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-1 METHOD FOR THE MECHANI CAL CHARACTERI ZATI ON OF A
METALLI C MATERI AL The present invention relates to the
field of turbomachi nes, especially 5 aeronautical
turbomachi nes, and is intended for the repair of parts
such as noving bl aded discs. To neet the increased
per f or mance requirenents of ehbines, one- pi ece bl aded
di scs or wheels, called "blisks", are now manufact ured

fr OMETHU‘DWH TEI}E M’EC@AN'I@AHQ '(H‘IRMCTEIUEATION OF A

arc retained by tneMEAGIIGRIATHRIRL (cd”inio o

housi ng made on the rimof the disc. The discs and

ades _are therefore nuf acture pa .0
el PreS e, o eS| Baate S P8} phEbYnRGRRES, gspecially
bleantesitiaald totbendickineay endashinteddedifoedh¢ yrepaionofa parts such as
f @&f(d hey forma single part. This technique
prg{)mg !i Bs% antial savings in the total weight of
the engine, but also substantial reductions in

”W'fﬁe%‘t?ttﬁé '1H&e§ﬁ1t Perf Jﬂ%‘ﬁ%%r reqhﬁbﬁlehi’soﬁf %Bgfn%& Obnélpsece bladed
1e drawback of dj,fficult r Ealr
1659 W ee@h@a%%@ﬁpbig%@m ] B MR O w%é%@@m alloy for
dbie compregzacd 6f gaysmtﬂnﬂmy e@gintheln mgﬁaﬁemna\llratdrh ¢he blades are

TR ) I RyRI Effttégﬁlvﬁ ahelfe Raflf, ' B0 rip of the disc.
aihe fdisoai agdt hladag hareh éheratgireemandfactunsilngepanately before being
%‘Qﬁrﬁ{?ﬂed"l’?f&atmgdewﬁt -4n9 biibe tgnleqyigées diu %hé"’ﬂ%ﬁ 295 machined

g annot e repal r'e accordi ngr
chisee Vlféo@p%cfplfgeédblﬁﬁk thaexeemag suree part. This techmque permits

@ﬁBMHEﬂi‘éla*sa\ﬁiﬂ%s | iV ehe/ aStal ekt NGf QGRE SHgifi® But also substantial
tive bla n the case of 25 one-piece bl aded

Wgﬁggmqrwgacgpré%g o$ffe integral parts of a rassive
conmponent and, unlike in conventional arrangenents,

n e :
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pperatlpar thed¢0mp1telsszordﬂad¢serndysmdemdam®a due;rtpstmpacts caused by
ttl'i@[r%@ﬁ@n t\%%ﬂé réhgln%c 69 %’Ltel@ bo&& scf,oaue td @rosmn caused by

si ze wel g

oSt ang @th@nﬁ@ﬁ@#ﬁ%enﬁ@@eéc@éé@@ 8] iﬂpyfm& thﬁélgi]oﬂ@s Snginc and

Q@nﬁﬁ@@hﬁoegonta'é’tuﬁithl thetsi’ﬂl@fa@@s(ﬁ“ t% Bladds. STkhis ther rcﬁ%aﬁﬁ@ge if it
genera concer ne

RS e RETEE SeOI e GEnglc ohitGiie SPESiitAgeahe Dhpafacturer’
dbeuimennation) invodvasereptatingent roai hbrgdefdgevs btkelest hrethe case of

loﬁ@-‘f}i&% %‘i’egcfedar&grﬁﬂ?)%eh{s?i "B RAGCare integral parts of a massive

component and, unlike in conventional arrangements, they cannot be replaced or

even removed in order to be repaired individually. It is necessary to repair the
part directly on the disc. The repair must therefore take into account all aspects of
the component, with its size, its weight and, in the case of large components,
accessibility to the zones to be repaired.

Thus, in the case of a blisk, the regions generally concerned by repair are, for
each blade, the tip, the aerofoil corner on the leading edge side, the aerofoil
corner on the trailing edge side, the leading edge and the trailing edge.

The repair techniques that have been developed consist in removing the damaged
region on the damaged blades and then in replacing the removed portion with a
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35 The repair techniques that have been devel oped
consi st in renoving the damaged region on the danaged
bl ades and then in replacing the renoved portion with
a -2 part of suitable shape, or else by build-up
wel di ng. These techni ques generally enploy a

conventi onal machini ng operati®on, for renoving the
damaged portion, contactless inspection of the

r t t I I
n@gﬁlbtr“] I@ﬁltﬂﬁg rsh?gé m%r?él@%fﬂift ﬁlgi?(?gﬁg\:v@l@lﬂlg; gﬁlgésfe t@c_:l_lllqmques generally

¥ta gm MERLIOBAL mépla%%g PBeTFQB’éa forﬂym&yl%t damaged portion,
VeRinttonigss Rapgdctions opahti saplared ypatitf fulteadohid @eedingy agdt specific
in_ the. catf?e of cgoﬁzhn allo s used, the welding of

P HEIRF re otk orEns sRAEA AN vol ure defect's. This

is especially so 10 for the titaniumalloy Ti 17. This

icant's
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product, such as a blade, nade of this material. Wen

H@é aﬁrﬁ‘ﬁbﬁtl&k!w? diftﬁdwi ﬂi Efiry biifin e &se JP @@ 888% used, the

En' 0% Wafch T %ﬂf@éﬂ‘tﬁ Mgt%qwgamu%&%ﬁ?tﬁ JFQ*?‘ ig gspgeially so

tfbeaﬁledtlfarﬂumplallbyaﬂ“l107nSThlsma11©9l isD rhd:rghirieyl fd> example in the

e e T X

Dl@dyunade @rﬁ thisl diateyjalevphay pmfoanmgabuﬂd{upalweédmgnthe TIG or
HicEoREMa t‘égﬁ‘ﬂﬁ s anghb@mg&ﬁl@”@ﬁa \%81 r\fs%ﬂ h{“fﬂ%; V&onautical

generat es stral ormati on

By yhetyedlogt tisvem Tidddn bestregted deroprpdicgtions hmlted to lightly
@hgggéaljoﬁtegrs and al so an extended heat-affected
zone (HAZ). These m cropores, which are not very
easily detectable, generate a weakening in the
IﬁmbammbnnOMebml@&pbwalmngt tecBffgued hiesultyjpe thé formation of

:a;ég cgﬁ %u‘gtelrfg ds 8& éla{ﬂ%c B Cfgg nga%g‘ﬁr g;!}l&i/ 1 Ve\lgl?odmﬁ é)f energy
pemplare;l fitht ﬁ@ $mal}ah1cknes;sf 1rry012sEcds rmnelercesl—wtmlnas andileads to the
itSrma4tidd of %llﬁfgievﬁ}lﬁ’lbélabg oré: u%ﬁ&?ém’i‘il@roﬁcﬁ‘% BELefblisters, and

requires part n I on
Flspe il keallcgans a2 Jdhebe snigserpres, swhich are not

§l emyO@aeagl))(ﬁg gtﬁﬁérﬁféféé gxfeaREann Sn"AAE hhétqlagidaﬂ fles by up
b o bl s BE U SR s 206 G BAPICADNS QRLY fo lightly

wiressed zones. Microplasma build-up welding results in the formation of a

smaller HAZ, but it is still relatively large. Furthermore, the method requires
particular attention and a periodic inspection of the equipment and products used,
so that no operating parameter of the machine drifts and modifies the expected
results.

Patent US 6 568 077 describes a method of repairing a blade on a blisk in which
the damaged portion of the blade is machined and then, in a first operating mode,
the missing portion is built up by deposition of metal by means of a tungsten-
electrode arc-welding (TIG) machine. In a second operating mode, an insert is
welded by means of an electron-beam welding machine. The profile of the blade
is then restored by appropriate machining. However, this method does not
mention the problem encountered when welding certain titanium alloys.
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t he danmaged portion of the blade is machi ned and t hen,

ina first operating node, the mssing portion is

built up by deposition of nmetal by neans of a

tungsten- electrode arc-welding (TIG machine. In a

second operating node, an insert is welded by neans

of an el ectron-beam wel di ng methi ne. The profile of

the blade 35 is then restored by appropriate

machi ni ng. However, this nethod does not nention the
oblen1en oun d when .wel ding certajn titani um )

HpiRgyculan i‘ﬁ’?rﬁﬁ’&ﬂ L MAIing i feehnique-thet RiyeRtnghs defeots in the

tweeldrdonge t hat prevents the defects in the weld zone.

5 Laser build-up welding is already known and used,

for exanple in applications where netal contours have

tlcasbe byddempawettingspebeady knéwonndamsadatfor edarmpleain spplications

W%an%t?e&grﬁgéﬁ &f\fqutb\éfgﬁeﬁeﬁdt&? E%ﬁll%o@xﬁ@/ﬁ]ﬁedata The walls
rlﬁk’ésa thiclgess ol Ibstwecrn B #iSeansl é)@@@l anghthendayers| zmegQ @3to I mm in
tlfé‘i‘g’dtngl‘ﬁé) técflﬁu@d@%él@ése it POssibR kGCIUHiGKE Rbelditit! thetdllurgical

m gé}é a laser beam has the follow ng
Hi&lgehe sp %”H%at influx is constant over tine.
Heat has no tinme to accunulate wthin the volune and

oheglecbtfeiar tuilePon el by bFRE At liok! bty the following

raddammagw the)hsatrieflgk hs coustamterventiene.theat ids no time to accumulate
gog’xgﬁtt 'Vlo'lﬁrﬁe and tﬁ%ffﬁpé L %Il‘?)fwst ﬁ‘lﬁ? tﬁe?ghﬂlﬁ}éeoﬁ’trg%ssdng in the

ar ane ave
icasg sof a%ﬁanw%oand oR| é@mtem ereriagfé@n t B hyiTepglly  Furthermore, the

é‘}?é&%ﬂlhw el exebilify IV ehis| RBhhigneome! yodddidhde the machine
filler @;ﬁerlal Fd radi atin g t he lliifP trate with the
IPRLURCIEsHAVeREEN et @nfldf 15ic@sHR ARREPHSA. 20 deposited in
the work zone in the formof a powder or a netal wre.

%\ngeallrgglr tgc‘fﬁicﬁ{e@ n@hﬂén&a) émﬁé}%usﬁ}r?rfvé Eﬁnﬁﬂ%r@&%ély adding filler
rmﬁztzltlel andoméwém,g tha @hbsirat@mﬁdtheslasarub@am tlhei mpleaiabist generally

%%Pﬁédfeﬁt 4 tl}é \tNoH? ZBﬁ€ SaSRE 3‘fo 5;{{0%{1&6'? adr 4 BSetal wire. In other

IS Sult repailr
WESSif: lb.wepnrdiﬁ/@d dm@aev@m@eﬂf ﬁ@“@ﬁ%]%dﬁ% ﬂaeawork zone using a

RuRMsIEhoeslcof the repaired zone.
However, such a method is tricky to implement.

Firstly, it is necessary to ensure that the build-up weld metal is suitable for the
repair without prejudicially weakening the mechanical properties of the repaired
zone.

Secondly, it is also necessary for the installation in question to be capable of
making a repair without prejudicially weakening the properties of the material
either.

The subject of the invention is therefore a method for the mechanical
characterization of a metallic material relative to a metal constituting a part to be
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30 Secondly, it is also necessary for the installation
in question to be capable of neking a repair w thout
prejudicially weakening the properties of the materi al
either. The subject of the invention is therefore a
met hod for the nmechanical 35 characterization of a
nmetallic material relative to % netal constituting a
part to be -4 repaired and for validating an

| lphinéd aﬁa 96r fr@l‘ideft il ixﬁ@alﬁa@io@l ﬂ&?tréfbalﬂﬁgtsaﬁi’n{é‘tkﬂ'}fhrtdby build-
racteriL ze

u rret al
i Velding filfliode SRS erl charlsrized 4 AL o sPrsiiam:
made qhadHiginges @dvnng intadgarpaade dHtheemetapef thedyart to be repaired,

Ibﬁlslt gfqail[d\’\e' di @%Héghgl&% 26 g&,ﬁ% lggggss r(r)gI seaﬁag‘ijlstallatlon using said

ouetallmgmateri@dt piece fromsaid bar so that it has a
cent r @utﬁg‘ﬁ t@ﬁgﬁﬁbéé Ifn sﬁm Ha1°§o tlf iPHLY d-conidp |zgne consisting

- su test piece to an axl al
\R%YQfﬂt?nbmHi PQO’@lﬂé%fftal @drder to deternine the

weakeRrubf cﬁﬁ tﬁh@ ¥8¢C hadeCR) aBr QEiaT twmu%tfaurgaé pt%@tt it @rder to

ns ent e of the ,
w@ﬁqmmﬁaﬁ%@ cekenhanor 35? et bt biopsktion,ighaetnec? (o the
roenbiituesat mt&ts)fthtspamf subcontractors of any origin,
possi bly using alloys that are not identical to the
al oy of which the parts are made, it is inportant to
Hévia erdsr ipirepaie pags fihe manufhetkemer theauser i tharmachines makes

hRe o?QﬁbE&ﬁr%%l‘s%‘faa%/%ie%lM %ﬁﬁalg%%h%dalpégsttgﬁ ate 1ot 1dentlcal to

I nventi on erefore me
tbeallpr@fivehiclh the ﬁértwﬁumé@ Uit &5 Hapmftmt to e 4 ample means for

%%E@lhﬁgttlt‘ﬂﬁ the b@ﬂé‘ fcé@ﬁb @épd&tddf‘sagisga@[drﬁ . The hﬁ‘&h(t)d of the invention
ment i on e nd f or. contra

A eBeTehe R Ss iarb e phal i peslinsd lmé e Papfighirer or the
haei togswly itee sobdordrabtirl witha seelediafghepboatmentioned test pieces
%‘ﬁﬁofog otﬂg S‘ilBCI)llPt?%(R&e o %tuﬁ?ttﬁé]ﬂt tozf?]reT ﬁﬁ%h}f t %r the gElser after

ure res
fha@mg cmrlt:@ suga bwulldrulg wekdiag ppetition aqmgcbngfto ttlmpresent method.

cmaaidlyély chiFid ORUGE 1k §ﬁéc‘u%ﬁ§ hPcExY ﬁfa@ﬁﬁ*é rreélﬂtmé FFJR the tests
mechani cal. propertle

.w&t giVieat iR6FFiRs dmagamtyt fcatpﬁléﬂg%sterpr@gﬁ% augptwngapwg repair in

triRgs Qfﬁ@clﬁtﬁﬁ&lgﬂopéﬁleé emai ns applicable to any type
of build-up wel ding. The nethod enpl oys in particul ar

a netallic material consisting of a titanium all oy,
&eanethiodyendplo gy aninstAENionf mrefaalplyrdaf the sasernbdidd-op welding type,

thiotw%%ﬂ'n flrh s applicable to any type of build-up welding.

The method employs in particular a metallic material consisting of a titanium
alloy, especially Til7 or TA6V, for a part also made of titanium alloy.

Advantageously, the bar has a parallelepipedal shape and the cavity machined in
the bar has a shape corresponding to that made in the part to be repaired. In
particular, the cavity is cylindrical with an axis transverse to the bar.

The invention will now be described in greater detail with reference to the
appended drawings in which:
- Figure 1 shows a partial view of a one-piece bladed disc;
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30 Advant ageously, the bar has a parall el epi pedal

shape and the cavity machined in the bar has a shape
corresponding to that made in the part to be repaired.
In particular, the cavity is cylindrical wth an axis

transverse to the bar. The invention wll now be
described in greater detail with reference to the 35
appended drawings in which: - Figure 1 shows a parti al

vi ew qfjg ﬁre@?h(ﬂh?ﬁ%cl%rﬁgt?@?é@t%%al w'?_’lgw 4 QHPE Hﬁﬁlgf‘nozzle

schemat.i'c sectian VI ew Q nozzl
- Figurigeres 1 & 6 Wa{n?@@nw? @apraewzaapart? apgnwith a laser

?ﬁﬁm @pﬁ&:ﬁdmdd}dﬁu t@sBe invaitiod; up wel d accor di ][19 to

L B g, b e BB OB oY A 0y RIS pice
shows Fgumcs sigpvaph nudcrograph roétthmfrecmm mmfa;e andl

Fi gur &; ut%@xﬁo&s th?zg?x fo?ranéﬂé ?sttE@s | resul ts.

Fi gure 2 shows a one-p |sc 1. The
bl ades 3 are radlal and dlstrlbuted around the

F}ﬁghféh?rsylloﬁfst er@“ggﬁas gne 2?:6"1?15&'&45@ ldscl 8. ‘g?ﬁ FE%CIHS,G% %(r;% Qadial and

ﬁ*ggr@’dn s apeg g% Of o RS ot @3@ VRSEMbYY df a one-piece

Ia@@@hb]@zamt th@fsegs§ tlen ﬁpmﬁiahﬁ{)acﬁged Riithde byimadianingCltbar a single
0 e o) e | SCOon

Sl AP b et SRR B i ol R RS T RO Resoip mprgicular are

trh)(e Jcblaadi rtmtjleedig@by 8lisconhectablaimecignend escad®, Thdreones liable to be

'a‘aﬂsﬂaﬁga a?@"ﬂ’f‘e fé@&&%@ge? %TI b{qéetrélhﬂg 5‘1%95 g4 %gqeg(pﬁg $d34 corners

B3, the waidiagmsieeicomdrs Siang the Jing afrige |ar:1ﬁs>fasl tips3 X peerided with a
Tﬁﬁméé@&?orpﬂﬁﬁﬁﬂg@ eEReNHp a9fs khewROSi tion of the

zone. the | eading edge, trailing edge or aerofoil
corner for exanple, this nay be a | oss of materi al
Cl&m@inagwobmwfﬁqmnd@fonathfeq:f(ﬁltgm obthe aneelretle leading edge,

Tt e b FaBRrEbStner Kol il 3k e R Rt caused
by theenpactigbd fmmgn badyuardlsd g cméclqm%tenhﬁaaemfmlrtemthmjls more
| BeRUG rQiu‘é’a&S g r%l@l?tf%ﬁ%ﬁé ¥a51ﬁ%e di mensi ons and

the sides of epal red are detern ned.
Th| s shapi ng operat| on is perfornmed by mechani cal

:D’éiﬂ&hﬂi n20on &fe @FRALIdatdNE, BYjubhti dmnw@tlﬁglsareﬁidvfeatih gluch a way
ool, in a ran suri.n i,sh

ftriner ot dhe qhaehtiprs Anfrbe sieae LRuents i Dc Acpiired arc
Wetettiniigeds UThsc shapihg nejsedation rie ceérsrnidae byi hieehamea]almachlmng,
'e§pécri]aﬁpy %&%ﬂﬁﬂg ﬁ?ﬁg]a suitable tool, in a range ensuring a surface finish
compatible with the desired quality of the build-up welding.

A welding surface intended to receive the filler metal is then cleaned, both
mechanically and chemically. This cleaning is tailored to the material of the
substrate. This is important in the case of the titanium alloy Til7 in particular, or
the alloy TA6V.

Figure 2 shows a laser build-up welding nozzle 30. This nozzle has channels for
feeding a metal powder to be deposited on the zone to be repaired along the laser
beam propagation axis. The beam is directed onto the part and the metal powder
M is entrained by a stream of gas G into the zone heated by the beam.
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mechanically and chemcally. This cleaning is tailored
to the material of the 30 substrate. This is inportant
in the case of the titaniumalloy Ti 17 in particular,
or the alloy TA6V. Figure 2 shows a |laser build-up
wel di ng nozzle 30. This nozzle has channels for
feeding a netal powder to be deposited on the zone to
be repaired along the | aser 35 beam propagati on axi s.
The beamis directed onto the part and the netal

pvvder Mis ent dbyasreamof gas Ginto the
NRgEle SHOBSS @ nonegtoripe 1paed lmé\y%ané o{Ipgvement,

me rds@lvbfy b@@(&hg&q) h ytatkt a\pra@eﬁr of ﬁlalfemﬂ rﬂ%@bslted and melted by
il

ressi ver st.ack
P dr R B0 auldn WeIdtag B ordich ot i §eapstantpecd and
bntdndl-tyl,pevxml uﬂ thegthickness vareeh alohg whe parét const ant speed
and 5 intensity, even if the thickness varies al ong
the part. The paranmeters are adapted, in particular so
akha panapfiterstaie adapednan pstticailarssaagl to dhmt therdeiernal mgrains and

e AdmscHibfg %hﬁnalsef th%héxtE%bfathEeHéa%—%ffe%f&l CERL(HAZ). The
Thé ararret er to be taken i E q count he

mﬂrmac%s tRebitakgn ante: acgpunt lflﬁﬂe Bl émp Wl )

poi nt th¢ hehght|cfste foeanpdint of elialdsyr deddGprefedbly a YAG laser)
§%%\‘lfgﬂtl‘{]ﬁ %urface - the speed of advance of the head

qeraecr?er gy applied by the beam - the powder
used (the dpeedrofasehcevbf the Head30t necessarily the sane

met al ¢ elén%l%}/tagghé&'gﬁttggbgarg' ts particle size, which

IS pre era 100 gm and its focal
poi nt thapgwder eedhakidr orofAbMe vetieh as naengcessarily the same metal

GRMhé Wie Q@Sparﬁélk:“shze' %/}ﬁ’é}?fs%r@%rﬁlyhﬁ"rweéﬂ 90 aA990-um, and
B%ffglg ge nozzle t6 be used is défined

a’Pﬂe speed and energy are dependent on the

type alhe rmcdren@f elmoleﬁsteﬂhmeim qaconfindraent pas, thkichagepreferably
tltanl M Ti to prevent the appearance of

3’8 1831? T8RPt hi n the vol une, it has been found that

t he parameters must not vary by nore 25 than 5% The

'qu\éetg/&)}eq{f ﬁclezfe{)?osbé %S%&]?S H@ﬁhéﬁabﬁfbﬁ‘% da "[lh%s eeg‘%lng' dHergy are

I nst ation | mpl enent |ng

dependentenibel tymspelcnacliae epploetdr e a machl ne

In particular, in the case of titanium Til7, to prevent the appearance of porosity
within the volume, it has been found that the parameters must not vary by more
than + 5%.

The invention relates to the validation of a laser welding installation for
implementing the build-up welding repair method. Specifically, before a machine
is put into service and dedicated to repairing a blisk by build-up welding, it is
necessary to check whether the repaired parts will not suffer any prejudicial
weakening during their use.

This validation is performed by carrying out tests on what are called
characterization and validation test pieces. These test pieces 50 shown in Figures
3 to 6 make it possible:
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IS put into service and dedicated to repairing a blisk
by build-up welding, it is 30 necessary to check

whet her the repaired parts will not suffer any
prejudicial weakening during their use. This
validation is perfornmed by carrying out tests on what
are called characterization ahd validation test

pi eces. These test pieces 50 shown in Figures 35 3 to

6 nakqo ch &9%&8911? for'the ab@er@%%x‘ﬁia&itﬁt and {ootehdife the geometry

oXI on and to nmeasure the geometry of
tq’féﬁ%gt’ill 'QPpWﬁM d; - to evaluate the netallurgical

q uali tey @ﬁldat@t}{éwhb&ﬂu Boivel qilba&ilﬁjf or tlﬁ@b?il@-lumwelmtté”r machining,
r non- destru
1319 fl{}é zlggtstreit g:y ngi-ge -gegii r?éttdféﬁstltgﬁg 1yg fsts, such as

eendiympmemlgutlaphest aﬂdcrmcmgaphmckeetmm (ahdr acterize the
| aser o Udhtagaclf@ t}%ell%sc]:t' bifd- q@t el kl Tﬂﬁt tétpaqhbﬁélr‘ﬂlachlnlng

and hea ropefr
tanglt haag treatrent, iy teyans 9f ﬁ@ch@u@alc@r@pﬁﬁmathag e tq ﬂ@F})y carrying
_t(ﬁﬁtc?ché@atigﬁet (pcPakticul ar case of a blisk repair, it

is pfeferred to use a bar 50 obtained froma forged
blisk blank, as this will then have a fiberizing

dhftﬁ@tpe@ﬁcﬂﬁr che Sﬁﬁﬁbhsfkaielpaﬁ asist prefdaréd ks usdat bavi 50 obtained

drreb 2 DLEEEuittn Baplrel AR AT BhieCabf FREKée B of the same
enaamalars theHdisks Ithatwivily be depaam:d with: subbOanmmstali@iommTo earry out

rracﬁm neﬁéwq?% ?%e%gegaﬂap ef:ebg#érd% hveVltﬁ {E)%%B[é’ >the Following

nme
cbmeasigpsidl Wymmpd <ol Somm 8 Biat wi | | be cut froma
damaged zone of the |eading or trailing edge of an

aerofoil in order to for azone epaj red.
P 813 b SCernin Fleuiad. 3 Ctesitnn Shis Siapaied Wahithe sepmetry of
whé pfbﬂil& doh&@p@lxﬁhﬁg w\llatdaw Qhatesiibbé ctlt)ﬁt)hﬁh drafnatgbd zone of the
gg%cpré% o tﬁa1 gguﬁg\ﬁ ol Lﬁgt%qd@dofj}lee Io(nga zg?le 19 be repaired.
derchéhis mvaylml omylihdticalt shapedéw ams ofo wihadhi @Eattl@,nsverse with
?Q)@peﬁf‘t’d t?ﬁfhe &gsuffl cient depth, for exanple a

mm so that it is necessary 25 to
carry out the met hod by form ng a stack of several

IBxeps: 50K 9&9}6@% th@ft"'a‘ﬁgaér@foﬂ hrehiwl @Bﬂ?‘e@ﬁoﬁ ISQ fé;abulldJilP welded,
q:wgtllr% §J I%y mearllsngf he 1gsta{1at1(r>rrlxe gta?)ft esired Yo vaFdate TRE'2 cavity has
a sufficient depth, for example a maximum depth of 5 mm, so that it is necessary
to carry out the method by forming a stack of several layers. Moreover, owing to
the width of the bar, the build-up welding is performed by crossing the various
layers.

When the weld has been completed, as shown in Figure 5, possibly with a few
overhangs, considered to be of no consequence, a slice 56 is cut from the bar.
This slice 56, shown hatched in Figure 5, includes the build-up welded portion
54. As may be seen in the figure, the slice is parallel and slightly set back, for
example by 1 mm, relative to the surface on which the build-up welding was
carried out. For example, for a bar 8 mm in thickness, a slice 2.5 mm in thickness
is extracted. This slice therefore has three distinctive portions, with a central
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| ayers. When the weld has been conpleted, as shown in
Figure 5, possibly with a few 30 overhangs,

consi dered to be of no consequence, a slice 56 is cut
fromthe bar. This slice 56, shown hatched in Figure
5, includes the build-up welded portion 54. As may be
seen in the figure, the slice8s parallel and slightly
set back, for exanple by 1 mm relative to the

?Ur’fl@ﬁ %oﬁﬂsﬂf&% %"lehhgf B Blﬁ'Ingp WRdId e VBSweER rtﬁ/b%qements of the

Far ex mm i1 n thickness, a slice
2r2ingl hag. thlckness 35 is extracted. This slice
therefore has three distinctive portions, with a

soIeI of, .t he

t st il d-.up.
TSRk, oPBL S SHER . b bivd S G ingy TPy i offn a central
Fioguoe Soasfoomsng lai Barsincogpdrdtingvthe build-upeteldexdnenln its central

‘i{oﬁiﬁ&n 'Re %Bh?é fhiBafiSOLE al ﬁle bat ri 8 5$1ab£i§’<§ ﬁ@%?la rﬁé{eﬁal On

Zone.

@tﬂﬂﬁr @ude Otfnbe bat Poa wiker rab@siéboﬁormﬁ@bbé@r B8ag igsippaddy the jaws

Q)ff thelhla@niR ehilididedyalic fe@fgueecb;‘st@ @fc SdifiedQutt he bar
56a, w der tabs 56b formtabs for belng gripped by the

jaws of the machi ne on which the cyclic fatlgue tests
alfh%s@ a¢std, ethoout dia fhnﬂﬂ@ﬁ@all}eﬁi FiguleBMeonsist in applying alternately

PR %afc%%ﬁs”aggd FEFs el BP0 e 2By e amptitude of

abm: afibfationes theT manttree qoe wyyles t drel dingpltempdmtarfe, inhparticular, are
Yl glihQps, the nunber of cycles and the tenperature,

in particular, are determned. 15 Figure 8 shows a

macr ograph of the surface of the fractured test piece.

"Phgmteess&hows 8GRatrd fefp@lcéﬂﬂl%dsdrfacbhﬁ" thelﬁééw&rédv’e@ét%lece The test
hi s rf ace_nakes it qfolcl)SSI

DREtG s e MR 1y ‘3&1@5 B0 el 2006 | BRap bR ol B iage makes it
sableetotdwfy ahel qealotfy oftthe bd#flagt We}ﬂ’n@g and to 6b§erbevlﬁd nature of

s 9Bt bEFORt D NS W Miontn' B n bl b5 plotied, for

opdbes teshrpiecegs aphn Bindtica @b theoganibehmfccwded, @mon griaph with a
- fa

kc%?‘%ir@mﬂg@g%&ggx E}Eé'keafm& qﬂéﬁleﬁﬁu : EIEIEBS%Q&%E @é%H{cﬁ fracture

OB e AOtsh $105 CRADET, i glaphy fo5ta gicsémen cppwisting of several

Qe Eéc%é‘ Cthie FocliftBndd SLTHE Ratiird Hethéararidus tésfﬁﬁed%'s e€fed by an

%ﬁ%‘?’i@é Bt oy categonlsS Bnbing bR esul t s, B

| evel of weakening of the material for the int ended
v t
rgalgﬁﬁg E@ n%sg%t%ﬁ)g?r%% &e&gaﬁer{mﬁ BEHEY FlatdiTa £3F the intended
1nsta11at10n is thus determined. This level is the ratio of the mechanical strength
of the material after build-up welding to the mechanical strength of this material
on a fresh part.

When the tests on the test pieces are satisfactory and the level exceeds a
minimum threshold value, determined experimentally, the installation is
validated.
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30 Wen the tests on the test pieces are satisfactory
and the |l evel exceeds a mninmumthreshold val ue,
determ ned experinentally, the installation is

val idated. -9 CLAIMS 1. Method?for the nechanica
characterization of a nmetallic naterial relative to a

nmetal constituting a part_t@qu;qmgpai red and for

validating an 5 installati epairing said part
by build-up welding with said netallic material,

char ?Qt/l(etsh'zotleﬂ)ritne hh@hai%ig)ab Ol:ti@rhﬁt"egziuﬁtzn of aaﬁhﬂanimglaeenal relative
cavi r, 0 i d_net al

el ai g el Bondinige s bbby iepired Otk 5 ljsating an
- cut tlnstgllatmms&)r pipaoeng 56) farohy daiild-i@aweddinghaithisaid metallic
has a ﬁ&t%h‘éf &hﬁﬁ{%‘?&fnz]eg égzﬁaac)lt g&{k?%tsc’ﬁﬂ .ng only of

bui |t the test piece
to an -ax.raachmmgamayntyf(a?@ gu@baééio) sajjergtd;

accor di ngyfiRl-&) deMihg (sgﬁthe%bﬁwb@ztm%hsoéféatu fRtdImtioh;

t he | aser bU|Id up

accor di ngfuftbngjaa‘ieﬁ‘i piese @ 2? fﬁ%a@?’?ﬁéorﬁgﬁbﬂq hgs a central zone
mat er l(alSa) @ormstinlgt@ﬂy wirballt- Qp wetd pesthilahy Ti 17 or

TAGY. 4 bR RS b0 OaShRT hualifh M ER 0, 2

(52) nachlned in the bar has a shape corresponding to

a ccor g@gﬁlodn ({(ﬁﬁdlﬁgr g‘}" 2iRE 17 8R&1ih&GHa WQ 1 ¢ t\ﬂﬁﬁh is. ?f the laser

ing cfarm 1n
is cyul IPW@IldlmgttW%m axis transverse to the bar.

3.  Method according to Claim 1 or 2, in which the metallic material is a
titanium alloy, especially Til7 or TA6V.

4. Method according to Claim 1, in which the bar (50) has a parallelepipedal
shape and the cavity (52) machined in the bar has a shape corresponding
to that made in the part to be repaired.

5. Method according to the preceding claim, in which the cavity is
cylindrical with an axis transverse to the bar.



