IWETHERFIFOR PROVI DI NG AN EXTENSION ON AN END OF RRPP*

ARTI CLE "HAVI NG . | NTERNAL PASSAGEVAYS

o

The ﬁ@llwing agplication is direeted te related
subject matter and is being concurrently filed with the

present applicatiom, the disclosure of which is being

imc@rp@raﬁgd by raeference: Furcpean Patent Application
(US Serial No. 07/922,447) (Attorney Docket No.

-13DV-11089) .

This invention relates tc growing an extension on an

end of an article having intermal passageways and having

a directionally oriented microstructure, and, more
particularly, to such a method in which the end is used

‘a8 a growth seed for the extension and article extended

thereby.

The reported technology for growing directionally
oriented structures from a molten bath of a selected
material has evolved from gimple shapes and member
complex shaped articles. A pomi@n of such techmlogy
includes the genmeration in a cc@lex shaped mold of
directionally solidified alloy articles for use im the
hot sections of gas turbine engines. The published
literature well known to those skilled im such art has
many examples of articles such as turbine blades and
vanes provided im such a manner. :

‘%hen an article, for example a turbcmachinezy or gas
turbine engine blading mgz, is operated in an

- environment of airborne particles and particulariy .in th@
strenucus high temperature oxidizing and/oxr corrcsive

conditions experienced in the turbine sectiom of a gas
turbine engine, oxidatiom, hot corrogion, erosion, wear,
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IWHi$3nvention rel ates to growi ng an extension on an end -of an article
havi pg internal passageways and having - a directionally oriented
m crostructure, and, nore particularly, to such a method in which the
end i s Ubesl-Sychs fatiguehcsaekingrandcotherdamagendaaroccue tat ended

t her eby.
oriente

10

for bladiag

ronma no
is expensive, it is desirable econcmically to r@paiz

rather than to replace the article. :

An example of a complex shaped blading member of the
type referred to above is the turbomachinery blade
deacribed in U.8. Patent 4,010,531 - Andersen et al.,
patented March 6, 1877 and assigned to the assignee of
this ipvention. Such a blade includes a compiex hollow
intericy ‘comemunicating with an open tip for ccocling
purposes. The disclosure of such patent is hereby
incorporated herein by reference. ‘

Through the use of the above referzred to reported
t@@h@@l@gy an article such as a blading member can be
m&nuﬁactur@d as a single crystal or with a directionally
solidified microstructure of elcngated grains. The
sombination of casting mold technclogy and casting
procedures enables such mapufacture. As is well known in
the azxt of blading members, thé'characteriétic crystal
orientation in mickel-base superalloys frequently used
members is that the <00i> crystallographic
direction lies substantially parallel to the growth
dizecti@@; designers of such blading members can utilize
that characteristic crystal orientation to minimize the
elastic modulus, and therefore reduce the likelihood of
mechanical failure due to a mechanism such as thermal
fatigue, along a specified direction relative to the
configuration of an article such as a blading member.

wWhen such a complex shaped article having a
directiopally oriented microstructure is damaged, either

£ae8 ﬁg‘g@ &POBAERUBECORE! Bk § 0L BES LR Istlbh REERETL! Y

" in operation or in a portion of its manufacturing

procedure, the prcblem of its repair becomes more
complicated and difficult. This problem of repair
becomes particularly acute when a directicnally oriemted
gtructure is intended to be maintained in the repaired

- portiom, as' is typically desired in directionally
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-3DY-13521 _ . .
eériral” has evolved from sinple shapes and nenbers to 10 conplex shaped

artlcres A portlon of such t echnol ogy I ncl udes the generation in a
conplex shaped nol ectlonalliﬂsolidified ailoy rtlcles for use

in the ozl %@@e@?@gﬁ%eﬁf 86, 3irecihg, nfor example,; D @é ng

l.i t er at Uheml@ks . known to those skilled in such art has 15 rmany exanpl es of
articles such as turbine bl ades and vanes provided in such a manner.
When an article, for exanple a turbonachlnery or gas t ur bi ne engi ne

bl adi ng nmenber, is oper atSIIMMARY\OF THE ENVENEEON of airborne particles and
partigcularly in the 20 strenuous’ hlgh tenperature oxi di sing and/ or
corrQ0sive conditions experienced in the turbine section of a gas
turbi ne engi nEheopraaensninvention; odnopnec formen degeribes a

method for providing an extension on an end of an article
having internal paggageﬁayg and having a directicmally
oriented microstructure, from a molten material. The
10 extension is grown using the end of the article as a
directionally oriented microstructure growth seed for the
molten material which is compatible with the article-seed
structure. In one form of the present inveatiom, the
extensicn is grown by providing a shaping member, for
example, a die having a die cpening, communicating with
the molten material. Fluid pmegsuze applied to the
molten material forces it into the die opening where it
is contacted by the article-seed for a time sufficient
for the seed tc interact with the molten material, for
@ ple, melting back a portion of the seed or enabling
interdiffusion to occur. Then the article end, acting as
the growth seed, is withdrawn through the die @gening at
a rate which allows the molten material to dir@eti@nally
solidify on the growth seed as an extension of and
25 integral with the article end. Also, it has a
- directicnally oriented microstructure compatible with the
article's directicnally oriented microastructure.
- fn ancther form, the die includes a hollow die
| extengsion which is in communication with the molten
30  material. The article end is held in the die extemsion
for contact with the molten material foxrced therein.

In yet ancther form, the present invention provides
an article comprising a body portice having internal
passages or passageways and having a directionally

35 oriented body or first crystal structure and a
metallurgical structure and an extensi@m-integrai with am
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ID¥-13521 | ow cycle fatigue cracking and ot her damage can occur to such an
afticle. Because the manufacture of such article IS expensive, it is
desirabl e economically to repair rather than to replace.the article. 5

An exanpémd obf athenbbdy pbepidnbthgbughnenecusefcfhe sactifbceialerred to
2282?5;na%@fsﬁaébggﬁﬁgééeﬁéd%d'%ﬁdsofiéﬁv £rEtble BRI 8! he nosi gnee o
t hi s i nvéoribng Ehehextenationi ncThecextenshphchatosl dhreoctionakijyor g
ggmg;tcaé%% télt! BrfieRPBritBhPl E3Rpheible FLERCIRA- exPBnAyAg OSUTE Of
$ c@ntiam@uﬁ with the body portion crystal structure. In
addition, the extension has a metallurgical structure
compatible with and metallurgieany distinguigmle £rom

the b@dwg metallurgical structure.

16
FPigure 1 is a sectional view of apparatus adapted to
practice the method of the present inventiom.
is Figure 2 is a fragmentary, partially secticnal view

taken along line 2-2 of Figure 1, illustrating the cross-
section of a shaping die of an airfcil shape.

Pigure 3 is a diagrammatic presentation of an air
20 cooled gas turbine engine turbine blade.

Pigure 4 is a fragmentary diagrammatic view of a
-repaired airfoil, shown with an extension and multiple
elongated grains.

_ Figure 5 is a fragmentary view of the blade tip
- portion of an air cocled gas turbine engine blade.

: Piguze 6 is a fmgmntafy section view of a portion
3 of the blade tip in Pigure 5, along line 6-6.

Pigure 7 is a fragmentary sectional view of a
. portion of the blade tip in Figure 6, including a
' sacrificial addition.

Pigures 8, 9 and 10 are diagrammatic sectional views
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BﬁWn%%ﬁzpiorat ed herein by reference. Through the use of the above
referred to reported technol ogy, an article such as a bl adi ng nenber
can be 15 nanufactured as a S|ngle crystal or mnth a directionally
solidifiof fhe caguesce pctdteyod the mEthod of @Ne nation of

casti‘ng o I dur es enables such .
oo Uf act %%é% Gof 35 Ui ow :%i%it%

nown in ‘of blading nenbers, the
characterlstlc crystal 25 orlentatlon i n nickel -base superalloys
frequent|y ugpmeATLEY SESURABTIONTRIP Wik ik Smenest al | ogr aphi c
direction | |es sustantl ally * ‘to the gro direction:
de5|g%ers of such bl adi ng nenbers can utilize t hat characterlstic
crystal oriential ivhe axyiof Gastidy, Ziuid gridssureiulsuch and dherefore

reSict IR gl ol S AT R, S e 51
confi gurﬁ@mim‘%mmm@ ol en caterialy abichy amebearatal, to fordfeen such a
conpl ex $hgPedi¥ed Hat iAW1 bpvardly through a tube. A patent
10 which discloses one such methed and asscciated apparatus
is U.8. 3,302,252-Woocdburn, Jr., patented February 7,
1967, relating to continuous casting of an article
upwardly through a pouring tube into a coocled mol
cast article is contimucusly withdrawn £rom the mold.
is Another portion of the casting art sometimes is
 referved tc as the EFG (Edge-defined, Film-fed Growth)
process. In that process, no external pressure is
applied to a liguid material, but capillary actiom within
& narrow forming tube or die is relied upon to draw the
20 1liguid material upwardly for solidificaticn. Frequently
2 seed crystal is introduced into the liquid to inmitiate
crystal growth. Typical patents which disclose features
of this kind of process include U.S. 3,47i,266-La Belle,
Jr., patented Octcber 7, 1969; U.8. 4,120,742-Asano et
25 al., patented Octcber 17, 1978; and U.§. 4,937,053-
Haxvey, patented June 26, 1990.
In some of the above referenced gaﬁenﬁs and
elsevhere in the casting art relating to the formation of
directionally sclidified or single crystal articles, seed
30 crystale baving selected crystal orientations (primary |
alpha and/or secondary beta orientations) have been used.
They constitute starter means for soclidificatiom of an
~article having the selected crystal orientatiom.
Heretofore, the joining of components of single
35 crystal or directionally sclidified elongated grain
articles, including turbomachinery airfolls, has
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130V-115331 ' . .
30 directionall y oriented mcrostructure is danaged, either I n
operation or in a portlon of its manufacturing procedure, the problem
Thi s _pr obl em of

(r)fep;f re@éh%ecorrgrTE arti cuI arF &ggp{:g %ﬁxg@'g?' o ' Bfted 35

struct. ure5§§@§§?@nQWF@lb@fﬂﬁﬂﬁaﬂqﬂd | Buchemesbexrscdre a@sambﬂ;adn as is
typicall yms bofidledn idtbegh) 8&8&%1@ jcross an mﬁggﬁg@e between 3
oriented ghb' GestedS” 835% bafents 3 965 358 and & 0330792 -

§ Giamel et al. are typical of patents relating tc this
type of bonding; they include showing an attempt to match
crystal structures across the bond interface.

The method of the present invention provides a new
combination of steps which casts or grows an extension
10 directly on an end of an existing article to enable
repair. Through use of the article itself as the seed or
gtazter means, the extension is provided with a crystal
microstructure imcluding orientation, matched with and
contimicus with that of the article. In addition, iz ome
1S form, the extemsicn has & metallurgical structure
generally distinguishable from the metallurgical
structure of the article end or body, from which the
extension is grown. As used hereinm, the term “crystal
structure” is intended to mean the overall crystal form
2 such as a single crystal, multiple elongated grains, etc.
and the directicnal oriemtations thereof. The term
_ Wmtalluxjgical structure® berein is intemded to inciude
such characteristics as overall chemical or alloy
composition, and the size, shape, spacing and composition

2§ of precipitates, phases, inclusions, dendrite, etc.
within the crystal structure. For example, Ni-base

_ superalloys generally. include gamma prim precipitates,
-  spaced dendrite arms and various other distinguishable

_ phases. The crystal structure and metallurgical

30 structure can be determined and identified by a variety

' ? known: and widely used techniques including chemical or
spectf@graphic analysig and various x-ray and
photomicrographic methods. The term “microstructure®
herein includes the terms crystal structure and

35 metallurgical structure.

This method eliminates the need to provide a
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"13DV-131821

menbers. SUMVARY OF THE | NVENTI ON 5 The present invention, in one
form describes a met hod for providing an extension on an elnfj of an

article haV| |n ernal passageways and haV| ng a directionally .
ori ented M 3 Qﬁ% e axtension, THo mRtalxtiheion is grown

USi ng -t he esttbmufd crh enemdiere leryartad, oriehtRoAdONA Gid YL CEQSL T uctur e

growth se f.Q 1%"1!0&5@'&’%%%% ﬁ': ble wth the

articl e-seed = the BYQReT he
ext ensi on crdeptatian te @/ipdintdion Y the mﬁﬂe do ﬂﬂ@m ebeprghe, a die

hayi g2 -pl.% RTINS Y 255, A CHEDAE THA

openi ng wWRBtLGs o acaomplisties alicatidivsteps rmsuf ficient
for the sepé @eﬁt@@ﬁt pﬁ'@ﬁ&&i’ﬂ@ Bhle Wt B dn intedral and -
oriented with the article. As will be discussed in
detail below, the present invention is particularly
10 useful in providing an extension on an article having a
hellow interior and openings or passages commu nicating
through an end of the article with the hollow interior.
One fZorm of the method of the present invention
allows use of a sacrificial addition on an end of the
15 article to be repaired to minimize interaction, such as
melt back, of the article end with a molten material from
vhich the article extension is grown. Furthermore,
because the dama
. interacts directly with the molten material, such as in
0 melt back, the need to pretreat or preshape or remove
substantial material from the end can be substantially
reduced or eliminated
During evaluation of the present imvention,
apparatus of the type shown in Figure 1 was used. A
23 sealed molybdenum canister 10, in this example of
- circular cross secticn, is provided with a resistance -
heater 132 of molybdenum. Within canister 10 is an
- alumina melt crucible 14. Through the top of canister 10
- is a shaping mewber or die assembly shown generally at
30 16, in this embodiment including a shaping die 18 and a
die extemsion 20. The die and the extension each have an
inner wall, 22 and 24, respectively, defining hollow |
interiors therecf and die and die extension or shaping
openings for receiving a moltem material 26 from melt
38 czrucible 14. The die and die extenmsion are made of
alumina, commonly used in the high temperature casting




3%3158%anpl e, nelting back a portion of the seed or enabling
interdi ffusion to occur. Then the article end, acting as - the growth
seed, is withdrawn through the di e opening at a rate which allows the
nmol t en @ty i&nd t@W rm@@)rﬂeeyi@mlsshipe@ymachad yhol, hbwsed as an

ext ensi fos Sl

directi gﬂhba S ori ent %%ﬁ%&%@g g%é &%8%§ngg§é%§aﬁll bmaﬁart icle's
directi (Qfalﬁ@@ AFRLY 0 pestrestede. The die exrenRdoncA0 48m the die
i ncl udegypidi Dy ide frofXétfhescolimeébcialip s0aHNAbIAl heghwi th the

g %W%ﬁéo SR e e N
mt soriereidl iy vavai babhe onidgte crysaaﬁr&ﬂuh&mompﬁp@mgea body
por ) on TR0 ATLELORle 5oR BAGHTRR FHE>> e ]
al | ushiaplagtdiet 18 clantyphcaiiynpade f£romgcaimearc
. available high purity low shrinkage shoxrt- ﬁibeg alumim
10 paper sheet material such as Type 99W alumina paper,
available from Zircar Products, Florida NY. Alumina
cement such as ZPI-306 alumina cement available from
Zircar Products, Florida NY was used to cement lapped
j@imﬁ and highly deformed areas such as corners and
bends in the alumina sheet material. The alumina cement
i@ a mixture of short alumina fibers and small alumina
particles with a small fraction of an unspecified organc-
aluminum compound , ably aluminum diacetate or
subacetate) which serves as a binder in the unfired .
0 state. A high-purity castable alumina ceramic such as
RTC-60 castable ceramic, available from Cotronics Corp.,.
' Brooklyn NY was used to provide & curved bottom surface
to the melt pool in the shaping die 18. Airfoil die tops
were made by forming and cementing the outer wall from
28 alumina paper sheet in the appropriate shape, and then
casting either a polycrystalline or a single crystal
sapphire tube in place in the bottom with the castable
alumina ceramic material. The die then com‘@riséd a die
extension tube 20 feeding a shallow, approximately 0.6
30 dinch deep, resevoir of the desired shaping die 18 shape.
Fabrication procedures for die assemblies 16 using the
castable ceramic consisted of overmight curing im a
‘ plastic bag to prevent non-uniform dryimg, a two-hour
bakecut at approximately 110 degrees Centigrade (230°F),
35 and a one-hour firing at 1000 degrees Centigrade
(1832°¥¢) to fully cure the ceramic. Surrounding die

T



iD¥-11523 ongd of the body portion through the use of a sacrificial addi tion
secured to the end of the article prior to formng the extension. The
ext ensi on has a di rectlonally ori ent ed crystal structure conpatible with

_ gk ‘ Headte:s (78 @ructure In
and %SQ#&B&eeé%e%%gaﬁnéfﬁb 'Ca' q%qﬁ%”rit% L0 SO
structur @8 as it moves and solidifies within the h@ll@w interiox
of die 18. ' .
) In. order to pressurize the sealed interior 30 of
canister 10, a £luid pressure inlet tube 32, connected to
a source of fluid pressure {(not shown), such as argom, is
disposed through a wall ¢f the canister. Semnsing the
pressure within the canister interior is a pressure gage
10 34, which can provide pressure data to a pressure comtrol
{not shown) for the scurce of fluid pressure, tc maintain
pressure at a desired, preselected level, or schedule of
levels, within canister 10. Temperature sensing within
canister interior 30 employs a thermocouple 36 . Through
1 & furnace temperature comtrol 38, electric powez to
' yesistance heaters 12 and 28 is controlled and scheduled
as desirved.
The partially sectiomal, fragmentarxy view of Figure
2 is taken along line 2-2 of Figure i. This figure, in
20 - which the meaning of the reference numerals cocincide with
these of Figure 1, shows the shaping die 18, the die
extension 20 and the die resistance heater 28. Each of
these elements has an airfoil shaped cross sectiom in
Pigure 2, which corresponds with the shape of airfoil
23 article 40, in Figure 1. Eeweve:, it is to be understood
that these cross sections may assume any desired shape as
may be necessary for the intended repair. An extension
is being grown om the airfoll article 40 at
golidification interface 42 in Figure 1. However, it
30 should be understcod that any shapes or assemblies of
gha@@s can be used for such members, depending on the
shape of the article being extended and the deasired shape
of the extensicn.
iIn one of the evaluations of the preseat inmventiom,
38 a gas turbime engine turbine blade, of the general type
ammatically in Figure's, was used. 8uch a




DVBRISBE DESCRI PTI ON OF THE DRAW NGS Figure 1 is a sectional view of
apparatus adapted to  practice.the nethod of the present invention. 15
Figure 2 is a fragnentary, partially sectional view taken along line 2-2
of Flgqﬁxaé@ i@éﬂﬁ&é@tanﬁabéeshb@ﬁﬁg@ne§&21§'&E Ql, aa&ha@sgaiﬂle of an

L AR arapemhLret, A6'HoR, A bipha i LE T o bEREALBRLTD O O "

20 cooLﬁ’*w
f r agnend shglavabeaninterisrefonf adr coolépg withacobbing hbbeg with an
extensiop ﬁggggééé'ghgh as 50 ccmmmnieating with the hollow, '
§ generally labyrinthine, interior. Because such a blade
had a directionally solidified microstructure, imcluding
a crystal structure as elongated multiple grains, repair
of damage to tip 48 is difficult if suckh microstructure
is to be continued into the repair. The present
i¢ inventicn enables growth on the blade tip of an extensicn
| having a microstructure of crystal structure and
metallurgical structure grown from and compatible with
the parent blade tip. Ia this evaluatiocn, it was desired
to repair the tip portion 48 of the airfoil 46 of Figure
13 3 axially outwardly from broken line 52. The material
from which such blade was cast was a nickel base
superalloy having a nominal composition, in welght
percent, of 6.15% Al, 6.35% Ta, 4.9% %, 2.8% Re, 13% Co,
6.8% Cr; 1.5% HEf, with the balance Ni, selected mimor
20 alloy additions and incidental impurities. The
microstructure of such cast blade was directiomnally
oriented ﬁmltiple elongated grains. ‘
Anecther, though similar, nickel base superalloy was
placed in melt crucible 14, Figure 1, within canister 10
25 which was then sealed. The nickel base superalloy im
melt crucible 14 had a nominal composition, in weight
) percent, of 6.7% AL, 6.2% Ta, 2% Re, 10.5% Co, 16% Cr,
1.6% HE, with the balance Ni, selected mimor alloy
additions and incidental impurities. The superalloy was
36 melted by resistance heater 12 at a temperature in the
range of about 2790 to 2905°F under a low-oxygen argon
atmosphere. With the die assembly 16, including shaping
die 18 and die extension 20, in position as shown in
Figure 1, the melt was pressurized by introducing argon
35 under pressure through fluld pressure inlet tube 32. At
a pressure of about 48 inches Hy0, the melt was moved

laced - 10 -
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1%%%%%%d grains. 25 Figure 5 is a fragmentary view of the blade
tip - portion of an air cooled gas turbine engine bl ade.
Ftgure 6 |safrag%nﬁrsy section view of a portion 30 of the bl ade ti pin

Figure 5, extension 20riiggoe shaping ﬁi@gﬂﬂnt alposct i onal
ew-of a RiedhlalsO eab 6 g@;éd
\sﬂac'\rNi fici 5@ 1 ' Hg@f vaica b@‘@%@b&% B@E%Mé&ﬁ are%ﬁagrammt I C

secti onal 1@ add'&ﬁt@ct wgith blade tip Q%U ee;’é it wag held for
~ -about 4 minutes. During that period, blade tip 48
S interacted with melt 26 by melting back to solidificationm
~ interface 42, Pigure 1, also shown as brokea line 52,
Figure 3. Furthermore, the blade tip 48 acted as an
oriented growth seed for melt 26 in die 18. Then airfoil
article 40 and article end or blade tip 48 was withdrawn
10 by moving upwardly, as shown by arrow 54 , Figure 1, at a
rate of about 0.2 inches per minute. This alliowed blade
tip 48 to solidify in die 18 and grow an extension having
the same directionally solidified multiple elongated
graip crystal stzucture as airfoil blade tip 48. The
1S extension was continucus and integral with the blade tip.
Withdrawal and directicmal solidification was continued
until an extension of about 0.4" was provided in the same
configuration and crystal structure orientation as blade
tip 48. .
20 During this process, die heater 28 was used to .,
" comtrol ‘the temperature in die assembly 16 and the
position of solidification interface 42. Further contrecl
of the solidifying interface can be accomplished using a
chill in that location, not shown, as is well known and
25 widely used in the directional sclidification casting
art. Such a chill can provide as steep a thermal
gradient as is desired for selected. solidification and
microstructure growth. -
Because the die assembly was made of alumina, the
36 variation of melt depth across the airfoil haped'crass
section of the die assembly was observed to be that as
would be expected in a non-wetting system. This enabled
pesitioning of the growth seed blade tip portion in the
die so that coatact with the entire tip, from leading to
35 trailing edge, was accomplished. '
' As was presented in the example above, the

A



3-2183% t he sequence of thé practice of the nethod of the present
I pvention on a hollow article. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS In the art of casting, fluid pressure, such as an

T Ok e MBS Wby BB P,

rmltenmaerlal uch arret
t hr ough §£§@b9§ Eﬁﬁhﬁéi9Y19f e exEengiote gToNe ouc kheetipd £xoth associ at ed

appar at ughe melt.U Sowdvéld], Thé \WedediBosltionBa W@t BeTRRLEY %o
that the crystal structure of the extension weculd grow
§ integral with and continucus from that of the blade tip
representing the body portion for the extension. This
mode of growth is scmetimes termed epitaxial growth. In
the context of the present invention, this is gemerally a
necessary condition for compatibility between the alloy
10 of the blade tip (or body portion} and that of the
extension. Compatibility generally implies that neither
alloy adversely affect the other, whetheyr by
contamination, liquid metal embrittlement, formation of
brittle phagses at the interface, or otherwise.

Compatibility may alsc imply some limitaticn om :

discontinuities in mechanical and physical properties and
metalliurgical structure between the blade tip and the
extension. Ultimately, compatibility must be measured by
performance. If extensions of ome alloy can be

20 <repeatably grown on articles of another alloy, if the
article with an extension grown thereon is amenable to
subsequent manufacturing operations, and if the finished
article performs satisfactorily in service, them it must
be concluded that the two alloys are compatible,

25 - excepticns to the preceding generalities notwithstanding.
The same considerations apply to sacrificial additions.

- As used herein, the phrase °molten material compatible
with . . .° is taken to mean a material or alloy that
meets the preceding standard for compatibility, prenent

30 in ite liguid form. .
| The article generated from practice of this
invention included a body portiom, for example, the
parent blade tip having intermal passageways and having a
. first crystal structure in the above example,
35 directicnally oriented elongated multiple grains, and a
first metallurgical structure based on the alloy

i3
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13DV-11521 _ ’ _ _ : _ .
1967, relating to continuous casting of an article ~upwardly through a
pouring tube into a cooled nold. The cast article is continuously

Laldo¥ e/ 48n BY tne body pdiOidie! %@%?f g oot h)

processWilfm e m@mt m&rmlewminm having appdantito a |iquid

*

mat er i alegpsdids3C r be or dieis
relied up ?Eﬂ%@ergggéd Wqéll}?#lmfaetr @ %% é% y éﬁ rg%b 1 di fication.
Fr equen®ifh ' %@&*

c@%@@ @@Wﬁ%ﬁlc@@ the doedy poxpiontandnitiate
crysgal nardeigha Bé@dmi el

Br gCeZS C’f*‘"i 4@

w. ash B E

el sbHEEOse (Rt AK&S ang Of this kind of
dfpeld & }E%t%‘%@ p ten ed ﬁO;:";lgbgr S? 1969;
4,937, Ogtalluxgirasd gmmuml d@rméamdwo The mcerﬁace sone of the
?ESV?J?@%{é@%ﬁ?@ A o bty G Bt g 40 Pduy °L71 | 0, °
seed from that obﬁained by the prior art method of diffusion
10 b@@ding together matched, separately generated, distinct
membe ~ The principal distinction between the present
inventian and the prior art lies at the interface. In
the present invention the extension is growm epitaxially
by laying down one layer of atoms after another from the
18 1liguid material selected for the extension oato the
suzrface of the body. Thus, the crystal structure is
continucus across the interface. The process of the
present imvention further allows the secondary grain
orientation to be grown, unlike the prior art inteﬂiace
8 bonding techniques for which such secondary graia
crientation is difficult to match in the transverse
direction. The epitaxial grown region or repaired area
thus matches the origimal metallurgical grain structure
or orientation of the article not only in the primary, |
25 but also the secondary, direction. The advantage cver
current repair methods which have equiaxed graims at the
interface and in the repaired area is significant in
terms of mechanical and metallurgical properties simce
the metallurgical grain structure of the original article
36 does not match the extemsion or repaired area by use of
prior art methods. Even where different alloys are
selected for the body and extension,  there will generally
be a gradation in metallurgical structure in the
interface region as a result of rapid mixing of atomic
33 sepecies in the liquid adjacemnt to the solidified
structure. Even though the prior art method is practiced
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30 crystals having sel ected cryst al orientations (primary al pha and/ or
secondary beta orientations) have been used. They constitute starter

i i %%wz»%f a0 o Bl o e e o7 551

cryst. al 7 mients betfiddx! es,

I ncl udi %‘}}%Q}‘ (H'ﬁtéess‘g‘rt in some

general 'y~ Mon . he “Ude
sort of low angl@ b@mdary between the two parts.

. § Likewise, there is a high likelihood that coatamimating

matter on either part will become trapped in the
" interface, thereby weakening the joimt. Additcnally, the
prior art practices for repairing such an article usually
and di advantﬁage@usly close the passageways as the molten

10 metal flows into them and solidifies. Additional
machining operatioans them are required to open the
‘passagevays. |

The preceding example demomstrated that comtrclled

growth of extemsions, of the type that would be required

1§ in airfoil blade tip repair, with the same cross-section
as the parent airfoil, can be accomplished. Although
this example included omly one end or tip extenmsiom, it
should be understood that the present invention can be .
expanded to include the concurrent repair of multiple

20 article ends such as blade tips. The present imvention

' may also be used for repair of other directicnally
,@giem:gd articles havimg paasageways such as airfoil
vanes.

From this example it was concluded that the crystal

25 structure of the extension should be substantially the
ame as that of the existing article. However, it was
expectedly found that considerable variation in
metallurgical structure, notably alloy composition,
between the extension and existing article is
30 permissible, and may even be prege:able in some cases.

&s a result of the practice of the present
invention, the airfoll 46 of ?iguze 3 includes an
extension 56, Figure 4, from broken lime 52 at which it

_ was desired to provide a repair. As seen in the
3§ fragmentary, diagrammatic view of ¥igure &, using airfoil
46 as a growth seed results in extension 56 having a

6

"l
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selected crystal orientation. Such menbers are assenbl ed and bonded

into-an-article across an interface between the nenbers. U. S. Patents

3,967, 355?and%4 33,792 5 Ganei et al. are typlcal of patents relating to
LG

this

crystal
present
grows an
r
the ext engig

r epai

PEETORREYCERER 1 dinshBdBrgxampae: dngluddngnt ch
bsngaced \gravng, laéeéfééﬁcinmati@@ scanpt hod of the

'%ﬁ%%%%#i§é%%%'€ﬁ$% ofthn aRPRRE"8LERRLE ot ihg article Lo enabl e

Thromwoteme@ﬁrtheleiptgetﬁiea biicasgag ourbinetarter neans,

Bifnd Saft Waditda bidod 25" 3haln 1o FERERASRHCRRE SHFLTS

addltlcn1@§r?%gm§§55 and thecsestiopabnvhew afn@igurer §i takestructure
general | hmﬁ'm%ﬂﬁ@'éﬁ S¢ | P08 °5 (B! BhindE he| enig Eirpt oot €1 gt Lhe

articl.e end or_ bod
t he t er m2& Ha%e]

form
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, tension 1s sed herein,
yageyred t@t@@c@u?@@uﬁ§lgﬁt%#Eédbﬁgaﬁﬁgnu@ﬁéfogggﬁai@crystaI

cperating conditions it can interfere with or rudb om an
opposing member to approach a zerc clearance conditionm.
A & result of such interference, geripherél rim 58,

gures 5 and 6, of airfoil 60 can be abraded or damaged.
without such a rub condition, airborne particles and
oxidation, over a period of coperation, can abrade and
contribute to the damage of rim 58. The method of the
present imvention can be used to repair such dawage by
providing an extension in the manner described in the
above example. However, when rim 58 is narrow or damage
extends close to ghelf 62, interaction of rim 58, such as
melt back in melt 26 in Figure 1, should be limited and
carefully controlled in order to aveid damage to shelf
632. One form of the method of the present invention
provides use of a sagrificial addition carried by rim 58
at 64 in Figure 7. The edge or surface 66 of rim §8 in
igure 7 ig represented to be ercded, damaged and in need
of repair.

~ Bacrificial additiocn 64 need not have the same
microstructure as the blade tip, for example, elongated
miltiple grains or a single crystal. All that is
required is that it be attached to rim 58 and be of a
material which is compatible with that of melt 26. For
example, if melt 26 is a nickel base superalloy, addition

-6@ can be Ni, a Ni base alloy having elements which will

not dilute or substantially change the composition of
melt 26, an alloy of one of the alloying elements of melt
26, etc. Addition 64 can be applied by a variety of

e 15 -
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3DY32188Lch as a single crystal, nultiple el ongat ed grains, etc. and the
di rectional orientations thereof. The term "met al | urgi cal structure"
herein is i ntended to include such char acterl st ics as overall chem cal
or all r sl ticown did dhee axtze, irdlaphd i sprRYingnosition 25

f S 1O 2 il
gtrﬁ::'? ,: i ; Qio;?éféﬁn %iﬁa% e% ot @% d 21: "t 2 eg;%;t N

grl {re mastki e rovigded thath he passageways #%®us ot her -

i stingyj pg’% P@é d odan cal 30
structure can %e determ ned an a%en FZ%é L&f%,eﬁ&!ﬁii f. known and
wi delfy eperations JRE be, Heri REFUEH COmIIIT @Vﬂc@? aﬁ#ﬁ@: anal ysi s

| anmdc\r/gglt@é gﬂ@@@@h@gn@ot ms@gmammmmcﬁmaﬁzn

ot al | ore LR it Be melted Fyay' i iebe A bR e neea T
provi de @accice of the method of this invention, the shape of
addition 64 can be any convenient cme: it can be shaped
0 -as an extension of rim 58 as shown in Figure 7, it can be .
a shim, sheet or foil carried by zim 58, etc. The
melting away of addition 64 by melt 26 exposes at least
the surface microstructure of rim 58 to melt 26 enabling
such surface to act as a growth seed, according to this
1§ invention. Use of a sacrificial addition 64-facilitates
the proper positionming of airfoil article 40 in Figure 1
so that when an article such as airfoil 60 in Figures 5, "
6§ and 7 is being repaired, the melt back lime 68 in _
Figure 7 is located away from rather than at or in shelf
0 62. Without such sacrificial addition, it might be
: required, in order to achieve complete contact of and
interaction with melt 26, to meit back rim 58 into shelf
g2.

The presentation of Figures 8, 9 and 10, which are

25 disgrammatically in section, show a sequence of the
practice of the method of the present imventicm iz a
surrounding shaping die (not shown) as in Figure 1, in
relation to repair of an article having a hollow
interior. sxample, such interior cam be the

36 labyrinthine passages 70 in arn air cooled turbine blade
or vane. For convenlence, some of the reference numerals
are the same as have been used pz‘gvidusly herein. PFigure
8 shows rim 58 in contact with and partially melted back
by melt 26 f£rom previous zim edge 66 shown in phantom.

38 In Pigure 9, melt back has contimued further into rim 58
to melt back line 68, sufficient for the remaining

I

- 16 - . Thi Haes Besn Repleced
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7 separate nmenber as an artlcle extension, to match the ext ensi on

menber crystal orientation with the article to be repaired, and then to
bond t he NekNrifiCsR’ £RE e r the article
2sshown {BOFRECB oL ke 58 EB het wf poBEBMERTgbB4ZBE bhdP 35. 00 ° 10
met hod .of Thes akvéaiiohlaigompvedhupwardly.cassebowni hy arvaw Sﬁeratlon
provi di ng i%eﬁggﬁgési@n @ﬁﬁg?r% éﬁﬂtaetoﬁléﬁtﬁély 58 Lgeiqrticle. As wll
be di scusse z ow, resent invention is particularly
| extension 56, del neated by Pbroken 1ine 72, is grown on
§ rim 58 by solidification above melt line 68 which becomes

gsolidification interface 42, as described above. If

blade extension 56 is sclid in some part, additional

heles can be drilled therein to allow air egress or

external communication with the hollow interior, as

mple, such holes can be generated. by

10 demired. For exas
dgilling with laser, electrochemical or electro discharge
thods well known and widely used in the art of material

One evaluation cof the present invention used an air
1S  cocled turbine blade of the type shown in Figures 5, 6
and 7, and which had been exposed to gas turbine type
operating conditions. The blade was manufactured f£rom
the same nickel base supexallcy as in the previous -
exampl Thie alloy includes in its composition Al and
® HKEf, which when expcosed to high temperature oxidizing
conditions form stable surface oxides. Such alloying
elements, and occasionally yttrium, are commonly used in
nickel base superalloys from which turbine blades are
manufactured. Therefore, the exposed surfaces of air
25 coocling passages or holes, such as holes 74 in Pigures 5,
6 and 7, were coated with surface oxides which were found
not to interact with or melt im the molten wmaterial such
v as melt 26. Because such surfaces were oxides, they act
as non-wetting molds. In this exawple, melt back was
30 allowed to proceed into the blade material in which the
holes were generated. Unexpectedly, very few of the
holes were filled when contacted by melt 26, which had
the same composition as the extension material of the
previcus example, and their integrity was maintaiuned.
85  However, in order to avoid such non-wetting action from
affecting other portiona of the blade tip which are

- 17 -
' HasBeen Reﬁlaced



W¥I$233fseful in providing an extension on an article having a hol | ow
I.nt eri-or and. openi ngs or passages conuni cating t hrough an end of the
article with the hollow interior. One form of the nethod of the

pr esent imtendsdto m@mm@wm@ I@ﬁigmﬁemmn an end of the

o the % - SRR o TR el BN oS i an ol e
ext ensi h;:?'tf':‘ , T GRl @urﬁaca) resiomante, dmamdeal wsed tee end in the
present g @,btﬁafﬁé artiél@@éﬁe’héldﬁ%ﬁéﬁ&th%ﬂ‘%ﬁ@'fé‘ﬁ’@é%ﬁé' such as

in 20 ne the need to pretre res e or renove

subs?¥ anw @@al@.ﬁ'l e mrananic inventdo %eﬂﬁjt@t ipFe§sure reduced or
elimnagghiied to the aiditg i@/%@l@dﬁéﬁ Ao tﬁée aa e | Y HtveN,

oo e UL Ol 530 b ek, e g o S0 T yodenum
with a regulred o fodvmithe @1@‘ MQ/ et onddl tdmam:@t@ 10 is an
Such pressure limit is a function of the gize of the
i¢ holes. -
The present invention relates to using an article or
member having at least one internal passageway as a
directionzlly oriented growth seed for providing om an
end of the member a distinguishable extensiocn having a
15 microstructure matched with that of the member. Such an.
enslion is provided from a molten material which is
patible or matched with the material of the growth
seed 8o that the extension is integral with the membe
and has a microstructure continuous with that of the
merl However, as discussed above, the composition of
th@ mewber and of the molten material, and hence the
extension grown therefrom, need not be identical.
Selection of the moltem material, for example to provide
the extension with enhanced enviroumental resistance, is
25 based on the tolerable degree of crystal stzucture
mismatch between the member, acting as a growth seed, and
.. the extensicn, grown from the moltem material. The rate
of movement of the article end, acting as the growth
seed, fxom the molten material is a function at least of
30 the fluld pressure applied, the temperature of the melt,
the thermal gradieant at the solidifying interface and the
rate of sclidification amnd growth of the extensiom..
It is contemplated by the method of this invention
that if a molten material has a melting point lower than
35 that of the article end acting as a grwtn seed,
interaction between the moclten material and growth seed

ThﬁsSheemasIBeenRrﬂW .- 18 -
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alumna nelt crucible 14. Through the top of canister 10 is a shaping
nmenber - or die assenbly shown generally at 30 16, in this enbodi nent

i ncl udi [ Hide G o) T ie and the
ext ensi Gr%ééﬂéc a%& T \%ﬁﬂr @2 % &é%p% é?%l y, defining
hol | ow &% i}%%r%fﬁs hck dehata ks Mecesmazy eﬂ.&mm@rﬂmdmmng

openi-ngsestit e et %&@ﬁéé%ﬁﬂw'c%%négf%éﬁé s%idé&ﬁ Rl e 14. The

di e and d|e ext NS connDn t he hi gh
t enper atdf gf@r%ez ace and into the molten mate g J
5 ‘me present inventiom has been described in

connection with specific examples and embodiments,

including those presented in the drawings. It should be

understocd, however, that these are intended to be

representative of and pot limiting on the scope of the
10 present inventiom included within the appended claims.

i



B#-225%nd have cross sectional shapes nmatched with, but not necessarily
i denti.cal to, the cross sectional shape of the article to be treated.
The die extension 20 is typically made from either connerC|aIIy o
avail abl e high- 5 purity polycrySg‘;T_ge alunlnunldﬂmn%m#e«~v- R

or commercial |y available single erystal alunina [/[}HB |
avail abl e from Saphi kon Inc., MIford NH The shapiifig h%

typi cal ly nade fron1connercial|y avail abl e high purity

short-fiber alumna 10 paper sheet material such as Type 99Wa| um na
paper, avai l able from Zircar Products, Florida NY. Al um na cenent
such as ZPI -306 al um na cenent avail able from Zircar Products, Florida

NY was used tq ceffeni detnedl for g M@i@%ﬁl&ééﬁéﬁwwmr@m such as

corners and 15 bends e alum na sh mat er i T al um na cenent
o B O AT mIG R HANAN, A3 IRICER KRR HOGH (AT, shape,
least one passage defined by a wall through the ar@icle

end communicating with a hollow interior,
8§ the article further having a directionally oriented
microstructure, the combination of steps of:
providing a molten material compatible with the
article; : .
- providing a die having an intermal wall
10 defining a die opening therethrough matched im cross-
- section with the article outer cross-secticnal shape;
~ providing a die extension having a hollow
interior defined by an extension wall dispcsed between
and in commnication with the die internal wall on a
. 1§  £irst extension end and with the molten material on a
second extension end;
applying fluid pressure to the molten material
to force the mciten material imto the die extension
hollow imterior through the second extension end;
a0 passing the article end through at least a
| portion of the die opening and inteo contact with the
.. molten material;
holding the article end im comtact with the
molten material for a time sufficient for a portion of
28 the article end to interact with the molten material as a
directionally oriented microstructure gz.fmh geed; and
then,

withdrawing the article end through the die
opening at a rate which allows the molten material to
30 directionally solidify in the die cpening on the growth
sead as an extension of and integral with the article end

- 20 -
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Lg%ﬁé?%%%ﬁ es with a small fraction of an unsbecified'organo- al um num

conmpound (probably al um num di acetate or . Subacetate) which serves as a
bi nder |n the unfired 20 state. A high-purity castable alun1na ceram c
such as and withce srystslecstsushure substaptialiymcomtion

Br ookl ynﬂ'ﬁn\ﬂ@&@&@éié%pagteeegnéigyeeﬂ@hﬂ@ SHCkRAR ructyize  he el t

pool in the shaping die e tops wer e ngy% by forning and
cenmenting the outer wall from 25 alum na paper sheet in the appropriate

shape, and thgn The meshbddofi thaimaipdhydtding lcwmiu;ﬁm e crystal
nthe b t he .C um na ceramc

hi b
mator ol SHRe BRABFAER PARBERGcERe AFELcle’ gRdc RErRRoR she, AL  ng
ZhalEEM/@@ppﬁnglgargﬁpnocﬁ s@urdny wieh, t?esax@ﬂcl@zemﬂbade5|red shapi ng
I e . 6 h
Castab|§B%§§%§é§i§%n§8§%§%5 OBtpéoﬁﬁgggiéﬁr%ﬁé@#?g%??ﬁ%ﬁ&aq % cuiéggté ©
preveht withuantomwdldr pedy, in the- moiten matpaied exposeod matel y 110
degrees gRolrLdkade Eﬁéoéﬁéibié to the molten material.

3. The method of clagm 1 for providing an extension
on an end of an allecy article having an outer cross-
sectional shape, a directionally oriented microstructure,
a holliow interior, and at least one passage defined by a

5 wall through the article end communicating with the
holleow interior, wherein:
the molten material is an alloy; and
the fluid pressure is applied by a gas.

4. The m@th@d'of claim 1 in which the wall oﬁ-the
passage includes therecn an oxide which inhibits the
melten material from interacting with the wall of the

passage.

5. The method of claim 4 in which the applied £luid
pressure is sufficient to move the molten material into
die opening but less than a pressure required to move the
molten material into the passage.

&é. The article of claim 1 wherein both the body
portion and the extension are of alrfoil shape.

7. The article of claim 6 in the form of a
turbomachinery blading member comprising a base and an
airfoil as the body portion carried by the base, the
‘airfoll including an integral airfoil tip porticm as the

e 21 -
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35 and a one-hour firi ng at 1000 degrees Oentlgrade . (1832[err]F) to
fulty cure the ceramc. Surrounding die

9 16 is a.nol ybdenum resi stance heater 28 to assist in
cofit r. SRS % o%@??%nﬁ%@mtm@nwﬁ%n nat eri al 26 as it noves and
solidifies wwthin the hollow interior of die 18. 5 In order to

pressurize ¢ hapggay £04 618 %5k %b156m % wherein:
the airfoil is a nickel base superalloy; and
the integral extension is a nickel base alloy.

$. The article of claim 8 in which the airfoil has a
crystal structure of directionally oriented multiple
‘elongated grains and the extension has a crystal
structure of directionally oriented multiple elongated

§ grains substantlally contimuous with those of the
airfoil.

T u'ii' mill
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cani sterﬂ%ﬂﬂgz%l uid pressure inlet tube 32, connected to- a source of
fluid.pressure (not shown), such as argon, is di sposed t hrough a wall

of thé canister. Sensing the pressure within the canister interior is a
pressure gage 10 34, which can provide pressure data to a pressure control
(not. shown) for the source of fluid pressure, to maintain pressure at a
desired, presel gotad.l I@%ﬁ% Rfervng é 3# | n cani ster 10.
Tenper at ur e senSPAg " ?ﬁ&hﬁﬁa@ Tl i”%%)ﬁe enploys a thernDcoupIe

36. Through 15 a furnace tenperature control el ectric power to
resi stance heat epg ﬁﬁszgig SR NG %i;5ﬁ43¢pi as desired.
The partially sectlona ragnentary V|em/o | gure 2 1s taken al ong
line 2-2 of Figure 1. This figure, in 20 which the neaning of the

reference nunerals coincide with t hose of Figure 1, shows the shaping
die 18, the die ext ensi on 20 di e re5|stance heat er 28. Each of

these el enerits has an airfoil S section in

An extension is provided on an end of an article
$ having intermal passageways and having a directionally
oriented microstructure by using the article end as a
growth seed in a molten material compatible with material
' from which the article end is made. The extension is
directionally solidified as imtegral with and as an
16 extensicn of the article end and with a microstructure
. compatible with that of the article end.

FIG. 1

i xi’iiiﬂﬁi“li‘ﬂin
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Figure 2, which corresponds with the shape of airfoil 25 article 40, in

it is to be understood that these cross sections ny
assume any desired shape as ny be necessary for the intended repair. An
is being grown on the airfoil article 40 at

solidification interface 42 in Figurejly gowever, it 30 should be
under st ood that any shapes or assenblies of shapes can be used for
dependi ng on the shape of the article being extended and

Fi.gure -1. However,

ext ensi on

such nenbers,
t he desired shape

of the extgension. In one of the

eval uations of the present invention, 35 a gas turbine engine turbine
bl ade,- of the general type hown di agrammatically in Figure 3, was

used. Such a
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10 bl ade i ncl uded a base shown genefally at 44, an airfoil shown
generally at 46 and a blade tip 48. The bl ade had’ a hol[err]low interior

for air cooling with cooling holes or passages such as 50 conmuni cating
with the hollow, 5 generally labyrinthine, interior. Because such a bl ade
had a-directionally solidified mcrgsjructure, including a crystal
structure as elongated nultiple grarrds ‘&repalr of damage to tip 48 is
difficult if such mcrostructure is to be continued into the repair.
The present 10q—invent+on gHRDI es—g+gwt h on the bl ade tip of an extension
haV|ng a n1cro$tructure of|-4 1 g ructure and metal | urgi ca

i 1



t he parent bl ade tip. I'n this evaluation,
ti-p portion 48 of the airfoi

broken line 52. The nateri al

it was desired to fepair t he

46 of Figure 15 3 axially outwardly from

from whi ch such bl ade was cast was a

ni ckel  base superal | oy having a nom nal conposition, in weight

percent, of 6.15% A, 6.35% Ta, 4.9% W 2.8% Re, 12% Co, 6.8%Cr, 1.5%
Hf , with the bal ance Ni, selected m#hgr420 alloy additions and incidental
i mpurities. The m crostructure of such cast blade was directionally

oriented multiple el ongated grains.

ni ckel base supegﬁlloy was
cani ster 10 25 -

nmelt crucible
A, 6.2% Ta,
sel ected mn
super al | oy

|cﬁ44: 5%':

ab8d. The m

Anot her, though simlar,
placed in nelt cruci bl e 14, Figure 1, within

Iﬁgibas uperalloy in
ght percent, of 6.7%

6@6Fﬁ with the bal ance Ni
'dental L«-urities. The

a tenperature in the

74 74 52
\
g A7
00y
/ d Y
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range of about 2790 to 2905[err] F under a | ow oxygen argon at nosphere. .
Wth the die assenbly 16, including shaping. die 18 and die extension
20, in position as shown in Figure 1, the nelt was pressurized by

i ntroducing argon 35 under pressure through fluid pressure inlet tube 32.
At a pressure of about 48 inches Eﬁf{ the nmelt was noved

upwardly in die extension 20 into shap géﬂie la. About 50. 5 inches

H20O was a pressure sufficient to nove nelt 26 :

==

w0/
%
77

oy
= ==
e

= = === =

‘.:]




e

into™Comeact with blade tip 48 where it was held for about 4 MRUELLS
“During that period, blade tip 48 5 interacted with nelt 26 by nelting back
to solidification interface 42, Figure 1, also shown as broken |ine 52,
Figure 3. Furthernore, the blade tip 48 acted as an oriented growth
seed for nelt 26 in die 18. Then airfdil article 40 and article end or
bl ade tip 48 was wi thdrawn 10 by novi ng upwardly, as shown by arrow 54 |,
Figure 1, at a rate of about 0.2 inches per mnute. This allowed bl ade
tip 48 to solidify in MEFHOIB FPOR PROVIDING XARNBXDENSBEGNNON t he same
directionally solidified nultiple elongated grain crystal structure as
airfoil blade tip 48. The AN END OF AN ARTICIHEHEWENG and integral with
t he bl ade tip. W thdrawal and directional solidification was continued
until an extension of about O.INTERNADrBASHAGEWAYShe sane configuration
and crystal structure orientation as bl ade tip 48. 20 During this
process, die heater 28 was used to

|

v

............

This invention relates to growing an extension on an
end of an article having intermal passageways and having
- a directionally oriented microstructure, and, more
particularly, to such a method in which the end is used

5 as a growth seed for the extemsion and article extended
thereby.

The reported technology for growing directionally
oriented structures from a molten bath of a selected
material has evolved from simple shapes and members to

10 complex shaped articles. A portiom of such technology
includes the generation in a complex shaped mold of
directionally sclidified allcy articles for use in the
hot sections of gas turbine engines. The published
literature well known to those skilled in such art has

. 15 many examples of articles such as turbine blades and
vanes provided in such a manner.

When an article, for example a turbomachinery or gas
turbine engine blading member, is operated in an
envirconment of airborne particles and particularly in the

20 strenuous high temperature oxidizing and/or corrosive
conditions experienced in the turbine section of a gas
turbine engine, oxidation, hot corrosion, erosion, wear,

This is the replacement sheet
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cont r of*®he tenperature in die assenbly 16 and the posi tion of
solidification interface 42. Further control of the solidifying
i nterface can be accoplished using a chill in that |ocation, not shown,
as #s well known and 25 widely used in the directional solidification
casting art. Such a chill can provi@b as steep a thernmal gr adi ent
as is desired for selected solidification and m crostructure grow h.
Because the die assenbly was made of alum na, the so variation of nelt

dgpt h agrossbtll@waéyémel fabiged ecretking a3Rridteridddingeli calseaiht yeyas
enabled. . poteeRopfrarsiole opARARHECII mapuk AR o PN M lele
so that cont acitswekpenhévent dte iw desfinmbleaiionpuicalby toarépady edge,
was acconplish§gther than t@miéﬁiidﬂwﬁﬁgnéﬁkiéiépe exanpl e above, the
3 An example of a complex shaped blading member of the
type referred to above is the turbomachinery blade
described in U.S. Patent 4,010,531 - Andersen et al.,
patented March 8, 1977 and assigned to the assignee of
this invention. Such a blade includes a complex hollow
16 interior communicating with an copen tip for cooling
purposes. The disclosure of such patent is hereby
incorporated herein by reference.
Through the use of the above referred to reported
technology, an article such as a blading member can be
1S manufactured as a single crystal or with a directicmally
solidified microstructure of elongated gzainsQ The
combination of casting mold technology and casting
procedures enables such manufacture. As is well known in
the art of blading members, the characteristic crystal
20 orientation in nickel-base superalloys Erequently used
for blading members is that the <001> crystallographic
directicn lies substantially parallel to the growth
direction; designers of such blading members can utilize
that characteristic-cxystal orientation to minimize the
25 elastic modulus, and therefore reduce the likelihood of
mechanical failure due to a mechanism such as thermal
fatigue, along a specified direction relative to the
configuration of an article such as a blading wmember.
When such a complex shaped article having a
30 directiocnally oriented microstructure ig damaged, elither
in operation or in a'portion of its manufacturing
procedure, the'problem of its repair becomes more
complicated and difficult. This problem of repair
becomes particularly acute when a directionally oriented
3s gtructure is intended to be maintained in the repaired
portion, as is typically desired in directionally
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12 conmposition of the blade tip alloy was different from  that of
the alloy of the extension grown on the tip from the nelt. However, the

two conpositions were selected so that the crystal structure of the
extension would grow 5 integral with and continuous fromthat of the bl ade
tip representing the body portiof for the extension. This node of
growt.h is sonetines termed epitaxial growth. In the context of the
present i nvegjyientddidrt Sl et Yas? air EdIOGES SEYY id Ohy

conpatiMIit% b&tmggn the alloy 10 of the blade tip (or body mﬁ%%%go and
that of the ersa. .

The present invention, in one form, describes a
method for providing an extension on an end of an article
having internal passageways and having a directionally
oriented microstructure, from a molten material. The

10 extension is grown using the end of the article as a
directionally oriented microstructure growth seed for the
molten material which is compatible with the article-seed
structure. In one form of the present inveantion, the
extension is grown by providing a Bhapiﬁg member, for

i example, a die having a die opening, cosmmunicating with

the molten material. Fluid pressure applied to the
molten material forces it into the die cpening where it
is contacted by the article-seed for a time sufficient
for the seed to interact with the moltem material, for
example, melting back a porticn of the seed or enabling
interdiffusion to occur. Then the article end, acting as
the growth seed, is withdrawn through the die opening at
& rate which allows the molten material to directicmally
sclidify on the growth seed as an extension of and

25 integral with the article end. Also, it has a
directionally oriented microstructure compatible with the
article's directionally oriented microstructure.

In ancther form, the die includes a hollow die
extension which is in communication with the molten

30 wmwaterial. The article end is held in the die extension
for ceontact with the molten material forced therein.

In yet another form, the present imventicm provides
an article comprising a body portiom having intermal
passages or passageways and having a directionally

33 oriented body or first crystal structure and a
metallurgical structure and an extension integral with an
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extension. Conpatibility generally inplies that neither al | oy adversely

af fect the other, whether by contam nation, liquid netal

enbrittlement, formation of brittle phases at the interface, or

otherwi se. 15 Conpatibility may also inply some limtation on

di scontinuities in mechanical and physi4kal properties and met al | ur gi cal
structure between the blade tip and the extension. Utimtely,
conpatibility nust be nmeasured by performance. |If extensions of one

al l oy can be 2mdrefethabbpdyr partdenathrough sheatgeheof al magrificded
article wth ajuextesa @écﬂi’%\ﬂnftbhﬁhéoén@s m@&b%&tﬂéle ﬁmsg@uent

manuf act uri ng operat i ons, he finish article per or
satisfactori | yEPHniBg, Lhe, extensiony siihe 9@@‘@&?@ g 8 %@E%ly

al Itoyfha{ e gor@ﬁieﬁ&;@d é%ys%é@eﬁft'z%@utz% c@m@t mwﬁ@?@@ﬂt{e@@ing
notw sanln C S| alons osacrl I.Cl a

addi ti ons. 89@"’%@39“%?@@ t&ﬁebﬁy BHEUERRS i o1 TR
with . . . [eraﬁd&,&i‘b@}semn@mﬂaﬂmﬁs a mallhmgm structure

compatible with and metallurgically distinguishable from
the body's metallurgical structure.

0

Figure 1 is a sectional view of apparatus adapted to
practice the method of the present invention.

i3 Figure 2 is é fragmentary, partially sectional view
.taken along line 2-2 of Figure 1, illustrating the cross-
section of a shaping die of an airfoil shape.

Figure 3 is a diagrammatic presentation of an air
2% cooled gas turbine engime turbine blade.

Figure 4 is a fragmentary diagrammatic view of a
repaired airfoil, shown with an extension and multiple
elongated grains.

Figure 5 is a fragmentary view of the blade tip
- portion of an air cooled gas turbine eangine blade.

Figure 6 is a fragmentary section view of a portion
36 of the blade tip in Figure 5, along line 6-6.

Figure 7 is a fragmentary sectional view of a
portion of the blade tip in Pigure 6, including a
sacrificial additionm.
35

Figures 8, 9 and 10 are diagrammatic sectional views
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neets the preceding standard for conpatibility, present 30 inits liquid

form The article generated frompractice of this I nvention
i ncluded a body portion, for exanple, the parent blade tip having
i nternal passageways and having a irst crystal structure in the above

exanple, 35 directionally oriented eldngated nultiple grains, and a
first metallurgical structure based on the alloy
13 of the sequeunce of the practice of the method of the

present invention on a hollow article.

In the art of casting, fluid pressure, such as an
inert gas or air, has been applied within a closed
container to a molten material, such as a metal, to force
the molten material upwardly through a tube. A patent

10 which discleses one such method and asasociated apparatus
is U.8. 3,302,252-Woodburn, Jr., patented February 7,
1967, relating to contimicus casting of an article
upwardly through a pouring tube into a coocled mold. The
cast article is continuously withdrawn from the mold.

15 Another portion of the casting art sometimes is
referred to as the EFGC (Edge-defined, Pilm-fed Growth)
proceas. In that process, no external pressure is
applied to a liguid material, but capillary action within
a marrvow forming tube or die is relied upon to draw the

2 liguid material upwardly for solidification. Frequently

' a seed crystal is introduced into the liquid to imitiate
crystal growth. Typical patents which disclose features
of this kind of process include U.S. 3,471,266-La Belle,
Jr., patented October 7, 1969; U.8. 4,120,742-Asano et

25 al., patented Octcber 17, 1978; and U.S. 4,937,053-
Hazvey, patented June 26, 19%0.

) In some of the above referenced patents and
elsevhere in the casting art relating to the formation of
directionally solidified cor single crystal articles, seed

36 crystals having selected crystal orientaticns (primary
alpha and/or secondary beta orientations) have been used.
They constitute starter means for sclidification of an
article having the selected crystal oxrientation.

Heretofore, the joining of components of single

35 crystal or directionally sclidified elongated grain
articles, including turbomachinery airfolls, has
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conposition of the body portion. Integral and continuous wi th the body
portion was an extension having a second crystal structure as a
continuation of and conpatible with the first crystal structure of the
body portion and 5 having a second. netal lurgical structure matched and
conpatible with, but distinguishable from the first met al | urgi ca
structure of the body. The interface portion between the body and the

ext ensi on IS@ziém@r}t invoﬂvwdﬂtatua@t@e aéé@ypéwé &5 hog of
di ffusion 10 ndi.n t ched,, separately generated, distinct
nenbers. The%éi éi@ﬁéiuﬁ Q§ﬁ%ﬁﬁﬂlt$ﬂﬁﬁw“ﬁh*> Assenlednd
the prior artadd mmied himtiotael fanstcle aercéé\%@rm@éifaeﬂ ePhétwees he
exterston o e MaBAL 314 pacfled VA8 040 SR LYEE flp o AT Ler
surface of tiGldmaly etTak, ate typictal of patemesi selatingntonthis across
the interfacqy dePnassthe! Wy include showing an attempt to match
ervstal structures across the bond interface.
The method of the present imvention provides a new
combination of steps which casts orxr grows an extension
16 directly on an end of an existing article to enable
repair. Through use of the article itself as the seed or
starter means, the extension is provided with a crystal
microstructure including orlentation, matched with and
continuous with that of the article. In addition, in one
1§ form, the extension has a metallurgical structure
 generally distinguishable from the metallurgical
structure of the article end or body, from which the
extension is grown. As used hereinm, the term "crystal
structure® is intended to mean the overall crystal form
20 such as a single crystal, muitiple elongated grains, etc.
and the directional orlentations therecf. The term
*metallurgical structure® herein is intended to include
such characteristics as overall chemical or allioy
composition, and the asize, shape, spacing and composition
25 of precipitates, phases, inclusions, dendrites, etc.
within the crystal structure. For example, Ni-base
superalloys generally. include gamma prime precipitates,
- spaced dendrite arms and varicus other distinguishable
phases. The cryatal structure and metallurgical
3% structure can be determined and identified by a variety
of known and widely used techmiques including chemical or
spectrcgraphié analysis and various x-ray and
photomicrographic methods. The term °“microstructure®
herein includes the terms crystal structure and
3§ wmetaliurgical structure. .
This method eliminates the need to provide a
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present invention further allows the secondary grain orientation to be
.grown, unlike the prior art interface 20 bonding techniques for which

such secondary grain orientation is difficult to match in the
transverse direction. The epita |aI grown region or repaired area
thus matches the original netallurgical grain structure or orientation

of the article not only in the primary, 25 but also the secondary,

direction. The ﬁé@aﬂa@&em@m&r an aaua&%abl@e@gez@dwd%dww%%
equi axed grains aée g m@F‘bnter ace and I.n qﬁ) %éh area |s
significant in npaPRs REchEaatal o%d thegatd @el@ dithce
the netal | urgi che gepairet,uaindr ehek &:@ m&lmﬁ @cﬁexﬁi@n Ih wieep
Where di Tt or ont O5LPAYRCPR R Bol ok, BC eHa ansadie B %ﬁoﬁfﬂ%ﬂ%ﬁi”
will generalsy ab@vebéd&ngﬁfdadl@amemtmeﬁaﬂﬁﬂgﬁsgﬂandrﬁgﬂiﬁﬁ?EQIttﬁhe
or 05 hod DReRhod b8%thite?tnl@ied ol Wbl AR a1 budl e 11k "°
one operaticn, providing the extension integral and
criented with the article. As will be discussed in
detail below, the present iavention is particularly
10  useful in providing an extension on an article having a
hollow interior and openings or passages communicating
through an end of the article with the hollow interior.
One form of the method of the present invention
allows use of a sacrificlal addition on an end of the
15 arxticle to be repaired to minimize interaction, such as
melt back, of the article end with a molten material from
which the article extension is grown. Furthermore,
because the damaged article end in the preseat inveantion
interacts directly with the molten material, such as in
20 melt back, the need to pretreat or preshape or remove
substantial material from the end can be substantially
reduced or eliminated
During evaluation of the present inventionm,
apparatus of the type shown in Pigure 1 was used. A
28 sealed molybdenum canister 10, in this example of
circular cross section, is provided with a resistance
heater 12 of molybdenum. Within canister 10 is an
alumina melt crucible 14. Through the top of canister 10
. is a shaping member or die assembly shown generally at
30 16, in this embodiment including a shaping die 18 and a
die extension 20. The die and the extension each have an
inner wall, 22 and 24, respectively, definiang hollow
interiors thereof and die and die extension or ghaping
cpenings for receiving a molten material 26 from melt
35 crucible i4. The die and die extension are made of
alumina, commonly used in the high temperature casting
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structure. Even though the prior art nethod is practiced
" 14 wth great care, there is a high |likelihood of I|ocal surface
irregularities and snmall m salignnents between t he body and a separate
extension that may result in sonme sort of |ow angle boundary between the
two parts. 5 Likewse, there is a higﬁ | i kel i hood t hat contam nati ng

matter on either part will becone trapped in the I nterface, thereby
weakening the joint. Additonally, the

art, and have cross sectional shapes matched with, but
not necessarily identical to, the cross sectional shape
of the article to be treated. The die extension 20 is
typically made from either commercially available high-
3§ purity polycrystalline aluminum oxide {(alumina) tubing or
commercially available single crystal alumina {sapphire)
tubing available from Saphikon Inc., Milford NH. The
shaping die 18 is typically made f£rom commercially
available high purity low shrinkage short-fiber alumina
16 paper sheet material such as Type 99W alumina paper,
available from Zircar Products, Florida NY. Alumina
cement such as ZPI-306 alumina cement available from
Zircar Products, Florida NY was used to cement lapped
joints and highly deformed areas such as cormers and
i bends in the alumina sheet material. The alumina cement
is a mixture of short alumina fibers and small alumina
particles with a small fraction of an unspecified organo-
aluminum compound {(probably aluminum diacetate or
subacetate) which serves as a binder in the unfired
20 state. A high-purity castable alumina ceramic such as
RTC-60 castable ceramic, available from Cotronics Corp.,
Brooklyn NY was used to provide a curved bottom surface
tc the melt pool in the shaping die i8. Airfoil die tops
were made by forming and cementing the outer wall from
25 alumina paper sheet in the appropriate shape, and then
casting either a polycrystalline or a single crystal
sapphire tube in place in the bottom with the castable
alumina ceramic material. The die then comprised a die
extension tube 20 feedipg a shallow, approximately 0.6
30 inch deep, resevoir of the desired shaping die 18 shape.
Fabrication procedures for die assemblies 16 using the
castable ceramic consisted of overaight curing im a
plastic bag tc prevent non-uniform drying, a two-hour
bakeout at approximately 110 degrees Centigrade (230°F),
35 and a one-hour firing at 1000 degrees Centigrade
{1832°F) to fully cure the ceramic. Surrounding die
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prior art practices for repairing such an article usual |y and
di sadvant ageously close the passageways as the nolten 10 netal flows into

them and solidifies. Additional chining operations then are required
to open the passageways. The precedi ng exanpl e denonstrat ed
that controlled growt h of extensions, of the type that would be
required 15 in airfoil blade tip repair, with the same cross-section

as the parent airfoil, can be acconplished. Al though this exanpl e

i ncl uded only @@@eahiXMlﬁlﬂgeﬁdﬁpﬁyhﬁgnwm resistence heatedc2&toad t hat
the present ingeliigd GRkdMtrol @2( eé%zi éi&lﬂgﬁ the GOTIEHS 'Riet£RR 1

of multiple 20 article ends such present mven%lon

may al so be usé® B itemavesmrangd r@lm#fe&ﬁs dﬁ%ﬁh%ﬁ th@oﬁ?@&@@di%ﬂ??¥%©§s
havi ng passagewsy filclg.as airfoil vanes. From this exanple

It was concluded th%g the crystal 25 structure of ege ext ensi on shguld be
subst anti al £ y the n order to pressurize the seal interior 30

canigster 10, a £luid pressure inlet tube 32, connected to
a @@uice of fluid pressure (not shown), such as argon, is
disposed through a wall of the canister. Sensing the
pregsure within the canister interior is a pressure gage

10 34, which can provide pressure data to a pressure contrcl
{not shown) for the source of fluid pressure, to maintain
pressure at a desired, preselected level, or schedule of
levels, within canister 10. Temperature sensing within
canister interior 30 employs a thermocouple 36 . Through

1S a furnace temperature control 38, electric power to
resistance heaters 12 and 28 is controlled and scheduled
as desired. | |

The partially sectional, fragmentary view of PFigure

2 is taken along line 2-2 of Figure 1. This figure, in

2 which the wmeaning of the reference numerals coincide with
those of Figure 1, shows the shaping die 18, the die
extension 20 and the die resistance heater 28. Bach of
these elements has an airfoil shaped crosgs sectiom in
Figure 2, which correspords with the shape of airfoil

25 article 40, in Pigure 1. However, it is to be understood
that these cross sections may assume any desired shape as
way be necessary for the intended repair. An extension
is being grown ca the airfoil article 40 at
polidification interface 42 in Figure i. However, it

30 should ke understood that any ehapes or agsemblies of
ghapes can be used for such members, depending on the
shape of the article being extended and the desired shape
of the extension.

In one of the evaluations of the present invention,

35 a gas turbine engine turbine blade, of the general type

shown diagrammatically in Pigure 3, was used. 8uch a

“D
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same as that of the existing article. However, it was unexpect edl y
found that considerable variation in nmetal | urgi cal structure, notably
al | oy conposition, bet ween the extension and existing article is 30
perm ssi bl e, and may even be preferable_in sone cases. As a
result of the practice of the present 18 jnvention, the airfoil 46 of

Fi gure .3 includes an extension 56, Figure 4, from broken line 52 at
which it was desired to provide a repair. As seen in the 35
fragnentary, diEgernintivied i basE goewnigenerallyi atotk, an adefadla

growth seed r giidehf dend Py £0 £6 184 #%b%ade tip 48. The blade had
a holpuiilow interior for ailr cooling with cooling holes
or passages such as 50 communicating with the hollow,
§ generally labyrinthine, interior. Because such a blade
had a directionally solidified microstructure, including
a crystal structure as elongated multiple grains, repair
of damage to tip 48 is difficult if such microstructure
is to be continued into the repair. The present
10 invention enables growth on the blade tip of an extension
having a microstructure of crystal structure and
metallurgical structure grown from and compatible with
the parent blade tip. Im this evaluation, it was desired
to repalir the tip portion 48 of the airfoll 46 of Figure
is 3 axiaily ocutwardly from broken line 52. The material
from which such blade was cast was a nickel base
superalloy having a nominal composition, in weight
o percent, of 6.15% Al, 6.35% Ta, 4.9% W, 2.8% Re, 12% Co,
6.8%t Cr, 1.5% Hf, with the balance Ni, selected minor
20 alloy additions and incidental impurities. The
microstructure of such cast blade was directionally
oriented multiple elongated grains. .
Another, though similar, nickel base superalloy was
placed in melt crucible 14, Pigure 1, within canister 10
25 which was then sealed. The nickel base superallcy in
melt crucible 14 had a nominal composition, in weight
percent, of 6.7% Al, 6.2% Ta, 2% Re, 10.5% Co, 16% Cr,
1.6% HE, with the balance Ni, selected minor alloy
additions and incidental impurities. The superallioy was
3 melted by resistance heater 12 at a temperature in the
range of about 2790 to 2%905°F under a low-oxygen argon
atmosphere. With the die assembly 16, including shaping
die 18 and die extension 20, in position as shown in
Pigure 1, the melt was pressurized by introducing argon
35 under pressure through £iuld pressure inlet tube 32. At
a8 pressure of about 48 inches H50, the melt was moved
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conpati ble mcrostructure, in this exanple including mul ti pl e el ongat ed
grains, as a continuation of and integral with that of the parent
airfoil. Anot her formof the tip portion of a gas turbine 5
engine air cooled blade is shown in thglfragnentary Vi ew of Figure 5
and the sectional view of Figure 6 t akef al ong I|ne 6- 6 of Flgure 5.
Sonetinmes this type of tip Is referred to as a "squealer tip" because

10 oppost ng. memtl %%proa ke dli1oh 56 uhb ahEbend! dlle g ARG
of such i nterfer@m% wehes HaQ | wag A pressure; guf Eicieandte, m@teamemuzs 60
can be abraded on¥se@etact wi@zemataéh@% §4CHhéreUPe CQEE! ho DA, g4k DO ne

Bont i bute to t PhahERseH, suRFS EhRbBBFLofe Brade clp 8 g5 and 1
§ interacted with melt 26 by melting back to sclidification
interface 42, Pigure 1, also shown as broken line 52,
Figure 3. Furthermore, the blade tip 48 acted as an
oriented growth seed for melt 26 in die 18. Then airfoil
article 40 and article end or blade tip 48 was withdrawn

i0 by moving upwardly, as shown by arrow 54 , Figure 1, at a
rate of about 0.2 inches per minute. Thig allowed blade
tip 48 to solidify in die 18 and grow an extension having
the same directionally solidified multiple elongated
grain crystal structure as airfoll blade tip 48. The

15. extension was continuous and integral with the blade tip.

. Withdrawal and directional gclidification was continued
until an extension of about 0.4" was provided in the same
configuration and crystal structure orientation as blade
tip 48. '

20 During this process, die heater 28 was used to
control the temperature in die assembly 16 and the
position of solidification interface 42. Further comtrol
of the solidifying interface can be accomplished using a
chill in that locatiom, not shown, as is well kuown and

25 widély used in the directiocnal solidification casting
art. Such a chill can provide as steep a thermal
gradient as is desired for selected sclidification and
microstructure growth. '

Because the die assembly was made of alumina, the

30 wvariation of melt depth across the airfoil shaped cross
section of the die assembly was cbserved to be that as
would be expected in a non-wetting system. This enabled
pesitioning cf the growth seed blade tip portiom in the
die so that contact with the entire tip, from leading to

35 trailing edge, was accomplished.

As was presented in the example above, the
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present invention can be used to repair such damage by provi di ng an

extension in the manner described in the above exanple. However, when
rimb58 is narrow or danage extends close to shelf 62, interaction of
rimb58, such-as 20 nelt back in nelt ?g in Figure 1, should be limted
and | carefully controlled in order avoi d damage to shel f 62.
One formof the nethod of the present invention provi des use of a
sacrificial addition carried by rim 58 at 64 in Figure 7. The edge or

and inneed | aForepair o e BLAAS MY M ﬂi?ﬁf%é“;%?dﬂ;@{mﬂzs’e
t he sane t@%’@s@%p%r gl}gyt r?ef tﬁ%f’ﬁ% %MI e%‘f
mul ti pl e grainstie am@@ngl&amgwgmaltheMuwurﬁdmpqsiﬁﬂhnaemgmeeﬂhlgnﬁé&ugat
?ﬁa?t E)?Crrgldt t (2)6%@@%@%%&11 %t;m}ccd?% e%%h a ni c ase isé);i'?(w{
addi ti on 5 c4ntegned Mithy amd [ont inuays Mtha@r@]t@L@wﬁlﬁd@m tip
representing the body portion for the extenaion. This
mode of growth is sometimes termed epitaxial growth. In
the context of the present invention, this is generally a
n@césaary condition for compatibility between the alloy

10 of the blade tip (or body portion) and that of the
extension. Compatibility generally implies that neither
alloy adversely affect the other, whether by
contamination, liquid metal embrittlement, formation of
brittle phases at the interface, or otherwise.

15 Compatibility may also imply scme limitation on
discontinuities in mechanical and physical properties and
metallurgical structure between the blade tip and the
extension. Ultimately, compatibility must be measured by
performance. If extensions of one alloy camn be

20 repeatably grown on articles of another alloy, if the
article with an extension grown thereon is amenable to
subsequent manufacturing operations, and if the £inished
article performs satisfactorily in service, then it mmst
be concluded that the two alloys are compatible,

25 - exceptions to the preceding generalities notwithstanding.
The same considerations apply teo sacrificial additions.
As used herein, the phrase "moltesn material compatible
with . . .? is taken tc mean a material or alloy that
meets the preceding standard for compatibility, present

32 in ite ligquid form.

The article generated £rom practice of this
invention included a body portion, for example, the
parent blade tip having intermal passageways and having a
first crystal structure in the above example,

35 directionally oriented elongated multiple graing, and a
first metallurgical structure based on the alloy
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not dilute or substantially change the conposition of 35 nelt 26, an

all oy of one of the alloying elenents of nelt 26, etc. Addition 64 can
be applied by a variety of 16

met hods well known in the art, includingsflane sprayi ng,
el ectro-deposition, diffusion bonding ot“a preforned menber, etc.,
provi ded that the passageways are unaffected. If the passageways are

affected, additignalosdeQRC'ol Ul BB RodSl | Chdediitt dnd UBRKY RS
with the body portien_was an extension having a second
crystal structure as a continuation of and compatible
with the first crystal structure of the body portion and

§ having a second metallurgical structure matched and
compatible with, but distinguishable from, the first
metallurgical structure of the body. The interface
portion between the body and the extension is different
from that obtained by the prior art method of diffusion

6 bonding together matched, separately generated, distinmct
members. The principal distinction between the present
invention and the prior art lies at the interface. In
the present invention the extension is grown epitaxially

by laying down one layer of atoms after another from the

15 liquid material selected for the extension ountc the
surface of the body. Thus, the crystal structure is
continuous across the interface. The process of the
present invention further allows the secondary grain
orientation to be grown,-unlike the prior art interface

20 bonding techniques for which such secondary grain
orientation is difficult to match in the transverse
direction. The epitaxial grown region or repaired area
thus matches the oﬁiginal metallurgical grain structure
or orientation of the article not only in the primary,

25 but also the secondary, direction. The advantage over
current repair methods which have equiaxed graims at the
interface and in the repaired area is significant in
terms of mechanical and metallurgical properties since
the metallurgical grain structure of the original article

36 does not match the extension or repaired area by use of
prior art methods. Even where different alloys are
selected for the body and extension, there will gemerally
be a gradation in metallurgical structure in the
interface region as a result of rapid mixing of atomic

35 sgpecies in the liqguid adjacent to the solidified
structure. Even though the prior art method is practiced
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the article interior. Al so, because the sacrificial addition 64 wll
be nelted away in nelt 26 during practice of the nethod of this

i nvention, the shape of addi ti on 64 can be any convenient one: it can
be shaped 10 as an extension of rim 58 38 shown in Figure 7, it can be

a shim sheet or foil carried by rim58,~%tc. The mel ti ng away of

addition 64 by nelt 26 exposes at | east the surface mcrostructure of
rimb58 to nelt %%enablln
i

Cccording Lo t FAE SEeRt diren CheeS ofacdhidnrEixdTsBatol Pt 185aT
facilitates surtage derequilatitiheagand emaldi kisalighmedls beEwgere 1

h wh
el ng 1 epar red Eeh T HE ' WellFALk; axehBibhOUhRS Hay, resBif " In’ oke,
rat her than at &prg re§hkdy @0glehovndasyt betveenather tyioapaxddi-ti on, it

o ot oy SEREFfel AEET 400 GBS EIRELR £854Cutipgabicsng
matter on either part will become trapped ia the
interface, thereby weakening the joint. Additonally, the
prior art practices for repairing such an article usually
and disadvantageously close the passageways as the molten

10 metal flows intc them and solidifies. Additional
machining operations then are required to open the
passageways . :

The preceding example demonstrated that comtrolled
growth of extensions, of the type that would be required

15 im airfoil blade tip repair, with the same cross-section
as the parent airfoll, can be accomplished. Aalthough
this example included only one end or tip extemsion, it
should be understood that the present invention can be
expanded to include the concurrent repair of multiple

20 article ends such as blade tips. The preseat imvention
may also be used for repair of other directionally
oriented articles having passageways such as airfoil
vanes. _ |

From this example it was concluded that the crystal

25 structure of the extension should be substantially the
same as that of the existing article. However, it was

_ unexpectedly found that considerable variation in
metallurgical structure, notably alloy composition,
between the extension and existing article is

3¢ permissible, and may even be preferable in scme cases.

As a result of the practice of the present
invention, the airfoll 46 of Figure 3 includes an
extension 56, ¥igure 4, from broken line 52 at which it
wag desired to provide a repalr. BAs seen in the

3§ fragmentary, diagrammatic view of Pigure 4, using airfoil
46 as a growth seed results in extension 56 having a
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The presentation of Figures 8, 9 and 10, which are 25 diagramuatically in

séction, show a sequence of the practice of the nethod of the present
i nvention in a surroundi ng shaping die (not shown) as in Figure 1, in
relation to repair of an article haV|ng ﬁ%h0||OMI interior. For

exanpl e, such interior can be the | @byrint hine passages 70 in an air
cool ed turbine bl ade or vane. For conveni ence, sone of the reference

" Shows 11 m 58 STFRANABIA T GrORR ORIt ol 19 Cui caapke: tocluglad)! %o
from previ ous mm@&i@&eEﬁﬂoﬁgatedrgxﬁﬁmﬁﬁﬂas §5co$@iﬁh§§&engogn§hm back has
Come e TUrt e dditdt iR that of CchE' pablE AiPFoRE, SUTficient Tor the
Another form of the tip portion of a gas turbine
$ engine air cooled blade is shown in the fragmentary view
of Figure 5 and the sectional view of Figure 6 taken
along line 6-6 of Figure S. Sometimes this type of tip
is referred to as a “squealer tip" because under certain
operating conditions it can interfere with or rub on an
10 opposing member to approach a zero clearance coundition.
A8 a result of such interference, peripheral rim 58,
Figures S and 6, of airfoil 60 can be abraded or damaged.
Even without such a rub condition, airborme particles and
oxidation, over a pericd of operation, can abrade and
18 contribute to the damage of rim 58. The method of the
present invention can be used to repair such damage by
providing an extension in the manner described in the
above example. SHowever, when rim 58 is narrow or damage
extends close to shelf 62, interaction of rim 58, such as
2 wmelt back in melt 26 in Figure 1, should be limited and
carefully controlled in order to avoid damage to shelf
62. One form of the method of the present invention
provides use of a sacrificial addition carried by rim 5@
at 64 in Figure 7. The edge or surface 66 of rim 58 in
25 Pigure 7 is represented to be eroded, damaged and in need
of repair.
~ 8acrificial addition 64 need not have the same
micrestructure as the blade tip, for example, elongated
multiple grains or a single crystal. All that is
30 required is that it be attached to rim 58 and be of a
material which is compatible with that of melt 26. For
'gxamgle; if melt 26 is a nickel base superalloy, addition
64 can be Ni, a Ni base alloy having elements which will
not dilute or substantially change the composition of
335 melt 26, an alloy of one of the alloying elements of melt
26, etc. Addition 64 can be applied by a variety of
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17 portion of rim58 to act as a growh seed for nelt 26. Then
airfoil 60 is noved upwardly, as shown by arrow 54 in Figure 10, while
in contact with nelt 26 until extension 56, delineated by broken line
72, is grown on 5 rimb58 by solidificaggon above nelt |ine 68 which
becones solidification interface 42, as described above. |If bl ade
extension 56 is solid in sonme part, addltlonal hol es can be drilled

therein to allow air egress or external communication with the hol | ow
interior, as 1Getdexis gtell lkmmaﬁ:zplﬁm sact, hbheludingbtlamecepraying,

Eﬁélmln' ggdwwt ge:%’ us@ed&]&é e art gaéif’fuﬂéﬁi%&&iﬁéhéfgﬁ pzlva uat'i grs1 \gfl |
the present in/Suben AR aPEpyided that the passageways are
unaffected. If the passageways are affected, additional
5§ operations may be required to assure communication with
the article interior. Also, because the sacrificial
addition 64 will be melted away in melt 26 during
practice of the method of this invention, the shape of
addition 64 can be any convenient one: it can be shaped
10 as an extension of rim S8 as shown in Figure 7, it cam be
a shim, sheet or foil carried by rim 58, etc. ‘The
melting away of addition 64 by melt 26 exposes at least
the surface microstructure of rim 58 to melt 26 enabling
such surface to act as a growth seed, according to this
iS 4invention. Use of a sacrificial addition 64 facilitates
the proper positioning of airfeil article 40 in PFigure 1
80 that when an article such as airfoil 60 in Figures 5,
6 and 7 is being repaired, the melt back line 68 in
Figure 7 is located away from rather than at or im shelf
20 62. Without such sacrificial addition, it might be
required, in order to achieve complete contact of and
- interaction with melt 26, to melt back rim 58 into shelf
62.° . _
The presentation of Figures 8, 9 and 10, which are
25 diagrammatically in sectiom, show a sequence of the
' practice of the method of the present imvention in a
- surrounding shaping die (not shown) as in Figure 1, in
relation to repalr of an article h@viﬁg a hollow
interior. For example, such interior cam be the
3¢ labyrintbine passages 70 in an air cocled turbine blade
or vane. For convenience, some of the reference numerals
are the same as have been used previocusly herein. Figure
8 shows rim 58 in contact with and partially melted back
by melt 26 from previous rim edge 66 shown in phantom.
3 In Figure 9, melt back has continued further into rim 58
to melt back line 68, sufficient for the zemainimg
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15 cooled.turbine bl ade of the type shown in Figures 5, 6 and 7, and

. whi ch had been exposed to gas turbine type operating conditions. The
bl ade was manufactured from t he sane ni ckel base superalloy as in the
previous exanple. This alloy inclydes in its conmposition Al and 20
Hf , whi ch when exposed to high tenprature oxidizing conditions form
stabl e surface oxides. Such alloying el ments, and occasionally yttrium

are commonl yf pexibion of pimkss bars]&eauaﬂsral gwatinr s&e@?feb iiewime Ibl ades

are manu eLor e _expos e apr coglin

passages or a@%%é %%gg% ﬁ@lgg éngﬁ ﬁﬁgﬁ?g§9 a8 %h@w&nb 7arggye éoa?ed

with surface okmdﬁtgunEcmﬁmewﬁilsu&ﬂ contact wéthnmel&c@6wunbidr nelt in

the nol ten mt@i&éﬁsi&ﬁhssg dé?%ﬂé&f:e&fs yBSS:G&éS §4Y08 Si?rfi%eérlé%e{?&x' des,
i

t hey act as non- ex%gg
al | owed t o Sproeimd58ney eadigifiecakidonr rhpven ﬁcﬁiﬁﬁesﬁ whighebegomes

gener at ed. Uneé@ﬁ&éﬁﬁiéat!éhyi%ﬁé’r@&céhﬂz ashek8eribed hb/ed Ween

contacted by mel ,
blade extension 56 is solid in some part, additional

holes can be drilled therein to allow alr egress or
external communication with the hollow interior, as

10 desired. For example, such holes can be generated by
drilling with laser, electrochemical or electro discharge
methods well known and widely used in the art of material
removal.

One evaluation of the present invention used an air

1§ cocled turbine blade of the type shown in Figures 5, 6
and 7, and which had been exposed to gas turbine type
operating conditions. The blade was manufactured from
the same nickel base superallcy as in the previous
example. This alloy includes in its composition Al and

20 Hf, which when exposed to high temperature oxidigzing
conditions form stable surface oxides. Such alloying
elements, and occasiocnally yttrium, are commonly used in
pickel base superalloys from which turbine blades are
manufactured. Therefore, the expcsed surfaces of air

2§ coocling passages or holes, such as holes 74 in Pigures 5,
6 and 7, were coated with surface oxides which were found
not to interact with or melt in the molten material such
as melt 26. Because such surfaces were oxides, they act
as mon-wetting molds. In this example, melt back was

3¢ allowed to proceed into the bilade material in which the
holes were generated. Unexpectedly, very few of the
holes were filled when contacted by melt 26, which had
the same composition as the extensiocn material of the
previous example, and their integrity was maintained.

3 However, in order to avoid such non-wetting action from
affecting other portions of the blade tip which are
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t he sanme conposition as the extension material of the previ ous exanpl e,
and their integrity was maintained. 35 However, in order to avoid such
non-wetting action from affecting other portions of the blade tip

whi ch are : 18 i ntended to interact
with the nolten repair material, pre-treatnent to renove oxi des,

coatings, etc., such as " mechani cal or chem cal surface treatnent,

be used to facilitate article extension growmh. In one formof the
intended to interact with the molten repair material,

pre-treatment to remove oxides, cocatings, ete., such as
mechanical or chemical surface treatment, can be used to
facilitate article extension growth. In one form of the
S method of the present invention the fluid pressure
applied to the melt is selected to be adequate to move
the melt into the shaping member but leas than that
required to force the melt into the oxide cocated holes.
Such pressure limit is a function of the size of the
i0 holes.
The present invention relates to using an article or
member having at least one internal passageway as a
directionally oriented growth seed for providing on an
end of the member a distinguishable extenasion having a
15 microstructure matched with that of the member. Such an
exteasion is provided from a molten material which is
compatible or matched with the material of the growth
seed so that the extension is integral with the member
and has a microstructure continuocus with that of the
20 member. However, as discussed above, the composition of
the member and of the molten material, and hence the
extension grown therefrom, need not be identical.
Selection of the moltex material, for example to provide
the extension with emhanced environmental resistance, is
25 based on the tolerable degree of crystal structure
mismatch between the member, acting as & growth seed, and
the extension, grown from the molten material. The rate
of movement of the article end, acting as the growth
seed, from the molten material is a function at least of
30 the fluid pressure applied, the temperature of the melt,
the thermal gradient at the solidifying interface and the
rate of solidification and growth of the extension.:
It is contemplated by the method of this invention
that 1f a molten material has a melting point lower than
35 that of the article end acting as a growth seed,
interaction between the molten material and growth seed

can
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5 ‘method of the present invention the fluid pressure applied to the
nmelt is selected to be adequate to nove the nelt into the shaping
menber but | ess than that required to force the nelt into the oxide
coat ed hol es. Such pressure limt isg a function of the size of the 10
hol es. ' The present invention relates to using an article or
menber having at | east one internal passageway as a directionally

ori ented grow heededotobingludedcogpdatanmeltipgdoss thee grontls sged

d stingul shab! g, £x285608, hamg@aamg%egag af?g 45° cHReC B Lot R 1Al of

t he menber. extension 1's provi m a ten materi al which
i's conpat i ﬁtﬁé@&aﬁs&ﬁ@ﬁeémaﬁﬁe@ﬁa@@%p&ﬂ c3yethd mq{:uze gTOWEhs o

that the extensieRghschil daeskrucen abe 1gREbehe molted haerimar ostruct ure
continuous wt 20 % é% ﬁ’eﬁi d above, the
conposi t i onS of The W@ﬁ@@faﬁé@vﬁpttiﬁ? 8 beem Phence the
ext ensi on gr owgchihekeloRMwiter gpeeiifie eSentipied and embodiments,
including those presented in the drawings. It should be
understood, however, that these are intended to be
repregentative of and not limiting on the scope of the

{0 present invention included within the appended claims.
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Sel ection of the nolted material, for exanple to provide t he extension’
wi th enhanced environmental resistance, is 25 based on the tol erable

degree of crystal structure nisnatch bet ween the nenmber, acting as a
growt h seed, and t he extensi on, gﬂy ‘fromthe ﬁD|t€ﬁﬂﬁﬁ1ﬁﬂTﬂ“—%%€”‘—
rate of movenent of the article en acting as the

fromthe nolten material is a function at | east of
applied, the tenperature of the nelt, t he thernal

solidifying interface and the r at e SHAINT i AN 1ERA0 vidt 1) O
ext ensi on. It is contenplated by the nethod of thls |nvent|on
that if a nolten material has a nelting point lower than 35 that of the
article end acting as a grow h seed, i nteraction between the nolten

material and growth seed

1. In a method for providing an extension on an end
of an article having an cuter cross-sectional shape, at
least one passage defined by & wall through the article
end commnicating with a hollow interior,
5 the article further having & directionally oriented
microstructure, the combination of steps of:
providing a molten material compatible with the
article;
providing a die having an internal wall
10 defining a die opening therethrough matched im cross-
section with the article cuter cross-secticnal shape;
providing a die extension having a hollow
interior deﬁined,py an extension wall disposed between
and in commnication with the die intermal wall on a
1§ ¢first extension end and with the molten material on a
second extension end; '
applying fluid pressure to the molten material
to force the molten material into the die extension
hollow imterior through the second extension end;
20 pessing the article end through at least a
porticn of the die cpening and into comtact with the
. molten material;
holding the article end in c@mtact with the
molten material for a time sufficient for a portion of
25 the article end to interact with the molten material as a
directionally oriented microstructure growth seed; and
then,
withdrawing the article emnd through the die
opening at a rate which allows the molten material to
30 directionally solidify in the die opening on the growth
sead ag an extension of and integral with the article end

”!Il“! ml!! Ill'!l Ims' m m This is the replacement sheet
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need not |ncludehcq ,@eméjmgkging of the growth seed article end. A

*that is nece EICT St (h@ tg pamic ondi t i on exist at the interface to all ow
ckystal struct ’r,n,-,n?cross the interface and into the nolten
material. 5 i ! o & &8 i nvent i has been described in
connection wth specific exanples and enbodi nents, I ncl udi ng those
presented in the drawings. It should be understood however, that these
are intended tandewith &e@tyﬁﬁﬂlaétﬁﬁc@ﬁré“ﬂuﬁéﬁaﬁtﬂ&il?gcaﬁtiﬂﬁeﬁﬁope of
the 10 present,jwephi ngéféigdégrééégégaig ppends miérostructure.

2. The method of claim 1 including the additional
step, prior to passing the article end through the die
cpening portion of securing with the article end a
sacrificial addition of a material which is compatible

5 with and will melt in the molten material to expose a
surface of the article to the molten material.

3. The method of claim 1 for providing an extension
on an end of an alloy article having an outer cross-
sectional shape, a directionally oriented microstructure,
a hollow interior, and at least one passage defined by a

$§ wall through the article end communicating with the
hollow interior, wherein:
the molten material is an alloy; and
the fluid pressure is applied by a gas.

4. The method of claim 1 in which the wall of the
passage includes thereon an oxide which inhibits the
molten material from interacting with the wall of the
passage.

5. The method of claim 4 in which the applied fluid
pressure is sufficient to move the molten material iato
die cpening but less than a pressure required to move the
molten material into the passage.

6. The article of claim 1 wherein both the body
portion and the extemsion are of airfoil shape.

7. The article of claim 6 in the form of a
turbomachinery blading member comprising a base and an
airfoil as the body portion carried by the base, the
airfoil including an integral airfoil tip porticn as the

i I!'I’!I ”I’!’ ,’,’I II,!, ii W | Phis is {he replacement shisat
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20 V& claim- 1. On a nethod for provi ding an extension on an end of an
“article having an outer cross-sectional shape, at |east one passage defined

by a wall through the article end comruni cati ng with a 11 shetiisBea ReBkeed!t-he

article further having a directionally,9riented ncrost r!;flﬂl!“nm“ﬂifﬁ '

superal | oy chem cal conposition, the conbination of step EEI N U

providi'ng a nolten material having a superalloy chemical *™*%
§ extension, remote from the base.

8. The article of claim 7 wherein:
the airfoll is a nickel base superalloy; and
the integral extension is a nickel base alloy.

9. The article of claim 8 in which the airfoil has a
crystal structure of directionally oriented multiple
elongated grains and the extension has a crystal
structure of directionally oriented multiple elongated

§ grains substantially continuous with those of the
~airfoil.

L R——




conposition conpatible with the article chem cal conposition;

sproviding a die having an internal wall defining a die opening therethrough
mat ched in cross-section with the article outer cross-sectional shape;

provi ding a di e extension having a hoI% w interior defined by an extension
wal | di sposed between and in comruni cation with the die internal wall on a
fist extension end and with the nolten material on a second extension end,
applying fluid pressure to the nolten naterial to force the nolten naterial
into the die extension hollow interior through t he second extension end;

assing the article en u tion of the di e openi ng and
!Onto cgnt act with the %ﬁgﬁ %5&?39% G %{ BXTENSRQ ﬁ@tl gl e end
in contact wwth the nolten nmaterial for a tine suff|C|ent for a portion of
the article end to inte dlre
oriented m crostructur ebgrcomp%igggﬁ'% %%n%m i awi ng t he
article end through the die opening at a rate which allows the nolten
material to directionally solidify in the die opening on the growth seed as
an extension of and integral with the article end and with a crystal
structure substantially continuous wth AB8TBAETCcl e directionally oriented

An extension is provided on an end of an article

§ having internal passageways and having a directionally
oriented microstructure by using the article end as a
growth seed in a molten material compatible with material
from which the article end is made. The extenmsiocn is
directionally sclidified as integral with and as an

i0 extension of the article end and with a microstructure
compatible with that of the article end.

.FIG, 1

i
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m cr ostrucut ure. ' 21 2. .
*The nmethod of claim 1 including the additional step, prior to passing the
article end through the die opening portion, of securing with the article
end a sacrificial addition of a material which is conpatible with and

will nmelt in the nolten materiaJl}cgaexpose a surface of the article
to the nolten mat eri al . *
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3. The method of claim 1l for providing an extension on an end of an all oy
art.icle having an outer cross-sectional shape, a directionally oriented

m crostructure, a hollow interior, and at |east one passage -defined by a
wal | through the article end comunicating with the hollow interior,

wher ei n: t he nDIten‘pa;erial s an alloy; and

the fluid pressure is applied by a ga%.” ™ 4. The nmethod of claim1l in
whi ch the wal |l of the passage_.includes thereon . an oxi de which
inhibits the nol —materTal |ffom intefacting with the wall of t he

passage. 5. ' of bglaR@ 4 in which the applied fluid pressure
is sufficient to] 0i-0, ] mterial into die opening but |ess
than a pressure |




required to nove the nolten material into the passage. 6. In a nethod
for providing an extension on an end of an airfoil, the airfoi

having a base portion as a first end and an integral airfoil portion as a
second end attached to the base portion first end, the airfoil second end
havi ng an outer cross-sectional shape, at |east one passage defined by a
wal | through the airfoil second end §§yn¥nicating with a hollowinterior,
the airfoil further having a directidhally oriented mcrostructure and a
superal | oy chem cal conposition, the conbination of steps of:

L M % FIG. 5

‘\"\\\j;\
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Soten - .. . . H
providing a nolten materi al

conposition conpatible with the article chem cal

provi ding a die having an internal

wal |

mat ched in cross-section with the airfoi
providing a die extension haviing a hollow interior defined by
domuni cation with the die

shape;

an extensi on wal |

i nternal wal
second extension en%gr appl.)
to force the nolten| atETTz

t he second extensio
| east a portion of |
mat eri al ; '

mat eri al

for
interact with the

di sposed between and 4+

hol
atine

on a first extension end and with the nolten materi al
Lng fluid pressure to the nolten material

havi ng a superal |l oy chem cal

conposi tion;

defining a die opening therethrough
second end outer

cross-secti onal
on a

second end through at
ntact W .ggp the nolten

jor contact with the nolten
bf the airfoil second end to

> FIG. 8
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molten materi.al as a directionally oriented mcrostructure growh see ?ﬂghd
then, | wi thdrawi ng the airfoil second end through the die opening at a
rate*%Which allows the nolten material to directionally solidify in the die
opening on the growmh seed as an extension of and integral with the airfoi
second end and with a crystal structure substantially continuous with the
airfoil directionally oriented m crostructure.

20
We claim :

1. in a method for providing an extension on an end of an article having an
" outer cross-secticnal shape, at least one passage defined by a wall through the

article end communicating with a hollow interior, the article further having a
directionally orlented microstructure and a superalioy chemical cumposﬁtﬁbn, the
combination of steps of :

providing a molten material having a superalloy chemical
composition compatible with the article chemical composition;

providing a die having an intemal wall defining a die opening
therethrough matched in cross-section with the article outer cross-sectional
shape;

providing a die extension having a hollow interior defined by an
extension wall disposed between and in communication with the die internal wall
on a first extension end and with the molten material on a second extension end;

applying fluid pressure to the molten material to force the molten
material into the die extension holiow interior through the second extension end;

‘passing the article end through at least a portion of the die opening
and into contact with the molten material;

holding the article end in contact with the molten material for a time
sufficient for a portion of the article end to interact with the molten material as a
directionally oriented microstructure grown seed; and then,

withdrawing the article end through the die opening at a rate which
aliows the molten material to directionally solidify in the die opening on the growth
seed as an extension of and integral with the article end and with a crystal
structure substantially continucus with the article directionally oriented
microstrucuture.
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The method of claim 1 including the additional step, prior to passing the
article end through the die opening portion, of securing with the article end
a sacrificial additicn of a material which is compatible with and will meit in
the molten material to expose a surface of the article fo the molten
material.

The method of claim 1 for providing an extension on an end of an alloy
article having an outer cross-sectional shape, a directionally oriented
microstructure, a hollow interior, and at least one passage defined by a
wall through the article end cormmunicating with the holiow interior,
wherein: |

the molten material is an alioy; and

the fluid pressure is applied by a gas.

The method of claim 1 in which the wall of the passage includes thereon
an oxide which inhibits the molten material from interacting with the wall of
the passage.

The method of claim 4 in which the applied fluid pressure is sufficient to
move the molten material into die opening but less than a pressure
required to move the molten material into the passage.

In a method for providing an extension on an end of an airfoil, the airfoil
having a base portion as a first end and an integral airfoll portion as a
second end attached to the base portion first end, the airfoil second end
having an outer cross-sectional shape, at least one passage defined by a
wall through the airfoil second end communicating with a hollow interior,
the airfoil further having a directionally coriented microstructure and a
superalioy chemical composition, the combination of steps of:
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providing a molten material having a superalioy chemical
composition compatible with the article chemical composition;

providing a die having an intemal wall defining a die opening
therethrough matched in cross-section with the airfoll second end outer
cross-sectional shape;

providing a die extension having a hollow interior defined by an
extension wall disposed between and in communication with the die
internal wall on a first extension end and with the molten material on a
second extension end;

applying fluid pressure fo the molten material to force the moiten
material into the die extension hollow interior through the second
extension end;

passing the airfoil second end through at least a portion of the die
opening and into contact with the molten material;

holding the airfoil second end in contact with the molten material for
a time sufficient for a portion of the airfoil second end to interact with the
molten material as a directionally oriented microstructure growth seed; and
then, _

withdrawing the airfoil second end through the die opening at a rate
which allows the molten material to directionally solidify in the die opening
on the growth seed as an extension of and integral with the airfoil second
end and with a crystal structure substantially continuous with the airfoil
directionally oriented microstructure.
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