LASER MACHINING APPARATUS BACKGROUND 1. Technical Field The present invention
relates to a laser machining apparatus, and more particularly, to a laser machining apparatus for
machining a workpiece with a laser beam introduced into a jet liquid column ejected from a nozzle. 2.
Related Art Examples of known laser machining apparatuses which machine a workpiece with a

laser beam introduced into a jet liquice@lumn-aiaeiae fopbaeZ7de are disclosed in Japanese
Published Unexamined Patent Application Nos. 2010-221265 and 2011-125870. The laser

machining apparatus disclosed in Japanese Published Unexamined Patent Application No.
2010-221265 machines a workpiece with a laser beam introduced into a water column while directing
a jet of Watek @ #&Workpiece, in which a protector for protecting the nozzle is provided between the
nozzle and the workpiece tQ prevent water bouncing off the workpiece from adhering to the nozzle and
disturbinty the I6W ofthe & i olumn. The protector is constructed of a thin plate. After the protector

is mounted to the |asey, machining apparajis.ahthestart of nachining, 4alg fpg the passage of the

water column and the laser beam is formed by the laser beam introduced into the water column. By
machiningthe-holesin tisimannerpthecneed 40 ajigntheprotestar withihe pegitiosnsdrangls which the
water column and the laser beam pass is eliminated, and the mounting operation of the protector is
facilitatefior machining a workpiece with a laser beam introduced into a jet

ligquid column ejected from a nozzle.

2. Related Art

Examples of known laser machining apparatuses which machine

a workpiece with a laser beam introduced into a jet liguid column

ejected from a nozzle are disclosed in Japanese Published

Unexamined Patent Application Nos. 2010-221265 and 2011-125870.

The laser machining apparatus disclosed in Japanese

Published Unexamined Patent Application No. 2010-221265 machines

a workpiece with a laser beam introduced into a water column

while directing a jet of water at the workpiece, in which a

protector for protecting the nozzle is provided between the

nozzle and the workpiece to prevent water bouncing off the

workpiece from adhering to the nozzle and disturbing the fiow of

the water cclumn. The protector is constructed of a thin plate.

After the protector is mounted to the laser machining apparatus

at the start of machining, a hole for the passage of the water

column and the laser beam is formed by the laser beam introduced

into the water column. By machining the hole in this manner, the

need to align the protector with the position through which the

water column and the laser beam pass is eliminated, and the

mounting operation of the protector is facilitated.



Furthermore, in the laser machining apparatus disclosed in Japanese Published Unexamined Patent
Application No. 2011-125870, an air introduction housing is provided below a liquid chamber housing
to introduce air into the air introduction housing through an air intake port. Air introduced into the air
introduction housing passes through the inside of a pipe formed in the air introduction housing and

surrounds a Ui AV assing oo e e he ipe o Siaighven e oy of th i

column. Unfortunately, in the laser machining apparatus dis n Japanese Published

UnexamingstRatentpplication Ne«2043+2241265 described abaveoat tre.timeof thedigsthole drilling
in the protector, water is trapped inside the space in between the protector and the nozzle during the

time untitthexholelisfondedtinthe protettyr. Theorappdd Wdted miglat disturbdhelflowoefthe water
column ejected from the nozzle. Furthermore, in the laser machining apparatus disclosed in

JapanesBPFIhPURBKARTHEE PatEnt AP OPRB. 2B TP WA Sir flow rate is

increased. so that the liguid bouncing off the warkpiece, dross generated .at the tfime of machining, etc.
are discf?a%@%ﬁﬂ%ea%raéﬁlowg?%ﬁ rﬁmﬁ% 'cavu%érdiﬁ%trggélclgse %n tlhnetfqul%gecoﬁ%n, leading to a

reduction iy mashiningefleiency g SEMMARY nroufeceninglycanobiact of the pregertdavention is to
provide a laser machining apparatus with favorable liquid-column flow straightening properties. In
order to achieke thémboverobntiobed digjestiadfiimtd surrounds a ligquid column
passing through the inside of the pipe to straighten the flow of
the liquid column.
Unfortunately, in the laser machining apparatus disclosed
in Japanese Published Unexamined Patent Application No. 2010~
221265 described above, at the time of the first hole drilling in
the protector, water is trapped inside the space in between the
protector and the nozzle during the time until the hole is formed
in the protector. The trapped water might disturb the flow of the
water column ejected from the nozzle.
Furthermore, in the laser machining apparatus disclosed in
Japanese Published Unexamined Patent Applicaticn No. 2011-12587¢,
when the ailr flow rate is increased so that the liguid bouncing
off the workpiece, dross generated at the time of machining, etc.

are discharged, the large flow of air might cause disturbances in

the liguid column, leading to a reduction in machining efficiency.

SUMMARY

Accordingliy, an object of the present invention is to
provide a laser machining apparatus with favorable ligquid-colum
flow straightening properties.

In order to achieve the above-mentioned object, a first



aspect of the present invention provides a laser machining apparatus that includes a laser oscillator for
generating a laser beam, a nozzle for directing a jet liquid at a workpiece, and a liquid supply unit for
supplying the jet liquid to the nozzle, to machine the workpiece with the laser beam introduced into a
jet liquid column ejected from the nozzle. The laser machining apparatus further includes: a protector

cap dispgsgd hetyeen e flozzle,and ihe warkpiage for grglecting e ozzles anghan air supply uni

for supplyirig air to a space formed between the nozzle and the protéctor cap. The protector cap has a

flow pasgage permittingRassage efdhe-et liguid coleamm The:spase betweenthenezzig and the

protector cap has a surface toward the nozzle and a surface toward the protector cap, each of the
surfacestafaine spatezizdiagattedstpartiatiy baundedlbyma plofctienvhalpotarlessinwardly of the
space. _  With this structure, the liquid supplied from the liquid supply unit is ejected from the nozzle
to form theé fEig AHRRITMARARd &RE | AmMIntrBBud&dF iﬁtb%ﬁéﬁ?ﬁhﬁ‘d‘%o‘f@ﬁﬁ%acﬁ@s the

workpiece tg machine it, The air supplied to_the space by the air su é unit surrounds.and straightens
the flow BP0 11 S5k e TG T LT e So SSA TR ot SHSGage e protector

cap.  1Begcausetheprotestorcap ispiqvided beiween thepezzle-and the-workpigee, liquid bouncing
off the workpiece is prevented from adhering to the nozzle. Thus, disturbances in the jet liquid column

ejected fagmpethetnoz i@ arbgreventeéddes : Alsprtbeesurtace-epthd spaceetvegsretire pratector cap
and the nozzle, which is located toward the protector cap, is at least partially bounded by the
projectioRGH B A N diP BFBIESSadO T RIS 186 TNl Ui otfiRR Hot paRSitHétigh the flow

passage flows outwardly of the space (toward the workpiece) alon ojection Jocated toward the
Drotoctof CEF ettt cuetto AR Lais 11 the ot Tk SR B PRt SBRy stage o

machining, 1he detliqyidicolyparemains inihe spaceptaberthan passingdhepughythe flow passage of

the protector cap, or splashing liquid droplets pass through the flow passage-and enter the space, and
therefore-blackirg pkthe: tovirpagsageauith die ieidjistprevented. €dnsequertthys distarzances in the

jet liquid column due to the liquid entering the space are prevented.
between the nozzle and the protector cap has a surface toward the
nozzle and a surface toward the protector cap, each ©f the
gsurfaces of the space being at least partially bounded by a
projection that protrudes inwardly of the space.

With this structure, the liquid supplied from the ligquid
gsupply unit is eijected from the nczzle to form the jet ligquid
column, and the laser beam introduced into the jet liguid column
reaches the workpiece to machine it. The air supplied to the
gpace by the air supply unit surrounds and straightens the flow
of the jet liquid column while flowing through the space and the
flow passage of the protector cap.

Because the protector cap is provided betweén the ncozzle
and the workpiece, liquid bouncing off the workpiece is prevented
from adhering tc the nozzle. Thus, disturbances in the jet liquid
column ejected from the nozzle are prevented.

Also, the surface of the space between the protector cap

and the nczzle, which is located toward the protector cap, is at



Further, because both surfaces of the space which are located toward the protector cap and the
nozzle are bounded by the projections protruding inwardly of the space, the air entering the space
flows while being guided by both projections, so that the air becomes less likely to impinge directly on
the jet liquid column ejected from the nozzle. Thus, the disturbances in the jet liquid column due to the
air are prevented even when the air flow rate increases, thereby reducing deterioration of machining
ey RS S S 28pE orie BSE e GEaR, FETBbl, 6 air Supply
unit incl ir.sup rt rLair 'gﬁ{ﬂg T irﬁé@g oKty egharound an
injectionbgggér:‘t %%’ﬁ%oz%ﬁd ?r{qgo?ngrsur%ation vﬁmﬁénsgﬁa)c@e or su&?yi%é%%%o %%Espace. The
air dischalgevpprdsdeeatétarouadihe floly passage apddncommunicationavitip tre Spaee for
discharging air from the space. With this structure, because the air supply port of the air supply
unit is loeatiekareimdareliffdction poreattte AeYashridm somhRitiesticRRithA. shace and the air
discharge port is lpcated around the flow passage.and in communication with the space, the air
supplied b & SHae FHB0GR the Air pply port AOWE (GWAHTHG BrotEatr Eaiwhife being guided
by the projestionsen dhe suriace,loeated topard j_@% npzzle; andingR-s.auidad, by fhe prgjection on the
surface located toward the protector cap to be dischargéd from the air discharge port. The air supplied

into the spacs-car-HeHpevented Fapkimpingingdisactihen thejetligite golusin ejected from the
nozzle and passing through the flow passage, thereby allowing an increase in air flow rate while
preventiig eistGisanceatn the jerliqal beturhadThE idéeRsets Hrfew Faroubws rsorel@fiable
prevention of the entry of liquid droplets or dross jnto the sﬁpace and mare efficient elimination of liquid

or drossIHiTRIFoRk iR TeT Ao, Bitatisethe dif Gisthardge poRTs pisvided “&Fert ffHuid enters
the spacg, the,liquid.can be discharggd {EO’BEQ%&%@&‘?M&%QQ%J@Q‘SEQW Wil aif,Aad tbys trapping

of liquid Inside the space can be prevented: In accordance with a thifd aspect of the present
inventiorn.prefesably: the irisupply per isdecaledinward dhe Aozgleswithgespectdpa-masgtprotruding

position of the projection located toward the nozzle, and the air discharge port is located toward the
protectoptay Witkedspect to a most protruding position of the projection located toward the protector
cap. Further, because both surfaces of the space which are

locatea‘toward the protector cap and the nozzle are bounded by

the projections protruding inwardly of the space, the air

entering the space flows while being guided by both projections,

so that the air becomes less likely to impinge directly on the

jet liquid column ejected from the nozzle. Thus, the disturbances

in the jet liguid column due to the air are prevented even when

the air flow rate increasges, thereby reducing deterioration of

machining efficiency.

In accordance with a second aspect of the present invention,

preferably, the air supply unit includes an air supply port and

an air discharge port. The air supply port is located arocund an

injection port of the nozzle and in communication with the space

for supplving air into the gpace. The air digcharge port is

located around the fiow passage and in communication with the

space for discharging air from the space.



With this structure, the air ejected from the air supply port and the air before entering the air discharge
port flow easily along the projections. Thus, the movement of air within the space can be effectively
controlled. In accordance with a fourth aspect of the present invention, preferably, the laser
machining apparatus further includes a nozzle holder for supporting the nozzle, wherein the projection
of the space Ioc%te?htog@rd th% noz,gle ig, f @gguosneat urfacerof Stﬂe n_LozzIe OEthefngﬁzleanJder, the
surface of the nozzie or the ngzzie hotder being exposedeatatjhe spf - poITfurtﬁermoFe, In

accordance.with a fifth aspect of thes presentdnvention, pueterablypthe praectigns,ah the-space located
toward the nozzle and the protector cap each have a circular cylindrical shape or a truncated cone
shape. BRIEF RESGRIPIEKN OR THEIDRAWINGSe and the air discharge port is

located arcund the flow passage and in communication with the

space, the air supplied into the space through the air supply

port flows toward the protector cap while being guided by the

projection on the surface located toward the nozzle, and then is

guided by the projection on the surface located toward the

protector cap to be discharged from the air discharge port. The

air supplied into the space can be prevented from impinging

directly on the jet liguid column ejected from the nozzle and

passing through the flow passage, thereby allowing an increase in

air flow rate while preventing disturbances in the jet liquid

column. The increase in air flow rate allows more reliable

prevention of the entry of liquid droplets or dross into the

gpace and more efficient elimination of liquid or dross on the

workpiece.

Also, because the air discharge port is provided, even if
liquid enters the space, the liquid can be discharged from the
air discharge port together with air, and thus trapping of liguid
ingide the space can be prevented.

.In accoidance wiﬁh‘a third aspect of the pregent invention,
preferably, the air supply port is located toward the nozzle with
respect to a most protruding position of the projection located
toward the nozzle, and the air discharge port ig located toward
the protector cap with respect to a most protruding position of
the projection located toward the protector cap.

With this structure, the air ejected from the air supply



Embodiments of the present invention will be described in detail based on the following drawings,
wherein: FIG. 1 is a general schematic view of a laser machining apparatus according to a first
embodiment of the present invention; FIG. 2 is a partially enlarged view of the laser machining
apparatus according to the first embodiment of the present invention; FIG. 3 is a partially enlarged
view of a laser m chinin%a:]gp?éatus according to aﬁ%cond embodiment of the present invention;

v

FIG. 4 iPRPhrRHy dritar W oF 5 I& BRINTS appardtiE dbifing b A embodiment of

the;xesgggily along the projectiong. Thusg, the movement of air within
the gpace can be effectively controlled.

In accordance with a fourth aspect of the present invention,
preferably, the laser machining apparatus further includes a
nozzle holder for supporting the nozzle, wherein the projection
of the space located toward the nozzle 1s formed on a surface of
the nozzlie or the nozzle holder, the suxface of the nozzle or the
nozzle holder being exposed at the space.

Furthermore, in accordance with a fifth aspect of the
present invention, preferably, the projections of the space
located toward the ncozzle and the protector cap each have a

circular cylindrical shape or a truncated cone shape.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will be described in
detall based on the following drawings, wherein:

FIG..l is a general schematic view of a laser machining
apparatus according to a first embodiment of the present
invention;

FIG. 2 is a partially enlarged view of the laser machining
apparatus according to the first embodiment of the present
invention;

FIG. 3 is a partially enlarged view of a laser machining
apparatus according to a second embodiment of the present
invention;

FIG. 4 is a partially enlarged view of a laser machining

apparatus according to a third embodiment of the present



invention; FIG. 5 is a partially enlarged view of a laser machining apparatus according to a fourth
embodiment of the present invention; FIG. 6 is a partially enlarged view of a laser machining
apparatus according to a fifth embodiment of the present invention; FIG. 7 is a partially enlarged
view of a laser machining apparatus according to a sixth embodiment of the present invention; and
FIG. 8 is&gg&t@lé/nenlarged view of a laser machining apparatus according to a seventh embodiment
of the present invention. DETAILED DESCRIPTION Hereinafter, preferred embodiments of the

present inventiomyell be describeswith Te{erenca tgdae aesampanyinG:deamingsnit:sheyld be noted
that, in the second and subsequent embodiments,

apparatus according to a fourth embodiment of the present

invention;

FIG. 6 is a partially enlarged view of a laser machining
apparatus according to a fifth embodiment of the present
invention;

FIG. 7 is a partially enlarged view of a laser machining
apparatus according to a sixth embodiment of the present
invention; and

FIG. 8 is a partially enlarged view of a laser machining

apparatus according to a seventh embodiment of the present

invention.

DETATILED DESCRIPTION

Hereinafter, preferred embodiments of the present invention
will be described with reference to the accompanying drawings. It
should be noted that, in the second and subsequent embodiments,
in the drawings, the same elements as those of the first
embodiment are dencted by the same reference signs, and a
description thereof will be simplified or not be repeated.
First Embodiment

FIG. 1 is a general schematic view of a lager machining
apparatus 1 according to a first embodiment of the present
invention. It should be noted that, in the following description,
the vertical direction in FIG. 1 is assumed to be a vertical
direction of the laser machining apparatus 1 according to this

embodiment.



in the drawings, the same elements as those of the first embodiment are denoted by the same
reference signs, and a description thereof will be simplified or not be repeated. First Embodiment

FIG. 1 is a general schematic view of a laser machining apparatus 1 according to a first embodiment of
the present invention. It should be noted that, in the following description, the vertical direction in FIG.

1 is assumed to be a yertical direction of the laser machining. apparatus 1 according to this
; ¥ np S JBAcTiNNG, anp: &pLaing to - _
embodiment. ESA% Shown i E% 1, thet%%er ?nsaec:%lmﬁa ap%ér st %%%o}ldgmg to this embodiment

includesadaser;machining head:ZRn Aptical:dpvice dthal iradiatesR workpiesenAawith a laser
beam through the laser machining head 2; a liquid injector 6 for making a high-pressure water jet
serving asagetligqudl idectectinto the warkpeteaaad aflowrStmightenérBifar straigitening the flow of
the ejected liquid column. The laser machining head 2 includes a housing 10 formed in a
substantRaR tylirarearshase Pfe RoT3My PO FduReadindts appeéfpérlioch 38551eBntofiRE optical
device 4 aq?l. isgjrovideqltn its lower portign with 2 portion of the Iiguid@;:njﬁctor 0. A.nozch:% 14 foimed
with a ndzzfe hols 15%& ef%rc%ﬁﬁua{: ?et‘ﬁ%uﬁ]r cafami’ Efiglpl}lgv%%d ina Iowelr%lolrﬁoﬁ%iﬁ'nn?ﬁe housing
10. The fﬂﬂ%@e%i%@%@%&l@%?”gﬁ%% by 8nazzie holderdo framselow. JheReezlehole 12 goes
vertically through the center of the nozzle 14. The nozzle hole 12 has an upper portion in the form of a
circular ayfiader andce lover pgrtiotad thedorid of@limncated cone widened toward the lower end.
The optical device 4 includes a laser optical system 16 that focuses a laser beam at a predetermined

position, and a 1d&&r dsfRstorasRRiAO SRty GRRLUESST Be AP Rig thelisEPBpticarsystem 16.
The laser optical s sterT}#G is confi lér.ega istroduce the | er bgam i%%qlfrgm the Iastesr oscillator
18 into tfe %%bé?tr%}é(%ﬁ%l gy h%ggjf‘%réug oglﬁ‘%gieﬁbe Sfieuﬁkélgng@o U5 1E taset bea at a
golstition {Riheviginity;Qf-an 9PeRINg; AR HPPAE eadf the nezgle-hole 12,/ the laser-machining head
| in its lower portion with a portion of the liguid injector 6. A
nozzle 14 formed with a nozzle hole 12 for ejecting a jet liguid
column F is provided in a lower portion within the housing 10.
The nozzle 14 is supporied and fixed by a nozzle holder 15 from
below. The nozzle hole 12 goes vertically through the center of
the nozzle 14. The nozzle hole 12 has an upper portion in the
form of a circular cylinder and a lower portion in the form of a
truncated cone widened toward the lower end.
The optical device 4 includes a laser optical system 16
that focuses a laser beam at a predetermined position, and a
laser oscillator 18 that allows entry of the laser beam into the
laser optical system 16.
The laser optical system 16 is configured to introduce the
laser beam emitted from the laser oscillator 18 into the laser
machining head 2 through optical fibers or the like and focus the
laser beam at a position in the vicinity of an opening at an
upper end of the nozzle hole 12 in the laser machining head 2. It

should be noted that FIG. 1 illustrates, partly in schematic form,



should be noted that FIG. 1 illustrates, partly in schematic fottu, the laser optical system 16 and shows
only a single focusing lens 20 that finally focuses the laser beam. The laser oscillator 18 is
constructed to generate a laser beam having a predetermined intensity. In this embodiment, a green
laser is used as the laser beam; however, any kind of laser beam may be arbitrarily selected as long

as it is pporly absorbed by water, The_green laser is a second harmonic.generation.(SHG) YAG
laser an %s%\?v%{/e?gr%};ﬁab ﬁ M Lﬁﬁ?k%ng Y%%‘T’g’sec?n(gxthaa %v]anm%'ng cc}’}slldégiln%r%\ *and a CO2

laser (withhamavelength 9f, 18 &dmy=the green laserias.the property of more easily passing through
water. Therefore, when water easily available at a cheaper cost is used as a jet liquid, the propagation

efficiency of the fEser beanr candid increasad. REurthen decaunsedhe greemdaserds pobslysabsorbed by
water, the generation of a thermal lens is suppressed and thus the laser beam is more easily guided

with highP8BBURRYIBIn8 POsHisH RIRENAEINIT 6TiRé Bpening oTiie nopsrIABIRMD ifthe laser

machini%hg%d f ConsequentIé{, g;}e ngzlﬁ 14 cagé)a(? prgented from bei?id%m@gse and stable

machini Eca]uality‘—’lcsaenrbé“Sen%?ﬁr’ed. e %Suelginjecf%? eludes: aalﬁ%i sﬂpp om?r%%ﬁZ;aliquid

processeiez4, thal xecules, Procassing suel asJieignizing,the; liquid dféivg]&&ﬂgﬂaﬂg%!%@ supply
source 22; a high-pressure pump 26 that sends the liquid delivered from the liquid supply source 22 to
the laseropaehingng head 2; a high-pressure filter 28 that is provided between the high-pressure pump
26 and the laser machining head 2 for removing impurities from the liquid; and a liquid flow path 30
that is formed withif tHgggsedaser is a second harmonic generation (SHG) YAG

laser and has a wavelength of 532 nm. Unlike a YAG laser (with a

wavelength of 1064 nm) and a CO, laser {(with a wavelength of 10.6

um} , the green laser has the property of more easily passing

through water. Therefore, when water easily available at a

cheaper cost is used as a jet liquid, the propagation efficiency

of the laser beam can be increased. Further, because the gr@@n

laser is poorly absorbed by water, the generation of a thermal

lens is suppressed and thus the laser beam is more éasily‘guided

with high accuracy to the position in the vicinity of the opening

of the nozzle hole 12 in the laser machining head 2. Consequently,

the nozzle 14 can be prevented from being damaged and stable

machining guality can be ensured.

The liquid injector 6 includes: a liquid supply source 22;

a liquid processor 24 that executes processing such as deionizing

the liquid delivered from the liquid suppiy source 22; a high-

pressure pump 26 that sends the liguid delivered from the liquid

supply source 22 to the laser machining head 2; a high-pressure

fiilter 28 that is provided between the high-pressure pump 26 and

the laser machining head 2 for removing impurities from the

liguid; and a ligquid flow path 30 that is formed within the laser



machining head 2 to introduce the high-pressure liquid delivered from the high-pressure pump 26 into
the nozzle 14. In this embodiment, water is employed as the liquid. FIG. 2 is a partially enlarged
view of the laser machining apparatus 1 according to the first embodiment of the present invention. As
shown in FIG. 2, the flow straightener 8 includes: a protector cap 32 that is fixed to the housing 10

below the nqzzle 14 for protecting the nozzle 14 from water bouncing off, the, workpiece W or dross
generatdi &1 16 e S athintng: ST AR SHSpH I 58 T ppheg A rtS R apAcs

air supply in?g aspace 34 in

betweendhgnozzle holdercLe a0dibe JIRIPoY 43R 32cne e BIOIeEOT ap BRis formed in a

substantially circular cylindrical shape and disposed and held inside a lower opening of the housing

10. An upmissdlimrerotrudiag erojestiendlcndtiedermriaf a ciseular. cylinder is formed on an upper
surface 38 of the protector cap 32. The diameter of the projection 40 is smaller than that of the

protector cap 32Fafd tAus thé uppek SathicesgglargrdpiotettopEapls? hasan amsllanphte formed
around the§)r0jection 40, the annular plane being located below the projection 40. A flow passage 42

for the paB5AJE bithe j @ THUid EBRINTT F-afd the fiset BRAM BitHy & Verticaltdds formed in the
center of the.protecior Gap 3g AyJower syFacs of the pretectar.can 3p.is foarmed i,y gec .

downwardly-protruding truncated cone shape. it should be noted that, preferably, the diameter of the
flow passagededsinihedpnge of B3 td 3 ronksd that aneandesdisghargeskaba constant rate and
thus the water or dross bouncing off the workpiece W can be prevented from entering the space 34.
A downwardii-prottuding mrofictionida it forazdea thcllkeeyWaderisifornednsn afdwer surface
44 of the nozzle holder 15. The diameter of the projection 46 is smaller than that of the nozzle holder

15, and fis HETBREr SErfaciad BP % AGLAEHOMerts S & SRbuerd SRApETth ARannular
plane foigged, agound e prglectios 46 e anpuler plang beinggcateg ahave jha projection 46. A

through-hole 48 for the passage of the jet liquid' column F and the laser beam along the vertical axis is

fotied in ta geatervidhadozzie Reldeed5 5 ardtishasldhe netedihatapreferably, distance L between
a lower surface of the projection 46 of the nozzle holder 15 and an upper surface of the projection 40

of the protector Gap3Risset rthecrngilofiE td@med in a substantially circular

cylindrical shape and disposed and held inside a lower opening of

| the housing 1C0. An upwardly-protruding projection 40 in the form
of a circular cylinder is formed on an upper surface 38 of the
protector cap 32. The diameter of the projection 40 is smaller
than that of the protector cap 32, and thus the upper surface 38
of the protector cap 32 has an annular plane formed around the
projection 40, the annular plane being located below the
projection 40. A flow passage 42 for the passage of the jet
ligquid column F and the laser beam along a vertical axis is
formed in the center of the protector cap 32. A lower surface of
the protector cap 32 is formed in a downwardly-protruding
truncated cone shape. It should be noted that, preferably, the
diameter of the flow passage 42 isg in the range of 0.3 to 1 mm so
that air can be discharged at a constant rate and thus the water
or dross bouncing off the workpiece W can be prevented from

entering the space 34.

10



The projection 40 on the upper surface 38 of the protector cap 32 and the projection 46 on the lower
surface 44 of the nozzle holder 15 as described above fotut the space 34 in between the protector cap
32 and the nozzle holder 15 into a substantially H-section when viewed in a direction perpendicular to
the direction of the vertical axis (direction pe/pendicular to the sheet of FIG. 1). An upper surface of the
space 34, that is, the surface Jocated toward the nozzle 14, and a.Ioweflsur ace of the space 34, that

is, the surface locatSd IBVRAG e protedtar Rep Y Each iabe'a shapetecass®d wardly of the space
34.  Theainsuprlynit0 has: ap.alsuRRlY souLge pOsapalkeontioliar 33, thatsontrols the
pressure of compressed air delivered from the air supply source 50; an air supply passage 54 for
supplyingaigisto e space 34 =atdan airdisahatge-passage Sédor disehalgieg thaaair irtite space
34 to the outside. The air supply passage 54 has: a main passage 58 that is formed within the
housing 20; Bldistibution guskdge 66 thatis irbommbsicatvawitiiasmid passagddss and formed
in an annular shape around the whole circumference of the nozzle 14; andlgllural (four in this

embodimeRs eguaily 3phca coHimunfCing FASAGERES tha At e PtodTdSd e diSfribution passage
20 for the saupunieation Aelsan edlistibulion Rassads, 0l apAiepage; 3 RacoLihe

communicating passages 62 e parallel to the vertical axis of the nozzle niachining head 2 to
form an aissHpPhnpo:&dthat has amr openingabagrositiar: of therlowerrsuriacas44of die tezzle
holder 15 outwardly of the projection 46. Therefore, the air supply port 64 is located outwardly of the
through-heke 48 @itk pozzerhdldend5thbove scowesankdimne threugiehblead, twatds,isbove a
lower end of the projection 46. The air discharge passage 56 is formed with plural (four in this

embodin‘cré}’fﬁl%ﬁqéﬂy %ﬁcéﬁ%ﬁnﬂ@r&ﬂ%l I@;‘P&&\}@s 1 FFthtdugh outer peripheral portions of the
protector cap 3244 as‘?fé%%&?%%%%'%ﬁ’a%\f‘?rté?%é%@ayfg,s’_8@%% Lof the air discharge passage

56 forms an air discharge port S an opéning at a position of the upper surface 38 of the
protecton e B2:Rutwardly-af thedreiestiond:Mate speeificaliystheaitdisgbargespar$ais located

outwardly of the flow passage 42 of the protector cap 32, below an upper end of the flow passage 42,
that is, belgve anippErendof teepmwjedtert4dn 40 of the protector cap 32 is set
in the rangs of 1 to 3 mm.

The projection 40 on the upper surface 38 of the protector
cap 32 and the projection 46 on the lower surface 44 of the
nozzle holder 1% ag described above form the space 24 in between
the protector cap 32 and the nozzle holder 15 intoc a
substantially H-section when viewed in a direction perpendicular
to the direction of the ﬁertical axis {(direction perpendicular to
the sheet of FIG. 1). An upper surface of the space 34, that is,
the surface located toward the nozzle 14, and a lower surface of
the space 34, that is, the surface located toward the protector
cap 32, each have a shape recessed inwardly of the space 34.

The air supply unit 36 has: an air supply source 50; an air
controller 52 that controls the pressure of compressed alr
delivered f£rom the alr supply source 50; an alr supply passage 54
for supplying air into the space 34; and an air discharge passage

56 for discharging the air in the space 34 to the outside.
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The other end of the air discharge passage 56 opens into a lower surface of the protector cap 32, and
thus the air discharge passage 56 allows the space 34 and the outside of the laser machining head 2
to communicate with each other. The laser machining apparatus 1 according to this embodiment as
constructed in this manner operates as follows. When a workpiece W is laser-machined, the

workpiece W is mpunted on a mounting table T |ocated blow the nozzle 14. Next,.when a laser beam
me pynting. e g

is emitted from thé Taser oscittator 1§f_’l & Aser beant enteré e 1858 Sptica yS %%tlﬁo be

introduced,inta dhe 1asermaghinipg, b %oth%,la&%@sﬂ%amgggéagge Yiginity, of the opening at
the upper end of the nozzle hole 12 by the focusing lens 20 of the laser optical system 16, or the like.
On the oihercand;tbedigiichinjgctior thrends, withathebighspressare puimgi26 swater from the liquid
supply source 22 through the liquid flow path 30 and causes a jet liquid column F to be ejected from
the nozzZRUI4 b GFE@EedaiHEVGRpIcRRNE IESHsYRTIsE RoRRl it taethiembe tHe diameter of the
ejected jet liquid column F is slightly larger than that of the ngrz@e hole 12, The jet liquid column F

passes AU e throdghEhotE: 48 orth eSS idfdler B 8rd thERBAF s & Protector
cap 32 to,te.workpigee W, [he laser heam facused in the wicnity of e gﬁ@y;gg@téee Hpper end of

the nozzle hole™12 by the laser optical system 16 is introduced into the jet liquid Column F while
repeating tefat-refifotionwitkin theyetkiguidiesldnadr anddyeashes drayewrkpiesadVdeecarry out a
laser machining on the workpiece W. The flow straightener 8 supplies air from the air supply
source 58pafd thé air Basbe s thidig haainsappishsgealt o be stpptisdlonhtapaee 34

through the air supply port 64. The air, after entering the space 34, flows downward while being guided
2

p n aCe
by an exisnaFSuEEs bFte FBcfion HBSAREIGREPach 1hing head 2 O form an

air supply port 64 that has an opening at a position of the lower
surface 44 of the nozzle holder 15 cutwardly of the projection 46.
Therefore, the air supply port 64 is located outwardly of the
through-hole 48 of the nozzle holder 15, sbove a lower end of the
through-hole 48, that is, above a lower end of the projection 46.

The air discharge passage 56 is formed with plural {(four in
this embodiment} equally spaced circumferential grooves that go
through outer peripheral portions of the protector cap 32 in a
direction parallel to the vertical axis. Thus, one end of the air
digcharge passage 56 forms an air discharge port 66 that has an
opening at a position of the upper surface 38 of the protector
cap 32 outwardly of the projection 40. More specifically, the air
discharge port 66 is located outwardly of the flow passage 42 of
the protector cap 32, below an upper end of the flow passage 42,
that is, below an upper end of the projection 40.

The other end of the air discharge passage 56 opens into a
lower surface of the protector cap 32, and thus the air discharge
passage 56 allows the space 34 and the cutside of the laser

machining head 2 to communicate with each other.
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surface 44 of the nozzle holder 15 and an external surface of the projection 40 of the upper surface 38
of the protector cap 32 and surrounds the jet liquid column F ejected from the through-hole 48 of the
nozzle holder 15 to straighten the flow of the jet liquid column F. Also, the air in the space 34 enters
the flow passage 42 of the protector cap 32 to surround and straighten the flow of the jet liquid column
F. And after belnlqlgjefg%% from t protector cap %%Sthf air, ellrpgwates V\éatgfltlaguncmg off the

e
workpiece W, dross generarte%aé:?ltﬁe tlrﬁea}ﬁpmaghlnlng, efc. from tha st-Drface of the workpiece W. A

portion ofthe airiBihespacs:34 whish does nat passdhraugh e lowpassageidzisdischarged to the

outside from the air discharge port 66 through the air discharge passage 56. This embodiment
constructed in thighasanrermcarkpievde the folloviag-advaniages. theSinecekthbcprotéctds cap 32 is
provided below the nozzle 14, adhesion of water droplets to the nozzle 14 can be prevented even if
the jet liGHIEERINATF BOUAEBS BHCtheARdfkplec® W CRRUD WstuFbsndeEmitelét liifdEolumn F
ejected from the gozzle 4 can be prev%nteg. £ B%?}ausle air is gszggli d to the %ga% 34 in between

the nozz€'T4 &h Fhseeﬁ):m S&tor ]Csapegbl ‘)c/e[ e ajfroénupp )e/’ URtt 36 to Straig feiT the flow oFthe jet liquid

column E&&%}eﬂééﬂméﬁ%é@éz&%%%@@eg?é?@ft Qgg@eﬁplym% isprovidedafhug, the

propagation efficiency of the laser beam introduced into the jet liquid column F is increased, and

consequently theenachiaingrahititndtipetiasdr machinimlappearabesh can Hedupeavedh Tieespace 34

between the nozzle 14 and the protector cap 32
vicinity of the opening at the upper end of the nozzle hole 12 by
the focusing lens 20 of the laser optical system 16, or the like.

Onn the other hand, the liquid injectorl6 sends, with the
high-pressure pump 26, water from the licuid supply source 22
through the liquid flow path 30 and causes a jet liquid c¢olumn F
to be ejected from the nozzle 14 and directed at the workpiece W.
Tt should be noted that, at this time, the diameter of the
ejected jet liquid column F is slightly larger than that of the
nozzle hole 12. The jet liguid column F passes through the-
through-hole 48 of the nozzle holder 15 and the flow passage 42
of the protector cap 32 to the workpiece W. The laser beam
focused in the vicinity of the opening at the upper end of the
nozzle hole 12 by the laser optical system 16 is introduced into
the jet liguid column F while repeating total reflection within
the jet liquid column F and reaches the workpiece W to carry out
a laser machining on the workpiece W.
The flow strailghtener 8 supplies air from the air supply-

source 50, and the air passes through the air supply passage 54
to be supplied to the space 34 through the air supply port 64.

The air, after entering the space 34, flows downward while being

guided by an external surface of the projection 46 of the lower
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is bounded by the projection 46 of the lower surface 44 of the nozzle holder 15 and the projection 40 of
the upper surface 38 of the protector cap 32, and thus the upper and lower surfaces of the space 34
are formed in inwardly-recessed shapes. Thus, the air supplied through the air supply port 64 flows
downward while being guided by the projections 46 and 40 and is prevented from impinging directly on

the jet liquid column F. urthermore, because the prpjections 46 and 40 can prevent air from
mpinging Ty o 0 e T EIT S clatufbii B TRt Lot ot Tt Hate of air

supplied pihe space 34,can he,ncreasad elative.lo the latadhart, Thug.dhe alkgiected from the flow

passage 42 together with the jet liquid column F allows water or dross on the workpiece W to be more
effectivelyuetiminaiedche fatheigeven sdthenavenktgkentsanar-ohweier into-theyspaes 34, the
projection 40 of the protector cap 32 makes it less likely that water is trapped in the vicinity of the flow
passage’2.of tBecanse e Brlsigiply porces i praiddarddird hepra)éctids 465 the nozzle
holder 15 and the air discharge_port 66 is located around thegrojection 40 of the protector cap 32, a

vertical air Agw arsemdeSet liGufPeolttfh B WithiR theSpakasa iHikahy & OcElE therdBy allowing
flow strajgllenigg qffhedetiuid.climpds withous sausing distithanges e jgbliauld elumn P
Furthermore, because the air discharge port 66 is located around the projection 40 of the protector cap
32, evensindhesverhof patranceafavaterint the space 34cthe waieiccanibeted from the
protector cap 32, the ailr eliminates water bouncing cff the
workpiece W, dross generated at the time of machining, etc. from
the surface of the workpiece W. A portion of thé air in the space
34 which does not pass through the flow passage 42 is discharged
to the outside from the air discharge port 66 through the air
discharge passage 56.
This embodiment constructed in this manner can provide the
following advantages.
Since the protector cap 22 is provided below the nozzle 14,
adhesion of water droplets to the nozzle 14 can be prevented even
if the jet liquid column F bounces off the workpiece W. Thus,
disturbances in the jet ligquid column F ejected from the nozzle
14 can be prevented.
Because air is supplied to the space 34 in between the
nozzle 14 and the protector cap 32 by the air supply unit 36 to
straighten the flow of the jet liquid column F ejected from the
nozzle 14, a more stable jet liguid cclumn F is provided. Thus,
the propagation efficiency of the laser beam introduced into the
jet Iliquid column F is increased, and consequently the machining
ability of the laser machining apparatus 1 can be improved.

The space 34 between the nozzle 14 and the protector cap 32

14



discharged from the air discharge port 66 together with air. Second Embodiment Next, a laser
machining apparatus 70 according to a second embodiment of the present invention will be described.
The laser machining apparatus 70 according to the second embodiment has the same construction as
the laser machining apparatus 1 according to the first embodiment except for a difference in

construction_of the air discharge passage. FIG. 3 is a partially enlarged view of the laser
machining’ aBBHFé%ﬁé 7%ya goefgdﬁ%oﬂ)efﬁg%lgélcoénsd 8&1b§3ﬁmp%ﬁ¥“8 th%uﬁﬂce%%%t fiention™As shown in
FIG. 3. Pzl (fousin s epebadinani) i diseharge Passages i ol s asgLmaginiag apparatus 70
are formed in lower ends of the space 34 within the housing 10. Theréfore, air discharge ports 74 open
into an inner surtace-etihechpusing Hhdachuef thesaiglischasge passages2fisdeglingd radially and
downwardly toward the outside from the central axis of the nozzle 14 and has an opening toward an

external shffagpataheé housing eomed Agithnisrstiuctuecsttrdasbppehinfigappdfatus 70
according to the second embodiment, the same adyantages as those of the first embodiment are

obtained® i 2GR $e B AY8Rargepassag PPy fdintdd A the RSiFsing T and N thE opening
toward the eHlersiyiace elnaaoysing 4. dhglebyepisyenioo AlLipehataarlionyie gy, discharge

passage 72 froni impinging on the'workpiece W. Thus, even if water or the like entering the space 34

is dischayged fpmdhe pifedischarge passage: 72 tagethesiithmair the influence of emission matter on
machining of the workpiece W can be limited. Third Embodiment Next, a laser machining

apparatus 80 ac€uvdifng tmnanhirdlegnbogiendimeofithe jmeténtinivéationdvikt ecdesgritesdeThe laser
machining, apparatus 80 according to the_third embodiment has the same construction as the laser

machinirfytAppARRtud ARG SRRt Bhdiiment exiapifdr SodifEredcéffshape of the

pnﬂecuoaﬁsturbing the jet liquid column F, the flow rate of air supplised
to the space 34 can be increased relative to the related art.
Thus, the air ejected from the flow passage 42 together with the
jet liquid column F allows water or dross on the workpiece W to
be more effectively eliminated.

Further, even in the event of entrance of water into the
space 34, the projection 40 of the protector cap 32 makes it less
likely that water is trapped in the vicinity of the flow passage
42.

Because the air supply port 64 is located around the
projection 46 of the nozzle holder 15 and the air discharge port
66 is located around the projection 40 of the protector cap 22, a
vertical air flow around.the jet liquid column F within the space
34 is likely to occur, thereby allowing flow straightening of the
jet liquid column F without causing disturbances in the jet
liguid coiumn F.

Furthermore, because the air discharge port 66 is located
around the projection 40 of the protector cap 32, even in the

event of entrance of water into the space 34, the water can be
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FIG. 4 is a partially enlarged view of the laser machining apparatus 80 according to the third

embodiment of the present invention. As shown in FIG. 4, a downwardly-protruding projection 86 in the
form of a truncated cone is fotmed at the center of a lower surface 84 of a nozzle holder 82 of the laser
machining apparatus 80. The projection 86 is formed peripherally with an annular planar portion that is

located ahove the projection 86. Here, an angle a of an isosceles triapgular section of the truncated
cone shaE 0P Projebrth Ba4aReh A10Y TG SEnHaF A ds 1983hTHTS SHbBATHENt, It should be

noted that, preferally, the angle a is set in the range of O (that is, a circular cylindrical shape) to 150,
and more preferably, in the range of 90 to 150. Furthermore, an upwardly-protruding projection 92

in the form of a tiereated conesis faiined i tbe geptarafian upparswiace9oref apreiestol cap 88.
The projection 92 is formed so as to extend to the vicinity of the outer periphery of the protector cap
88, the curgeniphsncdf thespioiecionto 2 exesriding tv-ahlodter édgewsfahd air Histhergeport 66.
Therefore, the projection 92 is formed peripherally with an annulardp()jlane that has almost the same

width astRE AT Se PEPIRE B idlhArge 5t 8%, BRrEDEn SHGREhISIPRGYRERS Ffgti4r section of
H e . | axis >t ” |
the truncated ngtﬁg%}gfcée?% e Rrojecl %%}aﬁ%%ﬁ%?{!ﬁn Saé%%%%%ﬁﬁs i é%gé%ctﬂ'ﬁ rpgodiment. It

should be noted erably, the angle p is set In the ra at is, a circular cylindrical
shape) teH&0s pregkmaresietesablyeinctiecrange of 90 tdslnce #hspaeeOhishiunded by the

shapes of the lower surface 84 of the nozzle holder 82 and the upper surface 90 of the protector cap
88, and ttius theruppercaad fmversudares of the space 94 are formed in inwardly-recessed shapes by
the projections 86 and 92, respectively. In the laser machining apparatus 80 according to the third

embodiment with s stricfure, RiTde ait Rorf tHE 555l ppte BoRtfe 4 oS5 niARB grbjéttion 86 of
the nozzle hgg_gag{ u852,,/i,tois a{%%sgi el %@i%@gn §QS flr%(v gf r&ed'e%gg(#ido%olg n Fr\ggiée greventing the
air from fHe air supply port 64 from mpinging dlrect?y on the jet liquid column gjecte(jzl‘l rom the
through-hgle-48 : GaurthhEmbadiment, rrc. 3, plural (four in this embodiment)

alr discharge passages 72 of the laser machining apparatus 70 are

formed in lower ends of the gpace 34 within the housing 10.

Therefore, ailr discharge ports 74 open into an inner surface of

the housing 10. Each of the air discharge passages 72 is inclined

radially and downwardly toward the outside from the central axis

of the nozzle 14 and has an cpening toward an external surface of

the housing 10.

With this structure of the laser machining apparatus 70

according to the second embodiment, the same advantages as those

of the first embodiment are obtained. In addition, the air

discharge passage 72 1s formed in the houging 1C and has the

cpening toward the outer surface of the housing 10, thereby

preventing air discharged from the air discharge passage 72 from

impinging on the workpiece W. Thus, even i1f water or the like

entering the space 34 is discharged from the air discharge

passage 72 together with air, the influence of emission matter on

machining of the workpiece W can be limited.
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Next, a laser machining apparatus 100 according to a fourth embodiment of the present invention will
be described. The laser machining apparatus 100 according to the fourth embodiment has the same
construction as the laser machining apparatus 1 according to the first embodiment except for a
difference in shape of the projections. FIG. 5 is a partially enlarged view of the laser machining
apparatus 100 accordjng to the fourth embodiment of the present invention. As shown in FIG. 5, a
downwa%lfl—lb%ﬁﬂﬁf?’n iction 106 in the form of a truncated cone is formed at the center of a

lower surface 10¢.0f.a nozgleholdgr, 102.0f the lager machining apparaius 100, The projection 106 is

formed peripherally with an annular planar paortion that is located above thée projection 106. Here, an
angle a et iBoseetesifiatigylansestion atihedtureated Conesshrpe: of haiprofertion 486 taken
along the central axis is 40 in this embodiment. Furthermore, an upwardly-protruding projection
112 in tHesfohdrgig cikppRrEyHRdElisHonned dichbcdrier 6lhandppebedifacat lItRsf &protector cap
108. The projection 112 is about twice the diameter of the flow passage 42 and formed peripherally

with an &iitiaFPRAEIHAE b ATed BEIoW B pREiEEEoT 19 23PP2 R 5iE cd 13998 BhuMed by the
shapes qfiheJower surfage 404 of the nozzle holder.102 apd the upper sufacg 110,of the protector

cap 108, and thus the upper and lower surfaces of the space 114 are formed in inwardly-recessed
shapes By-thp-projeetions 106 and 112, respectively.

FIG. 4 is a partially enlarced view of the laser machining
apparatus 80 according to the third embodiment of the present
invention. Ag shown in FIG. 4, a downwardly-protruding projection
86 in the form of a truncated cone is formed at the center of a
lower surface 84 of a nozzle holder 82 of the lagser machining
apparatus 80. The projection 86 is formed peripherally with an
annular planar portion that is located above the projection 86.
Here, an angle o of an isosceles triangular section of the
truncated cone shape of the projection 86 taken along the central
axig is 120° in this embodiment. It should be noted that,
preferably, the angle o is set in the range of 0° (that is, a
circular cylindrical shape} to 150° and more preferably, in the
range of 90° to 150°.

Furthermore, an upwardly-protruding projection 92 in the
form of a truncated cone i1g formed at the center of an upper
surface 90 of a protector cap 88. The projection 92 is formed so
as to extend to the vicinity of the outer periphery of the
protector cap 88, the cuter periphery of the projection 92
extending to an outer edge cof the air discharge port 66.
Therefore, the projection 92 is formed peripherally with an

annular plane that has almost the same width as the diameter of
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In the laser machining apparatus 100 according to the fourth embodiment with this structure, the
shape of the space 114 as described above offers the same advantages as the foregoing. Fifth
Embodiment Next, a laser machining apparatus 120 according to a fifth embodiment of the
present invention will be described. The laser machining apparatus 120 according to the fifth
embodiment has the same construction as the laser machining apparatus 1 according to the first

embodintét &%Ep@?&cél%eﬂ%ﬁn Shapélrhe 61%16&%1’% %IG? 678 o' pattiEfly Ehlarged view of
the laser pachining, ,apparaius, 120 a&‘f&@?ﬁrﬁ%@@&ﬂ&?{gbgﬂg'%%ztg%{%ﬁjez?gg Ligvegtion. As

shown in FIG. 6, a nozzle holder 122 of the laser machining app rojection 124 in the

form of agisuncated Gonenin the-sapgrnanngLas the nozgke hglder 82 afthedasenmachiping apparatus
80 according to the third embodiment. Furthermore, an upwardly-protruding projection 130 in the

form of asfnoedatedeconer isdforimed, atrthe eerdel of, anhyppengliefae 12 8&efa protaetoread 26. The
projection 130 is formed peripherally with an annular plane that is located below the projection 130.

Here, an%ndle ¢ bhah id6zcéles HaHgaEr SBeiERBE iR trEiRBRRRd E6hé BRapeaRinEFdjection 130

taken along the central axis js 90.in this embodiment.. _ A space 132 is bounded by the shapes of a
lower su g@? ?.5%%0 thelr%loztzﬁ‘llee h%?dqe?elé% a% thtéouplpaéjr surface 128 of the protector cap 126, and

thus the upper apd dQwee syifagcas wbirRispacs 1dZ-arenopasddn inwardlyweeessad shapes by the
projections 124 and 130, respectively.
of the nozzle hoider 82 and the upper surface 90 of the protector
cap 88, and thus the upper and lower surfaces of the space 94 are
formed in inwardly-recessed shapes by the projections 86 and 92,
respectiﬁely.

In the laser machining apparatus 80 according to the third
embodiment with this structure, since air from the air supply
port 64 moves along the projection 86 of the nozzle holder 82, it
is possible to straighten the flow of the jet liquid column F
while preventing the air from the air supply port 64 from
impinging directly on the jet ligquid column F ejected from the
through-hole 48,

Fourth Embodiment

Next, a laser machining apparatus 100 according to a fourth
embodiment of the present invention will be described. The laser
machining apparatus 100 according tfo the fourth embodiment has
the same construction ag the laser machining apparatus 1
according to the first embodiment except for a difference in
gshape of the projections.

FIG. 5 is a partially enlarged view of the lasger machining
apparatus 100 according to the fourth embodiment of the present

invention. As shown in FIG. 5, a downwardly-protruding projection
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In the laser machining apparatus 120 according to the fifth embodiment with this structure, the shape
of the space 132 as described above offers the same advantages as the foregoing. Sixth Embodiment
Next, a laser machining apparatus 140 according to a sixth embodiment of the present invention will
be described. The laser machining apparatus 140 according to the sixth embodiment has the same
construction as the Ias%r machijning afﬁﬁratus 1 accordjng to the first embodiment except for a

differencelifi sHApe 5t the Brofdcton SHAE B te S8 Eap SFICTF TS a Parfiafy SRTArGed Ve of the laser
machining, appatails 140 ageoring ta the sixth empodiment of the, presentinyengan, Ag shown in

FIG. 7, an upwardly-protruding projection 146 in the form of a truncated cone, which is the same as
that of thepproteetar cap B8 aceerding e dhe dhird embadimentas fpenediat the cenigref amupper
surface 144 of a protector cap 142 of the laser machining apparatus 140. Therefore, a space 148
is boundedrbilthie sHayes obtheclower8urfaces44 of e dozzietoldbe 1 uriktieigppérisurface 144 of

the protector cap 142, and thus the upper and lower surfaces of the space 148 are formed in
imNaﬂﬂyﬁﬁﬁésséﬂ%ﬁﬁﬁé§ a of an isosceles triangular section of the

truncated cone shape of the projection 106 taken along the
central axis is 40° in this embodiment.

Furthermore, an upwardly-protruding projection 1il2 in the
form of a circular cylinder is formed at the center of an upper
surface 110 of a protector cap 108. The projecﬁion 112 is about
twice the diameﬁer of the flow passage 42 and formed peripherally
with an annular plane that is located below the projection 112.

A space 1i4 is bounded by the shapes of the lower surface
104 of the nozzle holder 102 and the upper surface 110 of the
protector cap 108, and thus the upper and lower surfaces of the
space 114 are formed in inwardly-recessed shapes by the
projections 106 and 112, respectively. ' |

In the laser machining apparatus 100 according to the
fourth embodiment with this structure, the shape of the space 114
as described above offers the same advantages as the foregoing.
Fifth Exbodiment

Next, a laser machining apparatus 120 according to a fifth
embodiment of the present invention will be desérib@d. The laser
machining apparatus 120 acceording to the fifth embodiment has the
same construction as the laser machining apparatus 1 according to
the first embodiment except for a difference in shape of the
projections.

FIG. 6 i1s a partially enlarged view of the laser machining
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by the projections 46 and 146, respectively. In the laser machining apparatus 140 according to the
sixth embodiment with this structure, the shape of the space 148 as described above offers the same
advantages as the foregoing. Seventh Embodiment Next, a laser machining apparatus 150
according to a seventh embodiment of the present invention will be described. The laser machining
apparatus 150 according to the seyenth embodiment has the same construction as the laser

machinifP Bpparatis 1At to the st Bbotiment 8RO tiffdre neEs T SR&RES of the
nozzle ang fgnpzzle holden, ., RIG. s a partially enlarged vigw of the Iaset machining apparatus

150 according to the seventh embodiment of the present invention. As shown in FIG. 8, a
downwargyptettuding-peiestion 156 imike forprefjacicularcylingdar isformeeratdhecenter of a
lower surface of a nozzle 152 of the laser machining apparatus 150. The projection 156 is disposed
inside a FIOUMEREESOlEIBY fornidttincane ZeRiinsider e 58t dprmtislds-fidera fversupfgce 164 of
the nozzle holder 158, Therefore, the upper surface of a space 162 is bounded by the lower surface

164 of theT622IEHOMEr 158 GREARE ProjctlioR B of- iR 62489 52 HHd (RUEIRE TIpkr and lower
surfaces of the spg]g%ﬂ%%@etorg}?qj' 'Q]\é\/ﬁ I}é—ﬁg&ggﬁg(lg%@ﬁgg bé/c@le C%roit c&ions 6 and 40,
accordi n

respectively. In the laser machining apparatus 15 gt8 fhe seventh embodiment with this
structures daen sbape of thespeee ohas teserbpdahoyerofiersdhe sanag agvaniages as the

foregoing.
surface 128 of a protector cap i26. The prcojection 130 is formed
peripherally with an annular plane that ig located below the
projection 130. Here, an angle B of an isosceles triangular
section of the truncated cone shape of the projection 130 taken
along the central axis is 90° in this embodiment.

A space 132 is bounded by the shapes of a lower surface 123
of the nozzle holder 122 and the upper surface 128 of the
protector cap 126, and thus the upper and lower surfaceg of the
space 132 are formed in inwardly-recessed shapeg by the
projections 124 and 130, respeétively.

In the laser machining apparatus 120 according to the fifth
embodiment with this structure, the shape of the space 132 as
described above offers the same advantages as the foregoing.
Sixth Embodiment

Next, a laser machining apparatus 140 according toc a sixth
embodiment of the present invention will be described. The laser
machining apparatus 140 according te the sixth embodiment has the
same construction as the laser machining apparatus 1 according to
the first embodiment except for a difference in shape of the

projection of the protector cap.

FIG. 7 is a partially enlarged view of the laser machining
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The present invention is not limited to the above-described embodiments. While in the
above-described embodiments, for example, various shapes are used for the projection located above
the space (toward the nozzle) and the projection on the protector cap, a combination of these shapes
may be arbitrarily set. Alternatively, the shape of the projections is not limited to the circular cylindrical

shape or_the truncated cone sha ,anci_ﬁan shape such as a hemis heiEe s#ape may be used if it
protrude%plﬁ’t%rt?ﬁ%ugpefd‘cégq acc\ﬁﬁ?ﬁezénl the a %%e-%é%%}ib% gmlb%%?rﬁeﬁ s,% S p?gj%% ibhs are fomed in

such a mapneras,ip prakude dnia the space partiglly Hﬂﬁéﬁ@ﬁ@%@o@%@i@l ffﬂ%ﬁ%@ﬂ%cﬁ{ the nozzle
holder and the upper surface of the protector cap, the present invention is not limited thereto, and the

projectiohsdanay betformensuch that thedewedsudaes oivthiechozzetardheanozzies holder antl the
upper surface of the protector cap protrude fully into the space. In short, the projection only needs to
be forméd6n R FEESt e FORICFEOPEAEH 6Lt GPp&handvwer sivracEs efithe dpade@rmed While in

the above-described embodjments, the air SLi%olégort is fogned in the lower surface of the nozzle

holder, tR& p*feger?teirﬁ\%ﬁtign i€ ot finted Therets:! and the irasﬁ)lb?ﬁ %Sﬁorﬁa(f/ak% fotmedtin any place,

such as gpdnRersurfaee.of ihie,Rousingwhich is gxposed at the space, if it is located above the
position where the jet liquid column’is injected into the space or above the most protruding position of

the projection intoHaesspace, thatssaabove the thiotghdrelelsf thegozzkepkelder otiabove the lower
surface of the nozzle in the above-described embodiments. Furthermore, if the air supply port is
located ihAWEDOBRISTRAMcté aifsuplicectoahe spacdss pkbyvan@dtirentimmsingFigidipesly on the

injected jet liquid column, the air supply port does not always have to be located above the position
where thedet RGuE EoIRA BINREGT b the SPate UFihovetnaRaS: BRSUHG bosition of the

projectop o, e SeACey.e AlRaSlar his e fEstembodimenohe ke, e ay discharge

port is formed in the upper surface of the protector cap, the present invention is limited thereto, and the
air dischatge-pertdnay de-fosmeddn amimnes suriasereidheheusing in the same manner as; for
example, the protector cap in the second embodiment, if it is located below the position of the
protector cap whke the floaspassagdopens isprhexpaeeldibelonaheimast prathalingpasition of
the projection into the space. Furthermore, if the air discharge port is located in the position to allow air

supplieqﬁmtaﬁ’%&ﬁp%&t%%é%ﬁﬁgd tb'tfe HPBEChArdd FoRAT Ut piTging directly on
the jet liquid colymp, %ﬁg@'& digsharge port dogs nokalwayshave fo pelogated helow the opening of

the flow passage Into
Seventh Embodiment

Next, a laser machining apparatus 150 according to a
seventh embodiment of the present invention will be described.
The lager machining apparatus 150 according to the seventh
émbodiment has the same construction as the laser machining
apparatus 1 according to the first embodiment except for
differences in shapes of the nozzle and the nozzle holder.

FIG. 8 is a partially enlarged view of the laser machining.
apparatus 150 according to the seventh embodiment of the present
invention. As shown in FIG. 8, a downwardly-protruding projection
156 in the form of a circular cylinder is formed at the center of
a lower surface of a nozzle 152 of the laser machining apparatus
150. The projection 156 is disposed inside a mounting hole 160

formed in a nozzle holder 158 and protrudes from a lower surface
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space or below the most protruding position of the projection into the space. EXAMPLE 1 In the
laser machining apparatus 80 with the structure of the third embodiment, a glass sheet was disposed
below the laser machining head 2 and a jet liquid column F was ejected. The distance between the
lowermost position of the laser machining head 2, i.e. the lower surface of the protector cap 88, and

the glass shee s set to 25 mm, that i e distance such that splashing of the jet liquid column F
ol Do b A o T it OF P ESI06 NS 1H0HAE SELEs B0 & the pressure

of the jetliguid was settoR5MRA. 1y iderdheahquerdescribed senditionsheifiow straightener 8

was operated and it was confirmed to what extent the air flow rate could be increased without causing
disturbahedsigxthesiet digdidceauprrhe EXAMPLER2 of  tindhedasdemeehiningd ppanatushef
EXAMPLE 1, the same experiment as EXAMPLE 1 was conducted using the laser machining

apparatiPRfth thBAnkhest hegipiadionfoZbh thedsivtddsr 8as 8B°sata8 90! EXpmely 3

recessed shapes by the prcjections 156 and 40, respectively.

rIn the laser machining apparatus 150 according to the
seventh embodiment with this structure, the shape of the space
162 ag described above offers the same advantages as the
foregoing.

The present invention is not limited to the above-described
embodiments. While in the above-described embodiments, for
example, various shapes are used for the projection located above
the space {(toward the nozzle) and the projection on the protector
cap, a combination of thege shapes may be arbitrarily sert.
Alternatively, the shape of the projections is not limited to the
circular cylindrical shape or the truncated cone sghape, and any
shape such as a hemigphere shape may be used if it protrudes into
the space.

While in the above-described embodimentsg, the projections
are formed in such a manmer ag to protrude into the space
partially from the lower surface of the nozzle or the nozzle
holder and the upper surface of the protector cap, the present
invention is not limited thereto, and the projections may be
formed such that the lower surface of the nozzle or the nozzle
holder and the upper surface of the protector cap protrude fully
into the space., In short, the projection only needs to be formed
on at least one portion of each of the upper and lower surfaces

of the space.
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In the laser machining apparatus of EXAMPLE 1, the same experiment as EXAMPLE 1 was
conducted using the laser machining apparatus with the projection 92 on the protector cap 88 in the
form of a circular cylinder. EXAMPLE 4 The sam e experiment as EXAMPLE 1 was conducted using
the laser machining apparatus 140 with the structure of the sixth embodiment. EXAMPLE 5 In the

laser machining aratus 0 of EXAMBLE 4 tﬁue ame experiment as EXAMPLE 1 was conducted
using the laser macEnlnlng a]pt%lara Es W|thdt%5<=’_~célfnl e% o?n%eéé)rqe |onaf%§‘ of'the pr%? éfor cap 142 set

to 90. port 1s formed in the lower surface of the nozzle holder, the
present invention is not limited thereto, and the air supply port
may be formed in any place, such as an inner surface of the
housing which i1s exposed at the space, if it is located above the
position where the Jjet liguid column ig injected into the space
or above the most protruding position of the projection into the
space, that is, above the through-hole of the nczzle holder or
above the lower surface of the nozzle in the zbove-described
embodiments. Furthermore, if the air supply port is located in
the position where air supplied tc the space is prevented from
impinging directly on the injected jet liquid column, the air
supply port does not always have to be located #bove the position
where the jet liguid column is injected into the space or above
the most protruding position of the proiection into the gpace.

Also similarly, while in the first embodiment or the like,

the air discharge port is formed in the upper surface of the
protector cap, the present invention is limited thereto, and the
alr discharge port may be formed in an inner surface of the
housing in the same manner as, for example, the protector cap in
the second embodiment, if it is located below the pogition of the
protector cap where the flow passage opens into the space or
below the most protruding position of the projection into the
space. Furthermore, if the air discharge port is located in the
position to allow air supplied through the ailr supply port to be
guided to the air discharge port without impinging directly on
the Zet liguid column, the air discharge port dosg not always

have to be located below the opening of the flow passage into the
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EXAMPLE 6 In the laser machining apparatus 140 of EXAMPLE 4, the same experiment as
EXAMPLE 1 was conducted using the laser machining apparatus with the projection 146 on the
protector cap 142 in the form of a circular cylinder. Comparative Example 1 In the laser machining
apparatus 80 of the third embodiment, the same experiment as EXAMPLE 1 was conducted using the
laser machining alppgritus Pg:%vin%a ttl__at Iowgr sgrface 84 W{':'[h thecpgo'%:tion 86, of li_pe nozzle holder 82
removeas.@ézn%pgratlv% Eyamp?e o8 nr%e%s%?%g&slﬁ“inboélppara s of Egpnepcaréﬁ\l}e Example 1,
the same gxpermentas EXAMPLE 1 was conducted using the laser machining apparatus with the
angle p of the projection 92 on the protector cap 88 set to 90. Comparative Example 3

EXAMPLE 1

In the laser machining apparatus 80 with the structure of
the third embodiment, a glass sheet was disposed below the laser
machining head 2 and a jet liquid column F was ejected. The
distance between the lowermost position of the laser machining
head 2, i.e. the lower surface of the protector cap 88, and the
glass sheet, was set to 25 mm, that is, the distance such that
gplashing of the jet liguid column F could be prevented.
Furthermore, the diameter of the nozzle hole 12 was set to &0um
and the pressure of the jet liquid was set to 25 MPa.

Under the above-described conditions, the flow straightener
8 was operated and it was confirmed to what extent the air flow
rate could be increased without causing disturbances in the jet
ligquid column F.

EXAMPLE 2

In the laser machining apparatus of EXAMPLE 1, the same
experiment as EXAMPLE 1 was conducted using the laser machining
apparatus with the angle [ of the projection 92 on the protector
cap 88 set to 90°.

EXAMPLE 3

In the laser machining apparatus of EXAMPLE 1, the same
experiment as EXAMPLE 1 wasg conducted using the laser machining
apparatus with the projection 92 on the protector cap 88 in the
form of a circular cylinder.

EXAMPLE 4

The same experiment as EXAMPLE 1 was conducted using the
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In the laser machining apparatus of Comparative Example 1, the same experiment as EXAMPLE 1
was conducted using the laser machining apparatus with the projection 92 on the protector cap 88 in
the form of a circular cylinder. Results of EXAMPLES and Comparative Examples In EXAMPLES
1 to 6, the maximum flow of air capable of being supplied to the space without causing disturbances in

the jet Iicluid column, F was 5 L/min. Inlggm I tig?:l Exatm Ieg 1to 3,.0n 1glhe othecr hand, the
. er m?chlnl%&)a%?%ratus (ﬁ?%ﬁl e s ﬂ%ﬁ uFe oL t(? Sﬁ% h . .
maximuri Tows O aif capable eing supplied to the Space without causing disturbances in the jet
liquid colypp kswerg 1.5 L/min, 2.3 L/min, and 2.2 L/min, respectively. As described above, it
could be confirmed that, with the laser machining apparatus according to an aspect of the present
inventiorgsthernaximum flow of air capable of being supplied to the space without causing
disturbances in the jet liquid column could be increased relative to the related art.
In the laser machining apparatus 140 of EXAMPLE 4, the same
experiment as EXAMPLE 1 was conducted using the laser machining
apparatus with the angle B of the projection 146 on the protector

cap 142 set to 20°.

EXAMPLE 6

In the laser machining apparatus 140 of EXAMPLE 4, the same
experiment as EXAMPLE 1 was.conducted using the laser machining
apparatus with the projection 146 on the protector cap 142 in the
form of a circular cylinder.
Comparative Example 1

In the laser machining apparatus 80 of the third embodiment,
the same experiment as EXAMPLE 1 was conducted using the laser
machining apparatus having a flat lower surface 84 with the
projection 86 of the nozzle holder 82 removed.
Comparative Example 2

In the laser machining apparatus of Comparative Example 1,
the same experiment as EXAMPLE 1 was conducted using the laser
machining apparatus with the angle  of the projection 92 on the

protector cap 88 get to 90°.

Comparative Example 3
In the laser machining apparatus of Comparative Example 1,
" the same experiment as EXAMPLE 1 was conducted using the laser
machining apparatus with the projection 92 on the protector cap
88 in the form of a circular cylinder.

Regults of EXAMPLES and Comparative Examples
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WHAT IS CLAIMED IS: 1. A laser machining apparatus comprising a laser oscillator for
generating a laser beam, a nozzle for directing a jet liquid at a workpiece, and a liquid supply unit for
supplying the jet liquid to the nozzle, to machine the workpiece with the laser beam introduced into a

jet liquid column ejected from the nozzle, the laser machining apparatus further comprising: a
protector cap dl?rcl)she%m%%nlth&n%zz_lgﬁnd Tgheivr\{l%rkpﬁ%ewfoig forgcecﬂg taelnozoz%e; and an air
supply unit for supplying air to a space foimed Detween the Tozzle aid the protecior cap, the

pfOteCtOb@%&@%’i&%@ flow passage Qﬁé@@ti@gﬁ%éégéﬁéﬁ%éetd@éﬂ%,ﬁﬁ&%@s inthespace
between the nozzle and the protector cap having a surface toward the nozzle and a surface toward the

protector;eap,ldagch df thel snriacesefthiie Spadeibeing at least partially bounded by a projection that
protrudes inwardly of the space.
In Comparative Examples 1 to 2, on the other hand, the
maximunm flows of air capable of being supplied to the space
without causing disturbances in the jet liquid column F were 1.5
L/min, 2.3 L/min, and 2.2 L/min, respectively.
As described above, it could be confirmed that, with the
laser machining apparatus according to an aspect of the present
invention, the maximum flow of air capable of being supplied to

the gpace without causing disturbances in the jet liguid column

could be increased relative to the related art.
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2. The laser machining apparatus according to Claim 1, wherein the air supply unit includes an air
supply port and an air discharge port, the air supply port being located around an injection port of the
nozzle and in communication with the space for supplying air into the space, the air discharge port
being located around the flow passage and in communication with the space for discharging air from
the spa%T I@ﬁg&mhﬁgpg apparatus according to Claim 2, wherein the air supply port is
located toward the nozzle with respect to a most protruding position of the projection located toward
the nozzle, and the air discharge port is located toward the protector cap with respect to a most
protruding position of the projection located toward the protector cap. 4. The laser machining
apparatus accortling 20 aayonenef-Biainrsyl 33 further comprisingra nazikessalder for supporting the
nozzle, wherein the projection of the space located toward the nozzle is formed on a surface of the

nozzle oPHe hb2 2R diaEr IRBCHFEREAEATEZIE B Tthe ROZ2RAIGIdEPBeftg EXYGSEY &t the space.
jet liguid at a workpiece, and a liquid supply unit for supplying

the jet liguid to the nozzle, to machine the workpiece with the
laser beam introduced into a jet ligquid column ejected from the
nozzle, the laser machining apparatus further comprising:

a protector cap disposed between the nozzle and the
wdrkpiece for protecting the nozzle; and

an alr supply unit for supplying alr to a space formed
between the nczzle and the protector cap,

the protector cap having a flow passage permitting passage
of the jet liquid colummn,

the space between the nozzle and the protector cap having a
surface toward the nozzlé and a surface toward the protector cap,
each of the surfaces of the space being at least partially

bounded by a projection-that protrudes inwardly of the space.

2. The laser machining apparatus according to Claim 1,
wherein the air supply unit includes an air supply port and an
alr discharge port, the air supply port being located around an
injection port of the nozzle and in communication with the space
for supplying air into the space, the air discharge port being
located around the flow passage and in communication with the

space for discharging air from the space.

3. The laser machining apparatus according to Claim 2,
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5. The laser machining apparatus according to any one of Claims 1 to 4, wherein the projections of the
space located toward the nozzle and the protector cap each have a circular cylindrical shape or a
truncated cone shape.

wherein the air supply port is located toward the nozzle
with respect to a most protruding position of the projection
located toward the nozzle, and

the air discharge port is located toward the protector cap
with regpect to a most protruding position of the projection

located toward the protector cap.

4. The laser machining apparatus according to any one of
Claims 1 to 3, further comprising a nozzle holder fox suppprting
the nozzle, wherein the projection of the space located toward
the nozzle ig formed on a surface of the nozzle or the nozzle
holder, the surface of the nozzle or the nozzle holder being

expesed at the space.

5. The lager machining apparatus accoerding to any one of
Claims 1 to 4, wherein the projectiong of the space located
toward the nozzle and the protector cap each have a circular

cylindrical shape or a truncated cone shape.
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