Method for recontouring a compressor blade or a turbine blade for a gas turbine The present invention
relates to a method for recontouring a compressor blade or a 5turbine blade for a gas turbine, said
method having the features of the generic part of claim 1. Components in gas turbines, especially in
aircraft engines, are subject to wear and tear during operation due to erosive substances, for example,
sand or dust or ice. In the front 10 part of the gas turbine, the area of the compressor, erosion
generally causes a flattening of the flow leading edges of the compressor blades. When the

compressor blggessare Ny MR Sevmpihe e anerethdmatealy optimizsdprofile that is

detrimentally affected by the wear. As a consequence of such deterioration of the aerodynamic profile,
the gas turbine loses efficiency, which means that the gas turbine needs more fuel to generate the 15
same power. Therefore, from a financial point of view, it is desirable to counteract the wear of

compressor blades, especially a deterioration of the aerodynamically optimi agblade geometries. For
this purpos@?@ﬁ‘éﬁf’%gg %@%éﬁ}%{fﬁégoﬁﬁ%ﬁ g\#%ﬁe%%t@tl&égl%aaf%ér ﬁ%%(fg BAC& again providing
damaged conire ssar:liladegwithbaerodyd amtical opimizelt gecnef ies g admmonfrepair method
for compresgar bfades. is, for example, 20 grinding the leading edge of compressor blades. This
grinding prgcaé‘a]uré rounds and smoothes the flattened profile areas and the roughened surfaces of
these areas. A device for such a repair method for turbine blades that is based on the grinding of the
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turbine blades can refer to any s that afe used in a gas turbine. For the 25person skilled in the
art, howevehutaeine: biatalate generaipsanrthdse skt tedd ittt wdres. & the figiine of the
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gas turbine blade willbe used below to refer to compressor blades (includinﬁ fan blades) as well as to

turbine bladbe oy Gading s8asHréHeothitaressiithadsen Yepaihfethbass deAFHRAE DS the
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aerodynamically advantageous leading edge is obtained. The loss of the basic material of the gas
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wear of compressor blades, especially a deterioration of the aerodynamically optimized
blade geometries. For this purpose, repair methods have become common practice that
are aimed-at once again providing damaged compressor blades with aerodynamically
optimized geometries. A common repair method for compressor blades is, for example,

20  grinding the leading edge of compressor blades. This grinding procedure rounds and
smoothes the flattened profile areas and the roughened surfaces of these areas. A device
for such a repair method for turbine blades that is based on the grinding of the flow
leading edges is described, for example, in U.S. Pat. No. 6,302,625 B1. Generally
speaking, turbine blades can refer to any blades that are used in a gas turbine. For the

25  person skilled in the art, however, turbine blades are generally only those that are used in
the area of the turbine of the engine, whereas compressor blades are only used in the area
of the compressor. However, the tefm gas turbine blade will be used below to refer to

compressor blades (including fan blades) as well as to turbine blades.

30  One problem encountered with such repair methods lies in the nature of the grinding

process. Grinding is a metal-cutting process, that is to say, material is ground off until an



procedure. Thus, this two-fold reduction of material has the direct effect of shortening the chord length
of the gas turbine blade, in other words, as seen in the flow direction, the gas turbine blade becomes
shorter, which, in turn, as a rule, causes a further reduction in the efficiency and/or aerodynamic
stability (regarding the stall margin, i.e. the safety margin 10to the turbine blade stall) of the gas turbine
blade. This effect occurs every time a repair is carried out until the chord length is so short that, for
example, a compressor blade can no longer be used. In this context, nicks or dents caused, for
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shortenings of the chord length. Since such nicks generally have a very negative impact on the
mechanicaltiGardatioviiadedapie peg wendithpreeashughoe bradean byehvdesivsl maberial has to be

removed fromJthengas iHRing hlrds WML NG Rigk e camRIgiehngrennd away: hfpinded off over a

large surface area. Moreover, the pure loss of mass, that is to say, the reduction in'weight of the gas
turbine blad®$E3HRIIERAGE PRvEsPakii B dassvaiostiipdy axbivgs smhraesponent geometry.

If, for examplg, RmRrgssaihladesRR AN o 200 RN Ass el Rl theraing:thalig:to say, on an
aircraft engine that is still attached tq the wing of the aircraft Con wing'), then unbalances can arise
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reduced by a

roc, f weighing and subsequent weight-specific distribution, However, such repair
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be carried eificdarsiendit greatyaiffidulty:bil mpieballing Therefbraatle, i nvemidaatis basedon the object
of proyiding a method for, reconiqQuring a compressor blade or.a turbine blade for a gas tutbine that
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SIn order to achieve the object, a method Is proposed according {0 thé Invention for recontouring a
compressofisiadeet miwirsabladenfobladgas eavbifiedmeokibli prdeautcadodridenofthel [dading edge of

the compresgarhiade, o5:ie IR QIR By A aUCally LR By 2 D&GPM-Qh&RGIGY,IN such a way

that the material hardens to form a new contour, essentially without the incorporation of additional

materld. IndieOSHnts SraIcrbes petheastbubinrhladean aerbdsHarhrealryialdwsritlous contour

that has beriehangRehWithorRIRARKID IRE HARIARE 3880 {AdIDE RASSIhPATFH IRy R:NRY contour

refers to the shaping of the rounding of the flow Ieadingf edge that Is flattened in the eroded state, that
off over a'large surface area. Moreover, the pureToss of mass, that is to say, the reduction

in weight of the gas turbine blade is problematic, irrespective of the above-mentioned
change m the component geometry. If, for example, compressor blades are ground down
20 on an assembled engine, that is to say, on an aircraft engine that is still attached to the
wing of the aircraft (‘on wing’), then unbalances can arise since different amounts of
material are removed from the individual compressor blades. In repair methods in which
the gas turbine blades are dismantled from the gas turbine, unbalances can be reduced by
a process of weighing and subsequent weight-specific distribution. However, such repair
25  methods that involve dismantling the gas turbine are also many times more laborious and

can only be carried out on site with great difficulty or not at all.

Therefore, the invention is based on the object of providing a method for recontouring a
compressor blade or a turbine blade for a gas turbine that entails removing the smallest

30  possible amount of material.



is to say, sometimes angular. The new contour refers here to a profile that is largely aimed at
replicating the delivery state of the new component. It designates a contour that 15is similar to that of
the delivery state and that results from the recontouring procedure according to the invention. Due to
the melting process, for example, nicks or dents can be eliminated since the melt flows into such
indentations in the gas turbine blade, in particular the leading edge, and fills them up. As a result, the
leading edge does not have to be ground down to a level deeper than the nick, but rather, in an ideal

manner, noppQapprgeiale.AmeupL of materal s tsmayesnAndne RalgUal ol ihe.gas turbine blade is

merely redistributed. This redistribution of the material distinguishes the method according to the

invention froditiensbaks etedrenrhp tompetsedtdo fnrrenaen sep i Blpmeibisaitissubamingtedge are
indeed melted {for cxamp g-duringArpasinueldinghs ik tisds.done with the incorporation of a

substantial amount of additional material. For example, during deposit-welding, additional material
is typically applied in an amount that is several times the melted volume of the original material. Due to

this adgitionabmatesabierenrnapesdurnehderepibpmiding. saigsaderkiaading,edge is built up again,
and the volume as well as the mass of the leading edge and thus of the compressor blade or the
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weightand conseduently, does ol cause anymeasirable (or an exiiemely small dhanoe in the
roundness JU& 1o the mass inettia 01 the gas’f/ur ine brades when t ey arein the'installed state. As a
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but rather, as cri ow, it can even be partialfy built up again. This means that the gas turbine

blade can be s, fsmaehmesheiader Theaosigrifitantyipsoheinty therpidirtieniantasgebeosts of the
engine. Prefgrably, tha;materiak '&@fﬂ%?s@t&%m}ﬁ SRRUHER AR CRAQMRRSENLAlkYiIhaut the

incorporation of additional material In this context, specified means that the melting of the material and

the sulBseqiferitilaa i Jebhilaiydn o kb hrces iR viTeaseHes Massiiast an attempt
is made to GreatgiRG8 TRINRRAREODAS AMBE I ADSRRWS, for example, nicks or dents can be

eliminated since the melt flows into such mdentations in the gas turbine blade, in
particular the leading edge, and fills them up. As a result, the leading edge does not have
to be ground down to a level deeper than the nick, but rather, in an ideal manner, no

20  appreciable amount of material is removed, and the material of the gas turbine blade is
merely redistributed. This redistribution of the material distinguishes the method accor-
ding to the invention from methods according to the state of the art in which portions of
the leading edge are indeed melted (for example, during deposit-welding), but this is done
with the incorporation of a substantial amount of additional material. For example, during

25  deposit-welding, additional material is typically applied in an amount that is several times
the melted volume of the original material. Due to this additional material, for example,
during deposit-welding, an eroded leading edge is built up again, and the volume as well
as the mass of the leading edge and thus of the compressor blade or the turbine blade are
increased. The method according to the invention is carried out essentially without the

30  incorporation of additional material and thus differs from the known methods according

to the state of the art. A special advantage of the method according to the invention is that



contour that is improved, for instance, in terms of its aerodynamic properties. A "specification” in the
sense of a "specified new contour" is, for example, also the endeavor to create a new contour that
lengthens or restores the chord length of the gas turbine blade. 20 Preferably, the chord length of the
compressor blade or the turbine blade is lengthened by means of the method by 0.1 ram to 5 mm,
more preferably by 0 1 mm to 2 mm, for example, 1.5 mm. Preferably, the restoration is carried out by
fewer than 7, more preferably, by fewer than 4, recontouring procedures or melt-welding procedures.

In 25contragt {RkOoWR ARpasiiwaldind. @k yesyditie abnexasgilopahmalerialdssingorporated.

Another advantage of the invention can be seen in the fact that, in contrast to known deposit-welding

proceduresTHilg RSP HEHED AR HIRe eI SHELRAees Mok 'souHd 1Ry 8fige is needed.
Normally, irpreRaratianifes pcdenasir weldivgeseveighraitineiesgehthe basiadnaiesiahare ground off

the gas turbine bl de whereas a reco urjng procedure as set forth by the invention does not require
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is that the melt a tendency to acquire a
turbine blade can be used for a much longer time, significantly reducing the maintenance

10 costs of the engine.

Preferably, the material hardens to form a specified new contour essentially without the
incorporation of additional material. In this context, specified means that the melting of
the material and the subsequent change in geometry do not take place randomly, but

15 rather that at least an attempt is made to create a certain shape or geometry for the new
contour that is improved, for instance, in terms of its aerodynamic properties. A
“specification” in the sense of a “specified new contour” is, for example, also the
endeavor to create a new contour that lengthens or restores the chord length of the gas
turbine blade.

20
Preferably, the chord length of the compressor blade or the turbine blade is lengthened by
means of the method by 0.1 mm to 5 mm, more preferably by 0.1 mm to 2 mm, for
example, 1.5 mm. Preferably, the restoration is carried out by fewer than 7, more |
preferably, by fewer than 4, recontouring procedures or melt-welding procedures. In

25  contrast to known deposit-welding, only very little or no additional material is

incorporated.

Another advantage of the invention can be seen in the fact that, in contrast to known
deposit-welding procedures, only little or no preparation of the welding substrate or of
30  the leading edge is needed. Normally, in preparation for a deposit-welding, several

millimeters of the basic material are ground off the gas turbine blade, whereas a



spherical shape, which is energetically optimal for it. Thanks to the advantageous utilization of the
surface tension of the melt, the recontoured leading edge thus has the aerodynamically advantageous
rounding. 15 Preferably, the energy from the energy beam that is introduced into the portion is
regulated in such a way that different rounding radii are created. For example, a temperature
regulation of the surface of the material melt can be achieved by regulating the power of the energy
introduced by the energy beam. Since the temperature of the surface of the melt has a direct influence
on the surfaceiensiap ﬁfo%%ﬁkeéts BeraNeP BRI AVERTSOUIRLOR CRYAISARE %ﬁ&ﬂﬁﬂﬁ@@a”y used to
select the surface tension of the melt. As the temperature rises, the surface tension changes by a
tension gradfighff #HORiplied by the temperature differential. In the case of pure metals, this tension
gradient is negative, which means that these metal melts undergo a reduction in the surface tension as
the temperature rises. This effect is utilized tq achieve the desired rounding radius by 25 regulating the
surface ten BEHERITE: ROISHREREARINGErASH B S PEGTEE SETEmIdSRUTRE Size of the surface
area obthe impitedsateaaieiseiediestandiaiethd pardebiteassist inthe enetgydapditegperature
regulation, far %amng)leh amera s(}/fjst_ems can also bt%ﬁlésedlto 0 se({vet syrface, %nd the data is then
used as nedad i brder 16 CORtrol the Tecdn %r?ﬁ%. é gnaé}ragry% rotdiced intd tie %ortion can be
regulated, forexanptenidig) thatthedherg) derfsityteitoe efidrgnitedatsihqahangenasily that the
energy beam.is moveddn.a conteglied mannar, Lreferapli,he feading sdag is, (eopptoured by melting
it multiple times to form the riew contour. Pre era%ﬁ’y, the leading edge is recontoured by melting it six
times at thesedximusder. 1D oeuts! thig drosivbngffecs dihitie kaadinbiedbedshiHbgrsitlidiitesblade, it loses

5 its agyodypamigally. apHINzeS SRHALAVEINR GRHTHE ALIME HORINGVERALJifKs,and dents lead to

a non-homogeneous erosion contour. As a rule, prior to the repair, this efosion contour of the leading

edge is shapeerisel abapebehiphiappratanlbr pelipehdieilal lerkeifshe alweiéseovith great roughness.

This erosiopGaMRM AR08 ChangrdJnier t1aks NAMRBSNEaHS NARIaRAL"BUEdadREf new contour
that is aerodynamically greatly 10improved and that has a high quality If the erosion contour is melted

locally multisfedirrsictly RReRE R BUYRShe utilization of the surface tension of the material melt.
Due to the multiple melting procedures, it is also easier to achieve different rounding radii that are

condugive for %ow-gg%mized contour of the %as turbine blade, for example of the fan blade, at the
Ieadinggedgl)é? PreferaHIs I & BRdRG BE AN PERTHIBOEY IRTRRIRO LUSLhS BRKH8E thto the leading edge
in a directiondhiatcé ipetpandiciyaniodiiefaceohttieeraiicncosiod. Fohe:dingdt aming of the energy

beam onto tthe fage causes g&% energy bfeang) %cg %recit%el stg e th grtigg gf thic_a leadin edge_of the
gas turbine Bl that 1758 Begh c?an‘ﬁga el By erosion. ﬁ%r%l, it 8%1?1%2 a vgﬁtae&él e provide
means to athsqrimtreolb damesesoitiatdtiecehbygyidoeangyshnat. Since the temperature of the
surface of the melt has a direct influence on the surface tension of the melt, the
20  temperature regulation can also be systematically used to select the surface tension of the
melt. As the temperature rises, the surface tension changes by a tension gradient
multiplied by the temperature differential. In the case of pure metals, this tension gradient
is negative, which means that these metal melts undergo a reduction in the surface tension
as the temperature rises. This effect is utilized to achieve the desired rounding radius by
25  regulating the surface temperature. Not only the temperature, but also the melted volume
and the size of the surface area of the melted area are selected and varied. In order to
assist in the energy and temperature regulation, for example, camera systems can also be
used to observe the surface, and the data is then used as needed in order to control the
recontouring. The energy introduced into the portion can be regulated, for example, in
30 that the energy density of the energy beam is changed, or in that the energy beam is

moved in a controlled manner.



coupled into other components or component areas in an undefined manner due to reflecting or
grazing radiation. The energy beam preferably recontours the width of the leading edge in two or more
rounding steps. In several systematic rounding steps, the leading edge is recontoured so as to come
closer to the desired new contour with each 25step. This approach yields the best results since only a
limited amount of material is melted at a time, and this can be controlled more easily during the melting
as well as during the hardening. The advantage of this recontouring is that it is possible to
systematically build up some of the chord length that has been lost due to erosion. Therefore, the
method according to the invention can not only avoid a shortening of the 30chord length that would
result from Gisfarpgypror kddies coee, 1sHasE e e Yaardthlsution birdedimeréeifitiof thetleading edge, it

can also onceAgAiRbrilthHP #RME Ahthe eraded.chardd e9gifQwing fa;hesgrqater chord length, the

gas turbine blade that has been repaired in this manner is aerodynamicallégetter than a gas turbine

blade that He&BREHR repaiethe § RS TBFRibViRe hredivasdemel s ris duthiv skiRdeciiitesss extended,

since the criicalshargdragioptiwiich daRairs.REe Me LNERISSIIEIS 08 seached after a much 5
larger number of recontouring procedures. Preferably, the rounding, radii generated are 0 1 mm to 10

mm since tHEYS F3Graimg YA TR 55 65 HAPSRA I D Ao iR b A e as turbine blades.

10Preferablyoyernycsall aMne ntadih gediansh sidasianceseaviaintaaduaed piodheianga melted by
the energy b%§% Alt ougfh the.rplethogl ac ordingr o0 the invention is ch%frac erized.in that the
incorporati(g?l LT R A P S i Aoy %%Ps%%%%%‘&f%hﬁ?ﬁ’t $ RSt &k 8 possible to add
very small ameuinisofacditionalsabstances:d estrihvanddsor prafarablydassithany2b¥aigspecially
preferpply I5ss (hap 106.of tne melied Iiualumel to themal zone fernstance, i ofder to achieve a
leading edge Fhat’is espemakfﬁ/ Rard and eroSion-resistant or that has other advantages. The difference
from prior-arteretnd ds:isl tdaiitttbe: gl dit v thei oot Sty sustaen totsito reStior enetrotid doebilume of the

leading edgs, (A5 1§ I Ga56 R Ea LN FRPASITWEIING). UL LADRE LR, 3dvARKRgeously modify
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. t
the material properties o Ing edge. 20
radii that are conductive for a flow-optimized contour of the gas turbine blade, for

example of the fan blade, at the leading edge.
15
Preferably, the energy beam employed in this process is aimed into the leading edge in a
direction that is perpendicular to the face of the erosion contour. The direct aiming of the
energy beam onto the face causes the energy beam to precisely strike the portion of the
leading edge of the gas turbine blade that has been damaged by eroston. Here, it can be
20  advantageous to provide means to absorb the beams so that the energy beam is not
coupled into other components or component areas in an undefined manner due to
reflecting or grazing radiation. The energy beam preferably recontours the width of the
leading edge in two or more rounding steps. In several systematic rounding steps, the
leading edge is recontoured so as to come closer to the desired new contour with each
25 step. This approach yields the best results since only a limited amount of material is
melted at a time, and this can be controlled more easily during the melting as well as
during the hardening. The advantage of this recontouring is that it is possible to
systematically build up some of the chord length that has been lost due to erosion.
Therefore, the method according to the invention can not only avoid a shortening of the
30  chord length that would result from grinding procedures, but, thanks to the redistribution

of the material of the leading edge, it can also once again build up some of the eroded



Preferably, the compressor blade or the turbine blade are repaired 'on wing', that is to say, while the
blades of the gas turbine are installed on the aircraft, so that the gas turbine blades do not have to be
dismantled. The on-wing repair according to the invention is far superior to an on-wing repair
according to the state of the art, which essentially consists 25 in that a worker manually grinds the
compressor blades of the first compressor stage (fan blades) with abrasive paper or with a grinding
machine. The already described advantage of the minimization of material loss has the desirable side

effect that, i Gatash OUHNAIDGRaceRl ER-AR 0P LR AlsARR Bl . bR &lne. These chips

can cause damage n the engine since, for example, theycan clog cooling openings or can cause 30
material firéreFpdaraidiffuaioas e eTPdymates it baierct ibia dess shnatbane tlgdel tirrthesdresa downstream

from the co ian, Chamber ks, RiglRmsassie suRineinnaddiionds Lestdreplems. which are

caused by chips and dust, it is also possible to avoid problems due to so-called “‘windmilling' (blade rim

rotation) dufiiiéfthehprd desinhg rhishapRam e AR IPREcraTeIE bt ahahwsatBedrelgtis mutihe first

compressolsiagau@bathe faRntbaticantreulizdor example, from a light breeze. In the case of repair
methods according to the state of the art, ‘windmilling” is due to the fact that the gas turbine blade is

being repaired by means of a scraper, a grinding machine or a milling cutter via which a contact

pressure isExeditgd,0 ehthegatiiy thiiegbladeduing. iherepai D warksiHrdsHeausiedhe gas turbine blade
to rotate. F?r t(ﬂs reason, the blade rim of the eﬁlgine,.e.{?. th(% f%n, 1é)h%s to be immobilized during the
repair. How&ber® immo eﬂ%lﬁﬁa’fﬁ%:%‘ﬁpee&lgﬁso meerfgi’(afﬁ% %afoﬁji ]él?naﬁl Bd by the processing can

damage the dovetail guide of the fan blade or of the disk. Although the fan could be immobilized by

blocki thef, LRT Ipw ressure turbine), such an approach involves. complex documentation since
there ??a nelcgzeéet%1 e svuerlg ts'ﬁl}ﬁlifﬁgl %‘l%% Pnfsgacggﬁﬁ%%%csagéggmécﬁys/c ar\%gé%trt%& Cg)édl iS Oléggtgrﬁ%e pressure
faces of 15tirdidslddshooeigohsoverdithmgbitirngethedfaccindreaseththevedidsite work since, once the

tne same e P e PERAE. and then
immobilizeddhct Bgaieripiegs Rosihéedonddmingsand ersuatoromibtipalisddtantagseus. 20
than 50%, preferably less than 25%, especially preferably less than 10% of the melted
15 volume) to the melt zone, for instance, in order to achieve a leading edge that is
especially hard and erosion-resistant or that has other advantages. The difference from
prior-art methods is that these additives do not serve so much to restore eroded volume of
the leading edge (as is the case, for example, with deposit-welding), but rather to
advantageously modify the material properties of the leading edge.
20
Preferably, the compressor blade or the turbine blade are repaired ‘on wing®, that is to
say, while the blades of the gas turbine are installed on the atrcraft, so that the gas turbine
blades do not have to be dismantled. The on-wing repair according to the invention is far
superior to an on-wing repair according to the state of the art, which essentially consists
25  in that a worker manually grinds the compressor blades of the first compressor stage (fan
blades) with abrasive paper or with a grinding machine. The already described advantage
of the minimization of material loss has the desirable side effect that, in contrast to
grinding procedures, no chips or dust can fall into the engine. These chips can cause
damage in the engine since, for example, they can clog cooling openings or can cause
30  material fires or metal diffusions in HPT blades (turbine blades that are used in the area

downstream from the combustion chamber, the high-pressure turbine). In addition to



The repair method according to the invention does not necessarily require the fan to be immobilized,
since an energy beam is used that acts on the fan without touching it and without contact pressure on
the fan blade. Since no contact forces are needed during the processing, no torque arises from the
processing. Even though it can be practical to 25 immobilize the fan during the method according to
the invention, for example, in order to offer a counter-bearing for a positioning device that is being
used, such an immobilization can be much more gentle, that is to say, with much less mechanical

stiffness thapwasdhekaseniithibe.dexias, raapiradiwatl, Row « i eesdIeIfarcas adslR affix the fan
are much lower in the case of the repair method according to the invention. 30 Avoiding mechanical

€ Ot the rep; ! gt
processing Betkesparrbrddey indwiinsHB Al dmdgeiaat HY BB ARSHE &M 8troduced into the fan
blades by rotating tools, especially by milling cutters or grinding machines. Such vibrations can cause
rattling in the blade roots and thus damages to the coating systems. In the method accaqrding to the
inventon, ol BSAAERy S A EQREIETe b A AN KA1 LechHCTBHE St ine blade by
the pratessigfagaotiaat anysihrddiosxexgilatibron ifghi beekier o ds ataeef yephifihtetdoidh 5 is
advantageous e ially in view of the large leyer arm 00.m 800 mm) of the fan blades.
Pretoratty, T A A B B o A Bt 20 0 LAV B 8 ancor o
the outlet sidéofgheredmpresserrslalie wrape.tahind bfadechire advanttge: t0véstietwairlarrangement

of the energy. beam SRR 9% InJas R ot ineelial surfeeaabia o adetibyied is that, due

to the application of energy at this place, the material is driven ing edge, so that lost
chord Iengtﬁﬂ@aﬁﬁtﬁeﬂbi@ﬂthlﬁﬂagamwéftaﬁvewiéa@mmﬁ@ddﬁﬁ@rfj@@féﬁ@ﬁlﬁﬂwai @ﬁ_ﬂiﬂa melt bath is
prevetied fiom iealing nCRMRANS R RASIPISHARR thedending cegedisall iR thismanner, a beam

15catcher can be configured or used or installed more easily. Preferably, the ene;%g/ beam is
configured Bt savdedhsed e Bsfigeretion GRAEse gy Bewisiheurdaséiisdamdiadsiantageous

for the repaif methad AiRcs.teRIeh camMPSeLsed A RBPINH RIESSL IR MERTING Hhakihe gas turbine

blades that are to be repaired do 20not have to be placed into_ a vacuum chamber with great effort, but
rather, in afirbine), such an approach involves complex documentation since there 1s a need to

ensure that the blocking cannot cause any damage to the disk or to the pressure faces of

15  the biade root. Moreover, immobilizing the fan increases the requisite work since, once
the shaft has been immobilized, it is not possible to turn the fan in order to process the
next fan blade at the same working height. As a result, the shaft has to be loosened from
time to time, turned and then immobilized once again, which is time-consuming and thus
economically disadvantageous.

20
The repair method acc'ording to the invention does not necessarily require the fan to be
immobilized, since an enérgy beam is used that acts on the fan without touching it and
without contact pressure on the fan blade. Since no contact forces are needed during the
processing, no torque arises from the processing. Even though it can be practical to

25  immobilize the fan during the method according to the invention, for example, in order to
offer a counter-bearing for a positioning device that is being used, such an
immobilization can be much more gentle, that is to say, with much less mechanical
stiffness than was the case with the device required until now, since the forces needed to
affix the fan are much lower in the case of the repair method according to the invention.

30  Avoiding mechanical processing of the fan blade also has the advantage that no

vibrations are introduced into the fan blades by rotating toois,‘ especially by milling



advantageous manner, can also be repaired in the installed state. Furthermore, the use of a laser
beam allows a precise and targeted melting of the gas turbine blades so that the repair method is very
efficient altogether. Here, the laser is preferably configured as a disk laser, a diode laser, an Nd:YAG
laser, a CO2 laser, a gas laser and/or a fiber laser, 25 and it has a power of 200 W to 2000 W. Good
results are attained with axis-symmetrical radiation in which the surfaces of the melt bath surface
exposed to the beam approximately resemble an ellipse. However, other power density distributions

such as cirelgg,t Bgérﬁ{dﬁﬂgﬁu%ﬁ&@. 3dvANiBaRRMS @Bé&_%%@l—a‘%ﬁﬁf‘gsin Thesinyentian A’MH' be explained
in greater depth below with reference to concrete embodiments, making reference to figures.

Specifically e Mg ESHRANRSAHE Ry dRdle 5iEiRed aeseringdn e BB two compressor
blades in the genpkessey PhasaasvRIRG nfethada - slepiction shihe MmalesiahyalHme reslistipution during
the recontouring procedure; 10 Fig. 3a schematic depiction of a recontouring procedure, with an
energy beafReAFEsT ey Y (1R BHIRGRSaigE29g. A A dBreMatIER BRISH o &eXdhBuring
procedsire, wiihanteneigy hpeasllbaivied af ar angleldodhaieadinyeage; $6iynha) depistion of the
material f|0\%% Qa@eeslted material areas;

Preferably, the energy beam can be aimed at an angle of 5° to 135° relative (o the inlet

side and/or to the outlet side of the compressor blade or the turbine blade. An advantage
10 of such an arrangement of the energy beam on the side in the area of the material surface -

that is to be redistributed is that, due to the application of energy at this place, the

material is driven to the colder leading edge, so that lost chord length can be built up

again relatively easily. In addition, radiation reflected off the melt bath is prevented from

heating up component areas other than the leading edge itself. In this manner, a beam

15 catcher can be configured or used or installed more easily.

Preferably; the energy beam 18 configured as a laser beam. The configuration of the
energy beam as a laser beam is advantageous for the repair method since the laser can be
used at ambient pressure, meaning that the gas turbine blades that are to be repaired do
20  not have to be placed into a vacoum chamber with great effort, but rather, in an
advantageous manner, can also be repaired in the installed state. Furthermore, the use of a
laser beam aliows a precise and targeted melting of the gas turbine blades so that the
repair method is very efficient altogether. Here, the laser is preferably configured as a
disk laser, a diode laser, an Nd:Y AG laser, a CO; laser, a gas laser and/or a fiber laser,
25  and it has a power of 200 W to 2000 W. Good results are attained with axis-symmetrical
radiation in which the surfaces of the melt bath surface exposed to the beam
approximately resemble an ellipse. However, other power density distributions such as

circles, rings or lines can be advantageous in special cases.



Fig. 6profiles of differing power density distributions. 20 Figure 1 schematically shows two compressor
blades 1 from the first compressor stage of an aircraft engine, so-called fan blades. The two
compressor blades | are arranged one above the other, and the air flow 3 enters from the right-hand
side during operation. The compressor blades 1 each have an upper inlet side 18, and a lower outlet
side 19 as well 25 as a leading edge 2 facing the air flow 3. The distance from the leading edge 2 of
the compressor blade 1 to the trailing edge of the compressor blade 1 is the chord length 25 of the

compressof-hladeentiie URRSE cRpIRiLasarhiads ddus hesn damagedrrdshartened in the area of the

leading edge 2 by erosion, whereas the lower compressor blade 1 has been repaired by the repair
method acCHBM e ReRIBRISIFERAS fimter SRamitsahis 8o HRYgs Fgaredsisws the leading
edge 2 in apngnarged view. Its state before the repair according to the invention can be seen in the
form of an erosion contour 4. As a rule, the erosion contour 4 is approximately planar and has a face
17. Here, the erosion contour 4 is depicted in a simplified form as a planar surface, but as a rule,
erosiors COtpuis have aciematcerbiaughnessoanthiirestacdlideisicansaghpnrtyotnéwensand rough. The
state of the leading e(%gi%l% after the repair is shown as the new contour 5. Within the scope of the 5
method, a certain volume ot the eroded leading edge 2 is systematically melted and hardens to form
an aerodynamically more advantageous shape. This transition from the erosion contour 4 to the new
contour 5 ig.achieved by a.redistributi IR r : jal.is removed or
added. The‘,TF %’- arden&égeﬁ%g?tlghélﬂg&s%@égﬁéln%ﬁ%}fé?#ﬁF%%gg?ﬁdﬁéﬁé% %gt at %t%i %Lé%n formed from a
melt 16 and behind whichethgearea 10with the unmelted material 7 is situated. Figure 2 shows
espedgjglly clearly how the redistribution of the material of the leading edge 2 leads to an improved
aerodynamic geometry. It also becomes clear that it is even possible to achieve a lengthening of the
chord lengthi@5 of the2dsheprelisBemrage PimEREIHE grestdyiehyith[ehgusshd ¢ePaired compressor
blade | is aerodynamigallydgtienthania ROINALESARS blade that has 15been repaired according to a
prior-art method, and besides, it has a longer service life, since the critical chord length at which a
repair is no longer possible is only reached after a considerably greater number of recontouring

proceduresgithe methog saauanegndai Tawethoigaigphariallie, higuresaapdvbagDFigure 3 shows

the m$thod sequences, of a first repair. In this embodiment, the repair
o aimed at an angle to the leading edge;

Fig. 5 a depiction of the material flows in melted material areas;

Fig. 6 profiles of differing power density distributions.
20 |
Figure I schematically shows two compressor blades 1 from the first compressor stage of
an aircraft engine, so-called fan blades. The two compressor blades 1 are arranged one
above the other, and the air flow 3 enters from the right-hand side during operation. The
compressor blades 1 each have an upper inlet side 18, and a lower outlet side 19 as well
25  as aleading edge 2 facing the air flow 3. The distance from the leading edge 2 of the
compressor blade 1 to the trailing edge of the compressor blade 1 is the chord length 25
of the compressor blade. The upper compressor blade 1 has been damaged and shortened
in the. area of the leading edge 2 by erosion, whereas the lower compressor blade 1 has
been repaired by the repair method according to the invention and no longer exhibits this
30  damage. Figure 2 shows the leading edge 2 in an enlarged view. Its state before the repair

according to the invention can be seen in the form of an erosion contour 4. As a rule, the
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comprises the four depicted partial steps A, B, C and D. Step A shows a leading edge 2 with an
erosion contour 4 that is to be repaired. An energy beam 8 is aimed at the upper half of the leading
edge 2, a process in which the energy beam 8 is aimed perpendicular to the face 17 of the leading
edge 2. The energy beam 8 melts a portion of the leading 25 edge 2. A beam catcher 10 is arranged in
the rear area of the leading edge 2 in order to absorb any radiation of the energy beam 8 that might be
reflected. The subsequently depicted partial step B shows the leading edge 2 after the material has

hardened agaifadhisipienipsiaiensieh figleading:edas:? PSR LARSUANEANANES 4n partial step

C, the energy beam 8 is aimed at the lower part of the leading edge 2, and, as in partial step A, a 30
beam catcheAanGsdibvideeriisrdertoiaBsbmBFeEted Pubinttiona o portaws byergy beam 8

systematically,pelts materiakohthgdaading edasdqutiiangihesaraasidensieneftpefaterial melt in

order to create a rounding. of the leading edge 2. The leading edge_2 that has been repaired in this
manner is SFRSWE B AR ST BRARIR A Rt T SR PSRN HBVLREeBE S Hi& contour 5. 5
Figure s shewsdheamathnd.seanences of aserant fepal 2Sivilaciatemaibedisteps in Figure 3, a
leading edge 2 of a compressor blade.1 is shown in partial step A. The top of the |leading edge 2 is
part of the ?ﬁ%ﬁe&%’ f@%ﬁ%ée&i ?8‘&%6533612%‘8 iﬁﬁﬁ%@aﬁ%’ﬁfﬁ%geoﬁ%ié%%ﬁﬁﬁu ty8 ‘g%as an erosion
contour 4. Arvdoe@yleaitd iscaienechatoine Isading edds 2 sidandnge afdativedddhe inlet side 18.
Preferably, the angle a is 5 to 135. A.10 portion of the ing edge is.melted by the energy beam 8
and is rount é%a%‘ﬁgﬁﬁ |§|§h§?h%asﬁ} éc}“:ser §ln°s‘f%%h orY %er:ﬁa eerﬁaglngﬁ‘ltﬂﬁnﬁ%ﬂaaﬁeg %f;gés &n%w% e leading
edge 2 thathasé traiwsitiog edgtduth® andbidvat imasedréated melpdftimidtepidd Rartiakistepe€ shows how

an engrgy is. Al [ e [ partial st - % [ m 8 is arranged at
an angle a%gl%%% {t%%%gk?olﬁ%{r%%ﬁﬁg %Lgé%?ngg Pjggje&; sglﬁh%r%i; l?glt?é C%ggligtxf%%%ﬁwe outlet side 19 of
the compressatiishaien oFtheferaibiyal tictlzmighsliadsdan 21 BadsTeanrdsmitorpamiaigtepC is shown in

partial step 2, which shRysibs-leading &dog % ek Bassheen 'ehalRd Ribismapagimyith the

aerodynamically optimized new contour 5. By aiming the energy beam 8 at an angle a relative to the

inlet side orbeiddengil B thehesriprassor bitdfe!l 1 [tvelgdndhstetraitadvad fsaiths Meferably driven to
the front of the2Qleadipe-adesiad his systematichanding afdhe MelbRatbisiliistrateddn Figure 5.

Figure 5 shows the material flows of the generated melt 16. An energy beam 8 is aimed at an area of a
leadintPedd¥ P SFRpEEHASROSSBRAMUBTIOTHE BRERS) Hehbrsiifvib e dragstsersitrténsity profile.
Thanks to tkiiscenergpriafipeih e:pawer Wit uepaldilies iBnger possible is only reached after

a considerably greater number of recontouring procedures. The method sequences are

shown in greater detail in Figures 3 and 4.

20  Figure 3 shows the method sequences of a first repair. In this embodiment, the repair
comprises the four depicted partial steps A, B, C and D. Step A shows a leading edge 2
with an erosion contour 4 that is to be repaired. An energy beam 8 is aimed at the upper
half of the leading edge 2, a process in which the energy beam 8 is aimed perpendicular
to the face 17 of the leading edge 2. The energy beam 8 melts a portion of the leading

25  edge 2. A beam catcher 10 is arranged in the rear area of the leading edge 2 in order to

| absorb any radiation of the energy beam 8 that might be reflected. The subsequently
depicted partial step B shows the leading edge 2 after the material has hardened again. In
this intermediate step, the leading edge 2 has a transition contour 9. In partial step C, the
energy beam 8 is aimed at the lower part of the leading edge 2, and, as in partial step A, a
30  beam catcher 10 is provided in order to absorb reflected radiation. As in step A, the

energy beam 8 systematically melts material of the leading edge 2, utilizing the surface
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25the center of the Gaussian shape, and power minima 11 are present at the edge of the intensity
profile. The material melted by the energy beam 8, the melt 16, is shown under the energy beam 8.
Unmelted material 7 is located under the melt 16. The temperature maximum 12 of the melt 16 is in
the area of the power maximum 14 of the energy beam. The temperature minima 11 of the melt 16 are
in the area of the transition between the 30melt 16 and unmelted material 7. The flow direction 15 of
the melt 16 is axis- symmetrical to the center axis of the energy beam 8. On the melt bath surface, the

fast melt bathflows follgwithe terparatue @radient, ramdhe IRTRSMAES Bgximys, 12 in the middle

of the melt bath to the temperature minima 11 in the edge areas of the melt bath, thereby transporting

the coupledsRfiBWeHEE Brintanps - thapdgeddrehss WHEIY tRehavardy 1erHobIEBID 18 Bitaed the melt

temperaturgQfia Qgg,@%rg@ggpﬂgmagg@jgx&; thg:agrystal bond. On the way back along the bottom
of the melt bath, this energy is hardly or not at all available any longer. The flow processes in metal

melts are influenced by the surface tension gradient. The relationship between the surface tension 7,

the tensperatdige It apckib ertansinpigiagiantd Ofdwetbhis it ifokowing i-HOmewldTsidp Atthe melt
temperature of a material, the temp rature-depegﬂent surface tension y has a 15surface tension value
Jo. AS the (BRBErabIE PRELETE b RABE BRGNS cha S By TRETRSIGR Bra REHRAY/AT). The

higher the ghadiatingdhegreatarnthefffowsla sdnpeosdie Jomihiestensiadegratiefiom ihe edse of pure
metals, the fensian gragient s neative, Tz mepns that, as,ihe emperatyre [ Jises, hese metal
melts display a 3ropg|n §ur$ace ension. This effect’is Utifized i orger 0 acéfjneve the d&sired rounding
radius by regutaliagathengle o relative to the inlet side 18. Preferably, the angle o is 5° to 135°, A
10 portion of the leading edge is melted by the energy beam 8 and is rounded off, utilizing
the surface tension of the material melt. Partial step B shows the leading edge 2 that has a
transition contour 9 and that was created by partial step A. Partial step C shows how an
energy beam 8 is aimed at the leading edge 2 of partial step B. The energy beam 8 is
arranged at an angle a relative to the bottom of the leading edge 2, and the bottom is part
15  of'the outlet side 19 of the compressor blade 1. Preferably, the angle a 1s 5° to 135°. The
result of partial step C is shown in partial step D, which shows the leading edge 2 that has
been repaired in this manner with the aerodynamically optimized new contour 5. By
aiming the energy beam 8 at an angle o relative to the inlet side or outlet side of the
compressor blade 1, the generated material melt is preferably driven to the front of the

20  leading edge 2. This systematic handling of the melt bath is illustrated in Figure 5.

Figure 5 shows the maternial flows of the generated melt 16. An energy beam 8 is aimed at
an area of a leading edge 2 of a compressor blade 1. The energy beam 8 here has a
Gaussian intensity profile. Thanks to this energy profile, the power maximum 14 lies in

25  the center of the Gaussian shape, and power minima 11 are present at the edge of the
intensity profile. The material melted by the energy beam 8§, the melt 16, is shown under
the enel'gy beam 8. Unmelted material 7 is located under the melt 16. The temperature
maximum 12 of the melt 16 is in the area of the power maximum 14 of the energy beam.
The temperature minima 11 of the melt 16 are in the area of the transition between the

30  melt 16 and unmelted material 7. The flow direction 15 of the melt 16 is axis-

symmetrical to the center axis of the energy beam 8. On the melt bath surface, the fast
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20temperature of the surface. The traversing speed, the magnitude of the energy applied, and the
power density distribution of the energy on the surface are all utilized for purposes of regulating the
temperature The energy applied via the energy beam 8 is distributed in the melt bath in the form of
25kinetic and thermal energy. For example, in a titanium melt, the flow is primarily in the direction in
which the melt bath is expanding. These thermal-physical interactions are utilized in order to melt the
leading edge 2 in an ideal manner so as to achieve a tangential feed of the melt surfaces with respect

fo the inlet yide 3 anc s aulet sl A, Themateriatindiven g b adin.edos2end it then

hardens to form an 30 aerodynamically advantageous geometry. The rounding radii are configured

over the ledgdfisichbesinhiushin Bladenpirraeesrdamed Withtisediziaresguifdbsentl, ksdbecially during

the reconm@m&&&a&%ﬂg%e&&pﬁmwwgg}ﬁﬂaﬁs}qm&é@%@@ﬁgm@ﬂé@g&%&in the vicinity
of the axis and smaller at the end (tip). The power density distribution of the energy beam 8 plays a

significant réRV ARl Coritesad tsriaels St BB dakerskdigtHisriringens #eFigure 6. 5 Good
resultszmre gifainas it sy ngirisehadiationin whichdhe pawendensiyydistdkinion, that is to
say, the geometry of the surfaces on the melt bath surface exposed to the beam, approximately
resembles A% 8lifbsE 805, /8PESther power density distributions such as circles 20, rings 21, lines
24 or specially adapted power density 10distributions 23 can also be advantageous in special cases.

Due to theslehb%ar‘;] rofiles, the melt flolw and thus al?ﬁ)tht mel 'nge %of material js systematically
e

achieved, so that & 6%%?5?@/5 ™ gaaggl Sred ana thaertire VSiGHED Wﬂ"\jegﬁaélr’ﬁgh elted surface are

melted. Herelathedagebdsrprefarablyfeonfiguiedyatha diskdaser 2 ghddbdaasioandideAG laser, a CO2
Iaseréit%as rI%szr andéorﬁﬁ a fiber laser, and it has a power of 200 W to 2000 15 W. An important

aspectis tHE AR BS SN Biich the laser power is coupled into the turbine blade. The following
parameter settings have proven to be advantageous: 300 W '

v=vo+dy/dT T

At the melt temperature of a material, the temperature-dependent surface tension y has a
15 surface tension value yo. As the temperature T rises, this surface tension v changes by the

tension gradient (dy/dT). The higher the gradient, the greater the flows to compensate for
the tension gradient. In the case of pure metals, the tension gradient is negative. This
means that, as the témperature T rises, these metal melts display a drop in surface tension.
This effect is utilized in order to achieve the desired rounding radius by regulating the

20  temperature of the surface. The traversing speed, the magnitude of the energy applied,
and the power density distribution of the energy on the surface are all utilized for

purposes of regulating the temperature.

The energy applied via the energy beam 8 is distributed in the melt bath in the form of
25  kinetic and thermal energy. For example, in a titanium melt, the flow is primarily in the
direction in which the melt bath is expanding. These thermal-physical interactions are
utilized in order to melt the leading edge 2 in an ideal manner so as to achieve a
tangential feed of the melt surfaces with respect to the inlet side 18 and.the outlet side 19.
The material is driven to the leading edge 2 and it then hardens to form an
30  aerodynamically advantageous geometry. The rounding radii are configured over the

length of the compressor blade | in accordance with the flow requirements, especially
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at 500 mm/min, 600 W at 1 m/min or 1.1 kW at 2 m/min. This procedure can also be assisted by
reactive process gases such as, for instance, nitrogen. The melting process, however, is preferably
carried out under an inert process gas atmosphere. 20 Thanks to the described method, it is not only
possible to avoid the formation of chips or dust, but there is also no need to immobilize or rebalance
the engine. Moreover, the chord length is not shortened, but rather, even an eroded chord length can
be partially built up again. Furthermore, the method can be carried out ‘'on wing', for example, in order

to 25reconigus faq,bladss yithout s [9ssf metarialArocefiering AP siseRUenatyadyanced and

economical repair method for compressor blades and turbine blades. The advance rate of the energy
beam 8 as ieleadntts regjuiatiohtes this enérgplendithormth Eignerhy ERstEbItiof the energy beam 8

make it POSgRIG LR SR kﬁkeeﬁe?gfmeﬁ{w@;mgnm%gn@miﬂl SR NRY FaiBiRGHIgVe the desired

new contour 5 once the melt bath 30 has hardened. List of reference numerals 1compressor blade
2leading edye SREPHIBIA BB CH R ShBW 3 Gur 6re-hardened material 7unmelted material

5

Good results are attained with axis-symmetrical radiation in which the power density
distribution, that is to say, the geometry of the surfaces on the melt bath surface exposed
to the beam, approximately resembles an ellipse 22. However, other power density
distributions such as circles 20, rings 21, lines 24 or specially adapted power density

10  distributions 23 can also be advantageous in special cases. Due to these beam profiles, the
melt flow and thus also the melting of material is systematically achieved, so that
especially the edge area and the entire volume below the partially melted surface are
melted. Here, the laser is preferably configured as a disk laser, a diode laser, an Nd:YAG
laser, a CO» laser (gas laser) and/or as a fiber laser, and it has a power of 200 W to 2000

15  W. An important aspect is the advance rate at which the laser power is coupled into the
turbine blade. The following parameter settings have proven to be advantageous: 300 W
at 500 mm/min, 600 W at I m/min or 1.1 kW at 2 m/min. This procedure can also be
assisted by reactive process gases such as, for instance, nitrogen. The melting process,
however, is preferably carried out under an inert process gas atmosphere.

20
Thanks to-the described method, it is not only possible to avoid the formation of chips or
dust, but there is also no need to immobilize or rebalance the engine. Moreover, the chord
length is not shortened, but rather, even an eroded chord length can be partially built up
again. Furthermore, the method can be carried out ‘on wing®, for example, in order to

25  recontour fan blades without the loss of material, hence offering an exceptionally
advanced and economical repair method for compressor blades and turbine blades. The
advance rate of the energy beam 8 as well as the regulation of the energy density or the
energy distribution of the energy beam 8 make it possible to regulate the temperature in

the melt bath in such a way as to achieve the desired new contour 5 once the melt bath

30  has hardened.
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10 8energy beam 9transition contour 10beam catcher 11ltemperature minimum 12temperature
maximum 15 13power minimum 14power maximum 15direction of flow 16melt 17face 2018inlet side
19outlet side 20circle 21ring 22ellipse

List of reference mumerals

1 compressor blade
2 leading edge
5 3 air flow
4 erosion contour
5 new contour
6 re-hardened material
7 unmelted material
10 8 energy beam
9 transition contour
10 beam catcher
11 temperature minimum
12 temperature maximum
15 13 power minimum
14 power maximum
15 direction of flow
16 melt
17 face
20 18 inlet side
19 outlet side
20 circle
21 ring
22 ellipse
25 23 specially adapted power density distributions
24 line
25 chord length
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2523specially adapted power density distributions 24line 25chord length Claims: 1.Method for
recontouring a compressor blade or a turbine blade (1) for a gas turbine, characterized in that at least
a portion of the leading edge (2) of the compressor blade or the turbine blade (1) is systematically
melted by a beam of energy (8) in such a way that the material hardens to form a new contour (5),
essentially without the incorporation of additional material. Method according to claim 1, characterized
in that material hardens to form a specified new contour (5) essentially without the incorporation of
additional material. Method according to claim 1 or 2, characterized in that the leading edge (2) is
rounded off by the melting procedure. Method according to any one of the preceding claims,
characteriz&dfiftthat the energy from the energy beam that is introduced into the portion is regulated in
such a way that different rounding radii are created. Method according to any one of the preceding
claims, characterized in that the leading edge (2) is re ontoureg,b melting it multiple times, preferably
by meking t-six SISt HRAHTENS SEPIORTY e RESA AP ES DARSHSU SEEGHTA Ry one of
the pregeding claimsccharacietizediieited pouncing tadibad @gletyin(® d0hracatprgeperated by the
melting. Method .&ggordi to an eg[}%é’@ hle Erecedinét;ﬁﬁlaimﬁ,eg aracterized in that ery small

amounts of additioral CuBStAReES A Thtrbduced Into the area metd %%}ntﬁ}e %nr%%)g eam (8).

such a way that the material hardens to-form a new contour (5), essentially without

the incorporation of additional material.

10 2. Method according to claim 1, characterized n that material hardens to form a
specified new contour (5) essentially without the incorporation of additional

material.

3. Method according to claim 1 or 2, characterized in that the leading edge (2) is

15 rounded off by the melting procedure.

4. Method according to any one of the preceding claims, characterized in that the
energy from the energy beam that is introduced into the portion is regulated in such
a way that different rounding radii are created.
20
5.  Method according to any one of the preceding claims, characterized in that the
leading edge (2) is recontoured by melting it multiple times, preferably by melting

it six times at the maximum, to form the new contour (5).

25 6. Method according to any one of the preceding claims, characterized in that

rounding radii of 0.1 mm to 10 mm are generated by the melting.
7. Method according to any one of the preceding claims, characterized in that very

small amounts of additional substances are introduced into the area melted by the

30 energy beam (8).
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8. Method according to any one of the preceding claims, characterized in that the turbine blades are
repaired 'on wing'. 9. Method according to one of the preceding claims 5 to 8, characterized in that the
5energy beam (8) is aimed into the leading edge (2) in a direction that is perpendicular to the face (17)
of the erosion contour (4). 10. Method according to any one of the preceding claims, characterized in
that the energy beam (8) is aimed at an angle of 5 to 135 relative to the inlet side (18) 10and/or to the
outlet side (19) of the compressor blade or the turbine blade (1). 11. Method according to any one of

the precedigg CIajus,GHRIBRIEIIZELIR Rl dhe ChACLIERBUL AL D Gmressn Hae,Or the turbine
blade (1) is lengthened by means of the method by 0.1 mm to 5 mm 15 12. Method according to any

one of the precedifdNEIAlASs dHareRIEeE i iMaL the energy beam (8) is configured as a laser beam.
13. Method according to claim 12, characterized in that the laser beam is configured as 20a disk laser,
a diode laser, an Nd:YAG laser, a CO2 laser and/or a fiber laser. 14. Method accarding to claim 12 or

13, characterizedFHiAdeere i iyBa ibopiFSRAIBLYAENA to 8. characterized in that the

5 energy beam (8) is aimed into the leading edge (2) in a direction that is

perpendicular to the face (17) of the erosion contour (4).

10. Method according to any one of the preceding claims, characterized in that the
energy beam (8) is aimed at an angle of 5° to 135° relative to the inlet side (18)

10 and/or to the outlet side (19) of the compressor blade or the turbine blade (1).

11. Method according to any one of the preceding claims, charac_terized in that the
chord length of the compressor blade or the turbine blade (1) is lengthened by

means of the method by 0.1 mm to 5 mm.

15
12.  Method according to any one of the preceding claims, characterized in that the
energy beam (8) is configured as a laser beam. '
13.  Method according to claim 12, characterized in that the laser beam is configured as
20 a disk laser, a diode laser, an Nd:YAG laser, a CO; laser and/or a fiber laser.

14. Method according to claim 12 or 13, characterized in that the laser power is 200 W
to 2000 W.
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