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;e3et,6 TtO 6 MAY 2003 Fixture for Disposing a Laser Bl ocking I\ﬁlé?vm%ﬂﬁi n
‘an Airfoil This application clains benefit fromU.S. Provisiona
Application Serial No. 601109,176 filed on Novenmber 20, 1998. 5 io0

CROSS- REFERENCE TO RELATED APPLI CATI ON This application relates to

copendi ng “\“\ﬁ\“\gl ons Fixtgre (Mmyg@{?awred "Met hod of Laser
Drilling a“‘“\\@\\ m y Jeffrey D. Flis et al.; No. (EH10226) i W
met hod for edlicl g Voi d Valeckagi Mateaial in en Abfoilaser DI“\\W\N\\\M
Jeffrey D. Fli&%t al.; No. (EH 10239A) entitled "Method ar\ 'al for
Processing a Conponent for Laser Machining", by Foster Philip Latf’et al.;
No. (EH 10240) entitled "Method for Disposing a Laser Blocking Material on

the Inter el ?BrflgcrrétiéiwrcﬁﬂHs"beA)éfislg&rng@ns.%rdg?%g?glt/%gélidatigp'Segtl'érpgl_ 10206)

entitled "Too sposi ng La I"ocki n eri I'n an ", by

Chri st Ophgéh%ﬁf?%ﬂfe@%ﬁ @Vg@@b}g%d\%g EH- 10241 ) entitled "Method for

Orienting g and for Formng a Mask for the
Airfoil", by Stanley J. Funk et al. DESCRI PTI ON TECHNI CAL FI ELD Thi s
invention relates to a fixture for disposing material in an airfoil which

is includes disposing material in passages of the airfoil for blocking a

| aser beanpmgﬁEFgﬁﬁd“@ﬁeT@rﬁ%#REE EELE)@@%&QHI ing air hole is drilled
through the wall of .the airfoil. More particularly, this invention rel ates
to a fixtuTbisfapplideliposelates tccapanetin@O0R Amplmatiansi Nopdddd§e84) n t he
airfoil which are in flow communi cation with other passages through

rel ativel yeatitdd ‘“Melresi ofLddee Drillisy 8OAIGH"t be JaffrdyoD| FliBACKGRGUNEBHF THE
| NVENTION Airfoils for gas turbine engines are disposed in a flow path for

wor ki ng medpgobpasfifed FRERBY &5 “RledBiifly \Poie \lILseans Cavitigrer bhages and
turbine s vanes. The airfoils are bathed in hot gases as the gases are

1 oved TNT giathd- D6y SBMFD. FROLE BO. Kb!(EH-100SURS chitfutpvBRRARgRP ON Lhe

interior o nder  oper'atrve con ns to keep the tenperature
of the airfoil). L urbine n [ ' . ade it hi ept abl e
limts. In ﬂg}lgfféﬁfﬁr?ﬁ%?%%\ﬁ@%?mﬁéaerﬁla@%L%géflﬂﬂ%ghg\u?éihgyggsgg&rﬁ@ng from
the io interior to th erj of the airfoil. The cooling ai ql es are
el | Cand. TRy @l andt o 402 uteniigd fleindd s Tispo SR8 s dedEnécen
mls (.011-.017 inches). The holes are drilled in pre-determ ned patterns
and are comfa@igfiabon dheHyarier aury el cwGordorM.thredet aloiNo. (FkE cool i ng
air holes duct cooling air frompassages on the interior of is the airfoil
t hr ougl® t hd 0R66) walilled { Toelfer Biaposing Lasaidledsng Mdaterial irasvAutil”, by
transpiration cooling as the air passes through the wall and, after the air

i s di schar g&dridtopinert Pelaidahaitlal.: pnd\Na ¢EH-1 024 tiomititleg “Mdthod fdri | m of air on
t he

Orienting an Airfoil for Processing and for Forming a Mask for the Airfoil”, by

Stanley J. Funk et al.

DESCRIPTION
TECHNICAL FIELD
This invention relates to a fixture for disposing material in an airfoil which
15 includes disposing material in passages of the airfoil for blocking a laser beam
from striking the interior once the cooling air hole is drilled through the wall of

the airfoil. More particularly, this invention relates to a fixture for disposing



exterior. The filmof cooling air provides a barrier between the gld&gmg
and the hot, working nmedi um gasses. 20 One way to drill the hol K1

laser to direct a beam of coherent energy at the exterior of the ai rf0|I
The intense radiation from am ur s throu

Artonl T BRI abia0Rt kol SRREN o0 %Wsamrg?%e?{lfen%%iﬁef For
cooling air. As the | aser bearp penetr tes tgrou F?f 8 6 MAY 2003
airfoil walPRsFages Hrovah eslabyely smaliho f‘jfﬁé’r‘lt gdrtepen %?ya'ép i ke adj acent
structure on the other side of the cavity causi ng unacceptabl e damage to
the airfoil. Accordingly, blocking material may be disposed in the cavity
to block the | aser beamfromstriking.walls bounding the cavity after the
beam penet rBAEKGROUND@F THE BNVENTIONal | . One approach is to .l eave

di sposed within the airfoil the ceram c casting core around which the bl ade

i s poured duringifdig fﬁﬁ@ééﬁﬁbﬁé B8giRES GRS BispbREd (R BATHVE pai Br FAIKIndes a
sui tabl e blocking materral. The ceram c core is subsequently renoved by

well known c Thi I u. S
patent 5, 2335855 Blste) Egéﬂ‘téfe% i ‘%%, ARBle BFErBireoIRBBE It
Giffilh and Str ver ence of e core af stl
prevents i nMdes Oﬁ?f’sﬁl'é@f P Ghe 813 rﬁﬂam é}qSSF 5! %pr%asgsrqrgl {oweﬂﬁ rR¥P i ¢
mat eri al ?/‘ al so be difficult to renove once the cooling air holes are
drilled. Idhasngn®nCopheg eiris flipwesdhodgaipraspges op the intgiienhot the aiifel o |
during repair is processes which may require redrilling of the cooling air
hol es. Anoturedereogmrpliee obnditibhotkkeep tret EniralwewdXhe rirbbianchiskea
material. The material is nelted so that it nay easily flowinto interior

passages, swehinassdniaeorl iaasihe Bl vitas sageptabld haitgi rfoil . The tenperature
of the nolten material above its nelting point, may exceed two hundred and

Tifty degrees 29, EnRRNeld affeaMay hage 'EBbﬁr%‘afﬂHd?éé eliefRihProaHEed by

hand or injected into the cavity or nay even be sprayed or “painted on the

surf acg, Lo #?\?(;Pér%%{a%‘} Gl YGE pirdie IR ESARLP Hols mysrﬁavshawangca'd

per sonnel ratron s
h d to t f ddi t :
fﬁEwa”ﬁa'yfway%@mn me@é %Eaﬁs%gie&vga,té%@&en ‘?.eaar'nﬂa 1-b37es. the.

wax adj acent the first - MAY 2003 hol e, which bl ocks the Iaser beam
as the secoligngsl-elhe h@}qa fpr@odnlwnﬁﬁtdeégrr@'ﬁedfna@ménfé a'g cgniqured By t he

| aser beam This causes a void to formin the wax. As a result, the energy
from t he | agasuligcadequate coelingobtie #icod. may not

The cooling air holes duct cooling air from passages on the interior of

15 the airfoil through the hot walls to the exterior. The cooling air provides
transpiration cooling as the air passes through the wall and, after the air is
discharged from the airfoil, provides film cooling with a film of air on the
exterior. The film of cooling air provides a barrier between the airfoil and the
hot, working medium gasses.

20 One way to drill the holes uses a laser to direct a beam of coherent
energy at the exterior of the airfoil. The intense radiation from the laser beam
burns through the wall of the airfoil, leaving behind a hole which provides a

satisfactory conduit for cooling air. As the laser beam penetrates through the



be sufficiently dissipated by the wax as it passes through the porti on of
the s passage having the void. Damage may occur to the airfoil ﬁ PY
second hole is drilled because the beam after it penetrates thr @ tzﬂ[g
wal | at the second hol e y strike the interior wall of the alrf0|l One
wax- | i ke @'3@!&0"(‘@ R @F‘l”&‘le”\‘RhFEWt)hé'é%'aasr?rﬁ’&émFW Sttﬂk%@gla@ef“b?wgﬁr‘?/m ds is
di scussed in U S. Patent 5,049,722, issued to Corfe and Stroud, io entitled
"Laser Bar®n#he pthesrdide ol saxityozBusing deaccepiablpidagnags ko e aidoila PTFE
(pol ytetrafl uoroethyl ene) wax-like material is disposed in a wax base. The
PTFE hel psAaroidingihebibakimtrnaterial mayi teks disPospd & tige saindty toddleck die laset he
interior of a |leading edge passage is particularly difficult for sone

airfoils. GBhRMréREstHRAE Wﬂl@@&%@ﬁ?%@@ahﬂﬁaﬂ'@r (Beresh befeddldsng
fabrication with the is "exterior of the airfoil. It is a blind or dead end

passage prwg éﬂ tBQ%l l| Whijng operation except for small inpingement holes
whi ch pl ace th I'n gas comuni cation with an adjacent passage. The

adj acent passa also en| for r whi.ch is

'l bwed to’ the ?@aa.waa@@ loJB&VA | R@ésparv'ﬁtf S Al dnn R fals S8 ot
pour the nolten material in the inl openi ng and nanj pul at e the alrf0|l
to avoi d bGBH 8EOYNH WhichHhedade is Fho‘#fﬁfé qlém thg TeaRe apkEkKyRrocess | Thanot her
approach is to use a nasking agent, such as an epoxy resin, which is

di sposed i wetdnsicacoregirbvidesaa $uitabde dtaking mla@riﬁjo%%erw'amid: sorH sposed in
the airfoil by sinply pouring the resin into the airfoil. The epoxy 2s

resin is atsubgequéstipairdwEEban INae macﬁ(r? tdchgiguezarithis QPFﬁfmﬁBel . The
0 6 MAY 2003 epoxy resin is further processed to harden the uid and cause

it to &ecora%s%neea@n %p*s' BalB & 220 687 Wntifkd ¢ Qnmhg TPTEﬁeV@éda@-nrs'seeﬁ% in

U S. Patent 5, 049, . However, the resin is refatively viscous conpared
to nmolten i fil I

passages on t n?@f‘i'@r gﬁ@*%eH&J ?m ItHg ptrgéjé}%%geﬁggré[org t%?%k%fi cul t
in sone airfoils, to.dispose suc erior a | eadi ng edge
passage. FE@W'E’%”I“&'LH%R&%%B B}f‘s'é’ éorrPégh%é“rE%' nf&e[ F%’r"f‘”&fﬁn*’f’?\‘&”f"FI
fabrication with the exterior of the airfoil, It is a blind or dead end
passage pri'BRY @9 Re dfficull i%beq}%%@ QE‘P%H"%%@MQ gipnolgsedne §rdl§dapPngenent

hol es which place the passage in gas conmmunication with an adjacent

passage. Thaddidpaceatcasaisageavdieblentos use wigeHiengirfod durisggiepiag cool ing air
which is fl.owed to the | eadi ng edge passage. Accordi ngly, personnel nust
caref uhy ponoceshes wmbidremagatguirarednilindef the etoliogeair hgleand mani pul ate t he
airfoil to avoid bubbles in the material in the |eading edge is passage and
mani pul at e the &ridtioéd exampheadfch blvekingratdriahisolax or dsvaxXtiRe medteriahl does
have the advantage of being easily renoved by heating the material to a

tenper at ur eThBhatéABPIS AERed B8 tHRLIEH |easﬁ9‘?lbklﬁlrnté‘ﬂﬂéﬁi’@f%‘aé§agte% §§éh as
t hi xotropi c mediumthat conprises matérials for dispersing | aser [1ght.

Thi's appr Oaﬁﬂz l'e%dmgsgéﬁéﬁgséébe otsihepa%rtf&l The temperature of the molten

material above its melting point, may exceed two hundred and fifty degrees
20 Fahrenheit (250°). The molten material may be poured by hand or injected
into the cavity or may even be sprayed or painted on the surface to be
protected. However, the molten material may severely scald personnel
working with the material. Moreover, the operation is time consuming if such
material is poured by hand into the airfoil. In addition, the wax may extend

25 between two closely adjacent cooling air holes. The wax adjacent the first



20 4,873,414 issued to Ma and Pinder entitled "Laser Drilling of
Conmponents”. A particular advantage of this nmediumis that it @251 M?{ -m{)?ght
when contacted by the laser light. Mnitoring the Iight reflected fromthe
conponent may allow detection of the | aser be as the l.aser beam breaks

t hr ough tﬁ@‘%é@'&iﬁa b&?ﬁﬁé@%'aa?qrgwaﬁbaé‘?%é@%ﬂ%‘iﬂ]eﬁdﬁpéﬁeﬁom&trﬁ? i%fe whet her
or not the |aser 2s beamhas drilled a through hole. In addition) the

vi scosi t y the fitstdote s diilesidy. Bhe lagesbamm. Jd0s Canses ar@idiadianm irdhebe
decreased by forcing the nediumthrough a nozzle to | ower the viscosity of
t he medi uwao Abatreshi, tmedineryf frows theeladiet peaweat tha secned wle fregyenaf t he
conponent. The thixotropic nmedium nmay be renoved by contacting the nmedi um
with a flushsiicreapdisib8d byaHe Ve 891tbazdds threngh the PaRidbafHeon of the
conponent and the active flowing of additional material into the conponent.

Anot hey a%&%ég da@i@@?}éign?%ﬁﬁﬂ?&uﬁ@1H625'Hﬁﬂtéstt'h%dsé'clﬁ‘l%er‘iol arrier

Materital " ‘1'ssu S approach uses an I njectable
barrier eri.al ich i,s Lt C i sting
of & 1 ror> BB ReiSs i Bo Ry BEEL bR PR PR PSP L Pefidna &
second copol yner havi ng a pol ytet uor.get hyl ene backbone and a | east one
f1 uori nat é&oél Wys"é‘f‘?jg‘egmgﬂﬁ% W{ag{ntb?@r”i?@" is poured or injected into the
interior of the conponent. The material is subsequently steaned out of the
conponent af t eOrig Wakqiije decking arataral whiah usee anorddiive o BYeid fermings. 1t is
likely ~s "possible to renove the material in a nore passive fashion such
as by heatvaigstiddisonssad ial Ui Rateat § 0400122 wwedab Carfé andd®ftosud,e t he
material. However, the products of such conmbustion will contain fluorine

at oms ;@nd gRMIdSY Wskr B%rﬁé}rlﬂbf&giamﬂhﬂfl\%thfo'dud)%aw'Gﬂ(ijlli Stinbgoger 4bbed from

the products of conbustion before releasing the producis of conbustion into

L | TR RS SR TR e S0 e
ety & vk e B b0 B G heh, ARG S8 e
I T A NS NE N A A WAl N el

salt is renmoved by washing the component with water, The above art

not wi t hst aﬁntamtbedea@ﬁgiegi%@ RafsagadIasee? sonppRionuringtabrigation waky then of
Appl i cants Assi gnee have sought to develop materials) s nethods, and

devi cas f oexttirspasimyairfadent islobkidgr detd endlpasnagaeriontethedritifgai rfoi | s
which are suitable for use in mass production operations and are relatively
easy to rewpeeativri éaspt fargmalgimpingensnt holedswiichvyiladwide pasdayeninngassever al
time consum ng operations. SUMVARY OF I NVENTION This invention is in part

pr edi cat ed cophiSichGSPWRhtdrPAdERBAt S8SdaReN THY: ROJaXER! SaddiRfe M8Ehas! ock
| aser beans, provide a significant advantage I n ‘nass proddction operations

and that certai ' Xt L : ' - terl or
other mat oty 7 edd¥pBinatbdat BishaY 1BReE Mgl e o Bt
conponents such as airfoils, In additjion, certain polyners have an

advant ageodCe1#1BaY. BRrsaRBehafS Caciuly PeurBedneliehaiateradnihe mehe

bl ocking is material in small passages to the thin walls of the airfoil

whi ch Foor c @pengxaiend NMastipdiekpbis aigot he anaiddrutiles in thigemaleariabin thend renovi ng
the material fromthe airfoil. In addition, these material s adapt

t hensel ves |eadihgteaigegpastageocessi ng during the renoval operation of the
material by heating the materials to their fairly low nelting point to

al | ow the nel ti gg| BRbEr @ppt@adiisitbaldeya REGRRR tZ8udMas arpdsthyzi ng the
material at a higher tenperature in a way that does not

resin, which is disposed in the airfoil in a fluid state. The epoxy resin is

disposed in the airfoil by simply pouring the resin into the airfoil. The epoxy

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



form harnful products of combustion. 0 ~ MAY ~00~ According to EPM
present invention, a fixture for disposing a | aser bl ocking materi A’( 23[}:‘
airfoil includes a spree plate which exerts a force agai nst one end of the

airfoil t t. j L e ' ' (s i on by

argi ng. ariReroa s M rRoReRrel R ngRitet Bl Frd Ba0s RagRkERIA e T | <
and further includes a passage for ei vin ressuri | ocking materi al
and di sciaPy agd metera BRTRE BRI TRT S mbalos T IMUSS haleal Be of 1 i n
accordance with one enbodi nent of the present invention, the passage in the
spree pl 49,733 dPwpEii e fesin igiretEhiaelyi NecauscaunpeIad§ matten wax akt o t he
airfoil and further includes a spanwi sely extending projection which io
adapt s t Heasgiffeullyl intflewing ¢mgagh sntad! carotecting Passages onlthe imdriohdich ext ends
about the passage and bears against the root of the airfoil to forma tight

seal @gaiipstaiffBg airfoil. I n accordance wth another detailed enbodi nent, a
pol ytetrafl uoret hyl ene gasket (which does not cold flow) is disposed

petueen 1s the spraemBlAiepaiitide difRlid sbiR AtbIld aispobedatnt he Tl ow of

bl ocking material at t terfac etween the airfol t he spree plate.

ocossed BRGNS WEREARE o7 & PRl R RR0e; SPE K BRI baad "0 %\ e

airfoil and includes walls which extend circu renti al lé bout ﬁh? gasket
to positiBASIREG RaS paNepneqlieh dHERg dehriqaliopy &%%xtsr'a& feraidgh 1t
installation of the airfoil into the spree plate. According to one

enbodi ments ablinder sleadand passage pFior to hae ﬂrlﬁlﬂgmaraMmaé@em fepsmalipl at e

hol der which is attached to a source of pressurized bl ocking material and
t he gpr eeimpiaigensdrit thaldywhithagese thepapsase ipl gdsecdmhimicdtion with anp 6 MAY
2003 align the passage in the spree plate wish the root of the airfoil and

W th the seiHGat phsPAGSSThEZRAdEM Phk88qdTBIsBrNR an bPeARGIDH AEEVingl th
anot her errbg{ji ma%t,s t%ﬁg airfoil is%a rot or bl adea%ngetﬁ@ fi xturemlwncl udes a

o1 LB Rl d hE- S crnces the
R R N R
having a spree plae: The Se% BLAKISs Mm% vl leadiir Lol 0k N9
15 passage and manipulate the airfoil to avoid the formation of voids. The
material does have the advantage of being easily removed by heating the
material 1o a temperature that vaporizes the material.
Another approach is to use a thixolropic medium that comprises
materials for dispersing laser light. This approach is discussed in U.S. Patent
20 4,873,414 issued to Ma and Pinder entitlled “Laser Drilling of Components”. A
particular advantage of this medium is that it emits light when contacted by the
laser light. Monitoring the light reflected from the component may allow
detection of the laser beam as the laser beam breaks through the second
surface allowing a feedback control to determine whether or not the laser

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



io feature is a nmenber, such as a block of material, having a surface
facing spanwi se towards the spree plate. Another feature is a spreeém‘i@g
hol der which is adapted to be affixed to a machine for provi ding @6 r
bl ocki ng terlal The spree plate d a sl r slidably engagi ng
Che spr o BRGNS MRAMIT6FA B CREEAReSTY BHRR0 NgS Mrcwa Bppad Brordend) dor

t hrough which a is nozzle may extend for engaging the spree plate. In one
enbodi mentloweRéhe piseesity at etragdignpsejieaitthe medidmef @eareadilyfenas aghi ch
adapts the spree plate to directly engage the airfoil. In another

enbodi nentinneheusaceef fleat@mpaserd. rideedsxotdpi@sieetiummaly bposatbvied byhe
recess for formng a seal against the airfoil. A primry advantage of the

present i ny@fthtng tise iRl vaRd & futkingfaddie whicH reduiree bth aldiditRsial ts from
havi ng a spree plate and nenber which engages the airfoil in the spanw se

di rect jon) rr%%r?ﬁhr@fcl)%r‘g@{ g%eé’@?( grﬁ’?n?tgrﬁ%aé&i%tﬂo%vaﬁgo? Babitibhs| rfn'ai‘éri’éle may

engage nore t Anot her advantage is the sinplicity

of the desj f use which results fromhaving the spree plate
ur ged tovva gé'h‘%g%@g’g‘g Fo both fix the airfoil in the spanwi se direction

2s and to provide se forces, at nterf s as | cki n mat eri al

is flowed 0s Nﬁﬁ@@ggr ARPPAChS SheWaiiN -gnpaﬂ‘tgm?ﬁﬁ"}" advant age
is the speed at which the process may be carried out which results from1l)
t he direct "“loaserddarriseMaderialt issuad e SdroudranteCoras:. | higiskEppetaciyusas eni al  and
the sprue plate, the contact formng a seal at the interface 2) and having

the sprue pljettably baeiek ynatodaloehichés aidohidsitiort selteter feoraaBk grbup hat
| ocation. The foregoing features and advant ages of the present invention

Wil | %C()”%oﬁ’é’irsﬁ BIP%rfﬁQttc rggalyrhlhéf t%ira?lDSrJe‘?lH yiet e'f%ﬂdqf‘éﬁbb%’pr%@%hbp“ on of

t he i nvention an t e accormpanyl ng draw ngs. Description Dr awi ngs
Fig. 1is S i irfoil; of a
[0 ool foPns .aé’%%éﬁogc ane&h o EPef e“féffi’ﬁ%?@é‘h%'ﬁégé%n%%ﬁﬁﬁta% % in
phant om of portion. our ce of |as L mat e S an
i ectt on iRARIRRS diiaed koY B tro ” S vaﬂ“?% R Sl i,
view of th alrfcnl in Fi 1B|s cross-sectional view of
the airfoi ﬁ he FYGHOS ﬂfs‘ﬁegcm‘i&@’?f‘dﬂe%rhglflﬂﬁtfr I W?F@&Uf”ﬁ;\’ stegrped puyof thep
Fig. 2 is a view fromabove of Fig. 1 with portions of the tool and
i nj ection MEMRAANENNEHET fikineiansdpser diltng thaholey tubine blades. dhisikelyn
phantom Fig. 3 is an expl oded view of part of a nozzle for the injection
mol di nig 20 pessthileso eardopathe ofateria in aghoshpassivenfashgon ductwas by Heeting pai r
of mask nmenbers. - io0

the material to a very high temperature to vaporize the material. However, the

products of such combustion will contain fluorine atoms and may result in

forming harmful fluids which must be scrubbed from the products of

combustion before releasing the products of combustion into the atmosphere.

20 Another approach is shown in U.S. Patent 5,767,482 entitled
“Laser Barrier Material and Method" issued to Turner. Turner uses finely
divided crystalline material such as sodium chloride (salt), or other metal salts

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

-6~



0 6 MAY 2003 Fig. 3Ais alternate enbodinent of a portion of the to@lf Aoy
in Fig. 3A showi ng nmask nenbers fornmed in part of fairly rigid materi al

whi ch engages the platformof the airfoil showm in Fig. 3. Fig. 4is
perspective view from bel ow of a sprue plate shown in Fig. 1 s and Fig. 3.
Fig. 5 iswvathpeatgrentd ingolingwt. f Tloers ik | sorenudvexhby washitey hectdropidmantt of t he
sprue plate shown in Fig. 4 having a recess for a seal, and showing in

expl oded fwdghwater. a seal nenber which fits in the recess. Fig. 6 is a
perspective view of the tool shown in Fig. 1 installed on an ~o appar at us
for orienting THe e nBhwilthst st tS aHA @R gedr 8 SRITKIPLAH Y

mat eri al and shows a sprue plate and a sprue plate~hol der whi Ch has been

nodi fi ed Laht | h FLg. L A i Gal

r epr esent 3&‘?%@0{‘ %é%g%i\g?nlish/?snsw C ‘Zlbf%% @%I tétc%egfefo c?? llfngl?%}i"aﬁg’ar

pol yet hyl ene, pol yner, and shows viscosity in Pascal Seconds as a is_function
of shéar rAedods. aeei%vaf@éﬁogs@&ﬁa@g e %P'Pég)'”gé@%‘tef'ﬁf PBANGINtEHE Phvent i on
Fig.1is a partial perspective view of a conmponent, as represented by an

ai rfoil 1caiffoils whigtsateustitatde éorgisesin reags plodudiionsipenstiens and ale f or

di sposing a | aser blocking material on the interior of the conponent. The
tool has aeldlivielyeadsy toreshowdwithobitfiohsiray roxibapdised asrepigtodtipetformisg one
after another, the airfoils 20 are filled. Although the airfoil shown is a
rotor bl adgsJehsl tiiReMondURiRy bpetdtiehydes ot her conmponents having flow
directing surfaces such as Stator vanes. Fig.1A is a side elevation cross
sectional view of the rotor blade 10 during manufacture. The rotor bl ade
has a first end, as represented by the root 14, a platform 16 and a second
end, as represented by the tip 1 a. The airfoil 0 8 MAY 2003 has an
aerodynam c | eadi ng edge 22 which extends spanwi se. An aerodynamc trailing
edge 24 is spaced chordwi se fromthe aerodynam c | eading edge. The airfoil
has a pluralitSYMNARY QPEINVENEEMges for cooling air as represented by

t he | eadi ng edge passage 26 and passages 28, 30, 32, 34 s which extend
through the root of Thie imegrdiondk énlpart Tiedisabxhoge hesscogpiticgthabndrtgih ext end
into the interior of the rotor blade and often extend in serpentine fashion
as repoesepolythdry when pasd &gbladR.ladardebnis, i moaiderasigniieaht adadntagevint aken
chordw se along the line 1 B-1 B of Fig. 1 A The airfoil has flow

directing mﬁsfsgﬁﬁaucﬁén bPBFRRPRIAR thit bé\ﬂaiﬁu@bii?" ah@ fixtlré8¢faypbe@1sed
sidewal | 42 and the pressure surface side or sidewall 44. Each of these

surfaces éiﬁitﬁ%c{)heﬁ%\'@'féﬂoy o‘iﬁe?r%%@ﬁais%ﬁ%ﬁgs?ﬂ%c%ﬁ%n&d&feréﬁ@ﬁé td" é‘é@ef and

extend spanw se between the platform 16 and A plurality o

internal i §Rl RGRER o dHimt #3uEF BE BRI AnWaditlh, ReHGid*Solymers have an

advantageous effect on the magnitude of forces transmitted from the blocking
15 material in small passages to the thin walls of the airfoil which forces result
from disposing the material in the airfoil and removing the material from the
airfoil. In addition, these materials adapt themselves well to rapid processing
during the removal operation of the material by heating the materials to their
fairly low melting point to allow the melting material to partially escape and
20 then vaporizing the material at a higher temperature in a way that does not

form harmful produclts of combustion.



connect the | eading edge passage 26 in the | eading edge region wt ptmg,@g
supply passage 28 for cooling air. The inpingenent holes are of s "SI

and have a hydraulic dianmeter that is typically less than forty (40) mls
(that is, D,, = 4Ai/ P =040 inches, where Ais the area of the hole and P
i s the peri met BECOANIRGO His e Senhiny8Riors it 106 ASPASHIS AW may have a
hydraulic dianmeter. that is less than thirty (30) mls. Aplurality of film
cool i ng hblogkirgdpatasial in Be adoil valides esRyueriateashichmxedlern Bic®y t he hol es
46, extend fromthe inpingenent passage 26 in the | eading edge region to

t he ext er againsf ohbendodfdhe @irdoleto Appeinioawd pasikbg e Bladene tihayspahwise m ng
the filmcooling hole 46 is to drill the hole wwth a | aser beam as

repr esent giedyort B9 dr@iﬁgrarhﬁﬁén part bf 918 4iFei exaRrist arswfackhd seftef gidtetigl t he
| eadi ng edge passage 26. As shown in Fig.1 and 2s in schematic fashion in

Fig.2 A ' ' iis - di i ~2 o MVAY
2003 1 aaPRg Tahe" et BB SHelor Péoci Tt BeaE e bibing meterial dnd, 10" ne
intensity of the |aser beam_The | aser bl ocki mat.eri al ensures that the

| aser beaﬂfstf@é‘ég'ﬁgﬁﬁ? ,{ﬁr‘éﬁ%ﬂg@ﬂ[}ﬁ?ﬂ?%@ F@?r'éd@@ghﬁ?éﬁ%ol ing air hole as the
| aser beam breaks through the wall of the rotor blade during the drilling
process. s As dRn&REOIGaNTEYVith paaslasimenbpl fierresaet iBvectdmdhaat eri al
under pressure, as represented by part of an injection-noldi ng machi ne 54)
is in flopaseageim tw spuewplate hirean oplenihd. foAdisshaegieg dopiblceckerg makerfal nes

i ncl ude any machi ne capabl e of being a source of pressurized |aser bl ocking

materi al feolthe A6l ahb 1Suedy iﬂéluﬁég_@sé;ﬁnwr@dzlglléxgeﬁmﬁ@pﬂgécmﬁimli@sr ic
extrusion machines. io The tool 12 includes a fixture 56 for engaging the
rotor ,pla N | LLJ e j I i i ial. The
term "IP il %ﬁr@tg}riéa%\éﬂ"{é%lé{ést&%ﬁ &eqi‘%ggf’ﬁ tﬁg ararrg@ér%}lﬁ g'rﬁ;glg?)!r@'ﬁﬁ%es
partially filling or completely filli t he, bl ade.. .Th i xture, includes a
base og.” it F passase Bad neareapnal evoby st Msiainal fo ldri et Agat
supplying the | aser blocking material extends through the spree is plate
and spree 3930 the12#ERIl. The i nj ection nol di ng machine has a table 66 for
receiving the tool and a housing 68 that has a nozzle 70 as shown in Fig. 3
and Fig. 3A. Thie aeagsdance withwnsther delailetbembodivednaM with respect to the
tool 12 and can exert a predeterm ned force on the tool and on the rotor

bl ade. Thepdipiesiafigohetbylenggashatiyerich 2otemot eolel ldawigs aisiumegebatdveehn | aser

bl ocking material 52 (shown in schematic fashion). The volunme of the charge
i s slightlel sproempldteamd the root ef thel aifoll tarelogk thé @oivdfasloekingimateeapat f oi |
which is receiving the | aser blocking material. The chanmber 72 receives the

| aser bl ociengtd R balvebhaAb 2GS thd Sueshigwn) whi ch has di sposed
therein screw neans (not shown) for forcing is the |aser blocking materi al

into the chambep, o4 QUShEOWIR Aot SRASRE bhdd¥iment, the sprue plate has a

recessed opening which adapts the sprue plate to receive the root of the airf_oil
and includes walls which extend circumferentially about the gasket to position
20  the gasket with respect to the sprue plate during installation of the airfoil into
the sprue plate.
According to one embodiment of the present invention, the fixture
includes a sprue plate holder which is attached to a source of pressurized

blocking material and the sprue plate slidably engages the sprue plate holder to



0 6 MAY 2003 chanber for driving the |laser blocking material in pﬁﬁ?ﬁ U@?
t hrough the housing to the sprue plate. One satisfactory machine f ’Ils
purpose is the Mddel 70 Injection Ml ding Machi ne available fromthe

M ni -Jector Machinery Corp., Newbury, Ohio. Another machine which has
proven salligafthetparsgape it tiee sprleymate with dine Mot GRe binjadicarnidwithdihei ng nmachi ne
avail able fromthe H tachi G oup through Toyo of Anerica, 16 Chapin,

Pi nebr 0oksdutcd 69 pRespiz8 AMWLHiRy Friderlal. t he sprue plate holder 64 of the
tool 12 is integrally joined, such as by bolts (not shown), to the housing

68 of the injeglian, ki NATBGAHRE chbodtBnERidSRIAL S Akdanaganga dove

tail slot 76. e sprue pla y ‘engages the sprue plate nol der

t hrough the vet ai | ot _and..has, t apered S i.ch coo te with the
dovet ot RJPTHE Phludes s plresf BEoloRRE ST gl il BRNEO $80PRAEL ot Lhe
passage 65 for receiving fhe |aser blocking material. Th assage pl aces
the cRamb¥h! r&ﬁaQerﬁe‘hierﬁtB%W%&OEmed'i%%r WadR 308 G36TY 706K BAVIRGHA cat | on wi ¢ h
t he passages 28, 30, 32, 34 which extend is through the root 14 of the

t ur bi ne btiffeeerticspariwdse abight ite addpiutbedinterevibtangagepetator bladedavingng 68 of
the injection nol ding machine 54. The tool base 58 is located in

pr edet er nijffedehtesptiravis@idripthespect to the table 66. The base is adapted by
| ocating dowels or |ocating pins (nol shown) for this purpose to precisely
engage the tabl Y& I i i t ; fd reis
installed on tﬁ\gp“?@ﬁwe]feaiccor@ﬁﬁé’f@?‘%‘ﬁ@vﬁ@:ﬁ Iggﬁ(t?@%\}lﬂgﬁaﬁ?gét hr ough
the table w,th-respect the housing.. The tqol .i.ncludes a.mask 78. The
mask has By%ﬁ'i rTrh(?f %@IPH%@%r%Pag%a W&%eﬁ,fbg%cl%@g m?ge@?lr é\po k menber 82
and the second rmask nenber 84. The nmask nenbers each have a surface, as

r epr es®nt ERBELE i MemRer, SUER 28 Blochof praterial, havieg adkacR AN and t he
second surface 88 of the second mask n _ 0 6 MAY 2003 nenber. The
surfaces epehwismnfosvards the bpruexpleta. oAnother feptaie s spruehplateabdldaenbers are
formed of elastonmeric material such as roomtenperature vul cani sed (RTV)
rubber. Os¢hislais aflaptedry bel affikednto airsachiihe foraprov ik Webla8eEbmekiowger i ¢

mat eri al available fromthe General Electric Conpany, Waterford, s NY. The
t ool furt hesteriat! THESpRUPBlate BbldepPRsSedsipbis sHbaligpreseietheddsprbe first
jaw 92 and the second jaw 94. Each jaw engages an associ at ed mask nenber

82, 84 for gi g%r;p;o@‘g I { vty d } i e
airfoil 1&|é‘%brﬂgﬁgﬁg{%®r{éﬁe secoendcllrﬁ% ngmélﬁzrhg%éétg ﬁ%@@%@d%g l?téf]renber

0,545 ER S SRR 08, IO S Rk BBl PR o,
Accor di nalRIPE e S ERORGT AR A 1o Lo ERBNNF L 80PaE G FETRPEIBEO qur ace
provi des, cliirnectly engage the airfoil. In another embodiment, the sprue plate has a

recess. A gasket in disposed in the recess for forming a seal against the airfoil.

A primary advantage of the present invention is the versatility of the
20  fixture which results from having a sprue plate and member which engages the

airfoil in the spanwise direction, each of which may be interchangeable so that

the fixture may engage more than one type of airfoil. Another advantage is the

simplicity of the design and speed of use which resulls from having the sprue

plate urged toward the member to both fix the airfoil in the spanwise direction

25  and to provide sealing forces at interfaces as laser blocking material is flowed



conbination with the spree plate and the spree plate holder, a precise way
of ~ s aligning the rotor blade with the injection nolding nmachine ggmMAQ003
the filling operation. The jaws 92, 94 are capable of relative novenent
with respect to.each other. . shown by the phaptomlipes [n,Fig.1) the
frot | amipungiial dn aneerraddatant, o et eel it Sapad DAt whEnehds e
position shown in full to an open 20 position shown in phantom The second
j aw 94 h&SOeLSFamaYdre RITIgeLUt arhigheasulsVerred thg disesieepriaciriwesndeeof the
jaw, as represented by the guides 98 and the guides 102. The first jaw 92
has a fi metzztpufodeletiaérding bibcldmigeiatdriadiabthe spaugepiatédhe icostaghdonming gui des
98. The first jaw has a second guide rail 106 which slidably engages the
second pa Ee@lfatghédﬂérfwézgéhﬁefawgH@spruelmdﬂeﬁirerow@ﬁgwgen‘nu@lmt m ght
be acconplished by noving both jaws. As nentioned - 1; 0 6 MQY 2003

above,s thg seRANSkd W iRsIQ¥EStEsH.t he reference surface 96 for locating the
mask 78 wth respect to the housing of the injection nolding machine. This

feature m ght l.i.cat i de C J tur 0S,: isely to
its cl osed posﬂ?? gﬁggéﬁ%hrgg{l@é?‘é}ﬂﬁjéﬁu\é@gaqie:saﬁgﬂ?(53? &I?r%@i'ﬁ\é&?thog{?glv\s fromthe
open position io the closed positign,. as represented by the arm 108 and

| ever 11P8RAYNAMYMAIRARNY 'Hqﬁ?’bphﬁ"eﬁl‘?@oﬂ ‘?%‘aﬁ?égl?éﬂ){@%h? €pi vot poi nt
113. As the armpivots to the open, noved position, the |lever pulls the
first jawngenterandéhe eceempaskingedwing? away fromthe rotor bl ade 10
enabling the operator to rapidly io renbve or insert a rotor blade into the
second maski ng nenber 84. Ot her devices for the neans for noving the jaw

m ght be actuated by electrical) pneumatic or hydraulic arrangenents or
mechani caBr¢ DA @IRiGYeR Drawihgs ns) pulleys, or springs. Fig. 2 is a view
fromabove of Fig. '1 with portions of the tool 12 and the is injection
nol di ng machi ng. br,ol 4 Jor clarj [ el ationship
of the rotor bFé{gé '%%’gp?ﬂ}ﬂ%%@éngﬁ”g{”eé}éﬁ"‘?r?ge[‘ g St?‘%@%a%@%b@%é} éxtendi ng
spanwi se through the spree plate. The.pas e adapts,the spree plate to
boel 1t IR e sbsioa et slRtiGe mAERAL hF GARPRBCRb A1tk BRI

i njection noldi ng machi ne. The sPree pl at e, has%g first side 114 having a
first 20 RAMPRES BRUee Slilasge BlOLkNg MRer@l FUche?s138 INIgE B1RMIRPse away
fromthe rotor blade in the operative condition in a first direction al ong
a spanwi s&aghiRe.S. As shown in Fig. 2, the spanwise axis S is the stacking
line of the chordw se sections of the rotor blade. The first surface 116
adapts the spr &g plhdsa sideateaion; b sseertiongishiewrofitine Birtpil &)ovemih f orm a
seal about the passage 65 for 2s receiving the pressurized bl ocking
material. FighG 0 6 MAY 2003

15 Fig. 1B is a cross-seclional view of the airfoil shown in Fig. 1A taken
along the lines 1B-1B of Fig. 1A,
Fig. 2 is a view from above of Fig. 1 with portions of the tool and
injection molding machine either broken away for clarity or shown in phantom.
Fig. 3 is an exploded view of part of a nozzle for the injection molding
20 machine and part of the tool shown in Fig. 1, which has a pair of mask

members,



The passage 65 has a narrow portion 11 B for discharging the pres&ﬁlrMAHQp}
bl ocking material into the rotor blade 10. The narrow portion of the
passage is in flow comrunication with the opening fornmed by the passages
28, 30, 32) 34 in the root of the rotor blade. These passages adapt the
root to s recé&iyah leakasete binbokimentradteepordibnfafdine té@ shopecinifdg. 38l di ng
machi ne. The first jaw 92 of the tool 12 is shown in phantom The |ever 112
has an esHowing m@Rk Mdmbesh mwmddinpensioa)wididmetegiapesidnhenddgest j aw. The
| ever has an adjustable Iink 112b which allows for adjustnment of the |length

of the |¢t¥@b|alf5?ﬁm SaeendribirvhSdn sy i n phantom is spaced fromthe first
jaw io by a small gap Gin the operati i.ve cl osed condition. This gap is

typically smal t I § thirty
mis (.025 - '%% oS R EURAL R ol SR PS¢
away, shoqﬁﬂg pgrt of the tool 12 and part of the nozzle 70 of the

i nj ecti off 'S g machine 54. The tool ~s includes the fixture 5G The
fixture includes the tool base 58) the sPrue plate 62, and the sprue plate
bol der 64. TheF'Qpﬁu%apﬂeéﬂéecﬁmed\é?WH%“QR Q&’b@ﬁ?ﬁg?“fi@ale'ﬁ@b%ﬁhq”éofo ext ends
through the opening 119 to engage the sprue plate 62. The nozzle is pressed
agai nst tthe sprus plateishawe inFégod hawiegra ragessifdea seal, mpdohiaveng ot  shown)

whi ch urge the nozzle and sprue plate together. The sprue plate 20 62 has a

second sigd@ldddl havidly Bsesienambepanvdisiitsfinthegecaysf ace 122. The fixture 56
al so includes a nenber) as represented by a block 124 (I ocating bl ock),

which i's spaceldgsquwf&igéamémewsw@t@a wrTREFIO% 3Bk dbAGl 124" has a

first reference™sur 6 which faces In e span |rect|on and whi ch

ocatiing ARSI sl fd ssaimresiibst (s BGrL bt '?ﬁ%ﬁb@ﬁ@%f o0 T 6

MAY Z003 the alrf0|l to av0|d damagi ng the t g of the ajrfoil. The second
mask nmenbBRleral ANdhavHe sprye piate @ﬁgrﬁ ﬂaum oldeedich has Be@R Kk of

material. As shown, the locating block is nested (put snugly inside) the
second medkdifichelightly larsingeaepbe Eppasiednd j aw | ocate the second mask
menber. s The tool base 58 has a surface 132. The first mask nenber 82 and
second nask neRiger i8B4 grephicahrephesenialiat of tt@2sheEmdhinoolg taractedistia férocat i ng
hol e 134 and a base reference surface 136 boundi ng the bottom of the hole

for positéadineagpblyetiydesd polynidramid diZsws Vizeosiocit Paged)Sedjonds adisposed in
the circular hole in the tool base to precisely |locate the bl ock of

mat er j 4l mﬂchohq)?@ﬁgbrFé}etlﬁ@ehﬁré&@gem of the fixture. In an alternate
embodi ment, the tool base might be the nenber having the first reference

sur face 16@t£| éd@b%gg@ﬂ)ﬁﬁ 1l éﬂq\&fntcﬂ? airfoil and would use the base

reference surtace I's purpose The second nask nenber 128 has a

zﬁgﬁngsot) ﬁg' ngiﬁ’i)’ ﬁdg\h@dg%hmglgp%spechve view oafear 80%3%%& ea%gr%p(r)efsetnrt]eed %'y raanI X

airfoil 10 for a gas turbine engine. Fig. 1 also shows a tool 12 for disposing a_
laser blocking material on the interior of the component. The tool has a cavity
13 in which airfoils are disposed repetitively as, one after another, the airfoils
20  are filled. Although the airfoil shown is a rotor blade the term “airfoil” includes
other components having flow directing surfaces such as stator vanes.
Fig.1A is a side elevation cross sectional view of the rotor blade 10
during manufaclure. The rotor blade has a first end, as represented by the root

14, a platform16, and a second end, as represented by the tip 18. The airfoil

<11 -



is the airfoil. The second nmask nenber overlaps the |eadi ng edge ﬂ% MRFﬂNS
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 menbers are noved relative one to the other and noved

i nto engggﬁgﬁtggm&@dérﬁr% Iéé&@g'éé}r%;leyﬂ PRIcH &:RERdS Spafibrg) Ry e ms

m ght ov ges or the trailing edge 24 of tire airfoil.

Fig. 3Ai 3 e b RN f i i i.3.3 having a
mask 78a.§elrﬁgyﬁré'§\ié %Bﬁﬁaésgga%d#&irfss%pa(%gk&e%é fe%qu aﬁﬂggééé@e{ajgﬁa mask nmenber
84a. The mask 78a may be forped with iant material at the fayi.ng
curtacos GRAROeRT Ihe Bk heas HUIRR GBies o KeEORRIPbICANGA
reasonably 2s rigid support 78c of material of the type used for the

| ocating B$ o@mreﬁgntedaatﬁwg legding edge pRYS2HF020 RAYIaRSABES 28ad30a3dct4 i on of
the first reference surface 12Ga that engages a spanw se facing surface 17
on t hes ai whigH exdendHhhraught the rephoiiheeaofadilade.slihé aessadqds 28, 30, 3yeand at f orm
16a of the airfoil. The surface is simlar to the spanwi se facing surface
of the segangi&idifb thé tdBoodf thBeoRirtiadd ahd oflBataxtdrd B Ssarpbatee 16a i s
adapted to engage the first reference 126a of |ocating block 124 to

position : al Lhrd ! jgection. Fig. 4 is a perspective

Vi ew froﬁ%@'%ﬁwégﬁb?%ée%ggﬁg§m%§%§g %%e second spanw se facing surface
122 has an area.Al_ .The second,.surface faces spanw t r.d t ot.or

bi ade 1 the opiddBibe SRS REPUT AR LRShena DR ERrbgNR U8 B BRUEL i on
142 which _extends in the spanwi se direction a distance D which is about
sixty (60f191A. Theaigpbpat flowrdissativads racssnas rarreparissy §5 sustiphovi de a
bounded perineter about the passage. The projection further has a third
surface 14drfabatsige ovsidewalnt aed tHesprassdje sefacaside @ widewall 4hattachces in
tire spanwi se direction for engaging the airfoil. The third ~s surface
(second spArmMéseshdgtagextehareasfarsly raneahe hesdiag erigavbiie irallingedyea A2
which is less than the area A1 (A2<Al ). The area A2 provides a sealing

area Or Seyd sxeha ah%%"@eﬁr%é#ﬂh}@';ﬂéﬁorﬂh@&H@it‘h@ tppHgace 144 having the

area A2 (second spanw se facing reference surface) has a surface finish

di ; 2 e ; Ra
s onent | of ABLETBIRRSA BRI IbES. & ot gy AYRERS,
d ith th d t forth,i ificati B46.1 -

1685, Sur 1 ke i IS URE e PaSias 26 Ho M eRPE A 4G tdsith vehThaar ds
Institute showi nhg nmeasurenments as an_average fromt qué3 mean. The rotor bl ade

has a 'Sur fREPNRFFIRELZPiIPH SPPIPSrFes PORUNAGSEBIEN NOIRS PRecPi $1B2H BIRPsh with

0 S MaY ioo03 o _ . _ _
and have a hydraulic diameter that is typically less than forty (40) mils (that is,

Dy = 4Ail P =.040 inches, where A is the area of the hole and P is the perimeter
of the hole). In some applications, the holes may have a hydraulic diameter.
that is less than thirty (30) mils. A plurality of film cooling holes adjacent the

20 leading edge 22, as represented by the holes 46, extend from the impingement
passage 26 in the leading edge region to the exterior of the rotor blade.

As shown in Fig.1B, one way of forming the film cooling hole 46 is to drill

the hole with a laser beam, as represented by the laser beam L, from the
exterior of the airfoil to the leading edge passage 26. As shown in Fig.1B and

25 in schematic fashion in Fig.1A, a laser blocking material 52 is disposed in the

-12-



a surface roughness finish Ra of about one hundred and twenty fi%g @%E&
mcro inches. The spree plate holder 64 is integrally attached t®°t

i njection machi ne such as by fastening nmeans or bonding The spree plate 62
is fixed to the s spree plate holder by a set screw or other device for

fi xi ng t Headivigdedge passrgepbrageqorion phthecodropponenitfos aenyatingtheni ng neans
(not shown) urge the spree plate holder 64 toward the housing 68 of the

i nj ecti oninterisityng thetdeendoeadn. afide tdeerdpodeng ratteriaidrbere sitigeshe hesespr ee

pl ate upwardly against the nozzle 70. In the operative condition, the spree

pl ate andpéha dHazh@® idRir@kirlBRiré MRTht&NR é@&i"r‘ifgﬂﬂr RbR &Y BESiadef BaSHher
tight enough to forma seal to block the | oss of |aser blocking materi al

fromthe i Wk i e hi shes downwardl y
onthe. sphaaa ot FeuaHFtRR, i WOLRGHAORTRE IrbBe e 20 otnde
(100 1 pf). Thig _pushes.the other side aof,the s pla gaj nst_the
airfoil to for%saslf‘goé{g} |n( a'tg'ﬁﬁlée?'?ﬁ@ﬁsggglyﬂéq \lﬂaegﬁggwggféﬁﬁi'%guﬂéé%r ea Al and
the root of the airfoil%. TQ force F is transm’é,ted thr_ou%h t he firfoil
and pr essBEESSHEE AT FERTESENE @é&ﬂw@f andyeeipn-mAdipg anggieg Sf28 Intihpi ng
the .airfoil spanwi se between the bl ock and the spree plate. In an

al t er nat ecempudiiaatinn withdhededl1@. mligrnats equivalgat RAChINRS Ksiuste anat e and
that force would urge the spree plate against the root 14 (second 20 end)
of the ai nfawhine Agpatip dfibeing arsoarce sfkpresbativetiasehbloshireempalteria tatice t he
airfoil at the second spanwi se facing reference surface 144 of the spree

pl ate andaidi $ R as fanTRAThOBRE mhBSinke &Rld Mast erkusier hdhides (first

reference surface) is softer than the tip of the rotor blade so chat the

B R e i e
ot esour o S0 E6l5T PTAT WUB fedRs R G BT e p S e e Winicnetta S0 8P and a

tenperature of about three hundred degrees Fahrenheit (300F) Fig. 5 is an
al t er nat e GErbpaIhEe Matasiad endheclyge e papiadly dillew arenpletely filling. the biade.spr ee
plate 62b is forned of a hardened two part.epoxy available fromthe

Ci ba- Gei gyl heofixjoraaincbsdes a1bage Baneprdeariats 6East spans praje Ndldgri Gra
48823-5691. The material is supplied as R4036 resin with an R1500 hardener.
This is ompmsezge@sefooksupplyind thkl leserablockiay rhateribhextendathmougblthelsptizet. The
spree plate 62b shown in Fig. 5 has a recess 146 for receiving the to root
14 of khe mg@ognd)gp{%p@f@h@g@gss has a seal surface 147 which adapts the
spree plate 62b to receive a polytetrafl uoroethylene seal. The

pol ytetrarf | uor Oﬁﬁé‘ﬁ'ijgcggarﬁ@%l ihG mdcPRok EEQEttkglea@@i‘d‘rsrhcéik}ﬁmg?%et%opéﬁ&% and

agai nst the rotor e’ 1'njection noldi ng machine.
pol yt etraf,| uoroe ene seal _h n_qpenin 52 far, passjng. the | aser
bl ocki ng qu%&%%&&% ﬁé‘qzér%;]a@@ﬁ& O¥8 'gr&dgnz% RRAd0e plgrg’te VERGE 1ot or
bl ade. In one enbodi nent, the seal is about three fourths of inch | ong and
one- hal f dno¥ablerBRhaidiectien M wihspereaido g te@I1e 2t can @XEAE t he bl ocki ng
material into the root of fhe airfoil. One satisfactory material for the
seal is neyedeleralingd faree Tef thertookard balthednotoh bleds. allvehpusimgl hag @ndency to
cold flow This material is provided in sheet
20 chamber 72 for receiving a charge 74 of laser blocking material 52 (shown in
schematic fashion). The volume of the charge is slightly larger than the internal
volume of the interior of the airfoil which is receiving the laser blocking material.
The chamber 72 receives the laser blocking material from a passage

(not shown) which has disposed therein screw means (not shown) for forcing

25 the laser blocking material into the chamber. A piston 75 is disposed in the
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20 formby Interplast, Inc., One Connecticut Drive, Burlington, New Jersey
08016 4101. Interplast is a processor of Dupont Teflon materlal The
fixture 56 may be used in the process for orienting airfoil 10 W&&MA\%%ﬁﬂbct
to any nmachinpe for |n | aser. bl ocki ng. mat eri al uch as the injection
mol di ng ﬁ'ﬁ%’ﬁpﬁéf@@rw&ﬂﬁﬁeﬁag%blﬁ)&k"Er'?‘@’r‘?t“iagﬁ‘ RASRERCRS ﬁHPPQWﬁT% 2s respect
to the injection nachine so chat tike airfoils nmay be repetitively filled
2~ Dboesinpyo2003pldg pigle heneowitisiactorymaehing fet this pgrposetis thenove t he
tool 12 fromthe nmachine and to install the tool in an apparal us 154 as
shown i nMeidgl 76: InjEutioappaldatgislachmesavaibble fidgmithe dimi-Uactor Madmingrabl e 6G
shown for the injection nolding machine. The table has |ocating pins (not
shown) W@J’oﬁrg INSAberyt Dhid.oahoiHerangdteaeienich nasl proverl sdtlstaabiyistthet he
table. The base of the tool has the |ocating hole 134 for positioning the

| ocat k ng t rfoil with
et roehEAdR e R paBLR BRI g it

ef erence surfa 12 and tabl e 158

LSC?&& ' Gie Bifrbh ?é@%ﬁ&’“ﬁh@% Cf”gg:%@a%iﬁr BRI @%étneé‘)vé ' ?253223”5
Al
i Lhe {1t or L RARNAY Fidie, DECHELP B4 oiweé‘fﬁg{‘w%rtﬁoﬁ DRl ghe - The

apparatus has a vertical nenber 154 having a groove 158. The appar at us has
a | at er aljdipedxsectiaapydicitsdnobahawe), o hehnasing 68oftiheanjestigpoialding4 whi ch
slidably engages the groove. The plate is integrally attached to the is

vertical msaghinets4anthe spad pistahblelenhab a dopeetl slat 2 eThespieaplatesRer by
means of a | ocking clanp 166. In the enbodi mrent shown, the apparatus plate

i s adgpt %‘i#dtaelﬁé}&j’&ﬁstth% s?)?ué'%l:ﬂbﬁcﬁdé‘rqmﬂf hﬁﬁetdbvle%ﬁétet bhenhagrue plate

hol der and sprue plate 62 precisely in the spanw se direction with respect

to the f 'tgﬁareg&&g@sﬁ? R 2653202 B8 dogRhl 08 Bl/efknand sphih the sare

rel ations erence surrace rection as
in the oper

e condi t A devi such a S rue e, el ement)
i mul at | (e S5 ea8 5P e hab Fit B o4TS8ae PA 1 lﬁgﬂvﬁe'aé&Fue ol ate as
| ong as the device provides the correct orientation of the roo first
end) 14 ofblpgkingirpaigrial.t dhepasppge placesdhe sbampsr J¢refdbe injgaiion mq(l@nm ate
el enent and the sprue plate are each represented by -22 0 ~ MAY 2003 the
spree pl anacbhesihdiow comRiupic@iormivih dloky aat sageso? 8,30, B2, Bdewkiphextericit e and
the spree plate holder or a device sinmulating the spree plate holder is

that i riepooghdesrddie esfghgenmite bfadept®e plate in the operative condition
to the airfoil and to the other parts of the tool. s The nethod for

e Boen s L SO erre w01 o0 ol nen e o1
molding machine 54. The {ool base 58 is located in predetermined fashion with
respect to the table 66. The base is adapted by locating dowels or locating
pins (not shown) for this purpose to precisely engage the table at the same

20  location each time that the fixture is installed on the table. Accordingly, the tool
base is adjustable through the table with respect to the housing.
The tool includes a mask 78. The mask has a pair of mask members, as
represented by the first mask member 82 and the second mask member 84,

The mask members each have a surface, as represented by the first surface 86

25 of the first mask member and the second surface 88 of the second mask

- 14 -



The cavity adapts the fixture to receive the elastoneric mask neﬂmzﬁ
84 of the mask 78 for engaging the airfoil in the operative condf?i"0h.*"The
met hod i ncludes formng the mask 78 for engaging the airfoil. This io
includes the steps of formng a core having an airfoil portion which is

di mensi on@lenpesqui veabemacesoeatiecenipfroile theEylerios of $repairioill Tee magk | east

over that region of the core which engages the nmask. Alternatively, an

act ual ai meonbbersiaybtfotmeedisédidstometie nateral shichess dicspbahpgratlre core in the
cavity, the plate 164 of the apparatus and the spree plate 114 are adjusted

to orient vmegm%gwm%sw@ Oribi S sfR 89 EladiOmieh s aidtéalis Ry 6bg fi xed
second jaw 94, and to the first reference surface 126 on the | ocating bl ock

124. This i - : i and the
irst rer SrotanerEmiatietal i Borl R Sone R S, R "o e
pl ate ndr\@pe core to the first reference surface is the sane as in the
operative condition. 20 The nethod includes disposing a masking material in
fluid formin the cayity 13 and allow ng the terial to hardep. One

Sat1 st act ory et 2l Mrthes i Gdes BiRA: o AROSEN 1S GeieRL SR PLAR: at ur e,
vul cani zed material available as R668 fromthe General Electric Conpany. As
shown in Frg.jaw 92 ard the seconaya9rd4nbachdawengages 8n 8xsasiAdadsk a 2s pair
of spanw se extendi ng grooves as represented by the grooves 174a, 174b -23

0 6 MAY 2(85mBBeSP hed isramgesy thétaasi rfdmbdhiatoraskying rertienstaip Vitrotke i nto
t hese grooves. This material hardens to formstrips on the nask. The strips

are repr e%g‘ﬂ?ife‘?o.bﬁotr *é&‘aﬁ'fg'iéte,ﬁﬁe L£88hd Hﬁ?g%ﬂ%’%@&ﬁé%&ﬁﬁ R IOHEM b4,

174b of t Irst jaw an he strips 18 I ch engage the grooves

176a, 176 foth SRCO i.aw.. Th i in,t r and
engagé%t hééfﬂéc?%eaﬁwghsge?c&%dggwd?Ié%??%wégﬁﬁg{éﬁﬁ%aqol% tggrsggﬁﬁ%{i%yar to the
surfaces of the jaws. After }he terial hardens, ~t he ste f forming the
ok 78| RPHAES 2 eieRge eI E9B Wi AetRatl bt DO Beganiniad 6§ bl e
direction to forma single gartin%line if a one piece mask is desired or
two parti riigaonagsask mennhgr-84i dbe NaysipgsRosikorrekbier sRTUe Thatep fhqdonginplyne
enabl es renoval of the core and insertion of the airfoil in the operative
condi t i on.thersechedg¢avodimidénthetdwise facihg (efe@ncevaurfriespnoyidesnas ar e nmade on
either side of the airfoil to divide the masking menber into the pair of
mask menbetsmbiBidtioR4vitH theadgrae pidte pidpdi speiké platé holddyhh dhecidesidyedn e to
have nore than a is pair of mask nenbers. The mask nenbers are cut such

t hat each ftl i ; | Aol e finally
manut agt o o i [ o e P e A D IS ocid o

mat eri al O@Ser‘%‘io he holes 46 of the airfoil to such an extent that the
mat eri al does not flowto |locating surfaces on the airfoil for the |aser

drilling operatipn. This LS inportant in those cases 20 where re
airfoll is bei nbnPiaws PRedd Gre sanabieyralab s ravlacs el pepect faea
reworked and the airfoil already has sone_cooli n?_ holes 46 formed in the
surface ofothgs Asrshmwn by the phantom lines in Fig.1, the Tirst jaw is movable with

ﬁ‘i red

respect to the second jaw from the closed position shown in full to an open

20  position shown in phantom. The second jaw 94 has a pair of guides for such
movement disposed on each side of the jaw, as represented by the guides 98
and the guides 102. The first jaw 92 has a first guide rail 104 which slidably
engages the first pair of guides 98. The first jaw has a second guide rail 106
which slidably engages {he second pair of guides 102. Alternatively, such

25 relative movement might be accomplished by moving both jaws. As mentioned



The jaws 92, 94 of the tool are novable relative to each other. The\{@god
of orienting the airfoil by formng the mask includes spacing t B

one fromthe other by the gap Gin the closed position. (The gap Gis the
-2a 0 6 MAY 2003 distance that the jaws are spaced in the operative

condi ti 08bdve°~ thaysetont jawIibvite sBierdiaterice dirtivessBifdiaby@py theanasis to
fill the gap G The nolding material seals the nold against the | oss of

maski ng ?@tvﬂm AlspleBy {d me%l_% of MR .ﬁ@ctléﬁeq%uamgbm&ﬁrrfeafrmsSfe*aaﬂewax

AIternatlvey,tejaws m ght De spaced apart s by a gap Gl which is
reater h t f formng
'?he msk%ﬁéﬁn%%]??&f&% ;(ljgsul’%% %ée&%d% r{lg}s{ﬁﬂtsagy%%legliyr%gﬁﬁz&?%d;raI | engt h
of the mask, being sllghtly greater than the lateral width of the cavity in
t he oper RPEU@Nconditi on. The jaws under operative conditions will then
exert a predeterm ned | evel of force on the masking nmenber. The sanme effect
i o nmight be adiiee\POHinGlLdRs MEENAECTHEVINGHGE iAW frloﬁétheeQB?”\RﬁF’%'Hnr}Bves t he
jaw. This m ght be done by enpl oying an adjustable link 112b so that the

j aws novéhe glaskd pasition, dsospde i ed g&)rﬁhf\?\ﬁflﬁ @W8apd Even ltIRenephanismve
condition but are adjusted so that the jaws are spaced apart by the gap Gl.
One sati shaotnoinyFigap Tie was is @ivatd about a pivet iogiitth 3of Aathe agh p(MRS nil s).
The gap Gl for the is tool in the closed position in one enbodi nent was

about fouyp e ggénoa‘notvag dRida, e |dviap Ehﬂ’@lhé first v gwrai fhesrireomdiski on. A

particul ar advantage of the todol 12 is the second jaw 94 whi ch does not

or eciet or ArRRYT PR R ARCIOTENR 3B S BEIAG S CERRAETISMAGES 20 pecauce

both are fixed. The | ocating hole position in. turn, the i ng bl ock
124 Havi 1§MAYE 9" ingert efalere ade dnlpriag se5oRd MeRkiag MesIRe rr%‘{ a@f?\@ﬁsm ps cause
the mask 78 and its nmask nenbers 82) 84 which engage the jaw to have a
known r eldavieesstargheimennseiopereving theievamighline polbptad bngwrpddcalhe first
reference surface) and the airtoil to the reference surface on the second
jaw 9G agmikurhhkc Bs hadrauliclarsamgerrantsnas kngabhani| sptustons audh @2chdineugh t he
second jaw and the base ~5_ 0 6 MAY 2003 of the fixture and thence

t hr ough tﬂs@ldy@bbﬁspfﬁngﬁe apparatus to the housing 62. A snmall [|ateral

adj ust mrent m ght be required, for exanple, in the operative condition;

dependi ng on thgy 9iige ﬂévm&n%o%% cS'-f‘F??af AniSorlibes BRtheGbol 92 RIURS t hat
t hese conponents have the correct | ati onship in the operatlve S
condi td on tys the mask is
he sk @P%iymé@s'. b BR0eR 44-VRE 08T, e; S30RRS Y | 0% e
operative_ condi Certain ther astic rs char act stics
whi ch ai dreﬁﬂ“% 9 Hbe ey Pl§98r %ﬁbﬁisﬁéu%gfaégir@l argg%oﬁmet% Seqe or of
the rotor blade 12 and

extending spanwise through the sprue plate. The passage adapts the sprue

plate to receive the pressurized blocking material from the nozzle 70 of the

injection molding machine. The sprue plate has a first side 114 having a first

20  spanwise facing surface 116. The surface 116 faces spanwise away from the

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

S. As shown in Fig. 2, the spanwise axis S is the stacking line of the chordwise

sections of the rotor blade. The first surface 116 adapts the sprue plate to

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

25 receiving the pressurized blocking material.



~0 in attenuating the intensity of the | aser beam These characterjstics
provi de advantages during filling and drilling of the airfoil wi t 1) BMAG 28}
and advantages later as the blocking material is renmoved fromthe airfoil.
For exanple, the laser blocking nmaterial conprises a thernoplastic pol yner
formed of only Tder passagedhids @ageairow hertidnet b firadis¢harpoigyther creat es
harm ess products is on conpl ete conbustion of the material during burnout
of the matpessdlrizetigookihy Medtesbsiotdin® @tdvEbiadE 10w Thedearrakipditios oftieat er
than about fifty (50) which pronotes flow. The thernoplastic polyner is
partial |y aymeERA0HH IdWicohimiiSicalis® wiilthkalpewirtd sl by espids algatog he
crystallinity i's greater than forty percent (40% to diffuse the beam of
radi ation I L ts ' menber s
3d %‘eﬁf {3%%9 éﬁné Fégt %Qha&%r'b[?dé. ;rlﬂggﬁ r?}é‘%gﬁ%é’ﬁgggﬁ%@.r%r e

of the polydl he term " poly articular fornms of

EQEOFSE%%%%%‘&%%%%%?% Zf'ﬁ %i%‘*@é'aﬁf??ﬁf*atf?’ﬁé%tiéwhﬁ‘é‘?@ﬁéﬁﬁﬁ%?ﬁ ow densi Ly
LLDPE) , . [ ) L DPE i [
Dol Yot iyl ane ( FEPETSURV 3! SR SyPEIR s eparbo. e Bres 1w 96

satisfactory material is a linear, |lowdensity polyethyl ene avail able as
Dowl ex 25081 Endrpartien GdAa(shown iy reanipm)ivehieh espagsn it brstiewi d&ie Conpany
and is manufactured by the Dow Chem cal Conpany, M dland, M chigan 4a674.
Thi s pol ydehgt kae ahasijastapledirid T 2 alichyallofvsnfion @diusteieatiofthe lengtn ot y seven
t housandt hs (.9370) at twenty three degrees Celsius (23C) and a Melt Fl ow

| ndex of op@ |BYSArehe 8BEorhd Jeiy 63Q5Nows i BhbR®N§iaRPAEEd donRASHFefRAt Set
forth in ASTM D-1238-82 entitled "Fl ow Rates of Thernoplastics by  Extrusion

Pl astoqret e, " - ex IS (g r. t-h. |

flow ng)ea %ﬁﬁb%éiipgé%\,ﬁim%fé‘f%@“g%k@rsremrj%%&rd !tﬁ)@r}» ’ aﬂ'%ﬁgﬁdgﬁ&n%%ly%grgyod
through a known orifice.at a.te rat ur e of. one hundred nipnety degrees
Cel si us (180€)"2R8 SRSy B s thaip BrRnty e ﬂcﬁh@y@@%h&ﬂgﬁdq)@@t hs
Kilograns (2.16 kg) which correspond to condition E of the ASTM standard.
Thi s pol yet™®¥8he has an el ongation at break of seventy five and two tenths
percent (75.2%, a flexural nodulus of seventy five thousand five is
hundred pounds pég. Siguan expladad Viessamrpgliy) brokenevedy, showirgpan cdthér eak of
el even hundred pounds per square inch (1100 psi) and a tensile strength at
yi el d of t veoltiRcarsdhipdriafithe enzpertdsf therinjsqtiam endldioh nj2€Hie 38, ) Thd teo!
notched |zod inpact strength is forty five hundredths (.45) at sixty eight

poi nt §30 gRAiGestHeaietss t ThEixRirk indluasetHuitd BesaBd, theadiiel pluee
t housandt hs 20 0. 1250 inches (ft-Ibs.lin). The tensile Inpact strength is

"0 Bt ERIABRSR A0ty g Bt 8 IR 1y
thirty six T‘?\%gr[noezez e I?E}herx é}%‘ sI (through the opening 119 to engage the sprue plate 62.
The nozzle is pressed against the first surface 116 of the first side 114 by bolts
(not shown) which urge the nozzle and sprue plate together. The sprue plate
20 62 has a second side 120 having a second spanwise facing surface 122.
The fixture 56 also includes a member, as represented by a block 124
(locating block), which is spaced spanwise from the sprue plate. The localing
block 124 has a first reference surface 126 which faces in the spanwise

direction and which engages the tip 18 of the airfoil 10 in the operative

25 condition. The locating block is formed of a material that is softer than the tip of



(36F) and the Vical Softening tenperature is two hundred and twel ve degrees
Fahrenheit (212F). It is a copolymer of ethylene and Cctene-1. -27 ( 6OMAY 2003
MAY 2003 At tenperatures over five hundred and seventy two degree
Fahrenheit or three hundred degrees Celsius (572F or 300C) the materi al

will el ebeifPdhe pvesh#reeomodhgdipedf. ‘hﬁ*l@éff@’pér@iefﬁe@‘)g‘ﬂam?%‘y'TleimP%fs@ t han
one and may be even |less than ninety five hundredths because it lies in a
range of abepteddbyyatiystoopaning hdd de eetdiee the Poak oy matewal. Mmehewnhide(. 84 to
.97) showi ng the absence of fillers. It has a fairly high nol ecul ar wei ght

whi ch is Weetihgblbdals memed (oussudy( ihekiR) tlendetend araskaneimbenBy arad bon and
hydrogen. Pol yol ef ms such as pol ypropyl ene, polyethyl ene, polybutylene)

pol yi sopr ﬁ@ﬁ)m\éeséd&dé}g\)o%éélg%éfseébﬁé‘rmésmlrﬁ@hﬂb@rcoum ed with their
relatively io good Melt Flow I ndex. The Melt Flow Index is nmeasured at |ow

shear condi tioRg.o %) BASEERMAS shif§cPIBYE Emiaak e@nBar sbhdvi scosity

I
of the material preci pltouslysggecreases ani]%é ﬂ1elgdecrease as nuch as fifty
percent (50% or, ev nt tion
ol ding raghPRE e TRTEY g aenon Be 08aR R0 Bk D ?ﬁﬁts-*émfﬁgﬁ&t he
machi ne itself _and throu h the ressure exerts es s t hi nn| ng of
t he pol yethr%% ¢Ad 3hd dpag r?fﬁéerﬁfﬁ%'? @ﬁébpé'&@'ﬁgﬁae&ﬁ’ oghel hciQf causes
shear thinning as it passes through the nozzle 70 and causes shear
t hi nni ng, pdsitiomiug trediocating bodkrt2:. nahe prcsding ddoaf istdigpatad ioithe irculs Li ke

Melt Flow I ndex, the shear thinning characteristic is an enpirically

defined paoie®i 8fe tooh bhés & piedigyly umate thdllotkef pitsrighlitprensidttetheand
nol ecul ar structure of the polynmer and the conditions of neasurement. It is

det er q?BVbé@é BEtHR HARIE. 'lf\réh LGPAR! 8fbBHImd Jk\etr@rmgg ghneé ygommonl y

avai l abl e materitals at all tenperatures an pressures use

o6 £Teats SpBBr B RS T AT R

t at f th h
R e WA R .
over a range of_shear s rates at a terrperature of three hundred and

seventy-five dejPeSSCRARmaveNeMPerIRP s %\EBP?%HPGQ‘F‘QSQ%WEE“ ASTM D3835,

Capi |l ary Rheoneter Test was used. As shown in Fig. 7, the viscosity
decr eases grrdoims toasiaerodymmic ¢dga dflhe airfoil, such as the leading edge 22 of

15 the airfoil. The second mask member overlaps the leading edge of the airfoil
on both the suction side 42 and the pressure side 44 of the airfoil. This
engagement aids the mask in supporting and positioning the airfoil as the mask
members are moved relative one to the other and moved into engagement with
the airfoil. In an alternate embodiment, the mask might overlap both edges or

20 only the trailing edge 24 of the airfoil.

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

25 rigid support 78c of material of the type used for the locating block 124. Each
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val ue of about five hundred Pascal Seconds (500 PaS) at a shear ratgl &@~?
twenty per second to a value of |ess than two hundred Pascal Second € 6003
PaS) at a shear rate of two thousand per second (2000/sec). This represents
a decrease of nore than fifty percent (50% froma nplasses like |iquid at
the | onerMapkanemBeehes apaihpaef theadrst refarancgsuriasenkdts that enpages ehr ough
the airfoil at shear rates nmuch smaller than the shear rate of two-thousand
per secongpanwis¢googsecirce AT emharairfeni dis shown, diegpanyinesiaging passages in
the airfoil to |arge passages in the airfoil) the viscosity will increase

as the potyrimce ¢has na tex peaticemctbaobing! didpil.sMearsurfate.is bionkardo thas t he

pol ymer flows through the next smaller cross-sectional area, such as at the

trailing gggqwisehacimatRdatle oNithé sdBoiendagdibmssbre@e diffbinirberause of the
i ncreased shear rate. The material w Il experience a decrease in viscosity

dt | ; | { i ; ; i al
1 ove but SareeRaCE I ARRpted LMddeRe o B 2Ph e o PaelR APl s of
th terjal rapidqly . d . i t, terial t [
orect pi £ ol PPREPhdad A FARESpefPH AR oW To 26 | ocati ng curfaces on

the airfoil. -29 0 6 MAY 2003 Accordingly, shear thinni i.s very hel pful
infilling m)dér‘gr 4159 Bﬁ{@%'v%vl%gPW%eﬁiq{dﬂ%&P&ﬁ alete 62, f@tﬁ cally, the
vol unme of the charge 74 of material injected 'into the airfoil is about
five to t&acprd spADW(SBUACHIQINYiacsr B2k bas anaiea id . i e saednd sudaee of t he
airfoil to be filled to ensure conplete filling of tha( s volune. This
vol une of facdsespatwisesdwbel fherots blate in tre gperbtivé cohditioad TiHe segind he
airfoil, and, to sone extent, forced out of the airfoil to ensure conplete

filling ofsidd1¢2@inasd Erojéﬂ%nmtz whith §BERAS M thBUHanaye drlEfidehent

viscosity such that the ' material does run through the airfoil to unwanted

vi sco: ¢ the run t hr oug ol to unar
tai 11y rasary art Wil s SPLL ERE. e R TRSERich o RbnSE A Ui B e
irfoil. Durl t filli ti of . th prfoil 10, f , th
her mopi adtioe28 S PPYcch BBGTR 8o e Bl i brosats L She RARBLGY o °
t t bout fjft h i nch (1500psi d at
2 enper aildHacRRaRBILF GLGRALd e I dh s HaRP B AoRRY-SBENERr chhol { s

(300F). There is a decrease in viscosity due to tenperature. The

t enper at ursesfase thakfaegsdn ithe sparwisgpbmctan fer engrgin® Bianeisieilt Widrehthirgr ed and
fifty and five hundred and forty degrees Fahrenheit (250F - 540F) for nost
mat er i1al s sunfaded spodbydspanwisedacing. reférescakudase)tires awpanwide tacirfd ow wit h
fow viscosity through the airfoil with the tenperature causing a decrease
in 20 vi scareatAR aumicH Reeshitan thei arebgl eassAng a further decrease in

viscosity. In one application using the Dow ex 2503 material, the
pol yet hyl ene wapne 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 smooth machine finish with a
20  surface roughness Ra measurement of about sixty three (63) micro inches as
measured in accordance with the procedures sel forth in specification "ANSI
B46.1 — 1985 Surface Texlure” 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



extruded at a pressure of sixteen hundred pounds per square inch (1600psi)
into an airfoil having passages and orifices having a hydrauIiC(ﬁgmqqum3
which was less than forty (40) mls. In sone applications, the passages nay
have a 2s hydraullc di ameter which is less than shirty %g % and even | ess
than t weRtsyirgcedouginesgfigsiyika obereyt one hyndied gnd; tyeghtivg £t )hat as t he
pol yethylene is flowed through the airfoil passages, further shear thinning
| akes plad@oiincihée especially restricted regions of the airfoil such as the
| eadi ng edge or the trailing edge region of the airfoil. In these regions,
pedest al s and Tsweedgrudiptaretralddobes inkigralit) attecrehio bk, ibjeetisn mdahinal into
cavities into which holes extending to the surface are drill ed.
Neverthe%@éﬁ,astﬂse@%téﬁm@%é@sw&maﬁ?ewélﬂplrue (dtb & isifiReBAb e because of
t he shear thinning characteristic of the |aser blocking material in the

al rfollf]ousgmdé%%ﬁé holde? ! a 58658 '&l%?’\%évsn!l; lfc\ﬁl’rmcfﬁﬁrﬁ’%ﬂﬁe RolRlefFS e Of about

two t nds per squar e |n terrperature of the

mat eri al han, five i F nhei t
(540F) - aRPEndi K hipd AER gl @S%%ﬁ%ﬁ%aﬁéﬁéﬁ%’f ¢ Ehanne «
to about f| ve hund d de r Fahre OOF to 500 | ene was
al so use®'&etP!ded 0L§i"?ﬁ$ P B’ﬁe‘@ﬁﬁ“@é‘ rHﬂ@"’éé ”ﬁ?ﬁﬁéfé?@%@s above
its melting point. Durlngfllllng of the airfoil, the airfoil is disposed
in the mils& speuanplate hhisler sirges mwgerpéatﬁerwmw 8dainegide nepxie 0. the
airfoil by the first and second jaws 92, 94. As nentioned, the table or the

| ever m ghé operatiljeistradition, itobtspyu nﬁla@@enmm@abezlarm df tﬁwfeah?mﬁenbet ween the
gap G and the gap GL. The mask nmenpers apply an external pressure to the

ai rfqp ‘t’fﬂé&?[@'é?ﬁ‘b?e&&?d f@h&ftndﬁ%ﬁbuglw&ﬂrﬂga%taﬂd Blockfih& lbdd ght  pass

t hr ough ow directing surfaces of the 20 airfoil to unwanted | ocations
on the ai f t he
airfoil l\é\%& tlﬁlocgtagdﬂgl%@gﬁm s%%g%;%né;lfﬁégopm@g@ tﬂiwgg‘r‘lﬁ) agai nst
defl ection t he h| ressure eth ter gh the
S riorl  MAETPEdRTias iR of fa S aﬁﬁﬁ‘ 0B0 62l fl8rcetk 8170 of ¢ e
airfoil, 2s with filling of even conplex shapes taking |ess than one-m nute
and some akaut ong ungred Anemds{dE8 IRfhodbistpishey the®theedida® thaspet i cul ar
advantage is the relatively low nelting tenperature of the material. As a
resul t, tplete agaimsl theaddoll tafwe afseah@tdhe frderface betyeeert te reducebsor bs heat
fromt he material without increasing in tenperature by an anmount which
makesishanatleiandy! aintifthe wbot ofl thesoinfeil)t rital rce Fap eramsotisedwtireughltiee ofdiand| e
the airfoils after filling with bare hands or with

and presses the airfoil tip (second end) against the block 124, trapping the

-airfoil spanwise between the block and the sprue plate.

In an alternate embodiment, the nozzle might press against the sprue
plate and that force would urge the sprue plate against the root 14 (second
20 end) of the airfoil. Again, this forms a seal between the sprue plate and the
airfoil at the second spanwise facing reference surface 144 of the sprue plate
and the root.
As mentioned, the locating block surface 126 (first reference surface) is

softer than the tip of the rotor biade so that the tip 18 of the rotor blade is not

25 injured as the injection molding machine presses the airfoil against the block.
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| i ght gl oves. Even though the material |oses heat to the adjacent rTEt al in
the airfoil, the material continues to flowuntil it fills those ar SMAYAR
require the disposition of |laser blocking material. Solidification of the

mat erial Qccurs rapidl . the.,io material | pses heat, tQ t irfoil. As a
Fosul t ¢ B0 FpBuE ghndfiah e Rattasmai/a seie Mo Rt St 1 shak! ng
and wi t hout concern abouyt the terial |iquefying. Another advantage of the
bl ocki ng R@SERTeP! ?%W‘h‘éx‘fa%iﬁqr%ﬁ%@PRH'P%P?ES ia¢h LI s 887 Pd 1 or m
This allows for easy inspection of holes drilled by ~ s the |aser to ensure
t hat the lemsperahas atsut dtree hundoed Wegeashieahreobit (300D eri al . For

exanpl e, one way of inspecting a hole to nake sure the hole has been

drilled throughid eiswa bitéhatdeniodirpéht 62t5of ®erspbe pidie @20dhdwreimol e wi th

athin wwire. The wire exhibits a different response on contact with the

resi |1 ent £pokyPROWLARS oIERS B9DAL (AMELIPARSR IR WD (ANbAGky hMlatiE voul d

have again ard’ conponent, suc e material. many cases) the

ot auan 1 BT o R S AL R = BB R A ENE ey
GPTH e AsblS B TS dbad s RURERR AR fioh YA e L Pl ™! ©

vaporizes a wall, of the airfoil, such as the suction wall 42 or -32 0 6
MAY 20D3 phisiswone asdmphof a suitablmraaledsl fonghealacativgdlawk 12 t he | aser beam
breaks through the wall on the interior of the airfoil, the |aser beam
strikes the polTia gbrue flael 6&S biydbend) Fipteiasb rdcegsos4Bifoonetdieingrther i or  of
the airfoil. The polyolefin blocking material is particularly effective at
prevenyl ng?&hﬁa; o1 {RSRioPeRELT 1B eeass ARt abdonl 4aRBEE NG 7iMIcMRIdaptOhet he
interior of the airfoil. Athough the phenomenon in not well understood, it

TR S e e L AR B S ek S

pol yet hyl ene . uch that a small port.i f th ol yet hyl.ene jmediately
Porme a 1 Frgetanbrme s sEalls wBRhBRly RophatrB S lhd SRR 5T pon
being struyck by the |l aser peam |If s, the polyethy|ene gas i or mned of
car bon andhﬁﬁahﬁ&%‘?egyé‘bﬁ’rﬁﬁ%‘ftl%@Oﬁﬁ&gmaé,%'r&:tﬁkﬁ’?ﬂlﬁﬂéaf r%‘f(‘)?/‘éf %ei ng
supplied by the material (since the material itself is forned of only

car bon ande®)hpsgengpenihg d Savier agsting thelaser binekotg metarial giand biees. The

pl asma of the vaporized pol yethylene is transparent to the laser is beamto

such an expassageltés from thepgreatplatedodise nubr egleatteohdenmdimdinept, diet he | aser
beamto finish the drilling of the hole. In addition, the fluid does not

appear to siegisidbotheré® famiHsosf in€h 1dre) aed enamd)f dfrarf iaeh wid®ves amt o t he
hol e and nay enhance the ability of the laser to | eave a clean hole w thout
bl ocki ng  opening suitable for flowing the blocking material into the root of the airfoil.
One satisfaclory material for the seal is mechanical grade Teflon® material
which has a very small tendency to cold flow. This material is provided in sheet
20  form by Interplast, Inc., One Connecticut Drive, Burlington, New Jersey 08016-
4101. Interplast is a processor of Dupont Teflon® material.
The fixture 56 may be used in the process for orienting airfoil 10 with
respect to any machine for injecting laser blocking material, such as the

injection molding machine 54. One method for orienting a new airfoil with

25  respecl to the injection machine so that like airfoils may be repelitively filled
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of the hole as a result of splatter fromnolten wall material of the

airfoil being 20 sucked into the hole. Experinental drilling operati dh€& MAY 2003
have shown a narked decrease in wall blockage at conpletion of the drilling
operation. The percent bl ocked holes in one run decreased from about fifty
per cent wsirg theytoped 2efthe(f5606tep iS004ernove dustachad ftaem tipemashing 209y . Tt~i s
decreases the need for rework of the airfoil 2s and pronotes even

di stri buté emstall treo@d| iy apidppiaratubel SHiay siweh ar Figebe. The38pparis Miya2003

Anot her advantage of the polyethylene in laser drilling is believed to be

the anmounppef128 fHiMabeRd Bl tbb% E@EREWA 36 @Rl |ﬁj|@d|8ﬁtmc§|§||ﬁ@5mﬁblaiﬁ@ fiHe an
i ncremental thickness of polyethylene materia is believed that it is

Ty be. |1'ARRd b AN R L veF‘?V”W‘ﬂC%@&SF%?ﬁk‘EF’?&"% PR bt whi ci
mat o1 ol ét@i{‘sa‘ip"{on%w‘%ﬁf&e ye ok o ol h‘rﬂ%ﬂ“e?%afrg s S8 bol yol ef i ns

are preferable to ot her yners _because of the It Flow I ndex which is
gr eat er tFP%“@”'ﬂQ)}h%ma“@@cpl@%1%l frhﬁdo‘ﬁ%}m&b‘\%‘i‘ 8H9?§e%mef liRCEH® y hi gh
such that the large quantities of |aser blocking material io are not

conpl et el girfoi Mikdthsyfirsheeferesee wstace. Aheaconsiimetionioh thwtal dRiand eple
operations an additional pulse of |aser energy beyond that experienced

usi ng conv&diocata@lthevocatinglblock inaskndie postiootwigh sespeel stHeoaipparattlsean exi t

hole with m'nimal bl ocki ng by backscatter of the airfoil material. It is
possi bl e ]&@m%ﬂ @ %éﬁbdoﬂ@ é?ﬁit)xb@hr% éﬁﬂfoﬁﬂ@bbs%ﬁéatvﬁtrﬂfes?bbero the pbl ymers.
One exanple is n about five percenf’ by wei ght of the other

pol y a t f nce of
the. phl yo?é?éf%“%%dﬁat@ ' tghEloH nv?g%’%%%ﬁé aﬁ"c%gfﬁ et R IR
material. The .ad n of t ot her pol s.to the polyolefin, or even
addi t i onth%%g'Qﬁgb It oA E@pﬁr{nﬁvg}q %Isuf%b'?ﬂ'be 9Mer nopl astic polymer, is a
concern because thernoplastic polymers forned of only carbon and hydrogen
provide a si gnifecapraraiiiage cdindl Mg ool NBYINDES@IONEJOE dgenat eri al
after the holes are drilled in the airfoil. One method of renoving the

| aser bl o&8RPAGRIHBTESialaterally exteasing plate 464 ThieqdRiengasravertical suppert | t
burns. One satisfactory tenperature 2s is about thirteen hundred (1300F)
degr ees FdhdewvihiehtslidAblyartgagalsdhe adoave. aglee plade 6s Mkagra0pattathedéo fivd yol ef i n
famly and particularly polyethylene is tile polyner breaks down to forma
hi ghl y5s conbrital bhgﬁa@@%n\dhis(ahijlissatvlerlel*ﬁd@@@cbWﬂfhien.gartidalrneemaébbp neeehs

hydr ogen of the pol yethyl ene conbine with oxygen fromthe conbustion
of a locking clamp 166. In the embodiment shown, the apparatus plate is
adapted to engage the sprue plale holder 64 to locate the sprue plate holder
and sprue plate 62 precisely in the spanwise direction with respect to the first
reference surface 126 of the locating block and with the same relationship to
20 the first reference surface in the spanwise direction as in the operative

condition.

A device, such as a sprue plate element, simulating the sprue plate 62
might be used in place of the sprue plate as long as the device provides the

correct orientation of the root (first end)14 of the airfoil to the first reference

25 surface. The sprue plate element and the sprue plate are each represented by
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atnosphere to form carbon dioxide and water vapor. This |eaves behi nd GaMAY 2003
very s clean airfoil that does not require further processing to renove
contam nants fromthe interior of the airfoil. In addition, scrubbers for
removi ng harnful gasses fromthe burnout operation are not required

provi ded thiegprie piaie 6xsiymm irs Fig. s éftte sdvardape ef ekingdbatspstie phae laaser

bl ocking material. Finally, burnout provides the advantage of not having to

f1 ow addi thieogirlie $PhteadIGed cﬁﬁ@dteb@etsluﬂdetm? tRé sbmérFmt@hbaieeié beatltl ades. In
addition, the polyolefins have a relative | ow nmel ting tenperature,

particul af éﬁoa@é‘eaomey@ﬁ%de?ﬂﬁ of@%r&@?la"l‘é rrt Md opé&ralifaic8lditiBnacthgher

tenperature to renove t pol'yethyl ene by burning the polyethylene, the

pol yet hyl gf}fégr’g;l&t% g\%qotégpﬁaﬂ%f 9{8 t%H fices in the blade instead of

conti nui ng expan ace I S unwant ed i nternal pressures on the
airfoil. Final et.hy).ene has resilienc a_cterjstlc prior to
neltimy that aIT?{' &ng ﬁ’ﬁp{a’?f\gg gpﬁﬂrﬂ‘ﬁ%ﬁ %%G{VCASD% O under |1 oad.
The pol yethyl ene material expands prior to nelt as it is heated during
the bur nottoldiparraachine Hipahisiesriowringredislurg %@dhﬁét‘ hgsdhe camitedBal causes
the 20 material io deform and openings in the airfoil may even allow the
mat eri al Tbeedvitydelapts thedfixtatd tof receve hemtastondricymasicmemhbersdiih 4on of
the material are not transmitted to the walls of tire airfoil. Tire

relativel yf {Hu ma\éﬁlﬂasm@fenbb?m@ theiiffoifirethedpetafiveeseditiog. an extent that
woul d cause harnful resi dual stresses in the airfoil or failure of the

a0 1 oL U O T O RRENBHH AR Nk Inad B G endHIAg e 2Ry

provided at a relative ow OIe ture to spee or at hlhgher -35
0 6 MAY 00
tempert il a%%%%ﬁé&?éé@mpﬁ?%%% R R BBy R i ch ¢ he

airfoil is, made. Al though the invention has been _shown and descri bed with
r espect téj'@@f‘é‘if’l”@ﬂy@ﬁlﬁti/@i'%r\?s ¢ Rt gyhich s %B%If@e@@tdﬁ%l%‘r%‘{%élaa by those
skilled in the art that various changes in formand detail nmay be nade

wi t hout dépaioni ofdhe cene whdChspngagesaling Hasipe Alematvely, anmdualindigali on - 3G

0 6 MAY 2003 W claim 1. A fixture for disposing a | aser blocking nateri al
i n an ai r froight beamed foothe eofeor Afserpisposigg tihe cienig thatcavityl thermdate B4 ssur e,
the airfoil having a first end and a second end spaced spanwi se fromthe

first endooftthe abbstatue anavheprupprtade 4fzoe ddiestdd o briogt thet grualplatehi ch
conprises: s a spree plate having a spanwi se facing seal surface which

f gcs:gz nté he it pdsprirtlt@thd Aiefon] I BklfixetinR coRHgAV IR LAINBhEUra rBfdrEhed of the
’ ’ surface 126 on the locating block 124. This method includes trapping the core

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

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

same as in the operative condition.

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

cavity 13 and allowing the material to harden. One satisfactory material is an

elastomeric material such as room temperature, vulcanized material available

as R668 from the General Electric Company.

As shown in Fig. 2, the first jaw 92 and the second jaw 94 each have a

25 pair of spanwise extending grooves as represented by the grooves 174a, 174b
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for receiving blocking material extending through the spree plate anduiﬁnMAY 2003
fl ow communi cation with the rotor blade through the seal surface; and, a
menber having a surface facing spanwi se toward the seal io surface of the
spree plate which is spaced spanwi se fromthe spree plate and whi ch engages

t he airfanb thelgeoswed ate@a,of76bhel memaskingeinateredflows intedhest@roenas: i al  of

the rotor blade; wherein in the installed (operative) condition the source

of pressmhige@dtdligsddrognsas rmadirips onrthé Insaekc onmelsiripat arenepiddentd passage

and the passage is in flow ~ s comunication with the airfoil; and wherein
in the i pgtigkl®fpd weé,aﬁefc%nrc%n&héa@hetd}@om ee4R| At beinerigsdawovar d the
first end’of the airfoil to exert aTorce on the airfoil and the airfoil is

urged agaj t r it i Ll al

sur' ace S VR der iee: 92 el Rdede B BB 18, 1SR BEFRACRIEE™, cuar
the first _end. of the aiégjoil t o bl ock tge | oss ,0f . 20 mate|;]ia fromthe
passade BRYwedIF BHiRsExend | hedranyet Ard enoepe dhgiaws N ENpiaYisee f or

di sposing a | aser blocking material in an airfoil as clained in claim1l
wher ei n tdieectipngaibstantially perpergigdar icihegurtasesiof the [@Wihi ch has t he seal
surface, wherein the side has another spanw se facing surface which has an
area Al faci ngAentne seteri@hvhartansetha stiepi df formingdhe peask 7% éabwaes ti on, and
0 6 MAY Z003 s which is spaced in the spanwi se direction a distance D from

the seal @ufif@afe mAlRAiNG@BEIrRl N8 geerlalblgiamdsd dfcaliGPRUGea bagleg area
A2 which is Iggss than the area Al (A2<A?J€;q 3. The fixture for gtfgsposi ng a

| aser bl bng pateri f i ol i A i in said

St do. has erngBRHTEGRE ik MaRk'is Bepira of R PR s B o Pt ng i
a spanwi se direcgtion,f t he.di stance D and arpu t he passage.to provide a
boundla BeFke Bpe Bl he et A BReaRs TRmeP R e tEe BRERRSSHPAAE engages
the end of the airfoil and is pressed directly against the airfoil to form
the seal WSoriffot frethmarerglive £ongwient i xt ure for di sposing a | aser bl ocking
material in an airfoil as claimed in claim1l wherein a gasket is disposed
bet ween the sel thauemhediment showreind-igr 61w pattingilinesmde whrde:Pn aitheér spr ue
plate and the end of the airfoil are urged agai nst the gasket under

oper at i vesiderafithe @irfoil 1. diTide thexhaskind orerdbaepof thg pail abmaskinekbacs
material in an airfoil as clained in claim4 wherein the side having the

seal surf-gagesfham altedets emiddidirnentst #ndight betdegirablenyiieednbectizpnat he
di stance D and whi ch extends around the passage; and) wherein the gasket is

ghf Pgiﬂgdeﬁﬁir@?%éﬁ@ﬁ@ﬁwtﬂﬂi TPreaREsk AegHbers 4@ UPaESIRURL ettt éé}ﬂn%‘ﬁﬂb
gages the gasket and presses the gasket against the end of the
airfoil tgyRleckdfigeh s <BbIRS AF I SRS 1y MMMHLERIr-ORSRAGE - THiISS
enables the mask to block the flow of blocking material out of the holes 46 of
the airfoil to such an extent that the material does not flow to locating surfaces
on the airfoil for the laser drilling operation. This is important in those cases
20  where a repaired airfoil is being redrilled or a newly manufactured airfoil is
being reworked and the airfoil already has some cooling holes 46 formed in the
surface of the airfoil.
The jaws 92, 94 of the tool are movable relative to each other. The

method of orienting the airfoil by forming the mask includes spacing the jaws

25  one from the other by the gap G in the closed position. (The gap G is the
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0 6 MAY Z003 6. The fixture for disposing a |laser blocking materi eél MKV fbﬁ‘i
airfoil as clained claim1l wherein the source for supplying bl ocki rﬁg

mat erial includes a nozzle; wherein the fixture includes a sprue plate

hol der having a slot which adapts the sprue plate holder to slidably

recei ve tdigtaBisedbaipthgtiawardde isperad&stheeaperafive cangtienanfilaendl ati ve
novenment between the sprue plate and the sprue plate hol der; wherein the
sprue pl anelding deateiis! iadispcsetdtlzeivecafiné javds toofilt e gapitcel ieomddippl yi ng

bl ocki ng materi al under pressure and has an openi ng which adapts the sprue
pl at e hol slatert2y sealsnihe rhbrl agzstaht doaxbemdskingwgdtetibeinstpridéorph. aD@ehol der
and to engage directly the sprue plate; and, wherein the sprue plate has io

a surfacesgtegéagrﬁﬁ%ngyl@qs %\é@gwék 0Wltteh%tfv'ehﬁﬁh@]&d«@ﬁmdtﬂ%@é;ﬁé id ap‘MH
adapts the sprue plate to sealingly engage the nozzl e and, under operative

condi tj on dir late to
exer!t 4a sé%llaiiagd ﬁgy\ggkgﬁs@ﬁ%gfocaqﬁgr&%g m% }élq' %gérﬁ'tﬁggdgﬂhﬁg lﬁol der

h I h he f d of th
Cotor bl o FEPaldpiiagise Jgadt Rl NPERUY s “erf@%’ar PeRUNSIR BT of 1. 7
The fixture for disposing a |laser blocking material in an airfoil as

cl ai med i latenahlangth whiremaskieing righllyrerertes taar the leteral widihgfdpanwi se

toward the seal surface is a block of material. 8. The fixture for
di sposi ngcavityaisetheldpeskiivegcomdidon.allhenaws uadef opératis e doaiditiethsiwill ¢hem m 7
wherein the block of material engages the second end of the airfoil. 9. The

fixture fagediaSpelenint@fslel b Rﬁ&é ) 1H’8ﬁ1¢éél@4\%h'lén%‘era'mé"sbrr@5eﬁéc@' med in
claim7 wherein the fixture has a plurality of bl ocks having different

o S BTl o TR el O RRE 50,

engage the FxPure has oA plu ree plate
each havi rface s confi 0.en |l ar airfoil and
wherein eddi Wﬁ&%H%”%%M%n@HVQQ%E?&P ool B3R T s n RO hal Melavbime o rmy
be easily m)dl fied to acceFt different_airfoils having different spanw se

| engt hs at@thg fYlyrdesedtpasiligumal »aar4s in the ergrativerandiion bt erst ure havi ng
a passage for disposing a | aser blocking material in a rotor blade from
means for adijséed isaghehibetipweldaragraseeapart nitherggn €ds Pee isatisiagtasy nozz| e,
the rotor blade having a first end and a second end spaced spanw se from
the first gapdG1wachetcaimbou ese agiith & apnele (p2&trélshaThegalG1doptet i on of
the passage extending spanw se through the spree plate for receiving
pressusi zeédoldhak&ichgeaassitiar inadvie embbldomestonaziabeat foon tividshoftihe gapt or

bl ade,
G for the tool in the operative condition.
A particular advantage of the tool 12 is the second jaw 94 which does

not move. That jaw and the second chordwise facing reference surface 96
have a predelermined 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 96; and, the

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



A2. a first side having a first spanw se facing surface which fggpEmAt 203
spanwi se away fromthe rotor blade in the operative condition and has an
opening for receiving the pressurized blocking material, A3. a second side
havi ng a second spanw se facing, surface having an area Al which faces
spanwi sefttBRAXYTERNG hEare Hiay hilHet‘%@ed’é@P%ﬁ {?éraé*d?lg‘? tedhousine Second si de
having a projection which extends ~s in the spanw se direction a distance
S1 and whisoralkehateratisdjasionert might pegeagised dop eseingée, an Joriapecdliver i net er
about the passage, the projection further having a third seal surface which
faces i ncdrditismadepeselingon the sheMiyap083 =di ceopamea tartbe wWapcB, ttas a spanw se
facing area A2 which is less than the. area A1 (A2<Al ); 20 B. a sprue plate

hol der hayéute 1Aas|HlseWtinghorrtaphave e spirbe Rlalchshiy idaheldperapal ve the
sprue plate and neans for preventing relative novenent between the sprue

pl at & andofBoRPriRIsPIAY RelBROSSHp IR afparBtUd) 6 ¥ndMindBehizak ievd ng a

fourth surl?ace facing spanw se which is softer than t%{u p material of the

Cpanwi seCPakgtV ) vy SRR FEIRING fn kAR SRR AP I e B age (nt 1o

of the airfoil; wherein in the installed condition the sprue plate hol der
is int egPQW?'yoattached to the injection machine and the nozzle of the
injection machine is pressed against the spree plate to receive pressurized
bl ocki ng mat eGedtgin dmefnwipaginpolymees have chatagterisdicsovitlch iaihint he spree
plate is urged against the root of the airfoil and the airfoil against the

bl ock t odfsposiray sRAbsdebeRngthaterial 62 opuhtasteriof of the i) Ieted2 andl t he
root. 11. The fixture for disposing a |aser blocking material in an airfoil

as clai Wahén@ém@rﬂeﬁﬂyﬁ@ia thé& adeRin@ehd. OTh88E BhaicteriskRsiphb@aki on

mol di ng machine. 1 Xture for disposing a |aser blocking material in

ol . e . _ P . Mg
o L LA TR MGk S NRESShE G RSBk ehaBEaREEt o
Al (i3 30 B g St h IR Lo Byl o the' B! o ISaRpIS e of the

. AH. Af H?. A5. A. S. AYR. A?. Ah. A(F. Aa. AS, . AR Au. AH. Al , . AH. Al . A, a, AU. A. . AYN@ A{ ?.
A. A. AH. Alaserlogking ApatepalcomRrisesa Are P iastq PAEEA faged af @RY, LMnfs & U
"v}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] c&ree) eapdydeaagt af batieermariastic polymer creates harmless products

15 on complete combustion of the material during burnout of the material. The
polymer also has a Melt Flow Index which is greater than about fifty (50) which
promotes flow. The thermoplastic polymer is partially amorphous; but it is also
partially crystalline such that the crystallinity is greater than forty percent (40%)
to diffuse the beam of radiation from the laser.

20 Experiments have been performed using members of the polyolefin
family. The term "polyolefin” and the particular forms of the polyolefins such as
“polypropylene”, "polyethylene”, etc. include their copolymers and
homopolymers. For example, these include linear low density polyethylene

(LLDPE), low density polyethylene (LDPE), high density polyethylene (HDPE),

25  polypropylene (PP).

-26 -



J! tV\SFF)’: 'eD} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] @6]Ma17003]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D' gOvcL8kJ

i RhH} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] cq)wakbaddfasiorpheabdalis @ Imter How-density polyethylene available

<V VTR 1###$] $$$SMRM _* +++1 xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca
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15 laser blocking material is that the machine itself and through the pressure it

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

reaching the chamber 12, causes shear thinning as it passes through the

nozzle 70 and causes shear thinning, if required, in the internal passages of the

airfoil 10.

20 Like Melt Flow Index, the shear thinning characteristic is an empirically
defined parameler, critically influenced by the physical properties and
molecular struclure of the polymer and the condilions of measurement. | is

determined by using a capillary rheometer but the parameter is not commonly

available for materials at all temperalures and pressures because scientists
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As shown in Fig. 7, the viscosity decreases precipitously from an initial

value of about five hundred Pascal Seconds (500 PaS) at a shear rate of

10 twenlty per second to a value of less than two hundred Pascal Seconds (200
PaS) at a shear rate of two thousand per second (2000/sec). This represents
a decrease of more than fifty percent (50%) from a molasses like liquid at the
lower shear rate to a water like liquid as the material flows through the airfoil at
shear rates much smaller than the shear rate of two-thousand per second

15 (2000/sec).

As the material is flowed from small passages in the airfoil to large
passages in the airfoil, the viscosily will increase as the polymer chains
experience a smaller shear rate. However, as the polymer flows through the
next smaller cross-sectional area, such as at the trailing edge, the material will

20 once again shear thin because of the increased shear rate. The material will
experience a decrease in viscosity and then will more easily flow through th
smaller area. As the material flows out of the airfoil, the pressure on the
material and temperatures of the material rapidly decreases, causing the
material to experience a precipitous increase in viscosity and not flow to

25 localing surfaces on the airfoil.
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material does run through the airfoil to unwanted locations on the airfoil
surface. As mentioned, it must solidify in place fairly rapidly after injection as it
10 flows into, throhgh and out of the airfoil.

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

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

20  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 sixleen hundred pounds per square inch (1600psi)
into an airfoil having passages and orifices having a hydraulic diameter which
was less than forty (40) mils. In some applications, the passages may have a

25 hydraulic diameter which is less than thirty (30) and even less than twenty five
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10%&' () - &@%R repions, pedestals and small diameter holes retard movement of the
5 material inlo cavities into which holes extending to the surface are drilled.
Nevertheless, these airfoils were successfully filled, in part, because of the
shear thinning characteristic of the laser blocking material in the airfoil. In other
trials, the material was injected at a pressure of about two thousand pounds per
square inch (2000psi) with a temperature of the material that was less than five
10  hundred and forty degrees Fahrenheit (540°F) and that was in the range of
about four hundred degrees Fahrenheit to about five hundred degrees
Fahrenheit (400°F to 500°F). Polypropylene was also used with good results at
similar pressures and at temperatures above its melting point.
During filling of the airfoil, the airfoil is disposed in the mask 78 with the
15 masking members 82, 84 urged against the airfoil by the first and second jaws
92, 94. As mentioned, the table or the lever might be adjusted slightly to
accommodate any difference between the gap G and the gap G1. The mask
members apply an external pressure to the airfoil which blocks the loss of laser
blocking material which might pass through the flow directing surfaces of the
20  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.

The laser blocking material flows quickly into the interior of the airfoil,

25 with filling of even complex shapes taking less than one-minute and some
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temperature by an amount which makes handling difficull. In some trials,
5 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 airfall,
the material continues to flow until it fills those areas that require the disposition
of laser blocking material. Solidification of the material occurs rapidly as the
10  material loses heat to the airfoil. As aresult, the airfoil can then be moved to a
new location even with shaking and without concern about the material
liquefying.
Another advantage of the blocking material is the resiliency which it
demonstrates in solid form. This allows for easy inspection of holes drilled by
15 the laser to ensure that the laser has penetrated through to the blocking
material. For example, one way of inspecting a hole to make sure the hole has
been drilled through the wall of the airfoil, is to probe through the hole with a

thin wire. The wire exhibits a different response on contact with the resilient

polyethylene material as compared to the contact that it would have against a
20 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

25  of the laser beam vaporizes a wall, of the airfoil, such as the suction wall 42 or
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5 laser beam from unacceplably damaging the walls on the interior of the airfoil.

U& (
U& (
U& (

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
10 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 malerial (since the material itself is formed of only
carbon and hydrogen). This avoids the formation of sooty particles.
The plasma of the vaporized polyethylene is transparent to the laser
15 beam to such an extent that it apparently does not degrade the ability of the
laser beam to finish the drilling of the hole. In addition, the fluid does not
appear {o degrade the formation of the hole and, in fact, moves into the hole
and may enhance the ability of the laser to leave a clean hole without blocking
of the hole as a resull of splatter from molten wall material of the airfoil being
20 sucked into the hole.
Experimental drilling operations have shown a marked decrease in wall
blockage at completion of the drilling operation. The percent blocked holes in
one run decreased from about fifty percent to sixty percent (50% to 60%) to

less than ten percent (10%). This decreases the need for rework of the airfoil

25 and promotes even distribution of cooling air in the finished article.
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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
10 are not completely melted by the laser beam. As a result, in some drilling
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 backscatter of the airfoil material.
It is possible to combine with the polyolefin small amounts of other
15 pblymers. One example is less than about five percent’ (5%) by weight of the
other polymers as long as the other polymers do not degrade the performance

of the polyolefin and do not pose an environmental risk on burnout of the

material.
The addition of these other polymers to the polyolefin, or even additional
20 amounts of other material to the thermoplastic polymer, is a concern because
thermoplastic polymers formed of only carbon and hydrogen provide a
significant advantage during removal of laser blocking material after the holes
are drilled in the airfoil. One method of removing the laser blocking material is
to heat the laser blocking material until it burns. One satisfactory temperature

25 is about thirteen hundred (1300°F) degrees Fahrenheit. A particular advantage
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109&' () - Sisquresent wayaple)s!gdauwdEreNte laser blocking material. Finally, burnout
provides the advantage of not having to flow additional solvents into the blade
10 or to manipulate the blades.
In addition, the polyolefins have a relatively low melting temperature,
particularly the polyethylenes. As the airfoil is heated to a higher temperature
to remove the polyethylene by burning the polyethylene, the polyethylene melts
and runs out of orifices in the blade instead of continuing to expand and place
15 unwanted internal pressures on the airfoil.
Finally, the polyethylene has a resiliency characteristic prior to melting
that allows the material to deform upon being deflected under load. The
polyethylene material expands prior to melting as it is heated during the
burnout operation. Expansion of the solid polyethylene material causes the
20  material 1o deform, and openings in the airfoil may even allow the material to
extrude so that all forces generated by thermal expansion of the material are
not transmitted to the walls of the airfoil. The relatively thin walls of the airfoil
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

25 may be provided at a relatively low temperature to speed handling or at higher
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prue plate having a’spanwise cnn seal surface which faces

the first end of the airfoil, the sprue plate having a portion of the passage
for receiving blocking material extending through the sprue plate and in
flow communication with the rotor blade through the seal surface; and,
a member having a surface facing spanwise toward the seal
10 surface of the sprue plate which is spaced spanwise from the sprue
plate and which engages the airfoil, the surface of the member being
softer than the material of the rotor blade;
wherein in the installed (operative) condition the source of pressurized blocking
material is in flow communication with the passage and the passage is in flow
15 communication with the airfoil; and wherein in the installed (operative)
condition, the sprue plate is urged toward the first end of the airfoil to exert a
force on the airfoil and the airfoil is urged against the member both to position
the airfoil between the seal surface and the surface of the member, and, to
urge the seal surface toward the first end of the airfoil to block the loss of

20  material from the passage between the sprue plate and the first end.

2. The fixture for disposing a laser blocking material in an airfoil as claimed
in claim 1 wherein the sprue plate has a side facing the airfoil which has the
seal surface, wherein the side has another spanwise facing surface which has

an area A1 facing spanwise toward the airfoil in the operative condition, and
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and wherein the seal surface has a spanwise facing area A2 which is less than

the area A1 (A2<AT1).

3. The fixture for disposing a laser blocking material in an airfoil as claimed
in claim 2 wherein said side has a projection having the seal surface, the
projection extending in a spanwise direction for the distance D and around the
passage to provide a bounded perimeter about the passage, and wherein the

5 seal surface engages the end of the airfoil and is pressed directly against the

airfoil to form the seal about the passage.

4, The fixture for disposing a laser blocking material in an airfoil as claimed
in claim 1 wherein a gasket is disposed between the seal surface and the end
of the airfoil and wherein the sprue plate and the end of the airfoil are urged

against the gasket under operative conditions.

5. The fixture for disposing a laser blocking material in an airfoil as claimed
in claim 4 wherein the side having the seal surface has a recess which extends
in the spanwise direction the distance D and which extends around the
passage; and, wherein the gasket is disposed in the recess and extends about
5 the passage, and the seal surface engages the gasket and presses the gasket

against the end of the airfoil to block the loss of blocking material from the

passage.
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holder; wherein the sprue plate holder is adapted to be affixed to the source for
supplying blocking material under pressure and has an opening which adapts
the sprue plate holder to permit the nozzle to extend though the sprue plate
holder and to engage directly the sprue plate; and, wherein the sprue plate has

10 a surface facing spanwise away from the first end of the airfoil which adapts the

sprue plate to sealingly engage the nozzle and, under operative conditions, to
leave the nozzle pressed directly against the sprue plate to exert a sealing
force at that location and wherein the sprue plate holder urges the sprue plate
in the spanwise direction toward the first end of the rotor blade to exert a

15 sealing force at the first end of the airfoil.

7. The fixture for disposing a laser blocking material in an airfoil as claimed
in claim 1 wherein the member having a surface facing spanwise toward the

seal surface is a block of material,

8. The fixture for disposing a laser blocking material in an airfoil as claimed

in claim 7 wherein the block of material engages the second end of the airfoil.

9. The fixture for disposing a laser blocking malerial in an airfoil as claimed

in claim 7 wherein the fixture has a plurality of blocks having different spanwise
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airfoils having different spanwise lengths and different configurations at the first

end.

10. A fixture having a passage for disposing a laser blocking material in a
rotor blade from means for injecting the blocking material under pressure
having a nozzle, the rotor blade having a first end and a second end spaced
spanwise from the first end, which comprises:
5 A. a sprue plate having
A1. a portion of the passage extending spanwise through the

sprue plate for receiving pressurized blocking material and in flow

communication with the rotor blade,
A2, a first side having a first spanwise facing surface which faces
10 spanwise away from the rotor blade in the operative condition and has
an opening for receiving the pressurized blocking material,

A3. a second side having a second spanwise facing surface
having an area A1 which faces spanwise toward the rotor blade in the
operative condition, the second side having a projection which extends

15 in the spanwise direction a distance S1 and which extends around the
passage to provide a bounded perimeter about the passage, the

projeclion further having a third seal surface which faces in the spanwise
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the block to engage the tip of the airfall,
wherein in the installed condition the sprue plate holder is integrally attached to
the injection machine and the nozzle of the injection machine is pressed
against the sprue plate to receive pressurized blocking material, and wherein in

30 the installed condition the sprue plate is urged against the root of the airfoil and

the airfoil against the block to form a seal between the third surface of the

projection and the root.

11.  The fixture for disposing a laser blocking material in an airfoil as claimed

in claim 10 wherein the injection machine is an injection molding machine.

12.  The fixture for disposing a laser blocking material in an airfoil as claimed

in claim 4 wherein the material of the gasket is polytetrafluoroethylene.

13.  The fixture for disposing a laser blocking material in an airfoil as claimed

in claim 5 wherein the material of the gasket is polytetrafluoroethylene.
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