SUPERALLOY REPAI R USI NG COLD SPRAY BACKGROUND OF THE I NVENTION (1) Field of
the I nvention [0001] The present invention relates to a nethod for repair
conponents, such as turbine engine parts, forned from superalloy materials.
(2) Prior Art [0002] Superalloy structures have been repaired using fusion

wel di ng such as gas tURYSERRIAS REPMVEsTNEE bs® Aprahi S type of repair

techni que often causes problens such as unwanted distortion. Typically, the
conponents to be repaired have been machined to their final dinensions. As

a result, any distortion tole e n if the distortionis
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provi de aupetabioyonatepdaisng conponents formed froma superall oy
naterialt%L0004 The foregoing object is attained by the nethod of the

present i ehtt .ATEOOS] In accordance with the present invention, a nethod
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conprises the steps of providing a conponent
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onto a Sg§£gcgfOLeégfrcgggﬁREQ&e often causes problems such as
unwanted distortion. Typically, the components to be repaired
have been machined to their final dimensions. As a result, any
distortion cannot be tolerated. Even if the distortion is
acceptable, many superalloys, most notably Waspaloy, and
powder metals, such as IN100, are prone to strain age cracking
during stress relief due to the presence of high tensile
residual stresses resulting from the welding process. In fact,

IN100 is considered to be unweldable by fusion welding

methods. No effective repair method exists for this alloy.

SUMMARY OF THE INVENTION
[0003] Accordingly, it is an object of the present invention
to provide a method for repairing components formed from a
superalloy material.
{0004] The foregoing object is attained by the method of the
present invention.
[0005] In accordance with the present invention, a method for
repairing components formed from a superalloy material broadly
comprises the steps of providing a component formed from a
superalloy material having a defect to be repaired and
depositing a repair material onto a surface of the component

with a non-oxidizing carrier gas so that the repair material



with a non-oxidizing carrier gas so that the repair material 1 plastically
deforns without nelting and bonds to the surface upon inpact with the
surface and thereby covers the defect. [0006] Other details of the
superal l oy repair using cold spray, as well as other objects and advant ages
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as col d gagiceynagecesohaNt8g ("cold spray”) has been devel oped. This
techni que i s advantageous in that it provides sufficient energy to

accelerate particles to high enough velocities such that, upon inpact, the
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particles fromtheir solid state. The cold spray process has been found to
be nost tRef uFCTROREReCti Nng repairs

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[6008] The present invention relates to the repair of
components or parts formed from superalloy materials. As used
herein, the term “superalloy materials” refers to a wide range
of materials including, but not limited to, nickel-based
alloys and cobalt-based alloys. The components or parts to be
repaired may include, but are not limited to, turbine engine
components.

[0008] In the past few years, a technique known as cold gas
dynamic spraying (“cold spray”} has been developed. This
technique is advantageous in that it provides sufficient
energy to accelerate particles to high enocugh velocities such
that, upon impact, the particles plastically deform and bond
to the surface of the component on which they are being
deposited so as to build a relatively dense coating or
structural deposit. Cold spray does not metallurgically
transform the particles from their solid state. The cold spray
process has been found to be most useful in effecting repairs
of components formed from superalloy materials. For example,
cold spray is effective in building up parts that have lost
material due to corrogion, erosion due to hot gas, rubbing

against mating components, or impact with small particulate



of conponents fornmed fromsuperalloy materials. For exanple, <cold spray is
effective in building up parts that have lost material due to corrosion,
erosion due to hot gas, rubbing against mating conponents, or inmpact with
smal | particulate 2 matter, and general wear. Further, certain types of
cracks are repairable using cold spray. (0010] Prior to depositing any
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the part or conponent repaire part or comnpon nt y be held
st ati onamsyitabile Mayhh&qm&tkmﬁwn in the art such as air blasting or

solvent (e.g. acetone) cleaning. The part may then be placed
in an appropriate fixture (if required), and the material
deposited. In some instances, it may be desirable to hold the
part stationary and manipulate the spray nozzle. In others,
the spray nozzle may be stationary and the part manipulated
either by hand or robot. In some situations, both the part and
the nozzle may be manipulated.

[0011] Referring now to the Figure, there is shown a system
for effecting repairs on superalloy components or parts. The
system includes a spray gun 22 having a converging/diverging
nozzle 20 through which the repair material is sprayed onto a
surface 24 of the part or component 10 to be repaired. The
part or component may be held stationary or it may be rotated
by any suitable means (not shown) known in the art.

[0012] In the method of the present invention, the repair
material feedstock is a powdered metal material. The powdered
metal material may be of the same composition as the part or
componernit is made from or it may be a compatible composition.
For example, the powder metal material may be a powdered
nickel base superalloy, such as IN 718, IN 625, IN 100,
WASPALOY, IN 939, or GATORIZED WASPALOY. The powdered metal

material particles that are used to form the deposit of repair
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to supersonic velocities using compressed gas, such as helium,
nitrogen, other inert gases, and mixtures thereof. Helium is
a preferred gas because it produces the highest velocity due
to its low molecular weight.

{0014] The bonding mechanism employed by the method of the
present invention for transforming the powdered repair
material into a deposit is strictly solid state, meaning that
the particles plastically deform but do not melt. Any oxide
layer that is formed on the particles, or is present on the
component surface, is broken up and fresh metal-to-metal
contact is made at wvery high pressures.

[0015] The powdered metal repair material used to form the
deposit may be fed to the spray gun 22 using any suitable
means known in the art, such as modified thermal spray
feeders. One custom designed feeder that may be used is
manufactured by Powder Feed Dynamics of Cleveland, Ohio. This
feeder has an auger type feed mechanism. Fluidized bed feeders
and barrel roll feeders with an angular slit may also be used.
[0016] In the process of the present invention, the feeders
may be pressurized with a gas selected from the group
consisting of helium, nitrogen, other inert gases, and

mixtures thereof. Feeder pressures are generally 15 psi above

icles



| ayer that is formed on the particles, or is present on the conponent
surface, is broken up and fresh netal-to-netal contact is nade at very high
pressures. [00151 The powdered netal repair material used to formthe
deposit may be fed to the spray gun 22 using any suitable nmeans known in

the art:cfuchass gudiSbeHehRCEIBLSAPERY wheercpsentPaEusLam.gasignedyf ceder

that nmay be used manu actured by Powder nam cs of O eve

Chi 0. Thtke raegerOﬁaéram a0gepstiype Seedpﬁechaﬁpsndlﬁgupdlzbd bed feeders

and barrel &oll feeders mﬁEh an angu ar . g ng¥ al so_be used. [00161 In

the procBS¥IGFethe RrateRe FRuaht FERPOPH l?Bed § ™RAA) BB%pFEssurized with a

gas sel epiedetsplVvt heageQUBo €RAEI ghkNgefbehgtiivar Akkr @8eAheOt-Bafel BErt

gases, and m xtures thereof. Feeder pressures are generally 15 Eﬁ above 4
e

the mai nfgas 690h@@ﬂrgeésgahégnh@hFCHOpiagguﬁegraeé GabaPnheis - range of
fro"‘200d8§£r§§é599epaélndgggn Ipan FQ@E ggﬁﬁégﬂ % Qgg Eﬁ%hah

conmposi t1on Fal n gas fera enperayures are
in the range dégrééenFﬁBﬁedhgﬁeeseEahdengebh theldB0ecdegiebgibahrenheit. |f

desired, the main gas be heated as high as approxi mately K 1250 degrees
FahrenheﬁFPBEbEﬁaln5h8n9gﬁemﬁﬁt Fiﬁ?aﬁgﬁng H@ﬁBsEFeE?OThgaéégiﬁhy be heat ed

to keep ?Boiiﬁ?ééﬁ&'9£¥ez9ﬁg|bﬂgeaﬁg EREQEHQQ?QQEethE BXRBAES cRasb2EE

t hroat of nozz . The nét effect is a surface tenperature on the part
bei ng r@pai Thd nétabblectlssdegeerfaFehtemheratduei ng dbpopattobeingny

U2 € IR0 O 8 hoTBK ot Bl 9BRulBTI TS,

the partahf beiogblepacafd RBHGnt AANthe art may be used to heat the
gas.
[0017] To deposit the repair material, the nozzle 20 may pass
over the surface 24 of the part 10 being repaired more than
once. The number of passes required is a function of the
thickness of the repair material to be applied. The method of
the present invention is capable of forming a deposit having
any desired thickness. When building a deposit layer of repair
material, it is desirable to limit the thickness per pass in
order to aveid a quick build up of residual stresses and
unwanted debonding between deposit layers.
[0018] The main gas that is used to deposit the particles of
the repair material onto the surface 24 may be passed through
the nozzle 20 via inlet 30 and/or inlet 32 at a flow rate of
from 0.001 SCFM to 50 SCFM, preferably in the range of from 15
SCFM to 35 SCFM. The foregoing flow rates are preferred if
helium is used as the main gas. If nitrogen is used by itself
or in combination with helium as the main gas, the nitrogen
gas may be passed through the nozzle 20 at a flow rate of from
0.001 SCFM to 30 SCFM, preferably from 4 to 30 SCFM.
Alternatively, the nozzle 20 may have a single inlet which is

connected to a valve for switching between two gases.



once. The nunber of passes required is a function of the thickness of the
repair material to be applied. The nethod of the present invention is
capable of formng a deposit having any desired thickness. Wen building a
deposit layer of repair nmaterial, it is desirable to limt the thickness
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grams/min, preferably from 15 grams/min to 50 grams/min.
[0021] The powdered repair material is fed to the spray gun 22
using a non-oxidizing carrier gas. The carrier gas may be
introduced via inlet 30 and/or inlet 32 at a flow rate of from
0.001 SCFM to 50 SCFM, preferably from 8 SCFM to 15 SCFM. The
foregoing flow rate ig useful if helium is used as the carrier
gas. If nitrogen by itself or mixed with helium is used as the
carrier gas, a flow rate of from 0.001 SCFM to 30 SCFM,
preferably from 4 to 10 SCFM, may be used.
[0022] The spray nozzle 20 is preferably held at a distance
from the surface 24. This distance is known as the spray
distance. Preferably, the spray distance is in the range of
from 10 mm. to 50 mm.
[0023] The velocity of the powdered repair material particles
leaving the spray nozzle 20 may be in the range of from 825
m/g to 1400 m/s. preferably from 850 m/s to 1200 m/s.
[0024] The deposit thickness per pass may be in the range of
from 0.001 inches to 0.030 inches.
[0025] After deposition, a subsequent finishing operation may
be required to bring the repair back to required dimensions.

In most instances, a heat treatment may alsc be required. In



line 34 at arate in the range of from 10 grans/mn to 100 grans/ m n,
preferably from 15 grans/mn to 50 granms/ mn. [00211 The powdered repair
material is fed to the spray gun 22 wusing a non-oxidizing carrier gas. The
carrier gas may be introduced via inlet 30 and/or inlet 32 at a flow rate
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during dgp9s$it{Ofo deposit materials that cannot be sprayed
conventionally due to the formation of brittle intermetallics
or a propensity to crack upon cooling or during subsequent
heat treatments.
[0027] Cold spray, because it is a solid state process, does
not heat up the part appreciably. While the carrier gas is
heated, the particles remain in the gas for a relatively short
time and so do not reach the carrier gas temperature. Also,
as the gas expands through the diverging section of the
nozzle, it cools down. As a result, the part is not heated
appreciably and any resulting thermal distortion is minimized.
Cold spray induces compressive surface residual stresses, so
the driving force for strain age cracking is eliminated.
Eliminating the potential for strain age cracking leads to
more robugst repairs.
[0028] While the present invention has been described in the
context of using a cold spray process, other processes can be
used to effect the repairs. These processes provide sufficient
energy to accelerate particles to a high enough velocity such
that, upon impact, they plastically deform and bond to the
surface and build a relatively dense coating or structural
deposit. These processes also do not metallurgically transform

the particles from their solid state. These processes include,



is also controlled since the particles are contained within the

accel erating, non-oxidizing gas stream Cold spray also retains the
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spraying, and high velocity inpact fusion. [00291 The repair process of the
present invention may be used to repair a wide variety of conponents and
parts such as any superall oy turbine conponent and a corrosion-resistant
punp, fabricated froma nickel based superalloy. 8 WHAT IS CLAIMED IS: 1. A
met hod fﬁﬁA?eEEiELﬂgMEB”PQUe”tS formed froma superalloy material conprises
the steps of: "providing a conponent formed froma superalloy materi al
having a defect to be repaired; and depositing a repair material onto a
surface of sai onent using a non-oxidizing carrier gas so thit sai d
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surface pReArhHAPacbmptrtBesatdesyebpgecand thereby covers said defect. 2. A
met hod according to claim1l, wherein said depositing step conprises

depositing a superall oy material onto said surface. 3. A nethod according to

claim1l1, wherein Ld C ng rovi ding p.c [l royiding.a
conponent for§£8V$$6%9a8n§§§§8Pe8§5gOEﬁSQr5 %@yaagggﬁk§§ZP% sgkg&ag%ositing
step conprifgsadapostcti 8g Beniepalirbaseasdperal loy repair material. 4. A
met hod according to claim1l, wherein said depositing step conprises
providing said repair material in particle form having a particle size in

the range of {LomaL5: Mg Qn 93 POmaLGE QRS gc LAt sakd particles
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powder toocmpspeny nsimfeaahoa-bgédirahg ohrtiem gBsgsamthaitnsatid 100

grans/mn_at .a pressure in the r e,of. from?200 psi to_.500 i . usi.ng a
darrier Babaid BeERRLAT Rl ARESgRONS  caherEs HochobE meleing’ahd ponad
to said surface upon impact with said surface and thereby

covers said defect.

2. A method according to claim 1, wherein said depositing step

comprises depositing a superalloy material onto said surface.

3. A method according to claim 1, wherein said component
providing step comprises providing a component formed from a
nickel base superalloy and wherein said depositing step

comprises depositing a nickel base superalloy repair material.

4, A method according to claim 1, wherein said depositing step
comprises providing said repair material in particle form
having a particle size in the range of from 5 microns to 50
microns and accelerating said particles to a speed in the
range of from 825 m/s to 1400 m/s, and feeding said metal
powder to a gpray nozzle at a feed rate of from 10 grams/min
to 100 grams/min at a pressure in the range of from 200 psi to
500 psi using a carrier gas selected from the group consisting

of helium, nitrogen, an inert gas and mixtures thereof.



of helium nitrogen, an inert gas and m xtures thereof. 9 S. The net hod
according to claim4, wherein said feeding step conprises feeding said
netal powder to said spray nozzle at a feed rate from 15 grans/mn to 50
grans/mn. 6. The method according to claim4, wherein said carrier gas
conprises heliumand said feeding step conprises feeding said heliumto

sai d nozgl erhé Rethéw sater@infres 81004 SCRVhéELeDR s&CAMEeddinhfesfrphod
according to claim®6, wherein said feeding step conprises feeding said

hel i um t e°BBF §SpBzEPRIdRIaspidwiphee BPWARF olP8SEdA18PEEFMIOgZ1Fhatndt hod
according.tg glaimdon, gggkgmé?hﬁncééfk@ragéﬁs/ﬁQHPriSes nitrogen and said

feedi ng step conpri ses Ing sald nifrogen to said nozzle at a flow rate
of fromO0.001 SCFM to 30 SCFM 9. The nethod according to claim8, wherein

sai d feeding ste C riseg.feeding.said nitrogen to sgid nozzle at a flow
Pate | of ot LR ATEENGE SEERF A0S TReChBLHOA s AT RGSF Sac PAFALAT WRB oi n
sai d depgsinbi-N8es ShEP: Ml HhEr s§9APELE@SnPasELPIcSRbY i BBEAkBAWHEr sRaRL I Cl es
t hrough said nozzle using a main gas selected fromthe group consisting of
helium hetivgere adtddnhrertesatharébowarabenafnfrgasot 8ApePEFMr &0 A0t he
range of Eﬁﬁﬁ]GOO degrees Fahrenheit to 1200 degrees Fahrenheit and at a
spr ay prgssufe in the range of from 200 psi to 500 psi. 11. The net hod
according to claim 10, wherein said passing step conprises passing said
nmet al powder particles through said _nozzle at a main gas tenperature in the
me O accordling O claim , wherein sal eedlng step
comprises feeding said helium to said nozzle at a flow rate of

from 8 to 15 SCFM.

8. The method according to claim 4, wherein said carrier gas
comprises nitrogen and said feeding step comprises feeding
said nitrogen to said nozzle at a flow rate of from 0.001 SCFM

to 30 SCFM.

9. The method according to claim 8, wherein said feeding step
comprises feeding said nitrogen to said nozzle at a flow rate

of from 4 to 10 SCFM.

10. The method according to claim 4, wherein said depositing
step further comprises passing said metal powder particles
through said nozzle using a main gas selected from the group
consisting of helium, nitrogen, and mixtures thereof at a main
gas temperature in the range of from 600 degrees Fahrenheit to
1200 degrees Fahrenheit and at a spray pressure in the range

of from 200 psi to 500 psi.
11. The method according to claim 10, wherein said passing

step comprises passing said metal powder particles through

gsaid nozzle at a main gas temperature in the range of 700

10



degrees Fahrenheit to 1000 degrees Fahrenheit at a spray pressure in the
range of from 200 psi to 400 psi. 12. The nethod according to claim 10,
wherein said nain gas tenperature is in the range of from 725 degrees
Fahrenheit to 900 degrees Fahrenheit at a spray pressure in the range of
from 275 psi to 375 psi. 13. The nethod according to claim 10, wherein said

mal n 935de§9€§é'§§ﬁ Qﬁhé?g‘éedléﬁbddﬁa§ééggpéhﬁe HARPr L$es Eg%gxrg sai d
hel iumto 3ai nozzFe at arate in the range of ?ron10.001 CFMto 50 SCFM
14. The pethedreactor dhagraogel afntt8m @hérpsm sai dORebsam feeding step
conprises feeding said heliumat a rate of from 15 to 35 SCFM 15. The
nmet hod according to claim 10, wherein said main gas conprises nitrogen and

sai d passingrabepeERBAr heesrhigadi Be c3akfl MblrQHeRetia Salid RAZal gagt a rate
in the range of from 0.001 SCFMto 30 SCFM 16. The nethod according to

cl ai m 15tenRerarursaid Ant FBgerangeedfn§romef2Eorperses Fedaengedsi §o
nitrogenghg géhgeggzﬁ%ﬁréhge§Fr§Eea'nggg g%QQSuQE Ehoghé.EgngeS M 17. The
Img to ¢ , _turther “conpr

nmet hod accor aim sIrng maintaini ng sai d nozzle at
a di st an€eofr ons1Pstmt 0356 pmifrom said surface. 11

13. The method according to claim 10, wherein said main gas
comprises helium and said passing step comprises feeding said
helium to said nozzle at a rate in the range of from 0.001

SCFM to 50 SCFM.

14. The method according to claim 13, wherein said helium
feeding step comprises feeding said helium at a rate of from

15 to 35 SCFM.

15. The method according to claim 10, wherein said main gas
comprises nitrogen and said passing step comprises feeding
gaid nitrogen to said nozzle at a rate in the range of from

0.001 SCFM to 30 SCFM.

16. The method according to claim 15, wherein said nitrogen
feeding step comprises feeding said nitrogen to said nozzle at

a rate in the range of from 4 to 8 SCFM.
17. The method according to claim 4, further comprising

maintaining said nozzle at a distance from 10 mm to 50 mm from

said surface.
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