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repairs which have the strength of the parent metal, usually the blade
material. Other requirements of fa- The present invention concerns a method
for re-  tigue resistance, resistance to rupture and the like placing a
blade on an integrally bladed rotor according  must also be satisfied. to
the precharacterizing portions of claim 1 and a   5  The need for repairs
can arise both in service and method for fabricating an integrally bladed
rotor ac-  In the Initial fabrication of disk and blade assemblies. cording
to the precharacterizing portion of claim 2.  In service it is obvious that
damage can arise from a This Invention relates to the field of integral
blad-  variety of sources and also during the course of fab- ed rotor
fabrication and repair. The invention also re-  rication, the odds are
fairly good that out of 100 lates to the solid state diffusion bonding of
superal-  10  blades typically assembled to a single disk, one or loys.
more will have some defect. Gas turbine engines are widely used and well
de-   The is also a need for a method to initially fabri- veloped
generators of power used primarily for air-  cate integrally bladed rotors
by bonding individual craft propulsion. An overview of gas turbine engine
blades onto a disk. Consequently, it is an object ofthe operation includes
the compression of air to a high   15  Invention to describe a method for
repair of integrally pressure - high temperature condition in a compres-
bladed rotors. It is another object of the invention to sor, injection and
combustion of fuel with the com-  describe a technique which can be used
for fabrica- pressed air and the expansion of the products of com-  tion of
integrally bladed rotors. bustion through a turbine section which extracts
a     The US-A-4 736 504 describes a method for substantial amount of the
energy present in the prod-  20   manufacturing bladed disks for turbines
by pressure ucts of combustion. The turbine section powers the  welding
outer airfoil elements to inner airfoil elements compressor section and in
some instances also pro-  on a disk characterized by the provision on the
outer vides useable external mechanical power.            and inner airfoil
elements of flanges of excess flash In large gas turbine engines the
compressor sec-  material having alignment holes for dowel pins that tion
and turbine sections are of axial flow design and   25  assure alignment of
leading and trailing edges of the each stage comprises adisk having
pluralityof airfoils  airfoil elements during pressure welding, followed by
mounted on Its rim. The blades and the disk move, the  removal of the
excess flash material and the included disk being mounted on a rotating
shaft, and the disk  dowel pins. - blade assemblies are subject to very
severe envir-   The method for replacing a blade on an integrally onments.
30  bladed rotor is defined according to the characteriz- Historically
blade and disk assemblies have been  ing portion of claim 1 and the method
for fabricating produced from separate components wherein a disk   an
Integrally bladed rotor is defined according to the has the blades
mechanically attached thereto. While  characterizing portion of claim 2.
this advantageously permits blade and disk to be of    According to a major
aspect of the present inven- different materials, it adds substantially to
the weight  35  tion a damaged blade is removed by machining leav- of the
assembly relative to a unitary, Integrally bladed  ing a protruding stub on
the disk rim. A repair blade rotor assembly.
assembly is provided having the requisite dimen- The increases in the
performance requirements   sions. The repair blade assembly also has a
circum- for gas turbine engines, particularly military gas tur-  ferential
collar adjacent to the portion of the blade bine engines, are leading to
the introduction of Inte-  40   which is to be bonded to the stub. grally
bladed rotors wherein the blades are an integral  The repair process is
performed under high va- part of the rotor and are either formed Integrally
with  cuum conditions. The repair blade is positioned adja- the disk orare
metallurgically bonded to the disk. This  cent to the stub and a mechanical
force Is applied to reduces the weight deficit attributable to the prior
art  force the blade end and the stub together in intimate mechanical
joining schemes.                    45  contact. Force Is applied to the
blade by a tool which A disk and blade assembly might typically com-  acts
on the protruding collar. While force is applied prise  a single disk with
about 100 blades attached  between the blade and stub the joint is locally
heated thereto. in the prior art method of assembly employ-  to a
relatively high temperature by one of several ing mechanical joining
techniques, It was relatively  methods including resistance, induction,
radiant, and easy and straight forward to replace damaged blades  50
electron beam heating. Resistance heating is desired simply by removing the
damaged blade and replacing  for practical and economic reasons. It with an
identical undamaged blade. Obviously In the  The bonding temperature and
force are adjusted new environment of Integrally bladed rotors, such re-
and controlled so as to produce a metallurgical bond pairs are far from
simple. In the compressor and tur-  between the blade and the stub. At the
conclusion of bine sections of gas turbine engines, the blades and   55
the bonding process the collar is machined awayfrom disks are operated at
the outer limits of their property  the blade as is any material expelled
from the joint capabilities both in terms of stress and temperature,
during the bonding process. This means that any repair technique must
produce      This repair process can also be used to produce 
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integrally bladed rotors ab initio.                from the blade collar 30
to the blade gripping tool 40 The foregoing and other features and
advantag-  Is accomplished by strategically located water-cool- es of the
present invention will become more appa-  ing passages 44 located below (or
around) the sur- rentfrom the following description and accompanying  faces
of the bond tool in contact with the blade collar drawings.
5   30, designed such that the structural integrity of the Fig. 1 shows an
integrally bladed rotor with a  blade bond tool is not reduced by excess
tempera- damaged blade.                                     tures. At the
same time the tool 40 must be strong Fig. 2 shows an enlarged view of the
damaged    enough to resist deformation during bonding. blade.
Water cooling maintains the collar 30 portion of Fig. 3 shows an exploded
view of the invention   10  the replacement airfoil 18 at a temperature
below the apparatus for blade repair.                         point at
which the strength of the alloy would permit Fig. 4 a and b are
photomicrographs Illustrating  deformation. The collar thus remains
dimensionally microstructures relating to the invention process.  accurate
and stable throughout the bond cycle. The invention will be described with
reference to   The collar 30, being adjacent to the bond zone, the Figures
which specifically Illustrate the repair em-   15  allows effective
transmission of the force F neces- bodimentof the invention. Figure 1 shows
an integral-  sary for bonding without plastic deformation away ly bladed
rotor assembly having a damaged blade 1.  from the bond, i.e., bending or
buckling of the remain- Figure 2 Is fragmentary view of a portion of Figure
1  ing airfoil. This is a critical feature for applications including the
damaged blade 1. The phantom line 10  where the airfoil portion beyond the
collar is net-sha- in Figure 2 Indicates the Intended repair bond joint.
20  pe (finish machined). This also contributes to the dl- The repair bond
joint is selected to be well away from  mensional precision of the process.
the damaged area 12, but at the same time should be    The collar 30 can
provide a transition from the near the disk surface 14 so as to provide a
stub 16.  complex, varying thickness of the airfoil shape (which Atypical
stubheight might be 2.5 to 5.0 mm (0.1 to 0.2  is hard to match from
part-to-part) to a simplified inch). The removal of the damaged portion of
the   25  shape containing flat surfaces (both in the axial and blade may
be done by any conventional technique in-  transverse directions) which are
easy to machine dur- cluding mechanical machining, wire EDMing and the  ing
repair blade fabrication and are easy to locate on like. Figure 3 is an
exploded view showing the stub 16  or against with the blade gripping tool
40 in a repro- and the repair blade 18, and the blade gripping tool
ducible manner during the blade bond set-up. 40. Notable features of the
repair blade 18, are that  30  The collar 30, therefore contains accurate
locat- its cross section generally conforms to the cross sec-  ing surfaces
42 which simplify set-up, and these be- tion of the damaged blade 1 and
that the repair blade  come ideal features in an automated production sys-
18 has a collar 30 about its circumference, relatively  tem for fabrication
of new integrally bladed rotors closely adjacent to the Intended bond. The
repair  wherein individual blades aresequentially loaded into blade 18 has
a cross section at the bond which is a   35  the blade bond tool during a
fabrication operation ac- mirror image of the stub 16 cross section. In a
produc-  complished under one vacuum cycle. tion environment there would
undoubtedly be several    Preparation for bonding includes the treatment of
standard repair blade configurations which would be  the Intended bond
surfaces to encourage bonding. selected to cover a variety of repair
requirements.  This chiefly involves the removal of all foreign mate- The
shape and location of the collar 30 promotes   40  rials including dirt,
grease, oil, etc. and surface ox- uniform heating and deformation. The
collar 30     ides. Such surface preparation can be performed by (which
preferably has straight-line or flat features),  a variety of techniques
typically mechanical surface working in conjunction with the mating blade
gripping  grinding step followed by a chemical etching step. tool 40 allows
uniform electrical contact (necessary in  Bonding typically would be
performed In a high the case of electrical resistance heating) between the
45  vacuum [err] Pa ([err]-mm Hg) under conditions of tool 40 and the blade
18 due to the ease of fixturing  temperature and pressure sufficient to
cause metal against the straight and flat collarsurface as opposed  flow.
These conditions will vary obviously depending to attempting uniform
contact along a complex con-  exactly upon the materials involved. However,
for typ- toured airfoil surface. This ensures uniform electrical  ical
superalloys the temperatures will be on the order current flow through the
bond zone along the com-  50  of 1038C- [err] (1900F-[err]) and the pres-
plete width (leading edge to trailing edge) of the air-  sures will be on
the orderof 103.4 MPa (15 ksi). In the foil, promoting uniform temperature
in spite of the var-  bonding of typical size blades, having a length for
ex- led thicknesses of the blade. The collar 30 preferably  ample of
between 5.0 and 7.5 cm (2 and 3 inches), It fits into a corresponding
relief 42 in the blade gripping  would be appropriate to have an upset or a
shortening 



tool which, due to the good contact along its length,  55   of the repair
blade and stub on the order of 1.27 mm can act as an efficient heat
transfer location adjacent  (0.05 Inch) during bonding to insure sufficient
metal to the bond zone, helping to localize the high temper-  flow to be
certain that bonding has occurred. Defor- ature region. The dissipation of
the heat transferred  mation can also be measured or assessed in terms of 3
5                   EP0376874B1                     6 the increase of area
in the bond joint during the bond-  flangeless stub(16) and said
replacement ing process. In this instance an increase in the bond
comprising an intended bond; area of at least 50% and preferably at least 1
00% will  c) applying a force between said stub (16) and insure that true
metallurgical bonding has in fact oc-   said replacement blade, with said
force being curred.                                        5
applied to the replacement blade through said Following the bonding process
the partcan be re-      collar(30) without applying any significant moved
from the bonding apparatus and the protrud-        load through the tip of
the blade. ing collar and any upset material expelled from the      d)
locally heating said intended bond, be- bond joint can be removed from the
blade by conven-      tween said stub and said replacement blade, tional
machining techniques. Following this machin-  10  to a temperature which
causes softening, ing process that portion of the blade which has been
metal flow and bonding; bonded can be locally heat treated to ensure ade-
e) removing said collar (30) from said replace- quate mechanical
properties.                             ment blade by machining. Figure 4
illustrates the remarkable bond integrity available with the invention
process. Figure 4 shows   15  2. A method for fabricating an integrally
bladed ro- two micro structures taken from a repair block bonded  tor,
which comprises a disk having a plurality of according to the Invention.
The material is that known  Integral blades projecting from the rim of the
disk as IN100[err] (nominally 10% Cr, 15% Co,3% Mo, 5.5%       including
the steps of: Al, 4.7% Ti, 0.18% C, 0.01 4% B, 0.06% Zr,1 % V, bal.    a)
providing a disk having a pluralityof project- Ni). Figure 4a shows the
microstructure at the repair  20  ing stubs (16); blade tip (away from the
bond zone) while Figure 4b      b) providing a plurality of blade preforms
(18), -    shows the microstructure at the bond zone or bond       each
preform having a circumferential collar line. The Figure 4 b material was
bonded at [err]      (30) about its periphery and orienting said [err]
103.4 MPa (15 ksi) and then heat treated at    blade preform adjacent a
stub (16); [err] one hour (solution treatment),  25      c) applying a
force between said stub (16) and [err] (1400F) one hour (age) and slow
cooled to         said blade preform (18); room temperature. Both figures
are photomicro-           d) bonding said stub (16) to said blade pre-
graphs taken at 1000X and the similarity is striking    form (18); Equally
significantly, the bond line cannot be dis-      e) removing said collar
(30) from the blade by cerned in Figure 4b. The microstructural uniformity
at  30  machining. the bond line suggests that the repaired partwill have
f) repeating steps "c "d" and "e" until all stubs properties equivalent to
those of an original part and   (16) have blades (18) attached thereto,
char- mechanical testing confirms this.                        acterized in
that in step a) stubs (16) are pro- Although this invention has been shown
and de-        vided which are flangeless; in step (c) the scribed with
respectto detailed embodiments thereof,  35  force between the stub (16)
and the blade It will be understood by those skilled in the art thatva-
preform (18) is applied through said collar rious changes in form and
detail thereof may be          (30), the collar (30) being adjacent to the
pro- made.                                                    posed bond;
and the bonding step d) is per- formed by locally heating the intended
bond, 40         between said stub (16) and said blade pre- Claims
form (18), to a temperature which causes sof- tening, metal flow and
bonding to cause bond- 1. A method for replacing a blade on an integrally
ing and then allowing the bond to cool. bladed rotor, which comprises a
disk having a plurality of integral blades projecting from the rim   45  3.
A method as in claim 2 characterized in that step of the disk,
characterized in including the steps  "e" is performed to multiple blades
(18) after said of:                                                multiple
blades (18) have been bonded to stubs a) removing a preexisting blade,
leaving a      (16). flangeless stub (16), a portion of said preex- isting
blade, projecting from the disk rim, said  50 



flangeless blade stub (16) having a face which  Patentanspr Oche
constitutes a surface to which a replacement blade will be bonded;
1. Verfahren zum Ersetzen einer Lauftchaufel an b) positioning a
replacement blade adjacent to  einem integral beschaufelten Rotor, welcher
eine said flangeless stub (16), said replacement  5s  Scheibe aufweist, die
sine Vielzahl von Integra- blade having a circumferential collar (30)
len Laufschaufeln hat, welche von dem Rand der about its periphery adjacent
the proposed       Scheibe vorstehen, gekennzeichnet durch foi- bond with
the adjacent surfaces of said         gende Schritte: 4    5
EP0376874B1                     6 the increase of area In the bond joint
during the bond-    flangeless stub(16) and said replacement ing process.
In this instance an increase in the bond     comprising an intended bond;
area of at least 50% and preferably at least 100% will    c) applying a
force between said stub (16) and insure that true metallurgical bonding has
in fact oc-    said replacement blade, with said force being curred.
5          applied to the replacement blade through said Following the
bonding process the part can be re-     collar(30) without applying any
significant moved from the bonding apparatus and the protrud-        load
through the tip of the blade. ing collar and any upset material expelled
from the       d) locally heating said intended bond, be- bond joint can be
removed from the blade by conven-      tween said stub and said replacement
blade, tional machining techniques. Following this machin-  10  to a
temperature which causes softening, ing process that portion of the blade
which has been      metal flow and bonding; bonded can be locally heat
treated to ensure ade-         e) removing said collar (30) from said
replace- quate mechanical properties.                              ment
blade by machining. Figure 4 illustrates the remarkable bond integrity
available with the invention process. Figure 4 shows   15  2. A method for
fabricating an Integrally bladed ro- two micro structures taken from a
repair block bonded  tor, which comprises a disk having a plurality of
according to the invention. The material Is that known  integral blades
projecting from the rim of the disk as [err] (nominally 10% Cr, 15% Co, 3%
Mo, 5.5%      including the steps of: Al, 4.7% TI, 0.18% C, 0.014% B, 0.06%
Zr, 1% V, bal.      a) providing a disk having a plurality of project- Ni).
Figure 4a shows the microstructure at the repair  20  ing stubs (16); blade
tip (away from the bond zone) while Figure 4b       b) providing a
plurality of blade preforms (18), shows the microstructure at the bond zone
or bond         each preform having a circumferential collar line. The
Figure 4 b material was bonded at [err]       (30) about its periphery and
orienting said (1850F), 103.4 MPa (15 ksi) and then heat treated at
blade preform adjacent a stub (16); [err]  one hour (solution treatment),
25       c) applying a force between said stub (16) and [err]  one hour
(age) and slow cooled to         said blade preform (18); room temperature.
Both figures are photomicro-            d) bonding said stub (16) to said
blade pre- graphs taken at 1000X and the similarity is striking.      form
(18); Equally significantly, the bond line cannot be dis-       e) removing
said collar (30) from the blade by cerned in Figure 4b. The microstructural
uniformity at  30  machining. the bond line suggests thatthe repaired part
will have   f) repeating steps "c"  "d" and "e" until all stubs properties
equivalent to those of an original part and    (16) have blades (18)
attached thereto, char- mechanical testing confirms this.
acterized in that in step a) stubs (16) are pro- Although this invention
has been shown and de-        vided which are flangeless; in step (c) the
scribedwith respecttodetailed embodimentsthereof,  35    force between the
stub (16) and the blade it will be understood by those skilled in the
artthatva-  preform (18) is applied through said collar rious changes in
form and detail thereof may be           (30), the collar (30) being
adjacent to the pro- made.
posed bond; and the bonding step d) is per- formed by locally heating the
intended bond, 40         between said stub (16) and said blade pre- Claims
form (18), to a temperature which causes sof- tening, metal flow and
bonding to cause bond- 1. A method for replacing a blade on an integrally
ing and then allowing the bond to cool. bladed rotor, which comprises a
disk having a plurality of integral blades projecting from the rim   45  3.
A method as in claim 2 characterized In that step of the disk,
characterized in Including the steps   "e" is performed to multiple blades
(18) after said 



of:                                                 multiple blades (18)
have been bonded to stubs a) removing a preexisting blade, leaving a
(16). flangeless stub (16), a portion of said preex- isting blade,
projecting from the disk rim, said  50 flangeless blade stub (16) having
aface which  PatentansprOche constitutes a surface to which a replacement
blade will be bonded;                        1. Verfahren zum Ersetzen
elner Laufachaufel an b) positioning a replacement blade adjacent to
einem integral beschaufelten Rotor, weicher eine said flangeless stub (16),
said replacement  55  Schelbe aufweist, die sine Vielzahl von integra-
blade having a circumferential collar (30)      len Lauftchaufein hat,
welche von dem Rand der about its periphery adjacent the proposed
Scheibe vorstehen, gekennzelchnet durch fol- bond with the adjacent
surfaces of said          gende Schritte: 4    7                   EP 0 376
874 B1                 8 a) Entfernen einer bereits vorhandenen Lauf-
der vorgesehenen Verbindungestelle zwlschen schaufel, so dag sin
flanschloserStumpf(16),    dem Stumpf (16) und dem Schaufelvorformling eln
Tell der bereits vorhandenen Laufschau-     (18) auf sine Temperatur, die
Erwelchung, Metall- fel, zurfickblsibt, dir von dem Scheibenrand    fluB
und Verbinden bswirkt, um des Verbinden zu vorsteht, wobei der flanschlose
Schaufel-   6   bewirken, und anschlileendes Abkfhlenlassen stumpf (16)
eine Stirnflache hat, die eine      der Verbindung. Oberflache bildet, mit
der esne Ersatzschau- fel verbunden wrd;                           3.
Verfahren nach Anspruch 2, dadurch gekenn- b) Positlonieren elner
Ersatzschaufel an dam    zeichnet, daB der Schritt 0e' an mehreren Lauf-
flanschlosen Stumpf (18), wobel die Ersatz-  10  schaufeln (18) ausgeffihrt
wird, nachdem die schaufel elinen Umfangsbund (30) an ihrem       mehreren
Laufachaufeln (18) mit Stumpfen (16) Umfang benachbart zu der vorgesehenen
verbunden worden sind. Verbindungsstelle hat und wobei die benach- barten
Oberflachen des flanschlosen Stump- fees (16) und des Ersatztells eine
vorgesehene   15  Revendlcatlons Verbindungssteille bilden; c) Ausfiben
elner Kraft zwischen dim Stumpf  1. Proced6 pour remplacer une aube sur un
rotor A (16) und der Ersatzschaufel, wobei die Kraft    aubes solidaires,
qui comprend un disque muni auf die Ersatzschaufl Oiber den Bund (30)
de plusleurs aubes solidalres faisant saille de- ausgefibt wird, ohne
irgendelne nonmeneswer-  20  puis le rebord du disque, caracterise on ce
qu'l1 to Belastung Liber die Spitze der Laufschaufel  comprend les etapes
consietant A: K>       auezuflben;
(a) 6liminer une aube pr6existante en lalssant d) lokales Erhitzen
dervorgesehenen Verbin-        un bout (16) sans bord, une portion de
ladite dungsstelle zwlschen dim Stumpfund der Er-         subs pr6existante
falsant saillie par rapport satzschaufel auf eine Temperatur, die Erwel-
25   au rebord du disque, ledit bout d'aube (16) chen, MetallfluB und
Verbinden bewirkt;            sans bord comportant une face qui constitue
e) Entfernen des Bundes (30) von der Ersatz-       une surface A laquelle
sera les une aube de schaufdl durch spanabhebende Bearbeitung.
remplacement; (b) disposer une aube de remplacement en 2. Verfahren zum
Herstellen elnes Integral be-  9o       position adjacente audit bout (16)
sans bord, schaufelten Rotors, wetcher eine Scheibe auf-         ladite
aube de remplacement comportant un weist, die eine Visizahl von Intbgralen
Laufschau-    epaulement circonferentiel (30) autour de sa fun hat, welche
von dem Rand der Scheibe vor-         pernpherie adjacent A la liaison
proposes, lee stihen, beinhaltend die Schritte:                    surfaces
adjacentis dudit bout (16) sans a) Schaffen einer Schelbe, die sine
Visizahl  35   bord, ledit remplacementcomprenant une lial- von
vorstehenden Stfimpfen (16) hat;               son recherchee; b) Schaffen
elner Vidizahl von Schaufelvor-        (c) exerceruneforce entre ledit
bout(16) etla- formrlngen (18), wobel jeder Vorformllng ei-       dits aubs
de remplacement, ladite force nen Umfangsbund (30) an selnem Umfang
s'exergant sur I'aube de remplacement A tra- hat, und Ausrlchtbn des
Schaufslvorformlings   40  vers ledit epaulement (30) sans exercer aucu- an
elnem Stumpf (16);                              ne charge importante A
travers la points de c) Ausfibin einer Kraft zwischen dim Stumpf
I'aube; 



(16) und dem Schaufelvorformllng (18);             (d) soumettre ladite
liaison recherchse A un d) Verbinden des Stumpfes (16) mit dim
traitement thermique localbe6 entre ledit bout Schaufelvorformling (18);
45         et ladits aube de remplacement A une tempe- e) Entfernen des
Bundes (30) von der Lauf-         rature qul donne lieu au ramollissement,
a schaufel durch spanabhebende Bearbeiltung;         I'ecoulement du metal
et a la liaison; f) Wiederholen der Schritte.c", wd und weU, bis    (e)
eliminer ledit epaulement (30) de ladite an allen Stfimpfen (16)
Laufschaufeln (18) be-     aube de remplacement par usinage. festigt worden
sind,                    50 dadurch gekennzelchnet, daB in dim Schritt a)
2. Procede pour fabriquer un rotor A aubes solidal- Stfimpfe (16)
geschaffen werden, die flanschlos    res, qul comprend un disque comportant
plu- sind; daB In dim Schritt (c) die Kraft zwischen    sieurs aubes
solidaires falsant saillie par rapport dim Stumpf (18) und dim
Schaufelvorformling        au rebord du disque, englobant lee etapes (18)
iiber den Bund (30) auageflbt wird, wobel  5S  consistent A: slch der Bund
(30) an der vorgesehenen Verbin-        a) procurer un disque comportant
plusleurs dungastelle befindet und dae der Verbindungs-         bouts (16)
faisant salille; schritt d) ausgefuhrt wird durch lokales Erhitzen     b)
procurer plusleurs prlformls d'aubes (18), 5 * tllllllll ll iIIIII    9
EP 0 376 874 B1                  10 chaque preform6 comportant un
epaulement circonferentiel (30) autour de sa p6riph6rie, et orienter ledit
preform6 d'aubes en position ad- jacent. a un bout (16); c) exercer une
force entre ledit bout (16) et Is-   s dit pr6form6 d'aube (18); d) Her
ledit bout (16) audit preform6 d'aube (18); e) ellminer ledit epaulement
(30) de l'aube par usinage;                                 10 1) r6p6ter
les etapes c), d) et e) jusqu'a ae quo tous les bouts (16) comporbntdes
aubes (18) qul leursont attachees, caract6ris6 on ce que, a I'Mtape a), on
procure des bouts (16) sans bord; a l'etape c), on exerce la force entre le
16 bout (16) et le preforme (18) A travers ledit 6paulement (30),
I'epaulement (30) etant ad- jacent A la liaison proposee; et l'etape de
liai- son d) est r6alis6e en soumettant la liaison re- cherchee A un
traltement thermique localls6   20 entre ledit bout (16) et ledit preform6
d'aube (18) A une temperature qul provoque le ramol- lbsemont, I'ecoulement
du metal et la liaison pour donner lieu A la liaison et ensulte, laisser Ia
liaison se refroldir.                 25 3. Proc6de selon la revendication
2, caracterise en ce qu'on applique l'6tape 0) a des aubes multiples (18)
apres quo leaditos aubes multiples (18) alent 6te 116es aux bouts (16).
30 3S 40 46 60 55    


