬁa%nvarg@ No, gepbww 'e@ﬂiﬂedwremdb RECHRARGEA T M ts.

In addition) the airfol have ¢ ai'r holes extending fromthe s
i nteri ol t cArted feRPeCFGeSISIr@famd]@rﬁqufrmng a Ma& o dihé A¢olll, byHgbaeeyak & usikal |

(011 017 Srinele Vo HiaPaasEehfc s R FsRiibe bl RBE B ns 2nc

are cont ouradtéralensnrdrfaltegyaterdendi Rgedletthe airfoil.

DESCRIPTION
TECHNICAL FIELD
This invention relates to a laser blocking material and method for laser
machining a component such as an airfoil having internal passages for cooling
15 air. More particularly, the method includes disposing a thermoplastic material
in a cavity for blocking a laser beam from striking the interior as a hole is
drilled to the cavity through a wall of the component, then drilling the hole and

removing the material from the cavity.

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
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The cooling air holes duct cooling air from passages on the int griﬁ .@ io
the airfoil through the hot walls to the exterior. The cooling 'Gr @r I des
transpiration cooling as the air passes through the wall and, after the air
is discharged fromthe airfoil, provides filmcooling with a filmof air on
the exterior. The filmof cooling air provides a barrier between the
airfoil angeldiggiRel CoMmhgaltds %Weﬁﬁh@ééﬁ?ésséées%ﬁ tM&YhtEQodsf the difiGil hol es
uses a laser to direct a beam of coherént energy at the exterior of the
airfoil. Thedémoperstve adiditibontd keep thelemprratuseahthearfal, shclhagte t he wal |

of the airfojl. | eavi behind a hol e ich proyides a satisfactory conduit
for cooli ngj?g'inre_.\/%&ke ?rﬁgrt?'ﬁ%g?ad@ea\m?ﬂéﬁ%?pgfe% l{'ﬁ'!l%ugh the airfoil wall into
an interior caWhtadditto!ﬂ@Me':léiefro_nbﬁ!@jmﬁwc@@lﬁrﬁgr@ira@le?ec@manatrfgw@mrtﬁe20 on the
ot her side of the cavity, causing unacceptabl e damage to the airfoil.

Accor dPngl intetproekhagxiritasaf dne Aulpilbd e eeRlisE®Rir Rotasearepamalyand MaYock t he
| aser bea : Kl k I i ft b
penetr at egh%lggo@lljg éﬂtelféen%tr Oilrfa&%ﬁ@éb@l&&%ﬁé?%&k%%}eﬁeqr‘g\ﬁf&.@3%—.9??posed
Wi t hi n t heiradhefsdi The heleearndrill eddatpreglieterntinee pattenmsiantiiacd cohmupbdite | s
poured duri ng t he manuf act yri ng pr ch,?s. The cerami c core provides a
suitabl e bEBEXIengdeRHAR CaPINaRENCAHA.c core is subsequently removed by

wel | known | eachy ' : [ [ ' ek Pat ent
5. 222, 617 ent 1t SA T 1] Ao cRoBRE R a0h bRsEasEs bt lehordr FH EY
and Stwoud theHainiilehroughethpried evalle tofthe katerior e Thkt@oliogstii prpvBtespr event s
initial in?PectioP of tpe inhﬁ%ior of the airh?il. The Cﬁraﬂ%c material may
al so be di fANGRITBUPHCPUING RS Bica™ PRESEOBIPHY MG WRYIAE. ZME I A &Y. 1n -2
0 6 MAY 20Q-cadfhéd aBm tHeeaigen gprosideetsd\aoling et amim s ai éiitiehe airfoil
during repair processes which may require redrilling of the cooling air

hol es. Anotexsri@x ams mosf ePBINGEkT PI§Videser barriarPaiwrenihe aiEsil ank e

mat eri al . 'mﬁ: %Fﬁﬁéﬁkdﬁlﬁngﬁgggg so that it may easily flowinto interior
e Teadi

passages, such as's Nng ‘edge passage of the airfoil. The

tenpersmt ure of Ome way tcedriliiecholad usbewdaséstondtilddt rgb g rif cohmyergxceed two
hundred and fifty degrees Fahrenhei, 250).. The nol.ten materj al be
pour ed by iesisionEt (T RRERH Srie ANe. c50F feBre rgoUvRAogb tpliage Resm

pai nted on.gilifs $Hiolighené GRIROLRRIICLaIIEYENd 4 AEITPhEAPERLES Al My
severely scal d personnel io working wish tree material. Mreover, the

oper at i on isgtisfaploryorengivitiigr ¢eolingair. nas éhe lser bepoupedetvgtesdnpught thet he

irfoil. In;additd 2 Cl ' t
ool 1 g ai el ele o R, Ty PbARSG IR R L TR ARSI TARERE | aer
beam ago t heors #upothehelde ofdhdcalitedausiny umakteptabtchdamiagsttoiod @irfdl. dri | | ed
by the | b Thi idto.f i.n .the ~ . I t,
Che ener gy AeiFoa PSR BaNe Bl Tomeos Sisrs anahmagvinel Blockdng iaseint |
di ssi pat ed ByarhfRomaridsy WallB&sRginkhewality BRePMd beamQledditpassage

havi ng the void. Damage may occur to the airfoil as the second hole is
drilled becthieegh ke aifaiwadfter it penetrates through the wall at the

second ol 3 bkt Ao i e S0 By R 1
di scussed i gord &FouRaidiith heDBIAdé 22 polistudgin PtHeombauaREuSg prsbesentTiHd ed

"Laser Barrier Material And Method O Laser Drilling." In Corfe, a PTFE
(pol yt et r af FRIGITYEICRYE BIRY)d8Rag SHitRkle Mle@dnamateriali sEs e amic£NRIE base. The

PTFE hel i f i i ' iGHgh | st he 2
el ps @N@%i@dﬁﬁﬁérgﬁggé%gﬁgﬁéll N&ﬂ?ieﬁhﬁﬁf@&%n%}ci'f;?ﬁ%t%\rp']p%aéms € 2s

interior of a sage is particularl or sone
ai rfoils. OHesgribdikinlldadiPaterady22p 84 % ayitibd S Dnibingorunrdete Bladas! issged to

fabricationwith the. exter]j of e airfoil. It is bl i nd dead end

bassage pr Sreee R 414 HolibeaiegandReasES RIS SRR CaT AR5 SRRHES hol es
whi ch pbaceptdieerl@ffidndpectah of BB dfARe Wikd). anhadbagRidtmbrsRge. The
adj acent passage al so has an 30 openlng for receiving cooling air which is

flowed to tReY aisgibedilieyh (pasvaye onae o aPaling air feleoarmedriagkstincaref ul |y
pour the nolten material in the inlet -3 0 6 MAY 2003



opening and mani pulate the airfoil to avoid bubbles in the material in the
| eadi ng edge passage. Still another approach is to use a nmasking agﬁgt 003
such as an epoxy resin, which is disposed in the airfoil ina fluid ngg.
The epoxy resin is s disposed in the airfoil by sinply pouring the resin
into the airfoil. The epoxy resin is at roonttenperature and poses no

scal di ng hazard t er sonne| epox inis her processed to
harden t he28¢itiPg, QI?OCQleI%@OI ?V@’I}’%I)ee&%hée II@ @'BIIOIIdIUr‘r'ﬂﬂéPP@I simlar to
the PTFE wgx,JRREL Qe | ggeauug‘?‘%&mri]n%af P%dding é’IPI‘I@IIé , the resinis

rel ativel y"vi scous conpar x and 10 has ficulty in flow ng
through snal | chmolbet exgmplessfagbchimgthateriat Brvex cofa wanehhe nfaetial. It may be

ticul dif | foil d h I h
ot erfor ofths Melssiehis wafied 333a8b s Sasty (b iSRS aoascsird Ao no
p
connectsi onyqiddiind 8Bk paLiAde B e 4161 CTREEAePAIIA) Mo hBiibn 1t =S s a

blind or dead end passage prior to the drilling operation except for snall
i mpi ngemenmateriesalwiecits pledow poist, ma&ssag@achwgabundrrﬁﬁﬁﬂd:&tty gagneesh an .

Coori ng ar T ARraNe Lo LS o RRERRRTAT 00 BB R ot st B, "

personnel msttheaz@ftybl ynayosvert b@sﬁmytearbrr@wredadn i $lreadentodse openi ng and
20 mani pulate the airfoil to avoid bubbles in the material in the |eading

edge passa@Eot@stedaiPyerat dhe molignrmalerial manaverelescelt Prﬁrtsioﬁﬁebf voi ds.
The majer| %vorgﬁgﬁgﬂfwﬁe IrIé‘??r‘?éIV%r%S@ePfthé’Sheﬂat%%'thﬁwé8 mgy;f 6a{ 1 ng the
material to a erature that vaporizes thé nmateri al o approach is
to use a tmatetriadbjs pnmedlbtymadtaht@tbmwfsrﬁs|r28ddvtﬂberitwl wax araydextpedsi ng
| aser light. This a proa i,s di sed | U S._Patent 4 H7f%414 i ssued to

Ma and Pi ndStWeERDItY &Psﬁéégﬁf’@t‘ft?@tﬁ‘@% ei5ipdisnyex adidcent thefiishr
advant age ¢iolé hwﬁ.cﬁ&%a@thé ltattatbéém @mtﬁé seb8RE NeReR ctrm@tjaﬁtawneu dshe | aser

light. Monitoring t ected fromthe conponent may "al | ow
det ecti on dhetftigt h\cdeezs- dblgeahbmﬁte lsser heamn. bBumcBreak @ wdid butpim ingheecond 3o

surfac aIIo n back I t 0 the | aser
beam h&s dr? e%‘s} Ieﬁ’%ﬂ gIC? %@‘II@I/ I%H“ Iﬂ?dgg thg&h%tv@gsscggpﬁy ?III ?Iedl um
so _a_ 0 ife MAYIcRONS didudatbldynidivam aay d@esdemmgadhépoﬂwmbmet he

medi um t hrough a nozzle to Iovver t he vi scosi t){Qof t he medi um so that t he

medi um f | oWRATSERS NRVing Hie weidi HAshagtimeyQecsf .sefad hole

t hi xot r opi ¢ e shi ng
agent whi chISImagIEPIBeeg&ggtgﬁqiggng %ItthllI?%ﬂ%ﬁIéIéusqucII)@of t Igbyoﬁﬁeg%%grdtduand
the active Iﬁdﬂ@vxmeg Hfikext mlefmlwaﬁawfelheaﬂlrf@ht o the conponent. Anot her

appr oa IS sho 4 tIe [ f

Mat er i gI)I i ssue §?rlgﬁﬁ Igrqé:o té‘r gI‘IIIII%Zh%%r Shc d%@%aﬁﬁcﬁﬁjf%ﬁlggl e
barri er matesidalis MCohsecISlraU(SQMShw 0n95‘7<2l2¢(§se:édftbcﬁmfélendr8mtmtd 0

i sti f. I hyl er
foxt1 wor opr Spy R Re B e BAe OAORJHENoAAN et BUTSR eu i TRordet hyl ene
backbone anpred GanftePaRIArLURACHR) %aht@mmatétts QlsPuBed T8 WAL Badal 1S

poured or injectedinto the |nter|or of the conmponent. The material is
subsequent | yhetRebEnke ietpstavsid iI‘IfefQE@ﬁbOIﬂ@lﬁtw@fSt drisppbingregichridateaieeondingé | | i ng

t he hol | ow t rb|n ades. Lt is |likely nove. t he materi al
e gl RIS lBAGR ebdn bRetad b Teloan Bt LR SRS oS, vt ot
t enper at ur eGftéth?hI@Qéa@IﬁgteIm@ef’@és%égéIhasH@/\&)’rﬁ’(ectlbhedtmr@d@@h@amn *itBRhe
conbustion wll contain fluorine atons and may result in form ng harnful

f1ui ds whi cBXWISY ob&es@lmdbéwfar!amctcpréﬂetﬁ%@lrm@pasm%aﬁﬁugt therdiiéior e
I t t.
opeastnd, | BRI Gl 0for SRR RBEB 0RO BE IPRSRAR B ARBBINTE: ..

and Met hod" cossnedichborT uithean adj ucmtrpasseget imined adjacelmtvpm@gera@ct abk iane

mat erial such as s dlumchlorlfl ésat oth salts which are
t her mal 3% sCRENORINN MHFEYBE £OLRY i%@mﬁ%ti thes afj‘qﬂa?d%%pﬁﬁﬁgﬁjuced

into the 'ntA@fc'oPc'Imglfy, ?e%ﬁﬂ@ﬂﬁt@%t é’é(reﬂﬂngrﬁdw tRE nIlMtéFﬁIﬁ'aUe@haIl‘In thePRpdte 25 with
water and injecting it The salt 1s re by washi ng the component with
wat er. The above art notw t hstandi ng) scientists and engi neers wor ki ng
under the direction of Applicants Assignee have sought to devel op
materi al s, methods, and devices for disposing |aser bl ocking material on

t he interior of 30 airfoils which are suitable for use in nmass production
operations and are _5



0 6 MAY 2p03 relatively easy to renove wi thout form ng noxious fluids or

W t hout perform ng several time consum ng operations. SUMVARY OF IWBMATIZQU}I
This invention is in part predicated on the recognition that certain

pol ymers when used to bl ock | aser beans, provide a significant advantage in
s mass production operations and that certain tooling and fixtures may be

used with such material —or ocher erial rodyct.i on erations to
speed the PPENINSL2RH MESRIdRENE %ﬁ%htoaév éPﬁgP[gs% '”Iﬁ Pf'?lo'ﬂ ertain
polymers f cﬁn%’édﬁg"pﬁﬁ%égéous effect on the magnitude of forces
transmtted ing material in small passages to the thin walls

of the airfoil thlil ehoﬁmreeprwmsﬁo ueefarmasldngpa@nmgpudheaman@poay in the
airfoil and r.em) L ng. té:"l n addition, these

_ ”f%\ rfo]m th .ai rfto
materi al s éﬂ%’ﬁt intng girfeligp @ 'E‘r” SERIE; d"%ﬁ??’ﬁ’gre@l’{é S enoval
oper at ison ijséchs%dniﬁttﬁé 'a'?flfmpb!y Qi‘?@ély BBUFIH@IH@F&M ﬁf\té tlﬁé’ aﬁrftﬁ! rThékpbxy | oW

nmelting point to allowthe nmelting material to partially escape and then
vapori zi ng resie igset efp@raltempeaathnrega@d Ppéﬁ%é‘ﬂaitcﬂf@n@ hazawblp peraenaelesiot i s

bl ook ng PRy SPFGS (R EREE R e B Ay oA dERBER TR ebBYES 10", ©

| aser nHChlm(br@gscﬂQﬁrh@temsWWtbSB@P&‘HEWGW@ém&iHGH ipdl Breratéersred of only
car bon and h dro en having a Meft Flow I ndex which is not |ess t han thirty

(30) and w . BaaVari hedesistiarelahee!k yiseons qomarﬁﬁéomﬂgqrhwar Ay is
h f h
greatef, t %da &Ff AT F6WMn e(%ent i Om I cfoHﬁéctﬁr?ngﬁggéB cgﬁ I?rfe% ﬁ%r%; ch omthe

| aser. Accor Ing to'the pr nven i on ole in a
conponent Hheiaigoian i nterl or cavity includes the steps of disposihg in the

it | bl ocki t . t, | asti |
materlal 261 or ned oft AV PEGHTBHEAAG ol B RAVISIG 18 WRPASEHHRD | ntiox
whi ch 1S NnghalfRd chitAB lrtxt@th Bf é@dlﬁ@gdﬁ‘@ggﬁsége p@f@nﬂhbﬁeéﬁmgteﬁ dne. In

accordance wth one enbodi nent of nvent i on) i ng
mat eri al caopgesageshas polcpohettion during frabm:ah@w vithgbeyexteriarmef the @irfoid 16 MAY

2003 In accord wi,t h on detailed e di nt . the . bl ocking, mat er. al
corpr | La S EoRye Ry FeAd BBR reSsans Brp i ERTTie PP B EERE i ate! one
det ai | ed enbgsihgemient hbRshligiekiphiteRbeidsahgbds gas cepirhigieedion Rathagd eri sti c
such that as the material is expanded during burnout s ogperations, the

mat eri al d@@ﬁﬁ@nm@&sﬁgﬁoéaﬂqadJaeente%ssag@ $¢ B3g@s %mmforarrﬂpewmgces of
ther ml exPaas|daiPl ﬁg%ﬁd@m@r@aaﬂg RIRESERE] AR dfiRghomponent . 1n

accordance W|t one e i ment of the I nvention t hod
i ncludes r em@r\ﬂom@etmst a@r@ffulbll pakithg nnmlteefrnnalerw i inkg) apemingaepdi al to

SRR ool DERLOGebhios R B B R Bh e L
i nvention, pbgsage and manipulate the airfoil to avoid the formation of voids. The
material does have the advantage of being easily removed by heating the
material to a temperature that vaporizes the material.
Another approach is to use a thixotropic medium that comprises
25 materials for dispersing laser light. This approach is discussed in U.S. Patent
4,873,414 issued to Ma and Pinder entitled "Laser Drilling of Components”. A
particular advantage of this medium is that it emits light when contacted by the
laser hght. Monitoring the light reflected from the component may allow
detection of the laser beam as the laser beam breaks through the second
30 surface allowing a feedback control to determine whether or not the laser

beam has drilled a through hole. In addition, the viscosity of the medium so



met hod i ncludes inspecting holes fornmed by the | aser beam by probing the
hole with a sharp instrunent and deternmining that the hol e has beeﬁlchAYIZ[][Bd
through is the wall by encountering the resilient blocking materi al

di sposed in the hole or on the interior of the conmponent. In accordance

ith j t .of th t i ti th t had incl ud
Vapor | 71 ng R IBRETGHB ML ESARPRGY R TRl e OR R HehEn e aeers o
relatively |dwangrayistdsil/brtthe nhaten demE adrramsh Mowsheadas eebgam t hrough
20 the plasma to the solid portion of the material having a crystallinity

for diffusimerthwefdceseriihbeamponept.i rhe yhiketiopicenefliunheay e kémgvedibgri al is

t he presence of .carbon and h Qoen..Another feature is, the ¢rystallinity
of the: mat ePrict i R maAGr bR iy 8b s walRurhCira pb AN RN Sore
enbodi nent snawiparLivhesf thBadnfdoreyit 26d B 6eMie I6QM. o Mtiti@ial iegtekine of the
present invention is the |level off transparency of the plasma fornmed from
vapori zi ng if9dhEeRBPPRAIERi t h a | aser beam so that the plasna does not
interfere with the kol [ 1 I tin : feature
is the relatively |g\}%§/?’§:‘s r%f@%ﬁﬁér%ﬁ'%@%h@agf’%gﬁi“gghn@?@ﬁtu al whi ch
ranges frorfLtger Bantbredatendl"fis§ued idetraes ahdl@@sbeiThiSeppreathuesasundr ed and
v eh heaainclgs Ao Ganbp R ot R oR b ain "
ree hundr pa
advant gge @on%fﬁir@r@f%fh?ﬁst icﬂﬁlél?l;ﬂe]?%fiéréf%rﬂé{ﬁweﬁ%_ &d H@kfﬁ?or%igdﬁé n

hol | ow conponent s “whi ch res ‘romthe intefaction of the eamw th
t he bl ocki rapchatsecpat .cogplynmerdmingee patitaatigeoethviene baddexs agd épeed and

costs which result .f t he Se . S in .erial on.the.interior s of
o conponent eBgedit ALBAMRA S BNF8% ofoihoT bR IRl i B8 ch eF g,

I ndex and fihenhidiRreasfe 6bmbeRBNI. Mhd MRitéEmdlef isabs&yudiynEEmRecaUSH thé N
part, the by products of burning the | aser bl ocki ngranaterl al are harnl ess

car bon di ox¢aeranenteftes filingapd ?asaer gridingribe diohewtturkine bipaas: dyis likely he
ol i cit _ UL o . ot . .

bl ooki fy e RaFievE the rhaS B AEERRRd Pake BTy ST e g o

di oxi de andheaneteriavo ahvedy hight tengedaspe to abpornsathematerial oHdweves| B@si ng

ot s o EOTRIEL] SR Rult i, SHRPRA B b PR R0, 1

thinni ng chRyr@fdehbhilg flarid Wwhieh aRsmees@hibsEe HonPiHeepideicy essure driving

the material into the conponent is renoved. ~s A particul ar advantage of
t he present CQHPERtPBRE[FerRleask@UbeiR6Adiss $F capbustiop dertke imosgheeser

machi .”'2{99 operations yiyeh, éﬁgﬁéatcﬁ id ERAWR ARG (A8 f%&éﬁt%f,@ﬂﬁsbae%%hea' ocki ng
material to flowinto narro assages on the rnterior'of 'a conponent, such
as an ai rf olllgseamthrrief Maters)! and Mathiod” idseiedbtTUrheny Taohex usad finledy | nher ent

201110, 0 RRIELEHod Bl S Sl RyRN RARRRRSR) B R ©
which are thermally stable and possess a high melting point. Salt may be
introduced into the interior of a component by pouring or by making it a paste

25 with water and injecting it The salt is removed by washing the component
with water.,
The above art notwithstanding, scientists and engineers working under
the direction of Applicants Assignee have sought to develop materials,
methods, and devices for disposing laser blocking material on the interior of

30 airfoils which are suitable for use in mass production operations and are



airfoils which results fromthe ability of the material to deformas it
expands to relieve internal stresses, thus decreasing the forces MAY 203
transmtted to the airfoil Another advantage is the durability al%
integrity of the airfoil which results fromthe relatively |Iow nelting
tenperature of the material which [imts the amount of 2s thermal expansion
of the mat ecladilelyrdasy tboetoeenmtimut &rmiing Norigus Muidod Withoditasdrforfiting |

anot her feature is the ease of handling of the conponent which results from
the materi SEVEEHAMA ﬁ%”?rqm‘tnﬁéjpa%ﬂ'wsstate after the material has been

di sposed in the conponent. The foregoing and other features and advant ages
of the present 3o invention will become nore apparent in |ight of the

foll owi ng det ai BEMMARY OF BNWBNTEDIO3 descri ptl on of the invention and as

descri bed andlllust ared in. the.acconpa W ngs SCRI PTI ON
OF DRV NGS i g. 11 SP5a ¥R S PRGN ERCPIT S & iRt GELANas. an
airfoil; Ofpcﬁyrtn@ff’é wﬁ@h B8RV lb@éﬁée%@%bﬂ@e@%@nﬁfﬂan& @dvér‘ﬁl%tgﬁ(?ﬁrponent
and, in phantom of s a portion of a source of |aser blocking maferi al

such ass an ma;s%@mcbmtlﬁﬁlqmaﬁghmaﬂdw&at r;e@aonpwwgla@ddiestLéeemy be usedoss

Trow of t neviEfsabn hibafbrdraihe HAG R in s prod ok stalo BReE ' B

1 A Fig. 2neSilimgrbeasmhpenertbeven ek difdis. ﬂnvaddh:mordert@nsp@rweh@hboelanand
i njection nolding nmachine either broken away for clarity or shown in

phant om Figfivaptagequs effent saddevnagnibidenfferces teanfmnited f'foﬂ thenglackjngct i on
mol di ng machlne; Afd.Ra fga%fsag%‘ td R B LIYAE! Dre ljrwh fd?c@é? pai v of
mask i s menbers. K Q. g I'S ?ernatee odr nent 9 I on oﬁihetool

shown iulm \I,:\/lnfgorﬁ?.ﬂwdﬁmg itige miknaﬂfnmﬂmf alfrrbOLatrrﬁden;ovmfag thhe)rfnaftmarl If5omn ithge d
materia I.Ch engages. platformof the airfoil shown in Fig. 3. Fig.
is perspect@'ﬁ@"w“g\ﬁ%fj'r“(@ ﬁ'@ 6‘1‘3”5155%?% therage!ves i tiC’ri'ai‘-"i‘{:;prc’feﬁ6‘"‘Qnd Fi g

Che' b5 us pPATPHERERI B A SO RSl Ao RIS BTRERRIDBIEDY
expl oded f afsfillow medtaw pnrehmeallomhthmméltm materizbta perdiadly escape and
then vaporizing the material at a higher temperature in a way that does not
15 -form harmful products of combustion.
According to the present invention, a blocking material for attenuating
the intensity of a laser beam during a laser machining operation comprises a
thermoplastic polymer formed of only carbon and hydrogen having a Meit Flow
Index which is not less than thirty (30) and which is partially crystalline such
20 that the crystallinity is greater than forty percent (40%) to diffuse the beam of
radiation from the laser.
According to the present invention, a method of drilling a hole in a
component having an interior cavity includes the steps of disposing in the cavity
a laser blocking material which comprises a thermoplastic polymer material
25  formed of only carbon and hydrogen having a Melt Flow Index which is not less
than thirty (30) and which is partially crystalline.
In accordance with one embodiment of the present invention, the

blocking material comprises a polyolefin or a mixture of polyolefins.



Fig. 6 is a perspective view of the tool shown in Fig. 1 install echDMAWU[]?S
apparatus for orienting the airfoil wth respect to a source of | ase

bl ocki ng material and shows a sprue plate and a sprue plate hol der Whl ch
has been nodified slightly to engage the apparatus 0O 6 MAY 2003 Fig.7 is
a graphical representation of the shear thinning characteristic for a

|'i near pol yet hylresecapddrydeewithumesdeiased esbodinignti thdPalechingsaatenids as a
function of shear rate in reciprocal seconds. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON E9T§PIS¢S 2 pohatbylgne 5 csprlypiopylepednaisfiah conponent, as
represented by an.s auhial |onéQjet ed®ABSdibdrP Ae tﬂ@&lrﬂﬁ méteflal fa@hSO shows
a tool 12 for disposing a laser ocmg mat er1 al e Interior of the
conponent . reﬁﬂeartcg@hak‘aﬂeasttrawd:ryth]a:%smhevrnaterraalns espbsded eudng rasreclit

repet|t|ve after her the airfoil.s are fi t hqugh t he
i FTol 13 SheNeratens, M BpiasiED BeIT R Y G2 (s BvEf R alissess serar! Sbhponent s
havi ng f|0f’&r€|é§ er:trremgrarekﬁmenwm ARt krs ntraﬂsﬁsmﬁregj toth i s a side

el evation cross sectional view of the rotor blade 10 during manufacture.
The rotor bbomgeneas a first end, as represent ed by the root 14, a

pl atforml6, and,a

an aer odynami c Il%ﬁg??{ ggagqu% r\‘/ﬁt? %5{003 tﬁ%gh%egg lrﬁ) %10&%‘;‘;% gi | has

trailing ed@ehadhrtcﬁum@b»qh ftrﬁ'é\/ld%%rbrd@jmﬁghﬁa@frraq)@ymtmg*tﬁe|n¢@tdhégtoedge
The airfoil has a plurali t% cavities or passages for cooling air as
ea

repr eséht ells hyelting proerﬁeﬁnﬁid deahas ddyehestoayaP e sayee anirgoblogking34

whi ch extepr% Ené ugh the root of the rotor blade. The passages 28, 30, 32,
and 34 extené |nto the interior of the rotor blade and often extend in
serpentine fashiioacesrdagpeestnbed embodieepasithgerdentdovénigpri tileis a cross
sectional view taken chordw se Ion the |ine B of Fig..1 A The

ai rfoi |l hadethed nglides insgesting 8&? Hﬂeﬁj@pfrt@%t‘?ﬁ i’WLMé’rgB@Qit@ﬁr@&rface
side or si q\ﬁtt‘%'shéﬁ: ﬁ@qumt%r\%wéﬁnrﬁrr@ft% t‘?%e‘ﬂas%é’é‘r\"@rlrlllecﬂﬁwro@@?h of

t hese surfaces extend rearwardly fromt in e to the trallTng edge
and extiend tispaali Byeehetunenmg ttw rﬁsﬁtenbbmctsﬁrgarnatetrteédtap@see inifse polglar al ity
of internal represented by the hole 48, connect the

| eadi ng edé)e] 15% %S‘EE%W%CWHBOP%% ng edge region with the supply passage

28 for cooling ahracchhfaricenyitgenermwlieenasethefpresahl irpictgioanthdhave a
hydraulrc dianeter that is ty |call¥ | ess than forty (40) mls (that is,
itig

D,, = 4Ai/ fFetn‘BodleC'PﬁI@ﬁé@PORAﬁ@B@W niohdheplegk @emﬁt@rr%r@oeq@tamasthehe
peri rreter S may
have a hydrlsétu‘?Ig“b/%?/z}t’za%éalec tw%’r@%isgstsje%ﬁ]an t ??ét?@b%@éqé%%’eahm‘rp%@ lity
of fil mocodhemiadnos ésthalpalibportioheofiteadiaigriadyyin?a cagstaltipite Sendiidsibg t he
hol es 46, etﬁ gnd from the inpingenent passage 26 in the | eading edge region
to the ext€erfor® %f 0% rotor blade. s As shown in Fig.1 B, one way of

formng the fil %Qﬁrﬂtér?geﬂiﬂ@rr@oﬂﬁwe SlotRingmhateribhie thelgeyéride &f ¢apen dpgam as
repr esent ed b% the | aser beamL, fromthe exterior of the airfoil to the

| eadi ng edd®&Pageagénedierfeakitisimthencrizsiglinily ok e matedalemaichds geedieon i n
Fi 1A d
I g. a th@ﬁ%rt? gg%%'frﬂ%@@g%rn'd% s ﬁré émﬂbﬁﬁ@eﬁnﬂggs ﬁ&éé{t%r H%"r‘fjé QLIQI eage

passage on a port onent for at ntensity of
the | aser txwrrenﬂ'tfé)%)as&rnotbrleo@da@m@ matherprateranrswramrtilsaheﬁéretIoafser beam
does not injure struct e that faces . the coolin ir h le as. the | aser beam
e eaka t hr At bt e PR BT ER ot EetRniA e T e e P il Aetocs. g

shown in Figedm sraaemastrfeotlsrash@drcyésﬂgott|herwrewsthnaermé@rrlhﬁ:t SbelatioRIoP&sIr e,
as represented béhlpart of an injection-nolding machi ne 5 isin flow ~s

communi cat i l@§eni BH!l eRethesdeature sdhedeledivelydawinallisatiemmenaties of e ude any
blocking material which ranges from two hundred and fifty degrees Fahrenheit

30 tofive hundred and forty degrees Fahrenheit (250°F - 540°F) but which is
typically less than three hundred degrees Fahrenheit (300°F).



machi ne capabl e of being a source of pressurized | aser blocking material to
the airfoil such as transfer nolding machines and plastic extrusipf MAY 2003
machi nes. The cool 12 includes a fixture 56 for engagi ng the rotor bl ade

and filling the rotor blade with |aser blocking material. The term
"filling" neans to dispose 20 or supply the material and includes partially
filling or conpletely filling the blade. The fixture includes a base 58,

sprue plate 62 and sprue plate holder 64. A passage 65 for supplying the
| aser bl ocki ng ArifigeiPal 2@vardags of KreoRigsenhiavepiereisphataadiitioshrlag plat e

hol der. The. inj.e¢tiQn i _g%:-' h . i.YLnhg the tool
and a 2s @H?@dﬁ@g%h@ aré@wé norzﬂézwgesflg%fa@n%s O\Aﬁté}%cﬁ—'%d g%glﬁ\ébrgi g. 3A The
housi ng i sbeew abirethierblbdiendimatetialo StiMawotHer rrelspeiagetio thderéaedsing? and can
exert a predeterm ned force on the tool and _on the rotor blade. The nousing

has a chantR§edaNd 6psts WEFh T oRpITeRdng@asg HLINPRSEND HRbIA! 7Y tharRienar 52
(shown 4 n M@%Pb@eﬁ@é%él@e ?ﬂpg SKeLM RN Dhg Eﬁgr%t‘éﬁﬁi% Ay Mﬁlﬁggﬁw lar ger

than the interna o volune o e interiorof the alrfoi is
recei vi ng Inkdexlaasidromltbe leieng afaempivialg.the nlat&ridityy ROOB®UThecehsertie pan?

i he | b i ng. ial f h whi ch h
i Sposed tHerer o T BT SR S R A ks Bl Ebe ki g
material idbRideehEhardierapof M 8he_mbBodifetl, BRAERGMNAYd ethehamBatityf oF

driving the |aser blocking material in passage 65 through the s housing to
t he sprue {hiedeser dibng atqasrsadhal keshtie fioreusiog atlpper bloekibgenpierishhalbdel 70

I nj ection i I j m Al- r i Cor p. ,
Nevvbur% Cﬁq %)rg H&a&(%épb@gﬁ}’sﬁg %@ﬁ&[?g‘s(%%ovng@ﬁleggté ?%r#d;\évta ?)ér% ;Wh@@{ % Toyo

Pl astar TIn806tRed spedtl tesatmrdipnigr mahéasnapedduadtd of Eombuttien Hitbdddi G oup
t hrough Toyo of Anerica) 16 Chapin, Pinebrook NJ 07053. io As shown in
Fig. 1, the2¥priRhigipardilinciasr 62l5e i3 e 8o P! 121dikcationeyriapialerhed, such
as by bolt : G i ; | 10 i | 6h machi ne
53. The sprisioeseRe e ShdP AR R Gk g Meiiepitat Bl £

sl i dabl y engagéise phesssipz deviphahe nimtedelrintdhtheugimpdreerddy eerabbedl ot and has

t apered edges 77 whigh C@Oﬁlerate V\f'th t.he dovet ai l slt.ot .t retcﬁi n the sprue
“5"pl at®. The sprue f ReWCHEE Sipplage q'ilde prsenbineBPL s s Briicign ine

| aser bl ockitrp amd eswik-duFhRy lRassm@ehpirf 6seraliens haidreres(®sGfork iiige i Nj ecti on
mol di ng machi ne in flow communication wth the passages 28, 30, 32, 34

whi ch ext edBilithPblignasereblpelsngImaleriat iedlaw inse Parmemapes SEResTHe thedblasiars

adj ust abl e ait t i the.1inj i i

machi no. 540 AOTEI Baaitiab B T 2R nes BADIRE MAT ERRy TRleL IR
respect tothéenHeabhiealily of hiee e erialdodidapt-ecudiyslidtpassepatowedes or | ocati ng
pi ns (not shown) far., thi urpose i0 . precisely.en e.the table.at the sane
Pocat s . edent rae ST afofid BbaRtes S Ehe R i o ef ie Ve bR Talon: di ngi v,
the tool baggoisswhrdhustald gokhineusiity e tiaablaeridi th degsipest ittexpgdieisheusi ng.
25 The tool includes a mask 78. The mask has a pair of nmask nenbers,

| . : ers, as
r epr esent edehgvea ieemat slresaesk thiendirsresaingdde {aiecs depamitied 0 Hhen®gpi!84. The
mask menber - st 86 of
The tirst ragneraddfade RIIAGTaoRY ARPIREAN, S (¥ oA IR (e I PR e
The surf acdbega@htivelyibwmeltingttempexdterd offthefmatieeahivhiabi limitgHee amokinsof

Vil canitSed (PR ARSI ChiBoght FEPLRT OIS o AR GHaHLrS R g T Aot S ry 668
_ ~2 _ 0 &iiMYolRBP&ature is the ease of handling of the component which results
from the material remaining in the solid state after the material has been
disposed in the component.
The foregoing and other features and advantages of the present

30 invention will become more apparent in light of the following detailed



Etastomeric material available fromthe General Electric Conpany,

Waterford, NY. The tool further includes a pair of opposed jaws as 06 MAY 2003
represented by the first jaw 92 and the second jaw 94. Each jaw engages an
associ ated mask s nenber 82, 84 for urging the mask nenber into a faying
relationship with the airfoil 10. For exanple, the second jaw 94 engages
the second nask nenber 84. Because the second jawis fixed to the base of

bot h tne 1STETRGoRR! Ll e PRE LS bR RRIEES Bl ¥ ousi ng posi 1 ons

the spree dhharhaipadivighy, the second jaw with its chordw se facing
reference surface provides, in conbination with the spree plate and the

spree plate holder, a precise way,of aligning the rotor blade with the

i njection @R'l ﬁé@ﬁiﬁﬂ%r@k‘jﬁb Wﬂ\léisl | ing operation. The jaws 92, 94 are
r

capabl e of e%tlve novenent V\n?ﬁirespect to each is other. As shown by the

phant om | i nes iRigFids perddeetite vidw jrafullics angvrabdeervi slich s pecdirfoip dflie second
jaw fromthe closed position shown in full to an open position shown in

phant om TiRE! LS HSRPSIANGET RIRCKIGRRIETH InyinedenprerduaRd nibuisEHeMdPE posed

on each si f k Lh [ i ifqui des
102. TE@ f??gﬁi?gaﬁgzéﬁgfqzl??@??égﬂﬁggugép%h%8%”&%?§H%§¥?ggéﬁgéggyengages
the first machinef guides 98. The first jaw has a second guide rail 106

whi ch slidably gn es_the secopd pair of guides 10 Al.ternatively, such
el ative movenehs Hane b SEVANET T ResSBs Y Py B Tt hAY aRnt | oned
above, thergetond jaw provides the reference surface 96 for locating the
mask 78 with respect to the housing of the injection nplding machi ne. This
feature 2s ni ghtihdBisH cosserechpoel dew of tee sstdridawannrfdgui Adakeci sely to
its clgsed LG ) i.nc) ydes neans for noving the jaws fromthe
open pggit?gﬁﬁﬁhbﬂﬁglgﬁ iggkgggiigbn, as represented by the arm 108 and

| ever 112 mecharigm ishkoview o @hdve ditEigat mithspdptivies etithabtiewt aad pi vot poi nt

113. As the armpivots 30 to the open, noved position, the |ever pulls the
first jaw SECHRN PREIRG F@Cr\ﬁ%@mﬁ%fn@é’ke@@%?f Fi2phi PhENeWR 67 PHRRIGEN.10
enabl i ng the operat-ox I L : i t a
rotor bl ade int ??hsglsséerg%meﬁgé&ferégﬁgﬁﬂgf834}.%2 hgrtﬁ%@?@gg{?'g[bﬁﬁ e means
f or nmovi ngmduhinaandipghtt ofibe dodlustosdh ioyFigl gcwhicbdigs apeumdiniask or hydraulic
arrang?genhﬁvﬁé mechani cal actuators such as chains, pulleys, or springs. s
Fig. 2'1s % rom above of Fig 1 with portions of the tool 12 and the

i njection nol di gy aerbaokembddingavityo! faoportibardf tiye tddl @hodnsiRaug. ke
relationship of the rotor blade 10 to the spree plate 62 and to the passage
65 ext endi FGOYIHhTIRSE MEINEEEHIATREdSpRast o fatr . rioif égigEalyBICRRIKIASSShe spr ee
plate to regebufrdimcomresdysil 2868WRIPFl. g material fromthe nozzle 70 of
tie injection nol ding machine. The spree plate has a first side 114 having
a first spanw sdifatingerspethceviederomielewof acprie pldlacdovepanivigsé away
from—t%«g r%&FiB' gde in the operative condition in a first direction al ong
a spanw s 1's®°S”" As shown in Fig. 2, the spanwise axis S is the stacking
line of the chordyi 56 aeeripmgivelviderondbelowbbiagte altdimatd entdodimehnee 116
adapts the spree plate to is engage the nozzle (shown in Fig. . 3) and forma
seal about 'BRED Blade segWhdp Fﬂ%c‘gh@Y'H@ R TReCpT EYAUPFTe8NBISORRIMG Mt eri al .

The passagee@rﬁ?dgosfagh%r E%atp%éﬂq%?%\gég&fg% jlfﬁ{rﬁec,lé%gggng the pressuri zed

bl ocki ng nmat into the rotor e narrow portion of the
passage is in fllow Gdorepersatditon iew lof thetaghehowg in digreldintsieliddeopassages

rngt Zi002§0’ aszpargtlbslfBr E)rrfgntrinogohweogirfton%/itrhortegﬁelc)tl t%dae'sofjrrrclzgso? lgsaesr%efgagngdapt the

material and shows a sprue plate and a sprue plate holder which has been

modified slightly to engage the apparatus



06 MAY 2003

receive the |l aser blocking material fromthe injection nolding machi ne. The
first jaw 92 of the tool 12 is shown in phantom The |ever 112 has an end

portion 112a (shown in phanton) which engages the first jaw. The |ever has
an adjustable link 112b which allows for adjustnent of the length of 2s the
| ever. The second jaw 94 (shown in phantom is spaced fromthe first jaw by
a small gap Gin the operative closed condition This gap is typically small

and in one enbodidrend aiggapliasl tppesdrit@idry of theesHerr tilihAing driaracleri®RSfor . 030
i nches) 3 is an expl oded view, partially broken away, show ng part of

the so tooﬁ%maéﬁélmﬁme'ﬁﬁ pelyEsi el HI0F( WfSC@fﬁb’ N &8l 8RCERSISRS machi ne
54. The toﬂjnc'tx'aﬁ #ds%%f; Pﬁe Ih)fé%& %g J@ fixture includes the tool base
a 4 8% ,

58, the spree p "and the sprue plate hol der 64.
The sprue plate hol der has an opening 119. The nozzle 70 extends through

the opening 119 to engage th r I 2. The nozzle is pressed agai nst
the first &ﬁ?%%QWR{%Qa'iM%@%dg\Fﬁﬁ Qﬂbol ts (not shown) whi ch urge
t he nozzl e and I d side
120 having a second Spdan S TR g SirT e $3RPORE. pe e R R ARE e

i ncl udes aaiminibéd foras gaepudienergnbyFig. bladekshows @ltocht2 ﬁg’d)‘ﬁmﬂir)lg awhich is

spaced spanwi se . fromth rue | ocating black, 1 has a.first
ref erence é@ﬁq"}é(&di'i%mvﬁ%% g%smfeﬁlotrr(ﬁﬁg 3%%088@8' r-@'é“? %Qﬁﬁﬁ'ﬁ@ %wtgh
engages t haatihpyHi8h Afirféikearal dlép@éempbnwéw a@penatitee ahotepneaetdigsis The
locating block is formed of a material that is softer than the tip of the

ai rfoil toaagdiladdditgral thaeifqishawn ise eplpf Biede “Tfﬁéeré‘éc%iﬁa”rﬂﬁ@k'dﬁénber i's
adapted by g, %r' 55&1p898r5:t'62‘?a ﬂ6\.9 Jr%%ﬁh uHQE%?% 8#2 o1 1Bt G54 . As shown,

t he | ocati ng bl ock snug I nsi e second mask rnenber 84
and helips the sel?:xgrﬂd\]saavsid@oeiEeattdmcrsesaedtiMMefmmb&Te rater flhdetidol base 58

has a surface 132. The fir r 82 . and econd mask nber 84 rest
oo heour R fiiaan Miriten o NOERE HaBe Ras o REOrET ERSachied 1Y eyaot

reference sy faaﬁl%tfé?rm Qoé#ﬁ'&ib%cbhé elh‘éit b@%&ﬁesbh%&w thd 0 180SiHd ARbNg t he
| ocating block 124. The Tocating block is disposedin the circular hole in

the tool bdws &0 aﬁf@@){r@éﬂny |$afdjag@dgﬁé2bwbt§ikl exfenaa epanwisai A respect to the

ot be. He REban G See s PP or B 2R DR IRHIRE 25k gagi n ¢ e

tip of ishe |abtinel édgndTMOWlithilisss égpmrbﬁ@eafrc@ﬁ/mreerm@asue@@s&)rlciﬁmﬁ%ram hi s

PUFPOSE. The(aas rseepcrgrs]gng%sbky trrrngqggémg edggapsasasa%gCZ%ngnc?gggéggeslé%s 30, 32, 34
which extend through the root of the rotor blade. The passages 28, 30, 32, and
34 extend into the interior of the rotor blade and often extend in serpentine
fashion as represented by the passage 32.

20 Fig.1B is a cross sectional view taken chordwise along the line 1B-1B of
Fig. 1A. The airfoil has flow directing surfaces, as represented by the suction
surface side or sidewall 42 and the pressure surface side or sidewall 44. Each
of these surfaces extend rearwardly 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 iess than forty (40) mils (ihat is,
Dn = 4Ai/ P =.040 inches, where A is the area of the hole and P is the perimeter

-10-



conforms to an aerodynam c edge of the airfoil, such as the |eadi g@&g@pﬁz
of 2s the airfoil. The second mask nenber overlaps the | eading ed@

airfoil on both the suction side 42 and the pressure side 44 of the
airfoil. This engagenent aids the nmask in supporting and positioning the
airfoil as the mask nenbers are noved relative one to the other and noved
into engagenent with the airfoil. In an alternate enbodi nent, the mask

150" o s Wl eI G Some PRPLAANE PR SRRt Turredle PR e Shown

in Fig.3 hgw rwlegsthgﬁ(amhﬁnaﬁ%l&%ﬁtmil@ dddiisly HEmsk oApERAL tHE2a and a
second mask nenber 84a. e mask 78a may ‘be fornmed with a pliant materi al

at the fayleagirguedee@s, a$ represantetidiylthedintes 48, extenddion 8ie IMpinggmsinhat i on

with a rea o] .riaid port. 78c of teri f sed for the
| ocati ng bﬁgg%gf%%g 'rtg%hleﬁégﬁ %@%‘%@ tﬁ%pe%j%r?%rnﬁc}pgt}ﬁgotrﬁ?? " reference
surfaces 126a t hak #rgagigsria. tRame wgy berithg thd flaecddlirgnhéleedaisrtbalrll.  As

shown, the spanw se faci ngqﬁsurface 17 is on the platform 16a of the
airfoil. TH BelprvitieailasefiRaanaras rfeeeipdhitae lasrrineems by fragethst t he

second end o ; i bl 4 kO ; i apt ed
t o engage teg‘;e”?’?’raé%g'hé’ﬁ'gﬁé@ rleffgg{go‘%a@%gg%? éf%?'ocﬁ%ﬁ@%ﬁﬁ@éi?iagg t he
ai rfoil inirthehespatwizshiah indEigiidn .a IBser bldckisganplerispbetis despoised i troam bel ow
of the sprue plate 62. The second,spanw se facin urface 122 has an area
AL The: selild tie8eastace SnapatHRa S fenaPaPoRa I BT Gt EBr 2R e he
operatijye §QBAsity &MhelTASe9EAAd The |8éstenId20nfasatariel &hQerek eRatlihd 1ukdch
extends in the spanwi se direction a distance D which is about sixty (60)

mls. The pesedeednokikjwaddrusisanatineepssaeelingsaif Hof avilrlasepbaated

e R L T SRR

direction for emgaghdgn iMBigi rheahs fofhipbliing tRobidekingoaalsre endespanwi se
facing reference surface) has a spanwi se facing area A2 which i s |ess than

the area APTEIPEAIaY reprRECRiesPYRaHPLIN d§ClPsEMIdinG rBREANBO% dain K f ace
to the 1§pfl&%.nﬂhé}ﬁﬁ?nm%viﬂﬂ'héq?élu{ AfRerkife Eagfva%rﬁ%cgﬂﬁés ﬁ%n&é&s@?ﬁg ‘o a

spanwi se facing reference surface) has a surface fini correspon
snoot h nmachhaehine waghbls ¢ffbean@ s ssurdeackpresughres B ska binedkewy eratertaldd thdout

sixty three.(6 icro inches as ~l~easured | ccordance wth the

ot ocodur es AT Pt RSB o R Pan ARa et S SHIGaER alhilet Text ur o
avai | abl e from the: AyBerRaasiulies aandlre Scaid @anhgaginisthietrot® 15BeaRg filling
neasur enments as -an avera%e fromthe nean. The rotor bl ade has a surface

havi ng a fi'RPSAIESHIREBRIPTR] Riecking meaderiale ARSI MRS WINEANS 80 SisPstace
roughnegs f4-d ; : t i : l

nehes ™ TRy Ds0seRR R ard TR U hSHAREI G dormbiefel Hiph Telife
t he i nj ect iOme freche iveslglesha assbpof agtuerplate 62and sprud piademgpldaid. dor ee

plate 62 is_fixed t he spree pl.ate holder by a set screw or other device
For i xing RARHGIHoIo CyPDRE IR 856 HIOPKB0SRESHPREHE SR o s Ty

nmeans (not [sApaEnd dpae: plag BerHee s plate hol der 64 toward the housing 68 of
the injection nolding nmachine 54 and the spree plate hol der urges the spree
pl ate upwardly ahaf Hyecidemetiing eaphing Ras Rdablsh@iarveceviitd eoeo! eneaspr ee

Enough To {ausad BondPhslyp ISl PR SBWHE I AR o SR rEMER i Phe
passage 65.mbokebledndhagirettiomé) with eespant to the tool 12 and can exert a
predelermined 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
schematic fashion). The volume of the charge is slightly largér than the internal

30 volume of the interior of the airfoil which is receiving the laser blocking material.

-11 -



~0 machi ne pushes downwardly on the spree plate holder 62 with a force
of , about one hundred pounds (100 Ibf). This pushes the other si d%cMAYtZBﬁS
spree plate against the airfoil to forma seal (at the interface between
t he reduced area Al and the root of the airfoil). The force Fis
transmtted through the airfoil and presses the airfoil tip (second end)
agai nst the block 124, trapping the is airfoil spanw se between the bl ock
and the spree plate In an_alternate enbodi ment, the nozzle m ght press

agai nst the sprEee sham@eaﬁa TERRIVE? mecl@S%ghoakmgd@a&eﬁ@I Hpree PFFesee agai nst

t he root i et ween
the spr ee]@I a?@g\gﬂgWﬁw al r?kpﬁsgdg ”E gmssecg%ﬁﬁ%g%v&%stés Pgill ﬁ%’sfr%zé nE?ence
surface l4shedésemaosiingengkatkingottenchanhizen dopistds 7tesdisgposdd i tee | ocat i ng

bl k f 126. (f t f f the t f th
Poror bl adavaRoEn it PE 1SRSIACERES FfEtali siachet B5M A kg Bt e

i nj ect |5on H@uéih?@lo ﬂ%@;bmu% pﬂé%ss@ﬁetsaﬁsf@bfdc@tﬂacﬁgi’é ﬂﬁtthffshﬁjrbb%lé ihnder
operative conditiions, pressurized material exits the nozzle at a zs

pressure oogsble l@ﬁﬁ*ﬂ@emqﬁ@ﬁarﬁé@cm@@ﬁd@lw froquireeMinclectarddectysely and a
t t h
elagBagd o W, Gl B ol a2 R g

pl ate 62b Teyd Giasdr mf-9eGQahféen@xﬁl nmoldinpahaclenexyaitatsde fah ehé Hatechihe

Ci ba- Gei gy Cor por ati on, Dawn Avenue, East La\Rsi n(%‘p M chi gan 30
48823- 5691 r%tWQPQP|T£y0|C§ %rnsbw kP GB2rnoBmaheeh Nli 402 R1500 har dener.

Thi.s W5 9ne CXamRl iln & L1, 3L ¢l Skl ahalier Lbe 1hoRR) 19ds Bhigelh 24

2003 The sprue pl ate has a recess 1
r ecel vi ng jdired,antchlat by bohe (matahown) a@dhe'ﬁm@sﬁ@c@&gf thmmae@@almsldrrfgace 147

?ﬂLCBo?S?Eﬁa&h%Eﬁeﬂﬁvfs'eq?égsoiéb oG Fofatd, MhG i na SR B 2o

and agai nsfsnéamp%nrg@g@é tthé agrudyatdigoldBi BrbliEH tHEDEEN 181l BRE RindiehasThe
pol yt et raf | uor oei CQ ene seal has an opening 152 for passing the |aser

bl ocki ng nﬁz@@rpme esng WhEheespageteowts mmwéaléﬁhou parehesrve rot or
bl ad h | d
ong- ﬁal# an ﬁ%héﬁmgé"%%pﬁaiﬁg&ﬁ'&ﬁ} g Supy%et%r{é’éguypg th lé e b?ggkﬁzg

mat eri al |rmﬂcankurh@mamnalofrrtehpasaaagfeqwlhces ihe@nansadn A% attherip) emabamncatjmfgor t he
seal is nmechani.cal grade Teflon materi whi ch h very, nd ncy to
ol d {1 ow: MY e BPY 407 SUBRGUPANAN HeHSae0rotm B9 Thiad PR Teme. . ne
Connect i cutthrlgugv,qhel?,%ﬂ 1 0gt b tUNeWe 85 &eY0 080164101, Interplast is a
processor of Dupont Tef|lon material. The fixture 56 may be used in the

process for oriet§ iplaisraduptable wtmﬁe&@cﬁ&sﬁ&‘ﬂowsmﬁ»@ ofdbnimectat

i njecti,ng | i I

54 Ond e TG NG REHIrRReAT TRE B baeryl oL e b Eeac Pp PR StioRRaM o
machi ne so rebpectl tokke &alrle @a. sTmmbabelsrmtmitedd |byebdwatfr1g tiedelsarigedtivg t ool 12.
The first stegélsto gthetoo 12 fromthe to install the

Cool i n an PIBSLIGLTHO & Rmeet o frgticay craeondna aretat Sy o tabl e

156, sim | abchifor Bgcﬁamee\h@ﬁtrfémm fsqrﬁsttah'@c 1 bRItSS 1198, rmic@mggmmat@@} The
tabl e has |ocating pins (not shown) which |ocate the tool in

pr edet er m reaberiglatjuaklei (prawgh e teblsl with eapeshteingf heurng.ool has t he

| ocat i hole 1 i h

bl ock €engages tﬁfelh% %OIgrfalt’%éeg%in?%%{?gwhﬁﬁé}%%%giﬁ% gfp %Tg%—cgqérﬁﬁ%c The

conbi nat i onvepfeddraedt @§J|thé2lrﬁﬂﬁa$}ﬁbiemt%8’ ghand Oteasﬁcdr’rde:;:Ia@ka\hemgebB@ck in a
ratus so that e ti sec

known pOSItIOI’lWI h respect to the app 8
end) of the! % &5 mﬁg%ﬁé%ﬁ?%r’i@de\ﬁ gw?%@sﬁééﬁp&eéeﬂ %%H?ﬁ 515§U%;@\F$ §||s
of di ffere”éf th@ﬁ%thn%&l@n%lﬁbéb’aﬁ@?r%@@@ﬁhe& Hbel 818 of lr?été!écﬁoas a@@lkng t he

bl ock to a bl ock having a suitable helght. e apparat us verti cal
menber 154 mawibrey. éﬂgarw‘fr@cas%cmt@femm@ﬁwax asiohabthe digoér Bhe ynaskt endi ng

o TR NP GBSl grocoes e

vulcanized (RTV) rubber. One satisfactory elastomer is material is RTV 668



W 0 6 MAY 2003 vertical support and is adjustable with respect to the
vertical menber by neans of a |ocking clanp 166. In the enbodi neft§ M

the apparatus plate is adapted to engage the spree plate holder 64 to

| ocate the spree plate holder and spree plate 62 precisely in the spanw se
direction wish respect to the first s reference surface 126 of the |ocating
bl ock and with the sanme relationship to the first reference surface in the
spanw se gig b YA Q,.p% 1 d a spree
pl ate el e%nsﬁgasﬁgunﬁ%erl%béﬁg%gﬁe@ é%a?e %F %@g}hrtlége%é}ﬁﬂ y?lék% 8@% of the
spree plat.as long as the device provides the to correct orientation of
the root (firs d) f th irfoil to the first reference surface. The
Spree plat e of QRENEOHHEDERE Ctss BREh CRPESRALT 81 eI DhY I spr oo
plate 62 ﬁngp]\gwgz &h@thePse il Bovent E%hgéw'éﬁbﬁgeé'é% éﬁo%%]gé dkand the
spree plate | der or a deV|ce sinmulating the"spree plate holder is that it
r epr odsicesnarheerfgagefmnirgiolig @pmesmmmernnmmp@g aelravenshjpmnm tbe to the

is airfoil o.the oth ar of .th tooI The for orienting the
L ror 1 C1a e 0 bR ETBE. (RE ShRp RLid e DBanR] e RE AT etk MptrGaL

form ng tiga fRedal=R the sIehahdljéwl’@ﬁxédﬂ&J grvbdge dRRheTbel, ey sbyoridippi s t he
fixture to receive the el astoneric mask nembers 82, 84 of the mask 78 for

engagi ng PRRVIEEs BoiefereRCce RErgpr PRwierasmsal (o oeih the MmvsinapBeaditadhades
forming the pRSK I8 ﬁw%hb%?%%g'ﬂgemrﬁ%lﬁg 55 qogﬁTﬁg%&m&h&ést QSrcﬁr;ng@?S of

form ng a core having an airfoll Sl ona val ent
to thaoai rtihelslecmhdqﬁwmthtlts cbimrﬁMsleeﬁdaur@trelfaaate(swdlacermbwdegj ion of the core

whi ch th | t at t foil ht b Ll d for'
AR o S A A S MO RPN R i el

apparat us aﬂ@ﬂﬁd@xe&@(&%l@é@hﬁthﬁﬂaé @é@tl@ﬂhﬂ‘b‘f&ﬁ@ nﬁé’cmﬁé ‘%f@hntghﬁe?ﬂnlrn@e plate
Wth respect to the airfoil, to the fixed second jaw 94) to the first

ref erence Gparge® 126 on the |ocati ng bl ock 124. This net hod i ncl udes

trapping the c h | a andth fi.,rst,_refer ce urface
Suchthat the. of el Tored A FEFEEr B P BV AL PRl [T R e £
the fimst dthber ascRosumriiage pisaritbe [Fessiamg astiafitshfaveperivesre wmmdl tion. -

m 0 6 MAY 2003 The met hod i ncl udes di sposing a mask’rrdg material in fluid
formin t HESREG Bythesesand AW Hrmba W@S%P@Pif‘aﬂ FEOWBINSEH 1o @hePResY i sfactory

materi al Q%/oalﬁ Eﬁé\kﬁ"@ghénmﬁ% eseééﬁ@ §\§9 %é%’éﬂ%f?% s fo‘f%'u%ﬂ”' zed

mat eri al abl e as Iectrlc shown
in Fig. 2,mphemfint dispoaad@? eaadh sitie %ﬁm)ymlv jaswepe st ed rba[\,lbe@uplmsr%)f

spanw se e ding ar es.as.repre nt ed t he 0}V b and the
o ooves. 1768 M BB ARY SR ST R BF TR 3 PRS0 R B S i <

nmaterial  hengtegess the firer pais bf jpisles®d MEnaTRsk jaw hes st seqshdg@deepit esent ed by
the strips 178a, 178b which engage the grooves 174a, 174b of the first jaw

i 0 and t heWichi %@apwgaw@bth\me@ﬁnemgéf quidegi B3vakernzdxely1 568 of t he
second | aw.qdfg %Klb%n?MIﬁ e a‘]!} ?)c; pepﬁiﬁv%@ﬁiﬂgﬁggﬁsh%é ﬁ%’&)[l{)ﬂeg

chordw se direction substa sur f'aces
jaws. Aft eabove thatsecoad Jatvapctanées theerederepcefsuffacaiStgior hecatmgikdh@8nasicl udes

gr;;: gg t h?B wi res%egpl uispngao gelrru%c! gn %?nl\ﬁ“gsr%aci irn%gfi']%nfelépuréor ma
25 might be replicated provided the second jaw returns precisely to its closed
position
The tool includes means for moving the jaws from the open position to
the closed position, as represented by the arm 108 and lever 112 mechanism
shown in Fig.1. The arm is pivoled about 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



~s parting line if a one piece mask is desired or two parting |inel6iMAY3003
two- piece nask is desired. The parting |ine enables renoval of the core
and insertion of the airfoil in the operative condition In the enbodi nent
shown in Fig 6, two parting lines are made on either side of the airfoil to
di vide the masking nenber into the pair of mask nenbers 20 82, 84. In
alternate enbodi nents) it mght be desirable to have nore than a pair of
mask nmenbdesioveny inask arretiidriadainto the secwit meakingaoampear 8d4n§heme ext ends

between the cooling air holes of.the finall nuf red airfoil. This
enabl es tl-ervéc%a@l?%ﬂ%”ﬁagéliof H@qugoﬁed?wtfp'@@g%gac#g%%aibé'l e‘%ﬁlt”c ’f t he hol es
46 of the middmealic, lop hydeduliRNareri@fteritbatl niduh ambdat Bichlatdieesionods Ehgimst o

| ocating surfaces 2s on the airfoil for the laser drilling operation. This
i s i nport drllays, PheRédases where a repaired airfoil is being redrilled or

a new y. manuf acgur I EQicl 4 ! t i i dy has
sone c%)gol i ng holf&?j%%f\{l)%\?}é}é)rfﬂ%}b?ﬁ%%ggif‘g‘é\yf@goﬁ e%@??%i%&%%@?ﬁ% 92, 94
of the t ooinjentiennooldbigemeehite hreken Sdanhayofdnetaritfth€ i@ setvotheof ori enti ng

the airfoil by form th sk i,pcludes spacing.the jaws one frop.the
other by inetast D e Bade 1 Bia s SrBRrE et ane P Lfie RESs P50 Gy
2003 di st agpenbfiRf spdtvis @S oABR 159asR: hiatd h%@p@é@é?'ygdég@dhbisgmé A layer
of nmolding material is disposéd between the jaws to Till the gap G The

nol di ng rmapléte K rensilesthery eaplizesgapaisngrheleliakisomithrasiczieg’ et B8 al i n
fluid form._. sat | I ' : Lenngtd the jaws
mignt 15 ShepraRl R IohR bR SRR B S naa AR Y a (P TS
m ght be aspamvied fduingrurfidee steepTied stidace N6 tde snesdnviiye motayf fubrnthel osi ng
the jaws. This results in the lateral | enﬁth of the mask being. sll‘ghtly
greater thENOf Rededpdbarraiaiive @inditing B 15 diracYHe2l9peratPI eV i8Rt i on.

The jaws urders QRRIAL ] ol &4 L i@l ! evel
of force o?f't Se nasrﬁlfnlng@hghggr##m%\dgh%ée ft@g%?%ﬂn%ﬁgﬁ%%ﬁgﬁﬁgﬁ?@sgsdé by

adj usti ng shetitrengt theabtardadevéhe Wit curiacedd Gtadagtaine Tpius platghto be done
by enpl oying an adjustabl.e |link 112h.so that the.jaws ve to t ully

o osed poserioafie it HREARLEhebfin HE st & Seaabbn TR feShde ol dlot 2o so
that the | au&eidihg thepeaskaRattbldkitdithagamalGl. One satisfactory gap Gl was
set at about one eighth of an inch (125 m | 531. The gap Gl for the i5 tool

in the closed pddiahairags GnaeadiadioneRertivas! dEbiidisheroineies of the gap G
for the togledd 8 199 i@%hﬁ’ eﬁ&rlﬂfott'h%rfotd?‘b‘l)ﬁdfﬂé.“hﬂe ﬁé’rY&Dh)%gﬁor?Bf ffae tool
IC at | e d

12 is the second jaw 9 oes not nove. aw and t secon
chor dwi se frassage izingtemcemsunriiogiorogithabve opepingdetroedibyddenssaagenhi p

with respe e Locating,hole 1 Z0 u bot h are fix The

| ocat i %g hol etagoéigt'?(%%,oqtr??t”&? Hﬁog ﬁ%d%cgﬁgﬁegsgf%%ﬁgsl%%ébflEgotttﬁe first
reference sucéiaseahd Mser Dhasendnrueridl glor it @noabking htaomask 78 and its
mask menbers 82, 84 which eré%age theﬁjg_aw to have a , known relationship

with respect to tefiest @vPR Qe 20! dridagbewhHe Aansemr dier leMee 132hesce) and
the airfoil -fqﬁ% : i ; , e zs
airfoil andar{ ﬁ%& FTBEQL&{?%@‘%@ p arﬁgm%%ﬁf%ﬂgﬁg%f@ﬁeg@%wj -erl\F/‘annd t he
base of thdefénttas enadjistdtdadiaktiHRouwghichladiotvalibreadiiistrhentagfphe dénghtad t he
housing 62., A small__| ateral, k6 ad] nt mght be required, for exanple, in
heopeiat 108 1StHIdi TISHSCHEpEHA BTG T RS GS8T8FS QP a1 aS DBHBaTBY fo ¢ he
gap G to efRsHitdINgdp NRIRe CHEPANRNEISsE@¥ENAiNEN CIH LA ILlyldADSRIA i n the
operative 30 condition. Thus, this relati onsh|P in the ap(g)ar atus fro making
t he mask i 2t opg embodiment is less than twenty five to thirty mils (.025 - .030
inches).
Fig. 3 is an exploded view, partially broken away, showing part of the
30 tool 12 and part of the nozzle 70 of the injection molding machine 54. The tool

includes the fixture 56. The fixture includes the tool base 58, the sprue plate
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0's MaY 2003 sane or very easily adjustable to the same relationship as in
the operative condition. Certain thernoplastic polyners have
characteristics which aid in disposing the | aser bl ocking materUg;\ F@[}g
the interior of the rotor blade 12 and s in attenuating the intensi f

the | aser beam These characteristics provide advantages during filling and
drilling of the airfoil with a |aser and advantages | ater as the bl ocking
material is renmoved fromthe airfoil. For exanple, the | aser bl ocking

mat eri al cﬁﬁmmdstes sprivénetate plobsricd. pihey spruefateeitbldér load pnogenorg ahd.

hydr ogen. _The pl astl c. pol r creates lI§a{r m ess oduct S H‘l) %5
complete ¢ U@% Rt %{h © QREMAY '8 Hcﬁﬁga@p ﬁe‘;pﬁ%ﬁg QP4 The
polymer al-§q E@?%l éVBtﬁ]ssEboaéréM% WFEtCihrfa’i:eg’f@Bﬁfheﬁh@f‘s@@ol% thy bbis (50)

whi ch pronote nopl astic polynmer 1s partial anorphous; but
it is al sqneashoah) whahysigal the mezglecdnd batuetfiatectogsthadr] |Trtnetsyprus Pipteat er

than forty r cent 0%. ,t iffuse the beam of dlatlonfro he | aser.

is Experi n%ﬁge ﬁa?ﬁec% @d%g?gm@ %gpﬁ%nﬁé%ré\ygsegpmpgesug@lc?o infamly.

The term " pol yOTﬁé'fQ{ur@EE@ 4166 imiidd cahmber B8 reprdfeatdwby el wbeng2guch as
"pol ypropyl ene", "polyethylene", etc. i nclude their COEglyners and

honopol ynedacating blegianhech ltsrfév@éeriﬁ@mwesq reradhe| e et y Nedrgaing | ene
(LLDPE) . | Gicqns 15,29 [t FEfeRaes (i 26 rh (eashy hPRhysling ene (HOPE),

20 pol ypropyl ene {( actor matertal 1s a linear, |owdensity
pol yet hyl edeeaicx iaradbh@c&serﬁ@m@@dhﬁamm& pbthet sifoBdfen dhe lpb;am'le Di vi si on of

M.l ant, PR B 458 J021TTA OBy B RP e iHale e ik PPISGAGi g BT o ne

hundred anghe2sirfollith wo@e&@ﬂa@mL{ﬁ@m@tmhé a%‘z?p)rh@tsetc\aﬁatmaémﬁﬁaen@@%ees
Cel sius (23C) and a FIl ow i'ndex of one hundred and five (105) using the

st andard oadae@gmé&émt wtmm@aﬁ%t@ reoEEME-hlpgig o8 madenialt |AsdIsShewviDRat es of

i s pol yeldsgnaR i Fiarn T SURRE P Mo S e R B hBe RO BT, "2 on

30 mnute ﬁ@rpsqﬁetsrerc@nahavaldscfmmrw@eeéduwmfskanémﬁseer ature of one hundred
and ni nety degrees Cel si uséélQOC and under a | oad of about two and si xteen

222 ®6 MAY 200 tRahreabBdarid Ygfantst 32, The kgt Mpste Merohere@hand t o
di
condi tion Eqgfng *ﬂrﬁs\%ﬁﬁ%@@%@%@t od mésﬁﬁéé@ﬁ?g.sﬁg%tpégbﬁbeﬁé%%&ét

break of seventy two tenths percent xural no s of
seventy fiveld hﬁ@mdd—a lbawréfar&hoedsmtmad‘é%@n@murmn@rtm battbm(af368Madsigr, a

tensil e strength. at, br.eak,. of Ve hundr er._squar.e inc 1100
bty Bnd s PRGNS CRNERSIRE wBof gt i RRe e BRERTS BRsRa itk HiE et
square i ncho@Ml®ensb) badhl peichiaedocartermect osimaendl Wiirsrdspetytd inee
hundr edt hs 45) at si xt ht poi nt two d%%rees Fahr enhei t

one-huﬁ@iredé%ﬂrﬁﬁsﬁ/@rﬂ‘? ﬁF‘i/Wé tRGHIFInRE @Mk qur“ctﬁééo?lf?a?%@g@htrﬁe ?hF’ne
tensile 'gﬁﬁéﬁqb%h%oﬁ hhb$lr§t'r>é¥éfeh&@saﬁgcé ash fbpeﬁg'%gdg@é tKSp P (1hd airﬁbnl per

square in at sevenfy three and two tenths degrees hrenheit (73
The bri ttleartcbwpekmm@atsasawnafer;enseﬁudegeéélﬁ feathiepbgiase( 36F) and the

(212) 1t Ts o Heparsne Meekden et ARt e i s oo over
five hundr Qﬁbrﬁ@fﬂn§Q)@rﬁ”a)érémafﬂlﬂgre‘%@eﬁﬁlmﬁ@@hﬁmt slish @k thalefiihyedyeddemr ees
Cel sius (572F or 300C) the material will release highly combustible gases.

The spééi f itBed@gil.t yhe sererd maskrmembeanderays B Bpdind edge phHle arfkdty five
hundredt hs &‘Fﬁéﬁ%e Lﬁubﬁ%éd&?aﬁwgggs 9&&98‘% Lh gk d 9 8%|h]t*ﬂﬁ edths to

ni nety seven hundre Show e absence of ers. It has
a fairly h|cg1igagﬂre@uleadsmm ghalskwmsoppmr&ngrzﬂmtmsmdnangcbtmeatrfmlmmé 2@sk1000)
and is for ned f only carbon a‘ r}/drog‘
mem ers ar moved relative oneto the dlther and moved into engagement with
the airfoil. In an alternate embodiment, the mask might overlap both edges or

30 only the trailing edge 24 of the airfoil.
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Pol yol efi ns such as pol ypropyl ene, pol yethyl ene) pol ybutyl ene, polyi S(p(pmpms
have the advantage of shear thinning coupled with their relati veI y good
Melt Flow Index. The Melt Flow Index is neasured at | ow shear conditions.

As shearing of the polyethyl ene increases, the viscosity of the 2s materi al
preci pitously decreases and nmay decrease as much as fifty percent (50% or
even greater anounts. An advantage of using the injection nolding machine
for injecting t l-as.er i i and

t hrough the pr eggq.]r:% ||§tar‘gélgefrhé@gecr§§égmﬁearh dé?h% ﬂ?ttrtfrrf% Eﬁo%%@& 'fa%y@ﬁwl ene
prior to th@spcrlaeﬁtﬂyé mk%dmblﬂlﬁg rhb@k ﬁfewmrBZa?an@amnﬁhaask t hi nn| ng
as it passes throz? zZ~ Y 2003 nozzLe 70 and causes shea

t hi nni ng, MEMRRMLE %th WaﬁhZB?rﬂf‘%}‘ Hﬁlfoﬁﬁ%géi/&@sa BranpiRalgriat gl ihelgying ke
Melt Fl ow f i |y

defi ned pa%gﬂé%%s Pjhtj‘j]rel ﬁgalﬁt@hlrggf?8@%@?%@%@%@%@6@? a?%%ﬁébtg?l s and s
nmol ecul &r  sigiduspwaEt Mc bhma}h@haﬂménheambetmwonme icoa§ngblomkabtad.eBeolh. It is

avai | abl o MRS e ke 2pofioh ddRRITr et i e B0 gges s
sci enti st SS?BHWWa@W@ﬁEEé&l neh the@ekrmd ANsiden Cth'etéﬁéﬁwhié/féﬁmé he

par anet er or exa for filling conponents having very narrow passages.
Fig. 7is §U§ﬁ§9H|7déI0nrf€9rFé%téfﬁﬂhﬂﬁ%ﬁf e eiReils HEgrswiAaens synd#ratedbeeri stic
for Dow ex r?él% f shear
rates at a ?gﬁ%é%{a’ér echLf' re %nQ?rQ@ye@ngﬂt ﬁgo érég’é{%g ahr enhei t

(375F) 1by Applcedts is a@ﬂ@l@@en@@'ﬁ\ﬂh@&&gﬁref@&pcéhéﬁw d?hem‘retgabloﬁlem%was
i t he visco decreases precipitously froman

ot al valeeost caBae il B Bl e desiBeconds (500 Pas) at & shear
rate of twenty pgp @%Q%@réﬁéc@v&@*é*b@fr@fn beRy 4MAB Qe undsed Hascal
seconds (200 Pa s) at a shear rate of two thousand per second (2000/sec).
Thi s repres@spadgpanwise facing surface 122 has an area A1. The second surface
faces spanwise toward the rotor blade in the operét]ve condition. The second
15 side 120 has a projection 142 which extends in the spanwise direction a
distance D which is about sixty (60) mils. The projection extends around the
passage 65 to provide a bounded perimeter about the passage. The projection
further has a third surface 144 that provides another (second) reference
surface that faces in the spanwise direction for engaging the airfoil. The third
20  surface (second spanwise facing reference surface) has a spanwise facing
area A2 which is less than the area A1 (A2<A1).
The area A2 provides a sealing area or seal surface to the sprue plate.
The third surface 144 having the area A2 (second spanwise facing reference
surface) has a surface finish corresponding to a smoo'th machine finish with a
25 surface roughness Ra measurement of about sixty three (63) micro inches as
measured in accordance with the procedures set forth in specification *“ANSI
B46.1 — 1985 Surface Texture” available from the American National Standards
Institute showing measurements as an average from the mean. The rotor
blade has a surface having a finish corresponding to a fine machine finish with
30  a surface roughness finish Ra of about one hundred and twenty five (125)

micro inches.
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decrease of nore than fifty percent (50% froma nolasses |ike |liquid at
the 20 I ower shear rale to a water like liquid as the materi al rowﬂBMAYZUU,}
through the airfoil at shear rates nuch snmaller than the shear rate of

i wo-t housand per second (2000l1lsec). As the material is flowed from small
passages in the airfoil to | arge passages in the airfoil, the viscosity

W Il increase as the polynmer chains is experience a snaller shear rate.
However, as the polyner flows through the next snmaller cross-sectional

area, such as dihet $pue pateihvddedigels integrabyt atachiediplthe injedicayeiashiteear t hin
because of the increased shear rate..The terial, WLl .experjence a

decr ease ?Hck}iassctb)'s{ats%mr'}% %-aqqndm.enggp[Lya ?I@gﬂﬁbhﬁﬁ%‘dﬂq Ssmal | er
area. As R dTBIRE ha|del bYBs@Udcral drghad ddwidd fortikmginessalasr @nnkhe 3o
material and tenperatures of the material rapidly decreases, causing the
_2q_ o ¢laer Irdoe emiosiimant shovexgesiesiemaaps éoepshaws Urgertbaserusm

Vi scosity I I S . Lrfoi : rdingly,
hoar ¢ hy ArAd el e gRET LR bR oRRIN Tl g iR e

bl ocki ng mﬁéephﬁé ple Pawl@'rQad;éséthetdrfﬁuucpilatmpwerﬁlyeag:dm tgee Hézelke Tgat grial s
injected into the airfojl is about five tg ten rcent. (5%.to.10% greater
it he {{He GRRERIoraimiosh ThRabkie pale 20 eneFa 4B Y dDeAUE I onpl et o
filling of i i i t he
irtoi . faroaae e oo ooty S Chollih R ol Ve O GRORT SR o the
airfoil tdasershipekiogmpatetiel froinlthegpastagh €5aiTitfeohdusingaf et injadtienmat eri al

nmust ve suff.icient viscosity such that t 1,o.,mater| dpoe un t hrough
the it oiTeed Ertanesarora Bndt e PRbelfedt T kb SR8 Eh onea. = i ¢
nust sol i difoutioheph@eRed pothys (eqd By BhiseiushBk &ied boterasdd bf fHeoymuent o,

t hrough and out of the airfoil. During the filling operation of the airfoil
10, for exAl ’gainpelherrirfaibin s & spal phtie interfaneckeiwesndhenedusede at an
extrusion SSAL, F sl ahout: i guar e
nch ( 15000En b B o e ) gl F B B R el ca
degr ees Falme pheides(tiBO@kfoil {ithéreeond emdl egraaes the block d@dsirappithgeheo
tenperature., The tenperatures, of the erial are expected to range between
t wo hulrf’dre%i'rfé’ﬁcfplainf”f %‘?} e@mgemﬁ%%@%s?%’?twaﬁegrees_ Fahr enhei t (250F -
540F) for nost ﬁrpaﬁ@tt@maaéémbbdn;h_@np%yﬁbgilbmnrﬁanwégs aﬁﬁiﬁstahb%gsué he
material to flovv wth [ow viscosity through the airfoil with the

t enper at ur e'ata@srngatdomecwverlsluion 106 spoe piztaadaineklneest 1¢HFaeEMd causi ng
a further -0 Vi S| N o ' [ [ ex 2503
material, Ehd gor pet ol AGOTL I (s G PPy AR LUBR R B B o e
pounds per asfpilatehe seborid 608pwise fasingneferancasuffacd 1h4of tie passagae and
orifices havi ng a r\ydraul ic dianmeter which was | ess than forty (40) mls.
In son® apﬁpfié TfO%s, the passages may have a hydraulic dianeter which is
l'ess than thirtns(BEntigHel eNeTbdeing Hibasted Y24 (1iret le?Senbk|irfakk) |sS

expected that as the polyethylene I's flowed through the airfoil passages,

P! ! .
further shéeaitet Wiamihadirtikes rploabadense Hatdlaptieild ofyihe éalor ibbadalisrgji ons so
of the airfgj S L I i : i of the
o ror 1 Sedt® heAniddtn cEARIHAnEEARC el Vs Kb NSoRAREULBIAR
movenent olridee op2bativelcdndiin 2 GiiSpraaisarized natedalaxitistthe siozalkecatwhi ch hol es
extending to the surface are %i@lﬂéggéoNevert hel ess,, these airfoils were

succes$f ul p&es;s,qrp@.(g,a PH! ﬂé‘re_te,n : Hf‘dfs RET SHEAC ipAp tﬁh@%pé'ﬁé’r”écﬁ eristic
of the | as?émPEPaClEPé‘Sf AR Rth@e 1hdhdrBg d%gg%-gét I’zzfahrle'?\h@h3@(‘30ct jials, the

material was Injected at a pressure of wo thousand ‘pounds per s
square i nch (2000psh)s am bhemateppwogimeest ©2b bhihengireeipddietdtathows ih ess t han

];:c ve hundr ef‘:dlg.%r.“ilhfeosr;}rge %Fa% %62\% i's: gr?neen 8{ é h(a?d4e0n': d tev%dpér?%%owgvgﬁ]aélge range
from the Ciba-Geigy Corporation., 4917 Dawn Avenue, East Lansing, Michigan
30 48823-5691. The material is supplied as R4036 resin with an R1500 hardener.

This is one example of a suitable malerial for the localing block 124,
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about four hundred degrees Fahrenheit to about five hundred degrees
Fahrenheit (400F to 500F). Polypropylene was al so used w th good {f@#al 93 at
simlar pressures and at tenperatures above its nelting point. o During
filling of the airfoil, the airfoil is disposed in the mask 78 with the
maski ng menbers 82, 84 urged against the airfoil by the first and second
jaws 92, 94. As nentioned, the table or the |l ever m ght be adjusted
slightly to accommpdate any difference between the gap G and the gap GlL.

The mask nenbe £ I SHLE ot iAef 0l b ocks the
| oss of |aser :eih b“olééipﬁéglerrat e%@n \%’ﬁ?hgnr?gshét)r%%ggaqﬁﬁr@tlgr]%é@tmgafﬂﬁ)ow
di r ect i ngreatr faocetheabtarisdadé r fTokelretesunamatsed! sodate vA8 vwovich Bdaplisrthei | . The

mask nmenbers al reinforce the thi |1 of the airfqil (which in sone
cases mmy eaisbEb laddunapddelaliver Muinsteluctibet fon as < he hi gh
bl ocki ng et R LS L gL R Gne sPr i Pl et el B2
filling ofthevelor biads lex thshiajresionakoldind meshinhar feneolettafeowsringene cases
ot gt SRAP IR SR R B ARPRRoTe TR PR LY, e
of the ai rfayskhgessfiom thbaprid privs @ e fe@tblédentdre embedinaénteout

increasing in_ 2s tengerat ure by an anount whi ch makes handl i ng{ difficult.
In sone tr§edlss a‘é%‘é[rt fest lounbe Of dMMelong angriteshehef anripeh WedarqtBrany i | | ng

wi th bare Sg euitég}léiff%r' fﬁcﬁghg?bgg kirﬁ/ﬁ\%térmwtslthb%H%f%’baéirféipseS heat

to the adjdcent”™ net e material continues to flow until
it fillos tGossatiskatory materiakfor the séd igimsubenidabgrate deflva@aenatlsrietki ng

material. Soljidification of the nmateri occurs rapidly as the material
Toses heatsNites & rpannal K erPRatient oie 3y SRR Bl BReldfLTai ™t o o
-z~~ 0 oMb 2RRS PR Ihec he TopMentiodt TrivehakinnttendNeit koudy 080eer n
about the material [iquefying. Another advantage of the bl ocking nmateri al

i s the resf1@brdierpigstis a pragesseselrlaeeent efloo® aafesigh This all ows for easy

i nspection of h ar.L 14 I r et e r has
pengt rated thr oﬁld%%f(gmf éggﬂﬁgﬁf%%e%engttgéﬁé?ée%ﬁgngﬁgﬂ%ﬁ%lr@g:’l (élxg)ﬁﬁof
i nspecti ngrespeot B &y makhireuioe injbeinmlbeehblsckiegmaerrial ,exichhaotingh t he wal |

O e 2 kg ok 5 Bl el B e B 0 L
materi al ageREPA 8 ihRclibs nsiHiRE bo tatliketaiMe ghaaeraaditioshy faehar d
conmponent, such as the material. In many cases, the |aser bl ocCking
using the tool 12. The first step is to remove the tool 12 from the machine and
to install the tool in an apparatus 154 as shown in Fig. 6. The apparatus has a
20 = table 156, similar to the table 66 shown for the injection molding machine. The
table has locating pins (not shown) which locate the tool in a predetermined
relationship to the table. The base of the tool has the locating hole 134 for
positioning the locating block 124. The locating block engages the lip of the
airfoil with the first reference surface. The combination of the tool 12 and table
25 158 locate the locating block in a known position with respect to the apparatus
so that the lip 18 (second end) of the airfoil is positioned with respect to the
apparatus. Airfoils of different length are easily accommodated in the fixture
changing the block to a block having a suitable height.
The apparatus has a vertical member 154 having a groove 158. The
30  apparatus has a laterally exlending plate 164. The plate has a vertical support

164 which slidably engages the groove. The plate is integrally attached to the
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material has flowed into the hole to such an extent that visual Sﬂﬁ@hﬂhﬂa
of the hole shows the presence of polyethylene, thereby confirm ng

exi stence of a through hole. During the drilling of a hole with the |aser
beam L, the coherent radiation ~s of the | aser beam vaporizes a wall, of
the airfoil, such as the suction wall 42 or pressure wall 44, to forma
cooling air hole 46. As the | aser beam breaks through the wall on the
interior of the airfoil, the | aser beam strikes the polyolefin

(pol yet hyl [

pol yol efi n$%%é?:lﬁﬁnd§f @%ﬁ}ﬁ&é@@bﬁwnﬂgﬁ ¢ ﬂd ﬁeegéﬁtlsgﬁg?hﬁeg\%nmgﬁgst he 20
| aser beanof a bookimacleept a%ylmmeagmbgdmtwdabwg tre ahpaiatugpiase iof the

foil. Ath th h t ood bel d
That the cPYSRSRI PremErOBT R REr P BRIRE CAdP PR-AhaS sPbireRele naet "2l so
bel i eved thal shige émeblp}ea@ety mﬁe agéﬁw&@ dhicibn QfiiH RespReel ehbylrene s
such that a small portion of po hyl ene i mredi ately fornms a fluid,
either in tRisenee swianeot26 af mﬁzelogghrfg)blmsbﬁnéwxifquhedsampmﬂlab@nﬁgpépruck by
the | d
ydrogen, Lraeblcergie HRErE AL abe iR e o E 5 A ont i ed by

t he mat eri abndisbnce the material itself is forned of only carbon and

hydrogen). This av0| ds the formati on of soot articles. The pla of the
vaporized pol yeth§puRe $uchznnsparentels g | Siguiating Bissr s Reeban

extent tha I beamto
e e B B L T T i Py A

MAY 2008 apgpoact @nem@goa@étnmeocﬂdﬁmwhdﬁ@f tlnﬁ@rrfml@t@@djrﬂ ief¢r@oce noves

hol & vi t hogt BB ATy SR A CHaPBeated e Bk el B edeh b BB i et
material ofthé bpr@e plfam B2 Rebong ns]uuge@i rrﬁte@ds/hﬂta@@lﬁ uﬁnmﬁpm@rﬁlaﬂe gid | 11 ng
operations have shown a rmarked decrease in wall bl ockage at conpl eti on of

the drilli Age Speiapiadmholries %@r‘?ﬁé/ﬂﬁe BB ERE tlﬁ‘@l%uﬁrﬁ)‘%tﬁé"qlgl‘?f igdlbrlehsed from
about fiftyg gﬁf&ﬁ:@% tﬁé’eﬁgéﬁ BFQér \Agﬁi'{f)eﬁﬁtﬁ%%%el;é? Vet cﬁt tot i@ Percent

(109 . This decreases t or re of the alr pronotes even
di stri hat i airfof anddd Itl'mgomerr pamistdiéhéﬂ(mlshed article. i o Anot her advant age

of the polyethyl ne | er dri b ved to he . fhe ano unt of
i 11 usi on of ¢ e TagEeEET ariehnena? Al tEEse S G ahe TubREN: o
t hi ckness oﬁolﬂﬂwﬁ{d@wrﬁﬂm iRl @déSormlirig the h@lreaseethat tatad thelcavilyad er t han
many ot her materials used for blocking |aser radiation. This nmay be |inked

to the rel ati&eryibhedarle tjaiialre io reeeore el slastemars MgskMeabgred? &4 t han
forty percedrtthé%gé% }?r@wg{é@n@nﬁem| r%%y@rtahvé%@%dmheﬂ al, greater

than sixty percent bel 1 eve t" polyolefins are preferable to
ot her ol yners b’ébau@hoﬁ indiedddeiarmiopinel mdelxmﬁobhngaglggéb@@nrfCtlhaThlSl fty
(50) and th i Bg F fwhlch s SUffIC i ent %WB gq hat the | arge
quantities e P&Sé BIEERT G e Faie .80 ardpibp FEY t'ad by the

| aser beam diferaidesildquivale stoaherkiddil WeicRGs appeatieansat lélstadwbrtthgnal pul se
of | aser energy be§5ﬁd t hat. experienced usin conventional wax fill is

possi bl e, WIGGE af %few\l%ﬁﬁeagw dmmeskt Aisreatiyahn an acthal aiprdcki ng by
ol yor of i n SRS e OBl P har o PR SO & B R, AR e D ou
five pexrscenof l(wE%p;iwaMel@ﬁlr@fsnrhe pla e ot 1Heare pljlysted o asiehb tite a;ssrut—zkpéak&zt her
pol yner s dowﬂr?tregggcrt?g?hé gﬁ’fdpl { rerTf%pe(Ejesecond jaw 94, and to the first reference
surface 126 on the locating block 124. This method includes trapping the core
between the sprue plate and the first reference surface such that the orientation
of the core o the sprue plate and the core to the first reference surface is the

30  same as in the operalive condition.
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of the polyolefin and do not pose an environnental risk on burnout Q)ﬁ MAY 2003
material. The addition of these other polyners to the polyolefin) or even
addi ti onal anobunts of other material to the thernoplastic polynmer, is a
concern because 30 thernoplastic polyners forned of only carbon and

hydr ogen provide a significant advantage during renoval of |aser bl ocking
material after the holes 29 0O 6 MAY 2003 are drilled in the airfoil.
One nmethod of renoving the | aser blocking naterial is to heat the | aser

ol ocki Ceri g b _ T . _ e opo
OCKi ng mat ert e(lj{?%rgé Hcl@&@é‘éns%%ﬁ%%%b%ﬁ P8 ribEPRIAYY®iH thedbOU

thirteen hundre F) degrees nheit. parti cul ar advant age of the

pol yol ef i reefvalyiidyarmmhdlipaing tbelnateyiaplol yartayl e satisfaeioppmatenialbs eaks s

down to forma highly conbustible s which is very clean burnin The

car bon_ ancE RS GFGYGHTHIET (8 UBBIRsORG BREREeMBT me A P Sy RET FUAIERIRe

combust i on AREBSRASH ¢hd ]Q%ér{érrﬁl‘h@l%gl‘%m%ﬂéﬁﬁe and wat er vapor. This |eaves
t hat

behind a very clean airfol does not Tequire further processing to

r emove scont ani nAatssoWNomAife2 i thedirstgaw 2 amethe s¢ednd jawnd4edchinane a
scrubbers far renpving harnf.ul io gasses from r.NO o) ti are not
Fequi red. pra Pl G PRI el T e B8 R BB & 5T 2o Bl e

| aser bl ockhdehargtivieal 176, naeby,Thl@uﬁagutx%mamndmommtadrw@m ggvet. not
having to fl ow addjtional solvents into the bl ade or to manipul ate the

bl ades. | nTBigdneiesia! herENsIPYBIBEITIRS drale mapk! di1evePs EHR HRIEEPRIG
t enper at ur B%Hé P17 378k mtérﬁgﬂgxgé W%}gfb%%es 49 7§brcff9hé fitst jA\gated to

a higher tenperature to'renove ofyet hyl ene by burning the
pol yet hy| eard thédstrips! {@stehyic2bevieh tsgagd thaigeoaves ofbayriirBboddhe sethed bl ade

i nstead of, contjnuing tog expand and pl ace unwanted .internal, pressures on
the airfoi 12w FFREISWPS eHlenhohyet A1wAe e RaRe BNy Gredevam st i c
prior to nelrbititeh obsBALaIR hWentideldTRs &id alrficeL6f wemawBon being defl ected
under | oad. The pol yethyl éne naterial expands prior to nelting as it is

heat ed during t Kéleblinecatedpdraideon. thestrmel foAmbTo tsemeaski’§ ipellgeshyl ene
material c eri O n [ jpn t Lf ol may
even all Owﬁpﬂfz@n@?g@?@{ﬁé é)%brgug:af @%ﬁ%rﬁ@( g%?rﬁﬁﬁgpcggesdhg)gntgﬁgﬁgg sgllf/élteher mal
exp?nsimn (ﬁbrﬁd@{alimmtfealrcbraé ﬁ@rce rﬁls?mtstdfésh@dsmitw]pqﬂalrtiogﬂihesWadal\??mietge
airfoil, The relatively inwalls o e airfoi re not ecte 0 an
ext ent thatm%%‘dﬁd}eééfﬁge_fﬁ‘frH?'&‘l"gﬂ‘é@ie&l?%ﬁ]essrter”&v?é?f?PHS ERE and fsefties 0# ailure
of the airfebifirihnge bperR@HdiRREr ation. I n addition, burnout may be

ly |

provided at a relatively |ow tenperature to speed handling or at higher

t enper a;ur es to ladoe éﬁﬁ@%ﬂ@@b%ﬁ%@h Fi@le Babvo Qﬁ@ii%”m%afteem‘ﬁﬁéﬁmiéﬁioesd
not 30 eg%gtﬁj@APt ﬂw% zﬂﬁﬁ[l o5 BRAGE 1 mbBen r{wjé’%b&r ﬁﬁ% ‘(W%ﬁgwﬁ%gél{)@g'rﬁvaétr% made

d 6 MAY 20 oug he "I nventl1 on ha een shown ScCri
respectot o 864l | lad!ienatdi emibd gintanés, élofjght hesdemiath| b & hadensireddaby t hose

skilled in the art that variaus chapges |n formand detajl nmay he nade
W Lhout deet P1IGaFk BTG Sspl 6 MAZRASEBRE T Te AN ALE=F NVERTOR' - 30
0 6 MAY ~ 1Q03eNds BEIEEN the AJIhGEN Rbe8RE 81d Mall PRASREIGRJiAEN.L TAR Oof the
interior of a conponent for attenuating the inténsity of a |aser beamthat
i s directedn@blehtacmapsiertock the flow of blocking material out of the holes 46 of
the airfoil o such an extent that the material does not flow to localing surfaces
25 on the airfoil for the laser drilling operation. This is important in those cases
where a repaired airfoil is being redrilled or a newly manufactured airfoil is
being reworked and the airfoil already has some cooling holes 46 formed in the
suriace of the airfoil.
The jaws 92, 94 of the tool are movable relative to each other. The
30 melhod of orienting the airfoil by forming the mask includes spacing the jaws

one from the other by the gap G in the closed position. (The gap G is the
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during a laser machining operation, which conprises: , a thernoplastic

pol ymer formed of only carbon and hydrogen which~has s a Melt Fl ow | G8daY 2003
which is greater than or equal to shirty and which is partially anorphous
and partially crystalline such that the crystallinity is greater than forty
(40) percent to diffuse the beamof radiation fromthe laser. 2. The

bl ocking material of claim1l wherein the bl ocking material conprises a

si ngl e podiptdrefa thabtheajamisxdraer spagkdpothywbpediatise candilioa.)bAdekemsf nmat eri al  of

claim 2 wherein the b|ocking terial conprises. a polyolefin selected from
the gr oupMEHSOSTRISEabI dIpRREEd PWERBEE 19V G BEME. ( [hoFSidndow
density p = DYy, h(e%r% | i L yethyl oo

pol ypr opy éﬂnggl?éﬁt heE{)?%%P?ﬂggrqrg%eé?@ﬁg‘gégcrpétleﬁl\l:%glnl f\:@é’:%qmm 9 r]v(\alher ein

t he bl ocksaljsfaatoey mateiial is beedwbrr Witeasatvetye shé jawmigitdreasparedsapant such

that the pl ocking, materi.al has sone resilje upon bei ng defl ected as
comparsa DY 3§80 CNBBREHE OraRter TN PR Bor i 4F MU B 20 T8 VaChERgnt
response mate@%frfgrrﬁin@rme@ﬁlag«sb)ﬁﬁapﬁm?@lds%ghfé BRRPONGates@dnWhET €i n the
material deforns under 1oad so that al! forces of thermal expansion of the

mat eri al éateraidgnathohdme mask keong Béghilyrgreatentthars thenkaterat widthiof éxpands under

operative [ tian o N0 operati,ons. -31 .S MAC ~a~~ 5. The
bl ocki ng- arar i Rl e iBar T8 e Aol Roeialveserfitater fehas o
nel ting peisit arpicietérmihes sevidhanidrbe ea the iath@n@nibdrt YTHEegaReseffedhr enhei t
(350F) such that as the material is heated during a burnout operation,

thermd? eXpahsPeAChieved iy #it eincaiedengldunl: ther leyReWitahePPYes i g, 6. The
PLocking MRSHG BSaGh @by By b dudBICh § % So A 8 (RE Fhdd |

its nolten con as sh hi nni'ng characteristic I'S greater
t han zer olo the iy dibsskpogjtiomivithi apap itl thiermekrative taidiilién bheae n t he

terial, in th t dition, h h t hi gni hargcteristic that
causes an AIPE AP hetedgusiaie SPaeat Bratii Bh 9o G eades SPRIRCBOL {11ty
percent (oY GaswaLISEIEHAPONE NIRRT hYindh (PR PRRISPUTRe 3BPOGH Jbehe th a

shear rate of twenty s per second and the shear rate associated with a
pressufe dpoldpdbe clasedduasitiumiarene potadengdwagabee fonetimessgohggiap acti ng

on the | ascgqo,qhg%gﬂgéﬁgitoﬁét&!vﬁ 5 RN orifice in an airfoil. 8. The

bl ocki ng naterial "as RIM 2 wherein the melti ng point of the
bl ocki ng nmat er iAbasiudlspEhiaht agehefaheitsolsiZis thbatecahdlj@a94 whigbrddesn of the

e RO A BB s Pp ok abe s e e
drills thnaahe dredetermined relationship with respect to the locating hole 134
20 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
known relationship with respect to the airfoil (which engages the first reference
surface) and the airfoil to the reference surface on the second jaw 86; and, the
25 airfoil and the mask to the sprue plate 62 through the second jaw and the base
of the fixture and thence through the table of the apparatus to the housing 62.
A small lateral adjustment might be required, for example, in the operalive
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

30 condition. Thus, this relationship in the apparatus fro making the mask is the
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s portion of the conponent to forma hole such that a portion of the

material flows into the hole and solidifies after the laser drilling 05MAY20|]3
operation. 9. The blocking naterial as clained in claim8 wherein the fluid
material is a liquid. -32 0 6 MAY 2003 10. The bl ocking material as

claimed in claim8 wherein the fluid material is a gas and wherein the

gaseous pyrolysis product is transparent to a | aser beamto the extent that

a plasna @Em\éa@roﬁér?y%smWaﬂf?}shé(Blérﬂ@th@séﬁw@%%‘bﬁ@hlpté% %hﬁe'o’b‘é@étnﬁéﬁ‘am 11.
The bl ocking material as clainmed in claim2 wherein the bl ocking materi al

conpri ses cpotlifienhyl ene. , 12. The blocking material as clained in claim11
wherei n the bl kln mat eri al rises_a |ljnea | enge._having a
specific gr avi t ﬁélﬂerngoqlggtéch We&éa(eicb?raciqus%?ﬁ rb%lrbéﬂeﬂg material as

clai med i pyjgd r(ﬁjg % \eker BiobkinBemblehiaps2 I%‘Pl' Métlrlﬂ)éh@f‘@f ihe rdtdraNadenl dnd
pol yethyl ene and has a specific grawtié@ T is less than ninety five
amal

t housafdt i3 aftepgpting the mt@sﬁvd&khehgam hesecchanaskerisice peavidld 2 wher ei n

(600 1524 rE G T L Bra P IR BT IF B Rber SRLP BB et ng
poi nt i s dateatasrtht hiscking materdtl éslremdvéd fron theatiges. Fahegaheid, t290F and
| ess than five hundred and forty degrees Fahrenheit (540F) such that the

mat eri al i §5?r@69@896@atﬁ@§k¢%p%\$ﬁﬁ ﬁé‘??W@'%ﬁttCe‘?O‘kﬁ’@ﬁf)f%me&Ofoqn Yhe | aser
machi ni ng /98634 éﬁ:ﬁ;?o ¢ AL d t he
| aser beam 16. A r"r@}ah% I? 3 ast el%\neflﬁ a@g]r?ﬁ]gea:ﬁr?n@%is
conporiént dmo@mgleate@ammﬁtmn oﬁﬂhﬁyvmammﬂjrmmmglmmnwttchf thaenateribl. ethéol e,
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partially crystalline such that the crystal nlty is greater than forty percent (40%)
to diffuse the beam of radiation from the laser.
15 Experiments have been performed using members of the polyolefin
family. The term "polyolefin” and the particular forms of the polyolefins such as
“polypropylene”,
homopolymers. For example, these include linear low density polyethylene
(LLDPE), low density polyethylene (LDPE), high density polyethylene (HDPE),
20  polypropylene (PP).

» o

polyethylene”, etc. include their copolymers and

One satisfactory material is a linear, low-density polyethylene available
as Dowlex 2503 from the General Polymer Division of Ashland Chemical
Company and is manufactured by the Dow Chemical Company, Midland,
Michigan 48674. This polyethylene has a specific gravity of nine hundred and

25 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
measurement set forth in ASTM D-1238-82 entitled "Flow Rates of
Thermoplastics by Extrusion Plastometer.” Melt Flow Index is determined for
this polyethylene by flowing a number of grams of the polymer during a ten

30 minute period through a known orifice at a temperature of one hundred and

ninety degrees Celsius (190°C) and under a load of about two and sixteen
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greater than or equal to thirty and which is partially anorphous %ﬁ(ﬁ‘w 2003
partially crystalline such that the crystallinity is greater than forty
(40) percent to diffuse the beamof radiation fromthe laser drilling the
hole with the |laser beam drilling the hole with the | aser beam -o
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even less than ninety five hundredths because it lies in a range of about eighty

four hundredths to ninety seven hundredths (.84 to .97) showing the absence of

fillers. It has a fairly high molecular weight which is greater than one thousand
20 (1000) and is formed of only carbon and hydrogen.

Polyolefins such as 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

25  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
exerts, causes shear thinning of the polyethylene prior to the polyethylene

30 reaching the chamber 12, causes shear thinning as it passes through the
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di sposing the airfoil in an environnent that has a tenperature of ago ﬁY 2003
thirteen hundred degrees Fahrenheit (1300 F). 22. A nethod of drilling a
hole with a | aser beamin a conmponent of claim 16 wherein the step of
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15 than about fifteen hundred pounds per square inch (1500psi) and at a
temperature at about or greater than three hundred degrees Fahrenheit
(B00°F). There is a decrease in viscosity due to temperature. The
temperatures of the material are expected to range between two hundred and
fifty and five hundred and forty degrees Fahrenheit (250°F — 540°F ) for most

20 materials in the polyolefin family. This allows the material to flow with low
viscosity through the airfoil with the temperature causing a decrease in
viscosity and the shear thinning causing a further decrease in viscosity.

In one application using the Dowlex 2503 material, the polyethylene was
extruded at a pressure of sixteen hundred pounds per square inch (1600psi)

25 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
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

30 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
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Sy S#10%k &Roulipusygadieshdegress ﬁgpmmm;)g-appwgﬂve hundred degrees
Fahrenheit (400°F to 500°F). Polypropylene was also used with good results at
similar pressures and at temperatures above its melting point. '

10 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
accommodale any difference between the gap G and the gap G1. The mask
members apply an external pressure to the airfoil which blocks the loss of laser

15  blocking material which might pass through the flow directing surfaces of the
airfoil to unwanted locations on the airfoil. The mask members also reinforce
the thin wall of the airfoil (which in some cases may be as small as twenty (20)
mils) against deflection as the high pressure polyethylene material flows
through the airfoil. ‘

20 The laser blocking material flows quickly into the interior of the airfoil,
with filling of even complex shapes taking less than one-minute and some
cases about thirty (30) seconds. A particular advantage is the relatively low
melting temperature of the material. As a result, the thermal capacitance of the
airfoil is such that it absorbs heat from the material without increasing in

25  temperalure 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,
the material continues to flow until it fills those areas that require the disposition

30 of laser blocking material. Solidification of the material occurs rapidly as the

matlerial loses heat to the airfoil. As a result, the airfoil can then be moved to a
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10LS; GLO% { )ioeFt R GFEHEP e I%E@‘tqggg‘bé%éfatg&%(f%u%'to the blocking
material. For example, one way of inspecting 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 agaiﬁst a
10  hard component, such as the material. In many cases, the laser blocking
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
15 of the laser beam vaporizes a wall, of the airfoil, such as the suction wall 42 or
pressure wall 44, to form a cooling air hole 46. As the laser beam breaks
through the wall on the interior of the airfoil, the laser beam strikes the
polyolefin (polyethylene) material disposed on the interior of the airfoil.
The polyolefin blocking material is particularly effective at preventing the
20 laser beam from unacceptably damaging the walls on the interior of the airfoil.
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
25  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
30  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
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1%202/%1(()2)/&- I()lo%gp%wgailqolo{f&&%o@% [f‘:n#f(\)rtls\ Ma!x(l csiﬁé)\{vnlaomarked 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.

10 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 mcremental
thickness of polyethylene material. It is believed that it is greater than many
other materials used for blocking laser radiation. This may be linked to the
relatively high crystallinity of polyolefins which is greater than forty percent

15 (40%) and for the Dowlex polyethylene material, greater than sixty percent
(60%). It is 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
are not completely melted by the laser beam. As a result, in some drilling

20  operations an additional pulse of laser energy beyond that experienced using
conventional wax fill is possible, which also helps form a clean exit hole with
minimal blocking by backscaller of the airfoil material.

It is possible {o combine with the polyolefin small amounts of other
polymers. One example is less than about five percent (5%) by weight of the

25  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
amounts of other material to the thermoplastic polymer, is a concern because

30 thermoplastic polymers formed of only carbon and hydrogen provide a

significant advantage during removal of laser blocking material after the holes
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10 gasses from the burnout operation are not required provided significant oxygen
is present to completely combust the laser blocking material. Finally, burnout
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,

15 particularly the polyethylenes. As the airfoil is heated to a higher temperature
to remove the polyethylene by burning the polyethylene, the polyethyiene melts
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

20  that allows the material to deform upon being deflecled under load. The
polyethylene material expands prior to m.elting 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

25  not transmitted to the walls of the airfoil. The relatively thin walls of the airfolil
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

30  degrade the performance of the alloy from which the airfoil is made.
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detailed embodiments thereof, it should be understood by those skilled in the

art that various changes in form and detail may be made without departing from

the spirit and scope of the claimed invention.

- 30 -



U& ()-010% U& ()-@.!10% U& ()-, 10% U& ()- + 10% U& ()-)10% U& () - FdYNCL6!
10 U 10 U 10 Uy; 10% U8 ()-810% U& () -f " 6 #10% U8 () - 4&! 10% U8 () g §umIol
U& () - (zX6YNC! 6! f #10% B} B& () - 0!, f #109BB& () - 0! 6 #10%9BOB& () - 0! ?f #109% u" u&
' ()-0! f #109& () - 0&109B& ()- (S6; <=>KzodY:!6!9' | 10% ()- 10B 10B 10B;

1098& ()-!f#109BB& ()-0!f#10% } & ()- 0! f #109BB& () - OK&HwX6dY: ! 6! a f f #109%& (
) - 3f f #109& () - 3! Df f #109& () - 3! ff#109& ()- 3! #9%6 f #1096 & ()-3! ff#10% r & () - 3q
}A24:1 10" ; 10%&' () - 90#10%

& ()-Z! @O#10%& () - ZF(f #10%&' ()-Z! | F(f #10%& () - Zf f #10%&' () - 39K\ 4" 10%& () -
Y3 10%&' ()-Yg 10%& ()-F@ 10%& ()- S10%& ()-0s' 10%&' ()- 10 10K} XdEmN 4" 10%
109& ()- | 109 ()-yl0%& ()-1s!10%&' ()-S-#109%& ()-ZI |

109&' () - AMUEMNV 4" 10%& "10%& ()- % 10%&' ()- #10%&' ()-!109%& ()-f

10%: () - y\JQ%&,. () - 0* dENN 4" 10%

1. A blocking material disposed on a portion of the interior of a component
for attenuating the intensity of a laser beam that is directed at the component
during a laser machining operation, which comprises:
a thermoplastic polymer formed of only carbon and hydrogen which"'has
5 aMelt Flow Index which is greater than or equal to thirty and 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.

2, The blocking material of claim 1 wherein the blocking material comprises

a single polyolefin or a mixture of polyolefins.

3. The blocking material of claim 2 wherein the blocking material comprises.
a polyolefin selected from the group consisting of linear low density
polyethylene (LLDPE), low density polyethylene (LDPE), high density
polyethylene (HDPE), polypropylene (PP).

4, The blocking material as claimed in claim 2 wherein the blocking
malerial in solid form has a resiliency characteristic such that the blocking
malerial has some resiliency upon being deflected as compared to the
component, wherein the material exhibits a different response upon being
5 probed as compared {o the component, and wherein the m_ateri'al deforms
under load so that all forces of thermal expansion of the material are not

transmitied to the component as the material expands under operative

conditions during burn out operations.
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material in its molten condition has a shear thinning characteristic which,s

greater than zero.

A
7. The blocking material as claimed in claim 6 wherein the material, in the

molten condition, has a shear thinning characteristic that causes an apparent

decrease in viscosity which is greater than about fifty percent (560%) as

measured for a viscosity at a pressure associated with a shear rate of twenty
5 per second and the shear rate associated with a pressure of about fifteen

hundred pounds per square inch (1500 psi) acting on the laser blocking
material across an orifice in an airfoil.

8. The blocking material as claimed in claim 2 wherein the melting point of
the blocking material and specific heat is such that at least a portion of the
material is heated above the melting point by the laser beam and the material is
in fluid form under operative conditions as {he laser beam drills through a '
5  portion of the component to form a hole such that a portion of the material flows

into the hole and solidifies after the laser drilling operation.

9. The blocking matlerial as claimed in claim 8 wherein the fluid material is
a liquid.
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10.  The blocking material as claimed in claim 8 wherein the fluid material is
- a gas and wherein the gaseous pyrolysis product is transparent to a laser beam

to the extent that a plasma of vaporized polyethylene is transparent to the laser
beam.

11.  The blocking material as claimed in claim 2 wherein the blocking
material comprises polyethylene.

12.  The blocking material as claimed in claim 11 wherein the blocking

material comprises a linear polyethylene having a specific gravity which is less
than one (1.0).

13.  The blocking material as claimed in claim 12 wherein the linear

polyethylene is a low-density polyethylene and has a specific gravity which is
less than ninety five thousandths (.95).

14.  The blocking material as claimed in claim 12 wherein the polyethylene
has a crystallinity which is greater than sixty percent (60%).

15.  The blocking material as claimed in claim 2 wherein the melting pointis
grealer than two hundred and fifty degrees Fahrenheit 250°F and less than five
hundred and forty degrees Fahrenheit (540°F) such that the material is
removed by heating and melting after completion of the [aser machining

5 operation but is not vaporized at a low temperature by the laser beam.

16. A method of drilling a hole with a laser beam in a component having a
cavity in flow communication with the drilled hole, comprising:

disposing adjacent the planned opening of the hole into the interior of
the cavity a laser blocking material which comprises a thermoplastic polymer

5  formed of only carbon and hydrogen, which has a Melt Flow Index which is
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polyolefin or a mixture of polyolefins.
v
18.  The method of drilling a hole with a laser beam in a component of claim
17 wherein the step of disposing a single polyolefin or a mixture of polyolefins
includes selecting the polyolefin from the group consisting of linear low density
polyethylene (LLDPE), low density palyethylene (LDPE), high density

5  polyethylene (HDPE), polypropylene (PP).

19.  The method of drilling a hole with a laser beam in a component of claim
16 wherein the material has a melting point which is less than three hundred
and fifty degrees Fahrenheit (350°F); wherein the step of disposing the
thermoplastic polymer on the interior of the component includes the step of

5  melling the material prior to disposing the material in the airfoil; and, wherein
the step of removing the blocking material includes the steps of disposing the
compenent in an atmosphere having sufficient oxygen to form carbon dioxide
and water as the products of the burnout operation, healing the material to a
temperature that is greater than the melting point of the material such that

10 thermal expansion of the material is terminated as a result of the material
melling, and then continuing the heating of the material to a temperature that

causes the carbon and hydrogen to react with oxygen.
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21.  The method of drilling a hole with a laser beam in component of claim 20
wherein the step of disposing the airfoil in a heated environment includes

disposing the airfoil in an environment that has a temperature of about thirteen
\
hundred degrees Fahrenheit (1300° F).

22. A method of drilling a hole with a laser beam in a component of claim 16

wherein the step of diffusing the beam of radiation from the laser includes

heating a portion of the solid laser blocking material above the melting point

with the laser beam and causing the material to assume fluid form and further
5 includes flowing a portion of the material into the hole and solidifying the

material in the hole after the laser drilling operation.

23. A method of drilling a hole with a laser beam in a component of claim 22
wherein the method of drilling the hole by using a laser further includes
inspecting the drilled hole by probing the hole with a thin, relatively hard
instrument and impacting the material in the hole with the instrument and

5 sensing that impact has occurred by the feeling of resiliency that the laser

blocking material has as compared to the material of the component.

24. A method of drilling a hole with a laser beam in a compound of claim 22
wherein the step of melling a portion of the material as the laser beam strikes
the material includes forming a gaseous pyrolysis product which is transparent
to a laser beam to the extent that a plasma of vaporized polyethylene is

5 transparent to the laser beam.
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step of disposing the laser blocking material in the cavity includes disposing a

material which in the molten condition has a shear thinning characteristic that
causes an apparent decrease in viscosity which is greater than about fifty

5 percent (50%) as measured for a viscosity at a pressure associated with a
shear rate of twenty per second and the shear rate associated with a pressure
of about fifteen hundred pounds per square inch (1500 psi) acting on the laser

blocking material across an orifice in an airfolil.

27.  The method of drilling a hole with a laser beam of claim 26 wherein the

orifice has a hydraulic diameter which is less than forty (40) mils.

28.  The method of drilling a hole with a laser beam of claim 27 wherein the

orifice has a hydraulic diameter which is less than forty (40) mils.
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