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VMETHOD AND ARRANGEMENT FOR NAINTENANCE OF GAS TURBINE
BLADES The invention refers

arrangenent by S means of rfa:;.“nahs. ;32;ﬁwﬂmlluﬂwmnmmmlﬁ

machi ned. I n gas turbines, blades are used botiwiisn the

conpressor stage and in the turbi ne stage. These

g le 10 have an alrf0|l rofile. In order
20t RPN M, B R R 105 S, URA B

thIS proflle Is optimzedLADESt he bl ades of each

i ndividual turbine stage. Part of this optim zation

is also the profiling of the |leading edge. 15 In the

Fhel dnofengasont riaves, te he hieghopr essuree conpressort by

se6hkon Pl aus & hﬂ&?'%o%k%ﬂ'f'Qﬁﬁtt%%lele§&f§$ Ehg%%s of

a large influence upon the output of
8y6feARSTRBTRORBr BSsE6EShFadeSeWAEER18EE -used 20 there
are defornmed, however, in the course of tine as a

esul t erodyn m_c, | oad and varioqus oth .
?nfﬁueng lpﬁsfh% CESE OF ST TR Yokt %n?%moresso
whiagh aodsuntmhe aWﬂmﬂm@ﬂsﬂagdn(ﬁTKﬁEEtbﬂidé&EaﬁhﬁSﬁu_e

r fl ££5, l e cansj st |n est ed
%bgus%R H%? %?*03%é$%§%$ld gﬁ%ﬁegg%les gﬂs a“resuft @
6f LdeVPREYONBiFRomSt 186 indedl ashapees b ihethb aetestile is

eptigiengy fossesOf pihacpoweF RIAM 968YK+ 1 therpine
ot her hand, the individual blades are too cost 30

PhEdfisi v&airh Chei 1y SRICIHGR S@N Hat Al fRgtarprofiling
eXxchangecatiidgnaged.bl ades by new parts does not seem
to be practical. It is therefore a requirenment to

repair danaged bl ades cost-effectively so that the

enf i ¢hencyt iofld heopowerspl amtroiiseisncr egsed E@@%fpréﬁbure

éém@ré@éHkt ok -publi ¢ pgggr gsehlghgythgﬁqﬁ$ffagwﬂ ble

whi ch the | eadin edges damage ades”are nmanual Ty
PeRFBund. e &i AR6PSt Hind Lveciioni wiPh sthheoutput of the

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 1s therefore a reguirement to
repalir 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
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- 2 conpensating of unevennesses. For this, each
bl ade nust be fed individually by a nechanic to a

~grinding machine. Wth this nmethod, however, as a

rule only the |eading edge 4s_'able to be snoot hed,
wi thout giving 5 it an optimzed shape, because
al though the profile of the reground bl ade no | onger
corresponds to that of a new part _there are nore
faverable o | 8ss TaVOTdbT €y ossFRectHony i F3Che Piade
rmegitorpeof fehe dreddiimpaddge of apawechsahant tbl adegrinding
[ ave diy.ect CLS. nt 10 efficiency, of
%g%gr??i'r.e pcg\fv\l/gtltr}1 p?rgin%&?ﬁ&{fg%é p}{bsvoervearr’t 2571 only
Chp- Ac200230 8683 19 takils o ther smeethkaowni thohaveiving
hRdiad dikd i ios & Ngn 85 EPSHLEBARLLE JQWh Ry NAROLS G DY, ¢
t?lg nechanJH%f/\I machi ni ngl of conponents.” 15 Robots
ofFert ¥ antage FPRat! WEA%at FONSSIROrLs heo desir &f 2
nesul paas aheatee aeeumdmess rhkramabnet her Case s0f favorable
I | ning.. Since robaots copstantly follow a
gr?gggteér?ngﬁie %]m\}élrre‘%eserqegelr?@e,ofhet?/‘lear%eggf?%ble&ge of
ReWeverclagnl ybiedes hehdmbhilmivy of reonpeddérts swhitein 26he

trem-t he hegi:NRinAg chi-g W %Q&%rapﬁ lgtively close
tol erance spectrum 1In thé case of gas turbine bl ades,
this as arule is given only in the case of new parts.

The dweption iaxthasen-omdhezebiest, of i Ny o¥ipghiRgore
{2(5 repair of useddpov.ver | ant bl ades to the effect

REE" by © neake of “an 1 iednatUd hehf hehy 6RTERE b AtesPy
anbogpt iddzedy cohtouredisarriepeat edbyiachyewsd. cdfgonents.
§958¥'0no§f& rqﬂﬂg EQVEH%3|QVeQﬂé?nAéé¥%|fgghef 391 the
met hod and also in the arrgngemsn sccordi ngsto &
FrEépeAdéert Weltaiars 2 Advigntceaapus! ey el fopneim stireswhse of

heamwt hengdependent cl aipee | Aothes casg of, 1de, methed,, -

accgrdlog to the invention 35 for re roduci g an

BpErmzel 866t oBPVEFMSPhe PEIHPAGS: edfR8Yof2FAs Wk bRlpke,

bbadesr,a gasyt urdyd nenhbl adechbyingeas ebmgonents which
nput er - cont raolled robat, i ui ded past. one or

€@ eginnin e H?' lat 1 nD{e e
grrndi ng “machinéd 4§ t hat® ad'a 'Heésult oferatively close
tolerance spectrum. In the case of gas turbine blades,

this as a rule is given only ir 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 thne method according to the invention
for reproducing an optimized contour of the leading
edges of gas turbine blades, a gas turbine blade, by
means of a computer-controlied robot, 1is guided past

one or more grinding machines so that as a result of
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3 following a nmovenment sequence which is stored in a
data nenory the desired contour is achieved, wherein

" the contact pressure of the conpressor blade on the

grinding disk(s) is neasuredsand taken into 5
consi deration in the novenent sequence of the robot so
that the desired contour is achieved regardless of the

-t ont qur and .wear of the gr ndlng di sk The

f%ll gJ n%vglnen%t Letencd %es“vfesﬁg]n tors C%Tﬁ/ér%? ng 422
mamm§WréhﬁaQﬁixm¢®rnwm@¢wnansceammengdmeamgﬂamﬁ the
Qe any.al 8q,r edgt er pj ped - ggnﬁgre%%%l Lculated design,

contour. The arrangefment accordihg to the 1nvention
L8 &G od GHisHg SAn optd i ZexRTBFRGUr @1t hetdleawi nginto

edges deka tobongas tehdi nevbhades seqiRhb8e$ @ the robot so
% uter-controlled robot for the guiding of an

| IGHET §Gr BPAECOUDI dde 2ChE VeSS tF BHE Yrasidi o the
rmlcihiiraé i cptheumouenentear adfu&h@f dhendohbot gfigkst he The

@%%@Ldr%%%@ﬂghmagghﬂéﬂge $§l%§rol rblne wé%kﬁﬂg a

al so a conputer “unit for 2 g THe T
Wﬁ@@ﬁ C%ﬁ@ﬁl§€SPQE@%E%ImE@©¢ySﬁ@thhl@heth@enWMEMEnSuate

seaquenge of:the E9Q95t5§m§hgaedo* m?§£8£ cLhe: 8l |§§§£gn

one grinding machi ne has a sensor or the contact
ﬁpgégﬁFé of the workpiece and its neasured signa
output is connected to the conputer 25 unit. The

red ppvement sequence j.s designed for .converting 2
b%%de ?ro%? %?%%eter Q%enl avetage T WEAr 18P at et OF
mﬁp60§mcahgoépredgtemmzaedcmnmpnacabﬁukaéedfmﬁhsmgnedges

%%nt@élsf -30pThe Q{fﬁl%e@%? gording g @?SP r'é‘é’r‘?{‘%?{‘ed

rindi ng 'S sw
6§|blo§?| ngoéutt“% h& Urkst hed Qéco@ﬂ@ll Ag Ay itdve i nGéﬁt i oprbine

bQ@d@Bt&it 1 eHEBYi rtgqermghmama ofmaa:hvmxpmceh\éh'rﬁav«kﬁent
with contact force af the working point. The

PG o hachtig. dotinr Sedet 4 UL G TR €1 kot
whiicsh gass durbénebyladmt oind The sgriandeogpdi sk can theror

gﬁﬁg&gﬁgﬁg yt%%uQ %%tonﬁ%¢5§r%éﬂ%éﬁgééx”n&g%a memory in
which the movement sequence of the robot 1is 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
grinding machine, which 1is 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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- 4 and can have a device for creating a defined
contact pressure. First of all, sonme of the terns

~which are used within 5 the scope of the invention

shoul d be expl ai ned: The term_gas turbine blade is
generic and includes both the blades of the

conpressor stages and those of the turbine stages. 10
The di fferent configuration of bl ades of thg

PR Vitual®VEorfpr 83807 S stRJesC Ll 1Y bEn&lStidfss gpnfact
gassturki.ne i s covered by blade type. Al so, blades of
the sane stages of different power plants as a rule

are of a 15 different bl ade type. The radius of
détrisén of al¥obepmeefodr stheo thems anhechn anshiwded heithin
OROL GRR 8%t chkn ihRecase ahoaist gl anany ; Jf.ohot,

this range is determ ned by the maxi mim r each of 20
the extension arm The robot is capable of guiding

IThei \tiedﬁﬁ|ga%a&drwi_kli;iﬁ1ﬂalégieadﬁ§ cjlﬁ%rf:[@a%rl‘}kﬂ | DgcBdes both
tti chi nes. e robot s prefera
%%ﬁpd?%%g%%n ?olkgﬁ FArPTRT % aNng ﬁ§§stﬁgu¥5tﬁ8§83§%ﬁythe

degbess etabeeedom for the machining. This for
exanpl e can be ensured by the use of a comercially

avail abl e 6-axis robot. The nmovenment sequence of the
Lo it esegite ¢ AN i Udattd oot Yol ey i &f oph¢ sindividual

Riogbekabby ta R drBdeqi Rut-biis cdaidh JEmEy £org 8 30urbine
mul ti I|C|$y of  movenent sequences 1o be stored, which
[

¢&n TRVTETT i BYed RPendYRE - upoftifhe BlafEs ype Whichsame
issagks bef nachifredntFusdwer nplantist ds prefigrd edrif of a2

he I tod qui pped with a gripper armwhich is
%g?cﬁégg%tgl%ﬁg Bpggé type which is to be nachi ned and
whi ch 35 enabl es gas turbine blades to be

aulomaldical Iy ploked, é'ig Qngoebﬁc%gf%(%}@;écowﬁﬂe range in

machi ning different blade types wt same

¥PASRg Nt IOt caAN béChdvantagebais cape e & obbRtEamary
avborat itealsl ¥ exehangeidtha @rPeyy aHe Snaximum reach of

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
necessary degrees of freedom for the machining. This
for example can be ensured by the use of a commercially
available 6-axis robot. The movement sequence of the
ropbot 1s stored in a data memory. Provision 1is
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 1is preferred if the

-robot 1is 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 machining different blade
types with the same arrangement, it can be advantageous

if the robot can automatically exchange the gripper arm
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in order to ensure an optinmum gripping of each bl ade
type. For this, a magazine is preferably provided, in

" which the gripper arns for the robot are accessibly

stored. 5 At |least one grinding machine is arranged in
the radius of action of the robot. This is
characterized in that it neasures the contact

res Morkpi ece on the grinding disk.
Eeas%}rﬁeee vg uev%%an e“tr & tmufnedgﬁbp?bg? hé&tc Ur?ptt]i eplade
Wwhiceh com¥ otlsit hear obgtzand tla#{(qmemmbmnlsrder@fdipnm
b itdne Apyenent. u he, rob Consequent
thé result c;@?qt r%%qrmgﬁli%% gf;ogprockzlgssﬁ%%o%o 9% nag((:eCe gibly
EXCFGSi-vel y dependent upon the geonetry of the gas
turb| ne blade in the initial state. Deviations in 15b
eonetry can be taken into consideration rather by
m}%ﬁ%or? FHE N Jed  idtht it 12 1 2882 e Wi Ehe apadius
pdeaalct\ﬂanlnue:f Ttres opdbat zed Taart Qur ,ch/ama:étéfsl ﬂaqucﬂdiﬂ;e@hat
repr. e rd to the -
?Evg%%lsg%%% dth% (matsg[éua gg%%ggﬁig é(% (aal kc'oajﬁced on the
désngAngomticur) %h %nﬁi’aaﬁ@aﬁﬂyVaﬁ@ﬁorcamtkb@naranahiyted

devehepedrfit cahgulat edn Acpyr ding f@o&h ﬁ@vﬁgﬁéﬁnlnro

provi.sion i.s nmade for a typical wear st ate of
Fﬁfﬁrﬁierﬁltéaﬁ t3pe 95 (RO HE YUt e BRINERCpr of ertéillﬁfl yr ot .
ﬁonaquehhéystahes&eeaht &MEﬁﬂg£Jﬁgcﬁiﬁiﬁﬁﬂéﬁﬁcégéuf% no
pl.i CI | ades, preferably from about_
ng %{é]bﬁmdv o?e%m%%%% PP Y ﬁéf’f“ﬁér?fopg,
@élsertalﬁ@éflleamj@sn%rmn‘dhet hhstsaat |s$ta|teal aAVET Qe WEAT 0
at - f fi i.ch a gas .
?Er bl%r?g)&%I ag: Cﬁdgﬁb%% §$}£1§n ?t%?oﬁ:\ggd accor m& toagctg}h £ by
FRATBALIGRN ART Xt allAeduraft he?nbetbwpdsisdes whiich an
LHeaoutrside.this tol erance range, or those bl ades
with which is associated a nachining program which
does not coincide 35 with the selected program can be
fletecredmanedr ejeecticed:, byhschh t abl @ roasked ng (F@froduced
example sLonak sLEendbiofa [JRONGHGSRISOrL Pelare,

he machi ni ng proce

turblne 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 pbe determined, preferably by forming the statistical
average of the actual state from a multiplicity of
blades, preferably from about 100 to 50C 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 is
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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6 The paraneterization of the grinding nmachine is
carried out in such a way that the machini ng process

converts a blade fromthe predeterm ned statistica

average wear state into thesalso predeterm ned or
precal cul ated 5 design contour. The neasuring which is
provi ded according to the invention of the contact

s he, bl ade which is;to; | ned; on_the;
e R rGrany the or i mat ng k) ol Thegr LRaFRg. =
Péchiie U oweBack3 hdi ¥F dBarh §RsNE UPBPAGS BI BEBVAFER @

;N HE | nebMi durl yeddc CORLOME WhIaGH sadriatit el drage weax
deviates from the average statistical wear state but

Sthabe | 1280 Wit nate t BrEFRNEEaRGe, °Co PREFefGHeated
e stiepverdatt owonpl etBhy ofiedSuaihgr gehexhent si nbeot/hded

pr edet erm ned esi.gn_cant our, .preferably hy neans_ of
i S i g s
ad/ orblydereansiofi aisdi $pl adeablreaqipurd ngoof the tool

9rd NG I SKe 1 ASg B3 nBE8Y! i k)€ J¥ECOSST §¥:i Bhing machine
nmeasuring i'n detai|l each” individual gas turbine blade
[FEflGre t R Frachi i hgt At bce$dsi starkpehsedl afleh. wpph an
T_thuiﬂ}camk %%4@%@{?&&,@@@%15 aam?ageaayedeyibepbefﬁom

nd qul.c ressing .of_.gas turbine ades, durin I CF
o AR SRRl 1 125 ot Ahe Retial PHE ndrRg L Lies
prigdess, toal ydiasahaeber ape ket of athamesicher ¢ tahksrted

1thin the prespegified n a f :

R B e By St s b s ke Bupastagmined
fdgrs itdve Cdil terier i yipes For gfukst PonneAgeordi Agleganpe in the
IKeMd N, sehhenexacds agtual -t at e aah /each§ ndicyhduabs 5
blade within™ the tol erance range has neither to be
JEtBHA GREP rfor TS YEKEN Pt 0 tE6nsPAePALPOn UiFfng tRE @
RfeesyAr0gr &M Nheafe s Pananetfer inzatsoninef tihe geicadilngeach
process, At |east t rindj machines lch are, . .
Bty SR CEPII SN A St TR R A S ORESEE
qorsisstency d3Pambdrwisilze, are preferably located in
the radius of action of the robot in order to thus

achi eve an _
The invention therefore enables an automated, simple

and quick dressing of gas turbine blades, during which
each individual Dblade, Dbefore the actual grinding
process, only has 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 the grinding 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 1in 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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i mproved end result of the overall machining step
and/ or tinme saving. Consequently, the machining tine -

-7 of blades, which on account of their profiling

require machining wth gringing disks of different
radii or wdths, can be reduced since a _
ti me- consum ng exchange of grindi ng di sks, as in the

o of , on one grinding 5 mac i ,.1s not called
pog e ELEVER S S et oG W TR SR TR G RS
maaghrtlntlylpje CEMBG §orneéienpldd skisequitr esi fbehdmt ngawitih or

- n _.account, of its profili
%l% %Arp%ggw%grgéeg FhEcE &mar HRg P 11”81’1%903% b@nge
@écmmédimq s Kar ges gihndhrg ckGedicsk.on¥y dofié egentding

hlaadig nley pess r agui r& ard ndiepg . di sfise E%R%I:r%ts's%g Plade of
di f f er ent base rmterlals (for exanple

DEarfi U for Sst @Rl PLamfvar Blamtf EVBAt @’P@éﬁy fﬁr weyample
& eclrange ohagmumdg@?fdhsks g?n §ﬂéﬂl_bagrﬂh§9§@seglsk on
her. e i f.ferent es can
\éncg%uﬁ;egd%vﬁetlhou RS oS U engt aﬁ%%l%’?' gWﬁEI‘?ﬁ@ the
dﬁ@hsnhawlm@gn@nwakenpnasenadhwﬂd&wwmﬂhaallarge grlndlng
gk "ok [ OBt L Pt BB N AL O Yo SRR i o s
h grindi ng di sks on fhe grin ne
Fﬁln§*5t|5|n€w sfondi&fepene rﬁj—ﬁ# f mﬁt@ré@rl@snandl ngxample

eobel/st ad 20cahich can greferabhy/be changeddike tgﬁze

ripper The tool |s preferably a nagazine
génpg dFEach%d BIN9he YobALINAYY wHilcksar €arp Béso  be

prieyededdgmniindi ng Tdieslest e Cftjﬁfﬁef@xfﬂtll b@ddfeortﬁf@s can
pachi, %'hﬁgle‘&f wq| ffer ent bI ade t ri%nahaa?‘?%v\%" gr{lndmo

Arr ARGenERt According to The 4
devikat i bagihgomtan itdded | z8hdeani ti al Fshapermofret heit  is

wsedegasqt uhhi-ne Rl ades, . then aﬁ%ﬂ?@eﬁzﬁ (hange, the

degraded to such a dg%ree that a repa excrusi v

96IRELA0- rehkS ngmakReniHig iding meRjénes.  For thls,

pesstbibht V.5 ﬂd1Kédﬁéd§0I6@J%CQKHQ%%%d%gfﬂéerobot tool
process

mencenent o Hg Q gl ni.n t he

| ﬁ Vi GGl pgraes S he bF gege rélﬁgefté\eakﬂ'@l%?ﬁlaeﬁrms
past taodedsurprgfaesitLe @ 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.

Also, 1f 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 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

the component.

This characteristic variable for example can be the

chord length of the airfoil profile. If the measured
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whi ch measures at | east one characteristic variabl e of
35 the conponent. This characteristic variable for

* exanple can be the chord length of the airfoi

profile. If the measured 8 gariable of a gas turbine
bl ade falls below a determned limting value, then
this blade is preferably rejected before comencenent

f _th t al I der to b

SR SLACTIRE g P e LIRS SELR 2 (PR A
dsteakeneas t hémbasng fovalhe, statdrsticalisavebageée is
weerfeeta%hgebgéfiecé&ebﬁ%%m%&{&%&}ﬁ BEOVHS! Ol g -

can a magnetic sensor er gripping

Fﬁ@o§é§gt@ﬁﬁbﬁ@lﬁﬁade fromthe box, the robot then
guides this, with a bl ade type- dependent cl earance,
ast t netic sensor. In so doing, the

gas
Gr 515 era%e PPsagardéd p%%?te‘f‘hebls%ﬁ%%rwbéFQI lggle it of
iche profdd e, whycwhi ¢b t heideengtds of thbe @a%lkurhkﬂe 1ohe

S LA £ R LR I L P L RERYS

magneti c Sensor exanp ef&réncs
@ﬁ@ﬁﬁﬁsstﬂ%ﬁgﬁﬂﬁlcﬁltC@anbbeI@%kerﬁmned whetrtseria gassor.

wﬁ@rn%z@p%‘i%go“tﬁé"' &’é%@?ﬁi%éegl%}@ef‘}r Ofcgngthier .y o

€ was dJgrippe sensor oes not return a S|gna

fﬁgPF th?kaﬂWﬂQQﬂ a&@lsor Bhty @ skakRPet uf Braeddperiéent

mﬂearghbppe¢ayttﬂﬁblmﬁgﬂ$t£6 Qeﬂéb@pedlﬁa%dﬁﬁihM§ the
Iade gﬁce §1Epe .af ore (%é)ned earance and soO
d8&s "HOCAE aridsr daciF Y s TGP PRt lel to

mgnetlr@fslem,soby 2ohiah otder tengini wifzetlas fgars asurbine
bl he_deyi-ati.ans hi h
sk Sl e el-ati-ans gyeghe G A O €181 o ol 5P

t ur bi ne ades, the axes ro are
@ﬁ@ﬁﬁéeé seenRar th%ohoﬁD@U%ﬂﬁhgWlﬁmnereﬁewenﬁe are aehe

eﬁghblassﬂo@%@h e, dw&l r&mueﬁ%@t%rnﬂ%%enmg%eﬁ B0 gas
aresult, the 30 effect 1Is

the grin
585?%93d a?%e g S cBTFFBATLheSfi daiPe  Poi R IneHee:
grordiwag diskodeal .t heThor kpheece bebbgnakl eécth@rbe signal

%%CHEaE r%l%%l%ﬁg%%, 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.

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 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
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In order to ensure a continuous operation of the 35
arrangenent, provision can be made for a device which

" introduces gas turbine blades which are still to be

machi ned into the radius of action of the robot and
transports out of this blades which have already been
9 machined. Anmultiplicity of gas turbine blades can

ef.erably be, gathered.together in boxes for this
\?\%{}ﬁnnﬁi'es IeAbglméllt’Ei égqégsli% r.° ygr?ésanéu }f’lgﬁct?qaades can
dendfcerab il by ageohared 24$Jebperatimn Heqrosdiol ethss,
he g aiard smei hodsbasically; conpri ges I'h%gngr efer rs%g:h a
handl i ng sequence ?or t he operation of the describe
& Arferferftt 100 Fierifordd / d shefe tient Hes s idrlsi ne
bl ade, which prohibits a repair by neans of the
rangenment . accqording to t i nvention, can al so
T SRR, diaivt daceng ik SETRATAY® pridosBrefprred
theend Inlegs us eduennt actopr essurapexceieds bal eftencesscribed
\Myfgﬁqﬁﬁ%n%S determ ned and stored in the data nmenory,
then 1T ca

n  be concluded fromthis that the workpiece
deviates too nuch fromthe ideal initial geonetry.

e 9aS DI Ngambhade: WhiGh | §akN PLOGI €SS 1B&Y/e, which
subsequently be réjected. By neans of the neasured
FIREA! Tr esBur 6SPF1230 Rl f uRRENBN GF t Weh¢ obBE reBASMeNt

alcsw e rdet et @i nedhe | f infrentesanpl ecan rObQanXiﬁtill be
overload occurs,.i.e..the robot presses the gas _.
f{ﬁﬁﬁﬁﬁ§qﬁquéﬁl ii'e i%ﬁ?n g6%8§ﬁ8§s FEEHEd agai hst the
e syrriavdi gt ok, prhesenti receprscesslammdies which are
URIIHRIRA o 3rbe8H| 0l AUCH, B0 ZR-RUE! 08N, S1OPran
extensive damage to the %as turbine Dblade and/or to

e t L UIRA af FagehiAt taedordingieokpidre | dveheton, too

efudio Padrt St theaar aarﬂg@a@nge\@me&&ﬁre THEIYhEedykehine

% rrying out. the method according to the invention,

e aVdided. =80 THE cPLRPAEESErr &fgeneiiPeegrently  be
cETEd el .a @y tnealardy 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 Dblade which is 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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sui tabl e grindi ng machine. The grinding machi ne
conprises a notor which drives an 35 exchangeabl e

" grinding disk, by neans of which material is renoved

froma workpi ece which abutgowith contact pressure
agai nst the working point. The grinding disk,
preferably together with its drive notor, is 10

i.spliaceabl unted.. In this se, the path gf
gﬁ%’%l%&%%%% | S948<rGied sG"t &l 1the ar Sk cah®mopath of
awap 1 afcegwentthe swotekiirgn gebiatt . tHEte gré ndli eig diskmbse away

t frore :Q,.1 hatn:t he sure.can be
oo Aty R0 by TSGR BLERRE o fRRrp8re
MRUSEGSr S thithi BYe ERNE2CHr Gviesisors samades f accarately

dejve tdavicse madicho£ani BBYScEhengr krdicng di sk, al pag, +o
%%%.descrLged pat h and therefore nmakes the contact

preds§ife A4 ustRBTE SHY” THE pREASont Whi ch FRdéve device
ghitrdi ngprdi skvies tiovedrisdipyefdrabl ylanganged described
sebusi yehy peroendledl anlydo 149, rotgtional axis. .,
%onsequently, transverse d?splacenents of “the
§FDH§itAgLEi-sk in relation to the 15 workpi ece are
prevented. The shapes of the paths in the first

stance are optjonal, but are preferabl rectilinear
ggecipéu ar °BhaPBscA pBRduPa<iBpendi 8k ofsdrigeed is
potokr randygramdimgdli skc129i Basy ppevednti@cheadly to its

LLLG l'y favorable possihjlit of _achieving a
Q?F%Gﬁgbg%a¥h(ﬁxﬁﬁm grindingQﬂﬁﬁéuqulﬁwns c%g%?sYﬁﬁse
EwspéenpoaBhts r etiseispendedngn ci si nge raxhsiahows the
RB%RFESPE Qﬁ§§tb98v§595§q Why¢ EHS%e%aQﬁffEﬁgg%aths in

osci 25 I'n order to be abl e to detect

EBAt akt TPt edd\Ft@ncepr a¥Psi Rt i @narhde by are preferably
gortespasdi-ngrsensenhiathksabss . to be attached so that
it delivers constantly accurate values regardless of

the position of the grinding disk 30 on the
di pphacementsysatemsion of drive motor and grinding disk

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 singl.e
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
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For creating the actual contact pressure, provision
can be made for utilizing gravity. In the case of the

* pendul um suspension, this is achieved if the pendul um

35 is correspondi ngly deflegted during the machi ni ng.
For the necessary weight for creating a sufficiently
| arge contact pressure, provision can be nade for

itio ights, in addjt. o o_the natural weight _
%gqfke %$$6%¥?C%2 “%%téﬁgg%}rgf gﬁs%he gﬁphd?%% gi%sk. ©*
PirhERe caséhof séemes.pat knshapégitamnaddi t wehaht,  via
Wek-glkpovlid nC ARG Mg def lgati o hcan. applyrtheorce
necessary force for creating the contact pressure. It
COTpref T EE SNRovERAEYCT f PERESESAt act Ipr éssupeefgrred,
abeated, by fmeans Antact Jfs Qxapl £ eteLt&diChy HELNE of
unit. _As a._res the created.pressure ca

| t, be
Sdj ust @8 &R s it T 1 TS _Iﬁr6N$NMQ%Fpro?§bﬁitﬁ%sult'
whek preeé cdgpirests udamage be thg ub@ ccase afhof aidner e iafe .
the drive unit which is provided for <creating the
contact pressure, provision can be made for the
gFi REARG dios PG 5 ridveed anEsl T m I hEns wod&pr@eelinthe

sHel arcase1urer Exam e oy acgountof ch 9L avhtyviddd for
The gescrlgﬁg pendul um suspensi on of the grinding disk
s

f5F 2exafpl CCapante BFSTONTRr t PTG tiTe Areadfhg RedgBade
dbra gas tgrhndenbl adesknt ot heedesbired deshgn €eshOUthe

this | eading edge has_deviati.ons of about 2
%é?ggﬁg%%nw%%I§T¥€% ?oC%ﬁ%”stg??sf?%gﬁﬂﬁVe?%ggqmﬁﬂnt ot
statvetyoer for exanple 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 angul ar .

POSI tAHT TP Skhi R Ut §0 | 8REPAYS &8Ge Ofs Fed 9ot rdkin@sdisk
goirndixngnd1eol i s ekablave et o # heostatt shicahedet&sdimededge

erage angul.ar positi.on. %he Lnvention is

gébgbgﬁ%%t yr%§%$a$ﬁ%8“mﬂF °r éf'6r S rT%)?%%l%Rt88ﬂ58ur
grvaw nger ntiwhs chebdiegcledoasehan dd@iadvantagdousbout 2
%ée@phﬁﬁyrgf?99$gegg %%et@%aﬁﬁg%qggﬂﬁq}verage wear state
or Ifor 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
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
and 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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and al so device according to the invention is shown.
In the drawing: Fig. 1 shows a functiona

“representation of the 35 exenplary arrangenent; Fig.

2 shows an exenpl ary enbodi qent. of a grinding machine
according to the invention; and 12 Fig. 3 shows a
schematic representation of the principle of
%peraggonrgf a magnetic sepsor for deternmning the

BIrdde typeoF Fi §. 1°SHONRTAC6- SFRTTOHOIAHP on Athe the
novabl e endrofiplwhich @egritpper af ne ldagseaitasbBedor for

The nmaxi f_.t he robot. 10 forns the radi us of
action 12. Iﬁgﬂggb ogjfb%%féénﬁxgﬁ1ed by the conputer

unit 20 with data nmenory 21. 10 Via the conveyor belt

30,g.unmashbRgd sused;gas tdsdi neg, blades,l M Epn1e e%d of
transported into the radius of action 12 of the robot
ﬁ?li%t%1$¥§p%ﬁ¥pﬁé@ atmifl 240 hsbot Tl Banigpmpreach

oife Dﬁeth@%@tgaﬂ)tﬁbbh@ethkadESdZuSncﬁ?0£ctﬂ5n0@$§- S@he
t he,r ahot l'i.abl ui de the gas tur e .
%F% es go ggmaég}:%ggﬁ%gwbtyh élhgf eremt- gri p'ﬁ%%gam with
gpta 4emty i2d .made avail able to the robot 10 within
the 20 radius of action 12, fromwhich the robot 10
itself can be operated so that a gripper arm 1l which
Vs esuttabFenvegprt el atle 2uikrehlnsdt @ssel rershi Aagbine
b&a@bﬁays ak@C&k@@s@@xﬁﬁahﬁghgihﬂ@e %?ﬁﬁﬂsthﬁf actio? 12
exenpl ary .e ment. which i s shown, e. . sequence 0
gﬁaggm1ﬁ%%§ﬂggﬂihe achi hed™ YRt uf b nkl’ bFages°2°Fs10
Stor edrin tdree dafa memr y g2 ofuthene c@iputeer RINiin 20ach
Falsethis, it is necessary for the sequence to be
inputted into the data nenory 21. This 30 can take
place manually. It is also possible, however, for the

ype neft dase tMﬁHﬂ"elCm@éi?sré-lié)opf 91 8L M RNEdya byt urbine
gﬁ%@%soz,sip%%é%éygéti?ﬁ?ﬁ%ﬁtggffgrégg g?fgggfrarms 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 is shown, the
sequence of blade types of the unmachined gas turbine
blades 1 1is stored in the data memory 21 of the
computer unit 20. For this, it 1is necessary 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 computer
unit 20. In the case of this alternative, the manual
input 1is completely dispensed with. It 1is also
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
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unit 20. In the case of this alternative, the manua
input is conpletely dispensed with. It is also 35

- possible to gather together a plurality of gas turbine

blades 1 in a box, wherein ¢gly blades of the sane
type or blades in a fixed arrangenent pattern are
al ways |ocated in one box. As a result, the input
ffaort c 13, .be SI nificantly reduced, s
%nfofﬁﬁP*&ﬁiﬁw%y Has ced b  'Aputt’ 8r88F188x%¥%¥rﬂ?5 to
b@nQQPUQéedbpadebOAfa@d tive loolgetr @ rhas aslecur el y
gripped a blade 2 which 5 is to be machined, it
ui des i s past a neasuring device 50 which is |ocated
Cefie tH&dite®osf 1&ctiaon SECunglch g inredreaskadry 2 which

devitee b":’bO,ma%tnl'n%@St lQn?lplf@éﬁlt*erpaw cafl Nﬁé@ﬁ&g Ofievice
n e _case 0O I S

%ﬁ éhﬁéh measure
ar |%ﬁ| O%%F?ﬁbP@ it arf Pl of feREPPE tife 107ith
charsd nesregthiraf dbeiaér f5ai,| pr ofiebketofortchechd pdlet ristic

Egﬁiggg%u&%ﬁ yﬁéuglaﬁeth?n go%B%E%Qedn th? C%ﬁ%”?:ase of
uni with a m ni mum and maxi nun1non1nal val ue
Shé@l@h@nﬂgﬂaﬁmamiquaﬂnabiqo@tgceatbbeﬁﬂﬂe&xnmm&h the

the bl aden 2c1h s o) @cd ed shefane [{?P@FFF&G%%MU% %ﬁ%dﬁ 2.
machi ni ng process and thrown into the contal ner .
EGF éﬁ%ﬁ%?%ﬁdbﬁa&ﬁﬁuanbJﬂFH}n50@536§dm9PH|ﬁ&eofcomPUte*
nmtieri20 , wibhe b aﬂ@ﬁlmﬁmdhr{cﬂ/r& | fak hRuBORMAiRRN 6@alue.
n %e re tored alb arthﬁ) to_the extent thatd
§$P§} pasSPRgerhPBu aPr amfenBhtdhgdisn TRE RN
e ZBla@ﬂséd i1 argasctadblbmmoﬂhecnmmﬁandamyndeVDce the
fapraksfohe, fosigned 1o helg  able t&lﬁﬁezﬁa%gﬁm 60.

fore c ncenen machi ni ng
§OTpp &6 PP Ge Zbﬁ’eatnl?rrélsalt h@@@@vrie'wml dhv i swelakieng asof

AR cRasis ok thedetatimstdicalanfvel age Weait s €. ¢d0fan
%hls RUr pose, rOV|S|on can be mde in the neasurlngter

EvitES 56 *For 2a PRednddid iSersor t I Hhdt= SHown Pa- AR
bessifike phirnoppl etbt operahpemenef hbeinagnedic can

senser §%h gg%sgrlged in nore detail 30 further

bel"ow w erénce 16 Fig. 3. If the blade 2 is
within the tol erance range of

The measuring device can also be designed Zor being
able to determine, before commencement of the
machining, whether the gripped blade 2 features the
type which 1is 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 bperation
of the magnetic sensor 51 is described in more detail

further below with reference to Fig. 3.

If the Dblade 2 1is within the tolerance range of
measurement on the measuring device 50 and/or features
the type which is taken as the Dbasis for the
statistical average wear.state, it is fed to a grinding
machine 70 or 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
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measur enent on the nmeasuring device 50 and/or features
the type which is taken as the basis for the 35

- statistical average wear-state, it is fed to a

grinding machine 70 or 70" 14 The use of two grinding
machi nes 70, 70" offers the advantage that two
grinding disks 71, 71' with different coarseness

ndlor diapeter are - 14 _always _made . availahl e for
B oS Ml i e o e eHBat 1A% o Condtnidhy 2
@héngetofagrtmdbng@dbsmsng Cchseqaenbfy gthedmaghi i sigs .

&%ﬁgleau%am?;e fyrther 121 e ngw 0 Sekrgfi?gedi DBirtner

é than the tmo I ng di
WPERVEFe sKoWY, %n wlisellie delectdvealgrasen the two

@Qm@ﬂﬁhg Qﬁﬂ?ﬂﬁln@ uppgr t heikhaderd yRe ooh,t heabl ade 2 pe
chined, the grindi ng di sks 71, 71

0
éﬁﬂeﬁglJféycﬁéﬁgngoﬁﬁvﬁeans of the robot 10. For this,

a corresponding robot tool 81 and also a multiplicity

in S 8 |I bl Ln.a, m azi.ne,
%%peg$ﬁegg#%hgiﬂg§na§ ?ﬁgsa$%% 6? 5%% gﬁa?actefﬁ%e S
by aPea5 maglksvredor tise eoAndéncpresskee of, t Wbl ade 2be

eRahBed gbiyndiBgndi sk$ 7ine7lrondhe ppasuregd.sigpals 4
of these sensors are transpmitted to the conputer unit

50T 3REPEBIIEEN WO akeP ] nto ebAsPderatt i RHeity of
gevedeny dseguesceaet thaer abat 1281ecAsnaar @sdbtinkt sios
possible 20 to still also machi ne bl ades 2 which
deviate froman ideal shape. The result of the

faehini improcaesshiisest hidref 3Pé rod ongeraonéyized by a

g%ﬁ%BgeQ§nUp9WbtB@nggenegr$sghrotQﬁfg%@ tﬂﬁghg gbkﬁde*he

inthe initial state I'd 1t rove uring
FEEAFPRPAG 98P kche/ Igr i hYi ng ThecHieRey reg, SN9HQHﬁH01tﬁ$eSG

bkader2 @&@2ﬁﬁﬁb§mxtﬂ@&htoffﬁ€1@Bmpdeék shape.2d hgl so
it lands in the container he sane applies to

§Geh ¢ titihe b?%ﬂescPBFlﬁﬁFéﬁlopt wWls deter mimegment
bpgaesensor: tthat tdimyt di@. nohsf eatrwrs13Q tihe iyppbs51olo

'%nnjﬁ_tgkgg ﬂ%fﬁﬂ_ bagigd $r2thﬁ}c§§at|§£5 from an

average wear sta subsequen ahd suceessfl
ﬁg@ﬁﬂmqﬂfgﬁ théﬁ@;ﬁﬁ@ult of the machining process 1is

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 1s 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 32 must not

be constructed separately from that for the delivery
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2, this is placed next to other, already machined 35
bl ades 3 on a conveyor belt 31 which brings the bl ades
3 out of the radius of action 12 of the robot 10. In
this case, the belt for trapgporting away 31 nmust not
be constructed separately fromthat for the delivery
15 30. It is also possible to use a common conveyor

It. furth
T e 5 o e T it e s B Feb T PGS gLt
#dgainn vispngt Ibeqmsorlpgmalsmsiqamrrfuzsthemrﬁmge e mmde for
ﬁes%mh@ey Shedi ment o fb@ %Eegan“ ﬁcmgebagcgg%f}g in

to the invention Is shown. T I ng nmachin
EORPri 64 9aTGri RESAG 1Pk 71 mhlch is driven by neans
of a notor 72. Motor 72 and 10 grinding disk 71 are

?rra?ged on a gendulun1 3 The Bgndulun17 is o
By fount8d SBGVBERE nbBtBPe7BSntnobor 72 @hinding

geichdneg dcskrdingantd herlef orivvmvei @n ds Cishowhar The

Q%Bdﬁg %1%3 n%rdﬁd é%ﬁ‘?fé‘éﬁtg' ¥ A3 tcp%@oﬂtéqﬁ’[‘ch

grin di sk on the“circul ar
Bﬁovﬁ§#@ﬁn|strnmﬁ?§&H o& dei veotart 5. mhldwtps 72 and

%Qrm@%@d dosit hep perdul um 7, 8!' @na% eﬁéﬁ@éi&ﬁ %m 767he
tensi on neasurlng gauge 7 nmeans of which it is

B6ES5IPE t 6 Zésdeli%trarﬁaﬁbl}f h@OEBH?QCtaRﬂV@ssEP% MHeh 72 -

M tiordiToat &6d by - i freang ofi skkheyar¢ow f8erefoaeWaikpi ese a

notuﬁgg t%n”the grinding disk 71, is |located on

TSU&%teRsion '&rm 76. As a result of the contact
pressure 78, a bending stress specifically ensues in

the gxhepsipy %&Jﬁat@g N%gf@é y,th%pt g%@%ltl%hegf the

nmeasuri ng nmet hods are a 0SSl wever .
grs9ddofc&iivabl &l ton dé@?cpﬁrwﬁérdma\r@ of4 t her e s

dizbikerest | v dpitvhe ddilwusypatioisn t he p@&%@mﬁ tlS the
|°C%P§d in_the .30 rlndlngpg05|t|on . inthis

BESCERGR t hé worRpi 8Be ©F5°PEd°Po EHB g??ndlngpd|%%n§ion
ard stiré ndr icwegeni7t’ , 7oy creeatesof ortfcicisuff | T4 epddyihDe to

E%kgr%ﬁﬁepqﬂgylgghzgcknpressure, which 1is indicated 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
is 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 1is therefore not located in the neutral

position during the grinding process.

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

contact pressure cannot be maintained on account of
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this position despite contact pressure 78. The
pendulumis therefore not |located in the neutral 35
position during the grinding process. In the event

that the drive unit 75 fakrlsg er the contact pressure
cannot be mai ntai ned on account of 16 another defect,
the grinding disk 71 is autonatically nmoved away from

| Ng KRl 8EL.+ Thig t lr%cedPQk ggcount ﬁefwgg@yegxly

returns t’he pen together wt
m@creglrlfﬂ‘d@hg fd-”0§k 1711°| mOGthPhL@CF neuttdls pb3kepoplace on

Q%;&%ttoo:fhet hyeca/\trﬂﬁclavoiéi‘@@rrtlé? thés ps@muymh 73
reference to sche ic representation

ttRE SFriekc Bt &R Fmaﬁéra ﬁDSfoﬁﬁi;ﬂﬁ @ §%n§dr Qfo 16ne
hentehackidgi t hen t yp@aodage bt@deh2 whirddpiiesehels byoided
neanzlof the gripper arm 11 is now descri bed. The

Biladdis "€, gui ded past the magnetic sensor 51 by neans
of the robot (not shown here) , in fact preferably in

%1tﬁl%%%é%gﬁéée&ot@hEh%dNéMHﬂf%‘geﬁfu%éﬂﬁgkﬁé% Therig.

15 cl earance 52 between the magnetic sensor 51 and the
Gri pps BFANEIPIA O ORI sef eét spITE tdepeptiepce 1

lﬂaﬁn &H@cﬁ%@@Ctt%@ bl gsle bypes spikhat £ okhachl ade wi1d by

8?0 bl ade tﬁpe a dgflned cl ear ce Sg dq. The
Bbfﬁﬁhn h ﬁlﬁrépp$ e BIRde 2 and 1He ahﬁﬁ &
sdnsty 5liengukded @@sfhefwammgn&tﬁﬂﬂﬁﬁns@ﬂ séndg oeans

aofs'rgr[‘ea' g)gogegggdegggwnug%r} dhhe ef"a( réiger!‘ﬁigmm a

e pro ess ut'er unlt 0 (not
hrdrage Pﬁrﬁﬁéeéléa?aﬁéé sBrofsleotcfmarhtaitietfie t Re  The

bliade 2 whi h ']§etl,v@é:@1{ ed N hhen2bi gridpgyoar enllah$ the
not identified as a bl ade 2 of thee%g%Pe which is

tHKdPSHs FHR basi'® fior1t heaskatiSsts CefietBgéopearience
Sip';ﬁrﬁ t@obi;k@:&zécadﬂa@e reyeet ed. thht tlﬁerCIae&IlaHGGOES he

i s he case 30 2 a, bl ade
T T S Dok AT Rt RS R g i e
doigs aibt-idelbhate & sirghalhe Theopriocessengar theread sos -
interrupted. If the blade 2 is |onger

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 bHl. In this case also, the process can be

interrupted and the blade is rejected.
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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. - 17 - Patent
claims 1. A nethod for repreducing an optim zed
contour of the |eading edges of gas turbine bl ades,
in which a 5 gas turbine blade (2), by neans of a
onputer.control l ed robot (10), is guided past one or
2202 B RS machi nes (71, 71') so that as a result
of follow ng a novenent sequence which is stored in a

data nepory.(i%dd the desired, confoyy i achigved. 105,y

characterized in that the stored hovenent sequence is
8ésit§fed FSH oI F ngf adbPade rism & Lsdsdet eihi Wekch a
ghat | stirgalncavesage weap) st abe i Rle@nan alsSo Previayst¥r-
det er mi ned or calculaéed desi gn pontour;+and in that _
Fﬁ8t55h9§ t pPBESur &8t 7t heS ga 14f5%Di BEH ad8on°f heMore
y5igdiindi ngadhskés) (771, 71") iso nmeasur edsard tekent of
' zonsider at | it vepent, sequence of. the
F0ba0 (05 o5 TTRAT G s Deded Bedl o contony 16 ¢ data
achresved (Pégar dress oflesheedni t fahteont outsandaweaeved,

ehat-herghi-adi ng, digks. 2Q 2+ Jhey nﬁ%@@ﬂeﬁ? %J)eajd@%é N s
that th 10) 1s

claiml, characterized in e robot

E6GiEped With &OSUEEaBre yribdpse af PP 1) , PHepRharRgned
upami@hecbanwdnagévWé£bfst§EF0iheoEmﬂﬂdE§F pheteblsly
t.he robot (10) can 2 refera exchange the gri.pper

4R etPRRedl 1) \SUT AR AP N ol HOR haat
theai methtiartc| arapiuoe 3f thar getsertzedine bhatlet ken athe

iQne grdnding chizre, 3Q. ( ) LS fitt ,
g??ﬁgaggufgég?gygrfﬂgfngadﬁs%9?7%?a7%9§% Sggeﬁ%?ﬁg‘ tnto
GpoaitREaBlade typethi RViegiens beeawnathenedf wher ekabot

tthe)robot +(1Q) erd preferabl Mesexehangecthe arsi Ndifgeved
disks (71, 71') of the at |east "~one grinding nmachi ne
(?@arg efsau?gna¥@%a|+@%tlal contour “ and wear of the

grinding disks.

2. The method as claimed in claim 1, characterized
in that the robot (10} is equipped with a suitable
gripper arm (11l), 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 <c¢laimed 1in claim 1 or 2,
characterized in that the at least one grinding machine
(70, 70") is fitted with a suitable grinding disk (71,
717), 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 1in that Dbefore commencement of the

machining process, the presence and at least one



10

15

20

25

30

35

35 4. The nethod as clainmed in one of clains 1 to 3,
characterized in that before commencenent of the
machi ni ng process, the presence and at | east one 18
characteristic variable of the_gas turbine blade (2)
which is to be machined are checked. 5. The nethod as
cIained in claim4, characterized 5 in that gas

rbln _bl.ades ( not maintain a. |imnmting
g ué ror t%e nea%ﬁ?gﬁfchggac%%?l§& i°c Q%f?ﬁ%feb%%%§
réjledt ed yef beemplidimechiemienghe@kethe met hod as
clainmed in one of clains 1 to 5 10 characterized in
that gas turbine blades (2) in the case of which the
eont act PPEsHRAcSt ashe lgriinedl nigr @iy {71chggagterized

whi ehhdts qmasurash gurhngqt be (pRchinnicnd do 1H8S KM SELE, a
a .determ ne g t ol erance on account of shape devi ations

Of- i fré "gad v m%éma%r@a%t%%{%fa@wst% variable
reeeckgdcted Pagomret hod asceliaimed in one of clains 1
to 6, characterized in that novenent sequences for a
multiplicity of different blade types are stored in

the 20 daeca medmdy {219 laimkedahnbeneebfi eledmshen to 5,

Eﬁg%bE%drlgedAnlﬁr&ﬁﬁﬁﬁnsgg féHrEEHbeﬂngEt [ in the
method as clainmed in one of clains , conpri sing

§3E6npat er"N ot G e8ORbBEE (Hfﬁs$%ﬁetlﬂ§ gGf8i ngropding
an sikndi(ildual1’25 weorpr essofedd ted (R)ridd tweasha®lening,
r|nd|n Cichlne t&{o 70! ). i.n the radius of agtign h
L5 S Tele G Gte T o= e T O TG, OF shape
pechiatiiog sofoft hilse gags turbiine lilade,( 2re andtahsoia@ally
gggguggg_unlt (20) for controlling the robot (10),

ich conprises a data 30 nmenory (21) in which the
anenent sequence of the robot (10) is stored,

. char act emnzeGhdthddhals thes stosedn pRYEeRRNt- 1SG4eNnce: § Se,

§S ned for converting a blade froma predeterm ned

§t.~6a|ze§verh@e WSt st BPESMPRTo ayb@igyes for  a
muedeparlmm@d off dirfeealecit atledidesigis Ireatotsd andche

Hgt%h%%mEQ% quHe% % e % %%%QQe@%%h% én required.

8. An arrangement Zfor 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) is stored, characterized in that the stored
movement sequence 1s designed for converting a blade
from a predetermined statistical average wear state
inte an also predetermined or precalculated design
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).
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(70, 71) has a sensor for the contact pressure of the
wor kpi ece and its neasured signal output is connected

to the conmputer unit (20). - 19 9. The arrangenent as
clainmed in claim8, characterized in that provision

is made on the robot (10) for a gripper arm(11) wth
whi ch the automatic 5 gripping of gas turbine bl ades

(2) by their roots is possible; wherein the gripper
arm(11) is preferably exchangeably designed and
pr-ovi si offhies madeahgenant magezi nel@40pdf oridi f fedreemt 8,
@wa&%%rte%%d( 4l %%,at‘l%zrov{g cgwh' sChnddie £Abat,  10hh0t
can be automatically 10 operate and erein in

dddit i B% pRoABIRGIEY sarpr éflér abf yt a8 1Esr e opgEomatic

taalp 8@ by Gﬁénsc&fbﬂmé cmaaesawtzqrmkbycméeaamg&;@é is
t he q_ ndlnghdlsks é1 % .on t he gi gdlng mac |nebl
ErS SR oSS bl 1%% PEThE S r E; ment B§Eierably
(d&ﬂhﬂﬂ@@&bhy aidms8 gored, anchapactvesiioad iB thatet hdor a

t eq%@q'%t a O&EE hSiE oL, g?;%g?'&% %rﬂm%”frgﬁté%}?ah),

non-cutti'ng tine e enen move
gerpendiieudiar | $heo tdwoQri ndiby dp§m (L, Futpmakecasly
SRlda@si;posghhl e. wk?@fellln The argangesnt %Sfd%z'laéﬂH%d is

in one of clains 8 to characterized in that
PrGRASGioH Y fafsde Ford aro%%ﬁqs%?ok 5651 f oPY nBR_TF ﬁa vhéch
|a@ﬂgilht@ﬁatal©a§xbhébgﬁe o thl @gle (;21nd25g12nsme 717)
arr enent AS cl ai g{ad in 7%ne f, .cl.ains 8 1,

Haratt eFiPEd 1% 5 the' gri n ng%ﬁwﬁé? t he

netal-renDV|ng machi ni ng of a morkplece which is

appl i ed wilh QQPSﬁﬁEmLHEC g r k%ﬁ‘g cﬁ%'l'?nt §0 or 9,

conprises a rotati r|n whi ch
diaiet t gt aRshnsn ftﬁf:izl rm*%feﬁ‘ (WPZ)Smenl n ¥t Pﬁe the ropot

fﬂdM“dEb(Bﬁﬂ%dé%dcg§pi@&@a@$& ﬂ@#néﬁgtiﬂgtB@méoeiéﬁénts
p essure direction on a ?g Iﬁpd in t rovi si on

e TOYSEEHEYi 6’@”@7@1‘3 PHdr P et |ng£ hedisk
cdh&aCMJpre&&umg (st®)Ll as possible.

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
by means of a motor (72); in that the grinding disk 1is
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 c¢laimed in c¢laim 12,

characterized 1in that the path (74) on which the
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35 13. The arrangenent as clainmed in claim12,
characterized in that the path (74) on which the 20
grinding disk (71) is displaceable lies in the plane
of the grinding disk and_isqgrectilinear or circular.
14. The arrangenent as clainmed in claim13, 5
characterized in that provision is made for a pendul um

nsion,.(73),f.ar .t he,grindi ng disk (71 referably _
SSREELoRCE) ey A lelog AL Sk (T, preTersbly
¢hai ged nidd ngnelieok ehnai is r2ctiQ itheal4 orcharactlen.zed
in that the path (74) on which the grinding disk (71)
i s displaceable is designed so that in the event of
fdi-l ure obet herTFINETIANE (#5) foraimgdating orlaim 13,

CORALERIinNG olche [COMMACt L PEESSUER §BE maglel NAiNGs dbsKqulum
%élk is. automptically gnveq,ama¥ fraom.the }5 ]
PREFECE™ prieterEdf yEBR a6 %o Gravi 1Y), preferably

also for the motor (72).

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) 1is automatically moved away from the

workpiece, preferably on account of gravity.



