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SYSTEM AND METHOD FOR COMPONENT MATERIAL ADDITION

Cross Reference
The present application claims the benefit of United States Patent
Application No. 60/933,897, filed June 8, 2007, which is incorporated herein by

reference.

Field of the Invention
1
The present invention relates generally to component repair, and more

particularly relates to metal powder deposition utilizing a laser.



Metal powder deposition to repair and/or modify components is known in the art. However, presently
available systems have some disadvantages when repairs or modifications involve complex parts
and/or parts with physically limited tool path approaches such as narrow channels or spaces. Further,
it is desirable when modifying complex parts to have a good visualization of the modification area.
Accordingly, there is a demand for further improvements in this area of technology. Summary One
embodiment is uniqgue component material addition system. Other embodiments include unique
systems and methods to add material to components by powder metal deposition. Further
embodiments, forms, objects, features, advantages, aspects, and benefits shall become apparent from
the following description and drawings. Bri%%ggﬁﬂﬂf?& of the Drawings The description

herein makes refaegacsdndbe dasssitionyngpdiawingswhedéin divepeferetscs koavendts refer to like
parts throH%]ethF tpl%\ic'v%\\cgrr?lp)\%%vgﬁti? %dvgﬁggfee igg}stems have some disadvantages when

repairs or modifications involve complex parts and/or parts with physically limited

tool path approaches such as narrow channels-or spaces. Further, it is desirable

when modifying compiex parts to have a good visualization of the modification

area. Accordingly, there is a demand for further improvements in this area of

technoiogy.



Fig. 1 is a schematic block diagram of a system for component material addition. Fig. 2A is a
schematic diagram of a deposition device and a component. Fig. 2B is a schematic diagram of a
deposition device and a component. Fig. 3 is a schematic diagram of a deposition device including
coaxial optics. Fig. 4 is a schematic flow diagram of a procedure for component material addition.

Summary
One embodiment is unigue component material addition system. Other
embodiments include unique systems and methods to add material to
components by powder metal deposition. Further embodiments, forms, objects,
features, advantages, aspects, and benefits shall become apparent from the

following description and drawings.



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 nevertheless be understood that no limitation of the scope of the
invention is 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

block diagram of a system 100 f, rfem%%mﬁtglg%g@gmnige system 100 includes a deposition

device 102 operatively coupled 10 alaser 1( e laser may Include any type of laser with an
irradiation specificationThigdesorigtiomn rsEby Makiaticierniadn BifeAesonPaNifscal area 106 of a
component 108,48 GREAIhSIRDPSIBERES Hifrans ivRNY KD ReehabHbGetan further
embodiments the laser is a Nd:YAG fiber laser where the fiber is the lasing gain media. In certain
embodim&ReiMe/ o SREIGIRE 102 includes directing optics 110 that focus the laser 104 at the
focal area 106 oftge rapsiihdacedeindidghananbedemantfotieemiseatng watesal 10 include a
prism. The prism allows the use of a higher intensity laser 104 than allowed by conventional coated
optics. ThAYHE further turns the laser as shown in Fig. 1, allowing the directing optics 110 to be

placed away frorfig. Ip&es gesehiatadticoghiay ptonaf hdesbsition deaticesgndsae damptmecsbmponent 108
surface during lasering, operations. . T.he syst fucther i ?%&} vice 112, for
example a digitgﬁ E 'r%%rég oa'r?%%%%%hgi%ﬂ ’,’%}é]v{%\%%fgg g&%@%ﬂ%@%ﬁ%e co po%ght 108. In
certain embodimkeigts3 ibe laskermadiadingrenmed @ sigpesitenideyingincludingisgansidlor 114 within the
deposition device 102, and the laser 104 and imaging device 112 may be in slight parallax as shown in
the illustration of Fig. 1. However, the view of the imaging device 112 and the beam location of the
laser 104 may b& Goddmpisceempticipwdlinarnaebea ragetige fossemnensitimptedd! in certain
embodimepigisepe or more of the laser 104 and imaging device 112 may be configured with an optical
line (either beaming or imaging) directly to the directing optics 110 without using a turning mirror 114.
In certain embodiments, the placement of any optics 110, 124, the laser 104, and the imaging device
112 are such that the laser 104 and imaging device 112 have a substantially similar optical relationship
to the focal area 106. The system 100 further includes an additive material delivery device that
delivers additive material 118 to the component 108 at the focal area 106. In certain embodiments, the
additive material delivery device includes a metal powder storage 120, a delivery tube or conduit 122,
and a delivery nozzle 116. In certain further embodiments, the additive material 118 is titanium or a
titanium alloy.



In certain embodiments, the system 100 includes final focusing optics 124 structured to focus the laser
to a specified beam size. In certain embodiments, depending upon the quality of the laser beam, the
final focusing optics 124 may need to be placed close to the focal area 106 of the component 108. A
fiber optic Nd:YAG laser has a high beam quality on the order of 1. mm-mrad, and can have final
focusing optics 124 more than a centimeter up to a few inches from the focal area 106 (for example as
shown in Fig. 1) for operations with typical irradiation requirements such as metal powder deposition
on a titanium blisk component 108. In Qfé@iﬁhﬂrm ks, the final focusing optics 124 include a
focal length greater than 40 cm. A standard Nd:YAG laser has a beam quality on the order of 12

mm-mrad, and g PEERARSS P IFEENSHREGHT eodeBtpndied e BepANTRIRS A dBhear the directing

optics 110, AR, iFeashalion arHBR BRSH0E torneialmpyEinisiap asikenteiantiogion. In certain
embodiments, the focal area 106 of the componentﬁt08éjs be\%ve n blades i a,pladed wheel such as
a blisk. TREAWIRASANY £ GG INTHASE MR HSROIR EFREN 5P %Exanifite direct observation

by an opejateitie@ifiond ondepassibthatmeeitsitatemddiv enispthef dietameentietwisen blades on the
G T O
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 block diagram of a system 100 for component
material addition. The system 100 includes a depositipn device 102 operatively
coupled to a laser 104. The laser may include any type of laser with an
irradiation specification high enough to perform material addition operations at a
focal area 106 of a component 108. In certain embodiments, the laseris a
Nd:YAG laser, and in certain further embodiments the laser is a Nd:YAG fiber
laser where the fiber is the lasing gain media. In certain embodiments, the
deposition device 102 includes directing optics 110 that focus the laser 104 at the
focal area 106 of the component. In certain further embodiments, the directing
optics 110 include a prism. The prism allows the use of a higher intensity laser
104 than allowed by conventional coated optics. The prism further turns the
laser as shown in Fig. 1, allowing the directing optics 110 to be placed away from
a laser generated vapor plume (not shown) that may rise from the component
108 surface during lasering operations.

The system 100 further includes an imaging device 112, for example a
digital camera or imaging circuit, to view the focal area 106 of the component
108. In certain embodiments, the laser 104 and the imaging device 112 utilize a
turning mirror 114 within the deposition device 102, and the laser 104 and
imaging device 112 may be in slight parallax as shown in the illustration of Fig. 1.
However, the view of the imaging device 112 and the beam location of the laser
104 may be coaxial in certain embodiments (see, e.g., Fig. 3 and referencing
text). In certain embodiments, one or more of the laser 104 and imaging device



focal area 106 of the component 108 down the axis, or longest dimension, of the deposition device
102. For example, the imaging device 112 may be externally positioned (not shown) on the deposition
device 102 to view the focal area 106 down the length of the deposition device 102. In certain
embodiments, the imaging device 112 views the focal area 106 of the component 108 through the
direction optics 110. In certain embodiments, the imaging device 112 views the focal area 106 of the
component 108 from a close proximity to the component 108, preferably from a distance not greater

than the mh'énoégisgj c%fn?]]‘?qi%éef\ryvim%nl r&rﬁﬁég}i Br 'p@% iﬂ’t? mq%mg.%/iews the focal

area 106 mpone om not more than two inches awa(i._\tThe distance from which the

imaging décliresting eptiesatBoMEBELHSINE P WENBENIeL 118 JNtseTMponent 108 depends
upon the gRileSAh@niL HEIBRGE G TAGH) GHRR and fosal aieaakids s dRceiéain embodiments,

the distance from which the imaging device 112 is considered to be viewin ﬁ% {fcal area 106 of the
i

componefMag@a: d¥ieasiddare sHEhDAh IS IERARJ ChaRd imaeirader &R Fig. 1) to the
focal areagl,@8tantialip@ifvfe &pliod watﬁsﬁweta ligt fiegatianee10®6 that delivers light to the
component 108 at the focal ar, 06 of the component.108. In certain embodiments, the size and
complexity of thj %8@5%%@?1? QGBaél‘ﬁ?%%mé%fF rRAl ﬂ%ﬁ‘éﬁﬁ mste rrlggé]ﬁﬁwvgf the Tocal E‘r%% 106 of the
componenrieliQ8rsTidditapositirideVig tbGBeranyripohetd ¢ aidhédlosa{moesHd®n)ishining down the
axis of the depositio | 0R..1 ] i i eyi 2 includes light
amiting cra g s et R o Torarea 106 of he
componemoyaseristosagani@mboditieens tube g6 sosidoh H/iand aodakyens 59228 4iddes (not shown)

at the end of.the denpaition devgptitNAtighlitie tettatea 106 shdhrrBIPRRMIdA8.  In

certain embodiments, the laser 104 has an irradiance value greater than 2 MW/cm?2 at the focal area
106 of the2di@hponent. A high irradiance value improves heat transfer efficiency to the component 108

reducing reflecteg) beakiroambedmdnee thewgstsmdionaaciatiersiial Ramiplg astasding to a specified

value fqr a metal powdFr depqsition operation, ma _ be utilized in certain emhao imen%. In certain
embodim&HLCHEAdRy ?E‘ésig,%o feld ?oa[ﬁé’%@%]%@/lﬁgﬂma%iﬁﬁe [%'O‘\fﬁg EH?%%%EE%“.S structured to
prevent a defiecigicigapismnthéthadityesflitiat meer besltm drenfima bstugisgréndiege 34 anawighboring blisk
blade) to trpgefg % Ibaer% a%gg ‘close to the focal area 106 of the component 108. A fiber

optic Nd:YAG taser has a high beam guality on the order of 1 mm-mrad, and can

have final focusing optics 124 more than a centimeter up to a few inches from the

focal area 106 (for example as shown in Fig. 1) for operations with typical

irradiation requirements such as metal powder' deposition on a titanium blisk

component 108. In certain embodiments, the final focusing optics 124 include a

focal length greater than 40 cm. A standard Nd:YAG laser has a beam quality on

the order of 12 mm-mrad, and may require final focusing opfics 124 in the

deposition device 102 near the directing optics 110 to meet irradiation

requirements for a metal powder depaosition application.

In certain embodiments, the focal area 106 of the component 108 is

between blades on a bladed wheel such as a blisk. The focal area 106 may be

an area wherein external viewing, for example direct observation by an operator,

is difficult or impossible. In certain embodiments, the distance between blades

on the blisk is less than one inch, and the deposition device 102 has a width of

less than one inch. In certain embodiments, the imaging device 112 views the

focal area 106 of the component 108 down the axis, or longest dimension, of the



In certain embodiments, the system 100 further includes a cooling passage 130 that allows coolant to
pass through the deposition device 102 and dissipate heat. For example, heat may be reflected from
the laser 104 at the focal area 106 back onto the deposition device 102. The coolant may be circulated
through the cooling passage 130 with a coolant pump 132 from a coolant storage 134. In certain
embodiments, purge gas delivery device, which may include a gas delivery nozzle 136, is aimed
across the directing optics 110 and a shield gas 138 flows across the directing optics 110. The shield

gas 138 p&gg@%}ﬁ Bgﬁ@q%ggﬁe%% i %f?ﬁ@liﬁﬁ%njgoéé‘m @Qgtm@%gi@cting optics

110, and in ain further em proves the heat transfer environment of the deposition

device 10povikienasdecjsbaws) mahsedarariipgaeiise i e gyshoflsaaea, Hen certain
embodimeiiadna P HeEHY 3% tha&iBIs R Allevicd N 02/ aceriiAdmBbtniBAtsygiem 100 further

includes a processing subsystem that may include a controller 140. The controller 140, which may

representiBIRIBIGHENISS d 2 drws hrsac RisRe! RRALSRS GomPRIe JUP Shrey rtr'{ﬁuti ng

equipmengicRsRLpEate s 18ith v agadmsanbotirasatechainiaghmg ughied e systes1tHd0. The
controller 140 may be a discrete device or ﬁgtr'buted cross_several td ié:es. Then%%ptroller 140 may
be structu ?F{@fé/ﬁcf%%gﬁﬁgx‘é%%ﬁgto Lng’gt@ﬁiOS? Lpiote rge}o tSBaira Component 108. In
certain emig®]iprefasalilyeficontacdist vt malygreatprébaigtheitpin. di ddidagfitedasie 112, various
sensors INfucIg (EMARAINBARSAL IRLUAIHLIBE RSP LARATILRAIPE e RRISPT e

component 108 an eposition device or the controller 140 may command various

actuators thelgdingengohidi8 fentrobmere thamvpineber akdice T distaneeltRs 138 supply,
and/or a dgxies {RE delgrng AblieaPitiveBARIGLL 18 tENRSOGalR e8I BaabRagher structured

to record various system 100 parameters, including the position of the deposition device 102 in a

"teach-anthraAMRYRSALGAS WRBRSAS M PR R ARSIGHA W B4 idiizRdidRe R anfrBl®ored in an
absolute GaiginaiPar¥ate TbAEONA celdbivecrABEdinadaisy shenaittpcretadiveviditetiemponent 108 or

other device). . Fig. 2A is a schematic djagram of a deposition.devic 2 and a component 108. In
the illustrd AP VEL m@a &eﬁ%ﬁa‘?{%‘é\ﬁceﬁwmﬁ Eﬁg E%%%ﬁﬁ?g%ﬁeofﬁ%ponent 108, and a
focal areactifipiorieatrapairethis dietarmsnfrom biedfisad Vipiisg Gpticth@hmdipemtient 488)s The blades

include a w'(éth 2 between the hlades that in certain embodiments may be less than one inch. The
deposition1é Viee Egoﬂe)ln\{vcc}:lﬁ' eqsg)%al\?/v% at#‘l@. may be less than one inch. Fig. 2B is a schematic

diagram of a depOsitisystiuvid&Q omsritciudenapiatdinaidayios theSithatrdabvess Faft 2BthRe deposition
device 1075 3Seerl BRYERR e IBRES 9R6H1RJ2EA) 5FarORel  dapesiion device 102 i

structured to be narrow enough to reach the focal area 106 while having features to illuminate and

visualize tERsslimeeis 108 sizransheemsleriyiebiho seewrenrit SRR RIRVE R R dR &fcient laser 104
and/or a heataiield v ahiig YR Fcunaciadtaeas Rk tbenseorRAra 0B Ofhd aepisitiear the repair

area but tk&aetv?gg ? 85 tr?x?ay? l%ec?ﬁgg té:j;t(étrggf[ri]igr{teéo &ig{) ??or\?vtril ns'hining down the axis of the
deposition device 102. In certain embodiments, the deposition device 102
includes light emitting diodes (LEDs) at the end of the deposition device 102 that
light the focal area 106 of the component 108. in certain embodiments, the
deposition device 102 includes laser diodes (not shown) at the end of the
deposition device 102 that light the focal area 106 of the component 108.

In certain embodiments, the laser 104 has an irradiance value greater.
than 2 MW/cm? at the focal area 106 of the component. A high irradiance value
improves heat transfer efficiency to the component 108 reducing reflected heat
from the surface. Lower irradiance values, for example according to a specified
value for a metal powder deposition operation, may be utilized in certain

embodiments. In certain embodiments, a shield 128 is coupled to the deposition



Fig. 3 is a schematic diagram of a deposition device 102 including coaxial optics 302. Certain details
that may be present in embodiments of the present application are not shown in Fig. 3 to avoid
obscuring the details that are described in Fig. 3. In certain embodiments, the device includes a first
focusing lens 304 for the laser 104, a second focusing lens 306 for the imaging device 112, and a
beam splitter 308 that allows light from the focal area 106 through to the imaging device 112 but that
acts as a turning mirror for the laser 104. The use of a beam splitter 308 allows the imaging device 112

and the 133gy;104 4 ORI APHAY: MU AnGNAILRE SRS SBRRAIBRHE Where high

resolution repair is critical, a co- embodiment may be preferred as illustrated in Fig. 3. The beam
splitter 308$ARjaHS Ton saelinamoRRORRS SUIAGE E@VENRIGIG osing: Blisichladed the imaging
device 11g nei-ahaywd) figpending upon the size of the laser 104 and imaging device 112, the
properties of the laser 104 and the beam splitter 308, the most. convenient ar[angement for

constructing the '8ef5Ein SR ENsS. 4ha SRR N THERRIJRS HAgs AIFRe

U¥derstood to those of
skill in thepaddagedantag siswessemheieipass trttughithe sehesittn dewatia2mandf a procedure

400 for component materjal addition. The procedure 400 includes . an operation 402 to interpret a target
geometry%ﬁ%ﬁjemeﬁqo@fqma rBﬁ rfhaeyctg?grgtdfp 8toen§§ny"fr@uPess? ﬁ\pegrnaiﬁ\&l‘n% a geometry
based on facahatdactOfebspieafitatienddptaitionidg\dogetiRetifhizycorteap orsingea geometry of the
undamaged aens,af e sRHRCNSIND ua die dyaaed assibf fumpemanoRsRt AN operator

arget g 0 aco e t

programming a edmetry In mputer, or any other operations that conclude with a
determinatiriatt stargee gédmetry of the component 108 through a damaged area. The procedure

400 further inclules ap,APEHABBARAD PLRYSE A LRHEHIRACHARR ARy TSI device 112, and

a additive material delivery means which may include a laser 104, powder delivery system, purge gas,

coolant dAfeARIMRTY NozZaiR ﬁ@c&jﬁi‘@%éqmﬁﬁpﬁ’méfwgﬁ%@a}%%3(0‘“ rate a deposition
tool path. GRnesatinavbaslenssiioaitesting oty indudeeigeniang3beieokpaih based on the

target geometry of the component 108, for example by imagjng the exact pasition of the component
108 on a SEQEHRRE SPLsR f@&i‘c&\ﬁtfﬁﬁ %"gﬁorgﬁéoﬂ%ﬁtﬁ?gﬁﬁ‘ﬁ?%ﬁ?gﬁﬁﬁ%f?ﬁ%”&%é}éﬁ?on device
102 to follpnothantbd pattzitnforhiaireabbdidimetsténgenamting eatdepusitivartdobpaknincludes
performin "tegch-ar:;td-le m' opg tio?h F?)ru Q%eyg"é‘ Rehalor MAy fme deposition device
(e.g. with mr]?lse?pﬁﬂ ’8&) V(')%gh{}%"e paﬁ1 Wﬁ(ﬁﬁm I per{(?rnf the repalr operation, and a computer
may recormekdrepatargunaperitogenize haeettrinembeditiandpdsrioH @R gstA A MEYR®ations known

in the art tg,generate a deposition tool path utilizing the target geometry of the component 108 are
contemplated in the present application. The procedure 400 further includes an operation 408 to

control movemert SEfRIYEFRIGIRIEsdba SYIGBULPREhep BGtie BRI SHM % rtain
embodimeniss g eamBieraNHeladbadrprmiion T/ cenblgoHtrengh e, gamienaiesldeposition tool

path. In C%t&i-gs%@? 8%%%“,—%;%%?@%2&?&08Q%{gl%é?gware memory devices, and/or other
computing equipment, communicates with various sensors and actuators
throughout the system 100. The controlier 140 may be a discrete device or
distributed across several devices. The controller 140 may be structured to
functionally execute one or more steps of a procedure to repair a component
108. In certain embodiments, the controller 140 may interpret signals from the
imaging device 112, various sensors including temperature sensors throughout
the system 100 and position sensors of the component 108 and/or deposition
device 102, and/or the controlier 140 may command various actuators including
actuators for the laser 104, the pumping device 132, a purge gas 138 supply,
and/or a device for delivery of the additive material 118. The controller 140 may
be further structured-to record various system 100 parameters, including the



deposition device 102 through the generated deposition tool path. In certain embodiments, an operator
generates the deposition tool path by viewing the focal area 106 through the imaging device 112, and
moves the deposition device 102 through the deposition tool path as the tool path is generated. The
procedure 400 further includes an operation 410 to deposit additive material 118 on the component
108. The operation 410 may include a metal powder deposition operation utilizing a laser 104. In
certain embodiments, the procedure 400 further includes an operation 412 to flow a shield gas 138

o o islen 8PHEE dekbeitof BdbEY 60N UMIRAUNER AN Spb AR UABAIA"S & arely o

- POS . ,
embodiménts accordi e present invenfion are contemplated. A system is disclosed including

a deposititre dwationeé thedapesilior devied 456 misy BesdereeHnianiebsorisrranidinieting optics
SUUCtUredsg%féiﬁ‘?%l‘-r{%x‘f’as?élQIi@e@B@P&F?ﬁé’Mt&WH@%?%ﬁaﬁ{?eiW@%&%ﬂ&ﬁﬁfﬂ% rgd to view the

focal area of the component, and an additive material delivery means that delivers additive material to
the comp@rﬁ‘%@ﬁ‘é@‘ﬂf@}ocal area on the component. In certain embodiments, the focal area of the

component is begyeemhirdasRenatidRd e st druepssinoprdeolia enSatiedeposition device has a
width of less than one inch. In certain embodjments, the imaging device vie he focal area of the
compone FOTRARERS K dFHIE ALSGHER BbuiSe 2nTE HERESHENARYE 102 S5iAdBRent. In certain

embodimeintscinfiey iofatin gainpineevietd8 mibadbant aehtl 08 tortpe repdifeahiswidtise2imches of the

component. In certain further. embaqdiments, the i{nﬁ% g-devi iews the focal. the component
through tr?%"%%’g% |?1% %{p |}:%'.Sh1 @gf‘?aﬁﬁ 8?#6%%%%n S, 'e%ealg%g%éﬁég |,r?c?u‘g('ags{ﬁa§c%%xial viewing
element ihdtesptsitibadeyibat in caraipreanbedibeoinoray, kelighs tatesiseinchtrudered to deliver

lght to (gt up%}?ﬁé?fc‘é‘q6%‘%%&!&%%‘\U&%ﬁ%mw&e%%éi%mr‘?@}ﬂ%ﬁ.may be a light

operatively ed to the deposition device that shines’down a body tube of the deposition device, a
laser diode on tHei@efdtiarFehamatiadparamighadenasifenciryksubidadrtfe deposition device. In

certain empdimiesis 108 1aserdaliiagion b ¢ \SHilRE et e . dEveclnaidqsusing optics may be
more than one centimeter distant from the focabsé?ea of the orq,%%n(?nt, and in certain embodiments,
m

the final fdBSRIIRFRSTREARES BRdas ORRR BRER RGP 48 aPRRitisAe &% d including
interpreting stiargeiegeiebelyaionw entinenicauth tesiiezingrasdef® sititie Haviag operatively coupled
to a laser,,where the depositjon device includes directing optics structured to fogus.the laser at a focal
area on afgé-r{r‘fﬁ%%é%fﬂ"l%gﬁ%tﬁgg 1 g‘rz ?r%fl? 8§apc§asrf%aorﬁ¢1%‘ aih%"lée |r€1)gS 'E 80i§§ Yrtictured to view
the focal a1@2 isfftittheostpacteredpasitiamreffareatititee Hdtandldativestshighs tREt telivers additive

material t%FQ?e%‘B@Q&%gg#%%ﬂ%%éogﬁh@@&%&%EP%QHS%%%P‘IH@:% PgRYipp jpol path

according’to the target gedmetry of the component; and controlling movement of the deposition device
accordingttiatifseiapbiisdtires| piiect pbtheetaBaITaREERtIRBIudes depositing additive material on a

surface of the coggponenbindiespRfeIiadRfFeNH AbpedmeYrIRecD thesiaaamiguparuice. In certain
embodlmeonttsi ’ thISeO%ngtlevr?aripxacEg{gilllsl ?htg? mgmbaendr/gge?nﬂg rglrggoacyig‘}/énts of the present
piics yoep p

application are not shown in Fig. 3 to avoid obscuring the details that are
described in Fig. 3. In certain embodiments, the device includes a first focusing
lens 304 for the laser 104, a second focusing lens 306 for the imaging device
112, and a beam splitier 308 that allows light from the focal area 106 through to
the imaging device 112 but that acts as a turning mirror for the laser 104. The
use of a beam splitter 308 allows the imaging device 112 and the laser 104 to
operate co-axially, without any parallax. In certain embodiments where high
resolution repair is critical, a co-axial embodiment may be preferred as illustrated
in Fig. 3. The beam splitter 308 may be utilized to reflect the laser 104 as shown
in Fig. 3, or fo reflect to the imaging device 112 (not shown) depending upon the
size of the laser 104 and imaging device 112, the properties of the laser 104 and



In certain embodiments, the directing optics include a prism. In certain embodiments, the imaging
device views the focal area of the component through the directing optics. In certain embodiments, the
method includes generating a deposition tool path according to the target geometry of the component
by performing a teach-and-learn operation. In certain embodiments, the focal area on the component
includes an area on a bladed disk between two blades. In certain embodiments, the method includes
operating the laser and flowing a shield gas over the focusing optics in response to the operation of

the laser. the bAé SYSK ste 6%' ed r?"%CeIV glérr]l Ght %R%g%(g%gﬁl\éﬁﬁgpg t%@l}étr de to a fiber optic

Nd:YAG laséer, w EF epdsmo Ice Includes a rlsm to direct the Nd:YAG
laser at adepasm@a@vwe|éﬁédaanél@*mﬁmeonmwrm@aaéwﬂhb&)wmwsim%miapéged between

two bladeafcgk Rendisk 4R ng@gﬁmpgﬁg@gg&é@%@@mm includes an imaging means that views the

focal area of the component, where the imaging means and the fiber optic Nd:YAG laser each are
positioned in a st¥s ﬁﬁlélMﬁmaﬁ%ﬁ%{aﬁ%ﬁﬂh@ﬁﬂ)ﬁ%ﬁ@ﬁ%’éﬁ’&?mﬁ%%‘ed disk. In certain

embodimeniteiBEAURIRIA. FTHB JBEhiHE %00 Midlite BREHaIRIVE0R ReAlsHiet delivers additive

material to the component at the focal area on the com%)onent In certain emb?ﬁjﬁgnents the

imaging ni22% SRATEIRL V-2 e AIAL 185 JBIRERTGHPSLYIT (Lo SEATRSISIRC Y8R rtain

embodimeetgrimairyiefeduitiey tledemmenascyeoee spegficatenqgsittenadvieg 2ool path, and a
means for o erafl thexgepo attl.on device |n [esp ?RS%'%% the de osmon 2ﬁ |ce t %ﬁg The system

may includg ¥Sin raCRJ?ICS p?ogn?gﬁglae rr% an on%mcgﬁ? didtant from ocal area of
the compmmmamdammhm@ﬂmemmnbmdmamtpdwraﬂmmmdargehd having a

idth | lud tal d
width less JBRRFINE'y IR SR BReE oAU W feliem e ncludes @ metal pouder

delivery dg pose In certain embodiments, the system further includes a

shield coujsiteImunaiofiepioditiiaalapeaety §ﬁfé‘l@i m&mgﬂtté%éhﬁ?ﬁgi‘r%m%rtlon of the
Nd:YAG Ig5e5 reAbpRiied @6 ABRGBHSCT WHiacade Hheofaeaétﬁmam to fr&AHail embodiments, the

system includes a coollng passage disposed in the deposition device, the coollpcg passage structured

to allow cHERATHODHLEY R WW@BB&%VE@VWC aﬁH%%ﬁﬁg@ﬁéﬁ?ﬁé RO a reflected

portion of ieaMeltAch laRer inBlGagainasetbrBiMeaishadideri\Gytaer, buthergasludes an irradiance
value at the f%’d% %(fa of th component, wherein the irradiance value is at least 2 megaWatts/cm2.30.

In certain &M %yth%%ystem includes a purge gas delivery device structured to flow a shield
gas, or purge gashagasethedid8Odurter inclwaiatheriavetitiod dttolgenetdesibed in connection

with what j %%ﬁ a%ﬁt%r?\t%gp gﬂere%h% Bqﬁgq%%gﬁm@@%g{ﬁ%gb@%%mggdiment it is to be

understo e inve tlon iS not to be’limi ed embBodiment(s), but on the contrary,
is intenderegtavetivgribadenbastbdiesriamtbgivarheerastyating RRRRAEWi T8 the spirit and

scope of (e BRRRRICHE I?A%l%ﬁn Wi SERP B IS IR D AERO ERADHSIHORSEE ShiBteBYRlAKRS SO as to

encompass all such modifications and equivalent structures as permitted under the law. Furthermore it

should beﬁyﬁ&%tﬁ%ﬂmfﬁmrﬂléﬂi‘%%@%‘?@ﬁé M&b?@f@ﬁﬁ"@%%%?&B@S'BPBﬁé?éﬁ@d in the
description @beyfiRficiesdbasath. in certain embodiments, generating the deposition

tool path includes performing a “teach-and-learn” operation. For example, an
operator may move the deposition device (e.g. with the laser 104 off) through the
path which will perform the repair operation, and a computer may record the path
the operator utilizes as the generated deposition fool path. Any operations
known in the art to generate a deposition tool path utilizing the target geometry of
the component 108 are contemplated in the present application. ‘
The procedure 400 further includes an operation 408 to control movement
of the deposition device 102 through the deposition tool path. In certain
embodiments, a computer controls the deposition device 102 through the
generated deposition toof path. In certain embodiments, an operator controls the
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feature 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
belng 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
portion" and/or "a portion" is used the item may include a portion and/or the entire item unless

speciioali SRR SOY3 M N qond o DALEEL BT Ugn, 1nBEARSIOn dovice

operatively ego ser, t device comnlprising ng optics structured to direct the
laser at aeaﬂm@reamm aroppatehgankeatss the deresilgromRiPritiRedeninBhean imaging device

structureqd iR XIS RERRSARPIBHEE #8. and moves the deposition device

102 through the deposition tool path as the tool path is generated. The
procedure 400 further includes an operation 410 to deposit additive material 118
on the component 108. The operation 410 may include a metal powder
deposition operation utilizing a laser 104. In certain embodiments, the procedure
400 further includes an operation 412 to flow a shield gas 138 over the directing
optics 110.

As is evident from the figures and text presented above, a variety of
embodiments according to the present invention are contemplated.

A system is disclosed including a deposition device operatively coupled to
a laser, the deposition device comprising directing optics structured to direct the
laser at a focal area on a component, an imaging device structured to view the
focal area of the component, and an additive materia! delivery means that
delivers additive material to the component at the focal area on the component.
In certain embodiments, the focal area of the component is between blades on a
bladed wheel. In certain embodiments, the deposition device has a width of less
than one inch. in certain embodiments, the imaging device views the focal area
of the component down the axis of the deposition device from a ciose proximity
to the component. In certain embodiments, the imaging device views the focal
area of the component from within 2 inches of the component. in certain further
embodiments, the imaging device views the focal area of the compenent through
the directing optics. In certain embediments, the imaging device includes a
coaxial viewing element in the deposition device.

| In certain embodiments, a lighting device is structured to deliver light to
the component at the focal area on the component. The lighting device may be a
light operatively coupled to the deposition device that shines down a body tube of
the deposition device, a laser diode on the deposition device, and/or a light-
emitting diode coupled to the deposition device. In certain embodiments, the
laser includes an Nd:YAG fiber-optic laser. The final focusing optics may be

11



an additive material delivery means that delivers additive material to the component at the focal area
on the component. 2. The system of claim 1, wherein the focal area of the component is between
blades on a bladed wheel. 3. The system of claim 2, wherein the deposition device has a width of
less than one inch. 4. The system of claim 1, wherein imaging device views the focal area of the
component down the axis of the deposition device from a close proximity to the component. 5.
The system of claim 4, wherein the imaging device views the focal area of the component from within
2 inches of the component. 6. The S\{]stem %f cgain} 1, wherein the imaging device views the focal
B

area of thE'eBPaRANCHSRTIREIRE FtRahEIpiRg focal a7eg gq)gt‘é?ﬁjﬁ’]o %’?Werein the imaging
device inglgdtamaatsdahwieyingeciimalciacinthg cetimsitavedefocal length greater than 40

cm.

A method is disclosed including interpreting a target geometry for a
component and positioning a deposition device operatively coupled fo a laser,
where the deposition device includes directing optics structured to focus the laser
at a focal area on a component. The method further includes positioning an
imaging device structured to view the focal area of the component, positioning an
additive material delivery means that delivers additive material to the component
at the focal area of the component, generating a deposition tool path according to
the target geometry of the component; and controliing movement of the
deposition device according to the deposition tool path. The method further
includes depositing additive material on a surface of the component in response
to the controlling movement of the deposition device. In certain embodiments,
the additive material is titanium and/or a titanium alioy.

In certain embodiments, the directing optics include a prism. In certain
embodiments, the imaging device views the focal area of the component through
the directing optics. In certain embodiments, the method includes generating a
deposition tool path according to the target geometry of the component by
performing a teach-and-learn operation. In certain embodiments, the focal area
on the component includes an area on a bladed disk between two blades. In
certain embodiments, the method includes operating the laser and flowing a
shield gas over the focusing opfics in response to the operation of the laser.

A system is disclosed including a deposition device operatively coupled fo
a fiber optic Nd:YAG laser, where the deposition device includes a directing
prism structured to direct the Nd:YAG laser at a focal area on a bladed disk,
wherein the focal area on the bladed disk is disposed between two blades of the
disk. In certain embodiments, the system includes an imaging means that views
the focal area of the component, where the imaging means and the fiber optic
Nd:YAG laser each are positioned in a substantially similar optical relationship to
the focal area on the biaded disk. In certain embodiments, the system further

12



8. The system of claim 1, further comprising a lighting device structured to deliver light to the
component at the focal area on the component. 9. The system of claim 8, wherein the lighting
device comprises one of a light operatively coupled to the deposition device that shines down a body
tube of the deposition device, and a laser diode on the deposition device. 10. The system of claim
1, wherein the laser comprises an Nd:YAG fiber-optic laser. 11. The system of claim 1, further
comprising final focusing optics wherein the final focusing optics are more than one centimeter distant
from the focal area of the component. 12. The system of clalmlﬁlq Jfurther com|pr|5| final focusing

optics Wh%Wﬁ%QﬁépﬂiﬁﬁﬁlﬁE@ﬁ%gﬂHﬁB’e’ﬁe@& hah GRiyPES Y GfYe Aepisnal 1 e A method,

comprisinggmponent at the focal area on the component.

In certain embodiments, the imaging means views the focal area of the
component through the directing prism. In certain embodiments, the system
further includes means for generating a deposition device tool path, and a means
for operating the deposition device in response to the deposition device tool path.
The system may include final focusing optics positioned more than one
centimeter distant from the focal area of the component. In certain
embodiments, the deposition device includes a deposition head having a width
less than one inch. In certain embodiments, the additive delivery means includes
a metal powder delivery device disposed in the deposition head. In certain
embodiments, the system further includes a shieid coupled to the deposition
device, the shield structured to prevent a reflected portion of the Nd:YAG laser
from melting an opposing surface to the focal area.

in certain embodiments, the system inciudes a cooling passage disposed
in the deposition device, the cooling passage structured to allow coolant to pass
through the deposition device and dissipate heat generated from a reflected
portion of the Nd:YAG faser. In certain embodiments, the Nd:YAG laser further
includes an irradiance value at the focal area of the component, wherein the
irradiance value is at least 2 megaWatts/cm?.30. in certain embodiments, the
system includes a purge gas delivery device structured to flow a shield gas, or
purge gas, across the final opfics.

While the invention has been described in connection with what is
presently considered fo 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 to cover various modifications
and equivalent arrangements included within the spirit and scope of the
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 the use of the
word preferable, preferably, or preferred in the description above indicates that
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interpreting a target geometry for a component; positioning a deposition device operatively
coupled to a laser, the deposition device comprising directing optics structured to focus the laser at a
focal area on a component, wherein the directing optics includes a prism;  positioning an imaging
device structured to view the focal area of the component; positioning an additive material delivery
means that delivers additive material to the component at the focal area of the component; generating
a deposition tool path according to the target geometry of the component; and controlling
movement of the deposition device according to the de{)osition tool path, and depositing additive

material of¢al4if R de3EHRLMBY REHNRT PSRRI G0 HINORBINFBIRA A RIhBRt of the deposition

device. 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 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 uniess specifically stated to the contrary 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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14. The method of claim 13, wherein the laser comprises a fiber optic laser. 15. The method of
claim 13, wherein the imaging device views the focal area of the component through the directing
optics. 16. The method of claim 13, wherein generating a deposition tool path according to the
target geometry of the component comprises performing a teach-and-learn operation. 17. The
method gf claim 13, wherein the additive material comprises one of titanium and a titanium alloy.

18. The HAMBd of claim 13, wherein the focal area on the component comprises an area on a bladed
disk between tywo blagesystem, 48nphangethod of claim 13, further comprising operating the laser and
flowing a shield gas over the focusing optics in re%Ponse to the operation of the laser. 20. A

system, comp osition device operatively coupled to a laser, the deposition device comprising
directing optics structured to direct the laser at a focal area on a component, wherein the
directing optics includes a prism;
an imaging device structured to view the focal area of the component; and

an additive material delivery means that delivers additive material to the component

at the focal area on the component.

2. The system of claim 1, wherein the focal area of the component is between

biades on a bladed wheel.

3. The system of claim 2, wherein the deposition device has a width of less than
one inch.
4, The system of claim 1, wherein imaging device views the focal area of the

component down the axis of the deposition device from a close proximity to the component.

5. The system of claim 4, wherein the imaging device views the focal area of the

component from within 2 inches of the component.

6. The system of claim 1, wherein the imaging device views the focal area of the

component through the directing optics.

7. The system of claim 6, wherein the imaging device includes a coaxial viewing

element in the deposition device.

8. The system of claim 1, further comprising a lighting device structured to

deliver light to the component at the focal area on the component.
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a deposition device operatively coupled to a fiber optic Nd:YAG laser, the deposition device
comprising a directing prism structured to direct the Nd:YAG laser at a focal area on a bladed disk,
wherein the focal area on the bladed disk is disposed between two blades of the disk; an imaging
means that views the focal area of the component, wherein the imaging means and the fiber optic

Nd:YAG laser gach compsingenssiassantiniynsimitanemieahtptriiarstiminitas ivesbraaigian the bladed

disk; and an additive material delivery means that delivers additive material to the component at

the focaPRed iiRRUBlA S Hamberosition dexiseiabahipesidn e trfktdhe Plidhmagnegitieans views
the foqa&gﬁgg, afthe %Q@QR&&@BW@Q&%QH%Pmm- 22. The system of claim 20, further

comprising means for generating a deposition device tool path, and a means for operating the
deposition device in response to the deposition device tool path. 23. The system of claim 20,

further comprising fina| focusing optics wherein the final focusing. optics are than one centimeter
distant from thé ocal%h%g%%%@oc%rlﬁ’p%rﬁvnv .erem%i. he 8%} Mo %?a%rﬁ %,gvﬁ?grre?ﬁ%ﬁe deposition
device ipgkides a deposition head having a width less than one inch.

11. The system of claim 1, further comprising final focusing optics wherein the
final focusing optics are more than one centimeter distant from the focal area of the

component.

12. The system of claim 1, further comprising final focusing optics wherein the

final focusing optics include a focal length greater than 40 cm.

13. A method, comprising:

interpreting a target geometry for a component;

positioning a deposition device operatively coupled to a laser, the deposition device
comprising directing optics sfructured to focus the laser at a focal area on a component,
wherein the directing optics includes a prism;

positioning an imaging device structured to view the focal area of the component;

positioning an additive material delivery means that delivers additive material to the
component at the focal area of the component;

generating a deposition tool path according to the farget geometry of the component;
and

controlling movement of the deposition device according to the deposition tool path,
and depositing additive material on a surface of the component in response to the controliing

moverment of the deposition device.
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25. The system of claim 20, wherein the additive delivery means includes a metal powder delivery
device disposed in the deposition head. 26. The system of claim 20, further comprising a shield
coupled to the deposition device, the shield structured to prevent a reflected portion of the Nd:YAG
laser from melting an opposing surface to the focal area. 27. The system of claim 20, further

comprising a cppling passagRdRispesas Helhthdenosikoage\veapir sadling pessagerstructured to
allow coolant to pass through the deposition device and dissipate heat generated from a reflected
portion of the Nd:YAG laser. 28. The system of claim 27, wherein the Nd:YAG laser further

includes an iragianceyalieabiheg ooal asearidf ¢RMRLBRBIMNAISIBIRSHE Adiangayalue s at least

2 mega Watts/cm2. 29. The system of claim 20, further comprising a purge gas delivery device
structurée o fiparepirgeughdractirestine diptidsoptics. 30. The system of claim 1, further
comprising a purge gas delivery device structured to flow a purge gas across the final optics.

16. The method of claim 13, wherein generating a deposition ool path according

to the target geometry of the component comprises performing a teach-and-learn operation.

17.  The method of claim 13, wherein the additive material comprises one of

titanium and a titanium alioy.

18. The method of claim 13, wherein the focal area on the component comprises

an area on a bladed disk befween two blades.

19.  The method of claim 13, further comprising operating the laser and flowing a

shield gas over the focusing optics in response to the operation of the laser.

20. A system, comprising:

a deposition device operatively coupled to a fiber optic Nd:YAG laser, the deposition
device comprising a directing prism structured to direct the Nd:YAG laser at a focal area on
a bladed disk, wherein the focal area on the bladed disk is disposed between two blades of
the disk;

an imaging means that views the focal area of the component, wherein the imaging
means and the fiber optic Nd:YAG laser each comprise a substantially similar optical
relationship to the focal area on the bladed disk; and

an additive material delivery means that delivers additive material to the component

at the focal area on the component.

21. The system of claim 20, wherein the imaging means views the focal area of

the component through the directing prism.
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22.  The system of claim 20, further comprising means for generating a deposition
device tool path, and a means for operating the deposition device in response to the

deposition device tool path.

23. The system of claim 20, further comprising final focusing optics wherein the
final focusing optics are more than one centimeter distant from the focal area of the

component.

24, The system of claim 20, wherein the deposition device includes a deposition

head having a width less than one inch.

25.  The system of claim 20, wherein the additive delivery means includes a metal

powder delivery device disposed in the deposition head.

26. The system of claim 20, further comprising a shield coupled to the deposition
device, the shield structured o prevent a reflected portion of the Nd:YAG laser from melting

an opposing surface to the focal area.

27.  The system of claim 20, further comprising a cooling passage disposed in the
deposition device, the cooling passage structured to allow coolant to pass through the

deposition device and dissipate heat generated from a reflected portion of the Nd:YAG laser.

28. The system of claim 27, wherein the Nd:YAG laser further includes an
irradiance value at the focal area of the component, wherein the irradiance value is at least 2

mega Watts/om?®.

29..  The system of claim 20, further comprising a purge gas delivery device

structured to flow a purge gas across the final optics.

30. The system of claim 1, further comprising a purge gas delivery device

structured to flow a purge gas across the final opfics.
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