SYSTEM AND METHOD FOR COVPONENT MATERI AL ADDI Tl ON
Cross Reference The present application clains the
whemwehi3of United States Patent Applicati on NeCT/US2008/007310
60/ 933,897, filed June 8, 2007, which is incorporated
herein by reference. Field of the Invention The
present invention relates generally to conponent
' SRS TEMANDTETHID FOR COMPORENTMATERFAIZ ADDIION
dep05| lon utiTizing a |aser.Background Met powder
deposition to repair and/or nodify conponents is known
in the art. I—Iovveverv\k@[es H} avai | abl e systens have
sonme di sadvant ages ?SSDEISTENE? nodi ficati ons
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Applimatiop Ne H0/ tJune §ed107amhichwiscincaingratgdnerein by
f ngl ex parts to have a good visualization of the
relerfiBbtfi cation area. Accordingly, there is a demand for
further inprovenents in this area of
t echnol ogy. Summary One enbodi nent i s uni que conponent
mat erial addition system O her enbodi nents include
uni que systens and ﬁ%‘&‘%ﬁhé%\?@rﬁ Spterial to
conmponents by powder et al deposnfl on. Further
emiosl pressent | (ljn\ibemns? rehileﬁglelaerdlgao liv'ol:g:ololpi) w;?ag e&ndhmore
spects, . an enefits, s eco ent romthe
Pa”'Fk’)?flb\ﬁﬂﬁ&e%&’@?ﬁjtﬂwe&%p&’rsﬁ HBE'ZE&F)% as8Escri ption
of the Draw ngs The description herein makes reference
to the acconpanyi ng drawi ngs wherein |ike reference
nunerals refer to |ike parts throughout the



several views, and wherein: Fig. 1 is a schematic

bl ock di agram of a system for conponent materi al
w@ewbpiase Fig. 2A is a schematic di agram of aPCT/US2008/007310

deposition device and a conponent. Fig. 2B is a

schemati c diagram of a deposition device and a

conponent. Fig. 3 is a schematic diagram of a

deposi tion device including coaxial optics. Fig. 4 is

a schematic flow diagram of a procedure for conponent

mat eri al additi on. Detthe&gneundiption For pur poses of
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the principles of the invention as illustrated therein
areapéicrgrdiogly etieraita demardfaf fhgherimMRroveRENts i thifearea of
tecNﬁhbb&ed in the art to which the invention rel ates.

1 is a schematic block diagramof a system 100

for conponent nmaterial addition. The system 100

i ncl udes a deposition device 102 operatively coupl ed

to a laser 104. The laser may include any type of

| aser with an irradiation specification high enough to

performmaterial addition operations at a focal area

106 of a conponent 108. In certain enbodi nents, the

| aser is a



Nd: YAG | aser, and in certain further enbodi nents the
| aser is a Nd: YAG fi ber |aser where the fiber is the
wo 2®pmngs2gai N nmedia. I n certain enbodi ments, thBCT/US2008/007310
deposi ti on device 102 includes directing optics 110
that focus the laser 104 at the focal area 106 of the
conponent. In certain further enbodi nents, the
directing optics 110 ing aq,P,prism The prism all ows
the use of a higher |ntenS|ty aser 104 than all owed
byOneremimdlmwt iscorined coptparent Tietepal addifiom shstent. uOtlser
t ser .as shown in Fi oW .n ting
embigiierts Fieide, S ytemS aag meRAS Pdd Maleral s oo
comp/SiréHts Bl BBwdetthe ! @ePbsitiBA! Fliher iehtbddimi@htd)dorms, ebjects,
conponent 108 surface during |asering operations.
featusgstammesuaspects, aot lenet tmsmai’atgﬂ:crcgnd@ppaeerltfmmﬁlm
followa I e latl %I td?c% GRAIEra or imaging circuit, to view
Wﬁ@ TELPIRP ER9HBWHI9% he conponent 108. In certain
enbodi nents, the laser 104 and the imagi ng device 112
utilize a turning mrror 114 within the deposition
device 102, and the laser 104 and i magi ng device 112
may be in slight parallax as shown in the illustration
of Fig. 1. However, the view of the inmaging device 112
and the beam | ocation of the |aser 104 may be coaxia
in certain enbodi nents (see, e.g., Fig. 3 and
referencing text). In certain enbodi nrents, one or nore
of the laser 104 and imagi ng devicell?2 may be
configured with an optical line (either beam ng or
i maging) directly to the directing optics 110 wi t hout
using a turning mrror 114. In certain enbodi nents,
t he placenment of any optics 110, 124, the |aser 104,
and the imagi ng device 112 are such that the | aser 104
and i magi ng device 112 have a substantially simlar
optical relationship to the focal area 106. The system
100 further includes an additive material delivery
devi ce t hat



delivers additive material 118 to the conponent 108 at
the focal area 106. In certain enbodi nents, the
w@owoniszad mat eri al delivery device includes a Per/EE2008/007310

powder storage 120, a delivery tube or conduit 122,

and a delivery nozzle 116. In certain further

enbodi nents, the additive material 118 is titanium or

a titanium all ' ' the system

100 i ncl udes f]gﬁgr b?&%ﬁ??@ﬁgﬁ?ﬁﬂ“% ructured to

f ocus tTiee Heseniption bereienidkesdefsrancs tathe accarepanying

enbod| nent dependi ng upon th ual ity of. the, laser
drawia TR ik SERT RS HWGRERe rer 18 Al grh dutguabont fe
sevePhldféls AP R hkreihhe focal area 106 of the conponent

108. A fiber optic Nd: YAG | aser has a high beam )

queibi 1ys arschematicddeck tliagram: ofranslystamdfos gamponent material
dd.f.oc:using optics 124 nore than a centinmeter up to a few
addilfiqfkhes from the focal area 106 (for exanple as shown

| rFigl 8A idh dchenfRtRY @i AiTA ofiat degasiticredevice afdat témponent.

requi rements such as netal powder deposition on a .

t i Fign2Bris Bl schiematigpdiagram ph2. deppsitian device apdA aempenent.
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o 21 prehelfi BBt Bt hrfepoRficiifeiog BERANG T8aRal,
opticgual ity on the order of 12 mmnrad, and may require
final focusing optics 124 in the deposi%ion device 102 .
ndd8- #ivadichematicdlyp diagsamef 3 Brapedire faraamponsnt material
addifigfiui renments for a nmetal powder deposition
application. In certain enbodinents, the focal area
106 of the conponent 108 is between bl ades on a bl aded
wheel such as a blisk. The focal area 106 may be an
area wherein external view ng, for exanple direct
observation by an operator, is difficult or
i npossi ble. In certain enbodi nents, the distance
bet ween bl ades



on the blisk is |l ess than one inch, and the deposition

device 102 has a width of less than one inch. In
w@eowainienbodi mrents, the inmagi ng device 112 vPEWES100&007310

focal area 106 of the conponent 108 down the axis, or

| ongest di nmension, of thedeposition device 102. For

exanpl e, the imging device 112 may be externally

positioned (not sh%%é@g' @ggcﬁﬁﬁﬁﬁi tion device 102 to
0 e

view the focal area wn t ength of the
ddorpiurposesiefprondtigy an nnderstanding b thié penciplest ¢fghe
. I, ragi device 112 vie he focal ,area 106 of the
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neveghelesaibeyundersteoddibap nadimitation, of fhe seepe of the sveation is
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illustrard thesginkeing soptemplated; as yeuid apemaly opeuntoane skiedin
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irradiatien spedificaticry highcénaleghatd pesforimmalesaladditian opearations at a
delivers, ight to th opponent 108 at the focal area
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Nd: YAIG RiseRarfPiPdetidin Yudher S1Ab6 QIS ffhe Fir s 8\NMWYAG fiber
external lighting fromreaching the focal area 106 of

laseriwheredhp dibenis thedasingegaie pacdiai dn cagaincembodinents, the
depo%@iﬁb%%ifeﬁi&é ﬂ?&lu&ésgaﬁéct%oépﬁééow thSJ? S OLO4Eet 1164 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



deposition device 102. In certain enbodi nents, the
deposition device 102 includes |light emtting di odes

W@ bED9)s2a¢ t he end of the deposition device 10PCT/K82008/007310
light the focal area 106 of the conmponent 108. In
certain enbodi nents, the deposition device 102
i ncl udes | aser diodes (not shown) at the end of the
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[ [
oon B S0 A el 0 of Bl {55 S0 a1
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t hrough t he deposition device 102 and di ssi pate heat.
alloyFor exanpl e, heat may be reflected fromthe |aser 104
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depegiioyion the, pualits i 5, ] R e hnablaCESioihtioy 124 may
need"t@zlié Blatdf close & t'ﬁ%q‘o@éfé}%% 108ofthe&npéhetitt108s A HBer
a shield gas 8 flows across the directing optics

optlclM@YAﬁ]@sﬁml'asoa g@@ t_x_%nmt@ugmrgthe 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 optics 124 in the
deposition device 102 near the directing optics 110 to meet irradiation
requirements for a metal powder deposition 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



debris and snoke fromthe focal area 106 from

contam nating the directing optics 110, and in certain
wo eoovle23enbodi ments i nproves the heat transf ePCT/US2008/007310

envi ronnent of the deposition device 102. The purge

gas 138 may be an inert gas for exanple argon or

nitrogen, or in certain enbodi nents the purge gas 138
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er structure to record various system
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cominE 0Bs e dRtares BmnBE: T vl P8 S ibs (e Ataetion bptics

110 ,ﬁtpqg' ef) fothafoedisrblt1@ecoor di nate system and/or a
relati've coordinate system(e.g. relative to the

c orhsosystem1 T30 maydnnbldeoa;bglni@)g device 126 that delivers light to the
component 108 at the focal area 106 of the component 108. In certain
embodiments, the size and complexity of the component 108 prevents external
lighting from reaching the focal area 106 of the compohent 108. The deposition
device 102 may include external lights (not shown) shining 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. 2Ais a schematic diagram of a deposition device
102 and a conponent 108. In the illustration of Fig.
WQ200vkes28eposi tion device 102 is in the proxi nPEHUSI008/007310
t he component 108, and a focal area 106 to be repaired
is between two bl ades of a blisk (i.e. the conponent
108). The bl ades include a width 202 between the
. S . C r. »
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air.

In certain embodiments, the system 100 further includes a processing
subsystem that may include a controller 140. The controller 140, which may
represent one or more processing units, hardware memory devices, and/or other
computing equipment, communicates with various sensors and actuators
throughout the system 100. The controller 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 controller 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



operate co-axially, without any parallax. In certain

enbodi nents where high resolution repair is critical,
w@2@o0eesal enbodi nent may be preferred as il | BSI/D810881007310

in Fig. 3. The beamsplitter 308 may be utilized to

reflect the laser 104 as shown in Fig. 3, or to

refl ect to the i magi ng device 112 (not shown)
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102 ipdurhestadctyred, wetft an gfficiepidaserr 104 andies awai Ghigld 128, to

prevéqu damaging areas of the component 108 that are near the repair area but
" that are not the direct subject of the repair operation.

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 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 to 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



for exanple by imaging the exact position of the

conponent 108 on a coordinate system calculating a
waeleomidon pat h, and progranm ng the depositiPCI/US008&7310

102 to follow the tool path. In certain enbodi nents,

generating the deposition tool path includes

perform ng a "teach-and-|earn” operation. For exanple,
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coold?ffrdbﬂi/é‘g/egﬁ‘?d' ments, the procedure 400 further
I ncl ud an operation 412 to flow a shield gas 138

ovide piocedure400 rﬁgﬂwtinclyd@wn a;seraﬁoe\ﬁioﬁdptgefne@atetme
depo]csit%Hrtceatsal S‘é}ﬂ t(?ener'%rti t %%p%ks)?\éﬁ 'tod) pa% n%y mclude
programming the tool path based on the target geometry of the component 108,
for example by imaging the exact position of the component 108 on a coordinate
system, calculating a deposition path, and programming the deposition device
102 to follow the tool path. 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 tool 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 tool path. In certain embodiments, an operator controls the
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enbodi nents according to the present invention are
contenpl ated. A systemis disclosed including a
waeleonison devi ce operatively coupled to a | aRer/US100&007310

deposi ti on device conprising directing optics

Structured to direct the laser at a focal area on a

conponent, an imagi ng device structured to view the

. | i
deporfB5R dchlcn 03 HrDFgfi ¥ BRASIated BipBRIBH tobl it Seitdin
embodimpotse @in cneratmr demenbtesrtba depositiendooippatbriiy viewing the

focal Bged IDBLER UNIAeTEIgS Suasd 1anasr moYes B GeApetion device
102 tﬁ‘l’m@%otﬁg'qe}:osﬁtfb‘?\ HepPpair é@fhedf%) I pStHRgehethddd e | €SS

ch. I'n certain enbodi rents,” t he 1 magi ng
proceskene d00fugher includescarh oae@moomt(h@ demmmdmtnm)mtehal 118

axis of t sition,devj.ce from,a,cl ose, grox
on th§ Sofyenent GoRerhe bRERLBR A hk dRAas omerd wdindEs 7,
depo@iﬂﬁh%e‘fatﬁyﬁuﬁl% aqaéerawﬁ R cérbein @PhsdIRTntd rtﬁenprocedure
i nches he conp onent. In certain furt er

400 f@ﬁb@fdﬂﬂﬁ’éﬂ% an ﬁl@eraﬁ@gm@ @eﬂﬁ%é shieldgasnt38 ever thgrdieecting
opﬂc$q1 he conponent through the directing optics. In
certain enbodi nents, the imaging device includes a
c AaXs @viddraitong tied fgerds amd texe poeyersed abovdey vatetyl of
certai n enbodi nents, a lighting device is struct ur ed

embadimgpts 3egordingre the Rfﬁ%ef&dn‘ﬁ%lﬁm argy CQIHeMPEREH- ar ea on
t ag fé?é‘fﬁ’loi H¥clo «%}F ch'I %%Qidggﬁ) itfefy GE %cg?f)@réti f coupled to

operatlve y cou sition ce th
a IasesththtededosmOla dleurd:g ¢orbpnshg tdlrectieg)mtlt:s strudtweatdao dixect the

di od t he de t d
laser il PeR 4168 A0TSR FuTredind el S it ia view the
focal bFeeF ef ébrﬁp'gﬁghtﬁﬁﬂbsan haGitiV @ pedtelifcdelepy Abdid: tiHAG

ber-optic ser. The final focusing optics may
deluvereraﬂd@tmmmteﬂai te éhe camp@nent 8t thetfotabareatan theceompeeent.

mcof oS ATRAE o P 4S5 SRRt RERL g fepenon

blade#Owheel. 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 close 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 embodiments, 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
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cm A nethod is disclosed including interpreting a

target geonetry for a conponent and positioning a
waeleonison devi ce operatively coupled to a | aRer/S2008/007310

where the deposition device includes directing optics

structured to focus the |laser at a focal area on a

conponent. The nethod further includes positioning an

moreittﬁgﬁidr‘\% Aint&eP HISESMUTGH the fc‘féaggllréé‘ of fﬁlf@&m?gﬁénﬁfand in

conponent, positioning an additive mater
certaiteéimbedimentsnthet firzal fdewsing optiasi bave adfonal lengti greatermthan 40
conponent at the focal area of the conponent,
M. generating a deposition tool path according to the
U GRIthEE A i RS |
novenent of %ﬁ%sggéﬁﬂﬁ??gn devi Clgggdg%éggﬁ%&%tr?%%ra
compbnent antd gositiosing atdepositondevier oparatively ¢ouplediés a laser,

wherd 332 3eblE oA ! RolleeS <ifhorB3 sByBH sk RE Bl shBffusgre taser
at a fbb8! &leBWTH & icompbménte Thbrmémddafhﬁheﬂmﬂjm@sitiémﬁ? S;‘

) additive material is titaniumand/or a titanium all oy.
imaging daviee phiueivird iarkiensthe freabareacefithy copinanent residrniag an
) o n riai o ' '

adaitel el op e e S5 e R0 s, Ul PR a1 Y0 Bomponent
at the_dfdolfad:g'reragomi mpéme:ﬁggéaémtiag‘@démlasitim ;]éch q;atutegbwkding to

i ncl udes generating a deposifion tool path accqrdin

the target geomely &l t@%sﬁgmneaﬁ aw[ecwmim Hf’ovsymﬁfgrﬁé?% g
depot’g‘irt]igﬁ%?é?n SeddiamgPRethatdeybsition toBl path! FREREREA fsrther

focal area off the conponent i ncludes an area on a
inclutésadeplositisg additiveematesial bh adswrfadenottibetamponent in response

enbodi nent th t.hod, i ncl ud ti .t he |
o R e O B AR LA B e,
the ab@RREMStrAl ishfapiPh ahtit Liitahlifn laisgr - A systemis

di scl osed including a deposition device operatively

cdnsedain embodiments, the directing optics include a prism. In certain

C

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.

A system is disclosed including a deposition device operatively coupled to
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 bladed disk. In certain embodiments, the system further

12



a fiber optic Nd: YAG | aser, where the deposition
device includes a directing prismstructured to direct

WO haoMes2YAG | aser at a focal area on a bl aded BECEKS2008/007310
wherein the focal area on the bladed disk is di sposed
between two bl ades of the disk. In certain
enbodi nents, the systemincludes an i nmagi ng neans t hat

o445 b lerB BBl e SRR RRrerg i ot o e
companenpatthe focatarea en thebsdrmponenhl.y sim | ar opti cal

A SRR, Bl B P o o
compg)glghi tﬁféuﬁgttﬁ‘é Wt cl?rgd Pﬁ?t’hy IFRP@irt 8AbodfthEMR) %ine system

Iditive teria e conponent at the focal area
furthesrincibdes onganseior generating aidepesitiodideyinestool path, @adianmeans

for o8 e Wonhoh 2Bce S8 inds B AR TRARR o 85368 Hbol pat.
The sgxsﬁérﬂ%_éwmdnﬁie fingl fod@singRpties bositionedmbidwhan one
eposi tion device tool path, and a neans for operating

centimgterdtiplest froonthecfocakbanea ofdbp seswanenthén gepais ti on

By | J . SV ' Nt ' . .
erncfGER, 8 Rk HAF B EASE 4SH A8 Hoying v
less thaAtonetinth 0th tBAafnembodineentsf thehadditveodekvery rheéans includes

certain enbhodi nents, the deposition device includes, a

a metpd pewider gelivedavics dispasad i the derositiemhead. iImegrtain,
emb LA RS s 15,860 5B ik 6 H8 Hiposiir
devicehthalsipiekl structuteshit. prenenta reflectedripodioreot the Nt&AG laser

system further includes hield coupled to the
from gigliing ap GPPYSINGRH qq%tostﬁpj‘pgglsqrpacg 5red to prevent a

r &k b@ﬂéﬁdelﬂBF)Hin‘Péth,f trfeh@ysmhl\’ﬁ@uaé§ %{ccfdliﬂ@t PERshhBWissbsed

_ opposi ng surface to the focal area. In certain
in thectiépetitiemdeyice hthesganliog passiagesirustued|tp @jjopiaeenlaet to pass

through 3R8 BaPek ol e iEr 34 HisXhAlg st yehBatd flond RAssEd°
portion of the Nd:YAG laser. 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?2.30. In certain embodiments, the
system includes a purge gas delivery device structured to flow a shield gas, or
purge gas, across the final optics.

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 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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t hrough the deposition device and di ssi pate heat
generated froma reflected portion of the Nd: YAG
wo a®e10452Bn certai n enbodi ments, the Nd: YAG | asRCT/US2008/007310
further includes an irradi ance value at the focal area
of the conponent, wherein the irradiance value is at
| east 2 nmegaWatts/cm 2.30. In certain enbodi nents, the
featufd 8b HESEAGLY ARy Be ERUSABLRE i NHothIIRYS FRaphbtisd LT ed
o flow a d gas, or purgeé gas, across the'fina
necesgdnycmd Ay bmtiddaament/lanklngrthbessantemaydm contearplated as within

the sE3at o s wentionabsetng PeRoHRDERRe diaims thal TafloW. In
read.pﬁgﬁé %ié?ﬁl@ it gahtetda%d' tRYEWhERNWdrds Rechias e ldnm 'taQ‘l’eésﬂ one"

di scl osed embodi ment (s), but on the contrarY
and "ahieastiadpartion’varer used, itbere isTwi mtemlqndnslmathmaacm o 40 @nty

rrangenents.dincluded within t it and e
one ifirh Rk Shebinealy S bufie BobfanTB b s EE A, Rnep the
Iangﬁﬁgéa@‘ffiéaslt  SorfibAt ahd "a portor"ds e8eaTRE@RenfaySHERde a
fications and equival ent structures as permtted

portlcuna@@/o; e eatire kemiunlesfosredificalysiintedye thagentansd
that while the use of the word preferable, preferably,
or preferred in the description above indicates
thatfeature so described may be nore desirable, it
nonet hel ess may not be necessary and any enbodi nent
| acki ng the sane may be contenplated as within the
scope of the invention, that scope being defined by
the clains that follow In reading the clainms it is
i ntended that when words such as "a," "an," "at |east
one" and "at | east a portion" are used, there is no
intention to limt the claimto only one item unl ess
specifically stated to the contrary in the claim
Further, when the | anguage "at |east a portion" and/or
"a portion" is used the itemmay include a portion
and/or the entire itemunless specifically stated to
the contrary. d ai ns
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What is clained is: 1. A system conprising: a

deposition device operatively coupled to a |aser, the
wa@leposi2son devi ce conprising directing opti csSPCT/US2008/007310

structured to direct the laser at a focal area on a

conmponent; an i magi ng device structured to view the

focal area of the conponent; and an additive materi al

delivery neans that deli¢gif&dditive material to the

conponent at the focal area on the conponent. 2 . The

systemof claim1l, wherein the focal area of the

onponent, .is between bl ades on a bl aded wheel. 3. The
Whagxfsng'@hﬁ“&f’ ' aim 2 , wherein the deposition device has
a wdth of |less than one inch. 4 . The systemof claim

1, wherein imaging device views the focal area of the
cdnp/érsyﬁterummphsngm s of the deposition device from

c RG] Reficb orctatSie SBIBEATD = teS6r JOE kR fehRevice

compiisaty ereéthfg @Qﬂmrﬁtuféd)f@ dirddiithe Fageh &t @sfogsl dré@ on a

conponent . The system of claim 1, wherein the
compafpgiiting deV| ce views the focal area of the conponent

gfynmﬁgélbebﬁﬁegic%eéﬂdd?gre‘agb'\ﬁé‘w tlze fo cHiareY of f18 &gmﬁbﬁém and

ude a coaxi
vigvadditied evatetial deliveey dmmnhabdleldms addRive Thatesinbtoethe

of claiml rther conmprising a lighting device
Com%ﬂe@é?&i&f‘dch@va@q Qrthe F@'Pi‘lpof‘gW he conponent at the

focal area on the conponent.

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 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.
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9. The systemof claim@8, wherein the |lighting device
conprises one of a |ight operatively coupled to the
waeleosison devi ce that shines down a body tubeCDiS100£007310
deposition device, and a | aser diode on the deposition
device. 10. The systemof claim1, wherein the | aser
conprises an Nd: YAG fiber optic laser. 11. The system

of C I [ ; '
o8 Bor] U LB CAIRRS L0040 Y uc G to
deliverlight tetiee cdimpioment at the folcal areaadn theecoraponént.

conponent. 12. The systemof claim11, further
conprising final focusing optics wherein the final

f @:Uﬁhégx\%m BFclbﬂﬁ@%e?efnolﬁéﬂl Ihﬁﬁgtdévwee(%rﬁ{mgé@ané%f a

met hod rrpr|S|ng interpretin
light gpamwegy daupled tmtrmmmsathmdewcertlnaigsme&pownta bndy tube of

eV| 0 eratlv cou e deposi tion
the oEHGEn TR P Rk Bictn b0 T H8PEToR ARVERT o | ocus
the laser at a focal area on a conponent; positioning
an i magi ng device structured to view the focal area of
t HE. chmpsyetem opelainile whegeinrthadasern cGamprses aaNd:YAG fiber-
[Very neans that delivers additive material to the
OPUC%E%%Onent at the focal area of the conponent;
generating a deposition tool path according to the
target geonetry_of the_conponent;

contro] ling.
mVenBhe systemnef elajm s furdherRamprisiag b gaab?%gsm Qrﬁtcs

wherdfPP! firaf focusing optics are more than one centimeter distant from the

focal area of the combonent.

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 structured to focus the laser at a
focal area on a component;

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 deposition
tool path, and depositing additive material on a surface of the component in

response to the controlling movement of the deposition device.
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tool path, and depositing additive material on a
surface of the conponent in response to the
w@owoed2B9 ng novenent of the deposition devi cePQBUSZ&007310
met hod of claim 13, wherein the |aser conprises a
fiber optic laser. 15. The nmethod of claim 13, wherein
the directing optics includes a prism 16. The net hod
of claim 15, wherein the imgi ng device views the
focal area of the conponent through the directing
opidi. cBhe ethdd of ciztimotB, ofheren thellasemtempiisesafibeabptig
a deposition tool path according to the target
lasergeonmetry of the conponent conprises performng a
t each- and-| eam operation. 18. The nmethod of claim 13,
wherein the additive material conprises one of
t itSanThermeathod of claimi 1dnwherein theddireptiagrapticsdneltides aiprism.
13, wherein the focal area on the conponent conprises
an area on a bl aded di sk between two bl ades. 20. The

mettgh othé methad Bf ERimf 18, assrefPier infdgiiy BBgicatviews thefocal
| aser and flow ng a shield gas over the focusing

area gpthe:gompopesbihreugh the dicedting epticsn of the | aser. 2 1.
A system conprising: a deposition device operatively
coupled to a fiber optic Nd: YAG | aser, the deposition
deti. CEhe amgthod iofiglaimdi 3, agtiéreih generating raudépusitibr tool path
direct the Nd: YAG | aser at a focal area .on a hl aded

accoggling to {etacgst 9ermety &f thg eampRNERLCYNRHESS REERIMING a
teacHbRRISSH @ﬁérﬁﬁ@ﬁ‘. two bl ades of the disk; an inmaging
' mean

s that views the focal area of the conponent,
wherein the
18. The method of claim 13, wherein the additive material comprises one

of titanium and a titanium alloy.

19. The method of claim 13, wherein the focal area on the component
comprises an area on a bladed disk between two blades.

20. 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.

21. 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
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I magi ng nmeans and the fiber optic Nd: YAG | aser each
conprise a substantially simlar optical relationship

wo ooovles2Bocal area on the bl aded di sk; andan apidii/us2068/007310
mat eri al delivery neans that delivers additive
material to the conponent at the focal area on the
conmponent. 22. The system of claim2 1, wherein the

| . .
 PBEAAE RN e 3l Bl sOBIRRTRARTRD o e
comdone‘nluait tee fmhpreaonghereenmdnent.gener ating a

deposition device tool path, and a neans for operating
the deposition device in response to the deposition

deyd Cehé @géteﬁab’ﬂc laff- 21Tb\ﬂ1e?¥§|ttﬁ€‘u‘?nfagmé‘h{é’a%slﬁle\k§'iﬁé‘fﬁcal

conprising final ocu3|ng optics whérein the final

area fof thes comppopentthraugh the dire¢ting priemcent i met er di st ant
fromthe focal area of the conponent. 25. The system
of claim2 1, wherein the deposition device includes a

degmsThe @pstléﬁaef Baih 2, fJurthel dbrhSissing hdaryRr igeaBratitly a
The 3stem of claim?2 1, wherein the additive deI ivery.

depostignsdavies tapd path, andsa mraRsor peTating theclsrasitiarsgeyes in
respc# retﬁ)etpged)e%?r |oqué\ﬁ8€ﬁl elp(?tﬂ-he systemof claim2 1,

1'STng” a coupled to the dep03|t|on
device, the shield structured to prevent a refl ected

portion of the Nd: YAG | aser fromneltin n posi.n
su?r“f atle gystenrof glaim 2y @H"thSCO“TIPFé‘S@?{‘PgMaO&P @19 f/g

wheréw tfh%rffr{b? ?ocﬁ%r??% béhé@aﬁe ﬁ\%?é khih BAS SRAGNESIASEMt Fom the

eposi t Ice e cool I ng passage structured
focaltavealdf thve comipanent.o pass t hrough the deposition device
and di ssipate heat generated froma reflected portion
of the Nd: YAG | aser.29. The system of cl ai m 28,

W eTRe SPstehl ol Gigirh 2818 wHete inAE deposittPiSdéVice includes a

deposition head having a width less than one inch.

26. The system of claim 21, wherein the additive delivery means includes

a metal powder delivery device disposed in the deposition head.

27. The system of claim 21, 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.

28. The system of claim 21, 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.
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irradi ance value at the focal area of the conponent,
wherein the irradi ance value is at |east 2
wore@ae28s/ cn2. 30. The systemof claim2 1, fReT/082008/007310
conprising a purge gas delivery device structured to
flow a purge gas across the final optics.
29. The system of claim 28, 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 megaWatts/cm?.

30. The system of claim 21, further comprising a purge gas delivery
device structured to flow a purge gas across the final optics.
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