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 5 turbine 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 10part 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 blades
are not yet worn down, they have an aerodynamically optimized profile.that is detrimentally affected by
the wear. As a&‘é%a%%\ggﬁféﬁsv%“&f“&}%a&é’%ﬁé% |5!r)(11%4 eIp %@Fél yen%[%%g%ﬁfo i t é%érgs turbine loses
efficiency, which means that the gas turbine needs more fuel to generate the 15 same power.
Therefore, from a fmancial point of view, it is desirable to counteract the wear of compressor blades,
especially a deterioration of the aerodynamically optimized blade geometries. For this purpose, repair
methods hadite pesemaeormmonlpiacticeniatiodrainsediorirce cayaiveptovididg einaged compressor
blades ith agrodknamcally ARliminec. aaamalies- APMOARIARAI Melhadfopgepressor blades
is, for example, 20 grinding the leading edge of compressor blades. This grinding procedure rounds
and smoothémsrthb 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 Bl.. Generally speaking, turbine blades can refer to any blades
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generally ogly;thosethalAig.sesdnihe Beaak e bhingotine sndiseswwhemascompressor blades
used in'the area of the compressor. However, the term gas turbine blaoflia will. be ysed below
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Consequenty, ecsive wear during operaton empves.hasie matera o (1635 i, blade,anc

asicihatenalis once again removed during the
standagl repaif-proced Tierdihtes ftbis fvindatthredntidniofrriatededitedet ecdiracrafféot of shortening
the chord length of the gas turbine blade, in other words en i{b fm directian, the gas turbine
blade becor’?‘fg@sI %8? eP,Iq W ?gé?%ﬁetsﬂreﬁ%%ag fu eal:aa E:egt%%ééf ?ﬁ%er?e%@ﬁon ian yhés_ effigiency and/or
aerodynamisistabiityn¢tecaitingithewstaiberizagin neshode bafebeenargiremonm prectigbifiét blade stall) of
the gas turbjpe, Blade, This efial aoca Pyt pe arealt s EaEeA AL HHAEch d length Is so
short that, for example, a compressor blade can no Ionr?er be used. In this context, nicks or dents
caused, for exampid satositiosks evbirgs mreuerRbadins mEpmsRiblAtehiades Se8iMan especially
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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 m
the area of the turbine of the engine, whereas compressor blades are only used in the area

of the compressor. However, the term 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



15and aerodynamic properties of the gas turbine blade, a great deal of material has to be removed
from the gas turbine blade until the nick is completely ground away or rounded off over a large surface
area. Moreover, the pure loss of mass, that is to say, the reduction in weight of the gas turbine blade is
problematic, irrespective of the above-mentioned change in the component geometry. If, for example,
compressor blades are ground down 200on 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 turidiiebrrEsaediamasnes fGHihsdgadshe durtbaiase of LadieRali Yy a process
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process, for example, nicks or dents can be eliminated since the melt flows into such indentations in
the gas tu rﬁh@%lﬁ%@bﬁ’ﬁﬁﬁ?&ﬁfhw RERETALYSHYE 2arRPMEHEM B 2ae fashechssifdhding edge

does nat haygl acrodynamic properties of the gas turbine blade, a great deal of material has to be
removed from the gas turbine blade until the nick is completely ground away or rounded
off over a large surface area. Moreover, the pure loss of mass, that is to say, the reduction
in weight of the gas turbine blade is problematic, irrespective of the above-mentioned
change in 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 2lL

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.



to be ground down to a level deeper than the nick, but rather, in an ideal manner, no 20appreciable
amount of material is removed, and the material of the gas turbine blade is merely redistributed. This
redistribution of the material distinguishes the method according 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 yolume of the qgriginal material. Due to this additional material, for
example, dUARGUEHEHAR IR Ra RS eé’b‘ﬁiiﬂvmﬁlfkﬁpf%@gﬁ nathe Volume as well as
the mass of\thateasipg:Reage anbdfivseok bxlcomprassocilddebintied frirbinie:bistdedinetincreased.
The method. accordipg to the invention is cgrried tout ess’g tiallxlwithout the 30incorporation of
additional rﬁla?’fg}fa n%o UGS HErS ROt Ko metho sagcc%sr'ding to the state of the art. A special
advantage of the method according to the invention is that no material is lost due to metal-cutting

procesges (or exampls, arinding pracessss) g he reconianing Lansedusniy. the recontouring
does ndt result i any [or an extremely minimal) ehange in the moment weight and consequently, does
not cause aryomeasugaterfpreasekirdmerly smeily dhadedernin tie robngnesshateatdadié anass inertia of

the 5925 e lades e e 10 SRS el A5 el fehalanipa s ot necessary.

Furthermore, an advantage method according to the invention is that thé chord length of the gas
turbine bladedliedrivt Flnerrrodisotanad wphitevepBirtie ket shinedenstio deriBed Béiw, it can even

be partially Byilt 41p.agai-Jhis R0 Habihe-9as ans Aladenan Ramseddekamuehjonger time,

significantly reducing the maintenance 10costs of the engine. Preferably, the material hardens to form
a spedfied HEAVEINCUT BESBNHARGAIIMST CAEN HESADGHERISH SrHeehthMAanateRahaRendis context,

specified mgaps.thatthe mel!&ilﬁa)@égsbca atpralardihe.avhseqHeRhchanes iR@aomaiey do not take
place randomly, but 15rather that at least an attempt is made to create a certain shape or geometry for

the new coftearhaf Bsmprsiaa ofshsileancadineetsrtontits eterfrhinihe prefsariale: Aepecification”

in the sensesqf a2 \sREAIHEE QEWLEHIOHE iswiQbaruNRIRr Alsp:the.gn0aRAR{g: ¢heall a new contour
that lengthens or restores the chqrd length of the gas turbine blad?.go,Preferabl ,.the %hord length of
the compre&EBFbFAFRP BraRe it Iadeas RidtHamkeomponent. It designates a contour that

15 is 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, 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



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 25contrast 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 30the 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 recontouring
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introduced by the energy beam. Since the temperature of the surface of theé melt has a direct influence
_on thé SurfacsttetsiimeaE e melt, the

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 randomtly, 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 proi)crties. 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 biade.

20
Preferably, the chord length of the compressor blade or the turbine biade 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



20temperature 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 25regulating 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 calf A8l Weng MEerts BESe R7E R AETUIRT e BER 275 HBITLSRT 48 TBCREHin order to
control the pegaptaigng. 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 Preferably, the leading edge is recontoured by melting it multiple times to form the
new contouprdPeefsiiabiy, itadiieadingie dgedededdhiotheeddyny etvngdireXTlimeasatie maximum. Due
to the erosive effects on the leading edge.of t as turhine blade, it loses 5it rodynamically
optimistal COTRBLDU T LIS BTG SRRt e R A e A K R0 Enomageneous
erosion contogr hasrannhldgieicretodhenspairophis @rdsion pentoleadithedeadimgrédge is shaped so as
to be virtually planar,or, perpendieular.ip, e flaw dieetion with areal royafiness: His,grggjon contour
can be changecfln 0 a moré&’homogene usgnot planar, rounde off new contour that I
aerodynamisatiyog tbatypi0idgesoviest ainebihatbbedcsn ighsamiiylifthétErosioneshidds is melted locally

multiple fmgs.aqeaunded.afl oo e ulizatianaline suiage SRR AL the, mataial melt: Due to

the multiple melting procedures, it is also easier to achieve different rounding radii that are conducive
for a fiélv-opighizsthevtsiprod e gatairbmelirdat the Belirhpia srndariclsderat the leading edge.

15 Preferahly, the.eneray heam;emplovad,in thispragess iTpimeddna Hhedsagingedge in a direction

that is perpendicular to the face of the erosion contour. The direct aiming of the energy beam onto the

face causedthigasogrghiseaniaes pravierf inrecthdhsortontonstlradmn gdeadbustasdifas turbine

blade that hasJacsidamadecbm &0siopukdere, 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

lthedwidsw ;ﬁ%&eetaagi,riﬁeeﬁ%egmw Qfe%&f@é@ﬂiﬂﬂﬁﬁlﬁdﬂﬁrdﬂd@ﬁkl% %ﬁﬁiﬁﬂﬁh&iou rr:ding Stepsﬁ the
eading edge is recontoured so as to come closer to the desired new contour with each 25step. This
approach yTERLARG HERERALIS AL ORGP TSR SHBURE oF P g ample. &

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 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 i1s 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.



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 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 chord length. Owing to the greater chord length, the gas turbine blade that has been
repaired in this manner is aerodynamically better than a gas turbine blade that has been repaired by
means of known methods, and besides, the service life is extended, since the critical chord length at
which repairs:aiailg, hBgerdpassibieiis antysend tednadiang imichipldaiges mufaberiaf iecontouring
procedures. Prefer blg, th? rounFIin rad(l'%j%generatetd ar%g 1 my t0.10.mm sin?%hthese rounding radii
lead to goo‘é"ﬁ@%dgﬁe PRI SroMe It S iR PLiPE GRS RrBTSE Bl R 1O5 étdPsbly, very small
amounts ofradditinnalsghstércesstarnciedntrodhctadtg tdeearé theneléadrbinttrdadnardgdoeam.
AIthoqgh th? method accolﬁdir;%t{[gﬁtz%g (i:nv§ntion is t%haracteri d.in that the incorﬁg@tgoré of additional
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material essenﬁra Qr%an %e HI ense Woﬁllh, It IS nevertheless pOSSIb eto a&vdevéry smaﬂ amounts of
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the melted Il MBI0- BeISLARICJRY SIANGesLOIHIBL 1 AGhIE VR Aeaian e that 1

especially hard and erosion-resistant or that ha other advantages. The differénce from prior-art
methods is thtetAesedidelivvesidogriont serghnses mliehae yesieraters gar Rioliniawst #He feading edge (as
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properties of the leading edge. 20 Preferably, the compressor blade or the turbine blade are repaired

'on witlyy, tHawrrsvedsand Maileetretpghdaalsy théhgssatipiranigaritsralisd decths Bvkiate so that the gas

turbine bladgsdaolhavedepadismantadiThin LoMirgueranacsadingdadherinvantion is far
superior to an on-wing repair according to the state of the art, which essentially consists 25in that a

worker marlRRP ghin B AR ¢ BIRERESESF HLERS s DR RIS RTREIED A prodsts LSy eriprBiiRies) with abrasive
paper or withd grindiagsnachinel he aapindracirs advaiageturbine blade, for

example of the fan blade, at the leading edge.
15
Preferably, the energy beam employed in this prbcess 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 fto precisely strike the portion of the
leading edge of the gas turbine blade that has been damaged by erosion. Here, it can be
20  advantageous to provide means to absorb the beams so that the energy beam 1s 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 on]y 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



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 30material 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 these problems, which are caused by chips and dust, it is also
possible to avoid problems due to so-called "windmilling' (blade rim rotation) during the processing.
The term ‘Windmillina" refers to an unwanted rotation of the first compressor stage, of 5the fan, that

can result, f8PEk Oreine LR erraes ehrf e el o eAs JRP eSS Rt fitfto the state of the
art, “windmillingreis id usidonthedant dhatithegiasitvrhiner blade is-b elfg e pritediay iaesas of a scraper, a
grinding machine or a milling cutter via which a contact pressure is exerted on the gas turbine blade
Guring the FSBAIHGACTIS CATING THE G EH B DL FBLAS Lo (TS PRSI dimde rim of
the engine,®igecdhehiad jQiias: ohich irapapbiizad dotiirg poesivdi ohloweavkedinfraobilinitig the fan
entails éhe riisk that rg.bt%r%ﬂe égg%%e%gkéxrggg d%og:essing can damage the dovetail guide of the fan blade

or of the disk-Alt %ug the Tan coutatde Jrimonbilized by blocking the LPT (low pressure turbine), such
an approach involves complex documentation since there is a need to ensure that the blocking cannot

cause any age to.the disk or to.the pr re f f 15the blade rapt. Moreover, inumobilizing the
fan increns L e DR B R e o v
the fan in otdal togemstesedieamexpfapetiatlefdbeepsarrbasptikihiphbletas. 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 according to the invention does not

necest@rily Resderrel yhscrarimr bamambiil 2ddi tisineesubps aneey gavdimnisodgeeritiie re$%a the fan
without touching gndwiiboutizantiacinissryre ARARA RIAIAME (IRCHIGROAC forces are needed

during the processing, no torque arises from the processing. Even though it can be practical to
25immobiliZ8aRs AR ELRTBBeHIsMBErdidb iR HE el meksribpsserialxrmdeidisherset

with, if is nevertheless possible to add very small amounts of additional substances (less
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 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, 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



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 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 accordjng to the invention, preferably, only a negligible or no
mechanical e STRPTEHGH G 1 AP B RATE DYFIHE ProRadme EAA Ay WsBiton excitation
or induced traes adl ey slighil wilichiaiis-ad vantago eusirgspegiribedsingew of the large lever aims
(600 mm to 800 mm) of the fan blades. Preferably, the energy beam can be aimed at an angle of 5 to
135 relative to the inlet side and/or to the outlet side of the compressor blade or the turbine blade. An
advantage TBefsuchsandaridingernént of therensrgy beamonittie Sidedonthecsrgaagthefmaterial

surface.that,is to be redistributed is that, due to th lication_of ener t this place,.the material is
civen B th SR o e R S S oA L R b RERRL sy
addition, radeatiohneftette sl therenett bathdisipragerstddeftothBatidgupcgrmpuohanttdadas other than

the leading §r%%%g?§ biRLAN y[ﬁ%@%_rf @s@%ﬁ@l Ja%%ﬁﬂ%xﬁ% 895“‘#9&1@% QikgeshQhinstalled more

easily. Pref enerdy beam is configured as a laser beam. The configuration of the energy
beam as a faser s anis s arRatReous theratetEpai edthdiisin e tispdaserrkathecassitizat ambient

pressure, meaning ihatdhe gag thigerblages hala e de RS aRATed denghaql haye i, be placed into

a vacuum chamber with great effort, but rather, in an advantageous manner, can also be repaired in
the indfhlledratapd cRgrpeiiieid dmng e seneTadérrosh lawﬂ?ellazm@éﬁé’w&@kg%a%ening of the
gas turbine fladessadnahife BRRK sreibethisve.alliciant Akosginenidderenthadassids preferably

configured as a disk laser, a diode laser, an Nd:YAG laser, a CO2 laser arlgas laser and/or a fiber
laser of the disk. Although the fan could be immobilized by blocking the LPT (low pressure

turbine), 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 blade 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 according to the invention does not necessarily require the fan to be
mmmobilized, since an enefgy 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, snch an
immobilization can be much more gentle, that 1s 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



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. The invention will be explained in greater depth below with reference to concrete
embodiments, making reference to figures. Specifically, the following is shown in the figures: 5Fig. 1a
schematic depiction of two compressor blades in the compressor of a gas turbine; Fig. 2a depiction of

the material volume redjstributi n dur recontourln rocedure; 10 Fig. 3a schematic depiction of
a recontoufiRgehTSLERLFE M W‘Jﬁnén}’g iH A a8 %%gﬁﬁﬁtf%énlééﬁ%%ﬁoﬁs #§. 4a schematic

depiction oﬁﬂgﬁe@mg&aﬁmgl@maadgl@smﬂa ammnaﬁgyxd@armﬂiagnedtanammgde to the leading edge;

Fig. 5a deplcefmﬁf the materl \?ws in melt a]t%rlal areas dlff%{ ngpower density

f|Ie of%
distributiong’ are f sgh% Hratical ngh%%s WO co':’r]lncf):rless%xorrﬁof%lg(c)iréi ‘Frorsrflu the ws?con%’pressor

stage of antirpraftsngine, &ataaﬂed&an@adesatmmumdpmw bladeys dighe, amakged one

above the other dthe air flow,3 enters fr. the h aa?_g] @% r The compressor
piades, eqe e O e R, Rl rihe
fan blades.

Pi*eferably, the energy beam can be aimed at an angle of 5° to 135° relative to the inlet
side and/or to the outlet side of the compressor blade or the turbine blade. An advantage
‘IO. 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 1s 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 vacuum 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 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 CO» laser, a gas iaser 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.



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 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 30damage. 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 erosion contqur 4 is approximately planar.and has a face 17. Here, the
erosion co %F‘Xﬁ%’%ﬁ’&‘?’dﬁ%ﬁﬁ"&%ﬂ% |W£%F£Q§E%I%%’ﬁg’r”%§#§£%’? Bt ASE RS erosion contours
have a verygbeditehghmakhanefihm dace AgtisscOpsaduelifythnfaiewancscbgln Théhstate of the
leading edqe 2 after the repair is shown as the new contour 5. Within the scope of the 5Smethod, a
certain volumié of 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
contout 5 is.achieved_by,a redistributi ial alr erjal is removed or
added § The% }%'-Eardenae%hr%rgfgl}lgaée%lﬁéskﬁﬁe%ﬁr% glr%ﬁ) g%tsk%lé ?Eag Fr%egl(?g%% %agté%ai}%e%{ formed from a
melt 16 and behind whitinthe area 10with the unmelted material 7 is situated. Figure 2 shows
especially 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 lengthi25 of thet Semipier b ith serierial Helaree s dHE et ABRBEINE AP igE REpaired
compressor blade 1 i§,l%gggg§g;1amically better than a compressor 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 whith a repair is no longer possible is only reached after a considerably greater number of

recontouring; procedureshIRgnethediseapenean el pa dnaeeater detailig Rigures 3 and 4.
20Figure 3 shows the method sequences of a first repair. In this embodiment, the repair comprises the

four depicted partial stEpedAiscE ghibpleadis 98Rows 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 Jeading edge 2. The energy
beam 8 meﬁ?%portio%sg??%%ﬁﬁgﬁt%eo JESORBERR %ﬁ%?gélf G0 g%é%ﬂ%eﬁlu% rear area of the

leadingpedge 2 in ordair@d 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 | 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, whercas 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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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 30beam 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 tension of the material melt in order to create a rounding of the leading

edge 2. The leading edge 2 that has been repaired.in this manner is shown in partial step D; it has a
desired aer?fﬁWﬁrﬁ?@éWﬁd@&ﬂ?é%glﬁeWeV@%m%§ %If?ﬁﬁ|Je74H§ﬁ8\/(‘rl§etﬁ@ﬁf§’tﬁ88t%‘érq%ences of a
second repaidepictitaiia theph@ihdersiaps Maniguef3cq eadingredge hacamprasserdlade 1 is
shown in partial steE A. 'gp}e to gfhth? Ieaid}'ng edge 2 is part of the lplet idg#S of the.compressor
blade 1. ThEFOREAER BFIRE Sy Edge’ 2RSS SIS SH BSRBU PURN R&rds baLM%S is aimed at
the leadinglesttieg2dgah =g b areptatiscshowheninget sice cbBtdReeTevainlyn the suagledd i8e5 to 135. A
10portion of the leading edge is melted by the ener eam.8 and is rounded off, utilizing the surface
tensior|1é) of tﬁlgqrﬁnoa eria Iqrﬁlé]ltg %%If)t?a? s%epeéé go%/?/% %r%%/‘fgﬁﬁ%]éses Sg% {ﬁgi anéeagetcr{aar?éltion contour 9
and that waswclaatediypar tetstepiaiceiytinbsted Grshgnsshibapanl bnargysiteanir8istaémed at the

leading edgg2;6f partialsiep & T0e shsiyDeam s penged AAD anglen elatiyg to the bottom of

the leading edge 2, an ottom is part 150f the outlet Side 1 e compressor blade 1.
Preferably, sheadrgresans Naanessial baeaoukdopinddied. stbp re-ivskovdmintpartialisiép Domwvhich shows

the leading £doe:2,hathas besrvreppirdihisMmannemYthMhe aaredvnamicalnoptipized new

contour 5. By aiming the energy beam 8 at an angle a relative to the inlet side or outlet side of the

compiéssorbiade rnmalige el Makduaiahdigursrdamhemei Yol bardibthe 20leading edge
2. This systematmhandingotdhe-melt Ratiilysuaietiindsigvig Snftlolie 258918 tae material 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. Th&BRHGY Békin teHarsstacnishiidsiarrhpendfie sromcTha ctire&héhgy profile, the
power maxyRwi IAAsBS 3T the compressor blade 1. Thanks to the greater chord length, the

repaired compressor blade 1 is aerodynamically better than a compressor biade that has

15 been 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 lrecontou;ring 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 § is aimed pefpendicular
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 1s 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 systematicaily 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 bath flows follow the temperature gradient from the temperature maxi 12 in the middle
of the melt %g%ofloogﬁe)eténn%tﬁgr%a U%P}ﬁiﬁ%eét -ll.ﬁ?'(fﬁeﬁ et gﬂe(z1 A %?_St% (i & %%ﬁtgﬁgreby transporting
the coupledemianerdpe Briaatily tedhecpdgel anchs, mdrere thehenergyris:avksiabl® 1o baceed the melt

E)efrphpeeﬁgftr% E"é(lgtlrﬁ 5(% Qé% KU m&ga 1r:i,b(glrr&'dzilr]gl%ener of the 50r3§sta| bond. On the way back along the bottom

cols ety Cont . .
his eriergy Is hardly orhot at a avallable any longer. The flow processes in metal
melts are influenced by the surface tension gradient. The relationship between the surface tension 7,

the ter@pef%%g%ﬂ s ibs.tension radient LOFAD) s e folaning:d FLQukA¥iAS. k At the melt

temperature material, the temperature-dependent surface tension y has a 15surface tension value
70. As the fagweratutectinsedeaRioisuphinar tesibirdechirifjey bynthertahsien yrddreiopel/dT). The

higher the gradignt, Iha QrealenerionaIe GaEPERFae JLHRelen5iaR.arafigniyin 1he gase of pure

metals, the tension gradient is negative. This means that, as the temperature T rises, these metal
melts displayedarneiAlesridis 18 EsIPmNRISHt I GHfESUNFEBIddr tomahivetiiadidgsired rounding

radius by regulasing the 2Qtempsiatuceef thesyitace. Fbe eMersingheResds thednagnitude of the
energ1y Oappllalggtion 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 o relative to the bottom of the leading edge 2, and the bottom 1s part
15 of the outlet side 19 of the compressor blade 1. Preferably, the angle o 18 5° to 135°. The
result of partiall 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 & 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 material 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 § 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 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

30  melt 16 and unmelited 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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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 theiinal-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 foym a aerodynamically advyantageous geometry. The rounding radii are
configured BYL G TERGHLP tul COTTTEEEY TR M RbEL RS R FTBRPAq  Eifents,
especially dlidillg dheheaneintatiringtiod fanjelades. hairthis pirgosed dgherrasntihg wadibate, configured
- higher in the vicinity of the. axis and ller at the end (tip). The power density distribution of the
erergy bealt 8 DA S R SO o SeR st SEME e tions are
shown in Figuareibible Good sebtitsnaek attmiretiwitn sxisesiimpnbtriced dadi ationgyrofithich the power

densitydistributi is.to h ometr el : xposed to
the be)gm, gﬁéﬁ?&%@i@%@&m |§%%%‘?8fﬁ%§e Eggtﬁgﬁg%?%%gog%{éﬁv%reét‘égpr?st’%/?g%{ﬁr%ﬁ%ons such as
circles 20, ringst 21 alfndebXapy dpeasinlly adapted power density 10distributions 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 meltetitiurfas esresifeRel msits, affd nasnes phaftiapieonirgsiausadisdiskiaser, a diode
laser, an NeLYAG 8L, C0 % 1PS6HAAR 1838, ad{onas a-diRer laseh.anailas.aaquer of 200 W to

2000 15W. An important aspect is the advance rate at which the laser power is coupled into the.
10 (dv/dT) is the following:

v=70+dydT « T

At the melt temperature of a material, the temperature-dependent surface tension v has a
15 surface tension value yy. As the temperature T rises, this surface tension v changes by the '
tension gradient (dv/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 temperature 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 thé 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 & 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 1 in accordance with the flow requirements, especially
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turbine blade. The following parameter settings have proven to be advantageous: 300 W at 500
rnm/min, 600W 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 Iength can be partially

built up again, Fu&hermore the %elag e&arrled out' (ﬁ{] Wlngdnor e amgle ordgr to

25reconto ELRRRGY %t(h 0S8 of materiar, hehce o grlrﬁu an xcep onaﬂ § vanced and

economica&i@mmrﬁetbmdﬁqrmhqnmmdbmdes anﬂhetlmbir(sgbléﬂwﬁﬁm é@hﬁatyce rate of the energy
beam 8 as AN% the ulation %f the8e %té/ or the engr gxoqllt%ggb%%&fstﬁh&energy beam 8
make it possi 1flle]'to re u e?hegt/ L

empera ure |n t melt bath in such a way as to achieve the desired
new contow@mrrﬂee&tuedm&lt%&dm@@hahdvardeﬁ@trel_ﬁst of reference numerals 1compressor blade

2Ieadi|%g edge 53air flow 4erosion contour 5Snew contour 6re-hardened material 7unmelted material

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 1s the advance rate at tvhich 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 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 shoriened, 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 O9transition contour 10beam catcher 11temperature minimum 12temperature
maximum 15 13power minimum 14power maximum 15direction of flow 16melt 17face 2018inlet side
19outlet side 20circle 21ring 22ellipse 2523specially adapted power density distributions

List of reference numerals

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 termperature maximum
15 13 power mintmum
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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24line 25chord length Claims: I.Method for recontouring a compressor blade or a turbine blade for a
gas turbine, 5characterized in that at least a portion of the leading edge of the compressor blade or the
turbine blade is systematically melted by a beam of energy in such a way that the material hardens to
form a new contour, essentially without the incorporation of additional material. 102.Method according
to claim |, characterized in that material hardens to form a specified new contour essentially without
the incorp&#atisin of additional material. 3. Method according to claim 1 or 2, characterized in that the
leading edge is rounded off by the melting procedure. 15 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 isl reguMesepihfenesranipayite: enmareHsebbisdmer ratirine bladeddr seBNIEiBs according to
any gne of the preceding £laims, ghasacierizaddn et ibailaading edarissepaniaunsddy melting it

multiple times, preferably by melting it six times at the maximum, to form the new contour. 6. Method

according to api/tbheditsdrcsdnyentisallzmrketdizadmmnat O5wsy By R 8 83 mm to 10
mm are genergied, Dy theneltindio form a new contour, essentially without the incorporation of

additional material.

10 2. Method according fo claim 1, characterized in that material hardens to form a

specified new contour essentially without the incorporation of additional material.

3. Method according to claim 1 or 2, characterized in that the leading edge is rounded
off by the melting procedure.
15
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 is recontoured by melting it multiple times, preferably by melting it

six times at the maximum, to form the new contour.

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

25 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 infroduced into the area melted by the

energy beam.
30
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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 energy beam. 30 Method according
to any one of the preceding claims, characterized in that the turbine blades are repaired 'on wing'.
Method aecorqigRiRe SAMIPREREAIG ElalE I CHRMRCIGIREYIAIBRHIIR,PORIOY beam is
aimed into the leading edoge I a diréction that is perpendicular to the face of the erosion contour.
Method accordinbits bijesrecoprerpteepdifigeclaims, characterized in that the energy beam is aimed
at an angle of 5 to 135 relative to the inlet side and/or to the outlet side of the compressor blade or the
turbine blade. Method according to any one of the preceding claims, characterized in that the chord

length ofthe chiapredsoriiine toromect iinsdskiiegsikimstidndd Bymsdanzesithdahdhod by 0.1 mm
to 5 pom. Methgd according ta any anent epiecading slaimsisharacierzadinithalthe energy beam

is configured as a Taser beam. Method according to claim 12, characterized in that the laser beam is
configured as thdiSktaddheuiggn tasértan Nd:YAG laser, a CO2 laser and/or a fiber laser. Method
according to claim 12 or 13, characterized in that the laser power is 200W to 2000 W.

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

10 the outlet side of the compressor blade or the turbine blade.

11.  Method according to any one of the preceding claims, characterized in that the
chord length of the compressor blade or the turbine blade is lengthened by means of

the method by 0.1 mm o 5 mm.

15
12.  Method according to any one of the preceding claims, characterized in that the
energy beam 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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