-1- METHOD AND APPARATUS FOR CUTTI NG THROUGH A FLAT W&&%ﬁ
MADE COF BRI Tl SH MATERI AL, ESPECI ALLY GLASS 9%@“?‘1 of
the Invention The present invention relates to a method cutting
through a brittle material, especially glass, along a predeterm ned
separating line, in which the separating line is heated with a heat
tadi ati on spot symmetrical to it, which-has. edge portions with an
el evated heat radiation intensity and a tenperature maxi numat ‘its re,ar

%?kplt ggé gnd a ggcﬂygg&g?bﬂﬁi‘ %eat egamn%s P‘é@‘?‘ﬁ‘ﬁ%ﬁ E§<'§ool ed:’

The invent ion also narY OF ERYTGLE M %&é‘?‘i ?.AE'S met hod.
Conventional methods for cutting flat gI ass are gase on St maki ng an

ext-ended "scratch in the glass by neans of a dianond or a cutting wheel in
order to break the" gl ass B@WUﬁwmmlwkened regi on of the :
scratch by an external. mechani.cal |y applied force. In this nethod

di sadvant ageously particles (splltter) that can be dep05|ted on'the gI ass:
and can. | éad to further. scr at ¢hi ng there.-are released fromthe surface by
f he ‘'scratch. Sfiie mﬁeﬁm uex!renj:lm rhﬂag:wmts& ar wegtiodu Cod stxtttimer ut
edge, .which leads-to . an ‘uneven gl'ass-edge’ and thus requires’ considerabl-e
after- mm\‘gbeﬁa&@éitlﬁjﬂaﬁ?@m@ﬂe melﬂiéﬂélffgiéﬁﬁrcegléﬁgsﬂng durlng

t he scratchlr&g iead to a reduced capablll‘ty tQ ta
ot ned separatxng 1ine, i:} v the separating h.ne

._;s heated wlth a heat xadiat;on spotfsymmetrical to lt
Whldh has edge portlons W1th an. elevated heat radlatlon
.1ntensmty and a temperature m@leum at 1ts rear end. the
heated reglon Ls moved along the - cuttlng llne and/or the
'Workplece and a section of the heated cuttlng line is .
subsequently c¢ooled. The inventidh alsb relates to an l
gpparatus for performing this method. .

Conventional methods for cutting flét glass are based
on first making an extended scratch in the glass by means of
a diamond or a cutting wheel in order to break the glass
subsequently alopg the weakened region of the scratch by an
external wechanically applied force. In this method
disadvantageously particles (spiitter) that can be depositad
on the glass and can lead to further scratching there are
released from the surface by the scratch Slmllarly curvel
glass fragments are produced at the cut edge, which 1eads to
an uneven glass edge and thus requires considerable after--
working expense. Furthermore the micro-fractures arising

during the scratching lead to a reduced capability to tak -
mechanical stresses at the cut edge, i.e. to an increased

danger of breakage.



mechani cal stresses at the cut edge, i.e. to an increased danger of
breakage _ ' -2- 7 Some .progress

t oward avoi dig both’ splltter and also glass fragnent generation- and.
mcro-fractures has been made by cutting gfass using thermally: generated
stresses and strains. In this nethod a heat source, which is directed to
the glass:is noved with a fixed speed over the gl ass and- thus produces
conpar ati vel y: | arge thermal stresses -and stralns so that cracks are formed -
inthe glass.. | nfSamedprogdeaammrmidmeﬂh mmr@damso -
especially" Iasers have t.he reqU|red heat-"spur.ce_.properties taq be abIQ to
posi ti-on thegiasSeﬁuagyenbcg¢n9rat en gpd | ekractres baghesn mage o
mllimeter, which cggres onds.-to.a ég i cal éﬁ%}lred cuttlngegre0|5|on
Because of tRE GBFFLDY F43FBUSING X) ﬁEF%pplled
power and distributign of .t he '] as radlatlon I.n a hrou th

can -be cont r BEFEiNSa: 18 ERig, pethod a heal HUNGE4 %P <§F§L

path by . | asbRe RBRERI U1, BRPF eW%ﬁ%h?éﬁ&%?%siﬁ%ﬁ‘%ﬁ?%ﬁiml t”.gng |
bond g or 1 Shabl BrifhdSss, oSk ORyIep Al Hhoddl Rkl ST LU, Y
that .11 e Cf gkaifh eb' @Gkb! SPadks AL ISSilA ‘tn the’ gFAdR TriRetld

descri bes a met hod in which the glass ~ _
: radlatxon sources, spec1a1 gas burners and espeCLally lasers

" have the requlred heat sourca propertles to be able to ;

[ =

'posztlon thermal energy 1oca11y, i.e. with a preclslon of E'
better than a m1111meter, which corresponds to a typical
required cutting précision. Because of-the ability to focus
the laser beam on the glass, the applied power and :
distribution of the laser radiation in and through the glass
can be controlled satlsfactorlly.

A method for scratchlng glass is disclosed in DE-AS 1
244 346 in which the glass is heated along a cutting path by
laser radiation, while the.temperature is kept under the '
melting temperature of the glass. After the heating the
glass is cooled and cut by bending or impact. Also it can be
heated over the melting. temperatire so that fine cracks d:
fractures are melted out.

GB~-PS 1,433,563 describes a method in which the glass
is worked with two laser beams. One of the beams has a
comparatively lower energy and is used for pre-heating.

A process is described in DE 4 411 037 C2 in which a

moving stress zone with a temperature of 250(C is produced



is worked with two | aser beanms. One of the beans has a conparatively |ower
energy and is used for pre- heatlng ' A process is described in DE 4 -
411 037 C2 in mhlch a noving stress zone with a tenperature of 250(Cis.

pr oduced - 3- . in a holiow |
gl ass by neans of a |aser. bean1 A short startlng scratch is produced
nechanlcally by a short duration contact” of a scratching point or: tip
with the surface.of the hollow -+ - glass after 'the introduction of "the-
stress zone, imhacholiow glagst byunsmwﬁlaylmr Heeamadk sho:natstmlpm@d
to the ~ - maxixmum | aser” bean1|nten5|ty and thus.which is‘at the, highest"
t enper at ur e. S¢Ratehr dssproduced mechauieglhx g wishort duratinn1€9n&%¢#ng |
fabric-or- web, whereby therral shock-and - thus.the stressés aré = .

i ncreased so®Ehdt SFF@X@&F&H@ intrarchip with Jhe sumkace of ithehollow

U.S. Patent. 5, 3715d b t f th teel 7
plateg eahlcﬂ ASEs es J g%ﬁ??ﬁgﬁk#?ﬁggrocess'té”§§1§HQﬁﬁ}éﬁ} sgéct'the
f | t th o
fetnibi:y tﬁgf’“thﬁeﬁgﬁﬁﬁafw o the TRdl gt bl Yedadd B0 07 "¢

| ke |
bonne! 21 VP ek BGR Jaspr PUER°ERLGhs ?%ﬁ@ e ane) 5 %zéa{‘»fh#g' e aser
the lens mtﬁigﬁéstStéMﬁéE&éthenﬁswééléoﬂé iy)ve%éﬁea by J&a&%tap a

poi nt .or .spot "On .t he: wor kpi'ecé by neans of the: focu3|ng | ens:
i ncreased 'nlﬁdi&iQYaBéoi'Bfn?dﬁﬂ:fﬁ@@ﬁ&fw. erdby tﬂnémesﬁookranw Ilke :
spot is present in-the resulting . " spot,  since the ring:-like bean1|s -

brought to athnslthé stresses are increased so that the starting scra ch .
forms a cut or flssure. | |
U.S.Patent 5,237,150 describes a cutting proéess for

thick steel plates, which uses a laser=heaﬁ_in;a.ring mods:

in order tolprotect.the focusing lens. The laser beém is
ring-like when it impinges on the lens, so that the energy

of the laser beam is distributes over a comparatively larger
surface of the lens than when a point-like laset beam

" impinges on the lens., Because of that the. local heating o¥
the lens material is avoided.. The beam itself is however
focused to a point or spot on the workpiece by means of {i-2
focusing lens. No increased intensity at fhe_edge regions as
in the case of a ring-like spot is present in the resulti:g
spot, since the ring-like beaﬁ is brought to a "point®,

which cuts the steel along the cutting line as a "oyutting

¢

point®.
A laser beam in ring mode TEMy is similarly used, wh.ich

is focused like a point on the worxrkpiece in the method



which cuts the steel along the cutting line as a "cutting poi nt".

A | aser beamin ring node TEMerr] is simlarly used, whi-ch = I s focused
| i ke a point -on the workpiece in the nethod _ -4- decribed in.EP O
062 484. Wen the | aser 'beamis however focused |like a point, the
intensity maxi ma- are nmerged at the point. Because of the |aser béamis
focused on the surface .of the workpiece, the glass-evaporates up to a
certaln' depth. The renai nder. of the- glass i s. heated .above. t he neltlng

poi nt.  The vdpscrzbeldginsEPnat @62 ad84 s wmamvﬂda b't,asmdmamfiatgmaver .
DE- 0S.-43. 05 107..rel ates“to a met hod-and apparat.us for- .cutting glass with'a
| aser beam fhensbd Lhke| aspeinbanthe inmanaixwlnaximamaqga Eéa#ﬂme -
whi ch--act on.the glass. symetrically'to the cuttlng I'i ne. hb exact step
(+0.1 nm - chaint-pBegausd oftthe hl%swpke@p ifaraiEadion fhe

weaves between bot h beam tracks. - . "The nmethaod descrlbed i.n \AQ 93/2@015
uses a |aserObckhe WPrkpPisce: |t§s%ls%ﬁ8%rﬁﬁ@°mﬁ%5 ﬁ'tﬂ:lapm good -

e e oot dabbh e Senghades o 65 Saan A vl ot %éxea 2‘3?323""'_ -.
Do at 'y orRREub BathEy t#%y"%%r%%#ﬁﬁ#‘%b%” SR B ecause
t he heatlngmgéag 3flés§£sbean1has an elllptlcal cross section so :
DE-OS 43 os 107 relates to'a method and apparatus for_
_'c##tlng.glass with a laser beam,”whgreby the-laser.beam is
divided iptg'two paréllel beans which.a¢tiéﬁ.thé_g1ass-
symmetrically to the cutting lihe,-nﬁ'exaét:stép (+0.1 mm,
can he prqquéed with this type'of-arrangement, but tﬁe cut -
weaves Between both beam tracks. | ;
The method described in WO 93/20015 uses a laser beaﬁ_
with an elliptical shape. This method produces good results
with straight scratches or cracks in non-metallic plate
material but no precise and accurate cut éan be produced
reliably along a curved path. Furthermore the stability of
the cutting path in this process is poor at high radiatio:n
density and high cutting speed. This occurs because the
heating wiﬁh a laser beam has an elliptical cross section -so
that the Gaussian distribution of radiation depsity occurs
in a very narrow range, whereby the temperature ihc;eases
dramatically from the periphery to the centetr. It is
extremely complicated to obtain a stable thermal fissure at
high speed, with a deep scratch and yet with a stable power

density, when the heating of the workpiece frequently



that the Gaussian distrihution of radiation density occurs in a very
narrew range, -wher.eby the terrperature increases dramatically fromthe
periphery to the center. ‘It is. extrenel y- conplicated:to obtain a stable
thermal fissure at - high.speed, - with a deep scratch and yet with a stable
power density, when the heating of the \gorkpl ece frequently

-5- ~results in, overheatlngthe ceniral region-of the- |rrad|ated L
porti-on of the vvorkpl ece, i, e {’he softem ng terrperature of ., . t:he
matefial is EREWEHEA naWﬁ‘é’&@%t SRRt the lr’ﬁ‘r-de’@és"é’r on .-

ﬁ;éihéé‘gto t Pa?r's%mehef %@@n df%éé’e’feézﬁfﬁlré'mt Capperdbu s g
ot odot er mine %ﬁ?ﬁﬁéﬁ!ﬁﬁﬁmr%&eﬁe& ot SR R %ﬁ#&iﬁéﬂg’a*

sysnetri cal Lg;]é%ge_% ﬁu&}{ég%a% i m? whi’ ch has ‘an i ncreased -

radi ation-i . Zones: - MWth.a- terrperat ure ma,xrmjm at’

its reakg: end Cwh agﬁparatlng
| ine and/or- , %Sbgﬁeze/\%?ipl ence and I R %dc%é%\&ﬁieate seper ated Fine - -
secti.on .5 SHEEREAISEs) ¥hal b e dehd NRseadenial @x@mwa@ e g

prel.im hary -portion.of the main nmethod clai'm appended.- her ei nbel ow. :
I n t'he - knowéﬂs@aa@fomﬂ:tmg&uﬂptmeﬁmh&a;se%ﬁ w:smua mtemamr ovi ded
with a radiation i-ntensity.m ni ruminside of the . oval,; This "cutting .

spot’ "anmﬁespe@hﬁlﬁajmf alm la an‘M 'terrim& emﬁmm yl_m ms R0 nt g
and at the rear end of the oval .
- “heat! rat'{:s.atlon spm‘; arxazzgsd sggmatxw.cal..y on the- cutt:.m

&
SRRt lme. ," which has .an-increased raﬁ:.a.t.;ou intens:.ty in lts eﬁge'
zones w:.th B temps—:rature mawimiy . ﬁ' its rea.r end, whereby
B # ¢ - N héatedf:zone"asmcved along the eapa..at;l.ng. line and/or
" the workps ece and. in viich thz hewtad - sepzratad line sectiin
is subsequentlv ,e:::?ic&. Thasé cci !1"«*\ -a:r set farth in t.t:x:s

prelz.mxnary pﬂr&;hcn of ~._ v.n. meﬂ.w#. c’l mm emnenderi

hereinbelow.

In the known case an dval';r él;igtical heated regidn
is provided with a radiation igfensity minimum inside of ie
oval. This “cutting spot“'intéfgections-the separatinq lfwe
twice, namely ‘at the front and at the: rear end of the ova.l.
Bécause of that however an unsaflsfactory temperature ‘
dlstrlbutxon results, whlchiis#sho;n in Flgure 1 of the W:-
paper. An unnecessary heatlng occurs already in the?forwami
region of fhe elliptical cutting region that ‘is forward %n}

the cutting direction in the vicinity of the cutting line

because of the forward cutting point.



Because of that however an unsatisfactory tenperature di stribution

results, which iss shown in Figure 1 of the [err]. _ . paper. An .,
unnecessary heating occurs al ready i'n the. forward ©° '~ ° region of the-

el liptical cutting regi-on that-is formard i n -~ . the cutting direction
in the V|C|n|ty of t he cuttlng I|ne .because of  the forward cuttlng'
poi nt . o<6-  B- .. .. . An '
unnecessarlly Iarge heatlng ari’ses’in .the-center-: ~of -~ the cuttlng -
region,. i,e. on tAR SBNECEFSAFALY EéEEGsbﬁ%Fing ArieRs %E)ﬁhﬁuc%ﬁt%ﬁe°€nd .
of the burning zone Where the l-aser. .. beanw;1tens ty is-very Iarge in
the vicinity Fﬁg on,- Pﬁne°ﬁnﬁh?H€“ l#%? RTINS '

e B L i SRR
e i@?%%t%a&%%ﬂ Ot .,
Sumary o onh_g_n%; | He temp&t:ai:ﬂfe% TS an o t anlﬁ'é pr ese“ﬁl"aﬁs

Summary of t ntlon

| nventi on t0cBROYIiRady be mAYKEACuARE:AERE el Sl A of 2 1 2t

wor kpi'ece; espeC|a y a conparatlvely Iarge t hi ckness,. . e. g.

gl ass- pl ate M&h&rhbtékﬂﬁsﬁhﬂs eRéEliod ALY 4B e & a:nrcﬂm&es cut.
t hr ough), mnthout form ng m:cro-cracks, glass fragnents .or.. - splitter.
Furt her rmr e wpt kot bl.akmglaineseascuamug dew rbecause with the higher
_ requxred heam power a meltlng occurs and the cuttlng is
1nterrupted. With glasses of grater th;ckness only cracklnq

of the glasses ocours.
Summary of the Invention.

It is an object of the present invention to provide =&
method and apparatus with which a flat workpiece, especia.ly
with a comparatively large thickness, e.g. a glass plate
with a thickness greater than 0.2 millimeters, can be cut
through, without forming micro-cracks, glass fragmgnts'or
spliﬁter. Furthermore with thick glasses a cutting depth is
obtained which is greater than the cutting depth obtainab.e
with other.processes.

According to the invention, the method fof gutping
through a flat workpiece made of brittle material,
especially glass, along a predetermined cutting line,

comprises the steps of:



obt ai ned which..is greater than the cutting depth obtainable Wi th ot her
pr ocesses.. . According to the invention, the nethod for cutting
through a flat workpi ece nade of brittle material, especi al |y ‘gl ass,
along a predetermned cutting line, conpri ses the st eps of: :

-7- a) heating the cutting line together with a-heat . radi'ation spot
symmetrical to the cuttingline so that-2dge portions of the heat

radi ation.spot -have a conparatlvely | arge raditati.on intensit. “refative to
that. i-h:an interia) hﬁH@ﬂBGTthﬂdcuttinﬁelanﬁrboﬁﬁﬁhmmﬁVﬁﬁhaar Lend
thereof and” - b) novi ng the heated radiation spot--al’'ong the cutt.irg-

| i ne and/ or Fﬁéiﬂﬁﬁ@ﬁi§§@t-§Hﬂmetri°aE)teoﬁhﬁnﬁuﬁt%%Qtliﬂﬁcﬁ°t¥hﬁ%u§@§ﬂg

't'hgehﬂi?t ¢ apbEty t”%@B@Z@“t?% ﬁe#ﬁtergﬂ%%*;&% sgpt (ke 1o oA g e ai' open_at

N )
of the heat LEFEE %aﬁ?gﬁgpn( 35 aﬁ%ﬁs{r%%iaﬁ%? & e*e%asraon”?%" SIS U0
rcrﬁi(i/rem?y) S'oln Eﬁé\gf éngﬂEegﬁg e oW a % %’I n%ja errper eu’%%%l pﬁd

wor kpi ece. o rgihﬁq
set -forth .above en?r%%uigge%%% to §a%§%%§ﬂ§ﬂﬁ§%e at he éhg¥€¥ﬁ#
heat treatneangnqnaygrmehgphsfﬁpiggéhe&mg high -

c) coolzng a sectlon of the cutt:ng llne heated by the

heatlng of step a), - _ '
wherein the edge portzons of the heat radlatlon spot
coincide w1th a V-~ or a U—shaped curve (4) open at a fr0n~
or leadlng end of the heat radiation spot ln'a-motlon
directien of the heet radiation spof (3) and/or the
workpiece and the temperature maximum is located 1o¢ailf on
a peak portion of the V-~ or the U-shaped curve (4) on the
cutting line and is below a meliing temperetu:e of the

workpiece.

Because of the features of the.method of. the invention
set forth above energy is applied to the cutting line at the
end of the heat freatment aﬁd the workpiece reaches a high
temperature. Because.of that a high mechanical stress witn a
local temperature maximum.ie produced at the cutting line:
On subsequent cooling of the cutting line and previous
weakening of the glass at the beginning of the cutting liune
the glass fractures along the cutting line. The cut is made

very precisely along the cutting line because of the strong



t enperature. Because of that...a high nmechanical stress with a | ocal
tenperature maxi mumis produced at the.cutting line . On .subsequent
cooling of the cutti ng line and prevjous "weakening of.the glass at the -
begi nni ng of the cutting line the glass fractures along the cutting line.
The cut is-nmade very preci sety al ong tng cutting line because of the: -
strong .~ .l ocal - terrperature Xi mum on t he cuttrng line, which -
for . exar’rgle i s 'necessary-in high precisi.om cufting, in 'H} drsplay'
i ndustry. ocal %P%Gﬁ#&n&ﬁx&ﬁ%n?ﬁgﬁh%fc‘m‘émﬂat 1‘?31 i¥R%ent i on

is that a rrechanl cal. br.eaki n after e heat'i pg, and cooJ1 n t r eat ment.
i s not neces?éfPFPéﬁ FﬁaPeﬁ'eﬁ aL¥- H}tf‘g 9‘]1%‘%“ c‘?ﬁ%%ﬁhcﬁr&ﬁ]t |y heat ed

region with- h?'ﬁi of, g gzg ' accOrdl ng to a preferred enbodi nment of

t he i nventio Red 36 ortions of the radran'tly heat ed reglon W th !
i ncreased  radi t i '
opens in the cutt |reg%)ﬁ§% ﬁég%h&ggeé’f egs 04 Qﬁg v- oF
U- shaped cur egu L:Kgﬁ ggéfmaﬁg iy

l'ine, so tha Q%eﬁE E?E%%%%&g}. d% eé%eead regr on Q%&ﬂ%
wor kpi ece Su'iﬁ:éﬁ‘éméﬁthiét ﬁgtbﬁeééésary SO ENEE ) SFIEHREAE RAGRY 1esuits.

conparatively l'arge distance from - each ot her, - which ambunts.to a few
mllineters; wher ghythe radiaftly!REREEA! HEGION WIkH e St-6 detregagot h
intensity . . nmaxima. The | ocal tenperature nininmmis" increasingly

r educed by thecaﬁﬂti.ﬂgchoot pheféfgedoémbMimEnb roﬁJ—tﬂtmpmjrentlon the
edge port:.ons of the radia.ntly heated reglon wz.th mcreased
radiation intensity lie on a v- or U—shaped curve whlch |
opens in the cutting direction. Both. sides or leg_s of the v~
.and/or U-shaped curve are eqﬁally spaced from and adjacent
to the cutting line, so .that with one kind of shai)e for tae
heated region the workpiece surface is heated by the
intensity maximum spaced a comparatively.large d_istance ‘from
each other, which amounts to e few millimeters, wherepy 2
local temperature minimum exists between both intensity
maxima. The local temperature minimum is increasingly
reduced by the approach of the legs of the V- or U-shaped
curve to each other at the rear end of the radiantly heated
region, i.e. the temperature in the vicinity of the euttj trg
line increases at the end of the radiantly heated region so
that a local temperature maximum is reached there on the
workpiece surfaces, which however is still below the meli.ng
temperature of the workpiece material. This kind of
radiantly heated region causes a uniform heating of the

workpliece at a temperature below the melting temperature



curve to each other _at the rear end of the radiantly, heal ed region, i.

e. the tenperature in.the V|C|n|ty of the cutting - lI'ine increases at the
end of the radiantly" heated regi on so "that a | ocal tenperature nmaxi num
is reached there on the wor kpi ece: surfaces, which however is stil

below the nelting . tenperature of the morkplece material. This kind of -
radi antl'y heated regi on causes a unlforﬁ%heatlng of “the morkpfece at a
t enper.at ur e bel ow t he melting tenperat ur.e ' '

-9- -over a gvemtargmeaterantdtierandidepti mmm shers tbensity |
maxi ma are. s aced apart, mnch i.S. not the case wi.t - radi ation.which has its
maxi mum i nt efBtensik t*ﬁ#1%%n56$ , SRAGRL | ah3 "hiﬁ? ‘“ﬂ?ﬁﬁ“bﬁ*%ﬁ% S

e et et o jm:%%l%a#éﬂ??éat fesd ﬂ@gﬂm'“ RIS S
o S oe! i nackbete sttt lfy 4 4 ot “‘ené‘e‘?rﬁé%% &écéée@%r%%%%%% g
comai nat on TUPLRRE B Cinfed SIRE AL AR IR °?“§ré“{°f‘*e1ﬁ9e gy
ﬁgilt Imrjl% : Isngroduce%}')a‘ln’é%jﬁe cu?ﬁ%gl I ne: ‘E?éé&ﬁg %%%% it Is. poss: glcgl to“_

cut cleanly %éégfe@&amwgﬁf% heyd et drf Qi) %19.%’518 Eh@euéae&ﬁ have -

shown 't hat ass pane having a thi-ckness of up to 1 ~1-mm can-. -cut
through in atﬁa&almm@rwéduced. THie dwtihqnfcatdasésva &ﬁtbiaﬁitdbeﬁof -

radi antly heat ed. :
the materxal. Because of the heatlng to a greater w1dth with
a temperatnre maximun on the cutt;ng line 4in combination '
w1th the cooling which simllarly has a great. effect on the
~cutting line, a comparatxvely hlgh mechanlcal stress with a
strong local maximum is produced at the cuttlng 11ne. '
Because of that xt is pqss1b1e to cut cleanly through a
workpiece having a large thickness. Experiments have showh
that a glass pane having a thickness of up to 1.1 mm'can;be
cut through in a stable manner.

The width of the ﬁe and U-shaped radiantly heated
region is advantageously from 0.5 to 2 mm. The length of the
radiantly heated region can be from 10 to 30 mm. These -
dimensions are set to provide a uniform heating of the
workpiece to the required depth considering, among other
things, feed speed, workpiece thickness, radiation jnten:zity
and material properties. ’ |

According to a special embodiment of the invention

scanning a laser beam over the workpiece produces the heat

radiation spot.



region is advantageously fromO0.5 to 2 mm The length of the radiantly
heat ed” regi on.can be from 10 to 30 nm These di mensi ons are-set to provide
a uni form-heating of the morkplece to t'he required depth consi deri ng,
among ot her = things, feed speed, workpi éce thickness, radiation intensity.
and material properties: | According to a speci-al enbodi nent of the

i nvention . scanni ng- a | aser beanxover t 'Morkplece produces: the heat

radi ati on-spot . -10-- -
Advant ageausl y t hader@mmge@usayp&hmﬁmgr ianperfeme@twer anath. _
ot her -ebodi ment-. V: "of. 'U-shaped -- ..t adi-ant .y heated: regi on.can be produced :

with the Ias@ﬂJ@Ptlczﬂuwﬁﬁhg ﬁﬁe“ﬁ§§§reﬂh°§ﬁEeBFfadV*UQrﬂﬁsﬁhﬁBe@he beam. of

not, " proeviding an approprlate di,aphrdgm or - mask 'in front, of :the ‘beam
The - apparatu§ﬁ%éﬁn@&ﬂ g FRB: bRoPkpRECRd HiEh theflageripy :

EF‘LSEE,?LE " Wing!, t%aaaim%é%?\%ﬁﬁﬁ%?%w KLESskind e ork "G woks
Lt Shetor i ne§oiilihy’ B, abRUBgReAShoRERDR S R 5 cront oot Mhe, o,

spot. have C ORR; tlvely l.ar ge. radlatlon intensity relatlve to an
interior thereof and the heat - “radiation spot- has a.tenperature maxi mim

at a rear end  iger %W%etersehéﬁﬂy eﬁiroaaﬁre £16¢ W@ﬁcﬁléeétmaae
of brittle material, espec;ally glass, along a predetexmxned :
*cuttlng llne, comprises '

optical means for making a heat radlatlon spot on tha
flat workpiece, ‘this heat radlatlpn spot belng symmetrical
to the ﬁredetermined cutting line, éo that:edge'por£iens 5
the heat'rédiation spot have comparatively lafge radiation
intensity relative to an interior thereof and the heat
radiation spot has a temperature maximum at a rear end
tﬁereof, wherein said-opticai means incluées a heat
radiation source and at least one optical componenf;

means for moving the heat radiation spot along the
cutting line and/or the workpiece; and '

means for cooling a section of the cutting line heated
by the heat radiation spot;

wherein the optical means and/or the heat radiation
source is formed to produce the heat radiation séoq so thut
the edge portions of the heat radiation spot ceincide with a
V~ or a U-shaped curve open at a front end of the heat
radiation spot or a leading end of the heat radiation spct:

in a motion direction of the heat radiation spot and/or the



radi ati on source and at | east one optical conponent; means for
nmovi ng t he heat radratron spot- al.ong™t he cutting line and/or -the-
wor kpi ece; and. means - f or cooling a section of the cutting line
heated by the heat radlatlon spot ; - wherein the optical means

and/ or the heat radiation . ~source is formed to produce the heat radiation
spot so.that the edge portrons of thelkeat radi ation spot coincide wth a’
V- or.a- U—shaped ‘curve open:-at a front .end of the heat. : radiation.spot or
a | eadi'ng endrc@fﬂcphlwdﬂeaﬁ rche a:emparapute maninunmisohoelatea‘ttlmbtytm
heat .radi ation -spot " and/ or . the: . .- <" workpi ece and the tenperfature
maxi mum i s I@c@@ak poatiilop of the Va puakhpOBtsbnpeﬂ Swpve/ opithee Lkéhaped
curve on the . cutting line and_i s below a nelting tenperature of tihe ..
wor kpi ece.  cutting ldaeorsdngst bedow asmelking temperature ehdthRyi ce can
be used. Consequent ly -the-optical "means. has two synchronlzed ' plvqtable
mrrors -0sci c’r%rpendrcularly to each other - whi ch gurde a [aser

beanlto_rhe morkprece surf € . wg e V— g U—sha ed curved
ggbrce.fer ‘bot os III tln %8 ?58Fs c e ted to 0, .
control ling gﬁﬁ %859Fé§'%EFePB ?§ Prns é%g é&?d§¥R?Q§an?ed |
) ol e e A g
radratron '”hﬁﬂ%h?ﬁuﬁﬁbﬂG.laser beam to the workpiece surface vhere.xt O
' descrlhes ‘a V- or U-shaped curved path. o S . é
In order ta drive hoth mlrrors synehronously, a drlve
device for both osglllatxng mirrors is connected to a-comyon
controlling and regﬁlating device. Preferebly.the |
oscillation freqnencf of both mi:rors is at soo-té 2000 Ez
so that a cutting speed of 50 mm/sec to 1000 mm/sec can ke
achieved which depends on the radiation intensity being
used. _ |
According to another embodiment of the scamning device
the optical means has a mi;ror wheel whase reflecting
surface is curved so that a reflected 1aser'beam describe%
or follows at least one U- or V~shaped curved path on the
surface of the workpiece being cut through during one |
revolution of the mirror wheel.
The rotation frequency of the mirror .wheel is?fram'ﬁdo
to 3000 Hz in a preferred embodiment so that the so-called
feed speed can be achieved.

Preferably a laser is used having a wavelength which is

largely absorbed in the material. For example, a CO2 laser



used. Accordi ng to anot her enbodi nent of the scanning device

the optical nmeans-has a mrror wheel” whose reflecting surface is
curved so that a reflected |aser. beamdescribes - . or follows at | east
one U or V-shaped curved path on the - surface of the morkplece bei ng
cut through during one - - revolution of the mrror wheel . The
rotation-frequency of the mirrorwheel i'd%rom500° - to 3000 Hz in-a-
preferred enbodi-ment so that the so-called. = ' feed speed ¢an be achieved. -

Preferably a i@aﬁéedemthqrgngva}mmi prdiduces 2 laserl begal Y-
absorbed in the material. For-exanple,: a-Q[err] laser T : i s uséed-

for cutting ghweing viwdvelenileson 10T (loemd isavibeg dmaldeei engt h. of 10. 6
(mand is obtainabl e, commer cial ly. . The naxi mum out put power -of the | aser

is typicall ydfitereially. The mzmmtnu‘l‘o@m ofs &hei Jagerf dsabl y
changeabl e during each ‘passage. around the V- or U-shaped .curved path so
that the raditypieally b0 twattn be varied in the.vicinity.  of the peak
portion of the V- or U-shaped: curved path. The radjation.intensit

preferably adj ust cER&oLRERASIHE ofrdihe & dpsezis Q@T&f@réb ¥hehasarab é"e |.s
oanmer o AERE 0 SRR AR ing 3 o Dashaech ahevenptl,B ”‘e.
U shanes 10t Sapig BSOS S B o Ry
- of the peak portmn of the V- or U-shaped curved path. ‘rh«e
radlatzon lntensity is. preferably adjusted so that the
meltlng temperature -of the workpiece is not exceeded.'

A controllér for the scanner mot;on, which controls “he
scannet during circular cutting and f:eéfofm cutting so.that
the V;.or U-shaped iﬁtensity distribution is adjusted to fit
the cur#ed path, is similariy possible, as is exemplified
later in greater detail.

Instead of fhis scanner device the desired shape of the
radiantly heated region can also be provided using beam-
shaping or beam-forming optics. |

In ancther possible embodiment a laser with a TEM Qi+
mode is used as the heat radiation source in which the
optical device comprises.a suitable diaphragm which masks or
blocks a portion of the beam ¢o that the edge. portions
having the increased radiation intenmsity coincide with tho
V~ or U=shaped curved path on the workpiece surface. A Thil

01* mode is provided by a special resomating device of tho

CO2 laser.



| ater in greater detail. I nstead of this scanner device the desired
shape of the radiantly heated region can al so be provi ded using beam
shapi ng or beamform ng optics. "I n anot her possibl e enbodi nent a

| aser. w'th a TEM [err] .nmode is used as the heat radiation.source in which
the .optical device conprises a suitable diaphragm whi.ch masks or - bl ocks a
portlon of "the .beam so that the edge- pdﬁﬁlons havi ng-t he increased

radi ation i'ntensity coincide with the V--or U shaped curved- path on the
wor kpi ece surfaceAnAuﬁEHk—&bbleﬂdmetalhicvcdaﬁabghmg§pemdamnlésanm&emg
device-of ‘the: ‘CJerr] ‘laser.  -: - 13- L
An under-cooﬁbﬁ'#b@aﬂﬁﬁ@sc59Fa§99&énqea§u§§henm°n%edb iENPQ$ﬁihk§u#prﬁe'_'

cool i ng: Furthernore it is possibleto use a,gas_jet~ device, a I|qU|d

i nj ection dedi 88Sodek rifeqé,pe. §p1agrlh§ fniection deelee ¥ Ay ¥

Brief Description.of the. Dra EP The o $ects features and S
advant ages OFPFﬁXiFﬁVQﬁFFGﬁ aﬁr enGRPLing | FedRFat'ed in nore detail mrth
the-aid of the foI]omnng description of the preferred enbodlnents W, th
reference to the acconpanying.figures.in which: : Flgure | is a top

B epen e o "t AR Bl Foe 2

The obgects, features and advantages of the xnventlon
will now be illustrated in more, deta11 w1th the a1d of the
following-descrlptlon of the preferred embod;ments, with-
reference to the accompanying figures in ﬁhich:-

Figure ;.is a top ﬁlan view of a ﬁorpioh of a workpiece
£o0.be cut through: | | |

Figure 2 is a perspective view of a three-diménsional
representation of the intensity distribution of a radiantly
heated region of the workpiece; | o

Figure 3 is a graphical illustration of the respective
intensity and/or temperature profiles through the radiantly.
heated region shown in Fig. 1 and taken along the sections
designated A-A', B-B' and C-C* in Fig. 1; _

Figure 4 is a graphical illustration of the behavior of
temperature along the cutting line; | |

Figure $ is a perspective view of an.optical and
cooling device;

Figure 6 is a perspective view of an additional

embodiment of the apparatus according to the invention:;



representatlon of the intensity distribution of a radiantly heated region
of the workpiece; Figure 3 is a graphical fillUStration of the
respective intensity and/or tenperature profiles through the radiantly -
heat ed regi on shown-in Fig. 1 and taken along the sections designated

A-A", B-B" and CGC in Fig. 1, - ure 4 is’a graphical i|lustration _
of the behavior of . tenperature al ong. t' ~cutting. I|ne .Figure 5is a
perspect|ve Vi ew of an optical and cooling devi.ce;. Fi gure 6is a.
perspective view. En‘xqu:r@dzh ti@raﬁldxaqﬂaiﬂhamm vﬁ.‘ewt be anpaheruemboddmémtg to’
t he invention; - - -14c - Figure 7ais a
di agranmati c adfe&msfappmtim:s ea:dmmdmrg tooﬂ:mhe.mrppﬂmamas according to the
invention, .- - Figures 7a and 7b. are -perspective graphical: illustrations -
of intensity prof iFiepumesdaandh lare Wg‘fﬁl mphapa,a in Figure 7a; .
Fi gures 8a and 8b are diagiamatic plan views of . V-shtged radiantly
heat ed T egi orimustmmmﬁséaﬁm%nmﬂﬁg pra#u " Figure -

8c is a diagranmatic perspective-view of a tenperature d| strl but'l on-of the
radi ant 'y heARRRTAgOlusinaiaddreFigiresias Figure 9is a- :

schematic bl ock di ﬁ.grar%%)f thederyﬂ rag:e ran%em;% fgiaﬁhsi B'Ba[-,%t us

according to the
V—shaped rad:.antly heated region with extended secf.mns -

extendlng frum a, peak, _ _ _

Figure 8c is a diagrammatic perspective v1ew of a.
temperatnre distribution of the. radiantly heated region f
Figures 8a and 8bs

Figure 9 is a schemetic'hlock diagram of the entire
arrangement for the apparatus'aceording to the invention
including the associated controller which allows a freeform
cutting with a curved heet radiation spot: ‘

Figure 10 is a,two»dimensional illustration of a cutved
radiantly heated region which is produced by a revolving or
rotating scanner motion whiie scanning a radiantly heating
beam guided along a curved-eutting line next to it along «
U- or V-shaped path according to the curvature of the
cutting line; and

Figure 11 is a two-dimensional diagrammatic view
similar to Figqure 10, however with a radially heeted reg:on

produced by a reverse scanner motion.



i ncl udi ng the associ ated controller which allows a freeform cutting wth a
curved heat radiation spot;- . Figure 10 is. a two-dinensiona
illustration of a curved: radi-antly heated Ttegion which is produced by a
revol ving or rotating scanner. notion while scanning a radiantly heating
beam gui ded al ong a curved cutting line gext toit along a U or V-shaped
path’aecording to the curvature of the ~tutting li-ne;. and - Figure 11

i s a_ two-di hensional dlagrannatlc view sinmlar t0 F|gure 10, however with
a radlally heat ed region - produced by ‘a reverse seanner notion:

Descri'pti on of the Pref rre n 1. sho a'glass pane.
1 that shoul d be-cut. al n& &hPlﬁﬁeﬁerﬁPgﬁéﬁg.iipﬁ% t radiation
spot 3 is arranged on: the surface of the glass pape:1 that i's nmoved in

t he direction of the arrowin.Fig. 1 (feed dlrectlon) .The -edge

portions of this g Iga‘ilzggot,,gcﬁegiggs g&ﬂéail {r;][tﬁxg ,%yb,I Oéﬁé’%i%}g%

U-shaped curve 471 n~ whi ¢ ens the e spot or

lrggfj;t]?oﬁngpot corre héig‘gi &h&?éagbgﬁtgdgﬂhglé&th@?tpgie@lm%%? (gw%@e?t hﬁ%tct i on
forms the fr%&&aﬁ@@dpbmt ehgﬁkaQQ'SE'EHe §B&§s§pane 1 that is moved in
the dzrect;on of the arrow 1n Flg. 1 (feed dlrectlon)

The edge portlons of - tlis spot havznq 1ncreased
radlatlon Lnten51ty follow the U-shaped curve 4 in’ Elg..
which opens at the front of the 5pot or the leadlng end of
the spot in the feed directlon. The form of - the heat
radiation spot corresponds to about a hal: ellipse whose
widest section forms the front end of the heat radiation
spot 3.

Both edge portions 18,19 on the U-shaped curve 4 are
spaced from each other symmetfically to the cutting line 2.
The spacing of the edge portionsl18,19_amounts.to about 1 mm
in the front region of the heat radiation spot 3. The |
spacing of both edge po:tioné 18,19 decreases to the peakl
portion 16 which is on the separating or cutting line 2.

In Fig. 2 the three—dimensionel radiation intensity
distribution of the heat radiation spot 3 is shown. Fig. 2
shows that the crest of the intensity maxima falls off i1
the peak portion 16, where local maximum 17 Telative to tlie
cutting line 2 is located. The intensity is clearly reduceéed
in the interior of the heat radiation spot between the edye

portions 18,19. The height of the local maximum 17 must b



Both edge portions 18,19 on the U shaped curve 4 are spaced from each
other 'symmetrically to the-cutting line 2. The spaC|ng of the edge .
portions 18,19 anvunts to about 1 mm in the front .region of the heat
radi ation spot 3. The spacing of both edge portions 18,19 decreases to t he
peak. portion 16 -which is on the separating or cuttlng i ne 2. “In
Fig. 2 the three-dinensional radlatlon }%Ten5|ty ~di'stribution of the heat
radi ati on spot 3 is shown. Fig - shows that the crest of t-he. |nten3|ty

maxi na falls- %#JUﬁﬁﬁdtﬁﬁa?ﬂ%ﬁ?iﬂﬂﬂq(ﬁpZN?e\H@ﬁk?ﬂ&ﬁ@aﬁhﬁﬁkﬂﬁﬁﬁlEﬂdr (i ve -
to the cutting ljne 2 is located. The intensi ar reduce in the
interior of tFatHERT SRR |"3FF s:ﬂﬂﬁa]béﬁém Hangg Lﬁo h1ﬁ¥'e

hei ght of the_| ocal

-16- - adj ust‘é‘ﬂt'f'b“%o?’r‘:sg%% eoe‘ft@%ﬂfpllé’é’?q ﬁ%???egnd Hr'é'o tB&[tl ng

han at | auer L8 %ﬂ%%?%“&?ﬁ#w% Rl

ngg
djusSted to
the height ofyldeacial Aeotkity s idne | ﬁg%&ga}g%ﬂ b29LAR Blrlle curve

The oca raxium re atlve To | ne. must :not at .the
same time formt hem& N GRHY Cﬁa:&ﬂﬁm? ‘i‘él%‘lﬂveﬂ% theNaReihy $2heAUSEITOL

gentle maxi mum or hunp in the peak - . region 16 when a 1asér w thout. power-
control l'er i sagisgte same tibig i dite nGhinte o thepeakivbes . araag 't hr ee-
different cross-sections A-A, B-B and G C -through the  ‘radirantly heated
regi on (See Hgtergity ecaht.‘:mve ra Ir‘gegxtl& maﬂ]mamr awh humpninnthaspéakcur ve
for the cross-section G C ‘has ' _
reglon 16 when a laser without power controller is used.

!

Three radlatlon inten51ty proflles along three
-different cross-sections A-A‘, B-B' and c~Ct through the
radiantly heated region (See Fig. 1) are shown in Fig. 3.
The radiatioﬁ-intenSity.curve fof the cross—sectionjcwcf nas
two maxima spaéed from each other, which aré clearly higher
than both maxlma for the cross-sectlon B-B!. The intensity
maximum is still more clearly reduced in the peak portlor 16
that is shown for the cross-section A-A'. The temperature
profile in the section B-B!' only has a small 1oéa1 ninimun
in the vicinity of the cutting line because a pre-heating
has occurred in a wide section or zone around the cuttiné,
line by means of both maxima. This minimum:is balanced by a
relétivély reduced intensity so that tﬁe témpérature profile
has a maximum in the region of the cﬁtﬁing line 2 in the °
peak portion 16.

The behavior of the temperature along the cutting line

with an imbedded cooling spot S is shown in Figure 4.



two maxi ma spaced from each other, which are clearly hi gher t han both
maxima for the cross-section B-B'. The intensity -maximumis still nore
clearly reduced in the peak portion 16 - .that is shomm for the - o
cross-section A-A . The tenperature proflle in the section B-B' only has"
a small local mninum in the vfcinltﬁ of the cutting |ine because a*
pre-heati.ng - has occurred in-a w de 3&&tion or zone. around the cutting -
line by means.of both maxima. This mninumis balanced by a - relatively .
reduced intensity The t Apparatus efmérmklmgfﬁhﬁm@t ma&lm(mﬁ Bndthea -
region of the.cutting line 2 in the peak portion 16. " The behavi or .
of the tenperglase RlIBkHY. ‘Pﬁé’mﬂ-nigslw MIﬁigam ﬁ-nb%Ge&u@GG}Wné%t 5

is shown in Figure 4

appar atus for? naRd Ehe ﬁé“‘ﬂé@e‘? IS AF Simﬁregqqq’l &“%Ypﬁa?é'eoﬁhﬁa’ﬁ‘e 1
I's shown in Fi The.cut-ti I n 2 and-t aped curve_ of. |ncreased
intensity 4 a?‘gﬁ%vﬁ"\ %ﬁc?h g‘ﬁ‘ﬁa@eaﬁﬁ 11%3'1 giﬁfﬁ%f °§§§

produ0|ng a laser beam7, espeC|aIIy ‘a-Cgerr]-laser, “i s provided as heat

radi ati on sou&uer%ml‘b,seesmmy & €07 pisegns israpa:avpdxedt akl beaitrror. 8
OSC|IIat|ng about “a vertical axi's,.which noves the beam 7 back and.forth

| aser beam 7 FRHECLe qeifre Sk %ﬁfé%‘ina%@a?ﬁf %%@%&?ﬁ?ﬁﬁg' out

e SO o Bhvoi el SR Wod it |aat (PQRAIEk a0l Ok

exchanged. T%*@%@Weﬁ%déi@%zﬁ l15‘01:"!:11 in a plane parallel to the
surface of the glass pane 1. Thls osc1llat1nq laser beam =
then strikes a secpnd p;votable_mlrro:_9 osc:llatlng abouL a
horizontal axis, which moves thélreflggted laser beam back
and forth in ﬁhe x-diréctipn; The arrangement of ihe miriors
8 and 9 can also be exchangeﬁ. The laser beam describes & U-

t shaped curve on the workpiece su;;—fa.c.e.‘ because of the

overlapping of both oscillatory motions. A common
controlling and regulating device 11 is provided for
adjustment of the oscillatiqns'oflhoth mirrors so that the
U-shaped curve 4 ig obtained( The controlling and regulating
device 11 is connected to the unshown drive of both-hirrors
8 and 9 by the control lines-loa, iob.

The mirrors 8 and 9 can be controlled so that the leser
beam 7 describes a closed curve on the surface'of'the.
workpiece. The laser 6 is turned on and o&ffin order to
obtain either a U-shaped or V-shaped curve.

A cooled spot 5 is shown behind the radiantly heated

region 3 that is produced by the cooling gas issuing frow a



shaped curve on the workpi ece,surface because of the overlapping of both
oscillatory notions. A cofmmon  control | i ng ‘and regulatlng device 11 is -
provi ded for adjustnent of the oscillations of both mirrors- SO that the
U-shaped curve 4 is obtained. The controlling -and regul ating. device 11 i5
connected to the unshown drive of both mirrors 8 and 9 by thé control
lines 10a, 10b.- - - .The mirrors .8 a9 can be controlled so that the’

| aser- beam 7. descrlbes a-closed. curve on the surface--of the workpiece.
The | aser- 6 |spraynndzal:eaml. oThis rspraterncbzzle)titnams e:quct&d}ﬁmmed or

V-shaped curve. - .- A cool ed spot- 5.is.showi.behi nd the radiantly. heated
region 3 thatsuspbyodnitdlby t he coollng gas issuing froma.- . -18-°

spray-nozzle 12." This:sp gy nozzle 12.is connected-to-a.. supply.-unit 13. .
A worKpi ece 1 is sho¥Arka IGi%rFMel%Lﬁ’f%rcé o0 whose a5 spot.-

bt gher Qﬁ{eaf'ﬂﬂ!egé.Shggeﬁiéa?%éc'ﬁ&&h?ﬁw R that&&'feﬂﬁgfre o84, s e
4 Y 6
Cs on the cutPPEELPRRSS' EnkEs %éj{%"‘n‘i'fp'#’o‘i’?%eﬁég}?ﬁb@"%ﬁe AR

s on the cutPP

V- shaped curv d rror wheel.
14. The refl e \\I/\g éﬁ?ﬁé@e‘g&ﬁe * ﬁfﬁﬁg%%s not cy ndrical , but
's curved, Sosymaéfic%'me%ﬁeéﬁsgm i Wé@%@%@aklp%-ﬁi% Wy k-

is on the cutting line 2. A laser 6 15 provxded to produce

ﬁ

thls sort of V-shaped curve, which produces a laser beam
that strlkes a mirror wheel_14.-ghe'ref1ect1ve surface of
fhe mirrot wheel 1 -is not eyiindriéal,-hht ié curved, so
that during a rofation of the‘éirror wheel i'on the work
surface the V-shaped cuxve 4 is éroduced at least once.

An arrangement is sketched in Fig. 7a in which a laser
6 is used which produces a laser beam 7 in the TEM 01* mode.
A diaphragm 20 is arranged between the laser beam 6 and the
work piece 1, which masks or blocks half the laser beam 7.
The COtresponding intensity profiles in front of and behind
the diaphragm are shown in Flgures 7b and 7c.

Because of the large desxrable mechanical stress th;s
process- has proven suitable for cutting glass completely
through up to.a thickness of 1.1 mm, which hae not been

possible according to the state of the art up to‘ngw. Thus

power of the CO2 laser used is typically between 12 and 9

watts for typical feed speeds. The radiantly heated region

has a length of typically 12 mm in the feed direction with a



surface the V-shaped curve 4 is produced at |east once. An
arrangenment is sketched in Fig.. 7a .in whi ch. a laser- 671 s -used which
produces a. | aser beam 7 in the TEM 01* node. A di aphragm 20 is arranged
bet ween the | aser beam 6 and the work piece 1, which masks or bl ocks
hal f the | aser beam 7. The correspon I ng. |nten5|ty proflles in front of
and behi.nd” the di aphragm are shown [ 9Flgures 7b- and 7c. - Because -

Cui table tor PR RRCERACERATLEC R [ Ed5ed ke nd WHERE DALY papsy

nm  whi ch- hasgpot 8R€8 -angP ag ﬁfhdﬂaﬁ iid\ 0
now. The - powel of" th%n Q% asé?gu ed IS typlg: ry g@?&eena%é a ¢}

watts for typbﬁabkfsedffaeeefe Hega adli depi d}?%féb‘éﬂﬂgh%dredhas a Iength

of typlcally 12 mmin. the feed directionWwth

-19- 1 nmmw ﬂiaroiaeeﬁgtécwredﬂﬂ& hewcier rararsaefsr AHNEED,, 70kS Shi h
fragments and splitter. ‘An-approxiamately perpendicul ar- depth -crack or
fracture up tecaldentb bé chhziﬁédruimﬂxxtiymwnﬁnnnﬂﬁ!suﬁumeum&umukhmﬁhlcker.
gl asses above 0.7.mmwhi.ch could- not ‘be.obtained simlarly with the .
above- ment i onethenthethadshods |, . The stated:V- “and/or U-shape should
not be taken too literally. The shape could al so be similar. but not -
exactl'y V- or U sHapestated Vpandion d-shape whowld wothbgcbakey oo 3
according to Fi gg 6 the ext ended sections or | egs do :not necessarll end

at the.- peak pbibeERLL Ehe";‘:h%a?ha% Qb - lrFO be s:unilar hut not- exact
v~ or U%shaped, e.g. parahollc. Also w1th a'VHshaped regnon;

3 accordlng to Flg.-G the extended sectlons or legs do nat
necessarily end at the peak portlon. They can, as shown™ in
Fig. 8, also have extended sectlons 4 that go beyond the
peak portion. The V—leg_4'and its extension 4a are equal
length in Fig. 8a and thus form a quasi cross-shaped
portion, but the extension 4a in Figure 8B is shorter than
its V-leg or V-section 4;
Which of the variants A or B are used depends on tho
specific material properties of the glass being cut. '
These properties are typically the thermodynamic
variables (heat capacity), glass thickness and optical
properties (absorption of the laser radiatipn); The
following qualitative principles briefly summarize the
situation: ‘ |

large heat capacity: short extension or sectien len sth,
heat guickly penetrates into the glass.

large thickness: long exéension or section length,

heating requires time for diffusion in the glass.



Fig.'8, al so have extended sections 4 that go beyond the peak portion. The

V-leg 4 .and its extension 4a are equal length in Fig. 8A and thus forma,
quasi cross-shaped portion, but the extensi.on 4a in Figure. 8B is shorter
than its V-leg or V-section 4. =~ . Whjch of the variants A or B are used

depends on the specific material properties of the glass being cut.
These properties are typically the theﬁﬁbdynanlc vari ables (heat

capacity), gl ass i |.ckne s and o ca ertles absqrpti he { aser.
radiation). The FRR 6°ﬂua¥? ?ﬁ%eféi %§£§Uﬁhn '
si tuati on: e p o ensi,on. or section Iengbh )
heat quickly ﬁeﬁg’lig%tg Eaﬁ%t 8"?h‘§£§#§§%&q {&t‘?% ﬁaﬁ,‘s ‘tkness: | ong . &

ext ensi on or section Iength heating requires ‘time for diffusion in the
gl ass. - - ‘Absorption: 1ong extenS|on or sectlon Iength

heating . requires 1 5 Y6 OPad P ple
t he region accordi %n?ﬂﬁl égre 8B can #’9 Efat era i i%t&cﬁgnged fﬁrppggd
(shorter ext emateﬂawy eﬁéﬁanged or ¥iifpéd Esticticrt iafiRABHY Bbﬁ hegdass
i s heated too -quickly, i.é - the |ocal ‘tenperatute gradi ent was Very : |gh -

whi ch can lead to wﬁﬁngehﬂé i-aewl:iam g&my e eflladinds ‘heatiddtod 0. _

penetrate the glass the glass transj.tioh  ‘tenperature Tg i-s exceeded:in a .

short tine. Thulck&gttihe. the local temperature gradient was very hlgh
which can lead*to damage of the glass. s;nce the heat haSy_._e'
"no tlme“ to penetrate the glass, the glass transxtzon %
temperature Ty is exceeded in a short time. The result 16:
either uncontrolled breaking or chipping off of glass
fragments. |

The laser radlatlon spot or region accordlng to Flgq 8A
¥- and similarly for the region according to Fig. 8B -¥
advantageously has an intensity and temperature profile
according to Figure 8C with a-eemperature maximum at point
M.

The intensity of the laser beam has in principle a
constant Gaussian form in space and time. When one moves
along the glass in the direetion of the crossing point oF
both laser beams from point A to H, the following
temperature behavior results:

Point A: The glass is at the ambien? teﬁperature.

Point M: The glass is cohtinuously heated beﬁween
points A and B and the temperature
reaches a maximum at M. The temperature

lies under the transition temperature Tg.



ei ther uncontroll ed .breaking or chipping off of glass fragnents. The
| aser radiation spot. or region according to Fig 8A [err]- and simlarly
for the region according to Fig. ‘8B -[err] advantageously has an intensity
and tenperature profile according to Figure 8C with a tenperature maxixum
at point.- M The intensity of the_ | aser beam has in principle a .
const ant - Gﬁu55|an formin space and t e When. one moves al ong the glass
in the direction of the-crossing poi.nt o: both- Iaser beans f:rom_point” A to

H the fol | owPA&§RE Biper at urBne crpmPOFatiieg s maingiadined or gentiye g ass
is at the anbient tenperatur “Poi nt M conti ously
heated botvieen de oAt %%mm%? FERA R LD

reaches -a maxi num-at Nl The .88, u the -
transition tenperature Tg. ééﬁ? e heatlng goes from dh 3%29 Poi nt H:

The tenperature i s maintaine e s t ween

points -Mand H In this - gm%“ﬁ%giéﬁ#%%eezﬂ]ia d‘gé:s?tg'r%?m ?%e Surt ace .

somewhat into the glass-inte éﬁ%#ltﬁ*%ﬁ‘ﬁﬁearly lﬂﬁ %ﬂ%’h%&l&%d 3
attem

clearly inproved by the desi

temperatire gradient in the'flattening of thé%en@éi%%@ng%dﬁ%h&eﬂﬂ e
toit. _

| cut dlrection o pe:pendicular to lt._j-

fhe section or .extension 4'an&-4a in Figureg'sitand 4B
are, as shoﬁn;.linear.”Thef can however als§ iﬁ.p?iﬁciple be
gently curved. | | ' | |

The width of the heat radzatlon spot or heated regicn
of the wcrkpxece is typically clearly 1ess than its 1eng+h
during cutting of flat glass by means of a laser beam. It is
essential for an acceptable cﬁt that the surface points of
the glass surface located in the cutting zone must
experience a predetermined heating-énd cooling behavior ln
the course of the process. This has the conseguence that ‘the
width of the radiation beam remains unchanged with an
increase of the cutting speed while the length of the
radiation beam must increase. High cutting Speeds that ave
required for a high cutting throughput, require thus a leng
narrow radiantly heated region along the ¢utting‘1%ne.
Typical lengths of the radiantly heated region amount ta LO
mm to 50 mm with a width of 0.5 to 2 mm, with an incliration

toward smaller width in high precision work. -



The section or extension 4 and 4a in Figures 8A and 8B are, as shown,
| i near. They- can however  also in prlnC|pIe be gently -curved.. The
wi dth of the heat radiation spot or heated region aof the workpiéce is

typically clearly less-than its length -during cutting of flat glass by
means of a laser beam It is essential for an acceptable cut that the

surface points cf: the glass surface |o8&ted in the ‘cutting zone must

exper i- .ence a pr.edef ere{n ned heatlgtg f& cool Iyﬁgﬁaw‘%ﬁqﬂ% course of the
process. - Thi s has $#fe'@BAsRY RTEE? &F beam
remai ns. unchan th i'ncrease pf | Spee sth Iength '
of the - radi avggh ‘\é\taﬂ%‘aﬁ%?ml‘ﬂ% : ef ’Bﬂl ]I%%%é&]@%@r‘%l
requi-red for ng throughput, require thus a long narrow.

radi antly heat'® %égggféél ?ong t he cutting line. :Typical Iengths of the

L{?]dl \?\Ant Ihyagelaf'lgtjl :] nc%dﬁ O? er \Mﬁ(ﬁ% W%&pr €cl Si OH%I(E% to_ 2_

- 22- ' L6R glﬁssé‘mété THba®ibng S MEEE tyighe g3 E.‘u!t'@ﬁ.n@s i ghigla@ut .
problen1mntﬁ%% Iongltudrrwﬂég'extended radi antiy heat ed ‘T égi on. Al so

cutting must SETLeA afPEELerR' EEet Bigh d1e bty tttiidigh- i n sone appl i cations.
This type of cutting is also called freeformcuttiing or curve-‘cutting..
This type of curvernﬂmtty§p1dtr¢uxw¢enhﬁtungnﬁd|namuMMEﬂom0tebm¢kanbront and
rear mnndoms .and for' making |arger ..

motor vehicle front and rear windows and for mak:ng larger

holes in flat glass panes. |

The performance of this - type of - curve cuttlng requzres
spec1a1 conszderatlons.

The heat radiation_beam-musﬁ be'adjusted~to the gath of
the curved cut in curve cuttiné, so that a maximum :
mechanical stress arises in the glass to be_cut and the
width of the heated.region remains small. With a linear heat
radiation beam then only a small curvature fadiué for thea
cut is possible in curve cuttin§ with-a longitudinally
extended heat radiation beam. For larger curvatufe radii the
curvature can only be obtained with a reduced length linear
héat radiation beam. Finally only reduced Cutting speeds are
possible. | |

An apparatus for forming a longitudinally extended
radiantly heated region for cutting glass.is &escribed iw
the already mentioned WO 93/20015 and/ox WOr96/20062. In
this apparatus the heat radiation beam is curved according
to the local shape of the cutting curve, so that a minimum

variation from the cutting curve arises. Since this



holes in flat glass panes. The performance of this type of curve
cutting requires special considerations .. The heat radiatiaon beam.
must be adjusted to the path of the curved cut in-curve cutting, so that a
maxi mum nechani cal stress arisSes in the glass to be cut and the wdth of.
the heated region remains small. Wth a |linear heat. radiation beamthen”
only a small curvature radius for the~28ut is pOSSIb|e in curve cutting _
with a longitudinally extended heat - radlatlon ‘beam For Iar er curvature.

radii the coPparatels hovsyey sperptesnwathi §Fa§1i=e%’éb‘éal- thear .
heat radi ati on bean1 Finall onl y -reduced -cytti-n eeds are: ossible. - '
An appar at us Wl &Lk 1&bﬂ§?ﬁ§&@ngﬁF}a§£?Bnﬁ ?aﬁ?ﬁﬁtf ﬂ%E}%B regi on
for cutting glass-i scrlbed in_.the al reagé qged (8] 93 0015 and/ or
WD 96/ 20062. B87®# 0, ARPALAEUR SRR QBT Y % %% R PECHEL £br di ng.

to the local shane Olod 3,8t "BeRlLLE: ey BEh B L Wkn '£" Lol 9T

the cutting ncé --23-

appar at us hoyexer tggﬁ;%&@ﬁ_ W th static optlcal el enent's, whi.ch allom/only
limted. variation eat .radi ati on ‘beam  the knomn apparatus can -

only be used, in prEagiaaks’ oF PR biagsek ﬁbf%fﬁro@@céf'mﬁék?y GERELPELFUL

Wi th a constant curvature radius . bl anks -of PKW gl-asses for

mrrors or p%&%ﬁg@ﬁﬂ%ﬂakhrough thh a high speed, variatlon of the

' _ radiatlon proflle at hlgh speed during the cuttlng is not
possible with this apparatus.

In the descrlhed method performed with the apparatu”
shown in Fig. 5 for cutting of flat workpzeces from brittie
material, especially glass, in which the cutting heat
radiation spot is produced by scanning the heat radiatio:n
beam over the warkpiece surface by wmeans of mpving optiaal
elements, the process musf he conducted and the appafatus
must be formed so that a heat radiation beam adjusted or =it
to the shape of the curved cut being made is producible :n
the curve cutting.

The controller 11 shown in Fig. 5§ fits or adjusts the
profile of the scanned heat radiafion beam 7 to the curwv:«l
shape of the cutting line 2 during the curve cutting. Th:
heat radiation beam 7 can be rotated over a range of 364" by
changing the oscillation condltlons of the plvotable mlrrurs
8 and 9 oscillating perpendicular to each other by
engagement of the controller 11 to produce a freeform cut.
Also the curvature of the heat radiation beam is thus _

adjusted to the local curvature of the cut, as is clearly



are gurded through with a high speed, variation of the radiation profile
at high speed during-the. cutting is not possible mnth t hi-s “appar at as.

In the described fethod performed with the apparatus shomn in Fig. 5 for
cutting of flat workpieces frombrittle material, .especially glass, in
which the cutting heat Tadiation spot is produced by scanning the. heat

radi ati on beam over the worKkpiece. surf&% by neans of novi ng pptical

I nt s, th t b duct ed t be f d
ST SRR BTG e Rl ek 03

t b d d bl. Lt Th troll 11
| 1 Bt 152 3&? S5 bean, OLFSTABLBELS) oo
b 7t th t
beam 7 Lo {Naguniad, B0 LSS LB I° o LD, Lol Kool "0

changi ng thetgﬁgrllatron condi tions -of the pivotable mirrors: 8 and 9
osci 'l ating. perpendicul ar -to each other by engagenment of the controller 11

to produce a freefy ﬁn%eameﬁl $HOtiilohsC hiakd! s&es%ch%nmﬁéa irﬁéhaééeﬂ beam

is thus  adjusted-to the local curvature.of the cut, as s cléarly
-24-" i1 ust rtRg: ito Prbdukd te wnrﬁdﬁaﬁdﬂyth@ﬂﬁbddﬁégﬁéﬁ sbetyat

necessary for. making.the heat.radiation beam-according to - t he Iocal
cutting posi td Qredushiriatdyr wbia.datbryhﬁocribuedf the heat. radiat:l.on Bot h.

scanner notions nust be.synchronized wth each. .
bean ls produced along the cuttlng 1ine 2. In that motion
 the pOSltlon of the coollng spot 5 followlng the cuttlng
| spot must be adjusted to the 1oca1 cut. positlon..A.
mechanical rotation device is provxded in the scannlng :
optics for this puxrpose.

Figure 9 is a schematic block diagram of the entire
arrangement of the apparatus.acco:ding'to the invention,
including the associated control means. The-block 21
indicates the scanner block including the controlief 11 of
Fig. 5 for producing the curved heat radiation spot 22 on
the circular cutting line 23 on the workpiece 1 with the
following cooling spot 5. The stage 24 is a path control'er
for the cutting process of a known structure. The controller
blocks 21 and 24 are coupled with eachoother by the main
controlling unit 25 so that cutting with an optimized heat
radiation beam can be performed locally a?cording go the
curvature in freeform cutting with locally changing cutt.ag
radii.

Fig. 5 is a preferred embodiment of the apparatus

according to the invention. Generally scanner devices ara



ot her to produce the curved radiantly heated region so that a
predoninantly oscillatory notion of the heat radiation beamis
produced al ong the cutting line 2.- In that notion the position of the
cooling spot 5 followng the cutting _ spot nust be ‘adjusted to'the

| ocal cut position A mechani cal rotation_device is provided in the
scanni ng- optics for t hi's purpose.” <~ Figure 9 is a schematic

bl ock di f 3 th
Che i nventi o ifed L oo SeORRRTE e ok PR SRBARE' Yo BSERDEL 59,

or oloci ng | Eidi bt el e, Mg AR SR g L ?neeéﬁ*eﬁ?sr Telieing”
[ine 23 on the, Congbfeoaﬁn gl HeP quten 40l Ly REaGROLIRD SROLnE ThE

stage 24 IS e cutting process: nawn

structure. ﬁﬁﬁté& l8{a -chan %et&] 9k Enel g u@édaﬁéa‘éofﬂéfﬁtﬂ:ﬁhhééﬁh_

ot her by the ‘mal controlliing unit so that cutting wt

optim zed heq&e_alloﬁgangy1dahd@aynehgan§graﬁPfﬁéﬂﬁg l-ocal I'y according to
t he curvature in freeformcutting with-[ocally.changing cutting

radii . RirgptHer tww-disknsionadkedhitng abvibe GmaéiﬁédSbe

according to the invention. General |y scanner devices: are -

- 25-. prOV|dm&adnaﬂteﬁﬂabmv&l&utbahhe two-dimensional saannimgndemicehe -
notion of the heat radiation beam. ‘the héat: radiation beam nust be
gU|ded in tm@uuxushgmbﬁp @hgbhé with twc oscillating pivotdmpunted

mirrors 8, 9. In this other scanning device one of the
scanner aves 8a,9a is used for csciliation along the cuti:ing. - -
direction 2,23 independently of'the cutting diiection 2,23
and the perpendicular. pivotlng mirror adjusts the V— or -
or elliptical radiation profile according to the local
curvature of the cutting path.‘Here the entire scanner unit
is mechanically freely rotatabie about 360°. Especially in
an embodiment according to Fig. 11 this scanner axis bas the
required dynamic reserve, since the scanner frequency
without more is only half as great in relation to that of
the scanner axis operating in.the cutting direction. To
guide the cutting head haVing the scanner along the curved
cutting path, it is necessary to mount the scanner in a
rotatable bearing. The scanner can then be rotated with the
cooling spot 5 in a fixed relationship wigh it.in this
holding device. .

- An especially great flexibility for cuttihg
predetermined arbitrary shapes, i.e. freeform shapes, with a

conparative high cutting speed, is possible during cutting

ording to -



wor kpi ece and changes in the_produced heat radi ation beam are allowed by
control engineering. neans. . Anot her two-di mensi onal scanning device .
can al so be wused alternatively to the two-di mensional’ scannlng device
according to Fig. 6 with two oscillating pivot-nounted mrrors 8,9. In
this other scanning device one of. the anner. axes 8a,9a is usedfor-
oscillation along the cutting .directioif 2,23 |ndependently of -t he cuttlng

o el 11 pti car % 4% *2%‘%%’%9" °?é?§4%ﬁ§ %ﬂ&%ﬁ?ﬁﬁé?%ﬁpé‘@%ﬁéi&ﬂi&ﬁﬁ
fgt;{gg|ga;BJ“F§§§6f 'ﬁgg speC| y |n n&@%ﬁﬁé&p&i&éoeélngh oTEe '

this scanner @yignhdiaseddiind S G nafd %ﬂtﬁ gwgdeshnﬁéahﬁtsﬁsﬁ@*&?%t "

frequency without nmore is only half as great: Telation-to that o
scanner’ axi s el Hd¥ihg bpti-auidlicierd, e atiieh. aIQovguaﬂeeéBeciai ?ng head
havi ng the scanner- along the curved, cutting- path, -1 s- necessary to nount

the scanner idreat nmﬁtaaﬁlﬁﬁ}eadmg:heﬂfemcaoﬂ:neheCﬁadihemohﬁ whiahed with
the cooling spot 5 in a fixed relationship with it ion.this "holding . -
devi ce. a]é!mvms e o Jadst i dgr @it uisiteventti bift yheohdatt radfatpondbéanmisfiel-
arbitrary shapes, .i_.e. freeforn1shapes with a conparati-ve high cutting.
speed, is po@.lmmmldwldm textgnded lieat radiation spot’ on the cnttme-
of flat workpieces of brittle material, espeC|aIIy glass, ;by the
above- descrlt%&FQnﬁﬂﬂJﬁkyﬁuﬁnQQ@ﬁﬁﬂg PﬁéaFPitﬁFFﬂns 13RES with a high

speed. . |

The most widely vériab;e,heat radiatién'beam'and/or--
cutting region may be-producéd by means of thg'desciibéd
apparatus. A curved U- or V—shaped heat radiation beam is
shown for example in Figures 10 and 11. Thus the heat
radiation beam is prov;ded in different shapes and manners.

The radiation beam and/or the associatéd heat radiaﬁion
spot is produced in Fig. 10 in which the heat radiation beam
describes a closed curved path B on the surface of the
glass. Also the heat radiation beam moves primarily alony
the cutting line 2, immediately nexﬁ to it, in an
oscillating motion. A gentle deflecting motion perpendiciilar
to the cutting line 2 is superimposed on this oscillator-
motion. The heat radiation beawm producing the heat radia=ion
spot 4, as shown, executes a closed-curveé path B, which
engages around the cutting line 2. The power of the heat
radiation source is controlled according to the position
during its passing around the curved path B but is nearly

zero when the front scanner position is reached in the



further features of the invention provide a scanner device with noving
optical elenents, which allows an especially gréat variability for the
formof the radiation, which allows a flexihle adjustnent of the heat

radi ati on beamw th- ‘a | ongi tudinally extended heat radiation spot on the
cutting line and thus a cutting of arbitrary shapes with a high speed.
The nost widely variabl e heat  .radiatiorm28eam-and/ or cutting. regi.on may be

produced by nmeans of the’ descri bed: aqﬁgratus A curved U Qr Y- shaped heat
radi ati on bedm¥eing iFestion A fhe rehaper radtatdophe heat

ot atl on Eg;‘m 'hs h%?“%ded 'gm%{eriﬁ%m 3 “d "%Sﬁﬁiéﬁg me%é&qﬂ

Fi 10 B
on’ he sur acESEREE gt A Eofeth RiRRug %r%%éﬁra??‘&% SRS A, o ) v
al ong  the C-;ﬁ#é&gc#'aﬂ? DRSS At ARt IS8 A0y |

nmotion. A ge Iectlng -On “per-pendi cU € cutti SeU7 is

super i rmosed : On ﬁaslgéf féﬁ& n rBEé;P;jzgoEﬁé‘%iﬁ %gggabboﬁrﬁﬁﬁ&&f%ﬁéﬁ' g

t he heat rad| as’'s cutes a C curved path

whi ch - engages &{éﬁﬁ&éﬁ‘%ﬁ dding d i withe aPev@iatliohhBelfiahaviagh ehison
source-is controll'ed according to the position during its passing around
t he ﬁ u 3 ved pﬁéﬂﬁ:ﬁ&al Sa:dmﬁibn wdfw&nrd&eth&enpuspaaaea aaauat:ﬁzanl S
reached in the

absorhlng dzaphragm or the 1ike can be positloned in the

path of the radxatzon. _ .

The curved U- or V%shaped heat radlation beam accoralng-
to Fig. 4 other than. in Fig. 10 is produced when the heat
radiation beam is not osclllated in a circulating manner
around a closed path, bhut alternately-on both sides of the
cutting line 2 over a predetermlned 1ength.w1th a reverse
loop at the following starting point of the curve 4. The
power of the heat radiation source must be .controlled for
making this sort of heat radiation spot with the given
intensity distribution. Generally the scanner frequency is
twice as great along the cuttiﬁg line as perpendicular to it
in this type of scanner operation which results by motioit of
the U~ or V-shape beam_profile over the glass surface.

The disclosure of Germ;n,Patent Applications 197 15
537.5-45 of April 14, 1997 and 197 34 82318-4S.of gugust 12,
1997 is hereby explicitly incorporated by reference. These
German Patent Applications disclose the invention as

described herein and claimed in the claims appended



cutting direction A. The U-shape or V-shape radiation profile is thus
produced by controlling the heat radi-ation source. Wth'a constant’ output
power. this source would produce an elliptical radiation beam

Al ternativey, the U- or V-shaped radiation beam profile can al so:be -
produced when a di aphragm or nmask is used with a radiation beam having the
elliptical radiation profile. For th|§ Urpose a radiation absorbing.

The. ourved URENREg A ) F"S% Jekha Babdnohe ELFEPLER o

than in Fig. t%%.5§m3£9399§ﬂmﬁﬁﬁ dﬁﬁaﬁ ﬁaglgtlgg?bean1|s not ‘oscill-ated

in a circul ating “nmanner - arounc osed pafh ternate}y on bot h .

si des.of the cutigyigd ighe. an%ﬁﬂci%nphaaeh@éﬁl TETukEAsEEd Vahd desE¥EHEE
| oop at the fol'l omng starting: peint of the curve 4. The power .of ‘the heat

radi ation Sowe B 1308l elthed haa a@araﬂuéhférsamttmg f@anaadl atton

spot w th.the given -intensity distributioh: Generally. the scanner
frequency |swdhmpﬂadﬁsmmﬂ@abfab&ﬁ@tubemaﬁgrmag,|espeaSanEyngndtﬁplﬁt jie. it
in this type of scanner -operation which results.by nption of the U or
V- shape beammatofinterdedr tiohbeglind tedr tacéhe -detailbeshiown) osimee of Ger man
Patent Applications 197 15 - 537.5-45 of April -14, 1997 and 197 34 823. 8- 45
of August 12various medifichyiens podt P?anﬁ%rWab%mﬂer‘élﬁi@h'@e These
CGerman Patent’ Appllcatlons di scl ose the 1 nyention as _.described herein and
claimed in tﬁ’@P@FéHlm &ﬁpénareeray from theyepirit of ‘the Present -28-

lnventlon.

" Without further analy81s the foregoxng w111 so ful’
_.reveal the gist of the presen¢ainventlon that others can, . by
applying current knowledge, readily adapt it for various
applications without oﬁittingiﬁeatures that, from the
standpoint of priér'art; fairlly constitute essential
characteristics of the generigjur specific aspects of this
invention. '

What is claimed is new aqg is set forth in the

following appended claims.



herei nbel ow and are the basis for a claimof priority for the instant
i nvention under 35 9.S. C 119. ‘While the invention has. been

il lustr as enbodied in a method and apparatus for -~
cutting ﬂm l ﬂ ﬂ e made of brittle nmaterial, especially glass, it.is
not int ed to the detai S shown, ‘si.nce various - .

nodi fi cati ons and changes may be nmade thout departlng I n any way . from
the spirit of the present = invention. - _ Wt hout further analysis . the.
foregoing will so fully reveal ‘the gi st. of ‘the present invention that
others can by applying current know edge, readlly adapt it for various
appl i cations w thout om:tting features that, fromthe - standpoint of prior
art, fairly gan h ke essential characterlstlcs of. the generic .or

speC|f|c aspects o this |nvent|on - " Vhat is-clai.med is new and |s
set forth in the follow ng appended- ‘ct ai ms. o -29- 0 . o Vié:
Cam 1. A nmethod for cutting through a flat workpiece made ‘of
brittle mateniap ﬁbenadafai-eéatam;n G4 A0cld0 oG fhce mad@tded
conprising. the steps of. -+ -d) heati'ng the cutting line with a heat.

radi ation spbtxttle mater;al along a predetermlned cuttlng llne, sa;d
| method comprlslng the steps ofy | o
| a) heatlng the cuttlng 11ne with a heat radlatlon_spot :

symmetrlc to .the cuttlng l1ne, sald heat radlatlon Spot _;“
hav1ng ‘edge portlons of comparatlvely 1arge radlatlon
1ntensxty relatxve to that of*an inberxor thereof and a
temperature maximum at a rearignd thereof; and

b) moving the heat radiéﬂion spoﬁ along the cutting
line and/or the workpiece; ana: |

c) cooling a section of-ﬁhe cutting line heated by said
heating of step a): | | |

wherein the edge portions of the heat radiation spoil
coincide with a V- or a U-shaped curve (4) open at a frort
end of the heat radiation spot in a motion direction of the
heat radiation gpot (3) and/ér_the workpiece and said
temperature maximum is located locally on a beak portion of
the V- or the U-shaped curve (4) on the cutting line and is

below a melting temperature ot 'the workpiece.

2. The method as defined in chaim 1, wherein the brittie

material is glass.



synnetrlc to the cutting line, said heat radiation_spot havi ng edge .

portio tively |arge radlatlon ' intensity relative to that
of an |ﬁ| m’rﬁﬂﬁﬁ nd a tenperature nmaxi mum at a rear. send

t her eof; aning the heat radiation-spot along the-cutting
l'ine and/or the morkplece and- c)- coollng a section of the cutting
| ine heated by sai.d- heating of stTﬁ? - wherein the edge
portions of the heat .radiation spot - |nC|de wth a V- of a U shaped -
curve. (4) opdn Theamethad as degipedrininimil, sheredh Ytheat a notion
direction of the - heat radlatlon Spot and/ or the morkplece and sald
tenperature F&QFHEHPPSSPSEaPEfﬂ Poradth %"ét%%aﬂc 5o ' the V- .or "
t he U-shaped curve (4) on the cuttlng ling and is below1a mel ting

t enperature of the workpiece. - ‘The nmethod:as- defined inclaimi,-

o 3. e drohBoastbgd Fhheinkd ?ﬁﬁme’f@.@% 249,55 B8E 41 on’ spot
oo n tho BaiaeLl Spb8 Aallh Jendin BAFIGpdgsel e 10 S n !

met hod as defined-in claim1, wherein the edge portlons of the'heat
radi ation spot with the conparatively '
5. The method as defzned 1n cLaxm 1, wherein the edge

portions -of the heat rad1at10ni§pot w1th the. comparatlvejy

\1arge radlatlpn 1ntensitg have a parabolxc shape.

6. The method as defimed in ¢Yaim 1, wherein the heat
radiatioﬁ spot has a symmetrical V-shape with a peak portion

and two legs extending from the peék portioh.

7. The method as defined in claim 1, wherein the cutting

line has a curved shape, the-heatiradiation spot is provided
by a heat radiation beam striking the workpiece and the teat
radiation beam has a profile adjusted to the curved shaps of

the cutting line.

8. The method as defined in cgaim 7, wherein the heat
radiation beam is guided in two dimensions along the cut:ing
line and the heat radiation spot extends longitudinally

r

along said cutting line.

9. The method as defined in ciaim 8, further comprising

producing the heat radiation &not by scanning a laser beaa.



| arge radiation intensity have a parabolic shape. . 6. The nethod. as
‘defined in claim1, wherein the heat radiation spot has a symetri cal

V- shap: ' m tion. and two. legs, extending-fromthe peak portion.
7. Theﬁmmnﬂmﬁ Iﬂmd in-claiml, wherein the cutting line has a curved
shape, thet néat "radi ation spot is provbged by a heat. radi ati on beam
stri ki ng.the workpi ece and the-heat radiation beamhas a profile adj ust ed

to the curved shape of ‘the cutting line, - 8. The method as defined. in-
claim 7, wherein the heat." radi.ation’ beanlls QUIded in two dlnen3|ons al ong

the cutting y4i %@%ﬁﬁwwtﬁ@ﬁ@ 1584 IR, gxtﬂm&n%wghe%y along

said cutting.line, - 9. The met hod "as: defi.ned-i-n cfai m8, fur

conpri si.ng ﬁ&d@@@tﬂé’lqm B iy %@pblbj.pt(i%aml pata.l aser beam
- 31- -10.. ‘The method as defined in: claim-9; further. conprising

scanni ng the | aser: beaam al eng an elklptlcal pat h. .- 11. The nethod as
defined in c¢laim210, further conrpri:sing nasklng or placing a di aphragmin
t he. pat-h of lhe Tlmseleﬂ;lmﬂnas deflimai dahjcﬂ.ad.mVa.OQr fhlrshepedompn‘iamngy :
heat'ed region on the. wor kpi ece:. :
' masking or placlng a. diaphragm 1n the path of the laser:heam L
to produce a V- or U-shaped radlantly heated reglon on the

workpiece.

12. The method as deflned in qlaxm 10, further comprls1ng
turnlng the laser beam on and off to produce a V- or U—

shaped_radlantly heated reglon ‘on the:workplece.

13. An apparaﬁus for cutting‘throﬁgh a f1a£'workpiece made
of brittle material along a predetermined cutting line, said
apparatus comprising -

optical means for making a heat_radiation spot on tle
flat ﬁorkpiecé; said heat radiation spot being symmetrical
to the predetermined cutting line, so that edge portions of
the heat radiation spot have camparatively large radiaticn
intensity reiative to én interior théreof and the heat
radiation spot has a temperature maximum at a rear end
thereof, wherein said optical means inclu@es a.heat_
radiation source and at least one optical component ;

means for moving the heaf radiation spot along the

cutting line and/or the workpiece; and



12. The method as defined in claim10, further conprising turning the

l'aser beamon and off to produce a V- or U shaped radi antly heated
regi oﬂww w,rﬂmﬂmﬂ ©13. An apparatus for cutti ng through a flat-
wor kp brlttle material along a predetermned cuttirig |ine,
said apparatus conpr|SLng - optical neans. for making a heat
radiation spot on the - flat morkpleé%‘ sai d heat radiation spot belng
symet ri cal - t6 the priedetermined cutling Li t,hat edge: ort

of . - the heat PgBR&t ﬁﬁﬁ §ﬁﬁ¥-1ﬂ‘iv% ST t‘?ﬁ/eﬂ&e %@%

intensity re Lor t he eof and the heat . radlatlon spot
has a tenperg #Een%??ﬁu ?@a?p - thereof, mhereln said’ optlca
means incl udes a a %m %qa l@ﬂq ' :
conponent ; Gggﬁ%éﬂsq;% g?rg%{’%g I? eal-ra Lté* i on spor}'%&%%engﬁ'{ he
cutting "”esgﬂgégrx%hf oPREKPL o&@ée aid heat radiation spot so:that -.
-32- .- neans” T or. cool ~ng sectlon of - the .cutting liné heated" by -
the heat radigi 8g8PBbEtions ot “thihgest rideORid GHlotIncIY rithe
heat radlatlon re orned to produce said heat Tradiation spot so

t hat thevedaﬁ 9001-4;9 eAf clibGe hes) . 6péh ait op frnit eoidOfehs Hear

V- or. a U shaped curve (4) open at a front end of the heat - radiation

spot or a |epdiangtted. spotherhealesdihgtewd apdthe headtn mdi:ahmn (trgré:ct ion
of the heat radi.ation spot.(3) and/.or .
in a motion dlrection of the heat radlatlon spot (3) and/or
the workplece and said temperature maxmum is 1ocated
locally on a peak portion of the V- or the U—shaped curve
(4) on the cutting 1me and is below a meltmg temperatum

of the workpiece.

14. The apparatus as defined in claim 13, wherein the

workpiece is made of glass.

15. The apparatus as defined in claim 13, wherein the he-t
radiation source is a laser and said laser produces a lau=r

beaw (7) which produces said ﬁe&t-radiationaspot 3).

16. The apparatus as defined in claim 15, wherein said a:
least one optical component comprises two synchronized
pivotable mirrors (8,9) oscillating perpepdicuiarly to ench
other for guiding said laser beam (7) to a surface of sa.d
workpiece (1) so as to form said heat radiation spot (3)
with said edge portions falling on the V- or said U-shaped

curve (4).



t he Workpi ece and said tenperature maximumis | ocated locally on a peak

portion of the V- or the U shaped curve (4) on the cutting-line and is
bel ow j"ﬂ'ﬂ” ure. of t'he workpiece.” : - :14. The apparatus as
define mglmﬁfm rein the wor kpi ece i's made of gl ass. 150
The apparatusLas"de ined in claim13, ereln the heat - . radiation source
is a laser and said | aser produces a |@ . bean1(7) whi ch produces said
heat.: radi at i on spot (3). 16. The apparatus as. defined.in claim15,
wherein said a. Ieast .one opti cal conponent conprlses fwo synchroni zed

O oo, <ot o 15 crhg e ot g Hhaal il Sl Yol OufRten oS 0T
orm sai d heay ﬁf@#‘ p,gegax\épﬁgcf@aes( p 2bidh RACEIRBELOBE ikl n9 on

t he V- or sa|

;rgg;]s I ncl ud]e-é é%/e mgf{) r%gt#aof Wpfgg?%?gl%@r rqgggpz I8Cg|) and

a conmon contg ﬁ%daexfféwl iy Gatdted b thenapsiadabeibhe rdii the
devi ce for the “pivotable-mrrors |nclud|ng meanhs for controlling said -
mrrors to gtpiboﬁéblb‘ﬂﬁ@i‘oﬂ%eaiﬂcluding means for controllmg said-

mlrrors to gu:.de sazd 1aser heam

18, The apparatus as’ defined in cla:an 17 wherem said dr:we_.
device and said regulat;.ng device dr:.ve said p:.votable
nirrors (8, 9) at an oscillation frequency between 500 and

2000 Hz.

19. The apparatus as defined in claim 15, wherein said
optical means includes a mirror wheel (14) having a curved
refledting surface (15) for feflecting the laser beam (7
and means for rotating the mirror wheel (14) so that a
reflected part of the laser beam describes a U-shaped or V-
shaped curved path on the workgiece at least once during one

revolution of the mirror wheel.

20. The apparatus as defined in claim 19, wherein the means
for rotating the mirror wheel rotates the‘mirror‘ wheel at a

rotation frequency between 500 and 3000 Hz. -

21. The apparatus as defined in clajm 19, wherein the

optical means includes means for varying an intensity of the



18. The apparatus as defined in claim17, wherein.said drive device and
said reqgul ating device drive said pivotable wmirrors (8,9) at an. = :
0SCi IIH"'H mllmmjmnme‘tween 500 and 2000 Hz: *~ ~ 19. The apparatus as -
defi ne erein said optical neans includes a mrror wheel
(14) having & cdrvéd *reflecting surfa%ﬁ (15) for reflecting the | aser beam
(7 and . nmeans for rotatlng the mrror eel (14) so that a reflected: part

kst PR R O Rt o ST B B 0,

The appar at u: %ﬁ¥%%d e e O ngnt he
mrror wheel ro tes the |Iié eel ggih b?b%§§|g§§?§éaﬁgn§$ %g%gegﬁ 500
and 3000 Hz. JrTra cﬁ%t‘iﬁi:h@:@.@n‘ RsChbud8a  #08hgi thehe,

opti cal neans |nc S neans f r varying an-intensity of the © - 34-

| aser beant(liugugiqgugpannlng of. the | aser beam over the U : shaped

or V-shaped curved .path on ‘the workpi ece so that. an arbitrary-. T
intensity distribution is produced along.the - -curved. path B . 220

The apparatus as .defined in claim15; wherein the
22. The apparatus as deflned in clazm ‘18, whereln the

qptxqal.peansllnclng beam?fo;miqg.opt;cal_alementsi

23, The apparatus as deflned in claxm 15, whereln the. laser
has a TEM 01* mode, ‘and’ the optlcal means 1ncludes a
diaphragm for pasking a portion of the laser beam so that
the edge portions of compafativély large intensity fall oa

the V- or U-shaped curved path (4}).

24. The apparatus as defined in claim 13, wherein the means

for cooling is an under-—cooled metallic contacting head.

25. The apparatus as defined in claim 13, wherein the meuins
for cooling is a gas jet device, a liquid injection devinz

or a liquid spray device.

26. The apparatus as defined in claim 15, further comprising
means (21,24,25) for fitting a profile of the heat radia:ion
beam to a curved shape of the predetermined.cutting line

during cutting through the workpiece.



opti_cal Ulﬂ ﬁmum amforning optical. el ements. 23. The )
appar at L ”nﬂclain115,'mherein the | aser. .~ has-a TEM 01* -~
ca '

nmode, and the ‘optf ans includes-a . di aphragm for- nasking-a
portion of the |aser beam so that ~ * the edge portions of conparatively. -
| arge intensity fall.on = . the V- or shaped curved path (4):

24. The apparatus as ‘defined in Clarn113,5ﬁherein t he nmeans - - for
cool i ng i's ‘an _under-cool.ed netallic contacting bhead, . . _ .-25 The S
apparat us as afef %%ﬂ?aa%% £5 aafideg; “tﬁg*-‘ﬁ'éa%@. Vher?fﬁré&ﬁoﬂf‘?_@si's_ a
gas jet -devi g, g4 aui d denj QR dew. heat Sha Qi nr yice. -
26. . The appa'ré{xﬁ?iéj’s&g{gi it_!r?erad%%tr?-tg’:iz% %\Elgﬁ.-e_f_ lt}re?ﬁe?éggarr%? Igisil %egéﬁ EX Qﬁrréans

(21,24,25) f Qoalydd TiiheA TS Heablic £BpALoReRbRI IAD. osciiIREBRY L0 8

curved shape ‘Pr-edeter m nedcut.t L' ng I'ng cutti ng through

the workpi.eCguotion’ of the pivotable mirrors, (8,9), meand5(12) £é¥. The
apparat us as c'fef;ior?ec?ﬁn 55‘-%"5&’? \%herej 'nrtshe(;'ﬁé?iﬁsr f(()r'_}itt?ng the

profile of thefigdiriady & paknbesnche hbat - #4a188ibhNSpbBCHdEBe NEANS foOr
controlting. oscillatory - .notion of .the pivotable mrrors-(8;9), means .
(12) - for  workpiedd iang aepmish for thaphéay saldaméansspot eanthelling
wor kpi ece and neans’ forcoupling said means for controlling --'said path
with'sai d neassld @ath stithy salid peahs| oof £itbing the profile of the

heat radiation beam'£b7said'éath._f o

28. The app#ratus a$ defined in ciaiﬁ;27;'wherein the.means .
.for coolihg has means for ﬁoéitioﬁigg:a céoling.spot (5) on
the workpiece following the heat_radiation-spot (3) over the
‘workpiece ‘and the-meansffqr positioning has a mechanical
rotation device coupled with séid means for controlling

osciliatory motion of the pivotable mirrors (8,9).

29. The apparatus as defihed in claim 27, wherein the mewuns
for controlling the oscillatory motion of the pivotable
mirrors (8,9) is formed so that_pne (8) of said mirrors ..s
controlled to oscillate along the cutting line (é)
independently of a cutting direction and the oséillatory
motion of another (9) of the pivotable mirrors perpendic tlar
to that of the one (8) of said mirrors is‘contfolled
accarding to a local curvature of the predetermineé cutting
line, and further comprising a rotatable bearing for said

mirrors (8,9).



heat radiation beamto said path. 28. The apparatus as defined in
claim27, wherein the means - for cool i-ng has neans for positioning a
cool i ng sﬁlﬂ“ﬂm‘muuu lUlEe wor kpi ece followi ng the heat radiation spot (3)
over the the means for positioning has a nechanical . -
rotation devite ‘coldpl & With said means for controlting - oscillatory
notion of the pivotable mrrors (8,9). - 29. The-apparatus as defined
in claim?27, wherein the neans °~ for controlllng the oscillatory notion
of the. plvotable - mrrors (8,9) is forned so’ that -one (8) of said

mrrors is .  ‘controlled to oscillate along the cutting Iiné (2) .
|ndependently of a cutting direction and the OSC|IIatory nDtlon of .

her- (9 d -
?ggtoﬁrsélé ?i ?%Eigkﬁsnkgrahi;ggégggdkgéiﬁ 28'Ioca cu§¢§ i %@gthe_
predeter”‘”eq%]rro 5 (goglthﬁmn@”SffE&i&e&oafﬂﬁé éb@ﬂ €Efcﬁf66$%£§h&ﬁr'”9

for said

30. The appaggﬁupr%%agggu@ggehglg im28, further . .conprising nmeans for.
p05|t|on|ng of "said coollng spot ) prOV|ded on “said rotatabl e -bearing:



