LASER MACHINING APPARATUS BACKGROUND OF INVENTION 1. Technical Field The
present invention relates to a laser machining apparatus, and more particularly, to a laser machining
apparatus for machining with a laser beam that is guided by a jet liquid column. 2. Related Art
Japanese Patent No. 3680864 discloses an apparatus for machining a material with a laser beam. In

this apparatus, a liquid beam is jetted-bya\nozzie; apd thedaserheam is focused at an intake opening
of the nozzle. Thus, the laser beam is guided by the liquid beam to reach a workpiece, so that the

workpiece is machined.

BACKGROUND OF INVENTION

1. Technical Field

The present invention relates to a laser machining
apparatus, and more particularly, to a laser machining apparatus
for machining with a laser beam that is guided by a jet liguid

column.

2, Related Art

Japanese Patent No. 3680864 discloses an apparatus for
machining a material with a laser beam. In this apparatus, a
liguid beam 1s jetted by a nozzle, and the laser beam is focused
at an intake opening of the nozzle. Thus, the laser beam is
guided by the liguid beam to reach a workpiece, so that the
workpiece is machined.

Additionally, Japanese Published Unexamined Patent
Lpplication No. 2010-221265 discloses a laser machining apparatus.
In this laser machining apparatus, a liguid is jetted from a
nozzle, and a workpiece is machined by a laser beam that is
introduced into a jet liquid column jetted from the nozzle. Also,
a protective cover is disposed between the nozzle and the
workpiece. The Jjetted liguid reaches the workpiece through a
through~hole provided in the protective cover.

However, in the apparatus (the laser machining apparatus)
disclosed in Japanese Patent No. 3680864, there is a problem in

that, when the liquid beam (the jet liguid column) jetted to



Additionally, Japanese Published Unexamined Patent Application No. 2010-221265 discloses a laser
machining apparatus. In this laser machining apparatus, a liquid is jetted from a nozzle, and a
workpiece is machined by a laser beam that is introduced into a jet liquid column jetted from the
nozzle. Also, a protective cover is disposed between the nozzle and the workpiece. The jetted liquid
reaches the workpiece through a thrqugh-hole provided in.the pratective cover. However, in the
apparatt%u(]tf\;% léBe e SQCI%( 'Qcﬁ%oeseW ﬁq{\lfalpea(?1ee’s(E:')i Ig’f’fﬁle'li*\cti NG, We ereisa

laser machining apparatusssalsc
problemyin thatswhen-the quid beara (thejet lauidcolumny jetted to. Guidethe Jaser heaim strikes the
workpiece, liquid is splashed back from the workpiece, and a mass of the splashed-back liquid strikes
the jet liguid Cotismnhkeating 10 distdrbanicerin thedetligquid columat if@disturbanceroecuss in the jet
liquid column, the laser beam that is guided while repeating total reflection within the jet liquid column
becomes likelydoFeakBuit of the Jetliciiic CORIAR, C4GSIAG alfeduttionsh thé Tset qindiaiefficiency as
well as tggg§%hsigi]pgb%%rforr§%nce. Furtherngqr(zrW iq‘(tghe case of cuttin ofla %hi%lié/vcogkpiece or deep

: t ; .
hole drilling’ina Workplecrg W %héfa%%lrﬁlgc |n|nlg apﬁgﬁ?ﬁ‘&lsrllﬁcéc &mac ining carinot be

completed in,ope sganaing, thejetiquid goluma needs to he freciprocaled seyeral imgg,in the same
machining path. Especially in such a case, the influence of the splashed-back liquid increases. On
the otheriband iiguthe laseunmachining appasatisdisclosad in Japanese Hublishadrdnexamined Patent
Application No. 2010-221265, the protective cover is provided for protecting the jet liquid column from
the liquictHat SHKERtHESWORKPiede aftssaplashsd Babk theraseppressitg aveetietionin laser

guiding efficiency. However, also in this laser machining apparatus, there is a proplem in that the
splashe -{ggcﬁﬁ ﬁidggtlriﬁ‘égtalﬁgrt%% of t ljg?li&“’l%qﬁ%%ﬁrﬁg iﬁlbe‘%\?/%%nk}ﬁiepr fe]cjti &'tove? and the
workpiece, |eading do digfurbanee.im thejet Jﬁ%ﬁ%&'ﬁg%gggfgﬁ%é',sosaﬁe’:%b'@ﬁyn that, even if the
jet liquid column’is protected from droplets of the liquid splashed back from the workpiece, when the
jetted lighiskis acoumulatedonieesudacae of i workpiece daforn g, wates lgyer, theraceumulated liquid
causes a reduction in light guiding efficiency. In other words, when a water layer is formed on the
surface ¢fahemorkphste, thebgsaiascamanrsadcag Byhe jétlieRid tolurha niigiht be scattered by the

accumulated liquid or the light path of the laser beam might be changed by the influence of the water
ayor. ESPECIMT R ER5Re of BBES 1ot Ariig Ytk (e BRE mathn o oA Wil s el 1

be accugg@g@lg@j@gé@e Dg&gari@gég@g%iggwg, and therefore the water layer exerts a great adverse

influence.
On the cther hand, in the laser machining apparatus

disclosed in Japanese Published Unexamined Patent Application No.
2010~-221265, the protective cover is provided for protecting the
jet liguid column from the liquid that strikes the workpiece and
is splashed back, thereby suppressing a reduction in laser
guiding efficiency. However, also in this laser machining
apparatus, there is a problem in that the splashed-back liguid
strikes a porticn of the jet liquid column in between the
protective cover and the workpiece, leading to disturbance in the
jet liguid column. There is also a problem in that, even if the
Jet liguid column is protected from droplets of the liquid
splashed back from the workpiece, when the Jjetted liquid is
accumulated on a surface of the workpiece to form a water laver,

the accumulated liguid causes a reduction in light guiding



SUMMARY OF INVENTION Accordingly, an object of the present invention is to provide a laser
machining apparatus which can efficiently machine a workpiece. To address the above-mentioned
problems, an aspect of the present invention provides a laser machining apparatus for machining with
a laser beam that is guided to a machining point by a jet liquid column. The laser machining apparatus
mcludeseaf%g%:zl!e a rectl%/ln% amber Ilqu%oscnlagg% chag?bsgertailgs gr?ncellfljator, acfocusmg

: neys rds. . AT
optical system, and a window. The ndzzfe incllides & ndZzIglin pening. The Rozzle je%ethe jet liquid

column. Thedgetifyig chamhergitenuates distyrhancesdn floy, ef-supplied liquid,Ihediguid oscillating
chamber includes an oscillating chamber inlet port that allows inflow of the liquid from the rectifying
chamberl Tdeiliuid bseillatihngithdrmberguidesatieinflawigdigrichio sheaozzliguntet @peritag. The
laser oscillator generates a laser beam. The focusing optical system focuses the laser beam

generatett By thé fiser o5 clififor Bt etparhdAd nlSCoSETiRg 6 catistithe jedligifia €dIWhn to guide

the laser_beam. The window is osed 1o the nozzle inlet opeping to cause the laser beam
transmitt?r%gefrgﬁtﬁrevf\%%ﬂ%f:n'g o%%%%%ﬁsft%% tlonerét%é?r3 tié ﬁguﬁgos%ﬁéiir?@oi'ﬁarcfﬁg‘rf & liquid

oscillating;chamber increases,asurface Waue p:an oulersurface ofithejet liquid.column to cause the
jet liquid column jetted from the nozzle onto a workpiece to be easily atomized at the machining point.

Accordingctothe laspedtt of Hhieipresentrintention; supptiedHiguichfiowsratoctherrettifing ghamber to be
subjected to attenuation of flow disturbances. And then the liquid flows into the liquid oscillating
chamberRFSIgH- e 6sEMEHRG chafiserinEt HOFS Thifiduigefving in the liquid oscillating chamber
passes through the nozzle inlet opening and is jetted, as the jet liquid column, from the nozzle. On the
other hand, the laser beam generated by the laser oscillator passes through the window opposed to
the nozzle inlet opening to enter the liqyighessillatipg chamier,and is focused above the nozzle inlet

Accordingly, an obiect of the present invention is to
provide a laser machining apparatus which can efficiently machine
a workpiece.

To address the above-menticned problems, an aspect of the
present invention provides a laser machining apparatus for
machining with a laser beam that 1s guided to a machining point
by a Jet liguid column. The laser machining apparatus includes a
nozzle, a rectifying chamber, a liquid oscillating chamber, a
laser oscillator, a focusing optical system, and a window. The
nozzle includes a nozzle inlet opening. The nozzle jets the jet
liguid column. The rectifying chamber attenuates disturbances in
flow of supplied ligquid. The liguid cscillating chamber includes
an oscillating chamber inlet port that allows inflow of the
liguid from the rectifying chamber. The liguid oscillating
chamber guides the inflowing liquid to the nozzle inlet opening.
The laser oscillator generates a laser beam. The focusing optical

system focuses the laser beam generated by the laser oscillator



opening by the focusing optical system. Thus, the laser beam is guided by the jet liquid column. Also,
the liquid oscillating chamber increases the surface wave on the outer surface of the jet liquid column,
thereby causing the jet liquid column jetted from the nozzle onto the workpiece to be easily atomized
at the machining point. The jet liquid column, after reaching the workpiece, is immediately

tomized, t fare_the dis i the jet liqui the Hqui hed back
Tom the VOpIOLS con B CuppFecee RIS B 1 WK & LS. gy 1o be Sechmuiatod i the

from the workpiece can be suppresse
machining peinta:theswerkpiees, inteHerenceqwith light gickng dug tertberacermulatediquid can be
suppressed. This allows efficient machining of the workpiece. In the aspect of the invention,
preferabfype¢hemscitlating chamber ietsporib fsadisposedsuch that thecliguiti $lofvscinsfiam one side of a
sidewall of the liquid oscillating chamber surrounding the nozzle inlet opening. With this structure, an
appropriak- iGdid R I$EabseFiH-fiie Fiemity Grthe iiRBdw: AhtCorisetftiklly attdéhment of foreign

material io tt;_llel é/ivindowﬁdluetto the(}qse trgpgjln(%ggeré%menon can be prevented. I@ the aspect of

the inventll(%], pre?esrgﬂ') e ﬂauic gsc:lﬁatlng chamber hasa’ ﬁé%%? in the ré”_)r?geagf about 20 to 300

times a diameleeobthe-nazzlg dnlel gpeaing, anda widihkindbesaageof aboyt 15 0. 20R-4mes the
diameter of the nozzle inlet opening. With this structure, the liquid oscillating chamber effectively
oscillates ¢fie diduithraund tha formzhe sufficient surface waweton thve ptdqlid eslomiwebherefore, the jet
liquid column can be immediately atomized.

the machining point.

According to the aspect of the present invention, supplied
liquid flows into the rectifying chamber to be subjected to
attenuation of flow disturbances. And then the liquid flows intc
the ligquid c¢scillating chamber through the oscillating chamber
inlet port. The ligquid flowing in the ligquid cscillating chamber
passes through the nozzle inlet opening and is jetted, as the jet
liguid column, from the nozzle. On the other hand, the laser beam
generated by the laser oscillator passes through the window
opposed to the nozzle inlet opening to enter the liguid
oscillating chamber, and is focused above the nozzle inlet
opening by the focusing optical system. Thus, the laser beam is
guided by the jet ligquid column. Also, the liguid oscillating
chamber increases the surface wave on the ocuter surface of the
Jet liquid column, thereby causing the jet liguid column jetted
from the nozzle onto the workpilece to be easily atomized at the
machining point.

The jet liquid column, after reaching the workpiece, is
immediately atomized, and therefore the disturbances given to the

jet liguid column due to the liquid splashed back from the

workpiece can be suppressed. Alsco, since the liguid is less



In the aspect of the invention, preferably, the rectifying chamber has an annular shape that surrounds
at least a portion of the liquid oscillating chamber. This structure allows attenuation of the liquid flow in
small space, thereby allowing a reduction in size of the laser machining apparatus. In the aspect
of the invention, preferably, the liquid oscillating chamber has a generally cylindrical shape with a
height greater. than its diameter. With _this structure, the.liguid oscillating chamber effectively oscillates
the 10 R oAt Sirtite SAve B i ol P oA et Hauid
column caj be smraediately @0Mizatt gquiding due to the accumulated liquid can

be suppressed. This allows efficient machining of the workpiece.

In the aspect of the invention, preferably, the oscillating
chamber inlet port 1s disposed such that the liguid flows in from
one side of a sidewall of the liguid oscillating chamber
surrounding the nozzle inlet opening. With this structure, an
appropriate liguid flow is caused in the vicinity of the window,
and conseguently attachment of foreign material to the window due
Lo the laser trapping phenomenon can be prevented.

In the aspect of the invention, preferably, the liguid
oscillating chamber has a height in the range of about 20 to 300
times a diameter of the nozzle inlet opening, and a width in the
range of about 15 to 200 times the diameter of the noczzle inlet
opening. With this structure, the liquid oscillating chamber
effectively oscillates the liquid and can form the sufficient
surface wave on the jet liquid cclumn. Therefore, the jet liquid
column can ke immediately atomized.

In the aspect of the invention, preferably, the rectifying
chamber has an annular shape that surrounds at least a porticn of
the liguid oscillating chamber. This structure allows attenuation
of the liguid flow in small space, thereby allowing a reduction
in size c¢f the laser machining apparatus.

In the aspect of the invention, preferably, the liquid
oscillating chamber has a generally cylindrical shape with a
height greater than its diameter. With this structure, the ligquid
oscillating chamber effectively oscillates the ligquid and can

form the sufficient surface wave c¢n the Jet liguid column.



In the aspect of the invention, preferably, the liquid oscillating chamber is provided in the sidewall
thereof with an air-bleeding hole separately from the oscillating chamber inlet port. With this structure,
since the air-bleeding hole is provided on the opposite side of the oscillating chamber inlet port,
accumulated air in the liquid oscillating chamber is forced out by the liquid flowing from the oscillating

chamber inlet port, and thus the air can be quickly discharged. In the aspect of the invention,
preferabl'f/l,;I e£ é%%?’mﬁ%ﬁn%egta Pt (s rlfﬁgﬁnﬁﬁfhe%ea WBIREEREHoldE- 8t Hoiding the

workplece. The Werkpigce, agider alevismovment ol ihe yilkglege)) 2 ghecian ol gn X-axis,

movement of the workpiece in a direction of a Y-axis perpendicular tothe X-axis, and rotation of the

workpiecesalaqutaespectiveraxes ppsaleldo thediractions of the s and-¥=axasttohe sinmultaneously
performed, for flexible machining in three-dimensional space. This structure allows the workpiece

to move with-¥ hitfidagréewotfledbiitiptaling fmaghiniry, tserebiediowingrevesrwideleinge of
machining and an_increase in machining accuracy. Also, accumulation of liquid in the vicinity of the

machinidg pdint ¢ahBe Stpprédsed by ifovifighth& v@?p%&ﬁ"&.}rﬁﬁdﬁ%hﬂ%ﬁ. ‘is In the aspect of
the inverg:gpgvg @r%lpllytgée @ﬁg{é{ge%%ahigg@eagear&%s %rg'lefl'ggi‘rq S Ca}lg/r%élé@e%% ﬂeolder for holding

the workpiece. The workpiece ho lows movement of the workpiete in a direction oFan X-axis,
movemepbet theswerkpieee 43 adirection-ofa Y-axisperpendicsiarty the-axis, andsotation of the

workpiece to be simultaneously performed, for
out by the liguid flowing from the oscillating chamber inlet port,
and thus the air can be quickly discharged.

In the aspect of the invention, preferably, the laser
machining apparatus further includes a workpiece helder for
holding the workpiece. The workpiece holder allows movement of
the workpiece in a direction of an ¥X-axis, movement of the
workpiece in a direction of a Y-axis perpendicular to the ¥X-axis,
and rotaticon of the workpiece about respective axes parallel to
the directions of the ¥X- and Y-axes to be simultaneously
performed, for flexible machining in three-dimensional space.

This structure allows the workpiece to move with a high
degree cof flexibility during machining, thereby allowing a very
wide range of machining and an increase in machining accuracy.
Also, accumulation of liquid in the vicinity of the machining
point can be suppressed by moving the workpiece during machining.

In the aspect of the invention, preferably, the laser
machining apparatus further includes a workpiece holder for
holding the workpiece. The workpiece holder allows movement of
the workpiece in a directicn of an X-axis, movement of the
workpiece in a direction of a Y-axis perpendicular to the X-axis,

and rotation of the workpiece to be simultaneously performed, for



flexible machining in three-dimensional space. This structure allows the workpiece to move in the
directions of the X- and Y-axes while rotating the workpiece during machining. Also, accumulation of
liquid in the vicinity of the machining point can be further suppressed by rotating the workpiece at high
speed during machining. In the aspect of the invention, preferably, the focusing optical system
focuses the laser beam toward the window with respect to the nozzle inlet opening for causing a
portion of tR& &6 e 1B Stfke 3 fidw EBRHHARERG Porfidn SP#FTch the jet liquid column is formed
and further increﬁilng thte %Lér{ace waye on tr%ﬁlguggerrs}yrface ofttge jet liquid cofllumn. With this

: WO, o . o
structure, a portion o the Taser beam sirikes the jetcflquﬁ’)dl column at the flow con?ractmg portion in the

vicinity of the rezzledniet opening, thereby-giving ardisturbance: to,the-jettegjetliguid.column. This
disturbance excites the surface wave on the jet liquid column and thereby allows a further increase in
size of th&usurigcewave; sodhatzhe get lmurdrocoliamnaiter feachingdhewadtkpiececcari be imimediately
atomized. In the aspect of the invention, preferably, the laser machining apparatus further includes
a mist jetifeCtBF fordirectriid miStfet'oh & Workplect SRR ESRISMove Fedidli€s §eferated by
machinin%é/]\éithégies gﬁu%gr% rga%higin %gst %%%rﬁt%%g machining of the workpiece can be
removed Tront the Thac inlngcI ponﬁ, fheré y Al wing eliningtion of residues on the surface of the

workpiece. In the aspeaet ofthednventiomdreferabladhe 1aselrerably, the focusing
optical system focuses the laser beam toward the window with
respect to the nozzle inlet opening for causing a portion of the
iaser beam to strike a flow contracting portion at which the jet
liguid cclumn is formed and further increasing the surface wave
on the couter surface of the Jet liguid column.

With this structure, a portion of the laser beam strikes
the jet liquid column at the flow contracting portion in the
vicinity of the nozzle inlet opening, thereby giving a
disturbance to the jetted jet ligquid column. This disturbance
excites the surface wave con the Jet liguld column and thereby
allows a further increase in size of the surface wave, so that
the jet ligquid column after reaching the workpiece can be
immediately atomized.

In the aspect of the invention, preferably, the laser
machining apparatus further includes a mist jet injector for
directing a mist jet on a workpiece surface to remove residues
generated by machining. With this structure, machining dust
generated by machining of the workplece can be removed from the
machining point, thereby allcowing elimination of residues on the
surface of the workpiece.

In the aspect of the invention, preferably, the laser



machining apparatus further includes an oscillating chamber inlet path for guiding the liquid from the
rectifying chamber to the oscillating chamber inlet port. The oscillating chamber inlet path guides the
liquid along the window from one side of the liquid oscillating chamber to the oscillating chamber inlet
port. With this structure, since foreign material in the liquid can be washed out by the liquid flow
along the window, attachment of foreign material to the window can be prevented. In the aspect of
the inverftfsi prefedaBRL #ré later FHACHIRinG-appaftSs irrsahélriesrsh 65embesg Enafiber inlet

path adjusti ember.defining a form of.the oscillating chamber inlet path. The surface wave on the
outer surlgﬁgilclz%cflo%I e f%ﬁ%ﬁ?@cgﬁlﬁn%{%sqgéﬁs%f n %E}%% B‘S/ec%én%fﬁxgl ?hé%%%ﬁ%ﬁn%%h% er inlet path

adjustingmember. ; ng With-his strueiure Jhejet ligyid galumn can be appropriately ptomized
depending on objects to be machined, thereby allowing machining of a wide range of objects to be
machinedarith thel Bser thachihing: apparatds ohthes present ivventione BRIEF DPESEGRIPTION OF THE
DRAWINGS
liquid oscillating chamber to the oscillating chamber inlet port.
With this structure, since foreign material in the liguid
can be washed out by the liguid flow along the window, attachment
of foreign material to the window can be prevented.
In the aspect of the inventicn, preferably, the laser
machining apparatus further includes an oscillating chamber inlet
path adjusting member defining a form of the oscillating chamber
inlet path. The surface wave on the outer surface of the jet
liguid cclumn is adjusted in size by changing the cscillating
chamber inlet path adjusting member.
With this structure, the jet liguid column can be
appropriately atomized depending on cbjects to be machined,
thereby allowing machining of a wide range of objects to be

machined with the laser machining apparatus of the present

invention.
BRIEF DESCRIPTICN OF THE DRAWINGS

Exbodiments of the present invention will be described in
detail based on the following drawings, wherein:

FIG. 1 is & sectional view of a head of a laser machining
apparatus according to a first embodiment of the present
invention;

FIG. 2 is a perspective view illustrating & section taken



Embodiments of the present invention will be described in detail based on the following drawings,
wherein: FIG. 1 is a sectional view of a head of a laser machining apparatus according to a first
embodiment of the present invention; FIG. 2 is a perspective view illustrating a section taken along

line II-1l of FIG. 1, FIGS. 3A to 3C are top plan, sectional side, and bottom views, respectively, of

a liquid oscillating chamber forming member;
along line II-II of FIG. 1:

FIGS. 3A to 3C are top plan, sectional side, and bottom
views, respectively, of a liquid cscillating chamber forming
member;

FIGS., 4A to 4C illiustrate states ¢f a jet liquid column
jetted from a nozzle;

FIGS. 5A and 5B are enlarged views of a laser beam
introduced into the jet liquid column through an inlet opening of
the nozzle;

FIGS. 6A and ¢B are top plan and front views, respectively,
cf a liquid oscillating chamber forming member inccrporated in &
laser machining apparatus according to a second embodiment of the
present ilnvention;

FIG. 7 illustrates a laser machining apparatus according to
a third embodiment of the present invention;

FIG. 8 illustrates a laser machining apparatus according to
a fourth embocdiment of the present invention;

FIG. 9 illustrates a laser machining apparatus according o
a fifth embodiment of the present invention;

FIG. 10 is a sectional view of a head of a2 laser machining
apparatus according to a sixth embodiment of the present
invention;

FIG. 11 is a perspective view illustrating a section taken
along line XI-XI of FIG. 10;

FIG. 12 is a perspective view illustrating the forms of a
ligquid oscillating chamber, an oscillating chamber inlet path,
and a rectifying chamber which are formed within the head of the

laser machining apparatus; and



FIGS. 4A to 40 illustrate states of a jet liquid column jetted from a nozzle; FIGS. 5A and 5Bare
enlarged views of a laser beam introduced into the jet liquid column through an inlet opening of the
nozzle; FIGS. 6A and 6B are top plan and front views, respectively, of a liquid oscillating chamber
forming member incorporated in a laser machining apparatus according to a second embodiment of
the present invention; FIG. 7 illustrates a laser machining apparatus according to a third

embodiment of thebresentinventiol; 2T BRES HtREhieE at5sarhabhiting apPafdtus according to
a fourth embodimen of the present inyention: ..o 16, 9 ilustgtes s laser machinipg apparatus
according to a fifth embodiment of the present inventlon,g ’

first modification, and a second modification of the present

invention.
DETATLED DESCRIPTION OF EMRBODIMENTS

Next, referring to FIGS. 1 to 5B, a laser machining
apparatus according to a first embodiment of the present
invention will be described.

As shown in FIG. 1, a laser machining apparatus 1 according
to the first embodiment of the present invention has: a laser
machining head 2; a laser oscillater 4 for transmitting a laser
beam Lo the laser machining head 2; a focusing optical system 6
for focusing the laser beam transmitted from the laser oscillator
4; and a liquid supply source 8 for supplying water, serving as
the liquid, to the laser machining head 2. Also, the liguid
delivered from the liguid supply source 8 is supplied to the
laser machining head 2 through a liquid processor 10, a high-
pressure pump 12, and a high-pressure filter 14.

Furthermore, as shown in FIG. 1, the laser machining head 2
has & head bedy 16, a nozzle 20, a window 22, and a liguid
oscillating chamber forming member 24. The laser oscillator 4
generates a laser beam having a predetermined strength. In this
embodiment, a green laser is used as the laser beam; however, any
kind of laser beam that is less absorbable by water may be
arbitrarily selected.

A typical green laser is the second harmonic of a YAG laser

10



FIG. 10 is a sectional view of a head of a laser machining apparatus according to a sixth embodiment
of the present invention; FIG. 11 is a perspective view illustrating a section taken along line XI-XI
of FIG. 10; FIG. 12 is a perspective view illustrating the forms of a liquid oscillating chamber, an
oscillating chamber inlet path, and a rectifying chamber which are formed within the head of the laser
machining apparatus; and FIGS. 13A to 130 are plan views of oscillating chamber inlet path

adjusting FEtABEFRtaECcCOHdNRy to'theedikiPEmbbfheRt a st mhiddifidaltéy it d Secdhdmbdification
of the pregent pvention, RETAILER, PESERIRIIQNQT EMBODIMEN S gtn 1064 nm)
and the CO, laser (wavelength 10.6 um}, the green laser has a
property being less absorbable by water. Therefore, when water
easily avallable at a cheaper cost 1s used as the jet liguid, the
propagation efficiency of the laser can be increased.

The focusing optical system ¢ focuses the laser beam
generated by the laser oscillator 4 to a predetermined position.
The laser beam emitted from the laser oscillator 4 is introduced
into the laser machining head 2 through optical fibers cor the
like (not shown) and converted to a parallel beam by a
collimating lens {(not shown). And then the beam i1s focused on the
axis ¢f the nczzle 20 in the laser machining head 2 by a
condensing lens. It should ke noted that, in FIG. 1, only one
condensing lens, which 1s a portion of the focusing optical
system €, 1s shown by reference sign "6" as the focusing optical
system 6.

The liguid supply source & supplies water serving as the
liguid to be jetted from the nozzle 20. The liguid processor 10
performs processing such as deiconization of the liquid supplied
from the liquid supply source 8. The high-pressure pump 12
pressurizes the liguid having undergone the ligquid processor 10
and delivers the high-pressure liguid to the laser machining head
2. Also, the high-pressure filter 14 removes foreign material or
the like from the liguid pressurized by the high-pressure pump 12Z2.
The water having undergone the high-pressure filter 14 is

introduced into the laser machining head 2. It should be noted

that, in this embodiment, water is pressurized to a pressure in
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Next, referring to FIGS. 1 to 5B, a laser machining apparatus according to a first embodiment of the
present invention will be described. As shown in FIG. 1, a laser machining apparatus 1 according
to the first embodiment of the present invention has: a laser machining head 2; a laser oscillator 4 for
transmitting a laser beam to the laser machining head 2; a focusing optical system 6 for focusing the
laser beam transmitted from the laser oscillator 4; and a liquid supply source 8 for sup%Iying water,

e

serving & the RGHa, fofthie 2Ret hachiAihghéads. Ao, e igairdsiver el i the TiguRF supply

source 8.is,supplied to the laser machining head 2 through a liquid processor 10, a high-pressure
pump 12:,L %%ﬁgégj ‘ﬁ?g%%prlezlé%s%r%%ﬁtefal%?r %aflﬁﬁérrﬁ?or%%%%?s own in FIG. 1, the laser machining

head 2 has a heag bogly-16 2.097zle 2Q, a window 22 and & liguid-ascillating champer forming

member 24. The laser oscillator 4 generates a laser beam having a predetermined strength. In this
embodinrent>amgreed lasérigusedt:as dbe taserbeamaheweverdnirkind Gidaserdseam that is less
absorbable by water may be arbitrarily selected. A typical green laser is the second harmonic of a

YAG las€f Fihdarmehtdl Wwavepnavelergitvobahmiahdhas e ierelengthbsr 532 nkBHlike the
VAG laser undamental weve (pvslength 100400 £ e 002 eser (avelensi 40,0 o the
lens & so that the laser beam from the laser oscillator 4 is
focused by the condensing lens 6. In addition, a cylindrical
window receiving recess lba for receiving the window 22 is formed
within the head body 16, and the window 22 is disposed within the
window receiving recess 1lba. The laser transmitting from the
condensing lens € passes through the window 22 to be focused in
the vicinity of an inlet cpening of a neczzle hole.

The window 22 1s a columnar member that allows a laser beam
Lo pass through, and may be made of quartz, sapphire or the like.
Alsc, a seal is disposed around the window 22 to ensure the
water-tightness between the window receiving recess 16a and the
window 2Z.

Alsc, the liquid cscillating chamber fcorming member 24 is
disposed below the window 22. The liqguid oscillating chambex
ferming member 24 1s bullt in the head body 16. The window 22 1s
fixed in such a manner as to be held between the liquid
oscillating chamber forming member 24 and the window receiving
recess lba (see FIG. 1}.

A nozzle receiving recess 16k for receiving the nozzle 20
is formed at & lower portion of the head body 1%, and the nozzle
20 is disposed within the nozzle receiving recess 16b. Internal

threads are formed in the inner circumference of a lower end of
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property being less absorbable by water. Therefore, when water easily available at a cheaper cost is

used as the jet liquid, the propagation efficiency of the laser can be increased. The focusing

optical system 6 focuses the laser beam generated by the laser oscillator 4 to a predetermined

position. The laser beam emitted from the laser oscillator 4 is introduced into the laser machining head

2 through optical fibers or the like (not shown) and converted to a parallel beagrn b%ra collimating lens
a

(not sholwh§ Afdth&EPate beam TS focuserfars thd BXREGEhe G e 261/ thé tadetifdcRining head 2

by a condensing lens. It should be noted that, in FIG. 1, only one condensing lens,,which is a portion
o the 108 Bhg T o S TR B, LB A Ty GO b GG BE e ATy DOt st 6.

'I_'he_ liquigdsupply §99r%§§é'}99”%§>\9i@$8r §ﬁ@/i%9>§§_1t5_eiié_1u@ﬁ%% j_%tlti%d H@Hﬁﬁlﬁ nozzle 20. T_he
liquid processor 10 performs processing such as deionization of the liquid supplied from the liquid

supply seurcei&.iTae higlepressiite pampcl 2 pressirizes theé diguicHaringuendergenadhe liguid
processor 10 and delivers the high-pressure liquid to the laser machining head 2. Also, the
high-pressuredilepIarfeibves foretgr AEtERaReT theliiesortthelIRfAd Pressutizetrby e
high-pressure_ pump 12. The water having undergone the high-pressure filter 14 is introduced into the
laser magﬁi?\ﬁ‘}ge r:ggd 2. It should be noted that, in this embodiment, water is pressurized to a pressure

in Moreover, a liguid feed path 1l6c is formed in a side

surface of the head body 16. The liguid feed path léc is a
substantially horizontally extending liquid path through from the
outside to the inside of the head bedy 16. The liquid feed path
16c allows the liquid supplied from the liguid supply scurce 8 to
flow into the laser machining head 2 tThrough the ligquid feed path
16c. The liguid flowing in through the liguid feed path léc
enters a generally annular space in the head body 16. The annular
space attenuates disturbances in the ligquid supplied from the
liquid feed path 16c, and therefore serves as a rectifying
chamber 30 (see FIG. 2). Furthermore, the ligquid flows into a
liguid oscillating chamber Z24c from the rectifying chamber 30
through an oscillating chamber inlet port Z4b.

Next, tThe nozzle 20 1is a generally columnar member, and
formed on its central axis with a nozzle hole 20a of circular
cross section. The liguid in the liguid oscillating chamber 24c
flows into the nozzle hole 20a through the nczzle inlet opening
located at a top end of the nozzle hole 20a, and is Jetted, as a
det liquid column J, from the nozzle 20. It should be noted that,
in this embodiment, the diameter of the nozzle hole 2Z0a (the
nozzle inlet opening) is about 60 um, however, may be arbitrarily

changed depending on objects to be machined, etc.



the range of from 10 to 30 MPa by the high-pressure pump 12 to be introduced into the laser
machining head 2. The head body 16 is a shouldered, generally cylindrical member and allows the
laser beam transmitted from the laser oscillator 4 to pass through the inside thereof. Also, the head
body 16 is attached at its recessed shoulder with the condensing lens 6 so that the laser beam from
the laser oscillator 4 is focused by the condensing lens 6. In addition, a cylindrical window receiving

recess 16a for rétefingiRESHRUDH 22 i fottedRithi ther h&dtk bdEyUE: Bl the Witlow 22 is

disposed, within thgs\év%_rlgg receiv'n%@ces 16a. The Iarisr{"E traggmittiyg f}g%m C}Qe corgjensir}g lens 6

passes t %oqjugjhdthe window 29%0 e focused in the vicinity of an infet opening of g%lozez’ije Role.

The Windﬂé’ﬂ@_'@ﬂ? a&Q"gHB%mﬁ{“P%thaéB?,”%a iaﬁﬁ[it@aé@&f)?%jm@%r%@ﬂ“ay be made of
guartz, sapphire or the like. Also, a seal is disposed around the window 22 to ensure the

water-tighitnesisbetweerethe2window reeeiwingl fregesg MGacand e mantlew 222nd dAlseo Haelliquid
oscillating chamber forming member 24 is disposed below the window 22. The liquid oscillating
chamberfokifg Fiemberd4teBuiltin ffe Réad BodyI6. ThellwiddwF 22 i§fikediASuch a manner as

to be helg betw. elnnthe I{“ urri% ogc'%lgtir? I%mmbeir formin énesr?zb%r g4eancg £ iLDdOa receiving recess
16a (see Eﬁ%ﬁ’% 9K r*?%zz% rece1w§g eléss Eéb]fgp%ecelwﬁg tﬁg nozzle ﬁ\glsl Fo\:%ed at a lower
portion of the, hgad hody; 16,1nd the agzzle;2Q.is disposedayithin,the nqzgle receiving recess 16b.
Internal threads are formed in the inner circumference of a lower end of

preripheral surface of the liquid oscillating chamber forming

member 24 forms the sidewall of the liguid oscillating chamber

24c which surrounds the nozzle inilet opening. Also, the

rectifying chamber 30 is formed as an annular space that

surrounds the liquid oscillating chamber 24c around the liguid

oscillating chamber forming member 24.

Also, as sheown in FIGS. 3A and 3B, & window abutting

surface 24d that abuts on the window 22 is formed at the top end

of the liguid oscillating chamber forming member 24. With the

window abutting surface 24d abutting on the lower end surface of

the window 22, the window 22 1is positiocned.

Furthermore, a lower end surface Zde of the liquid

oscillating chamber forming member 24 abuts on the top end

surface of the nozzle 20, and an inclined surface 24f at z lower

poertion of the liguid oscillating chamber forming member 24 abuts

on an inner wall surface ¢f the head body 16. In this manner,

with the window abutting surface Z4d abutting on the window 22

and the lower end surface 24e abutting on the nozzle 2G, the

cylindrical liquid oscillating chamber 24c¢ is defined by the

lower end surface of the window 22, the top end surface of the

nozzie 20, and the inner peripheral surface of the liguid

14



the head body 16. The internal threads engage external threads that are formed in the outer
circumference of a nozzle holding member 28, thereby fixing the nozzle 20 within the nozzle receiving
recess 16b. Also, a seal is disposed around the nozzle 20 to ensure the water-tightness between the
head body 16 and the nozzle 20. Moreover, a liquid feed path 16c is formed in a side surface of
the head body 16. The liquid feed path 16c is a substantially horizontally extending liquid path through
from the Biftditedothe i%i@@%ﬁhé%%ﬁoﬂ&?%??h%ﬁiquiéI?eé&b%\tﬁ%%dd-l the figuid supplied

from the liguid supply source 8 to.flow into the laser hining head 2 through the liquid feed path
160, The TR Tvatg 1 U e T TUBC 2t 166 ehiors eabray Aiual Sododin the head

body 16.;The annulanspage-atienuatesdisturbancas intheliquid sypplied from the liguidfeed path
16c, and therefore serves as a rectifying chamber 30 (see FIG. 2). Furthermore, the liquid flows into a
liquid oscillating chanzer24c fidmrthesrectifyngiecharhber 3@1tkraugiuan ossitlatibgichamber inlet port
24D. Next, the nozzle 20 is a generally columnar member, and formed on its central axis with a
nozzle h6lPd5 6f EfEulat Tras$'&e&lion. Trhé NiguRRIRe diguid 68cilatitg cREmMBer =R fidWs into the
nozzle hgle 20% throuthrth nozzlﬁinlgggg [ Ioc%te ata }9 ), nd oé th% nozzlnedhgle 20a, and is
jetted, as %léiréltellc?lﬁd%‘ollfm% j?cfrzozm?hé fiozzle 20. it shoutd be 1o e&%é&%uﬁhié embodiment, the

diameteraf:themgzzle hole.20a {the nezzle iplet opening)ds abaut 60gmhgwever, may He-arbitrarily
changed depending on objects to be machined, etc. Next, referring to FIGS. 3A to 30, the

structurerafthedigquid esc¢itiating chamsbemfosming arember, 24 hwill beidescribedtinedatabduAs shown in
FIG. 38, the liquid oscillating chamber forming member 24 is a generally cylindrical member, and
disposePRithin tHelhdad oy e sd asteifommGits dutsr Jde3Re Feclipihg-cifanibet 30, and on its

inner side the cylindrical liquid oscillating chamber_24c. In, other words, the jnner peripheral surface of
the liquid oscilIat%nﬁrgﬁgr%%%ﬁdm%ﬁg%%melrr?}[ F(%r‘nsggﬂa ﬁ%’gwﬁﬁ%#‘fﬁz iqﬁ d %celpl)lating chamber
24c which;gyrounds they nezzle '@ﬁéﬂB@Q'%ﬂ%ﬂihﬁe@%@'%CE‘,@”}P@&@&'@@W@H as an annular
space that surrounds the liquid oscillating chamber 24c around the liquid oscillating chamber forming
membergZd:ch with a central angle of approximately 90°. The notch allows

communication between the outer peripheral side and inside of the
liguid coscillating chamber forming member 24, and therefore
serves as an oscillating chamber inlet path 24h and the
oscillating chamber inlet port 24k which allow communication
between the rectifving chamber 30 and the ligquid oscillating
chamber 24c. More specifically, the oscillating chamber inlet
path 24h is a path that is tapered from the rectifying chamber 30
to the liquid oscillating chamber Z24c¢, and the oscillating
chamber inlet port Z4b is an opening for ceonnection between the
cascillating chamber inlet path 24h provided in the sidewall of
the liquid oscillating chamber 24c and the liguid oscillating
chamber 24c. Thus, the supplied liguid flows through the
oscillating chamber inlet path 24h from the rectifying chamber 30
and enters the liquid oscillating chamber 24c through the
oscillating chamber inlet pert Z4b. In this manner, liquid flows

into the liguic oscillating chamber 24c¢ from one side of the
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Also, as shown in FIGS. 3A and 3B, a window abutting surface 24d that abuts on the window 22 is
formed at the top end of the liquid oscillating chamber forming member 24. With the window abutting
surface 24d abutting on the lower end surface of the window 22, the window 22 is positioned.
Furthermore, a lower end surface 24e of the liquid oscillating chamber forming member 24 abuts on

the top end surface of the nozzle 20, and an inclined surface 24f at a lower portion of the liquid
oscillating éifataber firmtiRg nefiber 22558dts%0 a8 iRhEFWaN stifface of the head body 16. In this

manner, with the window abutting surfa 4d_abuti .the . window, nd the lower end surface
24e abutting on%]\i\ésﬁbzzﬁg Zﬁ% Cfl‘"ngel cﬁlﬁngﬁcﬁ:?dl IF%I.}ld %g%iliwaﬁ% %\%a?n Celrgf?:t%ngeflcneaé%)? the lower end
surface ofthe window22, thestop.end syeface of the nazzle 20 -and- the inpenperipheral surface of the
liquid oscillating chamber forming member 24. In this embodiment, the defined liquid oscillating

chambeici24e i 6 gnincibeheight and Sumim fir ciameterl and isifereed inea tytindtiealishapedraving a
height greater than the diameter. Preferably, the liquid oscillating chamber 24c has a height in the
range of Ffom 2076 360 Bfffetiergiantetef ef thehoz e Hole ik AL Inlet BpeRitigiid a diameter

in the range of from 15 to 2Q0, times the diameter of the nozzle hole (the nozzle inlet opening), the
neight of SETGLRIBEERlNG el i56 24 bl S 7 SRt fart e WRARET. L Fnenmore, as
shown irt%%lé% 3Gpthe sidewall.ofthe-liquid ogcillating chambecforming memper 24.s pravided with a

notch with a central angle of approximately 90. The notch allows communication between the outer
peripheralside ane-inside akthienliquid oscilstingchamber forsingmamber 2dzandriberefore serves
as an oscillating chamber inlet path 24h and the oscillating chamber inlet port 24b which allow
communitgtibhtsetivee rrtiveRtfying ehaniber 30 andahe ligaRPeSE&ting 8Ramber 24c. More

ifically, the oscillating chamber inlet path 24 th that is tapered from the rectifying chamb
30 to e i SREHtng EHLTSer 248 i e CAGManIS cHaBAE Gk 6 23b € anicHiing for

connectiqn betwegp the gscillating.chambeg inletpath;24h provided in the side '?Of the liquid
oscillating chamber 24¢ and the liquid oscillating chamber 24c. Thus, the supplied Tiquid flows through
the oscillatingiekansoertintet path 24 h-tremi therestifsng thamber 3handentersthediguidioscillating
chamber 24c through the oscillating chamber inlet port 24b. In this manner, liquid flows into the liquid
oscillatin§lehamfiser 246 #om Sha™dies ot et port 24b because the air-bleeding

hcle 24g is increased in flow resistance.

Next, referring additionally to FIGS. 4A to 5B, the
operation of the laser machining apparatus 1 according to the
first embodiment of the present invention will be described. Upon
start-up of the laser machining apparatus 1, firstly, the high-
pressure pump 12 is activated. Thus, liguid is supplied to the
high-pressure pump 12 from the liquid supply source 8 through the
ligquid processor 10. The liquid pressurized by the high-pressure
pump 12 i1s fed into the ligquid feed path 1léc through the high-
pressure filter 14. The liquid having flowed into the laser
machining head 2 through the liguid feed path 1léc passes through
the rectifying chamber 30 and flows inte the liguid oscillating
chamber 24c through the oscillating chamber inlet port 24b. Here,

at the time of startup of the laser machining apparatus 1,

accunmulated air in the liguid cscillating chamber 24c is

le



sidewall of the liquid oscillating chamber 24c. Also, as shown in FIG. 3B, the liquid oscillating
chamber forming member 24 is foNed at a sidewall thereof with an air- bleeding hole 24g through from
the liquid oscillating chamber 24c to an outer peripheral surface of the liquid oscillating chamber
forming member 24, separately from the oscillating chamber inlet port 24b. The air-bleeding hole 24g
is a small hole with circular cross section havigcg a cross-sectional area smaller than the oscillating

chambe &5 SAbt anthopsset the foddifatingiEhamBEF intd f5er 248 Bttty 6f€ration of the
g Sope L L i e e e
249 is ingreagedinflowdesistance, . The air discharged out of the liguid

oscillating chamber 24c is discharged to the outside of the laser

machining head 2 through an air-bleeding path led (see FIG. 1).

The air-bleeding path 16d is connected to a valve (not shown).

When the wvalve is closed after discharge ©f air to fhe outside,

the liguid oscillating chamber 24c, the rectifying chamber 30 and

the like are filled with liguid. All of the liguid introduced

from the liguid feed path 16c 1is jetted, as the jet liguid column

J, from the nozzle hole 20a. In this state, the liguid in the

rectifying chamber 30 flows intc the liquid oscillating chamber

24c exclusively from one direction {i.e., the oscillating chamber

inlet port 24b) to be jetted through the nozzle hole Z20a. The

liguid, after being rectified in the rectifying chamber 30, flows

into the liquid oscillating chamber 24c from cone direction and is

oscillated, sc that an appropriate disturbance is given to the

liguid flow.

Next, the laser oscillator 4 is activated to generate a
laser beam. The generated laser beam 1s condensed by the
condensing lens 6 and passes through the window 22 tc be focused
on the central axis above the nozzle hole 20a {(the nozzle inlet
opening) within the liquid oscillating chamber Z24c. The focused
laser beam enters the inside of the Jet liquid column J jetted
from the nozzle hole 20a and is guided while repeating total
reflecticon within the jet liguid column J to reach a workpiece W.
The laser beam having reached the workpiece W machines the

workpiece W.
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Next, referring additionally to FIGS. 4A to 52, the operation of the laser machining apparatus 1
according to the first embodiment of the present invention will be described. Upon start-up of the laser
machining apparatus 1, firstly, the high-pressure pump 12 is activated. Thus, liquid is supplied to the
high-pressure pump 12 from the liquid supply source 8 through the liquid processor 10. The liquid

pressurized by the high-pressure pump 12 is fed into the liquid feed path 16¢ through the
high-pressure filteF342: THe fGuid‘haling AoReESnid REEER Machiniag fdwd 2 tRifdtRyPhe liquid feed

path 16c passes. through the rectifying chamber 30 and flows into.the liquid oscillatin amber 24c
through %Qéeogcelﬁan{r%&%ﬁém %ﬁrlflﬁ%t popt%?b?%ﬂer%?%ﬁilﬁ‘ee tirrhoezt%fl setart(gb gﬁ%]éﬁége%r%%thining
apparatugal aoqumulated alr indhediayid esgillaing chamber 24 is- dischatgedto the outside of the
liquid oscillating chamber 24c through the air-bleeding hole 24g opposed 1o the oscillating chamber
inlet port=24h. TEeGHr. disBharged out af thetligitid oscilatingicharnhenh?24c.és dischatgedito the outside
of the laser machining head 2 through an air-bleeding path 16d (see FIG. 1). The air-bleeding path 16d
is conne€&ted-#ra vaRie (het Shiih) W WHen ffeevdlvedsedeseknaftér gisehargelefrair to the outside, the

liquid oscillating ch 4c, the rectifying chamber 30 and the like are filled with liquid. All of th
ouid I OEREBH e The Tt 450 DEH 167 ([t 42 he oPIGUR ol gt ans ozrl nole

20a. In thissiate, the fiquidin thegectfying ehamper 30 flows into the ligyid %%‘E!”ﬂ chamber 24c
exclusively from one direction (i.e., the oscillating chamber inlet port 24b) to be jetted through the
nozzle helel2@a. Theliguithafter beirthrecidieddnithegestifying xhasber30, flomssinta the liquid
oscillating chamber 24c¢ from one direction and is oscillated, so that an appropriate disturbance is
given to tHeeliduidioiv.] e Lt RéxE e 1456r asciliater isidctivatdt®d yendrate aiaderBeam. The

generated laser heam is condensed by the condensing lens 6 and passes through the window 22 to
e focust i s CSHPETE ADOVBTHE nCRIEHCR S0a (5 aGE IOt HGy Wil the liquid

oscillating,chamber, 24c., The facused.laser beam entersdhe jnside,of fhe,jet liglid galumn J jetted from

the nozzle hole 20a and is guided while repeating total reflection within the jet liquid column J to reach
a workpiece - ¥¢+The laserbeammairg reactied the, weorkpieee W mpachines thejwarkpiece W.

FIGS. 4A to 40 illustrate in schematic form the states of the jet liquid column J jetted from the nozzle
20, wheréirdRIG, 4&IRtraes sastate of frjetdiguld colbmnad jetted ntdthe Bt F165. 48 and 40
illustrate states in which the jet liquid column J strikes the workpiece W to machine the workpiece W,

wherein EFG™43 iftstrats A S8t the procss 6raiRtifig the STkpRe W, ahdF56s 4 ftistrates a
state of the jet lighid colymg J.pasging thiqugh the workpiece W. Ag showaip FIG .44, the liquid jetted

from the nozzle 20 is jetted with a surface wave 32 formed on an outer surface of the jetted liquid
column J Thesurface:wayerd2 graduallydpeneases, inampltudgiin ghe diregtion avay,rom the nozzle
20, and finally, the liquid on a liquid column surface is partially separated, as droplets 34, from the
liquid coléawrrdcFarthermork, the drgplets B4 sepadatet fromi thielliguie eofai 9 iharsase gradually in
number in the direction away from the nozzle 20, and finally, a body of the liquid column J is also

separateliAtd [Hid tha5<Es 56 Frge? hat e H%I%@%&és&ﬂ}éﬂﬂeqiqﬂ?o&é‘@@%% disappears.

To gulde a laser beam with the ‘et liguid cclumn J, it is
necessary to cause the jet liquid column J to reach the workpiece
W with almost no dreoplets 34 generated so that the laser beam is
totally reflected within the Jjet liguid column J. Therefore, as
for the laser-guiding function, preferably, the jet liquid column
J reaches the workpiece W with the surface wave 32 small and no
droplets 34 generated. However, actually, when the fdet liguid
column J reaches the workpiece W with the surface wave 32 small,
the liquid splashed back from the workpisce W gives a disturbance

to the jet liguid column J, rather, resulting in interference
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To guide a laser beam with the jet liquid column J, it is necessary to cause the jet liquid column J to
reach the workpiece W with almost no droplets 34 generated so that the laser beam is totally reflected
within the jet liquid column J. Therefore, as for the laser-guiding function, preferably, the jet liquid
column J reaches the workpiece W with the surface wave 32 small and no droplets 34 generated.
However, actually, when the jet liquid column J reaches the workpiece W with the surface wave 32

small, th&liefuid $BRsHEEEES oM the Hidrkpietd W dived bedistFBande 10 the'fet igiRFeollimn J,

rather, resulting in interference with light quiding..In particular, in the case of the workpiece W
requiringrr%%]l]tﬁ%é%%arﬁ%?n%gl ?L%esj%?ﬂ%%ﬂ%ccﬁﬁr%tnh in %%dgﬂrlfglrlfﬁge %8%%%i032 of cﬁt‘f%%{:the influence

of the digtytbange dugdodhe diguidksplashed backfromthe yorkpiece Wis ineeasad. jnother words,

in the case of cutting with multiple scanning, machining is performed in the state in which the
machinintzpoint ontthe Wworkpiecer\\aisihrat pierceds Therefare, yettésh liquiel B not dischesgedd.
downwardly of the workpiece W, and consequently, all of the jetted liquid is splashed back to the jet
liquid coltini® I HersBy Sivingra iturbaiteé the fetiiguid Ebluri gt iple scanning,

machining is performed in the state in which the machining point
on the workplece W is not pierced. Therefore, jetted liguid is

not discharged downwardly of the workpiece W, and conseguently,

all of the jetted liquid is splashed back toc the jet liguid

column J, thereby giving a disturbance to the jet ligquid column J.

Here, the laser machining apparatus 1 of this embodiment is
constructed such that the jet liguid cclumn J strikes the
workpiece W after the surface wave 32 of the jet liquid column J
jetted from the nozzle 20 has become larger to some extent. For
this reason, as shown in FIG. 4B, when the jet liguid column J
strikes the workpiece W, the splashed-back water is atomized,
thereby hardly affecting the jet liquid column J even in the
state in which the machining point is not pilerced. Also, as shown
in FIG 4C, in the state in which the machining point is pierced,
most of the jetted liguid is discharged downwardly of the
workpiece W, thereby further reducing the influence cf the
splashed-back water.

In the laser machining apparatus 1 cf this embodiment,
liguid is allowed to flow into the nozzle hole 20a through the
liguid oscillating chamber 24c, thereby giving an appropriate
disturbance to the liquid fliow. Thus, an appropriate surface wave
is excited on the surface of the jet liguid column J jetted from

the nozzle 20. The surface wave 32 grows tc an appropriate size
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Here, the laser machining apparatus 1 of this embodiment is constructed such that the jet liquid
column J strikes the workpiece W after the surface wave 32 of the jet liquid column J jetted from the
nozzle 20 has become larger to some extent. For this reason, as shown in FIG. 4B, when the jet liquid
column J strikes the workpiece W, the splashed-back water is atomized, thereby hardly affecting the
jet liquid column J even in the state in which the machining point is not pierced. Also, as shown in FIG
4C, in thest&EsiniFRcAthe mashifitg Péint i pidreed "mbsPokafe Btted qlitis discHRged

downwardly of the workpiece W, thereby further reducing the influence of the splashed-back water.
I the S RaEH T apbADS 3L G et iRt Tt TEARGIHEATo ot 5 the Rogzle nole

20a throygh the lqyid,esejbating chamher 24C, therghy giving an appropriate distirbange; 1o the liquid

flow. Thus, an appropriate surface wave is excited on the surface of the jet liquid column J jetted from
the nozzte>20mkhe susfatenaaye S21grosistoiar @ppropriatesizer Jiefore raching dhe vicirity of the
workpiece W. In this manner, when the jet liquid column J strikes the workpiece W after the surface
wave 32 Esgrowitie/ah @approphisiisize, thesjel ffuitleolamrcd istmmeédiatehp atoriized, and
therefore a disturbance is esséikel to ke given to the jet liquid column_J. Also, when the jet liquid
column J1&atdiz &,qt‘ﬁjecieﬁg ‘ﬂa{gid” is ARy HispersedHramthe Viginiy bF the machining point

on the werkpiege W1 Therefore, ligyid-is Jess likely;to;bg accwnulatedin the vicinity,gf the machining
point, so that interference with light guiding due to the accumulated liquid is suppressed. On the other
hand, in the:relatechas daser. maghiniagapparatussinawvhichltbe det liqiéid eotamps) strikes the workpiece
W with the surface wave 32 small, the liquid having struck the workpiece W is likely to be accumulated
in the vicisifBta atgchihmgtpeiny oA the Workpiddeswiaka betnmutateaitiquie itedfering with laser
guiding. Compared with this, in the laser machinin a}é)paratus 1 of this embodiment, even in the case

of deep H&E%ﬁﬁﬁﬁgﬁ,esi%g?h 1iglia SoriERE 4t the Madtifing SOME s Rasi froth friside a hole
during maghining,Jbg liawd ageunulated inside the haledis redyced, 5. In e laser machiping

apparatus 1 according to this embodiment, after liquid flow disturbances have been attenuated in the

rectifyingagherrben30; theiquid isrrtraduced iie dhe diquighosciliating.ehamber 24€expnddbe jet liquid
column J is jetted therefrom through the nozzle 20. Thus, the appropriate surface wave is given to the
jetted jet¥iiquidt Bolunen Juahdtruyane liddidsisatomizéd immediatehpattecthejettiguidheolumn J

strikes the workpiece W. It should be noted that, in the laser o
workpiece W is likely to be accumulated in the vicinity of a

machining point on the workpiece W, the accumulated ligquid
interfering with laser guiding. Compared with this, in the laser
machining apparatus 1 of this embodiment, even in the case of
deep hole formation, since the liquid atomized at the machining
point rises easily from inside a hole during machining, the
liquid accumulated inside the hole is reduced.

In the laser machining apparatus 1 according to this
embodiment, after liquid flow disturbances have been attenuated
in the rectifying chamber 30, the liquid is introduced into the
liguid oscillating chamber 24c, and the jet liguid column J is
jetted therefrom through the nozzle 20. Thus, the appropriate
surface wave is given to the jetted jet liguid column J, and thus
the liquid is atomized immediately after the jet liguid column J

strikes the workpiece W. It should be noted that, in the laser
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machining apparatus 1 of this embodiment, the distance between the lower end surface of the nozzle
20 and the workpiece W is set to be in the range of about 5 to 40 mm, thereby allowing efficient
guiding of the laser beam to the workpiece W and atomizing the jet liquid column J having struck the
workpiece W, so that favorable machining can be performed. Next, referring to FIGS. 5A and 5B,
introduction of the laser beam into the jet liquid column J will be described. FIG. 5A illustrates the state
where aTaset BedH i¢RRFIRICEY int® thé fetdiqemPesiings J in BgeReral apparates16£5uiding the

laser beam with the jet liquid calumn J,_FIG. 5B illustrates the state where a laser beam is introduced
am i : Jiates e siae whete,

. . wer' end- surface of thée nozzle a 2 Wo 1 eCe 18, 2 :
into the je ﬁCIUI% coﬁumn Jin f:ne aser macnining apparatus I.E 0] IS emt%oHlment. AS %EOWI’] In

FIG. 5A and;5B, Jiguid; fows:nto the nazzle hole 20acthraugh the pazzieinlef opening located at the

top end surface of the nozzle 20 to be jetted as the jet liquid column’J. Here, contraction flow occurs
when theliquidiflavis infodhedqozzle indetiepeningsihusstherdiameiepotthe jetteddet liquid column J
becomes slightly smaller than that of the nozzle inlet opening. As shown in FIG. 5A, in general
apparatuse’ifHel s ek beant s foctised aiaheeniel poirt6f fHertitkedfehe Mo feeirtetopening. The
laser beam, e pan%é? downward from the focusing point, strikes the boundary surface between the

jet liquid ERIUMA 3 afd QLTSS diF At theh igag’hié%d %ﬁﬁl’é%%%%ting total reflection within the jet
liquid column J. Qo the gthet hand, in thedaser machiningsapparatus. L oL his erabodiment, the laser

beam is focused above the nozzle inlet opening, that is, toward
laser beam Iintc the jet liguid column J will be described. FIG.

5A illustrates the state where a laser beam is introduced into
the jet liquid column J in a general apparatus for gulding the
laser beam with the jet liquid column J. FIG. 5B illustrates the
state where a laser beam is introduced into the jet liquid column
J in the laser machining apparatus 1 of this embodiment.

Ls shown in FIG. 5A and 5B, liguid flows into the nozzle
hole 20a through the nozzle inlet opening located at the top end
surface of the nozzle 20 to be jetted as the jet liguid column J.
Here, contraction flow occurs when the liquid flows into the
nozzle inlet opening. Thus, the diameter of the jetted jet liguid
column J becomes slightly smaller than that of the nozzle inlet
opening.

As sheown in FIG. 5A, in general apparatuses, the laser beam
is focused at the center point of the circle of the nozzle inlet
opening. The laser beam, expanding downward from the focusing
point, strikes the boundary surface between the jet ligquid column
J and outside air, and then is guided while repeating total
reflection within the jet liquid cclumn J. On the other hand, in
the laser machining apparatus 1 of this embodiment, the laser

beam 1s focused above the nozzle inlet opening, that is, toward

[e]
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the window 22 with respect to the nozzle inlet opening. The laser beam focused above the nozzle inlet
opening expands downward and strikes the jet liquid column J at a flow contracting portion C in the
vicinity of the nozzle inlet opening, and then is guided while repeating total reflection within the jet
liquid column J. In this manner, the laser beam gives a disturbance to the jetted jet liquid column J by
causing the laser beam to strike the vicinity of the flow contracting portion C at which the jet liquid
column FREfOIATEELTHs diStifbartePecditdsthe S wive B556n e e iguid CoturhSFand

thereby IIowsg further ing)reasegg size of &he sug%%e wave.32, so thatéhe(lig‘%id carabeniwmediately
e t

atomized after the ﬁlesﬁl%u? 2ofumin J has feachied the v?lgﬁ(%}é}ge weaH ilso, In the Telated art laser

machinirgg;@@p@gatggep @ftiﬁ(i%@@isd&%nﬁs ﬁh%_djqaidﬁ o4 @Sﬂ%@&ﬁ@%ﬂ%%r@kﬁ
high-pressure pump and then supplied through a high-pressure filter. However, there has been a
problem in thétslight dirt andodil ehuect from ¢he platp,qipes and thediketsnpursfieck water collect on a
window and are attached to a surface of the window. This is due to the optical tweezers principle (also
called the'1adér FapFm piieriGhehonT i RATcH, WHER BidtromiflaseF bearf passss titbugh the

window, dirt, ol ete. n the water adiacent o the window are. aragied to the window sprface by the
strong laser beai MR parﬁéular, the telated an laser ma@hinlng appé‘racfus s constructed Such that

liquid ﬂoxﬁfétax_@qawte'eqmpvwa@yth@a%ﬁﬁ%fr@n@tﬁeae%@p%%%pft%Iig@ﬂ%c%wélaﬂon chamber
that is provided for supplying liquid to the nozzle. Therefore, a stagnation point occurs in the center of
the liquidiaccuimuylatidn chanttiery thefiquisdftow g peedtin dhe vicnitywthereot issgréatly reduced. For
this reason, dirt, oil, etc. in the water in the vicinity of the window surface are attracted and attached to
the windédwauid column J is formed. This disturbance excites the surface

wave 3Z on the jet ligquid column J, and thereby allows a further

increase in size of the surface wave 32, so that the liquid can

be immedlately atomized after the jet liquid column J has reached

the workpiece W.

Alsc, in the related art laser machining apparatus,

purified water is used as the liquid, and the liguid is

pressurized by a high-pressure pump and then supplied through a

high-pressure filter. However, there has bkeen a problem in that

slight dirt and oil eluted from the pump, pipes and the like by

purified water collect on a window and are attached to a surface

of the window. This is due to the optical tweezers principle

{also called the laser trapping phenomenon) in which, when a

strong laser beam passes through the window, dirt, oil, etc. in

the water adjacent tT¢ the window are attracted to the window

surface by the strong laser beam. In particular, the related art

laser machining apparatus is constructed such that liguid flows

axisymmetrically toward the center from the periphery of a liquid

accumulation chamber that i1s provided for supplying liguid to the

nozzle. Therefore, a stagnation point occurs in the center of the
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On the other hand, with the laser machining apparatus 1 of this embodiment, since liquid flows into the
liquid oscillating chamber 24c from one direction, liquid flows at a certain constant speed over the
whole surface of the window 22. Thus, dirt, oil, etc. in the water are less likely to be attached to the
window 22. Even if dirt, oil, etc. are attached to the window 22, they are immediately washed out by
newly supplied liquid, and therefore attachment of impurities in the liquid to the window 22 can be
suppressediid RExETeterringtoFIIESHA dHtP6B L ataserimathifmeGappardtls according to a

second embodlr’gen% f the %resent invention will bedgrescgibed The laser machggir}% apgaiatus of this
4

embodimert ditfers from that of tha abovedéschibed first e?ﬁfbg imeritin the 'shape df a’liquid

oscillating.champer forming mempbery Therefors, anly the diffefenees, behwegn these. embodiments wil
be described hereinafter, and the description of the same construction, operation, and advantages will

not be repeatedred Asishkowa din&dGS 6&and HBj@aliquid oscillating chamber forming member 40 in
this embodiment is formed in a generally cylindrical shape with an outside diameter of 8 mm, an inside
diameter of 3.5 fiath, il & Herghtsreimil Alsd: e ligBRico Sty BRambe? ¥éfHingimember 40 is

disposed with a top end surface,40d thereof abtting on the | d surface of the window 22 and
owor ondt LHS 206 ABuing o he 108 GHA SUrtSce Bl e Hozzie b, Congeadomy. Siauid

oscillating.chamber40c gefined by %Mgﬁpil@{i@gi@@g%fog@igg member, 40 is of a columnar

shape with a diameter of 3.5 mm and a height of 4 mim. Also, the generally cylindrical liquid oscillating
chamberderming memben40vs pattiallywprovdediwfthice of the window 22. Thus,

dirt, oil, etc. in the water are less likely to be attached to
the window 22. Even 1if dirt, oil, etc. are attached to the window
22, they are immediately washed out by newly supplied liquid, and
therefore attachment of impurities in the liguid to the window Z2
can be suppressed.

Next, referring to FIGS. 6A and &B, a laser machining
apparatus according to a second embodiment of the present
invention will be describked. The laser machining apparatus of
this embodiment differs from that of the above-described first
embodiment in the shape of a liguid oscillating chamber forming
member. Therefore, only the differences between these embodiments
will be described hereinafter, and the description c¢f the same
construction, operaticn, and advantages will nct be repeated.

As shown in FIGS. 6A and 6B, a liguid oscillating chamber
forming member 40 in this embodiment is formed in a generally
cylindrical shape with an cutside diameter of 8 mm, an inside
diameter of 3.5 mm, and a height of 4 mm. Also, the liquid
oscillating chamber forming member 40 is dispeosed with a top end
surface 40d therecf abutting on the lower end surface of the

window 22 and a lower end surface 40e abutting on the top end
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a notch. The notch forms an oscillating chamber inlet path 40f and an oscillating chamber inlet port
40b. The oscillating chamber inlet path 40f and the oscillating chamber inlet port 40b are each 3 mm in
height, the top end surfaces thereof being defined by the lower end surface of the window 22. Also, the
oscillating chamber inlet path 40f is tapered in width with a taper angle of 30 from the outer periphery
to the inner periphery, and connected to the liquid oscillating chamber 40c through the innermost

oscillating'éi&nBef inléf Foft WOB AlLE, thE RRRABITRE Bscillatihg Bt BeChietiiorf 40b is the same

as the diaﬁ%}gr gf %%Ii%%ig.osciyl%inga%ga ber .4th that]zi‘% 3.5 mm. In thg second embodiment

constructed ih this manner, the i oscilla ilncﬁ:‘c::L ar%%%:rL &he %ﬁwacfp%n ﬁqw& iieh %hngrectiWing

chamber3Qflows;intq the kquid-osciliating chambey, 40¢ from one-dizection abavethe figuid oscillating
chamber 40c. Therefore, the flow speed on the upper side in the liquid oscillating chamber 40c
increasesethgreby Strbngty. ostilledingtthe ligeick andialovying genetationl ofaisirong surface wave on
the jet liquid column J. Thus, as shown in FIG. 5B, the sufficiently strong surface wave can be
providedwAdUEEAESING 2eBREF beari g striketheflt comtrastiig poribrrCoahdaReyjétiiquid column

J having struck the workpiece W can be sufficiently atomized bym&ljjst oscillation with the liquid
Oscmaﬁnﬁ(ﬂﬁﬁﬁBer%%% notch forms an oscillating chamber inlet path 40f and

an oscillating chamber inlet port 40b. The oscillating chamber
inlet path 40f and the oscillating chamber inlet port 40b are
each 3 mm in height, the top end surfaces thereof being defined
by the lower end surface of the window 22. Also, the oscillating
chamber inlet path 40f is tapered in width with a taper angle of
30° from the outer periphery to the inner periphery, and connected
to the liquid oscillating chamber 40c through the innermost
oscillating chamber inlet port 40b. Alsc, the width of the
oscillating chamber inlet port 40b is the same as the diameter of
the liguid oscillating chamber 40c, that is, 3.5 mm.

In the second embodiment constructed in this manner, the
liguid oscillating chamber 40c is small, and liquid in the
rectifying chamber 30 flows into the liguid oscillating chamber
40c from one direction above the liquid cscillating chamber 40c.
Therefore, the flow speed on the upper side in the liquid
oscillating chamber 40c¢ increases, thereby strongly oscillating
the liquid and allowing generation of a strong surface wave on
the jet liguid column J. Thus, as shown in FIG. 5B, the
sufficiently strong surface wave can be provided without causing
a laser beam to strike the flow contracting portion C, and the
jet liguid column J having struck the workpiece W can be

sufficiently atomized by fust oscillation with the liguid



Next, referring to FIG. 7, a laser machining apparatus according to a third embodiment of the present
invention will be described. The laser machining apparatus of this embodiment differs from that of the
above-described first embodiment in a workpiece holder for holding the workpiece W. Therefore, only
the differences between these embodiments will be described hereinafter, and the description of the

same construction, operation, and advantages will not be repeated. As shown in FIG. 7, the laser
machinirtF apparatis df thid@ifbodintent includes a workpiece holder 50 that is disposed below the

laser machining Nhgag 2. g}%workpie e g(-?r §O has.an Xl table.52, a beari%%gggovided on the XI

1

table 52, a joint cro%s’Sésupﬁgr &d byothe earing g4}§?iﬁﬁ1gm%?§rlyﬁtla%?e 58 supporfged by the joint
cross 56, and,a; clamp 59:for fixing the warkpiege V¥ te the filtingJotary fable-38n 1 TheXl table 52

can be translated in the directions of X-and Y-axes perpendicular to each other in the horizontal plane.
The bearing &ditsdtked Dhahe2d«tablen bR anthsupparis thejeintftrors So6adtatabhsabout an axis
(B-axis) parallel to the IX table 52. The joint cross 56 is a cross-like shaft that is composed of an

integrated-dorabiatioitofta fitstshaft votakdRe sdepeie 8 vy tﬁé%rm@b@%ﬁ% sétoAd shaft

perpendicular to the first shaft. Also, the first shaft of the jaint crgss 56.is parallel to the direction of the
Voo, TR Tiing SAGK 16 BB Hotilably BUSCHEA S e Locoit A tnd it S1ose 56.

The tilting yetarydahle 58 is [tatable about the, seqand shaft(A-axs)yofthe joint cross 56. Also, the

second shaft of the joint cross 56 is parallel to the direction of the X-axis. The clamp 59 is provided on
the tiltinghentatyntabie 68 fondemovablysfodngthenvarkpicce \Watacthediling netatytable 58. Also, the
laser machining head 2 can be vertically translated.

operation, and advantages will not be repeated.

As shown in FIG. 7, the laser machining apparatus of this
embodiment includes a workpiece helder 50 that is disposed below
the laser machining head 2. The workpiece holder 50 has an XY
table 5Z, a bearing 54 provided on the XY tabkle 52, a joint cross
5¢ supported by the bearing 24, a tilting rotary table 58
supported by the joint creoss 56, and a clamp 59 for fixing the
workpiece W to the tilting rotary table 58.

The XY table 5Z can be translated in the directions of X-
and Y-axes perpendicular to each other in the horizontal plane.
The bearing 54 is fixed on the XY table 52 and supports the joint
cross 56 rotatably about an axis (B-axis) parallel to the YX
taple 52. The joint cross 56 is a cross-like shaft that is
cormposed of an integrated combination of a first shaft rotatably
supported by the bearing 54 and a second shaft pesrpendicular to
the first shaft. Also, the first shaft of the joint cross 56 is
parallel to the directiocn of the Y-axis.

The tilting rotary table 58 1is rotatably attached to the

second shaft of the Jjoint cross 5¢. The tilting rotary table 58

is rotatable about the second shaft (A-axis) of the jeoint cross
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The laser machining apparatus of this embodiment allows the workpiece W to be translated in the
directions of the X- and Y-axes during machining and rotate about the A- and B-axes, and can perform
the translation and rotation simultaneously. Thus, the workpiece W can be moved with a high degree
of flexibility in three-dimensional space, thereby allowing a very wide range of machining and an
increase in machining accuracy. Also, with the laser machining apparatus of this embodiment,

accumulafion Sfirftid e theS SRty SRMEIMaEninify potiticatiBe SuppreésseefBE Mding the

workpieq%]\év urin tmachinig‘ugﬁ.m leext.,srefeti(ipeqt FIG. %,%ael.aser mach'nwgoap%%reatus according

1Y 100N axis.,. =z} 2 1S rgqvide L
to a fourth 6mBodiment of the present inverition will He described: The 1aser machining apparatus of

this embediment,difers from fhatofshe abovesdesciined first empodiment in.a;workpjece, holder for
holding the workpiece W. Therefore, only the differences between these embodiments will be
describedthereirigftergandithe dessription ©f thelsame wonsirastien reperatidng and ailvantages will not
be repeated. As shown in FIG. 8, the laser machining apparatus of this embodiment includes a
workpiedeehdldiet 50rthay i arpdsad #sélow the laser machining head 2. The workpiece holder 60 has

an KY table 62, a rotary drive unit 64 provided on the KY taple 62, a rotary table 66 supported by the
rotary drive unit %Ee aan% Sée%lél}ﬁﬁ%? it ixithg ﬁw%a{%/‘é?k&lécg%%?H@?%?écb@qgé?wg tgf‘ﬁe rotary
drive unit,64,is aJnoter provided on the X table 62,10 rotatably drive the fotary table 66, The rotary
table 66 is rotated about a vertical axis (C-axis) by the rotary drive unit 64. The clamp 68 is provided
on the rodarytabile- 66fornsemonahly fadag the sorkpieset\Wriodhr-rotary table:6., Thadaser-machining

head 2 can be translated in the direction of a Z-axis. Also, the laser machining head 2 may be
construckF frbe tilad | Withsespecitoahe dirdaiorref thEEab@gieously. Thus, the

workpiece W can be moved with a high degree of flexibility in
three-dimensional space, thereby allowing a very wide range of
machining and an increase in machining accuracy. BAlso, with the
laser machining apparatus of this embodiment, accumulation of
liguid in the vicinity of the machining point can be suppressed
by moving the workpiece W during machining.

Next, referring to FIG. 8, a laser machining apparatus
according to a fourth embodiment of the present invention will be
described. The laser machining apparatus of this embodiment
differs from that of the above-described first embodiment in a
workpiece holder for holding the workpiece W. Therefore, only the
differences between these embodiments will be described
hereinafter, and the description of the same construction,
operation, and advantages will not be repeated.

As shown in FIG. 8, the laser machining apparatus of this
embodiment includes a workpiece holder 60 that is disposed below
the laser machining head 2. The workpiece holder 60 has an XY
table 6Z, a rotary drive unit 64 provided on the XY table 62, a

rotary table 66 supported by the rotary drive unit 64, and a
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The laser machining apparatus of this embodiment allows the workpiece W to be translated in the
directions of the X- and Y-axes during machining and rotate, and can perform the translation and
rotation simultaneously. The laser machining apparatus of this embodiment allows flexible machining
in three-dimensional space, and further facilitates control of the workpiece holder relative to the laser
machiniggLapparatus according to the above-mentioned third embodiment, thereby allowing the

workpieCel Wb Rfovertastéri M1€o, taper Aiddhifing carr Be Epplisd 18 %He twdrkpicte W by tilting the

laser machining head 2 with respect to the workpiece W. Furthermore, with the laser machining
apparatus of this%r%b%%%%%%t,%clc‘ﬁ%ﬁ%%%ngo Ii'“E‘(fJida in ﬁm%o\ﬁc%ﬁ?/%ﬁﬁg n?gc%h%gxgoint can be

further suppressesl hyratating 4he yorkpipce-Weat-high,speed during maghining: » -, Next referring to

FIG. 9, a laser machining apparatus according to a fiftth embodiment of the present invention will be
describeflc The lasesmathifiogapparatitsi afzthiseibodiment diffess fram thattefrthedahioxne-described
first embodiment in that a mist jet injector for directing a mist jet at a machining point on the workpiece
W is providell. Therefdie, ahifiihetdiffeferices beRfb e tdse einibadiméntalnilldfe described

hereinafter, and the description of the same consjruction, operation, an% dvantages will not be
ropoatedt ALOMH LTI, T KA TAGHRITD ABoarsut or B1E cribadinin nak on X table 70

that is dispesed helaw the lasgrmachining head 2, and.a mist jet injector /2-that dirsets.a juist jet at a

machining point on the workpiece W on the XY table 70. The XY table 70 can be translated in the
directions:of X-aridl ¥saxes:peipendictlarto eaak atkedinthehorizontal-planaecThe mist jet injector 72
atomizes water with high-speed airflow to direct a mist jet at the machining point on the workpiece W.

The mistijét fethbfey MACHIARRFGUstGeridratet By phachinmg 6t hedwsikbtece W from the machining
point. Thus, residues on the surface qf the workpiece W can be elimjinated. t, referring to
FIGS. 1010 130 A7aa8 adh TG AP S RAorAING 1o & Shaft R BEATRERLOf 1 brediht
invention,wilkbe described. fhelasermachining apparatus of this.empbedimentdiffers,from that of the
above-described first embodiment in the forms of a liquid oscillating chamber, an oscillating chamber
inlet paths:axe an oscilating-chambekintetpors cEhergtares onlyctherdifferenceschetwaert these

embodiments will be described hereinafter, and the description of the same construction, operation,
and advaitdgeswill het belrepkigtegously. The laser machining apparatus of

this embodiment allows flexible machining in three-dimensicnal
space, and further facilitates control of the workpiece holder
relative to the laser machining apparatus according to the above-
mentioned third embcdiment, thereby allowing the workpiece W to
move faster. Alsc, taper machining can be applied to the
workpiece W by tilting the laser machining head 2 with respect to
the workpiece W. Furthermore, with the laser machining apparatus
of this embodiment, accumulation of liguid in the vicinity of the
machining point can be further suppressed by rotating the
workpiliece W at high speed during machining.

Next, referring to FIG. 9, a laser machining apparatus
according to a fifth embodiment of the present invention will be
described. The laser machining apparatus c¢f this embodiment
differs from that of the above-described first embodiment in that

a mist Jet injector for directing & mist jet at a machining point
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As shown in FIG. 10, a laser machining apparatus 100 according to the sixth embodiment of the
present invention has a laser machining head 102, a laser oscillator 104 for transmitting a laser beam
to the laser machining head 102, and a focusing optical system 106 for focusing the laser beam
transmitted from the laser oscillator 104. Also, water is supplied to the laser machining head 102 from
a liquid supply source (not shown) through a liquid processor, a high-pressure pump, and a
high-preSsurelfitef(wdle afe Aot SheWmY 1FeAheriiors cA9 sRowdliaFI 814 01 e fassrdnschining

head 102 has a head body 116, a nozzle 120, a window 122, and an oscillating chamber inlet path
adjusting Fefmber 1355° *HdolSitkting &n%%r%?l%?ﬁgﬁ?gé}ﬁ%ﬁﬁér}ﬁg%% P#isdiSposed

below thg window: 122, The gscillating chamber.injgt path adiysting member é%%;a%tzgl%te'

ip the head
body 116. The window 122 is fixed in such a manner as to be held between the oscillating chamber

inlet path;adjusting membegrck24and awisdowrecaiving recgssthiba fsee-FHiGci0hing A circular
tray-shaped space extending downward from an annular rectifying chamber 130 is formed within the
head bodyrasaThe cscilldtiy enavbBerdilst path adjusting arember 12448 dispasetb@ithih the space,
thereby defining the form of an oscillating chamber inlet path 116d. Also, the head body 116 is formed
with a cyifuA¥albSre Etehdif doRhiArG $5 the Tanhtér Gritfie citlilar P& 5Rapéd spade, the

inside of the bare serying.as, aJiquid osgillating chamber, 126, , th’%‘%?a@ﬁgf@é‘@ i EIG 1@, an
air-bleeding path 116e Is formed on the opposite side of a liquid feed path 116c. The air-bleeding path
116e extendssaubstantially horizontally on the opposite side of the liquid feed path 116c. The
air-bleeding path 116e is a path for discharging accumulated air in the rectifying chamber 130 or the
like at the time oFf lmtidlusebilthe/lasegn be translated in the directions of X-

and Y-axes perpendicular to each other in the horizontal plane.
The mist jet injector 72 atcomizes water with high-speed airflow
to direct a mist jet at the machining point on the workpiece W.
The mist jet removes machining dust generated by machining of the
workpiece W from the machining point. Thus, residues on the
surface of the workpiece W can be eliminated.

Next, referring to FIGS. 10 to 13C, a laser machining
apparatus according to a sixth embodiment of the present
invention will be described. The laser machining apparatus of
this embodiment differs from that of the above-described first
embodiment in the forms of a liquid cscillating chamber, an
ecscililating chamber inlet path, and an c¢scillating chamber inlet
port. Therefore, only the differences between these embodiments
will be described hereinafter, and the description of the same
constructiocn, operaticn, and advantages will not be repeated.

As shown in FIG. 10, a laser machining apparatus 100
according to the sixth embodiment of the present invention has a
laser machining head 102, a laser oscillator 104 for transmitting

a laser beam to the laser machining head 10Z, and & focusing
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machining apparatus 100 and is closed by a valve (not shown) at the time of actual use of the laser
machining apparatus 100. Next, referring to FIGS. 11 and 12, the structures of the liquid
oscillating chamber 126 and the oscillating chamber inlet path 116d will be described in detail. FIG. 12
is a perspective view three-dimensionally illustrating the forms of the liquid oscillating chamber 126,
the oscillating chamber inlet path 116d, and the rectifying chamber 130 which are formed as cavities
within thedleberBody3ien 10AS sHowRdHFIGE 14h¢he dseillathtgehanaainlet pats Bejusting
member 124 is shaped to conform to the circular tray-shaped space formed within the head body 116.

The osciltafing SR&MBET ikt PatT adftisting emb&F 154 hhs & SRBpe i whicH 3%an3Hdped portion
with a C%@{ﬁq%egOB@QBrQL%@‘af?Jé{ngoaiSﬁ%ﬂV&a%Hgﬁlﬁb%‘&i&%ér Ay Shape,, The oscillating

chamber inlet path adjusting member 124 is disposed within the circular tray-shaped space formed

within the headdpody 116nandthus e temaining gpasesesves apihe oseilatingrchgimber inlet path
116d. In other words, as shown in FIG. 12, a portion of the circular tray-shaped space formed so as to
communicags witrethelannulal véétifyingrehambersi38ris closed bieheoseillating Ehewibérinlet path
adjusting member 124, thereby forming the oscillatinaﬁ chamber inlet path 116d extending horizontally

and having The fan shape Wit A aTgIe b pgr6Rimatety §65 & head body 116, a

nozzle 120, a window 122, and an oscillating chamber inlet path
adjusting member 124.

The oscillating chamber iniet path adjusting member 124 is
dispcsed below the window 12Z. The oscillating chamber inlet path
adjusting member 124 is built in the head body 116. The window
122 is fixed in such & manner as to be held between the
oscillating chamber inlet path adiusting member 124 and a window
receiving recess ll6a (see FIG. 10;}.

A circular tray-shaped space extending downward from an
annular rectifying chamber 130 is formed within the head body 116.
The oscillating chamber inlet path adjusting member 124 is
disposed within the space, thereby defining the form of an
oscillating chamber inlet path 1léd. Also, the head body 116 is
formed with & cylindrical bore extending downward from the center
of the circular tray-shaped space, the inside of the bore serving
as a liguid oscillating chamber 126.

BAlso, as shown in FIG. 10, an air-bleeding path 1llée is
formed on the opposite side of a liguid feed path 1l6c. The air-
bleeding path 1l6s extends substantially horizontally on the
opposite side of the liguid feed path 116c. The air-bleeding path
1l6e is a path for discharging accumulated air in the rectifying

chamber 130 or the like at the time of initizl use of the laser
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Furthermore, the cylindrical liquid oscillating chamber 126 is formed in a manner communicating with
the oscillating chamber inlet path 116d. The liquid oscillating chamber 126 is formed in a downwardly
extending manner on the central axis of the annular rectifying chamber 130. Also, as shown in FIG.
10, the sidewall of the liquid oscillating chamber 126 is constructed of the inner peripheral surface of
the cylindrical bore formed within the head body 116. The bottom of the liquid oscillating chamber 126
is constriiéteiiofithe @praitsufade of #he no2zle 2B sAlsbythe toplad Ofdie kgidroscilfating
chamber 126 communicates with the oscillating.chamber inlet path 116d through a circular oscillating

chamber-iifet pdtE156a 2 FhbE subliettliduia fiotrealohgthe Windo®PE2 #irdtghthe oscillating
chamber inlet pagh, 116d.fram gng, side ofthediquid osgillating chamher, 126 and passeshrough the

oscillating chamber inlet port 126a into the liquid oscillating chamber 126. It should noted that, in
this embodinent, the liguigkascillating.sbambes 126ds ahoub 42 mmdn tiameieicaid ahogt 4.5 mm in

height, and has a cylindrical shape with a height greater than the diameter. Also, the
approxintately-fahtshaped obeilldtng chaatberinidt path 11600s-absutils5ampensreight. "Ehe distance
from the top end surface of the nozzle 120 to the lower end surface of the window 122 is about 6 mm.

Prefe rabl: e figh %eégdiﬂﬁ’ﬁ?gleﬁﬁﬂﬁo%r iijzjélﬁ% atheig hﬁﬁihé%ﬁ@gﬁ figHi 2048360 times the
e R e e e Voo sedemley e oot e o o
chamber:126 bping-settode grealerthan-theswidihi cn  As0 inbthis @mkodiment ;inthe same manner
as the first embodiment, the surface wave 32 can be increased by giving a disturbance to the jet liquid
column 3vwvithiailasee beand (seelFIGLE.
As shown in FIG. 11, the oscillating chamber inlet path

adjusting member 124 is shaped to conform to the circular tray-

shaped space formed within the head body 116. The oscillating

chamber inlet path adjusting member 124 has a shape in which a

fan-shaped portion with a central angle of approximately 90° is

cut away from the circular tray shape. The oscillating chamber

inlet path adjusting member 124 is disposed within the circular

tray-shaped space formed within the head body 116, and thus the

remaining space serves as the oscillating chamber inlet path 116d.

In other words, as shown in FIG. 12, a portion of the circular

tray-shaped space formed so as to communicate with the annular

rectifying chamber 130 is closed by the oscillating chamber inlet

path adiusting member 124, thereby forming the oscillating

chamber inlet path 116d extending horizontally and having the fan

shape with an angle of approximately 90°.

Furthermore, the cylindrical liguid oscillating chamber 126
is formed in a manner communicating with the oscillating chamber

inlet path 116d. The liguid oscillating chamber 126 is formed in

a downwardly extending manner on the central axis of the annular
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5). Thus, the jet liquid column Cr is more immediately atomized after reaching the workpiece W.
Furthermore, also in the laser machining apparatus 100 of this embodiment, it is possible to suppress
the attachment of dirt, oil, etc. in the liquid to the window surface which causes a disturbance in light
guiding. It should be noted that, in the laser machining apparatus 100 of this embodiment, a portion of
the top end surface of the oscillating chamber inlet path 116d is constructed of the lower end surface
of the windeWLlIR2 rend-thastliguid flows aldispthesudhorof thre RiGdow L2 Tehus] deerslitface of the
window 122 can be more effectively washed out, and attachment of impurities can be more reliably

preventedt TRN&HIreRATGid FIG 9 3 PSE, moBiftatons BFtHe bedildfinghatibétinlet path
ver : . . : Clifa . A
e mEbe 1) Wil peosey i TR inAdp AR e A e parlialig caRTReRgIet e

adjustin er 124 according to the Sixth embodiment of the present invention. and 130
are plan yieys of gscillatiagicharaberinletpath adiysting members-accaidingeto thegmodifications.

As shown in FIG. 13A, the oscillating chamber inlet path adjusting member 124 is a member for
closing aportionuafithe circutdrarayshapdd spatedormédiwithindhe heattbod) 146, andehas a bottom
124a and an edge 124b that upstands from the edge of the bottom 124a. The bottom 124a and the

edge 12458réProided vt aGeHeramy fan-8hapdd FotEffthls EeRERERgIRASEHpidkinately 90,
A e L e L
oscillating chamber inlet port 126a. Thus, supplied liquid flows
aleng the window 122 through the oscillating chamber inlet path
116d from one side of the liguid oscillating chamber 126 and
passes through the oscillating chamber inlet port 126a into the
liquid cscillating chamber 126.

It should noted that, in this embodiment, the liguid
oscillating chamber 126 is about 4.2 rmm in diameter and about 4.5
mm in height, and has a cylindrical shape with a height greater
than the diameter. Also, the approximately-fan-shaped oscillating
chamber inlet path 116d is about 1.5 mm in height. The distance
from the top end surface of the nozzle 120 to the lowsr end
surface of the window 1ZZ is about 6 mm. Preferably, the liguid
osciliating chamber 126 has a height in the range of from 20 to
300 times the diameter of the nozzle hole {the nozzle inlet
cpening) and a diameter in the range of from 15 to 200 times the
diameter of the nozzle hole (the nozzle inlet opening), the
height of the liguid cscillating chamber 126 being set to be
greater than the width.

Rlso in this embodiment, in the same manner as the first
embodiment, the surface wave 32 can be increased by giving a

disturbance to the “et liquid column J with a laser beam (see FIG.
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should be noted that FIG. 13A shows, by a phantom line, the position of the oscillating chamber inlet
port 126a with respect to the oscillating chamber inlet path adjusting member 124. FIG. 13B illustrates
a first modification of the oscillating chamber inlet path adjusting member 124. An oscillating chamber
inlet path adjusting member 132 according to the first modification has a bottom 132a and an edge
132b. The bottom 132a and the edge 132b are each provided with a notch. The notch provided in the
bottom 132a isTabeut TG:emah witlth: addextends fadiallyto forimtrioscittating chamisst inlet path
116d to the oscillating chamber inlet port 126a. FIG. 130 illustrates a second modification of the
oscillating I RmBER et iTathisdHSH g H7&BbBr 124. An oscillating chamber inlet path adjusting
member 134 accﬁotgggg tg r{{[Cr)1y_eesecc_i Sdomorgifjcci,zlatti ahsasr a bé)é om 1I§4aaand an %d§e*6 4%. The bottom
134a and the edge 1340 are €ach provi%]ed With a1 |alf§}-ex enéiln% AGeh wﬁfh a width o?about 4 mm.
In the casg wherehe;assifating.chambet inlet path-adjusting members 132-apd. 134 aecording to the
first and second modifications are used, the oscillating chamber inlet path 116d becomes narrower
relative tdihe caselwhere-thelosdilbating ghamber inlet pathhddjusting faembet 124 ofthessixth
embodiment is used, so that the jet liquid column J is more strongly oscillated and the surface wave 32

increase&. FhEFIBRETAEhe TaserGRACHIMG B paratusSTON AEcERIING 16 thd Bikh eiibddifhent in
e e Ao e s A et - P g e et
the top end surface of the oscillating chamber inlet path 1leéd is
constructed cof the lower end surface of the window 122, and the
liguid flows along the surface of the window 122. Thus, the
surface of the window 122 can be more effectively washed cut, and
attachment of impurities can be more reliably prevented.

Next, referring to FIGS. 13A to 13C, modifications of the
oscillating chamber inlet path adjusting member 124 will be
described. FIG. 13A is a plan view of the oscillating chamber
inlet path adiusting member 124 according to the sixth embodiment
of the present inventicn. FIGS 13B and 13C are plan views of
oscillating chamber inlet path adjusting members according to the
modifications.

As shown in FIG. 13A, the oscillating chamber inlet path
adjusting member 124 is a member for closing a portion of the
circular tray-shaped space formed within the head body 116, and
has a bottom 1Z4a and an edge 124b that upstands from the edge of
the bottom 124a. The bottom 124a and the edge 124b are provided
with & generally fan-shaped notch with a central angle of
approximately 90°, the notch serving as the oscillating chamber
inlet path 116d. Alsc, a central angle portion c¢f the fan-shaped

notch is rounded alcong an arc with a radius of about 10 mm. It
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modification, the liquid column J breaks down into liquid masses 36 at a length of about 42 mm, while
in the second modification the liquid column J breaks down into liquid masses 36 at a length of about
28 mm. Preferably, the oscillating chamber inlet path adjusting members are changed depending
on the uses of the laser machining apparatus or objects to be machined. More specifically, if the object
to be machined is a thin plate or the like which can be cut by one scanning of the jet liquid column J,
the oscilkafinglchdraberirdst gathtadjisting dfernber$244FIG. t3Ahscusdd.riEhus;ithe jet liquid column
J is held over a long distance, and therefore the distance between the object to be machined and the

laser maRfing Feadlcdibe Setfargaring Aiamhaively littheobject (P be'thhehir_aRE &thick plate
the lik i i I[tipl ' f.the jet liquid column J | der f leti f
or the like whigh rgggl{?éﬂ%gg ﬁcé%%n'ggd?nfe% 4 a’c%'a&%’int](%éh{%?&rmé?% compietion ©

cutting, the oscillating chamber inlet path adjusting member or 134 (FIG. 13C) is used.
Thus, the jet liquid- colummp Jihecemes tikelydohe- amegiately-atomized afte striking the object to be
machined. Consequently, even in the state where the machining point is not pierced, liquid becomes
less likelyso belacdurpulztediiea grobee forrheddsymechimingicarieka digturbance in light guiding due
to the accumulated liquid can be suppressed. Although preferred embodiments of the present
inventioﬁﬁ&&éb@%ﬁn@eéﬁmdﬁ&%sﬁéﬁlﬁ BElRa&iStGod RN ariots SRaigEsfay e made to
the abovgﬁ%es,%c:{ipseg %@gg ilrggglts. In 1;?afftrticul f ttlgg rﬁ%qt igxgntgiﬁon gg%ye b nstr tgd by arbitrary
combination o ad émbodiments. 80, 'in the
above-desaribed embodiments,dhe hieadibady is-an infegral remier, hawever.mayhe arirarily
separated into plural members. Furthermore, by the combination of the above-described third and
fourth emiodgdimentsythéspresent inyventionamay 1t constaiicied suthrthat a retatyttableds provided on

the tilting rotary table.
extends radially to form the oscillating chamber inlet path 116d

1Qn =
the structures inc uaed m%he above-describe

to the cscillating chamber inlet port 12éa.

FIG, 13C 1llustrates a second modification of the
oscillating chamber inlet path adjusting member 124. An
oscillating chamber inlet path adjusting member 134 according to
the second modification has a bottom 134a and an edge 134b. The
bottom 134a and the edge 134b are each provided with a radially-
extending notch with a width of about 4 mm.

In the case where the oscillating chamber inlet path
adjusting members 132 and 134 according to the first and second
modifications are used, the oscillating chamber inlet path 116d
becomes narrower relative to the case where the oscillating
chamber inlet path adjusting member 124 of the sixth embodiment
is used, so that the jet liquid column J is more strongly
oscillated and the surface wave 32 increases. Therefore, in the
laser machining apparatus 100 according to the sixth embodiment
in which the oscillating chamber inlet path adjusting member 124
shown in FIG. 13A is used, the jet ligquid column J is held over a

length of about 48 mm. On the other hand, in the first
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WHAT IS CLAIMED IS: 1. A laser machining apparatus for machining with a laser beam that is
guided to a machining point by a jet liquid column, comprising: a nozzle including a nozzle inlet
opening, the nozzle jetting the jet liquid column; a rectifying chamber attenuating disturbances in
flow of supplied liquid; a liquid oscillating chamber including an oscillating chamber inlet port that
allows inflow of the liquid from the rectifying chamber, the liquid oscillating chamber guiding the
inflowinguigliid toahe szzighmldtiopemingplunn J breaks down into liquid masses

36 at a lengtfh of about 42 mm, while in the second mcedification
the liguid column J breaks down into liguid masses 36 at a length
of about 28 mm.

Preferakly, the oscillating chamber inlet path adjusting
members are changed depending on the uses of the laser machining
apparatus or obijects to be machined. More specifically, if the
object to be machined is a thin plate or the like which can be
cut by c¢ne scanning of the jet liquid column J, the oscillating
chamber inlet path adjusting member 124 (FIG. 13A) is used. Thus,
the jet liquid column J is held over a long distance, and
therefore the distance between the object to be machined and the
laser machining head can be set larger.

Alternatively, if the object to be machined is a thick
plate or the like which requires multiple scanning of the jet
liquid column J in order for the completion of cutting, the
oscillating chamber inlet path adiusting member 132 (FIG. 13B) or
134 (FIG. 13C) is used. Thus, the jet liguid column J becomes
likely to be immediately atomized after striking the object to be
machined. Conseguently, even in the state where the machining
point is not pierced, ligquid becomes less likely to be
accumulated in a groove formed by machining, and a disturbance in
iight guiding due to the accumulated liquid can be suppressed.

Although preferred embodiments of the present invention
have been described above, it should be understood that various
changes may be made to the above-described embodiments. In
particular, the present inventiocn may be constructed by arbitrary

combination of the structures included in the above-described
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a laser oscillator generating a laser beam; a focusing optical system focusing the laser beam
generated by the laser oscillator above the nozzle inlet opening to cause the jet liquid column to guide
the laser beam; and a window opposed to the nozzle inlet opening to cause the laser beam
transmitting from the focusing optical system to enter the liquid oscillating chamber, wherein the
liquid oscillating chamber increases a surface wave on an outer surface of the jet liquid column to
cause therjetligoidrsodum jetted fromttie rdzzle omte arvbkpiettrbaeasiy atomizedhdt the
machining point. 2. The laser machining apparatus according to Claim 1, wherein the oscillating

chambePinfst pott A dispb8Ed SuchiRatthe FGie fiotvs FPfofore Sider6ffd SitletfafoftHiiquid

inte plural members. Furthermore, by the combination of the
above-described third and fourth embodiments, the present
inventicon may be constructed such that a rotary table is provided

on the tilting rotary table.
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oscillating chamber surrounding the nozzle inlet opening. 3. The laser machining apparatus
according to Claim 1 or 2, wherein the liquid oscillating chamber has a height in the range of about 20
to 300 times a diameter of the nozzle inlet opening, and a width in the range of about 15 to 200 times
the diameter of the nozzle inlet opening. 4. The laser machining apparatus according to any one
of Claims 1 to 3, wherein the rectifying chamber has an annular shape that surrounds at least a portion
of the liquithdsdiflatimg ENamber: 5. The laser machining apparatus according to any one of Claims
1 to 4, wherein the liquid oscillating chamber has a generally cylindrical shape with a height greater
than its diameter. 6. The laser machining apparatus according to any one of Claims 1 to 5,
wherein the liqui oscﬂllitin chag er is provided in the sidewall ti'hereof Witgf;crhaié- eaeding hole

B =l r CIIIni = araiu Or MaChining. ser .
separately from the oscillating chamber infet port. 7. Thé laser macﬁl%lng apparatus according to

any one of &laims: i t@&éuﬁh@acewpﬁmam@i%mldsng%r @@éirmi@@iworM%,the
workpiece holder allowing movement of the workpiece in a direction of an X-axis, movement of the
workpieceompa diwgotion of a Y-axis perpendicular to the X-axis, and

a nozzle including a nozzle inlet opening, the nozzle
jetting the jet liguid column;

a rectifying chamber attenuating disturbances in flow of
supplied liquid;

a ligquid oscillating chamber including an oscillating
chamber inlet port that allows inflow of the liguid from the
rectifying chamber, the liquid oscillating chamber guiding the
inflowing liquid to the nozzle inlet opening;

a laser oscillator generating a laser beam;

a focusing optical system focusing the laser beam generated
by the laser cscillator above the nozzle inlet opening to cause
the jet liquid column to guide the laser beam; and

a window opposed to the nozzle inlet opening to cause the
laser beam transmitting from the focusing optical system to enter
the liguid oscillating chamber,

wherein the liguid cscillating chamber increases a surface
wave c¢cn an outer surface ¢f the jet liguid column to cause the

jet liquid column jetted from the nozzle onto a workpiece to be

easily atomized at the machining point.
2. The laser machining apparatus according to Claim 1,

wherein the oscillating chamber inlet port is disposed such that

the liguid flows in from one side of a sidewall of the liguid
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rotation of the workpiece about respective axes parallel to the directions of the X- and Y-axes to be
simultaneously performed, for flexible machining in three-dimensional space. 8. The laser
machining apparatus according to any one of Claims 1 to 6, further comprising a workpiece holder for
holding the workpiece, the workpiece holder allowing movement of the workpiece in a direction of an
X-axis, movement of the workpiece in a direction of a Y-axis perpendicular to the X-axis, and rotation
of the workpietéatbiye sivhaliinseously peviotied, foreflexiblelmathitirg dptéealimensional space.

9. The laser machining apparatus according to any one of Claims 1 to 8, wherein the focusing optical
system focuses the laser beam toward the window with respect to the nozzle inlet opening for causing

a portion of the I%s.erggﬁwgnﬁ? %t__giklg a%ﬂ%vicontractin]gar%oréion at which th%ega]cgujjgn c?l%rsr:m js formed

. . =) a aC Tl
and further increasing the surface wave on the Outer surface of the jet ﬁqwd column. 10’ The

laser maghining apparatus according:toany: ere of &iaims Lde % fudheheomprising a spist jet injector
for directing a mist jet on a workpiece surface to remove residues generated by machining. 11.
The laser maghiningzdpparatis accoreing talClaiat & rfurthertconprising amasdillatirg:chamber inlet
path for guiding the liquid from the rectifying chamber to the oscillating chamber

and a width in the range of about 15 to 200 times the diameter of

the nozzle inlet opening.

4. The laser machining apparatus according to any one of
Claims 1 to 3, wherein the rectifying chamber has an annular
shape that surrounds at least a portion of the ligquid oscillating

chanber.

5. The laser machining apparatus according to any one of
Claims 1 to 4, wherein the ligquid oscillating chamber has a
generally cylindrical shape with a height greater than its

diameter.

6. The laser machining apparatus according to any one of
Claims 1 to 5, wherein the liguid oscillating chamber is provided
in the sidewall thereof with an air-bleeding hole separately from

the oscillating chamber inlet port.

7. The laser machining apparatus according to any one of
Claims 1 to ¢, further comprising a workpiece holder for holding
the workpiece, the workpilece holder alicwing movement c¢f the
workpiece in a direction of an X-axis, movement of the workpiece

in a direction of a Y-axis perpendicular to the X-axis, and
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inlet port, wherein the oscillating chamber inlet path guides the liquid along the window from one side
of the liquid oscillating chamber to the oscillating chamber inlet port. 12. The laser machining
apparatus according to Claim 11, further comprising an oscillating chamber inlet path adjusting
member defining a form of the oscillating chamber inlet path, wherein the surface wave on the outer
surface of the jet liquid column is adjusted in size by changing the oscillatinglchamber inlet path
aﬂusﬂn@ﬁ%ﬁﬁb@ﬁ of the workpiece about respective axes parallel to the
directions of the X- and Y-axes to be simultanecusly performed,

for flexible machining in three-dimensicnal space.

8. The laser machining apparatus according to any one of
Claims 1 to 6, further comprising a workpiece hcolder for holding
the workpiece, the workpiece holder allowing movement of the
workpiece in a direction of an X-axis, movement of the workpiece
in a direction of a Y-axis perpendicular to the X-axis, and
rotation of the workpiece tc be simultaneocusly performed, for

flexible machining in three-dimensicnal space.

9. The laser machining apparatus according to any one of
Claims 1 to 8, wherein the focusing optical system focuses the
laser beam toward the window with respect to the nozzle inlet
opening for causing a portion of the laser beam to strike a flow
contracting portion at which the jet liquid column is formed and
further increasing the surface wave on the cuter surface of the

jet liquid column.

10. The laser machining apparatus according te any one of
Claims 1 teo 9, further comprising a2 mist jet injector fer
directing a mist jet on & workpiece surface to remove residues

generated by machining.
11. The laser machining apparatus according to Claim 1,

further comprising an oscillating chamber inlet path for guiding

the liguid from the rectifying chamber to the coscillating chamber
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inlet port, wherein the coscillating chamber inlet path guides the
liguid along the window from one side of the liquid oscillating

chamber to the oscillating chamber inlet port.

12. The laser machining apparatus according to Claim 11,
further comprising an oscillating chamber inlet path adjusting
member defining a form of the oscillating chamber inlet path,
wherein the surface wave on the outer surface of the jet ligquid
column is adjusted in size by changing the oscillating chamber

inlet path adiusting member.
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