;e3e~4. 6*T~Za)r t ober 2002 *cooooa* - 1 Material-machining device
haV|ng a“ﬂ“ﬂﬂ ﬂ |ch|s|njected|ntoaI|qU|djet Thelnvené?e
rel at es machining 5 material in accor darfc@ctgben 20

preanbl e of mawent cl al m 1l and to a material -nmachining device in accordance
with the preanble of patent claim@. Lprior art 10 Material machining using
laser radiation is used in a very wide variety of ways for cutting, boring,
wel di ng, mar ki ng and generall for ry ,mater aI To make it possible
to comence r cHARAEHIS RS 2. : ? - $=of the radiation
15 has to be reachedx:mh tie i“rajeedst@d :EM:& a@eliMm:D@Jetto be machi ned. This
hi gh radiation intensity used to be achieved by focusing the |aser

radi ation at the focal point. However, a drawback of this technique is the
smal | axi al ext efheofinvies tficcalrefia tds (theaa medhd) Eor2@awhiaknghi s hi gh
intensit ached. ut S d | ocation
of th%Se f%%g?%ﬁ%?nt ada%%ogggﬁ%?gntvz}%dn% pgrre\?ae#b%{ Otr'up g)\%:%rﬂgf accuracy
or even tladcked.l Thenbeant®apers m@hééahlymagm/andnghe d@‘cme poiimt , meani ng
that partiggbabh¥el Bikhe t6as @ P d88P (Glttedrt $idlild N, On the surface it
was al ways necessary to renove suff| [of ent anounts of material for the
conical beamto be able to reach the nmachining |ocation. However, deep cuts
or hol espaliwayaritave to be made with inclined side walls. 30 To avoi d

having to track the foqcal nt. and to be able to make .narrow cuts and

hol ésogvm th appr oXPhEfe BANG dUSHAR) s 1P had 3Fd@hiMopdSed in US- A

5 773 79ihseEP-An0 515\/@833 Wi 3 AR A84 amd WA 95/£3283¢uttanignj ect | aser
r adi atlag into %f%d 35 jetrﬁgrslga Af{c?ht cond ctor,. Which is.directed on

to the Pﬁfjf’gée Yo" Be"Hachi ne Ehrd 60’7% byer 2902 "V DE- A 36 43
284, thembasenadadi®d i makwagisupplsseblby Mansmfena;egllasrsovabepf The end of

this gl aﬁﬁg%k?%’i hag o difip T GBS 1dr egEed Nt QL cpkpi ece to

be machi ne ow’ ng a oun It. e known 5 ice rawback that the
di anket er hap ttiee %t searbedyed nwérmat%ma ﬁ@rﬁéwhwhthmtphat in the

gl ass fiper MaiHiHat theikasaigh ath@id©ibn Alﬁuéhee.tydr@mﬁdsor@&ul ted from
a region h deag Yﬁat eé beneat h .t he end of tjl;l gl ass |ber rcfaum ng, anong

other 102FRLRYEY d¥%st LPHRALRY iThe HeP SRt eF 2 & TAPBW HNndF t £RGPE y | eadi ng
to thi s pet’mltaplIddwewbeeakiaqudawhachtooﬁlr aps.s EPeAn0ighbs A33 hae attenpted
i vol dehese Jranbackeoy Aesi il nfoll OBLLGE UBdad hiaBnfOZF! @ 19 bl ock

whi ch shapes t fé pstTeam 0
which this hlgh intensity was reached. If deep cuts orx

holes are to be made, the location of the focal point
had to be maintained with a very high level of accuracy
or even tracked. The beam tapers conically toward the
focal point, meaning that particularly in the case cf

25 deep cuts, starting on the surface it was always
necessary to remove sufficient amounts of material for
the conical beam to be able to reach the mechining
location. However, deep cuts or holes always have to be
made with inclined side walls.

30 To avoid having to track the focal point and to
be able to make narrow cuts and holes with
approximately vertical side walls, it has been proposed
in US-A 5 773 791, EP-A 0 515 983, DE-A 36 43 284 and
WO 95/32834, to inject laser radiation intc a liguia

35 jet, as a light conductor, which is directed on to the

workpiece to be machined.
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nozzl e which shapes the water jet was a water retention chanber having a
water inlet and a focusing | ens, which closes off the chanber fromthe
nozzle entry, for focusing the | aser radiation. The | ocak PEIPLERA0PDCcal 20

| ength of the focusing |l ens were selected in such a manner that the focal
poi nt of the |laser radiation was |ocated in the axial center inside the
nozzl e channel. In operation during nmachining, it has been found that the
nozzl e was very quickly .d d the_J| aser 25 radiatipn, and_consequently
t he shapi ng of tﬁé1 ralﬂ(ﬁ }\%’gg}\eﬁaasztﬁyn4d | oRger %%‘?’?Ect?a%halgﬁ%?ovgﬁént to the
way in whippltled |lbgemebeamas bnjetaed ifibert.helhe qend jef whssmade in WO
95/ 32834 éaesw@ﬂﬂéé'ﬁaé<%*u ﬂg¥ris " D@h!§§§rdggeﬁegaagh98 Eﬂebe.'nJeCted
was pl ac8dh the pl ane of the nozzl e opening and the water retention
chanber wWarkpagceofta heendaghd negenfhoviag ereHndatidd. TR kBg¥he which
shapes tfgyli@uitthd fhd SatdwbAER €A3e ROY tdaneddm & | Q¥ daseppl y space
which ectends radial? y with respect 35 to the nozzle axis and into which a
pluralityesf “oaxPaVey dildomesut e, Paxi gratiqiui BheRatbhelts pefibsut. 7

Cctober g082s- BibEvercavdhiddi £har r angerentadidei swzzlre wastdawaged during
operation for the nmac |n|(£g of material. Obj eﬁefag{ t he mvenUgg 5 ~ The
obj ect ofTEHBACK ERTHTSS T HOPr 6vi I CHeflio YRCHT nPRGSERE nateri al

and a matkei aknechiofi nghdevgtasbavifipea ,| asanushegm wamohgi sothgpected into a

|1 quiql JEB@‘{@{@' ch feLhed, sde"'e)%e Spre Lbal maleriaty gan Q%gma‘:h' ned
over a prolorgéd running time. 10 Tnt errup?'l on in-machi'ning i s to occur
only -at plédopgedivneteading céo nteigaliet Thepeddhodnkddeinm gowsi bility of
unforesegﬂl%edirp)b%r_rupti on, in particular caused by damage to the nozzle
bl ock which shapés the |i gui d3j et. 15 Solution to the object The sol ution

to the object fofPrieprdeeddSackordi AFteFRUse i henfVeAdi sthESEri bed by
the featdraabatkRat Bt dsaigRih@ndnf obpt hes mtrani adi fRCH nhegzdevi ce 20
accaqrdi nglto the inyentjon is described by. the features of patent claim4.

Accordi n§1P6% hBPLAlentiRReS| 1P SfRTrRd 1%t , U8 @ ™on&thahll® t he
radi at i onota lee wihijobc tsthpiest ahehevd tepi et evas saf vatusedrentatibe nozzl e

entry pl f 2 nQz \nne ich_s .1 he,Ljquid,.apd the
i quid igggﬁ‘g’ﬁﬁ zévtlg‘gt %eyr?%ze%%@n tr;g]‘?(?o‘%}m ?é‘gg?“é@h.léhgoeﬁ%é?ﬁy (wi t hout
| i qui d retesesoncspackly hPMPehouiremr bilende@zziifes@nthvee £€duirenments

t oget her rgr@s3alyl sthediBked COLAELSPPBHL NOrHleshgRa0ioAN AL T €8c30 unit as
descri bed bel ow™ Exenpl ar$/ enpodi nents of the inventjon Examples of the

procdss 4BBEFH nyt t GPEhel GTHEMRYT ot S YRESISRIGS &L ot Bi i Gy fhe
i nvent i ofaahe r3xtexpliianetbdal npoendetod |tHe! Dyvart t hadiedeiencRako figures.
Furt her ?dvant ges t he invention w. | eEerge fromihecgol I owi.ng

. ogatg% 1q(¥q§]a%ﬂal.ﬁ nter ins e nozzle anne
descriptive text.”  1n e ‘draw 8
In operation during machining, it has been found that

the nozzle was very quickly damaged by the laser

25 radiation, and consequently the shaping of the
radiation was no longer perfect.

An improvement to the way in which the laser

beam 1is injected into the 1liquid jet was made 1in

WO 95/32834, in which the focal point of the laser

30 radiation to be injected was placed in the plane of the

nozzle opening and the water retention chamber in front

of the nozzle opening was eliminated. The nozzle which

shapes the liquid jet is in this case positioned in a

liguid supply space which extendc radially with respect

35 to the nozzle axis and into which a plurality of

coaxially distributed, axial liquid channels open out.



7 October 2002 - 4 5 10 15 20 25 30 35 Fig. 1 shows a cross section

t hrough an optics unit of the material machining device cor.di o the
invention, Fig. 2 shows a | ongitudinal section through tﬂ@cg’ﬁﬁrggoémi t
illustrated in Figure 1, with an enlarged view of the liquid feeds to the
nozzl e bl ock which shapes the liquid jet, Fig. 3 shows a | ongitudi nal
section through the nozzle block which is illustrated in Figure 2 and is
hel d i n BvanzzVvethoumtis Fiarranggwsnt a diess nogetllieonwas | dawagewd- |V in

Figure 24,20HgFbBerat$BAYWE 02N tRBl ARGRY Y nEWoe mhfREilkhustration in Figure
3, showing in particular the generation and guidance of the liquid jet in

the nozzl e channel. The optics unit 1, which is illustrated in cross
section OPj&LgubE kheofinBatawheri al - machi ning device according to the
invention Is conﬁgcte to a |l aser, radiation source 6 by neans of a

radi ati on conduct8fF PRICH Pddi BRF ot BEHHUR br L8ontRcPEPVEdeThe radi ati on
source 6méshodl yfdiragmaohahingl | yhel | mateatedl i antthis fogueeialt is a

hi gh- power aser sucq as ,a Ndn: YAG haser. The radi ation 7 eme%g&ng fromthe
radi ati oR*CBRAGRPoFSY T (Y ‘Wihnectar®s PSaToMihGt et by dESREdof a :
col I i mat bnt® wo figrunda beam @liclheebbamh Bhd sigguiaedensure behatexpandi ng

uni t 11.,%’?8%, ggn@épla%%i \rﬂ\%egﬁintedllo\;&n Ajepygﬁ&%é%? cgﬂglgﬁré%imt%geexpand, t he

di anet er e beam 10 enters it to tha whi ch
emerl@es IRBETFUPLACH| andl er "pgbidingf f¥dm thRo teceinfht drsl¥envisaged for

t_he bea%?é&éﬂékﬁi'ﬂneahi Se ¥ paadi ﬂQ\;é@\HPs makgfedd RO €pko Mary t he beam
w dth 15 (di an‘}e‘ﬁ?%mof the focal_ poi ntg of the | aser beam 13 which is

descri beBOBELB e bedhn ex pHHALTF & of PRETBERMERpandi BY unit can
be changgdrbyctobher gmansi tihy odghagegnal stioé anzadpuHIvdiKk whithwhich is
not shown g not géi Zﬁd he m.efpander">. The expanded 7 Qctober 2002 - 5
beam 13 ?2 Pfign“def ré8téd ¢h ough 90 by a deflecting mrror 17 and is

di véarst ed onto focusing optics 23 as focusing unit by nmeans of a further
deflecti ggi JLEibRT £81¢Whi 6B58a¢ an adjustnent unit 19. The way in which 5

the adjustnent unit 19 ope?at es and is used is described bel ow
The solution to the object for the process

according to the invention is described by the features
of patent claim 1 and for the material-machining device

20 according to the invention is described by the features
of patent claim 4.

According to the invention, it is ensured that,
on the one hand, the radiation to be injected into the
liquid jet 1is focused into the nozzle entry plane of

25 the nozzle channel which shapes the 1liquid, and the
liquid is supplied to the nozzle entry flowing at a
high velocity (without 1liquid retention spaces) and
without turbulence. These three requirements together
are satisfied by a corresponding design of an optics

30 unit as described below.

Exemplary embodiments of the invention
Examples of the process according to the
invention and the device according to the invention are
35 explained in more detail below with reference to
figures. Further advantages of the 1invention will
emerge from the following descriptive text. In the

drawing:



It shoutd be pointed out that the theoretical focal point of the focusing
optic 23 does not necessarily have to coincide with the beamw dth 15 of 10
the focused | aser beam 13. A deviation of both |ocations’ Pstehar£002om peam
di vergence of the | aser beam 13, whigch can be influenced, inter alia, by

t he beam expandi ng unit 11. A nozzle block 27 having a nozzle channel 29 is
15 used to shape a liquid jet 25. The focusing optic 23 and the

beam expdhidi.ng urdhowls] areres useetion threwglkedannoptichsaumtnet t hat the
beam wi dt h 15 of b ; ; ie.d nezzl,e-channel
entry plane 30 oft_’lﬁe&%gggféej% cﬁggh%ﬁlgggﬁ%%%fl&&r gr(?\%g Ig-écﬁglr?nel 20
entry plane 30 cHtYSUEsL™ONn both sides into the surface of the nozzle bl ock
27. Figurggy.2 4 0 shldW tIéndd @ddidAEdéad €1 yn SHhFeUBH RBet RptaRtsry to the
nozzl e channel 29 whi ch shapes the_ll%lul djet. Figure 3 shows the nozzle

bl ock®27 on an eWhY a+JgJe‘1‘S'g’é%l‘F%dth'én EPYGRe 12, ‘Qgtkrh@“n A& %fannel 29 is
of cylindrical dﬁ;snelgn ofhe;}{jmzzi@ubcﬂocléeﬁ'é I So mathe fﬂ?}@ﬂ’zﬁe rrm;ltmrdkalh V\/Pi f:h is
transparent to t l aser, radi gtion .(in ig case with a wavelength o . 06
Vin and is msché‘ﬁ]lc Iss}la}Paersd,att&gﬁ(qé’sw# &re%éxarrpl e quartz. However, since
it is exttieneldy 3homld , lovgitaydatshb somsich dbhrdughohtie Gorpdred to a
nozzl e bl ock 27 q)ec}{r‘gm aritfsz"laldé%zrzalt%cpl gﬁk%éur}_:%dezfgggl qisam)nd has a
| onger service lite, the end of the service I1fe King 1tsel'f "6bvi ous
throl@h a |iquidljsdtd 28 whingz dreedioinip even after a short liquid jet 35
length. Fhe nozzl e QLK dasss N IRGESSRT L L Nehaye -t 9yCcensiglygh. a materi al
which is transparernt to the | aser 7 Cctober 2002 - -6 radi"ation in order
to utilize the cdndidl®bns of total reflection agai nst the nozzl e- channel

wal I. It . & SEHWST 8h ehlargeierviadw WBEChHes DDLubtanspanenty and
absorbs radiati o&‘eﬁ)rovi&ied %hat t he nozzle-c nnek| 5 wall is . provided with
a coating which Wt s”t hE"PHLBP Fé‘dipaf’t’?to]rf:%s Bl §BET@HEM o resi st

abrasbon fromthardd gguildaete lof ttiee cAsegudld ajevzzine theckoxatleri al whi ch
i S not transparerghantf%el_nozzl e surface should also have a reflective
coating (to protect agai nst adjustnent errors), and so should the
undersi de of the nozzle block (to protect against radiation which is thrown
back onto the wordgy eegtfiam thgrwot kpivace-1of tde saliud of g agma) . The
nozzle block 27 illustrated_in Figure 3 _has 15 a planar surface 30 to which
the axis 3255 FRETHB2zIE cRaBREE 29 rbfs pBAGELdtdr Mafhd Nddige 31 at the
nozz}@- chiariiele opesbngird bei weas thevenriace i30 asdntbeeahatela wal | is of
shar p- edged desiI%nfi%q:qO%r efserat():Iey Iéasba r%gi us. ofofl ess trh%q %.\ﬁ m This
rounded 26°&dge is'0fe SPY Ut her PrecOnditi ons, whi ¢h “afe*®8scri bed

bel ow, f eongemdat ihgvial aquadipétions comdpadair | epméctdhi §.1 Fhieecause it
SUppr esses 4lilg sier MR ,QM o fyr@ﬁiyn&fagpamSthbgwlg- i1N& ezl bl ock 27
is inserted into a nozzle nmount 33. The transitjon 25 34 between nozzle
nmount 33 id@ndthb3zIfd BI6ck BY s deshdAbarPHesuch?ehan®éCht ¢ ©here is no
sh_epzw ef:gﬂ&mﬂ&@%& Joutige Ihi Klaf&ii&fti@fﬁner"ggeetrr]n@rr@li|r@_r10ﬁfi:@mt hcthb: qui ﬂ, anfl
this would propagate into the liquid jet aped wit e nozzl e channe
26, “The. FOBPER0 IRRRSAT 17 bl hie SRR 3 has Con LaRALFRal di anet er
of 2 mm &iyd meedmed ghf @f cO1PimatoA Borzl €obmock déamhi8. ofder bebmmagni t ude
can be uf act fyoma di d t cost. h | ready been
stated gggve?gt Fiéﬁgioezdzlg&3§ cﬁ%ﬁe?%@gﬁﬁghq%}%pegﬁfheﬁl?? q%%&ﬁﬁ et is of
cyl i ndri expadedingn,unit t hi s ceasde fosedxanpplahandah a-di agependef | 50 um
and gg | englh Ol RO MBEEL V30 ¥6 TR chengiteof ihecgozghe ghannel 29

shoul d be 7 Cctober 2002 ‘ .
the beam 13 which emerges from it. A diameter factor of

from two to eight is envisaged for the beam expansion.
This expanding ratio makes it possible to vary the beam
width 15 (diameter of the focal point) of the laser
35 beam 13 which is described below. The beam-expanding
factor of the beam expanding unit can be changed by
motor means through signals of an adjustment unit which

1s not shown ("motorized beam expander”). The expanded



,no greater than twice the dianmeter of the nozzle channel. The exit of the
nozzl e channel 29 is adjoined by a conically expanded openln 26. The cone
apex angle is in this case eighty degrees. The inner | at’'ePstobsr 002 5ce 35
of this cone nerges continuously into the nozzle nount 33. The coni cal
design of the inner lateral surface 35 makes it easier to apply a
reflective coating, does not interfere wth the quuid jet in any way and,
on 10 aCﬁountéﬁJ its | ncll |on ntenS|fbe reflectlon for any
radi at i o <&l eh®r § ?nf quH g § o ¥cRoGff 16 S Ghani cal

i nhonogengirtriogs IEhaﬁ& wawedlceﬁtadlnﬁﬁanSOMbsﬁhghayﬂnpﬁssed talar ough
despite f||ter| ne gIe el ec to. b 15 suff|C|entIy
gr eat for radia Qﬁdﬂ’d%lc% %ﬁ%?bes #n(ﬂn4W¥€ﬁl qd@%g}% 1§ lrrrrﬁinge

t hereon afl adlich heS|@m|mmmm$mme0h amidnl 39 a Wbeywﬁwﬂiomm@m@ha The

i quig i up he | e; ghanpel. Vi n oW, sk+ld ke i nner
spacég36%h%hegtgﬁﬂ% %'20 chlgorrggbonge tgug%pﬁgélnatgPy hgﬁf t he
d|aneterdéﬁcﬁh@eﬁobfﬂéwchannel 29. The dianeter of the inner space 36

corresponds to the diBternbef e tizzbar Munte 3§heT\ﬁ’%@63feftfi"c%l| i nes 37,
whi ch are round in cross_section and t he adj acent side walls of which nerge

into oneff5adnotBRiNtas Phey toft erfeHeSIider OBfdCe 36 oPRASIi nf®tt hi s i nner

space 36nkkedssiranyshaped s resgeseae wadhaldhe wddin r@ﬁ@ent 1boglfhe axis 32
of t n zIe hann Zx)9a This arranqérrent of .the feed I| pr onot es

tur engé@f r C(ursa? Shpp! Y | iqui d & o FOV e ?‘n’bzz? F?é% 27. A
pressur e-lpedlttcuormg frdaasleltsg ﬁlsormr rkmageddatvetrlgeneat rgf sitdee ofl atslee feed i nes
37. This t 39 dj i uppl i ed
with |IqBIE8anIe:g3a Vs’h%?o y |ne ¥Lr%tle ter 8&% ége\c%(nt gg}éeﬁ'g%ate a

uni f or m beqoi-¢xpeassnge una tt Hé -35 twenty feed lines 37, resulting in a

symetrical flowpofdlzi-qul g1t it ey rt%?ir?? eé‘tﬁazzﬁé nEﬁahh@lsggph)é line 91 is
on only one side, without filter 39 i nes 37 adj acent to the

suppty’ | PE&99 1t uoBNAPBe 2atl AR Ghart 2750c?-186er OFHFLNTI PPtEFedSure t han
t hose |YIa|ﬂ@f Qmol %éaﬁt—bb@a&t@ﬂﬁlg%’ driing. 1§ﬁzﬁlﬁéqaﬂﬁlhby?dl bri arlra}a@eahbl e }‘or
tangentia ow conponents,_to n_t he of _t nqzzl e- channe
openi ng 28. s?o\%alal g&‘?qrheer | Sk ‘?é& 28 "‘tlcﬁg’eo]br%t ?%epg %?fl PESENt ry
openi ng, behe diskednde tcmnetespaceﬂ% nezzbeecannel achtgui gleinght manner
by a covep 43F whid h\dzszltermé:{nta;g Kk% bé‘seﬁ’héa%%'l%ﬂcﬂ%%ﬂeﬂhe | ow

hei gat of the inner space provi ow vel ocity of the |iquid.
® t RetEYgRlePew3P0 cpsitdaiuas qrhé?etltsSheefotntaoCéha §8r&BICg reduced)

pOSSI bi | by tafe thezttaumtoaw @7 hegigdrkR thhetdosugHigy Cene 3g&cRy the |aser

radi ati on _passi t hr ou count of the desi n des ri beq above, the
di sk-1i kémﬁ‘ﬁﬁéﬁtgﬂié{céu§%ou§d§ﬂ‘8h t?}?ater?ttrii’ stP n’b%%sPB §nﬁirt| cular in
t he radi ani O\mhiolcuﬁm@e(sonetl88 bigqthe |jpster rFacjluatel 0B, s‘m:rwsa ltheui d
retentio e, ch d_ pr entj.aldy p e ti,on of a

t her mal Be%gat%hrb&u X radl(gjtl O}I:)l) %E’g%r I1t rg;'ert ‘%] EE?{,QF Fens woul d

make per Faet n@telﬁech@@m@lng28f thheOIfas@YlQOdbeaﬁil res itdre. cdheer (axis

32) of theza%zlalseﬁnn@t OPeNighL8 # PSS blt et 107 @38REE gfs a thernal
| ens woul d cause f ocusi ng,I of the radjation to deteriorate, since the

t her mal FéﬁESBétr§nast8 dhGerlGisRd Isiatige (HReth+8dFasfoNi™BuPd i npi nge
on the edgee@bngdbht Ref opeds ngnpf atnlee n@zmleeharmd/cartltyhehmm,zl gustr f ace and
woul d t herefore dama ﬁethe n Furtherm)re hern? | ens formed as
a resul t 25f tHe ?t‘%ﬂhﬁ? hgaﬁﬁf ‘be‘h%t' hav8Ch §t bt% FECAEMEHY The
radizt i oamaddl, d ino hanger se coqn’ns:cmtl yifi ndestedd i nCompheeld que daj et 25. 30
On accou t r»sh (r, al ng t d,37, a
pressureﬁrgegf&(ezl @C?é]? 3/ glgaecgeet v%g)lrrtn t%ﬂ%géﬁtt@f HB Qﬁ?erebgl&gg eztﬁd t he
annul ar mpdee fgom dle@@ﬂdnﬁeesatrmﬂﬁ o$ﬁ€m¢¢1 lhéﬁ | blaer egHorfof the

l'iquid befueen nozel Qllileoﬁ%t'&k?l?ugarldcél@tzf_ﬂ@o@é@% §§r§§ghaﬁdlt1ﬁ%1§l”3| |
roundi ng (radius >5 \/rr) of the edge 31 where the liquid enters the nozzle,

for the PREst?Y i ¥RL¢kr Birekee-YR eBVEN0R § L Achi é\?‘e”&bas*aq‘p%'ecdﬁél tion for ~
liqugl | etndbnof great |ength. Furthernore,

The nozzle block does not necessarily have to

consist of a material which 1s transparent to the laser



.7 Cctober 2002 - 9 degassing of the |iquid and renoval of particles from
the liquid have a positive effect on the production of %ﬁF séélength.
It should al so be ensured that the supply of liquid is f b sure

pul ses. This is 5 because the cylindrical shape of the free liquid jet is
unstabl e. On account of its surface & énsion, the i quid seeks to change
into a different shape, nanely that of a baII. Therefore, after a certain
spreadingahéaghbntﬂmapeﬁeofdd(pﬁxﬂizeakhed@wmdnﬂnmdgubﬂiduabldrops. An
10 infi I’llé%fl rr@ o¥1 % nstac{h% dlzsz erbca}_lnce |n Mf@l |9€| %198” ng its
shapi ng becones rap y |nten5|ve econe
constrlccedSlaaus®ﬁg atrmatammadk ublchtolﬂrapgl Th@n§@ﬁr§unxoanding the jet

whi ch 'SaSQB?B%negaQXaEﬁbﬁt'o ra@§agaon@hg 'eséeaﬁs 21BL8ndRnghfect. A
liquid jet_o r eat <§H? cah onl uced by the measures |isted

above f oY"aHea%‘P nPEPViRA d Wil 9\ V\W% 1?% el ¢ gfdiesitgr bhhee.

Further mpggeri trdaﬁ%@wrpraﬁangmul;@erbéouﬁﬂet hat , radiesk t BBrhkgBhd j et 25
i npi nges_on_an as ﬁgt 20, unmachi_ned wor kpi ece surface, :ﬂéthCk wave begins

to rise tpRBr Fh tHEYLS  IFhi s KhobkewetRShedis EhaICaHeE f PORESF 1iquid is
no | ongematapinar wanitisone efott herdamparéxad; athen wéi £he haarbaes i njected
into the %i gid %?t 25 at the entr¥ g t he nozzle onglng enFrg s from?25
the Iiquf Oﬁ g 28188 aR&8Gnt 2of “PFFEGGEYFi t FREC5RIt hd tPat BFEFSElr f ace of

t he 10 quadajestcadsed thy ntthe rstvocl) weared ﬁmlsheubdgthg oadeasida woul d t hen

come i nt gffggéagﬁgz‘%ﬂeh btlrbeclf'o(zt_zigmp&?&%(t zﬁ‘@%{ ¥Qé‘§§t58£°flﬂtﬂcthe latter

and woul thrown onto e nozzle nount 33.
Then, thésrabrarnroRagdulantise @i orbdrigire hisomathe cdaskrgerecal heati ng.
Thi s coukgelggguaoogh?lqghgniaI of the nozzle nount 33 nelting or
vapori zi ng, which |.ead to destruction of the nozzle unt 33 and the
nozzl e bl ock 27. T?S BP@@&EtQ%?qﬁu%;f% qﬁﬁﬂﬁﬁér&P FH@UFenerhadi | 35 is of
conilcal depilghaandurs fueoVvia@eto Wwhbch tﬁbl%@msﬂszxmﬁlﬂ@e ﬁbezlaser

radi ati on energlng?on account of rre ulargg{esfﬁp Iat Egsurface of

the IiquFB2Bae het 8for £<TEFF %%% $* 20 Cthis
coati ng amizil:emnbtin;:)eﬁuetcvlgmHP,1 ndr déghb¢ teeaoz the b!socﬁaéé t36) thadabsor bent

naterial once eyprkgbqge 453ha%fbeeghggéeQ?Q%dCLndégy a&here are no

shock maves or only shock waves: wth energy tornmed. The nozzle
bl ock 27paﬁ€ﬁ6a§ma@|5n@ FABNF 19F elegs tHeaar P aWBenERLSdESEPHBEd here, is

arraarwedea et et iits C@aeeasfl Yfm%ﬁhmnd-ﬁ&ﬁﬁman%ﬂcme Be&zl e bl ock,
is nere % ng § ﬁgri u screw an insert 46 % ec&stha a seal is

produced depfielPhiderte i3V a 8§P|ﬁ6tﬁﬁg't?an%b%?é t to as a groove

54 whi chgraas aﬂeuq&hltstnuher iatebabassefaoﬁ:anﬂupmmmssemtothennnitoring

bore 50. (LELPELR be hauhd oidel N6 MRl LAk gy boree 00,1 e peaLikng ring 58a

has | ost “heé seali ng rlng en a o | ose its
seal , |igdidscoulsrreadhinhe §urﬁ%iel$0m©ﬂnth§3trans?)atéﬁﬂS(l:‘éW@ﬂ 43, which

woulyt coggi des@pdan | MRAA1d hadioRuShRY and Gbsance iodihe shases beam To
avoid this, the sealing rings 58a and 58b are exchanged 20 whenever liquid

i s regi sfeFLAneA t AR nBHFRor AngmBBRET50thALT oFREXSendsr B9 | SE&Pranged
beneat h phesmtkpmecstéﬁ widiugkl 151 kéw hee mgehierade Therposdnidoninaf the force

sensor 47 Islsielue%t ed Q %%Clhs awg&TQerprtor%)agate into the liquid

jet 25 shaped with the nozzle channel 29. The nozzle

30 block 27 illustrated in Figure 3 has an external

diameter of 2 mm and a height of 0.9 mm. A nozzle block

of this order of magnitude can be manufactured from a
diamond at acceptable cost.

As has already been stated above, the nozzle

35 channel 29 which shapes the liquid Jjet is of

cylindrical design, in this case, for example, with a

diameter of 150 wm and a length of approximately

300 pm. The length of the nozzle channel 29 should be



25 it emts a maximumel ectrical signal to a control device 49 when the
liquid jet 25 is fully inpinging on it (w thout any deflggtjon e force
sensor 47 is arranged in the geonetric axis 32 of the |i7§§1=l§>?1e£30% If the
liquid jet 25 with the |aser beam which has been 30 injected into it

i npi nges on a wor kpi ece 45 which has not yet been machined, there is no
signal, since the jet 25 first has to bore through the workpiece 45. If the
wor kpi ec@ U5 HRA T eddiphediV 156 ed-hohr SHiGRes f thertds s 7348 tial cut
through WHathdhe Deé 2RitS o35 thassidukz1d hehhrhe £52DNMRisNgRE Amdde sl ot
side wall_or bored h Je)(,a wal | g\h n the,worggi e%ﬁ 45 i s novi n%.ﬁln this case,
still onRY FarfostCihtY | e¥Pas ?&rp?ﬂ@@éngn he 6 CE€"Ee@O5F &P 9 he signal
emtted tic t hen cahtirsol casé Gsighey 2883reedl Thewi cienrdkd: i ddtewerl than if
the full bhe 25 reinpinging on it. Therefaqre, t mpupt qf materi al
V\/nichghass%reeance?e\r%g;veo (r:rgirlllge cgjer}eer[rlhgﬁgﬁsbycorpga%ﬁnsuoo‘*hseltyﬁel#g?cgmseensor 47. 5
The cont maizzfleyirceun9 33. al so connected to a displacenent device for the

wor kpi ece 45. Thg%rﬁgbs(p(l)@fggpnaegf%{%ggﬁi shankyndi-agrammti ¢l les &ndi cated in

Figure 1@1’3%two Ubl e arrows in ortzontal directions x and y 5la and
51b, int imked LhAPELET1GO RPN spl BBEABAELIVS F834ilPPe idPBne pl ane

and two QiJensheasseNeWyidepensh ngignithejaal ug defervdyednly tde force
sensor 47, the contrql device 49 controls the di splﬁgcem&nt speed of the

wor kpP ec @GP 0P Hi AG St o " IdM@detadtni HRbeRBt F1RY phet H&TLISFHURD two
directi omblanbraafabibn Thecadeairegyedf fihem wor&plegaidSjeli s is to be
machi ned can there{zor be rsgulat d .z%}r}‘::l? Q%t)i m'.ztgjgein gﬁrrrg of _energy by
nmeans of The?FoPEB sénsof® PhEE hat* TR % e 456518 ié"ﬁvfded whenever
suf fi ci ertordrapwittast iofnsrat ghiiah hadvavédeepassgol edth2Qudhe caspridle devi ce 49
is also ed to {he i at.l S 6. Jhe the | a out put
power Cagﬂa’]]”gﬁ“%{;g adj't'ste?iﬂgs %bﬁl%np%q{gﬁleeof %_%e Engggggg vgloue%f%ﬁ omt he

f or cbS serSUTf P ey \iFeah eker draglatepenihichoemeygest friom tthe case of a

pul sed 25 ilqasel,jdy MeY b expibbe ardRpnReratogdeli sxused iliyinyer kpi ece
di spl acenent, the laser emits a plurality of pulses at one [ocation before
the wor kFECEUS ats HVed offF %tEF oritardtP95%e st epper node may, for

exanpl e, take plamtes il iduiad siepssepueadetbr eteenoyzak th@nkzl 3 I n _
addi i on 4o, the guidance,of LG d aserobeamhi ofy has,al eady begn expl ai ned

above, the optics unit I,”7as can be seen~rrom Fidure 1, has means for
opt i 2&m adjisdt morresrbnahi toraperokimake pyshaldntbe dhiemedesr dfeam wi dt h

(focal paiy 9f-ine ERghaLiopy, FRNdihniaspectst enbhennezzlpLairy opening
or the axis 32 of the nozzle channel 29. For this purpose, the radiation 52

froma whi& PTEREPLRAT ckO58hes ddgpetierpsfedtkonBPEadhel YRt K -expanded
| aser beamehty fdedrlohes 2002whitd® ald sré$n€aini edosdt syeviRans of the

defl ectin iryor 17. The defl.ecti mrror 17 fully reflects the |aser
radi ati off t{—'%‘?ar‘?sqzﬂaicseri eSuHft &35 ght OFad‘i’}éﬁ%nm@%gFr ot the QK te 1ight
sour2g S5anudiiierd ab. they radtati cthé finorrt hepasorrr 8é,53¢péngdtntter with the
| aser radiatj on, | g'lgiaqfievi the, defl egting it ror i focusi ng
unit 23 ;Er?gtg irivnednesr(_:o;gr ect op?‘i ca nor%entgtgta?or?ﬁlb%eftahe%r]%]?rz}lltg%n%%ftry pl ane
30, is f& lat WREh| 0eRRVRL oft At hehaxiax B, StheodefthRt inegzHerror 21 is

10 desi gred i panti al Iy ikr agsphhgbhenwhi e | t@dt fadh atiiigp H2.37T0 check
the correct beam adj ust ment, onI% the radiation fromthe, source 53 is used

wi t hout &UCHOHESHeBNTPICRRARTRIS didimddr r 8BEPPAY] Rt nEhEUIEhdnhi t e

30 the nozzle channel 27. A pressure-reducing filter 39 is
arranged at the entry side of the feed lines 37. This
filter 39 is adjoined by an annular space 40 which is
supplied with liquid via a supply line 41. The filter
39 is used to generate a uniform liquid pressure in the

35 twenty feed lines 37, resulting in a symmetrical flow
of liquid to the nozzle entry. Since the supply line 41
1s on only one side, without filter 39 the feed lines

37 adjacent to the supply line 41 would be at a higher



15 light radiation which has been focused by nmeans of the focusing unit 23,
illum nates the nozzle edge 31 or the area surrounding il Tr@ éﬁé%ace ar ea
surroundi ng the nozzl e-entry opening is observed by meansOgtober 0 canera
55 via a telescope 56 and the deflegfing mrror 20 21, which partially
transmts the white light radiation.” As it passes through the deflecting
mrror 21, on account of the thickness of the latter, the white |ight

under goeBroeantei sphakerdifise TS NgeapPRPShtacdment suprdar r ééred by a
plane;pa@@hgghughe§? 25i§he§%_5Zmp$Q§iQ§E|e?ékngtah?éﬁtial capope tilted by
an adj ustnent “unit 9. The adjustnment elenents are then used to_tilt the
def | ecti BEMRPPEBES2ES ffehina FRRNECIEREL AthetHDcRPZROPAERBRNBRe white
Aight begpraongs 250 3fb | helsymield i caddy wabbatespealo teeddte tmeation of

t he gannel Fn?XI s 32. To achi eve hhi St ;(g_ei rocedure is as follows: the

def | etti AGZAi-FrEPTEY iPIBd HATI ICH°Sditdtont PRFT e SPRGH cth BE det er ni ned
at the neszzkeechannel lddge B%idjht archriexr tthere tedted 4B whécbhppssite

directiop, _while asuri t tilting,anal e_(~ displacenment distance of
t he beamggﬁnf'ﬁ%rﬁggzl%é- gﬁ%n%}e;%egpéﬁdﬁg)tl&%t PIS(erdédi ation reflection of the
sane refl ected i fhendiowy heaighdl sf Bdhe imr@t crace0de pregiddet ermi ned on

t he oppogi P g 1, t hinS, ol y urt her
mvemntﬁ?ﬁeo@?ﬁg%{ﬁhﬁ% ,bﬁgkﬁgg %élapg?ﬁebt%ie[ Ed;lgé%%\é\ﬁggpﬁgo?ocal poi nt
is tHen valacptine WARER | A6l uBes tRE nazzfenghdArePly axpduged) For

al i gnrreng)ogaagiwegl oxatim piqhbe shangeheaxies 3% enéurbhgsingi nilar

adj ustnent of th eamaxis is then carried out perpendicular to the
previ ous CBNPedS §P}Y0Fm?i I ‘g

55F HHLARR PREALNGotrOWR cLh- b8Ndi spensed
with 10 atcbhatdest echiengdestgor d2kdrd beaidealsbight lthd r anspal ¢Ré

(approximately 2% for,the, radjation,of the |aser. rce,6. In.this case
t 00, thelpgﬁgsc%é%c%nd:i%helsgl a%%é%hgeqa%7 l%avggtolﬁ'gggesﬁbgre]éd f8r the I|aser
radildi i opaahdcplevi dea wiltsh aadamtiioaf-lfecuisvuegcoapnag. 345 ofhethiedeo canera

o5 mist besgroviged W, a ol b Wiiehils senshiide thdde | gaebyadiation.

In this case, in the event of incorrect adj ustnment, the laser radiation is
ref | ect edoBl8nPERESHEPELE IddgPramats e r PR e9f oA, tirpEMRRf | ect ed

radi ati onehs tddwRfisery@dabyohhedrgtdem,caner Zoea.via therkhghescope and
an adj usmttrrent is perfornmed via the atrcabu](s]e;ggnt uni t 19f dggcribed above and

the beant&Rpaffity URFFe 1PerF§hr e G b PhéE o7 2T e Bfifhnel and the
nozzZl® sbebace nttdethd] ustmest i(axdar rizdd ofit tkd hnpedlieedhbkaset power. 25

Since th i es hi i ptensiti y nge
conpar eq PE T st LTESRSELE, e HEEREAR IECR (EMARYIERSTOC L or
21 and i Fouppr optaase ofthehe Begmsdxgandphg Uiia 1radiaddmpenced with a

continuoygtbp¢hease,i Bihke l@ertmOmoverenslEheckst heqsentgahgsetting,
the output |ens of the beam expandi ng unit 11 can theé(}ébe (‘E\d%us ed in such
a manner 'BRat the didsifdt eradFatHen bEaHI i dFPR1IBPE P8 | HRreddanPis is

i ncreasedhenbbentihg Bz 2k clawiel Sbdesgecsd fozelet barpezél enahannel
openi ng 2 Ml

opening g8lyie LLZERLY LALTLIRaE, gL 1 LTSk, | opiatform has
beam expahdirmgludiensl If osmedhens a7 Geswber o20he N¥gquid heating
would not have a stable location. The radiation would
no longer be optimally injected into the liquid jet 25.
30 On account of the star-shaped (radial)
arrangement of the feed 37, a pressure-reducing filter
39 between the entry to the feeds 37 and the annular
space 40, a continuous transition 34 in the flow region
of the liquid between nozzle block 27 and nozzle mount
35 33, and the small rounding (radius >5 pm) of the edge
31 where the 1liquid enters the nozzle, for the first
time turbulence-free flow 1s achieved as a precondition

for a liquid Jjet 25 of great length. Furthermore,



di spl aced in the opposite direction until uniformillum nation of the
nozzl e- openi ng edge once again occurs. The position bet n the

settings then provides optinum focusing onto thenozzl e- \é\ﬁ§ﬁmeréﬁ9é

plane with the focused beam|lying symetrically with respect to the channel
axis 32. If a Nd: YAG | aser is used; £he liquid used for the liquid jet may
be water. Water exhibits |ow radiation absorption at 1.06 Vim However,
Ithi s | ow%mmc_ptben Ry ]b.ﬁ;@iﬂfhﬁﬂe&fenfdifalt her f pam‘utﬂ:@esoffﬁdlter mal

enses | ro e nozzle entry. Therefore, for certain appljications it
o oret et o 19T PaVEr Bl e T 9 TR | R P BB DR he gr oup
of pol ynet hyteat oz(anestenc_l;fahl f Itthesttrjtd b lusedbesenatieed tthetl ater radi ation
used shoyl tjon ef Iy of | ess
than 0, 15 BHEY To2r IR L8 R osi onr PRBRSPE: a et edh o Such

r adi abi otrgmamge |t§1%1b@blbe@1rl¢tal hehapgubl the. fHegh ligwdlds jeft 26 radi ati on
absor pti o d¢hNe, loguid-SBye | §8di1Q uapaLat 't%s‘ifof eCtt~°ne 5, %ui& hen al so

i npossi bl'e, for exanple, to sufficiently suppress thé formation of the
t her nal |se@§<si nt® hehpBgal 1psPne fhiddf Nt hehaeez| BaBRLYy tdadn af;

opt | lmt Ze?i fbg\mt L%@ﬁ@ﬁ?]ﬁﬁ) oafltle\felft.sh%'éxwatlhtf V\@pﬁéagiﬁg ftSerfldicgtol I qw d
result at radjatiops.in the wavele ran rqQm nm t ~ nm
pr ef er ablY'S rbt 190 hHaetd oBBERk? aagwﬂetlﬁle lI”ﬁ‘&Ulr%ir‘r\aa]rngiriWO AW (there is

an absor fitr fom jpeedi nal Theskahye radaadd A rbgncelhen efcbiee, Liiduiids

pr ef erably ossible t 30Q d el SErs, asers, fre uency- doubl ed
YAG | asers, et icfh%? Ilgser 0AES CEfnep PR aporpf‘éger JorK Y‘A&ﬁ YSthas the
advant agec fonaexahpl gett hady deeebmpectorr;ijmmttaob.l Igfaas'andjabtte amits are
avai | abl g;,.4.hey, ren@gsgrggge tIQleaca{hevgup%(glh 9‘3 @gﬂ radi ati on
may be continuous or pulse he case 0 u t|on the liquid
can cool i&ut eé&g‘éénﬁfiod]%e(fr&&tﬁg”t hédﬁﬂéééé@lé)}(plhﬁlh?é%la%t%%véhlt-‘feat

genef gt e%@écﬁbsombedl@@dldathen i Bet h@réaaw Yen&thi Scan 7 &M@befe 2002 - 15
al so di smﬁpé T. erg:}‘ore si nce Cgls very hi gh h ﬁt absor ption
capacityP qdYyeEGoRY; e f’B‘?aﬁFﬁﬂs saFﬁ §8 £ BESRRFBEL&d into the
i quid jatiguidpudiggd f aghian.id ffieedNdt DS denrmdcevat er as the 5 liquid

are used, up to %&W&Mosreed p({v‘\ger#ca%g()%ﬂﬂdlscit Sﬂ]y\n bh9 ul Ied*lgt hs of

sone 20 to 500 its, a nean power o se raeo uptoSkHz
However, titati,s aheo padssi Bigutid uset Q2w tnhédaNg: YAG leaseas wietth pul se

| engs fis Qlfnnﬂa%rtmw&ahwkégeee 220 e th asNBakl RRWRY BEgZRAst @120 Wand a
pul se rate of up to 60 is also possible to use node-coupl ed | asers

with pul §éqeen‘t‘j,t"'l’%r‘i{ MR hEPeedtsseddid reliRfek EBvei e8RS yDék tttfteng | asers
(e.g. cwfiAe ean lliznaldsoibe nesellongart Nisnicase, ath\Bs\tﬁ'l’e bhe vmRan power is

limted ythelakoflnteru on to the.radiati.on i's.then only
possi bl e 5 |nj gt h prOXI rnsi‘rthelogll‘gl 8‘6 régpa??8§ 68vt\é)rt rorsrlta lIﬁld YAG | aser

into a wdtedr 3®tatwhibh est8@ o tticknotldi ghenihgsemepgwsr fdemsities, 20
the yaterp ‘@Ouig%@fd hﬁg‘te‘%st Ooéugécéﬁn Xt 1 Py, ec%}@?aé%f‘fj é?‘%' BH %O%C’rpt' on

t hat evapor at’l commence a certai nsequently,

the jet WdierPegtnur £3ChHr edk the |JrPt‘B”eFFloﬂ§t p‘@r‘tS@& %Jéa Quﬁd@ﬂd‘e woul d no
| onger begaRRSSI bhe s 25m$hglngzztedbta@stsnﬂw@l@wr i tmln ahoye Wasitey oduced

fromquartz or diappnd, er is transparent to the
| aser radica53sit ‘Thehn&'f‘fl e”%%? %c}otoh‘e ggf 0|"‘Vﬁ wWBfR P S oft i’[ 10 Hozz1l e nount
33 were (ﬁheCdrHtﬂfdr cdasd gﬁbta]rtd e 1e tpeovhdeng\/bhlnoatlhef lrectailvevaldQ coati ng

for e radi_ati,on he SO Slb| roduc the nozzl e
bl océ& o{r#% rrrlfatbt%(%rlealmo r|1t(:h |55 %hgenriy ?gfgl ecatl ve ?’ﬂe??aser
radi ati orabSIécxrbelcbsm trhaich ad bh ofuding Voapli helatlpgssi’l‘blle ttouwlsk a nozzle

bllock made | Oaabgat&' m&effatwt)@ %l drtoszmp ﬁéuéefga tnta.ae%goforcopper and
silver have to be added 1 n order reach a hardness of sone’l 50 to 225 HV.
vaporizing, which would lead to destruction of the

nozzle mount 33 and the nozzle block 27. To prevent
35 this from happening, the inner wall 35 1is of conical
design and is provided with a reflective coating. The
laser radiation emerging on account of irregularities

in the lateral surface of the liquid jet 1s therefore



7 Cctober 2002 - 16 Patent clains 1. A process for machining the materi al
of workpi eces (45) using a |l aser beamwhich is injected i nto quid jet
(25), characterized in that in this process three requir QF:%QQZ to be
satisfied together, nanely firstly that the | aser beam be focused onto a
channel -entry plane (30) of a nozzl é %hannel (29) which shapes the liquid
jet, secondly that the 10 liquid which is to be shaped into a jet (25) by

t he nozzlrefdlearinel ¥P9yhbe swpplingd aral ttenmoizzpenehaahel topenighy (28)
WhaOut Wb Heng BINLE YT ALy Lha! abLobBeRpPRELED L. L BRcENARC] obeni ng
(28) without a tangentia ow conponent respect to the nozzle 15
channel &ﬂﬁkﬂuﬁ%faﬁ@ mﬁﬁhQ?QQnﬂQF¢¢o@ﬁv@M&nQ@ﬁQﬂﬁthth@ﬁ@ lairgui d

retenti omspageek | RhPeknesd Mmipdiat %h\‘)'c(k' Nh¥eOf, wiven radi @linQfiocusi ng
cone é38) as a result of the flow of liquid being divided into a plurality
of eqiial SF&IIYalfFIMRMs (37) which flowin 20 radially and are spaced apart

at uni form angl esche?. nd¥ AL S5LG€E 02 Wi AUt hough ahdvingchanaageniized IP tﬂat
e of the

th f t the | t t

o721 - cRAnTEI® aarEa a3 ehEneber i RE RS oot (355=PEEderEc tRa T and the

morkprecat(46ﬁn25easlhpvaﬁaammbMadgmm | aSer @oukeande hhe njnectzde i s changed
ly when,,t 1

oY unemalc, 48 S5 W ASP e o T PSR 0REF e d g sl L o

characterlz openi ng t's ‘edge reglon
is op®ically i maded chank bdamt axi $e3D 6 phednaedr bbanpnﬁﬁrch4ﬁs f ocused

ont o the ;ChaR)q AN ﬂﬁ@”@réﬂgggfénéncé%!’rg)ﬁ3""(}1&55‘ QC’g%oB% l5QMOVE

material, or of an i1lTumnatin eam which runs congruéntly with the | aser
beam i s “EiiSH aE@RS pararpe Jttéi t PetabzApEesRls quhHaqme andaopgdisat i on

reflectl anto35 cadnleocdeher Mawed 8b.the ngzate edgeiddien {hedpeam axis is
nmoved in the o cf osrte drrgﬁtrofl W th the drsg %%e nt djstance being

measur ed RO LY S5 | Soct BhET20H2" § etPFbn 14 the same
refIBﬁteéaaﬂenmftyheamdnﬂxkgerﬂnge&&u Wémeoppeslbasuuzbeled@e regi on,

after mhreg L h§ oq&i#?ﬁgrquqép ? ﬁthFpaghr%g%edrgglafagggt drstance

and then a furt t he "beam axr's
perpendrGmamsﬂa¥QWﬁsC@V¢ECﬂ3n1Whl@hswbad@mﬁnn$idﬂmﬁgbypamaﬁﬂm tc)the

nozzl e axipg (82dusiy OLAQN gtlﬁdéﬂnrc%ﬁof hehéaqarsetzeaseaﬁ@ntral lY;oqmt 0 the
nozzl e channel 29) whi ch shapes the_jet of qﬁ£ 10 4. Materi al

machi ni ngPdévi ¢ Forsﬁﬁéﬁpﬁrnﬁlﬂﬂﬁkp§ e§“¥%5) A& ea ﬁéFHé&gaécordrng to
one 2 clvmemevbrt 0 Bighddi ngsa | asgistageé@ti am sothi€e mohidvdiag i quid jet
(25) whi S haped by neans of a nozzle channel (29) of a nozzle bl ock
(27) and |ﬁro iich the 15 | aser beam of the | aser source (6) is injected
and gui ded by anZ?optfiogae f ceusiorg uni t iE23prrehgedct benzedhi nthieat t he

focusi ng i (23 4% 9@;&3@@ Al B! 3A0RInER SUGlL apgBAReD, WD respect

to the entry opening (28 he nozzle c ocal point
20 of thé&heasfiirdadFarsen Hilests nsehechrdndn( 3Grhofa t Ranpgs zt8adpeni ng

(28)25 anqtt hemgtar eaa mhximhit YeDéctigehd fersthequalo [ Ckoh880137, 39,
dg r.un r di llX th res ct to the nozz axis. 32, are spaced
apart by d& € é& s€%%I§lﬂH f d&sidrg ‘con u%ﬁ%)lmpl“glng on
w1thout any deflection). The force sensor 47 is
arranged 1n the geometric axis 32 of the liquid jet 25.
If the liquid jet 25 with the laser beam which has been
30 injected into it impinges on a workpiece 45 which has
not yet been machined, there is no signal, since the
jet 25 first has to bore through the workpiece 45. If
the workpiece 45 has already been bored through or if
there 1s an initial cut through which the jet 25 is
35 passing, the jet 25 impinges on the slot side wall or
bored hole wall when the workpiece 45 is moving. In
this case, still only part of the jet 25 impinges on

the force sensor 47. The signal emitted to the control



25 which is positioned on the plane of the nozzle opening (28), of the

| aser radiation and the region i mediately surrounding it w%g 26

liquid retention spaces and do not allow any turbul ence 't q the
liquid even in the region of the nozzle opening (28) and the nozzle 30
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displacement velocity. If, in the case of a pulsed

25 laser, by way of example a stepper mode is used for
workpiece displacement, the laser emits a plurality of
pulses at one location before the workpiece 45 is moved
one step onward. The stepper mode may, for example,
take place with a step sequence frequency of 100 Hz.

30 In addition to the guidance of the laser beam
which has already been explained above, the optics unit
1, as can be seen from Figure 1, also has means for
optimum adjustment and monitoring of the position of
the laser beam width (focal point of the radiation),

35 with respect to the nozzle entry opening or the axis 32
of the nozzle channel 29. For this purpose, the
radiation 52 from a white light source 53 1is

superimposed congruently on the expanded laser beam 13.
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displacement is corrected a plane- parallel glass
25 sheet 57.

The deflecting mirror 21 can be tilted by an
adjustment unit 19. The adjustment elements are then
used to tilt the deflecting mirror 21 in such a manner
that the focal point of the white light beam comes to

30 lie symmetrically with respect to the location of the
channel axis 32.

To achieve this, the procedure is as follows:
the deflecting mirror 21 1is tilted wuntil radiation
reflection can be determined at the nozzle-channel edge

35 31, and is then tilted in the opposite direction, while
measuring the tilting angle (= displacement distance of
the beam on the nozzle-channel opening) until radiation

reflection of the same reflected intensity can also be
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axis 32. For alignment onto the locatlon of the channel

axis 32, a further, similar adjustment of the beam axis
is then carried out perpendicular to the previous
direction of tilting.

The white light source 53 can be dispensed with

10 if the deflecting mirror 21 is made slightly
transparent (approximately 2%) for the radiation of the
laser source é. In this case too, the telescope and the
glass sheet 57 have to be designed for the laser
radiation and provided with an antireflective coating.

15 The video camera 55 must be provided with a chip which
is sensitive to the laser radiation. In this case, in
the event of incorrect adjustment, the laser radiation
is reflected from the nozzle edge or its surrounding
region. The reflected radiation is then observed by the

20 video camera 55 via the telescope and an adjustment is
performed via the adjustment unit 19 described above
and the beam-expanding unit 11. To prevent damage to
the nozzle channel and the nozzle surface, the
adjustment 1is carried out with reduced laser power.

25 Since the laser beam properties at high beam
intensities may change compared to those at lower
power, the adjustment of the deflecting mirror 21 and
if appropriate of the beam-expanding wunit 11 is
commenced with a continuous increase in the laser

30 power.

To check the central setting, the output lens
of the beam-expanding unit 11 can then be adjusted in
such a manner that the diameter of the beam width of
the laser beam 13 is increased until the nozzle-channel

35 edge 31 (i.e. the nozzle-channel opening 28) 1is
uniformly illuminated. Only if illumination 1s uniform
has central alignment been achieved beforehand. The

output lens of the beam-expanding unit 11 1s then
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a Nd:YAG laser is used, the liquid used for

the liquid jet may be water. Water exhibits low
radiation absorption at 1.06 pum. However, this low

10 absorption may be sufficient for the formation of
thermal lenses in front of the nozzle entry. Therefore,
for certain applications it is preferable to use a
silicone oil in particular selected from the group of
polymethylsiloxanes.

15 If the liquid wused 1is water, the laser
radiation used should have an absorption of less than
0.2 cm™! preferably of less than 0.15 cm'. If radiation
with higher absorption is used, too much radiation
power 1is absorbed in the 1liquid jet. High levels of

20 radiation absorption in the 1liquid may lead to
evaporation effects. It 1is then also impossible, for
example, to sufficiently suppress the formation of the
thermal lens in the focal point ahead of the nozzle
entry even with optimized flow. Low absorption levels

25 with water used as the liquid result at radiations in
the wavelength range from 150 nm tco 1100 nm, preferably
from 190 nm to 920 nm and between 1040 nm and 1080 nm
(there 1is an absorption peak 1in the range around
1000 nm) . Therefore, it 1is preferably possible to use

30 diode lasers, YAG lasers, frequency-doubled YAG lasers,
excimer lasers and copper vapor lasers. A YAG laser has
the advantage, for example, that developed,
commercially available units are available; they are
also able to achieve high mean powers.

35 The radiation may be continuous or pulsed. In
the case of pulsed radiation, the liquid can cool cut
edges produced using the process explained above. Heat

generated by absorbed radiation in the ligquid jet 1is
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pulsed fashion. If a Nd:YAG laser and water as the
5 1liquid are wused, up to 20 kW pulsed power can be
injected with pulse lengths of some 20 to 500 pus, a
mean power of 600 W and a pulse rate of up to 5 kHz.
However, it is also possible to use
Q-switched Nd:YAG lasers with pulse lengths of

10 typically 50 to 250 ns with a mean power of 20 to 120 W
and a pulse rate of up to 60 kHz. It 1is also possible
to use mode-coupled lasers with pulse lengths in the
femtosecond range.

Continuously emitting lasers (e.g. cw YAG) can

15 also be used. In this case, however, the mean power is
limited by the lack of interruption to the radiation.
It is then only possible to inject approximately 700 W
radiation power from an Nd:YAG laser into a water jet
which is 80 um thick. At higher laser power densities,

20 the water would be heated to such an extent by the
radiation absorption that evaporation would commence
beyond a certain jet length. Consequently, the Jjet
would begin to break up into drops; perfect beam
guidance would no longer be possible.

25 The nozzle Dblock 27 described above was
produced from quartz or diamond, i.e. from a material
which is transparent to the laser radiation. The nozzle
exit and the adjoining wall of the nozzle mount 33 were
of conical design and were provided with a reflective

30 coating for the 1laser radiation. It 1is then also
possible to produce the nozzle block 27 from a material
which is highly reflective for the laser radiation. For
laser radiation of 1.06 um, it is possible to use a
nozzle block made from gold. Since pure gold is too

35 soft, traces of copper and silver have to be added in

order to reach a hardness of some 150 to 225 HV.
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"1og®b&fﬁl'erSS§X55§§§ég¥§”!for machining the material of
workpieces (45) using a laser beam which is injected
5 into a liquid jet (25), characterized in thaﬁ in this
process three requirements have to be satisfied
together, namely firstly that the laser beam be focused
onto a channel-entry plane (30) of a nozzle channel
(29) which shapes the 1liquid jet, secondly that the
10 liquid which is to be shaped into a jet (25) by the
nozzle channel (29) be supplied to the nozzle-channel
opening (28) without turbulence, and thirdly that it be
supplied to the channel opening (28) without a
tangential flow component with respect to the nozzle-
15 channel axis (32) and with a rapid flow velocity and
without 1liquid retention spaces, into the immediate
vicinity of the radiation-focusing cone (38), as a
result of the flow of 1liquid being divided into a
plurality of equal partial flows (37) which flow in

20 radially and are spaced apart at uniform angles.
2. Process according to claim 1, characterized in
that the presence of a liquid jet (25) at the location
of an extension of the nozzle-channel axis (32) beneath
the workpiece (45) is detected, and the workpiece (45)
25 1is moved and/or the laser power to be injected is

changed only when this detection occurs.

3. Process according to claim 1 or 2,
characterized in that the nozzle-channel opening (28)
and its edge region is optically imaged, the beam axis
30 of the laser beam, which is focused onto the channel
entry plane and has an energy which does not remove
material, or of an illuminating beam, which runs
congruently with the laser beam, 1is displaced parallel
to the nozzle axis (32) until a radiation reflection
35 can be determined at the nozzle edge, then the beam
axis 1is moved in the opposite direction, with the

displacement distance being measured, until a radiation
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reflection of the same reflected intensity can be
determined at the opposite nozzle-edge region, after
which it 1is once again moved back by half the
displacement distance, and then a further, similar’

5 adjustment of the beam axis take place perpendicular to
this direction of displacement likewise parallel to the
nozzle axis (32), 1in order to direct the laser beam
centrally onto the nozzle channel (29) which shapes the
jet of liquid.

10 4. Material machining device for machining
workpieces (45) using a method according to one of
claims 1 to 3, having a laser radiation source (6) and
a liquid jet (25) which is shaped by means of a nozzle
channel (29) of a nozzle block (27) and into which the

15 laser beam of the laser source (6) is injected and
guided by an optical focusing unit (23), characterized
in that the focusing unit (23) is designed and arranged
in such a manner, with respect to the entry opening
(28) of the nozzle channel (29), that the focal point

20 of the laser radiation lies in the plane (30) of the
nozzle opening (28), and there are a plurality of
liquid feed equal ({sic] (36, 37, 39, 40), which run
radially with respect to the nozzle axis 32, are spaced
apart by equal angles, supply the focusing cone (38),

25 which is positioned on the plane of the nozzle opening
(28), of the laser radiation and the region immediately
surrounding it without any liquid retention spaces and
do not allow any turbulence to occur in the liquid even
in the region of the nozzle opening (28) and the nozzle

30 channel (29).

5. Material-machining device according to claim 4,
characterized by a disk-like prespace (36) which
surrounds the nozzle-channel opening (28) and has a
plurality of 1liquid feed lines (37) opening out

35 radially into 1it, the height of the prespace (36)
corresponding to the nozzle-channel radius, 1n order,
so as to avoid a liquid retention space even 1n the

region upstream of the nozzle-channel opening (28), to
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nlowoog&élié\of the liquid feed 1lines (37), at the location
where they open out into the 'prespace (36), merge into
5 one another, and in particular the liquid feed lines
(37) being arranged so as to radiate outwards, the axes
of adjacent 1liquid feed 1lines (37) preferably each
having the same central angle, so that the 1liquid
flowing to the nozzle-channel opening (28) does not

10 acquire any tangential flow components with respect to
the nozzle-channel axis (32).

6. Device according to claim 4 or 5, characterized
by the shortest possible nozzle-channel length, which
is preferably 1less than twice the nozzle-channel

15 diameter, and the nozzle-channel exit (26) has a
conically shaped exit part, the aperture angle of which
is larger than a possible partial radiation from the
injected laser radiation which may emerge from the
liquid Jjet (25) as a result of any instability, and

20 preferably, in the case of 1laser radiation with a
wavelength in the range from 150 nm to 1100 nm, in
particular in the range from 190 nm to 920 nm and
1040 nm to 1080 nm, is greater than sixty degrees, in
particular eighty degrees.

25 7. Device according to claim 6, characterized in
that the nozzle exit (26), which is designed as a cone
(35), for the laser radiation has a reflective coating,
and preferably the nozzle block (27), for a wavelength
of the radiation source used which lies in the range

30 from 150 nm to 1100 nm, preferably in the range from
1040 nm to 1080 nm, is made from quartz, in particular
from diamond.

8. Device according to ohe of claims 4 to 6,
characterized 1ip thet the nozzle block (27) 1is made

35 from a material which 1is highly reflective for the

laser radiataion.
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8, characterized by & force sensor %B which” is

arranged as an extension of the nozzle-channel axis
(32) Dbeneath the nozzle exit and above which the
5 workbiece (45) to be machined can be arranged, the
sensor (47) being designed in such a manner that, when
the liquid jet (25) impinges on it, it emits a signal,
so that it is possible to determine when the liquid jet
(25) carrying the laser beam has penetrated through the
10 workpiece (45) approximately in the direction of the
nozzle-channel axis.
10. Device according to one of claims 4 to 9,
characterized by a liquid-supply control unit which
eliminates liquid-pressure pulses in the liquid to be
15 supplied to the nozzle entry, preferably degasses the
liguid and in particular removes particles therefrom.
11. Device according to one of claims 4 to 10,
characterized by an observation unit (21, 57, 56, 55)
for the nozzle-channel opening (28) and its surrounding
20 area, and an adjustment unit (19, 21) for displacing
the focused laser beam (13) which is incident on the
nozzle-channel opening (28) in such a manner that it
comes to be positioned centrally in the opening (28).



