REPAI R VETHOD' FOR  PROPAGATI NG EPI TAXI AL CRYSTALLI NE STRUCTURES

BACKCSRCIJND

Ok THE I NVENTION (1) Field of the Invention [0001) The present invention
relates to a nethod for repairing a workpiece, such as a turbine engine
conponent, and nore particularly, to a repair nethod where a desired
crystalline structure is initiated fromthe parent material through an

additive layer. (2) Prior Art [0002] Depositing repair nmateri al

onto

di recti onaREPASBI MET£ORJFOX DNORAGAI INH &Pcmpxtral. ¢(SCETAULSHE asESICGIUREUSi ng

this material, 1i.e. welding, wthout creating high angle grain
is difficult. This is due to several factors including (1) the

boundari es
inability

to control the rate of heat pagkcR3ynbheri Madi hivdpntoy control tine at

tenperature; and (3) the inability to control the cooling rate

across the

entire suffadeeliforfetlfpleverhéAn the heating source (point source), which
i's direct}yodaf | eaci - il face of
I's directjgoddy @ﬁ@%ﬁ@s%wghmmcﬂ h5.qaved 3ckoes.a f&;llgegﬁeanlgﬁfztrwg%heat

substrate being repaire ere 1's an effect of noving or
gener at edvamkrdrecareauatl asent ttobihe soyine.copaeargsulandomotke

: il he. ' | . 1t i
and bal i Tig BISHY. G fafh EoRERE: HECLoRoB Ty AT AHRe STYEEApA

heat source
e control

Fafure

cycl es t hatriavuaddeninhheibhoedsrroh tiey gbopirentmelfdansts thrcge past. [0003]
In addition to the difficulties associated with the nption of the heat
source, A5V dfdeStoppi ng of the notion and heat source power have
aggravated the thermal cycle. Still further, heat flow difficulties have

been additionally
{(2) Prior Art

[0002] Depositing repair material onto directiocnally solidified

{DS) or single crystal (SC} substrates and fusing this material,

i.e. welding, without creating high angle grain boundaries is

difficult. This is due to several factors including (1) the

inability to control the rate of heating:; (2) the inability to

control time at temperature; and (3) the inability to contrel

the cooling rate across the entire surface. For example, when

the heating source ({point source), which is directly influencing

the material, is moved across a surface of the substrate being

repaired, there is an effect of moving or flowing the heat

generated to an area adjacent toe the source. As a result

of the

heat source movement, the area trailing the source begins to

cool. It is the contreol and balancing of the dynamic heating,

cooling and time at temperature cycles that have been the focus

of development efforts in the past.

[0003] In addition to the difficulties associated with the

motion of the heat source, starting and stopping of the motion

and heat source power have aggravated the thermal cycle.
further, heat flow difficulties have been additionally
complicated by difficulties associated with the variable

geometries and thicknesses of the material substrates.
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conpl icated by difficulties associated- mnth t he varlable geonetrles and

t hi cknesses of the material substrates. 1 [0004] Thus, there is needed a
repair technique which effectively elimnates or deal's with these
difficulties. SUMVARY OF THE | NVENTI ON [ 0005] Accordingly, it is an object
of the present invention to provide a repair nethod which creates thernal
profiles favorable to the formation of directionally solidified and single
crystal [D004Qt uTless Nedfetde g epaidecon adghlivee ot efialdisihistrate interface
and mhlch | ow t hese_structures to be continued through_or grown into the
repair C&-YeF 0661 HEAFES aOF Lt het ‘Bjledth e ﬁﬁéfﬁFé§§hﬁslnventlon to
provide a repair nethod as above which is relatively |l ow cost when conpared
to other techniques. [0007] The foregoing objects are attained by the repair
method of the present invenﬁﬂ@WmRﬁo@@8FHEnIEE6®Tﬂ@ﬁce with the present

[ tion, t tall t t
o provi Ao ST PR ol 1 B BRGPL DT PP L R TRl g

subst r at @ertcyible nepapaéd, mpthodn@hfwhenhhaﬂe@etm&&@buabraflaespf@ﬁ@fﬂ@ﬂashape
onto an area of _the ubstr%tghto be rgPalred utilizing a heat source to

heat an i'"E OFUAELGE P HaFtome %ﬁnﬁﬁ%%ﬂlféﬁﬁ-éﬁdaﬁéﬁgéﬁjﬁE%ﬁ¥a%o t he

addi tive gmteituzkst Aedr EHSI 8RS £APSF Aldi it i ROLAItRG 13l /hgstugton
tenperature for a time sufficient to allow grain growh and orientation to

occur, andterdasengndowhifhechbay drge s aucyesdéevebsi fettéonedol led rate
unti| SOHH@OE‘ﬁaBEOQrBQnCQHPgeEEé repair material.

[0006] It is a further object of the present inventicon to
provide a repair method as above which is relatively low cost
when compared to cther techniques.

[0007] The foregoing cbjects are attained by the repair method
of the present invention.

[0008] 1In accofdéhce with the present invention, a repair method
for propagating epitaxial crystalline structures is provided.
The repair method broadly comprises the steps of providing a
substrate to be repaired, placing an additive material as a
preformed shape onto an area of the substrate to be repaired,
utilizing a heat source to heat an entire volume of the additive
material and an area adjacent to the additive material to a
fusion temperature, holding at the fusion temperature for a time
sufficient to allow grain growth and orientation to occur, and
ramping down the heat source at a predetermined controlled rate
until solidification is complete.

[0009] Other details of the repair methoed for propagating
epitaxial crystalline structures of the present invention, as
well as other objects and advantages attendant thereto are set

forth in the following detailed description.

DETAILED DESCRIPTION OF THE PREFERRED FEMBODIMENT (S}
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[ 0009] O her detail s ‘of the repair- nethod f or propagatlng ‘epi'taxial -
crystalline structures of the present invention, as well as other objects
and advant ages attendant thereto are set forth in the follow ng detailed
description. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENT(S) 2 [0010]
The present invention has to do with the repair of workpieces, in
particul ar turbine engi ne conponents. For exanple, the nethod of the

present imoanti orhdarderisahviedtioapabk 06 BYi fd:mpeige phatdior mof a turbine
bl ade. The repair nethod of the present invention may be used to repair a

wide variostypisEetur bRneaBh§FREIE opENER SEVIen G oSEeERsEesTPErmed from a
base met alygpheri ahe fHERASoR PhEksle DAREd A AYN 91%\91 88 u gb&h{?

directional iy solidified or single crystal structure. es o? such
~alloys i mﬁlps‘lldef DSRbu42dang dhaplatk 247D Ehe urduilnst bé,taeiena?hberépaned froma

ni ckel bas%%O%a 2 Bog? g££engvggneqlq&%pﬁmﬁhggﬁ kgP%eggé%oFge %nnlng t he

repair, the crys or | entatt oh ferm ned.

Thi s can vhﬁl@myeofusuﬁglaeyemim@b&@mcﬁﬁmg}mﬁv&m@vmubﬁt&heear Eotmed udi ng,
but not |imted to, X-ray diffraction, Laue Back Reflection, and Optical
Ori ent at ifgP™ EcRAPGUBS L2 MR e bt aF erFEd 135 Fave ¥46d PRFedapdloyr | BRYERY such

that they;ane parperdieybaniiQ é@fléilﬂélﬁ%ﬂ QiPg1 <l BRI sHOUNBVEFe, angl es
up to 15 degrees from perpendi cul ar can be acconmodated. [0012] Further,

prior to B¥egicdrisngft Rechepileyst hecbubstiER d.42maelr Makc-Ms26/B&ne@he o renove

oxi des. GUMATLOANS, BOJ-gLhel rfSl ol SIIONY TR AfalYpBsfboani ng
strengthened alloy.
[0011] Prior to beginning the repair, the crystallographic
orientation in the repair area is determined. This can be done
using any suitable technique known in the art including, but not
limited to, X-ray diffraction, Laue Back Reflection, and Optical
Orientation techniques. It is preferred to have the crystals
oriented such that they are perpendicular to the surface to be
repaired; however, angles up to +/- 15 degrees from
perpendicularlcan be accommodated.
[0012] Further, prior to beginning the repair, the substrate
material is cleaned to remove oxides, contaminants, and other
deleterious materials by a cleaning technique which is
determined by the type of substrate material and the oxides,
contaminants, and other materials to be removed. Thus, any
suitable cleaning technique known in the art may be used to
first clean the substrate and, in particular, the area to be
repaired and areas adjacent thereto.
[0013] After the cleaning operation has been completed, an
additive or repair material may be placed over the area to be
.repaired or built up. As used herein, the term “repair” also
.includes building up an area of the workpiece. The additive ox

repair material may comprise a material having a composition
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determned by the type of substrate material and the oxides, contaminants,
and other materials to be renoved. Thus, any suitable cleaning technique
known in the art nmay be used to first clean the substrate and, in
particular, the area to be repaired and areas adjacent thereto. [0013]
After the cleaning operation has been conpleted, an additive or repair

mat eri al nmay be placed over the area to be repaired or built up. As used

herein, tdachern® thepabhe aksooriwieladdess biinlidiatg tb) #hcateRpObithen of
morkplece The additive or repair material may conprise a material having a
conposi t T8 FOoRkPeRcPs The sadethee oF IMREF Metsindrlarayobet REethpeRdti on

of the w%pb%%orma eﬁgbé' VEL O b SR e dTRle )Y @a}soggt%ﬁe@' e&%a¢5 a

preformed shape. The workpiece shoul d "be p05|t|one a |layer
addi ti ve 2orlayepat ratieriab o5 pereed atdmmlofist é acedr kpi éop € Eseto

m nim ze th effect of grav and s th he dditi.ve or ajy_material
yer aodhiEt oFenog; peaks Bhlife phd Meadel SR 5 b tT Qhal PR b Ae
si nter ed tshapedivtie, orshep&lromatéedalulayeﬁndde%bbetdeUQbeenebIy

solidified or single crystal type material. [0014] After the additive or
repair meESHA- ﬁ8§ BEERPpF ackdS 5@%%3§HB§#*§@e@msﬁﬁtﬁﬁédaaHﬁP?veWb¥ewepa|r

mat eri al dyaeRl aeg tast$HB eﬁteglﬁ&f@aélf&&%n%qle Reat 3SeYEGCor WO £dhd S
capabl e of héating the éentire vol une of the addifive or repair material and

t he area§i@@¢@dehwpﬁomahera@brt|ve mat eri al (the f usi on and dllutlon

zones) . The. suybstrate r1 gdgi |r r ggg iy 1@?1 rl e heated to a
hel%

f usi on tenperat ure degrees” Fahren egreés
Fahrenhemmeohubheraﬁbldmsh the addltlve or repalr material in place is

subjected to heating using a heat source, which 1s capable of
heating the entire volume of the additive or repair material and
the areas adjacent to the additive material (the fusion and
dilution zones). The substrate and the repair or additive
material are heated to a fusion temperature which is within +100
degrees Fahrenheit to 0 degrees Fahrenheit of the solidus
temperatures. Typically, for nickel based alloys of the type
discussed herein, the temperature is in the range of from about
2400 to 2600 degrees Fahrenheit for nickel based superalloy.
This allows the additive material to be joined to the substrate
material. The substrate and the additive material are held at
the fusion temperature for a time sufficient to allow
coalescence and consolidation of the additive layer and the
substrate to occur, while at the same time, grain growth and
orientation within the additive layer occurs. The heating source
is then removed and cooling is allowed to take place at an
essentially uniform rate. Typically, the larger mass of the
substrate and the large heat sink provided by the substrate
provide directional cooling by conduction and assist in the
preferential orientation of the grain structure in the additive

layer to that of the substrate. After joining, the substrate and
. _



for the base

tenperatures. Typically, for nickel based alloys of the type discussed
herein, the tenperature is in the range of fromabout 2400 to 2600 degrees
Fahrenheit for. nickel based superalloy. This allows the additive materi al
to be joined to the substrate material. The substrate and the additive
material are held at the fusion tenperature for a tine sufficient to allow
coal escence and consolidation of the additive |ayer and the substrate to

oceur, Whide® aahiitheeSanpet | fBs iR} A WM} Q6! ERLALLOBNM B fdde
additive layer occurs. The heating source "is then removed and cooling is
al | oned treltgkecpraes arpaprressentonlihe usitfarimlrate. Typically, the |arger

mass of t u l-arg e i i ded. b hstrate
provi de i?&gﬁigﬁg{q%%gﬁggﬁﬁéﬁé g%%dgg?igéag%ﬁéa %%%éﬁékt %;gﬁ%éﬁiggéXt?al
ori ent at ivon fofrmt hengrai hedt hegt us@atae tdie cdddictilde hebay ehet enthae ofcd he

substrate. After joining, the substrate and 4 the additive |ayer_ assenbl
are subj &6t 8§ FSpﬁﬁﬁagtgﬁn%Pl%?r%%s Thehesf cpures &BBFSpPPa?¥m¥%§rﬁﬁé g

materi al helzQ0%elirthe heatisoureer fid1 ¢ihey RRatdNgrapetaticaRat Sopr gherably a
uni formcontroll ed heat source which would heaf the entire area to be

repai r ed dvgBdRlt captimhechentt soug deox dlled beses mgitkhar mpderhait andlves

utilized r ! - S |ent.atj i ori.gi.nal i rations
{2 R ar ALy LY S le LA ET s W el Bl Rl A8

exanpl e, dohddhieat | hgtsosroet tiowlikde;obutn iisduat ibnmheadihg, samrdeduct i on

heati ng squrce, a Ehasna or ot her aQ%V?rocess source, Or gn elec;{on beam
or | aser P'8SHRc8 b8IAGT oPET R EA T pidViWe EFséft FAFFYARI PEPTh Reatd FRf of
t he addi tdove ckayerngndpsuistdate pyowre demabingstanirdgmnoheating of

the additive layer and substrate by some form of rastering of
scanning of the beam.

[0016] During the heating operation, the substrate and the
repair/additive material are preferably maiﬁtained in an
appropriate non-reactive atmosphere, such as an inert gas
atmosphere or a wvacuum.

[0017] After the heating operation, the heat socurce is ramped
down at a predetermined controlled rate until solidification is
complete. Dependent upon the desired geometry of the additive
material, fluidity, and surface tension of the additive
material, the composition of the base material, the composition
of the additive material, and the thickness of the additive
layer, the ramp down of the temperature from the fusion
temperature to the solidus temperature of the weld zone is
conducted at such a rate as to allow the orientation of the
grain boundaries of the additive layer to preferentially seed or
orient to those of the base substrate. This cooling profile
reduces the total number and the distribution of high angle
grain boundaries to an amount and distribution similar to those
of the substrate. The cooling rate being uniform throughout the

entire volume of the additive layer allows for the orientatiocn
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scanni ng of the beam [0016] During the heating operation, the substrate and
the repair/additive material are preferably nmaintained in an appropriate
non-reactive atnosphere, such as an inert gas atnosphere or a vacuum
[0017] After the -heating operation, the heat source is ranped down at a
predeterm ned controlled rate until solidification is conplete. Dependent
upon the desired geonetry of the additive material, fluidity, and surface
tension of the additive material, the conposition of the base material, the
conposi t iadh thef grhenaddiuhtueiaat et idle pnd dheeitchi okneasisobft hreadditi ve

| ayer, the,r. down of the t erature fromthe fusion tenperature to the
sol i dus fﬁﬁé§H§€uP3t8Fl?hegﬁeﬁgyﬁiﬁﬁa?%?eQﬁﬁﬁﬁfgtééeaFagﬁcﬁsa hafe a%ed%
al | ow t heyeorr entatkaneof 16betighal ot baundaldias wf 1bheraddhbivechavey, to

preferentially seed or orient to those of the base substrate. This cooling

profile Wedides fhevhéthl thenberllows tdre dasmytiainedontothhi RTARGIETYr ai n

boundari gs,t mynt japdodi st d imJ].ar .t.o f.1he substrate.
The coolingrggggngg?ﬁg an? %rn?%ﬁ%%ﬁ%zgﬁ?ﬁt Sg%eﬁ%iﬁégggﬁﬁﬁg 5% ?h%'additive
| ayer al IFewsnfrolot hé, 887 eBfat i wini&h of s tHergfraiimdoapodakedsbat réfierence

peripheries qor ends of the additive material to devel ssenti al t he
same as gﬁ%@énargggugﬁe%? ?ﬁeg%%ﬁﬁéqslgﬁﬁﬁﬁé;%;Qﬁe ﬁetggdg?ngnFﬁ r
Addi ti onaldey genthett bABoat c¥htRind hesehAldroy Sreiz8 niighhagnedngte tf€ain

tenperature corresponding to the nil ductility range as described in U S
Pat ent N&CUBJ853<8015YWALERYRY HeF S o idsvinatéd BeaFefareneeln hdret n,

shoul d b%m%%e%b°&5v@§a@9§S%ﬁéfﬁ&&“@fé&ﬂﬂ&% LeNAeRCYEREtion of

directionally solidified or single crystal structures near the
repair material/substrate base metal interface can be created. .
Further, the thermal profiles thus created can be such that the
directionally solidified or single crystal structures thus
initiated could be continued fhrough or grown into the additive
material.

[0018] The repair method of the present invention offers a
Inumber of advantages. First, it allows the repair or geometric
restoration of directionally solidified and single crystal
structure turbine engine components. It also allows a build up
of structures on a directionally solidified or single crystal
structure surface. It also allows the densification/fusion of
thermal sprayed coatings and the rebuilding of components with a
parent material or another material. The répair method of the
present invention 1s advantageous in that it has é relative low
cost when compared to laser, plasma or other powder deposition
processes.

I0019] While the repair method of the present invention has been
described broadly as placing the additive or repair material in
a single step, for large masses of additive/repair material
relative to the surface area of the substrate, the

repair/additive material may be added in a series of steps. If
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the generation of cracking along any remaining high angle grain boundarjes.
By decaying or ranmping down the heat source in thi's manner, favorable
thermal profiles to the formation of directionally solidified or single
crystal structures near the repair material/substrate base netal interface
can be created. Further, the thermal profiles thus created can be such that
the directionally solidified or single crystal structures thus initiated
coul d be continued through or grown into the additive material. [0018] The
repai r nmeidwedsaf-yt henpr esenbré nventhede fidfeyss may niibezeotoadyanténges.

First, it al]Jows the repair or geonetric,;;estonation of directionally

sol i di fi éBHRE EPAGPetEr FUPRPTT sER%ICEIREL T FHihd Vengrherdahptheht 2 4t al so
all ows apuited Wp-+@f structures on a directionally solidified or single
crystal structure surface. It also allows the densification/fusion of

t her mal sHOAPdd Wobks ngs: amesend dagentdpnghes kewpohestsilgd Hna thear ent
material or ther material., The i f ot [ t | tion is
advant agSais i Phat SPr hab i A O SRSt hen SoRsar ol For) Sher

pl asma orotiher ppewdar deapestitwncoprddesses:d [{@01epahi hewthie vephéty net hod
of the present invention has been des%%%bed brggdly as placing the additive
or repai PI@CHERFIPR CIURPAGNES STRIFN AV & JoRiseds 6PTRAdI £F9R/F epair -
materi al pdi@l1abiawe hactheasurfacenas e fed he Qultiahgl1iN8o1idifiea
repair/additive material may be added in a series of steps. If 6 necessary,
one or nMe sghdilkessystapsshuyctwrei ze containers and/or nolds to support
the repair/additive material when in a :



‘nolten state. [00201 Wil e the present-invention has ‘been descri-bed:in the
context of repair turbine engine conponents, the repair nethod of the
present invention could be used to repair a wide variety of non-engi ne
conponents whi ch have a substrate formed froma netal base material that
has either a directionally solidified or single crystal structure. 7 WHAT
IS CLAIMED IS: 1. A nethod for repairing a workpiece conprising: providing
a substrahgert sber L apah rad; placing an additive material as a preforned
shape onto an area of the substrate to be repaired; utilizing a heat source
to heat an entire volune of said additive material and an area adjacent to

t he addi&ivg ﬂg%er%a% to _a .fusion tenperature; hold%ag at said fusion
t enper at Uf e 87 “°F i W S IE % %t HOTEPLERF gF ST T U h and ori entation to

occur; and ranping down the heat source at a predetermned controlled rate
until solidificatjon is conplete. 2. A repair nmethod according to claiml1,
wher ei n sai d PEAPIFYY doiisttein tCokpr PsescpPanprfy down the heat source from
the solidification tenperature through the nil ductility at a rate which
limts formation of cracks or tears within grain boundaries. 3. Arepair
met hod accor dbhecing clraiaddttiwmsemeitersail daaddi preformed eshade plraci By st ep

ConprlSegrgéagfr%héiéﬁﬂg€¥g%% %%a%% %Lpggkgd;addltlve material .

utilizing a heat source to heat an entire volume of said
additive material and an area adjacent to the additive material

to a fusion temperature;

holding at said fusion temperature for a time sufficient to

allow grain growth and orientation to occur; and

ramping down the heat source at a predetermined controlled

rate until solidification is complete.

2. A repair method according to claim 1, wherein said ramping
down step comprises ramping down the heat source from the
solidification temperature through the nil ductility at a rate
which limits formatidn of crabks or tears within grain

boundaries.

3. A repailr method according to claim 1, wherein said additive
material placing step comprises placing a sintered shape of said

additive material.

4. A repair method according to claim 1, wherein said additive
- material placing step comprises placing said additive material
in wire form onto the area to be repaired.
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4. A repair nethod according to claim1, wherEin'said addirive:jhaterial'

pl aci ng step conprises placing said additive material in wire formonto the
area to be repaired. B S. A repair nmethod according to claim1, wherein said
additive- material placing step conprises placing said additive material in

sheet formonto the area to be repaired. 6. A repair nmethod according to
claim1, wherein said additive material placing step conprises placing said
additive material in a cast formonto the area to be repaired. 7. A repair
met hod according to claim1, wherein said additive material placing step
conpri ses. pAaném@ﬁmnneuhﬁdiaﬂzqnﬁﬂm@ gl cllatimed, fwnare&mmﬂ&ﬂdedddxﬂﬂﬁ@le of
havi ng a d rect solidified.structure. 8. | r. met hod according
to clai my; eﬁh%#e@ %h%i R TR IR CePi éFlﬁgaﬁ?hﬁ %ﬁé&F%ﬁﬁnﬁqgﬁ£§%&laC|ng
an additinesneéerfatm draidreche @@aa tEBber kahacapabl e of having a -single
crystal structure. 9. A repair nethod according to claim1l, wherein said
substrate providing step conprises providing a turbine engine conponent

havi ng agbage, el gl ﬂgﬁﬁgdagcdggélﬂ% Q|rg§5&ﬂnflthépé£g died J&iruckure. 10,

A repair method according to claim’l,” wherein Sald substrate prOV| ing step
conpri se@ammabllmbacammrﬂﬁane O@n@rneesombaneng saln.acxh andd Bt bes enantetrdla lnat eri al

wth a s;ng e.clys structure. repair. hod according to claim1,
&y e 7RG SPeBoeh

wherei n $3i %ﬁﬁn%ﬁ;QHl ﬁB?fE% utilizing a uniform

controlled heat sour ce.
7. A repair method accerding to claim 1, wherein said additive
material placing step comprises placing an additive material
formed from a material capable of having a directionally

solidified structure.

8. A repair method according to claim 1, wherein said additive
material placing step comprises placing an additive material
formed from a material capable of having a single crystal

structure.

9. A repair method according to claim 1, wherein said substrate
providing step comprises providing a turbine engine component
having a base metal material with a directionally solidified

structure.

10. A repair method according to claim 1, wherein saild substrate
providing step comprises providing a turbine engine component

having a base metal material with a single crystal structure.

11. A repair method according to claim 1, wherein saild heat
source utilizing step comprises utilizing a uniform contreolled

heat source.



9 12.. Arepair nethod according to claim1, ‘wherein said fusion tenperature

hol ding step conprises holding said fusion tenperature for a period
sufficient to allowthe formation of a directionally solidified structure
near the additive material/substrate interface. 13. A repair nethod
according to claim1l1, wherein said fusion tenperature holding step
conprises holding said fusion tenperature for a period sufficient to allow

the formabi on okpairsheghsd caa@cs}_adn%t UL tREg ngar whhee2dkLiNerusion
materi al / substrate interface. 14 repair nethod according to claim i,

further &6APRIL3FAEe hﬁl%%%@rﬁ?ﬁ?t¢ﬂﬂnﬁkﬁfsbépﬁglﬁéaﬁéédlﬁualﬁ@n reactive

at nosphe appl.i a at, so repair
nmet hod. aggnggégﬂg% g %l%ﬁ%éﬂa%ereln §gﬁ ngg Fg&gﬁ Eh%e?%%ﬁatﬁgiﬁﬁ%éﬁng
step conﬁnmseslphatlygsshldhfmbﬁtsnmncumabemeak ohtoadditdiacea in a plurality

of steps. _16. A re met hod a rding to claim1, wherein said additive
mat eri al Mf %grbﬁééF é?%% c%ﬁﬁﬁ?iﬁ?ﬁﬂ acing said additive material onto said

area and restricting flow of said additive material with a nold or a
container. 17. A nethod for repairing a turbine englne conponent conpri sing
the stepd3ef? BrBYLHi PYtROS AREGEd Mchad §dadmpar t FRArainceyae af 1 ren

StruCtur @m0, Rk ACE NG 3 A LdyY AN HRYBE G BQELI PRsQE,the  substrate;

temperature for a period sufficient to allow the formation of a
single crystal structure near the additive material/substrate

interface.

14, A repair method according to claim 1, further comprising
maintaining the area being heated in a non-reactive atmosphere

during application ¢f heat from said heat source.

15. A repair method according to claim 1, wherein said additive
material pre-placing step comprises placing said additive

material onto said area in a plurality of steps.

16. A repair method according to claim 1, wherein said additive
material pre-placing step comprise placing said additive
material onto séid area and restricting flow of said additive

material with a meld or a container.

17. A method for repairing a turbine engine component comprising

the steps of:

providing a substrate having a particular crystalline

structure;
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heating the additive material and an area adjacent to'the additive material
to a fusion tenperature utilizing a heat source; and holding the fusion
tenperature for a tinme sufficient to allow the formation of said particul ar
crystalline structure to occur in an interface regi on between said additive
material and said substrate and to continue into the additive material. 18.
A repair nethod according to claim1l7, wherein said substrate has a

directional | yp,sgkidhfigdagaystidd ldNe sthuclune . andehas %Esu%' tenperature
hol di ng step conpriSes holding said fusion tenpéerature for a tine

suf fi ci estabpgrakfPow formation of a directionally solidified crystalline
structure into said interface region and into said additive material. 19. A
repair nmethod according to claim17, wherein said substrate has a single
crystal crystakbtbegsthacidde: and therifalsiapd tampeeat dagabohtli hg tep
conprises holding said fusion tenperature for a tine sufficient to allow

g uJ
formati oA EAVEI R 12t yeR et 1/t HSmRE ret et BF& LAt BT sai edht er f ace

regi on apdyrkAt 0;8@i d additive material. 20. A repair nethod according to
claim 16, further conprising ranping down the heat source at a controlled
rate ranp down wuntil solidification is conplete. 11

holding the fusion temperature for a time sufficient to
allow the formation of said particular crystalline structure to
occur in an interface region between said additive material and

sald subkstrate and to continue into the additive material.

18. A repair method according to claim 17, wherein said
substrate has a directibnally sclidified crystalline structure
and has fusion temperature holding step comprises holding said
fusion temperaturé for a time sufficient to allow formation of a
directionally solidified crystaliine structure into said

interface region and into saild additive material.

19. A repair method according to claim 17, wherein said

substrate has a single crystal crystalline structure and has
fusion temperature holding step comprises holding said fusion
temperature for a time sufficient to allow formation of a single_
crystal crystalline structure into said interface region and

intoc said additive material.

20. A repair method according to claim 16, further comprising
ramping down the heat source at a controlled rate ramp down

until solidification is complete.
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