
IJDV-l 108~ . 
-1-

METHOD-FOR PROVIDING. AN ~SION ON 

AN:Jnm OF AN ARTICLE AND 

EXTENDED ARTICLE 

CRQSS REFERENCES TO . R~:LA.tED APPLICAIIONS 

The following application: is · di~~-~,ted to related 
.· . . . ""'''; ... 

subject matter and is being co~curr~tj1::~yfiled with the 
present application, the disclC>.sure q~::;:\thich is being . :.. . ; ..... 
incorporated by reference : European Patent APPlication 

<us Serial No. 07/922,303) C!\ttomey Docket ~-. 13ov-11s21). 

8ACKGRQQND OF TQ·;[NJ71WfION 

This invention relates to ;gro"ii,n~t·an extension on an 
end of an articl~ having a dire.ctiom:J.i:Y oriented 
microstructure, and, mere part~"cularlt·· to such a method 
in which, the end is used as a ~rowth.*E!ed for the 

s extension and article extended ther~ •. 
The reported technology for g.~°"ip.g directionally 

oriented structures, iricluding>s~rigle ~~stals, from a 
molten bath of a selected ma.ter;i~l ~- evolved. ·from 
simple shapes and memb~rs to compleX ·l!l?Ped articles. A 

, 10 portion of such technc>!ogy includes t~~ generation in a. . 
complex shaped mold.of ·directionally.s(:)lidified or single 
crystal alloy articles for use.in the·h<?t sections of gas 
turbine engines. The publishe4 litera~µfe well kn~ to 
those skilled in such art has manY ex.ciinples of articles 

-such as turbine blades·ancl vanes provi(if!d in such a 
manner. 

When an article. · ~or examp'le a t;\ir,-bomachinery or gas 
turbine engine blading· member,. ls ~~ted in an 
environment ot airborne partiC:lE!'f!J, cµi&<particularly in the 
strenuous high temper~t\ire oxi#~~:~~/~/or corrosive 
conditions experience4'1n the·t~~b~#es.~tion of a gas 

~=:i:::;..::~ ='~~!.1;~a:~c:-:~ 
. . . : --···--···- - --·-·-- --···· -----· ---- ··-·-···--

·.! ·.,·· ,· .. :'····· .··. 

-~- . :· ... 
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:such an article. Be·cause the manufaeture of such article 
:1s .. el(pensive, it is desirable economically to repair 
rather than to replace the article. 

An example of a complex shaped blading member of the 
5· t:,ype referred to above is the turbo~chinery blade 

.. . 

·.described in U.S. Patent 4, 010, 531 - Al:ldersen et al. , 
patented March 8, 1977 and ass;gned .~<> the assignee of 
this invention •. Such a blade inclu~~s a complex hollow 

·interior communicating ·w1th·an open tip for cooling 
10 .•• ~urposes. The disclosure of such patent is hereby 

-incorporated herein.by reference. 
Through the use of the above re,ferred to reported 

... , t;:echnology, an article such as a blading member can be 
; ~ufactured as a single crystal or ~ith a directionally 

1S : ~()lidified microstructure of elongated grains. The 

~ombination of casting mold tec~ology_and casting 
p~oced~es enables such manufacture. As used herein for 
·simplicity, the term •directionally oriented• is intended 
t.:o include directionally solidified elongated grained 

20 · $tructures as well as single crystal structures, the 
' crystal orientation or growth direction of. which is 

zriaintained in a selected direction. As · is well known in 
. the art of blading members, the cbar~cteristic crl'stal 
. ·orientation in nickel-base superalloyS, frequently used 

2S · for ·blading members is that the <001~ crystallographic 
· :d.1-.rection lies substantially parallel~ to the growth 
direction; designers of such blading ~ers can utilize 
;t::hat characteristic crystal orientation to minimize the 
· elastic modulus, and therefore reduce: t.he likelihood of 

30 -~cbanical failure due tQ a mechanism: such as the!.'lllal 
.· Catigue, along a specified dir~ction.·relative to the 
configuration of an article such as a))lading member. . . :.: 

When such a complex shaped artic::le having a 
. (iirectionally oriented microstruc~ux-e->i.a damaged, either 

35 · in operation or in a portion of its #nufacturing 
pJ::ocedure, the problem of its repair>):)ecomes more 

· ir~ui1iiHr 
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complicated and difficult. This probl~ of repair 
becomes particularly acute when a directionally oriented 
structure is intended to be maintained in the repaired 
portion, as is typically desired in di;ectionally 

5 oriented arti"eles such· as airfoils, for. example, blading 
members. 

StJMMA&t OF THE INVENTION 

10 The present invention, in: one f07:J.rt, describes a 
metbod for providing an extension on:.ilii:end of an 
article,· having a directionally orien~ed microstructure, 
from a.molten material. The.extensi~ti is grown using the 
end of the article as a directionally orien~ed 

15 microatructure growth . seed for: ·the molten material which 
is compatible with the article-seed structure. · In one 
form of the present invention, the extension is grown by 
providing a shaping member, for exaJnRle, a· die having a 
die opening, communicating with the molten material •. 

20 Fluid pressure applied to the molten :ihaterial forces it 
into the die opening where it is cont~cted by the 
article-seed for a time sufficient for the seed to 

. i~teract with the molten material, for example, melting 
bacJt·a portion of the seed or enabl$ng, interdiffusion to 

25 occur. Then ·the article end, acting as the growth seed,_ 
is withdrawn through the die opening ~t a rate which . ·. . . 

allows the molten material to' direct~~~lly solidify on 
·the growth seed as an extension of aJid integral with the 
• . ·.·.::.= 

article end. Also, it has a directip*'1lly oriented 
30 microstrUcture compatible with the a~ticle. s 

directionally oriented microstructur~~ 
In another form, the di• includes a hollow die 

extension which. is in conmuni.caticni'With the- molten 
material. The article end i~ :held• i!J.,,:the die exteiision . . . . . . (' 

': 35 for cont-.ct with t~e molten inater~~l.·,fbrced therein. 
In yet another form, t!l• pres~~·,invention provides 

. . .... · <·.;· 

-------- -· 

·;·· 
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an article coq>risin~ a body portion "having a 
directionally oriented body or first crystal structure 
and a metallurgical structure and an extension integral 
with an end of the body portion through the use of a 

5 sacrificial addition .secured to the end of the· article 
prior to forming the extension. The extension has a 
directionally orient~d crystal structure compatible with 
and extending continu()us with the·b~y portion crystal 
structure. In addition, the extension has a 

10 'metallurgical structure compatible with and 
metallurgically distinguishable from the body's 
meta~lurgical structure. 

20 

BRIBP DB$CRIPTION OF TBB DRAWINGS 

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

Figure 2 is a 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 
cooled gas turbine engine turbine blade. 
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Figure 4 is a fragmentary diagrammatic view of a 
repaired airfoil, shown with an exte11sion and multiple 
elongat·ed grains • 

. :5 Figure 5 is a fragmentary view o~ the blade tip 

. : ... .-'. 

portion of an air cooled gas turbine engine blade. 

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

· Figure 7 is a fragmentary secti9~l view of a 
portion of the blade tip in Pigu~ 6,,including a 
sacrificial addition. 

· .. · 1s. Pigures .8, .9 and 10 are diagr~tic sectional views 
<; ~. of the sequence of the practice of th~ method of the 

present invention on a hollow article • 

. ·.::. 

;,:: 
DSTAILBD DE$CRifTIQN OP THE PUQRRJm EMBODIMENTS 

In the art o( casting, fluid pr~saure, such_as an 
inert gas or air, has been applied w:i;thin a closed 
container to.a molten material, sucl'l .~ a metal, to force 

• .. ··the molten material upwardly through a tube. A patent 
2S ·· ·which discloses one such method and a.Ssociated apparatus 

···••·· <)· . ~=6~:8;,..~::2::-:=:..:...J::.t:-::8!.i i:= 7, 
> . upwardly through a pouring tube into . a cooled ~ld. The 

. ·' ·. 
'(. 

3(f 
·. ·:_.·.:: · .• 

. . . :· .. · .. <~ 

cast article is continuously withdra1!rli from the mold • 
Another portion of the casting ar't: sometimes is 

referred to as the BPG (Bdge-defined,·· .Film-fed Growth) 
process. In that process, no external.· pressure is 

·\ 
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applied :to a liquid l[Ulterial, but capillary action within 
a narrow forming tube or die is relied upon to draw the . . 

liquid material upwardly for solidification. Frequently 
a seed crystal is introduced into the liquid to initiate 

·· ·• "' crystal ·growth. Typi«?al patents which disclose features 
of this kind of process include o.s. 3,471,266-La Belle, 
Jr., patented October 7, 1969; U.S. 4,120,742-Asano et 
al., patented October 17, 1978; and o.~~ 4,937,053-
Harvey, patented June 26, 1990. 

<10 In some of the above referenced patents and 

. ·;15 

.•... > 

elsewhere in the casting art relati~g ~o the formation of 
directio~lly solidified or single crystal articles, seed 
crystals.having selected crystal orientations (primary 
alpha. an~/or secondary beta orientations) have been used. 
They con.stitute starter means for s~~idif ication of an 
article having the selected crystal orientation. . 

Heretofore, the joining of components of single 
·crystal or directionally solidified elongated grain 
articles, including turboma.chinery airfoils, has 

.- ; :20 generally· involved the use of separately cast members of 
selected crystal orientatio~. Such members are ·assembled 

· .. ·:: 

'30 . :·.· .. ... 

. ·' :· .. 

:.:_.:··.: .. 

·'. ··: .. 
. .·· ... · . .-.·;: 

: . • .·= .. ·> .:,~.· 

·. . ... . :-:; ~-:· · .. 

and bonded into an article across an interface between 
the members. U.S. Patents 3,967,355 and 4,033,792 -
Giamei et al. are ~ypical of patents relating to this 
type of bonding; they include showing an attempt to ~tch 

.. 

crystal structures across the bond interface. 
The method of the_ present invention provides a new 

~ombination of ate.pa which casts or grows an extension 
directly on an end of an existing arti~le to enable 
repair. Through ·use of the article itself as the seed or 
starter means, the extension is provi~ed with a crystal . . . 
microstructure including orientation, matched with cuid 
continuous with that of the article •. ID addition, in one 

-··-·---- -·---- -- -- -

• 
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form, the extension ~s a meta~lurgicai structure 
generally distingu~shable from the metallurgical 
structure of the arti,cle end or body, from which the 
extension is grown~ . As used herein, the term •crystal 

. structure" is intended to mean the ove'rall crystal form 
such as a single Ct}'l!Jtal, mul:,tiple el911gated grains, etc .. 
and the directional orientations thereof. The term 
•metallurgical structure• herein is i11tended to. include 

·. . 
such characteristics as overall.chemical or alloy 
composition, and the. size, shape, spactng and composition 
of precipitates, p~ses, inclusions, dendrites·, etc. 
within the crystal structure.· For example, Ni-base 
superalloys generally include gamna prime precipitates; 
spaced dendrite a~ cmd various othe·r .distinguishable 

· . , . . 1s phases. The crystal structure and met;allurgical 
structure can. be d•~e:rmined and i~ent_if ie!l by a variety 
of known and widely used techniques including chemical or 
spectrographic analysis.and various x-ray and 

.·· .. < photomicrographic ~tl1ods. The term •microstructure• 
·.·. :20 

.~... . 

:·-.-.·.:.-.·· . .. 

·.··.:·./ .. .--.:> .. 
·,-. ::· .. · 

herein includes the terms crystal structure and 
metallurgical- structure. 

This method elinµ.nates the need to provide a 
separate member as. a,1:(•· article extension, to match the 
extension member crtstal orientation ,tith the article to 
be repaired, and then to bond the ext'118ion in the proper 
orientation to a·portion of the article as shown in the 
above identified Pat~ts 3,967,355 and 4,033,792. The 

.method of this invention accomplishes ~11 such steps in 
one operation, provid;ng the ext~nsio11 integral and 

.. ·. '30 oriented with the ari~cle. As will b~. discussed in 
detail below, the .~J'."f!~ent invention. is:. particularly 
useful in pr~idin~·a.D.extension 011:an~rticle having a 

. . :·.· ;·:::'·_·,.· . . ... 
.. ·.::::.: 

·.··. 

:.·'.· .. :.·: . 

.. :,= .....• :·: 
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li6iiot1 interior and openings or passage~ communicating ~: ·. . : : 

>>< • / thr<>Uta:o:: 0;f t::e ..:~:!:l:f w~: ;:a::~l:v~=~~:or . 
. ··.· :: a±iciws use ·of a sacrificial addition on an end of the 

~it:i¢1e to be repaired to minimize inti•:c-action, such as 
m~lt back, of the article end with a molten material from 

> < 'tl}l~C:h 'the article ex~ension is grown. FurtheJ:more I 
. , · becaU.:ee the damaged article end in the present invention 
)_int~r~cts directly with the molten material, such as in 

... · . 

· 10 -: ~it :b,ack, the need to pretreat or p~eshape or ·remove 
· ls:tibstant.ial material from the end CSJl be substantially ·.· .. '.· .. · ... ·.···;_ ': ,:;-·' 

. <:reduced or eliminated 
.·. · · . . 'Dur-ing evaluation of the present invention, 

· ···· ~PPa.r.atus of the type shown in. Figure 1 was used. A 
15· > -~e~i~d' molybdenum canister 10, in this example of 

< ci.:r:c:u'.lar cross section,' is provided with a resistance 
~e~te~ 12 of graphi,te. Within canist~r 10 is an alumina 

•> -=1~ru=rl:~ .:r:::.m~; ::.:£9:::.:~; ~~ ~:.a in 
. 20 . t:h.is 'Emlbod.iment inciuding a shaping die 18 and ·a die ·:-_;· 

~;~ion 20. The_die and the exten~i'.C,n each have an 
i;~er wall, 22 anci 24, ·respectively, df!fining hollow 

.i!lte:t:l.ors thereof and die and die ~ene1ion or shaping 
· ·· > \: . 0 op~i_ngs for receiving a molten materleil 26 from melt 

.. . ' ·' 

. 25, ·· cr\lcible 14. The die and die extensiQn are made of an 
··· .. < ::·~l.\Jmina, commonly used in the high temperature casting 

> ·-;'; 
; .. ::. =.~ 

·· ..... --.. 

'. ·;.· 

· .. · .... <.... . · .. _ .. ~· -.· 

., -- -- ··---- ··----------·-- ..... -
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art, and have.cros1:1.sectional shapes·~tched with, but 
not nEtcessarily icientical. to, the cro11s sectional shape 
of the article t9be treated. Surrounding die assembly 
16 is a molybdenilia.heater 28 to assist in control of the 

s condition of the molten material 26 as it moves and 
solidifies within the hollow interior· of die 18. 

In order to pressurize the sea~~~ interior 30 of 
canister 10, a· fluid pressure inl,et tube 32, connected to 
a source Of fluid pressure (not shown), such as argon, is 

10 disposed through ·a.. wall of the canist~r. Sensing the 
.. . . 

pressure within the canister inter.ior i's a pressure gage 
34, which can pr~ide pressure dat~ .to a p~essure control 

.· . ·.:· 

(not shown) for t;he source of fluid l).ressure, to maintain 
pressµre at a desired, preselected l~yel, or schedule of 

15 levels, within ~i~ter 10. Tempera~ure sensing within 
canister interio:r3o employs a thexmc)~ouple 36. Through 
a furnace temperat;ure control 38, elf!~tric power to 

· heaters 12 and 28: is controlled and .sclteduled as desired. 
. ; .. · '·: ": 

The partially sectional, fragment;a~ view of Figure 
20 2 is taken along lip.~ 2-2 of Figure i. · This figure, in 

which the meaning of the reference n~r~ls coincide with 
those of Figure 1., ·shows the shaping :die 18, the die 

. . . 

extension 20 and tht:t die heater 28.: •ch of these 
elements. has an airfoil shaped cross· section in Figure 2, 

. . .... 

25 which ·.corresponds with the shape of. :airfoil article 40, 
in Figure 1. How~r, it is to be ~erstood that these 

. . . 
cross sections lliay asisume any desired ·:shape as may be 

_necessary for the ;intended repair. An extension is being 
grown on the airf~l:t'article 40 at s~iidification 

30 interface 42 in J:l.g'Ui::~ 1. However, it>should be 
understood that ~f-bapes or asseinblies of 

---···--·----· -.. -
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. ;. sha.,pes can be used: for such members, "depending on the 

• <~hipe:of the artiC:le being extended and the desired shape 

; of the extension. · . 
,: . ~-· ; . :> . ' . 

> :·. •.·I~ one of the evaluations of the present invention, 

S· ... ·:.cf:·gas···turJ.?in49 engin.e· turbine blad~, o~ the general type 

. .. ·. · ... '.,Jh~~· ·:diagramnati'cally in Figu?:'.e 3, was used. Such a. 

•. ·. bla4e included a baa:1·e ·shown generally .at 44, an airfoil 
·. •'• ., . . , 

.... shOWt\. generally at 46 and a blade tip '48. The blade had 

a. :lio~low interior for air cooli.ng with cooling holes or 

•. 'to .· .l>a~:sages such as 50 communicating with the hollow, 

: <~~ll(trally labyri:iithine, interior. Be,cause such ~ blade 

·· ····· .. ~d ·a· directionally solidified microstru.cture, including 

0 :ii_' crystal structure as elongated mul.tiple grains, repair 

· ;cif.::~ge to tip 48 is difficult if l(IUch microstructure 

· is .:· ,~~ · to b.e conti.~iied: into the r~pair. :The present 

· • > :l.ityeD,tion enables growth on the blade tip of an extension 

h&rl-n~ a nti.crostructure of ccyst~l st.tucture and 

... ' Uietallurgical . struct~re grown. from and compatible with 

.j;he ~Fent blade t.ip. In this evaluation, it was desired 

.. · · ; 20 ;: to t-e9&ir the tip portion 48 of the airfoil 46 of ·Figure 

· ·3 ~ially outwardly frem brok(tn line .5~·. The material 

from which. such blade was cast was a nickel base 

· . su~E!~lloy having• a. n~nal composit:l.~, i~ ~eight 
· .. , pe;-cent, of 6 .1st Al, 6. 35t T~, . 4. 9.t· w, 2. et Re, i2t co, 

... 25 §·~at: Cr, 1."st Bf·,. with the balance Ni, selected minor 

·~lley a~itions ~· incidental impurities. The 

· •••·· mierostructu~ of such cast blade was directionally 

· , . C>J:'iented multiple, f!l()tlgated g:rains. . .. , 

. Another; th~~h ·similar, -n~cke~·:~se superalloy was 

.· · .30·: : pla~ed in melt cruc$ble 14, Figure i}:·:within c~ister 10 

wJ:J.ich was then s~l.ed. The nickel bcls49 superalloY in 

• -~lt ·crucible, 14 bad a nominal c~sttion, in weight 
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percent, of 6 • 7t Al, 6 .. 2t Ta, 2t Re, 10. S.t Co, 16t Cr, 
1. 6t H~, ·with the balance Ni, selected .. minor alloy 
additions and, incidental impurities. The .superal~oy was 
melted by resistance heater 1~ at a tE!lnperature in the 

s range of about;: .2790. to 2905°F. under· ~)~ow-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 

under pressure through fluid press~re ;n1et tube 32. At 
10 a pressure of a,bout 48 inches H20, the melt was moved 

upwardly in die extension 20 into shcl~lng die 18. About 
50.5 inches H20 ~s ·a pressure suffi~l~nt to move melt 26 . ~ . . . 

into contact. with blade tip 48 where.-~~· was held for 

· about 4 .ininutes. During that period, .J:>lade tip 48 
15 interacted with melt 26 by melting b&c;:lt to solidification 

interface! 42, Figure. l, also shown ~ll):>r9ken line 52., 
Figure 3. Furthermore, the blade tip 4~ acted as an 
oriented growth.seed for melt 26 in die 18. ·Then airfoil 

article 40 and. article ~nd or blade ti.j> 48 was withdrawn 
20 t>y moving upwardly, as shown by arrow .54 · ~ F~gure 1, at a 

rate of about .0. 2 intjles per minute. This allowed blade 

tip 48 to solidity in die 18 and grow ~ extension having 
the same directionally solidified mu~t~i>le elongated· 
grain cxystal s_tructure as airfoil b:tad.- ·tip 48. The . . . . ·· .... 

25 extension was·con:tinuous and integral·with the blade tip. 
Withdrawal and dire·ctional. solidificat.ion was continued 
until an extension of .. about o. 4 • was provided in the same 
.confi~ration and cryst§ll structure oJ:;ientation as blade 
tip 48. 

30 During thi~ process, ·die heater .28 was used to 

control the temperature in die ass·~~ 16 and the 
position of _,aliclltication interface' :~~. Further control 

-·-- ·-··--------- -
------------------

ill)lif Ir--
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of the solidifying interface can be accomplished using a 
. ... ·chill in that· 1ocation, not shown, as.·is well known and 

. :·.-.~ .. 
·.··:: : .. 

.·· .. :' .• 

: .·. 

widely used in the directional sol~dif~eation casting 
art. Such a chill can provide as steep a thermal 
gradient as is desired.for selected.f:IOlidificatie>n and 
microstructure growth • 

Because the di(! assembly was. map'9 ... 0f alumina, the 
variation of melt depth across the ·!~~oil-shaped cross 
section of the die asseinbly was obserlled to be that as. 

·. would be expected in a non-wetting sy•tem. This enabled 
positioning of the growth seed blad.•.iip portion in the 
die so that contact: with the ·entire tip, from leading to 
traili~g edge, was accomplished. 

As was presented in the example.~ove, the 
: composition of the blade tip alloy ...... different from 
that of the ·alloy of the extensie>n g~ on the tip from 
the melt.· However, the two composi.tiolls were selected so 
that the crystal st~cture of the ext.·;ll81on would grow . 
integral with and continuous from thc(t; of the blade tip 

. ·/. <·2tf' _representing the body portion for th. extension. This 
mode of growth is sc>metimes termed epitaxial growth. In· 

:' :.· 

··.'~ ·. . 

the context of the present invention, ... ~p.is is generally a 
necessary conditioi'.J. for compatibilitt-1>$tween the alloy 

· · of the blade tip (or body portion) aJJ.d. that of the 
< ·.~·•··~··· extension. Compatibility generally i.q)lies that neither 

:."."> .. :._.; 

. : : ·.-.·~ <···. 
. · .. 

·' ' .. .: .. ·'.:· '30 

:· .·: :· 

.·.·:: \ · .. : 

alloy adVersely affect the other, whet,J1er by 
contamination, liqu~d. metal embritt'l~t, formation of 
.brittle phases at tile interface, or e>t:lierwise. 
compatibility may al.so imi;>ly some l_i~l~~tion on . 

·discontinuities in 111echanical and pliyilical properties .and 
metallurgical. structure between the'blade tip and the 
extension. Ultimat.ly, compatibility jaust be measured by 

: .: ':. : '· ~ ~ 

-- -·-- ··- ------

1111;~1ur 
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" ·: perf oxmance. If extensions of one al·lpy can be 
· · · .• · . · xjpeatably grown on articles of another ~l.l.oy, if the 

. . ::; : . ·· ..... atticle with an ext$nsion grown therebn is amenable to 
·.subsequent manufacturing operations, and· if the ·finished 

s / ~rticle perfoi:ms SC[lt;isfactorily in s~fyice, then it ·must 
·· > < bf!. concluded that the two alloys are c~tible, 

.... / ·· .. \·e:iceptions_ to the preceding generalit;fes notwithstanding . 
. · .. ·'!1i~ same considerations apply to sac;ri·ficial additions . 

.• :~·used herein, the _phrase •molten ~~erial compatible 
:" ·'1-~th . • • 11 is taker). to mean a mate;rl~l ·or alloy that . 

·. .••. ilieets the preceding standard for compi,.tibility, present 
• } !~ its liquid form. ·. 

:<-.. :.:~· .. 
. The.article generated fram practi;ce of this 

.: . 

. invention included a body portion, for ·e.yample, the 
· .. ·· · ·.·. · ... lS Pa,i;ent blade tip havtng a first crys'ti~.i structure in the 

. . .. 

ill)Ove example, directionally oriented.:elongated multiple 
: ··: 9i'ains 1 and a f ir&t · 11\etC[lllurgical Structure based OD the 
·>alloy composition of the body portion.: Integral and . . ... · . 

•· :: .. ··· · .. • < C::<:llltinuous _with the body portion was_ an extensic::>n having 
:< :·. 2o : • a}second crystal structure as a continuation of ~d 

..... · 

.: ·• ~oinpatible wit~ the first crystal s~~c.ture of the body 
· · ·' :: "pprtion and having a second metallurgiCa.1 structure 

~tched and compatil>le with, but dist:;llguishable from, 
t~e first metallu1.'9'ical structure ot: :the body. The 

,··interface portion l>~tween the bbdy and. the extension is 
... > :dlfferent from that d:>tained by .. the . p~ior art method . of 

.... · ' d~f·fusion bonding te>gether matched, s~~rately generated, 
. · . · · dfstinct memb8ra. The principal di~~·:fru=tion between the 

p~_esent invention ~d the prior art J.:i4:ts at the 
·"interface. In the present inventioI( :the extension is 

>: g~own epitaxially ·by. laying down on•:··iayer of atoms after· 
.. ~ot~er frail the :Liquid material seie~ted for the 

extension onto the &~?."face of the l>P«'-Y:~ Thus, the 
. · .. >.: ..• 

. . . ~ . .":"" ., . _: ... 

·. . . =:· .. ·. ~-. ..:, . =.·.·. 

··; :.· ... ·.:-··. 

=.: .. :; > ::= ---- -------------
_, ... 

.. .. :,_:·. 

. ... iii~iR 
. ·. ~ ; . . . 

'. ~ 
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crystal structure is continuous across the interface. 
The process of .the present invention further allows the 
secondary grain.ori~ntation to be grown, unlike the prior 
art interface bonding techniques for which such secondary 

s grain orientation is.· difficult to match in the transverse 
~irection. The epitaxial grown regi9n or rep•ired area 
thus matches the o~iginal metallurgical grain structure 
or orientation of the article not only in the primary, 
but also the seconc1cLry; direction. The ad.vantage over 

· to current repair me~hods which have equiaxed grains at the 
interface and in the repaired area is significant.in 
terms of mechanical ·~d metallurgical properties since 
the metallurgical grain 'tructure of the original article 
does not match the extension or repair~ area by use of 

is prior art methods. Even where diffe~ent 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 lnixing of atomic 
species in the liquid adjacent to the s~lidified 

20 structure. Even though the prior. art. method is practiced 
with great care, there is a high likelihood of local 
surf ace irregularities and smali mi~~l~gmnents between 
the body and a sepaX-ate extenaion t~t may ~esult in some 
sort of ·low angle boµnclary between t;.he two parts. 

25 Likewise, there is a high li~elihood that contaminating 
matter on either pa~t will become trapped ·in the 
interface, thereby weakening the joi~t. 

The preceding example d~nstrateci that controlled 
_growth of extensions, 'Qf the type that. wouid be required 

30 in airfoil blade t·:t.p r,'9P&ir, with the ~ame cross·s~ction 
as the parent airfoil, can be accomp~is.hed. AlthQUgh 
this example included only one end or ~ip extension, it 
should be understocxt t~t the present invention can be 
expanded to inclu~e the concurrent repair of multip~e 

35 article ends such as blade tips. Tile present invention 
may also be used for repair of other 11'i,Dgle crystal and 



l3DV·ll089 

-15-

. . · ..• • .. •._··.·• ... c: (J:l.rect:ionally oriented articles, suc:tf as turbine· nozzles, 
shrouds·and vanes. 

> / · ·· 'Prom this example it was concluded that the crystal 
·.·.,. str\icture of the extension should be substantially the 

' s. 'same ,as ·that of the existing article. However, it was 
•- · -tixi~ectedly found that considerable variation in 

· .. '·. ' met~l:l\lr.9ical structure, notably alloy composition, 
· : .. . bet~en the extension and existing . article is 

·. ·.· ·.. pe_rinissible, and may even be preferable in some cases. 
· 10 .. · .. As a result of the practice of the present 

. · ' 11'1~ntion, the airfoil 46 of Figure. l includes an .... ·: . "::~ ·:. . 

· : .. ~t:e11sion 56 ,. Figure 4, .from broken line 52 at which it ·"· .. · '.tfis' ·desitr:ed to provide a repair. As seen in the 
·• fiagmentary, diagrammatic view of Figure 4, using .airfoil 

· is · .. : 46. as -a growth seed results in extension 56 having a : . . . . . . . 

·· ·· .·.· .. compatible mi<:rostructure, in this example including 
. ·.~~~#iple· elongated grains, as _a continuation of and 

·· · .. >; int;egral ·with that of the parent ai·rfoil. 
Another form of the tip port.ion of a gas turbine 

• ·' 20 .• ~~gine air cooled blade is shoWn in "the fragmentary view 
. :/qf:F;gure 5 and the sectional view of Figure 6 taken 
. ·• 0. ·along line 6- 6 of Figure 5. Sometimes this type of tip .. . .·. 

·· ,: _.···· ... ·· •is:r~ferred to as a· •squealer tip• because under certain 
.. <>P•rat:ing cond.l,tions. it can ·interfere. with or rub. on an 

25< bp~osing member to approach a zero clearance condition. ':•A!l:a· result of 'such interference, peripheral rim ~8, 
.JJ.i.~es· s and 6, of airfoil 60 can be abraded or damaged • . . : . -. . 

· :· )iy~n without. such a rub condition, air:borne particles and 
. . C:)jddat:ion, over~ a period of operation, can abrade cl.nd 

. 30 ··· C:~tribu.te to the damage of rim 58;. The method of the 
<. 'p~eii~~t invention.can be used to repair such damage by 

... ·.·p~idilig an extension in the manner described in the 
'~gve example. Howeirer, when rim 58 ~a narrow or damage· · ·· ~ends close to shelf 62, interaction of rim 58, such as 

35 .lnf!.lt.back in melt 26 in Figure 1, s~d -be limited and 
.. ) carefully controlled in· order to avoid. .. damage to shelf 

------ ~ - ··-·--·---------- --- -- ---
This Sheet Has B -- -· -

11u11n1~ 
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.. · .. ·~ ,_. .. /·:·· 
i .· ·. , · ·: · 62 ~: One form of the method of the pre'sent invention 

.·. P~Ovid.es use Of a sacrificial addition earried by rim 58 
: > ·· • at )6fi in Figure 7. The edge or surfac::49 66 of .rim 58 in 

~!Surf! 7 is represented to be ·eroded,.ciamaged and in need 
' .. ·• i 's ·········of" repair. 

> . sacrificial addition 64 need not have the same 
'./ .· .... > lldc::rostructure as the blade tip, for ~le, elongated. 

·'· ; · iriiii ttple grains or a single crystal. . A.11 that is 
''"' r~~ired is that it be. attached to rim 58 and be of a 

.... :· ·.·· 

.Y·.: .. ·;.:_: 

. :: .. ::·:: > .. -"·~ 

:··_;, 

-.... . 

' ,.' 

: .. . ~ 

·.,. .. ·.·' 

· . . :·'.·-.·.·.·. 

: : . 
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material which i~ compatible with th~~ of melt 26. For 
exampie, if melt 2·6- is a nickel base superalloy, addition 
64 can be Ni, a Ni-base alloy having elements which will 
not dilute or sUJ?stantially change the composition of 

s melt 26, an alloy ,o~ o~e of the alloY:ing element-a of melt 
26, etc. Addition 64 can be applied -by a variety of 
methods well known- in the art, including flame spraying, 
electro-deposition, diffusion bonding of a preformed . . 
member, etc. Aiso, because the sacrificial addition 64 . 

10 will be melted a11ay in melt 2_6 duriJJ.g practice of the 
method of· this . invention, ·the shape. 0,£ addition 64 can be 
any convenient one::· it can be shaped _as an extension of 
rim 58 as shown in Figure 7, it can be a shim, sheet or· 
foil carried by rim 58, etc. The meiit-ing away of 

ts addition ·64 by ·melt 26 exposes at least the surface 
microstructure of tim 58 to melt 26 enabling such surface ,_. . . 

to act as a growth seed, according t9 this invention. 
Use of a sacrificicil addition.64_faci1itates the proper 
positioning of a,irfoil article 40 in Figure 1 so that 

20 when an article such as airfoil 60 in Figures 5 I 6 and 7 
is being repaired, the melt back line 6s in Figure 7 is 
le>cated away from rather than at or ill shelf 62. Without 
such sacrificial a~dition, it might be required, in order 
to achieve complete contact of and ~nteraction with melt 

25 26, to melt ba~ .r~ 58 into shelf 62. 
The present--.tion of Figures 8, 9 and 10, which are 

diagrammatically in section, sho~ a sequence of the 
_practice of the met;hod of the presei1t;;invention in a 
surrounding shaping die (not sho1!fll)_ ~s in·Pigure 1, in 

30 relation to repair of an article havilJJ.9 a hollow 
interior. Fo~ 8xcllnple, such interior can be the 
labyrinthine pass~gf!s 70 in an air c;ooled turbine blade. 

--- -----·-··-- ... ----··--·-··--·-- -
. This Sheet Rl!S Been ------ -----... 

. · /81t1118Ced 
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...• · ::. , F~r:•:c;:o11v~nience, some of the reference numerals are· the .. ·· same ··as bave been us~d previously herein. Ffgure 8 shows 
rinf 58 iil contact with and pa;-tially melted back by melt 
26; f~an previous rin1 edge 66 shown in pha~tom. In Figure ' . .,. '. s .. · 9,'.melt back has continued further into rim se to melt 
.ba.c:k.line 68, sufficient for the remaining portion of rim : ; ·sa.··t:() act as a growth seed for melt 26. Then airfoil 60 ·'is_: 1*oved upwardly, as s~own by arrow 54 in Figure 10, 

. '·,.:·-. 

.:-·-=· 

,, .. ···while in contact with melt 26 until extension 56, 
··10 ·•· ··• dei:::l11eated by broken line 72, is .grown on rim 58 by 

·soiidification above melt line 68 which becomes .·•·· 

.. soiidif !cation inter.face 42, as described above. If 
··.·· bl~de ~tension 56 is solid in some part, additional 

:: : holf!is can be drill.ed therein to allow air egress or 
is 9l.Ct,eX'IUll 'cozrmunic•tion with the hollow interior, as 

desired.. For example, such holes.can be generated-by 
··.·•·· drf_.l.;1~1:19 with laser, electrochemical or electro .discharge :·met?lods well known and widely used in the art of material 

•· 20 ·:>:'...' .. One evaluation of the present invention used an air 
. . . codl~d turbine blade of the type shown" in Figures s I 6 ·.,· and.7, and which bad been exposed to gas turbine type 

·· _·· :'C:,p~rating conditions. The blade was maJ;l\lf&ctured from 
.···the' f:lcilne nickel ~e superalloy as in• the previous 

25 · ··· .. ~ie. This alloy includes in its COJ11Position Al and 
.· Ji:f,.:. tihi.ch when expose~ to high temperature oxidizing 

.•. <cond.~t;ions· form stable surface oxides.· S~ch alloying. 
· :eic.me11ta, and occasionally yttrium, a:r;e comnonly used in 
': · ... nick~l :base superalloys from which tu~bine blades are 

·:JO .. manhfactured. Therefore, the exposed surfaces of air 
cooling passages or holes, su~h as hol~~ 74 in Figures 5, ... ~·-arid 7, ·were coated with surface ·oxides which were found 

·,· .. ;.· ·' 
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. ·.. '::t~i/::~ra:.,::: ::c:~:r~:c::e ..::t:i=~~r~:!Y a~: 
a~ non•wet::ting molds. In this example,: melt back was 
aiio~ed to proceed into the blade 'material in which the 

s l'lol~&i'., :were_ generated. Unexpectedly, Y:ery few of the 
holes.were filled when. contacted by melt 26,. which had 

: ;th~ scmie cqmposition as the extension ,material of the 
pre°tlious example, ~nd their integrity-~s maintained. 

··· ,·· .. ·. · - . lio-~r, in order to avoid such non-wetting action from :to ·.. af f e.bt.ing other portions of the blade tip which are 
iJJ.t~iictec1 to interact with the molten reP&ir material, · 

·: pre·-·_tt-f!atment to remove oxides, coatin~s, etc., such as 
. ··. me~l'laniC:al o~ chemical surface trea~t, can J::>e used to 

.facilit~te article extension growth. ~n one form of the 
. 15 . method of the present invention the f~uid pressure -..-";· 

.'• ·. appii.ed. to the melt 'is selected to be adequate to move 
.·· th~·)ltelt into the shaping memer J::>ut l~ss than. that 

. . :_ requiJ:ed to force the melt into the ox,ide coated holes. 
•· s\1C1t·,_pressure limit is a function of the size of the 

.·•·· 20· · :hoies. · · 
.·• . < . <The present invention relates to using an article or 
'melnber as a directio?Jally ori~ted gro1fth seed for ... . ... . . 

. . 

: proY-id~ng on an end of the member a di~tf:nguishal::>le 
·· '; eXt~J'lsion: having a nlicrostructure matched wit;h that of 

25 ... th.;.•znember. Such an extension is p~ov1ded from a molten 
'material ·which.is cal)p&til::>le or matchecl with the material .·of the growth seed so that the exten.sio1:1 is integral with 
; th~:. member and has a microstructure continuous with that 

. 'ot'~h.e -er. However, as discusased '.iib~e, the 
· 30 ~oDtposition of the member and of the moi~ten material, and .. -~ : ',. 

''. hence the extension grown therefrom, ne49d not be 
·. >identi_cal. S~lecti~n of the molten-mat~rial, for example 

' t'C> p~de the extension with enhanced environmental ·. :'··'=·. 
::-_ .. ;. 

~-· --- -- -·· ·---·-··-· -- --·--·---·------- ... -----··--·----

• 
. ..... ·.:··. 
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: .. 

· > . ·x:esistance, is based on the tolerable· degree of crystal 
. :\.stJ:Uctu~e mismatch between the memb(!r, acting as a growth 

;:• .· .. seE!c:l, and the exte~sion, grown from the molten material . 
.. ·.; Tile rate of mov~nt of the article end, acting as the 

· s ·.:·~iciwth seed, from 'the molten material is a function at. 
·· ·· _/Ieast of the fluid pressure ~pplied, the temperature of 

\·::: .tll~ melt, the thermal gradient at the solidifying 
.· ... \i:*l.'terface and the rate of solidification and growth of 

· . ·:-·thE! extension. 

10 ·.. . . .. It is contemplated by the methOd of this invention 
··. t~t _if a molten material has a melting point lower than 

·.· · -•·' ··fha:t of the article end. acting as a growth seed, 
?~n_teraction between the molten material and growth seed 
· he•d not include complete melting of the growth seed 

lS att·i·ple end. All that is necessary is that a condition 
. - .. · · ei:i11t at the interface to allow crystal structure growth 

··: ..... 

· ········.·>~cross the interface a_nd into the molten material. 
· ... ·•.-'•' :'. 

The present invention.has been described in 

· ...•.... 20 ·~=~:n t::: :::~~:d -::~:· d:::1:":~d be 

::understood, however, that these are intended to be 
· .. ·.·. ··. ·. . . . 
";E!presentative of and not limiting on the scope of the 

.. , :. p~~sent inv~ntion- included within the appended claims • 
. : .··.:\.-·· 

. ·· .... . 
. :~ '.::.··.:.'. .... . 

---- ----------- .. ---------· ---· -- - -···-·----··-----

·.· \.: ..... · _: 

.: ~··. , . 

.. -·.:-- , .. 
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CLAIMS 

ir 

1. In a method wherein·a growth seed of selected 
metallurgical structure and selected crystal structure is 
·used to initiate growth of a member having a 
microstructure compatible with that of.the growth seed, 
from a molten material compatible with the selected seed 
metallurgical structure, the step of: 

providing_an extension on an article having an 
end of selected sh&pe and selected dir~ctio11ally oriented 
microstructure, usi~g the end of the article as the 
growth seed in the-molten material to provide the 
extension integral with and having a microstructure 
compatible with the selected directionally oriented 
microstructure • 

2. The method of claim 1 in which the end of.the 
article has an airfoil shape and is made of a nickel base 
superalloy. 

3. The method of claim 1 in which a sacrificial 
adc:lition of a material 'which is compatible with the 
molten material, is secured with the end of the article 
prior to using the end of the article as the growth seed, 

s and the sacrificial addition is melted· in the molten 
materiai to expose the end of the article to the molten 
material. 

·----·- - -·-·-- -- --- -
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4. In a method for using ~ seed of selected 
::.·:.< ... · ·: ·.:. metallurgical structure and of selected crystal· structure 

.··.-,_···.··. _t() initiate growth of a member having a microstructure. 
i _·;:. 

l 

. . . . . 
···:·.::·.: . ·compatible with that of the seed, in which method ther_e 

is provid~d a molten material compatible with the ... >s. 
. :·.:, ·.··· 

. ll~lected. metall~rgical structure of the seed, and a 
· '. ·aJ:.Laping member haying a wall defining a shaping opening 

. ... ·.: t~erethrough disposed in communication ·with the molten 

···.··.· >',o'.i :r::!t~~ :!e!':::: ~an~:!°:t0:.·=~~1:0:aving an 
. . . . 

·.··•:·.end directionally oriented microstrueture, of: 
applying fluid pressure to the molten material 

to move the molten material into the shaping opening 
. while, .. ' >1~ ' using the end of the article -as a directionally 

· . . :. 
·= •.• ;· 

9riented microstructure growth seed by holding the ~nd of 
the article in contact with the molten material in the , . 

· •· .. :· spaping opening for a time sufficient for a por~ion of 
· >the end of the article to interact with the molten 

material; and then, with the fluid pressure applied, 
. withdrawing the end ~f the article through the 

shaping opening at a rate which allows the molten 
•·.·._· · < .··.·• ... ltMlteria.l to directionally solidify in the shaping op~ning 

. ' 

~ ~ .. ' . . . . . '.: . 

on the portion of the end of the article as an extens_ion 
25, • . of and integral with· the portion of the end of the 
. ,·_:. 

article and with.a microstructure compa~ible with the end 
.,. ?irectionally oriented microstructure • 

-- -·--·----- -··----~- ---------------- -··-·-
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s~ The method.of claim 4 in which: 
. _the shaping opening is in a die including a die 

extensioq having a wall defining an extension hollow 
. .. 

interior:disposed :b,etween and in communication_ with the 
5 molten material and the shaping openin~; 

the flqid ~ressure moves the molten material 
into the;extensionhqllow interior; and 

·the end -of the article is ht;!ld thro~gh at least 
a portion of the s}laping open~ng and in contact with the 

10 lnQl ten material in the extension hollow interior. 

6. ?;he method of claim 4 including the additional 
step, prior to usi~g the article and as the growth seed, 
of secur~g with the art;icle end a sacrificial addition 
which is 'compatibl.~_ with and will melt in the molten 

5 material to expose a portion of the article end to the 
molten material. 

7. The method of claim 4 in which: 
the article end is a supe~alloy; 
the mo1ten material is a su~ralloy 

metallu1"9ically colllpatible with superalloy of the article 
5- ·end; and, 

5 

the fluid pressure is applied by a gas. 

8. In a method.,. for providing an extension on an end 
~f an article havl.11g an outer cross-sectional shape and a 
dire_ctiooa11r orieqted microstructure, the combination _of 
steps of: 

providin~.- a molten material · compatible with the 
article; 

Hfi1itiiili 
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providing a _die having an internal wall 

defining a die opening. therethrough matched ·in crpss­
section with the article outer cross-sectional_ shape; 

10· providin~ a die ext4!nsion .having a hollow 
interior defined by an extens~on 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; 

IS applying fluid pressure to the molten material 
. . 

to force the molten material into the die extension 
hollow interior through.the second extension end; 

passing the article end through at least a 
portion of the 4ie opening and into contact with the 

20 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.growth seed; and 

25 then, 

30 

withdrawing the article end through the die 
open~ng·at a rate which allows the molten material to 
directionally solidify in the die opening on the grQwth 
seed as an extension of and integral with the article end 
and with a crystal structure substantiai1y continuous 
with the article directionally orient·ed microstructure. 

9. The method of claim 8 includiii-g the additional 
step, prior to passing the a~ticle end·through the die 
opening portion of securing with the article end a 
sacrificial addition· of a material which is compatible 

s with and will ~l"t in the molten mateti~l to expose a 
surface. of the article to the molten llia~erial. 

-- -- ----·--·---·-··---- ---
-----·----------
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10. The method.of claim 8 in which. the directionally 
oriented' crys.tal st:ructure of. ·the article end 
substant:ially is .a· single ccystal. 

11. The method of claim 8 for.providing- an extension 
on an·end-of an all()y article having· an ou~er cross­
sectional shape, a c:lirectionally orie11ted microstructure, 
a hollow interior,· .and at least one pa.~sage defined· by. a · 

s - wall thrpugh the a~tcle end communic~ting with the 
hollow interior, wherein: 

5 

the molten material is an alloy-; and 
. . : . . . 

the fluid.pressure is applied by a·gas. 

12. In a method for repairing an airfoil shaped tip 
port:ion'of a _damaged article, the tipportion having a 
directionally ori@~ed microstructureof a selected 
alloy, the steps of=. . 

providing: a molten material compatible with the 
selected alloy; 

dispost119·the molten material· in a shaping 
member·matched to the airfoil shape; 

holding the tip portion in contact -with the 
10 . molten material for a time sufficient;.:, for the tip portion 

to interact with the molten material,_;·· and then 
withdravl~g the tip portion~hrough the shaping 

member at a rate whlch allows the molten.material to 
solidify in the shclping meinber as ~.extension of and 

IS integral with the· t;il) .portion and wit:h., ~ microstructure 
compatible with t;.Jlt!directionally oriented microstructure 

·• r • . . . 

of the tip portiOJ;I,~ 

13. An articlf! comprising: 
. .. . .. 

a body iK>~ion having a d.ireC:~ionally oriented 
first crystal stmc1:µre and a first:llle~'llurgicai 

.· -:· ::· : 

structure; and 

'. ·· .. -: 

---------- ----
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an extension integral with··an end of the body 
portion, _the exteiiS:~oJ:l having a direct::J.:onally oriented 
second crystal st~cture compatible ·with and extending 
c.olltinuous with the,:l:)Qdy first crystal :st~cture, and a 
second metallurgical 1:1tructure coinpa~~ble with and 

10 metallurgically ·di.tin9'1ishable fr¢m·"tiie body first 
metallurgical structure. 

. . . 

·.14. The articl.e of claim 13 wherein both the body 
portion and the eXt~llsion are of air~oi,l shape • . ·' . 

1s. The article of claim 14 in the form of a 
turbomachinery blad~;i.ig member compri~i~9 a base aJ1d an .. ·." ...... ,. . . . 

airfoil as the bociy<portion carr!E!d Ji)y. the base, the 
ai:t~oil including i11i integral airfoil ~ip p~rtion as the 

s utension, remote ff;~ the base. 

5 

16. The article of claim is· wherein: 
: .··. .. ... . ~ . . : 

the airf,611 is a nickel,..basesuperalloy; and 

the integral extension is ~- -~~ckel base alloy. 

17. The articlt! of claim 16 i11. which the airfoil has 
a crystal struct11re",_..of directionally'.~i:i~nted multiple 
elongated grains ~d. the extensi~ll ~~· ·a crystal : 
structure of dirt!!ctionally oriented'~ftiple elongated 
grains substant~a~],.y·continuous with :those of the 
airfoil. 

18. The art#:l~ of claim 16 in which t~e airfoil has 
a crystal structuffi.()f:a single crystal, and the extension 
has a crystal st;~ctu:r;• as a si11g~~ ~$tal substantially 
continuous with tbat:'..of the airfoil. j' < · ' 

.. ··-:·:;.·;:::;. ·-:.-: .. ;·:· 
·.:·; ~·\.·.:.':" 

. ~ ;_:.<. '::· 

19. The article ·:of · ~laim 13;- w~e-~ein the body portion 
is a turbine shroud~; "•·· 

:------· -----·· ·-----------... 

--------·--·---·· -·-··---·-------·---- ------ ------ ' 
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20. The articlt! of claim 13· wtiereiµ. the body portion 
is a turbine nozzle; 

21. The articlEr of claim · 13 wherein the body· portion 
is an airfoil vant! •. ». 

. . Hllllll lllllUllltlllllll llll· 
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