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WELDING METHOD AND APPARATUS THEREFCV

FIELD OF THE INVENTION

This invention relates to welding apparatuses and methods. More
particularly, this invention is directed to an apparatus and method for
welding a superalloy article using a polarity-reversing plasma transferred arc

technique that minimizes that area of the article that is heated during

welding.
BACKGROUND OF THE INVENTION

High temperature cobalt and nickel-based superalloys are widely used to
form certain components of gas turbine engines, including combustors and
turbine vanes and blades. Whiie high-temperature superalloy components
are often formed by casting, circumstances exist where superalloy

components are preferably or are required to be fabricated by welding. For

example, components having complex configurations, such as turbine |

midframes and shroud support rings, can be ‘more readily fabricated by

- welding separate castings together. Welding is also widely used as a method

for restoring blade tips and for repairing cracks and other surface
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restoring/repairing these components is typically more desirable than

replacing them when they become worn or damaged.

In the past, superalloy components of gas turbine engines have been welded
at an elevated temperature (e.g., in excess of qbout 15009F (about 815°C)) to
improve welding yields. Welding is often performed in an enclosure
containing a controlled atmosphere (e.g., an inert gas) using such welding
techniques as tungsten inert gas (TIG) and laser welding processes. Heating
is typically performed by induction or with the use of lamps, such as quartz
halogenwl'amps. Superalloy components of gas turbine engines are typically
thermally stress-relieved before welding to relax residual stresses present
from engine service, and then stress-relieved after welding to relax residual
stresses induced during cool down from the welding operation. Heat
treatment also provides stress relief by dissolution of a portion of hardening
gamma prime (y’) in y’-strengthened nickel-base superalloys. Generally, the
heat treatment and welding parameters will vary depending on the alloy of
interest, the amount of residual stress relief and dissolution required, furnace

design, component geometry and many other factors.

TIG and laser welding techniques as described above have been successfully
practiced with superalloy components. With these techniques, though a
general effort is made to limit heating to the area to be welded, a relatively
large area of the component is often heated. As a general rule, excessively

high welding temperatures must be avoided to prevent undesired

nore desirabl™e than



In the past, superalloy conponents of gas turbine engines have been wel ded
at an el evated tenperature (e.g., in excess of about 15000F (about 8150C))
to inprove welding yields. Welding is often perforned in an encl osure
containing a controlled atnosphere (e.g., an inert gas) using such wel ding
to techniques as tungsten inert gas (TIG and | aser wel ding processes.
Heating is typically perforned by induction or wwth the use of |anps, such
as quartz hal ogen | anps. Superall oy conponents of gas turbine engines are
typically thermally stress-relieved before weldi-ng to rel ax residual
stresses present from engine service, and then stress-relieved after

wel ding to relax residual stresses induced during cool down fromthe

wel di ng operation. Heat treatpent al so provides stress relief b
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conpone e mni num conponent tenperature nust be sufficiently
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controlled weldment and promote the desired physical and mechanical

properties of the article.

The apparatus of this invention generally entails an enclosure adapted for
containing a superalloy article, means for welding a localized region of the
article, means for heating the localized region, means for sensing the
temperature of the localized region, and means for controlling the output of
the heating rﬁeans based on the temperature of the localized region and
according to a preestabiished welding temperature profile. According to the
invention, the heating means is an induction coil placed in close proximity to
the localized region of the article, and the sensing means senses the
temperature of the localized region so that the temperature of the localized
region is largely determined and quickly altered by the output of the coil.
Also according to the invention, the welding means is a polarity-reversing

plasma transferred arc (PTA) welding apparatus that is operated at very low



The apparatus of this invention generally entails an encl osure adapted for
containi-ng a superalloy article, neans for welding a |ocalized regi on of
the article, nmeans for heating the localized region, nmeans for sensing the
tenperature of the |ocalized region, and neans for controlling the output
of the heating neans based on the tenperature of the | ocalized regi on and
according to a preestablished welding tenperature profile. According to the
invention, the heating neans is an induction coil placed in close proximty
to the localized region of the articfe, and the sensing neans senses the
tenperature of the |localized region so that the tenperature of the

| ocalized region is largely determ ned and quickly altered by the output of

the coil. Also according to the invention, the | di ng neaps is_a
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subsequent wel dnent profiling needed. Q her objects and
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induction heating with a low-heat polarity-reversing PTA welding process to
enable accurate control of the temperature of an extremely localized region of
a superalloy article during fabrication, restoration or repair. As a result, the
temperature of the localized region can be more accurately maintained within
a limited temperature range throughout the welding operation that avoids
thermal damage to the article. Additional advantages of this invention
include a reduced welding time, lower heat input that reduces substrate and

weldment cracking, low power usage, and the ability to produce a near-net

shape weld buildup with little or no subsequent weldment profiling needed.

Other objects and advantages of this invention will be better

appreciated from the following detailed description.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic representation of
a wel ding apparatus in accordance with this invention. DETAILED DESCRI PTI ON
OF THE | NVENTI ON The present invention is generally directed to superall oy
articles that undergo a wel ding operation during their fabrication,
restoration or repair. Wile the advantages of this invention are described
with reference to conponents of gas turbine engines, the invention is also
applicable to a variety of applications in which the tenperature of an
article nust be accurately maintainefl during welding. An apparatus 10 for
perform ng a wel ding operation according to this invention is schematically
depicted in Figure 1. The apparatus 10 includes an enclosure 12 generally

of a type known for perform ng a wel di&g operation such as TIG or | aser
wel di ngBRhEEDﬁﬁﬁRI&Ih@(N QF@H%@RAWE& matically represented within the

apparatus 10 is an induction coil 14 for heating a superalloy article (not
shown) . _The coi
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t he | ocalsi ccurs. The enclosure 12 is shown as including an

i nlet ﬁltﬁﬁrﬂgﬁgﬁ‘%ﬁ%ﬁ an inert gas such as argon is fed to the interior of
the enclosure 12 to prevent oxidation of the superalloy article while at .
t he el eDHERAILIED QESCRIPTION OBTHEINVENTION! by the wel di ng operation. In
t he past, welding operations performed within an enclosure of the type
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a welding operation during their fabrication, restoration or repair. While the
advantages of this invention are described with reference to components of
gas turbine engines, the invention is also applicable to a variety of
applications in which the temperature of an article must be aécurately»

maintained during welding.

An apparatus 10 for performing a welding operation according to this
invention is schematically depicted in Figure 1. The apparatus 10 includes an
enclosure 12 generally of a type known for performing a welding operation
such as TIG or laser welding in a controlled atmosphere. 'Schematically
represented within the apparatus 10 is an induction coil 14 for heating a
superalloy article (not shown). The coil 14 is preferably sized and shaped to
closely surround a very localized region of the article so that uniform and
rapid heating of the localized region occurs. The enclosure 12 is shown as
including an inlet 18 through which an inert gas such as argon is fed to the
interior of the enclosure 12 to prevent oxidation of the superalloy article while

at the elevated processing temperatures required by the welding operation.

In the past, welding operations performed within an enclosure of the type
shown in Figure 1 involved heating an article to an elevated temperature,

typically in excess of about 1500°F (about 815°C) but less than the



6 recrystallization tenperature of the article, while nonitoring the bulk
tenperature of the article. The heating rate was generally dependent on the
type of heating el enent used and the size of the enclosure and article
bei ng heated. Once the weld tenperature was attai ned, welding by TIG or

| aser was initiated, with any additional heating occurring if a sufficient
tenperature drop occurred. In contrast, the welding apparatus 10 of this

i nvention enabl es accurate control of the tenperature profile of an
extrenmely localized region of an art$cle undergoing a wel di ng operation
within the enclosure 12, and therefore offers the opportunity to performa
nore rapid wel ding operation while inproving tenperature control of the

article. Thesge advantages are achigeved. in pant, by detecting theienperature
of the T%E%ﬁt?l‘j’éagf)@gitt?}ﬂp‘é’fa%?’??e Y @#%’hwgllgeu?{?g%llg%r‘?%rrgber ;h"l}%e sensor
24, suc RuRPLd G : i {28 dnbsilg depiicrponaupke. The
t.errpera{%l'jfl?éel‘salﬂglgt(refa(%fi ?tr%o%&i%é%gnz%ﬁ?g?ﬁggrﬁs usegqgs i?putﬁtoea pr ogr ammabl e
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the desired wel ding tenperature profile stored in menory 28 for the
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wel di ng f i required for a given superalloy and article can
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be progra and a controlled to achieve the objects of this
i nvention. According to this invention, welding i performed with a

pol ari t yn reverst,nthelvesding rappataus et afcthiPTAyemedniemablesoperatted at very
|l ow currents, preferably at least 0.1 anp but not nmpre_than forty-five
anps, andnigpbioérthiel temperature profile of an extremely localized region of an
article undergoing a welding operation within the enclosure 12, and therefore
offers the opportunity to perform a more rapid welding operation while
improving temperature control of the article. These advantages are achieved
in part by detecting the temperature of the localized region of the article with
a suitable temperature sensor 24, such as an optical pyrometer or a standard-
type K thermocouple. The temperature signal from the sensor 24 is used as
i input to a programmable temperature controller 26, which compares the
signal from the sensor 24 to the desired welding temperature profile stored in
memory 28 for the article. Power to the induction coil 14 is then regulated
based on the difference between the desired temperature profile and the
current temperature of the localized region. In this manner, essentially any
welding temperature profile required for a given superalloy and article can be
programmed and accurately controlled to achieve the objects of this

invention.

According to this invention, welding i5 performed with a polarity-reversing
plasma transferred arc (PTA) welder 20 operated at very low currents,

preferably at least 0.1 amp but not more than forty-five amps, and preferably



7 less than five anps. At such low current levels, little heating of the
article occurs as a result of the welding operation itself. Instead, the
tenperature of the localized region of the article is primarily determ ned
by the induction coil 14, whose output is accurately controlled as

descri bed above. Polarity-reversing PTA welding is described in U S. Patent
No. 5,466,905 to Flowers et al., which is assigned to the assignee of this
i nvention and incorporated herein by reference. As taught by Flowers et
al., polarity-reversing PTA wel di ng ¥nvol ves generating an electric arc
with a direct electric current between a pair of electrodes, transferring
the electric arc with an inert plasna gas (e.g., argon) to the article so

that a pl asma c is established between t i ¢l e.and .ope of. t he
el ect r of§es tham diverRmpse Féﬁ‘%b?‘?‘ﬁec%?r&ﬁef’?gs ﬁﬁf}e E‘ﬁ%még toifctﬂg a&hal_teel ect rode
at a '%&{&;&y%%xuu'& tﬁé%é&ugg o%&%ﬁBﬁli?sre!ft. YinShalie thafanpéaterediscl osed by

Flowers et al. are preferre se wth this invention - generally,

pol ari t he'lovalizd redioof tiedueiakyis pirirabglit ddtetmirlddDby tze irdliratiog osfii ch t he
polarity of the article during each cycle is positive for a shorter tine
t han it 14,swhegat pw@utaist prqusatebntonteglleds as hdescribgdi abeve hel platidyra arc by
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the arti¢le. e scussed erns of processing superalloy articles,
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one of the electrodes, and then reversing the polarities of the article and
electrode at a low frequency. In practice, the polarity cycle parameters
disclosed by Flowers et al. are preferred for use with this invention -
generally, polarity reversal at a frequency of about 1 to 1000 Hz, during which
the polarity of the article during each cycle is positive for a shorter time than it
is'ﬁegative. A filler material is then fed into the plasma arc by any suitable
means 22. The filler material may be in the form of a superalloy wire or

powder whose composition is metallurgically compatible with that of the

article and appropriate for the operating environment of the article.

While discussed in terms of processing superalloy articles, the apparatus 10 of
this invention could also be employed for the treatment and welding of other
materials and articles whose processing requires accurate control at elevated
temperatures to avoid degradation of the article properties. Therefore, while
the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art.

Accordingly, the scope of the invention is to be limited only by the following



1. A nethod of welding a superalloy article, the nethod conprising the
steps of: establishing a welding tenperature profile for a superalloy
article; placing the superalloy article in an enclosure (12) so that a

| ocal i zed region of the article is adjacent to an induction coil (14)

wi thin the enclosure (12), the enclosure (12) further having nmeans (24) for
sensing a tenperature of the |localized region and neans (26) for
controlling heat output of the induction coil (14) based on the tenperature
of the localized region and accordirfg to the welding tenperature profile;
operating the induction coil (14), the sensing neans (24) and the
controlling neans (26) to heat the localized region of the article
according to the welding tenperature profile; and then wel ding the

| ocal i MS egi on of the article by polarity-reversing plasnma transferred
arc welding at a current of 0.1 to about 45 anps while maintaining the
tenperature of the localized region according to the welding tenperature
profile. 2. A nethod as recited in claim1, wherein the welding step
entails establishing the article at a first polarity and establishing an

el ectrode adjacent to the article at an opposite polarity, and then
repeatedly reversing the polarities of the article and the electrode. 3. A
met hod as recited in claim2, wherein the welding step entails supplying



10 a filler material to a plasma arc generated between the el ectrode and
the article. 4. A nmethod as recited in claim3, wherein the filler
material is a material selected fromthe group consisting of superall oy
wires and powders. 5. A nethod as recited in claim1, wherein the
tenperature of the localized region of the article is sensed with an
optical pyroneter (24). 6. A nmethod as recited in claim1, wherein the

wel ding step is performed with a current of 0.1 to 5 anps. 7. A welding
apparatus conprising: an enclosure (22) adapted- for containing a superall oy
article; an induction coil (14) for heating a |localized region of the

articl epwMatfd Aafied encl osure (12); means (24) for sensing a tenperature of
. the localized region of the article; nmenmory neans (28) for storing a
wel ding tenperature profile of the article;

1. A method of welding a superalloy article, the method comprising the steps
of: |

establishing a welding temperature profile for a superalloy article;

placing the superalloy article in an enclosure (12) so that a localized region of
the article is adjacent to an induction coil (14) within the enclosure (12), the
enclosure (12) further having means (24) for sensing a temperature of the
localized region and means (26) for controlling heat output of the induction

coil (14) based on the temperature of the localized region and according to the

welding temperature profile;

operating the induction coil (14), the sensing means (24) and the controlling
means (26) to heat the localized region of the article according to the welding

temperature profile; and then

welding the localized region of the article by polarity-reversing plasma
transferred arc welding at a current of 0.1 to about 45 amps while maintaining

the temperature of the localized region according to the welding temperature

profile.

2. A method as recited in claim 1, wherein the welding step entails
establishing the article at a first polarity and establishing an electrode adjacent
to the article at an opposite polarity, and then repeatedly reversing the

polarities of the article and the electrode.

3. A method as recited in claim 2, wherein the welding step entails supplying
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means (26) for controlling the induction coil (14) based on the tenperature
of the localized region according to the welding tenperature profile; and
means (20) for welding the localized region by polarity-reversing plasna
transferred arc welding at a current of 0.1 to about 5 anps while

mai ntaining the tenperature of the localized region according to the

wel ding tenperature profile. 8. A wading apparatus as recited in claim?7,
wherein the wel ding neans (20) TH S SHEET HAS SEEN REPLACED 11 conprises

means for_gestablishing the article LRL T f¥-ANf l,i shing an
el ect ro&eﬁﬁ E&Béﬁ’fla]l[ ﬁ‘g aaPFqSEPae at ggﬁérgﬁe%sble ee%gltgé etk\'/C andgﬁrr%gt?‘s f or ?
r epeat eqwclé.everm ng the polarities of the article and t he el ectrode.

4. A method as recited in claim 3, wherein the filler material is a material

selected from the group consisting of superalloy wires and powders.

5. A method as recited in claim 1, wherein the temperature of the localized

region of the article is sensed with an optical pyrometer (24).

6. A method as recited in claim 1, wherein the welding step is performed

with a current of 0.1 to 5 amps.

7. A welding apparatus comprising:
an enclosure (12) adapted for containing a superalloy article;

an induction coil (14) for heating a localized region of the article within the

enclosure (12);
means (24) for sensing a temperature of the localized region of the article;
memory means (28) for storing a welding temperature profile of the article;

" means (26) for controlling the induction coil (14) based on the temperature of

the localized region according to the welding temperature profile; and

means (20) for welding the localized region by polarity-reversing plasma
transferred arc welding at a current of 0.1 to about 5 amps while maintaining

the temperature of the localized region according to the welding temperature

profile.

8. A welding apparatus as recited in claim 7, wherein the welding means (20)
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9. A welding apparatus as recited in claim8, wherein the wel ding nmeans
(20) conprises nmeans (22) for supplying a filler material to a plasm arc
generated between the el ectrode and the article. 10. A welding apparatus
as recited in claim9, wherein the filler material is a nmaterial selected
fromthe group consisting of superalloy wres and powders. 11. A wel ding
apparatus as recited in claim?7, wherein the sensing neans (24) is an
optical pyroneter. 12. A welding apparatus as recited in claim?7, wherein
the wel ding neans (20) operates at a current of . Q.1 to bou{), anps.

comprises means for establishing the article at a first polarity and establishi g

an electrode adjacent the article at an opposite polarity, and means for

repeatedly reversing the polarities of the article and the electrode.

9. A welding apparatus as recited in claim 8, wherein the welding means (20) |
comprises means (22) for supplying a filler material to a plasma arc generated

between the electrode and the article.

10. A welding apparatus as recited in claim 9, wherein the filler material is a

material selected from the group consisting of superalloy wires and powders.

11. A welding apparatus as recited in claim 7, wherein the sensing means (24)

is an optical pyrometer.

12. A welding apparatus as recited in claim 7, wherein the welding means

(20) ope;ates at a current of 0.1 to about 5 amps.
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