A part-holding device in a repairing nethod for a blade of a nonobl oc

bl aded disc in a turbo-machine The present invention relates to a part- 5
hol di ng device in a repairing nmethod for 4 bl ade of a nonobl oc bl aded disc
in a turbo-nmachine.
its axis. Such rotors could conprise a disc with a rimalong which bl ades
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blades are held with their foot in a hcousing adapted

therefor. In order to meet the increasing performance

regquirements for motors, such rotors can at present be

monoblocs. They are so-called monobloc bladed discs

{DAM) .

made.

In a DAM, the blades and the disc are integrally

To this end, a forged blank is machined so as to

form the disc, the blades extending radially at its

circumference, the whole piece being a single piece or

monobloc. It is also possible to weld some parts, the

resulting DAM being a monobloc. The monobloc rotors

have numerous advantages, including in terms of mass.

Because of the absorption by the motor of

foreign matters, of the erosion related to dust or

particles being driven by the gas vein flow, the blades

could show damaged areas, in the form of wear or torn

parts,

peing detrimental to the turbo-jet efficiency.

Said areas are generally at the top, at the blade

corners in the leading or trailing edge side, and in

the leading or trailing edge. Repairing blades in a DAM

is not easy, as it is not possible to disassemble them

for repair.



repaired, results in the part in question being replaced. Now, in the case
of a DAM replacing a blade would lead to replacing the whole DAM 5 A

net hod for repairing blades is known from? the US patent no. 6,238,6187. In
such a method, a portion of the blade around the danmaged area is cut, as
a standardi zed portion in order to allow for the method to be reproduced,
what ever the shape and the size of 10 the damaged area, as long as it is

| ocated in the portion in question. A spare part, or what is conmonly
called "patch", using its English counterpart, is then welded to the

bl ade. Such a patch is dofeanatd@r di nefA3MeHS t hah t h&NEemoved P bde Hsor ti on

and is then 15 jogd s -9 inpl et t i nitjal pe of the Pl ade.
The US pat ent rn%r?gg%%g&o%gtﬁ%gghegmt he use,gg]f%r H}le \%nggl ng step (?fgba
patch of the aboyvkacedti Soed imetthed,caofe a el @cbRBn- bepiewehdi rg stdvod,

havi ng the 20 advantages of a hjigh.weldjng rate its ability to be able
to weld high t'f?% ‘ﬁeggﬁé.t% 5?8%38?7?9%#1%8\5@57&%ggpears for titanium
alloy rotors, the so-cald efleThdd. @kchr@gaa@M@gﬁim%sci@sedowhorf@ﬁanpl e,

in the Applicant's patent 25 application EP 1,340,832 relating to a
product, such s &bl athktemaderd n ekt al frat erfal . sUH s amattdGAd4 s har d

to be wel ded gs, dugi nge the, Mol 100, SLERq! BALEALLRRN &, OCGW 3,30 o

degassing res I Ag in mcroporosities o i n"the area being
thermal |y af f ectethf{dIdibyd 30omel dhngn vedulkt kngaildoar feduchicomesathcche
mechani cal f%%§u£gsfgbéggig§gpegh gégérsﬁﬂéEgﬁgggcggg]éﬁglgige of
10 the damaged area, as long as 1t 1is located in the
portion in question. A spare part, or what is commonly
called "patch", using its English counterpart, is then
welded to the blade. Such a patch is of larger
dimensions than the removed blade portion and is then
15 machined so as to implement the initial shape of the
blade.

The US patent no. 6,568,077 teaches the use,
for the welding step of a patch of the above-mentioned
method, of a electron-beam welding methed, having the

20 advantages of a high welding rate and its ability to be
able to weld high thicknesses.

A problem then however appears for titanium
alloy rotors, the so-called Til7. Such an alloy is
disclosed, for example, 1in the Applicant's patent

25 application EP 1,340,832 relating to a product, such as
a blade, made in such a material. This material is hard
to be welded as, during the melting step thereof, there
occurs some degassing resulting in microporosities or
blowholes in the area being thermally affected (ZAT) by

30 welding, resulting in a reduction of the mechanical

features of the welded part. Such a reduction could



raise up to 80%in nechani cal behaviour. Such a reduction is not tolerable
for aeronautical applications and occurs _in the case of el ectron-beam
wel di ng. Moreover, for a Til7 rotor, the @echniques of 5 the TIGtype or of
the mcro-plasma type being traditionally and commonly used in the
aeronautics industry do not allow to obtain acceptable results. Mreover,
recent bl ades have three-di nension conplex shapes, their wall thickness
bei ng variable, 10 and do not allow an easy use of an el ectron wel ding
method that requires a very accurate parameter definition. Such paranmeters
shoul d be defifetE®orbRach® p&Pti ctilar "e48e1BERRg LRSIV, h a

standardi zati on,q.bei hg, di ffiiccul t, to be dnp).enpnted. ¢(Ip The ARRl Gant; has
filed a French patent application, registered under nunber FR 05 08 151,
provi di ng a netppdldatieorpaianidngoacbrade.rof the noras ocf edeortrchaviawg an

evol utional shape,and vari abl e .thicknes such a npethod conpri sing an
of ect r on- beam "o WY ui Hg* SPERE+ TRE preseht ! | RUERET oh Bl i PHEUETb ot of
the present patrent applieapkonoiel dres e a MeEREdpl QEmarl epabki NGea oy ade
of a turbo-machi ne nonobl oc bl aded disc conprising at | east one danaged

area, through 25&eerdhl Heahel WY DEY a PpREh Usi fgiea Seaarrori-tidam

e 0 TR i SRS Sk RS chog uguB e dpamed ores, o

repaired area, charact efdzegram, t hatend blddees Seite nghupestidpenenpm ses

machi ni ng thecomplex shapes, their wall thickness being variable,

10 and do not allow an easy use of an electron welding
method  that requires a very accurate parameter
definition. Such parameters should be defined for each
particular case being considered, any standardization
being difficult to be implemented.

15 The Applicant has filed a French patent
application, registered under number FR 05 08 151,
providing a method for repairing a blade of a monobloc
rotor, having an evolutional shape and a variable
thickness, such a method comprising an electron-beam

20 welding step.

The present invention being the subject of
the present patent application relates to a method for
repairing a blade of a turbo-machine monobloc bladed
disc comprising at least one damaged area, through

25 electron-beam welding of a patch using a electron-beam
welding machine, comprising the steps of setting up the
damaged area, of electron-beam welding the patch and

adjusting through machining of the repaired aresa,

characterized in that:



damaged area so as to obtain a determned profile area to be repaired; -
welding is carried out on a first sanple 5 nenber, corresponding to the

bl ade, having said determ ned profile, witth the wel di ng machine, with the
operating paraneters thereof being predefined, of a second sanple nenber,
havi ng the patch features, in order to obtain a so-called trial start
sanple; 10 - the trial start sanple quality is checked after welding, and,
in so far as the sanple quality neets the repair reception criteria, - the
patch is welded onto the area to be repaired with the sanme_el ectron- beam
vel di ng machine 15 wit houth&nelgi by t e 8pePatPig "paranBPeRs NiREr &8 and
- the repaire k'S justed.t hrough .. machi nj t had t he
advant age of g#%%ﬁ?%% a?ﬁ% ?%d%gt?f%#%?g?ggﬁgo?é?%gm?gggi?rg?l%%nggﬁﬁb

bl aded 20 di sos,bdassgaonedhe piloting capacity of the el ectro beam
wel di ng machi nes. Once the nﬁggine.is val i dated and the faraneter5£mﬂl

defined, the only requi renBRt@ 8 ti6 chetk*EhiBlUgh®Phé preftm KAy Wel di ng

operations of gdigsecondosarpbenmenber, teor kaspondiag: t o hheiR§ patal, on
the first sanple nenber, having the blade profile, that the parameters are
correct and h@atemwtinehapgediliet Hashbddie sir ity ngRyhsRBwnYERkEt Hich a

;Tgt hod al | owed, e%‘%—lél% el ghl . Q1 %%%'}e%gﬁp 8XnBarbSeq 8 WS 1or be

pai red. The 6?e Imn r§>chec i's enough 30 ftor allow ng tor a plurality

of bl ades to bedepihi sedplen hbebsape lhseing5 the patch features, in
order to obtain a so-called trial start sample;

10 - the trial start sample guality is checked
after welding, and, in so far as the sample quality
meets the repalr reception criteria,

-~ the patch is welded onto the area to be
repaired with the same electron- beam welding machine

15 without changing the operating parameters thereof, and

- the repaired area 1is adjusted through
machining.

Such a method has the advantage of allowing
the industrialization of the repair of monobloc bladed

20 discs, based on the piloting capacity of the electro-
beam welding machines. Once the machine is validated
and the parameters well defined, the only requirement
is to check, through the preliminary welding operation
of the second sample member, corresponding to the

25 patch, on the first sample member, having the blade
profile, that the parameters are correct and have not
changed. It has been surprisingly shown that such a
method allowed, quite reliably, for such complex parts
as DAMs to be repaired. The preliminary check is enough

30 for allowing for a plurality of blades to be repaired

on the same disc.



| mpl enenti ng such a nethod involves using a part-holding device allow ng a
good control of the relative positions of such parts. Indeed, if such a
nmet hod allows to inplenent a research, and then to fix 5 the wel ding
specific paraneters, the nethod also requires a guarantee as for the other
paranmeters, such as the assenbling sets, the nmutual relative position of
the nmenbers to be assenbl ed, and the hol ding of such nenbers during the
nmet hod progress. Typically, a 10 maxi nrum play of 0.1 nm between parts is
tolerated and is to remain constant throughout wholﬁ.nethod. The

th
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t hr oughout the whol e nethod are provided with a true reliability. To this
end, the presemtlativent poaitébatesf osughpararhol dimpatst-hodli uchethod

for repairing_a. bl ade . for_ a_turbo- hine monahl og. bl Lsc, thrqugh 20
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for holding the blade and the patch, the latter conprising a platen
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beamto pass. Throu the invention, the relative positions of the bl ade
and t he pat ch téwee matbaw s hthol ngs seansed; handr ehal hodgdper ted bych sane
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10 maximum play of 0.1 mm between parts is tolerated and
is to remain constant throughout the whole method.

The present invention aims at providing such
a holding-part device, wherein an adjustment of the
part position, their attachment and their holding

15 throughout the whole method are provided with a true
reliakility.

To this end, the present invention relates to
a2 part-holding method in a method for repairing a blade
for a turbo-machine monobloc bladed disc, through

20 electron-beam welding of a patch onto the blade along a
junction plane, the device comprising means for
supporting the disc and adjustable means for holding
the blade and the patch, the latter comprising a platen
supporting part-holding means and patch-holding means,

25 being arranged so that the space located on top of the
junction plane allows for an electron beam to pass.

Through the invention, the relative positions
of the blade and the patch are set with holding means
that are all supported by a same platen, while leaving

30 some space allowing for an electron beam to pass. Such

a device is therefore simple and reliable.



6 According to an enbodi nent, the nethod involving the use of heels, the
device further conprises adjustable heel -hol ding neans. Advant ageously,

t he hol ding neans are 5 nanually adjustaBIe. Accordi ng to an enbodi nent,
the di sc- supporting neans conprise a mandrel onto which the disc is
fitted. Preferably, in such a case, the device 10 further conprises
angul ar | atching neans for the disc, advantageously conprising a plot,
onto which a blade is to be abutted. Advantageously, the device conprises
an in- height disc-latching plate. 15 In a preferred enbodjnment, the platen

is removable. Accordi ng*dddh EhboldPrem? t RECREIHSI dbl e TIBT ad8CHECE ng

means conpri se plader iy NChhAg RRANS. o M geRA 8l er ably, &beibtadegypichehi ng
means 20 conprise screws arranged so as to be abutted under the bl ade.
Advant ageous| yconmrhel o ead] ¢ hlerl bonpee sehaldsugf weenadapted to cone into

contact with the bul ged hape bl ade. 25 Still p rably, th
bl ade- pi nchi ng neans C(%l“rg;vral seaqenq%sg%%ht gT%%e- I égiﬁf‘ﬁ ne?an%g,gsbei r‘:ilgre

integral 5wt ey Vo i aW; e ttapAdvant ageousl y, the in-height blade-Iatching
means conpri se at_Ieastp&gﬁngﬁglcongectednmjtqnéhgigég% BOtEQ!ou%gS%_
bal | - and- socket |i nk. g 0 a embo ’

supperting means comprise a mandrel onto which the disc

is fitted.

Preferably, in such a case, the device

10 further comprises angular latching means for the disc,
advantageously comprising a plot, onto which a blade is
to be abutted.

Advantageously, the device comprises an in-
height disc-latching plate.

I5 In a preferred embodiment, the platen is
removable.

According to an embodiment, the adjustable
blade-~holding means comprise blade-pinching means.

More preferably, the blade-pinching means

20 comprise screws arranged so as to be abutted under the
blade.

Advantageously, the screws then comprise a
surface adapted to come into contact with the bulged
shape blade.

25 5till preferably, the blade-pinching means
comprise in-height bklade-latching means, being integral
with a pivoting arm.

Advantageously, the in-height blade-latching
means comprise at least one peg connected with the arm

30 through a ball-and-socket link.



7 Advantageously in such a case, the device conprises at |east two pegs,
each connected through a ball-and-socket_link with a pendul um pivotally
nounted at the end of the pivoting arm 3 According to an enbodi nent, the
adj ust abl e patch-hol di ng nmeans conprise patch-adjusting neans in height
and in slope, neans for abutting the patch against the blade and i n-height
patch-l atching neans. Preferably, the adjusting nmeans in height and 10 in
sl ope conprise three plots. Still preferably, the nmeans for abutting the
pat ch agai nst the bl ade conprise eccentric plots arrangedtggaas to come

into contact with the pdtTHI R %Y cHlar €36t #nthifed fOF° f 6FMHIG t he
junction 15 plane.; Std | Eiéprbl%fag'i:amuyo pbgsi nzhehghtoadchsq | ahebhge geans
g

conprise a screw supporte pivotin arm According to an enbodi nent,

when the devi dalRrcbnprdisels adpkstwabhe shgedrdolwi ngivebaslyt heuhgeder
conprise in-hejight, adjusti means_and in-height |atching neans.

Pref erably, iﬁﬂgnéﬁaéggis ?gpﬁ% Fhih }@%tar%ﬂjusting means conpri se at

| east ones flat nut. 25 Sidddrdangf etabl ¥nstdhbodiment N- heigghtdihatebileg

means conprise at |east one pivoting arm The present invention wll be
better under $ESsd 1 slighe t Rearsl | SWiMG- YesEREpPIr6RIGPTERE Et%er F8d

embodi ment of e fiol ditg 9avi CeopL, t e s ANt I8 (51T RO backhe

appended draw ngs,
against the blade and in-height patch-latching means.

Preferably, the adjusting means in height and
10 in slope comprise three plots.

Still preferably, the means for abutting the
patch against the blade comprise eccentric plots
arranged so as to come into contact with the patch
edges which are not intended for forming the junction

15 plane.

Still preferably, the in-height patch-
latching means comprise a screw supported by a pivoting
arm.

According to an embodiment, when the device

20 comprises adjustable heel-holding means, the latter
comprise in~height adjusting means and in-height
latching means.

Preferably, in such a case, the in-height
adjusting means comprise at least one flat nut.

25 Stiil preferably still, the in-height
latching means comprise at least one pivoting arm.

The present invention will be better
understood through the following description of the
preferred embodiment of the holding device of the

30 invention, referring to the appended drawings, on

which:



which: 8 - Fig. 1 represents a perspective partial view for a nonobl oc

bl aded di sc having one bl ade able to be repaired using the nethod as

i npl enented by the device according to t Be invention; 5 - Fig. 2
represents a schematic perspective view of a blade of the disc in Fig. 1,
on which has been shown in shaded formthe bl ade portion renoved during
the setting up stage of the nethod as inplenented with the device
according to the invention; 10 - Fig. 3 represents a schematic perspective
view of a patch with heels for the nmethod as inplenmented with the device
according to the inventiofld- B g. rePFeprkent &8 aPEERBRELTESt opat 2

perspect i ve iy of shhe nallidia fevb £8008 biige Hadieendiony1fibg. oBe
represents a schematic bottom perspective view, shown fromthe opposite
si de conpared td ob€i gepsjiretl tuwmirwl diagmgehinde aof el émsriedohy thrig. 6
represents a ifhenatic er fectivet 20, side, view of the hol ding device of
the invention;°SV¥ 9.2 ?%% L eh? s“R° phPYFAF*88Eti onal view of a monobl oc
bl aded disc nounted on Lh@q&gl¢ingeg@@@@@tsacgomﬂﬁgmggndh@@k@pénﬁﬂmm -
Fig. 8 represents a schematic top view of 25 the plate for latching a
monobl oc bl adédiali sefor thkadfordi g elediée of t Kédi nbentdfonvhicki §asg

e & SRR hoPi S REEL XS B 08 o shatoiar o
during the setting up stage of the method as
implemented with the device according to the invention;

10 ~ Fig. 3 represents a schematic perspective
view of a patch with heels for the method as
implemented with the device according to the invention;

- Fig. 4 represents a schematic top
perspective view of the holding device of the

15 invention;

- Fig. 5 represents a schematic bottom
perspective view, shown from the opposite side compared
to Fig. 4, of the holding device of the invention;

- Fig. 6 represents a schematic perspective

20 side view of the holding device of the invention;

- Fig. 7 represents a partial sectional view
of a monobloc bladed disc mounted on the holding device
according to the invention:

- Fig. 8 represents a schematic top view of

25 the plate for latching a monobloc bladed disc on the
holding device of the invention;

- Fig. 9 represents a schematic top
perspective view of the holding platen for a blade and

a patch of the holding device according to the

30 invention;



30 invention; 9 Fig. 10 represents a schematic side perspective view,
shown fromthe opposite side conpared to Fig. 9, of the platen of the

hol di ng device of the invention; 5 - Fig? 11 represents a schenmatic

sectional view of the platen of the hol ding device according to the
invention; and - Fig. 12 represents a schematic view, in perspective and
in wirefraned representation, of the 10 platen of the hol ding device
according to the invention with a nonobl oc bl aded di sc positioned on the
device. The nethod for re alrln a bl ade mﬁll be firs crlbed bei ng

t he subject of the French JeEpr at | OrPEREOR B8 181, th ? écholﬁﬁﬁ

device 15 acqpuding i 4 hes diyestben @kb@w@héoopﬁag@eengldeef;@fnpa@gdto
Fig. 1, such a nethod rel ates to repairing a blade 2 extending radially up

to the peripHeryFof.a%ri mf3tihe lwrobl of bhaddd ldlisw e\ DpMm ¢F thRere

made in so-cal.led E{l? titanium Because 20 of an inpact or wear, such a

bl ade shows ajﬂgﬁgbéﬁn}hrea. The areas likely to be damaged are the | eadi ng
edges 4, ghe trailing edgesidp, itihe regrmarsof |aea(§iclhgmaedg:esséptﬁbea&orners
of trailing edges 7 as well as the top line of the bl ade re provided
W th a1 ip seal:e25F of feng Ehger &f porti o 4317s e St St a7 o &
portions are prgl iy i1y dned on the blade, wherein the damaged areas
likely to be repaire cod}d e | ocat ed, such portions corresponding to

bl ade portions that will- Bdcutid nrepresents a schematic view, 1n
perspective and in wireframed representation, of the
10 platen of the holding device according to the invention

with a monobloc bladed disc positioned on the device.

The method for repairing a blade will be
first described, being the subject of the French
application FR 05 08 151, that the holding device

15 according to the invention allows to implement.

Referring to Fig. 1, such a method relates to
repairing a blade 2 extending radially wup to the
periphery of a rim 3 in a moncobloc bladed disc 1
(DAM 1), here made in so-called Til7 titanium. Because

20 of an impact or wear, such a blade shows a damaged
area. The areas likely to be damaged are the leading
edges 4, the trailing edges 5, the corners of leading
edges 6, the corners of trailing edges 7 as well as the
top line of the blade 8, here provided with a lip seal

25 forming tapered portion as is known.

Standardized portions are preliminarily
defined on the blade, wherein the damaged areas likely
to be repaired <c¢ould be located, such portions
corresponding to blade portions that will be cut in

30 order to be replaced. A first step of the method

consists in checking whether the damaged area of the



30 order to be replaced. Afirst step of the nethod consists in checking
whet her the damaged area of the 10 blade js |located in such a portion.
Fig. 2 shows a blade 2 as well as such a”itandardized portion 9
represented in shaded form Such a portion 9 conprises here the corner of
the | eading edge of the blade 2. 5 1If it is the case, the standardi zed
portion is cut through machi ning. The paraneters of such a machining
operation are prelimnarily accurately defined and are identical for

bl ades of the sanme type._  The cutlin% line 10 of the standardized portion 9
is 10 defined RP4R, ion tRe2bRE HahdSUEH pfodgidds Ay sFaily 2 a%hﬁ%gs@ble
for “avoi di ng ) have 1 0Q AbLURYL | BEl exL0R  POI I $, QL SOIHST SoddhH d&y to
facilitate the subsequent cutting and wel di ng operations, on the other
hand, to extemkpresebhtedeiar ehadhdr dortte dperlata ngoibisnr @ssesparees

m nimum at |east non maxinmum so_that the area tq_be we IS not
subsequently gﬁﬁ%ﬂﬁ@%,c%f%%ﬁ th%h%e#%?aéngiﬁ§99t8ft§8es%?§§8 gfresses

The maxinum di mensions of §heigutciportker, arthdestandaasi sefiupetritamn of
the use of the notor and taking into consideration 20 the aerodynam c | oads
the blade 2 is-SubPéct BEYPBIN TR 11 RI t helhfef 88FETSIEeZ Sbl 8e P Housed in
such a porti ‘iggﬁev 1. sha or e -g,, Ca I ired

t hrough cutti ﬁgh%ulc a pos{%ez)gr%q@lcarﬁd E%ﬁl ac#)%%lllt"ﬁ?all{gﬁtyer %C?%rgt%q%l

st andar di zed phftindd,amd shewndient28afi o3, blmeiay desthébedmkatiereon.

Mor eover, thetﬁyttigg .stegﬁis gﬁirg d ,qut sp.as tg.ensure qfsurf ce state
conpati bl e wi tH'% hEUHES Ped W& dthg guaq}(‘[ yoten F‘ﬁg 5F§dé) “tHerg i€ thus

obt ai nedi defined so as, on the one hand, to progress as slowly

as possible for avoiding to have too abrupt inflexion

points or corners, in order to facilitate the

subsequent cutting and welding operations, on the other

hand, to extend in a blade area where the operating

15 stresses are minimum, at least non maximum, so that the

area to be welded is not subsequently subjected, along

the welding line, to too strong stresses. The maximum

dimensions of the cut portion are defined as a function

of the use of the motor and taking into consideration

20 the aerodynamic loads the blade 2 1is subjected to.

Thus, all the defects of a blade 2 housed in such a

portion 9, whatever their shape or their nature, can be

repaired through cutting such a portion 9 and replacing

the latter with a standardized patch 11, as shown in

25 Fig. 3, being described later on. Morecover, the cutting

step is carried cut so as to ensure a surface state

compatible with the desired welding quality.
On the blade 2, there 1is thus obtained a
cutting line having a determined procfile. The cutting

30 step here occurs by supporting the disc 1 comprising



cutting line having a determ ned profile. The cutting 30 step here occurs
by supporting the disc 1 conprising Il the blade 2 by neans of the hol di ng
device of the invention. Once this cuttiflg step inpl emented through
machining, a cleaning step for the blade 2 and 5 preferably its cutting
line 10 is performed, in order to prepare the latter for the wel ding step.
Before a patch 11 is welded onto the cut blade, a so-called trial start
sanple is welded, which is not described in details here, the reader being
able 10 to refer to _patent application FR 05 08 151 for further details.
The patch 11 & hédapé&i ng dont aeeed weth e heddiingg $e¥éceo of he bl ade

2. Such contact, 1§, through the holding device of the blade 2 and the
patch 15 11 according to the invention, as will be described later. Such a
devi ce shoul d be arrangérhso asitto abtowga sesy adcguratentposi thoough of

such nmenbers one to the other and.is adapted to each bla n such a

e 2.
case, as al r &K IHRH, that CTEAPANRE pAFEPcultET devite ?ﬁ%?ezthagngeen

used for ol digne ddheplader2 vpenithe CUd i ng iepgiati O, 118 order
standardi zed portion 9, allowing to~ keep the sane paranmeters and to have a
wel di ng pl ane td derdagsd e thattan tiog Phanecldhegpaten- 11, bei ng made of

me o, et a2, SRRl 205 e gl 1L B 0o 2ol on @
line of the blddels), @ansbpeesessistanal ovearithickielss conpaleddf owhhieh
t hi ckness of the bl ade ) i ,
is not described in details here, the reader being able
10 to refer to patent application FR 05 08 151 for further
details.

The patch 11 is then being contacted with the
cutting line 10 of the blade 2. Such contact occurs
through the holding device of the blade 2 and the patch

15 11 according to the invention, as will be described
later. Such a device should be arranged so as to allow
a very accurate positioning of such members one to the
other and is adapted to each blade Z. In such a case,
as already shown, that is this particular device that

20 has been used for holding the blade 2 upon the cutting
operation of its standardized portion 9, allowing to
keep the same parameters and to have a welding plane
identical to the cutting plane.

The patch 11, being made of the same material

25 as the blade, here Til7 titanium, has a profile on a
cutting line 12 exactly reproducing the defined profile
of the cutting line of the blade 2, and presents an
over-thickness compared to the thickness of the blade
2, here substantially equal to 1 mm, approximately

30 distributed for 0.5 mm on one side of the blade and 0.5

mm on the other side, for a blade having its thickness



2, here substantially equal to 1 mm approximately 30 distributed for 0.5
nm on one side of the blade and 0.5 mmon the other side, for a blade
having its thickness 12 varying between 0:7 and 3.45 mm The thickness of
the patch 11 therefore runs, on its cutting line 12 but also throughout
its whole surface, along its cutting line 10 and on the surface
corresponding to the portion 5 that has been renoved, with an
over-thickness. In other words, the shape of the patch 11 in surface

overall corresponds to that of the rtion 9 of the blade 2 that has been
cut, the dinen§$6%%”?h3?§8ﬁeﬁeﬁhg é§ﬁ$ght89 Mr-gee 162 Ak RRgS et edsi®on of

each end of itsaeuitiing rhinerd2e thePatgh Lkconprtsrs aiheel 123.pul4
projecting fromthe surface of the cutting line 12 and “extending so that
it does not inmtksdetérpuughhontie btadehodeonger faee patedivrbl hhs Isedd Brought

in contact with 15 j¢t. re specifically, each_heel..13, .14 nat t he
shape of the rfﬁ%% ﬁ@,a%@ of %% %F523C§ 8§ 5%8P§§d P§n$%iﬁgkkg¥$?ﬁéﬁﬁine
10, in the present wasepetherehdyges, w0tnespoBdiengtha cikingstsap i rehksy and
its |l eading edge 16, that forned the corner of_the Ieading edge of the 20
bl ade 2. Such #eel% 15he14Rdpowofo Fh t PAtiPe hhd o SEREAERe W& diy

step, as wll e T, eel-s 313, zoul & bgrei r

integrally wt :ﬁﬁﬁgﬁ%%% Eflfh§$@b§kfﬂf%g 8%%F§$H|%atﬁg éggﬁ a%gégeghey
are forned intregr al hyswi bhent , ciltey ditsn aflimenahooper dherels t dkiedp and
nove the patchlyl. Tpe geels 13, 14 are, in the present case, independent
of the patch L aHYIHrotgitTin contact with the bl ade 2.

10 In the extension of each end of its cutting
line 12, the patch 11 comprises a heel 13, 14
projecting from the surface of the cutting line 12 and
extending so that it does not interfere with the blade
2 once the patch 11 has been brought in contact with

15 it. More specifically, each heel 13, 14 matches the
shape of the ridge 15, 16 of the blade 2 extending from
its cutting line 10, in the present case, the ridges
corresponding to its top line 15 and its leading edge
16, that formed the corner of the leading edge of the

20 blade 2. Such heels 13, 14 allow to initialize and to
end the welding step, as will be seen later. The heels
13, 14 could be either formed integrally with the patch
11, or be fixed on it. In the case where they are
formed integrally with it, they also allow an operator

25 to keep and move the patch 11. The heels 13, 14 are, in
the present case, independent of the patch 11 and
brought in contact with the blade 2.

The cutting line 12 of the patch 11 is thus
brought into contact with the cutting line 10 of the

30 blade 2; such a contact must be performed in a very

accurate way, using the holding device of the



The cutting line 12 of the patch 11 is thus brought into contact with the
cutting line 10 of the 30 blade 2; such a contact nust be perforned in a
very accurate way, using the holding devi t& of the 13 invention, insofar
as the profile of the patch 11 exactly matches the profile of the blade 2,
which was not the case in the prior art where the patches had a constant
t hi ckness significantly higher than the 5 maxi numthi ckness of the bl ade.
Due to such an evolutional thickness of the patch 11, too | arge
differences are omtted as well as thickness variations between the blade

2 and the pat ch"120tsPHpl i ¥F3ANE T heéS sibSeqbéRt 1dFectf ontBeark et di
met hod and enSé'&%@Ql? H‘lgteﬁﬁetserth%%fé,ﬁ’l?é b L%%Ctblaacf@t@()dwﬂ'i%ﬁ' selsy

requiring a i npl enenting accuracy. This allows to Iinit the causes
resulting in me¢d|hgedeheet$J1§Umh psioforrtexdmepice, tibk ophdbibes The Kol di ng

devi ce according to the ny ntion, naint Lnin t he hl de 2, the patch 11
and 15 the heefS*92M 4 FRIFCK'SSE het 29Mb ?%?g6¥aIFV‘ ornedtgmﬁth%i

patch 11,s5shouhglkifue athowksdeh aotrhr egre didENSd ON PESI t keni BgchTh%n
el ectron-beam wel ding is then perforned through an_el ectron-beam wel di ng
machi ne. To tH&bpeion®b tKalimbrarfig 8évi £BSf oP2LRE bildde 2% hddgatch 11

and the heel s dfedde el Se PUL 544 £Je§5ﬂ L0 ﬁeﬁuggam@ﬁ(ﬁ%%%h%ra%latoawn%al ly

under vacuum an ctron gun o e machine emtting an el ectron beam
onto the wel ditgtwssanthéobdbed d@ 4heé iheerdeded: bel weenmphe fyutigi dre25

Ll oot roms heathud e ace feBREoh BB Glrting MerAldhhG BRELLLYT oL e

10 better quality of it, such a method precisely requiring

a high implementing accuracy. This allows to limit the

causes resulting in welding defects, such as, for

example, blowholes. The holding device according to the

invention, maintaining the blade 2, the patch 11 and

15 the heels 13, 14 which are here not integrally formed

with the patch 11, should thus allow such a three-
dimension positioning.

The electron-beam welding is then performed

through an electron-beam welding machine. To this end,

20 the holding device for the blade 2, the patch 11 and

the heels 13, 14 is put with them 1in a neutral

atmosphere, typically under vacuum, an electron gun of

the machine emitting an electron beam onto the welding

seam, located at the interface between the cutting

25 lines 10, 12 of the blade 2 and the patch 11, the

kinetic energy of the electrons heating the parts and

allowing their welding. The various parameters of such

a welding step, incliluding the beam power (typically

ranging from 5 a to 200 kV), the electron rate, set

30 using acceleration tensions, the electron density, the

focussing stream allowing to set the depth of the



allowing their welding. The various paranmeters of such a welding step,

i ncl udi ng the beam power (typically ranging from5 a to 200 kV) , the

el ectron rate, set 30 using accel eration tensi ons, the el ectron density,
the focussing streamallowing to set the depth of the 14 focussing point,
the anplitude, the vibration shape and frequency for the el ectron beam
about its axis and the beamnoving rate have been prelimnarily defined
through trials on devel opnment sanples simlar to the 5 so-called trial
start sanple referred herei nabove. Perform ng an el ectron-beam wel di ng
operation hasf@evesand devintagele prelitndenellPnyiPaEE R SORES W& ng
quality obtain I asLel at.l.vel -hi i ea 1 | dinpg
initiated on aﬁﬂ%§T8€%¥ f%gegg% %%£Cﬁﬁggéf%%%féﬂgﬁzén?3%|gfﬁg,grﬁetﬁ§|ding
start gener at eseanefi@ectsgi nrelte pardyveashbeelnl asralimlwarBugh defined

di sadvant ages do not. affect the blade.2 insofar_as,they. are copfin in
ARy St A EL L s o R E AR D ST L I
el ectron heam geachesed heridungtipn phapecbetweenctihpebkadandvand the patch

11, for the electron gun to be at its full power, a power that it keeps
until the end of the cutR§HgPIMiHET 18" of leERECHT BEBM2WETHE Nh GPET$t ey of

wel ding the pafg l%%gégazoahg%nQ%%g%hz.ih@?neﬁgu%%idﬂ§ﬁ%§%q@%fBﬂghgyﬁJing

line 10 of the I's concer i'n a "pernmanent

el ectron gun. Wdldisng o heahdted vhatined hisslorparta cukatataselyt hehiel di ng
seamis of the keyhole type. The wel ding step goes on and ends on the
opposite 25 hedt %&Egsﬁ??%at the defects and the hole, also created

16 Welding is initiated on a heel 13. Indeed, in
the electron-beam welding, the welding start generates
defects in the wpart, as well as a hole. Such
disadvantages do not affect the blade 2 insofar as they
are confined in the heel 13. Further, the initiation on

15 the heel 13 allows, when the electron beam reaches the
junction plane between the blade 2 and the patch 11,
for the electron gun to be at its full power, a power
that it keeps until the end of the cutting line 10 of
the blade 2. The whole step of welding the patch 11 to

20 the blade 2 thus occurs, as far as the cutting line 10
of the blade 2 is concerned, in a "permanent mode" of
the electron gun. It is to be noted that in this
particular case, the welding seam is of the keyhole
type. The welding step goes on and ends on the opposite

25 heel 14, so that the defects and the hole, also created
during this stage, should be confined in this heel 14.

The electron beam is not directed exactly on

the Jjunction plane but slightly offset on the side of

the patch 11. Indeed, around a welding seam, a

30 "channel" could appear, i.e. an area with its thickness

being reduced relative to its initial thickness,



during this stage, should be confined in this heel 14. T

he el ectron beam

is not directed exactly on the junction pJ.ane but slightly offset on the
side of the patch 11. Indeed, around a ding seam a 30 "channel" could
appear, i.e. an area with its thickness being reduced relative to its
initial thickness, 15 because of sone material |eaking towards the wel di ng
seam As the patch 11 has a higher thickness than the blade 2, the

material has a tendency to bypass the welding seamso as

channel on th de 5 of. the bl ade 2 annel that co
Sha e doof A en OT1 VO dhar e S Ao L ST HE Labasate

to fiII up the
ul.d be for.ned on

nt® mdERCHI g

step. Thus, the.ofifsgt ehethadeamonnibes siidmeaf thecpatedh Lhaal |t_®1\é15 for

the presence of a channel to be avoided in the repaired
par amet ers of Rkade| det r e bawhageladi nla snei hitgadsingst r bf

preferebly LnARRSLER, TEets ol i pg (g7 el A

controll ed by of the we

bl ade 2. 10 The
Heam e e the

tc? S¢h@ 8 qe

e geonetry of

the cuttifng |ligke @k afi1dde 2bJ arte= 2chamnahn ftEaevobundohal fm/ayled| pnr ¢k tinme,

al ong such a cutting_ |ine The resulting wel di ng sea

bet t er qual|tf”‘%hd?%e?h%dHQHFﬁgé10WQH$qmF%ﬁﬁ9@?%% 1ﬂ4t

noteworthy. The biadg 2 GeaPri s@ss 2l ORg 146r40P 20 dhae
to which a lip 17 corresponds on the patch 11. Because of

herefore of a
§8quent

béém aohi pheeal ,
its very small

thi ckness, suchidea bifp Caanertod dildecalyovel dedr byhel epreopnbeamt ag this

ar ea mould coIIa se upon ,wel di n t hu r
not to wel d the [ﬁ be avor eé lﬁﬁéhé repalrggugféde

|9 the prior art,

106 The parameters of the electron-beam welding

machine electron beam are preferably tuned up using

nmeans allowing for such parameters to be cC
the geometry of the welding seam, thus, by
of the cutting line 10 of the blade

15 evolutional way, in real time, along suc

ontrolled by
the geometry
Z, in an

h a cutting

line 10. The resulting welding seam is therefore of a

better guality.

Another advantage of using heels 13, 14 is

also noteworthy. The blade 2 comprises, along its top

20 line 15, a lip seal, to which a lip 17 co
the patch 11. Because of its very small thi

rresponds on

ckness, such

a lip cannot be directly welded by electron beam, as

this area would collapse upon welding.

It was thus

frequent, in the prior art, not to weld the lip but to

25 form one subseguently, through a reiocading method, by

laser, for example, leading to conside

expenditure. The heel 13, put under on the

side of the blade 2 and of the patch 11,

profile extension 1s wider, forms an over
30 the level of the lip. Thus, the welding are

portions therebetween is not too thin and s

rable over-
lip, on the

where the

~thickness at

a of the lip

uch portions



25 form one subsequently, through a reloading nethod, by |aser, for
exanpl e, leading to considerable over- expenditure. The heel 13, put under
on the lip, on the side of the blade 2 afd of the patch 11, where the
profile extension is wider, forns an over-thickness at 30 the |evel of the
lip. Thus, the welding area of the |ip portions therebetween is not too
thin and such portions 16 could be wel ded through el ectron-beam wel di ng,
in order to ensure the continuity of the Iip of the blade 2 once
repaired. Once the electron-bean1melding%ggeration has. 5 been conpl et ed,

the bl ade 2 tdydtierPfitH 4% Paterdnie hgrveFaBdveld18dhj 8t 8IS a

thermal treat nghte r decreese Ehenst 1 85S6s grpenakad ypen
wel ding. An u tf%ggﬁﬁg1§ﬁ%t%€ﬁzst$ng§o%ergt?on %ould al so be inplgﬁented.

Sonme checki ngsregrasitdibn perforned, in 10 order to check the welding
quality. Such checkings . could be Limted to visually inspectjn t her
the welding has indeedq&§Qré#%n§%F55rgﬁd FﬁQtW%i4ﬁﬂ9rﬁ§%ra %g?ggggs can
be seen, Pproduced Vishhl e def eehs, p1baeausea Rfe e guaiantieesppremi ded by
welding a trial 15 start sanple. To this end, it could _be tried to .

vi sual Iy det edt®igid datidadmaries sWaieebard tse 2r &8LEH2 ldulr 2Dt EeBad 1!

Dot ecs o0 ) R BevEaLagnyel b <d apkies g (ke Bty o
checking(s), <atisflactepynd hehpatbhatiing thearambohi nesikd aslstco benpve
E:gsrg)s(ggrsla Eti?nrpll%lmeln ecc):{.derSor&eo %%tec r}.r%lsm%trefl rtl,%lenSh}ga)%?:f%rr%%t I,Calilny

10 order to check the welding guality. Such checkings
could be limited to wvisually inspecting whether the
welding has indeed be implemented and that it has not,
as far as can be seen, produced visible defects,
because of the guarantees provided by welding a trial

15 start sample. To this end, it could be tried to
visually detect oxidation marks that could be created
due to a bad protection by the confinement gas, linking
lacks, pits {using a binocular device) and unmelted
parts.

20 Should the result be, further to such brief
checking(s), satisfactory, the patch 11 is then
machined so as to remove the excess material in oxrder
to get an almost final shape practically corresponding
to the complete shape for the blade 2. Several

25 passes of such a tocl are implemented, little material
being removed each time, until a bilade results the
dimensions of which are slightly higher than the final
dimensions, i.e. with the dimensions corresponding to
the initial blade dimensions. These are the dimensions

30 of the portion 9 that has been cut and replaced by the
patch 11, the remainder of the blade 2 being not



to the conplete shape for the blade 2. Several 25 passes of such a tool are

inplenmented, little material being renoved each tine, until a bl ade
results the dinensions of which are slidﬂtly hi gher than the fi nal
di rensions, i.e. with the dinmensions corresponding to the initial blade

di mensi ons. These are the dinensions 30 of the portion 9 that has been cut

and replaced by the patch 11, the renmai nder of the blade 2 being not 17

machined as it should remain identical to the rermainder of the initial

bl ade 2. Repairing the blade 2 is_tuned and conpl eted through manual

pol i shing, inRAYEMaD &bte sowlddecwais identical £8 the FRAMEFAFSHI ade

2. The nethod is | rali terized in that, before welding the

patch 11 to tﬁgsbkg%gjgghéﬁgg?ﬁ%a I%d trial start sanple is wel ded,

al l owi ng, before the wHediaig ioperigié onladet Be i ddenx] 4od thapleted

paranmeters of the el ectron- machi_ne thPe checked, - A %oﬁcalled
e

4
trial end sanpi'& el I"HI's géo &gbﬁég? A SFEET (% ek aft BFOE

wel di ng operatihtionit he Wmde Zicide waaaeerers of the machine. As
preci sed herei nabove, such aspects of the nmethod will 15 not be further

detailed. The part-hol diffg de¢téedupsh tHetsel dilng 65@%%%%?%¥3ﬁqq ABw be
gescr 0oL SO0 R B AR, I A5y SH01D 29 EhBS% gpp, O o0-10 and
readabi lity, walieu @rimhoblkeetblsaedl«li se (@AMedl, abltwomgy wethre patch
11 and heel s % e L%ef%kgggsbpération on the blade 2, for the
10 parameters of the electron-beam welding machine to be
checked. A so-called trial end sample could also be
welded, in order to check, after the welding operation
on the blade 2, the parameters c¢f the machine. As
précised hereinabove, such aspects of the method will
15 not be further detailed.
The part-holding device wupon the welding
operation will now be described referring to Figs. 4 to
12.
As shown on Figs. 4, 5, 6, 9, 10 and 11, the
20 holding device 20 is represented, for reasons of figure
readability, without a monobloc bladed disc (DAM) 1%,
but only with a patch 11 and heels 13, 14. On Figs. 7
and 12, the holding device is represented with a DAM I.
The device 20 comprises a base 21 for
25 supporting a plate 22 as a suppert for a monobloc
bladed disc (DAM) 1. The base 21 and the plate 22 are
staticnary. The plate 22 supports a mandrel 23 for
centring and holding the DAM 1. Such a mandrel 23 is
holiow.
30 In Fig. 7, the DAM 1 is represented without

the blades 2, for simplification reasons of drawings,



and 12, the holding device is represented with a DAM 1. The device 20
conprises a base 21 for 25 supporting a E!ate 22 as a support for a
nmonobl oc bl aded disc (DAM) 1. The base 218 and the plate 22 are

stationary. The plate 22 supports a mandrel 23 for centring and hol di ng
the DAM 1. Such a mandrel 23 is hollow 30 In Fig. 7, the DAM1 is
represented without the blades 2, for sinplification reasons of draw ngs,
18 but does indeed conprise blades 2 being integral with its rim3, as it
isaDAM1, i.e. adisc wwth all the nenbers formed integrally. The DAM 1
conprises a rleeesdegscémdesid paprrpbseThdagam £ ike¥iqt edtapsand a B
mandrel 23 thr h reces centrab,.part ;2 T e onpni

cylindri cal flgﬁge % ant%%lﬁggafgsg élng aral’ ?bg?hk%églgﬂéf§$ﬁe
mandrel 23 andnere%xeemdlﬁ@rrdmmmamdeghemlyhe DAM 1DIAM béi ngoinptrtiedsontao  t he
mandrel 23; this is the flange onto ich a 10 lapyrinth joint is secured.
The platen 22 TSCRPAPEACRDT ﬁa?aFFsgglaﬁaeai%mﬁ t&° %thgdpﬁngﬁdzf when
the DAM 4 is fdf4ed onto dihie,pndrek 23hcaddan Rgntoekit AV, tipebe

| atched in height. The DAM1 is angularly |atched by neans of an 15

angul ar | at chiPR}! pl oroBprifiered onybinhelpase 229”8 A adelif lﬂiﬁeaEAWI 1

abuts on such | ot 31 ere Ion Qrtio of S gg?!
| at chi ng t he 5KNP 1io% qte %lréctggn é A % 31 an nDre
specifically eéitwwdingC&ﬁﬁmmeﬂ@ Whenam@@Ianmposli$ohe2ﬂgoﬁlmhedD@Mtb and,

t hus, of the bl ade 2 to be re alred In such a case, as is sh?1 in F|g
12, this is a Bisgdnandrel : his the flange onto
10 labyrinth joint is secured. The platen 22 is shaped so

that its flange 24 abuts on the platen 22 when the DAM
1 is fitted onto the mandrel 23, aliowing for the DAM 1
to be latched in height.
The DAM 1 is angularly latched by means of an
15 angular latching plot 31, fixed onto the base 21. A
blade of the DAM 1 abuts on such a plot 31, here along
a portion of its leading edge, latching the DAM 1 in
rotation in the direction of the plot 31 and more
specifically allows to determine the angular position
20 of the DAM 1 and, thus, of the blade 2 to bhe repaired.
In such & case, as 1s shown in Fig. 1Z, this is a blade
2' adjacent to the blade 2 to be repaired that abuts on
the plot 31.
The DAM 1 is latched 1in position on the
25 mandrel 23 by means of a holding plate 26, playing as
an in-height latching function, i.e. forming some sort
of a lid, represented in top wview in Fig. 8. Such a
holding plate 26 is of an overall triangular shape and
its three end portions 26a, 26b, 26c abut on the
30 periphery of the recessed central part 25 of the DAM 1.

The holding plate 26 1is secured 1in position by a



2' adjacent to the blade 2 to be repaired that abuts on the plot 31. The
DAM 1 is latched in position on the 25 mandrel 23 by neans of a hol ding
plate 26, playing as an in-height latchily function, i.e. forming some
sort of alid, represented in top viewin Fig. 8 Such a holding plate 26
is of an overall triangular shape and its three end portions 26a, 26b, 26¢
abut on the 30 periphery of the recessed central part 25 of the DAM 1. The
hol ding plate 26 is secured in position by a 19 screw 27 being screwed
into a bore 28 formed in a colum 29 projecting in the recessed central
part of the nambtel2 D3P hEFdei§ideiiEe 20 A4 céfiprieeBea piatén 5

30 for posi tioglng,andoholdng.@ b ade 2nd paLchsdd andediepcase daei ng,

heel s 13, 14. p here renovable relative to e hol di ng
device 20. It flse axdcet 023 he base 21 by nmeans of a plurality of screws

23 and optionally of centri Q%gis r pores.33.in 10 cooperation wth the
base 21, once the DAM ;%Q?:H%l ?té%%%Cthopfé?gncgﬁ?Eél Pi§e§ﬂgtﬁpane 34
for supporti r‘[ﬁ)"h@rV%b'sQlﬂio@l'i%@erﬁﬁd' HMQB!%%SIJ' poshdi oni ng pandnhalidi ng

the blade 2, the patch 11 and the heels 13, 14. Such a glane 34 is
preferably sub¥téantila | gashobezbat aheebscd -hel DAMUCThas BéeheposPt iténed

oo, 42Dt AL, e eLnAbe L8 BTG, Leeetinnte the
onto the fixed to the base 21 by means of a plurality of screws
23 and optionally of centring plots or bores 33 in
10 cooperation with the base 21, once the DAM 1 is in
position.

The platen 30 comprises a plane 34 for
supporting the various elements involved in positioning
and holding the blade 2, the patch 11 and the heels 13,

15 14. Such a plane 34 1is preferably substantially
horizontal.

Once the DAM 1 has been positicned and
latched as described hereinabove, the platen 30 1is
secured onto the base 21. According to another

20 embodiment, the platen 30 is already fixed onto the
base 21 when the DAM 1 is put in position. It is
preferred, according to the invention, that the platen
30, being removable, be only fixed onto the base 21
once the DAM 1 is positioned, for simplification

25 reasons linked to an overlocad.

The blade 2 to be repaired is then latched in
position. To this end, the supporting plane 34 supports
two screws 35, 36 arranged so as to abut under the
blade 2; they are adjustable in height manually; so

30 that the blade 2 lies on them. Their end, arranged

50 as to come into contact with the blade 2, has a



base 21 when the DAM1 is put in position. It is preferred, according to
the invention, that the platen 30, being 6ennvab|e, be only fixed onto the
base 21 once the DAM 1 is positioned, f of sinplification 25 reasons

| inked to an overload. The blade 2 to be repaired is then latched in
position. To this end, the supporting plane 34 supports tw screws 35, 36
arranged so as to abut under the blade 2; they are adjustable in height
manual ly; so 30 that the blade 2 lies on them Their end, arranged so as
to conme into contact with the blade 2, has a 20 bul ged sha e, allowing a

honogeneous coRtAgE mﬁ%?%ﬁ%r‘a%%%wb%%lfﬁoﬂPWﬁg?WﬁgnﬁfaHBHQac ef%ﬂ?%?ﬁfﬁ n

particular to Fhg. pdQi+@onPb¥othRInaLML3% . is mounted at the end of the
supporting 5 plane 34, on the external side relative to the centre of the

DAM 1. The arm 37 is of Bebentishapeini.@aitticiiay a Loshaped- p%%fll@

section. Such an_a n137 .S onpected wi th. .the support la one
of its ends, Bt'th n?e@éw %? an QQP§t§§ a§u§ﬁeaﬁn§ranggmp |nﬁ%ﬁﬁﬁly in

spaced posi ti oprhremzuhe bl atde: 2exYBeRatheide atel 2 iwe abut tdh@g @mide
screws 35, 36, the arm37 is folded back toward the blade 2 through
rotation about®ft kBl Jg, BRBUAA™WH ChiFt Of ofatR&Nt SERAPE  r dt-&ti ng- axi s

38 is substantjally, parahlelat osL0e s 3uPROLLEDG, 15 dlane 3t abnt heyplaat en

30, which is here substant ally parall to t e horizontal. The arm 37
supports, at itsnnethed endh aﬁpenduppnrt@nmrnjqnwoﬁﬂngnarmm69omeis

pendul um 39 rot at es ar.o an_axis aral l.el the .raotatin i's; 38 of
the pivoting SRER7 alt%pg? o%fo é?n axisg §é) Euch an 419 aX%

10 initially in spaced position from the blade 2. When the
blade 2 is abutting on the screws 35, 36, the arm 37 is
folded back toward the blade 2 through rotation about
the axis 38, around which it rotates. Such a rotating
axis 38 1is substantially parallel to the supporting

15 plane 34 of the platen 30, which is here substantially
parallel to the horizontal. The arm 37 supports, at its
other end, a pendulum-forming pivoting arm 39%. The
pendulum 39 rotates around an axis 40 parallel to the
rotating axis 38 of the pivoting arm 37. It supports,

20 at each of its ends, a peg 41, 42, the end of which
comprises a planar surface 41', 42' contacting the
blade 2. Each peg 41, 42 is connected with the pendulum
through a ball-and-socket 1ink 43, 44 respectively.
Thus, through combining the pivoting action of the

25 pendulum 39 and of the pegs 41, 42 linked to the latter
through the ball~and-socket link 43, 44, the contacting
surfaces 41", 42' of the pegs 41, 42 are pressed
against the blade 2, whatever the position of the
latter, and thereby maintain it in position.

30 The blade 2 is thereby pinched between the
bulged screws 35, 36 and the pegs 41, 42, arranged so



20 at each of its ends, a peg 41, 42, the end of which conprises a planar
surface 41', 42' contacting the blade 2. Each peg 41, 42 is connected with
t he pendulun1 t hrough a bal |l - and- socket | #hk 43, 44 respectively. Thus,

t hrough conbi ni ng the pivoting action of the 25 pendul um 39 and of the pegs
41, 42 linked to the latter through the ball-and-socket |ink 43, 44, the
contacting surfaces 41', 42' of the pegs 41, 42 are pressed against the
bl ade 2, whatever the position of the latter, and thereby maintain it in
position. 30 The blade 2 is thereby pinched betmeen the bul ged screws 35,
36 and the pegdS4to 40Cake aﬁaéatéatzfllé(s PRPPDLET eCBuBKtEht FAPRY SPposite
on both sides pf. thesblade 2. VWen the blade 2 is thereby |atched, the
pivoting arm37 Is maintained in position through 5 screwing a screw 45
for latching the arm 37.Wi8uth thieschdwdds Conpsi sfekseaeis:{Zerﬁladﬁzl’a&d,angéuﬁ S0 as

to be housed in a oove 47 t.ne arm 37 and t her eb cure
posi tion, as % ShoWATi f Bl g.° 1019t n&fbdb%ﬁéglfﬁb ﬁ@ﬂﬁ¥%?ls

10 latcheg butsaetwacyual lyc.edanmped. fdzﬂdﬁéﬂch\ﬂ/ﬂét trd t@e& 3N aPuch a
el ectron-beam wel ding operation is the relative position of the nmenbers to

be melded suckPIsi thilongoMBRbEEE ﬁénﬁﬁ@“Stéﬁleﬂﬁhi@ﬂﬁﬁoﬁ¥’tﬁé mE?dﬁ%b
operation. (%&%éa{geg §‘[888v8°t47' L BWQB&a’EEe%bﬁ;%%%u%% on
t he do n

t he parts, o) need to e nalﬁfalned W th an i1 nportant
cl anpi ng forceit Aislpghtt cdanmpaagisfsheeni snefdgghlObut it shoul d be

accurate and ConStant'It should be noted that the blade 2 is
10 latched but not actually clamped. Indeed, what matters
in an electron-beam welding operation is the relative
position of the members to be welded; such positicns
should remain stable throughout the welding operation.
As the latter does not involve very important stresses
i5 on the parts, the latter do not need to be maintained
with an important clamping force. A slight clamping
force is encugh, but it should be accurate and
constant.

Thus, the screws 35, 36 and the pivoting arm

20 37 form means for holding the blade Z. They also form,
in some extent, means for adiusting the positioning of
the blade 2, the latter being however primarily (or
even completely) achieved by means for positioning the
DAM 1 (i.e. the supporting mandrel 23 and the plate 22,

25 the in-height latching plate 26 and the angular
latching plot 31).

Holding the blade 2 is necessary as, upon the
welding operation, the thermal stresses induced on the
blade 2 do not indeed require an important clamping, &as

30 has been shown hereinabove, but would involve a removal

of the blade 2 in the absence of any holding means. The



Thus, the screws 35, 36 and the pivoting arm 20 37 form neans for hol ding
the blade 2. They also form in sone extent, nmeans for adjusting the
positioning of the blade 2, the latter &@ing however primarily (or even
conpl etely) achieved by neans for positioning the DAM1 (i.e. the
supporting mandrel 23 and the plate 22, 25 the in-height latching plate 26
and the angular latching plot 31). Holding the blade 2 is necessary as,
upon the welding operation, the thermal stresses induced on the blade 2
do not indeed require an_inportant clanping, as 30 has_been shown

her ei nabove, BRaRbutd | 700l vé ACFemM&LNDfthhd HRIe? 22FR TheT&HSERce of

any hol di ng means.¢ - -mans 35, 36, 37 for holding the blade 2 are
t herefore necessé?vﬂﬁ%§%%$s. Once the blade 2 is latched, the patch 11 is

added, positioned and ndimtenitried hhadech aspdsittdtonl, SFhepptahelld4 ifor

supporting the aten 30, su rts. three plots 48, 49, 50 for, adjusting the
ol it and ¢ he T Bbe R HHE T HIA 115 SERt S ot L1 48H0h 43, PRBL LFgh'

di stributed as a triangle Spiaget 03sUERAT t subberpaheh ddei pitdievi gonity
of each of the corners 10 thereof. The plots 48, 49, 50 are adjustable in

hei ght  manualdupPqator ddreco pésicei oABexattty the fnut chIirshiacat 6 to
oo 12°, 2 BRRS A LRSI L agtiln phane A2 pfptbenater |
accurate junctin i aaee adi possbbted As accurianglof, asotemt hoobuppblitnetre
s required for such g jynct]on, plane., Such positioning of, the patch 11
10 thereof. The plots 48, 49, 50 are adjustable in height
manually, in order to position exactly the patch 1l
relative to the blade 2, i.e. sc as to position the
cutting plane 12 of the patch opposite the cutting
plane 10 of the blade 2 in order to form the most
15 accurate junction plane as possible. An accuracy of a
tenth of millimetre 1is reguired for such a junction
plane. Such positioning of the patch 11 relative to the
blade 2 could be carried out visually.
The platen 30 supports two plots 51, 52 each
20 hinged around an eccentric position. Each plot 51, 52
has the form of a cylinder, comprising an off-axis bore
through which the plot 51, 52 is inserted into a fixed
stem 51°, 52", respectively, integral with the
supporting plane 34. Each plot 51, 52 1is mounted
25 rotationally around said stem 51', 52'. Once the patch
11 is adjusted in height and in slope by the plots 48,
49, 50, both pleots 51, 52 being hinged about an
eccentric, which had been previously spaced apart from
the patch 11, are abutting on both edges of the patch

30 11 that are not supposed to form the junction plane.

The patch 11 is thereby pushed in the blade 2 direction



bl ade 2 could be carried out visually. The platen 30 supports two plots 51,
52 each 20 hinged around an eccentric posjtion. Each plot 51, 52 has the
formof a cylinder, conprising an of f - axi% bore t hrough which the plot 51,
52 is inserted into a fixed stem51', 521, respectively, integral with the
supporting plane 34. Each plot 51, 52 is nounted 25 rotationally around
said stem51', 52'. Once the patch 11 is adjusted in height and in slope
by the plots 48, 49, 50, both plots 51, 52 being hinged about an
eccentric, which had been Ereviousj spaced apart from the patch_11, are

abutting on bt edfesmdf PEALIBAL cH! 3¢OIT AHat WaFE nbE® suppdsEd t §%F8r m t he

junction plang,;,dhespat 6h Li,ks rbhar ey pushed iputhendl ade 2adicheqti on 23
and is maintained in contact with the latter. Such plots 51, 52 thus form
means for abutddaiptthetlpatichade 2agdbestolidie biladed2. hithged| srsubd as2

nnged, round g secent L fould e LELhed! poBosthon clor agmle S

ng ,as s nown. € pl aten
30 furthey nor erstapgt t6 Bt @iald Ngysadm B3inSughsapear 053 hatanglseds
shaped, i.e. it has a L shaped profile section. It is arranged in a

position 10 odﬁ“ﬁﬁ“contact with the patch 11, outside the platen 30. Once
71 Brched by the pl ots 6. 48T b0 Sk T e IOt e BT 85 R atd ot qudd an-
eccentric axi srnt He3 ar$me@3 &8 sotatéd iisn arlel «i revapen, 15-of thehpat éh 11,
EE;O;?EIEgFatEP%ﬁgﬁ%Jckggkf%ésseg gggin%tafgﬂafgagégéLighgp%ogg%q%% by
10 out of contact with the patch 11, outside the platen
30. Once the patch 11 is appropriately positioned with
respect to the blade 2, that is latched by the plots
48, 49, 50 and the plots 51, 52 hinged around an
eccentric axis, the arm 53 is rotated in the direction
15 of the patch 11, through rotation around an axis
crossing a bar of the L shape formed by the arm 53.
Such an axis 54 is substantially perpendicular to the
plane 34 of the platen 30, that is here substantially
vertical. The other bar of the L shape formed by the
20 arm 53 supports, at its free end, a screw 55 for
latching the patch 11 in height. Such a screw 55
extends perpendicularly to the arm portion 53
supporting it, that is here, substantially vertically.
It could be screwed manually n order to abut against
25 the patch 11, approximately in the centre of the
surface of the latter. The surface 56 of the screw 55
intended to abut on the patch 11 has a bulged shape, so
that the contact will be always identical, whatever the

slope of the patch 11 with respect to the screw 55. The
30 patch 11 is thereby correctly held in position.



Such an axis 54 is substantially perpendicular to the plane 34 of the
platen 30, that is here substantially vertical. The other bar of the L
shape formed by the 20 arm 53 supports, atits free end, a screw 55 for

| atching the patch 11 in height. Such a screw 55 extends perpendicularly
to the armportion 53 supporting it, that is here, substantially
vertically. It could be screwed manually n order to abut against 25 the
patch 11, approximately in the centre of the surface of the latter. The
surface 56 of the screw 55 intended to abut on the patch 11 has a bul ged

shape, so that the conthtit wiifkepdlg S dent F881 Paledt elbr 1Eh&°TEl ope

of the patch I yigdy r@%@%eém%h@l%ﬁ@w S52s Jﬁst 39tpatehiil¢ihs t her eby
correctly held 1 n position ust like the blade 2, the patch 11. is

nore | atched tdtayedbd yp@rmmetiy pes wWhaonedt eadshesds hahich deRsur@tbe

Elanpt ng’ 1 br e THEGTr A5 EHECEo5E e SLater RuchE ey ET M HYL A nitver y
high. Heeds 13%tddssus aldrda@tishede anthdebdei Aot pe&yi bghlt shoul d be

noted in Fig. 3 that, in such a_case, the patch 11 is conpleted by a
trapezoi d shaped heel I@%ﬁﬁﬁ &3trﬂkﬁgﬁéesh%b%ﬂ Hediched FRE Heetd 18, 14

10 are here a h h t agr.al | me i The
g:g:} ek .by %i%ldggi& b Qo’% fghfh agral |y chof med,witibni &. y

are manual |y polishing, in order to perfectly match
the conplex siegees tmemphthhtﬁéy:asecbmpbetedtégwaieﬁra§h90Lda§@@@ﬁd

ol'aced, i n thESSh G PN O CHE BT bot PROPERnf 37 Shen BenbEess fe et

10 are here applied onto the patch and not 1ntegrally

formed with it. They are manually adiusted by filing

and polishing, in order to perfectly match the complex
shapes to which they are to be integrated.

The trapezoid shaped heel 13 is adjusted in

15 height by a flat nut 57 onto which it is placed, in the

vicinity of the pivoting arm 37. Such a nut 57 is

manually screwed or unscrewed in order to adjust the

height of the heel 13. The heel 13 is latched by means

of a small pivoting arm 58. This small pivoting arm 58

20 is L- shaped, that is with an L-shaped profile section,

with a bar thereof substantially parallel to the

supporting plane 34 - i.e. here a horizontal bar - and

a bar substantially parallel to that plane 34 - i.e. a

vertical bar. The stem of a vertical screw 59 crosses

25 the horizontal bar. The arm 58 rotates about such a

screw 59. The horizontal bar comprises, at its free

end, a surface being in contact with the heel 13; the

contacting surface is more precisely located at the end

of a projecting prominence at the free end of the small

30 arm 58 (such a prominence being parallel to the arm

portion corresponding to the vertical bar of the L-



manual Iy screwed or unscrewed in order to adjust the height of the hee

13. The heel 13 is |l atched by neans of mal | pivoting arm58. This smal
pivoting arm58 20 is L- shaped, that is th an L-shaped profile section,
with a bar thereof substantially parallel to the supporting plane 34 -

i.e. here a horizontal bar - and a bar substantially parallel to that
plane 34 - i.e. a vertical bar. The stemof a vertical screw 59 crosses 25
the horizontal bar. The arm 58 rotates about such a screw 59. The

hori zontal bar conprises, at its free _end, a surface heing [p . contact with
t he heel_lS;_t%R@p oﬁ?ﬁ@??néyédﬂﬁéCBrPglﬂﬁr@e iéé?@eljﬂPﬁ%htggeaFmﬁﬁ end
of a projecting psomdaense ag the f4ee end akithengmelde 3%@r M 38 (such a
prom nence being parallel to the arm portion corresponding to the verti cal

bar of the L 25msh8pécioomenbyl Hesapedf Prévsest ild comhast eneTaral |
pivoting arm S8 J,3 ysed for,!afghi ”?;%ehe%'reé?”eﬁﬁgeci@rl?@ beif

i 9on
equi l i brated bet ween i ts Gontact surface with the and“t he Free end

of its poftioncdrsedpasponglithy tioetherveckicakrbaf ohet heshaghage rinedmed
by its profile section, in_contact with the support| | ane 34, the whole

assenbl y bei nd¥etnt aPhed* t&r 86Gh1C8cr el Pt scie 5§8eTﬁ€pﬁ8§Flf§ is

thereby pinched ;het ween e flate NHL 80390 Hie MRk 1 n P4 VOEE NG naLGBS, 10
which is enough for maintaining it considefing the stresses involved by
wel di ng. The hemtewlihg sthé¢ ustherndr®e fThe elieeér \ 3acicur Bhergbwapdacbpd

{roudh 111199, 20 ALENE00L MUELOLS P i RETMELFBIRG! BerlbNt 1

mai nt ai N\ which is enough for maintaining it considering the

stresses invelved by welding. The heel 13 is

furthermore fitted very accurately manually through

filing and polishing; therefore only its adjustment in
height is required for a good positioning.

i5 The triangle shaped heel 14 1is maintained

similarly between a flat nut 60, being adjustakle in

height, and a small pivoting arm 61. Similarly as

previously, the small pivoting arm 61 pivots about a

screw 62 and allows for the heel 14 to be latched. Such

20 members are supported by the supporting plane 34. It

should be noticed in figures that the heel 14 is not

aligned with the patch 11.

Thus, by means of the holding device 20

according to the invention, the DAM 1 is maintained by

25 the mandrel 23 and the 1lid 26, angularly latched by

means of a latching peg 31. Referring to Fig. 6, the

base 21, the platen 22 and the mandrel 23 are tilted

such that, because the blades 2 are tilted relative to

the rim 3 of the DAM 1, the blade 2 to be repaired

30 extends substantially tangentially to a horizontal

plane, at least in the area to be repaired.



simlarly between a flat nut 60, being adjustable in height, and a snmall
pivoting arm6l. Simlarly as previouslyz(the smal | pivoting arm 61 pivots
about a screw 62 and allows for the heel“14 to be |atched. Such 20 menbers
are supported by the supporting plane 34. It should be noticed in figures
that the heel 14 is not aligned with the patch 11. Thus, by neans of the
hol di ng device 20 according to the invention, the DAM 1 is naintai ned by
25 the mandrel 23 and the lid 26, angularly |atched by neans of a | atching
peg 31. Referring to Fi 6,..th ase 21, the platen_22.and the mandrel 23
are tilted such that, g%%%d%%“ﬁ%egbf%d@§15£3%889iﬂpeEOFéﬁéppvé Egug%he rim
3 of the DAM lpitdweidky 2dBy2 deniie bepaldesdi303ext gscoupsianinagl kit th
tangentially to a horizontal plane, at |east in the area to be repaired.
26 The bl ade 2293 frai nt’& el CRSpdsh¥e g hasligh bi nEhT RS rBYT freartd €of
screws 35, 36 oper atqi n i t5h eg . o] I yoti ng .

Furt her nor e, ﬁ%@Jﬂgaﬁb %fwg§U|88be§%§%ﬁ§§§d %%%§$%?% ﬁ%gtﬁgﬁgkiéggg

di mrensi ons reldtmares tard heebkadee?, tby tieanslafet I2e  har neas:sadp fisttéhlel e

hol di ng nmeans, including.the height and tilting adjustnent plots .48, 49,
50, “the plots B ow ilidt-afe noantaaanTie) PelSBURE| FECRBRIRLE ( he
bl ade 2, and the;seremsd f@jubahehtngibhe patchdl i, 2R:hgight, 51,

supported by the rotating arm53. Furthernore, the case being, the heels

13, 14 are eas |'yimgd ahewlghnpiessiintg iset vieeh abethinauposznstedhand a
ng‘t!stgij"fmggaglﬁa[d% ﬁzl‘}éla%d LREPEELLYEIY DT EOVELs nd heYe 3L BRM hgChLY
10 height, supported by the rotating arm 53.
Furthermore, the case being, the heels 13, 14
are easily held through pinching between a f£iat nut 57,
60 and a small pivoting arxm 58, 61, respectively.
Moreover, they are perfectly adjusted through manual
15 filing and polishing.
Once the assembly is thus held, the holding
device 20, the DAM 1, the patch 11 arnd the heels 13, 14
are introduced into the enclosure comprising the
electron-beam welding machine and this latter operation
20 is performed. It is shown, in Fig. 9, for example, the
presence of a fire-wall plate 63, positioned under the
junction plane in order to avoid damaging the
supporting plane 34 during the welding step.
Preferably, all the members of the holding
25 device 20 are made of a-magnetic materials, so as not
to deflect the electron beam upon welding. Such
materials include for example brass, titanium o©r inox.
This invention has been presented referring
to repairing a blade 2 of a full DAM 1. In some
30 appiications, including for trials, only one guarter of

the DAM or half a DAM is available. The holding device



15 filing and polishing. Once the assenbly is thus held, the holding

device 20, the DAM 1, the patch 11 and t heel s 13, 14 are introduced
into the enclosure conprising the electron-beam welding nmachine and this

| atter operation 20 is performed. It is shown, in Fig. 9, for exanple, the
presence of a fire-wall plate 63, positioned under the junction plane in
order to avoid damagi ng the supporting plane 34 during the wel ding step.
Preferably, all the nenbers of the holding 25 device 20 are nade of
a-magnetic materials, so as not . to deflect the el ectron beam upon wel di ng.
Such materialdi%el GAEst oFVeRAAPle BpPAIES 1T AU OF PREXICHAi i Avent i on
has been preseted rel@ng te.repaising B bhade;@a9f aHdl habAMikg In
some 30 applications, including for trials, only one quarter of the DAM or
hal f a DAM i s rameid abf eth@hBAKoll diimg revitdeR on 20hefmehisel ndént ilofk -

applies to any DAM portion; it isS..Qn necessar 0_1hi t apt
the latching Af's of ﬁ#ﬁpﬁy%ﬁﬁ.}ﬂgpggit?%ﬁlg gﬁegn§h8P§|%§%?tF%eig her e,
to adapt 3he ldrk 26aM0iodirtddrt o SBapecdapt eghee dile ndAMh@abéionotto be
hel d. O her hol ding nenbers of the DAM portion could be added. The hol di ng
devi ce assenﬁﬂvaZ%Aﬂema?ﬁEl@ﬁrﬁﬁéﬁﬁﬁr@eidéﬁ??@al tee t AL At h deKaseheen

present ed. Fu%%ﬂ%%ﬁﬂ?g&%ﬁggﬁﬁ§¥%fu%g;ﬁﬁéfﬁgPe 19-het ehnapgvenst-hgnhehdi ng

devi ce 20 coul chining the standardi zed portion 9 of
the bl ade 2 dsamdderagprfeorentetdli ng the patch 11. It should finally to be

noticed that the Fuarthermore, and as could be seen

10 hereinabove, the holding device 20 could be used both
for machining the standardized porticn 9 of the blade 2

as well as for welding the patch 11.
It should finally to be noticed that the
varicus members for holding the blade 2, the patch 11
I5 and the heels 13, 14 are arranged such that such
members are held one against the other but that the
space above the junction plane between the blade 2 and
the patch 11, as well as its extension at the level of
the heels 13, 14, should be free, s¢ that an electron
20 beam could pass therethrcough. Preferably, the space
under the junction plane should remain free, a firewall
plate 63 being advantageously slid into this space.
Thus, on the supporting plane 34, the means for holding
the blade 2 - i.e. the screws 35, 36 and the pivoting
25 arm 37 -, the means for holding the patch 11 - i.e. the
plots 48, 49, 50, the eccentric plots 51, 52 and the
rotating arm 53 -, as well as the means for holding the
heels 13, 14 - i.e. the flat nuts 57, 60 and the small
pivoting arms 58, 61 -~ are all arranged such that these

30 members are only located under or on the parts that are



vari ous nenbers for holding the blade 2, the patch 11 15 and the heels 13,
14 are arranged such that such nenbers are held one against the other but
that the space above the junction plane Hetween the blade 2 and the pat ch
11, as well as its extension at the level of the heels 13, 14, should be
free, so that an el ectron 20 beam coul d pass therethrough. Preferably, the

space under the junction plane should remain free, a firewall plate 63
bei ng advantageously slid into this space. Thus, on the supporting pl ane
34, the neans for holding the blade 2 - i.e. the screws 35, 36 and.the

pi voting 25 arhi@ndedi He mgnshRdR . hoVHFRgUEheepaer®iAd -tHrugl hdhep) ot s
48, 49, 50, t c ri 5gpan r ti- LM-p3 17,. as wel
as the neans P%Eﬁﬁ%%%?H%P?ﬁéogﬁgg%%n1%?é1%l%85.%.Q%Eelgga?aggts 57, 60 and
the smal|l pivoting arnels8,pdseniar enathtarnahgedbseoh dikatl oslkess er 130

b |y |ocat ed t ts th 28 _intended to b
el 0. wi Lhout bxtENal 5.1 hPOUGHEd he et o 1At eCuodPEE BIRé 2 and

the patchs 11. dihenquesenda i nvertion hasmpeesidysckasedcwirhr adoi angl e
shaped patch, arranged for repairing a 5 standardized portion conprising

the corner of i¥IEAGRHF ifjetlt phedpt adk. sheudHoliPd U BECERFOCSt $6@ Tt hat
hes . pith | B tvne. b o
L N

i ntended to replace an at ev its ‘shap I hg
specifically Il atlapiedat dta iparinicahded DAM raplweld asdtehatdeter mitsed

Dl at ons.© eact At od TG0 partICLTGr SPACER  §Pe ELARI o SPECRE ARG onto

the devige dependiti to a particular DAM, as well as to a determined
patch type. It could be contemplated having available a
plurality of platens =~ each adapted to a particular
patch type - able to be fixed onto the device depending

on the blade porticn to be repaired.



on the bl ade portion to be repaired. 29 Patent Cains 1. A part-holding
device in a nethod for repairing a blade (2) of a nonobloc bladed disc (1)
in 5 a turbo-nmachine, through eIectron-B@an1melding of a patch (11) onto
the blade (2) along a junction plane, the device conprising neans (23) for
supporting the disc (1) and adjustable nmeans for hol ding the bl ade and
the patch, the later conprising a platen (30) 10 supporting neans ((35,
36); (41, 42)) for holding the blade (2) and neans (48, 49, 50, 51, 52,
55) for holding the patch (11) arranged so_ that the space |ocated above
the junction plane allows for an el#@t®h Chr¥RFto pass. 15 2. A device
according to claiml1l, wherein, as the nethod involves using heels (13,
14), the device furthernore conprises adjustable nmeans ((57, 58), (60,
61)) for holding heels (13A 1#prt3hoAddewi celeadeowr diimg o amyhode 6Prcl ai m

1 20 and 2, wherein the ho]ding an ((35, ,36); (41, 42)). 48, .49, 50,
51, 52, 55); ((HFR1BEY atgbjka%‘ﬁ)f&a?z gn&}?ﬁléﬂqwdad?]l?sqea%l%iéa. Q}fd:é@i ce
according to any +arec0hachaihes 1tht:@u§}§) WoEE € Foh P anse f@Ing URIOr ki Ng

the disc (1) 25 conprise a mandrel ( to which the disc (1) is secured.
5. A device a®edrdi nglllo enbpmtde kulddia i 6kl ByoEENEY | B heanB¢3%) for

angul arly la%ﬁ@!ngebggediégmﬁglsi§8 means (23) for supporting the
disc (1) and adjustable means for holding the blade and
the patch, the later comprising a platen (30)

10 supporting means ((35, 36); (41, 42)) for holding the
blade (2) and means (48, 49, 50, 51, 52, 55) for
holding the patch (11) arranged so that the space
located above the junction plane allows for an electron
beam to pass.

15 2. A device according tco claim 1, wherein, as
the method involves using heels (13, 14), the device
furthermore comprises adjustable means ((57, 58), (60,
61)) for holding heels (13, 14).

3. A device according tco any one of claim 1

20 and 2, wherein the holding means (((35, 36); (41, 42));
(48, 49, 50, 51, 52, 55); ((57, 58), (60, 61))) are
manually adjustable.

4. A device according to any one of claims 1

to 3, wherein the means for supporting the disc (1)

25 comprise a mandrel (23) to which the disc (1) is
secured.

5. A device according to claim 4,

additionally comprising means (31) for angularly

latching the disc (1).



6. A device according to claim5, wherein the nmeans for angularly |atching
the disc (1) conprise a plot (31), onto ich a blade (2') is adapted to
abut. 7. A device according to any one of"tclainms 4 5 to 6, conprising a
plate (26) for latching in height the disc (1). 8. A device according to
any one of clains 1 to 7, wherein the platen (30) is renovable. 9. A

devi ce according to any one of clains 1 10 to 8, wherein the adjustable
means for holding the blade (2) conprise neans ((35, 36); (41, 42)) for

pi nching the blade (2). 10.. A,device acco&ding_to ilain19, 2@p%pint_%he
means for pinching the bfade (2Y Conprieedsifels C18°('35/ ¥EF & andéd so
as to abut undesathfefbradend@)ariyl. 1Atdevinge @ceordERg (10 Ctakprife wherein
the screws (35, 36) conprise a bulged shaped surface which is adapted to
come into contRE®Ptwith t henbp adleicloq. P2ade2 (2A) déyvi éeagrEEsr #iongPid -cl ai ns
10 and 11, wherein the S i I .t.he bl ( c [ ans
(41, 42) for latching tﬁgﬁg?a%%9%5§ ?%Eﬁggéh?,tQ?%%ﬁ@r%%?yBgffﬁﬁgmgrgoting
arm (37).513. #odéyi ceraccaridingat epleltai mA4), dher diatcl2:g hennmgansgftor

| at ching the bl.ade, (2) in height conprise at |east one peg (41, 42)
attached to the arfiy 7; through a ball-and-socket |ink (43, 44). 14. A

device according to claign 13, de¢PPPr hebBYddhgl @@stadnwnnegsr(4laihd) 1 each
| inked 30 through a ball-and-socket Iink to a pendulum (39) pivotally

mount ed at thé&®nd dfhadrlpi st imbabem (37) . 1s removable.

9. A device according to any one of claims 1

10 to 8, wherein the adjustable means £for holding the
blade (2) comprise means ((35, 36); (41, 42)) for
pinching the blade (2).

10. A device according to claim 9, wherein
the means for pinching the blade (2) comprise screws

15 (35, 36) arranged so as to abut under the blade (2).

1i. A device according to claim 10, wherein
the screws (35, 36) comprise a bulged shaped surface
which is adapted to come into contact with the blade
(2).

20 12. A device according to claims 10 and 11,
wherein the means for pinching the blade (2) comprise
means (41, 42) for latching the blade (2) in height,
integrally with a pivoting arm (37}).

13. A device according to claim 12, wherein

25 the means for latching the blade (2) in height comprise
at least one peg (41, 42) attached to the arm (37)
through a ball-and-socket 1link (43, 44).

14. A device according to claim 13,
comprising at least two pegs (41, 42), each linked

30 through a ball-and-socket 1link to a pendulum (39)
pivotally mounted at the end of the pivoting arm (37).



31 15. A device according to any one of clains 1 to 14, wherein the

adj ust abl e neans for holding the patch (11) conprise neans (48, 49, 50)
for adjusting in height and in slope the’patch (11), neans (51, 52) for 5
abutting the patch (11) against the blade (2) and neans (55) for latching
the patch (11) in height. 16. A device according to claim 15, wherein the
means for adjusting in height and in slope the patch (11) conprise three
plots (48, 49, 50). 10 17. A device according to any one of clains 15 and
16, wherein neans for ab tlng the atch agai nst the bl ade o rise

eccentric plots (51, 52)* a%%of IRGECi APY @BRt 8t CwPLASt He

edges of the patchy, (mef@f_ﬂ& %@ nga;,ag@%@é tie £10f mebhe jametdon tpleane.
15 18. A device accordlng to any one of clainms 15 to 17, wherein the neans

for latching t@@i@@t&hlx1qgmp$¥ﬁ%em@ﬁﬂ8céﬁﬁri§8faJ@éré@ﬁ(EQﬂu§GB§@rﬂ@d by a
rotating armrgesl?: it - %dA geg!@gea%%%r |r]:[q:n any one%l% ?re W‘B)]zi 7Q to
abl e hs

18, in conbin whereirn jUS hol di ng

t he heel s5 (13,ald)ticpngiie Seatdh hel ght agdjdsti ﬁgeneaase( 57) 603 aednisn-
hei ght Iatchin&%neans (58, 61). 20. A device accordlng to claim19, wherein
25 the in-heig ad?ﬁ%t%4&?Wﬁ§&h§38%d%?F%% A1) edBtPBREEF 1 at nut (57, 60).

21. A device according g any QB¢ieE GlRIdRiinkY 89d3Q.iWhes e Q/hTeQ%ln

i n-hei ght latching nmeans conprise at |east one pivoting arn1( 58, 61).
the means for adjusting in height and in slope the
patch (11) comprise three plots (48, 49, 50).

10 17. A device according to any one of claims
15 and 16, wherein means for abutting the patch against
the blade comprise eccentric plots (51, 52) arranged so
as to come into contact with the edges of the patch
(11} that are not adapted to form the junction plane.

15 18. A device according to any one of claims
15 to 17, wherein the means for latching the patch (11)
in height comprise a screw (55) supported by a rotating
arm (53).

19. A device according to any one of claims 1

20 to 18, in combination with claim 2, wherein the
adjustable means for holding the heels (13, 14)
comprise in-height adjusting means (57, 60) and in-
height latching means (58, ©61).

20. A device according to claim 19, wherein

25 the in-height adjusting means comnprise at least one
flat nut (57, 60).

21. A device according to any one of claims
19 and 20, wherein the in-height latching means

comprise at least one pivoting arm (58, ©61).



