METHOD OF REPAI RING A BLADE OF A ONE- Pl ECE BLADED DI SC OF A TURBOVACHI NE
AND TEST PI ECE FOR | MPLEMENTI NG THE METHOD 5The invention relates to a

nmet hod of repairing a one-piece rotor blade of a turbomachine, and to a
start-of-run, end-of-run or devel opment test piece elenent for inplenmenting
the nethod. A turbojet conprises several rotors, which rotate about their
axes. 10 These rotors may include a disc, with a rimalong which the bl ades
are fitted. Conventionally, the blades are retained by their root in a
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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



5 portion of the blade renoved and is then machined so as to return to the
initial shape of the bl ade. Docunment US 6, 568,077 teaches the use,

for the step of welding a patch in the above nethod, of an el ectron-beam
wel di ng nmet hod that has the 10 advantages of a high welding rate and of its
ability to be able to weld |arge thicknesses. However, a problem
arises in the case of rotors nade of a tltaniun1alloy called Ti17. This
alloy is mentioned, for exanple in the Applicant's 15 Patent Application EP
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wel di ng st The inventlon relates to a nethod of repairing a

bl ade of a one-piece bl aded di sc of a turbomachine that includes at |east
one damaged regi gn, by the el ectron-beam vvel ding of a patch by neans of an
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evolution occurs during welding giving rise to micropores or blowholes in the
heat-affected zone (HAZ) 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. Sucha 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.



10- the welding is carried out, on a first test piece el enent,
corresponding to the blade, having said defined profile, with the wel ding
machi ne, the operating paraneters of which are preset, and of a second test
pi ece el enent, corresponding to the patch, having the characteristics of
the patch, in order to obtain what is cakled 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 sane el ectron-beam wel di ng machi ne wi thout changing the operating

paraneters thereqhe @REnABN felftes @B hRAhDABOREParingWOblld 6 a f¥icag.
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oln an i ndubladed| dise ifea tuspbasnachingathed iaeludes atdsash one ﬁama&eéhf%m hy

t 25
The. par anci eChPhibh WL iR O?e‘% E’.a?‘%S b ieRRS o BREafE eb%%?é‘?%‘gﬁg
?f t he ssecendhiestcanprsing tnestep 0 ; reyraoiy the dﬁmmdpEgmd on, oﬁelmtth—
par arret o SHERB fcilasttﬁm'%"‘é\pé%@ ee i 'afﬂg,r%m"ig?ig?g‘?m oY meciaine.

f ound thatcﬁa{ya&éfpgémtﬁlakows great reliability to be achieved in repairing
conponents as conpl ex as blisks. The 3Q prior check is 2;; G;lment for,

aut hori zi ng a nunitee pseparrti@asstep comeprsercthe machinipg ¢ apaged regign; er
the patch I es on to the
successi ve&gﬁs ggﬁgg%iﬁb%&%eBQtéec?t@ h{eﬂd@f?éﬁﬁﬁpgéﬁf%n to a first test

pi ece ®W enment, cer rthepw&idmgt[s td:m’rieldadm,lt hawni ny %lmt diest npiecpr aflémentyf

t he bl ade, a secon mant i ng
the o onerclreSiiing Rt B SSBdE, T Ghe S SEARAE SIS, WP ARE Rl RY
machi ne W faeHine; Fthegmpksrahhg dpmm&tem ofaxvhivlt ars prdswteamd dfna sedend ttest
obtain what,is ca t est. pi ce a ste af che

the qual i thiese ¢l ﬁmeéﬁdcerteﬁnﬁnagégr ltj(S the DateBr iy TgUAs tlh(‘??

d | d of
Bhen ¢ he o pRahEhE ofderbobtaind Gttt if CAILLE 2 ;ﬂgﬁﬁfﬂﬁﬁ?f 'Eﬁgdbg%leeﬂ 'y, (E@;gﬂe
end- of iy un test pitke gualityof the stastpfab! neteqmmepﬁwftqrtvvﬁkhngé&c evle
fromthis {{ﬂﬁ% c@talht? 9 fttﬂgt EEé cbgfétsgﬂﬁgg ttg‘?ﬂé? r%ﬁﬁﬁ‘"ﬁ@@eﬁtgﬁc%h@éx‘w of the

start-of-r ce an
- 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,



15 of-run test piece were perfornmed correctly. This makes it possible, on
the one hand to sinplify the repair nethods 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 inpossible to inplenent.
20The method is particularly suitable whgn the constituent material of the
disc is atitaniumalloy, especially Ti 17, but the Applicant does not nean
tolimt the scope of its rights to just this application. The
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10 This step has the benefit of providing a state of execution of the

welding method at the end of a run, when the parameters of the installation
may have drifted slightly. If the end-of-run test piece is of an acceptable
quality, it is then concluded from this that all of the repairs that were made
between the welding of the start-of-run test piece and the welding of the end-

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



10 material of the blade, with a thickness at |east equal to the maxi nmum

t hi ckness of the defined profile of the blade, are welded in order to
obtain a test piece for validating the nmechanical integrity, and at |east
cyclic fatigue tests are carried out on the test piece for validating the
mechani cal integrity. 15The invention also relates to a start-of-run,

end-of -run or devel opnent test piece for inplenenting the nmethod.

The invention will be nore clearly understood with the aid of the foll ow ng
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the start-& @?ﬂﬁﬂor end-of -run or devel opnent test piece for inplenenting
30 the nmethod of the invention, corresponding to a bl ade; Figure 5
shows a schematic perspective view of the second test piece elenent of the
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cyclic fattggeicesttsr validating the mechanical integrity, and at least cyclic fatigue
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 descriptioh 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;



Referring to Figure 1, the nethod of the invention relates to the repair of
a bl ade 2, extending radially on the periphery of a rim3 of a one-piece

bl aded disc 1 (blisk 1), here made of Ti 17 titanium Because of an inpact
or 10 of wear, this blade has a danaged region. The regions liable to be
damaged are the |eading edge 4, the trailing edge 5, the |eading edge
corner 6, the trailing edge corner 7 and the line of the tip 8 of the

bl ade, here provided with a thinned portion formng, in a known nmanner, the
sealing lip. 15Predefinegd§R)the bl ade gre standardi zed partions jn i ch
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are preset and identical fof bladeS of 25 any one type. The cutting line 10
of the standardi zed portion 9 is defined so as, on the one hand, to vary as
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trailing edge corner 7 and the line of the tip 8 of the blade, here provided with

a thinned portion forming, in a known manner, the sealing lip.

15 Predefined on the blade are standardized -portions in which the
damaged regions that can be repaired are located, these portions
corresponding 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



engi ne and taking into account the aerodynam c | oads undergone by the bl ade
2. The defects in a blade 2 that are contained in such a portion 9,
whatever 7 their shape or their nature, nmay be repaired by cutting out
this portion 9 and replacing it with a standardi zed patch 11, which may be
seen in Figure 3, and will be described_kater. The cutting operation is
al so carried out so as to guarantee a surface finish conpatible with the
desired welding quality. 5 What is thus obtained on the blade 2 is a

£ thi

i | i havi fi d fil.e. . i
Carri o9 oulteif haee of, el DGR Ry 5 sepried by e QU S HahPn T Epde”"
10, is cl epssidciR RSwitR dPstaRdardizéd pakch ¢, wiHibh #8ap beXseen in Figure Behade

wel ding a patch Il on_to the cut blade, a start-of-Tun test piece i$s
vel ded, thwifl betdescaibed; laian dhe celting opeeation isralspi eatriedy opk seeas ton 15

Figures 4 [ L ' talt. | : ... The patch
111 'S % nenERfsed 8 shPte indf HLRBRC, HE siredShElging qualiey; 73 P
This cantacting operation is perfornmed by a device for holding the blade 2

and the patch 11 |l ace. I s devi hch.i s not. described 20 here,
must be Gesi gned WhaBl Eis.AatnsrEe e olAdE2 jsd Aineiio havinge defbdn: <
wi th respegfofjle, each other and is adapted to each blade 2. Preferably, the
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step.

Before welding a patch 11 on to the cut blade, 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



defined profile of the cutting line of the blade 2 and has a thickness
oversize with respect to the thickness of the blade, here approximtely 1
mm divided 30 at 0.5 mmon one side of the blade and 0.5 mm on the other
side, for a bl ade whose thickness varies between 0.5 and 6 nm preferably
between 0.7 and 3.45 mm The thickness ofg 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 bl ade, along its cutting line 10
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would form the leading edge corner of the blade 2. These heels 13, 14 are
used to initiate and terminate the welding, as will be seen later. The heels 13,
14 may be formed from a single part with the patch 11 or attached thereto. If

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.



20 with the cutting line 10 of the blade 2, this contacting operation
having to be carried out very precisely, by neans of the abovenenti oned
hol di ng 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
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maxi mum t hi ckness of the 25 blade. Thanks to this varying thickness of the
patch 11, excessively large differences and thlckness variations between
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el ectron- bgﬁg}b d(}grare especially the welding speed and the quality of
the wel din tai ned al ong a relatively narrow wel d bead. 20The welding is
startetb on a heel 13, since, in electron-beamwel ding, the start of welding
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beam reaChrexastrrE)bvev&Je(l)(ltl%teag.l ane between the blade 2 and the patch 11,

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.



25 for the electron gun to be at full power, which power is naintained
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
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gun. It may be noted that in the particuj@r case in question, the weld bead
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qualityo blade 2Anot her advant age of using heels 13, 14 shoul d be not ed.
The blade 2 includes, along its tip line 15 a sealing |lip corresponding to

alip 17 on the ,
The parameters of the electron-beam welding machine are preferably

refined by means for slaving these parameters to the geometry of the weld
bead, and therefore to the geometry of the éutting 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
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piece is 25 or this purpose, two test piece elenments, nanely a
first elengﬂﬁgggfqgﬁg in Figure 4, corresponding to the blade 2, and a
second el enent 19, shown in Figure 5 correspondlng to the patch 11, are

wel ded together. The first te e el enen rres ndi to the
blade 2 will be SRR T fie (RIadE- 8 o rebing 4y tod, &3 duaRERk est
pi ece el e”ﬁﬂhs}ﬁ% Qo%rtbwaﬁ?hr!ﬂa&@ 2t1'd%nﬁéépibt3ﬂje Mlﬁhl braddenot ed by the
term "secohd el emént 19 The term "test piece” will correspond to the test

‘pi ece once wel ded, that |s to say to the two elenents 18, 19 wel ded
together. 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.



- 12 - The first elenment 18 has a cutting line 20, the profile of
which is identical to the defined profile of the cutting line 10 of the

bl ade 2. This element is nade of the sane material, here Ti 17 titanium

whi ch has undergone the sane treatnment processes as the blade 2, fromits
snelting right up to its use in service_;gnd has the sane surface
characteristics and the same netal lurgical properties and has been machi ned
in the sane way. Preferably it may be a portion coming fromthe forged
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exan i i odevice is used. Thus before the patch 11 i1s 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 -
is 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.



If this or these checks reveal poor welding, the paraneters are 10 adapted
and a further start-of-run test piece is optionally wel ded, and so on until
a start-of-run test piece considered to be good is obtained, in which case
t he paraneters of the machine are validated as it is considered that they
correspond to the repair acceptance crifgyia. 150nce the paraneters of the
machi ne have been validated, the patch 11 nay be welded to the blade 2 in
order to repair it, using the sane paranmeters. 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 identicalQmid fiestwé@lements 18! 198f thR §taitest- hﬁ‘l@'&eéﬂ}ﬁe@é fave Bedpeam

wel di ng machi ne paraneters are preset._ However, even h t hese
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start - of - r ygulee mpgm Sesetd bagdyButahevslurpiddl ekginatienswo el enents 18,

19. The weldin arried out in"a conpletely identical manner, with the
paraneters validated by the checking of the start-of-run test piece, which

were used for repai e r de
on the end- of-ruEPt%l&%]%II 213894 ta‘ﬁfe‘er%% ré\b{ﬁmgéls{ ﬁ’géﬁé‘? fgﬁ?op%@ﬁg%rg %rré‘rﬁot
t he remal r addptedeard adﬁlrdnelbstadteef Zunftesthplece is optionally welded, and so on
until a start-of-run test piece considered to be good is obtained, in which case
the parameters of the machine are validated as it is considered that they

correspond to the repair acceptance criteria.

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 piece described

30 above, with the same two elements 18, 19. The welding is carried 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



- 14 - Dblisk(s). Preferably, the end-of-run test piece is checked
precisely, with, for exanple a netallurgical examnation, in order to
search for bl owholes, which are cavities formed by the gas given off by the

nmetal. In the case of Ti 1 7 titanium these blowholes are as small as 5 to
100 gm and cannot be detected by sinpl e_ﬁggi ography. The density of
m cropores observed during the netallurgical inspection will be the key

factor for accepting the repair. Thus, by welding a start-of-run test piece
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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



- 15 - check, or even with no check, and then validate this repair by.
wel di ng and checking an end-of-run test piece. According to another feature
of the invention, a welding machine is 5 prevalidated by neans of a test

pi ece 24 called a nechanical-integrity validation test piece, shown in
Figure 6. For this purpose, two plates ofsthickness corresponding to at

| east the maxi mum thi ckness of the blade 2 are el ectron-beam wel ded, with
preset paraneters, as it is during welding of the blade that nost defects

are liable o be generated so gs to obtgin the 10 chanical integrity
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i's then cuthbfigmotdif _Eﬂaﬂ_ IrCdst bidcegrity validation test piece 24,
transverser toﬁfk;he 3\/@? I'i ne 3513 machined so as to forma bar 27 inits
central part. that includes the weld |line 25 running transversely to the bar
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properties. Advant ageously, such a mechanical-integrity validation
is carried out for each machine, before the inplenentation of the repair

nmet hod and bef or ep 3Qicdeheo Vgl tHendcaf ffdif ﬁieafﬁecﬁfanid&l-ih@%riﬂyi 98Bdatlb® test
validation is therefore not performf(g as for the, rr%z;rla , fbut for each
el ling 2

machi ne, i Rl&SEnibrizansierselya the 25, maghinedginasto form a bar 27 in

its central part that includes the weld line 25 running transversely to the bar

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.



1. A nethod of repairing a blade of a one-piece bladed disc of a
turbomachi ne that includes at |east one danmaged region by el ectron-beam
wel ding 5 of a patch using an el ectrop-beam wel di ng machi ne, conpri sing:
machi ning the at | east one damaged region of the blade to obtain a region
to be repaired with a defined profile along a blade cutting |ine;

welding a first test piece elenentcypidfppghe defined profile to a second
test piece elenment with the sane rrg'rwgr'mTS of the patch using the wel ding

machine with 10 preset operating paraneters to obtain a start-of-run test
pi ece; checking the weld quality of the start-of-run test piece based
on a predet er i ne msthadr of eppiringca” blade 01 a; one-piece Rladed qisci RE Hat ch on

h i . b i red of i - b
vl b g R iR ind ReAE st Trab Mis UsidRet Hedln bUSIGRER SeuliCh Rl Po2T
rewor ki ngriahptdiandhg 86 cle8@bibelv WEl@ihgthahine, compdfigei n the patch includes

a profile allong a patch cutting line, the patch cutting |ine exactly

fol |l ows the blmathimiogithegt leastegne damaged regwineofethe thadsr tof ohtaings raghen f i r st

test piece_elenent is the.sa the defined 20 profile of the blade, and

wher ei n 40 PP &sRatedgyit ﬁgeﬁa%gﬁ@?ﬁ%glpngiﬁﬁ%& %“t&ﬂ%ﬁgﬁrre as the profile of

the patch. - Q0 1eme R HitAGnt Aefthéd Prokile WH@rRednd Rt

machi ni ng of t%eéd%z%gggggg rg%?%%&lencﬁgﬁgsécgtt% oh? a standardi zed

portion ipiede dlerabntdeih tiesatesragtatial efj tlenpaitionsing hise ichbieg machinagvith ne.

3. The method according to Caim2, wherein the patch cutting line includes

a prdPi | @resst PRABUN PAGMETS HRoMaH 8 @rtRigun testPieehe cutting line of the

30 blade with i.ckpes eI SH:2€. & 1T ctnrt E. he. net according to

O aim3, wher PebhE e HRL GREE o, e iséartaf)’%?“é%dt%%t §1e$§1%m%d ¥4 Ged by

about O. %r&et%iﬁé&kbpiiﬂiﬁc@taﬁd&rﬁaﬁé;i ng line and a thickness of the bl ade
d 6 mTm

varies between 0.5 an
welding the patch on to the region to be repaired of the blade using the
same electron- beam welding machine without changing the operating parameters
15  thereof; and
reworking the repaired region by machining,
wherein the patch includes a profile along a patch cutting line, the patch
cutting line exactly follows the blade cutting line,
wherein a profile of the first test piece element is the same as the defined
20 profile of the blade, and
wherein a profile of the second test piece is the same as the profile of the

patch.

2. The method according to Claim 1, wherein the machining of the
25 damaged region includes cutting out a standardized portion that includes the

damaged region along the blade cutting line.

3. The method according to Claim 2, wherein the patch cutting line
includes a profile corresponding to the defined profile of the cutting line of the

30 blade with a thickness oversize.



55. The nethod according to Claim1l, wherein the electron beamis slightly
offset on the side with the patch during welding of the patch.
met hod according to Gaim1, wherein gt |east one heel attached to the
patch is provided. 10 7. The nethod according to Caim1l, further

conpri si ng,

pi ece el ement gn ﬁ‘ﬁetxﬂaﬁegféce@@i@% idléiﬁri g, vHepdihtihe iBRknRs CSRGIEENt Wi th
the sane material of the patc sing the

_ _ sanme el ectron-beam wel di ng nachi ne
W Ij ho ]tht apprgimatetshe nopediaideddypaboatdiSemm dibeadhesiéodf the catitrg lmesand
end-of -run_ test piece; and checking the quality of the end-of-run test

a thickpesseifthe,blade varies batwes 0randd MERt pi ece el ement is the sane

pi ece,

as the profile of the defined profile of the bl ade,
of the fourth test piece is the sane as the profile of the 20 patch.

6. The

after welding the patch on to the blade, welding a third test

and wherein a profile

8. Thg net hod sacERy feftdlaRcéidingto/Cldimr &, Ritier6iarthe efction Bed@rigshghtly t he

paraneters of the el ectron-beam wel din

machi ne by the welding a fifth test

pi ece el offsat omihetsiddwithi¢lie pasch guong weldiog of Shepatch.est pi ece el ement to
obtain a 25 devel opnent test piece and testing, by at |east one of
non-destructive or destructive testing, the devel opnent test piece.

9. The net hod qcppy H{eﬂﬂ)élt éefcs}&hgkggl { SlvRerbifat! 16kt one hREI #taRAed £d f t D

el enments, and the second, fourt

siXxth elenents of the start-of-run

test pi ecle patcB®s proeidedd- of -run test piece and the devel opment test piece,
resp(f,;gtivel y, are identical. - 18 -
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7. The method according to Claim 1, further comprising, after welding the
patch on to the blade, welding a third test piece element with the defined profile to
a fourth test piece element with the same material of the patch using the same
electron-beam welding machine without changing the operating parameters
thereof to obtain an end-of-run test piece; and

checking the quality of the end-of-run test piece,

wherein a profile of the third test piece element is the same as the profile of
the defined profile of the blade, and

wherein a profile of the fourth test piece is the same as the profile of the

patch.

8. The method according to Claim 7, further comprising determining the
parameters of the electron-beam welding machine by the welding a fifth test piece
element with the defined profile to a sixth test piece element to obtain a
development test piece and testing, by at least one of non-destructive or

destructive testing, the development test piece.

9. The method according to Claim 8, wherein the first, third and fifth

elements, and the second, fourth and sixth elements of the start-of-run test piece of

the end-of-run test piece and the development test piece, respectively, are identical.

10. The method according to Claim 8, wherein the welding of a test piece



is performed with neans for sinulating the mass environnent of the blade to
sinul ate the thermal punping. 11. The nmethod according to Caim1l
further conprising validating the 5 fqaterial/nmachine pair, during which two
plates of the material of the blade, with a thickness at |east equal to the
maxi mum t hi ckness of the defined profile of the blade, are welded to obtain
a test pieheibitied’ Uik Sl RARAN HEE nds0'BArbhitenBr (R blaRSy cyclic
fatigue s are carrie on the test plece for validating the
nechanicghnnakegéﬂﬁygmnéhnqnng, 12. The method according to Claim1, wherein
the at |l east one region to be repaired is at | east one of blade tips,

| eadi ng edge or trailing edge corners, | eadi ng edges or trailing edges of

t he bl ade. 15 d ac Clai 2] e
el udes. Ti 1701 THE B Rododels 4 (Bl collPSEL ol 8
turbogac Pda@&*ldlﬁnzfthlﬂér ;%%ﬁi qunn%%ch twe é@@ﬂth@%&éﬂhlﬂﬁ‘ the bldda] with,a wherei n
the first test elene froma portion of a forged preform of the

one- pi ec¢hibkmededt déask equra:lhtotﬂatma:immmnr’tblckn%tofeﬁl@ medgyofileos thee surface
characterjstics a | urgi cal t he ,bl ad e net hod
accor di nB ads, aegy ﬁge%\ﬂg?’é‘i tetsh@egq %B ii‘flatrl% ég?d’ﬂinifégmt?ﬂéy ’bef‘%e and

t he pat c {Sr%%r . t to

Cl aim 4, ée]‘frge:égaﬁi% rsiess #ﬁﬁﬁd B Ogeél\%atre}-{egléggtf&ggﬁﬁg@%%wS 45 mMm
30 mbghanibsl mfyghqd accor ding to CI aim6, wherein the welding of the

patch on to the region to be repaired of the blade starts on the at | east
one heéel attached to the patch.

12. The method according to Claim 1, wherein the at least one region to be
repaired is at least one of blade tips, leading edge or trailing edge corners, leading

edges or trailing edges of the blade.
15 13. The method according to Claim 1, wherein the blade includes Til7.

14. The method according to Claim 1, wherein the turbomachine is a

turbojet.

20 15. The method according to Claim 1, wherein the first test element is
from a portion of a forged preform of the one-piece bladed disk such that the first
test element has the same surface characteristics and metallurgical properties as

the blade.

25 16. The method according to Claim 1, wherein the start-of-run test piece,

the blade and the patch include the same material.

17. The method according to Claim 4, wherein the thickness of the blade
varies between 0.7 and 3.45 mm.
30
18. The method according to Claim 6, wherein the welding of the patch on
to the region to be repaired of the blade starts on the at least one heel attached to

the patch.



