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1 METHOD FOR PROVI DFNG AN EXTENSI ON ON boag3L sios
AN END OF AN ARTI CLE AND EXTENDED ARTI CLE
I METHOD. FOR PROVIDING AN EXTENSION ON |

AN END OF AN ARTICLE AND

EXTENDED ARTICLE

present application, the disclosure of_which is being

incorporated by neﬁmxume ¢ European Pauaﬁ:Application
(Us Ser1a1 No. 07/922,303) (Attorney Docket No. 13pv-11521).

. This invention relates to. growing ‘an extension on an
end of an article having a directionally oriented
microstructure, and, more particularly, to such a method
: in which the end is used as a growth seed for the
% 5§ extension and article extended - thereby
' ' The reported technology for growing directionally

oriented structures, including_s;nglewcrystals, from a
molten bath of a selected material has”evolved from
simple shapes and members to complex shaped articles. A
portion of such technology includes thﬂ:generation in a
complex shaped mold .of directionally solidified or single
crystal alloy articles for use in the hot sections of gas
turbine engines. The published 1iterature well known to
those skilled in such art has many examples of articles
-such as turbine blades and vanes provided in such a
manner. o :

When an article, for example a tulbomachinery or gas
turbine engine blading member._is ope' ed in an
environment of airborne particles and particularly in the
strenuous high temperature oxi_ and/or corrosive
conditions experienced :in the’ 8 ction of a gas
turbine engine, oxidation. hot sio 1, erosion, wear,
low-cycle fatigue craoking and er damage can occur to
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13DV-11089 o _ o
BACKGROUND OF THE | NVENTI ON -2-This invention relates to growi ng an
: extensi on on _an end of an.article having a directionally oriented

- m e ost ngg%eanaa@cmeeep@@hhﬁgleaehé mafufdEbule"BE Sch abtidfi ch the
: is expensive, it is desirable economically to repair
rather than to replace the article. :
 An example of a complex shaped blading member of the
s  type referred to above is the -turbomachinery blade
_:described in U.S. Patent 4,010,531 - Andersen et al.
5jpatented March 8, 1977 and assigned'gg the assignee of
. this invention. Such a blade includes a complex hollow
"iuterior communicating with an open tip for cooling
IQ;QQurposes. The disclosure of such'papent is hereby
- incorporated hereinuby reference. _
_ Through the use of the above referred to reported
.-technology, an article such as a blading member can be
fmanufactured as a single crystal or with a directionally
15'1§glidified microstructure of elongated grains. The
'ffccmbinaticn of casting mold techuology'and casting
-':érocedures enables such manufacture. As used herein for
simplicity, the term "directionally oriented® is intended
- to include directionally solidified elongated grained
20 - structures as well as single crystal structures, the
Jcrystal orientation or growth direction of which is
~maintained in a selected direction. As is well known in
ﬁthe art of blading members, the characteristic crystal
. ucrientation in nickel-base superallqu frequently used
25 -for blading members is that the <001> crystallographic
- "direction lies substantially parallel to the growth
'-d;rection: designers of such blading_@embers can utilize
.that characteristic crystal orientation to minimize the
. elastic modulus, and therefore reduce ‘the likelihood of
ﬂ)'$mechanical failure due to a mechanism.such as thermal
'}fatigue, along a specified direction relative to the
configuration of an article auch as a blading member.
' When such a complex shaped article having a
-__directionally oriented microstructure?il damaged, either
35  in operation or in a portion of its manufacturing
procedure, the problem of its repair hecomes more
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130v-11089
ext-ension and article extended thereby. The reported technol ogy for

growi ng directionally ‘oriented struct ures including single crystals,

froma~® | d fJ I
shapes and ERALAd g, RUTRIEEIE el Srobled SR SR0ad o suen

t echnol ogybécahes particwamy@icute when a d:imqmﬂoxﬁidpecbmme:d ,
direction |4 th
hot secti généé‘%?éﬁfél i %91 d§£@£aeng§%nﬂl | she(# ’% ratéuHr eu\f\gl : " e.
known to Pok'%-‘sﬁbc A8 Illﬂed:m#@}é-l&' Sesixed mﬁiérmﬁqsaldry arti-cles-15 |

such ag t uspiaeedd atas ARG \WWds ay Qi ld) $ éampl@N¥¥ading
When an articl e for exanpl e a turbomachi nery or gas ‘turbi ne engi ne

bl adi ng r’rém s operated in an

10 The present invention, in one fom. describes a
method for providing an extension on an end of an
article, having a directionaliy oriented microstructure,

- from a molten material. The extensieﬂ is grown using the
end of the article as a directionally oriented

15 microstructure growth seed for the malten material which
is compatible with the a;rticle -seed sg;ructure. ' In one
form of the present invention, the extemsion is grown by
providing a shaping member, for example, a die having a

. die opening, communicating with the ni&lten material. -

20 Fluid pressure 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 to
- interact with the molten material, fq’”r example, melting
back 'a portion of the seed or emabling interdiffusion to

2§ occur. Then the article end, acting”“}i‘s"' the growth seed,
is withdrawn through the die opening at a rate which
allows the molten material to directionally solidify on
‘the growth seed as an extension of and integral with the
article end. Also, it has a directionally oriented

30 microstructure compatible with the article 8
directionally oriented microstructure. '

In another form, the die includes a hollow die
~extension which is in commication vith the molten
material. The article end is held'i ‘the die extension

35 for contact with the molten mat.er:l; forced therein.

In yet: another form, the presf invention provides
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13DV-11089 '
environnment of airborne particles ang.particularly in the 20 strenuous hlgh

‘tenperature oxidizing and/or corrosive condi ti ons experienced in the
~turbime sg tLops 0; tion, hot corrosion,
~erosion, mg 399181e|88ﬁ§r%?§n§ béﬁiy gfgfﬂﬁ éﬁﬁf go‘?her darmage can occur
to dzrectionally oriented body or fifst crystal structure

and a metallurgical structure and an extension integral
with an end of the body portion through the use of a

§ sacrificial additioniéeqﬁred to the end of the article
prior to forming the extension. The extension has a
directionally oriented crystal structure compatible with
and extending continuous with the body portion crystal
structure. In additioﬁ, the extension has a

10 metallurgical structufe compatible with and
metallurglcally distinguishable from the body's
‘metallurgical structure.

15 | | |
. Figure 1 is a sectional view of apparatus adapted to
practice the method of the present invention.

Figure 2 is a fragmentary, partially sectional view
20 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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13DV-11089 _ _ _ : :
such an article. Because the manufacgure of such article | S expensive,

it is desirable econonrcally to repair rather than to replace the

article.. exanpl | e of the 5
Ctype referred to I}gvé :1? ?ﬁ@%ﬂ%@ﬁ%ﬁﬁ@?@%ﬁgﬁgﬂ Qgsggrg?b din US.
.. Patent;: 4, @goaézgd-aAﬁaeﬁéensbpwarwith apaexteadibar andgmulsiplend assi gned
. to the asgugaggtgh graligs i nvention. * Such a bl ade includes a conpl ex

¢ hol I ow: Intérior communicating with an open tip for cooling 10 purposes.
. The drsclosure of such patent is hereby i ncor porated herein by
ref er ésice. F:.gur'éhrSOlighat Eeagaenthrfyh@idw& itélec bladet @ipeport ed

t echnal og rt h I nber C b manuf act ured as
75t ngl EPrtiaE S ah AL PRade gAY ¢ snadne Bhadee ostruct ure of
.__eI ongat ed grains. The
| Figure 6 is a fragmentary section view of a portion
. ‘of the blade tip in F:Lgure S, along line 6-6.

_ ' Figure 7 is a fragmentary sectional view of a
portion of the blade tip in Figure 6, .including a '
' gsacrificial addition. |

- Figures 8, 9 and 10 are diagrammat:ic sectional views
f of the sequence of the practice of the met:hod 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
| 'zs{f'f which discloses one such method and associated apparatus
77 18 U.S. 3,302,252-Woodburn, Jr., patented February 7,
1967, relating to continuous casting ofan article
upwardly through a pouring tube into a cooled mold. The
- “.. cast article is continuously withdrawn from the mold.
SR aAnother portion of the casting art: sometimes is
' " referred to as the EFG (Edge- d_efined,_:- -?ilm-fed Growth)
process. In that process, no ext:err_:a‘;;;_pressure is

i
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.conbi nation of casting nold technol ogy_and casting procedures enabl es
;such¢nanufacture As used herein for S|an|C|ty the term
.ﬁdr ]

t t t end to include directionally
Sol i 11 cAbRSEh 20 damid BRazint,: bubccapiidnrYascEian Slshin al
“Struct ur es nawrow fwmj.ngaltubeu ert dieodsoreldiedt hpdnr et mmﬁ:uml tCh :CS
g art o
B i A LI L Ty et S S
:superalloﬁbsﬁﬁ@h tyluéedigsrodvceglanpngtnanbéquids:phénﬁﬂiace001>
crystakl ogrqitiad growdh!. ecgzgachuegaéuhgga%ieh' 410881866 e ekRuizly 9" oM h

-d t ner,s of _su bl adi ers can
g‘;clhgl(ra;cltgplosft lti‘i%rg‘&t"& ofr PEF?FSPFoﬁnFG“ﬁanﬁﬁze:*tﬁEl 266cLasBed Leodul us, and
ther ef or e Jredupatienteld betobeed79f 1889;mechanasakol gisbunsadee o a-

frechani smauch (3¢ ehiea"Bteober 17, 1978; and U.s. 4, 937,053-
w7 Harvey, patented June 26, 1990.

In some of the above referenced patents and
elsewhere in the casting art relatiqg_to the formation of
directionally solidified or single crystal articles, seed
crystals having selected crystal orientations (primary
alpha and/or secondary beta orientations) have been used.
They constitute starter means for solidification of an
article having the selected crystal orientation. .

Heretofore, the joining of components of single
crystal or directionally solidified elongated grain
articles, including turbomachinery airfoils, has
generally involved the use of separately cast members of
selected crystal orientation. Such members are assembled
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 typical of patents relating to 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 g?ows an extension
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 orientation, matched with and
continuous with that of the artigle.j In addition, in one
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13DV-11089 o _ _ _ : . _
fatigue, along a specified direction.gelative to the configuration of

;an . .article such as a blading menber. When such a conpl ex shgped

lther oo UEl Ere extenion e & HecRliEealeRle shUERFE  ° 40O
duregemer A¥bddetdnguishable rfmucamsmaamrgmal

: structure of the article end or body, from which the
extension is grown,._As used herein, the term "crystal
-structure" is interided to mean the overall crystal form
such as a single crystal, multiple elongated grains, etc.
and the directional orientations thereof. The term -
"metallurgical structﬁre" herein is intended to include
such characteristics as overall chemical or alloy
composition, and the size, shape, spacing and composition
of precipitates, phases. inclusions, dendrites, etc.
within the crystal structure.' For example, Ni-base
superalloys generally include gamma prime precipitates,
spaced dendrite arms and various other,distinguishable
phases. The crystal structure and metallurgical
structure can be detérmined and identified by a variety
of known and widely used techniques includlng chemical or
spectrographic analysis and various x-ray and
photomicrographic methods. The term "microstructure"
herein includes the terms crystal structure and
‘metallurgical structure.

This method eliminates the need to provide a
separate member as an ‘article extension, to match the
extension member crystal orientation with the article to

 be repaired, and then to bond the extension in the proper
orientation to a portion of the artic;e as shown in the
above identified Patents 3,967,355 and 4,033,792. The
method of this invention accomplishes all such steps in
one operation, providing the extension,;ntegral and
oriented with the article. As will'ﬁeﬁdiscussed in
detail below, the. present invention is -particularly
useful in providing an”extension on an article having a
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13DV-11089 _
- 3= ‘conplicated and difficult. 1}55 probl em of repair becones

fpartlcutarly acut-e when-a dlrectlonally oriented structure is .intended

o0, T R 16 ey SA bElnsngBOEY. Blaedien” cHPUAERLIRE £ g
menber's: through an end of the SubMAR¥ GHtRHEheNWGNIo@Ninteé¥ior. The
nvent oae: fotyB? theMhelf3E" bE°E3 preBRh0dnlRhedbayi ding an
allows use of a sacrificial addition on an end of the
”:ticle to be repaired to minimize interact1on, such as

'melt back, of the article end with a molten material from
which the article extension is grown. Furthermore,

cause the damaged article end in the present invention
_;:interacts directly with the molten material, such as in

. ;;: back, the need to pretreat or p:eehape or remove
etantial material from the end can be substantially
reduced or eliminated

_ ‘During evaluation of the present invention,

apparatus of the type shown in Figure 1 was used. A

seeled molybdenum canister 10, in this example of

__ﬂircular cross section, is provided with a resistance

| heater 12 of graphite. Within canister 10 is an alumina
melt crucible 14. Through the top ofdcanister 10 is a
hheping member or die assembly shown generally at 16, in
tnie embodiment including a shaping die 18 and a die

tensicn 20. The die and the exteneion 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
crueible 14. The die and die extension are made of an
_e;@hina, commonly used in the high temﬁerature casting
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13DV-11089
article,” having a directionally oriemnged mi crostructure, froma nolten
i material. The extension is grown using the end of the article as a

directi onaldy, ardHaife trogh Fedt &Bﬁ%&“%ﬁa&"eﬁ‘“ﬁ?téﬁ%ﬂ {2knt hpugfv' ten

“materi al whi ch .~ is conpatible w e-seed stric e. In one
formof t ROpREsassarilshdidanticad &ovetbirofrresypenkiopal shapeviding a

; sh?ﬁl Pﬁ n@fb;ﬁhe fmi@wrrﬁcggea':c@eal é:baw nSu&rounddhg aﬁénhﬁgemﬁQ ni C?tl _ngl

C W e en _material . ui ressure.a mat eri a

- forces |tq‘l¥ ig rﬁmﬁﬂ @ﬁ g Bes F’?gcéﬁt 58935“3 °EDE

Carticl &- semndimiqn tammmmmrianezseae to movesnaadact with the

' ol ten matgenisy |G p i of the seed or
514 dtffif Y Oyt"i{n i%l %gzemhou'?ﬂz inﬁe%?%eaf Gh! 98,

- enabl i ng |nter occur |cIe énd, acting as the
growt h seed, In joxden mmwm thec seadedpinteyior 30r afe whi ch

canister 10, a fluid pressure inlet tube 32, connected to
a source of fluid pressure (not shown), such as argon, is
10 disposed through a wall of the canister. Sensing the
pressure within the canister interior is a pressure gage
34, which can provide pressure data to a pressure control
(not shown) for the source of fluid pressure, to maintain
pressure at a desired, preselected level, or schedule of
1S levels, within canister 10. Temperature sensing within
canister interior?jo employs a thermocouple 36 . Through
a furnace temperature control 38, eleétric power to
- heaters 12 and 29’1: controlled and séheduled as desired.
The partially sectional, fragmentary view of Figure
20 2 is taken along line 2-2 of Figure 1. This figure, in
which the meaning of the reference nuqerals coincide with
those of Figure 1;'shows the shapingfdie 18, the die
extension 20 and the die heater 28.° Each 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. waever, 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 on the airfoil article 40 at solidification
30 interface 42 in Pigure 1. However, it_ehould be
understood that any shapes or assemb::es of

\\\\\\\\\\\\\\i\ii\‘iiﬁifd



_Q?Yﬂ%m?he molten nmaterial to directignally solidify on =~ the growth seed
ias an extension of and . ntegral wi t AtPhe article end. Also, it has a
dlrectqonally oriented 30 microstructure conpatible with the article's

“directi onshapeercant be usedoforusughemenbers, depeRdiRg: A8 th8rm the die

]'“C'“desjéﬁgﬁa'ew €he 2 ar:iciétsaihgnewbbaheHSaha ¢ReMaesteedOoshapeh t he
teri he article énd is held in the die extension 35 for

?mihE?Eeeﬁﬁﬁpéﬁoﬁnterlal forced t herei m. In yet anot her
ph?S&@tonEVeﬁttﬁé_ﬂﬁalhdtions of the present invention,
“'gas turbine engine turbine blade, of the general type
;shoﬁn ‘diagrammatically in Figure 3,_was used. Such a.
hlade included a base -shown generally at 44, an airfoil
‘shown. generally at 46 and a blade tip 48. The blade had
_a_"ollow interior for air 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
rystal structure as elongated mnltiple grains, repair
£ damage to tip 48 is difficult if such microstructure

"-i__to be continued into the repair. Ehe present

:zving a microstructure of crystal structure and
_metallurgical ‘structure grown from and compatible with
lhe parent blade tip. In this evaluation, it was desired
0 repair the tip portion 48 of the airfoil 46 of Figure
f73'axia11y outwardly from broken line 52. The material

f from which such blade was cast was a nickel base
5;fsuperalloy having a nominal composition, in weight

" percent, of 6.15%¢ Al, 6.35%¢ Ta, 4.9% W, 2.8% Re, 12% Co,
.-8% Cr, 1.5% Hf, with the balance Ni, selected minor

W5 alloy additions and incidental impurities. The
"'microstructure of such cast blade was directionally
l;o;iented.multiple elongated grains.
o Another,; though gimilar, nickel“““se superalloy was
“placed in melt crucible 14, Figure 1, within canister 10

: ‘which was then sealed. The nickel base superalloy in

... melt crucible 14 hid a nominal composition, in weight

Sheet Has Been Reﬂlaced
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-4 - an article conprising a bpgy portion having a directionally
voriented body or first crystal structure and a metal lurgical structure

oo of o beRZRAE, BECEL a1 6L e CChh Re  1E0 BBV L HEE SR ci e b o
“to form ng. SheHéxtv&ShonheThelencerﬁipnseHecaed mithéecalbowl |y oriented
porti on §%9§?EF5390§*‘?3%**§?§3*‘E D AppPfe£ab 0 th0 SAPLLANEYS vAL (e booy
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,_1ncluding 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 pressure inlet tube 32. At
10 a pressure of about 48 inches H,0, the melt was moved
upwardly in die extemnsion 20 into shaping die 18. About
50.5 inches Hzo was ‘a pressure sufficient to move melt 26
into contact. with blade tip 48 where it was held for
- about 4 minutes. During that period, blade tip 48
1S interacted with melt 26 by melting back to solidification
interface 42, Figure_l, also shown aswbroken line 52, '
Figure 3. Furthermqre, the blade tip&ﬁa 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
20 by moving upwardly, as shown by arrow 54 , Figure 1, at a
rate of about 0.2 inches per minute. This allowed blade
tip 48 to solidify in die 18 and grow an extension having
the same directionally solidified multiple elongated.
grain crystal structure as airfoil hl de tip 48. The
25 extension was continuous and integral with the blade tip.
Withdrawal and directional solidification was continued
until an extension of about 0.4" waspﬁrovided in the same
configuration.and crystal structure.orientation as blade
tip 48. :
30 During this process, die heater 28 was used to
control the temperature in die assembly 16 and the
position of solidification interfacegHZQ Further control

o ThlS She
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V-11089 :
1‘?)D nmetal |l urgi cal structure conpati bI w th and metal lurgically

dlsthgU|shabIe fromthe body's ltallurglcal str;cture t I

= R DRAMVNGS 15 gure i s a sectional view
é&ﬁ;%égiq4?§ |¥§5ﬁ§§§qﬁu9§@b$ﬁbé°§PmPﬁésbﬁ€sEﬁinghaent|on
'ur ew’lidéllf %%té'datfnn%l{[eh(adige%%%.onal eopl%.di%gcg;:ign p:ggtgg die of an

.art. Such a chill can provide as steep a thermal
gradient as is desired for selected. golidification and
microstructure growth. ' | '

Because the die assembly was made of alumina, the
variation of melt depth across the airfoil shaped cross
section of the die assembly was observed to be that as.
)~ would be expected in a non-wetting sy'tem This enabled

':positioning of the growth seed blade-tip portion in the
. die so that contact with the entire tip, from leading to
" trailing edge, was accomplished. '
As was presented in the example above, the
_;composition of the blade tip alloy wag different from
' 'that of the alloy of the extension grown on the tip from
.. the melt. However, the two compositions were selected so
that the crystal structure of the extension would grow .
integral with and continuous from that of the blade tip
representing the body portion for the -extension. This
mode of growth is sometimes termed epitaxial growth. In-
the context of the present invention, this is generally a
necessary condition for compatibility:petween the alloy
~of the blade tip (or body portion) and that of the
. extension. Compatibility generally'imblies that neither
3ﬁp_alloy adversely affect the other, whether by
. contamination, liquid metal embrittlement. formation of
'_,brittle phases at the interface, or_otherwise.
Compatibility may also imply some limitation on .
0° discontinuities in mechanical and phy: {cal properties and
. metallurgical structure between the blede tip and the
" extension. Ultimately, compatibility'mnet be measured by

~ This Sheet Has B

i Iill )




13DV-11089 . _
. Figure 3 is a diagrammatic presentatygn of an air cool ed gas turbine
iengrne turbi ne bl ade. : -5-

périorﬁéﬁééntaif legﬁgfgﬁs'vaogglailoy can be
repeatably grown on articles of another alloy, if the

_ ”.article with an extension grown thereon is amenable to
a ffsubsequent manufacturing operations, and if the finished
rticle performs satisfactorily in service. then it must
_be_concluded that the two alloys are compatible,
xceptions 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, present
n its liquid form. ,

The. article generated from practice of this
invention included a body portion, for example, the
parent blade tip having a first crystgl structure in the
above example, directionally oriented'elongated multiple
grains, and a first metallurgical structure based on the
alloy composition of the body portion. 1Integral and
continnous_with the body portion was an extension having
a‘second crystal structure as a continuation of and '
compatible with the first crystal structure of the body

itched and compatible with, but distinguishahle 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 bonding“together matched, separately generated,
distinct members. The principal distﬁnction between the
_resent invention and the prior art 1 es at the
interface. In the present invention the extension is
grown epitaxially by laying down one layer of atoms after’
another from the liquid material selected for the
Lertension onto the surface of the bodg,_ Thus, the

Ry
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repaired airfoil, showm with an exteggion and nultiple el ongated grains.
L 5 Figure 5is a fragnentary view of the blade tip portion of an

cair CG°|ngg?E?1U§EEﬁ%tﬁQQ'Qﬁ PbﬁﬂgnB?ua aFrosthEgrgn@egfaeFfragnentary

_ tion ure | i ne 6-6.
. 10 TheFPQBFSSP Ps . &hﬁra§ﬁ§ﬁa§rénygntignafuvtberoalbows bbetlon of the

- bllade ti pskBohdgtycgtain)okidnbdtion t&52Bei Grewd aflikkOBhe prior
- art interface bonding techniques for which such secondary
5 grain orientation is difficult to match in the transverse
direction. The epltaxial grown region or repaired area
thus matches the orlglnal metallurgical grain structure
or orientation of the article not only in the primary,
but alsclthe secondary, direction. The advantage over
- 10 current repair me;hods which have equiaxed grains 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
does not match the extension or repaired area by use of
~ 15 prior art methods. Even where different alloys are
. selected for the body and extension, there will generally
be a gradation ih metallurgical strnctnre in the
interface region as a result of rapid mixing of atomic
species in the liquid adjacent to the solidified

20 structure. Even though the prior art method is practiced
with great care, there is a high likelihood of local
surface irregular{ties and small misalignments between
the body and a separate extension that may result in some
sort of low angle boundary between the two parts.

25 Likewise, there is a high likelihood that contaminating
matter on either part will become trapped in the
interface, thereby weakening the joint.

_ The preceding example demonstrated that controlled
growth of extensions, ‘0f the type that would be required
30 in airfoil blade tip. repair, with the same cross-section
 as the parent airfoil, can be accomplished. Although
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
35 article ends such ae.blade tips. Thénpresent invention
'~ may also be used for repair of other;ﬁibgle crystal and

This Sheet Has Been RTlaced
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| views -of t he
15 Figures 8, 9 ‘and 10 are di agfgammati c sectiona
- t of the nethod of the present invention on a
|sequenc” ffihe pract | ce CRI PTI ON.OF THE PREFERRRD EMBODI MENTS
| éacuhe ar%yo?r%g%ct tquE &8 G A8 turhing nggzles,nert gas
| £hrouds iened + hi n a cl osed contai'ner to ? m)ltegI
's.uchm teria war dly
at?gfns’? 25 |CJT($e(¥ascl Js}%%l‘éfedem (ﬁféﬁ?lassom at ed
'9““9%“ Fhe extensioniahould be substarmd Ay wie 7,

'I aa.um de: tﬂf&ﬁ gl tilfe @alFARLarRIAd.) ClHfowever, it was
runexpectedly found that considerable variation in
lmetallurgical structure, notably alloy composition,
fbetween the extension and existing article is
permissible, and may even be preferable in some cases.

'_ As a result of the practice of the present
nvention, the airfoil 46 of Figure 3 includes an
_ertension 56, PFigure 4, from broken line 52 at which it
_afdesired to provide a repair. As seen in the
fragmentary, diagrammatic view of Figure 4, using airfoil
3346 as @ growth seed results in extension S6 having a
compatible microstructure, in this example including
muitiple elongated grains, as a continuation of and
:n;egral with that of the parent airfoil.

'a' Another form of the tip portion of a gas turbine
engine air cooled blade is shown in the fragmentary view
'f_Figure 5 and the sectional view of Figure 6 taken
along line 6-6 of Figure 5. Sometimes this type of tip
c;is*referred to as a "squealer tip' because under certain

f_::a result of such interference, peripheral rim S8,
Figures 5 and 6, of airfoil 60 can be abraded or damaged.

'roviding an extension in the manner described in the
_above example. However, when rim 58 is narrow or damage
_extends close to shelf 62, interaction of rim 58, such as

‘melt back in melt 26 in Figure 1, should be limited and
carefully controlled in order to avoid damage to shelf

i /////l/l/iiif“ '
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-upmardly t hrough a pouring tube intgqga cool ed nDId The
is-continuously withdrawn fromthe nold. 30 Anot her

| casting“g@ht. s opR! ifgeR s_the EFG,(Edge-defined,
GO 93%& procegs P% Fhe: &SE§88s§f %&eePFgﬁﬁgF ﬂ&@§%@ﬂ€

- B- _provides use of a sacrificial addition carried by r1m 58
L fat ‘64 in Figure 7.

cast

The edge or surface 66 of rim 58 in

%Figure 7 is represented to be eroded, damaged and in need
: ”repalr.

. Sacrificial addition 64 need not have the same
icrostructure as the blade tip, for example, elongated -
'Tiltiple grains or a single crystal. - All that is
yrequired is that it be attached to rim 58 and be of a

article -
portion of the

‘Filmfed:



apPVirH8% 0 a liquid material, but capillary action wthin a narrow
iformng tube or die is relied upon toldraw t he liquid material upwardly
for sofidification. Frequently a seed crystal is introduced into the
liquid tomateriak whichyisacogpavible W#phcehapaoérmdm&h #Haar| ose

ore parerfEAmLELOLE B 28 2670l SReY Hate Sulefdfacy” gasttded
‘Oct ober 1764 1938: D@ Wity & N f%#eos!;loy hayingyelements émiM@m 1990. 10
I n some ofndhedfbove @gfgﬁpgegﬂtpalw th@' fricdh tdge casting art

artiol &0, ‘el 28 " F8 atiaP a6, afe 6F e tiontag 'e" R kT ary

' al pha and/ 26, secondaAddieiono6d coant benapplied Heea mhty of

methods well known in the art, including flame spraying,
electro-deposition, diffusion bonding of a preformed
member, etc. Also, because the sacrj;f_icial addition 64 -

10 will be melted away in melt 26 duriﬁg,_practice of the
method of this invention, the shape of addition 64 can be
any convenient one: it can be shaped as an extension of
rim S8 as shown in Figure 7, it can be a shim, sheet or:
foil carried by rim 58, etc. The melting away of

15 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 invention.
Use of a sacrificial addition 64 facilitates the proper
positioning of airfoil article 40 in Figure 1 so that

20 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 in shelf 62. Without
such sacrificial addition, it might be required, in order
to achieve complete contact of and interaction with melt

25 26, to melt back rim 58 into shelf 62,

' The presentat:l.on of Figures 8, 9 and 10, which are
diagrammatically in section, show a sequence of the
.practice of the method of the present invention in a
surrounding shaping die (not shown) as in Figure 1, in

30 relation to repair of an article having a hollow
interior. For example, such interior can be the
labyrinthine passages 70 in an air cooled turbine blade. -

- This Sheq,
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15 They constitute starter neans forlgolldlflcatlon of an artic g

the selected crystal orientation. Heretof ore, the joining of

0 lidified el ongated
conponent f stal _or directionally so
grgF- - .ﬁg?tFéP hﬁeﬂSFu 1 oF HPhecreferenger humeralhaaraOtyaner al |y

\u nvol v""d..' sameuas baveepeentwégdop@évmggys eiﬁi’éo'n gsﬁgg éﬁét al

PBicle
| ed
bl 3232?% S8C In EBHEAC: Mfe R S tarrially meLoodopark op meTEabe and

4, 033, 70226 EromPregiows wim edgvetwlshbwnfiﬁapsahéoﬁe' ath”ﬁiéeré[‘gls 25

type"d.“;bwmut bacy W'é&ﬁ:%e #Enét! fHthgf%”ﬁm%o& H‘fntraypresent

T nventi onb '%Vﬁfﬁgtgg Ritedcy C85Hoi TR | Ehe orema tpinghpoit Lo IGE HImOr OVS an

extensn o.n5'8'--_'.- todaceméyacgrwtlerﬂbé& £OYr RPL 139, MhéS! S d Lo a%e

'is,moved upwardly, as shown by arrow 54 in Figure 10,

._fwhile in: contact with melt 26 until extension 56,

'deelineated by broken line 72, is grown on rim 58 by

. soiidification above melt line 68 which beccmes

ﬁsolidification interface 42, as described above. If.

 b1ade extension 56 is solid in some part, additional

_ . ’holes can be drilled therein to allow air egress or

-f-;}fjeexternal ccmmnnication with the hollow interior, as
”*L5;desired For example, such holes. can be generated by

fdrilling with laser, electrochemical or electro. discharge

methods well known and widely used in the art of material

One evaluation of the present invention used an air
led turbine blade of the type shown in Figures 5, 6
and 7, and which had been exposed to gas turbine type
aoperating conditions. The blade was manufactured from
_ ___.n;e; éme nickel base superalloy as in the previous
S ziarexample. This alloy includes in its composition Al and
faﬁ'fnf-“uhich vhen exposed to high temperature oxidizing
iconditions form stable surface oxides. Such alloying.
”eiemente, and occasionally yttrium, are -commonly used in
Fhickel base superalloya from which turbine blades are
fmanufactured. Therefore, the exposed surfaces of air
feboling passages or holes, such as holes 74 in Figures 5,
' end 7, were coated with surface oxides which were found

Has Been Reﬁacﬁd
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. 30 repalr Through use of the artlcjf?ltself as the seed or starter
'"'he-exten3|on I s provided with a crystal - mcrostructure

"hot ;ﬁaaltﬁ?%ﬁfhl - o#}? b @ ehe CQT&:Iernu%tevgfahl 'atien ' t?e
-<¢¢as melt 26. Because such surfaces were oxides, they act
f-as non ‘wetting molds. 1In this example, melt back was

: allo 'd to proceed into the blade material in which the
f'hole _were generated Unexpectedly,_very few of the
f‘holes were filled when contacted by melt 26, which had
the same composition as the extension. material of the
j'previous example, and their integrity ‘was maintained.
;iHowever, in order to avoid such non- wetting action from
';iaffecting other portions of the blade tip which are
';intended to interact with the molten repair material,

’ pre-treatment to remove oxides, coatings, etc., such as
;.;mechanical or chemical surface treatment, can be used to
f? facilitate article extension growth. In one form of the
f;method of the present invention the fluid pressure
fapplied to the melt is selected to be adequate to move
'the melt into the shaping member but less than that
_equired to force the melt into the oxide coated holes.
.{?Suoh pressure limit is a function of the size of the
"holes. -

'xThe present invention relates to using an ‘article or
member as a directionally oriented growth seed for
;providing on an end of the member a distinguishable
1exteneion having a microstructure matched with that of

. he member. Such an extension is provided from a molten
imaterial which is compatible or matched with the material
; fﬁthe ‘growth seed so that the extension is integral with
h member and has a microstructure continuous with that
34 he member. However, as discussed above, the
'omposition of the member and of the molten material and
enoe the extension grown therefrom, need not be
jdentical. Selection of the molten. material for example -
__'provide the extension with enhanced environmental

This Sheet Has Been
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form the extension has a nmetallurgicgl_ structure general ly

f’_dl st-l.n?;w shabl e fromthe netall urgical structure of the article end or

‘body, 1 d herein, the_term '
"ery: rogbwgf Qntufelslgé%ﬁthﬁg&hﬁb%ﬁgﬁﬁapﬂg a%ar 0 r E¥8tadorm  such
_5"7_15;“ -Bgnuﬁfwmg mlﬂ$atcplbeeheagath¢ memm&h a@ioting Sandgghewgnfgctlonal
i nt ended t%éldﬁlc?li}gofthe %&g%ﬁc%ﬁbr écldgra&q{ égéﬂa vere]fI%ICe o %g'?‘h‘dr alloy 10
_conposi ti Fhe ZAge B Fovemeskaes, theaeintdcled emhp@s:ttmanas tbe

preci. ps _t"-agg%wcnh@%@a If&@&nushanaxoﬂ%dmafc%haqt 9s a EWPEIEH.Bnt ge crystal

e, S e o S, SR s enpLabhge o 9™
h‘abmelt5 theathermillegradienlt At theUsd1dad fighgl | ur gi cal
nterface and the rate of solidification and growth of
-tﬁé extension.

= It is contemplated by the method of this invention
'that if a molten material has a melting point lower than
hat of the article end acting as a growth seed,
nteraction between the molten material and growth seed
neeéd not include complete melting of the growth seed
_arﬁicle end. All that is necessary is that a condition
_;g; at the interface to allow crystal structure growth
across the interface and into the molten material.

' The present invention has been described in
chnection with specific examples and embodiments,
qéiuding those presented'in the drawings. It should be
derstopd, however, that these are intended to be
irépresentative of and not limiting on the scope of the
'pgésent invention included within the appended claims.

is-Sheet Has Been Reﬁaced
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structure can be determned and idemified by a varlety~///of knomn and ‘\&ES
an

MAder used techni ques including chem cal or /spectro [ aIyS|s
various x-ray and photon1crograsﬁgé%gﬁthods tructure
20 herein includes the terns cryst cture a glca
structure.’ _ This nethod elim nates the né Fo prOV|de a

separate nember as an article extension, to match the ext ensi on nenber
crystal orientation with the article to 25 be repaired, and then to bond
t'he extension in the proper orientation to a portion of the article as

‘'shown in the 1. Bbaaeméthmdiﬁhétéﬁwi ﬁoﬁtﬁﬁ§e§&5oﬁn§eﬁe@§§ﬁz92 ejgfion
By ovrdi naPeRARLL AR PA- AFEATEL | SESadl eofed R S0R L pucss neci’ ps
‘Wi || be dweedstedinitiate growth of a member having a
microstructure compatible with that of the growth seed,
5 from a molten material éompatible with the selected seed
metallurgical structure, the step of:
_ providing an extension on an article having an
end of selected shape and selected directionally oriented
microstructure, using the end of the article as the
.~ 10 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
addition 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,

5 and the sacrificial addition is melted in the molten
material to expose the end of the article to the molten
‘material.

Sheet Has Been Reilaced
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detail below, the present invention igyparticularly usefut—in prOV|d|q@““

‘an extension on an article having a hol | ow i nt H“\““W“‘\“\“
openi ngs or passages communi cating t hrough an end of the
the hoIIOW|nter|or ,
: . 4. In a method for using a seed of selected
‘metallurgical structure and of selected crystal structure
fo initiate growth of a member having a microstructure
icdmpatible with that of the seed, in which method there
.. is provided a molten material compatible with the
. 'selected metallurgical structure of the seed, and a
;fshaping member having a wall defining a shaping opening
therethrough disposed in communication with the molten
.ﬁéterial, the improved combination of steps, for
”f_tpioviding an extension of an end of an article having an
" end directionally oriented microstructure, of:
: applying fluid pressure to the molten material
o " to move the molten material into the shaping opening
. while,

s using the end of the article as a directionally'
f'oriented microstructure growth seed by holding the end of
- .. the article in contact with the molten material in the
7! shaping opening for a time sufficient for a portion of

/" the end of the article to interact with the molten

3Q?}; material; and then, with the fluid pressure applieqd,

T withdrawing the end of the article through the
ﬁ.shaping opening at a rate which allows the molten
'material to directionally solidify in the shaping opening
___:_.j on the portion of the end of the article as an extension
"':?@gfagf and integral with the portion of the end of the

t”ff'érticle'and with a microstructure compatible with the end
' directionally oriented microstructure.

PO . . e

. This Sheet Has
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%Re #orn1of t he nethod of the presenjy i nvention alTows use of &

'sacrificial addition on an end of- thé 5 article to:b imze
‘interaction, such as' nelt back, of the article endﬂmnﬁﬂw “Emrlmr

-mat eri al

from whi ch t he artlcle extension i's grown.*Fuwtherwore,

'because the d&Bm@he methdd chdlain he jir adeidhs nvent i on i nteracts

Procreal or preosharhoBhAbtet denfif taA b i et ithg [dBdEEC D

subst ant ie¥tignsion hawing & wallidefiining an extmnsiep dwlledion of the

present
-15 seal e

“secti én, W%lﬁﬁ‘bmiﬁ]t fpnd the

i d. A
16¥di spoEE b twed |ér§ﬂt?hi|t Sﬁbgoghm(ﬁ :fracﬁi G th ley@s use

ybdenun1can|ster 10 circular cross
g OPQRiﬁﬁi' 12 of graphite. Wthin.

éCanlSter 10 IS aniﬁhéﬂﬂkhid pressure moves the molten material

10

"end; and,

into the extension hollow interior; and

the end of the article is held through at least
a portion of the shaping opening and in contact with the
molten méterial in the extension hollow interior.

6. The method of claim 4 including the additional
step, prior to using the article and as the growth seed,
of securing with the-ar;icle end a sacrificial addition
which isécompatiblerith and will melt in the molten
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 superalloy;
the molten material is a superalloy
metallurgically compatible with superalloy of the article

the fluidepressure is applied by a gas.

8. In a method for providing an extension on an end
of an article havihg an outer cross-sectional shape and a
directionally oriented microstructure, the combination of
steps of: - '
providing a molten material compatible with the
article; " ‘

Thls Sheet.H.
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ROV 18%ci bl e 14. Through the top of canister 10 is a sh%n"ﬂ Tl
di e assenmbly shown generally at 16,%%4" 20 this enbodi ment I nq ﬂ ' ﬂu-tﬂn,
= [S] *

‘shaping die 18 and a die extension 20. The die and the extwension
‘have an i nner vBrevidingna Qile hasimytaweinteswdl nvall hol | ow

Ui i i @i di ' ' | nings for
Tecel vingor tpy @ 418 Spfifed eneXAORth HatBR Y crof®i"00d 4l ¢
expensicwﬁ%ﬁgfé%dﬁiﬁh the agptiflecutemrregssectionahsshapg; tenperature .
casting ‘ - providing a die exténsion having a hollow
%{f:?:‘ interior defined by an extension wall disposed between
| f and in communication with the die internal wall on a
' first extension end and with the molten material on a
_ second extension end; .
15 applying fluid pressure to the molten material
to force the molten material into the die extension
hollow interior through the second exténsion end;
passing the article end through at least a
portion of the die 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, ' _
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
30 and with a crystal structure substantially continuous
with the article directionally oriented microstructure.

9. The method of claim 8 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

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

aced -
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IPY-1089 . o1t and have cross sectlongé shapes mat ched with, b o

‘necessarily identical to, the cross ctional shape of the Mi"ﬂ”'m”m
‘treated. Surroundi ng die assenbly 16 is a- nnlybdenun1heaten
‘assist in control of the S condition of the nolten material’ 26 as |t

-noves and SledTheeﬁeuhb&IBftEEaﬂﬁ|boih'th&hothéfdﬂrécégonall¥
‘order to gressurlze t he sealed interior c_canister 10, a uid

pressure PREERted crystal AREUFEUre of thesarriclereRfyid pressure (not
‘shown), ssuhsaanaigmmy is aOstingbesedysbadugh a wal [ of the canister.

‘Sensing the
11. The method of claim 8 for providing an extension
on an end - of an alloy article having an outer cross-
sectional shape, a_directionally oriented microstructure,
a holloﬁzinterior,'and at least one passage defined by a -
5 - 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.

12. In a methcd for repairing an airfoil shaped tip
portion of a damaged article, the tip portion having a
directionally oriented microstructure of a selected
alloy, the steps of.l
5 prcviding,a molten material compatible with the
selected alloy;
disposing 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
withdrawing the tip porticn through the shaping
member at a rate uhich allows the molten material to
solidify in the shaping member as an extension of and
1S integral with the tip portion and with a microstructure
compatible with the directionally oriented microstructure
“of the tip portion.

13. An article comprising: .
a body portion having a directionally oriented

first crystal structure and a first me allurgical
structure; and ‘ :

et Has Been Reraced
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V- :
?%séWF% ‘Wi thin the canister |nter|05 is a pressure gage - 34, which can

provide pressure data to a pressure control (not -shown) for the source
of flujd pressure, to maintai ressure at a desired resel ected | evel,

or schedul e of 15 I%Qe?§teﬂ?£ﬂpni EegER b with’ aQEﬁﬁQrﬁfu Reskadyng within
cani ster potetony Bﬁeeenteuaionthﬁﬁ@@oalpch?ré&ioi[ﬁmygbrienaeaurnace

t t t t he 12

contr ol | oHSGRAAs EREAERL SLESGELFe LiSRbat e WEER Hha, Fxfffaths T onal

f r agnent acgntisuous FighreheOdeysfiEKEncnmeQlIsnruetﬁref Enguae 1. This
figure, 'Eecon&hhﬁga%fﬁrgg Qi” tPuct@fer@%ﬁﬁ§€%ﬁl§”ﬂ?tﬁl§n oi ncide wth

t hose of gure , aplng ension 20 and
the di® hee é;lEBSiE§%¥Y0¢i§ﬁé§3u ﬂh%bbﬁeﬁFQNhébeahoéYrf%?ﬁtshaped Ccross

section |ﬁeEagmﬁgggcaZSSubugbuggrresponds W th the shape of alrf0|l article
40,
14. The article of claim 13 wherein both the body
portion and the ertensiOn are of'air§d§l shape.

15. The article of claim 14 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 Aintegral airfoil tip portion as the
s extension, remote fram the base.

'~ 16. The artioig,of claim 15 wﬁerein: :
the airfbil is a nicke;fbegg;superalloy; and
the integral extension is é*nickel base alloy.

17. The article of claim 16 in which the airfoil has
'a crystal structure of directionally oriented multiple
elongated grains andﬁthe extension ha ‘a crystal :
structure of directionally oriented multiple elongated
.5 grains substantially continuous with those of the
 airfoil.

cle of claim 16 in which the airfoil has

ure’ £fa single crystal and the extension
has a crystal atructure as a single ;rystal substantially
continucus with’ tha of the airfos

19. The ar‘ic e of clain 1 ?‘ﬁf-her;e;n the body portion
is a turbine shroud. ' s

I m i

heet Has Been Reﬁaced
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‘?9?#¥ﬁ%re 1. However, it is to he ypd derstood that these cross sections
may assume any deS|red shape as may necessary for the intended
‘repair. An extension is being rown on the airfoil article 40 at

'sol i di fi cati oR030Thenastigde 9@ phagmgiBeWLeremomsherboﬂY PREGAANLE

-under st ogg hhehrggﬁeshggggeor assenbl i es of

21. The article of claim- 13 wherein the body portion

is an airfoil vane.f .
R
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x’iﬁl"mg shapes can be used for such nenbers, depending on the shape %é?
~the article being extended and the~ #83ired shape of the extension.
In one of the evaluations of the present invention, 5 a gas turbine engine
. turbine bl ade, of the general type shown dlagrannatlcally in Figure 3,
fwas used. Such a bl ade i ncluded a base shown generally at 44, an airfoil
:shown generally at 46 and a bl ade tip 48. The bl ade had a hoIIow
cinterior for air cooling with cooling holes or 10 passages such as 50
conmuni cati ng WMETHODeFOR| PROVIDING AR BkTENS2ONMT OFt ANNENDI Nteri or. Because
. such a bl ade had a directionally solidified mcrostructure, including
ra crystal structure as elongated multiple grains, repair

OF AN ARTICLE '

" ABSTRACT

An extension is provided on an end of an article
having a direction@ily,briented 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 gsolidified as
integral with and as an extension of the article end and

with a microstructure compatible with that of the article
end.

FIG. 1

et Has Been. Reia"ed
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of ‘damage to tip 48 is dlfflcult i f such mcrostructure 15 is to be
continued into the repair. The present I nventi on enables growh on the-q
‘bl ade tip of an extension - having a microstructure of crystal structure
and "~ - netallurgical structure grown fr£n1and conpatible with t he
parent blade tip. In this eval uation t*was desired 20 to repair the tip
portion 48 of the airfoil 46 of Figure 3 axially outwardly from broken
line 52. The materi al - 'from whi ch such bl ade was cast was a _ nickel base
superal | oy having a nom nal - conpositi-on, in weight percent, of 6.15%
Al, 6.35% Ta, 4.9% W 2.8%Re, 12% Co, 25 6.8% Cr, 1.5% Hf, with the

bal ance Ni, selected mnor - al lfjoy additions and incidental inpurities.
The - mcrostructure of sug@ cast e was directionally oriented

mul tiple elongated grains.
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Anot her, though sfnilar, ni ckel .base superalloy was 30 placed in nelt
crucihle 14, Figure 1, within canister 10 whi ch was then seal ed. The

ni ckel base superalloy inh melt crucible 14 had a nomi nal conposition,
in weight -
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percent, of 6.7% A, 6.2% Ta, 2% Re, 10.5% Co, 16% Cr, 1.6%H, with the
.bal ance Ni, selected mnor alloy additions and incidental inpurities.
‘The superall oy was nmelted by resistance heater 12 at a tenperature in
‘'the 5 range of about 2790 to 2905[err]F under a | ow oxygen argon

at nosphere. Wth the die assenbly 16, Lyyladlng shapi ng die 18 and die
extension- 20, in position as shown in ““Figure 1, the nmelt was pressurized
by introduci ng argon under pressure through fluid pressure-inlet tube
32.- At 10 a pressure of about 48 inches H20, the nelt was noved upwar dl y
I n di e extension 206 nt g shapeF die ‘})% About S |n es Herr]0 was a
pressure suffici to Wove nelt)26 nto contELf ade tip 48 where
it was held for ‘
interacted with
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i nt érf ace 42, Figure 1, also shown as broken |ine 52, Fi gure 3.

Furthesnmore, the blade tip 48 acted as an oriented gromh seed for nelt
26 irndie 18. Then airfoil article 40 and article end or blade tip 48
was wi't hdrawn 20 by novi ng upwardly, as shown by arrow 54 , Figure 1, at a
rate of about 0.2 inches per m nute. Thiy 4! I owed bl ade tip 48 to
solidify in die 18 and grow an extension havi ng: the sane directionally
solidified-nultiple el ongated graln crystal structure as airfoil bl ade
tip 48. The 25 ext S g a A tntegral with the blade tip.
Wt hdrawal and dire conti nued until an

uration and

fajﬁ,éﬁr%glguﬂingthis
> FIG. 8

ext ensi on of about
icrystal structure ofi
process, die heater
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- _ _ o Bo2¢52< s
he tenperature in die assenbly 16 and the position of

soliidification interface 42. Further control

-12 -
f_ln t hat

of the solidifying interface can be acconplished using a chill ,
| ocation, not shown, ae is well kggun and- REPLACENH%”TSHEET
METHOD. FOR PROVIDING AN EXTENSION ON 09 JUL 1996

10

15

AN END OF AN ARTICLE AND

EXTENDED ARTICLE j

v s e,

This invention relates to growing an extension on an
end of an article having a directionally oriented
microstructure, and, more particularly, to such a method
in which the end is used as a Qrouth seed for the
extension and article extended thereby.

The reported technology ﬁqrpgrowing directionally
oriented structures, including*eingle crystals, from a
molten bath of a selected material has evolved from
simple shapes and members to complex shaped articles. A
portion of such technology inclﬁdes the generation in a. '
complex shaped mold of directidnelly solidified or single
crystal alloy articles for use?in the hot sections of gas
turbine'engines. The puhlishedf;iterature well known to
those skilled in such art has many examples of articles

such as turbine blades and vanee provided in such a
manner.

When an article, for example a turbomachinery or gas
turbine engine blading member, i
environment of airborne particles and particularly in the
gtrenuous high temperature oxi"izing and/or corrosive
conditions experienced in the. urbine gection of a gas
turbine engine. oxidation,_hot corrosion, erosion, wear,
lcw-cycle fatigue cracking'an_ other damage can occur to
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v dél'y Used in the directional solidification casti

i 1 F,{“\ ?\{T ‘ﬁ_}:i,_‘, 1
gE?Lﬁ t"Buch ja {chi | |

- can provide as steep a thermal 5 gradient as is depi G@JQBLS;%@C'[G
+solidification and m crostructure grow h. ecause the d
~assenbly was nade of alum na, the vari ati on of I t pe
cairfoil shaped cross section of .the die2assenblylwas observed to t hat

as 10 woul d be expected in a non-wetting system Thi
posi tioning of dih HPF: SeLsl. b'@é’&ﬂéé’ mtmmzam&hee of dhfers additi e
contact with the entire { rom |l adjn trajling edge, was

“acconpl i shed. 18 expeng Y\gs {') %%ee ]a%bv@ Fepair
‘conposi tion of ﬁ&&héifﬁhamlcbatépwa@@scmbfiftfmuefron1 that of the all oy
of the extension gro

conposi tions were sé _Con thg ‘&P frcom.plex ehgmé& bfb VSrmem£§Et3¥’tne

5 type referred to above is the turbomachlnery blade
described in_U,S‘ Patent. 4,010,531 - Andersen et al.,
patented Maich 8, 1977 and assﬁgned to the assignee of
this invention. ' Such a blade ipeludes a complex hollow
interior communicating.with aniopen tip for cooling

10 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
manufactured as a single crystal or with a directionally

1S solidified mierostructure of elongated grains. The
combination}cf easting mold teehnology and casting
procedures-engbles such manufacture. As used herein for
simplicity, the term "directionally oriented® is intended
to include di?ectionally solidified elongated grained
20 structures as well as single crystal structures, the
crystal orientation or growth direction of which is
maintained in a selected direction. As is well known in
the art of - biading members, tﬁe characteristic crystal
orientation in nickel-base superalloys frequently used
25 for blading members is that the <001> crystallographic
direction lies substantially parallel to the growth
direction,:d '_gners of such blading members can utilize
that charact rietie crystal orientation to minimize the
elastic moduluaf and therefori educe the likelihood of
i 1 achanism such as thermal
action relative to the

fatigue, along a epecified dﬁ
configuration of an article & as a blading member.
When such a complex shaped article having a
directionally oriented microstricture is damaged, either
33 in operation,or in a portion:o Lits manufacturing
procedure, tl ;problem of ita;repair becomea more
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_tshat  thecrystal structure of the extension woul d grow

~continuous fromthat of the blade tip 20 representing the}ggggggﬁﬂhh ﬁ§?£$F
" the extension. This node of growth is sonetines terned| epitaxial growtih.
“In the context of the present invention, this is general] yo® JUL 1996
: necessary condition for conpatibility between the all oy pf the bl ade t}i
' (or body portion) and that of the 25 ext erdsi on. Conpati bi i ty—gemeral Ty

i mpl i es that neither al l oy adversely affect the other} whether by

cont am nati on, cbh@ﬂh@a@%ﬁﬁhn&”&&ftlbﬁ!ﬁﬂt Thaenproblenl of rebauttle phases
at the |nterfa , or otherw

bi | I
‘linmitation on CﬂFE@bﬁPFﬁ&FPi@§1Vnaﬁﬁg%:% 7 o &rﬁﬁ§a %%ﬂlgpS%&?ﬁtéé and
nmetal | urgi cal sttrucdoure Het dacented lloate map.n&'.admelde in thexirepaiiced

Utimtely, ("ME%¥€f§AJ 2% q%SEyB§cg5§§“E%giQ¥d.in directionally

s oriented articles such as airfoils, for example, blading
members.

SUMMARY OF THE INVENTION

10  The present invention, in one form, describes a
method for providing an extension on an end of an
article, having a directionally oriented microstructure,
from a molten material. The extension is grown using the
end of the article as a directionally oriented

15 microstructure 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
p:oviding a shaping member, for example, a die having a
die opening, communicating with the molten material.

20 Fluid pressure 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 to
interact with the molten material, for example, melting
back a portion of the seed or enabling interdiffusion to

25 occur. Then the article end, acting as the Qrowth seed,
is withdrawn through the die dﬁéging at a rate which
allows the molten material to directionally solidify on
the growth seed as an extensionfof and integral with the
article end. Also, it has a directionally oriented

30 microstructure compatible with the article's
directionally oriented microstructure.

In another form, the die includes a hollow die
extension which is in commnnicétion with the molten
material. The article end is held in the die extension

3s for contact with the molten material forced therein.

In yet another form, the present invention provides
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 finished

performance. |If extensions of one alloy can be

—l£peat-ably-g
on articles of another alloy, if the article with an e@ﬂﬁﬂﬂ“ﬁﬁﬁﬁﬂ@ﬂf
- thereon is anenable to subsequent manufacturing operat|o eIk

10

15
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an article comprising a body portion havingla:
directionally oriented body or first crystal structure
and a metallutgical structure and an extension integral
with an end of the body portion through the use of a
sacrificial addition secured to the end of the article
prior to forming the extension. The extension has a
directionally oriented crystal structure compatible with
and extending continuous with the body portion crystal
structure. In additioﬁ, the extension has a
metallurgical structure compatible with and

metallurgically distinguishable from the body's
metallurgical structure.

Figure 1 is a sectional view of apparatus adapted to
practicé 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.




!

5> article perforns satisfactorily in service, then it nust be concl uded
that the two alloys are conpati bl e, exceptions to the preceding
generalities notw thstanding. The sane considerations apply to
sacrificial additions. As used herein, the phrase "nolten materi al
compatible 10 with . . ." is taken to nean a material or alloy that

neets the preceding standard for conpatltnﬁity pr esent inits liquid

- form The article generated frompractice of this i nvention
i ncl uded a body por Filguref 4r igxanfragmensaty djagearmeitide viiew hivang a

first crystal Pﬁ@k@ﬁ?aﬂ&fbﬁ@anghéuﬁyﬁ1%ﬁaﬁﬁl%ﬁﬂ@HHTUH %%a'hﬁle&bgeted

a first netal

ur gi cal structure based on

el ongated nultipfe ie%Inalns
. the al | oy c8HoBSALESh 3R iN¥e body portion. Integral and cont i nuous
_ mnth t he body portlon was an extension havi ng

s Figure 5 is a fragmentary view of the blade tlp
portion of an air cooled gas turbine engine blade.

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

10
Figure 7 is a fragmentary sgctional view of a
portion of the blade tip in Figure 6, including a
sacrificial addition. -

15 Figures 8, 9 and 10 are diagrammatic sectional views
of the sequence of the practice of the method of the
present invention on a hollow article.

20

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

25 which discloses one such methodﬁgnd associated apparatus
is U.S. 3,302,252-Woodburn, Jr.,. patented February 7,
1967, relating to continuous casting of an article
“upwardly through a pouring tube into a cooled mold. The
cast article is continuously wippdrawn from the mold.

30 Another portion of the casting art sometimes is
referred to as the EFG (Edge-defined, Film-fed Growth)
process. 1In that process, no eﬁkernal.pressure is

REPLACEMENT SHEET
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20 a second crystal structure as a continuation of and conpatible with
. the first crystal structure of the body portion and having a second
' metal lurgical structure mat ched and conpatible w th, but :
|"di sti ngui shabl e from the first metallurgical structure of the body.
' The 25 interface portion between the body and the extension is
"different fromthat obtained by the prior art method of di ffusion
. bondi ng together matched, separately generated, distinct nmenbers. The
principal di sBPRIAEGh tRefnddAuide materiadsehuti sapilileryandtilon pritdrinar t
G ounept 1 o JAATOmRILG Me e dle BRI POEUSRA R
Phe T qui o mat rmate w@beaddUATi Eor Sl rasicn « neameRR Yo
' the body. Thusa tdemd crystal is introduced iato the liquid to initiate
: 5 crystal growth. Typical patentg'&hich disclose features
of this kind of process include U.S. 3,471,266-La Belle,
Jr., patented October 7, 1969; U.S. 4,120,742-Asano et
al., patented October 17, 1978; and U.S. 4,937,053-
Harvey, patented June 26, 1990.
10 In some of the above referenced patents and
elsewhere in the casting art relating to the formation of
directionally solidified or single crystal articles, seed
cryastals having selected crystal orientations (primary
alpha and/or secondary beta orientations) have been used.
15 They constitute starter means for solidification of an
article having the selected crjétal orientation.

Heretofore, the joining ofzcomponents of single
crystal or directionally solidified elongated grain
articles, including turbomachinery airfoils, has

20 generally involved the use of separately cast members of
selected crystal orientation. Sﬁgh members are assembled
and bonded into an article acrdsé.an interface between
the members. U.S. Patents 3,967,355 and 4,033,792 -

' Giamei et al. are typical of patents relating to this

25 type of bonding; they include showing an attempt to match
crystal structures across the bond interface.

The method of the present vention provides a new
combination of steps which caé@s or grows an extension
directly on an end of an exisé rticle to enable

30 repair. Through use of the article itself as the seed or
starter means, the extension i ﬁ}qvided with a crystal
microstructure.including orientation, matched with and
continuous with that of the article. In addition, in one

REPLACEMENT SHEET
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#14 - 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 bonding

techni ques for which such secondary 5 grain orientation is difficult to

match in the transverse '

-7-
form, the extension has a metallurgical structure
generally distinguishable from ;he metallurgical
structure of the article end or body, from which the
extension is grown. As used herein, the term "crystal

5 structure" is intended to mean the overall crystal form
such as a single crystal, multiple elongated grains, etc.
and the directional orientations thereof. The term
*metallurgical structure" herein is intended to include
such characteristics as overall chemical or alloy

10 composition, and the size, shapé, spacing and composition
of precipitates, phases, inclueiens, dendrites, etc.
within the crystal structure. For example, Ni-base
superalloys'generally include gqmma prime precipitates,
spaced dendrite arms and various- other distinguishable

1S phases. The crystal structure and metallurgical
structure can be determined and .identified by a variety
of known and widely used techniques including chemical or
spectrographic analysis and various x-ray and
photomicrographic methods. The€ﬁerm *microstructure"

20 herein includes the terms crystal structure and
metallurgical structure. '

This method eliminates the need to provide a
separate member as an article egtension, to match the
extension member crystal orientation with the article to

25 be repaired, and then to bond the extension in the proper
orientation to a portion of the article as shown in the
above identified Patents 3,967,355 and 4,033,792. The
method of this invention accomplushes all such steps in
one operation, providing the extension integral and

30 oriented with the article. As. w il be discussed in

' detail below, the present invent on is particularly _
useful in providing an extension on an article having a

REPLACEMENT SHEET
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direction. The epitaxial grown region or repaired area t hus mat ches the
. original netallurgical grain structure or orientation of the article not
- only in the primary, but al so the-secondary, direction. The advant age
‘"‘over 10 current repair nethods which have equi axed grains at the
interface and in the repaired area is sigpificant in terms of mechani cal
. and netal lurgical properties since the " nmetal lurgical grain structure of
the original article does not. match the extension or repaired area by

use of 15 prheLlgM iRterd@r ang-RPRRGNGS]ON PagRades Spsmmndcatiag ect ed
- for the body angowgneas @hd JFethenaldt igQrReRAltL the BR1A G 3diterddr.n
met al | urgi cal ;;ru%}urg I n tQﬁ I nterface regioqﬁas a result of rapid
m xi ng of atonmic “*&HEQTEs 9 tthr?e’qqtg\ﬂdd ofyj S Rrasenth d nentdion ed 20
structure. FEadlowsouge tdfe apraamy ifrifcingl @l itd gir ast iadeknd of the
e S article 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 present invention
interacts directly with the molten material, such as in
10 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 invention,
apparatus of the type shown in Figure 1 was used. A
15 sealed molybdenum canister 10, in this example of
circular cross section, is prcvided with a resistance
heater 12 of graphite. 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 16, in
20 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, defining hollow
interiors thereof and die and die extension or shaping
openings for receiving a molten material 26 from melt
25 crucible 14. The die and die extension are made of an
- alumina, commonly used in the high temperature casting

(REPLACEMENT SHEFT)




with great care, there is a high |ikelihood of |ocal surface

irregularities and small m salignnents between the body and a separate
extension that may result in sone sort of |ow angle boundary between
the two parts. 25 Likewise, there is a high likelihood that contam nating
matter on either part will becone trapped in the I nterface, thereby
weakeni ng the joint. The precediﬁa'exanple denonstrated that
controlled growt h of extensions, of the type that would be required 30

in airfoil blad¥ti AREAAYe Qressisectipeat @aapescragghed withy Hautpar ent
~airfoil, can ben@¢cnePbssdesly Pa6AOLEA to, LEhE EX35P! é@féﬁ@f%%g one

. end or tip extension d be understood that, t g%grese

it . Shoul
invention can the grticle ?%u?%CFH%%t?ﬂe CORETPYRALNG e raggemply i pl e
. 35 article endsé sishaasobybdentunpieatdhe2Pr escassisyehi 66ntrol of the

s condition of the molten materié;jzs as it moves and

solidifies within the hollow ihﬁérior of die 18.
In order to pressurize the sealed interior 30 of

canister 10, a fluid pressure iniet tube 32, connected to
a source of fluid preséure (not éhown), such as argon, ‘is

10 disposed through a wall of the canister. Sensing the
pressure within the canister iﬁterior is a pressure gage
34, which can provide pressurefdata to a pressure control
(not shown) for the source of fluid pressure, to maintain
pressure at a desired, preseléﬁﬁé& level, or schedule of

15 levels, within canister 10. Temperature sensing within
canister interior 30 employs a thermocouple 36 . Through
a furnace temperature control 38, electric power to
heaters 12 and 28 is controlled and scheduled as desired.

The paftially sedtional, f;ﬁgmentary view of Figure

20 2 is taken along line 2-2 of Figure 1. This figure, in
which the meaning of the reference numerals coincide with
thoge of Figure 1, shows the shaping die 18, the die
extension 20 and the die heater 28. Each of these '
elements has an airfoil shaped cross section in Figure 2, -

25 which corresponds with the shapézof airfoil article 40,
in Figure 1. However, it is to be understood that these
cross sections may assume any desired shape as may be
necessary ﬁd#ﬁppe intended rep&ii. An extension is being
grown on the airfoil article 40 at solidification

30 interface 42 in Figure 1. However, it should be
understood that any shapes or & éemblies of

[RBPLACEMENT SHEFT
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nay also be used for repair of other single crystal and

; -15 - directionally oriented articles, such as turbine nozzles,
. shrouds and vanes. Fromthis exanple it was concluded that the
i crystal

10

15

-10-

shapes can be used for such me@@ers,'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,
a gas turbine engine turbine bléde, of the general type
shown diagrammatically in Figuie 3, was used. Such a
blade included a base shown generally at 44, an airfoil
shown generally at 46 and a blade tip 48. The blade had
a hollow interior for air cooling with cooling holes or
passages such as 50 communicating with the hollow,
generally labyrinthine, interior. Because such a blade
had a directionally solidified @icrostructure, 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
invention enables growth on thélblade tip of an extension
having a microstructure of crystal structure and
metallurgical structure grown from and compatible with
the parent blade tip. 1In this evaluation, it was desired
to repair the tip portion 48 of the airfoil 46 of Figure
3 axially outwardly from broken line 52. The material
from which such blade was cast was a nickel base
superalloy having a nominal combosition, in weight
percent, of 6.15% Al, 6.35% Ta, 4.9% W, 2.8% Re, 12% Co,
6.8% Cr, 1.5% Hf, with the balance Ni, selected minor
alloy additions and incidental impurities. The
microstructure of such cast blade was directionally

.oriented multiple elongated grains.

Another, though similar, nigkel base superalloy was
placed in melt crucible 14, Figure 1, within canister 10
ﬁhich was then sealed. The nickel base superalloy in
melt crucible 14 had a nominal ' composition, in weight

REPLACEMENT SHEET
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structure of the extension should be substantially the 5 sanme as that of

~the existing article. However, it was unexpectedly found that

- consi derabl e variation in nmetal lurgical structure, notably alloy

‘ conposition, bet ween the extension and existing article is

' permi ssible, and may even be preferable LR some cases. 10 As a result
- of the practice of the present I nventi on,. thE al{f0|l5§6 ?fmglgﬁret3
~includes an 6, oFi ure é ron1ﬂro en_line a ich i

was desired to p?é%% pgﬁrng s&&n TPn £ IO 8§ ak$¥ Cr,

~diagrammatic vﬂeﬁkonFlgum®.¢heubadgnabrNdLlsb&eé&easman@&owqmcyeed results

i 5 I ' t.ructu n this_exanple
dncluding - SoRRtarRsand (TR SHEH R RIS nike SesEalAgY was

“integral with pﬁ&peébehgq@%agﬂpqg blegiter 12 at a temperature in the

5 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
under pressure through fluid pressure inlet tube 32. At

10 a pressure of about 48 inches H20, the melt was moved
upwardly in die extension 20 into shaping die 18. About
50.5 inches H;0 was a pressure sufficient to move melt 26
into contact with blade tip 48 where it was held for
about 4 minutes. During that period, blade tip 48

15 interacted with melt 26 by melting back to solidification
interface 42, Figure 1, also shown as broken line 52,
Figure 3. Furthermore, the blace 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

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

25 extension was continuous and integral with the blade tip.

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

30 During this process, die heater 28 was used to
control the temperature in die assembly 16 and the
position of solidification 1nterface 42. Further control

REPLACEMENT SHERT
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Another formof the tip portion of a gas turbine 20 engine air cool ed bl ade

Is shown in the fragnentary view of Figure 5 and the sectional view of
i Figure 6 taken along line 6-6 of Figure 5. Sometines this type of tip
is referred to as a "squealer tip" because under certain operating

rconditions it can interfere with or rub OES An 25 opposi ng nenber to

i approach a zero clearance condi ti on. f result c nrerfe
'peripheral rim yres 5 gnd of airfai can be abraded or
-: gamaged. %ﬁ he %édféﬂ’r 3@&9&3‘1‘?&% iGAP bf AssPlished vaingna
“oxi dati on, overckamerﬂmcttmft d.;waaﬁmn A sHowile ad 83QeedANindw Grd the

a result of such interference,

- damage of rim pre ent tion can be use
repair such da?ré‘éie-&gﬂd&wg'?‘o i %raeﬁ:t&& {]‘%‘% SAeHENRT | bed in

t.he above &tihpl Sudhpeewchillvean provikie sa_.mamrenp @ timed
S gradient as is desired for seleeted solidification and
microstructure growth.

Because the die assembly weh-made of alumina, the
variation of melt depth across the ajirfoil shaped cross
gsection of the die aseembly was observed to be that as

10 would be expected in a non-wetting system. This enabled
positioning of the growth seed blade tip portion in the
die so that contact with the entire tip, from leading to
trailing edge, was accomplished.

As was presented in the exﬁhple above, the

15 composition of the blade tip alloy was different from
that of the alloy of the extension grown on the tip from
the melt. However, the two compositions were selected so
that the crystal structure of the extension would grow
integral with and continuous from that of the blade tip

20 representing the body portion'fd: the extension. This
mode of growth is sometimes termed epitaxial growth. . In
the context of the present invention, this is generally a
necessary condition for compatibility between the alloy
of the blade tip (or body portion) and that of the

25 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.
Compatibility may also imply some limitation on

30 discontinuities in mechanical and physical properties and
metallurgical structure between the blade tip and the
extension. Ultimately, compatiﬁility must be measured by

REPLACEMENT SHEET
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~extends close to shelf 62, interaction of rim58, such as 35 nelt back in

-nmelt 26 in Figure 1, should be limted and carefully controlled in
i order to avoid danage to shelf _ _ -16-
~62. One formof the nmethod of the present invention

-13-

performance. If extensions of one alloy can be
repeatably grown on articles of another alloy, if the
article with an extension grown thereon is amenable to
subsequent manufacturing operatiqgs. and if the finished
5 article performs satisfactorily in service, then it must
be concluded that the two alloys are compatible,
exceptions to the preceding gederalities notwithstanding.
. The same considerations apply to sacrificial additions.
As used herein, the phrase 'molten material compatible
10 with . . ." is taken to mean a material or alloy that
meets the preceding standard for compatibility, present
in its liquid form.
The article generated from practice of this
invention included a body portioh, for example, the
15 parent blade tip having a first crystal structure in the
above example, directionally oriented elongated multiple
grains; and a first metallurgical structure based on the
alloy composition of the body pdttion. Integral and
continuous with the body portion was an extension having
20 a second crystal structure as a eontinuation of and
compatible with the first crystal structure of the body
portion and having a second metallurgical structure
matched and compatible with, bt distinguishable from,
the first metallurgical structure of the body. The
25 interface portion between the body and the extension is
different from that obtained by che prior art method of
diffusion bonding together matched separately generated,
- distinct members. The principal distinction between the
present invention and the prior art lies at the
30 dinterface. In the present invention the extension is
- grown epitaxially by laying down' ohe layer of atoms after
another from the liquid material :selected for the
extension onto the surface of gpe"body. Thus, the
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v

provi des use of a sacrificial addition carried by rim58 RF?@@(@W?NﬂW%ﬁﬁﬁf
7. The edge or surface 66 of rim58 in Figure 7 is repfegsented 10U BHE

; _eroded, damaged and in need 5 of repair. Sacrifigigl @PgUtﬂ
i need not have the sane mcrostructure as the blade tip F of
el ongat ed multiple grains or a single.ggystal. Al tha ,5,_,,quu+¢

i is that

it be attached to rim58 and be of a

10

15

35

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 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 original metallurgical grain structure
or orientation of the article not only in the primary,
but also the. secondary, directisn. The advantage over
current repair methods which have equiaxed grains 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
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 generally
be a gradation in metallurgical structure in the
interface region as a fesult of rapid mixing of atomic
species in the liquid adjacent to the solidified
structure. Even though the prior art method is practiced
with great care, there is a high likelihood of local
surface irregularities and small misalignments between
the body and a separate extension that may result in some

"sort of low angle boundary between the two parts.

Likewise, there is a high likelihood that contaminating
matter on either part will become trapped in the
interface, thereby weakening the joint.

The preceding example demonstrated that controlled

growth of extensions, of the type that would be required

in airfoil blade tip repair, with the same cross-section
as the parent airfoil, can be accomplished. Although
this example- included only one end or tip extension, it
should be understood that the present invention can be
expanded to. include the concurfent repair of multiple
article ends such as blade tips.' The present invention
may also be used for repair of other single crystal and



| DD ACTMENT SHRET
-17- material which is conpatible with that of nelt ;Z%EPEF“ 15?"7“—"-'“‘3*::‘)(*;; it
i f melt 26 is a nickel base superalloy, addition 64 cpnibe N, a N bas

conmposition of 5 nmelt 26, an alloy of one of the alloyifg

al l oy having el enents which will not dilute or substaft

a0y JUbdA%e the

el ements of nel

'26, etc. Addition 64 can be applied by a v gLety of it fods wel'T known
"in the art, I ncludi ng fl anme sprayi ng, el[éctro-depositfon, diffusion

bondi ng of a pr
~addition 64 10
-method of this

.10

15

s

BFee dopaiias SrkepCrd ASKAChESuANRY BencuBAnSr neLes,
Bhrentisoand kangsape of addition 64 can be

From this example it was éoncluded that the crystal
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
permigssible, and may even be preferable in some cases.

As a result of the practice of the present
invention, the airfoil 46 of Figure 3 includes an
extension 56, Figure 4, from broken line 52 at which it
was desired to provide a repair. As seen in the
fragmentary, diagrammatic view of Figﬁre 4, using airfoil
46 as a growth seed results in extensgion 56 having a
compatible microstructure, infbhis example including
multiple elongatéd grains, as a continuation of and
integral with that of the parent airfoil.

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 5. Sometimes this type of tip
is referred to as a "squealer tip* because under certain
operaﬁing conditions it can interfere with or rub on an
opposing member to approach a zZero clearance condition.
As a result of such interferenéé, peripheral rim 58,
Pigures 5 and 6, of airfoil sofcan be abraded or damaged.

‘Even without such a rub conditidn, airborne particles and

oxidation, over a period of operation, can abrade and
contribute to the damage of rim S8.  The method of the
present invention can be used té repair such damage by
providing an extension in the manner described in the
above example. However, whenitgm $8 is narrow or damage
extends close to shelf 62, inﬁé?éction of rim 58, such as
melt back in melt 26 in Figure 1, should be limited and
carefully controlled in order to avoid_damage to shelf



any convenient one: it can be shaped as an extension of rim58 as shown

iin Figure 7, it can be a shim sheet or foil carried by rim58, etc. The
- melting away of 15 addition 64 by nmelt 26 exposes at |east the surface
‘mcrostructure of rim58 to nelt 26 enabling such surface to act as a

. growth seed, according to this invention,._  Use of a sacrificial addition
64 facilitates the proper positioning of airfoil article 40 in Figure 1
. so that 20 vvhen an article such as airfojl 60 .in Figures 5, and 7 is

" bei ng repai re®?-t h@FefOTHAE (thee meFhad @i e present *‘Bﬁe&’cté'dmaway from
rather than aprovidesshad dR.a Watdldlﬁxcxal ey s idd et dd aididinorse it

Thieracti on with ik HiBlre o) [ REE FORAGREWHE o Y 1o
- The present at iRkdgufe H gmetse;&;esazramﬂ ]Iﬁ; lwhlentp_d&da, damaged and in need
S of repair. '

Sacrlf:.cz.al addition 64 need not have the same
microstructure as the blade tip, for example, elongated
multiple grains or a single crystal. All that is
required is that it be attached to rim 58 and be of a
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- diagrammatically in section, show a sequence of the practice of the

. method of the present invention in a 'surroundi ng shaping die (not
- shown) as in Figure 1, in 30 relation to repair of an article having a
. hol | ow interior. For exanple, such interior can be the

- labyrinthine passages 70 in an-air cool ed {yrbine bl ade.

material which is compatible with that of melt 26. For
example, 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 Chaﬁge the composition of

5 melt 26, an alloy of one of the alloying elements 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. Also, beéauae the sacrificial addition 64

10 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 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 melting away of

1S 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 invention.
Use of a sacrificial addition sé_facilitates the broper
pbsitioning of airfoil article 40 in Figure 1 so that

20 when an article such as airfoil 60 in Figures S, 6 and 7
is being repaired, the melt back line 68 in Figure 7 is
located away from rather than at or in shelf 62. Without
such sacrificial addition, it might be required, in order
to achieve complete contact of ahd interaction with melt

25 26, to melt back rim 58 into shelf 62.

The presentation of Figures 8, 9 and 10, which are
diagrammatically in section, aﬁéw a sequence of the
practice of the method of the present invention in a
surrounding shaping die (not shown) as in Figure 1, in

30 relation to repair of an article having a hollow
interior. For example, such interior can be the
labyrinthine passages 70 in an= ir cooled turbine blade.

fMﬁME%MSHE?
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For conveni ence, sone of the reference nunerals are the same as have

. been used previously herein. Figure 8 shows rim58 in contact with and

. partially nelted back by nelt 26 from previous rimedge 66 shown in

. phantom In Figure 5 9, nelt back has continued further into rimb58 to

| melt back line 68, sufficient for the remaining portion of rim 58 to
act as a growth seed for nelt 26. Then a¥¥vil 60 I s noved upwardly, as

shown by arrow 54 in Figure 10, while in contact with nmelt 26 until

extensi on 56, Hdér detnventiedcdy domkadt | e :?éferéneéomkn@fam nss diye

Solidificati on. Aheuss e b8 Wadll LePESOATS nerSfh! I IGRLL % 4l 20

: rim 58 in contact with and partially melted back by melt
26 from previous rim edge 66 shown in phantom. In Figure

s 9, melt back has continued further into rim 58 to melt
back line 68, sufficient for thé:iemaining portion of rim
S8 to act as a growth seed for meit 26. Then airfoil 60
is moved upwardly, as shown by arrow 54 in Figure 10,
while in contact with melt 26 until extension S6,

10 delineated by broken line 72, is grown on rim 58 by
solidification above melt line éé which becomes
solidification interface 42, as described above. 1If
blade extension 56 is solid in some part, additional
holes can be drilled therein to allow air egress or

1S external communication with the ﬁbllow interior, as
desired. For,éxample, 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.

20 One evaluation of the'preqénﬁ invention used an air
cooled turbine blade of the type shown in Figures 5, 6
and 7, and which had been exposed to gas turbine type
operating conditions. The bladefﬁas manufactured from
the same nickei base superalloy as in the previous

25 example. This alloy includes ip its composition Al and
HE, which when exposed to high :emperature oxidizing
conditions form stable surface-_ fdes. Such alloying
elements, and occasionally yttrium. are commonly used in
nickel base superalloys from which turbine blades are

30 manufactured. Therefore, the osed surfaces of air
cooling passages or holes, such ‘as holes 74 in Figures S,
6 and 7, were coated with surface oxides which were found

REPLA{‘MW g fm
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bl.ade extension 56 is solid in some part, additional hol es can be
drilled therein to-allow air egress or 15 external communication with the

thol I ow interior, as desired. For exanple, such holes can be generated by
drilling with Iaser el ectrochem cal or electro discharge met hods wel |
lknown and w del y used in the art of mat er i removal . 20 One

.eval uation of the present |nvent|on used an air cool ed turbine bl ade of

the type shown in Flg { and 7, and which had been exposed to gas
turbine type BOBpEPa %@r%ﬁdﬂ%rer MRkt biadeheaBokbenf Batarbal f pemh

the sane nickel abamelsupel a|lk@da@6el§héﬁes@f§&t@§5w8§e %288k ¢. ché{ﬂlécél' | oy
includes inits con303|t

d h
tenperature oxidfzPRY v t%%%d“%ﬂ%ﬁs fB?n*gfﬁb?ﬁagﬂfgagé ggeﬁéég S% h

al l oyi ng allowed to proceed into the blade material in which the

S 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
previous example, and their integrity was maintained.
However, in order to avoid such non-wetting action from

10 affecting other portions of the blade tip which are
intended to interact with the molten repair material,
pre-treatment to remove oxides, coatings,'etc., such as
‘mechanical or chemical surface treatment, can be used to
facilitate article extension growth. In one form of the

15 method of the present invention the fluid pressure
applied to the melt is selected to be adeguate to move
the melt into the shaping member but less than that
required to force the melt into the oxide coated holes.
Such pressure limit is a function of the size of the

20 holes. ' ;

The present invention relates to using an article or
member as a directionally oriented growth seed for
providing on an end of the member a distinguishable
extension having a microstructure matched with that of

2§ the member. Such an extension 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 andéhas a microstrntiure continuous with that
of the member. However, as dfséussed above, the

30 composition of the member and. of ‘the molten material, and
hence the extension grown therefram. need not be
identical. - Selection of the molten material, for example
to provide the extension with’ nhanced environmental
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el enents, and occasionally yttrium are commonly used in ni ckel base
| superal | oys from which turbine blades are 30 manufactured. Therefore,
, exposed surfaces of air cool i ng passages or holes, such as holes 74
i Fi gures_ 5, 6 and 7, were coated with surface oxi des which were found

-19 -

10

15

-20-

resistance, is based on the tolerable degree of crystal

t he .
in

gtructure mismatch between the member, acting as a growth

seed, and the extension, grown from the molten material.
The rate of movement of the arti¢le end, acting as the
growth seed, from the molten material is a function at
least of the fluid pressure appiied, 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 if a molten material has a melting point lower than
that of the article end acting as a growth seed,
interaction between the molten material and growth seed
need not include complete melting of the growth seed
article end. All that is necessary is that a condition
exist at the interface to allow crystal structure growth
across the interface and into the molten material.

The present invention has been described in
connection with specific examplés and embodiments,
including those presented in thé drawings. It should be
understood, however, that these'are intended to be
representative of and not limiting on the scope of the
present invention included withih the appended claims.
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not to interact with or nelt in the nolten naterial such as nelt 26.

. Because such surfaces were oxides, they act as non-wetting nolds. In

. this exanple, nelt back was all owed to proceed into-the bl ade materi al
~in which the 5 holes were generated. Unexpectedly, very'femrﬂ+~%he~—~mnh

hol es were filled when contacted by nelt -24,- which had
conposition as the extension material of the preV|ous “! ir
integrity was naintained. However , iqgﬂ¥Q¥% to avei d suc c

SO

action from 10 <affecting other portion e blade tip mhlch are

intended to interact with the nolten repair material, pre-treatnent to
. renove oxides, coatings, etc., such as mechani cal or chenical surface
‘treatnent, can be used to facilitate article extension growh. In one

formof the _
1. In a method wherein a growth seed of selected

metallurgical structure and selected crystal structure is
used to initiate growth of a memper having a
microstructure compatible with that of the growth seed,
s from a molten material compatible with the selected seed
metallurgical structure, the step of:
providing an extension on an article having an
- end of selecﬁed shape and selected directionally oriented
. microsﬁructufe, using the end of the article as the
10 growth seed in the molten material to provide the
extension intégral with and having a microstructure
compatible'ﬁich 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
addition foa?material which is compatible with the
molten matétial is secured with the end of the article "
prior to uaing the end of the article as the growth seed,

5 and the sacr;ficial addition is melted in the molten’

material to expose the end of the article to the molten
material.
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15 nethod of the present invention the fluid pressure _applied to the
tmelt is selected to be adequate to nove the nelt |nt0 tﬁE\shaplng

menber but |ess than that required to force the nelt he Oxide.__
coat ed hol es. Such pressure limt is a function of th M”Ej )
' a

20
hol es. The present invention relafes to using an yﬂl m

menber as a directionally oriented growmh seed for provi d| ngtommw IIM
of the menmber a distinguishable extension having a mcrostructure *
matched with that of 25 the nember. Such an extension is provided froma
“nolten mat eri al 4anhiXrn asneiﬂm:htﬁdn‘ aising ratadet] of tdelactedt eri al

' ngt Egsg;ovnv]t Er os%eékﬁ%rifézont | NUOUS W ::gf;hc% ha% rggﬂé&lfeth P%Etr'% %r :
as di scussed aUUWeln1¢kate growth of a member having a microstructure
compatlble with that of the seed, in which method there

s is provided a molten material compatible with the
selected metallurgical structure of the seed, and a
shaping member having a wall defining a shaping opening
therethrough disbosed in communication with the molten
material, the improved combination of steps, for

10 providing an extension of an end of an article having an
end directionally oriented microstructure, of:

applying fluid pressure to the molten material
to move the molten material into the shaping opening
while,

15 using the end of the article as a directionally
oriented microstructure growth seed by holding the end of
the article in contact with the molten material in the
shaping opening for a time sufficient for a portion of
the eénd of the article to interact with the molten

20 material; and then, with the £luid pressure applied,

' withdrawing the end of the article through the
shaping opening at a rate which allows the molten
material to directionally solidify in the shaping opening
on the portion of the end of the article as an extension

25 of and integral with the portion of the end of the
article and with a microstructure compatible with the end
directionally oriented microstructure.
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30 conposition of the nenber and of the nolten material,
- extension grown therefrom need not be  identical.
“nolten material, for exanple
_envi ronnent al '

and hence t he
Sel ection of the
to provide the exten5|on‘mnth~enhanced

. l/ll/ll/lllll/llllllllllllllll

5. The method of claim 4 in which:
the shaping opening is in a die including a die
extension having a wall defining-an extension hollow
interior dispoéed between and in communication with the
5 molten material and the shaping opening;
‘ the fluid pressure moves the molten materxal
into the extension hollow interior; and
the end of the article is held through at least
a portion of the shaping opening and in contact with the

10 molten material in the extension hollow interior.

6. The method of claim 4 including the additional
step, prior to using the article and as the growth seed,
of securing with the article end a sacrificial addition
which is compatible 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 superalloy;
the molten material is a superalloy
metallurgically compatible with superalloy of the article
5 end; and, |

the fluid pressure is applied by a gas.

8. In a method for providlng an extension on an end
of an article having an outer cross -sectional shape and a
directionally oriented microstructure, the combination of
steps of: )
p;@?iding a molten magq#ial compatible with the

article; T %

!

REPL ,A(jf‘@gi‘ SHER!

J e

09 JUL199

p..-...

“ n\\\\\m\“ “i‘\‘iﬁ““’



resi stance, is based on the tolerable degree of crystal  structure
. m smat ch between the nenber, acting as a growth seed, anﬁ‘rhE“exteﬂsion

. grown fromthe nolten materi al . The rate of nnvenen,, ' end
racting as the 5 growh seed, fromthe nolten materi al mul

| east of the fluid pressure applied, the %enperature of * en

~thermal gradient at the solidifying i"&férface and the rate of

- solidification and growth of . the extension. 10 . It is contenpl ated
by the nmethod of this inbxeviding a e haviagnein dmbtennmal salfias a mel ting

PO ovet @B iniclal dle arly S A S

~interaction between the mol ten materi al ot
~include conple9899¥Qﬂ|ﬂ}9§ thee afttle §@§Gr1§€ﬂﬂﬁTEQFQ%ﬂPa¥Nq apedt i s
‘necessary it that a condigididing a die exténsion having a hollow

interior defined by an extension wall disposed between
and-in communication with the die internal wall on a
fiﬁst extension end and with the molten material on a
second extension end;

15 ’ 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 die opening and into contact w1th 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
difectionally oriented microstructure growth seed; and
25 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
30 and with a crystal structure substantially continuous
with the article directionally oriented microstructure.

9. The;method of claim 8 including the additional
step, prior”toibassing the artiéle end through the die
opening portion of securing with the article end a
sacrifioial addition of a material which is compatible

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

ﬁ. This Sheet Has Bee
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exist at the interface to allow crystal structure growh across the
iinterface and into the nolten material. The présent 1 nvention has

. been described in connection with specific exanpl es_;m“l mnm'“munl 20
.including those presented in the drawi ngs. It shouldrbH_ H _
. however, that these are intended to be _,gdepresentative of and™nott *

. limting on the scope of the present invention included within the
- appended cl ai ns.

10

15

10. The method of claim 8 ‘in which the directionally
oriented crystal structure of the article end
substantially is a single crystal.

11. The method of claim 8 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.

12. In a method for repairing an airfoil shaped tip
portion of a damaged article, the tip portion having a
directionally oriented microstructure of a selected
alloy, the steps of:

| providing a molten material compatible with the
selected alloy;
disposing the molten material in a shaping
member matched to the airfoil shape;

" holding the tip portion in contact with the
molten material for a time sufficient for the tip portion
to interact with the molten material; and then

withdrawing the tip pdrtion through the shaping
member at a rate which allows thé molten material to

80lidify in the shaping member'ag an extension of and

integral with the tip portion and with a microstructure
compatible with the directionally oriented microstructure
of the tip portion.

13. An article comprising:

a body portion having a directionally oriented
first crystal structure and a first metallurgical
structure; and

REPLACEMENT SHERT




GLAI M5: W claim 1. In a nethod for providing an extension on an end of

‘an article having an outer cross-sectional shape and a directionally

~oriented mcrostructure, the conbination of steps of ”“mlmlunlmmum
inmolten material having a chemical conposition conpat ca
 conmposition of the article; ~ providig g a di e havi‘ng®an"iftefnal” wal
tdefining a d|e openi ng therethrough matched in cross-section with the

rarticle out Cross- sectlonal ha roviding a di e extension having
2 hollow in erlor defi ned Bye engion 1nteggal withgan end of the body

portion, the extension having a directionally oriented
second crystal structure compatible with and extending
continuous with the body first crystal structure, and a
second metallurgical structure compatible with and
10 metallurgically distinguishable'from the body first
" metallurgical structure.

14. The article of claim 13 wherein both the body
portion and the extension are of airfoil shape.

15. The article of claim 14 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 portion as the

5 extension, remote from the base.

16. The article of claim 15 wherein:
the airfoil is a nickel base superalloy; and
the integral extension is a nickel base alloy.

17. The article of claim 16 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
5 grains substantially continuous with those of the
airfoil '

i8. The article of claim 15 in which the airfoil has
a crystal structure of a single crystal and the extension

has a crystal structure as a single crystal substantially
continucus with that of the airfoil

19. The article of claim 13 wherein the body portion
is a turbine shroud.
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-wall on a first extension end and with the nolten materl

. extensi on end, applying fluid pressure to the nD

ext ensi on wal |l di sposed between and in conmuni cation wrt‘h//e d| E“mmval

sto*
force the nolten material into the die extension hoIIo |*ntér|or t hr ough

- the second extension end; passi ng &3 end of the article through at

| east a portion of the die opening and into contact with the nolten

"tateri al ; holéﬂngg%he arficle end inh contact with the nolten materi al
f

for a tinme suffici

e ATfielg phickaidn &3 iwherein the ibAdY RITHIOM the

-nmolten materi alg 4 hurbinelmwogEle being a directionally oriented

‘“mcrostructure grow h seed; and then, w thdrawing the article end

§through the die opening at a rate vvhi ch allows the nolten material to

. directionally soli ¥y The tdmeticke opErilegimm i hwheréin! ehersody portion

- ext ensi on of ARt LOEAb s M %l%he article end and with a directionally
u

oriented crysta structure S antlally continuous with the article-
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directionally oriented mcrostructure. _

22 2. The nethod of claim11 in which: the article end is a
 superalloy; the nolten material is a supeéeralloy having a chem cal
-conposition metallurgically conpatible with a-chem cal conposition

-28-

METHOD FOR PROVIDING AN;EXTENSION OF AN END

OF AN ARTICLE

" ABSTRACT

An extension is provided on an end of an article
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
integral with and as an extension of the article end and
with a microstructure compatible with that of the article
end.

FIG. 1

. L"Q JUlL 1004 |
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of the superalloy of the article end; and, the fluid pressure is applied by
a gas. 3. The nmethod of claim11l including the additional step, prior to
passing the article end through the die opening portion, of securing onto
the article end a sacrificial addition of a material which is conpatible
with and will nelt in the nolten matelifalk to expose a surface of the

article to nolten materi al . 4. The nmethod of claim 1 in which the
directionally oriented crystal structure of the article end substantially
is a single crystal. 5. The method of claim 1l for providing an extension

on an end of an alloy article havijpg an outer cross-sectional shape, a
directionally oriented
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Mmcrostructure, a hollow interior, and at |east one passage defined by a
wal | through the article end comrunicating with the hollow interior,
wherein: the nolten material is an alloy; and the fluid pressure is
applied by a gas. 6. In a nethod for repairing an airfoil shaped tip
portion of a damaged article, the tip‘p?ré;on having a directionally
oriented mcrostructure of a sel ected all @y,

the steps of: provi di ng
a nolten material conpatible with the sel éected all oy;

di sposi ng the
nolten material in a shaping nenber matched to the airfoil shape;
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23 - - holding the tip portion in contact with the nolten nmateri al
for a tine sufficient for the tip portion to interact wwth the nolten
material ; and then wi t hdrawing the tip portion through the shaping
menber at a rate which allows the molten material to solidify in the
~shapi ng nenber as an extension of and integral with the tip portion and
‘wth a mcrostructure conpatible with the 4 directionally oriented
‘mcrostructure of the tip portion. -
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Coigde¥
7> An.article having a directionally oriented crystall ographic structure
_conprising: a body portion having a directionally oriented first
icrystal structure, said first crystal structure including the size,
shape, spacing and conposition of precipitates, phases, inclusions and
;dendrites, and a first chem cal conpo;| I on; and an extension
“integral with an end of the body portlon he extension havi ng a
directional ly oriented second crystal structure conpatible with an
- extendi ng.conti nuoug potly 4 al structure, said second
crystal - structur e, spacing and conposition of
'precipitates ph tes, distjinguisha ble from

‘the size, .shape, sp - pr 64 es, phases,
|nclu3|ons and dendp4 | oﬂf%ﬁzﬁrlrst crystal
bn.

structure, and a se
— > FIG. 8
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8. 'The article of claim7 wherein both the body portion and the ext e‘r%?b‘r?"’

-are of airfoil shape. 9. The article of claim8_ in the formof a
- t ur Wotrachi nery bl ading nenber ° conprising a base and an airfoil as the
. body portion carried by the base, the irfoil:i DHINSGIRNnt R al
cairfoil tip portion as the extension, refote fronm*wuﬂ"mglmgmnﬂm
CLAIMS: - s
We claim: '

1. In a method for providing an extension on an end of an article having an
outer cross-sectional shape and a directionally oriented microstructure, the
combination of steps of:

providing a molten material having a chemical composition compatible-

with a chemical composition of the article;
providing a die having an internal 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 hollow interior through the second extension
end;

passing an end of the article 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, the

article end being a directionally oriented microstructure growth seed; 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
article end as an extension of and integral with the article end and with a
directionally oriented crystal structure substantially continuous with the atrticle
directionally oriented microstructure. |
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24 10. The article of claim9 wherein: the airfoil is a n/JsﬁL,—base

usuperaILoy

and the integral extension is a nickel—base alloy.

| The @rticle of claim10 in which the airfoil has a cryst M\‘\t\;ﬂ‘\a
_dlrectlonally oriented nultiple elongated _grains and “\&m
'crystal structure of directionally orient rrultlplel_el_--' graih

substantially continuous with those of the airfoil.

2. The method of claim 1 in which:

the article end.is a superalioy; the molten material is a superalloy having
a chemical composition metallurgically compatible with a chemical composition
of the superalloy of the article end; and, the-flgid pressure is applied by a gas.

3. The method of claim 1 including the additional step, prior to passing the
article end through the die opening portion, ‘of securing onto the article end a
sacrificial addition of a material which is compatible with and will melt in the
molten material to expose a surface of the aﬂiél’e to molten material.

4. The method of claim 1 in which the directiqnally oriented crystal structure of
the article end substantially is a single crystal.

5. The method of claim 1 for providing an extension on an end of an alloy
article having an outer cross-sectional -:s’hape, a directionally oriented
microstructure, a hollow interior, and at least one passage defined by a wall
through the article end communicating with t'he_-hollow interior, wherein:
the molten material is an alloy; and

the fluid pressure is applied by a gas.

6. In a method for repairing an airfoil shaped= tip portion of a damaged article,
the tip portion having a directionally oriented ;;r_j_iicrostructure of a selected alloy,
the steps of: o

providing a molten material compatiblé \j_;/ith the selected alloy;

disposing the molten material in a sha;p_,i_ﬁg member matched to the airfoil
shape; |
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12. The article of claim10 in which the airfoil has a crystal structure of
i a single crystal and the extension has a crystal structure as a single

' crystal substantially continuous with that of the airfoi Iumuuﬂl""nﬂm”
Larticle of claim7 wherein the body portion éi a turbing Hm
carticle of claim?7 wherein the body portion a turbine nbzz{ et ®15s The
“article of claim7 wherein the body portion is an airfoil vane.

holding the tip portion in contact with the molten material for a time
sufficient for the tip portion to interact with the moiten material; and then
withdrawing the tip portion through the shap:ifjg-member at a rate which allows
the molten material to solidify in the shapir{é ihm_ember as an extension of and
integral with the tip portion and with a mi_c:rOStructure compatible with the
directionally oriented microstructure of the tip portion.

7. An article having a directionally oﬁented crystallographic structure
comprising: .

a body portion having a directionally -fdﬁented first crystal structure, said
first crystal structure including the size, shape spacing and composition of
precipitates, phases, inclusions  and de"ﬁdrites, and a first chemical
composition;

and an extension integral with an end of the body portion, the extension
having a direbtionally oriented second crystal structure compatible with an
extending continuous with the body first crygfal structure, said second crystal
structure including the size, shape, spacing_'-_ énd composition of precipitates,
phases, inclusions and dendrites, distinguisﬁéble from the size, shape, spacing
and composition of precipitates, phaéé‘s, inclusions and dendrites
distinguishable from the first crystal stru_'_cture, and a second chemical
composition. '.

8. The article of claim 7 wherein both the body portlon and the extension are of
airfoil shape.

9. The article of claim 8 in the form of a- turbomachmery blading member
comprising a base and an airfoil as the bod_ portlon carried by the base, the
airfoil including an mtegral airfoil tip portion -

.the extension, remote from the
base.
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16. The article of claim7 wherein the body portion is a nickel base

. superakl oy having a nomnal first chem cal 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, and the
. balance Ni, selected minor alloy additiong,and incidental inpurities, and—-
! the extension is a nickel base superall o;?‘haw ng a nom nat—second «chenic m '

. conposition, in weight percent, of 6.7 %A, 6.2% Ta, 29

TR

. Cr, 1.6% Hf, and the balance N, selected ninor alloy ad
i nci dent al i hPuTheiasticle of claim 9 wherein:

the airfoil is a nickel base superalloy; and
the integral extension is a nickel base- alloy

11. The article of claim 10 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.

12. The article of claim 10 in which the airfoi!_;_._ﬁas a crystal structure of a single
crystal and the extension has a crystal structure as a single crystal substantially
continuous with that of the airfoil.

13. The article of claim 7 wherein the body portion is a turbine shroud.
14. The article of claim 7 wherein the body portlon is a turbine nozzle.
15. The article of claim 7 wherein the body portion is an airfoil vane.

16. The article of claim 7 wherein the body portion is a nickel base superalloy
having a nominal first chemical compositidn‘g ln weight percent, of 6.15% Al,
6.35% Ta, 4.9% W, 2.8% Re, 12% Co, 6. 8% Cr 1.5% Hf, and the balance Ni,
selected minor alloy additions and incidental lmpuntles and the extension is a
nickel base superalloy having a nominal second chemical composition, in
weight percent, of 6.7% Al 6.2% Ta, 2% Re, 10,5% Co, 16% Cr, 1.6% Hf, and
the balance Ni, selected minor alloy addltlons .and incidental |mpur|t|es
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METHOD FOR PROVIDING AN EXTENSION OF AN END

OF AN ARTICLE

" ABSTRACT

An extensxon is provided on an end of an article
having a directionally oriented microstructure by using
the article pg_as a growth seeq.in a molten material
compatible with material from which the article end is
made. The éxtension is directionally solidified as
integral with and as an extension of the article end and

with a mic:gstructure compatible with that of the article
end. :

FIG. 1

i
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