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The following application is directed te related 
subject matter and is being concurrently filed with the 

preseDt application, the diaclosur• of which is being 
incorporated by reference: ~ Patent Application 

-=-......... =~~-~ (US Serial No. 07 /922, 4-47) (Attorney Docket No. 

This invention relate• to growing an extension on an 
end of an article having internal puaaagewayg and having 

a directionally oriented mierostrueture, and, more 
particularly, to such a method in which the end :la used 

s as a growth seed for the extension and article extended 
thereby .. 

The reported. technology for growing directionally 
oriented s~xuctures from a 1110ltm1 bath of a selected 
material has evolved from simple •hapea and membera to 

ti complex shaped articles. A portion of auch technology 
includes the generation in a complex ebaped mold of 
directionally aolidified alloy articles for uae·in the 
hot. seetic:ms of gas turbine engines.. The published 

literature well known to those skilled in aueh art has 
d many examples of articles such aa turbine blades and 

.. vanes prov:ided :ln ouch a mmmer. 
't-''' · 'When an article, for example a turbarll&chinery or gas 

. ~: 

turbine engine blading member, is operated in an · 
~nvir~nt of airborne particles and particularly.in the 

20 r strenuous high temperature oxidizing aDd/or corrosive 

conditions mcper$,enced in.the turbine section of a gas 
turbine engine, oxidation,, ·hot cor:roaion, erqsion, wear, 
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'\ . 
. lowseyele fatigue cracking and other damage can occur to 

· · ~uch an article.. Because the manufacture of sueh article 

is expel!:Wive, it is desirable econard.cally to repair 

rather than to replace the articleo 

S An example of a complex Bbaped blading member of the 

type ref erred to above is the turbcm&chineey blade 

deaeribed in UoS .. Patent 4,010,531 .. Andersen et al., 

patented March I, 1977 and assigned to the assignee of 

tbia inventione Such a blade includes a ccmplex hollow 

10 ·inte~ior ·cemnunieating with an open tip for cooling 

purpoaeso The diaelosure of such patent is hereby 

incorpcrated herein by reference. 
Through the use of the above reterred to reported 

tedmolQSY, an article such as. a blading member cu be 

d mnuf aetured as a a:lngle crystal or with a directionally 

solidified! microst:rueture of elongated grains o The 

cmbimtion of caating mold technology and casting 

procedures enables such manufacture.. As is well known in 

the art of blading members, the cba~acteristic crystal 

20 orientation in nickelsbase superalloya frequently uaed 

for blading members is that the <001> crystallographic 

direction lies substantially parallel to the growth 

direction; designers of such blading members can utilize 

that characteristic cryotal orientation to minimize the 

25 elastic acduluo, and therefore reduce the likelihood of 

Mcbanical failure due to a mechani~ such as thermal 

fatigue@ along a specified direction relative to the 
configuration of an article Guch as a bla~ing lllWlllllberg 

When such a camplex shaped article having a 

31 directionally oriented microatructum is damaged, either 

in operation or in a portion of its manufacturing 

procedure, the problem of its repair becomes more 
eamplicated and diffieul~. This problmn.of repair 

beccmes particularly acute when a directionally oriented 

SS structure is intended to be maintained in the repaired 
portion, &&'is typically de&ired in direetiona.lly 
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oriented articles such as airfoil•, for example, bladins 

• · Mmber11 .. · 

The present invention, in one form, describes a 

method for providing u extension on an end of an article 

having internal passag&Ways and.'having a direeticmally 

oriented aieroatxucture, from a molten material. The 

no extension is grown using the end of the article as a 

directionally oriented microstrueture growth seed for the 

molten aaterial which is compatible vith the artieleeseed 

structure.. Xn one fo:r:m of the present inwnti°", the 

extenaion ia grown by pronding a·ah&ping membGr, for 

d exan;>le@ • die having a die opening, CCllL'l!mmicating with 

the molt.en material.. rluid prea&ure applied to the 

molten -.terial forces it into the die opening where it 

is contacted by the articleeseed for a time sufficient 

for the seed to interae~ with the molten material, for 

a example, melting back a portion of the seed or enabling 

interdiffu.sion to occur. Then the article emi, a~ting aa 

the groutb seed, is withdrawn through the die open~ng at 

a rate \fhich allows the molten material to directionally 

solidify on the growth seed as an extem1ion of and · 

s integral with the article end.. Also,, it baa a 
· directionally oriented microst:ueture compatible with the 

artieleQa directionally oriented microatructure .. 

Xn another f oxm, the die includes a hollow die 

extemsion which is in camunication with the molten 

st · material" . The article end is held in the die extension 

for cont.act with the molten material forced therein .. 
In yet another form, the present invention provides 

an article eanprising a body portion having internal 

passages or passageways and having a directionally 

u oriented body or f i:rst crystal structure mid a 
metallurgical structure and an extension integral with an 

i111u-



·. 
end of the bocly portion through the use of a saerif ieial 
addition secured to the end of the article prior to 
fo~g the exten.icm.. The extension bae a directionally 
oriented eryatal structure compatible with and extending 

5 continuous trit.h the bady portion crystal structure.. In 
addition, the extension baa a metallurgical structure 
e~tible with and metallurgically distinguishable frcm 
the bcdy~s metallurgical ·structure. 

Pigure 1 ia a sectional view of apparatus adapted. to 

practice the method of the present invention .. 

u !figure 2 is a fn.pentary, partially sectional v:lew 
taken along line 2 .. 2 of Figure 1, illustrating the eroaseo 
tlllection of a shaping die of an airfoil shape. 

Figure 3 is a diagr~tic presentation of an air 
20 cooled gas turbine engine turbine blade. 

Figure 4 ia a fragmentary diagr .... tic view of a 
·repaired airfoil, shown with an utemd.on and multiple 
elongated grainse 

Pigure 5 is a fragmentary view of the blade tip 
portion of an. air cooled. gas turbine engine blade.· 

Pigure 6 is a fragmentary section view of a portion 
30 of the blade tip in l'igure 5, along line 6e6. 

Figure 7 ia a fragmentary section&l view of a 

. portion of the blade tip :in Figure 6, including a 
sacrificial addition. 

Figures 8, 9 and 10 are diagrammatic sectional views 

• 
-·----------·-·-·--
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of the sequence of the practice of the method of the 
pn•ent invention on a hollow article .. 

In the art of eaating, fluid preosure, such aa an 
inert gas or air, has. been applied vithin a closed 
container to a·lllOlten material, &Ueh as a metal,· to foree 
the molten material upwardly through a tube@ A pa.tent 

· mo which discloses one aucb method and associated apparatus 
is O .. S .. 3,302,252sWoodbum, Jr .. , patented February 1, 
196"1, relating to continuous easting of an article 
uptn1.rdly through a pouring tube into a cooled mold.. The 

ea•t article is continuously withdrawn frm the mold .. 
ms Another portion of the eaating art sometime• is 

referred :to a~ the BPG (Bdge-defined, l':U.asfed Growth) 
procel!Hi.. In that process, no exte:rf'Ml presaure i• 
applied to a liquid m.te:;ial, but capillary action within 
a narro\51 forming tube or die ia relied upon to draw the 

z liquid material upwardly for solidification.. Prequently 
a seed crystal is introduced into the liquid to initiate 
crystal growth.. Typic~l patents whieb disclose features 
of this kind of process include U.S. 3,471,266aLa Delle, 
Jrnw patented October 7, 1969; U.S. 4,120,742eAaano et 

U al .. ., patented October 17, 1911; and UoS .. 4,931,053 .. 

Harvey, patented Jime 26, 1990 .. 
In some of the above referenced patent• .and 

elseuhere in the casting art relating to the formation of 
directionally solidified or ningle crystal articles, seed 

so c~tala having selected crystal orientations (primary 
alpha and/or secondary beta. orientations) have been used. 
~ey constitute starter means for·aolidification of an 
a~ticle having t~e selected crystal orientation. 

Heretofore, the joining of components of single 
" crystal or directicma.lly solidified elongated grain 

articles, including turbomachinery airfoils, bas 
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generally involved the ut11e of separately ea•t ~rs of 
••leetedrcrystal orientation. such members are asaembled 
and banded into an article aeroas an interface between 
the mmmmber&e U.S. Patent& 3,967,355 and 4,0JJ,792 e 

Giamei et al. are typical of patent& relating to· this 
type of bonding; they include showing an attempt to match 
crystal structures &erase the bond interface. 

The method of tbe present invention provides a new 
eombination of steps whiCh casts or grova an extension 

· · ao directly on an end of an existing article to enable 
repair. Through uae of the article itself as the eeed or 
•tarter~, tbe·extension is provided uith a cJ:y8tal 
microstmeture including orientation, m.tched with and 
continuous with tbat of the article.. In.addition, in one 

u form, the extenaion has a metallurgical structure 
generally distinguishable from the metallurgical 
atructure of the article end or body, from which the 
extmmion is grow.. AG used herein, the term ~crystal 
structure~ is intended to mean the overall crystal form 

a such u a single crystal, multiple elongated grains, etc .. 
and the direetiou.l orientations thereof.. The term 

. ~metallurgical structure® herein is intended to inciude 
such ch&ra.cteriaties as overall chemical or alloy 
composition, and the ·size, shape, speing and composition 

25 of precipitates, ph&sea, ineluaimu1, dendritee, ate .. 
vithin the czyatal structure.. Por mmn1ple, lfi .. Joaae 
superalloya generally"inelude gmmaa prime precipitates, 
spaced dendrite ar.ms and various other distinguishable 
phase•. The crystal structure and metallurgical 

3C> structure can be determined and identified by a variety 
of ~ and widely used techniques including chemical or 
apectrcgraphic amlysis and various xara.y and 
photad.crogmphic methods.. The term immcrostmcturelil 
herein includes the terms cryatal •tructure and 

u metallurgical structure. 
'ft1is method eliminates the need to provide a 

--------·----

iliiif 



separate membe~ a. an article exteDBicm, to match the 
· . exteMion member erystal orientation with the article to 

be repaired, and then to bond the exteuion in the proper 
orientation to a'portion of the article as ahew in the 

5 above identified Patents l,967,lSS and 4,033,792@ The 
method of this invention &eccmplishea all such eteps in 
one operation, pr0viding the extension integral &nd 
orientedl with the article. As v:lll be discu11111ed in 
detail belov, the present invention ia particularly 

uo useful in providing an extension on an article having a 
hollov interior and opening-a or passages c~cating 
through an end of the article with the hollow interior .. 

One fom of the method of the· present invention 
alle¥'11 use of a sacrificial addition on an end of the 

u article to be reJ.)aired to minimize interaction", auch as 
melt back, of the article end with a molten material from 
which the article extemsion i11 grown.. Purthemere, . 
because the d.m!llged article end in the present invention 
interacts directly with the molten material, such as in 

» melt back, the need to pretreat or preshape or remove 
substcmtial material f·rom the end mn be substantially 
reduced or eliminated 

During evaluation of the present invention, 
apparatus of the type show in Pigure 1 was used. A 

25 sea.led molybdenum canister 10, in tbia ~~e of 
cireu.lar cross section, is provided with a reaistance 
heater 12 of molybdenwn@ Within canister 10 is an 
alumina melt crucible 14. Through the top of c&nister 10 
is a shaping mmnber or die assembly shown generally at 

30 16, in this embodiment including a shaping die li and a 
die extenaion 20.. The die and the extenoion each have an 
inner wall,· 22 and 24, respectively, defining hollow 
interiors thereof and die and die extension or shaping 
openings for receiving a molten material 26 from melt 

u crucible l.4.. The die and die extension are made of 
alumina, commonly used in the high temperature easting 



art, and have cross aeetioaal 11h&pes matebed with, but 

not neee&H1arily identical. to, the eross sectional ebape 

of the mrtiele to be treated. Tbe die extension 20 is 

typically made from either eammereially available highs 

s purity polycrystalline aluminum oxide (alumina.) tubing or 

eemmereially available single crystal alumina (sapphire> 
tubing available from Saphikoo Ine .. , Milford NB. Tbe 
ahaping die 11 ie typically made from commercially 
available high purity low 11hriokage shortefiber alumina 

mo paper sheet material aueh as Type 991f alumina paper, 
available from Zirear Products, Plorida NY.. Alumina 
cement such as ZPisl06 alumina cement available from 
Zircar Productg, Plorida ft •• used to cement lapped 
joint• and highly defqnued areas such WI corners and 

is bend8 in the alumina sheet material.. The almlina cement 

is a mixture of short &lumiaa fibers and small alumina 
particles vith a small fraction of an unspecified organos 

alumi~um compound (probably aluminum diacetate or 
aub&cetate) which serves as a binder in the unfired 

20 11tate. A highspurity castable alumina ceramic. such as 
R.tfce60 castable ceramic, available from. Cotronics corp.,. 
Brooklyn NY was used to provide a curved bottom surface 
to the melt pool in the •ha.ping die 18. Airfoil die top11 

were made by forming and cementing the outer wall f rcm 

~ alumina paper sheet in the appropriate ahilpe, and then 
ca8ting·either a polycrystalline or a single crystal 
sapphire tube in place in the bottom with the castaible 
alumina ceramic material. The die then comprised a die 

extension tube 20 feeding a shallow, approximately 0.6 

'8> inch deep, resevoir of the desired shaping die 18 11hape .. 

Fabrication procedures for die assemblies ·16 using the 

castable ceramic consisted of overnight curing in a 
plastic bag to prevent noneuniform. drying, a twoshour 
bakeout at approximately 110 degrees ~ntigrade (230°F), 

35 and a one~hour.firing at 1000 degrees Centigrade 
(1932@P) to fully cure the ceramic. Surrounding die 

--· ---------·--------
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asmembly 16 1• a molybdenua resiatanee heater 21 to 
assist in control of the condition of the molten mat•r~al 
2S .. it move• and solidifies within the hollow interior 
of die 11 .. 

s In.order to·pres1mrize the sealed interior 30 of 
canister 10, a fluid pressure inlet tube 32, connected to 
a source of fluid preasure <not ahown), such as argon, is 
disposed through a wall of the canister.. Seuing the 
_pressure vithin the canister interior is a preeaure gage 

10 l', trbicb can provide presaure data to .a preawre control 
(not shoun) for the source of fluid pressure, to maintain 
pressure &t a desired, preselected level, or schedule of 
levelsi 11ithin canister 10.. Temperature seuing within 
canister.interior 30 employ• a ·thermocouple 36 .. Through 

is a fumaee temperature control 38, electric power to 
nsiata:mce heaters 12 and 21 :ls controlled ud scheduled 
ae deairedo 

The partially aeetional, fragmentary view of Pigure 
2 is ta.ken along line 2e2 of Pigure 1. This figur~, in 

20 which the meaning of the reference numerals coincide with 
tboae of Pigure 1, shows the shaping die 11, the die 
exteuion 20 and the die reeistanee beater 21.. Bach of 
these elements has an airfoil ab.aped cross section in 
J-igure 2w which correspond& with the shape of airfoil 

25 article 40 w in Pigure 1.. However, it is to be understood 
that these crosa aeetioma may &as'Wl8 any desired shape as 
may be necessary for the intended rep&ir.. An extension 
is being grown on the airfoil article 40 at 
aol:ldif:ieatic:m interface 42 in Pigure 1... However, it 

!I should be understood that any shapes or assemblies of 
. . 
shapes 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, 
SS a gas turbine. engine turbine blade, of the general type 

shmm diagrml.'l!matical.ly in rigure 3, was used.. Such a 
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blade included a b&•e shown generally at 44, ~ airfoil 
•houn generally at 46 and a blade tip 41. The blade bad 

a bolm»mmlmt interior for air cooling with cooling hole:1 

or passages sueh as SO camiunicating with the hollow, 
s generally l&byrinthine, interior.. Because sueh ·a blade 

had a directionally solidified microstrueture, including 
a_erystal structure as elongated multiple ~raiws, repair 
of damage to tip 48 is difficult if such m:icrostructure 
is to be continued into ~he repaire The present 

ti invention enables growth on the blade tip of an extension 
having a microatructure of cryatal structure and 

metalluZ"gical structure grown from and compatible-with 
the parent blade tip. In this evaluation, it was deiid.red 

to repair the tip portion 41 ef the airfoil 46 of Figure 
1' 3 axially outnrdlly fram bro~n line 52.. . The 11&terial 

f·ram which auch blade was cast· waa a nickel b&se 

auperalloy having a nominal compa.ition, in weight 
percent" of 6.15t Al, G.35t Ta, 4.9t w, 2.lt Re, 12t Co, 
6.lt Cr, 1.st Hf, .with the balance Ni, selected minor 

20 alloy additiona and incidental impurities. The 
microstructure of ·such cast blade was directionally 
orie~t.ed multiple elongated grains ... 

Another@ though similar, nickel base superalloy was 
placed in melt crucible 14, Pigure 1, within canister 10 

25 which was then au.led. The nickel base superalley _in 
melt crucible 14 bad a nominal composition, in veisht 

· percentg of 6.7~ Al, 6.2t Ta, 2t ·Re, lOuSt Co, lit Cr, 
1.6t Rf, with the balance Ni, selected minor alloy 
additioM and incidental impurities. The superalloy was 

• melted ny resistance heater 12 at a temperature in the 
range of about 2790 to 2995•p under a 10.soxygen 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 

SS under pressure through fluid pressure inlet. tube 32.. At 
a pressure of about 48 inches H20, the melt was moved 

-------------



upwardly in die mc.tenaion 20 into shaping d:le 11. About 
SOuS inches R20 was a pressure sufficient to move melt 26 
into contact with.blade tip ts where it wa~ held for 
·&bout 4 minute&. During that pari~, blade tip 41 

s interacted with •lt 26 by melting back to aolicU.fieation 
interface 42, Figure 1, also shewn as broken line 52, 
Pigure 3.. furthermore, the blade tip 41 acted &ii an 
oriented growth seed for melt 26 in die 18@ Then airfoil 
article 40 and article end or blade tip 41 was withdrawn 

10 by moving upwamiy, as shown by arrow 54 , l'igur:e 1, at a 
mte of about O .. 2 inches per minute@ Thia allowed blade 
tip 41 to-solidify in die 11 and grow an extension having 
the ·~ ·directionally solidified multiple elongated 
grain eeystal structure as airfoil blade tip .t.I.. The 

u; exteneion. was eontinuaus and integral vitb the blade tip. 
Withdrawal and directional solidif ieation was continued 
until an extenaion of about 0.41» ws provided in the same 
eonf iguration and crystal etrueture orientation as blade 
tip 411 .. 

» During this process, die heater 28 as used to . 
control the temperature in die assembly 16 and the 
position· of solidifieation_interface 42 •. Purther central 
of the solidifying interface can ~ accomplished using a 
chill in that location, not shown, as is well known and 

25 widely used in tbe directional solidification easting 
art.. Such a chill can provide as 11teep a ther-1 
gradient as is desired for selected.solidification and 
microstructure growth. 

Because the die assembly was made of alumina, the 
30 variation of melt depth across the airfoil shaped cros11 

section of the die assembly was obs•rved to be that as 
would be expected in a nonswetting system. This enabl.ed 
positioning of the growth seed bl~de tip portion in the 
die •o that contact with the entire tip, from leading to 

ti trailing edge, was accomplished. 
As was presented. in the example above, the 
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composition of the blade tip alloy was different from 
that Of tbe alloy Of the extension grown OD the tip from· 
the melt.. However, th~ two coupositiona were selected so 
that the crystal structure of the extension would grow 

5 integral with and continuous from that of the blade tip 
representing the body portion for the extension. Thia 
mode of growth iB sometimes termed epitaxial .growth. In 
.the eontext.·of the present invention, this ia generally 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, whether by 
contamination, liquid metal embrittlemeot, foration of 
brittle phases at the interface, or othe1:Wiae. 

!S Comlmpatibility Eay also imply BO!lle limitation on 
diaeontinuities in mechanical and phyaiea.l properties and 
metallurgical structure between the blade tip and the 
at.Uion .. · Ultimtely, compatibility amat 1:>e •uured by 
·performancee If mctensiou of one alloy cam be 

:» repeatably grown on articles of another alloy, if the 
article with an extension grown thereon is amenable to 
subsequent manufacturing operations, a.nd if the finished 
article perfo:ans satisfactorily in service, then it must 
be concluded that the two alloys are compatible, 

is . exceptions to the preceding.generalities notwithetand.ing. 
~e same cODaiderations apply to sacrificial additionse 
As used herein, the phrase ®molten material compatible 
with .... .,ti is taken to mean a material or alloy that 
meets the preceding standard for compatibility, present 

so in its liquid form .. 
The article generated f :rcm practice of this 

invention included a body portion, for example, the 
parent blade tip having internal passageways and having a 
first crystal structure in the above example, 

35 directionally oriented elongated multiple grains, and a 
first metallurgical structure based on the alloy 
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ccmpoaition of the body portion. Integral ud continuous 
with the body portion W&8 an extension having a aeeond 
c~tal structure&&·& continuation of and cOll!ll!patible 
with the first crystal atzuct.ure of the body portion and 

s ba.ving a aecond metallurgical structure matched and 

compatible with, but distinguishable from, the first 
metallurgical structure of. the body. The interface 
port.ion between the lx>dy and the extenaion is different 
tram that. obtained by the prior art method of diffusion 

10 bonding together matched, separately generated, distinct 

membene T.be principal· distinqtion.between the present 
invention and the prior art lies at the interface. In 
the present invention the extension is grown epitaxially 
by laying dOWD. one layer of at.mMI _after another from the 

ms liquid material selected for the extm:wicm onto the 
surface of the body.. Thua, the cryetal structure ia 
continuous across the inter~aee.. The process of the 
present invention further allowa the •ecolld&ry grain 
orientation to be grown, unlike the prior art interface 

20 bonding techniques for· which such secondary grain 
orientation is dif f ieult to match in the trarusverae 
direction.. ~e epitaxial grown· region or repaired area 
thus matches the original niretallurgieal grain structure 
or orientation of the article not only in the primary, 

25 but also the secondary, direct.ion.. The advantage over 
current repair·methoda which have equiaxed grains at the 
interface and in the repaired area is significant in 
teJ:lll& of mechanical and metallurgical properties since 
the metallurgical grain structure of the original article 

:tO does not imatch the utensi~ or repaired area by W1e of 
prior art methods.. Bven 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 atcmic 

35 species in the liquid adjacent to the solidified. 
stl"Ucture. liven though the prior art method is practiced 

---·----- ~-----------
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vith great care, there is a high.likelihood of local 
aurfacG irregularities and smll mioaligmmenta between 
the body Md a separate extemsicm tha~ may re11ult :in some 
•ort of low angle boundary between the two pa.rt.11 .. 

! Likewise, there is a high likelihood that contaminating 
matter on either part will become trapped in the 

· interface, thereby weakening the joint.. Addit=.ally, the 
prior art practices for repairing .. aueh an· article usually 
and disadvantageously close the passageways aa tbe molten 

mo Mtal flows into them and solidifies.. Additional 
machining operatiom then are required to open the 
pa&Bagenys. 

The preceding exmnp1e·d.enmstrated that controlled 
growth of extensioms, of the type that would be required 

d :lo airfoil blade tip repai'°r, with the··- eroas~aeetion 
&&I the parent airfoil, ean be aeeempliahed.. All.though 
this example included only one end or tip extension, it 
should be underatood that the present invention can be. 
expanded to include the concurrent repair of multiple 

a article ends such u blade tips.. The present invention 
may also be used for repair of other directionally 
.oriented articles b&ving passageways such as airfoil 
vanes .. 

irrc:n th.is exa.mple it waa concluded that the crystal 
25 structure of the extension should be substantially the 

same as that of the md.sting article.. However, it was 
·~expectedly found that conaiderable vmriation in 
metallurgical structure, notably alloy composition, 
between the extension and existing article is 

30 permissible, and may even be preferable in &Clil'&e cases. 
As a result of the practice of the present 

invention, the airfoil 46 of Figure 3 includes an 
extension 56, lrigure 4, from broken line 52 at. which it 
was desired to provide a repair.. AB seen in the 

. . 
SS · fragmentary, diagrammatic view of ~igure 4, using airfoil 

46 as a growth seed results in extension 56 having a 

----­··-·---------·-----------
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CCl!lpatiblemieroatructun, in this example ineiuding 
:multiple elongated grains, a• a eontinua.tion of and 
integral ~ith that of the parent airfoilo 

Another form of the tip portion of a gas turbine 
5 engine air cooled blade is shown in the fragmentary view 

of Pigure S and the sectional view of Pigure 6 taken 
along line s..;6 of Pigure s.. Sometimes this type of tip 
is referred to as a iwequ.ealer tip• beeause under certain 
operating eonditi0118 it can interfere with or rub on an 

mo opposing member to approach a zero clearance condition. 
As a result of such interference, peripheral rim 58, 
·Piguns 5 and 6, of airfoil 60 ean be abraded or damaged .. 
liven without such a rub eondition, airborne particles and 
oxi&l.tion, over a period of operation, can abrade and 

ms eontrilmte to the damage of rim 58.. The Mthod. of the 
pr•:Hs•t. invention can be used to repair sueh dmlage by 

prmri.ding an exteuion in the •zmer described in the 
Bbwe example.. However, when rim 51 is narrow or damage 
extend• close to shelf 62, interaction of rim 51, such as 

:m Mlt 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 saQrif icial addition carried by rim SI 
at 64 in Figure 7. The edge or surface 66 of ri:m 51. in 

25 Figure 7 is represented to be eroded, damaged ud in need 
of repair .. 

Sacrificial addition 64 need not have the same 
microatructure as the ~lade tip, for example, elongated 
multiple grains or a aingie crystal. All that is 

30 required is t.ha.t it be attached to rim SI and be of a 
material which.is compatible with that of melt 26. For 

_example, if melt 26 is a nickel base superalloy, addition 
64 can be Ri@ a Ni base.alloy having element.a which will 
not dilute or substantially change the.composition of 

SS melt 26, an alloy of one of the· alloying elements of melt 
26.v etc.. Addition 64 rum be applied by a variety of 

----·-·--·---
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mthcd& uell knmm in the art., including flame spg"aying, 

e~eetroedepoaition, dif fuaien bonding of a preformed 

maber~ ete .. , provided that the passageva)vs are 

unaf feeted.. If the passageways are af feeted, additional 

s operations may be required te assure eammnicatien with 

the article interior. Also, because the sacrificial 

addition 64 will be melted away in melt 26 during 

. practice of the method of this imrention, the shape of 

addition 6~ can be any convenient one: it can be shaped 

10 . as an extenaion of rim 58 as ahown in Pigure 1, it can be 

a aid.a" sheet or foil carried by rim SI, etc.. The 

melting away of addition 64 by •lt 26 exposes at le&Bt 

the au:rfaee mierostructu.re of rim SI to melt 26 enabling 

•ueh surface to aet u a growth meed, aeeerding to this 

u inventiono Use of a eacrifiei&l addition S4·facilit&teo 

the proper po11itioning of airfoil article 40 in Pi9\J1re 1 

ao that ~n an article such as airfoil SO in figures 5; 

i·and 7 is being repaired, the melt back line 61 in 

Pigum '1 ia located away f rcm rather than at or in shelf 

20 62 © Without such sacrificial addition, it might be 

required, in order to achieve camrplete contact of and 

interact.ion with melt 26, to melt back rim SI into shelf 

62 .. 

The presentation of P:lgureg I, g and 1.0, which are 

is diagrUllm&tically in ueetion,_ show a sequence of the 

practice of the method of the present invention in a 

surrounding shaping die (not shown) as ~n figure 1, in 

relation tc repair of an article having a hollow 

interior.. Por example, such interior can be the 

30 labyrinthine passages 70 in an air cooled turbine blade 

or vane@. for convenience, same of the reference numerals 

are the same as haw been used previously here.in. Pigure 

8 shmm rim 58 in contact with and partially melted baek 

by melt 26 from previous rim edge 66 shown in phantom .. 

" In Figure· 9, melt back baa continued further -into rim 58 

t.o melt back line 61, sufficient for the remaining 

------···----

iliiif 



portion of rim SI to·aet as ·a growth seed for melt 26. 
Then airfoil 60 is inoved upwardly11 a• •how by arrow 54 

in Pigure 10, while in contact with melt 26 until 
exteDSion 56, delineated by broken line 72, ie grown on 

s rim 51 by solidification above melt line 61 whieh becomes 
solidification interface 42, as described above. If 
blade extension 56 is solid in some part,· additional 
holes ean be drilled therein to allow air egress or 
external eOlllUDication with the hollow interior, as 

!O deeiiredc ror example, such boles cu be generated. by 

drilling with laser, electrochemical or electro discharge 
111ethod8 well know and widely used in the art of m&terial . 
·:remcwal .. 

one evaluation of the present·invent.icm used an air 
is cooled turbine blade of the type llhoa in Pigures 5, 6 

and 1a and which bad been exposed to gas turbine type 
operating conditiew1. 'l"he blade •• -.nufactured from 
the same nickel base wperalloy aa in the previous · 
examples This alloy includu in its Calllp08ition Al and 

» Bf, which when expo&ed to high temperature oxidizing 
conditions fem stable surface oxides .. such alloying 
element.a, and oceuionally yttrium, are commonly used in 
nickel base superalloys f roa which turbine blades are 
manufactured.. Therefore, the exposed surfaces of air 

25 cooling paasageu or holes, such as holes 14 in Pigurea 5, 
6 and 7, wen coated with surface oxidea which were found 

not to interact with or melt in the molten material such 
as melt 26.. Beeawse such eurfacea were oxides, they act 
as nonauetting molds. In thie example,, melt back waa 

3C all~ to proceed into t~e blade material in which the 

holes wen generated.. Unexpectedly, very few of the 
holes were filled when contacted by melt 26, which had 
the am. composition as the extension material of the 

previous example, and their integrity ns maintained. 
SS However, in order to avoid such non~wett:ing action from 

affecting other portianil of the blade tip which are 
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intended to interact with the molten repair l!mlterial, 
pre .. treatment to remove oxides, coating•, etc .. , such as 
mechanical or chemical ·aurface treatment, can be used to 
taeilitate article extension growth. In one form of the 

' 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 thml tut 

required to force the melt into the oxide coated holes. 
Such presaure limit i• a function of the size of the 

11 holes., 
The preaent invention telatea to using an·a:rticle or 

member having at least one internal passageway as a 
directionally oriented growth .seed for providing cm an 
end of the meaber a distinguishable extenaion having a 

is microatructure matched with that of the member.. Such an . 
extenmion is provided frcm a molten material which ia 

. compatible or matched with the material of the growth 
seed so that the exterusion ia integral with the member 
and -bas a microatructure continuous with that of. the 

a mmnber.. However, as discussed ~, the composition of 
the member and of the. molt~ material, and hence the 
extension grown therefrcm, need not be identical. .. 
Selection of the molteztmaterial, for example to provide 
the extension with e:Dhaneed environmental resistance, is 

25 based on the . tolerable degree of ·crystal structure 
mismatch between the member, acting as a growth seed, and 
the exteu:lon, grown from the molten material.. The rate 
of movement of the article end, acting as t.he growth 
seedlm from the molten material is a function at ~east of 

30 the fluid pressure appl~ed, the temperature of the melt, 
the the~l gradient at the solidifying i~te:r:f ace and the 
rate of solidification and growth· of the extension .. ; 

It is contm.ttpl&ted by the method of this invention 
that if a molten material baa ·a melting point lower than 

SS that of the article end acting a.a a growth seed, 
interaction between tho molten material and growth seed 
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need not include complete melting of the growth eeed 
article end.. .Ul that is necessary is that a condition 
exist at the int~rface to allow crystal structure growth 
across the interface mid. into the molten material* 

s The present invention has been ~escribed in 
eormectien vith specific examples and embodiments, 
including those presented in the drawings. It should be 
understood, however, that t;heae are intended. to be 
representative of and not l~tiD9' on the. scope of the 

10 present invention included within the appended claizlm. 
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1~ In a method for providing an extension on an end 

of u article having an outer crosa .. aectional Mhape, at 
least one passage defined by a wall through the article 
mid. ccmamieating w'ith a hollow interior, 

s the article further having a directionally oriented­
microstrueture, the combination of steps of: 

providing a molten material compatible with the 

providing a·die having an internal wall 
20 defining a die opening therethrough mtehed in cross .. 

section uith the article outer erosse•ecticnal sbapei 

providing a die extension having a hollow 
interior defined by an extension wall diepoaed between 
and in eCmilunication with the die internal wall on a 

. u fint extension end and with the molten ateri&l on a. 
secO!ld mtt.erud.on end; 

applying ~luid p~essure to the molten lll'la.terial 
to force the mclta material into the die extewsion 
hollov interior through the second extension end; 

. 20 p&s•ing the article end through at least a 
portion of the die opening and into contact with the 
molten aterial; 

holding the article end in c~taet with the 
molten m.terial !or a time 11uf f icient for a portion of 

2' the article end t.o interact with the molten sterial as a 
directioD&lly oriented. microstructure growth ~eed; and 
then, 

withdrawing the article 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 article end 

llHflli 
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and with a e:r:yatal structure substantially continuous 
with the article directionally oriented miercstructure. 

2 .. 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 addition of a material which is compatible 

s with and •ill melt in the molten material to expose a 
surface of the article to the molten material. 

3 .. The met~ocl_of claim 1 for providing an ext~ioo 
on am end of an alloy article having an outer cross .. 
aeetic:mal shape, & directionally oriented mieroatructure, 
a hollcv interior, and at least one passage defined by a 

s wall through the article end ecmmi1nic&ting with the 
hollO'ef interior, wherein: 

the molten :material is u alloy; mid 

the fluid pressure is applied by a gas .. 

.f. .. The method of claim 1 in wbicb the wall of the 
passage includes thereon an oxide vbich inhibits _the 

molten 1111&terial frmm interacting with· the wall of the 
passage .. 

s .. The method of claim 4 in which the applied fluid 
pressure is auf f icient to move the molten material into 
die opening but less than a pressure required to move the 
molten imlt•rial into the passage. 

6@ The article of claim 1 wherein both the body 

portion and the extension are of airfoil shape .. 

7., The article of claim 6 in the form of a 
turbom&chinery blading member c~risin.g a base a~ an 
airfoil as the body portion car~ied by the ba~e. the 
airfoil including an integral airfoil tip portion as the 
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lo The article of elaim 7 wherein: 
the airfoil is a nickel base aupe:a1.lloy1 and 

the integral extension is & niekel base alley. 

S .. The article of claim &in which the airfoil b&s a 
eryatal structure of directionally oriented multiple 
elongated grains and the extension ha.a a crystal 
•trueture of direetioD&lly oriented 11.lltiple elongated 

s grains substantially ec:mtizmoua with those of the 
airfoil .. 
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