WD 03/ 042895 PCT/ KROL/ 01970 METHOD AND SYSTEM FOR REAL- TI ME MONI TORI NG AND
CONTROLLI NG HEI GHT OF DEPCSI T BY USI NG | MAGE PHOTOGRAPHI NG AND | MAGE
PROCESSI N0 TBOH¥62 OGY | N LASER CLADDI NG AND LASER- Al DED PRICRAGR01NESTAL
MANUFACTURI NG 5 PROCESS Technical Field The present invention relates to a
met hod of real-time nonitoring and controlling the height of a cladding

| ayer using i mge photographing and i mage processing technology in |aser

cl addi ng and direct- metal manufacturing. 10 Background Art Laser-ai ded
direct metal manufacturing is defined as rapid near-net shaping that can
rapi dly manufacture 3D products and tools necessary for the manufacture of
the products with fm%%%gogﬁﬁmﬁom @hhgy, ceramc
or the like) on th asis o € digital data of 3D subjects stored in 15
conput ers, and falls @mN@ROImm&HEI@HEDHDEPOSHFBYMMGMME data of 3D
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data measured bycPRAMIREANY gésm&ﬁaﬁyﬁnm; NIET%&&%@%P&A@}:QR@%G tria
and mass- product

productss Those techni ques all ow funct PROGESSet al prototypes, trial and _
mass- production nolds, finished products of conplicate shape and various
tools to be rapidly manuf act ured in conpari son with conventi onal

manuf act uri ng@écﬁ& %ﬁg?g 1 WD 03/042895 PCT/ KROL/ 01970 such' as

Comput eri zed ntrol (CNC) cutting, casting, and other

manuf acturing machi nery, etc. Those techniques are applicable to the
restoration, '

The present invention relates to a method of real-time monitoring and
controlling the height of a cladding layer using image photographing and image

processing technology' in laser cladding and direct metal manufacturing.

10 Background 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 méterials (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 Atooling”.

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 systéms;
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 proquéts of complicate shape and various tools to be

rapidly manufactured in comparison with conventional manufacturing techniques



renodeling and repairing of nolds and di es using reverse engi neering
technol ogy. The underlying concept of those techniques, in which physical
shapes cawo oB/os9gienerated from CAD data, is simlar to tratr/KRo1gesver al
printers. The direct netal manufacturing allows 3D physical shapes to be
generated by formng functional material in 3D space at the precise
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 Sincte it is difficult to generate 3D shapes from
CAD data through conventional manufacturing processes in which a materi al

is cut or a tal ks : i a | L di:fd ed,d:n, a I
Material s | ng‘rg {éélggﬁagg#g)y{%rz F(?lgN ll.il/llrlél\?(iil Eg%@?lowézn% 5§%dgasgg%’i gg? I gt,hera 3D
obj ect is conmpianaédtaingZbadhindraces., Thakeaechmiqles tateeailicalilb te thefrastemtios,

conprised of 1D Iines. Accordingly, a 3D shape can be manufactured by
stacki ng 2D s@¥medediag apeé reparing Pl groldsandiies usimg reverse sraiRfsEng echadlesd M M

process. As shown i [0 P e | Sy J g .tive
materi al s depositi oﬁhgélfgd%rhlf’%?ﬁ%éghg};@g?e Ff?#@?%%?‘f%@gpﬁ{ﬁgp%@ €5(ejn I onal
manuf act @r i ngbpreeaeskAIsfrom AR lda@, ukimitmtterthal of gerwil gintérsoThe dirget al
is poured 20 to a nold and solidified in the nold. In the |aser-aided

direct netal metwlf menvierwgingeallows 8§y physiealoshapgs fiachs geaerateghhyiforming

formed through | aser, cl addj ng. sho in Fi.g. 2..the |aser cl. ing is a
t echnol ogy of %ﬁﬂpﬂgm Iaeng" ggéirngpqcﬁy%ﬁhi(%e%p P ﬂsétlgs%sl’ fnélgce_ O 8 %?‘g%g& Irlrt\::n in
such a way thgbciindsdy BRPIVRIR cadboP@R! ink 2818 the AP IsiEEcdYf i gabad afilpiréiiised
| aser beam 202 on the surface 201 of a specinen and, at the sane tine, a

cl addi ng nat eppsitionstusingedasnmient datrefilgh stozdd|ingompetersani ¢ or the like) in the
Lorm ohsHouaer 5 bt Syl ien, ook 205 | NG 2 B0 4ER0S,
met al manuf actiiyeRBonal Cnanufacturing processes in which a material is cut or a molten
' material is poured into and solidified in a mold, Materials Incress Manufacturing: -
(MIM) has to be employed. _ ‘
) Basicélly, 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 stacking 2D surfaces one on top of énother. This technique is called MIM
précesé. As sﬁown in Fig. 1, the 3D shape is manufactured through additive
materials deposition for building shapes, differently from the conventional
manufacturing processes in which a bulk material is cut or a fnolten metal is poured
20 . to amold and solidified in the mold.
In the laser-aided direct metal manufacturing technology, the 2D surfaces
are physically formed through laser cladding.
o 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 iﬁadiating a 1ase¥ beam 202 on the surface 201 of a
specimen and, at the same time, a cladding ma_terial (for example, mqtal, alloy,

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



functional netallic products or tools can be rapidly shaped in such a way
that 2D sectional information is calculated from 3D CAD data and cl addi ng
| ayer s eawl 03lvazsofg shape, thickness and/ or hei ght correspardirig/otewot he 2D
sectional 5 information are sequentially formed. The 2D secti onal
information used in the process of shaping is made by slicing 3D CAD data
into data of a uniformthickness and/or a uniformheight 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,
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be forned throug the ddi n rocess e above process

consi derably afidctiohsl mewild preasdto BﬁtooﬂH el bé eapidly shapid inpruokluovay that 2D
particular, a technology of controlli ng_ t he heég)zt of a cladding | ay er IS
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cl addi ng ¢ ayeqnfbﬁngt%rm@lseweﬁtmlolf@me@tl on- transferri ng a rret al | i C
substrate (hereinafter, referred to as "a Eem men") around a 20 fixed

| aser beam al ong x Ahd 2P sectiondrinformatien i ﬁtedvm@lesa Olflsl@é@ng[b%@laﬁél’by

Alternatlvely, the a eam ca betranfer er W.

speci nmen, and 4 I?le éﬁ,&? Hﬁtﬁrlgto 13 of A télfgl‘ OlI c?b"olll%(’é% %%ht or
utilized to iRgLeapgarh e ack?agi'éﬁf% tﬁlcknésrseﬁﬂlém 1§Jl1t1H§éBlesaéhtaan'griﬁformaﬂldSht ha
process of shaping, the shape of the cl addi ng | ayer corresponding to 25

t he 2D secti onader ltmfpbymwl]ymmatmahmya qteqosnoBED oham Ctomqumiurtg waCAD datedyf r om

t he sectional .informat. o 5| o ransf.e and can
be rel atidel yusingdhs ?’Cﬁ‘ﬁt‘ az‘gﬁd ’teﬁ’éeﬁ TRSh el@l‘t tflli

cladding | aye'cofréspglltfhﬁgttgclzhpr %emngﬁ%ﬁﬁgénpgﬂ m&n&@gmough the laser

- cladding pfocess C e o e e

The above process conside'rably affects the dimensional precision .of a 3D
product In particular, a technology of controlling the height of a cl'adding layer is

15 a key technology in implementation of the laser-aided direct metal manufacturmg
technology.

In the laser-alded 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 utilized 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 patll calculated from the
' sectionnl information and the precision of a transfer system, and can be relatively

easilif materialized. HoWet/er, the height of the laser cladding layer is affected by



a | arge nunber of process paraneters, such as a |aser power, the node and
size of a |aser beam the traverse speed of a specinen, the

char act erwetoisms2sef cl addi ng powder, powder feeding rate, PCT&RmEloldNg
speed. of powder, the overlapping factor of cladding beads, the kinds or
anounts of various auxiliary gases supplied, etc. 5- Additionally,
environnental factors, such as the variation of tenperature on the surface
of a specinen caused by heat accunul ation, the conditions of the surface of
a specinmen and a | aser generator, can affect the height of the cladding

| ayer fornmed. Accordingly, in order to obtain the height of the cladding

| ayer correspoadi Bember Sihoe&k naPRletd S AFIRS & PRer pdRErCtHe SndRENAIsERIof 2

difficulty that process 10 paraneters affecting the height of the cladding
| ayer shoul d bmec baimplthe dravbaisk espebd ofpasipediornpfthea chadatteristpeodf ickdding
nonitored in real tine. U S, Pat. di'scl oses f eedhack

. No.. 6,122, 56
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of a specinen by the irradiation of a | aser beam and the opt} cal ]gxi s of
the optical eeifasenf@rFpaalicacapsedhy hashacsummpiion. theicopdiionsef hesuderef 1 o

pool when't hoo Aiiar it fhso B, SR YRR Mrghict il il AT DR ATC L Ton

device is conprisedagtordinpdy,r o SRehaddopaass the! height aofCalierodaddéns, lager
phot ot ransi stor or photoelectron sensor. In order to allowlight (infrared

light) to be cerespprdingyo 2Rescgtionadirfammatiane theghisyieetmisal dHEculgpibpbprogess
having 4l apePrapEcote eenre FosaC e Rl BRGI i Fa e Rhudie it afesK
posi tioned ‘i Bodifibf £hnokEEpe1 ¢ AbhAMed & RALtiRE AS a result, when the
nol ten pool reaches-a target height (the height of a cladding |ayer
reaches the target Ual.lRa). Neat,122564 dighosdsadendpack lapparatus mnd areslepd thghis - -
}[Aﬁ\éel zngt h paggrggriéegr c?f’J grp o%’ggaln eligc(t)i\cl)vnb egl%é %%fnsg Ilipklg'%iragsr}s ot and Ba%tec %Bough
circuit for the purpose. of controlling the height of a cladding layer. In this
15 method, t}}e optical detection device is positioned near a molten pool formed on the
surface of alspecimen 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 light (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 whicl; the molten pool meets the optical axis, a
- mask having an aperture whose center passes through the optical axis is positioned
in front of the phototransistor. R
25 - " Asa resulic, when the molten pool reaches a target height (the height of a
‘ ;;Iadding layer reaches the target value), part of ;lig'ht having only an infrared light

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

4



WO 03/ 042895 PCT/ KROL/ 01970 aperture of the mask, so the phototransistor
can detect the light. However, when the nolten pool does not reach the
target hewgl/o4ispght irradiated fromthe nolten pool is pcassdomrot he
mask, so the phototransistor cannot detect any light. In this nethod, it is
det erm ned whet her the height of a cladding layer (a 5 nolten pool)
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

controll ed us quﬂ d i
controll ed bylag QOf% Iglrggel%”% sch%??%toﬂ%%?%&t%% é?é%t?e gcor I ng tef)‘t§ e

det ection of kheglﬁlbltbry pbdileddﬂgﬁiootréa&hshstaiget Hdohe v Bght irmadidted frat the h;bolten

6, 122, 564, the opt| cal detection device determ nes. the sane if the height

of the nolt enPpRIas bloskesbasthe magk. spdhephatetransisios cenmot detget aay bight he ¢l addi ng
| Al h h
gener ated. I'n'parti Bl BEGRENHS @eBbfeuSReidins hERhIBY o 08RH BONY: |2

cl addi ng 5t ayemolten Pabbl) akdachey entarget hadlué hehrdigghyahe v éighe, dettémoﬁptofc te

detection device determnes that the height of the cladding |ayer does not
reach the tar getotransigior. anbhe gbpiofransigion experiamces @sé(f)h?ﬁﬁﬂ/\éfop RbERATAENG! v,

the cladding | ayer _at this coated t e r.ather
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shaping. Additionally, int aser-aided direct netal manufacturing, when

a 3D shape i seletwicrseghaligénegated) and ot lasanplowienisosantiolled byfallawing faserrheam tokness
andor 19 0L DRSSy GRS, DS, RUgRL S WL, KNG TRhat g, SLucture of
2D sectional infor ”ﬁbweoerof ind (P, WAt ! Al 6.1 sonean apdear dbRLEN  ddviver e
occurs a problemthat the’ optical detection 'device shoul d be arranged and
correct ed whedeweninththelseinghif thefheidle of ilmdaibhien pegles gréaservarlessdhan a target- - -
value of the cladding layer. At this time, there occurs a problem that a normal
laser power is generated. In particular, when at a certain position the height of the
15 cladding layer is partially grea';er th@ the target value, the optical detection device
determines that —the; height of the cladding layer does not reach the target value, and
generates a normal laser power. ‘
Accordingly, the cladding layer at this position is coated to be rather
thicker or highef 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 usiﬁg 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 3D shape is formed using 2D sectional information of a
25 variable thickness and/dr height, there occurs a problem that the optical detection

device shduld be arranged and corrected whenever the height of the cladding layer

is varied.



5 WD 03/042895 PCT/KROL/ 01970 In addition, a | aser power control nethod is
a laser beam On/Of nethod in which the duration tine of a |laser pulse is
control l ewposm4ishsis difficult to apply the technol ogy t@ca/KrmiiIraous
wave | aser generator. Disclosure of the Invention 5 Accordingly, the
present invention has been nade keeping in mnd the above problens
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-ai ded
direct netal manufacturing, is capable of nmeasuring the position and

hei ght of a nolten pool in real tinme using high-speed i mage photographing
and | Mage processin acPcﬁ'ﬁlo qqﬁefgmvgr GARb! Hﬂe{HOQQSB%epﬁéaﬂhbnfofﬁlethqd in

-cl addi ng-1 ayer- - by ~controfli g, process paraneters. Another object of
the present i mi6eH ihertdur8iohGirpé of h desenpllas éy cqummodied csal it by diffiarht toetpphdthewhi ch
is capable of obtaining a | aser power, which is the nost inportant process
par anet er, redRehavlegstod copHBuQisYaYeMSCRZINSERT. 15 Anot her obj ect of the
present invention is to provide a nethod and apparatus, in which the
actual position and height of a nolten pool are neasured in real tinme, so
that a procespigissaredfahe Badnthg controlled to allow the height of a
cladding layer to precisely coincide with the target value of the cladding
| ayer, a shaping operation can be performed w thout rearrangi ng or

correcting an image ,20 nitoring device whe ] LS usi.ng 2D
sect | onaE i nf ormat i ér?cor%?yuatﬁﬁé’g%lsegaﬁvgﬁﬁl%n ?‘ﬁ?(?g%eg%,%gt egslrr%éﬁhor%ﬂ’gn%e
appar at us of Hh&eDEr8RMs dcbY@ikiiRfhe St £E anBRhiobfbct Of el prescanthvemivn RUOUS
wave | asers, and t'he imge of an actual cladding process can be observed

t hroligh- a nonitd roviide & heethod ead sppirasisabitngn 1ser icladdingt ansk lastiraided diredthe
present inventio

[ i.d t hod d S t . ich i
advant ageous [t Hlﬁésn“%‘%é rov:ﬁ%&%ﬁ?ﬁg’%ﬁ?ﬁ%&% %Rg gf&gﬁ?‘%wé@a niolten

pool in real time using high-speed image photographing and image processing, and

tn ~-desirably -controlling - the height of a- cladding-layer -by --cbntrolli»ng' ‘process - >
parameters. A |
Another object of the present invention is to provide a laser power
calibration £nethod, .which is capable of obtaining a laser power, which is the most
important process parameter, regardless pf the sfate of a laser.
15 ' Another object of the present invention is to provide a method and
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 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 cqrrecting 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, which is advantagéous in that the method and apparatus can be applied
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WD 03/ 042895 PCT/ KRO1/ 01970 to | aser surface nodification, such as |aser
surface alloying and |l aser cladding, and laser nmulti-layer cladding in
whi ch a cwaddiosms93 ayer of 2mmor nore is forned through Pepasroadi1d7aser

cl adding, as well as |aser-aided direct netal manufacturing. In order to
acconplish the above object, the present invention provides a 5 nethod for
nmonitoring and controlling a height of a cladding |ayer in |aser cladding
and | aser-ai ded direct netal manufacturing, conprising the steps of
monitoring and mneasuring a position and a height of a nolten pool in real
time using image photographing and i nage processing and controlling
process par amgd £ls: e Blogiddan, sk f 1ABHLFARR bR RAESABE KRRl din
provi des an apparatus tor nonitoring an controllihg a height of a

cl addi ng | ayefasenmudtillayier REaddiignig whinhea pladtingr lapér of)2mnd or images formed
processing-, in -laser- claddinggénd | aser-ai ded dj.rect netal

manuf act ur i ngthroughoiepeated lager cladfingeds Welhaylasaraideddirest metalgnanHeitidie: pool on

a surface of a speci ' i iati -l aser. b . .
transmtting apparakrhgr 5?¥??%%§ﬁ$??#%§b$ﬁgaﬁéﬁ1%?é?gﬁggﬁﬁgﬁﬁer ?ggbgf'the
| aser beam gerpiidoor mdnkeans eaneansilig appighesfusclbdding tyeriniasagldddmgbeam
transmtted through the beamtransmtting apparatus; a cladding materi al
feeder for feeund hgercaidettidinest metad magudactering somprisiag tho§ers o meiorsg ande

f f th ' by. the jrradiati f 1he | b
he. beam condBenTG e pgticheind e PR of d.Petih el el AR ARPECRRAS
di stance of 2@héherabRSiS" ardeAMOpdLaRing And REnBSIAAE THodtks Pamity imirell t he

beam condensi ng apparatus positioned in a z-axis direction, and freely
transferring anmgpeci nen along a tool path around the |aser beamto all ow

the |l aser. cladding to .performed wth. the specinmen fix on_an. x and
y-axes tdole:  a CADi‘@E%%é‘Sbél?ea?ﬁﬁenﬁ SFVeglng Pfﬁ‘fl%d ansar?gf)’iahﬁefgh?’(gpﬁ%ﬂgo%ﬁs uch
as the tool pathdiind DReiBASHS Qhadihy fYEr fittedl aRE Wil iRgs PhblobRghinieand
shapi ng Lnfornﬁ?fonfganm?nage phé?g%raphrng apparat§§ fgrﬁhobgggning an

i mge of t he-imigeepropessing-in Hasat- claddingametl- tasensided tdiregt tietali magefagthringe -
nol ten pool; an inage p{oCessin ?gp ratus for recefvin the %na e of the
nol t en comprising: a laser generator orming a molten pool on a Surface of a specimen

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

15 laser beam generated by the laser beam generatdr; a beam condensing abparatué for
condensing the beam tranémitted through the beam transmitting apparatus; a
cladding material feeder for feeding cladding ma’gerials to the rﬁolten pool formed
on the surface of the specimen by the irradiation of the laser beam condensed byl
the beam c;)ndénsing apparatus;A 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 shaping information; an image photographing apparatus for
obtaining 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 WO 03/042895 PCT/ KR01/ 01970 pool, calculating a position and a hei ght of
the nolten pool on the basis of the inage of the nolten pool, and

transm t twogsbkmsotal cul at ed val ues; and a control systempiCarkranie7ol | i ng
and nonitoring the elenents, receiving the shaping - information fromthe
CAD/ CAM apparatus and perform ng the laser cladding, and 5 receiving

i nformati on about the nolten pool and controlling a process paraneter 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

more clearly ﬁler ﬂ&ﬂn%fo diftsh hed hawidg &%@uﬁ&%ndﬁécqrdlpme%mst%m in

conj unction e acc nyi ng draw ngs, in : is an
illustration thagdabéltheaimlthmqyoels sanN/Bnnmfsanﬁmglthg o@]vthed vﬂrugs, a?ldl % cantrol
illustration of |aser cl add| ng; Fig IS ag@h ustration, of ser aj ded
direct netal ﬁ.’éﬁ‘i‘iﬁla&ruﬁpi%o 1&5 ndy mQPIT°§m§ é?‘Fé"t“inés>vFe€WVH¥g PG ded
di rect netal Wi i LAk gi on
of the syst em I n H’hufrgﬂgg%gééﬁjt/fe;ﬂéw "‘Bgméer-"?’% ffﬁg n gfz? leéégﬁ%ya&im E{ngie

phot ogr apghi ng rﬁﬁﬁﬁﬁ@lﬂ&nﬁt@n&bbﬂﬁgemolﬁh Poobandsconrotiitigad prodessi pavaradted ine

i mage phot ographi ng apparatus; 20 Fig 7, 7(A). and _7(B) are diagrans
showi ng a sec&rdd tme i ialpw thy Rosition m@nh?lﬁh’g@f e eladging davgsdg| repeh GBEEr ved
by the inmage g@ot ographi ng apparatus, Fig. 7(A) being a schematic view of
the nmolten po Yobserved in the optlcal axis of a laser beam Fig. 7(B)
being a view of the nolten pool observed in a nmonitor; Fig. 8is. a
schemati c di agram showing a first principle by which an i mage 25 of the
nmol t en pool i BrighBesoriptiomof thedrawings phot ogr aphi ng apparatus; 8

~ The above and other‘objects features and other advantages of the present
"~ ..pventien will be more clearly- understood from the following detailed- description- -
taken in conjunction with the accompanymg drawings, in which:
Fig. 1 is an illustration of Materials Incress Manufacturing (MIM);
Fig. 2 is an illustration of laser cladding;
Fig. 3 is an illustration of laser-aided direct metal manufacturing;
15 Fig. 4 is a schematié view of a laser-aided direct metal manufacturing
system;
Fig. 5 is an enlarged view of a region qf the system in which a concentric
powder-feeding nozzle and an image photographing apparatus are arranged,;
F ig. 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. 8is a schematlc dlagram showing a first principle by which an 1mage ‘

25 “of the molten pool is observed by the i image photographmg apparatus;



WO 03/ 042895 PCT/ KROL/ 01970 Figs. 9(A) to (D) are views show ng variations
in the imge of the nolten pool according to the transfer direction of a
speci nen wo 3asmps beam Fig. 9(A) being a view taken whercriromid¢7en pool
is directed toward the image photographing apparatus, Fig. 9(B) is a view
taken when the nolten pool is 5 oppositely directed toward the inmage

phot ogr aphi ng apparatus, Figs. 9(C) and- (D) being views taken when the
speci men or |aser beamare transferred in a direction perpendicular to the
optical axis of the inmge photographing 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. hepght, oft t | - i . are
graphs showi ng rel a? f%hggg)nt(?n@)éﬂp ?egirsggjrs Sg%%%a{ﬁégnﬂr?gﬁlaﬁ%&%% &)ath%%gg%ng
layer and a | ?@&f a&@ﬂﬁﬁ%tty RE¢ tfah&fer dedtondodhabodiposhes hgns iHipl @cA)et al

parts manufactured-by the--- nethod method and apparatus of the present
i nvention; Fi being3aj yieav piakerogrizash ththompliep pagbbis| dirpetedetonard ther image

f d 15 by th hod apd , . of . th i i gn;. Fig.
14 1's & phot oBPABRB HEPRI H bt LD part Vifan it et hED iy elteibodts ™ O
| aser - ai ged dbf»ﬁd‘sitewe&i?éctéaaﬂw{]a@&_kwmge tpR6fRBeIpAE Hfpatdtes, FiGS o) dndv@)t i on;

and Fig. 15 is a photograph show ng a partial part of autonobile fender
mol d  r enpdel beingndewstakEnothenatie Ispedimen weldseribeary azgppandenesd ivfa disectipnesent

ot hod of - r eaPeBFHICHEONE PHEALAIS BEE ERSeTg EREH QR0 2 of addi ng
i tect meLal mamat o g B e PP he Brosent
invention is desnsnitee acoringiol varidforisiig theheight af thetmeotttnippolii ew: showi ng a
| aser - ail((j)Ed direct lr:r}agts'a I11 (A?) 'Y(\)D(C())Bz{rg grza%gSS slli)cvl-ljng re a{igr%sggxgong a laser power, the
height of a cladding layer and a laser power type; - |
S -Fig: 12 is a photograph-showing- simple- metal-parts manufactured by the--- -~
method and apparatus of the present invention;
Fig. 13 is a photograph showing a mobile phbne mold 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 invention.

20 Best Mode for Carrying Out the Invention

' Here}naﬁer, 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 is described in detail. A

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



manuf acturing system The |aser-aided direct netal manufacturing system of
the present invention includes imge photographi ng and processing

appar at uswe 040#289and 408 for controlling the height of a elcaddimgidzayer in
real time, and a Conputer- Aided Design (CAD)/Conputer-Ai ded Manufacturing
(CAM 409 for calculating 5 2D section information from 3D CAD dat a,
calculating a tool path corresponding to the 2D section information and
transmitting the tool path to a control system 403. A |aser generator 401
is preferably an industrial CO2 |aser, but may be any |aser of any

wavel ength that can nake a nolten pool on the surface of a netal speci men

through the 1 1,404 8, QRS Of PRI ke NENAGHRE ko RRUE

di ode | aser. am generat e aser generator-1Is transm tted

t hrough a beamprésern aiveston hohfRarifiags pﬁaﬁgt@hmgoeadnp@mmap@rapmrmm
406. When the Nd YAG | aser or the like is oyed; a_ |l aser beam can be-

transnitted- tahdd0§Horepngpllingthe bpight of al'ﬂéd@)‘@a rlf‘%f% h’ﬁéﬁ@%tlﬁ’ﬁ @r&p%@a%ﬂ@sﬂeaoe is

made by conbi n tic ue r

and functions 4@%8’%&‘&&2@@ ‘2%18? l]nﬁr"%‘ ﬁl%n{lﬁt@ﬁﬁﬁlgl (?ser éﬁ éﬁ&l%ﬁ
concentrisg pO\@tﬂﬁiecﬁ@@difaﬂnai%Zﬁ&némA@ &itd, walcathtingdabolt fagh c&aa%mmﬁ@leﬁsu ng
apparatus 406 to feed powder fed froma cl addi ng material feeder 404,

preferably a gowidsedtiondifogmation aadtrangmistingiheder!posi to al\ﬂ@aHOJtﬁYFfém‘lqae -
cladding material is, preferab t he .f mof r t o be
inthe formof ar od\ gm]serrgeB%w é\ﬁﬂéﬁp{eﬁeé P’é’ﬂdfl‘ﬁlbs\{\ﬁét%%bﬂﬁferl 19 éy bef orm of
powder is Useysef BPGRYIWIVEIRWIRAT baethdkg aaﬁfmdeatlﬁfoﬁlonpmmaffaéee@ﬂanﬁetal
nozzl es are used and di stingui shed according to the directions of supply of

powder on theptases thtfougltnéhet asafiatheanf lastre beans diker & é\Tqa&M”elor m@dp‘wgeﬁoes
T B IR T i S PUET
Lg\?\g;; a:c gggl ﬁg aF% 141 n‘et I}Hé?sg% \Aéﬁeﬂlﬂatug 4097 bheant &ﬁ{deﬁﬁﬂg apﬁﬂ@tuk aper al
- When the- Nd-YAG-laser or the like is employed a laser: beam can be transmitted~--
through an optical fiber.
The beam condensing apparatus 406 is made by combining optical parts
15 such as leﬁses, mirrors or thellike, and functions to condense a laser beam to fit the
laser cladding. A concentric powder-feeding nozzle 414 is situated under the
beam coﬁdensing 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-feéding and lateral powder-feeding
nozzles are used and distinguished acqording 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 quonn{y fed to a molten pool in all directions, and is
suitable for laser-aided direct metal manufacturing.

t

On the other hand, the lateral powder-feeding allows metallic powder to be
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10 WO 03/ 042895 PCT/ KR01/01970 fed to a nolten pool in the direction of
one side of a |aser beam The |ateral powdler-feeding can reduce the ratio
of powderwbas®41805t he maxi mum of 5% and is suitable to fraTrRROIN&7At I Vel y
t hi ck cl addi ng bead of nore than 1nmin thickness. However, the

| at er al - powder-feeding restricts a tool path used in a shaping 5 operation
due to an anisotropy in which the shape and height of a bead are varied in
a cladding direction (the.transfer direction of a specinmen or |aser bean).
Meanwhi | e, the transfer system (work t-able) 402 keeps a focal distance of
the | aser beam constant in the process of cladding w t'h the beam condensi ng

appar at us 406;90053 LI RO6h 'Bg(glamzﬂlexaiggfghé B¢ MidA0f o 116 | teahd. AeClafrdine

speci nen 10 al on h™aroun aser beamto allow the | aser
cl addi ng to beopaetfedmg catiréduct s sipieaifpawdti besltothe anaximamdofys%4xasl isabl e.
In the | aser-aided direct netal manufacturing-and general -I|aser .cladding

processes, thevigablmtp frsmepnselatyealy dhick shddme spd i ene than dmm 1p Jyekneseam i s
t f d d fi - i . OF- i
tranet orrod 1HRNE e R BRERI AR e Qlipd LRREL POAR U HBPRE ANRaBEE

as scribed tra

system 462.  pgetatib8@d foYan dnisoBio@§lin WRidhBEE Stape ahd BeigBysRebOl dre etkannof
manufacturing, a three or nore-axis transfer systemor robot can be
enpl oyed. A gasladdimgrdirectiynsiteatransier diregiioneh 8 spesimemer lgperdeqmr-i ety of gases

dinth | ddj ng.., Ref | d.41
ool i ng apparatus.  SPARBTE PO TERYEr ST (o Rdpuel FaRot R RS SIRER
403 is conpri gRd1Rfr BedRe'RN@ht PR pRIceNUBP cl4ddingORithOthe (RemNedndeyiSingm Qnd

various input and output devices. The control system 403 controls an
moni tors in repparstusrd0alposiioped dn wszsxis cirsetionstand ofreche tlansfers- thgjspecimgnr ect

"aser gefler at 810N 6F00 R FRBAA IS 5 drem Btk FEr U KT doder
404, the gasg@nhd Qecﬁﬂeﬁtiﬁ{@dﬁ%n%{%dtﬁ&eg@éﬂlé. ng apparatus 410.

w e - - In the laser-aided direct ‘metal manufacturing-and -general -laéer cladding -~ ~ -
processes, there cén 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, és well as the above-described transfer system 402.
Additionally, in order to increase the degree of freedom of ménufacturing, a three
or more-axis transfer system or robot can be employed.

| A gas control system 412 functions tb control a vaffiety 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 syéfem 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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In particular, the control system 403 serves to performa |aser cladding
11 WD 03/042895 PCT/ KRO1/ 01970 operation on the basis of shaping

i nf or mat iwo iseempbved fromthe CAD) CAM apparatus 409 and eomtKRo/0i970r eal
time cladding process paraneters to allow the height of a cladding |ayer
to reach a target value on the basis of information on the height of a

nol ten pool received fromthe i mage processing apparatus 408. 5
Alternatively, the control system nmay be conprised of a general nuneric
control systemin place of the PC-NC system Fig. 5 is an enlarged view of
a region of the system in which the concentric powder-feeding nozzle 414

and the image 589@&3%{;3@?% Shiffind HrothiorP bR frobl! ddicAB/AAMY. 2

| aser beam 202 ream sup the ten pool 203
are not shown af)pzira’@@S@90indl tdril atreaniméelRldmgnprobedsi ;gararﬁctersntoaallo&s dre

cl addi ng process, the nolten pool 203 is formed on the |oc ar.ea .of
speci men-t o wheight phe claddiag lavsarte reach atarget value an e ba}slﬂﬁg%frlafoé%’étl?ﬁ oR the

transfer of t 00 -ar r glapa isAg Fi g.
5, the imge E‘ﬁ@gg‘)&laﬁﬁflﬂ Bglr ég%svefoﬁ%g}s‘ ﬁgéfctq%agé g%élesisﬁ?rr? \f% gg%l e of
90-0 with the AQférrha‘%ﬁrlelya)ﬂheSc&Qﬂol Qlystehemb R Hercobfaizednd at genatdl aumctie coptrolcal
axi s 502 of the inmage photographi ng apparatus 407 to pass through a region

to which a Immb@alﬁwgfthﬁi’@d}]@tse‘%temso t he |nage of the nolten pool (for
exanmpl e, variation an be hoto d. Fi. | rged
vi ew of the image p% ggl %{ﬁﬁ%g Vb%‘?g Wg gysf’ﬁmlgr‘?'ah?cél% {;&ngg%hl ng
appar at us 407 ,,RRkufeding Nosid al14Dansi thy {uﬁ\!@e hotb@aphAg, apprdtud 1487 are

nmounting fi xture 604, 151%' ens 602 and a Charg %:o ?lreg Dgw%p:r (CCD) - canera

601. The ND f iatramged503n thindtaving, a bl8¢reluhame2021@da¢rp@wdercﬂtrehmg?fﬂ4 suppliedtioed by

t he rmlten pool 203 an ci dent, upop the |ter 603 and to protect the
| ens 6020 25 fhegRPlsiro g?@@@ﬁ@?é@%ﬁlfoﬁeﬁqé’ q&?é P addi ng process. The ND

filter 603 is As shown in Fig. 2, in a laser cladding process, the molten pool 203 is
~ formed: on-the-local area-of-a specimen-to which the-laser beamr 202 is irradiated- -
regardless of the transfer of the specimen 200 or laser beam. Accordingly, as
shown in Fig. S, the Air\;lage photographing apparatus 407 is situated to form anl
15 angle of 90-6° with the optical axis 501 of the laser beam and to allow the optical
axis 502 of the image phofographing apparatus 407 to pass through a region to
whicil 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 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 frsm sputters generated in the ‘las“er cladding process. The ND filter 603 is
| . mounted in front of the lens 602, that is, the ﬁlter mounting ﬁx_ture 604. A

cooling line 605, through which cooling water is supplied, is disposed around the
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mounted in front of the lens 602, that is, the filter nmounting fixture 604.
A cooling |ine 605, through which cooling water is supplied, is disposed
around t hwo 03242805 03/ 042895 PCT/ KRO1/ 01970 circunferenti &CTaRMAcEoof t he
filter mounting fixture 604 so as to prevent the ND filter 603 and the

| ens 602 from bei ng danaged by radi ant heat emtted fromthe nolten pool
203. The lens 602 functions to transmt the image of the nolten pool 203 to
the 5 CCD canera 601. The | ens 602 nmaybe conprised of a general canera
lens, but is preferably conprised of a telecentric lens of fixed

magni fication so as to mnimze the distortion of the inmage of the nolten

e A e

pool 203 in and vvhll?e CCD

camera that Cafker $03 @RY @héﬂlehmg,@s&m béi_@gfcra@@aa s»ﬁqaaﬁni Redd le@Gft€d Slosethecan
node. This CCD canmera 601 obtains the inmage of the nolten pool 203 every

20nmsec and tr amdientpeol ABge i nformati on to the image processi ng appar at us

408. In order to ob i the Iten
speed, a hi gh- speedtrgﬁt%négﬁgrﬁéncgif’ tral?spg S8 8fh‘r?d?§te@apr?%%)2b%?9pﬁ’oyed.
15 The inpge pha) eghaRbond FRORNI6US nfhQ beldopipeidbd 6 4 BEELalicAmeraTehd, Bt Rf

the nolten pool 203 to the inmage procesSsing apparatus 408 every 20nmsec. And
the i mage propedeaiahly (aammrsad of a d&eotriclaha v Exehmaghifishtiorn sqpassiiot nimmigsd

hei ght of the lten p usin essi ng techni que, and
transmts caIgﬁﬂﬁﬁ@ﬂ“ﬁé&ﬁ“1?5@?3%&%8Hgagpogvgﬁen1403 inreal tine. 20 The

| mage processing apPr?ﬁxgst &ﬁb&ﬁﬁle 11991'319“05@61&9](&5{@5@% SHBORRlten ph%‘l'm 1h5 an
i mage processing-only board, a personal conputer. Software for

i mage processien tifws Itherk ad emplogéd aHeghepagpidt btak:kandb)kh@Cﬁ@th)rmrs tbattdgtnammd

usi ng Visual C++ progra Ian Th f '
its ?mx' 19um t b mgggpa?g@s @f,éO%{ 5$oqdn1§égggress?ves (s)catnvﬁgge.r u' ¢ %?) garrrlrsleer% at

601 obtains the image of the molten pool 203 every 20msec and transmits image

- -infermation-to-the image processing apparatus 408. '-In order to-cbtain-the-images- - -
of the molten pool 203 at a higher speed, -a high-speed CCD camera 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 processing apparatus 408 calculates the physical position and height of
the molten pool using an image processing technique, and transmits calculated data
to the control system 403 in real time.

20 Tl;e image processing apparatus 408 is comprised of Frame Grabber,
which is an image p‘rocessing-only board, and a personal compﬁter. 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 speed‘of calculation can be considerably
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25 information fromthe i mage phot ographi ng apparatus 407 and cal cul ate the
position and height of the nolten pool. |If the Frame G abber equi pped with
a di gi t alweiognadses processor i s enployed, the processing speaddkro1m1970

cal cul ati on can be considerably 13 WD 03/042895 PCT/ KR0O1/ 01970 i ncreased.
Additionally, the software allows imge signals received fromthe inmage
phot ogr aphi ng apparatus 407 to be displayed on a nonitor in real tine, so
in the laser cladding operation, a user can observe a nolten pool in real
time. The principle of calculating the position and height of a nolten pool
on the 5 basis of the imge of the nolten pool using the inmge processing

i s described . Ref.erri ta. Fi 5, : I i
process, a cl éo%%:%\gd'l a%grgftmh%gf’ ntgeagog?atréia%l%%’esi lalﬁ{ggi %g&fa(l)ér %ﬁ{vggh?% ?%e
nol ten pool  203a@d phdo@xaplhp appraugh07 whbe disphiged as amdig@mi2fal tide, so in
transferred. Additionally, the nolten pool 203, which 10 is formed by the
i rradi ati on ofthe laeericladdingiopenstion 2 usescanpbserye d mglien ppelspaeal ims- a  speci nen

surface 201 at a certain_angl nwhi .he 2 L of | t I

203 can be different 3@88?@?%’3%%&?%%%6%62%%%e§£@%?%h38{%%&1}%@&?@53&%& t he
condensed, | as@hsiheFhe QRagtiQRNE molted hé WeRL R inhagesrocdssidi i testritedshape
of the nolten pool 203 can be assunmed to be circular. 15 Fig. 7(A) is a

vi ew showi ng &eloml.t en pool observed in the optical axis of a |aser beam
As depicted in Fig. 5. the. i e, phqtogr aphj n ratus 407 ot ogr aphs
the nolten pool 203%@%5%%'?@8&522%%% Fﬁ&@%ﬁ@‘&%PPSC%Sn_%"%a@g%‘.gﬁ% f

surface 201 ah,@Rq 3Nk @ilheifht ViR the td¥RAlpodP30I Soflk hPattedirdupnar d

the image photographing 20" apparatus 407, the inmage of the nmolten pool. 203
is formed on ahi¢hhgdaset herm 202 is tofnsferedD Aaldisionally, thhmatten podi2P3, whichnd

Lhe o1 L2 TkLen R0l 205 15 o0l Loned, e aneell Lpse MeRe R b
difference in sﬁ&thingx"i‘gur@&te@m 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 laser (_:_ladding, 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 irﬁége photographing _apparatus 407.
photographs the molten pool 203 while being inclined with resp;ect to the specimen
surface 201 at an angle of 6.
When the molten pool 203 is directed toward the image photographing
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 263 is monitored
as an ellipse whose axis b’ parallel with cladding and 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, _the
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As illustrated in Fig. 8, the nolten pool 203 is not situated on a view
field 25 plane 702 of a CCD canera, so the imge of the nolten pool forned
on an i mewe o3pkmpe 701 of a CCD canera has sonmewhat diffemremKrongishs bl
and b2 around the optical axis 502 of the image photographi ng apparat us
407. However, the 14 WD 03/042895 PCT/KR01/01970 difference is slight, so
it is disregarded in the i mage processing process. Wen the size of the
nmol ten pool is assumed to be 1nm a difference (bl'-b2') in length

observed at the image photographi ng apparatus 407 is about 2, am
(2/1,000m), whichis arelatively small value. 5 The imge of the nolten

pool 203 is Oaﬁ?é'ré/rfcg 88l tfécoq ?s%sr@%ﬁ‘ﬁ@&sm tHE ﬁﬁﬁ% %lﬁgés?%%?%g&géns\fvﬁén the

direction of t specl ne aser eam Figs are views
showi ng vari atizend the nhdsi&nsjiaxpels assunhel tobé dmmpaalifferthes eblvebzr)aini lengthar e

caused by the fact that the nolten poal 203 is ponitored é?e i mage .
phot ogr aphi ngohi?ﬁ%ﬁda@hgl%@'iagenplé’tq’gﬁ@l&g agparats| B nabqué 2 1.@ire@),

toward the '”W?ch%%éi%@eﬁ’}bhﬁ%l@ﬁ{?@r atus 407 according to the transfer

direction of the specinen or [aser beam Fig. 9(A) is an inmage of the

mol ten peol -203; Thé Ghndgs obsks wreltesh@oolt 163 ni3l beservqdoak - diffe@nt shdpesect ed
toward the optical axis of the imge_ photographi ng apparatus and observed

as an el | i pseaccerdingtol thy trapgfer digaction QE‘I%?SB%@PFIEW laggrpeam( B) is an i nage of

the nolten pool 203 )0

oppositely direct edFltgovva?‘g) ‘h@ P’iea S S%)%Wéwgegﬂ%r?%?%{h%%#% J)f%g?%dgl?egphl ng
appar at us 407pgsld Miekd GraigtiGss @ﬂ: ehlideBsky th€rfhétCaat Ythandol&l gobl ey is
flattened. Fi gs 9(C) and 9(D) are inmges of the nmolten pool 203, whjch

are observed meﬁomﬁé)yST@édHWEﬁ phetoigeaphing apperaiiss #&F fred latarah dirgetiancandois
R R S R N Y
and relati veaﬂe&ﬂoﬁtotfwgbecﬂfﬂ&l &rm@r%hamg eal Peaesnt Jrite MBltéeposiool
203 are obser ved to be
~ 203 which 1s ebserved when the molten pool 203 is-directed toward-the-opticat - -
axis of the image photographing apparatus and observed as an ellipse vertically and
relatively swollen. Fig. 9(B) is an image of the molten pool 203, which is
15 observed when the molten pool 203 is oppositely directed toward the optical axis
502 of .the image I;hotographing apparatus 407 and monitored as an ellipse
vertically and relatively flattened. Figs. 9(C) and 9(D) are images of the molten
pool 203, which are observed when the specimen or laser is transferred in é
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 mevasurement of the height of the molten pool 203, desirable
results can be obtained using orl_iy a single image phofographing apparatus.

The molten pool 203 is monitored as images each having a certain area
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different from another can be solved by installing one or nore inmage
phot ogr aphi ng apparatuses in addition to the existing i mage phot ographi ng
25 appar aw093/04289% he neasurenent of the hei ght of the nol ren/KrR01203,
desirable results can be obtained using only a single imge photographing
apparatus. The nolten pool 203 is nonitored as inmages each having a certain
area 15 WO 03/042895 PCT/ KR01/ 01970 through the image photographing
apparatus 407 as shown in Fig. 9. In order to obtain the height of the

nol ten pool on the basis of such image information using the inage
processi ng method, pixels representing the height of the nDIten pool have

to be determ @%ﬁ%r%eh%éfgg&%%%%p%ﬁgaﬁ ﬁaﬁ@!@ﬁ%ﬁ%ﬁowﬁg rger ShemRSs of

i mages obtain I ng appar at us e ca culated
and the pixel sbtaimthedlidilieWfahe ndolten powvl @f thet busispifentls ;magsanﬂmrmtmnmdlgas
the height of the nolten pool. In addition, there can, K be enp

variety of metleotags progpssifig mefiode pPrglsr W@?ﬁ%ﬁmgnﬁlet Reighieof) %‘ﬁg‘@gltten PBQ\]/

representing the j of .t pooI is determ ned as the height of
the 10 nol tenilf)oeotlonf’ﬁ1 etet‘Wéne?é[ﬁme)rl o ®*an actual nolten pool is obtained on

the assunmption thatnthe BREitRM, BROlceltaless enasd of Uhpes bapenednthrough Kel
corresponding to the center is determned in the inage. Fig. 10 is a
schemati ¢ di aghetogeipbinigrappheiust 9 alrm@@datéﬂ andetherpixelsninpeasticulara the 1eBNP: or ed

according to vari.atjons the hei f.ot nol t en o] es of
the nol ten pobi e%}?‘ﬁlsoﬂgéi‘e “éffiaa. é‘?‘glh fllg%IHOItSﬂgo f aInr?gaﬁt()g’r for he
i mage plane ofe e EQHﬁé Jof QMétRESE fh VididhAd ipBiRs cbifedpdadiigitd the ddngehte
nol ten pool. Accor I ngly, the act ual physi cal height of a certain pixel

(absol ute hercghtr?prasniltmgeh@/anaﬁ ofothevmodlten prol as daiermiaed h’élt@fhhel[gb'f optheel
are known in t

nol t sical hei ght
can be &l cul g;coitan(mo{ Hgg‘g%éf’%te %%Ct'i‘ﬁd'@‘gl?e&f pctoﬁ' tf’sﬁ Oﬁgtg%’/ Isﬁuﬁnxft -
invention, 't hﬁm@%"rﬁoﬂ&?ﬁédl@ﬁgs \é%ireﬁ’laf shape and a pixel corresponding to the center is

S T T N,

- determined in the-image. - R eI e
Fig. 10 is a schematic diagram showing how. the images of the molten pool
are monitored according to variations in the height 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 height can be calculated on the basis
of the image of fhe 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. 3
25 The image processing apparatus 408 calculates the position and height of

the molten pool using the above-described principal, and the calculated values are

transmitted to the control system 403 in the form of ASCII data in real time. The
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corrected using a standard speci nen for which the height of a cladding

| ayer is known. A correction nodule is included in software in charge of

i mge prwo@smiasgs _ 25 The i nage processi ng apparatus 40@ctaroubet7es t he
position and height of the nolten pool using the above-described

principal, and the calculated values are transmtted to the control system
403 in the formof ASCI|I data in real tinme. The 16 WO 03/042895

PCT/ KR0O1/ 01970 control system 403 controls process paranmeters in real tine
so as to forma cladding |ayer having a shape and a thickness (height)
corresponding to 2D sectional information on the basis of sectional

shapi ng i nf or ne NI YED LY ﬁggeoslg bRt @8in fAPtfARh G ﬁ&aaara&daﬁrhgg%

and the height data“of the nolten received in 5 real tinme fromt

i mage processilaygpralgpangtaushape 8andT hethickme sss Shepghta metessonaidge ¢d 121y stétonhki ght
of the cladding.layer incluydes _|aser power, .the size and npde of a_l aser
beam the t r avBfosmatenenthsbasiy of sprlion aplesrmfg&gé?orb@aﬁaveé hieal tipe figm
time), a powdef: i r et qurﬁv i C :
par amet or o, i (oA Bhiaf® oo b iR oty UF Y bpRh BROCRIGvodin,
most . Thes hei gl tirheofrorh hige iedage @rovgsdimyappatans 408pr oporti onal rel ationship
wth a laser, power. P; -in which- he- height 1-1 increases linearly

Wit h--the | aser - powdhe procesy\paamstres atfeqtmg the beight pf the qladding layer ipgludes
possible to fr j ust .. i f | . addi r . £ he
real -tinme contlfgsg* ¥%‘?gﬂf H-ge 71%1{%}({]%8\%2%?9Il?\steFﬁleasIﬁ’ctggg%aQ?ﬁéegﬁ%q of:fg%%i%ll&%% t he

l'aser power caor et BRAB R acON du@h @ poavdefdeddig ¢apf el Ofethbodhovesuch
as Proportion-Integral -Derivation (PID) control (see Mddern Control

Engi neering, Kgsasibed kso@gararanmterst theelasqg| power gdiectspihe Isaghtaysthe cladding
control seelFuz% Logic Control, Jeung-nam Byeon, Hongreung Sci ence

Publ i shimg Co. 2YT §t7), etc. However, in this enbodinent, a relatively

sinple control nethqyeihgigh?® 60N 88Hin@ Sayeh @¥a ipfopdrflonal ¥elationship with a
4-:»1aserw power- P; in which-the- height H increases linearly vs;fith« the l-aser:zpower»Pc -
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 Proportion-Integral-Derivation (PID) control (see Modern Control
Engineering, Katsuhiko Ogata, Prentice-Hall, 1990, pp. 592-605), fuzzy control
(see Fu;zy Logic Control, Jeung-nam Byeon, Hongreung Sc;ence Publishing Co.,
1997), etc. However, in this embodiment, a relatively simple control method is
20 employed, as shown in Fig. 11.
As shown Fig. 11(B), the above—describéd 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



As shown Fig. 11(B), the above-described control method allows the height
of the nolten pool to reach the target value of the cladding |ayer, in such
a way thaooaokmser beam of an output greater than a nor neCTikRen1oot put by
P-Pt is allowed to be irradiated on the specinen if the height H of the
nolten pool is less 25 than the target value (target height) H of the
cladding layer, while a |l aser beam of an output |ess 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 greater than the target value (target 17 WO

03/ 042895 PCT/ KR01/ 01970 height) Ht of the cladding |ayer. As shown in

Fig. 11(Q), i r}le;ét?@ mq;fgﬂggclé&ﬁ@'lag&yver control, the |aser power is

controlled with tHe heights of the nolten pool classified into groups each
havi ng a range. The\scshotvnah Rig. 11{€),heitlhactodl lasee polvaddomiepl) thy dasempswer

successfully 5 perforned. Al though in the present ipvention the | aser power
i s control | edHsowriled grith the h@kﬂlfi‘gsr%‘%thﬁé‘?‘g??é‘t%’@&a?sﬂg‘?‘gl%g’ﬁuﬁﬁ 844003V 1 o
ot her process p%@get g e el r rse
speed of the sapem m'sne[r(l.%ré asé?éfbgér})%%ﬁ a tsk{emeﬂg?&\%a%%?rn%a%&?ﬁ?emﬁfn
general , ms t herformeter -Aldedighdn tigd greseht imentas é, lasdn@oher ghdonabliedas bmser

10 cladding layer is increased. Accordingly, as in the |laser power, it is
possible to @& eAntioh paraIcRs, ibfs RosEbIE tasankg Pthgiaprocsss PRTARIELES WHSh 8hat
t he powder - f eedi e .45 ] -t i gp)ol i's
| ess than the éaﬁ(g‘g(géhtg?déﬁ ract)%]gécﬁgl%qgﬁvg{iaitsﬁgedlhog{ytg?%p < IP{;IQ&){%C} b '
powder - f eedi ngirhibdrévdysSn &@ctit@sed or the feeding of powder is st opped i f
t he height of the nolten pool is greater than the target height of the 15
cl addi ng | ayer. Theln genestlses Sisenaivdst-feading e isnparepsnd, theshaighiof e fager

0 Terey oG ST 9™ e DEABR SRS B i a0
traverse speedoftolithe hSIBRCHMMBE cladbing! I8FR! infdRRAk WY het thReorletidedifg fakke
cladding layer is increased according to a decrease in the traverse speed
of the specinisincorastdaifethe height of Abe oradiengiop] -it fees than the target-height of the --
' cladding layer, while the powder-feeding raté 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 target.'\?alue 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,
rwhile 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 power to be 0, while an analog

voltage signal of 10 V allows the maximum power to be generated. Additionally,
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20 height of the cladding |ayer can be controlled to reach the target
val ue of the <cladding value, in such a way that the traverse speed of the
speci nen Woro3loases bean) is increased if the height of treTrRRti®m7p00l IS
greater than the target value, while the traverse speed of the specinen
(or laser beam is decreased if the height of the nolten pool is |ess than
the target value. 25 Mdst |asers are controlled by an anal og vol tage signa
between 0 to 10 V (or 12 V). For exanple, 0 V allows the | aser power to be
0, while an analog voltage signal of 10 V allows the maxi nrum power to be
generated. Additionally, 18 WD 03/042895 PCT/ KRO1/ 01970 when an anal og

vol tage signal ,between, O to 10 .V | ied, l. . RO g;&g and

t he maxi num pSWSP ainsanalé)ﬁevroitfi%%.sl g?énlsor?oﬁg%hl (g{sé’elr@\,] 1?%@%&@’% T 1 oq;él“ﬁwgeélnal og
vol tage signaly kil bRSsmakliaiim! poes. isF@netdi@l. CIR thagelksqsnRspdme tHHd to an

enpl oyed in the present invention, response tine is about 60sec 5

(60/ 1, 000, 000geapg WHtage onignadl issigss shaudmsee dBeri ghee & Qolaserocensyateh HHal og
voltage signal. to a 16 bit digital signal, which gengrates an effegt in

whi ch an anaFH@&V@ptd@e éF N&F“?§ pf CL08e 4 THRRPT g?ﬁg ﬁiﬁﬁﬁgg g@”§§,768
stages. TEhe cogi/ 9bodWedRM 4Pk BRIV SEtIRIMION BoggdRal @Nbrabss Ge daldgen
pool fromthe inage processing apparatus 408 every 20nsec, conpares the
data with 10vshags signalnfooa riét bivrdigitahrsigniat, t which ragsnenates aWAETH@AND ayhigh a0uS

409, and determ.nes a | aser power val required 19 .allgw the height of the
mol ten pool ténalP%_éi%llth_& Sf%’\ablétpfoc\?saﬁeaé”ﬁ?,beg‘ﬁéh‘f@%ﬂt ﬁe”atjgg éﬁgﬁed-_ as
described-. above | %Rggo%&rii' sHALR 4035Rceivid Batd Arlifhel Fei SRNYEIhE ok Podin

anal og signal throug converter and inputted to the |aser generator
401. 15 The | &oef tlgeineaget proceldihgi appdesisghlt] evary §Omeegt @naparessbe datavenith

corresponding to_an anal og digital,K vqgltage si | ] tted. Howeyer,
al t hougﬁot hegshaF%%BremgH'&} nvg‘lafl%fﬁ’éte i é“rﬁ’g} S%Fgw&{}ﬁgd aPBartaPl’é I4§§erand
generator, a ldéﬁ%%m@? \quseﬁq%g@f valud% f edﬁhfeaﬁl%(ve{% HREHP Of PmbRed BSol to

condition of a laser, “suc aser ¢
- reach- a target- value. - The value determined: as described-above is digital data;-so -~ -

the value is converted into an analog sighal thfough a D/A converter and inputted to

the laser generator 401. _ |
15 The laser generator 401 is designed to generate -a laser power
corresponding 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

. _coupier), etc.

| As a result, in the present invention, the laser power calibration method,
which can achieve a desired lasér power regardiess of the state of the laser, is
develdped 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 system' 403 achieves a desired laser power just

before a laser cladding or laser-aided direct metal manufacturing process using a
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degree of cooling, the degree of contam nation of a |aser resonator, the
degree of 20 vacuum the states of various optical parts (such as a rear
mrror amaoan/o@mspput coupler), etc. As a result, in the pcaga/oi9rention,
the | aser power calibration nmethod, which can achieve a desired |aser
power regardless of the state of the laser, is developed and applied. In
this nethod, a closed loop is fornmed between the | aser 25 generator 401
:and the control system 403, and an anal og signal value is predeterm ned
so that the control system 403 achi eves a desired | aser power just before
a |l aser cladding or |aser-aided direct netal manufacturing process using a
19 WO 03/ 04289 ReAkrsRA&LOL970 PID control nethod. In the process of the
above calibration, the desired | aser power is a target val ue.

Addi tional Iy, the dilyiheaprosésgrélithesabare, calihiation, thiel devisedalasersprweponetargell ue

fed-back fromthe | ch th target, val determi ned by yarying
Hdigrial | valtEe Adduisnsiys BF el S Satrarvisen allovt o ey MEEG Ay ¢ o
PID val ues. WignpidkerdiTheas& to! ré‘é&hh@@éﬁ@ét %ﬁleu?ssdéﬂéﬁﬁné@mtr Davi xfgsaeéhg

cl addiing or laser- aided direct metal maRAufacturing 1s tem, digital signals

for achi évi ng value at 33268 stages potresspanding éd @ltcmm‘édcaomdmgeo Bliibvzéae:tescr i bed

nmet hod. The control _system 403 controls the |aser r. usi corrected
anal og 10 signal ﬁlﬂfé’stge SBmper Qlglagg Poyet @%IP%%“SSQ \Fﬁf §§eét°g”‘%6’fngt°r’i AHser

in the procesg; d%E Jh?é 'met&l ﬁlqgﬁﬁ?t‘%g{%l 35feh, a@#@gs%ﬁlﬁcfor%ﬁlﬁbm tﬁe laser

manuf act uri ng. I'ow ng appli on exa ates 10 s
manuf act ur ed butputsraee Hetsredinad idehle abhovealesdribed menivoduf act uri ng technol ogy
conpl eted by the nmethod and system of the present inventjon.

(Appl i cation exanpl dhgcopire) SYPEH} 403 cgﬁapksgtharlwes wewehglsglignsﬁr@ctﬁétaa@war ts
manuf act yr ed Q%nhh@algé?@ g’ﬁlls gd&@' PRPAE 3 USe Yatd BE ol BSEh hOVERELLLF 1a6r

substrate havifg use
cladding or laser-aided direct metal manufacturing.

v e e o ooThe-foHowing-application examples relates to samples manufactured by -~
the laser-aided direct metal manufacturing technology completed by the method
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
'man'ufaétui'ing 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 example

2, a thickness of 250um was sliced using 3D CAD data, which was used as shaping -

20



manuf acturi ng was stainless steel (SUS 316), and a cladding material was a
chrom um nol ybdenum hot -work die steel, H 13 tool steel (SKD 61), which is
an 20 al |wg obeisgs cormonly used as a material of die castipeg/KRii@197A fine
structure of 100% can be obtained by the nmethod of the present invention,
and the nechanical characteristics of the product were simlar or superior
to those of wought materials. (Application exanple 2) 25 Fig. 13 is a
phot ograph showi ng a nobil e phone nold part manufactured by the nethod and
apparatus of the present invention. In this application exanple 2, a

t hi ckness of 250m was sliced using 3D CAD data, which was used as shaping

20 VD 03/ 0428 %r0Rhf 0 ¥4 49 Llke, i LR BRL R bl wakﬁbflﬁg)e&lmﬁlhﬁldsﬂhé% ol a

| aser beam was a 0. 8mm an e speed | aser was 0 5rr1m n.
The subst r at e ofibsseneddéding wat A §fire'ssn.st Hed sybSlo8e v&k&hadwfohtanlebsasiebl ngus

material was H-13 tool steel. The |aser_shaping tine required. for
manuf act ur i ng 311@9 apdp gl Eﬂé@gﬂatﬁ%%lr‘%asz'ﬁ‘&3 é?oalnsﬁ?gt ekhe @SQIAB%Hlp%Bﬂedﬁq‘é&eélnpl e

3) Fig. 14 isg %*R’Ef&?&f’%}g H@m&gsﬁph&ﬂp A miffils manufactured by the
net a

| aser - ai ded d| rec acturing tec n ogy of the present invention.
The material of a gApslicatbeenpladc! adding was H 13 tool steel. The other
conditions are the same as those of application 2. The | aser shapl ngltl e
required for 10 naﬁlﬁaﬂé‘tlfr%ri’@otoﬂéaphoﬂh@w&% a&Z‘%UP’éP%d“@“ﬁQCﬁHF e

(Appl 1 cat] on GRTRlE, o THEPHAAGHBRNENLAGIEL G e é,?ésegxg%vga%o%r ajygled

di rect netal ape using 3D

CAD data. Thi gagdiil @@taesub&tat@ andlal ARl ires %@tﬂym tovd okl mtﬁ&a&m&mﬁe
rapi dly manufactured, and enables the 15 restoration, renodeling and

repairing of & e sAMn@s ﬁh@%ﬁu@f application By Ebe feser ishapingAnelaequitnd fa3i ng
reverseengi nee hl%.gtuhnglzﬂ% miB JS 1B BReLOgARN, showi ng an

(Apphcatlon example 4)

- The prineipal characteristic-of the laser-aided direct metal manufacturing is° -+~
to 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 restoration, remodeling and repairing of an existing product or mold by correcting
CAD> data or using reverse engineering. Fig. 15 is a photograph showing an
automobile fender.mold part that is partially cut away and remodeled through the
conéction 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 claddmg 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
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autonobil e fender nold part that is partially cut away and renodel ed
through the correction of 3D CAD data. The nmaterial of the nold was FCD
550, and woosmimpi al used in the renodeling was H 13 t ool peraato1(08KD 61) .
The | aser shaping 20 tine required for manufacturing the mold was 1 hour
and 43 mnutes. Industrial Applicability As described above, the present

i nvention provides a nmethod and apparatus for |aser cladding and

| aser-ai ded direct netal manufacturing, which is capable of neasuring the
position and height of a nolten pool in real tinme using 25 hi gh-speed inmge
phot ogr aphi ng and, inage processing, and desirably controlling 21 WO

03/ 042895 PCT/ K 91970 . by . '
process paramgi‘ es}g &?W%P %ﬁ&{m’lﬁugéﬁr% %%ﬁ}a@?éét Ir?ﬁ&ﬁy s
manuf act uri ng 1aser- EIG}L‘& uﬁ@dtlmfetmmﬁmaﬁmg is pgidichilp maplementedie | aser - ai ded
direct metal manufacturing of the present invention is a rapid

manuf act uri ng techndl@gtyonaﬂw thealeserapifler yiraeinmetat tgrfpurieg Qf é@%@[@e@i‘r a

variety of tools .manuf act ur i such 3D products_usi ng funct naI
material s reqdfY8 0’63}5 2P {]gm&ngt %frtoﬁ) ti’ﬁé C%‘é&%l f@ﬁ\

This  teganol ?»Qd/du%{sl &%v&wa RN for Bt R fRPGHHR BB SD Iroﬂﬁcl:ts asdg funct10na1
mass- production nolds, finished products of conplicate shape and various

tools to be raptetals maqmlrfeddiyuﬁleqxoa'iuctmonﬁmls enrihevbadis o6AleRBibdate. This

manuf acturing t oIo uch a t|n stin t her
manuf act uri ng ‘?‘F&&O%r*\? OVt Ctmai ni‘eé%cfhfr‘FBfOéW i Elagﬁb‘ %@ﬁ?ﬁj 0‘?‘8%0?%&“
restoration, &?ﬁ%@%%ﬁ%&%an 'ba b4tk REa RS andBladidud RIoNGto RUEPRIB, RAFIAERFNT.-

Addi tionally, paratus of the present invention, can be
applied to | ai;:emmparimavirﬂbdd»rfﬂenﬁdmad)manafwhnmg te@melogiasrsuele es éZINbeultngg,and

| aser cl addi ng, . and Ia i -l.ayer addi ng i.n.which_a cl add Iayer
of 2nm &0 nor £3sting, pad Ph@an%ftﬁ%ﬂgwag §HYe §10F as"@es erhrlesig's aagi Sl

syst em of ¢ he sy SugfRof BB e Bind & hOGE Gt ACERS Speinl R s o
thi ckness to. bemf,@r mﬂdmcﬁm@ny,h&m met‘&ed and -apparatus -of the present invention-can be - -
applied to laser surface modification, such as laser surface alloying and laser
cladding, and laser multi-layer cladding in which a cladding layer of 2mm or more
15 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 layer of ‘a uniform thickness to be formed, so the
precision of & 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 laser-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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preci sion of a |laser operation is inproved and the costs of post-processing
can be reduced. 20 The nethod and apparatus for real-tine nonitoring and
cont rol | iwg oBloesohei ght of a cladding | ayer using inmage plroracgoapidng and

i mage processing in laser cladding and | aser-aided direct netal

manuf acturing are not restricted to the above- described exanples, but can
be easily nodified by those skilled in the art. 22 WO 03/ 042895

PCT/ KR0O1/ 01970 dains 1. A nmethod for nonitoring and controlling the

hei ght of a cladding |layer in |aser cladding and | aser-aided direct netal
manuf acturi ng, conprising the steps of nonitoring and neasuring a position
and a height of a nolten pool in real tiggme Using i mage phot ographi ng and
i mge processing and controlling procesS paraneters in real tinme. 2. The
met hod according to claim1l, wherein the process paraneter is one of a

| aser power and a size an node .of, a | aser bea .. The t hod )
according-to =cl ai mliL,g ‘Wffg?‘gf% mgyatorgg %@%@Qﬂg‘ﬁ}ggﬁeg t%ﬁzgaa%gng fpgrer in

cl addi ng mat ej| =8 i At - V. : joF

Cacer beam FoCyfAGEE A el AkaeRMled heR ARt ERREE RPN ¢ ne
nol ten pool i®nitating laad ededsyrine bepazitivnnandaa pieight of epmekempbelgint feal Heeght
of the nolten pool. using an inage of the nolten pool qbtained through the
i mage phét ogr #HRE ngnages photopraphing W 4PB8E dPI9gEHE: 128 meantrelHBg e PIOCEYe

pi xel represent] jght of the molten pool is the nmass center of the
i mge of the ﬁ%ﬁ@gﬁgﬁgﬁ% . The met hod according to claim4, wherein the

pi xel representing the height of the nolten pool is determ ned by one of
met hods in which pixels corresponding to the |ongest row representing the
i mge of the nolten2pblf mgthedageardingdto sdpinms].twhereiaithh Prasesst prsarpeiet BrPhsool |,

or the center pf a0 p%%&e%'grlld gg}llzé & Q%%lde bfa laser beam.

o 3, The method according-to-claim 1; wherein the -process -parameters-are - -
10 the cladding material — feeding rate and a traverse speed of a specimen or laser

beam.

4. The method according to claim 1, wherein the height of the molten pool
is calculated by determining a pixel representing the height 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 m‘olten poc;1; 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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obt ai ned on the basis of a circular or an ellipse shape of the nolten pool
and pixels 23 WO 03/042895 PCT/KR01/01970 corresponding to the center are
det er m newoiod/0813e5 i mages. 7. The net hod accordi ng to cl ai mp¢I/Kvanedn t he
hei ght of the nolten pool 1is calculated by correcting the actual physical
hei ght of any pixel in the image of the nolten pool and the actual height
variation value per pixel. 5 8 A nmethod for nonitoring and controlling a
hei ght of a cladding layer in |aser cladding and | aser-ai ded direct netal
manuf acturing, in which the height of a nolten pool is allowed to reach
target values of the cladding |ayer using a relation in which the height

of the claddi Q:grrh%\égtriri]n%?o g'f-rerlgﬁtrel' Xre@@feﬁﬁirnhaﬂ‘p%gri]ﬁlggéi | aser power, in such a

way that a | aser reater normal | aser output by
P-Pt is allowed to be irradi ated on the specinen if the height H of the

nolten pool is less than the tarl%et value Ht of the claddin Ia er, whlle
a laser beam of an GuThemefhogsacceiding 1@ GhimnhlWheaeia the height ofy n pgol

ool 15 gr eat dt HRIRELE °°2¢%€$gvae%C'éﬂ”%'?’hka%I%%lf‘edJ%@%ﬁ%f%ﬁtﬂee G

met hod accor dlmnbpexp;b(ﬂﬂ ahBtheWdiBhdiglitharihtaseral@oyge pires control led 15
usi ng one of Proportional-Integral - Derl vative (PID) and fuzzy control

nmet hods to allow the height of the nolten pool to reach target val ues of

e s AT a oY ol B R meniR o lerf i o Ruhe ERGEN IR iR R L 29¢
state of the Lagetladdig aﬁa 4 <Qf-aided hﬁ@&rm@tbpﬁqhmc@ﬂﬁg, 1@&@151cm}@qck@tr&@t

metal manufacturing. 20 11. The method -according to any of clains 1, 8 and
10, wherein t heltepgiohbid dllowedad réash targst valugs onthe chadding layry using aeqb@nqm ng

For “noni tor | ndt MRFIGBAFigh Trige e RAREIGiRe Tomey pEaRaal & b faser bower, B/ S" €
such a way that a laser beam of an output greater than a normal laser output by P-P;
t e - is allowed to -lbeirradiated'on the-specimen-ifthe height H of the-molten poolis-less- - -
than the target value H; of the cladding layer, while a laser beam of an output less
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 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 regardless 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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in real tinme using i mage photographing and i nmage processing in |aser
cladding and | aser-aided direct netal manufacturing, conprising: a | aser
gener at orwbDas/ofizspsi ng a nolten pool on a surface of a spe®CTERbP1976
irradiation of a |laser beam a beamtransmitting apparatus for transmtting
the | aser beam generated by the |aser beam generator; a beam condensi ng
apparatus for condensing the beamtransmtted through the beam
transmtting apparatus; 10 a cladding material feeder for feeding cladding
materials to the nolten pool forned on the surface of the specinmen by the
irridation 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
t he process of -cladding with the beam condensi ng apparatus positioned in a

z-axis 15 directiony AngstbheRk YnddiRASE @hd icBiiralisd Gei iedsht df angaddidgolakerpat h
around the |aser beamto allow the |aser cladding to be perforned with the

speci men fi xedh teal Emexusingrichage photographing and iomgp Preqesying aulapw iladdingomdut er
Ai ded nmanuf ac uring.%gmmycm%g appar at us for.%%%Frating shapi ng i nformati on
such as the tGSF-PHEHAB PFE FREPRCTIERPIAES data and transmtting the
shapi ng i nformationg 128; LERARPRRIBEARARN REIADPGI BnUS sirfice @B laaipatif@n By

image of the nolten pool in real time and transmtting the inage of the
nmol ten péol ; amdiatagefprlaeebsanmmg apparatus for receiving the i nage of the

basi 5 ‘of the i mage. BRCABSEHBNNE FERTHGLIor SN O P TGP e EarE at ed
Fecel ving the TIB B SRR I8, "hr KROL/ 01670 shapi ng | nfor mati on from  he
CAD/ CAM appar at us anteparchoderising dpperabussfer 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 positione_d in a 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 molten
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 transmitting the calculated values; and

a control system for controlling and monitoring the elements, receiving the
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cl addi ng, and receiving information about the nolten pool and controlling a
process paraneter in real tinme to allow the position and the height of the
cl addi ng weyen42805 reach target values. 5 13. A system foPCmROO1970g and
controlling the height of a cladding layer in real tine using inmage
phot ogr aphi ng and i mage processing in |laser cladding and | aser-aided
direct nmetal manufacturing, conprising: a |laser generator for formng a

nol ten pool on a surface of a specinen by irradiation of a |aser beam 10
- a beamtransmtting apparatus for transmtting the | aser beam generated
by -the | aser-beam generator; a beam condensi ng apparatus for condensing
the beam trangmiditednfolhHeH frdR&hBeGADYCANS Hpbhiahl ARP3effolBingatie! BEEH NY
mat eri al feeder for feeding cladding materials to the nolten fS pool
formed on t he chddingeandofectimmgspfocmaton dhout He molterdped and cortralheg b asmessheam

condensed by the beam condensi ng. apparatus; a transf st .or freely
transferring £3V5§@Flﬁéﬁﬂﬁ%?%ﬁh%kﬁg dEFHEW*“Pﬂ&%gcﬁﬁgagﬁy‘g%%ﬂ@gEWBEK%abIe
to allow the dfihg to be perfornmed; a Conputer Aided

Desi gn/ Conput g%%ﬁlrtaégéc} manuf acturing (CADY CAM 20 apparatus for generating
shapi ng i nformati on such as a tool path on the basis of 3D CAD data and
transmtting the shaping information; an imge photographi ng apparat us for
obt ai ni n@ an i nage é?- AREstEm foéﬁm%fﬁﬁpg?%dF@gfdﬁ’PgT@egﬁbg%rogﬁﬁ? h§V¢he

| mage of 1he HPld:PhmRding iAot @gg,ﬁgggﬁgﬂgfagfgﬁgmgg@%&gaﬁ%mas&e&ﬂdxﬂgn%fdt he

i mage of the nolten pool, 1tiron and a hei ght t he

mol t en pool ofesthsidebditeet pietdl ARnifBaeingfconipigingdl t en pool, and transmtting
t he cal cul ated val ues; and 26 WD 03/ 042895 PCT/ KRO1/ 01970 a control system
for controlling andadiser generaigr {05 dompiagnarmelten paadiop; gjrface of a specimen by

irradiation of a laser beam;

10 - a beam transmitting apparatus for transmitting the laser beam generated by
- -- the laser-beam generatory -~ - -- - - LT
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
15 . pool formed on the surface of the specimen by the irradiation of the laser beam
condensed by the beam condensing apparatus; L
- 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/Computer Aided manufacturing (CAD/CAM)
20 apparatus for generating shaping information such as a tool path on the basis of 3D
CAD data and tranémitting the shaping information; '
an image photographing apparatus for obtaining 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 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 informati on fromthe CAD/ CAM apparatus and perform ng the |aser

cl addi ng, and receiving information about the nolten pool and controlling
process weareaneisess in real tinme to allow the position anecrherneight of
the cladding layer to 5 reach target values. 14. A systemfor nonitoring
and controlling the height of a cladding layer in real tine using inmage
phot ogr aphi ng and i nage processing in |aser cladding and | aser-aided
direct metal manufacturing, conprising: a |aser generator for formng a
nol ten pool on a surface of a specinen by 10 irradiation of a | aser beam
-- --- a beamtransmtting apparatus for transmtting-the |aser

beam generated by the he . i | us
for condensing the Be: H#?fsﬁ%ﬁ%ﬁ?@gﬁgﬁ?gggﬁi“@H§8@§%§%3$§ﬁ§%$??%ﬁgﬁéak
appar at us; 15 sRagih@ddforhatied efdndl the €€ABYCAM dppadiingasd geefongingatier laés to
the nmolten pool fornmed on the surface of the specinmen by the irradiation
of the laser sbadinge endiegesivinginformation abpelothe epelfengpogp pad serfolling pProgass er

t f k i f .di st f the I t -1
cystem for keepl ig g oeal Shan 8 s Ueeh SSE G SPIN Ablablia ke

z-axis 20 di heehitaBetvaNfdsfreely transferring both a specimen and the |aser
beam al ong a tool path around the |aser beamto allow the |aser cladding to
be perforned with the specinmen fixed on an x and y-axes table; a Conputer

Ai ded Desi gn/ Conmput er Al ded nuf act urin D/ a ratu or

gener ating shaping ﬁﬁfér%?%”ﬁrﬂ%toﬂggﬁ%%&é&@g%@% kbeﬁﬁl%r? abciasc{dg’go?yer% 3D
CAD data and & ans$ el dsih e HRBRIcRPhidY MdBdgebro@RsihfRoRsdipidasigaatdl ng
appar at us for%g‘z{éaﬁﬁengs%n img?g o\g%tbheﬂgnol tenge %oV\()Slo /043895

PCT/ KRO1/ 0197 Gasepaided dineat awkal tamefaatudingy @mgmisittg: ng t he i nage of the nolten
pool ; ’

a laser generator for forming a molten pool on a surface of a specirhen by
10 iﬁadiation 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; | | ‘
15 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 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 pe_rforme_d vyith 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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an i mage processing apparatus for receiving the image of the nolten pool,
calculating a position and a height of the nolten pool on the basis of the
i mge of wolea/omsbi en pool, and transmtting the cal cul at edCratro@®197and 5 a
control systemfor controlling and nonitoring the elenents, receiving the
shaping informati on fromthe CAD CAM apparatus and perform ng the |aser

cl addi ng, and receiving information about the nolten pool and controlling a
process paraneter in real tinme to allow the position and the height of the
cl adding layer to reach target values. 10 15. A systemfor nonitoring and
controlling the height of a cladding layer in real tinme using inmage

phot ogr aphi ngﬁgﬁi{} 5&?'{5%%8%&3?‘:%9%‘5?% S hShRfeh Land- - |l aser-ai ded

di rect netal cturing, conp aser generator for formng a

mol ten pool on a sugf &Gggeprodessip@CippRatizyfor receathgthe dmagd ofitheasatenbmmiyy 15
a beamtransmtting apparatus for transmtting the |aser beam generated by

the | aser beaftlgalaBrgeqositian sad s kesshicaidha gokisp apak enstbediasis g gt inags the

beam transm tt,ed throu m 1 41l atus; a cl addi ng
mat eri al feedék}em%lgenf%og’giaﬁéQ%P%%%:lgrggﬁl?rg?@rﬂ%%f@ u%?,t é nolten 20 pool
formed om the surfageofiroltsisteSNRE comiolig ki miohliah@ihe @fentdntd, hecelds@thebeam

condensed by the beam condensing apparatus;, a transfer systemusing a three
or nore-axis shapieg énfospatiemmfiom rthe St ADICAM appargsaanse geeernaing s theeldssh f or

perform ng | asgr;,cl addj ng;. a Copputer Aid Desi an/ er. Al de

manuf act ur i ngcgeﬁﬂgtﬁ@regéYﬁgé%%grpﬁ?%ééoﬁ gr%fe’ﬁ%IF R O%glgﬁé%l}ur?'gh?%%i YRLi on
such as the t glanfaadin 9kl iid: Rediow e podRRidaaddat achtlof thansdtididd lager tae
shaping inforrmation; 28 WO 03/042895 FPCT/ KR01/ 01970 an i nage phot ogr aphi ng

appar at us f or reabh sargdtivgluas i nage of the nolten

10 15. A system for monitoring and controlling the height of a cladding layer
- inufealétime-ﬂsiné image photographing -and image processing in laser cladding and-— -~
Jaser-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
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
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-a;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;
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pool in real time and transmtting the inage of the nolten pool; an inmage
processi ng apparatus for receiving the inmage of the nolten pool,

cal cul atiwgoa/oprssiti on and a hei ght of the nolten pool onpPCh&kimagigoof the
image of 5 the nolten pool, and transmtting the cal cul ated val ues; and a
control systemfor controlling and nonitoring the elenents, receiving the
shaping information fromthe CAD/ CAM apparatus and perform ng the |aser

cl addi ng, and receiving informati on about the nolten pool and controlling a
process paranmeter in 'real tinme to allow the position and the hei ght of
the cladding layer to -10 reach target values. 16. The system according to

any of claim 12, 13 idfheaMlokieapther Sighrdthe orcdiAAOuIAEI o incthbR 'S

fed to the nolten pool fornmed on'the surface of the “specinen by the

i rradi ati on ofpobha reasme delarmnsmittentedmage offtbe bwdtem pooldlensi ng  appar at us,
is provided in the formof powder, a wire.or ribborL. 15 17, The syste
according to clai m 8 MAgs PIOSFSSIRNPREAIOR 1es6ivRS therimage qf thegnolteh pepb

si mul t aneousl| [ | L0 JFhEH QUHES URRld She th fe
cl addi ng mat e%?%ﬁﬁpgééggs?%%b%tdﬁggﬁgﬁl aser Hbegrrlnl%and&tg ﬁe rm}sten %oo?gg§or med
on t he s f aceheodhoktdrepsipemidrmnsmittihdithe chladdiedyahmt;eandal i s provided in the
formof the powder. 20 18 The system according.tqQ any of clains, 12, 13, 14

)_any
and 15, wherein t hea cPaERksYSEmbiE coptreiing angimepttoring terplepesieseivng de

| aser. 19. Th i te chal i.n IL.eal  fi.b S
el oyed i £t ok PEEREE e, e ct AV AN $BR5T5aRT sRRbhiBl bieothe 20
The syst em acepddinggahdredéiyingfintdratidn dtbut ik mdherppisb]l hhd cudtesIBhda pRiRessTage
phot ogr aphi ng apparatus includes a Neutral Densi té,e'( ND) filter, a filter
mount i ng fi xt pR@meter|iapneal taneitealtsva thsenasiion and theiewst pEHm)cledding leyent . The

system aqeor dlrerglght[acr)g&r%lu%; clainms 12, 13,14 and 15, wherein the

- 16.-The system according-te-any: of-claims-12;-13, 14 and 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 of 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
frorﬁ 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.

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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5 i mage phot ographi ng apparatus includes a Neutral Density (ND) filter, a
filter nounting fixture, a lens, and an infrared (IR) canera for rapidly
obt ai ni ngwblwe/o4ispmge of the, nolten pool. 22. The system @cTmRlioOW7HO any
of clainms 12, 13, 14 and 15, wherein the inmage photographi ng-apparatus is
positioned on an optical axis of the |laser beamto 10 observe the nolten
pool at an angle of 90-0. 23. The system according to any of clainms 12, 13,
14 and 15, wherein the image photographing apparatus conprises plural

i mage phot ographi ng sub- apparatuses so as to prevent the inmage of the

nol ten pool from being observed to be different according to-a transfer
direction of a specinen or |aser beam 15 24. The system according to any
of claims 12, 13, 14 and 15, wherein the systemis applied to restoration,
renodel i ng and repaii THe §fstetn ABSoRinE Go RAPABChIMS 12,18,d4 23@ 15, wherein the

image photographing apparatus includes a Neutral Density (ND) filter, a filter

mounting fixture, a lens, and a Charge-Coupled Device (CCD) camera.

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
- vimage-photegraphing-apparatus is positioned on an-optical axis of the laser beam to- -

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 direction 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.
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