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whi ch the contours of the*B8&8i ng edges of - used gas
tur bi ne bl ades can be machi ned. I n gas turbines,

bl agesionr enus atkrRNRMENTt FORC mw&mCESbﬁggAgn@lukﬁmE
the turbine stage. These bl ades as a rule 10 have an.
airfoil profile. In order ¥¢*RE%hi eve an efficiency

which is as high as possible this profile is
idual _turbin

|.ad f di
?age %%PFQSP f%f%r%pﬁfnszdga%% gaégsgntﬁérspgﬁmﬁpﬁgby

ofieghe |aefadivhgckdgdie 16ohhothe quel thef lgasiigr bedess of - -

tHEeB'QQspES§EH£§ LEQHRL eSS bée&+eﬂfn£&ays a highly

significant role since it has arge influence upon
the output of the entire system The conpressor .

bradgsswhiiebiaee, upedds hb@rasaaeb6e50ﬁﬁe@heh@w&p@%ssor

in_the coyrse time_as a .result dynam ¢ | oad
| Bgkhe Sourss PLotiMm as . nesult ol setodunamc Load )

pbaee pimntsirfail clpredidia.t ut eIa spedénl HoOr modifiegas an
tgf?aegen§96§ﬁlcﬂtggragnéhgﬁnggspagglSéa”Ehﬁsﬂpnglle is

consi st of”ingeste of ot her so
pPBEERiFe@s. fo% sheeshlades dvi aerbnsindiormdunl i duabine

SQ@Q&eOf bQ@t Bka@ﬁ§see kehenaY1bAS$8S a0kt REPRWRKE 1 1ing
gn ocg %he ot her hand, the individual bl ades
0% ?l%% £

$8nsive in their production so that
a regular exchange of damaged bl ades by nem1parts

dggs Qﬂg S%%@ldtocg? pra tIE dbb?ésls Eﬂere %Pecpres yre

requi rement to repalr amage ades COSt-@ Ve
secrhaessbe FtToenaylafs t ke pdwdrlypl aignidicant role

i gereased agai ny BardS nkealhLeOlpRUPldfe REIQSuUSEs Bhe
nmet hod 1s known in
entire system. The compressor blades which are used

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

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-
intensive in their production so that a regular
exchange of damaged blades by new parts does not seem
to be practical. It is therefore a requirement to
repair damaged blades cost-effectively so that the

efficiency of the power plant is increased again.

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

nt byCTEZERRAAS/B8P5648 o
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whi ch the | eadi ng edges of damaged bl ades are manual |y
reground. The aimof this machining is the WD
2009/ 007121 - 2 - PCT/ EP2008/ 005648 conpensating of

uneve or this, each bl ade
v?@@if?@ﬂoijla mechanic td a. grindi @bﬁ%'g@%%gr{ém%%
Wth this method, however, as a rule only the |eading

edge is able to be sm)othed W thout giving 5 it an
opbiperedt shapet bé@§U§én§B§ﬁ§ugh tieg pEBLFl e &ffch t pdade

rggLeund bkagde;na;lopagh 1gonespondentaithalo 0 rifeWng
part there are nore_ favorahl é or |ess favorable cross

sBRESRS - i n t HethedigR d\‘ebc}?%ifl eBaVRGSEdgéSofd power o1y
pLaat 1@5@@1&@ éeg@hlbaamdl t@Cbeefsfr@@)ﬁ:&edeﬂr.ﬂth@utlglvz.ng

eff|C|e ower [

(3P- AR % ?’ﬁpq 'S ?ﬁ?%e%)n%af%ho‘ﬁ%mgﬁ?opﬁa\%?

i hdev ireigarlouwdr lhlraagiestrecpsloageredoamﬂeswndsoktm sththriaf a
t [ [ Sorl o]

E% %ﬁ%ﬁ @gngg%gk?hg' geV|at|ons %romt ég@dgéypggble
r@SQFF Fectiomse HRcih g e5891P@an 9in Ehe dgselipg edge of

nBAwal PRGRINIBIGGE NEEi £9bahTeC A | &f fddHWigon the
pr edet er m ned_nobvenent , sequence, %ia%% are suitable,

h@%@%@?‘en@rﬂ? f bRet FREHBR PRV Y nponents whi ch 20

fromthe beginning lie within a relatively close

bﬁo'%%?”ce %B?Cg gnlJ%n Ig%O%%%%6%f gasi!“%gl%%rthe more

e ca
newopar ts. haﬁﬁa lm@m’n(ﬂ@@ll SIOEESEG @r‘?elpﬁe @hjeiad oput by

I 9959!5nm&ﬂ%@%m&n%eh@m@g@d RWBIMIRIANS £ b'c@ﬂ@‘én‘é@ts
t he effect_ that nmeans of an_aut orF{at ed machi néroqn othe

t he BFﬁde%fﬁa%'f 66@. nROER PR odats FEBEaFears
aghkeved. rédbelsohyt hopuaecordunglest hrahnventhencbsesof

th t hod and gl he
BEBP B ng 0 THE | ndcpERTEnt o COAR AT Aedil 1o 2

dpveﬁepaeminedesmmvemémbnws¢®udepandeﬂﬁacl@mws.suntabée,-
CASG Lt hgorﬁ? hed,accor dinglioithe HRYedMherds | @hich

reproduci n optim zed contour of the |eading_  edges
ofrgas thebi hegbhades, aigaswithbrneabl 4§dathyelifeafdose

Of o RcEQARHL 8h260ntH0! | € EBBOLaskS ogULEed thasline blades,

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

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

optimized contour is repeatedly achieved.

The solution according to the invention lies in the
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
for reproducing an optimized contour of the 1leading
edges of gas turbine blades, a gas turbine blade, by
means of a computer-controlled robot, 1is guided past

one or more grinding machines so that as a result of
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one or nore grinding machines so that as a result of

WO 2009/ 007121 - 3 - PCT/ EP2008/ 005648 followi ng a
novenent sequence which is stored in a data nmenory

the desjr contour is achieved, mhereln t cant act
pr%@s%$%9ggot%%lconpressor bl%dé on theé® @%fég%648
di sk(s) is neasured and taken into 5 conS|deration in
the novenent sequence of the robot so that the.
désiliedinontonpvesenthbedeanregahdrbsssobtprhed ini i glata
CABLOLY ANt Wedliobdt h@oﬂtwﬁl ng dhsksevdhe wﬁteqr@tch the

nmovenent sequence i s designed for convertlng bl ade
fﬁeﬁtacbre@é@élsﬁirﬁed o atq AVETRRIECIRRA  SPERES 10T nt &he

a@r@h&QnQF edagi gkmsned @k preeakaukat edadasi gRaken  into
tour g arr.an ?pent accord| to the %ngent|o§ e
fSPnSFSEF% L ng ar BEp IR TEE o o T ThetiealPRGE S°
edpges the dfesgasd urditrairbliatdesclooaped sesgardless of the
co ] r ol 0 r t ' f
RS Gl Ry Fhd Ry G (O DHLALBSAG Blice, | T
nﬁéﬁrﬁ@ mweﬁ@%v%%%ﬁncer aﬁ$u§e§ﬂ9flﬁé rigHot cPBYS¥RENg 2

Bt akel &Yt NE PREHSHSIied t Bt St DS aldrBigRe adestate
and al so a coqgut%aa$nlt for 20 controlli.n the ro%Ft
WhER cOPprise SEHENGISA | IPT whrEr i, ign

sequeoce.of the robot is stored, wherein the at | east
one grinding machi ne has a sensor for the contact
pressure of the workpiece and its neasured signa

oUhput dxranamsstted eecehdingnpier 2BeuniinveHeion  for

3&8ﬁ§9dﬂ@¥§§e%h %%ﬁ%%%%%dScQﬁ@b@Pe@foﬁuaCP@X&I& NB8ades
bl ade froma predeterm ned static average wear S

ate
|ﬁf09%$zﬂ@%@kﬁ%dE@é@ﬁ?né&“ﬁrkﬁ%%a?c&PHPé&erd€§P§ﬁ°lled
cogboeur .t The agtuaagegerdf aceor thagviauahe gam/emtmrmne
h grlnd n machi ne, sui t.ab
el ng i L oFie BNl s aragtiB¥, HE' Mhentrasment
f padiesabf throvphgtnméohi hhegmetaad- m@mbpnegemmhhghlng of

aQHkée%a‘é" taﬁ%& afl o §0r Cord 16 War Kifg, Nty e £

grindin chine conprises a rotating grinding di sk
wePrhrPslingi Gea ﬁybgtmwbtchm@m@rtﬁasna dpsR waRoBE in

which the movement sequence 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

. unit. The stored movement sequence is designed for

converting a blade from a predetermined static average
wear state into an also predetermined or precalculated

design contour.

The arrangement according to the invention has a
vgrindingqn@chine; which. is suitable: for carrying out
the method. according to the invention, for metal-
removing machining of a workpiece which is applied with
contact force at the working point. The grinding
machine comprises a rotating grinding disk which is
driven by a motor. The grinding disk can be

displaceably mounted on a path in the contact direction
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di spl aceably nounted on a path in the contact
di recti on WO 2009/ 007121 - 4 PCT/ EP2008/ 005648 and
can have a device for creating a defined contact

pressur e, F|r55 of all, sonme of the terns mhlc%

us®d 47 R H07 5 he scope of the |nventléﬁvgﬁgﬁ1égg§5648

expl ained: The term gas turbine blade is generic and

i ncludes both the blades of the conpressor stages and

t hode coin thevet ar Blawat afes. cre@aTheadidf f éekhmed contact
c?gggggggtion of bl ades of the individual conpressor
stages and turbine stages of a gas turbine is covered
by bl ade type. Al so, blades of the sane stages of

diFfo:@EeE’otf ROMIEr $drat Sfasha rtlélr@nsarmﬂuclfh dardbused within
ferent bl The ra f acti r obot

de
rE @rEC?Betﬂg F%ﬁggnYﬁnthﬁ?c r%%d?‘qgﬁugi I'n

the case of a stationary robot thls range is

d@ﬁgrghgﬁd8%¥ Eﬂgbgﬁélgﬁghée§ghg%5ergg éﬁé gﬁ%ﬁﬂabgnboth
I'S capabl e of "guiding I ndi Vi gas

t Ghbi dadgsades phsSt IRTRHASSRY aPePEes t PRE rFAEmene’f the

TheH9Ret cthSepreferably conputer-controlled for this

and has the 25 necessary degrees of freedom for the

machi ning. This for exanple can be ensured by the use

ofha dﬂﬁﬁerehalbynfagakhabbﬁ 6fakiladesbot. theeindividual

myenent sequence of t r.0b r [ a
n%ﬁ%?resﬁ?ovF ﬁsléﬂlpre %?% % ?88%g %% Ep ﬁ ? Eﬁrblne
dasaunﬂnqdfhw éﬂaﬁanﬁypgllmﬁ%ﬁqﬁ h@@@ﬁénpf the same

S@QHSQQG%ﬁ odp§fé£&ﬁ@dpomkcrblé‘rﬁﬂs bgsr et ri‘@l@dare of a
dependi ng I:,gon the bl ade type which is to be
éﬁﬁﬁéﬁnt teferkoPR; it is preferred if, the robot

i's equipped with a gripper arn1mhich I s mat ched to

t bl ade whi.ch b d d

oA catauE” BE BEr %l Ried (PHE HAnorat rearhe BroRgq LR
uphand phace@bmmmnaﬂNmmmnacﬁnmdhychd#er@ﬁtabbadelonary
t¥888tm”Eﬂlgh§a§8gelgrﬁgeg§ﬂﬁﬂgd b& ¢fa Rgx1mum reach of

advant ageous robot can automatically exchange
t Reegekppesian nfrm.

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
necessary degrees of freedom for the machining. This
for example can be ensured by the use of a commercially
available 6-axis iobot. The movement sequence of the
robot 1s stored in a data memory. Provision is
preferably to be made in this data memory for a
multiplicity of movement sequences to be stored, which
can ‘be retrieVed depending upon the blade type which is
to be machined. Furthermore, it is preferred if the
robot 1s equipped with a gripper arm which is matched
to the blade type which is to be machined and which
enables gas turbine blades to be automatically picked
up and placed down. ‘When. maéhining different blade
types with the same arrangement, it can be advantageous

if the robot can automatically exchange the gripper arm
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WO 2009/ 007121 -.5 - PCT/ EP2008/ 005648 in order-to
ensure an optinumgrippi ng of each blade type. For
this, a nagazine is preferably provided, in which the

gripp t he robot are access

/HW$ gé@86§@7£${ndlng machine i's arran3k§%ﬁ?%ﬂ§§}06%648
radius of action of the robot. This is characterized
inthat it nmeasures the contact pressure of a
wonkpinstsr oot kasugei rdl ngPEiBRN TEiLEPFBEs ffededahublade
capphe trpsmitied 10m50,1hee COEPUHLBEcYRLED E)%b&@le& in

thé robot and taken into consideration in t
mpRéRBnttReqgERBRSEf RS r 685t . SRToRSERGe Ty, ACRESSTPLY
r asdk-bgof the machining process is no |onger
excl usi vel y dependent upon the geonetry of the gas
turbine blade in the initial state. Deviations in 15~
t he geasetpmecgmibdinakaChmne dsngtdenaﬁﬁodnr&bﬁeﬁa@¢u5
cagparsan oy It TRAS ed gonLacL B Wﬁ%éHE@r%éH a0 that
gal” val ue. he optim zed contour, I'S produced
optr EPPGUTESEd tHED Gan e rRISRRILR COF diin&jot-’lﬁp%ﬁ%e on the

| Byenlhag. ekt he ®ass ﬁéﬁé&f@ﬁkW§ﬂ@e(@bﬁob@akh%@smltted
design contour) is irical

enp d or the al |
dEQetbFe FOBPUEELl WhigReGOTAER FdF § £6°f ﬁséﬁ%FBn%nto
peevsibenatsonnmade the andwgpiesed mequestat@ﬁﬁthe robot.

turb bl be .d
t SPREREeERELE, LERE, FRahleoBsl The" ReRfilniREPpERRERY B no
f Lomoarmexdipisisietly oflependrits, uppef éﬁ“@bl%ﬁqf@%ﬁﬁlfabéﬁt the

‘1ggstQu§QQnQIQQ%%e‘Ehf%hépﬁﬁiﬁi&ltM@&teFurbEQﬁﬁﬁﬁﬁns in

t Ol erance ranges around his statisti aver age
sthee ggCBSSTSf &PabIRP 3@%%@.%60 FPRAR emFeﬂn ﬁgr by
t@bl&paelbbadeoﬁamhkée me&sandilt ienathaccordsagreo. thtal an
' % |9/_n1 ..... As explained further bel ow, bl ades

Efl V&'8Gtside this tolerance range, or those
bl ades with which is associated a machi ni ng program

h h;ih e I
D et B e et b éﬁr?é%?é%zﬁﬁ?@md
(for Seanpeehed gagcostiaggtte oF invention, of the gas

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

made for a typical wear state of a turbine blade type
to be determined, preferably by forming the statistical
average of the actual state from a multiplicity of
blades, preferably from about iOO to 500 blades, of a
specific type. Furthermore, tolerance ranges around
this statistical average wear state are preferably
defined, within which a gas turbine blade can be
reconditioned according to the invention::. .. . As
explained further below, blades which lie outside this .
tolerance range, or those blades with which 1is
associated a machining program which does not coincide
with the selected program, can be detected and rejected
by suitable measuring (for example signal strength of a

' magnetic sensor) before the machining process.
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magneti c sensor) before the machi ning process. WO
2009/ 007121 - 6 - PCT/ EP2008/ 005648 The
par anet eri zati-on of the grinding nmachine is carried

2 e TR UOTATY oot orr e ottt TG ATCRAGE 5048

wear state into the also predeterm ned or
precal cul ated 5 design contour. The measuring which is
pr@lEédamﬁéééﬁéﬁhgoﬂoofhéhﬁngéhﬂﬁéﬁgoﬂaﬁhén@ohﬁaéﬁrrled

pssgsyﬁesgﬁh rah@,apl %@Lgtwah%hmb%htlalg@ ebnedcenvthes a

prefera the grindin rinding
nlaéﬁiiﬁe r&m oWs‘eeQEﬁdle Gr-aéal aﬂ"e %Y%a%gm PRar

aptdei nthh¥o dugthe \Am‘rs@orﬁmdeteadmmchd wirt t edeyalculated
deviates fro the average statistical r stat

SS?FFgPiegong%Pﬁrn th@kFolgFgﬁggngngg m?% %re 5?§lded
beccondémgedo dﬂnp!émeéwtnmntofaﬂhﬂxﬁpnbaqnnprﬁ$@urheof
FﬁgetSﬁghgedwﬁﬂ%§EQQ§“”Eéﬂ”beDfﬁi@ﬁﬁ@ d bgnnegﬂé oftool
al'lT'owance I’ n novenent ‘sequence of the ro

ahBr8fehyPhBakd o ra nddingp|Hedabl f nblidt PR§nEEngHRachine

galNEwBY. eébﬁg %Aaﬁaldﬁﬁ$ulbgsthguBBQQQSIbYagé wgfh an
uri LN det al eac I VI tur,bl ne ade

R e e nuERr arRREoRF ockBs s At sERd LY ifrRe 85" TFom

Theei neeataga tdexeforecahablessr arst@utcomiied, ssiApl elies

am_' fAvhckdr es @%%rgg 983 ?ggrb'tee @{&Seg@red%éngomw&ed

eac |nd|V|du re the ac grindin
pcempégtebﬁlyrh@§taalﬁ¥@me@&@@n¢ornmﬁeth@rpﬁﬁdﬁﬁpr@lned

25e§&§ﬁ'BohB@uQreé@@@é?hﬁﬂytﬁbehéaﬁs banaelewaﬁeé in the
whet her the correct nac mm(g}ﬂgt sel ect ed
A

f@PVF%%ntblsfd%lecr&Fﬁe Ph é?r"n ¥o'fRES ©of a
iﬁyeplhﬁéabléhenﬁxratcin@ctdfal tdkeat grohdeéagh dighk vi duals a

bl ade t hj t he tolerance r anas h ei.t her e
1@” the ?ﬁf?aie%ylﬁ%o con5|d%§§¥|5%'dgF%%lE eaCh
piedpvodrabmni ggsor tuphiaset blhadat i bafofet hehgri rmdphgnlng

PLOSESSS AL &ggﬁéngg@ PLimdi ng machi nes, which are -
preferably tted wth grinding disks of di fferent

consistency 35 and/or size, are preferably located in
thger adiwshtofon therefore enables an automated, simple -

and quick dressing of gas turbine blades, during which
each individual bladé, before the actual grinding
process, only ha$ to be checked for whether it falls
within the prespecified tolerance range 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 within
the tolerance range has neither to be:  determined nor
taken into consideration during the pre-programming or

parameterization of thewgrinding“process;.

At least two grinding machines, .which are preferably
fitted with grinding disks of different consistency
‘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
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action.of the robot in order to thus achi eve an

i nproved end result of the overall machining step

and/or time saving. Consequently, the nmachining tine

WO 2009/ 007121 - 7 - PCT/ EP2008/ 005648 of bl ades,
W H G dtoumt of their profiling red@l/EF2RRCHIONPRGS
with grinding disks of different radii or wdths, can
be reduced since a tine-consum ng exchange of

gef ndilagedi skbichs omn adwweseodf tioaly pnefgiimgi nggBire
MRCHE @i nd S AL CaLh A1 HQT -qille; COrPr&sspL, Dlade of; 5. o
the first” stage o ower ~pl ant tyE_e Vb6 Jf’o!r exarrﬁ] e
réydties FAEhPRI AW £11R8 | 2 gF i REr AgReEmBlngnexchange
aGE0YPAin@ingt 81Bk6f | hkNdn RH&ddd 6@%19]?5{1 ¥hEr gasnding
the . remaini nq'gr{tegl ofﬁ (gag be machi ned with a Iarged
JRATINY 165dM9E FRIERT T &PENt bFABe SOYBESSERGUitde of
gtheadEhgsdi skagec@tsisdwaery) pladif tepentCHimse ot eekample
( I of . titaniu st eel an%/o. f

dllt ?#%lr e%psrﬁéz%ﬂ%lr %\II d‘fjhtf'ljla %ha%%i%f gfu“)ﬁ%%% d(lﬁjé s o
CACAED bk 14 spenseling tin Thereforecodphf evkareas the
bl &fle; 4 IRESr&MorlS B8n MBehhAedi Mo & NPYER 33 1arge grinding
ti me-consum n% changg of grinding disks havij ng_ o _.
t&kEF pl aké. FEELCREPDPE 2GR 5P ITRBH R ThRIiMe disks
rodod i saimh@utodmati €dbkgnexchasge Mdterigilisndi(figrdi 8k8mple
0 he. grindi.ng_machi nes. For, this, _praqvisi isto . -
o e b L4 T R s et bbBPEY B8] 0 G e S size
pref evigdflty be chbeged | ke dhingingpeliskans canThelsool be
'éﬁéﬁéﬁ&&?b%Ytﬁ.”a%§ﬁdﬁ%&¥éth§PPeP§nE?%gB%@ %?b%gmcan
robot, wt I'ch are to be provided grinding i'sks

- VRE CPRE PR VT o EHBS e I HRE oFhaRg ¢ @ Bngrinding

dsagles t yesingb ulbglisoua%é t@m@érapgemﬂth@m@fd I@I,i ngitt.o is
t he i nventign ows deviations froman, jdealize
I ShafptR of 1F HeODTie P ots FUPF HeP bl B h e the
spnendiiradediake wegradedytindgunh aadédnee.t hatox this,
r Lare excl usi yel al-r ' \chj nj IS

0 | olnsgl(tegrh ai(%ollsilczi %?I %ﬁtaég ff:a% S dpgr '%%&%erj{%g@.t c%goeﬂ tool
bétiore ewmmeneéaeallof behehaagedallikemddis nimigoper arms.
PRAcesSo1 the prdExigHa, gasalizRnee 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.

Also, if the arrangement according to the invention

- allows deviations from an idealized initial shape of

the wused gas turbine blades, then some blades are
degraded to such a degree that a repair by exclusively

metal-removing machining is no longer a possibility.

- +In.iorder, 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

the component.

This characteristic variable for example can be the

chord length of the airfoil profile. If the measured
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bl ades are preferably guided past a neasuring device

whi ch neasures at | east one characteristic variable of

35 the conponent This characteristic variable for
can_be the. chord length of the airfaqi

pr%@|¥%09 $0The! measured WO 2009/ 00712 FCT/§R2008/005648

PCT/ EP2008/ 005648 vari able of a gas turbine bl ade

falls belowa determined |limting value, then this

bladéabse prodf eraabl gasej evrbdnbef drl@decomiEnclehenpedbpw a

t 88 BBhdheq rfﬂRﬂ%QQ%”H%%!%bng @héﬂ ordefsto e bl e

to reject blades are not of t etgpe which 1s
tBkeheEsbLYie NeaSiCE SForbe frre seaMmenFeBr by &fagehaeaetal -

st-ahevbeEonechheiAgchi ning process, provision can be
made for .a magnetic sensor. 10 After gripping the gas

turbi ne blade fromthe box, the robot then guides

t bhs prdietrh t bdead&blgp%d;epg’eden&)la(deesanmm; gastnbheof
mpgaet| ggée”%% W N S0 doipg, t ES %%%t%£éﬁ§ {sé‘?e the

i S gU| past “he sensor par al its profile,

wBEehihecfen@AYERFIS hevegas ﬁ‘eabfenebq®lb¢ adé’lebaﬁ‘aﬁélnlng

dgi-eckbed, Yrdvibeohelddn @égmaaeoffotrhea ﬂ@@ﬂsu@ sensor.
sensor (for exanple with reference to

al
sf*?’éﬁﬁt H)flpptmgaﬁhebga&ettéﬁﬁlﬁ’@d W%e’?r%f“ g'é]ée bOX' the
t uobbne tb‘léi’degoﬁdébe thespeaiifihedat Yieads afpenrdebendent
t%ge was g 6The sensor. does not return ag S|1gnal

FF-fio” Ur Pgdgagél onl vy ASSel | turby ne”bi'a

wass grirpped bladhelseggtﬂedfpasgrtbpedegagrtnabahéel to

bl ade . 2xG8eds fHhe afienenent i qred el eaf ar&ﬁ% 3§§‘éjs SQurblne
does not at _all” reach_the neasuring fi el

nagneei cagerkordevsctador défia ot e nmt%nasswlasof the

PRs§hbt €ct heertkat at (f¥s ewhAppleachi thngdf@rfgase to the
t ur bi ng bl ades xes of .t he Eobot S $re ptgf er abl
art gided sggeinﬁxgth t’he ofifButls ngetTT "G “ara

statbinas pdssiebl @f duheng:mmmﬁi&d peypendircubfar ahother
t f
Eﬁ?g\r/{évggl gglﬁgggl st ance ﬁee?%géxi hCie(rére}lS grg?te E%&Sﬁ?s Slﬁnal

gt £ndpngudbsiret blede, workpneéreabeinaglabhsbine 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.

In order to minimize as far as 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. As a result, the
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
arrangement, provision can be made for a device which
introduces gés 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
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to be accurately adjusted. In order to ensure a

conti nuous operation of the 35 arrangenent, provision
can. be made for a device which introduces gas
turbi ne bl ades which are still to be nachined into

t O radi UsP Ol %kt i on of the robot and RATHAEHEECES 09F648
of this blades which have al ready been WO 2009/ 007121

- 9 PCT/ EP2008/ 005648 nachined. A multiplicity of gas
tmabhieedl ades carltigrleferabl yfbeyegat herbintoddtadtrrs | pan
b ’ hi i k Logistics . jer. :
RLEEet il Hhreeh FoProiatt od fipy 7 ©OF chis,
operali arrkes pdegilitacss Fagierai nedvnempddsbaxi caich a-
coEprises f@?hﬁ&%ﬁ@&ﬁ@@ic hang} | 0 SaqUSNces fiisdiffie .

operation of the described arrangenent. 10
Furt hernore, danage to the gas turbine blade, which

priedi kil red epathody beeans: 10fy t Bempriasger®id preferred
acconfling Lo the tnvention, can also StLkl He eserivea
SHRT T AR d SEFTRG St e gr TAG nP Broceds. OFr e describe
neasyr@enednt act pressure exceeds tolerances which are
15 determ ned and stored in the data nmenory, then it

can be concluded fromthis that the workpiece _
JENT BRRSNeHR  MFERIE oRPt HE'G dEEF | FR¥PHPS gddmeiery . which
Theowslsi t¢Ir bane rdfadde Wiy ChmkeSnkn RIOQr&ss Cabrangement
subsequent |y be t_[eé'ec_ted. E}/‘I means_ of th(f nmeasur, b
CETLEN B eadir e, PIE 20 FFPGARELT on G t hELPGbOE .
adsepeimed er dunedyg | thef ogréxdipbe @roalests.axi s If  the

0 i r r :
ONEES 20 PEEE S pRegblite coholoddl RIS SIeey are
t FREGFNHRhgratsREOERE dnit iflee PrbRedSmeaN bdhen it can

| ¢ eE6HBL 8ded ASram! @Bkt tofa tSUGTe afb A& B 088EYaSE HPt oo

extensive damage to_the gas_turbine blade and/or to .
p}‘éﬁ?e% E¥SFhEhE, rlgﬁ@énéﬁtlgcéé‘&orgcﬁ%ttré(- t e et FeRbine

dsldde pawhschf tike ain angesgnéswhi echnar esubbsegrigrad f orbe

CALT 4081 OUtad NEC IEL MRl - ASORLALDDC S OcbiiEact YELLLSL:,
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 1is in
progress too hard against the grinding disk, the entire
process can be interrupted. As a result of such an
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 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
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
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The cl ai med arrangenent can conprise a. particularly
sui tabl e grindi ng machi ne. The grindi ng nachi ne
conprises a notor which drives an 35 exchangeable

ndln di sk, by nmeans of which material 1is re
fWQn@Q PRPiLéde which abutsifith contaE@T/%?%%%%f%O5648
agai nst the working point. The grinding disk,
preferably together with its drive notor, is WO
200890874 1y - rdurt&KLT/ EPZB08/t00564 & asdi, splthecabbyh of
”REQﬁfgceﬁénEhié 8ﬁ§§%né§ BaEHanthglégggcggﬁnﬁobé away

designed so that can nove_away rom-t

WoERR ngpovarkintergihdi nghei gkindingedeslr és hbeneédre

SRothedat BE ¢8ataGhPIRIHHE GHLNg ACCM At BLY aBcurately
a %ustQGthgneans of dlsplacenent itself. In order _to

RH7 eV MERBYi Sifor SR IREgIenSr i Shlifve BV @EdeTr to

m@émhe@antﬂnme t beoghsndhngi €li slacal ofgrt he derseld badvice

3& thereforghgake%15 e co te% REESSUNE. 4 . ibeg
ab e. 49" The"pat “the grlﬁdlng dFSRETS
nmweu |gnubreﬁ@eabﬁyrerram@bdsexdﬂusuvebwtact pressure

pegpendigularly to its rotational axis. Consequently,
transverse di spl acenents of the grinding disk in
relation to the 15 workpi ece are prevented. The shapes
ofhé& hepeti hsord N wiileh f ikt igiShanee alaesapt ignahovedt is
are gref abl rec Ilnﬁar or _circul ar

TR RE T Do pLrar Bt of M rod TRV o ShRE T TRl it

’ZﬂDM@ElQWQWEd texbe.a particwWearsgqiavonabl e transverse
: Q%%%#%%f%ﬁ%i?f ECQE% | A9 f5¢H ‘%ﬂé% PR BALLRE o the

i S case, the Two components are _
ofiT8 er?g’leélteélxl s Zbeveshamsas ohnthesinatd in

a&wnelwtc hithbeynean add espyieasil | abee 2%d NppEdefably
to be able to detect thesﬁﬁitact pressure, provision

i %= 1 Ledry R&hsor. This is to be

attached so that it delivers constantly accurate _
Y@'ﬂ&ﬁdﬁf&ﬁrthﬁéngioﬁthp%§H%%°%d@b§fE%é”éf%%&%h&'é%sk

has proved to be a particularly favorable possibility

grin

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 that it delivers constantly accurate
values regardless of the position of the grinding disk

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
is correspondingly deflected during the machining. For
the necessary weight for creating a sufficiently large
contact pressure, provision can be made for additional

weights in addition to the natural weight of the drive



10

15

20

25

30

35

30 on the displacenent path. For creating the

actual -contact pressure, provision can be nade for
utilizing gravity. In the case of the pendulum
suspension, this is achieved if the pendul um 35

cHPr e908RAPAGEY defl ected duting the na%%?ﬁ?%%ooﬁ%905648

the necessary weight for creating a sufficiently |large

contact pressure, provision can be made for additiona

wed gbt s aidl /addi 6Forthien ghéndatar aliskei ghtTrof thhe cwrSia/eof

9/ PCT/ EP20 d/
o ERe oriading THCS 1 (ho cdce ot ather "oaehe” oY
sﬁepeespmdmu qieéheqztw\@rnghfanv@eplzothespeﬁeﬁﬁ@ry force

d§££e%&%%@an%aWjﬁppEMnEQEtn%ﬁﬁ§§ﬁﬁ¥aforQ%. fsprpreferred
creatin }g cont act gr essure. Er efe
'| C

FREGETY | § Tt RSO BRT S ppbeSarES 55 o PESF EROLYY idsres of
o& —afoﬁcmx&m@nelelebezttlc -definreveunhtt . ASs aa result,
resul t th created pressure an be ted at. th

seﬁ% tTRete 5 PO der® 1o pro e e qig$ECe 3E%ﬁﬁs
damage in the 10 case of fallure of the drive unit

Whi, C8rh Sy pEQVbQSQeEQV thg! %Lkﬁgeéeeaggnﬁe&:t ABKESSULR: the
provi si on_can grinding disk to be

nevyed e%?aﬁteﬁ?tﬂ’é therﬂﬁft@eeunhtsw%cla éasem%@ed for
eé@ﬁ@il;en@n tReC Otktih t & ¢ gﬁe\slswedwpﬂmsdﬁﬁcr thad be made
pgndul um suspensi on 0 the grindin for exa
g°5ap§%§ ‘%Hv%rt%*ﬁf |§§HI%§V ge®V6¥ a 68 “the
tuobkmee@éadellﬂmehthe chese r edodesexgniont our aaeemt of

?Qvi@%? | eadi ng edge has devi ati ons of about 2 20 to

3’mmrelative to the statistical average wear state

or for exanple when as a result of inaccuracies when

‘gTh@pﬁechEEeQ|@@%dﬁiuhh%u@%ﬁ%klbﬁe&ﬁfaﬂﬂea@ﬁiﬁdlng disk

vi ati ons_of u ard to t a
DEST { PR CwE AL el RGATAGEIRE (OF ( LEH P 95edee
g6 f ndi Bgst aalrbieleatdilweid mﬁﬂte ts}teat ds¢icad desegm nedtour
ayer age, ang Iar sition e
su%§gquegPl$'expﬁ%ﬁé%P%m?%ggeb§¥eﬁ%gqgtl%9ﬁe%ﬁtab%
drawdngs inelwitiicle ite edoh swakeisinical average wear state

. or for example when as a result of inaccuracies when

gripping the Dblade 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
grinding tool relative to the statistical determined

average angular position.

The invention is subsequently explained with reference

to the attached drawings in which in each case an

advantageous exemplary embodiment of the arrangement

.~dnd also -device according to the invention is shown.

~In. the .drawing:

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

machine according to the invention; and
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30 advant ageous exenpl ary enbodi nent of the
arrangenent and al so -device according to the
invention is shown. In.the.-drawing: Fig. 1 shows a

functi onal representation of the 35 exenplarﬁ6
afMCarge@e R0 1Rilg. 2 shows anléxenpl ary BABOBPAEHE/ 695648

grinding machine according to the invention; and WD
2009/ 007121 - 12 - PCT/ EP2008/ 005648 . Fig. 3 shows a
sehegmaBi csheps esent atsichiemaft ithe pepnespheabiomperst i ornhe

of a magngt | or-for termping_th . ade type.
S Fo g ShotsPERE b 8brnatt S0 PoR TR R Bors ERE Tor
of whi chdatgrinppeng arpe lide atyrehed. The nmaxi num
reach of the robot 10 fornms the radius of action 12.
The robot 10 is controlled by the conmputer unit 20
Wil datshovensy y0 22%190rebatt A8  cOv eyt HeYabhy, end of
URRRBEhI Regripedrgasnt Urbinge abtadesql arget haRsROMt edach
|n£o he rﬁglus gfjgctlon 12 of .ther bottlo. W.t h h
i ? DPerCr mt 11, TYWE  obdt TR UEarPigr fptone of - €

t hebetgdd® t us biceatiroddesl 2oy n tdégchcodButtaseun$e tdat with
t 0 n reliably guide the gas turbine
prasEenghony £

a magazine 40 with different gripper arns
41, 42, 43 is nmade available to the robot 10 within

Fﬁ@a%?h@aﬁdﬁ?éybﬁﬂﬁépg Qaytﬁ&?ﬁbWﬁhéﬁthéd(§§% &ﬁrb%ne
itse can e operated s at a gripper ar iC
| BISUPE abl 675 drAHPH e 5 b ERS 300 e HachTHueR 12
i sf atimaysobbocad ed withheétsohotippOxr 2bml b1t hehe robot 10
e | ary e di en Lch i N, t gusnce. of
b?%ﬁggﬁéﬁésgg fﬁi E%%g%hgﬁ%d Egg ﬁ?b?ﬁéﬂﬁ%iagegﬁi FQCh
s¢@®ed in the data nmenory 21 of the conputer unit 20.

For this, it is necessary for the sequence to be

i nputted into the data nenori,Zl. Thi s .30 can take ,
pPACERARNERF | §OPPE 1¢ SRBoTBLiePLY eTURERetRE, 92F oFuFRéNe
typedet Pasatdaphnendl adesidnt aibecdeher grngfer arms 41,

42, 43 1s made available to the robot 10 within the
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.

In the exemplary embodiment which i1is 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 mnecessary for the
sequence to be inputted into the data memory 21. This
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 cdmputer
unit 20. In the case of this alternative, the manual
input 1s completely dispensed with. It 1is also
possible to gather together a plurality of gas turbine
blades 1 in a box, wherein only bléaes of the same type
or blades in a fixed arrangement pattern are always

located in one box. As a result, the input effort can
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by means of sensors and transmtted to the conputer
unit 20. In the case of this alternative, the manual
input is conpletely dispensed with. It is also 35

GG AR \paether oL Ly gyl bt

type or blades in a fixed arrangenent pattern are

al ways |ocated in one box. As a result, the input_
ebPors oadf 19er20g9/BUEEEL -sUEe POV ERNO0S! 00564 8hape to

si@nii hGRRERY pEedNE8dasiNgs 18AQEFBbEPNL DALY, has to
be inputted per box and no | onger per blade. After the

robot 10 has securely gripped a blade 2 which 5 is to
bafreehihedrobbtguindasasi tsep&&tel@ qea@peang (dﬂ\aideez 5Mhich
\/\/hicljéiilocaedlntlge ra%te |tl%lon 12. 3

t hPs tReRSuFPNGdEd cd t5 2 Pag e cﬁlaagéjtrelrrﬁ steyice
vapi afliehofis heodd el 2ni shﬂea@dn@@ di adeigask2 of With
L ghcﬁgp%ra%q}ﬁ&fgsta&v\/@é' 3Bl € Jct fansbehar c@esmlt%ﬁ@eclc

é{fg of the alrf0|l profile of the blade 2.
THermehsar &f viEieiebiadendn conpad e ed- t hdcorpfuit epse of

uahESZQhwrbI&t@rﬁbﬁh&umaaﬂ@/bqre fi&:deEi{nlﬁ@ﬁfBﬁ| ekaiane the

Shoul devi. at i 0 m.n

t FBOBFadenFh s° ?ejtﬁ{lﬁ eﬂlﬁg‘?bf pgfé) ?rg %ﬁf ﬁaédﬁS
nagkbi nhéngsxmeni:esraluanchﬁ hlthwn |cmmpa1rmi cant atimer cédputer
F y j

mafoE 260 Frshy Dt g %@@o%%h@‘élaé’?he'
c&houbéd raesti@VE@ltlgmb@thbarit?r aFP9 areathebex caveriiacd.

afcher bPassi Y thr opghed ey arﬂeqw%n”ea&mlagataméﬁey &an the
O reused in a gas t ur bi ne. , url n‘%ﬂ-ﬁ eVI ce

Qﬁ%ﬁ%% R Yied 26 BT AR RSt 6Bfer e Fgier 60.
beber ecganpacenent ebnthe - Bachdahpgupwheyhewefldéng of

grl edaglagﬁe Hﬁsa%gr%ﬁ E ﬂégd XBetﬁgi%gnkg'hg§e%Ea%an
asrs’'fort tre Verage wear gtate. For
tbesrpstposé,, plbeisi parc:aalbg, tradéhen ekienteadati agter

?Xb%?néo EHEo@gﬂagf‘l@é' Ca SN M mer) Rt showe N Eig- pe

principle of operation of the nagnetic
s8RYEPA51N| 8 GBScFIBRENPN nore detail 30 further
below with reference to Fig. 3.

The measuring devicé can also be designed for being
able to determine, before commencement of the
machining, whether the gripped blade 2 features the
type which is taken as the basis for the statistical
average wear state. For this purpose, provision 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

further below with reference to Fig. 3.

If the blade 2 1is 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 isvfed to a grinding
machine 70 oxr 70'. The use of two grinding machines
70, 70’ offers the advantage that two grinding disks

71, 717 with dlfferent coarseness and/or dlameter are
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If the blade 2 is within the tol erance range of
nmeasurenent on the neasuring device 50 and/or features

-the type which is taken as the basis for the 35

atlstlcal aver age wear state it is fed t
gWPnaPHa OR&dhitne 70 or 707, 1%he use ofP@FbE%%Q%%4%%5648

machi nes 70, 70" offers the advantage that two
grinding disks 71, 71' with different coarseness
antvays dinadet evaal e bW ZOQ9/BE/ IRthinlihg of the blade 2

P\Erélﬁaggoaé 005’1@114@ cd”ﬂ ﬁlgn'a%aqx\é%' | %k?_l egﬁf?_ﬁd‘iﬂs disks.
Oﬁ’%@b/

machi ni ng of the Wi t hout™ a ti ne- consun1ng
chamtRIER Y ndi ﬁ@edu BRehinpgmseyaentty, Cehe BAchinrAfer

ﬁ&;ﬁf&v@@n b@ni‘ﬁr&ﬁﬂ gr{.ﬁ@f_lgé‘egls]g}” argzrasﬁgr%gﬁng%e two
WO ri ndi ng .di sks

V\%Jc%dja‘?% \]/’tﬁ a?:%n §|O Cq%eﬁéet.%}amusgan also be

fmmmﬁﬁﬁlvébﬁeﬂﬂmeMMﬁﬁbﬁhe bl ade type of the blade 2

which is to be machined, the grinding disks 71, 71

can be 10 changed by nmeans of the robot 10. For this,
aDepr@EpondPey tosotoliagtsl @pandf akbe &ledkt iplikicly is

Oéo gfé ”ﬁlx'aeﬁlﬁle%ks 8o argerlr}ﬁﬁ%g?Vé&%ﬁ@ &7 N a;lmag@éhnebe
i ndi ng machi nes are characterized

U?h%Fqﬁgs orMSHIS t IRE coMact PbssdPe of FRE bFRHE 2 @

afbthesp@td itk ngodbsksodl, 811andlesrmassLm@ﬂt§p:gﬂai15y of
of _thes are tra snitted.to t.he Lonputer u

4T %l B30 élcs}rior%z tHKed"q n‘? o‘-"vcao(;L 4 att 6h PyeeRee %Iot'

novenment sequence of the robot 10. As a result, it is

pﬂ§§'?k?nagnboﬁﬁdﬂlnégsﬁonagw'“%£%a9ﬁ§rgc%@£99ed by a

devi a froman ideal shape. The result of
rﬁﬁ%ﬁ?ﬁnﬁoﬁr6E§S§QQ§aQHu9%§§ﬁ%¥QKPfoﬁ@%rbéﬁﬂ? 2 on the

d@pﬂﬁﬂﬂfﬁ &P@JﬂsthE geonet r yrief méé&lw éltgrtalr@ ot agese
in the init state. .25 Sh rov urin
Gatkods A FRanShi kG S RontBal Ga 2 D

htade Bedevahens uumonuahnmﬁﬁmﬂmanomdeahlshape mheement

| | t C n

i |5 | PRoCPPLALIEh One B SRR SR 52 Bsginie
3o assehsorlsipatmatieine i Blagesf datwirecl3oderdatgpdrom an

Vfﬂégl'§héﬁgen aphd heehasts Jorctbemashabi sl (Rlocess is

average wear state.
therefore no longer only dependent upon the geometry of

the gas turbine blade 2 in the initial state.

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

the type which is taken as the basis for the

statistical average wear state.

After subsequent and successful machining of the blade
2, this 1is placed next to other, already machined

blades 3 on a conveyor belt 31 which brings the blades

3 out of the radius of action 12 of the robot 10. In
this case, the belt for transporting away 31 must not

be constructed separately from that for the delivery
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After subsequent and successful machining of the bl ade
2, this is placed next to other, already machined 35
blades 3 on a conveyor belt 31 which brings the bl ades
out of the radius of action 12 of the robot 10. In.
thsz@Qgéooﬂﬁélbelt for trandporting awByTEEPAREE/ hp648
be constructed separately fromthat for the delivery
WD 2009/ 007121 - 15 PCT/ EP2008/ 005648 30. It is also
pe8si bre fes m3eoapoestbhecanveger abebtmonWrenvegbngbelt .
: [ ca e
R T e s
orpghiagd pbdiediesn.3 5to| heFigprted ainexeffpeadpx again in
egpggfngpiggﬁag g5 0ei K. machine according to the
invention I's shown. The grinding machine 70 conprises
a grinding disk 71 which 1is driven by neans of a
nohOrF¥g. Mt oran'?2 eaminplleax@ri reibeglidiesic 7bfara grinding

a ed on a ndul The e dulun173 i.S
SRS, b RE L IR, Ene e PROst R oty g The
ggrnddn@gdmskhimecaﬁ mhe@eﬁ@es mmgxxndzngcﬂx&blal which

h | tt
o G, SaBtg! e AL R R
p%w@r%% A3 Skiryde %ﬁe ATEPRGESUMAY F5PRRRERURS 73. T

Cp@ﬂ@@l@d t7g the rpendubipy fduHtr@NaBITENghen @%5672

t i e 77,..b f.which it
AREre) 22, 6750 HorBrrne i He LbnFat: WFSSSIE TTHN o

ieircdlzatmatiby74 means of the arrow 78, of a workpiece

(not shown) .on the grinding disk 71, is located on
this extension arm 76. As a result of the contact
pEessHEe78 toa BERUIrA§elst redsuspeciite caldsyi tapsuedti nthe

thei exiensaoskanm 46 t2Ze Natrmaldy,pHat i ppal pﬁwfélon is
measuring nethods are al so _possi ble, however,

dF%%ecéﬁEel Jable Vo BREFgr/> t Helghi vie oFOFﬂ%CE%ﬂdLH%mthe
dvéfi@unemt | y73 | nvishe drd | lmtraismm tahen per&dul unA?Bteﬁsmn

I e gr..nd |n OSkti his
ﬁ%%g% ££ﬂ?ﬁigg espzedb §n$ éf Ql?%elg lS 5351 lﬁ to
7c1eia¢pdnx1t@ dhEVe:omeEﬂthCpressure, which 1is 1nd1cated by

means of the arrow 78, of a workpiece (not shown) on
the grinding disk 71, is located on this extension arm
76. As a result of the contact pressure 78, a bending
stress specifically ensues in the extension arm 76.
Naturally, optional other measuring methods are also
possible, however. It is also conceivable to design

the drive of the pendulum differently.

In the illustration, the pendulum 73 is located in the

grinding position, i.e. in this position the workpiece

- creates force sufficiently to hold the pendulum 73 in

this position despite contact pressure 78. The
pendulum is therefore not located in the neutral

position during the grinding process.

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

contact pressure cannot be maintained on account of
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-creates force sufficiently to hold the pendulum 73 in
this position despite contact pressure 78. The
pendulumis therefore not located in the neutral 35

posi tian durln% t he grlndlng rocess. In the_eve

t Wt 20R€/3Pi’delunit 75 fairsl®or the c%ﬁ?é€?299%ég%?@48
cannot be maintained on account of WD 2009/007121 - 16

- PCT/ EP2. 008/ 005648 anot her defect, the grinding
dasktHéri sledeconattilval dyindbveddaway -7 r o elgomatically

m gae%%qayThf;? hakes pxlzé‘a? Pé‘c acc s%a%@wﬂl}’ac?ez on

returns t e pendul um t ogether with notor
aRecgrihdi A§ dFSRVILY| nwblt:he Seﬁéﬁfl?al tB6si PPAUIUM 73

Depggente thenwaiddi.eceri sndvaheasiindg hsg way. 1rW.’c§hthe
reference to.the schematic regrezﬁgtatlon in Fj

t REUpF# hcPRPe EdPoper AT of HRTPIRER oF 5fv0169d
fon theskwag.the type of a blade 2 which is held by
nmeans of the gripper arm11l is now described. The

blade 2 i s guided past the magnetic sensor 51 by neans
ofiitherefboen¢aotosidvn sehraatin ferrepprfalatn yinnFag.

P an%hga&ﬁlﬂn@lﬂl% the pretiteoff okhe Rhadetic T:E‘@néér 51

cl earancé 52 bétween the magneti c sensor_ 51 and
gf PPpEeskangl §he t Ryeecade ?sb%éﬁécﬁédwhhcﬁeﬁén&gﬁgé by
upeant he frexpret ed-ipjrade type 190 tbhatndwr dasbkradedof The

th ected bl.ade type a defined clearance ,

PREORENC: fE. CPROCEr R DISIG S § e Rgnes ] cPY means
sefisbhe5tobnsudgaot2Ghithe regret.i cisehsor Biefendslpuin a
a8 é‘a|pa{x'?;11q%‘ien §NGe e UBPHriNE JLALARCE NHe V"ﬁ' ch rhe

can %e processed gy the Tconputer unit 20 (not shown
hetesranget 3¢ cPehvasiee W TIoRSEIfmISAEAed>lt Had the

b@?ﬂﬁ%ar}/\ﬁgcﬁh C}lls upcal:s@ﬁ bgsbpqtsﬁas@m@m ah miépeh8ence
no ldentitl e as (0] e
(e BRL  rSea R e Be e et et cEpak BSxy g, Blat@egr the

séﬂ@ecte@dbnhéebkadeiasdeﬁﬂﬁﬁ&ntldéraﬂmec$£abanwee53the

I S.1o0cI e £,
2§|lé ﬁ%t %c%jfg%é etglr?% ppe%eg?lm 1%%520%25(13}5%0
does not deliver a signal. The process

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
gripper arm 11 is not identified as a blade 2 of the
type which is 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
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, it cannot be guided past the
sensor 51. '~ In this case also, the process can be

interrupted and the blade is rejected.
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iIs then also interrupted. If the blade 2 is |onger

“than the clearance 52, it cannot be gui ded past the

sensor 51. In this case also, the process can be 35

interrupted and the blade is_rejected. 00
- Wp7200B¢PPEPZA08/ 005648 Pat-ént cl ai ns* ET/E?£%8%6585648

for reproducing an optim zed contour of the |eading
edges of .gas turbine blades, in which a 5 gas turbine
bPadent 2¢labysmeans . of a conputer controlled robot

(10), is guided past one or nore grinding nmachines

(71, 71') so that as a result of follow ng a novenent
skquence WhiEFHcg st edePROSUAARY FendP yI 2§ t fEREOUr

desi cad ceabouy b@g@@mdanghsJﬁhﬁ%&ﬁ@ﬂbg&da@ﬁ in whath a
the stored.npve ntdfe 3%§n s desi ned for

c8ASer FERGLR®HI R4E préﬁ@té?%? gta?lsf gRpter-
agenagelhedr sdladte i(1t0 ,anial sgupdedi opjsd;iy et e nedre
or_calc Iat sign ntopr,, a [ at, .t e:_‘%; t

p?essur% of ' %} ?15% tﬁ?blgngla g oﬁh%E ET% grln |]§9 of
dfskieyipgia mQV?mﬁgtnﬁaguﬁéﬁeawblﬁhkéﬁ ERpEed in a data

CHQﬁbgﬁfattQP in ghe myeBy SequeneRiof tike rabateved,
so that the desired des%gn contour is achieved

r@ﬁ%?%l?%%%l%)?dt RE ithaG aFPe oRTOEF SartP VR fof SEHeence 18
gaesdingadifeks. c@fivért The ﬂEthﬂd@sf&b&mmedpm@dehammnned

cte d inth t t b 1
B
bﬂadermypedmhuthcalSUl@t©@ ﬂ@@h@medcomh@WQAnapﬁeinbbébat
(&Qé %%%té%tprﬁeegap}é/ 850@@ asbetq&b@ﬁer AR (dd, the

aut onat i cal ﬁ he net hod as_ cl aj ned
|9rén<é%ﬂ91dé|sk25) cdracter) zé8 Feasvaed pndt takgat into
086n g1 H8h BPgoBGH] n;eheSanWélner?@ )squ,lefnJc_tet edf witte arobot
ol hDE  pathAf S BeshEet istimh BRREPEP ThoarBRsyed
(i@@ardtans- o@reﬂﬂyahhytlaichangeOnhe @mdndﬁngrdwéksthe
(311ndhn) 8fstbe at |east

2. The method as claimed ih claim 1/ characterized
in that the robot (10) is equipped with a suitable
gripper arm (11), depending'upon the blade type which
is to Dbe machined; wherein the robot. (10) can
preferably exchange the gripper arms (11, 41, 42, 43)

automatically.

3. The method as claimed in claim 1 or 2,
characterized in that the at least one grinding machine
(70, 70’) is fitted with a suitable grinding disk (71,
71’), depending upon the blade type which ‘is .to be
machined; wherein the robot (10) . .can.. preferably
exchange the grinding disks (71, 71’) of the at least

one grinding machine (70, 70’) automatically.

4. The method as claimed in one of claims 1 to 3,
characterized in that before commencement of the

machining process, the presence and at least one



10

15

20

25

30

35

one grinding machine (70, 70') automatically. 35 4.

-The nmethod as clained in one of clains 1 to 3,

characterized in that before comrencenent of the

OB AGBRIPASEES, e rsegte o ot LegsbeiEe )

vari able of the gas turbine blade (2) which is to be
machi ned are checked. 5. The nethod as clainmed in
cthempatecharact erdzedles oh tthet gas tturbiine brhade (2)

(Zhivhi ¢b dg BatmABLDL8ANaRe LhEEEkEHY value for the
measured characteristic variable are rejected before

the machining. 6. The nethod as clainmed in one of
cEains 1 The5metﬁ6dcharaahembﬂedniﬁlbhmt4ga$hbmbbk@&ized

D R988a{ el 086250 Sl M e 2L PESSRULE

dmnmmglnbevnﬁuh|ﬁpmgthelme@sum5§|@@aaa@eeemﬁtnedvarlable
tQE%r§89%c9@daﬁéﬁHP& ofcShape;ndeyi ations of the gas

tur bi ne are automatically 15 rejected. 7. The
met hod as clainmed in one of clains 1 to 6,

char act er rgedmeRhbhak smveneRrla sequsicess f@ladms 1 to 5,

mul tiplicit f dlfferent bl ade es e, stor in
R B6taathetoridt y L02%) iRl CRRODAS difidvbd (Gher the
regder eslf Smhidm athanqem’emctf opregsuyiengoduttiihe grinding

d ckai, L n4.0
LSRR 2t C BT o ?Ebg{eaﬁ& B gheiflg’ shECMRERE R0,
ahipadpvraidr asdecrpmesser thilggencg) ongackenst efeshape

gaeo%egoﬁac Bitn@nd dhs 791dbike t BEaliadi HeeOhudCki®@Acally
of the robot (10) for the netal-renDV|ng

@ﬁ?ﬁFﬁa of this gas turbine blade (2), and also a
conputer unit (20) for controlling t he robot (10),

whi ch compplsgs, 4 data 39a1 % Z%La'ﬁkm@%gﬂméhf to 6,
novenent sequence of *hé& Fobot (ﬁd3
chhaaatéerzeddln:nhatthhe strorednempy egeatiesegaenckor  a

m§1t18@§599§d %o&1§9@¥$ﬁE'BQaéebk9g@s EE@”E@ored in the
predeterm ned statlstlcal average wear state into an

afagaprederdr h2hbdand prech® cie bl bevegrkpn required.

8. An arrangement for carrying out the method as
claimed in one of claims 1 to 7, comprising a computer-
controlled robot (10) for the guiding of an individual
compressor blade (2), at least one grinding machine
(70, 70’) in the radius of action (12) of the robot
(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
memory (21) in which the movement sequence of the robot
(10) 1is stored, 'characterized in that the stored
movement sequence .is .designed for converting a blade
from a predetermined statistical average wear state
into an also predetermined or precalculated design
contour; and in that the ét least one grinding machine
(70, 71) has a sensof for the contact pressure of the
workpiece and its measured signal output is connected

to the computer unit (20).
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35 contour; and in that the at |east one grinding
machine (70, 71) has a sensor for the contact
pressure of the workpiece and its measured signal

tput is connected to the nput er unlt 20
2860766919971240 - PCT/ EP2008P005648 9P bzpgPloodfboseas
arrangenent as clained in claim8, characterized in

that provision is made on the robot (10) for a
gripper arm(11) with which the automatic 5 gri pping

m% gas tu Qéne Radesn{tk b.\/aéhe'crlarl%gcﬁ i $n possihe g,

erein t e gri pper arm (11) 1s preferably
exerangeabl yededrgnidtr anBrAV6FieRon § sTAREle OPorthe Trobot

m@g@zl R r( 40) gt oppdif fa%ent 10y i pReh RN 4't1he 4aut6§0a,tlc
fromwhich the robot %g}aﬁqb tic

oPEFRPEYY Qid %h%rlé}lﬁ a E?iov ¥j % foots is
ppeéet]abéy redncker efior aheo@atpp@ml a@ﬂfl) (Ay ) reanspokferably

h k
gha&&?ag%% nﬁééggfg% i NG .réJE%%%# g&ngngﬁi Sfor a
pm@gabi@e 15010forh@l1£rfremg@ngnlm§rclaam@d 45 chai mi8)

OFrSm GRALACt erizedrbBot hat(1ibhe mmuemept aé@%o%ttleany
robot (10) are oriented so that the non-cutting tinme

ePRABAERD dudiy nBYERBAES ﬁé‘rpeﬁS‘Fi&EFSPlyRIEP‘H%wn is
gpr@ﬂdaﬁ@bﬂysﬂﬁadémor?a Yonbe a60$rmBI1)asypmsanbl ef 2Bich

11. d f
167 EREPREEer) 80 1T athal prodi SreR e o r (L 727)

sensihne (&§0indong measiuinag(the T@hgtis @O%ﬁl@%ﬂsﬁ tur b| ne

blade (2). 25 12. The arrangenent as clainmed in one of

claims 8 to 11, characterized _.in that the grindi ng
milhi ne fBRE FHE ARFCHIN endSi () SN niRg drig 8 or 9,
Weh&pheEsr MeEN iins tiapPl ikhd Wdventord askes obge t&tet hebot

| n oint 3 onprise rotatin rindin k
(T CRFBROFLeRPREaR by e SR - BP S RaPO( 3= phements
t frat itde mprieneinng dieskoersdi dilsptlaceadl y:hWLthddmgt He sk
?ﬂachpf eéf'é;" d%rﬁgﬂ'&’ c%‘sﬂof’é‘.th?_ and in that
provision'is e :
11. The arrangement as claimed in one of claims 8
to 10, characterized in that provision is made for a
sensor (50) for measuring the length of a gas turbine
blade (2).

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

comprises a rotating grinding disk (71) which is driven

11 by means of a motor (72); in that the grinding disk is

35

... 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



10

15

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

35 . 13. The arrangenent as claimed in claim12,
characterized in that the path (74) on which the WD :
2009/ 007121 20 PCT/ EP2008/ 005648 grindin% di sk %71&

i ¥i29HP4084Bd 1ies in the pPane of tReTJEFABPRGVOS648
disk and is rectilinear or circular. 14. The

arrangenent as clainmed in claim13, 5 characterized

i grihdingr duski 0Al) sipadesbércaapéndlliem in. the plane of
S enst oR: ( 73): Lor e: grinding. di . rably
R R i s A e
claimed in one of clains 12 10 to 14, characterized

i pat hat thﬁepata&_r(azé)en@ﬂtv\m@ t Beaigelndiing diskif 71)3,
i s, displaceable. is designed so that in_the event of
fGPPERECOFLERG AR FEAmIRE QA5 Fort S aeda?iﬁ@ro? pendulum ...
ceatpehtitg t(he)castracthpressidend heiskrind) ngpdeskrably
(g}%oi 9u£ggatéggll¥7§gved away fromthe 15

WOoT pie%e, pré?eréﬁly on” account of gravity.

o 15. The arrangement as claimed in one of claims 12

to 14, characterized in that the path (74) on which the
grinding disk (71) is displaceable is designed so that
in the event of failure of the drive unit (75) for
creating or controlling the contact ©pressure the
grinding disk (71) is automatically moved away from the

workpiece, preferably on account of gravity.



