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1 METHOD OF REPAI RING A ONE- PI ECE BLADED DI SC,
START- OF- RUN AND END- OF- RUN TEST PI ECES The present
invention relates to the field of turbomachines,
especially 5 aeronautical turbomachines, and is
intended for the repair of noving bladed discs. To
neet the increased perfornancelTequirenents of

engi nes, one-piece bladed discs or wheels, called

1%@?2???&(38@?@ t@CAL(gNE-PIE(I’;E BIADED PISCY START-OF-
conventi onal rmﬁ}lpeﬁ]&&]a@s@?ﬁ 'Fﬁéiraéﬂ?e‘g]z% their
root, which is fitted into a housing made on the rim
the disc. The dis and ades, are. t her ef or,e .
bR cd o Bieh aPorn bERIE 60 UERGEl Rsy o cgpecially
leeahadticalt turboimachinik, sikd i Hatdndad eforathd teipeirdos enawiag bladed
ined directly froma forged blank - they forma

single part. This technique permts 15 substanti al
savings in the total weight of the engine to be nade,

kltﬂstniséeﬁ ([ghee ??@éé@ﬂt b@llfoﬁn%ié@t Iiteﬁﬁﬁgiin%nféaﬂﬂéﬁiil@é,i Glge-piece bladed
: in | on the bla ropt.es and .

st e UL ST ogetovg et topiyfial BP dignjum alloy for
ttypeonipresstons dfaturbdyet engiMeachn of chevediatial fioter, tthe dblades are
r [y : | t SSO .
S IR TR gt g one
vite tdhessennd nblades drer éhayafare dinesufactwid eseppeately before being
%ﬁﬁ%ﬁ@d GRS ? b18¥ed ﬁi&t. Iﬁhrﬁj Pﬁglb,et‘he ﬁﬁﬁ@ésc%rﬁf RN lfse € ?Iéachined

e air flowmn rou e ‘engj ne an comng Ln .

cl¥ tiremt & forgedshlanks cethsy fopa %%Hwé@, patty iﬂnwsf?nn&ue permits
@ﬁH?Q@t;iali §a\}iﬁgsf Qﬁgﬂf_ét t(?@l "vﬁ?g’ht][ od tﬁ@Cé&’igihggtot Betade, but also
criteriag specified in manuf act urer's
SubiiA RRGR RS o el aE] (5t Hegnd,Brablems on the blade
delfites und eabities &s serbicetielongseexabt. one- pi ece bl aded
conponents, the blades are integral parts of a nassive
conmponent and, unlike in conventional arrangenents,

tHeyewsantivs type rapradcrdasithe slrewbadmof deping diffiadt te repair. In
o I . H

PpcteRa, (R b hanal bl myy e RRERgaLy dhewd AR causd by

e ingestien.t WRdhe gpainge 6 dpreIg bodisp &k tedseoflugiy grpsion caused by

¢lREP ane theMbhMicldss estrZifed i Bys teiagthtloandg throdghetizasggine and
t

O 5 SIS SRGEE A b o T SEOFSHL e,

gemestabé yrepairecdravedrdiyg riepthe caiterja fspecifiedcn dhadaanufacturer's
{dﬂgur%l'gﬁfgf%ﬁf iRt &2 She Y? hBfe HERLLDI bEARS. Bl #%: case of
one-piece bladed components, the blades are 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
blades are of what is called a three-dimensional design, with the particular
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35 corner on the trailing edge side, the |eading edge
and the trailing edge. The blades are of what is
called a three-dinmensional design, with the particul ar
-2 feature of having a shape that changes in three
directions and a variable thickness along this
changing profile. The maxi mum2%ext ent of the zones able
to be repaired takes into account the use of the

oSt RESt mngh shBfe @t @Hyﬁg'mﬁ thiRadBreeHBROASH VaPMbIel”'tﬁlckness

GO Bt ingng BrotIa T BrHg I R ient Al ba 2P Sy RS te e repaired

ttdil&:sdﬁfmmxéuht tidasseanfatht kagines anépifaké agrodyaamenivadd supported
%o Fl an_with part of suitable shape, or else by

[ SCBB’p\%Fﬁﬁsng. These techniques generally enploy a
conventional machining operation, for renoving the

Aas T ? a d'?é’cflfn'uﬁ[és t{]th }?eﬂzrétl?e%hld%:%élog@ﬁ Qgﬁélbpﬂl &En&d?ﬁg the damaged

eian mnntjlef dymaged Rladesoand H@W@p@m acing éhf‘erem%\éed portion with a

%ﬁs@m%ltdﬂ)\l’@ @héq&n orelisd B Blﬁ’ldtﬁlpaﬂ'éldtﬂ% ek &l té—tﬂlmques generally
ai,r i gartlcularl ficult . to,car

vel Y,
smp(fmﬁ tq%wsaegnadfme ORRTREQ f8§ semoying thgedagnagsd portion,
ebntabileds fimspettioni of the repained i pant, obiltrasbuice pdediegt and specific

Thi i all dit [ Ti 17.
Qi S5 RERe br BtasbPed Bl 6 the
Appl icant's patent application EP 1 340 832, which
: aal f thi
TEe et SRR ales O 1ebRhy Bulll LRSI IRES Do T or

20 m cropl asma techni ques conventionally and widely
:zﬁlrl is Pt@cu’i@ﬂl?'ﬁl@ﬂﬂchﬁ&b cal U@ttﬂh}’théctaﬁ@bf @ettaii alloys used, the

which e b B oED o GRR AR TR iy so
o |tHe u@tamiirdl aldoy eEHAL dlleis aBsewl ts nrentivacd oforatkemplf in the

SEuELR] Syl e SEP , c
blad@:kmmad@ Dﬁ\lbllsvmdterlglénw}mlepeliommgsbwupe‘a@kdm& thee TIG or
i %clﬁnh@ésg%f)ﬂ%m%haﬁ eﬁrdeﬁ“‘iﬁeésm the aeronautical

pores or mcrob al so "an ext ende

d
whtstré(f fla ciabde o ettepjamy TiHeloe Ai Eeaspd rupgler mﬂgﬁloé}seaﬂowmg

REEeptMAE YeRASith bedehRekabl e, gener ate a weakening in
t he rrechanl cal properties by up 30 to 80% Such

weakeni ng in the behaviour of the conponents in
dhesatdonnentional nbwitdppabletding ntchhigses yresulof inbthé doupation of

‘é@%e%w th%gpif«i)é lﬁﬁlcﬁ&? l&qulngweﬁ{p?@ylﬁg Bsubstantial amount of energy
compared with the small thickness involved, generates strains and leads to the
formation of a large number of pores, such as micropores or microblisters, and
also an extended heat-affected zone (HAZ). These micropores, which are not
very easily detectable, generate a weakening in the mechanical properties by up
to 80%. Such weakening in the behaviour of the components in operation is
unacceptable, and this type of build-up welding cannot be applied. 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.
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buil d-up welding results in the formation of a smaller
HAZ, but it is still relatively |arge. Furthernore,
the nethod requires particular attention and a
periodi c inspection of the equi pnment and products
used, so that no operating 35 paraneter of the
nachlne drifts and nodifies tHe expected results. -3
Patent US 6 568 077 describes a nmethod of repairing a

pa8gf [%‘6%'6*8' Oﬁf‘dés@rlﬁ@é GMnethBg o¥2BFAAHg ROBTRHE 'EbnoelC bﬁﬁl@m which

blagels CJne %éat(l}d i n a%ilagé}%perat d
hedamagedporsion: oTdRe| S [npaginggl,a p 11 d r%foﬂ‘?é‘itéﬂg modc,

tolye ﬁﬁ@eﬁﬁg qforﬁoﬁ inoatlenp B depostien af aneval ﬂlyrlgeaiﬁ@l 6) a tungsten-

sec oper.ating node n.in
Ruciroge sy eI BREEr o fh Botipod pe i pomigloan insert is
TWeddqat by |rﬂ1@nefoftalmeelb¢taﬂebeam wélding mathined Thy profile of the blade
r hi 0es
%Q{u?rg nﬂe%?eﬁyg F‘@ﬁ&g’ﬁl@g% ééc?fé n ﬁo@@f%r ﬁh%cer?tﬁga does not
mandiointhe @mtdym enciounigped whgn ovadingfastan tlmumwélowg e
of a build-up welding technique by 10 application of

| aser _.beam obvj at es_t he, probl e ncount er e
Toeanppichi faseoun & aF 1the SRy 9?}5 2 me@bﬂg tbdhique by
g #)Hictdiﬁmabﬂ%aﬂ@sef heh @b&ﬁ@ém&m@r@mms ehdvumtered hehe usual

ects i ret hc'\ﬁ@ll U gaesa‘?%u a)1Ipaser F?Eﬁauglgdq‘?pgsﬁl dg%‘ §Mique that

hﬁnvﬂameethnsd@fbctzsomtlwwslmm to be generat ed,
especially from CAD data. The walls have a thi ckness

of between 0.05 and 3 nmm and the Iayers are 0.05 to
kasembuildughveldingsis dleeadyieowaiad usedpBysesmeple gn apphcatlons

RrEUR AR hatBISbE 'géﬁérﬁ?éd eppa&eiamgfrbﬁl Ch® data. The walls

ubstr e tec wel di n

458 (Bickacrngk peiissn thas Ao a&aﬂﬁg L3615 e ;98%5 to 1 mm in
hb%hheﬁihel ttfchniques neakest Anpossiisle td rehidveatxtaenhometallurgical
FJH& Q[jilﬁ r@?aa% within the volunme and to diffuse -
PREIgE '8 fere is little outgassing in the
case of titaniumand a limted reduction in strength.

?ﬁﬁttgﬁ‘g@ﬁﬁ@ of BiRd-Uif g%gdlﬂg ﬂa)efrﬁéﬁﬂ@ dr %elaké}bﬂ)édrﬁ Ya8fthe following

ni que are e machi ne
pdvaniegas: thenhess inden iseqnstapi@veer time. slgat Pos ea tipe e agcumulate

Wiﬁuﬂll Ql%@'ifoiu%@é‘ Bhdl lﬂ@%hf%'s’ef -eﬁtfoﬂoﬁm%h@b/ﬁh@ré [L‘Vﬁitbéeoutgassmg in the
si mul t angous

i ng,.f terial a

DtrmeEt wiith 4 plinitedorreditian The SHEDEl apifbeinore, the

g@&tﬁlhty addpfeilabﬂdyl of t fhés wechnigon eare ngobid foncccnkhfs anachine
er,_on a metal wir rsions, is

EB éars hr?vf: |]?gelf\ 8?tma%$ it lg%ﬂg }bg&%tg&llen o the vvor k zone

using a

The laser techniques currently employed involve simultaneously adding filler

material and radiating the substrate with the laser beam. The material is generally

deposited in the work zone in the form of a powder or a metal wire. In other

versions, it is sprayed in the form of powder jets into the work zone using a

suitable nozzle.

One subject of the invention is therefore a method of repairing a one-piece
bladed disc using a build-up welding technique.
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suitabl e nozzle. One subject of the invention is
therefore a nethod of repairing a one-piece bladed

di sc using a build-up welding technique. 35 -4
According to the invention, the nmethod of repairing a
t ur bomachi ne one-pi ece bladed disc or blink having at
| east one dammged zone, by bui4d-up of netal in said
damaged zone by neans of a welding nmachine, which

CIBBEAIRE Stot the 1%V€Rt§or?fthe %@%H' &Or éﬁﬁu‘i’gﬂm%’orﬁﬁ?&ﬁne Qfne-piece

net al, an

zone 'w rk. 5 of
?’i@lqde%‘é? (& dﬂlzsgr%@vmg ﬁhiﬁﬁﬁh PR, dan@gea Z0RE1 BY ibyilg-yy of metal in
tsblﬁit dama efdezd@feelgam@tanmf @tv@ﬂldmg I’ﬁiz!idlﬁﬁ@, wiieh weedprives the steps of

%lrg?qr}né; neorngg o?%u{lﬁgl ot na@n%\g/q Wataq eafn'd (%dre work
@rﬁelneateparredszonabylmwammgprs célaraey.d:rlmdeuethatc al | ed
start 4,0 eﬁ)gﬁtf(oﬁsstteéﬁ&(‘?rﬁﬁrl\sl\%afﬁh Qﬂac?l?rilgg%?fthé‘ﬂ Egé’(ﬁ bbfe so as to

usi
wannezoan@ftdﬁgingé@mﬁlﬁﬁg bgaepaitadrs of which are

pr ese&he buﬂ@-%ngad'_lﬁg’ oﬁérahlaﬁ ik %ﬁf’rleﬂi 8&CoRfal t%ét ﬁl‘ébé dcalRd start-

V\? di ng 41 quality o
sub (6 Preap bR 9d HetneharaTlsouant dwelditg machie, which is

&glﬁsdelq 0pe hachiher eﬁﬁl?ﬂr}]lé Q)@Seraildgtpdrameﬁr]y sf ndidiheregaoet;

i n t .

o ardfeReara e O Pisesc ARl bRy IFISl Afiskedioand, if the
quukityt elithe ofst plidcewiongspormdyiodbe répaadactegiacs criterise

repai E}?ed%cﬁ{% t%rl%e' f@:ﬂh’i?%}d @ulftgﬁ 1%119%5%% %ﬁﬁﬂ Ml without

abi | i 0 con I ng |nsta ['ations
ﬁhaﬂmnglﬁhft PecrREAg Pﬂ@ﬁm@te@éhﬁ‘@ﬁed by a l'aser beam
Once the installation has been validated and the

T ER O TR MR T NENTE R e
PepAredl @f an aidustigalrseale Wdemlgd&ased@h thieiabiléty. to control the build-
éS#lr éyng| ngxgtélla é?? §},W?ﬁ‘t theerﬂegﬂné %g@@?&%g%oﬂser l?eam Once
dse msta})]aamnéms thees k/ahda‘thé apdithe patastitersset, sl mat:lser@qulred 1s to
cﬁépelf,‘g%h@l ;flﬁdd}gtﬂé’atﬁféﬁt’%? aotfeitbﬁlgggsthgf‘tﬂe rﬁﬁ‘ﬁ?erﬂ la®€ cbRect and

ccor

hawe moe drtfﬁf@l tsélr@m&agle/ M% has depf @mgﬁqtyt%@%&{ RHpws great

b8 ®ability in the repair of components as complex as blisks. The prior check is
sufficient for authorizing a number of blades on the same disc to undergo build-
up welding.

According to another feature, and to ensure in a complementary manner that the
operation is performed properly, the method includes, after the zone to be
repaired or the various successive zones to be repaired have been build-up
welded, a step of build-up welding what is called an end-of-run test piece and a
step of checking the quality of the end-of-run test piece.

The method is particularly suitable when the constituent metal of the disc is a
titanium alloy, especially Til7.

The nature of the build-up metal is not limited, but preferably the build-up weld
metal is a titanium alloy, especially Til7 or TA6V.
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operation is perfornmed properly, the nmethod incl udes,
after the zone to be repaired or the various
successive zones to be repaired have been buil d-up
wel ded, a step of build-up welding what is called an
end-of -run test piece and a 30 step of checking the
guality of the end-of-run tesTSDiece. The nmethod is
particul arly suitable when the constituent netal of
the disc is a titaniumalloy, especially Ti 17. 35

e nature of .the build-up netal is not. |jmited, but .
SHher BRHIIC s aideny §ha Goncria b eadised oghaipane blade tips
dédding-edgp ot trailing-ddde/carherbAiM leddihper nedilog edggl | es
to at | east one zone to be repaired from anong bl ade

tips, |eading-edge or trailing-edge corners and
|Asadirdingdo anodldri fiegtueelgths. methad cfrigpaigingoa &hisk heeludes a step of

R

' 13{1
e n | -
cmeseﬁgbw\huﬂg-m ‘é’ﬁl(ghé asenlatingr tstapigce.piodlosied By non-destructive
bl Rstctive] @RFoR ch&Kih@thehaliep bf Beewild-hplefRwrd. by

non-destructive and destructive tests for checking
the quality of the build-up effected. 10 In
dargargeilar,  the heguleting atdtndedechhs pipoéildiasresponding e that of an

EPLMNE e Baling) o8l B0y 3P blocuf PR %amn dsided. The

Thspectios pectidena ifatguaitest aafriad guteon estestcspecimen ouachoned from
. : _ : .

ThL B p e S R B el signl®, L Vent Fon ol 50

relates to the start-of-run or end-of-run test piece
ok inveRtieReAlsongelhfes tBRtthedstattioflitinC bar @ed-ef-r@edeby piece for

the fact.that it is de of a, titaniumall t he .

Bl Gt o misthi. ates Shetirast BiBheiagf dhdt s pmade of a
sealiimgalloy the Saphef whichrdimutated s tipldtamsadrofal with a sealing
$i art-of-run or end-of-run test piece for

I /pl ementing the nmethod, made of a titaniumalloy, the
shape of which sinulates a |eading edge or trailing

§93€ iR %ﬁsoarnga%sgftQi b GiaP-SREMH NGd RECAHRINGedtOpiece for

sald predetermn nodel . .25 The nethod w ||l no e. .
dBPMYEG egn%tgpéfmage af p tpqiHm @i% dbe ghans q h\@ﬁwh simulates

apesmﬂgobdg@aw figidinigNeddlel €drher ofiaflUiegofbilstipwhachiped ht@rding to
a_one-\i |'aded disc; - Figures 2a and 2b

Vi.ew 0 pi e b
%@V‘é’rgdilf’ﬁﬂn-egfm?cgfﬁ or end-of-run test piece used for

The method 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;

- Figures 2a and 2b show a start-of-run or end-of-run test piece used for
implementing the method of the invention for repairing aerofoil tips, in a front-on
view and in a side-on view;

- Figures 3a and 3b show a start-of-run or end-of-run test piece used for
implementing the method of the invention for repairing aerofoil tip corners, in a
front-on view and in a side-on view;

- Figure 4 shows a longitudinal section of a laser build-up welding nozzle;

- Figure 5 shows a mechanical property validation test piece used for
regulating a laser build-up welding installation;



10

15

20

25

30

35

i mpl ementing the nmethod of the invention for repairing
aerofoil tips, in a front-on 30 view and in a side-on
view, - Figures 3a and 3b show a start-of-run or
end-of -run test piece used for iinplenmenting the

met hod of the invention for repairing aerofoil tip
corners, ina front-on vieward in a side-on view, -
Figure 4 shows a | ongitudinal section of a |aser

bui_l d F‘f%’ufé’% SR ﬂh@ztéét‘?)lece?’@f Fightd$'hRePbSilRYS v@eldlng, and
mechanj pr.op perty validatl on t est IPCn%%e used

or
requl A1EHE D shewe ih fbémcamsa fReths fye la%upéﬁtéﬁut ogt from the

Bugldeg etdedesttpiecd 68Figare6e of Figure 5 after
buil d-up wel ding; and Figure 7 shows the specinen for

the cyclic fatigue tests cut out fromthe build-up
JWegured] tshows paet of af omé-piece WBaddsl #isgur.elle bhasles Jpare radial and

|
g e eSEAESe . U8 o9 gy o i
assanplyyin the sepsrothst dcis mawgﬁ’ﬁn cHhemby g@&?élémpgaﬁfomta Smgle
Lﬁ%ﬂﬁﬁﬂf) %élﬂﬁ% & feh@rp e!l?z gﬂ'ﬁ‘sT Qbmpﬁﬂeﬁfs?ghgcl)ﬁa%? i@ particular are
e i thert tDY AisGpapcdiiile nﬁ?f:hapksaa pafs i afies diable to be
i nthigs d@l’d‘l&&tlabdh@ greeigbaBil chile tragting edgbe32,ahededdinpldge corners
%gaﬁﬁ FaEEs 8%9%‘{?% RIS 8 STIE Byl B3 pryided with a

thianed pgrtﬁdgﬁ)rnnnglerssal.’ﬁtg bBpds thkndwne of the aerof oil
tip 35 provided wwth a thinned portion formng a
sealing lip as is _known. The damage observed depends

dhet dranggesobsesrecofenands sanibe rositigheof tigdiong. Sagthe leading edge,
ttl’aﬂhﬁ% E‘&ge‘a&g@ergfo@&hﬂfepfdr é?(%frﬁﬁé tﬁﬁrmﬁyfb@ﬁi l%ss bhitemdl caused

0S5 eri al gause i
gdrfgpdﬂip@gag) far ogqlg%lbgg &tcrqc%e zgpetﬁsfagrqfoﬁ tbp this 1s more
Tdﬁ‘deﬁ wear@iieto adbidng weiall tltihl engmemalsblgn & oni dclonbimgc and industrial

SERLI, 8 B8R, D 0, UOATH S PR s i
lma; afterghavieg ehethedswhetlhusepaaf iseposhible,riystendaidized machmmg
%8&'@1%5 i QRAiLd bet PSR Phife oﬁz&{%%ﬁ%eﬁeqh@ﬁfe‘ai%rﬂ% repair or

opera ionis carried out on th r zonges
agheeeands Thpagtaila cahthecsb?eeﬁefﬁie@rof t %Eﬂlﬁé{?é’ﬁagidi n
particular on the size or extent of the fault

eveal ed. endi ng .on th uant

P@Pfhg}g gryt dizong, & ﬂugn%ﬂ“ I{lﬁtgfl‘a ﬁ H’é)é’ﬁgt"?‘ ﬁuéh a way
g thegedimenysimhtheolindisiasnef the domertepls rephimdeare always the

al way |
ngoi}}ésdﬁ@@?nr%gﬁ@rﬁ g li§ Rﬁﬁﬁﬁ%?%éﬁprgé%dn? lrﬁachlmng, especially
by milling using 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.

A start-of-run test piece is build-up welded. Figures 2a and 2b show a test piece
10 corresponding to the build-up welding of an aerofoil tip. This test piece, in the
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by mlling using a suitable tool, in a range ensuring
a surface finish conpatible wth the desired quality
of the build-up welding. A welding surface intended to
receive the filler nmetal is then cleaned, both 30

mechanically and chemcally. This cleaning is tailored
to the material of the substrate. This is inportant in
the case of the titaniumalloy Ti 17 in particular, or

tfﬁﬁg%’é ao% f&ﬁgfﬁar?léds% ith gfcohk'ﬂanf BitkRis§ GRd 'asleﬁgﬂﬂ fr éRample of

8 a an show a test pl ece
ddrmas hen g W@cmspﬁ%cmmqalt@ﬁ REPRE FRY %ferﬁlhreger of oi |
tip. Thisprésdblpnefr, oﬂtﬁe%ﬁhﬁe-rﬂat%ﬁﬁlmaﬁﬂ a rect angul ar

plate.w h a const ant thickness .
bxanpib B Wi AT oRirCicgy AErOPRELLs BN T8 Mstallurgical
z:hamctamshes repaired: - it is preferably made of the
same material; and - it has the sane surface

eonetri cal, thermal and netal | ur gi cal

\aurgtbestiosts, sisle an, gnredgeiof Sroplate whese %@pm@tﬁy e sgme as that

ofeh 5&’0?01%9%%69 %%Eﬁlﬂlﬁ i tﬁé‘?or&aﬁeo@&pfaﬁéﬂ Tl@ifs tif€omprises a

aero I arter chi ni
Pafal? 66 cuwdsshapﬁ aggr?ppwggg %?prfﬁsmmai o blsept dp sealing lip at
shepartatdhe raadind ATHetidarss istat bftheareofoil tihe

sealing lip at 10 the start of the radiasing. The

thickness is that of the aerofoil tip. Figures 3a and
Figwes\Baaand$b gicsce fest piaepafori nepaizmgaan akwifbil leading-edge or

ﬁ%ﬂ%ggdgf n%rr Thé%ét' ﬁi@c?‘é@elscﬂrﬂl%rforfﬁha beRkta tgﬁPcﬁ" plate of

cons

chhgtraedickehs Bwaltﬂ@tehb@ ll@fé?élrﬁlﬁ e th%pfcrfde Brotihigh ppthe same as
WUdT the ZBH@ tod c}ﬁﬁre@l%ffe? %ad}‘ﬁmh? §h& Q%féﬂ’ tf?ﬁ‘comer The profile

repaired after nma he aer oroi | or ner
SPBIISES 2 SBAENt Fad 22A<19% GHPE FSOroR 3R Rgggaly ke ?foading or
m&m@lddgbl Thanetrpighelgael 200 Ishexfeaded iy ar cutveal parng22b that

e inah ST PR R 035 ERAT I A PAY W i
edote24 fKipecscasitivei afdbe painhthapaitit2gtoathefleading or @mhrgledge of
I'tl?é? é&%ﬁm QB{l \éeseﬁlf)rrl]% Pg(gjgfeﬁ gbfp(l’ésgﬁlra"ﬁﬁ\&a(ﬁtt %g@ i 8f {H%epart 22a to the

ng or trail e aero
@éﬁﬁﬂdtlrpoot 26 representative of the join of the part
22a to the aerofoil tip. Figure 4 shows a | aser

L LB, vl 00, BOTAL 30,018 202 S 008 SNRIRE Sanmcls o
feniing a mhetal ppaieetd 8 dewsitbé ohaberzoRs tdhbamepaired along the laser
§ %&Iﬁ@%’%@?{ h%x%%s}%ﬁ;e bgaerﬁrﬁ | Fre eSSt e BEIQ AhlGhPFHdtal powder

M is entrained by a stream of gas G into the zone heated by the beam.

The nozzle moves along the zone to be repaired in a two-and-fro movement,
progressively building up a stack of layers of material deposited and melted by
the laser beam. The build-up welding is carried out with a constant speed and
intensity, even if the thickness varies along the part.

The parameters are adapted, in particular so as to limit the internal strains and
any remachining, and also the extent of the heat-affected zone (HAZ). The
parameters to be taken into account in the build-up welding are:
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Mis entrained by a streamof gas Ginto the zone

heat ed by the beam The nozzle noves along the zone to

be repaired in a two-and-fro novenent, progressively

buil ding up a stack of |ayers of material deposited

and nelted by 30 the | aser beam The buil d-up wel di ng

is carried out with a constarntd-speed and intensity,

even if the thickness varies along the part. The

par ampl £ h8ioRt &fIHAROEH: aﬂlﬂt BREHd I%‘éblabeéﬁ @%efepaﬂu(w YAG laser)
the intern stralns a any renmachi ni ng;

fheve e iase; t he heat - af f ect ed zone (HAZ). The

pararrﬁi@meﬂ@fkaavé@deeﬁﬂheth@a@goount in the build- Up
wel d| e he ht of the focal point of the

| aser t %Fmr%}SPBPJé?iBWh% | aser) above the
surf atlee pewtlbreusgue@d 1 dfor dW@YiE evhoch isheotheedsB0ily the sdrae metal

%I%%{%%%é ?rg p@‘tlél@ iRC W cIPis: Hréfé&lﬁ?%%eéﬁ?@ Fﬁ& 108 um, and

'S no necessar ame me
ﬂiﬁéo@&lmmtaﬂéd its particle size, which is prefer abI y

bet weelr 3qnA0hIHE Bhtrdithent Ior EQFRenRttNE4s, aPBich Ishﬁreferably

iéure of the entrainnent or confinenent gas, which
FRPRY FATEOhel i um or argon. 10 The type of nozzle to
be used is defined beforehand. The speed and energy

dependen t he Y.
TR bEREmors (et DS ICFerReERFR T hB ) g rerey are
dbperajené an dne typefofpnadsne ympldyedi t hi n t he vol ume, it
has been found that the paranmeters nust not vary by
nmore than 5% The continuity of deposition of
Imparticulam, én the passkefelitanayy El%& fo prcHent tecappraiareg of porosity

Wlﬁﬁﬁ"tﬁé’ Voi[ﬁ'ﬁe 3t Bhi BebiP foliEHat tHe fﬁ%méfter@%ﬁ*ﬁtﬂd@ Nary by more
be due to poor 20 shielding by the

}ép?rent gas, any |lack of bonding, cracks (under a
bi nocul ar m croscope) and unfused material. Wen the

0 test . pi. e i [ 0
Sglgdzonf ﬁlélty ﬁgéﬁg?ﬁéglg g}ﬁ%/teg, gl?eéf g‘l lgfesg gﬁé &H&g@&qd{h arB%hecked
visuaHyi @he afimbi fos detecthiracesdof 28idation which would be due to poor
shielding by the confinement gas, any lack of bonding, cracks (under a binocular
microscope) and unfused material.

When the build-up welding of the test piece is considered to be good, the
machine parameters are validated. A variation of 5% is permitted.

The next step is the repair of the zones to be build-up welded on the part or parts,
depending on the case. All the prepared zones that are based on the same type of
zone and which corresponds to that of the test piece are repaired.

A simple visual inspection of the build-up welded zone is made. This is because
it is not possible to use destructive inspection techniques or techniques that
require a lot of room, which is not available on a blisk.

The end-of-run test piece is produced under the same welding conditions as the
previous steps so as to obtain a result representative of the repair made to the
blades of the blisk.
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The next step is the repair of the zones to be

bui | d-up wel ded on the part or parts, depending on

the case. Al the prepared zones that are based on the

same type of zone and which corresponds to that of

the test piece are repaired. 30 A sinple visua

i nspection of the build-up weltted zone is made. This

is because it is not possible to use destructive

i nspection techniques or techniques that require a

| ot of room which js not available on a blisk. Th .
dris-igspactions aade gn dheen 0§m@%€é@1¢m&3}owa®e§§a@r o the blisk in

\qgllemdtg t60Beli {zalmsﬁeda%rt fet. Bhispi@peetisn SheRsles 0a aﬁetaﬂographlc
tive.of th ai r .nad

PRBIIEH GsacnE {RE DlF ek tLePoT PN AaBRISe: BHNFAY BF Shidcleased
éydthefmetah Hethie qseof Tal 7 ausnitthe the mlcrohifstdrh endyt belks small as

'5:1%1?1(11%):26(2‘ ﬁﬂl {agflla‘?e\ﬁaol 'd%%c%jolg rbgpgl plyljaal gﬁ?pﬁl‘ép Tf%ndensity of

ogra h|c E sear
mhicsapsres qbﬂ@yedb@m@g dhyimetaogmphic] appraised igas key factor for

Leb ﬁ%dthé sk he metal. In the case of Ti 17
tal tﬁﬁl m tﬁpe(lm croblisters may be as small as 5 mto
100 gm and are not detectable by sinple radi ography.

Oiredan @unm W weldigg § ﬁ@@b@@ ehnplevat tlﬁ’f%lhd:dlgrdahﬁent and machining
fact or

S e ksl r BRI HRcbficl iR Ry S her Y SHiona

been conpl et ed t he heat treatnent and machi ni ng

ﬁF%ﬁ%;ugd BRY ?éd 3¢ Qﬁfgﬁia?ta‘%ﬁehﬁﬁl rn‘ﬁﬁs‘? e (P% ﬁﬁng éh? Reat treatment

i ONS are conventi on not
pams inotifageneratgontymimationbe pai d durlng t he heat
treatment so as not to generate contam nations. 15
The j nvention ahéo relates t

o, the validation of a :
(I hecVRRtion Adsq Felates tar thervalilationyof ararr Welding Installation for
Pldﬂnéiﬁgigekﬂé nehilenpi Wenﬁﬁgquépaﬁhh&th(ﬁi b@gmg&e ,Jbecause, before
ore bri ervice and. de
Bingle o adhics hef sohin o Y4 ie 115 R??BF“&’H%%E‘@CQ&} kB build-
l&pca&sk;hng, tib isamgcogssany @ camryf out raegui affor ngpgukeding the welding
gg}a% 20 paraneters. According to another feature

e |nvent|on this regulating operation is
performed by carrying out tests on what are called

%%H%&hg Ng ta%%fhe?' fRaffte EPQﬁS 1ntV€ﬁt‘iOIP' ﬁﬁ@sre'églaiﬂlg%pbfatlon is
ures make it £858|

pp QEPEY %marﬂﬂég Q6 &t BfW]&% %tC@Bﬁd 5@@@%%% (igees. These
tdve pirress0siown in Figures 5 to 7 make it possible:

- to check visually for the absence of oxidation and to measure the geometry
of the build-up weld;

- to evaluate the metallurgical quality of the build-up weld after machining,
with and without heat treatment, by destructive and non-destructive tests, such as
a dye penetration test and micrographic sections; and

- to characterize the laser build-up welded Til7 material, after machining
and heat treatment, in terms of mechanical properties, that is to say by carrying
out cyclic fatigue (HCF) tests.

It is preferable to use a bar obtained from a forged blisk blank, as it then has a
fiberizing direction of the same nature as the blisks that will be repaired with
such an installation.
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quality of the build-up weld after machining, wth
and wi thout heat treatnment, by destructive and
non-destructive tests, such as a dye penetration test
and m crographic sections; and 30 - to characterize
the laser build-up welded Ti “1%-material, after

machi ning and heat treatnment, in terns of mechanica
properties, that is to say by carrying out cyclic

fati ( HCF) .test referabl e tq.use a bar

b pafil G PRta DA it PeROw drntessan 52 Bt Rrgldle sgometry of

Eﬁahﬁ:h b}@i’ﬂespdilﬁisdlof %QEVW tlodt xzhbbseume onatfiore aadarhbged zone of the
e,re ire

k h
1A eeF bp Mling sSSP &6talfil dukiiz8gidgdip ogder to form a
czone dot ba egparesii drhe5Rar tmmq]ﬂrofhaheargaeméoﬂy This depiession 52 is

gﬁlde%?%?cfe&lgyf ?rﬁ%ﬁé“ #’¥hé H?atchiﬁgl tlhapﬁ 1? ldESlF X ’&%fﬁa@e Owing to

ahe a\éd@f of the bay, thg buildrgp i dtrtg 1Sncaér1§é out @Yf @pﬁﬁlag 5he various
M8 'WheR tﬁ@ﬁ%‘ldl B8 bé—éiﬁccﬁﬁgle'te%l Wk @wahhﬁ'Flgd'ﬂre 6 w1th possibly a

er of ol |
Wy eHt aqgﬁecweffﬁ edq h%lp fpe Cpgsed%@n?%& ﬁw@eﬁd IS §4 ﬁrom the bar.
QMinglited 56t Kigowh diatchetl 1h|’iéxgbﬁer 6, trivdudugi the-bugldwep digided portion

tiae \}é]{rla 5@&\%% sgi} gt gvdncr:‘lgélag IS%%%I‘E?%{J% &?% obtain a

wenhtnalppsitionl §6@ forfmmwgoa/éxahangs’pownngl ther md1d-op becldf zong. In its
?H&glqggﬂfb%h tfle 5&%&1‘?@ thBkhSssCHE tlflé H nc{%a%‘radéo%flﬂﬁ§d up weld

I ce atche I n Fi ure )
mntmaalu@weﬁnﬂl@a spde 1of e Bt S, gwider7tabpoveh dping tabs fer being
w'lﬁ hhé"? ?%‘fﬁhé‘%@i&:‘hﬁﬁdlﬂ W ee EpclRbFAIghedests are carried
cen raI portion 56a formng a bar incorporating the
94t d- up weld zone. Inits central portion, the
entire thickness of the bar 56a is made of buil d- up

% gg{egfgrcﬁq {}bebrsegfdgl& Iﬂg Je8 g&%ge%f aljé%%tlgﬁntoi}?ﬁlt 1¥V'cgﬁ§1d?red that

tlhe regudatings of thevinstallatiom csycd)mplerc@t Fﬁ@ évhslesrcsalarrgn can then be
cafddedht. B%{we Bﬁ§k Rl it ﬁgeu%:g@egﬁ&wcaﬁgw a run for

pl éces are satl sfactor It s consi

regplating g igstailaton n%lﬂf?f IcE 48 fo ety behicettart- O%H@nmds@vdﬂf-mn
%@s@@ié@eE BT cCadfis TGSy i [0uS el difg rédillts. Bet ween two

bl repair runs, it is unnecessary to carry out a

run for regul ating the installation. Suffice is to

verify that the start-of-run and end-of-run test

pi eces give satisfactory build-up welding results.
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-11 CLAIMS 1. Method of repairing a turbomachine
one- pi ece bl aded disc or blisk having at |east one
damaged zone, by build-up of netal in said danaged
zone by 5 nmeans of a build-up welding nmachine, which
conprises the steps of preparing the danmaged zone, of
bui | ding up the zone with netdl-and of re- work of the
repaired zone, characterized in that: - the
preparation step conprises ¢ngNpghi ning of the
damaged zone so as to obtarﬂ—a—ZDne of defined
profile to be repaired; 10 - the build-up welding

0 |t019r ?tMgﬂlodSon@pitﬁlkmg PHrbSNaghihe e @G‘fﬁbladgdl kleyéfqu blisk having
st ar o] av sai ne ile

st ng 8 g5t Poe GRmaReR dphe TP Ghgia! 1€ oai damaged zone by
| aser -thggs nﬁdwbueldajpd Wdiélntgpﬁraahlrreg whhacemprisesofthe steps of
whi ch t

af t er p@%&}r gﬁfﬁ% dafnaag:gzaezlogg c{% %l(gflg tu?gthg %?&e Wl ﬁletal and of re-
qual i tworgfo tthé r@}@eltedmoa.ﬂ@eclma@te@mmsthﬁb t he

accept ance tigd piglatation stbp %oﬁfiﬁ*ﬁeﬁ %@ﬁma&ﬁﬁﬁhg 8¢ theé damaged zone
ut changing the

built up usi he sa

oper atSPrig ta&ﬂ%%@&ogegﬁéggaﬁé il moaeBtes ng to
daiml, \Mﬁlh@guﬁ YW?ladﬁlg af)érlagoﬁhﬁczmbﬂ ot d:tﬁa tﬁ piece, called
repair s, Deen bui wel de st.e uij

wel i SOTRARTUR Souapiiss: et G dshirElBrfilgs dishft 4P buitd-up
i dent iveeddtingo mdvhist, amhidf -isua fasestypeestachimceind 4l @perating
step of of the end- of-runtest

pi ece% E&H%%ﬁwod ac@oa%?}éste%/ Caiml or 2, in whi

t he consti theegualiytcd] th@ﬂestt ipeecezafteli byrld-up avaldingris WCked and,
al l oy if ﬁl%Rﬁfa'h@y bY th-E' tédt IﬁéceT&ﬁ%srlﬁndW fh‘échc@@ﬁt@ﬁ@é &Qlteh@

t he precedlng in whic
is atit amf&F‘n?%}Fq E?y © é%ﬂi’ér@ﬁdm UpusIEg t Ulge né @@ﬁr@nne without

Met ho@dhaggiapdh®gpératibh mrﬂetersrthmofh the damaged zone
is located on an aerofoil tip. 6. Method according to

Caim1, in which the darraged zone is a | eadi ng- edge
c@.neMethot r aicordigg ey €laiar Herwhichapomprisési afteragie zone to be

repaired has been build-up welded, a step of build-up welding what is
called an end-of-run test piece identical to the start-of-run first test piece,
and a step of checking the quality of the end-of-run test piece.

3.  Method according to Claim 1 or 2, in which the constituent metal of the
disc is a titanium alloy, especially Til7 or TA6V.

4.  Method according to the preceding claim, in which the build-up weld
metal is a titanium alloy, especially Til7 or TA6V.

5. Method according to Claim 1, in which the damaged zone is located on an
aerofoil tip.

6. Method according to Claim 1, in which the damaged zone is a leading-
edge corner or trailing-edge corner of an aerofoil.
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7. Method according to Caim1, in which the danmaged
zone is located on the | eading edge or trailing edge
of an aerofoil. 8. Method according to one of the
preceding clainms, in which the build-up 5 welding
step is carried out by neltlna afiller metal by a

| aser beam 9. Method accordi-ng-to one of the
preceding clains, in which the disc has at [|east two

daﬂagq\%ﬁl‘%ﬁe&coﬁ(ﬁhg tB"@la NESiKbEhRG fh%p@drﬁé‘%da%r?er is located on

treat rreni ij run test pi ece
Met hodh® ea,dg&t;c}ger@r FA15RS eﬂgéégaﬁlaﬁﬁg@ di sc according
to one of the precedi ng cl ai ns, which includes a step

ti th byi l d-u Idin.intalatl
G nMsRourRebifing b Bier O HELPECSint [T, Thipffiich the build-up
bui | d-wyldingedteld sgcaaried gut by medting a tfillwr estal lby)hllamebem
non-destructive and/or 15 destructive tests for
checking the quality of the build-up weld. 11. Method

actor dVledrod accousling &z ene of the pieseding alpinesh in mdigl the disc has at
pi ece 1848 tfo d%hi)dfgehezoﬁés &afPRFo EOn&ELAHE |rébéifbd’\ﬁ*té}9@eatment of

of a | eadi nz‘@fe or trailing edge of an aerofoil
sai d dpestartef-an tefiRifesy according to the preceding
claim in which the inspection includes a fatlgue

{5 SRBRToP YR | 5P TREE ERATRL BB e of he
Met hogrecedingiclagns,ovidchiinelides  steprifahgolatng Qhﬂ,lbﬁﬂd-ﬂll@ welding
t est 91'1§§ 1Fatl 0?1 Cdﬁrlr%g rv@‘ﬁbfi‘ Jt?]g gtﬁg ﬁrhﬁfé é?g ae{}rgmli)r%éet by bulld -up

t he rrm*didkmg ac cegulatiag ttestopagaes mllameds bym@@ dﬁstractlve and/or
Uit anigdgpr@tl@ests ifSr &%Rﬁlgoﬁle"éﬁl'aﬁfy oﬁﬁle%dﬂdi ap Qreld.he

tip of an aerofoil wth a sealing
Start-of -run or end-of-run test pi ece for i npl ementlng

: hlfl mai&dd a%@@ﬂﬁﬁlg ng the Iﬂ:@d tlany ib, wl‘ﬂ?ﬁethefte@t piece has a
itaniu at e
| cadi RSWR Y potd Ty BE ﬁﬁﬁéa@ewslffeﬁ o RARERaG: or prailing cdge

tip ®bamactifoddfaechbdidé.ng to said predetermn ned
nodel .

12. Method according to the preceding claim, in which the inspection includes
a fatigue test carried out on a test specimen machined from the test piece
after the build-up welding step.

13. Method according to Claim 10, in which the regulating test piece is cut
from a forged blisk blank.

14. Start-of-run or end-of-run test piece for implementing the method
according to Claims 1 and 4, made of a titanium alloy, the shape of which
simulates the tip of an aerofoil with a sealing lip.

15. Start-of-run or end-of-run test piece for implementing the method
according to Claims 1 and 5, made of a titanium alloy, the shape of which
simulates a leading-edge or trailing-edge corner of an aerofoil tip
machined according to said predetermined model.



