; e3e|jf6Tjt F WO 031042895 PCTI KR0O1/ 01970 METHOD AND SYSTEM FOR REAL=TI ME
MONI TORI NG AND CONTROLLI NG HEI GHT OF DEPGSI T BY USI NG | MAGE PHOTOGRAPHI NG
AND | MAGCE PROCESSI NG TECHNOLOGY | N LASER CLADDI NG AND LASER- Al DED DI RECT
VETAL MAN 5 PROCESS Technical Field The presentni LhRn relates
to a. net %%MBH}SI -time nonitoring and controlling thei’ﬁié/?éﬁw%@ a

cl addi ng | ayer using i mage photographi ng and i mage processing technology in
| aser cl addi ng and direct netal manufacturing. 10 Background Art

Laser-ai ded direct netal manufacturing is defined as rapid near-net shaping
that can rapidly manufacture 3D .products and tools necessary for the

manuf acture of the products with functional materials (for exanple, netal,
all oy, ceramc or tgﬁﬁlbﬁ)q@ %m ?%ﬁﬁqtf‘m@'kﬂjﬁﬂbﬂﬁh%ﬁi) 3D subjects
stored in 15 ~ conp . ] ing . The
digital data of 3D sulgONK JAQSET BX| YRINGIRAG

medi cal Conput er_.Tomm ' et ]
data., and digi e agﬁmw g grtT 2F g SyStens
tool s denote tri atLADDHING AND L AGERL AIMEDDIRECERETAT M AN FRSSEURINGT t he 2
0. manufacture of products. Those techni gues all-ow functional netal
prototypes) trial and mass production PROCESS £ j nj shed products of

conpl i cate shape and various tools to be rapidly nmanufactured in
conmparison. with conventional manufacturing techniques 1 .~1 WO

031 042895 PCT/ Ke¥hhicallField such as Conputerized Numerical Control (CNC
cutting) casting, and ot her manufacturing nmachi nery, etc. Those techni ques
are applicable to the restoration, renodeling and repairing of nolds and
di es using reverse erg pR§dnt HvenBENREAEDY0 a H&hstN L ialtinit MmORiEsing ld t hose
techni ques, in which physical shapes can 5 be generated from CAD data, i s
sinilar to thatomfollingnithe height ofireladdingayeyiusisgtimags ahotagraphing end imggeal | ows

3 D physical s %@gsging CecRSo1 8616 1AL EHadding a0E Hfrélgmetgl manufacturing,

10 Backgmur_;d Art

Laser-aided direct metal manufacturing is deﬁned as rapid near-net
shaping that can rapidly manufacture 3D products and tools necessary for the
manufacture of the products with functi‘onal ﬁateﬂds (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 'tooling”. '

The digi"cal data of 3D subjects includes 3D Computer Aided Design
(CAD) data, medical Computer Tomography (CT) and Magnetic Resonanc;
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 techniques allow functional metal prototypes, trial and mass-

production molcis, finished prodj1§ts of complicate shape and various tools to be

rapidly manufécuned in comparison with conventional manufacturing techniques
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functional material in 3D space at the precise positions, much as printers
print docunents by applying carbon or ink on the 2D surface of ~ paper at
preci se positions using docunent data files stored in conputers. , 10 Since
it is diffjcul generate 3D shapes from CAD data thro tional
manuf actur%ﬁgn}ﬁ?%%esses in which a material is cut or a E%P’Fgﬁ -}taerl al is
poured into and solidified in a nold, Materials Incress Manufacturing
(Mle)] has to be enployed. Basically, a 3D object is conprised of 2D
surfaces, and each of the 2D 15 surfaces is conprised of 1D |ines.

Accordi ngly, a 3D shape can-be manufactured by stacking 2D surfaces one on
top of another. This technique is called MM process. As shown in. Flg 1,

bui 1 i ng. <hapeSoeHier feamrgren SHRERG! il CE Clnfbr s8Rl BRsl ocses

in which a bul manafactukiag mashiaedy, €t6. aTho3é teehniqBdsaire applioable ®khe rdtoration, a nol d
and solidified in the npol'd. .In the r-ai ded direct , netal ‘[Slglpfjfacturlng
t echnol ogy, th@%ﬂ&%%@%@fﬂﬁl‘iﬁ% Idle§“F18$ FRYEFSE FRERFGTG tSehBPIogY -4 ddi ng

As shown in Fig. 2, They\RiGheCoRdipi HOhbs tBcHnRfRslGh Wchqshyéleamhmsaan
cl addi ng | ayer. 205 on the sur ace of a specinmeh in such a way that a. |ocal

nmol ten 2 5 poolbe geddated framGASY datp, iy simdlamta thet of igenesal pyinters. 2 (theglireche

f 201 f ~ d, f
e o, ot o il BohiERituAC audls S AN | s, B By SRS T Rk (1
fed to the nol tf@i&u@ﬁmlma@&alfmcan Ispede 2t the )iﬁcﬁalﬁaéa%ﬁdi nﬁﬁﬁ/dﬁﬁﬁﬂﬁi%ﬁt

outside. Referring to Fig . in the laser-ai.ded direct net
manuf act uri ng, dswmqntﬁcbymlwrﬁetcabm @rdPJédl!i‘cf-b§ & uEisrs °§aﬂ49?5eatr%Fﬁ?‘&q y

shaped in such g 1 d EI?F@:%O” is calculated from 3D
CAD data and cPadQ@%d‘E{ﬁg%g@lé&c 5\5/)9245 S i ckness and/ or hei ght
corresponti ng to theSinge sEcs idiffizblt 30|gnha|atmﬂDonhw=sa qumléﬂta yhrbtashred
The 2D sectional infor sed in the is nma

I i STD CABPRsREoRah ThArReHTE BroUHR VoD ot et T Rl oF o Rfar ¥,

hei ght or int On?aﬂrﬁﬂsap&frecﬂm‘(@ﬁﬁcﬁwlﬁlﬂdﬂl il lan@sKl, Midrials InSrebd Mahufectuisg-
shaping information. I'n order to phyS| cally materialize a precise 3D shape
correspondi ng (MIinbesta be employed. using the sectional data, a cladding Iayer
of precise shape, he / r feﬁe}p BY ah@ ehdifoiRe DBt | ONaAl
i nforimati on can be f%gﬁrr% tgrsgf‘h qg@ﬁﬁérésr%g-({ ad ?dr?ggpr ogesso Tﬁe above
process cIgsi dem&deylsadomised bihbD ﬁnmnsﬂcmrdingb'r, edﬂ)sslmpemlars@u@cou@d:t I n

parti cul ar echn controllin he .cl addi ris

15 a key - techng %P@?ﬁ?ﬁt"&? |°8nt°g1’°tf 8'51’F 15{ "cf’?e@ﬁginéﬁwf

manuf act uri ng tp?d‘cbﬁol A3Yshown fnhBi I msme md,ﬂdpedisr fehufa@ird tﬂf@ﬁgﬁ additivé ng

technology, as in the laser clad technol 39& shown_ in Fig. 2) a c|adding
(-

|l ayer. is for nmoutdsials rﬁpmspmnatfororbpﬂ g f ghapesn gdiffereptly | from E*ﬁbg?rrva{*@n
(hereinafter, ref Sfacﬁgn ﬁro%§sse§]ewgﬂ mg}na?er %uﬁorza rgolftén)h? Glred €M

al ong x and y- S e e am aroun speci nmen. te natively,
the | aserz2peameamohiandrsahdifiehinahk moldet her wi t h t he specinen, and a three
3 reg?g ree;)? Xis transf efn tiy igseeg]algcd él(rje%?gneta? rr}xatr)xSfagttu}llnlg %ecgnology, %rfﬁgl?rfatcgse

=

are phys1ca11y formed through laser cladding.
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 'pﬁol_ 203 is formed by ifradiating a laser beam 202 on the surface 201 of a
specimen and, at the same time, a cladding mafcerial (for example, mgtal, alloy,

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



freedom of manufacturing. . ' . In the process of shaping, the shape of the
.¢cladding layer corresponding to 2 5 the 2D sectional information mainly
depends on a tool path calculated fromthe sectional information and the
preci si on nsfer system and can be relatively eag} ialized.
However, tﬁ’&oglgézé t of the laser cladding layer is affec?&é%%ﬂo WO

03/ 042895 PCT/KRA /01970 a | arge nunber of process paraneters, such as a

| aser power, the node and size of a |laser beam the traverse speed of a
speci nen, the characteristics of cladding powder, powder feeding rate, the
falling speed of powder, the overlapping factor of cladding beads, the

ki nds or anounts of various auxiliary gases supplied, etc. 5 -

Addi tional ly, environ tal f 0% S A yar i al 3fyat ur e
on the surface°3?m5'sgg%xwgﬁ°?§536 b@gﬁ%ﬁ?gggggﬁﬁﬁékﬁgﬁggﬁﬁg coﬁg?Pﬁons of
the surface of fincioRt merliprbdacts aswolsgen deatmdly shapeddhfseci a wap thae2Bht  of

t he cl addi ng | ayer forned. Accordi pgl i n._or to oht ai n.t hev hei ght of

the cl addi nS | a%/ﬁéipn@d@é@ﬁ&?d{%@?%*@%’@#%&‘? S% dP‘ﬂf@Bn‘g?c{&W, a¥%?§°“i s

technical di ffmﬁﬁh%m&ag&t {REIREES Sandfor pﬁe{ig?lﬂet:&fép@{dﬁﬁgc'[tbnﬂ:et h® heétwakl of the
sho

cl addi ng | ayer e controlled while the position of a nolten pool is
moni t ored $n r éafbrmiation arelseqentidly fomed. 6, 122;: 564 di scl oses a feedback

apparatus and net hod, . h i s.conprised of i fecti i usi ng
a phot ot r ansi st or angﬁeagbeﬁe‘étbwgﬁfo gfﬂ ?SC?QP??%E&S%SF g’ggg&ﬁ(ﬁﬂc}gn r%’iel i ng
the hei ght of aliGh@dpi OAD! &¥Linto Hata o e nikormrtiitkness dnkdéor apiniforh heigheart i on
device is positioned near a nmolten pool forped,_ on the ,, syrface, of

speci men by t héntp 2Padatmef o arigblesthickness, Waishisapiized,as Hgpingnfommationye iy e

optical detection. gc?ﬁ#fs?callg n@a&grgpgeeg P%gig@rg@ g,af,@g&ggsp&}ﬂii% GAD 3ftal 1§y det ect

l'ight (light of "&n 1 htrared wavel en Irradi-ated from mol t en pool
when the 1ol t emsipgdhe seetiorab dathjvecleddinglayéreifginecise Thape peightaand(ps thieknesm

device is conprised of a narr 2 0 band-pass fi r a
phot ot r ansi. st 0P°’6FSPBH‘IH‘%é? 31& gﬁlrf’egtéwggf’".ﬁlorﬁ?’ﬁfﬂ? &%J? tb?ofb‘éﬁﬁdgwi 1 |g§htbg?iéﬁrf rar ed
light) to be d%;aggihgg,otgyss;.he phot.ot.ransi stor.-only when the nol-ten peot -
reaches a height at which the nolten pool neets the optical axis mask

havi ng an aperture V\Ebmboyemmesmgiéérabluraﬁag}ﬁtheﬁﬁme&i?%PfeQin,°f§%D

positioned in front, of i P Hbﬁh Hdbn t he
nol ten pool r e&&%@%t-a‘?é?‘ﬁ%@%é?%ﬁ?ﬁﬁ%%&?‘éﬁ?ﬁg? g cﬁgfﬁéﬁﬁgir,llga%\ger?%r eaches
the targetsval uRey tochnblog§ it imgplembsationgpfahe Jaserraidedf dicectunetal glanufagturngngt h
passes through the narrow band-pass filter and can pass through the 4 1
WO 03/ 042895 PESEhr¥EY- 01970 aperture of the mask, so the phototransistor

can detect the |ight i {HRWeMRhidedMaBBett hatalbFnRAQ! tecl@RfopiPhs incthe Hasthe
target height, light irradiated fromthe nolten pool is bl OC-ke%%)? i 'éhe
it is

mask) so the pletaddingdechinglogy shewmin Figed.ciceladdige layemis fonmed;hy; igte

det erm ned whether. t he hei ' B e Q‘Lr)da’[eaches
a target val ue "Eaﬂ?fS’ﬁ’jlﬁ ﬁ'ﬁ%tg{ﬁ%ﬁﬁs.ugtgﬁié% I %&b#e?étfﬁg té%%taot%nsi sjtogr . The
phot ot r angj st orfixed N&et Bee 2ldhg\Vobhdgeaxey op ajhsen beamarountden fikesd spgcimeposed t o

light. In this case, an electrjc circuit is constructe uch .t hat anal og
vol t age si gnal Mwlyt@ﬁei%sﬁr °%§3é’rbeg'§‘ﬂ‘éf"5f§?°3° et ?fpé’&“{l}gi ?—Pgdn%n

el ectric signal ggﬂn@fee&is SRR YRS br RBYEanibe UERPED 10 liheehsbihealefreviong
| aser beamto 1 e On or Of according to the detection of light by the

phot ot r ansi st orfreedortiofwemufactiringy. S. Pat. No. 6, 122,564, the opti cal
detection device . = =v value 1 | ' %§dine Alved ddsdondBe td er e
occurs a Problemt hai[ng'e.r% “‘Elojf%p‘aap'ts]'&egﬂ%os{?\lgﬁé (lg}ghiggnerlg% eg. In pﬂg‘ti & ar
when at -azgert ghé)2DO0sektidral irfbiendtioh @idinlpfdepérels on a tool path calculated from the

" sectional information and the precision of a transfer system, and can be relatively

casilil materialized. Hch\"er, the height of the laser cladding layer is affected by

3



15 cladding layer is partially greater than the target value, the optical
.detection device determ nes that the height of the cladding | ayer does not
reach the target value, and generates a normal |aser power. Accordingly,

t he cl addi at this position is coated to be rath i or

hi gher anda)tg’hdgia%/zg%seat ed performance of the |aser claddi ng&g@? '%(lgfoposi tion
2 0 causes the problemto be worse, thus deteriorating the precision of
shaping. Additionally, in the | aser-aided direct netal manufacturing, when
a 3D shape is fornmed using 2D sectional information of a uniformthickness
and/ or height, there occurs no problemw th the nechanical strutture of the
optical detection device. However, when the 3D shape is forned using 2D
sectional info | Qf ' [ / i : re
occurs a probl %rlr@%gﬁ&n?{%é’?ggotc?sg a!cril%tl£g éédats{?%nagég%?i @\gﬂbﬁhﬂb gggg@rl?nggad and
correct ed whendaser bedng thei tyintersef spebd of | sacpkicingen, alre rcharacteristice df @addirig | WO

031 042895 PCTI KRO1/ 01970 | dditi I tral pet |
Paser beam Onl BPYAsEaRHtE Fapihe et T fing HERof HEPREr O yetipati P02
control | ed, soclalidihg Wékdd, itk kinds Coragiduintst HE varkrb riakiligsy gases saspliednetous wave

| aser generator. Disclosure of the Invention 5 Accordi r}getlf‘ré t he gr sent
i nvention has Bdditionelbe en@@?nm@talrfaﬁpnﬁdsqchesébw&ﬂ%m PIEYR PG n t he

- prior art, andeh oPRLfkimal ol B IRAERku MRS, i bohditibhs It ifificdofTet hod
and appar at us at, in Taser claddi'ng an aser - al de Irect netal
manuf act uri ng, aispecimd@edndea lader ganarmtorj cag afféve the deight afithesiatiding latet foghed nol t en

pool in real time usin i gh- speed, i mage, phot.ogr.aphi n nd | nmage

processi ng, and -des’f‘F‘g’é‘P‘?&é’oﬂgrBTq‘sfﬁﬁ ngnhitfegﬁ‘?iogg# ‘g %ea Lﬁgﬁ%& (lg;grr by
control l'ing pregespoRBh EEIS ksctiofdl GhfBRAatioh) tere idfechiienl diffiesigthatipfotest i on i s
to provide a | aser power calibration nmethod, which is _ capabl e of  obtaining

a |l aser pdiwer, perameters afchmg thedreighhplohe gladding B&%’s@%ﬁrb&r?@ff&u,edﬁ_@&&lﬂ_éﬂ ess of
the state of 'agéﬁgoﬁnrdqfa]rgolten%&ti@ﬁ{]onﬁﬁ?rgﬁltrf&ﬂ%he present invention is to

provide a neth apparat'us, e actual position and hei ght of
a nol ten pool. are nedRIPar Non 61221564 diselpses a feddbackeapparats sisd petheddhatis-can be

controlled to allow the height of a cladding Iayer to precisel ol hci de
with the tar getompnsed Qfran _ cal g‘?ﬁﬁt‘ﬁ@ q%‘él% qus]in% a_sﬁb‘?tﬁﬂgﬁtﬁ’é?lﬁff%ﬁgﬁ%% be.
performed w t hapt .f ?03; %z@@u ng%f E&{uroﬁ{h?' e HRiht BRGE clad@ingOayerOr Innthigdevi ce

when a 3D shape 1S g 2D "sectional Tnformation’includi n%e;]t
vari abl e 1hi cknetiod, theeptieal detdctiondlesjsp i positionsst neaha moites peal formed onithen can

be appl i ed 10 Bulse 00 CONLL RS Aol 85 lr aM 9hd AR08 s et v

cl addi ng .pr oceS¥TE§ a‘honitor in t rocess
shaping. Still opfiel haectivhjdedice of arisf@edrowardnttariganteight emas to detectdight/(light a

gﬁ;g?gt 32%;%@5@%@&%@5\%25&‘@ i%g 1%%% 3{9319&% urr?oltieg ﬁogfi&rhgnhgle ﬁrgglgg%ogpd '
‘reaches the target height. The optical detection 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 whicI.J the molten pool meets the optical axis, a
- mask having an aperture whose center passes through the optii:a.l axis is positioned
in front of the phototransistor.
25 - " Asa rcsul-it, when the molten pool reaches a target height (the height of a
. ;:ladding layer reaches the target value), part of Jlight having only an infrared light

wavelength passes ﬁrough the narrow band-pass filter and can pass through the

4



PCT/ KRO1/ 01970 to | aser surface nodification, such as |aser surface
.alloying and | aser cladding, and |aser nufti-layer cladding in which a
cladding | ayer of 2nmor nore is fornmed through repeated | aser cladding, as
wel | as Iaiﬁg-@idg direct metal manufacturing. In order _to acconplish the
above obj e®t® P25 esent invention provides a 5 method FGFERBHIYYri ng and
controlling a height of a cladding |ayer in |aser cladding and | aser-aided
direct metal manufacturing, conprising the steps of nonitoring and
measuring a position and a height of a nolten pool in real time using inmge
phot ographi ng and i mage processing and controlling process paraneters in
real tinme. 10 In addition, the present invention provides an apparatus for

nmonitoring and controll.in hejght of a.cl addi I L. in.real ti usi ng
"mge. phot ogr aBATHGe Shipe mes, il Ghopherlistirias HHErEY Rl n HeSEY M
formng a nolt gk REMén Hbl FossidtaeshCthe eaxgd@@leifgne MighOfHadiafddfiom 3hd MSRén
generator for formng a nolten pool on a surface of a specinen by.

nng . .
i rradiation of paoliigblegked by the m the photpiansistor fgnngs deteakany lightr ¢ r ansni tting
the 15 1aser beam geRehalAendy if Riethifbd mgﬁeq{epéh%fa%gaggg%w@aens' ng

apparatus for condensing ; eamtransmtted through t )
transmttifg appdtent peql) areathesida ntprgeht valven | thfobighlethef dight edettiction cofadl ng

materials to th |ten po foroed on the surface t he_speci t he
irradi ati on of pgﬁtgg?%??@qf' bgjgfn %ﬂ‘%@ﬂ%‘%&r 6&?‘#&“&%# %%"’dgﬁ?fj Ré’“‘“gg“%%&%t us; .
a transfer systdghfbeingleRpsded Jo HghtoC M thil cdsénimcelvirid cieuiinie doasticted &ach

constant in the process of cladding wth the beam condensi ng_appar at us
posi ti oned in #has apgnalogiyoltage signal teansmitted &9 ?1%s?faﬁ$§PréF°rTi1h§fm&'°Hﬁ£Eﬁ%ﬁl al ong

a tool path ar . the: e I f '

performed wt hgtégﬁejlcss %@jl @E{aﬁgk%g& &olr%sgr? Bﬁ’@faﬁg%t@%gsby%%@ﬂgs@%ﬁM
appar at usig or @eGaroalffwpcaidingito theidatectionaif light by tietphawtiahsstomwol path on the
basis of 3D CAD data,and 2 5 transmttin e. .shaping. infaormtion: .. an

i mage phot ogr aphi ngagﬂﬁs‘%’t 0B ‘?grsé%n g°ni%ay}a5r§ii %ﬁ%e"g’(’)‘F{’]t ﬁ&t%“t gﬁv'f)eool, in
real time and GeRARAEd thi BMiné fohé RGN oFithe MOlHOIOET- POMT ordéss ithERGLtarget - -
processi ng apparatus for receiving the inmage of the nolten 7 I \

03/ 042895 PCT/ Kel@g /of tie7clagrding layem| At thisitivep, dhese esqurva paoklem th@iagmm’elf" t he

mol ten pool on,the k . e“@?&‘ lL,; : L heskshd tting
t he cal cul at edlg\?gﬁ %ogge? ls:\g?ggraa{e?bn r csu?/atsr’t‘gﬁn@fagrg ccrgér}l{l pgﬁ?r}\gggﬁ%ﬁmm toring
the el emerg s, rhdéingilaegr ishartiispreater itishaharatgeomalhie,ahe ofticaldd¥éciiohdeyigar at us

01t on pool - andeiEHBFORF i ol ecdayinelair het 1t Fah O iSSPl ( e
position and heLghlef ndlifl 16deppGlldg | ayer to reach target values. Brief

Description of the Draw ngs The above and ot her objects, features and ot her
advant ages of the prAseondingly, 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 deterioréting the precision of shaping.
Additionally, in the laser-aided direct metal ménufacturing, when a 3D shape is

formed usi.ng 2D sectional information of a uniform thickness and/or height, there

| occurs no problem with the mechanical structure of the optical detection device.
However, when the ﬁD shape is formed using 2D sectional information of a

25 variable thickness and/ér height, there occurs a problem that the optical detection
device shc;uld be arranged and corrected whenever the height of the cladding layer

is varied.



invention will be nore clearly understood from the follow ng detail ed
.descr,i ption taken in conjunction with the acconpanyi ng drawi ngs, in which:
"' Fig. 1is an iIIustration of Materials Incress Manufacturing (MIvl];

Fig. 2is ration of laser cladding; Fig. 3 is ag.i tion of

| aser - ai deg}bddl rect netal manufacturing; 15 Fig. 4 is a sgﬁtm @5‘& ew of a
| aser-aided direct netal. manufacturing system Fig. 5 is an enlarged view
of a region of the systemin which a concentric - powder-feeding nozzl e and
an i mage phot ographi ng apparatus are arranged; . Fig. 6 is an enlarged view
of the inmage photographing apparatus; 2 0 Figs. 7, 7(A) and 7(B) are

di agrans showi ng a second principle by which an inage of a nolten pool is
observed by the img ,F'/O@gm ematic
view of the nolten p%o R%gg{%g%lpﬂﬂg eéé)lp %{g% 1'§a)9(?s§17!§ér%‘}n aser&Beaigln Fi g.
7(B) being a viwhichothe thmtiomtite of. pdasler pilseis\centrolled asonibis difficult to Bppy 2 is, a
schenmati c dlagr hovmn a, first nci pl e by which an image 2 5 ~ of the
nol ten pool st ?Wéﬁagwt’c"llf@uq‘?ﬂi@ H#?B%H" Hphi ng apparatus; 8 WD
031042895 PCTI KR01101970 * Figs. 9(A) to (D) are views show ng variations
in the inmage of the nolten pool according to the transfer direction of a
speci nmen or |a&$2lqmmf_ﬂﬁilgz__gse_rA) bei ng a view taken when the nolten pool

is directed toward the image ' photographing apparatus, Fig. 9(B) is a view

t aken when the nolten pool is 5 oppositely directed toward the image
phot ogr aptg ng appar aAtcordibglg,s theSfrégentimtertion lhxslbcgn \maﬂwskebpmgm wnhisd) thehe

speci nen or Iaser are transfeyred |n a Gtio endi cul.ar,to the
optical axis of ‘?‘f‘?é’f&wﬁ\‘ﬁ%“fﬂqﬁ?@g?‘é% oct ﬁ?tj‘p © PIEFeRtInVEntion iShm¢ j ¢
di agr am show ng, BRyidenge :de&ﬁaea%dq{pphﬂaﬁxs r{ﬁﬂtt ﬁlnlaﬁéecmacﬁn@ mnlage@raﬂédam@&r di ng

to variations in the height of the nmolten pool c? 11 {A) to (O
are graphs showiete) mashfaciuning, iarcapeylesof] namunqg)therposmman heighjaf agnolien

cl addi ng | ayer d a i owi.sng

ci ol ¢ et al - pAPRSn A e R SEEtetp R amest bl EpTnd aRTRLBELARIN )
present "Went-ld@ﬁsabﬁl Qontiodinigs. the [HBigho Bf ap heladdingl-layes- byobonteolipipopeocesl-d -par t
manuf act ured 15 by the nethod and apparatus of the present invention; ,

Fig, 14 is a pl@élﬂ@g?eéﬁph showi ng an.inpeller part nanufactured by the _

| aser-aided direct "Btggéta el Bibsdn® GRVERLORMs Qb ﬁrBGidPrae%&t Fbwentlon:
and . Fig. 15 is a photogra ow ng a partial part ‘of autonobile fender
mol d renodel ed calittativméthad, which isygapable ofebtaininga tesergrewest whiclois thevaopr esent

i nvention. . 2 0 Best Mde f Car ryi ng ..Qu nvention Hereinafter, a
met hod of real [PPOREDHIRPSLPAGYe nffgﬁrgﬁfsr‘%lﬂ?ﬁs&@ ?ﬂagla‘?\él ght of a cladding

layer usiyyg image phaheérapbjedtoR i hiEBGe iVeddios Sk NG providese mettloddatidng

and direct nmetal manufacturing in_accordance wth an enbo iil ment of  fhe
present apparatus, in which the actual position and height of a molten pool are measured in

real time, so that a process parameter can be controlled to allow the height 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 using 2D ‘sectional information
including a variable thickness, the method and apparatus of the present invention

can be aﬁplied 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, wﬁch is advantagéous in that the method and apparatus can be applied



I nvention is described in detail. ' 25 Fig. 4is a . schematic view ~
,showing a | aser-aided direct netal 9 WO 03/ 042895 PCT/ KRO1/ 01970
manuf acturi ng system The | aser-aided direct nmetal manufacturing system of

t he preseng,, j on includes imge photographing and p I N

appar at usegldigzégé%gd 408 for controlling the height of a Egmﬁﬁﬂ%oayer I n
real time, and a ConputerAi ded Desi gn (CAD)/ Conput er - Al ded Manuf acturi ng
(CAM 409 for calculating 5 2D section information from 3D CAD dat a,
calculating a tool path corresponding to the 2D section information and
transmtting the tool path to a control system 403. A | aser generator 401
Is preferably an industrial C02 Laser) but may be any | aser of any

wavel engt h that can, ke a..polten surface a net.al ci men
Uy ough t e 1 1 1R iR G b RriuBh % 1490 bRl R Bnf ot TR BRE

di ode | aser. Thael maRi-lap@asadiineinivaith by clhdding kser of) 26T 8t fiord & fofmedsm tt ed
t hrough a beam transm ssi on appar at us 105 to a,beam condensi ng appar at us

406. ._ , \hen thraughNeperied lasgrclsddie, %‘%Q@q‘%‘d@ﬁ%&@ﬁ? r_aaqu&@@r%eam can
be transmtted through,gg B%Fa@%nsﬂ 'figésbovmsje@eai@ HeREeRTbRGnIRRAALdIS 406

I's made by conbi ni ng opti cal S _such as lenses, mrrors or the like,
and functi®ns methodfoemeritaring and conteodlingtachefight of & cladding layer indasenejadding

concentric powder;feedi .nozzle 414.is sSitu . e h . nsi ng
appar at Us. 406 £50 B SRR Pl Pric TR, MRS el RGBT
preferably a pawdiringes @bsifors uad thei%lﬁ of ahdlen goodlin rédeamdinsieg ihbge
cladding material is preferably in the formof powder, but 2 0 nay al so be
in the form of Photpgarkipe end image prosessingeand) %&Pﬁ’&grﬁf"é’ﬁ Reramgtershin fegk m of
powder is usedg.concentric powder-feeding and | ateral powder-feeding
nozzl es are used and distingui shed according to the directions of supply of
powder onl@ he basis Infaddition] the presére smmentidreprovidessat apperaps\foremorfitocog does

e e
| aser -ai ded diy--’i:ﬂ@%& prokéysingTiR Ulqté ! didding. and. [BertaidedOdipRt ntmdnmtu@nhmg-,e-r al

powder - feedi ng cgrlrmr(i)s:{lfg: r;elgs%lr lgtI:n(ff:raFt)o?'VngxSa fr‘ongﬁ%gbaem%l(t)en po\(/)\io 01(1) gls%azcg% arspccimen

by irradiation of a laser beam; a beam transmitting apparatus for transmitt@n'g the '

15 laser beam generated by the laser beam generator; a beam condensing a[;paratué for

condensing the beam trangmitted through the beam transmijcting apparatus; a

cladding material feeder for feeding cladding maierials to the molten pool formed

on the surface of the specimen by the irradiation of the laser beam condensed byl

the beam chdénsing 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 path around the laser beam to allow the laser cladding to be performed with

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

shaping information such as the tool path on the basis of 3D CAD data and

25 transmitting the shapiné informatibn; an image photographing apparatus for

obtainiﬂg an image of the molten pool in real fime and transmitting the image of the

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

7



PCTI KRO1/ 01970 fed to a nolten pool in the direction of one side of a |aser
.heam, The | ateral powder-feeding can reduce the ratio of powder loss to the
~ maximumof 5% . and is suitable to forma relatively thick cladding bead
of nore t i n thickness. However, the |ateral-po - Wals)
restrictshgﬁw§g Sath used in a shaping 5 operation duemﬁgﬁgk&ﬁﬂ#@otropy 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 begin condensing apparatus 406
positioned in a z-axis direction, and freely transfers the specinen r 10
along a tool p t he L. : r I to be
performed wt h9 %@b@%&&ggﬁa&%‘3?4'@02135.%&39ggﬂggpgﬁgﬂe%@?&tog%ﬁép& :bggfhgafeaser

ai ded direct nihage ofethe fnagiterrpooly aaddrapsmitting the aateulatddackhuesy apd ecessels,

t here can be enployed a transfer system,in ich a laser, beami )
transferred ar gﬁﬂ’ﬂyagf i 9?@753@}950%#"’6‘?“%“5 *‘erﬁ%%ﬁ’ a’i?ﬂelﬁmgpg’]fi ?@R‘% e
transferred 15;@bmiadfin SRMEHE ICED/CAM WidakatdSardRrORAME tLERSer IchRBink! AfasT er

system 402. Additionally, in order to increase the degree of freedom of
manuf act ursi ng, regeivingdnfopmatingraboutthe moltempgod ands gantrollingra nreesss parametsein

enpl oyed. . A . el t i ¢ ri f
gases. used i n FAE kol Alop ¥ Sifhich sl faglt OFne OaRBEL Tefer o VAR UL e
a cooling appawvalbess 2 O and an outdoor unit) respectively. A control system
403 is conprised of a Personal Conputer-Nuneric Control (PC- NC) system and
various input and output devices. The control system 403 controls and
monitors in re -eﬁ]bgg@ﬁ&{dnoqm@hihﬁgs constituting the | aseraided direct
metal manufacturing system of the present invention and including the 2 5

| aser ~ generator 401, the transfer system 402, the cladding materi al

feeder 404, the gas .ontrol system.41 he .cQol i r In

particular, the cont &bgy‘é?%‘%?%ﬁrfbéeecfs\’/g%q’{%s aﬁlgr oﬁr%ﬁgq?%g?ﬁg%}é#%g 11

i wo 03i oa2a9simvertdaRAlY BElAéfk-Aeelyainderstoad fiohethe dsllewviag defaied dgosiption Aat i on

recei ved fromthe CAD CAM apparatus 409 and cqontrol in real tinme cladding
hs

process par anefakensincanizpetion Withdhe,acogmpanymg draingsainhichiyer to reach a

target value on the Rasj s \RfnistithSRMaRRaR Ind-ie MaRiEARLAL (vanMIp! ten pool
received fromthe i mage processing apparatus 408. 5 Alternatively, the
control system may bEgchisen ilbesubtion ofilagreietaddinginuneri c control systemin

pl ace of the PC-NC system FEig. 5 is,an enlarged view .region of the
systemin which thesﬁcl‘% c‘éﬁ?Pllugn'amnﬁg(ﬁﬂcé'raf‘gggﬂ%ﬁ&e%?‘f‘?‘%g 8ind the i mage
phot ogr apli ng appar aFig.SME)Z sthématic viegest. a lddetdidal direvtinigal Mahdseuridgeam 202
and a powder stream 204 supplied to 10 the nolten pool 203 are not shown
for ease of il f§®¥Ekation. As shown in Fig. 2, in a |laser cladding process,
the mol ten pool 203 fig. § RIARARAIGY bPE MsidH GHANObystend REFHIGRR chfatibicch the
| aser beam 202 is irll;lg'd; i<'3'1L’te rag%bar‘gﬁ’ass of the transfer of thg speci men 200
or | aser beam péwdeoifetidinginpzzleandiandimegerphiotogriphing Bpparaies areratpageiot ogr aphi ng

apparatus 407 is situyated to . form.an angl e, of 90-.9 w t he optical axis
501 of the |aser be .'ﬁaa’t‘8“1?;{??%]\’/!/’?’ﬁéaSbT?ggﬁhOtgﬁﬁagh’gﬁgﬁp&&“%he i mage
phot ogr aphi ng appar agigs 749(A) 4ad 78 )ark Afagtsny sho i g0decodml priviciple By whschr beam

is irradiated, so' the image of the nolten pool (for exanple, )
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. 8isa schématic_ Qi-agram showing a first principle by which an image '

é 5 ‘of the molten pool is observed by the image photographing apparatus;

8



variations in height) can be photographed. Fig. 6 is an enlarged vi ew of

. he image phot ographi ng apparatus 407. 2 0 The i mage phot ographi ng
apparatus 407 includes a Neutral Density (ND) filter 603, a filter nounting
fixture 60 602 and a Charge Coupl ed Device (CCD r 01. The
ND filter %ﬁg?%ﬁ%fions to reduce the anount of |ight re%?@gg@%ﬁgg t he
nol t en pool 203 and incident upon the ND filter 603 and to protect the |l ens
602 2 5 fromsputters generated in the .| aser cladding process. The ND
filter 603 is mounted in front of the lens 602, that is, the filter
mounting fixture 604. A cooling line 605, through which cooling water is
supplied, is disposed around. the 12 WO 031 042895 PCT/ KRO1/ 01970

circunferential surface of the filter unting. fixture 604 sa._as to prevent
the ND filter 603 anklei8A) SO VIERS Hasans, Jiaions idbe ymaes it Sk molient

em tted from thsolrdebdr@ihgPR0the Rdsfer! Biveckion of @Ospeéinieal droaser thearh, FigSHIA) t he

i mage of the nolten pool” 203 to the 5 CCD canera 601. The | ens 602 nmay be
conpri sed of abgjages aviewatakem Whens theyumolien poalt isr dispsted daprrdsthe épage
telecentric of fjxe i f] i A -1, nLg..Z i i.on:of the
i mge of the r’rB}I.1 t%%g%tg@?%&fgﬁ%’n?@h? )e?rsb% ilér?veﬁ?,mnl ﬁhgé]?.ée?&nt%gg% '? gll h the

i mage of the moppositelp directed foviard eaimagé piotogriyshineg appaeatys| Bige.D(€) mdyD)speed,
bl ack and white .CCD, canera that can 10 obtain,i na f.ranges/.second in

. es of .50 .f,
progressi ve schfNYiRwS BEanw Eé%%e%ﬁlla%[bﬁ?m&et fransferped dn de“Fﬁ@nrrpl ten
pool QD3 ever y pafifietld idlthe bpficalTholis of thdiithet PhASSHERHISH wpbrafulle | mage
processing apparatus 408. In order to obtain the inmages of the nolten pool
203 at a hi gher speekig. ¥ isiagohemasic diagmm shemirghayy thedmages ofths/malten ppolnpr e
can be enployed. 15.The i hot. hy . t transmts imge
i nformation of arte%o%{eﬁeaﬁ&g%ggP%%Q@%&%@ﬁ@gg?g@on@@%g, apparatus 408
every 20ngec. And t hEjgé.maga) e (Cras gagheghpaing refatiéiSamangcallasdr power) ehe,
physi cal positiaon and height of the nolten pool using an inmage processing
t echni que, andheightof gicladding layen andadasero™er ¥t he control system 403 in real

time. 2 0 The inage lﬂgof’fﬁé 'Bﬂotﬁg'g '@o%nggﬁglpgémm&jtsstﬁ%&&uﬁéeﬂﬁ?-t}@-ab-ber,

which is an inage pro€essing:on oard, @ per sonal u conput er. Software
for the i nage methodasnd agpafatusl of thegirésent imfentiarhe hei ght of a nolten pool) is

progr amed u;i ng Vi Slyi%I 13C isa Bﬁoqggrrgpmh%%gaap 051 ph&neamold part manufactured

15 by the method and apparatus of the present invention; ,

Fig. 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 inyenti.on.

Ay

20 Best Mode for Carrying Out the Invention

Here‘inafter, 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 & laser-aided direct metal



The software requires 5nmsec at its maxi mumto receive one piece df inmage 2
.5 " information fromthe i mage photographi ng apparatus 407 and cal cul ate
the position and height of the nolten pool. If the Frane G abber equi pped
with a digital signal processor is enployed,, the procesgj e ~ of

cal cul at i ofYOL39438 consi derably 13 WO 03/ 042895 PCT/KRE#?%?@@HSﬁncreased.
Additionally, the software all ows inage signals received fromthe inmage
phot ogr aphi ng apparatus 407 to be displayed on a nonitor in real tinme, so
in the | aser cladding operation, a user can observe a nolten pool in real
time. The principle of calculating the position and hei ght. of a nolten pool
on the 5 basis of the inage of the nolten pool using the inage processing

i s described bel ow, Referring tg, Fjgs. . d 5 _in the. | aser ddi
process, a cl adﬂ?‘}‘f&"f-‘g&?&”ﬁ%‘g‘i ngh%iag%rﬂléfl?@ﬁgﬁ Gﬁttaffngmffﬁ%%g %’g{’?lﬁ’n% tpge

mol ten pool  203,alepnfhvantiRAl idclulidsOkithge %bt@?rabhﬁﬂg |aad girodesding afpardnsses 407
transferred. Additionally, the nolten 203, which_ 10 i1s fornmed by the

00Q , ) i

i rradiation of  and408 forenontselling Q@;i}eighgof)%pd%lawrtln r¢ab 8Eg candiafLompieta i nen
surface 201 at : .ai jal 15-5@.@?3@@ pool
203 can be diff Pg‘?,ﬁ@g%g?%pﬁ@{%%g%&ﬁ% e an e%??g?\gﬁor?ra\jac%gﬁg t he

condensed kaser2bertivR hformdtioe from, 3D GADatay ealeylating atoel path enartspegdingie shape

of the nol.ten pool 203 can be assumed to.be,cirecular. 15 Fig. 7 is a
vi ew showing a %?Qé%“ﬁ%&l}omg?m%ﬁh{%ﬂtﬁgﬁﬁ congpl sgSt?mEtQQs‘er ‘beam
As depicted in Fig. 9 lald}gerdREL40ANG HAGIHI b hdanpial 004 fasdObut plagtbe @hpphs
the nolten pool 203 while being inclined wth respect to the speci nen

surface 201 at laser afighy vevelongtintkat can anake|a malterbpeol xpsthe surfacecs & EBetdvar d
the i hot' hing 2.0 S - i | 203
o foamad o arsbreingh HheSn eBORARRYT o Bler blifie! IROT 1L VAW of b pwRED | Z02

circul ar mgl t endigdeOlase03 The Jasddi beame gerksatah bel the faser vivoeretoaxs rapsmitted al | el

wi th ¢l adding and transfer directions is 6{[ her short,due to a di%é) rence
in optical pat Hhronsh ) hegmtransmipsion appagatug 403 foa YA SARSININE Sppargtus

situated on a. vyg --{He-%&iy%@lé%ﬂf}%e? Bi2e Rfentpléyel £ MIBY FoamS@inHearansmiedof t he
nol ten pool forned on an image plane 701 of a CCD canera has sonewhat

di f f er ent | engtthmuph amepticelXiber.ound t he optical axis 502 of the inage

photographi ng appar aLIllllg b%%'co'ﬁﬁ’é’:‘x%i\r’lg rappér%s 486 is made by combining optical parts

15 such as lenses, mirrors or the like, and functions to condense a laser beam to fit the
laser cladding. A concentric powder-feeding nozzle 414 is situated under the
- beam con'adensing 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-fcéding and lateral powc.ler-feeding
nozzles are used and distinguished acc_:ording to the directions of supply of powder
on the basis of the laser beam. '
The concentric powder-feeding doe§ not restrict a tool path because it
25 allows metallic powder to be unifonn{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

-
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WD 03/ 042895 PCT/KRA /01970 difference is slight, so it is disregarded in
,the i mage processing process. Wien the size of the nolten pool is assunmed
to be IlmMmm a difference (b,"-b2") in len observed at the inmge

phot ogr aph] atus 407 is about 2~ {2/1,000mMm, whi ' | atively
smal | val B@B%%B%ﬁgi mage of the nolten pool 203 is obseré&ﬂ@@%? ferent
shapes according to the transfer direction of the specinen or | aser beam
Figs. 9 (A to (D) are views showi ng variations in the shape of the nolten
pool . These variations are caused by the fact that the nolten pool 203 is
moni tored by the inmage photographi ng apparatus 407 in a lateral direction
and is 10 . directed toward the i mage photographi ng apparatus 407 accordi ng

to the transfer, dj rection of. the specinmen. ox |. eam, Fi g. [,S an
i mage. of the mgﬁfd? i Wn&‘g h‘ﬁfcg Bk I\lleeﬂaéﬁéﬁqﬁﬁeé br?oﬂht e%‘g{o@}ﬁr%% i s
directed towar gowie-fesdingCetn rodics ﬂﬁa‘raﬁhefiom@e Ibed g nRinag of Spauad iss and
observed as an ellipse vertically and relatively swolien, Fig. 9(B) is an
i mge of the mstitable todform agrslatiygly drck gladding bead, ofsmore, fhah Ll Cg‘%%?s-pool
203 is opposit | r x) tehey: apt i X4 it i

phot ogr aphi ng gﬁ%’ﬁ?%art Sgé i%ﬁﬁ%b%éﬁ%@e}désg?sag {éﬂ ?%%egéegr E}? caa%ﬁ?agnd

rel ativel ys f | abperadoh dueitgsn asiédBopy inlwhich}hesshapei and feightdf a tread axsi vagied imool
203, which are o rved when the cinmen or laser is transferred in a

di rection per péﬁga@ﬂg gﬁ”“?‘B“f‘h%%?ﬁ%ﬁf“&&F’ga%ﬁmﬁ ot er%ﬁ@Ogr aphi ng
apparatus 407 2 0 angesfwHileQtHRdradsfePdys@il (WoBletable} HODRELDE @ fodad distagér ofand

| eft and vertically and relatively flattened. The problemthat the, images

of the nolten golaserobpany eonstrsk iy dbe process ofi Fladding With, Gy beAd: 1’%‘#"‘_&?% be
sol ved by inst gLl %Eept%iticgﬂéﬁgﬁ'a”ﬁ&ﬂs HEQ&BHfﬁﬂhﬁEHy %{aﬁﬁé@tth@?%%citnﬁbg

addition to the™existing | nage photographing 2 5 apparat us.
measur emerd of aloag ahedl phth avburidiie hisértbeam poalovehs lasgedadding o beqerfbrmedcan be

obtai ned using only a single jnmge ot ogr aphi ng apparatus. The nolten pool
203 i's nonitor é‘ﬂthégeﬁpﬁ%}@@gﬁ_é Wﬁ’d&%‘%‘gw ain area 15 WD 03/ 042895
PCT/ KRQ /01970 .1 hr.oughmt gse}-BREE dREQ LRI AREIufinRp Hnd gt erdDibs@Scladaawn- i n

Fig. 9. In order to obtain-the height of the nolten pool on the basis of
such i mage i nf pravessesyrthersiqag be employed a transfer system in which a laser beam is -

transferred around a fixed specimen or a laser beam 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'.nufacturing, a three
or more-éxis transfer system or robot can be employed.
| A gas control system 412 functions tb control a va“{'iet_y of gases used in the
laser claddiné 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) system and various input and output devices. The control
system 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 S);stém 402, the cladding material feeder 404, 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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t he i mage processi ng nethod, pixels representing the height of the nolten

. pool  have to be determned in the inmages. 5 In this invention, the centers
of mass of inages obtained through the photographing apparatus 407 are
calculated“,qﬂﬁ é pi xels, in particular, the raw of the pixels, are

det er ni ned 29> %hei ght of the molten pool. In additi onPCTKBPORM, pe

enpl oyed a variety of nethods, in which a pixel corresponding to the

| ongest row representing the image of the nolten pooh is determ ned as the
hei ght of the 10 nolten pool, or the center of an actual nolten pool is
obtai ned on the assunption that the nolten pool takes a circular shape and
a pixel corresponding to the center is determined in the image Fig. 10 is a

schemati ¢ di agram show n ow, t he | mages .of t.he nolten.pool. a itored

according to v&aPFEEeHALR g’ﬁh‘?aﬁg ?ﬁf@%&)fl’f?‘ﬁ@%ﬁ%ffweﬁo@g‘?‘ tm_e&%g%r)‘&r%es of

the nolten poolap%rr@cuphww@doﬁiol dh fré2 tMY clB@BRd pRIASss YParandl&Ritd llow @ie t he

i mge plane of the CCD canera) owing to variations in the hei %gt of '"the
al

nol ten pool . . height gfca-claddingylayer to reach a taggetyalue onyhg basjs of dnfgrmatign op theer t ai n
i xel (absol ut i glat t kAl V. ' er

Bi xel fatr e knomﬁcgﬁi tg’ﬁea) E?Og&grll g}a\g@%?‘%?hg&m@%gﬁlagéolﬁgce?ﬁgg%%{aﬁg?ggﬁggi cal

hei ght canb be edtemakis¢lgdthemontnsl systeinsmay be¢ hemprised of af general nwherencaptrol . | n

this invention, the, ahQove-de i.hed value is corrected using a standard
speci men. for MY%?PH@W?@#@WISP%FE?W’%& ng layer.is known. A correction
nodul e is included i pigSofdanfirged idWbEEregioniof By e GE Shichghe cdnlentite | Mage
processi ng appar at us 1%08 cal cul ates the position and height of the nolten

pool using t he Pawdercieerting mogzle $h4 med he imagr) phatographing| arpadtusafe &ear e

transmitted to on joh1 € ASehh .04 [eal
time. The 16 a&%cg?al &%ﬁxmw%ﬁg%%ggéﬁéﬁgﬁagysteng%%@p olg% Fool S
process pHY aneflermolieh poeldl03taravet siovasfot east of itludratibmddi ng | ayer having a
shape and a thicknes ei ght ). corresponding..to 2D sectional in tion on
the basis of secti oné?gg‘mﬂ‘g% 1g B}Frﬁ?si%ﬁla ding. PrPSEss; erlgglﬁent?q?ieap?ﬁbsmthe
CAD/ CAM appar atghsnett B 186 fochl e Ok &ipediRbi tPWhich Shd Rk dr e aOXD?: i§ aediagd. 1.n 5

real time fromthe image processing apparatus 408. The process paraneters
affecting the hegardiessoff thtdrapsferdof the spagimeni290|axdaser bgarar Pesesdinglynes si ze

and node of a | aser.beam. the.1raver : [ 0 ar
beam) (inter actsﬁlcbv?‘f1 ul ﬁ& ,5’ ;hepgtlv&fgrpﬁg’gﬁaﬁﬁggga&?ge{a&g?g?gg%&%%g g’\#g escri bed
process pgg afTETaﬁ%lS)ofBM@hﬁiﬂﬁmemﬁ&l aRis 50 € of theNesehbéaghandofo dilbe the eptitahg 10
| ayer nost. The heij ght of the c¢l addi.ng | ayer a proport.ional.
rel ationship we _S@.Q%I%f ¢ llﬁﬁﬁﬁel’hqi?g’?&“%ﬁguf a(“_?fex@ngﬂ{gs Eﬁff’m BT f nearly
Wi th the |aser Jgues 1Ber bt RURdRLde s tteOmé BY iife Mbitéd p6dl. (fdrtexhrfiple0ssi bl e
to freely adjust the height of the

variations in height) can be photographed.

Fig. 6 is an enlafged view of the imége photographing 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;tect the lens 602
25 fr;)m sputters generated in the .1a$ér cladding process. The ND filter 603 is
- mounted in front of the lens 602, that is, the fl'ilter mounting ﬁme 604. A

cooling line 605, through which cooling water is supplied, is disposed around, the
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cl addi ng | ayer through the real-tine control of the laser power. In this
.case, the 15. control of the | aser power can be inplenented through a

vari ety of control nethods, such as Proportion-Integral-Derivation (PlD)
control (s Control Engi neering) Katsuhi ko Qgata) i ce-Hall,
1990, pp. ‘2@%‘&3’? fuzzy control -. (see Fuzzy Logic Co%&r:/gﬁ%'fmﬁ%ﬂng- nam
Byeon, Hongreung Sci ence Publishing Co., 1997), etc. However, in this
enbodi ment, a relatively sinple control nethod is 2 0 enpl oyed, as shown in
Fig. 11. As showmn Fig. 11 (B), the above-described control -nmethod all ows
the height of the noblten pool to reach the target value of the cladding

| ayer, in such a way that a | aser beam of an output greater than a normal

| aser out put by, P- is.allowe o.he irradi d t he eci i it he

oi ght OB of ¢ eI Guriasesot i 61 abishizk Todibe Bl s TERSLHT Phe 2!

hei ght) H~ of &her 6328l M6 1408)602 fronhbdify dam@RdrbyDeaihoheatBmitet fim ess t han
a normal |aser output b&%P-P_t is allowed to be irradi ated on the specinen
if the height modenpepd2Bblten pool is greater than the target value (target
17, WD 031042895 PGHJRAIABioheIAbinbrlneiindgh St et gobatBto uts shown
in Fig. 11 (Q, in ﬁfﬂeﬁgc u@ljﬁiz%ggfi power cont ra I, tﬁe Iaesg? power is
control | e wi t ICODheankeea 60it. s ThE lank 602rmiay bercomoprised bfia gerferad gamere dengrtis each
having a range. The control .of the height of. the cl ing | LA
successful |y 5PREEERRYyY ﬁ%?nﬁptqgéﬁgﬁcef’ﬁwg% @&%@ma@ﬁ&%g%nﬁﬁﬁ Sar power
is controlled gg d6ioh of HEirs4Ze bf L nddREPPRI 0%, it is possible to control
ot her process paraneters such as the powder-feeding rate and the_traverse

speed of the speci melm thigembadiaenty imeryler ta ohtain the impge/pfythe moltenpoof 2Bin | 1y
general , as the powdern-feedin LGhib1S sdeBE 2% hd DIBmepf thah&anl aser
10 cl addi ng | a;r/e@?%fns?’ ?hﬁéerlgas ;"ﬁg‘?yre éggé‘ﬁfﬂﬁg{i’y‘? as | n&'itﬁﬁeeeﬁaser e%{ov\eta?,- It is
possi bl e 1@ cosbfai infages bfSmfameafsetdnd in ipasiniéssiye Iseanemodd. n ThiscBCR oamprat hat

the powder-feeding rate is increased if th ei ght. of the, nolten.pool is
|l ess than the 08} @b@qﬁéh@%assfof%meh%m%gog 5"%7)20\99{?1’"! #nd FRRSEIS P85 eedi ng

rate is decreagagiiohhg; quxqg@ﬂ'o&{ssiﬂg rathsS408; O P 8fllet fo-dHiAn AR} igdagesdof - t he
nolten pool is greater than the targe ei ght of the 15 cl adding | ayer.

' The traverse sfakl mpiten [pook B0t iatrenhigher spaedbra bighripesds CED rareratoff F¥m t he

| aser power or .the powder-feeding in that the height of the cladding

| ayer is decr e femgs/ ef@émf%ﬁnfgf&e[g'ﬁfo?ér?gr ease in the traverse speed of the
speci men {®r |aser beRsTimaei photoghphingiappirats 40N dranbrailslimagel iafoemation of

i ncreased according to a_decrease in the the travers of . t he, speci nen

(or |aser beanghe mekes pooh0F to thedmpage H&"ﬁﬁ?{ng(ﬂpp?lﬁgscﬁ%é?fg?& OF§§ r be
control led to yaARH, éggoc%%hf&ﬁﬁé)pér‘éﬂk o RhichiRs AheAstilisiaal YoaltieR antl meRHESE 2 Way

that the traverse s speci en (or | aser "bea is increased if the
hei ght of the tind theltenymol usisg g iemge procesaingtierbnique.caad tansmoigs cajculategdatas t he

traverse speed of the eci .(or.l.aser bean) is decreased .if the height
of the nolten }S%B’FCP‘?H?E’?E‘“E”%@&’Q{%LT% get val ue.

20 The image processing apparatus 408 is comprised of Frame Grabber,

Qi

which is an image processing-only board, and a personal comﬁuter. Software for
the image processing (calculation of the height of a molten pool) 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 spee&'of calculation can be considerably
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2 5 Most |asers are controlled by an anal og vol tage signal between 0 to 10
VY (or 12 V). For exanple, O V allows the |aser power to be 0, while an
anal og voltage signal of 10 V allows the maxi num power to be generat ed.
Addi tional |y, WD 03/ 042895 PCT1KR01/ 01970 when an age

si gnal bet&é@ﬂ&ngo 10 Vis applied, a |laser power betmggﬁbgﬂ%%ﬁ&@he
maxi mum power is generated. In nost |asers, response tinme to an anal og
voltage signal is less than 1 nsec. For the C02 | aser generator 401

enpl oyed in the present invention, response tine is about 60~,sec 5
(60/1, OO0, O0Csec). The control system 403 is designed to process an anal og
vol tage signal to a 16 bit digital signal, which generates an effect in

whi ch an' anal og vol t age, si.gn i,S_pracess whi |l e bein I Wil t 232, 768
stages. Tine cg*’ff%‘fd?s K, ngl&,) ‘ﬁ%éﬁ‘v"%’s"' %g“és %%a%FhSI & %ﬁ%ﬁ""‘g‘f% eﬂ%ol ten
pool fromthe ifREHIfoREPRIgAGPRNANOUCT tobediiplayed by a AiOCin red) nipge( &sint he

data with 10 shaping information transmtted fromthe K CAD/ CAM appar at us -
409, and det er theressr eladdirg-opertioR @ Uss GaR OPseRsiaraRiten §oolim B3 Y& hei ght of the
nol ten pool to reac : = )

descri bed- above is (%ﬁ%@irgi%facﬁgﬁ?%y&?ggﬁgﬂﬁd%génhsg?!tlgﬁﬁflﬁ oo01 glrl\thaenal og
si gnal t hr®ughbasiDoA tleoimeaget afrthemiblien oot esing dhet heage spwecessing iy desoribedo1. 15
The | aser gene% tor 401 is designed to generate a | aser power corresponding
to an anal og di S‘PY"aI vol tage signal inputted. However, although the sane

anal og vol tage si gnaksfeirhgl t5Fgst 2And 3, ihe IALElaGRREHOLAE, a daddiselaygover
can be sonewhat diffefent "according to the condition of a |aser, .su¢ch as

| aser gas, t hehavipg esentsin beight; is forme bebiad theameltennonl 203 along path thraughyser
resonator, the r : LiHa[Hts Sk ad; ' ' iparts
(such as a reaﬁ?n&rtrﬁg}agér%argr%bgﬁst pu fe%%ﬁplé%ﬁ&gg %’.M%bg&?%@g??ﬁﬂhh&t he
present imyent iformed dylths érradimionrofche ldserabéaon20®; tisodlined with aespectrtoachi eve
a desired |l aser power regardl ess of, the state qf. the |aser, is .devel oped
and appl i ed. | SPgcHRER -ﬂ’égg%éo aéachﬁ%‘B&nElﬁopﬁegnﬁ'Ban@ SHARE Q& i ”Bﬂgnlpggler 2 5
generator 401, Q@?Qta%%d&i?ﬂ}dhp lacYdihg T 406 beahtnade - bt ofd] hape Y ki - .S
o,

predeterm ned s at the control System 403, achieves a desired |aser
power just ' bebmieesed lases beams 282idi Howeyer,| indhs generablpses gladdingyhegghape of

manuf act uri ng process usj ‘a 19 W I 95 PID control method.
PCT/ KRO1/ 01970%P°nm$l?ﬁ3%P%@g§?.%?”§%edgﬁ§ggg?ﬁ ibration, the desired |aser
pover is gstarget vafFige7(Addea viearsabwing a heltedipbl aiservedjinahe vpticakbaxisdfiach.
allows a | aser power val ue fed-back trom{hge, laser to reach the ta&g,et

S

val ue, is -det elasehdgamy O8rdepitrdalnyFig ¢ 3l thg ineee PhYIo8HPNIAG APPALINS
cor 1 espondi ng 4o BelfnslAY RHEOHEHIPA bhilE LB HifEs will R dUERRImal | aser

power val ues u , ser” cl addi ng or Taserai ded direct netal
manuf act uri ng issrfdce201 aliapiangle of®.gnal s for achieving the | aser outputs are

determ ned in the abgye-dgscribed d. ..The e rols
the | aser power usi n%ﬁr %&obetﬁ“ gﬂéﬁle%dt}ofodlgelc'gcﬂgﬁaérgﬂ%eez’?ﬁéeoﬁ%cﬁ%%ﬁ?%
af fected fy thepskhe40f, thdinags sethel oltdigyopl 203¢is $orafed loasarimagaplanaZ0lor

| aser-ai ded direct netal manutacturing. .The follow ng appbicatian exanpl es
relates to sarrpfé§%ﬁ%’l‘¢£&ﬁ%$b@&’nb‘}f“tgﬂg: dthe Qléﬁuéf’é&‘%g@%ﬁ%fsamm“&e&(

manuf act uri ng LeghnalRYuhe BliEhEphriilel Wit (IRddMY%nd transfer directions is rather

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 camera, so the image of the molten pool formed on an image
plane 701 of a CCD camera has somewhat différént lengths b; and b, around the

optical axis 502 of the image photographing apparatus 407. However, ;he

- 14



and system of the present invention. 15 (Application exanple 1) ~ Fig. 12
,1's a photograph showi ng sinple, netal parts manufactured by ~ the nethod
and apparatus of the present invention. A substrate having used in this
manuf act ur | tainl ess steel (SUS 316), and a cl addj i,al was a
chroniun1n%€§%@g§ﬁ§1hot-mork die steel, H 13 tool steel tgﬁggﬁ%@§#)MMich i's
an 2 0 alloy being coomonly used as a material of die casting nold. A fine
structure of 100% can be obtai ned by the nethod of the present invention,
and the nechani cal characteristics of the product were simlar or superior
to those of wought materials. (Application exanmple 2) ., 2 5. Fig. 13 is
a phot ograph showi ng a nobil e phoné nold part manufactured by the nethod

and appar at us _Rr e i : t:hi j i ex , a
Chi chnbas of - 2atiErmEe MABRC bo W Bbydlcd ih i Binge ARELHR TS WAL, .
. 20 WD 03/ 0412895 tRCiol{eR ooI11 7A3sunmddotonteet 1mm, al diffetrense (asd,’) tindengitve of a
| aser beam was about, 0. 8mm and, t he eed of |la .cl.addin . 85m ~m n.
"The substrate RBETYd tBe 1ags Rhotographing, ppRagges g%)‘s a@‘wg zéﬂc(?gg)&gﬁ'ﬁl’
material was HyhRhtioptelsttveRsmallReub.aser shaping time required for

manuf acturing the nold was 15 hours and 37 m.nutes. 5 . (Aqopflication

exanpl e 3)5Fig. 14 iEhe imagy ofrthprmeltapper) 203 ilsrrﬁ’gﬁqr&?d B8 r i ieranty $B8PEUr ed by
t he | aser-aide L4 . i ] f the present
nventon. - The RAILHY o SE Rl RS LA BoLRERERSAMaR 1 8 o0l st el
~ The other conditi oRigs.8 @\)ttb€D} aeevieves shbwing vafiatiqus|in dretshepe of theTeltémser

T nutes. | (App PoBl | ety uptionnyare Saused B3P e’ el thap, R “mifin 2oy 26 Ss ©
char act er i Sti ¢ yohieblag yaReimaldIBibushirits dﬁ?&iﬁs @1 4 Adkiéfal Afedtionta@d i r ect | y

manuf acture a 3D shape”usi ng ] his characterjstic allows a
product hd¥i ng dired®l toveapd theointage phpfostaphing appasaius &Y acogrding ot dintlre 15
restoration, r L, : Ly ag: LYISELL DY b8l by
correcting CAD%&@“@?%’?&%E&%%%Q%%% nglgh@.l% Q@fﬁégg%gqﬁes ap gt ogr aph
showi ng an aut Qombivhick ieebiefved winctheadolted pasl 203 jsaditectatl Itywardithaopticabnd-
renodel ed through the correction of 3D CADﬁg(gta. Tge material of the nold

was FCD 550, am¥isaf thedmpgephotegrephing spreratus apdiehserigd as an ellipse Yepirplly Foc ( SKD
61). The | aser ' ti g=Teh f [ bl ipvas 1
hour and 43 m ﬁ%%%w?‘g@a%tr iljarg' g@gﬁ%cﬁlbﬁ%% y%d%ggﬁ Egg ta%vﬁ? t hlle
present inyent iobseryadovhetethe anatten ipodl 203dis appesitely diretted toward the pptiedl a1ds and

| aser - ai ded diregst tal] mangf acturing, which,is capabl S t he
position and héﬁélﬂfng‘ls INaRE| PR ?P(;‘Imqg APRALALYS #pireanaspgﬁﬁﬁgé arge%ll éﬁf-pgj”goeed
i mge phot ogr apbyiagl ielAigely SRS | Fips. S0 adé S(Dphie)imagestafahd moljer?l (.
W O 03/ 042895 PCTI KRO1/ 01970 , , .

pool 203, which are observed when the specimen or laser is transferred in a

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 méasurement of the height of the molten pool 203, desirable
results can be obtained using on_jy a single image photographing apparatus.

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

’ 15



the height of a cladding |ayer by controlling process paraneters. In
Jparticular, the laser-aided direct netal manufacturing is physically

i npl enented. Additionally, the | aser-aided direct netal manufacturing of
the present invention is a rapid manufacturing technol ogy that can rapidly
manuf actur‘é’o’é’ﬂ“ﬁs% oducts or .a variety of tools for rranﬁ?%f‘wa‘ﬁ@ such 3D
products using functional materials required by the products or tools on
the basis of 3D CAD data. This technology allows functional netal
prototypes, trial and mass-production.nolds, finished products of
conplicate shape and various tools to be rapidly manufactured in conparison
w th-conventional manufacturing technol ogies such as CNC cutting, 10
casting) and other nyfacturin chi ner c. Jhis.techgol S

appl i cabl e to HReVgHDE Jmags g‘?ﬂt‘,’ﬁq@%‘l%?ﬁpﬁrﬁ% r@ A SE0YT H{;?%?r Bmﬁgérdﬁrs?ong
reverse engi negpfafiOhe Adiht bothe motten pbit oitthé babisosrbualp Radget iformbtidnhsingr esent
i nvention can be applied to | aser surface nodification, such as | aser

surface al | oyi thy imge| peesssing aethodgpixelp Jenrassating it heightnf the, melten gl n
whi ch a cl addi e't@’égretgxtmiﬁéﬁ%% igigéeg 15 is forned through repeated | aser
as fi a1 ded di T o

cl addi ng, as we aser - ect netal manufacturing. In these
processes,5t he met hobh thisl irwentiemthd centers pf guasa tofi images pbtaingd |thraugh Eheaddi ng

| ayer of a unifpormthi,ckness to, he fo so, khe. preci sio f r
operation is i RPYOFERNERAPRATIIS G AL @Fcr%ag%q, -"bdr%ﬁgg‘g[shﬁl pcaghcggg’ tPéejr lﬁéﬁ 20
The nethod and 261812 ddtermin&iads the HeightontHeafiolitg padll (o additidd, ithege tdne
hei ght of a cladding |ayer using inmage, photographi ng and inmge processing

in laser cl addbagmpfryef asvarictyi ofanethedsein whigh 2 pixel sorreponding &P Hedongsst

restricted to th €, r.i Dlies, ; e i : icfied b

t hose skilled f%‘gt’%lég%ﬁ?&e Bl ‘h’gg%mgg‘?%@@?%w&%ﬁ&ﬁ?%%@fb%ei 7%Tﬁ§A Y
nmet hod f orp NDNinfodteh PYokroe thearrhtenbf amartiah eolten ghel io bbtained addhagssumption i n

| aser cl addi-ng and | -ai d di rect tal facturi ising th
ateps of moni {9 Megnalies noebiakesiasiyoular haps and s hive) corerpprmite BAbbeakr iR ool

inreal tinme 5iusiited ARASIHMIEL 0L aphi ng. and .i.mage..pr.ocessi Ng~and.: .. -
controlling process paraneters in real-tine. 2. The nethod according to

claim1, wherein theFigr b isswschematicsliagram shosvieg kaw. the|imagss o gwanolignPodl si ze

and a node of a_laser beam .3: The_nethod. a i ' whegein the
process par amefi FORtered argoring t%cYaar%%‘lgi%gmrrg}% géeﬁléalﬁgof{ @égjﬂ%g] e gﬁ\eﬁ a
traverse speedifhged of@RCMBREN Pool afesebservedstadifférenthositions tid nzomitor (hirrie t o
claim1, wherein the heieight of the nplten tBOOl' is calc Iasgﬁd % def.er m ni ng
a pixel represdnegenpjarsal theiGHp camerehawing, P JATIYNTS “EJ%‘?%‘ of HRE;mOBF ¢ he
nol ten pool obtgihed through the image photographing. 15 5. The nethod

according to cfaim4, wherein the pixel representing the height of the
mol ten pool is the mAssordiaglyerif dfc adteal iphusjeal dreight of i icertain pixsl (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 hieight can be calculated on the basis
of the image of ﬁme molten pool. In this irivcntion, the above-described value is
corrected using a standard specimen for which the height of a cladding layer is
known.: A correct.ion module is included in software inl charge of image
processing. .

25 The image processing apparatus 408 calculates the position and height of
the molten pool using the above—dcscribed principal, and the calculated values are

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

16"



6. The nethod according to claim4, 'wherein the pixel representing the
,height of the nolten pool is determned by one of nmethods in which pixels
corresponding to the | ongest row representing the image of the nolten pool
are 2 0 . selected as the height of the nolten pool, oz the center of an
actual mol VOPREBIS i s obtained on the basis of a circul Bt BKRUPIEP| i pse
shape of the nolten pool and pixels 23 WO 031 042895 corresponding to the
center are determned in the imges. PCT/KRA /01970 7.' The met hod
according to claim4., wherein the height of the nolten pool is calcul ated
by correcting the actual physical height of any pixel in the inmge of the
nmol t en pool and the actual height variation value per pixel. 5 8. A nethod

for nonitoring and . caontralli hej . ing | '

cl adding and | S0aresFagh s b upae HmihaRif Bl G0 iRl PSR, o
of a nolten podhyek shafinfOxvatlageo arid> acthickagsy fheight) Utregfontiing ®! 20 dictgonaby er

o opor 1 onal -t GAETHiABongH RIS O SC0ER ShARIEE HHGHERGR 1EG AU BSSHHIBE S Sut put
greater than a qROCRR/ChRE ?ﬁpa?éf&pw@ B e Beight data of ShePtnbRAEFhol Pectived in

irradi ated the-specinmen-if-the height H of the nolten pool is |ess- ~ .

t han the tar getrealsimedront the imagepredessing appareig 408, while a | aser beam of an

output less than a neynal | aser out ) - Bt .| 0 . < i at ed
on the specinen if t °R%‘|°§Sl§tpaﬁnb°¥°r{)§%°°g%$§'eeg% hgf)?lws? cgr elar%g? ?hdé:!ll{d e
target val ue Hilagef po¥ae, the 3itdiand nlody of a ldder beam, thetthwersaepeed df thg speciémi m 8,
wherein the | aser power is controlled 15 usi.ng ope of

Proporti onal - | {Pedisen besay)i (ateraglion Bme), %ﬁﬂwfl?}%fiip%ﬁ?tﬁo?tcnepﬁ&?sa‘f‘ﬁ'e'al | ow

t he height of t 0 e K i Qeldd | ayer.
0 A et hod SRt PEReRSBrahfcks s BkllalelpaRk: Y ACRE Mo Or TR |
control |l i hg a lleemogtower of a | aser generator regardless of a state of the

| aser generator in |asef .c di nd..l aser -.ai ded dir.ec I
manuf acturing, 2 0 1%3" %ﬁgimtalﬂeofﬁ%dglg%d&%gr %V%rgh P& %ﬂ@ééﬁn% Irgl[?ér?g‘ S}fp wlgl %nd
10,, wherein thesefBbWadp] & whieh the heiplSH Ghicttdsed) linéaelyOwlith itieglassrchomepRi-ri ng
of a nmetallic product or nold, 24 WO 03/042895 PCTQKROl/gl%?,O ‘;}F{% A
system for noni Vben sigh anelatienshipds piilizgd: it és passiblgito dreely adjustithe hgightgfdhe ;
real time usin FH&% DG | | i ddi ng
and | aser - ai deg:ld Ir ??mne%?é@nggdggﬁﬁt}ﬁdﬁg%ggfo%?%?E%‘O& fh 4FGe, thet

15. control of the laser power can be implemented through a variety of control

methods, such as Proportion-Integral-Derivation (PID) control (see Modern Control
Enginegring, Katsuhiko Ogata, Prentice-Hall, 1990, pp. 59%—605), fuzzy control

(.sec Fuzzy Logic Control, Jeung-nam Byeon, Hongreung Science Publishing Co.,

1997), etc. However, in this embodiment, a relatively simple control method is

20 employed, as shown in Fig. 11. .

As shown Fig. 1i(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 to 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 normal 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



a |laser generator for formng a nolten pool on a surface of a specinen by 5
,irradiation of a | aser beamp a beamtransmtting apparatus for transmtting
the | aser beam generated by the. |aser beam generator; a beam condensi ng
appar at us r ensing the beamtransmtted through th mtransmtting
appar at us;{vg)cyséﬁg addi ng material feeder for feeding cl aﬁ?ﬂb WHerials to
the nolten pool formed on the surface of the specinen by the irradiation of
the | aser beam condensed by the beam condensi ng apparatus; a transfer
system for keeping a focal distance of the | aser beam constant in the
process of cladding with the beam condensi ng apparatus positioned in a
z-axis 15. direction, and freely. transferring a specinen along a tool path
around the | aser.: | aser cladding to be perfornmed with the
speci men fi xed%gﬁng%i&hgﬁgiaé%feag&t abl e; a Conputer Ai ded Design/ Conputer

Ai ded manuf act uri ng ACAR¥VEAM FigpPI{Ch ity thef aptualiase? paiven gorttdol phalyser pooenat i on

such as the toql pat n.}he basis 2 0 3D data and transmtting the
shapi ng i nf or nat F&’i“’ﬂﬁcﬁ“’f%’g@fe" b&%mﬁ%@%%%&@%mm%ﬂ%ﬂ%n
i mage of the ngl {@Be POPhe icBntrf12bf heTReidhtd of 'tR) 2 BdHink NAyé Yvak RRSR Iy he
mol ten pool; an inage processing apparatus for recerving the i mage of the
nol t en poob, caredomgd; ndlthoyaheintheopresentinyention g lassr power isspntealled @dpneon t he

basis of the i S L3k 1 at ed
val ues; and a %%&r%%ﬁélﬁgﬁergrﬁ?rg’% %s?%fs?@?:tﬂ) %g alnéiﬁnwég% P%gmbﬁgs s&?ﬂegrrsgnts,
recei ving the ke powtir-fiatiing 26 andP(he/tidherdd §hEOT Of the aprcimen (of taserdieampinfa om t he
CAD/ CAM appar at ys, and 'ggqref ormng the | aser cladding, and receiving

i nf ormati on abdiFpilar pay ﬁl_él'ﬁr_‘epool and control ling a process paraneter in
real time to allow thesdnesi, ke Sovehiel-iRding raBlis Mlrehltd, HeaInDof thd)Y&Er ¢ O
reach target values. 5 13. 'A systemfor nonitoring and controlling the

hei ght of 1& c| zlkdding layey éy increaseda| Actardinglyi agyin mgﬁepn@wergrtapmm@ aid i mage
processing in |asen.cl ' l.aser - ai. ' - I N | ng,
Conpr i oi ng: & 199050 i RaFH 88 RYdaRaThieR H Sicns PEF el oweB AR M 0D
speci men by i+iigdtichiabedrif tlie ReifitsfTthd @flten pool -is less than the target-height of the- --

cladding layer, while the powder-feeding rate is decreased or the feeding of powder

is stopped if the 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 ta.rgef ‘value 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 value,
'while the traverse speed of the specimen (or laser beam) 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
(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,
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10 - a beamtransmtting apparatus for transmtting the |aser beam
.generated by , the | aser beam generator, a beam condensi ng apparatus for
condensing the beamtransnmtted through . the beamtransmtting apparatus;
a claddin kL&l feeder for feeding cladding materi al lten 15
. pool fogwggb@%h?he surface of the specinen by the irra%?ggpgﬁﬁ% t he

| aser beam condensed by the beam condensi ng apparatus; a transfer system
for freely transferring a | aser beam around a speci nen fixed on an x and
y-axes table to allow the |aser cladding to be perfornmed; r a Conputer

Ai ded Desi gn/ Conput er Ai ded, manufacturing (CAD)CAM 2 0 apparatus for
"generating shaping information such as a tool path on the basis of 3D CAD

data and transnittin he api.ng.,i r [ Ofy7 : i e Lng

appar at us for %F%F‘h & agﬁgﬂg‘%éfbg{“ﬁggﬁlﬁ ?6;}1’ ‘%g%‘#lﬂ?’g“ra g%%&g{rr}g&g%
transmtting teund e emafimuhepsidrt i gepaled. dln mbEdaseRd, Qegatentimappaamat us
for receiving the image of the nplten pool, 2 5 . calculating a position
and a hei ght ‘ofnaleg: v sigpalois lsps thee basees Ser ﬁ?e%'@ée’d‘m?ﬁ@rn%]lten
pool, and transmiting.the ca t es. 2 : /

PCT/ KRO1/ 01970egpfé’§?f?r c‘# g%/est é&hy%ngr qgvc?}réﬁér’%l Isrfsr?g{}%ndémrr%nil% \cﬁ\?f)&n{g %bg@&S

el enents, I ece(6(/n000,000sed)apThe contkalr systemoAOF o designed Go1plocyss agppralegt us and

perform ng the |aser . claddin Jecei wing. kn i.on l'ten
pool and cont rBPll?argﬁgﬂ%ng%&%pBﬁ%{agFl?%ﬁh c%ll ée?’lgﬁrrggtag 4 gvﬂ\/{ P#ebﬁp%gi tion
and the hei ght g@dlo Maﬁéﬁ?ﬁﬂlE@ré@yﬁdwﬂaﬂeﬁeiﬂg&ﬁoﬂdcdathHSS\mgeses. 14. A system
for nonitoring and controlling the height of a claddi,é}g C{fatﬁg(rl}}in reg{ tinme

I

usi ng i mage phot ogr aBke pepteoh dYstem A3 Frerives dakigon fhe hel g 0

| - ai ded di { o ISP oRek i f
aser-aided dl &6 th'gel}n%ke gﬁ%g;rs % p%t?ﬂrs @@@Eﬁdﬁ%;cﬁcohﬁﬁfé‘s tHeaRh atigy for

formng a noltéen pool a speci 10 irradiation of a

| aser beayg - shapinga ihfopmationanmnbhitied gframp dheat CADICAM: mpparatizs t 408 ande | aser
-beam generated by the | aser beam generator;  a heam condensi a at us
for condensi'ngYeRENBESFIASFLPRIYRT (VARG TELIS &q%%ﬁgﬁfﬁﬁpgﬁ?rﬁ%n d’%ﬂo
apparatus; 15, -F'ea?ix-%%" BOvATRL. € Tiha lvaluB QeRFmined: of 8RGHH Abbasitli digitavdbey il s- t 0
the nolten poo ormeg on the surface of .the specinen by the irradiation of
the | aser beamtteovatiwriscehvisted into dncanglog signelthiongh a Py cenvirter andinpntied ty
system f or keegibeiq a foc§l 4§ilstance of the | aser beam constant in the
process of cla ﬁsﬁrsﬁeﬁi?h ‘beam condensi ng apparatus positioned in a

z-axis 2 {pdirecti OnThéinldsefrrgaie)‘atblf 3403 v rdesigndabtth gerepatei aelasemgowhe | aser
beam al ong a tool path aroun beamtq all

be performed M?ﬁewﬁ@%wog%gfséﬁgﬁﬁmMﬂﬁgggg‘s"tvlﬁig%&f’°‘%’£dI 3? e'; >
Al ded Desi-gn/ Coppul E.t?’i’logo‘l'&iﬁige Rnalt AGhpited 9o (HeAbdef-fMerator, 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
: .coup'lcr), etc.
| As a result, in the present invention, the laser power calibration method,
which can achieve a desired laéer power regardiess of the state of the laser, is
develéped and applied. In this method, a closed loop is formed between the laser
25 generator 401 .and the control system 403, and an analog signal value is
- predetermined so that the control systeén' 403 achieves a desired laser power just

before a laser cladding or laser-aided direct metal manufacturing process using a
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apparatus for generating shaping informati on such as the tool path on the
.basis of 2 5 3D CAD data and transmtting the shaping information; an inmage
phot ogr aphi ng apparatus for obtaining an i nage of the nolten 27 WO
031042895 PCT/ KROL/ 01970 pool in real tine and transmtting the irBage of
the ol t en™B%28%%, i mage processing apparatus for recei 9F§/§&‘PH@9 nmage of
the nolten pool, calculating a position and a height of the nolten pool on
the basis of the image of the nolten pool, and transmtting the cal cul ated
val ues; and 5 a control systemfor controlling and noni-toring the el enents,
receiving the shaping information fromthe CAD/ CAM appar atus and perform ng
the | aser cladding, and receiving information about the nolten pool and
controlling a C ter inreal time to allow the position and the
hei ght of the g@ﬁgﬁﬁ(& yg!r3 to reach target values. 10 15. A systemfor
moni tori ng and cont r dd thejgodekeofithe gbdveahlibrattdrg dieli degirbdijaser power &sad tatdetre

usi ng i nage phot ogr aphi n, d i e pr i jn, | | addi d
Sser- af dad i MEPE. mbaaoRa e e Bir ignas Sy whith:Aaws aceiet ot itk ¢ or

formng a nol t §84 BRY A 15k 198k tPeBetOthe Sar8dl VGBS dBérmhihERBY Mdryiap adigidl | aser
beam 15 ~ a beamtransmtting apparatus for-transmttlﬁﬁsg the I'aser beam

gener at ed by t hialueat32,748ctagescomesponding ta0 ok according e RED salprsr at us f or

condensi ng the beam ty.ansiitted t I d Y tus; a
cl addi ng materi al ,feé@gﬁg@o?m?ebeeé8?%%&%?%{]?%%%%&@% ?Qf@%giﬁaﬁé"gﬁgﬁggn 20
pool forned on dided Givdef agtal harulfseteigcisnien, digitdilhdgnaly fati achievingothe tiver | aser

beam condensed by t he beam gondensing apparatus; ,a transfer systemusing a:
three or nore- t&%ﬁfé?@?neg%&éﬁi’%‘feﬂ%%@f‘ {nﬁﬁ’f’ﬂcrease a degree of freedom

for performng | aser 16l agadiGysién QI R0Is Ahél Rlle RO el Wetied Analoe!

manuf acturing (CAD CAM 2~5 apparatus for generating shaping infornmation
such as the tocignphviluensa itds botsaffectsid WDhCABtedef the daser inr tha Pracessi afdasene

shaping informatiqn; 2 3/ 042895 PCT/ KRO1101970 an i mage
phot ogr aphi ng 54t toﬂgs?rﬂvgg%fxs?rw n?ﬂ%%%g'of the molten pool in real
tinme and transmi.tti nghbEsydwingapplicatitie exaipl@nreRfe to samployafuficapaiSby ng--
apparatus for receiving the inmage of the nolten E’gol, cal cu] at.i ng

¥

position and a theiageraided disect apanyirsturing teghoology jcompleted by f‘}f?a@%tﬂﬁq

and system of the present invention.

15 (Application example 1)

N 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.

(Application 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 exaniple

2, a thickness of 250um was sliced using 3D CAD data, which was used as shaping .
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5 the nolten pool, and transmtting the cal cul ated val ues; and a control
,system for controlling and nonitoring the elenments, receiving the shaping
information fromthe CAD/ CAM apparatus and perform ng the | aser cl adding,
and recei vy i mat i on about the nolten pool and cont ﬁJF i process
par anet er ?Vﬁ%?)ggklggi me to allow the position and the heig kgpﬁ{l%g cl addi ng
| ayer to 10 reach target values. . . . . . 16: The system according to any
of clainms 12,13, 14 and 15, wherein thecladding naterial, which is fed to
the nolten pool forned on the surface of the ' specinen by the irradiation
of the | aser beam condensed in the beam condensi ng apparatus, is provided
in the formof powder, a wire or ribbon. 15 17. The system according to

cl ai m 16, furfﬂgg B! | £l o e?glgggsof@fagérrbgggggar%'am@rs@,amgg%%'y

suppl ying the cl I'ng materia er suppli omthe ing materi al
f eeder to bot hof leser deidingowess. 8Gmintite Thel substrafeowhs mhadenefchtainless lsteek($USace of

t he specinen if_ the claddji.ng nmaterial, i vi.ded in the formof the

povder 20 1831 nindy SelinemaBra g 1 bt A Ol et e ieal ;
wherei n the | aggmdnpfaeiing the@dd wildlt Sifars add 7migitegpover di ode | aser. 19.
The system according to claim18, wherein an optical fiber is enployed if

the laser s Nd- YAG (ApplicationgxamplgB03| 042895 PCT/ KRO1/ 01970 20. The system

according to any of gl ai 3‘~""ﬂ'[ﬁd_~ el 1 '

phot ogr aphi ng appar afig’s 1?‘;}%%@3@@&& ra %’eﬁ]sléet%?r %)ﬁﬂnfa%@%d g??!%l ter
mounting fixt ul@gr-sidédediscct arethl andthfarysngtechhaogyDef the prés@Upventiver aThe21. The
Shot ogr aphi ng ABUAEhSLA ShrsERisud aANdin 4 Biapel Atcho) T e congipns o -
mounting fixtUpR 42 daBtSas Mfe I d'pgfiéaabm.( IRk 168eFEdhapi %Wtin'i@%q‘iihh!d gt ai ni ng
the i mage of the nolten pool. 22. The system according to any of clains 12,
|3, 14 anib 15, manefactiuring the mokdyas IHeusgnd §mingesappar at us i s positi oned on
an optical axis of t{}gb H.a er bea ea)o 10 observe the nolten pool at an angle
of 90-8. 23. The sysY®R &CCOroimyg to any of clains 12, 13, 14 and 15,
wher ei n the inage.phphogHnmipal cigrafapisticdfithe Rosrridedeliret nstall manafgeuring is - -
phot ogr aphi ng subapparatuses so as.to preyen tg‘@' gﬂtge &_E t he npl.ten pool
from bei ng obs& wractlyo meaufgeiprea o3l s%%?@o‘r‘%‘i‘ﬁﬁé])t & CFansfaf ‘ﬂi‘iﬂ’faﬁ@flft&‘n of a
speci men or la%ﬁm?]wpgi)%ducflﬁa a SDCshEYSICHR ARy HaRbfabtBredN¥ndOénableditkes 12,

13, 14 and 15, erein the systemis applied to restoration, renodeling and
repai ri ngl®f aresaratidnj cenpodebing éndorepaivhgiof arBéxisting product or mold by correcting

: ) : 0

o W R AL AS AL CAlb el i udihg TSt bngirecnng) g 15" &/Phol0Ziaph SHowng 4 A AL A
| automobile fenderlmold part that is partially cut away and remodeled through the
correction 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
. capéble 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
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+ 109 () - F) ! 10% ()2, ¥4k036hdd accamg&o@aaa%&x&ugy%e&tﬁwe%@% ()-F10
0%& ()- t889_9: :"’?bC' 109& () -V

%& ()-10%&' ()-s 10 10 10710%& Y
3! 109& ()-! 3! mba%&sqrpowgm&a(slzeanQQm&dq9ﬁalamb@n() G}

; <dEbC! S#- 109%&’ ()-! S109%&' ()- 10%& ()-
109 () - @L0%& ()- MLO%&' () - <h<<<?===~_@C! | .t 10%& ()-3+! 10%&’ ()-! &3+! 10%&
()-& 109X& () = -.<& W&'ﬁe)m&h&@%&of&ng-t@&lﬁ%’?Wﬁf?&rém\t&é Ipidde fayanketdrd afeO -
107 109& (/& V1! 1098 ()-! &L 10%&' () - 010%&' () - ?29%R4?b CB}[99\—|f #1090\ (
_10f - #1094 () ther claddingometeriak — facgang rafe. and1Haverse. speedpf @) SPeqBETeDISEIUG G\ =+&
10%& ()-'cf-#1 c/ & ()-1f-#10%&' ()-!5f-#109%& ()-!>f-#109%& ()-!f-#10%& ()-D
EEEFF F! F" F{\ 10 10 108s109%& ()-!Y, L3"10%& () -
h, L3" 10%& ()- 3. -#109%& ()-!003.-#10%"' & ()-"F/ F>FyGG H dBQF; 10! &

0 ! - 0 ! - 0 ! - .
t10%Dbé& () -3 10%& Q. Th]é(gng od(a)ccording to claim 1, wherein the height of the molten pool
is calculated by determining a pixel representing the héight of the molten pool
using an image of the molten pool obtained through the image photographing.

15 5. The method according to claim 4, wherein the pixel representing the

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

6. The method according to claim 4, 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 molten pool are

20 'selected as the height of the molten poc;l; or the center of an actual mol‘fen pool is

obtained on the basis of a circular or an ellipse shape of the molten pool and pixels
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5 8. A method for momtormg and .controlling a height of a cladding layer in
Jaser cladding and laser-aided direct metal manufacturing, in which the helght ofa
molten pool is allowed to reach target values of the cladding layer using a relation
in which the height of the cladding layer is linearly proportional to a laser power, in
such a way that a laser beam of an output greater than a normal laser output by P-P;
"~ isallowedto -.b&irradiated-on the-specimen-if-the height H of the-molten-poel is-less- - -
than the target value H; of the cladding layer, while a laser beam of an output less
tHa.n a normal laser output by P-P, is allowed to be irradiated on }:he specimen if the

height H of the molten pool is greater than the target value H of the cladding layer.

. 9, The method according to claim 8, wherein the laser power is controlled
15 using one of Proportional-Integral-Derivative (PID) and fuzzy control methods to
allow the height of the molten pool to reach target values of the cladding layer.

10. A method of correcting a laser input analog voltage signal for
controlling a laser power of a laser generator regar4less of a state of the laser

_generator in laser cladding and laser-aided direct metal manufacturing.

20  11. The method ‘according to any of claims 1, 8 and 10, wherein the
method is used for restoration, remodeling and repairing of a metallic product or

mold.
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"()-!3+m' 10%=& ()- & laser generator for forming a molten pool on a surface of a specimen by
(s!'10% : & ()-& 10% & ()-f#10% & ()-!'110% & ()-{{{1[[|||]dE/ 10:
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| £10% 0& () -1 10% o0& %‘3“%?} pRsmmitine appagais for tnemitting the laser boam generated by
the laser beam generator; '
' a beam condensing apparatus for condensing the beam transmitted through
the beam transmitting apparatus;
10 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-: - -
condénsed by the beam 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 ina z-axis
15. direction, and freely transferring a specimen along a tool path around the laser
beam to allow the laser cladding to be performed with the specimen fixed on an x
aﬁd y-axes table;
a Computer Aided Design/Computer Aided manufacturing (CAD/CAM)
apparatus for generating shaping information such as the tool path on the basis of
20 3D CAD data and transmitting the shaping information;
an image photographing apparatus for obtaining an image of the mblten
pool' in real time and transmitting the image of the molten pool; -
an image processing apparatus for receiving the image of the molten pool,
calculating a position and a height of the molten pool on the basis of the image of
25 the molten pool, and tra.nsmittiné the calculated valués; and

a control system for controlling and monitoring the elements, receiving the
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1 0 0 1
0)- alga}ne@r{}nore% t(u)ne c} 91 cgngv {l)e posﬂ?oxi [cmclS E-E height of the cladding layer to

reach target values.

5 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; : .
10 - a beam transmitting apparatus for transmitting the laser beam generated by
Ceoan the ]:aser beaIn generator P , I, .I e e s R e SY TR R

a beam condensing apparatus for condensing the beam transmxtted through .
the beam transmitting apparatus;
a cladding material feeder for feeding cladding materials to the molten
15 . pool formed on the surface of the specimen by the irradiation of the laser beam
condensed by tﬁe 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;
a Computer Aided Design/Computér Aided manufacturing (CAD/CAM)
20 apparatus for generating shaping information such as a tool path on the basis of 3D
CAD data and transmitting the shaping information; '
an image photographing apparatus for obtaining an image of the molten
pool in real time and transmitting the image of the moiten pool;
an image processing apparatus for receiving the image of the molten pool,
25 . calculating a position and a 'Height of the molten pool on the basis of the image of

the molten pool, and transmitting the calculated values; and
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shaping information from the CAD/CAM apparatus and performing the laser
cladding, and receiving information about the molten pool and controlling process
parameters in real time to allow the positiori and the height of the cladding layer to

5 reach target values.

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 Speci:ﬁen by

10 ﬁradiaﬁon of a laser beam, |
...~ g 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; | '

15 a cladding material feeder for feeding cladding mateﬁ&ls 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 keeping a focal distance of the laser beam constant in
the process of cladding with the beam condensing apparatus positioned in a z-axis

20 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 pc_rforme_& with the
specimen fixed on an x and y-axes table; '

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

25 3D CAD data and transmitting the shaping information;

an image photographing apparatus for obtaining an image of the molten
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calculating a position and a he1ght of the molten pool on the basis of the image of
the molten pool, and transmitting the calculated values; and

5 | a control system for controlling and monitoring the elements, receiving the

shaping information from the CAD/CAM apparatus and performing the laser
claciding, and receiving information about the molten pool and controlling a process
parameter in real time to allow the position and the height of the cladding layer to

reach target values.

10 15. A system for monitoring and controlling the height of a cladding layer
. in--real-time-usiné image photographing -and-image precessing in laser cladding and-- -
laser-aided direct metal manufacturing, comprising:
a laser generator for forming a molten pool on a surface of a specithen by
irradiation of a laser beam,; .
15 " 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
20 pool formed on the surface of the specimen by the irradiation of the laser beam
-condensed by the beam condensing apparatus;
a transfer system using a three or more-e;xis transfer system or robot to
increase a degree of freedom for performing laser cladding;
a Computer Aided Design/Computer Aided manufacturing (CAD/CAM)
25  apparatus for generating shaping information such as the tool path on the basis of

3D CAD data and transmitting the shaping information;

28



111.10%& ()- - MLO%g& ()-+10%g& ()-)10%& ()- F(:10%& ()- &10%& () - nLdYNC
11 10g 10g 10g8 10%gé&' () - 4MLO%&' () -
“351099& () - 1109%g& () - 90MLOY%g& () - VABYNC

é!Y:\I!CsFy#lo%{o%“ZESZ" 1098 ()-y" 109%6& () - Ss10%& ()- ! 109%& ()] 1096& () - 8w

11 Fy#109% { & () - Z"! nFy#109& () - Z"! &Fy#109& () - Z"! HFy#109%& () - Z"! Fy#10965& ()
-Z"1 &Fy#109%&' ()-Z"qt vaxy}rg\= 1!110%@& ()- 105 105 105<: 1096& () - Ms7

1096& () -! CFy#10%q& () - Z"! +Fy#109%& () - Z"4dEg\ = 1! & 10%@& () - s109%@& () -
910%@&' () - Ys10%@&' ()-S10%@& ()-3 f: 10%@& ()- $waBg\ = 11! 109%@& () - ,

- 109%@& () - 109%@ ()-!9S 109 ()- 10%@& ()- : 10%@& ()- EaBg\ =

ThCRCHIE 1 10@ 107 TR Phekikine o (g in A kgt or e RO -
110%@%' () - OMLOYER if; yeal timé @AGRRASInittitd thBinvage of thénolten pool;

10947& () - F&L09%&' () - 1097 & %) L 109F& () 1008 ()1 100d & (). 10@i#vdB:/
10@ & 10%z& ()- @ Aan image processing appatatus for receiving the 1mage of the molten pool,

1090& () - .S! 10(@_1&119.%};\@ 05 &h dnd Zhek S30bE tHe) mbltehQP5bBomk Yre{ badlsdf the image of
1'H 109 T& () - @' ' 10%p& () - @ L! 109 T&'a(l)- @ +'10%u& ()- @& 10%2z& ()- @ &+
1 10%z& ()5 @' themolten pool, and transmitting the calculated values; and ]
a control system for controlling and monitoring the elements, receiving the
shaping information from the CAD/CAM apparatus and performing the laser
cladding, and receiving information about the molten pool and controlling a process
parameter in real time to allow the position and the height of the cladding layer to .-

10 reach target values.

~+ 16:-The system according-to-any of-claims-12;-13, 14 a.ng 15, -wherein the- - -
cladding material, which is fed to the molten pool formed on the surface of the
specimen by the irradiation of the laser beam condensed in the beam condensing

apparatus, is provided in the form o_f powder, a wire or ribbon.

15 17. The system according to claim 16, 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 épecimen if the cladding material is provided in the

form of the powder.

20 18. The system according to any of claims 12, 13, 14 and 15, wherein the
laser is one of CO,, Nd-YAG, and high-power diode laser.

19. The system according to claim 18, wherein an optical fiber is
employed if the laser is Nd-YAG laser.
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21. The system according to any of claims 12, 13, 14 and 15, wherein the
5 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.

22. The system according to any of claims 12, 13, 14 and 15, wherein the
- »image-photographing-apparatus-is pesitioned on an-optiocal axis of thelaser beamto- -

10 observe the molten pool at an angle of 90-6°.

23. The system according to any of claims 12, 13, 14 and 15, wherein the
image photographing apparatus comprises plural image photographing sub-
apparatuses so as to prevent the image of the molten pool from being observed to

be different according to a transfer diréction of a specimen or laser beam.

15 24. The system according to any of claims 12, 13, 14 and 15, wherein the
system is applied to restoration, remodeling and repairing of a metallic product or

mold.

30



