SYSTEM-METHOD, AND APPARATUS FOR REPAIR OF COMPONENTS Cross Reference The
present application claims the benefit of United States Patent Application No. 601934,257, filed June
12, 2007, which is incorporated herein by reference. Technical Field The technical field relates
generally to repair of titanium parts and more particularly, but not exclusively, repair of titanium parts of
a gas turbine &Y B%éRground  The repair of titanium parts throu§fr14<8F E&pEERion, such as
metal powder deposition, is known in the art. However, present repair processes suffer from several
drawbacks. Currently available processes do not develop a repair with appropriate micro-structure
such that the repaired part area maintains the tensile strength and fatigue characteristics of an
originally mangfeSyEmm ¥ THOWO AgNh A BBUGEAT IS RDRRESHKIR DPGOMBONENTScesses develop
micro-porosity in the repaired area, fail to develop sufficient micro-fusion with the substrate of the main
part, and introduce thermal peaks and graéfiesssRafgrenrearby part during repair that diminish the part

life of the repairedi¢rppangitdpine fre RO dRe SeDaled Bexfiawhasks in currently available
repair systems are _particularlé acute ir}aoarts thai@etlre not amenable to convenjent inspection, that

operate nedrRRERIYaNEY {oAb=0ST 1HBS e, 2T o DG 15 RPRRAEEIA S8 BN ure if the part

fails unexpeetediyicéccordingly, there is a demand for further improvements in this area of technology.

Technical Field

The technical field refates generally to repair of titanium parts and more

particularly, but not exclusively, repair of titanium paris of a gas turbine engine.

Background

The repair of titanium parts through laser deposition, such as metal
powder deposition, is known in the art. Howaver, present repair processes suffer
from several drawbacks. Currently available processes do not develop a repair
with appropriate micro-structure such that the repaired part area mainiains the
tensile strength and fatigue characteristics of an originally manufactured part.
Among the issues vyith current repair processes, the processes develop micro-
porosity in the repaired area, fail {o develop sufficient micro-fusion with the
substrate of the maﬁn pari, and introduce thermal peaks and gradients in the
nearby parfduring repalr that diminish the paﬁ life of the repaired component in
the area surrounding the repair. The drawbacks in currently available repair
systems are particularly acute in parts that are not amenable to convenient
inspection, that operate near the expected working load of the part, and/or that
may cause mission failure if the part fails unexpectedly. Accordingly, there is a

demand for further improvements in this area of technology.



Summary One embodiment is a unique laser metal deposition process. Other embodiments
include unigue methods, systems, and apparatus to repair titanium and titanium alloy components.
Further embodiments, forms, objects, featureSuswargages, aspects, and benefits shall become
apparent from the following description and.drawings. According to ope aspect k}(ﬁr is provided a
method, comprilélﬁﬁa :eglr\%l(\)/?ig’l%%%%oarﬁ%% ueen%aisr?(l:lﬁndfi?;l% %?Peo%}%t?%ﬁlrﬁ%ﬁ %ﬁ? %ﬁgr%%% 5'8%%Ssproviding a
laser depiositida deidae;shiktdingsisersmpaheppimensirearioxygencoatehtitemainsbelow a first
threshold and that a watey vapor, cantent remains below a second threshold in a target area of the
compone(r:ﬂfné)r"?(rj‘e(}i'%sp')\cl)\ésayi'f%lé3 1a%1“§%%ﬁ?§{le?ia onthe %ber\%%oneea%?,r ?ﬁhé‘re‘iﬁ“?ﬁéeé’eﬁ%%‘?%ﬁg ?f%mprises
operatinghthefite phsitioerdevieppaleng feotoahp &tk omchydig cai pluna knd efrt@ahpasses, wherein the tool
path further comprises. a deposition device velocity specification, and a laser power specification.
According to ano fer %gﬁe%ﬁ ?nggs%e%tl’o%\ﬁggd% g}){?s‘%fena go%ﬁ%g%g?%m omrfg11|c1>1 hent inclu ing titanium,
wherein themgemponeciiagaonenonthcimingegitmmiasaiopefabpalinen depositiprsdievice including
alaser, 3 Mt ROWHALISCRIdRNIas: DRI A QL ROIRR AR URAIRIA SUsted (g gontrol @
position 0 the teposi I0R device: shie Ing means that ensures an oxygen content remains below a
first thresthoddhaht] shatthatvateravaporcontentent mairsibdiolva seconudihestiold im s téaxget area of the
component; angd a controller, comprising:. & tool path, module,strugtured to interpr ition device
tool path,a‘\l/v e(?gfr%hcé’ 1838%% |b%n§e(\%g§s tlgglgp% ?ﬁl%lﬁn&ggn?lpigﬁlrgﬁ%y 8%%8?%%és‘iﬁs3§§g§%smon
device velepityitspe cificgtities anpbrtage tipovesrsgpacificatien ploieokpasitigainoddledstgictured to
control the, position ACILALOS. 10 respongedo t{‘a%ldﬁgﬁﬁ' '%%%‘é’ﬁé%%’é@%”&ﬁ&% epQIon
condition& module Structufad 1o contror a powder delivery rate and a laser power value in response to
the depositioritieseei foatipathrahd lasdepositiopaelicd position. According to a further aspect,
there is provided, an apparatus, gomprising.;a laser deppsition evicg inclﬁlgw &3 = etal
delivery device,qéﬁ(&ﬂé&pﬁﬁrgli%l}% B%é)sl .8#’&??68%8%‘"%%’%%%?& S% I(r:lf)n?rxtl)'lpa 50§t§)n %%t?’ne %erosition
device; shielditiggniaansithaybosinabancoxygenicbatentremaifsalugvragivst thlestroletahd that a
water vap%r‘é:c%gt rg:t (r)(g.'rgglriln%et%;a;I%wi 2 gﬁgndathreg,rhoa{d iré%lt rg@hgre&ﬁgép}g gomponent; gyvherein the
shielding PRESRS IndildeS s Séafed enclosutes }ﬁfed witﬁ1a irst inert gas, an‘oxygen scavenging means
that remoplesatiaice fopygentfracmthe sealstuentivsareirahd agakodelifehy drranititvatdgrovides a
stream of.g,seeond, et gaes A0dke gonuoler. comprieingiia sl patthmAdlauatra g interpret a
deposition device {%oafnpa , Wherein the déposition device tool path includes a plurality of tool passes,
a depositieatcevdpervelveity specifichtiong andcandsbrasboldrispeifishtioss af thel positogniiodule
structured tq contral the paosition actuators in resp )\ (fq asition device togl path: and a
depositio%n(:goﬁdﬁ?g%rg %&ﬁ%’ %{rlﬁalcﬁr%'reéd ﬁ%oé:ér%?lolgéb%ﬁoﬁdgeg% eﬁ%ery rate g%‘d a Iaselg pov’\(/)er value in
responsedevihe tepgsitiorvdevide thel gertbsiive aledpoditidniadvidecholsiienplurality of tool

passes, a deposition device velocity specification, and a laser powder specification; a fool
position module structured to control the position actuators in response to the deposition
device tool path; and a deposition conditions module structured to control a powder
delivery rate and a laser power value in response to the deposition device tool path and a

deposition device position.



According to yet another aspect, there is provided an apparatus, comprising: a laser deposition device
including a laser, a metal delivery device, and a plurality of position actuators structured to control a
position of the depesitai: de\idaithed Axlepatisierspaseiiriconlipgcantyobsmaeansngtradiseed to control

a cooling rate of a deposited metal such that the deposited metal does not fram micro-porosity and
0o ot AL GPefT GRS i et TR R 156 LR GRS T BRE Aol means
includes a@ghigdgingriveaes thatensirepasitny gé thechdpnditemans deelaviealfirgttizeshiid and that a
water vapor content remains below a secqnd thre oldhi{n target.area of the component; and a
controller ToHBHEG: BT BAH rHABEHE SR Pt to RESH S A S A IRE BT Sk, wherein
the depostianigecetocl patbrdcluestddlitralityspfdoakpassesha deppstian, deligeinelneity

ification,.and a | ification: a tool ition module structured t trol th iti
etuators T LB AREAT (h B0 A RS 230 Bethl e & HapDtioFeEofeitidhe Mothe structured

to controlsasventes detiverythateramdeeiagsarpanesanlfienn thepeatel tedtiewenosiipn dayice tool
path and r“gilégleagosition dg\lr/;ce posijtion. Brief Déescri‘%ti%n of the Drawings Fig. 1 is a schematic
illustratiof OF & Sy XSS AP IARE faRTM S0mPERERL Fig2 oA At TS o h BT fifshielding
device. Fig.t28 ipadn sHustiaticnofiacsie contiahieldindgexicrnFivaE iwainplistratioriaf adhird

hieldi ice. Fig, 3.i tic block di of a controller. Fig. 4 is an illustration of
componeATARARLINA 14E0r B P VAR OIS i Al A0SepedHoer Ao S orming

area. velocity specification, and a laser power specification; a tool position module structured
to control the position actuators in response to the deposition device tool path; and a
deposition conditions module structured to control a powder delivery rate and a laser
power value in response to the deposition device tool path and a deposition device
position.

According to yet another aspect, there is provided an apparatus, comprising: a
laser deposition device including a laser, a metal delivery device, and a plurality of
position actuators structured to control a position of the deposition device; and a
deposition material cooling control means structured to control a cooling rate of a
deposited metal such that the deposited metal does not from micro-porosity and does not
form a grain boundary alpha phase, wherein the deposition material cooling -control
means includes a shielding means that ensures an oxygen content remains below a first
threshold and that a water vapor content remains below a second threshold in a target
arca of the component; and a controller comprising; a tool path module structured to
interpret a deposition device tool path, wherein the deposition device tool path includes a
plurality of tool passes, a deposition device velocity specification, and a laser power
specification: a tool position module structured to control the position actuators in
response to the deposition device tool path; and a deposition conditions module
structured to control a powder delivery rate and a laser power value in response to the

deposition device tool path and a deposition device position.

Za



Fig. 5 is a schematic flow chart diagram illustrating a procedure for repairing a titanium component.
Fig. 6 is a schematic flow chart diagram illustrating operations of a controller. Detailed Description
For purposes of promoting an understanding of the principles of the invention, reference will now be
made to the embodiments illustrated in the drawings and specific language will be used to describe the
same. It will n&EIHEIREE e understood that no limitation of the scope of {he"HUEMIE s thereby -
intended, such alterations and further modifications in the illustrated device, and such further
applications of the principles of the invention as illustrated therein being contemplated as would
normally occur to one skilled in the art to which the invention relates. Fig. 1 is a schematic
illustration of a system 100 for repaigtiBagsnmRnpTeatS-dkngestem 100 includes a component
102 having titanium. The component 102 may be made out of titanium, a titanium alloy, a cermet
including titanium Fag. Gtises srhterakc itlatiaiptieissystaroiee repairipiei@wdmponent 102 is a
bladed disk ("blisk™) such as used in a turbine engine. In certain embodiments, the component 102
includes a K8 EBATHINg region 104. The non-conforming region 104 may be a damaged region, a
mis-manufactured.regiagn, a region with a changed spgecification relative to the original manufacture of
a5 AR YR A T e o

the component 1 29ara/33 ‘d?r At Flotsy e maRtifactured wherein one step of the

manufacture of thgi_ %@%ﬂﬁiéggﬂﬁzﬁxlﬁﬁgrs%@é gﬁg%gg)gm'ment. Any non-conforming region

104 requiring materfal addition for any purpose is also contémplated herein.
Fig. 2C is an illustration of a third shielding device.

Fig. 3 is a schematic biock diagram of a controller.

Fig. 4 is an illustration of a componeant {Hickness and |aser power value
associated with an axial position of a non-conforming area.

Fig. 5 is a schematic flow chart diagram ilustraling a procedure for
repairing a titanium component.

Fig. 6 is & schematic flow chart diagram illustrating operations of a

conirofier.



The system 100 further includes a laser deposition device 106. Refer to the U.S. Patent Application
entitled "System and method for component material addition,"” filed on June 9, 2008 and incorporated
by reference herein, for an example of a deposition device usable in certain embodiments of the
present application. In certain embodiments, the device 106 includes a laser 108, a metal powder
delivery devic& ?f@?ggﬁﬁ’ﬁosition actuators 112 that control the position BFFI%S&”&%%R% device 106.
The position of the deposition device 106 includes an absolute position and/or a position of the
deposition device 106 relative to the component 102. For example, the position actuators 112 control
the position of the deposition device 106 by moving the deposition device 106, by moving the
component 102, and/or by moving another DbteileDesbewidthat controls the position of the
deposition device 106 and/or the component 102. The laser deposition device 106 may utilize
metal powder, mefztipivasesatiisoomtingdrorundegetandiombiite tiaeplapohém 102 as a feed
material for deposition. The laser 108 includes any laser with a sufficient power and irradiance to
perform a mBYANYBIdEERps MY McRRmRdRitR iR FARkadbReRte Boshaeindss: and a
neodymium-‘rg@%d é/tatri%m alurﬁgipium garnetnlgseur?g\(lj d&)\}f@Ggﬁ n ?ﬁ:rtain em omq.lipw_ents, the laser 108 is

an Nd:YAG Taaer 6 & fibeF Tacer 82%‘6 &h }"ﬁ’wprggnate Ser opﬁc Cabie a5 the gain media for the laser

108. In certain, 8RR N XA RIRFBI IMRANSSSIARAADWIL @daMosabis, ight wavelength for

melting titanium (and/or alloys) powder, reducing the complexity and improving the energy efficiency of

the system 0=y tedisiadpbadimenisoRalasanRd maliibatbsolidibiatgasasdn certain
embodiments, the metal powder delivery device 110 accepts metal powder from a powder storage
114, whichdadgbaensaihddiherappitaioneptie pliscipieserfdirefimtbatiendsodiments, the inert
carrier gas 116 is helium. In certain embodiments, the system 100 includes a shielding device that

ensures an BYSERITLHIRER ReingisOTHedRIAsH IS MREAaERItIescE iR RIS Bt Ehtent remains

below a sefﬁnd mresholgig atar#%t are %f the component 102. The target area includes at least the
non-confor ﬁtj’*re&gﬂnf Ay Y AT P bodiments the target area includes the entire component

102. The shielding:%g\{ig@aigcﬁgﬁg_jﬁcqm}ggg%ﬁrg;sa ig@@ﬁg@@ﬂg}erg&qﬁn%qﬂ\égmn(;ievice 118 that

delivers gas from an inert gas source 120 to the non-conforming region 104 at a rate sufficient to meet

the oxygen gsmfriveains Watesyaiger romiaputhreshaldpohbatingst gasrepiEssubZ0TRAY be argon,
helium, an argon-free gas source, a shared gas source with the inert carrier gas 116, or any other inert

gas source suimphismsEhtisly feornad o ehtdanwate tlapon diceranermbodiomkngs, the
component 102 may further be sealed, enclosed, and/or partially sealed or enclosed in a container.
titanium, or other materials including fitanium. In one example, the component
102 is a bladed disk ("blisk"} such as used in a turbine engine. In certain
embodiments, the component 102 includes a non-conforming region 104, The
non-conforming region 104 may be a damaged region, a mis-manufactured
region, a region with a changed specification refative to the original manufacture
of the component 102, and/or a region that has not vet been manufactured
~ wherein one step of the manufaciure of the cornpdnent 102 is a laser metal
deposition treatment. Any non-conforming region 104 requiring material addition
for any purpose is also contemplated herein.

The system 100 further includes a laser deposition device 106, Refer to

the U.8. Patent Application entitled “System and method for component material



In certain embodiments, the first threshold or maximum oxygen content in the target area is about 10
part-per-million (ppm) of oxygen. In certain further embodiments, the first threshold is about 5 ppm
oxygen. The allowable oxygen amount depends upon the required component strength and ductility
after repair, the formulation of the component material (e.g. certain titanium alloys are more sensitive
to oxygen tha?ﬁ’vgtﬁ“@?él)ff“ﬁ“?s a mechanical step for one of skill in the art, GG F@(}fﬁgfeatures of a
specffic embodiment and the disclosure herein, to determine a first threshold - for example one of skill
in the art may utilize 25 ppm oxygen in the target area, and reduce the first threshold if the process
yields a repair with insufficient ductility. The use of 10 ppm, or alternatively 5 ppm, provides adequate
results for aawitfdoranfiiedbtitiumers, &)s antlicompeateot P 2Epplicatensin, for imcertain
embodiments, the second threshold may be defined as a dew point temperature, for example a dew
point tempePAaingofal55 deprsdian dgiisernasbiegfee teial emepdmenty eS HistdE $88xygen fraction and

water vapor content depend upon the material formulation of the component 102 and the powder 114

or other deFBREHH ARkt SR iy AL RIS e 45188 R BF i 2Rt deosition operation. In
a component, for examp Igﬁ?&%yw&t@g% liny a&%‘}%‘?&ﬁ %&%9%&09{? majt%%%i% pnstalled in a
S e i

. i { . :
location that IS not amena convenient’inspection, where the component will operate near the

expected WoHdRgH QR dBEEHHR YAt P8s MR JERRIE &1 fiRd Wspabiih cRmBenest 102 may cause

mission failure if the component 102 fails unexpectedly, the component 102 may require high purity
and a micrarsfiuisrenvabisoeny iddttinriciodiaragibsiing gbme gepaitissiarvivaditigerefore the first
threshold and second threshold may be set very low. In certain embodiments, the system 100
further inclugésieg torihgingreaieatItZihBenexabpistihetonsicn aisteipsstiid heprbiohforming region

104 before and/or during a r%%ir Qgeration. For example, the imaging device 122 may be structured to
view the noﬁ‘-%@ﬁﬁﬂ?ﬁﬂﬁg fa REPIEHaR ARIGRE ESonEMRe BsseR R RBYFEEdR focusing optics

(not shown ofthe+ ser 108. certain embodiments, the system 100 includes, a processing
Subsysten TRV ade e oerl s B L AT A B R oAy i bosing, and

inputioutpu interiades. THaREeBIRICELAAHEINBERLIUARS MAEHIRS SNpiHES tfperform operations

for repairing a component 102. The controller 124 may be a single device or a plurality of distributed
devices, and mayThelusie dgsiesritiabicanymusieaie oMicmaiNeskdialalistal wiFgless communication,
and the like. In certain embodiments, the controller 124 communicates with various sensors and
actuators immhbakyisbem, 200/t wiegrarmetaivatinfeecemporand 103ead teedmaiekalToe
communications of the controller 124 may be direct signals such as electronic, pneumatic, or hydraulic

signals, or (HPesIRHuMBaLBFR 1 elderrvame Brerataing pafsinataever and

irradiance to perform a metal powder deposition, including without limitation a
COg-based laser and & neodymium-~doped yiirium aluminium gamet laser
{(Nd:YAG). In certain embodiments, the laser 108 is an Nd:YAG laser or‘a fiber
laser using an impregnated fiber optic cable as the gain media for the laser 108.
in certain embodiments, a Nd:YAG laser produces a beam with a favorable light
wavelength for melting titanium (and/or alloys) powder, reducing the compiexity -
and improving the energy eifﬁciency of the system 100. In certain embodiments,
the laser 104 may be a solid state iaser. In certain embaodiments, the metai

powder delivery device 110 accepis metal powder from a powder storage 114,



In certain embodiments, the component 102 is repaired by the laser deposition device 106, and the
repaired component has a performance index value greater than 70% of a new component
performance index value. The performance index value comprises at least one of a tensile strength
value and a fatigue performance value. In certain further embodiments, the repaired component has a
performance in’eg?%%’"areater than 90% of a new component perform%ﬂ?@%ﬂ%&“@%e. However,
other performance index values are contemplated herein. In certain embodiments, the controller
124 includes a tool path module, a tool position module, a deposition conditions module, a
temperature determination module, and/or a temperature control module. The use of modules
emphasizesihristrsst beabmdapanteacdrettberdspgatsidicthin centuoll@rtia4, and illustrates one
grouping of operations and responsibilities of the controller 124 Other groupings that execute similar
overall operatitrosisrenimdbesnrstionttisn sre $36e dlthe.present application. Fig. 2 is an
illustration of a first shielding device 202. The first shielding device includes a partial enclosure 204
and a flow of inert'§£&588. SARCHFRARAER SYREPDAN fifdulena sbiridirgdsieadngion of the
component 102 and gombinr?govxtg}ngpé%;é%?st ong ofat !restinergsg‘%%%% Qﬁ%}/i&ges an oxygen content
below the fir%?%?%séﬁolaxgﬁ a watér vapor Content below Wﬁe Second (%hreshova Fig. 2B is an

lustration of.3,5eE0nd S HEKNG Se)ice 208-dieirRanBr shisldipgidauice ipsudes a sealed enclosure

210 and a flow of inert gas 212. The sealed enclosure 210 reduces mass transfer in the region of the

component d&iRMdnequmines withesuificiantilawsoiitha et gas-2daipnomdasgioroxygen content
below the first threshold and a water vapor content below the second threshold. The use of a sealed

enclosure 2104nmandrisdiertzih embooiimeotdribet igage? a2 reigoingds dhmamiizgredmporegen and water
vapor content requirements. In one embodiment, the shielding device 208 is a sealed enclosure
210 filled wifl9% fir8eiRkiE'gaE IRV IERy HeFESENERRIUDER s fEBBRIE ALY (not shown)

that t from the sealed enclosure 210 inert gas delivery device 118 that
provides & SR bl CBL AR AL S5 8P LR e AUl I ESTL S0y lowy lal

ambient ai jpip e neas e AAIIR WYHEL BRAUSHOS BRIREIAY G, QdeRdfom the enclosure 210
and periodically regenerate (e.g. heating to release adsorbed oxygen) and vent trapped oxygen away
from the englaadre RMdhholds. The inert gas source 120 may be argon, hefium, an argon-

free gas source, a shared gas source with the inert carrier gas 118, or any gther

inert gas source which is essentially free of oxygen and water vapor. In certain

embodiments, the component 102 may further be sealed, enclosed, and/or

partially sealed or enciosed in a container.

In certain embodiments, the first threshold or maximum oxygen content in

the target area is about 10 part-per-million {ppm)} of cxygen. In certain further

embodiments, the first threshold is about 5 ppm oxygen. The allowable oxygen

amount depends upon the required component strength and ductility after repair,

the formutation of the component material {e.g. certain titanium alloys are more

sensitive {o oxygen thaﬁ others). It is & mechanical step for one of skill in the art,

considering the features of a specific embodiment and the disciosure herein, to

determine a first threshold — for example one of skill in the art may utilize 25 ppm



In certain embodiments, the first inert gas includes argon and/or helium, and the second inert gas
includes helium. In certain embodiments, the second inert gas may be argon and/or helium. The
selection of each inert gas may depend upon cost and other commercial considerations, and further
may depend upon the heat transfer characteristics of each inert gas, and especially the heat transfer
characteristics ‘&t & 5¥86hd inert gas 212 that blows directly on the con?ﬁgfgésﬁ?ﬁg ﬂ?@gﬁleposition area.
Fig. 2C is an illustration of a third shielding device 214. The third shielding device includes a localized
bagging device 216. The localized bagging device 216 reduces mass transfer in the region of the
component 102 and, combined with sufficient flow of the inert gas 218 provides an oxygen content
below the fiestytrashold tardet waterarapericontiet firstdivrdsbade dahd thoesheldeiiher use of a localized
bagging device 216 may reduce the amount of inert gas 218 required to maintain the oxygen and
water vaporreoritemithdaeif@airmiductiityiglieiyse sdhidhane Blogiediagien PRBontroller 124. The
controller 124 includes a tool path module 302 structured to interpret a deposition device tool path 304.

The tool paff HHGGEIERB AREFHEF IR ANEIRIGRS BRI B -E S8 IRPAEHINthe tool path

304 from comrq.%n{%ations on a datalink, by looking up the tool path 304 from a memory location,

and/or by cgloc%faﬁngntsl’ie tool path 304 based on sensed, stored, or communicated parameters. The

deposition device fpebpalh a0fdBrhias HaldRBNPiHeehBRERRY BRGTaPasHeRWevice velocity

specification 308, a laser power specification 310, and/or a specified delay time 312 between each of

the pluralitypefito@irapsraerdOfor exartipRestaswepohndinprisitie sepositipnganiesitgol path 304
includes at least four tool passes 306 for each deposition layer applied in repairing the component
102. In certéue tiztheeeDelodis)efise darels tudséoutiventooipalss 398 ovadapsp@previousto01 pass by
at least 30%. The use of multiple tool passes 306 in each deposition layer, combined with other
features of Be0igapearRIf opsTativh Al fRE RN, Yohe BRMPRISMHERE tBesired

micro-structure in the non-conforming region 104 at the completion of the deposition. In certain
embodimerREMR! rLish 08 ARRPALIS0TBIT AL AL B B RN AP S BEAFS Beifications of the

base compqnely 103 AR densils. SR nalh Ap eRSamell fRIASIICAMEnts, the

component IS tes position at a'stress’load gre Y of a maximum

expected stERHRIRAS WHIreKATHISGHARCATIRANBRLADAIS iR dslvdafienihinerRagine, the turbine
engine may be operated at a condition that exceeds a stress load of 70% of a maiimum expected

stress load amdhetiitk coviviahisnttiysoatimgindewitheeamppenatitip palhopeastsigeticantly exceeds
70% of the rated turbine engine power.

the expected working foad of the component 102, and/or where a failure of the

component 102 rﬁay cause mission failure if the component 102 fails

unexpecte&ly, the component 102 may require high purity anﬁ a mi=c'ro~structure

with very little micro-porosity and good micro-fusion, and therefore the first

threshold and second threshold may be set very low.

in certain embodiments, the system 100 further includes an imaging
device 122 that may be struciured to observe the non-conforming region 104
before and/or during a repair operalion. For example, the imaging device 122

may be structured to view the non-conforming region 104 through the front of the

device 102 and/or through focusing optics (not shown) of the laser 108.



In certain further embodiments, a performance index is determined for the component 102 and/or for a
deposit coupon of the component 102. The deposit coupon may be material created during the
deposition operation and under the same conditions as the deposition operation, where the deposit
coupon may be tested for a performance index after the repair. The use of a deposit coupon allows a
performance A BP the repaired component 102 without subjeptingPﬁTéU% 6)8?1‘@% 102 to wear
or damage from the test, and allows more complete testing including destructive testing of the deposit
coupon. In certain embodiments, the performance index is a description representative of the
component 102 tensile strength, fatigue capability, or similar characterization of the component 102 as
specified for the applisadipretibodiieeniemhedinentis (0indrigsmninedseeinpstbeyseformance index
for the component 102 exceeds a performance threshold, where the performance threshold is a
threshold gibatténdbdas7azeoialine hdonipercantpéefot Baincs: ltoxervnexpiegsesitiie performance
index may be an exhibited tensile strength of the repaired component, and the performance threshold

may be a vaRbIBPHstBYHIRGHASRE stBRGRIBRICHAM YHARTIAEHTEY BeRIBhent. Depending upon

the applicati nz_égﬁegtfrfor ance thre§hold maén%fe{iﬂreater than al%qll&%%c% of a pgﬁv component
. , the ice

performance’] O R RPE RS AR BEpodhion devics velo&if e tiication 308, the

laser powen,specificationsiide aRditacoResiiis elaydinme.Rh2aiRconlgu iRg,SHeRgaat the deposited

metal material cools at a cooling rate between a’low cooling rate 314 and a high cooling rate 315. The

cooling ratesefitie denasiiathomriaiabaadathemmreasaIndanlbsa puriiesniodtiengases surrounding
the deposition operation determine the final micro-structure of the repaired component. In certain

embodimerits; the. deveddamemtivbdniteotpdhesiyrénadéorithé devaloprdat efith gesivuboundary alpha
phase indicate a cooling rate that is too high and/or the presence of impurities. Impurities can be

detected diﬁ&ﬁﬁ?@rﬁi‘éﬁ%@ﬁﬁ’b@%ﬁﬂﬁ%@%oﬁﬁﬁs@ @%_i@ﬁm?ﬂ?@tfﬁ}dr&r_\qval. The
A o S B e R e ety tme
signals such as electronic, pneumatic, or hydraulic signals, or the »
communications may be software or datalink parameters.
In certain embodiments, the component 102 is repaired by the laser
deposition device 106, and the repaired component has a performance index
value greater than 70% of a new component performance index value. The
performance index value comprises at least one of a tensile strength value and a
fatigue performance value. In certain further embodiments, the repaired
componeni has a performance index value greater than 80% of a new
component performance index value. However, other performance index values
are confemplated herein.
In certain embodiments, the controller 124 includes a ool path module, a
ool position module, a deposition conditions module, a temperature
determination module, and/or a temperature controf module. The use of modules

emphasizes the structural independence of the aspects of the controller 124, and



The cooling rate during the deposition depends upon the deposition deviee velocity, the laser power
utilized, the delay time between tool passes 306, the ability of the component material to absorb the
laser 104 utilized (e.qg. titanium absorbs Nd:YAG energy in greater percentages than a CO2 based
laser), and the‘vigizcﬂkgless%4%f the material (thicker material heats up more Is;lg%&ggdﬁﬁcg%s down more
slowly). The COMFOl OF the laser power utilized can be either by a direct lasér pow%r ¢8hmand (e.q.
175 Watts) and/or a by utilizing a pulse-width modulated (PWM) laser. For example, where a laser has
a 350 Watt base power and 175 Watts are needed, a PWM duty cycle of 50% provides a net power of
175 Watts continuous. In certain embodiments, and especially in embodiments with critical
componentdliastditesviter gnouningabpopryaiidtiscaod rgsoneaibildesofiipoeeniroties thdosition device 102
does not include a copper chill, It is a mechanical step for one of skill in the art to control the available
parameters FiNRGAevRnsH e pxpsHBsioig Piserlliceriatiren areiingsiedsianHie component
thickness is enerqfl not a cogtrolkabl?dparameter because the component 102 design is typically, but
not necessaﬁ%@f,’%ﬁe B0 gﬁﬁécaépg‘sition device tool path 304 is determined. Similarly, the type
of laser.and compagentnaisfialyandrioreeipiedheansiayen sasiMiciRnins Lleally specified before

the deposition device tool path 304 is determined. The laser power specification 310 can be

calculated igg@akinRdanch grataashaivdne:Guar atiansrbasetiest kysexesniiae pal@apsited material
representative temperature 318 provided by a temperature sensor 126 (refer to Fig. 1). The deposition

device tool patio804 layrbdursis aieites thefoke opibmtEgierbeliine nuroperdtdthast at least partially
in a leach-and-learn” operation where an operator controls the deposition device 102 through the

spatial patho@Msanstiviie geffirg'diaye stis BiserarsdRAMRY RS hBIRaM SN RR0rds the spatial

t d f djusted based Iculated d duri
Geposiion ASAIERr BreSg arAe OR8N e BEATN A AROUBLETIB postion mocule
320 that controls {h &:ﬁslg% ?Iﬁfé'f?é‘?{&]&fﬁ%%%jg?&ﬁ&@ng]ﬁe@%%%%@%%%?' path 304. In

certain embodimen?s', e tool position mo interprets a current deposition device position 328

and provideshRAsHIPRARHARIRRID B 38HR33Acibbarsonall 3 AdiLsthrsdgdddesa deposition

conditions module 322 that controls a powder delivery rate 324 and a laser power value 326 in
response tortieesde jpostimioderac b obquadbs304sarichtiséad épthsitrepide wiCip ositipnr3as. For
example, the deposition device tool path 304 may specify a variable laser power value along a length
of the tool pHEsesB oM HiREthY HepaFitendiMaRichs invagrRs 212 provides acsperified laser power
value at each position 328 according to the o{lj:gosition device tool path 304. In cer%%in further

embodimerfi@ ¥ RRIFSSHIEA R HEESBLATLR Ma AP BB YREL HREWiLE 58P fong a length of the
tool pass 3%@5%}9? “rﬁ@%&aeSSf HAEGEY %H&D%%?@%%%y reduce the amount of inert

gas 212 required to maintain the oxygen and water vapor content requirements.
in one embodiment, the shielding device 208 is a sealed enclosure 210
filled with a first inert gas, an oxygen scavenger such as a zeolite oxygen
adsorber (not shown) that removes trace oxygen from the sealed enclosure 210,
and an inert gas detivery device 118 that provides a stream of a second inert gas
212 ?or exampie, the sealed enclosure 210 may slowly leak ambient air inio the
enclosure, and the oxygen scavenger may remove oxygen from the enclosure
210 and periodically regenerate (e.g. heating to release adsorbed oxygen) and

vent frapped oxygen away from the enclosure 210.



deposition device velocity specification 308 may vary from one tool pass 306 to a later tool pass 306.
As described, the laser power value 326 depends upon many factors and tradeoffs, but generally a
laser power value 326 greater than 50 Watts will provide sufficient power for deposition as described.
In certain emb&%i%ﬁg){%}t e laser 104 ha_ls_ a power output betvv_een abo%%ﬂ%@@?& about 2_,000
Watts, although higher values may be utilized in certain embodiments. In certain further embodiments
a laser power value 326 is below about 500 Watts. In certain embodiments, the controller 124
includes a temperature determination module 332 that interprets the deposited material representative
temperature 318. The temperature determination module 332 interprets the deposited material
representative tempégitaie gngasimeatintpa Valuesiaasindudes ampryndadheluivalue from a
memory location, by interpreting an electronic signal such as a voltage, and/or by calculating the

deposited nRREE RS U@ TdRAITERIE TS (RIRAHG BHEPPAraRTteRESERMe in the system
100. The depasited material representative t erature 318 may be any temperature in the
system 100 'Fnedel‘c%?lsvén of R%a{r O%é:na%)rrer}]o%t %“5‘3&%2&% %ﬁqgt(é?r% gmc Saailﬂ%samrﬁ It pool temperature

and/or tempgialae Qi e SR BRM 1AM s alinaid AR (hRmakRenias) wiiihe deposited

material. The deposited material representative temperature 318 may generally be correlated to the
cooling ratefdhend epesitesinateriatadieriskamplesarighe hae adne Bipewmaivaigenesally provides a
higher cooling rate, and the cooling rate of the deposited material may be directly tracked in a
feedback mhansieuttiziagtenstitsprsihedsarateditiod gresghiiné binwpaticaotly 8181 he temperature
and/or cooling rate of the deposited material may be correlated to the deposited material
representattRMBRIESt AL IBPBYUCRLATON, a lookup table based on several sample data points, or

through similar mg;hogalilglder.ﬁto d%n thef arf.. hIirilaigerta' furtt& rergggo%@igks the controller 124
t

includes a tempera{%‘re ¢SO0 modd ’e°§§4a{ha¥rijn erpré?g 5&%3\'/%8 coo‘ﬁhg r a{%ig 'g%igh cooling

rate 315, angl e gl RRSUPRARALI0ATRUAIIDRDORDR RIS 17 dfsponse to the

deposited material representative temperature 318 and the low cooling r 4 and a high cooling

rate 315. Faexamples thadoalpenition moekdr 3 20tmaydstiadasitonagivatapgemmands 330 to
decrease the velocity of the deposition device 102 in response to the deposited material representative

temperaturev8h & ufidicat figwhatt tteei der gsited!! hptovidbe colingygate dsatppt daliving¢Hfeshigh cooling rate
315. In certain further embodiments, the deposition conditions module 322 contrals the powder

delivery raté"ssshaldRoF e SRV IRATSOTRNELHIVY AR 8BePRe iy thloib pbRRdE S Ritarial
representatjve temperature 3 8,an%ﬁ e low cooling, rate 314 and a high ¢oqling rate 315. For
example, AP RBAUBRARURR P50 S99 Aoy BN se Ao %34 andlor
reduce the |asernower ?!Q}BgrﬁgﬁdiQ&rﬁépwﬁ&@ommgﬁ%)ﬁénﬁt the deposited material cooling rate
is approaching t’f]e high cooling rate 315. Fig. 4'is an 1llustration 400 of a component thickness 406
and laser power vgiyle334 @ asresiatRILWIER aR@sal srastinirdild aba norscesRingzarea 104,

includes a tool path module 302 structured fo interpret 2 deposition device tool

path 304. The toal bath module 302 may interpret the deposition device tool path

304 by reading the tool path 304 from communications on a datalink, by looking

up the tool path 304 from a i’nemory location, andfor by calculating the tool path

304 based on sensed, stored, or communicated parameters. The deposifion

device tool path 304 includes a plurality of tool passes 308, a deposition device

velocity specification 308, a laser power specification 310, and/or a specified

delay time 312 between each of the plurality of tool passes 306.
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The deposition device tool path 304 may provide a laser power value specification 310 which, in one
example, is provided as a laser power value 326 as a function of an axial position 410 through the
non-conforming area 104. The non-conforming area 104 includes a first axial end 402 and a second
axial end 404, with values for the laser power value 326 specified throughout. The laser power value
specification ?'}XB %?1038{/1%34% nominal specification, adjusted by the tempe e LG 06 feedback,
for example. The thickness curve 406 is shown for illustration of how the material thickness of the
component 102 may vary through the non-conforming region. Further, the thickness curve 406 may
vary with each subsequent deposition layer (not shown) as the contours of the built-up component 102
change. Fig. Sliscasahandtieifoanth dhediagoaiion uetvatengal padicSddrad0defortrepairing a
titanium component 102. The procedure 500 includes an operation 502 to provide a titanium and/or
titanium alldgpastive tepagse proteipieasdasanpitipmarricraiedieraRai g Phévide laser deposition
device 102. The procedure 500 further includes an operation 506 to provide a shield'rﬁgpmeans. The

procedure SEITRRIR iHidudBLaraih &6 h HRRCH RS s/ 2L HeRAPEEESH B85 honent by
operating a laser deposition device lo t ath, 304, In certain i s, the procedure
500 include$ ah ¢ pserarflrgr"l"glﬁ) %ﬁ e%egrgm%gq ge ggft%éf%ar?c%et Fesho c}m é%go%%?g%r%%lz to determine a

performance dade%-2RdaneRerAige S LAiR ARARAIEIRE REHRIRABE Mindsxdaihie Performance

threshold. Fig. 6 is a schematic flow chart diagram illustrating an operating process 600 of a
controller 124efiiem aessatEhadimesanapetation ity twidtsipsdtmicdepaaitansdevice tool path
304 and an operation 604 to interpret a low cooling rate 314 and a high cooling rate 315. The process
600 further thelndesenfapergtiedie0d &4 iatéiprearapirijsoshtinerdeenaltiepréreataive temperature 318.
The process 600 further includes an operation 608 to control position actuators 112, to control a

powder deliF&RAdkesm e PERTAEEAROIME R PUNER G0 € WBSKRESSIhSe to the deposition

device tool path.304, the.low coolipg rate 314 and a hi ooling rate, 315, and the melting pool
tomperat.rSBEA SPRGICHMER 5 VR4S o PRraRG W PR deisoa et of
embodimenfs,gegRrding to the presentinvention are contemplated. A method is disclosed

including operations for repairing a component. The method includes providing a component including

one of titanium ang @ertain embodiments, the component 102 is tested after the deposition
at a stress load greater than 70% of a maximum expected stress load. For
exampile, if the component 102 is a biisk for a turbine engine, the turbine engine
may be operated at a condition that exceeds a stress load of 70% c_:)f a maximum
expected stress load on the blisk — which in typical engines will 56 an operating
point that significantly exceeds 70% of the rated turbine engine power.

in certain further embodiments, a performance index is determined for the

component 102 and/or for a deposit coupon of the component 102. The deposit
coupon may be material created during the deposition operation and under the
same conaitions as the deposition operation, where the deposit coupon may be
tested for a performance index after the repair. The use of a deposit coupan

allows a performance estimate of the repaired component 102 without subjecting

il



titanium alloy, providing a laser deposition device, and a shielding the component to ensure an oxygen
content remains below a first threshold and that a water vapor content remains below a second
threshold in a target area of the component. The method further includes depositing a metal material
on the component, wherein the depositing includes operating the deposition device along a tool path
including a plWAIIH*81#6YF passes, wherein the tool path further compris@&H@@HE&REH device velocity
specification, a laser power specification, and may further include a specified delay time between each
of the plurality of tool passes. In certain embodiments, the method further includes testing the
component at a stress load greater than 70% of a maximum expected stress load. In certain

embodimentge thshEURBANENE ROWRISSSRMaseddlisind neeeriain sIbhedibritanibrlaser has a power
output between about 50 Watts and 2000,Watts, and in certain further embodiments includes a power

output beloveatiu rc0@iviiatiss thucientdiesénhodineaitsoshiatapenis a solid state laser, a fiber laser,
and/or an Nd:YAG laser. In certain embodiments, the tool path includes at least four tool passes

for each of at leastiofRitaEpRSHEAIRGEE (e HedrrBaTSIRFBRIS, B8RBCHPHRE plurality of tool passes
overlays a previous tool path by at least 30%._In certain emhodiments, the laser power specification
includes  VERATTETLRBR S CRROTR o 47dROREoT TR S S AR ALY pELSELH certain
embodimen 200sitl I fo]ey ficati cification. and a specified
ey ime O B e e R ot the dsosited meta

material coQg,ab@raenti% falehatwern atRmePHNSImARRERIEX $a0ldSHPenentIn certain

embodiments, the shielding means includes a helium gas stream, a localized bagging device, a partial
enclosure, ar excesdalegperfctosures thresttaid, erindvedimertsotine ficst tthesstadddsis not greater than
about 10 ppm, and in certain further embodiments not greater than about 5 ppm. In certain further
embodimentiashosbamadeifiash sRYind GoeanacoaiRpisint R EHBANSS DARX cdTPAin embodiments, the

shielding means includes an argon-free inert gas delivery means. .
example, the performance index may be an exhibited tensile strength of the

repaired component, and the performance threshold may be a value of 70% of
the tensile strength of a newly manufactured component. Depending upon the '
application, the pe;fermance threshold may be greater than about 90% of a new
component performance index.

In certain embodiments, the deposition device velocity specification 308,
thé laser power specification 310, -‘and the specified 'delay fime 312 are
configured such that the deposited metal material cools at a cooling rate between
a low cooling rate 314 and a high cooling rate 315. The cooling rate of the
deposited material and the presence or lack of impurities in the gases
surrounding the deposition operation determine the final micro-structure of the
repaired component. In certain embodiments, the development of micro-porosity
and/or the development of a grain boundary alpha phase indicate a cooling rate
that is too high and/or the bre’sence of impurities. Impurities can be de’récted

directly and can thereby be eliminated as a cause or mitigated by better removal.
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A system is disclosed including a component including titanium, where the component has a
non-conforming region. The system further includes a laser deposition device including a laser, a
metal powder delivery device, and a plurality of position actuators structured to control a position of the
deposition device. The system further includes a shielding means thatensures an oxygen content
remains belovb"é’ﬁfjg?/ﬂ??g%%old and that a water vapor content remains b&io\W &¥E@6/#threshold in a
target area of the component. In certain embodiments, the system includes a controller having
modules configured to functionally execute operations to repair the component. In certain
embodiments, the controller includes a tool path module structured to interpret a depOsition device
tool path, witeeedbsiide pasitian de\daptnet patbriaalde e Risenliyvairteptriasatsy 3 teposition device
velocity specification, a laser power specification, and a specified delay time between each of the
plurality of ttet peesifisdidateythinefGitBethenisodiitiontge e osinnilifcrnieciinision 368!, position module
structured to control the position actuators in response to the deposition device tool path, and a
deposition cHIHRIIRS RAYERRE WRYEREHTPbntrol a powder delivery rate and a laser power value in

response to the deposition device toal path and the, deposition device position.,. In certain
e n%%r??é\%%% g'e@er%e heltite gh goose Sl In certain further

embod!ments of the gy%?glriﬁ},_gtﬁ%ed posttior _
embodiments, ihe 365 1aHBYR AW URSRCINE BR3P AR WaLS Al 2000 Waits, and in
certain embodiments the laser has a power output below about 500 Watts. In certain embodiments,

the laser is selishigiaietsesndibefoptitlaset apshas i Mdaf Al latrsed (e.gin certain

embodiments, the controller further includes a temperature determination module structured to
interpret a dépuisitedbaatipsididdfrésentagy &rtgmperaparecariabademperdiirebesatiol module structured
to interpret a low cooling rate and a high cooling rate, and the tool position module is further structured
to control tH@$5o5if0H KRiRRReFsresEsnaaierglidinishesretianBralssprossa&lavd temperature and

the low cooling rate and a high cooling rate. In certain embodiments, the controller further includes a
temperatu r@ﬁ%t%?ﬂ%?n%‘%ﬂ W%HS ui E"%’fﬁ)c?ﬂ%?ocﬁﬂmé% fé? 338858%7’(88 Lfﬂ(?é@ﬁ5181%Bf"esentative

t ture, | t ing rate and a high
empera “%nﬁ@P‘gﬁﬂ%@P&Jﬁ%& RN ﬁ%%%égési{é ured Wa%i%%%ﬁ%oé"%gﬁ@ﬁg gle andanig

cooling rate, and tHe deposition conditions module is further str e powder delivery

rate and/or fgRARERMRINRLE (IMABAPRRER. I¢-dhedanesiieharale ialdapiesepsatigdemperature
and the low cooling rate and a high cooling rate. An apparatus is disclosed including a laser

deposition dexieeanctndimd) H hdéatiia anetadadatt rraPidiveny dycieaf &idapphuiadisyzohigtosition
actuators structured to-eontrol a position of the deposition device. The apparatus further includes
shielding meawsrtahi éadiASS SANSRYWGES-content remains below a first threshold and that a water

embocments, (o ABFAAR RTRGRICES 1 COTeREPTAUING S ARGHITSSF MOAGEER, fmctionaly
: y execute
a procedur%é%E%%iﬁtg SRHPQP»UEQJe material purity of the component 102 is important, the

deposition device 102 does not inciude a copper chill, Itis a mechanical step for

one of skill in fhe art to control the avaiiable parameters in light of the fixed

parameters and the disclosure herein. For example, the component thickness is

generally not a conirollable parameter because the component 102 design is

typically, but not necessarily, specified before the deposition device tool path 304

is determined. Similarly, the type of laser and com;aonent material, and therefore

the absorption coefficient, is typically specified before the deposition device tool

path 304 is determined.
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In certain embodiments, the controller includes a tool path module structured te interpret a deposition
device tool path, where the deposition device tool path includes a plurality of tool passes, a deposition
device velocity specification, a laser power specification, and a specified delay time between each of

the plurality ouoolgggz?\lss%{e}ss. In certain further embodiments, the controlleg)ti:nTcl%gges %IJ%OJ position
module structired (6 control the position actuators in response to the deposfiﬁon JEViEE tool path, and

a deposition conditions module structured to control a powder delivery rate and a laser power value in
response to the deposition device tool path and the deposition device position. In certain
embodiments, the shielding means includes a helium gas stream, a localized bagging device, a partial
enclosure, and a siwdasenplosarepkcieatnm Srfiboalinbents|ctiatstiiel diat imeamsidcludes an
argon-free inert gas delivery means. In certain embodiments, the deposition device velocity
specificatioéNg fisdy i eresplienrchasRr aRdiehexyerified denayintdeéai@len each of the plurality

of tool passes are conf}j??ured such that the dePosited metal material cools at a cqoling Fate between a

low cooling BRE SR MRS B! S PrAK %ﬁ*ﬁéﬁ%%’iﬂ%ﬁ@?ﬂf@rt&@?ﬂé?#fﬁﬁh(_ar includes at
least four togp gsﬁéo&?g%%ﬂi% ALGaston QEP%E'Q#%%? L1, %@EJ%@%%%@R%@mems’ each of

the plurality 5?to | passes overlays a previous tool path by at least the invention has
been descriggdinrapsediaamiliwbaldsRiesenly nansidasicdia-hathedpaskigractical and preferred

embodiment, it is to be understood that the invention is not to be limited to the disclosed
embodimeni(sgréuh apdnataordranyisishis chedtito caviyey dD ts sugd ffeaspaisabpgdie guivalent
arrangements included within the spirit and scope of the :

be followed during deposition operations while the controlier 124 records the

spatial parameters, and may further be adjusted based on calculated or

measured parameters during deposition operations.

The controller 124, in certain embodiments, includes a too! position
module 320 that conirols the position actuators 112 in response to the deposition
device tool path 304. in certain embodiments, the tool position module 320
interprets a current deposition device position 328 and provides position actuator
commands 330. The controlier 124 further inciudes a deposition condifions
module 322 that controls a powder delivery rate 324 and a laser power value 326
in response to the deposition device too! path 304 and the deposition device
position 328.

For example, the deposition device tool path 304 may specify a variable
laser power value along a iength of the tool passes 308, and the deposition
conditions module 322 provides ithe specified laser power value at each position
328 according to the deposition device tool path 304, In certain further

embodiments, the deposition device velocity specification 308 may likewise vary

along a fength of the tool pass 306. Further, the laser power vaiue 326 and the

14



appended claims, which scope is to be accorded the-broadest interpretation so as to encompass all
such modifications and equivalent structu es as permitted under the law. Furthermore it should be
understood that while the use of the word preferable, preferably, or preferred in the description above
indicates that feature so described may be more desirable, it nonetheless may not be necessary and
any embodiméht B8 {Re same may be contemplated as within the s¢SpE ot ention, that
scope being defined by the claims that follow. In reading the claims it is intended that when words
such as "a," "an," "at least one" and "at least a portion" are used, there is no intention to limit the claim
to only one item unless specifically stated to the contrary in the claim. Further, when the language "at
least a portidep@sitttnrdévigerieiotiy spediiibatiber8i8ayanciagaramantioivalbies 8BS eatire item unless
specifically stated to the contrary. Claims What is claimed is: 1. A method, compriting: providing

a componeriiRidrrlingssridds Masiensrimg dhrdaramnparess yow el terasgisdiswsition device;

marny factors and tradeoffs, but generaily a laser power vaiue 326 greater than
50 Watts will provide sufficient power for deposition as described. In certain
embodiments, the laser 104 has a power output between about 50 Walts and
about 2,000 Watts, although higher values may be utilized in certain
embodiments. In certain further embodiments a laser power value 326 is below
about 500 Waﬁs.

in cartain embodiments, the coﬁtmller 124 includes a temperaturs
determination mcdulé 332 that interprets the deposited material representative
temperature 318. The temperature determination module 332 inferprets the
deposited material representative temperature 318 by reading a value from a
sensor 126, by reading a value from a memory location, by interpreting an
electronic signal such as a voltage, and/or by calculating the deposited material
representative temperature 318 utilizing other parameters available in the system
100.

The deposited material representative temperature 318 may be any
terﬁparature in the system 100 indicative of the {emperature of the deposited
material, including a melt pocl temperature and/or temperature of the component
102 at a location iﬁ some thermal contact with the deposited material. The
deposited material representative temperature 318 may generally be correlated
to the cooling rate of the depositéd material — for exampie a higher peak

temperature generally provides a higher cooling rate, and the cooling rate of the
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shielding the component to.ensure an oxygen content remains below a first threshold and that a water
vapor content remains below a second threshold in a target area of the component; and

depositing a metal material on the component, wherein the depositing comprises operating the
deposition device along a tool path including a plurality of tool passes, wherein the tool path further
comprises a 0‘383&%8ﬁ4?1‘évice velocity specification, and a laser power gﬁ@&ﬁé@ﬁ@ﬂ?‘m 2. The
method of claim 1, wherein the tool path further comprises a specified delay time between each of the
plurality of tool passes. 3. The method of claim 1, wherein the component comprises a bladed
disk. 4. The method of claim 1, wherein the deposition device includes a laser having a power

output betwgerraiatihRVWatisaansk 2086 adtked in a feedback manner utilizing the
deposited material repreéentative temperature 318. The temperature and/or
cooling rate of the deposited material may be correlated to the deposited material
representative temperature 318 by a funclion, a lookup table based on severai
sample data points, or through similar methods understood in the art,
in certain further embodiments, the controller 124 includes a temperature
control module 334 that interprets a low cooling rate 314 and a high cooling rate
315, and the tool position module 320 controls the position actuators 112 in
response to the deposited material representative temperature 318 and the low
cooling rate 314 and a high cooling rate 315. For example, the tool position
" medule 320 may issue position actuator commands 33{} 1o decrease the velocity
of the deposition device 102 in response 1o the deposited material representative
termperature 318 indicating that the deposited material cooling rate is
approaching the high cooling rate 315. in certain further embodiments, the
deposition conditions module 322 controls the powder delivery rate 324 andfor
the laser power value 326 in response to the deposited material representative
temperature 318 and the low cooling rate 314 and a high cooling rate 315, For
exampie, the deposition conditions module 322 may increase the powder
delivery rate 324 and/or reduce the laser power value 326 in response to the
indicating that the deposited material cooling rate is approaching the high cooling
rate 315.
Fig. 4 is an illustration 400 of a2 component thickness 406 and laser power

value 310 associated with an axial position 410 of a non-conforming area 104.
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5=The method of claim 1, wherein the laser further includes a power output below about 500 Watts.
6. The method of claim 1, wherein the laser is a solid state laser. 7. The method of claim 1,
wherein the laser includes at least one of a fiber laser and an Nd:YAG laser. B. The method of
claim 1, wherein the tool path further comprises at least four tool passes for each of at least one
deposition lay&f® mwbr’.‘wl%e method of claim 1, wherein each of the plurdftly/S¥88PHAE es overlays a
previous tool path by at least 30%. 10. The method of claim 9, further comprising testing the
component at a stress load greater than 70% of a maximum expected stress load. 11. The
method of claim 1, further comprising determining a performance index at least one of the component

and a deposiheatspasitdizcompanh enthed Gl dedgronividg whealkesdhepaarmance index is greater
than a performance threshold, wherein the determining the performance index comprises
implementingpacisatioont faxbisdlostondroramilendileroiigegthtesbsatinohaiginie,dls test.

as a function of an axial position 410 through the non-conforming area 104. The
non-conforming area 104 inciudes z first axial end 402 and a second axial end
404, with values for the laser power value 328 specified throughout. The laser
power value specification 310 may be a nominal specification, adjustéd by the
temperature sensor 126 feedback, for example. The thickness curve 408 is
shown for illustration of how the material thickness of the component 102 may
vary through the non-conforming region. Further, the thickness curve 406 may
vary with each subsequent deposition layer (not shown) as the contours of the
built-up component 102 change. '

Fig. 5 is a schematic flow chart diagram illustrating 2 procedure 500 fo'r
repairing a titanium component 102. The procedure 500 includes an operation
502 to provide a tfitanium and/or titanium alloy component. The procedure 500
further includes an operation 1o provide laser deposition device 102. The
procedure 500 further includes an operation 506 to provide a shielding means.
The procedure 504 further includes an operation 508 to deposit a metal powder
on the component by operating a laser deposition device 102 along a tool path
304, in certain embodiments, the procedure 500 includes an operation 510 fo
determine a performance threshold, an operafion 512 to determine a
performance indek, and an operation 514 {o compare the performance index to

the performance threshold.
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1a The method of claim 11, wherein the performance threshold comprises a threshold greater than
about 70% of a new component performance index. 13. The method of claim 11, wherein the
performance threshold comprises a threshold greater than about 90% of a new component
performance in%%g, <t 14. The method of claim 1, wherein the first threshold is notf%reater than
about 10 ppm‘.}v 484 Re method of claim 1, wherein the first threshol%cm@a t than about 5
ppm. 16. The method of claim 1, wherein the second threshold is a dew point of about -55C.
17. The method of claim 2, wherein the deposition device velocity specification, a laser power
specification, and the specified delay time between each of the plurality of tool passes are configured
such that the depégitedlisnetalaatetiafioacthat disgeindimatabintweeopetating polragsate and a high
cooling rate. ’ ‘

600 of a controller 124. The process 800 includes an operation 602 to interpret a

deposition device tool path 304 and an operation 804 to interpret a low cooling

rate 314 and a high cooling rate 315. The process 600 further includes an

operation 606 to interpret a deposited material representative temperature 318,

The proéess 800 further includes an operation 608 to control position actuators

112, to control a powder delivary rate 324, and/or to control the laser power value

326 in response to the deposition device tool path 304, the low cooling rate 314

and a high cooling rate 315, and the melting pool temperature 318.

As is evident from the figures and text presented above, a variety of
embodiments according o the present invention are contemplated.
A method is disclosed including operations for repairing a component.

The method includes providing a component including one of fitanium and a

titanium a'EEoy, providing a laser deposition device, and a shielding the component

to ensure an oxygen content remains below a first threshoid and that a water

vapor content remains below a second threshold in a target area of the

component. The method further includes depositing a metal material on the

component, wherein the depositing includes operating the dep'osition device

along a tool path including a plurality of fool passes, wherein the tool path further

comprises a deposition device velocity specification, a laser power specification,

and may further include a specified delay time between each of the piurality of

tool passes. In certain embodiments, the method further includes testing the
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18. The method of claim 17, wherein the cooling rate comprises a cooling rate that prevents an
appearance of a grain boundary alpha phase. 19. The method of claim 1, wherein the laser power
specification comprises a duty cycle for a pulse-width modulated laser. 20. A system, comprising:
a component includin%%itanium, wherein the component has a nhonconformin reﬂgion; a laser metal

powder depos‘f‘[’f&ﬁegsé Ué‘%ncluding a laser, a metal powder delivery devicer %ﬁ?ﬁlity of position

actuators structured to control a position of the deposition device; shielding means that ensures
an oxygen content remains below a first threshold and that a water vapor content remains below a

second threshold in a target area of the component; and
component at a stress load greater than 70% of a maximum expected siress

joad.

in certain embodiments, the component comprises a bladed disk. In
certain embodiments, the laser has a power output between about 50 Watis and
2,000 Watts, and in certain further embodiments includés a power oufput below
about 500 Walts. In certain embodiments, the laser is a solid state laser, a fiber
laser, and/or an Nd:YAG laser.

in certain embodiments, the tool path includes at ieast four tool passes for
each of at least one deposition layer. In certain embodiments, each of the
plurality of ool passes overlays a previous tool path by at least 30%. In certain
embodiments, the laser power specification includes a variable laser power value
along a length of at least one of the fool passes. In certain embodimenté, the
deposition device velocity specification, a laser power specification, and a
specified delay time between each of the phjraiity of tool passes are configured
such that the deposited metal material cools at a cooling rate between a low
cooling rate and a high cooling rate..

in certain embodiments, the shielding means includes a helium gas
stream, a localized bagging device, a partial enclosure, and/or a sealed
enciosure. [n certain embodiments, the first threshold is not greater than about
10 ppm, and in certain further embodiments not greater than about 5 ppm. In
certain further embodiments, the second threshold inciudes a dew point of about
-55°C. In certain embodiments, the shieiding means includes an argon-free inert

gas delivery means.
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a controller, comprising: a tool path module structured to interpret a deposition device tool path,
wherein the deposition device tool path includes a plurality of tool passes, a deposition device velocity
specification, and a laser power specification; a tool position module structured to control the
position actuators in response to the deposition device tool path and a deposition conditions
module structmgﬁﬁt‘g’&%‘r&fﬁol a powder delivery rate and a laser power vaiG& i 1¥&38HER to the
deposition device tool path and a deposition device position. 21. The system of claim 20, wherein
the deposition device does not include a copper chill. 22. The system of claim 20, the laser having
a power output between about 50 Watts and 2,000 Watts .

A system is disclosed including a component including titanium, where the

component has a non-conforming region. The system further includes a laser
deposition device including a laser, a meial powder delivery device, and a
plurality of position actuators structured to confrol a position of the deposition
device. The system further includes a shielding means that ensures an oxygen
content remains below a first threshold and that a water vapor content remains
below a second threshold in a target area of the component. In certain
embodiments, the system includes a controlier having modules configured to
functionaily execute operations to repair the component.

In certain embodiments, the confroller includes 2 tooi path module
structured io interpret a depésiﬁon device tool path, where the deposition device
tool path includes a plurality of {ool passes, a deposition device velocity
specification, a laser power specification, and a specified delay time between
gach of the plurality of tool passes. in certain further embodiments, the controlier
includes a tool position module structured to control the position actuaters in
response o t.he deposition device tool path, and & deposition conditions module
structured to controi @ powder delivery rate and a laser power value in response
o the deposition device too! path and the deposition device position.

in certain emﬁodiments of the system, the deposition device does not
inciude a copper chill. In ceriain further embodiments, thel taser having a power
output between about 50 Watts and 2,000 Walls, and in cartain embodiments the
laser has a power output below about 500 Watts. In certain embodiments, the

laser is a solid state laser, a fiber optic laser, and/or an Nd:YAG laser,
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23. The system of claim 20, the laser having a power output below about 500 Watts. 24. The
system of claim 20, wherein the laser is a solid state laser. 25. The system of claim 20, wherein
the laser includes at least one of a fiber laser and an Nd:YAG laser. 26. The system of claim 20,
wherein the controller further includes a temperature determination module structured to interpret a
deposited mat‘é’ﬂél"?éﬂ?@é‘éntative temperature, and a temperature contrSHESHE A ¢ ured to
interpret a low cooling rate and a high cooling rate, and wherein the tool position module is further
structured to control the position actuators in response to the representative temperature and the low
cooling rate and the high cooling rate. :

In certain embodirnents, the controller further includes a temperature

determination module structured to interpret a deposited material representative
temperature and a temperature control module structured to interpret a low
cooling rate and a high cooling rate, and the tool position module is further
structured to control the position actuators in response to the deposited material
representative temperature and the low cooling rate and a high cooling rate. In
certain embodiments, the controller further includes a temperature determination
module structured to interpret a deposited material representative temperature,
and a temperature control module siructured to interpret a fow cooling rate and a
high cooling rate, and the deposition conditions module is further structured to
control the powder delivery rafe and/or the laser power vaiue in response to the
deposited material representative femperature and the iow cooling rate and a
high cooling rate.

An apparatus is disclosed including a laser deposition device ihciuding a

laser, a metal material delivery device, and a plurality of position actuators

sfructured to control a position of the deposition device. The apparatus further
includes shielding means that ensures an oxygen content remains below a first
threshoid and that a water vapdr content remains below a second threshold ina
target area of the component. in certain embodiments, the apparatus includes a
confrolier having a plurality of modules 1o functionally execute a procedure to
repair a component.

In certain embodiments, the controlier includes a tool path module

structured to interpret a deposition device ool path, where the deposition dsevice
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5 27. The system of claim 20, wherein the controller further includes a temperature determination
module structured to interpret a deposited material representative temperature, and a temperature
control module structured to interpret a specified temperature range, and wherein the deposition
conditions 10module is further structured to control the powder delivery rate in response to the
representative{BrifiEi&tli% and the low cooling rate and the high coolind fdt8320080G&5The system of
claim 20, wherein the controller further includes a temperature determination module structured to
interpret a deposited material 15representative temperature, and a temperature control module
structured to interpret a specified temperature range, and wherein the deposition conditions module is

further strugh#igshin ieenisebtheIastitpoNEsaIbe:E) ESPOnSBde dBeice velocity:
_speciﬁcation, a laser power specification, and a specified delay time between
each of the plurality of tool passes. In certain further embodiments, the controlier
includes a tool position module structured to control the position actuators in
response to the deposition device fool path, and a deposition conditions module
structured to control a powder delivery rate and a laser power vaiue in response
to the deposition device teol path and the deposition device position.

in certain embodiments, the shielding means includes a helium gas
stream, a localized bagging device, a partial enclosure, and a sealed enclosure,
in cerfain embodiments, the shielding means includes an argon-free inert gas
delivery means. in certain embodiments, the deposition device veloclity '
speciﬁcation, the laser power specification, and the specified delay time between
each of the plurality of tool passes are configured such that the deposited metal
material cools at g cooling rate between a low cooling rate and a high cooling
rate,

In certain embodiments, the tool path further includes at least four tool
passes for each of at ieast one deposition layer. In certain further embodiments,
each of the plurality of tool passes overlays a previous toal path by at least 30%.

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to
be understood that the invention is not to be limited to the disclosed
embodiment{s), but on the contrary, is intended tq cover variocus modifications

and equivalent arrangements included within the spirit and scope of the
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representative temperature and the low cooling rate and the high cooling rate. 2029. The system of
claim 20, wherein the tool path further comprises a specified delay time between each of the plurality
of tool passes. 30. The system claim 20, wherein the shielding means includes at least one
member selected from the group consisting of a helium gas stream, a 25localized bagging device, a
partial enclostif8 At ¥ %aled enclosure. 31. The system of claim DPETWHEA e shielding

means comprises an argon-free inert gas delivery means.

appended claims, which scope is to be accorded the broadest interpretation so
as to encompass all such modifications and equivalent structures as permitted
under the law. Furthermore it should be understood that while’th'e use of the
word preferable, preferably, or preferreq in the description above indicates that
featuré so described may be more desirable, it nonetheless may not be
necessary and any embodiment lacking the same may be contemplated as within
the scope of the invention, that scope being defined by the claims that follow. In
reading the claims it is infended that when words such as "a," "an,” "at least one"”
and "at least a portion” are used, there is no intention to limit the claim to only
one item unless specifically stated to the contréry in the claim. Further, when the
language "at least a portion" and/or "a portion” is used the item may include a

portion and/or the entire item unless specifically stated to the contrary.
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32. An apparatus, comprising: 5a laser deposition device including a laser, a metal delivery device,
and a plurality of position actuators structured to control a position of the deposition device;

shielding means that ensures an oxygen content remains below a first threshold and that a water
vapor_content‘g}%rggggﬁ Q&Igw a second threshol_d ina _10 target area of thﬁg%%@g%&?%?}é 3Wher_ein the
shielding means includes a sealed enclosures filled with a first inert gas, an oxygerq scavenging means
that removes trace oxygen from the sealed enclosure; and a gas delivery means that provides a
stream of a second inert gas; and a controller, comprising: a tool path module structured to interpret a
deposition device tool path, wherein the deposition device tool path includes a plurality of tool
15passes, a deposition device velocity specifi@t@imsand a laser power specification; a tool position
module structured to control the position actuators in response to the deposition

What is claimed is:

1. A method, comprising:

providing a component including one of titanium and a titanium alloy;

providing a laser deposition device;

shielding the component to ensure an oxygen conient remains below a
first threshold and that a water vapor content remains below a second threshold
in a target area of the component; and

depositing a metal matenal on the component, wherein the depesiting
comprisés operating the deposition device along a fool paﬂr} including a plurality
of lool passes, wherein the tool path further comprises a deposition device

vejocity specification, and a laser power specification.

2. The method of claim 1, wherein the tool path further comprises a

specified delay time between each of the plurality of fool passes.

3. The method of claim 1, wherein the component comprises a bladed

disk.

4. The method of claim 1, whergin the deposition device includes a laser

having a power ocutput between about 50 Watlts and 2,000 Watis
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device tool path; and a deposition conditions module structured to control a powder delivery rate and a
laser power value in response to the deposition device tool path and a deposition device position. 20
33. The apparatus of claim 32, wherein the tool path further comprises a specified delay time between
each of the plurality of tool passes. 34. The apparatus of claim 32, wherein the oxygen
scavenging mggrféy%i'&?ﬁ%‘gs a zeolite oxygen adsorber. 535. The appara?&s'r’glfsé‘fgiﬁ??? , wherein the
first inert gas comprises one of argon and helium, and wherein the second inert gas cos helium.

5. The method of claim 1, wherein the laser further includes a power

output below about 500 Watls,
6. The method of claim 1, wherein the laser is a solid state laser.

7. The method of claim 1, wherein the laser includes at least ons of a

fiber laser and an Nd:YAG laser,

8. The method of claim 1, wherein the too! path further comprises at least

four tool passes for each of at least one deposition layer.

9. The method of claim 1, wherein each of the piurality of tool passes

overlays a previous ool path by at least 30%.

10. The method of claim 8, further comprising testing the component at a

stress load greater than 70% of a maximum expected stress load.

11. The method of claim 1, further comprising determining a performance
index at least one of the component and a déposit coupon of the component, and
determining whethelr the performance index is greater than & performance
threshold, wherein the determining the performance index comprises
implementing at least one iest selected from a tensile strength test and a fatigue

cycie test.
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36. The apparatus of claim 33, wherein-the deposition device velocity specification, the laser power
specification, and the specified delay time between 10each of the plurality of tool passes are
configured such that the deposited metal material cools at a cooling rate between a low cooling rate

and a high coolingborﬁate. 37. The apparatus of claim 32, wherein the first threshold is not
greater 15than’ aboit I %pm. 38. The apparatus of claim 32, wherdif HESE¥8tFthreshold is a
dew point of about -55C. 39. The apparatus of claim 32, wherein the tool path further comprises

at least four tool passes for each of at least one deposition layer,

12. The method of claim 11, wherein the performance threshold
comprises a threshold greaier than about 70% of a new component performance

index.

13. The method of claim 11, wherein the performance threshold
comprises a threshold greater than about 80% of a new component performance

index.

14. The method of claim 1, wherein the first threshold is not greater than

about 10 ppm.

15. The method of claim 1, wherein the first threshold is not greater than

about 5 ppm.

16. The method of claim 1, wherein the second threshold is a dew point of

ahout -55°C.

17. The method of claim 2, wherein the deposition device velocity
specification, a laser power specification, and the specified delay time between
each of the piurality of tool passes are configured such that the deposited metal
materia? cools at a cooling rate between a low cooiingnrate and a high cooling

rate.
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40. The apparatus of claim 40, wherein each of the plurality of tool passes 5overlays a previous tool

path by at least 30%.

41. The apparatus of claim 32, further comprising a component repaired by

the laser deposition device, wherein the repaired component has a performance index value greater
than 70% of a new component performance 10index value, wherein the performance index value
comprises at IF&H8HEYHA tensile strength value and a fatigue performaffceWPAf§E007483 42 The
apparatus of claim 32, further comprising a component repaired by the laser deposition device,
wherein the repaired component has a 15 performance index value greater than 90% of a new
component performance index value, wherein the performance index value comprises at least one of a
tensile strength value and a fatigue performance value.

18. The method of claim 17, wherein the cooling rate comprises & cooling

rate that prevents an appearance of a grain boundary alpha phase.

18. The method of claim 1, wherein the laser power specification

comprises a duty cycle for a pulse-width moduiated laser.

20. A system, comprising:

a component inciuding titanium, wherein the component has a non-

conforming region;

a laser metal powder deposition device including a laser, a metal powder

delivery device, and a plurality of position actuators structured to control a

position of the deposition device;

shieiding means that ensures an oxygen conient remains below a first

threshold and that a water vapor confent remains below a second threshold in a

target area of the component; and

a controller, comprising:

' a tooi path moduie structured to interpret a deposition device tool path,

wherein the deposition device tool path includes a plurality of tool passes, a

deposition device velocity specification, and a laser power specification;

a too! position module structured to control the position actuators in

response to the deposition device ool path; and
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43. An apparatus, comprising: 20a laser deposition device including a laser, a metal delivery device,
and a plurality of position actuators structured to control a position of the deposition device; and a
deposition material cooling control means structured to control a cooling rate of a deposited metal
such that the deposited metal does not form micro- porosity and does not form a grain boundary alpha
phase, whereﬂ‘gfgﬂ%bﬁgﬁion material cooling control means includes a'SHidIEHY E&Rs that ensures
an oxygen 5content remains below a first threshold and that a water vapor content remains below a

a deposition conditions module structured to control a powder delivery rate.
and a laser power value in response to the deposition device iool path and a

deposition device position.

21. The system of claim 20, wherein the depésiﬁon device does not

include a copper chill.

22. The system of ciaim 20, the laser having a power ouiput between

about 50 Watts and 2,000 Watis .

23. The system of claim 20, the laser having a power output below about

500 Waits.
24. The system of claim 20, wherein the laser is a solid state laser.

25. The system of claim 20, wherein the laser inciudes at least one of a

fiber laser and an Nd:YAG faser.

26. The system of claim 20, wherein the controfler further includes a
temperature determination module structured to interpret a deposited material
representative temperature, and a temperature control module structured io

interpret a low cooling rate and a high codling rate, and wherein the tool position
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second threshold in a target area of the component: and a controller comprising; a tool path
module structured to interpret a deposition device tool path, wherein the deposition device tool path
includes a plurality of tool passes, a deposition device 10velocity specification, and a laser power
specification: a tool position module structured to control the position actuators in response to the
deposition device tool path; and a deposition conditions module structured to control a powder
delivery rate and a iaser power value in response to the deposition device tool path and a deposition
device 15pegiiiens furihddstiheragthoehat-claim deduaheceompsisingsshieidingitke component by

providing the component in a sealed enclosure, and scavenging oxygen from the sealed enclosure
with a zeolitesxygenadsatesi 2@ and the low cooling rate and the high cooling rate.
5
27. '?he sysiem of claim 20, whersin the controller further includes a
temperature determination module structured o interpret a deposited material
rapresentative temperaturs, and a temperature control module struchured fo
interpret a specified temperature range, and wherein the deposition conditions

10 module is further structured {o control the powder delivery rate in response fo the

representative temperature and the low cooling rate and the high cooling rate.

28. The system of o%aém 20, wherein the controller further includes a
tamperature determination module structured to inferpret a deposited maiterial

15  representative temperature, and a temperature conirol module structured fo
interpret a specified temperature range, and wherein the deposition conditions
maodule is further structured o confrol the laser power value in response to the

represantative temperature and the low cooling rate and the high cooling rate.

20 28. The system of claim 20, whersin the tool path further comprises a

specified delay time batween each of the plurality of fool passes.

30. The system claim 20, wherein the shielding means includes at
least one member selected from the group consisting of a helium gas stream, a

25  localized bagging device, & partial enclosure, and a sealed enclosure.
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31. The system of claim 20, wherein the shielding means comprises an

argon-free inert gas delivery means.

32. An apparaius, comprising:

a laser deposition device including a laser, a metal delivery device, and a
plurality of position actuators structured to control a position of the deposition
device,

shielding means that ensures an oxygen content remains below a first
threshoid and that a water vapor content remains below a second threshold in a
target area of the component; wherein the shielding means includes a sealed enclosures
filled with a first inert gas, an oxygen scavenging means that removes {race oxygen from
the sealed enclosure, and a2 gas delivery means that provides a stream of a second inart
gas; and a coniroller, comprising: & toal path module structured to interpret a deposition
device tool path, wherein the deposition device (ool path includes a plurality of tool
passes, a deposition device velocity specification, and a laser power specification; a tool
position module structured to control the position actuators in response to the deposition
device tool path; and a deposition conditions module structured to control a powder
delivery rate and a laser power value in response to the deposition device tool path and

a deposition device position.

33. The apparatus of claim 32, whersin the tool path further comprises a

specifisd delay time between sach of the plurality of tool passes.
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34, The apparatus of claim 32, wherein the oxygsen scavenging

means includes a zeolile oxygen adsorber.

35. The apparatus of claim 32, wherein the first inert gas comprises

one of argon and helium, and wherein the second inert gas comprises helium.

36. The apparaiug of claim 33, wherein the depoesition device velocity
spacification, the laser power specification, and the specified delay time betwsen
each of the plurality of tool passes are configured such that the deposited metal
material cools at 2 cooling rate belween a low cooling rate and a high cooling

raie.

37. The apparatus of ciaim 32, wherein the first threshold is not greater

than about 10 ppm.

38. The apparatus of claim 32, wherein the second threshold is a dew

point of about «55“6_
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38, The apparatus of claim 32, wherain the tool path further comprises at
ieast four tool passes for each of at least one deposition fayer.
40. The apparatus of claim 40, wherein each of the plurality of tool passes

overiays a previous tool path by at lsast 30%.

41. The apparatus of claim 32, further comprising & component repaired
by the laser deposition device, wherein the repaired component has a
performance index value greater than 70% of 2 new component performance
index value, wherein the performance index value comprises at least one of a

tensile strength value and a fatigue performance value,

42. The apparatus of claim 32, further comprising a component repaired
by the laser deposition device, wherein the repaired componerﬁ has a
performance index vaiue greater than 80% of a new component performance
index value, Whereiﬁ the performance index value comprises at least one of a

tensile strength value and a Tatigue performance value.

43, An apparatus, comprising:
a laser debosition device including & laser, a metal delivery device, and a
plurality of position actuators structured fo controt a position of the deposition

device: and
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a deposition material cooling control means structured to control & cooling
rate of a deposited metal such that the deposiied metal does not form micro-
porosity and does not form a grain boundary alpha phase, wherein the deposition
material cooling control means includes a shielding means that ensures an oxygen
content remains beilow a first threshold and that a water vapor content remains below a
second threshold in a target area of the component: and

a controller comprising;

a tool path module structured to interpret a deposition device tool path, wherein
the deposition device tool path includes a plurality of tool passes, a deposition device
velocity specification, and a laser power specification: |

a toal position module structured to control the position actuators in response to
the depdsition device tool path; and

a deposition conditions module structured to confc_roi a powder delivery rate and a

iaser power value in response to the deposition device tool path and a deposition device

position.

44. The method of claim 1, further comprising shielding the component by
providing the component in a sealed enclosure, and scavenging oxygen from the sealed

enclosure with a zeolite oxygen adsorber.
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