Method for repairing gas turbine components made of ceramic composite materials and device for
carrying out said method 5 The present invention relates to a method for repairing gas turbine
components made of ceramic composite material comprising the features of the preamble of claim 1,
and a device for carrying out said method comprising the features of the preamble of claim 8. 10 There
will be an increased use of ceramic components in gas turbines in the future. Due to higher gas
temperatures or component temperatures, higher efficiencies of the engines can be achieved with
these componenthddoweverrdns Agenpraigzobulbiem of caramiertompengnts that dheynhave a

lower ductility é[han c(}:gmpear%tél%metaaicogggngrét_?ighis oreschanlgl ignhancguv%/itgéo,vyifr%gtttgg 3
toughness, and tHus a high ris of fracture. To prevenett IS progllén}f, ceramics cih e rein orced, for

example by fibers or particles. Such ceramic composite materials, in 20 particular fibrous composite
materials, also called CMC or fiber ceramics, provide a number of advantages. Compared to
conventional technical ceramics they have a significantly higher fracture strain, a higher crack
resistance dhe aovergeiigh theyerat shockrebistance: Alernativadyd afsora cepmposite®f @8<ceramics

and particles, i afdiiop,ig dhers. cap-he.used o pcieasedargxarmple thealyasion signgih, thermal

shock resistance or fracture strength. They generally are well-suited for various applications in
aeronautic$ 808 t¢ fseif BRyhucaperdturdstabiiepabd thaif lonldénsify. Gombinatensickfi-f30-brous

materials / particls materials £ majriy matgrals pade g&i{%e fQi{%W'@&a“eéE%?'%%ﬂ%ﬁgné?{%aﬂPf‘s
thereof can be given as examples for common céramic fibrous composite materials and particle
composite Bistefdls Cdifiddh arbide/silicon, - 2 -

10
There will be an increased use of ceramic components in gas
turbines in the future. Due to higher gas temperatures or com-
ponent temperatures, higher efficiencies of the engines can be
achieved with these components. However, it is a general prob-
15 lem of ceramic compeonents that they have a lower ductility
than comparable metal components. This goes hand in hand with
low fracture toughneés, and thus a high risk of fracture. To
prevent this problem, ceramics can be reinforced, for example
by fibers or particles. Such ceramic composite materials, in
20 particular fibrous composite materials, alse called CMC or fi-
ber ceramics, provide a number of advantages. Compared to con-
ventional technical ceramics they have a significantly higher
fracture strain, a higher crack resistance and a very high
thermal shock resistance. Alternatively, also a composite of
25 ceramics and particles, in addition to fibers, can be used to
increase for example the abrasion strength, thermal shock re-
sistance or fracture strength. They generally are well-suited
for various applications in aeronautics due to their high tem-
perature stability and their low density. Combinations of fi-
30 brous materials / particle materials / matrix materials made
of the following materials and combinations thereof can be
given as examples'for commont ceramic fibrous compogite materi-

als and particle composite materials: silicon carbide/silicon,



silicon carbide/silicon nitride, silicon carbide/carbon, carbon/carbon, aluminum oxide/aluminum. The
repair of components or component sections made of ceramic composite materials raises a problem,
as hitherto existing repair methods require many process steps and time-consuming furnace
treatments of the components to be repaired. A repair method for ceramic fibrous composite materials
is 10 presented in Patent Specification US 6 820 334 B2. To repair the components, cut-to-size tapes
of ceramic fibrous composite materials are positioned next to a pre-processed spot to be repaired, the
componentad aavhole subseguentlyisantoclavedda a vaduiwaohagaridiid ¢hers sthjectedde a first
heat treat- %gn %ntr%t a&prgﬁm&%x 75((3)}({31%@ a econd heat treatment at approximately 1425C in a
vacuum furhace  ARoher sOILHOR 18 Known ro/m 1558499 Al. Here, the component made of a
ceramic fibrous composite material first is 20 processed mechanically to form a depression or to wear

out the mag' of the composite material, 1o then repair the component by locally reconstructing the
ceramic mattri:?( pﬁtﬁa %ﬁferf?ﬁé é%r%?grg ﬁegv%%ﬁfilﬁgtigrﬁg r&giﬁae(f\? D %8%%%?@% \Waap%gr D%%So%ﬁf(f)an?#ethods
at 700€ upcoMADOT: 2 5nahar bathemethictisshavednadohemon dss that sheomporent sedtion needs to be

processed yith a plurality of process stens  Material partly, S e, pre-deposited. which is
time-consuﬁn\%{ing, besides therqur?e several gg%ic problemspvg' hgpéc%:gésﬁjﬁgesogﬁélesr{élglh%gaggregates in
a furnace, AWwrBide? byrtha tsensia pre-désosiedraperthe fiest greblespisithatifor bigger components
accordingly big furnaces need to be available to make repair possible in the first place. In the case of

small com- . '
A repair method for ceramic fibrous composite materials is

10 presented in Patent Specification US 6 820 334 B2. To repair
the components, cut-to-size tapes of ceramic fibrous composite
materials are positioned next to a pre-processed spot to be
repaired, the component as a whole subsequently is autoclaved
in a vacuum bag and is then subjected to a first heat treat-

15 ment at approximately 750°C and a second heat treatment at ap-

proximately 1425°C in a vacuum furnace.

Another solution is known from E¥ 1 559 493% Al. Here, the com-
ponent made of a ceramic fibrous composite material first is

20 processed mechanically to foxrm a depression or to wear out the
matrix of the composite material, to then repair the component
by locally reconstructing the ceramic matrix plus sintering
and/or new infiltration using CVD (Chemical Vapor Deposition)
methods at 700°C up to 1100°C.

25
What both methods have in common is that a component section
needs to be processed with a plurality of process steps. Mate-
rial partly needs to be pre-depogited, which is time-consu-
ming, besides thexe are several basic problems with processing

30 fibers and aggregates in a furnace, a mold or by the use of a
pre-deposited tape: the first problem is that for bigger com-
ponents accordingly big furnaces need to be available to make

repalr possgible in the first place. In the case of small com-



- 3 - ponents, the furnace size is a problem insofar as there often is a large number of small
components, and accordingly many furnace cycles generally also need to be completed for repairing
the large number of small components, while it is tg_argly_S possible to meet the individual requirements
(for example temperatures, pressures, etc.) of all components. The second problem is that due to the
long-time acting heat of the molten mass or furnace there is a risk of decomposition of fibers and/or
damage of the component to be repaired and/or damage of 10 the spot to be repaired. A high stress

caused by ghetiermal tilkiepce aaddhe applied materalp Turtherneedstohe eorapensatedvhen
treating large surfaces. Furthermore, the use of methods requiring a casting mold.is limited, in

particular ifthé case SErEETS¥Rte P SurtitestofRERRRG HbTe BBCiFCIRIRLTEL xR airfoils, as

individual dampaging raeellanisrysaeddndiyidunkdeiosnatiens due temarntiactumand-eparation imply

an enormous num e\e7r (};different re-mold .Sséa%ioe]sgas turbine components are subjected to a plurality
e

o
of actions By B9rrb8i%e s0bSRNEEESdiZing pHSPS%,?ﬂE}Ett%m%}é&ﬁeéﬁo]og RBRYSRign

ebjects, damageistodthe conpanents:atenpraet dally/lunsspidabdendnstifyingdhe elemmaricefot em -

cost-effective rg %i£ emetho%% isnS %réigulaé t|:nC Vi WO tngi%%%o%g E(i)ltl Ekée n%\g éaarts. 25 It therefore is
the object Sftha ihveritionFto provide a low-Cost méethod for repairing genieric gassﬁﬁ‘ﬁ}lﬂ components

and a corrgspanténg devicdddr canyingoutisaid onethodmEhe mvengohsalves the lobject Withra
method com£éi§in&th§u30n1;§g€gur§ oéé:lai'rg %aggs dec\)/' e,com rising the feat%regi%‘ claim 10.
Further pré?erred émbodiments of%ﬁe invention ca?]kbe garr?’e Bt %lscfj dlaims and the related
descriptionsrahtbdraddngsie-4f the component to be repaired and/or damage of

10 the spot to be repaired. A high stress caused by the thermal
influence and the applied materials further needs to be com-
pensated when treating large surfaces. Furthermore, the use of
methods requiring a casting mold is limited, in particular in
the case of free formed surfaces of the gas turbine section,

15 like for example airfoils, as individual damaging mechanisms
and individual deformations due to manufacture and operation
imply an enormous number of different pre-mclds. Since gas
furbine components are subjected to a plurality of actionsg by
corrosive substances, oxidizing atmospheres, high temperatures

20 or even foreign objects, damages to the components are practi-
cally unavoidable, justifying the demand for cost-effective
repair methods in particular in view of the high costs of the

new parts.

25 It therefore is the object of the invention to provide a low-
cost method for repairing generic gas turbine components and a

corresponding device for carrying out said method.

The invention solves the obiect with a method comprising the
30 features of claim 1 and a device compriging the features of

claim 10. Further preferred embodiments of the invention can

be learned from the sub claims and the related descriptionsg

and drawings.



For the solution of the object, the invention proposes a method for repairing a gas turbine component,
the gas turbine component at least at the spot to be repaired consisting of a 5 ceramic composite
material, and during which the gas turbine component is locally heated in a zone by an energy beam,
and one or more auxiliary materials and optionally fibérs and/or particles are fed to this zone, with a
ceramic being generated in the melting zone through this auxiliary material or these 10 auxiliary
materials, which together with the fed fibers and/or particles forms a ceramic fibrous composite
material. The inventive process of bonding the generated ceramic to the ceramic present in the
component essentially is possible in two ways, in each of which the component is thermally activated.

15 The first Way HGuded HeiiEn i meRfigthe Présertterdmictcaid Bon&hg B e Fed Fiaterials.
Due to possibhdogeiringshfinkages; this vayuisisiiteddomesitain €ompenegisorhirFhasecond way
is carried out by way of a heating-coating-reaction, Bonding the present material to fed material at the
20 boundafy"SRFAEE hcfties $Rree &Ep%.hlﬁ tREFFst epa 2GRSO HE COmMSdTemT¥heited by an
energy: beara ey dhe snglten massat thei tetl, matetiads:dd the second step, thespreseptegramic
boundary surface is cgated tiy thelffd ateg[ialg for examople fusible silicon o%aluminum. In the third

S ibletaly falt & Metalhorh Gl (Fdmic). The

step, 25 the Molten metals paﬁ%aﬁy of comp eetely foatt to Matalsnonmeta -crc%p
inventive metkodfomrepaireng:heé gastunmne camponentiengiiiesthel [Dgalfgéreratiandf axceramic

composite majeral, 39 vihout lhe gsed fo fime-consyming fyrnace ieaments It specifally
requwed, thie component can be subjecte t0 a furnace treatment, for example a-stress-relie

anneal_ing, buat hbﬁnwmg mumcebsawga_s doego aahgcsitéqrdﬁgh rt@rne_r-Sa]deram_rehelad_ng
operafion 'Q‘Hﬁfffgtggf '%Q‘?e%oh RANen(s JeRAILRS %%31059'”\958 h‘%kh”é’ eplgn ﬁ%@%‘?k%’nﬁ?}@‘fed

anyway. A specia antage e developed method Is that shrinkage stresses, which are practically
unavoidableawtters bsingistandard methaus ¢fof Sixampte sivmurirey) for gerieratiag cefdmicicomposite

materials, cAnpevedyed. dhe Invenlisdnalhoggencial losapyda cay ol s golvdfe damaged

area is actually repaired, and not the componient as a whole needs to be subjected to a sintering
Fyocessor@@@ﬁ@gppﬁﬁggtTﬁ@c§hﬁ component essentially is possible in two

ways, in each of which the component is thermally activated.

15 The first way includes incipiently melting the present ceramic
and bonding it to the fed materials. Due to possibly occurring
shrinkages, this way is suited for certain components only.
The second way 1s carried out by way of a heating-coating-re-
action. Bonding the present material to fed material at the

20 boundary surface includes three steps. In the first step, a
zone of the component is heated by an energy beam or by the
molten mass of the fed materials. In the second step, the pre-
sent ceramic boundary surface is coated by the fed materials,
for example by fusible silicon or aluminum. In the third step,

25 the molten metals partially or completely react to metal-non-

metal -compounds (ceramic).

The inventive method for repairing the gas turbine component
enables the local generation of a ceramic composite material,
30 without the need for time-consuming furnace treatments. If
specifically required, the component can be subjected to a
furnace treatment, for example a stress-relief annealing, but

normally this is not necessary, as due to the very high tem-



al0 ponent also does not have to be newly infiltrated, as the ceramic composite material can directly
be generated locally by inventively feeding the fibers to the melting zone, where the ceramic is formed.
15 Preferably, the fed auxiliary material or the fed auxiliary materials completely or partially react to a
ceramic in a chemical reaction in the melting zone. %e components required therefor, for example a
metal like silicon and a non-metal like carbon, are fed to the melting zone as auxiliary materi- 20 als in
a stoichiometric ratio and then react to the desired ceramic, in this case silicon carbide. A metal

proportion péichisr2staide Ve fighes that ibMmvoLde be teguirdsfor staighiomeificreasons s preferably
provided to have all of the non-metal react completely. The reason for this is_the aim 25 that the
carbon reaRB P REAP BT hdt FEmEH ERMETtafy 7 (HE HGSidN zofé thgSd 16851 1Ak of
silicon. A leftaves ©f silicaavs:apprpringly aeeepietdcasiusimayaves hayetpositiveneffents ga the
material properties, as many finely dispersed., silicon inclusions jn ti% m%rix of the ceramic can 30
have a postive &fEt on'theductifity 5&8?@%{%9%%%3? SR TsIER Fdnd® Wik tha buxiliary
materials réactdtheytidedly eédqually-enchpse-theinoremetiel fibers gadior patiictes-efrtineiase material
exposed in the molten mass and_the addi- -%tional%/ufed C{ibe{%gnd/or %%Eicles, sgttggt after the

0 1.

chemical rézé)é?'rpo%stﬁeenew‘rcn% efal T< fircn% Bonded 1o the basé matenial tis a sr%em |cdacﬁ/%htage that

not only a cempaird betweeerytwe madmematerials asobtained; bat thatakdnd new 5 fibexs-and/or

particles extend jnfo (e maliep bath yeagling ig.ceramic, hywhich acompaund olpartieulagy hih
quality is génera ad acgordlng to the invention. A matr generaﬁy characterizes a continious material
or phase centajrng ®dncortingous othenphases and/crparticies agd/for fiberssof thbe 0csame or

anoﬂ%gnu%g%%%t alsc does not have to be newly infiltrated, as the ce-
ramic compogite material can directly be generated locally by
inventively feeding the fibers to the melting zone, where the

ceramic is formed.

15 Preferably, the fed auxiliary material or the fed auxiliary
materials completely or partially react to a ceramic in a
chemical reaction in the melting zone. The components required
therefor, for example a metal like silicon and a non-metal
like carbon, are fed to the melting zone as auxiliary materi-

20 als in a stoichiometric ratio and then react to the desired
ceramic, in this case silicon carbide. A metal proportion
which is 20 to 40 % higher than it would be required for
stoichiometric reasons is preferably provided to have all of
the non-metal react completely. The reason for this is the aim

25 that the carbon reacts completely and does not remain elemen-
tally in the fusion zone due to local lack of silicon. A left-
over of silicon is approvingly accepted, as this may even have
positive effects on the material properties, as many finely
dispersed silicon inclusions in the matrix of the ceramic can

3¢ have a positive effect on the ductility and fracture toughness
of the fusion zone. While the auxiliary materials react, they
ideally equally enclose the non-melted fibers and/or particles

of the base material exposed in the molten mass and the addi-



The fed auxiliary material or the fed auxiliary materials preferably can already contain the ceramic to
be generated. The auxiliary material or the auxiliary materials fed to the mel- 15 ting zone are
completely or partially heated beyond the melting point by the energy beam. The molten bath
generated thereby due to its liquid nature is able to fidw around the fibers and/or particles of the base
material and the newly fed fibers and/or particles and, after becoming solid, to bond the 20 base
material to the additionally fed materials. Preferably, the fed auxiliary material and the additionally fed

fibers and/gr pardictes cansist obthessame raatepakeambination asthe page materal: i.enthgiauxiliary
material or the auxiliary materials and/or the fibers and/or the particles are chosen 25 in such a way

that they gEReraf& Bfe-dahe ‘CRFaRRYC HRSELEPhatetiaf ISR aR§5s kbR drRSSnEft also
mainly consgists. Due tocthessimilapeempeound gadnersythe: resultingcasppoungd isgasticiarly easy to
realize (identical properties like for example the melting point facilitate the process), 30 and the

compound GtHESE of Pariiyhigh Yty Bor Exahbie. RfshticRPCodffiGen Rt tR8faeY
expansion aie¥ery adv@ntagenusinorder toxaimizerdtbermalkstiesses 0f Hie-eoMe a7 iawnd, being
of overriding importance for applications in the turbine section. The fed auxiliary material or the fed
auxiliary mg &ri ?5%%?1(&/0Aﬁe%ﬁé%“aﬁdﬁ?%ob%ﬂcfég HBDreferably pre-depbsittfandr are fed
to the reactien gaetgy-itia dnecarandieigetders: ik samessasesnpreadepasiting thenawpdliary materials
and/or the fibers and/or. thegarticlesgt the spot toé:)e regfired caﬁ£rovide advantages, but normally
the auxiliar%:/ ma- L0 teriars and/or the fibers andior t%%lpartiajés Bré %{reefg%%?yafle%lwg a fé&der which is
coaxial or lateralitovtbe £netiyebeaima Fhis prodides the advaitagedhat/aliayeisccan be proeessed,
and V\{Ligh a gg%téolcljejg Egg'qget}pem%%xéligﬁpaterials and/or fibers and/or particles can be fed to the
fusion zon€é ’

The fed auxiliary material or the fed auxiliary materials pre-
ferably can already contain the ceramic to be generated. The
auxiliary material or the auxiliary materials fed to the mel-
15 ting zone are completely or partially heated beyond the mel-
ting point by the energy beam. The molten bath generated
thereby due to its liquid nature is able to fiow around the
fibers and/oxr particles of the bqse material and the newly fed
fibers and/or particles and, aftér becoming solid, to bond the
z0 base material to the additiocnally fed materials. Preferably,
the fed auxiliary material and the additionally fed fibers
and/or particles consigt of the same material combination as
the base material, i.e. the auxiliary material or the auxilia-
ry materials and/or the fibers and/or the particles are chosen
25 in such a way that they generate the same ceramic cbmposite
material, of which the gas turbine component also mainly con-
siste. Due to the similar cowmpound partners, the resulting
compound is particularly easy to realize (identical properties
like for example the melting point facilitate the process),
30 and the compound further is of particularly high quality. Foxr
example, identical coefficients of thermal expansion are very

advantageoug in order to minimize thermal stresses of the com-



15 in a defined manner. This can be carried out in a particularly defined and controlled manner, if a
flux cored wire is provided for feeding the auxiliary materials and/or the fibers and/or the particles. This
flux cored wire contains the required materials in a suitable amount and composition. A flux 20 cored
wire provides the advantage that it is possible to feed all required components via one single feeder.
Depending on the needs, the flux cored wire for example contains silicon and carbon as well as silicon
carbide fibers and is used to repair a component made of a ceramic silicon carbide composite 25

material. Eyenixary sraalhdibess, shigh-gue 1o theiRimonasy ntrisighususdly canonybeded
involving difficulties and effort, can be fed easily, but also continuous fibers can be fed without any
difficulties, B8%R& Fén gt OF #& flux cored wire is not limited. Such a defined feeding of fibers of any 30
length and diameter for repairing ceramic fibrous composite materials by the use of reacting filler
materials provides miscellaneous repair options. Thus, it is also possible to close cracks in gas turbine

components fiad& 3t BErait HVold t B 1 6dmBdsite Thatériald With tha T drabE MdthSd and to
reinforee suehidoveakspat fpeexanmple hyrsevesaljayersorsiopafeashatben iy ajsespassible to

join two components together for ex le by arranging the melting zone and thus the fusion zone 5
right in the%%&ﬁﬁﬁfer%%ﬁg%%nﬁoengiggc aEPgagﬁe%I%té?ﬁofheengﬁaﬁ of ik fiBCcSredWWitE is
preferably €keskaria such away thatthe fluxecoredpdireiconmprisascam autel shegthniheemadarial of the

outer sheath i Iflpoag,ieb%fggrainigagne or.10 more guxiﬁ%rg/ materials, and thggugaer sheath

ana/ o . or, t ar a. e gpot . Te— .
encloses an interior, auxiliary ma%erla s/and/or f%e]?s an(J:T/%r particles elng%row ed inthe’interior.

Such a fluxredreddvirmprquidesithe adieatagesthat theasutepshedthydogsencianiyl Serve assa
strucral eé%”%%g&?“&%h%é%rﬂ% “?‘%%fﬁ%”s a?%“ ghegle glgg%ffg‘i é"‘gXia'E@’ f%“%%ef?%bﬂhereby’
i i IC

material is saved and no impurities, w wou ave occurr y the USe ©of a ffux core w% without
filler materigédutet sheatfy afe ieftovacin the copspoieht SEhel intenerlofithe fibe corethwire is filled

W“hthevaﬂ@ﬁ%@“%ﬂ?@’@égﬁgﬁégngﬁgegﬁggitage that all layers can be pro-

cessed, and with a controlled feeding the auxiliary materials
and/or fibers and/or particles can be fed to the fusion zone
15 in a defined manner. This can be carried out in a particularly
defined and contrelled manner, if a flux cored wire is pro-
vided for feeding the auxiliary materials and/or the fibers
and/or the particles. This flux cored wire contains the re-
gquired materials in a suitabkle amount and compogition. A flux
20 cored wire provides the advantage that it is possible to feed
a}i required components via one single feeder. Depending on
the needs, the flux cored wire for example contains gilicon
and carbon as well as silicon carbide fibers and is used to
repalr a component made of a ceramic silicon carbide composite
25 material. Even very small fibers, which due to their pulmonary
intrusion usually can only be fed involfing difficulties and
effort, can be fed easily, but also continuous fibers can be
fed without any difficulties, as the length of the flux cored
wire is not limited. Such a defined feeding of fibers cf any
30 length and diameter for repairing ceramic fibrous composite
materials by the use of reacting filler materials provides
miscellaneous repair options. Thus, it is also possible to

close cracks in gas turbine components made of ceramic fibrous



20 auxiliary materials for example being present in the form of sheet metal, powder, paste or fibers.
The amount and kind of the filler materials is adjusted to the respective need and it is ensured that a
constant amount of filler materials and/or fibers and/or particles is continuously fed to the melting 25
zone, which for example cannot always be guarant'ee% by pre-deposition, as in this case the
components locally are not always available in the desired ratio. Pre-deposited material is fed to the
molten bath by the molten bath generated by the energy beam together with the energy beam being

guided acress:3@ the: gamibinesgamperentaleng a-peerdefiaed pathand materal:heing orce
pre-deposited on this path, which is melted by the energy beam and is thereby fed to the molten bath.

When usin§'$tth@ peddefdeftion™® mdyRappen thet fi5erS 2t/ dapats - 48 aff neP&enly
dispersed iptthe pre-gdepgsited fiberpaudemixtues Buhacouwnwatedpramareadforaxample sue to
differences in density or agglomeration effects), and that the ceramic composite material formed from
such a mixEif8 TR ab¥ordinoy 8688 nblgI BierHale fetested niiiéfaFhropehicsore ZRR6uld
have weak:spgis: A gasBieanes prefesally prevideshppotherinterios ot thedflbaeored wwiea; which is
preferably used to provide a protec- io tive gas and/or reactant gas for the repair method. Depending
on the material of the component and the ceramic to be generated, it can be necessary or helpful to
provide a prajectiess ggs ov & reaectanl gas dearcekamiple, drgop:asta paieotivehgas:eould shield the
fusion zone from at %stphteﬂg ogqg%n {(:)Cr),rinéS another case, could be used togeﬁher ith n}lethane for

depositing 2arboh. Tha energy beam is prg ra‘?ﬁﬁ ?eéif%%@rajssf Tasar bBAMm: The Keva tagte of a laser

beam is thatsthe pradessfdads=nottiaae telRGalé carrieeldutpo asdclymeand thentwedtingnzone-due to
the slight satiering of the Jaser beary.cap.be formed.in a highly. defined manner, The eneray beam
preferably can also be Fealizéd as an electron %eam, which can bé a vantageous?or cértaii
applications eEdithernzors L thesene gy beabs preferadliccart ibers and/or particles be-
ing provided in the interior. Such a flux cored wire provides
the advantage that the outer sheath does not only serve as a
gstructural element, but at the same time can assume the role
15 of the auxiliary materials. Thereby, material ig saved and no
impurities, which would have occurred by the use of a flux
éored'wire without filler material outer sheath, are leftover
in the component. The interior of the flux cored wire is
filled with the various auxiliary materials and fibers, the
20 auxiliary materials for example being pregent in the form of
sheet metal, powder, paste ox fibers. The amount and kind of
‘the fillexr materials is adjusted to the respective need and it
is engured that a congtant amount of filler materials and/or
fibers and/or particles is continuocusly fed to the melting
25 zone, which for example cannot always be guaranteed by pre-de-
position, as in this case the components locally are not al-
ways available in the desired ratio. Pre-deposited material is
fed to the molten bath by the molten bath generated by the en-
ergy beam together with the energy beam being guided across
30 the gas turbine component along a pre-defined path and mate-
rial being pre-deposited on this path, which is melted by the
energy beam and is thereby fed to the molten bath. When using

such a pre-deposition it may happen that fibers and/or parti-



m also be realized as an induction field. In this case the energy beam is induced in the component by
the induction field, which is suitable in particular for ceramic composite materials containing conductive
fibers or particles. In the following, the invention is described in more detail on the basis of specific
embodiments with the aid of figures. The figures show in detail: - 10 - Fig. 1:a schematic illustration of
the inventive device. Fig. 2:representation of an inventive repair of a gas tur- bine
component made of ceramic fibrous composite ma-5terial. Fig. 3:cut AA of the gas turbine component

from Fig. 2¢ Figs 4schematicdgsign,ofthe eveativesfux-cared wiresdes 10sign Fgna:eubBR-of the flux
cored wire from Fig. 4.
der mixture, but accumulate in an area (for example due o
differences in density or agglicmeration effects), and that the
ceramic composite material formed from such a mixture then ac-

5 cordingly does not all over have the desired material proper-

tieg, i.e. it could have weak spots.

A gas stream is preferably provided in the interior of the
flux cored wire, which is preferably used to provide a protec-

10 tive gas and/or reactant gas for the repair method. Depending
on the material of the component and the ceramic to be genera-
ted, it can be necessary or helpful to provide a protective
gas or a reactant gas. For example, argon as a protective gas
could shield the fusion zone from atmospheric oxygen or, in

15 another case, could be used together with methane for deposi-

ting carbon.

The energy beam is preferably realized as a laser beam. The
advantage of a laser beam is that the process does not have to
20 be carried out in a vacuum and the melting zone due to the
slight scattering of the laser beam can be formed in a highly
defined manner. The energy beam preferably can also be rea-
lized as an electron beam, which can be advantageous for cer-
tain applications. Furthermore, the energy beam preferably can
25 also be realized as an induction field. In this case the en-
ergy beam is induced in the component by the induction £field,
which is suitable in particular for ceramic composgite materi-

als containing conductive fibers or particles.

30 In the following, the invention is described in more detail on
the basis of specific embodiments with the aid of figures. The

figures show in detail:



Fig. 1 shows the inventive device for carrying out the method. 15 An energy beam 1 can be seen,
which is directed onto a base material surface 5 which is to be processed. Thereby, the base material
is thermally activated locally in a zone, which here is realized as a melting zone 4, i.e. it is heated
and/or melted, so that a coating by molten masses or Malten products can 20 be effected. Material is
fed to this melting zone 4 via a lateral feeder 3 and/or via a symmetric or coaxial feeder 2. Optionally,
this material can also be fed to the melting zone 4 in addition or exclusively via a pre-deposition 16. A
process gag;lp (fqr. example uigen; mefhang, grgenlcan,aispihe fed.fo.25;the rgeliingzone 4,
optionally also the present surrounding atmosphere (for example atmospheric oxygen and/or
atmospheric nitrogen) can be used to benefit the process (for example for oxide/nitride formation). The
aim is to preyidle 3 cerarpicfibraus, campasite maarial f-ky, ferding materal gptionally in 30
combination with feeding gas, to repair for example the gas turbine component 7 illustrated in Fig. 2.
The gas turbine componeht:? iIfSHREEE REFBR 2% b for kafpld BEMifle BRETRORE DIdFReroot or
also a blade on an integga! €pgponent (blisk or vane cluster). As a result of operation, the gas turbine
component 7 is torn and damaged on the stream inlet side, so that using the inventive repair method a
ceramic fibrous composite material 6 has been applied onto the base body 8 of the gas turbine
components£ §or reinforcementatoyestore the initialMade geemetideRer thequrpese of clarification,
Fig. 3 shows a cut AA through the gas | turbine component 7. Fig. 3 particularly clearly shows how the
present base body 8 adjoins the newly applied ceramic fibrous composite material 6. With the
inventive nrethod 4t is posaihtentorrepaiidetingas &5 tubinecemponents Toade et-egramie fbeus
composite materials. The major advantage of the inventive method is that it is comparatively easy and
Iow-pr;i?:ed, as only the d& ed area is actually repaired and the gas turbine component 7 as a whole
does not have to be subjected to a sintering process or cas- 20 ting process. The gas turbine _
componenﬁEji alsoSO!oes gloltch%\%a totb Hew}l%/ infiltrated. Instead, if is osFSibIe to locally re-build the
ceramic in heq(')rigihal COMpPoSi iof7 and condition o in attefnative g A tie%%y iﬁVentiver feeding the
fibers 12 to the melting zone 4, so that the ceramic fibrous compos-

Fig. 1 shows the inventive device for carrying out the method.
15 An energy beam 1 can be geen, which is directed onto a base
material surface 5 which is to be processed. Thereby, the base
material is thermally activated.iocally in a zone, which here
is realized as a melting zone 4, i.e. it is heated and/or mel-
ted, so that a coating by molten masses or molten products can
20 be effected. Material is fed to this melting zone 4 via a la-
teral feeder 3 and/or via a symmetric or coaxial feeder 2. Op-
tionally, this material can also be fed to the melting zone 4
in addition or exclusively via a pre-deposition 16. A process
gas 15 {for example oxygen, methane, argon) can also be fed to
25 the melting zone 4, opticnally alsc the present surrounding
atmosphere {(for example atmospheric oxygen and/or atmospheric
nitrogen) can be used to benefit the process (for example for
oxide/nitride formation). The aim is to provide a ceramic fi-
brous compesite material 6 by feeding material, optionally in
30 combination with feeding gas, to repair for example the gas

turbine component 7 illustrated in Fig. 2.



25 ite material 6 can directly be generated locally. Thereby, in certain cases a repair can also be
carried out "on-wing", i.e. without the need for removing gas turbine components 7 from the gas
turbine. Owing to this extremely reduced process effort, the described method is much more
cost-effective than 30 well-known repair methods of téramic fibrous composite materials. - 12 - Fig. 4
shows the design of the inventive flux cored wire 14. The marked cut BB is shown in Fig. 5. The flux
cored wire 14 contains fibers 12 and auxiliary materials 13 which can be available in different shapes,

sizes and %‘HQUQF%S Partigles,a are AgLshown sout-aceording fythg inyentionthey £an.algg pe

contained in the Tlux cored wire, preferably if a particle-reinforced ceramic composite material is

repaired. TESHNRES 12 iR ®icEh BLI0R dxanthle 56l MEremerrs, dHdatenstivelithey can
have any length {sa-talled.continuous i 10:befs) Eheawxiliary dpaterigls 13 %@Q@@vgﬂag@jn the

form of small metal sheets, as powder or pastes. The interior 9, in which most of the fibers 12 and
auxiliary matétel®23 aréprofded IS BHERSEATRAIEBitel shéathCfPwhRh KiRRRERANAlso be an

auxiliaty magerial 3. additien, agae streamehh15.6a0Risa ke provided inthedatalior 9y¥ia which
protective gases and/or process gases 15 can be carried to the spot to be repaired via the flux cored

wire 14. By-eRdify FeraBdifant FraieHssaq R e song4 6 has been applied

onto the base body 8 of the gas turbine component 7 for rein-
forcement, to restore the initial blade geometry. For the pur-
pose of clarification, Fig. 3 shows a cut AA through the gas

10 turbine component 7.

Fig. 3 particulariy clearly shows how the present base body 8
adjoing the newly applied ceramic fibrous compcesite material
6. With the inventive method it is possible to repair torn gas
15 turbine components made of ceramic fibrous compecsite materi-
als. The major advantage of the inventive method is that it is
comparatively easy and low-priced, as only the damaged area is
actually repaired and the gas turbine component 7 as a whole
does not have to be subjected to a sintering process or cas-
26 ting process. The gas turbine component 7 algso doeg not have
to be newly infiltrated. Instead, it ig possible to locally
re-build the ceramic in the original composition and condition
or in alternative qualities by inventively feeding the fibers
12 to the melting zone 4, so that the ceramic fibrous compos-
25 ite material 6 can directly be generated locally. Thereby, in
certaln cases a repalr can also be carried out “on-wing”, i.e.
without the need for removing gas turbine components 7 from
the gas turbine. Owing to this extremely reduced process ef-
fort, the described method is much more cost-effective than
30  well-known repair methods of ceramic fibrous composite materi-

als.



20 generated by the energy beam 1, a ceramic is generated in the melting zone, which together with
additionally fed fibers 12 forms a ceramic fibrous composite material 6. The components required
therefor, for example a metal like silicon and a nonmetal like carbon, are fed to the melting zone 4 as
auxiliary 25 materials 13 in a stoichiometric ratio and-then react to the desired ceramic, in this case
silicon carbide. A silicon proportion optionally increased by 20 to 40 cid ensures a complete reaction of
the carbon, which cannot always be achieved with an absolutely stoichiometric ratio, as in this case it

cannot 30 ke assumefdihat for hestatalamaynt.of carbon also-allicpi is: axailakie pearby, fpr reaction.

The leftover silicon ideally remains in finely dispersed silicon inclusions and thereby can - 13 - further

help improvéthé'aedafity 6FtheBfenetatedBratic flidus TonTusité Hiatefiare T e ivehfive flux

cored wire d4rgvides & paplen of aptions for iepaifing.gag iwrbing compenents dagpepding on the
needs, the flux cored wire 14 can have an individual design to thus comply with the different
requiremerR¥ dt P dffetentdibet RERBMMARAESHd MAGBECRBINANGHE this Bptidr fordSdividual

compositiogy-for gbeosingthe amaurt of teiauwygliay maei tefalsHks, of the fibersand.alse afthe
protective gas and process gas 15 allows for the easy application and adqﬁption of the inventive

method and e HAREVEHebied b BXsHRgERd fide gddialsina Rémpbheftsiiate oF Reramic
fibrous compasitednatatials rald c ReHENEe PeMEIBiial is repaired. The fibers

12 can have a length of for example a few micrometers, or al-
ternatively they can have any length (so—éalled continuous fi-
1¢c  bersg). The auxiliary materialg 13 can be available in the form
of small metal sheets, as powder or pastesg. The interior 9, in
which most of the fibers 12 and auxiliary materials 13 are
provided, is enclosed by an outer sheath 10 which himself can
alsoc be an auxiliary material 13. In addition, a gag stream 11
15 can also be provided in the interior 9, wvia which protective
gases and/or process gases 15 can be carried to the spot to be

repaired via the flux cored wire 14.

By feeding the auxiliary materials 13 to.the melting zone 4

20 generated by the energy beam 1, a ceramic is generated in the
melting zone, which together with additionally fed fibers 12
forms a ceramic fibrous composite material 6. The components
required therefor, for example a metal like gilicon and a non-~
metal like carbon, are fed to the melting zone 4 as auxiliary

s  materials 13 in a stoichiometric ratic and then react to the
desired ceramic, in this case silicon carbide. A silicon pro-
portion optionally increased by 20 to 40 % ensures a complete
reaction of the carbon, which cannot always be achieved with
an absolutely stoichiometxric ratio, ag in thig case it cannot

30 be assumed that for the total amount of carbon also silicon is
available nearby for reaction. The leftover silicon ideally

remaing in finely dispersed silicon inclusgions and thereby can



lenergy beam 2coaxial feeder 3lateral feeder 4melting zone 5base material surface 6ceramic fibrous
composite material 7gas turbine component ia 8base body 9interior 10 outer sheath 11 gas stream
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further help improve the ductility of the generated ceramic

fibrous composite material 6.

The inventive flux cored wire 14 provides a number cf options
s for repairing gas turbine components. Depending on the needs,
the flux cored wire 14 can have an individual degign to thus
comply with the different requirements of the different fiber
combinations and matrix combinations. This opticn for indivi-
dual composition, for choosing the amount of the auxiliary ma-
16 terials 13, of the fibers and alsc of the protective gas and
process gas 15 allows for the easy application and adapticon of
the inventive method and the inventive device to existing and
future gas turbine components made of ceramic fibrous compo-

site materials.



12fibers 15 13auxiliary materials 14flux cored wire 15process gas 16pre-deposition - 15 - Claims:
1.Method for repairing a gas turbine component (7), which at least at the spot to be repaired consists
of a ceramic composite material, characterized in that an energy beam (1) locally heats the gas turbine
component (7) in a zone, and that one or more auxilitfy materials (13) and optionally fibers (12) and/or
particles are fed to this zone, wherein a ceramic is generated in the melting zone 10(4) through this
auxiliary material (13) or these auxili-

Reference numerals:

1 energy beam
2 coaxial feeder
5 3 lateral feeder
4 melting zone
5 base material surface
6 ceramic fibrous compogite material
7 gas turbkine component
16 8 base body
9 interior
10 outer sheath
11 gas stream
12 fibers
15 13 auxiliary materials
14 flux cored wire
i5 process gas
16 pre-deposition



ary materials (13), which together with the fed fibers (12) and/or particles forms a ceramic composite
material (6) . is 2.Method according to claim 1, characterized in that the fed auxiliary material (13) or
the fed auxiliary materials (13) completely or partially react to a ceramic in a chemical reaction in said
zone. 20 3.Method according to claim 2, charactefized iri that the auxiliary materials (13) include a
metal and a non-metal, which in the chemical reaction react to a ceramic, and wherein the proportion
of the metal is higher, preferably 20 to 40 %, than the proportion of the non-metal. 25 4.Method
according tg1¢laim, 1, characterized in that the fed auxiliary material (13) or the fed auxiliary materials
(13) contain the ceramic to be generated.

1. Method for repairing a gas turbine component {(7), which at

least at the spot to be repaired consists of a ceramic

5 - composite material, characterized in that an energy beam
(1) locally heats the gas turbine component (7) in a
zone, and that one or more auxiliary materials (13) and
optionally fibers (12} and/cr particles are fed to this .
zone, wherein a ceramic isg generated in the melting zone

10 {4) through this auxiliary material (13) or these auxili-
ary materials (13), which together with the fed fibers
(12) and/or particles forms a ceramic composite material

(6).

15 2. Method according to claim 1, characterized in that the fed
auxiliary material (13) or the fed auxiliary materials
(13) completely or partially react tc a ceramic in a che-

mical reaction in said zone.

20 3, Method according to claim 2, characterized in that the
auxiliayy materialsg (13) include a metal and a non-metal,
which in the chemical reaction react to a ceramic, and
wherein the proportion of the metal is higher, preferably
20 to 40 %, than the proportion of the non-metal.

25

4, Method according to claim 1, characterized in that the fed
auxiliary material (13) or the fed auxiliary materials

(13) contain the ceramic to be generated.

30 5. Method according to any one of the preceding claims, cha-
racterized in that the auxiliary material (13} or the
auxiliary materials (13) and/or the fibers {(12) and/or

the particles are chosen in such a way that they generate



m 5.Method according to any one of the preceding claims, cha- racterized in that the auxiliary material
(13) or the auxiliary materials (13) and/or the fibers (12) and/or the particles are chosen in such a way
that they generate - 16 - the same ceramic composite material (6), of which the gas turbine
component (7) also mainly consists. 6.Method acéoﬂd?ng‘"to any one of the preceding claims, cha-
sracterized in that the fed auxiliary material (13) or the fed auxiliary materials (13) and/or the fibers
(12) and/or the particles are pre-deposited and/or are fed via one or more feeders (2, 3). 10 7.Method

according to any ene of the-precedingclaimg, Shae tackerized:inithatthe energy, beam:l] ig;realized as
a laser beam. 8. Method according to any one of the preceding claims, cha-
turbine component (7} also mainly censists.

5. Method according to any cne of the preceding claims, c¢ha-

5 racterized in that the fed auxiliary material (13) or the
fed auxiliary materials (13) and/or the fibers (12)

and/or the particles are pre-deposited and/or are fed via

one or more feeders (2, 3).

10 7. Method according to any one of the preceding claimg, cha-
racterized in that the energy beam (1) is realized as a

laser beam.

8. Method according to any one of the preceding claimsg, cha-
15 racterized in that the energy beam (1) is realized as an

electron beamn.

9. Method according to any one of the preceding claims, cha-
racterized in that the energy beam (1) is realized as an

20 induction field.

10. Device for carrying out a method according to any one of
the preceding claims, characterized in that a flux cored
wire {14) is provided for feeding the auxiliary materizals

25 {13) and/or the fibers (12).

11. Device according to claim 10, characterized in that the
flux cored wire (14} comprises an outer sheath (10),
wherein the material cf the cuter sheath (10) itself can

30 include one or more auxiliary materials {13), and the
outer sheath (10) encloses an interior (9), wherein auxi-
liary materials {13) and/or fibers (12} and/or particles

are provided in the interior {9).



15racterized in that the energy beam (1) is realized as an electron beam. 9. Method according to any
one of the preceding claims, characterized in that the energy beam (1) is realized as an 20induction
field. 10. Device for carrying out a method accordi_n%ht]o any one of the preceding claims, characterized
in that a flux cored wire (14) is provided for feeding the auxiliary materials 25(13) and/or the fibers (12).
11. Device according to claim 10, characterized in that the flux cored wire (14) comprises an outer
sheath (10), wherein the material of the outer sheath (10) itself can 30include one or more auxiliary
materials (13), and the outer sheath (10) encloses an interior (9), wherein auxiliary materials (13)
and/or fibers (12) and/or particles are provided in the interior (9). - 17 - 12. Device according to claim

10 or 11, chAractBYddh MEFAgREMebth PR IT pr&Viddd itheSREFDF ESSrARE fItR coréFwire
(14), which is prefergbly useddempravide aiprojaciivegas and/ehieactant gasL(13pfor dre tepair
method. flux cored wire (14), which ig preferably used to provide

5 a protective gag and/or reactant gas (15) for the repair

method.



