METHOD AND ARRANGEMENT FOR MAINTENANCE OF GAS TURBINE BLADES The invention
refers to a method and an arrangement by 5 means of which the contours of the leading edges of used
gas turbine blades can be machined. In gas turbines, blades are used both in the compressor stage
and in the turbine stage. These blades as a rule 10 have an airfoil profile. In order to achieve an
efficiency whichAs Hs4igH Gslpassible this profile is optimized fof tHe BREs ofeadttindividual turbine
stage. Part of this optimization is also the profiling of the leading edge. 15 In the field of gas turbines,
the high-pressure compressor section plays a highly significant role since it has a large influence upon
the output of thélehtife systeny: T compresstrbladesiWhiehiare tSed20 theresare=deformed,
however, in the course of time as a result ofaegadym@enicload and various other influences. In the case
of aircraft power plants, which constitute a special form of gas turbine, these other influences for
example may consist of ingested 25 dust, hail or other solid projectiles. As a result of deviations from
the ideal shap&lt tHe BRItes et ficiBhey fos<esof it poftef prant bl BiPfiiesthePrand, the
individualbladeszare tadt cogtxi3Mintémsivedn their prodtfictioneso thatiamgguaivexcharfge of damaged

blades by new parts doesnotiseem to haduacticalylt istherefore a requirement to repair damaged
blades cost-effectively so that the efficiency of the power plant is increased again. 35

In gas turbines, blades are used both in the compressor
stage and in the turbine stage. These blades as a rule

10 have an airfoil profile. In order to achieve an
efficiency which i1g asg high as possible this profile is
optimized for the blades of each individual turbine
stage. Part of this optimization is also the profiling
of the leading edge.

15
In the field of gas turbines, the high-pressure
compressor section plays a highly significant role
since 1t has a large influence upon the output of the
entire system. The compressor blades which are used

20 there are deformed, however, in the course of time as a
result of aerodynamic load and various other
influences. In the case of aircraft power plants,
which constitute a special form of gas turbine, these
other influences for example may consist of ingested

25  dust, hail or other solid projectiles.

As a result of deviations from the ideal shape of the
blades efficiency losses of the power plant occur. On
the other hand, the individual blades are too cost-
30 intensive 1n their production so that a regular
exchange of damaged bladegs by new parts does not seem
to be practical. It 1s therefore a reguirement to
repair damaged blades cost-effectively so that the
efficiency of the power plant is increased again.
35
As a result of public prior use, a method is known in
which the leading edges of damaged blades are manually

reground. The aim of this machining 1is the



As a result of public prior use, a method is known in which the leading edges of damaged blades are
manually reground.The aim of this machining is the WO 2009/007121PC?/EP2008/005648
compensating of unevennesses.For this, each blade must be fed individually by a mechanic to a
grinding machine. With this method, however, as a rule only the leading edge is able to be smoothed,
without giving it'&h épfimizedy sRape, because althcugh the profiRCoY fe2EgRadnrd bfdde no longer
corresponds to that of a new part there are more favorable or less favorable cross sections in the
region of the leading edge of power plant blades which have direct effects upon the 10 efficiency of the

entire power pfEEPRAFR BT aft (JIPIASYGOPSFEESD), it isffufthermiote kif6Wh toHév@Eindividual
working steps cartedaut bydobots durigetheyméghanicalanaehiningtof cempenertsnd5 Robots offer

the advantage,hat.deviations from, the. desired result as, g fulg.cccug less than in the case of manual
machining. Sinc}? rongsdconstggtl followg predetelgmined maovement sequence, they are suitable,

however, only 1forethe machiming 6 compdhafitswhich 20 1S the beginfing Tiewithinca relatively
close tolefancé Spé@trfiat itheccase oiigas frbinedstades; MhisHs & hdlens giiehcorhf in the case of
new parts. The invention is:hasesl ad she.ebjeetofdmproving the25Jepair ehusedsgower plant blades

to the effect thaL.fy means of.an automated machining,afithe blades, an optimized contour is

repeatedly achieved. The sojution according to the invention liesin the 30 method and also in the

arrangement according™ - the Mtlepehd&Rtcldiffs Bdvahtadedtis d&5eioHMeRts festit from the
dependent clairms’dn thie gase bithiéemetiiodcaccoeding (0 thecinvertigrrts upon  the

10 efficiency of the entire power plant.

In the prior art (JP-2-2002301659%), it is furthermore
known to have individual working steps carried out by
robots during the mechanical machining of components.
15 Robots offer the advantage that deviations from the
desired result as a rule occur less than in the case of
manual machining. Since robots constantly follow a
predetermined movement sequence, they are suitable,
however, only for the machining of components which
20 from the beginning lie within a relatively close
tolerance spectrum. In the case of gas turbine blades,

this as a rule is given only in the case of new parts.

The invention is based on the object of improving the
25 repalir of used power plant blades to the effect that by
means oI an automated machining of the Dblades an

optimized contour is repeatedly achieved.

The solution according to the invention lies 1in the
30 method and also in the arrangement according to the
independent claims. Advantageous developments result

from the dependent claims.

In the case of the method according to the invention
35 for reproducing an optimized contour of the leading
edges of gas turbine blades, a gas turbine blade, by
means of a computer-controlled robot, is guided past

one or more grinding machines so that as a result of



35 for reproducing an optimized contour of the leading edges of gas turbine blades, a gas turbine
blade, by means of a computer-controlled robot, is guided past one or more grinding machines so that
as a result of following a movement sequence which is stored in a data memory the desired contour is
achieved, wherein the contact pressure of the compressor blade on the grinding disk(s) is measured
and taken into €6nsidératioh’inthe movement seqderce of the Fbiot 4t the’ dédifed contour is
achieved regardless of the initial contour and wear of the grinding disks The stored movement
secuence is designed for converting a blade from a predetermined static average wear state no into an

also predetermined 8r précalchateluEsigiTasoar THhe afranfefent Stcortifig t6Hife invention for
reproducing anwptimizedhcontdes of ¢he leadingwedges: of gasitarbide bladescomplises a
computer-contrghed rebotferthe guiding-of anindividual gas durbineg blade, atieastgae grinding
machine in the maovement ragg_usko&fgéhe ropgt for%h%&etgl-remg\‘v/ligg mgg@igrilng of.gl{sogas turbine
blade, and alst'a cqmp%terxunff'o 0 controlling the rorbot, which comprises a data memory in which
the movementSetisHEe st tPie roBottisStdret SRR Feif e Bt fdast onéfindfitmathine has a sensor
for the contact-jpressute=ofihe Wwerkpecetand-its meastred;signakogutpdl ésseonnecteckto the computer

unit. The stored,moyement sequence s designed.for converting a;blade from a predetermined static
average wear s%ate into an also rPcredetermined or grecalculatecg dBeS|gn contour.,30 The arrangement
according to the nventioiy hasa grir?’cﬁ%l Thachine; Wﬁlec%l%nsew abfefor Eélr‘f:)?iﬁ@l&ﬁ tie method
according to the #entiorpforamataEshevng reachiritd of a Wotkpieee Which iS Bppled with contact
force at fie warking peint. The gringingidbdnachiae compriges-adotaingcgrinding diskhwhich is driven
by a motor. The grinding disk can be displaceably mounted on a path in the contact direction WO
2009/007121- 4 -PCT/EP2008/005648 and can have a device for creat o a defined contact pressure.

The arrangement according to the invention for
reproducing an optimized contour of the leading edges
15 of gas turbine bladeg comprises a computer-controlled
robot for the guiding of an individual gag turbine
blade, at least one grinding machine in the movement
radius of the robot for the metal-removing machining of
this gas turbine blade, and also a computer unit for
20 controlling the robot, which comprises a data memory in
which the movement seqguence of the robot is stored,
wherein the at least one grinding machine has a sensor
for the contact pressure of the workpiece and its
measured signal output is connected to the computer
25 unit. The stored movement sequence 1s designed for
converting a blade from a predetermined static average
wear state into an also predetermined or precalculated

design contour.

30 The arrangement according to the invention has a
grinding machine, which 1s suitable for carrying out
the method according to the invention, for metal-
removing machining of a workpiece which i1s applied with
contact force at the working point. The grinding

35 machine comprises a rotating grinding disk which 1is
driven by a motor. The grinding disk can be

displaceably mounted on a path in the contact direction



The term gas turbine blade is generic and includes both the blades of the compressor stages and
those of the turbine stages. 10 The different configuration of blades of the individual compressor
stages and turbine stages of a gas turbine is covered by blade type. A Iso, blades of the same stages
of different power pla nts as a rule are of a 15 different blade ty%e. The radius of action of a robot

refers to the rafige 7 WhicH fHes fobot can act.the chse of a statihary Fobot> tHi§ Yariee is determined

by the maximum reach of 20 the extension arm. The robot is capable of guiding individual gas turbine
blades past measuring and cutting machines. The robot is preferably computer-controlled for this and
has the 25 net8Ssafy dedieés of frétior For tRE machfing STHis for eXamipl& 8ah hieensured by the
use of a commerciallyravailable 6-axis robot. The movement sequence of the robot stored in a data
memory. Provision is preferably to be made in this data memory for a 30 multiplicity of movement

sequences to pe sstgregl,_. waig'icp casnoge retge\éededaperrlltgsingﬁHggg t@% Qlaggeté(p% X‘@%‘ih is to be
with a gripper arm which is matched to

machined. Furtﬁjérmoref it k|§sétpfeferreg if the ,r(ﬁ:)ot ise ugpe )
the blade typewhichigRs bet maeRingtlsad Whiclt 8Rablesfasiibie Blades to be automatically

picked up and placed down. When machining different blade types with the same arrancement, it can
be advantageeys ifithefobgt.can, autamatically exchapge the gripper apm; WE2009% 1
007121PCﬂ7§5%90§4§§§§30f the compressor stages and those of the

turbine stages.

10

The different configuration of blades of the individual

compressor stageg and turbine stages of a gas turbine

is covered by Dblade type. Also, blades of the same

stages of different power plants as a rule are of a

15 different blade type.

The radius of action of a robot refers to the range in
which the robot can act. In the case of a stationary
robot, this range is determined by the maximum reach of

20 the extension arm.

The robot is capable of guiding individual gas turbine
blades past measuring and cutting machines. The robot
is preferably computer-controlled for this and has the
25 necessary degrees of freedom for the machining. This
for example can be ensured by the use of a commercially
availlable 6-axis robot. The movement sequence of the
robot 1is stored in a data memory. Provision 1is
preferably to be made in this data memory for a
30 multiplicity of movement seguences to be stored, which
can be retrieved depending upon the blade type which is
to be machined. Furthermore, 1t 1is preferred if the
robot is eqguipped with a gripper arm which is matched
to the blade type which is to be machined and which
35 enables gas turbine blades to be automatically picked
up and placed down. When machining different blade
types with the same arrangement, it can be advantageous

if the robot can automatically exchange the gripper arm




in order to ensure an optimum gripping of each blade type. For this, a magazine is preferably provided,
in which the gripper arms for the robot are accessibly stored. At least one grinding machine is
arranged in the radius of action of the robot. This is characterized in that it measures the contact
pressure of a worbpiece on thggrinding disk. This measured value can be tr nsr%itt d to the computer
which controls'Re 386t/ aHY tken into consideration in the mo%?r{gﬁtzs%%%&%é ﬁhe robot.
Consequently, the result of the machining process is no longer exclusively dependent upon the
geometry of the gas turbine blade in tge initial s%ate. Deviations in 1%g1e %ecqlmgjtgy can be taken into
consideration Tath&F B Tompari&sibf the"me&sured Cofitact pressure with an ideat value. The
optimized contowe whicheis prodeced orfsirosieed 2054 Hhe hféthid REeHidifE to tHe invention, of the
cads turbine hlade(alse:saileg-design cantour)iscempitieallyand/ormathematicallytievelopedor
calculated.AcgQrding, to the invention, provision is made for a typical wear state of a turbine blade type
25 to be determined, preferably by forming the statistical average of the actual state from a multiplicity
of blades? preferably from about 100 to 500 blades, of a specific type. Furthermore, tolerance ranges
around this statisticat average weanstate aregréferably 30 defived, withinwwhich@iges turbine blade
can be -recongitioged ageording te the inventionrAs explained-frther belaw iblades which lie outside
this tolerance range, or those blades with which is associated a machini rogram.which does not
coincide 35 Wﬁ% t%‘eé %gl%gfe%%‘é#)%rgr%{l%gﬁ & 5&%%%&9 ar?g re%e&%%m?ﬁ%%pgarg{ne%%aﬂon of the

grinding mactiié iSéagied 'Gut in sTGH & WEF BiHtHe Hiddinifg proGesscorvetisEhlade from the
predetermined statisticalcaverage weésarcstaterintocthe alse predeterminedeekprecatcuated 5 design
contour. The mgasuring which,is provided acearding:to theinuention, ef the contastpressure of the
blade which is to he machg ed ogﬁhe tool {efefa(?lrvl th%agcr:@tgjc_i}ln%disk%qgf ghse gr{gding machine allows
each individuaﬁog;%ssetﬁ}ﬁﬁe dde With-an 10 individual wear conto r, ich aamltteé)ly deviates from
the average staRiRHEA] VRSHT IStaeV B stifl e WRER the tilerafite FERRE 16%hetefofe Be converted
completely or @ a largegxientdini@ithel predeterimined desigrecentoun préferably Hyimeans of
allowancg in the 15 mayement sequence.ofthe rohot.and/ar by means of a displacegable mounting of

the grinding disk. AS a result, the n cessi%of measuring in detail each indiv u%quaésnturbine blade

id
before the maﬁﬁ%bf’ooééssoig dand iR Sog corttact pressure Wit

1deal value.

The optimized contour, which is produced or reproduced

20 in the method according to the invention, of the gas

turbine blade (also called design contour) is
empirically and/oxr mathematically developed or
calculated. According to the invention, provision is

made for a typical wear state of a turbine blade type
25 to be determined, preferably by forming the statistical
average of the actual state from a multiplicity of
blades, preferably from about 100 to 500 blades, of a
specific type. Furthermore, tolerance ranges around
this statistical average wear state are preferably
30 defined, within which a gas turbine Dblade can be
reconditioned  according to the invention. As
explained further below, blades which lie outside this
tolerance range, or those Dblades with which is
associated a machining program which does not coincide
35 with the selected program, can be detected and rejected
by suitable measuring (for example signal strength of a

magnetic sensor) before the machining process.




The invention therefore enables an automated, simple and auick dressing of gas turbine blades, during
which each individual blade, before the actual grinding process, only has to he checked for whether it
Lane 25 within the prespecified tolerance ranee or for whether the correct machining program was
selected for the blade type in question. According to the invention, the exact actual state of each

individual blade'witRinCthe4olerahce range has rieithert to be detfmirettAGF 30 taketfinto

consideration during the pre-programming or parameterization of the grinding process. At least two
grinding machines, which are preferably fitted with grinding disks of different consistency 35 and/or

size, are prefefally T6¢4a8a iR tHe FaditR dtactiBfi of THE ToBst iIRdriert thiis Sehieva an improved
end result of tiveroverallsmabhiming:steprarid/oh tmeesaving nCopsequsTilyg the exachiring time  of

blades, which gn-aecountaf theie profiling reguire saachining with-grinding-disks of.different radii or
widths, can be r@duced.since a tlijme-cclnsuminzg ec.{<chan e_of grinding disks, as iT the case of only one
e F aLS0 e cé?‘u ate

. £
grinding ma(:hignea,l is not cafled ?o . The com esso?% ade of the first s]%é:éee 0 Cf)ower plant type CFM56

for example regEifregnaciinir} With a sraf grifefRPdisRDn 3EEdsint of fts grafifigtinthe tip region,
whereas the remainingxegions Cad benmachined with alarge grinding 0-disku«ifferent blade types
require grinding,disks.gqnsisting, of different base materigls(for,example allgys of titanium or steel)
and/or of different sige ogl\ﬁ\g}dtr%ha chan%g1 o;t%riré?ing diskg ct?}rll also be ddispenseohwith. Therefore,
different blade i%gs Caii 16 he ivachined without & tlﬁegconsu?niﬁgmcﬁajnrglg o?%ﬁn%ﬁh% disks having to
take place. Fufthéftiére, Seigprefetred iatahe rob6t cariabiontaticaly Exchah§e thegrinding disks on
the grinding mashinesd kol thiszprovisionis-to he madestot areerfespandiig tekotioot20 which can

preferably be changed, ik the gupper aims, The faalis preterably g magazing whigh,can be reached

by the robot, with which are to be provided grinding disks which are required for the machining of

different bladefyp8e ™25 Ao 5if tHid BFangéMRATaccotdiiy T e TveRfion ol d&Viations from an
idealized initiaFskageedt Ly thes used gas degradedtteorsuchr8® metal-renfsiagrmined

design contour, preferably by means of allowance in the
15 movement seguence of the robot and/or by means of a
displaceable mounting of the grinding disk. As a
result, the necessity of measuring in detail each
individual gas turbine blade before the machining
process is dispensed with.
20
The invention therefore enables an automated, simple
and guick dressing of gas turbine blades, during which
each individual blade, Dbefore the actual grinding
process, only has to be checked for whether it falls
25  within the prespecified tolerance range or for whether
the c¢orrect machining program was selected for the
blade type in question. According to the invention,
the exact actual state of each individual blade within
the tolerance range has neither to be determined nor
30 taken into consideration during the pre-programming or

parameterization of the grinding process.

At least two grinding machines, which are preferably
fitted with grinding disks of different consistency
35 and/or size, are preferably located in the radius of
action of the robot in order to thus achieve an
improved end result of the overall machining step

and/or time saving. Consequently, the machining time




then some blades are a repair by exclusively In order to reject these before commencement of the
actual machining process, the individual gas turbine blades are preferably guided Past a measuring
device which measures at least one characteristic variable of 35 the component. WO 2009/007121- 8
-PCT/EP2009/005648 variable of a gas turbine blade falls below a determined limiting value, then this

blade is prefer%ly%%fé%‘t@& befdre commencenient of the metaﬁ%?ﬁg@i%%%égﬂﬁ]w S In order to be

able to reject blades which are not of the type which is taken as the basis for the statistical average
wear state before the machining process, provision can he made for am%%netic sensor. 0 After

gripping the g5 thriE Brad& Hom thE bdk “HeTobottheRGuides this; a'bidde type-dependent
clearance, pastthelmagneticisénsor: rdordving ithesgas turlbiné Itage is guidéd past the sensor
parallel to its profite,by whichibe length 8§ the; gasturbine [15-kladecambe detecied:Via the return

signal of the rg;agn(?rt;c ensor fosrkesxamaosle V\ﬂthgggergg%%tootpeo%ggal Osggen&}lg)ngi he determined
whether a gas furbine b ada of the prespecified type or of another type was gripped. The sensor does

not retur’? a sfHER2B S no-IrBing biddel8F oy a-small trbineBAdE Sias Gripped BF the length of a
dripped gas turhineflilade exceeds the aforesmentivaed clearanc&dhd sé does:rrotat all reach the

measuring field.gf theJnagnstic sgnser. 2;lprorder togpinimize;as farias; pogsible the.deviations when
machining the gas turginefblages tLt1Oefa>§Le.s of t{\e rgggtstalre @gfe{gbly %%%Qgeg S I}Qat the
non-cutting, time Sieiments are S<";1s“bsmal a%‘rb%ss%le aring ovemernits perpenalcu,ar to the grinding
disk. As result $Hé S0 efeciss AeRfeved bf e BitardcEFoif tHe fidtie PBirftofthé ¥finding disk to the
workbiete beifigsable tarbe atctikatelyadjiisiad. Inyoseer tosensiure accontihuraysdpstation of the

congisting of different base materials (for example
alloys of titanium or steel) and/or of different size
or width, a change of grinding disks can also be
disgpensed with. Therefore, different blade types can
15 be machined without a time-consuming change of grinding
disks Thaving to take place. Furthermore, 1t is
preferred that the robot can automatically exchange the
grinding disks on the grinding machines. For this,
provision i1s to be made for a corresponding robot tool
20 which can preferably be changed like the gripper arms.
The tool 1s preferably a magazine which can be reached
by the robot, with which are to be provided grinding
disks which are required for the machining of different
blade types.
25
Also, if the arrangement according to the invention
allows deviations from an idealized initial shape of
the used gas turbine blades, then some Dblades are
degraded to such a degree that a repalr by exclusively
30 metal-removing machining is no longer a possibility.
In order to reject these before commencement of the
actual machining process, the individual gas turbine
blades are preferably guided past a measuring device
which measures at least one characteristic variable of

35 the component.

This characteristic wvariable for example can be the

chord length of the airfoil profile. If the measured




35 arrangement, provision can be made for a device which introduces gas turbine blades which are
still to be machined into the radius of action of the robot and transports out of this blades which have
already been WO 2009/007121- 9 -POTIEP2008/005648 machined.A multiplicity of gas turbine
blades can preferably be gathered togetherboxes for this, which makes logistics easier.By means of
such a device é{JﬂJII%/XaQ% tic’24/7 operation is p%s§ible. 5 ThBCcTa{iﬁFe(oDra]%fﬁgé’ Bééically comprises
the preferred handling sequence for the operation of the described arrangement. 10 Furthermore,

damage to the as turbine blade, which prohibits a repair by means_of tepe arrangement according to the
Sfheing protess. e ieastr

invention,can &50"$ti'te détermiedtiting the in ss.[fthe tneadtired coritact pressure
exceeds toleraifdesnwhichdare limiting  value, then this Dblade is

preferably rejected before commencement of the metal-

removing machining.

ul

In order to be able to reject blades which are not of
the type which 1s taken as the Dbasis for the
statistical average wear state before the machining
process, provigsion can be made for a magnetic sensor.
10 After gripping the gas turbine blade from the box, the
robot then guides thisg, with a blade type-dependent
clearance, past the magnetic sensor. In so doing, the
gas turbine blade is guided past the sensor parallel to
its profile, by which the length of the gas turbine
15 blade can be detected. Via the return signal of the
magnetic sensor (for example with reference to the
signal strength), it can be determined whether a gas
turbine blade of the prespecified type or of another
type was gripped. The sensor does not return a signal
20 if no turbine blade, or only a small turbine blade, was
gripped or the length of a gripped gas turbine blade
exceeds the aforementioned clearance and so does not at

all reach the measuring field of the magnetic sensor.

25 In order to minimize as far asg possible the deviations
when machining the gas turbine blades, the axes of the
robots are preferably arranged so that the non-cutting
time elements are as small as possible during movements
perpendicular to the grinding disk. 2As a result, the

30 effect 1is achieved of the distance from the middle
point of the grinding disk to the workpiece being able

to be accurately adjusted.

In order to ensure a continuous operation of the
35 arrangement, provision can be made for a device which
introduces gas turbine blades which are still to be
machined into the radius of action of the robot and

transports out of this blades which have already been




15 determined and stored in the data memory, then it can be concluded from this that the workbiece
deviates too =oh from the ideal initial geometry. The gas turbine blade which is in progress can
subsequently be rejected. By means of the measured contact pressure, a malfunction of the robot can
also be determined. If for example a robot axis overload occurs, i.e. the robot presses the gas turbine
blade which is ifPproytess 196 frard against the griRding disk, th%cé”rft%zrpr%ééi) ¢4fi'be interrupted. As
a result of such an 25 emergency stop, extensive damage to the gas turbine blade and/or to parts of
the arrangement according to the invention, or to parts of the arrangement which are required for

carryine out tHMEtAGE accofdin b thelihverton Ccand5e avbidet 30 Theed&ined®rangement can
comprise a partiedlarysuitabie grivmiig neathine SHré grinding nrachine corprisés a motor which
drives an 35 exehangeabie grinding disk: by mgansof which,matetalds remoyed fromg a workpiece

which abuts with contact pressure against the ing_point. :The grinding disk, preferably together
with its drive motor, is WO": 679/‘66%%%?[8 -ggfrl?E%’pr)ngdbogélgosdi%B%%%%% y mounted.In this case,

the path &f displacement is designed so that the disk can move away from the working point. The
grinding disk isitkerefose medunted sodhatb e caitact pressuresean behaccuratélyradjusted by means

of displacement itsglf.1n order to-achieyg thisyprovisions madefer a drivesdevice yhich can move the
grinding disk alorlg the described oath and therefore rakes the contact pressure adjustable. 10 The
path on whichthe gr%%%?ﬁél disk is moved is preferably arranged exclusively perpendicularly to its
rotational axis. Consequently, transverse displacements of the grinding disk in relation to the 15

workniege arerprevenieth rhe shapesof the oaths ingthe firstinstancedredeptional i but are preferably
redﬂmearorqngﬁwﬁp@Pesa repair by means of the arrangement
according to the invention, can also still Dbe
determined during the grinding process. If the
measured contact pressure exceeds tolerances which are
15 determined and stored in the data memory, then it can
be concluded from this that the workpiece deviates too
much from the ideal initial geometry. The gas turbine
blade which is in progress can subsequently Dbe
rejected. By means of the measured contact pressure, a
20 malfunction of the robot can also be determined. It
for example a robot axis overload occurs, i.e. the
robot presses the gas turbine Dblade which 1is in
progress too hard against the grinding disk, the entire
process can be interrupted. As a result of such an
25 emergency stop, extensive damage to the gas turbine
blade and/or to parts of the arrangement according to
the invention, or to parts of the arrangement which are
reqgquired for carrying out the method according to the

invention, can be avoided.

The claimed arrangement can comprise a particularly

suitable grinding machine.

The grinding machine comprises a motor which drives an
35 exchangeable grinding disk, by means of which material
is removed from a workpiece which abuts with contact
pressure against the working point. The grinding disk,

preferably together with its drive motor, is




A pendulum suspension of drive motor and grinding disk 20 has proved to be a particularly favorable
possibility of achieving a circular path of the grinding disk. In this case, the two components are
suspended on a single axis above their own position around which they can freely oscillate. In order to
be able to detect the contact pressure, provision is made for a corresponding sensor. This is to be

attached so thH&? it’"dElivers CoRstantly accurate valties regardles8of th€ positidt fthe grinding disk 30

on the displacement path. For creating the actual contact pressure, provision can be made for utilizing
gravity.In the case of the pendulum suspension., this is achieved if the pendulum 35 is correspondingly

deflected duriftyTRefisehitihg. TFthERecessary weight folféréating ' *Sufficiéritly [afge contact
pressure, provisimearbernade foreadditienal sveightstin@dditibreto thennataval weight of the drive

NO 2009/007%21:11»BCJ4ERZ2Q93/005648 metor apd/orafthe arindin, disk by the,ease of other -oath

shapes, an additional weightwviath_q;espondicn deflection, can aggly the necessary. force for creating
mounted .s at the' con T pregstire C be  accy 1

the contact pressure: Tt iS pre”f%rred, hovyever, if the Contact pressure Is createdf%y means of a - for

example elecHtIVEriasluRlY. ASERESE tHE EREEFPrESsUrE Tahthe adjiisted@thé3ame time. In

order to proteetthi=werkplace agaimstdamage ihtherk@easécof fadure.of the drivelarit which is

provided for cjeating the.contagt pressure, provision ean:be made for.the grinding disk to be moved

away from the workpiace jn such a case, for exagznple on account of %rae/ity. 15 The described
pendulum suspension Fthe grndiry disk for Bxample i$ tapable s corivertiny the1edding edge of a

gas turbine blade wstertreedesired design contour even when this leading edge has deviations of about
2 10

The path on which the grinding disk is moved is
preferably arranged exclusively perpendicularly to itsg
rotational axis. Consequently, transverse
displacements of the grinding digk in relation to the
15 workplece are prevented. The shapes of the paths in
the first 1instance are optional, but are preferably

rectilinear or circular shapes.

A pendulum suspension of drive motor and grinding disk
20 has proved to be a particularly favorable possibility
of achieving a circular path of the grinding disk. In
this case, the two components are suspended on a single
axis above theilr own posgsition around which they can
freely oscillate.
25
In order to be able to detect the contact pressure,
provision is made for a corresponding sensor. This is
to be attached so that it delivers constantly accurate
values regardless of the position of the grinding disk

30 on the displacement path.

For creating the actual contact pressure, provision can
be made for utilizing gravity. In the case of the
pendulum suspension, thisg is achieved 1f the pendulum
35 is corregspondingly deflected during the machining. For
the necesggary weight for creating a sufficiently large
contact pressure, provigsion can be made for additional

welghts in addition to the natural weight of the drive




20 to 3 mm relative to the statistical average wear state or for example when as a result of
inaccuracies when gripping the blade by the robot there are angle deviations of up to 40 with regard to
the angular position at which this leading edge is fed to the 25 grinding tool relative to the statistical
determined averasge ané;ular position. The invention is subsequently explained with reference to the

attached drawiftys' owhidin“dach case an 30 advaritageous eXemptany embodifiéat of the

arrangement and also device according to the invention is shown. In the drawing; Fig. 1 shows a
functional representation of the 35exemplary arrangement; Fig. 2 shows an exemplary embodiment of

a grinding maBAine acBriing tothe ivendon: ¥hd WG 2009/007121 15 -PEFEPZ608/005648 3
shows a schentaticrepresehtationlofithe principle ofasperationof a meghelic sensvifor determining

the blade type: &-Figs Joshows adi-axis-rohot 10cen thgmevable end-efaubieh argripper arm 11 is
attached. The maximum reach of, the robot 10 forms the radius qgf actign 12, The robot 10 is controlled

by the compufe()rrunﬁ%%avt\(lltﬁ%afa r%er%%rrly 1. 10'Via ﬁ%&ergénveyor belt 30, unmachined used gas
turbine blade 28 tFanshbriedtintPiHes feldinE §F8iGh 12 of 1Ré F6PotY0 R StsYripper arm 11,
the robot 10 can grif@ane ofdhese gas turbine-blades-2 vie each 1 5casks Se thatthé robot 10 can

reliably guide the gasduthipe blades, 2.a magazing 40.with different gripper arme41, 42, 43 is made
available to the robot 10 within the
In order to protect the workpiece against damage in the
10 case of failure of the drive unit which is provided for
creating the contact pressure, provision can be made
for the grinding digk to be moved away from the
workpiece in such a case, for example on account of
gravity.
15
The described pendulum suspension of the grinding disk
for example 1is capable of converting the leading edge
of a gas turbine blade into the desired design contour
even when this leading edge has deviations of about 2
20 to 3 mm relative to the statistical average wear state
or for example when as a result of inaccuracies when
gripping the blade by the robot there are angle
deviations of up to 4° with regard to the angular
position at which this leading edge is fed to the
25 grinding tool relative to the statistical determined

average angular position.

The invention is subseguently explained with reference
to the attached drawings 1in which in each case an
30 advantageous exemplary embodiment of the arrangement
and also device according to the invention is ghown.

In the drawing:

Fig. 1 showg a functional representation of the
35 exemplary arrangement;
Fig. 2 shows an exemplary embodiment of a grinding

machine according to the invention; and




20 radius of action 12, from which the robot 10 itself can be operated so that a gripper arm 11 which is
suitable for the blade 2 which is to be machined is always located on the robot 10, 25 In the exemplary
embodiment which is shown, the sequence of blade types of the unmachined gas turbine blades 1 is
stored in the data memory 21 of the computer unit 20. For this, it is necessary for the seouence to be

inputted into tHE dat MeMdRZ21. This 30 can take’place manualy” 1£8<486 poLsidiE however, for the

type of gas turbine blades 1 to be detelmined by means of sensors and transmitted to the computer
unit 20. In the case of this alternative, the manual input is completelg dispensed with.It is also 35

possible to gathértogettTet ¥ pluradity of GRS HbhTe bl&FEY T FRBOX, Wherdih only Bfades of the
same type or blades in afixed arangementRatternare alwayslocated insemes box.IAs a result, the

input effort can be significartiy-reduced-siace infaenatjgn only has to he inputted per box and no
longer per blade.  After the robot 10 has securely gripped a blade 2 which 5 is to be machined, it
guides it past a measuring device 50 which is located in the radius of action 12. With this measuring
device 50 at Ba&t orte ERarEttetistic ¥aliabe Bt the bladePis th&adtiFearfth8ase of this
characteristic watiablest car bpdor example the 18wharddeéngth Bi¢henairfoilprofitesafithe blade 2. The

measured valye isthen comparedsin the.compyter upii 20-with-a minimum and/or maximum nominal
value. Should a deviation which is too great be determined, the blade 2 is rejected before
commenceme ?%??helPS r‘?ﬁchcir?l%arporoggéis }%I tﬁro%vncfrc%f%p tlﬁgegon%g}ﬁécr 6% F(‘S?le%ample, by
manual builditg-tp BERelding of material, the blades which land in the container 60 can be restored,
albeit partially, to the extent that after passing through the arrangement again they can be 20 reused in

a gas turbine.Jihe maasyring device gan alsobe designed farheing ableto determing, before

commencement of the machining, whether th§ gﬁ?fg ed blade 2 features_the 25 type which is taken as
it

the basis for the $titfstital Heragevear sHie. SurpoSe, Provision Cantse iade ¥ the measuring

device 50 for aadreticosarisor0 . With itg gripper arm 11, the robot 10
can grip one of these gas turbine Dblades 2 1in each

15 case.

So that the robot 10 can reliably guide the gas turbine
blades 2, a magazine 40 with different gripper arms 41,
42, 43 is made available to the robot 10 within the
20 radius of action 12, from which the robot 10 itself can
be operated so that a gripper arm 11 which is suitable
for the blade 2 which is to be machined is always

located on the robot 10.

25 in the exemplary embodiment which 1s shown, the
sequence of blade types of the unmachined gas turbine
blades 1 1s stored 1n the data memory 21 of the
computer unit 20. For this, 1t is necessary for the
sequence to be inputted into the data memory 21. This

30 can take place manually. = It is also possible, however,
for the type of gas turbine blades 1 to be determined
by means of sensors and transmitted to the computer
unit 20. In the case of this altermative, the manual
input is completely dispensed with. It 1s also

35 possible to gather together a plurality of gas turbine
blades 1 in a box, wherein only blades of the same type
or blades in a fixed arrangement pattern are always

located in one box. As a result, the input effort can




51 (not shown in Fig. 1). The principle of operation of the magnetic sensor 51 is described in more
detail 30 further below with reference to Fig. 3. If the blade 2 is within the tolerance range of
measurement on the measuring device 50 and/or features the type which is taken as the basis for the
statistical average wear state, it is fed to a grinding machine 70 or 70'. The use of two grinding
machines 70, 70' 6ffér3/thé ddi/antaee that twocrindine disks 7ECWitR-itfetent E6arseness and/or
diameter are always made available for the machining of the blade 2 without a time-consuming
change of grinding disks. Consequently, the machining result can he further improved. Only one

grinding disk, '8f nfor&than $RE twh : HRNAFRFiSKS?6, 76" VoA Gr8shBWhY cAf Alsbbe selectively

used howeveb®epending dpoarthediade fypeofl thedslade<2-whichis to be machined, the grinding-

disks 71, 71' can be 10 changed by means of the robot 10. For this, a. corresponding robot tool 81 and

also a multiplici%gfﬁgrigdingg igl\gs % are made avaqable inam ggzi{gf 8%. T;e %rin%ing machines 70,
a

70" are charaéterized B‘y‘% 38nsOr for the ¢ontact pressure of the b ont elgcrlnding disks 71,

71'. The meastied sidifal§oftHesserisors are fransmittéd fo the'€GMpPLIEIUMEY0 @Rd so can be
taken into corsideratiaminitbe meveraentiseqtieace of thesrabbt 40 Asa result, itistpossible 20 to still

also machine plades 2 which; deviafe.frorm apjdeal shape, the jesult.of the-machining process is

therefore no longer only dependent upon the ge,omet%of the_gas turbine blade 2 in the initial state. 25

Should it he pravedtGafingmathifing G the’grinding TRachnes 70, 70" ikt tie bfadd™2 deviates too
much from antiléal shiapea therr itdands nctheadohtainsr 60 THEsdME apphes 16 sutls gas turbine
blades for whighdt-was determingd by aeseaserthat theydid not feature 30 Bieitype which is taken as
e et or 0 gl g e e o s gesstehinn of e

unit 20 with a minimam and/or maximum nominal value.

Should a deviation which is too great be determined,

the Dblade 2 1is rejected before commencement of the

15 machining process and thrown into the container 60.

For example, by manual Dbuilding-up by welding of

material, the blades which land in the container 60 can

be restored, albeit partially, to the extent that after

passing through the arrangement again they can be

20 reused in a gas turbine.

The measuring device can also be designed for being
able to determine, before commencement of the
machining, whether the gripped blade 2 features the
25 type which is taken as the basis for the statistical
average wear gtate. For this purpose, provigion can be
made in the measuring device 50 for a magnetic sensor
51 (not shown in Fig. 1). The principle of operation
of the magnetic sensor 51 is described in more detail

30 further below with reference to Fig. 3.

If the blade 2 i1is within the tolerance range of
measurement on the measuring device 50 and/or features
the type which 1s taken as the Dbasis for the
35 statistical average wear state, it 1s fed to a grinding
machine 70 oxr 70'. The use of two grinding machines
70, 70' offers the advantage that two grinding disks

71, 71’ with different coarseness and/or diameter are




35 blades 3 on a conveyor belt 31 which brings the blades 3 out of the radius of action 12 of the robot
10. In 30. It is also possible to use a common conveyor belt. When using boxes, provision can
furthermore be made for machined blades 3 to be sorted into the box again in their original position. In
Fig. 2, an exemplary embodiment of a grinding machine according to the invention is shown.The
grinding machifie 70%0Mprséd a grinding disk 71 fvhiich is drivertBy Hedds 6f 4 Hétor 72.Motor 72
and 10 grinding. disk 71 are arranged on a pendulum 73.The pendulum 73 is rotatably mounted above
the motor 72. Motor 72 and grinding disk 71 can therefore moye on a circular anth. 74. 15 In order to

accurately adftiSV & pB&ition Bf the JHRGing disk 7T oRtthia dirdufar path 74, Bréision is made for a
drive unit 75 whithds conmectednto- thenpemdulam 73aigan extensionrarim?6. Altehsion measuring
gauge 77, by mgansotwhica it is-pessiklg49:20 determing; the contact pressuare; wwhieh is indicated by
means of the arrow 78,.of a workplece (nat. shown) Qn Ip(e grinding disk. 71, is located on this extension
arm 76. As a rjér%ﬁeaﬁ‘et%é cqcyr%%& p%lgs&é“? ,lél ben %g’stroéss specificale ensues ?ﬁ the extension
arm 76. 25 Ntralii optichdl tthef tneaslring’Miethodd e 88" Bossibiét hewevert is also
conceivable ta:designithel grives efithiecpendulum. differently. In the illustration, the pendulum 73 is
located in the 30 grinding position, i.e. in this position the workpiece is fed to the grinding disk 71 and
the drive unit 75 creates force sufficient]y.to hold the pendulum 73 in this, position despite contact
pressure 78. Ti& peAGilin ?sofherté‘%r%& %cgtéﬁein I%e %ﬁﬁragﬁ%gﬁio% d@ﬁﬁa hé §rinding process.
to be machined, the grinding disks 71, 71’ can be

10 changed by means of the robot 10. For this, a
corresponding robot tool 81 and also a multiplicity of

grinding disks 82 are made available in a magazine 80.

The grinding machines 70, 70’ are characterized by a
15 sensor for the contact pressure of the blade 2 on the
grinding disks 71, 71’. The measured signals of these
sengors are transmitted to the computer unit 20 and so
can be taken 1into congideration 1in the movement
sequence of the robot 10. As a result, it is possible
20 to still also machine blades 2 which deviate from an
ideal sghape. The result of the machining process is
therefore no longer only dependent upon the geometry of

the gas turbine blade 2 in the initial state.

25 Should it be proved during machining on the grinding
machines 70, 70’ that the blade 2 deviates too much
from an ideal shape, then it lands in the container 60.
The same applies to such gas turbine blades for which
it was determined by a sensor that they did not feature

30 the type which i1s taken as the  basis for the

statistical average wear state.

After subseguent and successful machining of the blade
2, this is placed next to other, already machined
35 lades 3 on a conveyor belt 31 which brings the blades
3 out of the radius of action 12 of the robot 10. In
this cage, the belt for transporting away 31 must not

be constructed separately from that for the delivery




WO 2009/007121_ 16 _DCT/DF2006/0056723 another defect, the grinding disk 71 is automatically
moved away from the workpiece. This takes place on account of gravity which returns the pendulum
73 together with motor 72 and grinding disk 71 into the 5 neutral position. Damage to the wc hpiece is
avoided in this way. With reference to the schematic representation in Fig. 3, the principle of operation
of a. magneti¢8enssiBL 186 -checking the typeof a blade 2 witicH %ﬁ%l@i%@ HweriS of the gripper
arm 11 is now described. The blade 2 is guided past the magnetic sensor 51 by means of the robot
(not shown here), in fact preferably in a plane parallel to the profileThe clearance 52 between the

magnetic sendfr 51 BndithegritipeP A L i this C55e i SSIBERT if Yepehdencé upon the expected
blade type sorthatforsibladewidse expectedisiade typefa definedciearancab8bdtween the tip of the

blade 2 and the magnetic;senser 5k ensyes 20 Jhe-magnetic,senser bb.seads odt a signal in
dependence ypon the clear%g1 e 5%SV:\LI|8I§£1 can he processed by the computer unit 20 (not shown
here). If the clearance 5395 Mo n]lgalntalneél, the blade 2 which is located in the gripper arm, 11 is not
identifiedas a blade 2 of the type which is taken as the basis for the statistical average wear state, and
the blade is rejectext df. theoclearancebigtoortargeintheicase-of ablade 30:2,ratianblade 2 is not

located in then%(m%{@%ééotf@i%?sqél does natdelivera signal. he,processristhen also
interrupted. If the blade 2 is longer than the clearance 52, L;caggot b%%g%de&p%%m? sensor 51. In
this case also? e Procesixan s 35 mtsiipted and fhebiade 14 Fejécted. Mcsap aatenu claims 1.A

merhod for reproddeihgsan optimizedesntetr & motor 72. Motor 72 and
10 grinding disk 71 are arranged on a pendulum 73. The

pendulum 73 is rotatably mounted above the motor 72.
Motor 72 and grinding disk 71 can therefore move on a

circular path 74.

15 In order to accurately adjust the position of the
grinding disk 71 on the circular path 74, provision is
made for a drive unit 75 which is connected to the
pendulum 73 wvia an extension arm 76. A tension
measuring gauge 77, by means of which it is possible to

20 determine the contact pressure, which is indicated by
means of the arrow 78, of a workpliece (not shown) on
the grinding disk 71, is located on this extension arm
76. Ag a result of the contact pressure 78, a bending
stress specifically ensues in the extension arm 76.

25 Naturally, optional other measuring methods are also
pogsible, however. It is also conceivable to design

the drive of the pendulum differently.

In the illustration, the pendulum 73 is located in the
30 grinding pcsition, i.e. in this position the workpiece
iz fed to the grinding disk 71 and the drive unit 75
creates force sufficiently to hold the pendulum 73 in
this position despite contact pressure 78. The
pendulum is therefore not located in the neutral

35 position during the grinding process.

In the event that the drive unit 75 fails, or the

contact pressure cannot be maintained on account of




of 1-Trs= flead'va edges of gas turbine blades, in which a gas reseal= bladedl);, means os a combater-
corn:rolled robot (10),a guided Test one or more grind:its; machines ( 70, 70' )so that as E result Or
following a. movement sequence which is stored in a data memory(21)thedesiredcontourisachieved,
10 characterized in that the scored movement semoence is designee for converting a blade from a
credesermideli&tatiktidaPaverage wear state into ah also previotisiy/determinedtPorréaiculated design
contour; and in that the contact. cressure of the can turbine blade on che grinding din): (s) (71. 71") is
measured and taken into consideration in the movement sequence of the robot (10) so that the desired

design contodtis sRRieveEd F&GardlesEbf e P Eortictit ahd wear Bf i gfindéne disks. The
method as claineddn elaim 1 feharadterzeddnktbatthe robot (L) is.amqrippetawith @suitable gripper

arn} (11&, depghegmntﬂoorbtbe blade teme whichis t?f@li%mﬁ%hin%%éWhﬁé%inm@rﬁob@tB(lo_) can'7 3
yrferabls oxcie e e AR 1, auelipl e Jlmoiod g et it cim. o
de:sendifig cavtiteladefisehihich istBTBEmachinedtwHEre? i fobbt(16)0 1 ded
can. zheferabi:merchande=the grinding disks (71, 71') of the at least one grinding machine (70-, 72")
actonatically. WO 2009/007121- 18 -PCT/EP2008/005648
With reference to the schematic representation in Fig.
3, the principle of operation of a magnetic sensor 51
10 for checking the type of a blade 2 which is held by
means of the gripper arm 11 1s now described. The
blade 2 is guided past the magnetic sensor 51 by means
of the robot (not shown here), in fact preferably in a
plane parallel to the profile of the Dblade 2. The
15 clearance 52 between the magnetic sensor 51 and the
gripper arm 11 in this case 1g selected in dependence
upon the expected blade type so that for a blade of the
expected blade type a defined clearance 53 between the
tip of the blade 2 and the magnetic sensor 51 ensues.
20
The magnetic sensor 51 sends out a signal in dependence
upon the clearance 53, which can be processed by the
computer unit 20 (not shown here). If the clearance 53
is not maintained, the blade 2 which is located in the
25 gripper arm 11 i1s not identified as a blade 2 of the
type which 1is taken as the basis for the statistical

average wear state, and the blade is rejected.

If the clearance 53 is too large in the case of a blade
30 2, or a blade 2 is not located in the gripper arm 11,
the sensor 51 does not deliver a signal. The process
is then also interrupted. If the blade 2 is longer
than the clearance 52, 1t cannot be guilded past the
sensor 51. In thig case also, the process can be

35 interrupted and the blade is rejected.




characteristic variable of the gas turbine blade (2) which is to be machined are checked. 5. The
method as claimed in claim 4, characterized 5 in that gas turbine blades (2) which do not maintain a
limiting value for the measured characteristic variable are rejected before the m dgllp . 6. The
method as claimed in one of claims 1 to 5, 10 characterized in that gas turbine bla es“?Z) in the case
of which the contact pressure of the grinding disk, (71, 71") which is measured during the machining,
lies outside a determined tolerance on account of shape deviations of the gas turbine blade, are
automatically d5rejeeted.- 7=~Fhe method as claimed in one of claims 1 to 6, characterized in that
movement sequences for a multiplicity of different blade types are stored in the 20 data memory (21)
and can be retrieved when required. 8. An arrangement for carrying out the method as claimed in one
of claims 1 to 7; compriding"& cbftpuiéiicontroiféd tobot ¥10 for the Glidifig of &F dividual 25
compressor blatleq2}, atdedstonesgrinding machine: (7:0; 709 irrtlreiradius of action1(122) of the robot
(10) for the metal-remgving machining. of this gas turbing blade (2),-and:alse &gemputer unit (20) for
controlling the‘r_qut 10), Whicﬁhtcomprjsle“g a data 30ﬁ@§g1@ocgy (21).in Wé‘:il%h tbfw)" m%\/oq[gent sequence of
the robot (10) 7'Stored; Characterized in that the Stored movenent sequence is designed for
converting a biadefiony a prsdetemiinedstatiztical avéfage wear state intd &fatso predetermined or
crecalculated desigs.cantour;ang-inthat the-atdeast ane: grinding machide {7027 Hzhas a sensor for
the. contact pressure of the workplage and its measured.signal qutput is connegted.tg the computer
unit (20)18A10 2009)007121- 19 -LC/8108 5 648 9.The arrangement as claimed in claim 2,

characterized in that the stored mdvemsnt seguence 15

=g

designed for converting a blade from a predetermined
statistical average wear state into an also previously
determined or calculated design contour; and in th
the contact pressure i the gas turbine blade on the
., 717y is measured and taken into
consideration in +the movement seguence of the robot
(10) so that the desired design contour is achieved
regardless of the initial contour and wear of the

grinding disks.

The method as claimed in claim 1, characterized
in that the robot (10) 1s eguipped with a suitab
rripper arm (11), depending upon the blade type which

1is to be machined; wherein the robot (1.0 can
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characterized in that provision is made on the robot (10) for a gripper arm gripping gas turbine
possible; wherein the exchangeably designed (11) with which the automatic blades (2) hy their roots
is magazine (40) for different gripper arms (41, 42, 43), from which the robot(10) can be fjﬁﬁhgtically
10 operated;and wherein in addition provision is preferably made for a robot tool (81) by means of

which an autoffatié Hkehahge?sf the grinding disks {71, 71') on the g Mdchiné 70, 70) is

possible. 15 10.The arrangement as claimed in claim 8 or 9, characterized in that the movement axes
of the robot (10) are oriented so that the non-cutting time elements _during movements perpendicularly

to the grinding"@RkI71°715 aré a¥ St HSpassible’20 93 5The HrtanGemert 38 clafed in one of
claims 8 to 1Gytcharacterizedin thatprovision is=maldedfoeda-sensor (50) for measuring the length of a
gas turbine blade (2). 25

5. The method as claimed in claim 4, characterized
5 in that gas turbine blades (2) which do not maintain a
limiting value for the measured characteristic wvariable

are rejected before the machining.

6. The method as claimed in one of claims 1 to 5,
10 characterized in that gas turbine blades (2) in the
case of which the contact pressure of the grinding
disk, (71, 71’) which is measured during the machining,
lies outside a determined tolerance on account of shape
deviations of the gas turbine blade, are automatically

15 rejected.

7. The method as claimed in one of claims 1 to 6,
characterized in that movement seguences for a
multiplicity of different blade types are stored in the

20 data memory (21) and can be retrieved when reguired.

8. An arrangement for carrying out the method as
claimed in one of claimsg 1 to 7, comprising a computer-
controlled robot (10) for the guiding of an individual
25 compressor blade (2), at least one grinding machine

the robot

Fh

(70, 70’) 4in the radius of action (12} o
(10) for the metal-removing machining of this gas
turbine blade (2), and also a computer unit (20) for
controlling the robot (10), which comprises a data
30 memory (21) in which the movement sequence of the robot
(10) is stored, characterized in that the stored
movement seqguence 1ig designed for converting a blade
from a predetermined statistical average wear state
into an also predetermined or precalculated design
35 contour; and in that the at least one grinding machine
(70, 71) has a sensor for the contact pressure of the
workpiece and its measured signal output is connected

to the computer unit (20).




The arrangement as claimed in one of claims 8 to 11, characterized in that the grinding machine for
the metal-removing machining of a workplace which is applied with contact force at the V\@H@n oint
30 comprises a rotating grinding disk (71) which is driven by means of a motor (72); in that the grinding
disk is displaceablv mounted in the contact pressure direction on a path; and in that provision is made
for a device (780760t /t8atirg a defined contactgressure (78)°43/Fhe arrangenreht as claimed in
claim 12, characterized in that the path (74) on which the _ dine dish (71 is disrrlaceaiie lies in the p1
a a. grinding disk and is rectilinear or sire 14.The airahr.ghm2ntasinsetclaim characterized in that
provisionfor a nerinulun suspension. (or the grinding dish (71), pceferahc also for the met(77). The
=,mgemene a8 claimed intene ci{malkterbhcharacterizéd imdirat thenpatiol@dnon which the v

disk (71) is di%g%gagg@ii§g@simpegf§epcth§gig\;lggle&@ntigf faillwe of.the.device£3) for creating the
deﬁnedconuﬂ?ﬁHES%g%tﬁs gripper arm (11) with which the automatic
5 gripping of gas turbine blades (2) by their roots ig
posgible; wherein the gripper arm (11) is preferably
exchangeably designed and provision i1s made for a
magazine (40) for different gripper arms (41, 42, 43},
from which the robot (10) can be automatically
10 operated; and wherein in addition provision @ is
preferably made for a robot tool (81l) by means of which
an automatic exchange of the grinding disks (71, 71°)

on the grinding machine (70, 70’) is possible.

15 10. The arrangement as c¢laimed in c¢laim 8 or 9,
characterized in that the movement axes of the robot
(10) are oriented sgo that the non-cutting time elements
during movements perpendicularly to the grinding disk

(71, 71') are as small as possible.

20
11. The arrangement as claimed in one of claims 8
to 10, characterized in that provision ig made for a
gsensor (50) for measuring the length of a gas turbine
blade (2).

25
12. The arrangement as claimed in one of claims 8

to 11, characterized in that the grinding machine for
the metal-removing machining of a workpiece which is
applied with contact force at the working point
30 comprises a rotating grinding disgk (71) which is driven
by means of a motor (72); in that the grinding disk is
displaceably mounted in the contact pressure direction
on a path; and in that provision is made for a device

(75, 76) for creating a defined contact pressure (78).

13. The arrangement as claimed in claim 12,

characterized in that the path (74) on which the



(.7rindinm aHv-h (71) is automatically moved away from The work=rece, -oreferahl..on account of
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the grinding disk and is rectilinear or circular.
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14. The arrangement &8s claimed in claim

5 characterized in that provision is made for a pendulum

suspension (73) for the grinding disk (71}, preferably
also for the motor (72).
15 The arrangement as claimed in one of ciaims 12
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