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(57) Abrége/Abstract:

A process Is provided for laser welding a superalloy article (20) by preheating the entire weld area and region adjacent to the
weld area of the article to a ductile temperature within the range of 1400-2100 degrees F with an induction heat coil (14) and
maintaining such temperature during welding and solidification of the weld; and welding the preheated article using a laser (11)
with a powder alloy feed (12), with a control system which controls the laser powder feed (12) and a motion system on which the
article Is fixtured, wherein the control system includes a vision system which digitizes the weld area of the article (20) providing a
path for the laser to follow.
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(S7) Abstract

A process is provided for laser
welding a superalloy article (20) by pre-
heating the entire weld area and region
adjacent to the weld area of the article to
a ductile temperature within the range of
1400-2100 degrees F with an induction
heat coil (14) and maintaining such tem-
perature during welding and solidification
of the weld; and welding the preheated ar-
ticle using a laser (11) with a powder al-
loy feed (12), with a control system which
controls the laser powder feed (12) and a
motion system on which the article is fix-
tured, wherein the control system includes
a vision system which digitizes the weld

area of the article (20) providing a path =
for the laser to follow.
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INTERACTIVE LASER WELDING AT ELEVATED
TEMPERATURES OF SUPERALLOY ARTICLES

The present invention relates to a process for
welding superalloy articles which are difficult to

weld, and more particularly to a process for laser
welding such articles.

As jet engine components are developed there is a
continuing demand for improved capability to withstand
increasingly higher temperatures due to the high
temperature demands placed upon these components in the

engine. Today’s high pressure turbine blades and vanes
are subjected to extremely adverse high temperature

conditions (e.g. greater than 2000°F). These jet
engine parts may require welding processes during the

manufacture of the components, or after seeing engine

operations and require repair as a result of wear and
cracking.

As a result of these high temperature demands
these components often are manufactured from
superalloys containing a gamma-prime phase and
materials commonly known as the MCraAlY family of
alloys. One particular problem with the gamma-prime
precipitation hardenable alloys such as R’80 is the
inability to weld or clad these alloys with like or
similar alloys without encountering cracking and high
production rejects.

Because of the welding temperatures and stresses
involved, these alloys encounter shrinkage, stress
cracking and the like. Due to the difficulties in
welding these specific superalloys, there is a need for
a process by which gamma-prime precipitation hardened
alloys and the MCrAlY family of alloys can be welded
consistently without cracking with similar or parent
metal alloys. U.S. Patent N 5,106,010 discloses such a
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temperature and maintains such temperature during
welding and solidification. There is a need to be able
to carry out this process in an efficient and automated
basis to maximize reproduceability and minimize rejects
and waste while increasing throughput of welded
components.

Summary Of The Invention
Briefly, this invention provides a process and

apparatus for laser welding a nickel and/or cobalt
based superalloy article either having a gama prime
phase or being from the McrAlY family of alloys
comprising preheating the entire weld area and region
adjacent to the weld area of the article to a ductile
temperature within the range of 1400°F to 2100°F with
an induction heat coil and maintaining such temperature
during welding and solidification of the weld; and
welding the preheated article utilizing a laser with a
powder alloy feed, with a control means which controls
the laser, powder feed and a motion system on which the
article is fixtured, wherein the control means includes
a vision system which digitizes the weld area of
article providing a path for the laser welding to
follow.

Brief Description Of The Drawings
Other features and advantages of the present

invention will become apparent when the following
description is read in conjunction with the
accompanying drawings in which:
- Figure 1 shows the laser welding system in which
the components are not engaged;
Figure 2 shows the laser welding system during

preheating of a blade tip;
Figure 3 shows the laser welding system with the

laser and powder feed engaged for welding;
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Figure 4 shows the laser welding system during
cooling with the laser and powder feed not engaged.

Detailed Description Of The Invention
This invention provides a process for welding

superalloy articles, particularly gas turbine engine
components including blades, vanes and rotors. The
superalloys are nickel and/or cobalt based superalloys
which are difficult to weld by state-of-the-art
processes. These superalloys have a gamma-prime phase
and include directionally solidified and single crystal
alloys of gamma-prime nickel base precipitation
hardened alloys, as well as the MCrAlY family of alloys
wherein M represents at least one metal chosen from the
group consisting of Ni or Co, such as NiCoCrAlY and
NiCrAlY alloys. Generally, the gamma-prime
precipitation-strengthened superalloys contain titanium
and aluminum in a combined amount of at least about 5%.
Suitable superalloys include R’80, DSR’80h, R’108,
R7125, DSR’142, R’N4, R’N5 Mar-M-247DS, In 792Hf, and
CMX-2/3. The following Table I identifies the nominal
composition of some of these superalloys.
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Referring first to Figure 1, the system of the
invention identified generally by reference numeral 10,
is comprised of a laser 11 with a powder feed 12, an
induction heater 13 with its induction heating coil 14
and a motion system 15 on which the article 20 is
fixtured. The article is fixtured by mounting on a
stage 16 in a very precise manner utilizing a clamp, as

is conventional. A pyrometer 17 and an inert gas
shroud (shield) 18 with an inert gas feed line 19 and

gas diffuser 21 are also shown.

As shown in Figure 2, the article 20 (e.g. a vane
or blade) is preheated by an induction heating coil 14.
At this stage the laser 11 and powder feed 12 are not
engaged. During this preheating stage the entire weld
area of the superalloy article and region adjacent to
the weld area is heated by the induction heating coil
14 to a ductile temperature within the range of 1400°F
to 2100°F, preferably 1725°F to 1975°F. The ductile
temperature to which the weld area of the article is
heated is above the aging or precipitation hardening
temperature, but below the incipient melting
temperature of the particular superalloy article
substrate. Critical to this process is to maintain
thermal equilibrium before, during and after the
welding/cladding process, leading to less severe
thermal gradients across the weld/adjacent base metal
thus reducing residual stresses and subsequent
cracking. The reduction of thermal gradients lessens
the impact of the heat from welding on the heat
affected zone, i.e. the process "relocates" the heat
affected zone away from the fusion line. Since the
entire weld area and adjacent region is preheated above
the precipitation hardening temperature, this results
in a uniform thermal distribution that precludes the
contraction and resultant residual stresses that are
normally focused at the weaker heat affected zone. The
entire weld area and adjacent region undergoes thermal

'AMENDED SHEET
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contraction as a result of the aging reaction with the
residual stresses that result from this reaction being
distributed over a much larger area, not only
concentrated in the spot being welded.

The entire weld area and region édjacent to the
weld are heated, by induction'heating, to the ductile
temperature. The region adjacent to the weld area
being heated is at least sufficiently large to be able
to encompass the heat affected zone, preferably larger.
The heat affected zone is defined as that portion of
the base metal which has not been melted, but whose

mechanical properties or microstructure have been
" altered by the heat of welding (see Metals Handbook
Ninth Edition, Volume 6, ASM, 1983). Generally this
adjacent region being heated is at least 0.25 inches

preferably 0.5 to 1 inch from the weld.

Once the article has been preheated to the desired
temperature the laser 11 and powder feed 12 are engaged
for welding as shown in Figure 3. The radiation 22
from the laser 11 forms a small molten pool of the
substrate as the powder from the powder feed 12 is
dispersed over the molten pool and welded (clad) to the
part by the laser beam 22. The solidification process
is precisely controlled by the radiation of the beam
and the heating energy imparted by the induction coil
and relative movement of the beam and the article to
control the thermal and resulting strains and stresses
to form a crack-free weld during and after the
solidification process. During operation, the article
weld area is shrouded in an inert gas (e.g. argon on
helium) supplied to shroud 18 by feed line 19 and gas
diffuser 21, in order to minimize the oxidation and
oxide contamination of the base superalloy and filler
metal alloy powder during the heating and welding
process.

The temperature of the weld area is controlled
throughout the process in spite of added heat from the

R RN | ot = 4
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laser beam by using an optical pyrometer 17 with
feedback voltage loop (inferometer) controlling the
induction heater 13. The part is preheated in the
1400°F to 2100°F range and remains in this range during
welding and solidification despite localized laser heat
input. 1In addition, the inferometer (feedback loop)
controls the ramp up (heat up) rate prior to welding
and the ramp down (cool down) once welding has been
completed. This preheating process reduces stresses
and cracking from welding and allows the base
superalloy article to be laser welded (clad) with a
powder alloy feed which also comprises a superalloy,
i.e. a gama-prime precipitation strengthened superalloy
or an MCrAlY alloy. Advantageously a powder alloy can
be utilized which is substantially the same as the
alloy of the superalloy article. The reduction of
stresses and cracking therefrom is especially needed
when welding a directionally solidified superalloy with
a gama prime strengthened powder alloy due to the
susceptibility for cracking along grain boundaries.

In Figure 4 is shown that the laser 11 and powder
feed 12 are disengaged during the cooling cycle, but
the induction coil 14 is maintained in place to control
the ramp down of the superalloy article. Generally it
is preferred to control the cooling to reduce stresses
induced by uncontrolled cooling which can induce
cracking.

The laser welding of the article is controlled
through use of a computer numerical control (CNC) means
which controls the laser, powder feed and motion system
on which the article is fixtured. Extensive
programming and parameter development corroborated by
metallurgical analysis is required for a
metallurgically sound fusion bond without cracks.

The control means includes a vision system which
digitizes the article configuration in order to drive

e e e ———
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the motion system holding the article beneath the
focused laser beam and converged powder feed.

The control system is key to efficient and
economical operation of the process allowing a variety
of complex configuration to be welded. The vision
system which is employed sets a precise path for the
laser welding system which is individualized for the
weld area of the particular article being welded. This
is accomplished with a computer numerical control
utilizing a program for the article, but with the
precise path set by the vision system. After the
article is secured in its fixture, the height is
checked to ascertain the build-up needed during welding
(cladding). Then after setting the contrast of the
weld area, the camera of the vision system views (i.e.
takes a picture of) the weld area and digitizes its
periphery by tracing the periphery with a plurality of
points which are numerically converted providing a
precise contoured path for the laser to follow for the
specific weld area of the article. After the path is
set, the article still in its fixture, is then placed
onto the motion system of the laser welding apparatus
wherein the path of the laser is precisely set for this
article. Because the path is precisely set for the
specific article, less waste occurs in the welding
process and reduced machining (e.g. milling, grinding)
is required subsequent thereto to remove excess
weldment. As a particular advantage subseguent
machining can also be precisely controlled by utilizing
the same fixture and control parameters for the
specific article as originally set by the vision system
for the laser welding. This reduces requirements for
subsequent measurement and control which increases the
efficiency of the process.

The motion system whose path 1s set by the control
system is at least a 3-axis, preferably a 4 or 5-axis

motion system to provide the detailed motion required
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for various complex welding area surfaces. The 3-axis
motion would be along the X, Y and Z directions, the 4-
axis motion for more complex flat surfaces would
combine X, Y and Z directions with rotation (see Figure
1), while a 5-axis motion for contoured surfaces would
combine X, Y and Z directions with rotation and tilt.

Suitable lasers 11 include those known to those
skilled in the art including a CO, laser. The power
density of the laser may be between 10° watts/in? and
10’ watts/in’ with a beam spot size in the range of
0.050 to 0.150 inches. The powder alloy feed is
operated to deliver a stream of alloy particles
generally -120 to +400 mesh at a rate of 5 to 15
grams/min. Motion of the laser beam and powder feed
are generally on the order of 10 to 30 inches per
minute to provide the desired rate of melting of the
substrate and welding on its surface.

Example
Tips were hot welded (clad) onto Rene 80

directionally solidified turbine blades.

After placing the blade in its fixture the height
was measured to determine the amount of tip build-up
needed. The control system for the welding process
utilized a computer numerical control with a program
specific to the particular turbine blade to be welded
with the precise path of the weld being controlled by
use of a vision system (an Adept 0.C. Controller Stand
Alone Vision System) which viewed the blade tip weld
area and digitized the periphery of weld area providing
a specific path for the laser to follow during
welding/cladding. The blade, still in its fixture, was
then affixed onto the motion system and placed under
the inert gas shroud. The blade was preheated by the
induction coil to 1950°F with the time taken to ramp up
the blade temperature being 150 seconds. This
temperature was maintained for the entire weld area and
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region adjacent to the weld area (i.e. about one inch)
during welding and solidification of the weldment. The
apparatus and process as shown in the Figures was
employed utilizing a CO, laser operated at 2.6-2.8
kilowatts with a 0.100 inch spot size and a powder
alloy feed comprised of Rene 80 alloy having a mesh
size of -170 +325 mesh flowing at 8 to 9 grams/minute.
A 4~-axis motion system was utilized traveling at 18
inches/minute, with an inert gas of argon flowing into
the shroud at 2.4 CFM. After welding was completed the
entire weldment was uniformly cooled with a ramp down
from 1950°F to less than 1200°F taking about 250
seconds.

The resultant welded article is then machined with
the internal surface being electric discharge machined
and the external surface being milled, followed by
polishing as needed. Advantageously due to the precise
control of the process minimal and i1n some cases no
machining 1s needed minimizing waste and processing

time.




What is claimed is:

1. A process for laser welding a nickel and/or
cobalt based superalloy article chosen from the group
consisting of a gama-prime precipitation strengthened
superalloy containing titanium and aluminum in a
combined amount of at least 5% and an MCrAlY alloy
wherein M is nickel and/or cobalt comprising:

preheating an entire weld area and region adjacent
to the weld area of the article to a ductile
temperature which is above an aging temperature and
below an incipient melting temperature for said
superalloy and within the range of 1400°F to 2100°F
with an induction heat coil and maintaining such
temperature during welding and solidification of a
weld; and |

welding the preheated article utilizing a laser
with a powder alloy feed, with a control means
preprogrammed based on the configuration and
composition of the article to control the laser, the
powder feed and a motion system on which the article is
fixtured, wherein the control means further includes a
vision system which digitizes the weld area of the
article providing a precise path for the laser welding
to follow individualized for the weld area of the
specific article being welded.

2. Process of Claim 1 wherein the control means
includes a computer numerical control.

3. Process of Claim 2 wherein the motion system
has at least 3-axis of motion.

4. Process of Claim 2 wherein the motion system
has 4-axis of motion.

5. Process of Claim 2 wherein the motion system
has 5-axis of motion.

6. Process of Claim 3 further comprising
providing an optical pyrometer to measure and control
the temperature of the weld area of the article.

AMENDED SHEET
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7. Process of Claim 6 further comprising
controlling temperature heat-up and cool down rates of
the article to reduce strain and cracking.

8. Process of Claim 7 further comprising
providing an inert gas shroud during welding to shield
the weld area of the article.

9. Process of Claim 8 wherein the powder alloy is
a gamma-prime precipitation-strengthened nickel base
superalloy containing titanium and aluminum in a
combined amount of at least 5% or an MCrAlY alloy
wherein M is Ni and/or Co.

10. Process of Claim 9 wherein the superalloy
article and the powder alloy comprise substantially the
same alloy.

11. Process of Claim 9 wherein the superalloy
article is a component for a gas turbine engine.

12. Process of Claim 10 wherein the article is a
turbine blade, turbine vane or turbine rotor.

13. Process of Claim 2 further comprising
machining the welded article.

14. Process of Claim 12 wherein the article is
maintained in the same fixture for laser welding and
machining and wherein the machining is controlled
utilizing the same digitized information as provided by
the vision system for laser welding.

15. Process of Claim 9 wherein the ductile
temperature is in the range of 1725°F to 1975°F.

16. Process of Claim 9 wherein the superalloy
article is directionally solidified.

17. A laser welding apparatus for welding
superalloy articles comprising:

an induction heating coil for heating the weld
area and adjacent region of the article to 1400°F to
2100°F and maintaining such temperature during welding
and solidification of a weld;

a laser with a powder feed system for welding the
article;

AMENDED SHEFET
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a motion system having at least 3-axis of motion
on which the article is fixtured; and

a control means preprogrammed based on the
configuration and composition of the article to control
the laser, powder feed and the motion system to provide
a weld on a predetermined surface area of the article,
wherein the control means further includes a vision
system which digitizes the weld area of the article
providing a precise path for the laser welding to
follow individualized for the weld area of the specific
article being welded.

18. Apparatus of Claim 17 wherein the control
means includes a computer numerical control.

19. Apparatus of Claim 17 further comprising an
optical pyrometer to measure the temperature of the
article.

20. Apparatus of Claim 18 further comprising a
means to control temperature and heat-up and cool down
rates of the weld area of the article.

21. Apparatus of Claim 19 further comprising a gas
shroud to shield the weld area of the article with
inert gas during welding.

22. Apparatus of Claim 20 wherein the motion
system has 4-axis of motion.

23. Apparatus of Claim 20 wherein the motion
system has 5-axis of motion.
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