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MACHI NI NG A MATERI AL W TH Hl G4+ POANER DENSI TY

H“m"mmm GNETI C RADI ATI ON FI ELD OF | NVENTI ONS 5 The

nrelates to nethod for nmachining a materi al
westd* hi gh- power density el ectromagnetic radiation.
BACKGROUND OF I NVENTI ONS The first already tested

MIMBIRIEYT -5 c3c 010" abpr s cat rons by means of a
Wakloing | aser. The use of |aser has al ready been

practiced earlier, e.g. for glasgopsifdaitd SpBiiticittd on 14 Sept 07
pri or known nethods are based on the surface

ﬁ?fggﬁ ?‘g)}gﬁv’lﬂ ea gNid[ A%@@%ﬁgmﬁ?ﬁ?‘ Fre ti nRgD}‘?‘I‘JSITY

and vapori zat i OIRIECTRIOMAGNETIC RADIATIONe nateri al
breaks up by virtue of a thernmal shock created in

glass. O her problens include uncontrolled break-up
of material and difficulties in thickness control. It

FIELP P INVERPTRSAsof the invention to provide an
I mpr oved macmi ng net hod which offers benefits over

i O ' i ly .si . heati f.
The BEREo Pl R e, (AR PRberaL AR AN 0l
elecrémagdreds raddatibnno vapori zati on of harnful alloying
el enents. This object is acconplished by the invention
on the basis of characterizing features as defined in

the appended claim 1. 20 BRI EF DESCRI PTI ON OF THE
BAGIRENOGR PO INVENTEORRdI ment s of the invention are

set forth in the dependent clainms. The invention wll

The ﬁps}e’af?ﬁad}eé&%d Qféiiatid?ls T LmPbalok tlﬁ%n%‘)ﬁogfin&ud’go\;a!ﬁioﬂg lass cutting
exanpl e w th. F'reference 1o the acconpanying draw nge,
applicatiovsi lyhm2msfeif g wokk s dassr. (The ubocfilasardhaobireadwhedi prgcticed earlier,

e.g. R)? agmsg cr:]ut%ng,at}u? gﬂeapl)riortkplgwh irrgett}l)o%s %Jr'ealg)ageg Qr? \tlﬂens%rttapeeabsorption of glass,
1.e. energy absorbs in the surface layer, heats it up and leads to the melting and vaporization of
glass. Accordingly, the material breaks up by virtue of a thermal shock created in glass. Other
problems include uncontrolled break-up of material and difficulties in thickness control. It is an
object of the invention to provide an improved machining method which offers benefits over
prior art methods, including only slight heating of the workpiece, smoothness of the fracture

plane (e.g. in glass) and no vaporization of harmful alloying elements.

This object is accomplished by the invention on the basis of characterizing features as defined

in the appended claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are set forth in the dependent claims.

The invention will now be described in more detail by way of a working example with.

reference to the accompanying drawings, in which

Fig. 1 shows the focusing of a working beam on a material, the little graph showing the

absorption of energy in the material.
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absorption of energy in the material. 2 Consoli dated
Specification on 14 Sept 07 Fig. 2 shows the status
of fig. 1 with the addition that radi ati on energy
devel ops a fracture in the material. Fig. 3 shows a
desi red machi ning path from above a workpiece to be
cut, along which the beamis noved, and Fig. 4 shows
the use of a guide groove nachined in the surface of a
5 workpi ece for controlling a fracture to be

"machi ned" in the material. DETAILED DESCRI PTI ON OF

THE | NVENTI ON Machi ning ig perfor @%QSchiﬁa%ISg)gClﬁcatlon n 14 Sept 07
electronagnetlc radi ati on, a typical exanp %

. 1.s.l as he r t.i.on has spec
Fie. papaRS s v fitie 1oVl bRl o8 Patad Gl v glops racture in
the hetelgl. 10 machi ned, such that the radiati on penetrates
i nsi de the naterlal w t hout substantial surface

Fig. @%tha'd@ﬂredﬁﬁaéhﬁ}ﬁngﬁﬁtﬁ Ithoh 2BRRG \fvbﬂ‘(ﬁieké’ toStd &ﬁtﬁgngbﬁﬂﬁh the

is also focused inside a materi al result isa

bears iy moged; endiFig. dshowis thie use ek guidp grdwye meackmied fin the sarface ofa
contr nne oGU S effected in

worliots B TR Factiitd kSRR e S 05 GFBHEL e et nod.
E.g. a laser beamcan be focused by neans of optics
(alens or a mrror). In sone cases, it possible to

erformfocusing 15 al so b means_of magnet coils.
DEE@‘]H*EPQ%%@B}RT NiQF T INKENIJOY point of radiation

lies wwthin a material and/or in the proximty of a
Madchigneg isgrerformed by usieg fslnctmrdwnetl@ rgshaiidnc e tymicah exante of which is laser

llghm éziqa %tlon Sug{)écglent | éie o zlvglg%lg&gds é%)ﬁcflor of]ah%latenal to be

machi®@85sueH that BRaddieticéh pewletrbteél ﬂ@fd@ﬂhdz Aater@aPivitisut sﬁb@antlal surface
mavelen%th used for_ machini ng nust be selected

absqrpiiQn} Agitbe mpeapksresificplly sgleicd bram el fpeusaa inside a material, the
resufiys b 3&s %Qﬁcﬂﬁ@r{[ %\ﬂﬁhtlﬁgﬁé uBltl?é:I%a@;HEﬂ in2% oh%fl@tggﬁag% . el"c}'\e focusing is

absorption coe ent of a naterla over a
effeviad &l @n@vdslen@h-ﬂpacsﬁo fashibe by abspplppnam ngna‘thcai egmlaser bdﬂaen can be

P ng%grlal acr oss %qe entire eri al thlcknes%El Son%\ p

OCUSFR Ph EBRARS ?F{ﬁPUF% 3'8% °rfar16‘i‘ﬁ“{ N SPRE §8%S:dF PRSIBG (gperform focusing

alsoVUytrHéeHls o gaBRd Rbi12IWhA 186 RBSRIN & BaAE faMFoiff oftrhdation lies within a
béam may penetrate through the nmaterial.

material and/or in the proximity of a penetration surface in order to produce within the material

a sufficiently high power density for the radiation. Thus, a high power density 1s achieved by

focusing a beam e.g. with appropriate optics. The wavelength used for machining must be

selected material- specifically, such that no substantial surface absorption takes place but,

instead, the absorption coefficient of a material over a selected wavelength results in the

absorption of a beam in the material across the entire material thickness. Some of the beam

may reflect from the surface of or from within the material to atmosphere and some of the

beam may penetrate through the material.

Thus, a method of the invention is based on the use of high-power density electromagnetic
radiation in the machining of a material. Novelty of the method is based on the fact that the
machined material is transmissive to the wavelength of electromagnetic radiation used for
machining, but at the same time the high power density of radiation at a so-called focal point

results in the material being cut for two segments (see fig. 1 and 2). Some of the energy will be
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Thus, a nethod of the invention is based on the use of
hi gh- power density el ectromagnetic 25 radiation in
the machining of a material. Novelty of the nethod is
based on the fact that the nachined naterial is
transm ssive to the wavel ength of el ectromagnetic

radi ati on used for machining, but at the sanme tine
the high power density of radiation at a so-called
focal point results in the material being cut for two
segnents (see fig. 1 and 2). Sonme of the energy wll

be 3 Consolidated Specifigation opodédiaaRll SPécification on 14 Sept 07
absorbed evenly throughout the material thickness. The

r,adi ati.on, used shown iip. fig. 3 is carried along an
mmo#ﬁ%ﬁWﬁgathP§@%§%Eﬁ?ﬁwgﬁéﬂFkg%&nateriaI breaks up in

t segnents _as t.he. beam advances in a.controlled
The Fadiatian Uara SO in fitog RerArth oGRS ? BRFRIRRACY G igaeth and the
mateHAEbRRENGHinGa sBEmaRRhLE 81 Rad-adices Wl 4 EaHirolb@RBnRY along the

means 5 of laser |ight behaving like visible Iight.

progiiremed, siesitatew prkingphtat Thermétbod eanubseeapplied o gafos patling @lass by means

o o GEFP g PRSPy SRR bt B oGS oo

by ni¥ahid 6f apptdiLiat@fuifmelRNwhitl ir iheicAg dfQaset tifhtaottipgiled giebny a lens
that the material develops a fracture wthin itse

or a pytroy thetrpgegy Aensityoesipg oipsh gdigh lseel that theymaigripk develops a fracture

withfh #®jerial, which matches the formto 10 be cut and :
controls the focal point of radiation in its novenent

r. cutting operatiopn accordin tog the fqrmto be.cut,.
Re. Sl b SREVE sk odY G et gtitradly Bhish et e form to
be chtam@rcoh@élk &td fBalipdird DE eadi iRl tY o veiiehi ¢t cattingedpefdtidh according
a stress zone matching a desired formand then the
to thaderap fodre Gu§ subj ected to a shear force which breaks

apart the segnents on opposite sides of the stress o
A seg@irfewayl of copductig the msthng|is sphdbat dpsee rfdiatipniibused o prpduce within a

mate‘?ﬁ?g 5196755 zone matching a desired form and then the material is subjected to a shear

force which breaks apart the segments on opposite sides of the stress zone.
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CLAIMS 1. A nethod for machining a material with
hi gh- power density el ectromagnetic radiation, which
has its wavel ength selected material - specifically,
such that the radiation penetrates 5 inside the
material w thout substantial surface absorption and
~that the radiation is focused on a spot inside the

material and/or in the proximty of a penetration
surface and this spot is noved along a desired
machi ni ng path, characterized in that the material is
cut for two segnents by ysing On@oﬂé:\')YﬁQt%H@?ea Blfidhfon 14 Sept 07
said radi ation having its focusing an wavel en

leﬁ§b cted such that the beamis absorbed in the

rial across the entire material thickness. 10 2. A

met hod as set forth in claim1l, characterized in that
the el ectromagnetic radiation is provided by | aser
light and the focu5|nq is effected by nmeans of optics.

1. A methodfer maehipingagnaterialiwith highipgwer density glectromagnetlc radiation,

A eI BRSO b o
1n51d_1: tBe; mateainbhwithout zebktamial huafact hbsospridnoand thdt the rdiationad focused on a
Spot 545 1 R T b PN o Y Be TR agei A POt s moved
alon%g(ﬂ'é§red2rga&1mﬁg pEhNAfrReersLl if @hf e @Y ifut $o@WdRegments by

, characterized in that the beamof |aser radi ation
using gne advadcing bdau of sepd nramhatdm hahmgnatfecusaig andsvavedmgthosedected such

f desi h b bj ect
that g RS phGrb PR B R AsToss Boe ir B Gl ikl "
apart the segnments present on opposite sides of the

stress zone. 25

2. A method as set forth in claim 1, characterized in that the electromagneﬁc radiation is

provided by laser light and the focusing is effected by means of optics.

3. Amethod as set forth in claim 1 or 2, characterized in that the method is used for cutting

glass.

4. A method as set forth in any of claims 1-3, characterized in that the surface of a material is
machined for a guide groove which matches the form to be cut and controls the movement of a

radiation focus.

5. A method as set forth in any of claims 1-4, characterized in that the beam of laser radiation is
used to develop inside the material a stress zone of a desired shape and this is followed by
subjecting the material to a shear force capable of breaking apart the segments present on

opposite sides of the stress zone.



