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Method for Qnenting an Alrfml faor Processing

and for Forming a Mask for the Airfail

This application claims beﬁeﬁt from U.S. Prdvision_al Appli_cation'Serial No.

- 60/108,176 filed on November 20, 1998.

CROSS-REFERENCE TO RELATED APPLICATION -

| Thns apphcatxon relates to copending U.S. Applzcatlons No. (EH-10084)

entltled *“Method of Laser Drilling an Aufonl" by Jeffrey D. Flis et al.; No. (EH-
10226) entitled method for “Reducing Void Volumes in Cavities for Laser

. Drilling'. by Jeffrey D. Flis et al.; No. (EH-1 0239A) entitled “Method and

Material for Processing a Component for Laser Machining”, by Foster Philip

Lamm et al.; No. (EH-10240) entitled “Method for Disposing a Laser Blocking

Material on the Interior of an Airfoil”, by Gordon M. Reed et al.; No. (EH-

' 10208) entitled “Tool for Disposing Laser Blocking Material in an Airfoil”, by

Christopher P. Jordan et al.; and No. (EH-10245) entitied “Fixture for
Disposing a Laser Blocking Material in an Airfoil*, by Gordon M. Reed et al.

| _ DESCRIPTION
TECHNICAL FIELD
This invention relates to a fnethod for positioning an airfoil during part of
the process for laser machining an airfoil where the airfoil has internal
passages for cooling air. More particularly, the method relates to paositioning

the airfoil during the step of disposing material in the péssage for blockinga -
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laser beam from stnkmg the mtenor asa hole is drilled to the cav:ty through a

P

wall of the aufonl andto a method of maklng a mask for posmonmg the airfoil.”

BACKGROUND OF THE INVENTION

Airfoils for gas turbme engines are disposed in a flow path for working

_ medium ga_ses. Examples of such airfoils are turbine blades a_nd .turbin_e

vanes. The airfoils are bathed in hot gases as the gases are flowed through
the engine. Cooling air is flowed though passages on the interior of the airfoil.

under operative 'cbnditions to keép the temperature of the airfoil, such as a

~ turbine vane or turbine blade, within acceptable limits.
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In addition, the airfoil may have cooiing air holes extending from the
interior to the exterior of the airfoil. The cooling air holes are small and may
have diameters that are in a range of eleven to seventeen mils (.011-.017

inches). The holes are drilled in pre-determined patterns and are contoured to

ensure adequate cooling of the airfoil.

- The cooling air holes duct cooling .air from passages on the interior of
the airfoil through the hot walls to the exterior. The ¢ooling 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
extérior. The film of cooling air provides a barrier between the airfoil and the
hot, working medium gasses.

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 behihd a hole which -provides a

satisfactory conduit for cooling air. As the laser beam penetrates through the
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- airfoil wall'into an interior cavity, the laser beam may strike adjacent structure

on the other side of the _c-avitybausing una_cc_eptable damage to the airfoil.

Accordingly', blocking materia'l ‘may be disposed in the cavity to block the laser

‘beam from striking walls bounding the cavity after the beam penetrates

through the alrfou wall.

One approach isto Ie.ave disposed -Within- the airfoil the ceramic césting
core around which the blade ié poured during the manufacturing process. The
ceramic core provides a suitable hlocking material. The ceramic core is
subséquently removed by well knoWn leaching techniques. This approach is

described in U.S. Patent 5,222,617 entitied "Drilling Turbine Blades” issued to

Gregore, Griffith and Stroud. However, the presence of the dore after casting

prevents initial inspection of the interior of the airfoil. The ceramic material

| may also be difficult to remove once the cooling air holes are drilled. In

addition, the core is not available for use with the airfoil during repair

'broce'sses which may require redrilling of the cooling air holes.

Another example of a blocking material is wax or a wax-like material.

- The material is melted so that it may easily flow into interior passages, such as

the leading edge passage of the airfoil. ‘The temperature of the molten
material above its melting point, may exceed two hundred and fifty degrees
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

between two closely adjacent cooling air holes. The wax adjacent the first
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hole whxch blocks the laser beam as the second hole is drllled may melt as

the first hole is dnlled by the Iaser beam This causes a void to form in the

wax. As a res_ult, the energy from the laser beam at the second hole may not

- be sufficiently dissipated by the wax as it pass_es through the portion of the

passage having the void. Damage may occur to the airfoil as the second hole ',

' is drilled because the beam, after it penetrates through the wall at the second

hole, may strike the interior wall of the airfoil.

One wax-like blocking meterial_ which uses an additive to avoid forniing-
voids is discussed in U.S. Pafenf -5,049;722, issued to Corfe .and Stroud,
entitled “Laser Barrier Material And Method Of Laser Drilling.” In Corfe, a
PTFE (polytetraﬂuoroethylene) wax-hke materlal is disposed in a wax base.
The PTFE helps avoid the formation of voids. Disposing such material on the
interior of a leading edge passage is particulerly difficult for some airfoils.

Often the leading edge passage has no connection during fabrication with the

'exterior of the airfoil. It is a blind or dead end passage prior to the drilling

operation except for small impingement holes which place the pessage in gas

. communication with an adjacent passage. The adjacent passage also has an

opening for receiving cooling air which is flowed to the leading edge passage.

Accordingly, personnel must carefully pour the molten material in the inlet

: opéning and manipulate the airfoil to avoid bubbles in the material in the

leading edge passage.

Still another approach is to use a masking agent, such as an epoxy
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

resin is at room temperature and poses no scalding hazard to personnel. The
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epoxy resin is "fur_th'éi‘ prbcesééd' to .h'al.r'den the fluid an_d- cause it to becomea
more solid mat_eriél $imilar to the PTFE wax me_n__tio.ned iﬁ U.S. Patent 5,
049,722, HoweQér, the-r_esih is 'relatively: viscous compared to molten wax and
has difficulty in ﬂowing_through small connecting passages oﬁ the interior of
the airfoil. : ' o

It may be pérticularl.y difﬂ_culf in some airfoils to dispos_e such

material on the interior of a Ieading edge passage. Often the leading edge

~ passage has no connection during fabrication with the exterior of the airfoil. it

is a blind or dead end passage prior to the drilling operation except for small
impingement holés which place the passage in gés communication with an
adjacent passage. The adjacent passage also has an opening for receiving
cooling air which is flowed to the leading edge passage. Accordingly,
personnel must carefully pour the molten material in the inlet_ opening and

manipulate the airfoil to avoid bubbles in the material in the leading edge

'passage and manlpulate the airfoil to avoid the formation of voids. The

material does have the advantage of being easuly removed by heatmg the
material to a temperature that vaporizes the material.

Another approaqh isto u.se a thixotropic medium that comprises
materials for dispersing laser light. This approach is discussed in U.S. Patent
4,873,414 issued to Ma and Pinder entitled “Laser Drilling of Components”. A -
particular advantage of this medium is that it emits light when contacted by the
laser 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

beam has drilled a through hole. In addiﬁon, the viscosity of the medium so
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that the medtum may be decreased by forcmg the medlum through a nozzle to -

~lower the vuscosnty of the mednum so that the medium ﬂows readlly over an

inner surface of the component The thlxotroplc medium may be removed by

contacting the medium with a flushing agent whlch requlres both addutlonal

‘manipulation of the component-and the active flowing of additional material

into the component.. _ _
Another approach is shown in U.S. patent 5,140,127 entitied
“Laser Barrier Material” issued to Stroud and Corse. This approach uses an

injectable barrier material which is a composition selected from the group

- consisting of a first copolymer of tetrafluoroethylene and hexfluoropropylene

and a second copolymer haying a polytetrafluoroethylene backbone and a
least one fluorinated alkoxy side group. The material is poured or injected into
the interior of the component. The material is subsequently steamed out of the
component after filling and laser drilling the hollow turbine blades_. It is likely
E:ossible to remove the material in a more passive fashion such as by heating
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.
| - Another approach is shown in U.S. Patent 5,767,482 entitled
“Laser Barrier Material enc_i Method” .issued to Turner. Turner uses finely
divieed 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
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with water and injecting it. The salt is removed by washing the component |
with water.
The above art notWithStanding, scientists and ehgineers working under |

the direction of Applicants Assignee ha\re sdught to develop materials,

| methods, and devices for disposihg laser blocking material on the interior of -

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

relatiVely eésy to remove without forming noxious fluids or without performing

several time consuming operations.

SUMMARY OF INVENTION

This invention is in part predicéted on the recognition that certain
polymers when uséd to blo;::k'laser beams, provide a significant advantage in
mass production operations and that certain tooling and fixtures may be used
with such material or other materials in maés production operations to speed
‘ihe filling of components such as airfoils. In addition, certain polymers have an
advantageous effect on the magnitude of force; transmitted from the_ blocking
materiél 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
airfoii. In addition, these materials adapt themselves well to rapid processing
during the removal operation of the material by heating the materials to their
fairly 16w melting point to allow the melting material to partially escape and
then vaporizing the material at a higher temperature in a Wa'y that does not
form harmful products of combustion.

According to the present invention, a method for orienting an airfoil with

respect to a machine for filling the airfoil with laser blocking material includes
_—
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the steps of: forming a fi xtUré wi*iich positions the airfoil and which has a caVity
fora mask disposing a core in the cavity, the core havmg a pomon that is

disposed in the cavity that |s ldentlcai to the anrfoni for the spanwnse length of

-the mask, and disposing masklng material in fluid form in the cavity such that

the masking material covers the portion of the core that is identical to the airfoil;

| and, hardenmg the maskmg material.

In accordance with one detailed embodlment of the present invention
the step of forming the mask for engaging the airfoil includes cutting the

masking material in a generally spanwise direction to form a parting line for

‘removing the core and inserting airfoils in the operative condition.

In accordance with one embodiment of the present invention, the
method of orienting the. airfoil includes dispbsing the mask in the fixture,
disposing an airfoil in the mask and orienting the fixture with respect to the
machine for filling the airfoil with laser blocking maierial such that the mask
éhordwisely suppons the airfoil under operative conditions.

In accordan_t:e with the présent invention, the machine uses a sprue
plate for delivering laser blocking material to the airfoil anci the step of forming
the mask includes orienting an element which mimics the locaiion of the sprue
plat_e with respect to the fixture and mimics how the sprue plate engages the
core to simulate the orientation of the coi'e to the sprue plate and the core to
the reference sui'face in the spanwise direction in the operative condition.

A primary feature of the present invention is the step of forming a ﬁxiure
having referenoe surfsces which duplicate the reference surfaces of the fixture
in the operative condition. Another feature is disposing a core in the fixture

which mimics that portion of the airfoil for which the mask is formed. Still
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_anothér feature of th'é. preseﬁl invention is .pom'in.g.mas:king material. iﬁid the
fixture in fluid form to cover that portion of the coré whicﬁ mimics the.
dimensions of the airfoil. |

A primary advantage of the preéent_ invention is the speéd with

' 5 which an airfoil can be positioned and filled with blocking mat_erial which
resuits from repetitively orienting airfoils in the fixture with certainty under |
operative cohditions by using a mésk that ié custom niade for both the fixture
and for the airfoil. Another advantage of the present invention is the ease and
level of cost for foéming the fixture and codperating mask used under operativé

10  conditions which results from using the fixture as a mold for caSting the mask
for engaging the airfoil. Still another advantage of the present invention is the
accuracy of the fixture and mask which results form using a reference block to
engage both the airfoil and the mask in the spanwise direction. Still another
advantage is the ease of operation of the fixture and mask which results 1)

15 "from the close cohformance of the reference surfaces of the apparatus used to
cast fhe mask, to the reference surfaces used to position the mask in the
operative condition, 2) from nearly replicating the position of the mask and -
fixture with respéct to the core in the apparatus for forming the mask 3) and
then using a sprue pléte and the orientation of the sprue plate with respect to

20 the reference surfaces and to the source of the laser blocking material to
accommodate any differences.

The foregoing features and advantages of the preseﬁt invention will
become more apparent in light of the following detailed description of the
invention and the ac;;:ompanying drawings.

\
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- Brief Description_ of ,Drawi'ngs-'

;Fig. 1.is perspective view in full of a component, such as an airfoil; of a

tool for disposing laser blocking material in the component;.a_nd, in phantom, of |

a portion of a source of laser blocking material, such as an injection molding

. machine.

Fi'g.1A is a side elevation, cross sectiohal view of the airfoil shown in

Fig.1. | | |
Fig. 1B is a cross-sectional 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. 3is an eicploded view of part of a nozzle for the injection molding
machine and part of the tool shown in Fig. 1, which has a pair of mask
rﬁembers.

Fig. 3A is alternate embodiment of a portion of the tool shown in Fig. 3A
showing mask members formed in part of fail;ly rigid material which engages
the platform of the airfoil shown in Fig. 3.

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

Fig. 5 is a perspective view from below of an alternate embodiment of
the sprue plate shown in Fig. 4 having a recess for a seal, and showing in
exploded fashion, a seal member which fits in the recess.

Fig. 6 is a perspective view of the tool shown in Fig. 1 installed on‘an
apparatus for orienting the airfoil with respect to a soﬁrce of laser blocking

o -10-
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material and Show.?i a sprue plate and a "sprue piate holder which has been

modlfled slightly to engage the apparatus

Fig. 7 is a graphical representation of the shear thlnning charactenstlc for

| ~alinear polyethylene polymer and shows viscosity in Pascai Seconds asa

function of shear rate in reciprocal seconds. -

Detailed Description of the Invention

Fig.1 is a partial perspective view of a component, as represented by an

~ airfoil 10 for a gas tur‘bine engine. Fig. 1 also shows a tool 12 for disposing a

laser blocking rnaterial on the interior of the component. The tool has a cavity
13 in which airfoils are disposed repetitively as, one after another, the airfoils

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 manufacture. 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
has an aerodynamic leading edge 22 which extends spanwise. An
aerodynamic trailing edge 24 is spaced chordwise from the aerodynamic
leading edge. The airfoil has a plurality of cavities or passages for cooling air
as repre'sented by the leading edge passage 26 and passages 28, 30, 32, 34
which extend through the root of the rotor blade. The passages 28, 30, 32, and
34 extend into the interior of the rotor blade and often extend in serpentine
fashion as represented by the passage 32.

Fig.1B is a cross sectional view taken chordwise along the line 1B-1B of

Fig. 1A. The airfoil has flow directing surfaces, as represented by the suction
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surface side or sidewall 42 and the pressure surface 'side or sidewall 44, Each

of these surfaces extend rearwardly from the leadmg edge to the trailmg edge

and extend spanw:se between the platform 16 and the tip 18.

A plurality of internal impingement holes, as represented by the hcle 48,
connect the Ieading' edge passage 26 in the leading edge region with the
supply passage 28 ior cooling air. The impingement holes are cf smalll size
and have a hydraulic diameter that is typically less than forty (40) mils (that i.s,

Dn = 4Ai/ 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) miils. A plurality of film cooling holes adjacent the
leading edge 22, as represented by the holes 46, e>ttend 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
in schematic fashion in Fig.1A, a laser blocking material 52 is disposed in the
leading edge passage on a portion of the component for attenuating the
intensity of the laser beam. The laser blocking material ensures that the laser
beam does not injure structure that faces the cooling air hole as the laser beam
breaks through the walll of the rotor blade during the drilling process.

As shown in Fig.1, means for supplying the blocking material under
pressure, as represented by part of an injection-melding ma_chine 54, is in flow
communication with the tool 12. Alternate equivalent machines include any
machine capable of being a source of pressurized laser blocking material to the
airfoil such as transfer molding machines and plastic extrusion machines.

-12-
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The tool 12 includes a fixture 56 for ehgaging the'rotor blade'and filling

the rotor blade with laser blockmg materlal The term "fllhng” means to dlspose

or supply the matenal and nncludes parually filling or completely filling the blade

The ﬁxture includes a base 58, sprue plate 62 and sprue plate holder 64. A

passage 65 for supplying the Ié\_ser blocking material extends 'through the sprue

~ plate and sprue plate holder;

The injection moldirig 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. The housnng is
movable in the direction M with respect to the tool 12 and can exert a
predetermined force on the tool and on the rotor blade. The housmg has a
chamber 72 for recsiving 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
the laser blocking material into the chamber. A piston 75 is disposed in the
chamber for driving the laser blocking material in passage 65 through the
housing to the sprue plate. One satisfactory machine for this purpose is the
Model 70 Injection Molding Machine available from the Mini-Jector Machinery
Corp., Newbury, Ohio. Another machine which has proven satisfactory is the
Toyo Plastar TI-90G2 injection molding machine available from the Hitachi
Group through Toyo of America, 16 Chapin, Pinebrook NJ 07053.

As shown in Fig.1, the sprue plate holder 64 of the tool 12 is integrally
jdfned, such as by bolts (not shown), to the housing 68 of the injection molding
machine 54. The sprue plate holder has a dove tail slot 76. The sprue plate 62

-13-
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slidably engages the sprue plate holder through the dovetall slot and has
tapered edges 77 which cooperate with the dovetall slot to retain t_he sprue

plate. The sprue plate has part of the passage 65 for receiving th_é laser

blo_ckinQ mate'rial. The passage places the chamber 72 of the injection' molding

machine in flow communication with the passages 28, 30, 32, 34 which extend

‘through the root 14 of the turbine blade 10.

- The table is édjuétable with réspect to the housing 68 of the injection
molding machine 54. The todl base 58 is located in predetermined fashion with
respect to the table 6. The base is adapted by locating dowels or locating
pins (not shown) for this purposé to precisely engage the table at the same
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
of the first mask member and the second surface 88 of the second mask
member. The surfaces each conform to the exteriof of the airfoil. The mask
mémbers are formed of elastomeric material such as room temperature
vulcanized (RTV) rubber. One satisfactory elastomer is material is RTV 668
Elastomeric material available from the General Electric Company, Waterford,
NY. |

The tool further includes a pair of opposed jaws as represented by the
first jaw 92 and the second jaw 94. Each jaw engages an associated mask
member 82, 84 for urging the mask member into a faying relationship with the
airfoil 10. For example, the second jaw 94 engages the second mask member

-14-
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84. BecauSe the éecbn‘d jaw is ﬁxéd to the basé of the tbol,_ the second jaw

provides a reference surface 96 with respect to both the housing 68 and to the
second mask member 84. The housing positions the sprue plate. Accordingly,

the second jaw with its chordwise facing reference surface provides, in

combination with the sprue plate and the sprué plate holder, a precise way of

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

- The jaws 92, 94 are capable of relative movement with respect to each
other. As shown by the phantom lines in Fig.1, the first jaw is movable with
respect to the second jaw from the closed position shdwn in full to an open -

position shown in phantom. The second jaw 94 has a pair of guides for such

_movement disposed on each side of the jaw, as represented by the guides 98

and the guides 102. The first jaw 92 has a first guide rail 104 which slidably
engages the first pair of guides 98. The first jaw has a second guide rail 106
w'hich slidably engagés the second pair of guides 102. Alternatively, such

relative movement might be accomplfshed by moving both jaws. As mentioned

above, the second jaw provides the reference surface 96 for locating the mask

78 with respect to the housing of the injection molding machine. This feature
might be replicated provided the second jaw returns precisely to its closed
positi'on. | |

The tool includes means for moving the jaws from the open position to

the closed position, as represented by the arm 108 and lever 112 mechanism

-shown in Fig.1. The arm is pivoted about a pivot point 113. As the arm pivots

to the open, moved position, the lever pulls the first jaw 92 and the first mask

member 82 away from the rotor blade 10 enabling the operator to rapidly
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‘remove or insert a rotor blade into the secohd-masking member' 84. Other

devices for the means for moving the jaw might be actuated by electrical,

' pneumatic or hydraulic arrangements or mechanical actuators such as chains,
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25

pulleys, or springs. | |

F ig: 2is a view from _abqve of Fig. 1 with portions of the tool 1.2 and the
injeciion molding machine brokeh 54 away for clarity. Fig. 2 §hows the
relationship of the rotor blade 10 to the sprue plate 62 and to the passage 65

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

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

injection moldihg machine. The sprue plate has a first side 114 having a first
spanwise facing surface 116. The surface 116 facés 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
éngage the nozzle (shown in Fig. 3) and form a seal about the passage 65 for
receiving the pressurized blocking material.

The passage 65 has a narrow portion 118 for dischafging the
pressurized blocking material into the rotor blade 10. The narrow portion of the
passage is in flow communication with the opening formed by the passages 28,
30, 32 34 in the root of the rotor blade. 'fhese passages adapt the root to
receive the laser blocking material from the injection molding machine.

The first jaw 92 of the tool 12 is shown in phantom. The lever 112 has
an end portion 112a (shown in phantom) which engages the first jaw. The
lever has an adjustable link 112b which allows for adjustment of the length of

the lever. The second jaw 94 (shown in phantom) is spaced frbm the first jaw
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by a small gap Gin the operatlve closed condmon Thls gap is typlcally small

: and in one embodiment is less than twenty ﬁve to thlrly mils ( 025 - .030

lnches) |

Fig. 3 is an exploded view, partlally broken away, showung part of the
tool 12 and part of the nozzle 70 of the mjectlon moldlng machine 54. The tool
includes the fixture 56. The fixture lncludes the tool base 68, the sprue plate
62, and the sprue plate holder 64. “The sprue plate holder has an opening 119.
The nozzle 70 extends through the opening 118 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 spfue plate
62 has a second side 120 having a second spanwise facing surface 122.

Th; fixture 56 also includes a member, as represented by a block 124
(locating block), which is spaced spanwise from the sprue plate. The locating
block 124 has a first reference surface 126 which faces in the spanwise
ciirectlon and which engages the tip 18 of the airfoil 10 in the operative
condition. The locating block is formed of a material that is softer than lhe tip of.
the airfoil to avoid damaging tl\e tip of the airfoil. The second mask member is
adapted by a first opening 128 to receive the block of material. As shown, the
locating block is nested (put snugly inside) the second mask member 84 and
helps the second jaw locate the second mask member.

The tool base 58 has a surface 132. The first mask member 82 and
second mask member 84 rest on the surface 132. The tool base has a locating
hole 134 and a base reference surface 136 bounding the bottom of the hole for
positioning the locating block 124. The Io‘cating block is disposed in the circular
hole in the tool base to precisely locate the block of material with respect to the
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tool base of the fixture.. In an alternate embo’di'ment__, the tool base might be the .

member having the first reference surface 126 for engaging the tip of the airfoill

and would use the base refeience surface 136 for ihis purpose.

.The second mask member 128 ha_e a second opening 138 .Which
conforms to an aerodynarnic edge of the airfoil, such as the leading e_dge 22 .ef
the airfoil. The second mask member ovériaps the leading edge of the airfoii :

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 oti'ier and moved into engagement_ with
the airfail. In an altemaie embodiment, the mask might overlap both edges or
only the trailing edge 24 of the airfoil.

| Fig. 3A is an alternate embodiment_ of the fixture shown in Fig.3 having a
mask 78a. The mask 78a has a first mask member 82a and a second mask
member 84a. The mask 78a may be formed with a'-piiant material at the faying
surfaces of the airfoil, such as a Iin_er 78b, in combination with a reasonably
rigid support 78¢c of material of the type used for the locating block 124. Each
mask member has a portion of the first reference surface 126a that engages a
spanwise facing eurface 17 on ihe_airfoil. As shown, the spanwise facing
surface 17 is on ihé platform 16a of the airfoil. The surface is similar to the
spanWise facing surface of i_he second end or tip 18 of the airfoil in that the
surface 16a is adapted to engage the first reference 126a of locating block 124
to position the airfoil in the spanwise direction.

Fig.. 4isa perspective view from below of the Epme plate 62. The

second spanwise facing surface 122 has an area A1. The second surface

faces spanwise toward the rotor blade in the operative condition. The second

This Sheet Has Been Replaced
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snde 120 has a pro;ectlon 142 whnch extends in the spanwuse drrectlon a

distance D Wthh is about sixty (60) mils. The pro;ectlon extends around the |
passage 65 to provude a bounded penmeter about the passage The projection
further has a third surface 144 that provides another (second) reference
surface that faces in the spanW|se direction for engagmg the airfoil.  The third
surface (second spanwise facing reference surface) has a spanW|se faclng
area A2 which is less than the area A1 (A2<A1).

The area A2'provides a sealing area or seal surface to the Sprue plate.
The third surface 144 having the area A2 (second spanwise facing reference
surface) has a surface finish corresponding to a smooth machine finish with a
surface roughness Ra measurement of about sixty three (63) micro inches as
measured in accordance with the procedures set forth in specification "ANSI
B46.1 — 1985 Surface Texture” avaitable from the American National Standards
Institute showing measurements as an average from the mean. The rotor
olade has a surface having a finish corresponding to a fine machine finish with
a surface roughness finish Ra of about one hundred.and twenty five (125)
micro inches.
| The sprue plate holder 64 is integrally attached to the injection machine
such as by fastening means or bonding. The sprue plate 62 is fixed to the
sprue plate holder by a set screw or other device for fixing the holder to the
plate. In the embodiment shown, fastening means (not shown) urge the sprue
plate holder 64 toward the housing 68 of the injection molding machine 54 and
the sprue plate holder urges the sprue plate upwardly against the nozzle 70. In
the operative condition, the sprue plate and the nozzle 70 of the injection
machine are pressed together tight enough to form a seal to block the loss of
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laser blocklng materlal from the passage 65. The housmg of the injection

- machine pushes downwardly on the sprue plate holder 62 with a force F of

about one hundred pounds (100 Ibf). This pushes the other side of the sprue

plate against the airfoil to forni a seal (at the interface between the reduced

| area A1 and the root of the Iairfoil). “The force F is transmitted_ through the airfoil

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-

end) of the airfoil. Again, this forms a seal between the sprue plate and the
airfoil at the seéond spanwisé facing refe're'nce. surface_144 of the sprue plate
and the root. | |

As mentioned, the Ibcating block surface 126 (first reference surface) is
softer than the tip of the rotor blade so that the tip 18 of the rotor blade is not
in):ured as the injection molding machihe presses the airfoil against the block.
Under operative conditions, the pressurized material exité the nozzle at a
pressure of about sixteen hundred pounds per square inch (1600 psi) and a
temperature of about three hundred degrees Fahrenheit (300°F). |

Fig. 5 is an alternate embodiment 62b of the sprue plate 62 shown in
Fig.4. The sprue platé 62b is formed of a hardened two part epoxy available
from the Ciba-Geigy Corporation., 4917 Dawn Avenue, East Lansing, Michigan
48823-5691. The material is supplied as R4036 resin with an R1500 hardener.
This is one example of a suitable material for the locating block 124.

The sprue plate 62b shown in Fig. 5 has a recess 146 for receiving the

root 14 of the rotor blade. The recess has a seal surface 147 which adapts the
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sprue _platé 62b to receive a polytetraﬂubroethylene seal. The

 polytetrafluoroethylene seal is urged tightly against the sprue plate and against

the rotor blade by the injection mol'ding machine. The .polytet'raﬂudroéthylene
éeal has an opening 152 for passing the laser blocking méteria{ along the
passége‘ 65 from the sprue plat_e. to the rotor biade. fn_ ohé embodiment, the
seal is about three fourths of inch long and one-half of an inch wide with an
o'pening suitable for flowing the blocking material into the root of the airfdil.

One satisfactory material for tﬁe s;aal is mechanical grade Teflon® material
which has a very small tendency to cold flow. This méterial_is provided in sheet
form by Interplast, Inc., One Connecticut Dfive, Burlington, New Jersey 08016-
4101. Interplast is a processor of Dupont Teflon® material.

- The fixture 56 may be usgd in the pfocess for orienting airfoil 10 with
respect to any maghine for injecting laséf blocking' material, such as the
injection molding machine 54. One method for orienting a new airfoil with
réspéct to the injection machine so that like airfoils may be repetitively filled
using the tool 12. The first step is to remove the tool 12 from the machine and
to install the tool fn an apparatus 154 as shown in Fig. 6. Th'e apparatus has a
table 156, similar to the table 66 shown for the injection molding machine. The
table has locating pins (not shown) which locate the tool in a predetermined
relatidnship to the table. The base of the tool has the locating hole 134 for
positioning the locating block 124. The locating block engages the tip of the
airfoil with the first reference surface. The oombihation of the tool 12 and table

158 locate the locating block in a known position with respect to the apparatus

so that the tip 18 (second end) of the airfoil is positioned with respect to the
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' apparatus. Airfoils of different_ length are easily acc_ommedated inthe fixture

changing the block to a block _having a suitable height. |

| The apparatus has a vertical member 154 havirig a groove 158. The
apparatus has a Iateraiiy'exte_nding plate 164. The plate has a vertical 'suppo'rt_
164 which slidably engages the groove. The plate is integrally attached to the
ilei'tical support and ie adjustable with respect to the vertical member by_ means
c_>‘f a locking clamp 166. In the embodiment showin, the apparatus plate is
adapted to engage the sprue plate holder 64 to locate the sprue plate holder
and sprue plate 62 precisely in the spanwise direction with respect to the first
reference stirf_ace 126 of the locating block and with the same relationship to
the first reference surface in the.spanwis.e dire_ction as in the operative
condition.

A device', such as a spn.ie piate el.ement, simuiatinp the sprue plate 62
might be used in place of the sprue plate as-long as the device provides the
cerrect orientation of the root (first end)14 of the airfoil to the first reference
surface. The sprue plate element and the sprue plate are each represented by
the sprue plate 62 shown in Fig. 6. The advantage of using the sprue plate and
the sprue plate holder or a deviee simulating the sprue plate holder is that it
reproduces the engagement of sprue plate in the operative condition to the
airfoil 'a.nd to the other parts of the tool.

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

_—
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The rhethed includes 'formihg the mask 78 for engaging the airfoit.' This

mciudes the steps of formmg acore havmg an airfoil pomon whtch is

dlmensmnally equivalent to the airfoil whlch is to be ﬁlled at teast over that

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

might be used for the core. After disposing the core in the cavity, the plate 164 -
of the apparatus and the sprue plate 114 are adjusted to orient the sprue plate

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

~ surface 126 on the locating block 124. Thns method includes trappmg 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.

The method includes disposing a masking material inl fluid form in the
cayity 13 and aliowing the material to harden. One satisfactory material is an
eles_tomeric material such. as room temperature, vulcanized material available
as R668 from the éeneral Electric Company.

As 'shou;n in Fig. 2, the first jaw 92 and the second jaw 94 each have a
paif of spanwise extending .grooves as represented by the grooves 174a, 174b
and the grooves 176a, 176b. The masking material flows into these grooves.
This material hardens to form strips on the mask. The strips are represented
by the strips 178a, 178b which engage the grooves 174a, 174b of the first jaw
and the strips 182a, 182b which engage the grooves 1763, 17éb of the second
jaw. The strips extend in the grooves and engage the jaws in a chordwise
direction substantially perpendicular to the surfaces of the jaws.

After the material hardens, the step of forming the mask 78 includes
cutting the masking material in a generally spanwise direction to form a single
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partlng hne if a one plece mask is deswed ar two partmg Ilnes ifa two- ptece
mask is desired. The' partmg fine enables removal of the core and insertion of -
the_ airfoil in the opera_tlve -condl'tlon.

in the embodiment shown in Fig. 6 two parting lines.aré ‘made oh sither
side of the airfoil to divide the 'masking_' mémber in.to the_péir of mask members
82, 84. In alternate embodim_ént's, it might. be desirable to have more than a
pair of mask members. The mask mémbers are cut éuch that'each parting line
extends between _the cooling air holes of the finally manufactured airfoil. This
enables the mask to block the flow of blécking material out of t_he holes 46 of
thé airfoil to such an extent that the material does not flow to |o¢ating surfaces
on the airfoil for the laser drilling operation. This is important in those cases

where a repaired airfoil is being redrilled or a néwly 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
one from the other by the gap G in the closed position. (The gap G is the
distance that the jaws are spaced in the operative condition.) A layer of
molding material is disposed between the jaws to fill the gap G. The molding
material seals thé mold against the loss of masking material in fluid form. One
satisfactor)'l material is beeswax. Alternatively, the jaws might be spaced apart
by a gap G1 which is greéter than the gap G. This might be achieved dufing
the step of forming the mask by not fully closing the jaws. This results in'the
lateral length of the mask being slightly greater than the lateral width 6f the
cavity in the operative condition. The jaws under operative conditioné will then
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exerta predeter;ni'n.ed level of"fd}ae on the masking'member; The same effect |
might be achieVe_d by adjusting the length of the lever which moves the jaw.
This might be done by employing an adjustable link 112b so that the jaws mova _'
t o the fully closed position with a gap G in the oper_ati\}é condition but are
adjusted so that the jaws are 'spaced apart by the gap G1. One satisfactory"

gap G1 was set at about one eighth of an 'inch (125 mils). The gap G1 for the

' tool in the closed position in one embodiment was about four times of the gap

G for the tool in the operative condition.

A particular advantage of tha tool 12 |s the second jaw 94 which does |
not move. That jaw and the sec_ond chordwise facir::g refarence surface 96
have a predetermined relationship with respect to the locating hole 134
because both are fixed. The loaating hole 'positions, in turn, tha 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
kr;;own relationship with réspect to the airfoil (which engages the first reference
surface) and the airfoil to the reference surface on the second jaw 96; and, the
airfoil and the mask to the sprue plate 62 through the second jaw and the base
of the ﬁxtqre and thence through the table of the apparatus to the housing 62.
A small lateral adjustment might be reqaired, for example, in the operative
conditfon,.depending on the size of gap G1as compared to the gap G, to
ensure that these components have the correct relationship in the operative
condition. Thus, this relationship in the apparatus fro making the mask is the
same or very easily adjustable to the same relationship as in the operative

condition.
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Certain thermoplastic polymérs have chara‘cteris_tics which aid in

' disposing the laser blocking material 52 ori the interior of the rotor blade 12 and
- in attenuating the intensity of the laser beam. The'se characteristics prov'ide
" advantages during filling and drilling of the airfoil with a laser and advantages

later as the blocking material is removed from_thé airfoil. For example, the

laser blocking material comprises a thermo;")Iastic polymer formed of only
carbon and hydrogen. The thermoplastic.polyr.ner create's harmiess products
on complete combustion of the material during burnout of the material. The
polymer also has a Melt Flow Index which is greater than ab_oui fifty (50) which
promotes flow. The thermoplastic polymer is partially amorphous; but it is élso
partially crystalline such that the crystallinity is greater than forty percent (40%)
to diffuse the beam of radiation from the laser. | |

Expériments have been performed using members of the polyolefin
family. The term “polyoiefin® and the particular forms of the polyoleﬁﬁs such as
“b.olypropylene”, “polyethylene”, etc. include their copolymers and
homopolymers. For example, thesé include linear low density polyethylene

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

. polypropylene (PP).

One satisfactory material is a linear, -Iow-denéity polyethylene available
as delex 2503 from the General Pojymer Division of Ashland Chemical
Company and is manufactured by the Dow Chemical Company, Midland,
Michigan 48674. This polyethylene has a specific gravity of nine hundred and
thirty se'ven thousandths (.éé?O) at tWenty three degrees Celsius (23°C) and a
Melt Flow Index of one hundred and five (105) using the standard of

measurement set forth in ASTM D-1238-82 entitled “Flow Rates of
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Thermoplastics by Extrusion Plastometer.” Melt Flow Index is determined for

this polyethylene by flowing a number of grams of the polymer during a ten

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

ninety degrees Celsius (190°C}) and Un_der a load of about two and sixteen

hundredths Kilograms (2.16 kg) which correspond to condition E of the ASTM
standard. This polyethylene has an elongat_ion at break of seventy five and two
tenths percent (75.2%), a flexural modulus of seventy five thousand ﬁve
hundred pounds per sduare inch (75500 psi), a tensile strength at break of
eleven hundred pounds per square inch (1100 psi) and a tensile strength at
yield of two thousand and ten pounds per square inch (2010 psi). The notched
1zod impact strength is forty five hundredths (.45) at s_ixiy eight point two
degrees Fahrenheit (68.2°F) at one-hundred and twenty five thousandths
0.1250 inches (ft-Ibs./in). The tensile impact strength is sixty two and four
tenths (62.40 ﬁ-lb.lr;er- square inch) at seventy three and two tenths degrees
Féhrenheit (73.2°F). The brittle temperature is thirty six degrees Fahrenheit
(36°F) and the Vicat Softening temperathre is two hundred and twelve degrees
Fahrenheit (212°F). It is a copolymer of ethylene and Octene-1.

At iemperétures over five hundred and seventy two degree Fahrenheit
or three hundred degrees Celsius (572°F or 300°C) the material will relea;e
highly combustible gases. The specific gravity is less than one and may be
even less than ninety five hundredths becausé it lies in a range of about eighty
four hundredths to ninety seven hundredtﬁs (.84 to .97) showing the absence of
fillers. it l;.as a fairly high molecular weight which is greater than one thousand |

(1000) and is formed of only carbon and hydrogen.
_
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Polybleﬁns such as polypropylene, polyethylene, polybutylene, “
polyisoprene' have the advantage of shear thinning COupléd with their rel_atively

good Meit Flow Index. The Meit Flow Index is measured at low shear

- conditions. As shearing of the polyethylene increases, the viscosity of the

material precipitously decreases and rhéy decrease as much as fifty percent
(60%)or even greater amounts. | :

An advantage of using the injéction molding machine for injecting the
laser blocking material is that the machine itself and through the pressure it
exerts, causes shear thinning of the polyethylene prior to the 'polyethylene
reaching thé c_hamf:er 12, causes shear thinning as it passes through the
nozzle 70 and céuées shear thinning, if required, in the internal passages of the
airfoil 10.

Like Melt Flow Index, the shear thinning charac;teristic is an empirically
defined parameter, critically influenced by the physical propertiés and
molecular structure of the polymer and:the cbnditions of measurement. ltis
determined by using a capillary rheometer but the parameter is not commonly
available for materials at all temperatures and pressures because scientists
and engineers ha\.fe. not focused on the criticality of the pérameter, for example,
for filling components having very narrow passages.

| Fig. 7 is a graphical representation of the shear thinning characteristic
for Dowlex2503 polyethylene material as determined over a rangé of shear
rates at a temperature of three hundred and seventy-five degrees Fahrenheit

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

used. is Sheet Has Been Replaced
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As shown in Fig. 7 the \)iscosity de_creasés 'precipitously from an initial
value of about five hundred Pa_écal Seconds (500 PaS) at a shear rate of
twenty 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 '|iké liquid at the

lower shear rate to a water like quui'd;as the material flows through the airfoil at
shear rates much smaller than the shear rate of two-thousand per second
(2000/sec).

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

once again shear thin because of the increased shear rate. The material will

- experience a decrease in viscosity and then will more easily flow through th

sn';aller area. As the material flows out of the airfoil, the pressure on the
material and temperatures of the material rapidly deqeases, causing the
material to experience a precipitous increase in viscosity and not flow to
locating surfaces on the airfoil.

Acpbrdingly, shear thinning is very helpful in filling modern éirfoils with
laser blocking material 52. Typicall‘y, the volume of the charge 74 of material
injected into the airfoil is about ﬁve to ten percent (5% td 10%) greater than the
internal volume of thg airfoil to be filled to ensure complete filling of that
volume. This volume of material must be forced into the airfoil, forced through
the airfoil, and, to some extent, forced out of the airfoil to ensure complete filling

of the airfoil. And yet, the material must have sufficient viscosity such that the
—_—
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- material does run through the airfoil to unwanted locations on the airfoil

surféce. As mentioned, it must solidify in'place' fairly rapidly after injection és it.
flows into, through and 6ut of the airfail. |

During the filling operation of the airfoil 10, for exarﬁple, the
thermoplastid polymer is forced into the blade ét _an. extrusion pressure greater .
than about fifteen hdndred podnds per square inch (1500psi) and at a
terhperatun;e at about or greater than three hundred degrees Fahrenheit
(300°F). There is a decrease in viscosity due to temperature. The
temperatures of the material are ex_pected to range between two hundred and
ﬁfty. and five hundred and forty degrees Fahrenheit (250°F — 540°F) for mosf
materials in the polyolefin family. This allows the material to flow with low
viscosity through the airfoil with the .temperature causing a decrease in
viscosity énd the shear thinning causing a further decrease in viscosity.
| In one application using th'e Doyvlex 2503 material, the polyethylene was
extruded at a pressure of sixteen hundred pounds per square inch (1600psi)
into an airfoil having passages and orifices having a hydraulic diameter which
was less than forty (4'0) mils. In some applications, fhe passages may have a
hydraulic diameter which is less than thirty (30) and even less than twenty five
(25) mils. 1t is expected that as the polyethylene is flowed through the airfoil
passéges, further shear thinning takes place in the especially restricted regions
of the airfoil such as the.leading edge or the trailing edge region of the airfoil. In
these regions, pedestals and small diameter holes retard movement of the
material into cavities into which hol-es extending to the surface are drilled.
Nevedhe!esé, these airfoils Yveré successfully filled, in part, bécause of the
shear thinning characteristic of the laser blocking material in the airfoil. In 6ther
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- trials, the material was'injecte_d at a pré_ssure of about two thdus_and pounds per

square inch (2000psi) with a temperature of the rhaterial that was less than five

hundred and forty degrees Fahrenheit (540°F) and that was in the rahge of

about four hundred degrees Fahrenheit to about five hundred degrees

Fahrenheit (400°F to 500°F)._ Polypropyle_né w.a's also used with good results at

similar pressures and at temperatures above its melting poiht.

During. filling of the aiffoil, the airfoil is disposed in the mask 78 with the
masking members 82, 84 urged against the airfoil by the first and second jaws
92,94. As mentioned, the table or the Ievef 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 éirfoil which blocks the loss of laser
blocking material which might pass through the flow directfng surfaces of the
airfoil to unwanted locations on the airfoil. The mask members also reinforce
the thin wall of the airfoil (which in some cases may be as small as twenty (20)
n'i'ils) agaihst deflection as the high pressure polyethylene material flows
through the airfoil. |

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

operators were able to handle the airfoils after filling with bare hands or with

light gloves. .
This Sheet Has Been Replaced
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Even though the material loses heat to the adjacent‘ine_tal in the airfoil,

‘the material continues to flow until it fills those areas that require the disposition

of laser blockihg material. Solidification of the material occurs rapidly as the

" material loses hea_t to the airfoil. As a result, the airfoil can then be movedtoa

- new location even with shaking and without concern about thé material

liquefying.

Anothér advantage of the blocking material is the resiliency which it.
demonstrates in solid form. This allows for easy inspection of holes drilled by
the laser to ensure that the laser has penétrated 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
polyéthylene material as compared to the contact that it would have against a
hard combonent, such as the material. In many cases, the laser blocking
njéterial has flowed into the hole to such an extent that visual inspection of the
hole shows the presence of polyethyléne, thereby confirming the existence of a
through hole.

During the drilling of a hole with the laser beam L, the coherent radiation
of the laser beam vaporizes a wall, of the airfoil, such as the suction wall 42 or
pressﬁre wall 44, to form a }:ooling air hole 46. As the laser beam breaks
through the wall on the interior of the airfoil, the laser beam strikes the
polyoléﬁn _(polyethylene) material disposed on the interior of the airfoil.

The polyolefin blocking material is particularly effective at preventing the
laser beam from unacceptably damaging the walls on the interior of the airfoil.

Although the phenpmenon in not well understood, it is believed that the
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crystallinity of the polyoleﬁns helps this process.- {ti is also believed that the

specﬂ' ¢ heat and melting point of the polyethylene is such that a small portion
of the polyethylene immediately forms a fluid, eiihe_r in gaseous form or in the
form of a liquid, upon being struck by the laser b_eam. If gas, the polyethylene

gas is formed of carbon and hydrogen, a combustible mixture, but with the no

| oxygen being supplied by the material (since thé material itself is formed of only

carbon and hydrogen). This avoids the formation of sooty particles.

The plasma of the Vaporized polyethylene is transparent to the laser
beam to such an extent that it' apparently does not degrade the ability of the
laser beam to finish the drilling of the hole. In addition, the fluid does not
appear to degrade the formation of the hole and, in fact, moves into the hole
and may enhance the ébility of the laser to leave a clean hole without blocking
of the hoie as a result of splatter from molten wall materiéi of thé airfoil being
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
and promotes even distribution of cooling air in the finished article.

'Another advantage of the polyethylene in laser drilling is believed to be
the amount of diffusion of the laser radiation that takes place for an incremental
thickness of polyethylene material. Itis believed that it is greater than many

other materials used for blocking laser radiation. This may be linked to the

- relatively high crystallinity of polyolefins which is greater than forty percent

(40%) and for the Dowlex polysthylene material, greater than sixty percent
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(60%). It is believed that polyolefins afe preferéble to other polymers because

i

'of the Melt Flow Index which is greater than fifty (50) and the melting point

which is éufﬂc‘iently high such that the large quantities of laser blocking material

aré not completely melted by the laser beam. As a result, in some drilling
operations an add.itio'nal pulse of laser energy l_)eyond that experienced using
conventional wax fill is possible, which also helbs fb_rm a clean exit hole with
minimal blocking by backscatter of the airfoil material.

Itis possible to combine with the polyolefin small amounts of other
polymers. One example is less than about five percent (5%) by weigﬁt of the
other polymers as long as the other polymers do not degrade the performance
of the polyolefin and do not pose an environmehtal risk on burnout of the
material.

The addition of these other polymers to the polyolefin, or even _additional
amounts of other material to the thermoplastic polymer, is a concern because
thermoplastic polymers forméd of only carbon and hydrogen provide a
significant advantage during removal of laser Elocking 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
is about thirteen hundred (1300°F) degrees Fahrenheit. A particular advantage |
of the"polyoléﬁn family and particularly polyethylene is the polymer breaks
down to form a highly combustible gas which is very clean,burr;ing. The carbon
and hydrogen of the polyethylene combine with oxygen from the combustion

atmosphere to form carbon dioxide and water vapor. This leaves behind a very

--clean airfoil that does not require further processing to remove contaminants

from the interior .of the airfoil. In addition, scrubbers for removing harmful
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gasses from the burnout operation are not re'q_uired provided'signiﬁcant oxygen

is _present io completely combust the laser blocking m'aterial._ Finally, burnout.
provides the advantage of not having to flow 'additi.ohal solvents into the blade
or to manipulate the blades.

In addition, the polyolefins have a relatively low rhelting terhperature,.
particularly the polyethylenes. As the airfoil is heated to a higher temperature
to remove the polyéthylene by burning the polyethylene, the polyethylene melts
and runs out of orifices in the bladé ins_tead of continuing to expand and place
unwanted internal pressures on thé airfoil.

Finally, the polyethylene hés a resiliency characteristic_ prior to melting
that allows the material to deform upon being deflected under load. The
polyethylene material expénds prior to melting as it is heated during the
burnout operation. Expansion of the solid polyethylene material causes the
material to deform, and openings i"n the airfoil may' even allow the material to
e'>'<trude so that all forces generated by thermal expansion of the matgrial are
not transmiitted 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
may be provided at a relatively low temperature to speed handl_iné or at higher
temperatures to decrease processing time as long as the temperature does not
degrade the performance of the alloy from which t_he airfoil is made.

Aithough the invention has been shown and described with respect_.to
detailed embodiments thereof, it should be understood by those skilled in the

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

the spirit and scope of the claimed invention.
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We claim;

ER

A method for orienting an airfoil with respeét to a machine for if'ijecting

laser blocking material into the a_irfoil under operative conditions, the machine

being in flow communication with the airfoil through a sprue plate Unde_r such

conditions, comprising:

forming a sprue plate element for positioning one end of the airfoil as

does the sprue plate under operative conditions;

forming a fixture having a reference surface disposed spanwise from the

sprue plate for engaging the airfoil in the operative condition, the fixture having

a cavity for receiving a mask for engaging the airfoil in the opefative’ condition;

forming a mask for éngaging the airfoil which includes,

forming a core for making the mask which is dimensionally
equivalent to the airfoil at the Ioéation of the mask in the fixture which is
to be filled; |

orienting the sprue pla'te element with respect to the fixture and
the reference surface of the fixture and trapping the core with the sprue
plate element and the reference surface such that the orientation of the
core to the sprue plate and the core to the reference surface in the
spanwise direction is the same as iﬁ the operative condition;

disposing masking material in fluid form in the cavity of the fixture
and allowing the material to harden:

after hardening, cutting the masking material iﬁ a generally
spanwise direction to form a parting line which enables removaf of the

core and insertion of the airfoil in the operative condition;
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disposing the mask in the fixture and in_ser-tihg an airfoil in the mask

- under operative conditions;

orienting the fixture with fespeci to the spfue plafe such that the end of
the airfoil is engaged by the sprué plate element and the sprue plate element is
correctly oriented with respecf to the mac_:hine for injecting laser blocking
material; | |
wherein the mask has a faying relationship to the surface of the airfoil and the
mask has a relatii:nship with respect to the airfoil in the fixture dun;ing the step
of forming the mask which substantially reproduces the relationship of the mask

with respect to the airfoil in the fixture under operative conditions.

2.  The method of onentmg an airfoil of clalm 1 wherein the step of formlng a

sprue plate element is performed by formlng a sprue plate

3."  The material for orienting an airfoil of claim 2 wherein the step of
orienting the sprue plate element includes the step of engaging the end of the

airfoil with the sprue plate element.

4. The method for orienting an airfoil of claim1 wherein the step of
disposing mask material in the cavity includes disposing an elastomeric

material in the cavity.

5. The method for orienting an airfoil of claim 4 wherein the elastomeric
material includes disposing a room temperature vulcanized rubber in the

cavity.
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6. The method for onentmg an alrfou of claim 1 wherein'more than one

parting lines is cut to divide the masking materlal into a pair of mask members.

7. The method for orienting an airfoil of claim 1 wherein the airfoil in its
finished condition has a plurality of rows of cooling holes and wherein the

parting line is spaced from the rows of cooling holes.

8. The method for orienting an airfoil of claim 1 wherein the fixture has a
pair of jaws wﬁich bound the cavity that are movable relative to each other and-
in the closed position the jaWs are ;paced one from the other by a gap G in the
operative condition and wherein the step of forming the mask includes |

disposing a layer of molding material between the jaws which fill the gap G.

9.”  The method for orienting an airfoil of claim 8 wherein the step of
disposing the material includes disposing a sheet of beeswax between the

jaws.

10.  The method for orienting an airfoil of claim 8 wherein thé step of

dispoéi‘ng material between the jaws further includes disposing material having
a width G1 which is Qreater than gap G such that the jaws during the step of
forming the mask do not fully close in the operative ‘condition and exert under

the operative condition a predetermined level of force on the. mask.
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11.  The method for oriehting an airfoil of claim 6 wherein the fixture has one
movable jaw and one fixed jaw the fixed jaw providing a lateral reference

surface with respect to the machine for ihiecting blocking material; and, wherein

the step of forming the mask includes adjusting the position of the jaws in the

closed position such that the jaws are spaced by a gap G1 that is larger than

gap G

12. Thé method for orienting an airfoil of claim 1 wherein the step of forrhing
a fixture having-a reference surface includes disposing a block material in the

fixture having a reference surface facing in the spanwise direction.

13.  The method for orienﬁng an airfoil of claim 10 wherein the sprue plate
and the remainder of the fixture are movable with respect to each other along

an axis extending in the same direction as the movement of the jaw and

‘wherein the step of orienting the fixture with respect to the sprue plate includes

moving the sprue plate with'respect to the remainder of the fixture along the

axis during setup of the fixture to adjust for movement of the airfoil as a resuit

of compressing the mask in the operative condition.

14.  The method for orienting an airfoil of claim 11 wherein the sprue plate
and the remainder of the fixture are movable with respect to each other along
an axis extending in the same direction as the movement.of the jaw and

wherein the step of orienting the fixture with respect to the sprue plate includes

- moving the sprue plate with respect to the remainder of the fixture along the

This Sheet Has Been R laced
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axis during setup of the fi xture to adjust for movement of the airfoil as a result

of compressing the mask i in the operative condltlon.

"~ 15. A method for making a mask for engaging an airfoil during ﬁlling of the

airfoil with a laser blocking _material using a ﬂxtu_re and a machine for injecting
laser blocking material into the airfoil under opérative conditiens, the machine
being in flow communication with the airfoil through a sprue 'plete under such
conditions, comprising:
forming a sprue plate eleﬁeni for positioning one end ef the airfoil as
does the sprue plate under operative conditions; | |
forming a fixture having a reference surface disposed spanwise from the
spfue plate for engaging the airfoil in the operative. condition, the fixture having
a cavity for receiving a mask for engaging the airfoil in the operative condition;
forming a mask for engaging the airfoil which includes
| forming a con;e for making the mask which is dimensionally
equivalent to the airfoil at the location of the mask in the fixture which is
to be filled, |
orienting the sprue plate elemenf with respect to. the fixture and
the reference surface of the fixture and trapping the core with the sprue
'plate element and the reference surface such thai the orientation of the
core to the sprue plate and the-cere to the reference surface in the
spanwise direction is the same as in the operative condition, |
disposing 'masking material in fluid form in the cavity of the fixture

and allowing the material to harden,
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"~ after hardenin_g, cutti'ng the.mask'ing material in a generally
spanwise direction to form e.parting line which.eha_bl.e's removal of the
core and insertion of the airfoil in the operative condition; |

wherein the mask has a faying relatlonshlp to the surface of the airfoil and the
mask has a relatlonshlp with respect to the aurfoul in the fixture durlng the step
of forming the mask which substantially reproduces the relationship of the mask

with respect to the airfoil in the fi xture under operative conditions.

16. The method for making_a mask for engaging an airfoil of claim 15 wherein

the step of forming a sprue plate element is performed by forming a sprue plat

17. The method for making a mask for engaging an airfoil of claim 16
wherein the step of o'rienting the sprue plate element includes the step of

engaging the end of the airfoil with the sprue plate element.

18. The method for making a mask for engaging an airfoil of claim 15
wherein the step of disposing mask material in the cavity includes disposing an

elastomeric material in the cavity.

19. The rrtethod for making a mask for engaging an airfoil of claim 18
wherein the elastomeric material includes disposing a room temperature

vulcanized rubber in the cavity.
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20 _ The me_thod'.fo'r maki_ng a mask. fof énggging‘ an éin;foil of clairﬁ 1 5
wherein more than ohe.pértihg lines is cut to divide the -masking material into a

pair of mask members.

21. The method for makmg a mask for engaging an alrfod of claim 15
wherem the aufoﬂ in its finished condition has a plurality of rows of cooling

holes and wherein the parting line is spaced from the rows of coolmg holes.

22.  The method for making a mask for engaging an airfoil of claim 15

“wherein the fixture has a pair of jaws. which bound the cévity that are movable
relative t6 each other and in the closed position the jawé are spaced one from
the other by a gap G in the operativé condition and wherein the step of forming
the mask includes disposing a layer of molding material between the jaws

which fill the gap G.

23. The method for making a mask for engaging an airfoil of claim 22
wherein the step of disposing the material includes disposing a sheet of

beeswax between the jaws.

24, The method for making a rﬁask for engaging an airfbil of claim 22
wherein the step of disposing material between the jaws further includes
disposing material having a width G1 which is greater than gap G such that the
jaws during the step of forming the mask do not fully close in the operative

condition and exert under operative condition a predetermined level of force on__

the mask. : This hic“t lliii lllaeiii ‘1i| | Iliced
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25. The method .for making a mask for _engégiﬁg an airfoil o.f claim 20
_ wherein the fixture has one movable jaw and one ﬁxed jaw the _ﬁxéd jéw
prbvidihg a latefal reference surface with respect to the machine for injecting
blocking matefial; and, wherein the step.of forming the maSIs includes ac.ijusting

- the position of the jaws in the closed position such that the jaws are spaced by

a gap G1 that is larger than gap G.

26. The method for making a mask for engaging an airfoil of claim 15
wherein the step of forming a fixture having a reference surface includes
disposing a block material in the fixture having a reference surface facing in the

spanwise direction.
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