11 May 2006 WO 03/042895 PCT/ KR0O1/01970 5 METHCD AND SYSTEM FOR{1RAB#&y 2hOE
MONI TORI NG AND CONTROLLI NG HEI GHT OF DEPCSI T BY USI NG | MAGE PHOTCIJ%PHI NG
AND | MAGE PROCESSI NG TECHNOLOGY | N LASER CLADDI NG AND LASER- Al DED DI RECT
METAL MANUEACTURI NG PROCESS Techni cal Field The present invention relates
to a. met N8R 9%P42P¥a) -tine nonitori ng and controlling theCHERGtG19Mf a
cl addi ng | ayer using i mage photographi ng and i mage processing technol ogy
in laser cladding and direct netal manufacturing. 10 Background Art :
Laser-aided direct netal manufacturing is defined as rapid near-net
shaping that can rapidly nanufacture 3D products and tools necessary for
the manufacture of the products with functional materials (for exanple,
netal, alloy, cera onthe ba5|s I(\)/Ef the digital data of 3D
: _\_ & 5 . A PG

subj ects stored in tool i ng".

The digital data of SQOthm(ﬁg_IﬁGlm BRAPHY ] herfl sign (CAD)
data, nedi cal Conputer Tonography - ' : Imagl ng
(MRI) data, andEH RARPHING ABEXIM AGERROUBSSBY@ TECH ' AL

t he tools denote
20. manufacture O Fige ati= i

prototypes, trial and nass- productlomijEi;s fi nlshed products of

conpl i cate shape and various tools to be rapidly manufactured in
conmpari son W th conventional nmanufacturing techniques 1 11 May 2006 WO -
03/ 042895 PCT/teERéfdFRIPL such as Conmput erl zed Nunerical Control (CNC)
cutting, castl ng, and ot her

The present invention relates to a.method of real-time monitoring and
controlling the hetght of a cladding layer using image photographmg and image
processing technology in laser cladding and direct metal manufactmng

-10 - Background Art

Laser-aided direct metal manufacturing is detincd as rapid near-net
shaping that can rapidly manufacture 3D products and tools necessary for the
manufacture of the products with functmna] matenals (for example metal, alloy,

~ ceramic or the like) on the basis of the digital data of 3D subjects stored in
15. computers, and falls under “direct metal 'tooli.ng”.
The digital data of 3D subjects includes 3D Computer Aided Design
{(CAD) data, medical Computer Tomography (CT) and Magnetic Resonance
Imaging (MRI) data, and digital data measured by 3D object digitizing systems,
and the tools denote trial and mass-production molds and dies necessary for the
20 manufacture of products. :

Those techni.ques' allow functional metal prototypes, trial and mass-

production molds, finished proc.tilt:ts of complicate shape and various tools to be

rapidly manufactured in comparison with conventional ménufacturing techniques



manuf acturing machi nery, etc. Those techniques are applicable t 91t\Ngy 2006
restoration, renodeling and repairing of nolds and dies using reverse
engi neering technol ogy. The underlying concept of those techniques, in

whi ch physw,q#lfggpes can 5 be generated from CAD data, is simlar to that
of general % A The direct nmetal manufacturing al | BAEKRDUGNINSI cal
shapes to be generated by formng functional material in 3D space at the
preci se positions, nmuch as printers print docunents by applying carbon or
ink on the 2D surface of paper at precise positions using docunent data
files stored in conputers..-10 Since it is difficult to generate 3D shapes
from CAD dat a through conventional nanuTacturing processes in which-a
material is cut r ten gg@ is poured into and solidified in a
mol d, Material ¥%n ‘a??f %r I KGN ocuténgs rsstinge cand Babercal |y,

a 3D obj ect i smammﬁ@@nﬁg Sclﬂé’ f 28R%e wgﬁﬂ%&@% ﬁ%hfzeﬁ?e Bhe €e§to§a rfaces is

conpri‘sed of 1D I|i nes. Accordr nc}; a 3D e can manufacture
stacki ng 2D sufcmedelingsnd @plfbﬁodﬂ!e*usmesersee&ﬂgmemtuﬁnﬁla@ ed M M

process. As shown i rranuf ac ough additive

material s deposition Bm%?%g h°§g@‘§gt Bra fit blh’g-‘r’ﬁ‘iaLéhag%‘?ﬂént i onal

manuf act ubi ng lprrma’sﬁrom (M-'m:ﬂata, io Witkilarego echitodf gﬁefaﬂlfpnﬁfersa MRt (g&eocet al

is poured 20 ?Fﬁ](f) d and gléfled in the nold n the laser-aided

direct metal . é’&“g%“'ﬁr’&“ge%l yPhygigal ?Bpﬁfbrt‘? ahf:egencmt@l biykormigl y

formed t hroughtuhafhl faasdi HQBDAs%aéé"QB"ﬂle g ffedided g A
5 on ?(Ilre su’r '3

t echnol ogy of form ng a cl addi ng | ayer ace o cimen in
such a way t hafocsments &y epplying caﬂ:@npmoink o 3hé¢ D' Fuanfave cofbyaper mﬁ@r@isbng a

| aser beam 20 neci rre and, at the sanme tine, a
cl addi ng mat er?p gHI[ﬁ H uﬁgé?grrpgm%gta S%reéll HEYPPUEEyanic or the Iike) in the
form of powder s f&thetoittisediffidultesd parlat?dD fshamstfem2cAD May RRREH VO
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conventional manufacturing processes in which a material is cut or a molten

- material is poured into and solidified in a mold, Materials Incress Manufactunng -
(MIM) has to be employed. . . .
: Bas1cally, a 3D object is comprised of 2D surfaces, and each of the 2D
15 _ surfaces is comprised of 1D lines. Accordingly, a 3D shape can be manufactured
| by staqking 2D. surfaces one on top of énother. This technique is called MIM
process. As shown in Fig. I, the 3D shape is manufactuted through additive
materials deposi’rfon for building shapes, differently from the conventional
manufacturing processes in which a bulk material is cut or a rnolten metal is poured
20 . to amold and solidified in the mold.
In the laser-aided direct metal manufacturing technology, the 2D surfaces
| are physmally formed through laser claddmg
| As shown in Fig. 2, the laser cladding is a technology of forming a
cladding layer 205 on the surface of a specimen in such a way that a local molten
25 ‘pool, 203 is formed by iiradiating a laser beam 202 on the surface 201 of a
- specimen and, at the same time, a cladding ma;erial (for example, metal, alloy,

ceramic or the like) in the form of powder is fed to the molten pool 203 from the




outside. Referring to Fig. 3, in the |aser-aided direct netal 11 May 2006
manuf acturing, 3D functional netallic products or tools can be rapidly
shaped in such a way that 2D sectional information is calculated from 3D
CAD dat a 2@&(}%@9& ng | ayers each having shape, thickness and/or height
correspondri ng he 2D sectional 5 information are seqBEHKRa1/01970f or med.
The 2D sectional information used in the process of shaping is made by
slicing 3D CAD data into data of a uniformthickness and/or a uniform

hei ght or into 2D data of a variable thickness, which is utilized as
shaping information. In order to physically materialize a precise 3D shape
corresponding to CAD data by 10 using the sectional data, a cladding |ayer
of precise shape,  height and/qr thickness cqrresponding to the 2D secti onal
i nfor mati on cafitde-f &gﬂwgﬁ?&{’@l‘?’tlﬁéh? teserraided digest weptalr oeradasturing, 3D The
above process gafsd | I I.ShO f..a

product-. I'n part??lﬁﬁgg%tgg%%g%g@ggfc%g%?a}gﬁ??%aﬁ{iﬁ%sﬁégiigwgf EFW?B

cl addi ng | ayerseftional nfarnasipn tie chladhisd yirdon 3SDnGABNén4 ahd eiaddihg tierd asBr - ai ded

direct netal facturing.technol s t he | ager-ai ded djrect, netal
manuf act ur i ng%%nc?ﬁ%’ﬁy,ﬁgim?sﬁ ?‘h‘@&?/&s@p CrSERPAGEt & HfeI gy sehistd in.
Fig. 2, aS5cl addfongatidyes sdqferdtiallyRemby, | nterpol ation- transferring a
nmetallic substrate (hereinafter, referred to as "a specinen”) around a 20
fixed | aser beam al dR§ 2P sashoRal dnfemmasion psedyinethe ipsonessphHehapling i§ medel by
specinen. Alt tary el rfthelﬁﬁ?[ ne- erred together with
t he speci nen, sggigég D/teﬁyjegét%r%tho%?g-oam S O?Igwg?etsgsigﬁs}?érn’? rgtfrglglgel‘ghéé’ﬁ be
utilized to i rutogdddatsof adeyatie thitknefs; whidhris ofilized ny khaging infi@matich, t e

process of shapin he shape of. the cl add] | ayer corresponding to 25
the 2D secti o%’g‘#er??np%}fsﬁ@?’dﬁa Friatiar 9 Pd?ﬁ&?ﬁ#%ﬁe&gﬁ?&m%w cAPdAmbed from
the secid onalusingfties sstibgid damgda thedig e§tSsOptedife thapé MheindHShRRes8Nd can

be relatively easily materialized. However, the height of the laser
cl addi ng | ayeoTEPaRdiag (@ dhe)yDasestiongh jaforppgionan deobmaeb through the laser
) ., ‘Glﬂddiﬂg process. - T SRR T RPN - . R PN

The above process considerably affects the diménsional .precisioﬁ of. a 3D
pro‘_duct. In particular, a technology of controlling the height of a claddlng layer is
15 a key iechnplogy in implementation of the laser-aided direct metal manﬁfacturing
technology.
In the Iaser—ai'ded direct metal manufacturing technology, as in the laser
- cladding technology shown in Fig. 2, a cladding layer is formed by interpolation-
~ transferring a metallic substrate (hereinafter, referred to as “a specimen™) around a
20 fixed laser beam along x .and y-axes or a laser beam around a fixed specimen,
Alternatively, the laser beam can be-transferred together with the specimen, and a
~ three or more-axis transfer system or robot can be utiliied to increase the degree of .‘
- freedom of manufacturing, . _
In the process of shaping, the shape of the cladding layer corresponding to
" 25 the 2D sectional information mainly depends on a tool patﬁ calculated from the
- sectional information and the precision of a transfer system, and can be relatively

eastly materialized. Hovwever, the height of the laser cladding layer is affected by

3




PCT/ KRO /01970 a | arge nunber of process paraneters, such as a quypgﬁ@r,
the node and size of a |aser beam the traverse speed of a specinen, the
characteristics of cladding powder, powder feeding rate, the falling speed
of . powder ’W(BHEM?%EH appi ng factor of cladding beads, the kinds or anounts
of various auxiTTlary gases supplied, etc. 5- Additional | FCT/ERW Mg tnent al
factors, such as the variation of tenperature on the surface of a specinen
caused by heat accumul ation, the conditions of the surface of a specinen
and a | aser generator, can affect the height of the .cladding |ayer forned.
-Accordingly, in order to obtain the height of the cladding |ayer
corresponding to 2D sectional information, there is technical {difficulty

t hat process: 11% ara tefrs affectir1 t he, hei ght of the cl adding | ayer

shoul d be cont? g?é‘&“%%ﬁﬁ?é’f?‘f?éspﬁ%@? ?’isoﬁlfclbias%l PO Sfpmodesandisizeobped i n

real time. U SasePafeamNohe Gratetss 3pkddbSs! Pe@mer {h%emrﬁﬂ&agﬁfc&ﬁdﬁgd
e

met hod that is- conprised conprised of an optical defection vice Using a
phot ot r ansi st dOW4R Payden feedingrate; thedplling sreed phipovwdarptbe everapping fitctavlofi ng t he

hei ght of a clagdin APREAl he.optical detection
device is position gbériagéa/iredhg larrgqst égn%ﬁgo Egrkffrg‘-ﬁé%"so% Y 8355, yipRlicd, etey

speci rren by t Helditionallly,atnivbnnméntal faetors; stchoan thadratibgor0pf te@d@leratuct Hnahe t he
optical det ectg&n device.is arr%g%gﬁﬁ%omrd a tgget hei ght so as to detect
light (Iight S8F*&FAIPrAPey ity pcuplatien. the epnditions ofike serface af pool
when the nol t aip@fen addRdsdee Serlehifor! @ aAfbet RRI MMt oﬁtﬂ@clgﬂ’&ihé:ﬁ%'erq Rgl1 on
device is conprised of a narrow 20 band-pass filter, a canera lens, a

phot ot r ansi st or or “PRETEBERetiBoATdSE g0 pbtaim thy dwightt of ghé wladdinghdayét nf r ar ed

Fight) to b j St when,. t.h | t |
eathes 8 hei SrEEbRERPlE IDROBMLARIIOR Abee A01XOT Bty RN RS0 e
havi ng aif apeptameterhaffeting the dieighnsfthe clatiding Bivert should(He coatrolRivéhile $he

positioned i.n_front of the atotransistor. 25 - ' As a result, when the

mol ten pool r 8%%‘??&9%%1&5&?%&%@@%%m of a cladding |ayer

reaches the target Ul Ba)No8i2,9s bisbes IRAIDEK RS chd el ok ANt
er an

wavel engt h passes through the narrow band-pass fil can pass through
the 4 11 May ogmprised of an optical defection device using a phototransistor and an electron

circuit for the purpose. of controlling the height of a cladding layer. In this

1]

15 method, the optical detection device is positioned near a molten pool formed on the
surface of a .specimen by the irradiation of a laser beam and the optical axis of the
optical detection device is arranged toward a target height so as to detect lighit (light .
of an infrared wavelength) irradiated from the molten pool when the molten pool
‘reaches the target height. The optical defection device is comprised of a narrow
20 band-pass filter, a camera lens, a phototransistor or photoelectron sensor. In order
. to allow light (infrared light) to be detected by the phototransistor only when the
| molten pool reaches a height at whic}; the molten pool meets the opticél axis, a
- mask having an aperture whose center passes through the optical axis is positioned
in front of the phototransistor. ‘
25 S Asa resul-;t, when the molten pool reaches a target height (the height of a
cladding layer reaches the target value), part of light haying only an infrared light
wavelength passes through !the narrow band-pass filter and can pass through the

4




WO 03/042895 PCT/ KROL/ 01970 aperture of the nmask, so the phot ot Rangaybooe
can detect the light. However, when the nolten pool does not reach the
target height, light irradiated fromthe nolten pool is blocked by the
mask, so the phototransistor cannot detect any light. In this nethod, it is
deternined“ﬂﬂg@ﬁﬁgsthe hei ght of a cladding layer (a 5 PoirERo/pOO )
reaches a target value through the |ight detection of the phototransistor.
The phototransi stor experiences a voltage drop phenonenon when bei ng
exposed to light. In this.case, an electric-circuit is constructed such
that an anal og voltage signal transmtted to a | aser generator is
controlled using an electric signal generated, and a | aser power is
controll ed by allomﬁnp | aser beamto 10 be On or Of according to the
detection of | PRAEEIHYL tRanaskotoghe phetpisansistor eemdstent the light. SHoRaver, tben

6, 122,564, the eal fi icp: 1 M.nes. "t he -if the height

of the nolten g%g% &i%si’l-%oggg? %rﬂdgrqeﬁ%g\s%ec%ﬁfgﬁégﬁtg]ﬁ glgttmg\?}fﬁg%ﬁhﬁ W@ﬁ?ﬂ addi ng

layer. At thi spedlishlotked be theauasksoahqpholblransistdrabnmt BQedrahy liglRser povei is

generated. In particul.ar, en.at .a certai osjtion the height of the 15

cladding |ayer is pﬁt‘%l%%ﬁ‘bﬂé%ﬁfé‘mmﬁawﬁ@gf ¢ beighel e claddiag byt Gal

det ecti onsdevi geltertl ) TirBRBed mattaltg@@ \}g_ﬁieglagm@%h the ﬁéﬁd%@ggﬁc}&ay&r 5‘_goes not
c

reach the target value, and generates a nornal |aser power. cordingly,
the cl addi ng. | BApéRtragsision; s The Phefotsansistor cexperiences abroltagehdop phithakeronor

hi gher and th ramacer.af..the Laser. ¢l adding at thi sition
20 causes thee‘gﬁobi en?'?xo&géeé%o@%lg eI-nt_ 3scg%éflgr%feg?lgﬁlﬁsfaﬂtlﬁgomg?‘zF‘%ﬁ of
shapi ng. Addi tthatreal dnglogivoltagresi prab ennsmiitieltodi lae€ perbeitad is'RnilfcdGisitpiang. When

a 3D shape is eifc]%irfed -%si%g 2?[1) sectional information of a uniformthickness
and/ or hei ght , "7t ¥80% SERLe &“EF&%’F%PHWWQDFF@H%%@MWg laser bremtpe of

the optical dedeaDd éraMfFeE6EdIR: to HOTRMEn ofMURBNbY REpRIts is formed using
2D sectional information o(?@ga 25 vari abl e thi},(;:knle)ss an %F hei ght, there

occurs a probl em t hifowener, dpt Uchl PatetNat £,022.56% viheeo | dttdotiomrdesteged and
- corr ect ed Mer&{é%-mteg theVal@Y thgfhefgﬂgoﬁhgg%itgrgpéo?@r catetor” esrsi tggn a %argSetvI -
value of the cladding layer. At this time, there occurs a _problerﬁ that a normai"
laser power is generated, In particplar, when at a certain position the height of the
15 cladding layer is pgxtially greaéer than the target value, the optical detection device
determines that ihe height of the cladding layer does not reach the target value, and
. penerates a normal laser power. : _
Acoofdingly, the cladding layer at this position is coated to be rather
 thicker or higher and the repeated performance of the laser cladding at this position
20 causes the problem to be worse, thus deteﬁoréting the precision of shaping.
Afiditionauy, in the laser-aided direct metal ménufactm‘ing, when a 3D shape is
. formed using 2D sectional infofinaﬁon of a uniform thicknesé and/or height, there .
occurs no problem w1th the mechanical structure of the optical detection device.
However, when the 3D shape is formed using 2D sectional information of a
25 variable thickness anci/t;r height, there occurs a problem that the optical detection
device should be arranged and corrected whenever the height of the cladding layer

is varied.




11 May 2006 WO 03/042895 PCT/KR01/01970 In addition, a |aser po4ygj 5&?9?6@'
method is a |laser beam On/Of nmethod in which the duration tine of "a I aser
pul se is controlled, so it is difficult to apply the technology to a

conti nuouswmgﬁ h@ser generator. Disclosure of the Invention 5 Accordingly,
the present "I 'HVEATIi on has been made keeping in nind the PEHBREVGIIBDI ens
occurring in the prior art, and an object of the present inventionis to
provi de a nmethod and apparatus that, in |aser cladding and | aser-aided
direct nmetal manufacturing, is capable of nmeasuring the position and

hei ght of a nolten pool in real tinme using high-speed i mage photographi ng
and i mage processing, and --desirably controlling--the height -of a

cl addi ng-1 ayer -by -contr.olling- process- rameters. Another object of the
present invention i 4“?6&16%%1%% ‘P"I’eé%?“%B%g?"% 1$a Jaser bgam Qp/QH diphich is
capabl e .of obt®high B¢ durk PeF i y s d Da%ﬁj cess
par anet er, regardl ess of@?g{a{nstgg\ﬁawgﬂé%ag@ﬁoh%_rgg\i?ﬁllief;ﬁelggj{e 1@@% he
present i nventtcgmology fan gantinnaye wavelasdngenemtet. apparatus, in which the
actual position and height of a nolten pool are nmeasured in real tinme, so
that a process paraneter can be controlled to allow the height of a

cl addi ng | ayerDisdogureef thelyertivbnci de with the target value of the cladding

| ayer, a shaping operation can be performed w thout rearrangi ng or
correcting an image 20 nonitoring device when a 3D shape is fornmed using 2D
"sectionag informatiQBording, B Pleséht (Neh@dl Bad béeﬁkxﬁs&skeépﬁg zﬁﬁgﬂa% nd
apparatus of the present Invention can be applied to pufs€ and conti nuous
wave | asers, aabdve preblemsgecwfingin the priat art, ahd dal objgetmf dhsesresentinvextionlis er ved

t hrough a nonigtar. . h rpce f .shapin Still,..anot her object. of the

present i nventtlg ﬁo‘%@e %51? eﬁfr?ood\?l&n eg%l’%ﬁ%‘fsh b g%éaserzga%dﬁ%%c{]&?rﬂ%q%c%r% )

advant ageous  inetilhainufiveuring} fsosipstie obppasitibg $heCid3itide aad PeighCoa hbldhy 2006
pool in rleal time using high-speed image photographing and image processing, and

*~  -~desirably -contrelling - the height of a cladding—layer -by —cbntrolﬁng- ‘Process-~ -
| | parameters. | _ ) ' | |
An9ther object of the present invention is to provide a laser power
calibration method, .which is capable of obtaining a laser power, whicﬁ is the most
~ important process parameter, regardless of the state of a laser.

i5 ) Another object of the present invention is to provide a method and
apparatus, in which the actual position and height of 2 molten pool are measured in
_ real time, so that a process parameter can be controlled to allow the héight of a
-cladding layer to precisely coincide with the target value of the cladding layer, a
shaping operation can be performed without rearranging or correcting an image
20 - monitoring device when a 3D shape is formed ﬁsing 2D 'sen;ﬁonal information
including a variable thickness, the method and apparatus of the present invention
can be aﬁplie& to pulse and continuous wave lasers, and the image of an actual

cladding process can be observed through a monitor in the process of shaping.
Still another object of the present invention is to provide a method and

25 apparatus, which is advantageous in that the method and apparatus can be applied
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WO 03/042895 PCT/KROL/ 01970 to |aser surface nodification, suchiamayno6e
surface alloying and | aser cladding, and laser nmulti-layer cladding in
whi ch a cladding |ayer of 2mmor nore is forned through repeated | aser
cl adding, .as well as |aser-aided direct netal manufacturing. In order to
acconpl i sWPR¥4#S5ve object, the present invention provi BEEKBOLBIMet hod for
nmonitoring and controlling a height of a cladding |ayer in |aser cladding
and | aser-aided direct netal manufacturing, conprising the steps of
moni toring and neasuring a position and a height of a nolten pool in real
time using image photographing and i nage processi hg and controlling
process paraneters in real tinme. 10 In addition, the present invention
provi des an apparatus_for npnitoring and controlling a height of a
cl addi ng | ayer@jlpser gxface mpadificationy spehuaicasshsiérse alloning andhlaser icleddiag, and
processi Ng- i N,z - - : : = el grTox .

Nasdk 350i1aek AAlufG iBPhibIRS WdRlloflye B! ﬁaggmle isformed o1 o

manuf acturing; - conpri'sing: a | aser gener or for a nol
a surface of abspghiapeaied byericladdidg.ss weH aplasar-aided diredt emiml nanhfenming.

transmtting apparatus for transm.tting the.l aser beam generated by the
| aser beam gener at oﬁ",‘ oégeﬁé%ﬁ?%ﬂjﬁg]%éﬁeﬁ&méep%ﬂ?‘gt & DRSSPIt IREREem BIONet fe” beam
transmtted t hhetighfor Rdnhemkg indbatbllin ﬂﬁei%ﬁlpﬁaaéléﬂlﬁingqaﬁzéf iR SRR er | al

e

feeder for feeding cladding materials tot mol ten pool forned onthe
surface of thendpeser-nided diyect metal mapefaetiring comprisies thesteps bEmmidasingended by

t he beam cond ' S, st.er e o} enJ focal

di stance of Zgﬂﬁ%ggggﬁk egmmg%tg%%ﬁt ]:)I?réll @ﬁgénpp%(@e]ésl}églf B%Pg“égllgn%la\%ﬁeth t he
beam condensi rphotographingr antdunage giredessingl and) cantroling prodéss qutdnmters amdedir eel vy
transferring: .stpeci men along a tool path around the |aser beamto all ow
the |l aser cla g to be perfornmed with - the specinen fixed on an x and
y-axes taple; a CADiC ANt edirestnt abertion pfdvided en a?wwfhﬁﬁi&ﬁﬁgtah@n such
as the tool path on theé basis of 3D CAD data and 25 transmitting the

shapi ng i nfor FREFGHeg aheishtnf@ chaddingdrven i 1eal tipp uving imagephotogtsphingiand) an

i mge of the..gplien, L b 5688 il A 00 1AL ARSI Ytk G de D B, _the
nol t en pool g%g%‘ﬁgrg%g%?n cglsga?%gﬂl%%%% %é&?@@ﬁ%ﬁe%%@tﬁtw@&%&ge of the
nmolten 7 comprising: a laser generator for forming a ‘molten pool on a surface of a specimen

by irradiation of a laser beam; a beam transmitting apparatus for tzansmlthng the -

15 laser beam generated by the laser beam generator; a beam condensing aﬁparaulé for
condensing the beam tran;smitted through the beam transmitting apparatus; a
cladding material feeder for feeding cladding ma:Eerials to the n;olten pool formed
on the surface of the specimen by the irradiation of the laser beam condensed by.
the beam c:cpndénsing apparatus;. a transfer system for keeping a focal distance of

20 the laser beam constant in the process of cladding with the beam condensing
apparatus positioned in a z-axis direction, and freely transferring a specimen along

a tool pafh around the laser beam to allow the laser cladding to be pérformed.wiﬂl

| the specimen fixed on an x and y-axes table; a CAD/CAM apparatus for generating

| shaping information such as the too! path on the basis of 3D CAD data and

25 transmitting the shapiné inforrnatibn; an image photographing apparatus for
obtain-iﬂg an image of the molten pool in real time and transmitting the image of the

molten pool; an image processing apparatus for receiving the image of the molten

. ' 7



11 May 2006 WO 03/042895 PCT/ KROL/ 01970 pool; calculating a posiyyi Q?G’Ba
hei ght of the nolten pool on the basis of the inage of the rmlter!@{)%o ,
and transmtting the cal cul ated val ues; and a control system for

control li &@Mni toring the elenents, receiving the shaping information
fromthe pparatus and perform ng the | aser cl adBCHEROE18705
receiving infornmation about the nolten pool and controlling a process
paranmeter in real time to allow the position and height of the cladding

| ayer to reach target values. Brief Description of the Drawi ngs The above
and ot her objects, features and ot her advantages of the present --
invention~will- be-nore clearlyunderstood fromthe foll ow ng :
det ai | ed-descri ption- . taken«-in, conjunction with the acconmpanyi ng draw ngs,
in which: Fi g.P(%tL’i ‘?T%‘#F“PBWB?%% ) elﬁ’&‘t%‘?ﬁhal%olteﬁmégn%m}ém@ﬁmehg
(MM; Fig. Zniage ¥ thé kibkeh $bbI0 Ic08ied Wathes3a

illustration of a?gr -al ded'!rl ???Ié??&ﬁrrea{l%iﬁg{nr}g%fég?tc{&%eﬁg‘?&ﬁ’ -ﬁd;?%gn?osl a

schemati ¢ vi ewysifmg for sentrelling dindi menitoringt the wlemeitec trecdivigg thysshapingFi g. 5
is an enl ar ged_yi.ew: regj t in whic concentric

powder - f eedi n%@%‘%%ﬁ% @%b@égé%%g 09 aaﬁg]ipﬁ%‘a‘ﬁﬁ%ﬁ’ﬁﬁﬁ?f ﬁﬁggﬂg’ra&ﬂged;
Fig. 6 isS5an enteivigethfvineiion kbdun ehel molgn Hobbimdgioapbiling a PpRasanetadnFi gs.

7, 7(A) and 7(B), are di ggrams show n second principle by which an inmage
of a nolten pd& §@e (5?)@'@8\7&53 18951?%“84@@‘61%1%@69?@5&?&&1&}’% reaeh tareeti g.
7(A) being a sghiggatic view of the nolten pool observed-in the optical axis

of a laser beam Fig. 7(B) being a view of the nolten pool observed in a
nonitor; Fig. 8 is, a schematic. diagramshowing a first principle by which

an imge 25 . |, | L.s observed by the inmage photographing
appar atus; 8 %M@ 95 '

The above and other objects, features and other advantages of the present

" -dnventien will bemore-clearly- understood-from-the following detailed descziption- - ~
| taken in conjunction with the acooxﬁpanying drawings, in which: |
Fig. 1 is an illustration of Materials Incress Manufacturing (M[M);
Fig. 2 is an illustration of laser ciadding;
Fig. 3 is an illustration of laser-aided direct metal manufacturing;
15 ~ Fig. 4isa schematic view of a laser-aided direct metal manufacturing
system;
Fig. 5 is an enlarged view of a region of the system in which a concentric
| powﬂer—feeding nozzle and an image photographing apparatus are arranged;
' Fig. 6 is an enlarged view of the image photographing apparatus;
20 Figs. 7, 7(A) and 7(B) are diagrams showing a second principle by which
an image of a molten pool is observed by the image photographing apparatus, Fig.
7(A) being a schematic view of the molten pool observed in the optical axis of a
laser beam, Fig. 7(B) being a view of the molten pool observed in a monitor; . “
. Fig. 8 is a schematic diagram showing a first principle by which an image
25  of the molten pool is observed by the image photographing apparatus; )

8




PCT/ KROL/ 01970 . Figs. 9(A) to (D) are views show ng variationsqyipgdh8oos
imge of the nolten pool according to the transfer direction o? a specl nen
or |aser beam Fig. 9(A) being a view taken when the nolten pool is
directed toward the i nage photographing apparatus, Fig. 9(B) is a view

t aken wheWQ P45t en pool is 5 oppositely directed towarci/Kim/israge

phot ogr aphi ng apparatus, Figs. 9(C) and(D) being views taken when the
speci nen or | aser beamare transferred in a direction perpendicular to the
optical axis of the inmage photographi ng apparatus; Fig. 10 is a schematic
di agram show ng how the i nages of the nolten pool are nonitored according
to variations in'the height of the nolten pool; 10 Figs. 11 (A to (O are
graphs showi ng rel ati ons anong .a | aser power, the. height of a cladding

| ayer and a | aser ™ p&igsr 9¢A)pe (DFirg;victvsZhowing vphiationg imfte ishgybge siolgh e net al
parts manufactured by.the- .- t hod.and apparatus of the present |nvention;
PR 1o o REC esRtibe' & i TESBR BRI B AereHBion ever frrn Pl (AGAbg 10
by the methodbaing appreattalenOivhbdlether KRR pbavegltdj&eﬁed':{ogvardl‘ihé%m% e

phot ograph showi ng an inpeller part_ manufactured.by the |aser-al gd di rect

met al manuf ac PAPPAGPLIES AAPRGHY. &8 tHB) jis esvav takereivdienrthe amdterigpol 16 i s a
phot ogr aph shqi ' 7 Ll er dg, € ed and
manuf act ﬁed gyb%ﬁgﬁn‘g‘%ﬁ% qgvr‘{ é?)epgéagg gé&o ‘Elhlgg %ﬁé}’ggg% ﬁé?y%@ﬁgﬁqﬁizo Best
I\/bd_et_ for Carr gamg v@w.sl 'f:ahﬁl w:weﬂtﬁlspeni:hm ?r laaértbiem-g e lmﬁl sferebdGh o difttibd Me

moni toring and _cont.r i e hei of a claddi.ng | ayer .using i mage

phot ogr aphi ngl’a‘ﬁﬁ“ﬂ&?’rﬁ"g’@ B%&@Bg%?’ﬁ@%‘ﬁe %&Ph@?ﬁ PPFHSdi rect nmetal
manuf acturing in acegf ptmc&escﬂexﬁdiic&ﬁhg%ﬁ)gwmowihetiﬁﬁgéy&Mmtén@\bSP_t' on I's

described in detail. 25 Fig. 4 is a schematic view show ng a [ aser-aided
di rect netal WmomMVdm%gmmtmn%%mpmmmm@mmuf acturing

system ;e | | aser - apded 14486 ()Rt BlaphPRYFAH fiakgk SiSaes a8 p%&gr, the
| height of a cladding layer and a laser power type; - '

~« «r-+ -Fig: 12 iv a photegraph-showing- simple- metal-parts manufactured-by the-.~--
method and apparatus of the present invention; |
Fig. 13 is a photograph showing a mobile phg‘)ne mold part manufactured
15 by the method and apparatus of the present invention; )
F 1g 14 is a photograph showing an impeller part manufactured by the
laser-aided direct metal manufacturing technology of the present invention; and
: - Fig. 15 is a photograph showing a partial part of automobile fender mold
remodeled and manufactured by the method and apparatus of the present inyention.

20 Best Mode for -Ca_m ing Out the Invention

_ Hereinafter, a method of real-time monitoring and controlling the height of
a cladding layer using image photographing and image processing in laser cladding
- . and direct metal manufacturing in accordance with an embodiment of the present

* invention js described in detail. ,

25 Fig. 4 is a .schematic view showing 4 laser-aided direct metal



present invention includes image photographing and processing aﬁQq*Qiggﬁg
407 and 408 for controlling the height of a cladding layer in rea

and a Conputer- Aided Design (CAD)/ Conputer-Ai ded Manufacturing (CAM 409
for calculating 5 2D section information from 3D CAD data, calculating a

t ool path W8P ding to the 2D section information aRETKRaHENtti ng t he
-tool path to a control system 403. A | aser generator 401 is preferably an

i ndustrial CO2 |aser, but may be any |aser of any wavel ength that can nake
a nolten pool on the surface of a netal specinen through the irradiation of
| aser beans, |ike a Nd-YAG or high power 10 diode |laser. The | aser beam
generated by the | aser generator is transnmtted through a beam transmni ssion
apparat us 405 to a_beam condensi ng apparat us 406. - \Wen-the-Nd-Y-AG | aser
or the |ike ismappfaplsng systénas cFhe lpsenrpided dire¢femetal mpnifictiring- S¥Stblhrtﬁflhfh an

obt1 cal part s Prad EMRERIANRS 1RaB0 BRGNP g BrofBShe e fRTRIOIEE

co \r/]\g ens fe ad | asend Hetafor Zﬁﬁdﬂﬁng the heihisafra obddditgi Imr gﬁe@bﬂ@e,gah& h@omputer-
powder - f eedi ng e, | i tuate eam con enS|ng appar at us
406 to feed poﬁé‘g‘ézé E@B‘dﬂ‘"‘gﬁ] ﬁg?@"& furng GSM) dator srlewlating) y a
powder - f eegli ngzﬁxééémmfoanaldﬂﬁ&xﬁsn@m aa&@@alreeﬁuuhgatw aﬁlcﬂﬂgﬁﬁﬂdtﬁ?{oe” al

is preferably in the form of powder, but may al so elnt of a
rod or ribbon. tbﬂﬂ&ﬁe?mﬁm&m&m&gmtﬁﬁ@aﬂﬁgammolmom s used,
concentric powder - f ral g used and
di sti ngui shed accor ? eﬁf’%wrgb rF%r%s "s?g“esg ”3%82? SWI%E ‘H’g basi s

of. the | aser bhafrﬂofrdag wanrbegth that mmdelteiemﬂieﬁgaodpeﬁ tiosurfaes bf b Ghetdl t 0Ol
pat h because ft 25 all V\ﬁ metal lic powder to be unlfor% fed to a nolten
pool in all di fRSEMMHbrough ghe dradigtion idase beams dike 4 Moy A ras dighhpevwgr

manuf act yigh Ng. gioX 14RE OFKRe fasha Behm [daGerhidll & Ithepﬁ‘é&eéelfefa?&' %9 AHsthB¥R
metal'lic powder to be 10 11 May 2006 WO 03/ 42895

through a beam transmission apparatus 405 to a beam condensmg apparatus 406.

: ~When the Nd-YAG-laser or the like is employed, 2 laser beam can be transmitted~--
| through an optical fiber.
The beam condensing apparatus 406 is made by combining optical parts
15 | such as lenées, mirrors or the-Iike, and funétions to condense a lager beam to fit the
laser cladding. A concentric powder-feeding nozzle 414 is situated under the
" beam condensing apparatus 406 to feed powder fed from a cladding material feeder
- 404, preferably a powder-feeding system, to a molten pool. .
Meanwhile, the cladding material is preferably in the form of powder, but
20 may also be in the form of a rod or ribbon. When the cladding material in the
~ - form of powder is used, concentric powder-feeding and lateral powder-feedmg
nozzles are used and d:stmgmshed according to the directions of supply of powder
_ on the basis of the laser beam. ) .
The concentric powder-feeding doeé not restrict a tool path because it
25  allows metallic powder to be uniform{y fed to a molten pool in all directions, and is
suitable for laser-aided direct metal manufacturing. |
On the other hand, the lateral powder-feeding allows metallic powder to be

10




PCT/ KROL/ 01970 fed to a nolten pool in the direction of one sidq1qm%€2§@§er
beam The |ateral powder-feeding can reduce the ratio of powder |0 0
the maxi num of 5% .and is suitable to forma relatively thick cladding
bead of nore than Immin thickness. However, the |ateral-powder-feeding
restricts ¥OUB?8%at h used in a shaping 5 operation due POT/EROENEROLroOpy in
whi ch the shape and height of a bead are varied in a cladding direction
(the transfer direction of a specinen or |aser beam. Meanwhile, the
transfer system (work table) 402 keeps a focal distance of the |aser beam
constant in the process of cladding with the beam condensi ng apparatus 406
positioned in a z-axis direction, and freely transfers the speci nen 10
along a tool path around the |aser beamto allow the |aser cladding to be
perforned wi tfedtthe mekien peol ini the dlitsptionnofiongngide/ofindaset bire. The lateeal

| aser - ai ded- dj ~ | - t Ukl ng- -laser clagdding, - -
processes, théﬁf&\c&grﬁ Ee%ec%{;%{/ﬁg%a% r'#ééin Br ggjgﬁgra#fﬂmﬁﬁl%oggﬁa%fmbeam i s
transferred arsuiimbleao fiorxed relpaiyrthiclocladdingbal dferdre aneh BnmOaGhkEiRsar €

transferred 15 at the sape tine, a || as, the above-descrjbed transfer
system 402.  AdAVEYeHn e i}?""'ﬁlﬁp%’f‘j&%‘:?ee\igggi KetFiglis? toplepelBghsed By af shapiaem of

manuf act usi ng, 44i0h ¥8e tc0n AR inSwikib IS SBipe S Fh i ]
enpl oyed. A ga%p%f:ont roT syster% 4% functions pfo coﬁ@tgﬁagg@g&frfg%hdo gases

used in the |&eedding divdiionsthersheferditsotion ofarspécimet @ lasetibet). desi gnate a

203 15 conpr sed of MeaBBHIE P HHSRS bl RS 405 e « el RegRepd o ana
various input thadasetitbpath castagiesh. thEhgroeen bf @laddiny Skithntd) Be® Rbfidhsingnd
nonitors in real tine gl I apggc{atuses_c nstituting the | aser- aided direct
metal manuf actWPRAGS 408 RoFitgReG Hea Zraxis feection, apd iRl aRnsfeRc G PpRymeEme 25

| aser gengr at ofiorkiltoot hfoRRG 118 Tassd Bdafifo A dw thd Meset ! ' ' feeder
404, the gas c(())ntrolo Iih%tgm 412 and the cooTvi ng apggdggﬂtnggo H‘I'li%%?dlr%kd

particul ar, t Heithcibpspegimenyfiged o 408 andy-gxss tabde. perf orm a | aser-.cl adding 11 11
May 2006 . ... ...In-the laser-aided direct metal manufacturing-and general laser cladding ~- -
-processes, there cém be emf)loyed a transfer system in thich a laser beam is -
transferred around a fixed specimen or 2 laser bearh and a specimen are transferred
15 ° at the same time, as well as the above-described transfer system 402.
Additionally, in order to increase the degree of freedom of ma;nufactuﬁng, a three
~ or more-axis transfer system or robot can be employed.
| A gas control system 412 functions to control a vai'-iety of gases used in the
laser cladding. Reference numerals 410 and 411 designate a cooling apparatus
20 . and an outdoor unit, respectively.
A control system 403 is comprised of 'a Personal Computer-Numeric
Control (PC-NC) systém and various input and oﬁtput devices. The control
systermn 403 controls and monitors in real time all apparatuses constituting the laser-
aided direct metal manufacturing system of the present invention and including the
25 laser generator 401, the transfer sy;stém 402, the cladding material feeder 464, the
gas control system 412 and the cooling apparatus 410.
In particular, the control systém 403 serves to perform a laser cladding

.
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WO 03/ 042895 PCT/ KRO1/01970 operation on the basis of shaping ipj mawa%%‘%n
received fromthe CAD) CAM apparatus 409 and control in real time cl‘adding
process paraneters to allow the height of a cladding |layer to reach a
target value on the basis of information on the height of a nolten pool
recei ved fY8#/48S nage processing apparatus 408. 5 Al t eP@EKROE1Y70 t he
control system may be conprised of a general nuneric control systemin

pl ace of the PC-NC system Fig. 5 is an enlarged view of a region of the
systemin which the concentric powdler-feeding nozzle 414 and the inmge
phot ogr aphi ng apparatus 407 are. arranged. In this drawing, a | aser beam
202 and a powder stream 204 supplied to 10 the nolten pool 203 are not
shown for ease of illustration. As shown in Fig. 2, in a laser cladding
process, the neReratipnpemd|the besis of shapipgniaroatiorheedebred | fromethe OAD/CGAM

speci nen-to | e r 1S lated - regardless qf the
transfer of mée‘ﬁyglﬁ%%i ﬁiegﬁigobéﬁg?p}nageeruglgaér%g\[d’d%gc%%"&ﬁsﬁé’ ,egsgosﬁfﬂ% ®n Fig.
g,o E) he iLragﬁ m@gm@fapmmgaquatc?m? slfi?ge't?algé bmﬂieﬂijsihefiﬁxfﬁaﬁ&?] ddtangl eI of
-0 with the opt.ic axis 501 of the, |l aser beamand to allow the optica
axis 502 of t ’g%%leadﬁﬁe&g%?}hf%&v%ﬂ%ﬂ%t%% PEepEES ﬁPﬁ%’&h“Qgregion
to whichsa | agREmBERM, e Ednidfbtat! may e dodPrisdPOLa @bndriGuiRit @Bnego! (for
g

exanpl e, variations in height) can be photographed. "Fig. 6 I's an enl arged
view of the i nygeminplaeqefdhthPOdNGaystennt us 407. 20 The i nage phot ographi ng

apparatus 407 inclu ) i . ' r 603.. filter.
mounting fixture 602‘?@(355}? gﬁéﬁlé%éd gﬁgﬁogtaééyg%af%%ﬁgﬁ[@y%@wf?ﬂeﬁ?mccarrera
601. The ND f.ipoveler-688inf umeAzleo A4 tamdr theUibmage hshodsm@aphing fappdrgtié 40@f krect ed by
the nolten pool Z%Bp ?Erllg}gg ci dent upo thﬁ)}ND filter 603 and to protect the
ons 602 25 1APBRESHy T NS IGRRE AH5Er Porm A2 PYERoNden SEay P WBBd o The ND
filter 608 is @mBk&rthdon2d7 8BhotGhowh forle@RSf ifkdratiofat s, the filter _
nounting fixture 604.” A cooling |ine 605, through which cooling water is

supplied, is di sposég shewnrid Rige2, ip a laser cladding process, the molten pool 203 is
' v formed on—thefl-ocal-‘are&:efva specimen-to- which: the-laser beam- 202 is irradiated- .+

regardless of the transfer of the specimen 200 or laser beam. Accordingljf, as
shown in Fig. 5, the glage photographing apparatus 407 is situated to form an
15 angle of 90-8° with the optical axis 501 of the laser beam and to allow the optical
axis 502 of the image phoiogi'aphjng apparatus 407 to pass through a region to
| whici1 a laser beam is irradiated, so'the image of the molten pool (for example,
variations in height) can be photographed.
Fig. 6 is an enlafged view of the imeige photogx_'aphing apparatus 407,
20 The image photographing apparatus 407 includes a Neutral Density (ND) filter 603,
a filter mounting fixture 604, a lens 602 and a Charge Coupled Device (CCD)
camera 601. - ' .
The ND filter 603 functions to reduce the amount of light reflected by the
~ molten pool 203 and incident upon the ND filter 603 and to prc;tcct the lens 602
25 fr;Jm sputters generated in the _Ias'ér cladding process. The ND filter 603 is
' mounted in front of the lens 602, that is, the filter mounting fixture 604. A
cooliné line 605, through which cooling water is supplied, is dispos;:d around' the

12




11 May 2006 WO 03/ 042895 PCT/ KROL/ 01970 circunferenti al SurfacveMaﬁngOﬁ
filter mounting fixture 604 so as to prevent the ND filter 603 a e

| ens 602 from bei ng danaged by radi ant heat emitted fromthe nolten pool
203. The |l ens 602 functions to transmt the imge of the nolten pool 203 to
the 5 ccVe4H¥85601. The | ens 602 nmaybe conprised of aPGEKBMAIOManer a

|l ens, but is preferably conprised of a telecentric |lens of fixed

magni fication so as to mnimze the distortion of the inmage of the nolten
pool 203. In this enbodinent, in order to obtain the inmage. of the nolten
pool 203 in real 'tine, there is enployed a hi gh-speed, ‘bl ack and white CCD
canera that can 10 obtain inmages of 50 frames/second in progressive scan
nmode. This CCD canera 601 obtains the inmage of the nolten pool 203 every
20msec and t r siespinferentish gaface ofitheriitier monnting fikturs 6idgs o tqesenhthedfipar at us

408: | d - LR ' - t he l, 203 .at hi gh
Speed, "a i gn 3 B ad ER0RSH, Blns ifhalRy bERER ne B Fomflg) oy e
15 The i mage phaltengoal@®3ng apparatus 407 transmits image i nformation of

the nolten pool 203 _to0,the | e processing apparatus 408 every 20nmsec.  And
the i mage processin 8\&5‘523# HE‘%W%WHP%‘&@?W%M@PE%P%ﬁ% togthe and

hei ght ofs t hecMDlchBcaBoP! T 165 P mdyB8LoRpASRSTa nérac&mefqaﬁns, 8ids
transmts cal culated. data to the control System 403 in real trme. 20 The
i mage pr ocessipagferaplyatompriseafn telecentuiplens efifixekd rragnificatipm bbay to minfhigh i s an
| mage processi .onl.» r and..a songl,~,conputer. Software for the

| mage processiﬂgneg":11 8#83?‘2’??%%&?8?“}%‘2&{%%%{20& a nolten pool) is programred

using Visual C++ prngmamaﬂﬂmﬂidmngﬂaﬂﬁrto,obﬁa@ﬂ&qﬁtagabﬁmembﬁgsoﬁmw at its
maxi numto receive one piece of inmage 25 jnformation fromthe inmge

phot ogr aphi ng T S hfEe Pmplpied caliglirraed, blagk gk hite RCDhermae thhcant t he
T o ] s oL Ao Sy
601 obtains the image of the molten pool 203 every 20msec and transmits image
- -infermation-to-the imageprocessing apparatus 408. .-In order t&ebtajn—the-émages*-‘ -
of the hoiten pool 203 at a highef speed, -a high-speed CCD bam.era of 150
frames/sec or more can be employed.
15 The image photographing apparatus 407 transmits image information of
~ the molten pool 203 to the image processing apparatus 408 every 20msec. And
the image processirig apparatus 408 calculates the physical position and height of
the molten pool using an image processing technique, and transmits calculated data
to the contr'ol system 403 in real time.
20 The image -processing apparatus 408 is comprised of Frame Grabber,
- which is an image processing-only board, and a personal comp;uter. Software for
'7 thé_ image processing (calculaﬁdn of the height of a molten ﬁool) is programmed
using Visual C++ programming language. |,
The software requires Smsec at its maximum to receive one piece of image
25 - information from the image photographi;ig apparatus 407 and calculate the position
and height of the molten pool. If the Framé Grabber equipped with a digital signal

- processor is employed, the processing sPeecll‘of calculation can be considerably
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13 11 May 2006 WO 03/042895 PCT/ KR01101970 i ncreased. Additionahtmaa;%s
software allows inmage signals received fromthe inage photographin ”
apparatus 407 to be displayed on a nonitor in real tinme, so in the |aser
cl addi ng gperation, a user can observe a nolten pool in real time. The
princi pl e Y9 0¥ULEF| ating the position and hei ght of a nolQT&R@@oizoon the 5
basis of the imge of the nolten pool using the inage processing is
~described below. Referring to Figs. 2 and 5, in the laser cladding
process, a cladding |ayer having a certain height is formed behind the

nol ten pool 203 along a path through which the |aser beam 202 is
transferred. Additionally, the nolten pool 203, which 10 is forned by the

i rradiation of the | aser beam 202, is inclined with respect to a specinen
surface 201 ‘atingreassdt aAdditionglly, thee sefitvare allowh dmegmpignal$ redeivedofrémnthpool

203 be dif, .di t d ti, .shape- of the-
condensed | asereBEBhe Bt Abaldh 407 RERISHRIA GV mBER: i RRLRE Bihe shape
‘of the nol t enthplasdr cBARIng aperhtionas asereth dbserbea Molt€iodl in rddd tied. 7(A) is a
view showi ng a nolten paol, observed,in the optical axis of a |aser beam
As depicted in Fig. ?Pf‘ﬂ‘éplier?ggaéc‘gﬂﬁigéb?B?ﬂﬁ‘%’i‘g’mﬁbﬁahfa&f@@dﬁﬂ poglesttheyr aphs
th It ) - , . . . ;

e nol teq pPOQysdGhd tﬁ@'ﬂnﬁgcbﬁf @ thBffen g@&mﬁnghthé %%%rg&%gﬁgqs %Q%:glggqa (r;vvar q

surface 201 at an angle of 0. Wen th n poo i'rec
t he i mage photbslp®aphi ng 20 apparatus 407, the inmage of the nolten pool 203

I's fofmed i l. 01 f. &, . Sh ' i 7, d
the of foul ar ol t on SEETIDE FEs A HIEMS 1567 SROSFE pRetuhoEdtngiach
paral | el wi thhebiagdicegiaian@ight RF6inedd thindahé MOBer Sool 20Abng & PRhithidigh t0 a

difference in gptical path. As illustrated in Fig. 8, the nolten pool 203
i s not situat é’ﬂ“%&ﬁlﬁ?i’&ﬁaﬂ@%s transfesred ), e Addjtionsily sthemoltempanl 203, 9diethe i nage

of the npy tenipant:oh e iffialon SEEE | ; 5 30Bha $35
sonewhat di fférent el ?é{gt hs {)Hll aﬁd b2 aarstg)llun t%gzl’ 19?110&1%&%@333& tgaa
specimen surface 201 at a.certain angle. Meanwhile, the shape of the molten pool

« 203 -can- be-different- according to -the--beam-mode~and sectional shape-of the~- -

~ condensed laser beam 202. However, in the general léser cladding, the shape of
the molten pool 203 can be assumed to be circular, "

15 Fig. 7(A) is a view showing a molten pool observed in the optical axis of a
laser beam. As depicted in Fig. 5, the in.:aige photographing apparatus 407.
photographs the molten pool 203 while being inclined with resp;ect t-o the specimen
surface 201 at an angle of 6.

~ When the molten pool 203 is directed toward the image photographing
T 20 apparatus 407, the‘image of the molten pool 203 is formed on an image pla‘ne.701
of a CCD camera as shown in Fig. 7, and the circular molten pool 22)3 is monitored
. as an ellipse whose axis b’ parallel with cladding and transfer directions is .rathér
short due to a difference in optical path. ’
As illustrated in Fig. 8, the molten pool 203 is not situated on a view field

25  plane 702 of a CCD camers, so the image of the molten pool formed on an image

' plane 701 of a CCD camera has somewhat different lenéths by and b, around the
_ optical axis 502 of the image photographing apparatus 407. However, the

=+ 14




optical axis 502 of the inmage photographi ng apparatus 407. HOWEY’FrMaJE@OGM

May 2006 WO 03/042895 PCT/ KRA /01970 difference is slight, so it 'is

di sregarded in the i mage processing process. \Wen the size of the nolten

pool is assunmed to be 1 mm a difference (b1l'-b2') in length observed at

t he i mage Wﬁ’o@@&sg“phi ng apparatus 407 is about 2/tm (2/1POTERE/P19700NI Cch iS

arelatively small value. 5 The inmage of the nolten pool 203 is observed as

di fferent shapes according to the transfer direction of the specinen or

| aser beam Figs. 9 (A to (D) are views showing variations in the shape of

the nolten pool. These variations are caused by the fact that the nolten

pool 203 is nonitored by the i nmage phot ographi ng apparatus 407 in a

| ateral directi and. i 0 djrected taoward the |nmage photographing

appar at us 407 E%‘F%Ifsr'fgig&tos‘t ﬁég‘ﬁ?rsgf’é‘i“@r‘nﬂlfi%&? PioRessig Presesspe Wheartheor

| aser beam Fi gge @ | ' n.p - 03, cwhi-ch i '

observed when, thef@rfo%n?g%p ggfﬂ%%ﬁ?égh@iﬂrsg%éﬂ.a @%ﬁ?é—&ﬁeg\éﬁi%é‘f@ axi s

" of the inmage pARREBGH b Hher imageppiieszsphingianparatusy 47 isatmat Rl i(RAOOVAAD] cal | y

and rel atively en, ..Fi,g. | s an image.of the nolten pool 203, which
RIS b bt o

Is 15 observe pool 203 is oppositely directed toward the

optiﬁal adi s 502 of l'l}fﬂeeixh%mgezlf p]jmt;mgfl eﬁﬁbﬂoﬂgﬂl’a’pidkabﬁédﬂﬁﬁgf d;aﬂg;e%{ogy? %r ed as

an ellipse verticga and rel atively attened. Figs. 9(C and 9 are

i mages of the #6P tg%am%@rqﬁh?wt%ﬁ@emww%m the specimen or

llaser is transferredigNoga) @ fHcki Qggwggﬁd(}ﬁ%%k,&ligtghs gnoﬁigggapggﬂh%a&ol%m s 502
n el rrpse

of the photographi ng apparatus 407 20 a nitored as an. fincl i ned
to the right ap9l| efhesarichriations ewl tapsechdly thelfacti thet ythé Inadlteenmudl JDBeispr obl em

that the inmages It en ol 2 are ohserved to be .different from
anot her can ngﬁg:g \5%%5:%?/}% ’%\%ea?% ?tﬁﬁraggégg BQPaﬁ%PSeg(ﬁ’é'g%?atﬁf R #dg

appar at uges | ndimd@i towardtthe ﬁh@eepﬁoﬁdgiraiﬁidgr@ﬁ@raﬁiﬂomqwc@&mnggo A BRRALTAL US.
In the measurepent of tEhe hei ght .of the molten pool 203, desirable results

can be obt ai nétf® 2on0f O FRPCHRGS Gidrser Poriy e Filh SHdbisaprimage eftpameltespoothe
mol ten -pool 2083} Kn{BRIs bRERHLLRATBIGRoIRA bl W Waiech dofhil- AL S3ticat -

axis of the imége photographing apparatus and observed as an ellipse vertiéally and

* relatively swollen. Fig. 9(B) is an image of the molten pool 203, which is

15 observed ‘when the n{olten pool 203 is oppositely directed toward the optical axis

502 of the image photographing apparatus 407 and monitored as an ellipse

vertically and relatively flattened. Figé. 9(C) and 9(D) are images of the molten

pool 203, which are observed when the specimen or laser is transferred in :;3.

- direction perpendicular to the optical axis 502 of the photographing apparatus 407

20  and monitored as an ellipse inclined to the right and left and vertically and
 relatively flattened. '

The problem that the images of the molten pool 203 are observed to be
different from another can be solved by installing one or more image
photographing apparatuses in addition to the existing image photographing

25 apparatus,  In the measurement of the height of the molten pool 203, desirable
-~ results can be obtained using orliy a single image phofographing apparatus.

The molten pool 203 is monitored as images each having a certain area

¢ 15




15 11 May 2006 WO 03/042895 PCT/ KROL/ 01970 t hrough the i nmage ph?Ji wﬁ&wg
apparatus 407 as shown in Fig. 9. In order to obtain the height O

nol ten pool on the basis of such image information using the inmage
processi nqyﬂ]%g{gﬁgl pi xel s representing the height of the nolten pool have
to be dete Pn t he images. 5 In this invention, thePCEKRMFMI®Of nmass of
I.mages obtai ned through the photographi ng apparatus 407 are cal cul at ed,
and the pixels, in particular, the row of the pixels, are determ ned as
the height of the nolten pool. In addition, there can be enployed a
variety of methods, in which a pixel corresponding tothe |ongest row
representing the image of the nolten pool is determned as the height of
the 10 nol ten tglt_)ol tgr the center of an actual nolten pool is obtained on

the assunpti onfq4lith¢ iaaseophotograpbing apaaralys 40¢ pp shown insFigp@. almdordertox el
cor respondi Ng difaih e ﬁ&Eﬁteorftbémoﬁéf ﬁ%di‘bﬂ%& bedistoFSulTRg e'fﬁfarmé'u%n

schemati c di agram showi ng how t he ihages of the nolten~poo are m)gltored
accordi ng to heiimege nocessinghmethed, gmds)feptﬁtsentxml therbejghblof tiEhmoltdbpboages of

the nolten po erve di rent positions on a nonitor (or t he
- ARl e i g s

I mge plane o ‘to variations in the height of'the

nmol ten pdol. Accor dnrtgisymwﬁtmh,h&xea&mad o hesd o limBgs Wbtaidd Bir&@ht kN pi xel
(absol ute helﬂ%etggaaand the variation val ue of an act ual hei ght per p| xel
are known in t pargtus 4} 'éali?ﬁﬁlf’%lﬁteg(ﬁé'ﬁ the pizcladr particyary tegaw dhei ght

can be cal cul %@glxeﬂ 40 3chafiinta aOfhe HRBn! SFABEwBlted B0l Ol £ BAOereldda t N S

I nvention, the above-described value I's corrected using a
speci nmen for s QIHIPIDM & @amighy OﬁtnE&Od!t anidwhngl 4 pixelr carespdadimgrto the kmpesect i on

nodul e i 5 incl ftvvare N ces 2 The
i mage processfﬁ% a%reglcn g ﬁ'éaggé’f ?ig? ?%L‘sp%‘g?rf“%‘% ntg Hgiﬁﬁth? t he
mol ten ppol  ushol@ntpvel,al aEcdhen OF kb actusl thilen(pRbl isabihitddcor i %ss!uﬁipﬁsn val ues

are

that the molten pool takes a circular shape and a pncel corresponding to the center is
determined in thedmage. - »+ 74+ o st s st
- Fig. 10 is a schematic diagram showing how, the images of the molten pool |
are monitored according fo variations in the heigiat of the molten pool. The
15 images of the molten pool are observed at different positions on a monitor (or the
| image plane of the CCD camera) owing to variations in the height of ‘the molten
: pc;ol:
Accordingly, if the actual physical height of a certain pixel (absolute
height) and the variation value of an actual height per pixel are known in the
20 images of the molten pool, the actual physical lieight can be calculated on the basis
of the image of ﬁle molten pool. In this iﬁvention, the above-described value is
~ corrected using a standard specimen for which the height of a cladding layer is
~ known. A correction module is included in software in charge of image
processing. . |
25 The image processing apparatus 408 calculates the position and height of
the mp.lten pool using the abovedescﬁbed principal, and the calculated values are

transmitted to the control system 403 in the form of ASCII data in real time. The

le -




transmtted to the control system 403 in the form of ASCI data,ljlméjn?g
time. The 16' 11 May 2006 WO 03/ 042895 PCT/ KR01/ 01970 control sys Q)%

controls process paraneters in real tinme so as to forma cladding |ayer
having a shape and a thickness (height) corresponding to 2D secti onal

i nf or mat i ONO&HOM2BE basi s of sectional shaping infornati oPCYERe&iIEd i n real
time from the CAD/ CAM apparatus 409 and the height data of the nolten pool
received in 5 real tine fromthe inage processing apparatus 408. The
process paraneters affecting the height of the cladding |ayer includes

| aser power, the size and node of a |aser beam the traverse speed of the
specinmen (or |aser bean) (interaction tine), a powder-feeding rate; etc.
O the above- descri bed géaocess paranmeters, the | aser power affects the

hei ght of the EPHEAFHIP™ 107 confrals iosses paraeeters inyisal timoso aste fermemidadiiing ayer
has a proporti et hith@td QpbiddWh Et%igﬁresé i‘ﬁ&%lg %?ngon%éh%h&g:mt he

hei ght Hincreases linearly with--t aser -
rel ationshi p i §fermatipn enthejbasip of spotienabitaping ififorsdtioradieived ih hal fiak gbin of t he

cl addi ng | ayer teh |-k ni r.al t | aser power. In this
case, the 15. %:%%‘?%W aﬁjﬁgelgﬁgs?tg?r%gﬁerﬁ%éw ‘%La ?%F&‘QWP&E?"} Hrdtghing

vari ety of5 conteabtime freth higtisragsprobesting Bipapdist408n- | nt egral - Deri vation (Pl D)
control (see Modem Cgntrol Engineering, Katsuhiko Ogata, Prentice-Hall,
1990, pp. 592-605), TGPIOFespAraBetersadiseng the heighinfthoeladding layasnelydasam
Byeon, Hongr eupgrSeig 20l S hd v, in this
enbodi nent, a rel ?t%i vélgg3 ésni rrp:dzmi:dg%%f%glamr:rg%%g@? g%egﬁ slggrr%f%f‘;{é%?mﬁ@eghovm I n
Fig.”11. As sh@hraser deam) (iBleractibe tais)y e -phecier-febding cate] retd. 10t tho dibatd-ows t he

hei ght of the I reach the target value of the cladding |ayer,
in such a wayé%g%%bt%aa{ﬂ ?‘%gse% gﬁ%ﬁﬁ{soﬁh"aﬁse&ﬁc‘%{ﬂ “'é?%tﬁtﬂéer L‘?‘ﬁ&n"fathﬁﬁ}aﬁﬁ‘lﬂgl aser
out put by 0P- Pslayes moal. | owed to be irradiated on the specinen if the height H
of the nolten pool an the target value (target height) H of

' ess 25 t | . hel
the cl adding. I ayer, Lf?%ﬁ!f“FléﬁfaﬁI% § clggding ker has a proportional relationship with a
o « laser- power- P; -in which-the height H inereases linearly with-the }aser;-power-P.- -

When such a relationship is utilized, it is possible to freely adjust the height of the
cladding layer through the real-time control of the laser power. In this case, the

15. control of the laser power can be implemented through a variety of control
methods, such as ProportionQIntegraI-Derivation (PID) control (see Modern Control
Enginesring, Katsuhiko Ogata, Prentice-Hall, 1990, pp. 592-605), fuzzy control

* (see Fuzzy Logic Control, Jeung-nam Byeon, Hongreung Sc;ence Publishing Co.,
1997), ete. However, in this embodiment, a relatively simple control method is
20 employed, as shown in Fig, 11.
As shown Fig. 11(B), the above-described control method allows the
height of the molten pool to reach the target value of the cladding layer, in such a
| way that a .laser beam of an output greater than a normal laser output by P-P, is |
allowed 10 be irradiated on the specimen if the height H of the molten pool is less
- 25 . than the target value (target height) H; of the cladding layer, while a laser beam of
an output less than a gormal laser oufput by P:Pt is allowed to be irradiated on the

~ specimen if the height H of the molten pool is greater than the target value (target

17




an output less than a normal |aser output by P-Pt is allowed to,[li)«m 0
irradiated on the specinen if the height H of the nolten pool is g?%%?e?
than the target value (target 17 11 May 2006 WD 03/ 042895 PCT/ KROL/ 01970
hei ght) H_of the cladding |layer. As shown in Fig. 11(C), in the actual -

| aser powd¥OLYMEPSI , the Iaser power is controlled witPEIERUSIYNt S of the
nol ten pool classified into groups each having a range. The control of the
hei ght of the cladding |ayer was successfully 5 performed. Although in the
present invention the |aser power is controlled as one of the control
parameters, it is possible to control other process paraneters such as the
powder-feeding rate and the traverse speed of the specinen (or |aser beam

ina simlar |p real .time. In general, as the powder-feeding rate is

i ncr eased, theill\%étgﬂt"fcﬁﬁe‘il?‘#@qgal%f‘" 10 cladding layer is increased.

Accordingly, as in thesHoasgh FRRVIB(G), intﬂﬁé ?ct?ﬁslﬁé'ep%\ﬁvérckfmﬁ n{hreqése{ ggwg}el ght
a er- ra

of the cladding |layer, in such a way t .the po eedi ng
--i s. -i nor easel-cphtrelied Wit {p heights ohthermolteapoplodassified lixge Eravparachiiaving

t ar get - hei ght - -1 he I ' I i t he.powder-feeding rate is
decreased or. t%g‘g?%édpr‘% g&wﬁg\%&eﬁﬁgel_l{e%gh\é\{]ogjpglgda?qﬁ?ﬂaﬂ?éi‘?ﬁ‘?t St csr‘ﬁli}yrml ten
pool is gbeat eperfomacd.t hthoagly b the @ieghrit ibfenfidtethd Taser Rt Mcdn@¥RId as UG

traverse speed ffth -the. specinen_(or |aser bean) is different fromthe
| aser power or® ‘é°‘ﬂ’6§%8§fa@- Eleth Hds possible;t conznl other prasesstnaragietern suchlaaddi ng

layer 1s decr e@g ewaskIeidig el Ad 3k hdiehe 352410 i if the
speci nen (or Ioager beam g\(\l/%iel e the heisgh ofo %‘ﬁ@%ﬁ%?ﬁg&%@%ﬁﬂi@a
i ncreased accoW#il#gvaydn geal iper ease in the traverse speed of the speci men

o 290 P00 e SR i U A e A P 5,
that thelbraveisidimgieps iofnctdaseds petoring(yphs intRMaseh awr, iiSisipasimased i f
traver se. specdeBroine SRl feitise Rty insud o7 taLEReRsda-rdivasinel ght
R T A i AT
cladding layer, while the powder-feeding rate is decreased or the feeding of powder
is stopped if thg height of the molten pool is greater than the target height of the
15 cladding layer. The traverse speed of the specimen (or laser beam) is different
from the laser power or the powder-feeding rate in that the height of the cladding
- layer is decreased according to an increase in the traverse speed of the specimen (or
laser beam) while the height of the cladding layer is. increased according to a
decrease in the traverse speed of the specimen (or laser beam). Accordingly, the
20 | height of the cladding layer can be controlled to reach the targef '\?aiue of the
cladding value, in such a way that the traverse speed of the specimen (or laser
. béam) is increased if the height of the molten pool is greater than the target vaiue,
| ;vhile the traverse speed of the specimen (or laser be.;flm) is decreased if the height
of the molten pool is less than the target value. |
25 Most lasers are controlled by an analog voltage signal between 0 to 10 V
"~ f{or 12 V). For example, 0 V allows the laser j:ower to be 0, while an analog

~ voltage signal of 10 V allows the maximum power to be generated. ~Additionally,

18



(or 12 V). For exanple, 0 V allows the |aser power to be O, “hihﬁﬁﬁﬁyfﬁﬁéog
vol tage signal . of 10 V allows the maxi num power to be gener at ed. _
Additionally, 18 11 May 2006 WO 03/ 042895 PCT/ KROL/ 01970 when an anal og

vol t age i&%? between 0 to 10 Vis applied, a |laser power between 0 and

t he maxi m @%%é Si's generated. In nost |asers, responséQERIIOP7aN anal og
vol tage signal is less than I nsec. For the CO2 | aser generator 401 °

enpl oyed in the present invention, response tinme is about 60sec 5
(60/1, 000, 000sec). The control system 403 is designed to process an anal og
voltage signal to a 16 bit digital signal, which generates an effect in

whi ch an anal og voltage signal is processed while being divided at 32,768
stages. The control system 403 receives data on the height of the nolten

pool  from t he"hepeganplog veliagesignalisavesn istod§dV isapplied @ tasexpoven bpiavees t he

data with 10 ' ' L.ON: 4t e r he_CAD/ CAM appar at us
409, and determgl?iéégﬂg :aser Sg%@f?%g@gﬁa@%déqu?ﬂ@eoapg% T T"*SW”?%émFFef)dgﬁ? of the
nol ten pool t analogaaiitaga signalyét lesy ghane ImsecT hFoy ahelaCOdeiser gémeedor 261
deseri bed- abov.e 'hs gi %igta data,-so - -  the value is converted into an

h

anal og si gnal WYY A PEIFYr tBYSRLAR | FRAMEL AU  iFheabpats efOusemer at or
401. 15 The | asm1,006080:85)0" T leohfold§iea 203 i@ d&ﬁ@ﬁéda%epﬁrgésésﬁf 2l YET
e

corresponding to an anal og digital voltage signal ~i nput . However-,

al t hough t he voltaggngignah4p @glﬁxgntcb@éal siegala vdighs generatast andeffast i avhichsar
generator, a ; di £f er Ing to the

condi tion of g‘@%‘é@@%ﬁ%‘ﬁ% %gsgg%g?e"g#él%agg&ggﬁgg{ag%bl I ng, the degree
of contanmination of The cortml sysiemndBaeceivdsadateai de hdight 24 tiaerdigh gobe St at es
of various optical parts (such as a reay _mrror.and an output coupler),
etc. As a restPP the{HBage P ?&&aﬂpﬁ’iﬂﬁt{%rﬁveﬁy TSES OGRS the: 812 il | on

met hod, 1gahi Cbhag:ﬁfg aafdANeom theshied Famethd WRD/CaUALHbLsEs Olodt st at e of
the laser, is evel oped and applied. I'n this, method, "a.closed |oop is
formed bet weefetemeingsya; laser power value required to allow the height of the molten pool to

- 'reach: a target-valuer - The value determined: as deseribed-above s digital datasse -+ -
the value is converted into an analog sighal thfough a D/A converter and inputted to |
the laser generator 401. ' )

15 The laser generator 461 is designed to generate -a laser power
cotresponding to an analog digital voltage signal inputted. However, although the
same analog voltage signals is inputted to the laser generator, a laser power can be

" somewhat different according to the condition of a laser, such as laser gas, the

degree of cooling, the degree of contamination of a laser resonator, the degree of

20 .' vacuum, the states of various optical parts (such as a rear mirror and an output
o couﬁler), etc.

. As a result, in the present invention, the laser power calibration method,

-~ which can achieve a desired Iasér power regardiess of the state of the lz;tser, is

develo'ped and applied. In this method, a closed Ioop is formed between the laser

25  generator 401 .and the control system 403, and an analog sigpal value is

‘ predetermined so that the control syste;n' 403 achieves a desired laser power just

before a laser cladding or laser-aided direct.metal manufacturing process using a

12




25 generator 401 :and the control system 403, and an anal og si ggal
predeterm ned so, that the control system 403 achi eves a desi redq?a\na\e‘?bg@%\e
just before a laser cladding or |aser-aided direct nmetal manufacturing
process u5| n a 19 11 May 2006 WD 03/042895 PCT/ KR0O1/ 01970 PID control

met hod. | n""PH&P8tess of the above calibration, the desPEBEKROHEET® power i s
a target vaI ue. Additionally, the digital si gnaI val ue, which. allows a

| aser power value fed-back fromthe |aser to reach the target value, is
determ ned by varying a digital 5 value at 32,768 stages corresponding to
0 to 10V according to PI.D val ues. Wen the nunber of |aser power val ues
used in the laser cladding or |aser- aided direct nmetal manufacturing is
ten, digital g [ﬁ]&)for éhl eving the laser outputs are deternmined in the
above descri be Ji e‘h‘i’ control system 403 controls the | aser povver

using corrected anal Rothe bebesdsHTdhe HtﬂivUQ&hbr&tibrﬂrthe'dEleaéér et 32&5% et

state of the laser- |n the rocess of |aser addi n? er-a|

met al manuf act Y#PHg. A Fethe igifal ignalyaie, evhitho alleswa aphes powed wles- to
sanpl es- manuf ﬁgtwg(ﬁ. 'EB’th 1 netal menuf aeturing

t echnol ogy conpl et gd lg)y tee“ﬁre%ﬁgﬁfhg?tﬁ{ars%gg%?neo &?%?Ctﬂ, pr ebaé'e g tFJO 15
(Appl i cat iSon exalnpits321768 Flages cmﬁespenmngmdltogﬂ*dpbccﬂdhﬁg\wmvalmke met al parts
manuf act ured by the t od and arat us- ﬁ_&et he .p gsa in |on
substrate having .use FUgoe 58?"&% fsgela or ESS;US 316),
and a cl addi ngaided @.tﬂeal measmuﬁbﬁ,gﬁg Gt | YREE JpRRIE O \WRKikviflh §heS H 13
tool steel (SKD 61), which js an 20 all oy be%qn ciég?hmn Iy usedé gaagnaterl al
of die casti ng"%lfltﬂafe/@e\‘el’w@“kmr{hﬂ:ﬁ??"@' esptib athn be obt ai ned by t he

nmet hod of thé prese i acteristics of the
product were: siml a?fhgr&\éﬁgfe%}lg%?l tgggt ose%n%%%gﬁ’{“ mctte anafg

(Appl i caflDon esignmblvalugy, so it is not affected by the state of the laser in the process of laser

~ cladding or laser-aided direct metal manufacturing.

¢ e e oThe-fellowing-application examples: reletes to samples manufactured by~
the laser-aided direct metal manufacturing technology completed by the method B
and system of the present invention.
15 (Application example 1}
Fig. 12 is a photograph showing simple metal parts manufactured by the
" method and apparatus of the present invention. A substrate having used in this
manufacturing was stainless steel (SUS 316), and a cladding material was a
chromium—molybdenum hot-work die steel, H-13 tool steel (SKD 61), which is an
20 . alloy being commonly used as a material of die casting mold. A fine structure of
100% can be obtained by the method of the present invention, and the mechanical
characteristics of the product were' similar or superior to those of wrought
materials, |
(Apphcanon example 2)
25 : Fig. 13 is a photograph showing a mobile phone mold part manufactured
| by the method and apparatus of the present invention. In this application example
2,a ﬂttckness of 250pm was sliced using 3D CAD data, which was used as shaping .

20




25 Fig. 13 is a photograph show ng a nobil e phone nold part naanlﬁéc‘p?%
by the nethod and apparatus of the present invention. In this applicallon
exanple 2, a thickness of 250limwas sliced using 3D CAD data, which was
used as st\g{;i &9 %% 11 May 2006 WD 03/042895 PCT/KRO1/ 01970 information. In
this case, PR e of a | aser beam was about 0.8mm andPEHERSHMEW of

| aser cl adding was 0.85m m n. The substrate was nade of stainless steel
(SUS 316), and a cladding nmaterial was H 13 tool steel. The | aser shaping
time required for manufacturing the nold was 15 hours and 37 m nutes. 5
(Application exanple 3) Fig. 14 is a photograph showi ng an inpeller part
manuf actured by the |aser-aided direct netal manufacturing technol ogy of
the present invention. The . material of a substrate and a claddi ng-was H 13
tool steel. Th %’fﬂﬁg n‘co‘ﬁgl?’f Ffise drel ﬂésegﬁﬁaéna@sﬁmg-smaa%me@aﬁdon 2.

The | aser shapifigser cliBding Wik 0S3rd/aln.  T8e RRAHLBGIAhE of BGidIRL Ge¥faSUE2 hours
n The principal characteristic of

and 8 m nutes._(Application exanple ?I)

the | aser-ai detl iqnéét"lqdi’é’fﬂalm%%ﬂ@% oh3i tagl stesl. {Thedrsepghaping timreukquitedr e a 3D
shape using 3 p@%&g&@nq L Shofd\ds o Sh ws a product having a-3D
shape to be r?& y manu ggg%%roed, 3% Séfﬁg%#g% “(lge%:LS restoration,

renodel i n§ and r epai(Applipatién examplei3dt i ng product or nold by correcting CAD

data or using reverse jneering.,, Fig.. 15 i,s a_photograph show ng an
aut onobi | e fgnder n%?gje%g’rsta?ﬁ%ﬁ’gr?%h @%Pﬁlmyn@ﬁg‘g‘aﬁ%&‘%éﬁ‘gfa%%dﬁlga
through the qedef-afed ARe@i mathl MdAfsAIrtg (E8RMHRY Urithd plbent E}R'eﬁ@iﬁn‘.j (\}5@% FCD

550, and a material used in the renodeli ng{jwas H 13 tool stee 61).

The | aser shaphaiefial 6 arquhgtrateend 2 eledding wasblai hitaolsieelg TThe otiet condationd  hour
and 43 mnute ial pl4 ility,As—descri bed. above, the . present

i nvention pr O\S/df%(lgﬁsédgﬁrréetago &gn%f @%ﬁ%hroét fis T q%grsgl}apggaglaﬁ{aq%{j for

| aser-ai tled dimamofactueing thenmoldvac12hourgandihiminlites.s capabl e of neasuring the

position and hei ght (ﬁgph%ahrgleg{gnqﬂg%fl inreal time using

[ The priricipal characteristic-of the laser-aidéd direct metal manufacturing is: -+
o directly manufacture a 3D shape using 3D CAD data. This characteristic
.  allows a product having a 3D shape to be rapidly manufactured, and enables the
15 resto;aﬁon, remodeling and repairing of an existing product or mold by correcting
CAD data or using reverse engineering, Fig. 1.5 is a photograph showing an
automobile fender'mold part that is partially cut away and remodeled through the
corre.ction of 3D CAD data. The material of the mold was FCD 550, and a
material used in the remodeling was H-13 tool steel (SKD 61). The laser shaping

20 time required for manufacturing the mold was 1 hour and 43 minutes.

 Industrial Applicability

As described above, the present invention provides a method and
apparatus for laser cladding and laser-aided direct metal manufacturing, which is
- capable of measuring the position and height of a molten pool in real time using

25 | high-speed image photographing and image processing, and desirably controlling

21
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25 hi gh-speed i mage phot ographi ng and i rage processing, and des'hqﬁ%¥2 06
controlling 21 11 May 2006 WO 03/042895 PCT/ KROL/ 01970 t he heig t a

cl addi ng | ayer by controlling process paraneters. In particular, the

| aser-aid 0%55ﬁﬁ§ metal manufacturing is physically inplenented.

Addi tional I'y, "t & aser-ai ded direct netal manuf act ur i ngPET/KRAE8Mesent
invention is a rapid manufacturing technology that can rapidly manufacture
3D 5 products or a variety of tools for manufacturing such 3D products
using functional materials required by the products or tools on the basis
of 3D CAD data. This technol ogy allows functional nmetal prototypes, trial
and nmass-production nolds, finished products of conplicate shape and

various tools to,be.rapidly. .mapufactured.. in conpari son wth conventi onal
manuf act uri ng ﬁ’@&ﬁ’rﬁlﬁ 88‘?81@‘!@% yg}ydq@u- § PYOgess paragietars- ndn partigules, ithsr
manuf act uri ng Iﬁ?&&ﬁd&ﬁ@rect@ﬁé%alﬁhhﬁgﬁﬁﬂé‘i@ﬁhﬁ?‘éﬂ&ﬁnsﬁémédt&iabl e to the

s u

restoration, renodeling and repairing of no I Ng reverse. engi neering.
Addi tional |y the~ metditonallidthappser-aided dingét metab mpmefeturing dtht Qitesemn be,

applied to | as face £ ] on, . such as,l aser suyrface alloying and
| aser cl addi n%,n’en?r? a5 :eagP Cfrjru ?@%@uegr tegﬁ?&%ﬁynﬁ’ﬂfﬁ%\fﬁpt‘ﬁy Qlaé‘l’éﬂ'@%éljl ayer
of 2nmm or 5mor eprodicts er 4 earfaeylof tble dohmariaairig sudssD pf&nﬁﬂaidaalg fAscRal  as

| aser-ai ded direct, nmetal r n%Lact ring. In these processes, the nethod and
t

system of the PFEERFeqying DRICSPFLS AT 0§ g drenbpsisagfedD §IAD dataunThisr m
Yot e _ OW . e i g
and the costs o Bor- procaesyoan Bt fies el S5) miREh Rty g™ °©

and the costs of post-processing can b
appar at us for fmghed productnoficemplicaty shapt adrvariots tooly té beraphity giatufétnad

cl addi ng | ayer: i Q.. d h [ aphin nd i r ocessi in | aser
cl addi ng an)é I%ggl!rng %?égggg %‘ Erﬁgg%n%%%{f\g?an ﬁf&gf%ﬁ‘\?ﬁagﬁﬂmﬁﬂf ®HiRE ed to
the abovee desestingeandathemhanifachiingcerhinerypas) | Yhisusthholesl Ruphhase kil | ed

inthe art. 22 11 Ma¥ 2006 . . ..
. the restoration, remedeling and repairing of molds using reverse engineering.

e - Additionally;-the methed and-apparatus -of the present-invention-ean- be-:- -
applied to laser surface modification, such as laser surface alloying and 1aseg
+ cladding, and laser multi-layer cladding in which a cladding layer of 2mm or more

i5 is formed through repeated laser cladding, as well as laser-aided direct metal
- manufacturing. In these processes, the method and system of the present

invention allow a cladding iayer of_a uniform thickness to be formed, so the
precision of a laser operation is improved and the costs of post-processing can be
reduced.

20 The method and apparatus for real-time monitoring and controlling the
. height of a cladding layer using image photographing and image processing in laser
 cladding and laset-aided direct metal manufacturing are not restricted to the above-
 described examples, but can be easily modified by those skilled in the art.
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CLAIM5 1. A nmethod for nonitoring and controlling the height Ofﬁ‘MAﬁQﬁﬁé‘g
| ayer in |aser cladding and | aser-aided direct netal manufacturing,
conprising the steps of photographing a nolten pool formed by the |aser

cl addi ng as i mages each having a certain area; determning pixels
representing height of the nolten pool using the imge of the nolten pool
obt ai ned t hrough the photographing to calculate a position and a hei ght of
the nolten pool in real time; and controlling a process paraneter
affecting the i ks of the cladding layer in real time base to forma

cl addi ng | ayer %VI a shape and a thickness corresponding to 2D secti onal
informati on on the basis of sectional shaping information stored and the
hei ght data of the Imndmathodioomonigweigwead codtrolliingethabtighithfactmiddigigyer o cl ai m

1, wherein_th .0ces aranet.er i s .one o laser .power and size and a
mode of - a ke G RBRE R RRRER U st Bnlae R ESSloen PR Te SRERE B (e
process paraneters are the cladding nmaterial - feeding rate and a traverse
speed of a speghowepraphing aserdtch pash fodnedyaherpbdrathddmgas thngs tachdaainmal ,
wherein the pixel representing the height of the nplten pool is the nass
center of Eig"?dye of the nolten pool. 5. The nethod according to claim 1,

wherein the piXelerhBRpGSaM jep@sdoti g ReiBhdr 18f mbieh pﬁphéi@%‘thl@%ﬂlh d sreglet erm ned
by one of nmethods in which pixels corresponding to the onges% row

r epr esent iMRytef pack qhigieedghrongl thepheegraphipe tapdcwds apesdomandiafcighsiofte of t he
mol ten poQlslien Yool et GMCIngef an actual nolten pool is obtained on the
basis of a circular or an ellipse shape of the nolten pool and pixels
correspondi ng tonttdengeproesss aaemdet efferting the heighbef thi: nindéisg 14yer fhiveal mixtehod

according,to claim 1, erein the height .of,the nolten pool. i cal cul at ed
by Cor 1 ootPiBRETh S dRE o hellE AR G R PSP o R e 2Pl fhe

mol ten pasforrastbntdnehabdsisalf stioghltshapadid Atdroaiyaited Red teinsiht ddebRA483953VI
23 0 11 May 2006 7. A nethod for nonitoring and controlling a height of a

cl addi ng MRIER PPR TPCRdwRd:

2. The method according to claim 1, wherein the process parameter is one of a laser

power and a size and a mode of a laser beam.

3. The method according to claim 1, wherein the process parameters are the

cladding material - feeding rate and a traverse speed of a specimen or laser beam.

4. The method according to claim 1, wherein the pixel representing the height of the

molten pool is the mass center of the image of the molten pool.

5. The method according to claim 1, wherein the pixel representing the height of the
molten pool is determined by one of methods in which pixels corresponding to the longest
row .representing the image of the ﬁlolten pool are selected as thé height of the molten pool,
or the center of an actual molten pool is obtained on the basis of a circular or an ellipse
shape of the molten pool and pixels corresponding to the center are determined in the

images.

6. The method according to claim 1, wherein the height of the molten pool is
calculated by correcting the actual physical height of any pixel in the image of the molten

pool and the actual height variation value per pixel.
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cladding and | aser-aided direct netal manufacturing, in which th Mﬁyg@ﬁsof
a molten pool is allowed to reach target values of the cladding I'ayer

using a relation in which the height of the cladding layer is linearly
proportional to a | aser power, in such a way that a | aser beam of an
output greater than a normal |aser output by P-Pt is allowed to be
irradiated on the specinen if the height H of the nolten pool is |ess than
the target value H of the cladding |l|ayer, while a | aser beam of an out put

less than a normre| nieaéerfoﬂﬂ&rﬁt&mgxn&ﬂmnﬁlgaéﬂe?g@ﬁgg% 2;‘ fing | layafiALed on the

specinmen if the height H of the nolten poo r n"the target
val ue Ht cddddingend Ilmﬁldqi ﬂleﬁ,temetasmafmfecmmg; @IdWhn;h dredierght 002 mblempap] is

wherein t | 590k

Proporti onh‘lzlf)lxgé oereﬁpa r‘lra\yé i v{ehc(c E%%ﬂngz??’c‘fgpﬂ%f‘/re@%’r?flrl%lv"hf?@tth%]&eégllt(?fal | ow
t he hei ghtth@eﬁladdlﬁrglam it hneapqu;&optomcrxﬁhmm laset powet insative wal tHah e 1:gbrasdginng

| ayer. he net hod accordin cI aim further conprising the step of;

correctin d}én PUPEF SPHBPALH AP Trtoé‘&élt EY Bﬁ’als Ylgwedin hegrradiped ogdhe  power

regar dl essp@fimerifshehdzifii bMee h@&@ﬁ p&lE NEER RN Bt &3 $51u€ HAGEL0 Ol
| aser-ai ded direct netal manufacturing. 10. The nethod accor di ng to any of

clains 1 dmgrwhilgrdpear heanhef #reewipy 1¢ss thasadiofoal laseeeutprtdyiFol is allavodab bag  and

repairing 1ﬁ-f1d1ﬁteﬁrﬁel ghk’g lp%l?ﬁqﬁ Iaegéht@{)ﬂhe grljolteﬁAP ? gei‘ggitgr(%ann% e;[rge:tr:\af and

controlling t ayer

phot ogr aphi;mg theredhddingdeyepr ocessing i n | aser cladding and | aser - ai ded
direct nmetal manufacturing, conprising: a |laser generator for formng a
nol t en pool on ca 8U spec;i e i.rradi ation .of a beam a
beam transnitti n(\gjlsh appegl%oa aﬁgor? &g%f glg%?ﬁ‘?g‘irﬂa ﬁfeﬁgsef B lf)‘é‘%{’rtﬁobg‘i%?%%?? by
t he | aser of@ﬁ@mtgﬁaalermégm—D@vbﬁmmmﬁdﬂrfazmoa@aaﬁahaﬁ té @lllovﬁﬂi&dﬂ%m&g t he
beam trans ttedthll' h the bea transm t.ting apparatus; a cladding

material faegelterRaol ok E‘ihr?gta%eEY Hplie addrg @ o the nol ten pool formed
on the surface of the specinen by the irradiation of the |aser beam

condensed by tBeTheabihog andelisd RIARNATAIHS cofphABSesbis 24 0 11 May 2006

correcting a laser input analog voltage signal to control the laser power regardless of

a state of the laser generator in laser cladding and laser-aided direct metal manufacturing.

10. The method according to any of claims 1 and 7, wherein the method is used for

restoration, remodeling and repairing of a metallic product or mold.

I1. A system for monitoring and controlling the height of a cladding layer in real
time using image photographing and image processing in laser cladding and laser-aided
direct nietal manufacturing, comprising:

a laser generator for forming a molten pool on a surface of a specimen by irradiation
of a laser beam; '

a beam transmitting apparatus for transmitting the laser beam generated by the laser
beam generator;

a beam condensing apparatus for condensing the beam transmitted through the beam
transmitting apparatus;

a cladding material feeder for feeding a cladding material to the molten pocl formed
on the surface of the specimen by the irradiation of the laser beam condensed by the beam

condensing apparatus;
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a transfer system for keeping a focal distance of the |aser bea[:p1 {?%ﬁ@%
in the process of cladding with the beam condensing apparatus posi

in a z-axis direction, and freely transferring a specinen along a tool
path around the |aser beamto allow the |laser cladding to be perforned
with the specinen fixed on an x and y-axes table; a Conmputer A ded

Desi gn/ Conput er Ai ded manufacturing (CADI CAM apparatus for generating
shaping informati on such as the tool path on the basis of 3D CAD data and

transmtting tne-seRpin Iﬂl%frPEeg)%g' aOf%ca@dnstAﬂz@g?thBh&%%aﬁpéyn&%@}ﬁa%f atus for

obt ai ni ng an i nage of ool in real € processing
appar at us Hfmessj@ﬁmddmgl wigh {hie oedrs cor&bnssgaupmgusf;msghhecbfh aIﬂQzeus divdctien apdol

using the d t he nolten taj nedth h.t he tographing to
cal cul ate 6%159[ antSFeg?flga%ﬂ’eﬁmﬁ& &%a&?f’ {PAER remdd h E‘g |bep} tcfglgq %ﬁ%ﬂr and a
control S)cﬂsdddrﬂgftabepmﬁmﬂlwlﬂghasﬁ%bm%&eﬂ@hmtaﬁﬂ yaafxfa@ﬁtﬂeng the hei ght of

the «cladding | ayer mrg ti,me_base to forma_ claddin ayer having a
shape and a thi er Adged ResiandemputepAded swavlagneng ((F\‘%é ) appagiiug he

basis of gg¢ déén@ﬁﬁhg Iﬂ?}?ﬁigﬁﬂfohﬂhﬁn@&ﬁ fthe %@g&h%ﬁr xch s&%%ﬁ@@iﬁ%ﬁtﬂ%nd and the

position and the height "of the nolten recei he I mage processi ng
appar at us trammftmgstiassl@mrfganfonmmmmn ng and controlli ng a height of a

'n laser ol aad i e kRt R DoREb O ARG PLuE R el PSR ot ngr

a |l aser gemenator for formng a nolten pool on a surface of a specinen by
irradiation of a |aser beam a bea ransmtti n% appar atus for
e

transnitting tHABUPAESOHFEHRS @&4% B ipES paehreripeaiRgRaghiaf B, a beam

condensi NGn@RAPOAL el (RE r&@@@eﬂﬁlrﬂ& hhgoRQRMh LS he beam
transm ttlcplgquaeaar at t;gs : cl addi ng I[r%at[iﬁecr)l al feetgg}r%ghE)Hreeijgilc“tog1t gHﬁglt%ddl ng

mat eri al s Hﬁﬁ%tloér@n@)ébﬁlghmfmmbw Rdedinsigplitiess aod t he specinen by the
irradiation of the 31%?%%132@%&9@9?%?0%&%& ot QG et Qcﬁ'éjﬁeg do%?ppar at us;

a transfer syst em trans rrn aser ar ou Pecit men
fi xed on a&fudgding layer in real time base to form a claddlng layer having a shape and a thickness

corresponding to 2D sectional information on the basis of sectional shaping information
from the CAD/CAM apparatus, and the position and the height of the molten received from

the image processing apparatus.

12. A system for monitoring and controlling a height of a cladding layer in real time
using image photographing and image processing in laser cladding and laser-aided direct
metal manufacturing, comprising:

a laser generator for forming a molten pool on a surface of a specimen by irradiation
of a laser beam;

a beam transmitting apparatus for transmitting the laser beam generated by the laser
beam generator; |

a beam condensing apparatus for condensing the beam transmitted through the beam
transmitting apparatus;

a cladding material feeder for feeding cladding materials to the molten pool formed
on the surface of the specimen by the irradiation of the laser beam condensed by the beam
condensing apparatus;

a transfer system for freely transferring a laser beam around a specimen fixed on an x
and y-axes table to allow the laser cladding to be performed;
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25 0 11 May 2006 a Conputer Ai ded Design/ Conputer A ded manuf act'I

(CAD/ CAM apparatus for generating shaping information such as a tool path
on the basis of 3D CAD data and transmtting the shaping information; an

i mage phot ogr aphi ng apparatus for obtaining an i mnage of the nolten pool in
real tinme; an inage processing apparatus for determ ning pixels
representing height of the nolten pool using the imge of the nolten pool
obt ai ned throu ' I POSh | 4 d a hei ght of
the nolten poo%r?ér\&@éalﬁg?%;@ﬁ%kgggb ]gtgrnltg?dgﬁ His@éﬁ%%ng%ﬁ%%&%@? PRRAGIS
process pdengeestingfliapotg infprmhorheiiyht 2 @bl phleon deddsls oE3D ayad dith aridal tine
base to fqram a.ttcl a&ldi%.l aﬁFr havi ng a shape and a thickness correspondi ng
to 2D sectlonal HnrsrRiMEIH ERHe basi s of sectional shaping information
from the CAD/ CAMiapgasiatdiBaphaipthpbht@nid 8 dbtAiing Bslink 438 of e iteRfpoblNE r&B! t €N
received from the inmage processing apparatus. 13. A system for nonitoring
and contrdf®$ng the height of a cladding layer in real tine using inage
phot ogr aphi ng L ; i i I i - aj,ded

di rect netal m@%gﬁgffgﬁgﬁ%ﬁﬁﬂg&@gﬁ% E?g%é er ag %}é ﬁegg{ tfo g#hr?i ng a

mol t en poaholisn peokusirfgtbe indgeal Spausltrampoblotirinalthauih the phbtoardphimgno beam a

beam transuj.t i ratus f anspitti t he. | aser beam generated by

the | aser%%é%?ﬁnag%%gggtagé 4 %glgg{e%ft%%%ﬁg]%%% Oﬂg‘rgglﬁﬁ’?%taﬁ‘i for condensing the

beam t ransmi t t edohtislGygbmitheconealiing b Hesess fakdnit@erapRadm (HS height@ragdi ng

mat eri al w%ger for. feeding cladding materials tq the nolten pool forned

on the su medpyef ferealyues ]i’ﬁ;sﬁ_t rpeladdingdet hongt shape apadrclpesm

condensed @Me%ﬁdiﬁ%ﬁ:{%D Q&'ﬁ@ﬁaﬂ$ﬁf@ﬁn§ﬁ>ﬁ%%@§ésis%f%%cgiﬂﬁz{l%ﬁap?ﬂgsitn?dﬂnfaﬁf;n keepi ng
e

a focal distance o | aser beam constant in
from the CAD/CAM apparatus, and the position and the height of the molten received from

and y-axes table to allow the | aser cladding to be perfornmed; PHLE\48 \
o368

the image processing apparatus.

13. A system for monitoring and controlling the height of a cladding layer in real
time using image photographing and image processing in laser cladding and laser-aided
direct metal manufacturing, comprising:

a laser generator for forming a molten pool on a surface of a specimen by irradiation
of a laser beam;

a beam transmitting apparatus for transmitting the laser beam generated by the laser
beam generator;

a beam condensing apparatus for condensing the beam transmitted through the beam
transmitting apparatus;

a cladding material feeder for feeding cladding materials to the molten pool formed
on the surface of the specimen by the irradiation of the~ laser beam condensed by the l;)eam
condensing apparatus;

a transfer system for keeping a focal distance of the laser beam constant in the
process of cladding with the beam condensing apparatus positioned in a z-axis direction, and

~ freely transferring both a specimen and the laser beam along a tool path around the laser
beam to allow the laser cladding to be performed with the specimen fixed on an x and y-axes

table;
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process of cladding with the beam condensi ng apparat us positi onqﬂé‘hn g 6
z-axis direction, and freely transferring both a specinen and t % QP
beam al ong a tool path around the laser beamto allow the |aser cladding
to be perfornmed with the specinen fixed on an x and y-axes table;

PHI '\ 483953\ 26 0 11 May 2006 a Conputer Ai ded Design/ Conputer Ai ded

manuf acturing (CAD/ CAM apparatus for generating shaping information such
as the tool path on the basis of 3D CAD data and transmtting the shaping
information; a '(;H;]gg i ey i mage of the
nol ten pool i nrhrdéal t?r%}?&ggéﬁgggﬁgggﬁg{sdgé #%né%%gﬁ% @s@@%@g?p&mrﬁgﬁ ng

pi xel s r epgpegamtaing shepinghnfoohatideessucined the mop path on shetgasis b€ 3 DR dot ahde

nol t en poqlanobtt@i ntfﬁd througp theoéghot ographing to «calculate a position and
a hei ght of " TREUMGTE SHPERIMHAYWE| time; and a control system for

control ling a phoGegsphpesprPhiappirhRs FrtBtdidies Beintik oPthetten pbaddidg | ayer
inreal tine base to forma cladding |ayer having a shape and a thickness
correspon&% to 2D sectional information on the basis of sectional shaping
information fr, ; r Ll ad .t hei ght of
the nolten poolagr@g%%?p\}g’d%%fggrb%ﬂrﬁ% %ﬁ% @%%%n%@g%gggisﬁg&g%%g%%nﬁ%t Oﬁﬁ-{e A system
for noni t orelig paplbsingrthe hdgeof theeoltenipgblt obtdinal thicadhliegphbygephing 16 eal  ti me

usi ng i na to i nd, i e ocessing 4.n | aser cl adding and

| aser - ai dg:glcgg%rae@[ﬁ%tagga%ﬁﬁﬁﬁ‘%&?ﬁ?%@ poé)zﬁblg?lsﬂ“ﬁeg :an‘g | aser generator for
form ng a nol t aropedlsyaem dorsdobifralliag @fprareSREANTERR abiictinotBEhabhiQf heof a | aser
beam a be dtrznsn‘itti n%%a}%pargﬁ;@us for transmtting the | aser beam

gener at ed %{3 Pgdayendigeal t ArisgEheracsiaddiegearesraierapn gohpiariacss for
condensi ngofrbgo ?l&l@@&'ﬁbﬁél?ﬁod_ oS tltlé"lgagg%@géctit)ﬁeﬁ@ﬁ ﬁgtﬁﬂglélgﬁn@fr atus; a

cladding nmaterial fTeeder for feeding a cladding material® to t ten pool
f or med from the CAD/CAM apparatus, and the position and the height of the molten pool received

from the image processing apparatus.

14. A system for monitoring and controlling the height of a cladding layer in real
time using image photographing and image processing in laser cladding and laser-aided
direct metal manufacturing, comprising:

a laser generator for forming a molten pool on a surface of a specimen by irradiation
of a laser beam:

a beam transmitting apparatus for transmitting the laser beam gencrated by the laser
beam generator;

a beam condensing apparatus for condensing the beam transmitted through the beam
transmitting apparatus;

a cladding material feeder for feedigg a cladding material to the molten pool formed
on the surface of the specimen by the irradiation of the laser beam condeﬁsed by the beam
condensing apparatus;

a transfer system using a three or more-axis transfer system or robot to increase a
degree of freedom for performing laser cladding;

a Computer Aided Design/Computer Aided manufacturing (CAD/CAM) apparatus
for generating shaping information such as the tool path on the basis of 3D CAD data and

transmitting the shaping information;
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on the surface of the specinen by the irradiation of the |aser qqm 2006
condensed by the beam condensing apparatus; a transfer system using a
three or nore-axis transfer systemor robot to increase a degree of
freedom for perform ng | aser cladding; a Conputer Aided Design/ Conputer

Ai ded manufacturing (CAD CAM apparatus for generating shaping information
such as the tool path on the basis of 3D CAD data and transmtting the
shaping information; PH P\483953\1 27 0 11 May 2006 an i nage phot ographi ng

apparatus for oftighfd fiht 'hmagga% bk s JWRlidiE R 4R 8l ool i.es i mge
processi ng appar att ugé ‘%lg)r@gg%ﬂt erm rl?i rallg p1 xel s1 Irggr esegr?to?ﬁ% e}feté‘r?tgglo?quﬁ%e
nmol t en podimgisi ng the i nage of the nolten pool obtained through the

phot ographing tQ . t.e a position and a height of f.he |t pool in
real tinme; and agl Hé% ﬁrg%(%glyr}%fi @fﬁrqﬁ%srfoﬁgﬁ?%wpg Ry© rﬁ‘?rS%e@}égg lb%gl?ir?gﬂ?r

af f ecti ng mélenheobiningthe irhgze of kladdoleg poayshtaihél thedlgh thdpholashing thor m a

cl addi ng | ayer having a shape and a thickness corresponding to 2D

secti onal ‘iaﬁfl[??%?‘?s&??n@ﬁalaﬁ’élgﬂh‘éf?@? BIPH%P}{Q Fhigpl tgﬂ‘_’éﬁf‘i‘lg information from
t he CAD/ CAM appajodtrdiSsystedot &&trQHﬁgta'p%beMratt@&iﬂéﬁfegrtEﬁg @f niibs Jrhd en

received from the inmage processing apparatus. e system according to

any of cl ladgingilayer in realtimapbase 49 fonerddddingHayes hadug aghapranda thadknewshi ch i s
fed to th : f . Sur . of peci.men by t.he
irradiati gcr? Hg%tptolﬁ E’ggﬁéa)%%rs Q%feag%llg%n geiﬁgl el tlﬂé’rjl‘&féﬁe()flgsecgﬁﬁn%osﬁa glr%fnﬁ%%gé(ﬁ%r at us,
i s provi ddibm thet(eD/GAVImppirape\ate the psition andthe thielphoof the mbBen rEb&vayBzéam
according to.claiml15, further conprising a powder-feeding nozzle for

si mul t anedUSIPES REBFEY I MHFPPHEYS addi ng material powder supplied from the
cladding material feeder to both the | aser beam and the nolten pool forned

on the surface 16f Thsstesprcording to int Sfclamadd] 179 1 rahd 14, adhelctn eQKiddRd i n the

formof the powder.. 17. The system according to any of clains 11, 12, 13
and 14, vw%?tg‘?%’d Whigh sfedto the migien posy iqamsd Omghwé%%?fdhwpgwnﬁa\hé(rth@i ode

| aser. irradiation of the laser beam condensed in the beam condensing apparatus, is provided in the

form of powder, a wire or ribbon.

16. The system according to claim 13, further comprising a powder-feeding nozzle
for simultaneously supplying the cladding material powder supplied from the cladding
material feeder to both the laser beam and the molten pool formed on the surface of the

specimen if the cladding material is provided in the form of the powder.

17. The system according to any of claims 11, 12, 13 and 14, wherein the laser is one
of CO;, Nd-YAG, and high-power diode laser.

18. The system according to claim 17, wherein an optical fiber is employed if the
laser is Nd-YAG laser. '

19. The system according to any of claims 11, 12, 13 and 14, wherein the image
photographing apparatus includes a Neutral Density (ND) filter, a filter mounting fixture, a
lens, and a Charge-Coupled Device (CCD) camera.

20. The system according to any of claims 11, 12, 13 and 14, wherein the image
photographing apparatus includes a Neutral Density (ND) filter, a filter mounting fixture, a

lens, and an infrared (IR) camera for rapidly obtaining the image of the molten pool.
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18. The system according to claim 17, wherein an optical fiber ?w{g)#%gd
if the laser is Nd-YAG |aser. 19. The system according to any o

11, 12, 13 and 14, wherein the image photographi ng apparatus includes a
Neutral Density (ND) filter, a filter nounting fixture, a lens, and a
Char ge- Coupl ed Devi ce (CCD) canera. 20. The system according to any of
clainms 11, 12, 13 and 14, wherein the inmage photographi ng apparatus

i ncl udes a Neutral Density (ND) filter, a filter mounting fixture, a Iens,
and an infrare t,qi .t he nol ten
pool . PH P\ 483%5%@? Ca %L%Olfdﬂ{ t%%@%g%mﬂ{%ﬁg I;ig é‘Irlﬁh] gd%@%% fly ¢8%hy of
clains 11 php@g;ra{pbnamppamtus Wwﬁmoned: ¢reani opsigal axphdtlmga@pbeamgto&pﬁmathts is
posi ti oneqnglp f)%ta'ncalle Eb& of the | aser beamto observe the nolten pool
at an angle ey ? sttem according to any of clainms 11, 12, 13
and 14, wher e| n the i mge photographi ng apparatus conprises plural inage

phot ogr aphi ng 22bThppateat acsedingao asy dlclaipisaV el 18 bed i 8GR tHeh@agd! t en
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and repairing of a metallic product or nold. PHI P\483953\1
transfer direction of a specimen or laser beam.

23. The system according to any of claims 11, 12, 13 and 14, wherein the system is

applied to restoration, remodeling and repairing of a metallic product or mold.
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