METHOD OF REPAI RING A BLADE OF A ONE- PI ECE BLADED DI SC OF A TURBOVACHI NE
AND TEST PI ECE FOR | MPLEMENTI NG THE METHOD 5 The invention relates to a
nmet hod of repairing a one-piece rotor blade of a turbonachine, and to a
start-of-run, end-of-run or devel opnent test piece elenent for

i npl ementing the nmethod. A turbojet conprises several rotors, which rotate
about their axes. 10 These rotors may include a disc, with a rim al ong
which the bl ades are fitted. Conventionally, the blades are retai ned by
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t hi s met hod haeporti_on of the BI ade around the dagaged region is, cut out,
said -2- theése” rotors may now be one-piece rotors, reterred to as one-piece bladed

discs, called “blisks”. In a blisk, the blades and the disc form only a single
15 part. For this purpose, a forged blank is machined so as to form the disc, the
blades extending radially around its circumference, while still being a one-
piece component. It is also possible to weld certain parts, the resulting blisk
being a one-piece component. There are many advantages of one-piece rotors,
especially in terms of mass.
20
Because of ingestion of foreign bodies into the engine, or due to
erosion caused by dust or particles entrained by the flow of the gas stream, the
blades may have damaged regions, in the form of wear or torn-off portions,
which impair the efficiency of the turbojet. The regions involved are
25  generally the tip, the corner on the leading edge or the trailing edge side, and
the leading edge or trailing edge. To repair the blades in a blisk is not easy, as
it is not possible for them to be removed in order to repair them.

The wear or damage, if it cannot be repaired, results in the defective
30 part being replaced. Now, in the case of a blisk, the replacement of a blade
involves replacing the entire blisk.

Document US 6,238,187 teaches a method of repairing the blades. In
this method, a portion of the blade around the damaged region is cut out, said



portion being standardi zed so as to nake the nethod reproduci bl e what ever
t he shape and size of the damaged region, as long as it lies wthin the
portion in question. A replacenent part, commonly referred to as a patch,
is then welded on to the blade. This patch has dinensions |arger than
those of the 5 portion of the blade removed and is then nachined so as to
return to the initial shape of the blade. Docunent US 6,568,077 teaches
the use, for the step of welding a patch in the above nmethod, of an
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properties t he art. This reduction may be up to 80% in the case
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aeronautical applications and occurs in the case of el ectron-beam wel di ng.

Moreover, in the gase of 17 rotor, TIG or mcroplasma techniques
conventional |y us Ocamnéglégoé 56%@ 17 deaches the aseobauthe step mfuweldingas |

to provide @(ﬁp‘iﬁ%@ abo%e Eﬁmcﬁ i&lae?’éjdt? 'P)*eaﬁ?\%ge{ffi r%lbﬁgeecﬁoﬁat‘ﬁgt @ﬁgﬁhgxd

t hr ee- di nensi onal shapes, ness o he T eing vaiia
make it 1@i fﬁd&antages afsa hagh webtingoratb ez ofitdi atglitpttbdet abls ¢ welduiargs

very preci S?hgﬁhbgge{sl on of the paraneters. These paraneters nust be
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difficult to achieve. The object of the invention is to propose a nethod of
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alloy called Til7. This alloy is mentioned, for example in the Applicant’s

15 Patent Application EP 1 340 832, which relates to a product, such as a blade,
made of this material, which is difficult to weld because, when it melts, gas
evolution occurs during welding giving rise to micropores or blowholes in the
heat-affected zone (F{AZ) that result in a reduction in the mechanical
properties of the welded part. This reduction may be up to 80% in the case of

20 the mechanical strength. Such a reduction cannot be tolerated in aeronautical
applications and occurs in the case of electron-beam welding. Moreover, in
the case of a Til7 rotor, TIG or microplasma techniques conventionally used
and common practice in the aeronautical industry fail to provide acceptable
results.

25

In addition, recent blades have complex three-dimensional shapes, the

thickness of their walls being variable, and make it difficult to use an
electron-beam welding method, which requires very precise definition of the
parameters. These parameters must be defined for each situation in question,

30  any standardization being difficult to achieve.

The object of the invention is to propose a method of repairing a
blade of a one-piece rotor of progressively varying shape and variable
thickness, said method including an electron-beam welding step.



-3- The invention relates to a nmethod of repairing a bl ade of a one-piece
bl aded di sc of a turbonmachine that includes at |east one damaged regi on, by
t he el ectron-beam wel ding of a patch by nmeans of an el ectron-beam wel di ng

5 machi ne, conprising the steps of preparing the damaged region, of

el ectron beam wel ding the patch and reworking of the repaired region by
machi ni ng, characterized in that: - the preparation step conprises the
machi ni ng of the damaged region so as to obtain a region to be repaired of
defined profile; 10 - the welding is carried out, on a first test piece

el ement, corresponding to the blade, having said defined profile, with the

wel di ng machine, The mpenabnrt@m@s a0®] 81eahol othicphigh® PHRIR! of 8thedhicke
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char acteri sthld Iég‘gfdlﬁ‘hé’ r(lgqui 1gedaat tUéCl@Qﬁ&laﬁ ahsdtong demmaged egion, by
"start-of -ryfe éi@éttroﬁ' dmé the%{dqt By%eéﬁ‘f o?ta‘i‘mr e%fn,or Beél‘ﬁsxgveﬂhﬁ% e

after welding is. check and pi €ce correspo
to the répaima ptcsmwmngttém #teps Ctﬂ"meparmlg s dmjndgddarcgmntbﬁe}e@gnmn

to be repair tron- heam ne Wt hou

changi ng' ¢ hOrirAE SBF Fhee EPBY {EpuSRE A Bha AL gl b Bicdiine.
rewor ked by dmehiteiingd imhkatpr esent i nvention has the advant age of repal ring
Capabi 1Ty of contt B PHE@ATaieE SHme BEAH keI e HBa N R e, RSB FesiAn
capability of contT ne
has been valsodai@dolsach 35re%ﬂfh Rﬁbé%@&fréd?ﬁtdefﬁ{éd%ﬂﬁﬂels required is to

check, bé the prior welding of econ est piece ef enent,
correspé ding to thethsatwaldisgt dst h‘@fﬁlﬁdstouctes@nplaecﬁrsteIt@&%‘terplecha@ﬁﬁﬁgeﬂhe

prer e L, et T D SIRA0 TEHRS oL GASEANI JIME BB v
reliabili tymaﬁlheea&m @petatmg pepainetery cbdmddok s msetgrmicb)of% setorsk sest
S ST e T PR A K AU
conpl enent apytch, in order to obtain what is called a “start-of-run” test piece;
15 - the quality of the start-of-run test piece after welding is checked and,
if the quality of the test piece corresponds to the repair acceptance criteria,

- the patch is welded on to the region to be repaired with the same
electron-beam welding machine without changing the operating parameters
thereof; and

20 - the repaired region is reworked by machining.

The present invention has the advantage of repairing one-piece bladed
discs on an industrial scale, by being based on the capability of controlling
electron-beam welding machines. Once the machine has been validated and

25  the parameters set, all that is required is to check, by the prior welding of the
second test piece element, corresponding to the patch, onto the first test piece
element, having the profile of the blade, that the parameters are correct and
have not drifted. Surprisingly, it has been found that this method allows great
reliability to be achieved in repairing components as complex as blisks. The

30 prior check is sufficient for authorizing a number of blades on the same disc
to be repaired.

According to another feature, and to ensure in a complementary
manner that the operation has been correctly carried out, the method includes,



manner that the operation has been correctly carried out, the nethod

i ncludes, -4- after the patch has been wel ded on to the blade or the

pat ches on to the successive blades to be repaired, a step of welding, on
to a first test piece elenent, corresponding to the blade, having the
defined profile of the blade, a second tegt piece elenment, corresponding
to the patch, having the 5 characteristics of the patch, with the sane

el ectron- bean1me|d|ng machi ne mnthout changi ng the operating paraneters
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material of eNAhRId{EeStPIECe t ani um al | oy, especially Ti 17, but the
Applicant does not nean to limt the scope of its rights to just this
application. The nethod applies to at | east one region to be repaired from
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15 of-run test piece were performed correctly. This makes it possible, on the one
hand to simplify the repair methods and, on the other hand, to save carrying
out direct quality checks on the blisk which, because of the space constraints

of the latter, are not easy, or even impossible to implement.

20 The method is particularly suitable when the constituent material of
the disc is a titanium alloy, especially Til7, but the Applicant does not mean
to limit the scope of its rights to just this application.

The method applies to at least one region to be repaired from among
25  the aerofoil tips, leading edge or trailing edge corners and the leading or
trailing edges.

According to another feature, the method of repairing a one-piece

bladed disc includes a step of developing the electron-beam welding machine,

30 during which the parameters are preset by the welding, on to a first test piece
element, corresponding to the blade, having the defined profile of the blade of

a second test piece element, corresponding to the patch, having the
characteristics of the patch, in order to obtain what is called a “development



5- test piece" followed by non-destructive and/or destructive testing of
the devel opnent test piece. Preferably, the first elenents, and the second
el enents of the start-of- 5 run test piece, of the end-of-run test piece
and the devel opnent test piece are identical. According to another
feature, the repair nethod also includes asstep of validating the

mat eri al / machine pair, during which two plates of the 10 material of the
bl ade, with a thickness at |east equal to the maxi mumthi ckness of the
defined profile of the ade re welded in order,,to obtain a test piece
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are carried agmﬂ@@nkﬂgtgggﬁe@éece for validating the nmechanical integrity.
15 The invention also relates to a start-of-run, end-of-run or devel opnent
test piece for inplenenting the nethod. The invention will be nore clearly
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of the invenft cal. g gure 2 shows schematic perspective view of one bl ade
of the disc of Figure 1, showing, in grey, the blade portion renoved
during the 25 preparati,on phase of {he nethod of the jinvention; - Figure 3
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P tests are carried out on the test piece for validating the mechanical integrity.

15 The invention also relates to a start-of-run, end-of-run or development
test piece for implementing the method.

The invention will be more clearly understood with the aid of the
following description of the preferred form of implementation of the method
20  of the invention, with reference to the appended plates in which:
- Figure 1 shows a perspective partial view of a one-piece bladed disc,
one blade of which may be repaired using the method of the invention;
- Figure 2 shows schematic perspective view of one blade of the disc
of Figure 1, showing, in grey, the blade portion removed during the
25  preparation phase of the method of the invention;
- Figure 3 shows a schematic perspective view of a patch with heels
for implementing the method of the invention;
- Figure 4 shows a schematic perspective view of the first test element
of the start-of-run or end-of-run or development test piece for implementing
30 the method of the invention, corresponding to a blade;
- Figure 5 shows a schematic perspective view of the second test
piece element of the start-of-run or end-of-run or development test piece for
implementing the method of the invention, corresponding to a patch;



- Figure 6 shows a schematic perspective view of a test piece for

val idating the nmechanical integrity of the weld, used for validating a
machi ne/ material pair for inplenenting the method of the invention; and -
Figure 7 shows a schematic perspective view of a test piece of 5 Figure 6,
cut out for cyclic fatigue tests. Referring to Figure 1, the nethod of the
invention relates to the repair of a blade 2, extending radially on the
periphery of a rim3 of a one-piece bladed disc 1 (blisk 1), here nade of

Ti 17 titanium Becauge of an,inpact ar 10.of wear, .this blade has a, danmaged
region. The regions 11&bfe ¥ @aﬁ&&eéﬁatlﬁr%eltgﬁﬁcm‘é%dﬂﬁ& &dge @St plee 1or

trailing edgesBdatihe tieadnheehgegi@ajcC 1O, rail i ek d
the |ine of taflle ?i p§8 of, 1he, %ﬁ%gle,ﬁfﬁg@elt?gr%%!} gdtwvméitah ﬁ%ﬁfﬁﬁﬁnﬁ@hgg??éo?
formng, in BACHENHTAHAE paikHer daplemgnting. the snethedes! thedinoention; bhdde ar e

standar di zed portions; hn i i.an i .can-he repaired
are |located, these B% uII%\r,]\’Z Sq{é(ﬁrlgr]:asggﬁ i %ggt ég‘%@&@"%g}%ﬁ“@n@k %/nfeéﬁ RHpe® c(ﬁtE
out in oriderFigurbed, caploat ot cycli¢ fasgustayps.of the nethod consists in

checki ng whet her the danaged region of the blade lies in such a portion.
Figure 2 shows a blade 2 and such a 20 standardi zed portion 9, shown in
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d portion i s cut ou y machi ne.
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by the blade 2. The d%fects in a blade 2 that are contained in such a
portioni®, whatev redefined on the blade are standardized portions in which the

damaged regions that can be repaired are located, these portions
cotresponding to blade portions which are cut out in order to be replaced. A
first step of the method consists in checking whether the damaged region of
the blade lies in such a portion. Figure 2 shows a blade 2 and such a

20  standardized portion 9, shown in grey. This portion 9 here includes the
leading edge corner of the blade 2.

If such is the case, the standardized portion is cut out by machine. The

parameters for this machining operation are preset and identical for blades of

25  any one type. The cutting line 10 of the standardized portion 9 is defined so
as, on the one hand, to vary as slowly as possible so as not to have
excessively abrupt points of inflection or corners, so as to make the cutting

and subsequent welding easier, and, on the other hand, to extend into a region

of the blade where the operating stresses are minimal, or at the least not

30 maximal, so that the zone that will be welded shall not be subsequently
subjected, along the weld line, to excessively high stresses. The maximum
dimensions of the cut-out portion are defined according to the use of the
engine and taking into account the aerodynamic loads undergone by the blade

2. The defects in a blade 2 that are contained in such a portion 9, whatever



-7- their shape or their nature, may be repaired by cutting out this
portion 9 and replacing it with a standardi zed patch 11, which nay be seen
in Figure 3, and w |l be described later. The cutting operation is also
carried out so as to guarantee a surface finish conpatible with the
desired welding quality. 5 Wat is thus obtained on the blade 2 is a
cutting line having a defined profile. Once this cutting has been carried
out by nachlnlng, the blade 2 and 10 espeC|aIIy its cutting line 10, is

cl eaned so it for the di ng Bef ore wel.di ng .a patch
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a wel ding pllane identical to the cutting plane. 25 The patch 11, which is
made of the sane material as the blade, here Ti 17 titanium has a profile

along a cutting I|i h t
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on one side ?f the blade and 0.5 mn on the other side, for a blade whose
t hi ckness varies between 0.5 and 6 mm preferably between 0.7 and 3.45 mm
The thickness of the patch 11 thus follows, along its cutting |line 12 but

al so over its entite.area,, the variations of the profile and the variabl e
Beéfore welding a patcﬁ [1 on to the cut I%lade a start-of-run test piece

is welded, the first element and the second element of which may be seen in
15 Figures 4 and 5, which will be explained in detail later.

The patch 11 is then brought into contact with the cutting line 10 of
the blade 2. This contacting operation is performed by a device for holding
the blade 2 and the patch 11 in place. This device, which is not described

20 here, must be designed so as to allow very precise positioning of these
elements with respect to each other and is adapted to each blade 2. Preferably,
the same device is used for holding the blade 2 in place while its standardized
portion 9 is being cut off, This makes it possible to retain the same parameters
and to have a welding plane identical to the cutting plane.

25

The patch 11, which is made of the same material as the blade, here
Til7 titanium, has a profile along a cutting line 12 that exactly repeats the
defined profile of the cutting line of the blade 2 and has a thickness oversize
with respect to the thickness of the blade, here approximately 1 mm, divided

30 at 0.5 mm on one side of the blade and 0.5 mm on the other side, for a blade
whose thickness varies between 0.5 and 6 mm, preferably between 0.7 and
3.45 mm. The thickness of the patch 11 thus follows, along its cutting line 12
but also over its entire area, the variations of the profile and the variable
thickness of the blade, along its cutting line 10 and over the area



t hi ckness of the blade, along its cutting line 10 and over the area -8-
corresponding to the portion that has been renoved, with a thickness
oversize. |In other words, the surface shape of the patch 11 corresponds
overall to the surface of the portion 9 of the blade 2 that has been cut
out, its dinmensions being slightly greateg.. 5 In the extension of each end
of |ts cutting line 12, the patch 11 has a heel 13, 14, projecting from
the surface of the cutting line 12 and extending so as not to interfere

with the blade 2 once the patch .11l has, been brought |int ct with the
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11 and
15 they are made as one part with the patch, they may also allow an operator to

take hold of the patch 11 and move it. Heels could also be attached to the
blade 2.

The cutting line 12 of the patch 11 is therefore brought into contact

20 with the cutting line 10 of the blade 2, this contacting operation having to be

carried out very precisely, by means of the abovementioned holding device,

so that the profile of the patch 11 exactly follows the profile of the blade 2,

something which was not the case in the prior art where the patch is a

constant thickness substantially greater than the maximum thickness of the

25  blade. Thanks to this varying thickness of the patch 11, excessively large

differences and thickness variations between the blade 2 and the patch 11 are

avoided, thereby simplifying the subsequent electron-beam welding process

and guaranteeing better quality thereof, which process rightly requires to be

executed very precisely. This makes it possible to limit the causes of welding

30 defects. The holding device, which holds the blade 2, the patch 11 and

possibly the heels 13, 14 in place, if these are not integral with the patch 11,
must therefore be able to be positioned in three dimensions.



possibly the heels 13, 14 in place, if these are not integral with the
patch 11, nust therefore be able to be positioned in three di nensions. -9-
The el ectron-beam wel di ng then takes place by neans of an el ectron beam
wel di ng machi ne. For this purpose, the blade 2 and patch 11 assenbly is

pl aced in an inert atnosphere, typically [?_a vacuum and an el ectron gun
of the machine fires an electron beamon to the weld bead, |ocated at the
5 interface between the cutting lines 10, 12 of the blade 2 and of the

patch 11, the k| netic ener y, of the electrons heating the workpi eces and
al | owi ng t hem «i-}v@F ¢a tt&?‘@&lﬁ’é@idmg\éh%m% meegseit amekectron-
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are defided inédrdaehbaivénn Dlwﬂattﬁflg firies! K),01D o@qhelbl@ﬂ@mt ah@f thiegsash 11,
simlar to tgg staﬁt of - runé,tfl pi ece, whi.ch gl exp Ia| ne Iater 15
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vel di ng, tHeedean P@WGXE@EPW@UQ(eh@Va@%BSG@T@C%O|I¢W)hﬁ1m}dcploené¢loattd $Ats0
a hole. The a C e of, h
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”ﬁkeﬁ | i g Oposdliowiag thieedeptheof ﬁieef?mairpchmaml)rk&:aadiﬁstéd]ethje(%mphnhdmefobﬁi wean
t he ade 2 25 e eleqtr un ta be a ower,,
whtch power Tt v ibiaAR qialheslGoGpRiiant afonng 15 weiss andithe Rpeed
bl ade 2. Th@feamspraeemﬁa@fﬂmchfeaml giendefifed mo@éhalrﬂdﬂ:?y hba%n@l @fi@m@ls' én

therefore c d out, as r.egards the cutting |ine 10
Lbsfapiont (950 rieter sumigaro \he Nayt-ETHO e piese, iWhiathaill be

t he "steady
particul ar espmih8dWestion, the weld bead is of the open-ended type. The
15
The advantages of using electron-beam welding are especially the
welding speed and the quality of the welding obtained along a relatively
narrow weld bead.
20 The welding is started on a heel 13, since, in electron-beam welding,

the start of welding generates defects in the workpiece, and also a hole. These
drawbacks do not affect the blade 2 insofar as they are confined to the heel
13. Moreover, starting the welding on the heel 13 makes it possible, when the
electron beam reaches the joint plane between the blade 2 and the patch 11,

25  for the electron gun to be at full power, which power is maintained until the
end of the cutting line 10 of the blade 2. The entire operation of welding the
patch 11 to the blade 2 is therefore carried out, as regards the cutting line 10
of the blade 2, in the “steady state” of the electron gun. It may be noted that in
the particular case in question, the weld bead is of the open-ended type. The

30 welding continues and terminates on the opposite heel 14, so that the defects
and the hole, which are also generated in this phase, are confined to this heel
14,



30 wel ding continues and term nates on the opposite heel 14, so that the
defects and the hole, which are also generated in this phase, are confined
to this heel 14. -10- The electron beamis not directed exactly on to the
joint plane but slightly offset to the side of the patch 11, since, around
a weld bead an "undercut" may appear, that,is to say a zone in which the
thickness is reduced relative to its initial thickness, owng to the | oss
of material towards the weld 5 bead. Since the patch 11 has a greater

t hi ckness than the e material, has_a tendency tq go beyond the

| 2
wel d bead so as to]?ﬁe??%PHQnuE%mctﬁ ngh dtllF?étecbl%éﬁy ande. thl“-h@@hdﬂﬁﬂ@lt ut
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step that follows. The offset mon t si de
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t hi ckness, CHﬁ%ppq% @aﬂ}@o{na@én@mge&&epyﬂ@t dotlowrs. méaenqiésedenf t}msbcamsomhe

woul d col | a 1 f ri ar
not to wel dRﬁ‘ﬁ pr@gjmg:e? emlpEe?étntsby a?ld%:iJ teéggtgqbwg'ﬁbﬁﬁggﬁég,
for exafpl ebladé¢@g a 1 aser, which increases the costs appreciably. The
heel 13, placed beneath the lip 10 on the side of the 25 blade 2 and of the
patch 11 where the continuation of the profile is wder, fornms a thickness

oversize at the | |Bhe bremetdre gfehieosievftonchddne \i/bl@hﬁ rﬁlh@l@ﬁle AcCprZt Ay
together is nP (ti in a d t ese p rtions mag€f by el ectron- beam
wel di ng so 4585 St‘jlil%‘rbgo Vﬂ‘j}g& C¥hargpe rstﬂﬁ)eﬂlﬁ ﬁ@@mt@h&f the weld

repaired. bead, and therefore to the geometry of the cutting line 10 of the blade 2, in a
15  progressive manner, in real time, along this cutting line 10. The weld bead
obtained is thus of better quality.

Another advantage of using heels 13, 14 should be noted. The blade 2
includes, along its tip line 15, a sealing lip corresponding to a lip 17 on the
20 patch 11. Owing to its very small thickness, this lip cannot be directly
electron-beam welded, as this zone would collapse during welding. It is
therefore frequent, in the prior art, not to weld the lip but to form a lip by a
subsequent build-up process, for example, using a laser, which increases the
costs appreciably. The heel 13, placed beneath the lip 10 on the side of the
25  blade 2 and of the patch 11 where the continuation of the profile is wider,
forms a thickness oversize at the lip. Thus, the region where the lip portions
are welded together is not too thin and these portions may be welded by
electron-beam welding so as to ensure continuity of the lip of the blade 2 once
repaired.
30
Once the electron-beam welding operation has been carried out, the
blade 2, with the welded patch 11, undergoes a heat treatment so as to reduce
the tensile stresses generated during welding. An ultrasonic peening operation
may also be carried out. Certain checks are performed so as to ensure quality



30 Once the el ectron-beam wel di ng operation has been carried out, the

bl ade 2, with the welded patch 11, undergoes a heat treatnent so as to
reduce the tensile stresses generated during welding. An ultrasonic
peeni ng operation nmay also be carried out. Certain checks are perfornmed so
as to ensure quality -11- of the welding. [hese checks may anmount to visual
checks for verifying that the welding has taken place properly and has
not, in principle, produced appreciable inperfections, owing to the
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cor r espondi ﬁfgat%la 198t E¢MPYCdapachdlined urddethfebladp evhppe dimensions exe

el ement 18, sHBRh{I§SRREAEPGHaA (RE RhACUimenYUdils, PhateROtE9sRY the dimensions
15  corresponding to the initial blade, is obtained. These are the dimensions of the
portion 9 that has been cut out and replaced by the patch 11, the rest of the
blade 2 not being machined since it must remain identical to the rest of the
initial blade 2.

20 The repair of the blade 2 is refined and completed by manual
polishing, so as to obtain a blade 2 identical to the initial blade 2.

The method of the invention is especially characterized by the fact
that, before the patch is welded to the blade 2, a start-of-run test piece is
25 welded. For this purpose, two test piece elements, namely a first element 18,
shown in Figure 4, corresponding to the blade 2, and a second element 19,
shown in Figure 5, corresponding to the patch 11, are welded together. The
first test piece element 18, corresponding to the blade 2, will be denoted by
the term “first element 18” and the second test piece element 19
30 corresponding to the patch 11 will be denoted by the term “second element
19”. The term “test piece” will correspond to the test piece once welded, that

is to say to the two elements 18, 19 welded together.



the term"first elenment 18" and the second test piece elenent 19 30
corresponding to the patch 11 wll be denoted by the term "second el enent
19". The term"test piece" will correspond to the test piece once wel ded,
that is to say to the two elenents 18, 19 wel ded together. - 12 The first
el ement 18 has a cutting line 20, the profH{e of which is identical to the
defined profile of the cutting line 10 of e blade 2. This elenent is
made of the same material, here Till titanium which has undergone the

same treatnent progcess asthe bl ade fromits snelting ht 5 up to
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15

The first element 18 and the second element 19 are welded together
by the machine that will be used for welding the patch 11 to the blade 2, with
the parameters preset for this welding. The presetting of the parameters may
be obtained in the manner that we will describe below. The same holding

20 device is used. Thus, before the patch 11 is welded to the blade 2, a very
similar process of welding the two elements 18, 19 together is carried out in
order to obtain the start-of-run test piece.

It is even possible, so as to weld even more representatively to the

25 welding of the patch 11 to the blade 2, to provide means that simulate the

mass and volume environment of the blade 2. This is because, owing to the

mass surrounding the blade 2, especially the presence, near the blade 2, of the

hub supporting the rim 3 for retaining the blades 2, a thermal pumping effect

1s produced during welding. The welding heat, injected into a localized sport,

30 which is the weld bead, has a tendency to diffuse into the bulk, this diffusion

varying according to the latter. The environment of the blade 2 is taken into

account when welding the start-of-run test piece, which may, for example be

simulated using the tooling of the holding device, which has a greater mass
than that which would be necessary.



hub supporting the rim3 for retaining the blades 2, a thermal punping
effect 1is produced during welding. The welding heat, injected into a

| ocal i zed sport, 30 which is the weld bead, has a tendency to diffuse into
the bulk, this diffusion varying according to the latter. The environnent
of the blade 2 is taken into account whenwelding the start-of-run test

pi ece, which may, for exanple be sinulateé using the tooling of the
hol di ng device, which has a greater mass than that which would be
necessary. - 13 Once the two elenents 18, 19 of the start-of-run test

pi ece have been welded together, the actual start-of-run test piece is

therefore obtai nedOntRahetud klomehtst 1§ Y&!ot AL e SLAl té%ft?p[%?&: havt tepiCe
is then checked, Depending 5 onthe requirenments, it is possible to carry
out only viswaldeshtagether, thkeaktval stateofaubi test piece is chersforse pbtined. Thice
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acceptance critefia. 15 Once the pdrameters of- t he machi ne have been
val i dated, the patch 11 may be welded to the blade 2 in order to repair

it, using the sa : e i i.n fi:a.s t - of - e
bt eco 1 S suf i o ot Renet plifess SRR | el it ity D 1OE p Mgty St
bl ades 200of adapteahdndhe ferther istartiqf-am tstrpiete iseptialallyderdlded) andlissken

20 1t may b te h h | ectron-beam wel di n chi ne parameter.s, are
reset | Lot < SobBlR IrtuREL PusiRThdlio Hideoh a8 obialRe Ty High (e
obt ai n goodthelslirametéfse oft thiet neichiing desvallieeel wBkESid ConoRRIEd &hhp they
ensure that these parapeters, are always correct, since wear, heat, etc.
af f ecti ng tHQH%BOBEéQit P SRPHY ACREPHICKI HECE@hnot be excl uded. According to
one feature of the nmethod of the invention, after the

15 Once the parameters of the machine have been validated, the patch 11
may be welded to the blade 2 in order to repair it, using the same parameters.
The prior checking of a start-of-run test piece is sufficient to authorize the
repair of a plurality of identical blades 2 of one and the same blisk, or even of
several identical blisks.

20

It may be noted that the electron-beam welding machine parameters

are preset. However, even though these parameters have been set so as to
obtain good welding, the start-of-run test piece makes it possible to ensure
that these parameters are always correct, since wear, heat, etc. affecting the

25 precision of the machine cannot be excluded.

According to one feature of the method of the invention, after the
blade or blades 2 of the blisk(s) have been repaired, an end-of-run test piece is
welded. Such a test piece is identical to the start-of-run test picce described

30 above, with the same two elements 18, 19. The welding is catried out in a
completely identical manner, with the parameters validated by the checking of
the start-of-run test piece, which were used for repairing the blades 2.
Likewise, one or more checks are made on the end-of-run test piece, thereby
making it possible to validate or not the repair of the blade or blades 2 of the



bl ade or blades 2 of the blink(s) have been repaired, an end-of-run test
piece is welded. Such a test piece is identical to the start-of-run test
pi ece described 30 above, with the same two el enents 18, 19. The welding is
carried out in a conpletely identical manner, with the paraneters

val i dated by the checking of the start-oﬁf1-4run test piece, which were used
for repairing the blades 2. Likew se, one or nore checks are nade on the

end-of -run test piece, thereby naking it possible to validate or not the
repair of the bl ade or_ bl ades 2 of the -14- blisk(s). Preferably, the
end- of - run t REsk(s) eRecTerablye the gngrekrweltgst piech, isfdreckedapssicasedy, with, for

of-rut et IPE ohi Pere A | :

cavi ti 65 f or FBD: #ahe@hur el cEkyhBISFRIF B oy PR 4BF LRl Hiich

t5i Lani um I t rmegpwlawbﬁ?oem_?ﬁlr bya@.l&_stgad; Igfiaer_l Soff byl @he rrlrjiated. (I%rtl(l}et che dﬁﬂéQUEd
SI e L L. Ogr . ensi (0] Cropor opseryv uri e

met a1 1 ur g1 ool e BRSO IR ROIEE o 8si2gall de bo 100 REGaRE KAGhPhBededirted

Thus, by wehgli ﬂmﬁesfﬁdibg%pﬁyﬂnﬂ%stde?ﬂsﬁgfeo%n%i%[’oﬁél‘ésof)bééiﬂ/eﬁe%utrﬁia%ectﬁg

and by checKi ngi them .t 1s possible to Validate the entjre run, t
to say the riepmliurgyralinspegtiank vall be thx keysfaster far aeeepting thearrpainel v
of the runs I , el e [ r I.f 1O repai 1.5/ ar
consi dered t]%[ gﬁg\?{éﬁﬁgitsé%fﬂ rreuf]r{e)rt% Igfé&%héﬁgpgﬁgﬁ%%ﬁ Ijézlglr ?e}sé&ngﬁé, gﬁdt Rg
bl ade 2 oncecheckirgs thempit isgiassihle(theatlidate dherentire whihy teatris ¢o pegrthegepair

etc.) are pe [ . S 1§ ossi.bl e, ;after t wel di ng and after
The end. of L afik SR8 Sifed fr RSB R 588 afdfe dBn cBmeORest hhor
t he invanti ahe ehbiee reyedi g repased/arscansdersEaebedalitheéd.are call ed

devel opment test pieces that are identical to the start-of-run and

end-of -run test pieces. Thanks to these devel opnent test 20 pieces, the
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According to one feature of the invention, the machine parameters are

preset on what are called development test pieces that are identical to the

start-of-run and end-of-run test pieces. Thanks to these development test

20  pieces, the welding machine parameters are experimentally determined for

repairing a blade 2 of one particular type, with a defined profile. This

development of the parameters may be carried out upon acceptance of a

machine by the repairer, or else beforehand by the blisk manufacturer, who

will then give the blisk repairer the parameters to be applied to the blades 2.

25  The benefit of the start-of-run test piece(s) makes it possible even more in this

case to adapt parameters which may undergo slight variations since they are

not implemented on the same machine.

Thus implemented, the method of the invention makes it possible not

30 only to repair a Til7 titanium blisk, which was not possible in the prior art,
but also to standardize such repairs. The manufacturer thus provides its
repairers with the parameters to be implemented for repairing the blades 2, to
carry out the welding and check one or more start-of-run test pieces in order

to validate these parameters, repair one or more blades with a summary



case to adapt paranmeters which may undergo slight variations since they are
not inplenented on the sanme machine. Thus inplenented, the nethod of the
invention makes it possible not 30 only to repair a Til7 titanium bli sk,
whi ch was not possible in the prior art, but also to standardize such
repairs. The manufacturer thus provides iH% repairers with the paraneters
to be inplemented for repairing the blades-Z, to carry out the welding and
check one or nore start-of-run test pieces in order to validate these
paranmeters, repair one or nore blades with a summary 15 check, or even

with no checki€Cadrt &ieen veith da ehepksandpghen wlidese dhimrepair lpheadidimg and
end- of -run tﬁgcmﬁgﬁé'erﬁﬁﬁ?—rrﬂhQ?st&ﬁg@@m her feature of the invention, a
ate '

wel di ng machine 1's preval i y means of a test piece 24 called a
mechani cal -integrity validation test piece, shown in Figure 6. For this
to at |east the maxinum,
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conpressive forces at various tenperatures, for exanple at roomtenperature
and at the operating tenperatures of the blades 2. The test piece 24 may

al so 20 be used Tos dlid P6NGs Bin it Aol B THEhAHED- AitebHBP & liRbEidDRd:
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15 27. The machining is carried out so as to leave, at the ends of the bar 27,

wider areas 28, 29 for being gripped by the jaws of an apparatus with which

cyclic fatigue trials are carried out. Such trials employ successive tensile and

compressive forces at various temperatures, for example at room temperature

and at the operating temperatures of the blades 2. The test piece 24 may also

20 be used for carrying out various checks, such as those described above, and,

for example may be cut transversely and longitudinally for the purpose of
metallographic examination.

Thus, the mechanical-integrity validation test piece 24 makes it
25  possible to validate a machine/material pair and thus to define the impact of a
typical repair on the material and the lowering of its mechanical properties.

Advantageously, such a mechanical-integrity validation is carried out

for each machine, before the implementation of the repair method and before

30 the welding of the start-of-run test piece. The validation is therefore not

performed as for the material, but for each machine, in conjunction with the
material.



typical repair on the material and the lowering of its nmechanica
properties. Advantageously, such a nechanical-integrity validation is
carried out for each machine, before the inplenentation of the repair

met hod and before 30 the welding of the start-of-run test piece. The
validation is therefore not performed as for the material, but for each
machine, in conjunction with the material’.” -16- CLAIMS 1. Method of
repairing a blade (2) of a one-piece bladed disc (1) of a 5 turbonmachine
that includes at | east one damaged regi on, by the el ectron-beam welding of
a patch (11) by means of an el ectron- bdabsABYI& ng machine, conprising the
steps of preparing the danmaged region, of electron-beam welding the patch
(11) and reworking of the repaired region by machining, characterized in
that: 10 - the preparation step conprises the machining of the danaged
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regi on (10) c@g ggl?%%@alﬁsr?é Mth the sane el ectron-beam wel di ng nachi ne
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corresponding to the blade (2), having said defined profile (20), with the
welding machine, the operating parameters of which are preset, and of a
15 second test piece element (19), corresponding to the patch (11), having the
characteristics of the patch (11), in order to obtain what is called a “start-of-
run” test piece;
- the quality of the start-of-run test piece after welding is checked and,
if the quality of the test piece corresponds to the repair acceptance criteria,
20 - the patch (11) is welded on to the region (10) to be repaired with the
same electron-beam welding machine without changing the operating
parameters thereof; and

- the repaired region is reworked by machining.

25 2. Method according to Claim 1, in which the machining of the
damaged region is carried out by cutting out a standardized portion (9) that
includes the damaged region, along a cutting line (10).

3. Method according to Claim 2, in which the patch (11) includes a
30 cutting line (12) having a profile corresponding to the defined profile of the
cutting line (10) of the blade (2), with a thickness oversize.



3. Method according to Claim2, in which the patch (11) includes a 30
cutting line (12) having a profile corresponding to the defined profile of
the cutting line (10) of the blade (2), with a thickness oversize. -17- 4.
Met hod according to Caim3, in which the thickness oversize is
approximately 1 mm divided by about 0.5 nm on each side of the cutting
line (10), for a blade whose thickness varies between 0.5 and 6 mm
preferably between 0.7 and 3.45 mm 5 5. Method according to one of C ains
1to 4, in which, mhhhe tQﬁ patch (11) _i.s bei.ng wel ded, the el ectron beam
is slightly of f set “oMehedsperordipg ot hlaipndein(whych tle hidwess ®vaesaedisng
to one of Al ] 11 g el ( :
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a step of I 0 a hi¥stq,15.test piece elenment (18), corresponding
to the bl a‘é‘@@%@bh&@fﬁﬁ&@gﬁ@.%i@gﬁe H?lfﬁ’fi |l e of the blade (2), a second
test piege elenment (19), corresponding to the patch (11), having the

characteristics of .t atch (11), with the ne el ectron-beam wel din
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one of O ai véith the patchwbilh i ncl udes a step of devel oping the

el ectron- beam wel di ng machi ne, during which the paraneters are preset by
the welding, on to a first test piece elenent (18), corresponding 25 to the
bl ade (2), havi ng G.h¥adkdd redopdnfg te ool dACIbImMLe (@)5,0h widekandehstsone

pi ece el enent .1 porre ndi to atch (,11),, having the
characteri sﬁegéﬁfl@t@tﬁ% o(t%%patpﬁ?g}gé}prfcb 1@6%‘6& n what is called a
"devel opnent test piece" followed by non-destructive and/or destructive

testing of the devygel n{ test,, piece. 30 .
J 7 'Metho accordmg to one of Claims 1 to 6, which includes, after the

patch (11) has been welded on to the blade (2), a step of welding, on to a first
15  test piece element (18), corresponding to the blade (2), having the defined

profile of the blade (2), a second test piece element (19), corresponding to the

patch (11), having the characteristics of the patch (11), with the same

electron-beam welding machine without changing the operating parameters

thereof, in order to obtain what is called an “end-of-run” test piece, and a step
20 of checking the quality of the end-of-run test piece.

8. Method according to one of Claims 1 to 7, which includes a step of
developing the electron-beam welding machine, during which the parameters
are preset by the welding, on to a first test piece element (18), corresponding

25  to the blade (2), having the defined profile of the blade (2) of a second test
piece element (19), corresponding to the patch (11), having the characteristics
of the patch (11), in order to obtain what is called a “development test piece”
followed by non-destructive and/or destructive testing of the development test
piece.

30

9. Method according to either of Claims 7 and 8, in which the first
elements (18), and the second elements (19) of the start-of-run test piece of
the end-of-run test piece and the development test piece are identical.



9. Method according to either of Clains 7 and 8, in which the first

el ements (18), and the second elenents (19) of the start-of-run test piece
of the end-of-run test piece and the devel opnent test piece are identical.
-18- 10. Method according to Clains 7 and 8, or 9, in which the welding of
a test piece is performed with nmeans for_ﬁ%qulating t he mass environnent

of the blade (2) in order to simulate the thermal punping. 5 11. Method
according to one of Clainms 1 to 10, which also includes a step of

val idating the material/machine pair, during which two plates of the
material of the blade (2), with a thickness at |east equal to the maxi num
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i mpl enent i n? the r?tpod accor dlgg to Claim9, havi ng tSE) char ac&.erl.stl cs of
the patch (14jgue tests are carried “out on the test piece ( or validating the

mechanical integrity.

12. Method according to one of Claims 1 to 11, applied to the repair
15  of at least one region to be repaired among the blade tips (8), the leading edge
or trailing edge corners (6, 7), the leading edges (4) or the trailing edges (5).

13. Method according to one of Claims 1 to 12, in which the blade (2)
is made of titanium called Til7.
20
14. Method according to one of Claims 1 to 13, in which the
turbomachine is a turbojet.

5. Start-of-run, end-of-run or development test piece element for
25 implementing the method according to Claim 9, having a cutting line (20),
whose profile is identical to the defined profile of the blade (2) and made of

the same material.

16. Start-of-run, end-of-run or development test piece element for
30 implementing the method according to Claim 9, having the characteristics of
the patch (11).



