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Inertia welding was developed and has been widely used in joining ferrous
materials such as This invention relates to the inertia welding of   iron
and steel in the heavy construction equipment hollow articles. This
invention also relates to the  industry. Recently it has been employed with
rea- inertia welding of high strength superalloy articles   5   sonable
success in joining superalloys. The joining and to the inertia welding of
high strength superal-  of superalloy materials is much more demanding loy
articles produced by powder metallurgy.          than the joining of
ferrous materials since superal- Inertia welding is a process used to join
metal-  loys have higher softening temperature and are lic articles which
are generally symmetrical about   much more resistant to high temperature
deforma- an axis of rotation. Such articles may be solid or   10  tion.
Inertia welding of "powder processed" super- hollow. Thus for example
inertia welding can be      alloys are the most difficult of all inertia
welding used to join components together to form an article  applications.
The zone in the articles to be joined, such as a crankshaft or a welded
hollow tube         which is to be softened by the welding process, is
assembly. The inertia welding process is described   limited and the degree
of upset or deformation in for  example  in  US-A-3,234,644;  3,235,162;
15  the weld zone is similarly limited. Consequently, in 3,462,826;
3,591,068; and 4,365,136.                 the inertia welding of
superalloys (and particularly Briefly, in inertia welding the articles to
be    powder processed superalloys) there is generally a joined are located
and positioned so that their axes  residual notch observed at the weld
zone. Such a of symmetry coincide and the surfaces to be joined   notch is
not often observed in inertia welding of are in a parallel relationship.
One of the articles is  20  ferrous materials. held stationary, the other
is attached to a rotatable   Unfortunately, in the case of powder processed
flywheel. The rotatable article - flywheel combina-  nickel superalloys the
weld zone notch invariably tion is accelerated to a predetermined
rotational    extends inwardly beyond the original diameters of speed and
the rotating article is then forced against  the welded components. Thus,
even after the weld the stationary article. The flywheel geometry, mass
25   upset is removed by machining there a notch usu- and rotational speed
determine the available kinetic  ally remains and removal of the notch
requires energy, and this kinetic energy is dissipated (con-  machining to
less than the original diameters of the verted into thermal energy) by
friction between the  articles which were joined. If the notch is not fully
articles to be joined. The articles are forced to-   removed, it acts as a
stress riser and as a failure gether and the dissipated kinetic energy is
suffi-  30  initiation site during subsequent use of the welded cient to
cause localized softening. When the         article or even during the
subsequent heat treat- flywheel rotation stops, the force between the arti-
ment. This notch problem is particularly detrimental cles is maintained or
increased causing the soften-  in higher strength superalloys i.e. those
having ed portions of the articles to bond together. The    yield strengths
in excess of 690 MPa (100 ksi) at force between the articles causes plastic
or super-  35  538 C (1000 F) and in superalloy materials pro- plastic
deformation in the weld zone. Cooling of the  duced by the powder
metallurgy techniques. weld zone is fairly rapid by conduction of heat into
In the initial fabrication of superalloy articles by the articles.
inertia welding the notch problem can be over- The inertia welding process
is conducted under    come, at some economic cost, by making the initial
conditions which cause expulsion of a significant  40   parts oversized and
machining the welded assem- amount of material from the weld zone thus
inher-    bly down to a size sufficient to eliminate the notch. ently
removing detrimental surface contamination.    Unfortunately this is not
generally practical when it The weld zone is more characteristic of a
forging    is desired to repair a damaged article by inertia rather than a
casting. Weld zones produced by        welding. This is because the
undamaged portion of other forms of welding such as laser, electron   45
the article has already been machined to a particu- beam and electric
fusion welding have weld zones     lar diameter, usually a minimum design
diameter which have been melted and resolidified and,         which cannot
be reduced without adversely weak- therefore, have the characteristics of a
casting     ening the part. Thus, when attempts have been which are
generally less desirable than the char-    made to remove a damaged portion
of a superalloy acteristics of a forging which are approximated by   50
article and replace it with a new portion, the inertia inertia weld zones.
weld has been the weak point in the finished article Inertia welding is a
form of friction welding.    because of the weld zone notch which either
acts Another form of friction welding relies on a continu-  as itself to
weaken the article or requires that the ous motor drive to provide
frictional heating rather  article be machined undersized. than flywheel
stored energy. As used herein the   55     Even in the original fabrication
situation the use term inertia welding includes other forms of rota-   of
oversized articles may exceed the capacity of tional friction welding.
available inertia welding machines. 2 



3                 EP 0 375 591 B1                      4 There are also
weld geometries which have        the expelled material does not form a
notch within heretofore been difficult to inertia weld. One of   the
ultimate dimensional envelope of the part to be these problem geometries is
encountered in pro-     fabricated in the welding process. The invention
ducing tapered articles such as hollow cones. This  process is also adapted
for fabrication of cone problem is encountered in joining a shaft to a disk
5   shaped or other tapered hollow articles. in a gas turbine engine.
The invention may be understood through ref- Accordingly it is an object of
the invention to  erence to Figure 3 which shows how the article describe a
method for inertia welding materials and  diameters are staggered with
respect to each other controlling the depth and location of the weld zone
thereby producing an offset between the articles to notch.
10  be joined and steps adjacent the weld zone on the It is another object
of the invention to disclose  inner and outer diameters of the weld. As
will be a method of inertia welding high strength (and/or   discussed below
this has significant implications in powder metallurgy processed)
superalloys while      heat flow and the expulsion of soften material.
minimizing the deleterious effects of the weld zone     Figure 1
illustrates the conventional weld go- notch.
15  ometry for hollow articles. The articles to be joined Finally it is an
object of the invention to dis-  are symmetrical about the center line
shown and close a geometry for inertia welding articles to-   have
identical thicknesses and the parts being gether to form a conical hub.
joined are centered with respect to each other. The method of inertia
welding of the present     Consequently, the weld zone is symmetrical
across invention is defined as shown in claim 1.      20  the plane of the
weld zone and, assuming the Superalloys are nickel base alloys strengthen-
article materials are the same, the expulsion of ed by precipitates based
on [err] High strength    material from the weld zone will be symmetrical.
superalloys are those whose yield strength at       The symmetry in Figure
1 leads to the production [err]   exceeds 690 MPa (100 ksi).       of an
essentially flat weld zone. According to the present invention the inertia
25   Figure 2 is a macro photograph of a test joint weld zone notch has its
size and location controlled  made with the geometry shown in Figure 1
illustrat- by causing the articles to be joined to have signifi-  ing the
weld notch and the expelled material. Par- cantly different wall diameters.
By varying the wall  ticular attention should be paid to the fact that the
diameters of the hollow articles to be joined, steps  weld notch extends
inward of the original article can be produced at the weld zone which will
effect  30   dimensions (both inside and outside diameters) the flow of
heat produced by the welding process     meaning that the weld zone has
less area than the and therefore effect the weld zone geometry and
projected area of the original articles. This joint or the material
expulsion from the weld zone and       notch is highly deleterious to weld
strength and therefore the weld zone notch location and mag-
durability. The weld zone in Figure 2 is seen to be nitude. Specifically,
the invention weld geometry   35   essentially flat, corresponding to the
original inter- can reduce the extent of the notch and move its     face
between the articles. position so that it is substantially less deleterious
Figure 3 shows a weld geometry according to than it would be in a
conventional inertia weld.    the present invention. As illustrated in
Figure 3 the The foregoing and other features and advan-      radius of
hollow article A is less than the radius of tages of the present invention
will become more   40   hollow article B. More specifically the outside ra-
apparent from the following description and accom-  dius [err] is less than
the outside radius ORb and panying drawings.
the inside radius [err] is less than the inside radius Figure 1 is a
schematic showing the weld ge-    [err] Also, the mean radius of A is less
than the ometry of a conventional hollow article.             mean radius
of 8 where the mean radius is defined Figure 2 is a photomicrograph of
materials  45   as (OR + IR) 2. These geometric differences pro- welded
having a geometry shown in Figure 1.          duce steps at the interface
between the two arti- Figure 3 is a geometry of a weld joint accord-
cles, a step [err] at the inside diameter of the com- ing to the present
invention.                        bined articles and a step [err] the
outside diameter of Figure 4 is a photomicrograph of a weld joint    the
combined articles. The inside step [err] is on the made using the geometry
of Figure 3.            50   opposite side of the bond plane from the
outside Figure 5 is an alternate geometry for the inven-  step [err] This
step geometry causes changes in tion weld zone.
heat flow during the welding process and a change Figure 6 is a
photomicrograph of a weld zone     in stresses during heating and cooling
of the weld produced by articles having the geometry of Figure   zone. 5.
55       A macro photograph of the resultant weld zone 



The essential aspect of the invention is that    is shown in Figure 4. It
can be seen that this weld joint geometry is changed to control heat flow
staggered weld geometry produces a weld zone and the material expulsion
from the weld so that     with a distinct curvature having an S shape. The
3    5                 EP 0 375 591 B1                    6 result of this
curved weld zone geometry is that    may be made without departing from the
scope of material expelled from the weld zone at the inside  the claimed
invention. and outside diameters is projected at an angle to the article
axis rather than perpendicular as would  Claims be the case in a
conventional geometry inertia   5 welding operation. This change of
material expul-   1. Method of inertia welding of hollow  high sion effects
the size and location of the residual     strength superalloy articles
comprising the weld zone notch. This means that the machining
steps: steps away both inward and outward of the weld             providing
a first article to be joined, said one can entirely remove the weld notch
with mini-  10  first article having an inside diameter and an mal material
removal. It appears that the step di-     outside diameter and a
centerline, mensions [err] and [err] should be from 10 to 50% of
providing a second article to be joined, the thickness of A and preferably
15 to 40% of the     said second article having an inside diameter
thickness of A for superalloy materials. The thick-    and an outside
diameter and a centerline, ness of A is [err]                        is
wherein the inside diameter of the first The wall thicknesses of A and B do
not nec-         article is less than the inside diameter of the essarily
have to be equal so long as the inner and     second article and the
outside diameter of the outer steps fall within the previously defined
first article is less than the outside diameter of ranges. For example, if
part A had a 5.0 mm (0.200     the second article, so that when the first
article inch) wall thickness the steps could range from 0.5  20  and second
article are placed together, with to 2.5 mm (0.020 to 0.100). A 5.0 mm
(0.200 inch)      their respective center lines coincident, radial [err]
thickness article having a 25.4 cm (10 inch)       steps are formed being
about 10 to about 50% inside diameter IDA, a 26.4 cm (10.4 inch) outside
of the wall thickness of the first article at the diameter ODA and a 25.9
cm (10.2 inch) mean            interface between the articles, and so that
diameter can be joined to another hollow compo-  25    upon welding an "S"
shaped curved weld zone nent having a wall thickness of 0.8 cm (0.32 inch)
results. an inside diameter of 25.3 cm (9.96 inch) an out- side diameter
[err] of 26.9 cm (10.6 inch), and a     2. Method according to claim 1 when
used for mean diameter of 26.11 cm (10.28 inch) to produce-     forming a
cone shaped article further compris- an outer step of 2.54 mm (0.1 inch)
and an inner  30   ing the step of machining the welded article step of 0.5
mm (0.02 inch) and satisfy the invention   into a hollow cone shape
configuration. criteria. Figure 5 shows a somewhat different weld ge-
PatentansprUche ometry for which the invention is particularly well suited,
useful for the production of certain gas  35  1. Verfahren zum
SchwungradreibschweiBen von turbine engine components. In Figure 5 the
articles    hohlen, hochfesten Superlegierungsgegenstdn- are staggered with
respect to each other, and each     den, beinhaltend die Schritte: has a
taper in one of its walls, the inside wall of    Herstellen sines ersten zu
verbindenden Ge- article A and the outside wall of article B, rather
genstands, der einen inneren Durchmesser than having parallel walls. This
geometry can be   40  und einen duBeren Durchmesser sowie sine [err] to
form a cone shaped article. Such a conical     Mittellinie hat,
configuration is a common design feature in certain    Herstellen eines
zweiten zu verbindenden Ge- gas turbine engines wherein a shaft must be at-
genstands, der einen inneren Durchmesser tached to a disk with a minimal
mass and a high        und einen Aul3eren Durchmesser sowie eine torque
transfer capacity. The dotted lines show   45   Mittellinie hat, how a
hollow cone shaped article can be machined       wobei der innere
Durchmesser des ersten Ge- from the inertia welded article with minimum ma-
genstandes kleiner als der innere Durchmesser terial removal.
des zweiten Gegenstands ist und wobei der Figure 6 is a photomicrograph of
a test sample      du(ere Durchmesser des ersten Gegenstandes inertia
welded having an original geometry shown   50  kleiner als der Suflere
Durchmesser des zwei- in Figure 5. It can be seen that again the weld
ten Gegenstandes ist, so dag, wenn der erste 



notch has been moved and that a minimal metal          Gegenstand und der
zweite Gegenstand anein- removal is therefore required to produce a conical
ander angeordnet sind und ihre Mittellinien zu- configuration.
sammenfallen, radiale Stufen gebildet sind, die Although this invention has
been shown and  55      etwa 10 bis etwa 50%  der Wanddicke des described
with respect to detailed embodiments         ersten Gegenstandes an der
Grenzflfche zwi- thereof, it will be understood by those skilled in the
schen den Gegenstfnden betragen, so daS art that various changes in form
and detail thereof    sich beim  Schweigen eine "S"-fdrmig ge- 4    5
EP0375591B1                         6 result of this curved weld zone
geometry is that    may be made without departing from the scope of
material expelled from the weld zone at the inside  the claimed invention.
and outside diameters is projected at an angle to the article axis rather
than perpendicular as would  Claims be the case in a conventional geometry
inertia   5 welding operation. This change of material expul-   1. Method
of inertia welding of hollow  high sion effects the size and location of
the residual      strength superalloy articles comprising the weld zone
notch. This means that the machining          steps: steps away both inward
and outward of the weld             providing a first article to be joined,
said one can entirely remove the weld notch with mini-  10  first article
having an inside diameter and an mal material removal. It appears that the
step di-      outside diameter and a centerline, mensions [err] and [err]
should be from 10 to 50% of             providing a second article to be
joined, the thickness of A and preferably 15 to 40% of the      said second
article having an inside diameter thickness of A for superalloy materials.
The thick-     and an outside diameter and a centerline, ness of A is [err]
15          wherein the inside diameter of the first The wall thicknesses
of A and B do not nec-         article is less than the inside diameter of
the essarily have to be equal so long as the inner and      second article
and the outside diameter of the outer steps fall within the previously
defined         first article is less than the outside diameter of ranges.
For example, if part A had a 5.0 mm (0.200      the second article, so that
when the first article inch) wall thickness the steps could range from 0.5
20  and second article are placed together, with to 2.5 mm (0.020 to
0.100). A 5.0 mm (0.200 inch)       their respective center lines
coincident, radial [err] thickness article having a 25.4 cm (10 inch)
steps are formed being about 10 to about 50% inside diameter IDA, a 26.4 cm
(10.4 inch) outside      of the wall thickness of the first article at the
diameter ODA and a 25.9 cm (10.2 inch) mean            interface between
the articles, and so that diameter can be joined to another hollow compo-
25     upon welding an "S" shaped curved weld zone nent having a wall
thickness of 0.8 cm (0.32 inch)      results. an inside diameter of 25.3 cm
(9.96 inch) an out- side diameter [err] of 26.9 cm (10.6 inch), and a
2. Method according to claim 1 when used for mean diameter of 26.11 cm
(10.28 inch) to produce       forming a cone shaped article further
compris- an outer step of 2.54 mm (0.1 inch) and an inner  30    ing the
step of machining the welded article step of 0.5 mm (0.02 inch) and satisfy
the invention   into a hollow cone shape configuration. criteria. Figure 5
shows a somewhat different weld ge-     PatentansprUche ometry for which
the invention is particularly well suited, useful for the production of
certain gas  35  1. Verfahren zum Schwungradreibschweil3en von turbine
engine components. In Figure 5 the articles     hohlen, hochfesten
Superlegierungsgegenstan- are staggered with respect to each other, and
each      den, beinhaltend die Schritte: has a taper in one of its walls,
the inside wall of     Herstellen eines ersten zu verbindenden Ge- article
A and the outside wall of article B. rather     genstands, der einen
inneren Durchmesser than having parallel walls. This geometry can be   40
und einen NuBeren Durchmesser sowie eine [err] to form a cone shaped
article. Such a conical      Mittellinie hat. configuration is a common
design feature in certain     Herstellen eines zweiten zu verbindenden Ge-
gas turbine engines wherein a shaft must be at-         genstands, der
einen inneren Durchmesser tached to a disk with a minimal mass and a high
und einen Sufleren Durchmesser sowie eine torque transfer capacity. The
dotted lines show   45    Mittellinie hat, how a hollow cone shaped article
can be machined        wobei der innere Durchmesser des ersten Ge- from the
inertia welded article with minimum ma-        genstandes kleiner als der
innere Durchmesser 



terial removal.                                         des zweiten
Gegenstands ist und wobei der Figure 6 is a photomicrograph of a test
sample      guBere Durchmesser des ersten Gegenstandes inertia welded
having an original geometry shown   so   kleiner als der guBere Durchmesser
des zwei- in Figure 5. It can be seen that again the weld        ten
Gegenstandes ist, so dal, wenn der erste notch has been moved and that a
minimal metal           Gegenstand und der zweite Gegenstand anein- removal
is therefore required to produce a conical      ander angeordnet sind und
ihre Mittellinien zu- configuration.
sammenfallen, radiale Stufen gebildet sind. die Although this invention has
been shown and   55     etwa 10 bis etwa 50%  der Wanddicke des described
with respect to detailed embodiments          ersten Gegenstandes an der
Grenzflgche zwi- thereof, it will be understood by those skilled in the
schen den Gegenstinden betragen, so dal3 art that various changes in form
and detail thereof     sich beim  Schweil3en eine "S -fdrmig ge- 4    EP 0
375 591 B1                     8 krummte Schwei~zone ergibt. 2. Verfahren
nach Anspruch 1, wenn es zum Her-                                    L c
L stellen eines kegelformigen Gegenstands be- nutzt wird, weiter
beinhaltend den Schritt, den    5 geschweiSten Gegenstand zu einer
hohikegel- f6rmigen Konfiguration spanabhebend zu bear- beiten.
Revendications                                  10 1. Proced6 de soudage
par inertie d'articles creux en superalliage a haute resistance com-
prenant les etapes de: pourvoir un premier article a souder, ce   15
premier article ayant un diambtre interne et un diametre externe ainsi
qu'un axe de symetrie, pourvoir un second article a souder, ce second
article ayant un diametre interne et un diametre externe et un axe de
symetrie,     20 ou le diametre interne du premier article est inf6rieur au
diametre interne du second article et le diametre externe du premier
article est inf6rieur au diametre exteme du second article, de sorte que
lorsque le premier article  25 et le second article sont dispos6s l'un
contre l'autre, avec leurs axes de sym6trie respectifs cofncidants, des
6chelons radiaux sont form6s qui sont environ 10 a environ 50 % de l'epais-
seur de la paroi du premier article a l'interface   30 entre les articles,
et de sorte que lors du soudage il se forme une zone de soudage courbee en
forme de "S". 2. Proc6de selon la revendication 1 lorsqu'il est  35 utilis6
pour la formation d'un article en forme de c6ne comprenant en outre l'6tape
d'usiner l'article soude en une configuration de forme conique creuse. 40
45 50 55 5    


