PLASVMA ARC WELD REPAIR OF H GH NI CKEL METAL ALLOYS Governnents Rights in
the I nvention [0001] The invention was made by or under contract with the
Air Force of the United States Governnent under contract numnber
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i ncreasingly being used in high erforr‘ia ce gas turbine engines. Their use
is driven by requirenents for in&dﬁﬂ@&%&&ﬁﬁ%ﬁce and efficiency.
Conventional rotors have airfoils that are retained by a nmechani cal
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t he performance inprovenent fromthe use of integrally

[0003] Weld repairing nickel-based super alloys having low aluminum and titanium
content is relatively simple. However, as the aluminum and titanium content increases in
concentration, welding becomes much more difficult. As the aluminum and titanium content
increases, the ductility of the material is proportionately reduced. The low ductility causes

the material to crack when using standard welding techniques.

[0004) Integrally bladed rotors are increasingly being used in high performance gas
turbine engines. Their use is driven by requirements for improved performance and
efficiency. Conventional rotors have airfoils that are retained by a mechanical connection,
such as a dovetail slot formed into the rim of the disk. With an integrally bladed rotor, the
airfoils and disk are typically formed from one contiguous block of metal and the block is
machined to the final geometry. The improved performance achieved by the integrally
bladed rotors result from their ability to retain airfoils with less disk mass than that required
with a conventional rotor and from a reduction in leakage of compressed air through gaps
between blade and disk.

[0005] Notwithstanding the performance improvement from the use of integrally
bladed rotors, one major disadvantage has been the lack of reliable methods for repairing the
airfoils that are damaged beyond blendable limits during operation. When th_e airfoils are

darmaged beyond the blendable limits, the entire rotor had to be removed from service and
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device to eliminate thermal transients associated with stopping and starting the plasma arc at
the ends of the weld.

{0009] In another aspect of the present disclosure, a method for weld repairing airfoils
made from a nickel based super alloy material is provided. The method includes removing a
damaged portion of the airfoil. Powdered nickel alloy material is fed to a plasma arc welding
device. A plurality of weld beads are deposited along the damaged portion of the airfoil in a
bi-directional pattern with the welding device to eliminate thermal transients associated with

stopping and starting the plasma arc at the ends of the weld.

[0010] In accordance with another aspect of the present disclosure, a method for weld
repairing an integrally bladed rotor made from IN-100 material in a gas turbine engine is
provided. The method includes removing a damaged portion of the rotor. Powdered IN-100
material is fed to a plasma arc welding device. The welding device is moved in a first
direction while depositing a first weld bead along the damaged portion of the rotor. The
welding device is then moved in a second direction while depositing a second weld bead
adjacent the first weld bead. The first and second directions are bi-directionally opposing one

another.



stopping and starting the plasma arc at the ends of the weld. 100101 In
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{0016] Fig. 5 is a perspective view of the airfoil of Fig. 2 illustrating a machining

operation on the weld;
{0017) Fig. 6 is a perspective view of a finished airfoil; and

[0018] Fig. 7 is a flow chart illustrating a method for repairing a component made

from a high hardener content nickel based material.

(0019} While the following disclosure is susceptible to various modifications and

alternative constructions, certain illustrative embodiments thereof have been shown in the

drawings and will be described below in detail. It should be understood, however, that there

is no intention to limit the disclosure to the specific forms disclosed, but on the contrary, the
1 intention is to cover all modifications, alternative constructions, and equivalents falling

within the spirit and scope of the disclosure as defined by the appended claims.

Detailed Description of the Disclosure

[0020] The present disclosure provides a method for weld repairing components that
are made from low ductile, high hardener content nickel super alloys such as IN-100 or the
like. IN-100 is a vacuum melted and investment cast nickel-base alloy recommended for
high temperature applications of approximately 1850-1900°F. IN-100 was developed by
International Nickel Co., Inc. The material composition includes: chromium 8.0-11.0%,
cobalt 13.0-17.0%, molybdenum 2.0-4.0%, vanadium .70-1,20%, titanium 4.50-5.00%,
aluminum 5.0-6.0%, carbon 0.15-0.20%, boron 0.01-0.02%, zirconium 0.03-0.09%, iron
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device using powder feedstock as will be described hereinafter.

[0022] Integrally bladed rotors can be made from IN-100 material to meet
temperature requirements in high performance gas turbine engines. IN-100 has excellent
properties for relatively high temperature components such as those used in the compressor
section of a gas turbine engine, however, the airfoils have a tendency to crack during weld
repair operations or in post-weld heat treatment. IN-100 has been developed from a class of
high nickel super alloys that have a relatively high percentage of hardening material such as
aluminum and titanium. The aluminum content in IN-100is over five percent by weight, and
the titanium content is approximately 5.5% by weight. These percentages of hardeners place
IN-100 well above the accepted composition limits for weld repairing. Typically, nickel
based alloys that have higher hardener content than three percent aluminum or six percent
titanium are extremely difficult to weld due to the brittle nature of the low ductility material

resulting from such a material composition.

[0023] Referring now to Fig. 1, a plasma arc welding device 10 is generally
represented. A welding power supply 12 is operationally connected to the plasma arc
welding device 10 to provide electrical power thereto. A powder feeder 14 delivers
powdered metal such as IN-100 through a carrier gas conduit 16 to a nozzle torch 18. The

nozzle torch 18 can include a shield gas cup 20 and a shield gas nozzle 22 surrounding the
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sur roundi BgmpétRn?36. The heat sink 40 may be made from a variety of materials such as copper,
steel or graphite. The heat sink 40 has been shown to provide satisfactory heat transfer when
positioned a distance away from the edge of component 36 that is to be welded, such as
approximately .200 inches, during welding. While the heat sink 40 has been found to be
advantageous in some instances to the welding process, it is also possible to perform the weld
repair without the use of a heat sink 40 or may be most advantageously employed with the

heat sink 40 in contact with the component 36.

[0026] Figs. 2-6 illustrate one embodiment for weld repairing a thin cross-sectioned
component. As used herein, "thin" is defined as up to approximately 0.25 inch, although
other dimensions are certainly possible. Fig. 2 shows a portion of an mtegrally bladed rotor
50 wherein the airfoil 52 is integrally formed with a disk 54. The disk 54 is partially cut
away for ease of illustration. Integrally bladed rotors 50 are typically formed from a single
block of metal. In a conventional compressor rotor arrangement, when an airfoil is damaged,
the airfoil can be removed from the disk and replaced with a new airfoil. However, when an
airfoil on an integrally bladed rotor 50 is damaged beyond a predefined limit, the airfoil must
be repaired or the entire integrally bladed rotor 50 must be replaced at great expense in both

materials and labor cost.



exterior perineter of the nozzle torch 18. The wel ding power supply 12 is
electrically connected via an electrical conduit 24 to an el ectrode 26. The
carrier gas conduit 16 transports the powlered material to a powder channel
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beads should be applied in a continuous manner with no delay between passes. The plasma
arc welding torch 10 can be controlled electronically with a multi-axis positioning system,
commonly known to those skilled in the art. Optionally, the plasma arc welding device can

be hand operated when a particular application lends itself to such processing.

[0028] Referring now to Fig. 5, after the airfoil 52 has been completely built up with
welded material 60 to the approximate original height 74 and the appropriate post weld heat

| treatment operations are competed, the weld material 60 can be machined with a suitable
device, such as a grinding bit 76 or the like. The airfoil 52 is machined to the finished
geometry as shown in Fig. 6, and is ready for operational use after the completion of any
other processes appropriate to the specific application, such as post-machining stress relief,
coating application, and shot peening.
(0029} Referring now to Fig. 7, the method employed by the present disclosure can be
used to weld repair any high hardener content nickel super alloy without producing cracks in
the material. The method is particularly advantageous for repairing complex geometry such
as airfoils on an integrally bladed rotor. In operation, a damaged component is machined to
remove the damaged portion of the component io provide a relatively smooth surface for

applying a weld bead at block 80. A welding device moves in a continuous bi-directional



50 wherein the airfoil 52 is integrally formed wwth a disk 54. The disk 54

is partially cut away for ease of illustration. Integrally bladed rotors 50
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with no del ay between passes. The plasma



arc welding torch 10 can be controlled electronically with a nulti-axis
positioning system commonly known to those skilled in the art. Optionally,
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application lends itself to such processing. 100281 Referring now to Fig. 5,
after the ?ﬁytoil\S .has been conpletely built up with welded material 60
to the apprB¥ihde®8r¥gi nal height 74 and the appropriate post wel d heat
treatment operations are conpeted, the weld material 60 can be nachined with
a suitable device, 1suchAagetBodfor Rdidv@pdititig Aoy mbdeefrdrh kckelThRyaatdral,l 52 is
machined to the finished  geonetry as shown in Fig. 6, and is ready for

oper at i on&°PTREENEIRESPERE conpl etion of any other processes appropriate to
the specific application, such as post-nmachining stress relief, coating
appl i cation, and sh&tmpaesh? AgnagedpodpnrEfsarfaly now to Fig. 7, the nethod
enpl oyed by the present disclosure can be used to weld repair any high

har dener content ni diadingsnepedered inicky! alioy muatariaptool esmagare watdkeg devicet 4nd
material. The nmethod is particularly advantageous for repairing conpl ex
geonetry such as aidepaiting agiurahtyi ditnegelzlloy weldadrbeds slengthe dimagedeodtionofi, a

damaged c ongnt. i s chined.to. r ve the damaged. portion of the
conponent C{Fga @g\}?850%;6}\}18‘]1352?1?%‘5%%3%%8&6? el tfhgévge?cgnogdg’é%?pl ying a weld bead
at block 80. A welding device noves in a continuous bi-directional 6 nmanner
whi | e appl yi ng wel d Jpeads-.to 0 nent _at .block. 82.. Th |d nmaterial is
cool od at bl ack 84 nd a5 PEThoERT BT Ruaflre R Bk MBicclid el sk eh
conponent bidifebtgohaf weidplhassesrtachi ned at bl ock 88 and is ready to be placed
back into regular service after other applicable operations. 10030] Wile
the preceding text sets forth a detailed description of certain enbodi nents
of the invention, it3.shodhd nrehodndetagh dpdhérbiatthd figfoll égiatatetaperodtinghe
invention is defined by the clains set forth at the end of this patent. The
detail ed d&¥HPHNion is to be construed as exenplary only and does not
descri be every possi bl e enbodi mrent of the

4. The method of claim 3, wherein the rotating component is a

compressor rotor.

5. The method of claim 1, wherein the airfoil is located on a static
component.

6. The method of claim 5, wherein static component is a compressor
stator.

7. The method of claim 1, further including electronically controlling the

welding device with a multiple axis positioning system.

8. The method of claim 1, further including hand controlling the welding

device.

9. The method of claim 1, further including providing a chill block for a
heat sink.



i nvention since describing every possible enbodi mrent woul d be inpractical,
if not inpossible. Nunerous alternative enbodi nents could be inplenented,
using either current technology or technol ogy devel oped after the filing
date of this patent, which would still fall mﬁthin t he scope of the clains

defining the inventjon. 7 Wat is clained:is: met hod for weld repalrlng
airfoils made from Hckelt hegnetisd ?fe?ﬂ"’é‘F’lgaf“”he’b‘Bﬁlt}?]ingPﬂﬁ“?lﬁég theepu! Yeck enovi ng
a danagedé)%%)&]lngm}pfzo@ hen& fdPtde wdi®§8ipg powdered nickel alloy material to
a plasma di'ng device; and depositing a plurality of nickel alloy
wel d beads al ong the damaged portion of the airfoil in a continuous

bi - di recti onal _pat t of 0 Widinkiies WEIMRNG (R} fpuathg LD MRE DRk Blcchial m 1,
wherein there is no del ay between su sequent irectional weld passes. 3.
The met hod of claim 1, wherein the airfoil is Iocated on a rotating
conponent. 4. The ngj hodrgf mehai méalmvw%rmepmme,r{g%ﬁtt&eagncwnt is a
conpressor rotor. 5. The method of clai'm 1, wherei'n the aiffoil is |ocated
on a st at meterebnponent. 6. The nethod of claimb5, wherein static conponent
is a conpressor stator. 7. The method of claim1, further including
electronically controlling the welding device with a nmultiple axis

posi tioni ng system 18. Thee methpddf déimcl, dinthet inciudingtreschimug thdivredd matedal

controlling the wel pemfrc':gtlon

14. The method of claim 1, wherein the nickel alloy is IN-100.



device. 9. The nethod of claim1, further including providing a chill block
for a heat sink. 8 10. The nethod of claim9, further including positioning
the chill block approximtely .200 inches fromthe weld surface. 11. The
met hod of claim11, further including cooling the weld material. 12. The

met hod of claiml, further including heat treating the weld material. 13.

The net hod of cl ai , further incluyding nmachi.ning the weld.material to a
desi red specificatr%%. Iﬁpm$ﬁgfh%?ﬂ@&“@%”@ﬁg?ﬁgi? %Wé?ﬂwgﬂgaﬁgéR@¥ al | oy
i's | N-100alloy9mdibrial Acomiirizog thostepdfd repairing airfoils nade froma nickel
based super alloy material, conprising the steps of., renoving a danmaged

portion of the airfgidovirseefhigePpntler stndhickr! alloy material to a plasma
arc wel ding device; and depositing a plurality of weld beads al ong the

damaged portion of Fé@@ngkf)\fv@é‘rkd hidkelal1By ndieHRIGH A PNRIaRAL & 8ER g Welibe;lhe Wel di ng
device. 16. The method of claim 15, wherein there is no delay between

success ve weld Pagafsiind £ pulhiRy BRI ofr@iit dnagtll BEALA of A afHlcRA

based material includes a east six percent “titani y weig The

met hod of adbl-direntidbal patiemevith thaaveldingkdedvideased materi al i ncl udes at | east
t hree percent al um num by wei ght.

16. The method of claim 15, wherein there is no delay between successive

weld passes.

17. The method of claim 15, wherein the nickel based material includes at

least six percent titanium by weight.

18. The method of claim 15, wherein the nickel based material includes at

least three percent aluminum by weight.

19. The method of claim 15, wherein the nickel based material includes

approximately fifty percent nickel by weight.

20.  The method of claim 15, wherein the airfoil is located on a rotating

component.

21.  The method of claim 20, wherein the rotating component is a

compressor rotor.

22. The method of claim 15, wherein the airfoil is located on a static

component.

23.  The method of claim 22, wherein the static component is a compressor

stator.

24, The method of claim 135, further including electronically controlling

the welding device with a multiple axis positioning system.

10



19. The nmethod of claim 15, wherein the nickel based material includes
approximately fifty percent nickel by weight. 20. The nethod of claim 15,
wherein the airfoil is |located on a rotating conponent. 21. The method of
claim 20, wherein the rotating conmponent is a conpressor rotor. 22. The
met hod of cl ai m 125. whélheimethdteofalaifhdis) furtberlindediegihand cansolding the conponent .
23. The me{ hod, of claim 22, wherein the static conponent is a conpressor
stator. YE9UBHEVISEt hod of claim 15, further including el ectronically
controlling the welding device with a nmultiple axis positioning system 10

25. The net hod of aim,15 urther. includi ng .hand control .. t wel di ng
device. 26. The rreﬁﬁodng}c @Ttg?({r?f? ,lmflgr{‘lﬁtg?’ ‘ﬁﬂﬁ‘%ﬂ%l”ﬁ’é‘ %%*Bﬂ%b“g?%ﬁi X
bl ock fopesmsinkeat sink. 27. The nmethod of claim 26, further including

positioning the chill block approximtely .200 inches fromthe weld
surface. 28. The nethod of claim15, further including cooling the weld

material. 29. Thex7et hpt @éth6d 8f dRihD6, fudhbhgeluding bediiGnd eRlchiiraki ng the
weld nmaterial. 30. The nethod of claim 15, further including machining the

wel d mat epireimately g0QjEshescliory thecveld eufaceon. 11

28. The method of claim 15, further including cooling the weld material.

29. The method of claim 15, further including heat treating the weld

material.

30. The method of claim 15, further including machining the weld material

1o a desired specification.

11



