| Method of manufacturing a hollow . blade that includes a recessed tip cap
and net hod of repairing such a blade The invention relates to a nethod of
manufacturing a hollow bl ade that 5 includes a recessed tip cap, to a

met hod of repairing such a bl ade and o a bl ade obt ai ned by one of these
met hods. Sone bl ades of a turbojet are hollow and include a recessed tip
cap, that is to say one in which the walls forma cup-shaped recess having
a bottom These 10 bl ades are manufactured by casting. In one known
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rel ates to a net hod of manuf act ur i ng a 30 hoIIow metal bl ade, conprising
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recessed t1p cap. In the event of a problem during brazing, it is sometimes necessary
20 to carry out several brazing cycles — these are performed at 1200°C and cause the
growth of what are called “gamma prime” crystalline phases in the alloy forming
‘the blade, thereby reducing its lifetime. Moreover, since the core is suspended by
the wires, its position is not under perfect control and the side walls of the blade and
the bottom of the recessed tip cap run the risk of not being formed with the required

25  thickness. It is therefore necessary to tolerate significant manufacturing clearances.

The object of the present invention is to alleviate these drawbacks.

For this purpose, the invention relates to a method of manufacturing a
30 hollow metal blade, comprising at least one side wall and a recessed tip cap,
characterized in that:
a) a hollow blade, which comprises at least one side wall and the tip of
~ which is open, is manufactured by casting;
b) a plate of a laminate, comprising at least the metal of the blade and a
35  brazing material, is manufactured; '
¢} the plate is brazed to the top of the side wall of the blade by pressing the
plate onto the blade; and




2 d) the recessed tip cap, conprising at |least a bottomand at |east a
squealer tip, is machined in the plate. Thanks to the invention, since the
bl ade i s nmanufactured beforehand with 5 an open tip, the core can be held
in place, during this casting operatidh, by the top, using means chosen
with all the freedomthat this opening provides. This ensures great
precision in the positioning of the core and therefore in the thickness of
the walls of the blade. Since the bottom of the recessed tip cap does not

i nclude a braze | u bl ade does no unde zi_ng operations
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20  protective plate therein. The inside of the blade is also available for carrying out a
machining or cleaning operation on its infernal walls.

Advantageously, the top of the wall of the blade is ground before step c).

25 Thus, since the top of the walls has been machined, the brazing of the
laminate to this top takes place at a perfectly defined height. This allows the
position of the internal surface of the bottom of the recessed tip cap to be precisely
adjusted, the external surface of the recessed tip cap then being machined in a
conventional and well-controlled manner.

30

The method described above is very suitable for carrying cut a repair, and
thus the invention also relates to a method of repairing the tip of a hollow metal
blade, having at least one side wall and a recessed tip cap, which comprises at least
-a bottom and at least a squealer tip, characterized in that it comprises the steps of

35  the manufacturing method described above, in which step a) is replaced by ihe
following step:




3 a) thetip of the blade is cut on a level with the bottomof its
recessed tip cap so as to obtain a blade having at | east one side wall.,
the tip of the blade being open. 5 Finally, the invention relates to a
hol | ow net al bl ade having at |east oné side wall and a recessed tip cap,
whi ch has at |east a bottomand at | east a squealer tip, said blade being
obt ai ned by one of the nethods descri bed above. The invention will be nore
clearly understood fromthe followi ng 10 description of the preferred way
of inplenenting t,?ﬁl rretgt?gs iﬁnd_the preferred enbodi nent. of the bl ade of
the invention, vit?etd: et bebldeds songloxelouitt thedatiogsof itregpmedtio - Fi gure
1 shows a eaptserstiobpen s{daleihagingiae teast o didd wally thé df efakd Bladebteindy t he
met hod of ufacturing a blade of the invention; 15 - Figure 2 shows a
sectional view of the blade of Figure 1; - Figure 3 shows a schematic
sectional view of an open blade tip after step a) of the manufacturing
met hod df the i riinaly, dg inyemtion Elatpsrio Athaltowenetal ddddertmving stdedst onal vi ew of
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- Figure 4 shows a schematic sectional view of a blade in step c) of the
manufacturing method of the invention.
20 '
The aim of the blade manufacturing method of the invention is, as shown in
Figures 1 and 2, to manufacture a blade 1, in this case a moving blade 1 of a
turbojet. The terms “internal” and “external” are understood to mean internal and
external relative to the axis of the turbojet in which the blade is intended to be
25  mounted radially. The blade 1 is a hollow blade, comprising, on the internal side, a
root portion (not shown) from which the two side walls 2, 3, called the pressure face
and the suction face respectively, extend, a cavity 4 being defined between said side
walls. The cavity 4 is used for cooling the blade I and may include elements, for
example cooling fins or studs, that participate in this function. The blade 1 here is
30 shown with two walls 2, 3, but it may include partitions that define a plurality of
cavities therebetween.

The blade 1 has, on its external side, a recessed tip cap 7. This recessed tip

cap 7 has a bottom wall 8 extending transversely between the side walls 2, 3 and

35 completely or partly filling the opening between the two. Extending from the
botiom wall 8 are two walls forming squealer tips 9, 10 which, in the same manner

as previously, join up with the leading edge 5 and trailing edge 6 of the blade 1.




bottomwall 8 are two walls form ng squealer tips 9, 10 which, in thé sane
manner as previously, join up with the leading edge 5 and trailing edge 6
of the blade 1. 4 These squealer tips 9, 10 lie here along the extension of
the side walls 2, 3 of the blade 1 affd have the sane thickness as them
The net hod of the I nvention for manufacturing the blade I will now be 5
described. The first step, as shown in Figure 3, is to manufacture a hol | ow
bl ade 1' conprising a root portion (not shomm) fromwhich two side walls
2, 3 ext e and ich_is open. In other words, the side
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The invention applies particularly to a blade 1° made of a nickel-based

alloy called AM1. This alloy has the following composition by weight: 6.0 to 7.0%

Co; 7.0 to 8.0% Cr; 1.8 to 2.2% Mo; 5.0 t0 6.0% W; 7.5 to 8.5% Ta; 5.1 to 5.5% Al

1.0 to 1.4% Ti; Nb, Mn and Si each less than 0.05%; C, B, Cu, P, S, Mg, Sn and Zr

25  each less than 0.01%; Hf and Fe each less than 0.2%; and Ni the balance up to
100%.

A blade 1’ is obtained which therefore has a root portion, on the internal
side, and two side walls extending towards its tip 11, on the external side, which is
3¢ open.

It is possible to form cooling holes on the walls 2, 3 in order to discharge
the cooling air. These holes are generally obtained by laser drilling. Since the tip 11
of the blade 1” is open, it is easy to place protective plates inside the blade 1 so as to
35  stop the laser beam that has passed through a wall 2, 3 of the blade 1°.

1t is also possible to machine or clean the inside of the open blade 1°.




35 stop the | aser beamthat has passed through a wall 2, 3 of the blade 1
It is also possible to nmachine or clean the inside of the open blade 1'. 5
The side walls 2, 3 of the blade are then ground by nachining, that is to
say they are cut and polished so as o make them stand up to the desired
height, in this case the height to which it is desired that the interna
wal | extends fromthe bottom 8 of the recessed tip cap 7. As this grinding
is carried out by machining, it is very 5 precise. This grinding is
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below. The laminate 12 may be manufactured before, during or after manufacture of

25 the open blade 1’, its manufacture taking place independently.

The laminate plate 12 has a thickness at least equal to the height of the
bottom 8 and the squealer tips 9, 10 of the recessed tip cap 7 of the blade 1 that it is
desired to manufacture. The dimensions of its cross section, transverse to the

30 direction of its thickness, are slightly greater than the cross section of the open blade
1’ on a level with its tip 11, and therefore correspond to the shape and to the
dimensions of the recessed tip cap 7, but slightly increased. The plate 12 is
preferably cut by water jets, in 2 manner well known to those skilled in the art, so as
to avoid the creation of disturbed regions in the plate 12.

35

The next step in the manufacture of the blade 1, namely the brazing of the
plate 12 to the open blade 17, is then carried out. For this purpose, the plate 12 is
brought into contact, via its face 14 containing a 100% concentration of braze, on




preferably cut by water jets, in a manner well known to those skilled in
the art, so as to avoid the creation of disturbed regions in the plate 12.
35 The next step in the manufacture of the blade 1, nanely the brazing of
the plate 12 to the open blade 1', i§ then carried out. For this purpose,
"the plate 12 is brought into contact, via its face 14 containing a 100%
concentration of braze, on 6 the tip 11 of the open blade 1'. Aram115 is
applied on the other face 13, the blade 1 being held in place at its

i nternal end,. f.qr anpl e ,0 ress,. bed. Th s .cont ai ned

e gt o O Reryedt PRSI Rrglod o e qihiariace LoiebRts o The

choi ce of ltrhesng bfrigewﬂasrp@tuepmm! o, ttheexmmple bnla wpess bel. Ahadehole . "5 In

E Ee pr etserﬁsss%ﬂﬁﬁas tebftalel Qi a/%nd&eSh@few@Q(ioom eih%gga&lwe% B ﬁn%ertlﬁooc b]yt
I S Stir ve chol ce O

the” 1 onpaplheR 3hEEhsed O i TBRpERH AL e b e Altial oF Risthde 10 D)

bl ade D Ppdhapiesent saseathelaller AMI Saswagoedinteralstretureiat 1160°G,dut thiour s.  Thi s

resul ts i nuubergldepadd? vesi agpretiablyl alihaz egfocty Hehee Wad |r§101?ce of ¢lie t he Dbl ade

1', the brazi P t ed to the
top of thgél\% F‘%%ﬁ@cagﬁ |ca§fjt &Ewﬁ?elﬁﬁﬁllng ?th]e%lg ?’ég‘é‘% pressure
i nt-er met alAPpEe ?WéY(’S?lﬂieaRIé? %§°%¥W%ﬁfhlﬁ@5 t%tﬂethfzp at&rl@ g wal | s 2,
3 of the Bkelfibraked” totthe watls ﬂjmef the blaleaicmbebrair%annﬁMnminﬁlawﬂﬁ:

resul tHong pide e peETEALS RIS W %%erﬂet@afst o1 SHRGARARS Sallc AR | ed her e
I's 15 bar t he rticular, c ere St ops are provided
al ongsi de d hei ght

tompStatll wE b, e RA e it BUpoRr BbEeR R Bl

of the re@eééb‘tlwﬁllbzcéwﬁhe blsded ,twi:uclpridﬁxsmn s laecqlérated lamﬂib@rressm bl ade 1'
from bei n%ﬁltﬂ@lﬁdh@él@m&ﬁsb&ﬂg%t&@dm et The p%gﬁeetapﬁh&i Rdr€islis higs been

ey Egesseﬂﬁgﬁﬂ%“"véﬁ‘dﬁﬁn@?@ﬂb el prbydig olRERUR B Al 13° 0L 5 0 1
the plldtedis eghél&‘ﬁ?'%%’f’é@ng\ﬁ’ the; desirad heightpf thegecessadalip cap Fossag/tovi a t he

same si de prevethihe biateantiZoraheiblada] nigorit Gt Alkhed dueto thd kigh bresadre.di schar ge
machi ni ng operation so as to hollow out the recessed tip cap 7. This

of the T eceasedCPpaEAe 11885 beon raseddh bctiodiol ofie rarseho GO foes.
| ocat ed omachised fig rtlceepletﬁ 2hethe racksset tipptapt ds £6d kqheé]ﬂmcked pst’9Forl0 of the
Scens Wemaoue s ot sowrnl i gael e
be nachi ge ves(r%(gle %(r‘(;etl(l:lf\'lsfeﬁ\{e 13Tﬁ‘é?“?1m”§r gg&? f}ﬁllact@ 8¢ fﬁﬁ%“%%t o)1t p 8IO
i tsel f i smachining 0pcrat10n so as to hollow out the recessed tip cap 7. This machining i 1s
carried out until the external surface of the bottom wall & of the recessed tip cap 7 is
at the correct height and the surfaces, located on the inside of the blade 1, of the
25  squealer tips 9, 10 of the recessed tip cap 7 are suitably formed. Such electrical
discharge machining is perfectly well controlled and allows the recessed tip cap 7 to
be machined very precisely. The internal surface of the bottom wall 8 itself is
already at the correct height, since it was brazed to the top of the side walis 2, 3 of
the open blade 1°, said walls being ground to the desired height, taking into account
30  any deformation that may occur during the brazing.

Next, the surfaces of the squealer tips 9, 10, located on the external side of
the blade 1, are machined so as to give them the desired thickness, in this case so
that the external surfaces of the squealer tips 9, 10 lie in the extension of the

35 external surfaces of the side walls 2, 3.

It is possible to drill cooling holes in the bottom 8 of the recessed tip cap 7
in the same manner as in the prior art.




al ready at the correct height, since it was brazed to the top of the side
walls 2, 3 of "the open blade 1', said walls being ground to the desired
hei ght, taking into account 30 any deformation that may occur during the
brazi ng. Next, the surfaces of the queaIer tips 9, 10, located on the
external side of the blade 1, are machined so as to give themthe desired
thickness, in this case so that the external surfaces of the squealer tips
9, 10 lie in the extension of the 35 external surfaces of the side walls
2, 3. It is possible to drill cooling holes in the bottom8 of the recessed

t|p cap 7 in the sanme manner as in the &rio_r art. 7 Finally, the top of
the squeal er ti ginaly, g fop ofglatwquenlestips Hat0 isheachinedabahat the pwealee at t he

correct _heighis atthecdtdBeights Maeblaid 1 Ehv ﬁxSFI%m@M agd 0 3s thbybtaRtpi ned. 5
Since this blade 1 has not been subj ected to brazing operations at 1200C

as in the prior art |ts |ifetime is increased. The thickness of the
various wal | s 2 Siage this blades}, hasyuptibser pahjeqterter braging loperetiensrat 1300°CThe net hod

t hat has jassmtﬁmqmmrdﬂsnshihﬁﬂemoﬁ%eﬂuﬂaﬁﬁméﬁrof&@ﬁﬁoh@@anbﬂ3 §0 tip of a
bl ade 1. '%ﬁ“ﬁﬁs%is&%ﬁéér%oﬁﬁléﬁ@%t}o? which it is desired to reshape a

darmaged bl ade tip for exanple e tip of the blade 1 is cut so as to

obtain an open blade 1' simlar to that in Figure 3, the height of the top

of the walls 2, Thehedthod thatibascidstt been ldescribed imaydse alitableifor icpaidiegitieed to gi ve

tﬂe bo{oth Orﬁ;ﬁ)f(afblédbel R SEHSER éﬂrﬁleﬂféﬁ &“ﬁ:@&% H'&ne&&%h !e% b' af'le 1,
e nmet ho i | cap rictly

i denti cal %tlégetwg\f/ﬁ%"% ng; @tﬁ%ﬁgﬁegégw °RHH’HH@? DBER/ ﬁ‘i"aige of the

i nvention$ eicight pftheriep pfféce'faﬂiz,?ebemgledamnoﬁimde 1, it

|b s gos|5| blpesmbatthaa lbﬁadhs&’g@&agﬁeltﬁebbﬁo:ﬁﬁgbf)ﬂlct&@éssélﬁﬁplé 89", Shitaged. Sucgoa
ea oc t er ation

and c t?er% Q 50 t S?Jt{éﬁf W@@J&ésc@% ca@té’is Pof t he

bl ade Can® ﬁ‘é“dﬂf’ 0 tht @FMF n dgpgtbefine external surfaces of the

squeal er tips of the recessed tip cap are bei ng machl ned. HOV\ever bef ore

this bead is nmaahbitefadzhia bbfﬂ{é@iﬁv&ﬂﬁn te tﬁ& E,g{ecat or that

brazi ng 'h dee nate een

present edqizg |‘§’§Etbgaﬁ%3 Awpe?ﬁﬂglg fltﬁ ‘g 1 Fpglon Y é‘\‘}g’ﬁf B%F@ of using
a | am nat & t¥veh grbead, lpeasediomihe hugidd of thgbh!dcslqemnoﬁﬁfwhﬂs emergionmat eri al s.
It i s Whennd oicthensat bedeft as SEH. meeamhﬁad dm!ieaﬁcsidte ofl%b'sﬁh&%! &niye 0ive the
recessed i p,6ap o"ffjgﬁéﬁﬁﬂi’sl WHAR"RE effekti G aces Bf &% ngeﬁér ﬁps ots the

recessed tip cap are being machined. However, before this bead is machined off, it
has the advantage of being an indicator that brazing has indeed taken place.

25 The laminate plate that has been presented comprises only AMI and
brazing material. The advantage of using a laminate is the great freedom that it
grants in the choice of materials. It is therefore possible to add materials, making it
possible to give the recessed tip cap additional characteristics. For example, it is .
possible, on the external side, to provide a coating material in order to prevent

30 rubbing wear of the blade on its retaining casing, if there is one.




possi bl e, on the external side, to provide a coating material in order to
prevent 30 rubbing wear of the blade on its retaining casing, if there is
one. 8 CLAIMS 1- Method of manuf acturigng a hollow netal blade (1),
‘conprising at |least one side wall (2,° 3) and a recessed tip cap (7),
characterized in that: 5 a) a hollow blade (1'), which conprises at |east
one side wall (2, 3) and the tip of which is open, is manufactured by
casting; b) a plate (12) of a lam nate, conprising at |east the netal of
the blade (1') and a brazing nategk 'Ss manuf actured; c) the plate (12)
is brazed to the top of the side — 3) of the blade (1') 10 by
pressing the plate (12) onto the blade (1'); and d) the recessed tip cap
(7), conprising latMéthad bf mabofattormg &)hodlod metal bladd (13, canprisiigeat ledsp (9, 10),
is machin i . [hgg i Claim1, in which the
t op of hggh\?/gﬁetvggl @g? %ﬁ%?sse’%?ﬁ&d .’%‘ g%@k%;‘féﬁ a?féo%fﬁﬂgte c). 3-
Met hod %accor di nd f&OEPYRdedf ) hichcompy le [envae thSurf ace
of the squidferhich 5 qpen, is Manifcmeetbnedtiag;t er step d). 20 4- Met hod
according to one)afprith 1 2yorh hfindte, b&n%’diﬁé‘attl%t itRAn&h! dhke bﬁ@é’?aj er tip
(9, 10) |sng'%}c]bt}5%nl§é]m S8I isste[;I? fdc) a{ t hod according to one of Cains 1
to 4, in whi én's 'S cfél? l}%(futg by electrical discharge machining.
25 6- Met hod acé&dihg plate(b2)dpbraged ty e fhep af the side wall (Bh3)cof thrblags €ide (1) is
made of¢ a byimEsingahé plate (12) bt ltechlade (1&pand i ng the tip of a hol |l ow net al

bl ade (1), havi : e Sl nal , ed tip cap
(7), which co Ei? éﬁéﬁré°tg‘,§?‘ie3%?9%, f’?‘h%qfﬁgaélﬁéﬁaaﬁ?“gﬁgfb)%“é%ﬁ%a & tip (9,
10), char é&?@m ih&tﬁeﬁ‘a‘i fac thﬁeil@@% Y4e steps of the manufacturing
met hod of one of Clains | to 6, in which step a) is replaced by the

fol I owi ng step: 2aMethdtPadcbRiitY tol OBk 128 whikh the topWr WAL (EVBlof\hd h the
bottorqs(S)HI%{&(#l)s 35 @ECﬁs%d tip cap (7) so as to obtain a’blade (1')
havi ng-at SHEOUPGBERET SR Y- "3y the tip of the bl ade being open.
3- Method according to either of Claims 1 and 2, in which the outer surface
of the squealer tip (9, 10) is machined after step d).

20 4- Method according to one of Claims 1 to 3, in which the top of the
squealer tip (9, 10) is machined afier step d).

5- Method according to one of Claims 1 to 4, in which step d) is carried out
by electrical discharge machining.
25
6- Method according to one of Claims 1 to 5, in which the blade (1) is
made of a nickel alloy.

7- Method of repairing the tip of a hollow metal blade (1), having at least
30 one side wall (2, 3) and a recessed tip cap (7), which comprises at least a bottom (8)
and at least a squealer tip (9, 10), characterized in that it comprises the steps of the
manufacturing method of one of Claims I to 6, in which step a) is replaced by the
following step:
2’) the tip of the blade (1) is cut on a level with the bottom (8) of its
35 recessed tip cap (7) so as to obtain a blade (1°) having at least one side wall (2, 3),
the tip of the blade being open.




